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WARRANTY STATEMENT

Data Systems Design's products are warranted against defects in materials and
workmanship. For DSD products sold in the U.S.A., this warranty applies for ninety (90)
days from date of shipment.* DSD will, at its option, repair or replace either equipment
or components which prove to be defective during the warranty period. This warranty
includes labor, parts and surface travel costs of system modules or components. Freight
charges for other than surface travel or for complete systems returned for repair are not
included in this warranty. Equipment returned to DSD for repair must be shipped freight
prepaid and accompanied by a Material Return Authorization number issued by DSD.
Repairs necessitated by shipping damage, misuse of the equipment, or by hardware,
software, or interfacing not provided by DSD are not covered by this warranty.

NO OTHER WARRANTY [S EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. DSD SHALL NOT BE LIABLE FOR CONSEQUENTIAL
DAMAGES.

NOTE: ORDERS SHOULD BE PLACED THROUGH THE NEAREST REGIONAL SALES

OFFICE.
EASTERN REGION SALES WESTERN REGION SALES
51 Morgan Drive 2560 Mission College Boulevard
Norwood, MA 02062 Suite 108
TEL: (617)769-7620 Santa Clara, CA 95051
TWX: 710-336-0120 TEL: (408)727-3163
CENTRAL REGION SALES CORPORATE HEADQUARTERS
5050 Quorum Drive 2241 Lundy Avenue
Suite 339 San Jose, CA 95131

Dallas, TX 75240
(214)980-4884

* For products sold outside the U.S.A., contact your local Data Systems
Design distributor for warranty terms.



PREFACE

The material in this manual is subject to change without notice. The manufacturer
assumes no responsibility for any errors which may appear in this manual.

Please note that DEC, PDP, RT-11, and UNIBUS are registered trademarks of the
Digital Equipment Corporation.

SAFETY

Operating and maintenance personnel must at all times observe sound safety
practices. Do not replace components, or attempt repairs to this equipment with the
power turned on. Under certain conditions, dangerous voltage potentials may exist when
the power switch is in the off position, due to charges retained by capacitors. To avoid
injury, always remove power cord before attempting repair procedures.

Data Systems Design, Inc. will accept no responsibility or liability for injury or
damage sustained as a result of operation or maintenance of this equipment with the
covers removed and power applied.

CAUTION

This equipment had been tested with a class A computing device and has been found
to comply with Part |5 of FCC Rules. See instruction manual. Operation in a residential
area may cause unacceptable interference to radio and TV reception requiring the
operator to take what ever steps are necessary to correct the interference.
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CHAPTER |

INTRODUCTION

The DSD 480 is an advanced double sided, double density flexible disk system for use

with LSI-1l and PDP-Il computers. A complete system contains a chassis with two
double sided disk drives, controller/formatter electronics and power supply, a separate
interface card for LSI-I| or PDP-1l computers, interconnecting cables, a diagnostic

diskette, and complete documentation. The system components are described below.

CONTROLLER/FORMATTER MODULE

The intelligence of the DSD 480 resides in the microcode of the
controller/formatter module. It accepts commands sent across the interface cable and
controls the operation of the disk drives.

This module contains a microprogrammed read/write contoller and an 8-bit
microprocessor. The interface/controller module is connected to the disk drives, the
interface bus connector, and the power distribution assembly.

Near the top of the contoller/formatter module is a set of eight switches mounted in
a dual in-line package (DIP). These switches are used to establish different system
configurations and to specify the self-contained "HYPERDIAGNOSTICS" used during
maintenance operations. Located near the switch is a row of eight LED indicator lights
which help you interpret the status of "HYPERDIAGNOSTICS" operation. Appendix A
contains information about the standard jumper positions in this controller.

The controller/formatter is capable of formatting diskettes in any DEC or IBM
format. This capability allows you to recover diskettes with altered formatting
information. It also allows you to select a sequential interleave data pattern which may
improve your system's throughput.

DISK DRIVES

The DSD 480 is equipped with two double-sided disk drives installed in the chassis.
The drives write data or retrieve data from the flexible disks.

The drives used in the DSD 480 each consist of read/write and control electronics,
read/write heads, a head positioning mechanism and a drive motor.

Each drive is fastened to the DSD 480 chassis by four screws accessible from the
underside of the chassis. A 50-conductor flat-ribbon cable connects the controller module
to the drives. Two additional cables provide AC and DC power to the connectors on each
drive. Appendix B contains a copy of the maintenance manual published by the drive
manufacturer.



COMPUTER INTERFACE CARD

The computer interface card is a printed circuit board that accepts commands from
~ the computer and passes them to the controller/formatter module. Data Systems Design
manufactures interface modules for the DEC LSI-Il and PDP-11 computers.

POWER SUPPLY

The DSD 480 power supply is an open-frame unit using linear regulators. Direct
current output voltages include: +5 volts, +24 volts, and unregulated -12 volts. The power
supply contains two trimmer potentiometers which can be used to adjust the +5 and +24
volt outputs.

INTERCONNECTING CABLE

The 10 foot, 26-conductor interconnecting cable serves as a signal path between the
controller/formatter module and the computer interface card. The connectors on the
ends of each cable are keyed on pin 23 to insure proper connection. Cable lengths greater
than 10 feet require twisted pair leads and are not supplied or supported by DSD.

WARNING

Interconnecting cable should never exceed 20 feet.



CHAPTER 2

INSTALLATION

UNPACKING AND INSPECTION

When your DSD 480 shipment arrives, inspect the shipping container immediately for
evidence of mishandling during transit. If the container is damaged, request that the
carrier's agent be present when the package is opened.

Compare the packing list attached to the shipping container with your purchase
order to verify that the shipment is correct. Report any discrepancies to DSD Customer
Service.

Unpack the shipping container and inspect each item for external damage such as
broken controls and connectors, dented corners, bent panels, scratches and loose
components.

If any damage is evident, notify DATA SYSTEMS DESIGN immediately.

Retain the shipping container and packing material for examination in the
settlement of claims or for future use.

POWER REQUIREMENTS
The DSD 480 is shipped in one of two line voltage ranges:
100-120 VAC
or
220-240 VAC.

Systems which are configured for one range cannot easily be reconfigured for the other
range.

CAUTION

The procedure required to convert between a low voltage
range (100-120 VAC) and a high voltage range (220-240 VAC)
is far more complicated than just changing the position of the
printed circuit board. This conversion requires changing the
fan, the two AC spindle motors in the disk drives, the motor
capacitors associated with the spindle motors, and the fuse.
NEVER change the position of the printer circuit board from
the Tow line voltage range (100-120 Volts) to the high voltage
range (200-240 volts) without changing the AC motors. These
motors will be damaged if operated at the wrong voltage.



The DSD 480 may be configured to compensate for low power line voltages (100
VAC in the low voltage range or 220 VAC in the high voltage range). If your power line
voltage is below 120 VAC (or 240 VAC in high voltage range) you may reconfigure the
DSD 480 to compensate as follows:

I) Disconnect power from the unit by removing the AC power cord from the rear
of the chassis.

WARNING
Failure to disconnect power before attempting this
procedure may cause bodily injury.
2) Slide plastic shield to expose fuse.
3) Remove fuse by moving the lever marked "FUSE PULL".
4) Remove PC board adjacent to fuse holder. (See Figure 2-1)

5) Reorient and replace PC board so that desired voltage marking is visible after
installation.

6) Replace fuse and reattach power card.

AC power line assembly

iy

T
—

Figure 2-1. AC Power Connector Assembly

The DSD 480 is shipped in either a 60 Hz or a 50 Hz configuration. The line
frequency must be within | Hz of the proper value for correct operation.
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OPERATIONAL ENVIRONMENT

All flexible disk systems manufactured by DATA SYSTEMS DESIGN perform
efficiently in normal computer room environments. Temperature, humidity, and
cleanliness are three environmental considerations that can affect the reliability of
diskette use. Refer to the DSD 480 data sheet for system specifications.

INSTALLING THE DSD 480 CHASSIS

The DSD 480 chassis must be installed within ten feet (3 meters) of the interface
module's location to accommodate the length of the interconnecting cable. If the
computer system operator will be changing diskettes often, it may be convenient to install
the chassis close to the console terminal.

The DSD 480 may be either mounted in a standard 19-inch rack or installed on a
table top.

The DSD 480 chassis should be mounted in such a way that the air flow behind the

fan is unrestricted. The temperature of the air entering the chassis should not exceed
40°C (104°F).

The following procedure should be used to mount the DSD 480 in a standard |9 inch
instrumentation rack:

NOTE

The DSD 480 is shipped in Mode 2 (RX02 compatible
configuration. If you wish to change this configuration, or
to run the HYPERDIAGNOSTIC exercisers for incoming
inspection, it will be easier to do so before installing the
unit in a rack. To change the operating mode, refer to the
"HARDWARE MODES" section of Chapter 2. The
HYPERDIAGNOSTICS are described in detail in Chapter 5.

1) Attach the optional slim-line chassis mounts to your
rack using the hardware supplied with the mounts.
Note that the left and right rear extender brackets are
not interchangeable. Figure 2-2 illustrates the correct
relationship of the rack mounting components.

2) Slide the DSD 480 chassis on the mounts until the two
bullets at the rear of the chassis mounts engage the
corresponding holes in the rear of the chassis as shown
in Figure 2-3.

3) Remove the molded front "pop" panel from the chassis
by pulling out the top of the panel.

2-3



Rack Mnt. Ext.

/@ . —10-32 x 3/8 Fl. Hd. Mach Screw
’ /@/!0-32 x 3/8 Pan HD Mach Screw

o
\# 10 Flat Washer
Rear #IO Lock Washer 5
Rail IO 32 Hex Nut 2'9“*
10-32 Ret. Nut ail

DSD P/N 700025-01

Figure 2-2. Chassis Slides Mounting

4) Secure the chassis in the rack by bolting the front

flange to the front rails of the rack as shown in Figure
2-4,
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Chassis Mount

Securing Pin

Figure 2-3. Securing the DSD 480 in a Rack




Securing Holes

Figure 2-4. Front View of Chassis with Front Panel
Removed to Show Securing Holes

You may now replace the "pop" panel by pushing it straight back onto the
two "head locks".
DSD 480 CHASSIS CABLE CONNECTIONS

The following procedure describes the installation of the AC power cord and the
interface bus cable:

) VERIFY LINE POWER SWITCH IS OFF.

2) Plug the female end of the power cord into the connector on the back of the
chassis. (The plastic shield must be raised.)

3) Plug the other end into an AC power receptacle.
4) Route the free end of the interface bus cable over to the rear of the chassis.

5) Plug the interface cabel into the 26 pin connector so that the striped side of the
cable is toward the middle of the chassis.

Be sure the position of the clipped pin in the chassis connector matches the position of the
plugged hold in the cable connector.

INSTALLING THE DSD 480 INTERFACE MODULE AND CABLE

Ensure that all system and line power is off before proceeding with this section of
the DSD 480 installation. There are separate procedures for LSI-11 and PDP-1| based
systems.

The hardware bootstrap program on the interfaces is preset to a specified range of
addresses. These addresses may conflict with other devices or bootstraps already
installed in your computer. In order to resolve address conflicts, you may either



disable the bootstrap completely or move it to an alternate base address. We recommed
that the bootstrap be moved rather than disabled in order to keep it available.

LSI-1| Based Systems

The DSD 480 interface module for LSI-11 based systems, including the PDP-11/03, is
a dual-wide card marked "P/N 4432". DATA SYSTEMS DESIGN ships this interface
module configured as follows:

REGISTER ADDRESS: 777170

BOOTSTRAP PROM: ENABLED AT 773000
INTERRUPT VECTOR: 264

INTERRUPT PRIORITY:  BR4

OPERATING MODE: MODE 2 (RX02 COMPATIBLE)

The module allows you to select one of four device register addresses, one of four
bootstrap PROM (Programmable Read Only Memory) starting addresses, and a 7-bit
interrupt vector address. Table 2-1 lists standard and alternate addresses for the
registers and starting boot PROMs. As shown in Figure 2-5, there is a separate jumper
which, when installed, disables the bootstrap PROM.

Table 2-1. LSI-1| Register and Boot PROM Addresses

STARTING REGISTER ADDRESS POSITION | POSITION 2
777170 (STANDARD) CLOSED CLOSED
777160 OPEN CLOSED
777140 CLOSED OPEN
777150 OPEN OPEN
STARTING BOOT PROM ADDRESS POSITION 3 POSITION 4
773000 (STARTING) CLOSED CLOSED
771000 OPEN CLOSED
* 775000 CLOSED OPEN
** 766000 OPEN OPEN

*  Use only this address of the system if configured for 31K of memory (0-774000).
** Do not use this address for the bootstrap in systems with over 28K of memory.

NOTE

When the interrupt vector jumpers are in place, the associated
bit of the vector address is a "O". Thus, if all seven vector
jumpers were to be installed, the vector address would be 000.
Check your module against Table 2-1 and Figure 2-5 to ensure
that it has been configured to match your system requirements
before installation. Most system software assumes a device
address of 777170 and an interrupt vector of 264. If
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DBST
Shorted =  Disabled boot
Open

Enable boot

Interface
Cable Connector

Interrupt Vector
Jumpers 1V8-1V2 _
Shorted = 0

|

Open = ;’__l_z_
Normal Vector | __ Shorted =
is 264g: RXol
1V8 = Shorted Open = RX02
IV7 = Open
1V6 = Shorted
IV5 = Open
1V4 = Open
1V3 = Shorted
IV2 = Open
. Starting
. device and
" boot select
. jumpers

— Position |

— Position 4

Figure 2-5. LSI-11 Computer Interface Card Diagram
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you change either of these numbers, corresponding changes
will be required in the software. Also, be sure to read the
explanation of the bootstrap and diagnostic programs if
non-standard addresses are used.

The following procedure describes how to install the LSI-11 interface module:

1) VERIFY LINE POWER IS OFF

2) Plug one end of the interface cable into the interface module so that pin | (the
striped side) is closest to the edge of the board. Note that the position of the
clipped pin on the module connector matches the position of the plugged hole on
the cable connector.

3) Plug the opposite end of the interface cable into the keyed connector mounted
on the rear panel of the chassis. Note that the position of the clipped pin on
the module connector matches the position of the plugged hole on the cable
connector.

Now you are ready to plug the module into the lowest numbered available Q-Bus slot.

NOTE

No open Q-Bus slots are allowed between the processor and
the DSD 4432 interface module. Since this module uses both
interrupts and DMA (Direct Memory Access), a break in either
of the grant propagation chains will prevent the interface
module from obtaining control of the Q-Bus. Figure 2-6 shows
how Q-Bus slots are numbered on the standard backplanes
available from DEC. Some Q-Bus interface cards (e.g. serial
interfaces and memory) do not pass the DMA grant signal.
Fnsur)e that the DMA signal is reaching the LSI-1| interface
4432).

PDP-11 BASED SYSTEMS

The DSD 480 interface module for all PDP-11 based systems, except the PDP-11/03,
is a quad card. DATA SYSTEMS DESIGN ships this interface module configured as follows:

REGISTER ADDRESS: 777170

BOOTSTRAP PROM: ENABLED AT 771000
INTERUPT VECTOR: 264

INTERRUPT PRIORITY:  BRS

OPERATING MODE: MODE 2 (RX02 COMPATIBLE)

This interface module is marked "4430".

The twelve position shunt located at coordinates C-5 on the 4430 interface module
is used to configure device register addresses and the bootstrap program starting address.
Figure 2-7 is an illustration of the PDP-11 interface module. It shows how the twelve
shunt positions are numbered.
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Power
Position
Block

View from Module Side of Backplane

Processor-

(Highest Prionity Location)

Processor or Option 1

Option 3

Option 2

Option 4

Option 5

Option 6

Option 7
(Lowest Prionity Location)
Preferred Location for MMV11-A Core Memory

DEC Backplane H9270

Connector 1

Connector 2

Slot A Siot B Slot C Slot D
o, 0 0 0 o o
Row 1 Proce:ssor (Procéssor)
Row 2 Opnén 1
Row 3 Optu:)n 2
+—
Row 4 Optul)n 3
Row 5 Optlgn 4
Row 6 Opll%)n 5
Row 7 Optlé)n 6
Row 8 Opti;)n 7
Row 9 Optlé)n 8

View I1s from Module Side of Connectors.

DEC Backplane H9273-A

1 —+- Processor | | [ Frogessor ]} | |
2 — -—-I Position 3 I I Position 2 I L I
3 —- —l Position 4 ] [ Position 5 I L I
4 —— —l Position 7 J [ Position 6 | I ]
5— - —-{ Position 8 I [ Position 9 ] I I
6 — — —[ Position 11 ] l Position 10 I I ]
7 ——4 LPosmon 12 I I Position 13 | I J
8 —— —I Position 15 l l Position 14 I I l
9 —-T -[ Position 1ﬂ [ Position 17 J [ l
Row — Ao | 8 | Il o | €

Module Insertion Side

User Defined Slots

DEC Backplane DDV | 1-8

Figure 2-6. Option Priority in LSI-11 Backplanes
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Twelve position shunt used for
selecting bootstrap address and
device register address

Bootstrap
Disable
Jumper

Eight position
Interrupt Vector Shunt

Figure 2-7. PDP-11 Computer Interface Card Diagram
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Shunt positions | and 2 are used to configure the bootstrap program starting address
as follows:

STARTING BOOT PROM ADDRESS  POSITION | POSITION 2
773000 OPEN OPEN
771000 (STANDARD) OPEN CLOSED
775000 CLOSED OPEN
766000 CLOSED CLOSED

The bootstrap program contained on the interface module occupies 256 words of memory
space, starting at one of the four selectable addresses shown above. If you do not want
the bootstrap program to respond to any addresses, the bootstrap disable jumper should be
installed as shown in Figure 2-7.

Shunt positions 3 through 12 correspond to address bits A3 through Al2 respectively
when configuring the device register address. A closed shunt position corresponds to a
binary 0 and an open shunt position corresponds to a binary |. When the PDP-11 interface
module is shipped, it is configured to respond to a base register address of 777170 (octal).

This is done by having shunt positions 7 and 8 left closed, and positions 3, 4, 5, 6, 9, 10, |1
and |2 punched open.

The eight position shunt located at coordinates B-12 is used to configure the
interrupt vector address. Figure 2-7 shows how the eight shunt positions are numbered.
Position | is not used. Positions 2 through 8 correspond to interrupt vector address bits
1V2 through 1V 8 respectively. A closed shunt position corresponds to a binary 0 and an
open shunt position corresponds to a binary |.

When this interface module is shipped, it is configured to have an interrupt vector
address of 264 (octal). This is done by having shunt positions 3, 6 and 8 left closed, and
positions 2, 4, 5 and 7 punched open.

If the interrupt priority level must be changed, cut and jumper the circuit board to
resemble the diagram corresponding to the desired interrupt priority level as shown in
Figures 2-8 and 2-9. If the priority levels will be changed often, cut the six permanent
traces and install the four 8-pin IC sockets in the positions outlined on the board. Placing
either four-position shunts or DIP-Switches in the sockets will allow for repeated jumper
changes. The interrupt priority jumpers are located at coordinates A-9 and A-10 on the
interface module circuit board. Interrupt priority level 4 is the lowest and level 7 is the
highest.

If the system is to be operated in Mode | (RX0l compatible) when the EN RXO0I
jumper located near coordinates A-12 must be installed. This number is removed for
RX02 compatible operation.
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A10 (Module Coordinates)

AQ—\

BR4 Jumpers BR5 Jumpers BR6 Jumpers BR7 Jumpers

Figure 2-9. PDP-I1 Interrupt Priority Jumper Diagram

The following procedure describes how to install the PDP-1| module:

1
2)
3)

%)

5)

VERIFY LINE POWER IS OFF.

Check that the jumpers on the interface module are configured correctly.

Plug one end of the interface cable into the interface module so that pin |
(striped side) is closest to the module handle.

Confirm that the position of the clipped pin on the module connector matches
the position of the plugged hole on the cable connector.

Plug the module into a convenient SPC (Small Peripheral Controller) slot.

Be sure there is grant continuity between the processor and the interface module. If
there are open SPC slots between the processor and the interface module, place a grant
continuity card in slot D.
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NOTE

Since the 4430 interface module uses DMA (Direct Memory
Access), you must be sure there is no backplane jumper or foil
trace betwen backplane pins CAl and CBI of the selected SPC
slot. These two pins normally connect NPG (Non-Processor
Grant) IN to NPG OUT. Usually the pins are left connected
since most Small Peripheral Controllers do not use DMA. [f
this jumper is not removed and a 4430 interface module is
installed configured either for RX0l or RX02 compatible
operation, the computer system will stop. Replace the jumper
any time the 4430 module is removed.

FRONT
———————————— + - Processor-4+—— — — — 4+ — — — — 4+ — — — — —
____________ - wy -4+ — - 4 — — - — - ——
<€— — Unibus Option #|— —»||l€¢ —— — ++— — —SPCSlot | - — — - — — — — >
Unibus Option #2 ¢ — — —+— ——SPCSlot2 - — — 4+ ——— — >

A A

Y \/
[
<«— - Unibus Option #9— | |€— — — ——+ — — —SPC Slot 9— — — -+ — — — — ]
| |
A B C D E F
UNIBUS SLOTS SPC SLOTS

Figure 2-10. Typical UNIBUS Hex Backplane
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HARDWARE MODES

The DSD 480 may be configured for one of three operating modes or a
"HYPERDIAGNOSTIC" mode. The desired mode is selected by means of a DIP-Switch
located on the controller module. Each mode is described briefly below and in detail in
Chapters 4 and 5. The DSD 480 is shipped in Mode 2 (RX02 compatible).

Mode | (RX0! Compatible)

In RX0l mode, the DSD 480 emulates the DEC RX0Il. Recording is done in IBM
3740 (DEC single density) format only. Data are transferred by programmed 1/O. Single
sided diskettes only may be used in RX0|l mode.

Mode 2 (RX02 Compatible)

In the RX02 mode, the DSD 480 is configured to emulate the DEC RX02. In this
mode, it reads and writes in DEC double density and IBM 3740 single density diskette
formats. Data are transferred by DMA. The DSD 480 also reads and writes on
double-sided diskettes in DEC double density, IBM 3740 (DEC single density) and IBM
2D-256 double density formats. The DSD RT-1| monitor patch program must be executed
to activate two-sided operation under RT-l1. The procedure is described in Chapter 4.
Once this operation has been performed, these formats are transparent to DEC software.

Mode 3 (Extended IBM)

The DSD 480 IBM mode is a "superset" of the RX02 mode. In addition to the RX02
mode formats, the DSD 480 also reads and writes in all other IBM formats. A modified
software handler is required to support the additional formats not available in Mode 2
(RX02). More detail is provided in the software section, Chapter 4.

"HYPERDIAGNOSTIC" Mode

DSD's exclusive "Hyperdiagnostics" are a library of microprogrammed routines for
stand-alone exercising cixt monitoring of the disk system. The routines are selected from
the DIP-Switch or the controller module. Chapter 5 provides a complete description of
"Hyperdiagnostic" operation.

Switch Selection of Operating Mode

DATA SYSTEMS DESIGN ships the DSD 480 configured for Mode 2 (RXO02
Compatible) operation. Selection of other modes is done via the DIP-Switch on the
controller module. For Mode | operation, the jumper "ENRXOI" on the LSI-1| or PDP-I1
interface card must also be installed. Figure 2-11 shows the DIP-Switch selector. The
switches may be set conveniently with a ball point pen or other sharp implement. Table
2-2 lists the controller DIP-switch functions. Figure 2-12 illustrates the proper switch
settings for normal mode operation.
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Table 2-2. Controller and DIP-Switch Functions

SWITCH | SWITCH
NUMBER | NAME WHEN CLOSED WHEN OPEN
1,2,3 Self Test All Closed for Selects a Hyper
Select Normal Operation Diagnostic Function
4 Mode Select Selects RX02 or Select Mode |
Mode 2 (RX02 (RX0! compatible)
compatible) or
Mode 3 (IBM
compatible)
5 Drive Mapping Left Drive = Unit 0 Right Drive = Unit @
Select Right Drive = Unit | Left Drive = Unit |
6 Drive Type Single Sided Drive Double Sided Drive
Select
7 Extended Format| Mode 2 Mode 3
Select Read all DEC and IBM | Read all DEC and
26 Sector Formats IBM Formats
8 Select Number Operate One Drive Operate Two Drives

of Drives
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Figure 2-12. Controller DIP-Switch Settings: Normal Modes
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CHAPTER 3

BASIC SYSTEM OPERATION

This section explains how to turn on and operate your DSD 480 after correctly
installing it. Chapter 2 details the installation procedure.

APPLYING AC POWER

Once the correct AC (alternating current) power is connected, simply turn the line
switch on the DSD 480 chassis to the "ON" position. The location of the line switch is
shown in Figure 3-1.

The DSD 480 chassis and the interface module can be safely powered up in either
order. There is no danger of writing on diskettes loaded in the drives during power up or
power down cycles.

) [0)) (=)
(@)

——
—
— 43

I l I I I I I ; -

\_/ -

\-

® JE—nL ®
Interface Conn Lme Power Switch —/

Figure 3-1. Back Panel of DSD 480
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INSERTING A DISKETTE

Open the DSD 480 drive door, and insert the diskette into the drive as shown in
Figure 3-2. Close the drive door.

You are now ready for an initialization response check of your computer and flexible
disk system.

Figure 3-2. Orientation of Diskette for Insertion
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INITIALIZATION RESPONSE CHECK

When the DSD 480 is connected correctly to the host computer, it performs an
initialization response (INIT) upon power-up. An initialization response can also be forced
by any of the following operator console actions:

2)

3)

]

2)

LSI-11 BASED SYSTEMS
Flip the INIT switch (if there is one) on the host computer.

Using ODT (Octal Debugging Tool), enter the "G" command at any arbitrary
starting address.

Using ODT, write the number 40000 into the DSD 480 RXCS register, normally
at address 777170.

PDP-11 BASED SYSTEMS

Generate a UNIBUS INIT by depressing the START switch or button on the
processor.

Using the console, write the number 40000 into the DSD 480 RXCS register,
normally at address 777170.

Each time you generate an INIT, you should hear the drives as the controller moves the
head to track 0. The activity lights on the front of the drives should come on briefly. If a
diskette is loaded into drive 0 (normally the left hand drive) you should also hear the head
load. The drive 0 activity light remains on slightly longer as the controller reads track
|/sector | of the diskette into the sector buffer.

If you did not observe the results described above, ensure that you have:

1)
2)

3)

4)
5)
6)

Applied power to both the computer mainframe and the DSD 480 chassis.

Connected both ends of the DSD 480 interface bus cable in the proper
orientation. (The red drive select lights remain on if the cable is reversed.)

Generated a system or device intitalize signal by one of the methods described
above, and the signal is reaching the DSD 480 interface.

Closed the drive doors.
Set the controller module DIP-Switch as described earlier in this chapter.
If the system fails to respond, the problem may be caused by low power supply

voltage. This conditons is indicated if all LEDs on the 480 controller board
(inside chassis) are illuminated.

If you are still unable to force an INIT, refer to Chapter 5.



SYSTEM BOOTSTRAPPING
STANDARD LSI-11 AND PDP-11 SYSTEMS

Before attempting to bootstrap your DEC operating system diskette, ensure that the
DSD 480 operating mode (RX0Il or RX02 compatible) matches the system device handler.
The DSD 480 will boot from either single or double sided DEC-formatted diskettes if the
appropriate operating system files are present. Mode | (RX0l compatible) operates with
single sided, single density diskettes only. The RT-11 monitor files DXMNSJ.SYS or
DXMNFB.SYS must be present.

In Modes 2 and 3, the DSD 480 will boot from either single or double density
diskettes provided that the file DYMNSJ.SYS or DYMNFB.SYS is present. Chapter 4
describes how to convert a single density operating system diskette to double density
operation. It also describes how to generate bootable double-sided diskettes.

NOTE

For 2-sided diskettes the monitor files must be on side zero.

The DSD 480 features a built-in hardware bootstrap program on the LSI-1| and
PDP-11 interface modules. When this 5|12-byte (256 16 bit words) program is executed by
the computer, the operating system is automatically loaded into memory from either a
single or double density diskette. The bootstrap also performs diagnostics which confirm
operation of the interface, controller and processor memory. These diagnostics include:

1) A fill and empty buffer test which verifies the sector buffer and DMA transfer
capability. It loads a data pattern into the controller sector buffer, then reads
it back into memory and compares the results.

2) A command and status register bit-latch test that confirms correct operation
using the DSD 480 interface register.

3) A computer memory test that checks contiguous memory to 28 K for both data
and address line errors.

If a malfunction is detected during execution of any of these tests, the computer either
HALTSs or continuously executes a program loop. If this occurs, refer to Appendix D.

NON-STANDARD DEVICE ADDRESSES

Most DSD 480 systems are configured so the command and status register responds
to address 177170. This address is regarded as the "standard" device address for the first
flexible disk system installed on LSI-1l or PDP-ll based computer systems. Under
certain circumstances, you may want to configure your DSD 480 system to respond to a
non-standard device address. If this is done, the bootstrap procedure is slightly modified.
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The following are descriptions of several types of bootstrap starting procedures:

1) RXCS at 777170

If the shunts on the interface module are set up so that the bootstrap program
base address is 773000 for LSI-11 or 771000 for PDP-11, and the RXCS = 777170
(standard address), then bootstrap by storhng the compu'rer at the bootstrap
program base address.

2) RXCS at 777150

If the interface module is modified so that the RXCS = 777150, the system is
bootstrapped by starting the computer at the bootstrap program base address
plus 20 (octal). In this case the base address is 173020.

3) Alternate Base Addresses

If the interface module is modified so that the device address is any legal
address other than 777150 or 777170, follow this procedure:

a) Write the device address (e.g. 177160) into mernory address 000000.
b) Write the number 000340 into CPU register 0 (RO).
c) Write the number 000002 into CPU Register | (R1).
You can now start the computer at the bootstrap program base address plus 40
(octal). In this case the start address is 773040.
NOTE
If the DSD 480 is configured for a non-standard device
address, the system device handler on the operating system
must be altered. In addition, the bootstrap on the diskette
must be updated to include the revisions to the monitor.
ROM (READ ONLY MEMORY) INSTALLED AS MAIN MEMORY
The DSD 480 bootstrap program reports a memory error if a block of ROM
(read-only memory) is installed within the first contiguous block of read/write memory
below 30 K. If you encounter a memory error caused by ROM installed as main memory,
refer to the following section.

BOOTSTRAPPING WITHOUT SYSTEM TEST FUNCTIONS

The following procedure describes how to skip all of the system test functions
included in the DSD 480 bootstrap program and to directly bootstrap the operating systems:



1) The LINE-TIME CLOCK switch must be off.

2) Deposit the device address of the device to be bootstrapped in location 000000.
(typically 777170)

You may now start the CPU at 524 (octal) address locations beyond the boot base address.

ACCEPTANCE TESTING

When the DSD 480 is first installed, you may confirm proper operation by running the
"VERIFY" routine of the software diagnostic program, FLPEXR. This routine will run
continuously unless halted. All system functions will have been tested when the message
"short pass completed" is printed. The diagnostic may be halted when this occurs. Please
refer to Chapter é for a complete discussion of software diagnostics.



CHAPTER 4
SOFTWARE

OPERATING MODES

The DSD 480 has three operating modes; Mode | (RX0l compatible), Mode 2 (Rx02
compatible), and Mode 3 (Extended IBM). The procedure for selecting the proper mode is
described in Chapter 2. Modes | and 2 are fully DEC-compatible. To activate double
sided support in these modes, a patch to the RT-1l V3B monitor is required. The
procedure is described in detail below. IBM 26 sector per track formats both single and
double density can also be written or read in a DEC-compatible mode - transparent to
DEC software.

In Mode 3, the DSD 480 hardware will read and write all IBM diskette formats in
addition to DEC formats. A modified device software handler is required to support these
formats. Mode 3 protocol is described in detail in this chapter. A complete description of
the various operating modes is provided in Table 4-1.

DISKETTE COMPATIBILITY

The DSD 480 will accept all DEC or IBM-compatible soft-sectored diskettes. A
description of the DEC and IBM formats is provided in Table 4-1.

NOTE
Single Sided Diskettes:

I) DEC's single sided, single density format is the same as the
IBM 1-128 format (also called IBM 3740). The diskettes are
equivalent and may be used interchangeably.

Double Sided Diskettes:

2) For two-sided, single density, DEC-compatible operation,
the DSD 480 uses IBM 2-128 formatted diskettes. This is
simply the DEC single density format repeated on both
sides of the diskette.

3) DEC and IBM double density formats are significantly
different. IBM writes both headers and data in double
density while DEC writes headers in single density and data
in double density. Since DEC does not currently offer
double-sided diskettes, the two-sided, double density DEC
format is generated from IBM 2-128 (single density)
diskettes by changing the data sections to double density.
Two-sided, DEC double density diskettes are easily
generated on the DSD 480 using the "set media density"
command described under "F ormatting Diskettes."
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Diskette 2D | (#1669045) \ 5381 - System 38
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DEC COMPATIBLE MODES

Modes | and 2 of the DSD 480 are fully DEC-compatible. Mode 2 (RX02 compatible)
data transfers are done with DMA (direct memory access). Reading and writing is done in
either single or double density. Mode | operation is single density only. Data transfer is
by Programmed 1/0.

SINGLE SIDED OPERATION

Although the DSD 480 has double-sided disk drives, it will, of course, operate with
single-sided diskettes. In fact, with single-sided diskettes, the DSD 480 provides a true
emulation of the DEC RX02 (or RX01).

DOUBLE SIDED OPERATION

The DSD 480 allows the user to take full advantage of double capacity by activating
double sided support in the DEC system monitor. Under double sided operation, bit 9 of
the device COMMAND AND STATUS REGISTER (RXCS) is used to select diskette side |
for reading or writing, and bit | of the ERROR AND STATUS REGISTER (RXES) is used
to indicate "side | Ready".

The resulting RT-I1 or RSX-1| monitor is fully DEC compatible. The operating
system will function properly with DEC hardware (RX02) and all DEC utilities and
applications programs. Appendix | describes the procedure for implementing double sided
support in the DEC RT-11 and RSX-11 system monitors.

After double sided support has been installed in the monitor, the operating system
will automatically check for the presence of double sided diskettes, and performs
appropriate directory and housekeeping functions to make double or single sided operation
fully software transparent. All system utilities (PIP, DUP, DIR, etc.) will function
correctly with single or double sided diskettes.

For example, when a double sided diskette is initialized using "DUP" under RT-11,
the monitor will recognize that the diskette is double sided. If the diskette is double
density, there will be 1962 free blocks. If the disk is single density and double sided, there
will be 974 free blocks.

If the user inserts a single sided diskette into the system, the monitor and floppy
controller will recognize that the diskette is single sided and function properly.

NOTE

Double sided diskettes will not function properly in a single
sided drive.



SINGLE DENSITY DISKETTES IN A DOUBLE DENSITY RX02-COMPATIBLE SYSTEM

The DSD 480 allows previously recorded single density file diskettes to be read and
written by a double density operation system. The double density software device handler
also reads and writes previously recorded single density diskettes. The expected density
of a diskette is specified with the initial command sent by the device handler to the DSD
480. If the density of the diskette does not match the density specified in the command,
the DSD 480 will report a density error to the device handler. In response, the handler
will retransmit the command specifying the correct density. The entire operation is
automatic, thus freeing you from manually checking each diskette to determine its
density.

IBM 2D-256 COMPATIBILITY IN MODE 2

While in RX02 mode, it is possible to read and write in IBM 2D-256 double density
format, in the same fashion as a normal diskette. This allows the operator to exchange
programs and data between DEC and IBM systems using the normal RX02 command
structure.

As described earlier, IBM double density differs from DEC double density in that
IBM sector headers and data are written in double density while DEC headers are single
density and data are double density (Table 4-1). Note also that track 0 of an IBM 2D
diskette is written in single density while the other 76 tracks are double density. This
track is not normally used for data, and is not used by DEC RT-11 or RSX-I1 software.
Hence, it is possible to use an IBM 2D-256 diskette as a DEC system diskette. The
procedure for generating a system diskette is described later.

The DSD 480 controller will automatically recognize the format of the diskette
being used. IBM 2D-256 diskettes may be accessed with the standard DEC read and write
calls or, if they contain a DEC operating system, they may be booted directly in the
normal fashion.

MODE 3

Mode 3 (Extended IBM) of the DSD 480 is an extension of Mode 2. It allows the user
full compatibility with all DEC and IBM diskette formats. In addition, alternate track
assignment is provided in a software transparent fashion. Mode 3 uses a special software
device protocol which is described in this chapter. It is the user's responsibility to
implement a device handler to support this protocol.

PROGRAMMING INTERFACE

The system interface with the DSD 480 varies according to the host computer type
and the operational mode for which the system is configured. The characteristics of the
DSD 480 operation are embedded in the controller. A separate protocol for each mode is
used to communicate with the interface module and host computer program.
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The remainder of this chapter is organized by computer family and operational mode.

NOTE

All adddress locations and numerical machine values are
represented in octal format.

DEC || FAMILY
The system interface with the DSD 480 is identical for the LSI-11 and PDP-11.

During Mode | (RX0l Compatible) or Mode 2 (RX02 Compatible) operation, data are
transferred to and from the diskette in fixed length blocks called sectors. A sector
contains 64 sixteen bit words when the system is being used in single density mode, and
128 sixteen bit words in double density mode. During Mode 3 (Extended IBM) operation,
data are transferred in sectors of variable lengths.

The programmer can direct the DSD 480 controller to perform several operations or
tasks. Each of these tasks is used to facilitate the storage and retrieval of information on
a diskette.

As an example, two operations are needed to move a sector of data from main
memory to a particular sector on a diskette. The first operation is called FILL BUFFER.
This is used to move the data from computer memory to a RAM buffer which is an
internal part of the disk controller. The second operation is called WRITE SECTOR. This
positions the read/write head of a flexible disk drive over the specified portion of the
diskette, and writes the data stored in the controller's sector buffer on the diskette.

The programmer commmunicates his task requirements to the DSD 480 controller
through two physical registers which are addressed as though they were in computer
memory. The CONTROL AND STATUS REGISTER is normally located at address 777170
octal. The DATA BUFFER REGISTER is normally located at address 777172 octal.

There are a total of seven "logical registers" that are mentioned throughout this
chapter. These registers represent such information as data, controller status, track
address and sector address. The programmer always reads and writes logical registers
through the DATA BUFFER REGISTER, which is a physical register.

A task is initiated by writing a specific bit pattern to the CONTROL AND STATUS
REGISTER. Each task is associated with a specific "protocol." A protocol is a set of
rules which determine the parameters or data the computer should be passing through the
DATA BUFFER REGISTER during the execution of a task.

For example, operations which move the read/write head in the disk drive require a
track and sector address. The protocol for these functions is as follows:

1) The command is written to the CONTROL AND STATUS REGISTER.
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2) The sector address is written to the DATA BUFFER REGISTER when the
controller requests it.

3) The track address is written to the DATA BUFFER REGISTER when the
controller requests it.

The DSD 480 operational modes influence the protocol associated with the various tasks.
The main difference in these modes centers on data transfer and storage charateristics.
In Mode |, programmed /O is used exclusively for the transfer of both data and
parameters between the computer and controller. In Modes 2 and Mode 3, programmed
1/0 is used to transfer parameters, but DMA is used to transfer data between the
controller and main memory.

In Mode |, data are recorded on a diskette in single density only. In Modes 2 and 3,
data are recorded in either single density or double density.

MODE | (RX0l COMPATIBLE) OPERATION

The system assumes MODE | operation when the "RX0I" switch (located on the controller
module) is placed in the "I" position and when the "ENRXOI" jumper is installed on the
PDP-11 or LSI-11| interface boards. Any program that runs successfully with the DSD 210,
DSD |10, DSD 440 or the DEC RX-11 (or RXV-11) runs equally well on a DSD 480 system
configured for operation in MODE 1.

PERIPHERAL DEVICE REGISTERS

Programs communicate with the DSD 480 through two peripheral device registers.
They are as follows:

NAME DESCRIPTION OCTAL LOCATION
RXCS COMMAND AND STATUS REGISTER 777170
RXDB DATA BUFFER REGISTER 777172

Peripheral device registers reside in the top 4K words of the DEC-I|| family computers'
memory address space. They are addressed as memory and any instruction that can
operate on a memory location can operate on a peripheral device register in the same
way. For information explaining how to assign non-standard bus addresses to these
regisfebrs, see the section in Chapter 2 that describes installation of the interface module
and cable.

COMMAND AND STATUS REGISTER (RXCS)

Writing bit patterns to this physical register controls the DSD 480. The format for
this register is shown in Table 4-1. The RXCS register also provides important status
information and error indications when read by the program.
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DATA BUFFER REGISTER (RXDB)

The RXDB, is physically a shift register that provides the communication link
between the host processor and the DSD 480 system. The logical information passed
through this physical register is based upon a predetermined protocol which is defined in
the Mode | protocols section in this chapter.

If the DSD 480 is not in the process of executing a command, the RXDB can be
written without risk. However, during the execution of an instruction, the RXDB register

will only provide or accept information (according to the RXDB protocol) when the
TRANSFER REQUEST flag is set.

NOTE

Data may be lost if the correct protocol is not followed. Only
RXDB bits 0-7 are accepted by the controller. Bits 8 through
I5 are ignored.

The following descriptions explain the various logical register formats of the
physical Data Buffer Register of RXDB.

Data Buffer (RXDB)

The data buffer register is used by the function in process to transfer data to and
from the controller data buffer. All information is transferred as a byte through bits 0-7
of the RXDB.

Disk Track Address (RXTA)

At the proper time during commands requiring a track number (e.g. write sector,
read sector), the track number is written to the physical RXDB register as if it were a
logical register. This is the TRACK ADDRESS REGISTER (RXTA = 777172). Track
numbers from 0-76 (decimal) are valid.

Disk Sector Address (RXSA)

At the proper time during commands requiring a sector address (e.g. write sector,
read sector) the sector address is written to the physical RXDB register as if it were a
logical register. This is the SECTOR ADDRESS REGISTER (RXSA = 777172). Sector
addresses from |-26 (decimal) are valid. The controller microprocessor masks bits 6 and 7
of the RXSA to zeroes.

System Error and Status Register (RXES)

The RXES is a logicai register that is implemented using the physical RXDB shift
register. It provides status and error information about the drive that has been selected
in bit 4 of the physical RXCS register. At the completion of a command, the controller
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places the RXES register into the data buffer register (RXDB = 777172) so that the host
processor can check the status of the most recent operation.

BIT 7 - DRV RDY - Drive Ready

This bit, when set, indicates that the selected drive has a diskette installed
correctly. The Drive Ready bit is only valid immediately following the Ready Status
function. The bit is valid for drive 0 immediately following an initialize.

BIT 6 - DD - Deleted Data

This bit indicates that a deleted data address mark was found during the last READ
SECTOR operation or that the last command was WRITE DELETED DATA SECTOR.

BIT 5 - DRV DEN - Drive Density

This bit indicates the density of the diskette installed in the selected drive. When
asserted, double density is indicated. This bit is updated during READ or WRITE
SECTOR operations.

BIT 4 - DEN ERR - Density Error

This bit indicates that during a READ or WRITE SECTOR operation, the controller
found that the density of the selected diskette did not match the density given in
the command. The operation is terminated and the ERROR and DONE bits are set.

BIT 3 - WP - Write Protect (RX0l Mode only)

This bit is set whenever a write is attempted on a write-protected diskette. This
RXDB bit along with the ERROR and DONE bits of the RXCS is set when the
controller/drive subsystem loses power, or the IBUS cable is disconnected.

BIT 2 - ID - Initialize Done

This bit indicates that the controller/drive subsystem has just completed an
initialization sequence. This sequence may have been started by a power failure,
bus INIT, or programmed INIT,

BIT | - PAR - Parity Error

This bit indicates that a parity error was detected when a command or parameter
was being shifted from the interface to the controller/drive subsystem. The
operation is terminated; the ERROR and DONE bits are set.

BIT 0 - CRC - CRC Error

This bit indicates that a CRC (Cyclic Redundancy Check) Error was detected during
the last Read sector operation. The operation is terminated; the ERROR and DONE

bits are set.

The bit layout of this register is shown in Figure 4-1.
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Table 4-2. Mode | Command and Status Register

15

/Fopmat for RXCS Register \

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

ER

IN TR | IE | DN JUN1] FN | FN | FN | EX

BIT

MEANING

15
14

13-8

3-1

ER — Error detected, cieared by INITIALIZE or new command. Read Only

IN — INITIALIZE the DSD 480. The DONE flag will be negated. the controller will self-test,
drive 1 will seek to track 0, drive 0 will seek to track 0. A READ SECTOR operation on
drive 0, track 1, sector 1 will occur if a diskette is in place; the ERROR AND STATUS
REGISTER will be set to 0, the INITIALIZE DONE bit will be s=t in the ERROR AND
STATUS REGISTER, and if drive 0 is ready. then the DRIVE READY bit will be set in the
ERROR AND STATUS REGISTER. The INITIALIZE bit takes precedence over all other
bits in the RXCS registei.

UNUSED

TR — TRANSFER REQUEST indicates to the program that the DATA BUFFER REGISTER
has been emptied and needs loading or is lcaded and needs emptying. Read only.

IE — INTERRUPT ENABLE permits an interrupt to occur when the DONE flag is set. Itis a
read/write bit.

DN — DONE flag indicates the completion of an operation. The DONE flag is a read only bit.

UN2 UN1 — Diskette drive unit select bits. The binary encoding of these bits selects drive
0-3. Drive selection only occurs if a drive related function is executed. A point of in-
compatibility exists when a triple or quad drive system is configured. DEC bootstraps
assume that bit 5 is a ‘‘read only” bit, so they write into it with impunity. As a result,
drive 2 is selected by mistake during bootstrapping. In systems configured for single
or dual drive operation, bit 5 can be written into with impunity.

FN — FUNCTION SELECT

= FILL SECTOR BUFFER from memory

= EMPTY SECTOR BUFFER into memory
WRITE SECTOR BUFFER to disk

READ SECTOR from disk to SECTCR BUFFER
Not used

READ STATUS (RXDB — RXES)

Write sector with deleted data address mark
READ ERROR REGISTER (RXDB — RXER)

NOOAWN-2O

[ I TR T [T}

Function select bits are write only,

EX — Execute. when set. causes the function coced in RXCS bits 3-1 to be executed.
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15 14 13 12 1 10 8 7 6 5 4 3 2 1 0
Not Used Read/Write These Bits Only
RXDB
15 14 13 12 1 10 8 7 6 5 4 3 2 1 0
0 0 0
Not Used 1-32,
RXSA
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
0
Not Used (FMB
RXTA
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0
Not Used Error Code
RXER
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0
~ g DD \ DEN l ID . CRC
Not Used ERR
DRV DRV PWR PAR
RDY DEN LO
RXES

Figure 4-1. Mode | Register Formats
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Error Register (RXER)

The RXER is a logical register that is implemented using the RXDB shift register.
It contains a definitive code identifying an error condition. The RXER is available only
after the "Read Error Register" command (1 [1). At the completion of this command, the
controller places the contents of the RXER into the data buffer so that the host processor
may read the definitive error code.

Bits 15-8: Not Used

Bits 7-0: Definitive Error Code
Refer to Table 4-3

MODE | PROTOCOLS

Protocols are required in the DSD 480 because the computer interface module and
the DSD 480 controller communicate mostly through a single physical 1/0 register
(RXDB). Because of this constraint, the controller must identify parameters being passed
to it by the order in which they are transmitted through the register link.

The following sections describe the proper protocol for each of the possible

commands that can be sent to the controller. Failure to adhere to the correct protocol
will result in lost or incorrect data.

FILL SECTOR BUFFER (000)

The FILL SECTOR BUFFER command is used to fill a storage buffer inside the DSD
480 with 128 eight bit bytes of data from the host processor. Other functions can later be
used to either write that data to the diskette, or transfer it back to the processor.

When the FILL SECTOR BUFFER command is given, the DSD 480 responds by
clearing the DONE flag, RXCS bit 5. The controller then requests the first byte of data
by setting the TRANSFER REQUEST flag, RXCS bit 7. At this time, one byte of data
should be written into the lower eight bits of the RXDB register by the host processor.
When the processor writes a byte into the RXDB register, the TRANSFER REQUEST flag
is cleared.

When the TRANSFER REQUEST flag is again set by the controller, another byte of
data is transferred to the RXDB register. This process is repeated until a total of 128
bytes have been transferred. When the controller has the 128 bytes needed to fill the
buffer, TRANSFER REQUEST is left clear, and the DONE flag, RXCS bit 5 will be set. If
the INTERRUPT ENABLE bit (RXCS bit 6), is set, an interrupt request will occur when
the DONE flag is set.

NOTES

) Data will not be accepted unless the TRANSFER
REQUEST flag is set.

2) If the ERROR flag, RXCS bit 15, is set, the specific error
must be obtained from the RXER (see READ ERROR
REGISTER section).
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3) The controller will ignore all data sent after byte 128.

4) Since the FILL BUFFER command is not associated with
any one drive, RXCS bit 4 does not affect this function.

Interrupts are generated by the logical "AND" of DONE and INTERRUPT ENABLE.
If the DONE bit is set the first time you set the interrupt enable bit you will get a
spurious interrupt.

EMPTY SECTOR BUFFER (001)

The EMPTY SECTOR BUFFER function is used to transfer the contents of the
sector buffer to the computer. The sector buffer is loaded from a previous FILL SECTOR
BUFFER or READ SECTOR command.

When the EMPTY BUFFER command is given, the controller responds by clearing the
DONE flag, RXCS bit 5. The controller then sets the TRANSFER REQUEST flag (RXCS
bit 7), to indicate that a byte of data is available for reading. The data byte appears in
the lower 8 bits of the RXDB data register.

When the host computer reads the byte, the TRANSFER REQUEST flag is cleared.
The TRANSFER REQUEST flag is again set when the controller has placed another byte
of data in the RXDB register. This process is continued until all |28 bytes have been
transferred to the host computer. After the 128 byte of data have been transferred, the
TRANSFER REQUEST flag will remain cleared and the DONE flag will be set. An
interrupt request will be generated if the INTERRUPT ENABLE bit was set when DONE
became true.

NOTES

1) Data will not be accepted unless the TRANSFER REQUEST
flag is set.

2) If the ERROR flag, RXCS bit 15, is set, the specific error
must be obtained from the RXER (see READ ERROR
REGISTER section).

3) The controller will ignore all data sent after byte [28.

4) Since the FILL BUFFER command is not associated with any
one drive, RXCS bit 4 does not affect this function.

5) The EMPTY BUFFER function does not modify the contents
of the sector buffer.

Interrupts are generated by the logical "AND" of DONE and INTERRUPT ENABLE.
If the DONE bit is set the first time you set the interrupt enable bit you will get a
spurious interrupt.
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WRITE SECTOR (010)

The WRITE SECTOR function is used to transfer the contents of the sector buffer to
a specified track and sector of the diskette. When the WRITE SECTOR command is given,
the controller clears the logical RXES register and DONE flag.

Next, the controller sets the TRANSFER REQUEST flag, RXCS register bit 7, to
request a sector address. The program responds by writing the desired sector address
(RXSA) into the data buffer register (RXDB=777172). This clears the TRANSFER
REQUEST flag. As soon as the controller shifts the sector address over the interface
cable, it asserts TRANSFER REQUEST again. This time the program responds by writing
the desired track address (RXTA) into the data buffer register. This clears the
TRANSFER REQUEST flag.

After the track address is received, the controller commands the selected drive to
seek to the right track and locate the right sector. TRANSFER REQUEST stays
unasserted for the remainder of the function.

If the correct track and sector are found, the controller writes the 128 bytes of data
from the sector buffer, plus two bytes of Cyclic Redundancy Check (CRC) onto the
diskette. When this is finished, the controller completes the function by writing the RXES
data to the data buffer register and setting the DONE flag. As in all functions, an
interrupt request is generated if the interrupt enable bit (RXCS bit 6), was set when
DONE became true.

If the controller is unable to locate the specified diskette track, the RXER is set to
a 150. If the specified sector cannot be found within two diskette revolutions, the RXER
is set to a 70. Both of these error conditions cause the function to be terminated. The
ERROR flag, RXCS bit |5, and the DONE flag, RXCS bit 5 are asserted. As with the
error-free termination, an interrupt request will be generated if the interrupt enable bit
was set when the DONE flag became true.

NOTES

I) The contents of the sector buffer are not modified by the
WRITE SECTOR function.

2) The contents of the sector buffer ARE modified as a
result of a power failure and an initialize command. Be
sure that valid data is written back into the sector buffer
following either of these conditions. This is especially
true before executing the WRITE SECTOR command.

3) If the sector number written into the RXSA is 152 (octal)

the WRITE SECTOR function becomes a WRITE FORMAT
TRACK function.
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READ SECTOR (011)

The READ SECTOR function is used to locate a specified track and sector of a
diskette and then transfer the contents of the data field into the controller's sector buffer.

When the READ SECTOR command is given, the controller clears the RXES register
and the DONE flag. Next, the controller sets the TRANSFER REQUEST flag, RXCS bit 7,
to request a sector address. The program responds by writing the desired sector address
(RXSA) into the data buffer register which clears the TRANSFER REQUEST flag.

After receiving the track address, the controller causes the selected drive to seek to
the desired track and locate the remainder of this function. If the correct track and
sector are located, the controller looks for a data address mark (DAM) or a deleted data
address mark (DDAM). When a valid mark is found, this marks the beginning of the 128
byte data field on the diskette.

At that point, the following 128 bytes are read from the diskette and stored in the
controller data buffer. The two CRC bytes are read immediately after the data field. An
error-free read is indicated if the address mark, |28 bytes of data, and two bytes of CRC
produce a zero residue when passed sequentiaily through the CRC checker hardware
circuits. As soon as the data is available in the buffer, the controller terminates the
function by writing the RXES to the data buffer register and setting the DONE flag. An
interrupt request will be generated if the interrupt enable bit, RXCS bit 6, is set when
DONE was asserted.

If the deleted data address mark is detected, the controller sets the deleted data
flag. This flag appears in the ERROR/STATUS register (RXES bit 6). If a CRC error is
detected, the controller sets RXES bit 0 and the ERROR flag (RXCS bit 15) as an
indication seek errors and missing sector errors are reported just as in the WRITE SECTOR
function.

READ STATUS (101)

The READ STATUS command is used to determine the current status of the drive
selected by RXCS bit 4. The status information passed back indicates if the drive is ready.

When the command is issued, the DONE flag is cleared. The controller checks to see
that the selected drive's door is closed, a diskette is inserted, and the diskette is up to
speed.

The speed is determined by measuring the amount of time between successive index
pluses. Since this measurement takes an average of 250 milliseconds, excessive use of the
READ STATUS function will cause reduced throughput.

If the drive is ready, the controller sets bit 7 (DRV RDY) of the RXES. The
controller terminates this function by shifting the RXES over to the RXDB and setting the
DONE flag. An interrupt request will be generated if the interrupt enable bit (RXCS bit
6), was set when DONE became true.
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WRITE DELETED DATA SECTOR (110)

This function performs the same task as WRITE SECTOR. The difference is that this
command writes a deleted data address mark just before the data field. The standard
WRITE SECTOR function writes a regular data address mark. When a sector which was
written with a deleted data address mark is read, bit 6 of the RXES is set to reflect this.

READ ERROR REGISTER (111)

When a command terminates because of an error condition, RXCS ERROR (bit |5 of
the command and status register), is set. Under these conditions, a code is available in
the RXER which can be used to identify the specific error. The READ ERROR
REGISTER command is used to access that code. Table 4-2 shows the RXER code
meanings.

When the READ ERROR REGISTER command is initiated, the DONE flag is
cleared. The controller moves the logical RXER register into the physical data buffer
register (RXDB), and signals completion of the transfer by asserting the DONE flag.

NOTE

This is the only command that DOES NOT terminate with the
RXES placed in the RXDB. The information contained in the
RXER should be read immediately after the ERROR flag (RXCS
bit 15) is set. Subsequent commands or an INITIALIZE operation
clear the RXER.

STATUS INFORMATION

Status information is usually needed to determine the status of a drive or the cause
of an error. To determine drive related status (DRIVE READY), the READ STATUS
command should be used. When the ERROR flag (RXCS bit 15), is set following a
function, the RXES should be read first. Remember that the logical RXES register is left
in the physical RXDB register following all functions EXCEPT the READ ERROR
REGISTER function.

As shown in Figure 4-1, the RXES has error bits for CRC ERROR, PARITY ERROR,
POWER LOW, and DENSITY ERROR. If no error bits are set in the RXES, the definitive
error code can be obtained using the READ ERROR REGISTER command. The code
interpretations are shown in Table 4-3.
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Table 4-3. Mode | Error Register Codes (RXER)

OCTAL DESCRIPTION

CODE

000 No error

010 No drive 0 or drive 0 failed to find track 0 on INIT
020 No drive | when DIP switch indicates there should be a drive |, or drive | failed

to find track 0 on INIT

030 Track 0 found while stepping in on initialize

040 Track address passed to controller was invalid (76)
050 Track 0 found before desired track while stepping
070 Requested sector not found in two revolutions
100 Write protect violation

110 No read data signal present

120 No preamble found

i30 Preamble found, but no address mark within window
140 CRC error on what appeared to be a header

150 Address in good header did not match desired track
160 Too many tries for an ID address mark

170 Data address mark not found in allotted time

175 DEC double density address mark on non-DEC diskette
200 CRC error on data field; RXES bit 0 also set

210 Parity error on interface cable; RXES bit | also set
220 Read/write controller failed maintenance mode test
230 Invalid word count specified

240 RX02 density error

245 IBM density error

250 Wrong key for set media density or format command
260 Indeterminate density

265 Diskette not compatible with RX0l on RX02 mode
270 Read/write controller write-format failure

320 Read/write controller detected write circuit failure
330 Read/write controller timed out on reset

340 Master controller out of SYNC with RD/WRT controller
350 Non-existent memory error during DMA

360 Drive not ready during format command

370 AC power low caused abort of write activity
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TYPICAL SEQUENCES OF OPERATIONS

The programming examples shown in Tables 4-4 and 4-5 illustrate how to write
routines which successfully manipulate the DSD 480 system.

Table 4-4. Fill / Empty RX0| Sector Buffer Example

177170 RXCS=177170 :CONTROL AND STATUS REGISTER
177172 RXDB-= 177172 ‘DATA BUFFER REGISTER
:READ RX0| SECTOR
01000 012700 READ: MOV #7, RO sBUILD READ SECTOR CMD IN RO
000007
01004 000405 BR SYNTAX
WRITE RX0! SECTOR ROUTINE
01006 012700 WRITE: MOV #5, RO :BUILD WRITE SECTOR CMD IN RO
000005
01012 000402 BR SYNTAX
"WRITE DELETED DATA RX0! SECTOR
01014 012700 WRTDD: MOV #15, RO :BUILD WRITE DELETED DATA
000015
:SECTOR COMMAND IN RO
01020 005767 SYNTAX: TST UNIT :UNIT 0 OR UNIT [?
0001 14
01024 001402 BEG 1$
01026 052700 BIS #20,RO sSET UNIT |
000020
01032 010037 1% MOV RO,@#RXCS ;ISSUE COMMAND TO CONTROLLER
177170
01036 105737 2%: TSTB @#RXCS ‘WAIT FOR TRANSFER REQUEST
177170
01042 100375 BPL 2¢
01044 016736 MOV SECTOR,@#RXDB  ;PASS SECTOR TO CONTROLLER
000064
177172
01052 105737 3 TSTB @#RXCS sWAIT FOR TRANSFER REQUEST
177170
01056 100375 BPL 3%
01060 016737 MOV TRACK,@#RXDB ;PASS TRACK TO CONTROLLER
000052
177172
01066 032737 45: BIT #100040,@#RXCS ;TEST FOR DONE_ERROR
100040
177170
01074 001774 BEQ 4%
01076 100401 BMI ERFIN :ERROR BIT SET?
01100 000207 RTS PC :RETURN TO CALLING ROUTINE
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01102

off1o

orlie

01122
01124

01130
01132

01134
01136
01140
01142

013767
177172
000032
012737
000017
177170
105737
177170
001775
013700
177172
00026 |
000207

000001
000001
000000
000000

Table 4-4. Fill / Empty RX0Il Sector Buffer Example

(continued)

ERFIN: MOV @#RXDB,GENSTT

MOV #17,@#RXCS

5%: TSTB @#RXCS

MOV @#RXDB,RO

SEC
RTS PC

’

SECTOR: .WORD |
TRACK: WORD I
UNIT: WORD 0
GENSTT: WORD 0

4-18

;SAVE GENERAL STATUS

sREQUEST DEFINITIVE STATUS

;LOOK FOR DONE FLAG

BEQ 5%
;LEAVE DEFINITIVE STATUS IN RO

;CARRY SET TO INDICATE ERROR
sRETURN TO CALLING ROUTINE

;DESIRED SECTOR ADDRESS
sDESIRED TRACK ADDRESS
;0=DRIVE 0 |=DRIVE |
;sGENERAL STATUS VARIABLE



01000
01004

01006
0i012

ol0l4

01020

01024
01026

01032
01036
01042
01044
01052
01056
01060
01066

01074
01076
01100

01102

ottio

Table 4-5. Read / Write / Write Deleted Data RX01 Sector Example

177170
177172

012700
000007
000405

012700
000005
000402

012700
000015

005767
000114
001402
052700
000020
010037
177170
105737
177170
100375
016736
000064
177172
105737
177170
100375
016737
000052
177172
032737
100040
177170
001774
100401
000207

013767
177172
000032
012737
000017
177170

RXCS=177170 :CONTROL AND STATUS REGISTER
RXDB-= 177172 ‘DATA BUFFER REGISTER

:READ RX0! SECTOR

READ: MOV #7, RO :BUILD READ SECTOR CMD IN RO
BR SYNTAX

'WRITE RX0| SECTOR ROUTINE

WRITE: MOV #5, RO ;BUILD WRITE SECTOR CMD IN RO
BR SYNTAX

‘WRITE DELETED DATA RX0! SECTOR

WRTDD: MOV #15, RO :BUILD WRITE DELETED DATA

;SECTOR COMMAND IN RO

SYNTAX: TST UNIT :UNIT 0 OR UNIT [?'
BEG I$
BIS #20,RO sSET UNIT |

152 MOV RO,@#RXCS ;1SSUE COMMAND TO CONTROLLER

25: TSTB @#RXCS JWAIT FOR TRANSFER REQUEST
BPL 25

MOV SECTOR,@#RXDB  ;PASS SECTOR TO CONTROLLER ‘

3$: TSTB @#RXCS sWAIT FOR TRANSFER REQUEST

BPL 35
MOV TRACK,@#RXDB ;PASS TRACK TO CONTROLLER

43: BIT #100040,@#RXCS ;TEST FOR DONE AND ERROR
BEQ 4$
BMI ERFIN ;ERROR BIT SET?
RTS PC sRETURN TO CALLING ROUTINE

;ERF IN:MOV @#RXDB,GENSTT  ;SAVE GENERAL STATUS

MOV #17,@#RXCS ;REQUEST DEFINITIVE STATUS
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Table 4-5. Read / Write / Write Deleted Data RX0| Sector Example
(continued)

01116 105737 5%:  TSTB @#RXCS ;LOOK FOR DONE FLAG
177170
01122 001775 BEQ 5$
01124 013700 MOV @#RXDB, RO ;LEAVE DEFINITIVE STATUS IN RO
177172
01130 000261 SEC ;sCARRY FLAG SET INDICATES ERROR
01132 000207 RTS PC sRETURN TO CALLING ROUTINE
01134 000001 ’SECTOR: WORD | sDESIRED SECTOR ADDRESS
01136 000001 TRACK: .WORD | sDESIRED TRACK ADDRESS
01140 000000 UNIT: WORD 0 sUNIT - 0=DRIVE 0, [=DRIVE |
01142 000000 GENSTT: WORD 0 ;GENERAL STATUS VARIABLE

COMMON PROGRAMMING MISTAKES

This section illustrates common programming mistakes that can cause data loss
and/or error indications.

1

2)

3)

4)

5)

An illegal track or sector address is sent to the controller.

A. Valid sectors are 1-26 (decimal).
(There is no sector 0)

B. Valid tracks are 0-76 (decimal).

The READ STATUS command requires up to two revolutions of the disk to
complete. To avoid excessive delays, use this command only when necessary.

After reading or writing, the INITIALIZE DONE bit (RXES bit 2) may be
checked for indication of power failure. A short power outage causes DONE to
set without any error indication even though invalid data may have been read or
written.

The drive select bit, RXCS bit 4 is not scanned by the controller during FILL
BUFFER and EMPTY BUFFER functions.

A two-way-sector interleave should be used for maximal throughput when using
a DMA interface. A three way interleave is desirable when using programmed
transfer.

A FILL BUFFER command usually precedes a WRITE SECTOR command. Similarly, a
READ SECTOR command precedes an EMPTY BUFFER command.

Interrupts

An interrupt is requested by the interface module whenever the INTERRUPT
ENABLE and DONE bits of the physical command and status register, RXCS, both become
set. Only a single interrupt can occur per request. The standard interrupt sector address

location is 264.
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MODE 2 (RX02 COMPATIBLE) OPERATION

The system assumes MODE 2 operation when rocker #4 on the controller module
DIP-switch is placed in the closed position. The system operates only according to MODE
2 protocol when connected to an interface module capable of DMA. Any program that
runs with the DEC RX2I1l (or RXV2I1) runs successfully on a DSD 480 system configured
for operation in MODE 2.

PERIPHERAL DEVICE REGISTERS

Programs communicate with the DSD 480 through two peripheral device registers:

NAME DESCRIPTION OCTAL LOCATION
RX2CS COMMAND AND STATUS REGISTER 177170
RX2DB DATA BUFFER REGISTER 177172

Peripheral device registers reside in the top 4K words of DEC-1| family computers'
memory address space. They are addressed as memory and any instruction that operates
on a memory location can operate on a peripheral device register in the same way.

COMMAND AND STATUS REGISTER (RX2CS)

Writing the bits of this physical register controls the DSD 480. The format for this
register is shown in Figure 4-2. The RX2CS register also provides important status
information and error indications when read by the user program.

BIT I5 - ER - Error detected, cleared by INITIALIZE or the issuance of a new
command. Read Only bit.

BIT 14 - IN - INITIALIZE the DSD 480

The DONE flag is negated, the controller resets some internal variables, and then
executes the self-test microcode. The disk drives are homed to track 0.

If the controller is configured in "NORMAL" mode, the controller reads track |
sector | of the diskette in drive 0. When the READ SECTOR function is attempted, the
INITIALIZE DONE bit in the error/status register is set. If there was a readable diskette
in drive 0, the DRIVE READY bit is also set. If the diskette is in double density, then the
drive density bit is set. The DONE flag is set when the controller has completed the
Initialization sequence. The INITIALIZE bit takes precedence over all other bits in this
register. Bit 14 is a Write Only bit.

BIT 13 - Al7 - Extended Address Bit |7
This write only bit is asserted on UNIBUS or Q-BUS address line |7 when the DSD
480 is transferring data via direct memory access. This bit is cleared by an

INITIALIZE. A17 will toggle if AOI-Al6 are all ones and the bus address register is
incremented by the logic.
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BIT 12 - Al6é - Extended Address Bit 16

This write only bit is asserted on UNIBUS or Q-BUS address line 16 when the DSD
480 is transferring data via direct memory access. This bit is cleared by an
INITIALIZE. Al6 will toggle if AOI-AI5 are all ones and the bus address register is
incremented by the logic.

BIT Il - RX02 System Identification Bit

This read only bit provides an easy way for software to differentiate RX0l systems
from RX02 systems.

BIT 10 - Reserved for Possible Future Use
BIT 9 - HS - Head Select Bit

This read/write bit selects side 0 or side | (lower head or upper head). It is set to
select side |, and cleared to select side 0.

BIT 8 - DEN - Density of Function
This read/write bit specifies the density of the function encoded in bits 1-3. High
density is specified when this bit is set.
NOTE
Even though the FILL BUFFER and EMPTY BUFFER functions
do not involve magnetic mediq, a valid density bit is required

so that the controller can evaluate the validity of the word
count parameter.

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

ER | IN | A17 ] A16 |[RX02 HS |[DEN| TR | IE | DN JUN1| FN | FN | FN | EX

Figure 4-2. Mode 2 Command and Status Register Format
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BIT 7 - TR - TRANSFER REQUEST Flag

This read only bit indicates to the program that the DATA BUFFER REGISTER is
empty and needs loading, or is loaded and needs emptying.

BIT 6 - IE - INTERRUPT ENABLE Bit

This read/write bit, when set, allows an interrupt to be generated whenever the
DONE flag is set.

BIT 5 - DN - DONE Flag Indicates the Completion of an Operation

This read only bit works in conjunction with the interrupt enable bit to generate
interrupts.

BIT 4 - UNI - Drive Unit Select Bit

The binary encoding of this read/write bit selects drive 0-1. Drive selection only
occurs if a drive related function is executed.

BITS 3-1 - FN - FUNCTION SELECT

The binary encoding of these write only bits selects the function to be performed by
the DSD 480 system.

BINARY OCTAL
000 0 = FILLBUFFER
001 I = EMPTY BUFFER
010 2 = WRITE SECTOR/FORMAT
o1l 3 = READSECTOR
100 4 = SET MEDIA DENSITY
101 5 = READSTATUS
110 6 = WRITE DELETED DATA SECTOR
I 7 = READ ERROR CODE

BIT 0 - EX - Execute the function encoded in bits 3-1 of this register. This is a
write only bit,

DATA BUFFER REGISTER (RX2DB)

The RX2DB is physically a shift register that provides the communication link

between the host processor and the DSD 480 system. The logical register information
passed through is based upon a predetermined protocol.

If the DSD 480 is not in the process of executing a command, the RX2DB is written

without risk of adverse effects. However, during the execution of an instruction, the

RX2DB register provides or accepts information (according to the RX2DB protocol) when
the TRANSFER REQUEST flag is set.
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CAUTION

Data may be lost if the correct protocol is not followed.

The following descriptions explain the various logical register formats of the physical
Data Register (or RX2DB).

Data Buffer (RX2DB)

The data buffer register is used by the function in process to transfer data to and
from the disk controller data buffer. All information is transferred as a byte through bits
0-7 of the RXDB.

Disk Track Address (RX2TA)

During commands such as WRITE SECTOR and READ SECTOR, which require a
track number -- or a cylinder number, during double sided operation -- this number is
written into the physical RX2DB register as if it were a logical register. This is the Track
Address Register (RX2TA = 777172). Track or cylinder numbers from 0 to 76 (decimal)
are valid.

Disk Sector Address (RX2SA)

During commands such as WRITE SECTOR and READ SECTOR, which require a
sector address, this address is written into the physical RX2DB register as if it were a
logical register. This is the Sector Address Register (RX2SA = 777172). For sectors of
fixed length, addresses from | to 26 are valid. The range of valid variable length sector
addresses may be different. Bits 6 and 7 of RX2SA are masked to zero.

Word Count Register (RX2WC)

The Word Count Register specifies the number of words to be transferred between
the controller sector buffer and main memory via Direct Memory Access (DMA). For a
fixed length double density sector, the maximum word count is 128 (decimal), or 256
bytes. For a fixed length single density sector, the maximum word count is 64 (decimal),
or 128 words. For variable length sectors, the maximum word count may be different.

If each case, the programmer loads the actual word count — not the 2's complement
of the word count -- into the Word Count Register.

Bus Address Register (RX2BA)

This register specifies the bus address to which data is to be transferred during any
DMA operation. It is a 16 bit counter on the DSD 480 interface module for the PDP-11
and LSI-11. It increments by two following each data transfer.
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The bus address register cannot be read. It should always be loaded with the
starting address of a data buffer in memory at the appropriate time during the FILL
BUFFER, EMPTY BUFFER, or READ EXTENDED STATUS functions. If you try to load
bit 0 with a | it will be ignored.

System Error and Status Register (RX2ES)

The RX2ES register is another logical register that is implemented using the
physical RX2DB shift register. |t provides status and error information about the drive
that is selected by bit 4 of the physical RX2CS register. At the completion of a
command, the controller places the RX2ES register into the data buffer register (RX2DB
= 777172) so that the host processor can check the most recent operation. When the
controller completes a function which did not actually select a drive (e.g. FILL BUFFER,
EMPTY BUFFER), the RX2ES "UNIT SEL" bit and "DRV DEN" bit remains unmodified.
All the other RX2ES bits are cleared at the intitiation of each new function. See Figure
4-3 for the bit layout of this register.

BITS 15, 14

NOTE

Bits 13 through |5 of the RXZES are not defined or used by
the RX02. When the DSD 480 is used in a pure RX02
emulation, these bits will have no significance. In Mode 2, the
DSD 480 defines these bits to provide diskette format
information.

Sector Size

Only valid during read status function (101)

These bits are set during an IBM Mode read maintenance function to indicate
the sector size of diskette in specified unit.

Bit 15 Bit 14 Sectors/Track
0 0 26 Sector/Track
0 | 15 Sectors/Track
| 0 8 Sectors/Track
NOTE

The sector size indicates the size of cylinders | to 76 not
cylinder 0. On IBM diskettes, track always has 26
sectors/track.
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BIT 13: IBM Double Density
Only valid during read status function (101)

Set during maintenance status to indicate that selected drive contains an IBM 2D
diskette.

NOTE

Bits 15, 14, 13, 5 specify the type of diskette in selected drive
in read status function.

Bit
14 13 IBM DEC Type
IBM 1,2 - 128/DEC SD
IBM 1,2 - 256

IBM | - 512

-0 O (%]
o (=N e Ne]
[N o N w

| DEC Double Density

IBM 2D -256
| IBM 2D - 512
| IBM 2D - 1024

o —0O o o —0

- 00 o

BIT 12 - Not used/reserved.
BIT Il - NXM - Non-Existent Memory Error

This bit is set if during a DMA cycle the interface does not receive a bus reply when
it tries to write/read a word to or from memory. Usually this means the address in
the RX2BA or the extended address bits in the RX2CS are invalid. The operation is
terminated; the error and done bits are set. To recover from this error condition,
generate either a bus INIT or a programmed INIT.

BIT 10 - WC OVFL - Word Count Overflow

This bit is set if the word count specified during a fill or empty buffer command is
too large for the sector size indicated by the density bit. The operation is
termianted; the Error and Done bits are set.

BIT 9 - HD SEL - Head Selected
This bit indicates the read/write head selected during the immediately preceding

read or write operation. It is set to indicate the upper head, and cleared to indicate
the lower head.

BIT 8 - UNIT SEL - Unit Select

This bit indicates the disk drive selected during the immediately preceding read or
write operation. It is set to indicate drive |, and cleared to indicate drive 0.

4-26



BIT 7- DRV RDY - Drive Ready

This bit, when set, indicates that the selected disk drive has a diskette correctly
installed and up to speed. The Drive Ready bit is valid immediately following the
Read Status function. This bit is also valid for drive 0 immediately following an
initialization.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ololf o
Not Used 1-528
RX2SA
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0
Not Used 0_1;48
RX2TA
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Not Used 0-200,
RX2WC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0
RX2BA
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
v “NXM | unm | ob | DeN ID CRC
Not Used wC SEL DRV DRV ERR PWR
OVFL RDY DEN LO
RX2ES
HD SEL SD| RDY

Figure 4-3. Mode 2 Register Formats
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BIT 6 - DD - Deleted Data

This bit indicates that a deleted data address mark was found during the last Read
Sector operation or that the last command was Write Deleted Data Sector.

BIT 5 - DRV DEN - Drive Density

This bit indicates the density of the diskette installed in the drive indicated by bit
8. It is updated during read or write sector operations.

BIT 4 - DEN ERR - Density Error

This bit indicates that during a READ SECTOR, WRITE SECTOR, WRITE DELETED
DATA SECTOR, OR READ STATUS operation the diskette density did not match
the density bit of the RX2CS. Any operation is terminated; ERROR and DONE bits
are set.

BIT 3 - PWR LO - Power Low

This bit indicates a power failure in the controller/drive subsystem. It will also be
set if the interface cable becomes disconnected. Any operation is terminated; the
ERROR and DONE bits are set.

BIT 2 - ID - Initialize Done

This bit indicates that the controller/drive subsystem has just completed an
initialization sequence. This sequence may have been started by a power failure,
bus INIT, or programmed INIT.

BIT | - SDI RDY - Side | Ready

Bit | and bit 7 are both set when a double sided diskette is correctly installed and up
to speed. When bit 7 is set but bit | is not set, a single sided diskette is installed. A
single-sided diskette is restricted to side 0 functions only.

BIT 0 - CRC - Cyclic Redundancy Check Error

This bit indicates that a cyclic redundancy error was detected during the last Read

Sector operation. The operation is terminated; the ERROR and DONE bits are set.
MODE 2 PROTOCOLS

Protocols are required in the DSD 480 because the the computer interface module
and the intelligent portion of the DSD 480 are connected by a single serial data link.
Therefore, the controller must identify parameters based on the order in which they are

transmitted across the data link.

The following sections describe the protocol for each command that can be sent to
the controller. Failure to adhere to the correct protocol results in lost or incorrect data.
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FILL SECTOR BUFFER (000)

The FILL SECTOR BUFFER command is used to fill a storage buffer inside the DSD
480 with data from computer memory. Other functions can be used later to write that
data to the diskette, or transfer it back to memory.

When the FILL SECTOR BUFFER command is given, the DSD 480 responds by
clearing the DONE flag, RX2CS bit 5. The controller then requests a word count by
setting the TRANSFER REQUEST flag. The program should respond by writing a valid
RX2WC into the RX2DB. When TRANSFER REQUEST is again asserted by the controller,
the program should respond by writing a valid starting memory address (RX2BA) into the
RX2DB.

As soon as the RX2BA is loaded, TRANSFER REQUEST is cleared and remains
cleared for the duration of this function. The data bytes are now transferred directly
from memory to the controller sector buffer. When the word count is decremented to
zero and the controller has zero-filled the remainder of the sector buffer (if necessary),
DONE is asserted. An interrupt request is generated if the interrupt enable bit, RX2CS
bit 6, was set when DONE become true. The RX2ES register will be found in the RX2DB
at the completion of the function.

NOTE

1) Bit 4 of the RX2CS does not affect this function since no
disk drives need be selected.

2) The DENSITY bit, RX2CS bit 8, must be correctly set
since this bit is used by the controller in evaluating the
validity of the word count.

EMPTY SECTOR BUFFER (001)

The EMPTY SECTOR BUFFER function is used to transfer the contents of the
sector buffer to main memory. The sector buffer is loaded from a previous FILL SECTOR
BUFFER or READ SECTOR command.

When the EMPTY SECTOR BUFFER command is given, the controller responds by
clearing the DONE flag (RX2CS bit 5). The controller then sets the TRANSFER
REQUEST flag (RX2CS bit 7) to request the word count register. The program should
respond by loading a valid word count into the data buffer register.

When TRANSFER REQUEST is asserted again, the program responds by loading the
starting memory address into the data buffer register. When this is done, the controller
clears the TRANSFER REQUEST flag and it remains clear for the rest of the operation.

The data in the sector buffer is transferred to memory one word at a time until the
word count is decremented to zero. When the data has been transferred, the controller
places the RX2ES into the data buffer register and sets the DONE flag. If the interrupt
enable bit is set, an interrupt request is initiated when DONE becomes true.
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The notes above that apply to the FILL BUFFER command apply equally to the
EMPTY SECTOR BUFFER command. In addition, note that the EMPTY BUFFER function
does not modify the contents of the sector buffer.

WRITE SECTOR (010) (Bit 9 selects side 0/side 1)

The WRITE SECTOR function is used to transfer the contents of the sector buffer to
a specified track and sector of the diskette.

When the WRITE SECTOR command is given, the controller clears the logical RX2ES
register and the DONE flag. Next, the controller sets the TRANSFER REQUEST flag,
RX2CS register bit 7, to request a sector address. The program responds by writing the
desired sector address. The program responds by writing the desired sector address
(RX2SA) into the data buffer register. This clears the TRANSFER REQUEST flag. As
soon as the controller shifts the sector address over the interface cable, it assetts
TRANSFER REQUEST again. This time the program responds by writing the desired track
address (RX2TA) into the data buffer register. This clears the TRANSFER REQUEST flag.

After the track address is received, the controller causes the selected drive to seek
the desired track. TRANSFER REQUEST is left reset for the remainder of the function.
The heads of the selected drive are positioned over the specified track and are loaded
against the media. If the controller does not know the density and format of the mediq, it
determines density and format by reading a random sector.

If media density does not agree with the command density (RX2CS bit 8), the
operation is terminated. Bit 4 of the RX2ES register indicates a density error. If the
densities agree, the controller checks the track address and looks for the specified sector
address. If the correct track and sector are found, the controller writes either 128 bytes
of single density data or 256 bytes of double density data from the sector buffer to the
diskette. Two CRC bytes are written immediately after the data.

If the controller is unable to locate the specified diskette track, the RX2ER is set to
a 150. If the specified sector cannot be found within two diskette revolutions, the RX2ER
will be set to a 70. These error conditions, and the density error, cause the function to be
terminated. The ERROR flag, RX2CS bit 15, and the DONE flag, RX2CS bit 5 are
asserted when the function completes in this way. As with the error-free termination, an
interrupt request is generated if the interrupt enable bit was set when the DONE flag
became true.

NOTES

I) The contents of the sector buffer are not modified by the
WRITE SECTOR function.

2) If the contents of the sector buffer are modified as a
result of a power failure or the initialize command,
programmers must be sure that valid data is written back
into the sector buffer following either of these
conditions. This is especially true before executing the
WRITE SECTOR command.
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3) Sector numbers 152 through 157 and 160 through 162
transform the WRITE SECTOR function turns into a
WRITE FORMAT TRACK function. Refer to "FORMAT"
section of this chapter for details.

READ SECTOR (0l 1) (Bit 9 selects side 0/side |)

The READ SECTOR function is used to locate a specified track and sector of a
diskette and then transfer the contents of the data field into the controller's sector buffer.

During Mode 2 operation, the controller clears the logical RX2ES register and the
DONE flag when the READ SECTOR command is given. Next, the controller sets the
TRANSFER REQUEST flag (RX2CS bit 7) to request a sector address. The program
responds by writing the desired sector address (RX2SA) into the data buffer register
(RX2DB=777172). This clears the TRANSFER REQUEST a second time. The program
responds by writing the desired track address (RX2TA) into the data buffer register which
clears the TRANSFER REQUEST flag.

After receiving the track address, the controller causes the selected drive to seek to
the desired track. TRANSFER REQUEST is left reset for the remainder of this function.
The controller loads the heads against the media and determines the density of the media
if it is not already known. If the diskette density does not agree with the command
density (RX2CS bit 8), an error is reported and the function is terminated. If the densities
agree, the controller looks for the specified sector. When the right sector is located, the
controller looks for the appropriate data, or deleted data address mark.

When the mark is found, the controller transfers the following 128 (or 256) bytes into
the sector buffer. The two CRC bytes are read immediately after the data field. An
error-free read is indicated if the address mark, data bytes, and two bytes of CRC check
bytes produce a zero residue when passed sequentially throught the CRC checker
hardware circuits. As soon as the data is available in the buffer, the controller
terminates the function by writing the RX2ES to the data buffer register and setting the
DONE flag. An interrupt request is generated if the interrupt enable bit was set when
DONE became true.

If the deleted data address mark was detected, the controller will set the deleted
data flag. This flag appears in the ERROR/STATUS register (RX2ES bit é). If a CRC
error is detected, the controller will set RX2ES bit 0 and the ERROR flag (RX2CS bit
I5). Seek errors and missing sector errors are reported just as in the WRITE SECTOR
function.

SET MEDIA DENSITY (100)

This command is used to initialize an entire DEC-formatted diskette to some
specified density. When the SET MEDIA DENSITY command is executed, the controller
attempts to write zeroes in every field on the diskette. Bit 8 of the RX2CS determines
the recording density and the type of Data Address Mark to be written in each data field.
No sector headers are written when the SET MEDIA DENSITY command is executed.
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FUNCTION PROTOCOL

When the command is received, the controller clears the DONE flag and the logical
RXZ2ES register. Next, the controller sets the TRANSFER REQUEST flag. The program
responds by writing a "key byte" into the physical RX2DB. If the key byte is an ASCII "["
or |11 octal, the SET MEDIA DENSITY function is executed. If the byte written into the
RX2DB is not an "I", the DONE and ERROR flags are set and the operation terminates.
The error register is loaded with a 250 to indicate an invalid key. The purpose of the key
is to make it difficult to erase all of the data on a diskette.

As soon as the safety character "I" is received, the controller moves the heads to
track 0. When sector | is found, the controller starts writing. If bit 8 of the RX2CS was a
0, a single density Data Address Mark and 128 FM zeroes are written. If bit 8 of the
RX2CS was a |, a double density Data Address Mark and 256 DEC MFM zeroes are
written. After writing all 26 sectors on track 0, the controller seeks to track |, 2, . . .
writing all 26 sectors on each track. This continues until either every sector has been
written through track 76: sector 26, or a bad header is found. The ERROR and DONE
flags are set if the operation terminates due to a bad header.

The SET MEDIA DENSITY function takes about 26 seconds, depending on the sector
interleave. It should never be interrupted before it is done. If the function does not
terminate normally, an illegal diskette which has Data Address marks of both densities
may have been created. If this happens, the diskette should be completely rewritten. If
the SET MEDIA DENSITY function is not complete because of an unreadable header, the
TRACK FORMAT procedure can be used to rewrite the incorrect header information.

READ STATUS (101)

The READ STATUS command is used to determine the current status of the drive
selected by RX2CS bit 4. The status information passed back is: 1) drive readiness, and
2) the density of the diskette currently in the drive.

When the command is issued, the DONE flag is cleared. The controller checks the
selected drive's door is closed, a diskette is inserted, and that the diskette is up to speed.
Diskette speed is determined by measuring the amount of time between successive index
pulses. Since this measurement takes an average of 250 milliseconds, excessive use of the
READ STATUS function will cause reduced throughput. If the drive is ready, the
controller sets bit 7 (DRIVE READY) of the RX2ES. Next, the controller loads the heads
and reads the first sector it finds. The diskette density and format are determined and
encoded into bits 13, 14, and 15 of the RXZES. Refer to System Error and Status Register
for description.

If a double density address mark is detected, bit 5 (DRV DEN) of the RX2ES is set.
If a single density mark is found, bit 5 is cleared. The controller terminates the function
by shifting the RX2ES over to the RX2DB and setting the DONE flag. An interrupt
request is generated if the interrupt enable bit, RX2CS bit 6, was set when DONE become
true.
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WRITE DELETED DATA SECTOR (110)

This function performs the same task as WRITE SECTOR except it writes a deleted
data address mark just before the data field. The standard WRITE SECTOR function
writes a regular data address mark. When a sector written with a deleted data address
mark is read, bit é of the logical RX2ES register is set. The density bit associated with
this function (RX2CS bit 8) determines whether a single or double density deleted data
address mark is written.

READ EXTENDED STATUS (111)

The READ EXTENDED STATUS command is used to retrieve a number of internal
controller registers, including the error register. These registers are transferred to
memory using direct memory access. As soon as the command is loaded into the RX2CS,
the DONE flag goes false. The controller then asserts the TRANSFER REQUEST flag.

The program then loads a starting memory address into the RX2DB. The controller
transfers 4 words directly to memory beginning with the specified address. When the
words are in memory, the controller asserts DONE. This generates an interrupt request if
interrupt enable had been previously set.

The words transferred to memory are as follows:

WORD | - LOBYTE
WORD | - HI BYTE
WORD 2 - LOBYTE
WORD 2 - HI BYTE
WORD 3 - LO BYTE
WORD 3 - HI BYTE
WORD 4 -BIT 0
WORD 4 - BIT 4
WORD 4 -BIT 5
WORD 4 - BIT 6
WORD 4 -BIT 7
WORD 4 - HI BYTE

DEFINITIVE ERROR CODE (SEE TABLE 4-6)
WORD COUNT REGISTER

CURRENT TRACK ADDRESS OF DRIVE 0
CURRENT TRACK ADDRESS OF DRIVE |
TARGET TRACK OF CURRENT DISK ACCESS
TARGET SECTOR OF CURRENT DISK ACCESS
DENSITY OF READ ERROR REGISTER COMMAND
DRIVE DENSITY OF DRIVE 0

HEAD LOAD BIT

DRIVE DENSITY OF DRIVE |

UNIT SELECT BIT

TRACK ADDRESS OF SELECTED DRIVE
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Table 4-6. Modes 2 and 3 Definitive Error Codes

OCTAL DESCRIPTION

CODE

000 No error -

010 No drive 0 or drive 0 failed to find track 0 on INIT

020 No drive | when DIP switch indicates there should be a drive |, or drive | failed
to find track O on INIT

030 Track 0 found while stepping in on initialize

040 Track address passed to controller was invalid (>76)

050 Track 0 found before desired track while stepping

070 Requested sector not found in two revolutions

075 Too many bad headers on "IBM 2D" diskette

100 Write protect violation

110 No read data signal present

120 No preamble found

{30 Preamble found, but no address mark within window

140 CRC error on what appeared to be a header

150 Address in good header did not match desired track

160 Too many tries for an ID address mark

170 Data address mark not found in allotted time

175 DEC double density address mark on non-DEC diskette

200 CRC error on data field; RXES bit 0 also set

210 Parity error on interface cable; RXES bit | also set

220 Read/write controller failed maintenance mode test

230 Invalid word count specified (Mode 2 only)

235 Word count error during FILL or EMPTY BUFFER (Mode 3 only)

240 Density error; DEC format

245 Density error; IBM format

250 Wrong key for set media density or format command

255 Incorrect "sector size identifier" used in RXISA

260 Indeterminate density, or no diskette present

265 Diskette not compatible with RX0l on RX02 mode

270 Read/write controller write-format failure

320 Read/write controller detected write circuit failure

330 Read/write controller timed out on reset

340 Master controller out of SYNC with RD/WRT controller

350 Non-existent memory error during DMA

360 Drive not ready during format command

370 AC power low caused abort of write activity
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TYPICAL SEQUENCE OF OPERATIONS

The programming examples shown in Tables 4-7 and 4-8 illustrate how to write
routines which will manipulate the DSD 480 Flexible Disk. System in Mode 2 operation
(RX02 compatible). -

NOTE
These examples will not execute a DMA to or from extended

memory.

Table 4-7. Fill / Empty RX02 Sector Buffer Example

;PROGRAMMING EXAMPLE
sFILL / EMPTY RX02 SECTOR BUFFER

177170 ’ RXCS=177170 sCONTROL-STATUS REGISTER
177172 RXDB=177172 sDATA BUFFER REGISTER
;EMPTY RX02 SECTOR BUFFER

00000 012700 EMPBUF: MOV #3, RO ;BUILD EMPBUF COMMAND IN RO
000003

00004 000402 BR FNCENT

’ sFILL RX02 SECTOR BUFFER ROUTINE

00006 012700 FILBUF: MOV #1, RO ;BUILD FILBUF COMMAND IN RO
000001

00012 005737 FNCENT: TST UNIT sUNIT 0 OR UNIT 1?
000154

00016 001402 BEG 1$

00020 052700 BIS #20, RO ;SET UNIT
000020

00024 005737 15: TST DEN sHIGH OR LOW DENSITY?
000146’

00030 001402 BEQ 2$

00032 052700 BIS #400,RO sSPECIFY HIGH DENSITY
000400

00036 010037 25; MOV RO,@#RXCS ;ISSUE COMMAND TO CONTROLLER
177170

00042 105737 3$%: TSTB @#RXCS sWAIT FOR TRANSFER REQUEST
177170

00046 100375 BPL 3$

00050 013737 MOV WRDCNT,@#RXDB ;PASS WORDCOUNT TO CONTROLLER
000150
177172

00056 105737 45: TSTB @#RXCS sWAIT FOR TRANSFER REQUEST
177170

00062 100375 BPL 4$
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00064 013737

000152
177172
00072 032737
100040
177170
00100 001774
00102 100401
00104 000207

00106 012737
000017
177170

00114 105737
177170

00120 100375

00122 012737
00156
177172

00130 032737
000040
177170

00136 001774

00140 113700
000156'

00144 000000

00146 000000
00150 000100

00152 002000
00154 000000
00156 000000

Table 4-7. Fill / Empty RX02 Sector Buffer Example

55:

ERFIN:

65:

75:

bEN:

(continued)

MOV BUFADR,@#RXDB

BIT #100040,@#RXCS

BEQ 5$
BMI ERFIN
RTS PC

MOV #17,@#RXCS

TSTB @#RXCS

BPL 6$
MOV #ERBUF,@#RXDB
BIT #40,@#RXCS

BEQ 7$
MOVB @#ERBUF,RO
HALT

WORD 0

WRDCNT: WORD 100

BUFADR: .WORD 2000

UNIT:
ERBUF:

WORD 0
WORD 0
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;PASS BUS ADDRESS TO
CONTROLLER

;sTEST FOR DONE AND ERROR

;ERROR BIT SET?

;GET DEFINITIVE STATUS

sWAIT FOR TRANSFER REQUEST

;SEND ERROR BUFFER ADDRESS

sWAIT FOR DONE BIT

sLEAVE ERROR REGISTER IN RO

sDENSITY - 0=SINGLE 1=DOUBLE
; - FULL SD BUFFER =100

; - FULL DD BUFFER = 200
;BUFFER ADDRESS VARIABLE
;0=DRIVE 0, I=DRIVE |

;ERROR BUFFER



00000

00004

00006

00012

00016
00020

00024

00030
00032

00036

00042
00046
00050
00056

00062
00064

00072

00100
00102
00104

00106

00114

177170
177172

012700

000007
000402

012700

000005
005737
000154
001402
052700
000020
005737
000146
001402
052700
000400
010037

177170
105736
177170
100375
013737
000150
177172
105737
177170
100375
013737

000152
177172
032737
100040
177170
001774
100401
000207

012737
000017
177170
105736
177170

Table 4-8. Read / Write RX02 Sector Example

;PROGRAMMING EXAMPLE
;READ / WRITE RX02 SECTOR

RXCS=177170
RXDB=177172
:READ RX02 SECTOR
READ: MOV #7,RO
BR SYNTAX
WRITE RX02 SECTOR ROUTINE
WRITE: MOV #5, RO
SYNTAX: TST UNIT

BEQ 1$
BIS #20, RO

1$: TST DEN

BEG 25
BIS #400,RO

25: MOV RO,@#RXCS

3%: TSTB @#RXCS

BPL 3%
MOV SECTOR,@#RXDB

45: TSTB @#RXCS

BPL 4$
MOV TRACK,@#RXDB

5%: BIT #100040,@#RXCS

BEQ 5%
BMI ERFIN
RTS PC

E’ERFIN: MOV #17,@#RXCS

65: TSTB @#RXCS
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;CONTROL AND STATUS
REGISTER
sDATA BUFFER REGISTER

;BUILD READ SECTOR COMMAND
IN RO

;BUILD WRITE SECTOR COMMAND
IN RO
sUNIT 0 OR UNIT |?

3SET UNIT
sHIGH OR LOW DENSITY?

sSPECIFY HIGH DENSITY

;ISSUE COMMAND TO
CONTROLLER

sWAIT FOR TRANSFER REQUEST

sPASS SECTOR TO CONTROLLER

sWAIT FOR TRANSFER REQUEST

;PASS TRACK NUMBER
;TO CONTROLLER

;sTEST FOR DONE AND ERROR

;ERROR BIT SET?

;GET DEFINITIVE STATUS

sWAIT FOR TRANSFER REQUEST



Table 4-8. Read / Write RX02 Sector Example
(continued)

00120 100375 BPL 65
00122 102737 MOV #ERBUF,@#RXDB ;SEND ERROR BUFFER ADDRESS
000156’
177172
00130 032737 7%: BIT #40,@#RXCS sWAIT FOR DONE BIT
000040
177170
00136 001774 BEQ 75
00140 113700 MOVB @#ERBUF,RO sLEAVE ERROR REGISTER IN RO
000156'
00144 000000 HALT
’
00146 000000 DEN: WORD 0 sDENSITY - 0=SINGLE |=DOUBLE
00150 000001 SECTOR: .WORD | sDESIRED SECTOR ADDRESS
00152 000001 TRACK: WORD | sDESIRED TRACK ADDRESS
00154 000000 UNIT: WORD 0 sUNIT - 0=DRIVE 0 |-DRIVE |
00156 000000 ERBUF: .WORD 0 ;ERROR BUFFER

COMMON PROGRAMMING MISTAKES

This describes common programming mistakes that can cause data loss and/or error
indications.

1

2)
3)

4)

5)

6)

7)

Illegal track or sector address sent to the controller

A. Valid fixed length sectors are |-26 (decimal).

B. Valid tracks are 0-76 (decimal).

Incorrect word count for current length of variable length sector.

The READ STATUS command requires up to two revolutions of the disk to
complete. To avoid excessive delays, use this command only when necessary.

After reading or writing, the INITIALIZE DONE bit, RX2ES bit 2, may be
checked for an indication of power failure. A short power outage will cause
DONE to set without any error indication.

The drive select bit, RX2CS bit 4, is not decoded by the controller during FILL
BUFFER and EMPTY BUFFER functions.

It is recommended that a two-sector interleave (Sectors |, 3, 5 etc.) be used for
optimal data transfer rate.

For single density recording, only a 128 bytes/sector diskette can be used. For

IBM double density recording, only an IBM 2D 256 bytes/sector diskette can be
used.
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Typically a FILL BUFFER command precedes a WRITE SECTOR command. Similarly, a
READ SECTOR command precedes an EMPTY BUFFER command.

Interrupts
An interrupt is requested by the interface module whenever the INTERRUPT

ENABLE and DONE bits of the RX2CS both become set. The standard interrupt sector
address is location 264.

MODE 3 (Extended IBM)
The system is in "IBM extended" mode when both switch #4 is closed and switch #7
is open. IBM protocol is observed when a DMA type interface is used.
NOTE
The DSD 480 will run RX02/DSD 480 compatible software
when in IBM mode. However, to use the full capability of the

DSD 480 in IBM mode, a special handler must be written that
will observe the protocol described in this section.

PERIPHERAL DEVICE REGISTERS

Programs communicate with the DSD 480 through two peripheral device registers:

NAME DESCRIPTION OCTAL LOCATION
RXICS COMMAND AND STATUS REGISTER 777170
RXIDB DATA BUFFER REGISTER 777172

Peripheral device registers reside in the top 4K words of DEC-1| family computers'
memory address space. They are addressed as memory and any instruction that operates
on a memory location can operate on a peripheral device register in the same way.

COMMAND AND STATUS REGISTER (RXICS)

Writing the bits of this physical register controls the DSD 480. The format for this
register is shown in Figure 4-2. The RX2CS register also provides important status
information and error indications when read by the user program.

BIT |5 ER - Error detected, cleared by INITIALIZE or the issuanée of a new
command. Read Only bit.

BIT 14 - IN - INITIALIZE the DSD 480

The DONE flag is negated, the controller resets some internal variables, and then
executes the self-test microcode. The disk drives are homed to track 0.
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If the controller is configured in "NORMAL" mode, the controller reads track |
sector | of the diskette in drive 0. When the READ SECTOR function is attempted, the
INITIALIZE DONE bit in the error/status register is set. If there was a readable diskette
in drive 0, the DRIVE READY bit is also set. If the diskette is in double density, then the
drive density bit is set. The DONE flag is set when the controller has completed the
Initialization sequence. The INITIALIZE bit takes precedence over all other bits in this
register. Bit 14 is a Write Only bit.

BIT 13 - Al7 - Extended Address Bit |7

This write only bit is asserted on UNIBUS or Q-BUS address line 17 when the DSD
480 is transferring data via direct memory access. This bit is cleared by an
INITIALIZE. AI7 will toggle if AOI-Alé are all ones and the bus address register is
incremented by the logic.

BIT 12 - Alé - Extended Address Bit |6

This write only bit is asserted on UNIBUS or Q-BUS address line 16 when the DSD
480 is transferring data via direct memory access. This bit is cleared by an
INITIALIZE . Al6 will toggle if AOI-Al5 are all ones and the bus address register is
incremented by the logic.

BIT |1 - RX02 System Identification Bit

This read only bit provides an easy way for software to differentiate RX0l systems
from RX02 systems.

BIT 10 - Reserved for Possible Future Use
BIT 9 - HS - Head Select Bit

This read/write bit selects side 0 or side | (lower head or upper head). It is set to
select side |, and cleared to select side 0.

BIT 8 - DEN - Density of Function
This read/write bit specifies the density of the function encoded in bits 1-3. High
density is specified when this bit is set.
NOTE
Even though the FILL BUFFER and EMPTY BUFFER functions
do not involve magnetic media, a valid density bit is required

so that the controller can evaluate the validity of the word
count parameter.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ER | IN | A17 ] A16 |RX02 HS |[DEN| TR | IE | DN JUNT| FN | FN | FN | EX

Figure 4-4. Mode 3 Command and Status Register Format

BIT 7 - TR - Transfer Request Flag

This read only bit indicates to the program that the DATA BUFFER REGISTER is
empty and needs loading, or is loaded and needs emptying.

BIT 6 - IE - Interrupt Enable Bit

This read/write bit, when set, allows an interrupt to be generated whenever the
DONE flag is set.

BIT 5 - DN - DONE Flag Indicates the Completion of an Operation

This read only bit works in conjunction with the interrupt enable bit to generate
interrupts.

BIT 4 - UNI - Drive Unit Select Bit

The binary encoding of this read/write bit selects drive 0-1. Drive selection only
occurs if a drive related function is executed.

BIT 3-1 - FN - Function Select

The binary encoding of these write only bits selects the function to be performed by
the DSD 480 system.

BINARY OCTAL
000 0 = FILL BUFFER
001 Il = EMPTY BUFFER
010 2 = WRITE SECTOR
oll 3 = READSECTOR
100 4 = SET MEDIA DENSITY
101 5 = READSTATUS
110 6 = WRITE DELETED DATA SECTOR
(RN 7 = READERROR CODE
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BIT 0 - EX - Execute the function encoded in bits 3-1 of this register. This is a
write only bit.

DATA BUFFER REGISTER (RXIDB)

The RXIDB is physically a shift register that provides the communication link
between the host processor and the DSD 480 system. The logical register infomation
passed through is based upon a predetermined protocol.

If the DSD 480 is not in the process of executing a command, the RX2DB is written
without risk of adverse effects. However, during the execution of an instruction, the
RXIDB register provides or accepts information (according to the RX2DB protocol) when
the TRANSFER REQUEST flag is set.

CAUTION
Data may be lost if the correct protocol is not followed.

The following descriptions explain the various logical register formats of the physical
Data Register (or RXIDB).

Data Buffer (RXIDB)

The data buffer register is used by the function in process to transfer data to and
from the disk controller data buffer. All information is transferred as a byte through bits
0-7 of the RXDB.

Disk Track Address (RXITA)

At the proper time during commands requiring a track number (e.g. write sector,
read sector), the track number is written to the physical RXIDB register as if it were a
logical register. This is the TRACK ADDRESS REGISTER (RXITA = 777172). Track
numbers from 0-76 (decimal) are valid.

Disk Sector Address (RXISA)

During commands such as READ SECTOR or WRITE SECTOR, which require a sector
address, this address is written into the physical RXIDB register as if it were a logical
register. This is the Sector Address Register (RXISA = 777172). Addresses from | to 26
(decimal) are valid provided it does not exceed the number of sectors per track of the
diskette being accessed.

In addition to the sector address, the programmer must "or" in the "sector size
identifier" as explained below. (Mode 3 only.)
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This provides an interlock to insure that the handler knows what type diskette is
installed in the selected drive. This also verifies to the handler that the FILL prior to the
WRITE was valid.

The "sector size identifier" is coded into bits #7, #6, and #5 as follows:

Sector Size

#f Sectors Per Track Identifier
Bit #7 #6 #5
26 (Includes Dec SD & DD) 0 0O
15 o I 0
8 I 0 O

For Example: To access sector #| on an 8 sector/track disk you would write
201 g into RXISA.

BIT 76543210

RXISA
10000001

Sector Size Sector Number
Identifier

Word Count Register (RXIWC)

The Word Count Register specifies the number of words to be transferred between
the controller sector buffer and main memory via DMA (direct memory access). The word
count, of course, must not exceed the sector size of the diskette being accessed.

Sector Size Maximum Word Count
(Bytes) Decimal Octal
128 64 100
256 128 200
512 256 400
1024 512 1000

Note that the IBM Mode (Mode 3) Word Count Error code is 235 (hot 230 as in Mode 2).

Bus Address Register (RXIBA)

This register specifies the bus address to which data is to be transferred during any
DMA operation. It is a 16 bit counter on the DSD 480 interface module for the PDP-1|
and LSI-11. It increments by two following each data transfer.

The bus address register cannot be read. It should always be loaded with the
starting address of a data buffer in memory at the appropriate time during the FILL
BUFFER, EMPTY BUFFER, or READ EXTENDED STATUS functions. If you try to load
bit 0 with a | it will be ignored.
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System Error and Status Register (RXIES)

The RXIES register is another logical register that is implemented using the physical
RXIDB shift register. It provides status and error information about the drive that is
selected by bit 4 of the physical RXICS register. At the completion of a command, the
controller places the RXICS register into the data buffer register (RXIDB = 777172) so
that the host processor can check the most recent operation. When the controller
completes a function which did not actually select a drive (e.g. FILL BUFFER, EMPTY
BUFFER), the RX2ES "UNIT SEL" bit and "DRV DEN" bit remains unmodified. All the
other RXIES bits are cleared at the initiation of each new function. See Figure 4-3 for
the bit layout of this register.

Bits 15,14: Sector Size

NOTE
Only valid during read status function (101)
These bits are set during an IBM Mode read maintenance

function to indicate the sector size of diskette in specified
unit.

Bit 15 Bit 14 Sectors/Track
0 0 26 Sector/Track
0 | 15 Sectors/Track
| 0 8 Sectors/Track
NOTE

The sector size indicates the size of cylinders | to 76 not
cylinder 0. On IBM diskettes, track always has 26
sectors/track.

Bit 13: IBM Double Density
Only valid during read status function (101)

Set during maintenance status to indicate that selected drive contains an IBM
2D diskette.

NOTE

Bits 15, 14, 13, 5 specify the type of diskette in selected drive
in read status function.
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Bit

I5 14 13 5 IBM DEC Type

0 0 0 o0 IBM 1,2 - 128/DEC SD
0 | 0 0 IBM [,2 - 256

I 0 0 0 IBM | - 512

0 0 0 | DEC Double Density
0 0 | IBM 2D - 256

0 | I IBM 2D - 512

| 0 I IBM 2D - 1024

Bit 12 Not used/reserved
BIT Il - NXM - Non-exsistent Memory Error

This bit is set if during a DMA cycle the interface does not receive a bus reply when
it tries to write/read a word to or from memory. Usually this means the address in
the RXIBA or the extended address bits in the RXICS are invalid. The operation is
terminated; the error and done bits are set. To recover from this error conditions,
generate either a bus INIT or a programmed INIT.

BIT 10 - WC OVFL - Word Count Overflow

This bit is set if the word count specified during a fill or empty buffer command is
too large for the sector size indicated by the density bit. The operation is
terminated; the Error and Done bits are set.

BIT 9 - HD SEL- Head Select

This bit indicates the read/write head selected during the immediately preceding
read or write operation. It is set to indicate the upper head, and cleared to indicate
the lower head.

BIT 8 - UNIT SEL - Unit Select

This bit indicates the disk drive selected during the immediately preceding read or
write operation. It is set to indicate drive |, and cleared to indicate drive 0.

BIT 7 - DRV RDY - Drive Ready
This bit, when set, indicates that the selected disk drive has a diskette correctly
installed and up to speed. The Drive Ready bit is valid immediately following the

Read Status function. This bit is also valid for drive 0 immediately following an
initialization
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15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
0
Not Used 0-2g 1-32
RXISA
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
0
Not Used 0-114,
RXITA
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
] ')
Not Used IBM Wc;gCounT
RXIWC
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
0
RXIBA
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
g
— | NXM | UNIT | DD DEN | CRC
Sector Size |BM wC SEL DRV DRV ERR PWR PAR
Identifier pp OVFL RDY DEN LO
RXIES

Figure 4-5. Mode 3 Register Formats
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BIT 6 - DD - Deleted Data

This bit indicates that a deleted data address mark was found during the last Read
Sector operation or that the last command was Write Deleted Data Sector.

BIT 5- DRV DEN - Drive Density

This bit indicates the density of the diskette installed in the in the drive indicated
by bit 8. It is updated during read or write sector operations.

BIT 4 - DEN ERR - Density Error

This bit indicates that during a READ SECTOR, WRITE SECTOR, WRITE DELETED
DATA SECTOR, OR READ STATUS operation the diskette density did not match
the density bit of the RXICS. Any operation is terminated; ERROR and DONE bits
are set,

BIT 3 - PAR LO - Power Low

This bit indicates a power failure in the controller/drive sybsystem. It will also be

set if the interface cable becomes disconnected. Any operation is terminated; the

ERROR and DONE bits are set.

BIT 2 - ID - Initialize Done

This bit indicates that the controller/drive subsystem has just completed an

initialization sequence. This sequence may have been started by a power failure,

bus INIT, or programmed INIT.

BIT | - SDI RDY - Side | Ready

Bit | and bit 7 are both set when a double sided diskette is correctly installed and up

to speed. When bit 7 is set but bit | is not set, a single sided diskette is installed. A

single-sided diskette is restricted to side 0 functions only.

BIT 0 - CRC - Cyclic Redundancy Check Error

This bit indicates that a cyclic redundancy error was detected during the last Read

Sector operation. The operation is terminated; the ERROR and DONE bits are set.
MODE 3 PROTOCOLS

Protocols are required in the DSD 480 because the DSD 480 are connected by a
single serial data link. Therefore, the controller must identify parameters based on the

order in which they are transmitted across the data link.

The following sections describe the protocol for each command that can be sent to
the controller. Failure to adhere to the correct protocol results in lost or incorrect data.
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FILL SECTOR BUFFER (000)

The FILL SECTOR BUFFER command is used to fill a storage buffer inside the DSD
480 with 128, 256, 512, or 1024 eight-bit bytes of data from computer memory. Other
functions can be used later to write that data to the diskette, or transfer it back to
memory.

When the FILL SECTOR BUFFER command is given, the DSD 480 responds by
clearing the DONE flag, RXICS bit 5. The controller then requests a word count by
setting the TRANSFER REQUEST flag. The program should respond by writing a valid
RXIWC into the RXIDB. The word count must be less than the sector size (in words).
When TRANSFER REQUEST is again asserted by the controller, the program should
respond by writing a valid starting memory address (RXIBA) into the RXIDB.

As soon as the RXIBA is loaded, TRANSFER REQUEST is cleared and remains
cleared for the duration of this function. The data bytes are now transferred directly
from memory to the controller sector buffer. When the word count is decremented to
zero and the controller has zero-filled the remainder of the current 256 byte partition
sector buffer (if necessary), DONE is asserted. An interrupt request is generated if the
interrupt enable bit, RXICS bit 6, was set when DONE become true. The RXIES register
will be found in the RXIDB at the completion of the function.

NOTE

1) Bit 4 of the RXICS does not affect this function since no
disk drives need be selected.

2) The DENSITY bit, RXICS bit 8, must be correctly set

since this bit is used by the controller in evaluating the
validity of the word count.

EMPTY SECTOR BUFFER (001)

The EMPTY SECTOR BUFFER function is used to transfer the contents of the
sector buffer to main memory. The sector buffer is loaded from a previous FILL SECTOR
BUFFER or READ SECTOR command.

When the EMPTY SECTOR BUFFER command is given, the controller responds by
clearing the DONE flag (RXICS bit 5). The controller then sets the TRANSFER REQUEST
flag (RXICS bit 7) to request the word count register. The program should respond by
loading a valid word count into the data buffer register. The word count must reflect the
512 word per sector limit on IBM diskettes.

When TRANSFER REQUEST is asserted again, the program responds by loading the
starting memory address into the data buffer register. When this is done, the controller
clears the TRANSFER REQUEST flag and it remains clear for the rest of the operation.
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The data in the sector buffer is transferred to memory one word at a time until the
word count is decremented to zero. When the data has been transferred, the controller
places the RXIES into the data buffer register and sets the DONE flag. If the interrupt
enable bit is set, an interrupt request is initiated when DONE becomes true.

The notes above that apply to the FILL BUFFER command apply equally to the EMPTY
SECTOR BUFFER command. In addition, note that the EMPTY BUFFER function does
not modify the contents of the sector buffer.

Word Count Limit

Sector Size Octal
. (Bytes) Decimal High Byte Low Byte
128 64 000 100
256 128 000 200
512 256 000 400
1024 512 001 000

WRITE SECTOR (010)

When the WRITE SECTOR command is given, the controller clears, the logical RXIES
register and the DONE flag. Next the controller sets the TRANSFER REQUEST flag,
RXICS register bit 7, to request a sector address. The program responds by writing the
desired sector address (RXISA) into the data buffer register. This clears the TRANSFER
REQUEST flag. The "sector size identifier" must be coded into bits 6 and 7 of the sector
address register (RXISA). As soon as the controller shifts the sector address over the
interface cable, it asserts TRASNFER REQUEST again. This time the program responds
by writing the desired track address (RXITA) into the data buffer register. This clears the
TRANSFER REQUEST flag.

If media density does not agree with the command density (RXICS bit 8), the
operation is terminated. Bit 4 of the RXIES register indcates a density error. If the
densities agree, the controller checks the track address and looks for the specified sector
address. The number of bytes written by the controller is determined by the density and
sector size of the current diskette. If an incorrect sector size is specified, the operation
will terminate without writing (ERROR=255). Two CRC bytes are written immediately
after the data.

NOTE

I) The contents of the sector buffer are not modified by the
WRITE SECTOR function.

2) If the contents of the sector buffer are modified as a
result of a power failure or the initialize command,
programmers must be sure that valid data is written back
into the sector buffer following either of these
conditions. This is especially true before executing the
WRITE SECTOR command.
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3) Sector numbers |52 through 162 (octal) are special format
keys. Refer to the FORMAT function for their definition.

4) When writing a IBM 2D (Double Density) diskette, track 0
must be written with a command density = single density.

5) The density of IBM diskettes if determined by the headers
on the IBM diskette.

The density of a diskette must not be determined on track
0, as track 0 is single density whether the rest of the disk
is single or double density.

READ SECTOR (011) (Bit 9 selects side 0/side 1)

The READ SECTOR function is used to locate a specified track and sector of a
diskette and then transfer the contents of the data field into the controller's sector buffer.

During Mode 2 operation, the controller clears the logical RX2ES register and the
DONE flag when the READ SECTOR command is given. Next, the controller sets the
TRANSFER REQUEST flag (RXICS bit 7) to request a sector address. The program should
respond by writing the desired sector address (RXISA) into the data buffer register
(RXIDB=777172). This clears the TRANSFER REQUEST flag. The "sector size identifier"
must be coded into bits 6 and 7 of the SECTOR ADDRESS REGISTER (RXISA). As soon as
the controller shifts the sector address over the interface cable, it asserts TRANSFER
REQUEST a second time. The program responds by writing the desired track address
(RXITA) into the data buffer register whichs clears the TRANSFER REQUEST flag.

After receiving the track address, the controller causes the selected drive to seek to
the desired track. TRANSFER REQUEST is left reset for the remainder of this function.
The controller loads the heads against the media and determines the densty of the media
if it is not already known. If the diskette density does not agree with the command
density (RXICS bit 8), an error is reported and the function is terminated. If the densities
agree, the controller looks for the specified sector. When the right sector is located, the
controller looks for the appropriate data, or deleted data address mark.

When the mark is found, the controller transfers the bytes into the sector buffer.
The number of bytes transferred is determined by the density and sector size of the
current diskette. If an incorrect sector size is specified, the operation will terminate
without reading (ERROR=255). The two error-free are read immediately after the data
field. An error-free read is indicated if the address mark, data bytes and two bytes of
CRC check bytes produce a zero residue when passed sequentially through the CRC
checker hardware circuits. As soon as the data is available in the buffer, the controller
terminates the function by writing the RXIES to the data buffer register and setting the
DONE flag. An interrupt request is generated if the interrupt enable bit was set when
DONE became true.
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If the deleted data address mark was detected, the controller will set the deleted
data flag. This flag appears in the ERROR/STATUS register (RXIES bit 6). If a CRC
error is detected, the controller will set RXIES bit 0 and the ERROR flag (RXICS bit
I5). Seek errors and missing sector errors are reported just as in the WRITE SECTOR
function.

NOTE
All IBM diskettes are written in single density on track O.

Determination of diskette density should be made on other
than track 0.

SET MEDIA DENSITY (100)

This command is used to initialize an entire DEC-formatted diskette to some
specified density. When the SET MEDIA DENSITY command is executed, the controller
attempts to write zeroes in every field on the diskette. Bit 8 of the RX|CS determines
the recording density and the type of Data Address Mark to be written in each data field.
No sector headers are written when the SET MEDIA DENSITY command is executed.

FUNCTION PROTOCOL

When the command is received, the controller clears the DONE flag and the logical
RXIES register. Next, the controller sets the TRANSFER REQUEST flag. The program
responds by writing a "key byte" into the physical RXIDB. If the key byte is an ASCII "I"
or |11 octal, the SET MEDIA DENSITY function is executed. If the byte written into the
RXIDB is not an "I", the DONE and ERROR flags are set and the operation terminates.
The error register is loaded with a 250 to indicate an invalid key. The purpose of the key
is to make it difficult to erase all of the data on a diskette.

As soon as the safety character "I" is received, the controller moves the heads to
track 0. When sector | is found, the controller starts writing. If bit 8 of the RXICS was a
0, a single density Data Address Mark and 128 FM zeroes are written. If bit 8 of the
RXICS was a |, a double density Data Address Mark and 256 DEC MFM zeroes are
written. After writing all 26 sectors on track 0, the controller seeks to track I, 2, . ..
writing all 26 sectors on each track. This continues until either every sector has been
written through track 76: sector 26, or a bad header is found. The ERROR and DONE
flags are set if the operation terminafes due to a bad header.

The SET MEDIA DENSITY function takes about 26 seconds per diskette side,
depending on the sector interleave. It should never be interrupted before it is done. [f
the function does not terminate normally, an illegal diskette which has Data Address
marks of both densities may have been created. If this happens, the diskette should be
completely formatted. If the SET MEDIA DENSITY function is not complete because of
an unreadable header, the TRACK FORMAT procedure can be used to rewrite the
incorrect header information.
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READ STATUS (101)

The READ STATUS command is used to determine the current status of the drive
selected by RXICS bit 4. The status information passed back is:

) Drive readiness
2) Side #I| readiness if two sided disk

3) IBM information now included in upper 3 bits of "RXIES".
5:14 = sector length identifier.
I3 = IBM double density

4) Drive density

To determine density the controller searches for IBM DD header then single density
if necessary. Based on header and DAM, the diskette is determined.

When the command is issued, the DONE flag is cleared. The controller checks the
selected drive's door is closed, a diskette is inserted, and that the diskette is up to speed.
Diskette speed is determined by measuring the amount of time between successive index
pulses. Since this measurement takes an average of 250 milliseconds, excessive use of the
READ STATUS function will cause reduced throughput. I[f the drive is ready, the
controller sets bit 7 (DRIVE READY) of the RXIES. Next, the controller loads the heads
and reads the first sector it finds. The diskette density and format are determined and
encoded into bits 13, 14, and |5 of the RXIES.

If a double density address mark is detected, bit 5 (DRV DEN) of the RXIES is set.
If a single density mark is found, bit 5 is cleared. The controller terminates the function
by shifting the RXIES over to the RXIDB and setting the DONE flag. An interrupt request
is generated if the interrupt enable bit, RXICS bit 6, was set when DONE become true.

READ EXTENDED STATUS (111)

The READ EXTENDED STATUS command is used to retrive a number of internal
controller registers, including the error register. These registers are transferred to
memory using direct memory access. As soon as the command is loaded into the RXICS,
the DONE flag goes false. The controller then asserts the TRANSFER REQUEST flag.

The program then loads a starting memory address into the RXIDB. The controller
transfers 4 words directly to memory beginning at the specified address. When the words
are in memory, the controller asserts DONE. This generates an interrupt request if
interrupt enable had been previously set.

The words transferred to memory are as follows:
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WORD | - LOBYTE DEFINITIVE ERROR CODE (SEE TABLE 4-9)

WORD | - HI BYTE HI BYTE OF PREVIOUS WORD COUNT

WORD 2 - LOBYTE CURRENT TRACK ADDRESS OF DRIVE 0
WORD 2 - HI BYTE CURRENT TRACK ADDRESS OF DRIVE |
WORD 3 -LOBYTE TARGET TRACK OF CURRENT DISK ACCESS
WORD 3 - HI BYTE TARGET SECTOR OF CURRENT DISK ACCESS
WORD 4 -BIT 0 DENSITY OF READ ERROR REGISTER COMMAND
WORD 4 - BIT 4 DRIVE DENSITY OF DRIVE 0

WORD 4 - BIT 5 HEAD LOAD BIT

WORD 4 - BIT 6 DRIVE DENSITY OF DRIVE |

WORD 4 - BIT 7 UNIT SELECT BIT

WORD 4 - HI BYTE TRACK ADDRESS OF SELECTED DRIVE

WRITE DELETED DATA (110) - (Mode #3)

* This function performs with the same protocol as a write sector under IBM - Mode
3.

* NOTE

On IBM double density diskettes the deleted data address mark
is always single density (the header determines IBM density).
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Table 4-9. Modes 2 and 3 Definitive Error Codes

OCTAL DESCRIPTION

CODE

000 No error

010 No drive 0 or drive 0 failed to find track 0 on INIT

020 No drive | when DIP switch indicates there should be a drive |, or drive | failed
to find track 0 on INIT

030 Track 0 found while stepping in on initialize

040 Track address passed to controller was invalid (>76)

050 Track 0 found before desired track while stepping

070 Requested sector not found in two revolutions

075 Too many bad headers on "IBM 2D" diskette

100 Write protect violation

110 No read data signal present

120 No preamble found

130 Preamble found, but no address mark within window

140 CRC error on what appeared to be a header

150 Address in good header did not match desired track

160 Too many tries for an ID address mark

170 Data address mark not found in allotted time

175 DEC double density address mark on non-DEC diskette

200 CRC error on data field; RXES bit 0 also set

210 Parity error on interface cable; RXES bit | also set

220 Read/write controller failed maintenance mode test

230 Invalid word count specified (Mode 2 only)

235 Word count error during FILL or EMPTY BUFFER (Mode 3 only)

240 Density error; DEC format

245 Density error; IBM format

250 Wrong key for set media density or format command

255 Incorrect "sector size identifier" used in RXISA

260 Indeterminate density, or no diskette present

265 Diskette not compatible with RX0l on RX02 mode

270 Read/write controller write-format failure

320 Read/write controller detected write circuit failure

330 Read/write controller timed out on reset

340 Master controller out of SYNC with RD/WRT controller

350 Non-existent memory error during DMA

360 Drive not ready during format command

370 AC power low caused abort of write activity
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DISKETTE FORMATTING

CAUTION

This procedure will allow magnetically damaged diskettes to
be repaired. Formatting may cause permanent loss of data if
not done correctly.

The DSD 480 can write format diskettes in nine different formats. Either a single
track or the entire diskette may be formatted. If an entire diskette format is selected
the DSD 480 will automatically format cylinder zero of IBM diskettes in the correct

format.

NOTES

1) The DEC RXO02 does not support the command protocol
described below. It is a special feature unique to the DSD
480.

2) Diskette formatting may be performed when the DSD 480
is in any of its operating modes (I, 2, or 3). However, the
resulting diskette may not be compatible with this mode
(e.g., IBM 2D formats may not be read in Mode |). Refer
to Table 4-1 for format compatibility.

DISKETTE FORMAT PROTOCOL

1

2)

3)

The user program issues the "WRITE-SECTOR" function code (010) to the
controller via the COMMAND and STATUS REGISTER (RX2CS or RXICS). Bit
9 of the register will select the desired side:

0 =Side 0
| = Side |

The density bit (Bit 8) is ignored.

The cc;m‘roller will next clear the done flag and issue Transfer Request (Bit 7 of
RXCS).

The users program must now write an octal value into the data buffer (RX2DB
or RXIDB) corresponding to the desired format. Table 4-8 lists the formats
available. If an entire diskette format is selected, the protocol is finished and
the format will be executed when the operation is completed, the controller
will assert done. An interrupt will occur if Bit 6 (Interrupt enable) is set by the
format command.

For single track formats, the Transfer Request flag will be issued, requesting the
track address. After the track address has been supplied, the controller will continue to
assert transfer request for the desired sector. The number of sectors is determined by the
format. Thus, for a 26 sector diskette, the transfer request will be issued 26 times. The
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sectors may be written in any desired order. Thus a non-standard interleave pattern may
be chosen.

The controller does not check uniqueness. After the appropriate number of sectors
have been selected, the controller will format the track. Upon completion of the format,
"DONE" will be asserted in the RX2CS (or RXICS) and an interrupt will occur if interrupts
are enabled by bit #6 of RX2CS (or RXICS).

NOTE
(on Table 4-9)
If IBM formats are selected, note that track O always has 26
sectors per track. Therefore, all 26 sector numbers must be
supplied to format track 0.
Also, note that track 0, side 0 of an IBM double density disk is

always single density.

Table 4-10. Diskette Format Codes

#SECTORS/
ID CODE DESCRIPTION DENSITY TRACK TRACK #

152g Format disk in single density Single 26 0to 76
on one track. This format is
compatible with both DEC and
IBM. Side selection done
when command given to RX2CS

(or RXICS).

153g Format disk in DEC modified Double 26 Oto 76
MFM, double density, on one
track. This format is only
DEC compatible. Side selec-
tion done when command given
to RX2CS.

|54g Format entire disk with FM Single 26 Oto 76
coded, single density. This
format is the same as "152"s
and is done on both sides of a
two sided diskette.

155g Format entire disk with DEC Double 26 0to 76
modified MFM, double density.
This format is only DEC com-
patible. Both sides of a two
sided disk are formatted. .
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1568 Format one track on disk with Single 15 | to 76

IBM single density FM coding. Single 26 0
All tracks except 0 have 15
sectors per track on tracks
| to 76, with 256 bytes per
sector.

157g Format one track on disk with Single 8 | to 76
IBM single density FM coding. Single 28 0
All tracks, except track 0,
have 8 sectors per track, with
512 bytes/sector on tracks |
to 76.

160g Format one track on disk with Single 26 Track 0,
IBM double density MFM coding. Side 0
All tracks have 26 sectors. Double 26 Track 0,
TRK 0, side 0 is single den- Side |,
sity. Must use two sided Double 26 Track | ¢
disk. 76.

l6lg Format one track on disk Single 26 TRK 0,
with IBM double density Side 0
MFM coding. All tracks Double 26 TRK 0,
have |5 sectors except Side |
track 0. Track 0, Side 0, Double 15 TRK | to
is single density, FM with 76.
26 sectors. Track 0, side |
is double density with
26 sectors/track.

162g Format one track on disk with Single 26 TRK 0,
IBM double density, MFM. TRK Side 0,
| to 76 are 8 sector/track Double 26 TRK 0,
with 1024 bytes/sector. Side |
Track 0 same as "161"s format. Double 8 TRK | to

76.

POWER FAIL
When a power failure occurs or DC power to the DSD 480 is interrupted, t!
controller gradually drains the filter capacitors and stops executing microcode. Ti

program knows the controller/drive subsystem has lost power when the DONE and ERRC
bits are set in the RX2CS, and the PWR LOW bit is set in the RX2DB.

When power is restored, and the controller DIP-Switch is configured for "NORMAI
mode, the DSD 480 controller initiates the following sequence:

1) DONE is cleared.

2) Controller executes the hardware self-tests.
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3) All drives positioned to track 00.
4) RX2ES is cleared of all active error bits.

5 The controller reads sector |, track | of unit 0 into buffer and leaves drive #0
at track #1.

6) Bit 2 of RX2ES (INITIALIZE DONE) is set.

7) Bits 7 (DRIVE READY) and 5 (DRIVE DENSITY) of RX2ES are updated
according to the status of drive 0.

At the end of this sequence, RX2CS bit 5 (DONE) is set.
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CHAPTER 5
HARDWARE SELF-TESTING

The DSD 480 diagnostics simplify incoming inspection and speed fault isolation with
easy-to-use maintenance capabilities including both extensive self-testing and complete
interactive system level testing. These capabilities, combined with the reliability and
modular construction of the DSD 480 system, help minimize the cost of long-term
ownership. Additionally, the DSD 480 is able to run DEC diagnostics without
modification, This chapter covers the self-testing capabilities of the DSD 480.
Recommendations are made for initial DSD 480 acceptance testing and for subsequent
troubleshooting of suspected system malfunctions.

There are two types of DSD 480 self-tests., First, there are those that execute
automatically on power-up. Second, there are user selectable self-tests known as
"HYPERDIAGNOSTICS". Hyperdiagnostics should be performed when the DSD 480 is first
installed or whenever a computer system fault condition is suspected. These tests should
be performed before any computer resident diagnostics are attempted.

AUTOMATIC SELF-TESTING

The microprocessor in the DSD 480 controller executes several system hardware
tests following power-up or an initialization. These tests are executed even when the
system is in a user selectable, stand alone, self-test mode. You cannot inhibit these tests
from executing, and you cannot operate the system should one of them detect a
malfunction.

Just before each of these controller test routines is executed, the microprocessor
writes the error code associated with the failure of that particular test in LED indicators
5 through 8 on the controller board. In the event the test detects a malfunction, the
controller microprocessor will halt leaving the error code displayed. The green RUN LED
(labelled "LED 9") indicator and LED indicators |, 3 and 4 will be off. LED indicator 2
will be on. LED indicators 5, §, 7 and 8 contain the error code. The error code
interpretations are in Table 5-1.

Should an error occur and the solution to the problem is not obvious, try cycling the
main power several times. If the error persists, call the Data Systems Design Customer
Service Department for assistance.

In addition to the controller self-tests, the DSD 480 has self-test routines built into

the bootstrap program on the the LSI-11 and PDP-|1 interface cards. These routines and
their error conditions are described in Chapter 3.
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USER SELECTABLE SELF-TESTS: HYPERDIAGNOSTICS

The DSD 480 controller may be operated in two modes. In NORMAL mode, the DSD
480 controller is connected to a host computer through an interface module. The user
program and/or operating system software controls all of the functions performed by the
data storage system.

In "HYPERDIAGNOSTIC" mode, the interface cable is disconnected from the DSD
480 chassis and the controller microprocessor executes routines which are selected by the
eight position DIP-switch on the controller module. These routines are started and
stopped by applying and removing AC power. To select a test routine, the main AC power
switch located on the rear of the chassis must be in the OFF position. You can then
select the individual "HYPERDIAGNOSTIC" routine by changing the settings of the
DIP-Switch. To initialize a test, resume power.

These DIP-Switch selectable routines were named "HYPERDIAGNOSTICS" because
they are a decisive improvement over standard self-test procedures. They perform the
following types of diagnostic functions:

e Simplified acceptance tests requiring no special test equipment for operation.

e Drive-independent controller self-tests.

e Extensive drive utility routines and composite system exercisers.

e Simplified disk drive alignment and adjustment procedures.

In addition, nine LED indicators on the DSD 480 controller module designate the status of
"HYPERDIAGNOSTIC" operation.

The major benefit of the "HYPERDIAGNOSTICS" is in their stand-alone ability to
easily verify correct disk drive system and controller operation. With this feature, faults
in subsystems may be quickly isolated when a total computer system malfunctions.

TEST SELECTION INDICATOR LIGHTS AND DIP-SWITCH

Figure 5-1 shows the relative location of the nine indicator LEDs and the
DIP-Switch test selector on the controller module.



Switch 8 is Open = 1
Switch 7 is Closed = 0 —1 '

== °W ‘
T T

oLlELEN

—

PP SW“‘:"\i 0]

Drive Bus Led 1; Green Led 9; Run Led; Green
Connector \ Leds 2-8; Red

FIGURE 5-1. Controller Module

Indicator Lights and DIP-Switch Orientation

Note that two of the LEDs are green and the remaining seven are red. LED | is
green, and is located nearest the DIP-Switch. LEDs 2 through 8 are all red, and are
located next to LED |. The meanings of LEDs | through 8 will vary according to whether
the system is in NORMAL or "HYPERDIAGNOSTIC" mode, and whether the
microprocessor is running or halted. LED 9, which also is green, is ON when the
microprocessor is running and OFF when the microprocessor is halted. LED 9 is referred
to as the RUN LED.

NOTE

If there is ever doubt as to whether a particular LED Indicator
is ON or OFF, view the indicator from directly on axis.

The drive activity LEDs are mounted in the eject button on the front of each disk
drive. They indicate that the head is loaded against the media. These LEDs may flash on
and off about once every second to indicate an error condition. This flashing continues
until an INIT occurs or several seconds have elapsed since the occurrence of the error.
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The 8 position DIP-Switch is used to select options in Normal Mod

select tests 1o be run N “HYPERD\AGNOST\C" Mode. Figure 5-2 shows how the switct
are numbereds and which phys'\cu\ position of a

which position corresponds to a"0".

> OPEN
1 ,
X This indicates @ switch position
L_——tobe selected by the user.
This shows switch & in the

" or OPEN position.

This shows switch | in the
nQ" or Closed position.

Figure 5-2. Controller Module D\P-Sw’\tch
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SWITCH | SWITCH
NUMBER | NAME WHEN CLOSED WHEN OPEN
1,2,3 Self Test All Closed for Selects a Hyper
Select Normal Operation Diagnostic Function
4 Mode Select Selects RX02 or Select Mode |
Mode 2 (RX02 (RX0! compatible)
compatible) or
Mode 3 (IBM
compatible)
5 Drive Mapping Left Drive = Unit 0 Right Drive = Unit 0
Select Right Drive = Unit | Left Drive = Unit |
6 Drive Type Single Sided Drive Double Sided Drive
Select
7 Extended Format| Mode 2 Mode 3
Select Read all DEC and IBM | Read all DEC and
26 Sector Formats IBM Formats
8 Select Number Operate One Drive Operate Two Drives
of Drives

Figure 5-3. Controller DIP-Switch Functions

NORMAL MODE

In normal mode, the DSD 480 controller is connected to a host computer through an
interface module. The user program and/or operating system software controls all of the
functions performed by the data storage system.

DIP-Switch Settings for NORMAL Operation

As described in Chapter 4, the DSD 480 has three modes of normal operation. The
DIP-Switch settings for these modes are illustrated below. Note that the DSD 480 is
shipped in Mode 2 (RX02 compatible) configuration.

Indicator Light (LED) Definitions During Normal Operation

Figure 5-5 illustrates the significance of the LED indicators during normal
operation. LEDs 5 through LED 8 are used to display an "error class" code. When a LED is
on, this corresponds to a binary |. When a LED is off, it corresponds
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DSD 480
HyperDiagnostics”

CONTROLLER
DIP-SWITCH
SETTINGS

Key:
123456 7 8 These Dip Switches are

found on the controller
board inside the DSD 480
chassis.

OPEN e
o 1

X

This indicates a switch
position to be selected
for specific function.

This shows switch 4 in the
| “1” or OPEN position.

This shows switch 1 in the
‘0" or CLOSED position.

Normal Operation

Normal Operation is

Dmgﬂﬂ_ﬂﬂ p ity

000
RX02 Mode 2/3

4 RX02 Compatible Operation

DDDDUUDD (EN RX01 jumper should be
removed on interface)

———OPEN————

0

RX01 Mode 1

RX01 Compatible Operation

— a1
(EN RX01 jumper should be
installed on interface)

—————— OPEN ————
1

Mapping of Drive Unit Numbers
Left Drive = Unit 0

Right Drive = Unit 0

Drive Type

For Normal or HyperDiagnostic Modes

3 800 or Equivalent
DO sheea
Single Sided
OPEN
0
850 or Equivalent

D__UUQQ@B D pe

Extended Format Select

Jo00ofo| E2 ool

Number of Drives

Singie Drive

00008 == | 0000

Figure 5-4. Controller DIP-Switch Settings

Mode 3
DEC/IBM
All Formats

Dual Drive
System
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HyperDiagnostics

Drive Alignment Routines
(See Shugan Drive Maintenance Manual for Procedures)

45678

DDDDDBUU

00100 X

12345678

il

ikl

(12345678

DDDDDDDU

10001
12345678 |

Ty

Head Load Timing Adjustment
Shugart Manual Paragraph 4 6 3
Switch 8 CLOSED selects drive 0
Switch 8 OPEN selects drive 1

Track 0 Detector Adjustment
Shugart Manual Paragraph 4 11 8
Switch 8 CLOSED selects Drive 0
Switch 8 OPEN selects Drive 1

Seek Track 01 and Load Head
Shugart Manual Paragraph 4 11 8
Switch 8 CLOSED selects drive 0
Switch 8 OPEN selects drive 1

Seek Track 02 and Load Head
Shugart Manual Paragraph 4 11.8
Switch 8 CLOSED selects drive 0
Switch 8 OPEN selects drive 1

s | Seek Track 38 and Load Head

Shugart Manual Paragraph 4 11 3
Switch 8 CLOSED selects drive 0
Switch 8 OPEN selects drive 1

Seek Track 76 and Load Head
Shugart Manual Paragraph 4 11 9
Switch 8 CLOSED selects drive 0

Switch 8 OPEN selects drive 1

Drive Related System Tests

Butterfly Seek Test

(No Reading or Writing)

Switch 8 CLOSED selects drive 0
Switch 8 OPEN selects drive 1

Continuous
Sequential Scan Test

Single Pass Sequential Scan Test
(Read Sequential Sectors, Tracks)
Switch 8 CLOSED selects drive 0
Switch 8 OPEN selects drive 1

Switch 7 CLOSED specifies continuous

Switch 7 OPEN specifies 1 pass

Butterfly Scan Test

(Read Sectors, Butterfly Pattern)
Switch 8 CLOSED selects drive 0
Switch 8 OPEN selects drive 1

Sequential Write/Read Test

(Wnite Sectors, Read & Compare Data)
Switch 8 CLOSED selects drive 0
Switch 8 OPEN selects drive 1

Drive Independent System Tests

—— — OPEN
10111 1
TE'DDDG@B
OPEN ———
10111 0

]
*Format Utility Routines

Test Read/Write Controller

Test Phase Locked Loop and CRC
Checker /G tor Hard

1 Verify Proper Orientation of the

Intertace and Drive Bus Cables

Conti v E Hard:

Self-Test Microcode
Limited-No PLL or RWC Testing

Dip-Switch / L.E.D. Echo Test

Conti 1y E. Compl
Hardware Self-test Microcode
Includes PLL and RWC Testing

System Exercisers

Continuous
a e

Routine Starting

with Write-Format Single Density

Switch 8 CLOSED specifies 1 drive system
Switch 8 OPEN specifies 2 drive system

Continuous
General Exerciser Routine

During All Format Routines: Single Read Pass
Occurs After Write/Format

6 7

ORI

-~ - OPEN - ———
11010 X

DDDDDDUU

11011

[1234a5s

il

Switch 8 CLOSED specifies 1 drive syst
Switch 8 OPEN specifies 2 drive system

Single Pass General Exerciser
with Write Format Single Density

Single Pass General Exerciser
without Write Format

Set Media Density Operation
Single Density IBM 3740
(Continuous Read Scan After Set
Media Function Completes)

Set Media Density Operation
Double Density DEC DD
(Continuous Read Scan After Set
Media Function Completes)

Write-Format a Diskette in Single
Density Using Sequential Sectoring
IBM 1-128 3740

or 2-28

Format in IBM DD-26 Sector Format
1BM 2D-256

Format in IBM SD-15 Sector Format
1BM 1-256
or 2-256

Format in IBM DD-15 Sector Format
IBM 2D-512

Format in IBM SD-8 Sector Format
IBM 1-512

Format in IBM DD-8 Sector Format
1BM 2D-1024

* Note: To write-format a diskette in double density

1 Execute single density Write-Format routine
2 Execute double density Set Media Density

operation

3 Switch 8 Selects Drive

0 = Drive 0
1 - Drivet



CONTROLLER L.E.D. DECODING CHART

Start
These L EDs are found on the controller board inside
the DSD 480 chassis. Error Halt Has Occurred
{ 1sLED.9 On?
. No Yes
Key:
off On | Is L.E.D.2 On? o
_ No Yes €
0= Off €
1=0n g
HyperDiagnostic Errors Hardware Seli—-Test Errors 5
I ~ \ Is s 3 <
1 2 3 4 5 6 7 8 9 (RUN) 1.2 3 4 5 6 7 8 9 (RUN) -3
o @
[ele/e/ocRcE @ [eCleeRRRE (@ :
1 ot L1 ot 5
0 0 0 0 Nokrror Since Power On 0 0 Unassigned o
0 0 0 1 Operator Error 0 0 0 1 8253 Watch-Dog Timer b
(Wnite Protect/Drive Not Failure i
Ready) 0 0 1 0 Unassigned
0 0 t 0 WrongDensity Mark 0 0 1 Microcode PROM Checksum
Encountered Error
0 0 1 1 IBUSCableBackwards or 0 1 0 O Unassigned
Intertace Without Power 0 1 0 1 Interface Shift Register Error
0 1 0 O DrnveBus Cable Backwards 0 1 1 0 81551/0 Port Failure
0 1 0 1 Indeterminate Density 0 1 1 1 Panty/Latched INIT Logic
0 1 1 0 SeekError Fault
0 1 1 1 Unassigned 1 0 0 0 2111 RAM Failure
1 0 0 0 DataCRCError (See Note 3) 1 0 0 1 8155RAM Failure
1 0 0 1 Sector Unrecoverable 1 0 1 0 Phase-Locked-Loop Failure
1 0 1 0 NoRead Data Signal Present 1 0 1 1 Read/Wnte Controller Failure
1 0 1 1 Read/Wnte Controlier Failure 1 1 0 0 CRC/SenalData Path Failure
1 1 0 0 Master Controller Failure 1 1 0 1 8155 Timer Failure
1 1 0 1 Invald Dnve Status During 1 1 1 0 Unrecognized Dip-Switch
Seek Setting
1 1 1 0 DataRead + DataWnitten 1 1 1 1 8085CPU TestFailure
1 1t 1 1 Wnteor Wnte-Format
Failure (See Note 1) (Low AC
Power may be the cause)
Is LE.D. ]) (1 Flash/Sec) Present
—=|_Flashing? | ~—————= HyperDiagnostic
Has Completed
No Successfully

ol SLED.10n? |o—m
No Yes (See Note 1) I

HyperDiagnostic Mode (Before Any Errors)

4
1 2 3 4 5 6 7

[0RO®E®@]

~~-swo000O0

—-—_-OO==00
- O=-0O=-0=-0

1 Controller Writing

0 Side 0 Access
1 Swde 1 Access

Notes:

1 ifallnmel & D s appear stuck
on, the microprocessor is being
held reset Check for sufficient
power to controller board

2 Thednive actvity LED s
mounted on the diskette eject
button of each drive are used
to indicate the drive associated
withan error ALED will
remain on to indicate which
drnive was selected at the time
of a HyperDiagnostic error hait

8 9 (Ru?v)
® [0
| On

0 Drive 0 Selected
1 Dnive 1 Selected

SD IBM/DEC 26 Sector

SD IBM 15 Sector
SD I1BM 8 Sector
Density Unknown

DD iIBM 26 Sector
DD IBM 15 Sector
DD 1BM 8 Sector
DD DEC (26 Sector)

0 Controller Not Reading
1 Controller Reading

0 Controller Not Writing

When an enror occurs duning
normal mode, the LE D on the
dnve associated with the error
1s flashed for a short period of
time or until an INIT

3 Dust particles or worn media
are often the cause of data
CRC errors If CRC errors are
detected, change diskettes and
restart the HyperDiagnostic
routine by cycling the AC
power switch

Normal Mode
A

~
1 2 3 4 5§ 6 7 8

\
9 (RUN)

(@]

0 0 0 o

0o 0 0 1

o e
- -
- ©°

_,w- e e—--0O00 © © ©
OO~ =00 ==0O o

-—_- OO0 O = - -
OO =D =0 =

- O

1 Controller Reading

0 Controller Not Wniting
1 Controller Wnting

fOI@I@l@T%)](?l@r)K?I

Oon
No Errors Since Last INIT/
Power On
Operator Error
(Write Protect/Drive Not
Ready)
Programming Error—Density/
Key
Programming Error—Drive/
Track
Programming Error—Word
Count/NXM
Indeterminate Density
Seek Error
Header CRC Error
Data CRC Error (See Note 3)
Sector Unrecoverable
No Read Data Signal Present
Read/Write Controller Failure
Master Controlier Failure
Invalid Drive Status During
Seek
Interface Cable Panity Error
Write or Write-Format Failure
(See Note 1)
(Low AC Power may be the
cause)

0 Controller Not Reading

0 Controller Not Waiting tor Interface

1 Controller Waiting for Interface

Figure 5-5. Controller LED Decoding Chart
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— Specifics "Normal" Mode

— Specifies RX02 Configuration

Specifies Normal Drive Mapping
Specifies Drive Type
J' RX02 Configuration
\j ips Dri
B ~ v r Specifies 2-Drive System
o

| 2 3 4 c ( 8

Black Dot is on
Depressed Side
of Switch.

Closed = 0
o o Open = 1

OPEN

0 0 1

Figure 5-6. Controller DIP-Switch Settings; Normal Modes

to a binary 0. The code bits read from left to right where LED 5 is the most significant
bit and LED 8 is the least significant bit. Each error class code represents a grouping of
one or more definitive error codes that are passed to the main computer on command.
The definitive error codes are described in Chapter 4. They"may be accessed from the
computer console terminal by executing the READ ERROR REGISTER (Mode 1) or READ
EXTENDED STATUS (Modes 2 or 3) commands to read the error register, ERREG.

NOTE

If all LEDs remain on, the processor is held reset. This can be
a result of low voltage on the controller.
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Table 5-1. LED Error Class Codes in NORMAL Mode

(Mode |, Mode 2, or Mode 3)(Both Green LEDs On)

BINARY CODE SEEN
ON LED#S 5678

0000

0001

0010

0011

0100

o101

0110
ol

1000

1001

1010

1011

ERROR
CLASS

0

5-10

INTERPRETATION

NO ERRORS HAVE OCCURRED
SINCE POWER ON OR LAST INIT

OPERATOR ERROR-WRITE
PROTECT VIOLATION
(ERREG = 100) OR DRIVE NOT
READY (ERREG = 360)

PROGRAMMING ERROR-
DENSITY/KEY (ERREG = 240, 245,
250, OR 255)

PROGRAMMING ERROR-
DRIVE/TRACK ADDRESS (ERREG =
040)

PROGRAMMING ERROR-
WORD COUNT/NXM
(ERREG = 230, 235 OR 350)

INDETERMINATE DENSITY
(ERREG = 70, 75, OR 260)

SEEK ERROR (ERREG = 150)

HEADER CRC ERROR
(ERREG = 140)

DATA CRC ERROR
(ERREG = 200)

SECTOR UNRECOVERABLE
(ERREG = 070, 120, 130, 160, 170 OR
175)

NO READ DATA SIGNAL PRESENT
(ERREG = 110)

READMRITE CONTR. FAILURE
(ERREG = 220, 320, OR 330)



Table 5-1. LED Error Class Codes in NORMAL Mode

(Mode |, Mode 2, or Mode 3)(Both Green LEDs On)

(continued)

BINARY CODE SEEN ERROR

ON LED#S 5678 CLASS INTERPRETATION

1100 C MASTER CONTROLLER FAILURE
(ERREG = 340)

1101 D DRIVE FAILURE (ERREG = 010,
020, 030, 050)

1110 E INTERFACE PARITY ERROR
(ERREG = 210)

I F WRITE OR WRITE-

FORMAT FAILURE
(ERREG = 270 or 370)

The error class code is displayed in the LEDs as soon as the error is detected. The
code resets to zero if the power is switched off and then on or if an INIT is generated over
the IBUS cable. The drive activity LEDs are also used to indicate the occurrence of
errors. Whenever bit |5 of the control and status register indicates the occurrence of an
error (other than density error), the controller microprocessor flashes the activity LED of
the drive associated with the error about every second. This flashing stops when either a
system initialize is forced by the host computer, or after approximately two minutes

elapse.

Table 5-2. Error Register Codes

LED CODE ERROR
CLASS MEANING

(OCTAL)

010
*020
030
040
050
070
075
100
110
120
130
*140
150
160
170
175

VOVVANVOD—NOgWIOUO

DRIVE 0 FAILED TO HOME ON INIT

DRIVE | FAILED TO HOME ON INIT

ENCOUNTERED TRACK 0 WHILE STEPPING IN ON INIT
INVALID DRIVE OR TRACK ADDRESS SPECIFIED

TRACK 0 ENCOUNTERED UNEXPECTEDLY

REQUESTED SECTOR NOT FOUND IN TWO REVOLUTIONS

TOO MANY BAD HEADERS ON "IBM 2D" DISKETTE
ATTEMPTED TO WRITE ON PROTECTED DISKETTE

NO READ DATA SIGNAL PRESENT

PREAMBLE NOT FOUND

PREAMBLE FOUND BUT NO ID ADDRESS MARK FOLLOWED
HEADER CRC ERROR

TRACK OR HEAD ADDRESS MISMATCH

TOO MANY TRIES FOR AN ID ADDRESS MARK

PREAMBLE FOUND BUT NO DATA ADDRESS MARK FOLLOWED
DEC DOUBLE DENSITY ADDRESS MARK ON NON-DEC DISKETTE
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Table 5-2. Error Register Codes (continued)

LED CODE ERROR
(OCTAL) CLASS MEANING

200 8 DATA CRC ERROR
210 E INTERFACE PARITY ERROR
220 B READ/MWRITE CONTROLLER SELF TEST FAILURE
230 4 INVALID WORD COUNT SPECIFIED

*%235 4 WORD COUNT ERROR DURING FILL OR EMPTY BUFFER
240 2 RXO02 DENSITY ERROR
245 2 IBM DENSITY ERROR
250 2  WRONG KEY FOR SET MEDIA DENSITY
255 2 IMPROPER "SECTOR SIZE IDENTIFIER" USED IN RXISA
260 5 INDETERMINATE DENSITY
265 5 IBM 2D DISKETTE OTHER THAN 256 BYTES/SECTOR ERROR
270 F READ/WRITE CONTROLLER WRITE-FORMAT FAILURE
320 B READ/WRITE CONTROLLER WRITE FAILURE
330 B READ/WRITE TIMED OUT ON RESET
340 C MASTER CONTROLLER OUT OF SYNC WITH READ/MRITE

CONTROLLER

350 4  NON-EXISTENT MEMORY ENCOUNTERED DURING DMA
360 I DRIVE NOT READY DURING WRITE-FORMAT COMMAND
370 F  ACLOWABORT OF WRITE OR WRITE FORMAT

*  THESE CODES DO NOT ASSERT ERROR IN RXCS, ALL OTHERS DO.
**  VALID IN IBM MODE ONLY.

"HYPERDIAGNOSTIC" MODE

The "HYPERDIAGNOSTICS" are used to adjust, exercise, or test the controller
drives independently of the host computer system and associated software.

The DSD 480 chassis need only be connected to an AC power outlet to run t
"HYPERDIAGNOSTICS". You select particular tests and particular disk drives using t
DIP-Switch on the controller board. Test results are designated through a combination
the nine indicator LEDs on the controller board in the DSD 480 chassis. After the swit
and LED conventions are explained, the details of each "HYPERDIAGNOSTICS" routi
will be discussed.

DIP-Switch Settings For "HYPERDIAGNOSTIC" Operation

Switch | through Switch 7

These are used to select the desired test. Any time switches |, 2, and 3 are .
zeroes, the microprocessor assumes "NORMAL" mode operation. Switch | is t
most significant bit and Switch 7 is the least significant bit.
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Switch 8

When the switch is a 0, drive O is selected; when it is a |, drive | is selected. Not all
the tests involve a drive, so in some cases the position of Switch 8 is irrelevant.

The general exerciser tests are capable of testing more than one drive and should be
used for initial acceptance testing. These two tests (Switch codes 11110 and [1111)
interpret Switch 8 as the number of drives to be exercised. If Switch 8 is a 0, only

drive 0 will be exercised. If Switch 8 is a |, both drive 0 and drive | will be
exercised.

NOTE

There is no drive mapping function available in "HYPER-
DIAGNOSTIC" mode. This function is only available when the
system is operating in NORMAL mode.

The following is the detailed procedure for running a particular
"HYPERDIAGNOSTIC"™:

I) Remove power from the controller/drive subsystem using the AC switch on the
rear of the chassis. Do not tamper with the DIP-Switch settings while power is
on EXCEPT when explicitly directed to do so for a particular test.

2) Set the eight switches to select the desired test, and in some cases, the desired
drive. The DIP-Switch configurations are shown in Figure 5-4.

3) Use a pointed object (such as a ball point pen) to depress the rocker switches
and set them to the desired setting.

4) Restore AC power.
NOTE

A technique that can be used to confirm your switch
settings is the DIP-SWITCH/LED "HYPERDIAG-
NOSTIC". The code for this test is (10000). Once the
microprocessor recognizes this test code, it reads the
DIP-Switch and echoes the setting in the LEDs. Once
this test is running, change the DIP-Switch to the desired
test setting and verify the setting in the LEDs,

If the LEDs reflect the correct switch setting, the specific function indicated by the
switches can be executed by simply powering the unit down, and then up again.
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Indicator Light (LED) Definitions During "HYPERDIAGNOSTIC" Operation

Except where noted otherwise, the LED indicators function as follows:

LED | is off to indicate that the selected "HYPERDIAGNOSTIC" is in progress
and is not completed.

LED 1| is flashing to indicate that the selected "HYPERDIAGNOSTIC" is
successfully completed.

LED 2 flashes to indicate that a two-sided diskette is being used in selected
drive.

LED 3 is on to indicate the system is writing on a diskette. In general, you
should not turn off the power while LED 3 is still on, as a FORMAT routine or
SET MEDIA DENSITY may be in progress.

LED 4 is on to indicate the system is reading from a diskette.

As with the hardware self-tests, the controller microprocessor halts whenever it detects
an error. You can determine when the microprocessor is halted by observing the green
"RUN" LED shown in Figure 5-1. An error code is displayed in LEDs 5 through 8 when the
microprocessor detects an error and halts. Errors that involve a host computer interface,

such as non-existent memory and parity errors, do not occur during execution of any of
the "HYPERDIAGNOSTICS".

Table 5-3 shows the code interpretations. The activity LED of the drive selected
when the failure was detected is left on.

Table 5-3. "HYPERDIAGNOSTIC" Error Code Interpretation

BINARY CODE
LEDs 5678 INTERPRETATION
0000 NO ERRORS HAVE
OCCURRED SINCE POWER
ON OR LAST INIT
0001 OPERATOR ERROR
-WRITE PROTECT
VIOLATION (ERREG = 100)
-OR DRIVE NOT READY
(ERREG = 360)
0010 THIS ERROR CODE NOT
CURRENTLY ASSIGNED
0011 IBUS CABLE BACKWARDS

OR INTERFACE MODULE
WITHOUT POWER
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Table 5-3. "HYPERDIAGNOSTIC" Error Code Interpretation (continued)

BINARY
LED 5678 INTERPRETATION

0100 DRIVE BUS CABLE IS
INSTALLED BACKWARDS

010l INDETERMINATE DENSITY
(ERREG = 260)

orto SEEK ERROR
(ERREG = 150)

o1l THIS ERROR CODE NOT
CURRENTLY ASSIGNED

1000 *DATA CRC ERROR
(ERREG = 200)

100! SECTOR UNRECOVER-
ABLE (ERREG = 070,
120, 130, 160, OR 170)

1010 DRIVE READ SIGNAL
LOST (ERREG = 110)

1011 READ/WRITE CON-
TROLLER FAILURE
(ERREG = 220, 320,
OR 330)

1100 MASTER CONTROLLER
FAILURE (ERREG = 340)

1101 DRIVE FAILURE (ERREG =
010, 020, 030, 050)

1110 DATA PATTERN READ
NOT THE SAME AS
PATTERN WRITTEN

RN WRITE OR WRITE-FORMAT
FAILURE (ERREG = 270 or
370)

*Most CRC errors are attributed to worn media. Switch diskettes and
restart the "HYPERDIAGNOSTIC" by cycling the AC power switch,
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TEST STRATEGY USING "HYPERDIAGNOSTICS"

A substantial portion of a DSD 480 system can be checked using only
"HYPERDIAGNOSTIC" routines included in the controller microcode. No host compt
or interface module is required to perform the initial test procedure described below.

This procedure is used to confirm that the controller/drive subsystem is fully operatio
but any system malfunction related to an interface module or interface cable will not
detected. If your system is either unable to boot or unable to run the programs on
diagnostic diskette, the "HYPERDIAGNOSTICS" are an excellent way to determine if
problem lies in the interface module/cable or in the controller/drive subsystem.
following procedure describes how to check your DSD 480 with
"HYPERDIAGNOSTICS",

1) Verify the power switch is OFF.

2) Remove the top cover by turning the three fasteners at the rear of the cc
and sliding it straight off.

3) Connect the AC power cord. Make sure the interface cable is not connecte:
the DSD 480 chassis.

4) Place write-enabled, blank, formatted diskettes in both drive 0 and drive |.

5) Using a ball point pen, or similar object, place the code 10000001 in
DIP-Switch. This particular code selects the DIP-SWITCH/L
HYPERDIAGNOSTIC test.

6) Power-up the unit by flipping the power switch ON. The RUN light or L
(Light Emitting Diode) should remain on. Lights | through 8 should echo
settings of switches | through 8 by being lighted for a binary "I" and off f«
binary "0".

7) Place the code 11110001 (GENERAL EXERCISER TEST) in the DIP-Swi
Verify that lights | through 4 and 8 are on and 5 through 7 are off.

8) Start the general exerciser test by turning power off and then back on.
test will start on drive |. After about 6% minutes, the test should switch ¢
to drive 0.

The test will continue alternating between drives until power is removed or an erro
detected. If an error occurs, the microprocessor will HALT, causing the RUN light tfc
extinquished. An error code will be displayed in LEDs 5 through 8. The controller/di
subsystem should be considered fully functional if the GENERAL EXERCISER TEST
be run for a half hour or longer without the occurrence of an error halt. Should an e:
occur, make sure you are using good quality diskettes., [f you believe the unit

malfunctioning, contact the Data Systems Design Customer Service Department
assistance.
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The hardware self-tests

NOTE
and the "HYPERDIAGNOSTICS"

report errors by writing an error code in LEDs 5 through 8 and

then halting.

The microprocessor executes the hardware

self-tests before it gets to the switches. LED 2 will be ON

following an error

detected by the hardware self-test

routines. LED 2 is OFF following an error detected by most of
the "HYPERDIAGNOSTIC" routines.

LEDs 5 through 8 have a different meaning when the microprocessor is executing a
"HYPERDIAGNOSTIC" routine but has not yet detected any error. If the RUN LED is
still ON, LEDs 5, 6, and 7 encode density, and LED 8 encodes selected drive. Coding is

shown in Table 5-4,

Table 5-4. Interpretation of LEDs 5, 6, 7, and 8 During Execution

of "HYPERDIAGNOSTICS" While RUN LED is ON

LED 8
OFF
ON

INDIVIDUAL "HYPERDIAGNOSTIC" TESTS

DENSITY OF
SELECTED DISK

DEC SD/IBM 1, 2 - 128 (IBM 3740)
IBM 1, 2 - 256
IBM | -512

Indeterminate Density (Drive probably
not ready)

IBM 2D - 256
IBM2D -512
IBM 2D - 1024
DEC DD

SELECTED DRIVE

0
I

There are five types of "HYPERDIAGNOSTIC" tests. Each type is described below.



GENERAL SYSTEM EXERCISERS. These tests are designed to thoroughly exercise

all parts of the DSD 480 controller/drive subsystem. IBM 3740 single density, DEC RX02
double density, and IBM 2D double density diskettes may be used.

There are two tests of this type. Unlike the other "HYPERDIAGNOSTIC" tests,
these routines operate on multiple drives.

GENERAL EXERCISER STARTING WITH WRITE-FORMAT SINGLE DENSITY
(11110)

Switch 8 is used to specify the drive to be exercised. As an example, if Switch
8 were set to a |, the general exerciser would first exercise drive |, then drive
0, then drive 1, etc. If Switch 8 were set to a 0, only drive 0 would be
exercised. It is important that all drives to be exercised are loaded with
write-enabled diskettes. The sequence of operations is listed below:

) Execute hardware self-tests (no drives involved).

2) Write-format selected drive according to IBM 3740 single density.

3) Sequential read of all sectors on selected drive.

4) Sequential write/read of all sectors on selected drive.

5) Butterfly read of all sectors on selected drive.

6) Double density set media density on selected drive.

7) Sequential read of all sectors on selected drive.

8) Sequential write/read of all sectors on selected drive.

9) Butterfly read of all sectors on selected drive.

10) Single density set media density on selected drive.

I1) Determine next logical drive unit, and if that unit has not already been
write-formatted once, go to step (2); otherwise go to step (3).

This general exerciser test takes about six minutes per drive, including the
write-format cycle that occurs during the first pass for each drive.

GENERAL EXERCISER (11111)

This test is similar to the previous one (11110), except that Step (2) is not
executed.

SINGLE PASS GENERAL EXERCISER WITH FORMAT (10111X1X)
This test is similar to the general exerciser (11110) except that after one pass

the test will end and flash LED #1 if no error occurs. This test includes a write
format before any reads or writes are attempted.
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e SINGLE PASS GENERAL EXERCISER WITHOUT FORMAT (10111X0X)

This test is a one pass general exerciser without the format before reads or
writes, After successful completion, LED #| will flash. If errors occur, they
will be displayed in LEDS #4 to #8.

DRIVE ALIGNMENT ROUTINES. These routines are used with an alignment
diskette available from the drive manufacturer. These routines execute even if no
disket te is installed and/or the drive door is left open. No ERROR-HALT will occur if the
selected drive is not ready. The following is a description of the six test routines
executed by the microprocessor:

e HEAD LOAD TIMING ADJUSTMENT ROUTINE (00100)

This routine starts by moving the selected drive's read/write head to track 00.
Once there, the head is loaded and unloaded at approximately 5 times per
second. The head is loaded for 100 milliseconds before the cycle is repeated.
The routine is terminated by disconnecting AC power from the chassis.

e TRACK 00 DETECTOR ASSEMBLY ADJUSTMENT ROUTINE (00101)

This routine starts by moving the selected drive's read/write head to track 00.
The head is then alternately moved between track 0l and track 02 about once
every 70 milliseconds. The head is loaded during this test. The routine is
terminated by disconnecting AC power.

e SEEK TRACK 0l AND LOAD HEAD (00110)

This routine starts by moving the selected drive's read/write head to track 00.
Next, the head is positioned at track Ol and loaded against the media. The head
remains loaded until power is removed.

e SEEK TRACK 02 AND LOAD HEAD (00111)

This routine starts by moving the selected drive's read/write head to track 00.
Next, the head is positioned at track 02 and loaded against the media. The head
remains loaded until power is removed.

e SEEK TRACK 38 AND LOAD HEAD (01000)

This routine starts by moving the selected drive's read/write head to track 00.
Next, the head is positioned at track 38 and loaded against the media. The head
remains loaded until power is removed. .

e SEEK TRACK 76 AND LOAD HEAD (01001)
This routine starts by moving the selected drive's read/write head to track 00.

Next, the head is positioned at track 76 and loaded against the media. The head
remains loaded until power is removed.
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To take the drives out of the DSD 480 system, remove the screws from the bottom
of the chassis so that the drives can be turned on their side. Many of the adjustment
screws and oscilloscope test points are located on the underside of the drives.

DRIVE INDEPENDENT SYSTEM TESTS. These tests are designed to exercise those

parts of the DSD 480 controller which are not drive-dependent. There are five tests of

this type:

TEST READ/WRITE CONTROLLER (01100)

This routine causes the read/write controller hardware to be continuously
cycled through its internal self-test microcode. Run this test if you believe the
read/write controller hardware is not performing reliably. Should this fest
generate an error, the code is 101l. LED 2 will also be ON if this error is
repor ted.

TEST PHASE LOCKED LOOP/CRC GENERATOR (01101)

This routingé checks the operation of the phase locked loop (PLL) circuitry by
counting the number of PLL CLOCK cycles that occur during a 50 millisecond
interval. This test determines if a READ problem is being caused by the phase
locked loop circuitry. If it is, the error code is 1010.

NOTE

LED 2 will be on if this error is reported.

The second half of this test verifies that the CRC generator/checker and serial
data path are functioning properly. If this test detects a malfunction, the error
code is 1100. LED 2 will also be on.

TEST CABLE ORIENTATION (01110)

This test is used to verify that both the interface bus cable (connecting the
controller to the interface module) and the drive bus cable (connecting the
controller to the drives) are installed correctly. The interface bus cable must
be connected on both ends and the interface module must have power in order
fo run this test. The interface bus cable must be disconnected at one or both
ends when running all " HYPERDIAGNOSTIC" tests EXCEPT this one. If there
is an error, Table 5-4 indicates which cable is causing the problem. If there is
no cable at all, this test will pass.

HARDWARE SELF-TEST LOOP (01111)

The DSD 480 microprocessor executes the hardware self-test once after
powering up. When this "HYPERDIAGNOSTIC" routine is selected, the
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microprocessor keeps executing the hardware self-test indefinitely until either
power is removed or an error is detected. LEDs 5, 7, and 8 flash on and off
when this routine is executing error-free.

NEW TEST

EXTENDED HARDWARE SELF-TEST LOOP (01011)

The DSD 440 Microprocessor executes the Standard hardware self test done on
power up then it tests the read/write controller CRC Generator and phase lock
loop. The sequence is repeated until power down or an error is detected. Led's
5, 6, 7 and 8 flash when this routine is executing error free.

DIP-SWITCH/LED TEST ROUTINE (10000)

This routine is used to determine if the microprocessor can read all 8 switches
in the DIP-Switch, and illuminate LED's | through 8. The routine reads the
DIP-Switch and writes that byte to the LED bank. For example, if Switch 2 is
in the | position, then LED 2 is on. If Switch 2 is in the 0 position, then LED 2
is off.

Since the microprocessor is executing this loop continuously, the state of a LED
should appear to change immediately following a switch position change.

This is the only case in which the settings of the DIP-Switch should be changed
with power on. Changing them at other times can cause erroneous operation.

These tests are terminated by removing power.

DRIVE RELATED SYSTEM TESTS. These tests are designed to exercise the drives

on the assumption the DSD 480 controller is fully operational. There are five tests of this

type:

BUTTERFLY SEEK TEST (10001)

This routine starts by moving the selected drive's read/write head to track 00.
The head positioner is then moved back and forth in a "butterfly" pattern. This
pattern consists of the following series of tracks: 76, 01, 75, 02, 74, 03 . .
After one complete cycle, the microprocessor tries to move the head positioner
to track 00. If the track 00 signal is not asserted, the error code is reported in
the LED indicators and the microprocessor halts. If the track 00 signal is
asserted, the test is repeated.

CONTINUOUS SEQUENTIAL SCAN TEST (10010X0X)

This routine starts by moving the selected drive's read/write head to track 00.
The head is then loaded and the media density is determined and displayed in
the LEDs. The controller then sequentially reads every sector of every track.
If no errors occur, the test is repeated. If an error does occur, the
microprocessor halts and the error code is displayed in LEDs 5 through 8.
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The meanings associated with the |6 possible error codes are shown in Table
5-4., The code displayed in LEDs 5 through 8 is not an error code UNLESS the
green LED (LED 9) is off and the head positioner is not moving.

e SINGLE PASS SEQUENTIAL SCAN TEST (10010X1X)

This routine does the same seek/read pattern as the continuous sequential scan,
but after | pass the test is ended. If successful, LED #1 will flash and the scan
will end.

e BUTTERFLY SCAN TEST (10011)

This routine is similar to the sequential scan test, except for the sequence of
tracks read. This test takes longer than the sequential scan test to read the
same total number of sectors because of the added positioner step and head
load time. This test detects problems associated with seeking and/or reading.

NOTE

The data on the diskette during the above two tests are
ignored. Only a CRC error or other hardware detected error
will be reported.

e SEQUENTIAL WRITE/READ TEST (11000)

This routine starts by moving the selected drive's read/write head to track 00.
Next, the density of the write-enabled diskette inserted in the drive is
determined. The routine then sequentially writes pseudo-random data on every
track and sector of the diskette, in the appropriate density. After writing,
every track and sector on the diskette is sequentially read and compared to
what was written. Any error encountered is identified in the LEDs when it
occurs and the machine halts. The write cycle only happens once. The read
cycle is repeated indefinitely until power is disconnected or an error is
detected. LEDs 3 and 4 are used to determine if the routine completes the
write cycle.,

These tests should be executed whenever a drive is replaced or realigned.
DRIVE UTILITY ROUTINES. These utilities allow formats with the DSD 480.
There are eight utilities of this type:

e WRITE-FORMAT DISKETTE IN IBM [-128 (3740) Single Density Format
(11001 X0X) (26 sector/track; 128 bytes/sector)
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This routine starts by moving the selected drive's read/write head to track 00.
Next the entire diskette is formatted with 26 sectors per track using the "FM"
single density format. After all tracks have been written, the disk is
sequentially scanned. After successful completion of the format (scan cycle,
the read/write head will unload and LED #1 will flash indicating the finish of
this routine.

NOTE

If a single sided disk is used, the format will be done on side
#0 only. This will result in a single sided diskette that is
compatible with IBM part number 2305830 (IBM [-128).

If a double sided disk is used, both sides will be formatted. This results in a
double sided disk that is compatible with IBM part number 1766870 (IBM 2-128).

e WRITE FORMAT DISKETTE IN IBM 2D-256 Double Density Format (26
sectors/track; 256 bytes/sector) (11001 X1X) (Diskette must be double sided)

This routine starts by moving the selected drive's read/write head to track 00.
Next the entire diskette is write formatted with 26 sectors per track, using
MFM double density bit coding. After all tracks are formatted, one sequential
scan pass takes place. If the routine successfully completes the format/scan
cycle, the head will be unloaded and LED #1 will flash indicating successful
completion. If an error occurs, it will be displayed in LED's 5 to 8 and LED 9
will be turned off.

This results in diskettes that are compatible with IBM part number 1766872.

e WRITE FORMAT DISKETTE IN IBM [-256 or IBM 2-256 Single Density Format.
(15 sectors/track; 256 bytes/sector) (11 100X0X)

This routine is the same as the 26 sector, single density format (11001X0X)
except that 15 sectors per track (256 bytes per sector) are written on tracks |
to 76. This results in diskettes that are compatible with IBM diskette numbers:

Single sided - IBM Part Number: 2305845
Double sided - IBM Part Number: 2736700

e WRITE FORMAT DISKETTE IN IBM 2D-512 Double Density Format (I5
sectors/track; 512 bytes/sector) (11100X1X) (Must be double sided)

This routine is the same as the 26 sector double density format (11001X1X)
except that |5 sectors per track (512 bytes/sector) are written on tracks | to
76. This results in diskettes that are compatible with IBM diskette number
1669044,
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e WRITE FORMAT DISKETTE IN IBM 1-512 Single Density Format. (8
sectors/track; 512 bytes/sector) (11101 X0X) (Must be single sided diskette.)

This routine is the same as the 26 sector single density format (I11001X0X)
except 8 sectors per track (512 bytes per sector) are written on tracks | to 76.

This results in diskettes that are compatible with IBM diskette number 1669954.

e WRITE FORMAT DISKETTE IN IBM 2D-1024 Double Density Format. (8
sectors/track; 1024 bytes/sector) (11101X1X) (Must be double sided diskette)

Same as 26 sector double density format (11001X1X) except 8 sectors per track
(with 1024 bytes/sector) are written on tracks | to 76.

Results in diskettes that are compatible with IBM part number 1669045.

e SET MEDIA TO SINGLE DENSITY (11010)

This routine starts by moving the selected drive's read/write head to track 00.
Next, every sector on the write-enabled diskette is written with a single density
data address mark, 128 bytes of zeroes, and 2 CRC bytes. Unlike the previous
write-format routine, this one does not modify the sector headers. Control is
transferred to the sequential scan test as soon as all sectors are written, LEDs
3 and 4 are used to determine when the writing has stopped and the reading has
begun.,

e SET MEDIA TO DOUBLE DENSITY (11011)

This routine starts by moving the selected drive's read/write head to track 00.
Next, every sector on the write enabled diskette is written with a double
density data address mark, 256 bytes of DEC modified frequency modulation
(MFM) zeroes and 2 Cyclic Redundancy Check (CRC) bytes. This routine does
not modify the sector headers. Control is transferred to the sequential scan
test as soon as all sectors are written. LEDs 3 and 4 are used to determine
when the writing has stopped and the reading has begun.

These tests can also be used to reformat magnetically damaged diskettes without a
computer.
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CHAPTER 6
COMPUTER RESIDENT DIAGNOSTICS

All DSD flexible disk systems with an LSI-11 or PDP-11 interface board are shipped
with a diskette containing an interactive diagnostic program called FLPEXR. This section
explains the operation of this comprehensive set of tests and utility programs.

The diagnostic diskette also contains a modified driver to pro-
vide RSX-1IM, version 4.0 with DSD floppy disk support in a 22-bit
Q-Bus environment. Complete procedures for installing the modified
driver are contained on the diskette.

PROGRAM LOADING AND MONITOR PROTOCOL

FLPEXR requires a standard console device, an LSI-11 or PDP-1| computer and at
least 12K words of memory. Loading FLPEXR can be accomplished by two methods. One
method is to bootstrap the diagnostic. diskette. This loads FLPEXR into memory
automatically. The other method requires an RT-1| operating system. The FLPEXR
diagnostic diskette has an RT-11 compatible directory and file space. The files on the
diagnostic diskette dan be accessed using standard RT-l| procedures. For example,
FLPEXR can be run from an RT-11 system by typing.

RUCDEV:DFLPEXR {CR>
where{DEV:>might be DXO0:, DXI:, DYO0:, DY |: as appropriate.

Once the FLPEXR diagnostic program has been loaded into memory, the diagnostic
diskette should be removed from the drive so it is not erased. Since both bootstrap and
diagnostic programs handle RX0l and RX02 protocols, FLPEXR diagnostic diskette may
be used with any DEC compatible disk system.

After FLPEXR is loaded into memory, a brief description is displayed on the
terminal which includes the version number of the program and a memory map. This
memory mdp indicates the ranges of the address space which responds with SSYNC (or
BRPLY) when accessed by the host computer. A list of all the available commands may
be obtained by typing an "H" (HELP).

Two high quality, write-enabled formatted diskettes should be installed in the
FLPEXR drives before proceeding with any of the tests.

FLPEXR types "(CRLF)#" when starting, and then the program attempts an INIT
(initialize) instruction. When the INIT cycle is successful, the program types the prompt
word: "DD MODE" or "MODE:". This prompt string allows the operator to input a
command. Each of the possible commands is described below.

Legal responses to "MODE:" are listed in Table 6-1. Only the characters enclosed in
parenthesis need to be typed. The parenthesis should NOT be typed. When the typed -
string is recognized the terminal "BELL" will sound at which time {(CR) should be typed.
The program will fill in the remaining characters and then proceed to execute the
function.
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FLPEXR DIAGNOSTIC ROUTINES

This section describes each functional mode of interactive operation for the
FLPEXR diagnostic program. The purpose of each test and all communication protocol
with the operator is also described:

Table 6-1. FLPEXR Diagnostic Routines

COMMAND

(V)ERIFY

(SH)ORT VERIFY
(M)AP ADDRESS
(FLL EMPTY
(SEQW)/R
(SEQ)READ
(RAYINDOM R/W
(REA)D RANDOM
(SC)AN

(SEE)K RANGE
(ST)ATUS

(RES)ET STATUS
(SA)VE STATUS
(DUMP C)IR BUFFER
(SET UNIT

(SET T)RACK
(SEC)TOR INCREMENT
(DNTERRUPT
(DE)NSITY LOCKUP
(SET D)EVICE

(SET M)EDIA DENSITY
(FORMAT
(DUP)LICATE
(CO)MPARE

(DUMP O)CTAL
(DUMP B)YTE
(DUMP A)SCII

VERIFY - (V)ERIFY

DESCRIPTION

General Exerciser

Short Exerciser

Memory and Device Map
Fill/Empty Buffer Test
Sequential Write/Read Test
Sequential Read

Random Read/Write

Read Random

Scan

Seek Range

Display Status Information
Change Status

Save Status on Diskette
Display Circular Output Buffer
Set Unit

Set Track Limits

Specify Sector Interleave

Set Interrupt Status

Lock Density to Current Density
Set Device

Set Media Density

Format Diskette

Duplicate

Compare by Sector

Data Dump in Octal Format
Data Dump in Byte Format
Data Dump in ASIl Format

The VERIFY test does one pass of a SHORT ACCEPTANCE TEST, on the first
7 tracks and then resets the limit variables back to the normal default values.
It then induces an automatic "CTRL P" to inhibit all but error printout and
initiates the long verify test.



EXAMPLE VERIFY
~ SESSION
(Operator responses underlined)
#DD MODE: VERIFY{(CR)>»

HAVE YOU INSTALLED 'SCRATCH' DISKS?(Y OR N):
SET DENSITY TO (S, D): S

ARE YOU SURE? (Y OR N): Y

VERIFY TEST NOW STARTING

SCAN CRC CHECKED WRITING READING
INTERRUPTS ENABLED
WRITING READING

1<

e SHORT VERIFY — (SH)ORT VERIFY

This interactive program changes the track range used by the VERIFY TEST so
that only the first 9 tracks of each selected drive are tested. This SHORT
VERIFY TEST is repeated until stopped.

e HELP

The HELP command causes all the valid "MODE:" responses to be displayed on
the console terminal. The "MODE:" prompt is typed when this function is
complete.

e MAP ADDRESS -- (M)AP ADDRESS

The MAP ADDRESS command causes a memory and device address map of your
system to be displayed on the console terminal. This is the same map displayed
when the FLPEXR program is first loaded. In addition, the interrupt vector
address associated with each disk interface is displayed. The "MODE:" prompt
is typed when this function is complete.

EXAMPLE "MAP ADDRESS"
#DD MODE: MAP ADDRESS{CR)>

(0-15777¢6)

( 160100 - 160106 )
( 165000 - 165776 )
(171000 - 171776 )
( 172300 - 172316
( 172340 - 172356 )
( 172520 - 172536 )
( 173000 - 173776 )
(176700 - 176746 )
(177170-177172)



EXAMPLE "MAP ADDRESS" (Continued)
#DD MODE: MAP ADDRESS CR

(177510 - 177516)
(177546 - 177546))
(177560 - 177616
(177640 - 177656 )
(177776)

DEV: 177170 INT @ 264

NOTE

This example indicates that a device is installed at location
77170 with interrupt vector at location 264.

FILL-EMPTY — (F)LL EMPTY

The FILL-EMPTY test checks the FILL BUFFER and EMPTY BUFFER
controller commands. If the controller under test is configured in RXOI
compatible mode, then the test involves only programmed 1/O. [f the controller
is configured as an RX02, the controller does FILL/EMPTIES into three
different buffers so as to verify proper operation of all possible address bits.
FILL/EMPTIES are done in both densities covering all possible word counts.
Since this test does not manipulate the drives, the system will operate in
silence. This test continues until you type a "CTRL R".

SEQUENTIAL WRITE/READ - (SEQW)/R

The SEQUENTIAL WRITE / READ test writes pseudo-random data sequentially
on all selected drives. The test then reads all the data and checks it. The
message "WRITING" is typed on the console terminal when the test first starts
writing. The message "READING" is typed when the test starts reading. This
test continues until the operator types "CTRL R". It also performs a set media
density operation if the diskette is not of the expected density.

NOTE

The following three tests require a SEQUENTIAL WRITE pass
be done first in order to initialize the pseudo-random data.
Data compare errors are reported if this is not done.

SEQUENTIAL READ - (SEQ)READ

The SEQUENTIAL READ test reads the data on all selected drives sequentially
and compares the data pattern against what was written. The program types

"READING" at the beginning of each pass. This test continues until you type
"CTRL R".
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RANDOM READ/WRITE -- (RAINDOM R/W

The RANDOM READ/MRITE test selects a random sector of a selected drive,
then reads or writes it. It checks data when appropriate. This test continues
until you type "CTRL R".

READ RANDOM -- (REA)D RANDOM

The READ RANDOM test reads randomly selected sectors. Data is checked
following each read. This test continues until you type "CTRL R".

SCAN — (SC)AN

The SCAN test reads all sectors on all selected drives sequentially and checks
for CRC errors. It also determines media density. No direct data checking
takes place in this test. Only status is checked. After all units are scanned
once, the "MODE:" prompt is displayed on the console.

SEEK RANGE -- (SEE)K RANGE

The SEEK RANGE function is a versatile drive test that performs all possible
seeks within the operator specified track and seek length boundaries. It
specifies a read on the first sector that can be read on the destination track
after compensating for step and head load times. Thus it is a worst case test of
the drive stepper motor and head setting. Track status information will be
continuously displayed during execution of this test.

EXAMPLE
#DD MODE: SEEK RANGE{CR)

NOTE: ALL TIMES ARE GIVEN IN 'OCTAL' TENTHS OF MSEC

SEEK LENGTH ( | ): 3 THROUGH ( 27 ): 30

850 SEEK TIME ( 36 ):

850 SECTOR OFFSET: (4):

800 SEEK TIME: ( 120):

800 SECTOR OFFSET ( 6 ):

COVERING TRACTS(0): | THROUGH(114): 10 3 4 ...

STATUS — (ST)ATUS

The STATUS function causes all the current status information including
hardware errors, data errors, and pass counts to be displayed on the console
terminal. Displaying status information does not reset the status counts. See
the RESET STATUS function below. The "MODE:" prompt is typed when this
function is complete.



EXAMPLE

#MODE: STATUSCCR)>
UNIT #0 #BAD=3 #RD/WRT=2049 #XFERS=0 B-DATA=0 ST=110 #=3

RESET STATUS -- (RES)ET STATUS |

The RESET STATUS function first displays all the available status counts.
Next, the display will ask whether all of the status counts need resetting. You
respond with a "Y", all of the error, pass, etc. counts will be reset to zero. The
"MODE:" prompt is typed when this function is complete.

SAVE STATUS -- (SA)VE STATUS

The SAVE STATUS command causes all the status counts associated with a
particular drive to be written on track 0, sector | of the diskette in that drive.
Only the SET MEDIA DENSITY commands over-write track 0, so the status data
associated with each drive can be safely stored away. This function is used by
the acceptance test so that it can survive a loss of main computer CPU memory
without any loss of cumulative error data. The "MODE:" prompt is typed when
this function is complete.

RECOVER STATUS -- (REC)OVER STATUS

The RECOVER STATUS routine performs the opposite function performed by
the SAVE STATUS function. The status data stored away on track 0, sector |
of the diskette in each drive is transferred back from the diskette to the
status/counter variables in memory. The "MODE:" prompt is displayed when
this function is complete.

DISPLAY CIRCULAR OUTPUT BUFFER -- (DUMP C)IR BUFFER

The DUMP C function is used to display the output buffer associated with all
console terminal output. This function is useful on systems where the console
terminal is a CRT. Messages previously output can be re-examined on the
console. The buffer can be cleared after it is displayed by this function.

MODE SETTING COMMANDS:

SET UNIT — (SET UNIT

This function enables the operator to specify which drives are to be accessed by
the various test functions. The default drives are units 0 and |. The currently
selected units are printed first. It prompts with "UNIT:", expecting a number
between 0 and 3, inclusive. Unit numbers are accepted as long as they are
valid. When a non-number is typed to a unit request, the units currently
selected are prompted and the program returns to MODE.



NOTE

I) If using a two drive system then selection of units 2 and 3
is invalid and will cause an error.

2) If units are set by "SET DEVICE", "SET DEVICE" will
override "SET UNIT" - Example: "SET UNIT". See the
"SET DEVICE" function for more information.

EXAMPLE OF
"SET DEVICE" overriding "SET UNIT"

#DD MODE: SET UNITCCR>

- LOADED BY SET DEVICE FLAGS
UNITS SELECTED 0

SET TRACK -- (SET T)RACK

This function enables the operator to specify lower and upper track limits for
all other test functions. The default lower track limit is track 0 and upper
track limit is track 76. The "MODE:" prompt is issued after you enter the new
limits.

EXAMPLE

"SET TRACK" used to set track range from track | to track 10
#DD MODE: SET TRACK{CR)

FROM 0: | THROUGH 14: 10

SECTOR INCREMENT - (SEC)TOR INCREMENT

This function enables you to specify the sector increment value. The number is
added to the present sector address to determine the next sector address in the
functions that read multiple sectors on a single track. If this number were |
and the diskette did not have an interleaved format, an entire revolution would
be required to read each sector. On LSI-1| processors, the default increment
value is 3. On PDP-1| processors the default increment value is 2. The
"MODE:" prompt is issued after the new value has been entered.

#DD MODE: SECTOR INCREMENT =3-2{CR)
#DD MODE: SECTOR INCREMENT =2-3(CR)>

SET INTERRUPT STATUS -- (INTERRUPT
The SET INTERRUPT STATUS function enables you to test the disk system with
interrupts either enabled or disabled. If interrupts are enabled, the program

ensures that an interrupt occurs whenever it is appropriate. The operator
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enters a 0 to disable interrupts and a | to enable interrupts. This function is
also used in ACCEPTANCE and VERIFY to set "Interrupts Enabled" and

"Interrupts Disabled".

EXAMPLE

#DD MODE: INTERRUPT{CR)
CURRENTLY INTERRUPTS ARE DISABLED (D)

INPUT NEW STATUS (ENABLE OR DISABLE)
(E OR D):D

DENSITY LOCKUP -- (DE)NSITY LOCKUP

The "DENSITY LOCKUP" function allows you to lock the current disk density
during the various tests. This feature is useful when testing for a problem that

occurs in one density only, or when the disk density can not be changed by a
SET MEDIA DENSITY function.

EXAMPLE

#DD MODE: DENSITY LOCKUP{CR)»
DENSITY IS CURRENTLY UNLOCKED

DO YOU WISH TO LOCK THE DENSITY (Y or N): Y
#DD MODE:
SET DEVICE -- (SET D)EVICE

This function facilitates testing controllers that are not configured at the
standard device 1/O address and interrupt vector. It also enables the FLPEXR
test program to simultaneously exercise multiple controllers. The function
protocol asks you for device address, interrupt vector, and flag word. If a space
is typed, the program steps past that field, leaving it intact. To return to
"MODE:", type a "CR" (carriage return) in response to "RXCS:". The flag word
is organized as follows:

15 14 13 12 1110 09 08 07 06 05 04 03 02 Ol 00
DMA DBS DDN  US3US2 USI USO

When set to a |, the bit Iabeled:

DMA indicates the device should be tested as an RX02.
DBS indicates the device is double sided.

DDN indicates double density operation is enabled.
US3 indicates this device contains a drive unit 3.

US2 indicates this device contains a drive unit 2.

US| indicates this device contains a drive unit |.

USO indicates this device contains a drive unit 0.

USO,US 1,US2,US3 do an implicit "SET UNIT" function when set. The normal
flag variable for RX02 mode is 4400 (octal). The normal flag variable for RX0l
is 0000 (octal). The normal flag for double sided RX02 operation is 7400 (octal).
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EXAMPLE SET DEVICE

MODE: SET DEVICE<CR)
SET THE DEVICE FLAGS FOR EACH SYSTEM AS FOLLOWS:

4000: ENABLES DMA OPERATION IF AVAILABLE
2000: SETS 850 TIMING (ELSE 800)
1000: ENABLES DOUBLE SIDED OPERATION IF DOUBLE SIDED DRIVE
AND DISK USED
400: ENABLE DENSITY SWITCHING IF RX02/440/480
20: ENABLE UNIT #1 ON CURRENT DEVICE
10: ENABLE UNIT #0 ON CURRENT DEVICE
RXCS @ 177170: INT @ 264 INTVEC = 264 FLAGS:4400 6410
RXCS @ 0:

FORMAT INTIALIZATION COMMANDS

SET MEDIA DENSITY (SET M)EDIA DENSITY

This function enables the operator to intialize a diskette to single density or
double density format. The function prompts for function confirmation, unit,
and desired density. To select single density, respond with an "S". Type "D" to
select double density.

The SET MEDIA DENSITY command is used to implement this function, so no
headers are rewritten; however, this causes any status that may have been
saved on track 0, sector | to be erased. The "MODE:" prompt is issued when
this function is complete. This function causes any status saved on track O,
sector | to be erased.

#MODE: SET MEDIA DENSITY{CR)>

DO A SET MEDIA ON ALL DEVICES? (Y OR N):N
UNIT:] SET DENSITY TO (S,D):S
ARE YOU SURE? (Y OR N):Y

REFORMAT - (FOIRMAT

This function is used to rewrite diskette headers, as well as all the other data
on a particular diskette. It also prompts you for confirmation, unit, and
sequential or interleaved format.

Sequential track header format is 01, 02, 03, ... 24, 25, 26.

RT-11 maps block numbers 0,l ... into the sector sequence 1,3,5,7, 9,11,13,15,
... to achieve a "two-way interleave". This provides enough time to process
each sector before the next sector comes around on the diskette. The
interleave option in FORMAT writes the following sequence of sector numbers
on the diskette following the index pulse:

0l 19 12 03 21 14 05 23 16 07 25 08 09
02 20 Il 04 22 13 06 24 15 08 26 17 10



When the two way logical sector interleave generated by RT-11| is combined
with the physical sector sequence written on the diskette by the FORMAT
interleaved function, a net three-way system interleave is achieved, thus there
are two physical sectors between logical registers | and 3. This improves
system throughput when there is heavy input/output overhead, as often occurs
with foreground/ background monitor.

#MODE: FORMAT

ARE YOU SURE?Y

A PARTIAL FORMAT IS GOING TO OCCUR
COVERING TRACK | to TRACK 10 UNIT:0
SEQUENTIAL SECTOR FORMAT? (Y OR N):Y

DENSITY TYPE SUPPORTED ON
DEC SD(IBM SD 2-128) 0 440,480,210,1 10
DEC DD | 440,480

DEC SD(ALL OF DISK) 2 470,480

DEC DD(ALL OF DISK) 3 470,480

IBM SD (2-256) 4 480

IBM SD (2-512) 5 480

IBM DD (2D-256) 6 480

IBM DD (2D-512 7 480

IBM DD (2D-1024) 8 480

DESIRED SELECTION? (0 to 8):4
DO YOU WISH TO DO SIDE #0? (Y OR N): Y
DO YOU WISH TO DO SIDE #1? (Y OR N): Y

DUMP AND COPY UTILITY COMMANDS
NOTE

The SECTOR INCREMENT function may be used to specify
sector sequencing.

e DUPLICATE -- (DUP)LICATE

The DUPLICATE utility command enables the operator to make a duplicate
copy of a diskette, The function prompts for a source drive unit number and a
destination drive unit number. For each possible sector address, the function
performs a READ SOURCE SECTOR, WRITE DESTINATION SECTOR, READ
DESTINATION SECTOR, and COMPARE DATA.

#DD MODE: DUPLICATECCR)>
SOURCE UNIT:0
TO DESTINATION UNIT:

TO DESTINATION UNIT:
e COMPARE -- (CO)MPARE

The COMPARE utility command enables the operator to compare two diskettes

starting at a specific address. 6T:10e function prompts for: SOURCE UNIT,



STARTING TRACK, STARTING SECTOR, NUMBER OF SECTORS, and
DESTINATION UNIT,

OCTAL DUMP BY SECTORS -- (DUMP O)CTAL

This utility command enables the operator to cause an octal dump of specified
sectors to the console terminal. The function prompts for: UNIT, STARTING
TRACK, STARTING SECTOR, and NUMBER OF SECTORS.

#DD MODE: DUMP OCTAL CR
SOURCE UNIT:0TRACK: 0 SECTOR: | # SECTORS:2 DDEN DRIVE #0 AT
TRACK #0, SECTOR #1 SIDE #0

SC=1

0: 0003776 0000
20: 00000000
40: 00000000
60: 00000000
100: 00000000
120: 00000000
140: 00000000
160: 00000000
200: 00037220000
220: 00000000
240: 00000000
260: 00000000
300: 00000000
320: 00000000
340: 00000000
360: 00000000
DDEN DRIVE #0 AT TRACK #0, SECTOR #4 SIDE #0
SC=2

0: 00000000
20: 00000000
40: 00000000
60: 00000000
100: 00000000
120: 00000000
140: 00000000
160: 00000000
200: 00000000
220: 00000000
240: 00000000
260: 00000000
300: 00000000
320: 00000000
340: 00000000
360: 00000000
BYTE DUMP BY SECTORS -- (DUMP B)YTE

This utility command enables the operator to cause a binary dump of specified
sectors to the console terminal. The function prompts fors UNIT, STARTING
TRACK, STARTING SECTOR, and NUMBER OF SECTORS.
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e ASCII DUMP BY SECTORS -- (DUMP A)SClI

This utility command enables the operator to cause an ASCII dump of specified
sectors to the console terminal. The function prompts for: UNIT, STARTING
TRACK, STARTING SECTOR, and NUMBER OF SECTORS.

For more details on the above listing, refer to the program listing from the source
files included on the diagnostic diskette,

FLPEXR PROGRAM STATUS AND ERROR DISPLAYS

FLPEXR types out error and status information under a wide variety of
circumstances. All printouts to the console terminal are sent to a circular buffer in
memory as well. The buffer size is determined by available memory. The circular buffer
is useful if a hard copy console terminal is not being used and you need to examine error
printouts no longer on the face of the CRT screen. The display output buffer (DUMP C)
function is used to examine messages in the circular buffer. Each of the status variables
that might appear on the console terminal is explained below:

DEV XXX Is printed only when running multiple controllers. XXX are the last
3 octal digits of the RXCS address for the system whose
error/status data is being displayed.

UN U U represents the logical drive unit number for which the
error/status data is being displayed.

TRACK=TK Track address at time of status/error printout.
SECTOR=SC Sector address at the time of status/error printout.
RXCS= XY Shows the contents of the command and status register.

RXDB= XY Shows the contents of the data buffer register. It should normally
be 0 or 214 octal following an INIT.

INTERRUPT ERROR: X if X is less than 0, this indicates that an expected
interrupt failed to occur. If X is greater than 0, this indicates that
more than one interrupt occurred.

#BAD= XX This variable indicates the number of status errors detected.

#RD/WRT= XX This variable indicates the number of sectors that were
transferred error-free.

#XFERS= XX  This variable indicates the number of fill/empty command cycles
that were completed successfully.

B-DATA= XX  Number of data errors where a byte or word of data did not

compare with the value the program was expecting. This is
different than a CRC error, which would be counted as bad sfotus
There can be up to 128 data errors in | sector.
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DEFSTT=DEFINITIVE ERROR STATUS Error code associated with the error

SIDE |

currently being displayed. The meaning of each error code can be
found in Table 5-2.

Indicates an error has occurred on side | (second side of a
diskette). Error messages not specifying side | relate to side 0.

If in RX02 compatible mode, and CTRL L has been typed to select expanded error
printout mode, the following additional status variables appear in the error printout:

DO@TK= TK
DI@TK=TK
CURTK=TK
CSCT=SC
DSTT= XX

Uso

US|

DNOL
DNOH
DNIL
DNIH
HDUP
HDLD

TRKRD=TK

DEF-RXDB= XX

Track address of drive 0
Track address of drive |
Track address of the current selected logical unit
Sector address of the current selected logical unit

Drive status byte - each of the bits in this status byte is used to
encode some information about one or both of the flexible disk
drives and/or the media presently installed. The bits get decoded
into words which are displayed with the other status. These words
are explained below.

Drive 0 is currently selected

Drive | is currently selected

Drive 0 currently contains a low density diskette
Drive 0 currently contains a high density diskette
Drive | currently contains a low density diskette
Drive | currently contains a high density diskette
Head on currently selected unit is up (unloaded)
Head on currently selected unit is loaded

Track address read from a sector header. This number would only
be useful following a DEFSTT=150 error.

Contents of the RXDB following a definitive error status command.

A number of 2-character activity codes are displayed in the context of error
printouts. The codes listed below indicate what the diagnostic was doing when the error

was detected.
ACTIVITY

FILL-EMPTY
FILL-EMPTY

FILL-EMPTY
FILL-EMPTY

CODE MEANING

FB Problem loading sector buffer

ElLE2 Sector buffer data did not check during an empty
buffer operation

FL,EL DMA fill or empty error to low mem. buffer

FD,ED DMA fill or empty error to ctr. mem. buffer
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ACTIVITY CODE MEANING

FILL-EMPTY FH,EH DMA fill or empty error to high mem. buffer

SEQ. WRITE SwW, CW Problem during sequential write

SEQRD SR Problem during sequential read

RANDOM RW,RC,RR  Random (write, check, read) activity when error was
detected

ANY READ RETRY XE Empty buffer check before retrying read

DUP UTILITY IN Error reading the source diskette

DUP UTILITY cw Error checking what was just written

DELETED DATA DW,DR Deleted data flag failure

The following printouts are examples of what the FLPEXR diagnostic program
outputs to the console under varying circumstances.

EXAMPLE I:

EXAMPLE 2:

EXAMPLE 3:

EXAMPLE 4:

Operator requests status of currently selected drive during a test by typing
LF.

UN 0 TRACK=0 SECTOR=4 BAD=0 RD/WRT=0 XFERS=0 B-DATA=0
Operator requests status of both drives using the "STATUS" command.

UNO BAD=0 RD/WRT=0 XFERS=0 B-DATA-=0
UN | BAD=0 RDMRT=0 XFERS=0 B-DATA=0

Disk was write protected.

Error detected on drive #1 at track #1, Sector #|
error code was 100
#BAD=1 #RD/WRT=2002 #XFERS=0 B-DATA=0

Read on drive with no disk installed.
Error detected on drive #0 at track #1, Sector #11

error code was |10
#BAD=3 #RD/WRT=2049 XFERS=0 B-DATA-=0



CHAPTER 7
CUSTOMER SERVICE

NOTE
This section applies to DSD products sold within the

continental USA only. International customers should contact
their local distributor for service or repair.

SERVICE PROCEDURE

If any operational problems are encountered with the DSD systems, the customer
should proceed as follows:

I) Use the manual and diagnostic tools supplied with the system to assemble a
good description of the problem. Do not simply package the system and ship it
to Data Systems Design for repair.

2) Isolate the problem to a replaceable module. Use a telephone as near to the
system as possible to call Customer Service Support if advice is needed.

3) Return the failed module or modules to Data Systems Design for repair or
replacement using the Material Return Procedure outlined below.

By calling DSD Customer Service Support before removing assemblies, the customer:
[) Minimizes the chances for misinterpretation of diagnostic results.
2) Establishes exchange priority.

3) Guarantees the minimum service charge (plus applicable shipping charges) to
resolve his problem. Advice is absolutely free.

In many instances, the problem is merely an out-of-adjustment power supply or a loose
cable connection. In these cases, if the customer uses our telephone- advisory service,
the equipment is up and running again quickly.
CUSTOMER SERVICES

I) Telephone troubleshooting advice and diagnostic assistance.

2) Module exchange and repair services.

3) Technical information and operation advice.

4) Returned system repair.
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PREFACE
L ___________________________________ 9

This manual provides the information needed to install, operate and maintain the
Control Data Corporation Model 9406-4 Flexible Disk Drive (FDD) and is intended
to support customer engineers who require detailed information about the Flexible
Disk Drive's operation.

The total content of the manual is comprised of two publications, each having a
unique publication number, and is contained in one volume. The Manual's
publication number, 77653520, is that of the front matter, Sections One through
Seven, and Section Nine. This number should be used when making reference
to the Model 9406-4 Flexible Disk Drive Hardware Maintenance Manual.

This manual applies to several configurations of the FDD. Refer to the equipment
name plate located on the right hand side of the unit (as viewed from the front) to
determine the appropriate Hardware Product Configurator (HPC) and Equipment
number as shown in the Flexible Disk Drive Configurator Sheet, page iv.

Sections VIII Parts Data is identified by the unique Publication number 77653522.

EMI NOTICE

NOTICE: This equipment has been designed as a component to high standards of
design and construction. The product, however, must depend on receiving
adequate power and environment from its host equipment in order to obtain
optimum operation and to comply with applicable industry and governmental
regulations. Special attention must be given by the host manufacturers in the
areas of safety, power distribution, grounding, shielding, audible noise control,
and temperature regulation of the device to insure specified performance and
compliance with all applicable regulations. This equipment is a component supplied
without its final enclosure and therefore is not subject to standards imposed by
FCC Rules for Electro-Magnetic Interference (EMI). Federal Docket 20780/FCC
80-148 Part 15.

77653520-A iii



FLEXIBLE DRIVE CONFIGURATOR SHEET

OKLAHOMA CITY

OPERATIONS
13893324

EQUIPMENT IDENTIFICATION NO. (BR8XX-X)

HARDMARE PRODUCT CONFIGURATOR (HPC) NUMBER

OF SPINDLE-MOTOR PULLEY FOR FREQUENCY).

EQUIPMENT SERIES CODE STATUS NUMBER

UNIT SERIAL NUMBER

@ AC POWER REQUIRED (ON UNITS LABELED 50/60 HZ, CHECK CONFIGURATION

SR
{ se118a_)

NOTES:

1. PARTS BREAKDOWN IDENTIFICATION - From unit nameplate (see above
representation), find HPC number(2) After reading instructions for use of
Section 8, Illustrated Parts Catalog, of this manual, use HPC number to
determine specific parts configuration for unit in question.

2. EQUIPMENT INQUIRIES - Equipment inquiries should reference the unit's
Equipment Identification Numberé) and Series Code, Numb er@ from unit
nameplate, as represented above.

iv 77653520-A
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GENERAL DESCRIPTION 1

“
1.1 INTRODUCTION

The Model 9406-4 Flexible-Disk Drive (FDD) is a compact, portable, random-access,
data-storage device that interfaces with a central processor via a control unit.
Input/Output data and control signals are transmitted by means of an I/O cable.

1.2 PURPOSE AND USE OF EQUIPMENT

Data, in the form of magnetized bits, is written on, or read from the tracks of a
rotating diskette. The FDD uses a single, flexible, removable diskette enclosed
in a sealed jacket. The unit may be configured for hard-sector or soft-sector
operation.

1.3 PRODUCT DESCRIPTION

The major FDD components are the spindle, disk drive motor, read/write heads,
stepping motor, track-indexing devices and printed-circuit board.

The options include Data/Clock Separation and Sector Separation.

1.3.1 PHYSICAL DESCRIPTION

The physical dimensions for the equipment are as follows:

9406-4
Height ¥4.62 inches (117.4 mm)'
Width 9.50 inches (241.3 mm)
Depth 14.25 inches (362 mm)
Weight 12 lbs. (5.44 kg)

1.3.2 ELECTRICAL DESCRIPTIOM

The electrical specifications for the equipment are as follows:
e DC Power Source (Supplied by Host Equipment)

+24 volts (+10%) @ 0. 120A Max when Deselected
@ 0.70 A Typical when Stepping
+5 volts (+ 5%) @ 0.6 A Typical

o AC Power Source - Refer to the FDD nameplate to determine
AC power requirements.

77653520-A 1-1



1.3.3 PERFORMANCE CHARACTERISTICS

The equipment specifications for the FDD are as follows:

o ACCESSING TIME

Maximum Access Time
Maximum One-Track Access Time
Average Access Time

e RECORDING

Mode
Density (nominal)
Head 0

Head 1

Data Transfer Rate

Bits/Byte
Bits/Track
Tracks/Surface
Sectors

e DATA CAPACITY

Bytes/Track
Bits/Track
Bits/Surface

248 ms

23 ms

91 ms

Double Frequency
1836 BPI (72BPmm)

3268 BPI (129 BPmm)

1879 BPI (74 BPmm)

3408 BPI (134 BPmm)

249, 984 bits/sec

8

41, 664

77

Format Determined

5,208
41,664
3,208,128

MFM
3672 BPI(145BPmm)

6536 BPI (257 BPmm)
3758 BPI (148 BPmm)
6816 BPI (268 BPmm)

499, 968 bits/sec
8

83, 328

77

Format Determined

10,416
83,328
6,416,256

Track
Outer
Inner
Outer
Inner

77653520-A



e FLEXIBLE DISKETTE CDC 421 Single-Sided, Single-Density

(Optional) CDC 423 Single-Sided, Double-Density
CDC 425 Double-Sided, Double-Density
Diskette Dimensions 8x8 inches (203.2 x 203.2 mm)
(including jacket)
Useable Diskette Recording 2
Surfaces
Diskette Surface Diameter 7.88 in. (200.1 mm)
Recording Radii (Nominal)
Head 0 Track 76 2.0290 in. (51.5 mm) Inner
Track 00 3.6123 in. (91.8 mm) Outer
Head 1 Track 76 1.9457 in. (49.4 mm) Inner
Track 00 3.5290 in. (89.6 mm) Outer
Diskette Surface Coating Magnetic Oxide
Diskette Velocity 360 r/min
e READ/WRITE HEADS
Heads/Unit 2
Track Width 0.013 in. (0.33 mm)
Track Spacing 0.02083 in. (0.529 mm)
Erase to Read/Write Gap 0.036 in. (0.914 mm)

77653520-A 1-3/1-4






OPERATION 2

A

2.1 INTRODUCTION

The FDD is under direct control of the input/output and power sources. No special
start-up procedure is required. Operation is fully automatic and requires no oper-
ator intervention during normal operation.

2.2 OPERATING INSTRUCTIONS

Verify that power and I/0 cables are securely attached before operation.

2.2,1 FLEXIBLE DISKETTE LOADING

a. Apply AC/DC power to unit.

b. Open FDD door.

c. Remove diskette from storage envelope as show in Figure 2-1.

d. Be sure the Write-Protect slot in the jacket is open, as shownin
Figure 2-1, if the diskette is to be write-protected.

e. If a diskette with a Write-Protect slot is not utilizing the Write Protect, that
is, it will be written on, the slot must be covered with a piece of tape which
is opaque to_infrared.

f.  Carefully slide diskette into FDD, as shown in Figure 2-1, until jacket is
solidly against stops and sets the ejector mechanism.

g. Carefully close unit door. Ensure that jacket is properly seated, spindle

has engaged diskette, and door is closed and latched.

Protect the empty envelope from liquids, dust, and metallic materials.

2.2.2 FLEXIBLE DISKETTE REMOVAL

a. Open FDD door to stop diskette rotation and disengage spindle.
b. Remove diskette from FDD and put it in its storage envelope.
c. Close FDD door.

2.3 ERROR RECOVERY

The following paragraphs give information needed to recover from possible errors in
equipment operation.

2.3,1 SEEK ERROR

Seek errors will rarely occur unless the stepping rate is exceeded. In the event
of a seek error, recalibration of track location can be achieved by repetitive Step
Out commands until a Track 00 signal is received.

2.3.2 WRITE ERROR

To guard against degradation from imperfections in the media, no more than four
attempts to write a record should be used when read after write errors are encount-
ered. In the event a record cannot be successfully written within four attempts, it
is recommended that the sector or track be labeled defective and an alternate

sector or track assigned. If more than two defective tracks are encountered, it is
recommended that the diskette be replaced.

77653520-A 2-1



HOLD HERE

O

—INDEX HOLE

WRITE PROTECT SLOT
(WRITE PROTECT FEATURE
____.ﬂ: OPERATIONAL, WHEN SLOT

WITH WRITE PROTECT
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TGP OF FOD

DISKETTE

DISK DRIVE

r—————
{Crzsos_y

FIGURE 2-1, DISKETTE INSTALLATION
2.3.,3 READ ERROR

In the event of a Read error, up to five attempts should be made to recover with re-
reads. If after five attempts the data has not been recovered, retract the head to
Track 00, reseek to the data track and attempt five additional rereads. Unloading
the head when data transfers are not imminent will increase the data reliability and
extend the diskette life.

2.4 DISKETTE HANDLING RECOMMENDATIONS

Since the recorded diskette contains vital information, reasonable care should be
exercised in its handling. Longer diskette life and trouble free operation will result
if the following recommendations are followed.

a. Do not use a writing device which deposits flakes e.g., lead or grease
pencils, when writing on diskette jacket label.

2-2 77653520-D



b.
c.
d.
e.

Do not fasten paper clips to diskette jacket edges.
Do not touch diskette surface exposed by jacket slot.
Do not clean diskette in any manner.

Keep diskette away from magnetic fields and from ferromagnetic materials
that may be magnetized.

f. Return diskette to envelope when removed from FDD.

g. Protect diskette from liquids, dust, and metallic substances at all times.

h. Do not exceed the following storage environmental conditions:
Temperature: 50° to 125°F (10° to 56.1°C)
Relative Humidity: 8% to 80%
Maximum Wet Bulb: 85°F (29.4°C)

i. Diskettes should be stored in a box or cabinet when not in use.

j- Remove diskette before applying or removing power to the FDD.

77653520-A
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INSTALLATION AND CHECKOUT 3

\
3 INTRODUCTION

This section provides the information and procedures necessary to put an FDD into
operation.

3.2 UNPACKING
Unpack FDD as follows:

4. Cut banding and lift top half of styrofoam shell from unit.
b. Lift unit in polyethylene bag from bottom half of styrofoam shell and remove
unit from polyethylene bag.

During unpacking, care must be used so that any tools being used do not inflict
damage to the unit. As a unit is unpacked, inspect it for possible shipping damage.
All claims for this type of damage should be filed promptly with the carrier involved.
If a claim is filed for damages, save the original packing materials.

3.3 INSTALLATION

Install the FDD in the designated location in the host equipment. Remove blank head
protective diskette from unit.

3.4 CABLING AND CONNECTIONS

Connect the AC cable, 1/0 cable, and DC cable if applicable between the FDD and
host equipment. Adequate circuit protective devices must be provided by the host
equipment to meet applicable safety standards.

3.4,1 [INPUT-OUTPUT CABLE

The maximum cable length from connector to connector is 25 feet (7.62 m). The
characteristic impedance should be 150 ohms.

The information relative to the I/O connector (J1) and pin/signal assignments are
defined in Figures 5-1, 5-3 and 5-4.

The terminating resistor pack RM5 (see Figure 5-4)is to be installed in the end FDD
(farthest from the controller) ONLY. Terminators in more than one FDD may result
in damage to the controller.

3.4,2 DC POWER CONNECTION

The mating connector cable should consist of 18 AWG minimum. Refer to Figure
3-2 for connector part numbers.

77653520-A 3-1



3.4.,3

AC POWER CONNECTION

The mating connector cable should consist of stranded wire, 18 AWG minimum with
center-pin connection utilized as frame ground. Refer to Figure 3-1 connector part
numbers and attachment.

3.5

ENVIRONMENT

Operating and storage environments of the FDD are as follows:

3.6

Operating: 40° to 115°F (4.4° to 46.1°C) 12°F (6.6°C)/hr.
: max. fluctuation
20% to 80% relative humidity (providing
there is no condensation)

Non-Operating: -30° to +150°F (-35° to 65°C)
5% to 95% relative humidity (providing

there is no condensation)
Max. Wet Bulb 80°F (27°C)

INITIAL CHECKOUT

This procedure should be used to determine that the FDD is operational. The pro-
cedure assumes that the unit is installed and the I/0 and power cables are connected.

a.
b.
c.
d.
e.

Assure that the shipping insert has been removed before applying power.
Apply AC power to unit and visually check that the spindle rotates.
Apply DC power to unit.

Insert diskette as described in Section 2.

Apply a head-load-command signal to the unit and close the access door.
Check that the head-load solenoid actuates, and the door-closed switch is
actuated.

Apply a stepping-command signal to the unit and check that the actuator
steps the head as commanded.
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