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Preface

Thank you for new or continued patronage of TOSHIBA semiconductor products. Thisis the 2005

edition of the user’s manual for the TX4939 64-bit RISC microprocessor.

This databook is written so as to be accessible to engineers who may be designing a TOSHIBA
microprocessor into their products for the first time. No prior knowledge of this device is assumed. What
we offer here is basic information about the microprocessor, a discussion of the application fieldsin
which the microprocessor is utilized, and an overview of design methods. On the other hand, the more

experienced designer will find complete technical specifications for this product.

Toshiba continually updates its technical information. Y our comments and suggestions concerning this
and other Toshiba documents are sincerely appreciated and may be utilized in subsequent editions. For
updating of the datain this manual, or for additional information about the product appearing in it, please

contact your nearest Toshiba office or authorized Toshiba dealer.

November 2005
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TOSHIBA 1 Using Toshiba Semiconductors Safely

1. Using Toshiba Semiconductors Safely

TOSHIBA are continually working to improve the quality and the reliability of their products.

Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent electrical sensitivity
and vulnerability to physical stress. It isthe responsibility of the buyer, when utilizing TOSHIBA products, to
observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product
could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set
forth in the TOSHIBA Semiconductor Reliability Handbook.

The TOSHIBA products listed in this document are intended for usage in general electronics applications
(compuiter, personal equipment, office equipment, measuring equipment, industrial robotics, domestic
appliances, etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that
reguires extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of
human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control

instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion
control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA
products listed in this document shall be made at the customer’s own risk.
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TOSHIBA 2 Safety Precautions

2. Safety Precautions

This section lists important precautions which users of semiconductor devices (and anyone else) should observe
in order to avoid injury and damage to property, and to ensure safe and correct use of devices.

Please be sure that you understand the meanings of the labels and the graphic symbol described below before
you move on to the detailed descriptions of the precautions.

[Explanation of labels]
A DANGER Indicates an imminently hazardous situation which will result in death or serious
injury if you do not follow instructions.

Indicates a potentially hazardous situation which could result in death or seriousinjury

AWARNING if you do not follow instructions.

Indicates a potentially hazardous situation which if not avoided, may result in minor

ACAUTION injury or moderate injury.

[Explanation of graphic symbol]

Graphic symbol Meaning

Indicates that caution is required (laser beam is dangerous to eyes).
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2.1 General Precautions regarding Semiconductor Devices

ACAUTION

Do not use devices under conditions exceeding their absolute maximum ratings (e.g. current, voltage, power dissipation or
temperature).
This may cause the device to break down, degrade its performance, or cause it to catch fire or explode resulting in injury.

Do not insert devices in the wrong orientation.

Make sure that the positive and negative terminals of power supplies are connected correctly. Otherwise the rated maximum
current or power dissipation may be exceeded and the device may break down or undergo performance degradation, causing it
to catch fire or explode and resulting in injury.

When power to a device is on, do not touch the device's heat sink.
Heat sinks become hot, so you may burn your hand.

Do not touch the tips of device leads.
Because some types of device have leads with pointed tips, you may prick your finger.

When conducting any kind of evaluation, inspection or testing, be sure to connect the testing equipment’s electrodes or probes to
the pins of the device under test before powering it on.
Otherwise, you may receive an electric shock causing injury.

Before grounding an item of measuring equipment or a soldering iron, check that there is no electrical leakage from it.
Electrical leakage may cause the device which you are testing or soldering to break down, or could give you an electric shock.

Always wear protective glasses when cutting the leads of a device with clippers or a similar tool.
If you do not, small bits of metal flying off the cut ends may damage your eyes.
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2.2 Precautions Specific to Each Product Group

2.2.1 Optical semiconductor devices

When a visible semiconductor laser is operating, do not look directly into the laser beam or look through the optical system.
This is highly likely to impair vision, and in the worst case may cause blindness.

If it is necessary to examine the laser apparatus, for example to inspect its optical characteristics, always wear the appropriate
type of laser protective glasses as stipulated by IEC standard IEC825-1.

AWARNING

Ensure that the current flowing in an LED device does not exceed the device’s maximum rated current.
This is particularly important for resin-packaged LED devices, as excessive current may cause the package resin to blow up,
scattering resin fragments and causing injury.

When testing the dielectric strength of a photocoupler, use testing equipment which can shut off the supply voltage to the
photocoupler. If you detect a leakage current of more than 100 pA, use the testing equipment to shut off the photocoupler’s
supply voltage; otherwise a large short-circuit current will flow continuously, and the device may break down or burst into
flames, resulting in fire or injury.

When incorporating a visible semiconductor laser into a design, use the device’s internal photodetector or a separate
photodetector to stabilize the laser’s radiant power so as to ensure that laser beams exceeding the laser’s rated radiant power
cannot be emitted.

If this stabilizing mechanism does not work and the rated radiant power is exceeded, the device may break down or the
excessively powerful laser beams may cause injury.

2.2.2 Power devices

A DANGER

Never touch a power device while it is powered on. Also, after turning off a power device, do not touch it until it has thoroughly
discharged all remaining electrical charge.

Touching a power device while it is powered on or still charged could cause a severe electric shock, resulting in death or serious
injury.

When conducting any kind of evaluation, inspection or testing, be sure to connect the testing equipment’s electrodes or probes to
the device under test before powering it on.

When you have finished, discharge any electrical charge remaining in the device.

Connecting the electrodes or probes of testing equipment to a device while it is powered on may result in electric shock, causing
injury.
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AWARNING

Do not use devices under conditions which exceed their absolute maximum ratings (current, voltage, power dissipation,
temperature etc.).

This may cause the device to break down, causing a large short-circuit current to flow, which may in turn cause it to catch fire or
explode, resulting in fire or injury.

Use a unit which can detect short-circuit currents and which will shut off the power supply if a short-circuit occurs.
If the power supply is not shut off, a large short-circuit current will flow continuously, which may in turn cause the device to catch
fire or explode, resulting in fire or injury.

When designing a case for enclosing your system, consider how best to protect the user from shrapnel in the event of the device
catching fire or exploding.
Flying shrapnel can cause injury.

When conducting any kind of evaluation, inspection or testing, always use protective safety tools such as a cover for the device.
Otherwise you may sustain injury caused by the device catching fire or exploding.

Make sure that all metal casings in your design are grounded to earth.

Even in modules where a device’s electrodes and metal casing are insulated, capacitance in the module may cause the
electrostatic potential in the casing to rise.

Dielectric breakdown may cause a high voltage to be applied to the casing, causing electric shock and injury to anyone touching
it.

When designing the heat radiation and safety features of a system incorporating high-speed rectifiers, remember to take the
device’s forward and reverse losses into account.

The leakage current in these devices is greater than that in ordinary rectifiers; as a result, if a high-speed rectifier is used in an
extreme environment (e.g. at high temperature or high voltage), its reverse loss may increase, causing thermal runaway to occur.
This may in turn cause the device to explode and scatter shrapnel, resulting in injury to the user.

A design should ensure that, except when the main circuit of the device is active, reverse bias is applied to the device gate while
electricity is conducted to control circuits, so that the main circuit will become inactive.
Malfunction of the device may cause serious accidents or injuries.

ACAUTION

When conducting any kind of evaluation, inspection or testing, either wear protective gloves or wait until the device has cooled
properly before handling it.

Devices become hot when they are operated. Even after the power has been turned off, the device will retain residual heat which
may cause a burn to anyone touching it.

2.2.3 Bipolar ICs (for use in automobiles)

ACAUTION

If your design includes an inductive load such as a motor coil, incorporate diodes or similar devices into the design to prevent
negative current from flowing in.

The load current generated by powering the device on and off may cause it to function erratically or to break down, which could in
turn cause injury.

Ensure that the power supply to any device which incorporates protective functions is stable.
If the power supply is unstable, the device may operate erratically, preventing the protective functions from working correctly. If
protective functions fail, the device may break down causing injury to the user.
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3. General Safety Precautions and Usage Considerations

This section is designed to help you gain a better understanding of semiconductor devices, so asto ensure the
safety, quality and reliability of the devices which you incorporate into your designs.

3.1 From Incoming to Shipping

3.1.1 Electrostatic discharge (ESD)

When handling individual devices (which are not yet mounted on a printed circuit

board), be sure that the environment is protected against €l ectrostatic electricity.

Operators should wear anti-static clothing, and containers and other objects which

come into direct contact with devices should be made of anti-static materials and should

be grounded to earth via an 0.5- to 1.0-MQ protective resistor. \

Please follow the precautions described below; thisis particularly important for devices
which are marked “Be careful of static.”.

(1) Work environment

® \When humidity in the working environment decreases, the human body and other insulators can easily
become charged with static electricity due to friction. Maintain the recommended humidity of 40% to 60% in
the work environment, while also taking into account the fact that moisture-proof-packed products may
absorb moisture after unpacking.

® Be sure that all equipment, jigs and tools in the working area are grounded to earth.

® Place a conductive mat over the floor of the work area, or take other appropriate measures, so that the floor
surface is protected against static electricity and is grounded to earth. The surface resistivity should be 10* to
10° ©/sq and the resistance between surface and ground, 7.5 x 10° to 108 Q

e Cover the workbench surface also with a conductive mat (with a surface resistivity of 10* to
108 Q/sq, for a resistance between surface and ground of 7.5 x 10° to 10° Q) . The purpose of thisisto
disperse static electricity on the surface (through resistive components) and ground it to earth. Workbench
surfaces must not be constructed of low-resistance metallic materials that allow rapid static discharge when a
charged device touches them directly.

e Pay attention to the following points when using automatic equipment in your workplace:

(& When picking up ICs with avacuum unit, use a conductive rubber fitting on the end of the pick-up wand
to protect against electrostatic charge.

(b) Minimize friction on IC package surfaces. |If some rubbing is unavoidable due to the device's mechanical
structure, minimize the friction plane or use material with a small friction coefficient and low electrical
resistance. Also, consider the use of an ionizer.

(c) Insectionswhich come into contact with device lead terminals, use a material which dissipates static
electricity.

(d) Ensurethat no statically charged bodies (such as work clothes or the human body) touch the devices.
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(e) Make sure that sections of the tape carrier which come into contact with installation devices or other
electrical machinery are made of alow-resistance material.

(f) Make sure that jigs and tools used in the assembly process do not touch devices.
(g9) In processesin which packages may retain an electrostatic charge, use an ionizer to neutralize the ions.

e Make sure that CRT displaysin the working area are protected against static charge, for exampleby aVDT
filter. As much as possible, avoid turning displays on and off. Doing so can cause el ectrostatic induction in
devices.

e Keep track of charged potential in the working area by taking periodic measurements.

e Ensure that work chairs are protected by an anti-static textile cover and are grounded to the floor surface by a
grounding chain. (Suggested resistance between the seat surface and grounding chainis 7.5 x 10° to 10™Q2.)

e Install anti-static mats on storage shelf surfaces. (Suggested surface resistivity is 10* to 10° Q/sq; suggested
resistance between surface and ground is 7.5 x 10° to 10° Q.)

e For transport and temporary storage of devices, use containers (boxes, jigs or bags) that are made of anti-static
materials or materials which dissipate electrostatic charge.

e Make sure that cart surfaces which come into contact with device packaging are made of materials which will
conduct static electricity, and verify that they are grounded to the floor surface via a grounding chain.

® In any location where the level of static electricity isto be closely controlled, the ground resistance level
should be Class 3 or above. Use different ground wires for al items of equipment which may come into
physical contact with devices.

(2) Operating environment

® Operators must wear anti-static clothing and conductive shoes (or aleg or
hed strap). l

® Operators must wear awrist strap grounded to earth via aresistor of about =
1 MQ.

e Soldering irons must be grounded from iron tip to earth, and must be used only at low voltages (6 V to 24 V).

o |f the tweezers you use are likely to touch the device terminals, use anti-static tweezers and in particular avoid
metallic tweezers. If a charged device touches alow-resistance tool, rapid discharge can occur. When using
vacuum tweezers, attach a conductive chucking pat to the tip, and connect it to a dedicated ground used
especially for anti-static purposes (suggested resistance value: 10* to 10° Q).

® Do not place devices or their containers near sources of strong electrical fields (such as above a CRT).
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3.1.2

e When storing printed circuit boards which have devices mounted on them, use a board container or bag that is
protected against static charge. To avoid the occurrence of static charge or discharge due to friction, keep the
boards separate from one other and do not stack them directly on top of one ancther.

® Ensure, if possible, that any articles (such as clipboards) which are brought to any location where the level of
static electricity must be closely controlled are constructed of anti-static materials.

® |n cases where the human body comes into direct contact with a device, be sure to wear anti-static finger
covers or gloves (suggested resistance value: 108 Q or less).

e Equipment safety coversinstalled near devices should have resistance ratings of 10° Q or less.

o |f awrist strap cannot be used for some reason, and there is a possibility of imparting friction to devices, use
anionizer.

® The transport film used in TCP products is manufactured from material s in which static charges tend to build
up. When using these products, install an ionizer to prevent the film from being charged with static electricity.
Also, ensure that no static electricity will be applied to the product’s copper foils by taking measuresto
prevent static occuring in the peripheral equipment.

Vibration, impact and stress

Handle devices and packaging materials with care. To avoid damage to devices,
do not toss or drop packages. Ensure that devices are not subjected to

mechanical vibration or shock during transportation. Ceramic package devices

and devicesin canister-type packages which have empty space inside them are Vibration
subject to damage from vibration and shock because the bonding wires are

secured only at their ends. /VW\

Plastic molded devices, on the other hand, have arelatively high level of

resistance to vibration and mechanical shock because their bonding wires are

enveloped and fixed in resin. However, when any device or package typeisinstalled in target equipment, it isto
some extent susceptible to wiring disconnections and other damage from vibration, shock and stressed solder
junctions. Therefore when devices are incorporated into the design of equipment which will be subject to
vibration, the structural design of the equipment must be thought out carefully.

If adeviceis subjected to especially strong vibration, mechanical shock or stress, the package or the chip itself
may crack. In products such as CCDs which incorporate window glass, this could cause surface flawsin the
glass or cause the connection between the glass and the ceramic to separate.

Furthermore, it is known that stress applied to a semiconductor device through the package changes the
resistance characteristics of the chip because of piezoelectric effects. In analog circuit design attention must be
paid to the problem of package stress as well as to the dangers of vibration and shock as described above.
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3.2 Storage

3.21 General storage

e Avoid storage locations where devices will be exposed to moisture or direct sunlight.

o Follow the instructions printed on the device cartons regarding
transportation and storage.

- e im m . Temperature:
® The storage area temperature should be kept within a temperature range Hum'd”y-7 T 935

b1 5
~ C
of 5°C to 35°C, and relative humidity should be maintained at between V \
45% and 75%. N

® Do not store devicesin the presence of harmful (especially corrosive)
gases, or in dusty conditions.

® Use storage areas where there is minimal temperature fluctuation. Rapid temperature changes can cause
moisture to form on stored devices, resulting in lead oxidation or corrosion. As aresult, the solderability of
the leads will be degraded.

® \When repacking devices, use anti-static containers.
® Do not allow external forces or loads to be applied to devices while they are in storage.

e |f devices have been stored for more than two years, their electrical characteristics should be tested and their
leads should be tested for ease of soldering before they are used.

3.2.2 Moisture-proof packing

Moisture-proof packing should be handled with care. The handling procedure
specified for each packing type should be followed scrupuloudly. If the proper
procedures are not followed, the quality and reliability of devices may be degraded.
This section describes general precautions for handling moisture-proof packing. Since
the details may differ from device to device, refer aso to the relevant individual
datasheets or databook.

(1) Generd precautions

Follow the instructions printed on the device cartons regarding transportation and storage.

® Do not drop or toss device packing. The laminated aluminum material in it can be rendered ineffective by
rough handling.

® The storage area temperature should be kept within a temperature range of 5°C to 30°C, and relative humidity
should be maintained at 90% (max). Use devices within 12 months of the date marked on the package seal.
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o |f the 12-month storage period has expired, or if the 30% humidity indicator shown in Figure 1 is pink when
the packing is opened, it may be advisable, depending on the device and packing type, to back the devices at
high temperature to remove any moisture. Please refer to the table below. After the pack has been opened, use
the devicesin a5°C to 30°C. 60% RH environment and within the effective usage period listed on the
moi sture-proof package. If the effective usage period has expired, or if the packing has been stored in a high-
humidity environment, bake the devices at high temperature.

Packing Moisture removal
Tray If the packing bears the “Heatproof” marking or indicates the maximum temperature which it can
withstand, bake at 125°C for 20 hours. (Some devices require a different procedure.)
Tube Transfer devices to trays bearing the “Heatproof’ marking or indicating the temperature which
they can withstand, or to aluminum tubes before baking at 125°C for 20 hours.
Tape Deviced packed on tape cannot be baked and must be used within the effective usage period

after unpacking, as specified on the packing.

® \When baking devices, protect the devices from static el ectricity.

e Moisture indicators can detect the approximate humidity level at a standard temperature of 25°C. 6-point
indicators and 3-point indicators are currently in use, but eventually all indicators will be 3-point indicators.

HUMIDITY INDICATOR

60%

50%

40% Q £ HUMIDITY INDICATOR
4
z3
a0
Lo
30% x4
w
[0} w
z9 X
<z Z
o< o
T w
o
w
o
=z
<
[a)
READ AT LAVENDER READ AT LAVENDER
BETWEEN PINK & BLUE BETWEEN PINK & BLUE
(a) 6-point indicator (b) 3-point indicator

Figure 1 Humidity indicator
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3.3 Design

Care must be exercised in the design of electronic equipment to achieve the desired reliability. It isimportant not
only to adhere to specifications concerning absol ute maximum ratings and recommended operating conditions, it
is also important to consider the overall environment in which equipment will be used, including factors such as
the ambient temperature, transient noise and voltage and current surges, as well as mounting conditions which
affect device reiability. This section describes some general precautions which you should observe when
designing circuits and when mounting devices on printed circuit boards.

For more detailed information about each product family, refer to the relevant individual technical datasheets
available from Toshiba.

3.3.1 Absolute maximum ratings

Do not use devices under conditions in which their absolute maximum ratings (e.g.

A CAUTI ON current, voltage, power dissipation or temperature) will be exceeded. A device may break
down or its performance may be degraded, causing it to catch fire or explode resulting in
injury to the user.

The absolute maximum ratings are rated values which must not be exceeded
during operation, even for an instant. Although absolute maximum ratings differ
from product to product, they essentially concern the voltage and current at each
pin, the allowable power dissipation, and the junction and storage temperatures.

If the voltage or current on any pin exceeds the absolute maximum rating, the
device'sinternal circuitry can become degraded. In the worst case, heat generated
ininternal circuitry can fuse wiring or cause the semiconductor chip to break
down.

If storage or operating temperatures exceed rated values, the package seal can deteriorate or the wires can
become disconnected due to the differences between the thermal expansion coefficients of the materials from
which the device is constructed.

3.3.2 Recommended operating conditions

The recommended operating conditions for each device are those necessary to guarantee that the device will
operate as specified in the datashest.

If greater reliability is required, derate the device's absolute maximum ratings for voltage, current, power and
temperature before using it.

3.3.3 Derating

When incorporating a device into your design, reduce its rated absolute maximum voltage, current, power
dissipation and operating temperature in order to ensure high reliability.

Since derating differs from application to application, refer to the technical datasheets available for the various
devices used in your design.

3.34 Unused pins

If unused pins are left open, some devices can exhibit input instability problems, resulting in malfunctions such
as abrupt increase in current flow. Similarly, if the unused output pins on a device are connected to the power
supply pin, the ground pin or to other output pins, the IC may malfunction or break down.

Since the details regarding the handling of unused pins differ from device to device and from pin to pin, please
follow the instructions given in the relevant individual datasheets or databook.
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CMOSIogic IC inputs, for example, have extremely high impedance. If aninput pinisleft open, it can easily
pick up extraneous noise and become unstable. In this casg, if the input voltage level reaches an intermediate
level, it is possible that both the P-channel and N-channel transistors will be turned on, allowing unwanted
supply current to flow. Therefore, ensure that the unused input pins of a device are connected to the power
supply (Vcc) pin or ground (GND) pin of the same device. For details of what to do with the pins of heat sinks,
refer to the relevant technical datasheet and databook.

3.35 Latch-up

Latch-up is an abnormal condition inherent in CMOS devices, in which V cc gets shorted to ground. This
happens when a parasitic PN-PN junction (thyristor structure) internal to the CMOS chip isturned on, causing a
large current of the order of several hundred mA or more to flow between Vcc and GND, eventually causing the
device to break down.

Latch-up occurs when the input or output voltage exceeds the rated value, causing a large current to flow in the
internal chip, or when the voltage on the Vcc (Vdd) pin exceeds its rated value, forcing the internal chip into a
breakdown condition. Once the chip falls into the latch-up state, even though the excess voltage may have been
applied only for an instant, the large current continues to flow between Vcc (Vdd) and GND (Vss). This causes
the device to heat up and, in extreme cases, to emit gas fumes as well. To avoid this problem, observe the
following precautions:

(1) Donot allow voltage levels on the input and output pins either to rise above Vcc (Vdd) or to fall below
GND (Vss). Also, follow any prescribed power-on sequence, so that power is applied gradually or in steps
rather than abruptly.

(2) Do not alow any abnormal noise signalsto be applied to the device.
() Set thevoltage levels of unused input pinsto Vec (Vdd) or GND (Vss).

(4) Do not connect output pins to one another.

3.3.6 Input/Output protection

Wired-AND configurations, in which outputs are connected together, cannot be used, since this short-circuits the
outputs. Outputs should, of course, never be connected to Vcc (Vdd) or GND (Vss).

Furthermore, |Cs with tri-state outputs can undergo performance degradation if a shorted output current is
alowed to flow for an extended period of time. Therefore, when designing circuits, make sure that tri-state
outputs will not be enabled simultaneousdly.

3.3.7 Load capacitance

Some devices display increased delay times if the load capacitance is large. Also, large charging and discharging
currents will flow in the device, causing noise. Furthermore, since outputs are shorted for arelatively long time,
wiring can become fused.

Consult the technical information for the device being used to determine the recommended load capacitance.
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3.3.8 Thermal design

Thefailure rate of semiconductor devicesis greatly increased as operating temperatures increase. As shown in
Figure 2, the internal thermal stress on a device isthe sum of the ambient temperature and the temperature rise
due to power dissipation in the device. Therefore, to achieve optimum reliability, observe the following
precautions concerning thermal design:

(1) Keep the ambient temperature (Ta) as low as possible.

(2) If thedevice's dynamic power dissipation is relatively large, select the most appropriate circuit board
material, and consider the use of heat sinks or of forced air cooling. Such measures will help lower the
thermal resistance of the package.

(3) Derate the device's absolute maximum ratings to minimize thermal stress from power dissipation.
0ja=0jc+ Oca
bja=(Tj-Ta)/ P
0jc=(Tj-Tc)/ P
O0ca=(Tc-Ta)/ P
inwhich 6ja=thermal resistance between junction and surrounding air (°C/W)
0jc = thermal resistance between junction and package surface, or internal thermal
resistance (°C/W)
Oca = thermal resistance between package surface and surrounding air, or external
thermal resistance (°C/W)
Tj = junction temperature or chip temperature (°C)
Tc = package surface temperature or case temperature (°C)
Ta = ambient temperature (°C)
P = power dissipation (W)

Ta

Tc

Figure 2 Thermal resistance of package

3.3.9 Interfacing

When connecting inputs and outputs between devices, make sure input voltage (VIL/VIH) and output voltage
(VoL/VoH) levels are matched. Otherwise, the devices may malfunction. When connecting devices operating at
different supply voltages, such asin adua -power-supply system, be aware that erroneous power-on and power-
off sequences can result in device breakdown. For details of how to interface particular devices, consult the
relevant technical datasheets and databooks. If you have any questions or doubts about interfacing, contact your
nearest Toshiba office or distributor.
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3.3.10 Decoupling

Spike currents generated during switching can cause Vcc (Vdd) and GND (Vss) voltage levels to fluctuate,
causing ringing in the output waveform or a delay in response speed. (The power supply and GND wiring
impedanceis normally 50 Q to 100 ©.) For this reason, the impedance of power supply lines with respect to
high frequencies must be kept low. This can be accomplished by using thick and short wiring for the Vcc (Vdd)
and GND (Vss) lines and by installing decoupling capacitors (of approximately 0.01 pF to 1 uF capacitance) as
high-freguency filters between Vcc (Vdd) and GND (Vss) at strategic locations on the printed circuit board.

For low-frequency filtering, it isagood ideato install a 10- to 100-uF capacitor on the printed circuit board (one
capacitor will suffice). If the capacitance is excessively large, however, (e.g. several thousand pF) latch-up can
be a problem. Be sure to choose an appropriate capacitance value.

An important point about wiring is that, in the case of high-speed logic ICs, noise is caused mainly by reflection
and crosstalk, or by the power supply impedance. Reflections cause increased signal delay, ringing, overshoot
and undershoot, thereby reducing the device's saf ety margins with respect to noise. To prevent reflections,
reduce the wiring length by increasing the device mounting density so asto lower the inductance (L) and
capacitance (C) in the wiring. Extreme care must be taken, however, when taking this corrective measure, since
it tends to cause crosstalk between the wires. In practice, there must be a trade-off between these two factors.

3.3.11 External noise

Printed circuit boards with long I/O or signal pattern lines are
vulnerable to induced noise or surges from outside sources.
Consequently, malfunctions or breakdowns can result from overcurrent
or overvoltage, depending on the types of device used. To protect
against noise, lower the impedance of the pattern line or insert a noise-
canceling circuit. Protective measures must also be taken against
surges.

Jnput/Output
Signals‘/

For details of the appropriate protective measures for a particular
device, consult the relevant databook.

3.3.12 Electromagnetic interference

Widespread use of electrical and electronic equipment in recent years has brought with it radio and TV reception
problems due to el ectromagnetic interference. To use the radio spectrum effectively and to maintain radio
communications quality, each country has formulated regulations limiting the amount of electromagnetic
interference which can be generated by individual products.

Electromagnetic interference includes conduction noise propagated through power supply and telephone lines,
and noise from direct electromagnetic waves radiated by equipment. Different measurement methods and
corrective measures are used to assess and counteract each specific type of noise.

Difficultiesin controlling electromagnetic interference derive from the fact that there is no method available
which allows designers to calculate, at the design stage, the strength of the el ectromagnetic waves which will
emanate from each component in a piece of equipment. For thisreason, it is only after the prototype equipment
has been completed that the designer can take measurements using a dedicated instrument to determine the
strength of electromagnetic interference waves. Yet it is possible during system design to incorporate some
measures for the prevention of electromagnetic interference, which can facilitate taking corrective measures
once the design has been completed. These include installing shields and noise filters, and increasing the
thickness of the power supply wiring patterns on the printed circuit board. One effective method, for example, is
to devise several shielding options during design, and then select the most suitable shielding method based on
the results of measurements taken after the prototype has been completed.
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3.3.13

Peripheral circuits

In most cases semiconductor devices are used with periphera circuits and components. The input and output
signal voltages and currents in these circuits must be chosen to match the semiconductor device's specifications.
The following factors must be taken into account.

D

e

3.3.14

Inappropriate voltages or currents applied to a device's input pins may cause it to operate erratically. Some
devices contain pull-up or pull-down resistors. When designing your system, remember to take the effect of
this on the voltage and current levels into account.

The output pins on a device have a predetermined external circuit drive capability. If this drive capability is

greater than that required, either incorporate a compensating circuit into your design or carefully select
suitable components for use in external circuits.

Safety standards

Each country has safety standards which must be observed. These safety standards include requirements for
quality assurance systems and design of device insulation. Such requirements must be fully taken into account to
ensure that your design conforms to the applicable safety standards.

3.3.15
(€

e

©)
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Other precautions

When designing a system, be sure to incorporate fail-safe and other appropriate measures according to the
intended purpose of your system. Also, be sure to debug your system under actual board-mounted
conditions.

If aplastic-package device is placed in a strong electric field, surface leakage may occur due to the charge-
up phenomenon, resulting in device malfunction. In such cases take appropriate measuresto prevent this
prablem, for example by protecting the package surface with a conductive shield.

With some microcomputers and MOS memory devices, caution is required when powering on or resetting
the device. To ensure that your design does not violate device specifications, consult the relevant databook
for each constituent device.

Ensure that no conductive material or object (such as ametal pin) can drop onto and short the leads of a
device mounted on a printed circuit board.

3.4 Inspection, Testing and Evaluation

34.1

Grounding

Ground all measuring instruments, jigs, tools and soldering irons to earth.
ACAUTION J o~ 9

Electrical leakage may cause a device to break down or may result in electric shock.
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3.4.2

3.5

351

Inspection Sequence

® Do not insert devices in the wrong orientation. Make sure that the positive and
ACAUTION  negative dlectrodes of the power supply are correctly connected. Otherwise, the rated
maximum current or maximum power dissipation may be exceeded and the device
may break down or undergo performance degradation, causing it to catch fire or
explode, resulting in injury to the user.

@ When conducting any kind of evaluation, inspection or testing using AC power with a
peak voltage of 42.4 V or DC power exceeding 60 V, be sure to connect the electrodes
or probes of the testing equipment to the device under test before powering it on.
Connecting the electrodes or probes of testing equipment to a device whileitis
powered on may result in electric shock, causing injury.

(1) Apply voltageto the test jig only after inserting the device securely into it. When applying or removing
power, observe the relevant precautions, if any.

(2) Make sure that the voltage applied to the device is off before removing the device from the test jig.
Otherwise, the device may undergo performance degradation or be destroyed.

(3) Make sure that no surge voltages from the measuring equipment are applied to the device.

(4) The chips housed in tape carrier packages (TCPs) are bare chips and are therefore exposed. During
inspection take care not to crack the chip or cause any flawsinit.
Electrical contact may aso cause a chip to become faulty. Therefore make sure that nothing comes into
electrical contact with the chip.

Mounting

There are essentially two main types of semiconductor device package: lead insertion and surface mount. During
mounting on printed circuit boards, devices can become contaminated by flux or damaged by thermal stress
from the soldering process. With surface-mount devices in particular, the most significant problem is thermal
stress from solder reflow, when the entire package is subjected to heat. This section describes a recommended
temperature profile for each mounting method, as well as general precautions which you should take when
mounting devices on printed circuit boards. Note, however, that even for devices with the same package type,
the appropriate mounting method varies according to the size of the chip and the size and shape of the lead
frame. Therefore, please consult the relevant technical datasheet and databook.

Lead forming

® Always wear protective glasses when cutting the leads of a device with clippersor a
similar tool. If you do not, small bits of metal flying off the cut ends may damage
ACAUTION  your eyes
@ Do not touch the tips of device leads. Because some types of device have leads with
pointed tips, you may prick your finger.

Semiconductor devices must undergo a process in which the leads are cut and formed before the devices can be
mounted on a printed circuit board. If undue stressis applied to the interior of a device during this process,
mechanical breakdown or performance degradation can result. Thisis attributable primarily to differences
between the stress on the device's external leads and the stress on the internal leads. If the relative differenceis
great enough, the device's internal leads, adhesive properties or sealant can be damaged. Observe these
precautions during the lead-forming process (this does not apply to surface-mount devices):

(1) Leadinsertion hole intervals on the printed circuit board should match the lead pitch of the device
precisely.
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3.5.2

e

©)

4

If lead insertion hole intervals on the printed circuit board do not precisely match the lead pitch of the
device, do not attempt to forcibly insert devices by pressing on them or by pulling on their leads.

For the minimum clearance specification between a device and a printed
circuit board, refer to the relevant device's datasheet and databook. I
necessary, achieve the reguired clearance by forming the device's leads
appropriately. Do not use the spacers which are used to raise devices above
the surface of the printed circuit board during soldering to achieve clearance.
These spacers normally continue to expand due to heat, even after the solder
has begun to solidify; this applies severe stress to the device.

Observe the following precautions when forming the leads of a device prior to mounting.

e Use atool or jig to secure the lead at its base (where the lead meets the device package) while bending so as
to avoid mechanical stress to the device. Also avoid bending or stretching device leads repeatedly.

® Be careful not to damage the lead during lead forming.

e Follow any other precautions described in the individual datasheets and databooks for each device and
package type.

@

e

©)

4
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(6)

Socket mounting

When socket mounting devices on a printed circuit board, use sockets which match the inserted device's
package.

Use sockets whose contacts have the appropriate contact pressure. If the contact pressure isinsufficient, the
socket may not make a perfect contact when the device is repeatedly inserted and removed; if the pressure
is excessively high, the device leads may be bent or damaged when they are inserted into or removed from
the socket.

When soldering sockets to the printed circuit board, use sockets whose construction prevents flux from
penetrating into the contacts or which allows flux to be completely cleaned off.

Make sure the coating agent applied to the printed circuit board for moisture-proofing purposes does not
stick to the socket contacts.

If the device leads are severely bent by a socket asit isinserted or removed and you wish to repair the leads
so as to continue using the device, make sure that this lead correction is only performed once. Do not use
devices whose leads have been corrected more than once.

If the printed circuit board with the devices mounted on it will be subjected to vibration from external
sources, use sockets which have a strong contact pressure so as to prevent the sockets and devices from
vibrating relative to one another.
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3.5.3 Soldering temperature profile

The soldering temperature and heating time vary from device to device. Therefore, when specifying the
mounting conditions, refer to the individual datasheets and databooks for the devices used.

(1) Using medium infrared ray reflow

® Heating top and bottom with long or medium infrared rays is recommended (see Figure 3).

Medium infrared ray heater

(reflow)
Product flow [ | | [ 7
T 4

ol_ﬁl\ / |7_| I—Io
N

Long infrared ray heater (preheating)

Figure 3 Heating top and bottom with long or medium infrared rays

e Complete the infrared ray reflow process for 30 to 50 seconds at a package surface temperature of between
230°C and 260°C.

o Refer to Figure 4 for an example of a good temperature profile for infrared or hot air reflow.

(C)
260

230

190

Package surface temperature

60-120 s 30-50s

Time (s)

Figure 4 Sample temperature profile (Pb free) for infrared or hot air reflow

(2) Usinghot air reflow
e Complete hot air reflow for 30 to 50 seconds at a package surface temperature of between 230°C and 260°C.

® For an example of arecommended temperature profile, refer to Figure 4 above.

354 Flux cleaning and ultrasonic cleaning

(1) When cleaning circuit boards to remove flux, make sure that no residual reactive ions such as Naor Cl
remain. Note that organic solvents react with water to generate hydrogen chloride and other corrosive gases
which can degrade device performance.

(2) Washing devices with water will not cause any problems. However, make sure that no reactive ions such as
sodium and chlorine are left as aresidue. Also, be sure to dry devices sufficiently after washing.
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3.55

3.5.6

©)

4

©)

Do not rub device markings with a brush or with your hand during cleaning or while the devices are till
wet from the cleaning agent. Doing so can rub off the markings.

The dip cleaning, shower cleaning and steam cleaning processes al involve the chemical action of a
solvent. Use only recommended solvents for these cleaning methods. When immersing devices in a solvent
or steam bath, make sure that the temperature of the liquid is 50°C or below, and that the circuit board is
removed from the bath within one minute.

Ultrasonic cleaning should not be used with hermetically-sealed ceramic packages such as aleadless chip
carrier (LCC), pin grid array (PGA) or charge-coupled device (CCD), because the bonding wires can
become disconnected due to resonance during the cleaning process. Even if a device package alows
ultrasonic cleaning, limit the duration of ultrasonic cleaning to as short atime as possible, since long hours
of ultrasonic cleaning degrade the adhesion between the mold resin and the frame material. The following
ultrasonic cleaning conditions are recommended:

Frequency: 27 kHz ~ 29 kHz
Ultrasonic output power: 300 W or less (0.25 W/cm? or |ess)
Cleaning time: 30 seconds or less

Suspend the circuit board in the solvent bath during ultrasonic cleaning in such away that the ultrasonic
vibrator does not come into direct contact with the circuit board or the device.

No cleaning

If analog devices or high-speed devices are used without being cleaned, flux residues may cause minute amounts
of leakage between pins. Similarly, dew condensation, which occurs in environments containing residual
chlorine when power to the device is on, may cause between-lead |eakage or migration. Therefore, Toshiba
recommends that these devices be cleaned.

However, if the flux used contains only a small amount of halogen (0.05W% or less), the devices may be used
without cleaning without any problems. No cleaning is recommended for TX4938.

@

e

©)

4
©)

(6)

Mounting tape carrier packages (TCPs)

When tape carrier packages (TCPs) are mounted, measures must be taken to prevent electrostatic
breakdown of the devices.

If devices are being picked up from tape, or outer lead bonding (OLB) mounting is being carried out,
consult the manufacturer of the insertion machine which is being used, in order to establish the optimum
mounting conditions in advance and to avoid any possible hazards.

The base film, which is made of polyimide, is hard and thin. Be careful not to cut or scratch your hands or
any objects while handling the tape.

When punching tape, try not to scatter broken pieces of tape too much.

Treat the extrafilm, reels and spacers |eft after punching as industrial waste, taking care not to destroy or
pollute the environment.

Chips housed in tape carrier packages (TCPs) are bare chips and therefore have their reverse side exposed.
To ensure that the chip will not be cracked during mounting, ensure that no mechanical shock is applied to
the reverse side of the chip. Electrical contact may also cause a chip to fail. Therefore, when mounting
devices, make sure that nothing comes into electrical contact with the reverse side of the chip.

If your design requires connecting the reverse side of the chip to the circuit board, please consult Toshiba or
a Toshiba distributor beforehand.
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3.5.7

3.5.8

3.5.9

Mounting chips

Devices delivered in chip form tend to degrade or break under external forces much more easily than plastic-
packaged devices. Therefore, caution is required when handling this type of device.

(1) Mount devicesin aproperly prepared environment so that chip surfaces will not be exposed to polluted
ambient air or other polluted substances.

(2) When handling chips, be careful not to expose them to static electricity.
In particular, measures must be taken to prevent static damage during the mounting of chips. With thisin
mind, Toshiba recommend mounting all peripheral parts first and then mounting chipslast (after all other
components have been mounted).

(3) Make surethat PCBs (or any other kind of circuit board) on which chips are being mounted do not have
any chemical residues on them (such as the chemicals which were used for etching the PCBS).

(4) When mounting chips on a board, use the method of assembly that is most suitable for maintaining the
appropriate electrical, thermal and mechanical properties of the semiconductor devices used.

* For details of devicesin chip form, refer to the relevant device'sindividual datasheets.

Circuit board coating

When devices are to be used in equipment requiring a high degree of reliability or in extreme environments
(where moisture, corrosive gas or dust is present), circuit boards may be coated for protection. However, before
doing so, you must carefully consider the possible stress and contamination effects that may result and then
choose the coating resin which results in the minimum level of stress to the device.

Heat sinks

(1) When attaching a heat sink to a device, be careful not to apply excessive force to the device in the process.

(2) When attaching a deviceto a heat sink by fixing it at two or more locations, evenly tighten all the screwsin
stages (i.e. do not fully tighten one screw while the rest are still only loosely tightened). Finally, fully
tighten all the screws up to the specified torque.

(3) Drill holesfor screwsin the heat sink exactly as specified. Smooth the surface by
removing burrs and protrusions or indentations which might interfere with the

installation of any part of the device. S
® 9
(4) A coating of silicone compound can be applied between the heat sink and the device
to improve heat conductivity. Be sure to apply the coating thinly and evenly; do not
use too much. Also, be sure to use a non-volatile compound, as volatile compounds

can crack after atime, causing the heat radiation properties of the heat sink to
deteriorate.

(5) If thedeviceishoused in aplastic package, use caution when selecting the type of silicone compound to be
applied between the heat sink and the device. With some types, the base oil separates and penetrates the
plastic package, significantly reducing the useful life of the device.

Two recommended silicone compounds in which base oil separation is not a problem are Y G6260 from
Taoshiba Silicone.

(6) Heat-sink-equipped devices can become very hot during operation. Do not touch them, or you may sustain
aburn.

3-15



TOSHIBA 3 General Safety Precautions and Usage Considerations

3.5.10 Tightening torque

(1) Make sure the screws are tightened with fastening torques not exceeding the torque values stipulated in
individual datasheets and databooks for the devices used.

(2) Donot alow a power screwdriver (electrical or air-driven) to touch devices.

3.5.11 Repeated device mounting and usage

3.6

3.6.1

3.6.2

3.6.3

3.6.4

Do not remount or re-use devices which fall into the categories listed bel ow; these devices may cause significant
problems relating to performance and reliability.

(1) Deviceswhich have been removed from the board after soldering
(2) Deviceswhich have been inserted in the wrong orientation or which have had reverse current applied

(3) Deviceswhich have undergone lead forming more than once
Protecting Devices in the Field

Temperature

Semiconductor devices are generally more sensitive to temperature than are other electronic components. The
various electrical characteristics of a semiconductor device are dependent on the ambient temperature at which
the deviceis used. It istherefore necessary to understand the temperature characteristics of adevice and to
incorporate device derating into circuit design. Note also that if adevice is used above its maximum temperature
rating, device deterioration is more rapid and it will reach the end of its usable life sooner than expected.

Humidity

Resin-molded devices are sometimes improperly sealed. When these devices are used for an extended period of
time in a high-humidity environment, moisture can penetrate into the device and cause chip degradation or
malfunction. Furthermore, when devices are mounted on aregular printed circuit board, the impedance between
wiring components can decrease under high-humidity conditions. In systems which require a high signal-source
impedance, circuit board leakage or leakage between device lead pins can cause malfunctions. The application
of amaoaisture-proof treatment to the device surface should be considered in this case. On the other hand,
operation under low-humidity conditions can damage a device due to the occurrence of electrostatic discharge.
Unless damp-proofing measures have been specifically taken, use devices only in environments with appropriate
ambient moisture levels (i.e. within arelative humidity range of 40% to 60%).

Corrosive gases

Corrosive gases can cause chemical reactionsin devices, degrading device characteristics.

For example, sulphur-bearing corrosive gases emanating from rubber placed near a device (accompanied by
condensation under high-humidity conditions) can corrode a device's leads. The resulting chemical reaction
between leads forms foreign particles which can cause electrical leakage.

Radioactive and cosmic rays

Most industrial and consumer semiconductor devices are not designed with protection against radioactive and
cosmic rays. Devices used in aerospace equipment or in radioactive environments must therefore be shielded.
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3.6.5 Strong electrical and magnetic fields

Devices exposed to strong magnetic fields can undergo a polarization phenomenon in their plastic materia, or
within the chip, which gives rise to abnormal symptoms such as impedance changes or increased |eakage
current. Failures have been reported in LSIs mounted near malfunctioning deflection yokesin TV sets. In such
cases the device's installation location must be changed or the device must be shielded against the electrical or
magnetic field. Shielding against magnetism is especially necessary for devices used in an aternating magnetic
field because of the electromotive forces generated in this type of environment.

3.6.6 Interference from light (ultraviolet rays, sunlight, fluorescent lamps and
incandescent lamps)

Light striking a semiconductor device generates electromotive force due to photoelectric effects. In some cases
the device can malfunction. Thisis especially true for devices in which the internal chip is exposed. When
designing circuits, make sure that devices are protected against incident light from external sources. This
problem is not limited to optical semiconductors and EPROMSs. All types of device can be affected by light.

3.6.7 Dust and oil

Just like corrosive gases, dust and oil can cause chemical reactions in devices, which will adversely affect a
device's electrical characteristics. To avoid this problem, do not use devicesin dusty or oily environments. This
is especially important for optical devices because dust and oil can affect a device's optical characteristics as
well asits physical integrity and the electrical performance factors mentioned above.

3.6.8 Fire

Semiconductor devices are combustible; they can emit smoke and catch fire if heated sufficiently. When this
happens, some devices may generate poisonous gases. Devices should therefore never be used in close
proximity to an open flame or a heat-generating body, or near flammable or combustible materials.

3.7 Disposal of Devices and Packing Materials

When discarding unused devices and packing materials, follow all procedures specified by loca regulationsin
order to protect the environment against contamination.
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4. Precautions and Usage Considerations

This section describes matters specific to each product group which need to be taken into consideration when
using devices. If the sameitem is described in Sections 3 and 4, the description in Section 4 takes precedence.

4.1 Microcontrollers

411 Design

(1) Using resonators which are not specifically recommended for use

Resonators recommended for use with Toshiba products in microcontroller oscillator applications are listed in
Toshiba databooks along with information about oscillation conditions. If you use aresonator not included in
thislist, please consult Toshiba or the resonator manufacturer concerning the suitability of the device for your
application.

(2) Undefined functions

In some microcontrollers certain instruction code values do not congtitute valid processor instructions. Also, itis
possible that the values of bitsin registers will become undefined. Take care in your applications not to use
invalid instructions or to let register bit values become undefined.
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National Conventions Used in This Manual

Numeric Conventions

e Hexadecimal values are expressed as follows (example shown for decimal number 42):
Ox2A

e KB (kilobyte) = 1,024 bytes
MB (megabyte) = 1,024 x 1,024 = 1,048,576 bytes
GB (gigabyte) = 1,024 x 1,024 x 1,024 = 1,073,741,824 bytes

Data Conventions

e Byte 8 bhits

e Halfword: 2 consecutive bytes (16 bits)

e Word: 4 consecutive bytes (32 hits)

e  Doubleword: 8 consecutive bytes (64 bits)

Signal Conventions

e Activelow signals are indicated by adding an asterisk (*) at the end of the signal name. (Example:
RESET*)

e Asdignal is“asserted” when it isdriven to the active voltage level. A signal is“deasserted” when it is
driven to an inactive voltage level.

Register Conventions

e  Properties of each bit in aregister are expressed as follows.

R: Read-only. Software cannot change the bit value.

W: Write-only. The value of the bit is undefined if read.

W1C  Write 1 Clear. A write of 1 clearsthe bit, and awrite of 0 has no effect.

R/W:  Read/Write

R/W1C: Read/Write 1 Clear. The bit is both readable and writeable.
A write of 1 clearsthe bit, and a write of 0 has no effect.

R/W1S Read/Write 1 Set. The bit is both readable and writeable.
A write of 1 setsthe bit, and awrite of 0 has no effect.

R/WOC: Read/Write O Clear. The bit is both readable and writeable.
A write of O clears the bit, and awrite of 1 has no effect.

RS/WC Read Set/Write Clear. The bit is both readable and writeable. The bit is set
when read, and awrite of an arbitrary value to the bit clearsiit.

R/L: Read/Load. The value of this bit can only be changed through PCI configuration space
programming, as described in Section 10.3.14, “Programming PCI Configuration
Space Registers.”

e  The notation <register name>.<bit/field name> is used to indicate a specific bit/field of aregister.
Example: CCFGTOE
CCFGTOE refersto the Timeout Enable for Bus Error (TOE) field, located at bit 14 of the Chip
Configuration Register (CCFG).
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Handling of Reserved Bits and Registers

Reserved registers are not intended for general user access. Software should not write the reserved registers
or use any values read from the reserved registers.

For all registers with fields marked as reserved, software should write avalue of O to the reserved field and
should not use any values read from the reserved fields.

Diagnostic Features

Any features labeled as “diagnostic features’ areintended for evaluation purposes only, and the operation is
not guaranteed.

References

64-Bit TX System RISC TX49/H2, TX49/H3, TX49/H4 Core Architecture
MIPS RISC Architecture, Gerry Kane and Joe Heinrich (ISBN 0-13-590472-2)
See MIPS Run, Dominic Sweetman (ISBN 1-55860-410-3)

MIPS Publications

PCI Local Bus Specification Revision 2.2

PCI Bus Power Management Interface Specification Revision 1.1
Audio CODEC ‘97 (AC ‘97) Revision 2.1

SmartMedia™ Physical Format Specifications Web-Online Version 1.00
SMIL (SmartMedia™ Interface Library) Software Edition Version 1.00
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Chapter 1. Features

1.1. Abstract

The TX4939 is a micro controller for the 64-bit TX System RISC TX49 family. The TX4939 uses the TX49/H4 core as its CPU.
The TX49/H4 core is a 64-bit RISC CPU core that Toshiba developed based on the R4000 architecture created by MIPS
Technologies, Inc. (MIPS). Refer to the TX49 Core Architecture Manual for more information on the TX49/H4 core such as
the Instruction set.

The TX4939 has as peripheral functions an External Bus Controller, a DDR SDRAM Controller, a PCI Controller, a DMA
Controller, an Interrupt Controller, an AC-link Controller, Serial and Parallel ports, a Timer/Counter, and peripheral circuits
such as Ethernet MAC, and RTC (Battery back-up capable).

1.2. Implemented Features

TX49/H4 Core (On-chip IEEE754 Compliant Single/Double Precision FPU)

DDR SDRAM Controller (2 Channels: 32-bit/100-200MHz)

External Bus Controller (8-bit,16-bit with 4-channels)

NOR Flash Interface on External bus

NAND Flash Controller

32-bit PCI Controller (33 MHz/66 MHz) with 4 clock outputs, arbiter, and interrupts for 6 devices.
PCI Boot and Satellite mode

Direct Memory Access Controller (8 Channels [4 Channels are dedicated to ACLC]))

SIO (4 Channels, ch2 and ch3 are multiplexed with SPI)

SPI (multiplexed with SIO ch2,ch3)

8-bit Video Port (Synchronous Parallel Interface)

Serial TS Video port (Max 3-ports)

Timer/Counter (6 Channels)

AC-link Controller / 12S(5.1ch) / 12S(2ch)

Ether MAC with RMII (2 Channels)

2-channel 100MB ATA IDE I/F

Security Engine - DES/3DES/AES/MD5/SHA1/Modular Exponentiation Operation/Ex-OR for FEC
Battery Backup RTC (48 bit linear counter, 250 bytes CMOS RAM)

Extensive Power Management Feature

Any Internal Controller can stop clock and keep RESET status.

On-chip SRAM (2 KB)

Interrupt controller (NMI, 4 external inputs for PCI and 3 external interrupt inputs for External Bus)

Low Power Consumption (Typ. TBD)
The TX4939 operates at 1.2 V (Internal), 2.5V(DDR) and 3.3 V (I/0O Block), and supports the low power
consumption mode (Halt Mode).

Maximum Operating Frequency (for the CPU): 400 MHz

IEEE1149.1 (JTAG) Support: Debugging Support Unit

Built-in Clock Generator

20 MHz Single Xtal Operation

Generate All necessary Clock including Audio Sampling Clock Source
Audio Sampling 96, 48, 44.1, 32, 24, 22.05, 16, 8 KHz (x512)

Baud rate Clock source 14.7456 MHz

Package

PBGA 456 pins: 1.00 mm ball pitch

27 mm x 27 mm body size

36 pins are thermal ball for heat dissipation

L 2K 2R 2K 2R 2R 2R 2R 2R 2% 2% 2K 2R 2K 2% 2% 2% 2% 2K 2% 2% 2% 2% 4

L 2R 2K 2K 2R 2K 2R 2R 2
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Figure 1-1 System Block Diagram shows TX4939 implemented features.
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Figure 1-1 System Block Diagram

Due to pin limitation, some of features are not used simultaneously.

Table 1-1 Major Functional IPs shared by pin multiplexing.

Default Signal Name Default Function

[ Primary Function

Secondary Function

ATA100-0 GPIO Ch-0 (30p) ATA100/ATAPI CH-0 N/A
ATA100-1 GPIO Ch-1 (30p) ATA100/ATAPI CH-1 Max. 2-ch 10/100 Ethernet MAC
with RMII interface
Video Port GPIO Ch-2 (17p) 1-Serial TS I/O, 1-Serial TS 1/O,
1-Parallel TS/656 1/0 2-Serial TS Input
SPI Port GPIO (4p) SPI Interface S102, SI03
ACLINK GPIO (6p) ACLINK 12S 2ch /12S 5.1ch
12C GPIO (2p) 12C N/A

Rev. 3.1 November 1, 2005
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1.4. Example of Reference System
1.4.1. Two ATA100 for DVD Recorder

Figure 1-2 shows example system for high performance DVD recorder system. In this system, Ethernet port is an option.
Dual ATA100 channels ensure enough through put for simultaneous DVD Recording and Playback.

One serial video port is used to receive TS stream from digital tuner or send TS stream other system.
One Parallel Video port is used to send OSD bitmap image to the display controller chip. By this way, OSD handling
software will have broad portability independent from versions of display controller chip.
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Figure 1-2 Two ATA100 for DVD Recorder
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1.4.2. One ATA100 and Two Ethernet

Figure 1-3 shows typical multimedia station with HDD server function. Video contents can be distributed through various
networks including bare TS stream device.
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Figure 1-3 One ATA100 and Two Ethernet System
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Figure 2-1 TX4939 Internal Block Diagram
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2.2. TX49/H4 Core Features

The TX49/H4 core is a high-performance, low power consumption 64-bit RISC CPU core developed by Toshiba. This core

has the following features.
64-bit Operation

32/64-bit Integer General-purpose Registers

64-GB Physical Address Space

Optimized 5-stage Pipeline

Instruction Set

Upwards Compatible with MIPS Il ISA

Added 3-operand multiply instruction, MAC (Multiply Accumulate) instruction,
PREF (pre- fetch) instruction.

32-KB Instruction Cache, 32-KB Byte Data Cache
4-way Set Associative, Lock Function Support

MMU (Memory Management Unit)
48-double-entry (odd/even) Joint TLB

On-chip IEEE754-compliant Single and Double Precision FPU
4-stage Write Buffer

Debugging Support EJTAG (Enhanced JTAG)
Debugging Module (DSM)

L 2R 2K 2R 2R 2

* oo o o
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2.3. Power Management Feature

TX4939 has extensive power management features, which will enable to develop ultimate low power system.
Those features are:

€ Power Management in TX49/H4 CPU Core.
4 Internal Controller Clock and Status Control
€ Battery Back-Up Real Time Clock

2.3.1. Strategy for Power Management

In general, there are two major strategies to reduce total chip power consumption, such as (1) switching the clock frequency
between normal and some of reduced one and (2) switching the CPU operation mode between normal and power save
mode. These changing will be controlled by CPU by observing the system situation.

In case of TX4939 SoC, because of the complexity of clock generator, which produces all necessary clocks out of one 20
MHz clock source by cascading two PLL, it is not practical to switch the clock frequency to another on the fly.

So that, CPU operation mode switching will be used for CPU power management in conjunction with peripheral operation
mode switching described below.

2.3.2. Power Management for Internal Controller

The most of internal controller has power management facilities. Such as Clock Disable and Resetting. Table 2-1 lists the
whole control bits.

Table 2-1 Periphheral Clock and Reset Control

CLOCK RESET | DESCRIPTION | COMMENT
ETH2CKD ETH2RST Clock Stop or Hold Reset the Ethernet MAC 2
ETH1CKD ETH1RST Clock Stop or Hold Reset the Ethernet MAC 1 controller.
BROMCKD BROMRST Clock Stop or Hold Reset the BROM/SRAM controller.
NDCCKD NDCRST Clock Stop or Hold Reset the NAND Flash controller.
I2CCKD 12CRST Clock Stop or Hold Reset the 12C controller.

ETHOCKD ETHCORST Clock Stop or Hold Reset the Ethernet MAC 0 controller.
SPICKD SPIRST Clock Stop or Hold Reset the SPI controller.

SRAMCKD SRAMRST Clock Stop or Hold Reset the SRAM controller.
PCIC1CKD PCIC1RST Clock Stop or Hold Reset the PCI controller 1.
DMA1CKD DMA1RST Clock Stop or Hold Reset the DMA controller 1.
ACLCKD ACLRST Clock Stop or Hold Reset the AC-link controller.
ATAOCKD ATAORST Clock Stop or Hold Reset the ATAO controller.
DMAOCKD DMAORST Clock Stop or Hold Reset the DMA controller 0.
PCICKD PCICRST Clock Stop or Hold Reset the PCI controller.

12SCKD 12SRST Clock Stop or Hold Reset the I2S controller.

TMOCKD TMORST Clock Stop or Hold Reset the TMRO controller.
TM1CKD TM1RST Clock Stop or Hold Reset the TMR1 controller.
TM2CKD TM2RST Clock Stop or Hold Reset the TMR2 controller.

SIOCKD SIORST Clock Stop or Hold Reset the SIO controller.

CYPCKD CYPRST Clock Stop or Hold Reset the Cipher controller.

2.3.3. Battery Back-Up Real Time Clock

TX4939 has a battery back-up Real Time Clock with alarm function. This alarm function generates interrupt signal both
CPU and external terminal. The external interrupt signal can wake the CPU up by the help of external power control circuit.

This RTC is designed as low power circuitry which consumes 5 uA at maximum. This assures 10 years battery life with
conventional Lithium battery with 200 mAH capacity. The ultimate low power system can be realized with this RTC.
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2.4. TX4939 Peripheral Function Features

4 Direct Memory Access Controller (DMAC)

Has an on-chip 8-channel DMA Controller. Three of channels execute DMA transfer to memory and I/O devices,
and the rest of 5-channels are for internal resources (one for NAND Flash and 4 channels are dedicated for
ACLCI/I12S).

Each of the 3 memories and I/O device channels can respond to internal/external DMA requests.

Has an on-chip 4-channel DMA Controller dedicated to ACLC/I2S and an on-chip 1-channel DMA Controller
for internal resource

Supports DMA transfer between the on-chip Serial I/O Controller and AC-Link Controller as internal DMA
requests.

Supports transfer between external 1/0 devices and memory with 16-bit or 8-bit data bus.

Supports modes for copying between memories that have no address boundary restrictions.
Burst transfers of up to 8 double words are possible for a single read or write operation.

Supports modes for writing double word data in the specified memory region and filling memory.
Supports Chain DMA transfer.

4 DDR SDRAM Controller (DDRC)

The DDR SDRAM Controller generates the clock and control signals that are required by the DDR SDRAM
interface. The DDR SDRAM Controller has 2 on-chip channels and can support memory sizes of up to 2GB
(1GB/Channel) by supporting various memory configurations.

NOTE: Motherboard for the memory configuration more than 4-chips or 1-GB should be carefully designed.

0o oo oo oo oo o

Memory Clock Frequency: from 100 MHz to 166 MHz, and 200MHz
2 Independent Memory Channels
Supports 2/ 4-bank 64 Mb, 128 Mb, 256 Mb, 512 Mb, and 1 Gb DDR SDRAM.

256Mbit (x16) 2pcs (=64MB)

512Mbit (x16) 2pcs (=128MB)

256Mbit (x16) 4pcs (=128MB)

1Gbit (x16) 4pcs (=512MB) (Max capacity with x16 chip)
256Mbit (x8) 4pcs (=128MB)

1Gbit (x8) 8pcs (=1GB) (Max capacity with x8 chip)

Data bus width is 32 bits.

One kind of DDR SDRAM timing set for all channel

Supports critical word first access of the TX49/H4 core.

Low power consumption mode: Can select Self-refresh or Pre-charge Power Down.

Advanced Memory Mapping Technology
4 (four) independent DDR memory mapping windows enable mapping the DDR memory space to anywhere
TX49 physical memory space with 16 MB resolution.

Rev. 3.1 November 1, 2005 2-4



TOSHIBA m X Toshiba RISC Processor

System
BLOCK Risc TX4939

€ External Bus Interface

the External bus has 8/16-bit data bus. Address bus consists of 6 dedicated and 16+3 external latched
address signals

o 8/16-bit External bus operation with DMA assistance
Direct Address SA [5:0] + Latched from SADBJ[15:0] + Latched from SA[5:0]

8-bit bus mode A[21:6] can be latched from SADB[15:0] 4 MB
A[27:22] can be latched from SA[5:0] 256 MB

16-bit bus mode A[22:7] can be latched from SADB[15:0] 8 MB
A[28:23] can be latched from SA[5:0] 512 MB

o 4 independent channels
Channel 0 for NOR Flash
Channel 1-3 for user peripherals

o Supports access to ROM (mask ROM, page mode ROM, EPROM, EEPROM), SRAM,
flash memory and 1/O peripherals

Selectable 1/3, 1/4, 1/5, and 1/6 of GBUS/DDRCLK for SYSCLK

Supports the External Acknowledge Signal (ACK*) and External Ready Signal modes
NAND Flash Controller with DMA burst transfer mode.

Boot setting can be made from the following selections:
- Data bus width: 8-bit or 16-bit

- ACK* output or ACK* input

- BWE pin (byte enable or byte Write enable)

- Boot channel clock frequency

o 3 channels of DMA are provided.

o o o o

4 PCI Controller

Has an on-chip PCI Controller that complies with PCI External Bus Specification Revision 2.2.

Complies with PCI External Bus Specification Revision 2.2.

32-bit PCI interface with maximum PCI clock frequency of 66 MHz.

Supports both the target and initiator functions.

Can change the address mapping between the internal bus and the PCI Bus.
Has an on-chip PCI Bus arbiter. Can connect up to 6 external bus masters each.
Has on-chip 1-channel DMA Controller dedicated to the PCI Controller (PCMAC).
Support Satellite Mode

Support PCI Boot
PCI BOOT address moved to OXxFFFE_0000

O o o o o o o o

@ Serial /O Port (SIO)

Has on-chip 4-channel asynchronous Serial I/0 Interface (full duplex SIO ).
o Full duplex SIO x4 channels

o On-chip baud rate generator
o FIFO
On-chip 8-bit x 8-stage FIFO for transmission
On-chip 13-bit x 16-stage FIFO (data: 8 bits, status: 5 bits) for reception
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€ 8-bit Video Port, 3-Serial Video ports

MPEG-2 stream |10 port based on Bt.656 protocol
CrYCb Video Capture and Streaming

¢ SPI

Full duplex, synchronous serial data transfer (I/O data, clock signals)
Can specify 8-bit or 16-bit data length

Programmable SPI baud rate

Supports Master mode only

o o o o

€ Commercial IR(CiR) (This feature shares pin with SIO-3)

The commercial IR for remote controller.

@ Timer/Counter Control (TMR)

Has on-chip 3-channel timer/counter.

32-bit up counter x 3 channels

Supports 3 modes (Interval Timer Mode, Pulse Generator Mode, Watchdog Timer Mode).
Timer Output Pins: 2 pins

Count Clock Input Pins: 1 pin

Watchdog External Reset Signals: 1 signal

o o o o o

4 AC-link Controller (ACLC) (same function with TX4937/38, but pins are shared with 12S)

The AC-link Controller can connect to and manipulate audio and/or modem CODECSs described in “Audio
CODEC '97 Revision 2.1" (AC'97).

Supports up to 2 CODECs.

Supports 16-bit PCM left-right channel recording and playback.
Supports 16-bit surround, center, and LFE channel playback.
Supports variable rate audio recording and playback.

Supports modem CODEC Line 1 and GPIO slot.

Supports AC-link low power mode, wakeup, and warm reset.
Supports sample data input/output by DMA transfer.

O oo o o o o

€ 12S Audio CODEC Interface (12S) (This feature shares pin with AC-Link)

The 12S controller supports two programmable 12S output/input, and one I12S output.
The basic features of the 12S controller are outlined below:

Two modes of operation (2 channels i/o mode, 3 Channel output mode)
Support 16, 18, 20 or 24 bits data.

Support Left or Right-justify with MSB first.

Support 32, 48 or 64 bit-wide time-slot.

o o o o
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€ Interrupt Controller (IRC)

The Interrupt Controller receives interrupt requests of the on-chip TX4939 peripheral circuits and external
interrupt requests then generates interrupt requests to the TX49/H4 core. Also, the Interrupt Controller has a
16-bit flag register that generates interrupt requests to an external device or to the TX49/H4 core.

NMI and 7 external interrupt signal inputs from the on-chip peripheral circuits.
Sets 8 priority interrupt levels for each interrupt input.
Can select either the edge or the level in the interrupt detection mode for each external interrupt.

Has as a flag register for interrupt requests an on-chip 16-bit read/write register. Can issue interrupt requests
(IRC interrupt) to external devices or to the TX49/H4 core

o o o o

4 On-Chip SRAM

2KB x 1 channel

Specifiable base address

Accessible by byte, half-word, full-word, or double-words
Supports burst access as Cached-Code-Space

Supports the critical word first function of the TX49/H4 core

o o o o o

€ Battery Backup RTC

48-bit liner counter for RTC function

Upper 32-bit counts time of second up to 272 years

Lower 16-bit represent decimal-place of second

32-bit Alarm register

Compare with RTC upper 32-bit all the time

Alarm output signal

256Byte internal registers

6 Byte are assigned for data port of RTC and Alarm register
250 Byte are assigned as CMOS RAM

0o oo oo oo o o

€ CIPHER Engine
o Supports DES/3DES/AES
o Supports MD5/SHA1
o Dedicated DMA with chain mode
O

Reduced KEY exposure for CBC mode in AES

(a) 6 set of KEY and Initial-data register

(b) KEY registers are W/O (write only)

(c) keep initial data for each stream

(d) Initial data will be updated for CBC mode

(e) Decryption-KEY will be generated from Encryption-KEY without exposure

Supports Ex-OR operation
Modular Exponentiation Operation Coprocessor Engine
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4 ATA 100 EIDE interface

Have on-chip 2-channel ATA 100 EIDE interface

Up to 100MB/s Data Transfer x 1 channel

Up to 2 EIDE devices each

Compliant with ATA/ATAPI-6

Can become the Bus Master and transfer data to external memory
Can select data bus widths of 16/32/64 bits

Has 16 x 64-bits transmit FIFO and 16 x 64-bits receive FIFO
Supports Scatter gather DMA (same as TC86C001F)

Similar software visibility with TC86CO001F

O oo oo oo o o

4 Dual Ether MAC (EMAC) (same as TX4938 but Media Independent Interface is RMIl)

Has on-chip Dual Ether MAC.

Equivalent to the TC35815 except Media Independent Interface (RMII).
Supports transfer rates of 100 Mbps and 10 Mbps.
Employs the IEEE Std 802.3 standard CSMA/CD format when in the half duplex transfer mode.

Employs IEEE Std 802.3x standard MAC control and Pause operation for flow control when in the full duplex
transfer mode.

o RMII (Reduced Media Independent Interface).

o o o o

€ Extended EJTAG Interface

The TX4939 Extended EJTAG (Extended Enhanced Joint Test Action Group) Interface provides two functions.
The first function is IEEE1149.1 standard compliant JTAG boundary scan testing. The second function is
real-time debugging by a Debugging Support Unit (DSU) that is built into the TX49/H4 core.

o |EEE1149.1 JTAG Boundary Scan

o Can perform execution control (run, break, step, register/memory access) as a real-time debugging function
that uses dedicated emulation probes and can use PC traces.

o PC-Trace dedicated pins are multiplexed with some of Video port signal pins.

o Tamper protection for EJTAG access.
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Chapter 3. Pin Assignment and Function

3.1. Pin Assign Table

Table 3-1 Pin Assignment Table

Class\ SignaI_Name\ I0 BALL Class Signal_Name 10 BALL Class Signal Name 10 BALL

S001 | SAQ0 IO |C2 S002 |BE1* o |[C1 S003 | BEO* O |D3
S004 | CE3* O |[D2 S005 | CE2* O |[D1 S006 | CE1* O |E4
S007 | INTO* I E3 S008 | INT1* I E2 S009 | INT2* I El
S010 [NMI* I F4 S011 INTA* I F3 S012 | INTB* I F2
S013 |PCICLK1 IO |F1 S014 |INTC* I G4 S015 |INTD* I G3
S016 |PCICLK2 IO |Gl S017 |REQ5* IO |[H4 S018 |GNT5* IO [H3
S019 | REQ4* IO |H2 S020 | PCICLKS IO |H1 S021 | GNT4* 10 |J4
S022 | REQ3* 10 |33 S023 | GNT3* 10 1J2 S024 | PCICLK4 0 |J1
S025 |REQ2* 10 [K4 S026 |GNT2* IO K3 S027 |PCIRST 10 [K2
S028 |REQ1* 10 K1 S029 |GNT1* IO [L4 S030 |GNTO* IO |[L3
S031 | REQO* 10 [L2 S032 |PME* | L1 S033 |PCIAD31 IO [M4
S034 | PCIAD30 IO |M3 S035 |PCIAD29 0 M1 S036 | PCIAD28 IO [N4
S037 | PCIAD27 IO |N3 S038 | PCIAD26 IO |N2 S039 | PCIAD25 IO |N1
S040 | PCIAD24 IO [P1 S041 |CBE3* IO P2 S042 | PCIAD23 IO [P3
S043 |PCIAD22 IO [P4 S044 |PCIAD21 IO [R1 S045 | PCIAD20 IO |[R3
S046 |PCIAD19 IO |R4 S047 |PCIAD18 0 |T1 S048 |PCIAD17 10 |T2
S049 |PCIAD16 IO [T3 S050 | CBE2* IO |T4 S051 | PCICLKIN | Ul
S052 | FRAME* IO |U2 S053 | IRDY* IO |U3 S054 | TRDY* IO |U4
S055 |DEVSEL* IO |V1 S056 | STOP* 10 [V2 S057 |LOCK* IO [V3
S058 |PERR* 10 V4 S059 | SERR* 10 (W1 S060 |PAR 10 [W2
S061 | CBE1* 10 |W3 S062 | PCIAD15 10 |W4 S063 | PCIAD14 10 Y1
S064 | PCIAD13 IO Y3 S065 |PCIAD12 IO |Y4 S066 | PCIAD11 10 |AAl
S067 | PCIAD10 10 |AA2 S068 | M66EN I AA3 S069 | PCIADO9 10 |AA4
S070 | PCIADO8 IO |AB1 S071 | CBEO* IO |AB2 S072 | PCIADO7Y IO |AB3
S073 | PCIADO6 IO |AB4 S074 | PCIADO5S 10 |AC1 S075 | PCIADO4 10 |AC2
S076 | PCIADO3 IO |AC3 S077 | PCIADO2 IO |AD1 S078 |PCIADO1 10 |AD2
S079 | PCIADOO IO |AE3 S080 | AO_DASP* IO |AF3 S081 |AO_DCS1* IO |AD4
S082 | AO0_DCSO0* IO |AE4 S083 | AO_DA2 IO |AF4 S084 | AO0_DAO I0 |AC5
S085 |AQ_PDIAG* 10 |AD5 S086 |AQ0_DA1l IO |AE5 S087 |AO_DINTR IO |AF5
S088 |AO0_DMACK* [IO |AC6 S089 |AOQ_DIORDY [IO |AD6 S090 |AQ_DIOR* IO |AE6
S091 | AO_DIOW* IO |AF6 S092 |A0_DMAREQ [IO |AC7 S093 |AO0_DD15 IO |AD7
S094 | A0_DDOO IO |AF7 S095 |AO0_DD14 IO |AC8 S096 |AO_DDO1 IO |AD8
S097 |AO_DD13 IO |AES8 S098 |A0_DDO2 10 |AF8 S099 |AO0_DD12 10 |AC9
S100 |AO_DDO3 IO |AD9 S101 |AO_DD11 10 |AE9 S102 |AO_DD0O4 10 |AF9
S103 |AO_DD10 IO |AC10 |S104 |AO_DDO05 IO |AD10 |S105 |AO_DDO09 IO |AE10
S106 |AO_DDO6 IO |AF10 |S107 |AO0_DDO08 IO |[AC11 |S108 |AO_DDO7 10 |AD11
S109 |AO_DRST* O |AE11 |S110 |Al_DASP* IO |AF11 |S111 |Al1 DCS1* IO [AC12
S112 |Al_DCSO0* IO |AD12 |S113 |Al1_DA2 IO |AF12 [S114 |Al1_DAO IO |AC13
S115 |Al_PDIAG* I0 |AD13 |S116 |Al_ DAl IO |AE13 |S117 |Al DINTR IO |AF13
S118 |Al DMACK* |IO |AF14 |S119 |Al DIORDY |[IO |AE14 |S120 |Al_DIOR* IO |AD14
S121 |Al_DIOW* 10 |AC14 |S122 |Al DMAREQ |IO |AF15 |S123 |Al DD15 IO |AD15
S124 |Al_DDOO IO |[AC15 |S125 |Al1 DD14 IO |AF16 |S126 |Al1 DDO1 IO |AE16
S127 |Al DD13 IO |AD16 |S128 |Al DDO02 IO [AC16 |S129 |Al DD12 IO |AF17
S130 |Al DDO3 IO |AEl17 |S131 |Al DDi11 IO |AD17 |S132 |Al DDO0O4 IO |AC17
S133 |Al DDI10 IO |AF18 |S134 |Al DDO05 IO |AE18 |S135 |Al DDO09 IO |AD18
S136  |Al_DDO6 IO [AC18 |S137 |Al1 DDO08 IO |AF19 |S138 |Al1 DDO7 IO |AE19
S139 |Al_DRST* O |AD19 |S140 |VDCLKIN1 I AC19 |S141 |VDCLKO1 O |AF20
S142 | VDVLD1 10 |AD20 |S143 |VDPSN1 I0 |AC20 |S144 |VDS1 10 |AF21
S145 |VDCLKIN | AE21 |S146 |VDCLKO O |AD21 |[S147 |VDVLD 10 |AC21
S148 |VDPSN 10 |AF22 |S149 |VvDO I0 |AE22 |S150 |VvD1 10 |AD22
S151 |vD2 IO |AC22 |S152 |VD3 IO |AF23 |S153 |VD4 10 |AE23
S154 |VD5 IO |AD23 |S155 |VD6 IO |AF24 |S156 |VD7 10 |AE24
S157 |DRDQO IO |AD25 |S158 |DRDQ1 I0 |AD26 |S159 |DRDQ2 10 |AC24
S160 |DRDQ3 IO |AC25 |S161 |DRDMO O |AC26 [S162 |DRDQSO IO |AB23
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Table 3-1 Pin Assignment Table

Class| Signal_ Name| 10 BALL Class Signal_ Name 10 BALL Class Signal_Name |0 BALL

S163 | DRDQ4 IO |AB24 |S164 |DRDQ5 I0 |AB25 |S165 |DRDQ6 10 |AB26
S166 | DRDQY IO |AA23 |Sl1l67 |DRDQ8 10 |AA24 |S168 |DRDQ9 10 |AA25
S169 |DRDQ10 IO |[AA26 |S170 |DRDQ11 10 Y23 S171 |DRDM1 O Y24
S172 |DRDQS1 IO Y26 S173 | DRDQ12 10 |W23 S174 |DRDQ13 10 |W24
S175 |DRDQ14 IO |W25 S176 | DRDQ15 IO |W26 S178 | DRCKE O |Vv24
S179 |DRA12 O |V25 S180 |DRAll O |V26 S181 |DRAS8 O |uz23
S182 |DRA9 O |U24 S183 |DRAG6 O |U25 S184 |DRA7 O |U26
S185 |DRA4 O |[T23 S186 |DRAS O [T24 S187 |DRA2 O |[T25
S188 |DRA3 O |[T26 S189 |DRAO O |R23 S190 |DRVrefl | R24
S191 |DRA1 O |R26 S192 |DRBA1 O [P23 S193 | DRA10 O |[P24
S194 |DRA13 O |P25 S195 |DRRAS* O |P26 S196 | DRBAO O |[N26
S197 |DRCAS* O |[N25 S198 |DRWE* O [N24 S199 |DRCS1* O |[N23
S200 |DRCSO* O [M26 S201 |DRDQ16 10 [M24 S202 |DRDQ17 IO | M23
S203 | DRDQ18 10 |L26 S204 |DRDQ19 10 |L25 S205 |DRDM2 O |[L24
S206 | DRDQS2 10 |L23 S207 | DRDQ20 IO |K26 S208 |DRDQ21 10 | K25
S210 |DRDQ22 10 K24 S211 | DRDQ23 10 | K23 S212 | DRDQ24 10 1J26
S213 | DRDQ25 10 [J25 S214 |DRDQ26 10 [J24 S215 |DRDQ27 10 1J23
S216 | DRDM3 O |[H26 S218 | DRDQS3 IO |H25 S219 |DRDQ28 10 |H24
S220 | DRDQ29 10 |H23 S221 | DRDQ30 10 |G26 S222 | DRDQ31 10 |G24
S223 | DRCKOUT O |F24 S224 | DRCKP O |F26 S226 | DRCKM O |E26
S227 | DRCKREF | E24 S228 |PLL12VSS_A |I D25 S229 |PLL12VDD_A |I D24
S232 |PLL3VSS A |l C26 S233 |PLL3VDD_A |l C25 S235 |MSTCLK I B24
S236 | RESET* | A24 S237 |MSTCLK2 | C23 S238 |div_RST* I B23
S239 |TDO O |[A23 S240 |TESTO* I D22 S241 |HALTDOZE o [C22
S242 |TCK | B22 S243 | TRST* I A22 S244 |BYPASSPLL* |I D21
S245 | TMS I C21 S246 | TDI I B21 S247 |RXDO 10 |A21
S248 | TXDO IO [D20 S249 |RXD1 IO [C20 S250 |ALARM* O |A20
S251 |VDDR | D19 S252 |RTCVDD O [C19 S253 | X320UT | B19
S254 | X32IN | Al9 S255 | TXD1 IO |D18 S256 | ACRESET* O |[C18
S257 |SYNC O |B18 S258 | SDOUT O |A18 S259 |SDIN1 | D17
S260 | SDINO | C17 S261 |BITCLK I B17 S262 |12C_CLK IO |Al7
S263 | EJRST* I D16 S264 |12C_DO IO [C16 S265 | SPIIN IO |Bl6
S266 | SPIOUT 10 |Al6 S267 | SPICSO 10 |D15 S268 | SPICLK 10 |C15
S269 | GPOO 10 |Al15 S270 |GPO1 10 |D14 S271 | GP02 10 |C14
S272 | GPO3 10 |B14 S273 | TIMERO O |A14 S274 |TIMER1 O |A13
S275 |WDRST* O |B13 S276 |NDCE* O |[C13 S277 |NDLA O |D13
S278 |NDRB* I Al12 S279 |NRCE* O |[C12 S280 |DMADONE* [IO |D12
S281 | SADBOO 10 |All S282 | SADBO1 10 |Bl1 S283 | SADB02 10 |C11
S284 | ACK* IO |D11 S285 | SADBO3 IO |Al10 S286 | SADB0O4 10 |B10
S287 | SADBO05 IO [C10 S288 | SADBO06 IO [D10 S289 |SYSCLK O |A9
S290 |SADBO7 IO B9 S291 | SADBO08 10 |C9 S292 | SADB09 10 | D9
S293 |ACE* O |A8 S294 |SADBI10 IO B8 S295 |SADBI11 IO [C8
S296 | SADB12 IO |D8 S297 | SADB13 10 |A7 S298 |SADB14 IO |C7
S299 |SADB15 IO |D7 S300 |OE* O |A6 S301 | SWE* O |B6
S302 | DMAACKO IO [C6 S303 | DMAREQO | D6 S304 |DMAREQ2 I A5
S305 | DMAACK2 IO [B5 S306 | SA02 IO [C5 S307 | SA05 IO |D5
S308 | DMAREQ1 | A4 S309 | DMAACK1 IO |B4 S310 | SAQ3 IO |C4
S311 | SA04 IO |AS S312 | SA01 IO |B3
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Table 3-2 Power Pin Assignment

P&G EEURNEIGES

VSS Al, A2, A25, A26,B1, B2,B7,B12, B15, B20, B25, B26, C3, C24, D4, D23, D26, E5, E22, E23, E25, F23, F25,
G2,G23,G25,L11,1L12,L13,L14,L15,L16, M2, M11, M12, M13, M14, M15, M16, M25, N11, N12, N13, N14,
N15, N16, P11, P12, P13, P14, P15, P16, R2, R11, R12, R13, R14, R15, R16, R25, T11, T12, T13, T14, T15,
T16, V23,Y2, Y25, AB5, AB22, AC4, AC23, AD3, AD24, AE1, AE2, AE7, AE12, AE15, AE20, AE25, AE26,
AF1, AF2, AF25, AF26

vVDDC E7,ES8, E11,E12, E15, E16, E19, E20, G5, G22, H5, H22, L5, L22, M5, M22, R5, R22, T5, T22, W5, W22, Y5,
Y22, AB7, AB8, AB11, AB12, AB15, AB16, AB19, AB20

vDD33 |E6,E9, E10,E13,E14,E17,E18, E21, F5, J5, K5, N5, P5, U5, V5, AA5, AB6, AB9, AB10, AB13, AB14, AB17,
AB18, AB21

VDD25 |F22,J22, K22, N22, P22, U22,V22, AA22
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3.2. Pin Alignment (TOP VIEW)
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Figure 3-1 Pin Assignment on Package (TOP VIEW)
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3.3. Pin Function

Note:  In the following table, "PU" in the I/O column indicates the presence of internal pull-up resistance, and "OD"
indicates open drain. The asterisk "*" at the end of a signal name indicates that that signal is an Active Low signal.

3.3.1. System Clock and RESET Signals

System Clock and RESET Signals \
Signal Name 110 Function

MSTCLK Input Master Clock Input

20 MHz System Clock is required.  This clock is used to generate internal clock for
data processing. This clock can be modulated by external SSCG generator.
MSTCLK2 Input Master Clock Input2

20 MHz System Clock is required.  This clock is used to generate internal clock for
UART Baud rate clock and Audio sampling clock. This clock should not be modulated
by external SSCG generator.

RESET* Input Reset
This is system-reset signal.

HALTDOZE Output Halt/Doze Status Output
This signal is asserted (outputs the "H" level) when in either the Halt mode or the Doze
mode.

IOSRST* Output 10 System Reset signal out

This pin is multiplexed with PCICLK[4] and can be used to reset external IO system
reset by software.
SYSRST* Output System Reset signal out

This pin is multiplexed with PCICLK[3] and can be used to reset whole system or
generate NMI to the CPU.

3.3.2. DDR SDRAM Interface Signals

DDR SDRAM Interface Signals

_Signal Name ___lo ___Function

DRA[13:0] Output Address

This address signals are for DDR SDRAM.
DRDQI[31:0] 1/0 Data Bus

This is a 32-bit data bus dedicated for DDR SDRAM
DRDQSJ[3:0] 110 DDR Control Signal for each byte data
DRDM[3:0] Output DDR Control signal for each byte data
DRCSJ[1:0]* Output DDR Chip Select
DRVrefl Input DDR Voltage reference input
DRCKP, Output Differential DDR Clock Source
DRCKM
DRCKOUT Output Single-end DDR Reference Clock for deskew
DRCKREF Input DDR Clock deskew reference input
DRBA[1:0] Output DDR Bank Address
DRWE?*, Output DDR Control Signals
DRCAS*,
DRRAS*
DRCKE Output DDR Control Signals

Clock Enable signal
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3.3.3. VIDEO Port Interface Signal

VIDEO Port Interface Signals

Signal Name 110 Function

Parallel Video Port (Input/Output), (CCIR656, EN50083)

VDCLKIN 1/0, PU Video Port clock input

VDCLKO 1/0, PU Video Port clock output

VD[7:0] I/0, PU Video Port

VDVLD 1/0, PU Video Port Data Valid (Active High)
VDPSN 1/0, PU Video Port sync (Active High).
Serial Video Port 1 (Input/Output, TS)

VDCLKIN1 1/0, PU Video Port clock input

VDCLKO1 1/0, PU Video Port clock output

VDS1 1/0, PU Video Port input/output

VDVLD1 1/0, PU Video Port Data Valid (Active High)
VDPSN1 1/0, PU Video Port sync (Active High).
Serial Video Port 2 (Input TS)

VDCLKIN2 1/0, PU Video Port clock input

VDCLKO2 1/0, PU Video Port clock output

VDS2 1/0, PU Video Port input

VDVLD2 I/0, PU Video Port Data Valid (Active High)
VDPSN2 1/0, PU Video Port sync (Active High).
Serial Video Port 3 (Input TS)

VDCLKIN3 1/0, PU Video Port clock input

VDCLKO3 1/0, PU Video Port clock output

VDS3 1/O0, PU Video Port input

VDVLD3 1/0, PU Video Port Data Valid (Active High)
VDPSN3 1/0, PU Video Port sync (Active High).

Note: Since All Signals can be used as GPIO, only bidirectional 10 is used.

3.3.4. ATA100 Channel O Interface

ATA100 Interface

_Signal Name 1o __Function

AO_DD [15:0] 1/0 Data bidirectional
A0_DA[2:0] lfe] Address output

AO0_DCS [1:0]* 1/0 Chip Select output
AO0_DIOW* I/0 10 write output
AO0_DIOR* I/0 10 read output
AO_DMACK* I/0 DMA Acknowledge output
AO0_DRST* l[e] Reset output
AO_DMAREQ I/O DMA Request input
AO_DIORDY I/0 10 Channel Ready input
AO _DINTR 1/0 Interrupt Request input
AO_PDIAG* 1/0 Passed Diagnostics input
AO0_DASP* 1/O Slave Presence input

Note: Since All Signals can be used as GPIO, only bidirectional 10 is used.

3.3.5. ATA100 Channel 1 Interface

ATA100 Interface

Signal Name | 110 Function

Al DD [15:0] 1/0 Data bidirectional
Al _DA[2:0] /0 Address

Al_DCS [1:0]* /0 Chip Select

Al _DIOW* I/0 10 write
Al_DIOR* I/0 10 read

Al DMACK* 1/0 DMA Acknowledge
Al _DRST* 1/0 Reset

Al _DMAREQ I/0 DMA Request

Al _DIORDY I/O 10 Channel Ready
Al DINTR 1/0 Interrupt Request
Al PDIAG* 1/0 Passed Diagnostics
Al DASP* 1/0 Slave Presence

Note: Since All Signals can be used as GPIO, only bidirectional IO is used.
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3.3.6. External Bus Interface Signals

External Bus Signals

Signal Name 110 Function

SADBJ15:0] 1/0 External Bus Address Data Bus (Lower 16-bit)
PU 16/8-bit data bus for External bus. Address [21:6] will appear on this bus to latch by
external latch devices.
BE[1:0]* Output Byte Enable Signal
Access Control signal for upper and lower byte on External bus.
ACE* Output Address Clock Enable
This is the Latch Enable signal for the upper ADDR address.
SA[5:0] 1/0 Lower Address Bits
PU This is the lower address for External bus access. These pins are also used for Boot
Configuration.
SYSCLK Output System Clock
This is a device clock for external I/0.
NRCE* (CE[0]) Output Chip Enable, dedicated for "NOR" Flash access as boot device.
CE[3:1]* Output Chip Enables for generic use
OE* Output Output Enable
This is the Output Enable signal for ROM, SRAM, or I/O devices.
SWE* Output Write Enable
This is the Write Enable signal for SRAM and 1/O devices.
ACK* Input Acknowledge
(READY) PU This is the Flow Control signal.
DMAREQ[2:0] Input DMA Request
PU This is the DMA Transfer Request signal from external 1/0 devices.
DMAACK][2:0] 1/0 DMA Acknowledge
PU This is the DMA Transfer Acknowledge signal for external 1/O devices. This pin also
used for the Boot Configuration.
DMADONE* lfe} DMA Done
PU This signal functions either as an output signal that signals the end of DMA transfer or
as an input signal for ending DMA transfer.
Signals for NAND Controller
NDCE* Output NAND Flash Chip Enable (NAND CE¥*)
NDLA Output NAND Flash Control Signal Latch Enable
PU
NDRB* Input NAND Flash Ready/Busy (NAND R/B)
NDCLE (Qutput) NAND CLE that can be generated from SA[0] latched by NDLA
NDALE (Output) NAND ALE that can be generated from SA[1] latched by NDLA
NDCSO0 (Qutput) Extended NAND chip select, that can be generated from SA[2] latched by NDLA
NDCS1 (Output) Extended NAND chip select, that can be generated from SA[3] latched by NDLA
NDRE* (Output) NAND RE* that can be generated from SA[4] latched by NDLA
NDWE* (OQutput) NAND WE* that can be generated from SA[5] latched by NDLA

3.3.7. ISA Interface Signals

External Bus Signals

_Signal Name _ 1o _ Function
SADBJ15:0] 110 ISA Data Bus (16-bit)

PU Address [21:6] will appear on this bus to latch by external latch devices.
SA[21:0] Output ISA Address Bus

SA[5:0] is connecting direct to TX4939
SA[21:6] is connecting directly to external address latch devices.

BHE* Output Byte High Enable
- Together with SA[0] to determine if this is a 8-bit or 16-bit cycle
1OW* Output IO Write Command.
IOR* Output 10 Read Command.
WAIT Input WAIT command. ISA device use this signal to drag out the cycle, this signal is needed
for slow ISA device.
CS* Output ISA Chip Select.
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3.3.8. Default GPIO

Default GPIO Signals

Signal Name 110 Function

GPIO00 1/0 Default GPIO 00
GPIO01 1/0 Default GPIO 01
GPI0O02 1/0 Default GPIO 02
GPI003 1/O Default GPIO 03

3.3.9. PCI Interface Signals

PCI Interface
Signal Name

110

Function

Signals for Host Mode
PCICLKJ[4:1] 1/0 PCI Clock (Service Clock)
These are the service PCI Clocks.
PCIRST Output PCI Bus Reset Signal (Service Output)
Reset Output for PCI Bus target cards.
PCICLKIN Input PCI Clock Input
This is the PCI Clock input.
PCIAD[31:0] I/O PCI Address and Data
This is the Address/Data Multiplex Bus.
C_BEJ[3:0]* 110 Command and Byte Enable
This is the Command and Byte Enable signal.
PAR I/10 Parity
This is the Parity signal for PCIAD[31:0] and C_BE[3:0]*. Parity is even.
FRAME* 110 Cycle Frame
Indicates that a bus operation is being run.
IRDY* 110 Initiator Ready
This signal indicates that the Initiator has finished transferring data.
TRDY* 110 Target Ready
This signal indicates that the Target is ready to finish transferring data.
STOP* 110 Stop
This signal indicates that the Target requests the Initiator to stop transferring data.
LOCK* 110 PCI Resource Clock
This signal indicates that the PCI Bus Master has locked (established exclusive access
to) a particular memory Target on the PCI Bus.
DEVSEL* 110 Device Select
The Target asserts this response signal to access performed by the Initiator.
REQI[5:1]* I/0 Request
The PCI Arbiter’s Bus Request inputs for the channel of 1 to 5.
REQI[0]* I/0 Request
In the internal arbiter mode this pin will be 6" arbiter REQ* input.
GNT[O]* 1/0 Grant
In the internal arbiter mode this pin will be 6" arbiter GNT* output.
GNT[5:1]* 110 Grant
The PCI Arbiter’s Bus Grant Output for the channel of 1 to 5
PERR* I/0 Data Parity Error
This signal indicates that a data parity error occurred in a bus cycle other than a Special
cycle.
SERR* 110 System Error
This signal indicates that either an address parity error, a data parity error during a
Special cycle, or a fatal error occurred.
M66EN Input 66 MHz Clock Enable
1: Enable the 66 MHz operation mode.
0: Disable the 66 MHz operation mode.
PME* Input Power Management
This signal indicates the Power Management mode status.
Additional Signals for External Arbiter and Satellite Mode (Note)
REQ* Output This pin represents REQ* output signal of internal PCI core.
GNT* Input This pin represents GNT* input of internal PCI Core.
INTOUT* Output Extra Interrupt output.
IDSEL Input This pin represents IDSEL input for Satellite mode.

Note: With the PCIl Host mode, both external and internal arbiter can be used. But the PCI Satellite mode,
only external arbiter mode available.
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3.3.10. Ethernet MAC Interface (RMII)

Ethernet MAC Channel 0 Interface

Signal Name 110 | Function

EORCLKI Input Reference Clock Input

EOCRS DV Input Carrier Sense/Receive Data Valid from PHY
EORXDI[1:0] Input Receive Data

EOTX_EN Output Transmit Enable

EOTXDJ[1:0] Output Transmit Data

EORX_ER Input Receive Error

EOMDC Output Management data clock output

EOMDIO 1/0 Management data bi-directional signal

Ethernet MAC Channel 1 Interface

Signal Name 110 | Function

E1RCLKI Input Reference Clock Input

E1CRS DV Input Carrier Sense/Receive Data Valid from PHY
E1RXDI[1:0] Input Receive Data

E1TX_EN Output Transmit Enable

E1TXDJ[1:0] Output Transmit Data

E1IRX_ER Input Receive Error

E1MDC Output Management data clock output

E1MDIO 1/0 Management data bi-directional signal

3.3.11. AC-Link Interface

AC-Link Interface

Signal Name | 110 Function
ACRESET* Output AC'97 Master Hardware Reset
This is the AC’'97 Master Hardware reset signal.
BITCLK Input 12.288 MHz Serial Data Clock
The BITCLK signal is an input clock from an external AC'97 device.
SDIN[O] Input Serial, Time Division Multiplexed, AC'97 Input Stream
PD This is the serial Time Division Multiplexed AC’97 output stream input.
SDOUT Qutput Serial, Time Division Multiplexed, AC'97 Output Stream
This is the serial Time Division Multiplexed AC'97 output stream output.
SYNC Output 48 kHz Fixed Rate Sample Synchronous
This is 48kHz Fixed sample synchronous signal.
SDIN[1] Input Serial, Time Division Multiplexed, AC'97 Input Stream
PD This is the serial Time Division Multiplexed AC’97 output stream input.

3.3.12. 12S Interface 2-channel mode

12S Interface

Signal Name 110 | Function

12S_WSO0 1/0 Channel 0 Word Select
12S_SCKO 1/0 Channel 0 Bit Clock
12S_SDO0 110 Channel 0 Data

PD
12S_WS1 1/0 Channel 1 Word Select
12S_SCK1 110 Channel 1 Bit Clock
12S_SD1 1/0 Channel 1 Data

PD
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3.3.13. 12S Interface 5.1 channel mode

12S Interface

Signal Name

1’0

|| Function

I12S_WS 110 Word Select

I12S_SCK 110 Bit Clock

12S_SDO 1/0 Channel 0 Data
PD

12S_SD1 110 Channel 1 Data

12S_SD2 110 Channel 2 Data
PD

3.3.14. 12C Interface
I12C Interface
Signal Name 110 || Function

12C_CLK @) Bit Clock
12C DO 110 Data
3.3.15. SPI Interface

12C Interface

Signal Name

1’0

|| Function

SPICLK 1/0, PU Bit Clock (output)
SPIOUT I/0, PU Data Out

SPIIN 1/0, PU Data In

SPICSO 1/0, PU SPI Chip Select (output)

Note Since All Signals can be used as GPIO, only bidirectional 10 is used.

3.3.16. RTC Interface

RTC Interface

Signal Name 110 | Function
RTCVDD Input Power Supply for RTC module. 2.7Vt03.3V
VDDR Output Regulated Power Supply for RTC logic
ALARM* Output Alarm output.  Open drain low active signal
Open Drain External pull-up should not be higher than RTCVDD voltage.

X32IN Input 32KHz Crystal Input

This is connected with 32Khz crystal.
X320UT Output 32KHz Crystal Output

This is connected with 32Khz crystal.

Note:  All RTC signals and RTCVDD are required independent Voltage from the system.
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3.3.17. SIO Interface

SIO Interface

Signal Name

1/0

| Function

RXDO Input SIO channel 0 Reception Data
PU This is the Serial data input signal.
TXDO Tri-state SIO channel 0 Transfer Data
Output PU This is the Serial data output signal.
PU is for Boot Configuration
CTSO Input SIO channel 0 Clear To Send signal
PU
RTSO Tri-state SIO channel 0 Ready To Send signal.
Output PU
RXD1 Input SIO channel 1 Reception Data
PU This is the Serial data input signal.
TXD1 Tri-state SIO channel 1 Transfer Data
Output PU This is the Serial data output signal.
PU is for Boot Configuration
RXD2 Input SIO channel 2 Reception Data
PU This is the Serial data input signal.
TXD2 Tri-state SIO channel 2 Transfer Data
Output PU This is the Serial data output signal.
RXD3 Input SIO channel 3 Reception Data
PU This is the Serial data input signal.
TXD3 Tri-state SIO channel 3 Transfer Data
Output PU This is the Serial data output signal.

3.3.18. Timer Interface

Timer Interface

_Signal Name
TIMER [1:0]

e
Output

| Function

Timer Output
This is the timer output signal.

WDRST*

oD
Output

Watchdog Reset
This is the Watchdog Reset output signal.

3.3.19. Interrupt Signals

_Interrupt Signals

Signal Name 110 | Function
NMI* Input Non-Maskable Interrupt

PU This is the Non-Maskable Interrupt signal.
INT[2:0]* Input External Interrupt Request

PU These are the external interrupt signals.
INTA* Input External Interrupt dedicated for PCI
INTB* PU
INTC*
INTD*

3.3.20. PLL Power and Ground

PLL Power and Ground

Signal Name 110 | Function

PLL12Vdd_A - Power Supply for PLL1 and PLL2
This is the PLL analog power pin.  PLL will be modified version of PLL3M32E, which
will be 1.2V power supply voltage.

PLL12Vss_A - Ground for PLL1 and PLL2
This is the PLL analog ground pin.

PLL3Vdd_A - Power Supply for PLL3 (Audio)
This is the PLL analog power pin.  PLL will be modified version of PLL3M32E, which
will be 1.2V power supply voltage.

PLL3Vss_A - Ground for PLL3 (Audio)
This is the PLL analog ground pin.
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3.3.21. TEST and EJTAG Debugging Interface

TEST and EJTAG Debugging Interface

Signal Name | Function
TEST Signals
TEST [0]* Input Test Mode Initiate
PU
This is the Test pin. Fix this pin to either Open or to the "H" level.
BYPASSPLL* Input Bypass PLL for test
PU This input is used in the test mode. Fix this signal to the "H" level for the normal
operation.
div_RST* Input Clock Generator Reset
PU

This signal initializes the clock generator.

JTAG and EJTAG signals

TRST* Input JTAG Reset Input
PD

This signal is asynchronous reset input of the TAP Controller. This input has pull-down
device, however it is recommended to attach additional pull down resister to prevent
accidental assertion.

EJRST* Input EJTAG Reset Input

PD

This signal is asynchronous reset input of the Debugging Support Unit (DSU).

This input has pull-down device, however it is recommended to attach additional pull
down resister to prevent accidental assertion. When connecting an EJTAG probe, take
a measure such as connecting pull-up resistance to prevent this signal from low-level.
When this signal is deasserted, G-Bus time-out detection becomes invalid.

Note for tamper protection.

In production model, It is highly recommended to connect this terminal to low level right
under package without any routing on the motherboard.

TCK Input JTAG or EJTAG Clock Input

PU

During EJTRST is high level, this clock goes only to EJTAG TAP and EJTRST is low level,
it goes only JTAG TAP.

This is the JTAG clock input signal. JTDI or JTMS data is fetched at the rising edge of this

clock.
TMS Input JTAG Command Input
PU
This signal mainly controls the status shifts of the TAP Controller State Machine.
TDI/(DINT*) Input JTAG Data Input/Debugging Interrupt Input
PU
When PC Trace mode is not selected, this signal is a JTAG Data input. This signal inputs
serial data to the JTAG Data/Instruction Registers.
When PC Trace mode is selected, this signal is an Interrupt input signal used to cancel PC
Trace mode for the debug unit.
TDO/(TPCIO0]) Output JTAG Data Output/PC Trace Output

When PC Trace mode is not selected, this signal is a JTAG Data output. Data is output
by means of serial scan.

When PC Trace mode is selected, this signal outputs nonconsecutive program counter
values synchronous to DCLK.
Additional Signals for PC Trace Function

DINT* Input This is the Interrupt input signal that is used for changing the Debugging Unit state from
the PC Trace mode to Off.

TPC[3:1] Output PC Trace Output

This signal outputs nonconsecutive program counter values synchronous to DCLK.
DCLK Output Debugging Clock Output

This signal is clock output for the real-time debugging system. When the PC Trace mode
is On, TPCJ[3:1] and the PCST signal are outputted synchronously. This clock is 1/3 the
frequency of the TX49/H4 Core operating clock (CPUCLK).

PCST [8:0] Output PC Trace Status Output

These signals output information such as the PC Trace Status.
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3.4. Pin Multiplexing
3.4.1. Pin Multiplex for GPIO (Miscellaneous)

PCI Controller has two modes. One is Host mode and the other is Satellite mode. Inthe Satellite mode, the internal arbiter

cannot be used and external arbiter should be provided. Some of the internal arbiter terminal switched to other signals.

This configuration can be set by CCRG.PCIARB (PCIARB bit in Chip Configuration Register). 3
Table 3-3 below shows these multiplexing.

Table 3-3 GPIO Signal Multiplexing

Default Signal Name GPIO (Boot Default) Function Select or Satellite Mode Ball
GP00 GPIO00 Dedicated GPIO Al5
GPO01 GPI1001 Dedicated GPIO D14
GP02 GPI002 MCLKA external input/output C14
GP03 GPIO03 MCLKB external input/output B14
ACRESET* GPIO04 See 3.4.2 C18
BITCLK GPIO05 See 3.4.2 B17
SDINIO] GPIO06 See 3.4.2 C17
SDOUT GPIO07 See 3.4.2 Al8
SYNC GPI1008 See 3.4.2 B18
SDIN[1] GPIO09 See 3.4.2 D17
I2C_CLK GPI010 12C_CLK Al7
12C_DO GPIO11 12C_DO C16
SPIOUT GPIO12 RXD2/ CTSO Al6
SPICSO GPIO13 TXD2/ RTSO D15
SPIIN GPI014 RXD3/CIR B16
SPICLK GPIO15 TXD3 C15
REQ[0]* REQ[0]* REQ* L2
GNT[O]* GNT[OJ* GNT* L3
REQ[1]* REQ[1]* INTOUT* K1
GNT[1]* GNT[1]* IDSEL L4
REQ[2]* REQ[2]* GPIO16 K4
GNT[2]* GNT[2]* GPIO17 K3
REQI[3]* REQ[3]* GPIO18 J3
GNT[3]* GNT[3]* GPIO19 J2
REQI4J* REQI4]* GPI1020 H2
GNT[4]* GNT[4]* GPI021 J4
REQ[5]* REQ[5]* GP1022 H4
GNTI[5]* GNTI[5]* GPI023 H3

Note 1:  SIO2, 3 are selected by the combinations of SPIMODE, SIO2MODE]1:0], SIO3MODE
bits in Pin Configuration Register (Chapter 7)

Note 2:  12C function can be selected by setting I2CMODE bit in Pin Configuration Register
(Chapter 7)

Note 3:  GPO0O to GP03 are Hiz mode at boot time.

3.4.2. Pin Multiplexing for ACLINK and 12S

Table 3-4 12S Signals

Default Signal Name  GPIO (Boot Default  ACLINK mode I12S 2ch I12S 5.1ch
ACRESET* GPIO04 ACRESET* 12S_WSO0 12S_ WS
BITCLK GPIO05 BITCLK 12S_SCKO 12S_SCK
SDIN[O] GPI0O06 SDIN[O] 12S_SDO 12S_SDO
SDOUT GPIO07 SDOUT 12S_WS1 12_SD1
SYNC GPI008 SYNC 12S_SCK1 -
SDIN[1] GPIO09 SDIN[1] 12S_SD1 12S_SD2

Note: All GPIO port is Hiz mode at boot time.
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3.4.3. Pin Multiplex for ATA100-0 (Channel 0)

Atthe Boot time, the ATA100-0 port will be configured as GPIO channel-0. This port will be activated by setting ATAOMODE
bit in Pin Configuration Register (Chapter 7)

Table 3-5 Pin Multiplex for ATA100-0 Channel

Default Signal Name GPIO (Boot default)  ATA100-0 H Ball
A0 _DASP* GOPIO00 A0 _DASP* AF3
AQ_DCS1* GOPIOO01 AO_DCS1* AD4
AO0_DCSO0* GOPI002 AO0_DCSO0* AE4
AO0 DA2 GOPIO03 A0 DA2 AF4
AO0_DAO GOPIO04 AO0_DAO AC5
AO_PDIAG* GOPIO05 AO_PDIAG* AD5
AO_DAl GOPIO06 A0 DAl AES5
AO_DINTR GOPIO07 AO_DINTR AF5
AO0_DMACK* GOPIO08 AO_DMACK* AC6
AO_DIORDY GOPIO09 AO_DIORDY AD6
AO_DIOR* GOPIO10 AO_DIOR* AE6
AO0_DIOW* GOPIO11 AO_DIOW* AF6
AO_DMAREQ GOPIO12 AO_DMAREQ AC7
A0_DD15 GOPIO13 AO0_DD15 AD7
AO0_DDO00 GOPIO14 AO0_DDO00 AF7
A0 DD14 GOPIO15 A0 DD14 AC8
AO_DDO01 GOPIO16 AO0_DDO01 AD8
A0 DD13 GOPI017 A0 DD13 AES8
AO0_DDO02 GOPIO18 AO0_DDO02 AF8
AO_DD12 GOPIO19 AO_DD12 AC9
A0 DDO03 GOPIO20 A0 DDO03 AD9
AO_DD11 GOPIO21 AO0_DD11 AE9
AO_DDO4 GOPI022 AO_DDO4 AF9
AO0_DD10 GOPI1023 AO0_DD10 AC10
AO_DDO05 GOP1024 AO0_DDO05 AD10
AO0_DDO09 GOPIO25 AO0_DDO09 AE10
AO_DDO06 GOPIO26 AO_DDO06 AF10
AO_DDO8 GOPI027 AO_DDO8 AC1L
AO0_DDO07 GOP1028 AO0_DDO7 AD11
AO DRST* GOPI1029 A0 DRST* AE1l

Note : All GPIO port is Hiz mode at boot time.
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3.4.4. Pin Multiplex for ATA100-1 (Channel 1)

At the Boot time, the ATA100-1 port will be configured as GPIO channel-1. This port will be activated by the setting
combinations of ATAIMODE, ETOMODE, and ET1MODEDit in Pin Configuration Register (Chapter 7)

Table 3-6 Function Selecting Map
ATA1IMODE ETOMODE ET1MODE Function Result 3

All GPIO (Boot-up default)
Ethernet Channel 0 and GPIO
Ethernet Channel 1 and GPIO
Ethernet 0,1 and GPIO
ATA100-1 only

[all=l[=l[=][=]
O |O|r|O
o |r|O|O

Table 3-7 Pin Multiplex for ATA100-1 Channel

Default Signal Name GPIO (Boot Default) ATA100-1 Ethernet MAC Ball

Al_DASP* G1PIO00 Al_DASP* EORCLKI AF11
Al_DCS1* G1PIO01 Al_DCS1* - AC12
Al_DCSO* G1PI002 Al_DCSO0* EOCRS_DV AD12
Al_DA2 G1PIO03 Al_DA2 EORXDI[O0] AF12
Al_DAO G1PIO04 Al_DAO EORXD[1] AC13
Al_PDIAG* G1PIO05 Al_PDIAG* EOTX_EN AD13
Al_DA1 G1PIO06 Al_DA1 EOTXDI[0] AE13
Al_DINTR G1PIO07 Al_DINTR EOTXD[1] AF13
Al_DMACK* G1PIO08 Al_DMACK* EORX_ER AF14
Al_DIORDY G1PIO09 Al_DIORDY EOMDC AE14
Al_DIOR* G1PIO10 Al _DIOR* EOMDIO AD14
Al_DIOW* G1PIO11 Al_DIOW* E1RCLKI AC14
Al_DMAREQ G1PIO12 Al_DMAREQ - AF15
Al_DD15 G1PIO13 Al_DD15 E1CRS_DV AD15
Al_DDO00 G1PIO014 Al_DDO00 E1RXDI[0] AC15
Al_DD14 G1PIO15 Al_DD14 E1RXD[1] AF16
Al_DDO01 G1PIO16 Al_DDO01 E1TX_EN AE16
Al_DD13 G1PIO17 Al DD13 E1TXDI[0] AD16
Al_DDO02 G1PIO18 Al_DDO02 E1TXD[1] AC16
Al_DD12 G1PIO19 Al DD12 E1RX_ER AF17
Al_DDO03 G1PIO20 Al_DDO03 E1IMDC AE17
Al_DD11 G1P1021 Al _DD11 E1MDIO AD17
Al_DDO04 G1PIO22 Al_DDO04 G1PIO22 AC17
Al_DD10 G1P1023 Al_DD10 G1P1023 AF18
Al_DDO05 G1PI024 Al_DDO05 G1PI024 AE18
Al_DDO09 G1PIO25 Al_DDO09 G1PIO25 AD18
Al_DDO06 G1PIO26 Al_DDO06 G1PIO26 AC18
Al_DDO08 G1PIO27 Al_DDO08 G1PIO27 AF19
Al_DDO07 G1P1028 Al_DDO07 G1P1028 AE19
Al DRST* G1PIO29 Al DRST* G1PIO29 AD19

Note: All GPIO port is Hiz mode at boot time.
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3.4.5. Pin Multiplex for Video port

Video port (17 signal) will be GPIO Channel-2 at boot up time. This port can be configured by setting VPSMODE and
VSSMODE bit in Pin Configuration Register (See Chapter 7)

Related mode bit is PTSEL, which is in the Chip Configuration Register -
3

Table 3-8 Function Selecting Map

PC Trace Mode is activated by Boot Configuration.
(CCFG). Please see Chapter 7 for detail.

PTSEL VSSMODE VPPMODE Function Result
0 0 0 All GPIO (Boot-up default)
0 0 1 1-Parallel ports and GPIO
0 1 0 3-Serial port and GPIO
0 1 1 1-Parallel and 1-Serial port
1 Don't care Don't care PC Trace Mode

Table 3-9 Pin Multiplex for Video ports

3-Serial Mode

Default Signal Name

GPIO (Boot default)

PC Trace Mode

1-Serial, 1-Parallel

VDCLKIN1(Note 1) G2PIO00 G2PIO00 VDCLKIN1 VDCLKIN1 AC19
VDCLKO1 G2P1001 DCLK VDCLKO1 VDCLKO1 AF20
VDVLD1 G2P1002 G2P1002 VDVLD1 VDVLD1 AD20
VDPSN1 G2P1003 TPC[1] VDPSN1 VDPSN1 AC20
VDS1 G2P1004 TPCI[2] VDS1 VDS1 AF21
VDCLKIN G2P1005 TPCI3] VDCLKIN VDCLKIN2 AE21
VDCLKO G2P1006 PCTI[0] VDCLKO VDCLKO2 AD21
VDVLD G2PIO07 PCT[1] VDVLD VDVLD2 AC21
VDPSN G2P1008 PCT[2] VDPSN VDPSN2 AF22
VDO G2P1009 PCT[3] VDO VDS2 AE22
VD1 G2P1010 PCT[4] VD1 VDCLKIN3 AD22
VD2 G2PI1011 PCT[5] VD2 VDCLKO3 AC22
VD3 G2P1012 PCT[6] VD3 VDVLD3 AF23
VD4 G2P1013 PCT[7] VD4 VDPSN3 AE23
VD5 G2PIO14 PCT[8] VD5 VDS3 AD23
VD6 G2PI1015 G2PI1015 VD6 G2PI1015 AF24
VD7 G2PIO16 G2PIO16 VD7 G2PIO16 AE24

Note 1: Serial port channel 1 can perform Input and Output.

Note 2: All GPIO port is High-Z mode at boot time.
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3.4.6. Pin Multiplexing for ISA

ISA interface signals are sharing with NOR/NAND/RAM interface (EBC interface). Table 3-10 is the list all of signals that
are used in ISA mode. Figure 9-1 in chapter 9 shows how ISA connects to EBC interface signals.

At the Boot time
- DMAREQ|2] are default to be input mode. The state of DMAREQ[2] is HIGH since there is Pull-Up on the
internal 1O pad.
- DMAACK]|2] are default to be output mode. The state of DMAACK]2] is HIGH after RESET.

After Boot up, if the system has ISA connector on board then firmware must enable ISA mode for that channel by program
to EBCCRn register bit 22. See Chapter 9 for more information

Table 3-10 ISA Signal Multiplexing

Default Signal Name ISA EEURNET [
DMAREQI2] IOR* A5

DMAACK]2] IOW* B5

BE[1] BHE* [

ACK*/READY WAIT D11

SADB[15:0] DATA[15:0] Al1,B11,C11,A10,B10

,C10,D10,B9,C9,D9,
B8,C8,D8,A7,C7,D7
SA[5:0] SA[6:1] C2,B3,C5,C4,A3,D5
BE[0] SA[0] D3

Note: Both DMAREQI[2] and DMAAC[2] used Pull-Up 10 pad.

3.4.7. Pin Multiplexing for PCICLK [4:1]

Table 3-11 PCICLK signal multiplexing

Default Signal Name | BOOT Default PCICLK ON | COMMENT

PCICLKJ[4] IOSRST* PCICLK PCICLK is OFF and IOSRST* will be assert during
RESET* assertion.
During PCICLKJ4] is ON, IOSRST function will be
disengaged

PCICLKI3] SYSRST* PCICLK PCICLK is OFF and SYSRST* will be deassert by
RESET* assertion.
During PCICLK]3] is ON, SYSRST function will be
disengaged

PCICLK]2] (PCICLK Stopped) | PCICLK PCICLK is OFF at boot time

PCICLKJ1] (PCICLK Running) | PCICLK PCICLK is ON at boot time
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Boot Configuration

Chapter 4. Boot Configuration

4.1. Boot Configuration
In boot time, following major things will be configured by external signal conditions.
& PCI Controller Mode

o Host Mode
o Satellite Mode

4 Boot Device
o NOR device on channel 0
o ROM Device on PCI Bus (PCI Boot)

€ CPU Clock Configuration
o CPU Pipeline Clock
GBUS Clock Frequency
SYSCLK Frequency
NOR device timing set (NOR Boot)
PCI Bus Clock Frequency

O o o o

€ PC Trace Enable or not

& ETC.

The SA[5:0], DMAACK [2:0], and SADB [15:0] signals (External bus signals) can also function as configuration signals for
initially setting various functions upon booting the system. The states of the configuration signals immediately after the
RESET* is de-asserted are read as initial values for the TX4939 internal registers.

A High signal level sets a value of 1 and a Low signal level sets a value of 0.

All configuration signals are provided with internal pull-up resistors. To drive a signal Low, pull down the corresponding pin
on the board using an approx. 4.7 kQ resistor. Driving a signal high does not require a pull-down resistor.
Any signals defined Reserved should not be pulled down.

Figure 4-1 shows Boot Configuration Timing

Table 4-1 describes each configuration signal.

Boot Configuration Settling Timing Diagram

vddiN,vddio|Z ]

All PLL Powers

MSTCLK, MSTCLK2 Stabilized Time

MSTCLK, MSTCLK2

Boot Configuration Inputs Stabilized Time

SA[5:0]
DMAACK][2:0]
SADBI[15:0]

All PLL Stabilized Time + Synchronous Reset Propagation Time

|‘ \

TRESETW

RESETY|L.

Figure 4-1 Boot Configuration Settling Timing
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4.2. Boot Configuration Detail

Table 4-1 Boot Configuration Details

Corresponding

Description Register Bit
CPU Clock Setting (MULCLK[2:0 ] ==> ND[4:0]@PLL#2) MULCLK][2:0]
(YMULCLK][4:0] = ND[4:0])
SA[2:0] ND[4:0] PLL#2 CPU Clock
000 01000 600 MHz 300 MHz
001 01001 666 MHz 333 MHz
010 01010 733 MHz 366 MHz
011 01011 800 MHz 400 MHz
100 01100 Reserved Reserved
101 01101 Reserved Reserved
110 01110 Reserved Reserved
111 00111 533 MHz 266 MHz
SA[4:3] SYSCLK Setting 00 = DIV4 of Gbus clock SYSSP[1:0]
01 = DIV3 of Gbus clock
10 = DIV5 of Gbus clock
11 = DIV6 of Gbus clock
SA[5] SSCG Control 1: Enable SSCG
0 : Disabled
DMAACK]|2] PCI Host and Satellite selection setting CCFG_PCIMODE
1: Host
0: Satellite
DMAACK([1:0] CPUCLK/GBUSCLK Ratio Setting YDIVMODE[2:0]
YDIVMODE[2:0] = {DMAACK[1],DMAACK]J1:0]}
DMAACK]|1:0] YDIVMODE[2:0] CPUCLK/GBUSCLK
00 000 (/2.0
01 001 (1/3.0)
10 110 (1/5.0)
11 111 (1/6.0)
SADBJ0] PC Trace Configuration 1 =PC Trace Enable CCFG_PTSEL
0 = PC Trace Disable
SADBJ1] Specifies the function of the BE[1:0]*/BWE[1:0]* pins upon booting. CCFG_BESEL
1 = BWE[1:0]* (Byte Write Enable)
0 = BE[1:0]* (Byte Enable)
SADBJ2] Boot ACK* Input : Specifies the access mode for external bus controller channel 0. CCFG_ACKSEL
1 = Normal mode
0 = External ACK mode
SADBJ3] Boot ROM Bus Width. Specifies the data bus width when booting from a memory device | CCFG_ROMW
connected to the External bus controller.
SADB [3] Boot ROM Bus Width
0 16 bit
1 8 bit
SADBJ4] TX4939 Endian Mode : Specifies the TX4939 Endian mode. CCFG_ENDIAN
1 = Big endian
0 = Little Endian
~SADBI5] TX49/H4 Internal Timer Interrupt Disable : Specifies whether timer interrupts within the | CCFG_TINTDIS
TXA49/H4 core are enabled.
0 = Enable timer interrupts within the TX49/H4 core.
1 = Disable timer interrupts within the TX49/H4 core.
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Signal Description Register Bit
SADBI6] Indicates the PCI bus arbiter selection setting CCFG_ARB
0 = Select external PCI bus arbiter
1 = Select built-in PCI bus arbiter
SADB[7] PCI Boot Option CCFG_PCIBOOT
0 = PCI Boot off
1 =PCI Boot on
SADBJ15:8] Reserved for software setting. CCFG_BCFG[7:0]
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Chapter 5. Clock Generators

5.1. Overview

Figure 5-1 shows the top view of TX4939 internal clock generation structure. TX4939 generates all necessary clocks out
of single 20 MHz clock source. There are two clock input, i.e. MSTCLK and MSTCLK?2.

MSTCLK can be modulated by internal SSCG Modulator and the modulated clock is fed to the Primary Clock Generator.
The Primary CG generates 400 MHz clock and divider generates 100 MHz and 66.66 MHz.

This 66.66 MHz clock is fed to Secondary Clock Generator, which generates CPUCLK, GBUSCLK, DDR Clock, and forth.
The CPUCLK frequency and the ratio between CPUCLK and GBUS/DDR Clock are defined at boot configuration. See
Chapter 4. Boot Configuration.

The 66.66 MHz is also used for PCI Clock either 66.66 MHz or 33.33 MHz. This PCI Clock distribution does not have any
synchronization with PCI Logic. It simply serves as PCI Clock source. There are four (4) PCI Service Clocks.

Instead, the clock signal input to the PCICLKIN terminal has synchronizer (De-Skew Circuit), where automatically internal
PCI clock synchronizes with this input clock.

System
C?/ock Source TX4939 FS*512 CHO
cG LMSTCLK2 Audio Clock FS*512 CH1
d
20MHz Generator Baud rate
PLL CLK4MHZ
| MSTCLK
! N
) ATA100 100MHz
SSCG 1J Primary Clock
Modulator Generator PCJ 66.6MHz
SSCGEN
Modulation 0.5% PLL
Frequency 30 KHz
266.66 MHz
30000 MHz CPUCLK (266 — 40Q)
333.33 MHz
366.66 MHz GBUS Clock
400.00 MHz
433.33 MHz
S Secondary Clock | 5= ciock
Generator
IMBUS Clock
PLL EBC Clock
Div 2
33/66 MHz 33/66 MHz

PCI CG

—|

>+ =
2

PCI Service Clocks PCICLKIN Rev 1.2

Figure 5-1 Overview of Clocking System in TX4939
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5.2. Master Clock Generator

Internal Clock generator generates all necessary clocks out of 20 MHz source clock. There are two 20 MHz clock input
terminals, such as MSTCLK and MSTCLK2. MSTCLK input is for generating ATA100 (100 MHz), PCICLK (66.6 MHz),
CPUCLK (333 or 400 MHz), and the rest of clocks except UART and audio sampling clock. This clock generator has
SSCG modulator to provide spread spectrum clock for reducing EMI of the system.

MSTCLK?2 input is connected MCLK generator that generates Baud-rate clock for UART and two sets of audio sampling

clocks. Figure 5-2 is the simplified diagram of master clock generator.
MSTCLK2
20 MHz
UART
[(F>——— ki MCLK GEN BAUD >
12S
CLKA >
FN CN
pLL#3 ¢ CLKB 125
—- FS[0]
ND[4:0] CIR
Async. RST»— AR 4MHz >
BAUD2 UART
BAUD Gen2 >
MSTCLK
200Hz 400 MHz 100 MHz ATA100
CKIN CKOUT HFN CN H CKIN >
SSCGEN SSCG PLL#lFST(:
i BP ND[:0] Clock 66 MHz _ PCI66S
Boot Config. SSCGEN Strength | Freq. Divider
SSCG 0 Disabled
1 05% | 40KHz
333 /400 MHz CPUCLK
CPUCLK |
CKIN FN gz 166 / 200 MHz GBUSCLK g
PLL#ZFS[O] CEUSCLS 166 / 200 MH DDRCLK
8P o DDRCLK |20/ 200 MHz >
Async. RST»— AR 30-100 MHz  IMBUSCLK
IMBUSCLK >
CG for GBUSCLK / 2 RCLK2
RCLK2 |
iBP_PLL>»—— BP_PLL CPUCLK GBUSCLK / 3 RCLK3
RCLK3 >
RESET* RCLKA GBUSCLK / 4 RCLK4>
Pad_RST
- Programmable SYSCLK
SYSCLK -
RESET_INT
RESET_INT —
Rev 2.22

Figure 5-2 Master Clock Generator
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5.3. Audio Clock Generator
5.3.1. Features

Audio Clock Generator (MCLK) generates multiple clocks for audio subsystem like 12S and optional baud rate clock.
Diagram below shows the overall structure of the TX4939 Audio Clock Generator.

22.5792 MHz 45.1584 MHz
(tO PLL#3FN) 88.2 KHz
or 20.0 MHz DIV1O e ( ) .
22.5792 MHz
(44.1 KHz)
— DIV2
* 49.1520 MHz
| (96.0 KHz)
MCLK MDOUT! DIv2
mdgen_19 429 24.576 MHz
DIVOUT (48.0 KHz)
&— DIv4
MFRAC 3 16.384 MHz
32.0 KHz
MINTL o pDive ( )
12.288 MHz
24.0 KHz
DIv8 ( )
PLL_FN NDRST ~ BP  CN MCLK MDOUT 8.192 MHz
> 16.0 KHz
FN mdgen_32_147 DIV12 ( ) .
PLL3M32K 4.096 MHz
c2s (8.0 KHz)
RS[3:0] DIv24
from 1S[1:0] ol {45158 MHz
Register Fs[1:0] (11.19PPMerron) | 147456 Mz | \_MUX_/ \ MUX /
ND[4:0] (921.6 Kbps)
L—MCLK MDOUTHDIV2
mdgen_16_ 245 < m
~ X
- -
©) O
~_ BAUD for UART
_ CLK4AMHZ
]
MCLKA
MUX ]
o
MCLKB
MUX
\ 4
Rev 1.04 5/17/2005

Figure 5-3 Diagram of Audio Clock Generator

Rev. 3.1 November 1, 2005 5-3



TOSHIBA m X Toshiba RISC Processor

System
CG Risc TX4939

5.3.2. Source Clock Generation

There are several method provided to generate source clock. One of method described in Table 5-1 should be chosen
based on the requirement of source clock. The jitter value will be notified after sample evaluation.

Table 5-1 Methods for Source Clock Generation

MSTCLK?2 Method | Esoures COMMENT (Issues)
20,000,000 Hz | Fractional N PLL 451,584,000 Hz | (1) Jitter generated by Fractional PLL.
(2) Frequency Error (-11.2 PPM).
Integer N PLL 451,584,000 Hz | (1) Jitter generated by Very High Frequency Multiplier.
(2) Frequency Error (-11.2 PPM)
15,000,000 Hz | Fractional N PLL 338,688,000 Hz | (1) Jitter generated by Fractional PLL.
(2) Frequency Error (-11.2 PPM).
Integer N PLL 338,688,000 Hz | (1) Jitter generated by Very High Frequency Multiplier.
(2) Frequency Error (-11.2 PPM)
22,579,200 Hz | Simple X20 Multiplier 451,584,000 Hz | (1) Clean Source Clock.
(2) Extra Crystal Note 1
Note 1 Simple X15 Multiplier 338,688,000 Hz | (1) Clean Source Clock.
(2) Extra Crystal Note 1

Note 1 Initial Version of TX4939 does not support this function.

The Audio Clock Generator generates either 451,584,000 Hz or 338,688,000 Hz Clock as source clock (Fsource). The
451,584,000 Hz clock is for Fs*512 or Fs*256 as “Over Sampling Clock (Fos), and 338,688,000 Hz is for Fs*768 or Fs*384.
Table 5-2 describes those relations.

Table 5-2 Relation between source clock and result frequency

Fsource | Divide Divide  Multiply Fos Fs*512 Fs*256

451,584,000 Hz 10 1 1 45,158,400 Hz 88,200 Hz 176,400 Hz
20 1 1 22,579,200 Hz 44,100 Hz 88,200 Hz
147 2 32 49,152,000 Hz 96,000 Hz 192,000 Hz
147 4 32 24,576,000 Hz 48,000 Hz 96,000 Hz
147 6 32 16,384,000 Hz 32,000 Hz 64,000 Hz
147 8 32 12,288,000 Hz 24,000 Hz 48,000 Hz
147 12 32 8,192,000 Hz 16,000 Hz 32,000 Hz
147 24 32 4,096,000 Hz 8,000 Hz 16,000 Hz
245 1 8 14,745,600 Hz Baud rate Clock

Fsource \ Divide Divide Multiply Fos Fs*768 Fs*384

338,688,000 Hz 10 1 1 33,868,800 Hz 44,100 Hz 88,200 Hz
20 1 1 16,934,400 Hz 22,050 Hz 44,100 Hz
147 2 32 36,864,000 Hz 48,000 Hz 96,000 Hz
147 4 32 18,432,000 Hz 24,000 Hz 48,000 Hz
147 6 32 12,288,000 Hz 16,000 Hz 32,000 Hz
147 8 32 9,216,000 Hz 12,000 Hz 24,000 Hz
147 12 32 6,144,000 Hz 8,000 Hz 16,000 Hz
147 24 32 3,072,000 Hz 4,000 Hz 8,000 Hz
245 1 8 11,059,200 Hz Baud rate Clock
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Depend on the Source Clock frequency, the Baud Rate Source Clock also varies. The Baud Rate Source Clock is either
14,745,600 Hz or 11,059,200 Hz. Table 5-3 describes the relation between UART Divisor and Baud Rate. In this table,
“UART Divisor” represents the product of prescaler and divisor.

Table 5-3 Corresponding Prescaler value for each source clock.

BAUD RATE Division Pre-scalar Divisor
14,745,600 Hz 921,600 bps 1 Bypass pre-scalar and divider

460,800 bps 2 1/2 1
230,400 bps 4 1/2 2
115,200 bps 8 1/2 4
57,600 bps 16 1/2 8
38,400 bps 24 1/2 12
28,800 bps 32 1/2 16
14,400 bps 64 1/2 32
9,600 bps 96 1/2 48

4,800 bps 192 1/2 96

2,400 bps 384 1/2 192

1,200 bps 768 1/8 96

600 bps 1536 1/8 192

300 bps 3072 1/32 96

11,059,200 Hz 921,600 bps N/A N/A N/A

460,800 bps N/A N/A N/A

230,400 bps 3 N/A N/A
115,200 bps 6 1/2 3
57,600 bps 12 1/2 6
38,400 bps 18 1/2 9
28,800 bps 24 1/2 12
14,400 bps 48 1/2 24
9,600 bps 72 1/2 36

4,800 bps 144 1/2 72

2,400 bps 288 1/2 144

1,200 bps 576 1/8 72

600 bps 1152 1/8 144

300 bps 2304 1/32 72

5.3.3. Frequency Error in the Generation of Source Clock out of 20 MHz

Followings are the explanation of the technology of fractional N PLL, which generate 451,584,000 Hz clock (Fsource)-
Figure 5-4 shows the block diagram of this fractional N PLL.

Target = | 451,584,000 Hz 0 PPM 45,158,400 Hz LEGEND
Actual = | 451,578,947 Hz | -11.2 PPM 1 Target|  —gg 2 KHz x 512)
I 10 ’ 45,157,895 Hz
Actual | _gg 199 KHz x 512) Digital
20 MH2 Multiply-Divider
————Pp{ reF Target| 49152000 Hz
16 =96.0 KHz x 512 n
PLL our—s > = ( ) —0—
147 Actual 49,151,450 Hz d
FBK (=95.999 KHz x 512)
n: numerator
Target| | 14745600 Hz = multiplier
19 . 8 > 98t (=921.6 KHz x 16)
429 245 Actual 14,745,435 Hz d: denominator
(=921.590 KHz X 16) = divider

Figure 5-4 Block Diagram of Fractional N PLL
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The ideal value of Multiply-Divider for this PLL is "625/7065" (n=625, d=7065). However, this value of multiply-divider
would create undesirable phase jitter with very low frequency element. Therefore, the actual circuit uses "19/429" in stead.
This approximation has -11.2 PPM error against target frequency of 451,584,000 Hz. Table 5-4 shows those actual
frequencies.

Table 5-4 Frequency Error in the Final Clocks

Target Result Logic Clock Actual
Sampling Clock Sampling Clock

96,000 Hz 49.151450 MHz 95,998.93 Hz
88,200 Hz 45.157895 MHz 88,199.01 Hz
48,000 Hz 24.575725 MHz 47,999.46 Hz
44,100 Hz 22.578947 MHz 44,099.51 Hz
32,000 Hz 16.383817 MHz 31,999.64 Hz 5
24,000 Hz 12.287863 MHz 23,999.73 Hz
22,050 Hz 11.289474 MHz 22,049.75 Hz
16,000 Hz 8.191908 MHz 15,999.82 Hz
8,000 Hz 4.09599 MHz 7,999.98 Hz
921,600 Hz 14.745435 MHz 921,589.69 Hz

Itis the fact that the fractional N PLL might generate clock with some level of jitter. However, it depends on the application
if this jitter value would be acceptable or not. In the case that the application required very clean clocks, this PLL should
have alternate PLL mode, such as Integer PLL. Since 19/429 is about 1/22, the integer multiplier is better to close to 22.
In this design, X20 is chosen for that mode. In this mode, 20 MHz external clock should be changed to 22.5792 MHz
instead. This clock can be available from any of Audio Clock Generator.
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5.3.4. Restriction of Audio Clock for Over Sampling

Since a digital clock multiplier is used, i.e. mdgen_32_147 in Figure 5-3 Diagram of Audio Clock Generator, the source
clock, 451.584 MHz or 338.688 MHz has intrinsic jitter.

Note that this mdgen_32_147 is used to generate the source clock for 96KHz, 48KHz, 32KHz, 24KHz, 16KHz, and 8KHz
Fs frequency. These clocks might be affected and not for 88.2KHz neither 44.1KHz.

Table 5-5 mdgen_32_147 Operation explains the operation of multiplier/divider. The mdgen_32_147 counts the input clock,

i.e. 451.584 MHz and the counter value will return to zero when it reaches 147. Output pulse will be generated 32 times

within every 147 count cycles. The column “SEQ” means the cycle number of 32 output clocks. The column “Real Value”

is the theoretical figure of clock timing. Actual clock is generated at the timing displayed at the column “Pseudo”. The
column “Error” shows the difference between theoretical and actual value.

Table 5-5 mdgen_32_147 Operation
SEQ Real Value Pseudo Error

0 0.0000 0 0.00 ns
1 4.5938 5 -0.90 ns
2 9.1875 9 0.42 ns
3 13.7813 14 -0.48 ns
4 18.3750 18 0.83 ns
5 22.9688 23 -0.07 ns
6 27.5625 28 -0.97 ns
7 32.1563 32 0.35ns
8 36.7500 37 -0.55 ns
9 41.3438 41 0.76 ns
10 45,9375 46 -0.14 ns
11 50.5313 51 -1.04 ns
12 55.1250 55 0.28 ns
13 59.7188 60 -0.62 ns
14 64.3125 64 0.69 ns
15 68.9063 69 -0.21 ns
16 73.5000 74 -1.11 ns
17 78.0938 78 0.21 ns
18 82.6875 83 -0.69 ns
19 87.2813 87 0.62 ns
20 91.8750 92 -0.28 ns
21 96.4688 96 1.04 ns
22 101.0625 101 0.14 ns
23 105.6563 106 -0.76 ns
24 110.2500 110 0.55 ns
25 114.8438 115 -0.35ns
26 119.4375 119 0.97 ns
27 124.0313 124 0.07 ns
28 128.6250 129 -0.83 ns
29 133.2188 133 0.48 ns
30 137.8125 138 -0.42 ns
31 142.4063 142 0.90 ns
32 147.0000 147 0.00 ns

These errors are considered as jitter in the clock. This multiplication factor is power of 2, these jitter will be disappeared after dividing
by series of divide by 2.  For example, the jitter will disappear at 32fs for 96KHz sampling. This jitter may not affect sampling operation
at the normal over sampling timing.  But it might affect the operation of Analog-Digital conversion with Sigma-Delta system.

Next page shows detail of this jitter.
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Table 5-6 Jitter Value in case of 451.584 MHz Source Clock describes jitter values in various sampling clocks generated by divide by 2.

The intermediate clock, i.e. 98.304 MHz, corresponds to 1,024fs for 96KHz sampling.

jitter will disappear when it reaches to 32fs for 96KHz sampling (32fs = 3.072MHz).

sampling.

As jitter exists 64fs for 96KHz sampling, it may affect total harmonic distortion.

This clock has large jitter in every steps.

This

This frequency corresponds to 64fs for 48KHz

Table 5-6 Jitter Value in case of 451.584 MHz Source Clock

Source (32/147) Div 2 Div 2 Div 2 Div 2 Div 2 Div 2
451.584MHz 98.304MHz | 49.152MHz | 24.576MHz | 12.288MHz | 6.144MHz| 3.072MHz | 1.536MHz
192.000 KHz 512fs 256fs 128fs 64fs 32fs 16fs 8fs

96.000 KHz 1,024fs 512fs 256fs 128fs 64fs 32fs 16fs
48.000 KHz 2,048fs 1,024fs 512fs 256fs 128fs 64fs 32fs
Cycle - 00 - - - - - - -
Cycle - 01 -0.90ns 0.42ns 0.83ns -0.55ns -1.11ns - -
Cycle - 02 0.42ns 0.83ns -0.55ns -1.11ns - - -
Cycle - 03 -0.48ns -0.97ns 0.28ns 0.55ns -1.11ns - -
Cycle - 04 0.83ns -0.55ns -1.11ns - - - -
Cycle - 05 -0.07ns -0.14ns -0.28ns -0.55ns -1.11ns - -
Cycle - 06 -0.97ns 0.28ns 0.55ns -1.11ns - - -
Cycle - 07 0.35ns 0.69ns -0.83ns 0.55ns -1.11ns - -
Cycle - 08 -0.55ns -1.11ns - - - - -
Cycle - 09 0.76ns -0.69ns 0.83ns -0.55ns -1.11ns - -
Cycle - 10 -0.14ns -0.28ns -0.55ns -1.11ns - - -
Cycle - 11 -1.04ns 0.14ns 0.28ns 0.55ns -1.11ns - -
Cycle - 12 0.28ns 0.55ns -1.11ns - - - -
Cycle - 13 -0.62ns 0.97ns -0.28ns -0.55ns -1.11ns - -
Cycle - 14 0.69ns -0.83ns 0.55ns -1.11ns - - -
Cycle - 15 -0.21ns -0.42ns -0.83ns 0.55ns -1.11ns - -
Cycle - 16 -1.11ns - - - - - -

In case of Source Clock=338.688 MHz mode, mdgen_32_147 generates 73.728 MHz, which corresponds to 768fs for 96KHz sampling.
It has certain level of jitter up to 8fs for 96KHz sampling.  This is described Table 5-7 Jitter Value in case of 338.688 MHz Source Clock

below.

Table 5-7 Jitter Value in case of 338.688 MHz Source Clock

Source (32/147) Div 3 Div 2 Div 2 Div 2 Div 2 Div 2
338.688MHz 73.728MHz | 24.576MHz | 12.288MHz | 6.144MHz| 3.072MHz| 1.536MHz| 0.768MHz
192.000 KHz 384fs 128fs 64fs 32fs 16fs 8fs 4fs

96.000 KHz 768fs 256fs 128fs 64fs 32fs 16fs 8fs
48.000 KHz 1,536fs 512fs 256fs 128fs 64fs 32fs 16fs
Cycle - 00 - - - - - - -
Cycle - 01 -1.20ns -0.65ns -1.29ns 0.37ns 0.74ns -1.48ns -
Cycle - 02 0.55ns -1.29ns 0.37ns 0.74ns -1.48ns - -
Cycle - 03 -0.65ns 1.01ns -0.92ns 1.11ns -0.74ns -1.48ns -
Cycle - 04 1.11ns 0.37ns 0.74ns -1.48ns - - -
Cycle - 05 -0.09ns -0.28ns -0.55ns -1.11ns 0.74ns -1.48ns -
Cycle - 06 -1.29ns -0.92ns 1.11ns -0.74ns -1.48ns - -
Cycle - 07 0.46ns 1.38ns -0.18ns -0.37ns -0.74ns -1.48ns -
Cycle - 08 -0.74ns 0.74ns -1.48ns - - - -
Cycle - 09 1.01ns 0.09ns 0.18ns 0.37ns 0.74ns -1.48ns -
Cycle - 10 -0.18ns -0.55ns -1.11ns 0.74ns -1.48ns - -
Cycle - 11 -1.38ns -1.20ns 0.55ns 1.11ns -0.74ns -1.48ns -
Cycle - 12 0.37ns 1.11ns -0.74ns -1.48ns - - -
Cycle - 13 -0.83ns 0.46ns 0.92ns -1.11ns 0.74ns -1.48ns -
Cycle - 14 0.92ns -0.18ns -0.37ns -0.74ns -1.48ns - -
Cycle - 15 -0.28ns -0.83ns 1.29ns -0.37ns -0.74ns -1.48ns -
Cycle - 16 -1.48ns -1.48ns - - - - -
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These registers are 32-bits wide. WORD accesses are allowed for
Those are shown Table 5-8 below.

5.3.5. Audio Clock Control Register

Audio Clock Generator has two registers to control.
READ/WRITE (LW or SW).

Table 5-8 Audio Clock Control Registers

Offset Address | Definition Description
0xE068 MCLKOSC Audio Clock PLL set-up
0xEQ70 MCLKCTL Audio Clock Operation Control

5.3.6. MCLKOSC Register

MCLKOSC Register controls PLL set-up and configuration.

MCLKOSC 31 30 29 28 27 26 25 24
FIELD Definition RESERVED
| | | | | |
RIW RIO RIO RIO RIO RIO RIO RIO RIO
DEFAULT 0 0 0 0 0 0 0 0
MCLKOSC 23 22 21 20 19 18 17 16
FIELD Definition RESERVED MFRAC | MINTL
| | | | |
RIW RIO RIO RIO RIO RIO RIO RIW RIW
DEFAULT 0 0 0 0 0 0 1 1
MCLKOSC 15 14 13 12 11 10 9 8
FIELD Definiti
efinition RESERVED FS [L:0] RS [3:0]
| | | |
RIW RIO RIO RIW RIW RIW RIW RIW RIW
DEFAULT 0 0 0 1 0 1 0 0
MCLKOSC 7 6 5 4 3 2 1 0
FIELD Definition IS [1:0] c2s ND [4:0]
| | | | |
RIW RIW RIW RIW RIW RIW RIW RIW RIW
DEFAULT 0 0 1 0 1 0 0 1

Figure 5-5 Definition of MCLKOSC Register

Table 5-9 describes recommended parameter values related PLL.
Following tables, i.e. Table 5-10, Table 5-11 and Figure 5-6 are describe more detail about those parameters. These values
are generated based on simulation; values are subjected to change after sample evaluation.

Table 5-9 Recommended Values for PLL Parameter
MSTCLK2 | MFRAC MINTL | FS[1:0] RS[3:0]

Source Clock

Operation Mode

ND[4:0]

Fractional N PLL bl | Ibl | 2b00 | 460100 | 2b01 | 1'b0 | 5b00000
Integer N PLL 20.0000 MHz | 451.584 MHz Th0 | bl | 2b00 | 4b0100 | 2b01 | 1b0 | 5b00000
Fractional N PLL Tbl | bl | 2001 | 460100 | 2b01 | I'bl | 5b00000
Integer N PLL 15.0000 MHz | 338.688 MHz b0 | 1bl | 2b01 | 4b0100 | 2601 | 1'b1 | 5b00000
Simple X20 PLL 22 5792 MHy. | 251584 MHz Tbl | 1b0 | 200 | 460100 | 2b01 | 1b0 | 5b10011
Simple X15 PLL : 338.688 MHz Tbl | 1b0 | 2001 | 4b0100 | 2b01 | Tbl | 5b011ll

Notel: Those values will be updated after ES evaluation.
Note2: Current version will not support “Simple X20, X15 PLL mode.

Rev. 3.1 November 1, 2005 5-9



TOSHIBA

Toshiba RISC Processor

X
m System
CG Risc TX4939
Table 5-10 Bit Field Definitions of MCLKOSC Register
Bit Field Symbol | Description
31:18 Reserved Reserved
17 MFRAC PLL Configuration (default value : MFRAC = 1, MINTL = 1)
16 MINTL {MFRAC, MINTL} defines PLL Configuration of the Audio Clock Generator.
MFRAC = 0, MINTL = 0: Audio Clock Generator is disabled
MFRAC = 0, MINTL = 1: PLL generates 451.584 MHz with "Integer N PLL" mode (CG=20 MHz)
MFRAC = 1, MINTL = 0: PLL operates simple X10 mode, 22.5792 MHz CG required.
MFRAC = 1, MINTL = 1: PLL generates 451.584 MHz with "Fractional N PLL" mode (CG=20 MHz)
15:14 Reserved Reserved
13:12 FS [1:0] PLL frequency range select
This parameter has a relation ship with C2S input. Refer Table 5-11
11:8 RS [3:0] PLL Low Pass Filter R2 selection
R2 will be the value of 2.4 + RS[3:0] x 1.2 (K ohm)
7:6 1S [1:0] PLL Charge Pump Current (Ip) select
1S[1:0] Description
2'b00 Charge Pump Current will be X3 of 8 uUA ( 24uA)
2'b01 Charge Pump Current will be X2 of 8 uA ( 16uA)
2'b10 Charge Pump Current will be X1 of 8 uA ( 8uA)
2’b11 Disable Charge Pump
5 C2s PLL VCO Performance Select
4:0 ND [4:0] PLL Multiply factor
Multiplier is the value of ND [4:0] + 1.

Table 5-11 Parameter FS[1:0] and C2S

Description Low Limit

FS[1:0]

High Limit

FS=00 C2S=H No Output Divider 450 MHz 1,000 MHz
FS=00 C2S=L Output will be divided by 2 315 MHz 700 MHz
FS=01 C2S=H Qutput will be divided by 4 225 MHz 500 MHz
FS=01 C2S=L Output will be divided by 8 158 MHz 350 MHz
FS=10 C2S=H No Output Divider 113 MHz 250 MHz
FS=10 C2S=L Output will be divided by 2 79 MHz 175 MHz
FS=11 C2S=H Qutput will be divided by 4 56 MHz 125 MHz
FS=11 C2S=L Qutput will be divided by 8 39 MHz 88 MHz
Frequency Sekctbn Chart
10 MHz 100 MHz 1000 MHz
I
FS=00, C2S=H 450 MHz[ 1000 MHz
i I
FS=00, C2S=L 315 MHz] 700 MHz|
i I
F$S=01, C2S=H 225 MHz| 500 MHZ]|
FS=01, C2S=L 158 MHz] 350 MHz]
FS=10, C25=H 113 MHZ] 250 MHz]
FS=10, C2S=L 79 MHz| 175 MHZ]
FS=11, C2S=H 56 MHz| 125 MHZz]
FS=11, C2S=L 39 MHz] 88 MHz]
Fs=11, | FS=11, | FS=10, | FS=10, | FS=01, | FS=01, | FS=00, | FS=00,
C2s=L | C2S=H | C2S=L | C2S=H | C2S=L | C2S=H | C2S=L | C2S=H
OHigh Linit| 88 MHz | 125 MHz | 175 MHz | 250 MHz | 350 MHz | 500 MHz | 700 MHz |1 000 MH2
OLow Linik| 39MHz | 56 MHz | 79 MHz | 113 MHz | 158 MHz | 225 MHz | 315 MHz | 450 M Hz

Figure 5-6 Frequency Selection related to FS[1:0] and C2S value
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5.3.7. MCLKCTL Register

MCLKCTL 31 30 29 28 27 26 25 24
FIELD Definition RESERVED
| | | | | | |
RIW RIO RIO RIO RIO RIO RIO RIO RIO
DEFAULT 0 0 0 0 0 0 0 0
MCLKCTL 23 22 21 20 19 18 17 16
FIELD Definition RESERVED
| | | | | | |
RIW RIO RIO RIO RIO RIO RIO RIO RIO
DEFAULT 0 0 0 0 0 0 0 0
MCLKCTL 15 14 13 12 11 10 9 8
FIELD Definition BD RESERVED
| | | | | |
RIW RIW RIO RIO RIO RIO RIO RIO RIO
DEFAULT 0 0 0 0 0 0 0 0
MCLKCTL 7 6 5 4 3 2 1 0
FIELD Definition CBE CcHB CAE CHA
| | | |
RIW RIW RIW RIW RIW RIW RIW RIW RIW
DEFAULT 0 0 0 0 0 0 0 0

Figure 5-7 Definition of MCLKCTL Register

Table 5-12 Bit Field Definitions

Bit Field Symbol | Description

31:16 N/A Reserved

15 BDE Baud Clock enable (1:Enable, 0:Disable)
14:8 N/A Reserved

7 CBE Channel-B Enable (1:Enable, 0:Disable)
6:4 CHB [2:0] Channel B Frequency select

CHB [2:0] = 3'b000: Select 22.5792 MHz (Fs = 44.1 KHz)
CHB [2:0] = 3'b001: Select 24.576 MHz (Fs = 48.0 KHz)
CHB [2:0] = 3'b010: Select 16.384 MHz (Fs = 32.0 KHz)
CHB [2:0] = 3'b011: Select 12.288 MHz (Fs = 24.0 KHz)
CHB [2:0] = 3'b100: Select 8.192 MHz (Fs = 16.0 KHz)
CHB [2:0] = 3'b101: Select 4.096 MHz (Fs = 8.0 KHz)
CHB [2:0] = 3'b110: Select 45.1584 MHz (Fs = 88.2 KHz)
CHB [2:0] = 3'b111: Select 49.152 MHz (Fs = 96.0 KHz)

3 CAE Channel-A Enable (1:Enable, 0:Disable)
2:0 CHA[2:0] Channel A Frequency select

CHA [2:0] = 3'b000: Select 22.5792 MHz (Fs = 44.1 KHz)
CHA [2:0] = 3'b001: Select 24.576 MHz (Fs = 48.0 KHz)
CHA [2:0] = 3'010: Select 16.384 MHz (Fs = 32.0 KHz)
CHA [2:0] = 3'b011: Select 12.288 MHz (Fs = 24.0 KHz)
CHA [2:0] = 3'b100: Select 8.192 MHz (Fs = 16.0 KHz)
CHA [2:0] = 3'b101: Select 4.096 MHz (Fs = 8.0 KHz)
CHA [2:0] = 3'b110: Select 45.1584 MHz (Fs = 88.2 KHz)
CHA [2:0] = 3'b111: Select 49.152 MHz (Fs = 96.0 KHz)
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5.4. Second Baud rate Generator

TX4939 has second baud-rate generator. It generates baud-rate clock out of 100 MHz clock (ATA100 clock). This
baud-rate can be used for UART with non-frequency accurate application such as debug or peripheral control.

This baud-rate generator uses a multiplier-divider that divides by 217 and multiplies by 32. It generates 14.74654377 MHz,
which has 64-PPM error against 14.7456 MHz. In addition, it will be SSCG modulated when SSCGEN signal asserted.
Because of this nature, it is not recommended to use this Baud-rate for communication through MODEM or external line.
But it is suitable to use in the system to control peripherals like LCD panel or remote control equipment.
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5.5. SSCG (Spread Spectrum Clock Generator)

5.5.1. SSCG UNIT

The SSCG UNIT in TX4939 modulates MSTCLK directly. This SSCG module does frequency modulation by pure digital

circuit.

MSTCLK
20MHz

[

CKIN

SSCGEN

SSCG

CKOUT|

400 MHz

5.5.2. Modulation Profile

FN

BP

X 20

PLL#1

CN

Fs[0]
ND[4:0]

e

Figure 5-8 Location of SSCG UNIT

€ Modulation Magnitude = 0.5% (p-p)
4 Modulation Frequency = 31.25 KHz
€ Maximum Delay Time = 516 steps (19.09 nS)
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5.6. De-Skew Circuit
5.6.1. Theory of Operation

Figure 5-9 shows basic concepts of clock de-skew circuit. The module “dIl_dskw1” is designed as follows.

A programmable delay line is implemented to delay the signal from CIN to OUT.

Whenever CIN input detect the clock edge, internal phase comparator starts to monitor both REF and SCK input for the
clock edge. If SCK input detects the clock edge earlier than REF input, it decreases the delay value and if it is opposite, it
increases the delay value. By this way, the pulse edge of P2 and P3 will be matched precisely.

For the delay line, Z7DELAYF ASIC delay line is used.
In the full range of operational condition, the unit delay might vary from 30 ps to 90 ps.
range is about 15 ns.

It has 512 resolutions and each delay unit has 50 ps typical delay.
Therefore, the maximum adjustable

Global @ Mother Board
Clock 09 ouT {>—[] . .
Tree 3 E
1y 1 1 4 | di_dskwa’ > o E
_T - _askw e Reference []@ Ly EU E
1—_11 1112 | s W
Delay = E
e o < = ©F

\l J
2 >

oF

DDR Internal Logic

Figure 5-9 Concept of Clock De-Skew Circuit

5.6.2. DDR Clock De-Skew

The range of DDR Clock is from 100 MHz to 200 MHz.
“dll_dskw1” module can be used with straightforward manner.

In terms of period, it is from 5 nsto 10 ns. Therefore, the
Figure 5-10 shows the DDR Clock De-Skew circuit for

TX4939.
Motherboard
DRCKP
DRCKM
DDRCLK CIN ouT DRCKOUT
ALL DDR dll_dskwl
LOGIC SCK REF DRCKREF

Figure 5-10 Structure of DDR Clock De-Skew Circuit
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5.6.3. PCI Clock De-Skew

PCI De-Skew is performed by PLL circuit. Figure 5-11 shows this diagram and recommended PCI Clock distribution.

— PCI66S

33/66 MHz

PCICLKL| pciservice @] PCICLKIN
Clocks

@ Same timing point in terms
of PCI Clock Positive Edge

. PC.I Clo_ck Buﬁer-
VYV Y VY
S5 8555

PR RR®

Figure 5-11 Structure of PCI Clock De-Skew Circuit
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Chapter 6. Address Mapping

6.1. TX49 CPU Address Space

This chapter explains the address space of TX4939. Please refer to "64 bit TX System RISC TX49/H4 Core Architecture”

about the details of mapping to a physical address from the virtual address of TX49/H4 core.

Here Figure 6-1 shows the default address mapping from logical addresses to physical addresses. There are two

hardwired logical to physical translation tables exist. One is Boot Address related and the other is Internal Register related.

Detailed description follows.

INTERNAL REGISTER

64bit: OXFFFF_FFO0_0000
32bit: 0XFF00_0000

BOOT ADDRESS

Logical 32bit
Kernel Mode
OXFFFF_FFFF

0.5GB
Mapped
Cacheable
0xE000_0000

default mapping
uncached, unmapped

Physical
Address Space
p| OxF_FFFF_FFFF

OXDFFF_FFFF

0.5GB
Mapped
Cacheable
0xC000_0000

64bit: OXFFFF_BFCO_0000
32bit: OXBFCO_0000

OXBFFF_FFFF

0.5GB
Unmapped
Uncached
0xA000_0000

OXOFFF_FFFF

0.5GB
Unmapped
Cacheable

0x8000_0000

OX7FFF_FFFF

2.0GB

Mapped
Uncached

0x0000_0000

kseg3

ksseg
-

ksegl >
P.

kseg0 >
4

kuseg

_INTERNAL REGISTER

0.5GB
OxF_E000_0000

“"PHYSICAL: OxF_FFOO_0000

OXF_DFFF_FFFF

0.5GB
OxF_C000_0000

OXF_BFFF_FFFF

0.5GB
OxF_A000_0000

OXF_OFFF_FFFF

0.5GB
0xF_8000_0000

OXF_7FFF_FFFF

0.5GB
0xF_6000_0000

OXF_BFFF_FFFF

~T oxo_cooo o000

———————

A\

OXO_BFFF_FFFF

0.5GB
0x0_A000_0000

OX0_OFFF_FFFF

0.5GB
0x0_8000_0000

OXO_7FFF_FFFF

0.5GB
0x0_6000_0000

OXO_GFFF_FFFF

0.5GB
0x0_4000_0000

OXO_3FFF_FFFF

0.5GB
0x0_2000_0000

OXO_1FFF_FFFF

_BOOT ADDRESS

0.5GB

" PHYSICAL: Ox0_1FCO_0000

0x0_0000_0000

[Rev2is |

Figure 6-1 Logical to Physical Address Translation
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6.2. Physical Address Map Overview

TX4939 supports up to 64G (2%°) bytes of physical address. Following resources are to be allocated in the physical address
of the TX4939, such as (1) TX4939 Internal registers (refer to 6.5 Register Map), (2) DDR SDRAM, (3) External Devices
such as ROM, I/O Devices, and (4) PCI Bus.

Each resource is to be allocated in any physical addresses by the register setup. Refer to the explanation of each controller
for the details of the mapping. At initialization, only the internal registers and the memory space which stores the TX49/H4
core reset vectors are allocated shown as Figure 6-2. Usually ROM connected to the external bus controller channel 0 is
used for the memory device that stores the reset vectors.

TX49/H4 & G-BUS ENLARGED BOOT BLOCK
OxF_FFFF_FFFF OxF_FF1F_FFFF | Ox0_1FFF_FFFF Ox0_LFFF _FFFF [m
=
OxF_FF1F_0000 32 MB 0x0_1FC0_0000 |<|@
OXO_1FBF_FFFF
Internal O ©
. o
Reg| sters 0x0_1F80_0000 s
1.0GB 128 MB OxO_1F/7F_FFFF " o
—
0x0_1F40_0000
OXO_1F3F_FFFF
OxF_C000_0000 0x0_1800_0000 0x0_1F00_0000 g
OXF_BFFF_FFFF 0x0_17FF_FFFF OxO_1EFF_FFFF o
0x0_1EC0_0000
OXO_1EBF_FFFF
0x0_1E80_0000
10GB 128 MB OXO_1E7F_FFFF
0x0_1E40_0000
OxO_1E3F_FFFF
OxF_8000_0000 0x0_1000_0000 OxF_1E00_0000
OXF_7FFF_FFFF 0x0_OFFF_FFFF
/‘—\/
:/\/
1.0GB 128 MB
External Bus
Channel-0
Default Mapping
0x0_4000_0000 0x0_0800_0000
Ox0_3FFF_FFFF 0x0_07FF_FFFF
0.5GB
0x0_2000_0000 198 MB
Ox0_1FFF_FFFF
0.5GB
0x0_0000_0000 0x0_0000_0000
Rev 2.12

Figure 6-2 Physical Address Map at Initializing System
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6.3. DDR SDRAM Mapping

6.3.1. Funhdamentals

The DDR SDRAM Controller in TX4939 can support 1.0 GB memory capacity per channel. As this size exceeds the size of
kseg0 and ksegl (which size is 512 MB), there might be an issue to map this whole memory to the physical address
0x0_0000_0000.

The DDR SDRAM Mapping logic will provide system with the capability to split such DDR memory space exceed 512 MB to
smaller region and map to any region of physical address space.

The granularity is intended to be 16 MB as target. However, it may increase if there are timing issues in the implementation.
Also, to avoid design complexity, the maximum window size is 1.0 GB and window across the 1.0 GB boundary is prohibited. n

6.3.2. Control Registers
Table 6-1 shows the registers for DDR Memory Mapping Control.

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.
Table 6-1 Internal Registers for DDR SDRAM Mapping Control

Offset Address Register Size (bit) Register Symbol Register Name

DDR SDRAM Memory Mapping Control Register

LD/SD LW/SW

LE/BE LE/BE

0x8200 0x8200 64 DRWINEN Enable/Disable DDR Mapping Windows
0x8204

0x8208 0x8208 64 DRWINOO DDR Mapping Window #0
0x820C

0x8210 0x8210 64 DRWINO1 DDR Mapping Window #1
0x8214

0x8218 0x8218 64 DRWINO2 DDR Mapping Window #2
0x821C

0x8220 0x8220 64 DRWINO3 DDR Mapping Window #3
0x8224
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6.3.3. DDR Mapping Window Control (DRWINEN)

This register enables or disables each DDR Mapping Register.

0x8200

Before enabling any Mapping Window, i.e. Windows #0 to

#3, corresponding registers, i.e. DRWINOO, DRWINO1, DRWINO2, and DRWINO3, has to be preset with precise value.

If failed, the system might cause serious malfunction and result is unknown.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DCA DCDQ DCDQS DCDM DCCS DCCK DCCKO DCBA
| | | | | | | |
RIW RIW RIW RIW RIW RIW RIW RIW
2'b00 2'b00 2'b00 2'b00 2'b00 2'b00 2'b00 2'b00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Q0
DCWE DCCAS | DCRAS | Dccke RESERVED ENO3 [ EN02 | ENO1 | ENOO
| | | | [
RIW RIW RIW RIW RW RW RW RW
2'b00 2'b00 2'b00 2'b00 o 0 o0 o0

Figure 6-3 DDR Mapping Window Control

Table 6-2 DDR Mapping Window Control

:RIW
. Default

' RIW
: Default

Bit | Mnemonic Field Name Description Initial Value R/W
63:32 — Reserved — — —
31:30 DCA DC_DRA Drive Strength Control of DRA[13:0] signal 2'b00 R/W
2'b00 = 28% of maximum strength
2'b01 = 57% of maximum strength
2'b10 = 71% of maximum strength
.. 2’b11 = maximum strength (100%)
29:28 DCDQ DSC_DRDQ Drive Strength Control of DRDQ[31:0] 2'b00 R/W
Control is same as above
27:26 DCDQS DSC_DRDQS Drive Strength Control of DRDQSJ[3:0] 2'b00 R/W
Control is same as above
25:24 DCDM DSC_DRDM Drive Strength Control of DRDM[3:0] 2'b00 R/W
Control is same as above
23:22 DCCs DSC_DRCS Drive Strength Control of DRCS[1:0] 2'b00 R/W
Control is same as above
21:20 DCCK DSC_DRCK Drive Strength Control of DRCKP and DRCKP 2'b00 R/W
Control is same as above
19:18 DCCKO DSC_DRCKOUT Drive Strength Control of DRCKOUT 2'b00 R/W
Control is same as above
17:16 DCBA DSC_DRBA Drive Strength Control of DRBA[1:0] 2'b00 R/W
Control is same as above
15:14 DCWE DSC_DRWE Drive Strength Control of DRWE 2'b00 R/W
Control is same as above
13:12 DCCAS DSC_DRCAS Drive Strength Control of DRCAS 2'b00 R/W
Control is same as above
11:10 DCRAS DSC_DRRAS Drive Strength Control of DRRAS 2'b00 R/W
Control is same as above
9:8 DCCKE DSC_DRCKE Drive Strength Control of DRCKE 2'b00 R/W
Control is same as above
3 ENO3 ENWINO3 1'b1 = Enable Window #3, 1'b0 = Disable 0 R/W
2 ENO2 ENWINO2 1'b1 = Enable Window #2, 1'b0 = Disable 0 R/W
1 ENO1 ENWINO1 1'b1 = Enable Window #1, 1'b0 = Disable 0 R/W
0 ENOO ENWINOO 1'b1 = Enable Window #0, 1'b0 = Disable 0 R/W
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6.3.4. DDR Mapping Window #n (n=0, 1, 2, 3) DRWINOO 0x8208
DRWINOL  0x8210
DRWINO2  0x8218
DRWINO3  0x8220

DRWINOO, DRWINO1, DRWINO2, and DRWINO3 control DDR Mapping condition independently.

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

DRWINLO [35:30] DRWINLO [29:20]
35 | 34 | 33 | 32 | 31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW : RIW
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

COPY of DRWINLO [35:30] DRWINUP [29:20]
I I I I I I I I I I I I I I
R/IO RO RO RO RO RO RW RW RW RW RW RW RW RW RW R/W : RIW
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED DRWINOF [29:20]
I I I I I I I I I I I I I I
RW RW RW RW RW RW RW RW RW R/W : RIW
0 0 0 0 0 0 0 0 0 0 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVED CS [1:0]
I I I I I I I I I I I I I I
R/W :RIW
0 . Default

Figure 6-4 DDR Mapping Window Control

Table 6-3 DDR Mapping Window Control

Initial

Value RIW

Bit Mnemonic‘ Field Name Description

63:48 | DRWINLO DRWINLO [35:20] | Define the lower address of window #n in physical address. 0 R/W
DRWINLO _ADRS = { DRWINUP [35:20], 20'HF_FFFF }

47:42 | DRWINUP DRWINUP [35:30] | This register is the copy of DRWINLO [35:30] 0 R/O

41:32 | DRWINUP DRWINUP [29:20] | Define the upper address of window #n in physical address. 0 R/W
DRWINUP _ADRS = { DRWINUP [35:20], 20'H0_0000 }

31:26 | — RESERVED — — —

25:16 | DRWINOF DRWINOF [29:20] | Define the offset address of the target DDR memory space. 0 R/W
DRWINOF _ADRS = { DRWINOF [29:20], 20'HO_0000 }

15:2 | — RESERVED — _ _

1:0 CS [1:0] Chip Select [1:0] Define corresponding DDR channel number with CS 0 R/W

CS[1:0] =0 Channel 0 (CS0)
CS[1:0]=1 Channel 0 (CS0)
CS[1:0] =2 Channel 1 (CS1)
CS[1:0] =3 Channel 1 (CS1)

NOTE: CS setting should be consistent with DDR_CTRL15 setting.

When the system receives an effective physical address, (EPA), it checks following condition for enabled window(s).
IF ( (EPA <= DRWINUP_ADRS ) && ( EPA >= DRWINLO_ADRS))
Then, if it is true, Corresponding DDR channel will be accessed with following DDR_EFFECTIVE_ADDRESS.

DDR_EFFECTIVE_ADDRESS = EPA - DRWINLO_ADRS + DRWINOF_ADRS
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Figure 6-5 shows an example of DDR Memory Mapping. In this example, DDR Channel 0 (CSO0) is split two blocks, one is
384 MB and the rest is 640 MB. The 384 MB portion is mapped to 0x0_0000_0000 to 0x0_17FF_FFFF. The restis
mapped to 0x0_8000_0000 to 0x0_A7FF_FFFF and creates continuous memory space with 0x0_4000_0000 to
0x0_7FFF_FFFF memory space, which is mapped from DDR Channel 1 (CS1).

TX49 & GBUS
0x0_FFFF_FFFF
1.0GB |

L~ —

— —— DDR CS0
0x0_C000_0000 Ox3FFF_FFFF
0xO_BFFF_FFFF

DRWIN#0 (ENABLE)
’/'\/:
1.0 GB B /= DRWINUP [Ox17FF_FFFF —

T == DRWINLO |0x0000_0000
0x0_8000_0000 DRWINOF |0x0000_0000 ==\
0x0_7FFF_FFFF ﬁ DRWINCS | 0x0 (CSO0)

1.0GB
1.0 GB | DRWIN#1 (ENABLE)

_/\_/—

ey DRWINUP |OXA7FF_FFFF
0x0_4000_0000 DRWINLO |0x8000_0000 5| 0x1800 0000
0x0_3FFF_FFFF DRWINOF |0x1800_0000 Ox17FF_FFFF

DRWINCS | 0x0 (CS0)
0.5 GB B
—/-\—/‘
m DRWIN#2 (ENABLE) \—) 0x0000_0000
X DRWINUP |Ox7FFF_FFFF
OXEB%JFTFEEEEFF DRWINLO | 0x4000_0000 DDR CS1
DRWINOF |0x0000_0000 = Ox3FFF_FFFF
128 MB DRWINCS | 0x0 (CS1)
0x0_1800_0000
- = DRWINUP |0x0000_0000 T —]
128 MB DRWINLO |0x0000_0000
DRWINOF |0x0000_0000
1.0GB
0x0_1000_0000 DRWINCS | Ox0 (CSO)
OXO_OFFF_FFFF
128 MB
0x0_0800_0000
0x0_07FF_FFFF \—| 0x0000_0000
128 MB
0x0_0000_0000 | /
Rev 2.12

Figure 6-5 Example of DDR Memory Split-Mapping

Rev. 3.1 November 1, 2005 6-6




System
RISC

TOSHIBA m X Toshiba RISC Processor

TX4939

Address

6.4. PCIl Address Space Mapping

This section describes new feature that is introduced TX4939 PCI Controller. It is related memory mapping from PCI
Memory Space to GBUS Memaory Space. This mapping will be used when any PCI Master Device (external devices)
access any memory device attached GBUS (DDR Memory is an example) through PGB (PCI to GBUS Bridge).

TX4939 has three windows for this mapping. Three control registers are provided to define the mapping windows as same
as TMPR4938XB, however each window size is now programmable. (Note: TMPR4938XB has three windows but each

window has fixed size, such as 512 MB (Window#0), 16 MB (Window #1), and 1 MB (Window #2).

6.4.1. P2G Memory Space (n) PCI Lower Base Address Register (n=0,1,2)

These registers are corresponding to the PCI-GBUS Window #n. Those registers are P2ZGMOPLBASE, P2GM1PLBASE,

P2GM2PLBASE,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BA [31:20] RESERVED

RW RW RW RW RW RW RW RW RW RW RW RW RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

' RIW
: Default

MSS [31:29] MSS [28:20] PF TYPE MSI

RO RO RO RW RW RW RW RW RW RW RW RW RW RO RO RO
1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0

Figure 6-6 P2G Memory Space (n) PCI Lower Address Register

Table 6-4 P2G Memory Space (n) PCI Lower Address Register

Bit | Mnemonic Field Name Description
31:20 BA [31:20] Base Address Base Address (Default=0x000)
Sets the lower address of the PCI base address in Target Access
Memory Space n. The size of Memory Space is defined by the
value of MSS [23:20].
Effective Base Address (EBA) is given by following formula.
EBA[31:20] = BA[31:20] & MSS [31:20] ( bitwise AND )

:RIW
: Default

Default  R/W

0x000 R/IW

0: Indicates that this Base Address Register is for use by the PCI
Memory Space

19:16 RESERVED 4'b0000 R/O
15:13 MSS [31:29] | Size (Maximum) Memory Space Size (Maximum, Default=3'b111, 512 MB). 3'b111 R/O
12:4 MSS [28:20] | Size Memory Space Size (Default=0x000, 512 MB) 0x000 R/W
See
Table 6-5 for other corresponding.
3 PF Prefetchable Prefetchable 1 R/W
1: Indicates that memory is prefetchable.
0: Indicates that memory is not prefetchable.
2:1 TYPE Type Type (Default: 00) 0 R/O
00: Indicates that an address is within a 32-bit address region
0 MSI Memory Space Memory Space Indicator (Fixed Value: 0) 0 R/O
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Table 6-5 Corresponding of Memory Space Size and MSS[31:20] Value

MSS [31:29] MSS [31:29] Bitwise :
(Hexadecimal) 31 30 29| 28 27 | 26 | 25 24 23 22 21 20 Memory Size
0XE00 1] 1 1 J]o[o]Jo]o[o]o]o]]ol]o 512 MB
0xF00 1 1 1 1 0 0 0 0 0 0 0 0 256 MB
0xF80 1 |1 [ 111 [oJolof]o]oloT]o 128 MB
OxFCO 1 1 1 1 1 1 0 0 0 0 0 0 64 MB
OxFEO 1 1 1 1 1 1 1 0 0 0 0 0 32 MB
OxFFO 1 1 1 1 1 1 1 1 0 0 0 0 16 MB
OxFF8 1 1 1 1 1 1 1 1 1 0 0 0 8 MB
OxXFFC 1 1 1 1 1 1 1 1 1 1 0 0 4 MB
OXFFE 1 1 1 1 1 1 1 1 1 1 1 0 2 MB
OXFFF 1 1 1 1 1 1 1 1 1 1 1 1 1 MB
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6.5. Register Map Convention
6.5.1. Addressing

TX4939 internal registers are to be accessed through 64 K bytes address space that is based on physical address
OxF_FF1F_0000 or pointed address by RAMP register. Figure 6-7 shows how to generate internal register address.
Physical address 1 and physical address 2 shown Figure 6-7 access the same register.

In TX49/H4 Core, the physical address from OxF_FF00_0000 to OxF_FF3F_FFFF are uncached mapped to the virtual
address from 0xFF00_0000 to OxFF3F_FFFF (32 bit mode) /from OxFFFF_FFFF_FFOO_0000 to
OXFFFF_FFFF_FF3F_FFFF (64 bit mode).

This space includes the region from OxF_FF1F_0000 allocated TX4939 internal registers at initialization.

Base Address = i
(OxF_FF1F_0000) Offset Address Physical Address 1
Base A(ggrfl\s/l%?egister Offset Address | = Physical Address 2

Figure 6-7 Generating Physical Address for a Internal Register

6.5.2. Endianness and Register size

As this system has been designed based on the philosophy of Bi-Endian, all register address is defined as such that any
register less than 32 bits are accessed with 32 bit and 64 bit registers with 64 bit. However, it does not limit the 64 bit
register to be accessed with 32 bit.

As far as all 32 bit register and less than 32 bit register should be accessed only with 32 bit operation. Other type of access
may cause undefined result.

On the other hand, 64 bit registers can be accessed also with 32 bit operation. But the access address might change

depending on the system Endianness. Table 6-6 and Table 6-7 describes the access address of 32 bit portion in the 64 bit
register. Please note that access way is dependent on register.

Table 6-6 32-bit Size Access to 64-bit Register (SRAM, EBUSC, PCIC1, PCIC, DMACO0/1)

Address Big Endian Little Endian
(Bit which are accessed) (Bit which are accessed)
Oxx_*xx kx(Q [63........ 32] [31........ 0] [63........ 32] [31........ 0]
Qx* ok wkkg HHHHEHEHE I
Ox* _hax kg [63........ 32] [31........ 0] [63........ 32] [31........ 0]
Oxx Fexk xRk C HHHHHIH HHHHHHEHE

(A indicates 32 bits data (upper 32 bits or lower 32 bits) which are accessed.)

Table 6-7 32-bit Size Access to 64-bit Register (CRYPT, DDR, Config)

Big/Little Endian

Address (Bit which are accessed)

Qx* Fkk* kkk() [63........32] [31........ 0]
Ox* whrx Hakg HHHHHHHHHH
Ox* F*xk xkk[ [63........32] [31........ 0]
Ox* *rxx kR HEHHHH T

(A indicates 32 bits data (upper 32 bits or lower 32 bits) which are accessed.)
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6.6. Register Map

Please refer to “16.5 PCI Configuration Space Register” about PCI configuration register.

Table 6-8 Register Map

Offset Address Peripheral Controller

0x0000 to OX2FFF Reserved
0x3000 to Ox3FFF ATAOQ
0x4000 to Ox4FFF ATAL
0x5000 to OX5FFF NDFMC
0x6000 to OX67FF SRAMC
0x6800 to OX6FFF Crypt Engine
0x7000 to OX7FFF PCIC1 (For Ethernet MAC[1:0])
0x8000 to OX8FFF DDR (including DDR mapping register
0x9000 to OX9FFF EBUSC
0xA000 to OXAFFF VPC
0xB000 to OXxB7FF DMACO
0xB800 to OXBFFF DMAC1
0xC000 to OXCFFF Reserved
0xD000 to OXDFFF PCIC
0xE000 to OXE7FF CONFIG/GPIO
0xE800 to OXEFFF IRC
0xF000 to OXFOFF TMRO
0xF100 to OxF1FF TMR1
0xF200 to OXF2FF TMR2
0xF300 to OXF3FF SI100, SI02
0xF400 to OxF4FF SI01, SI03
0xF500 to OXF50F Reserved
0xF510 to OxF6FF Reserved
0xF700 to OXF7FF ACLC
0xF800 to OxF8FF SPIC
0xF900 to OxFOFF 12C
0xFAQO to OXFAFF 12S
0xFBO0O to OxFBFF RTC
0xFCO00 to OXFCFF CIR
0xFDQO0 to OXFDFF TMR3
0xFEO0O to OXFEFF TMR4
0xFFO0O0 to OXFFFF TMR5
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6.6.1. Registers for ATAO

All registers below are mapped into ATA100 CORE registers one by one, except the DMA Command register is mapped to
ATA100 CORE register, Start register and Direction Control register. Use byte, half-word, or word load/store to access
register with 8, 16, or 32 bits word, respectively

Table 6-9 Internal Registers for ATAO

Register Size

Offset Address (bit) IRegister Symbol Register Name

ATAO

LE BE
0x3000 0x3006 16 ATAO0_DATA DATA register ATAO device
0x3001 0x3006 8 ATAO_Error_Ft Error/Feature ATAQ device
0x3002 0x3005 8 ATAQ_Sec Sector Count ATAO device
0x3003 0x3004 8 ATAO_LBAO LBA Low ATAO device
0x3004 0x3003 8 ATAO_LBAl LBA Mid ATAO device
0x3005 0x3002 8 ATAO_LBA2 LBA High ATAO device
0x3006 0x3001 8 ATAQ_Device Device register ATAQ device
0x3007 0x3000 8 ATAO St Cmd Status/Command ATAO device
0x3402 0x3405 8 ATAO_Alt_DevCtl Alternate Status/Device Control ATAO device
0x3800 0x3807 8 ATA0 DMA Cmd DMA command for ATAO
0x3802 0x3805 8 ATAO DMA_stat DMA Status for ATAO
0x3804 0x3800 32 ATAO_PRD_Ptr PRD Table Pointer for ATAO
0x3c00 0x3c06 16 ATAO_Sys Ctl_1 System Control 1 for ATAO
0x3c02 0x3c04 16 ATAQ _Sys Ctl_2 System Control 2 for ATAO
0x3c08 0x3c0e 16 ATAQ Xfer Cnt_ 1 | Transfer Word Count 1 for ATAO
0x3c0a 0x3c0c 16 ATAQ Xfer_Cnt_2 Transfer Word Count 2 for ATAO
0x3c10 0x3cl6 16 ATAO_Sec_Cnt Sector Count for ATAO
0x3c18 0Ox3cle 16 ATAO_Strt AddL Transfer Start Low Address for ATAO
0x3c20 0x3c26 16 ATAO_Strt_AddU Transfer Start Upper Address for ATAO
0x3c28 0x3c2e 16 ATAO _Add_Ctl Additional Control for ATAO
0x3c30 0x3c36 16 ATAO_Lo_BCnt Lower Burst Count for ATAO
0x3c38 0x3c3e 16 ATAO _Up_ BCnt Upper Burst Count for ATAQ
0x3c88 0x3c8e 16 ATAO_PIO_Acc P10 Access Address for ATAO
0x3c90 0x3c96 16 ATAO_H_Rst_Tim Host Reset Timer for ATAO
0x3c98 0x3c9e 16 ATAO int_ctl Interrupt Control for ATAO
0x3ch8 0x3che 16 ATAO_ Pkt Cmd ATAPI Packet Command for ATAO
0x3cc0 0x3ccb 16 ATAQ_Bxfer_cntH Bus Transfer Count High for ATAO
0x3cc8 0x3cce 16 ATAQ_Bxfer_cntL Bus Transfer Count Low for ATAO
0x3cd0 0x3cd6 16 ATAO_Dev_TErr Device Timing Error for ATAO
0x3cd8 0x3cde 16 ATAO Pkt xfer ct Packet Transfer Control for ATAO
0x3ce0 0x3ceb 16 ATAO_Strt AddT Transfer Start Top Address for ATAO
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6.6.2. Registers for ATA1

All registers below are mapped into ATA100 CORE registers one by one, except the DMA Command register is mapped to
ATA100 CORE register, Start register and Direction Control register. Use byte, half-word, or word load/store to access
register with 8, 16, or 32 bits word, respectively

Table 6-10 Internal Registers for ATA1

Register Size

Offset Address IRegister Symbol Register Name

ATAL

LE BE
0x4000 0x4006 16 ATA1_DATA DATA register ATA1 device
0x4001 0x4006 8 ATA1 Error_Ft Error/Feature ATA1 device
0x4002 0x4005 8 ATAl Sec Sector Count ATA1 device
0x4003 0x4004 8 ATA1 LBAO LBA Low ATA1 device
0x4004 0x4003 8 ATA1_LBA1 LBA Mid ATA1 device
0x4005 0x4002 8 ATAl LBA2 LBA High ATA1 device
0x4006 0x4001 8 ATA1 Device Device register ATAL device
0x4007 0x4000 8 ATAl St Cmd Status/Command ATAL device
0x4402 0x4405 8 ATA1_Alt DevCtl Alternate Status/Device Control ATA1 device
0x4800 0x4807 8 ATA1 DMA Cmd DMA command for ATAL1
0x4802 0x4805 8 ATA1 DMA_stat DMA Status for ATAL
0x4804 0x4800 32 ATA1 PRD Ptr PRD Table Pointer for ATAL1
0x4c00 0x4c06 16 ATAl Sys Ctl_1 System Control 1 for ATAL1
0x4c02 0x4c04 16 ATAl1_Sys Ctl_2 System Control 2 for ATAL
0x4c08 0x4c0e 16 ATAL1 Xfer Cnt_1 Transfer Word Count 1 for ATAL
0x4c0a 0x4c0c 16 ATAl Xfer_Cnt_2 Transfer Word Count 2 for ATAL1
0x4c10 0x4cl6 16 ATA1 Sec Cnt Sector Count for ATAL1
0x4cl8 Ox4cle 16 ATA1_Strt AddL Transfer Start Low Address for ATAL
0x4c20 0x4c26 16 ATA1_Strt_ AddU Transfer Start Upper Address for ATA1
0x4c28 Ox4c2e 16 ATA1 Add Citl Additional Control for ATA1
0x4c30 0x4c36 16 ATAl Lo_BCnt Lower Burst Count for ATA1
0x4c38 0x4c3e 16 ATA1 Up BCnt Upper Burst Count for ATA1
0x4c88 0x4c8e 16 ATA1_PIO_Acc PIO Access Address for ATAL
0x4c90 0x4c96 16 ATA1_H_Rst _Tim Host Reset Timer for ATAL
0x4c98 0x4c9e 16 ATAL int_ctl Interrupt Control for ATAL1
0x4cb8 Ox4cbe 16 ATA1 Pkt Cmd ATAPI| Packet Command for ATA1
0x4cc0 0x4ccb 16 ATA1l Bxfer_cntH Bus Transfer Count High for ATA1
0x4cc8 Ox4cce 16 ATA1_Bxfer_cntL Bus Transfer Count Low for ATA1
0x4cd0 0x4cd6 16 ATA1l Dev_TErr Device Timing Error for ATAL1
Ox4cd8 Ox4cde 16 ATAL1 Pkt xfer ct Packet Transfer Control for ATAL
0x4ce0 Ox4ceb 16 ATA1l Strt AddT Transfer Start Top Address for ATAL

6.6.3. Registers for NAND Controller (NDFMC)

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-11 Internal Registers for NAND Controller (NDFMC)

Offset Address Register Size (bit) RG] Register Name
Symbol

NAND Controller (NDFMC)

LD/SD LW/SW

LE/BE LE/BE
0x5000 0x5000 32 NDFDTR NAND Flash Memory Data Transfer Register
0x5008 0x5008 32 NDFMCR NAND Flash Memory Mode Control Register
0x5010 0x5010 32 NDFSR NAND Flash Memory Status Register
0x5018 0x5018 32 NDFISR NAND Flash Memory Interrupt Status Register
0x5020 0x5020 32 NDFIMR NAND Flash Memory Interrupt Mask Register
0x5028 0x5028 32 NDFSPR NAND Flash Memory Strobe Pulse Width Register
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6.6.4. Registers for SRAM Controller (SRAMC)

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.
Table 6-12 Internal Registers for SRAM Controller (SRAMC)

Offset Address Reglftt)?tr) Sz Z?/%itglr Register Name
SRAM Controller (SRAMC)
LD/SD LW/SW
LE/BE LE BE
0x6000 0x6000 0x6004 64 SRAMCR Internal SRAM Control Register
0x6004 0x6000

6.6.5. Registers for Crypt Engine Controller

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-13 Internal Registers for Crypto Controller

Register Size Register 3
Offset Address (bit) Symbol Register Name
Crypto Controller
LD/SD LW/SW
LE/BE LE/BE

0x6800 0x6800 64 CSR Control and Status Register
0x6804

0x6808 0x6808 64 IDESPtr Initial Descriptor Pointer Register
0x680C

0x6810 0x6810 64 CDESPtr Current Cipher Descriptor Pointer Register
0x6814

0x6818 0x6818 64 BusErr Bus Error Address Register
0x681C

0x6820 0x6820 64 Cip_tout Time Out Register
0x6824

0x6828 0x6828 64 Cir Context Index Register
0x682C

0x6830 0x6830 64 Cdrl Context Data Register 1
0x6834

0x6838 0x6838 64 Cdr2 Context Data Register 2
0x683C

0x6840 0x6840 64 Cdr3 Context Data Register 3
0x6844

0x6848 0x6848 64 Cdr4 Context Data Register 4
0x684C

0x6850 0x6850 64 Cdr5 Context Data Register 5
0x6854

0x6858 0x6858 64 Cdré Context Data Register 6
0x685C

0x6860 0x6860 64 Cdr7 Context Data Register 7
0x6864

0x6868 0x6868 64 Cdr8 Context Data Register 8
0x686C

0x6870 0x6870 64 Cdr9 Context Data Register 9
0x6874

0x6878 0x6878 - - Reserved
0x687C

0x6880 0x6880 -- - Reserved
0x6884

0x6888 0x6888 -- -- Reserved
0x688C

0x6890 0x6890 - - Reserved
0x6894

0x6898 0x6898 - - Reserved
0x689C

0x68A0 0x68A0 -- - Reserved
0x68A4
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0x68A8 0x68A8 - - Reserved
0x68AC
0x68B0 0x68B0 64 RCSR RNG Control and Status Register
0x68B4
0x68B8 0x68B8 32 RPR RNG Parameter Register
0x68BC
0x68CO0 0x68CO0 64 RDR RNG Debug Register
0x68C4
0x68C8 0x68C8 64 ROR1 RNG Output Register 1
0x68CC
0x68D0 0x68D0 64 ROR2 RNG Output Register 2
0x68D4
0x68D8 0x68D8 64 ROR3 RNG Output Register 3
0x66DC
0x68E0-Ox68E8 -- -- Reserved
0x68F0 0x68F0 32 Xorslr0 XOR Source Lower Register
Ox68F8 Ox68F8 32 XorSURL1 XOR Source Upper Register

6.6.6. Registers for PCI Controller for ETHERC (PCIC1)

For 64-bit register, use LD/SD and LW/SW instructions to access register. For 32-bit register, use LW/SW instructions to
access register.

Table 6-14 Internal Registers for PCI Controller for ETHERC (PCIC1)

Offset Register Size Register Register Name
Address (bit) Symbol 9
PCI Controller for ETHERC (PCIC1)
LD/SD LW/ISW
LE/BE LE/BE
0x7000 32 PCIID ID Register (Device ID, Vender ID)
0x7004 32 PCISTATUS PCI Status Command Register (Status, Command)
0x7008 32 PCICCREV Class Code Revision ID Register (Class Code, Revision ID)
0x700C 32 PCICFG1 PCI Configuration 1 Register (BIST, Header Type, Latency
Timer, Cache Line Size)
0x7010 32 P2GMOPLBASE | P2G Memory Space 0 PCI Lower Base Address Register (Base
Address 0 Lower)
0x7014 32 P2GMOPUBASE | P2G Memory Space 0 PCI Upper Base Address Register (Base
Address 0 Upper)
0x7018 32 P2GM1PLBASE |P2G Memory Space 1 PCI Lower Base Address Register (Base
Address 1 Lower)
0x701C 32 P2GM1PUBASE |P2G Memory Space 1 PCI Upper Base Address Register (Base
Address 1 Upper)
0x7020 32 P2GM2PBASE P2G Memory Space 2 PCI Base Address Register (Base
Address 2)
0x7024 32 P2GIOPBASE P2G 1/0 Space PCIl Base Address Register (Base Address 3)
0x702C 32 PCISID Subsystem ID Register (Subsystem ID, Subsystem Vender ID)
0x7034 32 PCICAPPTR Capability Pointer Register (Capability Register)
0x703C 32 PCICFG2 PCI Configuration 2 Register (Max_Lat, Min_Gnt, Interrupt Pin,
Interrupt Line)
0x7040 32 G2PTOCNT G2P Timeout Count Register (Retry Timeout Value, TRDY
Timeout Value)
0x7080 32 G2PSTATUS G2P Status Register
0x7084 32 G2PMASK G2P Interrupt Mask Register
0x7088 32 PCISSTATUS Satellite Mode PCI Status Register (Status, PMCSR)
0x708C 32 PCIMASK PCI Status Interrupt Mask Register
0x7090 32 P2GCFG P2G Configuration Register
0x7094 32 P2GSTATUS P2G Status Register
0x7098 32 P2GMASK P2G Interrupt Mask Register
0x709C 32 P2GCCMD P2G Current Command Register
0x7100 32 PBAREQPORT PCI Bus Arbiter Request port Register
0x7104 32 PBACFG PCI Bus Arbiter Configuration Register
0x7108 32 PBASTATUS PCI Bus Arbiter Status Register
0x710C 32 PBAMASK PCI Bus Arbiter Interrupt Mask Register
0x7110 32 PBABM PCI Bus Arbiter Broken Master Register
0x7114 32 PBACREQ PCI Bus Arbiter Current Request Register
0x7118 32 PBACGNT PCI Bus Arbiter Current Grant Register
0x711C 32 PBACSTATE PCI Bus Arbiter Current State Register
Rev. 3.1 November 1, 2005 6-14




TOSHIBA

X
. System
RISC

Address TX4939

0x7120 (LE) (BE) 64 G2PMOGBASE G2P Memory Space 0 G-bus Base Address Register
0x7120 |0x7124
0x7124 | 0x7120

0x7128 (LE) (BE) 64 G2PM1GBASE G2P Memory Space 1 G-bus Base Address Register
0x7128 |0x712C
0x712C | 0x7128

0x7130 (LE) (BE) 64 G2PM2GBASE G2P Memory Space 2 G-bus Base Address Register
0x7130 |0x7134
0x7134 | 0x7130

0x7138 (LE) (BE) 64 G2PIOGBASE G2P 1/O Space G-bus Base Address Register
0x7138 |0x713C
0x713C | 0x7138
0x7140 32 G2PMOMASK G2P Memory Space 0 Address Mask Register
0x7144 32 G2PM1MASK G2P Memory Space 1 Address Mask Register
0x7148 32 G2PM2MASK G2P Memory Space 2 Address Mask Register
0x714C 32 G2PIOMASK G2P 1/O Space Address Mask Register

0x7150 (LE) (BE) 64 G2PMOPBASE G2P Memory Space 0 PCI Base Address Register
0x7150 |0x7154
0x7154 | 0x7150

0x7158 (LE) (BE) 64 G2PM1PBASE G2P Memory Space 1 PCl Base Address Register
0x7158 |0x715C
0x715C | 0x7158

0x7160 (LE) (BE) 64 G2PM2PBASE G2P Memory Space 2 PCl Base Address Register
0x7160 |0x7164
0x7164 | 0x7160

0x7168 (LE) (BE) 64 G2PIOPBASE G2P 1/0 Space PCI Base Address Register
0x7168 |0x716C
0x716C | 0x7168
0x7170 32 PCICCFG PCI Controller Configuration Register
0x7174 32 PCICSTATUS PCI Controller Status Register
0x7178 32 PCICMASK PCI Controller Interrupt Mask Register

0x7180 (LE) (BE) 64 P2GMOGBASE P2G Memory Space 0 G-bus Base Address Register
0x7180 |O0x7184
0x7184 | 0x7180

0x7188 (LE) (BE) 64 P2GM1GBASE P2G Memory Space 1 G-bus Base Address Register
0x7188 |0x718C
0x718C | 0x7188

0x7190 (LE) (BE) 64 P2GM2GBASE P2G Memory Space 2 G-bus Base Address Register
0x7190 |0x7194
0x7194 | 0x7190

0x7198 (LE) (BE) 64 P2GIOGBASE P2G I/0 Space G-bus Base Address Register
0x7198 |0x719C
0x719C | 0x7198
0x71A0 32 G2PCFGADRS G2P Configuration Address Register
0x71A4 32 G2PCFGDATA G2P Interrupt Acknowledge Data Register
0x71C8 32 G2PINTACK G2P Interrupt Acknowledge Data Register
0x71CC 32 G2PSPC G2P Special Cycle Data Register
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6.6.7. Registers for DDR SDRAM Controller (DDRC)

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-15 Internal Registers for DDR SDRAM Controller (DDRC)

Register Size

Offset Address (bit) IRegister Symbol Register Name
DDR SDRAM Controller (DDRC)
LD/SD LW/SW
LE/BE LE/BE
0x8000 0x8000 16 DDRCTLOO DDR_CTL_00
0x8008 0x8008 16 DDRCTLO1 DDR_CTL_01
0x8010 0x8010 16 DDRCTLO2 DDR_CTL_02
0x8018 0x8018 16 DDRCTLO3 DDR_CTL_03
0x8020 0x8020 16 DDRCTL04 DDR_CTL_04
0x8028 0x8028 16 DDRCTLO5 DDR_CTL_05
0x8030 0x8030 16 DDRCTLO6 DDR_CTL_06
0x8038 0x8038 16 DDRCTLO7 DDR_CTL_07
0x8040 0x8040 16 DDRCTLO8 DDR_CTL_08
0x8048 0x8048 16 DDRCTL0O9 DDR_CTL_09
0x8050 0x8050 16 DDRCTL10 DDR_CTL_10
0x8058 0x8058 16 DDRCTL11 DDR_CTL_11
0x8060 0x8060 16 DDRCTL12 DDR_CTL_12
0x8068 0x8068 16 DDRCTL13 DDR_CTL_13
0x8070 0x8070 16 DDRCTL14 DDR_CTL_14
0x8078 0x8078 16 DDRCTL15 DDR_CTL_15
0x8080 0x8080 16 DDRCTL16 DDR_CTL_16
0x8088 0x8088 16 DDRCTL17 DDR_CTL_17
0x8090 0x8090 16 DDRCTL18 DDR_CTL_18
0x8098 0x8098 16 DDRCTL19 DDR_CTL_19
0x80A0 0x80A0 16 DDRCTL20 DDR_CTL_20
0x80A8 0x80A8 16 DDRCTL21 DDR_CTL 21
0x80B0 0x80B0 16 DDRCTL22 DDR_CTL_22
0x80B8 0x80B8 16 DDRCTL23 DDR_CTL_23
0x80CO0 0x80CO0 16 DDRCTL24 DDR_CTL_24
0x80C8 0x80C8 16 DDRCTL25 DDR_CTL_25
0x80D0 0x80D0 16 DDRCTL26 DDR_CTL_26
0x80D8 0x80D8 16 DDRCTL27 DDR_CTL_27
0x80EOQ 0x80EOQ 16 DDRCTL28 DDR_CTL_28
Ox80E8 Ox80ES8 16 DDRCTL29 DDR_CTL_29
0x80F0 0x80F0 16 DDRCTL30 DDR_CTL_30
0x80F8 0x80F8 16 DDRCTL31 DDR_CTL_31
0x8100 0x8100 16 DDRCTL32 DDR_CTL_32
0x8108 0x8108 16 DDRCTL33 DDR_CTL_33
0x8110 0x8110 16 DDRCTL34 DDR_CTL_34
0x8118 0x8118 16 DDRCTL35 DDR_CTL_35
0x8120 0x8120 16 DDRCTL36 DDR_CTL_36
0x8128 0x8128 16 DDRCTL37 DDR_CTL_37
0x8130 0x8130 16 DDRCTL38 DDR_CTL_38
0x8138 0x8138 16 DDRCTL39 DDR_CTL_39
0x8140 0x8140 16 DDRCTL40 DDR_CTL_40
0x8148 0x8148 16 DDRCTL41 DDR_CTL_41
0x8150 0x8150 16 DDRCTL42 DDR_CTL_42
0x8158 0x8158 16 DDRCTL43 DDR_CTL_43
0x8160 0x8160 16 DDRCTL44 DDR_CTL_44
0x8168 0x8168 16 DDRCTL45 DDR_CTL_45
0x8170 0x8170 16 DDRCTL46 DDR_CTL_46
0x8200 0x8200 64 DRWINEN Enable/Disable DDR Mapping Windows
0x8204
0x8208 0x8208 64 DRWINOO DDR Mapping Window #0
0x820C
0x8210 0x8210 64 DRWINO1 DDR Mapping Window #1
0x8214
0x8218 0x8218 64 DRWINO2 DDR Mapping Window #2
0X821C
0x8220 0x8220 64 DRWINO3 DDR Mapping Window #3
0X8224
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6.6.8. Registers for External Bus Controller (EBUSC)

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-16 Internal Registers for External Bus Controller (EBUSC)

Aggf:;s gi??éir) IRegister Symbol Register Name
External Bus Controller (EBUSC)
LD/SD LW/SW
LE/BE LE BE
0x9000 0x9000 0x9004 64 EBCCRO EBUS Channel Control Register 0
0X9004 0X9000
0x9008 0x9008 0x900C 64 EBCCR1 EBUS Channel Control Register 1
0X900C 0X9008
0x9010 0x9010 0x9014 64 EBCCR2 EBUS Channel Control Register 2
0X9014 0X9010
0x9018 0x9018 0x901C 64 EBCCR3 EBUS Channel Control Register 3
0X901C 0X9018
0x9020 0x9020 0x9024 64 EBCCR4 EBUS Channel Control Register 4 (Reserved)
0X9024 0X9020
0x9028 0x9028 0x902C 64 EBCCR5 EBUS Channel Control Register 5 (Reserved)
0X902C 0X9028
0x9030 0x9030 0x9034 64 EBCCR6 EBUS Channel Control Register 6 (Reserved)
0X9034 0X9030
0x9038 0x9038 0x903C 64 EBCCRY EBUS Channel Control Register 7 (Reserved)
0X903C 0X9038

6.6.9. Registers for Video Port Controller (VPC)

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-17 Internal Registers for Video Port Controller (VPC)

Offset Register Size Register Register Name
Address (bit) Symbol 9

Video Port Controller (VPC)

LD/SD LW/SW

LE/BE LE/BE
0xA000 0xA000 32 CSR Control and Status Register
0xA008 0xA008 32 CtrlALl Video Port 1 Control A Register
0xA010 0xA010 32 CtriB1 Video Port 1 Control B Register
0xA018 0xA018 32 IDESPtrl Video Port 1 Initial Descriptor Pointer Register
0xA020 0xA020 32 CDESPtrl Video Port 1 Current Descriptor Pointer Register
0xA028 0xA028 32 CtrlA2 Video Port 2 Control A Register
0xA030 0xA030 32 CtrIB2 Video Port 2 Control B Register
0xA038 0xA038 32 IDESPtr2 Video Port 2 Initial Descriptor Pointer Register
0xA040 0xA040 32 CDESPtr2 Video Port 2 Current Descriptor Pointer Register
0xA048 0xA048 32 CtrlA3 Video Port 3 Control A Register
0xA050 0xA050 32 CtrlB3 Video Port 3 Control B Register
0xA058 0xA058 32 IDESP1tr3 Video Port 3 Initial Descriptor Pointer Register
0xA060 0xA060 32 CDESPtr3 Video Port 3 Current Descriptor Pointer Register
0xA068 0xA068 32 BusErr Bus Error Address Register
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6.6.10. Registers for DMA Controller (DMACO0)

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-18 Internal Registers for DMA Controller (DMACO)

Offset Register Size Register Register Name
Address (bit) S 9
DMA Controller (DMACO)
LD/SD LW/ISW
LE/BE LE BE
0xB000 0xBOOO |0xB0O04 |64 DMOCHARO DMACO Chain Address Register 0
0xB004 | 0xB00OO
0xB008 0xB008 |0xBOOC |64 DMOSARO DMACO Source Address Register O
0xBOOC | 0xB008
0xB010 0xB010 |0xB014 |64 DMODARO DMACO Destination Address Register 0
0xB014 | 0xB010
0xB018 0xB018 |0xBO1C |64 DMOCNTRO DMACO Count Register 0
0xB01C |0xB018
0xB020 0xB020 |0xB024 |64 DMOSAIRO DMACO Source Address Increment Register 0
0xB024 | 0xB020
0xB028 0xB028 |0xB02C |64 DMODAIRO DMACO Destination Address Increment Register O
0xB02C | 0xB028
0xB030 0xB030 |0xB034 |64 DMOCCRO DMACO Channel Control Register 0
0xB034 | 0xB030
0xB038 0xB038 |0xB03C |64 DMOCSRO DMACO Channel Status Register 0
0xB03C | 0xB038
0xB040 0xB040 |0xB044 |64 DMOCHAR1 DMACO Chain Address Register 1
0xB044 | 0xB040
0xB048 0xB048 |0xB04C |64 DMOSAR1 DMACO Source Address Register 1
0xB04C | 0xB048
0xB050 0xB050 |0xB054 |64 DMODAR1 DMACO Destination Address Register 1
0xB054 | 0xB0O50
0xB058 0xB0O58 |0xB0O5C |64 DMOCNTR1 DMACO Count Register 1
0xB0O5C | 0xB058
0xB060 0xB060 |0xB064 |64 DMOSAIR1 DMACO Source Address Increment Register 1
0xB064 | 0xB0O60
0xB068 0xB068 |0xB0O6C |64 DMODAIR1 DMACO Destination Address Increment Register 1
0xB0O6C | 0xB068
0xB070 0xB070 |0xB074 |64 DMOCCR1 DMACO Channel Control Register 1
0xB074 | 0xB0O70
0xB078 0xB078 |0xBO7C |64 DMOCSR1 DMACO Channel Status Register 1
0xBO7C | 0xB078
0xB080 0xB080 |0xB084 |64 DMOCHAR2 DMACO Chain Address Register 2
0xB084 | 0xB080
0xB088 0xB088 |0xB0O8C |64 DMOSAR2 DMACO Source Address Register 2
0xB08C | 0xB088
0xB090 0xB090 |0xB094 |64 DMODAR2 DMACO Destination Address Register 2
0xB094 | 0xB090
0xB098 0xB098 |0xB09C |64 DMOCNTR2 DMACO Count Register 2
0xB09C | 0xB098
0xBOAO O0xBOAO |0xBOA4 |64 DMOSAIR2 DMACO Source Address Increment Register 2
0xBOA4 | OxBOAO
0xBOA8 0xBOA8 | OXxBOAC |64 DMODAIR2 DMACO Destination Address Increment Register 2
0XBOAC | OxBOA8
0xB0BO 0xBOBO |0xBOB4 |64 DMOCCR2 DMACO Channel Control Register 2
0xB0B4 | 0xBOBO
0xB0B8 0xBOB8 |0xBOBC |64 DMOCSR2 DMACO Channel Status Register 2
0xBOBC | 0xBOB8
0xBOCO 0xBOCO |0xBOC4 |64 DMOCHAR3 DMACO Chain Address Register 3
0xBOC4 | 0xBOCO
0xB0OC8 0xBOC8 |0xBOCC |64 DMOSAR3 DMACO Source Address Register 3
0xBOCC | 0xBOC8
0xBODO 0xBODO |0xBOD4 |64 DMODAR3 DMACO Destination Address Register 3
0xBOD4 | 0xBODO
0xBOD8 0xBOD8 |0xBODC |64 DMOCNTR3 DMACO Count Register 3
0xBODC | 0xBOD8
0xBOEO OxBOEO |0OxBOE4 |64 DMOSAIR3 DMACO Source Address Increment Register 3
0xBOE4 | OXBOEO
OxBOES8 OxBOE8 |OxBOEC |64 DMODAIR3 DMACO Destination Address Increment Register 3
0XBOEC | OXBOES8
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0xBOFO 0xBOFO |O0xBOF4 |64 DMOCCR3 DMACO Channel Control Register 3

0xBOF4 | OxBOFO
0xBOF8 0xBOF8 |O0xBOFC |64 DMOCSR3 DMACO Channel Status Register 3

0xBOFC | 0XxBOF8
0xB148 0xB148 |0xB14C |64 DMOMFDR DMACO Memory Fill Data Register

0xB14C |0xB148
0xB150 0xB150 |0xB154 |64 DMOMCR DMACO Master Control Register

0xB154 | 0xB150

6.6.11. Registers for DMA Controller (DMAC1)

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-19 Internal Registers for DMA Controller (DMAC1)
Offset Register Size Register

Register Name

Address (bit) Symbol
DMA Controller (DMAC1)
LD/SD LW/SW
LE/BE LE BE

0xB800 0xB800 0xB804 |64 DM1CHARO DMAC1 Chain Address Register 0
0xB804 0xB800

0xB808 0xB808 0xB80C |64 DM1SARO DMAC1 Source Address Register 0
0xB80C 0xB808

0xB810 0xB810 0xB814 |64 DM1DARO DMACI1 Destination Address Register 0
0xB814 0xB810

0xB818 0xB818 0xB81C |64 DM1CNTRO DMAC1 Count Register 0
0xB81C 0xB818

0xB820 0xB820 0xB824 |64 DM1SAIRO DMAC1 Source Address Increment Register 0
0xB824 0xB820

0xB828 0xB828 0xB82C |64 DM1DAIRO DMACI1 Destination Address Increment Register O
0xB82C 0xB828

0xB830 0xB830 0xB834 |64 DM1CCRO DMAC1 Channel Control Register 0
0xB834 0xB830

0xB838 0xB838 0xB83C |64 DM1CSRO DMAC1 Channel Status Register 0
0xB83C 0xB838

0xB840 0xB840 0xB844 |64 DM1CHAR1 DMAC1 Chain Address Register 1
0xB844 0xB840

0xB848 0xB848 0xB84C |64 DM1SAR1 DMAC1 Source Address Register 1
0xb84C 0xb848

0xB850 0xB850 0xB854 |64 DM1DAR1 DMACI1 Destination Address Register 1
0Xb854 0Xb850

0xB858 0xB858 0xB85C |64 DM1CNTR1 DMAC1 Count Register 1
0xB85C 0xB858

0xB860 0xB860 0xB864 |64 DM1SAIR1 DMAC1 Source Address Increment Register 1
0xB864 0xB860

0xB868 0xB868 0xB86C |64 DM1DAIR1 DMACI1 Destination Address Increment Register 1
0xB86C 0xB868

0xB870 0xB870 0xB874 |64 DM1CCR1 DMAC1 Channel Control Register 1
0xB874 0xB870

0xB878 0xB878 0xB87C |64 DM1CSR1 DMAC1 Channel Status Register 1
0xB87C 0xB878

0xB880 0xB880 0xB884 |64 DM1CHAR2 DMAC1 Chain Address Register 2
0xB884 0xB880

0xB888 0xB888 0xB88C |64 DM1SAR2 DMAC1 Source Address Register 2
0xB88C 0xB888

0xB890 0xB890 0xB894 |64 DM1DAR2 DMACI1 Destination Address Register 2
0xB894 0xB890

0xB898 0xB898 0xB89C |64 DM1CNTR2 DMAC1 Count Register 2
0xB89C 0xB898

0xB8AO 0xB8AO 0xB8A4 |64 DM1SAIR2 DMAC1 Source Address Increment Register 2
0xB8A4 0xB8AO

0xB8A8 0xB8A8 OxB8AC |64 DM1DAIR2 DMACI1 Destination Address Increment Register 2
0xB8AC 0xB8A8

0xB8B0 0xB8B0 0xB8B4 |64 DM1CCR2 DMAC1 Channel Control Register 2
0xB8B4 0xB8BO

0xB8B8 0xB8B8 0xB8BC |64 DM1CSR2 DMAC1 Channel Status Register 2
0xB8BC 0xB8B8

0xB8CO 0xB8CO 0xB8C4 |64 DM1CHAR3 DMAC1 Chain Address Register 3
0xB8C4 0xB8CO
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0xB8C8 0xB8C8 0xB8CC |64 DM1SAR3 DMAC1 Source Address Register 3
0xB8CC | 0xB8C8
0xB8DO 0xB8DO 0xB8D4 |64 DM1DAR3 DMACI1 Destination Address Register 3
0xB8D4 0xB8DO0
0xB8D8 0xB8D8 0xB8DC |64 DM1CNTR3 DMAC1 Count Register 3
0xB8DC | 0xB8D8
0xB8EO 0xB8EO OxB8E4 |64 DM1SAIR3 DMAC1 Source Address Increment Register 3
0xB8E4 0xB8EOQ
OxB8ES8 OxB8ES8 OXxBBEC |64 DM1DAIR3 DMACI1 Destination Address Increment Register 3
0xB8EC 0xB8ES8
0xB8FO0 0xB8FO0 OxB8F4 |64 DM1CCR3 DMAC1 Channel Control Register 3
0xB8F4 0xB8FO
0xB8F8 0xB8F8 OxB8FC |64 DM1CSR3 DMAC1 Channel Status Register 3
0xB8FC 0xB8F8
0xB948 0xB948 0xB94C |64 DM1MFDR DMAC1 Memory Fill Data Register
0xB94C 0xB948
0xB950 0xB950 0xB954 |64 DM1MCR DMAC1 Master Control Register
0xB954 0xB950

6.6.12. Registers for PCI Controller (PCIC)

Use Word (LW/SW) load/store to access register.

Table 6-20 Internal Registers for PCI Controller (PCIC)

Register Size

Offset Address ’ (bit) Register Symbol Register Name
PCI Controller (PCIC)
LW/ISW
LE/BE
0xD000 32 PCIID ID Register (Device ID, Vendor ID)
0xD004 32 PCISTATUS PCI Status, Command Register (Status, Command)
0xD008 32 PCICCREV Class Code, Revision ID Register (Class Code, Revision ID)
0xD00C 32 PCICFG1 PCI Configuration 1 Register
(BIST, Header Type, Latency Timer, Cache Line Size)
0xD010 32 P2GMOPLBASE P2G Memory Space 0 PCI Lower Base Address Register
(Base Address 0 Lower)
0xD014 32 P2GMOPUBASE P2G Memory Space 0 PCI Upper Base Address Register
(Base Address 0 Upper)
0xD018 32 P2GM1PLBASE P2G Memory Space 1 PCI Lower Base Address Register
(Base Address 1 Lower)
0xD01C 32 P2GM1PUBASE P2G Memory Space 1 PCI Upper Base Address Register
(Base Address 1 Upper)
0xD020 32 P2GM2PBASE P2G Memory Space 2 PCI Base Address Register
(Base Address 2)
0xD024 32 P2GIOPBASE P2G 1/0 Space PCIl Base Address Register (Base Address 3)
0xD02C 32 PCISID Subsystem ID Register (Subsystem ID, Subsystem Vendor ID)
0xD034 32 PCICAPPTR Capabilities Pointer Register (Capabilities Pointer)
0xD03C 32 PCICFG2 PCI Configuration 2 Register
(Max_Lat, Min_Gnt, Interrupt Pin, Interrupt Line)
0xD040 32 G2PTOCNT G2P Timeout Count register
(Retry Timeout Value, TRDY Timeout Value)
0xD080 32 G2PSTATUS G2P Status Register
0xD084 32 G2PMASK G2P Interrupt Mask Register
0xD088 32 PCISSTATUS Satellite Mode PCI Status Register (Status, PMCSR)
0xD08C 32 PCIMASK PCI Status Interrupt Mask Register
0xD090 32 P2GCFG P2G Configuration Register
0xD094 32 P2GSTATUS P2G Status Register
0xD098 32 P2GMASK P2G Interrupt Mask Register
0xD09C 32 P2GCCMD P2G Current Command Register
0xD100 32 PBAREQPORT PCI Bus Arbiter Request Port Register
0xD104 32 PBACFG PCI Bus Arbiter Configuration Register
0xD108 32 PBASTATUS PCI Bus Arbiter Status Register
0xD10C 32 PBAMASK PCI Bus Arbiter Interrupt Mask Register
0xD110 32 PBABM PCI Bus Arbiter Broken Master Register
0xD114 32 PBACREQ PCI Bus Arbiter Current Request Register (for a diagnosis)
0xD118 32 PBACGNT PCI Bus Arbiter Current Grant Register (for a diagnosis)
0xD11C 32 PBACSTATE PCI Bus Arbiter Current Status Register (for a diagnosis)
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6.6.13. Registers for GBUS to PCI Interface

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-21 Internal Registers for GBUS to PCI Interface

Register Size Register .
Offset Address (bit) Symbol Register Name
GBUS to PCI Interface
LD/SD LW/ISW
LE/BE LE/BE

0xD120 (LE) (BE) 64 G2PMOGBASE G2P Memory Space 0 G-Bus Base Address Register
0xD120 |0xD124
0xD124 | 0xD120

0xD128 (LE) (BE) 64 G2PM1GBASE G2P Memory Space 1 G-Bus Base Address Register
0xD128 |0xD12C
0xD12C | 0xD128

0xD130 (LE) (BE) 64 G2PM2GBASE G2P Memory Space 2 G-Bus Base Address Register
0xD130 |0xD134
0xD134 |0xD130

0xD138 (LE) (BE) 64 G2PIOGBASE G2P 1/0 Space G-Bus Base Address Register
0xD138 |0xD13C
0xD13C | 0xD138
0xD140 32 G2PMOMASK G2P Memory Space 0 Address Mask Register
0xD144 32 G2PM1MASK G2P Memory Space 1 Address Mask Register
0xD148 32 G2PM2MASK G2P Memory Space 2 Address Mask Register
0xD14C 32 G2PIOMASK G2P I/0O Space Address Mask Register

0xD150 (LE) (BE) 64 G2PMOPBASE G2P Memory Space 0 PCI Base Address Register
0xD150 |0xD154
0xD154 | 0xD150

0xD158 (LE) (BE) 64 G2PM1PBASE G2P Memory Space 1 PCI Base Address Register
0xD158 |0xD15C
0xD15C | 0xD158

0xD160 (LE) (BE) 64 G2PM2PBASE G2P Memory Space 2 PCI Base Address Register
0xD160 |0xD164
0xD164 |0xD160

0xD168 (LE) (BE) 64 G2PIOPBASE G2P 1/0O Space PCl Base Address Register
0xD168 |0xD16C
0xD16C | 0xD168
0xD170 32 PCICCFG PCI Controller Configuration Register
0xD174 32 PCICSTATUS PCI Controller Status Register
0xD178 32 PCICMASK PCI Controller Interrupt Mask register

0xD180 (LE) (BE) 64 P2GMOGBASE P2G Memory Space 0 G-Bus Base Address Register
0xD180 |0xD184
0xD184 | 0xD180

0xD188 (LE) (BE) 64 P2GM1GBASE P2G Memory Space 1 G-Bus Base Address Register
0xD188 |0xD18C
0xD18C | 0xD188

0xD190 (LE) (BE) 64 P2GM2GBASE P2G Memory Space 2 G-Bus Base Address Register
0xD190 |0xD194
0xD194 | 0xD190

0xD198 (LE) (BE) 64 P2GIOGBASE P2G 1/0 Space 0 G-Bus Base Address Register
0xD198 |0xD19C
0xD19C | 0xD198
0xD1A0 32 G2PCFGADRS G2P Configuration Address Register
0xD1A4 32 G2PCFGDATA G2P Configuration Data Register
0xD1C8 32 G2PINTACK G2P Interrupt Acknowledge Register
0xD1CC 32 G2PSPC G2P Special Cycle Data Register
0xD1D0 32 PCICDATAQ PCI Configuration Data 0 Register
0xD1D4 32 PCICDATA1 PCI Configuration Data 1 Register
0xD1D8 32 PCICDATA2 PCI Configuration Data 2 Register
0xD1DC 32 PCICDATA3 PCI Configuration Data 3 Register

0xD200 (LE) (BE) 64 PDMCA PDMAC Chain Address Register
0xD200 |0xD204
0xD204 | 0xD200

0xD208 (LE) (BE) 64 PDMGA PDMAC G-Bus Address Register
0xD208 | 0xD20C
0xD20C | 0xD208

0xD210 (LE) (BE) 64 PDMPA PDMAC PCI Bus Address Register
0xD210 |0xD214
0xD214 | 0xD210
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0xD218 (LE) (BE) 64
0xD218 |0xD21C
0xD21C |0xD218

PDMCTR

PDMAC Count Register

0xD220 (LE) (BE) 64
0xD220 |0xD224
0xD224 | 0xD220

PDMCFG

PDMAC Configuration Register

0xD228 (LE) (BE) 64
0xD228 | 0xD22C
0xD22C | 0xD228

PDMSTATUS

PDMAC Status Register

6.6.14. Registers for Chip Configuration

Use Double Word (LD/SD) or Word (LW/SW) load/store to access register.

Table 6-22 Internal Registers for Chip Configuration

Offset Address Register Size Register Register Name
Symbol
Configuration
LD/SD LW/SW
LE/BE LE/BE

0xE000 0xE000 64 CCFG Chip Configuration Register
0xE004

O0xE008 0xE008 64 REVID Chip Revision ID Register
0xE00C

0xE010 0xE010 64 PCFG Pin Configuration Register
0xE014

O0xE018 0xE018 64 TOEA Timeout Error Access Address Register
0XEO1C

0xE020 0xE020 64 CLKCTR Clock Control Register
0xE024

0xE030 0xE030 64 GARBC G-Bus Arbiter Control Register
0xE034

0xE048 0xE048 64 RAMP Register Address Mapping Register
0xE04C

0xE050 0xE050 64 - Reserved
0xE054

0xE058 0xE058 64 - Reserved
0xEO05C

OxE060 0xE060 64 DSKWCTRL DLL DeSkew Control Register
0xE064

OxE068 O0XE068 64 MCLKOSC Audio Clock PLL set-up
0xE06C

0xE070 0xEQ70 64 MCLKCTL Audio Clock Operation Control
0xE074

0xE100 0xE100 64 GPIOMR1 GPIO Mode Register 1
0xE104

0xE108 0xE108 64 GPIODR1 GPIO Data Register 1
0xE1l0C

O0xE110 OxE110 64 GPIOMR2 GPIO Mode Register 2
0xE114

OxE118 OxE118 64 GPIODR2 GPIO Data Register 2
OxE11C
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6.6.15. Registers for Timer(s)

Use Word (LW/SW) load/store to access register.
Table 6-23 Internal Registers for Timer(s)

Register Size

Offset Address (bit)

Register Symbol Register Name

Timer (Channel 0)

LW/SW

LE/BE
0xF000 32 TMTCRO Timer Control Register 0
0xF004 32 TMTISRO Timer Interrupt Status Register 0
0xF008 32 TMCPRAO Compare Address Register A0
0xFOOC 32 TMCPRBO Compare Address Register B 0
0xF010 32 TMITMRO Interval Timer Mode Register 0
0xF020 32 TMCCDRO Divider Register 0
0xF030 32 TMPGMRO Pulse Generator Mode Register 0
0xFOFO 32 TMTRRO Timer Read Register 0
Timer (Channel 1)
0xF100 32 TMTCR1 Timer Control Register 1
0xF104 32 TMTISR1 Timer Interrupt Status Register 1
0xF108 32 TMCPRA1 Compare Address Register A 1
0xF10C 32 TMCPRB1 Compare Address Register B 1
0xF110 32 TMITMR1 Interval Timer Mode Register 1
0xF120 32 TMCCDR1 Divider Register 1
0xF130 32 TMPGMR1 Pulse Generator Mode Register 1
0xF1FO0 32 TMTRR1 Timer Read Register 1
Timer (Channel 2)
0xF200 32 TMTCR2 Timer Control Register 2
0xF204 32 TMTISR2 Timer Interrupt Status Register 2
0xF208 32 TMCPRA2 Compare Register A 2
0xF210 32 TMITMR2 Interval Timer Mode Register 2
0xF220 32 TMCCDR2 Divider Register 2
0xF240 32 TMWTMR2 Watch Dog Timer Register 2
0xF2F0 32 TMTRR2 Timer Read Register 2
Timer (Channel 3)
0XFDOO0 32 TMTCR3 Timer Control Register 3
0XFD04 32 TMTISR3 Timer Interrupt Status Register 3
0xFDO08 32 TMCPRA3 Compare Address Register A 3
0xFDOC 32 TMCPRB3 Compare Address Register B 3
OxFD10 32 TMITMR3 Interval Timer Mode Register 3
0xFD20 32 TMCCDR3 Divider Register 3
0xFD30 32 TMPGMR3 Pulse Generator Mode Register 3
0xFDFO 32 TMTRR3 Timer Read Register 3
Timer (Channel 4)
OxXFEOO 32 TMTCR4 Timer Control Register 4
OxFEO4 32 TMTISR4 Timer Interrupt Status Register 4
0xFEO8 32 TMCPRA4 Compare Address Register A 4
0xFEOC 32 TMCPRB4 Compare Address Register B 4
OxFE10 32 TMITMR4 Interval Timer Mode Register 4
0xFE20 32 TMCCDR4 Divider Register 4
OxFE30 32 TMPGMR4 Pulse Generator Mode Register 4
OXFEFO 32 TMTRR4 Timer Read Register 4
Timer (Channel 5)
0xFF00 32 TMTCR5 Timer Control Register 5
0xFF04 32 TMTISR5 Timer Interrupt Status Register 5
OxFFO08 32 TMCPRAS Compare Register A5
OxFF10 32 TMITMR5 Interval Timer Mode Register 5
OxFF20 32 TMCCDRS5 Divider Register 5
OxFF40 32 TMWTMRS Watch Dog Timer Register 5
OxFFFO 32 TMTRR5 Timer Read Register 5
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6.6.16. Registers for Serial I1/0

Use Word (LW/SW) load/store to access register.

Table 6-24 Internal Registers for Serial /0 (Channel 0)

Register Size

Offset Address (bit) Register Symbol Register Name
LW/SW
LE/BE

0xF300 32 SILCRO Line Control Register 0

0xF304 32 SIDICRO DMA/Interrupt Control Register 0

0xF308 32 SIDISRO DMA/ Interrupt Status Register 0

0xF30C 32 SISCISRO Status Change Interrupt Status Register 0

0xF310 32 SIFCRO FIFO Control Register 0

0xF314 32 SIFLCRO Flow Control Register 0

0xF318 32 SIBGRO Baud Rate Control Register 0

0xF31C 32 SITFIFOO0 Transmitter FIFO Register O

0xF320 32 SIRFIFOO Receiver FIFO Register 0

Table 6-25 Internal Registers for Serial /0 (Channel 2)
Offset | Register Size | '

Address (bit) Register Symbol Register Name
LW/SW
LE/BE
0xF380 32 SILCR2 Line Control Register 2
0xF384 32 SIDICR2 DMA/Interrupt Control Register 2
0xF388 32 SIDISR2 DMA/ Interrupt Status Register 2
0xF38C 32 SISCISR2 Status Change Interrupt Status Register 2
0xF390 32 SIFCR2 FIFO Control Register 2
0xF394 32 SIFLCR2 Flow Control Register 2
0xF398 32 SIBGR2 Baud Rate Control Register 2
O0xF39C 32 SITFIFO2 Transmitter FIFO Register 2
O0xF3A0 32 SIRFIFO2 Receiver FIFO Register 2
Table 6-26 Internal Registers for Serial /0 (Channel 1)
A(grjfrsee;s Reglat)(ietr) Sleas Register Symbol Register Name
LW/SW
LE/BE
0xF400 32 SILCR1 Line Control Register 1
0xF404 32 SIDICR1 DMA/Interrupt Control Register 1
0xF408 32 SIDISR1 DMA/ Interrupt Status Register 1
0xF40C 32 SISCISR1 Status Change Interrupt Status Register 1
0xF410 32 SIFCR1 FIFO Control Register 1
0xF414 32 SIFLCR1 Flow Control Register 1
0xF418 32 SIBGR1 Baud Rate Control Register 1
0xF41C 32 SITFIFO1 Transmitter FIFO Register 1
0xF420 32 SIRFIFO1 Receiver FIFO Register 1
Table 6-27 Internal Registers for Serial I/O (Channel 3)
Offse Registe e 5 5
Addre h <10 = 0]0 <10 = d e
LW/SW
LE/BE
0xF480 32 SILCR3 Line Control Register 3
0xF484 32 SIDICR3 DMA/Interrupt Control Register 3
0xF488 32 SIDISR3 DMA/ Interrupt Status Register 3
0xF48C 32 SISCISR3 Status Change Interrupt Status Register 3
0xF490 32 SIFCR3 FIFO Control Register 3
0xF494 32 SIFLCR3 Flow Control Register 3
0xF498 32 SIBGR3 Baud Rate Control Register 3
0xF49C 32 SITFIFO3 Transmitter FIFO Register 3
0xF4A0 32 SIRFIFO3 Receiver FIFO Register 3
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6.6.17. Registers for Interrupt Controller (IRC)

Use Word (LW/SW) load/store to access register.
Table 6-28 Internal Registers for Interrupt Controller (IRC)

Register Size

Offset Address (bit)

Register Symbol Register Name

Interrupt Controller (IRC)
LW/SW
LE/BE
0xE800 32 IRDEN Interrupt Detection Enable Register
OxE808 32 ISCIPB Interrupt Source and Cause Binding Register
0xE810 32 IRDMO Interrupt Detection Mode Register 0
OxE818 32 IRDM1 Interrupt Detection Mode Register 1
0xE820 32 IRLVLO Interrupt Level Register 0
OxE828 32 IRLVL1 Interrupt Level Register 1
0xE830 32 IRLVL2 Interrupt Level Register 2
OxE838 32 IRLVL3 Interrupt Level Register 3
0xE840 32 IRLVL4 Interrupt Level Register 4
OxE848 32 IRLVL5 Interrupt Level Register 5
OxE850 32 IRLVL6 Interrupt Level Register 6
OxE858 32 IRLVL7 Interrupt Level Register 7
0xE860 32 IRLVL8 Interrupt Level Register 8
0OxE868 32 IRLVLY Interrupt Level Register 9
OxE870 32 IRLVL10 Interrupt Level Register 10
OxE878 32 IRLVL11 Interrupt Level Register 11
O0xE880 32 IRLVL12 Interrupt Level Register 12
OxE888 32 IRLVL13 Interrupt Level Register 13
0xE890 32 IRLVL14 Interrupt Level Register 14
OxE898 32 IRLVL15 Interrupt Level Register 15
OxXE8AO 32 IRMSK Interrupt Mask Register
OxE8A8 32 IREDC Interrupt Edge Detection Clear Register
OxE8BO 32 IRPNDO Interrupt Pending Register 0
OxE8B8 32 IRCS Interrupt Current Status Register
0xE8CO0 32 IRPND1 Interrupt Pending Register 1
O0XE8C8 32 IRDM2 Interrupt Detection Mode Register 2
0xE8DO 32 IRDM3 Interrupt Detection Mode Register 3
0xE8D8 32 IRDBRO Interrupt Debug Register 0
OXE8EQ 32 IRDBR1 Interrupt Debug Register 1
OxE8ES8 32 IRDBEN Interrupt Debug Enable Register
0xE900 32 IRFLAGO Interrupt Request Flag Register 0
0xE908 32 IRFLAG1 Interrupt Request Flag Register 1
0xE910 32 IRPOL Interrupt Request Polarity Control Register
0xE918 32 IRRCNT Interrupt Request Control Register
0xE920 32 IRMASKINT Interrupt Request Internal Interrupt Mask Register
0xE928 32 IRMASKEXT Interrupt Request External Interrupt Mask Register
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6.6.18. Registers for AC Link

Use Word (LW/SW) load/store to access register.

Table 6-29 Internal Registers for AC Link

Register Size

Offset Address (bit)

Register Symbol

Register Name

AC-link Controller (ACLC)

LW/ISW

LE/BE
0xF700 32 ACCTLEN ACLC Control Enable Register
0xF704 32 ACCTLDIS ACLC Control Disable Register
0xF708 32 ACREGACC ACLC CODEC Register Access Register
OxF710 32 ACINTSTS ACLC Interrupt Status Register
O0xF714 32 ACINTMSTS ACLC Interrupt Masked Status Register
0xF718 32 ACINTEN ACLC Interrupt Enable Register
0xF71C 32 ACINTDIS ACLC Interrupt Disable Register
0xF720 32 ACSEMAPH ACLC Semaphore Register
0xF740 32 ACGPIDAT ACLC GPI Data Register
0xF744 32 ACGPODAT ACLC GPO Data Register
0xF748 32 ACSLTEN ACLC Slot Enable Register
0xF74C 32 ACSLTDIS ACLC Slot Disable Register
0xF750 32 ACFIFOSTS ACLC FIFO Status Register
0xF780 32 ACDMASTS ACLC DMA Request Status Register
0xF784 32 ACDMASEL ACLC DMA Channel Selection Register
0xF7A0 32 ACAUDODAT ACLC Audio PCM Output Data Register
OxF7A4 32 ACSURRDAT ACLC Surround Data Register
OxF7A8 32 ACCENTDAT ACLC Center Data register
OxF7AC 32 ACLFEDAT ACLC LFE Data Register
0xF7B0 32 ACAUDIDAT ACLC Audio PCM Input Data Register
0xF7B8 32 ACMODODAT ACLC Modem Output Data Register
0xF7BC 32 ACMODIDAT ACLC Modem Input Data Register
OXF7FC 32 ACREVID ACLC Revision ID Register

6.6.19. Registers for Serial Peripheral Interface (SPI)

Use Word (LW/SW) load/store to access register.

Table 6-30 Internal Registers for Serial Peripheral Interface (SPI)

Register Size

Offset Address (bit) Register Symbol Register Name
Serial Peripheral Interface (SPI)
LW/SW
LE/BE
0xF800 32 SPMCR SPI Master Control Register
0xF804 32 SPCRO SPI Control Register 0
0xF808 32 SPCR1 SPI Control Register 1
0xF80C 32 SPFS SPI Inter Frame Space Register
0xF810 32 - Reserved
0xF814 32 SPSR SPI Status Register
OxF818 32 SPDR SPI Data Register
0xF81C 32 - Reserved

Rev. 3.1 November 1, 2005

6-26




TOSHIBA

Address

Toshiba RISC Processor
TX4939

X
. System
RISC

6.6.20. Registers for 12C Controller

Use Word (LW/SW) load/store to access register.

Table 6-31 Internal Registers for [12C Controller

Register Size

Register Symbol Register Name

(bit)

12C Controller

LW/SW

LE/BE
0xF900 32 12C_ICTSR 12C Interrupt Control/Status Register
0xF904 32 12C_TXRR 12C Transmit/Receive Register
0xF908 32 12C_CR 12C Command Register
0xF90C 32 12C_PRE 12C Prescale Register
0xF920 32 12C_CTR 12C Control Register

6.6.21. Registers for 12S Controller

Use Word (LW/SW) load/store to access register.

Table 6-32 Internal Registers for 12S Controller

Aggf:;s Reg'?tt)?tr) Sl Register Symbol Register Name

12S Controller

LW/SW

LE/BE
0xFAQ00 32 12SMCR 12S Channel Main Control Register
0xFA04 32 12SCCR 12S Channel Control Register
OxFAO8 32 12SICTRL 12S Interrupt Control Register
0xFAOC 32 12SCOR 12S Clock Option Register
0xFA80 32 12SCHOD Channel 0 Data
0xFA90 32 12SCH1D Channel 1 Data
OxFAAOQ 32 12SCH2D Channel 2 Data

6.6.22. Registers for RTC Controller

Use Word (LW/SW) load/store to access register.
Table 6-33 Internal Registers for RTC Controller

Aggf:;s Reg'?tt)?tr) Sl Register Symbol Register Name

RTC Controller

LW/SW

LE/BE
0xFBOO0 32 RTCCTL Control and Status Register
0xFB04 32 RTCADR Address Register
0xFB08 32 RTCDAT Data port to access the contents of RTC registers
0xFBOC 32 RTCTBC Time Base Corrector Register

6.6.23. Registers for CIR Controller

Use Word (LW/SW) load/store to access register.
Table 6-34 Internal Register for CIR Controller

Offset Register Size
Address ((]19)

CIR Controller
LW/SW
LE/BE

0xFCO00 32

Register Symbol REGISTER NAME

[IRC_CSR | IRC Control/Status Register
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Chapter 7. Configuration Registers

7.1. Detailed Description

The configuration registers set up and control the basic functionality of the entire TX4939. Refer to Section 5.2 for details of
each configuration register. Also refer to sections mentioned in the description about each bit field.

7.1.1. Detecting G-Bus Timeout

The G-bus is an internal bus of the TX4939. Access to each address on the G-Bus is completed upon a bus response from
the accessed address. If an attempt is made to access an undefined physical address or if a hardware failure occurs, no bus
response is made. If a bus response does not occur, the bus access will not be completed, leading to a system halt. To solve
this problem, the TX4939 is provided with a G-Bus timeout detection function. This function forcibly stops bus access if no
bus response occurs within the specified time.

Setting the G-Bus Timeout Error Detection bit (CCFG.TOE) of the chip configuration register enables the G-Bus timeout
detection function. If a bus response does not occur within the G-Bus clock (GBUSCLK) cycle specified in the G-Bus
Timeout Time field (CCFG.GTOT), the G-Bus timeout detection function makes an error response to force the bus access to
end. The accessed address is stored to the timeout error access address register (TOEA).

If a timeout error is detected while the TX49/H4 core, as the bus master, is gaining write access to the G-Bus, the
Write-Access Bus Error bit (CCFG.BEOW) is set. Enabling interrupt No. 2 in the interrupt controller makes it possible to post
an interrupt to the TX49/H4 core. If a timeout error is detected while the TX49/H4 core is gaining read access to the bus, a
bus error exception occurs in the TX49/H4 core.

If a timeout error is detected while another G-Bus master (the PCI controller or DMA controller) is accessing the G-Bus, an
error bit in that controller is set, which can be used to post an interrupt. Refer to the descriptions of each controller for details.

If the TRST* signal is deasserted, it is assumed that an EJTAG probe is connected, so the G-Bus timeout detection feature
is disabled.
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7.2. Regqisters

All registers are 64 bit. Firmware must use DWord or Word instructions to access to these registers.

Table 7-1 lists the configuration registers.
Table 7-1 Configuration Register Mapping

Offset Address Size in Bits | Register Symbol Register Name
0xE000 64 CCFG Chip Configuration Register
0xE008 64 REVID Chip Revision ID Register
0xEOQ10 64 PCFG Pin Configuration Register
0xE018 64 TOEA Timeout Error Access Address Register
0xE020 64 CLKCTR Clock Control Register
0xE030 64 GARBC G-Bus Arbiter Control Register
0xE048 64 RAMP Register Address Mapping Register
0xE060 64 DSKWCTRL DLL DeSkew Control Register
O0xE068 64 MCLKOSC Audio Clock PLL set-up
0xEQ70 64 MCLKCTL Audio Clock Operation Control
0xE100 64 GPIOMR1 GPIO Mode Register 1
0XE108 64 GPIODR1 GPIO Data Register 1
0xE110 64 GPIOMR2 GPIO Mode Register 2
OxE118 64 GPIODR2 GPIO Data Register 2

Any address not defined in this table is reserved for future use.
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7.2.1. Chip Configuration Register (CCFG) OxEO000

For the bit fields whose initial values are set by boot configuration (refer to Section 4.2), the initial input signal level and the
corresponding register value are indicated.

63 62 61 60 59 58 57 56
RESERVED
I I I I I
:RIW
: Default
55 54 53 52 51 50 49 48
RESERVED
I I I I I
:R/W
: Default
47 46 45 44 43 42 41 40
| RESERVED | PCIBOOT WDRST WDREXEN
SADBJ[7] R/W R/W ' RIW
: Default
39 38 37 36 35 34 33 32
BCFG[7:0]
I I I I I I
R/O :RIW
SADBJ15:8] : Default
31 30 29 28 27 26 25 24
| | Reserved | | GTOT TINTDIS
R/W R/O :RIW
2'b11 ~SADBJI5] : Default
23 22 21 20 19 18 17 16
PCl66 PCIMODE Reserved SSCG | MULCLK | BEOW
R/O R/O R/O R/O RwW1C :RIW
M66EN DMAACK][2] SA[5] SA[2:0] 0 : Default
15 14 13 12 11 10 9 8
WR TOE PCIARB YDIVMODE PTSEL BESEL
R/W R/W R/O RO R/W R/O : RIW
0 0 SADBI[6] { DMAACK]1], DMAACK]|1:0] } SADBJ0] SADBJ1] : Default
7 6 5 4 3 2 1 0
SY?SP ACKSEL ROMW Reserved ENDIAN ARMODE | ACEHOLD
R/O R/O R/O R/O R/O R/W R/W ' RIW
SA[4:3] SADBJ[2] SADBJ3] 0 SADBI[4] 0 1 : Default

Figure 7-1 Chip Configuration Register
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Table 7-2 Chip Configuration Register

Bit | Mnemonic Field Name Description Initial Value R/W
63:43 — Reserved — — _
42 PCIBOOT PCI Boot PCI Boot Option SADBJ7] R/O

Configuration |0 = PCI Boot off
1 = PCI Boot on

41 WDRST Watchdog Watch Dog Reset Status (Initial Value 0, RW1C) 0 RW1C
Reset Indicates that a watchdog reset has occurred. Initialized
Status when RESET* is asserted.

0 = No watchdog reset has occurred.
1 = Awatchdog reset has occurred

40 WDREXEN Watchdog Watch Dog Reset External Enable (Initial Value 0, R/W) 0 R/W
Reset Specifies whether to assert the WDRST* signal at a
External watchdog reset.
Output Initialized when RESET* is asserted.

0 = Do not assert the WDRST* signal.
1 =Assert the WDRST* signal.

39:32 BCFG[7:0] Boot Setto 1 at a reset if the corresponding SADBJ[15:8] signal is | SADB[15:8] R/O
Configuration | high.

Set to O at a reset if the corresponding SADBJ[15:8] signal is

low.
31:27 — Reserved — — —
26:25 GTOT G-Bus Specifies the number of G-Bus clock (GBUSCLK) cycles 2'b11 R/W
Timeout after which a bus timeout error will occur on the internal bus
Time (G-Bus) of the TX4939.
11 = 4096 GBUSCLK
10 = 2048 GBUSCLK
01 = 1024 GBUSCLK
00 =512 GBUSCLK
24 TINTDIS Disable Indicates a value for indicating whether to enable the ~SADBJI5] R/O
TX49/H4 Core | TX49/H4 internal timer interrupt.
Timer This signal is inverted signal of TIMEREN
Interrupt 0: The TX49/H4 internal timer interrupt is enabled.
1: The TX49/H4 internal timer interrupt is disabled.
23 PCl66 PCl 66MHz Used to inform the device connected to the PCI bus that a 66 | M66EN R/O
Mode MHz operation is to be performed.
0 = Perform a 33 MHz operation.
1 = Perform a 66 MHz operation.
22 PCIMODE Host/Satellite | Indicates the PCI Host/Satellite selection setting DMAACK][2] R/O
Control 1 = Host
0 = Satellite
21 — Reserved — — —
20 SSCG SSCG Control | Specifies whether the Spread Spectrum Modulator is SA[5] R/O
bypassed

0 = SSCG Disabled (Bypass)
1 =SSCG Enabled
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Bit | Mnemonic

19:17

MULCLK

Field Name
CPUCLK
Frequency
Multiplication
Factor

Table 7-2 Chip Configuration Register

Description
Indicates information about the frequency multiplication
factor of the TX49/H4 core clock (CPUCLK) to the MSTCLK.
This field is set with a result of encoding an initial input value
at SA[2:0].
The PLL incorporated in the TX4939 multiplies the MSTCLK
and supplies the resulting frequency to the TX49/H4 core.
The value setin YMULCLK [4:0] is reflected in the EC field of
the TX49/H4 core Configuration register.

MULCLK[2:0] ==> YMULCLK[4:0] = ND[4:0]

MULCLK][2:0]
000
001
010
011
100
101
110
111

ND[4:0]

5'b01000
5'b 01001
5'b 01010
5'b 01011
5'b 01100
5'b 01101
5'b 01110
5'b 00111

PLL#2

600 MHz
666 MHz
733 MHz
800 MHz
Reserved
Reserved
Reserved
533 MHz

CPU Clock
300 MHz
333 MHz
366 MHz
400 MHz
Reserved
Reserved
Reserved
266 MHz

The following equation defines the CPUCLK frequency as a
function of the MSTCLK frequency and YMULCLK:
CPUCLK(f) = (25 X YMULCLK x MSTCLK(f) ) / 36

Initial Value
SA[2:0]

R/W
R/O

16

BEOW

Write-Access
Bus Error

Indicates that a timeout error has occurred in the internal bus
(G-Bus) during a write bus transaction of the TX49/H4 core.
This bit corresponds to interrupt No. 2 in the interrupt
controller.

0 = No error has occurred.

1 = An error has occurred.

RW1C

15

WR

Watchdog
Timer Mode

Specifies how information will be reported in watchdog timer
mode.

0 = Generate an NMI exception.

1 = Generate a watchdog reset.

R/W

14

TOE

G-Bus
Timeout Error
Detection

Specifies whether to detect and report a bus timeout error in
the internal bus (G-Bus) of the TX4939.

0 = Do not detect or report a bus timeout error.

1 = Detect and report a bus timeout error.

R/IW

13

PCIARB

PCI Arbiter
Selection

Indicates the PCI bus arbiter selection setting

0 = Select external PCI bus arbiter
1 = Select built-in PCI bus arbiter

SADBI6]

R/O

12:10

YDIVMODE

GBUSCLK
Frequency
Division Ratio

Specifies the frequency division ratio of the GBUS clock
output (GBUSCLK) frequency to the clock frequency
(CPUCLK) of the TX49/H4 core.

000:GBUSCLK frequency = CPUCLK frequency + 2
001:GBUSCLK frequency = CPUCLK frequency + 3
110:GBUSCLK frequency = CPUCLK frequency + 5
111:GBUSCLK frequency = CPUCLK frequency + 6

{

DMAACK(1],
DMAACK]1:0]
}

R/O

PTSEL

PC Trace
Mode

PC Trace Mode Enable
0 = PC Trace Disable
1 = PC Trace Enable

SADB[0]

R/W

BESEL

BE function

Specifies the function of BE[1:0]*/BWE[1:0]* pins upon
booting

0: BE[1:0]* (Byte Enable)

1: BWE[1:0]* (Byte Write Enable)

SADB[1]

R/O

7:6

SYSSP

SYSCLK
frequency
division ratio

Indicates the frequency division ratio of the SYSCLK
frequency to the G-Bus clock frequency (GBUSCLK).
00: SYSCLK frequency = GBUSCLK frequency + 4
01: SYSCLK frequency = GBUSCLK frequency + 3
10: SYSCLK frequency = GBUSCLK frequency + 5
11: SYSCLK frequency = GBUSCLK frequency + 6

SA[4:3]

R/O

ACKSEL

Boot ACK* I/P

Specifies the access mode for external bus controller
channel0

0 = External ACK mode

1 = Normal mode

SADB[2]

R/O

ROMW

Boot ROM
Bus Width

Specifies the data bus width when booting from a memory
device connected to the local bus controller

ROMW = 1'b0 = 16 bits

ROMW =1'b1 = 8 hits

SADB[3]

R/O
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Bit | Mnemonic

Field Name
Reserved

Table 7-2 Chip Configuration Register
Description

Initial Value

R/W
R/O

3
2

ENDIAN

Endian

Indicates the TX4939 Endian mode setting.
0 = Little Endian mode
1 = Big Endian mode

-S:ADB[4]

R/O

ARMODE

ACK*/READY
Mode

Selects an ACK*/READY signal operation mode for the
external bus controller (refer to Section 7.3.6).

0 = ACK*/READY dynamic mode

1 = ACK*/READY static mode

R/W

ACEHOLD

ACE Hold

Specifies the hold time of an address relative to the external
bus controller ACE* signal (refer to Section 7.3.4).

0 = Switch the address at the same time when the ACE*
signal is deasserted.

1 = Switch the address one clock cycle after the ACE* signal
is deasserted.

R/W
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7.2.2. Chip Revision ID Register (REVID) OxEO008
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RESERVED
I I I I I I I I I I I I
:RIW
: Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
RESERVED
I I I I I I I I I I I I
: RIW
. Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PCODE
I I I I I I I I I I I I
R/O :RIW
0x4939 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MJEITREV | MINElREV | MJFliEV | MINlREV |
R/O R/O R/O R/O :R/W
0x0 0x0 0x1 0x0 : Default

Figure 7-2 Chip Revision ID Register

Table 7-3 Chip Revision ID Register

| Mnemonic Field Name | Description Initial Value R/W |

63:32 — Reserved — — —

31:16 PCODE Product Code | Indicates the product number. It is a fixed value. 0x4939 R

15:12 MJERREV Major Extra Indicates the major extra code. 0x0 R
Code

11:8 MINEREV Major Extra Indicates the minor extra code. 0x0 R
Code

74 MJIREV Major Revision | Indicates the major revision of the product. 0x1 R
Code Contact Toshiba technical staff for the latest information.

3.0 MINREV Minor Revision | Indicates the minor revision of the product. 0x0 R
Code Contact Toshiba technical staff for the latest information.
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7.2.3. Pin Configuration Register (PCFG) OxEO010

For the bit fields whose initial values are set by boot configuration (refer to Section 4.2), the initial input signal level and the
corresponding register value are indicated.

63 62 61 60 59 58 57 56
SIO2MODE SPIMODE 12CMODE I2SMODE SIOSMODE | RESERVED
R/W R/W R/W R/W R/W R/W R/W : RIW
1 1 1 0 1 1 1 : Default
55 54 53 52 51 50 49 48
| RESERVED DMASEL3 RESERVED
R/W : RIW
1 : Default
47 46 45 44 43 42 41 40
RESERVED VSSMODE | VPSMODE ET1IMODE | ETOMODE |ATA1IMODE | ATAOMODE
R/W R/W R/W R/W R/W R/W ' RIW
0 0 0 0 0 0 : Default
39 38 37 36 35 34 33 32
| RESERVED BP_PLL
R/O : RIW
BYPASPLL . Default
31 30 29 28 27 26 25 24
| RESERVED | SYSCLKEN RESERVED
R/W . RIW
1 : Default
23 22 21 20 19 18 17 16
RESERVED PCICLKENI[4:1]
I
R/W R/W R/W R/W . RIW
0 0 0 1 : Default
15 14 13 12 11 10 9 8
RESERVED SPEED1 SPEEDO RESERVED ITMODE[1:0]
R/W R/W R/W R/W : RIW
0 0 0 0 : Default
7 6 5 4 3 2 1 0
| RESERVED DMASEL2 | DMASEL1 DMASELO
R/W R/W R/W : RIW
0 0 0 : Default

Figure 7-3 Pin Configuration Register
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Table 7-4 Pin Configuration Register

Mnemonic Field Name Description Initial Value R/W
63:62 SIO2MODE[1: | Setting of SI02 Shared-pin setting 11 R/W
0] shared pins 1x: GPIO Mode (GPI012, GPIO13)
01: SIO2 Mode (GPI012 = RXD2, GPIO13 = TXD2)
00: SIO0 Mode (GPI012 = CTS0, GPIO13 = RTS0)
61 SPIMODE Setting of SPI Shared-pin setting 1 R/W
shared pin 1: SIO/GPIO Mode
0: SPI Mode
60 12CMODE Setting of 12C Shared-pin setting 0 R/W
shared pin 1:12C Mode
0 : GPIO Mode
59:58 12SMODE Setting of 12S Shared-pin setting 11 R/W
shared pin 11 : GPIO Mode
10 : 12S Mode
01:12S Mode
00 : ACLC Mode
57 SIO3MODE Setting of SIO3 Shared-pin setting 1 R/W
shared pin 1: GPIO Mode
0 : SIO Mode
Used only when SPIMODE =1
56:51 — Reserved — — —
50 DMASEL3 DMA Request | Selects a DMA request used by DMA controller O channel 3. | 1 R/W
Select 3 0: NDFC
1: SIO channel 0 transmission
49:46 — Reserved — — —
45:44 VSSMODE,V | Setting of Video Port Shared-pin setting 00 R/W
PSMODE shared pin {PTSEL,VSSMODE,VPSMODE}
000 : All GPIO
001 : 1-Parallel ports and GPIO
010 : 3-Serial port and GPIO
011 : 1-Parallel and 1-Serial port
1xx : PC Trace Mode
Please refer to Table3-8 in Chapter 3
43 ET1MODE Setting of Ethernet MAC1 Shared-pin setting 0 R/W
shared pin 1: MAC1 Mode
0 : Other Mode
Please refer to Table3-7 in Chapter 3
42 ETOMODE Setting of Ethernet MACO Shared-pin setting 0 R/W
shared pin 1: MACO Mode
0 : Other Mode
Please refer to Table3-7 in Chapter 3
41 ATAIMODE Setting of ATA1 Shared-pin setting 0 R/W
shared pin 1:ATA1 Mode
0 : Other Mode
Please refer to Table3-7 in Chapter 3
40 ATAOMODE Setting of ATAO Shared-pin setting 0 R/W
shared pin 1: ATAO Mode
0 : GPIO Mode
39:33 — Reserved — — —
32 BP_PLL Bypass PLL Indicates information about whether internal PLLs are on or | BYPASSPLL* |R
off.
1=The PLLis on
0 =The PLL is off..
31:28 | — Reserved — — —
27 SYSCLKEN SYSCLK Specifies whether to output the SYSCLK. 1 R/W
Enable 1 = Clock output
0 = Tri-state
26:20 | — Reserved — — —
19 PCICLKEN[4] | PCICLK4 PCICLK4 Enable 0 R/W
Enable 0: IOSRST*
1: Clock output
18 PCICLKEN[3] |PCICLK3 PCICLK3 Enable 0 R/W
Enable 0: SYSRST*
1: Clock output
17 PCICLKEN[2] | PCICLK2 PCICLK2 Enable 0 R/W
Enable O:L
1: Clock output
16 PCICLKEN[1] | PCICLK1 PCICLK1 Enable 1 R/W
Enable O:L
1: Clock output
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15:14 | — Reserved — — —
13 SPEED1 RMII1 SPEED | RMII1 Speed Select 0 R/W

0: 10 Mbps transfer rate for RMII1
1: 100 Mbps transfer rate for RMII1
This bit used only if external PHY does not have pin to
indicate the speed.
12 SPEEDO RMII0O SPEED | RMIIO Speed Select 0 R/W
0: 10 Mbps transfer rate for RMIIO
1: 100 Mbps transfer rate for RMII0
This bit used only if external PHY does not have pin to
indicate the speed.
11:10 — Reserved — — —
9:8 ITMODE[1:0] |Internal Test | Internal Test Mode 00 R/W
Mode 00: Normal operation
For normal operation, must keep these two bits 00. These
bits are only for debug purpose.
7:3 — Reserved — — —
2 DMASEL2 DMA Request | Selects a DMA request used by DMA controller O channel 2. |0 R/W
Select 2 0: DMAREQ[2] (external)
1: SIO channel 0 reception (internal)
1:0 DMASEL1 & |DMA Request | Selects a DMA request used by DMA controller O channel 1. | 00 R/W
DMASELO Select 1 & 00: DMAREQI1] (external)
Select 0 01: Reserved
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7.2.4. Timeout Error Access Address Register (TOEA) OxE018
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RESERVED
| | | | | | | | | | | |
:RIW
: Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
RESERVED TOEA[35:32]
| | | | | | | | |
RIO RIW
0 : Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TOEA[31:16]
| | | | | | | | | | |
RIO RIW
0x0000 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
TOEA[15:0]
| | | | | | | | | |
RIO RIW
0x0 : Default

Figure 7-4 Timeout Error Access Register

Table 7-5 Timeout Error Access Register

Bit | Mnemonic | Field Name | Description | Initial Value
63:36 |— Reserved — — —
35:0 |TOEA Timeout Error | Holds the G-Bus address for the G-Bus cycle in which the | 0x0_0000_0000 |R

Access latest G-Bus timeout error was detected.
Address
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7.2.5. Clock Control Register (CLKCTR) OxE020

For the low-order 19 bits of the clock control register, canceling a reset requires that the corresponding reset bit be cleared
by software. Before clearing them, wait at least 128 CPU clock cycles after they are set.

63 62 61 60 59 58 57 56
RESERVED TM5CKD TM4CKD TM3CKD CIRCKD SIO3CKD SIO2CKD
R/W R/W :RIW
0 0 . Default
55 54 53 52 51 50 49 48
SIO1CKD VPCCKD RESERVED ETH1CKD | ATALCKD | BROMCKD | NDCCKD
R/W R/W R/W R/W R/W R/W - RIW
0 0 0 0 0 0 : Default
47 46 45 44 43 42 41 40

12CCKD ETHOCKD SPICKD SRAMCKD | PCI1CKD | DMA1CKD ACLCKD ATAOCKD

R/IW R/IW R/W R/W R/W R/W R/W R/W :RIW
0 0 0 0 0 0 0 0 : Default
39 38 37 36 35 34 33 32

DMAOCKD | PCICCKD 12SCKD TMOCKD TM1CKD TM2CKD SIO0CKD CYPCKD

R/W R/W R/W R/W R/W R/W R/W R/W : RIW
0 0 0 0 0 0 0 0 . Default
31 30 29 28 27 26 25 24

IOSRST SYSRST TM5RST TM4RST TM3RST CIRRST SIO3RST SIO2RST

R/W R/W R/W R/W R/W R/W R/W R/W . RIW
0 0 0 0 0 0 0 0 : Default
23 22 21 20 19 18 17 16

SIO1RST VPCRST EPCIRST |RESERVED| ETHI1RST | ATA1RST | BROMRST | NDCRST

R/W R/W R/W R/W R/W R/W R/W ' RIW
0 0 0 0 0 0 0 : Default
15 14 13 12 11 10 9 8

I2CRST ETHORST SPIRST SRAMRST | PCI1IRST | DMALRST ACLRST ATAORST

R/W R/W R/W R/W R/W R/W R/W R/W : RIW
0 0 0 0 1 0 0 0 . Default
7 6 5 4 3 2 1 0

DMAORST | PCICRST I2SRST TMORST TM1RST TM2RST SIOORST CYPRST

R/W R/W R/W R/W R/W R/W R/W R/W . RIW
0 0 0 0 0 0 0 0 : Default

Figure 7-5 Clock Control Register
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Table 7-6 Clock Control Register

| Bit Mnemonic | Field Name Description Read/Write
63:62 | — Reserved — — —
61 TMR5CKD Timer 5 Clock | Controls clock pulses for the TMRS5 controller 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
60 TMR4CKD Timer 4 Clock | Controls clock pulses for the TMR4 controller 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
59 TMR3CKD Timer 3 Clock | Controls clock pulses for the TMR3 controller 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
58 CIRCKD CIR Clock Controls clock pulses for the CIR controller 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
57 SIO3CKD SI03 Clock Controls clock pulses for the SIO3 controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
56 SI02CKD S102 Clock Controls clock pulses for the SIO2 controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
55 SIO1CKD SI01 Clock Controls clock pulses for the SIO1 controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
54 VPCCKD VPC Clock Controls clock pulses for the VPC controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
53:52 | — Reserved — — —
51 ETH1CKD ETH1 Clock Controls clock pulses for the Ethernet MAC 1 controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
50 ATA1CKD ATA1 Clock Controls clock pulses for the ATA1 controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
49 BROMCKD BROM Clock | Controls clock pulses for the BROM/SRAM controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
48 NDCCKD NDC Clock Controls clock pulses for the NAND Flash controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
47 I2CCKD 12C Clock Controls clock pulses for the 12C controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
46 ETHOCKD ETHERCO Controls clock pulses for the Ethernet MAC 0 controller. 0 R/W
Clock Disable |0 = Supply clock pulses.
1 = Do not supply clock pulses.
45 SPICKD SPIC Clock Controls clock pulses for the SPI controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
44 SRAMCKD SRAMC Clock | Controls clock pulses for the internal SRAM controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
43 PCIC1CKD PCIC1 Clock | Controls clock pulses for PCI controller 1. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
42 DMA1CKD DMACI1 Clock | Controls clock pulses for the DMA controller 1. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
41 ACLCKD ACLC Clock | Controls clock pulses for the AC-link controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
40 ATAOCKD ATAO Clock Controls clock pulses for the ATAO controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
39 DMAOCKD DMACO Clock | Controls clock pulses for the DMA controller 0. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
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Table 7-6 Clock Control Register

| Bit Mnemonic | Field Name Description Read/Write
PCICKD PCIC Clock Controls clock pulses for the PCI controller.
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
37 12SCKD 12S Clock Controls clock pulses for the 12S controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
36 TMOCKD Timer 0 Clock | Controls clock pulses for the TMRO controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
35 TM1CKD Timer 1 Clock | Controls clock pulses for the TMR1 controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
34 TM2CKD Timer 2 Clock | Controls clock pulses for the TMR2 controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
33 SIO0CKD SI00 Clock Controls clock pulses for the SIO0 controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
32 CYPCKD CYP Clock Controls clock pulses for the Cipher controller. 0 R/W
Disable 0 = Supply clock pulses.
1 = Do not supply clock pulses.
31 IOSRST IOSRST Resets 10 signal IOSRST _. 0 R/W
Reset 0 = Normal state
1 = Reset
30 SYSRST SYSRST Resets 10 signal SYSRST _. 0 R/W
Reset 0 = Normal state
1 = Reset
29 TM5RST TMR5 Reset | Resets the TMRS5 controller. 0 R/W
0 = Normal state
1 = Reset
28 TM4RST TMR4 Reset | Resets the TMR4 controller. 0 R/W
0 = Normal state
1 = Reset
27 TM3RST TMR3 Reset | Resets the TMR3 controller. 0 R/W
0 = Normal state
1 = Reset
26 CIRRST CIR Reset Resets the CIR controller. 0 R/W
0 = Normal state
1 = Reset
25 SIO3RST SIO3 Reset Resets the SIO3 controller. 0 R/W
0 = Normal state
1 = Reset
24 SIO2RST SI02 Reset Resets the SIO2 controller. 0 R/W
0 = Normal state
1 = Reset
23 SIO1RST SIO1 Reset Resets the SIO1 controller. 0 R/W
0 = Normal state
1 = Reset
22 VPCRST VPC Reset Resets the VPC controller. 0 R/W
0 = Normal state
1 = Reset
21 EPCIRST EPCIRST Resets 10 signal PCIRST _. 0 R/W
Reset 0 = Normal state
1 = Reset
20 — Reserved — — _
19 ETH1RST ETH1 Reset Resets the Ethernet MAC 1 controller. 0 R/W
0 = Normal state
1 = Reset
18 ATALIRST ATA1 Reset Resets the ATA1 controller. 0 R/W
0 = Normal state
1 = Reset
17 BROMRST BROM Reset | Resets the BROM controller. 0 R/W
0 = Normal state
1 = Reset
16 NDCRST NDC Reset Resets the NAND Flash controller. 0 R/W
0 = Normal state
1 = Reset
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Table 7-6 Clock Control Register

Mnemonic | Field Name Read/Write

| Bit

Description

15 I2CRST

12C Reset

Resets the 12C controller.
0 = Normal state
1 = Reset

14 ETHCORST

ETHERCO
Reset

Resets the ETHER controller 0.
0 = Normal state
1 = Reset

13 SPIRST

SPI Reset

Resets the SPI controller.
0 = Normal state
1 = Reset

12 SRAMRST

SRAMC Reset

Resets the internal SRAM controller.
0 = Normal state
1 = Reset

11 PCIC1RST

PCIC1 Reset

Resets the PCI controller 1.
0 = Normal state
1 = Reset

10 DMAL1RST

DMAC1 Reset

Resets the DMAC controller 1.
0 = Normal state
1 = Reset

9 ACLRST

ACLC Reset

Resets the AC-link controller.
0 = Normal state
1 = Reset

0 R/W

8 ATAORST

ATAO Reset

Resets the ATAO controller.
0 = Normal state
1 = Reset

0 R/W

7 DMAORST

DMAC Reset

Resets the DMA controller 0.
0 = Normal state
1 = Reset

0 R/W

6 PCICRST

PCIC Reset

Resets the PCI controller 0.
0 = Normal state
1 = Reset

0 R/W

5 I2SRST

12S Reset

Resets the 12S controller.
0 = Normal state
1 = Reset

4 TMORST

TMRO Reset

Resets the TMRO controller.
0 = Normal state
1 = Reset

3 TM1RST

TMR1 Reset

Resets the TMR1 controller.
0 = Normal state
1 = Reset

2 TM2RST

TMR2 Reset

Resets the TMR2 controller.
0 = Normal state
1 = Reset

1 SIOORST

SIO0 Reset

Resets the SIO0 controller.
0 = Normal state
1 = Reset

0 CYPRST

CYP Reset

Resets the CYP controller.
0 = Normal state
1 = Reset
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7.2.6. G-Bus Arbiter Control Register (GARBC) OxE030
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
ARIE’M RESERVED
I I I I I I I I I I I I I
RIW : RIW
1 : Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 3
PRIORITY
RESERVED L8[3.0]
I I I I I I I I I I I I I I
:RIW
: Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PRIORITY PRIORITY PRIORITY PRIORITY
L7[3:0] | L6[3:0] L5[3:0] | L4[3:0]
:RIW
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRIORITY PRIORITY PRIORITY PRIORITY
|_3[|3:0] |_2[|3:0] L1[3:0] |_0[|3:0]
:RIW
: Default

Figure 7-6 G-Bus Arbiter Control Register

Table 7-7 G-Bus Arbiter Control Register

Description

Specifies how to prioritize G-Bus arbitration. 1
0 = Fixed priority. The G-Bus arbitration priority conforms to
the content of the PRIORITY field (bits [23:0]).

1 = Round-robin (in a round-robin fashion, PCICO > PDMAC
> DMACO > DMAC1 > PCIC1 > ATAO > ATA1 > CYP > VPC)
Note: Before accessing the PCI by DMAC, specify
round-robin as the priority mode. If fixed-priority mode is
selected, a dead lock is likely to occur in PCl bus
access.

R/W
R/W

Initial Value

Field Name

Arbitration
Mode

Mnemonic
ARBMD

Bit
63

62:36
35:0

Reserved
Arbitration
Priority

PRIORITY

Specifies the priority when ARBMD (bit [63]) specifies
fixed-priority mode.

[35:32] = Bus master with the highest priority

[31:28] = Bus master with the second highest priority
[27:24] = Bus master with the third highest priority
[23:20] = Bus master with the fourth highest priority
[19:16] = Bus master with the fifth highest priority
[15:12] = Bus master with the sixth highest priority
[11:8] = Bus master with the seventh highest priority
[7:4] = Bus master with the eighth highest priority
[3:0] = Bus master with the ninth highest priority

The 3-bit codes for different Masters are:

0000 = PCI controller

0001 = PDMAC

0010 = DMACO

0011 = DMAC1

0100 = PCI controller 1

0101 = ATAO

0110 = ATA1

0111 = CYP

1000 = VPC controller

A priority of PCIC > PDMAC > DMACO > DMAC1 > PCIC1 >
ATAO > ATA1 > CYP > VPC is initially set up.

0000_0001_ RIW
0010_0011_
0100_0101_
0110_0111_

1000
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7.2.7. Register Address Mapping Register (RAMP) OxE048
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RESERVED
| | | | | | | | | | | | |
:RIW
: Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
RESERVED
| | | | | | | | | | | | |
T RIW
: Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED RAMP[35:32]
| | | | | | | | |
R/W :RIW
OxF : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RAMP[31:16]
| | | | | | | | | | |
RIW RIW
OxFF1F : Default

Figure 7-7 Register Address Mapping Register

Table 7-8 Register Address Mapping Register

Bit  Mnemonic | Field Name | Description Initial Value | R/W
63:20 — Reserved — — _
19:0 RAMP[35:16] | Register This is a base address register for the TX4939 built-in OxF_FF1F R/W

Address registers. It holds the high-order 20 bits of a register
Mapping address.

The default built-in register base address is
OxF_FF1F_0000. Even after the content of the base
address register is changed, the default value can be used
to reference the built-in registers.

(Refer to "4.2 Register Mapping".)
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7.2.8. DLL De-Skew Control Register (DSKWCTRL) OxE060

This register controls the enabling of the locking mechanism for the PCI & DDR DLLs. This register’s bits also control what
kind of control signal to be used for enabling the DLL locking.

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RESERVED
I I I I | I | I I I |
: RIW
: Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
RESERVED
I I I I I I I I I I I
' RIW
: Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED
I I I I | I I I | I I I |
' RIW
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVED DDRDSKW RESERVED
I I I I I I I I I I I I I
R/W ' RIW
2'bll : Default

Figure 7-8 DLL De-Skew Control Register

Table 7-9 DLL De-Skew Control Register

Bit Mnemonic Field Name Description Initial Value
63:10 — Reserved — — —
9:8 DDRDSKW DDR DLL Controls enabling of DDR DLL Locking. 2'bl1l R/W
De-Skew 2'b00 = Disable DLL Locking and force zero delay.
Enable 2'b01 = Reserved
2'b10 = Reserved
2'b11 = Always Enable Locking.
7:0 — Reserved — _ _
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7.2.9. MCLKOSC Register OxE068
MCLKOSC Register controls PLL set-up and configuration.
MCLKOSC 31 30 29 28 27 26 25 24
FIELD Definition | | | RESElRVED | | |
R/W R/O R/O R/O R/O R/O R/O R/O R/O
DEFAULT 0 0 0 0 0 0 0 0
MCLKOSC 23 22 21 20 19 18 17 16
FIELD Definition | | RESERVED | MFRAC MINTL
R/W R/O R/O R/O R/O R/O R/O R/W R/W
DEFAULT 0 0 0 0 0 0 1 1
MCLKOSC 15 14 13 12 11 10 9 8
FIELD Definition RESERVED FS [1:0] RS [3:0]
R/W R/O R/O R/W R/W R/W R/W R/W R/W
DEFAULT 0 0 0 1 0 1 0 0
MCLKOSC 7 6 5 4 3 2 1 0
FIELD Definition IS [1:0] c2s | ND [4:0] |
R/W R/W R/W R/W R/W R/W R/W R/W R/W
DEFAULT 0 0 1 0 1 0 0 1

Figure 7-9 Definition of MCLKOSC Register

Table 7-10Bit Field Definitions of MCLKOSC Register

Bit Field | Symbol | Description

31:18 Reserved Reserved

17 MFRAC PLL Configuration (default value : MFRAC = 1, MINTL = 1)

16 MINTL {MFRAC, MINTL} defines PLL Configuration of the Audio Clock Generator.

MFRAC = 0, MINTL = 0: Audio Clock Generator is disabled

MFRAC = 0, MINTL = 1: PLL generates 451.584 MHz with "Integer N PLL" mode (CG=20 MHz)
MFRAC = 1, MINTL = 0: Reserved

MFRAC =1, MINTL = 1: PLL generates 451.584 MHz with "Fractional N PLL" mode (CG=20 MHz)
15:14 Reserved Reserved

13:12 FS [1:0] PLL frequency range select

This parameter has a relation ship with C2S input.

11:8 RS [3:0] PLL Low Pass Filter R2 selection

R2 will be the value of 2.4 + RS[3:0] x 1.2 (K ohm)
7:6 1S [1:0] PLL Charge Pump Current (Ip) select

1S[1:0] Description

2'b00 Charge Pump Current will be X3 of 8 uUA ( 24uA)
2'b01 Charge Pump Current will be X2 of 8 uA ( 16uA)
2'b10 Charge Pump Current will be X1 of 8 uA ( 8uA)
2'bll Disable Charge Pump

5 C2s PLL VCO Performance Select
4.0 ND [4:0] PLL Multiply factor
Multiplier is the value of ND [4:0] + 1.
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7.2.10. MCLKCTL Register OxEOQ70
MCLKCTL 31 30 29 28 27 26 25 24
FIELD Definition RESERVED
I I I
RIW RIO RIO R/O RIO RIO RIO RIO RIO
DEFAULT 0 0 0 0 0 0 0 0
MCLKCTL 23 22 21 20 19 18 17 16
FIELD Definition RESERVED
I I I I
RIW R/O RIO R/O R/O R/O RIO RIO RIO
DEFAULT 0 0 0 0 0 0 0 0
MCLKCTL 15 14 13 12 11 10 9 8
FIELD Definition BD RESERVED
I I
RIW RIW RIO R/O RIO RIO RIO RIO RIO
DEFAULT 0 0 0 0 0 0 0 0
MCLKCTL 7 6 5 4 3 2 1 0
FIELD Definition CB | CHB | CHA
RIW RIW RIW RIW RIW RIW RIW RIW RIW
DEFAULT 0 0 0 0 0 0 0 0

Figure 7-10 Definition of MCLKCTL Register

Table 7-11 Bit Field Definitions

| Symbol | Description

31:16 N/A Reserved

15 BDE Baud Clock enable (1:Enable, 0:Disable)

14:8 N/A Reserved

7 CBE Channel-B Enable (1:Enable, 0:Disable)

6:4 CHB [2:0] Channel B Frequency select

CHB [2:0] = 3'h000: Select 22.5792 MHz (Fs = 44.1 KHz)
CHB [2:0] = 3'b001: Select 24.576 MHz (Fs = 48.0 KHz)
CHB [2:0] = 3'b010: Select 16.384 MHz (Fs = 32.0 KHz)
CHB [2:0] = 3'b011: Select 12.288 MHz (Fs = 24.0 KHz)
CHB [2:0] = 3'b100: Select 8.192 MHz (Fs = 16.0 KHz)
CHB [2:0] = 3'b101: Select 4.096 MHz (Fs = 8.0 KHz)
CHB [2:0] = 3'b110: Select 45.1584 MHz (Fs = 88.2 KHz)
CHB [2:0] = 3'b111: Select 49.152 MHz (Fs = 96.0 KHz)

3 CAE Channel-A Enable (1:Enable, 0:Disable)

2:0 CHA[2:0] Channel A Frequency select

CHA[2:0] = 3'b000: Select 22.5792 MHz (Fs = 44.1 KHz)
CHA [2:0] = 3'b001: Select 24.576 MHz (Fs = 48.0 KHz)
CHA [2:0] = 3'b010: Select 16.384 MHz (Fs = 32.0 KHz)
CHA [2:0] = 3'b011: Select 12.288 MHz (Fs = 24.0 KHz)
CHA [2:0] = 3'b100: Select 8.192 MHz (Fs = 16.0 KHz)
CHA[2:0] = 3'b101: Select 4.096 MHz (Fs = 8.0 KHz)
CHA [2:0] = 3'b110: Select 45.1584 MHz (Fs = 88.2 KHz)
CHA [2:0] = 3'b111: Select 49.152 MHz (Fs = 96.0 KHz)
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7.2.11. GPIO Mode Register 1(GPIOMR1) OxE100
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RESERVED GOPM[29:16]
I I I I I I , I I I I I I
R/W :RIW
0x0000 . Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
GOPM[15:0]
I I I I I I I
R/IW :RIW
0x0000 : Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED GPM[23:16]
I I I I I I
R/W :RIW
0x0000 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GPM[15:0]
I I I I I I I I
R/W :RIW
0x0000 . Default

Figure 7-11 GPIOMR1 Register

Table 7-12 GPIOMR1 Register

Bit Mnemonic Field Name Description Initial Value | R/W
63:62 |GOPM GOP Mode RESERVED 0x0 R/W
61:32 |GOPM GOP Mode GOPI1029-GOPIO00 Mode select 0x0000_0000 R/W

0: Tri-state mode (GOPD=1), Low output (GOPD=0)
1: output mode
Please refer to GPIODRL register
31:24 |GPM GP Mode RESERVED 0x00 R/W
23:.0 |GPM GP Mode GPI023-GPIO00 Mode select 0x00_0000 R/W
0: Tri-state mode (GPD=1), Low output (GPD=0)
1: output mode
Please refer to GPIODRL register
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7.2.12. GPIO Data Register 1 (GPIODR1) OxE108
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RESERVED GOPD|29:16]
I I I I I I I I I I I I
R/W :RIW
0x???? . Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

GOPDI[15:0]
I I I I I I I I I I I
R/IW :RIW
0x??2?? : Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED GPDI[23:16]

R/IW :RIW
0x??2?? : Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

GPD[15:0]
I I I I I I I I I I I
R/W :RIW
0x???? . Default

Figure 7-12 GPIODR1 Register

Table 7-13 GPIODR1 Register

Bit | Mnemonic | Field Name | Description | Initial Value
63:62 | GOPD GOP Data Reserved 0x? R/W
61:32 | GOPD GOP Data GOPIO29 — GOPIO00 Data/Status 0x???2?_?7?7?7? R/W

When Write to these bits:
- If GOPM = 0 then
if GOPD = 0, GPIOC drives LOW
if GOPD = 1, GPIOC tri-state (default)
- if GOPM = 1 then
if GOPD = 0, GPIOC drives LOW
if GOPD = 1, GPIOC drives HIGH (default)

When read these bits, the read data are from the GOPIO

signals.
31:24 | GPD GP Data Reserved 0x?? R/W
23:.0 |[GPD GP Data GPIO23 — GPIO00 Data/Status 0x?7?_?7??7? R/W

When Write to these bits:
- If GPM = 0 then
if GPD = 0, GPIOC drives LOW
if GPD = 1, GPIOC tri-state (default)
- if GPM = 1 then
if GPD = 0, GPIOC drives LOW
if GPD = 1, GPIOC drives HIGH (default)

When read these bits, the read data are from the GPIO
signals.

Rev. 3.1 November 1, 2005 7-22



TOSHIBA m X Toshiba RISC Processor

System
Configuration Risc TX4939
7.2.13. GPIO Mode Register 2(GPIOMR2) OxE110
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RESERVED G2PM[16]
| I | | | | | | | | | |
R/W : RIW
0x0000 . Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
G2PM[15:0]
I I I I I I I I I I I I I
R/W ' RIW
0x0000 : Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED G1PM[29:16]
| | | | | | | | | | |
R/W ' RIW
0x0000 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
G1PM[15:0]
| I | | | | | | | | | | |
R/W : RIW
0x0000 . Default

Figure 7-13 GPIOMR2 Register

Table 7-14 GPIOMR2 Register

Bit Mnemonic Field Name Description Initial Value | R/W
63:49 |G2PM G2P Mode Reserved 0x0000_0000 R/IW
48:32 |G2PM G2P Mode G2P1016-G2PIO00 Mode select 0x0_0000 R/W

0: Tri-state mode (G2PD=1), Low output (G2PD=0)
1: output mode

Please refer to GPIODR2 register

31:30 |G1PM G1P Mode Reserved 0x0 R/W

29:0 |G1PM G1P Mode G1PI029-G1PIO00 Mode select 0x0000_0000 R/W
0: Tri-state mode (G1PD=1), Low output (G1PD=0)
1: output mode

Please refer to GPIODR2 register

Rev. 3.1 November 1, 2005 7-23



TOSHIBA m X Toshiba RISC Processor

System
Configuration Risc TX4939
7.2.14. GPIO Data Register 2 (GPIODR?2) OxE118
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
RESERVED G2PD[16]
| | | | | | | | | | | |
R/W - RIW
0x???? : Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

G2PD[15:0]

I I I I I I I I I I I I I
R/W - RIW
0x??2?? : Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

RESERVED G1PDJ[29:16]
| | | | | | | | | | |
R/IW :RIW
0x??2?? : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
G1PD[15:0]
| | | | | | | | | | | | |
R/W - RIW
0x???? : Default

Figure 7-14 GPIODR2 Register

Table 7-15 GPIODR2 Register

Bit | Mnemonic | Field Name | Description | Initial Value
63:49 | G2PD G2P Data Reserved 0x???? 2?77 R/W
48:32 | G2PD G2P Data G2PI016 — G2PI000 Data/Status 0x?_???? R/W

When Write to these bits:
- If G2PM = 0 then
if G2PD = 0, GPIOC drives LOW
if G2PD = 1, GPIOC tri-state (default)
- if G2PM = 1 then
if G2PD = 0, GPIOC drives LOW
if G2PD = 1, GPIOC drives HIGH (default)

When read these bits, the read data are from the G2PIO

signals.
31:30 |G1PD G1P Data Reserved 0x? R/W
29:0 |G1PD G1P Data G1PI029 — G1PIO00 Data/Status 0x????_?77?7? R/W

When Write to these bits:
- If GIPM = 0 then
if GLPD = 0, GPIOC drives LOW
if GIPD = 1, GPIOC tri-state (default)
- if GIPM = 1 then
if GLPD = 0, GPIOC drives LOW
if GIPD = 1, GPIOC drives HIGH (default)

When read these bits, the read data are from the GPIO
signals.

Rev. 3.1 November 1, 2005 7-24



TOSHIBA m X Toshiba RISC Processor

System
INTC Risc TX4939

Chapter 8. Interrupt Controller

8.1. Characteristics

The TX4939 on-chip Interrupt Controller (IRC) receives interrupt requests from the TX4939 on-chip peripheral circuitry as
well as external interrupt requests and in turn generates interrupt requests to the TX49/H4 processor core.

Also, this Interrupt Controller has a 16-bit flag register that generates interrupt requests either to the external devices or to
the TX49/H4 core.

The Interrupt Controller has the following characteristics.
€ Supports interrupts from 47 types of on-chip peripheral circuits and a maximum of 3 external interrupt signal
inputs.
Sets 8 priority interrupt levels for each interrupt input.

*

€ Can select either edge detection or level detection for each external interrupt when in the interrupt detection
mode.

L 2

The Interrupt Controller contains a 16-bit readable/write-able flag register which can be programmed to issue
interrupt requests to external devices as well as to the TX49/H4 core (IRC interrupt).
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8.2. Block Diagram
TX49/H4 Core Interrupt 4—8/— External Interrupt Signal (INT[7:0])
ntroller 1
Internal Timer Controlle |-—=—/—— DDR
Interrupt Request 4—1/— TX49 Write time out Error
Detection Circuit —2 SI0[3:0]
CPO.IP[7] 8 . .
<p TRCS.CAUSE] 4—2/— DMA1(3:0], DMAO[3:0]
| g—=A—— ATA100 [1:0]
- CPO.IP[2] <b IRCS.IF IRCS —3/— TMR[2:0]
Register la—3/— ACLC, ACLCPME, 125
IRCS.CAUSE[3:0] l—2/— PDMACO, PCICO
CP0.IP[6:3] 2
- FEIENG :
«)— 1P[6:3] BIND 4—2/— PCIERRO, PCIPMEO
0 C tible Mod Binding Circuit Crypto, RSA
: Compatible Mode
NM |- 1: Origihal Mode | —24—— Ethernet MACO, MAC1 Internal
Interrupt
1 -
Set Interrupt Level -—=/—RTC Slgnal
TINTDIS «—Ll/i 12
1
|e—=—/—— PCIC1
Set Interrupt Mask 1
|—=—f—— SPI
Non-maskable 1
Interrupt Request Process Priority || <#——7—— CIR
-—L/— nNANDC
«—L/— VIDEO /
- IRC (Internal Interrupt Request)
Non-maskable Interrupt Signal (NMI*)
I (active Low)
N
_\— Watch-dog timer Interrupt (TMR2)
(active Low)
External Interrupt Request
Flag Register
REQ[L]*/INTOUT
Polarity Register
PCIC e
Mask Register
Interrupt Control Register
Rev 1.03

Figure 8-1 Interrupt Controller Outline

Rev. 3.1 November 1, 2005 8-2



TOSH'BA X Toshiba RISC Processor

l System
INTC RISC TX4939
i Interrupt Detection  Interrupt Level Interrupt Mask
Interrupt Detection Mode IROMO-1 IRLVLO-7 Level IRMSK
Detection Circuit l
—Y
eve
q
Interrupt
Sourcep >O jj
High
. Level 3 1
;] ) ] * IP[7]
Edeganve Int ;
Edae ge nterru
] Dete%tor IRCS"PL
. Interrupt
Positive Pending Interrupt Cause
Edge ge IRPND nt . 5 o IRCS.CAUSE P [6:2]
nterru N
Detector Prioritiza?ion
3 3 Interrupt Level
b
l = IRCSIVL
3
l o
L] :

L]

Figure 8-2 Internal Block Diagram of Interrupt Controller
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8.3. Detailed Explanation
8.3.1. Interrupt Sources

The TX4939 has 47 interrupt sources, such as interrupts from 44 types of on-chip peripheral circuits and 3 external interrupt
signals. Table 8-1 lists the interrupt sources and its interrupt numbers in the TX4939 system.

The priority encoder nominates highest priority interrupt and generates a 6-bit binary number corresponding to the interrupt
number in Table 8-1. This number always appears in the field of IRCS register. (i.e. IRCS.CAUSE)

The way to inform interrupt occurrence to CPU has variations depend on the interrupt operation mode.

8.3.2. Interrupt Operation Mode

TX4939 interrupt controller has two modes of operation. One is former TX49 Series compatible mode and TX4939 original
mode. These mode can be selected by setting the flag bit of “Interrupt Source and Cause IP Binding Register”. (See
8.4.2)

8.3.3. Compatible Mode

In this mode, the interrupt occurrence will activate CPO IP[2] bit only. This feature is upward compatible with former TX49
Series like TX4938. The interrupt handler is supposed to read IRCS.CAUSE register to get the interrupt number.

Addition to this feature, selected interrupt occurrences can be directly informed to CPU by means of CPO IP[6:3] bit. The
assignment of interrupt source to designated IP bit can be performed by ISCIPB register.
(See 8.4.2 for detail explanation)

8.3.4. Original Mode

In this mode, the interrupt occurrence will activate CPO IP[2] bit and CPO IP[7:3], 5-bit will receive the interrupt number as
follows:

If IRCS.CAUSE < 31, CPO IP[7:3] <= (IRCS.CAUSE)
If IRCS.CAUSE > 31, CPO IP[7:3] <= 31
Note IRCS.CAUSE value never takes 31 by design.

This structure created by simply expand TX4938 interrupt controller schema, which schema is only meaningful only when
the internal timer is not used.

To detect the occurrence of interrupt by checking CPO IP[2] and then, the interrupt handler can get the interrupt source
number directly from CPO IP[7:3] And if this register value is 31, interrupt handler is supposed to get exact interrupt source
number from IRCS.CAUSE register.

In addition to above interrupt sources, the TX49/H4 core has a TX49/H4 core internal timer interrupt and two software
interrupts, but these interrupts are directly reported to the TX49/H4 core independent of this Interrupt Controller. Please
refer to the 64-bit TX System RISC TX49/H4 Core Architecture Manual for more information.
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Table 8-1 TX4939 Interrupt Sources
Interrupt Interrupt Source CD(;ert]?rc;l IRCS.CAUSE Original Mode | Compatible Mode

Number Defined Number IP[7:3] IP[2] | IP[7:2] (Note 1)

0 No Interrupt - 0 0 0 6'b000000
1 DDR Low Active 1 1 1 6'b0SSSS1
2 Tx49 Write Timeout Low Active 2 2 1 6'b0SSSS1
3 INTO Edge/Level 3 3 1 6'b0SSSS1
4 INT1 Edge/Level 4 4 1 6'b0SSSS1
5 INT2 Edge/Level 5 5 1 6'b0SSSS1
6 Ether0 Low Active 6 6 1 6'b0SSSS1
7 VIDEO Low Active 7 7 1 6'b0SSSS1
8 CIR Low Active 8 8 1 6'b0SSSS1
9 SI00 Low Active 9 9 1 6'b0SSSS1
10 DMAOI0] Low Active 10 10 1 6'b0SSSS1
11 DMAO[1] Low Active 11 11 1 6'b0SSSS1
12 DMAOQ[2] Low Active 12 12 1 6'b0SSSS1
13 DMAO[3] Low Active 13 13 1 6'b0SSSS1
14 IRC Low Active 14 14 1 6'b0SSSS1
15 PDMACO Low Active 15 15 1 6'b0SSSS1
16 TMRO Low Active 16 16 1 6'b0SSSS1
17 TMR1 Low Active 17 17 1 6'b0SSSS1
18 TMR2 Low Active 18 18 1 6'b0SSSS1
19 ATAO Low Active 19 19 1 6'b0SSSS1
20 ATAL Low Active 20 20 1 6'b0SSSS1
21 ACLC Low Active 21 21 1 6'b0SSSS1
22 DMA1[0] Low Active 22 22 1 6'b0SSSS1
23 DMA1[1] Low Active 23 23 1 6'b0SSSS1
24 DMA1[2] Low Active 24 24 1 6'b0SSSS1
25 DMAL1[3] Low Active 25 25 1 6'b0SSSS1
26 Cipher Low Active 26 26 1 6'b0SSSS1
27 INTA (Note 2) Edge/Level 27 27 1 6'b0SSSS1
28 INTB (Note 2) Edge/Level 28 28 1 6'b0SSSS1
29 INTC (Note 2) Edge/Level 29 29 1 6'b0SSSS1
30 INTD (Note 2) Edge/Level 30 30 1 6'b0SSSS1
31 ## Not For Use Low Active Hitt 31 1 6'b0SSSS1
32 ## Reserved Low Active 32 31 1 6'b0SSSS1
33 12C Low Active 33 31 1 6'b0SSSS1
34 SPI Low Active 34 31 1 6'b0SSSS1
35 ## Reserved Low Active 35 31 1 6'b0SSSS1
36 PCIC1(PCI1ERR,PCI1PME) Low Active 36 31 1 6'b0SSSS1
37 PCIOERR Low Active 37 31 1 6'b0SSSS1
38 PCIOPME Low Active 38 31 1 6'b0SSSS1
39 NANDC Low Active 39 31 1 6'b0SSSS1
40 ACLC PME Low Active 40 31 1 6'b0SSSS1
41 RTC Low Active 41 31 1 6'b0SSSS1
42 RSA/RND Low Active 42 31 1 6'b0SSSS1
43 Etherl Low Active 43 31 1 6'b0SSSS1
44 SI01 Low Active 44 31 1 6'b0SSSS1
45 SI02 Low Active 45 31 1 6'b0SSSS1
46 SI03 Low Active 46 31 1 6'b0SSSS1
47 12S Low Active 47 31 1 6'b0SSSS1
48 TMR3 Low Active 48 31 1 6'b0SSSS1
49 TMR4 Low Active 49 31 1 6'b0SSSS1
50 TMR5 Low Active 50 31 1 6'b0SSSS1

Note 1:  Value of S in the expression 6’/b0SSSS1 represents the selected interrupt source. In case IP[2] is
“1”, one or more than one of SSSS should be “1”.  (See 8.4.2)

Note 2:  If these four interrupt signal are used for PCI, all of them should be programmed as Level detect
mode. Edge detect mode is provided as general purpose interrupt control.
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8.3.5. Interrupt Request Detection

In order to perform interrupt detection, each register of the Interrupt Controller is initialized, and then the IDE bit of the
Interrupt Detection Enable Register (IRDEN) is set to “1.” All interrupts detected by the Interrupt Controller are masked
when this bit is cleared.

It is possible to set each interrupt factor detection mode using Interrupt Detection Mode Register 0, 1, and 2 (IRDMO,
IRDM1, and IRDMZ2). There are four detection modes: Low level, High level, falling edge, and rising edge.

The detected interrupt factors can be read out from the Interrupt Pending Register (IRPND) unless the IDE bit of IRDEN is
not cleared.

8.3.6. Interrupt Level Assigning

Interrupt levels from 0 to 7 are assigned to each detected interrupt using the Interrupt Level Register (IRLVLO-7). Interrupt
level 7 is the highest priority and interrupt levell is the lowest priority. Level O interrupts will be masked (Table 8-2).

The priorities set by these interrupt levels will be given higher priority than the priorities provided for each interrupt source
indicated in Table 8-1.

Table 8-2 Interrupt Levels

Priority Interrupt Level
(IRLVLnN.ILm)

High 111

110

101

100

011

010

Low 001

Mask 000

8.3.7. Interrupt Priority Assigning

When multiple interrupt requests exist, the Interrupt Controller selects the interrupt with the highest priority according to the
priority level and interrupts number. Interrupt factors with an interrupt level lower than the interrupt level specified by the
Interrupt Mask Level Register (IRMSK) will be excluded (masked).

When the interrupt with the highest priority is selected, then the interrupt number of that interrupt is set in the interrupt factor
field (CAUSE) of the Interrupt Current Status Register (IRCS), the interrupt level is set in the Interrupt Level field (LVL), and
the Interrupt Flag bit (IF) is set.

Priorities are assigned as follows.

€ When interrupt levels differ, the interrupt with the higher interrupt level has priority (Table 8-2)

€ When multiple interrupts with the same interrupt level are simultaneously detected, the interrupt with the smaller
interrupt number has priority.

In addition, the interrupt priority assignments are re-evaluated under the following conditions. At this time, the interrupt with
the highest priority is selected and the Interrupt Factor field (CAUSE) and Interrupt Level field (LVL) of the Interrupt Current
Status Register (IRCS) are set again.

€ When an interrupt request with a higher interrupt level than that of the currently selected interrupt is detected.
However, when the interrupt levels are equal, the Interrupt Level field (LVL) does not change even if the interrupt
number is small.

€ When the interrupt level (IRLVLn.ILm) of the currently selected interrupt changes to a value smaller than the
current setting.

€ When the currently selected interrupt is cleared (refer to 8.3.10 Clearing Interrupt Requests).
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8.3.8. Interrupt Notification of Original Mode

When the interrupt with the highest priority is selected, then the interrupt factor is reported to the Interrupt Current Status
Register (IRCS) and an interrupt is reported to the TX49/H4 core.

Any interrupt occurrence will assert CPO.IP[2] bit. When IP[2] has value one IP[7:3] will show the interrupt source number
described in Table 8-3 column of IP[7:3]. This value has meaning only when the internal timer interrupt is disabled. Since
IP[7:3] is 5 digit binary, the interrupt that number is more than 31 will appear as 31. In this case, interrupt handler should
refer the content of IRCS.CAUSE register.

The internal timer interrupt can be disable by setting TINTDIS. This value can be set at the boot time also.
See more detail “Chapter 5 Boot Configuration”.

Table 8-3 Interrupt Notification to IP[7:2] of the CP0 Cause Register

TINTDIS IP[7] | IP[6:3]
0 : Internal Timer Interrupts: | Internal Timer If IRCS.CAUSE < 31, CPO IP[6:3] <= OxOF && (IRCS.CAUSE) Indicate
Interrupt If IRCS.CAUSE > 31, CPO IP[6:3] <= 15 occurrence of
Valid Notification LOGICALLY, THIS DOES NOT HAVE MUCH MEANING. any interrupt
1: Internal Timer Interrupts: If IRCS.CAUSE < 31, CPO IP[7:3] <= (IRCS.CAUSE) Indicate
If IRCS.CAUSE > 31, CPO IP[7:3] <= 31 occurrence of
Invalid Note: IRCS.CAUSE value never takes 31 by design. any interrupt

8.3.9. Interrupt Notification of Compatible Mode

Any interrupt occurrence will be informed to CPO IP[2] same as former TX49 Series, i.e. TX4938.
However, the usage of IP[7:3] has been changed as follows.

IP[7] will be use for Internal timer interrupt exclusively.

IP[6:3] will not get the part of IRCS.CAUSE register instead it will used for selected interrupt indication. (See more detail in
8.4.2 Interrupt Source and Cause IP Binding Register (ISCIPB))

Table 8-4 Interrupt Notification to IP[7:2] of the CP0 Cause Register

TINTDIS [ IP[7] IP[6:3] IP[2]
0 : Internal Timer Interrupts: | Internal Timer Interrupt Indicate occurrence of selected interrupt Indicate
Valid Notification occurrence of
any interrupt
1: Internal Timer Interrupts: | No Internal Timer Interrupt | Indicate occurrence of selected interrupt Indicate
Invalid Notification occurrence of
any interrupt

8.3.10. Clearing Interrupt Requests

Interrupt requests are cleared according to the following process.

€ When the detection mode is set to the High level or Low level:
o Operation is performed to de-assert the request of a source that is asserting an interrupt request.

€ When the detection mode is set to Rising edge or Falling edge

o Edge detection requests are cleared by first specifying the interrupt source of the interrupt request to be
cleared in the Edge Detection Clear Source field (EDCSO0 or EDCS1) of the Interrupt Edge Detection Clear
Register (IREDC) then writing the resulting value when the corresponding Edge Detection Clear Enable bit
(EDCEO or EDCEL1) is set to “1.”
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8.3.11. Interrupt requests

It is possible to make interrupt requests to external devices and interrupt requests (IRC interrupts) to the TX49/H4 core by
using a 16-bit interrupt request flag register. REQ[1]* signals are used as interrupt output signals. Consequently, external
interrupt requests can only be used when in the PCI External Arbiter mode. Also, internal interrupt requests are assigned to
interrupt number 14 of the Interrupt Controller (IRC).

The following six registers set the interrupts.

4 Interrupt Request Flag Register (IRFLAGO, IRFLAG1)

€ Interrupt Request Polarity Control Register (IRPOL)

€ Interrupt Request Mask Register (IRMASKINT, IRMASKEXT)
€ Interrupt Request Control Register (IRRCNT)

The following formulas derive the interrupt generation conditions:

Internal interrupt request =
(I(IRFLAG[15:0] ~ IRPOL[15:0]) & IRMASKINT[15:0]))* IRRCNT.INTPOL

External interrupt request =
(I(IRFLAG[15:0] ~ IRPOL[15:0] ) & IRMASKEXT[15:0]))" IRRCNT.EXTPOL

In the above formulas, “*" indicates Exclusive OR operations and “|” indicates reduction operators that perform an OR
operation on all bits.

Also, the External Interrupt OD Control bit (IRRCNT.OD) of the Interrupt Request Control Register can select whether the
external interrupt supply signal is open drain output or totem pole output.

IRRCNT.INTPOL

IRFLAG[15] —\
IRPOL[15]

IRMASK[15]

Internal Interrupt

Request

(0: Request present)
D External Interrupt Request

Figure 8-3 External Interrupt Request Logic

IRRCNT.EXTPOL

There are two flag registers: Flag Register O (IRFLAGO), and Flag Register 1 (IRFLAG1). These registers have two different
Write methods. Accordingly, Writes to one register are reflects in the other.

Either “0” or “1” can be written to Flag Register 0

In the case of Flag Register 1 however, “1” can be written from the TX49/H4 core, but “0” cannot be written. On the other
hand, bits that wrote “1” are cleared to “0” in the case of access from a device other than the TX49/H4 core (access from an
external PCI device for example). The bit value at this time will not change even if “0” is written. This register sends
interrupt notification from the TX49/H4 core to external devices. External devices can be used in applications that clear
these interrupt notifications.
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8.4. Registers

This register set has been moved from IMBUS (32-bit) to GBUS (64-bit) to decrease the latency of register access.
Because of this change from former TX49 series, register size is remained as 32-bit, but the address alignment changed to
64-bit. As registers are attached lower 32-bit portion in GBUS, this address expressions are that of Little Endian Mode.

Table 8-5 Interrupt Control Registers

Address Register Register Name

0xE800 IRDEN Interrupt Detection Enable Register
0xE808 ISCIPB Interrupt Source and Cause Binding Register
0xE810 IRDMO Interrupt Detection Mode Register 0
0xE818 IRDM1 Interrupt Detection Mode Register 1
0xE820 IRLVLO Interrupt Level Register 0

0xE828 IRLVL1 Interrupt Level Register 1

0xE830 IRLVL2 Interrupt Level Register 2

0xE838 IRLVL3 Interrupt Level Register 3

0xE840 IRLVL4 Interrupt Level Register 4

0xE848 IRLVL5 Interrupt Level Register 5

0xE850 IRLVL6 Interrupt Level Register 6

0xE858 IRLVL7 Interrupt Level Register 7

0XE860 IRLVL8 Interrupt Level Register 8

0xE868 IRLVLY Interrupt Level Register 9

0xE870 IRLVL10 Interrupt Level Register 10

O0XE878 IRLVL11 Interrupt Level Register 11

0xE880 IRLVL12 Interrupt Level Register 12

0xE888 IRLVL13 Interrupt Level Register 13

0xE890 IRLVL14 Interrupt Level Register 14

0xE898 IRLVL15 Interrupt Level Register 15

0XE8AQ IRMSK Interrupt Mask Register

0XEBA8 IREDC Interrupt Edge Detection Clear Register
0xE8BO IRPNDO Interrupt Pending Register 0

0xE8B8 IRCS Interrupt Current Status Register

0XE8CO IRPND1 Interrupt Pending Register 1

0XE8C8 IRDM2 Interrupt Detection Mode Register 2
0xE8DO IRDM3 Interrupt Detection Mode Register 3
0xE8D8 IRDBRO Interrupt Debug Register 0

OXEBEO IRDBR1 Interrupt Debug Register 1

OXEBES8 IRDBEN Interrupt Debug Enable Register

0xE900 IRFLAGO Interrupt Request Flag Register 0

0xE908 IRFLAG1 Interrupt Request Flag Register 1

0xE910 IRPOL Interrupt Request Polarity Control Register
0xE918 IRRCNT Interrupt Request Control Register
0xE920 IRMASKINT Interrupt Request Internal Interrupt Mask Register
0XE928 IRMASKEXT Interrupt Request External Interrupt Mask Register
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8.4.1. Interrupt Detection Enable Register (IRDEN) OxE800
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
I I I I I I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDE
I I I I I I I I I I I I I I
R/W 1 Type
0 : Default

Figure 8-4 Interrupt Detection Enable Register

Table 8-6 Interrupt Detection Enable Register

Mnemonic Field Name Explanation Read/Write |
31:1 — — Reserved —
0 IDE Interrupt Detection | Interrupt Detection Enable (Default: 0) R/W
Enable Enables interrupt detection.

0: Stop interrupts detection.
1: Start interrupts detection.
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8.4.2. Interrupt Source and Cause IP Binding Register (ISCIPB) OxE808

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

CMM IP6BIND IP5BIND
I I I I I I I I I I I I I
R/W R/W R/W : Type
0 0 0 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IP4ABIND IP3BIND
I I I I I I I I I I I I I I
R/W R/W : Type
0 0 : Default

Figure 8-5 Interrupt Source and Cause IP Binding Register

Table 8-7 Interrupt Source and Cause IP Binding Register

Bit(s) Mnemonic | Field Name Explanation R/W
31 CMM Compatible Mode Select Interrupt Controller Mode R/W

0: Original Mode (Default)
1: Compatible Mode.
30:24 IP6BIND IP[6] BIND IP[6] interrupt source bind R/W

This bit has an effect only in the “Compatible Mode”, which is activated
by setting “1” in CMM bit in this register.

In Compatible Mode, when the interrupt source N gets a request, the
request also propagates to CPO IP[6] bit same time.

Note: Interrupt source number is defined in Table 8-1

0: No Assignment (Default)
N : Interrupt Source N (N>0) assigned this IP bit

23:16 IP5BIND IP[5] BIND IP[5] interrupt source bind R/W
(Ditto)

15:8 IP4ABIND IP[4] BIND IP[4] interrupt source bind R/W
(Ditto)

7:0 IP3BIND IP[3] BIND IP[3] interrupt source bind R/W
(Ditto)
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8.4.3. Interrupt Detection Mode Register 0O (IRDMO) OxE810
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IC24 IC23 IC22 IC21 1C20 IC19 IC18 IC17
R/W R/W R/W R/W R/W R/W R/W R/W : Type
0 0 0 0 0 0 0 0 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IC|28 IC|I7 IC|26 IC|25 IC|I4 IC|I3 IC|22 IClll
R/W R/W R/W R/W R/W R/W R/W R/W : Type
0 0 0 0 0 0 0 0 : Default

Figure 8-6 Interrupt Detection Mode Register O

Table 8-8 Interrupt Detection Mode Register 0

Bits Mnemonic Field Name Explanation R/W \
31:30 IC24 Interrupt Source Interrupt Source Control 24 (Default: 00) R/W
Control 24

00: Low level active
01: Reserved
10: Reserved
11: Reserved

29:28 IC23 Interrupt Source Interrupt Source Control 23 (Default: 00) R/W
Control 23 Ditto

27:26 IC22 Interrupt Source Interrupt Source Control 22 (Default: 00) R/W
Control 22 Ditto

25:24 IC21 Interrupt Source Interrupt Source Control 21 (Default: 00) R/W
Control 21 Ditto

23:22 IC20 Interrupt Source Interrupt Source Control 20 (Default: 00) R/W
Control 20 Ditto

21:20 IC19 Interrupt Source Interrupt Source Control 19 (Default: 00) R/W
Control 19 Ditto

19:18 IC18 Interrupt Source Interrupt Source Control 18 (Default: 00) R/W
Control 18 Ditto

17:16 IC17 Interrupt Source Interrupt Source Control 17 (Default: 00) R/W
Control 17 Ditto

15:14 IC8 Interrupt Source Interrupt Source Control 8 (Default: 00) R/W
Control 8 Ditto

13:12 IC7 Interrupt Source Interrupt Source Control 7 (Default: 00) R/W
Control 7 Ditto

11:10 IC6 Interrupt Source Interrupt Source Control 6 (Default: 00) R/W
Control 6 Ditto

9:8 IC5 Interrupt Source Interrupt Source Control 5 (Default: 00) R/W
Control 5

00: Low level active
01: High level active
10: Falling edge active
11: Rising edge active

7:6 IC4 Interrupt Source Interrupt Source Control 4 (Default: 00) R/W
Control 4 Ditto

5:4 IC3 Interrupt Source Interrupt Source Control 3 (Default: 00) R/W
Control 3 Ditto

3:2 IC2 Interrupt Source Interrupt Source Control 2 (Default: 00) R/W
Control 2

00: Low level active
01: Reserved
10: Reserved
11: Reserved
1:0 IC1 Interrupt Source Interrupt Source Control 1 (Default: 00) R/W
Control 1 Ditto
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8.4.4. Interrupt Detection Mode Register 1 (IRDM1) OxE818
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved IC31 IC30 1C29 1C28 IC27 1C26 IC25
R/W R/W R/W R/W R/W R/W R/W : Type
0 0 0 0 0 0 0 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IC|16 IC|15 IC|14 IC|13 IC|12 IClll IC|10 IC|29
R/W R/W R/W R/W R/W R/W R/W R/W : Type
0 0 0 0 0 0 0 0 : Default

Figure 8-7 Interrupt Detection Mode Register 1

Table 8-9 Interrupt Detection Mode Register 1

Mnemonic Field Name Explanation Read/Write |
31:30 — — Reserved —
29:28 IC31 Interrupt Source Interrupt Source Control 31 (Default: 00, R/W) R/W
Control 31

00: Low level active
01: Reserved
10: Reserved
11: Reserved
27:26 IC30 Interrupt Source Interrupt Source Control 30 (Default: 00) R/W
Control 30

00: Low level active
01: High level active
10: Falling edge active
11: Rising edge active

25:24 IC29 Interrupt Source Interrupt Source Control 29 (Default: 00, R/W) R/W
Control 29 Ditto

23:22 1C28 Interrupt Source Interrupt Source Control 28 (Default: 00, R/W) R/W
Control 28 Ditto

21:20 IC27 Interrupt Source Interrupt Source Control 27 (Default: 00, R/W) R/W
Control 27 Ditto

19:18 IC26 Interrupt Source Interrupt Source Control 26 (Default: 00, R/W) R/W
Control 26

00: Low level active
01: Reserved
10: Reserved
11: Reserved

17:16 IC25 Interrupt Source Interrupt Source Control 24 (Default: 00, R/W) R/W
Control 24 Ditto

15:14 IC16 Interrupt Source Interrupt Source Control 16 (Default: 00, R/W)) R/W
Control 16 Ditto

13:12 IC15 Interrupt Source Interrupt Source Control 15 (Default: 00, R/W)) R/W
Control 15 Ditto

11:10 IC14 Interrupt Source Interrupt Source Control 14 (Default: 00, R/W)) R/W
Control 14 Ditto

9:8 IC13 Interrupt Source Interrupt Source Control 13 (Default: 00, R/W)) R/W
Control 13 Ditto

7:6 IC12 Interrupt Source Interrupt Source Control 12 (Default: 00, R/W)) R/W
Control 12 Ditto

5:4 IC11 Interrupt Source Interrupt Source Control 11 (Default: 00, R/W)) R/W
Control 11 Ditto

3:2 IC10 Interrupt Source Interrupt Source Control 10 (Default: 00, R/W)) R/W
Control 10 Ditto

1:0 IC9 Interrupt Source Interrupt Source Control 9 (Default: 00, R/W)) R/W
Control 9 Ditto
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8.4.5. Interrupt Detection Mode Register 2 (IRDM2) OxXE8CS8
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved IC50 IC49 1C48
I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IC|39 IC|38 IC|37 IC|36 IC|35 IC|34 IC|33 IC|32
R/W R/W R/IW R/IW R/IW R/W R/W RIW : Type
0 0 0 0 0 0 0 0 : Default
Figure 8-8 Interrupt Detection Mode Register 2
Table 8-10 Interrupt Detection Mode Register 2
Bits | Mnemonic Field Name Explanation R/W
31:22 - - Reserved -
21:20 IC50 Interrupt Source Interrupt Source Control 50 (Default: 00) R/W
Control 50
00: Low level active
01: Reserved
10: Reserved
11: Reserved
19:16 1C49 Interrupt Source Interrupt Source Control 49 (Default: 00) R/W
Control 49 Ditto
17:16 1C48 Interrupt Source Interrupt Source Control 48 (Default: 00) R/W
Control 48 Ditto
15:14 IC39 Interrupt Source Interrupt Source Control 39 (Default: 00) R/W
Control 39 Ditto
13:12 IC38 Interrupt Source Interrupt Source Control 38 (Default: 00) R/W
Control 38 Ditto
11:10 IC37 Interrupt Source Interrupt Source Control 37 (Default: 00) R/W
Control 37 Ditto
9:8 IC36 Interrupt Source Interrupt Source Control 36 (Default: 00) R/W
Control 36 Ditto
7:6 IC35 Interrupt Source Interrupt Source Control 35 (Default: 00) R/W
Control 35 Ditto
5:4 IC34 Interrupt Source Interrupt Source Control 34 (Default: 00) R/W
Control 34 Ditto
3:2 IC33 Interrupt Source Interrupt Source Control 33 (Default: 00) R/W
Control 33 Ditto
1:0 IC32 Interrupt Source Interrupt Source Control 32 (Default: 00) R/W
Control 32 Ditto
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8.4.6. Interrupt Detection Mode Register3 (IRDM3) OxE8DO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
1C47 I1C46 IC45 IC44 I1C43 I1C42 IC41 1C40
I I I I I I I I
R/W : Type
0 : Default
Figure 8-9 Interrupt Detection Mode Register 3
Table 8-11 Interrupt Detection Mode Register 3
Bits Mnemonic Field Name Explanation Read/Write
31:16 - - Reserved -
15:14 1C47 Interrupt Source Interrupt Source Control 47 (Default: 00) R/W
Control 47
00: Low level active
01: Reserved
10: Reserved
11: Reserved
13:12 1C46 Interrupt Source Interrupt Source Control 46 (Default: 00) R/W
Control 46 Ditto
11:10 IC45 Interrupt Source Interrupt Source Control 45 (Default: 00) R/W
Control 45 Ditto
9:8 IC44 Interrupt Source Interrupt Source Control 44 (Default: 00) R/W
Control 44 Ditto
7:6 1C43 Interrupt Source Interrupt Source Control 43 (Default: 00) R/W
Control 43 Ditto
5:4 IC42 Interrupt Source Interrupt Source Control 42 (Default: 00) R/W
Control 42 Ditto
3:2 IC41 Interrupt Source Interrupt Source Control 41 (Default: 00) R/W
Control 41 Ditto
1:0 IC40 Interrupt Source Interrupt Source Control 40 (Default: 00) R/W
Control 40 Ditto
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8.4.7. Interrupt Mask Level Register (IRMSK) OxXE8AQ
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
I I I I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved IML
I I I I I I I I I I I I
R/W : Type
0 . Default

Figure 8-10 Interrupt Mask Level Register

Table 8-12 Interrupt Mask Level Register

Bits Mnemonic Field Name Explanation Read/Write
31:3 - - Reserved -
2:0 IML Interrupt Mask Interrupt Mask Level (Default: 000) R/W

Level

These bits specify the interrupt mask level. Masks interrupts
with a mask level lower than the set mask level.

000: Interrupt mask level 0 (No interrupts masked)
001: Interrupt mask level 1 (Levels 2-7 enabled)
010: Interrupt mask level 2 (Levels 3-7 enabled)
011: Interrupt mask level 3 (Levels 4-7 enabled)
100: Interrupt mask level 4 (Levels 5-7 enabled)
101: Interrupt mask level 5 (Levels 6-7 enabled)
110: Interrupt mask level 6 (Level 7 enabled)
111: Interrupt mask level 7 (Interrupts disabled)
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8.4.8. Interrupt Level Registers (IRLVLXX)

IRLVL Registers 33222‘2‘22222211111‘111110‘000000‘000

10987654321098765/4321009/876/543210

Name OFFSET Reserved | Assign Reserved Assign Reserved Assign Reserved Assign
IRLVLO 0XE820 — IL18 — IL17 — IL2 — IL1
IRLVL1 0XE828 — IL20 — IL19 — IL4 — IL3
IRLVL2 OXE830 — IL22 — IL21 — IL6 — IL5
IRLVL3 OXE838 — IL24 — IL23 — IL8 — IL7
IRLVL4 OXE840 — IL26 — IL25 — IL10 — IL9
IRLVL5 0XE848 — IL28 — IL27 — IL12 — IL11
IRLVL6 OXE850 — IL30 — IL29 — IL14 — IL13
IRLVL7 OXE858 — — IL31 — IL16 — IL15
IRLVL8 0XE860 — IL49 — IL48 — IL33 — IL32
IRLVL9 OXE868 — — — IL50 — IL35 — IL34
IRLVL10 0XE870 — — — — — IL37 — IL36
IRLVL11 0XE878 — — — — — IL39 — IL38
IRLVL12 0xE880 — — — — — IL41 — IL40
IRLVL13 0XE888 — — — — — IL43 — IL42
IRLVL14 0XE890 — — — — — IL45 — IL44
IRLVL15 OXE898 — — — — — IL47 — IL46

Figure 8-11 Interrupt Level Registers

Table 8-13 Interrupt Level Register Field Definition (CASE of IRLVLO)

Bit | Mnemonic Field Name Explanation Read/Write
31:27 — — Reserved —
26:24 IL18 Interrupt Level 18 | Interrupt Level of INT [18] (Default: 000) R/W
000: Interrupt Level O (Interrupt disable)
001:Interrupt level 1
010: Interrupt level 2
011: Interrupt level 3
100: Interrupt level 4
101: Interrupt level 5
110: Interrupt level 6
111: Interrupt level 7
23:19 — — Reserved —
18:16 IL17 Interrupt Level 17 | Interrupt Level of INT [17] (Default: 000) R/W
Ditto
15:11 — — Reserved —
10:8 IL2 Interrupt Level 2 Interrupt Level of INT [2] (Default: 000) R/W
Ditto
7:3 — — Reserved —
2:0 IL1 Interrupt Level 1 Interrupt Level of INT [1] (Default: 000) R/W
Ditto7
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8.4.9. Interrupt Edge Detection Clear Register (IREDC) OxXE8AS8
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | Reserved | | EDCE1 Reserved EDCS1
RW1C 1 Type
0 0 0 0 0 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved EDCEOQ Reserved EDCSO0
I I I I I I I I I I I I
RW1C : Type
0 0 0 0 0 . Default

Figure 8-12 Interrupt Edge Detection Clear Register

Table 8-14 Interrupt Edge Dectection Clear Register

Bit Mnemonic Field Name Explanation R/W

31:25 — — Reserved —

24 EDCE1 Edge Detection Edge Detection Clear Enable 1 (Default: 0) R/W1C
Clear Enable 1 Clears edge detection of interrupts specified by the EDCS1 field

0: Does not clear.
1: Clears.

Value always becomes “0” when this bit is read.

23:20 — — Reserved —
19:16 EDCS1 Edge Detection Edge Detection Clear Source 1 (Default: 0x0) R/W
Clear Source 1 These bits specify the interrupt source to be cleared.

1111: Reserved
1110: Reserved
1101: Interrupt Channel [30]
1100: Interrupt Channel [29]
1011: Interrupt Channel [28]
1010: Interrupt Channel [27]
1001: Reserved

0000: Reserved

15:9 — — Reserved —
8 EDCEO Edge Detection Edge Detection Clear Enable 0 (Default: 0) R/W1C
Clear Enable 0 Clears edge detection of interrupts specified by the EDCSO field.
0: Does not clear.
1: Clears.
Value always becomes “0” when this bit is read.
75 — — Reserved —
4:0 EDCSO0 Edge Detection Edge Detection Clear Source 0 (Default: 0x0) R/W

Clear Source 0 These bits specify the interrupt source to be cleared.
1111: Reserved

0110: Reserved
0101: Reserved
0100: Interrupt Channel [5]
0011: Interrupt Channel [4]
0010: Interrupt Channel [3]
0001: Reserved
0000: Reserved
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8.4.10. Interrupt Pending Register 0 (IRPNDO) OxE8BO
Indicates the status of each interrupt request regardless of the IRLVL 7-0 and IRMSK value.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
— | IS31 | IS30 | 1S29 | 1S28 | IS27 | IS26 | 1S25 | 1S24 | IS23 | IS22 | 1S21 | I1S20 | IS19 | IS18 | I1S17
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO : Type
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IS16 | IS15 | 1S14 | 1IS13 | IS12 | IS11 | I1S10 | IS9 | IS8 | I1S7 | I1S6 | IS5 | IS4 | 1S3 | IS2 | IS1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO : Type
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : Default
Figure 8-13 Interrupt Pending Register 0
Table 8-15 Interrupt Pending Register O
Bit | Mnemonic | Field Name Explanation R/W
31 — — Reserved —
30 1S31 Interrupt Status 31 IRINTREQ [31] Status (Default: 0, R) R
1: Interrupt requests
0: No interrupt requests
29 1S30 Interrupt Status 30 IRINTREQ [30] Status Ditto R
28 1S29 Interrupt Status 29 IRINTREQ [29] Status Ditto R
27 1S28 Interrupt Status 28 IRINTREQ [28] Status Ditto R
26 1S27 Interrupt Status 27 IRINTREQ [27] Status Ditto R
25 1S26 Interrupt Status 26 IRINTREQ [26] Status Ditto R
24 1S25 Interrupt Status 25 IRINTREQ [25] Status Ditto R
23 1S24 Interrupt Status 24 IRINTREQ [24] status Ditto R
22 1S23 Interrupt Status 23 IRINTREQ [23] status Ditto R
21 1S22 Interrupt Status 22 IRINTREQ [22] status Ditto R
20 1S21 Interrupt Status 21 IRINTREQ [21] status Ditto R
19 1S20 Interrupt Status 20 IRINTREQ [20] status Ditto R
18 1S19 Interrupt Status 19 IRINTREQ [19] status Ditto R
17 1S18 Interrupt Status 18 IRINTREQ [18] status Ditto R
16 I1S17 Interrupt Status 17 IRINTREQ [17] status Ditto R
15 1S16 Interrupt Status 16 IRINTREQ [16] status Ditto R
14 I1S15 Interrupt Status 15 IRINTREQ [15] status Ditto R
13 1S14 Interrupt Status 14 IRINTREQ [14] status Ditto R
12 1S13 Interrupt Status 13 IRINTREQ [13] status Ditto R
11 1S12 Interrupt Status 12 IRINTREQ [12] status Ditto R
10 1S11 Interrupt Status 11 IRINTREQ [11] status Ditto R
9 1S10 Interrupt Status 10 IRINTREQ [10] status Ditto R
8 1S9 Interrupt Status 9 IRINTREQ [9] status Ditto R
7 1S8 Interrupt Status 8 IRINTREQ [8] status Ditto R
6 I1S7 Interrupt Status 7 IRINTREQ [7] status Ditto R
5 1S6 Interrupt Status 6 IRINTREQ [6] status Ditto R
4 IS5 Interrupt Status 5 IRINTREQ [5] status Ditto R
3 1S4 Interrupt Status 4 IRINTREQ [4] status Ditto R
2 1S3 Interrupt Status 3 IRINTREQ [3] status Ditto R
1 1S2 Interrupt Status 2 IRINTREQ [2] status Ditto R
0 1S1 Interrupt Status 1 IRINTREQ [1] status Ditto R
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8.4.11. Interrupt Pending Register 1 (IRPND1) OxXE8CO
Indicates the status of each interrupt request regardless of the IRLVL 7-0 and IRMSK value
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved IS50 | IS49 | 1S48
I I I I I I I I I I I I
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO R/IO : Type
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IS47 | 1S46 | 1S45 | 1S44 | IS43 | 1S42 | 1S41 | 1S40 | 1S39 | IS38 | IS37 | IS36 | I1S35 | 1S34 | 1S33 | 1S32
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO : Type
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : Default
Figure 8-14 Interrupt Pending Register 1
Table 8-16 Interrupt Pending Register 1
Bit Mnemonic Field Name Explanation | RIW
31:19 | — — Reserved —
18 1S50 Interrupt Status 50 IRINTREQ [50] (Default: 0, R) R
1: Interrupt requests
0: No interrupt requests
17 1S49 Interrupt Status 49 IRINTREQ [49] Ditto R
16 1S48 Interrupt Status 48 IRINTREQ [48] Ditto R
15 1S47 Interrupt Status 47 IRINTREQ [47] Ditto R
14 1S46 Interrupt Status 46 IRINTREQ [46] Ditto R
13 1S45 Interrupt Status 45 IRINTREQ [45] Ditto R
12 1S44 Interrupt Status 44 IRINTREQ [44] Ditto R
11 1S43 Interrupt Status 43 IRINTREQ [43] Ditto R
10 1S42 Interrupt Status 42 IRINTREQ [42] Ditto R
9 1S41 Interrupt Status 41 IRINTREQ [41] Ditto R
8 1S40 Interrupt Status 40 IRINTREQ [40] Ditto R
7 1S39 Interrupt Status 39 IRINTREQ [39] Ditto R
6 1S38 Interrupt Status 38 IRINTREQ [38] Ditto R
5 1S37 Interrupt Status 37 IRINTREQ [37] Ditto R
4 1S36 Interrupt Status 36 IRINTREQ [36] Ditto R
3 1S35 Interrupt Status 35 IRINTREQ [35] Ditto R
2 1S34 Interrupt Status 34 IRINTREQ [34] Ditto R
1 1S33 Interrupt Status 33 IRINTREQ [33] Ditto R
0 1S32 Interrupt Status 32 IRINTREQ [32] Ditto R
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8.4.12. Interrupt Current Status Register (IRCS) OxE8BS8
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED IF
I I I I I I I I I I I
R/O : Type
1 : Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved LVL Reserved CAUSE
I I I I I I I I I I I I
R/O R/O : Type
000 000000 : Default

Figure 8-15 Interrupt Current Status Register

Table 8-17 Interrupt Current Status Register

Bit Mnemonic Field Name Explanation R/W
31:17 — — Reserved —
16 IF Interrupt Flag Interrupt Flag (Default: 1) R

This bit indicates the interrupt generation status.

0: Interrupt requests have been generated.
1: Interrupt requests have not been generated

15:11 — — Reserved —
10:8 LVL Interrupt Level Interrupt Level (Default: 000) R
These bits specify the level of the interrupt request that was
reported to the TX49/H4 core.
[0] 000: Interrupt level O
[1] 001: Interrupt level 1
[2] 010: Interrupt level 2
[3] 011: Interrupt level 3
[4] 100: Interrupt level 4
[5] 101: Interrupt level 5
[6] 110: Interrupt level 6
[7] 111: Interrupt level 7
7:6 — — Reserved —
5:0 CAUSE Interrupt Cause Interrupt Cause (Default: 0x00) R

These bits specify the number of original interrupt cause
specified in the column "IRCS.CAUSE Bits" in Table 8-1 TX4939
Interrupt Sources.
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8.4.13. Interrupt Request Flag Register 0 (IRFLAGO) OxE900
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED
I I I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFo [ PFo | PFO | PFO | PFO | PFO | PFO | PFO | PFO | PFO | PFO | PFO | PFO | PFO | PFO | PFO
polfpalpglpafpylpglE [ @E | @ lE [ B l@le el
R/W : Type
0x0000 : Default

Figure 8-16 Interrupt Request Flag Register 0

Table 8-18 Interrupt Request Flag Register 0

Bit | Mnemonic | Field Name | Explanation
31:16 — — Reserved —
15:0 PFO [15:0] Flag 0 Interrupt Request Flag 0 [15:0] (Default: 0x0000) R/W

Changes made to this register are reflected in Flag Register 1
also since they are the same registers.
The bits in this field accept writes of both 1s and 0s.
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8.4.14. Interrupt Request Flag Register 1 (IRFLAG1) OxE908
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED
I I I I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFL | PFL | PF1 [ PFL | PFL | PFL | PF1 [ PF1 | PFL | PFL | PF1 [ PF1 | PF1 | PF1 | PF1 | PF1
[15] [ [14] | [13] | [12] [ (23] [ [10] | [9] | (8 [ [7 [ [6] | [5] | [4] [ (3] { [2] | [1] | [O]
R/W : Type
0x0000 : Default
Figure 8-17 Interrupt Request Flag Register 1
Table 8-19 Interrupt Request Flag Register 1
Bit Mnemonic Field Name Explanation R/W
31:16 — — Reserved —
15:0 PF1[15:0] Flag 1 Interrupt Request Flag 1 [15:0] (Default: 0x0000) R/W

Changes made to this register are reflected in Flag Register 0
also since they are the same registers.
Both “0” and “1” can be written to Flag Register 0.
Writes to Flag Register 1 operate as follows:
Write
From the TX49/H4 core
1: Set the flag bit
0: No change
From other devices (DMAC, PCIC)
1: Clear the flag bit
0: No change
Read: Read the flag bit

Rev. 3.1 November 1, 2005 8-23



TOSHIBA m g}{srem Toshiba RISC Processor

INTC RIS TX4939

8.4.15. Interrupt Request Polarity Control Register (IRPOL) OxE910

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

RESERVED
I I I I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FPC | FPC | FPC [ FPC [ FPC | FPC | FPC | FPC | FPC | FPC | FPC | FPC | FPC | FPC | FPC | FPC
[15] | [14] | [13] [ [12] | [21] | [10] | [o] | (8] | [7] | [6] | [S1 | [41 | (3] | [2] | [1] | [O]
R/W : Type
0x0000 : Default
Figure 8-18 Interrupt Requests Polarity Control Register
Table 8-20 Interrupt Requests Polarity Control Register
Bit | Mnemonic | Field Name | Explanation | RIW
31:16 — — Reserved —
15:0 FPC [15:0] Flag Polarity Flag Polarity Control [15:0] (Default: 0x0000) R/W
Control These bits specify the polarity of the flag bit that generated the

interrupt. An interrupt request is generated when the XOR of the
FPC bit and the flag bit is “1.”

Flag bit (PF) FPC bit Interrupt request
0 0 No
0 1 Yes
1 0 Yes
1 1 No
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8.4.16. Interrupt Request Control Register (IRRCNT) OxE918
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED
I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVED ODC | EXTPOL | INTPOL
I I I I I I I I
RW R/W R/W : Type
0 1 1 : Default
Figure 8-19 Interrupt Request Control Register
Table 8-21 Interrupt Request Control Register
Bit Mnemonic Field Name Explanation R/W
31:3 — — Reserved —
2 oDC External Interrupt | External Interrupt Open Drain Control (Default: 0) R/W
OD Control This bit specifies whether to make the external interrupt signal
(IRC[2]*) an open drain pin or not.
0: Open drain (reset)
1: Totem pole
1 EXTPOL External Interrupt | External Interrupt Polarity Control (Default: 1) R/W
Request Polarity | This bit specifies the polarity of external interrupt requests.
Control
0: Do not reverse polarity of interrupt requests.
1: Reverse polarity of interrupt requests
0 INTPOL Internal Interrupt | Internal Interrupt Polarity Control (Default: 1) R/W
Request Polarity | This bit specifies the polarity of internal interrupt requests.
Control
0: Do not reverse polarity of interrupt requests.
1: Reverse polarity of interrupt requests

Rev. 3.1 November 1, 2005

8-25




TOSHIBA m X Toshiba RISC Processor

System
INTC Risc TX4939

8.4.17. Interrupt Request Internal Interrupt Mask Register (IRMASKINT)

0xE920
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED
I I I I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT | MINT
[15] | [14) | [a3] [ [12) J[aa] ) [10] | [9] [ (8] | (7] | [6] { (50 | [4] | (3] | [2] [ [1] | [O]
R/W : Type
0x0000 : Default
Figure 8-20 Interrupt Request Internal Interrupt Mask Register
Table 8-22 Interrupt Request Internal Interrupt Mask Register
Bit Mnemonic Field Name Explanation R/W
31:16 — — Reserved —
15:0 MINT [15:0] Internal Request | Internal Interrupt Mask (Default: 0x0000) R/W
Mask These bits specify whether to use the corresponding flag bit as
an internal interrupt cause. Interrupt causes are masked when
this bit is “0.”
0: Mask (Reset)
1: Do not mask
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8.4.18. Interrupt Request External Interrupt Mask Register (IRMASKEXT)

OxE928
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED
I I I I I I I I I I I I I
: Type
: Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MEXT|MEXT|MEXT|MEXT|MEXT|MEXT|MEXT|[MEXT|MEXT|MEXT|MEXT|MEXT|MEXT|MEXT|MEXT|MEXT
[15] | [14) | [a3] [ [12) J[aa] ) [10] | [9] [ (8] | (7] | [6] { (50 | [4] | (3] | [2] [ [1] | [O]
R/W : Type
0x0000 : Default
Figure 8-21 Interrupt Request External Interrupt Mask Register
Table 8-23 Interrupt Request External Interrupt Mask Register
Bit Mnemonic Field Name Explanation R/W
31:16 — — Reserved —
15:0 MEXT [15:0] External Request | External Interrupt Mask (Default: 0x0000) R/W
Mask These bits specify whether to use the corresponding flag bit as
an external interrupt cause. Interrupt causes are masked when
this bit is “0.”
0: Mask (reset)
1: Do not mask
8.4.19. Interrupt Debug Register 0 (IRDBRO) OxE8D8
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR
[31] | [30] | [29] | [28] | [27] | [26] | [25] | [24] | [23] | [22] | [21] | [20] | [19] | [18] | [17] | [16]
R/W : Type
0x0000 : Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR
[15] | [14) | [a3] [ [12] J[aa] | [10] | [o] [ (8] | [7] | [6] { (5] | [4] | (3] | [2] [ [1] | [0]
R/W : Type
0x0000 : Default

Figure 8-22 Interrupt Debug Register 0

Table 8-24 Interrupt Debug Register 0

Mnemonic Field Name Explanation
31:0 DIR [31:0] Debug Interrupt Debug Interrupt Request 0 (Default: 0x00000000) R/W
Request These bits are for software debug purposed only. A ‘1’ on each

bit will cause the similar interrupt as in Table 8-1
0: No Interrupt

1: Interrupt

Note: DIR[0] and DIR[31] are not used
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8.4.20. Interrupt Debug Register 1 (IRDBR1) OxXE8EOQ

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR | DIR
[63] | [62] | [61] | [60] | [59] | [58] | [57] | [56] | [55] | [54] | [53] | [52] | [51] | [50] | [49] | [48]

R/W : Type
0x0000 : Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIR | DIR [ DIR|DIR|DIR|DIR|DR|DR|DIR|DR]|DIR]|DIR]|DIR]|DIR]|DIR | DR
[47) | [46] | [45] | [44] | [43] | [42] | [42] | [40] | [39] | [38] | [37] | [36] | [35] | [34] | [33] | [32]

R/W : Type
0x0000 . Default

Figure 8-23 Interrupt Debug Register 1

Table 8-25 Interrupt Debug Register 1

Mnemonic Field Name Explanation
31:0 DIR [63:32] Debug Interrupt Debug Interrupt Request 1(Default: 0x00000000) R/W
Request These bits are for software debug purposed only. A ‘1’ on each

bit will cause the similar interrupt as in Table 8-1

0: No Interrupt

1: Interrupt

Note: DIR[63:51], DIR[35], and DIR[32] are not used

8.4.21. Interrupt Debug Enable Register (IRDBEN) OxXESES8
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
L r e
: Type
: Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IRDB
EN
I I I I I I I I I I I I I I
R/W : Type
0 : Default

Figure 8-24 Interrupt Debug Enable Register

Table 8-26 Interrupt Debug Enable Register

Bit(s) Mnemonic Field Name Explanation

31:1 — — Reserved —

0 IRDBEN Interrupt Debug Interrupt Debug Enable (Default: 0) R/W
Enable Enables interrupt debug registers

0: Disable Interrupt debug registers
1: Enable Interrupt debug registers
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Chapter 9. External Bus Interface

9.1. Basic Structure

External Bus Interface supports NOR-Flash interface (as boot device), NAND-Flash control, and two kinds of ASIC I/O
interfaces. In terms of bus width, 8/16 bus width are available. Figure 9-1 shows typical configuration with 8/16-bit bus
mode.

9.1.1. External Bus Connection Diagram
Figure 9-1 below shows an example of NOR-Flash, NAND-Flash, and ASIC connectivity on the External bus.

TX4939 External Bus Port
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Figure 9-1 External Circuit for External Bus Interface for 8/16-bit mode.

Note: If ISA mode is enable then DMAREQ[2] and DMAACK([2] are dedicated for ISA interface.
Otherwise if ISA mode is not used then DMAREQ[2] and DMAACK]2] can be used for DMA transfer.
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9.2. External Bus Controller

9.2.1. External Bus Channel Control Registers

The External Bus Controller (EBC) has four (4) independent channels. Each channel has own Channel Control Register
(EBCCRn: n=0-3),that can be configured separately. Table 9-1 is the list of these registers. The channel O is dedicated for
boot device.

These control registers can be accessed either WORD or DWORD; however, EBCCRn.ME bit should be enabled at the last
timing of WORD access. Otherwise, undesirable memory access may happen.

Table 9-1 External Bus Control Registers

OFFSET BIT WIDTH REGISTER REGISTER NAME
ADDRESS SYMBOL

0x9000 64 EBCCRO E-Bus Channel Control Register 0 (Boot Device)
0x9008 64 EBCCR1 E-Bus Channel Control Register 1

0x9010 64 EBCCR2 E-Bus Channel Control Register 2

0x9018 64 EBCCR3 E-Bus Channel Control Register 3

0x9020 64 EBCCR4 E-Bus Channel Control Register 4 (Reserved)
0x9028 64 EBCCR5 E-Bus Channel Control Register 5 (Reserved)
0x9030 64 EBCCR6 E-Bus Channel Control Register 6 (Reserved)
0x9038 64 EBCCR7 E-Bus Channel Control Register 7 (Reserved)

9.2.2. Boot Up Options

Since EBCCRO is dedicated for boot device, EBCCRO is set enable as boot channel. (EBCCRO0.ME = 1'b1)

Table 9-2 Boot Configuration for Channel 0 (Subset of Table 4-1 Boot Configuration Details)

Signal Description Corresponding

Register Bit

NO PIN Selects the operation mode of the ACK*/READY signal. CCFG.ARMODE
ASSIGNED

1 = ACK*/READY Static mode

0 = ACK*/READY Dynamic mode (Default)
NO PIN Set the address hold time relative to the ACE* signal. CCFG.ACEHOLD
ASSIGNED

1 = Address changes 1 clock cycle after deassertion of the ACE* signal (Default)
SADBJ1] Specifies the function of the BE[1:0]*/BWE[1:0]* pins upon booting. CCFG_BESEL

1 = BWE[3:0]* (Byte Write Enable)

0 = BE[3:0]* (Byte Enable)
SADBJ2] Boot ACK* Input : Specifies the access mode for external bus controller channel 0. CCFG_ACKSEL

1 = Normal mode

0 = External ACK mode
SADBJ3] Boot ROM Bus Width. Specifies the data bus width when booting from a memory device | CCFG_ROMW
connected to the External bus controller.

SADB [3] Boot ROM Bus Width
0 16 bit
1 8 hit
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9.2.3. Address Mapping

Each of the four channels can use the Base Address field (EBCCRn.BA[35:20]) and the Channel Size field
(EBCCRN.CSJ[3:0]) of the External Bus Channel Control Register to map to any physical address.

A channel is selected when the following equation becomes True.
paddr[35:20] & IMask[35:20] == BA[35:20] & Mask[35:20]
In the above equation, paddr represents the accessed physical address, Mask[35:20] represents the address mask value

selected from Table 9-3 from the Channel Size field value, the ampersand (&) represents the AND operation, and the
exclamation mark (!) represents the Logical NOT for each bit.

Table 9-3 Address Mask

CS[3:0] | Channel Size Address Mask[35:20]
0000 1 MB 0000_0000_0000_0000
0001 2 MB 0000_0000_0000_0001
0010 4 MB 0000_0000_0000_0011
0011 8 MB 0000_0000_0000_0111
0100 16 MB 0000_0000_0000_1111
0101 32 MB 0000_0000_0001_1111
0110 64 MB 0000_0000_0011_1111
0111 128 MB 0000_0000_0111_1111
1000 256 MB 0000_0000_1111 1111
1001 512 MB 0000_0001_1111_1111
1010 Reserved Reserved
1011 Reserved Reserved
1100 Reserved Reserved
1101 Reserved Reserved
1110 Reserved Reserved
0111 Reserved Reserved
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9.2.4. External Address Output

SA [5:0] is dedicated address signal. The middle address will be provided through SADB [15:0].

External device latches the middle sixteen address bits and the upper six address bits by using the ACE* signal. Either the
ACE?* signal itself can be used as a Latch Enable signal or the upper and middle address can be latched at the rise of
SYSCLK when the ACE* signal is being asserted.

The ADDR signal output is held for one clock cycle after the ACE* signal rise when the CCFG.ACEHOLD bit is set (default).
The ADDR signal output is not held when the CCFG.ACEHOLD bit is cleared. This hold time setting is applied globally to all
channels.

The ACE* signal of the upper address is always asserted for starting of every transaction. When there is a burst transfer,
ACE?* signal is only asserted for the first cycle.

9.2.5. Address Bit Corresponding in the 16-bit Mode

In case of 16-bit data bus width mode, 512 MB memory space (229) is accessible. Table 9-4 shows this corresponding.

Table 9-4 Address Bit Correspondin in the 16-bit Mode

Latched SADB Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Middle Address 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7
Latched SA Bit 5 4 3 2 1 0 Non-latched SA 5) 4 3 2 1 0
Upper Address 28 | 27 | 26 | 25 | 24 | 23 Lower Address 6 5 4 3 2 1

Note: Address is expressed by BYTE ADDRESS
When a Single cycle that accesses 1-Byte or 1 half-word data is executed, 16-bit access is executed only once on the
external bus. 16-bit access is executed twice when performing 1-word access. 16-bit access is executed four times when

performing 1-double-word access. When a Burst cycle is executed, four 16-bit cycles are executed for each Burst access
when the Bus cycle tries to request a byte combination other than double-word data.

9.2.6. Address Bit Corresponding in the 8-bit Mode

In case of 8-bit data bus width mode, 256 MB memory space (228) is accessible. Table 9-5 shows this corresponding.

Table 9-5 Address Bit Correspondin in the 8-bit Mode

Latched SADB 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Middle Address 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6

Latched SA 5 4 3 2 1 0 Non-latched SA 5 4 3 2 1 0
Upper Address 27 | 26 | 25 | 24 | 23 | 22 Lower Address 5 4 3 2 1 0

Note: Address is expressed by BYTE ADDRESS

When a Single cycle that accesses 1-Byte data is executed, 8-bit access is executed only once on the external bus. 8-bit
access is executed twice when performing 1-half-word access. 8-bit access is executed four times when performing 1-word
access. 8-hit access is executed eight times when performing 1-double-word access. When a Burst cycle is executed, eight
8-bit cycles are executed for each Burst access when the Bus cycle tries to request a byte combination other than
double-word data.
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9.2.7. Access Mode

The following four modes are available as controller access modes.
These modes can be set separately for each channel.

4 Normal mode

4 Page mode

€ External ACK mode
€ Ready mode

Depending on the combination of modes in each channel, either of two modes in which the ACK*/Ready signal operates
differently (ACK*/Ready Dynamic mode, ACK*/Ready Static mode) is selected by the ACK*/Ready Mode bit
(CCFG.ARMODE) of the Chip Configuration Register. The mode selected is applied globally to all channels.

Q) ACK*/READY Dynamic mode (CCFG.ARMODE = 0)
This mode is selected in the initial state.

The ACK*/Ready signal automatically switches to either input or output according to the setting of each

channel. When in the Normal mode or the Page mode, the ACK*/Ready signal is an output signal, and the
internally generated ACK* signal is output. When in the External ACK* or Ready mode, the ACK*/Ready
signal becomes an input signal. The ACK*/Ready signal outputs High if there is no access to the External
Bus Controller. However, this signal may output Low during access to SDRAM.

2) ACK*/Ready Static mode (CCFG.ARMODE = 0)

The internally generated ACK* signal is not output when in either the Normal mode or Page mode.
Therefore, the ACK*/Ready signal will not become an output in any channel.

Access using Burst transfer by the internal bus (G-Bus) is supported when in a mode other than the Ready mode. However,

the Ready mode is not supported.

RDY

Table 9-6 Operation Mode
ACK*/READY

PWT:WT

Mode

Pin State

Access End
Timing State

G-Bus Burst
Access

ACK*/Ready Normal Output Internally N
Dynamic Mode Generated ACK*
af External ACK* Input ACK* Input v
1 — READY Input Ready Input —
10 0 — Page Output Internally N
Generated ACK*
1 — Reserved — — _
ACK*/Ready 0 0 13f Normal Hi-Z Internally N
Static Mode Generated ACK*
3f External ACK* Input ACK* Input N
1 — READY Input Ready Input —
10 0 — Page Hi-Z Internally N
Generated ACK*
1 — Reserved — — —
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9.2.7.1. Normal Mode

When in this mode, the ACK*/Ready signal becomes an ACK* output when it is in the ACK*/Ready Dynamic mode. The
ACK*/Ready signal becomes High-Z when it is in the ACK*/Ready Static mode.

Wait cycles are inserted according to the EBCCRn.PWT and EBCCRn.WT value at the access cycle. The Wait cycle count
is 0 to 0x3e (becomes the external ACK mode when set to EBCCRN.PWT: WT = 0x3f).

Normal Mode (ACEHOLD=0)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

S AYAYAY AV AWAWAWAVAWAVAWAWAWAWAWAWAWAWAWRAWAY
\/

ﬁ

ACE*

CE*

SA[5:0]

AD [28:6] X

OE*

SWE*BWE*
0 1 2 3

EBCCRN.PWT:WT=3
ACK*READY 7 7
\

output
Rev 2.13
Figure 9-2 Normal Mode (ACEHOLD=0)

|
SADB [15:0] X

9.2.7.2. External ACK Mode

When in this mode, the ACK*/READY pin becomes ACK* input, and the cycle is ended by the ACK* signal from an external
device. ACK* input is internally synchronized. Refer to Section "7.3.7.4 ACK* Input Timing" for more information regarding

timing.

External ACK Mode (ACEHOLD=0)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

S N AYAYAYAWAWAWAWAWAVAVAVAVAWAWAWAWAWAWAWRWAN
A
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ﬁ

CE*

SA[5:0] \_

AD [28:6] X
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SWE*/BWE*

SADB [15:0] X X

ACK*READY
input EBCCRN.SHWT=0
| | | | Rev 2.13

-

~_
—
~—

Figure 9-3 External ACK Mode (ACEHOLD=0)

Rev. 3.1 November 1, 2005 9-6




TOSHIBA m X Toshiba RISC Processor

System
EBC RisC TX4939

9.2.7.3. Ready Mode

When in this mode, the ACK*/Ready pin becomes Ready input, and the cycle is ended by Ready input from an external
device. Ready input is internally synchronized. Refer to Section “9.2.8.5 Ready Input Timing” for more information
regarding timing.

When the Wait cycle count specified by EBCCRn.PWT:WT elapses, a check is performed to see whether the Ready signal
was asserted. Since EBCCRn.WTJ[0] is used to indicate the ACK*/ Ready Static/Dynamic mode, it is not used for setting the
Wait cycle count. Therefore, the Wait cycle count that can be set by the Ready mode is 0, 2, 4, 6 ... 62. The Ready mode
does not support Burst access by the internal bus.

Ready Mode (ACEHOLD=0)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
ACE* [ [
CE*
SA[5:0] _
AD [28:6]
OE*
SWE*BWE*
0 1 2 ‘ 0 1 2
SADB [15:0] _ X | | X
EBCCRN.PWT:WT=2 EBCCRN.PWT:WT=2
ACK*/READY ; 7
input

Figure 9-4 Ready Mode (ACEHOLD=0)
9.2.7.4. Page Mode

When in this mode, the ACK*/Ready pin becomes ACK* output when it is in the Dynamic mode. When it is in the
ACK*/Ready Static mode, the ACK*/Ready signal becomes HiZ. Wait cycles are inserted into the access cycle according
to the values of EBCCRN.PWT and EBCCRN.WT. The Wait cycle count in the first access cycle of Single access or Burst
access is determined by the EBCCRn.WT value. The Wait cycle count can be set from 0 to 15. The Wait cycle count of
subsequent Burst cycles is determined by the EBCCRn.PWT value. The Wait cycle count can be set from 0 to 3.

Page Mode (ACEHOLD=0)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SN AVAWAWAWAWAWAWAWARAWAVAWARAVAWAWAWAWAWAWAY

ACE*

CE*

SA [5:0] |

AD [21:6] |

OE*

|\

SWE*BWE*

SADB [15:0]

EBCCRn.WT=2 EBCCRn. PWT=1 EBCCRn. PWT=1 | EBCCRn. PWT=1
ACK*/READY I I I \ I

\ \ \

output
Figure 9-5 Page Mode (ACEHOLD=0)
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9.2.8. Access Timing

9.2.8.1. SHWT Option

The SHWT option is selected when the SHWT (Setup/Hold Wait Time) field of the Channel Control Register is a value other
than “0.” This option inserts a Setup cycle and a Hold cycle between the current signal and the next signal.

Setup cycle: CE* from ADDR, OE* from CE*, BWE* from CE*, SWE* from CE*.
Hold cycle: ADDR from CE*, CE* from OE*, CE* from BWE*, CE* from SWE*

This option is used for 1/0 devices that are generally slow. All Setup cycles and Hold cycles will be identical, so each cycle
cannot be set individually. The SHWT mode cannot be used by the Page mode. The SHWT mode can be used by all other
modes, but there is one restriction: the internal bus cannot use Burst access.

The hold cycles of SADB relative to SWE* and BWE* are fixed at one clock cycle, regardless of setting of the SHWT option.
When the SHWT option is disabled, the setup cycles of SWE* and BWE* relative to CE*, and the hold cycles of SWE*and
BWE?* relative to CE* are one clock cycle.

SHWT Disable (Normal Mode, Single Read/Write Cycle, ACEHOLD=0)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
e AW A AVAYAYAVAVANAVAVAYAVAYAUAVAYAWAWAWAWAY
ACE* J/
CE* /
SA[5:0] X X | X
AD [28:6] )
OE* [
SWE*/BWE* _/
SADB [15:0] ) S ) ) ) X
EBCCRN.PWT:WT=0
EBCCRN.SHWT=0
ACK*/READY N —
output - —J
[Rev2is]

Figure 9-6 SWHT Disable (Normal Mode, Single Read/Write Cycle)
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SHWT 1 Wait (Normal Mode, Single Read/Write Cycle, ACEHOLD=0)
0 1 2 [ 3] 4 5 6 7 8 9 10 ] 11 ] 12 13|14 |15 16| 17 | 18 | 19
READ CYCLE WRITE CYCLE
ACE* A
CE* [ ]
SA[5:0] L C X X
AD [28:6] X
OF* u I
SWE*BWE* [
SADB [15:0] X X M X
EBCCRN.PWT:WT=0
EBCCRN.SHWT=1
ACK*READY \ T \ r
output — -

Figure 9-7 SHWT 1 Wait (Normal Mode, Single Read/Write Cycle)
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9.2.8.2. ACK*/READY Input/Output Switching Timing

When in the ACK*/Ready Static mode, the ACK*/Ready signal is always an input signal. When in the ACK*/Ready Dynamic
mode, the ACK*/Ready signal is an input signal when in the External ACK mode or the Ready mode, but is an output signal
in all other modes.

During External ACK mode or Ready mode access, the ACK* signal becomes High-Z at the cycle where the CE* signal is

asserted. At the end of the access cycle, the ACK* signal is output (driven) again one clock cycle after the CE* signal is
de-asserted.

9.2.8.3. ACK* Output Timing (Normal Mode, Page Mode)

When in the Normal mode and Page mode of the ACK*/Ready Dynamic mode, the ACK* sighal becomes an output signal
and is asserted for one clock cycle to send notification to the external device of the data Read and data Write timing.

During the Read cycle, the data is latched at the rise of the next clock cycle after when the ACK* signal is asserted.

During the Write cycle, SWE*/BWE?® is deasserted at the next clock cycle after when the ACK* signal is deasserted, and the
data is held for one more clock cycle after that.

ACK* Output Timing (Normal Mode, Page Mode )
0 1 2 [ 3] a5 6 7 8 9 [ 10 | 11 [ 12 ‘ 13 ‘ 14 ‘ 15 ‘ 16 | 17 | 18 | 19
Single Read Cycle Single Write Cycle
N AW AVAYAVAYAVAYAVAYAVAYAVAYAVAYAVAWAWAWAWAY
ACE* | \__/
CE* \ / \ /
SA[5:0] X X X )
AD [28:6] X
OE* \ /
0 1 2
SWE*/BWE* 1 \ /
SADB [15:0] X X X X
EBCCRN.PWT:WT=2 EBCCRN.PWT:WT=2
EBCCRN.SHWT=0 EBCCRN.SHWT=0
ACK*/READY \ T \ T
output \— —
€1 P2 clock [Fevois]

Figure 9-8 ACK* Output Timing (Single Read/Write Cycle)
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9.2.8.4. ACK* Input Timing (External ACK Mode)

The ACK* signal becomes an input signal when in the external ACK mode.

During a Read cycle, data is latched two clock cycles after assertion of the ACK* signal is acknowledged (). During a Write
cycle, assertion of the ACK* signal is acknowledged, SWE*/BWE?* is deasserted three clock cycles later, then data is held
for one clock cycle after that ().

The ACK* input signal is internally synchronized. Due to internal State Machine restrictions, ACK* cannot be acknowledged
consecutively on consecutive clock cycles. External devices can assert ACK* across multiple clock cycles under the
following conditions.

During Single access, the ACK* signal can be asserted before the end of the cycle during which CE* is dasserted.

During Burst access, it is possible to assert the ACK* signal for up to three clock cycles during Reads and for up to five clock
cycles during Writes. If the ACK* signal is asserted for a period longer than this, it will be acknowledged as the next valid
ACK?* signal.

ACK* Input Timing (Normal Mode, Page Mode )

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Single Read Cycle Single Write Cycle
ACE* | _/
CE* \ / \ /
SA [5:0] C X X X
AD [28:6] X
OE* \ EBCCRN.SHWT=0
SWE*/BWE* EBCCRN.SHWT=0 \ [
SADB [15:0] X X X X
4} q clock »
Acknowledge ACK* Acknowledge ACK*
Latch Data
ACK*/READY ——— - N -

input
ﬂ 2 clocks ’ P 4 clocks q m

Figure 9-9 ACK* Input Timing (Single Read/Write Cycle)
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ACK* Input Timing (Burst Read Cycle)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
e WA AVAWAYAVAWAYAVAVAYAVAYARAVAYAWAWAWAWAY
ACE* |
CE* \
SA [5:0] X X X X X X
AD [28:6]
OE* \ /
SWE/BWE EBCCRN.SHWT=0
swos s | 27N NN — X — X N YO — Y70 Y.
Acknowledge ACK* Latch Data Acknowledge ACK* Latch Data Acknowledge ACK* Latch Data
ACK*/READY \ 7 \ T \ T \ T \ T \ T \ —
input | — | — | — | — | — | —
ﬂ 2 clocks M ﬂ 2 clocks M ﬂ 2 clocks ” [m
Figure 9-10 ACK* Input Timing (Burst Reade Cycle)
ACK?* Input Timing (Burst Write Cycle)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
e WA AVAWAYAVAWAYAVAVAYAVAYARAVAYAWAWAWAWAY
ACE* |
CE* \
SA[5:0] C X X C
AD [28:6]
OE*
SWE*/BWE* \ / \ / \ /
sADB [15:0] | X X X _
E 3 clocks % u 3 clocks % u 3 clocks %
4 clocks 4 clocks 4 clocks
ACK*/READY \ — ] \ — ] \ — ] \ i
input \ — 1 | W A— 1 | W A ! -
4 Acknowledge ACK* 4 Acknowledge ACK* 4 Acknowledge ACK* [Reveis]

Figure 9-11 ACK* Input Timing (Burst Write Cycle)
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9.2.8.5. Ready Input Timing

The ACK*/Ready pin is used as a Ready input when in the Ready mode. The Ready input timing is the same as the ACK*
input timing explained in 9.2.8.4 ACK* Input Timing (External ACK Mode) with the two following exceptions.

Ready must be a High Active signal.
When in the Ready mode, the Wait cycle count specified by EBCCRn.PWT:WT must be inserted in order to delay the
Ready signal check (see 9.2.7.3 Ready Mode).

Ready Input Timing (Read Cycle)
SYSCLK '_\JF\JF\JF\JF\JF\JF\JF\S&IF\JF\JF\JF\JF\JF\JF\JF\JF\JF\JF\JM
ACE* »
1
CE* \ /) \ /
sa (50| 2 N 7777
AD [21:6] \\
oer| T\ T § /
SWE*/BWE* 33
SADB [15:0] w ) W
2 clocks * Latch Data Start Ready Check 2 clocks * Latch Data
ACK*READY —% \ ((\ . / \.
input Acli(nowle‘dge Ready v Acknowledge Ready [Revoiz |

Figure 9-12 Ready Input Timing (Read Cycle)

Ready Input Timing (Write Cycle)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
ACE* SS
CE* \ /) ]\ /
sa [5:0) | 2 X2 7
AD [21:6] §
OE* §
SWE*/BWE* \ = 33 \ s ] B B
snos (151 7Z2ZN XA 7.
. Aelgels » Start Ready Check ‘ A clocks »
ACK*/READY T \ (( T
input / )) A\ /
Start Ready Check / Acknowledge Ready Ac!(nowlegge A(T'K* [Rev212 |

Figure 9-13 Ready Input Timing (Write Cycle)
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9.2.9. Clock Options

External devices connected to the external bus can use the SYSCLK signal as the clock. The SYSCLK signal clock
frequency can be set to one of the following divisions of the internal bus clock (GBUSCLK): 1/3, 1/4, 1/5, 1/6. The SA[4:3]
signal are used to set this frequency during reset, and the setting is reflected in the SYSCLK Division Ratio field
(CCFG.SYSSP) of the Chip Configuration Register.

The operation reference clock frequency can be set to one of the following divisions of the internal bus clock (GBUSCLK)
for each channel independent of the SYSCLK signal clock frequency: 1/3, 1/4, 1/5, 1/6. The external signal of the External
Bus Controller operates synchronous to this operation clock. The Bus Speed field (EBCCRN.SP) of the External Bus
Channel Control Register sets this frequency.

Please set the same value as CCFG.SYSSP to EBCCRN.SP when the external device uses the SYSCLK signal. If these
two values do not match, then the channel, the operation reference clock, and the SYSCLK signal will no longer be
synchronous and will not operate properly.

9.2.10. ISA Mode (16-bit only)

TX4939 supports ISA 1/O space access. Since the pins used in ISA mode are multiplexed pins, select ISA before use of
these pins.

9.2.10.1. Address space

In the channel set to EBCCRnN.ISA=1, 64 Kbyte from the start address of the channel is used for the ISA I/O space. (Refer
to Figure 9-14). When access to the ISA I/O space is performed, IOR* and IOW* control signals are valid, and OE* and
SWE* are invalid. Other control signals are usable, that is the same as the case other than the ISA mode.

Channel End Address

Normal Channel Space

~ 0x010000

ISA-16 Space ISA Space
64 Kbyte

-~ 0x000000 Channel Start Address
Offset Address

[Rev2is

Figure 9-14 Physical Address Mapping of the ISA Spaces
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9.3. Register Detall

Table 9-7 External Bus Controller (EBUSC) Registers

Offset Address ‘ Bit Width ‘ IRegister Symbol Register Name
0x9000 64 EBCCRO E-Bus Channel Control Register 0
0x9008 64 EBCCR1 E-Bus Channel Control Register 1
0x9010 64 EBCCR2 E-Bus Channel Control Register 2
0x9018 64 EBCCR3 E-Bus Channel Control Register 3
0x9020 64 EBCCR4 Reserved
0x9028 64 EBCCR5 Reserved
0x9030 64 EBCCR6 Reserved
0x9038 64 EBCCR?7 Reserved

9.3.1. External Bus Channel Control Register (EBCCRN)

Channel 0 can be used as Boot memory. Therefore, the default is set by the Boot signal. Channels 1 - 3 have the same
register configuration as Channel 0, but they have different defaults than Channel 0.

When the EBCCRn is programmed using a sequence of 32-hit store instructions, the base address in the high-order 32-bit
portion of the register must be written first, followed by the Master Enable bit in the low-order 32-bit portion.

63 48
BA[35:20]
| I I I I I | I I
R/W ‘Type
0x01FC/0x0000 : Initial
value
47 32
Reserved
I I I I I I I I I
: Type
: Initial
value
31 23 22 21 20 19 18 17 16
| | Reserved | | | ISA BSz PlM PV|VT
R/W R/W R/W R/W : Type
SADB : Initial
0 [3]/0 0 0 11/00 valua
15 12 11 8 7 6 5 4 3 2 0
| V\iT | C|S | BC RDY SIP ME SHWT
RIW RIW RW  R/W RIW RIW RIW : Type
111(-SADBI[2))/0000 0 170 o SAPB 5 saugo w0 o o o N
[1]/0 ’ value

Only in the case of Channel 0 are fields with different defaults in the “Channel 0/Other channel” state. SADBJ[ ] represents
the corresponding Data[ ] signal value when the RESET* signal is de-asserted. SA[ ] represents the corresponding ADDR[ ]
signal value when the RESET* signal is de-asserted.
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Mnemonic
BA[35:20]

Bit
63:48

Table 9-8 External Bus Channel Control Register

Field Name
Base Address

Description

External Bus Control Base Address (Default: 0x01FC/0x0000)

A physical address is used to specify the base address. The upper 16
bits [35:20] of the physical address are compared to the value of this
field.

R/W
R/W

47:23

Reserved

22 ISA

ISA Mode

ISA Mode Set (Default: 0)
Specifies the ISA-16 Mode.
0: ISA Mode Disable

1: ISA Mode Enable

R/W

47:21

Reserved

20 BSZ

Bus Width

External Bus Control Bus Size (Default: SADB[3]/0)
Specifies the memory bus width.

0: 16-bit width

1: 8-bit width

Note: SADB[3] is set to Channel 0 as the default.

R/W

19:18 |PM

Page Mode
Page Size

External Bus Control Page Mode Page Size (Default: 00)
Specifies the Page mode (Page mode memory support) use and
page size.

00: Normal mode

01: 4-page mode

10: 8-page mode

11: 16-page mode

R/W

17:16  |PWT

Page Mode Wait

time

External Bus Control Page Mode Wait Time (Channel 0=2'b11 / 00)
Specifies the wait cycle count during Burst access when in the Page
mode.

00: 0 wait cycles  10: 2 wait cycles

01: 1 wait cycle 11: 3 wait cycles

Specifies a wait cycle count from 0 to 62 that matches WT when in the
Normal mode or Ready mode. (See the WT item.)

R/W

15:12 |WT

Normal Mode Wait
Time

External Bus Control Normal Mode Wait Time

(Default: [111 (~SADBJ[2]])/[0000])

Specifies the wait cycle count in the first cycle of a Single Cycle or
Burst access.

Specifies the following wait cycle count when in the Page mode.
0000: 0 wait cycles 0100: 4 wait cycles

1000: 8 wait cycles  1100: 12 wait cycles

0001: 1 wait cycle  0101: 5 wait cycles

1001: 9 wait cycles 1101: 13 wait cycles

0010: 2 wait cycles 0110: 6 wait cycles

1010: 10 wait cycles 1110: 14 wait cycles

0011: 3 wait cycles 0111: 7 wait cycles

1011: 11 wait cycles 1111: 15 wait cycles

Specifies a wait cycle count from 0 to 62 that matches PWT when in a
mode other than the Page mode.

PWTI[1:0]: WT[3:0]

000000: 0 wait cycles

000001: 1 wait cycles

000011: 3 wait cycles

001110: 14 wait cycles
001111: 15 wait cycles

011110: 30 wait cycles

011111: 31 wait cycles

111111: External ACK mode

Note 1: Value that is the reverse of SA[2] is set to the LSB of Channel
0 as the default.

Note 2: If PWT:WT is set to 0x3f when PM = 00 and RDY = 0, the
external bus enters the ACK* Input mode (External ACK mode)
without the wait cycle count for the ACK* output being the maximum
value.

Note 3: WT[O] is used to select Dynamic/Static ACK*/Ready mode
when in the Ready mode. Therefore, the Wait cycle count is an even
number.

Note 4: Set the WT wait cycle count to a value greater than the PWT
Wait cycle count when in the Page mode.

R/W

Rev. 3.1 November 1, 2005
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Bit
11:8

Mnemonic
CS

Table 9-8 External Bus Channel Control Register

Field Name
Channel Size

Description

External Bus Control Channel Size (Default: 0010/0000)

Specifies the channel memory size.

0000: 1 MB

0001: 2 MB

0010: 4 MB

0011: 8 MB

0100: 16 MB

0101: 32 MB

0110: 64 MB

0111: 128 MB

1000: 256 MB

1001: 512 MB

1010 — 1111: Reserved

* The channel memory size can be set up to 512 MB when
the memory bus width is 16 bits, or up to 256 MB when the memory
bus width is 8 bits. No size larger than this can be set.

R/W
R/W

BC

Byte Control

External Bus Byte Control (Default:SADB[1]/0)

Specifies whether to use the BWE*[1:0] signal as an asserted Byte
Write Enable signal (BWE*[1:0]) only during a Write cycle, or to use it
as an asserted Byte Enable signal (BE*[1:0]) that is asserted during
both Read and Write cycles.

0: Byte Enable (BE *[1:0])

1: Byte Write Enable (BWE*[1:0])

Note: SADBJ1] is set to Channel O as the default.

R/W

RDY

Ready Input Mode

External Bus Control Ready Input Mode (Default: 0)

Specifies whether to use the Ready mode.

0: Disable the Ready mode.

1: Enable the Ready mode.

Note: The Ready mode cannot be used when the Page mode is
selected.

R/W

5:4

SP

BOOTSP

External Bus Control Bus Speed (Default: SA[4:3] / 00)
Specifies the External Bus speed.

00: 1/4 speed (1/4 of the GBUSCLK frequency)

01: 1/3 speed (1/3 of the GBUSCLK frequency)

10: 1/5 speed (1/5 of the GBUSCLK frequency)

11: 1/6 speed (1/6 of the GBUSCLK frequency)

R/W

ME

Master Enable

External Bus Control Master Enable (Default: 1 / 0)
Enables a channel.

0: Disable channel

1: Enable channel

Note: set to 1 for Channel 0 as the default.

R/W

2:0

SHWT

Set Up/Hold Wait
Time

External Bus Control Setup/Hold Wait Time (Default: 000)
Specifies the wait count when switching between the Address and
Chip Enable signal, or the Chip Enable Signal and Write
Enable/Output Enable signal.
* 000: Disable 100: 4 wait cycles

001: 1wait cycle 101: 5 wait cycles

010: 2 wait cycles 110: 6 wait cycles

011: 3 wait cycles 111: 7 wait cycles
* Set this bit field to “0” when using it in the Page mode or
when performing Burst access.

R/W

Rev. 3.1 November 1, 2005
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9.4. Timing Diagrams

Please take the following points into account when referring to the timing diagrams.

The clock frequency of the SYSCLK signal can be set to one of the following divisions of the internal bus clock (GBUSCLK):
1/3, 1/4, 1/5, or 1/6. Also, the operating reference clock frequency can be set to one of the following divisions of the internal
bus clock (GBUSCLK) for each channel: 1/3, 1/4, 1/5, or 1/6. (See 9.2.9.) The timing diagrams indicate the SYSCLK signal
clock frequency and channel operating reference clock frequency as being equivalent.

Both the BWE* signal and BE* signal are indicated in all timing diagrams. The setting of the Channel Control Register
(EBCCRn) determines whether the BWE* pin will function as BWE* or BE*.

All Burst cycles in the timing diagrams illustrate examples in which the address increases by increments of 1 starting from
0. However, cases where the CWF (Critical Word First) function of the TX49 core was used or the decrement burst function
performed by the DMA Controller was used are exceptions.
The timing diagrams display each clock cycle currently being accessed using the symbols described in the following table.

SWn Normal Wait Cycles

PWn Page Wait Cycles

ASn Set-up Time from SHWT Address Validation to CE Fall

CSn Set-up Time from SHWT CE Fall to OE/SWE Fall

AHnN Hold Time from SHWT CE Rise to Address Change

CHn Hold Time from SHWT OE/SWE Rise to CE Rise

ESn Synch Cycles of the External Input Signal

ACEn Address Clock Enable Cycles

Sn Other Cycles

Shaded areas in the diagrams are undefined values.
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9.4.1. ACE* Signal
ACE* Signal (CCFG.ACEHOLD=1,PWT:WT=0, SHWT=0, Normal)
0 ACE1 | ACE2 S1 S2 S3 6 7 8 ACE1 | ACE2 S1 S2 S3 14 15 16 17 18 19 ‘
SYSCLK |M\_/ /SN N\ UL
cEr \ ) \ /
L X —§ X X X
AD [21:6] X \\ X
ACE* \__/ ) __/
OE* \ / '»
SWE* § _/
BWE* F F\\ X o X F
SADB [15:0] X ) S S \\ X X
ACK*READY \ T (¥ \ T
OUTPUT —J )] —J
Rev 2.12 |
Figure 9-15 ACE* Signhal (CCFG.ACEHOLD=1, PWT: WT=0, SHWT=0, Normal)
ACE* Signal (CCFG.ACEHOLD=0, PWT: WT=0, SHWT=0, Normal)
0 1 ACE S1 S2 S8 6 7 8 9 ACE S1 S2 S3 14 15 16 17 18 19 ‘
SYSCLK |M\_/\ /SN N\ L
cEr \ ) \ /
AL —— —§ XX X
AD [21:6] N ) X
ACE* U/ ) v/
OE* \ / '»
SWE* § /
BWE* F F\\ X o X F
SADB [15:0] () S )y § H—X X
ACK*READY v G v
OUTPUT e ) -
Rev 2.12 |

Figure 9-16 ACE* Signal (CCFG.ACEHOLD=0, PWT: WT=0, SHWT=0, Normal)
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9.4.2. Normal Mode Access (Single, 16-bit bus)

Double-Word Single Write (PWT:WT=0, SHWT=0, Normal, 16-bit Bus)
o ] 1] 2 ]st|s2 | s3[ 6 [st][s2]ss[10] st | s2] s34 st |s2]s3[18]10]
SySClkiM /M /S S\ ST\ S S S S S S SL
CE* \ N\ N\ N\ [
SA [5:0] | ) 0 X 1 X 2 X 3 R
AD [21:6]
ACE*
OE*
SWE* / / / /
BWE* F XX F X_cIX F XX F Xc X F
| | |
BE* F X ‘c‘ X=X ‘c‘ X=X ‘c‘ X ‘c‘ X F
SADB [15:0] m data X data X data X data W
ACK*/READY \ T \ Ji \ T \ T
OUTPUT | — |- | — | —
[Revaiz |

Figure 9-17 Double-word Single Write (PWT: WT=0, SHWT=0, Normal, 16-bit Bus)

Double-Word Single Read (PWT:WT=0, SHWT=0, Normal, 16-bit Bus)
0 1 2 S1 S2 5 S1 S2 8 S1 S2 11 S1 S2 S3 15 16 17 18 19 ‘
SYSCKIM M\ S\ S\ S\ S\ S\ S\ S\ S\
CE* _ N\ N\ N\ /
SA [5:0] | o X 1 X 2 X 3 e
AD [21:6]
ACE*
OE* \ N\ N\ N\ /
SWE*
BWE* F E =
\ \ \ \ \ \ \ \ \ \
BE* F X c DFX__c FX_c FIKX c X F F
SADB [15:0] W)——%D—%D—%D——W
ACK*/READY oy oy T T
OUTPUT \ / \ / \ / \ /
[Revaiz |

Figure 9-18 Double-word Single Read (PWT: WT=0, SHWT=0, Normal, 16-bit Bus)
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Half-Word Single Write (PWT:WT=0, SHWT=0, Normal, 16-bit Bus)
0 1 2 S1 S2 S3 6 7 8 9 10 11 12 13 14 15 16 17 18 19
SYSCLKIM M\ S\ S\ S\ S\ S\ S\
CE* \
SA 50 | - R s
AD [21:6]
ACE*
OE*
SWE* _/
BWE* F X_c X F F
BE* \ - \ Y - Y \ \ - \ \ \ \ \ \F \ \ \ \F
SADB [15:0] m R s
ACK*READY \ T
OUTPUT rJ

Figure 9-19 Half-word Single Write/Read (PWT: WT=0, SHWT=0, Normal, 16-bit Bus)

Half-Word Single Write (PWT:WT=0, SHWT=0, Normal, 16-bit Bus)

0 1 2 SL | s2 | s3 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
SYSCKIMM\ S\ S SIS\ S\ S\
CE* \_
SA [5:0] |2 - R
AD [21:6]
ACE*
OE* \ /
SWE*
BWE* F F F
BE* | . | Y \ c‘ Y | | - | | | | | \F | | | | -

SADB [15:0] W@C e

ACK*/READY
OUTPUT

L
~

[Rev 212 |

Figure 9-20 Half-word Single Read (PWT: WT=0, SHWT=0, Normal, 16-bit Bus)
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9.4.3. Normal Mode Access (Burst, 16-bit Bus)

4-Word Burst Read (PWT:WT=0, SHWT=0, Normal, 16-bit Bus)
0 1 [ st [ s2] st [ s2 | st |s2 st s2|st|s2|st[s2]st]s2]st]s2] s3] o]
SYSCKIM M\ /S S\ S\ S S S ST\ ST\
CE* \ /
SA [5:0] | ) o X ) G ) ) ) G- ) G X 7
AD [21:6]
ACE*
OE* \ —
SWE*
BWE* F B =
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
BE* F X C X F
SADB [15:0] m @ @( @ @( @ @ @ i
ACK*/READY \ I \ I \ I \ T \ T \ I \ I \ I
OUTPUT \ / \ / \ / \ / \ / \ / \ / \ /
[Revaiz |

Figure 9-21 4-word Burst Read (PWT: WT=0, SHWT=0, Normal, 16-bit Bus)

4-Word Burst Read (PWT:WT=0, SHWT=0, Normal, 16-bit Bus)
0 [ st |s2[s3[s1]s2]sa|st | oN[ss[st]s2]ss|st]s2]s3[st]se]ss] 19]
SYSCLK mmmmmmmmﬂbmmmmmmmmmmm
CE* \ “ '
SA[5:0] | ZZ22) o X I Xz =X 5 X G X 7 G
AD [21:6] it
ACE* “
OE* “
SWE* _/ (N |/ J J J
BWE* F XCX‘F XCX‘F th:x F X c X F X_c X F X _c X F
BE* [TF 1Y ‘ ‘ ‘c ‘ \\ C X F
SADB [15:0] At data 0 X data 1 data 2 “)_data4 X data 5 X data 6 X data 7 R
ACK*/READY \ T \ i \ t \ T \ T \ i
OUTPUT \ I \ / \ / n \ I \ I \ /
Rev 2.12 |

Figure 9-22 4-word Burst Write (PWT: WT=0, SHWT=0, Normal, 16-bit Bus)
(For 1/3 clock speed — SP=01, SADB setup time to assertion of SWE is %2 SYSCLK)
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9.4.4. Normal Mode Access (Single, 8-bit Bus)

Double-Word Single Write (PWT:WT=0, SHWT=0, Normal, 16-bit Bus)
0 S1 S2 S3 4 S1 S2 S3 ‘1 S2 S3 11 S1 S2 S3 15 S1 S2 S3 19 ‘
SYSCLK |M\_/\ /NN
CE* 7\ Il N\ N\
SA [5:0] | ZZ2) o X I = X G X 7 Gz
AD [21:6] {f
ACE* “
OE* “
SWE* (W ./ s ./ __/
BWE* F X" E X F X_E X F it] E X F X _E X F X _E X F
BE* | F_[X F X _E X F @\ F X_E X F L_E X F X F
SADB [15:0] | ZZZA___damo X Gata 1 ) 5 W Gaia X Gata 7 G
ACK*/READY \ i \ i {7 \ T \ T
OUTPUT \ / \ / ) \ / \ /
Rev 2.12

Figure 9-23 Double-word Single Write (PWT: WT=0, SHWT=0, Normal, 8-bit Bus)

Double-Word Single Read (PWT:WT=0, SHWT=0, Normal, 16-bit Bus)
st [s2] 3 [st][s2[ 6 | st [sAN[ e [st]s2]12]st[s2]15]st][s2]s3][1e]

SYSCLK |\ /N N\ N\ UL

CE* T\ N\ L\ I\ I\
SA[5:0) | Z__o__X I X 7 __{{X 5 X G X 7 G
AD [21:6] i
ACE* “
OE* \ N\ N\ |\ N\ N\ I
SWE* “
BWE* E ) =

m
=
T
<
m
><
H
><
><
=
><
m
><
m
><
m

BEX|CF X=— € XFIX— € X"F X F

SADB [15:0] WD—%D—MD—@ED—@@:)—@EDW

ACK*/READY
OUTPUT

|
)
L

L
~—
L~
~—

~

L
~—
L

~—

L~

~—

Rev 2.12

Figure 9-24 Double-word Single Read (PWT: WT=0, SHWT=0, Normal, 8-bit Bus)
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1-byte Single Write / Read (PWT:WT=1, SHWT=0, Normal, 8-bit Bus)
o [ st [swi] s2 [ s3] 5 [ 6 [ 7 ] 8\\[ o [10] st [swi]s2|s3[15] 1617 [ 18] 19 ]
SYSCLK M\ /UL
CE* \_ / ) . /
SAI0] | T C X if X X
AD [21:6] X {¢
ACE* \___/ )
OE* “ \ /
SWE* \ / “
BWE* F & X F {f F
BE* — - X | — ——
SADB [15:0] X A \\ g ‘X X ‘ ‘
1-byte Single Write 1-byte Single Read
ACK*/READY - {t (W
OUTPUT ] ) —
[Revaiz |

Figure 9-25 1-byte Single Write / Read (PWT: WT=1, SHWT=0, Normal, 8-bit Bus)

Rev. 3.1 November 1, 2005

9-24




System
EBC RisC TX4939

TOSHIBA m X Toshiba RISC Processor

9.4.5. Normal Mode Access (Burst, 8-bit Bus)

4-Word Burst Write (PWT:WT=0, SHWT=0, Normal, 8-bit Bus)

0 S1 S2 S3 S1 S2 S3 S1 S% S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 19 ‘
SYSCLK |\ S\ N\ N\
CE* \ i I
SA [5:0] | 72X 5 X T Xz X 5 X E X F G
AD [21:6] \\
ACE* “
OFE* “
SWE* _/ \__/ |/ _/ _/ _/
BWE* F XEX‘F XEX‘F th:x F X _E X F X_E X F X_E X F
BE* | F X E ) E X_F

SADB [15:0] s data 0 X data 1 X _data2 | dataC X data D X data E X data F ) S

ACK*/READY \ T \ T \ — \ T \ T \ T
OUTPUT \ / \ / \ / ” \ / \ / \ /
Rev 2.12 |
Figure 9-26 4-word Burst Write (PWT: WT=0, SHWT=0, Normal, 8-bit Bus)
(For 1/3 clock speed — SP=01, SADB setup time to assertion of SWE is %2 SYSCLK)
4-Word Burst Read (PWT:WT=0, SHWT=0, Normal, 8-bit Bus)
0o [ st | s2 ] st [s2]st[s2 st | sN[s2[st]s2[st[s2]st[s2]st]s2]s3]o]
SYSCLK [M\_/M\ M\
cer |7\ f [
SA[5:0] | Z0 0 X1 X7 X e e b & X F G
AD [21:6] {f
ACE* “
OE* \ (( —
SWE* “
BWE* {¢ g
\ \ \ \ \ \ L o
BE* | F X E “ E X_F
SADB [15:0] | ZZZ2 @( @( @ YA G,
ACK*/READY \ T \ T \ T \ ym T \ T \ T \ T \ T
OUTPUT \ / \ / \ / \ / ') \ / \ / \ / \ / \ /
Rev 212 |

Figure 9-27 4-word Burst Read (PWT: WT=0, SHWT=0, Normal, 8-bit Bus)
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9.4.6. Page Mode Access (Burst, 16-bit Bus)

4-Word Burst Write (PWT:WT=1, SHWT=0, Normal, 4-Page, 16-bit Bus)
o [ st [swi] s2 ] s3 [ st [s2] s3] st]s2]s3[st|s2] s3] st [swi\\st]s2]ss] o]
SYSCLK mmmmmmmmmmmmmmmmmmm"\f\_
CE* \ ( N
SA [5:0] | Z2 0 X T X 2 X 3 =\ F G
AD [21:6] f
ACE* )
OE* )
SWE* \ / _/ \__/ \__/ {f J
BWE* F X 0 X F X o X F X o [X F X o [X F X 0 ‘\ F [X o [X F
\ \ \ o
T T T 111 1] —
SADB [15:0] B ) data 0 X data 1 data 2 data 3 data 4 ’k data F Ry
ACK*/READY \ T \ I \ I \ T \ f \ I
OUTPUT \ / \ / \ / \ / ) \ /
Rev 2.12 |

Figure 9-28 4-word Burst Write (WT=1, PWT=0, SHWT=0, 4-page, 16-bit Bus)
(For 1/3 clock speed — SP=01, SADB setup time to assertion of SWE is %2 SYSCLK)

2-Word Burst Read (PWT:WT=2, PWT=1, SHWT=0, 4-Page, 16-bit Bus)
0 S1 | SW1 | Sw2 | S2 S1 | PW1 | S2 S1 | PW1 | S2 S1 | PW1 | S2 S3 15 16 17 18 19 ‘
SYSCKIMM\ S\ S S\ S\ S\ S\ S\ S\ S\
CE*
SA [5:0] | ) 0 X 1 X 2 X 3 B
AD [21:6]
ACE*
OE* \ /
SWE*
BWE* F g
| | | | | | | | | | | | | | | |
BE* | F_X c X F
SADB [15:0] m@:@:@:@: (s i
ACK*READY — — — —
OUTPUT | W— | W—  w— | —
[Revaiz |

Figure 9-29 2-word Burst Read (WT=2, PWT=1, SHWT=0, 4-page, 16-bit Bus)
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9.4.7. External ACK Mode Access (16-bit Bus)

1-Half-Word Single Write (0 Wait, SHWT=0, External ACK*, 16-bit Bus)
0 S1 ES1 ES2 ES3 S2 S3 7 8 9 10 11 12 13 14 15 16 17 18 19 [
SYSCKIM M\ S\ S\ S\ S\ S\ ST\ S\ S S\
CE* \ /
SA [5:0] |2 R
AD [21:6]
ACE*
OE*
SWE* \ /
BWE* F X 0 X F F
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \
o F
SADB [15:0] |22 R
ACK*/READY \ i \
INPUT —
Rev 2.12 |
Note 1: The TX4939 sets the ACK* signal to High Impedance in the S1 State.
Note 2: External devices drive the ACK* signal to Low (assert the signal) until the ES1 State.
Note 3: External devices drive the ACK* signal to High (deassert the signal) in the ES2 State. If an external

device is late in asserting ACK*, then the Wait State is inserted for the amount of time the external
device is late. If a certain condition is met, it is okay for the ACK* signal to be driven to Low for 1 clock
cycle or more. See 9.2.8.4 ACK* Input Timing (External ACK Mode) for more information.

Figure 9-30 1-half-word Single Write (0 Wait, SHWT=0, External ACK*, 16-bit Bus)

1-Half-Word Single Read (0 Wait, SHWT=0, External ACK*, 16-bit Bus)
0 S1 ES1 ES2 S2 S3 6 7 8 9 10 11 12 13 14 15 16 17 18 19 [
SYSCKIM M\ S\ S\ S\ S\ S\ S\ ST\
CE*
SA [5:0] |ZZ2) T
AD [21:6]
ACE*

OE* \ /

SWE*

BWE* B g =

BE* | F X 5 X 5

SADB [15:0] MW_ R e s

ACK*/READY \ T \
INPUT \ /

Rev 2.12 |

Figure 9-31 1-half-word Single Read (0 Wait, SHWT=0, External ACK*, 16-bit Bus)
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2-Word Burst Write (0 Wait, SHWT=0, External ACK*, 16-bit Bus) — Part (1)

0 S1 | ES1 | ES2 | ES3 | S2 S3 S1 | ES1 | ES2 | ES3 | S2 S3 S1 | ES1 | ES2 | ES3 | S2 S3 Sl[
CE* \ /

SA [5:0] |EZEE) 0 X 1 X 2 XC

AD [21:6]

ACE*

OE*
SWE* \ / \ / \ / N
BWE* E X 0 X E X 0 X F X 0

BE* | F_IX 0 0 0 0

-
m

SADB [15:0] 222 X Y .

ACK*/READY
INPUT !

.

~—
"
~
-
~

| Rev 2.12

2-Word Burst Write (0 Wait, SHWT=0, External ACK*, 16-bit Bus) — Part (2)

S3 S1 ES1 | ES2 | ES3 S2 S3 7 8 9 10 11 12 13 14 15 16 17 18 19 [

SYSCKIM\ /\J/\ S/ /S

CE* /

SA[5:0] |2—_X 3 R s
AD [21:6]

ACE*

OE*
SWE* | T\ /
BWE* X 5 —= :
BE* 5 X 3

SADB [15:0] R

ACK*/READY
INPUT

L
~—
-

Rev 2.12 |

Figure 9-32 2-word Burst Write (0 Wait, SHWT=0, External ACK*, 16-bit Bus)
(For 1/3 clock speed — SP=01, SADB setup time to assertion of SWE is % SYSCLK)
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2-Word Burst Read (0 Wait, SHWT=0, External ACK*, 16-bit Bus)
0 1 S1 ES1 | ES2 S2 S1 ES1 | ES2 S2 S1 ES1 | ES2 S2 S1 ES1 | ES2 S2 S3 19 ‘
SYSCKIfL M\ /S J SV S SN S ST ST SN ST S ST S TS ST S TS
CE* \ —
SA[5:0] KX 0 X 1 X 2 X 3 X
AD [21:6] | ‘ X
ACE* \__/
OE* \ —_—
SWE*
BWE* F F 3
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
A O
SADB [15:0] H X X A X
ACK*/READY \ T \ T \ T \ T \
INPUT \ / \ J/ \ J/ \ J
[Revziz |

Figure 9-33 2-word Burst Read (0 Wait, SHWT=0, External ACK*, 16-bit Bus)
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Word Single Write (1 Wait, SHWT=2, External ACK*, 16-bit Bus)
0 | 1 |AS1|AS2|CS1|{CS2|SW1|ES1|ES2|ES3| S2 |CH1|CH2|AH1{AH2|AS1|AS2|CS1|CS2|SW1|ES1|ES2|ES3| S2 [CH1|{CH2|AH1|AH2| 28 |29|30|31|32|33|34|35|36|37|38|39|40
S S AV AV AV AW AW AV AV AV AW AT AT AV AV A ARV AV AV ANV ATV AV AVAVANAVAVAVAVAVAVARAY
CE* ¥ \
SA [5:0] m 0 X 1 W
N N I I N N I
AD [21:6] valid
ACE*
OE*
SWE* \ / \ /
BWE* F X 0 X F X 0 X F
N N N N N
BE* E X 0 X F X 0 X F
SADB [15:0] % data 0 1 data 1 s
ACK*READY (| ()
INPUT
Rev 2.12

Figure 9-34 Word Single Write (1 Wait, SHWT=2, External ACK*, 16-bit Bus)

Half-Word Single Read (0 Wait, SHWT=2, External ACK*, 16-bit Bus)
O | 1 |AS1|AS2|CS1{CS2| S1 |ES1|ES2| S2 |CH1|CH2|AH1|AH2|AS1|AS2|CS1|CS2| S1 |ES1|ES2| S2 |CH1|CH2(AH1|AH2| 26 |27 |28|29|30|31|32|33|34|35|36|37|38|39|40
S AV AV AV A AT AV AV AT AV AV AT AV AV AT AV AV AV AV AV AV AW AN AV AV AV AT AV AV AV AV AV AV AVAVAVAVAVAVANAY
CE* \ \
SA[S:O]M\\\\\\O\\\\\x\\\\\\l\\\\\
AD [21:6] valid
ACE*
OE* \ / \ /
SWE*
BWE* F g
N N N A I O
BE* F X 0 X F X 0 X F
SADB [15:0] M%CM% ]
ACK*/READY | YT
INPUT
Rev 2.12

Figure 9-35 Half-word Single Read (0 Wait, SHWT=2, External ACK*, 16-bit Bus)
Note: TX4939 drives the ACK* signal when in the AH2, AS1, or AS2 State.
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Half-Word Single Write (1 Wait, SHWT=2, External ACK*, 16-bit Bus)
0 AS1 | AS2 | CS1 | CS2 | SW1 | ES1 | ES2 | ES3 S2 | CH1 | CH2 | AH1 | AH2 | 14 15 16 17 18 19 [
SYSCLKiM M\ /S S\ JS\ S SSSSSSSSSSSSSSSL
CE*
SA [5:0] |22 e e
AD [21:6]
ACE*
OE*
SWE* \ /
BWE* F X C X F
| | | | | | | | | | | | | | |
BE* E X C X F
SADB [15:0] @( e
ACK*READY L N— \ [ (-
INPUT —J
[Revaiz |

Figure 9-36 Half-word Single Write (1 Wait, SHWT=2, External ACK*, 16-hit Bus)

Half-Word Single Read (0 Wait, SHWT=2, External ACK*, 16-bit Bus)
0 1 AS1 | AS2 | CS1 | CS2 | ES1 | ES2 | ES3 S2 CH1 | CH2 | AH1 | AH2 14 15 16 17 18 19 ‘
SYSCKIM M\ S\ S\ S\ S\ S\ ST\
CE*
SA [5:0] | DD R
AD [21:6]
ACE*
OE* \ /
SWE*
BWE* F 3
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
BE* F X c X F
SADB [15:0] | B e e e
ACK*/READY — — | —
INPUT  —
[Revaiz |

Figure 9-37 Half-word Single Read (0 Wait, SHWT=2, External ACK*, 16-bit Bus)

Rev. 3.1 November 1, 2005 9-31



TOSHIBA m X Toshiba RISC Processor

System
EBC RisC TX4939

9.4.8. READY Mode Access (16-bit Bus)

Half-Word Single Write (PWT:WT=2, SHWT=1, READY, 16-bit Bus)
0 1 AS1 | CS1 | SW1 | ES1 | ES2 | ES3 | S2 | CH1 | AH1 11 12 13 14 15 16 17 18 19 [
SYSCKIM M\ S\ S\ S\ S\ SN\ SIS\ S\ S\
CE* I'm
SA [5:0] | ) s
AD [21:6]
ACE*
OE*
SWE* \ /
BWE* F X c X F
BE* | - | Y | | C\ | Y | | | | | - | | | |
SADB [15:0] m ‘ ‘ ‘ ‘ ‘ ‘ R
ACK*/READY \ [ —
INPUT R
Rev 212

Figure 9-38 1-half-word Single Write (PWT: WT=2, SHWT=1, READY, 16-bit Bus)

Half-Word Single Read (PWT:WT=2, SHWT=1, READY, 16-bit Bus)
0 1 AS1 | CS1 | S1 ES1 | ES2 | S2 | CH1 | AH1 | 10 11 12 13 14 15 16 17 18 19 [
sysSelk M M\ /S SIS ST\ ST S
CE* Im
SA [5:0] |22 R B
AD [21:6]
ACE*
OE* \ /
SWE*
BWE* F B
| | | | | | | | | | | | \ | | | |
BE* F X c X F
SADB [15:0] | e ) R e e e
ACK*/READY \ i | —
INPUT R
[Revaiz |

Figure 9-39 Half-word Single Read (PWT: WT=2, SHWT=1, READY, 16-bit Bus)
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9.4.9. ISA 10 Space Access (16-bit only)

ISA Space Half-Word Single Write (SHWT=2, READY, 16-bit Bus)
0 [AcE1] Ast | As2 | cst| cs2 | swi|Est | Es2 | ES3 | s2 |CHL|cH2 [ AHL |AH2 [ 15 | 16 [ 17 [ 18 | 19 |
SYSCLKIM M\ M\ S\ S\ S\ SN\
CE* \ /
SA [5:0] ) @ X
AD [21:6] — X
ACE* __/
IOR*
IOW* \ /
BWE* E T
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
BE* F X C X F
SADB [15:0] ‘X X ‘ ‘ ‘ WRI“I'E DAT‘A ‘ ‘ ‘ }
ACK*/READY \ i —
INPUT \ !
[Revzis |

Figure 9-40 ISA Half-Word Single Write (SHWT=2, READY, 16-bit Bus)

ISA Space Half-Word Single Read (SHWT=2, READY, 16-bit Bus)
0 |ACE1| AS1 | AS2 | CS1 | CS2 | S1 | ES1 | ES2 | ES3 | S2 | CH1 | CH2 | AH1 | AH2 | 15 16 17 18 19 ‘

Sl W al el aWalalalaWalalaWaWaWalwaWalaWwaWaway

CE* \ /

SA [5:0] | ‘x:x X
AD [21:6] Y

ACE* __/
IOR* \ /

IowW*

BWE* g =

BE* F X C X F

SADB [15:0] X

T
A
><
=

ACK*/READY \ T \ 7
INPUT \ /

Rev 2.13 |

Figure 9-41 ISA Half-Word Single Read (SHWT=2, READY, 16-bit Bus)
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Chapter 10. NAND Flash Memory Controller
10.1. Features

The TX4939XBG has a built-in NAND Flash Controller (NDFMC-II). The NDFMC-II generates the control signals required
to interface with NAND flash memory. Also, the NDFMC-II performs ECC calculation and support DMA data transfer.

The NAND Flash Controller has the following features.

€ Indirect register access to NAND flash memory
€ On-chip ECC calculation circuit
4 DMA Operation for NAND READ data transfer

Rev. 3.1 November 1, 2005 10-1
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10.2. Block diagram

SADHT o1
SADB[2 1102
SADB[3 1103
NAND saon
SADB[5 1105
1106
Controller SADB[G 1o
SADB[7 1108
2 SA00H 1109
S —= SADBO] 1/010
m o SADBJ[10
o g o
H —t SADBJ[12
Register Address > o ﬂDJ g A5 Vo1
S 1]
Decoder o o SADE 14 o5
— < c < O SADB 11016 L
5=3 [? Ags— w Q
sE0 o salo] [0 o] NDCLE e <
Host IF S & S e | ke 2
Timing Control @) SAE] | % & [TNBCST
SA[4 o1 % b NDRE’:t RE*
SA[5 os B o8 NDWE: We*
ps O qs
NDLA [ °7 @7
EN
DMA Handler a
NDRB* RIB

NDCE* D‘}g}— CE*
Pins: NDLA, NDRB*, and iﬁ:}»—» To CE* of Other NAND
NDCE* are dedicated for Expandable Max 4 chip

NAND Controller.

Rev 1.02

Figure 10-1 NAND Flash Memory Controller Block Diagram

10.2.1. Theory of Operation

NAND has 6 control signals, such as CE*, R/B, WE*, RE*, ALE, and CLE.

To reduce number of pins directly from TX4939XBG, external latch is used.
NDLA signal is the latch signal. As the R/B (Ready/Busy) signal is input, it uses one dedicated pin.
Since CE* signal needs to be controlled independently from other signal, it also use dedicated pin.

Eventually, the NDFMC (NAND Flash Memory Controller) shares SA [5:0] and SADB [15:0]. However, the assertion of
ND_CE, which means certain NAND chip is online, does not hold these signals, i.e. SA, SADB, all the time.

Those buses will be used when NDFMC does data transfer or update the control signals, i.e. NDCLE, NDALE, NDRE*, and
NDWE®*. Actual arbitration with EBC might happen in this timing, which is associating with internal bus transactions.
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10.3. Detailed Operation
10.3.1. Registers

Table 10-1 NDFMC Registers
Offset Address | Bit Width  Register Symbol Register Name

0x5000 32 NDFDTR NAND Flash Memory Data Transfer Register (R/W)
0x5008 32 NDFMCR NAND Flash Memory Mode Control Register (R/W)
0x5010 32 NDFSR NAND Flash Memory Status Register (Read)

NAND Flash Memory Controller Reset (Write)
0x5018 32 NDFISR NAND Flash Memory Interrupt Status Register(RO)
0x5020 32 NDFIMR NAND Flash Memory Interrupt Mask Register (R/W)
0x5028 32 NDFSPR NAND Flash Memory Strobe Pulse Width Register(R/W)

10.3.2. Convention for following explanation
NDFDTR and NDFMCR are the essential registers. Figure 10-2 shows field definition of them.

NDFDTR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA [15:8] DATA [7:0]
| | | | | | | | | | | | | |
NDFMCR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X16 | DMAREQ | WE ECC CE CS[1:0] ALE | CLE

Figure 10-2 Field Definition of Registers NDFDTR and NDFMCR

Table 10-2 and Table 10-3 show Mnemonics used in this section. In addition, following expressions mean writing the
parameter in to corresponding register.

| $NDFMCR = CLE | CE ; // Write 0x0011 to register NDFMCR |

Table 10-2 Mnemonic Command Parameter for NDFDTR

Mnemonic Value Explanation

NDC READ1 0x00 NAND Flash Command READ Data from 0 to 255 byte position
NDC READ2 0x01 NAND Flash Command READ Data from 256 to 511 byte position.
NDC_READ3 0x50 NAND Flash Command READ Data from the redundant byte
NDC WRITE 0x80 NAND Flash Command WRITE Data from the top of page.
NDC_AUTOP 0x10 NAND Flash Command Invoke Auto-Program Operation
NDC_STATS 0x70 NAND Flash Command READ Status

NDC_READID 0x90 NAND Flash Command ID READ operation

NDC RESET OXFF NAND Flash Command Initialize NAND

Table 10-3 Mnemonic Parameter for NDFMCR

Mnemonic Value Explanation

ND_CLE 0x0001 | Assert CLE

ND _ALE 0x0002 | Assert ALE

ND_CHO 0x0000 | Select NAND #0

ND CH1 0x0004 | Select NAND #2

ND_CH2 0x0008 | Select NAND #3

ND_CH3 0x000C | Select NAND #4

ND_CE 0x0010 | Activate NAND Controller
ND_ECCR 0x0060 | Reset ECC Circuit

ND_ECCE 0x0020 | ECC Enable

ND_ECCD 0x0000 | ECC Disable

ND_ECCRD 0x0040 | READ ECC generated by NDFMC or UPDATE external latch
ND_WE 0x0080 | Activate Write Enable
ND_DMA1 0x0100 | Activate 128 Byte DMA Transfer
ND_DMA2 0x0200 | Activate 256 Byte DMA Transfer
ND_DMA3 0x0300 | Activate 512 Byte DMA Transfer
ND X16B 0x0400 | Set to 16-bit Bus Mode
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10.3.3. Accessing NAND Flash Memory (General Procedure)

With the NDFMC, you can access NAND flash memory by controlling registers. The NDFMC also has an ECC calculation
function. See 10.4.1 for more information on ECC. This subsection describes the procedure for accessing NAND flash
memory.

To access NAND Flash Memory, following steps are required.

STEP 1 Write any Data to NDFSR, this initialize entire NAND Flash Controller.
Define the Write Pulse Width and Hold Time by setting NDFSPR register.

Initialization Write 0x0000 to NDFMCR followed by writing any value to NDFDTR, this operation generates
ND_LA assertion to update the value of external latch.

STEP 2 Select a NAND Chip by asserting ND_CE bit. ND_CS [1:0] provides additional selection for NAND
chips. Once select a NAND chip, do not change these three parameters until the end of entire
Preparation NAND access.
STEP 3-X By using NDFMCR and NDFDTR register do the read/write operation for NAND device.
Repeat these operations.
Operation First, set signal pattern and command mode in the NDFMCR, then either read or write NDFDTR to

access NAND flash memory.

Reading from NDFDTR invokes a read cycle to external NAND flash memory. The read cycle to
NDFDTR also ends when the read cycle to external NAND flash memory ends. During this bus
transaction, assertions of ND_LA and ND_RE* are unconditional.

Writing to NDFDTR invokes a write cycle to external NAND flash memory. The write cycle to
NDFDTR also ends when the write cycle to external NAND flash memory ends. During this bus
transaction, the assertion of ND_LA is unconditionally, but the assertion of ND_WE?* is conditional.

In case of “COMMAND” or “ADDRESS” phase with ALE=1 or CLE=1, the assertion of ND_WE* is
unconditional. In other cases, the assertion of ND_WE?* is controlled by WE bit in NDFMCR
register. (See Note below)

STEP Last Deassert ND_CE hit

(Note) Write operation to NDFMCR will complete when the value is set to this register.
Only the CE bit contents propagate to external terminal on the fly. However, the other signal bits
are just set in the register only. They will not propagate to external latch at that time. Because of
this, an intentional synchronization is required as UPDATE operation in some cases.

For example, after ALE signal de-assertion, followed ND_RE* assertion should wait certain period.
In this case, UPDATE operation with only ND_LA assertion is required.
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10.3.4. Initialization and UPDATE

NAND Flash Controller should be initialized after power on and before use. Since six of NAND Controller signal use
external latches, these latch statuses have to be synchronize with corresponding internal registers. This synchronization is
the “UPDATE” operation in this document.

For initialization and UPDATE, three registers, such as NDFSR, NDFDTR, and NDFMCR are used.

Figure 10-2 shows field definition of these registers. Section 10.5.1, 10.5.2, 10.5.3 describe details.

NDFSR (Low Byte)
7 6

5 4 3 2 1 0
BUSY DMARUN RESERVED
| | | | |
NDFDTR (Half Word)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA [15:8] DATA [7:0]
| | | | | | | | | | | | | |
NDFMCR (Half Word)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X16 | DMAREQ | WE ECC CE cs[1:0] | ALE | CLE
| | |

Figure 10-3 Field Definition of Registers NDFDTR and NDFMCR

Writing any data to NDFSR register (NAND Flash Memory Status Register =NAND Flash Memory Controller Reset)
initializes entire NAND Flash Controller.

NDFMCR (NAND Flash Mode Control Register) consists of signal control bits and mode control bits. The signal control bits
are WE, CE, CS [1:0], ALE, and CLE, those are transformed to NDRE*, NDWE*, NDCE* NDCS [1:0], ALE, and CLE.

Among these signals, the connection from CE to NDCE* signal is direct but the rests are through external latches. Control
program has to update the logic status of external latches whenever it changes the contents of register. The name of this
operation is UPDATE. Below is an example.

NDFMC initialize followed by UPDATE Sequence

$NDFSR = 0x0000; // initialize entire NAND Controller

$NDFSPR = 0x0106; // Set SPW=6, HOLD=1 (optional)

$NDFMCR = 0x0000; // Set WE=0, ALE=0, CLE=0 at least. (For simple UPDATE)
$NDFDTR = 0x0000; // Dummy write to NDFDTR, This invoke NAND bus transaction

// with only ND_LA assertion.

Since this dummy write (to NDFDTR) invokes a real bus transaction on external bus, it has better result than software wait
loop in terms of clock cycle consumed. (Note that the execution period of the software timer might fluctuate depend on the
CPU Cache situation). The duration of this bus transaction consists of pulse width, hold time, and overhead. (where pulse
width and hold time are defined by the register NDFSPR in terms of GBUSCLK period and minimum overhead is 4
GBUSCLK period). Please see corresponding register descriptions.

Following example shows on the fly UPDATE with wait cycle.

On the fly UPDATE

*kk

$NDFMCR = ND_CE|ND_CHO|ND_CLE; // Assert the ND_CLE* for the Command mode.

$NDFDTR = NDC_READ1; // Data Read command.

$NDFMCR = ND_CE|ND_CHO|ND_ALE; // ND_ALE* signal

$NDFDTR = <Times of necessary>; // Set Addresses

$NDFMCR = ND_CE|ND_CHO; // De-assert ALE

Ffor(i=0;i<4;i++) // UPDATE and Wait tWB (60ns x 4 = 240ns)
$NDFDTR = 0x0000;

*xkk
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10.3.5. Write Sequence (8-bit Bus, Program Mode)

Write Sequence
L11177777777777777777/77777/77777777/7777777

// Write Sequence (512-Byte) //
L1117177777777/77777////7777////777/77//77777/
$NDFMCR = ND_CHO; // Select CH#0 and set WE=0 for prepare UPDATE
$NDFDTR = 0x0000; // UPDATE the Latch
$NDFMCR = ND_ECCR|ND_CHO; // Initialize ECC circuit
$NDFMCR = ND_CE|ND_CHO|ND_CLE; // Assert the ND_CLE* for the Command mode.
$NDFDTR = NDC_WRITE; // Write 0x80 (Data Write command).
$NDFMCR = ND_CE|ND_CHO|ND_ALE; // Assert ND_ALE* for the Address mode.
$NDFDTR = OxOFF & ( A ); // Set A[7:0]
$NDFDTR = OxOFF & ( A >> 9); // Set A[16:9]
$NDFDTR = OxOFF & ( A >> 17); // Set A[24:17]
$NDFDTR = 0x01 & ( A >> 25); // (A[25] if necessary)
$NDFMCR = ND_WE|ND_ECCEN|ND_CE|ND_CHO; // Set ECC enable and enter Data mode.
Ffor(i=0;i1<512;i++)

$NDFDTR = DATALI]; // Set 512-Byte data in order.
}
L11171777777777/77777////7777////777/7///7/77777
// Read ECC data from FDFMC //
L117177777777/7777/////7777////7777///77777/
$NDFMCR = ND_ECCRD|ND_CE|ND_CHO; // Calculated ECC Data Read mode.

for(l = 0;1 < 6;i++)

RDR[i] = $NDFDTR;

}
L11777777777777777777/777777777777777/7777777
// Write 16-bytes Redundant Data //
L1177777777777777777777777/777/7777777777777
$NDFMCR= ND_WE|ND_ECCD|ND_CE|ND_CHO; // Activate NDFMC on CH#0, and initialize
for(l = 0;1 < 16;i++) // the ECC data of NDFMC.

$NDFDTR = RDATA [i];
3
L11777777777777777777777777777/7/777777/7/77777/
// Execute Auto-Program //
L1177777777777777777777777//7777777777777/777
$NDFMCR = ND_ECCD|ND_CE|ND_CHO|ND_CLE; // Enter the Command mode.
$NDFDTR = NDC_AUTOP; // Write 0x10 (Page Program command) .
$NDFMCR = ND_CE|ND_CHO; // De-assert ND_WE and ND_CLE*.
$NDFDTR = 0x0000; // UPDATE (CLE)

L117777777777777777777777//777/7777777777777
// Wait until “BUSY” goes off //
L1177777777777777777777777/777777//777/777777

while ((0x01 & $NDFISR) == 1){}
JI111177177777777777777777777777777717777777

// Read status //
L11/7777777///7777/////7777////777/7///77777/

$NDFMCR = ND_CE|ND_CHO|ND_CLE; // Assert the ND_CLE* for Command Mode.
$NDFDTR = NDC_STATS; // Write 0x70 (Read Status command).
$NDFMCR = ND_CE|ND_CHO ; // De-assert the ND_CLE*

$NDFDTR = 0x0000; // UPDATE CLE and short wait

Status = $NDFDTR; // Read status value

$NDFMCR = 0x0000; // Release NAND

$NDFDTR = 0x0000; // UPDATE

I117777/777777777////7/7777/7777/7///777777777
// Repeat this process for other pages //
/117177777777 ///7///7///////////////////7/777
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10.3.6. Read Sequence (8-bit Bus, Program / DMA Mode)

Read Sequence (8-bit Bus, Program / DMA Mode)

L11177777777777777777/77777/77777777/7777777
// Read Sequence //
L11777777777777777777777777/77/777777/7777777

$NDFMCR = ND_CHO; V4
$NDFDTR = 0x0000; V4
$NDFMCR = ND_ECCR|ND_CHO; 7/
$NDFMCR = ND_CE|ND_CHO|ND_CLE; 7/

L1177777777777777777777777/777/7/77777777777
// Read Command and Address setting //
L1177777777777777777777777/7777777/777/7777/777

$NDFDTR = NDC_READ1; //
$NDFMCR = ND_CE|ND_CHO|ND_ALE; //
$NDFDTR = OXOFF & ( A ); //
$NDFDTR = OXOFF & ( A >> 9); //
$NDFDTR = OXOFF & ( A >> 17); //
$NDFDTR = 0x001 & ( A >> 25); /7/
$NDFMCR = ND_CE|ND_CHO; //
$NDFDTR = 0x0000; //
Ffor(i=0;i<4;i++) //
$NDFDTR = 0x0000;
while( (0Ox01 & $NDFSR) == 1){} //

$NDFMCR = ND_ECCE [ND_CE|ND_CHO;
I117777777777777//7/7/7777/7/7/7///77/7777777
// Read 512 byte data //
L1177777777777777/777777/7/777/7//7777777777
i £ (DMAMODE)

//

$NDFMCR = ND_DMA3|ND_ECCE|ND_CE|ND_CHO; /7

else // Program mode

for(i = 0;1 < 512;i++)

DATA[i] = $NDFDTR;
b
}

/1177777777777 77/777/77//77//77/7/7/7777/77777
// Get the ECC data calculated. //
L1177/ 777777/777/777/77//77/77//77/777/77777
$NDFMCR = ND_CE|ND_CHO;

Ffor(i=0;i<16;i++)

//
RDATA[i] = $NDFDTR;

L117777777777/777777777777/77777777777777777
// Read ECC calculated by NDFMC //
L1177777777777777777777777/777777/7777777777
$NDFMCR = ND_ECCR|ND_CE|ND_CHO; //
Tfor(i=0;i<6;i++)

{

RECC[i] = $NDFDTR;

$NDFMCR
$NDFDTR

0x0000;
0x0000;

//
//

L1177777777777777777777777777777777777777777

// Compare the ECC data. //
// If the data do not match, invoke the //
// necessary error process. //

/1111177777777 7/7/////////////////////////7/

Select CH#0 and set WE=0 for prepare UPDATE
UPDATE the Latch

Initialize ECC circuit

Assert Command Latch Enable

Data Read command.
ND_ALE* signal

Set A[7:0]

Set A[16:9]

Set A[24:17]

(A[25] if necessary) in order.
Prepare de-assert ALE

UPDATE (ALE)

Wait tWB (60ns x 4 = 240ns)

Wait until Data Ready
Set ECC Enable

Invoke DMA Operation for 512 bytes.

Set 0x10, Enter Data mode w/o ECC

Set 0x50, and enter the ECC Data Read mode.

Release NAND
UPDATE
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10.3.7. Read ID

Read ID (8-bit Bus, Program Mode)

L11177777777777/777777///7777/////777///777777

// Read 1D Sequence //
L1117177777777/77777////7777////777/77//77777/

$NDFMCR = ND_CE|ND_CHO|ND_CLE; // Select CH#0 and assert the ND_CLE*
$NDFDTR = NDC_READID; // Write 0x90 (ID Read command) .
$NDFMCR = ND_CE|ND_CHO|ND_ALE; // Assert the ND_ALE* for Address Mode.
$NDFDTR = 0x00; // Write 0x00 for ID Address.

$NDFMCR = ND_CE|ND_CHO; // De-assert ND_ALE.

$NDFDTR = 0x0000; // UPDATE

MakerCode = $NDFDTR; // Read the maker code.

DeviceCode = $NDFDTR // Read the device code.

$NDFMCR = 0x0000 ; // Prepare Release

$NDFDTR = 0x0000; // UPDATE

$NDFMCR = 0x00; // Release NAND
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10.4. ECC and DMA Operation
10.4.1. ECC Generation

ECC data consists of line and column parity. The 512 bytes data is treated as two sets of 256 x 8 bit memory array. Each
memory array can contain one bit error as correctable and two bit error detectable. Following table describes complete
formula to generate ECC data. LPROO = LPR[0] = EXOR(0OXXXXXXX0,XXX) means an odd-parity with all data bit which
address A8, A0 is 0 and the rest of addresses are 0 and 1.

ECC A8 A7 A6 A5 A4 A3 A2 Al A0 C2 C1 CoO COMMENT
LPROO =SEXOR( 0 X X X X X X X 0 , X X X))
LPRO1 =EXOR(_ 0 X X X X X X X 1 , X X X))
LPRO2 =SEXOR( 0 X X X X X X 0 X , X X X))
LPRO3 =EXOR( 0 X X X X X X 1 X , X X X)
LPR0O4 =SEXOR( 0 X X X X X 0 X X , X X X))
LPRO5 =SEXOR( 0 X X X X X 1 X X , X X X))
LPRO6 =EXOR( 0 X X X X 0 X X X , X X X))
LPRO7 =SEXOR( 0 X X X X 1 X X X , X X X))
LPRO8 =EXOR( 0 X X X 0 X X X X , X X X))
LPR0O9 =SEXOR( 0 X X X 1 X X X X , X X X))
LPR10 =EXOR( 0 X X 0 X X X X X , X X X))
LPR11 =EXOR( 0 X X 1 X X X X X , X X X))
LPR12 =EXOR( 0 X 0 X X X X X X , X X X))
LPR13 =EXOR(_ 0 X 1 X X X X X X , X X X))
LPR14 =SEXOR( 0 0 X X X X X X X , X X X))
LPR15 =EXOR( 0 1 X X X X X X X , X X X))
CPROO =SEXOR( 0 X X X X X X X X , X X 0)
CPRO1 =SEXOR( 0 X X X X X X X X , X X 1)
CPRO2 =SEXOR( 0 X X X X X X X X , X 0 X))
CPRO3 =SEXOR( 0 X X X X X X X X , X 1 X))
CPR04 =EXOR( 0 X X X X X X X X , 0 X X))
CPRO5 =SEXOR( 0 X X X X X X X X , 1 X X))
LPR16 SEXOR( 1 X X X X X X X 0 , X X X))
LPR17 =SEXOR( 1 X X X X X X X 1 , X X X))
LPR18 SEXOR( 1 X X X X X X 0 X , X X X))
LPR19 =SEXOR( 1 X X X X X X 1 X , X X X))
LPR20 SEXOR( 1 X X X X X 0 X X , X X X))
LPR21 =SEXOR( 1 X X X X X 1 X X , X X X))
LPR22 =SEXOR( 1 X X X X 0 X X X , X X X))
LPR23 SEXOR( 1 X X X X 1 X X X , X X X))
LPR24 =SEXOR( 1 X X X 0 X X X X , X X X))
LPR25 SEXOR( 1 X X X 1 X X X X , X X X))
LPR26 =SEXOR( 1 X X 0 X X X X X , X X X))
LPR27 SEXOR( 1 X X 1 X X X X X , X X X))
LPR28 =SEXOR( 1 X 0 X X X X X X , X X X))
LPR29 =SEXOR( 1 X 1 X X X X X X , X X X))
LPR30 =SEXOR( 1 0 X X X X X X X , X X X))
LPR31 SEXOR( 1 1 X X X X X X X , X X X))
CPRO6 SEXOR( 1 X X X X X X X X , X X 0)
CPRO7 =SEXOR( 1 X X X X X X X X , X X 1)
CPRO8 =SEXOR( 1 X X X X X X X X , X 0 X))
CPRO9 SEXOR( 1 X X X X X X X X , X 1 X))
CPR10 =SEXOR( 1 X X X X X X X X , 0 X X))
CPR11 SEXOR( 1 X X X X X X X X , 1 X X))

For detail explanation of this ECC structure, please refer http://www.ssfdc.or.jp and,
the document of "SmartMedia ECC Reference Manual Ver 2.1".
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10.4.2. ECC Data Format

ECC generates LPR [31:0] and CPR [11:0] (totally 44-bit data). Use a program to check ECC for errors and correct any
errors that occur.

You can read from the NDFDTR Register the ECC data calculated by NDFMC by setting the NDFMCR to either OxDO (Write
mode) or 0x50 (Read mode). The ECC data you can read is 6-Byte data. Read NDFDTR six times. Data is read in the
following order.

First data: LPR[7:0]
Second data: LPR[15:8]

Third data: CPRJ[5:0], 2'b11
Fourth data: LPR[23:16]

Fifth data: LPR[31:24]
Sixth data: CPR[11:6], 2’b11

As an example, this ECC data will be stuffed in the part of 16-byte redundant data space of NAND Flash. This redundant
memory cell is 16-bytes. Those are numbered from D512 to D527. Figure 10-4 shows the location of this ECC. Please
note that this structure is purely example and actual system might use its own structure.

D512 D513 D514 D515 D516 D517 D518 D519
Function Select Information Field Invalid Data Flag Fixed Fixed Fixed
OXFF 0x00 0x00
D520 D521 D522 D523 D524 D525 D526 D527
LPR[23:16] LPR[31:24] | CPR[11:6]+11 Fixed Fixed LPR[7:0] LPR[15:8] CPR[5:0]+11
0x00 0x00

Figure 10-4 ECC Position in NAND Data Space.

10.4.3. DMA Operation

Refer to Section 14.3.7 in DMA Controller.
This DMA Operation uses DMAO Channel 3. The burst size is 8-bytes (Double Word), from NDFMC to memory is
supported. Before using DMAO Operation DMAO channel 3 should be properly set as follows.

DMA Request Polarity Low Active DMOCCR3.REQPOL =0
DMA Acknowledge Polarity ~ Low Active DMOCCR3.ACKPOL =0
Request Detection Level Detection DMOCCR3.EGREQ =0
Transfer Size 8 Byte DMOCCR3.XFSZ = 011b
Transfer Direction 1/0 to Memory DMOCCR3.MEMIO =0
Transfer Address Mode Single DMOCCR3.SNGAD =1
1/0 DMA Transfer Mode External DMOCCR3.EXTRQ =1
Pin Config in shared DMA Set to NDFMC PCFG.DMASEL3 = 1'b0

Note: Destination Address (in memory) should be Double-Word aligned.

Once DMA transfer is requested, NDFMC generates DATA READ sequence to NAND memory continuously and is filling
the FIFO (16-bytes). When 8-bytes data are filled, the controller assert DMAREQ signal to DMAC. Same time, controller
release the external bus once and connect NAND memory again if there are rooms in the FIFO. If FIFO has no room, the
controller disconnects NAND and waits until FIFO get a room.
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10.4.4. Byte Sequence of DMA and ECC Generation

This has close relationship with System Endianness. Following figures describes these.

[ NAND FLASH | LITTLE Endian 8-bit Bus NAND Memory

Address 000 | BYTE 000
N
BYTE 002
BYTE 003
BYTE 004 @
BYTE 005 o .
E\EE ggs ECC Generator BYTE 007 | BYTE 006 | BYTE 005 | BYTE 004 | BYTE 003 | BYTE 002 | BYTE 001 | BYTE 000
EYTE 008 LPR[3L:0] | BYTE 015 | BYTE 014 | BYTE 013 | BYTE 012 | BYTE 011 | BYTE 010 | BYTE 009 | BYTE 008
BYTE 009 [CPR [11.0]]
BYTE 010
BYTE 011 @
BYTE 012

—r BYTE 000
v— BYTE 001 i

BYTE 499 BYTE 002 - —
EYTE 500 BYTE 003
EVTE o1 BYTE 004
EVTE 502 BYTE 005
EVTE 503 BYTE 006
EVTE 502 BYTE 007
EVTE 505 BYTE 008
EVTE 506 BYTE 009
EVTE 507 o BYTE 503 | BYTE 502 | BYTE 501 | BYTE 500 | BYTE 499 | BYTE 498 | BYTE 497 | BYTE 496
EVTE 508 BYTE 511 | BYTE 510 | BYTE 509 | BYTE 508 | BYTE 507 | BYTE 506 | BYTE 505 | BYTE 504
BYTE 509 O
BYTE 510 O

Address 511 [ BYTE 511

Figure 10-5 Byte Sequence of Little Endian and 8-bit bus

[ NAND FLASH | BIG Endian 8-bit Bus NAND Memory

Address 000 | BYTE 000
> D D
BYTE 002
BYTE 003
BYTE 004
BYTE 005 . .
EXIE 883 ECC Generator | [gy7E 000 | BYTE 001 | BYTE 002 | BYTE 003 | BYTE 004 | BYTE 005 | BYTE 006 | BYTE 007
BYTE 008 LPR[3L:0] | BYTE 008 | BYTE 009 | BYTE 010 | BYTE 011 | BYTE 012 | BYTE 013 | BYTE 014 | BYTE 015
BYTE 009 [cPR [12:0]]
BYTE 010
BYTE 011 @
BYTE 012

—rr BYTE 000
——————— BYTE 001 — I

BYTE 499 BYTE 002 - —
BYTE 500 BYTE 003
BYTE 501 BYTE 004
BYTE 502 BYTE 005
BYTE 503 BYTE 006
BYTE 504 BYTE 007
BYTE 505 BYTE 008
BYTE 506 BYTE 009
EVTE 507 o BYTE 496 | BYTE 497 | BYTE 498 | BYTE 499 | BYTE 500 | BYTE 501 | BYTE 502 | BYTE 503
BYTE 508 BYTE 504 | BYTE 505 | BYTE 506 | BYTE 507 | BYTE 508 | BYTE 509 | BYTE 510 | BYTE 511
BYTE 509 O
BYTE 510 O

Address 511 | BYTE 511

Figure 10-6 Byte Sequence of Big Endian and 8-bit bus
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LITTLE Endian 16-bit Bus NAND Memory
id> v ® d>@
Address 000 | BYTE 001 | BYTE 000
BYTE 003 | BYTE 002 63 0
BYTE 005 | BYTE 004 ECC Generator BYTE 007 | BYTE 006 | BYTE 005 | BYTE 004 | BYTE 003 | BYTE 002 | BYTE 001 | BYTE 000
BYTE 007 | BYTE 006 LPR [31:0] | BYTE 015 |BYTE 014 | BYTE 013 | BYTE 012 | BYTE 011 | BYTE 010 | BYTE 009 | BYTE 008
BYTE 009 | BYTE 008 CPR [11:0]|
BYTE 011 | BYTE 010
BYTE 013 | BYTE 012 @
BYTE 015 | BYTE 014
&=l BYTE 000
- o} BYTE 001 L
BYTE 497 | BYTE 496 BYTE 002 - —
BYTE 499 | BYTE 498 BYTE 003
BYTE 501 | BYTE 500 BYTE 004
BYTE 503 | BYTE 502 BYTE 005
BYTE 505 | BYTE 504 BYTE 006
BYTE 507 | BYTE 506 BYTE 007
BYTE 509 | BYTE 508 BYTE 008
Address 255 | BYTE 511 | BYTE 510 BYTE 009
O BYTE 503 | BYTE 502 | BYTE 501 | BYTE 500 | BYTE 499 | BYTE 498 | BYTE 497 | BYTE 496
BYTE 511 | BYTE 510 | BYTE 509 | BYTE 508 | BYTE 507 | BYTE 506 | BYTE 505 | BYTE 504
)
)

Figure 10-7 Byte Sequence of Little Endian and 16-bit bus

BIG Endian 16-bit Bus NAND Memory
> D D D
Address 000 [BYTE 000 [ BYTE 001 ﬁ
BYTE 002 | BYTE 003
BYTE 004 | BYTE 005 63 0
BYTE 006 | BYTE 007 ECC Generator BYTE 000 | BYTE 001 | BYTE 002 | BYTE 003 | BYTE 004 | BYTE 005 | BYTE 006 | BYTE 007
BYTE 008 | BYTE 009 LPR[31:0] | | [BYTEO008|BYTE 009 |BYTE 010 BYTE 011 | BYTE 012 | BYTE 013 | BYTE 014 | BYTE 015
BYTE010|BYTE011| |[cPR[11:0]]
BYTE 012 | BYTE 013
BYTE 014 | BYTE 015 @
DNV T O
- BYTE 000
BYTE 496 | BYTE 497 BYTE 001
BYTE 498 [ BYTE 499 BYTE 002 - — -
BYTE 500 | BYTE 501 BYTE 003
BYTE 502 | BYTE 503 BYTE 004
BYTE 504 | BYTE 505 BYTE 005
BYTE 506 | BYTE 507 BYTE 006
BYTE 508 | BYTE 500 BYTE 007
Address 255 | BYTE 510 | BYTE 511 BYTE 008
BYTE 009
o BYTE 496 | BYTE 497 | BYTE 498 | BYTE 499 | BYTE 500 | BYTE 501 | BYTE 502 | BYTE 503
BYTE 504 | BYTE 505 | BYTE 506 | BYTE 507 | BYTE 508 | BYTE 509 | BYTE 510 | BYTE 511
@)
(0]

Figure 10-8 Byte Sequence of Big Endian and 16-bit bus
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10.5. Registers Detall
10.5.1. NAND Flash Memory Data Transfer Register (NDFDTR) 0x5000

Read or Write access of this register invokes External Bus transaction. See 10.3 for detail.

NDFDTR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA [15:8] DATA [7:0]
I I I I I I I I I I I I I I
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W : Type
: Default

Figure 10-9 NAND Flash Memory Data Transfer Register (NDFDTR)

Table 10-4 NAND Flash Memory Data Transfer Register (NDFDTR)
| Mnemonic | Field Name | Description

31:16 — Reserved —
15:8 DATA [15:8] DATA [15:8] Upper DATA BYTE in case of X16 NAND Flash at Data mode.
7:0 DATA [7:0] DATA [7:0] NAND Flash memory data

Read:
Reads NAND flash data when in the Data mode.

Write:
Writes transmission data in NAND flash memory in Data mode.
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10.5.2. NAND Flash Memory Mode Control Register (NDFMCR) 0x5008

NDFMCR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVED X16 DMAREQ WE ECC CE CSJ[1:0] ALE | CLE
I I I I I I I
RW RW RW RW RW RW RW RW RW RW R/W :Type
0 0 0 0 0 0 0 0 0 0 0 : Default
Figure 10-10 NAND Flash Memory Mode Control Register (NDFMCR)
Table 10-5 NAND Flash Memory Mode Control Register (NDFMCR)
Bits | Mnemonic | Field Name | Description I
31:11 - Reserved -
10 X16 X16BUS Indicate NAND Flash has 16-bit Bus. (Default: 0)
0: 8-bit Bus (Default)
1: 16-hit Bus.
9:8 DMAREQ DMA Request Initiate DMA data transfer (Default: 00)
Invoke DMA transfer from/to NDFDTR port to memory in system.
00: No DMA
01: 128 Byte Transfer
10: 256 Byte Transfer
11: 512 Byte Transfer
These bits will be cleared when all the requested bytes have been transferred from
NAND Flash to FIFO
7 WE Write Enable Write Enable (Default: 0)

When CPU references NDFDTR register, it generates external bus READ operation
with non-conditional ND_LA and ND_RE* assertion.

When CPU writes a value to NDFDTR register, it also generates external bus
WRITE operation with ND_LA and conditional ND_WE* assertion.

During Command and Address write cycle with either ALE or CLE assertion,
ND_WE?* signal assert non-conditional.

In other cases, both ALE and CLE =0, ND_WE?* signal assertion is controlled by this
bit as follows.

0: Disable ND_WE* assertion (See Note below)
1: Enable ND_WE?* assertion

Note Write operation to NDFDTR with WE=0, ALE=0, CLE=0, can be used to
synchronize external latch with the contents of NDFMCR register.

6:5 ECC ECC Control ECC Control (Default: 00)

This field specifies the operation of the ECC calculation circuit.

11: Reset the ECC circuit.

00: Disable the ECC circuit.

01: Enable the ECC circuit.

10: Read the ECC circuit the NDFMC calculated.

4 CE Chip Enable Chip Enable Default: 0)

Enables access to NAND flash memory. Set this bit when accessing NAND flash
memory.

0: Disable (ND_CE* high.)
1: Enable (ND_CE* low.)

3:2 CS [1:0] Chip Select Chip Select
1 ALE Address Latch | Address Latch Enable (Default: 0)
Enable Specifies the ND_ALE* signal.
0: Low
1: High
0 CLE Command Latch | Command Latch Enable (Default: 0)
Enable Specifies the value of the NC_CLE signal.
0: Low
1: High
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10.5.3. NAND Flash Memory Status Register (NDFSR) 0x5010
A write to this register will reset entire NAND Flash Controller (NDFMC) and registers.
A read will return hardware status describes as follow.

7 6 5 4 3 2 1 0

BUSY DMARUN | RESERVED | |
R/O R/O : Type
- - : Default

Figure 10-11 NAND Flash Memory Status Register (NDFSR)

Table 10-6 NAND Flash Memory Status Register (NDFSR)

31:8

| Mnemonic

| Field Name

Reserved

| Description

BUSY

BUSY

BUSY (Default: Undefined)
Indicates the status of NAND flash memory.

0: Ready
1: Busy

DMARUN

DMARUN

DMA Status
Indicates the status of DMA channel working on NDFMC.

0: STOPPED
1: RUNNING

10.5.4. NAND Flash Memory Interrupt Status Register (NDFISR) 0x5018

7 6 5 4 3 2 1 0
RESERVED DMADONE RDY
I I I
R/O R/W : Type
- - 0 0 : Default
Figure 10-12 NAND Flash Memory Interrupt Status Register (NDFISR)
Table 10-7 NAND Flash Memory Interrupt StatusRegister (NDFISR)
Bits Mnemonic Field Name Description
31:8 — Reserved —
7:2 - Reserved
1 DMADONE DMADONE DMA Status
A ‘1’ indicates all the requested byte transfer which is specified in NDFMCR register
have been transferred to FIFO.
Write:
0: Don't care
1: Clear to “0”
0 RDY Ready Ready (Default: 0)

When the MRDY bit of the NDFIMR Register is "1", this bit is set to "1" when the
ND_RB* signal changes from Low to High. Write "1" to clear this bit to "0".

Read:
0: No change
1: ND_RB* signal changed from the Busy state to the Ready state.

Write:
0: Don't care
1: Clear to "0".
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10.5.5. NAND Flash Memory Interrupt Mask Register (NDFIMR)  0x5020

7 6 5 4 3 2 1 0
INTEN RESERVED MDMA MRDY
I | I |
R/W R/W R/W : Type
0 - 0 0 . Default

Figure 10-13 NAND Flash Memory Interrupt Mask Register (NDFIMR)

Table 10-8NAND Flash Memory Interrupt Mask Register (NDFIMR)

| Mnemonic | Field Name | Description
31:8 — Reserved —

7 INTEN Interrupt Enable | Interrupt Enable (Default: 0)
This bit enables interrupts. If INTEN bit are set to 1", an interrupt occurs when the
RDY or the DMADONE bit of the NDFISR Register becomes "1".

0: Disable
1: Enable
6:1 — Reserved
1 MDMA Mask Mask DMADONE Interrupt (Default: 0)
DMADONE This bit masks the DMADONE bit of the NDFISR Register. If this bit is “1”, the
interrupt DMADONE bit of the NDFISR Register is set when all the DMA requested byte have
been transferred to FIFO.
0: Disable the NDFISR DMADONE bit.
1: Enable the NDFISR DMADONE bit.
0 MRDY Mask RDY Mask Ready Interrupt (Default: 0)
interrupt This bit masks the RDY bit of the NDFISR Register. If this bitis "1", the RDY bit of the

NDFISR Register is set when the ND_RB* signal changes from "0" to "1".

0: Disable the NDFISR RDY bit.
1: Enable the NDFISR RDY bit.
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10.5.6. NAND Flash Memory Strobe Pulse Width Register (NDFSPR) 0x5028

7 6 5 4 3 2 1 0
HOLD SPW
I I I I I I
R/IW R/IW : Type
1111 1111 : Default

Figure 10-14 NAND Flash Memory Strobe Pulse Width Register (NDFSPR)

Table 10-9 NAND Flash Memory Strobe Pulse Width Register (NDFSPR)

| Mnemonic | Field Name | Description
31:8 — Reserved —
7:4 HOLD Hold Time Hold Time (Default: 1111)
This value defines the number of clock cycle from NDWE* or NDRE* de-assertion to
SADB [15:0] bus and SA [5:0] bus release. This means so called hold-time for
NAND write access with NDWE* signal.
Actual hold time will be given as follows:
Actual Hold Time = (HOLD + 1) x Period (GBUSCLK)
where the value HOLD should not be zero (which is reserved), and
Period (GBUSCLK) = Period of GBUSCLK
=*HOLD=1 with 200MHz GBUSCLK (period=5ns) results 10ns Hold Time
=Need to consider delay time of an external Latch Device to determine HOLD Time
3:0 SPW Strobe Pulse Strobe Pulse Width (Default: 1111)
Width

This value defines the number of clock cycle for NDWE* or NDRE* assertion pulse
width.

Actual pulse width will be given as follows:
Pulse Width of NDWE* = (SPW) x Period (GBUSCLK)
Pulse Width of NDRE* = (SPW+1) x Period (GBUSCLK)

where the value SPW should not be zero (which is reserved), and
Period (GBUSCLK) = Period of GBUSCLK

= SPW=6 at 200MHz GBUSCLK (period=5ns) results 35 ns pulse width for
NDRE* (read) and 30ns for NDWE* (write)
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10.6. Timing diagram
10.6.1. Initialization Sequence

Initialization and Update of External LATCH Device (SPW=6, HOLD=2)
0 Idle BG SuU W1 w2 w3 W4 W5 W6 H1 H2 HD 13 14 15 16 17 18 19 ‘
GBUSCLKIM\ M\ /S S\ S\ S\ S S\ S\ S\ ST\ TS\
BUSREQ / Intgrnal swgn‘al for Exl‘ernal BU‘S \merfac‘e. \ / ‘ PDSSi‘b‘e Nex‘l Cyde‘
BUSACK [ intdrmal s\gn‘al for External BU;S \nterfac;e. \ / Possible Next Cycle
< 60 ns >
ND_LA / \
SA [5:0] X Designated Value X
NDCS[1:0] X 0 0
NDALE \
NDCLE \
NDRE* ]
NDWE* ]
Timing Values in this chart are based
GBUSCLK =200 MHz (T¢cyc e = 5n8),
SPW=6, and HOLD=2
‘ ‘ ‘ ‘ ‘ ‘ ‘ Rev 2.14 |

Figure 10-15 Initialization and Update Sequence

Required initialization Steps after power on:

Step 1 : Write to NDFSR. This will reset entire NDFMC registers.

Step 2 : Write to NDFSPR with the proper value of Write Pulse Width and Hold Time

Step 3 : Write any data to NDFDTR. This will generate ND_LA and synchronize the external latch status with internal value.

LEGEND for above and following timing chart

GBUS Idle state

Bus Get cycle for GBUS

Inherit set up cycle from SA[5:0] and SADB[15:0] to ND_LA, NDRE*, and NDWE*

PW state corresponds to the programmed pulse width (SPW). This will be from [PW1] to
PW15]. NDWE?* signal will be asserted exactly only this states, where NDRE* assertion
will be kept until next H1 states.

HOLD state corresponds to the programmed hold time (HOLD). This will be from [H1] to
[H15]. NDRE* signal assertion will be kept at H1 state.

Inherit hold cycle from ND_LA de-assertion to SA [5:0] release. Since SADB [15:0] will

be released at the same time with SA [5:0], for the hold time from NDRE* or NDWE*
de-assertion to SADB [15:0] release has one additional cycle.
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10.6.2. Data Read Sequence

Read Sequence (SPW=1, HOLD=1) Part 1

BG | SU [W1| H1 | HD |Idle| BG | SU |W1 | H1 | HD |ldle| BG | SU |W1 | H1 | HD |Idle| BG | SU (W1 | H1 | HD (Idle |BG | SU (W1 | H1 | HD |Idle|BG | SU |W1 | H1 | HD |Idle(BG | SU |W1 | H1 | HD

GBUSCLK r\I\I\JF\I\I\_AF\I\_Ar\f\f\_AF\JF\I\JF\JF\I\JF\JF\I\JF\JF\JF\JF\I\_A’\_AF\I\I\_A”\I\I\I\I\I\I\I\i
ND_LA / / \ / \ / \ /

SA [4:0] UPDATE X X  wrtE X X uppaTE X X wrte X X  write X Y  wrte X X UPDAT

SAB] |77 \_’jrl\_J \WJF/ - / \_’_’J\_J - / - n

—
—
—

—

NDCS[1:0] valid
NDALE / \
NDCLE / \
NDRE*
NDWE* [Wj L/ [Wj S |/
NDCE* \
SADB[15:0] X oxoo X ) O { X Aueo ) R |
||
RY/BY* -
Rev 2.14
Read Sequence (SPW=1, HOLD=1) Part 2
BG | SU |W1| H1 |HD |Idle| BG | SU | W1 | H1 [HD |Idle|BG | SU [W1| H1 [HD |Idle| BG | SU |W1 | H1 | HD (Idle | BG | SU |W1| H1 | HD |Idle | BG | SU | W1 | H1 [ HD |Idle [ BG | SU |W1 | H1 | HD
e AV AV AV AV AV AV AV AV AV AV AV AT AV AV AV AV AN AV AV AVAVAV AV AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
no_ta [ ¥ A )| M\ \ \ ams
SA [5,3:0] UPDATE X X UF)‘)ATE X “ X READ X X READ X Y RreaD X X  READ
T 1 T 1t A T T ] ]
SA[4] (I ) \ ) HI\ I\-v—rl\ I\HI\ I\-v—rl\ [
NDCSJ[1:0] — “ — s(' valid
NDALE Repeat UPDATE until (‘(
17
NDCLE Twg Passed W «
1) 1))
{ !
NDRE* ) ) __J L/ L/ I
NDWE* ) )
NDCE* ,\, |
) )
SADBI[15:0] ﬁ “ X oz Yoz 5
| vV | ¥ CPU Checks RY/BY*
RY/BY* “ \ “ Rev 2.14

Figure 10-16 Command Cycles and Address Cycles and Read Cycle
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10.6.3. Data Write Cycles

Write Sequence (SPW=1, HOLD=1) Part 1

BG | SU |W1 | HL | HD [Idle| BG | SU | WL | HL | HD |idle| BG [ SU | W1 | HL | HD |Idie| BG | SU [ W1 | HL | HD |Idle| BG | SU | WL | H1 | HD |Idle| BG | SU |W1 | H1 | HD [idle| BG | SU | WL | HL | HD
Sy AV AV AV AW AT AN AV A A AT A AV AV AV AV AV AT AT AV AT AN AV AV AN AV AV AV AV AVAVAVAVAVAVAVAVAVAVAVAVAY
ND_LA / \ / \ / \ / \ / \ / \ \ / |
SA [4:0] r’VX uPDATE | ‘ ‘X WRITE _[X ‘ ‘X UPDATE |\ ‘ ‘X wWRITE [ ‘ ‘X WRITE _[X ‘ ‘X WRITE _[X ‘ ‘X UPDATE
SAISH |7 \ﬁl ) W \ﬁ ) v/ \ﬁ v/ \T_(l T
NDCS[1:0] valid
NDALE / \
NDCLE / \
NDRE*
NDWE* \/ \_/ \/ L/ /T
NDCE* \
SADB[15:0] X oxs0 X ) YOI ) ) § ) ST §
Rev 2.14

Write Sequence (SPW=1, HOLD=1) Part 2

BG | SU |W1 | HL | HD (Idle| BG | SU | WL | HL | HD |idle| BG [ SU | W1 | HL | HD |Idie| BG | SU [ W1 | HL | HD |Idle| BG | SU | W1 | H1 | HD |Idle| BG | SU |W1 | H1 | HD [idle| BG | SU | W1 | HL | HD
S AV AV AV AT AT AN VA A AT AV AV AV AV AV AV AV AT AT AV AV AV AV AV AV AV AV AV AVAVAVAVAVAVAVAVAVAVANAW
ND_LA v / \ / \ / \ / \ / \ / \ / |
SA [4:0] X___uppate X X__uppate X X wrte X X wrte X X wrte X X  wrte [ X WRITE
SABI T \TTI \T_{LJ \T( \J/ \T_HLJ \T_(I\_J \T%TIU__
NDCS[1:0] valid
NDALE
NDCLE
NDRE*
NDWE* S S S \/ ST
NDCE*
SADB[15:0] X DO X X D1 X X D2 X X D3 X X D4
Rev 2.14

Figure 10-17 Data Write Cycles

Rev. 3.1 November 1, 2005 10-20



TOSHIBA m X Toshiba RISC Processor

System
RTC RisC TX4939

Chapter 11. Real Time Clock

11.1. Feature of Real Time Clock Module (RTC)

Diagram below shows the overall structure of the TX4939 Real Time Clock.

_l 3.0V Bat. p1 D2 3.3V digital Power
I——N——K—P

C1 RTCVDD -
E Voltage RTC Independent Voltage Region
Regulator
c2 47 bit (6 Bytes) temporary buffer
E VDDR(1.0V~1.5V) VODR RTC 47 bit binary counter
> 32 bits (4Bytes) Alarm Register
CIN X320UT, X32K | Alarm Detector Circuit
X'tal él K]
32,768Hz %9 %32
T 32K OSC 250 Bytes CMOS RAM
COouT
ALARM*
4 o I
I aarm Asynchronous R/W access
Ground (common) ‘ i
? >
]

Figure 11-1 RTC Block Diagram
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11.2. RTC IP Pin Description

The RTC has two groups of signal set. One is for external interface and the other is for internal interface. This internal
interface consists of uni-directional 8 bits data bus and control signal to attach to IM-Bus.

11.2.1. RTC IP External Pin Description

Group Signal Name CNT I/O | Description
Power Signal RTCVDD 1 | Independent RTC power supply. 2.7V -3.3V
X'tal X32IN 1 | X'tal terminal (input)
X320UT 1 @) X'tal terminal (output)
Signal ALARM* 1 @) Alarm Signal. (Low Active, Open Drain)
VDDR VDDR 1 O RTC Regulated Power Terminal. External decupling capacitance
should be attached.

The actual voltage appears on VDDR terminal may differ depend on each device characteristic.
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11.3. RTC IP Registers
11.3.1. RTC IP Internal Registers

RTC has 6 Bytes length time count register, 4 bytes length alarm register, 6 bytes length read/write buffer register, and 250
bytes universal registers.

Table 11-1 Non-Exposed Internal Registers

Name Structure Byte \ Description
RTC RTC [47:0] 6 RTC [47:0] is a 48-bits length register that counts two on every clock edge of 32.768
KHz oscillator clock. Therefore, the value of RTC [47:0] register is considered as
fixed-point-representation.

Such as RTC [47:16] is corresponds to the time count of second, starting from January
1* of 1970. RTC [15:0] is the decimal place of second.

ALARM ALARM [47:16] 4 The contents of ALARM [47:16] will be compared with RTC [47:16] on every 32.768
KHz clock edge. Once the value is matched, alarm signal will be asserted. This alarm
signal keep asserted until new value is set in the ALARM register.

Table 11-2 Exposed Internal Registers

Name Structure Byte \ Description

RWB RWB [47:0] 6 RWB [47:0] is a 48-bits register corresponds to the RTC register and ALARM register.
The contents of ALARM [47:16] register will correspond to RWB [47:16] when the data
exchange happens.

RAM RAM [6:255] [7:0] | 250 These registers are the entity of Non-Volatile CMOS memories.
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Table 11-3 Address Mapping of Exposed Registers

7 6 5 4 3 2 1 0
0x00 RAM[7] RAM[6] | RWB[47:40] | RWB[39:32] | RWB[31:24] | RWB[23:16]| RWB[15:8] | RWB[7:0]
0x08 RAM[15] | RAM[14] | RAM[13] | RAM[12] | RAM[11] | RAMI[LO RAMO] RAMI8]

0x10 RAM [23 RAM [22 RAM [21 RAM [20 RAM[19 RAM [18 RAM [17 RAM [16
0x18 RAM[31 RAM [30 RAM[29 RAM[28 RAM [27 RAM [26 RAM [25 RAM [24
0x20 RAM [39 RAM [38 RAM [37 RAM [36 RAM [35 RAM [34 RAM [33 RAM [32
0x28 RAM [47 RAM [46 RAM [45 RAM [44 RAM [43 RAM [42 RAM [41 RAM [40
0x30 RAM [55 RAM [54 RAM [53 RAM [52 RAM [51 RAM [50 RAM [49 RAM [48
0x38 RAM [63 RAM [62 RAM [61 RAM [60 RAM [59 RAM [58 RAM [57 RAM [56
0x40 RAM[71 RAM [70 RAM [69 RAM [68 RAM [67 RAM [66 RAM [65 RAM [64
0x48 RAM [79 RAM [78 RAM [77 RAM [76 RAM [75 RAM [74 RAM [73 RAM [72
0x50 RAM [87 RAM [86 RAM [85 RAM [84 RAM [83 RAM [82 RAM[81 RAM [80
0x58 RAM[95 RAM [94 RAM[93 RAM[92 RAM[91 RAM [90 RAM [89 RAM [88
0x60 RAM [103 RAM[102] | RAM[101] [ RAM[100 RAM [99 RAM [98 RAM [97 RAM [96
0x68 RAM[111 RAM[110] | RAM[109] | RAM[108 RAM [107 RAM[106] | RAM[105] | RAM[104
0x70 RAM[119 RAM[118] | RAM[117] | RAM[116 RAM[115 RAM[114] | RAM[113] | RAM[112
0x78 RAM [127 RAM[126] | RAM[125] | RAM[124 RAM [123 RAM[122] | RAM[121] | RAM[120
0x80 RAM [135 RAM[134] | RAM[133] | RAM[132 RAM[131 RAM[130] | RAM[129] | RAM[128
0x88 RAM [143 RAM[142] | RAM[141] [ RAM[140 RAM [139 RAM[138] | RAM[137] | RAM[136
0x90 RAM [151 RAM[150] | RAM[149] [ RAM[148 RAM [147 RAM[146] | RAM[145] | RAM[144
0x98 RAM [159 RAM[158] | RAM[157] [ RAM[156 RAM [155 RAM[154] | RAM[153] | RAM[152
OxA0 RAM [167 RAM[166] | RAM[165] | RAM[164 RAM [163 RAM[162] | RAM[161] | RAM[160
OxA8 RAM [175 RAM[174] | RAM[173] | RAM[172 RAM[171 RAM[170] | RAM[169] | RAM[168
0xB0 RAM [183 RAM[182] | RAM[181] | RAM[180 RAM[179 RAM[178] | RAM[177] | RAM[176
0xB8 RAM[191 RAM[190] | RAM[189] [ RAM[188 RAM [187 RAM[186] | RAM[185] | RAM[184
0xCO RAM [199 RAM[198] | RAM[197] [ RAM[196 RAM [195 RAM[194] | RAM[193] | RAM[192
0xC8 RAM [207 RAM[206] | RAM[205] [ RAM[204 RAM [203 RAM[202] | RAM[201] | RAM[200
0xDO RAM [215 RAM[214] | RAM[213] [ RAM[212 RAM[211 RAM[210] | RAM[209] | RAM[208
0xD8 RAM [223 RAM [222] | RAM[221] | RAM [220 RAM [219 RAM[218] | RAM[217] | RAM[216
OxEO RAM [231 RAM[230] | RAM[229] | RAM [228 RAM [227 RAM[226] | RAM[225] | RAM [224
OxE8 RAM [239 RAM[238] | RAM[237] | RAM[236 RAM [235 RAM[234] | RAM[233] | RAM[232
OxFO RAM [247 RAM[246] | RAM[245] [ RAM[244 RAM [243 RAM[242] | RAM[241] | RAM[240
OxF8 RAM [255 RAM[254] | RAM[253] [ RAM[252 RAM [251 RAM[250] | RAM[249] | RAM[248
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11.3.2. RTC IP Control Registers

RTC has four register ports. Only word access, i.e. LW or SW, are allowed. Other type of access may cause unexpected
result. Table 11-4 shows these registers.

Table 11-4 Control 10 ports
Offset Address | Register Size (bit) Register Symbol | Register Name

RTC Controller

0xFB0O 32 RTCCTL Control and Status Register

0xFB04 32 RTCADR Address Register

0xFB08 32 RTCDAT Data port to access the contents of RTC registers
0xFBOC 32 RTCTBC Time Base Corrector Register

Note: These registers are 32-bits register but only lower 8-bits are used. Upper 24-bits are reserved. Upper 24-bits return
“0” for read operation.

11.3.3. Control and Status Register (RTCCTL) OxFBO0O

Data Read from this port returns the status and issue command before. Data Write to this port issues command if the
command code is valid.

RTCCTL

Field Definition ALME ALMD BUSY Reserved Reserved COMMAND

R/W R/W R/W R/O R/O R/O R/W

DEFAULT X X 0 0 0 X [ X [ X

RTCCTL Description

RTCCTL[7] Alarm Enable Control. "1" on this bit enables ALARM function to detect alarm and
generate an interrupt.

RTCCTLI[6] 1 Alarm Detection Signal. If RTC[47:16] matches with ALARM [47:16], this FF will be

set to "1" and hold this value until (1) Set Alarm command issued or (2) Alarm Enable
Control is disabled. This bit can be used form alarm test. When this bit set to "1",
pseudo alarm signal will be generated that is same as real alarm detection (only if
RTCCTL[7] is set). Write “0” to this bit will do nothing.

RTCCTLI[5] 1 BUSY. This bit will be set to "1" right after command write to RTCCTL and return to
"0" when the command operation complete.

RTCCTL[4:3] 2 Reserved.

RTCCTL[2:0] 3 Command for register transferring. See Table 11-5 in detail.

Figure 11-2 Port RTCCTL

Following Table 11-5 describes detail of command code for RTCCTL register.
Table 11-5 RTCCTL Command Code

Operation CODE Description

NOP 0 This command can be used to set or reset the ALARM Bit safely.

Get Time 1 Copy RTC [47:0] contents to RWB [47:0] in next 32.768 KHz rising clock edge.
RTCADR [7:0] will be set to zero.

Set Time 2 Copy RWB [47:16] contents to RTC [47:16] in next 32.768 KHz rising clock edge.
The RTC [15:0] will be cleared to zero. In addition, RTCADR [7:0] will be reset to zero.

Get Alarm 3 Copy the ALARM [47:16] contents to RWB [47:16] in next 32.768 KHz rising clock edge.
RTCADR [7:0] will be set to zero.

Set Alarm 4 Copy RWB [47:16] contents to ALARM [47:16] in second 32.768 KHz rising clock edge.
RTCADR [7:0] will be set to zero. Same time, the alarm detection FF will be reset.

NOP 5 This command can be used to set or reset the ALARM Bit safely.

NOP 6 This command can be used to set or reset the ALARM Bit safely.

NOP 7 This command can be used to set or reset the ALARM Bit safely.
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11.3.4. Address Register (RTCADR) OxFBO04

The RTCADR address the RAM contents described in Table 11-3 Address Mapping of Exposed Registers. This register is
R/W.
Default: 8’hxx

11.3.5. Data port to access the contents of RTC Register (RTCDAT)
OxFBO8

Any of exposed register can be accessed through this port with the value of RTCADR [7:0] register. After each read or write
operation, RTCADR [7:0] will increment one automatically. After 255 of RTCADR [7:0], it returns zero.
Default: 8'hxx

11.3.6. Time Base Corrector Register (RTCTBC) OxFBOC
Time Base Corrector register. This register is used to adjust the 48 bit time count value. Refer to 11.4 for more detail.
RTCTBC 7 6 ) 4 3 2 1 0

Field Definition PM COMP

R/W R/W R/W

DEFAULT 0 0 [0 [0 [0 [0 [0 [0
RTCTBC Bit Description

RTCTBC[7] 1 PM

Direction of Correction

PM = 1: Delay the time base with COMP[6:0] (unit PPM)

PM = 0: Advance the time base with COMP[6:0] (unit PPM)

RTCTBCI6:0] 7 COMP[6:0]

Compensation Value

COMPI[6:0] can be 0 to 127 (unsigned integer)

If COMPI[6:0] is set to non-zero value, then time base correction will happen.
Direction of Correction is defined by the value of PM bit.
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11.4. Time Base Calibration

11.4.1. Theory of Operation

Real Time Clock uses an external crystal resonator. fy of this crystal resonator is 32,768 Hz. The accuracy can be selected
from the grade. Those grades are £20 PPM, 50 PPM, and £100 PPM.

On the other hand, the required accuracy of final product varies depend on application. In case of conventional Arm Watch,
the accuracy is expressed by means of monthly error or annual error in terms of second unit. For example, £15 seconds
per month etc. Since a month (30days) consists of 2,592,000 seconds (=60 x 60 x 24 x 30), + seconds per month
corresponds to 5.8 PPM (=15 / 2,592,000 x 1,000,000).

It is the common way to adjust frequency by using trimmer capacitance (i.e. variable capacitance) in factory. However, this
adjustment work is not so convenient for factory automation.

This supplement provides an electrical means to adjust the 32,768 Hz frequency.

Figure 11-3 shows the skeleton of this time base corrector module.

8-bit register
Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0

GT ;
- Control Logic
| 7-bit comparator I—, RS 9

Q11 Q10 9 8 7 6 5 4 3 2 1 0
RTCLOAD >
SR SQ6 SQ5 SQ4 SQ3 SQ2 SQL SQO SR QIL Q10 Q9 Q8 Q7 Q6 Q5 Q4 Q3 Q2 QI Q0
7-bit binary counter 12-bit binary counter
CLK32K > | |
7-bit counter 12-bit counter

SQ6 | SQ5 | SQ4 | sQ3[s02[so1[soo| Qi Qo] oo [ o8 J o7 [ o6 [ o5 [ @a [ 03 [ o2 [ 01 | o

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8Sec|4Sec|2Sec|1Sec| 5= | 7 8 | 16 | 32 | 64 | 128 | 256 | 512 | 1024 | 2048 | 2096 | 8192 | 16384 |32768

Rev 1.03

Figure 11-3 Logic Diagram of Time Base Corrector

Internal to RTC there are 47-bit counter (RTC[47:1]). In Figure 11-3, 12-bit binary counter is corresponding to RTC[12:1].
And 7-bit binary counter is corresponding to RTC[19:13]. RTC[0] is always “0”. The 47-bit counter counts on every clock
edge of 32.768 KHz oscillator clock (CLK32K).

This module is the part of divider circuit in RTC. It divides original 32,768 Hz clock binary manner. Since this divider chain
consists of 19 flip-flops, actual divisor is 2 (=524288). This number is approximately one million. Based on this condition,
adding N clock(s) (N=1-127) per one round of this 19-stage counter delays 2N PPM in the RTC time base. Respectably,
skipping 2N clock(s) advances 2N PPM.

When COMP[6:0] = 0000001 then N=1 or when COMP[6:0] = 1111111 then N=127

8-BIT REGISTER 7 6 5 4 3 2 1 0
FIELD Definition PM COMP [6:0]
| | | | | |
R/W R/W R/W R/W R/W R/W R/W R/W R/W
DEFAULT 0 0 0 0 0 0 0 0

Figure 11-4 Definition of 8-BIT REGISTER
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Table 11-6 Bit Field Definitions

Bit Field Symbol Description

Direction of Correction (Default = 0)

7 PM PM = 1: Delay the time base with COMP [6:0] (unit PPM)

PM = 0: Advance the time base with COMP [6:0] (unit PPM)

Compensation Value (Default = 0)

COMP [6:0] can be 0 to 127 (unsigned integer)

If COMP [6:0] is set non-zero value, time base correction will happen. Direction of Correction is
defined bt the value of PM bit.

6:0 COMP[6:0]

The 7-BIT Counter counts 0 to 127, so that the output of 7-BIT_Comparator (i.e. GT) generates a same number of "1"
signals with the value of COMP [6:0]. The control logic controls 12-BIT Counter. In normal case, this 12-BIT Counter
counts 0 to 4095.

When the signal GT is 1 and PM equal 1, 12-BIT Counter will count ...,4094,4095,0,0,1,2,... (repeat O twice). On the
contrary, when the signal GT is 1 and PM equal 0, 12-BIT Counter will count ...,4094,4095,0,2,3,... (skip 1). By this way,
the time base correction will be done.
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Chapter 12. Video Port

12.1. Feature

The video port controller(VPC) in TX4939 can be configured to support either 3 serial ports, or 1 parallel 8-bit port with 1
serial port. In the 3 serial port configuration, only one serial port can be configured as input or output while the other two
serial ports are input only. In the 1 parallel port with 1 serial port configuration, both ports can be configured as input or
output. Input mode supports receiving / storing externally digital video to DRAM. Output mode supports reading / sending
DRAM data to external device.

4 Dedicated DMA with chain mode
€ configurable to 3 serial ports, or 1 parallel 8-bit port with 1 serial port
@ 3 serial ports configuration

o one serial port can be programmed to be input or output port

o the other two serial ports are input only

4 8-bit parallel port and 1 serial port configuration
o Programmable to be input or output port

€ Support ITU-Bt.656 interface or EN50083-9's Synchronous serial and parallel interface
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12.2. Block Diagram

Diagram below shows the overall structure of the TX4939 Video Port controller.

serial infout
Port (VDS1...)

ﬁ /| vpc_dalignl :>

vpcDMAC — " 8-bitin/out (VD...)

vpcBIU L or serial in Port
o ) (VvDS2...)
vpc_dalign2 :>

(. Serial in Port
(vDSs..))

1

G-Bus

vpc_dalign3

registers

Video Port Controller

Rev 1.00

Figure 12-1 Block Diagram of Video Port Controller

Rev. 3.1 November 1, 2005 12-2



TOSHIBA m X Toshiba RISC Processor

System
Video Port RisC TX4939

12.3. Operations

Video Port Controller has two modes of operations.

4 Output mode (transmit), in this mode the TX4939 is the master. VPC controller will begin to fetch the data from the
memory and transfer it out to the video port.

€ Input mode (capture), in this mode the TX4939 is the slave. VPC controller will begin to capture the data on the
video port and transfer these data into the memory accordingly.

There are two errors condition that the VPC controller will check.

€ Overflow error. When VPC is in capture mode, the overflow error occurs when there is an overflow in the capture
FIFO. This condition is only happen when internal data bus can not transfer data out of the FIFO fast enough
compare to the input data rate.

€ Underflow error. When VPC is in transmit mode, the underflow error occurs when there is an underflow in the
transmit FIFO. This condition is only happen when the internal data bus can transfer data into the FIFO fast
enough compare to the output data rate.

Internal to the VPC controller, there is one 16x64 bit FIFO per port. This FIFO is shared for both transmit and capture
mode.

12.3.1. Video Port DMA Controller

The Video Port DMA controller has the following features:

€ Supports register access

€ Supports master mode for G-bus protocol (single and burst transfer)

€ Supports chain and link list DMA protocol

€ Supports un-alignment byte data transfer for Transmit mode only. For Capture mode, all data are align to double
word boundary (64-bit)

The VPC’s DMA engine has one channel to transfer data between memory and the VPC engine. There are four tasks for
the DMA.

€ To get a descriptor
€ To update the status in a descriptor when transfer complete
€ To transfer received data from FIFO (receive mode) to memory
@ To transfer transmit data from memory to FIFO (transmit mode).
There is one buffer per port inside VPC engine, this buffer shared for both transmit mode and receive mode.

Each video port has its own descriptor list. VPC’s DMA engine processes the descriptor lists in round robin fashion.
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12.3.2. 8-bit Parallel port

VPC supports two video formats. The two formats are ITU.Bt.656 and EN50083-9’s Synchronous Parallel Interface. For
the EN50083-9 format, data length and packet length are programmable from 128 bytes to 8192 bytes.

In TX4939, VDCLKIN clock is the source clock for VPC controller.

- VDCLKIN connect to VDCLKO directly.
- Internal controller uses VDCLKIN as clock source.

12.3.2.1. ITU.Bt656 Interface

This is a 8-bit ITU.Bt.656 (CCIR656) interface.

VDCLK \ \ \ \ \ \ \ \ \

VD[7:0] cho I\ vyo [ cro { vyr [f cor { y2 |X cra [\ Y3 [} cb2

Figure 12-2 ITU.BT656 (CCIR656) Digital Video Timing

12.3.2.2. Synchronous Parallel Interface

The data to be tramsmitted are MPEG-2 Transport Packets with 188, 204 bytes or user defined. In the case of the 204 byte
packet format packets may contains a 16 bytes “empty space”, a VDVLD Signal serves to identify these dummy bytes.
VDPSN flag is to identify the beginning of a packet. The data are synchronized to the VDCLK.

VDCLK
VD[7:0] { 187 Xsync X 1 X 2 X X X 186 X 187 Xsync X 1 )
WVOPSN | [\ | [
x
Figure 12-3 Transmission format with 188 Byte packets (VDVLD = 1)
VDCLK
VD[7:0] {187 )synck 1 X 2 )
VDPSN ‘ ‘
VvDVLD
Figure 12-4 Transmission format with 204 Byte packets
(188 data bytes and 16 dummy bytes —dummy byte = 8'h00)
VDCLK

VD[7:0] (203fsynck 1 X 2 X X X X X JRW X X X X X X X J202J203)syncf 1)
voPsN — [

Figure 12-5 Transmission format with RS-coded packets (204 Bytes, VDVLD = 1)
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12.3.3. Serial port

VPC serial interface support only the EN50083-9 format. Both data length and packet length are programmable from 128
bytes to 8192 bytes. Serial data is ordered from MSB to LSB. Width of VDPSN can be programmed to either 1-bit wide or
8-bit wide for output mode.

P DO[7:0] R P D1[7:0] R P D187[7:0] R
vock [ U U U U U U U U Y l_l'\I\_l_\_
VD[O]{of7te)s5)faXstal1]o 0 7 16 5 0 L7 16)
VDPSN [ [
VDVLD —J |- |

Figure 12-6 Serial transmission format with 188 Byte packets

P DO[7:0] — D187[7:0] . 16 dummy bytes |
vocLk [ RS
VD[O] {o Y 7 X6 kX5 k4 L3 14 X 3)2)1)o 1L2Y1)Yo0)Y7)X6)
VDPSN \ L
VDVLD |—J ! /
Figure 12-7 Serial transmission format with 204 Byte packets
(188 data bytes and 16 dummy bytes —dummy byte = 8’'h00)
P DO[7:0] -~ P D1[7:0] -~ P D203[7:0]
vock TS U U U U U U YUY l_l_\_l"\_/'\_
VDO {ox7)Xefrs5s 4 Xx3fa2f1]o 7 161 0 7 16 L5 0L 716
vopPsN —J L
VDVLD —o L/ |

Figure 12-8 Serial transmission format with RS-coded packets (204 Bytes)
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12.3.4. Data Format

12.3.4.1. ITU.Bt.656 Format

The video data format is in 4:2:2 color sub-sampling, each pair of color-difference samples will be intermixed with two
luminance samples. The format for transmission shall be Cb, Y, Cr, Y. The following is a representation of the data format.

ByteO Bytel Byte2 Byte3
(010]0} YO Cr0 Y1l
Cbh1l Y2 Crl Y3

Cb358 Y716 Cr358 Y717
Cb359 Y718 Cr359 Y719

In main memory
- Transmit Video data can start at any byte address.
- Capture Video data must align to dword address.

12.3.4.2. MPEG2 data

€ MPEG-2 Transport Stream (EN/ISO/IEC 13818-1)

Data: | Syncbyte | 187 Data bytes | Syncbyte | 187 Data bytes
Byte: 0 1234 185186 187 188 189 190

€ MPEG-2 Transport Stream (ETS 300 421)

Data: | Syncbyte | 203 Data bytes | Syncbyte | 203 Data bytes
Byte: 0 12314 201202 203 204 205 206 207 ------------=------

In main memory
- Transmit video data can start at any byte address.
- Capture Video data must align to dword address.
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12.3.5. Transmit Window Option

For transmit mode, TX4939 has special option to transfer a particular window of video data out to the video port.

Origin of Window1 Start Address (Origin of Window?2)

N\ ¢ _—— First Scan

J Skip (B) Bytes
gL, e

.............................

ePphaccrnanananeas > >
Skip (C) Bytes ) L Second Scan

C A B

Window?2

Window1l

Figure 12-9 Transmit Window 2 data to video port

In Figure 12-9 is an example of the Transmit Window Option. In the system memory, there is Window 1 data. These video
data are continuous in the memory. But the application want to transfer Window?2 data output to the Video Port.

In the Control 1 Descriptor, there are two field

DMAGA[31:0] should be programmed to point to the Start Address(Origin of Window?2) as
shown in the Figure 12-9

Bcount[22:0] — this indicates the total number of bytes that the VPC want to transfer out. This
bytecount is the same as number of byte in Window?2 in Figure 12-9

Note: Bcount[22:0] must be multple of validCount[11:0].

When Bcount[11:0] is not multple of validCount[11:0], undefined behavioral will occur in VPC.
In the Control 2 Descriptor, there are two field

validCount[11:0] specify the valid byte which equivalent to symbol A in the Figure 12-9

Offset[11:0] specifies the offset of the next address for the video data. Which is equivalent to the
value of symbol B plus symbol C in Figure 12-9

With the above setting, the VPC can transfer only the Video data in Window?2 out to the Video port.
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Example:

Memoy has the following byte data:

byte # - 0123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
data -abcdefghij Kk I m n o p g r s t uwvwXxy z A BC
byte # - 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
data - D E F G H 1 J KL MNOUP QRS TUV W

With validCount[11:0] = 10(11 bytes), Offset[11:0] = 4 (5 bytes) and Bcount[22:0] = 32(33 bytes) data send out by VPC will
have the following pattern assuming dma address(DMAGA[31:0] = 0) is pointing to byte O:

abcdefghij kgrstuvwxyzAG H I J KL M N O P Q
Bytes #10 to #15 and #27 to #31 are skipped because of the Offset[11:0] = 4.
In this example, Bcount[22:0] can be up to

8 Mbyte - (8Mbyte % 11) - 1 = 8388599 (OX7FFFF7)

MPEG Transmit

If VPC is programmed to transmit packet in MPEG format with Vddata = 187(188 byte data packet) and Bcount[22:0]
greater than 187(more than 188 bytes), the number of packets will be sent by VPC is

((Bcount + 1) / (Vddata + 1)) + ((((Bcount + 1) % (Vddata + 1)) I=0) ? 1 : 0)

For example, if vdfor = 1, Vddata = 187 and bcount = 189 (190 bytes), 2 packets will be sent out by VPC. Second packet
will have Os after 2 bytes of valid data:

0 1 2 3 4 . 187
packet #0 DO D1 D2 D3 D4 .. D187
packet #1 D188 D189 0 0 0 .. 0
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12.3.6. Video Port Controller Registers

All registers are 32 bit . Firmware must use Word instruction to access to these registers.

Table 12-1 VPR Registers

Offset | Register Width R/W Description

0xA000 CSR [31:0] R/W Control and Status Register

0xA008 CtrlAl [31:0] R/W Video Port 1 Control A Register

0xA010 CtriB1 [31:0] R/W Video Port 1 Control B Register

0xA018 IDESPtrl [31:0] R/W Video Port 1 Initial Descriptor Pointer Register
0xA020 CDESPtrl [31:0] R Video Port 1 Current Descriptor Pointer Register
0xA028 CtrlA2 [31:0] R/W Video Port 2 Control A Register

0xA030 CtriB2 [31:0] R/W Video Port 2 Control B Register

0xA038 IDESP1tr2 [31:0] R/W Video Port 2 Initial Descriptor Pointer Register
0xA040 CDESPtr2 [31:0] R Video Port 2 Current Descriptor Pointer Register
0xA048 CtrlA3 [31:0] R/W Video Port 3 Control A Register

0xA050 CtriB3 [31:0] R/W Video Port 3 Control B Register

0xA058 IDESP1tr3 [31:0] R/W Video Port 3 Initial Descriptor Pointer Register
0xA060 CDESP1r3 [31:0] R Video Port 3 Current Descriptor Pointer Register
0xA068 BusErr [31:0] R Bus Error Address Register
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12.3.6.1. Control and Status Register (CSR) 0xA000
Table 12-2 Control and Status Register (CSR)
Bit(s) Field R/W Default Description
63:17 - RO 0 Reserved
16 GBINT RO 0 G-Bus Error Interrupt

0: No interrupt
1: G-Bus error
This bit will be clear after read cycle.
15:6 - RO 0 Reserved
5 SWAPO R/W 0 Swap Transmit Data
0: no swapping
1: byte swapping enabled
4 SWAPI R/W 0 Swap Receive Data
0: no swapping
1: byte swapping enabled
3 GINTE R/W 0 Interrupt Enable
0: Disable All Interrupts.
1: Enable All Interrupts.
This bit has to be program before start VPC engine
2 RSTD R/W 0 Reset DMA Controller
0: Normal
1: Reset
After set this bit, need to reset it back to “0” for normal operation.
1 RSTVPC |R/W 0 Reset Video Port interface logic
0: Normal
1: Reset
After set this bit, need to reset it back to “0” for normal operation.
0 — RO 0 Reserved
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12.3.6.2. ControlA (CtrlA) CtrlIA1 0xA008
CtrlA2 0xA028
CtrlA3 0xA048

Table 12-3 ControlA Register (CtrlA)

Bit(s) Field R/W Default Description
63:10 - RO 0 Reserved
9 VDPSN R/W 0 VDPSN bit width selection in serial output mode.

0: VDPSN is 8-bit wide
1: VDPSN is 1-bit wide
8 PBUSY RO 0 Port Busy Status

1: Portis busy

0: Portisidle
This bit is useful for the transmit case in which DMA completion interrupt can be
generated way ahead of the port transmission completion. System should check
this status bit before issuing new operation to the same port. Otherwise, the new
operation may terminate an ongoing transmission operation prematurely.

NOTE: Default value is only valid when the video port’s corresponding video
clock is supplied while a reset is applied.
7 DCINT RO 0 DMA Completion Interrupt
0: No interrupt
1: Transfer complete
This bit will be clear after read cycle.
6 UOINT RO 0 Underflow/Overflow Error Interrupt
0 : No error
1 : Underflow/Overflow error
Overflow error only occurs when VPC is in capture mode.
Underflow error only occurs when VPC is in transmit mode.
5:4 PDINT R/W 01 Programmable DMA Completion Interrupt
00: Interrupt for every descriptor at completion of transfer.
01: Interrupt only when Next Descriptor pointer = Null at completion of transfer.
10: Interrupt only when Next Descriptor pointer = Null at completion of transfer.
11: Disable DMA Completion Interrupt

3 Vdvldp R/W 0 VDVLD polarity select
0: Active high (default)
1: Active low

2 Vdmode R/W 0 Video Port Mode*

0: output mode (Master) — transmit (default)
1: input mode (Slave) — receive
1 VDFOR R/W 0 Video Format
0: ITU.Bt.656 (default)
1: MPEG-2 Transport Stream
0 ENVPC R/W 0 Start VPC Engine
0: Idle
1: Start
When write “1” to this bit, VPC engine will begin to operate.

Note: Port configuration is selected by TX4939's configuration setting.

* Video Port Mode is only applicable to video port 1 and video port 2. This bit is programmable for video port 3 but since
video port 3is input port only, software must program this bit to 1. Programming O will cause undefined behavioral.
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12.3.6.3. ControlB (CtrIB) CtriB1 0xA010
CtriIB2 0xA030
CtrIB3 0OxA050

Table 12-4 ControlB Register (CtrIB)

Bit(s) Field R/W Default Description
63:29 - RO 0 Reserved
28:16 Vddata R/W 187 Video data length
0-126:  unsupported*
127: 128 Byte packets
128: 129 Byte packets
129: 130 Byte packets
187: 188 Byte packets (default)

8190: 8191 Byte packets
8191: 8192 Byte packets
This field is only used when select MPEG-2 Transport Stream as video format.

15:13 - RO 0 Reserved
12:0 Vdpacket | R/W 187 Video packet length
0-126:  unsupported*
127: 128 Byte packets
128: 129 Byte packets
129: 130 Byte packets
187: 188 Byte packets (default)

8190: 8191 Byte packets
8191: 8192 Byte packets
This field is only used when select MPEG-2 Transport Stream as video format.

Note: Vdpacket must be equal to or greater than Vddata. Programming Vdpacket to be smaller than Vddata will cause
undefined behavioral in VPC.

*Programming Vddata and Vdpacket to a value less than 127 may cause undefined behavioral in VPC.

12.3.6.4. Initial Descriptor Pointer Register IDESPtrl 0xA018
IDESPtr2  O0xA038
IDESPtr3  OxA058

Table 12-5 Initial Descriptor Pointer Register (IDESPtr)

Bit(s) | Field RIW Default Description
63:32 - RO 0 Reserved
31:0 IDESPtr | R/W 0 Initial Descriptor Pointer.

When ENVPC set to “1” the DMA engine begin to fetch the first
Descriptor at this address

12.3.6.5. Current Descriptor Pointer Register CDESPtrl1  0xA020
CDESPtr2  0xA040
CDESPtr3  0xA060

Table 12-6 Current Descriptor Pointer Register (CDESPtr)

Bit(s) | Field RIW Default Description
63:32 - RO 0 Reserved
31:0 CDESPtr |[RO 0 Current Descriptor Pointer.

- This register contents the address of the Descriptor that the DMA
engine is currently pointing to.
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12.3.6.6. Bus Error Address Register (BuUskrr) 0xA068
Table 12-7 Bus Error Address Register (BusErr)
Bit(s) | Field RIW Default Description
63:32 - RO 0 Reserved
31:2 -- RO 0 G-bus error address[31:2]
1 -- RO 0 Command status during bus error.

0: Write operation

1: Read operation

0 - RO 0 When set, indicates the address is valid, i.e. Bus Error has been
captured.

Note:

1- Programmer must set TOE bit in the CCFG register to enable timeout interrupts.

2- The VPC actually does not generate any bus errors. So this is not handled under BusError handler in
CPU. Instead it is handled under regular interrupts. Care should be observed in this case for EPC
register in COPO

3- Enable GBINT in VPC CSR. This will cause an INT to be generated for the CPU

4- This is now an INT handler not a BUSERR (Both share the same vector but handled differently)

5- Inside the handler, software must read CSR to clear GBINT and issue software reset (DMAC reset - RSTD),
to clear BusErr register.
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12.3.7. Descriptor Format

All Video Port’s descriptors are 32-bit, must use LW and SW to access to these descriptor.

Table 12-8 VPC Descriptor Table

Description Offset

Input/Output DMA Address Descriptor ‘h00/’'h08
Next Descriptor Pointer Descriptor ‘h04/°’h0c
Control 1 Descriptor ‘h08/'h10
Control 2 Descriptor ‘h0c/’h14

Table 12-9 Input Source Address Descriptor

Field Name Description

31:.0 DMAGA[31:0] DMA G-Bus Address[31:0]
Byte addressable

Table 12-10 Next Descriptor Pointer Descriptor

Field Name Description

31:2 nxtptr[31:2] Address of the next descriptor.
Null (‘h0000_0000) = End of chain.

1:0 - Reserved.

Table 12-11 Control 1 Descriptor

Field Name Description
31 ---- Reserved.
30:8 Bcount[22:0] Byte Count - up to 8M byte

23'nh000000 = 1 byte
23'h000001 = 2 bytes
23'h000002 = 3 bytes

23'h7FFFFF = 8M bytes

- For Capture mode minimum byte count must be 8 bytes.

7:3 Reserved.

2:1 Error VPC will set these bits when there is an error occurred when process this Descriptor
00 = no error

01 = Underflow/Overflow error

10 = reserved.

11 = reserved.

When error occurred, DMA engine will skip the rest of the operation until it see end of
Descriptor. Before starting process next descriptor.

0 OWN When set, indicates that the descriptor is owned by VPC controller. When reset, indicates
that the descriptor is owned by the CPU. VPC controller clears this bit when it completes the
DMA.
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Table 12-12 Control 2 Descriptor
Field Name Description
31:20 validCount[11:0] Byte Valid Count — up to 4K byte

12’h000 = disable

12'h007 = 8 byte (minimum)
12’h008 = 9 byte

12’hFFF = 4096 bytes

When validcount[11:0] = 12’h000, which means all video data are continuous. If
validCount[11:0] are not zero then once validCount reach, the next video data address =
current address + offset.

Once the Valid count reach, then it then starts to count from 0 again.

19:8

Offset[11:0]

Offset - up to 4K

12'h000 = 1 byte
12'h001 = 2 bytes

12’hFFF = 4096 bytes

Only valid when validcount[11:0] are not zero.
Once validCount reach then the next video data address = current address + offset.

7:0

Reserved.

Notes: Control 2 Descriptor is only use when VPC is in transmit mode. When VPC is in capture mode, programming the

validCount[11:0] to non-zero value may cause error in VPC engine.
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12.3.8. Big Endian Support

VPC is designed to process data in 64-bit(double word) chunk in Little Endian format. Byte ordering within a double word in
Little Endian format is shown below:

Byte # 76 543210
Address 0x00000000 [h|g|f|e|d|c|b]a
Address 0x00000008 |p|o|n|m| b |Kk|j|i

For output mode, VPC will transmit byte data from byte O to byte 7 starting from address 0x00000000 then address
0x00000008.

Data output seen on VD[7:0] would be
abcdefghljklImnopaq
For input mode, VPC will pack the byte data received from byte 0 to byte 7 to form a double word to write to system memory.

In Big Endian mode, VPC assumes byte ordering is reverse that of Little Endian format:

Byte # 01234567
Address 0x00000000 |a|b|c|d|e|f|g|h
Address 0x00000008 | I |j | k|l |m|n|o|p

VPC has byte swapper logic to swap these byte data to Little Endian format before processing. There is one swapper for
output and one swapper for input. The input and output swappers are both off normally in Little Endian mode and is turned
on automatically when Big Endian mode is selected at the 4939 chip level. The CSR register has 2 bits, SWAPI and
SWAPO, to allow software to turn these 2 swappers on or off independently as shown in the tables below.

Little Endian | Big Endian

SWAPI 0 1 0 1
Input Swapper off on on off

Little Endian Big Endian

SWAPO 0 1 0 1
Output Swapper | off on on off
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Chapter 13. Timer/Counter Controller

13.1. Features

The TX4939 has an on-chip 6-channel timer/counter.

€ 32-bit Up Counter: 6 Channels
o Featured as down-counter like usage

4 Interval Timer Mode (Channel 0, 1, 2, 3, 4, 5)
€ Pulse Generator Mode (Channel 0, 1)

¢ Watchdog Timer Mode (Channel 2)

& Timer Output Signal (TIMER[1:0]) x 2

€ Watchdog Timer Reset Output (WDRST*): x 1

Note:  This timer function has additional feature from TX4938's TIMER as follows.

The register TMTRRn (Timer Read Register) was read only.
In TX4939, this register accepts data write to set appropriate 32-bit data as a counter
starting value.

Although, this register is now R/W (Read/Write), but the register name remain same for
the software compatibility.
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13.2. Block Diagram

IM-Bus I/F Signhal ——— _ TIMER[0]
Timer-0

Counter Input Clock —— Interval Timer Mode

Timer Interrupt 0 <€———

! .
IM-Bus I/F Sighal ——> Timer-1 —— TIMERJ[1]

Counter Input Clock ——— Pulse Generator Mode
] Interval Timer Mode
Timer Interrupt 1 <€——

IM-Bus I/F Signal ——» .
Timer-2
Counter Input Clock ——— Interval Timer Mode
Watchdog Timer Mode

Timer Interrupt 2 €———

NMI* «—

Internal Reset q—— Selector

Chip Configuration
Register (CCFG.WR)

IM-Bus I/F Signal ——

Timer-3

Counter Input Clock ——— Interval Timer Mode

Timer Interrupt 3 €——

IM-Bus I/F Signal ——

Timer-4

Counter Input Clock —— Interval Timer Mode

Timer Interrupt 4 €———

IM-Bus I/F Signhal ———

Timer-5

Counter Input Clock ——— Interval Timer Mode

Timer Interrupt 5 €———

Figure 13-1 Connecting Timer Module Inside the TX4939
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IM-Bus Timer
Register R/W Control Logic Timer Read Register
. Clear
Reset Signal — Clock —> 32-bit Counter
Divider Clock
Clock Signal x1/2- Select Compare Compare
Register A | [ Register B
1/256 5 5
Interval Mode Reg. | Comparator (=)
Pulse Gen. Mode Reg.
Watchdog Mode Reg.
TIMER[1:0]
Timer Control Register
Interrupt Timer Interrupt Request
Control Logic Signal (Internal Signal)
Interrupt Control Register Watchdog Request Signal
(Internal Signal)

Figure 13-2 Timer Internal Block Diagram
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13.3. Detailed Explanation
13.3.1. Overview

The TX4939 has an on-chip 6-channel 32-bit timer/counter. Each channel supports the following modes.

€ Interval Timer Mode (Timer 0, 1, 2, 3, 4, 5)
This mode periodically generates interrupts.

@ Pulse Generator Mode (Timer 0, 1)
This is the pulse signal output mode.

4 Watchdog Timer Mode (Timer 2)
This mode is used to monitor system abnormalities.

13.3.2. Counter Clock

The clock used for counting can be set to a frequency that is 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, or 1/256 of the internal
clock (IMBUSCLK) frequency, or can be selected from nine counter input signal (TCLK) types. Divide Register n
(TMCCDRn) and the Counter Clock Select bit (TMTCRN.CCS) are used to select the counter clock. In this situation,
IMBUSCLK is the internal clock signal which is the G-Bus clock divided by 2. See “Chapter 5 Clock Generator” for more
information.

The counter input signal (TCLK) is used by three channels. Using TCLK makes it possible to count external events. The
External Clock Edge bit (TMTCRN.ECES) can be used to select the clock rising/falling count.

Note that TX4939 does not support TCLK.

Set the TCLK clock frequency to 45% or less of IMBUSCLK (TCLK = 22.5 MHz or less when IMBUSCLK = 50 MHz). The
following table shows example count times when using 50 MHz IMBUSCLK.

Table 13-1 Divide Value and Count (IMBUSCLK = 100 MHz)
Divide TMCCDRn. Counter Clock Resolution (ns) Max. Set Time | TMCPRAnN Value

Rate CCD Frequency (Hz) (sec.) for 1 sec.

2 000 50.0 M 20.00 85.90 50000000

4 001 25.0M 40.00 171.80 25000000

8 010 125 M 80.00 343.60 12500000

16 011 6.25 M 160.00 687.19 6250000

32 100 3.125 M 320.00 1374.39 3125000

64 101 1.5625 K 640.00 2748.78 1562500

128 110 781.25 K 1280.00 5497.56 781250

256 111 390.625 K 2560.00 10995.12 390625
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13.3.3. Counter

Each channel has an independent 32-bit counter. Set the Timer Count Enable bit (TMTCRnN.TCE) and the 32-bit counter will
start counting.

Clear the Timer Count Enable bit to stop the counter. If the Counter Reset Enable bit (TMTCRN.CRE) is set, then the counter
will be cleared also. The Watchdog Timer Disable bit (TMWTRM2.WDIS) must be set in order to stop and clear this counter
when in the Watch Dog Timer mode.

Also, reading the Timer Read Register (TMTRR) makes it possible to fetch the counter value.

13.3.4. Interval Timer Mode

The Interval Timer mode is used to periodically generate interrupts. Setting the Timer Mode field (TMTCRn.TMODE) of the
Timer Control Register to “00” sets the timer to the Interval Timer mode. This mode can be used by all timers.

When the count value matches the value of Compare Register A (TMCPRAN), the Interval Timer TMCPRA Status bit
(TMTISRN.TIIS) of the Timer Interrupt Status Register is set. When the Interval Timer Interrupt Enable bit (TMITMRN.TIIE)
of the Interval Timer Mode Register is set, timer interrupts occur. When a “0” is written to the Interval Timer TMCPRA Status
bit (TMTISRN.TIIS), TIIS is cleared and timer interrupts stop.

If the Timer Zero Clear Enable bit (TMITMRN.TZCE) is set, the counter is cleared to 0 if the count value matches the
Compare Register A (TMCPRARN) value. Count operation stops when the Timer Zero Clear Enable bit (TMITMRN.TZCE) is
cleared.

The level of the TIMER[1:0] output signal stays in the initial state (Low) in this mode. Output is undefined when changing
from the Pulse Generator mode to this mode. Figure 13-3 shows an outline of the count operation and generation of
interrupts when in the Interval Timer mode and Figure 13-4 shows the operation when using an external input clock.
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Count Value
TMCPRA Reg. Compare Value

R A
Tce=o [ Lo

CRE=0 L [orea] 5 .
TZCE=1 e
TIE=1 ! 5 5 |_TIL|
TS =1 U U U U
Timer Interrupt* L L] L] L
TMODE = 00 (Interval Timer Mode), CCS = 0 (Internal Clock) [Rev L01]

Figure 13-3 Operation Example of Interval Timer (Using Internal Clock)

Count Value
TMCPRA Reg. Compare Value
TCE o] T
TCLK ' ' Y 3 ¥ '
THE | TIE=0
THS=1 |_|
Timer Interrupt* | |
TMODE = 00 (Interval Timer Mode), CCS = 1 (Internal Clock), ECES = 0 (Falling Edge)
CRE = 0 (Not Reset), TZCE = 1 (Zero Clear Enable)

Figure 13-4 Operation Example of the Interval Timer (External Input Clock: Falling Edge Operation)
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13.4. Pulse Generator Mode

When in the Pulse Generator mode, use Compare Register A (TMCPRAnN) and Compare Register B (TMCPRBN) to output
a particular period and particular duty square wave to the TIMER[n] signal. Setting the Timer Mode field (TMTCRn.TMODE)
of the Timer Control Register to “01” sets the timer to the Pulse Generator mode. Timer 0 and Timer 1 can be used, but Timer
2 cannot.

The initial state of the TIMER[n] signal can be set by the Flip Flop Default bit (TMPGMRnN.FFI) of the Pulse Generator Mode
Register.

The TIMER[n] output signal reverses when the counter value matches the value set in Compare Register A (TMCPRAnN).
The TIMER[n] output signal reverse again, clearing the counter when the counter continues counting and the value set in
Compare Register B (TMCPRBnN) and the counter value match. Consequently, a value greater than that in Compare
Register A (TMCPRAnN) must not be set in Compare Register B (TMCPRBN).

Interrupts can be generated in the Pulse Generator mode as well. However, this is not standard practice.

The Pulse Generator TMCPRA Status bit (TMTISRN.TPIAS) of the Timer Interrupt Status Register is set when the count
value matches the value of Compare Register A (TMCPRAnN). Timer interrupts are generated when the TMCPRA Interrupt
Enable bit (TMPGMRN.TPIAE) of the Pulse Generator Mode Register is set.

Similarly, the Pulse Generator TMCPRB Status bit (TMTISRn.TPIBS) of the Timer Interrupt Status Register is set when the
count value matches the value of Compare Register B (TMCPRBnN). Timer interrupts are generated when the TMCPRB
Interrupt Enable bit (TMPGMRnN.TPIBE) of the Pulse Generator Mode Register is set.

Count Value

TMCPRBnN
Compare Value

TMCPRAN
Compare Value

Time

TCE

TCE=0
i (Count Disable) !

' '
' '
' '
' ! ] ' ' ' '
" " " " "
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' '
' '
' '

TIMER [1] L L L i

TMODE = 01 (Pulse Generator Mode), CCS = 0 (Internal Clock)
FFI =1 (Initial High), CRE = 0 (Counter not Reset)

Figure 13-5 Operation Example of the Pulse Generator Mode
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13.5. Watchdog Timer Mode

The Watchdog Timer mode is used to monitor system anomalies. The software periodically clears the counter and judges an
anomaly to exist if the counter is not cleared within a specified period of time. Then, either the TX4939 is internally reset or
an NMl is signaled to the TX49/H4 core. Set the Timer mode field (TMTCR2.TMODE) of the Timer Control Register to “10”
to set the timer to the Watchdog Timer mode. This mode can only be used by Timer 2.

Use the Watchdog Reset bit (WR) of the Chip Configuration Register (CCFG) to select whether to perform an internal reset
or signal an NMI. Set this bit to “1” to select Watchdog Reset, or set it to “0” to select NMI Signaling.

When the timer count reaches the value programmed in Compare Register A (TMCPRA2), the Watchdog Timer TMCPRA
Match Status bit in the Timer Interrupt Status Register (TMTISR2.TWIS) is set. Either the watchdog timer reset or NMl is
issued if the Timer Watchdog Enable bit in the Watchdog Timer Mode Register (TMWTMR2.TWIE) is set.

When the watchdog timer reset is selected, the Watchdog Reset Status bit in the Chip Configuration Register
(CCFG.WDRST) is set. If the Watchdog Reset External Output bit in the Chip Configuration Register (CCFG.WDREXEN) is
cleared, the entire TX4939 is initialized but the configuration registers. If the CCFG.WDREXEN bit is set, the WDRST* signal
is asserted and remains asserted until the RESET* signal is asserted.

There are three ways of stopping NMI signaling from being performed.

Clear the Watchdog Timer Interrupt Status bit (TMTISR2.TWIS) of the timer Interrupt Status Register.

Clear the counter by writing “1” to the Watchdog Timer Clear bit (TMWTMR2.TWC) of the Watchdog Timer Mode Register.
Clear the Watchdog Timer Interrupt Enable bit (TMWTMR2.TWIE) while the Watchdog Timer Disable bit
(TMWTMR2.WDIS) is still set.

It is possible to stop the counter when in the Watchdog Timer mode by clearing the Timer Counter Enable bit
(TMTCR2.TCE) of the Timer Control Register while the Watchdog Timer Disable bit (TMWTMR2.WDIS) of the Watchdog
Timer Mode Register is set to “1”.

It is also possible to stop the counter by clearing the Counter Clock Divide Cycle Enable bit (TMTCR2.CCDE) of the Timer
Control Register when the internal clock is being used as the counter clock.

It is not possible to directly write “0” to the Watchdog Timer Disable bit (TMWTMR2.WDIS). There are two ways to clear this
bit.

Clear the Watchdog Timer Interrupt Enable bit (TMWTMR2.WDIS)
Clear the Timer Counter Enable bit (TMTCR2.TCE) of the Timer Control Register
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In Watchdog Timer mode, the TIMER[1:0] outputs remain at logic high.

Count Value
TMCPRA Reg. Compare Value

+
|
|

TCE=0 |
TWC =0 TWC=1
TWIE=1 | TWIE = 0 : Disable WDT |—
TWIS =0 I_l KWrite “0" to WDIS I
WDIS = 1 N 1
RESET* or NMI |_| |
TMODE = 10 (Watch Dog Timer Mode), CRE = 0 (Counter not Reset) -

Figure 13-6 Operation Example of the Watchdog Timer Mode
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13.6. Registers

Table 13-2 Timer Register List

Offset Address Register Symbol Register Name

Timer 0 (TMRO)
0xF000 TMTCRO Timer Control Register 0
0xF004 TMTISRO Timer Interrupt Status Register 0
0xF008 TMCPRAO Compare Register A0Q
0xFO0C TMCPRBO Compare Register B 0
0xF010 TMITMRO Interval Timer Mode Register 0
0xF020 TMCCDRO Divide Cycle Register 0
0xF030 TMPGMRO Pulse Generator Mode Register 0
0xF040 TMWTMRO (Reserved)
0xFOFO0 TMTRRO Timer Read Register 0

Timer 1 (TMR1)
0xF100 TMTCR1 Timer Control Register 1
0xF104 TMTISR1 Timer Interrupt Status Register 1
0xF108 TMCPRA1 Compare Register A1
0xF10C TMCPRB1 Compare Register B 1
0xF110 TMITMR1 Interval Timer Mode Register 1
0xF120 TMCCDR1 Divide Cycle Register 1
0xF130 TMPGMR1 Pulse Generator Mode Register 1
0xF140 TMWTMR1 (Reserved)
OxF1FO0 TMTRR1 Timer Read Register 1

Timer 2 (TMR2)
0xF200 TMTCR2 Timer Control Register 2
0xF204 TMTISR2 Timer Interrupt Status Register 2
0xF208 TMCPRA2 Compare Register A 2
0xF20C TMCPRB2 (Reserved)
0xF210 TMITMR2 Interval Timer Mode Register 2
0xF220 TMCCDR2 Divide Cycle Register 2
0xF230 TMPGMR2 (Reserved)
0xF240 TMWTMR2 Watchdog Timer Mode Register 2
0xF2F0 TMTRR2 Timer Read Register 2

Timer 3 (TMR3)
0xFDO00 TMTCR3 Timer Control Register 3
0xFD04 TMTISR3 Timer Interrupt Status Register 3
0xFDO08 TMCPRA3 Compare Register A3
0xFDOC TMCPRB3 (Reserved)
0xFD10 TMITMR3 Interval Timer Mode Register 3
0xFD20 TMCCDR3 Divide Cycle Register 3
0xFD30 TMPGMR3 (Reserved)
0xFD40 TMWTMR3 (Reserved)
O0xFDFO TMTRR3 Timer Read Register 3

Timer 4 (TMR4)
0xFEO00 TMTCR4 Timer Control Register 4
OxFE04 TMTISR4 Timer Interrupt Status Register 4
OXFEO08 TMCPRA4 Compare Register A4
OXFEOC TMCPRB4 (Reserved)
OxFE10 TMITMR4 Interval Timer Mode Register 4
0xFE20 TMCCDR4 Divide Cycle Register 4
OxFE30 TMPGMR4 (Reserved)
0xFE40 TMWTMR4 (Reserved)
OXFEFO TMTRR4 Timer Read Register 4

Timer 5 (TMR5)
0xFF00 TMTCR5 Timer Control Register 5
O0xFF04 TMTISR5 Timer Interrupt Status Register 5
O0xFF08 TMCPRA5S Compare Register A5
0xFFOC TMCPRB5 (Reserved)
O0xFF10 TMITMR5 Interval Timer Mode Register 5
0xFF20 TMCCDR5 Divide Cycle Register 5
O0xFF30 TMPGMR5 (Reserved)
0xFF40 TMWTMRS5 (Reserved)
OxFFFO TMTRR5 Timer Read Register 5
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13.6.1. Timer Control Register n (TMTCRn)

TMTCRO (0XF000), TMTCR1 (OxF100), TMTCR2 (OxF200),
TMTCR3 (OXFD00), TMTCR4 (OXFE00), TMTCR5 (OxFF00)
30 29 28 27 26 25 24 23 22

31 21 20 19 18 17 16

Name RESERVED
I I I I I I I I I I I I I I I

Type:
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name | | Reserved | | TCE |CCDE| CRE |Reserved ECES| CCS TMODE
Type: RW R/W R/W RW  R/W R/W
Default 0 0 0 0 0 00

Figure 13-7 Timer Control Register
Table 13-3 Timer Control Register

Bit Mnemonic Field Name Description R/W
31:8 Reserved —
7 TCE Timer Counter Timer Counter Enable (Default: 0) R/W

Enable
This field controls whether the counter runs or stops.

When in the Watchdog mode, counter operation only stops when the
Watchdog Timer Disable bit (TMWTMR2.WDIS) of the Watchdog Timer
Mode Register is set. When the Watchdog Timer Disable bit is cleared, the
value of this Timer Count Enable bit becomes “0”, but the count continues.

0: Stop counter
1: Counter Operation

When TCE bit changes from 1 to 0, CRE value will be evaluated once. And
if and only if CRE value is 1, counter will be reset to 0.

6 CCDE Counter Clock Counter Clock Divide Enable (Default: 0) R/W
Divider Enable This bit enables the divide operation of the internal clock (IMBUSCLK). The
counter stops if this bit is set to “0” when the internal bus clock is in use.

0: Disable

1: Enable

5 CRE Counter Reset Counter Reset Enable (Default: 0) R/W

The value of CRE will be evaluated once when TCE bit changes from 1 to
0. Counter value will be reset to zero if and only if CRE value is 1.

Such operation that TCE changes from 1 to 0 and same time, CRE
changes 0 to 1, by single register write, it will stop and reset the counter.

4 Reserved —
3 ECES External Clock External Clock Edge Select (Default: 0) R/W
Edge Select This bit specifies the counter operation edge when using the counter input
signal (TCLK).
0: Falling edge of the counter input signal (TCLK)
1: Rising edge of the counter input signal (TCLK)
2 CCs Counter Clock Counter Clock Select (Default: 0) R/W
Select This bit specifies the timer clock.

0: Internal clock (IMBUSCLK)

1: External input clock (TCLK)

Please note that TX4939 does not support external clock
1:0 TMODE Timer Mode Timer Mode (Default: 00) R/W
This bit specifies the timer operation mode.

11: Reserved

10: Watchdog Timer mode (Timer 2), Reserved (Timer 0, 1,3,4,5)
01: Pulse Generator mode (Timer 0, 1), Reserved (Timer 2,3,4,5)
00: Interval Timer mode
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13.6.2. Timer Interrupt Status Register n (TMTISRnN)

TMTISRO (0xF004), TMTISR1 (0xF104), TMTISR2 (OxF204),

TMTISR3 (OXFD04), TMTISR4 (OXFEO4), TMTISR5 (OXFF04)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Name RESERVED

Type:
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name Reserved TWIS | TPIBS|TPIAS| TIIS

Type: RWOC RWOC RWOC RWOC
Default 0 0 0 0

Figure 13-8 Timer Interrupt Status Register

Table 13-4 Timer Interrupt Status Register

Bit Mnemonic Field Name Description R/W
31:4 Reserved

3 TWIS Watchdog Timer | Watchdog Timer TMCPRA Match Status (Default: 0) R/WO0C
Status (This bit is Reserved other than TMTISR2 Register.)

When in the Watchdog Timer mode, this bit is set when the counter value
matches Compare Register A2 (TMCPRA2).
This bit is cleared by writing a “0” to it.

During Read

0: Did not match the Compare Register
1: Matched the Compare Register
During Write

0: Negate interrupt

1: Invalid

2 TPIBS Pulse Generator | Pulse Generator TMCPRB Match Status (Default: 0) R/WO0C
TMCPRB Status | (This bit is Reserved in case of TMTISR2 Register.)

When in the Pulse Generator mode, this bit is set when the counter value
matches Compare Register Bn (TMCPRBn).
This bit is cleared by writing a “0” to it.

During Read
0: Did not match the Compare Register

1: Matched the Compare Register
During Write

0: Clear

1: Invalid

1 TPIAS Pulse Generator | Pulse Generator TMCPRA Match Status (Default: 0) R/WO0C
TMCPRA Status | (This bit is Reserved in case of TMTISR2 Register.)

When in the Pulse Generator mode, this bit is set when the counter value
matches Compare Register A n (TMCPRAR).
This bit is cleared by writing a “0” to it.

During Read

0: Did not match the Compare Register
1: Matched the Compare Register
During Write

0: Clear

1: Invalid
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0 TIIS Interval Timer Interval Timer TMCPRA Match Status (Default: 0) R/WO0C
TMCPRA Status | When in the Interval Timer mode, this bit is set when the counter value
matches Compare Register A n (TMCPRAR).

This bit is cleared by writing a “0” to it.

During Read

0: Did not match the Compare Register
1: Matched the Compare Register
During Write

0: Clear

1: Invalid
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13.6.3. Compare Register An (TMCPRAN)

TMCPRAO (OxF008), TMCPRA1 (OxF108), TMCPRA2 (OxF2008),
TMCPRA3 (OxFD08), TMCPRA4 (OXFE08), TMCPRAS5 (OXFFO8)

20 19 18 17 16

31 30 29 28 27 26 25 24 23 22 21
Name TCVA
I I I I I I I I I I I I I I I
Type: R/W
Default OXEEEE
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name TCVA
I I I I I I I I I I I I I I I
Type: R/W
Default OXFFFF

Figure 13-9 Compare Register A

Table 13-5 Compare Register A

Mnemonic | Field Name Description
31:0 |[TCVA Timer Compare Timer Compare Register A (Default: OXFFFFFFFF) R/W
Register A

Sets the timer compare value as a 32-bit value. This register can be used in
all modes.
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13.6.4. Compare Register Bn (TMCPRBnN)
TMCPRBO (0xFOOC), TMCPRB1 (0xF10C),
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Name TCVB
I | I I I I I | I | I |
Type: R/W
Default OXFFFF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name TCVB
I I I I I I I I I I I I I
Type: R/W
Default OXFFFF

Figure 13-10 Compare Register B

Table 13-6 Compare Register B

Mnemonic | Field Name

TCVB Timer Compare

Value B

31:.0

Description
Timer Compare Value B (Default: OXFFFFFFFF)

Sets the timer compare value as a 32-bit value.

R/W

This register can only be used when in the Pulse Generator mode. Please set

a value greater than that in Compare Register A.
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13.6.5. Interval Timer Mode Register n (TMITMRnN)

TMITMRO (OXF010), TMITMR1 (0xF110), TMITMR2 (0XF210),
TMITMR3 (OXFD10), TMITMR4 (OXFE10), TMITMR5 (OXFF10)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Name RESERVED
I | I I I I I | I | I |
Type:
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name TIE RESERVED TZCE
| I I I I I | I | I

Type: R/W R/W
Default 0 0

Figure 13-11 Interval Timer Mode Register

Table 13-7 Interval Timer Mode Register

Bit Mnemonic | Field Name Description R/W
31:16 Reserved —
15 TIE Interval Timer Timer Interval Interrupt Enable (Default: 0) R/W

Interrupt Enable
Sets Interval Timer TMCPRA Interrupt Enable/Disable.

0: Disable (mask)
1: Enable

14:1 Reserved —
0 TZCE Interval Timer Interval Timer Zero Clear Enable (Default: 0) R/W
Clear Enable

This bit specifies whether or not to clear the counter to “0” after the count
value matches Compare Register A. Count stops at this value if it is not
cleared.

0: Do not clear
1: Clear
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13.6.6. Divide Register n (TMCCDRn)

TMCCDRO (0xF020), TMCCDR1 (OxF120), TMCCDR2 (0xF220),
TMCCDR3 (0xFD20), TMCCDR4 (OXFE20), TMCCDR5 (OXFF20)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Name RESERVED
I | I I I I I | I | I |
Type:
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name RESERVED CCD
I | I I I I I | I I |
Type: R/W
Default 000

Figure 13-12 Divide Register

Table 13-8 Divide Register

Bits |Mnemonic |Field Name Description
31:3 Reserved —
2:0 CCD Counter Clock Counter Clock Divide (Default: 000) R/W
Divide Value These bits specify the divide value when using the internal clock
(IME;l;JlSCLK) as the counter input clock source. The binary value n is divided
by 2.

000: Divide by 2* (f/2)
001: Divide by 2 (f/4)
010: Divide by 2° (/8)
011: Divide by 2* (f/16)
100: Divide by 2° (f/32)
101: Divide by 2° (f/64)
110: Divide by 2 (f/128)
111: Divide by 2° (f/256)
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13.6.7. Pulse Generator Mode Register n (TMPGMRNn)
TMPGMRO (0xF030), TMPGMR1 (OxF130)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Name RESERVED
I I I I I I I I I I I
Type:
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name [ TPIB [TPIAE | | | | | RESERVED | | | | | FF1
Type: RW  R/W R/W
Default 0 0 0

Figure 13-13 Pulse Generator Mode Register

Table 13-9 Pulse Generator Mode Register

Mnemonic | Field Name Description | RIW
31:16 Reserved —
15 TPIBE TMCPRB Timer Pulse Generator Interrupt by TMCPRB Enable (Default: 0) R/W
Interrupt Enable
When in the Pulse Generator mode, this bit sets Interrupt Enable/Disable for
when TMCPRB and the counter value match.
0: Mask
1: Do not mask
14 TPIAE TMCPRA Interrupt | Timer Pulse Generator Interrupt by TMCPRA Enable (Default: 0) R/W
Enable
When in the Pulse Generator mode, this bit sets Interrupt Enable/Disable for
when TMCPRA and the counter value match.
0: Mask
1: Do not mask
13:1 Reserved —
0 FFI Flip Flop Default | Initial TIMER Output Level (Default: 0) R/W
This bit specifies the TIMER[n] signal default when in the Pulse Generator
mode.
0: Low
1: High
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13.6.8. Watchdog Timer Mode Register n (TMWTMRNn)
TMWTMR2 (0xF240)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Name RESERVED
I I I I I I I I I I I I
Type:
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name | TWIE | | RESERVED | WDIS | | (l) | | TWC
Type: R/W RW1S R/W1C
Default 0 0 0

Figure 13-14 Watchdog Timer Mode Register

Table 13-10 Watchdog Timer Mode Register

Bit |Mnemonic |Field Name Description | RIW
31:16 Reserved —
15 TWIE Watchdog Timer | Timer Watchdog Enable (Default: 0) R/W
Signaling Enable
This bit sets NMI signaling enable/disable either when in the Watchdog Timer
mode or during a reset. This bit cannot be cleared when the Watchdog Timer
Disable bit (WDIS) is “0”".
0: Disable (mask)
1: Enable
14:8 Reserved —
7 WDIS Watchdog Timer | Watchdog Timer Disable (Default: 0) R/W1S
Disable
Only when this bit is set can the counter be stopped by clearing the Watchdog
Timer Signaling Enable bit (TWIE) or by clearing the Timer Counter Enable bit
(TMTCR2.TCE) of the Timer Control Register.
Writing “0” to this bit is not valid. This bit can be cleared in either of the
following ways.
Clear the Watchdog Timer Interrupt Enable bit (TMWTMR2.TWIE).
Clear the Timer Counter Enable bit (TMTCR2.TCE) of the Timer Control
Register.
6:1 Reserved —
0 TWC Watchdog Timer | Watchdog Timer Clear (Default: 0) R/W1C
Clear
Setting this bit to “1” clears the counter. Writing “0” to this bit is not valid. This
bit is always read as “0”.
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13.6.9. Timer Read Register n (TMTRRnN)

TMTRRO (0xFOF0), TMTRR1 (OXF1F0), TMTRR2 (OxF2FO0),
TMTRR3 (0xFDF0), TMTRR4 (OXFEF0), TMTRR5 (OXFFFO)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Name TCNT
I I I I I I I I I I I I I
Type: R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name TCNT
I I I I I I I I I I
Type: R/W
Default 0x0000
Figure 13-15 Timer Read Register 0
Table 13-11 Timer Read Register n
Bits |Mnemonic |Field Name Description | RIW
31:0 |TCNT Timer Counter Timer Counter (Default: 0x00000000) R/W

This Register is a 32-bit counter.
Read operation on this register returns the counter value.

Write operation to this register force the counter value to the write data.

The write data should be less than the value of the register TMCPRAnN and
the timer operates normally except starting counter value.

If this write data value is greater or equal to the value of TMCPRARN, the result
is undefined.
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Chapter 14. DMA Controller

14.1. Features

The TX4939 contains two set of four-channel DMA Controller (DMACO, DMAC1) that executes DMA (Direct Memory
Access) with memory and 1/O devices.

The DMA Controller has the following characteristics.
DMAC has on-chip 8-channel DMA controller. Three channels are for transferring to memory and 1/O devices. The other
channels are for internal resources (4 channels are dedicated for ACLC/I12S).

¢ <DMACO, DMAC1>
o Has four on-chip DMA channels

o Supports Memory-Memory Copy modes that do not have address boundary limitations. Burst transfer of up
to eight double words is possible for each Read or Write operation.

Supports Memory Fill mode that writes double-word data to the specified memory region

Supports Chained DMA Transfer

On-chip signed 24-bit address count up registers for both the source address and destination address
On-chip 26-bit Byte Count Register for each channel

One of two methods can be selected for determining access priority among multiple channels: Round Robin
or Fixed Priority

o Big Endian or Little Endian mode can be set separately for each channel

o o o o o

¢ <DMACO>

o Supports external I/O devices with 8-, 16-, and 32-bit Data Bus widths and transfer between memory
devices.

o Supports DMA on-chip Serial /0O Controllers, and NAND Flash Memory Controller

¢ <DMAC1>
o Supports DMA on-chip AC-Link Controllers
o Supports DMA on-chip I12S Controllers
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14.2. Block Diagram
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Figure 14-1 DMAO Controller Block Diagram
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Figure 14-2 DMA1 Controller Block Diagram
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14.3. Detailed Explanation
14.3.1. Transfer Mode

The DMA Controller (DMACO, DMAC1) supports five transfer mode types (refer to Table 14-1 DMA Controller Transfer
Modes below). The setting of the External Request bit (DMCCRN.EXTRQ) of the DMA Channel Control Register selects
whether transfer with an 1/0 device is a DMA transfer.

1/0 DMA Transfer Mode (DMCCRN.EXTRQ = “1")
Perform DMA transfer with either an external device connected to the External Bus Controller or an on-chip 1/0O device
(ACLC/I2S or SIO or NDFMC)

Memory Transfer Mode (DMCCRN.EXTRQ = “0”)
Either copies data between memory devices or fills data in memory.

Table 14-1 DMA Controller Transfer Modes

DMA Transfer Mode DMCCRnN PCFG DMCCRnN DMSAR D]\V/IDYAY Ref.
Controller EXTREQ DMASEL SNGAD
External /O N
(Dual Address) 14.3.8
Internal 1/O (SIO) 1 1 0 N N 14.3.4
14.3.8
Internal- /O (NDFMC) 1 1 1 N 14.34
Memory-Memory Copy 0 — 0 N v 14.3.4
14.3.8
DMACL Internal /0 (ACLC/I2S) 1 — 0 v v 14.3.4
14.3.8
Memory-Memory Copy 0 — 0 N N 14.3.4
14.3.8

14.3.2. On-chip Registers

The DMA Controller has two shared registers that are shared by four channels. Section 0 explains each register in detail.

€ Shared Registers
DMMCR: DMA Master Control Register
DMMFDR: DMA Memory Fill Data Register

€ DMA Channel Register

DMCHARnN: DMA Chained Address Register

DMSARnN: DMA Source Address Register

DMDARN: DMA Destination Address Register
DMCNTRn: DMA Count Register

DMSAIRn: DMA Source Address Increment Register
DMDAIRN: DMA Destination Address Increment Register
DMCCRn: DMA Channel Control Register

DMCSRn: DMA Channel Status Register
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14.3.3. External /O DMA Transfer Mode

The External I/O DMA Transfer Mode performs DMA transfer with external 1/0O devices that are connected to the External
Bus Controller.

14.3.3.1. External Interface

External 1/0 devices signal DMA requests to the DMA Controller by asserting the DMA Transfer Request Signal
(DMAREQIn]). On the other hand, the DMA Controller accesses external I/O devices by asserting the DMA Transfer
Acknowledge Signal (DMAACK]nN)).

The DMA Transfer Request signal (DMAREQ[n]) can use the Request Polarity bit (REQPOL) of the DMA Channel Control
Register (DMCCRN) to select the signal polarity for each channel, and can use the Edge Request bit (EGREQ) to select
either edge detection or level detection for each channel. The DMA Transfer Acknowledge signal (DMAACK([n]) can also
use the Acknowledge Polarity bit (ACKPOL) to select the polarity.

Please assert/deassert the DMAREQ[n] signal as follows below.
When level detection is set (DMCCRn.EGREQ = 0)

The DMAREQ[n] signal must be continuously asserted until one SYSCLK cycle after the DMAACK(|n] signal is asserted.
Also, the DMAREQIn] signal must be deasserted before the CE*/CS* signal is deasserted. If this signal is asserted too
soon, DMA transfer will not be performed. If this signal is asserted or deasserted too late, unexpected DMA transfer may
result.

During Dual Address transfer, we recommend detecting assertion of the CE* signal for the external 1/0 device that is
currently asserting DMAACK]n], then deasserting DMAREQIn].

When edge detection is set (DMCCRnN.EGREQ =1)

Please set up assertion of the DMAREQI[n] signal so the DMAREQ[n] signal is asserted after the DMAACK([n] signal
corresponding to a previously asserted DMAREQI[n] signal is deasserted. The DMAREQ[n] signal will not be detected even
if it is asserted before DMAACK]n] is deasserted.

*** is a timing diagram that shows the timing of external DMA access. In this timing diagram, both the DMAREQIn] signal
and the DMAACK]|n] signal are set to Low active (DMCCRn.REQPL = 0, DMCCRn.ACKPOL = 0).

The DMAACK][n] and DMADONE([n] signals, which are DMA control signals, are synchronized to SDCLK. When these
signals are used by an external I/O device that is synchronous to SYSCLK, it is necessary to take clock skew into account.
The DMAACK]n] signal is asserted either at the SYSCLK cycle, the same as with assertion of the CE*/CS* signal, or before
that. In addition, it is deasserted after the last ACK*/READY signal is deasserted.

When the DMADONE* signal (refer to 14.3.3.3) is used as an output signal, it is asserted for at least one SYSCLK cycle
while the DMAACK([n] signal is asserted either during the same SYSCLK cycle that the CE*/CS* signal is deasserted or
during a subsequent SYSCLK cycle. When the DMADONE* signal is used as an input signal, it must be asserted for one
SYSCLK cycle while the DMAACK]nN] signal is being asserted.

14.3.3.2. Dual Address Transfer

If the Single Address bit (DMCCRN.SNGAD) has been cleared, access to external /0O devices and to external memory is
each performed continuously. Each access is the same as normal access except when the DMAACK]n] signal is asserted.

Please refer to “14.3.8 Dual Address Transfer” for information regarding setting the register.

14.3.3.3. DMADONE* Signal

The DMADONE* signal operates as either the DMA stop request input signal or the DMA done signalling output signal, or
may operate as both of these signals depending on the setting of the DONE Control Field (DNCTRL) of the DMA Channel
Control Register (DMCCRn).

The DMADONE* signal is shared by four channels. The DMADONE* channel is valid for a channel when the DMAACK]n]
signal for that channel is asserted.

If the DMADONE* channel is set to be used as an output signal (DMCCRn.DNCTRL = 10/11), it will operate as follows
depending on the setting of the Chain End bit (CHDN) of the DMA Channel Control Register (DMCCRn).
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When the Chain End bit (CHDN) is set, the DMADONE?* signal is only asserted when the DMAACK]n] signal for the last
DMA transfer in the Link List Command Chain is asserted.

When the Chain End bit (CHDN) is cleared, the DMADONE?* signal is asserted when the DMAACK([n] signal for the last data
transfer in a DMA transfer specified by the current DMA Channel Register is asserted. Namely, if the Link List Command
chain is used, there is one assertion at the end of each data transfer specified by each Descriptor.

If the DMADONE* signal is set to be used as an input signal (DMCCRn.DNCTRL = 01/11), DMA transfer can be set to end
normally when the external device asserts the DMADONE?* signal when the DMAACK(|n] signal of channel n is asserted.
DMADONE?* is asserted during DMAACK([n] is not asserted, then unexpected operation occurs. When DMA transfer is
terminated by the DMADONE* assertion of the external device, the External DONE Assert bit (DMCSRn.EXTDN) of the
DMA Channel Status Register is set regardless of the setting of the Chain End bit (CHDN) of the DMA Channel Control
Register (DMCCRn). Operation is as follows depending on the setting of the Chain End bit (CHDN).

When the Chain End bit (CHDN) is set, all DMA transfer for that chain is terminated. At this time, the Normal Chain End bit
(NCHNC) and the Normal Transfer End bit (NTRNFC) of the DMA Channel Status Register are both set and the Transfer
Active bit (DMCCRN.XFACT) of the DMA Channel Control Register is cleared.

When the Chain End bit (CHDN) is cleared, only DMA transfer specified by the current DMA Channel Register ends
normally, and only the Normal Transfer End bit (NTRNFC) is set. When the Chain Enable bit (CHNEN) of the DMA Channel
Control Register (DMCCRn) is set, chain transfer is executed and DMA transfer continues. When the Chain Enable bit
(CHNEN) is cleared, the Transfer Active bit (DMCCRnN.XFACT) is cleared and the Normal Chain End bit (NCHNC) is set.

Three clock cycles are required from external assertion of the DMADONE?* signal to disabling of new DMA access.
Operation will not stop even if the bus operation in progress is a Single transfer or a Burst transfer. For example, if the
DMADONE?* signal is asserted during Read operation of Dual Address transfer, the corresponding Write bus operation will
also be executed.

If the DMADONE?* pin is set to become both input and output for channel n (DMCCRn.DNCTRL = “11"), the DMADONE*
signal becomes an open drain signal when the channel becomes active. When used by this mode, the DMADONE* signal
must be pulled up by an external source. When in this mode, the External DONE Assert bit (DMCSRn.EXTDN) is not only
set when asserted by an external device, but is also set when asserted by the TX4939.

14.3.4. Internal /O DMA Transfer Mode

Performs DMA with the on-chip Serial I/O Controller, the AC-link Controller or the I12S Controller. Set the DMA Channel
Control Register (DMCCRn) as follows.

DMCCRN.EXTRQ = 1: I/O DMA Transfer mode
DMCCRN.SNGAD = 0: Dual Address Transfer

Refer to “14.3.8 Dual Address Transfer” and “DMA transfer (Serial I/0 Controller)” or “DMA operation (AC-link Controller)”
or “DMA Interface (I12S Controller)” for more information.
Refer to the Boot Configuration section for selection AC-link or 12S

Performs DMA with the on chip NAND Flash Memory Controller (NDFMC) Set the DMA Channel 3 Control Register
(DMCCRN) as follows.

DMCCRN.EXTRQ = 1: /0O DMA Transfer mode

DMCCRN.SNGAD = 1: Single Address Transfer

Refer to DMA Operation section in NDFMC for more information
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14.3.5. Memory-Memory Copy Mode

It is possible to copy memory from any particular address to any other particular address when in the Memory-Memory
Copy mode.

Set the DMA Channel Control Register (DMCCRN) as follows.
DMCCRN.EXTRQ = 0: Memory Transfer mode
DMCCRN.SNGAD = 0: Dual Address mode

Furthermore, when in the Memory-Memory Copy mode it is possible to set the interval for requesting ownership of each
bus using the Internal Request Delay field (INTRQD) of the DMA Channel Control Register (DMCCRn).

Refer to “14.3.8 Dual Address Transfer” for information regarding the setting of other registers.

14.3.6. Memory Fill Transfer Mode

When in the Memory Fill Transfer mode, double word data set in the DMA Memory Fill Data Register (DMMFDR) is written
to the data region specified by the DMA Source Address Register (DMSARN). This data can be used for initializing the
memory, etc.

Set the DMA Channel Control Register (DMCCRN) as follows.

o DMCCRN.EXTRQ =0: Memory transfer mode
o DMCCRN.SNGAD =1: Single Address Transfer
o DMCCRNn.MEMIO =0: Transfer from I/O to memory

In addition, when in the Memory Fill Transfer mode, it is possible to set the interval for requesting ownership of each bus
using the Internal Request Delay field (INTRQD) of the DMA Channel Control Register (DMCCRn).

Refer to “14.3.7 Single Address Transfer” for information regarding the setting of other registers.

By using this function together with the memory Write function that writes to multiple SDRAM Controller memory channels
simultaneously (refer to Section 9.3.4), it is possible to initialize memory even more efficiently.
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14.3.7. Single Address Transfer

Note: The Single Address Transfer is only supported for internal NAND Flash Controller (NDFMC)

This section explains register settings during Single Address transfer (DMCCRN.SNGAD = 1). This applies to the following
DMA Transfer modes.

o External /O (Single Address) Transfer
o Memory Fill Transfer

14.3.7.1. Channel Register Settings During Single Address Transfer

Table 14-2 Channel Register Setting Restrictions During Single Address Transfer shows restrictions of the Channel
Register settings during Single Address transfer. If these restrictions are not met, then a Configuration Error is detected, the
Configuration Error bit (CFERR) of the DMA Channel Status Register (DMCSRn) is set and DMA transfer is not performed.

For Burst transfer, +8, 0, or —8 can be set to the DMA Source Address Increment Register (DMSAIRnN). Setting 0 is only
possible during transfer from memory to external 1/0. A Configuration Error will result if the value “0” is set during transfer
from external I/O to memory or during Memory Fill transfer.

If the setting of the DMA Source Address Increment Register (DMSAIRN) is negative and the transfer setting size is 2 bytes
or larger, then set the DMA Source Address Register (DMSARN) with 1 to 3 low-order bits complemented.

o If the transfer size is 2 bytes, set the DMSARN with the low-order 1 bit complemented.
o If the transfer size is 4 bytes, set the DMSARN with the low-order 2 bits complemented.
o If the transfer size is 8 bytes or larger, set the DMSARnN with the low-order 3 bits complemented.

Example: When the transfer address is 0x0_0001_0000, the DMA Source Address Register (DMSARN) is as
follows below.

o DMSAIRn setting is “0” or greater: 0x0_0001_0000
o DMSAIRn setting is a negative value: 0x0_0001_0007

During Single Address transfer, the DMA Destination Address Register (DMDARN) and DMA Destination Address
Increment Register (DMDAIRN) settings are ignored.

Table 14-2 Channel Register Setting Restrictions During Single Address Transfer

Transfer Setting DMSARN[2:0] DMSAIRN[2:0] DMCNTRnN[2:0]
Size DMSAIRnN is “0” or DMSAIRn setting is a
(DMCCRN.XFSZ) | greater negative value
1 Byte *k*k *k*k *kk *k*k
2 Bytes **0 **0 **0 **O
4 Bytes *00 *00 *00 *00
8 Bytes 000 111 000 000
4 Double Words 000 111 8/0/-8 000

8 Double Words
16 Double Words
32 Double Words
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14.3.7.2. Burst Transfer During Single Address Transfer

According to the SDRAM Controller and External Bus Controller specifications, the DMA Controller cannot perform Burst
transfer that spans across 32-double word boundaries. Consequently, if the address that starts DMA transfer is not a
multiple of the transfer setting size (DMCCRN.XFSZ) (is not aligned), transfer cannot be performed by any of the transfer
sizes that were specified by a Burst transfer. Therefore, the DMA Controller executes multiple Burst transactions of a
transfer size smaller than the specified transfer size. This division method changes according to the seting of the Transfer
Size Mode bit (DMCCRn.USEXFSZ) of the DMA Channel Control Register.

Figure 14-3 shows the Single Address Burst transfer status when the lower 8 bits of the Transfer Start address are 0xA8
and the transfer setting size (DMCCRnN.XFSZ) is set to 4 double words.

Panel (a) of this figure shows the situation when the Transfer Size Mode bit (DMCCRn.USEXFSZ) is “0”. In this case, first a
three-double word transfer is performed up to the address aligned to the transfer setting size. Then, four-double word
transfer specified by the transfer setting size is repeated. This setting is normally used.

On the other hand, panel (b) shows when the Transfer Size Mode bit (DMCCRnN.USEXFSW?Z) is “1". In this case, transfer is
repeated according to the transfer setting size. Three-double word transfer and one-double word transfer is only performed
consecutively without releasing bus ownership when transfer spans across a 32-double word boundary.

63 0 63 0
a0 [T a0 [T
a8 ) a8
b0 3 Double Words b0
b8 J J b8 4 Double Words
co c0 \/ )
c8 c8
do 4 Double Words do
ds \/ ) ds 4 Double Words
e0 e0 \/ )
e8 e8
0 4 Double Words 0
f8 \/ ) 32 Double Word Boundary 8 A4 (3+1) Double Words
00 00 L J
08 08
10 4 Double Words 10
18 \/ ) 18 4 Double Words
20 20 N/ J
28 28
30 4 Double Words 30
38 \/ 38 4 Double Words
40 40 \/
gg 4 Double Words :2
58 \/ 58 4 Double Words
%0 ! ! ] DMCCRN.XFER =4 %0 \.( \ DMCCRN.XFER = 4
(@) DMCCRN.USEXFSZ =“0" (b) DMCCRN.USEXFSZ =“1"

Figure 14-3 Non-aligned Single Address Burst Transfer
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14.3.8. Dual Address Transfer

This section explains the register settings for Dual Address transfer (DMCCRN.SNGAD = 0). This applies to the following
DMA transfer modes.

External 1/0 (Dual Address) transfer
Internal 1/0O DMA transfer
Memory-Memory Copy transfer

14.3.8.1. Channel Register Settings During Dual Address Transfer

Table 14-3 shows restrictions of the Channel Register settings during Dual Address transfer. If these restrictions are not
met, then a Configuration Error is detected, the Configuration Error bit (CFERR) of the DMA Channel Status Register
(DMCSRn) is set, and DMA transfer is not performed.

If the setting of the DMA Source Address Increment Register (DMSAIRN) is negative and the transfer setting size is 8
bytes or larger, then a value will be set in the DMA Source Address Register (DMSARnN) that reflects as follows.

If the setting of the DMA Source Address Increment Register (DMSAIRN) is negative and the transfer size is 2 bytes or
larger, set the DMA Source Address Register (DMSARN) as follows:

o If the transfer size is 2 bytes, set the DMSARN with the low-order 1 bit complemented.
o If the transfer size is 4 bytes, set the DMSARN with the low-order 2 bits complemented.
o If the transfer size is 8 bytes or larger, set the DMSARnN with the low-order 3 bits complemented.

Likewise, if the setting of the DMA Destination Address Increment Register (DMDAIRN) is negative and the transfer size
is 2 bytes or larger, set the DMA Destination Address Register (DMDARnN) as follows:

o If the transfer size is 2 bytes, set the DMDARnN with the low-order 1 bit complemented.
o If the transfer size is 4 bytes, set the DMDARnN with the low-order 2 bits complemented.
o If the transfer size is 8 bytes or larger, set the DMDARN with the low-order 3 bits complemented.

Example: When the transfer address is 0x0_0001_0000, the DMA Source Address Register (DMSARN) is as

follows below.

o DMSAIRnN setting is “0” or greater: 0x0_0001_0000
DMSAIRnN setting is a negative value: 0x0_0001_0007

Table 14-3 Channel Register Setting Restrictions During Dual Address Transfer

DMSARnN[2:0] \ DMDARN[2:0] DMSAIRN DMDAIRN DMCNTRn DMCCRn
DMSAIRN DMSAIRN DMDAIRN DMDAIRn REVBYTE
settingis 0 settingisa | settingis0  settingis a
or greater negative or greater negative
value value

Transfer Setting Size
(DMCCRn.XFSZ)

1 Byte 0
2 Bytes **0 **0 **O **1 **0 **0 **O 0
4 Bytes *00 *00 *00 *11 *00 *00 *00 0
8 Bytes, 000 111 000 111 000 000 000 0/1

4/8 Double Wods
(DMMCR.FIFUM[n]=
0)

4/ 8 Double Words 000 111 000 111 8/0/-8 8/-8 000 0/1
(DMMCR.FIFUMI[n]= ek — i — 8 8 Hhk 0
1) _ ek — ek -8 -8 0
16 Double Words Cannot be set (Configuration Error)
32 Double Words Cannot be set (Configuration Error)

¥ 8, 0, or -8 can be specified when the Destination Burst Inhibit bit (DMCCRn.DBINH) is set.
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14.3.8.2. Burst Transfer During Dual Address Transfer

The DMA Controller has a 64-bit 8-stage FIFO on-chip that is connected to the internal bus (G-Bus) for Burst transfer
during Dual Address transfer. Since this FIFO employs a shifter, it is possible to perform transfer of any address or data
size. Burst transfer is only performed when 4 Double Words or 8 Double Words is set by the Transfer Setting Size field
(DMCCRN.XFSZ) and the FIFO Use Enable bit (DMMCRnN.FIFUM[n]) of the DMA Master Control Register is set.

According to the SDRAM Controller and External Bus Controller specifications, the DMA Controller cannot perform Burst
transfer that spans across 32-double word boundaries. Consequently, if the address that starts DMA transfer is not a
multiple of the transfer setting size (DMCCRnN.XFSZ) (is not aligned), transfer cannot be performed by any of the transfer
sizes that were specified by a Burst transfer. Therefore, it is necessary to divide the transfer into multiple Burst
transactions of a transfer size smaller than the specified transfer size. This division method changes according to the
seting of the Transfer Size Mode bit (DMCCRn.USEXFSZ) of the DMA Channel Control Register and whether or not the
address offset relative to the Transfer Setting size (DMCCRnN.XFSZ) is equivalent to the source address and destination
address combined.

Figure 14-4 shows Dual Address Burst transfer when the Transfer Size Mode bit (DMCCRN.USEXFSZ) is set to “1”, the
lower 8 bits of the Transfer Start address for the transfer source are set to 0xA8, the lower 8 bits of the Transfer Start
address for the transfer destination are set to 0x38, and the Transfer Setting Size (DMCCRnN.XFSZ) is set to 8 Double
Words.

Transfer repeats according to the transfer setting size, regardless of the different address offsets. However, transfers that
span across 32-double word boundaries are divided. Since data remains in the on-chip FIFO when in this mode, it
becomes possible to share the on-chip FIFO among multiple DMA channels.

Source Address FIFO (8 Double Words) Destination Address
63 0 63 0
a0 | T { \ 20 T
a8 28
b0 30
b8 38
c0 40
c8 { ) 48
do 50

d8 \ / { \ 58
e0 \/ 60

e8 68 \ /
fo 70 \/
f8 N 78

00 { ) 80

08 88

10 ( \ a0

18 Jd L a8

20 \/ bo
28 b8 \ /
30 c0 \/

38 { ) c8 ]

Figure 14-4 Dual Address Burst Transfer (DMCCRn.USEXFSZ =1)

Figure 14-5 shows Dual Address Burst transfer when the Transfer Size Mode bit (DMCCRN.USEXFSZ) is set to “0”, the
lower 8 bits of the Transfer Start address for the transfer source are set to 0xA8, the lower 8 bits of the Transfer Start
address for the transfer destination are set to (a) 0x28/(b) 0x30, and the Transfer Setting Size (DMCCRn.XFSZ) is set to
8 double words.

Panel (a) of this figure shows when the address offset is equivalent. In this case, first transfer of three double words is
performed up to the address that is aligned with the transfer setting size. Then, transfer of eight double words that is
specified by the transfer setting size is repeated.
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On the other hand, panel (b) show when the address offset is not equivalent. In this case, first only data up to the
address that is aligned with the transfer setting size is read to the on-chip FIFO. Then, data is written up to the address
that is aligned with the transfer setting size as long as data remains in the on-chip FIFO. Efficiency decreases since the
transfer size is divided. Also, since data may remain in the on-chip FIFO, Burst transfer of a Dual Address that uses the
on-chip FIFO simultaneously with another channel cannot be performed.

Using the Burst Inhibit bit makes it possible to mix Burst transfer with 8-Double-Word Single transfer. This in turn makes it
possible to perform Burst access only for memory access during DMA transfer with external 1/0 devices that cannot
perform Burst transfer.

When the Source Burst Inhibit bit (DMCCRnN.SBINH) is set, data read from the Source Address to the on-chip FIFO is
divided into multiple 8-byte Single Read transfers, then transfer is executed.

When the Destination Burst Inhibit bit (DMCCRN.DBINH) is set, data written from the FIFO to the Destination Address is
divided into multiple 8-byte Single Write transfers, then transfer is executed.

14.3.8.3. Double Word Byte Swapping

When the Reverse Byte bit (REVBYTE) of the DMA Channel Configuration Register (DMCCRN) is set, read double word
data is written after byte swapping is performed. For example, if the read data is “0x01234567_89ABCDEF", then the
data “OXEFCDAB89_67452301" is written.

The Reverse Byte bit can only be set when the REVBYTE column of Table 14-3 is set so “0/1” is indicated.
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63 0 63 0
a0 | T > 20 [T
a8 ) 28 [T
b0 30
b8 A4 ) 38 SN2
cO 40
c8 48
do 50
d8 58
e0 60
e8 \ / 68
f0 \/ 70 \ /
8 JL 1) ( 78 \/
00 80 J L
08 88
10 a0
18 a8
20 b0
28 b8
30 \ / c0 N
38 \/ c8 \/
40 do
48 ds
50 e0
58 e8
60 fO
(a) Address offset is equivalent
Source FIFO (8 Double Words) Destination Address
63 0 63 0
a0 | T 20 [T
a8 ) 28
b0 30
b8 N\ 38 N\
c0 40
c8 48
do 50
ds ( \ 58
0 \ / o
e8 68
0 \ / 70 \ /
8 \/ 78 \/
00 U ) 80
08 ( § 88
10 a0
18 a8
20 T o
28 b8
30 \ / c0 \ /
38 \/ c8 \/

(b) Address offset differs

Figure 14-5 (b) Dual Address Burst Transfer (DMCCRn.USEXFSZ =0)
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14.3.9. DMA Transfer

The sequence of DMA transfer that uses only the DMA Channel Register is as follows below.

1)

)

@)

(4)

(%)

(6)
()

(8)

Select DMA request signal

When performing external I/O or internal 1/O DMA, set the DMA Request Select field
(PCFG.DMASEL) of the Pin Configuration Register.

Set the Master Enable bit
Set the Master Enable bit (DMMCR.MSTEN) of the DMA Master Control Register.

Set the Address Register and Count Register
Set the five following register values.

DMA Source Address Register (DMSARN)

DMA Destination Address Register (DMDARnN)

DMA Count Register (DMCNTRnN)

DMA Source Address Increment Register (DMSAIRN)
DMA Destination Address Increment Register (DMDAIRN)

o o o o

Set Chain Address Register

Set “0” to the DMA Chain Address Register (DMCHARN).
Clear the DMA Channel Status Register (DMCSRn)

Clear when status from the previous DMA transfer remains.
Set the DMA Channel Control Register (DMCCRn)

Initiate DMA transfer

DMA transfer is started by setting the Transfer Active bit (XFACT) of the DMA Channel Control
Register.

Signal completion

When DMA data transfer ends normally, the Normal Transfer Complete bit (NTRNFC) of the
DMA Channel Status Register (DMCSRn) is set. An interrupt is signalled if the Transfer
Complete Interrupt Enable bit (INTENT) of the DMA Channel Control Register (DMCCRn) is
set.

If an error is detected during DMA transfer, the error cause is recorded in the lower four bits of
the DMA Channel Status Register and the transfer is interrupted. If the Error Interrupt Enable
bit (INTENE) of the DMA Channel Control Register is set, then the interrupt is signaled.
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14.3.10. Chain DMA Transfer

Table 14-4 shows the data structure in memory that the DMA Command Descriptor has. When the Simple Chain bit
(SMPCHN) of the DMA Channel Control Register (DMCCRn) is set, only the initial four double words are used. DMSAIRN,
DMDAIR, DMCCRn, and DMCSRn use the settings from when DMA started. In addition, all eight double words are used
when the Simple Chain bit (SMPCHN) is cleared.

Saving the start memory address of another DMA Command Descriptor in the Offset 0 Chain Address field makes it
possible to construct a chain list of DMA Command Descriptors (Figure 14-6). Set “0” in the Chain Address field of the
DMA Command Descriptor at the end of the chain list.

When DMA transfer that is specified by one DMA Command Descriptor ends, the DMA Controller automatically reads the
next DMA Command Descriptor indicated by the Chain Address Register (Chain transfer), then continues DMA transfer.
Continuous DMA transfer that uses multiple Descriptors connected into such a chain-like structure is called Chain DMA
transfer.

Since the DMA Channel Status Register is also overwritten during Chain transfer when the DMA Simple Chain bit
(SMPCHN) is cleared, be sure not to unnecessarily clear necessary hits.

Placing DMA Command Descriptors at addresses that do not span across 32-double-word boundaries in memory is
efficient since they are read by one G-Bus Burst Read operation.

Table 14-4 DMA Command Descriptors

Offset Address | Field Name Transfer Destination Register
0x00 Chain Address DMA Chain Address Register (DMCHARN)
0x08 Source Address DMA Source Address Register (DMSARN)
0x10 Destination Address DMA Destination Address Register (DMDARnN)
0x18 Count DMA Count Register (DMCNTRn)
0x20 Source Address Increment DMA Source Address Increment Register (DMSAIRN)
0x28 Destination Address Increment DMA Destination Address Increment Register (DMDAIRnN)
0x30 Channel Control DMA Channel Control Register (DMCCRn)
0x38 Channel Status DMA Channel Status Register (DMCSRn)

Figure 14-6 DMA Command Descriptor Chain
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The sequence of Chain DMA transfer is as follows below.
(1) Select DMA request signal

When performing external I/O or internal /O DMA, set the DMA Request Select field (PCFG.DMASEL)
of the Pin Configuration Register.

(2) Setthe Master Enable bit

Set the Master Enable bit (DMMCR.MSTEN) of the DMA Master Control Register.
(3) Structure of the DMA command Descriptor chain

Construct the DMA Command Descriptor Chain in memory.
(4) Setthe Count Register

Set “0” to the DMA Count Register (DMCNTRn) .
Sets the DMA Source Address Increment Register (DMSAIRn) and DMA destination Address Increment
Register (MMDAIRN).

(5) Clear the DMA Channel Status Register (DMCSRn)
Clear the status of the previous DMA transfer.

(6) Setthe DMA Channel Control Register (DMCCRn).

(7) Initiate DMA transfer

Setting the address of the DMA Command Descriptor at the beginning of the chain list in the DMA
Chain Address Register (DMCHARN) automatically initiates DMA transfer. First, the value stored in each
field of the DMA Command descriptor at the beginning of the Chain List is read to each corresponding
DMA Channel register (Chain transfer), then DMA transfer is performed according to the read value.

When a value other than “0” is stored in the DMA Chain Address Register (DMCHARN), data of the size
stored in the DMA Count Register (DMCNTRn) is completely transferred, then the DMA Command

Descriptor value of the memory address specified by the DMA Chain Address Register is read.

In addition, if the Chain Address field value read the Descriptor 0, the DMA Chain Address Register

value is not updated. All previous values (Data Command Descriptor Addresses with the value “0” in the

Chain Address field when the values were read) are held.

0 Value judgement is performed when the lower 32 bits of the DMA Chain Address Register are
rewritten. If the value is not “0” at this time, DMA transfer is automatically initiated. Therefore, please
write to the upper 32 bits first when writing to the DMA Chain Address Register using 32-bit Store
instructions.

(8) Signal completion

Set the Normal Chain End bit (NCHNC) of the DMA Channel Status Register (DMCSRn) when DMA
data transfer of all Descriptor Chains is complete. An interrupt is signalled if the Chain End Interrupt
Enable bit INTENC) of the DMA Channel Control Register (DMCCRN) is set at this time.

In addition, the Normal Transfer End bit (NTRNFC) of the DMA Channel Status Register (DMCSRn) is
set each time DMA data transfer specified by each DMA Command Descriptor ends normally.  An
interrupt is signalled if the Transfer End Interrupt Enable bit INTENT) of the DMA Channel Control
Register (DMCCRn) is set at this time.

If an error is detected during DMA transfer, the error cause is recorded in the lower four bits of the DMA
Channel Status register and transfer is interrupted. An interrupt is signalled if the Error Interrupt Enable
bit (INTENE) of the DMA Channel Control Register is set.
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14.3.11. Dynamic Chain Operation

It is possible to add DMA Command Descriptor chains to the DMA Command Descriptor chain while Chain DMA transfer
is in progress. This is performed according to the following procedure.

(1) Construct the DMA Command Descriptor chain
Construct the DMA Command Descriptor chain to be added to memory.

(2) Add a DMA Command Descriptor chain
Substitute the address of the Command Descriptor at the beginning of the Descriptor Chain to be added
into the Chain Address field of the Descriptor at the end of the DMA Command Descriptor chain that is
currently performing DMA transfer.

(3) Check the Chain Enable bit
Read the value of the Chain Enable bit (CHNEN) of the DMA Channel Control Register (DMCCRn). If

that value is “0”, then write the Chain Address field value of the DMA Command Descriptor that is
indicated by the address stored in the DMA Chain Address Register (DMCHARN).

14.3.12. Interrupts

An interrupt number (10 — 13) of the Interrupt Controller is mapped to each channel. In addition, there are completion
interrupts for when transfer ends normally and error interrupts for when transfer ends abnormally for each channel. When
an interrupt occurs, then the bit that corresponds to either the Normal Interrupt Status field (DIS[3:0]) or the Error
Interrupt Status field (EIS[3:0]) of the DMA Master Control Register (DMMCR) is set.

Figure 14-7 shows the relationship between the Status bit and Interrupt Enable bit for each interrupt cause. Refer to the
explanation for each Status bit for more information regarding each information cause.

DMCCRN.INTENC

. — 1) DMMCR.DIS[n
DMCSRn.NCHNC =\ [n]

DMCCRN.INTENT Interrupt Controller
DMCSRN.NTRNFC (Interrupt No. 10 — 13)

DMCSRN.STLXFER

DMMCR.EIS[n]

DMCSRn.CFERR
DMCSRN.CHERR
DMCSRn.DESERR |
DMCSRn.SORERR

DMCSRn.ABCHC

Figure 14-7 DMA Controller Interrupt Signal
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14.3.13. Transfer Stall Detection Function

If the period from when a certain channel last performs internal bus access to when the next internal bus access is
performed exceeds the Transfer Stall Detection Interval field (STLTIME) of the DMA Channel Control Register (DMCCRn),
the Transfer Stall Detection bit (STLXFER) of the DMA Channel Status Register (DMCSRn) is set. An error interrupt is
signalled if the Error Interrupt Enable bit (DMCCRN.INTENE) is set.

In contrast to other error interrupts, DMA transfer is not stopped. Normal DMA transfer is executed if bus ownership can
be obtained. Furthermore, clearing the Transfer Stall Detection field (STLXFER) resumes transfer stall detection as well.

Setting the Transfer Stall Detection Interval field (STLTIME) to “000” disables the Transfer Stall Detection function.

14.3.14. Arbitration Among DMA Channels

The DMA Controller has an on-chip DMA Channel Arbiter that arbitrates bus ownership among four DMA channels that
use the internal bus (G-Bus). There are two methods for determining priority: the round robin method and the fixed
priority method. (See Figure 14-8.) The Round Robin Priority bit (RRPT) of the DMA Master Control Register (DMMCR)
selects the priority method.

Fixed priority (DMMCR.RRPT = 0)
As shown below, Channel 0 has the highest priority and Channel 3 has the lowest priority.
CHO > CH1 > CH2 > CH3

Round Robin method (DMMCR.RRPT = 1)
The last channel to perform DMA transfer has the lowest priority.

After CHO DMA transfer execution: CH1 > CH2 > CH3 > CHO
After CH1 DMA transfer execution: CH2 > CH3 > CHO > CH1
After CH2 DMA transfer execution: CH3 > CHO > CH1 > CH2
After CH3 DMA transfer execution: CHO > CH1 > CH2 > CH3

o o o o

a) Fixed Priority is selected

b) Round Robin Priority is selected

Figure 14-8 DMA Channel Arbitration
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14.3.15. Restrictions in Access to PCI Bus

The PCI Controller detects a bus error if the DMA Controller performs one of the following accesses to the PCI Bus.

Burst transfer exceeding 8 double words (PCICSTATUS.TLB)

Address Increment value —8 Burst transfer (PCICSTATUS.NIB)

Address Increment Value 0 Burst transfer (PCICSTATUS.ZIB)

Dual Address Burst transfer when the setting for DMSARn, DMDARN, or DMCNTRn is not a double word boundary
(PCICSTATUS.IAA)

In addition, Single Address transfers between an external I/O device and the PCI Bus are not supported. Data transfer is
not performed, but no error is detected.
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14.4. DMA Controller Registers

Table 14-5 DMA Controller 0 Registers

Offset Address Bit Width Mnemonic Register Name \
0xB000 64 DMOCHAROQ DMA Chain Address Register 0
0xB008 64 DMOSARO DMA Source Address Register 0
0xB010 64 DMODARO DMA Destination Address Register 0
0xB018 64 DMOCNTRO DMA Count Register 0
0xB020 64 DMOSAIRO DMA Source Address Increment Register 0
0xB028 64 DMODAIRO DMA Destination Address Increment Register 0
0xB030 64 DMOCCRO DMA Channel Control Register 0
0xB038 64 DMOCSRO DMA Channel Status Register 0
0xB040 64 DMOCHARL1 DMA Chain Address Register 1
0xB048 64 DMOSAR1 DMA Source Address Register 1
0xB050 64 DMODAR1 DMA Destination Address Register 1
0xB058 64 DMOCNTR1 DMA Count Register 1
0xB060 64 DMOSAIR1 DMA Source Address Increment Register 1
0xB068 64 DMODAIR1 DMA Destination Address Increment Register 1
0xB070 64 DMOCCR1 DMA Channel Control Register 1
0xB078 64 DMOCSR1 DMA Channel Status Register 1
0xB080 64 DMOCHAR2 DMA Chain Address Register 2
0xB088 64 DMOSAR2 DMA Source Address Register 2
0xB090 64 DMODAR2 DMA Destination Address Register 2
0xB098 64 DMOCNTR2 DMA Count Register 2
0xBOAO 64 DMOSAIR2 DMA Source Address Increment Register 2
0xBOA8 64 DMODAIR2 DMA Destination Address Increment Register 2
0xB0OBO 64 DMOCCR2 DMA Channel Control Register 2
0xB0OB8 64 DMOCSR2 DMA Channel Status Register 2
0xB0OCO 64 DMOCHARS3 DMA Chain Address Register 3
0xB0OC8 64 DMOSARS3 DMA Source Address Register 3
0xBODO 64 DMODAR3 DMA Destination Address Register 3
0xBOD8 64 DMOCNTR3 DMA Count Register 3
0xBOEO 64 DMOSAIR3 DMA Source Address Increment Register 3
0xBOES8 64 DMODAIR3 DMA Destination Address Increment Register 3
0xBOFO 64 DMOCCR3 DMA Channel Control Register 3
0xBOF8 64 DMOCSR3 DMA Channel Status Register 3
0xB148 64 DMOMFDR DMA Memory Fill Data Register
0xB150 64 DMOMCR DMA Master Control Register
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Table 14-6 DMA Controller 1 Registers

Offset Address Bit Width Mnemonic Register Name
0xB800 64 DM1CHAROQ DMA Chain Address Register 0
0xB808 64 DM1SARO DMA Source Address Register 0
0xB810 64 DM1DARO DMA Destination Address Register 0
0xB818 64 DM1CNTRO DMA Count Register 0
0xB820 64 DM1SAIRO DMA Source Address Increment Register 0
0xB828 64 DM1DAIRO DMA Destination Address Increment Register 0
0xB830 64 DM1CCRO DMA Channel Control Register O
0xB838 64 DM1CSRO DMA Channel Status Register 0
0xB840 64 DM1CHAR1 DMA Chain Address Register 1
0xB848 64 DM1SAR1 DMA Source Address Register 1
0xB850 64 DM1DAR1 DMA Destination Address Register 1
0xB858 64 DM1CNTR1 DMA Count Register 1
0xB860 64 DM1SAIR1 DMA Source Address Increment Register 1
0xB868 64 DM1DAIR1 DMA Destination Address Increment Register 1
0xB870 64 DM1CCR1 DMA Channel Control Register 1
0xB878 64 DM1CSR1 DMA Channel Status Register 1
0xB880 64 DM1CHAR2 DMA Chain Address Register 2
0xB888 64 DM1SAR2 DMA Source Address Register 2
0xB890 64 DM1DAR2 DMA Destination Address Register 2
0xB898 64 DM1CNTR2 DMA Count Register 2
0xB8AO 64 DM1SAIR2 DMA Source Address Increment Register 2
0xB8A8 64 DM1DAIR2 DMA Destination Address Increment Register 2
0xB8B0 64 DM1CCR2 DMA Channel Control Register 2
0xB8B8 64 DM1CSR2 DMA Channel Status Register 2
0xB8CO 64 DM1CHARS3 DMA Chain Address Register 3
0xB8C8 64 DM1SARS3 DMA Source Address Register 3
0xB8DO 64 DM1DAR3 DMA Destination Address Register 3
0xB8D8 64 DM1CNTR3 DMA Count Register 3
0xB8EO 64 DM1SAIR3 DMA Source Address Increment Register 3
0xB8ES8 64 DM1DAIR3 DMA Destination Address Increment Register 3
0xB8FO 64 DM1CCR3 DMA Channel Control Register 3
0xB8F8 64 DM1CSR3 DMA Channel Status Register 3
0xB948 64 DM1MFDR DMA Memory Fill Data Register
0xB950 64 DM1MCR DMA Master Control Register
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14.4.1. DMA Master Control Register (DMOMCR, DM1MCR)

Offset address: DMACO 0xB150, DMAC1 0xB950 This register controls the entire DMA Controller.

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

a7 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Name RESERVED

Type
Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Name EIS[3:0] DIS[3:0] Reserved FIFVC
Type R R R
Default 0000 0000 00000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name FIFVC FIFWP FIFRP RSFIF FIFUM[3:0] Rsvd | RRPT M?\ITE
Type R R RIW R/W R/W  R/W
Default 000 000 0 0000 0 0
Figure 14-9 DMA Master Control Register
Table 14-7 DMA Master Control Register
Bit Mnemonic Field Name Description R/W
63:32 Reserved —
31:28 |EIS[3:0] Error Interrupt Error Interrupt Status [3:0] (Default: 0x0) R
Status These four bits indicate the error interrupt status of each channel. EIS[n]
corresponds to channel n.
1: There is an error interrupt in the corresponding channel.
0: There is no error interrupt in the corresponding channel.
27:24 |DIS[3:0] Normal Done Interrupt Status [3:0] (Default: 0x0) R
Completion These four bits indicate the transfer completion (transfer complete or chain
Interrupt Status ended) interrupt status of each channel. DIS[n] corresponds to channel n.
1: There is a transfer completion interrupt in the corresponding channel.
0: There is no transfer completion interrupt in the corresponding channel.
23:21 Reserved —
20:14 |FIFVC FIFO Valid Entry | FIFO Valid Entry Count (Default: 0000000) R
Count These read only bits indicate the byte count of data that were written to
FIFO but not read out from the FIFO.
13:11 | FIFWP FIFO Write FIFO Write Pointer (Default: 000) R
Pointer These read only bits indicate the next write position in FIFO. This is a
diagnostic function.
10:8 |FIFRP FIFO Read FIFO Read Pointer (Default: 000) R
Pointer These read only bits indicate the next read position in FIFO. This is a
diagnostic function.
7 RSFIF Reset FIFO Reset FIFO (Default: 0) R/W
This bit is used for resetting FIFO. When this bit is set to “1”, the FIFO read
pointer, FIFO write pointer and FIFO valid entry count are initialized to “0”.
If an error occurs during DMA transfer, use this bit when data remains in the
FIFO (when the FIFO Valid entry Count Field is not “0”) to initialize the
FIFO.
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Table 14-7 DMA Master Control Register
Bit Mnemonic Field Name Description R/W
6:3 FIFUM[3:0] FIFO Use Enable | FIFO Use Enable [3:0] (Default: 0x0) R/W
[3:0] Each channel specifies whether to use 8-double word FIFO in Dual Address
transfer. FIFUM[n] corresponds to channel n.
Refer to “14.3.8.2 Burst Transfer During Dual Address Transfer” for more
information.
2 Reserved —
1 RRPT Round Robin Round Robin Priority (Default: 0) R/W
Priority Specifies the method for determining priority among channels.
1: Round Robin method. Priority of the last channel used is the
lowest, and the next previous channel has the next lowest priority. Round
robin is in the order Channel 0 > Channel 1 > Channel > Channel 3.
0: Fixed Priority. Priority is fixed in the order Channel 0 > Channel 1
> Channel 2 > Channel 3.
0 MSTEN Master Enable Master Enable (Default: 0) R/W
This bit enables the DMA Controller.
1: Enable
0: Disable
Note: If the entire DMA Controller is disabled, then all internal logic
including the Bus Interface Logic and State Machine are reset.
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14.4.2. DMA Channel Control Register (DMOCCRn, DM1CCRnN)

Offset address: DMACO 0xB030 (ch. 0) / 0xB070 (ch. 1) / 0xBOBO (ch. 2) / 0xBOFO (ch. 3)
DMAC1 0xB830 (ch. 0) / 0xB870 (ch.1) / 0xB8BO (ch. 2) / 0xB8FO (ch. 3)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

a7 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Name RESERVED

Type
Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

IMMC | USEX CHRS|RVBY | ACKP |REQP | EGRE EXTR
Name Rese;rved HN FS7 LE |DBINH|SBINH T TE oL L Q CHDN DN(IZTL Q
Type RW RW RW RW RW RW RW RW RW RW R/W R/W R/W
Default 0 0 — 0 0 1 0 0 0 0 0 00 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INTEN|INTEN|INTEN|CHNE | XFAC SMPC MEMI [ SNGA
Name STLTIME/INTRQD E c T N T Reserved HN XFSZ o D
I I I I I
Type R/W RW R/W R/W R R/W R/W R/W RW  R/W
Default 000 0 0 0 0 0 0 000 0 0

Figure 14-10 DMA Channel Control Register

Table 14-8 DMA Channel Control Register

Bit |Mnemonic Field Name | Description RIW
63:32 Reserved —
29 IMMCHN Immediate Chain | Immediate Chain (Default: 0) R/W

Always set this bit to “1”.

1: means that DMAC will automatically enter chain mode from the last
transfer so the bus is held and there is no penalty to reacquire the bus.
0: means that the DMAC gives up the bus between the last transfer on a
channel and the chain operation for that channel.

28 USEXFSZ Transfer Set Size | Use Transfer Set Size (Default: 0) R/W
Mode Selects the DMA channel operation mode during Burst DMA transfer. Refer
to “14.3.7.2" and “14.3.8.2 Burst Transfer During Dual Address Transfer” for
more information.

1: The DMA Controller always transfers the amount of data set in
DMCCRnN.XFSZ for each bus operation. Since alignment to the boundary of
the DMCCRnN.XFSZ in the address is not forced when in this mode, transfers
that exceed 32-double-word boundaries are divided into two operations.

0: The DMA Controller calculates the transfer size so the address set
in DMSARN and DMDARnN (only during Dual Address transfer) can be
aligned to the boundary of the size setin DMCCRnN.XFSZ, then transfers data
according to that size.

Note: In Dual Address Transfer mode, programming this bit to 0 is valid
only when both the contents of the DMSARnN and the DMDARnN are on
doubleword boundaries and the contents of the DMCNTRn is a multiple of
eight bytes.

27 LE Little Endian Little Endian (Default: value that is the opposite of the G-Bus Endian R/W
(CCFG.ENDIAN)

This bit sets the Endian of the channel. Please use the default value as is.
1: Channel operates in the Little Endian mode

0: Channel operates in the Big Endian mode
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Bit
26

| Mnemonic
DBINH

Table 14-8 DMA Channel Control Register

Field Name

Destination Burst
Inhibit

| Description

Destination Burst Inhibit (Default: 0)

During Dual Address transfer, this bit sets whether to perform Burst transfer
or Single transfer on a Write cycle to the address set from FIFO to DMDARN
when Burst transfer is set by DMCCRn.XFSZ. Refer to “14.3.8.2 Burst
Transfer During Dual Address Transfer” for more information.

The settings of this bit have no effect during Single Address transfers.

1: Multiple Single transfers are executed.

0: Burst transfer is executed.

R/W
R/IW

25

SBINH

Source Burst
Inhibit

Source Burst Inhibit (Default: 0)

During Dual Address transfer, this bit sets whether to perform Burst transfer
or Single transfer on a Read cycle to the FIFO from the address set to
DMSARnN when Burst transfer is set by DMCCRn.XFSZ. Refer to “14.3.8.2
Burst Transfer During Dual Address Transfer” for more information.

The settings of this bit have no effect during Single Address transfers.

1: Multiple Single transfers are executed.

0: Burst transfer is executed.

R/W

24

CHRST

Channel Reset

Channel Reset (Default: 1)

This bit is used fo initializing channels. The DMCCRnN.XFACT,
DMCCRN.CHNEN, and DMCSRn bits are all cleared. In addition, all channel
logic and interrupts from channels are cleared and bus ownership requests to
the DMA Channel Arbiter are also reset. The software must clear this bit
before operating a channel.

1: Reset channel

0: Enable channel

R/W

23

REVBYTE

Reverse Byte

Reverse Bytes (Default: 0)

This bit specifies whether to reverse the byte order during a Dual Address
transfer when the Transfer Setting Size field (DMCCRN.XFSZ) setting is 8
bytes or more. Refer to “14.3.8.3 Double Word Byte Swapping” for more
information.

1: Reverses the byte order.
0: Does not reverse the byte order.

R/IW

22

ACKPOL

Acknowledge
Polarity

Acknowledge Polarity (Default: 0)
Specifies the polarity of the DMAACK|n] signal.

1: Asserts when the DMAACK]n] signal is High
0: Asserts when the DMAACK]n] signal is Low

R/W

21

REQPL

Request Polarity

Request Polarity (Default: 0)
Specifies the polarity of the DMAREQ[n] signal.

1: Asserts when the DMAREQIn] signal is High.
0: Asserts when the DMAREQIn] signal is Low.

R/W

20

EGREQ

Edge Request

Edge Request (Default: 0)
Specifies the method for detecting DMA requests by the DMAREQ[n] signal.

1: DMAREQIn] signal is Edge Detect.
0: DMAREQI[n] signal is Level Detect.

R/IW

19

CHDN

Chain Complete

Chain Done (Default: 0)
Selects control by the DMADONE™ signal. See “14.3.3.3” for more
information.

1: Assertion of the DMADONE?* signal controls the overall Chain DMA
transfer.

0: Assertion of the DMADONE* signal controls DMA transfer according to the
DMA Channel Register setting at that time.

R/IW

18:17

DNCTL

DONE Control

Done Control (Default: 00)
Specifies the input/output mode of the DMADONE* signal. Refer to “14.3.3.3
DMADONE* Signal” for more information.

00: DMADONE* signal becomes the input signal, but input is ignored.
01: DMADONE* signal becomes the input signal.

10: DMADONE™* signal becomes the output signal.

11: DMADONE* signal becomes the open drain input/output signal.

R/IW
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Table 14-8 DMA Channel Control Register
Bit |Mnemonic Field Name | Description RIW
16 EXTRQ External Request | External Request (Default: 0) R/W
Sets the Request Transfer mode.
1: I/O DMA transfer mode
This bit is used by the External I/O DMA Transfer mode and the Internal I/O
DMA Transfer mode. A channel requests internal bus ownership when the I/O
device asserts the DMA request signal.
0: Memory Transfer mode
This bit is used by the Memory-Memory Copy Transfer mode and the
Memory Fill Transfer mode. A channel requests internal bus ownership when
the value of DMCSRn.WAITC becomes “0".
15:13 | STLTIME / Transfer Stall When in the I1/0 DMA Transfer mode (DMCCRn.EXTRQ is “1") R/W
INTRQD Detection
Interval/lnternal | Stalled Transfer Detect Time (Default: 000)
Request Delay Sets the detection interval for a lack of bus ownership. If this channel n
releases bus ownership then the interval it does not have ownership exceeds
the clock count set by this field, then DMCSRn.STLXFER is set to “1". Refer
to “0
Transfer Stall Detection Function” for more information.
000: Does not detect stalled transfers.
001: Sets 960 (15 x 64) clocks as the detection interval
010: Sets 4032 (63 x 64) clocks as the detection interval
011: Sets 16320 (255 x 64) clocks as the detection interval
100: Sets 65472 (1023 x 64) clocks as the detection interval
101: Sets 262080 (4095 x 64) clocks as the detection interval
110: Sets 1048512 (16383 x 64) clocks as the detection interval
111: Sets 4194240 (65535 x 64) clocks as the detection interval
When in the Memory Transfer mode (DMCCRN.EXTRQ is “0”)
Internal Request Delay (Default: 000)
Sets the delay time from when bus ownership is released to the next bus
ownership request. Bus ownership is released, the set delay time elapses,
then a bus ownership request is generated from the channel.
000: Always requests bus ownership when this channel is active.
(Bus ownership is released after bus operation ends)
001: Set 16 clocks as the delay time
010: Set 32 clocks as the delay time
011: Set 64 clocks as the delay time
100: Set 128 clocks as the delay time
101: Set 256 clocks as the delay time
110: Set 512 clocks as the delay time
111: Set 1024 clocks as the delay time
12 INTENE Error Interrupt Interrupt Enable on Error (Default: 0) R/W
Enable Enables interrupts when the Error End bit (DMCSRn.ABCHC) or the Transfer
Stall Detection bit (DMCSRN.STLXFER) is set.
1: Generates interrupts.
0: Does not generate interrupts.
11 INTENC Chain End Interrupt Enable on Chain Done (Default: 0) R/W
Interrupt Enable | This bit enables interrupts when the Chain End bit (DMCSRn.NCHNC) is set.
1: Generate interrupts.
0: Do not generate interrupts.
10 INTENT Transfer End Interrupt Enable on Transfer Done (Default: 0) R/W
Interrupt Enable | This bit enables interrupts when the Transfer End bit (DMCSRN.NTRNFC) is
set.
1: Generate interrupts.
0: Do not generate interrupts.
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Table 14-8 DMA Channel Control Register

Bit |Mnemonic Field Name | Description RIW

9 CHNEN Chain Enable Chain Enable (Default: 0) R
This bit indicates whether Chain operation is being performed. Read Only.

This bit is cleared when either the Master Enable bit (DMMCR.MSTEN) is
cleared or the Channel Reset bit (DMCCRnN.CHRST) is set. This bitis set if a
value other than “0” is set when the CPU writes to the DMA Chain Address
Register (DMCHARN) or when a Chain transfer writes DMA Command
Descriptor. This bit is then cleared when “0” is set to the DMA Chain Address
Register (DMCHARN).

1: If transfer completes due to the current DMA Channel Register setting, a
DMA Command Descriptor is loaded in the DMA Channel Register from the
specified DMA Chain Address Register (DMCHARN) address, then DMA
transfer continues.

0: Further transfer does not start even if transfer completes due to the current
DMA Channel Register setting.

8 XFACT Transfer Active Transfer Active (Default: 0) R/W
DMA transfer is performed according to the DMA Channel Register setting
when this bit is set. This bit is automatically set when a value other than “0” is
set in the DMA Chain Address Register (DMCHARN). DMA transfer is then
initiated. This bit is automatically cleared either when DMA transfer ends
normally it is stopped due to an error.

1: Perform DMA transfer.
0: Do not perform DMA transfer.

7:6 Reserved —

5 SMPCHN Simple Chain Simple Chain (Default: 0) R/W
This bit selects the DMA Channel Register that loads data from DMA
Command Descriptors during Chain DMA transfer.

1: Data is only loaded to the four following DMA Channel Registers: the Chain
Address Register (DMCHARnN), the Source Address Register (DMSARN), the
Destination Address Register (DMDARnN), and the Count Register
(DMCNTRn).

0: Data is loaded to all eight DMA Channel Registers.

4:2 XFSZ Transfer Set Size | Transfer Set Size (Default: 000) R/W
These bits set the transfer data size of each bus operation in the internal bus.
When the transfer set size is set to four double words or greater, the data size
actually transferred during a single bus operation does not always match the
transfer set size. Refer to “14.3.7.2" and “14.3.8.2 Burst Transfer During Dual
Address Transfer” for more information.

000: 1 byte

001: 2 byte

010: 4 byte

011: 8 bytes (1double word)

100: 4 double words

101: 8 double words

110: 16 double words (Single Address transfer only)
111: 32 double words (Single Address transfer only)

1 MEMIO Memory to /O Memory to I/O (Default: 0) R/W
This bit specifies the transfer direction during Single Address transfer
(DMCCRN.SNGAD = 1). Clear this bit when in the Memory Fill Transfer
mode.

The setting of this bit is ignored when Dual Address transfer is set
(DMCCRN.SNGAD = 0).

1: From memory to /O

0: From I/O to memory

0 SNGAD Single Address Single Address (Default: 0) R/W
This bit specifies whether the transfer method is Single Address transfer or
Dual Address transfer.

1: Single Address transfer
0: Dual Address transfer

Rev. 3.1 November 1, 2005
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14.4.3. DMA Channel Status Register (DMOCSRn, DM1CSRnN))

Offset Address: DMACO 0xB038 (ch. 0) / 0xB078 (ch. 1) / 0xBOBS8 (ch. 2) / 0xBOF8 (ch. 3)
DMAC1 0xB838 (ch. 0) / 0xB878 (ch. 1) / 0xB8B8 (ch. 2) / 0xB8F8 (ch. 3)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

a7 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Name RESERVED

Type
Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Name WAITC
Type R
Default 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CHNE [STLXF| XFAC [ABCH[NCHN|NTRN|EXTD | CFER | CHER | DESE | SORE

Name | Teser"eld | N [ ErR | T © c | Fc | nN R R | RR | RR
Type R R/WIC R R R/W1C R/WLC R/W1C R/W1C R/W1C R/W1C R/W1C
Default 0 0 0 0 0 0 0 0 0 0 0

Figure 14-11 DMA Channel Status Register

Table 14-9 DMA Channel Status Register

Bit Mnemonic | Field Name Description

63:32 Reserved —

31:16 |WAITC Wait Counter Wait Counter (Default: 0x0000) R
This is a diagnostic function.
¢ |/O DMA transfer mode (DMCCRN.EXTRQ = “1")
This counter is decremented by 1 at each 64 G-Bus cycles. After channel n
releases bus ownership, this counter sets the default (the value that is the
detection interval clock cycle count set by the Transfer Stall Detection Interval
field (DMCCRN.STLTIME) divided by 64). The Transfer Stall Detect bit
(DMCSRnN.STLXFER) is set when the interval during which bus ownership is
not held reaches the set clock cycle. The counter is reset to the default and
stops counting. Clearing the Transfer Stall Detect bit (DMCSRn.STLXFER)
resumes the count and starts stall detection.
 Memory transfer mode (DMCCRn.EXTRQ = “0")
This counter is decremented by 1 at each G-Bus cycle. After bus ownership is
released, the counter is set to the delay clock cycle count set by the Internal
Request Delay field (DMCCRnN.INTRQD). When the counter reaches “0” the
count stops and channel n requests bus ownership.

15:11 Reserved —

10 CHNEN Chain Enable Chain Enable (Default: 0) R
This value is a copy of the Chain Enable bit (CHNEN) of the DMA Channel
Control Register (DMCCRN).

9 STLXFER Transfer Stall Stalled Transfer Detect (Default: 0) R/W1C

Detect This bit indicates whether the interval during which bus ownership is not held

exceeds the value set by the Transfer Stall Detect Interval field
(DMCCRN.STLTIME) after bus ownership is released when in the /O DMA
transfer mode.
1 Indicates that the interval during which bus ownership was not held
exceeds the DMCCRN.STLTIME setting.
0: The interval during which bus ownership was not held did not
exceed the setting since this bit was last cleared.
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Table 14-9 DMA Channel Status Register

Mnemonic | Field Name

Description

8 XFACT

Transfer Active

Transfer Active (Default: 0)
This value is a copy of the Transfer Active bit (XFACT) of the DMA Channel
Control Register (DMCCRn).

7 ABCHC

Error Complete

Error Completion (Default: 0)

This bit indicates whether an error occurred during DMA transfer. This bit
indicates the logical sum of the four error bits (CFERR, CHERR, DESERR,
SORERR) in DMCSRn[3:0].

1: DMA transfer ends due to an error.

0: No error occurred since this bit was last cleared.

6 NCHNC

Chain Complete

Normal Chain Completion (Default: 0)

When performing chain DMA transfer, This bit indicates whether all DMA data
transfers in the DMA Descriptor chain are complete.

1: All DMA data transfers in the DMA Descriptor chain ended
normally. Or, DMA transfer that did not use a DMA Descriptor chain ended
normally.

0: DMA transfer has not ended normally since this bit was last
cleared.

R/W1C

5 NTRNFC

Transfer
Complete

Normal Transfer Completion (Default: 0)

This bit indicates whether DMA transfer ended according to the current DMA
Channel Register setting.

1: DMA transfer ended normally.

0: DMA transfer has not ended since this bit was last cleared.

R/W1C

4 EXTDN

External DONE
Asserted

External Done Asserted (Default: 0)

This bit indicates whether an external I/O device asserted the DMADONE*
signal. When the DMADONE™* signal is set to bidirectional, this bit is also set
when the TX4939 asserts the DMADONEX* signal.

1: DMADONE* signal was asserted.

0: DMADONE* signal was not asserted.

R/W1C

3 CFERR

Configuration
Error

Configuration Error (Default: 0)

Indicates whether an illegal register setting was made.
1: There was a configuration error.

0: There was no configuration error.

R/W1C

2 CHERR

Chain Bus Error

Chain Bus Error (Default: 0)

This bit indicates whether a bus error occurred while reading a DMA
Command Descriptor.

1: Bus error occurred.

0: No bus error occurred.

R/W1C

1 DESERR

Destination Error

Destination Bus Error (Default: 0)

This bit indicates whether a bus error occurred during a destination bus Write
operation (a Write to a set DMDARnN address).

1: Bus error occurred.

0: No bus error occurred.

R/W1C

0 SORERR

Source Bus Error

Source Bus Error (Default: 0)

This bit indicates whether a bus error occurred during either a source bus
Read or Write operation (A Read or Write to a set DMSARnN address).

1: Bus error occurred.

0: No bus error occurred.

R/W1C
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14.4.4. DMA Source Address Register (DMOSARN, DM1SARN)

Offset Address: DMACO 0xB008 (ch. 0) / 0xB048 (ch. 1) / 0xB088 (ch. 2) / 0OxBOC8 (ch. 3)
DMAC1 0xB808 (ch. 0) / 0xB848 (ch. 1) / 0xB888 (ch. 2) / 0xB8C8 (ch. 3)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

Name RESERVED SADDR[35:32]
I I I I I I I I I I
Type R/W
Default -

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Name SADDR[31:16]
I I I I I I I I I I I
Type R/W
Default -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name SADDR[15:0]
I I I I I I I I I I I I
Type R/W
Default —

Figure 14-12 DMA Source Address Register

Table 14-10 DMA Source Address Register

Bits Mnemonic | Field Name Description R/W
63:36 | — Reserved —
35:0 |SADDR Source Address Source Address (Default: Undefined) R/W

This field sets the physical address of the transfer source during Dual
Address transfer. This field sets the physical address of memory access
during Single Address transfer. This field is used for either Memory-to-1/0O or
1/0O-to-Memory transfers.

Refer to “14.3.7.1" and “14.3.8.1 Channel Register Settings During Dual
Address Transfer” for more information.

During Burst transfer, the value changes once for each bus operation only by
the size that was transferred. During Single transfer, the value only changes
by the value specified by the DMA Source Address Increment Register
(DMSAIRN).
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14.4.5. DMA Destination Address Register (DMODARN, DM1DARN)

Offset Address: DMACO 0xB010 (ch. 0) / 0xB050 (ch. 1) / 0xB090 (ch. 2) / 0OxBODO (ch. 3)
DMAC1 0xB810 (ch. 0) / 0xB850 (ch. 1) / 0xB890 (ch. 2) / 0xB8DO (ch. 3)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

Name RESERVED DADDRJ[35:32]
I I I I I I I I I I
Type R/W
Default -

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Name DADDRJ[31:16]
I I I I I I I I I I I
Type R/W
Default -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name DADDRJ[15:0]
I I I I I I I I I I I I
Type R/W
Default —

Figure 14-13 DMA Destination Address Register

Table 14-11 DMA Destination Address Register

Bit Mnemonic |Field Name  Description R/W

63:36 Reserved —

35:0 DADDR Destination Destination Address (Default: undefined) R/W
Address This register sets the physical address of the transfer destination during Dual

Address transfer. This register is ignored during Single Address transfer.
Refer to “14.3.8.1 Channel Register Settings During Dual Address Transfer”
for more information.

During Burst transfer, the value changes only by the size of data transferred
during each single bus operation. During Single transfer, the value only
changes by the value specified by the DMA Destination Address Increment
Register (DMDAIRN).
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14.4.6. DMA Chain Address Register (DMOCHARN, DM1CHARN)

Offset Address: DMACO 0xB00O (ch. 0) / 0xB040 (ch. 1) / 0xB080 (ch. 2) / 0OxBOCO (ch. 3)
DMAC1 0xB800 (ch. 0) / 0xB840 (ch. 1) / 0xB880 (ch. 2) / 0xB8CO (ch. 3)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

Name RESERVED CHADDR[35:32
I I I I I I I I I I
Type R/W
Default -

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Name CHADDRJ[31:16
I I I I I I I I I I I I
Type R/W
Default -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name CHADDR[15:3] RESERVED
I I I I I I I I I
Type R/W
Default —

Figure 14-14 DMA Chain Address Register

Table 14-12 DMA Chain Address Register

Bit Mnemonic | Field Name Description R/W
63:36 Reserved —
35:3 |CHADDR Chain Address Chain Address (Default: undefined) R/W

When Chain DMA transfer is executed, this register sets the physical address
of the next DMA Command Descriptor to be read. If DMA transfer according
to the current Channel Register setting ends and the Chain Enable bit
(DMCCRN.CHNEN) is set, then the DMA Command Descriptor is loaded in
the Channel Register starting from the address indicated by this register.
When a value other than “0” is set in this register, the Chain Enable bit
(DMCCRN.CHNEN) and the Transfer Active bit (DMCCRnN.XFACT) are set.
When “0” is set in this register, only the Chain Enable bit (DMCCRn.CHNEN)
is cleared.

When the Chain Address field value reads a DMA Command Descriptor of 0,
the value of this register is not updated and the value before that one
(address of the Data Command Descriptor when the value of the Chain
Address field being read was “0”) is held.

2:0 Reserved R/W
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14.4.7. DMA Source Address Increment Register (DMOSAIRn, DM1SAIRnN)

Offset Address: DMACO 0xB020 (ch. 0) / 0xB060 (ch. 1) / 0xBOAO (ch. 2) / 0xBOEO (ch. 3)
DMAC1 0xB820 (ch. 0) / 0xB860 (ch. 1) / 0xB8AO (ch. 2) / 0OxB8EO (ch. 3)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Name RESERVED

Type
Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Name RESERVED SADINCI[23:16]
I |

Type R/W
Default —

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name | SADINC[15:0]

Type R/W
Default —

Figure 14-15 DMA Source Address Increment Register

Table 14-13 DMA Source Address Increment Register

Bit Mnemonic Field Name | Description R/W
63:24 Reserved —
23:0 |SADINC Source Address Source Address Increment (Default: undefined) R/W
Increment This field sets the increase/decrease value of the DMA Source Address

Register (DMSARnN). This value is a 24-bit two’s complement and indicates a

byte count.

Refer to “14.3.7.1" and “14.3.8.1 Channel Register Settings During Dual

Address Transfer” for more information.
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14.4.8. DMA Destination Address Increment Register (DMODAIRN,
DM1DAIRN)

Offset Address: DMACO 0xB028 (ch. 0) / 0xB068 (ch. 1) / 0xBOA8 (ch. 2) / 0xBOES (ch. 3)
DMAC1 0xB828 (ch. 0) / 0xB868 (ch. 1) / 0xB8AS (ch. 2) / 0OxB8ES (ch. 3)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Name RESERVED

Type
Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Name RESERVED IDADINC|Z[23:16]I

Type R/W
Default —

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name DADINC[15:0]

Type R/W
Default —

Figure 14-16 DMA Destination Address Increment Register

Table 14-14 DMA Destination Address Increment Register

Bit Mnemonic Field Name | Description R/W
63:24 Reserved —
23:0 |DADINC Destination Destination Address Increment (Default: undefined) R/W
Address This field sets the increase/decrease value of the DMA Destination Address
Increment Register (DMDARN). This value is a 24-bit two’s complement and indicates a
byte count.
Refer to “14.3.8.1 Channel Register Settings During Dual Address Transfer”
for more information.
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14.4.9. DMA Count Register (DMOCNTRn, DM1CNTRN)

Offset Address: DMACO 0xB018 (ch. 0) / 0xB058 (ch. 1) / 0xB098 (ch. 2) / 0OxBOD8 (ch. 3)
DMAC1 0xB818 (ch. 0) / 0xB858 (ch. 1) / 0xB898 (ch. 2) / 0xB8D8 (ch. 3)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Name RESERVED

Type
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Name RESERVED

Type
Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Name RESERVED DMCNTR[25:0]
I I

Type R/W
Default —

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name DMCNTRI[15:0]
| |

Type R/W
Default —

Figure 14-17 DMA Count Register

Table 14-15 DMA Count Register

Bit Mnemonic | Field Name Description R/W
63:26 Reserved —
25:0 |DMCNTR Count Count Register (Default: undefined) R/W

This register sets the byte count that is transferred by the DMA Channel
Register setting. The value is a 26-bit unsigned data that is decremented only
by the size of the data transferred during a single bus operation.

Refer to “14.3.8.1 Channel Register Settings During Dual Address Transfer”
for more information.
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14.4.10. DMA Memory Fiill Data Register (DMOMFDR, DM1MFDR)

Offset Address: DMACO 0xB148, DMAC1 0xB948

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

Name MFD
I I I I I I I I I I I I I I I
Type R/W
Default —

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

Name MFD
I I I I I I I I I I I I I I I
Type R/W
Default —

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Name MFD
I I I I I I I I I I I I I I I
Type R/W
Default —
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name MFD
I I I I I I I I I I I I I I I
Type R/W
Default -

Figure 14-18 DMA Memory Fill Data Register

Table 14-16 DMA Memory Fill Data Register

Bit Mnemonic | Field Name Description

63:0 |MFD Memory Fill Data | Memory Fill Data (Default: undefined) R/W
This register, which stores double-word data written to memory when in the
Memory Fill Transfer mode, is shared between all channels.
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14.5. Timing Diagrams

This section contains timing diagrams for the external I/O DMA transfer mode. The DMAREQIn] signals and DMAACK]|n]
signals in the timing diagrams are set to Low Active.

14.5.1. External I/0O Device — SRAM Dual Address Transfer

External I1/0 Device — SRAM Dual Address Transfer

SYSCLK
CE* (SRAM) \ [
CE* (/O device)  \ /
sa [5:0] I X O XCOCOCOOOCO@ T T X O
ACE
OE*  \ /
SWE* \VARVARVARVARVARVARVARVAR
BWE* OCOCOCOC0E0E0E0E

sADB [15:0] EIBOGOGOGCGOGCSO 0@ X X X X X X X 4@
N RV AVAVAVAVAVAVAVARRVAAVAR VAR VAR VAR VAR VAR VAR

DMAREQ[n] _ / /
DMAACK[n] "\ /-
DMADONE*

Figure 14-19 Dual Address Transfer from External I/O Device to SRAM
(4-word Burst Transfer to 16-bit Bus SRAM)
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SDCLK?SYSCLK

CE *(SRAM)

CE*((1/0 Device)

ADDR [19:0]

OE*

SADB [15:0]

ACK*

ACE*

SWE*

BWE*

DMAREQ[n]

DMAACK[N]

DMADONE*

Dual Address Transfer from Memory to External I/O Device

all I all al an al

al

Figure 14-20 Dual Address Transfer from Memory to External /O Device
(4-word Burst Transfer from 16-bit Bus SRAM)
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14.5.2. External I/0O Device — SRAM Dual Address Transfer

Dual Address Transfer from External 1/0O Device to SRAM
(2 word Transfer to 16 bit SRAM)

SDCLK/SYSCLK

Cs*

CE*

ADDR19:0] - X X X AN X XXX Xl

SWE*

OE*

SADB[150] CO@ @ O @ (VA YV XV XV

ACK*

ACE*

BWE* [ T |

DMAREQ[n]

DMAACK][n]

DMADONE*

Figure 14-21 Dual Address Transfer from External I/O Device to SRAM
(2-word Burst Transfer to 16-bit SRAM)
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14.5.3. External I/O Device (Non-burst) — Memory Dual Address Transfer

Dual Address Transfer from External I/O Device (Non-Burst) to Memory

SDCLK/SYSCLK

Ccs*

CE*

Gieel e leme e e—" e a—
SWE* /
CKE
OE*/ BUSSPRT*
DQM[7:0] [ id X 10 X ]

DATA[15:0]

ACK*

ACE*

DMAREQIn]

DMAACK]N]

DMADONE*

Figure 14-22 Dual Address Transfer from External I/O Device (Non-Burst) to Memory
(2-word Burst Transfer to 16-bit SRAM: Set DMCCRnN.SBINH to “1”)
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Dual Address Transfer from Memory to External 1/0 Device

SDCLK/SYSCLK

Cs*

CE*

el — e — — - G—) - — . a—_

OE*

SADB15:0] ali ali ali ali
vdimar

Valid

ACK*

ACE*

SWE*

BWE* | r XXX T XXX O]

DMAREQ[N]

DMAACK]n]

DMADONE*

Figure 14-23 Dual Address Transfer from Memory to External I/O Device
(2-word Burst Transfer from 16-bit SRAM: Set DMCCRn.DBINH to “1")
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Chapter 15. DDR SDRAM Controller

15.1. Features

The DDR SDRAM Controller generates the clock and control signals that are required by the DDR SDRAM interface. The
DDR SDRAM Controller has 2 on-chip channels and can support memory sizes of up to 2 GB (1 GB/Channel) by
supporting various memory configurations.

Memory Clock Frequency: from 100 MHz to 200 MHz

2 Independent Memory Channels

Supports 2- or 4-bank 16 Mb, 64 Mb, 128 Mb, 256 Mb, 512 Mb or 1 Gb DDR SDRAM
Can use registered DIMM

Memory data bus width is 32 bits (word or W)

Internal data bus width is 64 bits (double-word or DW)

Supports critical first word access of the TX49/H4 core

Low power consumption mode: Can select Self-refresh or Pre-charge Power Down
Supports DMAC special Burst access (address decrement/fix)

Can write to any byte during Single or Burst Write operation. This feature is controlled by the DQM signal.
Supports burst length of up to 32DWs on GBUS

Programmable Drive Strength for DDR signals

L 2R 2K 2R 2K 2K 2R 2K 2R 2K 2K 2% 4
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15.2. Register Map

Offset Address Bit Width Register Symbol Register Name

0x8000 16 DDRCTLO0 DDR_CTL_00
0x8008 16 DDRCTLO1 DDR_CTL_01
0x8010 16 DDRCTLO2 DDR_CTL_02
0x8018 16 DDRCTLO3 DDR_CTL_03
0x8020 16 DDRCTL04 DDR_CTL_04
0x8028 16 DDRCTLO5 DDR_CTL_05
0x8030 16 DDRCTLO6 DDR_CTL_06
0x8038 16 DDRCTLO7 DDR_CTL_07
0x8040 16 DDRCTLO8 DDR_CTL_08
0x8048 16 DDRCTL09 DDR_CTL_09
0x8050 16 DDRCTL10 DDR_CTL_10
0x8058 16 DDRCTL11 DDR_CTL_11
0x8060 16 DDRCTL12 DDR_CTL_12
0x8068 16 DDRCTL13 DDR_CTL_13
0x8070 16 DDRCTL14 DDR_CTL_14
0x8078 16 DDRCTL15 DDR_CTL_15
0x8080 16 DDRCTL16 DDR_CTL_16
0x8088 16 DDRCTL17 DDR_CTL_17
0x8090 16 DDRCTL18 DDR_CTL_18
0x8098 16 DDRCTL19 DDR_CTL_19
0x80A0 16 DDRCTL20 DDR_CTL_20
0x80A8 16 DDRCTL21 DDR_CTL_21
0x80B0 16 DDRCTL22 DDR_CTL_22
0x80B8 16 DDRCTL23 DDR_CTL_23
0x80C0 16 DDRCTL24 DDR_CTL_24
0x80C8 16 DDRCTL25 DDR_CTL_25
0x80D0 16 DDRCTL26 DDR_CTL_26
0x80D8 16 DDRCTL27 DDR_CTL_27
0x80EOQ 16 DDRCTL28 DDR_CTL_28
0x80E8 16 DDRCTL29 DDR_CTL_29
0x80F0 16 DDRCTL30 DDR_CTL_30
0x80F8 16 DDRCTL31 DDR_CTL_31
0x8100 16 DDRCTL32 DDR_CTL_32
0x8108 16 DDRCTL33 DDR_CTL_33
0x8110 16 DDRCTL34 DDR_CTL_34
0x8118 16 DDRCTL35 DDR_CTL_35
0x8120 16 DDRCTL36 DDR_CTL_36
0x8128 16 DDRCTL37 DDR_CTL_37
0x8130 16 DDRCTL38 DDR_CTL_38
0x8138 16 DDRCTL39 DDR_CTL_39
0x8140 16 DDRCTL40 DDR_CTL_40
0x8148 16 DDRCTL41 DDR_CTL_41
0x8150 16 DDRCTL42 DDR_CTL_42
0x8158 16 DDRCTLA43 DDR_CTL_43
0x8160 16 DDRCTL44 DDR_CTL_44
0x8168 16 DDRCTLA45 DDR_CTL_45
0x8170 16 DDRCTL46 DDR_CTL_46
0x8200 64 DRWINEN Enable/Disable DDR Mapping Windows
0x8208 64 DRWINOO DDR Mapping Window #0
0x8210 64 DRWINO1 DDR Mapping Window #1
0x8218 64 DRWINO2 DDR Mapping Window #2
0x8220 64 DRWINO3 DDR Mapping Window #3
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15.3. DDR SDRAM Interface
15.3.1. Pin Signals

DDR SDRAM Interface Signals

Signal Name 110 Function
DRA[13:0] Qutput Address

This address signals are for DDR SDRAM.
DRDQ[31:0] /10 Data Bus

This is a 32-bit data bus dedicated for DDR SDRAM
DRDQSI[3:0] 1/0 DDR Control Signal for each byte data
DRDM[3:0] Output DDR Control signal for each byte data
DRCSJ1:0]* Output DDR Chip Select
DRVref Input DDR Voltage reference input
DRCKP, Output Differential DDR Clock Source
DRCKM
DRCKOUT Output Single-end DDR Reference Clock for deskew
DRCKREF Input DDR Clock deskew reference input
DRBA[1:0] Qutput DDR Bank Address
DRWE*, DRCAS*, |Output DDR Control Signals
DRRAS*
DRCKE Output DDR Control Signals

Clock Enable signal
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15.4. Read

READ bursts are initiated with a READ command, as shown in Figure 15-1.

DRCKM
DRCKP
DRCKE  HicH
DRCS* \ /
I
DRRAS" /7 |\
DRCAS" N |/
|
DRWE" 7 |\
DRAO=>DRAn X o ¥
Eh!.-!-.F'
DRA10 X X
EIIEi.ﬁP
DRBAO,1 X e X

[ ] =-DoNTCARE

ZA = Caolumn Address

BA = Bank Address

EM AF = Enable Autoprecharge
OIS AP = Disable Aulopracharge

Figure 15-1 Read Command
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Figure 15-2 shows an example of burst read of 4 with a CAS latency of 2 (CL=2).

DRCKM — —~————— W
DRCKP __x:/\<__/\__/\_f\_ AN L N . W o S — N

COMMAND

ADDRESS

|
XXX X XD

A J h /

DROGS

A

DROG

P XX

]
"

Figure 15-2 Burst Read of 4
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15.4.1. Write

WRITE bursts are initiated with a WRITE command, as shown in Figure 15-3.

DRCKM ————\J———

DRCKP

|

DRCKE  HicH

DRCS*

DRRAS*

—\
_7

preass T\
—

A

A

A

DEWE*

DRAD==DRAn

|:|= DON'T CARE

CA = Column Address

EA = Bank Address

EM AP = Enable Autoprecharge

0I5 AP = Disable Autoprecharge
Figure 15-3 Write Command
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Figure 15-4 shows an example of burst write of 4.

T0 T1 T2 T3 T4 T5 T8 7
S G G & @ 1 -
DRCKP ——] P &

COMMAND :X ware XX nor X X moe XX e X )

Bank a
ADDRESS Col'b X X X X

DRDOS __\ /__L_/ \, /—-—

; YO

DRDM

DONT CARE

Figure 15-4 Example of Burst Write 4
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15.5. Precharge

The PRECHARGE command is illustrated in Figure 15-5.

DRCKM ———
DRECKP —_—

DRCKE HIGH

DRCS*

DRRAS*

DRCAS”

DEWE*

JP QPP
ARAdRR

DRAD-DRA%, DRAT1-DRA13

ALL BANKES

DRA10 X X

COHE BAME

I
DRBAD, 1 x B X

=DON'T CARE

EBA = Bank Address (if A10 s
LOWY, atherwise ‘don't care’)

Figure 15-5 Precharge Command
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15.6. Power-Down
The POWER-DOWN command is illustrated in Figure 15-6.

TO T1 T2 T3 T4 Tn Tn+1 Tn+2 Tn+3 Tn+4 Tn+5 Tn+6
DRCKM —— - - 9 - - - -
¥ N N TV, -m/_\/_ NN
DRCKP XXX XX \__ Y W S
e i
DRCKE 4\ 0 J/
COMMAND :X VALID X:|:>( NOP X X .".” >< X X:;)( NOP

No column access
in progress

N
N

Enter power-down Exit power-down
mode mode

D DON'T CARE

Figure 15-6 Power-Down Command
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15.7. Memory Access

15.7.1. Address Mapping

It is possible to map the DRAM address to an arbitrary physical address using the DDR Mapping Window registers.
When the system receives an effective physical address, (EPA), it checks following condition for enabled window(s).

IF ( (EPA <= DRWINUP_ADRS ) && ( EPA >= DRWINLO_ADRS) )
Then, if it is true, Corresponding DDR channel will be accessed with following DDR_EFFECTIVE_ADDRESS.
DDR_EFFECTIVE_ADDRESS = EPA - DRWINLO_ADRS + DRWINOF_ADRS

Each window has a resolution of 1MB.
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Figure 15-7 shows an example of DDR Memory Mapping. In this example, DDR Channel 0 (CSO0) is split two blocks, one
is 384 MB and the rest is 640 MB. The 384 MB portion is mapped to 0x0_0000_0000 to Ox0_17FF_FFFF. The restis
mapped to 0x0_8000_0000 to 0x0_A7FF_FFFF and creates continuous memory space with 0x0_4000_0000 to
0x0_7FFF_FFFF memory space, which is mapped from DDR Channel 1 (CS1).

TX49 & GBUS

OxO_FFFF_FFFF

1.0 GB
— e ——
0x0_C000_0000
0x0_BFFF_FFFF

1\

=21

DDR CSO

OX3FFF_FFFF

DRWIN#0 (ENABLE)

1.0 GB /1 DRWINUP [Ox17FF_FFFF — 1
B — == DRWINLO |0x0000_0000
0x0_8000_0000 DRWINOF |0x0000_0000 [=\
O0X0_7FFF_FFFF DRWINCS | 0x0 (CSO)
1.0GB
1.0GB DRWIN#1 (ENABLE)
— DRWINUP |OXA7FF_FFFF

0x0_4000_0000
0x0_3FFF_FFFF

DRWINLO |0x8000_0000 > 0x1800 0000
DRWINOF |0x1800_0000 Ox17FF_FFFF
DRWINCS | Ox0 (CSO)

0.5 GB
—/—\/
-m DRWIN#2 (ENABLE) \—3| 0x0000 0000
e DRWINUP |Ox7FFF_FFFF
OXSB:(L):‘FEEEEFF DRWINLO |0x4000_0000 DDR CS1
198 VB DRWINOF | 0x0000_0000 =\ OX3FFF_FFFF
DRWINCS | Ox0 (CS1)
0x0_1800_0000
0x0_17FF_FFFF DRWIN#3 (DISABLE) I —r
- = DRWINUP |0x0000_0000 =
128 MB DRWINLO |0x0000_0000
DRWINOF |0x0000_0000 L0GB
0x0_1000_0000 DRWINCS | 0x0 (CSO0) ’
OX0_OFFF_FFFF
128 MB
0x0_0800_0000
0x0_07FF_FFFF \—3| 0x0000_0000
128 MB
0x0_0000_0000 | /
Rev 2.12

Figure 15-7 Example of DDR Memory Split-Mapping
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15.7.2. Wrapper Register

Register must be accessed using 32-bit or 64-bit load and store instructions.

15.7.2.1. Wrapper Control Register

Offset Address Bit Width | Register Symbol Register Name

0x8200 64 DRWINEN Enable/Disable DDR Mapping Windows
0x8208 64 DRWINOO DDR Mapping Window #0
0x8210 64 DRWINO1 DDR Mapping Window #1
0x8218 64 DRWINO2 DDR Mapping Window #2
0x8220 64 DRWINO3 DDR Mapping Window #3
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15.7.2.2. DDR Mapping Window Control (DRWINEN)

This registers enables or disables each DDR Mapping Register also defines the drive strength of DDR memory signals.
Before enabling any Mapping Window, i.e. Windows #0 to #3, corresponding registers, i.e. DRWINOO, DRWINO1,
DRWINO2, and DRWINO3, has to be preset with precise value.

If failed, the system might cause serious malfunction and result is unknown.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DCA DCDQ DCDQS DCDM DCCS DCCK DCCKO DCBA
| | | | | | | |
RIW RIW RIW RIW RIW RIW RIW RIW
2'b00 2'h00 2'h00 2'h00 2'h00 2'b00 2'h00 2'h00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DCWE DCCAS | DCRAS | DCCKE RESERVED ENO03 | ENO2 [ ENO1 [ ENOO
| | | | | | |
RIW RIW RIW RIW RW RW RW R/W
2'h00 2'h00 2'h00 2'h00 o 0 0 o0

Figure 15-8 DDR Mapping Window Control

Table 15-1 DDR Mapping Window Control

:RIW
. Default

:RIW
: Default

Bit | Mnemonic Field Name Description Initial Value R/W
63:32 — Reserved — — —
31:30 DCA DC_DRA Drive Strength Control of DRA[13:0] signal 2'b00 R/W
2'b00 = 28% of maximum strength
2'b01 = 57% of maximum strength
2'b10 = 71% of maximum strength
.. 2’b11 = maximum strength (100%)
29:28 DCDQ DSC_DRDQ Drive Strength Control of DRDQ[31:0] 2'b00 R/W
Control is same as above
27:26 DCDQS DSC_DRDQS Drive Strength Control of DRDQSJ[3:0] 2'b00 R/W
Control is same as above
25:24 DCDM DSC_DRDM Drive Strength Control of DRDM[3:0] 2'b00 R/W
Control is same as above
23:22 DCCs DSC_DRCS Drive Strength Control of DRCSJ[1:0] 2'b00 R/W
Control is same as above
21:20 DCCK DSC_DRCK Drive Strength Control of DRCKP and DRCKP 2'b00 R/W
Control is same as above
19:18 DCCKO DSC_DRCKOUT Drive Strength Control of DRCKOUT 2'b00 R/W
Control is same as above
17:16 DCBA DSC_DRBA Drive Strength Control of DRBA[1:0] 2'b00 R/W
Control is same as above
15:14 DCWE DSC_DRWE Drive Strength Control of DRWE 2'b00 R/W
Control is same as above
13:12 DCCAS DSC_DRCAS Drive Strength Control of DRCAS 2'b00 R/W
Control is same as above
11:10 DCRAS DSC_DRRAS Drive Strength Control of DRRAS 2'b00 R/W
Control is same as above
9:8 DCCKE DSC_DRCKE Drive Strength Control of DRCKE 2'b00 R/W
Control is same as above
3 ENO3 ENWINO3 1'b1 = Enable Window #3, 1'b0 = Disable 0 R/W
2 ENO02 ENWINO2 1'b1 = Enable Window #2, 1'b0 = Disable 0 R/W
1 ENO1 ENWINO1 1'b1 = Enable Window #1, 1'b0 = Disable 0 R/W
0 ENOO ENWINOO 1'b1 = Enable Window #0, 1'b0 = Disable 0 R/W
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15.7.2.3. DDR Mapping Window #n (n=0, 1, 2, 3)

DRWINOO, DRWINO1, DRWINO02, and DRWINO3 control DDR Mapping condition independently.

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

DRWINLO [35:30] DRWINLO [29:20]
35 | 34 | 33 | 32 | 31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W :RIW
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

COPY of DRWINLO [35:30] DRWINUP [29:20]
[ N I I+ 1 1 [ | | | |
RIO RO RIO RIO RO RIO RW RW RW RW RW RW RW RW RW RW  :RW
o o o o ©O0 O o0 0 O0O 0 0 O 0 0 0 0  :Defaul
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RESERVED DRWINOF [29:20]
[ N I I+ 1 1 [ | | | |
RW RW RW RW RW RW RW RW RW RW  :RW
o o o0 o0 0 0 0 0 0 0  :Defaul

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESERVED CS [1:0]
I I I I I I I I I I I I I I
R/IW :RIW
0 : Default

Figure 15-9 DDR Mapping Window Control

Table 15-2 DDR Mapping Window Control
Mnemonic Field Name Description Initial R/W

Value

63:48 | DRWINLO DRWINLO [35:20] | Define the lower address of window #n in physical address. 0 R/W
DRWINLO_ADRS = { DRWINUP [35:20], 20'HF_FFFF }

47:42 | DRWINUP DRWINUP [35:30] | This register is the copy of DRWINLO [35:30] 0 R/O

41:32 | DRWINUP DRWINLO [29:20] | Define the upper address of window #n in physical address. 0 R/W
DRWINUP _ADRS = { DRWINUP [35:20], 20'HO_0000 }

31:26 | — RESERVED — — —

25:16 | DRWINOF DRWINOF [29:20] | Define the offset address of the target DDR memory space. 0 R/W
DRWINOF _ADRS = { DRWINOF [29:20], 20'HO_0000 }

152 | — RESERVED — — —

1:0 CS[1:0] Chip Select [1:0] Define corresponding DDR channel number with CS 0 R/W

CS[1:0] =2'b00 Channel 0 (CS0)
CS[1:0] =2'b01 Channel 0 (CS0)

CS[1:0] =2'b10 Channel 1 (CS1)
CS[1:0] =2'b11 Channel 1 (CS1)

NOTE: CS setting should be consistent with DDR_CTRL15 setting.

When the system receives an effective physical address, (EPA), it checks following condition for enabled window(s).
IF ( (EPA <= DRWINUP_ADRS ) && ( EPA >= DRWINLO_ADRS))
Then, if it is true, Corresponding DDR channel will be accessed with following DDR_EFFECTIVE_ADDRESS.

DDR_EFFECTIVE_ADDRESS = EPA - DRWINLO_ADRS + DRWINOF_ADRS
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15.8. DDR SDRAM Controller

The DDR SDRAM controller is configured with the following features:

Maximum Byte Request = 256 bytes

Register Data Width = 16 bits

Half cas latency support

Register DLL Value — DLL value is stored in a user-readable register

Drive data/dgs when idle — allows the user (under register control) to have the controller drive the data and dgs
signals during the times in which the controller is idle

Support Registered DIMMs

Self Refresh (register controllable)

Masked Writes

DLL Bypass Option

Command Queue Depth =4

Write Queue Depth = 1 (no FIFO)

Read Queue Depth = 1 (no FIFO)

Supported clock frequencies from 100 MHz to 200 MHz
Wrap command support for critical first word access

Auto Precharge (register controllable)

Memory Data Width = 32 bits

Maximum Chip Selects = 2 (supports 2 physical banks)
DQ:DQS Ratio = 8 (every data byte has one DQS signal)
Maximum Columns Supported = 12 (supports x8 x16 DDR SDRAM)
Maximum Address Pins = 14 (supports 1Gbit DDR SDRAM)
Address Order = CS, Row, Bank

L 2R 2K 2R 2K 2K 2K 2K 2K 2R 2K 2K 2R 2R 2% 2% JEER 2% 2 2R S 2

The DDR SDRAM controller has the following advanced features:
€ Fully pipelined command, read, and write data interface to the controller
4 Advanced bank look-ahead features for high memory throughput
€ Programmable register interface to control memory device parameters and protocols including auto precharge
€ Full initialization of memory upon reset of the controller
4 Built in adjustable Delay Compensation Circuitry (DCC or DLL) for reliable data send and capture timing

15.8.1. Initialization protocol

The controller is designed such that it requires the following sequence for correct operation after all power to the ASIC and
to the memory devices are stable. The controller does not have any circuitry that controls the activation of power and

ground to the system. Once the power is stable to the memory devices and the ASIC, the following procedure is required
to initialize the controller. The controller will initialize the memory devices automatically once this procedure is completed.

€ Assert the reset pin. All programmable registers will be set to zero when the reset pin is asserted.

€ De-assert the reset pin synchronously to the controller clock.

@ Reset DDR deskew PLL by writing 0 and then 3 to the DDRDSKW field of the DLL De-Skew Control Register (see
chapter on Configuration Registers).

*

Issue write register commands to program all the registers to configure the DRAM protocols and the settings for
the DCC in the controller. The Start register must be kept at 0 during this initialization step.

Register values to be used for a specific memory part can be obtained by running the register_gen.tcl tickle script
with the corresponding memory part's SOMA file as input.

¢ Write a 1 into the Start register. Once this register is written with a 1, the controller will go through the initialization
sequence specified by the parameters written into the registers of the controller.

The controller will generate an interrupt (INT_STATUS|[2] in DDR_CTL_O01 register) to the CPU once the DRAM initialization
is complete and the internal DCC is locked.
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15.8.2. Supported DDR SDRAM Configurations

This controller supports the SDRAM configurations listed below in Table 15-3.

Table 15-3 Supported DDR SDRAM Configration

DDR SDRAM Configuration Row Address (bit) Column Address (bit
64Mbit 4-bank 1M x 16 12 8
128 Mbit 4-bank 1M x 32 12 8
2M x 16 12 9
4M x 8 12 10
256 Mbit 4-bank 2M x 32 12
AM x 16 13 9
8M x 8 13 10
512 Mbit 4-bank 8M x 16 13 10
16M x 8 13 11
1 Gbit 4-bank 16M x 16 14 10
32M x 8 14 11

15.8.3. Delay Line Tuning

Write Datapath

Essentially, for the write datapath the parameters need to be adjusted according the "flight times" while maintaining the 90
degree phase between the write data and the write DQS:

For the write datapath, there are two registers that control the capture of data at the DRAM interface:

e TC300C_WR_DQS_SHIFT[8:0] - Controls the delay for the clk_wr signal which is used to clock the write data such
that the phase between the write data and write_dgs is always 90 degrees. The unit of this parameter is degree.
For example, to delay by half of a clock cycle(equivalent to a 180 degree phase shift) TC300C_WR_DQS_SHIFT
should be programmed to 180(0xB4). This is fine tunable post silicon to accommodate for DQ routing.

e TC300C_dgs_out_shift[8:0] - Controls the delay for the DQS signal for write. Again, the unit of the parameter is
degree.

Getting the DQS signal to arrive at a certain point in a clock cycle at the DRAM is a function of the generation of the DQS
signal and the physical delays in transmitting this signal from one point to another.

t flight =t_io_cell + t_driver + t_board.

The write data sent along with the DQS strobe must be aligned such that the strobe rises and falls within the valid region of
the data with maximum setup and hold characteristics. This translates into the write data being clocked 1/4 cycle (90
degree) before the rising edge of the DQS strobe.

The values for TC300C_WR_DQS_SHIFT and TC300C_DQS_OUT_SHIFT are determined by the min and max physical
delays of t_io_cell, t_driver, and t_board.

The goal is to have the DQS signal arrive at the DRAMSs as close to the rising edge of the clock as possible. Once the
typical delay values are calculated for these delays, the parameter values are chosen such that the clk_wr signal
arrives at the 10 cell 1 cycle minus this value.
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Recommended Delay Settings

t flight clk_wr delay DQS delay
much less than % cycle 3/4 clk (270 degree) 1 clk (360 degree)
close to ¥ cycle 1/2 clk (180 degree) 3/4 clk (270 degree)
close to ¥ cycle 1/4 clk (90 degree) 1/2 clk (180 degree)

Example setting of parameters

Below is an example of the calculations necessary to choose the correct value of
TC300C_WR_DQS_SHIFT and TC300C_DQS_OUT_SHIFT:

« Clock frequency = 200MHz (5ns)
et _io_cell(typ) = 100 ps (+/- 20%)
e t_driver(typ) = 1500 ps (+/- 30%)
«t_board(typ) = 500ps (+/- 10%)

« tdgss = +/- 0.25clk

Typical delay is 2100ps or 0.42clk.
This means that adding an additional 1/2 clock would place the DQS signal within 0.08clk of the rising edge.
So, setting TC300C_DQS_OUT_SHIFT to:

TC300C_DQS_OUT_SHIFT = 180

would accomplish this delay.

To maintain the 1/4 clk phase difference between the write data and write DQS, TC300C_WR_DQS_SHIFT shoud be set to:
TC300C_WR_DQS_SHIFT =180 - 90 = 90

The min and max variation of the arrival time is +/- 520ps.
This is 0.10 of a clock cycle. This means that the DQS signal would arrive 0.82 to 1.02 of a clock cycle around the clock edge.
This is within the 0.75 to 1.25 specification of the DRAM.

Read Datapath
For the read path, there are 4 delay parameters that need to be programmed:

1.) DDR_CTL_39, TC300C_DLL_DQS_DELAY_O for byte 0 or bit[7:0]
2.) DDR_CTL_40, TC300C_DLL_DQS_DELAY_1 for byte 1 or bit[15:8]
3.) DDR_CTL_ 41, TC300C_DLL_DQS_DELAY 2 for byte 2 or bit[23:16]
4) DDR_CTL 42, TC300C_DLL_DQS_DELAY_3 for byte 3 or bit[31:24]

These parameters are best calculated by software.

First the software should write a 32-bit data to a memory location.

Then the software would form a loop, to sweep the delay from 0 to 360 degree while attempting
to read each byte. The optimal parameter for each byte is then calcuated as follow:

TC300C_DLL_DQS_DELAY_x = MIN_DELAY + ((MAX_DELAY - MIN_DELAY) / 2)
where

MIN_DELAY = the smallest delay value in which the byte being read is successful
MAX_DELAY = the biggest delay value in which the byte being read is successful.
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15.9. Register Map

Register must be accessed using 32-bit or 64-bit load and store instructions.

Offset Bit Register Register Name || Access Parameter(s)
Address  Width Symbol
0x8000 16 DDRCTLOO DDR_CTL_00 - Reservred
0x8008 16 DDRCTLO1  |DDR_CTL 01 WR, RD INT_ACK, INT_STATUS
0x8010 16 DDRCTLO2 |DDR_CTL_02 RD, RW OUT_OF RANGE_LENGTH, INT_MASK
0x8018 16 DDRCTLO3  |DDR_CTL_03 RW, RD START, OUT_OF _RANGE_TYPE
0x8020 16 DDRCTLO4 [DDR_CTL 04 RD, RD MAX_COL_REG, MAX_ROW_REG
0x8028 16 DDRCTLO5 |DDR_CTL_05 RW, RD INITAREF, MAX_CS_REG
0x8030 16 DDRCTLO6 |DDR_CTL_06 RW, RW CASLAT, CASLAT_LIN
0x8038 16 DDRCTLO7 |DDR_CTL 07 RW, RW TWR, BSTLEN
0x8040 16 DDRCTLO8 |DDR_CTL 08 RW, RW TPDEX, TRRD
0x8048 16 DDRCTLO9 |DDR_CTL_09 RW, RW TRAS_MIN, TRC
0x8050 16 DDRCTL10 |DDR_CTL_10 RW, RW TEMRS, TRP
0x8058 16 DDRCTL11 DDR_CTL_11 RW, RW TRFC, TMRD
0x8060 16 DDRCTL12 |DDR_CTL 12 RW, RW TWTR, TDLL
0x8068 16 DDRCTL13 |DDR_CTL_13 RW, WR AREFRESH, WRITEINTERP
0x8070 16 DDRCTL14 |DDR_CTL 14 RW, RW [NO_CMD_INIT
0x8078 16 DDRCTL15 |DDR_CTL_15 RW, RW POWER_DOWN, CS_MAP
0x8080 16 DDRCTL16 |DDR_CTL 16 RW, RW SREFRESH, TXSR
0x8088 16 DDRCTL17 |DDR_CTL_17 RW, RW AP, DRIVE_DQ_DQS
0x8090 16 DDRCTL18 |DDR_CTL_18 RW, RW INTRPTREADA, CONCURRENTAP
0x8098 16 DDRCTL19 |[DDR_CTL_19 RW, RW INTRPTAPBURST, INTRPTWRITEA
0x80A0 16 DDRCTL20 |DDR_CTL 20 RW, RW TRCD_INT, TRAS_LOCKOUT
0x80A8 16 DDRCTL21 |DDR_CTL_21 RW, RW DLL_BYPASS_MODE,

REG_DIMM_ENABLE

0x80B0 16 DDRCTL22 |DDR_CTL 22 RW, RW COLUMN_SIZE, ADDR_PINS
0x80B8 16 DDRCTL23 |DDR_CTL_23 RD, RW DLL_LOCK [ APREBIT
0x80C0 16 DDRCTL24 DDR_CTL_24 - Reserved
0x80C8 16 DDRCTL25 |DDR_CTL_25 - Reserved
0x80D0 16 DDRCTL26 |DDR_CTL_26 - Reserved
0x80D8 16 DDRCTL27 |DDR_CTL 27 RD VERSION
0x80EQ 16 DDRCTL28 |DDR_CTL 28 RW TREF
Ox80E8 16 DDRCTL29 |DDR_CTL 29 RW TRAS_MAX
0x80F0 16 DDRCTL30 |[DDR_CTL_30 RW TINIT
0x80F8 16 DDRCTL31 |DDR_CTL_31 RW EMRS_DATA
0x8100 16 DDRCTL32 |DDR_CTL_32 RD OUT_OF _RANGE_ADDRJ[15:0]
0x8108 16 DDRCTL33 |DDR_CTL_33 RD OUT_OF RANGE_ADDRJ[30:16]
0x8110 16 DDRCTL34 |[DDR_CTL 34 RD TC300C_DLL_LOCK
0x8118 16 DDRCTL35 |DDR_CTL_35 RW TC300C_WR_DQS_SHIFT
0x8120 16 DDRCTL36 |DDR_CTL 36 RW TC300C_DQS_OUT_SHIFT
0x8128 16 DDRCTL37 |DDR_CTL 37 RW TC300C_WR_DQS_SUB
0x8130 16 DDRCTL38 [DDR_CTL 38 RW TC300C_DQS OUT SUB
0x8138 16 DDRCTL39 |DDR_CTL_39 RW TC300C_DLL_DQS_DELAY_0
0x8140 16 DDRCTL40 |DDR_CTL 40 RW TC300C_DLL_DQS_DELAY 1
0x8148 16 DDRCTL41 |DDR_CTL 41 RW TC300C_DLL_DQS_DELAY_2
0x8150 16 DDRCTL42 |DDR_CTL 42 RW TC300C_DLL_DQS_DELAY_3
0x8158 16 DDRCTL43 |DDR_CTL 43 RW TC300C_DLL_DQS_SUB_0
0x8160 16 DDRCTL44 |DDR_CTL_44 RW TC300C_DLL_DQS_SUB_1
0x8168 16 DDRCTL45 |DDR_CTL_45 RW TC300C_DLL_DQS_SUB_2
0x8170 16 DDRCTL46 |DDR _CTL 46 RW TC300C _DLL _DQS SUB 3
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15.10. Registers

Note: Reserve bits will return Os when read.

DDR_CTL_00 = 0x8000

Name Bits Default Range Description
- 5:00 - g Reserved
- 7:6 - - Reserved
- 13:08 |- : Reserved
- 15:14 |- : Reserved
DDR_CTL_01 = 0x8008
Name Bits Default |Range Description
INT_STATUS 3.0 0x0 0x0-0xf Status of interrupt features in the controller.
Status of all possible interrupts generated by the controller. The
MSB of this register is the OR of all the lower bits. The Int_status
bits correspond to these interrupts.
0 = Single out of range address detected
1 = Multiple out of range address detected
2 = DRAM initialization complete
3 = Logical OR of all lower bits
READONLY
- 7:4 - - Reserved
INT_ACK 10:8 0x0 0x0-0x7 Clear mask of INT_STATUS register.
This register controls clearing the Int_status register. If any of these
bits are set to a one when writing this register, the corresponding bit
in the Int_status register will be set to 0. Any bits written width a 0
will not alter the bit in the Int_status register.
WRITEONLY
- 15:11 |- - Reserved
DDR_CTL_02 = 0x8010
Name Bits Default | Range Description
INT_MASK 3.0 0x0 0x0-0x7 Mask for controller_int signals from the INT_STATUS register.
The mask applied to the outputs Int_status register that are logically
ORed and reflected to the controller_int pin on the ASIC interface.
B 7:3 - - Reserved
OUT_OF_RANGE_LENGTH 15:8 0x00 0x0-0xff Length of command that caused Out of Range interrupt.
The user length for an out of range request to the memory devices.
READONLY
DDR_CTL_03 = 0x8018
Name Bits Default |Range Description
OUT_OF_RANGE_TYPE 2:0 0x0 0x0-0x7 Type of command that caused Out of Range interrupt.
READONLY
- 7:3 - - Reserved
START 8:8 0x0 0x0-0x1 Start bit to control command processing in the controller
Start register. With this register set to 0, the controller will not issue
any commands to the DRAMSs or respond to any pin activity except
for reading and writing registers. Once this register is set to 1 the
controller will then respond to inputs from the ASIC.
- 15:9 - - Reserved
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DDR_CTL_04 = 0x8020

Name Bits Default | Range Description

MAX_ROW_REG 3.0 Oxe Oxe Maximum width of memory address bus.

Maximum number of row bits configured for the controller. This
value can be used to set the Addr_pins.

Addr_pins = Max_row_reg - <number of row bits in memory device>

READONLY
- 7:4 - - Reserved
MAX_COL_REG 11:8 Oxc Oxc Maximum width of column address in DRAMs.

Maximum number of column bits configured for the controller. This
value can be used to set the Column_size.
Column_size = Max_col_reg - <number of column bits in memory

device>
READONLY

- 15:12 |- - Reserved

DDR_CTL_05 = 0x8028

Name | Bits Default Range Description

MAX_CS_REG 1:0 0x2 0x2 Maximum number of chip selects available.
Maximum number of chip selects configured for the controller. This
value can be used to set the CS_diff.
CS_diff = Max_cs_reg - <number of ranks of memory connected to
the controller>
The number of ranks of memory must be a power of 2.
READONLY

- 7:2 - - Reserved

INITAREF 11:8 0x0 0x0-0xf Number of autorefresh commands to execute during initialization of
DRAMS.
The number of auto-refresh commands needed by the DRAM
devices to satisfy the initialization sequence.

- 15:12 |- - Reserved

DDR_CTL_06 = 0x8030

Name Bits Default | Range Description

CASLAT_LIN 3:0 0x0 0x0-0xf Cas latency in half cycles.
Cas Latency linear value. This field encodes the actual cas latency
in %2 cycle increments.
0000 - 0010 RESERVED
0011 = 1.5 cycles
0100 = 2 cycles
0101 = 2.5 cycles
0110 = 3 cycles
0111 = 3.5 cycles
1000 = 4 cycles
1001-1111 RESERVED

- 74 - - Reserved

CASLAT 10:8 0x0 0x0-0x7 Encoded cas latency sent to DRAMSs during initialization.
Cas Latency encoding to be programmed into the DRAMs upon
initialization. Please refer to the encoding specified in the DRAM
spec sheet. This encoding should correspond to the Caslat_Linear
setting. See the regconfig files in the release for actual settings for
each particular device.

- 15:11 |- - Reserved
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DDR_CTL_07 = 0x8038

Name Bits Default | Range Description
BSTLEN 2:0 0x0 0x0-0x7 Encoded burst length sent to DRAMs during initialization.
Burst length encoding that will be programmed into the DRAMSs upon
initialization.
Encoding is as follows:
2 words = 001
4 words = 010
8 words = 011
All other codes are reserved
- 7:3 - - Reserved
TWR 10:8 0x0 0x0-0x7 DRAM TWR parameter in cycles.
Write Recovery time in cycles
- 15:11 |- - Reserved
DDR_CTL_08 = 0x8040
Name Bits Default |Range Description
TRRD 2:0 0x0 0x0-0x7 DRAM TRRD parameter in cycles.
Activate to Activate delay for different banks in cycles
- 7:3 - - Reserved
TPDEX 10:8 0x0 0x0-0x7 DRAM TPDEX parameter in cycles.
Power-down exit command period in cycles.
- 15:10 |- - Reserved
DDR_CTL_09 = 0x8048
Name Bits Default | Range Description
TRC 4:0 0x00 0x0-0x1f DRAM TRC parameter in cycles.
Active to Active command period for the same bank in cycles
- 75 - - Reserved
TRAS_MIN 11:8 0x0 0x0-0xf DRAM TRAS_MIN parameter in cycles.
Minimum Row activate time in cycles
- 15:12 |- - Reserved
DDR_CTL_10 = 0x8050
Name Bits Default |Range Description
TRP 3:0 0x0 0x0-0xf DRAM TWR parameter in cycles.
Precharge command time in cycles
- 7:4 - - Reserved
TEMRS 9:8 0x0 0x0-0x3 DRAM TERMS parameter in cycles.
Extended mode register set time in cycles
- 15:10 |- - Reserved
DDR_CTL_11 = 0x8058
Name Bits Default | Range Description
TMRD 1.0 0x0 0x0-0x3 DRAM TMRD parameter in cycles.
Mode register set command time in cycles
- 7:2 - - Reserved
TRFC 12:8 0x00 0x0-Ox1f | DRAM TRFC parameter in cycles.
Refresh command time in cycles
- 15:13 |- - Reserved
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DDR_CTL_12 = 0x8060

Name Bits Default | Range Description
TDLL 7:0 0x00 0x0-0xff DRAM TDLL parameter in cycles.

DIl lock time for DDR SDRAM in cycles
TWTR 10:8 0x0 0x0-0x7 DRAM TWTR parameter in cycles.

The number of cycles needed to switch from a write to a read
operation dictated by the DDR SDRAM specification.

- 15:11 |- - Reserved
DDR_CTL_13 = 0x8068

Name | Bits Default Range Description

WRITEINTERP 0:0 0x0 0x0-0x1 Enable DRAM feature that allows controller to interrupt write bursts
to the DRAMSs.
Read interrupt write parameter. When enabled the controller is able
to interrupt a write burst with a read command. Some memory
device do not allow this functionality.
0 = The device does not support read commands interrupting write
commands.
1 = The device does support read commands interrupting write
commands.

- 7:1 - - Reserved

AREFRESH 8:8 0x0 0x0-0x1 Execute an autorefresh command immediately or at the next DRAM
burst boundary.
When this register is written with a “1”, and auto precharge command
will be issued to the DRAM devices. If there are any open banks,
the controller will automatically close these banks before issuing the
auto refresh command.
This register will always read back “0".
WRITEONLY

- 15:9 - - Reserved

DDR_CTL_14 = 0x8070

Name | Bits Default Range Description

NO_CMD_INIT 0:0 0x0 0x0-0x1 Enable disabling DRAM commands until TDLL has expired during
initialization.
0 = Issue only REF and PRE commands during DLL initialization of
the DRAMs
1 = Do not issue any type command during DLL initialization of the
DRAMs

- 7:1 - - Reserved

- 15:8 - - Reserved
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DDR_CTL_15 = 0x8078

Name Bits Default | Range Description

CS_MAP 1.0 0x0 0x0-0x3 Number if active chip selects used in address decoding.

This register is programmed with a mask that determines which chip
select pins are active. The user address CS field will be mapped
into the active chip selects indicated by this register in ascending
order from lowest to highest.

This allows the controller to map the entire contiguous user address
into any group of chip selects. Bit O of this register corresponds to
chip select[0].

2'h01 = chip select[0] is enabled

2'b10 = chip select[1] is enabled

2'b11 = Both chip select[0] and chip select[1] are enabled

- 7:2 - - Reserved

POWER_DOWN 8:8 0x0 0x0-0x1 Place DRAMs in power down state.

When this register is written with a “1”, the controller will disable the
clock enable pin to the DRAM devices as soon as the current burst
for the current transaction, if any, the controller is processing, has
completed. Any subsequent commands in the command queue will
be suspended until this register is written with a “0”.  The controller
will continue to issue refresh commands and any precharge
commands necessary on open banks while in power down mode.
This means that the DRAM will automatically be brought out of
power down mode for these operations.

- 15:9 - - Reserved

DDR_CTL_16 = 0x8080

Name Bits Default |Range Description

TXSR 7:0 0x00 0x0-0xff DRAM TXSR parameter in cycles.

Self refresh exit time in cycles

SREFRESH 8:8 0x0 0x0-0x1 Place DRAMs in self-refresh mode.

When this register is written with a “1”, the DRAM device(s) will be
placed in self-refresh mode. In order to put the DRAMSs in self refresh
mode, the current burst for the current transaction, if any, will
complete, all banks will be closed, the self refresh command will be
issued to the DRAM, and the clock enable pin will be de-asserted.
The system will remain in self-refresh mode until this register is
written with a “0”.  The DRAM devices will return to normal
operating mode after the self-refresh exit time (txsr) of the device
and any dll initialization time for the DRAM is reached. The
controller will resume processing of commands where it was
interrupted if it were processing a transaction when the register was
written.

- 15:9 - - Reserved

DDR_CTL_17 = 0x8088

Name \ Bits Default Range Description

DRIVE_DQ_DQS 0:.0 0x0 0x0-0x1 Enable feature to keep output enables on dqg and dgs drives active
when controller is idle.

This parameter selects if the dq and dgs output enables will driven
active when the controller is in an idle state.

0 - Leave the output enables in High-Z when idle

1 - Drive the output enables active when idle.

- 7:1 - - Reserved

AP 8:8 0x0 0x0-0x1 Enable autorefresh mode of controller.

Enable Auto Precharge mode for DRAM devices.

0 = Auto precharge mode disabled. All read and write transactions
are issued such that the banks stay open until another request needs
the bank or the max open time (tras_max) has expired or a refresh
command closes all banks.

1 = Auto precharge mode enabled. All read and write transactions
are terminated by an auto precharge command. If a transaction
consists of multiple read or write commands, only the last command
is issued with an auto precharge.

- 15:9 - - Reserved
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DDR_CTL_18 = 0x8090

Name | Bits Default Range Description

CONCURRENTAP 0:0 0x0 0x0-0x1 Allow controller to issue commands to other banks while a bank is in
the process of autorefresh.
Enable Concurrent Auto precharge. Some DRAM devices do not
allow one bank to be auto pre charged while another bank is reading
or writing. The JEDEC standard allows concurrent auto precharge.
0 = Concurrent Auto precharge disabled.
1 = Concurrent Auto precharge enabled.

- 7:1 - - Reserved

INTRPTREADA 8:8 0x0 0x0-0x1 Allow the controller to interrupt a read with autoprecharge command
with another read command.
Enable interrupting of a read with auto precharge command with
another read command to the same bank before the first read
command is completed.
0 = Disable interrupting a read with auto precharge with another read
command to the same bank.
1 = Enable interrupting a read with auto precharge with another read
command to the same bank.

- 15:9 - - Reserved

DDR_CTL_19 = 0x8098

Name [ Bits Default Range Description

INTRPTWRITEA 0:0 0x0 0x0-0x1 Allow the controller to interrupt a write command with autoprecharge
with another write command.
Enable interrupting of a write with auto precharge command with
another read or write command to the same bank before the first
write command is completed.
0 = Disable interrupting a write with auto precharge with another read
or write command to the same bank.
1 = Enable interrupting a write with auto precharge with another read
or write command to the same bank.

- 7:1 - - Reserved

INTRPTAPBURST 8:8 0x0 0x0-0x1 Allow the controller to interrupt a command with autoprecharge with
another command.
Enable interrupting an auto precharge command with another
command for a different bank. If enabled the current operation will
be interrupted but the bank will be pre charged as if the current
operation were allowed to continue.
0 = Disable interrupting an auto precharge operation on a different
bank.
1 = Enable interrupting an auto precharge operation on a different
bank.

- 15:9 - - Reserved

DDR_CTL_20 = 0x80A0

Name | Bits Default Range Description

TRAS_LOCKOUT 0:0 0x0 0x0-0x1 Allow the controller to execute autoprecharge commands before the
TRAS_MIN parameter has expired.
Tras lockout setting for the DRAM device.
0 = Tras lockout not supported by memory device
1 = Tras lockout supported by memory device

- 7:1 - - Reserved

TRCD_INT 11:8 0x0 0x0-0xf DRAM TRCD parameter in cycles.
Ras to Cas delay in cycles

- 15:11 |- - Reserved
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DDR_CTL_21 = 0x80A8

Name Bits Default | Range Description

REG_DIMM_ENABLE 0:0 0x0 0x0-0x1 Enable registered DIMM operation of the controller.
This register controls the address and command pipeline of the
controller when configured for register DIMM operations.
0 = Normal non registered operation.
1 = Enable register DIMM operation.

- 7:1 - - Reserved

DLL_BYPASS_MODE 8:8 0x0 0x0-0x1 Enable the DLL bypass feature of the controller.
When set to 1, the values programmed into dll_dgs_delay_x,
dgs_out_shift, and wr_dqgs_shift become absolute values rather
than fractional values of delays in the delay chains. In this mode the
DLL locking mechanism is bypassed. If the delay programmed into
the delay registers is greater than the number of delay elements in
the delay chain, then the delay is set to the maximum number of
delay elements in the delay chain.
0 = Normal operational mode
1 = Bypass DLL master delay line.

- 15:9 - - Reserved

DDR_CTL_22 = 0x80B0

Name Bits Default \ Range Description

ADDR_PINS 2:0 0x0 0x0-0x7 Number of address pins used by DRAM devices.
The difference between the maximum number of address pins (14)
and the actual number of address pins on the device connected to
the controller. The user address is automatically shifted so that the
user address space is mapped contiguously into the memory map
based upon the value of this parameter.
For more detail, see Section 15.13.

- 7:3 - - Reserved

COLUMN_SIZE 10:8 0x0 0x0-0x7 Number of column bits used for DRAM devices.
The difference between the maximum column width (12) and the
actual number of column pins in the devices connected to the
controller. The user address is automatically shifted so that the
user address space is mapped contiguously into the memory map
based upon the value of this parameter. For more detail see
Section 15.13..

- 15:11 |- - Reserved

DDR_CTL_23 = 0x80B8

Name Bits Default Range Description

APREBIT 3.0 0x0 0x0-0xf Location of autoprecharge bit in DRAM address.
The bit position for the auto precharge signal for the DDR SDRAM
device connected to the controller.

- 7:4 - - Reserved

g 13:8 i g Reserved

- 15:14 |- - Reserved
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DDR_CTL_24 = 0x80CO

Name | Bits Default Range Description

- 6:0 - : Reserved

- 7 - - Reserved

- 14:8 |- : Reserved

- 15 - - Reserved
DDR_CTL_25 = 0x80C8

Name | Bits Default Range Description

- 6:0 - - Reserved

- 7 - - Reserved

- 14:8 - : Reserved

- 15 - : Reserved
DDR_CTL_26 = 0x80D0

Name Bits Default | Range Description

- 6:0 - - Reserved

- 15:7 - - Reserved

DDR_CTL_27 = 0x80D8

Bits

Default

| Range

Description

VERSION 15:0 0x2031 0x2031 Controller version number
DDR version number of the controller.
READONLY

DDR_CTL_28 = 0x80EO

Name Bits Default |Range Description

TREF 11:0 0x000 0x0-0xfff DRAM TREF parameter in cycles.
Cycles between refresh commands.

- 15:12 - - Reserved

DDR_CTL_29 = Ox80E8

Default

| Range

Description

TRAS_MAX

15:0

0x0000

0x0-0xffff

DRAM TRAS_MAX parameter in cycles.
Maximum Row active time in cycles

DDR_CTL_30 = 0x80F0

Default

| Range

Description

TINIT 15:0 0x0000 0x0-0xffff | DRAM TINIT parameter in cycles.
Initialization time for DDR SDRAM in cycles
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DDR_CTL_31 = Ox80F8

Name Bits Default Range Description

EMRS_DATA 13:.0 0x0000 0x0-0x3fff | Extended mode register data written during initialization or Write
modereg command.

The contents of this register will be loaded into the DRAM during
initialization. Consult the DRAM specification for the correct
settings for this register.

Reserved

- 15:14

DDR_CTL_32 = 0x8100

Bits Default Range \ Description
OUT_OF_RANGE_ADDR[15:0] | 15:0 |0x0000 | OxO0-Oxffff | Address from command that caused an Out of Range interrupt.
This is the lower 16 bits of the user address for an out of range request
to the memory devices.

READONLY
DDR_CTL_33 = 0x8108
Name Bits Default| Range Description
OUT_OF_RANGE_ADDR[30:16] 14:0 | 0x0000 | Ox0-0x7fff | Address from command that caused an Out of Range interrupt.

This is the upper 15 bits of the user address for an out of range
request to the memory devices.

READONLY

- 15 - - Reserved

DDR_CTL_34 = 0x8110

Name Bits Default Range
TC300C_DLL_LOCK 8:0 0x00 0x0-0x1ff

Description

Number of delay elements of TC300C master DLL lock.

The actual number of delay elements of the TC300C macro delay
line used to capture one full clock cycle.

This parameter is automatically updated every 8 clock cycles.

READONLY
- 15:9 - - Reserved
DDR_CTL_35 = 0x8118
Name | Bits Default  Range Description
TC300C_WR_DQS_SHIFT 8:0 0x00 0x0-0x1ff | Fraction of a cycle to delay the clk_wr signal in the controller.

This parameter controls the amount of delay introduced to the write
datapath to ensure the correct capture of data at the DRAM
interface. It selects the number of 1/360ths of the system clock to
delay the write dq data by to the DRAM.

- 15:9 - - Reserved
DDR_CTL_36 = 0x8120
Name Bits Default | Range Description
TC300C_DQS_OUT_SHIFT 8:0 0x00 0x0-0x1ff | Fraction of a cycle to delay the write dgs signal to the DRAMs during
writes.

This parameter controls the amount of delay introduced to the write
dgs signal to ensure the correct capture of data at the DRAM
interface. It selects the number of 1/360ths of the system clock to
delay the write dgs by to the DRAM.

- 15:9 - - Reserved
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DDR_CTL_37 = 0x8128

Name \ Bits Default Range Description

TC300C_WR_DQS_SUB 4:0 0x00 0x0-0x1f | Offset delay subtracted from the TC300C_WR_DQS_SHIFT delay
of the clk_wr signal in the controller.

The number of delay element subtracted from the number calculated
from the TC300C_WR_DQS_SHIFT parameter. This parameter
allows finer control of the exact number of delay element to be used.
- 15:5 - - Reserved

DDR_CTL_38 = 0x8130

__Bits _ Default ijange __Description |
TC300C_DQS_OUT_SUB 4:0 0x00 0x0-0x1f Offset delay subtracted from the TC300C_DQS_OUT_SHIFT delay
of the write dgs signal to the DRAMSs during writes.
The number of delay element subtracted from the number
calculated from the TC300C_DQS_OUT_SHIFT parameters. This
parameter allows finer control of the exact number of delay element

to be used.
- 15:5 - - Reserved
DDR CTL 39 =0x8138
Name Bits | Default Range Description
TC300C_DLL_DQS DELAY_0 |8:.0 0x00 0x0-0x1ff | Fraction of a clock cycle to delay the dgs signal from the DRAMs

during reads.

The number of 1/360ths of the system clock to delay the dgs signals
from the DDR SDRAM devices to center the edges of the dgs signal
to capture the read data in the middle of the valid window. This
parameter controls the amount of delay to introduce to the dgs path
for dqg[7:0] of the read data.

- 15:9 - - Reserved
DDR_CTL_40 = 0x8140
Name Bits | Default Range Description
TC300C_DLL_DQS_DELAY_1 |8:0 0x00 0x0-0x1ff | Fraction of a clock cycle to delay the dgs signal from the DRAMs

during reads.

The number of 1/360ths of the system clock to delay the dgs signals
from the DDR SDRAM devices to center the edges of the dgs signal
to capture the read data in the middle of the valid window. This
parameter controls the amount of delay to introduce to the dgs path
for dg[15:8] of the read data.

- 15:9 - - Reserved
DDR_CTL_41 = 0x8148
Name Bits Default Range Description
TC300C_DLL_DQS_DELAY_2 |8:.0 0x00 0x0-0x1ff | Fraction of a clock cycle to delay the dgs signal from the DRAMs

during reads.

The number of 1/360ths of the system clock to delay the dgs signals
from the DDR SDRAM devices to center the edges of the dgs signal
to capture the read data in the middle of the valid window. This
parameter controls the amount of delay to introduce to the dgs path
for dg[23:16] of the read data.

- 15:9 - - Reserved
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DDR_CTL_42 = 0x8150

Name Bits Default Range Description

TC300C_DLL_DQS DELAY_3 |80 0x00 0x0-0x1ff | Fraction of a clock cycle to delay the dgs signal from the DRAMs
during reads.

The number of 1/360ths of the system clock to delay the dgs signals
from the DDR SDRAM devices to center the edges of the dgs signal
to capture the read data in the middle of the valid window. This
parameter controls the amount of delay to introduce to the dgs path
for dg[31:24] of the read data.

- 15:9 - - Reserved
DDR_CTL_43 = 0x8158
Name Bits | Default Range Description
TC300C_DLL_DQS SUB_0 4.0 0x00 0x0-0x1f Delay offset subtracted from TC300C_DLL_DQS_DELAY_0 delay

of the dgs signal from the DRAMs during reads.

The number of delay element subtracted from the number
calculated from the TC300C_DLL_DQS_DELAY_0 parameter.
This parameter allows finer control of the exact number of delay
element to be used.

- 155 |- - Reserved
DDR_CTL_44 = 0x8160

Name | Bits Default Range Description

TC300C_DLL_DQS SUB 1 4:0 0x00 0x0-0x1f Delay offset subtracted from TC300C_DLL_DQS_DELAY_1 delay

of the dgs signal from the DRAMs during reads.

The number of delay element subtracted from the number
calculated from the TC300C_DLL_DQS_DELAY_1 parameter.
This parameter allows finer control of the exact number of delay
element to be used.

- 15:5 - - Reserved

DDR_CTL_45 = 0x8168

_ Bits | Default Range  Description
TC300C_DLL_DQS_SuB_2 4:0 0x00 0x0-0x1f Delay offset subtracted from TC300C_DLL_DQS_DELAY_2 delay
of the dgs signal from the DRAMs during reads.
The number of delay element subtracted from the number
calculated from the TC300C_DLL_DQS_DELAY_2 parameter.
This parameter allows finer control of the exact number of delay
element to be used.

- 15:5 - - Reserved
DDR_CTL_46 = 0x8170
Name Bits Default Range Description
TC300C_DLL_DQS SuB_3 4.0 0x00 0x0-0x1f | Delay offset subtracted from TC300C_DLL_DQS_DELAY_3 delay

of the dgs signal from the DRAMs during reads.

The number of delay element subtracted from the number
calculated from the TC300C_DLL_DQS_DELAY_3 parameter.
This parameter allows finer control of the exact number of delay
element to be used.

- 15:5 - - Reserved

Following de-assertion of the reset pin, the registers in the controller must be configured before the DRAM devices can be
accessed.
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15.11. Read Data Capture

The read data capture logic is responsible for capturing the dq outputs from the DRAM devices with the delayed version of
dgs strobe signals from the DRAM devices and then passing the data back to the system clock domain. The dgs strobes
are first sent through the delay lines to ensure that the rising and falling edges of the strobes are in the middle of the valid
window of data.

DDR DRAM devices send a dgs strobe signal coincident with the read data so that the read data can be reliably captured by
a controller. The edges of this strobe are aligned with the data by the DRAM device. Both the rising and falling edges of
this strobe are used to capture data. Itis assumed that the wires for the data and the associated dgs signals are routed with
the same length between the capture logic and the DRAM device. This will cause the rising and falling edges of the dgs
strobe to arrive at the capture logic at the same time the data is in transition. The raw dgs signal cannot be used as a clock
to a flip-flop to register the data since the data is not stable at the time the dgs edges are rising and falling.

A delayed version of the dgs signal must be used to capture the data. The amount of delay added to the dgs signals should
be calculated such that it gives the maximum margin to capture the read data. This calculated value is best described as
a relative number based on the period of the system clock since the frequency of the dgs signal is matched to the system
clock by the DRAMSs. In the case shown in Figure 15-10 below, the delay is set to approximately 25% of the system clock.
The DLL will keep this relative delay constant so the read data from the DRAMs can be reliably captured.

CLK__/ /_\_/ /_\_//_\_//
-

DQS

T\
L

Capture dgs

el

dgs delay

Figure 15-10 dgs Read Timing

The amount of delay introduced to the read dgs signal from DRAM is controlled by the TC300C_dIl_dgs_delay_x and
TC300C_dll_dgs_sub_x parameters. Where x can have a value of 0, 1, 2 and 3 corresponding to each of the 4 DQ bytes.

Once the data from the DRAMSs are registered in with the delayed dgs signal, the output of these registers must be
transferred to registers that are clocked by the main controller clock.
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15.12. Write Data Timing

Some DRAM devices require that the dgs data strobe arrive at the DRAM devices within a window around the clock that the
DRAM receives. Figure 15-11 below describes this relationship. The value for tdgss is specified in fractions of the clock
cycle. Most DRAMs specify these values between +/- 0.25 and 0.2 of a clock cycle. This translates to a valid window of
between 0.4 and 0.5 of a clock cycle.

main clk |

ideal data O( XX XX XX X)

ideal dqgs

dqs arrival window

Figure 15-11 dgs Arrival Window

The data transfer timing from the controller to the DRAM for writes is similar to the read transfer from the DRAMs to the
controller. There are two differences. The first is that the DRAM devices expect the dgs signal to be shifted by the
controller to allow the DRAM the maximum margin for capturing the data with the dqgs signal sent to the DRAMs from the
controller. The second condition is that the first rising edge of the dgs signal sent from the controller must occur near the
rising edge of the clk at the DRAM. This is called the arrival window. DRAMs typically specify this window as 0.8clk to
1.2clk. See Figure 15-12 below for details.

The DLL maintains two delay lines to accomplish the sending of write data and the write dgs strobe:

The first delay line delays the main clock by the amount needed to have the write dgs strobe transition as near to the clock
edge at the DRAM as possible under typical operating conditions. The amount of delay is controlled by the
TC300C_dgs_out_shift and TC300C_dqgs_out_sub parameters.

The second delay line adjusts the clock that is used to output the write data. This clock should be adjusted to maximize the
setup and hold requirements around the dgs write strobe. The amount of delay is controlled by the TC300C_wr_dgs_shift
and TC300C_wr_dqgs_sub parameters.
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Figure 15-12 dqgs Write Timing
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15.13. DDR Controller Address Mapping

The DDR Databahn memory controller automatically maps the incoming user address to the available DRAM memory
connected to the controller in a contiguous block starting at user address 0 and ending at the highest available address
according to the size and number of DRAM devices connected to the controller. This mapping is determined by the
pre-chosen address mapping of the Chip Select, Row, Bank, Column signals plus setting certain fields in the internal
Databahn registers.

In this controller the address map is ordered as follow:

€ Chip Select, Row, Bank, Column, Datapath

The Bank, Chip Select, and Datapath widths are fixed while the widths of the other two portions of the memory map are
programmable using the device address width registers in the controller. This width can be reduced from the maximum by
selecting values for the register settings that are less than the maximum configured.

For this controller, the bit width of Chip Select, Row, Bank, Column and Datapath are as follow:

4 Chip Select=1
¢ Row=14

¢ Bank=2

4 Column =12
¢ Datapath =2

The maximum allowable address space and mapping into the DRAM devices for the controller is shown in Figure 15-13
below. The numbers on top of the map correspond to the address posted to the controller. This map corresponds to a
memory device with 14 row address bits and 12 column bits.

30 29 16 15 14 13 2 1 0
[ Chip Select | Row | Bank | Column [ dp |
Figure 15-13 Controller Memory Map: Maximum

The DDR Databahn memory processor can support memories with address pins widths and column size widths of up to 7
bits less each than the maximum configured. This allows the DDR Databahn memory processor to function with a wide
variety of memory device sizes.

The register settings for addr_pins and column_size control the address map used to decode the user address to the DRAM
chip selects and row and column addresses. It is assumed that the values in these registers never exceed the maximum
values configured. From the above example, if the memory processor is wired to devices with 12 address pins and 10
column bits, the maximum accessible memory space would be 128MB, and the address map is shown in Figure 15-14,
“Alternate memory map,” below. Note that address bits 30 through 27 are not used. These bits are ignored when
generating the address to the DRAMs.

30 27 26 25 14 13 12 11 2 1 0
| Don't Care | Chip Select | Row | Bank | Column [ dp |

Figure 15-14 Alternate Memory Map
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15.14. DDR Controller Interrupt

An interrupt will be generated when the physical address is out of bounds and the interrupt is unmasked. The external
interrupt will assert when one or both of the following conditions occur:

€ address out of bounds (For starting address and/or (starting address+length) out of bounds)

4 address out of bounds over-run (For starting address and/or (starting address+length) out of bounds)

An address out of bounds occurs when an out of bounds address is detected, and the status register doesn’t indicate that a
previous out of bounds address has been detected and not acknowledged.
before the first address out of bounds is acknowledged, then an address out of bounds over-run will occur. Each of these

If another out of bounds address is detected

conditions (interrupt sources) will have a unique mask bit and acknowledge bit in the interrupt mask and interrupt
acknowledge registers. The user can enable none, 1, or both of the conditions (sources) depending on their system

requirements.

Table 15-4 below describes the interrupt control and status parameters in more details.

Table 15-4 Interrupt Parameter Definition

Parameter Name

Description

int_status The first 2 bits describe the interrupt Single address out of | Multiple address out | (bitO | bit 1)
source, and the 3rd bit is asserted when | range error occurred | of range errors Register indicates
any unmasked interrupt occurs. occurred that an interrupt has
occurred
int_mask The interrupt mask register contains Mask single out of Mask multiple out of | Inhibit interrupt pin.
mask bit for each interrupt source. range interrupt range interrupt Registers still
When the corresponding mask bit is set function the same ,
to 1, the interrupt is masked (i.e. but interrupt pin is
disabled). never asserted. For
polling systems
int_ack Similar to the interrupt mask register, Acknowledge single | Acknowledge None
the interrupt acknowledge register address out of range | multiple out of range
contains acknowledge bits for each interrup
interrupt source. The user can clear a
single interrupt or multiple interrupts
with one write.

Out of Range Address,
out_of_range_type)
These register contain the erroneous address, length and the command type. When multiple interrupts occur before the
initial interrupt is acknowledged, only the initial out of range address and length are saved. Therefore, the 2nd —N th
address and length pairs are lost if the 1st interrupt hasn’t been acknowledged/cleared.

Length and Command Type Registers (out_of_range_addr, out_of_range_length,

Steps in interrupt generation / acknowledge

When an out of bounds access is detected, the following actions occur:

1) Out of bounds interrupt signal is asserted.

2) The command will enter into the command queue and will execute as normal.

3) The status register will update to indicate an out of range access occurred.

4) The out of range address, length, and command type is saved in the controller register space.

5) The interrupt is cleared when the user writes to the interrupt acknowledge register.

To check for an out of bounds address, the starting address is checked, and the (starting address + length) is checked.
Therefore, even if the instruction starts inbounds, if the length of the transfer puts the access out of bounds, an exception will
occur.
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Chapter 16. PCI Controller

16.1. Features

The TX4939 PCI Controller functions as a bus bridge between the TX4939 External PCI (or internal PCI) and the internal
bus (G-Bus).

16.1.1. Overall

Compliant to “PCI Local Bus Specification Revision 2.2”
PCI Bus: 32-bit data bus; Internal Bus: 64-bit data bus
Maximum PCI bus clock operating frequency: 66 MHz
Dual address cycle support (40-bit PCI address space)
Supports both the Initiator and Target functions

Supports power management functions that are compliant to PCI Bus Power Management Interface Specifications
Version 1.1.

On-chip PCI Bus Arbiter, can connect to a maximum of six (6) external bus masters

1-channel on-chip DMA Controller (PDMAC) dedicated to the PCI Controller

Supports PCI clock output “enable/disable” mode

The Internal Bus clock and PCI Bus clock are asynchronous and can be set independently
Mounted a retry function on the Internal Bus side also in order to avoid deadlock on the PCI Bus.

F e00606e 60606000

=
(o))

.2. Initiator Function

Single and Burst transfer from the Internal Bus to the PCI Bus

Supports memory, I/O, configuration, special cycle, and interrupt acknowledge transactions.
Address mapping between the Internal Bus and the PCI Bus can be modified

Mounted 16-stage 64-bit data one FIFO each for Read and Write

Post Write function enables quick termination of a maximum of four Write transactions by the G-Bus without waiting
for completion on the PCI Bus.

Endian switching function

P e 0000

=
o

.3. Target Function

Single and Burst transfer from the PCI Bus to the Internal Bus

Supports memory, I/O, and configuration cycles

Supports high-speed back-to-back transactions on the PCI Bus

Address mapping between the PCI Bus and the Internal bus can be modified
Mounted 16-stage 64-bit data FIFO for Read

Mounted 20-stage 64-bit data FIFO for Write

Post Write function enables quick termination of a maximum of five (5) Write transactions by the PCI Bus without
waiting for completion on the G-Bus.

Read Burst length (pre-fetch data size) on the Internal Bus when reading a pre-fetchable space can be made
programmable

Endian switching function

® 6 4000000
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16.1.4. PCI Arbiter

L 2R 2K 2R R 2R 4

Supports six (6) external PCI bus masters

Uses the Programmable Fairness algorithm (two levels with different priorities for six (6) external and one internal
round-robin request/grant pairs)

Supports bus parking

Bus master uses the Most Recently Used algorithm

Unused slots and broken masters can be automatically disabled after Power On reset
On-chip arbitration function can be disabled and external arbiter can be used.

16.1.5. PDMAC (PCI DMA Controller)

L 4

* 6 S0

Direct Memory Access (DMA) Controller dedicated to 1-channel PCI
Is possible to transfer data using minimal G-Bus bandwidth
Data can be transferred bidirectionally between the G-Bus and the PCI Bus

Specifying a physical address on the PCI Bus and an address on the G-Bus makes it possible to automatically
transfer data between the PCI Bus and the G-Bus

Supports the Chain DMA mode, in which a Descriptor containing chain-shaped addresses and a transfer size is
automatically read from memory while DMA transfer continuous

On-chip 4-stage 64-bit data buffer

16.1.6. Miscellaneous

*

L 4

PCI BOOT
Boot from PCI Memory Space (0OxFFFE_0000)

Satellite Mode
External Host is able to configure the TX4939 based Adapter System

External PCI Clock acceptable
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16.2. Block Diagram

TX49 CPU Memory Controller DMA Controller
G-Bus Arbiter
G-Bus t t t
- |
PCI Controller I Retry
G-Bus I/F
] 1 | -
A 4 I A 4
Target Control Master Control PDMAC
Register (PCI - G-Bus) (G-Bus - PClI) (64 bit x 4)
(64 bit x 4) y y I I
v+ 3 Config.
Register EBU_SC
Target Target Master Master Arbiter
Write Read Read Write % 4
(64 bit x 16) || (64 bitx 16) || (64 bit x 16) [| (64 bit x 16)
PCI
Arbiter
PCI Core
PCI-Bus
PCI Device PCI Device PCI Device PCI Device

Figure 16-1 PCI Controller Block Diagram
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16.3. Detailed Explanation
16.3.1. Terminology Explanation

The following terms are used in this chapter.

€ Initiator
Means the bus Master of the PCI Bus. The TX4939 operates as the initiator when it obtains the PCI Bus and issues
PCI access.

¢ Target
Means the bus Slave of the PCI Bus. The TX4939 operates as the target when an external PCI device on the PCI
Bus executes PCI access to the TX4939.

4 Host Mode
One PCI Host device exists for one PCI Bus. The PCI Host device uses a PCI configuration space to perform PCI
configuration on other PCI devices on the PCI Bus. The TX4939 can be configured as Host Mode by boot
configuration. Please refer to Boot Configuration Chapter.

€ Satellite Mode
A PCI device other than the PCI Host device accepts configuration from the PCI Host device. With this mode, the
TX4939 will be used a PCI Adapter card. This state is referred to as the Satellite mode which can be configured
by boot configuration. Please refer to Boot Configuration Chapter.

4 PCIBOOT
In boot time, the TX49 CPU fetches instruction from GBUS physical address 0x0_1FC0_0000. In normal boot
mode, this GBUS memory space is mapped to the boot device on channel 0. In case of PClI BOOT mode, this
memory space mapped to the PCl memory space. So that the TX4939 system boot from the device that is
mapped such PCI memory space.

4 DWORD, QWORD
DWORD expresses 32-bit words, and QWORD expresses 64-bit words. According to conventions observed
regarding MIPS architecture, this manual uses the following expressions:

Byte: 8-bit
Half-word: 16-bit
Word: 32-bit
Double-word: 64-bit
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16.3.2. Satellite Mode

The TX4939 with Satellite Mode will provide a PCI Adapter card. Compare with Host Mode, there are some restrictions
described in Table 16-1 below.

Table 16-1 Restrictions TX4939 in Satellite Mode

ltem# | Area |Description Comment
1 Arbiter | Internal arbiter can not be used in Satellite Mode. Instead, non used pins for internal arbiter will
be used different function as follows.
Pin Name at Host Pin Usage at Satellite Mode
Mode
REQI0]* Input REQ* Qutput PCI Bus request from the TX4939
GNT[O]* Output GNT* Input PCI Bus granted signal from Host
arbiter
REQI1]* Input INTOUT Output Interrupt output from the TX4939
interrupt controller
GNT[1]* Output IDSEL Input PCI IDSEL input for PCI Configuration
Register access.
REQ[2:5]* Input GPIO[X] I/0 All signal can be used as extra GPIO
GNT[2:5]* Output GPIO[X] I/0 All signal can be used as extra GPIO
2 PME Power Management in Satellite Mode is not supported in this version.
3 PCICLK | In the current version of the TX4939, PCICLK can only be 33.33 MHz

16.3.3. PCI Boot

PCI BOOT Mode can be set during boot up. Please see Boot Configuration chapter for detail.
Two windows of the memory space from the G-Bus to the PCI Bus space are used when in the PCI Boot mode. The defaults
of several registers are changed as indicated Table 16-2 below.

Table 16-2 PCI BOOT Related Register Assignment

Register Names Values

G-Bus base address (G2GBASE): 0x0_1FCO0_0000

Space size (G2PM2MASK): 128 KB

PCI Bus base address (G2PM2PBASE): 0x00_FFFE_0000

Initiator Memory Space 2 Enable (PCICCFG.G2PM2EN): 1

Bus Master bit (PCISTATUS.BM) 1 [Only when in the Host mode]
Target Configuration Access Ready (PCICSTAUTS.TCAR) 1 [Only when in the Satellite mode]

Note: The on-chip PCI Bus Arbiter cannot be used when the PCI Boot mode is being used while in the
Satellite mode.

OxF_FFFF_FFFF OxFF_FFFF_FFFF
—

0x0_2000_0000
OxO_1FFF_FFFF 0x00_FFFF_FFFF

4 MB _ Ox0_1FC2_0000 _ | 128 KB
0x0_1FC1_FFFF
0x0 1FCO 0000 OXOO_FFFE_OOOO
0x0_0000_0000 0x00_0000_0000
G-Bus Space PCIl Memory Space

Figure 16-2 PCI BOOT default mapping
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16.3.4. Sample PCI Adapter Configuration

Figure 16-3 shows example of PCI Adapter system by the TX4939 with Satellite Mode.

In this configuration, the TX4939 is in Satellite Mode and PCI BOOT is activated.
After PCI Host (ASIC SoC) configured PCI BOOT Device by mapping the part of Boot ROM as memory device on PCI
Memory Space (i.e. OXFFFE_0000 — OxFFFF_FFFF), PCI Host might release RESET_OUT for the TX4939.

Then the TX4939 will boot from CPU address 0x1FC0_0000, which internally mapped to OxFFFE_0000 of the PCI Memory
Space.

Boot ROM PCI Host _ PCICTL R TX4939 DDR
512KB ASIC SoC ¢ ¢ Bircicit  pC| Adapter 2 |22 |  SDRAM
= __ PCI ADXX _ ———

128KB - TX < @ P PCl ADXX 64MB
384KB - SoC L= {ioseL @GN
REQL# REQ[OJ# 16
GNTL# GNT[OJ# X0 | NAND ROM
e 128MB
DEVICE |<=ep REQ2s
x16
« GO0 |  NOR ROM
INTA# INTOUT (REQ[1]¥) el 6AMB
DEVICE | INTB#
PCICLK_IN X16 SB 2.0
E USB 2.
MSTCLK < i
PCICLKOUT — SSCG PLL ~ o Device []
cG
" CcG Ml (ch)
33MHz
A wsreu 20wz oL BTN
RESET_OUT MSTReset PHY
33 MHz
PCICLK(OUT)
Service Clock P RTTIEN
MAX232
PCICTL |« ———
zg:CAdapter 1 D ATAL00 ATAL00
PCI ADXX [« A A
DEVICE |« el . .
REQ# i I
G . 4 . 4
INTA#
PCMCIA
DEVICE [« PCICLK HDD (EIDE)
RESET
REV 1.01

Figure 16-3 Block Diagram of Sample PCl Adapter

The TX4939 needs 20MHz Clock as master clock. This master clock can be modulated by internal SSCG (Spread
Spectrum Clock Generator), then generates 400MHz fixed clock first. A 100MHz and 66.66MHz clock will be derived from
this 400 MHz for ATA100 and PCI.

The TX4939 has 6 PCI Clock output (Service Clock either 33 MHz or 66 MHz). This internal 66.66 MHz clock is fed to
second PLL, which generates CPU, GBUS, DDR, and External bus clocks. CPU pipeline clock can be any frequency
integer multiple of 33.33 MHz and range is from 266.66 MHz to 400 MHz.
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16.3.5. On-chip Register

The PCI Controller on-chip register contains the PCI Configuration Space Register and the PCI Controller Control Register.
The registers that can be accessed vary according to whether the current mode is the Host mode or the Satellite mode.

An external PCI Host device only accesses the PCI Configuration Space Register when in the Satellite mode. This register
is defined in the PCI Bus Specifications. A PCI configuration cycle is used to access this register. This register cannot be
accessed when in the Host mode. Section 16.4 “PCI Configuration Space Register” explains each register in detail.

The PCI Controller Control Register is only accessed by the TX49 core and cannot be accessed from the PCI Bus.

Registers in the PCI Controller Control Register that include an offset address in the range from 0xD0OO0O to 0xDO7F can only
be accessed when in the Host mode and cannot be accessed when in the Satellite mode. These registers correspond to
PCI Configuration Space Registers that an external PCI Host device accesses when in the Satellite mode. Exceptions to
above access limitations are to address 0xD010, 0xD018, 0xD020 and 0xD024, which correspond to memory 0,1,2, base
address registers and io base register. These four registers are Read/Write accessible in Host mode and Read Only
accessible in satellite mode. Section 16.4 “PCI Controller Control Register” explains each register in detail. Figure 16-4
illustrates the register map when in the Host mode. Figure 16-5 illustrates the register map when in the Satellite mode.

OXDFFF
RESERVED
0xD270
PCI Controller
Control Registers OxFF
it vty RESERVED
0xD0O00 . _____0Ox00
G-Bus Address Space PCI BUS Configuration Space
Figure 16-4 Register Map (Host Mode)
OxDFFF
RESERVED
Offsets:
0xD010,0xD018,0x0D20,0xD024 are
0xD270 accessible as Read Only
PCI Controller
Control Registers
OxFF
_____________ PCI Configuration
0xD080 0x80 Space Register
T
G-Bus Address Space PCI BUS Configuration Space

Figure 16-5 Register Map (Satellite Mode)
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16.3.6. Supported PCI Bus Commands

Table 16-3 shows the PCI Bus commands that the PCI Controller supports.
Table 16-3 Supported PCI Bus Commands

C/BE Value | PCI Command As Initiator (Note2) As Target (Note2)
0000 Interrupt Acknowledge Host —
0001 Special Cycle Host —
0010 I/0 Read Host & Satellite Host & Satellite
0011 1/0 Write Host & Satellite Host & Satellite
0100 (Reserved) — —
0101 (Reserved) — —
0110 Memory Read (Note 1) Host & Satellite Host & Satellite

0111 Memory Write  (Note 1) Host & Satellite Host & Satellite
1000 (Reserved) — —

1001 (Reserved) — —

1010 Configuration Read Host Satellite
1011 Configuration Write Host Satellite
1100 Memory Read Multiple Host & Satellite Host & Satellite
1101 Dual Address Cycle Host & Satellite Host & Satellite
1110 Memory Read Line Host & Satellite Host & Satellite
1111 Memory Write and Invalidate Host & Satellite Host & Satellite

Notel: The byte enable signals are asserted as necessary during memory read and

memory write cycles same as 1/0O Read, I/O Write and Single Access

commands.

asserted.

Note2:

Host means “supported only at Host mode”.

Satellite means “supported only at Satellite mode”.
Host & Satellite means “supported at both mode”.

€ /O Read, I/0O Write, Memory Read, Memory Write

This command executes Read/Write access to the address mapped on the G-Bus and PCI Bus.

€ Memory Read Multiple, Memory Read Line

The Memory Read Multiple command is issued if all of the following conditions are met when the Initiator function
is operating and Burst Read access is issued from the G-Bus to the PCI Bus.

During burst memory reads, four byte enable signals will be

(1) A value other than “0” is set to the Cache Line Size Field (PCICFG1.CLS) of
the PCI Configuration 1 Register.

(2) The Read data word count is larger than the value set in the Cache Line Size Field.

Also, the Read Memory Line command is issued when all of the following conditions are met.

(1) A value other than “0” is set to the Cache Line Size Field (PCICFG1.CLS) of the
PCI Configuration 1 Register.

(2) The Read data word count is smaller than the value set in the Cache Line Size Field.

The Memory Read command is issued if these conditions are not met, namely, if “0” is set to the Cache Line Size
field (PCICFG1.CLS) of the PCI Configuration 1 Register. In the case of the target, a normal G-Bus cycle is issued

to the address mapped from the PCI Bus to the G-Bus.
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€4 Memory Write and Invalidate
When the TX4939 operates as the initiator, the PCI Controller issue the Memory Write and Invalidate command if
all of the following conditions are met when write access from the G-Bus to the PCI Bus occurs.

(1) The Memory Write and Invalidate Enable bit (PCISTATUS.MWIEN) of the PCI Status
Command Register is set.

(2) A value other than “0” was set to the Cache Line Size field (PCICFG1.CLS) of the PCI
Configuration 1 Register.

(3) The word count of the Write data is larger than the value set in the Cache Line Size field.
The Memory Write command is issued if these conditions are not met.

When the TX4939 operates as the target, the Memory Write and Invalidate command is converted into G-Bus
Write access.

Note that the TX4939 does not support the cache memory Snoop function.

4 Dual address cycle
When the TX4939 operates as the initiator, the PCI Controller executes dual access cycles if the PCI Bus address
exceeds 0x00_FFFF_FFFF.

When the TX4939 operates as the target, normal G-Bus cycles are executed to the address mapped from the PCI
Bus to the G-Bus.

€ Configuration Read, Configuration Write (Only be used by Initiator at Host mode)

The configuration cycles are issued on the PCI Bus by either reading or writing from/to the G2P Configuration Data
Register (G2PCFGDATA) after writing the configuration space address to the G2P Configuration Address Register.
The TX4939 supports both “Type 0" and “Type 1" configuration transactions.

On systems that have PCI card slots, the PCI Host device checks each PCI card slot during system initialization to
see if any PCI device exists, then set the Configuration Space Register of the devices that do exist. If a PCI
Configuration Read operation is performed for devices that do not exist, then by default a Bus Error exception will
be generated since there is no PCI Bus response. Clearing the Bus Error Response During Initiator Read bit
(PCICFG.IRBER) of the PCI Controller Configuration Register makes it possible to execute a Read transaction
without causing a Bus Error. All bits of the data read at this time will be set to “1".

€ Accepting Configuration Read and Write (Only be accepted by Target at Satellite mode).

Configuration cycles will be accepted as the target only when in the Satellite mode. After reset, Retry response to
PCI Configuration access will continue until the software sets the Target Configuration Access Ready Bit
(PCICFG.TCAR) of the PCI Controller Configuration Register. Please use the software to set this bit after the
software initialization process ends and the software is ready to accept PCI configuration.

4 Interrupt Acknowledge
This command issues interrupt acknowledge cycles as an initiator. Interrupt acknowledge cycles are executed on
the PCI Bus when the G2P Interrupt Acknowledge Data Register (G2PINTACK) is read. The value returned by this
Read becomes the interrupt acknowledge cycle data.

The TX4939 does not support interrupt acknowledge cycles as the target.

€ Special Cycle
This command issues specialy cycles as the initiator. This command issues special cycles on the PCI Bus when
writing to the G2P Special Cycle Data Register (G2PSPC). The written value is output as the special cycle data.

The TX4939 does not support special cycles as the target.
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16.3.7. Initiator Access (G-Bus — PCI Bus Address Conversion)

During PCl initiator access, the G-Bus address of the Burst transaction issued by the G-Bus that was converted into the
PCI Bus address is used to issue a Burst transaction on the PCI Bus. 36-bit physical addresses (G-Bus addresses) are
used on the G-Bus. Also, 40-bit PCI Bus addresses are used on the PCI Bus.

Three memory access windows and one I/O access window can be set in the G-Bus space (Figure 16-6). The size of
each window is variable. When Burst transactions are issued to these access windows on the G-Bus, then that G-Bus
address is converted into a PCI Bus address that is used to issue a Burst transaction to the PCI Bus as the initiator. PCI
memory access is issued when the access window is the memory access window. PCI I/O access is issued when the
access window is the I/O access window. Dual access cycles are also issued to the PCI Bus when the PCI Bus address
exceeds 0x00_FFFF_FFFF.

OXFF_FFFF_FFFF OXFF_FFFF_FFFF

OXF_FFFF_FFFF

Memory-Access-Window.

10 Access - Windew

Memory-Access Window

Memorfy-Access-Window

0x0_0000_0000

0x00_0000_0000 0x00_0000_0000

PCI 10O Space G-Bus Space PCIl Memory Space

Figure 16-6 Initiator Access Memory Window

When expressed as a formula, conversion of a G-Bus address (GBusAddr[35:0]) into a PCI Bus Address (PCIAddr[39:0])
is as follows below. GBASE[35:8], PBASE[39:8], and AM[35:8] each represent the setting register of the corresponding

access window indicated below in Table 16-4. The “&” symbol indicates a logical AND for each bit, “||” indicates a logical
OR for each bit, “!” indicates logical NOT, and “|” indicates bit linking.

If (GBusAddr[35:8] & ! AM[35:8] == GBASE[35:8] & ! AM[35:8]) then
PCIAddr[39:0] = PBASE[39:36]
| (PBASE[35:8] & ! AM[35:8]) || (GBusAddr[35:8] & AM[35:8]))
| GBusAddr[7:0];

Table 16-4 Initiator Access Space Address Mapping Register

Memory Space 0

G-Bus Base Address
GBASE[35:8]
G2PMOGBASE.BA[35:8]

PCIl Bus Base Address

PBASE[39:8]
G2PMOPBASE.BA[39:8]

Address Mask
AM[35:8]
G2PMOMASK.AM[35:8]

Memory Space 1

G2PM1GBASE.BA[35:8]

G2PM1PBASE.BA[39:8]

G2PM1MASK.AM[35:8]

Memory Space 2

G2PM2GBASE.BA[35:8]

G2PM2PBASE.BA[39:8]

G2PM2MASK.AM[35:8]

1/O Space

G2PIOGBASE.BA[35:8]

G2PIOPBASE.BA[39:8]

G2PIOMASK.AM[35:8]
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35 ! 0
GBusAddr i
~ > N —
Compare Y
35 L | 8 7 0
GBASE i 0x00
35 | 87 0
AM 1000 ----- 000111  ------ 111  0x00
39 8 7 0
PBASE | 0x00
- J.

39 T v 0

1 Rev 1.00

Figure 16-7 Address Conversion for Initiator (GBus -> PCI Bus Address Conversion)

PCIAddr

It is possible to set each space to valid/invalid or to perform Word Swap (see 16.3.10 “Endian Switching Function). Table
16-5 shows the settings registers for these properties.

When 64-bit access is made to the initiator memory space, two 32-bit Burst accesses are issued on the PCI Bus. 64-bit
access to the 1/O space is not supported.

Also, operation is not guaranteed if resources in the PCI space were made cacheable and were then accessed when the
Critical Word First function of the TX49/H4 core was enabled.

Table 16-5 Initiator Access Space Properties Register

\ Enable Endian Swap
Memory Space 0 | BusMasterEnable & PCICCFG.G2PMOEN G2PMOGBASE.BSWAP,
G2PMOGBASE.EXFER
Memory Space 1 | BusMasterEnable & PCICCFG.G2PM1EN G2PM1GBASE.BSWAP,
G2PM1GBASE.EXFER
Memory Space 2 | BusMasterEnable & PCICCFG.G2PM2EN G2PM2GBASE.BSWAP,
G2PM2GBASE.EXFER
I/O Space BusMasterEnable & PCICCFG.G2PIOEN G2PIOGBASE.BSWAP,
G2PIOGBASE.EXFER

BusMasterEnable: PCI State Command Register Bus Master Bit (PCISTATUS.BM)
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16.3.8. Target Access (PCl Bus —» G-Bus Address Conversion)

During PCI target access, the PCI Bus address of the Bus transaction issued by the PCI Bus is converted into a G-Bus
address and is used to issue a Bus transaction on the G-Bus. 40-bit PCI Bus addresses are used on the PCI Bus. Also,
36-bit physical addresses are used on the G-Bus.

Three memory access windows and one I/O access window can be set in the PCI bus space (Figure 16-8).

When the Bus transactions to these access windows are issued on the PCI Bus, these Bus transactions are accepted as
PCl target devices. The PCI Bus Address is converted into G-Bus addresses, and then corresponding Bus transactions are
issued to the G-Bus.

The memory space window responds to the PCI memory space access command. The 1/O space window responds to the
PCI I/0 space access command.

Note:  Byte swapping is always disabled when prefetch mode is disabled. When the G-Bus is configured for big-endian
mode, the order of bits in a 32-bit word does not change during a PCI transfer. (The byte ordering changes.)

OXFF_FFFF_FFFF OXFF_FFFF_FFFF

Memory AccessWindow

OXF_FFFF_FFFF

MemetyAeéess Window

OXO0_FFFF_FFFF OXO0_FFFF_FFFF

10 Access Window.

Memory Access Window

0x00_0000_0000 0x0_0000_0000 0x00_0000_0000

PCI 10 Space G-Bus Space PCI Memory Space

Figure 16-8 Target Access Memory Window

When expressed as a formula, conversion of a PCI Bus Address (PCIAddr[39:0]) into a G-Bus address (GBusAddr[35:0]) is
as follows below. GBASE[35:8], and PBASE[39:8] each represent the setting register of the corresponding access window
indicated below in Table 16-7. The “&” symbol indicates a logical AND for each bit, and “|” indicates bit linking.

Memory space 0, 1, and 2 If (PCIAddr[39:n] == P2GMOPUBASE.BA[39:32] | P2GMOPLBASE.BA[31:n] then
GBusAddr[35:0] = P2GMOGBASE[35:n] | PCIAddr[(n-1):0];

Note: Memory space 0,1 and 2 in the TX4939 has fixed bit linking as given below
GbusAddr[35:0] = P2GM{X}GBASE[35:29]|PCIAddr[28:0], where X = 0,1,2

/0 space If (PCIAddI[31:8] == P2GIOPBASE.BA[31:8]) then
GBusAddr[35:0] = P2GIOGBASE[35:8] | PCIAddI[7:0];

Table 16-6 Corresponding of Memory Space Size and MSS[31:20] Value

MSS[31:20] 31 30| 29| 28 27 26 25 24 23 22 21| 20| n | Memory Size
OXEQ0 1 ] 1] 1]o0o]o]o]o] o] o] o] o] o029 512 MB
0XFOO0 1 |1 [ 110 o0o]o]o oo o] o028 256 MB
OxF80 1 1 1 1 1 0 0 0 0 0 0 0 27 128 MB
OXFCO 1 | 1 [ 1 [ 11100 oo oo 2 64 MB
OxFEO 1 1 1 1 1 1 1 0 0 0 0 0 25 32 MB
OxFFO 1 1 1 1 1 1 1 1 0 0 0 0 24 16 MB
OxFF8 1 1 1 1 1 1 1 1 1 0 0 0 23 8 MB
OxFFC 1 1 1 1 1 1 1 1 1 1 0 0 22 4 MB
OxFFE 1 1 1 1 1 1 1 1 1 1 1 0 21 2 MB
OxXFFF 1 1 1 1 1 1 1 1 1 1 1 1 20 1 MB

Note: MSS[31:20] Field locates inside the register of P2GM(m)CFG. See detail in 16.4.6
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Table 16-7 Target Access Space Address Mapping Register

Space PCI G-Bus Base Address
Size Address PCIl Bus Base Address PBASE GBASE

Memory Space 0 |1 —512MB | 40-bit P2GMOPUBASE.BA[39:32] | P2GMOPLBASE.BA[31:n] P2GMOGBASE.BA[35:n]

Memory Space 1 |1 —512MB | 40-bit P2GM1PUBASE.BA[39:32] | P2GM1PLBASE.BA[31:n] P2GM1GBASE.BA[35:n]

Memory Space 2 |1 - 512MB | 32-bit P2GM2PUBASE.BA[39:32] | P2GM2PLBASE.BA[31:n] P2GM2GBASE.BA[35:n]

/O Space 256 B 32-bit P2GIOPBASE.BA[31:8] P2GIOGBASE.BA[35:8]
39/32 n, n-1 0
PCIAddr !
Compare
39/32 n
X - 0
PBASE
35 nin-1 0
GBASE ; |
/!
35 nin-1 v 0
GBusAddr

n=20-29 Memory Space 0, 1, 2
n=8 1/0O Space

Figure 16-9 Address Conversion for Target (PClI Bus (PCI Bus — G-Bus Address Conversion)

Itis possible to set each space to valid/invalid, pre-fetch Read to valid/invalid, or to perform Word Swap (see16.3.10). Table
16-8 shows the settings registers for these properties.

When pre-fetch Reads are set to valid, data transfer is performed on the G-Bus according to the size set by the Target
Pre-fetch Read Burst Length Field (P2GCFG.TPRBL) of the P2G Configuration Register during a PCI target Read
transaction. This is performed using accesses to resources that will not be affected even if a pre-read such as memory is
performed. Also, PCI Burst Reads to memory spaces that were set to 1/0 space and pre-fetch disable are not supported.

Note:  Always use PCI single reads. Don’t use burst reads.

Table 16-8 Target Access Space Properties Register

Enable Pre-fetch (Initial State) Endian Swap
Memory Space 0 |PCICCFG.TCAR & MemEnable & |P2GCFG.MEMOPD (valid) P2GMOGBASE.BSWAP,
P2GMOGBASE.P2GMOEN P2GMOGBASE.EXFER
Memory Space 1 | PCICCFG.TCAR & MemEnable & |P2GCFG.MEM1PD (valid) P2GM1GBASE.BSWAP,
P2GM1GBASE.P2GM1EN P2GM1GBASE.EXFER
Memory Space 2 |PCICCFG.TCAR & MemEnable & |P2GCFG.MEM2PD (invalid) P2GM2GBASE.BSWAP,
P2GM2GBASE.P2GM2EN P2GM2GBASE.EXFER
1/0 Space PCICCFG.TCAR & IOEnable & Always invalid P2GIOGBASE.BSWAP,
P2GIOGBASE.P2GIOEN P2GIOGBASE.EXFER

MemEnable: PCI State Command Register Memory Space bit (PCISTATUS.MEMSP)
IOEnable: PCI State Command Register 1/0 Space bit (PCISTATUS.IOSP)
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16.3.9. Post Write Function

The Post Write function improves system performance by completing the original bus Write transaction without waiting for
the other bus to complete its transaction when the first bus issues a Write transaction. Initiator Write can Post Write a
maximum of four (4) Write transactions, and Target Write can Post Write a maximum of five (5) Write transactions.

Due to compatibility issues with old PC software in the PCI specifications, performing Post Writes with Initiator Configuration
Write and Target I/0O Write is not recognized. However, the TX4939 PCI Controller can even perform Post Writes to these
functions. In order to guarantee that these Writes are completed by the target device, please execute Reads to the device
that performed the Write, then either refer to the read value (so the TX49/H4 core can support non-blocking load) or execute
the SYNC instruction.

16.3.10. Endian Switching Function

The TX4939 supports both the Little Endian mode and the Big Endian mode. On the other hand, the PCI Bus is defined in
Little Endian logic only. Therefore, when the TX4939 is in the Big Endian mode, either the software or the hardware must
perform some kind of conversion when exchanging data with the PCI Bus.

The hardware provided in this Endian Switching is described in Figure 16-10 below. Those swapping are controlled by
EXFER bit and BSWAP bit in corresponding registers, such as G2PMnGBASE, G2PIOGBASE, P2GMnGBASE, and
P2GIOGBASE. The BSWAP is 36" bit and the EXFER is 37" bit of those registers. Also the power on default value of
these bits are set according to the CPU Endianness.

Endian switching during initiator access is specified by the Swap bit (BSWAP, EXFER) of the G-Bus Base Address Register
(G2PMnGBASE, G2PIOGBASE) of the access window for each initiator access (see Table 16-5).

Endian switching during target access is specified by the Swap bit (BSWAP, EXFER) of the G-Bus Base Address Register
(P2GMnGBASE, P2GIOGBASE) of the access window for each target access (see Table 16-8).

And when the PDMAC is used, the Swap bit (BSWAP, EXFER) of the PDMAC Control Register is specified accordingly to
above Swap bit setting.

byte | byte | byte | byte
A A A

G2PMnGBASE.BSWAP =1
G2PIOGBASE.BSWAP =1

P2GMnGBASE. BSWAP =1
P2GIOGBASE. BSWAP =1

31V \ 4 \ 4 Y 0
byte | byte | byte | byte

PCI Bus
Little Endian

G2PMnGBASE.BSWAP =0
G2PIOGBASE.BSWAP =0

P2GMnGBASE. BSWAP =0
P2GIOGBASE. BSWAP =0

Little Endian Big Endian
GBusAddr[2] =1 GBusAddr[2] =0 GBusAddr[2] =0 GBusAddr[2] =1
63 3231 0 63 3231 0]
| G-BUS | G-BUS | | G-BUS | G-BUS |
G2PMnGBASE.EXFER =0 AD[2]'=1" AD[2]'= 0 G2PMnGBASE.EXFER=1 AD[2]=1 AD[2]=0
G2PIOGBASE.EXFER = 0 G2PIOGBASE.EXFER = 1
P2GMnGBASE.EXFER =0 P2GMnGBASE.EXFER = 1
P2GIOGBASE.EXFER=0 (& . 0 P2GIOGBASE.EXFER = 1 31 , 0
32-hit Bus 32-hit Bus

byte | byte | byte | byte

1
byte | byte | byte | byte
PCI Bus
Little Endian

REV 1.01

Figure 16-10 Endian Switching.

In case of Little Endian, there is no issue. But in case of Big Endian, swapping will happen between G-Bus and PCI Bus.
These swapping, even it is commonly used, just support DMA data transfer. Because of this, any read or write operation to
PCI by CPU should have appropriate counter measure.

Commonly used counter measure are “swap the data before write” and “swap the data after read”. Those detail will be
found in any Bi-Endian coded PCI Peripheral driver.
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16.3.11. 66 MHz Operation Mode

The TX4939 PCI Controller supports 66 MHz PCI. The way the TX4939 decides whether to operate the PCI in 33/66 MHz
mode is described below.

The M66EN pin is a ground pin in 33MHz card connectors.

If there is no 33MHz card connected to the PCI system, then this pin remains un-driven high.

If at least one card connected to the PCI system is a 33MHz connector, then the ground track at the place of
M66EN pin position pulls the M66EN signal down.

o The TX4939 PCI clock generator detects the polarity of the M66EN signal. If the M66EN signal is pulled high,
the clock generator generates 66MHz clock, else if it is low, it generates 33 MHz clock.

The clock for the internal PCI Bus is always at 66 MHz.
It is possible to read the state of the external PCI Bus clock from the 66 MHz Drive Status bit (P2GSTATUS.M66EN) of the
P2G Status Register.

PCI Controller can be reset by either the TX4939 Master Reset or PCI hardware reset register.
The software uses a hardware reset (PCICCFG.HRST of the PCI Controller Configuration Register) to reset the PCI
Controller. The PCIRST signal to external devices can be asserted when asserting EPCIRST bit in clock control register.

16.3.12. Power Management

The TX4939 PCI Controller supports power management functions that are compliant to PCI Bus Power Management
Interface Specifications Version 1.1.

The PCI Host device controls the system status by reporting the power management state to the PCI Satellite device. Also,
the PCI Satellite device uses the PME* signal to report requests for changing the power management state or to report to the
PCI Host device that a power management event has occurred.

16.3.12.1. Power Management State

In the case of the PCI Bus Power Management Interface Specifications, four power management states are defined from
State DO to State D3. The TX4939 supports states DO through D3. Figure 16-11 illustrates the power management state
transition.

After Power On Reset, or when transitioning from the D307 State to the DO state, the power management state becomes
uninitialized DO. If initialized by the system software at this point, the state transitions to DO Active.

The TX4939 uses the software to change the system status after a status change is detected.

Power On Reset

(RESET) ~

Initialization by
System Software

DO
Uninitialized

PCI RST*
(RESET¥)

Software
Reset

DO Active

VCC
Cut-off

PMCSR
Power State
Changed

Figure 16-11 Transition of the Power Management States
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16.3.12.2. PME* Signal (Satellite Mode) [Note This Function is Disabled]

The following PMEs (Power Management Events) are reported when in the Satellite mode.

o The PCI Host device sets the PME_En bit of the PMCSR Register in the TX4939 configuration space. This
makes it possible for the TX4939 to assert the PME* signal.

o Then, the PME_En Set bit (P2GSTATUS.PMEES) of the P2G Status Register is set. Furthermore, it also
becomes possible to generate PME_En Set interrupts. The PME_En bit value can be read from the PME_En
bit (PCISSTATUS.PMEEN) of the Satellite Mode PCI Status Register.

o Writing “1” to the PME bit (P2GCFG.PME) of the P2G Configuration Register sets the PME_Status bit of the
PMCSR Register, then asserts the PME* signal, which is the open drain signal. PME is then reported to the
PCI Host device.

o The PCI Host device checks the PMCSR PME_Status bit of each PCI device, then specifies the PCI device
that asserted the PME* signal.

o After the process corresponding to PME ends, the PCI Host device writes “1” to the TX4939 PME_Status bit
that reported PME, thereby reporting the end of the process. As a result, the PME_Status bit of the PMCSR
Register is cleared and the PME* signal is deasserted.

Then, the PME Status Clear bit (P2GSTATUS.PMECLR) of the P2G Status Register is set. It is also possible
to generate PME Status Clear interrupts.

16.3.12.3. PME* Signal* (Host Mode)

The PME Detection bit (PCICSTATUS.PMED) of the PCI Controller Status Register is set when an external satellite device
asserts the PME* signal while the TX4939 is in the Host mode. Itis also possible to generate PME Detection interrupts at this
time.

o The TX4939 software should then check the PMCSR PME_ Status bit of each PCI device on PCI Bus to
detect which PCI device asserted the PME* signal.

o Once the device which asserted the PME* signal is identified, then the process (routine to service the PME*
assertion) corresponding to the PCI device which asserted the PME* should be started by the TX4939
software.

o After the process corresponding to PME ends, the TX4939 writes “1” to the PME_Status bit of the PCI
device that reported PME, thereby reporting the end of the process. As a result, the PME_Status bit of the
PMCSR Register in the PME reporting PCI device is cleared and the PME* signal is deasserted.
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16.3.13. PDMAC (PCI DMA Controller)

The PCI DMA Controller (PDMAC) is a one-channel PCI Director Memory Access (DMA) controller. Data can be transferred
bidirectionally between the G-Bus and the PCI Bus.

Note:  The PDMAC can only access the DDR controller on the G-Bus. It does not provide support for access to other
controllers on the G-Bus.

16.3.13.1. Simple (Non-Chain) DMA Transfer

The steps to follow for a non-chain DMA transfer mode are described below.

(1) Address Register and Count Register Setting
Set values for the following three registers.

o PDMAC G-Bus Address Register (PDMGA)
o PDMAC PCI Bus Address Register (PDMPA)
o PDMAC Count Register (PDMCTR)

2 Chain Address Register Setting
Set “0” to the PDMAC Chain Address Register (PDMCA).

3 PDMAC Status Register (PDMSTATUS) Clearing
Clear any remaining status from a previous DMA transfer.

(4) PDMAC Control register (PDMCFG) Setting
Clear the Channel Reset bit (CHRST), and make settings such as the data transfer
direction (XFRDIRC), and the data transfer unit size (XFRSIZE).

(5) DMA Transfer Initiation
Set the Transfer Active bit (XFRACT) of the PDMAC Control Register initiates DMA
transfer.

(6) Termination Report

When the DMA data transfer terminates normally, the Normal Data Transfer Completion
bit (NTCMP) of the PDMAC Status Register (PDMSTATUS) is set. An interrupt is then
reported if the Normal Data Transfer Complete Interrupt Enable bit (NTCMPIE) of the
PDMAC Control Register is set.

If an error is detected during DMA transfer, the error cause is recorded in the lower 5 bits
of the PDMAC Status Register and the transfer is aborted. An interrupt is then reported if
the Error Detection Interrupt Enable bit (ERRIE) of the PDMAC Control register is set.
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16.3.13.2. Chain DMA

DMA Command Descriptors are 4 QWORD (32-Byte) data structures indicated in Table 16-9 that are placed in memory.
Storing the starting memory address of another DMA Command Descriptor in the Offset 0 Chain Address Field makes it
possible to configure a chain list for the DMA command Descriptor. Set “0” in the Chain Address field of the DMA Command
Descriptor at the end of the chain list.

When the DMA transfer specified by one DMA Command Descriptor ends, the PDMAC reads the next DMA Command
Descriptor that the Chain Address field automatically points to, then continues the DMA transfer. Such continuous DMA
transfer that uses multiple descriptors in a chain format is referred to as the Chain DMA mode.

When a DMA Command Descriptor is placed to an address that does not extend across a 32 QWORD boundary in memory,
this transfer method is more efficient since data can be read by a single G-Bus Burst Read transaction.

Table 16-9 DMA Command Descriptors

Offset Address | Field Name Transfer Destination Register

0x00 Chain Address PDMAC Chain Address Register (PDMCA)
0x08 G-Bus Address PDMAC G-Bus Address Register (PDMGA)
0x10 PCI Bus Address PDMAC PCI Bus Address Register (PDMPA)
0x18 Count PDMAC Count Register (PDMCTR)

The DMA transfer procedure is as follows when in the Chain DMA mode.

(1) Count Register Setting
Sets “0” to the PDMAC Count Register (PMDCTR).

(2) DMA Command Descriptor Chain Construction
Constructs the DMA Command Descriptor Chain in memory.

(3) PDMAC Status Register (PDMSTATUS) Clearing
Clears any remaining status from a previous DMA transfer.

(4) PDMAC Control Register (PDMCFG) Setting
Clears the Channel Regster bit (CHRST) and makes settings such as the data transfer direction
(XFRDIRC) and the data transfer unit size (XFRSIZE).

(5) DMA Transfer Initiation
Setting the address of the DMA Command descriptor that is at the beginning of the Chain List in the
PDMAC Chain Address Register (PDMCA) automatically initiates DMA transfer.
First, the values stored in each field of the DMA Command Descriptor that is at the beginning of the
Chain List are read to each corresponding PDMAC Register, then DMA transfer is performed
according to the read values.
If a value other than “0” is stored in the PDMAC Chain Address Register (PDMCA), data transfer of
the size stored in the PDMAC Count Register is complete, then the DMA Command Descriptor value
for the memory address specified by the PDMAC Chain Address Register is read.
When the Chain Address field value reads a descriptor of “0”, the PDMAC Chain Address Register
value is not updated and the previous value (address of the Data Command Descriptor at which the
Chain Address field value is “0” when read) is held.
0 value judgement is performed when the lower 32 bits of the PDMAC Chain Address Register are
rewritten. DMA transfer is automatically initiated if the value was not “0”. Therefore, please write to the
upper 32 bits first when writing to the PDMAC Chain Address Register using a 32-bit Store instruction.

(6) Termination Report
When DMA data transfer of all descriptor chains terminates normally, the Normal Chain Complete bit
(NCCMP) of the PDMAC Status Register is set. An interrupt is reported if the Chain Termination
Interrupt Enable bit (MCCMPIE) of the PDMAC Control register (PDMCFGQG) is set.
Also, the Normal Data Transfer Complete bit (NTCMP) of the DPMAC Status Register is set each
time the DMA data transfer specified by a DMA Command Descriptor terminates normally. An
interrupt is reported if the Normal Data Transfer Complete Interrupt Enable bit (NTCMPIE) of the
PDMAC Control Register (PDMCFG) is set.
If an error is detected during DMA transfer, the error cause is recorded in the lower 5 bits of the
PDMAC Status Register and the transfer is aborted. An interrupt is then reported if the Error Detection
Interrupt Enable bit (ERRIE) of the PDMAC Control register is set.
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16.3.13.3. Dynamic Chain Operation

It is possible to dynamically add other DMA Command Descriptor Chains to a DMA Command Descriptor Chain that is
currently being processed when executing DMA data transfer. This is done according to the following procedure.

(1) DMA Command Descriptor Chain Construction
Constructs a DMA Command Descriptor Chain in memory.

(2) Addition of DMA Command Descriptor Chains
Substitutes the address of the command descriptor that is at the beginning of the descriptor chain to
be added into the Descriptor Chain Address field at the end of the DMA Command Descriptor Chain
that is currently performing DMA transfer.

(3) Chain Enable bit checking
Reads the value of the Chain Enable bit (CHNEN) in the PDMAC Control Register (PDMCFG). If the
read value is “0”, then the Chain Address field value of the DMA Command Descriptor indicated by
the address stored in the PDMAC Chain Address Register (PDMCA) is written to the PDMAC Chain
Address Register (PDMCA)

16.3.13.4. Data Transfer Size

The Transfer Size field (PDMCFG.XFERSIZE) of the PDMAC Control Register specifies the transfer size of each G-Bus
transaction in a DMA transfer. The transfer size can be selected from one of the following: 1 DWORD, 1 QWORD, or 4
QWORD (Burst transfer).

1 QWORD or 4 QWORD can only be selected as the transfer size when the setting of the PDMAC G-Bus Address Register
(PDMGA) and the PDMAC PCI Bus Address Register (PDMPA) is a 64-bit address boundary and the PDMAC Count
Register (PDMCTR) setting is an 8-byte multiple. 1 DWORD must be selected as the transfer size in all other cases.
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16.3.14. Error Detection, Interrupt Reporting

The PCI Controller reports the four following types of interrupts to the Interrupt Controller (IRC).

o PDMAC Interrupt (Interrupt Number: 15, PDMAC)
o Power Management Interrupt (Interrupt Number: 38, PCIOPME)
o Error Detection Interrupt (Interrupt Number: 37, PCIOERR)

When each cause is detected, an interrupt is reported if the corresponding Status bit is set, and the corresponding Interrupt
Enable Bit is set. The following tables list the name of each interrupt cause, the Status bit, and the Interrupt Enable bit.
Please refer to the explanation of each Status bit for more information regarding each interrupt cause.

16.3.14.1. PDMAC Interrupts
Table 16-10 PDMAC Interrupts

NETg[ Status Bit | Interrupt Enable Bit
Normal Chain Termination PDMSTATUS NCCMP PDMCFG NCCMPIE
Normal Data Transfer Termination NTCMP NTCMPIE
Inter-Transfer Stall Time Reached STLTRF ERRIE
Configuration Error CFGERR

PCI Fatal Error PCIERR

G-Bus Chain Error CHNERR

G-Bus Data Error DATAERR

16.3.14.2. Power Management Interrupts

Table 16-11 Power Management Interrupts

NETg[ Status Bit | Interrupt Enable Bit
PME Detect PCICSTATUS PME PCICMASK PMEIE

16.3.14.3. Error Detection Interrupts
Table 16-12 Error Detection Interrupts

Name Status Bit 'Interrupt Enable Bit
Parity Error Detect PCISTATUS DPE PCIMASK DPEIE
System Error Report /| PCISSTATUS SSE SSEIE
Master Abort Receive RMA RMAIE
Target Abort Receive RTA RTAIE
Target Abort Report STA STAIE
Master Data Parity Error MDPE MDPEIE
TRDY Timeout Error G2PSTATUS IDTTOE G2PMASK IDTTOEIE
Retry Timeout Error IDRTOE IDRTOEIE
Broken Master Detect PBASTATUS BMD PBAMASK BMDIE
Long Burst Transfer Detect PCICSTATUS TLB PCICMASK TLBIE
Negative Increase Burst Transfer Detect NIB NIBIE
Zero Increase Burst Transfer Detect ZIB ZIBIE
PERR* Detect PERR PERRIE
SERR* Detect SERR SERRIE
G-Bus Bus Error Detect GBE GBEIE
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16.3.15. PCI Bus Arbiter

Configuration settings during boot up select whether to use the on-chip PCI Bus arbiter (Internal PCI Bus Arbiter mode) or
to use the External PCI Bus arbiter (External PCI Bus Arbiter mode).

When in the Internal PCI Bus Abiter mode, setting the PCI Bus Arbiter Enable bit (PBACFG.PBAEN) of the PCI Bus Arbiter
Configuration Register starts operation.

The on-chip PCI Bus arbiter can arbitrate eight sets of PCI Bus usage requests from the Bus Master. Seven (7) ports are
used: one for the PCI Controller bus master and six (6) for External Bus masters. The one remaining port is reserved for
future expansion.

16.3.15.1. Request Signal, Grant Signal

The six external Bus Masters are connected to the REQ[5:0] signals and the GNT[5:0]* signals. Also, when in the External
PCI Bus Master mode, the REQI[O]* signal becomes the PCI Bus Request Output signal and the GNT[0]* signal becomes
the Bus Usage Permission Input Signal. Furthermore, the REQ[1]* signal can be used as an interrupt output signal to the
external devices (see 14.3.7 for more information). This is explained in the Figure 16-12.
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IRegL(en] le Pci_req_out_[5:0] >
EPCIINT 6b111111 d
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Figure 16-12 PCI Req/Gnt connections in Int/Ext Arbiter Mode
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16.3.15.2. Priority Control

As illustrated below in Figure 16-13, a combination of two round-robin sequences is used as the arbitration algorithm that
determines the priority of Internal PCI Bus arbiter bus requests. The round-robin with the lower priority (Level 2) consists of
Masters W - Z, and the round-robin with the high priority (Level 1), consists of Master A- D. The PCI Bus Arbiter Request
Port Register (PBAREQPORT) specifies whether to allocate the PCI Controller and the six External Bus Masters to Masters
A-DorW-2Z

Level 1

(Priority High) Master
B

Level 2

(Priority Low)

Figure 16-13 PCI Bus Arbitration Priority

The Bus Master priority is determined based on the Level 1 round-robin sequence. However, when Level 2 is used inside
Level 1, the Level 2 Bus Master priority is determined based on the Level 2 round-robin sequence.

All 8 Bus Masters cannot be used on the TX4939. However, the Bus Master priority would be as follows if we assume there
is a hypothetical device that can use all 8 Bus Masters and all 8 Bus Masters (Masters A— D, W — Z) simultaneously
requested the bus.

—->A—>B->C->D-o>W
>A->B->C->D->X
>A->B->C->D->Y
>A->B->C—H>D—>2Z
— A (returns to the beginning)

Since the priority can only transition in the order indicated by the above arrows (or the arrows in Figure 16-13, if we assume
that the three Bus Masters A, B, and W exist, then Master B will obtain the bus first. If Aand W then simultaneously request
the bus, then PCI Bus ownership will transition in the order B - W — A.
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16.3.15.3. Bus Parking

The On-chip PCI Bus Arbiter supports bus parking.

The last PCI Bus Master is made the Park Master when the Fix Park Master bit (FIXPM) of the PCI Bus Arbiter Configuration
Register (PBACFG) is cleared (in the default state). When this bit is set, the Internal PCI Bus Arbiter Request A Port (Master
A) becomes the Park Master.

16.3.15.4. Broken Master Detect

The TX4939 On-chip PCI Bus Arbiter has a function for automatically detecting broken masters.

If the PCI Bus Master requests and is granted the bus when the PCI Bus is in the Idle state, this master must assert the
FRAME?* signal within 16 PCI block cycles and start a transaction. The PCI Bus Arbiter recognizes any device that breaks
this rule as a broken bus master and removes that device from the bus arbitration sequence.

This detection function is enabled when the Broken Master Check Enable bit (BMCEN) of the PCI Bus Arbiter Configuration
Register (PBACFG) is set. When a broken master is detected, the Broken Master Detection bit (PBSTATUS.BMD) of the
PCI Bus Arbiter Status Register is set and the bit in the PCI Bus Arbiter Broken Master Register (PBABM) that corresponds
to that master is set. Then it also becomes possible to report an interrupt.

16.3.15.5. Special Programming

There may be some devices among PCI bus masters that operate differently from typical PCI devices. PCI devices with the
following characteristics can be made usable by changing the programming of the PCI bus arbiter.

(1) Bus masters that can not re-assert REQ unless GNT is once deasserted after deasserting REQ

o Assign the bus master to a request port other than Port A through the
PBAREQPORT register (at 0xD100). (Assign the TX4939 to Port A.)

o Enable the Fixed Parked Master (FIXPA) bit in the PBACFG register (at
0xD104).

(2) Bus masters that initiate a PCI transaction even when the deassertion of GNT has taken away
their bus mastership before the start of the transaction

o Assign the bus master to request port A, B, C or D through the PBAREQPORT
register (at 0xD100).

For example, a bus master with both of the above characteristics can be used by configuring the PCI bus arbiter as follows:
o Set the internal PCI bus arbiter to the fixed parked master.
o Assign the TX4939 to request port A.
o Assign the bus master to request port B.

If this bus master is connected to REQ[3] and broken master checking is to be enabled, values to be written to the PBACFG
and PBAREQPORT registers are as follows:

PBACFG (at 0xD104): 0x0000000B
PBAREQPORT (at 0xD100): 0x73546210
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16.3.16. Set Configuration Space

The access to the PCI Configuration space of external PCI devices is explained in section 16-7.

The registers in the PCI registers space (which also has registers corresponding to the standard PCI Configuration Space)
inside the PCI Bridge can be accessed by doing simple GBus read/writes from a GBus master with the address
corresponding to the PCI register space.

16.3.17. PCI Clock

The Clock of PCI Controller logic is designed as asynchronous from the GBUS clock. This internal clock is generated from
the clock connected to the PCICLKIN terminal such way that the internal clock will have minimum skew from the inputted
clock signal at PCICLKIN terminal.
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16.4. PCI Controller Control Register

Table 16-13 lists the registers contained in the PCI Controller Control Register. Parentheses in the register names indicate
the corresponding PCI Configuration Space Register.

Table 16-13 PCI Controller Control Register

Section Address  Size Mnemonic Register Name
16.4.1 0xD000 32 PCIID ID Register (Device ID, Vendor ID)
16.4.2 0xD004 32 PCISTATUS PCI Status, Command Register (Status, Command)
16.4.3 0xD008 32 PCICCREV Class Code, Revision ID Register (Class Code, Revision ID)
16.4.4 0xD0o0C 32 PCICFG1 PCI Configuration 1 Register
(BIST, Header Type, Latency Timer, Cache Line Size)
16.4.5 0xD010 32 P2GMOPLBASE P2G Memory Space 0 PCI Lower Base Address Register
(Base Address 0 Lower)
16.4.7 0xD014 32 P2GMOPUBASE P2G Memory Space 0 PCI Upper Base Address Register
(Base Address 0 Upper)
16.4.5 0xD018 32 P2GM1PLBASE P2G Memory Space 1 PCI Lower Base Address Register
(Base Address 1 Lower)
16.4.8 0xDo1C 32 P2GM1PUBASE P2G Memory Space 1 PCl Upper Base Address Register
(Base Address 1 Upper)
16.4.5 0xD020 32 P2GM2PBASE P2G Memory Space 2 PCI Base Address Register (Base Address 2)
16.4.9 0xD024 32 P2GIOPBASE P2G 1/0 Space PCIl Base Address Register (Base Address 3)
16.4.10 0xD02C 32 PCISID Subsystem ID Register (Subsystem ID, Subsystem Vendor ID)
16.4.11 0xD034 32 PCICAPPTR Capabilities Pointer Register (Capabilities Pointer)
16.4.12 0xD03C 32 PCICFG2 PCI Configuration 2 Register
(Max_Lat, Min_Gnt, Interrupt Pin, Interrupt Line)
16.4.13 0xD040 32 G2PTOCNT G2P Timeout Count Register
(Retry Timeout Value, TRDY Timeout Value)
16.4.14 0xD080 32 G2PSTATUS G2P Status Register
16.4.15 0xD084 32 G2PMASK G2P Interrupt Mask Register
16.4.16 0xD088 32 PCISSTATUS Satellite Mode PCI Status Register
16.4.17 0xD08C 32 PCIMASK PCI Status Interrupt Mask Register
16.4.18 0xD090 32 P2GCFG P2G Configuration Register
16.4.19 0xD094 32 P2GSTATUS P2G Status Register
16.4.20 0xD098 32 P2GMASK P2G Interrupt Mask Register
16.4.21 0xD09C 32 P2GCCMD P2G Current Command Register
16.4.22 0xD100 32 PBAREQPORT PCI Bus Arbiter Request Port Register
16.4.23 0xD104 32 PBACFG PCI Bus Arbiter Configuration Register
16.4.24 0xD108 32 PBASTATUS PCI Bus Arbiter Status Register
16.4.25 0xD10C 32 PBAMASK PCI Bus Arbiter Interrupt Mask Register
16.4.26 0xD110 32 PBABM PCI Bus Arbiter Broken Master Register
16.4.27 0xD114 32 PBACREQ PCI Bus Arbiter Current Request Register (for diagnositics)
16.4.28 0xD118 32 PBACGNT PCI Bus Arbiter Current Grant Register (for diagnostics)
16.4.29 0xD11C 32 PBACSTATE PCI Bus Arbiter Currrent State Register (for diagnostics)
16.4.30 0xD120 64 G2PMOGBASE G2P Memory Space 0 G-Bus Base Address Register
16.4.31 0xD128 64 G2PM1GBASE G2P Memory Space 1 G-Bus Base Address Register
16.4.32 0xD130 64 G2PM2GBASE G2P Memory Space 2 G-Bus Base Address Register
16.4.33 0xD138 64 G2PIOGBASE G2P I/0 Space G-Bus Base Address Register
16.4.34 0xD140 32 G2PMOMASK G2P Memory Space 0 Address Mask Register
16.4.35 0xD144 32 G2PM1MASK G2P Memory Space 1 Address Mask Register
16.4.36 0xD148 32 G2PM2MASK G2P Memory Space 2 Address Mask Register
16.4.37 0xD14C 32 G2PIOMASK G2P 1/0 Space Address Mask Register
16.4.38 0xD150 64 G2PMOPBASE G2P Memory Space 0 PCI Base Address Register
16.4.39 0xD158 64 G2PM1PBASE G2P Memory Space 1 PCI Base Address Register
16.4.40 0xD160 64 G2PM2PBASE G2P Memory Space 2 PCI Base Address Register
16.4.41 0xD168 64 G2PIOPBASE G2P 1/0 Space PCI Base Address Register
16.4.42 0xD170 32 PCICCFG PCI Controller Configuration Register
16.4.43 0xD174 32 PCICSTATUS PCI Controller Status Register
16.4.44 0xD178 32 PCICMASK PCI Controller Interrupt Mask Register
16.4.45 0xD180 64 P2GMOGBASE P2G Memory Space 0 G-Bus Base Address Register
16.4.46 0xD188 64 P2GM1GBASE P2G Memory Space 1 G-Bus Base Address Register
16.4.47 0xD190 64 P2GM2GBASE P2G Memory Space 2 G-Bus Base Address Register
16.4.48 0xD198 64 P2GIOGBASE P2G 1/0 Space G-Bus Base Address Register
16.4.49 0xD1A0 32 G2PCFGADRS G2P Configuration Address Register
16.4.50 0xD1A4 32 G2PCFGDATA G2P Configuration Data Register
16.4.51 0xD1C8 32 G2PINTACK G2P Interrupt Acknowldge Data Register
16.4.52 0xD1CC 32 G2PSPC G2P Special Cycle Data Register
16.4.53 0xD1D0 PCICDATAQ Configuration Data 0 Register
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Table 16-13 PCI Controller Control Register
Section Address  Size Mnemonic Register Name
16.4.54 0xD1D4 PCICDATA1 Configuration Data 1 Register
16.4.55 0xD1D8 PCICDATA2 Configuration Data 2 Register
16.4.56 0xD1DC PCICDATA3 Configuration Data 3 Register
16.4.6 0xD1EO 32 P2GMOCFG P2G Memory Space 0 Configuration Register
16.4.6 OxD1E4 32 P2GM1CFG P2G Memory Space 1 Configuration Register
16.4.6 0xD1E8 32 P2GM2CFG P2G Memory Space 2 Configuration Register
16.4.57 0xD200 64 PDMCA PDMAC Chain Address Register
16.4.58 0xD208 64 PDMGA PDMAC G-Bus Address Register
16.4.59 0xD210 64 PDMPA PDMAC PCI Bus Address Register
16.4.60 0xD218 64 PDMCTR PDMAC Count Register
16.4.61 0xD220 64 PDMCFG PDMAC Configuration Register
16.4.62 0xD228 64 PDMSTATUS PDMAC Status Register
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16.4.1. ID Register (PCIID)

The Device ID field corresponds to the Device ID Register in the PCI Configuration Space, and the Vendor ID field
corresponds to the Vendor ID register of the PCI Configuration Space.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME DID

I I I I I I I I I I I I I I I
TYPE R/L
Default 0x0184

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME VID

| I | I I I I I I I I | I | I
TYPE R/L
Default 0x102F

Figure 16-14 ID Registers

Table 16-14 D Registers

Bits Mnemonic Field Name Description R/W I
31:16 |[DID Device ID Device ID (Default: 0x0184/0x0185) R/L

This register indicates the ID that is allocated to a device. The ID can be
changed by loading data from a configuration EEPROM during initialization.
PCIC (external PCI bus controller) = 0x0184

PCIC1(internal PCI bus controller) = 0x0185

15:.0 |VID Vendor ID Vendor ID (Default: 0x102F) R/L
This register indicates the device product that is allocated by PCI SIG.
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16.4.2. PCI Status, Command Register (PCISTATUS)

The upper 16 bits correspond to the Status Register in the PCI Configuration Space, and the lower 16 bits correspond to the
Command Register in the PCI Configuration Space.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME | DPE | SSE | RMA | RTA | STA DT MDPE | FBBCP | Rsvd |66MCP| CL Reserved
TYPE R/WI1CR/W1CR/W1C R/W1CR/W1C R R/W1C R R R
Default 0 0 0 0 0 01 0 1 1 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME | Reserved | FBBEN | SEREN | STPC |PEREN| VPS [MWIEN| SC BM |MEMSP| IOSP
TYPE R/W  R/W R R/W R R/W R R/W R/W R/W
Default 0 0 0 0 0 0 0 0/1 0 0

Figure 16-15 PCI Status, Command Register

Table 16-15 PCI Status, Command Register

Bit | Mnemonic  Field Name Description R/W
31 DPE Detected Parity Detected Parity Error (Default: 0) R/W1C
Error Indicates that a parity error was detected. A parity error is detected in the

three following situtations:

Detected a data parity error as the Read command PClI initiator.
Detected a data parity error as the Write command PCI target.
Detected an address parity error.

This bit is set regardless of the setting of the Parity Error Response bit
(PCISTATUS.PEREN) of the PCI Status, Command Register.

1: Detected a parity error.

0: Did not detect a parity error.

30 SSE Signaled System | Signaled System Error (Default: 0) R/W1C
Error Detects either an address parity error or a special cycle data parity error. This
bit is set when the SERR* signal is asserted.

1: Asserted the SERR* signal

0: Did not assert the SERR* signal.

29 RMA Received Master | Received Master Abort (Default: 0) R/W1C
Abort This bit is set when a Master Abort aborts a PCI Bus Transaction when the
PCI Controller operates as the PCl initiator (except for special cycles).

1: Transaction was aborted by a Master Abort.

0: Transaction was not aborted by a Master Abort.

28 RTA Received Target Received Target Abort (Default: 0) R/W1C
Abort This bit is set when a Target Abort aborts a PCI Bus Transaction when the
PCI Controller operates as the PCl initiator.

1: Transaction was aborted by a Target Abort.

0: Transaction was not aborted by a Target Abort.

27 STA Signaled Target Signaled Target Abort (Default: 0) R/W1C
Abort This bit is set when a Target Abort aborts a PCI Bus Transaction when the
PCI Controller operates as the PCI target.

1: Bus transaction was aborted by a Target Abort.

0: Bus transaction was not aborted by a Target Abort.

26:25 DT DEVSEL Timing DEVSEL Timing (Fixed Value: 01) R
Three DEVSEL assert timings are defined in the PCI 2.2 Specifications: 00b
= Fast; 01b = Medium; 10b = Slow; 11b = Reserved).

With the exception of Read Configuration and Write Configuration, when the
PCI Controller is the PCI target, the DEVSEL signal is asserted to a certain
bus command and indicates the slowest speed for responding to the PCI

Bus Master.
24 MDPE Master Data Parity | Master Data Parity Error (Default: 0) R/W1C
Error Indicates the a parity error occurred when the PCI Controller is the PCI

initiator. This bit is not set when the PCI Controller is the target.

This bit is set when all of the three following conditions are met.

It has been detected that the PERR* signal was set either directly or
indirectly.

The PCI Controller is the Bus Master for a PCI Bus transaction during which
an error occurred.

The Parity Error Response bit of the PCI Status Command Register
(PCISTATUS.PEREN) has been set.

23 FBBCP Fast Back-to-Back | Fast Back-to-Back Capable (Fixed Value: 1) R
Capable Indicates whether target access of a fast back-to-back transaction can be
accepted. Is fixed to “1”.
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Bit
22

| Mnemonic

Table 16-15 PCI Status, Command Register

Field Name
Reserved

Description

R/W

21

66MCP

66 MHz Capable

66 MHz Capable (Fixed Value: 1)
Indicates the 66 MHz operation is possible. Is fixed to “1”.

py)

20

CL

Capabilities List

Capabilities List (Fixed Value: 1)
Indicates that the capabilities list is being implemented. Is fixed to “1”.

19:10

Reserved

FBBEN

Fast Back-to-Back
Enable

Fast Back-to-Back Enable (Default: 0)

Indicates that issuing of fast back-to-back transactions has been enabled.
1: Enable

0: Disable

R/IW

SEREN

SERR* Enable

SERR* Enable (Default: 0)

Enables/Disables the SERR* signal.

The SERR* signal reports that either a PCI Bus address parity error or a
special cycle data parity error was detected. The SERR* signal is only
asserted when the Parity Error Response bit is set and this bit is set.

1: Enable

0: Disable

R/W

STPC

Stepping Control

Stepping Control (Fixed Value: 0)
Indicates that stepping control is not being supported.

PEREN

Parity Error
Response

Parity Error Response (Default 0)

Sets operation when a PCl address/data parity error is detected.

A parity error response (either when the Parity Error Response bit
(PCISTATUS.PEREN) of the PERR* Signal Assert or PCI Status, Command
Register is set, or the SERR* signal is asserted) is performed only when this
bit is set.

When this bit is cleared, the PCI Controller ignores all parity errors and
continues the transaction process as if the parity of that transaction was
correct.

1: Parity error response is performed.

0: Parity error response is not performed.

R/W

VPS

VGA Palette
Snoop

VGA Palette Snoop (Fixed Value: 0)
Indicates that the VGA palette snoop function is not supported.

MWIEN

Memory Write and
Invalidate Enable

Memory Write and Invalidate Enable (Default: 0)
Controls whether to use the Memory Write and Invalidate command instead
of the Memory Write command when the PCI Controller is the initiator.

R/IW

SC

Special Cycles

Special Cycles (Fixed Value: 0)
Indicates that special cycles will not be accepted as PCI targets.

BM

Bus Master

Bus Master (Default: 0/1)

The default is only “1” when in the Host mode.
1: Operates as the Bus Master.

0: Does not operate as the Bus Master.

R/IW

MEMSP

Memory Space

Memory Space (Default: 0)
1: Respond to PCI memory access.
0: Do not respond to PCI memory access.

R/W

IOSP

1/0 Space

1/0 Space (Default: 0)
1: Respond to PCI I/O access.
0: Do not respond to PCI I/O access.

R/W
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16.4.3. Class Code, Revision ID Register (PCICCREV)

The Class Code field corresponds to the Class Code Register of the PCI Configuration Space, and the Revision ID field
corresponds to the Revision ID Register of the PCI Configuration Space.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME CcC

| I | I I I I I I I I | I | I
TYPE R/L
Default 0x0600

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME CcC RID

I I I I I I I I I I I I I I
TYPE R/L R/L
Default 0x00 0x01

Figure 16-16 Class Code, Revision ID Register

Table 16-16 Class Code, Revision ID Register

Bits Mnemonic | Field Name Description R/W
31:8 |[CC Class Code Class Code (Default: 0x060000) R/L
Classifies the device types. The default is 060000h, which defines the PCI
Controller as a Host bridge device.

7.0 RID Revision ID Revision ID (Default: 0x01) R/L
Indicates the device revision ID. Please contact our Engineering Department
for the exact value.
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16.4.4. PCI Configuration 1 Register (PCICFG1) 0xD00C
The following fields correspond to the following registers.
o BIST field — BIST Register of the PCI Configuration Space
o Header Type field — Header Type Register in the PCI Configuration Space
o Latency Timer field — Latency Timer Register of the PCI Configuration Space
o Cache Line Size field — Cache Line Size Register of the PCI Configuration Space.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME |BISTC Reserved MFUNS| HT
I I I I I I I I I I
TYPE R R R/L
Default 0 0 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME LT CLS
I I I I I I I I I I I I I I
TYPE R/W R/W
Default 0x00 0x00
Figure 16-17 PCI Configuration 1 Register
Table 16-17 PCI Configuration 1 Register
Bit |Mnemonic Field Name Description R/W
31 BISTC BIST Capable BIST Capable (Fixed Value: 0) R
Indicates that the BIST function is not being supported.
30:24 Reserved —
23 MFUNS Multi-Function Multi-Function (Fixed Value: 0) R
0: Indicates that the device is a single-function device.
22:16 |HT Header Type Header Type (Default: 0x00) R/L
Indicates the Header type.
0000000: Header Type 0
15:8 |LT Latency Timer Latency Timer (Default: 0x00) R/W
Sets the latency timer value. Specifies the PCI Bus clock count during which
to abort access when the GNT* signal is deasserted during PCI access.
Since the lower two bits are fixed to “0”, cycle counts can only be specified in
multiples of 4.
7:0 CLS Cache Line Size | Cache Line Size (Default: 0x00) R/W
Is used to select the PCI Bus command during a Burst Read transaction. See
“16.3.6 Supported PCI Bus Commands” for more information.
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16.4.5. P2G Memory Space (m) PCI Lower Base Address Register

P2GMOPLBASE, P2GM1PLBASE, P2GM2PBASE

This register corresponds to the Memory Space (m:m=0,1,2) Lower Base Address Register at offset address 0x10[18h,20h]
of the PCI Configuration Space.

This register is accessible both Host Mode and Satellite Mode. In Satellite Mode this register is read only.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME BA [31:20] RESERVED
I I I I I I I

TYPE RW RW RW RW RW RW RW RW RW RW RW RW RO RO RO RO

or or or or or or or or or or or or

RO RO RO RO RO RO RO RO RO RO RO RO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME | | | RESERVED | | | PF TYIPE MSI
TYPE RIO RO RO RO RO RO RO RO RO RO RO RO RO R/O R/O
Default 0 0 0 0 0 0 0 0 0 0 0 0 1/0 00 0

Figure 16-18 P2G Memory Space (m) PCI Lower Base Address Register (m=0,1,2)

Table 16-18 P2G Memory Space (m) PCI Lower Base Address Register (m=0,1,2)

Default

Bit
31:20

'Mnemonic
BA [31:20]

Field Name
Base Address

'Description

Base Address [Host Mode] (Default=0x000)

Sets the lower address of the PCI base address in Target Access
Memory Space n. The size of Memory Space is defined by the
value of P2GM(m)CFG.MSS. The default size of the three
memory windows are,

P2GMOPLBASE Default:512MB

P2GM1PLBASE Default:16MB

P2GM2PBASE Default:1MB

Please see 16.4.6 for more details.

Note : This bit field will be R/O in Satellite Mode.

0x000

19:4

RESERVED

0x0000

R/O

PF

Prefetchable

Prefetchable

1: Indicates that memory is prefetchable.

0: Indicates that memory is not prefetchable.

The default value of PF for the three memory windows are
P2GMOPLBASE Default:1

P2GM1PLBASE Default:1

P2GM2PBASE Default:0

Please see 16.4.6 for more details.

1/0

R/O

2:1

TYPE

Type

Type (Default: 00)
00: Indicates that an address is within a 32-bit address region

R/O

MSI

Memory Space

Memory Space Indicator (Fixed Value: 0)
0: Indicates that this Base Address Register is for use by the PCI
Memory Space

R/O
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16.4.6. P2G Memory Space (m) Configuration Register

P2GMOCFG, P2GM1CFG, P2GM2CFG

This register configures Memory Space of PCI memory windows (m=0,1,2) Lower Base Address Register at offset address
0x10[18h, 20h] of the PCI Configuration Space.

The size of PCI Memory Window is defined by the value of P2GM(m)CFG.MSS. The Effective Base Address (EBA) is given
by following formula,

EBA [31:20] = P2GM(m)PLBASE.BA & P2GM(m)CFG.MSS  ( bitwise AND )
This register is accessible both in Host Mode and Satellite Mode.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED
I | I | I | I | I I | I | I
TYPE RO RO RIO RO RO RIO RIO RO RO RO RO RO RO RO RO RO
Deft 0 o0 ©0 O O 0O O O O 0 0 0 0 o 0 o
15 14 13 12 11 10 9 8 7 6 5 4 3 2 10

NAME M|SS [31:2|9] MSS [28:20] PFCFG RESERVED

| | | | | | | |
TYPE RO RIO RO RW RW RW RW RW RW RW RW RW RW RO RO RO
Defalt 1 1 1 10 10 10 10 10 10 10 1o 1o 1 0 0 0

Figure 16-19 P2G Memory Space (m) Configuration (m=0,1,2)

Table 16-19 P2G Memory Space (m) Configuration (m=0,1,2)

| Mnemonic  Field Name | Description Default
31:16 RESERVED 0x0000 R/O
15:13 MSS [31:29] | Size (Maximum) Memory Space Size (Maximum, Default=3'b111, 512 MB). 3'b111 R/O
12:4 MSS [28:20] | Size Memory Space Size 1/0 R/W

See Table 16-20 for other corresponding.

The default values of MSS[28:20] for the three configuration
registers are

P2GMOCFG Default: 9°’h000

P2GM1CFG Default: 9'’h1FO0

P2GM2CFG Default: 9'h1FF

3 PFCFG Prefetchable Prefetchable Configuration 1/0 R/W
Configuration 1: Indicates that memory is prefetchable.

0: Indicates that memory is not prefetchable.

The default values of PFCFG for the three configuration registers
are

P2GMOCFG Default: 1

P2GM1CFG Default: 1

P2GM2CFG Default:0

2:0 RESERVED 0x0 R/O

Table 16-20 Corresponding of Memory Space Size and MSS[31:20] Value
MSS[31:20] 31 30 29 | 28 27 26 25 24 23 22 21 I 20 I n  Memory Size

0xEOO0 1 1 1 0 0 0 0 0 0 0 0 0 29 512 MB
0xF00 1 1 1 1 0 0 0 0 0 0 0 0 28 256 MB
0xF80 1 1 1 1 1 0 0 0 0 0 0 0 27 128 MB
0xFCO 1 1 1 1 1 1 0 0 0 0 0 0 26 64 MB
OXFEO 1 1 1 1 1 1 1 0 0 0 0 0 25 32 MB
OxFFO 1 1 1 1 1 1 1 1 0 0 0 0 24 16 MB
OxFF8 1 1 1 1 1 1 1 1 1 0 0 0 23 8 MB
OXFFC 1 1 1 1 1 1 1 1 1 1 0 0 22 4 MB
OXFFE 1 1 1 1 1 1 1 1 1 1 1 0 21 2 MB
OXFFF 1 1 1 1 1 1 1 1 1 1 1 1 20 1 MB
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16.4.7. P2G Memory Space 0 PCI Upper Base Address Register
(P2GMOPUBASE)

This register is unused since the PCI Controller does not support the target dual-address cycle. It is forbidden to write to this
register.

16.4.8. P2G Memory Space 1 PCI Upper Base Address Register
(P2GM1PUBASE)

This register is unused since the PCI Controller does not support the target dual-address cycle. It is forbidden to write to this
register.

16.4.9. P2G 1/0O Space PCI Base Address Register (P2GIOPBASE)

This register corresponds to the I/O Space Base Address at offset address 0x24 of the PCI Configuration Space.
In case of Satellite Mode, this register will be read only.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME BA[31:16]
I | I I I | | I I I | I I I
TYPE R/W or R/O
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA[15:8] Reserved 10SI
I I I I I I I I I I
TYPE R/W R
Default 0x00 1
Figure 16-20 P2G I/O Space PCIl Base Address Register
Table 16-21 P2G I/O Space PCI Base Address Register
Bit Mnemonic | Field Name Description R/W
31:8 |BA[31:8] Base Address Base Address (Default: 0x00) R/W
Sets the PCI base address of the Target Access I/O Space. The size of this | or
1/0O space is fixed at 256 Bytes. R/O
In Satellite Mode, this field will be read only.
7:1 Reserved —
0 10SI 1/0O Space 1/0 Space Indicator (Fixed Value: 1) R

1: Indicates that this Base Address Register is for use by the PCI I/O Space.
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16.4.10. Subsystem ID Register (PCISID)

The Subsystem ID field corresponds to the Subsystem ID Register of the PCI Configuration Space, and the Subsystem
Vendor ID field corresponds to the Subsystem Vendor ID Register of the PCI Configuration Space.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 16
NAME SSID
I I I I I I I I I I I
TYPE R/L
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
NAME SSVID
I I I I I I I I I I I
TYPE R/L
Default 0x0000
Figure 16-21 Subsystem ID Register
Table 16-22 Subsystem ID Register
Bits Mnemonic | Field Name Description R/W
31:16 |SSID Subsystem ID Subsystem ID (Default: 0x0000) R/L
This register is used to acknowledge either a subsystem that has a PCI
device or an add-in board.
15:0 |SSVID Subsystem Subsystem Vendor ID (Default: 0x0000) R/L
Vendor ID This register is used to acknowledge either a subsystem that has a PCI
device or an add-in board.
16.4.11. Capabilities Pointer Register (PCICAPPTR)
The Capabilities Pointer field corresponds to the Capabilities Pointer Register of the PCI Configuration Space.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED
I I I I I I I I I I I I
TYPE
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
NAME RESERVED CAPPTR
I I I I I I I I I I I
TYPE R
Default 0xDC
Figure 16-22 Capabilities Pointer Register
Table 16-23 Capabilities Pointer Register
Bits Mnemonic Field Name 'Description R/W
31:8 Reserved —
7:0 CAPPTR Capabilities Capabilities Pointer (Fixed Value: 0xDC) R
Pointer Indicates as an offset value the starting address of the capabilities list that
indicates extended functions.

Rev. 3.1 November 1, 2005

16-35




TOSHIBA

Toshiba RISC Processor

X
. System
PCIC RISC TX4939
16.4.12. PCI Configuration 2 Register (PCICFG2)
The following fields correspond to the following registers:
o Max. Latency field - Max_Lat Register of the PCI Configuration Space
o Min. Grant field - Min_Gnt Register of the PCI Configuration Space
o Interrupt Pin field — Interrupt Pin Register of the PCI Configuration Space
o Interrupt Line field — Interrupt Line Register of the PCI Configuration Space
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME ML MG
I I I I I I I I I I I I I I
TYPE R/L R/L
Default 0x0A 0x02
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
NAME
I I I I I I I I I I I I I
TYPE
Default
Figure 16-23 PCI Configuration 2 Register
Table 16-24 PCI Configuration 2 Register
Bits |Mnemonic Field Name Description || RIW
31:24 ML Maximum Max_Lat (Maximum Latency) (Default: Ox0A) R/L
Latency 00h: Does not use this register to determine PCI Bus priority.
01h-FFh: Specifies the time interval for requesting bus ownership.
In units of 250 ns, assuming the PCICLK is 33 MHz.
23:16 MG Minimum Grant | Min_Gnt (Minimum Grant) (Default: 0x02) R/L
00h: Is not used to calculate the latency timer value.
01h-FFh: Sets the time required for Burst transfer.
In units of 250 ns, assuming the PCICLK is 33 MHz.
15:8 1P Interrupt Pin Interrupt Pin (Default: 0x01) R/L
Valid values: 00 - 04h
00h: Do not use interrupt signals.
01h: Use Interrupt signal INTA*
02h: Use Interrupt signal INTB*
03h: Use Interrupt signal INTC*
04h: Use Interrupt signal INTD*
05h - FFh: Reserved
7:0 IL Interrupt Line Interrupt Line (Default: 0x00) R/W
This is a readable/writable 8-bit register. The software uses this register to
indicate information such as the interrupt signal connection information.
Operation of the TX4939 is not affected.
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16.4.13. G2P Timeout Count Register (G2PTOCNT)

The Retry Timeout field corresponds to the Retry Timeout Value Register of the PCI Configuration Space, and the TRDY
Timeout field corresponds to the TRDY Timeout Value Register of the PCI Configuration Space.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED

| I | I I I I I I | I | I
TYPE
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME RETRYTO TRDYTO

I I I I I I I I I
TYPE R/W R/W
Default 0x80 0x80

Figure 16-24 G2P Timeout Count Register

Table 16-25 G2P Timeout Count Register

Bits |Mnemonic |Field Name Description | RIW
31:16 Reserved —

15:8 |RETRYTO Retry Timeout Retry Time Out (Default: 0x80) R/W
Sets the maximum number of retries to accept when operating as the initiator
on the PCI Bus. Ends with an error when receiving more retry terminations
than the set maximum number.

Setting a “0” disables this timeout function.

Note: Generally, disable retry time-out detection by setting this field to
zero. Some PCI devices invoke more than 128 retries at normal times.

7:0 TRDYTO TRDY Timeout TRDY Time Out (Default: 0x80) R/W
Sets the maximum value of the time to wait for assertion of the TRDY* signal
when operating as the initiator on the PCI Bus.

Setting a “0” disables this timeout function.

Note: Generally, disable TRDY time-out detection by setting this field to
zero. Some PCI devices exhibit a TRDY delay longer than 128 PCI clocks at
normal times.

16.4.14. G2P Status Register (G2PSTATUS)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED

| I | I I I I I I | I | I
TYPE
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME RESERVED IDTTOE |IDRTOE

I I I I I I I I I I
TYPE R/W1CR/W1C
Default 0x0 0x0

Figure 16-25 G2P Status Register

Table 16-26 G2P Status Register

Bit Mnemonic | Field Name Description R/W

31:2 Reserved —

1 IDTTOE TRDY Timeout Initiator Detected TRDY Time Out Error (Default: 0x0) R/W1C
Error This bit is set when the initiator detects a TRDY timeout.

0 IDRTOE Retry Timeout Initiator Detected Retry Time Out Error (Default: 0x0) R/W1C
Error This bit is set when the initiator detects a Retry timeout.
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16.4.15. G2P Interrupt Mask Register (G2ZPMASK)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED
I I I I I I I I I I I I
TYPE
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED IDTTOEIE|IDRTOEIE
I I I I I I I I I I
TYPE R/W  R/W
Default 0x0 0x0
Figure 16-26 GZ2P Interrupt Mask Register
Table 16-27 G2P Interrupt Mask Register
Bit Mnemonic | Field Name Description R/W
31:2 Reserved —
1 IDTTOEIE TRDY Timeout Initiator Detected TRDY Time Out Interrupt Enable (Default: 0x0) R/W
Error Interrupt The initiator generates an interrupt when it detects a TRDY timeout.
Enable 1: Generates an interrupt.
0: Does not generate an interrupt.
0 IDRTOEIE Retry Timeout Initiator Detected Retry Time Out Interrupt Enable (Default: 0x0) R/W
Error Interrupt The initiator generates an interrupt when it detects a Retry timeout.
Enable 1: Generates an interrupt.
0: Does not generate an interrupt.
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16.4.16. Satellite Mode PCI Status Register (PCISSTATUS)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED PS PMEEN RESERVED
I I | I
TYPE R R
Default 00 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME DPE | SSE | RMA | RTA | STA DT MDPE RESERVED

I I I I | I | I
TYPE R R R R R R R
Default 0 0 0 0 0 0 0

Figure 16-27 Satellite Mode PCI Status Register

Table 16-28 Satellite Mode PCI Status Register

Bit | Mnemonic Field Name | Description R/W
31:24 Reserved —
25:24 |PS Power State PowerState (Default: 0x0) R

This is a shadow register of the PowerState field in the PMCSR Register.
23 PMEEN PME Enable PME_En (Default: 0x0) R
This is a shadow register of the PME_En bit of the PMCSR Register.
22:16 Reserved —
15 DPE Detected Parity Detected Parity Error (Default: 0x0) R
Error This is a shadow register of the PCISTATUS.DPE bhit.
14 SSE Signaled System | Signaled System Error (Default: 0x0) R
Error This is a shadow register of the PCISTATUS.SSE hit.
13 RMA Received Master | Received Master Abort (Default: 0x0) R
Abort This is a shadow register of the PCISTATUS.RMA bit.
12 RTA Received Target Received Target Abort (Default: 0x0) R
Abort This is a shadow register of the PCISTATUS.RTA bit.
11 STA Signaled Target Signaled Target Abort (Default: 0x0) R
Abort This is a shadow register of the PCISTATUS.STA bit.
109 |DT Set DEVSEL DEVSEL Timing (Fixed Value: 0x1) R
Timing This is a shadow register of the PCISTATUS.DT field.
8 MDPE Data Parity Master Data Parity Error Detected (Default: 0x0) R
Detected This is a shadow register of the PCISTATUS.MDPE bit.
7:0 Reserved —
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16.4.17. PCI Status Interrupt Mask Register (PCIMASK)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED

| I | I I I I I I | I | I
TYPE
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME |DPEIE|SSEIE|RMAIE|RTAIE|STAIE ResTNed MDPEIE | | | RESEIRVED | | |
TYPE RW RW RW RMW R/W R/W
Default 0x0 0x0 0x0 0x0 0x0 0x0

Figure 16-28 PCI Status Interrupt Mask Register

Table 16-29 PCI Status Interrupt Mask Register

Bit Mnemonic | Field Name Description R/W
31:16 Reserved —
15 DPEIE Detected Parity Detected Parity Error Interrupt Enable (Default: 0x0) R/W
Error Interrupt Generates an interrupt when a parity error is detected.
Enable Usually, this interrupt is masked and a Master Data Parity error signals the
error to the system.
1: Generates an interrupt.
0: Does not generate an interrupt.
14 SSEIE Signaled System | Signaled System Error Interrupt Enable (Default: 0x0) R/W
Error Interrupt Generates an interrupt when a system error is signaled.
Enable 1: Generates an interrupt.
0: Does not generate an interrupt.
13 RMAIE Received Master | Received Master Abort Interrupt Enable (Default: 0x0) R/W
Abort Interrupt Generates an interrupt when a Master Abort is received.
Enable 1: Generates an interrupt.
0: Does not generate an interrupt.
12 RTAIE Received Target | Received Target Abort Interrupt Enable (Default: 0x0) R/W
Abort Interrupt Generates an interrupt when a Target Abort is received.
Enable 1: Generates an interrupt.
0: Does not generate an interrupt.
11 STAIE Signaled Target Signaled Target Abort Interrupt Enable (Default: 0x0) R/W
Abort Interrupt Generates an interrupt when a Target Abort is signaled.
Enable 1: Generates an interrupt.
0: Does not generate an interrupt.
13 RMA Received Master | Received Master Abort (Default: 0x0) R/W
Abort This is a shadow register of the PCISTATUS.RMA bit.
12 RTA Received Target | Received Target Abort (Default: 0x0) R/W
Abort This is a shadow register of the PCISTATUS.RTA bit.
11 STA Signaled Target Signaled Target Abort (Default: 0x0) R/W
Abort This is a shadow register of the PCISTATUS.STA bhit.
10:9 Reserved —
8 MDPEIE Master Data Parity | Master Data Parity Detected Interrupt Enable (Default: 0x0) R/W
Detected Interrupt | Generates an interrupt when data parity is detected.
Enable 1: Generates an interrupt.
0: Does not generate an interrupt.
7:0 Reserved —
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16.4.18. P2G Configuration Register (P2GCFG)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME | | | RESERVED | | PME TPRBL Reserved
TYPE R/W1S R/W
Default 0x0 0x3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME |FTRD| FTA | Rsvd | MEMOPD [ MEMLPD | MEM2PD | TOBFR | TIBFR | | RESERVED | |
TYPE R/W  R/W RW RMW RW RW R/W
Default 0x0 0x0 0x0 0x0 0x1 0x0 0x0

Figure 16-29 P2G Configuration Register

Table 16-30 P2G Configuration Register

Bit Mnemonic | Field Name Description
31:23 Reserved —
22 PME PME PME (Default: 0x0) R/W1S
This bit is invalid since the PME* signal is an input signal.
21:20 | TPRBL Target Prefetch Target Prefetch Read Burst Length (Default: 0x3) R/W
Read Burst These bits set the number of DWORDS (32-bit words) to be read into the data
Length FIFO when prefetching is valid during a target memory Read operation.
Extra data transferred to the data FIFO is deleted when performing a memory
Read operation of a PCI Bus transfer that is smaller than the set size.
This setting is invalid when prefetching is disabled.
0x00: Access and transfer each 2 DWORDs of data to the target read FIFO.
0x01: Access and transfer each 4 DWORDs of data to the target read FIFO.
0x10: Access and transfer each 6 DWORDs of data to the target read FIFO.
0x11: Access and transfer each 8 DWORDs of data to the target read FIFO.
19:16 Reserved —
15 FTRD Force Target Force Target Retry/Disconnect (Default: 0x0) R/W
Retry/Disconnect | The PCI Controller executes Retry Termination on a PCI Read access
transaction if this bit is set to “1”. This is a diagnostic function.
14 FTA Force Target Abort | Force Target Abort (Default: 0x0) R/W
The PCI Controller executes a Target Abort on a PCI Read access
transaction if this bit is set to “1”. This is a diagnostic function.
13 Reserved —
12 MEMOPD Memory 0 Window | Memory 0 Window Prefetch Disable (Default: 0x0) R/W
Prefetch Disable | Prefetching during a G-Bus Burst Read transfer cycle to the Memory 0 Space
is disabled when this bit is set to “1”. PCI Burst Read transactions are not
supported when prefetching is disabled.
11 MEM1PD Memory 1 Window | Memory 1 Window Prefetch Disable (Default: 0x0) R/W
Prefetch Disable | Prefetching during a G-Bus Burst Read transfer cycle to the Memory 1 Space
is disabled when this bit is set to “1”. PCI Burst Read transactions are not
supported when prefetching is disabled.
Even if the setting of this bit is changed, prefetchable bits in the Base Address
Register of the PCI Configuration Space will not reflect this change.
10 MEM2PD Memory 2 Window | Memory 2 Window Prefetch Disable (Default: 0x1) R/W
Space Prefetch Prefetching during a G-Bus Burst Read transfer cycle to the Memory 2 Space
Disable is disabled when this bit is set to “1”. PCI Burst Read transactions are not
supported when prefetching is disabled.
Even if the setting of this bit is changed, prefetchable bits in the Base Address
Register of the PCI Configuration Space will not reflect this change.
9 TOBFR Target Out-Bound | Target Out-Bound FIFO Reset (Default: 0x0) R/W
FIFO Reset The PCI Controller flushes the CORE internal Target Out-Bound FIFO when
“1" is written to this bit. This bit always reads out “0” when it is read. This is a
diagnostic function.
8 TIBFR Target In-Bound | Target In-Bound FIFO Reset (Default: 0x0) R/W
FIFO Reset The PCI Controller flushes the CORE internal Target In-Bound FIFO when “1”
is written to this bit. This bit always read out “0” when it is read. This is a
diagnostic function.
7:0 Reserved —
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16.4.19. P2G Status Register (P2GSTATUS)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME | | | PMSC |PMEES|PMECLR|M66EN|IOBFE| IIBFE |TOBFE| TIBFE | Rsvd
TYPE R/W1CR/W1CR/W1C R R R R R
Default 0x0 0x0 0x0 0x0 0x1 0x1 0x1 0x1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED
| I | I I I I I | I | I
TYPE
Default

Figure 16-30 P2G Status Register

Table 16-31 P2G Status Register

Mnemonic | Field Name Description
31:25 Reserved —
24 PMSC PM State Change | Power Management State Change (Default: 0x0) R/W1C
Detected This bit is not valid in the TX4939.
“1” is set to this bit when the PowerState field of the Power Management
Register (PMCSR) is rewritten.
This bit is cleared to “0” when a “1” is written to it.
23 PMEES PME_En Set PME_En Set (Default: 0x0) R/W1C
Detected This bit is not valid in the TX4939.
This bit is set to “1” when the PME_En bit of the PMCSR Register is set to “1”.
When this bit is set, it indicates that the PCI Master (Host) device enabled
PME* signal output.
1: Indicates that the PME_En bit is set.
0: Indicates that the PME_En bit is not set.
This bit is cleared to “0” when a “1” is written to it.
22 PMECLR PME Status Clear | PME_Status Clear (Default: 0x0) R/W1C
Detected This bit is not valid in the TX4939.
This bit indicates that the PME_Status bit of the PMCSR Register was
cleared.
1: Indicates that the PME_Status bit was cleared.
0: Indicates that the PME_Status bit was not cleared.
This bit is cleared to “0” when a “1” is written to it.
21 M66EN 66 MHz Drive M66EN Status (Default: 0x0) R
Status This bit indicates the current status of the M66EN signal. This bit can only be
read. Writes to this bit are invalid.
1: The M66EN signal is asserted.
0: The M66EN signal is deasserted.
20 IOBFE Initiator Initiator Out-Bound FIFO Empty (Default: 0x1) R
Out-Bound FIFO | 1: Indicates that the Initiator Out-Bound FIFO is empty.
Empty 0: Indicates that the Initiator Out-Bound FIFO is not empty.
This is a diagnostic function.
19 IIBFE Initiator In-Bound | Initiator In-Bound FIFO Empty (Default: 0x1) R
FIFO Empty 1: Indicates that the Initiator In-Bound FIFO is empty.
0: Indicates that the Initiator In-Bound FIFO is not empty.
This is a diagnostic function.
18 TOBFE Target Out-Bound | Target Out-Bound FIFO Empty (Default: 0x1) R
FIFO Empty 1: Indicates that the Target Out-Bound FIFO is empty.
0: Indicates that the Target Out-Bound FIFO is not empty.
This is a diagnostic function.
17 TIBFE Target In-Bound | Target In-Bound FIFO Empty (Default: 0x1) R
FIFO Empty 1: Indicates that the Target In-Bound FIFO is empty.
0: Indicates that the Target In-Bound FIFO is not empty.
This is a diagnostic function.
16:0 Reserved —
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16.4.20. P2G Interrupt Mask Register (P2GMASK)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME | | RESERVED | PMSCIE | PMEESIE | PMECLRIE | RESERVED |
TYPE RW R/W R/W R/W
Default 0x0 0x0 0x0 0x0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED
| I | I I I I I | I | I
TYPE
Default

Figure 16-31 P2G Interrupt Mask Register

Table 16-32 P2G Interrupt Mask Register

Mnemonic | Field Name Description
31:25 Reserved —
24 PMSCIE Power Power Management State Change Interrupt Enable (Default: 0x0) R/W
Management Generates an interrupt when the PowerState field of the Power Management
State Change Register (PMCSR) is rewritten.
Interrupt Enable | 1: Generates an interrupt.
0: Does not generate an interrupt.
23 PMEESIE PME_En Set PME_En Set Interrupt Enable (Default: 0x0) R/W
Interrupt Enable | Generates an interrupt when the PME_En bit of the PMCSR Register is set.
1: Generates an interrupt.
0: Does not generate an interrupt.
22 PMECLRIE PME Status Clear | PME_Status Clear Interrupt Enable (Default: 0x0) R/W
Interrupt Enable | Generates an interrupt when the PME_Status bit of the PMCSR Register is
cleared.
1: Generates an interrupt.
0: Does not generate an interrupt.
21 Reserved —
20:0 Reserved —
16.4.21. P2G Current Command Register (P2GCCMD)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED
I I I I I I | I I I I I
TYPE
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED TCCMD
I I I I I I I I I I I
TYPE R
Default 0x9
Figure 16-32 P2G Current Command Register
Table 16-33 P2G Current Command Register
Bits Mnemonic | Field Name Description R/W
31:4 Reserved —
3.0 TCCMD Target Current Target Current Command (Default: 0x9) R
Command Indicates the PCI command within the target access process that is currently
Register in progress. This is a diagnostic function.
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16.4.22. PCI Bus Arbiter Request Port Register

(PBAREQPORT)

This register sets the correlation between each PCI Bus request source (PCI Controller and REQ[5:0]) and each Internal
PCI Bus Arbiter Request port (Master A - D, W - Z) (see Figure 16-13).

When changing these settings, each of the eight field values must always be set to different values. After changing this
register, the Broken Master Register (BM) value becomes invalid since the bit mapping changes.

This register is only valid when using the on-chip PCI Bus Arbiter.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME | Rsvd RegAP Rsvd RegBP Rsvd ReqCP Rsvd RegDP
TYPE R/W R/W R/W R/IW
Default 111 110 101 100

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME | Rsvd ReqWP Rsvd RegXP Rsvd ReqYP Rsvd ReqzP
TYPE R/W R/W R/W R/W
Default 011 010 001 000

Bit

Mnemonic

Figure 16-33 PCI Bus Arbiter Request Port Register

Table 16-34 PCI Bus Arbiter Request Port Register

Field Name

31

Rsvd

Description

30:28

RegAP

Request A Port

111

011
010

Request A Port (Default: 111)
Sets the PCI Bus Master that connects to the Internal PCI Bus Arbiter
Request A Port (Master A).
: Makes the PCI Controller Master A.
110:
101:
100:

Rsvd
Makes REQ*[5] Master A.
Makes REQ*[4] Master A.

: Makes REQ*[3] Master A.
: Makes REQ*[2] Master A.
001:
000:

Makes REQ*[1] Master A.
Makes REQ*[0] Master A.

R/W

27

Rsvd

26:24

ReqgBP

Request B Port

111

011

Request B Port (Default: 110)
Sets the PCI Bus Master that connects to the Internal PCI Bus Arbiter
Request B Port (Master B).
: Makes the PCI Controller Master B.
110:
101:
100:
: Makes REQ*[3] Master B
010:
001:
000:

Rsvd
Makes REQ*[5] Master B
Makes REQ*[4] Master B

Makes REQ*[2] Master B.
Makes REQ*[1] Master B.
Makes REQ*[0] Master B.

R/W

23

Rsvd

22:20

ReqCP

Request C Port

111:

100

110:
101:
: Makes REQ*[4] Master C.
011:
010:
001:
000:

Request C Port (Default: 101)
Sets the PCI Bus Master that connects to the Internal PCI Bus Arbiter
Request C Port (Master C).
Makes the PCI Controller Master C.

Rsvd
Makes REQ*[5] Master C

Makes REQ*[3] Master C.
Makes REQ*[2] Master C.
Makes REQ*[1] Master C.
Makes REQ*[0] Master C.

R/W

19

Rsvd
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Table 16-34 PCI Bus Arbiter Request Port Register

Bit Mnemonic | Field Name Description R/W
18:16 | RegDP Request D Port Request D Port (Default: 100) R/W
Sets the PCI Bus Master that connects to the Internal PCI Bus Arbiter
Request D Port (Master D).

111: Makes the PCI Controller Master D.

110: Rsvd

101: Makes REQ*[5] Master D.

100: Makes REQ*[4] Master D.

011: Makes REQ*[3] Master D.

010: Makes REQ*[2] Master D.

001: Makes REQ*[1] Master D.

000: Makes REQ*[0] Master D.

15 Rsvd —
14:12 | ReqWP Request W Port Request W Port (Default: 011) R/W
Sets the PCI Bus Master that connects to the Internal PCI Bus Arbiter
Request W Port (Master W).

111: Makes the PCI Controller Master W.

110: Rsvd

101: Makes REQ*[5] Master .

100: Makes REQ*[4] Master W.

011: Makes REQ*[3] Master W.

010: Makes REQ*[2] Master W.

001: Makes REQ*[1] Master W.

000: Makes REQ*[0] Master W.

11 Rsvd —
10:8 | RegXP Request X Port Request X Port (Default: 010) R/W
Sets the PCI Bus Master that connects to the Internal PCI Bus Arbiter
Request X Port (Master X).

111: Makes the PCI Controller Master X.

110: Rsvd

101: Makes REQ*[5] Master X.

100: Makes REQ*[4] Master X.

011: Makes REQ*[3] Master X.

010: Makes REQ*[2] Master X.

001: Makes REQ*[1] Master X.

000: Makes REQ*[0] Master X.

7 Rsvd —
6:4 ReqYP Request Y Port Request Y Port (Default: 001) R/W
Sets the PCI Bus Master that connects to the Internal PCI Bus Arbiter
Request Y Port (Master Y).

111: Makes the PCI Controller Master Y.

110: Rsvd

101: Makes REQ*[5] Master Y.

100: Makes REQ*[4] Master Y.

011: Makes REQ*[3] Master Y.

010: Makes REQ*[2] Master Y.

001: Makes REQ*[1] Master Y.

000: Makes REQ*[0] Master Y.

3 Rsvd _
2:0 ReqzP Request Z Port Request Z Port (Default: 000) R/W
Sets the PCI Bus Master that connects to the Internal PCI Bus Arbiter
Request Z Port (Master Z).

111: Makes the PCI Controller Master Z.

110: Rsvd

101: Makes REQ*[5] Master Z.

100: Makes REQ*[4] Master Z.

011: Makes REQ*[3] Master Z.

010: Makes REQ*[2] Master Z.

001: Makes REQ*[1] Master Z.

000: Makes REQ*[0] Master Z.

Rev. 3.1 November 1, 2005 16-45



TOSHIBA

Toshiba RISC Processor

TX
m System
PCIC RISC TX4939
16.4.23. PCI Bus Arbiter Configuration Register (PBACFG)
This register is only valid when using the on-chip PCI Bus Arbiter.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED
I I I I I I I I I I I I I
TYPE
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME | | | RESERVED | | | | FIXPA| RPBA | PBAEN [BMCEN
TYPE RW RW RW R/W
Default 0 0 0 0

Figure 16-34 PCI Bus Arbiter Configuration Register

Table 16-35 PCI Bus Arbiter Configuration Register

Mnemonic | Field Name Description
314 Rsvd _
3 FIXPA Fixed Park Master | Fixed Park Master (Default: 0) R/W
Selects the method for determining the Park Master.
0: The last Bus Master becomes the Park Master.
1: Internal PCI Bus Arbiter Request Port A is the Park Master.
2 RPBA Reset PCI Bus Reset PCI Bus Arbiter (Default: 0) R/W
Arbiter Resets the PCI Bus Arbiter. However, the PCI Bus Arbiter Register settings
are saved. Please use the software to clear this bit.
1: The PCI Bus Arbiter is currently being reset.
0: The PCI Bus Arbiter is not currently being reset.
1 PBAEN PCI Bus Arbiter PCI Bus Arbiter Enable (Default: 0) R/W
Enable This is the Bus Arbiter Enable bit. After Reset, External PCI Bus requests to
the PCI Arbiter cannot be accepted until this bit is set to “1”. The PCI
Controller is the default Parking Master after Reset.
1: Enables the PCI Bus Arbiter.
0: Disables the PCI Bus Arbiter.
0 BMCEN Broken Master Broken Master Check Enable (Default: 0) R/W
Check Enable Controls Broken Master detection.
1: Enables the Broken PCI Bus Master check.
0: Disables the Broken PCI Bus Master check.
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16.4.24. PCI Bus Arbiter Status Register (PBASTATUS)
This register is only valid when using the on-chip PCI Bus Arbiter.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED
I I I I I I I I I I I I
TYPE
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED BM
I I I I I I I I I I I
TYPE R/W1C
Default 0

Figure 16-35 PCI Bus Arbiter Status Register

Table 16-36 PCI Bus Arbiter Status Register

Bit Mnemonic | Field Name Description
31:1 Rsvd —
0 BM Broken Master Broken Master Detected (Default: 0) R/W1C
Detected This bit indicates that a Broken Master was detected. This bit is set to “1” if
even one of the bits in the PCI Bus Arbiter Broken Master Register (PBABM)
is 17
1: Indicates that a Broken Master was detected.
0: Indicates that no Broken Master has been detected.
16.4.25. PCI Bus Arbiter Interrupt Mask Register (PBAMASK)
This register is only valid when using the on-chip PCI Bus Arbiter.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED
I I I I I I I I I I I I
TYPE
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED BMIE
I I I I I I I I I I I I
TYPE R/W
Default 0
Figure 16-36 PCI Bus Arbiter Interrupt Mask Register
Table 16-37 PCI Bus Arbiter Interrupt Mask Register
Bit Mnemonic | Field Name Description R/W
31:1 Rsvd —
0 BMIE Broken Master Broken Master Detected Interrupt Enable (Default: 0) R/W

Detected Interrupt

Generates an interrupt when a Broken Master is detected.

Enable

1: Generates an interrupt.
0: Does not generate an interrupt.
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16.4.26. PCI Bus Arbiter Broken Master Register (PBABM)

This register indicates the acknowledged Broken Master. This register sets the bit that corresponds to the PCI Master device
that was acknowledged as the Broken Master when the Broken Master Check Enable bit (BMCEN) in the PCI Bus Arbiter
Configuration Register (PBACFG) is set.

Regardless of the value of the Broken Master Check Enable bit, a PCI Master device is removed from the arbitration scheme
when “1” is written to the corresponding BM bit.

This register must be cleared to “0” since bit mapping changes, making this register value invalid when the PCI Bus Arbiter

Request Port Register (PBAREQPORT) is changed.
This register is only valid when using the on-chip PCI Bus Arbiter.

31 30

29 28

27 26 25 24 23 22 21 20 19

18

17 16

NAME

RESERVED

TYPE
Default

15 14

13 12

11 10 9 8 7 6 5 4 3

NAME

RESERVED

BM_D|BM_W

TYPE
Default

Bit Mnemonic
31:8

R/IW
0x00

Figure 16-37 PCI Bus Arbiter Broken Master Register

Table 16-38 PCI Bus Arbiter Broken Master Register

Field Name
Rsvd

Description

R/W

7 BM_A

Broken Master

Broken Master A (Default: 0)

Indicates whether PCI Bus Master A is a Broken Master.

1: PCI Bus Master A was acknowledged as a Broken Master.

0: PCI Bus Master A was not acknowledged as a Broken Master.

R/W

Broken Master

Broken Master B (Default: 0)

Indicates whether PCI Bus Master B is a Broken Master.

1: PCI Bus Master B was acknowledged as a Broken Master.

0: PCI Bus Master B was not acknowledged as a Broken Master.

R/W

Broken Master

Broken Master C (Default: 0)

Indicates whether PCI Bus Master C is a Broken Master.

1: PCI Bus Master C was acknowledged as a Broken Master.

0: PCI Bus Master C was not acknowledged as a Broken Master.

R/W

Broken Master

Broken Master D (Default: 0)

Indicates whether PCI Bus Master D is a Broken Master.

1: PCI Bus Master D was acknowledged as a Broken Master.

0: PCI Bus Master D was not acknowledged as a Broken Master.

R/W

Broken Master

Broken Master W (Default: 0)
Indicates whether PCI Bus Master W is a Broken Master.
1: PCI Bus Master W was acknowledged as a Broken Master.

0: PCI Bus Master W was not acknowledged as a Broken Master.

R/W

Broken Master

Broken Master X (Default: 0)

Indicates whether PCI Bus Master X is a Broken Master.

1: PCI Bus Master X was acknowledged as a Broken Master.

0: PCI Bus Master X was not acknowledged as a Broken Master.

R/W

Broken Master

Broken Master Y (Default: 0)

Indicates whether PCI Bus Master Y is a Broken Master.

1: PCI Bus Master Y was acknowledged as a Broken Master.

0: PCI Bus Master Y was not acknowledged as a Broken Master.

R/W

Broken Master

Broken Master Z (Default: 0)

Indicates whether PCI Bus Master Z is a Broken Master.

1: PCI Bus Master Z was acknowledged as a Broken Master.

0: PCI Bus Master Z was not acknowledged as a Broken Master.

R/W
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16.4.27. PCI Bus Arbiter Current Request Register (PBACREQ)

This register is a diagnostic register that is only valid when using the on-chip PCI Bus Arbiter.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED

| I | I I I I I I | I | I
TYPE
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME RESERVED CPCIBRS

I I I I I I I I
TYPE R/W
Default 0x00

Figure 16-38 PCI Bus Arbiter Current Request Register

Table 16-39 PCI Bus Arbiter Current Request Register

Bits Mnemonic | Field Name Description R/W
31:8 Rsvd —
7:0 CPCIBRS Current PCI Bus | Current PCI Bus Request Status (Default: 0x00) R/W

Request Status This register indicates the status of the current PCI Bus Request Input Signal
(PCI Controller and REQ*[5:0]). CPCIBRS[7] corresponds to the PCI
Controller and CPCIBRS[5:0] correspond to REQ*[5:0].

16.4.28. PCI Bus Arbiter Current Grant Register (PBACGNT)

This is a diagnostic register that is only valid when using the on-chip PCI Bus Arbiter.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED

| I | I I I I I I | I | I
TYPE
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME RESERVED CPCIBGS

I I I I I I I I I
TYPE R/W
Default 0x80

Figure 16-39 PCI Bus Arbiter Current Grant Register

Table 16-40 PCI Bus Arbiter Current Grant Register

Bits |Mnemonic |Field Name Description

31:8 Rsvd —

7:0 CPCIBGS Current PCI Grant | Current PCI Bus Grant Status (Default: 0x80) R/W
Status This register indicates the current PCI Bus Grant output signal (PCI Controller

and GNT*[5:0]). CPCIBGSJ7] corresponds to the PCI Controller, and
CPCIBGSJ5:0] correspond to GNT*[5:0].
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16.4.29. PCI Bus Arbiter Current State Register (PBACSTATE)

This is a diagnostic register that is only valid when using the on-chip PCI Bus Arbiter.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED

| I | I I I I I I | I | I
TYPE
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME | | RESERVED | | FSM 0 | CPAS |
TYPE R/W R
Default 0 0x03

Figure 16-40 PCI Bus Arbiter Current State Registe

Table 16-41 PCI Bus Arbiter Current State Registe

Bit Mnemonic | Field Name Description
31:8 Rsvd _
7 FSM Observe PCI Observe PCI Arbiter Finite State Machine (Default: 0) R/W
Arbiter State Specifies which State Machine to observe.
Machine 1: Observe the Level 1 State Machine.
0: Observe the Level 2 State Machine.
6 Rsvd —
5.0 CPAS Current PCI Bus | Current PCI Bus Arbiter State (Default: 0x03) R
Arbiter State Displays the State Machine that was selected by the FSM bit.
Please refer to Figure 16-13 for an explanation of Arbitration Flow.
When FSM =1:

0x00: Preparation state for transferring bus ownership to PCI Agent A.
0x01: State in which Grant A is provided to PCI Agent A when PCI Bus
ownership is being held elsewhere.

0x02: State in which Grant A is provided to PCI Agent A when PCI Bus
ownership is not being held elsewhere.

0x03: The agent that was provided Grant A exists in this state. If there is bus
ownership, the PCI Bus Arbiter transfers bus ownership to another agent.
0x04 — 0x07: Same as 0x00 — 0x03 but for PCI Agent B

0x08 — 0x0B: Same as 0x00 — 0x03 but for PCI Agent C

0x0C — OxOF: Same as 0x00 — 0x03 but for PCI Agent D

0x10 : Preparation state for transferring bus ownership to PCI Agent Level 2.
0x11: State in which Grant Level 2 is provided to PCI Agent Level 2 when PCI
Bus ownership is being held elsewhere.

0x12: State in which Grant Level 2 is provided to PCI Agent Level 2 when PCI
Bus ownership is not being held elsewhere.

0x13: The agent that was provided Grant Level 2 exists in this state. If there is
bus ownership, the PCI Bus Arbiter transfers bus ownership to another agent.
When FSM=0, the FSM=1 description is replaced as follows: A—>W, B—X,
C—oY, D—>Z, Level 2-5N/A.

Rev. 3.1 November 1, 2005 16-50



TOSHIBA m X Toshiba RISC Processor

System
PCIC RISC TX4939

16.4.30. G2P Memory Space 0 G-Bus Base Address Register (G2PMOGBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED

TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

NAME | | | RESERVED | | | BSWAP | EXFER | BA[3|5:32]
TYPE RW  R/W R/W
Default 0x0/0x1 0x1/0x0 0x0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME BA[31:16]

I I I I I I I I I I I I I I
TYPE R/W
Default 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME BA[15:8] RESERVED

| I I I I I I | I
TYPE R/IW R
Default 0x00 0x00

Figure 16-41 G2P Memory Space 0 G-Bus Base Address Register

Table 16-42 G2P Memory Space 0 G-Bus Base Address Register

Bit Mnemonic | Field Name Description R/W
63:38 Rsvd —
37 BSWAP Byte Swap Byte Swap Disable R/W

(Default: Little Endian Mode: 0x1; Big Endian Mode: 0x0) Sets the byte
swapping of Memory Space 0.

1: Do not perform byte swapping.

0: Perform byte swapping.

Please use the default state in most situations. If this bit is changed to “1”
when in the Big Endian Mode, the byte order of transfer to Memory Space 0
through DWORD (32-bit) access will not change.

See detail in 16.3.10 Endian Switching Function

36 EXFER Endian Transfer Endian Transfer R/W
(Default: Little Endian Mode: 0x0; Big Endian Mode: 0x1)
Sets the Endian Transfer of Memory Space 0.

1: Performs Endian Transfer.

0: Does not perform Endian Transfer.

Please use the default state.

See detail in 16.3.10 Endian Switching Function

35:8 |BA[35:8] Base Address Base Address (Default: 0x0_0000_00) R/W
Sets the G-Bus base bus address of Memory Space 0 for initiator access.
Can set the base address in 256-byte units.

7:0 Rsvd R
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16.4.31. G2P Memory Space 1 G-Bus Base Address Register (G2PM1GBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED

TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

NAME | | | RESERVED | | | BSWAP |EXFER | BA[3|5:32]
TYPE RW  R/W R/W
Default 0x0/0x1 0x0/0x1 0x0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME BA[31:16]

I I I I I I I I I I I I I I
TYPE R/W
Default 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME BA[15:8] RESERVED

| I I I I I I | I
TYPE R/IW R
Default 0x00 0x00

Figure 16-42 G2P Memory Space 1 G-Bus Base Address Register

Table 16-43 G2P Memory Space 1 G-Bus Base Address Register

Bit Mnemonic | Field Name Description R/W
63:38 Rsvd —
37 BSWAP Byte Swap Byte Swap Disable R/W

(Default: Little Endian Mode: 0x1; Big Endian Mode: 0x0) Sets the byte
swapping of Memory Space 1.

1: Do not perform byte swapping.

0: Perform byte swapping.

Please use the default state in most situations. If this bit is changed to “1”
when in the Big Endian Mode, the byte order of transfer to Memory Space 0
through DWORD (32-bit) access will not change.

See detail in 16.3.10 Endian Switching Function

36 EXFER Endian Transfer Endian Transfer R/W
(Default: Little Endian Mode: 0x0; Big Endian Mode: 0x1)
Sets the Endian Transfer of Memory Space 1.

1: Performs Endian Transfer.

0: Does not perform Endian Transfer.

Please use the default state.

See detail in 16.3.10 Endian Switching Function

35:8 |BA[35:8] Memory Space Base Address (Default: 0x0_0000_00) R/W
Base Address 1 Sets the G-Bus base bus address of Memory Space 1 for initiator access.
Can set the base address in 256-byte units.

7:0 Rsvd R
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16.4.32. G2P Memory Space 2 G-Bus Base Address Register (G2PM2GBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED

TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

NAME | | | RESERVED | | | BSWAP | EXFER | BA[3|5:32]
TYPE RW  R/W R/W
Default 0x0/0x 0x1/0x 0x0
1 0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:16]
| I | I I I I I I I | I | I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA[15:8] RESERVED
| I | I I I I I
TYPE R/W R
Default 0x00 0x00

Figure 16-43 G2P Memory Space 2 G-Bus Base Address Register

Table 16-44 G2P Memory Space 2 G-Bus Base Address Register

Bit Mnemonic | Field Name Description R/W
63:38 Rsvd —
37 BSWAP Byte Swap Byte Swap Disable R/W

(Default: Little Endian Mode: 0x1; Big Endian Mode: 0x0) Sets the byte
swapping of Memory Space 0.

1: Do not perform byte swapping.

0: Perform byte swapping.

Please use the default state in most situations. If this bit is changed to “1”
when in the Big Endian Mode, the byte order of transfer to Memory Space 0
through DWORD (32-bit) access will not change.

See detail in 16.3.10 Endian Switching Function

36 EXFER Endian Transfer Endian Transfer R/W
(Default: Little Endian Mode: 0x0; Big Endian Mode: 0x1)
Sets the Endian Transfer of Memory Space 0.

1: Performs Endian Transfer.

0: Does not perform Endian Transfer.

Please use the default state.

See detail in 16.3.10 Endian Switching Function

35:8 |BA[35:8] Base Address Base Address R/W
Default: 0x0_0000_00 (not PCI boot mode)

Default:0x0_1fc00_00 (PCI boot mode)

Sets the G-Bus base bus address of Memory Space 2 for initiator access.
Can set the base address in 256-byte units.

7:0 Rsvd R
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16.4.33. G2P 1/0O Space G-Bus Base Address Register (G2PIOGBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED

TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

NAME | | | RESERVED | | | BSWAP | EXFER | BA[3|5:32] |
TYPE RW  R/W R/W
Default 0x0/0x 0x1/0x 0x0
1 0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:16]
| I | I I I I I I I | I | I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA[15:8] RESERVED
| I | I I I I I
TYPE R/W R
Default 0x00 0x00

Figure 16-44 GZ2P I/O Space G-Bus Address Register

Table 16-45 G2P I/O Space G-Bus Address Register

Mnemonic | Field Name Description | RIW
63:38 Rsvd —
37 BSWAP Byte Swap Byte Swap Disable R/W

(Default: Little Endian Mode: 0x1; Big Endian Mode: 0x0) Sets the byte
swapping of the 1/O space.

1: Do not perform byte swapping.

0: Perform byte swapping.

Please use the default state in most situations. If this bit is changed to “1”
when in the Big Endian Mode, the byte order of transfer to the I/O Memory
Space through DWORD (32-bit) access will not change.

See detail in 16.3.10 Endian Switching Function

36 EXFER Endian Transfer Endian Transfer R/W
(Default: Little Endian Mode: 0x0; Big Endian Mode: 0x1)
Sets the Endian Transfer of the 1/0 Space.

1: Performs Endian Transfer.

0: Does not perform Endian Transfer.

Please use the default state.

See detail in 16.3.10 Endian Switching Function

35:8 |BA[35:8] Base Address Base Address (Default: 0x0_0000_00) R/W
Sets the G-Bus base bus address of the /O Memory Space for initiator
access.
Can set the base address in 256-byte units.

7:0 Rsvd R
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16.4.34. G2P Memory Space 0 Address Mask Register (G2PMOMASK)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME AM[35:20]

| I | I I I I I I I | I | I
TYPE R/W
Default 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME AM[19:8] RESERVED

| I | I I I I I I I I
TYPE R/W
Default 0x000

Figure 16-45 G2P Memory Space 0 Address Mask Register

Table 16-46 G2P Memory Space 0 Address Mask Register

Bit Mnemonic | Field Name Description R/W
31:4 | AM[35:8] Address Mask G-Bus to PCI-Bus Address Mask (Default: 0x0_0000_00) R/W
Sets the bits to be subject to address comparison.
See 16.3.7 for more information.

When setting a memory space size of 256 MB (0x1000_0000) for example,
the value of G2PMOMASK([31:0] becomes Ox00FF_FFFO.
3:0 Rsvd R

16.4.35. G2P Memory Space 1 Address Mask Register (G2ZPM1MASK)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME AM[35:20]

| I | I I I I I I I | I | I
TYPE R/W
Default 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME AM[19:8] RESERVED

| I | I I I I I I I
TYPE R/W
Default 0x000

Figure 16-46 G2P Memory Space 1 Address Mask Register

Table 16-47 G2P Memory Space 1 Address Mask Register

Bit Mnemonic | Field Name Description R/W
31:4 | AM[35:8] Address Mask G-Bus to PCI-Bus Address Mask (Default: 0x0_0000_00) R/W
Sets the bits to be subject to address comparison.
See 16.3.7 for more information.

When setting a memory space size of 256 MB (0x1000_0000) for example,
the value of G2PM1MASK][31:0] becomes 0x00FF FFFO.
3:0 Rsvd R
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16.4.36. G2P Memory Space 2 Address Mask Register (G2ZPM2MASK)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME AM[35:20]
I I I I I I I I I I I I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME AM[19:8] RESERVED
I I I I I I I I I
TYPE R/W
Default 0x000
Figure 16-47 G2P Memory Space 2 Address Mask Register
Table 16-48 G2P Memory Space 2 Address Mask Register
Bit Mnemonic | Field Name Description R/W
31:4 | AM[35:8] Address Mask G-Bus to PCI-Bus Address Mask R/W
Default: 0x0_0000_00 (not PCI boot mode
Default: 0x0_0001_ff (PCI boot mode)
Sets the bits to be subject to address comparison.
See 16.3.7 for more information.
When setting a memory space size of 256 MB (0x1000_0000) for example,
the value of G2PM2MASK][31:0] becomes 0x00FF FFFO.
3:0 Rsvd R

16.4.37. G2P 1/O Space Address Mask Register (G2PIOMASK)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME AM[35:20]
I I I I I I I I I I I I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME AM[19:8] RESERVED
I I I I I I I I
TYPE R/W
Default 0x000
Figure 16-48 G2P I/O Space Address Mask Register
Table 16-49 G2P I/O Space Address Mask Register
Bits Mnemonic | Field Name Description R/W
31:4 | AM[35:8] Address Mask G-Bus to PCI-Bus Address Mask (Default: 0x0_0000_00) R/W
Sets the bits to be subject to address comparison.
See 16.3.7 for more information.
When setting a memory space size of 256 MB (0x1000_0000) for example,
the value of G2PIOMASK[31:0] becomes O0xO0FF_FFFO.
3:0 Rsvd R
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16.4.38. G2P Memory Space 0 PCI Base Address Register (G2PMOPBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

NAME RESERVED
| I | I I I I I I | I | I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED BA[39:32]
| I I I I I I | | I
TYPE R/W
Default 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:16]
I I I I I I I I I I I I I I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA[15:8] RESERVED
| I I I I I I | I
TYPE R/IW R
Default 0x00 0x00

Figure 16-49 G2P Memory Space 0 G-Bus Base Address Register

Table 16-50 G2P Memory Space 0 G-Bus Base Address Register

Bits Mnemonic | Field Name Register R/W
63:40 Rsvd —
39:8 | BA[39:8] Base Address Base Address (Default: 0x00_0000_00) R/W

Sets the PCI Base address of Memory Space 0 for initiator access.
Can set the base address in 256-Byte units.
7:0 Rsvd R
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16.4.39. G2P Memory Space 1 PCI Base Address Register (G2PM1PBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

NAME RESERVED
| I | I I I I I I | I | I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED BA[39:32]
| I I I I I I | | I
TYPE R/W
Default 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:16]
I I I I I I I I I I I I I I
TYPE R/W
Default 0x0000/(0xBFCO0)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA[15:8] RESERVED
| I I I I I I | I
TYPE R/IW R
Default 0x00 0x00

Figure 16-50 G2P Memory Space 1 G-Bus Base Address Register

Table 16-51 G2P Memory Space 1 G-Bus Base Address Register

Bit Mnemonic | Field Name Description R/W
63:40 Rsvd —
39:8 | BA[39:8] Base Address Base Address (Default: 0x00_0000_00) R/W

Sets the PCI Base address of Memory Space 1 for initiator access.
Can set the base address in 256-Byte units.
7:0 Rsvd R
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16.4.40. G2P Memory Space 2 PCI Base Address Register (G2PM2PBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

NAME RESERVED
| I | I I I I I I | I | I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED BA[39:32]
| I I I I I I | | I
TYPE R/W
Default 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:16]
I I I I I I I I I I I I I I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA[15:8] RESERVED
| I I I I I I | I
TYPE R/IW R
Default 0x00 0x00

Figure 16-51 G2P Memory Space 2 G-Bus Base Address Register

Table 16-52 G2P Memory Space 2 G-Bus Base Address Register

Bits Mnemonic | Field Name Description R/W
63:40 Rsvd —
39:8 | BA[39:8] Base Address Base Address R/W

Default: 0x00_0000_00 (not PCI boot mode)

Default:0x00_fffe_00 PCI boot mode)

Sets the PCI Base address of Memory Space 2 for initiator access.
Can set the base address in 256-Byte units.

7:0 Rsvd R
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16.4.41. G2P 1/O Space PCI Base Address Register (G2PIOPBASE)
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED
I I I I I I I I I I I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED BA[39:32]
I I I I I I I I
TYPE R/IW
Default 0x00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:16]
I I I | I | | I | I |
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA[15:8] RESERVED
I I I I I I I
TYPE RIW R
Default 0x00 0x00
Figure 16-52 G2P I/O Space G-Bus Address Register

Table 16-53 G2P I/0O Space G-Bus Address Register

Bits |Mnemonic |Field Name Description | RIW
63:40 Reserved —
39:8 | BA[39:8] Base Address Base Address (Default: 0x00_0000_00) R/W
Sets the PCI Base address of the I/O Space for initiator access.
Can set the base address in 256-Byte units.
7:0 Reserved R
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16.4.42. PCI Controller Configuration Register (PCICCFG)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED GBWC
I I I I | I | I

TYPE R/W
Default OXFFFF

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED HRST | SRST |IRBER |G2PMOEN|G2PM1EN|G2PM2EN| G2PIOEN | TCAR [ICAEN]| LCFG ResTNed
TYPE RW RW RW RW RW RW RW RW RW R/W
Default 0x0 0x0 Ox1 0x0 0x0 0x0 0x0 0x0 0x0 0x0

Figure 16-53 PCI Controller Configuration Register

Table 16-54 PCI Controller Configuration Register

Bit Mnemonic | Field Name Description
31:28 Rsvd _
27:16 |GBWC G-Bus Wait G Bus Wait Counter (Default: OXFFF) R/W
Counter Setting Sets the Retry response counter at the G-Bus during a PCl initiator Read
transaction.
When the initiator Read access cycle exceeds the setting of this counter, a
Retry response is sent to the G-Bus and the G-Bus is released. PCI Read
operation continues. This counter uses the G-Bus clock (GBUSCLK) when
operating.
When 0x000 is set, a Retry response is not sent to the G-Bus by a long
response cycle count.
When the G-Bus timeout count is used with the value other than the initial
value 4096 GBUSCLK, G-BUS timeout may occur before a Retry response is
sent.
When G-Bus timeout of the configuration register (CCFG.GTOT) is used with
the value other than the initial value (11), set the following maximum values to
the register.
GTOT value Maximum value of the register
10 (2048 GBUSCLK) : 0x7f0
01 (1024 GBUSCLK) : 0x3f0
00 (512 GBUSCLK) : 0x1f0
15:12 Rsvd —
11 HRST Hardware Reset | Hard Reset (Default: 0x0) R/W

Performs PCI Controller hardware reset control. This bit is automatically
cleared when Reset ends. This is a diagnostic function.

The PCI Controller cannot be accessed for 32 G-Bus clock cycles after this bit
is set.

1: Perform a hardware reset on the PCI Controller.

0: Do not perform a hardware reset on the PCI Controller.

10 SRST Software Reset Soft Reset (Default: 0x0) R/W
Performs PCI Controller software reset control. Data is also reloaded to the
Configuration Space Register from the Configuration Data Register. Please
set this bit after the EEPROM Load End bit (PCICSTATUS.E2PDONE) is set.
Also, please use the software to clear this bit at least four PCI Bus Clock
cycles after Reset.

Other registers of the PCI Controller cannot be accessed while this bit is set.
This bit differs from the Hardware Reset bit (HRST). The following register
values are not initialized.

G2P Status Register (G2PSTATUS)

PCI Bus Arbiter Status Register (PBASTATUS)

PCI Controller Status Register (PCICSTATUS)

Software Reset bit (PCICCFG.SRST)

Load Configuration Register bit (PCICCFG.LCFG)

1: The PCI Controller is reset by the software.

0: The PCI Controller is not reset by the software.
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Table 16-54 PCI Controller Configuration Register

Bit Mnemonic | Field Name Description R/W

9 IRBER Bus Error Initiator Read Bus Error Response (Default: 0x1) R/W
Response Setting | Bus error responses on the G-Bus are controlled when the following
During Initiator phenomena indicated by the PCI Status, Command Register (PICSTATUS)
Read and the G2P Status Register (G2PSTATUS) occur during initiator Read
access.

Detected Parity Error (PCISTATUS.DPE)

Received Master Abort (PCISTATUS.RMA)

Received Target Abort (PCISTATUS.RTA)

Initiator Detected TRDY Time Out Error (G2PSTATUS.IDTTOE)

Initiator Detected Retry Time Out Error (G2PSTATUS.IDRTOE)

1: Responds with a Bus error on the G-Bus.

0: Does not respond with a Bus error on the G-Bus.

(Normally terminates the Read transaction on the G-Bus. Read data is
invalid.)

8 G2PMOEN Initiator Memory | Initiator Memory Space 0 Enable (Default: 0x0) R/W
Space 0 Enable Controls PCl initiator access to Memory Space 0.
1: Memory Space 0 is valid.

0: Memory Space 0 is invalid.

7 G2PM1EN Initiator Memory | Initiator Memory Space 1 Enable (Default: 0x0) R/W
Space 1 Enable Controls PCl initiator access to Memory Space 1.
1: Memory Space 1 is valid.

0: Memory Space 1 is invalid.

6 G2PM2EN Initiator Memory | Initiator Memory Space 2 Enable R/W
Space 2 Enable Default: 0x0 (not PCI boot mode)

Default: 0x1 (PCI boot mode)

Controls PCl initiator access to Memory Space 2.
1: Memory Space 2 is valid.

0: Memory Space 2 is invalid.

5 G2PIOEN Initiator 1/0 Space | Initiator /O Space Enable (Default: 0x0) R/W
Enable Controls PCl initiator access to the 1/0 Space..
1: I/O Space is valid.

0: 1/0O Space is invalid.

4 TCAR Target Target Configuration Access Ready R/W
Configuration
Access Ready Satellite mode:

Default: 0x1 - when in PCI Boot mode
0x0 - when not in PCI Boot mode

PCI controller receives a target access, when this bit is 1 and
PCISTATUS.E2PDONE bitis 1. Configuration access from the PCI Bus can
be accepted during PCI Boot up after initialization from EEPROM or after
each initialization ends. Please use the software to set this bit after
initialization ends. Retry response to PCI configuration access is performed
until this bit is set.

1: Responds to PCI target access.
0: Performs a Retry response to PCI target access.

Host mode:
Default:0x0
The TX4939 will perform a Retry response when this bit is not set.
3 ICAEN Initiator Initiator Configuration Access Enable (Default: 0x1) R/W
Configuration Controls initiator PCI configuration access using the G2P Configuration

Access Enable Address Register (G2PCFGADRS) and the G2P Configuration Data Register
(G2PCFGDATA). This is a diagnostic function.

1: Initiator configuration access is possible.

0: Initiator configuration access is not possible.

2 LCFG Load Load PCI Configuration Data Register (Default: 0x0) R/W
Configuration When a software reset is performed on this bit using the Software Reset bit
Data Register (PCICFG.SRST) when this bit is already set, data is loaded to the

Configuration Space Register from the Configuration Data 0/1/2/3 Register.
1: Load from the Configuration Data 0/1/2/3 Register.

0: Load from EEPROM.

1:0 Rsvd —
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16.4.43. PCI Controller Status Register (PCICSTATUS)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED
| I | I I I I I | I | I
TYPE
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME | RESERVED | PME | TLB NIB ZIB | Rsvd |PERR|SERR| GBE | Rsvd | IWB |E2PDONE
TYPE R/W1C R/W1C R/W1CR/W1C R/W1C R/W1C R/W1C R R
Default 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 —

Figure 16-54 PCI Controller Status Register

Table 16-55 PCI Controller Status Register

31:11

Mnemonic

Field Name
Rsvd

Description

10

PME

PME Detect

PME Detect (Default: 0x0)

This bit indicates that assertion of the PME* signal was detected.
1: Indicates that assertion of the PME* signal was detected.

0: Indicates that assertion of the PME* signal was not detected.

R/W1C

TLB

Long Burst
Transfer Detect

Too Long Burst Detect (Default: 0x0)

Indicates that a Burst transfer by the on-chip DMA Controller exceeding 16
DWORDs was detected.

1: Indicates that a Burst transfer exceeding 16 DWORDs was detected.

0: Indicates that no Burst transfer exceeding 16 DWORDs was detected.

R/W1C

NIB

Negative
Increment Burst
Detect

Negative Increment Burst Detect (Default: 0x0)

Indicates that Burst transfer by the on-chip DMA Controller in the negative
direction was detected.

1: Indicates that a Burst transfer in the negative direction was detected.

0: Indicates that no Burst transfer in the negative direction was detected.

R/W1C

ZIB

Zero Increment
Burst Detect

Zero Increment Burst Detect (Default: 0x0)

Indicates that Burst transfer by the on-chip DMA Controller without an
address increment was detected.

1: Indicates that a Burst transfer without an address increment was
detected.

0: Indicates that no Burst transfer without an address increment was
detected.

R/W1C

Rsvd

PERR

PERR* Detected

PERR* Occurred (Default: 0x0)

Indicates that the Parity Error signal (PERR*) was asserted. This bit is a
monitor status bit that records assertion of the PERR* signal even if the
TX4939 is not accessing PCI.

1: Indicates that the PERR* signal was asserted.

0: Indicates that the PERR* signal was not asserted.

R/W1C

SERR

SERR* Detected

SERR* Occurred (Default: 0x0)

Indicates that the System Error signal (SERR*) was asserted. This bit is a
monitor status bit that records assertion of the SERR* signal even if the
TX4939 is not accessing PCI.

1: Indicates that the SERR* signal was asserted.

0: Indicates that the SERR* signal was not asserted.

R/W1C

GBE

G-Bus Error
Detect

G-Bus Error Detect (Default: 0x0)

Indicates that a G-Bus Error occurred in the G-Bus Master cycle of the PCI
Controller. This error is indicated when a timeout occurs on the G-Bus. This
bit is only set by Master cycle Bus Errors.

1: Indicates that a G-Bus Error was detected.

0: Indicates that no G-Bus Error was detected.

R/W1C

Rsvd

IwWB

Initiator Write
Busy

Initiator Write Busy (Busy: 0x0)

Indicates that a Write cycle was in progress when a Write cycle to the PCI Bus
was executed.

While a Write cycle is in progress, no error status to that Write cycle is
reflected. Therefore, this bit is used to confirm the status when it changes
from “1” to “0” after the Write cycle ends.

1: Indicates that a Write cycle is in progress.

0: Indicates that no Write cycle is in progress.

Py
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Table 16-55 PCI Controller Status Register

Bit Mnemonic | Field Name Description
0 E2PDONE EEPROM Load EEPROM Load Done (Default--) R
Done When using EEPROM, this bit indicates that data loading from EEPROM is

complete. This bit is set to “1".
1: Indicates that data loading from EEPROM is complete.
0: Indicates that data loading from EEPROM is not complete.
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16.4.44. PCI Controller Interrupt Mask Register (PCICMASK)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED
I I I I I I I I I I I I
TYPE
Default
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
NAME | RESERVED | PMEIE| TLBIE | NIBIE | ZIBIE | Rsvd |PERRIE|SERRIE|GBEIE RESERVED
TYPE RW R/W R/W R/W R/W R/W R/W
Default 0x0 0x0 0x0 0x0 0x0 0x0 0x0

Figure 16-55 PCI Controller Interrupt Mask Register

Table 16-56 PCI Controller Interrupt Mask Register

Mnemonic | Field Name Description
31:11 Rsvd _
10 PMEIE PME Detect PME* Signal Interrupt Enable (Default: 0x0) R/W
Interrupt Enable | This bit generates an interrupt when input of the PME* signal is detected.
1: Generates an interrupt.
0: Does not generate an interrupt.
9 TLBIE Long Burst Too Long Burst Interrupt Enable (Default: 0x0) R/W
Transfer Detect This bit generates an interrupt when a Burst transfer by the on-chip DMA
Interrupt Controller exceeding 8 DWORDs was detected.
1: Generates an interrupt.
0: Does not generate an interrupt
8 NIBIE Negative Negative Increment Burst Interrupt Enable (Default: 0x0) R/W
Increment Burst | This bit generates an interrupt when a negative direction Burst transfer by the
Transfer Detect on-chip DMA Controller is detected.
Interrupt Enable | 1: Generates an interrupt.
0: Does not generate an interrupt.
7 ZIBIE Zero Increment Zero Increment Burst Interrupt Enable (Default: 0x0) R/W
Burst Transfer This bit generates an interrupt when a Burst transfer by the on-chip DMA
Detect Interrupt Controller without an address increment is detected.
Enable 1: Generates an interrupt.
0: Does not generate an interrupt.
6 Rsvd —
5 PERRIE PERR* Detect PERR* Interrupt Enable (Default: 0x0) R/W
Interrupt Enable | This bit generates an interrupt when the Parity Error signal (PERR*) is
asserted.
1: Generates an interrupt.
0: Does not generate an interrupt.
4 SERRIE SERR* Detect SERR* Interrupt Enable (Default: 0x0) R/W
Interrupt Enable | This bit generates an interrupt when the System Error signal (SERR*) is
asserted.
1: Generates an interrupt.
0: Does not generate an interrupt.
3 GBEIE G-Bus Bus Error | G-Bus Bus Error Interrupt Enable (Default: 0x0) R/W
Detect Interrupt This bit generates an interrupt when a Bus Error is asserted while the PCI
Enable Controller is the G-Bus Master.
1: Generates an interrupt.
0: Does not generate an interrupt.
2:0 Rsvd —
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16.4.45. P2G Memory Space 0 G-Bus Base Address Register (P2GMOGBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED

TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

NAME | | | RESERVED | | | P2GMOEN| BSWAP | EXFER | BA[3|5:32]
TYPE RW R/W R/W R/W
Default Ox0 0x0/0x 0x1/0x 0x0
1 0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:29] RESERVED
| I I I I I I | I | I
TYPE R/W
Default 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED
| I | I I I I I I | I | I
TYPE
Default

Figure 16-56 P2G Memory Space 0 G-Bus Base Address Register

Table 16-57 P2G Memory Space 0 G-Bus Base Address Register

Bit Mnemonic | Field Name Description R/W

63:39 Rsvd —

38 P2GMOEN Memory Space 0 | Target Memory Space 0 Enable (Default: 0x0) Controls whether Memory R/W
Enable Space 0 for target access is valid or invalid.

When this bit is set to invalid, Writes to the Memory Space 0 Lower Base
Address Register or the Memory Space 0 Upper Base Address Register of
the PCI Configuration Register become invalid. Also, “0” is returned to Reads
as a response.

1: Validates Memory Space O for target access.

0: Invalidates Memory Space O for target access.

37 BSWAP Byte Swap Byte Swap Disable R/W
(Default: Little Endian Mode: 0x1; Big Endian Mode: 0x0) Sets the byte
swapping of Memory Space O for target access..

1: Do not perform byte swapping.

0: Perform byte swapping.

Please use the default state in most situations. If this bit is changed to “1”
when in the Big Endian Mode, the byte order of transfer to Memory Space 0
through DWORD (32-bit) access will not change.

See detail in 16.3.10 Endian Switching Function

36 EXFER Endian Transfer Endian Transfer R/W
(Default: Little Endian Mode: 0x0; Big Endian Mode: 0x1) Sets the Endian
Transfer of Memory Space O for target access.

1: Performs Endian Transfer.

0: Does not perform Endian Transfer.

Please use the default state.

See detail in 16.3.10 Endian Switching Function

35:29 | BA[35:29] Base Address Base Address 0 (Default: 0x000) R/W
Sets the G-Bus base bus address of Memory Space 0 for target access. Can
set the base address in 512-MB units.

28:0 Rsvd —
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16.4.46. P2G Memory Space 1 G-Bus Base Address Register (P2GM1GBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

NAME RESERVED
I I I I I I I I I I I I I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME | | | RESERVED | | | P2GM1EN| BSWAP | EXFER | BA[3|5:32]
TYPE RW R/W R/W R/W
Default 0x0 0x0/0x1 Ox1/0x0 0x0
31 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:29] RESERVED
I I I I I I I I I
TYPE R/W
Default 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED
I I I I I I I I I I I I I
TYPE
Default
Figure 16-57 P2G Memory Space 1 G-Bus Base Address Register
Table 16-58 P2G Memory Space 1 G-Bus Base Address Register
Bit Mnemonic | Field Name Description R/W
63:39 Rsvd —
38 P2GM1EN Memory Space 1 | Target Memory Space 1 Enable (Default: 0x0) Controls whether Memory R/W
Enable Space 1 for target access is valid or invalid.
When this bit is set to invalid, Writes to the Memory Space 1 Lower Base
Address Register or the Memory Space 1 Upper Base Address Register of
the PCI Configuration Register become invalid. Also, “1” is returned to Reads
as a response.
1: Validates Memory Space 1 for target access.
0: Invalidates Memory Space 1 for target access.
37 BSWAP Byte Swap Byte Swap Disable R/W
(Default: Little Endian Mode: 0x1; Big Endian Mode: 0x0) Sets the byte
swapping of Memory Space 1 for target access.
1: Do not perform byte swapping.
0: Perform byte swapping.
Please use the default state in most situations. If this bit is changed to “1”
when in the Big Endian Mode, the byte order of transfer to Memory Space 0
through DWORD (32-bit) access will not change.
See detail in 16.3.10 Endian Switching Function
36 EXFER Endian Transfer | Endian Transfer R/W
(Default: Little Endian Mode: 0x0; Big Endian Mode: 0x1)
Sets the Endian Transfer of Memory Space 1 for target access.
1: Performs Endian Transfer.
0: Does not perform Endian Transfer.
Please use the default state.
See detail in 16.3.10 Endian Switching Function
35:29 | BA[35:29] Memory Space Base Address 0 (Default: 0x000) R/W
Base Address 1 Sets the G-Bus base bus address of Memory Space 1 for target access. Can
set the base address in 512-MB units.
28:24 Rsvd R/W
23:0 Rsvd —
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16.4.47. P2G Memory Space 2 G-Bus Base Address Register (P2GM2GBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

NAME RESERVED
| I I I I | I I I | I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME | | | RESERVED | | | P2GM2EN| BSWAP | EXFER BA[3|5:32]
TYPE R/W R/W R/W R/IW
Default 0x0 0x0/0x1 0x1/0x0 0x0
31 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME BA[31:29] RESERVED
I I I I I I I I I
TYPE R/W
Default 0x00
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED
| I I I I I I I I I | I
TYPE
Default

Figure 16-58 P2G Memory Space 2 G-Bus Base Address Register

Table 16-59 P2G Memory Space 2 G-Bus Base Address Register

63:39

Mnemonic | Field Name

Rsvd

Description

| RIW

38

P2GM2EN

Memory Space 2
Enable

Target Memory Space 2 Enable (Default: 0x0) Controls whether Memory
Space 2 for target access is valid or invalid.

When this bit is set to invalid, Writes to the Memory Space 2 Lower Base
Address Register or the Memory Space 2 Upper Base Address Register of
the PCI Configuration Register become invalid. Also, “0” is returned to Reads
as a response.

1: Validates Memory Space 2 for target access.

0: Invalidates Memory Space 2 for target access.

R/W

37

BSWAP

Byte Swap

Byte Swap Disable

(Default: Little Endian Mode: 0x1; Big Endian Mode: 0x0) Sets the byte
swapping of Memory Space 2 for target access.

1: Do not perform byte swapping.

0: Perform byte swapping.

Please use the default state in most situations. If this bit is changed to “1”
when in the Big Endian Mode, the byte order of transfer to Memory Space 2
through DWORD (32-bit) access will not change.

See detail in 16.3.10 Endian Switching Function

R/W

36

EXFER

Endian Transfer

Endian Transfer

(Default: Little Endian Mode: 0x0; Big Endian Mode: 0x1) Sets the Endian
Transfer of Memory Space 2 for target access.

1: Performs Endian Transfer.

0: Does not perform Endian Transfer.

Please use the default state.

See detail in 16.3.10 Endian Switching Function

R/W

35:29

BA[35:29]

Memory Space
Base Address 2

Base Address 2 (Default: 0x000)
Sets the G-Bus base bus address of Memory Space 2 for target access. Can
set the base address in 512-MB units.

R/W

28:20

Rsvd

R/W

19:0

Rsvd
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16.4.48. P2G 1/0O Space G-Bus Base Address Register (P2GIOGBASE)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED

TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

NAME | | | RESERVED | | | P2GIOEN | BSWAP | EXFER | BA[3|5:32] |
TYPE RW R/W R/W R/W
Default 0Ox0 0x0/0x1 0x1/0x0 0x0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME BA[31:16]

I I I I I I I I I I I I I
TYPE R/W
Default 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME BA[15:8] RESERVED

| I I I I I I | I
TYPE R/W
Default 0x00

Figure 16-59 P2G I/O Space G-Bus Base Address Register

Table 16-60 P2G I/O Space G-Bus Base Address Register

Mnemonic | Field Name Description | RIW
63:39 Rsvd —
38 P2GIOEN I/O Space Enable | Target I/O Space Enable (Default: 0x0) Controls whether the I/O Space for | R/W

target access is valid or invalid.

When this bit is set to invalid, Writes to the I/O Space Base Address Register
of the PCI Configuration Register become invalid. Also, “0” is returned to
Reads as a response.

1: Validates I/O Space for target access.

0: Invalidates I/O Space for target access.

37 BSWAP Byte Swap Byte Swap Disable R/W
(Default: Little Endian Mode: 0x1; Big Endian Mode: 0x0) Sets the byte
swapping of the 1/0O Space for target access.

1: Do not perform byte swapping.

0: Perform byte swapping.

Please use the default state in most situations. If this bit is changed to “1”
when in the Big Endian Mode, the byte order of transfer to the I/O Space
through DWORD (32-bit) access will not change.

See detail in 16.3.10 Endian Switching Function

36 EXFER Endian Transfer Endian Transfer R/W
(Default: Little Endian Mode: 0x0; Big Endian Mode: 0x1) Sets the Endian
Transfer of the I/O Space for target access.

1: Performs Endian Transfer.

0: Does not perform Endian Transfer.

Please use the default state.

See detail in 16.3.10 Endian Switching Function

35:8 | BA[35:8] Memory Space Base Address 2 (Default: 0x000) R/W
Base Address 2 Sets the G-Bus base bus address of the 1/O Space for target access. Can set
the base address in 256-byte units.

7:1 Rsvd —
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16.4.49. G2P Configuration Address Register(G2PCFGADRS)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED BUSNUM

| I I I I I I | I
TYPE R/W
Default 0x00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME DEVNUM FNNUM REGNUM TYPE

| I | I I I I I I | I I
TYPE R/W R/W R/W R/IW
Default 0x00 000 0x00 00

Figure 16-60 G2P Configuration Address Register

Table 16-61 G2P Configuration Address Register

Bit Mnemonic | Field Name Description
31:24 Rsvd _

23:16 |BUSNUM Bus Number Bus Number (Default: 0x00) R/W
Indicates the target PCI Bus Number (one of 256).
15:11 | DEVNUM Device Number Device Number (Default: 0x00) R/W
This field is used to identify the target physical device number. (This is one
number out of 32 devices. 21 of these 32 devices are used.)

When in the address phase of Type 0 configuration access, AD[31:11] of the
upper 21 address lines are used as the IDSEL signal.

0x00: Use AD [11] as IDSEL.

0x01: Use AD [12] as IDSEL.

0x02: Use AD [13] as IDSEL.

0x13: Use AD [30] as IDSEL.
0x14: Use AD [31] as IDSEL.
0x15 - Ox1F: Rsvd

10:8 | FNNUM Function Number | Function Number (Default: 000) R/W
This field is used to identify the target logic function number (one out of 8).
7:2 REGNUM Register Number | Register Number (Default: 0x00) R/W
This field is used to identify the DWORD (one out of 64) inside the
Configuration Space of the target function

1:0 TYPE Type Type (Default; 00) R/W
This field is used to identify the address type in the address phase of the
target function configuration cycle.

0x0: Type 0 configuration (Use the AD[31:11] signal as the IDSEL signal.)
0x1: Type 1 configuration (Output all bits unchanged as the address to the
AD]I ] signal.)
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16.4.50. G2P Configuration Data Register (G2PCFGDATA)

This is the only register that supports Byte access and 16-bit Word access. The upper address bit of the PCI Configuration

Space is specified by the G2P Configuration Address Register (G2PCFGADRS). The lower two bits of the address are
specified by the lower two bits of the offset address in this register as shown in Table 16-62.

Table 16-62 PCI Configuration Space Access Address
i Offset Address

Access Size

Little Endian Mode

Big Endian Mode

0xD1A4 0xD1A4

16-bit 00 0xD1A4 0xD1A6
10 0xD1A6 0xD1A4

8-bit 00 0xD1A4 O0xD1A7
01 0xD1A5 0xD1A6

10 0xD1A6 0xD1A5

11 O0xD1A7 0xD1A4

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME ICD

I I I I I I I I I I I I I I I
TYPE R/W
Default -

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME ICD

I I I I I I I I I I I I I I I
TYPE R/W
Default —

Figure 16-61 G2P Configuration Data Register

Table 16-63 G2P Configuration Data Register

Bits Mnemonic | Field Name Description

31:0 |[ICD Initiator Initiator Configuration Data Register (Default--) R/W
Configuration This is a data port that is used when performing initiator PCI configuration
Data access. PCI configuration Read or Write transactions are issued when this

register is read to or written from.

Rev. 3.1 November 1, 2005 16-71



TOSHIBA

Toshiba RISC Processor

X
. System
RISC

PCIC TX4939
16.4.51. G2P Interrupt Acknowledge Data Register (G2PINTACK)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME IIACKD
I I I I I I I I I I I
TYPE R
Default —
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME IIACKD
I I I I I I I I I I I I I I I
TYPE R
Default -

Figure 16-62 GZ2P Interrupt Acknowledge Data Register

Table 16-64 G2P Interrupt Acknowledge Data Register

Mnemonic | Field Name Description
31:0 [IIACKD Initiator Interrupt | Initiator Interrupt Acknowledge Address Port (Default--) R
Acknowledge An Interrupt Acknowledge cycle is generated on the PCI Bus when this

Address Port

register is read. The data that is returned by this Read transaction becomes
the Interrupt Acknowledge data.

16.4.52. G2P Special Cycle Data Register (G2PSPC)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME ISCD
| I | I I I I I I I I | I | I
TYPE W
Default -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME ISCD
I I I I I I I I I I I I I I I
TYPE W
Default —

Figure 16-63 G2P Special Cycle Data Register

Table 16-65 G2P Special Cycle Data Register

Mnemonic | Field Name

31:0

ISCD

Initiator Special
Cycle Data Port

Description

Initiator Special Cycle Data Port (Default--)

When this register is written to, Special Cycles are generated on the PCI Bus
depending on the data that is written.
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16.4.53. Configuration Data 0 Register (PCICDATAO)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME DID
I I I I I I I I I I I I I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME VID
I I I I I I I I I I I I I
TYPE R/W
Default 0x0000
Figure 16-64 ID Register
Table 16-66 ID Register
Bits Mnemonic Field Name | Description R/W
31:16 |DID Device ID Device ID (Default: 0x0000) R/W
This is the data loaded in the Device ID Register of the PCI Configuration
Space.
15:0 |VID Vendor ID Vendor ID (Default: 0x0000) R/W
This is the data loaded in the Vendor ID Register of the PCI Configuration
Space.
16.4.54. Configuration Data 1 Register (PCICDATA1)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME CcC
I I I I I I I I I I I I I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME CcC RID
I I I I I I I I I I I I I
TYPE R/W R/W
Default 0x00 0x00
Figure 16-65 Class Code/Revision ID Register
Table 16-67 Class Code/Revision ID Register
Bis  Mnemonic Field Name 'Description R/W
31:8 |[CC Class Code Class Code (Default: 0x000000) R/W
This is the data loaded in the Class Code Register of the PCI Configuration
Space.
7:0 RID Revision ID Revision ID (Default: 0x00) R/W
This is the data loaded in the Revision ID Register of the PCI Configuration
Space.
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16.4.55. Configuration Data 2 Register (PCICDATA2)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME SSID
I I I I I I I I I I I
TYPE R/W
Default 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME SSVID
I I I I I I I I I I I I I I
TYPE R/W
Default 0x0000
Figure 16-66 Sub System ID Register
Table 16-68 Sub System ID Register
Bits Mnemonic Field Name | Description R/W
31:16 |SSID Sub System ID Subsystem ID (Default: 0x0000) R/W
This is the data loaded in the Sub System ID Register of the PCI
Configuration space.
15:0 |SSVID Sub System Subsystem Vendor ID (Default: 0x0000) R/W
Vendor ID This is the data loaded in the Sub System Vendor ID Register of the PCI
Configuration space.
16.4.56. Configuration Data 3 Register (PCICDATA3)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME ML MG
I I I I I I I I I I I I I
TYPE R/W R/W
Default 0x00 0x00
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME 1P HT
I I I I I I I I I I I I I I
TYPE R/W R/W
Default 0x00 0x00
Figure 16-67 PCI Configuration Register 2
Table 16-69 PCI Configuration Register 2
Bits Mnemonic Field Name 'Description R/W
31:24 |ML Maximum Latency | Max_Lat (Maximum Latency) (Default: 0x00) R/W
This is the data loaded in the Max_Lat Register of the PCI Configuration
Space.
23:16 | MG Minimum Grant Min_Gnt (Minimum Grant) (Default: 0x00) R/W
This is the data loaded in the Min_Gnt Register of the PCI Configuration
Space.
15:8 |IP Interrupt Pin Interrupt Pin (Default: 0x00) R/W
This is the data loaded in the Interrupt Pin Register of the PCI Configuration
Space.
7:0 HT Header Type Header Type (Default: 0x00) R/W
This is the data loaded in the Header Type Register of the PCI Configuration
Space.
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16.4.57. PDMAC Chain Address Register (PDMCA)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

NAME RESERVED

| I | I I I I I I | I | I
TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

NAME RESERVED PDMCA[35:32]

| I | I I I I I I | I
TYPE R/W
Default undefined

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME PDMCA[31:16]

I I I I I I I I I I I I
TYPE R/W
Default Undefined

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NAME PDMCA[15:3] RESERVED

| I | I I I I I I I |
TYPE R/W
Default Undefined

Figure 16-68 PDMAC Chain Address Register

Table 16-70 PDMAC Chain Address Register

Bits |Mnemonic |Field Name Description | RIW
63:36 Rsvd —
35:3 |PDMCA Chain Address PDMAC Chain Address (Default is undefined) R/W
The address of the next PDMAC Data Command Descriptor to be read is
specified by a G-Bus physical address on a 64-bit address boundary. This
register value is held without being affected by a Reset.
0 value judgement is performed when the lower 32 bits of this register are
rewritten. DMA transfer is automatically initiated if the result is not “0”.
2:0 Rsvd —
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16.4.58. PDMAC G-Bus Address Register (PDMGA)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED
| I | I I I I | I | I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED PDMGA[35:32]
| I | I I I I I | I
TYPE R/W
Default Undefined
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME PDMGA[31:16]
I I I I I I I I I I
TYPE R/W
Default Undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME PDMGA[15:2] Reserved
| I | I I I | I
TYPE R/W
Default Undefined

Bits

Figure 16-69 G-Bus Address Register

Table 16-71 G-Bus Address Register
Description

Mnemonic |Field Name

'RIW

63:36 Rsvd

35:2 |PDMGA G-Bus Address PDMAC G-Bus Address (Default is undefined) R/W
The G-Bus DMA transfer address is specified by a G-Bus physical address on
a 32-bit address boundary. This register value is used for G-Bus Read access
during DMA transfer from the G-Bus to the PCI Bus, or it is used for G-Bus
Write access during DMA transfer from the PCI Bus to the G-Bus.
This register value is held without being affected by a Reset.

1:0 Rsvd —
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16.4.59. PDMAC PCI Bus Address Register (PDMPA)
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED
I I I I I I I I I I I I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED PDMPA[39:32]
I I I I I I I I I I
TYPE R/W
Default Undefined
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME PDMPA[31:16]
I I I | I I I I I | I |
TYPE R/W
Default Undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME PDMPA[15:2] Reserved
I I I I I I I I I
TYPE R/W
Default Undefined
Figure 16-70 PCI Bus Address Register
Table 16-72 PCI Bus Address Register
Bits Mnemonic | Field Name Description R/W
63:38 Reserved —
39:2 |PDMPA PCI Bus Address | PDMAC PCI-Bus Address (Default is undefined) R/W
The PCI Bus DMA transfer address is specified by a PCI Bus physical
address on a 32-bit address boundary. This register value is held without
being affected by a Reset.
Note: This register value is used for PCI Bus Write access during DMA
transfer from the G-Bus to the PCI Bus, or it is used for PCI Bus Read access
during DMA transfer from the PCI Bus to the G-Bus.
1:0 Rsvd —
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16.4.60. PDMAC Count Register (PDMCTR)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED
I I I I I I I I I I I
TYPE
Default
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED
I I I I I I I I I I I
TYPE
Default
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED PDMCTR[23:16
I I | I I I I I |
TYPE R/W
Default Undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME PDMCTR[15:2] Reserved
I I I I I I I I I
TYPE R/W
Default Undefined
Figure 16-71 Count Register
Table 16-73 Count Register
Bits Mnemonic | Field Name Description R/W
63:24 Rsvd —
23:2 |PDMCTR Transfer Byte PDMAC Transfer Count (Default is undefined) R/W
Count Sets an uncoded 24-bit transfer byte count in 32-bit word units. Also, the
setting of this register must always be a multiple of the transfer size specified
inside the PDMAC Control Register. No data transfer is performed if a count
of “0” is set.
This byte count value is calculated from the transferred byte size as the
PDMAC performs a DMA transfer.
This register value is held without being affected by a Reset.
1:0 Rsvd —
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16.4.61. PDMAC Control Register (PDMCFG)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
NAME RESERVED

TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED

TYPE
Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME RESERVED RSTFIFO | EXFER RESERVED
I I I I I I

TYPE R/W R/W
Default 0x0 0x0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED REQDLY ERRIE|NCCMPIE[NTCMPIE| CHNEN | XFRACT | Rsvd | BSWAP XFR|SIZE
TYPE R/IW R/W R/W R/W R R/IW R/W R/W R/W  R/W
Default 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x1

Figure 16-72 PDMAC Control Register

Table 16-74 PDMAC Control Register

Bit Mnemonic  Field Name Description R/W
63:22 Rsvd _
21 RSTFIFO Reset FIFO Reset FIFO (Default: 0x0) R/W

Initializes the Read pointer and Write pointer to the FIFO in the PDMAC, and
sets the FIFO hold count to “0”. Please use the software to clear this bit when
it is set.

This is a function for a diagnosis. Usually, it is not used.

1: Performs FIFO reset.

0: Does not perform FIFO reset.

20 EXFER Endian Transfer Endian Transfer (Default: 0x0) R/W
Specifies whether to perform Endian transfer. Please use the default as is.
Set up EXFER as follows according to a Endian setup of G-Bus.

1: G-Bus in Little Endian

0: G-Bus in Big Endian

19:14 Rsvd —
13:11 | REQDLY Request Delay Request Delay (Default: 0x0) R/W
Time G-Bus transactions for DMA transfer must be performed separated at least by

the interval this field specifies.

000: Continuously try to perform G-Bus transfer.
001: 16 G-Bus clocks

010: 32 G-Bus clocks

011: 64 G-Bus clocks

100: 128 G-Bus clocks

101: 256 G-Bus clocks

110: 512 G-Bus clocks

111: 1024 G-Bus clocks

10 ERRIE Error Detect Interrupt Enable on Error (Default: 0x0) R/W
Interrupt Enable | 1: PDMAC generates an error during error detection.

0: PDMAC does not generate an error during error detection.

9 NCCMPIE Normal Chain Interrupt Enable on Chain Done (Default: 0x0) R/W
Complete 1: PDMAC generates an interrupt when the current chain is complete.
Interrupt Enable | O: PDMAC does not generate an interrupt when the current chain is

complete.

8 NTCMPIE Normal Data Interrupt Enable on Transfer Done (Default: 0x0) R/W
Transfer 1: PDMAC generates an interrupt when the current data transfer is
Complete complete.
Interrupt Enable | O: PDMAC does not generate an interrupt when the current data

transfer is complete.
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Table 16-74 PDMAC Control Register
Bit Mnemonic  Field Name Description R/W
7 CHNEN Chain Enable Chain Enable (Default: 0x0) (Read Only) R

When the current data transfer is complete, this field reads the next data
command Descriptor from the address indicated by the PDMAC Chain
Address Register then indicates whether to continue the transfer or not.
This bit is only set to “1” when either a CPU Write process or a Descriptor
Read process sets a value other than “0” in the PDMAC Chain Address
Register.

This bitis cleared to “0” if either the Channel Reset bit is set, or “0” is set in the
PDMAC Chain Address Register by a CPU Write or a Descriptor Read
process.

The above 0 value judgement is not performed when the TX49/H4 core
stores the upper 32 bits in the PDMAC Chain Address Register.

1: Reads the next data command Descriptor.

0: Does not read the next data command Descriptor.

6 XFRACT Transfer Active Transfer Active (Default: 0x0) R/W
Specifies whether to perform DMA transfer or not.

Setting this bit after setting the appropriate value in the register group initiates
DMA data transfer.

This bit is not set if the PDMAC Count Register value is “0” and the Chain
Enable bit is cleared when “1” is written to this bit.

Even when a value other than “0” is written to the Chain Address Register, “1”
is set to this bit and DMA transfer automatically starts.

The above 0 value judgement is not performed when the TX49/H4 core
stores the upper 32 bits in the PDMAC Chain Address Register.

Data transfer will be stopped after a short delay if this bit is cleared while the
data transfer is in progress.

This bit is automatically cleared to “0” either when data transfer ends normally
or is stopped by an error.

Never clear XFRACT by software, because it stops guaranteeing a normal
operation,.

1: Perform data transfer.

0: Do not perform data transfer.

5 Rsvd —
4 BSWAP Byte Swap Within | Swap Bytes in DWORD (Default: 0x0) R/W
DWORD Specifies whether to perform 32-bit data byte swapping.

Please leave this bit at “0” for normal usage.

Setting this bit when in the Big Endian mode executes data transfer so the
byte order of the 32-bit data on the PCI Bus (which is Little Endian) does not
change.

1: Swap the byte order of each 32-bit DWORD data, then transfer.

0: Transfer without swapping the byte order of each 32-bit DWORD data.
3:2 XFRSIZE Transfer Size Transfer Size (Default: 0x0) R/W
Specifies the data transfer size in one G-Bus transaction on the G-Bus.
00: 1 DWORD (32-bit)

01: 1 QWORD (64-bit)

10: 4 QWORD (Burst transfer)

11: Rsvd

1 XFRDIRC Transfer Direction | Transfer Direction (Default: 0x0) R/W
Specifies the DMA data transfer direction.

1: Transfers data from the G-Bus to the PCI Bus.
0: Transfers data from the PCI Bus to the G-Bus.
0 CHRST Channel Reset Channel Reset (Default: 0x1) R/W
Resets the DMA channel.

This bit must be cleared by the software in advance so the channel can start
the data transfer. This reset function is not supported when PDMAC is in
operation.

Ensure that the Transfer Active (XFARCT) bit in the PDMSTATUS register is
cleared prior to resetting the DMA channel. For chained DMA, also ensure
either the Abnormal Chain Complete (ACCMP) or Normal Chain Complete
(NCCMP) bit in the PDMSTATUS register is set.

1: All logic and State Machines are reset.

0: The channel becomes valid.
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16.4.62. PDMAC Status Register (PDMSTATUS)

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

NAME RESERVED
| I | I I I I I | I |

TYPE
Default

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
NAME RESERVED

| I | I I I I I I | I |

TYPE
Default

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NAME RESERVED REQCNT FIFOCNT FIFOWP FIFORP
TYPE R R R R
Default

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED ERRINT |DONEINT| CHNEN | XFRACT | ACCMP | NCCMP | NTCMP | Rsvd | CFGERR | PCIERR | CHNERR |DATAERR
TYPE R R R R R R/WI1CR/W1C R/W1C R/W1C R/W1C R/W1C
Default 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0

Figure 16-73 Status Register

Table 16-75 Status Register

Mnemonic |Field Name

Description

63:30 Rsvd —
29:24 | REQCNT Request Delay Request Delay Counter (Default: 0x00) R

Time Counter This field indicates the request delay time counter value as 16 x n when the
6-bit value of this field is n.

23:20 |FIFOCNT FIFO Hold Count | FIFO Valid Entry Count (Default: 0x0) R
This field indicates the number of bytes that was written in the FIFO but not
yet read. This is a diagnostic function.

19:18 | FIFOWP FIFO Write FIFO Write Pointer (Default: 0x0) R

Pointer This field indicates the next Write position in the FIFO. This is a diagnostic
function.

17:16 | FIFORP FIFO Read FIFO Read Pointer (Default: 0x0) R

Pointer This field indicates the next Read position in the FIFO. This is a dianostic
function.

15:12 Rsvd —

11 ERRINT Error Interrupt Error Interrupt Status (Default: 0x0) R

Status Indicates whether to signal an error interrupt.

1: An error interrupt request exists.
0: No error interrupt request exists.

10 DONEINT Normal Transfer | Normal Transfer Complete Interrupt Status (Default: 0x0) R

Complete Indicates whether a Normal Transfer Complete Interrupt is signaled.

Interrupt Status This bit becomes “1” when either the Normal Chain Complete bit (NCCMP) is
set and the Normal Chain Complete Interrupt Enable bit (NCCMPIE) is set, or
when the Normal Data Transfer Complete bit (NTCMP) is set and the Normal
Data Transfer Complete Interrupt Enable bit (NTCMPIE) is set.

1: A Normal Transfer Complete Interrupt request exists.
0: No Normal Transfer Complete Interrupt request exists.

9 CHNEN Chain Enable Chain Enable (Default: 0x0) R
This bit is a copy of the Chain Enable bit in the PDMAC Control Register.

8 XFRACT Transfer Active Transfer Active (Default: 0x0) R
This bit is a copy of the Transfer Active bit in the PDMAC Control Register.

7 ACCMP Abnormal Chain | Abnormal Chain Complete (Default: 0x0) R

Completion 1: Indicates that the Chain transfer ended in an error state. In other words,
this reflects an OR operation of the PDMAC Status Register bits [3:0].

0: Indicates that no error has occurred in the Chain transfer since the previous
error bit was cleared.

Note: Bits [3:0] of the PDMAC Status Register must be cleared in order to
clear this bit.
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Table 16-75 Status Register
Bit |Mnemonic |Field Name Description | RIW
6 NCCMP Normal Chain Normal Chain Complete (Default: 0x0) R/W1C
Completion 1: Indicates that the Chain transfer ended in the Normal state.
0: Indicates that Chain transfer has not ended since this bit was previously
cleared.
5 NTCMP Normal Data Normal Data Transfer Complete (Default: 0x0) R/W1C
Transfer 1: Indicates that the data transfer specified by the PDMAC Register ended in
Complete the Normal state.
0: Indicates that data transfer has not ended since this bit was previously
cleared.
4 Rsvd —
3 CFGERR Configuration Configuration Error (Default: 0x0) R/W1C
Error 1: Indicates that either the current setting of the control portion in the Control
Register and the Address/Count Register are not consistent with each other
or the PDMAC stipulation is not being obeyed. DMA transfer stops.
0: Indicates that the current setting of the control portion in the Control
Register can be tolerated.
2 PCIERR PCI Fatal Error PCI Fatal Error (Default: 0x0) R/W1C
1: Indicates that an error was signaled on the PCI Bus during the Chain
process.
0: Indicates that no error has been signaled on the PCI Bus since this bit was
previously cleared.
1 CHNERR G-Bus Chain Error | G-Bus Chain Bus Error (Default: 0x0) R/W1C
1: Indicates that a G-Bus error occurrred during the Chain process. DMA
transfer stops.
0: Indicates that no G-Bus error has occurred during the Chain process since
this bit was cleared.
0 DATAERR G-Bus Data Error | G-Bus Data Bus Error (Default: 0x0) R/W1C
1: Indicates that a G-Bus error occurred during the data transfer process.
DMA transfer stops.
0: Indicates that no G-Bus error has occurred during the data transfer process
since this bit was cleared.
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Figure 16-74 PDMAC Interrupt Signaling
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16.5. PCI Configuration Space Register
16.5.1. Configuration Space Register Map

The PCI Configuration Space Register is accessed using PCI Configuration cycles by way of an external PCI host device
only when in the Satellite mode. Table 16-76 lists registers contained within the PCI Configuration Space Register. The
registers in the table with a shaded background are those whose values can be rewritten using EEPROM.

Registers at addresses 0x00 through 0x41 can use the corresponding PCI Controller Control Register to access from the
TX49/H4 core when in the Host mode. Please refer to the explanation of the corresponding PCI Controller Control registers
for more information about these registers. This section only describes the registers that are accessed from the PCI
Configuration Space.

Also, it is possible to read some of the fields in the Status Register and PMCSR register from the Satellite Mode PCI Status
Register.

Please refer to the PCI Bus Specifications for more information on the PCI Configuration Register.

Table 16-76 PCI Configuration Space Register

Offset PCI Register WORD (32-bit) Corresponding

Address 31 24 23] \ 16 15| \ Register
00h Device ID Vendor ID PCIID
04h Status Command PCISTATUS
08h Class Code Revision 1D PCICCREV
0Ch BIST | HeaderType | Latency Timer Cache Line Size | PCICFG1
10h Memory Space 0 Lower Base Address P2GMOPLBASE
14h Memory Space 0 Upper Base Address P2GMOPUBASE
18h Memory Space 1 Lower Base Address P2GM1PLBASE
1Ch Memory Space 1 Upper Base Address P2GM1PUBASE
20h Memory Space 2 Base Address P2GM2PBASE
24h 1/0O Space Base Address P2GIOPBASE
28h Reserved —
2Ch Subsystem ID | Subsystem Vendor ID PCISID
30h Reserved —
34h Reserved Capabilities Pointer | PCICAPPTR

(Cap_Ptr)
38h Reserved —
3Ch Max_Lat | Min_Gnt Interrupt Pin Interrupt Line PCICFG2
40h Reserved Retry Timeout Value TRDY Timeout G2PTOCNT
Value

44h-DBh Reserved —

DCh Power Management Capabilities (PMC) Next Iltem Ptr Capability ID —
(Next_ltem_Ptr) (Cap_ID)
EOh Reserved Reserved Power Management Control/Status —
Register (PMCSR)
E4h-FFh Reserved —
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16.5.2. Memory Space (m) Lower Base Address (m=0, 1, 2)

Memory Space 0 Lower Base Address (10h)
Memory Space 1 Lower Base Address (18h)
Memory Space 2 Lower Base Address (20h)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME BA [31:29] | | | BIA [28:2(|)] | | | BA [19:16]
TYPE RW RW RW RW RW RW RW RW RW RW RW RW RO RO RO RO
or or or or or or or or or
RO RO RO RO RO RO RO RO RO

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA [15:4] PF TYPE MSI

I I I I I I I I I I I I

TYPE R/O RO RO RO RO RO RIO RO RO RO RO RO RW RIO RIO
Default 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Figure 16-75 Memory Space (m) Lower Base Address Register

Table 16-77 Memory Space (m) Lower Base Address Register

Bit |Mnemonic |Field Name Description | RIW
31:29 [BA[31:29] Base Address Base Address [31:29] R/W
[31:29] These bits are always R/W and defines Base Address of PCI Memory
windows 0.
28:20 [BA[28:20] Base Address Base Address [28:20] or Offset R/W
[28:20] or

The TYPE of this bit vary depend on the value of corresponding bit in the R/O
register field of P2GM(m)PLBASE.MSS. See Table 16-78 below.

Corresponding bit = 0 : R/O and this bit is the part of offset address.
Corresponding bit = 1 : R/W and this bit is part of Base Address.

19:4 |BA[19:4] Base Address Base Address [19:4] and Offset of PCI Address R/O
3 PF Prefetchable Prefetchable R/O

0 : Indicate that the memory is not prefetchable.
1 : Indicate that the memory is prefetchable.

2:1 Type Type Type (Default = 00) R/O
Locate anywhere in lower 4GB.
0 MSI Memory Space Memory Space Indicator R/O

0 : Memory Space

Table 16-78 Correspondence of BA [28:20] field

MSS[31:20] 25 24 23| 22 21| 20| n | Memory Size
OXE00 1 ] 1] 1]o0o]o]o]o] o] o] o] o] o029 512 MB
0xFO00 1 1 1 1 0 0 0 0 0 0 0 0 28 256 MB
OxF80 1 1 1 1 1 0 0 0 0 0 0 0 27 128 MB
0XFCO 1 |1 [ 1 [ 11100 oo o] o2 64 MB
OxFEO 1 1 1 1 1 1 1 0 0 0 0 0 25 32 MB
OxFFO 1 1 1 1 1 1 1 1 0 0 0 0 24 16 MB
OxFF8 1 1 1 1 1 1 1 1 1 0 0 0 23 8 MB
OxFFC 1 1 1 1 1 1 1 1 1 1 0 0 22 4 MB
OXFFE 1 1 1 1 1 1 1 1 1 1 1 0 21 2 MB
OxFFF 1 1 1 1 1 1 1 1 1 1 1 1 20 1 MB
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16.5.3. 10 Space Base Address (24h)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NAME BA [31:29]
| | | | | | | | | | | | | | |
TYPE RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME BA [15:8] RESERVED 10SI
| | | | | | | | | | | | |
RIO

TYPE RW RW RW RW RW RW RW R/W
Default 0 0 0 0 0 0 0 0 0

Figure 16-76 IO Space Base Address Register

Table 16-79 10 Space Base Address Register

Bit |Mnemonic |Field Name Description | RIW
31:8 |[BA[31:8] Base Address 10 SpaceBase Address [31:8] R/W
[31:8]
Define the IO Space Base Address
71 RESERVED | RESERVED RESERVED R/O
0 10SI 10 Space 10 Space Indicator R/O
1:10 Space
16.5.4. Capability ID Register (Cap_ID) 0xDC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED CID
I I I I I I I I I I I
TYPE R
Default 0x01
Figure 16-77 Capability ID Register
Table 16-80 Capability ID Register
Bits Mnemonic | Field Name | Description R/W
15:8 Reserved —
70 CID Capability ID Capability ID (Default: 0x01) R
Indicates that a list is the link list of the Power Management Register.
16.5.5. Next Item Pointer Register (Next_Item_Ptr) OxDD
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME RESERVED NIP
I I I I I I I I I I
TYPE R
Default 0x00
Figure 16-78 Next Item Pointer Register
Table 16-81 Next Item Pointer Register
Bits Mnemonic | Field Name 'Description R/W
15:8 Reserved —
7.0 NIP Next Item Pointer | Next Item Pointer (Default: 0x0) R
This is the Next Iltem pointer. Indicates the end of a list.
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16.5.6. Power Management Capability Register (PMC)  OxDE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME | PMESPT | D2SPT|D1SPT| Reserved DSI | Reserved | PMECLK PMVER
TYPE R R R R R R
Default 0x19 0 0 0 0 0x2

Figure 16-79 PMC Register

Table 16-82 PMC Register

Bit Mnemonic | Field Name Description R/W
15:11 | PMESPT PME Output PME_ Support (Fixed Value: 0x09) R
Support Indicates that the PME* signal can be output from the state where the bit is
setto “1”.

Bit 15: Can output the PME* signal from the D3cold state.

Bit 14: Can output the PME* signal from the D3hot state.

Bit 13: Can output the PME* signal from the D2 state.

Bit 12: Can output the PME* signal from the D1 state.

Bit 11: Can output the PME* signal from the DO state.

Note: With the TX4939 PCI Controller, it is possible to output the PME*
signal from the DO and the D3hot states.

10 D2SPT D2 Support D2_Support (Fixed Value: 0) R
0: Indicates that the D2 state is not supported.
9 D1SPT D1 Support D1_Support (Fixed Value: 0) R
0: Indicates that the D1 state is not supported.
8:6 Reserved —
5 DSl DSl DSI (Fixed Value: 0)
0: Indicates that Device Specific Initialization is not required.
4 Reserved —
3 PMECLK PME Clock PME Clock (Fixed Value: 0) R
0: Indicates that the PCI Clock is not required to assert the PME* signal.
2:0 PMVER Power Version (Fixed Value: 0x2) R
Management I/F | 2: Indicates compliance with "PCI Power Management Interface
Version Specification" Version 1.1.
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16.5.7. Power Management Control/Status Register (PMCSR) OxEO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NAME | PMESTA | | | | | PMEEN RESERVED PIS
TYPE R/WI1C R/IW R/W
Default 0x0 0x0 0x0

Figure 16-80 PMCSR Register

Table 16-83 PMCSR Register

Bit Mnemonic Field Name Description R/W
15 PMESTA PME Status PME_Status (Default: 0x0) R/W1C
Indicates the existence of a PME (Power Management Event) .

1: There is a PME.

0: There is no PME.

The value of this bit becomes “1” when Writing a “1” to the PME bit
(P2GCFG.PME) of the P2G Configuration Register.

This bit is cleared when the Host Bridge writes a “1”. It is possible to signal a
PME* Clear Interrupt at this time.

14:9 Reserved —
8 PMEEN PME Enable PME_En (Default: 0x0) R/W
Sets PME* signal assertion to enable or disable.
1: Enables assertion of the PME* signal.
0: Disables assertion of the PME* signal.
The PME_En set bit of the P2G Status Register (P2GSTATUS.PMEES) is set
when this bit is set. At this time, it is possible to signal the PME_En set
interrupt.
7:2 Reserved —
1:0 PS Power State PowerState (Default: 0x0) R/W

Sets the Power Management state.

The Power Management State Change bit (P2GSTATUS.PMSC) of the P2G
Status Register is set when the value of this field is changed. It also becomes
possible to generate a Power State Change Interrupt at this time.

The TX4939an read the value of this field from the PowerState field
(PCISSTATUS.PS) of the Satellite Mode PCI Status Register.

00b: DO (no change)

01b: D1 :Reserved

10b: D2 :Reserved

11b: D3hot
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16.6. A Malfunction of PCI Controller
16.6.1. Outline of the problem

If PCI to G-Bus transfer (PCl initiator read) by PDMAC, PCl read access by G-Bus bus master (B), and PCl bus access (read
or write) by G-Bus bus master (A) are executed simultaneously, PCIl read access by G-Bus bus master (B) could not finish.

16.6.2. Condition of the problem occurrence
1) PDMAC PCI Initiator reads data from a device on PCI bus. (Read from PCI bus and write to G-Bus.)

2) If an access (read or write) requirement (*) to a device on PCI bus by G-Bus bus master (A) is issued
before PDMAC PCl initiator’s read transfer (1) finish, the required access by G-Bus bus master (A) will
be retried on G-Bus.

By the way, the retry happened by overflow of PCI access command queue could cause the problem.
The followings are candidates to cause that retry.

The access requirement (*) by G-Bus bus master (A) is :

Burst Write Transfer

o Single write transfer in case of that three times single write transfers are executed before
PDMAC PCl initiator read transfer (1)

o (Single/Burst) read transfer in case of that three times single write transfers are executed
before PDMAC PCl initiator read transfer (1)

3) PDMAC initiator read transfer (1) finish on PCI bus.
(4)  Though read transfer on PCI bus by G-Bus bus master (B) is executed, it will be retried, and then the

retry can't be accepted. Then retry — refuse the request — retry — refuse the request — ... This
iteration will be continued permanently.

16.6.3. Work-around

In case of that PCI to G-Bus transfer (PClI initiator read) by PDMAC and PCI read access by G-Bus bus master (B) are
executed simultaneously, any PCI bus access (read or write) is forbidden.

(Any problem doesn’t occur if the number of G-Bus bus master which executes PCI read access simultaneously with
PDMAC is one, or if the G-Bus bus masters execute PCI write access regardless of the number of the G-Bus bus masters).
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Chapter 17. ATA100 ATAP Interface

17.1. Overview

This document is the functional specification for the ATA Host Interface Controller used in TX4939.

L 2K 2K 2R 2% 2K 4

*e oo

Compliant with ATA/ATAPI-6.

Can interface with the TX49 G-Bus.

Can become the Bus Master and transfer data to external memory.

Data bus widths of 64 bits, can select Byte Big/Little Endian.

Can select incrementing/decrementing/fixed address of the transfer address.

Realizes Auto DMA mode. (When issuing a DMA command, settings such as the transfer direction and transfer
start are unnecessary. After the command is issued, this controller can realize data transfer and only has to wait
for a Transfer End interrupt.)

Sets up the reset timer.

Has 16 x 64-bit transmit FIFO and 16 x 64-bit receive FIFO. Can absorb the transfer rate difference between when
transferring to/from the device and when transferring to/from the external memory.

Can issue Timing Error interrupts.
Can Support Scatter Gather DMA.

The following table lists the transfer modes that this interface supports.

Operating Frequency 100 MHz

Supported Mode Mode 0 (Cycle Time: 600 nsec)
(P10) Mode 1 (Cycle Time: 383 nsec)
Mode 2 (Cycle Time: 240 nsec)
Mode 3 (Cycle Time: 180 nsec)
Mode 4 (Cycle Time: 120 nsec)

Supported Mode Mode 0 (Cycle Time: 480 nsec)
(Multiword DMA) Mode 1 (Cycle Time: 150 nsec)

Mode 2 (Cycle Time: 120 nsec)
Supported Mode Mode 0 (Cycle Time: 240 nsec)
(Ultra DMA) Mode 1 (Cycle Time: 160 nsec)

Mode 2 (Cycle Time: 120 nsec)
Mode 3 (Cycle Time: 90 nsec)
Mode 4 (Cycle Time: 60 nsec)
Mode 5 (Cycle Time: 40 nsec)
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17.2. Block Diagram

TX49 GBUS

Slave_mapping

| ATA100 Core |
: TX49 Interface !
: <—> !
! Bus Master ﬁ |
| Control Command v |
Packet \ '
! Control i ’ !
i FIFO - i j_>|
! (16x16 Bits) > =N\ =
i | Transmit v 2 >
i FIFO - < > P10 Control § i &
' [a6x64Bits)) | T v 4
: o | | Multiword DMA o :
: S Control 3 |
i =] = :
i | Receive = v
i FIFO N | - Ultra DMA \ i
| |(16x64 Bits) Control '
! K > i

Figure 17-1 ATA100 Controller Block Diagram
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17.3. Register List
17.3.1. Register address map

Use byte, half-word, or word load/store to access register with 8, 16, or 32 bits word, respectively

A(éztj:ss W(Ititt;] A'(I:';szs Register Name Location/Comments
ATAO/1
LE BE

000 006 16 R/W DATA ATA100 Core/ATA Shadow register *1

001 006 8 R Error ATA100 Core/ATA Shadow register *1

001 006 8 w Feature ATA100 Core/ATA Shadow register *1

002 005 8 R/W Sector Count ATA100 Core/ATA Shadow register

003 004 8 R/W LBAO ATA100 Core/ATA Shadow register

004 003 8 R/W LBA1 ATA100 Core/ATA Shadow register

005 002 8 R/W LBA2 ATA100 Core/ATA Shadow register

006 001 8 R/W Device/Head ATA100 Core/ATA Shadow register *3

007 000 8 R Status ATA100 Core/ATA Shadow register

007 000 8 w Command ATA100 Core/ATA Shadow register

400 406 16 N/A Reserved N/A writes ignored

402 405 8 R Alt Statusl ATA100 Core/ATA Shadow register

402 405 8 W Device Control ATA100 Core/ATA Shadow register

403 404 8 N/A Reserved N/A writes ignored

800 807 8 R/W DMA Command Slave mapping/Mapped to ATA100
Core*4

801 806 8 N/A Reserved N/A writes ignored

802 805 8 R/W DMA Status Slave mapping *4

803 804 8 N/A Reserved N/A writes ignored

804 800 32 R/W PRD table Ptr Slave mapping

808 80C 32 N/A Reserved N/A writes ignored

80C 808 32 N/A Reserved N/A writes ignored

c00 c06 16 R/W Sys Control Slave mapping*3,*5/Mapped to ATA100
Core

c08 cOe 16 R/W Xfer Word Cnt 1 Slave mapping*6/Mapped to ATA100
Core

cOa cOc 16 R/W Xfer Word Cnt 2 Slave mapping*6/Mapped to ATA100
Core

c10 cl6 16 R/W Sector Cnt ATA100 Core

c18 cle 16 R/W Xfer Start Lower Address ATA100 Core

c20 c26 16 R/W Xfer Start Upper Address ATA100 Core

c28 c2e 16 R/W Additional Control ATA100 Core

c30 c36 16 R/W Lower Burst Counter ATA100 Core

c38 c3e 16 R/W Upper Burst Count ATA100 Core

c88 c8e 16 R/W P10 Access Address ATA100 Core

c90 c96 16 R/W Host Reset Timer ATA100 Core

c98 c9e 16 R/W Interrupt Control ATA100 Core

cbh8 che 16 e ATAPI| Packet Command ATA100 Core

ccO cc6 16 RO Bus Xfer Count High ATA100 Core

cc8 cce 16 RO Bus Xfer Count Low ATA100 Core

cd0 cd6 16 R/W ATA Device Timing Error ATA100 Core

cd8 cde 16 R/W Packet Xfer Control ATA100 Core

ce0 ceb 16 R/W Xfer Start Top Address ATA100 Core
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Note :

1 Data register in ATA shadow register is 16 bits; all others are 8 bits. All ATA shadow registers are accessed on
Gbus byte boundaries. The Data register should be accessed with a word address of 0 and the two least
significant byte enables asserted. This will read or write the full 16-bit data register. If only the least significant
byte enable is asserted, the high-order byte of the data to or from the data register will be set to zero. If the
Gbus word address is 0 and byte enable 1 is the least significant one asserted, this is an access of the
Error/Feature register.

2 The ATA Controller does not support a 64-bit read/write to registers. So the read/write to DMA Command,
Status and PRD Table Pointer can not be combined. Use 32-bit load/store to read/write to PRD Table Pointer.

3 Every time user does a write to the Device/Head register, user must do a write to the System Control Register
for next command/data transfer immediately after the write to the Device/Head register.

4 Awrite to the Command register in the slave mapping module will cause to write the new value of the Direction
bit in the ATA100 Core and to write the new value of the Start bit in the ATA100 Core. Since the Status and
Command registers are within the same 32-bit word, it is possible to clear the status bits and write the R/W and
Start bit in the same Gbus write operation. But please take consideration on access order. The status bits will
be cleared first, then the R/W bit will be written to the correct value and finally the start bit will be written. When
both the R_OR_WCTR bit (direction bit) and START_STOPBM bit (start bit) are written in the same Gbus write
cycle, the R_OR_WCTR bit will be written before the START_STOPBM bit.

5 The write to Device/Head register clears any other bits in System Control register except command and data
transfer mode field.

6 There are also 2 Transfer Word Count registers, 1 and 2. The mapping module maintains an internal bit to keep
track the value of DEV bit of Device/Head ATA device register. If this bit is 0, it writes the transfer word count 1,
otherwise it writes the transfer word count 2 to transfer word count register in ATA100 Core.

But it is impossible to read Transfer Word Counter register in ATA100 Core itself.

7 All ATA100 Core registers are 16 bits. The addresses of these registers are on 64-bit boundaries. Use only
load/store half word (16-bits) to access these registers. The ATA100 Core does not support byte access to
these registers.

8 User needs to specify the burst count registers as described in section 17.3.3 for variable burst length.

9 If the PRD_NOT_EN in DMA Command register is on, the Transfer Start Address needs to be specified.
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17.3.2. Registers in slave mapping
17.3.2.1. DMA Command Register (800h)

Bit: D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
PRD_[R_OR START
Name: Reserved Reserved NOT_|_WCT| Reserved | STOP
I R N T N I -
R/W: RO RO R/W  RW RO RW
Default 00000000 000 0 0 00 0
| Mnemonic  Field Name Description
D7:D5 Reserved
D4 PRD_NOT_E |[PRD_NOT_EN PRD not enable, if this is ‘1’ the DMA will use the Transfer Start Address for Source or
N Destination address as described in ATA100 Core
D3 R_OR_WCTR | R_OR_WCTR This bit specifies a direction of data transfer
0 : Host - Device
1: Device - Host
This bit is mapped to Direction bit in ATA100 Core
D2:D1 Reserved
DO START_STO |START_STOPBM | Data transfer starts by setting this bit to 1. Data to be transferred is specified in both
PBM Transfer Word Counter register and Sector Counter register. This bit will be cleared

when transfer terminates. And following is the clear condition for this bit.
a) Power On Reset

b)  Soft Reset (bit[15] of System Control Register)

¢) Termination of specified Data transfer including command packet
Data Transfer termination except above condition does not clear this bit.

This bit is mapped to Start bit in ATA100 Core

Figure 17-2 Command Register

17.3.2.2. DMA Status Register (802h)

Bit: D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
DR1_D|DRO_D INT_ [ERRO| BM
Name: | I | I‘lx’eservetlj | | I MACP | MACP ResTrved DE R ACT
R/W: RO RW RwW RO RWC RWC RO
Default 000000000 0 0 0 0 0 0
Bits \ Mnemonic Field Name Description
D7 Reserved Reserved
Fixed to “0".
D6 DR1_DMACP |DR1_DMACP DR1_DMACP [Drivel (Slave) DMA Capable]
Is set to “1” when a slave drive can perform DMA.
D5 DRO_DMACP |DRO_DMACP DRO_DMACP [Drive0 (Master) DMA Capable]
Is set to “1” when the master drive can perform DMA.
D4:D3 Reserved
D2 INT_IDE INT_IDE INT_IDE (RWC) [Interrupt]
Is “1” when data transfer completes. This bit is cleared by writing “1” to it.
When this bitis setto ‘1’, the following bits of the ATA Interrupt Controller Register will be
reset: bits [15:8] (Mask Address Error INT, Mask Reach Multiple INT, Mask DEV
Timing Error, Mask Ultra DMA DEV Terminate, Mask Timer INT, Mask Bus Error, Mask
Data Transfer End, Mask Host INT), and bits [1:0] (Data Transfer End, Host INT).
D1 ERROR ERROR ERROR (RWC)
Is set to “1” when an error occurs during data transfer to or from the system memory.
This bit is cleared by writing a “1” to it. Refer to the status register in the configuration
space for details about the error.
DO BM_ACT BM_ACT BM_ACT(RO) [Bus Master IDE Active]
Is set to “1” when the command register start bit is set to “1.” This bit is set to “0” either
when the start bit is set to “0” (aborted) or when the last transfer in the current cycle is
executed and the area descriptor EOT is set (terminated normally).

Figure 17-3 Status Register
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17.3.2.3. PRD Table Pointer Register (804h—807h)
Bit: D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16

Name: | | | | | | BADDRIIDESTBL | | | | | |
R/W: RW
Default 0x0000
Bit: D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Name: | | | | BADDRDESTBL | | | | Reserved
R/W: RW RO RO RO
Default 0x0000 0 0 0
Bits | Mnemonic  Field Name Description
D31:D3 BADDRDEST |BADDRDESTBL |BADDRDESTBL
BL Specifies the upper 29 bits of the PRD berth address. This address must be specified in

8-Byte alignment.
The Descriptor Table must not cross a 64K boundary in memory.

D2:D0 Reserved

Figure 17-4 PRD Table Pointer Register
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17.3.2.3.1. PRD

The PRD (Physical Region Descriptor) is a table that is used to define the physical memory area used in bus master
transfers. It is provided for handling situations where the memory area can only be used in small divided sections when
performing bus master transfer. The minimum configuration unit of a PRD is two double-words, with each PRD located at
contiguous addresses so that they can be read by the hardware. The software prepares PRDs in a memory area.

17.3.2.3.2. PRD Table

The PRD table has its PRD data arranged in contiguous locations beginning with the address specified by the base address.

One PRD consists of two double-words (64 bits). The base address is specified by an 1/O register.

17.3.2.3.3. PRD Configuration

Offset

0x00 PRD

0x08 PRD

0x10 PRD

0x18 PRD (Last data)

Bit: D63 D62 D61 D60 D59 D58 D57 D56 D55 D54 D53 D52 D51 D50 D49 D48
Name: | EOT Reserved
R/W: RW RO
Default 0 0
Bit: D47 D46 D45 D44 D43 D42 D41 D40 D39 D38 D37 D36 D35 D34 D33 D32
Name: Byte Count [15:3] *1 il Al
R/W: RW *x *x %
Default ** 0 0 0
Bit: D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16
Name: Memory Region Physical Base Address [31:16]
R/W: RW
Default 0
Bit: D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Name: | | | Memory Region Physical Base Adciiress [15:3] | | *2 *2 *2
R/W: RW
Default 0 0 0 0

*1 : Byte Count[0]
*2 : Memory Region Physical Base Address[0]

Bits 'Mnemonic  Field Name Description
D63 EOT EOT EOT
This bit designates the end of the table. Set this bit to “1” for the last entry of the table.
The DMA controller checks this bit and terminates DMA processing when it is “1.”
D62:D48 Reserved
D47:D35 | Byte Count Byte Count Byte Count [15:3]
These bits specify the size of the memory area. The 3 least significant bits of this byte
count must be “0” since the address needs to be double word-aligned (8 bytes)
D31:D3 Memory Memory Region Memory Region Physical Base Address [31:3]
Region Physical Base These bits specify the start address of the memory area in which to store data during
Physical Base | Address DMA transfer. The 3 least significant bits of this address must be “0” since the address
Address needs to be double word-aligned (8-bytes).

Figure 17-5 PRD Configuration
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17.3.2.4. System Control Register (CO0h)

This register is the same as System Control register in ATA100 CORE. The register is shared with both Master device and

Slave device.

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9
Soft Reset FIFO Reset PDIAGN DASPN ATA Hard Command Transfer Mode Select
Reset
W W R R R/W R/W R/W R/W
0 0 1 1 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit 0
Data Transfer Mode Select Break Enable | End Break Auto DMA Access Now
Enable
R/W R/W R/W R/W R/W R/W R/W R
0 0 0 0 0 0 0 0
Figure 17-6 System Control Register
Table 17-1 System Control Register
BIT NAME Description
Bit[15]: Soft Reset This bit resets the controller.
Bit[14]: FIFO Reset This bit resets the FIFO control block. You do not have to set this bit during normal
operation. (This bit is only used during the controller test.)
Note: When you set this bit, after the G-Bus BSTARTN signal is asserted, do not
execute register read operation until 7-12 GBUSCLK cycles pass.
Bit[13]: PDIAGN You can use this bit to monitor the PDIAGN signal on the ATA Bus.
Bit[12]: DASPN You can use this bit to monitor the DASPN signal on the ATA Bus.
Bit[11]: ATA Hard Reset You can activate a Reset signal that is sent to the ATA Bus by setting this bit. This bit is
automatically cleared when the time set by the Host Reset Timer Register elapses.
However, you must take note that after this bit is set, the device will ignore any
commands that are set until this bit is cleared.
Bit[10:8] Command Transfer You can use this field to select the transfer mode that you will use when accessing ATA

Mode Select [2:0] Registers such as command registers on the target device. Access to the Data Register

from TX4939 follows the Data transfer timing.

000: Selects PIO Mode 0 (Minimum Cycle Time: 600 ns)
001: Selects PIO Mode 1 (Minimum Cycle Time: 383 ns)
010: Selects PIO Mode 2 (Minimum Cycle Time: 330 ns)
011: Selects PIO Mode 3 (Minimum Cycle Time: 180 ns)
100: Selects PIO Mode 4 (Minimum Cycle Time: 120 ns)

101, 110, 111: Reserved

The minimum cycle times mentioned above are specific values

Example: The following transfer modes are selected when using Command Transfer
Mode Select to select PIO Mode 3 and Data Transfer Mode Select to select Ultra DMA
Mode 1.

1. ATA registers except the Data Register - PIO Mode 3

2. Data Register — PIO Mode 3
(Timing is the same as when using Data Transfer Mode Select to select PIO Mode 3.)

3. Data Transfer — Ultra DMA Mode 1
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Table 17-1 System Control Register
BIT NAME Description
Bit[7:4]: Data Transfer Mode You can use this field to select the data transfer mode that the system uses.
Select [3:0] 0000: Selects PIO Mode 0 (Cycle Time: 600 ns)

0001: Selects PIO Mode 1 (Cycle Time: 383 ns)

0010: Selects PIO Mode 2 (Cycle Time: 240 ns)

0011: Selects PIO Mode 3 (Cycle Time: 180 ns)

0100: Selects PIO Mode 4 (Cycle Time: 120 ns)

0101: Selects Multiword DMA Mode 0 (Cycle Time: 480 ns)
0110: Selects Multiword DMA Mode 1 (Cycle Time: 150 ns)
0111: Selects Multiword DMA Mode 2 (Cycle Time: 120 ns)
1000: Selects Ultra DMA Mode 0 (16.6) (Cycle Time: 240 ns)
1001: Selects Ultra DMA Mode 1 (25.0) (Cycle Time: 160 ns)
1010: Selects Ultra DMA Mode 2 (33.3) (Cycle Time: 120 ns)
1011: Selects Ultra DMA Mode 3 (44.4) (Cycle Time: 90 ns)
1100: Selects Ultra DMA Mode 4 (66.6) (Cycle Time: 60 ns)
1101: Selects Ultra DMA Mode 5 (100.0) (Cycle Time: 40 ns)
1110-1111: Reserved

The cycle times mentioned above are specific values.

Bit[3]: Break Enable You can suspend PIO Mode data transfer. When setting this bit, you can suspend in
units of the set sector count data transfer that was initiated by the READ MULTIPLE,
READ MULTIPLE EXT, WRITE MULTIPLE, or WRITE MULTIPLE EXT command, and
you can suspend in 512-byte units data transfer that was initiated by all other
commands. Then an interrupt is issued. You can restart transfer by setting bit [2](End
Break). In other words, set bit [3] when initializing and set both bit [2] and bit [3] when
restarting.

While data transfer is suspended by this bit, you can access the device ATA Registers.

Bit[2]: End Break When bit [3](Break Enable) has interrupted transfer as described above, setting this bit
makes it possible to clear the suspend state. During a read, this bit is the status bit that
indicates transfer is being suspended.

Bit[1]: Auto DMA Enable You can automatically set the transfer direction or initiate transfer when setting this bit
while using one of the following commands to execute data transfer: READ DMA, READ
DMA EXT, WRITE DMA, WRITE DMA EXT. However, the Data Transfer Mode selected
by bits [7:4] must select Multiword DMA or Ultra DMA mode.

Bit[O]: Access Now The internal State Machine indicates that a device is currently being accessed.

<CAUSION>

The write to the register by the Device/Head register may cause an unexpected function by write wrong
data to the register. So please rewrite to the System Control register after write to the Device/Head
register to secure write to System Control register in ATA100 Core.

Rev. 3.1 November 1, 2005 17-9



TOSHIBA m X Toshiba RISC Processor

System
ATA100 Risc TX4939

17.3.2.5. Transfer Word Count 1 Register (C08h):

This register sets the transfer word count in ATA100 Core for a master device. The register description is the same as the
transfer word count register in ATA100 Core below.

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10
Transfer Word Count[15:8]
R/W R/IW R/W R/W R/IW R/W R/W R/IW

Transfer Word Count[7:0]
R/W R/IW R/W R/W R/IW R/W R/W R/IW
0 0 0 0 0 0 0 0

Figure 17-7 Transfer Word Count 1 Register

This register sets the transferred word count for each sector. When the size of 1 sector transferred to the device is 512 bytes,
you do not need to change this register from its default state. Set bits [10:8] to the following values: 001 — 512 bytes; 010
— 1024 bytes; 100 — 2048 bytes.

Calculate the amount of data transferred by a single command as shown below.
Total Transfer Word Count = Transfer Word Count [15:0] x Sector Count [15:0]

When any sector data transfer starts, the transfer word number for each sector to be performed is set in this register and this
number is decremented when each transfer is performed.

Note 1) You must set “00h” to the lower order of the Transfer Word Count when setting a value other
than 1 to the Sector Count.
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17.3.2.6. Transfer Word Count 2 Register (COAh):

This register sets the transfer word count in ATA100 Core for a slave device. The register description is the same as the

transfer word count register in ATA100 Core below.

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9
Transfer Word Count[15:8]

R/IW R/IW RIW R/IW R/W RIW R/IW R/W
0 0 0 0 0 0 0 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 ] Bit 0
Transfer Word Count[7:0]

R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-8 Transfer Word Count 2 Register

This register sets the transferred word count for each sector. When the size of 1 sector transferred to the device is 512 bytes,
you do not need to change this register from its default state. Set bits [10:8] to the following values: 001 — 512 bytes; 010
— 1024 bytes; 100 — 2048 bytes.

Calculate the amount of data transferred by a single command as shown below.
Total Transfer Word Count = Transfer Word Count [15:0] x Sector Count [15:0]

When any sector data transfer starts, the transfer word number for each sector to be performed is set in this register and this
number is decremented when each transfer is performed.

Note 1) You must set “00h” to the lower order of the Transfer Word Count when setting a value other
than 1 to the Sector Count.
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17.3.3. ATA100 Core Control Registers
17.3.3.1. Sector Count Register (C10h)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9

Sector Count[15:8]

R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 1 [ Bit 0
Sector Count[7:0]

R/W R/IW RIW R/W R/IW RIW R/W R/W

0 0 0 0 0 0 0 1

Description

You can use this register to determine the number of sectors to transfer. The Transfer
Word Count Register determines the transfer byte count for each sector. Also, setting
“0000h” to this register results in the same operation as if “10000h” was set.

When transfer starts, the total sector number of transfers to be performed is set in this
register and this number is decremented when each sector transfer is performed.

Bit[15:0]: Sector Count

17.3.3.2. Transfer Start Lower Address Register (C18h)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 \ Bit 8
Transfer Start Address[15:8]
R/W R/IW R/W R/W R/IW R/W R/W R/IW

Transfer Start Address [7:0]
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

This register is used only if PRD_NOT_EN in DMA Command Register is ‘1’. The 3 LSB’s should be 0.
This register sets the lower read/write start address of the transfer that this controller outputs to the G-Bus.

17.3.3.3. Transfer Start Upper Address Register (C20h)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10
Transfer Start Address[31:24]
R/W R/IW R/W R/W R/IW R/W R/W R/IW

Transfer Start Address [23:16]
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

This register is used only if PRD_NOT_EN in DMA Command Register is ‘1.
This register sets the upper read/write start address of the transfer that this controller outputs to the G-Bus.
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17.3.3.4. Additional Control Register (C28h)
Bit15 Bit14 | Bit13 Bit12 Bit1l Bit10

Not Used Not Used Bus Mode T All Pause All Idle
R R R/W R/W R R R R

0

Reserved Transfer Not Used Byte Swap Endian Control
Pause
- R/W - R/W R/W R/W R R
0 0 0 GENDIAN 0 0 0 1
Figure 17-9 Additional Control Register
Table 17-2 Additional Control Register
BIT NAME Description
Bit[13:12]: Not Used User should write only 00 to this field. Other values will be undefined
Bit[11:10]: Bus Mode This field determines the bus width when transferring data as the Bus Master.

11: Reserved
10: 64-bit bus. Only support 64-bit bus.

Note: Data transfer rate on the ATA Bus is influenced by these bits.

Bit[9]: All Pause You can use this bit to acknowledge that the receiving of data from the device has been
paused. Also, this bit is only set when bit [6](Transfer Pause ) is set.

1: Transfer had been paused.

0: Normal state

Bit[8]: All Idle You can use this bit to acknowledge that the sending/receiving of data to/from the
device has been stopped. Setting bit [6](Transfer Pause) does not set this bit.

1: Transfer has stopped

0: Normal state

Bit[7]: - Reserved
Bit[6]: Transfer Pause You can pause transfer from the device by setting this bit.

1: Pause transfer
0: Normal state

Bit[5]: Not Used Reserved
Bit[4]; Byte Swap 1: Swap all the bytes on 64 bit GBUS DATA
0: No Swap.
Note 1

Default is the System GBUS Endian control bit
Note: This bit is applied on GBUS DATA in/out to ATA control for data transfer only by

ATA DMA
Bit[3:2]: Endian Control This field determines the Endian for when transferring data as the Bus Master. The
following example shows a 64-bit bus with a correlation between the ATA Bus data and
Note 1 G-Bus data of aabb_ccdd_eeff_ggiih:

11: 1st Data ccddh 2nd Data aabbh 3rd Data ggiih 4th Data eeffh
10: 1st Data aabbh 2nd Data ccddh 3rd Data eeffh 4th Data ggiih
01: 1st Data eeffh 2nd Data ggiih 3rd Data aabbh 4th Data ccddh
00: 1st Dataggiih 2nd Data eeffh 3rd Data ccddh 4th Data aabbh

Note 1:  Byte Swap Bit[4] and Endian Control Bit[3:2] can control Endianness of ATA100 Interface.

CPU Endianness | Recommended Value for Bit[4:2] Endianness of ATA100

Little Endian Bit[4] = 0, Bit[3] = 0, Bit[2] =0 Little Endian
Bit[4] = 1, Bit[3] = 0, Bit[2] =0 Big Endian
Big Endian Bit[4] = 1, Bit[3] = 0, Bit[2] = 0 Little Endian
Bit[4] = 0, Bit[3] = 1, Bit[2] =0 Big Endian

Rev. 3.1 November 1, 2005 17-13



TOSHIBA

ATA100

TX
System
RISC

Toshiba RISC Processor
TX4939

17.3.3.5. Lower Burst Count Register (C30h)

Bit 15

Bit 14

Bit 13

Bit 12

Bit 11

Bit 10

Burst Count[15:8]

R/W R/W RIW R/W R/IW R/W R/W R/IW
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Burst Count[7:0]

R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-10 Lower Burst Count Register

This register sets the lower order of the Burst transfer word count for when this controller becomes the Bus Master and
transfers data. This register sets the maximum word count of data that can be transferred in a single Burst transfer.
The value must be set more than 4.

17.3.3.6. Upper Burst Count Register (C38h)

Bit 15

Bit 14

Bit 13

Bit 12

Bit 11

Bit 10

Bit 9

Burst Count[31:24]

R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit 0
Burst Count[23:16]

R/W R/IW RIW R/W R/W RIW R/W R/W
0 0 0 0 0 0 0 0

This register sets the upper order of the Burst transfer word count for when this controller becomes the Bus Master and
transfers data.

Figure 17-11 Upper Burst Count Register
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17.3.3.7. Data Register ATA Shadow (000h)

Bitid5  Bit14 | Bit13 Bit12  Bit1l Bit10
DATA Register
R/W R/W RIW R/W R/IW R/W R/W R/IW
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit 0
DATA Register
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-12 Data Register ATA Shadow

You can use this register when reading/writing to Data Register of the device. Access to the device ATA Register begins
when TX4939 accesses this register.

The following signals correspond to the following register addresses: CSON — 0, CS1N — 1, HA[2:0] — Oh.

17.3.3.8. Error/Feature Register ATA Shadow (001h)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit 0
Error/Feature Register
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-13 Error/Feature Register ATA Shadow

You can use this register when reading the Error Register or writing to the device Features Register of the device. Access to
the device ATA Register begins when TX4939 accesses this register.

The following signals correspond to the following register addresses: CSON — 0, CS1N — 1, HA[2:0] — 1h

17.3.3.9. Sector Count Register ATA Shadow (002h)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl | BitO
Sector Count Register
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-14 Sector Count Register ATA Shadow

You can use this register when reading/writing to Sector Count Register of the device. Access to the device ATA Register
begins when TX4939 accesses this register.

The following signals correspond to the following register addresses: CSON — 0, CS1N — 1, HA[2:0] —» 2h

17.3.3.10. LBA Low Register ATA Shadow (003h)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit 0
LBA Low Register
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-15 LBA Low Register ATA Shadow

You can use this register when reading/writing to LBA Low Register of the device. Access to the device ATA Register begins
when TX4939 accesses this register.

The following signals correspond to the following register addresses: CSON — 0, CS1N — 1, HA[2:0] — 3h.

17.3.3.11. LBA Mid Register ATA Shadow (004h)
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl | BitO
LBA Mid Register
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-16 LBA Mid Register ATA Shadow

You can use this register when reading/writing to LBA Mid Register of the device. Access to the device ATA Register begins
when TX4939 accesses this register.

The following signals correspond to the following register addresses: CSON — 0, CS1IN — 1, HA[2:0] — 4h.

17.3.3.12. LBA High Register ATA Shadow (005h)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit 0
LBA High Register
R/W R/IW R/W R/W R/IW R/W R/W R/IW
0 0 0 0 0 0 0 0

Figure 17-17 LBA High Register ATA Shadow

You can use this register when reading/writing to LBA High Register of the device. Access to the device ATA Register begins
when TX4939 accesses this register.

The following signals correspond to the following register addresses: CSON — 0, CS1N — 1, HA[2:0] — 5h.

17.3.3.13. Device/Head Register ATA Shadow (006h)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit 0
Device Register
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-18 Device Register ATA Shadow

You can use this register when reading/writing to Device/Head Register of the device. Access to the device ATA Register
begins when TX4939 accesses this register.

The following signals correspond to the following register addresses: CSON — 0, CS1N — 1, HA[2:0] — 6h.

Rev. 3.1 November 1, 2005 17-16



TOSHIBA m X Toshiba RISC Processor

System
ATA100 Risc TX4939

17.3.3.14. Command/Status Register ATA Shadow (007h)
Bit4  Bit3

" Command/Status Register B
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-19 Command/Status Register ATA Shadow

You can use this register when reading Status Register or writing to the device Command Register of the device. Access to
the device ATA Register begins when TX4939 accesses this register.

The following signals correspond to the following register addresses:
CSON — 0, CS1IN — 1, HA[2:0] — 7h.

17.3.3.15. Alternate Status Register ATA Shadow (402h)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl | BitO
Alternate Status/Device Control Register
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-20 Alternate Status Register ATA Shadow

You can use this register when reading Alternate Status Register or writing to Device Control Register of the device. Access
to the device ATA Register begins when TX4939 accesses this register.

The following signals correspond to the following register addresses: CSON — 1, CS1N — 0, HA[2:0] — 6h.

17.3.3.16. PIO Access Address Register (C88h)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9
Not Used
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit O
Not Used CSIN CSON HA[2:0]
- - - R/W R/W R/W R/W R/W
0 0 0 1 1 0 0 0

Figure 17-21 PIO Access Address Register

Setting this register makes it possible to forcibly set values such as the address that is provided to the device. This setting
becomes valid when not accessing the device ATA registers nor performing data transfer. During data transfer, the values in
the following table are automatically used.

Table 17-3 PIO Access Address Register

BIT NAME Description

Bit[4]: CSIN This bit determines bit 1 of Chip Select.

Bit[3]: CSON This bit determined bit 0 of Chip Select.

Bit[2:0]: HA[2:0] This field determines the ATA address Bus.
Transfer Mode CSON CSI1IN HA[2:0]
PIO 0 1 0
Multiword DMA 1 1 0
Ultra DMA 1 1 0
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17.3.3.17. Host Reset Timer Register (C90h)
Bit14 Bit13 Bit12 Bit1l

RESET Timer
R/W R/IW R/W R/W R/IW R/W R/W R/IW

RESET Timer
R/W R/W R/W R/W R/W R/W R/W R/W
1 0 1 1 1 0 0 0

Figure 17-22 Host Reset Timer Register

When executing Hard Reset using bit [11](ATA Hard Reset) of the System Control Register, this controller negates Reset
signals transmitted on the ATA Bus when the time this register sets elapses. This register sets this time value in 10 nsec
increments. The default for this register is 30 usec (the ATA Spec. is 25 usec).

You can also use this register as a timer for ATA soft reset. This timer is also invoked when Soft Reset using bit [2] of the
Device Control Register is issued. This Controller is configured to issue an interrupt simultaneous to when the set time is
reached.
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17.3.3.18. Interrupt Control Register (C98h)

Biti15  Bit14 | Bit13  Bit12  Bit11  Bit10 |
Mask Mask Reach Mask DEV Mask Ultra Mask Timer Mask Bus Mask Data Mask Host
Address Multiple Timing Error DMA DEV INT Error Transfer End INT
Error INT INT Terminate
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl | BitO
Address Reach DEV Timing Ultra DMA Timer INT Bus Error Data Transfer Host INT
Error INT Multiple Error DEV End
INT Terminate
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 17-23 Interrupt Control Register

Table 17-4 Interrupt Control Register

BIT NAME Description
Bit[15]: Mask Address Error Interrupt mask. You can prevent the INTN signal asserting by setting this bit “1”. The
INT interrupt indicates that this Controller is write-accessed with address where any

registers do not exist.

Bit [7](Address Error INT) can be set regardless of this bit.
Bit[14]: Mask Reach Multiple | Interrupt mask. You can prevent the INTN signal asserting by setting this bit “1”. The
INT interrupt indicates PIO transfer is in the Break state.

Bit [6](Reach Multiple INT) can be set regardless of this bit.

Bit[13]: Mask DEV Timing Interrupt mask. You can prevent the INTN signal asserting by setting this bit “1”. The
Error interrupt indicates timing of a control signal from the device is out of spec. when
performing data transfer with the device.

Bit [5](DEV Timing Error) can be set regardless of this bit.
Bit[12]: Mask Ultra DMA DEV | Interrupt mask. You can prevent the INTN signal asserting by setting this bit “1”. The
Terminate interrupt indicates the device terminated Ultra DMA transfer.

Bit [4](Ultra DMA Terminate) can be set regardless of this bit.
Bit[11]: Mask Timer INT Interrupt mask. You can prevent the INTN signal asserting by setting this bit “1”. The
interrupt indicates the Host Reset timer reached the defined value.

Bit [3](Timer INT) can be set regardless of this bit.
Bit[10]: Mask Bus Error Interrupt mask . You can prevent the INTN signal asserting by setting this bit “1”. The
interrupt indicates the Bus error occurred.

Bit [2](Bus Error) can be set regardless of this bit.
Bit[9]: Mask Data Transfer Interrupt mask . You can prevent the INTN signal asserting by setting this bit “1”. The
End interrupt indicates data transfer ended.

Bit [1](Data transfer End) can be set regardless of this bit.
Bit[8]: Mask Host INT Interrupt mask . You can prevent the INTN signal asserting by setting this bit “1”. The
interrupt indicates the INTRQ signal from the device is active.

Bit [0](Host INT) can be set regardless of this bit.
Bit[7]: Address Error INT Interrupt status that indicates this Controller is write-accessed with address where any
registers do not exist. Setting “1” to this bit clears this interrupt status.

Bit[6]: Reach Multiple INT Interrupt status that indicates PIO transfer is in the Break state. Setting “1” to this bit
clears this interrupt status.
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Table 17-4 Interrupt Control Register
BIT NAME Description
Bit[5]: DEV Timing Error Interrupt status that indicates timing of a control signal from the device is out of spec.

when performing data transfer with the device. Setting “1” to this bit clears this interrupt
status. The specifications for confirming timing are as follows:

1. PIO Mode tB (IORDY Pulse Width)
2. Ultra DMA ModetFS (First Strobe Time)
tLI (Limited Interlock Time)
tRFS (Ready to Final Strobe Time)
tRP (Minimum Time to assert STOP or negate DMARQ)

tSS (Time from STROBE edge to negation of DMARQ or assertion of STOP)

The Table 17-5 shows the threshold values for detecting timing errors. However, error
detection is not performed in the case of tRFS since the time period from when
HDMARDY is negated to when STOP is asserted is shorter than the error detection
threshold when in Host terminating an Ultra DMA data-in burst Mode0-3.

Bit[4]: Ultra DMA DEV Interrupt status that indicates the device terminated Ultra DMA transfer. Setting “1” to
Terminate this bit clears this interrupt status.
Bit[3]: Timer INT Interrupt status that indicates the Host Reset timer reached the defined time. Setting “1”
to this bit clears this interrupt status.
Bit[2]: Bus Error Interrupt status that indicates the Bus error occurred when this controller becomes the

Bus Master and executes data transfer. Setting “1” to this bit clears this interrupt status.
Before clearing this bit, set “1” to bit [14](FIFO Reset) of System Control Register and
reset FIFO. The Start bit (bit[0]) in DMA Command register is not cleared when the bus
error occurred, so you may set “1” to bit [15] (Soft Reset) of System Control1 register to
reset this Controller.

Bit[1]: Data Transfer End Interrupt status that indicates data transfer ended. This bit is also set when the transfer
of command packets ends. Setting “1” to this bit clears this interrupt status.
Bit[O]: Host INT This bit indicates that INTRQ, which is the interrupt signal from the device, is active.

Setting “1” to this bit clears this interrupt status.

Table 17-5 Timing Error Threshold

Detection Item

ts (P10 Mode) Spec. Value 1250(Max)
Error Detection Value >1270

trs (UDMA Mode) Mode ModeO Model Mode2 Mode3 Mode4 Mode5
Spec. Value (MAX) 230 200 170 130 120 90
Error Detection Value 270 240 210 170 160 130

t, (UDMA Mode) Mode Mode0 Model Mode2 Mode3 Mode4 Mode5
Spec. Value (MAX) 150 150 150 100 100 75
Error Detection Value 180 180 180 130 130 110

tres (UDMA Mode) Mode Mode0 Model Mode2 Mode3 Mode4 Mode5
Spec. Value (MAX) 75 70 60 60 60 50
Error Detection Value 260 180 140 160 110 80

tre (UDMA Mode) Mode ModeO Model Mode2 Mode3 Mode4 Mode5
Spec. Value (Min) 160 125 100 100 100 85
Error Detection Value 140 100 80 80 80 60
Mode ModeO Model Mode?2 Mode3 Mode4 Mode5

tss(UDMA Mode) Spec. Value (Min) 50 50 50 50 50 50
Error Detection Value 30 30 30 30 30 30

(in nsec)

Note: When the INT_IDE of DMA Status Register is set to “1”, the following bits of Interrupt Control
Register will be reset: bits [15:8] (Mask Address Error INT, Mask Reach Multiple INT, Mask DEV
Timing Error, Mask Ultra DMA DEV Terminate, Mask Timer INT, Mask Bus Error, Mask Data
Transfer End, Mask Host INT), and bits [1:0] (Data Transfer End, Host INT).
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17.3.3.19. ATAPI Packet Command Register (CB8h)

Bit 14 Bit 13 Bit 12 Bit 11 Bit 10

Packet[15:8]

Figure 17-24 ATAPI Packet Command Register

Table 17-6 ATAPI Packet Command Register

Description
Bit[15:0]: Packet Use this register to issue the ATAPI command packet to the device.

This Register consists of a 16-stage FIFO. You can transfer a command packet to the
device by setting the prescribed command packet in FIFO, setting the transfer count in
bits [11:8](Packet Transfer Count) of the Packet Transfer Control Register, then setting
bit [O](Packet Start) of the Packet Transfer Control Register to “1”.

17.3.3.20. Bus Transfer Count High Register (CCOh)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9

Not Used Bus Master Transfer Count[26:24]

Bus Master Transfer Count[23:16]
R R R R R R R R
0 0 0 0 0 0 0

Figure 17-25 Bus Transfer Count High Register

You can know the transfer count when transferring data on the G-Bus when this ATA controller is the Bus Master. The total
transfer count is set in this controller. When transfer starts, the total number of transfers to be performed is set in this register
and this number is decremented when each transfer is performed.
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17.3.3.21. Bus Transfer Count Low Register (CC8h)

Bit 15

Bit 14

Bit 13

Bit 12

Bit 11

Bit 10

Bit 9

Bus Master Transfer Count[15:8
R R R R R R R R
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 \ Bit 0
Bus Master Transfer Count[7:0]
R R R R R R R R
0 0 0 0 0 0 0 0

Figure 17-26 Bus Transfer Count Low Register

This is the lower register that is used with the Bus Transfer Count High Register.

17.3.3.22. ATA Device Timing Error Register (CDOh)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9
Not Used
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl | BitO
Not Used PIO_tB DMA_tFS DMA tLI DMA_tRFS DMA_tRP DMA_tSS
- - R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

You can use this register to confirm the status when performing ATA data transfer and timing of a control signal that the
device provides to this controoler is out of spec. Writing “1” to each bit clears the status.

Figure 17-27 ATA Device Timing Error Register

Table 17-7 ATA Device Timing Error Register

BIT NAME Description

Bit[5]: PIO tg Timing that is out of the tB spec occurred during PIO mode transfer.

Bit[4]: DMA_tes Timing that is out of the tFS spec occurred during Ultra DMA mode transfer.

Bit[3]: DMA_t, Timing that is out of the tLI spec occurred during Ultra DMA mode transfer.

Bit[2]: DMA_tres Timing that is out of the tRFS spec occurred during Ultra DMA mode transfer. However,
error detection is not implemented when in Host terminate an Ultra DMA data-in burst
ModeO0-3.

Bit[1]: DMA_trp Timing that is out of the tRP spec occurred during Ultra DMA mode transfer.

Bit[O]: DMA tss Timing that is out of the tSS spec occurred during Ultra DMA mode transfer.
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17.3.3.23. Packet Transfer Control Register (CD8h)

Biti15  Bit14 | Bit13  Bit12  Bit11  Bit10 |
Not Used Packet Packet Transfer Count
Transfer
Mode
- - - R/W R/W R/W R/W R/W

Not Used Packet
Start
- - - - - - - RIW
0 0 0 0 0 0 0 0

Figure 17-28 Packet Transfer Control Register
This register makes Packet transfer related settings.

Table 17-8 Packet Transfer Control Register

BIT NAME Description
Bit[12]: Packet Transfer Mode | You can use this bit to set the transfer mode of the command packet.
1: Data transfer timing

(Execute transfer using the transfer mode set by bits [7:4] (Data Transfer Mode Select)
of the System Control Register.)
0: PIO data transfer timing

(Packet data is transferred in PIO mode when the data transfer mode is set to Multiword
DMA or Ultra DMA. The same transfer mode selected by bits [10:8] (Command Transfer
Mode Select) of the System Control Register is used.)

Bit[11:8]: Packet Transfer Count | You can use this bit to set the command packet transfer count. Set the value that is
equal to the transfer count — 1.
Bit[O]: Packet Start You can use this bit to initiate transfer of the command packet.

17.3.3.24. Transfer Start Top Address Register (CEOh)

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10
Not Used

Not Used Transfer Start Address [35:32]
- - - - R/IW R/IW R/IW R/W
0 0 0 0 0 0 0 0

This register sets the read/write start top start address of the transfer that this controller outputs to the G-Bus.
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17.4. Actual Operation Timing

17.4.1. Data transfer in the PIO mode

o UUUUUUTUUUUUH YUY UL

HA
CSIN

CSON

ATD_IN

DIORN

oo THUUHUHUULHUUUUHULUUUULL

HA
CSIN

CSON

ATD_OUT
DIOWN

ATDBUS_E

Data Transfer in the PIO Mode (Write)

Data transfer in the PIO Mode (Read)

The above figures are timing diagrams of read/write transfer by PIO Mode 4. Following are the steps for setting up the
software used when transferring data.

@)
@)

®)

(4)

©)

Use bits [7:4] of the System Control Register to select the PIO mode.

Use the Transfer Word Count Register to set the word count of data to be transferred with a
device.

Use the Transfer Sector Count Register to set the sector count of data to be transferred with a
device.

This controller becomes the Bus Master then the 36-bit start address at which data transfer starts
is set in the Transfer Start Lower Register, Transfer Start Upper Register, and the Transfer Start
Top Register. Then, the maximum number of words that this controller transfers as the Bus Master
using a single Burst transfer is set in the Burst Count Upper Register and Burst Count Lower
Register..

Use bhit [3] (R_ORWCTR) of the DMA Command Register to determine the data transfer direction.
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(6) Execute the device recognition sequence. (See below for details.)
) Use the ATA Shadow Register to set commands or parameters such as the LBA value.

(8)-1 For read commands: Wait for an interrupt from the device, read the Status Register of the ATA
Shadow Register, then confirm that the DRQ bit is set. (If the DRQ bit has not been set yet, wait
until it is set.)

(8)-2 For write commands: Read the Status Register of the ATA Shadow Register immediately after a
command is issued. Confirm that the DRQ bit is set. (If the DRQ bit has not been set yet, wait until
it is set.)

9) Set bit [0] (START_STOPBM) of the DMA Command Register, then start data transfer.
(20) Wait for an interrupt from the device or transfer end interrupt.

(11)-1  For read commands: Acknowledge that transfer has ended if a transfer end interrupt is issued.
Then, shift to the next process. If there is an interrupt from the device, then read the Status
Register of the ATA Shadow Register, acknowledge that the DRQ bit is set (in this case, this
controller is also in the interrupt status that is indicated at bit [6](Reach Multiple INT) of the
Interrupt Control Register), set bit [3] and bit [2] of the System Control Register, start transfer of the
next sector and return to process (10).

(11)-2  For write commands: Acknowledge an interrupt from the device. If a transfer end interrupt is
inserted simultaneous to an interrupt from the device, then read the Status Register of the ATA
Shadow Register, confirm that the transfer has ended, then transition to the next process. If no
transfer end interrupt was issued, confirm that the DRQ bit is set (in this case, this controller is also
in the interrupt status that is indicated at bit [6](Reach Multiple INT) of the Interrupt Control
Register), set bit [3] and bit [2] of the System Control Register, start transfer of the next sector, then
return to process (10).

The device recognition sequence is a process that detects any devices connected to the ATA Bus and fetches information on
those devices.
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(2) Read the Status Register of the ATA Shadow Register, and confirm that the BSY bit is “0”.

(2) Read the Status Register of the ATA Shadow Register, and confirm that the DRQ bit is “0”. An
error has occurred if the DRQ bit is “1”.

3) Set the DEV bit of the Device/Head Register of the ATA Shadow Register.

4) Confirm that the BSY bit of the Status Register of the ATA Shadow Register is “0".

(5) Confirm that the DRQ bit of the Status Register of the ATA Shadow Register is “0”. An error has
occurred if the DRQ bit is “1”.

(6) Read the LBA Mid Register and LBA High Register of the ATA Shadow Register, and confirm
Signature.

) Execute the IDENTIFY DEVICE command and fetch the device information.

Note 1) The specification requires the device recognition sequence to be performed each time you set
up the software used for transferring data.

Note 2)  The specification specifies that the BSY and DRQ bits confirmed from the Status Register of the

ATA Shadow Register are confirmed in the following order: clear BSY — set DRQ.

The following table shows the PIO transfer timing in each mode.

Table 17-9 PIO Transfer Timing

HA, CS Valid - DIORN/DIOWN
Mode DIORN/DIOWN DIOW/CEILOWN Disable - Cycle Time
Enable HA, CS Invalid
ModeO 130 nsec 180 nsec 380 nsec 600 nsec
Model 100 nsec 150 nsec 210 nsec 390 nsec
Mode2 50 nsec 120 nsec 110 nsec 240 nsec
Mode3 50 nsec 100 nsec 70 nsec 180 nsec
Mode4 40 nsec 90 nsec 20 nsec 120 nsec
Note 1) HA, CSON, CS1N: Are automatically set as follows at the point when PIO transfer starts: HA=0h,
CSON=0, CS1N=1.
Note 2) ATD_IN[15:0]:

During read -  Send to the FIFO in the controller at the DIORN rise.
ATD_OUT[15:0]:
During write—  Define data simultaneous to the DIOWN fall. Hold the value for 2 ATA_CLK

(100MHz) cycles after the DIOWN rise.
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17.4.2. Multiword DMA mode data transfer

mox U UUUUUU U Uy yuyyuydyL
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CSIN

CSON

DMARQ

DMACKN

ATD_IN

rRead

DIORN

ATD_OUT

DIOWN r Write

ATDBUS_E

The above figure is a timing diagram that shows read/write transfer by Multiword DMA Mode 2. Following are the steps for
setting up the software used when transferring data.

Q) Use bits [7:4] of the System Control Register. Select the Multiword DMA mode and set bit [1] of
the System Control Register.

(2) - (7) (The same as for PIO transfer.)

(8) Wait for a transfer end interrupt and an interrupt from the device. Confirm that the transfer
process has ended, then transition to the next process.

Use bits [7:4] of the System Control Register. Select the Multiwvord DMA mode and set bit [1] of the System Control Register.

(The same as for PIO transfer.)
Wait for a transfer end interrupt or an interrupt from the device. Confirm that the transfer process has ended, then transition

to the next process.

Following is a description of the meaning of each control signal.

DMARQ: DMA request signal that is input from the device. This signal starts the data transfer process
when it is input to the Controller.

DMACKN Receives the DMARQ signal, then starts the actual transfer process when this controller
completes preparations for data transfer.

DIORN This signal is used as a strobe signal when transferring data from the device to the controller.

DIOWN: This signal is used as a strobe signal when transferring data from the controller to the device.
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The following table shows the transfer timing when using Multiword DMA.

Table 17-10 Multiword DMA Transfer Timing

. DIORN/DIOWN
HA, CS Valid - . . .
DIORN/DIOWN Enable DIORN/DIOWN Width| Disable - _ Cycle Time
HA, CS Invalid
Mode0 90 nsec 260 nsec 210 nsec 480 nsec
Model 60 nsec 100 nsec 80 nsec 160 nsec
Mode2 40 nsec 90 nsec 70 nsec 120 nsec
Note 1) HA, CSON, CS1N: Are automatically set as follows at the point when Multiword DMA
transfer starts: HA=0h, CSON=1, CS1N=1.
Note 2) ATD_IN[15:0]:

During read —

ATD_OUTI[15:0]:
During write—

Send to the FIFO in ATA100 core at the DIORN rise.

ATA_CLK (100MHz) cycles after the DIOWN rise.

Define data simultaneous to the DIOWN fall. Hold the value for 3
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17.5. Ultra DMA mode data transfer
17.5.1. When a read command is issued to the device (transfer start position)

ok U Uy yyL
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CSIN

CSON

DMARQ /

DMACKN

DIOWN

DIORN

IORDY

\/

ATD_IN

The above figure is a timing diagram that shows the transfer start position during read transfer in Ultra DMA Mode 5.
Following are the steps for setting up the software used when transferring data.

1) Use bits [7:4] of the System Control Register, select the Ultra DMA mode, then set bit [1] of the System
Control Register.

(2) = (7) (The same as for PIO transfer.)
(8) Wait for a transfer end interrupt and an interrupt from the device. Then, confirm that the transfer process
ended and transition to the next process.
Following is a description of the meaning of each control signal.

DMARQ: DMA request signal that is inputted from the device. This signal starts the data transfer process when it
is inputted to the Controller.

DMACKN: Receives the DMARQ signal, then starts the actual transfer process when this controller completes its
data transfer preparations.

DIORN: This signal is usually used as a strobe signal when transferring data from the device to the controller.
During read transfer in Ultra DMA however, this signal is used as the DMA Ready signal and outputs
“High” to pause the data transfer.

DIOWN: This signal is usually used as a strobe signal when transferring data from the controller to the device.
During read transfer in Ultra DMA however, this signal is used as the DMA Stop signal and outputs
“High” to terminate the data transfer.

IORDY: This signal is input to this controller as a strobe signal used when transferring data from the device to the
controller. Sampling data at both edges of this signal makes it possible to send data to the controller.
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Following is the flow of each control signal at the transfer start position:

A Wait for DMARQ to become active (“High”).

B Set HAto “Oh” and CSON and CS1N to “1” when transfer preparations inside the controller are complete.
C Wait for the specified time, then make the DMACKN active (set to “0”).

D Wait for the specified time, then set DIORN and DIOWN to “0”.

E Wait for IORDY to change, then send data to the controller.

The following table shows the timing parameters when transfer starts.

Table 17-11 Timing Parameters when Ultra DMA Transfer Starts

Mode HA, CS Valid - DMACKN “0” -
DMACKN “0” DIORN/DIOWN “0”
ModeO 30 nsec 40 nsec
Model 30 nsec 40 nsec
Mode2 30 nsec 40 nsec
Mode3 30 nsec 40 nsec
Mode4 30 nsec 40 nsec
Mode5 30 nsec 40 nsec
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17.5.2. When read command is issued to the device (Transfer End Position)
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The above figure is a timing diagram that shows the transfer end position during read transfer by Ultra DMA Mode 5.
Following is the flow of each control signal at the transfer end position.

A- Set DIORN to “1” when all data for the set Sector Count x 512 Bytes is sent to the controller.

B- Wait for the specified time, then set DIOWN to “1”".

C- Wait until DMARQ is cleared.

D- CRC data generated inside the Controller is transmitted to the ATA Data Bus.

E- Set DMACKN to “1”. The device will then latch the CRC data that is transmitted from this controller.
F- Release CSON, CS1N and HA.

The following table shows the parameters when transfer ends.

Table 17-12 Parameters when Ultra DMA Transfer Ends

‘ Mode DIORN “1" - DMARQ “0”- DMACKN “1” IORDYN cycle CRC Data CRC Data
DIOWN “1” DMACKN “1” - HA,CS Release (Input Signal) | Setup (Min.) Hold

ModeO 180 nsec 130-140 nsec 40 nsec 240 nsec (Min) 90 nsec 30 nsec

Model 150 nsec 120-130 nsec 40 nsec 160 nsec 80 nsec 30 nsec
(Min)

Mode2 140 nsec 100-110 nsec 40 nsec 120 nsec 60 nsec 30 nsec
(Min)

Mode3 140 nsec 90-100 nsec 40 nsec 90 nsec 50 nsec 30 nsec
(Min)

Mode4 140 nsec 70-80 nsec 40 nsec 60 nsec 30 nsec 30 nsec
(Min)

Mode5 140 nsec 60-70 nsec 40 nsec 40 nsec 20 nsec 30 nsec
(Min)
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17.5.3. When Write Command is issued to the device (Transfer Start Position)
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The above figure is timing diagram that shows the transfer start position during write transfer by Ultra DMA Mode 5. The
steps for setting up the software used when transferring data are exactly the same as for when issuing a read command. The
meaning of each signal on the ATA Bus changes: IORDY becomes the transfer Ready signal that the device provides to this
controller; DIORN becomes the Strobe signal when transferring data to the device.

Following is the flow of each control signal at the transfer start position.

A- Wait until DMARQ becomes active (“High”).

B- When transfer preparations inside the Controller are complete, set HA to “Oh”, and CSON and CS1N to “1".
C- Wait for the specified time, then make the DMACKN active (“0").

D- Wait until IORDY becomes active (“Low”).

E- Wait for the specified time, then transfer data to the device while changing the state of DIORN.

The following table shows the parameters when transfer starts.

Table 17-13 Parameters when Ultra DMA Transfer Starts

Mode HA, CS Valid - DMACKN “0” - IORDY “0” - DIORN ATDBUS ATDBUS
DMACKN “0” DIOWN “0” DIORN “0” Pulse Width Setup
40 nsec 40 nsec 140-150 nsec 120 nsec 110 nsec 10 nsec
Model 40 nsec 40 nsec 100-110 nsec 80 nsec 70 nsec 10 nsec
Mode2 40 nsec 40 nsec 80-90 nsec 60 nsec 50 nsec 10 nsec
Mode3 40 nsec 40 nsec 60-70 nsec “H": 40 “H": 30 10 nsec
“L": 50 “L": 40
Mode4 40 nsec 40 nsec 50-60 nsec 30 nsec 20 nsec 10 nsec
Mode5 40 nsec 40 nsec 40-50 nsec 20 nsec 10 nsec 10 nsec
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17.5.4. When Write Command is issued to the device (Transfer End Position)

ATA_CLK

myyyyuyu

LU

U UL

s

JEjEREIu]E

HA

P

CSIN

CSON

DMARQ

DMACKN

DIOWN

DIORN

IORDY

ATD_OUT

A

The above figure is a timing diagram that shows the transfer end position during write transfer by Ultra DMA Mode 5.

Following is the flow of each control signal.

A- Set DIOWN to “1” when all data for the set Sector Count x 512 Bytes is sent from the controller.
B- Wait until DMARQ is cleared and IORDY is cleared.
C- Send the CRC data generated in the controller to the ATA data bus.
D- Wait for the specified time, then set DMACKN to “1”. The device now latches the CRC data sent from this

controller.

E- Release CSON, CS1N and HA.

The following table shows the parameters when transfer ends.

Table 17-14 Parameters when Ultra DMA Transfer Ends

‘ Mode DMARQ “0”- ‘ DMACKN “1”- CRC Data CRC Data
DMACKN “1” HA, CS Release Setup (Min) Hold
Mode0 140-150 nsec 30 nsec 100 nsec 20 nsec
Model 130-140 nsec 30 nsec 90 nsec 20 nsec
Mode2 110-120 nsec 30 nsec 70 nsec 20 nsec
Mode3 100-110 nsec 30 nsec 60 nsec 20 nsec
Mode4 80-90 nsec 30 nsec 40 nsec 20 nsec
Mode5 70-80 nsec 30 nsec 30 nsec 20 nsec
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17.5.5. Issuing Timing of Reset Signal

o FUTLTU U U LU U Uy Uy

RESETN

INTN

The above figure is a timing chart that shows the RESETN signal that is input to the device by setting bit [11] of the System
Control Register to “1”. As you can see from the above timing chart, the system is configured so you can send an interrupt
signal to the microcontroller simultaneous to automatically clearing the above bit when the time set by the Host Reset Timer
Register elapses.
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17.5.6. Command Packet Transmission Timing
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The above figure is a timing chart that shows the situation when using the ATAPI Packet Command Register described in
Section 17.3.3.19 to issue a command packet to the device. Ultra DMA is used as the transfer protocol. Also, Ultra DMA
uses the mode selected by bits [7:4] of the System Control Register described in Section 17.3.2.4.

Command packets usually consist of 12 bytes, and these 12 bytes accumulate in the FIFO in the Controller when 6
consecutive accesses to the ATAPI Packet Command Register are performed. The command packet is sent to the device
after accumulated in the FIFO in the controller.

In addition to the timing shown here, you can transmit data using the same timing as register transfer using the setting of bit
[12](Packet Transfer Mode) of the Packet Transfer Control Register. Specifically, you can perform this transfer by using the
following setup routine to execute the transfer process.

Packet Transfer Control Register

e Specify transfer mode
e Specify transfer word count

1]

Write command to the ATAPI
Command Register
(Continuous write in the order
transffrred)

Set the Packet Start bit of the
Packet Transfer Control Register

¥

Execute transfer using data transfer
mode such as Ultra DMA
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17.6. Basic Operation Setup

This setup is for PRD not enable. In PRD, a PRD table must be setup in place of Transfer Start Address.

( Start )
Bus Master Setup

| Additional Control Register Setup
¥

| Burst Count Lower Register Setup |
v

| Burst Count Upper Register Setup
v

| Transfer Start Lower Address Register Setup |
¥

| Transfer Start Upper Address Register Setup |
v

| Transfer Start Top Address Register Setup |

Transfer Registers Setup
System Control Register Setup
Set up Command Transfer Mode and Data Transfer Mode
Example: Command Mode 4, UltraDMA Mode 4 — 0x04C0

v
| Transfer Word Count Register Setup 512 Bytes — 0x0100 |
1

| Sector Count Register Setup 1 Sector — 0x0001 |

Issue Command
Sector Count Register, ATA Shadow
¥

LBA Low Register, ATA Shadow
¥

LBA Mid Register, ATA Shadow

¥
LBA High Register, ATA Shadow
¥

| Device Register, ATA Shadow |
T

| Command/Status Register, ATA Shadow |

Issue Host interrupt or read Alternate Status Register and
confirm that data transfer is possible

Rewrite System Control register

|

R_OR_WCTR bit Setup

Determine the Read/Write Transfer Direction
¥

| Set START_STOPBM bit |
Execute Data Transfer

| Wait for data transfer to end |

End

Note: R_OR_WCTR and START_STOPBM of the DMA Command Start Register settings are unnecessary when a
WRITE DMA, READ DMA, WRITE DMA EXT or READ DMA EXT command is issued to the device and bit [2]
(Auto DMA Enable) of the System Control Register is set.
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17.7. ATA Bus Access Timing (ATA/ATAPI-6 Spec. Values)

17.7.1. PIO Mode

Min 600,383,240,180,120
(Clock Count 40,26,16,12.8)

L |
‘ |
: Min 1651251008070 |
ADDR valid J .. (Clock Count 119765) _, P
‘ Min 70,50, ‘Min 20,15,10,10,10
30,30,25 (Clock Count 2,2,1,1,1)

DIOR-/DIOW- t
Min - - -,70,25

‘ (Clock Count 29,17,9,6,3)

DDJ[15:0]
(Write) ‘
Min 60,45, Min 30,20,
303020 ' 15,1010
DD[15:0] :':j
(Read)

|
|
IORDY NOOOOOOONX
%Q*QQ)LMJMS MW
NEAERRY [

Max 1250  Max 5

17.7.2. Multiword DMA Mode

CS0-/CS1- *

Min 50.30.25 Min 480,150,120 ’—Min‘15,10,10
(Clock Count 32,10,8)

DMARQ ‘ ‘ * /
DIOR Max 120,40,35 47

(Clock Count 8,3,3)

DIOW Max 40,40,35
Min 0 (Clock Count 3,3,3 Min|20,5,5
DMACK- F \ ‘

Min'215,80,70 DIOR Min 50,50,25 ‘
(Clock COTn’[ 15,6,5)| DIOW Min 215,50, 2

(Clock Count 17,4, 3

DIOR-/DIOW-
Max 150,60, Max 20,25,25

DDI[15:0]

LIS R

Min 100,30,20|Min 5

DD[15:0] ‘
(Write)

XXX

Min 100,30,20 Min 20,15,10
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Chapter 18. Dual Ethernet MAC Controller

18.1. Features

TX4939 Ethernet MAC has the following characteristics,

Selectable 1 or 2 Ethernet channels.

Each Ethernet channel resides as a unique PCI device on an internal 32 bit 66 MHz PCI bus.
Supports transfer rates of 100 Mbps and 10 Mbps per Ethernet channel.

Equivalent to the TC35815CF except Reduced Media Independent Interface (RMII).

Employs the IEEE Std 802.3 standard CSMA/CD format when in the half duplex transfer mode.

Employs IEEE Std 802.3x standard MAC control and Pause operation for flow control when in the full duplex
transfer mode.

Has RMII(Reduced Media Independent Interface)

L R 2R 2R 2R 2R 2R 2
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18.2. Block diagram

Each of the two Ethernet controllers in TX4939 resides behind an internal 32 bit 66Mhz PCI bus. The system level block
diagram of the two Ethernet controllers is given in Figure 18-1.

GBUS 64 bit 200 Mhz

PGB1
PCIC1
PCI 32 bit 66Mhz
EMAC(1) EMAC(0)
10/100 10/100
Mbps Mbps

Figure 18-1 System Level block diagram of Quad eMAC in TX4939

Depending on the ATALIMODE, ETOMODE and ET1MODE configuration bits (Chapter 7), 1, or 2 Ethernet channels are
usable. Table 18-1 gives the list of usable eMAC channels dependent on ATAIMODE, ETOMODE, and ETIMODE.

Table 18-1 Usable eMAC channels based on Product Mode selection

ATA1IMODE ETOMODE | ETLMODE Function Result

All GPIO (Boot-up default)
Ethernet Channel 0 and GPIO
Ethernet Channel 1 and GPIO
Ethernet 0, 1 and GPIO
ATA100-1, no GPIO

R|O|O|O|O
Ok |O(r|O
Ol | |(O|Oo

Note: Unusable Ethernet channels are not accessible through the internal PCI Bus.
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The block diagram of a single TX4939 Ethernet Controller is given in Figure 18-2.

I G-Bus
PCI Controller

l

Ethernet Controller
Bus Control Layer
66 MHz .
Bus Master Burst 32-bit Bus Slave PCI Config
Clock ; Clock Register
PCI Clock 9
BlI
DMA Layer
DMA DMA DMA Control Status
DMA Tx Block SRAM Rx Block Register
Dl
MAC Layer
ARC Flow Control
MAC Tx MAC Control MAC Rx
Block MAC Tx FIFO Status Register MAC RxFIFO Block
I
v
MIl <-> RMII
PHY Layer

10BASE-TPHY or 100BASE-XPHY

Figure 18-2 Ethernet Controller Block Diagram
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18.3. Detailed explanation

The two Ethernet Controllers in TX4939 are identical to each other both in behavior and application and differ only in the
method used to access each of the two Ethernet Controllers register space and their respective interrupt mapping. This
difference is due to the fact that each of the two Ethernet Controllers are instantiated as a unique PCI device on the
internal PCI Bus thereby requiring unique IDSEL and Interrupt signals for each of the two Ethernet Controllers. The
following is a detailed explanation of one TX4939 Ethernet Controller. The description provided in the following sections
is applicable to all two Ethernet Controllers unless specified otherwise.

18.3.1. Accessing the Ethernet Controller

Both Ethernet Controllers are connected to the chip-internal PCI Bus. The chip-internal PCI Bus is connected to the G-
Bus via the PCI Controller (PCIC1). Therefore, you should access the two Ethernet Controllers via PCI Controller No. 2.

PCI Controller No. 2 is a circuit that is equivalent to the PCI Controller No. 1(PCIC). The Ethernet Controllers only
supports the PCI Controller No. 2 functions that it requires to operate. Following are the differences with PCIC.

Host mode only. (Does not support the Satellite mode.)
Does not support EEPROM for Configuration data storage
Does not support an external PCI arbiter

Does not support type 1 configuration

Does not support the Interrupt Acknowledge command
Does not support the Special Cycle command

L 2K 2K 2R 2R 2K 4
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Table 18-2 lists the PCI Controller No. 2 registers. For the details of each register or the operation of the PCI Controller,
see Chapter 16.

18.3.1.1. PCI Controller No. 2 control registers

Table 18-2 PCI Controller Control Registers

Section Address Size Mnemonic Register Name
18.4.2.1 0x7000 32 PCIID ID Register (Device ID, Vendor ID)
18.4.2.2
18.4.2.3 0x7004 32 PCISTATUS PCI Status, Command Register (Status, Command)
18.4.2.4
18.4.2.5 0x7008 32 PCICCREV Class Code, Revision ID Register (Class Code, Revision ID)
18.4.2.6 0x700C 32 PCICFG1 PCI Configuration 1 Register
(BIST, Header Type, Latency Timer, Cache Line Size)
0x7010 32 P2GMOPLBASE P2G Memory Space 0 PCI Lower Base Address Register
(Base Address 0 Lower)
0x7014 32 P2GMOPUBASE P2G Memory Space 0 PCI Upper Base Address Register
(Base Address 0 Upper)
0x7018 32 P2GM1PLBASE P2G Memory Space 1 PCI Lower Base Address Register
(Base Address 1 Lower)
0x701C 32 P2GM1PUBASE P2G Memory Space 1 PCI Upper Base Address Register
(Base Address 1 Upper)
0x7020 32 P2GM2PBASE P2G Memory Space 2 PCI Base Address Register (Base Address 2)
0x7024 32 P2GIOPBASE P2G 1/0 Space PCIl Base Address Register (Base Address 3)
0x702C 32 PCISID Subsystem ID Register (Subsystem ID, Subsystem Vendor ID)
0x7034 32 PCICAPPTR Capabilities Pointer Register (Capabilities Pointer)
0x703C 32 PCICFG2 PCI Configuration 2 Register
(Max_Lat, Min_Gnt, Interrupt Pin, Interrupt Line)
0x7040 32 G2PTOCNT G2P Timeout Count Register
(Retry Timeout Value, TRDY Timeout Value)
0x7080 32 G2PSTATUS G2P Status Register
0x7084 32 G2PMASK G2P Interrupt Mask Register
0x7088 32 PCISSTATUS Satellite Mode PCI Status Register
0x708C 32 PCIMASK PCI Status Interrupt Mask Register
0x7090 32 P2GCFG P2G Configuration Register
0x7094 32 P2GSTATUS P2G Status Register
0x7098 32 P2GMASK P2G Interrupt Mask Register
0x709C 32 P2GCCMD P2G Current Command Register
0x7100 32 PBAREQPORT PCI Bus Arbiter Request Port Register
0x7104 32 PBACFG PCI Bus Arbiter Configuration Register
0x7108 32 PBASTATUS PCI Bus Arbiter Status Register
0x710C 32 PBAMASK PCI Bus Arbiter Interrupt Mask Register
0x7110 32 PBABM PCI Bus Arbiter Broken Master Register
0x7114 32 PBACREQ PCI Bus Arbiter Current Request Register (for diagnositics)
0x7118 32 PBACGNT PCI Bus Arbiter Current Grant Register (for diagnostics)
0x711C 32 PBACSTATE PCI Bus Arbiter Currrent State Register (for diagnostics)
0x7120 64 G2PMOGBASE G2P Memory Space 0 G-Bus Base Address Register
0x7128 64 G2PM1GBASE G2P Memory Space 1 G-Bus Base Address Register
0x7130 64 G2PM2GBASE G2P Memory Space 2 G-Bus Base Address Register
0x7138 64 G2PIOGBASE G2P I/0 Space G-Bus Base Address Register
0x7140 32 G2PMOMASK G2P Memory Space 0 Address Mask Register
0x7144 32 G2PM1MASK G2P Memory Space 1 Address Mask Register
0x7148 32 G2PM2MASK G2P Memory Space 2 Address Mask Register
0x714C 32 G2PIOMASK G2P I/0 Space Address Mask Register
0x7150 64 G2PMOPBASE G2P Memory Space 0 PCI Base Address Register
0x7158 64 G2PM1PBASE G2P Memory Space 1 PCl Base Address Register
0x7160 64 G2PM2PBASE G2P Memory Space 2 PCI Base Address Register
0x7168 64 G2PIOPBASE G2P I/0 Space PCI Base Address Register
0x7170 32 PCICCFG PCI Controller Configuration Register
0x7174 32 PCICSTATUS PCI Controller Status Register
0x7178 32 PCICMASK PCI Controller Interrupt Mask Register
0x7180 64 P2GMOGBASE P2G Memory Space 0 G-Bus Base Address Register
0x7188 64 P2GM1GBASE P2G Memory Space 1 G-Bus Base Address Register
0x7190 64 P2GM2GBASE P2G Memory Space 2 G-Bus Base Address Register
0x7198 64 P2GIOGBASE P2G 1/0 Space G-Bus Base Address Register
0x71A0 32 G2PCFGADRS G2P Configuration Address Register
0x71A4 32 G2PCFGDATA G2P Configuration Data Register
0x71C8 32 G2PINTACK G2P Interrupt Acknowledge Data Register
0x71CC 32 G2PSPC G2P Special Cycle Data Register
0x71D0 PCICDATAQ Configuration Data 0 Register
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Section Address Size Mnemonic Register Name
0x71D4 PCICDATA1 Configuration Data 1 Register
0x71D8 PCICDATA2 Configuration Data 2 Register
0x71DC PCICDATA3 Configuration Data 3 Register
0x71EQ0 32 P2GMOCFG P2G Memory Space 0 Configuration Register
Ox71E4 32 P2GM1CFG P2G Memory Space 1 Configuration Register
0x71E8 32 P2GM2CFG P2G Memory Space 2 Configuration Register
0x7200 64 PDMCA PDMAC Chain Address Register
0x7208 64 PDMGA PDMAC G-Bus Address Register
0x7210 64 PDMPA PDMAC PCI Bus Address Register
0x7218 64 PDMCTR PDMAC Count Register
0x7220 64 PDMCFG PDMAC Configuration Register
0x7228 64 PDMSTATUS PDMAC Status Register
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18.3.1.2. Interrupt signaling

PCI Controller No. 2 signals the following interrupt to the Interrupt Controller (IRC):
PCIC1 Interrupt (Interrupt Number: 36, PCIC1INT)
This interrupt is similar to a combination of two PCI Controller O interrupt signals into a single interrupt signal. For the
content of each interrupt, see subsection 10.3.11.
The two Ethernet Controllers signals the following interrupts to the Interrupt Controller (IRC):

Ethernet Channel O Interrupt (Interrupt Number: 6)
Ethernet Channel 1 Interrupt (Interrupt Number: 43)

For the content of these interrupts, see 18.4.3.9 Interrupt Source Register.

18.3.1.3. IDSEL signal connections

Internal PCI Bus AD (Address, Data) signals are connected to Ethernet Controller IDSEL signals. The connection
destination follows below.

Ethernet Channel 0 IDSEL signal: Internal PCI Bus AD[31]
Ethernet Channel 1 IDSEL signal: Internal PCI Bus AD[30]

18.3.2. Data structure

The Ethernet Controller exchanges control information and data using the following data structure.
€ Frame Descriptors
€ Buffer Descriptors
& Data Buffer

Figure 18-3 shows the relationships of the above data structures.

A frame descriptor consists of a 4-byte pointer that points to the next frame, a field dedicated to a system or application
program, a frame status field, a control field for all frames, and a corresponding group buffer descriptor. The buffer
descriptor contains a pointer to the data buffer and buffer control information. The data buffer is a data storage area in
Byte units that is stored in either the Little Endian or Big Endian order. For details on these data structures, see 18.3.7
Memory configuration.

The DMA engine responds to the transfer of data that is positioned at the byte boundaries. Frame descriptors must be
aligned to 16-Byte boundaries. Also, buffer descriptors must be aligned to 8-Byte boundaries. The DMA engine Burst
transfers 4-Byte aligned data as much as possible. However, whether data buffers are aligned to 4-Byte boundaries or
not does not have much effect on performance. The DMA engine accesses only words or parts of words not aligned to 4-
Byte boundaries at the start and end of Block transfer. Part way through Block transfer however, the DMA engine
performs word-unit 4-Byte access.
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Figure 18-3 Data Structure Outline
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18.3.3. System control model

The Ethernet Controller as two programmable modes: the Interrupt Drive mode and the Polling mode.

4 Interrupt Drive mode
This mode generates an interrupt each time a packet or group packet transmits or receives.

€ Polling mode
This mode always polls to see if there is a subsequent packet to transmit or receive. When data or a descriptor
is added to the frame descriptor queue, the Ethernet Controller performs transmission. The Host CPU checks
the status of the frame descriptor for the received packet and judges reception completion. The CPU does not
use an interrupt.

By enabling or disabling interrupts for each frame descriptor, the Ethernet Controller can arrange the stage layout to
enable the handling of multiple packets between interrupts. In this way, the ability of the system to handle multiple
packets at once and to cache the handling instructions makes it possible to reduce interrupt handling overhead and
improve performance.

Furthermore, unless major errors occur, you can set the Ethernet Controller to not issue interrupts. In this situation, you
have to put several controls in the Enable state so start/end of traffic and polling in the Idle state is handled efficiently. For
details, see 18.3.9 DMA Operation.
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18.3.4. Functional overview

Figure 18-2 is a diagram of the entire Ethernet system. Figure 18-4 and Figure 18-5 are more detailed function block
diagrams of the Ethernet Controller. Figure 18-4 is a function block diagram of DMA. Figure 18-5 is a function block
diagram of MAC.

G-Bus
PCIC
PCI
Address Data
PCI Config PCI I/O Control PCI Slave PCI Bus/DMA
Register PCI Master Pipe Register Buffer Arbiter

BlI
DMA Reception Control Status DMA Transmission
Consumer Register Producer
DMA Reception DMA Transmission
Buffer Buffer
32 32
DMA Reception DMA
Producer Transmission
Gonsumer
8
8
DIl

Rev 2.20

Figure 18-4 DMA Function Block

Figure 18-4 and Figure 18-5 both show the relationship with the DMA-independent interface (DII). DIl is an internal
interface that has simple handshake signals and interfaces MAC-internal FIFO with the DMA block-internal DMA buffer.
The two FIFOs in the MAC are 1 Byte wide. The DMA block contains DMA buffers that are wider and deeper than MAC.
Figure 18-4 shows the relationship with the bus-independent interface (Bll). The Bll is an internal interface that has Bus
Request/Bus Grant protocols for Burst access performed by the Bus Master. The Bll makes it possible to connect the
DMA engine to a 32-bit PCI Bus Controller or another bus controller.

Rev. 3.1 November 1, 2005 18-10




TOSHIBA m X Toshiba RISC Processor

System
EMAC Risc TX4939

18.3.4.1. Overview of PCl and DMA

Figure 18-4 shows the PCI Bus configuration, blocks that perform control, DMA buffer and data exchange.

4 PCI I/O Control Block
Generates and acknowledges PCI control signals.

PCI Slave Control Block

Acknowledges and controls transactions when the Ethernet Controller is the target device.
PCI Master Control Block

Starts and controls transactions requested by the DMA engine of the Ethernet Controller.
PCI Pipe Register Group

Buffers data so the DMA engine can continue Burst transfer with 1-1-1-1 timing over a long period of time.
PCI Configuration Register

Flexibly performs PCI system setup.

DMA Control Status Register

Sets up and controls DMA.

Arbiter Block

Arbitrates access to the PCI Bus or the DMA buffer.

Producer Block, Consumer Block
Controls transmission/reception data output/input to/from the DMA bulffer.

® 6 & 6 0 o o

The DMA buffer the DMA engine controls has a transmission area and a reception area. The DMA Transmission buffer
stores the data and status information of multiple packets that are currently being transmitted. The DMA Reception buffer
stores the data and status information of multiple packets that were received. Each buffer has a Producer Block that
controls the data stored in a buffer and a Consumer Block that controls data removed from a buffer.

The PCI Bus/DMA Buffer arbiter determines whether the consumer or producer State Machine has higher priority access
permission to the PCI Bus/DMA Buffer. The priority changes dynamically and, if possible during Burst transfer, gives
priority to the State Machine that controls the PCI Bus. However, when either the MAC Reception FIFO becomes nearly
full or the MAC Transmission FIFO becomes nearly empty during transmission, priority is given to that FIFO. In other
situations, the round-robin scheme is used to provide service in a fair manner.

The DMA Controller block consists of the circuits required for the Bus Master to perform read/write operations via the PCI
Bus.

Busrt Size Control Circuit
Optimizes PCI and system performance.

Transmission Threshold Control Circuit
Matches transmission latency to PCI Bus latency.

Big Endian Byte Translation Circuit
Supports data transfer to Big Endian format processors.

Buffer Distribution/Sharing Control Circuit
Can distribute then store one frame in multiple buffers. Can also store multiple frames in a single buffer and
increase the usage efficiency.

Polling Control Circuit

Polls transmission packets. Is optional.

Transmission Wakeup Control Circuit

Performs control required to start transmission when the data is prepared.

Early Notification Circuit
Circuit that generates signals for starting to handle reception data before the data ends.

Interrupt Enable Control Circuit
Adjusts controller operation as the protocol requires.

* 6 o o

* 6 o o
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18.3.4.2. MAC Overview

Figure 18-5 is a function block diagram of MAC. MAC consists of a Transmission Block, Reception Block, Control/Status
Register group, Flow Control Block, and a Serial Controller. The Serial Controller is an MIl station management interface.

DIl
32 8
N N 8 N
MAC Control Status Reception Block A
Register Group —— Transmission Block
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Figure 18-5 MAC Function Block

The media-independent interface (MIl) transfers signals between the 100Base-T compatible physical layer and the
Transmission/Reception Block. Mll is described in the IEEE 802.3 standard.

The Transmission Block buffers data transmitted from the MAC Transmission FIFO, assembles packets, and then
transfers them to the MII. Included in the Transmission Block are circuits that generate Preamble Bytes, Jam Bytes, Pad
Bytes, and CRC values. Also included is a parity check circuit, a timer that creates back-off delay when a collision occurs,
and a time that creates a cap between packets that were transmitted.

The Reception Block expands packets received from MIl, and then stores them in MAC Reception FIFO. Included in the
Reception Block are a circuit that checks the CRC value, a circuit that generates parity to protect data in the FIFO, and a
circuit that checks the packet length. Also included is an address recognition circuit (ARC) that, based on the receiving
address, judges whether to accept or discard a packet.

You can use a loop back circuit to separate MAC from the MIl and physical layer and perform MAC layer testing.

The MAC function block performs control to perform network manipulation such as the following:

€ Control to include a stop request at the end of a packet currently being transmitted or received, and enable or
disable the transmission/reception circuit

Interrupt enable/disable control for each condition

Address recognition control for up to 21 addresses

Counter, status bit for collecting network management data
Loop back or other control that aids network failure diagnosis

Pause operation enable control for pausing the transmitter when a MAC control frame described by Pause
operation is received

MAC control frame transmission control for enabling Pause or other MAC control frame generation even when
the transmitter has paused

MAC control frame pass through control for enabling hardware or software to handle MAC control frames in
another format

* & 6000
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18.3.5. DMA function block
18.3.5.1. DMA Transmission Controller

The DMA Transmission Controller consists of two State Machines: Producer and Consumer. The Producer checks the
frame descriptor of the transmission queue, then controls data transfer from the transmission queue to the DMA
Transmission buffer. Also, after transmission ends, the Producer controls the writing of transmission status information
that expresses the MAC status information for the transmitted data. The Consumer controls transfer of data from the
MAC transmission engine or a large-capacity DMA transmission buffer to a small MAC transmission FIFO.

18.3.5.2. DMA Reception Controller

The DMA Reception Controller consists of two State Machines: Producer and Consumer. Producer controls data transfer
from MAC Reception FIFO to the DMA reception buffer. Consumer allocates buffers from the empty buffer list, writes the
frame descriptor and related buffer descriptor of the packet in the free descriptor area, then controls data transfer via the
PCI Bus from the DMA Reception buffer to the system memory.

18.3.6. MAC function blocks
18.3.6.1. MAC Transmission Block

The Transmission Block takes charge of data transmission. The Transmission Block is compliant with the IEEE 802.3
carrier sense multiple access with collision detection method (CSMA/CD) protocol. This block also supports full duplex
modes that can simultaneously perform transmission and reception. The Transmission Block consists of the following
parts.

€ Transmission FIFO, FIFO Control Counter
4 Preamble, Jam Oscillator

¢ Pad Byte, CRC Generator

@ Parity Checker

€ Back Off, Intergap Timer

For details of the Transmission Block, see 18.3.8 MAC operation.

18.3.6.2. MAC Reception Block

The Reception Block takes charge of data reception. The Reception Block is compliant with the IEEE 802.3 carrier sense
multiple access with collision detection method (CSMA/CD) protocol. This block also supports full duplex modes that can
simultaneously perform transmission and reception. The Reception Block consists of the following parts.

€ Reception FIFO, FIFO Control Counter
4 Address Recognition ARC Block

€ CRC Generator, Tester

€ Parity Generator

For details on the Reception block, see 18.3.8 MAC operation.

18.3.6.3. Flow Control Block

The Flow Control Block has the following functions:

€ Recognize MAC control frames the Reception Block received

4 Transmit MAC control frames (even when the transmitter is paused)
€ Pause operation timer and counter

4 Command/Status Register Interface

€ Options for handing off MAC control frames to the software driver

Rev. 3.1 November 1, 2005 18-13




TOSHIBA m X Toshiba RISC Processor

System
EMAC Risc TX4939

The reception circuit in the Flow Control Block recognizes the MAC control frame, and then performs the following Pause
operation. First, the Data Length/Data Type field must have a specific value for a MAC control frame. Second, the ARC
must recognize the destination address. Third, the frame length must by 64 Bytes including CRC. Fourth, the CRC test
result must confirm the correctness of the frame. Finally, the frame must include a valid Pause operation code and
operand.

If the Data Length/Data Type field does not contain a specific value that expresses a MAC control frame, MAC performs
no operation and the packet is treated as a typical packet. If the ARC cannot recognize the destination address, MAC
ignores the packet. If the packet length including CRC is not 64 Bytes, MAC does not perform Pause operation. In this
case, if Pass Through is in the Enabled state, the driver is handed off.

If the Control bit of the Transmission Status Register is set, you can detect full duplex mode Pause operation or other
MAC control function frames even if the transmitter itself is in the Pause state.

The Flow Control Block has two timers for Pause operation and a Control/Status Register for each timer. One timer,
register pair is used when the received packet pauses the transmitter. The other timer, register pair is used to estimate
the pause status of the transmission destination after the transmitter transmits a Pause command. The Command/Status
Register Interface is used to access the Transmission Control Register, the Transmission Status Register, the Reception
Control Register, and the Reception Status Register. You can use these registers to start transmission of a MAC Control
frame, enable or disable the MAC control function, or access the Flow Control counter.

You can use the Control bit to select whether to completely handle MAC Control frames inside the Ethernet Controller or
hand them off to the software driver. Therefore, default flow control is possible even if the software driver itself does not
support flow control.

18.3.6.4. MAC Control Register, Status Registers

MAC has a group of Control Registers and Status Registers. These registers are used to control the Transmission Block
or Reception Block, display MAC status, are used in the communication interface with CAM, and are used in the interface
with the MII Station Manager. These registers can also access from PCI using the memory map or 1/O map. For details
on the MAC Control Register or Status Register, see 18.4.5 MAC Control, Status Register group.

18.3.6.5. MII Station manager

MAC in the Ethernet Controller handles station management data signals (MDIO and MDC) from the MIl Controller, but it
does not interpret them. Using a serial interface defined by Mil, the MIl Station Manager reads and writes to/from the
Control Registers and Status Registers in a PHY device whose configuration is set up.

When it is necessary to access these registers to negotiate configuration using an application specialized for a bridge,
router, switching hub, etc., you can use the MAC Control Registers and Status Registers to trigger reads and writes
through the Station Management Data Interface. For details, see 18.4.5.5 Station Management Registers..

18.3.6.6. Reception packet alignment

When storing Reception packets in the buffer, the Ethernet Controller can skip by the set byte count. By default, the
Ethernet Controller does not skip Reception packets and these packets are on double-word boundaries. You can set the
DMA Control Register to have the first buffer skip 1-3 Bytes. This function is convenient when aligning packets when
internally necessary by handling IPs and decoding.

O
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18.3.7. Memory configuration

This subsection describes the data structure the PCIl-mounted Ethernet Controller uses when exchanging data with the
Host system. The data structures are stored in system memory. There are three basic data structures:

@ Frame descriptor
€ Buffer descriptor
4 Data buffer

These data structures are used in the following manners:

4 Transmission queue: Listing the frame descriptors of packets ready for transmission
€ Reception queue: Listing the frame descriptors of received packets
€ Buffer list: Listing the frame descriptors that have unused buffers for

receiving data

Figure 18-3 shows an outline of each data structure. This subsection describes each data structure in detail. Depending
on the type of data structure, some queues in use may include different information. Each following item will describes
this in detail. During continuous polling operation, a queue never becomes empty once it is created. One frame descriptor
is always appended to the end of a queue. This dummy frame descriptor is used in processes that generate a descriptor
to be transmitted. For details, see 18.3.9 DMA Operation. To start transmission, the system sets the address of the first
frame descriptor in the Transmission queue in the Transmission Frame Pointer Register. The Ethernet Controller
transmits while tracing the Transmission queue, then updates the status of the transmitted packet. The owner bit of the
Frame Descriptor Status Field and Frame Descriptor Control field indicates “Transmission complete”. This enables the
system software to handle the queue in situations such as when releasing the buffer. The Ethernet Controller fetches the
buffer from the buffer list, and then writes the new frame descriptor or new buffer descriptor in a free descriptor area.
Subsection 18.3.9 DMA operation describes this.

18.3.7.1. Frame descriptor

A frame descriptor consists of a pointer to the next frame descriptor in the queue, a System Data field, a Frame Length
field, a Control field, and a Status field.
Table 18-3 shows the frame descriptor format.

Table 18-3 Frame Descriptor Format

Byte 3 Byte 2 Byte 1 Byte O Offset
FDNext 00 h
FDSystem 04 h
FDStat 08 h
FDCtI | FDLength 0Ch
FDNext Next frame descriptor Address of the next frame descriptor in the
queue
FDSystem Frame system data Is used by the system or application software
FDStat Frame descriptor status Status field of this frame descriptor
FDCtl Frame descriptor control Control field of this frame descriptor
FDLength Frame descriptor length Field that expresses the length of this field

The Ethernet Controller retains the Frame System Data field (FDSystem). The FDSystem field