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Introduction

Welcome to the 1990 Telecommunications Databook. This
book is almost twice the size of the previous edition. New
products have been added to the line, and the datasheets
are more extensive as a result of increasing complexity of
the devices. As more system functions are incorporated
onto chips and modules, such as those in this databook,
more information is required and has been provided in the
datasheets as well as in new applications notes to assist the
system designer.

For the first time, the Databook includes information on Na-
tional’s Subscriber Line Interface Module, or SLIM™, This
module is a masterpiece of linecard design and packaging
expertise. It incorporates National’s industry-standard
CODEG/Filter (COMBO®), a complete SLIC (Subscriber
Line Interface Circuit), as well as most of the peripheral and
protection circuitry to make a complete subscriber line func-
tion. The SLIM, a small 1” x 2" module, has been used as
the basis for design of some of the highest performance,
most reliable transformerless linecards in the world. Three
versions of SLIM are described in this Databook. Additional
SLIM modules are in development for different market and
customer requirements.

Also new to this databook is the TP3410 “U” Interface de-
vice for ISDN applications. This device, a single-chip CMOS
implementation of the 2B1Q U Interface Echo Canceller,

may be used in any ISDN-related application: linecards, re-
peaters, network terminators and test equipment. The U In-
terface is a milestone device in the completion of ISDN net-
works, and in making end-to-end digital connectivity a reali-
ty. The TP3410 may also be used in analog-loop applica-
tions such as pairgain, where a high-performance long
range transceiver is required.

Starting with the world’s first commercially available inte-
grated CMOS CODEC, National has invested for many
years in the development of high performance, cost effec-
tive solutions for the telecommunications designer. These
devices have gone on to become standards in the industry.
National has shipped over 50 million CODEC/Filter silicon
solutions to telecommunications customers, including over
14 million of the world’s first single chip CMOS CODEC/fil-
ter, the COMBO, in the past year alone.

With unique experience in mixed mode analog/digital de-
sign, standards group participation, sophisticated laborato-
ries and access to a full spectrum of leading edge process-
es, National’s designers will continue to design silicon solu-
tions that meet the needs of telecommunications systems
designers all over the world. Customers can count on Na-
tional’s demonstrated track record of quality and reliability
for their telecommunications silicon requirements.
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Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status Definition
Advance information Formative or This data sheet contains the design specifications for product
: In Design development. Specifications may change in any manner without notice.
l?relimihary First This data sheet contains preliminary data, and supplementary data will
: -| ' Production be published at a later date. National Semiconductor Corporation

reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

No : Full This data sheet contains final specifications. National Semiconductor
Identification . Production ‘ Corporation reserves the right to make changes at any time without
Noted - Lo notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the. right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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TP3020, TP3020-1, TP3021, TP3021 1

Monolithic CODECs

General Description

The TP3020 and TP3021 are monolithic PCM CODECs im-
plemented with double-poly CMOS technology. The TP3020
is intended for p-law applications and contains logic for p-
law signaling insertion and extraction. The TP3021 is intend-
ed for A-law applications.

Each device contains separate D/A and A/D circuitry, all
necessary sample and hold capacitors, a precision voltage
reference and internal auto-zero circuit. A serial control port
allows an external controller to individually assign the PCM
input and output ports to one of up to 32 time slots or to
place the CODEC into a power-down mode. Alternately, the
TP3020/TP3021 may be operated in a fixed time slot mode.
Both devices are intended to be used with the TP3040
monolithic PCM filter which provides the input anti-aliasing
function for the encoder and smoothes the output of the
decoder and corrects for the sin x/x distortion introduced by
the decoder sample and hold output.

Features

W Low operation power—45 mW typical

B Low standby power—1 mW typical

m +5V operation

B TTL compatible digital interface

m Time slot assignment or alternate fixed time slot modes
® Internal precision reference

m Internal sample and hold capacitors

| Internal auto-zero circuit

W TP3020—pu-law coding with signaling capabilities
m TP3021—A-law coding

m Synchronous or asynchronous operation

Simplified Block Diagram
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TP3020, TP3020-1, TP3021, TP3021-1

Connection Diagrams

Dual-In-Line Package

s1 =L U 24 cuxe
se2 =4 o
iy 3 L.
Tl E sicy
o - LU
sigp =2 L.
TR0
we =4 18 £sy
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TL/H/5538-3
Top View

Order Number TP3020J or TP3020J-1
See NS Package Number J24A

Description of Pin Functions

Symbol

SC1
SC2

VFx

GND

SIGR

Dr

PDN

VFR

Function
Internally connected to GNDA.

Connects VFy to an external sample/hold capaci-
tor if fitted for use with pin-compatible NMOS CO-
DECs. Ensures gain compatibility.

Analog input to the encoder. This signal will be
sampled at the end of the encoder time slot and
the resulting PCM code will be shifted out during
the subsequent encode time slot.

Analog and digital ground. All analog and digital
signals are referenced to this pin.

Receive signaling bit output. During receive signal-
ing frames the least significant (last) bit shifted into
Dp is internally latched and appears at this out-
put—SIGR will then remain valid until changed dur-
ing a subsequent receive signaling frame or reset
by a power-down command.

Serial PCM data input to the decoder. During the
decoder time slot, PCM data is shifted into Dg,
most significant bit first, on the falling edge of
CLKR.

TTL output level which goes high when the CO-
DEC is in the power-down mode. May be used to
power-down other circuits associated with the
PCM channel.

Analog output from the decoder. The decoder

sample and hold amplifier is updated approximate-
ly 15 uS after the end of the decode time slot.

Vee
CLKg

FSgr

CLKx

FSx

Dual-In-Line Package

sc1 = U L cuxe
sc2 =2 2L o
VFy 3 20 Ves
NC —‘1 L
D AD) =4 LT
ne -2 TP3021 LY. Fsp
op L LS. cikq
poN = 1 vee
vig =Y LR
NC Ao RN 0x
we - L2 ne

TL/H/5538-4
Top View

Order Number TP3021J or TP3021J-1
See NS Package Number J22A

Function
Unused

Serial PCM TRI-STATE® output from the encoder.
During the encoder time slot, the PCM code for the
previous sample of VFy is shifted out, most signifi-
cant bit first, on the rising edge of CLKx.

Time slot output. This TTL compatible open-drain
output pulses low during the encoder time slot.
May be used to enable external TRI-STATE bus
drivers if highly capacitive loads must be driven.
Can be wire ANDed with other TSy outputs.

5V (£5%) Power Supply.

Master decoder clock input used to shift in the
PCM data on DR and to operate the decoder se-
quencer. May operate at 1.536 MH,, 1.544 MH; or
2048 MHz. May be asynchronous with CLKx or
CLKg.

Decoder frame sync pulse. Normally occurring at
an 8 kHz rate, this pulse is nominally one CLKRr
cycle wide. Extending the width of FSR to two or
more cycles of CLKR signifies a receive signaling
frame.

Master encoder clock input used to shift out the
PCM data on Dy and to operate the encoder se-
quencer. May operate at 1.536 MHz, 1.544 MHz or
2.048 MHz. May be asynchronous with CLKg or
CLKc.

Encoder frame sync pulse. Normally occurring at
an 8 kHz rate, this pulse is nominally one CLKx
cycle wide. Extending the width of FSx to two or
more cycles of CLKy signifies a transmit signaling
frame.
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Description of Pin Functions (continued)

Symbol Function

SIGx  Transmit signaling input. During a transmit signal-
ing frame, the signal at SIGy is shifted out of Dy in
place of the least significant (last) bit of PCM data.

VBB —5V (£5%) input.

D¢ Serial control data input. Serial data on D¢ is shift-
ed into the CODEC on the falling edge of CLKc. In
the fixed time slot mode, D¢ doubles as a power-
down input.

Absolute Maximum Ratings

Operating Temperature —25°Cto + 125°C
Storage Temperature —65°Cto + 150°C
Vg with Respect to GND v
Vpgp with Respect to GND -7V

ESD rating is to be determined.

DC Electrical Characteristics

Function

Control clock input used to shift serial control data
into Dg. CLKg must pulse 8 times during a period
of time less than or equal to one frame tims, al-
though the 8 pulses may overlap a frame bounda-
ry. CLKg need not be synchronous with CLKy or
CLKR. Connecting CLK¢ continuously high places
the TP3020/TP3021 into the fixed time slot mode.

Symbol
CLK¢

Voltage at Any Analog
Input or Output

Voltage at Any Digital
Input or Output

Lead Temperature
(Soldering, 10 seconds)

Vgg—0.3Vto Vg + 0.3V
GND—-0.3Vto Vgc + 0.3V

300°C

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V £5%, Vgg = —5.0V £5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals referenced to GND. Typicals specified at Vcc =

+5.0V, Vgg = —5.0V and Ty = 25°C.

Symbol Parameter Conditions | Min I Typ l Max I Units
DIGITAL INTERFACE
Iy Input Current 0<V|N<Vco -10 10 RA
ViL Input Low Voltage 0.6 Vv
ViR Input High Voltage 2.2 v
VoL Output Low Voltage Dy, loL=4.0 mA 0.4 \
S_IGR, loL=0.5mA 0.4 \
TSy, loL=3.2 mA, Open Drain 0.4 Vv
PDN, lo.=1.6 mA 0.4 Vv
VoH Output High Voltage Dy, loH=6 mA 24 v
SIGR, loy=0.6 mA 2.4 \
ANALOG INTERFACE
Z; VFy Input Impedance when Resistance in Series with 2.0 kQ
Sampling Approximately 70 pF
Z0 Output Impedance at VFg —3.1V<VFR<3.1V 10 20 1)
Vos Output Offset Voltage at VFR DRr=PCM Zero Code (TP3020) —-25 25 mvV
or Alternating = 1 Code (TP3021)
N Analog Input Bias Current ViN=0V —0.1 0.1 nA
R1 X C1 DC Blocking Time Constant 4.0 ms
C1 DC Blocking Capacitor 0.1 nF
R1 Input Bias Resistor 160 kQ
POWER DISSIPATION
Icco Standby Current, Voo 0.1 0.4 mA
IsBO Standby Current, Vgg 0.03 0.1 mA
lcct Operating Current, Voo 4.5 8.0 mA
IBB1 Operating Current, Vgg 45 8.0 mA
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TP3020, TP3020-1, TP3021, TP3021-1

AC Electrical Characteristics

Unless otherwise noted, the analog input is a 0 dBm0, 1.02 kHz sine wave. The digital input is a PCM bit stream generated by
passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output levels are sin x/x corrected. Limits printed in BOLD
characters are guaranteed for Vog = +5V +5%, Vgg = —5V £5%; Ta = 0°C to +70°C by correlation with 100% electrical
testing at T = 25°C. All other limits are assured by correlation with other production tests and/or product design and character-
ization. All signals referenced to GND. Typicals specified at Voo = +5V, Vgg = —5V, T4 = 25°C.

Rejection, Transmit

+300 mVrms, f=1.02 kHz

Symbol Parameter Conditions Min Typ Max Units
Absolute Level The nominal 0 dBmoO levels for '
the TP3020 and TP3021 are
1.520 Vrms and 1.525 Vrms
respectively. The resulting
nominal overload level is 3.096V
peak for both devices. All gain
measurements for the encode
and decode portions of the
TP3020/TP3021 are based on
these nominal levels after the
necessary sin x/x corrections are
made.
GRa Receive Gain, Absolute T=25°C,Vcc=5V, Vgg=—5V
TP3020, TP3021 —0.125 0.125 dB
TP3020-1, TP3021-1 —-0.175 0.175 dB
GRAT ‘Absolute Receive Gain T=0°Cto 70°C —0.05 0.05 dB
Variation with Temperature
GRAvV Absolute Receive Gain Voc=5V+5%, —-0.07 0.07 dB
Variation with-Supply Voltage Vpg=—5V+5%
" Gxa Transmit Gain, Absolute T=25°C, Vcc=5V, Vgg=—5V :
TP3020, TP3021 —-0.325 —-0.075 dB
TP3020-1, TP3021-1 —0.375 —-0.025 dB
GxAT Absolute Transmit Gain T=0°Cto 70°C —0.05 0.05 dB
Variation with Temperature ' .
Gyxav Absolute Transmit Gain Vcc=5V 5%, -0.07 0.07 dB
Variation with Supply Voltage V= —5V +5%
GRAL Absolute Receive Gain CCITT Method 2 Relative
Variation with Level to —10 dBmO
0 dBmO to 3 dBmO -0.3 0.3 dB
—40 dBmO to 0 dBm0 —-0.2 0.2 dB
—50 dBmO to —40 dBm0 —-0.4 0.4 dB
—55 dBm0 to —50 dBmO -1.0 1.0 dB
GxAL Absolute Transmit Gain CCITT Method 2 Relative
Variation with Level to —10 dBmO
0 dBmoO to 3 dBm0 -0.3 0.3 dB
—40 dBm0 to 0 dBm0 -0.2 0.2 dB
—50 dBmO to —40 dBmO -0.4 0.4 - dB
—55 dBm0 to —50 dBmO -1.0 1.0 dB
S/DRr Receive Signal to Distortion Sinusoidal Test Method Input
Ratio Level .
: —30 dBmO to 0 dBm0 35 dBc
—40 dBm0 29 dBc
—45dBmo0 25 dBc
S/Dy Transmit Signal to Distortion Sinusoidal Test Method Input :
‘Ratio Level .
—30 dBmoO to 0 dBm0 35 dBc
—40dBmo0 29 dBe
—45dBmo0 25 dBc
NRr Receive Idle Channel Noise DR = Steady State PCM Code 6 dBrncO
Ny Transmit Idle Channel Noise TP3020, (No Signaling) 13 dBrncO
TP3021 (Note 1) —-66* dBnOp
HDR Receive Harmonic Distortion 2nd or 3rd Harmonic —-47 dB
HDy Transmit Harmonic Distortion 2nd or 3rd Harmonic —47 dB
PPSRx Positive Power Supply Input Level =0V, Vgc=5.0 Vpg 50 dB

Note 1: Measured by extrapolation from the distortion test result at —50 dBmO level.

1-6




AC Electrical Characteristics (continued)

Unless otherwise noted, the analog input is a 0 dBm0, 1.02 kHz sine wave. The digital input is a PCM bit stream generated by
passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output levels are sin x/x corrected. Limits printed in BOLD
characters are guaranteed for Vog = +5V +5%, Vgg = —5V £5%; Ta = 0°C to +70°C by correlation with 100% electrical
testing at T = 25°C. All other limits are assured by correlation with other production tests and/or product design and character-
ization. All signals referenced to GND. Typicals specified at Voo = +5V, Vgg = —5V, Ta = 25°C.

Symbol Parameter Conditions Min Typ Max Units
PPSRR Positive Power Supply DR =Steady PCM Code, 40 dB
Rejection, Receive Vcc=5.0 Vpg + 300 mVrms,
F=1.02 kHz
NPSRyx Negative Power Supply Input Level=0V, Vgg= —5.0 Vpg 50 dB
Rejection, Transmit + 300 mVrms, f=1.02 kHz
NPSRRr Negative Power Supply DR = Steady PCM Code, 45 dB
Rejection, Receive Vg = —5.0 Vpc + 300 mVrms,
f==1.02 kHz
CTxr Transmit to Receive Crosstalk DR = Steady PCM Code ~-75 dB
CTrx Receive to Transmit Crosstalk Transmit Input Level=0V
TP3020 ~70 dB
TP3021 —65 (Note 2) dB

Note 2: Theoretical worst-case for a perfectly zeroed encoder with alternating sign bit, due to the decoding law.

Tlmlng SpECIflcatIOI'I Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V
+5%, Vgg = —5V +5%; Ta = 0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits are
assured by correlation with other production tests and/or product design and characterization. All digital signals referenced to
GND. Typicals specified at Vcc = +5V, Vgg = —5V, Ta = 25°C. All timing parameters are measured at Vo = 2.0V and VoL

= 0.7V.
Symbol Parameter Conditions Min Typ Max Units
tpc Period of Clock CLKg, CLKR, CLKx 485 ns
tre, trc Rise and Fall Time of Clock CLKg, CLKR, CLKx 30 ns
tWCH Width of Clock High CLKc, CLKR, CLKx 165 ns
twoL Width of Clock Low CLKg, CLKR, CLKx 165 ns
ta/D A/D Conversion Time From End of Encoder Time 16 Time
Slot to Completion of Slots
Conversion
to/a D/A Conversion Time From End of Decoder Time 2 Time
Slot to Transition of VFR Slots
tspc Set-Up Time, D¢ to CLK¢g 100 ns
tHpc Hold Time, CLK¢ to DC 100 ns
tsEx Set-Up Time, FSx to CLKx 100 ns
tHEX Hold Time, CLKx to FSx 100. ns
tozx Delay Time to Enable Dy on CL=150 pF 25 125 ns
TS Entry
tobx Delay Time, CLKy to Dx CL=150 pF 125 ns
toxz Delay Time, Dy to High C_=0pF 50 165 ns
Impedance State on TS Exit
tpTSL Delay to TSy Low 0<C_ < 150 pF 30 185 ns
tDTSH Delay to TSx Off CL=0pF 30 185 ns
tssx Set-Up Time, SIGyx to CLKx 100 ns
tHsX Hold Time, CLKy to SIGx 100 ns
tsFR Set-Up Time, FSR to CLKR 100 ns
tHFR Hold Time, CLKR to FSR 100 ns
tspr Set-Up Time, Dg to CLKR 40 ns
tHDR Hold Time, CLKR to Dr 30 ns
tpsr Delay Time, CLKR to SIGR CL=100 pF 300 ns

1-7
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TP3020, TP3020-1, TP3021, TP3021-1

Timing Waveforms
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Functional Description
POWER-UP

Upon application of power, internal circuitry initializes the
CODEC and places it into the power-down mode. No se-
quencing of 5V or —5V is required. In the power-down
mode, all non-essential circuits are deactivated, the TRI-
STATE PCM data output Dy is placed in the high impedance
state and the receive signaling output of the TP3020, SIGR,
is reset to logical zero. Once in the power-down mode, the
method of activating the TP3020/TP3021 depends on the
chosen mode of operation, time slot assignment or fixed
time slot.

TIME SLOT ASSIGNMENT MODE

The time slot assignment mode of operation is selected by
maintaining CLK¢ in a normally low state. The state of the
CODEC is updated by pulsing CLK¢ eight times within a
period of 125 uS or less. The falling edge of each clock
pulse shifts the data on the D¢ input into the CODEC. The
first two control bits determine if the subsequent control bits
B3 —B8 are to specify the time slot for the encoder (B1=0),
the decoder (B2=0) or both (B1 and B2=0) or if the CO-
DEC is to be placed into the power-down mode (B1 and
B2=1). The desired action will take place upon the occur-
rence of the second frame sync pulse following the first
pulse of CLKc. Assigning a time slot to either the encoder or
decoder will automatically power-up the entire CODEC cir-
cuit. The Dy output and Dg input, however, will be inhibited
for one additional frame to allow the analog circuitry time to
stabilize. If separate time slots are to be assigned to the
encoder and the decoder, the encoder time slot should be
assigned first. This is necessary because up to four frames
are required to assign both time slots separately, but only
three frames are necessary to activate the Dx output. If the
encode time slot has not been updated the PCM data will be
outputted during the previously assigned time slot which
may now be assigned to another CODEC.

FIXED TIME SLOT MODE

There are several ways in which the TP3020/TP3021 may
operate in the fixed time slot mode. The first and easiest
method is to leave CLK¢ disconnected or to connect CLKg
to Ve In this situation, D¢ behaves as a power-down input.
When D¢ goes low, both encode and decode time slots are
set to one on the second subsequent frame sync pulse.
Time slot one corresponds to the eight CLKx or CLKR cy-
cles starting one cycle from the nominal leading edge of
FSx or FSR respectively. As in the time slot assignment
mode, the Dx output is inhibited for one additional frame
after the circuit is powered up. A logical “1” on Dg powers
the CODEC down on the second subsequent FSx pulse.

A second fixed time slot method is to operate CLK¢ continu-
" ously. Placing a “1”” on D¢ will then cause the serial control
register to fill up with ones. With B1 and B2 equal to “1” the
CODEC will power-down. Placing a “0” on D¢ will cause the
serial control register to fill up with zeroes, assigning time
slot one to both the encoder and decoder and powering up
the device. One important restriction with this method of
operation is that the rising transition of Dg must occur at
least 8 cycles of CLK prior to FSy. If this restriction is not fol-

lowed, it is possible that on the frame prior to power-down,
the encoder could be assigned to an incorrect time slot
(e.g., 1, 3, 7, 15 or 31), resulting in a possible PCM bus
conflict.

SERIAL CONTROL PORT

When the TP3020/TP3021 is operated in the time slot as-
signment mode or the fixed time slot mode with continuous
clock, the data on Dg is shifted into the serial control regis-
ter, bit 1 first. In the time slot assignment mode, depending
on B1 and B2, the data in the RCV or XMT time slot regis-
ters is updated at the second FSR or FSx pulse after the
first CLKc pulse, or the CODEC is powered down. In the
continuous clock fixed time slot mode, the CODEC is pow-
ered up or down at every second FSg or FSx pulse. The
control register data is interpreted as follows:

B1 B2 Action
0 0 Assign time slot to encoder and decoder
0 1 Assign time slot to encoder
1 0 Assign time slot to decoder
1 1 Power-down CODEC
B3 B4 B5 B6 B7 B8 Time Slot
0 0 0 0 0 0 1
0 0 0 (] 0 1 2
0 0 0 0 1 0 3
0 0 0 0 1 1 4
1 1 1 1 1 0 63
1 1 1 1 1 1 64

During the power-down command, bits 3 through 8 are ig-
nored. Note that with 64 possible time slot assignments it is
frequently possible to assign a time slot which does not
exist. This can be useful to disable an encoder or decoder
without powering down the CODEC.

SIGNALING

The TP3020 u-law CODEC contains circuitry to insert and
extract signaling information for the PCM data. The transmit
signaling frame is signified by widening the FSx puise from
one cycle of CLKy to two or more cycles.

When this occurs, the data present on the SIGy input at the
eighth clock pulse of the encode time slot is inserted into
the last bit of the PCM data stream. A receive signaling
frame is indicated in a similar fashion by widening the FSg
pulse to two or more cycles of CLKR.

During a receive signaling frame, the last PCM bit shifted in
is latched into a flip-flop and appears at the SIGR output.
This output will remain unchanged until the next signaling
frame, until a power-down is executed or until power is re-
moved from the device. Since the least significant bit of the
PCM data is lost during a signaling frame, the decoder inter-
prets the bit as a “1,” (i.e., half way between a *“0”
and a “1”). This minimizes the noise and distortion due to
the signaling.
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TP3020, TP3020-1, TP3021, TP3021-1

Functional Description (continued)
ENCODING DELAY

The encoding process begins at the start of the encode time
slot and is concluded no later than 17 time slots later. In
normal applications, this PCM data is not shifted out until
the next time slot 125 uS later, resulting in an encoding
delay of 125 uS. In some applications it is possible to oper-
ate the CODEC at a higher frame rate to reduce this delay.
With a 2.048 MHz clock, the FS rate could be increased to
15 kHz reducing the delay from 125 uS to 67 puS.

DECODING DELAY

The decoding process begins immediately after the end of
the decoder time slot. The output of the decoder sample
and hold amplifier is updated 28 CLKR cycles later.

Typical Application

The decoding delay is therefore approximately 28 clock cy-
cles plus one half of a frame time or 81 uS for a 1.544 MHz
system with an 8 kHz frame rate or 76 uS for a 2.048 MHz
system with an 8 kHz frame rate. Again, for some applica-
tions the frame rate could be increased to reduce this delay.

TYPICAL APPLICATION

A typical application of the TP3020/TP3021 used in con-
junction with the TP3040 PCM filter is shown. The values of
resistor R1 and DC blocking capacitor C1, are non-critical.
The capacitor value should exceed 0.1 pF, R1 should not
exceed 160 k{2, and the product R1 X C1 should exceed 4
rms. 0.1 uf power supply bypass capacitors should be used
and placed as close to the device as possible.

.2 B C1 1
CLK  PON >°"|“' VFy PON — _
FROM SLIC el | VFx I* VFx0 I e = AAA TSx P TSx
- [} a
VEx! | X » Oy
X RN CLK
GSy e Al X CLKx
A2 A3 e Fx |4 Fs
¢ T lser e CLK X
PWRO- TP3040 .---1 TP3021 R
TO SLIC ¢ GNDA = o @— GND FSp ¢
| PWRO* - D
Y oy R
PWRI GNDD
VFRO VFgil€ VFg
R4 RS Vs Vee -._% v ‘& ves  Veo
Hun O gu inp iR gul
0.1uF 0.1 uF 0.1 uF 0.1 uF
+5V
-5V
10uF 10 uF

R3 + R2

XMT gain = 20 X log ( ) + 3dB

RCV gain = 20 X log ( ) for each power amplifer

R2 + RS

[ s |
-
- 3;
TL/H/5538-5

The power supply decoupling capacitors should be 0.1 pF. In order to take advantage of the excellent noise performance of the TP3020/TP3021/TP3040, care
must be taken in board layout to prevent coupling of digital noise into the sensitive analog lines.

*The external sample/hold capacitor required for use with pin-compatible NMOS CODECSs introduces attenuation due to the capacitive divider formed with C1. The
SC pin connects VFx to this sample/hold capacitor (via a 3009 resistor) to ensure gain compatibility. The TP3020/TP3021 itself does not require an external
sample/hold capacitor.
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Semiconductor

TP3040, TP3040-1, TP3040A,
PCM Monolithic Filter

General Description

The TP3040/TP3040-1/TP3040A/TP3040A-1 filter is a
monolithic circuit containing both transmit and receive filters
specifically designed for PCM CODEC filtering applications
in 8 kHz sampled systems.

The filter is manufactured using microCMOS technology
and switched capacitor integrators are used to simulate
classical LC ladder filters which exhibit low component sen-
sitivity.

TRANSMIT FILTER STAGE

The transmit filter is a fifth order elliptic low pass filter in
series with a fourth order Chebyshev high pass filter. It pro-
vides a flat response in the passband and rejection of sig-
nals below 200 Hz and above 3.4 kHz.

RECEIVE FILTER STAGE

The receive filter is a fifth order elliptic low pass filter de-
signed to reconstruct the voice signal from the decoded/de-
multiplexed signal which, as a result of the sampling pro-
cess, is a stair-step signal having the inherent sin x/x fre-
quency response. The receive filter approximates the func-
tion required to compensate for the degraded frequency re-
sponse and restore the flat passband response.

TP3040A-1

Features
B Exceeds all D3/D4 and CCITT specifications
m +5V, —5V power supplies
m Low power consumption:
45 mW (0 dBmoO into 600£)
30 mW (power amps disabled)
m Power down mode: 0.5 mW
m 20 dB gain adjust range
m No external anti-aliasing components
W Sin x/x correction in receive filter
m 50/60 Hz rejection in transmit filter
m TTL and CMOS compatible logic

m All inputs protected against static discharge due to

handling

Block Diagram

TTTIRANSMITFILTER ~ """ TTTTT K
2 !
VFXI= HiGH Pass | wicH pass | ) post- L ilt6
VFXI+ FILTER FILTER FLTER |7
--4‘------.“.----_------1 14
;— —CLKO
7 CLOCK
PWRO- —'—< |'— seeer o2 ek
LOGIC
remmcceeccce e ———a
[} [}
6 1l rost- LOW PASS PRE- Lo
PWRO+ ! o G < R [€1 FLTeR “ VERI
ccmmeo oo JRECEWEFLTER _ .l
5 4 |9 |a |1 1 |15 |13
PWRI VFRO vee VBB GNDD GNDA PDN
FIGURE 1

TL/H/6660-1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Output Short-Circuit Duration
Operating Temperature Range

Storage Temperature

Supply Voltages 7V
Power Dissipation 1 W/Package
Input Voltage +7V
Voltage at Any Input

or Output Ve + 0.3V to Vggy — 0.3V

Lead Temperature (Soldering, 10 seconds)
ESD Rating to be determined

Continuous
—25°Cto +125°C
—65°Cto +150°C

300°C

DC Electrical Characteristics uniess otherwise noted, limits printed in BOLD characters are guaranteed for
Veg = +5.0V £5%, Vgg = —5.0V £5%; Tp = 0°C to 70°C by correlation with 100% electrical testing at Ty = 25°C. All other
limits are assured by correlation with other production tests and/or product design and characterization. Typicals specified at
Veec = +5.0V,Vgg = —5.0V, T = 25°C. Clock frequency is 2.048 MHz. Digital interface voltages measured with respect to
digital ground, GNDD. Analog voltages measured with respect to analog ground, GNDA.

- TP3040, TP3040-1, TP3040A, TP3040A-1

Symbol Parameter Conditions | Min | Typ I Max Units
POWER DISSIPATION
lcco Ve Standby QUrrent Vce = 5.25V, Vgg = —5.25V,
- CLKO and PWRI = —5.25V (Note 6)

All other pins at GND (0V)

TP3040, TP3040A 50 100 nA

TP3040-1, TP3040A-1 400 pA
IsBO Vpg Standby Current Voo = 5.25V, Vgg = —5.25V,

CLKO and PWRI = —5.25V (Note 6)

All other pins at GND (0V)

TP3040, TP3040A 50 100 pA

TP3040-1, TP3040A-1 400 pA
lcct Ve Operating Current PWRI = Vgg, Power Amp Inactive 3.0 4.0 mA
IBB1 Vg Operating Current PWRI = Vgg, Power Amp Inactive 3.0 4.0 mA
lcca Vg Operating Current (Note 1) 4.6 6.4 mA
IBB2 Vpg Operating Current (Note 1) 4.6 6.4 mA
DIGITAL INTERFACE
INC Input Current, CLK Vee < ViN < Voo -10 10 pA

NP Input Current, PDN Ve < ViN < Voo -100 ' RA

IIN0 Input Current, CLKO Ve < V)N £ Vg — 0.5V -10 —0.1 pA
ViL Input Low Voltage, CLK, PDN ‘ 0 0.8 v
ViH Input High Voltage, CLK, PDN 2.2 Voo Vv
ViLo Input Low Voltage, CLKO Ves Vgg+0.5 \']
Vio Input Intermediate Voltage, CLKO —0.8 0.8 \]
ViHo Input High Voltage, CLKO Vcc—0.5 Vee 1Y
TRANSMIT INPUT OP AMP
1Byl Input Leakage Current, VFy| —3.2V < V)N < +3.2V —100 100 nA
Riyl Input Resistance, VFyl Vg < VFyl < Voo 10 MQ
VOS,l Input Offset Voltage, VFyl —25V < V|y £ +25V —20 20 mV
Vom Common-Mode Range, VFyl —2.5 2.5 \'
CMRR Common-Mode Rejection Ratio —258V <V|y <25V 60 dB
PSRR Power Supply Rejection of Vg or Vgg 60 dB
RoL Open Loop Output Resistance, GSy 1 kQ
RL Minimum Load Resistance, GSy 10 kQ
CL Maximum Load Capacitance, GSy 100 pF
VO, | Output Voltage Swing, GSy Ry > 10k +2.5 Vv
AvoL Open Loop Voltage Gain, GSy Ry = 10k 5,000 VIV
Fe Open Loop Unity Gain Bandwidth, GSy 2 MHz




AC Electrical Characteristics

Unless otherwise specified, To=25°C. All parameters are specified for a signal level of 0 dBm0 at 1 kHz. The 0 dBmO level is
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. Limits printed in BOLD characters are
guaranteed for Vog= +5.0V+5%, Vgg = —5.0V£5%; Ta = 0°C to 70°C by correlation with 100% electrical testing at Tp =
25°C. All other limits are assured by correlation with other production tests and/or product design and characterization. Typicals
specified at Vgc = +5.0V, Vgg = —5.0V, T4 = 25°C.

Symboll Parameter Conditions | Min I Typ | Max | Units

TRANSMIT FILTER (Transmit filter input op amp set to the non-inverting unity gain mode, with VFyl=1.09 Vrms unless
otherwise noted.)

RLy Minimum Load Resistance, VF,O —2.5V<Vpyr<2a.5v 3 kQ
—3.2V<Vpur<3.2v 10 kQ
Cly Load Capacitance, VF,O 100 pF
ROy Output Resistance, VF,O 1 3 Q
PSRR1 | Vgc Power Supply Rejection, VF,O | f=1kHz, VFyl+ =0 Vrms 30 dB
PSRR2 | Vg Power Supply Rejection, VF,O [ Same as Above 35 dB
GAx Absolute Gain f=1 kHz (TP3040A, TP3040A-1) 2.9 3.0 3.1 dB
f=1 kHz (TP3040, TP3040-1) 2.875 3.0 3.125 dB
GRy Gain Relative to GAy Below 50 Hz —35 dB
50 Hz ~41 -35 dB
60 Hz —35 —30 dB
200 Hz (TP3040A, TP3040A-1) —-1.5 0 dB
200 Hz (TP3040, TP3040-1) -1.5 0.05 dB
300 Hz to 3 kHz (TP3040A, TP3040A-1) | —0.125 0.125 dB
300 Hz to 3 kHz (TP3040, TP3040-1) —0.15 0.15 dB
3.3 kHz -0.35 0.03 dB
3.4 kHz -0.70 —0.1 dB
4.0 kHz —-15 —14 dB
4.6 kHz and Above —-32 dB
DAy Absolute Delay at 1 kHz 250 us
DDy Differential Envelope Delay from 60 us
1 kHz to 2.6 kHz
DPy1 Single Frequency Distortion —48 dB
Products
DPy2 Distortion at Maximum Signal 0.16 Vrms, 1 kHz Signal Applied to —45 dB
Level VFyl+, Gain=20 dB, R = 10k
NC1 Total C Message Noise at VF,O TP3040, TP3040A 2 5 dBrncO
TP3040-1, TP3040A-1 6 dBrnco
NCy2 Total C Message Noise at VF,O Gain Setting Op Amp at 20 dB,
Non-Inverting (Note 3)
Tao=0°Cto 70°C 3 6 dBrnc0O
TP3040, TP3040A
TP3040-1, TP3040A-1 7 dBrnc0
GAxT Temperature Coefficient of 0.0004 dB/°C
1 kHz Gain
GAS Supply Voltage Coefficient of Vec=5.0V+5% 0.01 dB/v
1 kHz Gain Veg=—5.0V+5%
CTRx Crosstalk, Receive to Transmit Receive Filter Output=2.2 Vrms —-70 dB
2010 VFO VFyl+ =0 Vrms, f=0.2 kHz to 3.4 kHz
9 VFRO Measure VF,O
GRyL Gaintracking Relative to GAy Output Level= + 3 dBm0 -0.1 0.1 dB
+2dBmo0 to —40 dBmO0 —0.05 0.05 dB
—40 dBmO to —55 dBm0 —0.1 0.1 dB
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TP3040, TP3040-1, TP3040A, TP3040A-1

AC Electrical Characteristics (continued)

Unless otherwise specified, To=25°C. All parameters are specified for a signal level of 0 dBm0 at 1 kHz. The 0 dBmO level is
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. Limits printed in BOLD characters are
guaranteed for Vog= +5.0V+£5%, Vgg = —5.0V£5%; Ta = 0°C to 70°C by correlation with 100% electrical testing at Tp =
25°C. All other limits are assured by correlation with other production tests and/or product design and characterization. Typicals
specified at Vogg = +5.0V, Vgg = —5.0V, Ty = 25°C.

Symbol Parameter Conditions ' Min l Typ | Max ' Units
RECEIVE FILTER (Unless otherwise noted, the receive filter is preceded by a sin x/x filter with an input signal level of
1.54 Vrms.)
1Br Input Leakage Current, VFgl —3.2V<V|N<3.2V —100 100 nA
RIg Input Resistance, VFR| 10 MQ
ROR Output Resistance, VFRO 1 3 Q
CLgr Load Capacitance, VFRO 100 pF
RLRp Load Resistance, VFRO 10 kQ
PSRR3 | Power Supply Rejection of Vg or | VFgl Connected to GNDA 35 dB
Ves, VFRO f=1kHz
VOSRO | Output DC Offset, VFRO VFRgl Connected to GNDA —200 200 mV
GAR Absolute Gain f=1 kHz (TP3040A, TP3040A-1) -0.1 0 0.1 dB
f=1 kHz (TP3040, TP3040-1) —0.125 0 0.125 dB
GRRp Gain Relative to Gain at 1 kHz Below 300 Hz 0.125. dB
300 Hz to 3.0 kHz (TP3040A, TP3040A-1) | —0.125 0.125 dB
300 Hz to 3.0 kHz (TP3040, TP3040-1) -0.15 0.15 dB
3.3 kHz —0.35 0.03 dB
3.4 kHz -0.7 -0.1 dB
4.0 kHz —-14 dB
4.6 kHz and Above —32 dB
DAR Absolute Delay at 1 kHz 140 s
DDgr Differential Envelope Delay 1 kHz 100 us
to 2.6 kHz
DPR1 Single Frequency Distortion f=1kHz —48 dB’
Products
DPr2 Distortion at Maximum Signal 2.2 Vrms Input to Sin x/x Filter, —45 dB
Level f=1 kHz, R_=10k
NCgr Total C-Message Noise at VFRO | TP3040, TP3040A 3 5 dBrncO
TP3040-1, TP3040A-1 6 dBrncO
GART Temperature Coefficient of 1 kHz 0.0004 dB/°C
Gain
GARS Supply Voltage Coefficient of 0.01 dB/v
1 kHz Gain
CTxr Crosstalk, Transmit to Receive Transmit Filter Output=2.2 Vrms -70 dB
2010 VFRO VFRl=0 Vrms, f=0.3 kHz to 3.4 kHz
9VF0 Measure VFRO
GRRpL Gaintracking Relative to GAR Output Level= +3 dBm0 -0.1 0.1 dB
+2 dBm0 to —40 dBm0 —0.05 0.05 dB
—40 dBm0O to —55 dBm0 -0.1 0.1 dB
(Note 5)




AC Electrical Characteristics (continued)

Unless otherwise specified, To = 25°C. All parameters are specified for a signal level of 0 dBm0 at 1 kHz. The 0 dBmoO level is
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. Limits printed in BOLD characters are
guaranteed for Vogg = +5.0V £5%, Vgg = —5.0V £5%; Tp = 0°C to 70°C by correlation with 100% electrical testing at Tp =
25°C. All other limits are assured by correlation with other production tests and/or product design and characterization. Typicals

specified at Vgg = +5.0V, Vgg = —5.0V, Tp = 25°C.

Symbol Parameter Conditions | Min | Typ | Max | Units
RECEIVE OUTPUT POWER AMPLIFIER
IBP Input Leakage Current, PWRI ~3.2V <V <32V 0.1 3 LA
RIP Input Resistance, PWRI 10 MQ
ROP1 Output Resistance, PWRO +, PWRO— Amplifiers Active 1 Q
CLP Load Capacitance, PWRO +, PWRO - 500 pF
GAp+ Gain, PWRI to PWRO + R =600 Connected Between 1 v/V
GAp— Gain, PWRI to PWRO— PWRO+ and PWRO—, Input -1 v/V
Level=0 dBmO (Note 4)
GRpL Gaintracking Relative to 0 dBm0 V=2.05Vrms, R_= 600(‘2(N°tes 4,5) -0.1 0.1 dB
Output Level, Including Receive Filter V=1.75 Vrms, R = 3000 ' —0.1 0.1 dB
S/Dp Signal/Distortion V=2.05 Vrms, R =600 (Notes 4, 5) —45 dB
V=1.75 Vrms, R =300 —45 dB
VOSP Output DC Offset, PWRO +, PWRO— PWRI Connected to GNDA —-50 50 mV
PSRR5 Power Supply Rejection of Vg or Vg PWRI Connected to GNDA 45 dB

Note 1: Maximum power consumption will depend on the load impedance connected to the power amplifier. This specification listed assumes 0 dBm is delivered to
600Q connected from PWRO+ to PWRO—.

Note 2: Voltage input to recsive filter at 0V, VFRO connected to PWRI, 6000 from PWRO+ to PWRO —. Output measured from PWRO+ to PWRO—.
Note 3: The 0 dBmO level for the filter is assumed to be 1.54 Vrms measured at the output of the XMT or RCV filter.

Note 4: The 0 dBmO level for the power amplifiers is load dependent. For R =600Q to GNDA, the 0 dBmoO level is 1.43 Vrms measured at the amplifier output. For
R_=23000 the 0 dBmO level is 1.22 Vims.

Note 5: VFRO connected to PWRI, input signal applied to VFg.
Note 6: Previous revisions of the datasheet did not clearly indicate this specification requires power amps in powerdown (PWRI = —5.25V).

Typical Application

R2 R1
#'A'A' A'A'A
= = INTERFACE CIRCUIT _ _ _ "= GNDA 2 3
1 000 i VFH oSX Rt 14
I Wy —+p ] vrxie vexoH | VFX x = 35'4
0 < |
1 b 6000 50 kQ
] b |
‘ GNDA ' TP3040,/TP3040A GNDA== P3020
| =, PCM FILTER 13 9 CODEC
! L-¢{PwRoO- PDN PDN
] < <> ]
1 Zeooa || R '
1 QE | sode g 10 10 8 pou
' AMN—1=€{PWRO+  pyRi VFRO VFRI |« VFR OR[&— N
| 1
bmommommeensn-eed Ré 5 R3 4
J:-_- GNDA
TL/H/6660-2
+R2

Note 1: Transmit voltage gain = A1 X {2 (The filter itself introduces a 3 dB gain), (R1 +R2 >10k) _

R2

X R4
Note 2: Receive gain = M tRa
(R3 +R4210k)
Note: In the configuration shown, the receive filter power amplifiers will drive a 6000 T to R termination to a maximum signal level of 8.5 dBm. An alternative
arrangement, using a transformer winding ratio equivalent to 1.414:1 and 30092 resistor, Rg, will provide a maximum signal level of 10.1 dBm across a 6000
termination impedance.
FIGURE 2
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TP3040, TP3040-1, TP3040A, TP3040A-1

Connection Diagram

Dual-In-Line Package

-/

VFXi+ =1 16— VFX0
VFXI=-=42 15§—GNDA
GSX=—13 14 —CLKO

VFRO—14 13=PDN

PWRI—{5 12f=CLK
PWRO+ —16 11}=~GNDD
PWRO~ =17 10f—=VFRI
VBB —}8 ]l [

TL/H/6660-3
Top View

Order Number TP3040J or TP3040AJ
or TP3040J-1 or TP3040AJ-1
See NS Package J16A

Description of Pin Functions

Symbol
VFyl+

VFyl—
GSy

VFRO

PWRI

PWRO+

PWRO—

VBB
Vee

VFgl

Function
The non-inverting input to the transmit filter
stage.
The inverting input to the transmit filter stage.
The output used for gain adjustments of the
transmit filter.
The low power receive filter output. This pin can
directly drive the receive port of an electronic hy-
brid.
The input to the receive filter differential power
amplifier.
The non-inverting output of the receive filter pow-
er amplifier. This output can directly interface
conventional transformer hybrids.
The inverting output of the receive filter power
amplifier. This output can be used with PWRO+
to differentially drive a transformer hybrid.
The negative power supply pin. Recommended
inputis —5V.
The positive power supply pin. The recommend-
ed input is 5V.
The input pin for the receive filter stage.

Plastic Lead Chip Carrier
x ¥ g2 3 ¢
™ ™ [ [ N
> > > o z
(1 21 [ P9 [id
/ ‘
esx [4] 18] cLko
n/e 3] [17] PON
VFRO E TP3040V Es] CLK
N/e[7] [15] cPDD
PWRI E‘ 14 N/C
@ O &2 O
& & a8 8 g
14 14 > > S
= =
o o
TL/H/6660-4

Order Number TP3040V or TP3040AV

Symbol
GNDD

CLK

PDN

CLKoO

GNDA

VF,0

or TP3040V-1 or TP3040AV-1
See NS Package V20A

Function
Digital ground input pin. All digital signals are ref-
erenced to this pin.
Master input clock. Input frequency can be se-
lected as 2.048 MHz, 1.544 MHz or 1.536 MHz.
The input pin used to power down the TP3040/
TP3040A during idle periods. Logic 1 (Vcg) input
voltage causes a power down condition. An inter-
nal pull-up is provided.
This input pin selects internal counters in accord-
ance with the CLK input clock frequency:

CLK Connect CLKO to:
2048 kHz Vee
1544 kHz GNDD
1536 kHz Vg

An internal pull-up is provided.

Analog ground input pin. All analog signals are
referenced to this pin. Not internally connected
to GNDD.

The output of the transmit filter stage.




Functional Description

The TP3040/TP3040A monolithic filter contains four main
sections; Transmit Filter, Receive Filter, Receive Filter Pow-
er Amplifier, and Frequency Divider/Select Logic (Figure 7).
A brief description of the circuit operation for each section is
provided below.

TRANSMIT FILTER

The input stage of the transmit filter is a CMOS operational
amplifier which provides an input resistance of greater than
10 MQ, a voltage gain of greater than 5,000, low power
consumption (less than 3 mW), high power supply rejection,
and is capable of driving a 10 kQ load in parallel with up to
25 pF. The inputs and output of the amplifier are accessible
for added flexibility. Non-inverting mode, inverting mode, or
differential amplifier mode operation can be implemented
with external resistors. It can also be connected to provide a
gain of up to 20 dB without degrading the overall filter per-
formance.

The input stage is followed by a prefilter which is a two-pole
RC active low pass filter designed to attenuate high fre-
quency noise before the input signal enters the switched-ca-
pacitor high pass and low pass filters.

A high pass filter is provided to reject 200 Hz or lower noise
which may exist in the signal path. The low pass portion of
the switched-capacitor filter provides stopband attenuation
which exceeds the D3 and D4 specifications as well as the
CCITT G712 recommendations.

The output stage of the transmit filter, the postfilter, is also a
two-pole RC active low pass filter which attenuates clock
frequency noise by at least 40 dB. The output of the trans-
mit filter is capable of driving a £3.2V peak to peak signal
into a 10 kQ load in parallel with up to 25 pF.

RECEIVE FILTER

The input stage of the receive filter is a prefilter which is
similar to the transmit prefilter. The prefilter attenuates high
frequency noise that may be present on the receive input
signal. A switched capacitor low pass filter follows the prefil-
ter to provide the necessary passband flatness, stopband
rejection and sin x/x gain correction. A postfilter which is
similar to the transmit postfilter follows the low pass stage. It
attenuates clock frequency noise and provides a low output
impedance capable of directly driving an electronic sub-
scriber-line-interface circuit.

RECEIVE FILTER POWER AMPLIFIERS

Two power amplifiers are also provided to interface to trans-
former coupled line circuits. These two amplifiers are driven
by the output of the receive postfilter through gain setting
resistors, R3, R4 (Figure 2). The power amplifiers can be
deactivated, when not required, by connecting the power
amplifier input (pin 5) to the negative power supply Vgg.
This reduces the total filter power consumption by approxi-
mately 10 mW-20 mW depending on output signal ampli-
tude.

POWER DOWN CONTROL

A power down mode is also provided. A logic 1 power down
command applied on the PDN pin (pin 13) will reduce the
total filter power consumption to less than 1 mW. Connect
PDN to GNDD for normal operation.

FREQUENCY DIVIDER AND SELECT LOGIC CIRCUIT

This circuit divides the external clock frequency down to the
switching frequency of the low pass and high pass switched
capacitor filters. The divider also contains a TTL-CMOS in-
terface circuit which converts the external TTL clock level to
the CMOS logic level required for the divider logic. This in-
terface circuit can also be directly driven by CMOS logic. A
frequency select circuit is provided to allow the filter to oper-
ate with 2.048 MHz, 1.544 MHz or 1.536 MHz clock frequen-
cies. By connecting the frequency select pin CLKO (pin 14)
to Vg, a 2.048 MHz clock input frequency is selected. Digi-
tal ground selects 1.544 MHz and Vgg selects 1.536 MHz.

Applications Information

GAIN ADJUST

Figure 2 shows the signal path interconnections between
the TP3040/TP3040A and the TP3020 signal-channel CO-
DEC. The transmit RC coupling components have been
chosen both for minimum passband droop and to present
the correct impedance to the CODEC during sampling.
Optimum noise and distortion performance will be obtained
from the TP3040/TP3040A filter when operated with sys-
tem peak overload voltages of £2.5V to +£3.2V at VF,O
and VFRO. When interfacing to a PCM CODEC with a peak
overload voltage outside this range, further gain or attenua-
tion may be required.

BOARD LAYOUT

Care must be taken in PCB layout to minimize power supply
and ground noise. Analog ground (GNDA) of each filter
should be connected to digital ground (GNDD) at a single
point, which should be bypassed to both power supplies.
Further power supply decoupling adjacent to each filter and
CODEC is recommended. Ground loops should be avoided,
both between GNDA and GNDD and between the GNDA
traces of adjacent filters and CODECs.
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TP3040, TP3040-1, TP3040A, TP3040A-1

Typical Performance Characteristics

AMPLITUDE (dB)

Transmit Filter Stage
7
//
H
0.1 1 10
FREQUENCY (kHZ)
TL/H/6660-5

AMPLITUDE (dB)

Receive Filter Stage

FILTER + SIN /X~
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National
Semiconductor

TP3051, TP3056 Parallel Interface
CODEC/Filter COMBO®

960€dL ‘150€dL

General Description Features

The TP3051, TP3056 family consists of a p-law and A-law B Complete CODEC and filtering system including:
monolithic PCM CODEC/filter set utilizing the A/D and D/A — Transmit high pass and low pass filtering
conversion architecture shown in Figure 1 and a parallel 1/0 — Receive low pass filter with sin x/x correction
data bus interface. The devices are fabricated using Nation- — Receive power amplifier

al's advanced double poly microCMOS process. — Active RC noise filters

The transmit section consists of an input gain adjust amplifi- — p-255 law COder and DECoder—TP3051

er, an active RC pre-filter, and a switched-capacitor band- — A-law COder and DECoder—TP3056

pass filter that rejects signals below 200 Hz and above — Internal precision voltage reference

3400 Hz. A compressing coder samples the filtered signal — Internal auto-zero circuitry

Meets or exceeds all LSSGR and CCITT specifications
+5V operation

Low operating power—typically 60 mW

Power-down standby mode—typically 3 mW

High speed TRI-STATE® data bus

2 loopback test modes

and encodes it in the w-255 law or A-law PCM format. Auto-
zero circuitry is included on-chip. The receive section con-
sists of an expanding decoder which reconstructs the ana-
log signal from the compressed p-law or A-law code, and a
low pass filter which corrects for the sin x/x response of the
decoder output and rejects signals above 3400 Hz. The re-
ceive output is a single-ended power amplifier capable of
driving low impedance loads. The TP3051 p-law and
TP3056 A-law devices are pin compatible parallel interface
COMBOs for bus-oriented systems.

Block Diagram

Veea Veeo
65 :

———=F —_
| 1 1
| AUTO-ZERD {

LoGIC
2 ! |
|
|
VExl |
anacos R
W =YW 2nd ORDER SWITCHED |
RCACTIVE [—»| CAPACITOR  |—b |
1 FILTER BAND-PASS FILTER |
= 1 s ] |
LOOPBACK |
SWITCH |
VOLTAGE DATA BUS
REFERENCE 08B0-087
I COMPARATOR |
|
VFRO l
o 2nd ORDER SWITCHED \
‘"‘:,"'ﬁ ] RCACTIVE |¢—  CAPACITOR R"EE:IE',"EE" !
FILTER LOW PASS FILTER |
AMPLIFIER }
|
t ¢ !
|
|
FRAME |
TIMING + | contmoL |
CONTROLLER |t |
|
K 3 :
TIMING |
»1  GENERATOR i
L ] |
e 1 = —_ J—
Ves GNDA GNDD £s ek PCM/CNTL TL/H/8834-1
FIGURE 1
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TP3051, TP3056

Connection Diagrams

Dual-In-Line Package

Pin Description

Symbol
VBB
GNDA
VFRO

Veeca

cs

bB7
DB6

- DB5

DB4
GNDD

DB3
DB2
DB1
DBO

CLK

Veg —{ 1 \) 20— VFxI*
GNDA —{ 2 18— VFxI-
VFR0 —{ 3 18— GSx
Veea = 4 17— Vceo
tS—{5 TP3051 16— PCM/CNTL
R
DB7 — 6 TP3056 15— CLK '
DB6 —{ 7 14}— DBO
DB5 — 8 13— DB1
DB4 —{ 9 12}~ DB2
GNDD —{ 10 11~ DB3
' TL/H/8834-3
Top View
Order Number TP3051J or TP3056J
See NS Package Number J20A
Function Symbol Function

Negative power supply pin. Vgg = —5V £5%.
Analog ground. All analog signals are refer-
enced to this pin.

Analog output of the receive power amplifier.
This output can drive a 600Q load to +2.5V.
Positive power supply voltage pin for the ana-
log circuitry. Voca = 5V +5%. Must be con-
nected to Vgep.

Device chip select input which controls READ,
WRITE and TRI-STATE® operations on the
data bus. CS does not control the state of any
analog functions.

Bit 7 1/0 on the data bus. The PCM LSB.

Bit 6 I/0 on the data bus.

Bit 5 1/0 on the data bus.

Bit 4 I/0 on the data bus.

Digital ground. All digital signals are referenced
to this pin. .

Bit 3 I/0 on the data bus.

Bit 2 1/0 on the data bus.

Bit 1 1/0 on the data bus. .
Bit 0 170 on the data bus. This is the PCM sign
bit.

The clock input for the switched-capacitor fil-
ters and CODEC. Clock frequency must be
768 kHz, 772 kHz, 1.024 MHz or 1.28 MHz and
must be synchronous with the system clock in-
put.

PCM/CNTL This control input determines whether the in-
formation on the data bus is PCM data or con-
trol data.

Vcep Positive power supply pin for the bus drivers.
Vecp = 5V +£5%. Must be connected to
Veea

GSy Analog output of the transmit input amplifier.
Used to externally set gain.

VFxl— Inverting input of the transmit input amplifier.

VFxl+ Non-inverting input of the transmit input amplifi-

er.

Functional Description

CLOCK AND DATA BUS CONTROL

The CLK input signal provides timing for the encode and
decode logic and the switched-capacitor filters. It must be
one of the frequencies listed in Table | and must be correct-
ly selected by control bits CO and C1.

CLK also functions as a READ/WRITE control signal, with
the device reading the data bus on a positive half-clock cy-
cle and writing the bus on a negative half-clock cycle, as
shown in Figures 4a and 4b.

POWER-UP

When power is first applied, power-on reset circuitry initializ-
es the COMBO and sets it in the power-down mode. All
non-essential circuits are deactivated and the data bus out-
puts, DB0O-DB?7, and receive power amplifier output, VFRO,
are in high impedance states.

The TP3051, TP3056 is powered-up via a command to the
control register (see Control Register Functions). This sets
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Functional Description (continued)

the device in the standby mode with all circuitry activated,
but encoding and decoding do not begin untii PCM READ
and PCM WRITE chip selects occur.

TABLE I. Control Bit Functions

Control Bits Function
Co0, C1 Select Clock Frequency
co ¢C1 Frequency
0 X 1.024 MHz
1 0 0.768 MHz or 0.772 MHz
1 1 1.28 MHz
C2,C3 Digital and Analog Loopback
C2 C3 Mode
1 X digital loopback
o 1 analog loopback
0 0 normal
C4 Power-Down/Power-Up (Note 1)
1 = power-down
0 = power-up
C5 TP3051—Don’t care (Note 1)
TP3056
1 = Notimplemented. Do not use.
0 = A-law with even bit inversion
C6-C7 Don’t Care (Note 1)

Note 1: These bits are always set to logical “1” when reading back the
control register.

DATA BUS NOMENCLATURE

The normal order for serial PCM transmission is sign bit first,
whereas the normal order for serial data is LSB first. The
parallel data bus is defined as follows:

Data Type DBO DB7
PCM Sign Bit LSB
Control Data Cco c7
READING THE BUS

If CLK is low when TS goes low, bus data is gated in during
the next positive half-clock cycle of CLK and latched on the
negative-going transition. If PCM/CNTL is low during the
falling CS transition, then the bus data is defined as PCM
voice data, which is latched into the receive register. This
also functions as an internal receive frame synchronization
pulse to start a decode cycle and must occur once per re-
ceive frame, i.e., at an 8 kHz rate.

If PCM/CNTL is high during the falling CS transition, the bus
data is latched into the control register. This does not affect
frame synchronization.

WRITING THE BUS

If CLK is high when CS goes low, at the next falling tran-
sition of CLK, the bus drivers are enabled and either the
PCM transmit data or the contents of the control register are
gated onto the bus, depending on the level of PCM/CNTL
at the CS transition. If PCM/CNTL is low during the CS fall-
ing transition, the transmit register data is written to the bus.

An internal transmit frame synchronization pulse is also
generated to start an encode cycle, and this must occur
once per transmit frame; i.e., at an 8 kHz rate.

If PCM/CNTL is high during the CS falling transition, the
control register data is written to the bus. This does not
affect frame synchronization.

The receive register contents may also be written back to
the bus, as described in the Digital Loopback section.

Except during a WRITE cycle, the bus drivers are in TRI-
STATE mode.

CONTROL REGISTER FUNCTIONS

Writing to the control register allows the user to set the
various operating states of the TP3051 and TP3056. The
control register can also be read back via the data bus to
verify the current operating mode of the device.

1. CLK Select

Since one of three distinct clock frequencies may be
used, the actual frequency must be known by the device
for proper operation of the switched-capacitor filters. This
is achieved by writing control register bits CO and C1,
normally in the same WRITE cycle that powers-up the
device, and before any PCM data transfers take place.
2. Digital Loopback
In order to establish that a valid path has been selected
through a network, it is sometimes desirable to be able to
send data through the network to its destination, then
loop it back through the network return path to the origi-
nating source where the data can be verified. This loop-
back function can be performed in the TP3051 or TP3056
by setting control register bit C2 to 1. With C2 set, the
PCM data in the receive register will be written back onto
the data bus during the next PCM WRITE cycle. In the
digital loopback mode, the receive section is set to an idle
channel condition in order to maintain a low impedance
termination at VFRO.
. Analog Loopback
In the analog loopback mode, the transmit filter input is
switched from the gain adjust amplifier to the receive
power amplifier output, forming a unity-gain loop from the
receive register back to the transmit register. This mode
is entered by setting control register bits C2 to 0 and C3
to 1. The receive power amplifier continues to drive the
load in this mode.

4. Power-Down/Power-Up

The TP3051 or TP3056 may be put in the power-down
mode by setting control register bit C4 to 1. Conversely,
setting bit C4 to 0 powers-up the device.

TRANSMIT FILTER AND ENCODE SECTION

The transmit section input is an operational amplifier with
provision for gain adjustment using two external resistors,
see Figure 2. The low noise and wide bandwidth allow gains
in excess of 20 dB across the audio passband to be real-
ized. The op amp drives a unity-gain filter consisting of a
2nd order RC active pre-filter, followed by an 8th order
switched-capacitor bandpass filter clocked at 256 kHz. The
output of this filter directly drives the encoder sample-and-
hold circuit. The A/D is of companding type according to
1-255 law (TP3051) or A-law (TP3056) coding schemes. A
precision voltage reference is trimmed in manufacturing

w
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TP3051, TP3056

Functional Description (continued)

to provide an input overload (tyax) of nominally 2.5V peak
(see table of Transmission Characteristics). Any offset volt-
age due to the filters or comparator is cancelled by sign bit
integration in the auto-zero circuit.

The total encoding delay referenced to a PCM WRITE chip
select will be approximately 165 us (due to the transmit
filter) plus 125 ps (due to encoding delay), which totals 290
MS.

DECODER AND RECEIVE FILTER SECTION

The receive section consists of an expanding DAC which
drives a 5th order switched-capacitor low pass filter clocked

VFxl*
> TO TRANSMIT
e } FILTER
R1
\/
GNDA
TL/H/8834-4
+
Non-inverting transmit gain = 20 log4g (R1 R 2R2)

Set gain to provide peak overload level = tyax at GSx (see Transmission
Characteristics)

FIGURE 2. Transmit Gain Adjustment

at 256 kHz. The decoder is of A-law (TP3056) or p-law
(TP3051) coding law and the 5th order low pass filter cor-
rects for the sin x/x attenuation due to the 8 kHz sample/
hold. The filter is then followed by a 2nd order RC active
post-filter. The power amplifier output stage is capable of
driving a 600€2 load to a level of 7.2 dBm. See Figure 3. The
receive section has unity-gain. Following a PCM READ chip
select, the decoding cycle begins, and 10 us later the de-
coder DAC output is updated. The total decoder delay is ~.
10 us (decoder update) plus 110 us (filter delay) plus 62.5
ps (Y2 frame), which gives approximately 180 us.

VFg0 300 17

YYY
A
Vv
8
=]

GNDA
Maximum output power = 7.2 dBm total, 4.2 dBm to the load.

VFR0 R1 R2 T
E 4[ %
g R3 4: ”

GNDA

YYY
A

<
>
S 600

TL/H/8834-5
See Applications information for attenuator design guide.

FIGURE 3. Receive Gain Adjustment
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Absolute Maximum Ratings «
If Military/Aerospace specified devices are required, Voltage at Any Digital : 9
please contact the National Semiconductor Sales Input or Output Vcc+0.3V to GNDD—0.3V "_|
Office/Distributors for availability and specifications. Operating Temperature Range —25°Cto +125°C o
[
GNDD to GNDA +03v Storage Temperature Range —65'Cto +150°C |
Vcea or Voop to GNDD or GNDA w Lead Temp. (Soldering, 10 sec.) 300°C | @
Vgg to GNDD or GNDA - ESD (Human Body Model) 1000V
Voltage at Any Analog
Input or Output Voo +0.3V to Vgg—0.3V

Electrical Characteristics

Unless otherwise noted: Vcca = Vcoop = 5.0V £5%, Vgg = —5V 5%, GNDD = GNDA = 0V, Tp = 0°C to 70°C; typical
characteristics specified at nominal supply voltages, T4 = 25°C; all digital signals are referenced to GNDD, all analog signals
are referenced to GNDA. Limits printed in BOLD characters are guaranteed for Voca = Vocp = 5.0V £5% and Vgg = —5.0V
+5%; Ta = 0°C to 70°C by correlation with 100% Electrical testing at To = 25°C. All other limits are assured by correlation with
other production test and/or product design and characteristics.

Symbol Parameter Conditions | Min I Typ I Max | Units
DIGITAL INTERFACE
ViL Input Low Voltage 0.6 \
ViH Input High Voltage 2.2 Vv
VoL Output Low Voltage DB0-DB7, I = 25 mA 0.4 \
VoH Output High Voltage DB0-DB7, Iy = —2.5 mA 2.4 \"
L Input Low Current GNDD < VN < V)L -3 3 pA
IiH Input High Current ViH < VIN < Vce -3 3 rA
loz Output Current in High Impedance | DB0-DB7, GNDD < Vg < Voo _3 3 A
State (TRI-STATE)
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER
IIXA Input Leakage Current —25V <V < +25V, VFxl* or VFxI— —-200 200 nA
RiXA Input Resistance —2.5V <V < +25V, VFxlt or VFxl— 10 MQ
RoXA Output Resistance, GSx Closed Loop, Unity Gain 1 3 1)
RLXA Load Resistance, GSx 10 kQ
CLXA Load Capacitance, GSx 50 pF
VoXA Output Dynamic Range, GSx RL = 10kQ —2.8 2.8 v
AyXA Voltage Gain VFxl+ to GSx 5000 VIV
FuXA Unity-Gain Bandwidth 1 2 MHz
VosXA Offset Voltage —20 20 mV
VoumXA Common-Mode Voltage CMRRXA > 60 dB —-2.5 2.5 \"
CMRRXA | Common-Mode Rejection Ratio D.C. Test 60 dB
PSRRXA Power Supply Rejection Ratio D.C. Test . 60 dB
RECEIVE POWER AMPLIFIER
RoRF Output Resistance, VFRO 1 3 1)
RLRF Load Resistance VFgO = +2.5V 600 Q
CLRF Load Capacitance 50 pF
VOSRO Output DC Offsst Voltage -200 200 mV
POWER DISSIPATION
lcco Power-Down Current No Load (Note 1) 0.5 1.5 mA
IBBO Power-Down Current No Load (Note 1) 0.05 0.3 mA
lcct Active Current No Load 6.0 9.0 mA
IBB1 Active Current No Load ' 6.0 9.0 mA
Note 1: Icco and Iggp are d after first achieving a power-up state.
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Timing Specifications
Unless otherwise noted: Vgca = Voop = 5.0V £5%, Vgg = —5V 5%, GNDD = GNDA = 0V, Tp = 0°C to 70°C; typical
characteristics specified at nominal supply voltages, Ta = 25°C; all digital signals are referenced to GNDD, all analog signals
are referenced to GNDA. Limits printed in BOLD characters are guaranteed for Voca = Vocp = 5.0V £5% and Vgg = —5.0V
+5%; Tp = 0°C to 70°C by correlation with 100% Electrical testing at Ty = 25°C. All other limits are assured by correlation with
other production test and/or product design and characteristics. All timing parameters are measured at Voy = 2.0V and VoL =
0.7V. See Definitions and Timing Conventions section for test method information.

Symbol Parameter Conditions Min Max Units
tpc Period of Clock 760 ns
tweH Width of Clock High 330 ns
twoL Width of Clock Low 330 ns
tre Rise Time of Clock 50 ns
trc Fall Time of Clock 50 ns
tHces Hold Time from CLK to CS Low 100 ns
tsoLc Set-Up Time of CS Low to CLK 100 ns
tscHe Set-Up Time from CS High to ° ns
Second CLK Edge
twcs Width of Chip Select 100 ns
tspcMm Set-Up Time of PCM/CNTL to CS o ns
tHPCM Hold Time from CS to PCM/CNTL 100 ns
tspc Set-Up Time of Data In to CLK 50 ns
tHeD Hold Time from CLK to Data In 20 ns
topo Delay Time to Data Out Valid CL = O pF to 200 pF 90 260 ns
tbpz Delay Time to Data Output Disabled CL = 0 pF to 200 pF 20 80 ns
Switching Time Waveforms
I tpc
twe twew {
— ¢
CLK
thees tserc —— le—tae
_ _’] tscHe i
(ngs) --.-----."
{spem —
PO/ oNTL T R A
o tao topz —

restriction.

FIGURE 4a. Timing Waveforms for COMBO Writing to the Bus

cs
(NOTE 2)

LK Sl / JE’:
thees L——’ seie " sehe
’
K
cececccaaad
[
tspem —=| npcu—-l
/o ), —1
tsoee—| 4o

DBO-DB7

FIGURE 4b. Timing Waveforms for COMBO Reading from the Bus

Note 2: READ and WRITE TS pulses must each occur at an 8 kHz rate, and may occur on consecutive half-cycles of CLK if required, although this is not a

YR P R,

TL/H/8834-6

TL/H/8834-7
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Transmission Characteristics
Unless otherwise specified: T = 0°C to +70°C, Voca = Veop = 5V £5%, Vg = —5V £5%, GNDD = GNDA = 0V, f =
1.02 kHz, Vjy = 0 dBmO, transmit input amplifier connected for unity-gain non-inverting. Limits printed in BOLD characters are
guaranteed for Voca = Voop = 5.0V £5% and Vgg = —5.0V £5%; T4 = 0°C to 70°C by correlation with 100% electrical
testing at To = 25°C. All other limits are assured by correlation with other production tests and/or product design and character-

istics.
Symbol Parameter Conditions | Min | Typ | Max | Units
AMPLITUDE RESPONSE
Absolute Levels Nominal 0 dBmO Level is 4 dBm
(60002)
0 dBmO TP3051 1.2276 Vrms
TP3056 1.2276 Vrms
tMAX Maximum Overload Level TP3051 (+3.17 dBmO0) 2.501 Vpk
TP3056 (+3.14 dBmO0) 2.492 Vpk
Gxa Transmit Gain, Absolute Ta = 25°C, Vcoa = Veep = 5.0V,
Vg = —5.0V —-0.15 0.15 | dB
Input at GSx = 0 dBm0 at 1020 Hz
GxR Transmit Gain, Relative to Gxa f=16Hz —40 dB
f=50Hz —-30 dB
f =60 Hz —-26 | dB
f = 200 Hz -1.8 -0.1| dB
f = 300 Hz-3000 Hz -0.15 0.15 | dB
= 330C Hz —0.35 0.1 dB
f = 3400 Hz -0.7 o dB
f = 4000 Hz -14 | dB
f = 4600 Hz and Up, Measure Response —-32 dB
from 0 Hz to 4000 Hz
GxAT Absolute Transmit Gain Variation | Relative to Gxa
. -0.1 0.1 dB
with Temperature
Gyxav Apsolute Transmit Gain Variation | Relative to Gxa —0.05 0.05 dB
with Supply Voltage
GxRL Transmit Gain Variation with Sinusoidal Method
Level Reference Level = —10 dBm0
VFxl+ = —40dBmo0 to +3 dBm0 -0.2 0.2 dB
VFxl+ = —50dBm0 to —40 dBm0 —-0.4 0.4 dB
VFxl+ = —55dBm0 to —50 dBm0 -1.2 1.2 dB
GRa Receive Gain, Absolute Ta = 25°C,Vceca = Veeop = 5V, Vg = —5V
Input = Digital Code Sequence for -0.15 0.15 dB
0 dBmo Signal at 1020 Hz
GRR Receive Gain, Relative to Gra f = 0 Hz to 3000 Hz —-0.15 0.15 dB
f = 3300 Hz —-0.35 0.05 | dB
f = 3400 Hz -0.7 o dB
f = 4000 Hz -14 dB
GRAT Absolute Receive Gain Variation | Relative to Gra
. -0.1 0.1 dB
with Temperature
GRav Apsolute Receive Gain Variation | Relative to Gra —0.05 0.05 dB
with Supply Voltage
GRRL Receive Gain Variation with Sinusoidal Test Method; Reference
Level Input PCM Code Corresponds to an
Ideally Encoded —10 dBmO Signal
PCM Level = —40 dBm0O to +3 dBm0 -0.2 0.2 dB
PCM Level = —50 dBm0 to —40 dBm0 -0.4 0.4 dB
PCM Level = —55 dBmO to —50 dBmO -1.2 1.2 dB
VRo Receive Output Drive Level RL = 6002 —-25 25 \
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TP3051, TP3056

Transmission Characteristics (continued)
Unless otherwise specified: To = 0°C to +70°C, Vcca = Vocp = 5V £5%, Vgg = —5V £5%, GNDD = GNDA = 0V, f =
1.02 kHz, V|y = 0 dBmO, transmit input amplifier connected for unity-gain non-inverting. Limits printed in BOLD characters are
guaranteed for Voca = Voop = 5.0V +5% and Vgg = —5.0V £5%; Tp = 0°C to 70°C by correlation with 100% electrical
testing at T4 = 25°C. All other limits are assured by correlation with other production tests and/or product design and character-

istics.
Symbol Parameter J Conditions | Min | Typ | Max I Units
ENVELOPE DELAY DISTORTION WITH FREQUENCY
Dxa Transmit Delay, Absolute f= 1600 Hz 290 315 us
DxR Transmit Delay, Relative to Dxa | f = 500 Hz-600 Hz 195 220 us
f = 600 Hz-800 Hz 120 145 us
f = 800 Hz-1000 Hz 50 75 pns
f = 1000 Hz-1600 Hz 20 40 us
f = 1600 Hz-2600 Hz 55 75 us
f = 2600 Hz-2800 Hz 80 105 us
f = 2800 Hz-3000 Hz 130 155 us
Dra Receive Delay, Absolute f = 1600 Hz 180 200 s
Drr Receive Delay, Relativeto Dra | f = 500 Hz-1000 Hz —40 | —25 us
f = 1000 Hz-1600 Hz —30 —-20 us
f = 1600 Hz-2600 Hz 70 90 us
f = 2600 Hz-2800 Hz 100 125 us
f = 2800 Hz-3000 Hz 145 175 us
NOISE
Nxc Transmit Noise, C Message TP3051, (Note 3)
Weighted 12 15 dBrnCO
Nxp Transmit Noise, P Message TP3056, VFxl+ = 0V (Note 3) _ _
Weighted 74 69 | dBmoOp
NRrc Receive Noise, C Message TP3051, PCM Code Equals Alternating 8 11 dBrnco
Weighted Positive and Negative Zero
Ngp Regeive Noise, P Message TP3056, PCM Code Equals Positive —82 | —79 | dBmOp
Weighted Zero
Nrs Noise, Single Frequency f = 0 kHz to 100 kHz, Loop Around _53 dBmo
Measurement, VFxl+ = 0V
PPSRx Positive Power Supply VFxl*+ = 0V,
Rejection, Transmit Veeca = Veep = 5.0 Vpg + 100 mVrms 40 dBC
f = 0 kHz-50 kHz (Note 4)
NPSRy Negative Power Supply VFxlt = 0 Vrms,
Rejection, Transmit Vg = —5.0 Vpg +100 mVrms 40 dBC
f = 0 kHz-50 kHz (Note 4)
PPSRR Positive Power Supply PCM Code Equals Positive Zero for
Rejection, Receive TP3051 and TP3056
Vce = 5.0 Vpg +100 mVrms
f = 0 Hz-4000 Hz 40 dBC
f = 4 kHz~25 kHz 40 dBc
f = 25 kHz-50 kHz 36 dBc
NPSRg Negative Power Supply PCM Code Equals Positive Zero for
Rejection, Receive TP3051 and TP3056
Vgg = —5.0 Vpg +100 mVrms
f = 0 Hz-4000 Hz 40 dBC
f = 4 kHz-25 kHz 40 dBe
f = 25 kHz-50 kHz 36 dBc
SOs Spurious Out-of-Band Signals 0 dBmo0, 300 Hz-3400 Hz Input Applied to
at the Channel Output VFxl+, Measure Individual Image Signals at
VFRO.
4600 Hz-7600 Hz —32 dB
7600 Hz-8400 Hz —40 dB
8400 Hz-100,000 Hz -32 dB
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Transmission Characteristics (continued)

Unless otherwise specified: Ta = 0°C to +70°C, Vcca = Veoep = 5V 5%, Vgg = —5V +5%, GNDD = GNDA = 0V, f =
1.02 kHz, V| = 0 dBmO, transmit input amplifier connected for unity-gain non-inverting. Limits printed in BOLD characters are
guaranteed for Voca = Vocp = 5.0V £5% and Vgg = —5.0V +£5%; Ta = 0°C to 70°C by correlation with 100% electrical
testing at To = 25°C. All other limits are assured by correlation with other production tests and/or product design and character-
istics.

Symbol Parameter r Conditions - | Min I Typ | Max | Units
DISTORTION
STDx Signal to Total Distortion Sinusoidal Test Method (Note 5)
STDRr Transmit or Receive Level = 3.0 dBm0 33 dB
Half-Channel = 0dBm0 to —30 dBm0 36 dB
= —40dBm0  XMT 29 dB
RCV 30 dB
= —55dBm0  XMT 14 dB
RCV 15 dB
SFDy Single Erequency Distortion, _46 dB
Transmit
SFDR SlngI? Frequency Distortion, _46 dB
Receive
IMD Intermodulation Distortion VFxl*+ = —4dBm0 to —21 dBmo,
Two Frequencies in the Range —41 dB
300 Hz-3400 Hz
CROSSTALK
CTx-r Transmit to Receive Crosstalk | f = 300 Hz-3400 Hz at 0 dBm0 Transmit _90 70 dB
0 dBmO Transmit Level Level Steady PCM Receive Code
CTr-x Receive to Transmit Crosstalk | f = 300 Hz-3400 Hz at 0 dBmO _g0 _70 dB
0 dBmO Receive Level (Note 2)

Note 3: Measured by extrapolation from the distortion test result at —50 dB mO0.
Note 4: CTg_x, PPSRy, and NPSRy are measured with a —50 dBmO activation signal applied at VFxi+.
Note 5: Devices are measured using C message weighted filter for p-law and psophometric weighted filter for A-law.

Encoding Format at Data Bus Output

TP3056
.I:igi: True A-Law,C5 = 0
(Includes Even Bit Inversion)
MSB LsB MsB LSB
Viy=+Ful-Scae ({1 ©0 0 O O O O0 oOft O 1 0 1 0 1 O
ViN = +0V 1 1 1 1 1 1 1 1 1 1 0 1 o 1 0 1
ViN= — 0V o 1 1 1 1 1 1 110 1 o 1 o 1 0 1
Viy=—Ful-Scale | O 0 0 O O O O OO O 1 o 1 0 1 0
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TP3051, TP3056

Ap

plications Information

POWER SUPPLIES

While the pins of the TP3051/6 family are well protected
against electrical misuse, it is recommended that the stan-

dard

CMOS practice be followed, ensuring that ground is

connected to the device before any other connections are
made. In applications where the printed circuit board may be
plugged into a “hot” socket with power and clocks already
present, an extra long ground pin in the connector should
be used. GNDA and GNDD MUST be connected together
adjacent to each COMBO not on the connector or back-
plane wiring.

All g

round connections to each device should meet at a

common point as close as possible to the GNDA pin.. This
minimizes the interaction of ground return currents flowing
through a common bus impedance. 0.1 uF supply decou-

pling

capacitors should be connected from this common

ground point to Vgga and Vgg.

For best performance, the ground point of each COMBO on
a card should be connected to a common card ground in
star formation, rather than via a ground bus. This common
ground point should be decoupled to Voo and Vgg with

10 uF capacitors.
T-Pad Attenuator
%m R 1 142
AAN AAN AAA
W VWV VW
Jb
pal SR2 22 600
‘D
N2 + 1 TL/H/8834-8
R1 =21 (N2— 1) - 2yZ122 (N2— 1)
N
R2 = 2/Z122 (N2 — 1)

POWER IN
Wrnere:N =\ poweR ouT

and

S =

[z
72

Also: Z = VZgc Zoc
Where Zgc = Impedance with short circuit termination
and Zoc = Impedance with open circuit termination

m-Pad Attenuator

| 1:v2

2 " .
|
|
I R ——

v 2

_ N2 —1
Ra=21 (N2—2NS+1)
FIGURE 5. T-Pad and 7-Pad Attenuator Models

TL/H/8834-9

The positive power supply to the bus drivers, Vccp, is pro-
vided on a separate pin from the positive supply for the
CODEC and filter circuits to minimize noise injection when
driving the bus. Vgca and Voop MUST be connected to-
gether close to the CODEC/filter at the point where the
0.1 uF decoupling capacitor is connected.

RECEIVE GAIN ADJUSTMENT

For applications where a TP3050 family COMBO receive
output must drive a 6000 load, but a peak swing lower than
+2.5V is required, the receive gain can be easily adjusted
by inserting a matched T-pad or 7r-pad at the output. (See
Figure 5.) Table Il lists the required resistor values for 6000
terminations. As these are generally non-standard values,
the equations can be used to compute the attenuation of
the closer practical set of resistors. It may be necessary to
use unequal values for the R1 or R4 arms of the attenuators
to achieve a precise attenuation. Generally it is tolerable to
allow a small deviation of the input impedance from nominal
while still maintaining a good return loss. For example a
30 dB return loss against 600 is obtained if the output
impedance of the attenuator is in the range 2820 to 3190
(assuming a perfect transformer).

TABLE Il. Attenuator Tables for Z1 = Z2 = 3000
(Al Values in Q)

dB R1 R2 R3 " R4
0.1 1.7 26k 35 52k
0.2 35 13k 6.9 26k
0.3 5.2 8.7k 10.4 17.4k
0.4 6.9 6.5k 13.8 13k
0.5 8.5 5.2k 17.3 10.5k
0.6 10.4 4.4k 21.3 8.7k
0.7 12.1 3.7k 24.2 7.5k
0.8 13.8 3.3k 27.7 6.5k
0.9 15.5 2.9k 31.1 5.8k
1.0 17.3 2.6k 34.6 5.2k
2 34.4 1.3k 70 2.6k
3 51.3 850 107 1.8k
4 68 650 144 1.3k
5 84 494 183 1.1k
6 100 402 224 900
7 115 380 269 785
8 379 284 317 698
9 143 244 370 630
10 156 211 427 527
11 168 184 490 535
12 180 161 550 500
13 190 142 635 473
14 200 125 720 450
15 210 110 816 430
16 218 98 924 413
18 233 77 1.17k 386
20 246 61 1.5k 366

Note: See Application Note 370 for further details.
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National
Semiconductor

TP3052, TP3053, TP3054
TP3054-1, TP3057, TRP3057-1

“Ruggedized” Serial Interface
CODEC/Filter COMBO® Family

General Description

The TP3052, TP3053, TP3054, TP3057 family consists of
u-law and A-law monolithic PCM CODEC/filters utilizing the
A/D and D/A conversion architecture shown in Figure 1,
and a serial PCM interface. The devices are fabricated using
National's advanced double-poly CMOS process (micro-
CMOS).

The encode portion of each device consists of an input gain
adjust amplifier, an active RC pre-filter which eliminates very
high frequency noise prior to entering a switched-capacitor
band-pass filter that rejects signals below 200 Hz and above
3400 Hz. Also included are auto-zero circuitry and a com-
panding coder which samples the filtered signal and en-
codes it in the companded p-law or A-law PCM format. The
decode portion of each device consists of an expanding
decoder, which reconstructs the analog signal from the
companded p-law or A-law code, a low-pass filter which
corrects for the sin x/x response of the decoder output and
rejects signals above 3400 Hz followed by a single-ended
power amplifier capable of driving low impedance loads.
The devices require two 1.536 MHz, 1.544 MHz or 2.048
MHz transmit and receive master clocks, which may be
asynchronous; transmit and receive bit clocks, which may
vary from 64 kHz to 2.048 MHz; and transmit and receive
frame sync pulses. The timing of the frame sync pulses and
PCM data is compatible with both industry standard formats.

Features

o Complete CODEC and filtering system (COMBO)
including:

— Transmit high-pass and low-pass filtering

— Receive low-pass filter with sin x/x correction

— Active RC noise filters

— p-law or A-law compatible COder and DECoder

— Internal precision voltage reference

— Serial 1/0 interface

— Internal auto-zero circuitry

p-law with signaling, TP3020 or TP5116A timing—
TP3052

p-law with signaling, TP5116A family timing—TP3053
p-law without signaling, 16-pin—TP3054

A-law, 16-pin—TP3057

Meets or exceeds all D3/D4 and CCITT specifications
+5V operation

Low operating power—typically 60 mW

Power-down standby mode—typically 3 mW
Automatic power-down

TTL or CMOS compatible digital interfaces

Maximizes line interface card circuit density
Dual-In-Line or PCC surface mount packages

[#]

a g

BEBOGEAE

ooano

Connection Diagrams

Dual-In-Line Package

-/

Vgg=11 16 [ VFyl+
GNDA—{ 2 15 f=VFyl~
VFR0—3 14 =6y

Vec—{4  TP3054  13|-TS,

N A |

Dp—6 1f=0y
BCLKg/ 17 10 f=BCLKy
CLKSEL
MCLKy/ —8 9 f~MCLKy
PDN TL/H/5510-1
Top View

Order Number TP30544J, TP3054J-1,
TP3057J or TP3057J-1
See NS Package Number J16A

Plastic Chip Carriers
o = * 1
£ 888
3 2 1 2019 |
N —f4 18|65y
Vee—15 17f=T5¢
Fsp—16 3052 16f—-Fsy
D=7 15 =Dy
BCLKg / CLKSEL—8 14}~ BCLK,
R/ 9 10 11 12 13 X
L
ES&& Xy
v wn z
S g
3
= TL/H/5510-10
Top View
Order Number TP3052V*

See NS Package Number V20A
*Available mid 1990
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TP3052, TP3053, TP3054, TP3054-1, TP3057, TP3057-1

Block Diagram

A2

Pin Description

Symbol

VBB
GNDA
VFRO
Vee

FSR

Dr

MCLKg/PDN

r—
AUTO-2ERD
LogIc
ANALOG J i swlnnsn
W w r)_D’"{Acnvs "'“‘”Hnun PASS rlmn DAC
Pl el
COMPARATOR
Vis0 4] ;ﬁ;x" n::::"':‘ f,:'c‘ e e
POWER CLK
AMPLIFIER
- i
2‘:! 5'%'3'3235 cnumm. T
+5V -5V
11
1—TT
Vec  Ves GNDA MCLK Kp/  FSp  FSx
CLKSEL
FIGURE 1 TL/H/5610-2
Function Symbol Function
Negative power supply pin. Vgg = —5V SFRr When high during FSR, this input indicates
+5%. a receive signal frame.
Analog ground. All signals are referenced SIGRr The eighth bit of the PCM data appears at
to this pin. this output after each receive signalling
Analog output of the receive power ampli- frame.
fier. SIGy Signal data input. Data at this input is in-
Positive power supply pin. Voo = +5V serted into the 8th bit of the PCM word
+5%. during transmit signaling frames.
Receive frame sync pulse which enables SFx When high during FS, this input indicates
BCLKR to shift PCM data into Dg. FSR is a transmit signaling frame.
an 8 kHz pulse train. See Figures 2 and 3 MCLKx Transmit master clock. Must be 1.536
for timing details. MHz, 1.544 MHz or 2.048 MHz. May be
Receive data input. PCM data is shifted asynchronous with MCLKp. Best perform-
into DR following the FSR leading edge. ance is realized from synchronous opera-
BCLKg/CLKSEL The bit clock which shifts data into Dy af- tion. ) )
ter the FSR leading edge. May vary from FSx Transmit frame sync pulse input which en-
64 kHz to 2.048 MHz. Alternatively, may ables BCLKy to shift out the PCM data on
be a logic input which selects either 1.536 Dx. FSx is an 8 kHz pulse train, see Fig-
MHz/1.544 MHz or 2.048 MHz for master ures 2 and 3 for timing details.
clock in synchronous mode and BCLKy is BCLKx The bit clock which shifts out the PCM
used for both transmit and receive direc- data on Dyx. May vary from 64 kHz to
tions (see Table 1). 2.048 MHz, but must be synchronous with
Receive master clock. Must be 1.536 MCLK.
MHz, 1.544 MHz or 2.048 MHz. May be Dx The TRI-STATE® PCM data output which
asynchronous with MCLKy, but should be is enabled by FSy.
synchronous with MCLKy for best per- TSx Open drain output which pulses low during
form.ance. When MCLKR. is connected the encoder time slot.
con'tmuously' Ic?w, MCLKy Is selec.ted for GSx Analog output of the transmit input amplifi-
all internal timing. When MCLKR is con- er. Used to externally set gain
nected continuously high, the device is _ U y g‘ o "
powered down. VFxl Inverting input of the transmit input amplifi-
er.
VFxl+ Non-inverting input of the transmit input

amplifier.
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Functional Description

POWER-UP

When power is first applied, power-on reset circuitry initializ-
es the COMBO and places it into a power-down state. All
non-essential circuits are deactivated and the Dy and VFRO
outputs are put in high impedance states. To power-up the
device, a logical low level or clock must be applied to the
MCLKR/PDN pin and FSx and/or FSg pulses must be pres-
ent. Thus, 2 power-down control modes are available. The
first is to pull the MCLKR/PDN pin high; the alternative is to
hold both FSx and FSg inputs continuously low—the device
will power-down approximately 2 ms after the last FSx or
FSR pulse. Power-up will occur on the first FSx or FSR
pulse. The TRI-STATE PCM data output, Dy, will remain in
the high impedance state until the second FSx pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock and bit
clock should be used for both the transmit and receive di-
rections. In this mode, a clock must be applied to MCLKy
and the MCLKR/PDN pin can be used as a power-down
control. A low level on MCLKR/PDN powers up the device
and a high level powers down the device. In either case,
MCLKy will be selected as the master clock for both the
transmit and receive circuits. A bit clock must also be ap-
plied to BCLKx and the BCLKR/CLKSEL can be used to
select the proper internal divider for a master clock of 1.536
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation,
the device automatically compensates for the 193rd clock
pulse each frame.

With a fixed level on the BCLKR/CLKSEL pin, BCLKx will be
selected as the bit clock for both the transmit and receive
directions. Table 1 indicates the frequencies of operation
which can be selected, depending on the state of BCLKR/
CLKSEL. In this synchronous mode, the bit clock, BCLKy,
may be from 64 kHz to 2.048 MHz, but must be synchro-
nous with MCLKy.

Each FSy pulse begins the encoding cycle and the PCM
data from the previous encode cycle is shifted out of the
enabled Dy output on the positive edge of BCLKy. After 8
bit clock periods, the TRI-STATE Dy output is returned to a
high impedance state. With an FSg pulse, PCM data is
latched via the DR input on the negative edge of BCLK (or
BCLKR if running). FSx and FSg must be synchronous with
MCLKx/R.

TABLE 1. Selection of Master Clock Frequencies

Master Clock
Frequency Selected
BCLKR/CLKSEL TP3052
TP3057 TP3053
TP3054
Clocked 2.048 MHz 1.536 MHz or
1.544 MHz
0 1.586 MHz or 2.048 MHz
1.544 MHz
1 (or Open Circuit) 2.048 MHz 1.536 MHz or
1.544 MHz

ASYNCHRONOUS OPERATION

For asynchronous operation, separate transmit and receive
clocks may be applied. MCLKy and MCLKR must be 2.048

MHz for the TP3057, or 1.536 MHz, 1.544 MHz for the
TP3052, 53, 54, and need not be synchronous. For best
transmission performance, however, MCLKR should be syn-
chronous with MCLKy, which is easily achieved by applying
only static logic levels to the MCLKR/PDN pin. This will au-
tomatically connect MCLKx to all internal MCLKR functions
(see Pin Description). For 1.544 MHz operation, the device
automatically compensates for the 193rd clock pulse each
frame. FSyx starts each encoding cycle and must be syn-
chronous with MCLKy and BCLKy. FSR starts each decod-
ing cycle and must be synchronous with BCLKR. BCLKR
must be a clock, the logic levels shown in Table 1 are not
valid in asynchronous mode. BCLKy and BCLKgr may oper-
ate from 64 kHz to 2.048 MHz.

SHORT FRAME SYNC OPERATION

The COMBO can utilize either a short frame sync pulse (the
same as the TP3020/21 CODECs) or a long frame sync
pulse. Upon power initialization, the device assumes a short
frame mode. In this mode, both frame sync pulses, FSx and
FSR, must be one bit clock period long, with timing relation-
ships specified in Figure 2. With FSx high during a falling
edge of BCLKY, the next rising edge of BCLKy enables the
Dy TRI-STATE output buffer, which will output the sign bit.
The following seven rising edges clock out the remaining
seven bits, and the next falling edge disables the Dx output.
With FSR high during a falling edge of BCLKR (BCLKx in
synchronous mode), the next falling edge of BCLKR latches
in the sign bit. The following seven falling edges latch in the
seven remaining bits. All four devices may utilize the short
frame sync pulse in synchronous or asynchronous operating
mode.

LONG FRAME SYNC OPERATION

To use the TP5116A/56A long frame mode, both the frame
sync pulses, FSx and FSR, must be three or more bit clock
periods long, with timing relationships specified in Figure 3.
Based on the transmit frame sync, FSyx, the COMBO will
sense whether short or long frame sync pulses are being
used. For 64 kHz operation, the frame sync pulse must be
kept low for a minimum of 160 ns. The Dx TRI-STATE out-
put buffer is enabled with the rising edge of FSx or the rising
edge of BCLKy, whichever comes later, and the first bit
clocked out is the sign bit. The following seven BCLKx rising
edges clock out the remaining seven bits. The Dy output is
disabled by the falling BCLKy edge following the eighth ris-
ing edge, or by FSx going low, whichever comes later. A
rising edge on the receive frame sync pulse, FSg, will cause
the PCM data at Dy to be latched in on the next eight falling
edges of BCLKR (BCLKy in synchronous mode). All four
devices may utilize the long frame sync pulse in synchro-
nous or asynchronous mode.

SIGNALING

The TP3052 and TP3053 p-law COMBOs contain circuitry
to insert and extract signaling information in the PCM data
stream. The TP3052 is intended for short frame sync appli-
cations, and the TP3053 for long frame sync applications,
although the TP3053 may also be used in short frame sync
applications. The TP3054 and TP3057 have no provision for
signaling.
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TP3052, TP3053, TP3054, TP3054-1, TP3057, TP3057-1

Functional Description (continued)

Signaling for the TP3052 is accomplished by applying a
frame sync pulse two bit clock periods long, as shown in
Figure 2. With FSx two bit clock periods long, the data pres-
ent at SIGx input will be inserted as the LSB in the PCM
data transmitted during that frame. With FSg two bit clock
periods long, the LSB of the PCM data read into the DR
input will be latched and appear on the SIGR output pin until
updated following the next signaling frame. The decoder will
then interpret the lost LSB as “4” to minimize noise and
distortion. This short frame signaling may also be imple-
mented using the TP3053, providing SFg and SFy are left
open circuit or tied low. The TP3052 is not capable of insert-
ing or extracting signaling information in the long frame
mode.

Signaling for the TP3053 may be accomplished in either
short or long frame sync mode. The short mode signaling is
the same as the TP3052. For long frame signaling, two addi-
tional frame sync pulses are required, SFx and SFg, which
indicate transmit and receive signaling frames, respectively.
With an SFy signaling frame sync, the data present at the
SIGy input will be inserted as the LSB in the PCM data
transmitted during that frame. With an SFg signaling frame
sync, the LSB of the PCM data at Dy will be latched and
appear on the SIGR output pin until the next signaling frame.
The decoder will also do the “14,” step interpretation to
compensate for the loss of the LSB.

TRANSMIT SECTION

The transmit section input is an operational amplifier with
provision for gain adjustment using two external resistors,
see Figure 4. The low noise and wide bandwidth allow gains
in excess of 20 dB across the audio passband to be real-
ized. The op amp drives a unity-gain filter consisting of RC

active pre-filter, followed by an eighth order switched-ca-
pacitor bandpass filter clocked at 256 kHz. The output of
this filter directly drives the encoder sample-and-hold circuit.
The A/D is of companding type according to p-law
(TP3052, TP3053, TP3054) or A-law (TP3057) coding con-
ventions. A precision voltage reference is trimmed in manu-
facturing to provide an input overload (tpmax) of nominally
2.5V peak (see table of Transmission Characteristics). The
FSyx frame sync pulse controls the sampling of the filter out-
put, and then the successive-approximation encoding cycle
begins. The 8-bit code is then loaded into a buffer and shift-
ed out through Dy at the next FSx pulse. The total encoding
delay will be approximately 165 us (due to the transmit fil-
ter) plus 125 ps (due to encoding delay), which totals 290
us. Any offset voltage due to the filters or comparator is
cancelled by sign bit integration.

RECEIVE SECTION

The receive section consists of an expanding DAC which
drives a fifth order switched-capacitor low pass filter
clocked at 256 kHz. The decoder is A-law (TP3057) or
p-law (TP3052, TP3053, TP3054) and the 5th order low
pass filter corrects for the sin x/x attenuation due to the 8
kHz sample/hold. The filter is then followed by a 2nd order
RC active post-filter/power amplifer capable of driving a
6000 load to a level of 7.2 dBm. The receive section is
unity-gain. Upon the occurrence of FSg, the data at the Dr
input is clocked in on the falling edge of the next eight
BCLKR (BCLKx) periods. At the end of the decoder time
slot, the decoding cycle begins, and 10 us later the decoder
DAC output is updated. The total decoder delay is ~ 10 us
(decoder update) plus 110 us (filter delay) plus 62.5 us (V2
frame), which gives approximately 180 us.
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Vcltage at any Digital Input or
Output Vg +0.3V to GNDA—0.3V

—25°Cto + 125°C

Operating Temperature Range

Ve to GNDA v Storage Temperature Range —65°Cto +150°C
Vpg to GNDA -7V Lead Temperature (Soldering, 10 seconds) 300°C
Voltage at any Analog Input ESD (Human Body Model) 2000V

or Output

Vg +0.3V to Vgg—0.3V

Latch-Up Immunity = 100 mA on any Pin

Eiectrical Characteristics uniess otherwise noted, limits printed in BOLD characters are guaranteed for Voo
= 5.0V 5%, Vgg = —5.0V +£5%; Tp = 0°C to 70°C by correlation with 100% electrical testing at T4 = 25°C. All other limits
are assured by correlation with other production tests and/or product design and characterization. All signals referenced to
GNDA. Typicals specified at Vcc = 5.0V, Vgg = —5.0V, Tp = 25°C.

Symbol | Parameter I Conditions Min | Typ I Max | Units
DIGITAL INTERFACE
ViL Input Low Voltage 0.6 \
ViH Input High Voltage 2.2 \"
VoL Output Low Voltage Dy, IL=8.2mA 0.4 \"
SIGR, IL=1.0mA 0.4 \Y
TSy, I =3.2 mA, Open Drain 0.4 v
VoH Output High Voltage Dx, IH=—3.2mA 2.4 \"
SIGR, IH=—1.0mA 2.4 \
i Input Low Current GNDA<V)y<V, All Digital Inputs -10 10 MA
IIH Input High Current VIHSVINSVce —10 10 pA
loz Output Current in High Impedance Dy, GNDA<Vp<Vcc -10 10 RA
State (TRI-STATE)
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES)
XA Input Leakage Current —2.5V<V<+2.5V, VFxl* or VFxI— —-200 200 nA
RIXA Input Resistance —2.5V<V<+25V, VFxlt or VFxI— 10 MQ
RoXA Output Resistance Closed Loop, Unity Gain 1 3 1)
R XA Load Resistance GSy 10 kQ
CLXA Load Capacitance GSx 50 pF
VoXA Output Dynamic Range GSy, RL=10 kQ —-2.8 2.8 \
AyXA Voltage Gain VFxlt to GSx 5000 V/V
FuXA Unity Gain Bandwidth 1 2 MHz
VosXA Offset Voltage —20 20 mV
VemXA Common-Mode Voltage CMRRXA > 60 dB —25 2.5 \
CMRRXA Common-Mode Rejection Ratio DC Test 60 dB
PSRRXA Power Supply Rejection Ratio DC Test 60 dB
ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES)
RoRF Output Resistance Pin VFRO 1 3 Q
R RF Load Resistance VFRO= +2.5V 600 O
CLRF Load Capacitance 500 pF
VOSRO Output DC Offset Voltage —200 200 mV
POWER DISSIPATION (ALL DEVICES)
lccO Power-Down Current No Load (Note) 0.5 1.5 mA
g0 Power-Down Current No Load (Note) 0.05 0.3 mA
lccl Power-Up Active Current No Load 6.0 9.0 mA
Igg1 Power-Up Active Current No Load 6.0 9.0 mA

Note: Icco and Iggo are measured after first achieving a power-up state.
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TP3052, TP3053, TP3054, TP3054-1, TP3057, TP3057-1

Timing Specifications Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = 5.0V

+5%, Vgg = —5.0V £5%; Ta = 0°C to 70°C by correlation with 100% electrical testing at Ty = 25°C. All other limits are

assured by correlation with other production tests and/or product design and characterization. All signals referenced to GNDA.
Typicals specified at Vog = 5.0V, Vgg = —5.0V, Tp = 25°C. All timing parameters are measured at Voy = 2.0V and VoL =
0.7V. See Definitions and Timing Conventions section for test methods information.

Symbol Parameter Conditions Min Typ Max Units
1/tpm Frequency of Master Clocks Depends on the Device Used and the 1.536 MHz
BCLKR/CLKSEL Pin. 1.544 MHz
MCLKx and MCLKRr 2.048 MHz

tRM Rise Time of Master Clock MCLKy and MCLKR 50 ns

tEM Fall Time of Master Clock MCLKx and MCLKR 50 ns

tpB Period of Bit Clock 485 488 15725 ns

tRB Rise Time of Bit Clock BCLKy and BCLKR 50 ns

tFB Fall Time of Bit Clock BCLKy and BCLKR 50 ns

tWMH Width of Master Clock High MCLKx and MCLKRr 160 ns

twML Width of Master Clock Low MCLKx and MCLKgr 160 ns

tsBFM Set-Up Time from BCLKx High First Bit Clock after the Leading 100 ns
to MCLKy Falling Edge Edge of FSx

tSFEM Set-Up Time from FSx High Long Frame Only 100 ns
to MCLKy Falling Edge

twBH Width of Bit Clock High Vig=2.2V 160 ns

twBL Width of Bit Clock Low ViL=0.6V 160 ns

tHBFL Holding Time from Bit Clock Long Frame Only o ns
Low to Frame Sync

tHBFS Holding Time from Bit Clock Short Frame Only o ns
High to Frame Sync

tsFB Set-Up Time from Frame Sync Long Frame Only 80 ns
to Bit Clock Low

tbBD Delay Time from BCLKx High Load= 150 pF plus 2 LSTTL Loads o 140 ns
to Data Valid

tpeTS Delay Time to TSy Low Load= 150 pF plus 2 LSTTL Loads 140 ns

tbzc Delay Time from BCLKx Low to CL =0 pF to 150 pF 50 165 ns
Data Output Disabled

tbzr Delay Time to Valid Data from C_=0pF to 150 pF 20 165 ns
FSyx or BCLKy, Whichever
Comes Later

tssFF Set-Up Time from SFy,g High TP3053 Only 60 ns
to FSx/R

tssFB Set-Up Time from Signal Frame TP3053 Only 60 ns
Sync High to BCLKx/g Clock

tssGB Set-Up Time from SIGx to BCLKyx | TP3052 and TP3053 100 ns

tHBSG Hold Time from BCLKx High to TP3052 and TP3053 50 ns
SIGy

tsps Set-Up Time from Dg Valid to 50 ns
BCLKR/x Low

tHBD Hold Time from BCLKR,x Low to 50 ns
Dg Invalid

tHBSF Hold Time from BCLKx,/R Low to TP3053 Only 100 ns
Signaling Frame Sync

tsF Set-Up Time from FSy/g to Short Frame Sync Pulse (1 Bit Clock 50 ns
BCLKy/grLow Period Long)

tHr Hold Time from BCLKx,r Low Short Frame Sync Pulse (1 Bit Clock 100 ns
to FSx/g Low Period Long)

tHBFI Hold Time from 3rd Period of Long Frame Sync Pulse (from 3 to 8 Bit 100 ns
Bit Clock Low to Frame Sync Clock Periods Long)
(FSx or FSR)

twFL Minimum Width of the Frame 64k Bit/s Operating Mode 160 ns

Sync Pulse (Low Level)
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Transmission Characteristics unless otherwise noted, limits printed in BOLD characters are guaranteed for
Vce = 5.0V 5%, Vgg = —5.0V £5%; Tp = 0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other
limits are assured by correlation with other production tests and/or product design and characterization. GNDA = 0V, f =

1.02 kHz, V|y = 0 dBm0, transmit input amplifier connected for unity gain non-inverting. Typicals specified at Vo = 5.0V, Vgg

= —5.0V, Ta = 25°C.
Symbol ] Parameter Conditions Min | Typ | Max | Units
AMPLITUDE RESPONSE
Absolute Levels Nominal 0 dBmo Level is 4 dBm
(Definition of Nominal Gain) (60092)
0dBmo0 1.2276 Vrms
tmAx Max Overload Level
TP3052, TP3053, TP3054 (3.17 dBm0) 2.501 Vpk
TP3057 (3.14 dBmO0) 2.492 Vpk
Gxa Transmit Gain, Absolute Ta=25°C,Vgc=5V, Vgg=—5V
Input at GSx =0 dBm0 at 1020 Hz
TP3052/53/54/57 -0.15 0.15 dB
TP3054-1/57-1 -0.20 0.20 dB
GxRr Transmit Gain, Relative to Gxa f=16 Hz —40 dB
f=50 Hz -30 dB
f=60 Hz (TP3054-1/57-1) —-22 dB
f=60 Hz (TP3054/57) -26 dB
f=200 Hz -1.8 —-0.1 dB
f=300 Hz—3000 Hz —-0.15 0.15 dB
f=3300 Hz -0.35 0.05 dB
f=23400 Hz (TP3052/53/54/57) -0.7 o dB
f=3400 Hz (TP3054-1/57-1) —-0.95 0.05 dB
f=4000 Hz -14 dB
f=4600 Hz and Up, Measure —-32 dB
Response from 0 Hz to 4000 Hz
GxAT Absolute Transmit Gain Variation | Relative to Gxa —0.1 0.1 dB
with Temperature
Gxav Absolute Transmit Gain Variation | Relative to Gxa —-0.05 0.05 dB
with Supply Voltage
GxRL Transmit Gain Variations with Sinusoidal Test Method
Level Reference Level= —10 dBm0
VFxl+ = —40 dBmO0 to +3 dBm0 -0.2 0.2 dB
VFyl* = —50dBm0 to —40 dBm0 —-0.4 0.4 dB
VFyl+ = —55dBm0 to —50 dBm0 -1.2 1.2 dB
GRA Receive Gain, Absolute Ta=25°C, Voc=5V, Vgg= —5V
Input= Digital Code Sequence for
0 dBmoO Signal at 1020 Hz
TP3052/53/54/57 -0.15 0.15 dB
TP3054-1/57-1 -0.20 0.20 dB
GRR Receive Gain, Relative to GRra f=0 Hz to 3000 Hz -0.15 0.15 dB
f=3300 Hz -0.35 0.05 dB
f=3400 Hz -0.7 (] dB
f=4000 Hz -14 dB
GRAT Absolute Receive Gain Variation | Relative to Gra —0.1 0.1 dB
with Temperature
GRAv Absolute Receive Gain Variation | Relative to Gra —0.05 0.05 dB
with Supply Voltage
GRRL Receive Gain Variations with Sinusoidal Test Method; Reference
Level Input PCM Code Corresponds to an
Ideally Encoded PCM Level
= —40 dBm0 to +3 dBm0 -0.2 0.2 dB
= —40 dBm0 to +3 dBm0 -0.25 0.25 dB
(TP3054-1/57-1 only)
= —50 dBm0 to —40 dBm0 -0.4 0.4 dB
= —55 dBm0 to —50 dBm0 -1.2 1.2 dB
VRO Receive Output Drive Level R_=600Q —-2.5 2.5 \
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TP3052, TP3053, TP3054, TP3054-1, TP3057, TP3057-1

Transmission Characteristics (Continued) Unless otherwise noted, limits printed in BOLD characters are
guaranteed for Voc = 5.0V £5%, Vgg = —5.0V £5%; Tp = 0°C to 70°C by correlation with 100% electrical testing at Tp =
25°C. All other limits are assured by correlation with other production tests and/or product design and characterization. GNDA
= 0V, f = 1.02 kHz, V| = 0 dBm0, transmit input amplifier connected for unity gain non-inverting. Typicals specified at Vog =
5.0V, Vgg = —5.0V, Tp = 25°C.

Symbol Parameter Conditions l Min | Typ | Max I Units
ENVELOPE DELAY DISTORTION WITH FREQUENCY
Dxa Transmit Delay, Absolute f=1600 Hz 290 315 us
Dxr Transmit Delay, Relative to Dxa f=500 Hz-600 Hz 195 220 us
f=600 Hz-800 Hz 120 145 ps
f=800 Hz-1000 Hz 50 75 us
f=1000 Hz-1600 Hz 20 40 us
f=1600 Hz-2600 Hz 55 75 ms
f=2600 Hz-2800 Hz 80 105 us
f=2800 Hz-3000 Hz 130 155 us
DRra . Receive Delay, Absolute f=1600 Hz 180 200 us
DRRr Receive Delay, Relative to Dga f=500 Hz-1000 Hz —40 —25 us
f=1000 Hz-1600 Hz -30 —-20 pSs
f=1600 Hz-2600 Hz 70 90 us
f=2600 Hz-2800 Hz 100 125 us
f=2800 Hz-3000 Hz 145 175 us
NOISE
Nxc Transmit Noise, C Message TP3052, TP3053, TP3054 12 15 dBrnCO
Weighted TP3054-1 (Note 1) 16 dBrnCO
Nxp Transmit Noise, P Message TP3057 -74 —67 dBmOp
Weighted TP3057-1 (Note 1) —66 dBmOp
Nrc Receive Noise, C Message PCM Code is Alternating Positive
: Weighted and Negative Zero —
TP3052/53/54 8 11 dBrnCO
TP3054-1 13 dBrnCO
Nmrp Receive Noise, P Message TP3057 PCM Code Equals Positive
Weighted Zero — —82 —-79 dBmOp
TP3057-1 -77 dBmOp
NRs Noise, Single‘ Frequency f=0 kHz to 100 kHz, Loop Around —53 dBmo
Measurement, VFxl+ =0 Vrms
PPSRx Positive Power Supply Rejection, VFxl+ = —50 dBm0O
Transmit Vee=5.0 Vpg+ 100 mVrms
f=0 kHz-50 kHz (Note 2) 40 dBC
NPSRx Negative Power Supply Rejection, VFxl+ = —50dBm0
Transmit Vpg= —5.0 Vpg+ 100 mVrms
f=0kHz-50 kHz (Note 2) 40 dBC
PPSRR Positive Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vcc=5.0 Vpg+ 100 mVrms
Measure VFR0
f=0 Hz-4000 Hz 40 dBC
f=4 kHz-25 kHz 40 dB
f=25 kHz-50 kHz 36 dB
f=0-4 kHz (TP3054-1/57-1) 38 dBC
f=4-50 kHz (TP3054-1/57-1) 35 dB
NPSRRr Negative Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vgg= —5.0 Vpg+100 mVrms
' Measure VFRO
f=0 Hz-4000 Hz 40 dBC
f=4 kHz-25 kHz 40 dB
f=26 kHz-50 kHz 36 dB
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Transmission Characteristics (Continued) Unless otherwise noted, limits printed in BOLD characters are g
guaranteed for Vog = 5.0V £5%, Vgg = —5.0V +5%; Ta = 0°C to 70°C by correlation with 100% electrical testing at Tp = tMrl
25°C. All other limits are assured by correlation with other production tests and/or product design and characterization. GNDA -
= 0V, f = 1.02 kHz, Vjy = 0 dBmoO, transmit input amplifier connected for unity gain non-inverting. Typicals specified at Voc = ;
5.0V, Vgg = —5.0V, Ta = 25°C. 8
I3
Symbol Parameter Conditions Min Typ Max Units | &
SOs Spurious Out-of-Band Signals Loop Around Measurement, 0 dBmo, —-30 dB '-l'.l|
at the Channel Output 300 Hz to 3400 Hz Input PCM Code Applied g
at DR. g
4600 Hz-7600 Hz —30 dB "_I
7600 Hz-8400 Hz . —40 dB o
8400 Hz—-100,000 Hz —30 dB g
o
DISTORTION >
—
STDy ~Signal to Total Distortion Sinusoidal Test Method (Note 3) "_|
STDR Transmit or Receive Level =3.0 dBm0 33 dBC 3
Half-Channel =0dBm0 to —30 dBm0 36 dBC o
=-40dBm0  XMT 29 ac |
RCV 30 dBC | 4
=-—55dBm0 XMT 14 dBC g
RCV 15 dBC 8
SFDy Single Frequency Distortion, —46 dB 3
Transmit
SFDR Single Frequency Distortion, —46 dB
Receive
IMD Intermodulation Distortion Loop Around Measurement, —41 dB
VFx+ = —4dBm0 to —21 dBm0, Two
Frequencies in the Range
300 Hz-3400 Hz
CROSSTALK
CTx.r Transmit to Receive Crosstalk, f=2300 Hz-3400 Hz
0 dBmO Transmit Level Dr=Quiet PCM Code —-90 —-75 dB
CTrx Receive to Transmit Crosstalk, | f=300Hz-3400 Hz, VFxl=Multitone -9 | —-70 dB
0 dBmO Receive Level (Note 2)
ENCODING FORMAT AT Dy OUTPUT
TP3052, TP3053, TP3054 TP3057
Law A-Law
¥ (Includes Even Bit Inversion)
V)N (at GSy) = + Full-Scale i 0 0 0 o0 0 O0 O i 0 1 0 1 0 1 0
_ 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1
Vin (@t GSy) =0V {o 11 1 1 1 1 1 o1 0 1 0 1 0 1
VN (at GSx) = —Full-Scale o o0 o O o o0 o0 o 0 o0 1 0 1 0 1 0

Note 1: Measured by extrapolation from the distortion test result at —50 dBm0.
Note 2: PPSRy, NPSRy, and CTR.x are measured with a —50 dBmO activation signal applied to VFx|+.
Note 3: Devices are measured using C message weighted filter for u-Law and psophometric weighted filter for A-Law.
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Applications Information

POWER SUPPLIES

While the pins of the TP3050A family are well protected
against electrical misuse, it is recommended that the stan-
dard CMOS practice be followed, ensuring that ground is
connected to the device before any other connections are
made. In applications where the printed circuit board may be
plugged into a “hot” socket with power and clocks already
present, an extra long ground pin in the connector should
be used.

All ground connections to each device should meet at a
common point as close as possible to the GNDA pin. This
minimizes the interaction of ground return currents flowing
through a common bus impedance. 0.1 uF supply decou-
pling capacitors should be connected from this common
ground point to Vgc and Vgg, as close to the device as
possible.

For best performance, the ground point of each CODEC/
FILTER on a card should be connected to a common card
ground in star formation, rather than via a ground bus.

This common ground point should be decoupled to Ve and
Vg with 10 uF capacitors.

RECEIVE GAIN ADJUSTMENT

For applications where a TP3050A family CODEC/filter re-
ceive output must drive a 6000 load, but a peak swing lower
than +£2.5V is required, the receive gain can be easily ad-
justed by inserting a matched T-pad or 7r-pad at the output.
Table Il lists the required resistor values for 6002 termina-
tions. As these are generally non-standard values, the equa-
tions can be used to compute the attenuation of the closest
practical set of resistors. It may be necessary to use un-
equal values for the R1 or R4 arms of the attenuators to
achieve a precise attenuation. Generally it is tolerable to
allow a small deviation of the input impedance from nominal
while still maintaining a good return loss. For example a 30
dB return loss against 60052 is obtained if the output imped-
ance of the attenuator is in the range 2820 to 3190 (as-
suming a perfect transformer).

T-Pad Attenuator

KR

LW

300 R1

N2 —1

R E——

_ N2+1) ( N )
R1—Z1( Z1.22 N3

N
R2 = 2/Z1.22 (m)

POWER IN
Where: N = | Em ouT

and

21
S=v\z

Also: Z = Zgc * Zoc

Where Zgc = impedance with short circuit termination

and Zoc = impedance

with open circuit termination

m-Pad Attenuator
[——=———-7
oVl IR 1z
A\ A4 M \ A A4
|
a2 2 b2)
’ SmM Sm 600
|
|
) I

\%

TL/H/5610-5

_ [[z N2—1)
R =v"2 ( N

R3=Z1(

Note: See Application Note 370 for further details.

N2 — 1 )
N2 — 2NS + 1
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Applications Information (continued)

TABLE Il. Attentuator Tables for Z1=22=3000
(All Values in Q)

dB R1 R2 R3 R4
0.1 1.7 26k 3.5 52k
0.2 3.5 13k 6.9 26k
0.3 52 8.7k 104 17.4k
0.4 6.9 6.5k 13.8 13k
0.5 8.5 5.2k 17.3 10.5k
0.6 10.4 4.4k 21.3 8.7k
0.7 121 3.7k 24.2 7.5k
0.8 13.8 3.3k 27.7 6.5k
0.9 15.5 2.9k 311 5.8k
1.0 17.3 2.6l 34.6 5.2k
2 34.4 1.3k 70 2.6k
3 51.3 850 107 1.8k
4 68 650 144 1.3k
5 84 494 183 1.1k
6 100 402 224 900
7 115 380 269 785
8 379 284 317 698
9 143 244 370 630
10 156 211 427 527
11 168 184 490 535
12 180 161 550 500
13 190 142 635 473
14 200 125 720 450
15 210 110 816 430
16 218 98 924 413
18 233 77 1.17k 386
20 246 61 1.5k 366
Typical Synchronous Application
-5v Veg VFyl+ |¢ FROM SLIC
0.1 uF he VFyl-
GNDA R1 R2
{; 0.1 uF E GSx
I ANALOG
5V & Veo — INTERFACE
T0 SLIC <¢ VFR0 3057
FROM TP3155 TSAC ——{ FSp FSy f¢——— FROM TP3155 TSAC
e— DIGITAL
Dg N INTERFACE
5V OR GNDA p{ BCLKR/CLKSEL BCLKy
PDN > MCLKg/PDN MCLKy ::1—— BCLKy (2.048 MHz/1.544 MHz)
TL/H/5510-6
Note 1: XMIT gain=20Xlog ( R1;2FI2) where (R1+R2) >10 KQ.
FIGURE 4
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TP3052, TP3053, TP3054, TP3054-1, TP3057, TP3057-1

Connection Diagrams (Continued)

Dual-In-Line Package

N\

Veg—{1 18 |~ VFyl+
GNDAj 2 17 = VFyl-
VFg0—3 16|65y

Vee—14 15 =T8¢

Fsp—15 TP3052 ¢4 —FSy

o5 13f=0y
s/ 17 12}-seLky
MCLKp/ —1 8 11}=McLky

S 10}-si6y

Top View
Order Number TP3052J

See NS Package Number J18A

BCLKg / CLKSEL

Dual-In-Line Package

.
VBB_ 1 20 —VFxH
GNDA—] 2 19|=VFyl=
VFR0—13 18|—6sy
Vo4 17 =T8¢
FR=15  1p3oss  16fFSx
5 D;— 6 15Dy
LKg =
cxse 17 14 f=BCLKy
MCLKr/ 8 13 |—=MCLKy
PDN
SFp— 9 12 f=SFy
SiGg=410 11f=si6y
TL/H/5510-8
Top View
Order Number TP3053J
See NS Package Number J20A
Plastic Chip Carrier

14
10 11 12 13

TL/H/8510-7
Top View
Order Number TP3057V*
See NS Package Number V20A
*Available mid 1990

TL/H/5510-9

1-42




National
Semiconductor

PRELIMINARY

TP3052-X, TP3054-X, TP3057-X
Extended Temperature “Ruggedized”
Serial Interface CODEC/Filter

COMBO® Family

General Description

The TP3052, TP3054, TP3057 family consists of u-law and
A-law monolithic PCM CODEC/filters utilizing the A/D and
D/A conversion architecture shown in Figure 1, and a serial
PCM interface. The devices are fabricated using National's
advanced double-poly CMOS process (microCMOS).

The encode portion of each device consists of an input gain
adjust amplifier, an active RC pre-filter which eliminates very
high frequency noise prior to entering a switched-capacitor
band-pass filter that rejects signals below 200 Hz and above
3400 Hz. Also included are auto-zero circuitry and a com-
panding coder which samples the filtered signal and en-
codes it in the companded p-law or A-law PCM format. The
decode portion of each device consists of an expanding
decoder, which reconstructs the analog signal from the
companded p-law or A-law code, a low-pass filter which
corrects for the sin x/x response of the decoder output and
rejects signals above 3400 Hz followed by a single-ended
power amplifier capable of driving low impedance loads.
The devices require two 1.536 MHz, 1.544 MHz or
2.048 MHz transmit and receive master clocks, which may
be asynchronous; transmit and receive bit clocks, which
may vary from 64 kHz to 2.048 MHz; and transmit and re-
ceive frame sync pulses. The timing of the frame sync puls-
es and PCM data is compatible with both industry standard
formats.

Features

m —40°C to +80°C operation

m Complete CODEC and filtering system (COMBO)
including:

— Transmit high-pass and low-pass filtering

— Receive low-pass filter with sin x/x correction

— Active RC noise filters

— p-law or A-law compatible COder and DECoder

— Internal precision voltage reference

— Serial 1/0 interface

— Internal auto-zero circuitry

p-law with signaling, TP3020 or TP5116A timing—
TP3052

p-law without signaling, 16-pin—TP3054

A-law, 16-pin—TP3057

Meets or exceeds all D3/D4 and CCITT specifications
+5V operation

m Low operating power—typically 60 mW

m Power-down standby mode—typically 3 mW

m Automatic power-down

m TTL or CMOS compatible digital interfaces

m Maximizes line interface card circuit density

m Dual-In-Line or PCC surface mount packages

Connection Diagrams

Dual-In-Line Package Plastic Chip Carriers Dual-In-Line Package
o < * 4
vep o P8vey + S5 B ves—1 v 16 v+
2 7 I T I I | 2 5.
GNDA T ‘—EVFxI 3 2 1 20 19 . GNM—S ::fol
VFa0 = — 65 N.C.—{4 18— GSy VFR0— |— Gsx
4 15— e 4 13—
Voo — — T5x Vee =15 3052 17~ TS Voo — Tr0ss/ |—T5x
] P18 tpsos7s 8PS o] B L
o (13 Dx br=17 15[=0x [ il Ul Dx
BCLKe/ 7 L BCLKg/CLKSEL —{ 8 14 |~ BCLKy BLkas 7 0
CLKsEL ] i 10 11 12 CLKSEL ] — BCLkx
MCLka/ — — MCLKx MeLke/ 2 mc
PON 1 ESEFEY PON H
SIGa—} SiGx Eang= .
< = TL/H/8674-1
3 .
TL/H/8674-7 = Top View
Top View Top Vi TL/H/8674-8 Order Number TP3054J-X or
op View
Order Number TP3052J-X P TP3057J-X
NS Package Number J18A Order Number TP3052V-X or NS Package Number J16A
TP3057V-X
NS Package Number V20A

*TP3057 does not have SIGg or SIGx signalling

features.
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TP3052-X, TP3054-X, TP3057-X

Block Diagram

Pin Description

Symbol
VBB

GNDA
VFRO
Vee

FSgr

Dr

MCLKg/PDN

MA——155,
r——
o o
ACTIVE FILTER
W’-_-L- + BAND-PASS FILTER
VOLTAGE mad
I CCOMPARATOR
RC ACTIVE Sewen v
o FILTER H LOW-PASS FILTER w [
POWER CLK
AMPLIFIER
o siaina o 7
CCONTROL CONTROL
+5V =5V
111
T
Vec Vs GNDA MCLK l';‘lgl BCLKy ::K?ﬂ{ FSa  FSx
FIGURE 1 ’ TL/H/8674-2
Function Symbol Function
Negative power supply pin. Vgg = —5V SIGR The eighth bit of the PCM data appears at
+5%. . this output after each receive signalling
Analog ground. All signals are referenced frame.
to this pin. SIGy Signal data input. Data at this input is in-
Analog output of the receive power ampli- serted into the 8th bit of the PCM word
fier. during transmit signaling frames.
Positive power supply pin. Vog = +5V MCLKy Transmit master clock. Must be 1.536
+5%. MHz, 1.544 MHz or 2.048 MHz. May be
Receive frame sync pulse which enables asyncpronogs with MCLKR. Best perform-
BCLKR to shift PCM data into Dg. FSg is ance is realized from synchronous opera-
an 8 kHz pulse train. See Figures 2 and 3 tion.
for timing details. FSx Transmit frame sync pulse input which en-
Receive data input. PCM data is shifted gt;(le's:SBf:.sK;(;%s:gtz%t:}léget;%MsiagaFig
BCLKR/CLKSEL lIl"'t:O g? f?"ollmn:' ‘:9 Eﬁﬂ cljeatl:r‘!: edDge' f ures 2 and 5 for timing detais.

R 1 DIt € 9ck which Shiits daia In‘o Up at- BCLKx The bit clock which shifts out the PCM
ter the FSR leading edge. May vary from data on Dy. May vary from 64 kHz to
64 kHz to 2.048 MHz. Alternatively, may 2.048 MHzXl.)ut m);st b?a, synchronous with
be a logic input which selects either 1.536 lviCLK ? 4
MHz/1.544 MHz or 2.048 MHz for master X: )
clock in synchronous mode and BCLKy is Dx The TRI-STATE® PCM data output which
used for both transmit and receive direc- . is enabled by FSx.
tions (see Table 1). TSx Open drain output which pulses low during
Receive master clock. Must be 1.536 the encoder time slot.

MHz, 1.544 MHz or 2.048 MHz. May be GSx Analog output of the transmit input amplifi-
asynchronous with MCLKy, but should be er. Used to externally set gain.
synchronous with MCLKy for best per- VFxl— Inverting input of the transmit input amplifi-
formance. When MCLKR is connected er.

continuously low, MCLKy is selected for VFxlt+ Non-inverting input of the transmit input

all internal timing. When MCLKR is con-
nected continuously high, the device is
powered down.

amplifier.
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Functional Description

POWER-UP

When power is first applied, power-on reset circuitry initializ-
es the COMBO and places it into a power-down state. All
non-essential circuits are deactivated and the Dx and VFRO
outputs are put in high impedance states. To power-up the
device, a logical low level or clock must be applied to the
MCLKR/PDN pin and FSy and/or FSg pulses must be pres-
ent. Thus, 2 power-down control modes are available. The
firstis to pull the MCLKR/PDN pin high; the alternative is to
hold both FSx and FSR inputs continuously low—the device
will power-down approximately 2 ms after the last FSx or
FSR pulse. Power-up will occur on the first FSx or FSg
pulse. The TRI-STATE PCM data output, Dy, will remain in
the high impedance state until the second FSy pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock and bit
clock should be used for both the transmit and receive di-
rections. In this mode, a clock must be applied to MCLKy
and the MCLKR/PDN pin can be used as a power-down
control. A low level on MCLKR/PDN powers up the device
and a high level powers down the device. In either case,
MCLKyx will be selected as the master clock for both the
transmit and receive circuits. A bit clock must also be ap-
plied to BCLKx and the BCLKR/CLKSEL can be used to
select the proper internal divider for a master clock of 1.536
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation,
the device automatically compensates for the 193rd clock
pulse each frame.

With a fixed level on the BCLKR/CLKSEL pin, BCLKx will be
selected as the bit clock for both the transmit and receive
directions. Table | indicates the frequencies of operation
which can be selected, depending on the state of BCLKR/
CLKSEL. In this synchronous mode, the bit clock, BCLKY,
may be from 64 kHz to 2.048 MHz, but must be synchro-
nous with MCLKx.

Each FSy pulse begins the encoding cycle and the PCM
data from the previous encode cycle is shifted out of the
enabled Dy output on the positive edge of BCLKy. After 8
bit clock periods, the TRI-STATE Dy output is returned to a
high impedance state. With an FSgr pulse, PCM data is
latched via the DR input on the negative edge of BCLKy (or
BCLKR if running). FSx and FSg must be synchronous with
MCLKy/R.

TABLE |. Selection of Master Clock Frequencies

Master Clock
Frequency Selected
BCLKR/CLKSEL TP3052
TP3057 TP3054
Clocked 2.048 MHz 1.536 MHz or
1.544 MHz
0 1.536 MHz or 2.048 MHz
1.544 MHz
1 (or Open Circuit) 2.048 MHz 1.536 MHz or
1.544 MHz

ASYNCHRONOUS OPERATION

For asynchronous operation, separate transmit and receive
clocks may be applied. MCLKx and MCLKR must be
2.048 MHz for the TP3057, or 1.536 MHz, 1.544 MHz for the
TP3052, 54, and need not be synchronous. For best trans-
mission performance, however, MCLKR should be synchro-
nous with MCLKY, which is easily achieved by applying only
static logic levels to the MCLKR/PDN pin. This will automati-
cally connect MCLKx to all internal MCLKR functions (see
Pin Description). For 1.544 MHz operation, the device auto-
matically compensates for the 193rd clock pulse each
frame. FSy starts each encoding cycle and must be syn-
chronous with MCLKy and BCLKy. FSg starts each decod-
ing cycle and must be synchronous with BCLKR. BCLKR
must be a clock, the logic levels shown in Table | are not
valid in asynchronous mode. BCLKx and BCLKR may oper-
ate from 64 kHz to 2.048 MHz.

SHORT FRAME SYNC OPERATION

The COMBO can utilize either a short frame sync pulse (the
same as the TP3020/21) or a long frame sync pulse. Upon
power initialization, the device assumes a short frame
mode. In this mode, both frame sync pulses, FSy and FSg,
must be one bit clock period long, with timing relationships
specified in Figure 2. With FSx high during a falling edge of
BCLKYy, the next rising edge of BCLKy enables the Dx TRI-
STATE output buffer, which will output the sign bit. The fol-
lowing seven rising edges clock out the remaining seven
bits, and the next falling edge disables the Dx output. With
FSR high during a falling edge of BCLKR (BCLKy in synchro-
nous mode), the next falling edge of BCLKR latches in the
sign bit. The following seven falling edges latch in the seven
remaining bits. All four devices may utilize the short frame
sync pulse in synchronous or asynchronous operating
mode.

LONG FRAME SYNC OPERATION

To use the long (TP5116A/56A) frame mode, both the
frame sync pulses, FSx and FSg, must be three or more bit
clock periods long, with timing relationships specified in Fig-
ure 3. Based on the transmit frame sync, FSx, the COMBO
will sense whether short or long frame sync pulses are be-
ing used. For 64 kHz operation, the frame sync pulse must
be kept low for a minimum of 160 ns. The Dx TRI-STATE
output buffer is enabled with the rising edge of FSx or the
rising edge of BCLKy, whichever comes later, and the first
bit clocked out is the sign bit. The following seven BCLKx
rising edges clock out the remaining seven bits. The Dy
output is disabled by the falling BCLKy edge following the
eighth rising edge, or by FSx going low, whichever comes
later. A rising edge on the receive frame sync pulse, FSg,
will cause the PCM data at DR to be latched in on the next
eight falling edges of BCLKR (BCLKx in synchronous
mode). All four devices may utilize the long frame sync
pulse in synchronous or asynchronous mode.

SIGNALING

The TP3052 p-law COMBOs contains circuitry to insert and
extract signaling information in the PCM data stream. The
TP3052 is intended for short frame sync applications. The
TP3054 and TP3057 have no provision for signaling.
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TP3052-X, TP3054-X, TP3057-X

Functional Description (continued)

Signaling for the TP3052 is accomplished by applying a
frame sync pulse two bit clock periods long, as shown in
Figure 2. With FSx two bit clock periods long, the data pres-
ent at SIGy input will be inserted as the LSB in the PCM
data transmitted during that frame. With FSg two bit clock
periods long, the LSB of the PCM data read into the Dr
input will be latched and appear on the SIGR output pin until
updated following the next signaling.frame. The decoder will
then interpret the lost LSB as “14,” to minimize noise and
distortion. The TP3052 is not capable of inserting or extract-
ing signaling information in the long frame mode.

TRANSMIT SECTION

The transmit section input is an operational amplifier with
provision for gain adjustment using two external resistors,
see Figure 4. The low noise and wide bandwidth allow gains
in excess of 20 dB across the audio passband to be real-
ized. The op amp drives a unity-gain filter consisting of RC
active pre-filter, followed by an eighth order switched-ca-
pacitor bandpass filter clocked at 256 kHz. The output of
this filter directly drives the encoder sample-and-hold circuit.
The A/D is of companding type according to p-law
(TP3052, TP3054) or A-law (TP3057) coding conventions. A
precision voltage reference is trimmed in manufacturing to
provide an input overload (tyax) of nominally 2.5V peak
(see table of Transmission Characteristics). The FSx frame

sync pulse controls the sampling of the filter output, and
then the successive-approximation encoding cycle begins.
The 8-bit code is then loaded into a buffer and shifted out
through Dy at the next FSx pulse. The total encoding delay
will be approximately 165 ps (due to the transmit filter) plus
125 ps (due to encoding delay), which totals 290 ps. Any
offset voltage due to the filters or comparator is cancelled
by sign bit integration.

RECEIVE SECTION

The receive section consists of an expanding DAC which
drives a fifth order switched-capacitor low pass filter
clocked at 256 kHz. The decoder is A-law (TP3057) or
p-law (TP3052, TP3054) and the 5th order low pass filter
corrects for the sin x/x attenuation due to the 8 kHz sam-
ple/hold. The filter is then followed by a 2nd order RC active
post-filter/power amplifer capable of driving a 60092 load to
a level of 7.2 dBm. The receive section is unity-gain. Upon
the occurrence of FSR, the data at the Dg input is clocked in
on the falling edge of the next eight BCLKR (BCLKy) peri-
ods. At the end of the decoder time slot, the decoding cycle
begins, and 10 us later the decoder DAC output is updated.
The total decoder delay is ~ 10 us (decoder update) plus
110 ps (filter delay) plus 62.5 ps (V. frame), which gives
approximately 180 us.
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Absolute Maximum Ratings s
If Military/Aerospace specified devices are required, Voltage at any Digital Input or S
please contact the National Semiconductor Sales Output Ve + 0.3V to GNDA—0.3V >
Office/Distributors for availability and specifications. Operating Temperature Range —55°Cto + 125°C -
Vo to GNDA w Storage Temperature Range —65°Cto +150°C | 9
Vea to GNDA A Lead Temperature (Soldering, 10 sec.) 300°C 3
Voltage at any Analog Input &
or Output Vg +0.3V to Vgg—0.3V >
-
O
- . - . - . . w
Electrical Characteristics uniess otherwise noted, limits printed in BOLD characters are guaranteed for Vg S
= +5.0V £5%, Vgg = —5.0V £5%; To = —40°C to +85°C by correlation with 100% electrical testing at T = 25°C. All ~
other limits are assured by correlation with other production tests and/or product design and characterization. All signals >'<
referenced to GNDA. Typicals specified at Vog = +5.0V, Vgg = —5.0V, Ta = 25°C.
Symbol | Parameter I Conditions [ Min ] Typ | Max [ Units
DIGITAL INTERFACE
ViL Input Low Voltage 0.6 \
ViH Input High Voltage 2.2 \
VoL Output Low Voltage Dy, IL.=3.2mA 0.4 \
SIGR, IL=1.0mA 0.4 \'
TSy, IL=3.2 mA, Open Drain 0.4 \
VoH Output High Voltage Dy, lH=—3.2mA 2.4 \"
SIGR, IH=—1.0mA 2.4 v
I Input Low Current GNDA<V|n<V)L, All Digital Inputs -10 10 pA
1T Input High Current VIHEVINSVCce -10 10 HA
loz Output Currentin High Impedance | Dy, GNDA<Vp<Vcc -10 10 pA
State (TRI-STATE)
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES)
XA Input Leakage Current —2.5V<V< +2.5V, VFxl* or VFyl— —-200 200 nA
RiXA Input Resistance —2.5V<V< +2.5V, VFxl+ or VFyl— 10 MQ
RoXA Output Resistance Closed Loop, Unity Gain 1 3 Q
RLXA Load Resistance GSx 10 kQ
CLXA Load Capacitance GSy 50 pF
VoXA Output Dynamic Range GSy, RL =2 10k —-2.8 2.8 \"
AyXA Voltage Gain VFyl+ to GSx 5000 VIV
FuXA Unity Gain Bandwidth 1 2 MHz
VosXA Offset Voltage —-20 20 mV
VomXA Common-Mode Voltage CMRRXA > 60 dB —-25 2.5 \
CMRRXA | Common-Mode Rejection Ratio DC Test 60 dB
PSRRXA Power Supply Rejection Ratio DC Test 60 dB
ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES)
RoRF Output Resistance Pin VFRO 1 3 Q
RLRF Load Resistance VFRO= t2.5V 600 Q
C_RF Load Capacitance 500 pF
VOSRO Output DC Offset Voltage —200 200 mV
POWER DISSIPATION (ALL DEVICES)
lccO Power-Down Current No Load (Nots) 0.65 2.0 mA
1gg0 Power-Down Current No Load (Note) i 0.01 | 0.33 mA
ot Power-Up (Active) Current No Load 7.0 11.0 mA
g1 Power-Up (Active) Current No Load 7.0 11.0 mA
Note: Icco and Iggo are measured after first achieving a power-up state.
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TP3052-X, TP3054-X, TP3057-X

Timing Specifications Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voo =
+5.0V £5%, Vgg = —5.0V £5%; Tp = —40°C to +85°C by correlation with 100% electrical testing at T = 25°C. All other
limits are assured by correlation with other production tests and/or product design and characterization. All signals referenced
to GNDA. Typicals specified at Voo = +5.0V, Vgg = 5.0V, Tp = 25°C.

All timing parameters are assured at Vo = 2.0V and Vo = 0.7V.

See Definitions and Timing Conventions section for test methods information.

Typ

Symbol Parameter Conditions Min Max Units
1/tpm Frequency of Master Clocks Depends on the Device Used and the 1.536 MHz
BCLKR/CLKSEL Pin. 1.544 MHz
) MCLKyx and MCLKRr 2.048 MHz
tRm Rise Time of Master Clock MCLKy and MCLKR 50 ns
tFm Fall Time of Master Clock MCLKyx and MCLKR 50 ns
trB Period of Bit Clock 485 488 15725 ns
tRB Rise Time of Bit Clock BCLKy and BCLKR 50 ns
trs Fall Time of Bit Clock BCLKy and BCLKR 50 ns
twmH Width of Master Clock High MCLKx and MCLKR 160 ns
twmL Width of Master Clock Low MCLKyx and MCLKR 160 ns
tsBFM Set-Up Time from BCLKx High First Bit Clock after Short Frame 100 ns
" to MCLKY Falling Edge the Leading Edge
of FSx Long Frame 125
tsFFM Setup Time from FSy High to Long Frame Only 100 ns
MCLK Falling Edge
twaH Width of Bit Clock High Vig=2.2V 160 ns
twBsL Width of Bit Clock Low ViL=0.6V 160 ns
tHBFL Holding Time from Bit Clock Long Frame Only (4] ns
Low to Frame Sync
tHBFS Holding Time from Bit Clock Short Frame Only o ns
High to Frame Sync
tsFB Set-Up Time from Frame Sync Long Frame Only 115 ns
to Bit Clock Low
tbBD Delay Time from BCLKy High Load=150 pF plus 2 LSTTL Loads 0 140 ns
to Data Valid
tpsTS Delay Time to TSx Low Load= 150 pF plus 2 LSTTL Loads 140 .ns
tpzc Delay Time from BCLKy Low to C_=0 pF to 150 pF 50 165 ns
Data Output Disabled
tozr Delay Time to Valid Data from CL=0 pF to 150 pF 20 165 ‘ns
FSx or BCLKy, Whichever
GComes Later
tssaB Set-Up Time from SIGyx to BCLKyx | TP3052 100 ns
tuBsG Hold Time from BCLKy High to TP3052 50 ns
SIGyx
tsps Set-Up Time from Dg Valid to 50 ns
BCLKR/x Low
tHeD Hold Time from BCLKR/x Low to 50 ns
DR Invalid
tsk Set-Up Time from FSy/g to Short Frame Sync Pulse (1 Bit Clock 50 ns
BCLKx/rLow Period Long)
tHF Hold Time from BCLKyx,/g Low Short Frame Sync Pulse (1 Bit Clock 100 ns
to FSx/R Low Period Long)
tHBFI Hold Time from 3rd Period of Long Frame Sync Pulse (from3to 8 Bit | 100 ns
Bit Clock Low to Frame Sync Clock Periods Long)
(FSx or FSR)
twrL Minimum Width of the Frame 64k Bit/s Operating Mode 160 ns

Sync Pulse (Low Level)
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TP3052-X, TP3054-X, TP3057-X
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Transmission Characteristics 8
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voc = +5.0V 5%, Vgg = —5.0V £5%; Tp = %
—40°C to +85°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other ¢
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V|y = 0 dBmO, transmit input amplifier "_|
connected for unity gain non inverting. Typicals are specified at Vgc = +5.0V, Vgg = —5.0V, Tp = 25°C. c-g
Symbol | Parameter Conditions | Min | Typ | Max | Units a
AMPLITUDE RESPONSE i
Absolute Levels Nominal 0 dBmO Level is 4 dBm “_|
(Definition of Nominal Gain) (60002) 8
0dBmoO 1.2276 Vrms 8
tMAX Max Overload Level D
TP3052, TP3054 (3.17 dBm0) 2.501 Vpk >
TP3057 (3.14 dBmO0) 2.492 Vpk
Gxa Transmit Gain, Absolute Ta=25°C, Vgc=5V, Vgg= -5V
Input at GSx =0 dBmO at 1020 Hz —-0.20 0.20 dB
GxRr Transmit Gain, Relative to Gxa f=16 Hz —40 dB
f=50 Hz -30 dB
f=60 Hz —26 dB
f=200 Hz -1.8 -0.1 dB
f=2300 Hz—3000 Hz -0.15 0.15 dB
f=3152 Hz -0.15 0.20 dB
f=3300 Hz -0.35 0.1 dB
f=23400 Hz -0.7 [»] dB
f=4000 Hz —-14 dB
f=4600 Hz and Up, Measure -32 dB
Response from 0 Hz to 4000 Hz
GxAT Apsolute Transmit Gain Variation | Relative to Gxa 015 0.15 dB
with Temperature
Gxav Apsolute Transmit Gain Variation | Relative to Gxa _0.05 0.05 dB
with Supply Voltage
GxRL Transmit Gain Variations with Sinusoidal Test Method
Level Reference Level= —10 dBm0
VFxl+ = —40dBm0 to +3 dBm0 —-0.2 0.2 dB
VFxl+ = —50 dBmo0 to —40 dBm0 —-0.4 0.4 dB
VFxl+ = —55 dBm0 to —50 dBm0 -1.2 1.2 dB
GRa Receive Gain, Absolute Ta=25°C, Voc=5V, Vgg=—5V
Input= Digital Code Sequence for
0 dBmoO Signal at 1020 Hz -0.20 0.20 dB
GRR Receive Gain, Relative to Gga f=0 Hz to 3000 Hz -0.15 0.15 dB
f=3300 Hz -0.35 0.1 dB
f=238400 Hz -0.7 o dB
f=4000 Hz -14 dB
GRAT A!Jsolute Receive Gain Variation | Relative to Gga —0.15 0145 dB
with Temperature
GRav A!osolute Receive Gain Variation | Reletive to GRa —0.05 0.05 dB
with Supply Voltage
GRRL Receive Gain Variations with Sinusoidal Test Method; Reference
Level Input PCM Code Corresponds to an
Ideally Encoded
PCM Level= —40 dBm0 to +3 dBm0 -0.2 0.2 dB
PCM Level= —50 dBm0 to —40 dBm0O —-0.4 0.4 dB
PCM Level= —55 dBm0 to —50 dBm0O -1.2 1.2 dB
VRo Receive Output Drive Level Ry =600Q —25 25 Vv
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TP3052-X, TP3054-X, TP3057-X

Transmission Characteristics (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V £5%, Vgg = —5.0V £5%; Tp =
—40°C to +85°C by correlation with 100% electrical testing at T = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V|y = 0 dBmO0, transmit input amplifier

connected for unity gain non inverting. Typicals are specified at Vo = +5.0V, Vgg = —5.0V, Tp = 25°C.
Symbol Parameter Conditions l Min [ Typ I Max | Units
ENVELOPE DELAY DISTORTION WITH FREQUENCY )
Dxa Transmit Delay, Absolute f=1600 Hz 290 315 us
Dxr Transmit Delay, Relative to Dxa f=500 Hz-600 Hz 195 220 us
f=600 Hz-800 Hz 120 145 ns
f=800 Hz-1000 Hz 50 75 s
f=1000 Hz-1600 Hz 20 40 us
f=1600 Hz-2600 Hz 55 75 s
f=2600 Hz-2800 Hz 80 105 us
) f=2800 Hz-3000 Hz 130 155 us
DraA Receive Delay, Absolute f=1600 Hz 180 200 us
Drr Receive Delay, Relative to Dra f=500 Hz-1000 Hz —40 —-25 s
f=1000 Hz-1600 Hz -30 -20 us
f=1600 Hz-2600 Hz 70 90 us
f=2600 Hz-2800 Hz 100 125 s
f=2800 Hz-3000 Hz 145 175 ns
NOISE
Nxc Transmit Noise, C Message TP3052, TP3054 12 16 dBrnCO
Weighted (Note 1)
Nxp Transmit Noise, P Message TP3057 —74 —-67 dBmOp
Weighted (Note 1)
Nrc Receive Noise, C Message PCM Code is Alternating Positive
Weighted and Negative Zero —
TP3052/54 8 11 dBrnCO
Ngrp Receive Noise, P Message TP3057 PCM Code Equals Positive
Weighted Zero — —82 —-79 dBmOp
NRrs Noise, Single Frequency f=0 kHz to 100 kHz, Loop Around —53 dBmoO
Measurement, VFxl+ =0 Vrms
PPSRx Positive Power Supply Rejection, Voc=5.0 Vpg+ 100 mVrms
Transmit f=0 kHz-50 kHz (Note 2) 40 dBC
NPSRx Negative Power Supply Rejection, Vgg= —5.0 Vpc+ 100 mVrms
Transmit f=0 kHz-50 kHz (Note 2) 40 dBC
PPSRR Positive Power Supply Rejection, PCM Code Equals Positive Zero
Receive Ve =5.0 Vpc+ 100 mVrms
Measure VFRO
f=0 Hz-4000 Hz 38 : dBC
f=4 kHz-25 kHz 38 dB
f=25 kHz-50 kHz 35 dB
NPSRRr Negative Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vgg= —5.0 Vpc+ 100 mVrms
Measure VFR0
f=0 Hz-4000 Hz 38 dBC
f=4 kHz-25 kHz 38 dB
f=25 kHz-50 kHz 35 dB
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Transmission Characteristics (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voc = +5.0V £5%, Vgg = —5.0V £5%; Tp =
—40°C to +85°C by correlation with 100% electrical testing at T4 = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V|y = 0 dBm0, transmit input amplifier
connected for unity gain non inverting. Typicals are specified at Vo = +5.0V, Vgg = —5.0V, Tp = 25°C.

Symbol Parameter Conditions Min Typ Max Units
SOS Spurious Out-of-Band Signals Loop Around Measurement, 0 dBmO, —30 dB
at the Channel Output 300 Hz to 3400 Hz Input PCM Code Applied
atDR.
4600 Hz-7600 Hz —30 dB
7600 Hz-8400 Hz —40 dB
8400 Hz~-100,000 Hz —-30 dB
DISTORTION
STDx Signal to Total Distortion Sinusoidal Test Method (Note 3)
STDR Transmit or Receive Level =3.0 dBm0 33 dBC
Half-Channel =0 dBmo0 to —30 dBmO 36 dBC
: =-40dBm0 XMT 28 dBC
RCV 29 dBC
=—-55dBm0  XMT 13 dBC
RCV 14 dBC
SFDx Single Frequency Distortion, —-43 dB
Transmit
SFDR Single Frequency Distortion, —43 dB
Receive
IMD Intermodulation Distortion Loop Around Measurement, —41 dB
VFxt = —4dBm0 to —21 dBmO0, Two
Frequencies in the Range
300 Hz-3400 Hz
CROSSTALK
CTx-R Transmit to Receive Crosstalk, f=300 Hz-3400 Hz —-90 —-70 dB
0 dBmO Transmit Level Dr = Quiet PCM Code (Note 4)
CTrx Receive to Transmit Crosstalk, f=2300 Hz-3400 Hz, VFxl = Multitone —-90 -70 dB
0 dBmO Receive Level (Note 2)
ENCODING FORMAT AT Dx OUTPUT
TP3052, TP3054 TP3057
Law A-Law
® (Includes Even Bit Inversion)
VN (at GSx)= +Full-Scale 1 o 0 o o0 o0 o0 o 1 0 1 0 1 0 1 0
_ 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1
Vin (at @Sy =0V {o 11 1 1 1 1 1 o 1 0o 1 0 1 0 1
VN (at GSx) = —Full-Scale o o o0 o O o0 o0 O 0o 0 1 0 1 0 1 0

Note 1: Measured by extrapolation from the distortion test result at —50 dBm0.

Note 2: PPSRy, NPSRy, and CTR_x are measured with a —50 dBm0 activation signal applied to VFx!*.
Note 3: TP3052/54/57 are measured using C message weighted filter for u-law and psophometric weighted filter for A-law.
Note 4: CTx_g @ 1.544 MHz MCLK freq. is —70 dB max. 50% *5% BCLKy duty cycle.
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TP3052-X, TP3054-X, TP3057-X

Applications Information

POWER SUPPLIES

While the pins of the TP3050 family are well protected
against electrical misuse, it is recommended that the stan-
dard CMOS practice be followed, ensuring that ground is
connected to the device before any other connections are
made. In applications where the printed circuit board may be
plugged into a “hot” socket with power and clocks already
present, an extra long ground pin in the connector should
be used.

All ground connections to each device should meet at a
common point as close as possible to the GNDA pin. This
minimizes the interaction of ground return currents flowing
through a common bus impedance. 0.1 uF supply decou-
pling capacitors should be connected from this common
ground point to Vgg and Vg, as close to device pins as
possible.

For best performance, the ground point of each CODEC/
FILTER on a card should be connected to a common card
ground in star formation, rather than via a ground bus.

This common ground point should be decoupled to Vgc and
Vpg with 10 pF capacitors.

RECEIVE GAIN ADJUSTMENT

For applications where a TP3050 family CODEC/filter re-
ceive output must drive a 60002 load, but a peak swing lower
than +2.5V is required, the receive gain can be easily ad-
justed by inserting a matched T-pad or 7-pad at the output.
Table Il lists the required resistor values for 60092 termina-
tions. As these are generally non-standard values, the equa-
tions can be used to compute the attenuation of the closest
practical set of resistors. It may be necessary to use un-
equal values for the R1 or R4 arms of the attenuators to
achieve a precise attenuation. Generally it is tolerable to
allow a small deviation of the input impedance from nominal
while still maintaining a good return loss. For example a 30
dB return loss against 6001 is obtained if the output imped-
ance of the attenuator is in the range 2820 to 3190 (as-
suming a perfect transformer).

T-Pad Attenuator

300 R1

r————-—

R

1]

1V2Z

- -

Note: See Application Note 370 for further details.

N
R2 = 2/Z1.22 (m—_f")

FOWER TN
Where: N = [ eeR oUT

and

21
S Vz
Also: Z = VZgc * Zoc
Where Zgc = impedance with shart circuit termination
and Zoc = impedance with open circuit termination

7-Pad Attenuator f
[m——————
R 1
\A4 M \ A AL
|
< <
S S |2 500
1S S
|
|
I I —

v

R3=Z1(

TL/H/8674-5

N2 -1 )
N2 — 2NS + 1




Applications Information (continued)

TABLE Il. Attentuator Tables for Z1=22=230002
(All Values in Q)

X-250€d1 ‘X-FSO€dL X-2S0€dL

dB R1 R2 R3 R4
0.1 1.7 26k 3.5 52k
0.2 3.5 13k 6.9 26k
0.3 5.2 8.7k 10.4 17.4k
0.4 6.9 6.5k 13.8 13k
0.5 8.5 5.2k 17.3 10.5k
0.6 10.4 4.4k 21.3 8.7k
0.7 12.1 3.7k 24.2 7.5k
0.8 13.8 3.3k 27.7 6.5k
0.9 15.5 2.9k 31.1 5.8k
1.0 17.3 2.6l 34.6 5.2k
2 34.4 1.3k 70 2.6k
3 51.3 850 107 1.8k
4 68 650 144 1.3k
5 84 494 183 1.1k
6 100 402 224 900
7 115 380 269 785
8 379 284 317 698
9 143 244 370 630
10 156 211 427 527
11 168 184 490 535
12 180 161 550 500
13 190 142 635 473
14 200 125 720 450
15 210 110 816 430
16 218 98 924 413
18 233 77 1.17k 386
20 246 61 1.5k 366

Typical Synchronous Application

—5v ——T_ Ves VFx |+ | @ FROM s5LIC
0.1 4F i~ [ w
GNDA 65
0.1 4F
PP AR W . ANALOG
INTERFACE
TPa054/
— ]
Tosue VFR0 TPats ‘
FROM TP3155 TSAC smebb] FS1 FSx [€———— FROM TP3155 TSAC
DIGITAL
—————
Dp INTERFACE
5V OR GNDA ———————— ] BCLKA/CLKSEL BCLK
PON »] McLkg /PON MCLKx :j———-— BOLKx (2.048 MH2/1.544 MH2)

TL/H/8674-6

R1+R2
R

Note 1: XMIT gain=20Xlog ( ) J(R1+R2) >10 KQ.

FIGURE 4
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TP3058, TP3059

National
Semiconductor

TP3058, TP3059 Microprocessor

Compatible COMBO®

General Description

The TP3058, TP3059 family consists of a p-law and A-law
monolithic PCM COMBO set utilizing the A/D and D/A con-
version architecture shown in Figure 7 and a parallel 1/0
microprocessor bus interface. The devices are fabricated
using National’'s advanced double poly microCMOS pro-
cess.

The transmit section consists of an input gain adjust amplifi-
er, an active RC pre-filter, and a switched-capacitor band-
pass filter that rejects signals below 200 Hz and above
3400 Hz. A compressing coder samples the filtered signal
and encodes it in the u-225 law or A-law PCM format. Auto-
zero circuitry is included on-chip. The receive section con-
sists of an expanding decoder which reconstructs the ana-
log signal from the compressed p-law or A-law code, and a
low pass filter which corrects for the sin x/x response of the
decoder output and rejects signals above 3400 Hz. The re-
ceive output is a single-ended power amplifier capable of
driving low impedance loads.

The TP3058 u-law and TP3059 A-law devices are pin com-
patible parallel interface CODEC/filters for microprocessor
and digital signal processor systems.

Features
B Complete CODEC and filtering system including:
— Transmit high pass and low pass filtering
— Receive low pass filter with sin x/x correction
— Receive power amplifier
— Active RC noise filters
— p-255 law COder and DECoder—TP3058
— A-law COder and DECoder—TP3059
— Internal precision voltage reference
— Internal auto-zero circuitry
B Meets or exceeds all LSSGR and CCITT specifications
m Microprocessor interface independant of frame sync
W Low operating power—typically 60 mW
B Power-down standby mode—typically 3 mW
| 2 loopback test modes

.
Block Diagram
Veea Veeo
65 |
i_ — — ‘ T— ——I
AUTO-ZERD :
733 Loue |
9 |
. VFxI~ v |
"""L‘:ﬁ yve 2nd ORDER SWITCHED s [
acacve |—»l caciron  faf oM |
FILTER BAND-PASS FILTER

L !
= mnmn,,/] 3 !
LOOPBACK |
SWITCH , |

VOLTAGE TRANSMIT DATA BUS

REFERENCE REGISTER DB0-D8?
I COMPARATOR 13 |
1 Y |

VFRO, 2nd ORDER SWITCHED
FNALDE ncacve le— camacion  fe— 5ol Ly
FILTER LOW PASS FILTER
POWER |
AMPLIFIER STROBE
[
FRAME [T
TIMING 1| controL ﬁé’n’ﬁ?‘ék
CONTROLLER | gt
STROBE
h r YW
TIMING
GENERATOR |
4 |
.L___._.T._ e 1 ||| ————— 4
Ves GNDA GNDD S CK R W PCM/CNTL TL/H/8833-1
FIGURE 1
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Connection Diagram

Dual-In-Line Package

/

Va1 22| Vrg#
GNDA—{ 2 21 |=VFyi-
V0 {3 20|65,
Veea—]4 19}=FS

R=15  1psose 18 Voo

ws R 17}-Fow/enn
pe7—{7  TP395 yelcik
pBs—| 8 15 |- bBo

DBs —|9 14}~ B1

DB4—| 10 13|82
oNDD—] 11 12}~ 083

TL/H/8833-2
Top View

Order Number TP3058J or TP3059J

See NS Package Number J22A

Pin Descriptions

Symbol
Ves

GNDA
VFRO

Vcea

DB7
DB6
DB5
DB4
GNDD

DB3
DB2
DB1
DBO

Function
Negative power supply pin.
Vpg = —5V +5%
Analog ground. All analog signals are refer-
enced to this pin.

Analog output of the receive power amplifier.
This output can drive a 6002 load to +2.5V.

Positive power supply voltage pin for the ana-
log circuitry. Voca = 5V +5%. Must be con-
nected to Veep.

Bit 7 170 on the data bus. The PCM LSB.

Bit 6 1/0 on the data bus.

Bit 5 1/0 on the data bus

Bit 4 1/0 on the data bus.

Digital ground. All digital signals are referenced
to this pin.

Bit 3 1/0 on the data bus.

Bit 2 1/0 on the data bus.

Bit 1 170 on the data bus.

Bit 0 I/0 on the data bus. This is the PCM sign
bit.

Symbol
CLK

PCM/
CNTL

Vcep
GSy

VFxl ™
VFyt

Function

The clock input for the switched-capacitor fil-
ters and CODEC. Clock frequency must be
768 kHz, 772 kHz, 1.024 MHz or 1.28 MHz and
must be synchronous with the uC system
clock.

Frame sync input, which starts a new Encode
and Decode cycle. Must occur at an 8 kHz rate
to meet CCITT and LSSGR specifications.
Input from the Microprocessor READ signal,
which enables the CQMBO bus drivers. May be
asynchronous with FS.

Input from the Microprocessor WRITE signal,
which enables the COMBO bus receivers. May
be asynchronous with FS.

This control input determines whether the infor-
mation on the data bus is PCM data or control
data.

Positive power supply pin for the bus drivers.
Veep = 5V £5%. Must be connected to Voca.
Analog output of the transmit input amplifier.
Used to externally set gain.

Inverting input of the transmit input amplifier.

Non-inverting input of the transmit input amplifi-
er.
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TP3058, TP3059

Functional Description

POWER-UP

When power is first applied, power-on reset circuitry initializ-
es the COMBO and sets it in the power-down mode. All
non-essential circuits are deactivated and the data bus out-
puts, DB0O-DB7, and receive power amplifier output, VFRO,
are in high impedance states.

The TP3058 and TP3059 are powered-up via a command to
the control register (see Control Register Functions). This
sets the device in the standby mode with all circuitry activat-
ed, but encoding and decoding do not begin until PCM
READ and PCM WRITE chip selects occur.

TABLE I. Control Bit Functions

Control Bits Function
Co0, C1 Select Clock Frequency
Cco C1 Frequency
0 X 1.024 MHz
1 0 0.768 MHz or 0.772 MHz
1 1 1.28 MHz )
C2,C3 Digital and Analog Loopback
c2 C3 Mode
1 X digital loopback
0 1 analog loopback
0 0 normal
C4 Power-Down/Power-Up
1 = power-down
0 = power-up
C5 TP3058—Don’t care (Note 1)
TP3059 o
1 = Not implemented. Do not use
0 = A-law with even bit inversion
C6-C7 Don’t Care (Note 1)

Note 1: These bits are always set to “1” when reading back the control
register.

DATA BUS NOMENCLATURE
The order of the data bus is as follows:

Data Type DBO DB7
PCM | Sign Bit LSB
Control Data Cco c7

MICROPROCESSOR WRITING THE BUS

The microprocessor may write to either the Control Register
or PCM Receive Register by first setting up the PCM/CNTL
address bit during a WRITE cycle. A CNTL WRITE may take
place at any time without restriction, during either the pow-
ered-up or powered-down state.

A PCM WRITE cycle normally occurs once per frame, and
may occur any time in the frame except during the FS falling
edge. PCM data is held in a register and will not update the
DAC until the next FS pulse starts a new decoding cycle.

MICROPROCESSOR READING THE BUS

The microprocessor may read either the Control Register, to
verify the status of the device, or the PCM Transmit Regis-
ter. Selection is again by means of the PCM/CNTL address
input. A CNTL READ may take place at any time without
restriction, during either the powered-up or powered-down
state. A PCM READ cycle normally occurs once per frame,
and may occur any time in the frame except during the FS
falling edge.

COMBO TIMING

The CLK input signal provides timing for the encode and
decode logic and the switched-capacitor filters. It must be
one of the frequencies listed in Table | and must be correct-
ly selected by control bits CO and C1. FS is a sync input
which starts both the Encode and Decode cycles. It must be
an integer sub-multiple of CLK, and must occur at an 8 kHz
rate to meet CCITT and LSSGR transmission specifications.

CONTROL REGISTER FUNCTIONS

Writing to the control register (see Table I) allows the user
to set the various operating states of the TP3058 and
TP3059. The control register can also be read back via the
data bus to verify the current operating mode of the device.

1. CLK Select

Since one of three distinct clock frequencies may be
used, the actual frequency must be known by the device
for proper operation of the switched-capacitor filters. This
is achieved by writing control register bits CO and Ci,
normally in the same WRITE cycle that powers-up the
device, and before any PCM data transfers take place.

2. Digital Lookback

In order to establish that a valid path has been selected
through a network, it is sometimes desirable to be able to
send data through the network to its destination, then
loop it back through the network return path to the origi-
nating source where the data can be verified. This loop-
back function can be performed in the TP3058 and
TP3059 by setting control register bit C2 to 1. With C2
set, the PCM data in the receive register will be written
back onto the data bus during the next PCM WRITE cy-
cle. In the digital loopback mode, the receive section is
set to an idle channel condition in order to maintain a low
impedance termination at VFRO.

3. Analog Loopback
In the analog loopback mode, the transmit filter input is
switched from the gain adjust amplifier to the receive
power amplifier output, forming a unity-gain loop from the
receive register back to the transmit register. This mode
is entered by setting control register bits G2 to 0 and C3
to 1. The receive power amplifier continues to drive the
load in this mode.

4. Power-Down/Power-Up
The TP3058, TP3059 may be put in the power-down
mode by setting control register bit C4 to 1. Conversely,
settng bit C4 to 0 powers-up the device.




Functional Description (continued)

TRANSMIT FILTER AND ENCODE SECTION

The transmit section input is an operational amplifier with
provision for gain adjustment using two external resistors,
see Figure 2. The low noise and wide bandwidth allow gains
in excess of 20 dB across the audio passband to be real-
ized. The op amp drives a unity-gain filter consisting of a
2nd order RC active pre-filter, followed by an 8th order
switched-capacitor bandpass filter clocked at 256 kHz. The
output of this filter directly drives the encoder sample-and-
hold circuit. The A/D is of companding type according to
1-255 law (TP3058) or A-law (TP3059) coding schemes. A
precision voltage reference is trimmed in manufacturing to
provide an input overload (tyax) of nominally 2.5V peak
(see table of Transmission Characteristics). Any offset voit-
age due to the filters or comparator is cancelled by sign bit
integration in the auto-zero circuit.

The total encoding delay referenced to a frame sync input
select will be approximately 165 ps (due to the transmit
filter) plus 125 us (due to encoding delay), which totals 290
uS.

TRANSMIT GAIN ADJUSTMENT

Figure 2 shows the connections for setting the Transmit in-
put amplifier in non-inverting mode. Gains in excess of
20 dB can be obtained with this amplifier without significant-
ly impairing the transmission performance of the device.

} GSx
—>

A1

VFxi*
TO TRANSMIT
FILTER

Q)

\/
GNDA
TL/H/8833-3

+
Non-inverting transmit gain = 20 log{g (R1 2 H2>

Set gain to provide peak overload level = tyax at GSx (see Transmission
Characteristics)

FIGURE 2. Transmit Gain Adjustment

DECODER AND RECEIVE FILTER SECTION

The receive section consists of an expanding DAC which
drives a 5th order switched-capacitor low pass filter clocked
at 256 kHz. The decoder is of A-law (TP3059) or u-law
(TP3058) coding law and the 5th order low pass filter cor-
rects for the sin x/x attenuation due to the 8 kHz sample/

hold. The filter is then followed by a 2nd order RC active
post-filter. The power amplifier output stage is capable of
driving a 600 load to a level of 7.2 dBm. The receive sec-
tion has unity-gain. Each decoding cycle begins just prior to
a FS pulse. The total decoder delay is 110 us (filter delay)
plus 62.5 us (Y4 frame), which gives approximately 170 us,
relative to the FS pulse following the microprocessor PCM
WRITE cycle.

RECEIVE GAIN ADJUSTMENT

Receive gain adjustments with a high impedance load can
be implemented with a simple 2-resistor potentiometer.
Gain adjustments requiring matching to a transformer
should use the equations given in the Applications section.

VFR0 300 V7

2
£
1: 600

Maximum output power = 7.2 dBm total, 4.2 dBm to the load.
VFg0 R1 R2 Tn
D <t %
>
R3 < , I

GNDA

GNDA

Y Y'Y
A
v
2
=)

TL/H/8833-8
See Applications information for attenuator design guide.

FIGURE 3. Receive Gain Adjustment
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TP3058, TP3059

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

GNDD to GNDA +0.3V
Vcea or Voep to GNDD or GNDA v
Vgg to GNDD or GNDA -7V

Electrical Characteristics

Voltage at Any Analog

Input or Output Vec+ 0.3V to Vgg—0.3V
Voltage at Any Digital

Input or Output Vcc+0.3V to GNDD—0.3V

—25°Cto +125°C
—65°C to +150°C
300°C

Operating Temperature Range
Storage Temperature Range
Lead Temp. (Soldering, 10 sec.)
ESD rating is to be determined.

Unless otherwise noted: Vcca = Veep = 5.0V £5%, Vgg = —5V £5%, GNDD = GNDA = 0V, Tp = 0°C to 70°C; typical
characteristics specified at nominal supply voltages, Ta = 25°C; all digital signals are referenced to GNDD, all analog signals
are referenced to GNDA. Limits printed in BOLD characters are guaranteed for Voca = Vgoop = 5.0V £5%, Vgg = —5.0V
+5%; Tp = 0°C to 70°C by correlation with 100% electrical testing at T = 25°C. All other limits are assured by correlation with

other production tests and/or product design characterizations.

Symbol Parameter 1 Conditions I Min | Typ | Max | Units
DIGITAL INTERFACE
ViL Input Low Voltage 0.6 \
VH Input High Voltage 2.2 \
VoL Output Low Voltage DB0-DB7, 1 = 2.5 mA 0.4 Vv
VoH Output High Voltage DB0-DB7, Iy = 2.5 mA 24 \"
L Input Low Current GNDD < V|N < VL -3 3 pA
i Input High Current ViH < VIN < Veo -3 3 pA
loz Output Current in High Impedance | DB0-DB7, GNDD < Vg < Voo —3 3 A
State (TRI-STATE®)
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER
IIXA Input Leakage Current —2.5V <V < +2.5V, VFxl+ or VFxI— —200 200 nA
RiXA Input Resistance —2.5V <V < +2.5V, VFxlt or VFyxl— 10 MQ
RoXA Output Resistance, GSx Closed Loop, Unity Gain 1 3 Q
RLXA Load Resistance, GSx 10 kQ
CLXA Load Capacitance, GSx 50 pF
VoXA Output Dynamic Range, GSx R = 10ka —-2.8 2.8 \Y
AyXA Voltage Gain VFxl+ to GSx 5000 V/V
FuXA Unity-Gain Bandwidth 1 2 MHz
VosXA Offset Voltage —-20 20 | mv
VomXA Common-Mode Voltage CMRRXA > 60 dB -2.5 2.5 \
CMRRXA | Common-Mode Rejection Ratio DC Test 60 dB
PSRRXA Power Supply Rejection Ratio DC Test 60 dB
RECEIVE POWER AMPLIFIER
RoRF Output Resistance, VFRO 1 3 Q
R.RF Load Resistance VFRO = 2.5V 600 1)
CLRF Load Capacitance 50 pF
VOSRO Output DC Offset Voltage —200 200 mV
POWER DISSIPATION
lcco Power-Down Current No Load (Note ) 0.5 1.5 mA
IBBO Power-Down Current No Load (Note 1) 0.05 0.3 mA
lcct Active Current No Load 6.0 9.0 mA
IBB1 Active Current No Load 6.0 9.0 mA

T lcco and Iggo are measured after first achieving a power-up state.




Timing Specifications

Unless otherwise noted, Vcca = Veop = 5.0V £5%, Vgg = —5.0V 5%, GNDA = 0V, T = 0°C to 70°C; typical character-
istics specified at Voca = Vccp = 5.0V, Vgg = —5.0V, Ta = 25°C; all signals are referenced to GNDA. Timing specifications
are measured at Vo = 2.0V and Vg = 0.7V. Limits printed in BOLD characters are guaranteed for Vcca = Vcep = 5.0V
+5%, Vg = —5.0V £5%; Ty = 0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits are
assured by correlation with other production tests and/or product design characterizations. See Definitions and Timing Conven-
tions for test methods information.

650€d.1 ‘850€dL

Symbol Parameter Conditions Min Max Units
tpc Period of Clock 760 ns
twcH Width of Clock High 330 ns
tweL Width of Clock Low 330 ns
trc Rise Time of Clock 50 ns
trc Fall Time of Clock 50 ns
twFL Width of FS Low 200 " ns
100 us
tHFR Hold Time, FS Low to R PCM READ Only 100 ns
tsRE Set-Up Time, R Low to FS PCM READ Only 100 ns
tHEW Hold Time, FS Low to W PCM WRITE Only 100 ns
tswrF Set-Up Time, W Low to FS PCM WRITE Only 100 ns
twRH Width of R High 75 ns
twwH Width of W High 125 ns
torRD Delay Time, R to Data Valid CL = 100 pF 65 ns
tzRD Float Delay, R Low to DB High-Z ' 0 80 ns
tspw Set-Up Time, DB to W Low 75 ns
tHwD Hold Time, W Low to DB 25 ns
tsPWR Set-Up Time, PCM/CNTL to R or W 20 | ns
tHWRP Hold-Time, W or R to PCM/CNTL 100 ns
tHCF Hold-Time, FS Low after CLK High 100 ns
tsFc Set-Up Time, FS High to CLK High 100 ns
tprs Period of FS (Note 4) CLK = 1.024 MHz 70 us

Timing Diagram

twen tec "
<t $
CLK 4 & a4
tre ~—tsrc trc ¢ |
tHCF - PFS |
s \ twri HZ‘ -
<ty tsrr twrL
R \
Lwwn
t ‘ | t
W HFW SWF
tspwr | [tHwre tsewr | | thwre
1 | e
PCM/CNTL )t)( X
tzpple—s] tspwe—s! F-thwp -+

DB0-DB7 DATA OUT DATA IN

toro— |

TL/H/8833-4
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TP3058, TP3059

Transmission Characteristics
Unless otherwise specified: To=0°C to 70°C, Vocca=Vccp=5V 15%, Vgg= —5V *5%, GNDD=GNDA=0V, f =1.02 kHz,
Vin= 0 dBmO, transmit input amplifier connected for unity-gain non-inverting. Limits printed in BOLD characters are guaranteed
for Voca=Voeop=5.0V £5% and Vgg= —5.0V £5%; Tao=0°C to 70°C by correlation with 100% testing at T =25°C. All other
limits are assured by correlation with production tests and/or product design and characterization.

Symbol Parameter Conditions | Min | Typ | Max | Units
AMPLITUDE RESPONSE
Absolute Levels Nominal 0 dBmO Level is 4 dB
(60042) :
0dBmoO TP3058 1.2276 Vrms
TP3059 1.2276 Vrms
tMAX Maximum Overload Level TP3058 (+3.17 dBmO0) 2.501 Vpk
TP3059 (+3.14 dBm0) 2.492 Vpk
Gxa Transmit Gain, Absolute Ta = 25°C, Vooa = Veep = 5.0V, Vgg = —5.0V |
Input at GSx = 0 dBm0 at 1020 Hz 0.15 0.15 | a8
GxRr Transmit Gain, f=16Hz —-40 dB
Relative to Gxa f = 50Hz —30 dB
f = 60 Hz —26 dB
f = 200 Hz -1.8 -0.1| dB
f = 300 Hz-3000 Hz -0.15 0.15 dB
f = 3300 Hz -0.35 0.1 dB
f = 3400 Hz -0.7 o dB
f = 4000 Hz -14 dB
f = 4600 Hz and Up, Measure -32 dB
Response from 0 Hz to 4000 Hz
GxAT Absolute Transmit Gain Relative to Gxa
L . -0.1 0.1 dB
Variation with Temperature
Gxav AbS.ON.Jte TI:ansm|t Gain Relative to Gxa —0.05 0.05 dB
Variation with Supply Voltage
GxRL Transmit Gain Variation Sinusoidal Test Method
with Level Reference Level = —10 dBmO
VFxl+ = —40dBmo0 to +3 dBm0 —-0.2 0.2 dB
VFxl+ = —50 dBm0to —40 dBm0O -0.4 0.4 dB
VFxlt = —55dBm0 to —50 dBmO 1.2 1.2 dB
GRa Receive Gain, Absolute Ta = 25°C,Vcca = Voep = 5V, Vg = —5V
Input = Digital Code Sequence for -0.15 0.15 dB
0 dBmO Signal at 1020 Hz
GRRr Receive Gain, f = 0 Hz to 3000 Hz -0.15 0.15 dB
Relative to GRra f = 3300 Hz -0.35 0.05 dB
f = 3400 Hz -0.7 [+] dB
f = 4000 Hz -14 | dB
GRAT Absolute Receive Gain Relative to Gga
- . —0.1 0.1 dB
Variation with Temperature
GRav Absplyte R.ecewe Gain Relative to GRa _0.05 0.05 dB
Variation with Supply Voltage
GRRL Receive Gain Variation . Sinusoidal Test Method; Reference Input PCM
with Level Code Corresponds to an Ideally Encoded
PCM Level = —40 dBm0 to +3 dBm0 —-0.2 0.2 dB
= —50 dBm0 to —40 dBm0 —-0.4 0.4 dB
= —55dBm0 to —50 dBm0 -1.2 1.2 dB
Vro Receive Output Drive Level RL = 600Q —-25 25 \"
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Transmission Characteristics (continued)

Unless otherwise specified: To=0°C to 70°C, Vcca=Vccp=5V +5%, Vgg= —5V £5%,GNDD=GNDA=0V, f =1.02 kHz,
Vin=0 dBmO, transmit input amplifier connected for unity-gain non-inverting. Limits printed in BOLD characters are guaranteed
for Veca=Vccp=5.0V £5% and Vgg= —5.0V £5%; Tp = 0°C to 70°C by correlation with 100% testing at To = 25°C. All
other limits are assured by correlation with production tests and/or product design and characterization.

650€d.1 ‘850€dL

Symbol Parameter Conditions I Min | Typ I Max l Units
ENVELOPE DELAY DISTORTION WITH FREQUENCY
Dxa Transmit Delay, Absolute f = 1600 Hz 290 315 us
Dxr Transmit Delay, Relative to Dxa f = 500 Hz-600 Hz 195 220 us
f = 600 Hz-800 Hz 120 145 ns
f = 800 Hz-1000 Hz 50 75 us
f = 1000 Hz-1600 Hz 20 40 ns
f = 1600 Hz-2600 Hz 55 75 ns
f = 2600 Hz-2800 Hz 80 105 ns
f = 2800 Hz-3000 Hz 130 155 s
DRra Receive Delay, Absolute f = 1600 Hz 180 200 ©s
DRrr Receive Delay, Relative to Dra f = 500 Hz-1000 Hz —40 | —25 ns
f = 1000 Hz-1600 Hz —-30 | —20 s
f = 1600 Hz-2600 Hz 70 90 us
f = 2600 Hz-2800 Hz 100 125 s
f = 2800 Hz-3000 Hz 145 175 us
NOISE
Nxc Transmit Noise, C Message Weighted | TP3058, (Note 1) 12 15 dBrnCO
Nxp Transmit Noise, P Message Weighted | TP3059, (Note 1) —74 | —69 | dBmOp
Nrc Receive Noise, C Message Weighted | TP3058, PCM Code Equals Alternating
. . 8 11 dBrnCO
Positive and Negative Zero
Nrp Receive Noise, P Message Weighted | TP3059, PCM Code Equals Positive Zero —82 | —79 | dBmOp
NRrs Noise, Single Frequency f = 0 kHz to 100 kHz, Loop Around _s53 dBmo
Measurement, VFyxl+ = 0V
PPSRyx | Positive Power Supply Vcea = Veep = 5.0 Vpg + 100 mVrms 40 dBC
Rejection, Transmit f = 0 kHz-50 kHz (Note 2)
NPSRyx | Negative Power Supply Vgg = —5.0 Vpg +100 mVrms 40 dBC
Rejection, Transmit f = 0 kHz-50 kHz (Note 2)
PPSRR | Positive Power Supply PCM Code Equals Positive Zero for
Rejection, Receive TP3058 and TP3059
Vce = 5.0 Vpg +100 mVrms
f = 0 Hz-4000 Hz 40 dBC
f = 4 kHz-25 kHz 40 dB
f = 25 kHz-50 kHz 36 dB
NPSRR | Negative Power Supply PCM Code Equals Positive Zero for
Rejection, Receive TP3058 and TP3059
Vgg = —5.0 Vpg +100 mVrms
f = 0 Hz-4000 Hz 40 dBC
f = 4 kHz-25 kHz 40 dB
f = 25 kHz-50 kHz 36 dB
SOs Spurious Out-of-Band Signals 0 dBm0, 300 Hz-3400 Hz Input Applied to
at the Channel Output VFxl*, Measure Individual Image Signals
at VFRO
4600 Hz-7600 Hz —-32 dB
7600 Hz-8400 Hz —40 dB
8400 Hz-100,000 Hz —-32 dB
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TP3058, TP3059

Transmission Characteristics (continued)

(All Devices) Unless otherwise specified: To=0°C to 70°C, Vocca=Vccp=>5V £5%, Vgg= —5V +5%, GNDD=GNDA=0V,
f =1.02 kHz, Viy=0 dBmO, transmit input amplifier connected for unity-gain non-inverting. Limits printed in BOLD characters

are guaranteed for Vog=5.0V +5% and Vgg= —5.0V +5%; Tao=

0°C to 70°C by correlation with 100% testing at T4 =25°C.

All other limits are assured by correlation with production tests and/or product design and characterization.

Symbol Parameter Conditions | . Min I Typ | Max | Units
DISTORTION
STDx Signal to Total Distortion Sinusoidal Test Method (Note 3)
STDr Transmit or Receive Level = 3.0 dBmO 33 dB
Half-Channel = 0dBm0 to —30 dBm0 36 dB
= —40 dBm0 XMT 29 dB
RCV 30 dB
= —55dBm0 XMT 14 dB
RCV 15 dB
SFDy Single F.requency Distortion, _a6 dB
Transmit
SFDR Smglg Frequency Distortion, _a6 dB
Receive
IMD Intermodulation Distortion VFxlt+ = —4dBm0 to —21 dBmoO,
. —41 dB
Two Frequencies in the Range
300 Hz-3400 Hz
CROSSTALK
CTx.R Transmit to Receive Crosstalk | f = 300 Hz-3000 Hz at 0 dBm0
0 dBm0O Transmit Level Transmission Level —-90 -70 dB
' Steady PCM Receive Code
CTRx Receive to Transmit Crosstalk | f = 300 Hz-3000 Hz at 0dBmO Transmit Level —90 | -70 dB
0 dBmO Receive Level (Note 2)
Note 1: Measured by extrapolation from the distortion test result. At —50 dBm0
Note 2: CTR.x, PPSRy, and NPSRy are measured with a —50 dBmo activation signal applied at VFxi+.
Note 3: Using C message weighted filter.
Note 4: Must be 125 ps to meet CCITT and LSSGR specifications.
Encoding Format At Data Bus Output
. TP3059
Tﬁf.:svs True A-Law,C5 = 0
W (Includes Even Bit Inversion)
MSB LSB | MSB LSB
Vwn=+FulScae |1 0 0 o0 o0 O O O0}j1 0 1 0 1 0 1 O
_ 1 1 1 1 1 1 1 1 1 1 o 1 0o 1 0o 1
Vin =0V o1 1t 1 1 1 1 10 1 0 1 0 1 0 1
Vin=—FullkScae | O 0 0 0o O O O O|O O 1t o0 1 0 1 O
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Applications Information

POWER SUPPLIES

While the pins of the TP3058/9 family are well protected
against electrical misuse, however, it is recommended that
the standard CMOS practice be followed, ensuring that
ground is connected to the device before any other connec-
tions are made. In applications where the printed circuit
board may be plugged into a “hot” socket with power and
clocks already present, an extra long ground pin in the con-
nector should be used. GNDA and GNDD MUST be con-
nected together adjacent to each COMBO, not on the con-
nector or backplane wiring.

All ground connections to each device should meet at a
common point as close as possible to the GNDA pin. This
minimizes the interaction of ground return currents flowing
through a common bus impedance. 0.1 uF supply decou-
pling capacitors should be connected from this common
ground point to Vcca and Vgg.

For best performance, the ground point of each COMBO on
a card should be connected to a common card ground in
star formation, rather than via a ground bus. This common
ground point should be decoupled to Vg and Vgg with 10
1F capacitors.

The positive power supply to the bus drivers, Vccp, is pro-
vided on a separate pin from the positive supply for the
COMBO circuits to minimize noise injection when driving the
bus. Vcca and Veop MUST be connected together close to
the COMBO at the point where the 0.1 uF decoupling ca-
pacitor is connected.

Application Note AN370 provides further guidance on board
layout techniques.

RECEIVE GAIN ADJUSTMENT

For applications where a TP3050 family CODEC/filter re-
ceive output must drive a 600Q2 load, but a peak swing lower
than +2.5V is required, the receive gain can be easily ad-
justed by inserting a matched T-pad or 7r-pad at the output
as shown in Figure 4. Table Il lists the required resistor val-
ues for 6000 terminations. As these are generally non-stan-
dard values, the equations can be used to compute the at-
tenuation of the closest practical set of resistors. It may be
necessary to use unequal values for the R1 or R4 arms of
the attenuators to achieve a precise attenuation. Generally
it is tolerable to allow a small deviation of the input imped-
ance from nominal while still maintaining a good return loss.
For example a 30 dB return loss against 600(} is obtained if
the output impedance of the attenuator is in the range 282Q
to 3190 (assuming a perfect transformer).

T-Pad Attenuator

>
<
1 b R2

TL/H/8833-5

_ N2+1) ( N )
R1 = Z1 (N2_1 2z1z2 N3

N
R2 = 242122 (m)
POWER IN
Where: N = /oo wER oUT
and

Z1

S=\z

Also: Z = JZgcZoc

Where Zgc = Impedance with short circuit termination
and Zpoc = Impedance with open circuit termination

7-Pad Attenuator

s [ 1 7 W
AAA—L AAA :
vy i A A A4

z1I b > 2

ISr  Sm

| > >

|

|

[T I

TL/H/8833-6

Z1Z2 (N2 -1
R=y=Z ( N )
N2 — 1
Re=21 (N2—2NS+ 1)
FIGURE 4. Receive Gain Adjustment
for Matched Loads
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TP3058, TP3059

Applications Information (continued)

TABLE Il. Attenuator Tables for Z1 = Z2 = 3000 TABLE Il. Attenuator Tables for Z1 = Z2 = 3000
(All Values in Q) (All Values in Q) (Continued)

dB R1 R2 R3 R4 dB R1 R2 R3 R4
0.1 1.7 26k 3.5 52k 7 115 380 269 785
0.2 35 13k 6.9 26k 8 379 284 317 698
0.3 5.2 8.7k 10.4 17.4k 9 143 244 370 630
0.4 6.9 6.5k 13.8 13k 10 156 21 427 527
0.5 8.5 5.2k 17.3 10.5k 11 168 184 490 535
0.6 10.4 4.4k 21.3 8.7k 12 180 161 550 500
0.7 12.1 3.7k 24.2 7.5k 13 190 142 635 473
0.8 13.8 3.3k 27.7 6.5k 14 200 125 720 450
0.9 15.5 2.9k 3141 5.8k 15 210 110 816 430
1.0 17.3 2.6k 34.6 5.2k 16 218 98 924 413

2 34.4 1.3k 70 2.6k 18 233 77 1.17k 386

3 51.3 850 107 1.8k 20 246 61 1.5k 366

4 68 650 144 1.3k

5 84 494 183 1.1k

6 100 402 224 900

Typical Application

Figure 5 shows a typical application of the TP3058/9 with a microprocessor having non-multiplexed address and data ports. The
COMBO clocks, CLK and FS, are derived from a crystal-controlled counter chain. The 8 kHz FS signal is also used as an
Interrupt to the processor, prompting it to generate a PCM READ and PCM WRITE cycle sometime during the next frame period.

yi
DBO=7 < 8/ > 0B
PCW/CNTL |«
3} DECODER Ag—n
TPSOSB{MQ MICROPROCESSOR
COMBO ‘_OG_
R _
]
w _
<—OG_ "
s« PN
) 1.28 MHz OR
cik fe 1.024 MHz OR
8 khHz 772kHz OR
768 kHz

. . XTAL
o ¢ M [osciaTor

TL/H/8833-7
FIGURE 5. Typical Application
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National
Semiconductor

TP3064, TP3067
Monolithic Serial Interface
CMOS CODEC/Filter COMBO®
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General Description Features

The TP3064 (u-law) and TP3067 (A-law) are monolithic B Complete CODEC and filtering system including:
PCM CODEC/Filters utilizing the A/D and D/A conversion — Transmit high-pass and low-pass filtering
architecture shown in Figure 1, and a serial PCM interface. — Receive low-pass filter with sin x/x correction
The devices are fabricated using National’s advanced dou- — Active RC noise filters

ble-poly CMOS process (microCMOS). — p-law or A-law compatible COder and DECoder

— Internal precision voltage reference
— Serial 1/0 interface

— Internal auto-zero circuitry

— Receive push-pull power amplifiers

Similar to the TP3050 family, these devices feature an addi-
tional Receive Power Amplifier to provide push-pull bal-
anced output drive capability. The receive gain can be ad-
justed by means of two external resistors for an output level

of up to 6.6V across a balanced 600 load. B p-law—TP3064
Also included is an Analog Loopback switch and a TSy out- m A-law—TP3067
put. B Meets or exceeds all D3/D4 and CCITT specifications
@ +5V operation
Low operating power—typically 70 mW
Power-down standby mode—typically 3 mW
@ Automatic power-down
@ TTL or CMOS compatible digital interfaces
Maximizes line interface card circuit density
Block Diagram ANALOG
A LOOPBACK
M GSx
r. —_—— -
VFyl—
ANALII'(:#'.'.' ' AuTo-2€R0 |
1 R / e [¢
Vixl+ | —m—0
| A
I 1 SWITCHED
VN*——-‘— RC
I y ? ACTWE FITER [ auirorcs piten
| A
I VWA~ I
VPO~ ! /I
| + VOLTAGE >0
ms | REFERENCE
T | l COMPARATOR
|
mi' : l
VFa0 RCACTIVE SWITCHED S/H RV fedp
] FILTER Pt B REG "
: 413
|
|
i -
| CONTROL H
|
: 7Y 4\ 3 K
T
L P30G4, TP3067 20 PINS
Ve Ves  GNDA MCLKx MCLKs/ BCLKx BCLKR/  FSy  FSx
PON CLKSEL

TL/H/5070-1
FIGURE 1
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TP3064, TP3067

Connection Diagrams

Dual-In-Line Package

U 20|=—Vpy

GNDA == 2 19 Jr== VFyI +

VPO+ = 1

VPO~ =3 18 == VFxI~
VPl = 4 17 p=== GSx

VFR0 =5 TP3064 16— ANLB

TP3067
Vee =1 6 15 == TSx
FSp=—dq 7 14—FSx

Dp—q8 13 p—Dx

BCLKR/CLKSEL =1 9 12 = BCLKx

MCLKg/PON

10 11 p==MCLKx

TL/H/5070-2

Top View

Pin Description

Symbol
VPO+

GNDA
VPO~

VPI
VFRO
Vee
FSr

Dr

BCLKg/
CLKSEL

MCLKg/
PDN

Function
The non-inverted output of the receive power
amplifier.
Analog ground. All signals are referenced to
this pin.
The inverted output of the receive power
amplifier.
Inverting input to the receive power amplifier.
Analog output of the receive filter.
Positive power supply pin. Vgc= +5V £5%.
Receive frame sync pulse which enables
BCLKR to shift PCM data into Dg. FSR is an
8 kHz pulse train. See Figures 2 and 3 for
timing details.
Receive data input. PCM data is shifted into
DR following the FSR leading edge.
The bit clock which shifts data into Dy after
the FSR leading edge. May vary from 64 kHz
to 2.048 MHz. Alternatively, may be a logic
input which selects either
1.536 MHz/1.544 MHz or 2.048 MHz for
master clock in synchronous mode and
BCLKy is used for both transmit and receive
directions (see Table I).
Receive master clock. Must be 1.536 MHz,
1.5644 MHz or 2.048 MHz. May be
asynchronous with MCLKY, but should be
synchronous with MCLKy for best
performance. When MCLKR is connected
continuously low, MCLKy is selected for all
internal timing. When MCLKR is connected
continuously high, the device is powered
down.

Plastic Chip Carrier

VPO~ VPO+ VFyi+
GND A Vpg

3 2 1 2019

VPl —4 o 18} VFyl-
VFR0—{5 17}=cs
R P3064 X

Vec {6 16— ANLB
P3067 -
Fsg =7 15|75
D —{8 14}—Fs
R ¢ 10111213 X

MCLKy Dy
BCLKy

BCLKg/CLKSEL
MCLKg/PDN

TL/H/5070-6
Top View

Order Number TP3064V, TP3064V-1 or

Symbol
MCLKy

BOLKx

Dx

FSx

ANLB

GSy

VFyl—
VFyl+

VBB

TP3067V or TP3067V-1
See NS Package V20A

Order Number TP3064J, TP3067J
See NS Package J20A

Function
Transmit master clock. Must be 1.536 MHz,
1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKR. Best
performance is realized from synchronous
operation.
The bit clock which shifts out the PCM data
on Dx. May vary from 64 kHz to 2.048 MHz,
but must be synchronous with MCLKy.
The TRI-STATE® PCM data output which is
enabled by FSy.
Transmit frame sync pulse input which
enables BCLKy to shift out the PCM data on
Dyx. FSx is an 8 kHz pulse train, see Figures 2
and 3 for timing details.
Open drain output which pulses low during
the encoder time slot.
Analog Loopback control input. Must be set
to logic ‘0’ for normal operation. When pulled
to logic ‘1°, the transmit filter input is
disconnected from the output of the transmit
preamplifier and connected to the VPO +
output of the receive power ampilifier.
Analog output of the transmit input amplifier.
Used to externally set gain. .
Inverting input of the transmit input amplifier.
Non-inverting input of the transmit input
amplifier.
Negative power supply pin. Vgg= —5V +5%.
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Functional Description

POWER-UP

When power is first applied, power-on reset circuitry initializ-
es the COMBO™ and places it into a power-down state. All
non-essential circuits are deactivated and the Dy, VFRO,
VPO- and VPO outputs are put in high impedance states.
To power-up the device, a logical low level or clock must be
applied to the MCLKR/PDN pin and FSx and/or FSR pulses
must be present. Thus, 2 power-down control modes are
available. The first is to pull the MCLKR/PDN pin high; the
alternative is to hold both FSy and FSg inputs continuously
low—the device will power-down approximately 2 ms after
the last FSx or FSR pulse. Power-up will occur on the first
FSx or FSR pulse. The TRI-STATE PCM data output, D,
will remain in the high impedance state until the second FSx
pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock and bit
clock should be used for both the transmit and receive di-
rections. In this mode, a clock must be applied to MCLKy
and the MCLKR/PDN pin can be used as a power-down
control. A low level on MCLKr/PDN powers up the device
and a high level powers down the device. In either case,
MCLKx will be selected as the master clock for both the
transmit and receive circuits. A bit clock must also be ap-
plied to BCLKy and the BCLKR/CLKSEL can be used to
select the proper internal divider for a master clock of 1.536
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation,
the device automatically compensates for the 193rd clock
pulse each frame.

With a fixed level on the BCLKR/CLKSEL pin, BLCKx will be
selected as the bit clock for both the transmit and receive
directions. Table | indicates the frequencies of operation
which can be selected, depending on the state of BCLKR/
CLKSEL. In this synchronous mode, the bit clock, BCLKy,
may be from 64 kHz to 2.048 MHz, but must be synchro-
nous with MCLKy.

Each FSy pulse begins the encoding cycle and the PCM
data from the previous encode cycle is shifted out of the
enabled Dy output on the positive edge of BCLKy. After 8
bit clock periods, the TRI-STATE Dy output is returned to a
high impedance state. With an FSR pulse, PCM data is
latched via the DR input on the negative edge of BCLKy (or
BCLKR if running). FSx and FSg must be synchronous with
MCLKx/R.

TABLE I. Selection of Master Clock Frequencies

Master Clock
BCLKp/CLKSEL Frequency Selected
TP3067 TP3064
Clocked 2.048 MHz 1.536 MHz or
1.544 MHz
0 1.536 MHz or 2.048 MHz
1.544 MHz
1 (or Open Circuit) 2.048 MHz 1.536 MHz or
1.544 MHz

ASYNCHRONOUS OPERATION

For asynchronous operation, separate transmit and receive
clocks may be applied. MCLKy and MCLKR must be 2.048
MHz for the TP3067, or 1.536 MHZ, 1.544 MHz for the
TP3064, and need not be synchronous. For best transmis-

sion performance, however, MCLKR should be synchronous
with MCLKY, which is easily achieved by applying only static
logic levels to the MCLKR/PDN pin. This will automatically
connect MCLKy to all internal MCLKR functions (see Pin
Description). For 1.544 MHz operation, the device automati-
cally compensates for the 193rd clock pulse each frame.
FSx starts each encoding cycle and must be synchronous
with MCLKyx and BCLKy. FSR starts each decoding cycle
and must be synchronous with BCLKR. BCLKR must be a
clock, the logic levels shown in Table | are not valid in asyn-
chronous mode. BCLKy and BCLKR may operate from 64
kHz to 2.048 MHz.

SHORT FRAME SYNC OPERATION

The COMBO can utilize either a short frame sync pulse (the
same as the TP3020/21 CODECs) or a long frame sync
pulse. Upon power initialization, the device assumes a short
frame mode. In this mode, both frame sync pulses, FSx and
FSR, must be one bit clock period long, with timing relation-
ships specified in Figure 2. With FSy high during a falling
edge of BCLKY, the next rising edge of BCLKy enables the
Dx TRI-STATE output buffer, which will output the sign bit.
The following seven rising edges clock out the remaining
seven bits, and the next falling edge disables the Dy output.
With FSR high during a falling edge of BCLKR (BCLK in
synchronous mode), the next falling edge of BCLKR latches
in the sign bit. The following seven falling edges latch in the
seven remaining bits. All devices may utilize the short frame
sync pulse in synchronous or asynchronous operating
mode.

LONG FRAME SYNC OPERATION

To use the long (TP5116A/56 CODECs) frame mode, both
the frame sync pulses, FSyx and FSg, must be three or more
bit clock periods long, with timing relationships specified in
Figure 3. Based on the transmit frame sync, FSy, the COM-
BO will sense whether short or long frame sync pulses are
being used. For 64 kHz operation, the frame sync pulse
must be kept low for a minimum of 160 ns. The Dx TRI-
STATE output buffer is enabled with the rising edge of FSx
or the rising edge of BCLKy, whichever comes later, and the
first bit clocked out is the sign bit. The following seven
BCLKX rising edges clock out the remaining seven bits. The
Dx output is disabled by the falling BCLKy edge following
the eighth rising edge, or by FSx going low, whichever
comes later. A rising edge on the receive frame sync pulse,
FSR, will cause the PCM data at Dy to be latched in on the
next eight falling edges of BCLKR(BCLKy in synchronous
mode). All devices may utilize the long frame sync pulse in
synchronous or asynchronous mode.

TRANSMIT SECTION

The transmit section input is an operational amplifier with
provision for gain adjustment using two external resistors,
see Figure 4. The low noise and wide bandwidth allow gains
in excess of 20 dB across the audio passband to be real-
ized. The op amp drives a unity-gain filter consisting of RC
active pre-filter, followed by an eighth order switched-ca-
pacitor bandpass filter clocked at 256 kHz. The output of
this filter directly drives the encoder sample-and-hold circuit.
The A/D is of companding type according to p-law
(TP3064) or A-law (TP3067) coding conventions. A preci-
sion voltage reference is trimmed in manufacturing to pro-
vide an input overload (tpax) of nominally 2.5V peak (see
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TP3064, TP3067

Functional Description (continued)

table of Transmission Characteristics). The FSx frame sync
pulse controls the sampling of the filter output, and then the
successive-approximation encoding cycle begins. The 8-bit
code is then loaded into a buffer and shifted out through Dx
at the next FSy pulse. The total encoding delay will be ap-
proximately 165 ps (due to the transmit filter) plus 125 us
(due to encoding delay), which totals 290 ps. Any offset
voltage due to the filters or comparator is cancelled by sign
bit integration. .

RECEIVE SECTION

The receive section consists of an expanding DAC which
drives a fifth order switched-capacitor low pass filter
clocked at 256 kHz. The decoder is A-law (TP3067) or
p-law (TP3064) and the 5th order low pass filter corrects for
the sin x/x attenuation due to the 8 kHz sample/hold. The
filter is then followed by a 2nd order RC active post-filter
with its output at VFRO. The receive section is unity-gain,
but gain can be added by using the power amplifiers. Upon
the occurrence of FSg, the data at the Dy input is clocked in
on the falling edge of the next eight BCLKr (BCLKY) peri-

ods. At the end of the decoder time slot, the decoding cycle
begins, and 10 ps later the decoder DAC output is updated.
The total decoder delay is ~ 10 us (decoder update) plus
110 ps (filter delay) plus 62.5 ps (%, frame), which gives
approximately 180 us.

RECEIVE POWER AMPLIFIERS

Two inverting mode power amplifiers are provided for direct-
ly driving a matched line interface transformer. The gain of
the first power amplifier can be adjusted to boost the +2.5V
peak output signal from the receive filter up to +3.3V peak
into an unbalanced 3000 load, or £4.0V into an unbal-
anced 15 kQ load. The second power amplifier is internally
connected in unity-gain inverting mode to give 6 dB of signal
gain for balanced loads.

Maximum power transfer to a 6009 subscriber line termina-
tion is obtained by differentially driving a balanced trans-
former with a 4/2:1 turns ratio, as shown in Figure 4. A total
peak power of 15.6 dBm can be delivered to the load plus
termination.

ENCODING FORMAT AT Dx OUTPUT

TP3064 TP3067
n-Law A-Lav.v
(Includes Even Bit Inversion)
V|N = +Full-Scale 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0
VN = 0V {1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1
0 1 1 1 1 1 1 1 0 1 0 1 0 1 0 1
ViN = —Full-Scale 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Vcc to GNDA w
Vpg to GNDA -7V
Voltage at any Analog Input

or Output Ve +0.3Vto Vgg—0.3V

Voltage at any Digital Input
or Output

Operating Temperature Range
Storage Temperature Range
Lead Temp. (Soldering, 10 sec.)
ESD rating to be determined.

Voo +0.3V to GNDA—0.3V
—25°Cto +125°C
—65°Cto +150°C

300°C

Electrical Characteristics uniess otherwise noted, limits printed in BOLD characters are guaranteed for Voo =
+5.0V £5%, Vgg = —5.0V £5%; Ta = 0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits
are assured by correlation with other production tests and/or product design and characterization. All signals referenced to
GNDA. Typicals specified at Vog = +5.0V, Vgg = —5.0V, Tpo = 25°C.

Symboli Parameter I Conditions | Min | Typ | Max | Units
POWER DISSIPATION (ALL DEVICES)
lccO Power-Down Current (Note) 0.5 1.5 mA
IBg0 Power-Down Current (Note) 0.05 0.3 mA
Iccl Active Current VPI=0V; VFRO, VPO* and VPO~ unloaded 7.0 10.0 mA
g1 Active Current VPI=0V; VFRO, VPO+ and VPO~ unloaded 7.0 10.0 mA
DIGITAL INTERFACE
ViL Input Low Voltage 0.6 "
VIH Input High Voltage 2.2 \"
VoL Output Low Voltage Di IL=3.2mA 0.4 v
TSy, | =3.2 mA, Open Drain 0.4 \"
VoH Output High Voltage Dx, lH=—3.2mA 2.4 \
IiL Input Low Current GNDA<V|y< V), All Digital Inputs -10 10 MA
liH Input High Current VIHSVINSVce -10 10 RA
loz Output Current in High Impedance | Dx, GNDA<Vp<Vcc -10 10 MA
State (TRI-STATE)

Note: Icco and Iggg are measured after first achieving a power-up state.
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Electrical Characteristics (continued)

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V+5%, Vgg = —5.0V£5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at Ta = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals referenced to GNDA. Typicals specified at Voc =
+5.0V, Vgg = —5.0V, Ty = 25°C.

TP3064, TP3067

Symbol Parameter Conditions I Min I Typ l Max I Units
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES)
XA Input Leakage Current —2.5V<V< +2.5V, VFxl+ or VRl — —-200 200 nA
RIXA Input Resistance —2.5V<V< 42,5V, VFxl+ or VFyl— 10 MQ
RoXA Output Resistance Closed Loop, Unity Gain 1 3 1]
RLXA Load Resistance GSy 10 kQ
Ci XA Load Capacitance GSx } 50 pF
VoXA Output Dynamic Range GSy, RL=10 kQ —2.8 +2.8 \"
AyXA Voltage Gain VFxl* to GSy 5000 VIV
FuXA Unity-Gain Bandwidth 1 2 MHz
VosXA - Offset Voltage —20 20 mV’
VomXA Common-Mode Voitage CMRRXA > 60 dB —2.5 2.5 v
CMRRXA | Common-Mode Rejection Ratio DC Test 60 dB
PSRRXA Power Supply Rejection Ratio DC Test 60 dB
ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES)
RoRF Output Resistance Pin VFRO 1 3 Q
RLRF Load Resistance VFRO= +2.5V 10 kQ
C_RF Load Capacitance Connect from VFRO to GNDA 25 pF
VOSRO Output DC Offset Voltage Measure from VFRO to GNDA —200 200 mV
ANALOG INTERFACE WITH POWER AMPLIFIERS (ALL DEVICES)
P Input Leakage Current —1.0V<VPIL1.0V -100 100 nA
RIPI Input Resistance —1.0V<VPIL1.0V 10 o MQ
VIOS Input Offset Voltage —25 25 mV
ROP Output Resistance Inverting Unity-Gain at 1 Q
VPO+ or VPO~
Fc Unity-Gain Bandwidth Open Loop (VPO™) 400 kHz
CLP Load Capacitance 100 pF
GApt Gain from VPO~ to VPO + R =600Q VPO+ to VPO~ -1 v/vV
Level at VPO~ =1.77 Vrms
PSRRp Power Supply Rejection of VPO~ Connected to VPI
Vce or Ves 0 kHz—4 kHz 60 dB
4 kHz—50 kHz 36 dB
R.P Load Resistance Connect from VPO+ to VPO~ 600 (1)
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Timing Specifications
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V +5%, Vgg = —5.0V +5%, Tp =
0°C to 70°C by correlation with 100% electrical testing at T4 = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals are referenced to GNDA. Typicals specified at Vgc =
+5.0V, Vgg = —5.0V, Tp = 25°C. All timing parameters are measured at Voy = 2.0V and Vg = 0.7V.

See Definitions and Timing Conventions section for test methods information.

Symbol Parameter Conditions Min Typ Max Units
1/tpm Frequency of Master Clock 1.536 MHz
1.544 MHz
MCLKy and MCLKR 2.048 MHz
tRm Rise Time of Master Clock MCLKy and MCLKR 50 ns
tEM Fall Time of Master Clock MCLKy and MCLKR 50 ns
tpe Period Bit of Clock 485 488 15725 ns
trB Rise Time of Bit Clock BCLKy and BCLKR 50 ns
trB Fall Time of Bit Clock BCLKx and BCLKR 50 ns
twMH Width of Master Clock High MCLKyx and MCLKg 160 ns
twMmL Width of Master Clock Low MCLKx and MCLKR 160 ns
tsBFM Set-Up Time from BCLKx High 100 ns
to MCLKx Falling Edge
tSFFM Set-Up Time from FSx High Long Frame Only 100 ns
to MCLKx Falling Edge
tweH Width of Bit Clock High 160 ns
twBL Width of Bit Clock Low 160 ns
tHBFL Holding Time from Bit Clock Long Frame Only o ns
Low to Frame Sync
tHBFS Holding Time from Bit Clock Short Frame Only (o] ns
High to Frame Sync
tsFB Set-Up Time for Frame Sync Long Frame Only 80 ns
to Bit Clock Low
tpeD Delay Time from BCLKx High Load= 150 pF plus 2 LSTTL Loads (4] 180 ns
to Data Valid
toeTs Delay Time to TSy Low Load= 150 pF plus 2 LSTTL Loads 140 ns
tpzc Delay Time from BCLKx Low to 50 165 ns
Data Output Disabled
tozr Delay Time to Valid Data from C_=0pF to 150 pF 20 165 ns
FSx or BCLKy, Whichever
Comes Later
tspB Set-Up Time from Dg Valid to 50 ns
BCLKR/x Low
tHBD Hold Time from BCLKR,x Low to 50 ns
Dg Invalid
tsp Set-Up Time from FSy,/g to Short Frame Sync Pulse (1 Bit Clock 50 ns
BCLKx/Rr Low Period Long)
tHF Hold Time from BCLKy,r Low Short Frame Sync Pulse (1 Bit Clock 100 ns
to FSx/R Low Period Long)
tHBFI Hold Time from 3rd Period of Long Frame Sync Pulse (from 3 to 8 Bit 100 ns
Bit Clock Low to Frame Sync Clock Periods Long)
(FSx or FSR)
twFL Minimum Width of the Frame 64k Bit/s Operating Mode 160 ns

Sync Pulse (Low Level)
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TP3064, TP3067

Transmission Characteristics
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V £5%, Vgg = —5.0V £5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at Ta = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, Vi = 0 dbm0, transmit input amplifier
connected for unity gain non-inverting. Typicals specified at Voo = +5.0V, Vgg = —5.0V, Ta = 25°C.

Symbol 1 Parameter l Conditions J Min | Typ | Max | Units
AMPLITUDE RESPONSE '
Absolute Levels Nominal 0 dBmo Level is 4 dBm
(Definition of (6009)
nominal gain) 0dBmo0 1.2276 Vrms
tMAX Max Transmit Overload Level
TP3064 (3.17 dBm0) 2.501 Vpk
TP3067 (3.14 dBm0) 2.492 Vpk
Gyxa Transmit Gain, Absolute Ta=25°C,Vgc=5V, Vgg= —5V —0.15 0.15 dB
GxR Transmit Gain, Relative to Gxa f=16Hz —40 dB
f=50 Hz —-30 dB
f=60 Hz —-26 dB
f=200 Hz -1.8 —-0.1 dB
f=300 Hz-3000 Hz -0.15 0.15 dB
f=23300 Hz -0.35 0.05 dB
f=3400 Hz -0.7 o dB
f=4000 Hz -14 dB
f=4600 Hz and Up, Measure —-32 dB
Response from 0 Hz to 4000 Hz
GxAT Absolute Transmit Gain Variation | Relative to Gxa —0.1 0.1 dB
with Temperature
Gxav Absolute Transmit Gain Variation | Relative to Gxa —0.05 0.05 dB
with Supply Voltage
GxRL Transmit Gain Variations with Sinusoidal Test Method
Level Reference Level= —10 dBm0
VFxl+ = —40 dBm0 to +3 dBm0 -0.2 0.2 dB
VFyl+ =—50 dBmo0 to —40 dBm0 -0.4 0.4 dB
VFyl* = —55 dBmO0 to —50 dBm0 -1.2 1.2 dB
GRA Receive Gain, Absolute Ta=25°C,Vgc=5V, Vgg=—5V —-0.15 0.15 dB
Input= Digital Code Sequence
for 0 dBmO Signal
GRrR Receive Gain, Relative to GRa f=0 Hz to 3000 Hz -0.15 0.15 dB
f=3300 Hz -0.35 0.05 dB
f=3400 Hz -0.7 o dB
f=4000 Hz —-14 dB
GRAT Absolute Receive Gain Variation | Relative to Gra —-0.1 0.1 dB
with Temperature
GRAV Absolute Receive Gain Variation | Relative to Gga —0.05 0.05 dB
with Supply Voltage
GRRL Receive Gain Variations with Sinusoidal Test Method; Reference
Level Input PCM Code Corresponds to an
Ideally Encoded — 10 dBmO Signal
PCM Level= —40 dBm0 to +3 dBm0 —-0.2 0.2 dB
PCM Level= —50 dBm0 to —40 dBm0 —-0.4 0.4 dB
PCM Level= —55 dBm0 to —50 dBm0 —1.2 1.2 dB
Vro Receive Filter Output at VFRO RL=10k —25 2.5 \
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Transmission Characteristics (continueq)

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V £5%, Vgg = ~5.0V £5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at Ty = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V|y = 0 dbm0, transmit input amplifier
connected for unity gain non-inverting. Typicals specified at Voo = +5.0V, Vgg = —5.0V, Tp = 25°C.

190€d1 ‘Y90€dL

Symbol | Parameter Conditions | Min I Typ | Max I Units
ENVELOPE DELAY DISTORTION WITH FREQUENCY
Dxa Transmit Delay, Absolute f=1600 Hz 290 315 us
Dxr Transmit Delay, Relative to Dya f=500 Hz—600 Hz 195 220 us
f=600 Hz—800 Hz 120 145 us
f=800 Hz—1000 Hz 50 75 s
f=1000 Hz—1600 Hz 20 40 s
f=1600 Hz—2600 Hz 55 75 s
f=2600 Hz—2800 Hz 80 105 us
f=2800 Hz—3000 Hz 130 155 s
Dra Receive Delay, Absolute f=1600 Hz 180 200 us
DRrRr Receive Delay, Relative to Dra f=500 Hz—1000 Hz —40 —25 us
f=1000 Hz—1600 Hz —-30 —20 s
f=1600 Hz—2600 Hz 70 90 us
f=2600 Hz—2800 Hz 100 125 us
f=2800 Hz—3000 Hz 145 175 s
NOISE
Nxc Transmit Noise, C Message TP3064 (Note 1) 12 15 dBrnCO
Weighted
Nxp Transmit Noise, Psophometric TP3067 (Note 1) —74 —-67 dBmOp
Weighted
NRrc Receive Noise, C Message PCM Code Equals Alternating
Weighted Positive and Negative Zero
TP3064 8 11 dBrnCO
Ngp Receive Noise, Psophometric PCM Code Equals Positive
Weighted Zero
TP3067 -82 -79 dBmOp
NRrs Noise, Single Frequency f=0 kHz to 100 kHz, Loop Around —53 dBmoO

Measurement, VFylt =0 Vrms

PPSRy Positive Power Supply Rejection, Vcc=5.0 Vpg+ 100 mVrms

Transmit f=0 kHz—50 kHz (Note 2) 40 dBC
NPSRy Negative Power Supply Rejection, Vgg= —5.0 Vpc+ 100 mVrms .
Transmit f=0 kHz—50 kHz (Note 2) 40 dBC
PPSRR Positive Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vce=5.0 Vpg+ 100 mVrms
Measure VFRO
f=0 Hz—4000 Hz 38 dBC
f=4 kHz—50 kHz 25 dB
NPSRR Negative Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vgg= —5.0 Vpg+ 100 mVrms
Measure VFRO
f=0 Hz—4000 Hz 40 dBC
f=4 kHz—25 kHz 40 dB
f=25 kHz—50 kHz 36 dB
SOs Spurious Out-of-Band Signals 0 dBmO, 300 Hz—3400 Hz Input
at the Channel Output PCM Code Applied at DR
Measure Individual Image Signals at
VFRO
4600 Hz-7600 Hz —-32 dB
7600 Hz-8400 Hz —40 dB
8400 Hz-100,000 Hz -32 dB
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TP3064, TP3067

Transmission Characteristics (Continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voc = +5.0V £5%, Vgg = —5.0V £5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V|n = 0 dbm0, transmit input amplifier
connected for unity gain non-inverting. Typicals specified at Vog = +5.0V, Vgg = —5.0V, Tp = 25°C.

'

Symbol Parameter Conditions I Min | Typ I Max [ Units
DISTORTION
STDy, Signal to Total Distortion Sinusoidal Test Method (Note 3)
STDR Transmit or Receive Level=3.0 dBm0 33 dBC
Half-Channel =0dBm0 to —30 dBm0 36 dBC
= —40 dBm0 XMT 29 dBC
RCV 30 dBC
= —55 dBm0 XMT 14 dBC
RCV 15 dBC
SFDx Single Frequency Distortion, —-46 dB
Transmit
SFDR Single Frequency Distortion, —46 dB
Receive
IMD Intermodulation Distortion Loop Around Measurement, -4 dB
VFxl+ = —4 dBm0 to —21 dBm0, Two
Frequencies in the Range
300 Hz—3400 Hz
CROSSTALK
CTx.R Transmit to Receive Crosstalk f=300 Hz—3000 Hz
DRr=Quiet PCM Code —90 —-75 dB
CTR-x Receive to Transmit Crosstalk f=300 Hz—3000 Hz, VFxI=0V —90 -70 dB
(Note 2)
POWER AMPLIFIERS
VoPA Maximum 0 dBmoO Level Balanced Load, R| Connected Between
(Better than +0.1 dB Linearity over VPOt and VPO—.
the Range —10 dBmO0 to +3 dBm0) RL=6000Q 3.3 Vrms
RL=1200Q 3.5 Vrms
S/Dp Signal/Distortion RL=6000 50 dB

Note 1: Measured by extrapolation from the distortion test result at —50 dBmo.
Note 2: PPSRy, NPSRy, and CTR—_x are measured with a —50 dBm0 activation signal applied to VFxI+.

Note 3: TP3064 is

i using C

ighted filter. TP3067 is measured using psophometric weighted filter.
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Applications Information

POWER SUPPLIES

While the pins of the TP3060 family are well protected
against electrical misuse, it is recommended that the stan-
dard CMOS practice be followed, ensuring that ground is
connected to the device before any other connections are
made. In applications where the printed circuit board may be
plugged into a “hot” socket with power and clocks already
present, an extra long ground pin in the connector should
be used.

All ground connections to each device should meet at a
common point as close as possible to the GNDA pin. This

Typical Asynchronous Application

minimizes the interaction of ground return currents flowing
through a common bus impedance. 0.1 uF supply decou-
pling capacitors should be connected from this common
ground point to Vgc and Vg, as close to the device as
possible.

For best performance, the ground point of each CODEC/
FILTER on a card should be connected to a common card
ground in “STAR” formation, rather than via a ground bus.
This common ground point should be decoupled to Vcc and
Vg with 10 uF capacitors.

Note: See Application Note 370 for further details
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TP3064, TP3067

Definitions and Timing Conventions

DEFINITIONS TIMING CONVENTIONS

ViH Vi is the d.c. input level above which For the purposes of this timing specification, the following
an input level is guaranteed to appear conventions apply:
as a logical one. This parameter is to Input Signals All input signals may be characterized

be measured by performing a
functional test at reduced clock
speeds and nominal timing, (i.e. not
minimum setup and hold times or
output strobes), with the high level of
all driving signals set to V|4 and
maximum supply voltages applied to
the device

ViL V)L is the d.c. input level below which
an input level is guaranteed to appear
as a logical zero to the device. This
parameter is measured in the same
manner as V) but with all driving
signal low levels set to Vj_and
minimum supply voltages applied to
the device.

VoH VoH is the minimum d.c. output level
to which an output placed in a logical
one state will converge when loaded
at the maximum specified load current.

VoL VoL is the maximum d.c. output level
to which an output placed in a logical
zero state will converge when loaded
at the maximum specified load current.

Threshold Region The threshold region is the range of
input voltages between V_and V.

Valid Signal A signal is Valid if it is in one of the
valid logic states, (i.e. above V|4 or
below V). In timing specifiations, a
signal is deemed valid at the instant it
enters a valid state.

Invalid Signal A signal is Invalid if it is not in a valid
logic state, i.e. wheniitis inin the
threshold region between Vj_and V.
In timing specifications, a signal is
deemed Invalid at the instant it enters Hold Time
the threshold region.

Period

Rise Time

Fall Time

Pulse Width High

Pulse Width Low

Setup Time

Delay Time

as: V| = 0.4V, Vy = 2.4V, tg < 10 ns,
tr <10ns.

The period of clock signal is
designated as tpyy where xx
represents the mnemonic of the clock
signal being specified.

Rise times are designated as tryy,
where yy represents a mnemonic of
the signal whose rise time is being
specified. tryy is measured from V|i_to
V.

Fall times are designated as tryy,
where yy represents a mnemonic of
the signal whose fall time is being
specified. tryy is measured from V| to
ViL.

The high pulse width is designated as
twzzH, Where zz represents the
mnemonic of the input or output signal
whose pulse width is being specified.
High pulse widths are measured from
Vi to Vi,

The low pulse width is designated as
twzzL, where zz represents the
mnemonic of the input or output signal
whose pulse width is being specified.
Low pulse widths are measured from
ViLto VL.

Setup times are designated as tgwwxxs
where ww represents the mnemonic of
the input signal whose setup time is
being specified relative to a clock or
strobe input represented by mnemonic
xx. Setup times are measured from the
ww Valid to xx Invalid.

Hold times are designated as tHysww»
where ww represents the mnemonic of
the input signal whose hold time is
being specified relative to a clock or
strobe input represented by mnemonic
xx. Hold times are measured from xx
Valid to ww Invalid.

Delay times are designated as tpyxyy
Hi to Low, where xx represents the
mnemonic of the input reference
signal and yy represents the
mnemonic of the output signal whose
timing is being specified relative to xx.
The mnemonic may optionally be
terminated by an H or L to specify the
high going or low going transition of
the output signal. Maximum delay
times are measured from xx Valid to yy
Valid. Minimum delay times are
measured from xx Valid to yy Invalid.
This parameter is tested under the
load conditions specified in the
Conditions column of the Timing
Specifications section of this data
sheet.
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National
Semiconductor

TP3068, TP3069
Monolithic Serial Interface

CMOS CODEC/Filter COMBO®

General Description

The TP3068 (u-law) and TP3069 (A-law) are monolithic
PCM CODEC/Filters utilizing the A/D and D/A conversion
architecture shown in Figure 1, and a serial PCM interface.
The devices are fabricated using National’s advanced dou-
ble-poly CMOS process (microCMOS).

Similar to the TP3050 family, these devices feature an addi-
tional Receive Power Amplifier to provide push-pull bal-
anced output drive capability. The receive gain can be ad-
justed by means of two external resistors for an output level
of up to +6.6V across a balanced 6009 load.

Also included is an Analog Loopback switch and a TSy out-
put.

Features

m Complete CODEC and filtering system including:
— Transmit high-pass and low-pass filtering

— Receive low-pass filter with sin x/x correction
— Active RC noise filters

— p-law or A-law compatible COder and DECoder
— Internal precision voltage reference

— Serial 1/0 interface

— Internal auto-zero circuitry

— Receive push-pull power amplifiers
u-law—TP3068

A-law—TP3069

Meets or exceeds all D3/D4 and CCITT specifications
+5V operation

Low operating power—typically 70 mW
Power-down standby mode—typically 3 mW
Automatic power-down

TTL or CMOS compatible digital interfaces

B Maximizes line interface card circuit density
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TP3068, TP3069

Connection Diagrams
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Pin Description

Symbol
VPO+

GNDA
VPO~
VPI

VFRO

Vee
FSRr

Dr

BCLKg/
CLKSEL

MCLKg/
PDN

Function
The non-inverted output of the receive power
amplifier.
Analog ground. All signals are referenced to
this pin.
The inverted output of the receive power
amplifier.
Inverting input to the receive power amplifier.
Analog output of the receive filter.
Positive power supply pin. Voc= +5V+5%.
Receive frame sync pulse which enables
BCLKR to shift PCM data into Dg. FSR is an
8 kHz pulse train. See Figures 2 and 3 for
timing details. )
Receive data input. PCM data is shifted into
Dg following the FSR leading edge.
The bit clock which shifts data into DR after
the FSR leading edge. May vary from 64 kHz
to 2.048 MHz. Alternatively, may be a logic
input which selects either
1.536 MHz/1.544 MHz or 2.048 MHz for
master clock in synchronous mode and
BCLKY is used for both transmit and receive
directions (see Table l).
Receive master clock. Must be 1.536 MHz,
1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKYy, but should be
synchronous with MCLKx for best
performance. When MCLKR is connected
continuously low, MCLK(Y is selected for all
internal timing. When MCLKR is connected
continuously high, the device is powered
down.

Plastic Chip Carrier

VPO- VPO VRl
GND A . Vg

3 2.1 2019

. 18— VFyl-
17} 68y
16 [~ ANLB
15|~ TSy
- Fs,

VPl —
VFR0—]
Vee =
FSp —

D

TP3068
TP3069

©® N o o oA

14
9 10 11 12 13
BLULELLLE
BCLK/CLKSEL ~ MCLKy Dy
MCLKg/PDN  BCLKy

TL/H/10578-3
Top View

Order Number TP3068V, TP3068V-1 or

Symbol
MCLKx

BCLKx

Dx

FSx

ANLB

GSy

VFyl—
VFyl+

VBB

TP3069V or TP3069V-1
See NS Package V20A

Order Number TP3068J, TP3069J
See NS Package J20A

Function
Transmit master clock. Must be 1.536 MHz,
1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKR. Best
performance is realized from synchronous
operation. .
The bit clock which shifts out the PCM data
on Dy. May vary from 64 kHz to 2.048 MHz,
but must be synchronous with MCLKy.
The TRI-STATE® PCM data output which is
enabled by FSy.
Transmit frame sync pulse input which
enables BCLKy to shift out the PCM data on
Dyx. FSx is an 8 kHz pulse train, see Figures 2
and 3 for timing details.
Open drain output which pulses low during
the encoder time slot.
Analog Loopback control input. Must be set
to logic ‘0’ for normal operation. When pulled
to logic ‘1°, the transmiit filter input is
disconnected from the output of the transmit
preamplifier and connected to the output of
the receive switched capacitor low-pass filter
and the input to the receive RC active filter is
connected to ground. This results in the
VFRO output being at ground level during
analog loopback operation.
Analog output of the transmit input amplifier.
Used to externally set gain.
Inverting input of the transmit input amplifier.
Non-inverting input of the transmit input
amplifier.
Negative power supply pin. Vgg= —5V +5%.
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Functional Description

POWER-UP

When power is first applied, power-on reset circuitry initializ-
es the COMBOT™ and places it into a power-down state. All
non-essential circuits are deactivated and the Dy, VFRO,
VPO- and VPO outputs are put in high impedance states.
To power-up the device, a logical low level or clock must be
applied to the MCLKR/PDN pin and FSx and/or FSR pulses
must be present. Thus, 2 power-down control modes are
available. The first is to pull the MCLKgr/PDN pin high; the
alternative is to hold both FSyx and FSR inputs continuously
low—the device will power-down approximately 2 ms after
the last FSy or FSR pulse. Power-up will occur on the first
FSx or FSR pulse. The TRI-STATE PCM data output, Dy,
will remain in the high impedance state until the second FSy
pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock and bit
clock should be used for both the transmit and receive di-
rections. In this mode, a clock must be applied to MCLKy
and the MCLKR/PDN pin can be used as a power-down
control. A low level on MCLKR/PDN powers up the device
and a high level powers down the device. In either case,
MCLKy will be selected as the master clock for both the
transmit and receive circuits. A bit clock must also be ap-
plied to BCLKx and the BCLKR/CLKSEL can be used to
select the proper internal divider for a master clock of 1.536
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation,
the device automatically compensates for the 193rd clock
pulse each frame.

With a fixed level on the BCLKR/CLKSEL pin, BLCK will be
selected as the bit clock for both the transmit and receive
directions. Table | indicates the frequencies of operation
which can be selected, depending on the state of BCLKR/
CLKSEL. In this synchronous mode, the bit clock, BCLKy,
may be from 64 kHz to 2.048 MHz, but must be synchro-
nous with MCLKx.

Each FSx pulse begins the encoding cycle and the PCM
data from the previous encode cycle is shifted out of the
enabled Dy output on the positive edge of BCLKy. After 8
bit clock periods, the TRI-STATE Dy output is returned to a
high impedance state. With an FSR pulse, PCM data is
latched via the Dg input on the negative edge of BCLKx (or
BCLKR if running). FSx and FSg must be synchronous with
MCLKx/R.

TABLE I. Selection of Master Clock Frequencies

Master Clock
BCLKp/CLKSEL Frequency Selected
TP3069 TP3068
Clocked 2.048 MHz 1.536 MHz or
1.544 MHz
0 1.536 MHz or 2.048 MHz
1.544 MHz
1 (or Open Circuit) 2.048 MHz 1.536 MHz or
1.544 MHz

ASYNCHRONOUS OPERATION

For asynchronous operation, separate transmit and receive
clocks may be applied. MCLKx and MCLKR must be 2.048
MHz for the TP3069, or 1.536 MHZ, 1.544 MHz for the
TP3068, and need not be synchronous. For best transmis-

sion performance, however, MCLKR should be synchronous
with MCLKy, which is easily achieved by applying only static
logic levels to the MCLKR/PDN pin. This will automatically
connect MCLKx to all internal MCLKR functions (see Pin
Description). For 1.544 MHz operation, the device automati-
cally compensates for the 193rd clock pulse each frame.
FSyx starts each encoding cycle and must be synchronous
with MCLKx and BCLKx. FSg starts each decoding cycle
and must be synchronous with BCLKg. BCLKR must be a
clock, the logic levels shown in Table [ are not valid in asyn-
chronous mode. BCLKy and BCLKRr may operate from 64
kHz to 2.048 MHz.

SHORT FRAME SYNC OPERATION

The COMBO can utilize either a short frame sync pulse (the
same as the TP3020/21 CODECs) or a long frame sync
pulse. Upon power initialization, the device assumes a short
frame mode. In this mode, both frame sync pulses, FSx and
FSR, must be one bit clock period long, with timing relation-
ships specified in Figure 2. With FSx high during a falling
edge of BCLKY, the next rising edge of BCLKx enables the
Dy TRI-STATE output buffer, which will output the sign bit.
The following seven rising edges clock out the remaining
seven bits, and the next falling edge disables the Dy output.
With FSgr high during a falling edge of BCLKR (BCLKx in
synchronous mode), the next falling edge of BCLKR latches
in the sign bit. The following seven falling edges latch in the
seven remaining bits. All devices may utilize the short frame
sync pulse in synchronous or asynchronous operating
mode.

LONG FRAME SYNC OPERATION

To use the long (TP5116A/56 CODECs) frame mode, both
the frame sync pulses, FSy and FSg, must be three or more
bit clock periods long, with timing relationships specified in
Figure 3. Based on the transmit frame sync, FSy, the COM-
BO will sense whether short or long frame sync pulses are
being used. For 64 kHz operation, the frame sync pulse
must be kept low for a minimum of 160 ns. The Dx TRI-
STATE output buffer is enabled with the rising edge of FSx
or the rising edge of BCLKy, whichever comes later, and the
first bit clocked out is the sign bit. The following seven
BCLKX rising edges clock out the remaining seven bits. The
Dx output is disabled by the falling BCLKx edge following
the eighth rising edge, or by FSy going low, whichever
comes later. A rising edge on the receive frame sync pulse,
FSp, will cause the PCM data at Dy to be latched in on the
next eight falling edges of BCLKR(BCLKy in synchronous
mode). All devices may utilize the long frame sync pulse in
synchronous or asynchronous mode.

TRANSMIT SECTION

The transmit section input is an operational amplifier with
provision for gain adjustment using two external resistors,
see Figure 4. The low noise and wide bandwidth allow gains
in excess of 20 dB across the audio passband to be real-
ized. The op amp drives a unity-gain filter consisting of RC
active pre-filter, followed by an eighth order switched-ca-
pacitor bandpass filter clocked at 256 kHz. The output of
this filter directly drives the encoder sample-and-hold circuit.
The A/D is of companding type according to p-law
(TP3068) or A-law (TP3069) coding conventions. A preci-
sion voltage reference is trimmed in manufacturing to pro-
vide an input overload (tmax) of nominally 2.5V peak (see
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TP3068, TP3069

Functional Description (continued)

table of Transmission Characteristics). The FSy frame sync
pulse controls the sampling of the filter output, and then the
successive-approximation encoding cycle begins. The 8-bit
code is then loaded into a buffer and shifted out through Dy
at the next FSy pulse. The total encoding delay will be ap-
proximately 165 us (due to the transmit filter) plus 125 us
(due to encoding delay), which totals 290 ps. Any offset
voltage due to the filters or comparator is cancelled by sign
bit integration.

RECEIVE SECTION

The receive section consists of an expanding DAC which
drives a fifth order switched-capacitor low pass filter
clocked at 256 kHz. The decoder is A-law (TP3069) or
p-law (TP3068) and the 5th order low pass filter corrects for
the sin x/x attenuation due to the 8 kHz sample/hold. The
filter is then followed by a 2nd order RC active post-filter
with its output at VFRO. The receive section is unity-gain,
but gain can be added by using the power amplifiers. Upon
the occurrence of FSR, the data at the Dp input is clocked in
on the falling edge of the next eight BCLKR (BCLK) peri-

ods. At the end of the decoder time slot, the decoding cycle
begins, and 10 us later the decoder DAC output is updated.
The total decoder delay is ~ 10 us (decoder update) plus
110 ps (filter delay) plus 62.5 ps (V2 frame), which gives
approximately 180 us.

RECEIVE POWER AMPLIFIERS

Two inverting mode power amplifiers are provided for direct-
ly driving a matched line interface transformer. The gain of
the first power amplifier can be adjusted to boost the +2.5V
peak output signal from the receive filter up to +3.3V peak
into an unbalanced 300} load, or +4.0V into an unbal-
anced 15 k() load. The second power amplifier is internally
connected in unity-gain inverting mode to give 6 dB of signal
gain for balanced loads. .

Maximum power transfer to a 600Q subscriber line termina-
tion is obtained by differentially driving a balanced trans-
former with a V/2:1 turns ratio, as shown in Figure 4. A total
peak power of 15.6 dBm can be delivered to the load plus
termination.

ENCODING FORMAT AT Dx OUTPUT

TP3068 TP3069
p-Law A-Law .
(Includes Even Bit Inversion)
Vin = +Full-Scale 1 0 o] 0 0 0 0 0 1 0" 1 0 1 0 1 0
VN = OV {1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1
0 1 1 1 1 1 1 1 0 1 0 1 0 1 0 1
V|N = —Full-Scale 0 0 0 0 0 0 0 0 0 0 1 0 1 o] 1 0
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Ve to GNDA v
Vg to GNDA -7V
Voltage at any Analog Input

or Output Vgc+ 0.3V to Vgg—0.3V

Voltage at any Digital Input
or Output

Operating Temperature Range
Storage Temperature Range
Lead Temp. (Soldering, 10 sec.)
ESD rating to be determined.

Voo +0.3V to GNDA—0.3V
—25°Cto +125°C

—65°C to +150°C

300°C

Electrical Characteristics uniess otherwise noted, limits printed in BOLD characters are guaranteed for Vg =
+5.0V £5%, Vgg = —5.0V £5%; Ta = 0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits
are assured by correlation with other production tests and/or product design and characterization. All signals referenced to
GNDA. Typicals specified at Vgc = +5.0V, Vgg = —5.0V, Tp = 25°C.

Symbol | Parameter | Conditions l Min | Typ ] Max I Units
POWER DISSIPATION (ALL DEVICES)
lccO Power-Down Current (Note ) 0.5 1.5 mA
Isg0 Power-Down Current (Note 1) 0.05 0.3 mA
lcc1 Active Current VPI=0V; VFRO, VPO+ and VPO~ unloaded 7.0 10.0 mA
Igg1 Active Current VPI=0V; VFRO, VPO+ and VPO~ unloaded 7.0 10.0 mA
DIGITAL INTERFACE
ViL Input Low Voltage 0.6 Vv
ViH Input High Voltage 2.2 \"
VoL Output Low Voltage DAIL= 3.2mA 0.4 \"
TSy, IL=3.2 mA, Open Drain 0.4 \
VoH Output High Voltage Dx, IH=—3.2mA 2.4 \"
IiL Input Low Current GNDA<V|y< V|, All Digital Inputs —-10 10 pA
v Input High Current VIHSVINSVce -10 10 RA
loz Output Current in High Impedance | Dx, GNDA<Vp<Vcc -10 10 LA
State (TRI-STATE)

d after first iving a power-up state.

Note 1: Icco and lggp are r
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Electrical Characteristics (continued)

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voc = +5.0V+£5%, Vgg = —5.0V£5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at Ta = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals referenced to GNDA. Typicals specified at Vcg =
+5.0V, Vgg = —5.0V, Tp = 25°C.

TP3068, TP3069

Symbol Parameter Conditions | Min | Typ l Max | Units
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES)
XA Input Leakage Current —2.5V<V<+2.5V, VFxl+ or VFyl— —-200 200 nA
RIXA Input Resistance —2.5V<V< 425V, VFxl+ or VFyl— 10 MQ
RoXA Output Resistance Closed Loop, Unity Gain . 1 3 o Q
RLXA Load Resistance GSx 10 kQ
CLXA Load Capacitance GSx ' 50 pF
VoXA Output Dynamic Range GSx, RL=210kQ —-2.8 +2.8 \
AyXA Voltage Gain g VFxl+ to GSx 5000 VIV
FuXA Unity-Gain Bandwidth 1 2 MHz
VosXA Offset Voltage —-20 20 mV
VemXA Common-Mode Voltage CMRRXA > 60dB -2.5 2.5 v
CMRRXA Common-Mode Rejection Ratio DC Test 60 dB
PSRRXA Power Supply Rejection Ratio DC Test 60 dB
ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES)
RoRF Output Resistance Pin VFRO 1 3 (1)
R RF Load Resistance VFRO= +2.5V 10 kQ
CLRF Load Capacitance Connect from VFRO to GNDA 25 pF
VOSRO Output DC Offset Voltage Measure from VFRO to GNDA ‘—200 200 mV
ANALOG INTERFACE WITH POWER AMPLIFIERS (ALL DEVICES)
IPI Input Leakage Current —1.0V<VPIL1.0V -100 100 nA
RIPI Input Resistance —1.0V<VPIL1.0V 10 ' MQ
VIOS Input Offset Voltage —25 25 mV
ROP Output Resistance Inverting Unity-Gain at 1 1)
VPO or VPO~
Fc Unity-Gain Bandwidth Open Loop (VPO~) 400 kHz
CLP Load Capacitance 100 pF
GApt Gain from VPO~ to VPO + R_=600Q VPO+ to VPO~ -1 VIV
Level at VPO~ =1.77 Vrms
PSRRp Power Supply Rejection of VPO~ Connected to VPI
VccorVes 0 kHz—4 kHz 60 dB
4 kHz—50 kHz 36 dB
RLP Load Resistance Connect from VPO+ to VPO~ 600 Q
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Timing Specifications

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vogc = +5.0V £5%, Vgg = —5.0V £5%, Tp =
0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals are referenced to GNDA. Typicals specified at Vo =
+5.0V, Vgg = —5.0V, T4 = 25°C. All timing parameters are measured at Voyq = 2.0V and Vo = 0.7V.

See Definitions and Timing Conventions section for test methods information.

690€d.L ‘890€d.L

Symbol Parameter Conditions Min Typ Max Units
1/tpm Frequency of Master Clock 1.536 MHz
1.544 MHz
MCLKy and MCLKR 2.048 MHz
tRM Rise Time of Master Clock MCLKx and MCLKR 50 ns
tEm Fall Time of Master Clock MCLKy and MCLKR 50 ns
tpe Period of Bit Clock 485 488 15725 ns
tRB Rise Time of Bit Clock BCLKy and BCLKR 50 ns
trB Fall Time of Bit Clock BCLKy and BCLKR 50 ns
twMH Width of Master Clock High MCLKy and MCLKg 160 ns
twMmL Width of Master Clock Low MCLKy and MCLKR 160 ' ns
tsBFM Set-Up Time from BCLKy High First Bit Clock after the Leading 100 ns
to MCLK Falling Edge Edge of FSx
tweH Width of Bit Clock High 160 ns
twaL Width of Bit Clock Low 160 ns
tHBFL Holding Time from Bit Clock Long Frame Only (] ns
Low to Frame Sync
tHBFS Holding Time from Bit Clock Short Frame Only o ns
High to Frame Sync
tsrB Set-Up Time for Frame Sync Long Frame Only 80 ns
to Bit Clock Low
tpeD Delay Time from BCLKy High Load =150 pF plus 2 LSTTL Loads o 180 ns
to Data Valid
tpBTS Delay Time to TSy Low Load =150 pF plus 2 LSTTL Loads 140 ns
tpzc Delay Time from BCLKy Low to 50 165 ns
Data Output Disabled
tozr Delay Time to Valid Data from Cp =0 pF to 150 pF 20 165 ns

FSyx or BCLKy, Whichever
Comes Later

tspB Set-Up Time from Dg Valid to 50 ns
BCLKR/x Low

tHBD Hold Time from BCLKR/x Low to 50 ns
DR Invalid ’

tsF Set-Up Time from FSx/R to Short Frame Sync Pulse (1 Bit Clock 50 ; ns
BCLKx/g Low Period Long) -

tHF Hold Time from BCLKx/r Low Short Frame Sync Pulse (1 Bit Clock 100 . ns
to FSy/R Low Period Long) ‘

tHBFI Hold Time from 3rd Period of Long Frame Sync Pulse (from 3 to 8 Bit 100 ns
Bit Clock Low to Frame Sync Clock Periods Long)
(FSx or FSR)

tWFL Minimum Width of the Frame 64k Bit/s Operating Mode 160 ns

Sync Pulse (Low Level)

tsFFM Set-Up Time from FSx High Long Frame Only 100 ns
to MCLK Falling Edge
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TP3068, TP3069

Transmission Characteristics

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voc = +5.0V £5%, Vgg = —5.0V £5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at Ta = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V|y = 0 dbmoO, transmit input amplifier

connected for unity gain non-inverting. Typicals specified at Vo = +5.0V, Vgg = —5.0V, Tp = 25°C.

Symbol I Parameter Conditions Min | Typ ‘ Max J Units
AMPLITUDE RESPONSE
Absolute Levels Nominal 0 dBmO Level is 4 dBm
(Definition of (600Q2)
nominal gain) 0dBm0 1.2276 Vrms
tmax Max Transmit Overload Level
TP3068 (3.17 dBmo0) 2501 VpK
TP3069 (3.14 dBmO0) 2.492 Vpk
GxA Transmit Gain, Absolute Ta=25°C, Vgc=5V, Vgg= —5V —0.15 0.15 dB
GxR Transmit Gain, Relative to Gxa f=16 Hz —40 dB
f="50 Hz —30 dB
f=60 Hz —26 dB
f=200 Hz -1.8 -0.1 dB
f=300 Hz-3000 Hz —-0.15 0.15 dB
f=3300 Hz -0.35 0.05 dB
f=3400 Hz -0.7 o dB
f=4000 Hz -14 dB
f=4600 Hz and Up, Measure —-32 dB
Response from 0 Hz to 4000 Hz
GxAT Absolute Transmit Gain Variation | Relative to Gxa —0.1 0.1 dB
with Temperature
GyAv Absolute Transmit Gain Variation | Relative to Gxa —-0.05 0.05 dB
with Supply Voltage
GxRL Transmit Gain Variations with Sinusoidal Test Method
Level Reference Level= —10 dBm0
VFxl* = —40 dBmO0 to +3 dBm0 -0.2 0.2 dB
VFxl+ = —50 dBm0 to —40 dBm0 -0.4 0.4 dB
VFxl+ = —55dBm0 to —50 dBm0 -1.2 1.2 dB
Gpa Receive Gain, Ta=25°C,Vgc=5V, Vgg= —5V
Absolute Input = Digital Code Sequence
for 0 dBmO Signal —-0.15 0.15 dB
Grr Receive Gain, Relative to Gra f=0 Hz to 3000 Hz —-0.15 0.15 dB
f=3300 Hz —-0.35 0.05 dB
f=3400 Hz -0.7 (] dB
f=4000 Hz —-14 dB
GRAT Absolute Receive Gain Variation | Relative to Gga —0.1 0.1 dB
with Temperature
GRpav Absolute Receive Gain Variation Relative to Gra —0.05 0.05 dB
with Supply Voltage
GRRL Receive Gain Variations with Sinusoidal Test Method; Reference
Level Input PCM Code Corresponds to an
Ideally Encoded — 10 dBmO Signal
PCM Level= —40 dBm0 to +3 dBm0 -0.2 0.2 dB
PCM Level= —50 dBm0 to —40 dBm0 -0.4 0.4 dB
PCM Level= —55 dBm0 to —50 dBm0 —-1.2 1.2 dB
VRo Receive Filter Output at VFRO RL=10kQ —-25 2.5 \']
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Transmission Characteristics (continued)

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V £5%, Vgg = —5.0V £5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, Vi = 0 dbm0, transmit input amplifier
connected for unity gain non-inverting. Typicals specified at Voc = +5.0V, Vgg = —5.0V, Tp = 25°C.
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Symbol Parameter Conditions | Min | Typ ' Max [ Units
ENVELOPE DELAY DISTORTION WITH FREQUENCY
Dxa Transmit Delay, Absolute f=1600 Hz 290 315 us
Dxr Transmit Delay, Relative to Dxa f=500 Hz—600 Hz 195 220 us
f=600 Hz—800 Hz 120 145 s
f=800 Hz—1000 Hz 50 75 ns
f=1000 Hz—1600 Hz 20 40 s
f=1600 Hz—2600 Hz 55 75 us
f=2600 Hz—2800 Hz 80 105 us
f=2800 Hz—3000 Hz 130 155 s
DRa Receive Delay, Absolute f=1600 Hz 180 200 us
Dar Receive Delay, Relative to Dga f=500 Hz—1000 Hz —40 —25 us
f=1000 Hz—1600 Hz —30 —20 ns
f=1600 Hz—2600 Hz 70 90 us
f=2600 Hz—2800 Hz 100 125 us
f=2800 Hz—3000 Hz 145 175 us
NOISE
Nxc Transmit Noise, C Message TP3068 (Note 1) 12 15 dBrnCO
Weighted
Nxp Transmit Noise, Psophometric TP3069 (Note 1) —74 —-67 dBmOp
Weighted
Ngrc Receive Noise, C Message PCM Code Equals Alternating
Weighted Positive and Negative Zero
TP3068 8 11 dBrnCO
Npp Receive Noise, Psophometric PCM Code Equals Positive
Weighted Zero
TP3069 —82 -79 dBmOp
Ngrs Noise, Single Frequency f=0 kHz to 100 kHz, Loop Around —53 dBmoO
Measurement, VFyl+ =0 Vrms
PPSRx Positive Power Supply Rejection, Vce=5.0 Vpc+ 100 mVrms
Transmit f=0 kHz—50 kHz (Note 2) 40 dBC
NPSRy Negative Power Supply Rejection, Vpg= —5.0 Vpc+ 100 mVrms
Transmit 'l £=0kHz—50 kHz (Note 2) 40 dBC
PPSRR Positive Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vee=5.0 Vpg+ 100 mVrms
Measure VFRO
f=0Hz—4000 Hz 38 dBC
f=4 kHz—50 kHz 25 dB
NPSRR Negative Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vgg= —5.0 Vpg+ 100 mVrms
Measure VFRO
f=0 Hz—4000 Hz 40 dBC
f=4 kHz—25 kHz 40 dB
f=25kHz—50 kHz 36 dB
SOs Spurious Out-of-Band Signals 0 dBm0, 300 Hz—3400 Hz Input
at the Channel Output PCM Code Applied at DR
Measure Individual Image Signals at
VFRO
4600 Hz-7600 Hz —-32 dB
7600 Hz-8400 Hz —40 dB
8400 Hz-100,000 Hz —-32 dB
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TP3068, TP3069

Transmission Characteristics (continueq)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V £5%, Vgg = —5.0V +5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V|y = 0 dbm0, transmit input amplifier
connected for unity gain non-inverting. Typicals specified at Voc = +5.0V, Vgg = —5.0V, Tpo = 25°C.

Symbol Parameter Conditions | Min l Typ I Max I Units
DISTORTION
STDy, Signal to Total Distortion Sinusoidal Test Method (Note 3)
STDR Transmit or Receive Level=3.0 dBmO 33 dBC
Half-Channel =0 dBm0 to —30 dBm0 36 dBC
= —40dBm0 XMT 29 dBC
RCV 30 dBC
= —55dBm0 XMT 14 dBC
RCV 15 dBC
SFDy Single Frequency Distortion, —46 dB
Transmit
SFDR Single Frequency Distortion, —46 dB
Receive
IMD Intermodulation Distortion Loop Around Measurement, —-41 dB
VFxl+ = —4 dBm0 to —21 dBm0, Two
Frequencies in the Range
300 Hz—3400 Hz
CROSSTALK
CTx-R Transmit to Receive Crosstalk f=2300 Hz—3000 Hz
Dr= Quiet PCM Code —90 —-75 dB
CTRr-x Receive to Transmit Crosstalk f=300 Hz—3000 Hz, VFxi=0V -9 | —-70 dB
(Note 2)
POWER AMPLIFIERS
VoPA Maximum 0 dBmO Level Balanced Load, R| Connected Between
(Better than +0.1 dB Linearity over VPO+ and VPO—.
the Range —10 dBm0 to +3 dBm0) R =600 3.3 Vrms
RL=12000 3.5 Vrms
S/Dp Signal/Distortion R =600Q 50 dB

Note 1: Measured by extrapolation from the distortion test result at —50 dBm0.
Note 2: PPSRy, NPSRy, and CTR-x are measured with a —50 dBm0 activation signal applied to VFy!+.
Note 3: TP3068 is measured using C message weighted filter. TP3069 is measured using psophometric weighted filter.

1-92




Applications Information

POWER SUPPLIES

While the pins of the TP3060 family are well protected
against electrical misuse, it is recommended that the stan-
dard CMOS practice be followed, ensuring that ground is
connected to the device before any other connections are
made. In applications where the printed circuit board may be
plugged into a “hot” socket with power and clocks already
present, an extra long ground pin in the connector should
be used.

All ground connections to each device should meet at a
common point as close as possible to the GNDA pin. This

minimizes the interaction of ground return currents flowing
through a common bus impedance. 0.1 uF supply decou-
pling capacitors should be connected from this common
ground point to Vgc and Vg, as close to the device as
possible.

For best performance, the ground point of each CODEC/
FILTER on a card should be connected to a common card
ground in “STAR" formation, rather than via a ground bus.
This common ground point should be decoupled to Vgc and
Vg with 10 uF capacitors.

690€d.L ‘890€dL

Note: See Application Note 370 for further details

Typical Asynchronous Application
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Note 1: Transmit gain = 20 X log (FI1 2R2) J(R1 + R2) > 10 kQ
. . 2 X R3
Note 2: Receive gain = 20 X log ( A ) R4 2 10 kQ
FIGURE 4
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TP3070A, TP3071A, TP3070A-X, TP3071A-X

National
Semiconductor

TP3070A, TP3071A and TP3070A-X, TP3071A-X
COMBO II™ Programmable PCM CODEC/Filter

General Description Features

The TP3070A and TP3071A are second-generation com- W Complete CODEC and FILTER system including:
bined PCM CODEC and Filter devices optimized for digital — Transmit and receive PCM channel filters
switching applications on subscriber line and trunk cards. — p-law or A-law companding encoder and decoder
Using advanced switched capacitor techniques, COMBO II — Receive power amplifier drives 3000
combines transmit bandpass and receive lowpass channel — 4.096 MHz serial PCM data (max)

filters with a companding PCM encoder and decoder. The @ Programmable Functions:

devices are A-law and p-law selectable and employ a con- — Transmit gain: 25.4 dB range, 0.1 dB steps
ventional serial PCM interface capable of being clocked up — Receive gain: 25.4 dB range, 0.1 dB steps

to 4.096 MHz. A number of programmable functions may be — Hybrid balance cancellation filter

controlled via a serial control port. - — Time-slot assignment; up to 64 slots/frame
Channel gains are programmable over a 25.4 dB range in — 2 port assignment (TP3070A)

each direction, and a programmable filter is included to en- — 6 interface latches (TP3070A)

able Hybrid Balancing to be adjusted to suit a wide range of —Aor p-law

loop impedance conditions. Both transformer and active — Analog loopback

SLIC interface circuits with real or complex termination im- — Digital loopback

pedances can be balanced by this filter, with cancellation in Direct interface to solid-state SLICs
excess of 30 dB being readily achievable when measured Simplifies transformer SLIC; single winding secondary

]

[ ]

across the passband against standard test termination net- w Standard serial control interface

works. m 80 mW operating power (typ)

To enable COMBO I to interface to the SLIC control leads, m 1.5 mW standby power (typ)

a number of programmable latches are included; each may  w Meets or exceeds all CCITT and LSSGR specifications

be cpnfigured as either an input or an output. The TP3070A g 1T and CMOS compatible digital interfaces

provides 6 latches and the TP3071A 5 latches. m Extended temperature versions available for —40°C to
+85°C (TP3070AJ-X, TP3070AV-X, TP3071AJ-X)

Block Diagram

Vee
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+5V
A
VFyl =
o = = ENCODER
> D0
o TX REGISTER O o
LOOPBACK _
HYBRID 3 &
BALANCE VREF TIME=-SLOT | v
FILTER ASSIGNMENT E ECEK
¢ Sy
ANALOG +— D50
LOOPOACK RX REGISTER R
VFR0 = DECODER | 44— vowk
t t
CONTROL p e
< N < ceLK
INTERFACE LATCHES | o e s
_ « a
A A A A
1 I.4 -[--------------:5" ......
vV yvy = r
W5 L4 13 12 11 1o OND Ven
TL/H/8635-1
FIGURE 1
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Connection Diagrams

28| VFyl
27 |=Vee
26f—=N/C
25|10
24 =1Lt
23|14
22|—IL5
21|—FSy
20 =551
19|~ T5,0
18 =Dyt
17 |=Dy0
16 [—MCLK
15 [=BCLK

TP3070A

[2) o o =
S8z 583 GND—{ 1
L1 11117 vz 2
/4 3 2 1 282726 veds
BB
c— 25f-1L1
Wi N/c—{4
L3 —{6 24}—1L4 3]s
2 —{7 23}-15 S
Fsp—{8 TP3070A 22|~ Fsy Fsg—7
Dp1—{9 21 =541 Dgi—{8
Dg0— 10 20 |=T5,0 009
co—{11 19}~ Dyt co—{10
12 13 14 15 16 17 18 a1
U UL -
o xIBENE% cak-12
3 gg s—{13
TL/H/8635-4 MR=114
Order Number TP3070AV

Order Number TP3070AV-X

See NS Package Number V28A

(0°C to +70°C)

(—40°C to +85°C)

TL/H/8635-3
Order Number TP3070AJ
(0°C to +70°C)
Order Number TP3070AJ-X
(—40°C to +85°C)

—/
GND —{1 20 f= VFyl
VFR0 =2 19f=Vee
Vgg—13 18f~10
IL3—4 1711
25 1p3o71A 16}—IL4
FSp—6 15=Fsy
DR0—{7 14]=T5,0
cl/o—8 13}=Dy0
ccLk —{9 12 |~ BCLK/MCLK
cS—f10 11f=MR

TL/H/8635-2
Order Number TP3071AJ
(0°C to +70°C)
Order Number TP3071AJ-X
(—40°C to +85°C)
See NS Package Number J20A

See NS Package Number J28A

Pin Descriptions

Pin
Vce
Ves
GND

FSx

FSRr

BCLK

MCLK

VFyxl

VFRO

Dx0

Description
+5V £5% power supply.
—5V +£5% power supply.
Ground. All analog and digital signals are refer-
enced to this pin.

Transmit Frame Sync input. Normally a pulse or
squarewave with an 8 kHz repetition rate is ap-
plied to this input to define the start of the transmit
time slot assigned to this device (non-delayed
data timing mode), or the start of the transmit
frame (delayed data timing mode using the inter-
nal time-slot assignment counter).

Receive Frame Sync input. Normally a pulse or
squarewave with an 8 kHz repetition rate is ap-
plied to this input to define the start of the receive
time slot assigned to this device (non-delayed
data timing mode), or the start of the receive
frame (delayed data timing mode using the inter-
nal time-slot assignment counter).

Bit clock input used to shift PCM data into and out
of the DR and Dx pins. BCLK may vary from 64
kHz to 4.096 MHz in 8 kHz increments, and must
be synchronous with MCLK.

Master clock input used by the switched capacitor
filters and the encoder and decoder sequencing
logic. Must be 512 kHz, 1.536 MHz, 1.544 MHz,
2.048 MHz or 4.096 MHz and synchronous with
BCLK.

The Transmit analog high-impedance input. Voice
frequency signals present on this input are encod-
ed as an A-law or p-law PCM bit stream and shift-
ed out on the selected Dy pin.

The Receive analog power amplifier output, capa-
ble of driving load impedances as low as 300
(depending on the peak overload level required).
PCM data received on the assigned DR pin is de-
coded and appears at this output as voice fre-
quency signals.

Dx1 is available on the TP3070A only; Dx0 is

Pin
Dx1

TSx0
TSx1

DRrO
Dr1

CCLK

Cl’o

Cl

co

IL5-ILO

Description
available on all devices. These Transmit Data TRI-
STATE® outputs remain in the high impedance
state except during the assigned transmit time slot
on the assigned port, during which the transmit
PCM data byte is shifted out on the rising edges of
BCLK.

TSx1 is available on the TP3070A only; TSx0 is
available on all devices. Normally these open-
drain outputs are floating in a high impedance
state except when a time-slot is active on one of
the Dy outputs, when the appropriate TSy output
pulls low to enable a backplane line-driver.

DRr1 is available on the TP3070A only; DRO is
available on all devices. These receive data inputs
are inactive except during the assigned receive
time slot of the assigned port when the receive
PCM data is shifted in on the falling edges of
BCLK.

Control Clock input. This clock shifts serial control
information into or out from CI/O or Cl and CO
when the CS input is low, depending on the cur-
rent instruction. CCLK may be asynchronous with
the other system clocks.

This is the Control Data I/0 pin which is provided
on the TP3071A. Serial control information is shift-
ed to or read from COMBO Il on this pin when CS
is low. The direction of the data is determined by
the current instruction as defined in Table 1.

This is a separate Control Input, available only on
the TP3070A. It can be connected to CO if re-
quired.

This is a separate Control Output, available only
on the TP3070A. It can be connected to Cl if re-
quired.

Chip Select input. When this pin is low, control in-
formation can be written to or read from COMBO I
via the Cl/0 pin (or Cl and CO).

IL5 through ILO are available on the TP3070A.
IL4 through ILO are available on the TP3071A.
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TP3070A, TP3071A, TP3070A-X, TP3071A-X

Pin Descriptions (continued)

Pin Description
Each Interface Latch I/0 pin may be individually
programmed as an input or an output determined
by the state of the corresponding bit in the Latch
Direction Register (LDR). For pins configured as
inputs, the logic state sensed on each input is
latched into the Interface Latch Register (ILR)
whenever control data is written to COMBO I,
while CS is low, and the information is shifted out
on the CO (or CI/0) pin. When configured as out-
puts, control data written into the ILR appears at
the corresponding IL pins.
This logic input must be pulled low for normal op-
eration of COMBO IIl. When pulled momentarily
high (at least 1 usec.), all programmable registers
in the device are reset to the states specified un-
der “Power-On Initialization”.
No Connection. Do not connect to this pin. Do not
route traces through this pin.

Functional Description

POWER-ON INITIALIZATION

When power is first applied, power-on reset circuitry initializ-
es the COMBO Il and puts it into the power-down state. The
gain control registers for the transmit and receive gain sec-
tions are programmed to OFF (00000000), the hybrid bal-
ance circuit is turned off, the power amp is disabled and the
device is in the non-delayed timing mode. The Latch Direc-
tion Register (LDR) is pre-set with all IL pins programmed as
inputs, placing the SLIC interface pins in a high impedance
state. The CI/O pin is set as an input ready for the first
control byte of the initialization sequence. Other initial states
in the Control Register are indicated in Section 2.0.

A reset to these same initial conditions may also be forced
by driving the MR pin momentarily high. This may be done
either when powered-up or down. For normal operation this
pin must be pulled low. If not used, MR should be hard-
wired to ground.

The desired modes for all programmable functions may be
initialized via the control port prior to a Power-up command.

POWER-DOWN STATE

Following a period of activity in the powered-up state the
power-down state may be re-entered by writing any of the
control instructions into the serial control port with the “P”
bit set to “1” as indicated in Table |. It is recommended that
the chip be powered down before writing any additional in-
structions. In the power-down state, all non-essential circuit-
ry is de-activated and the Dx0 (and Dx1) outputs are in the
high impedance TRI-STATE condition.

The coefficients stored in the Hybrid Balance circuit and the
Gain Control registers, the data in the LDR and ILR, and all
control bits remain unchanged in the power-down state un-
less changed by writing new data via the serial control port,
which remains active. The outputs of the Interface Latches
also remain active, maintaining the ability to monitor and
control the SLIC.

TRANSMIT FILTER AND ENCODER

The Transmit section input, VFx, is a high impedance sum-
ming input which is used as the differencing point for the
internal hybrid balance cancellation signal. No external
components are necessary to set the gain. Following this
circuit is a programmable gain/attenuation amplifier which is
controlled by the contents of the Transmit Gain Register

MR

NC

(see Programmable Functions section). An active pre-filter
then precedes the 3rd order high-pass and 5th order low-
pass switched capacitor filters. The A/D converter has a
compressing characteristic according to the standard
CCITT A or u255 coding laws, which must be selected by a
control instruction during initialization (see Tables | and II). A
precision on-chip voltage reference ensures accurate and
highly stable transmission levels. Any offset voltage arising
in the gain-set amplifier, the filters or the comparator is can-
celed by an internal auto-zero circuit.

Each encode cycle begins immediately following the as-
signed Transmit time-slot. The total signal delay referenced
to the start of the time-slot is approximately 165 us (due to
the Transmit Filter) plus 125 pus (due to encoding delay),
which totals 290 ps. Data is shifted out on Dx0 or Dx1 dur-
ing the selected time slot on eight rising edges of BCLK.
DECODER AND RECEIVE FILTER

PCM data is shifted into the Decoder’s Receive PCM Regis-
ter via the DRO or DRr1 pin during the selected time-slot on
the 8 falling edges of BCLK. The Decoder consists of an
expanding DAC with either A or 255 law decoding charac-
teristic, which is selected by the same control instruction
used to select the Encode law during initialization. Following
the Decoder is a 5th order low-pass switched capacitor filter
with integral Sin x/x correction for the 8 kHz sample and
hold. A programmable gain amplifier, which must be set by
writing to the Receive Gain Register, is included, and finally
a Power Amplifier capable of driving a 3002 load to £3.5V,
a 600Q load to 3.8V or a 15 k2 load to +4.0V at peak
overload.

A decode cycle begins immediately after the assigned re-
ceive time-slot, and 10 ps later the Decoder DAC output is
updated. The total signal delay is 10 ps plus 120 ps (filter
delay) plus 62.5 us (. frame) which gives approximately
190 ps.

PCM INTERFACE

The FSy and FSg frame sync inputs determine the begin-
ning of the 8-bit transmit and receive time-slots respectively.
They may have any duration from a single cycle of BCLK
HIGH to one MCLK period LOW. Two different relationships
may be established between the frame sync inputs and the
actual time-slots on the PCM busses by setting bit 3 in the
Control Register (see Table Il). Non-delayed data mode is
similar to long-frame timing on the TP3050/60 series of de-
vices (COMBOTM); time-slots begin nominally coincident
with the rising edge of the appropriate FS input. The alterna-
tive is to use Delayed Data mode, which is similar to short-
frame sync timing on COMBO, in which each FS input must
be high at least a half-cycle of BCLK earlier than the time-
slot. The Time-Slot Assignment circuit on the device can
only be used with Delayed Data timing.

When using Time-Slot Assignment, the beginning of the first
time-slot in a frame is identified by the appropriate FS input.
The actual transmit and receive time-slots are then deter-
mined by the internal Time-Slot Assignment counters.
Transmit and Receive frames and time-slots may be
skewed from each other by any number of BCLK cycles.
During each assigned Transmit time-slot, the selected
Dx0/1 output shifts data out from the PCM register on the
rising edges of BCLK. TSx0 (or TSx1 as appropriate) also
pulls low for the first 71/, bit times of the time-slot to control
the TRI-STATE Enable of a backplane line-driver. Serial
PCM data is shifted into the selected Dr0/1 input during
each assigned Receive time-slot on the falling edges of
BCLK. Dx0 or Dx1 and DRO or D1 are selectable on the
TP3070A only, see Section 6.
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Functional Description (Continued)

TABLE I. Programmable Register Instructions

. Byte 1 (Note 1) Byte 2 (Note 1)
Function 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Single Byte Power-Up/Down P X X X X X 0 X None
Write Control Register P 0 0 0 o 0 1 X See Table Il
Read-Back Control Register P 0O O O 0 1 1 X See Table |l
Write to Interface Latch Register P 0 0 0 1 0 1 X See Table V
Read Interface Latch Register P 0 O 0 1 1 1 X See Table V
Write Latch Direction Register P 0 0 1 0 0 1 X See Table IV
Read Latch Direction Register P o 0o 1 0 1 1 X See Table IV
Write Receive Gain Register p 0o 1 0 0 0 1 X See Table VIII
Read Receive Gain Register P 0 1 0 0 1 1 X See Table VI
Write Transmit Gain Register P 0 1 0 1 0 1 X See Table VI
Read Transmit Gain Register P 0 1 0 1 1 1 X See Table VII
Write Receive Time-Slot/Port P 1 0 0 1 0 1 X See Table VI
Read-Back Receive Time-Slot/Port P 1 0 0 1 1 1 X See Table VI
Write Transmit Time-Slot/Port P 1t 0 1 0 0 1 X See Table VI
Read-Back Transmit Time-Slot/Port Pp 1 0 1 0 1 1 X See Table VI

Note 1: Bit 7 of bytes 1 and 2 is always the first bit clocked into or out from the CI, CO or CI/O pin. X = don't care.
Note 2: “P" is the power-up/down control bit, see “Power-Up/Down Control” section. (“0” = Power Up, “1” = Power Down)
Note 3: Three additional registers are provided for the Hybrid Balance Filter, see Section 9.0. Other register address codes are invalid and should not be used.

SERIAL CONTROL PORT

Control information and data are written into or read-back
from COMBO II via the serial control port consisting of the
control clock CCLK, the serial data input/output CI/O, (or
separate input, Cl, and output, CO, on the TP3070A only),
and the Chip Select input, CS. All control instructions re-
quire 2 bytes, as listed in Table I, with the exception of a
single byte power-up/down command. The byte 1 bits are
used as follows: bit 7 specifies power up or power down;
bits 6, 5, 4 and 3 specify the register address; bit 2 specifies
whether the instruction is read or write; bit 1 specifies a one
or two byte instruction; and bit 0 is not used.

To shift control data into COMBO II, CCLK must be pulsed 8
times while CS is low. Data on the CI/O (or Cl) input is
shifted into the serial input register on the falling edge of
each CCLK pulse. After all data is shifted in, the contents of
the input shift register are decoded, and may indicate that a
2nd byte of control data will follow. This second byte may
either be defined by a second byte-wide CS pulse or may
follow the first contiguously, i.e. it is not mandatory for CS to
return high between the first and second control bytes. At
the end of CCLK8 in the 2nd control byte the data is loaded
into the appropriate programmable register. CS may remain
low continuously when programming successive registers, if
desired. However, CS should be set high when no data
transfers are in progress.

To readback interface Latch data or status information from
COMBO I, the first byte of the appropriate instruction is
strobed in during the first CS pulse, as defined in Table I. CS
must then be taken low for a further 8 CCLK cycles, during
which the data is shifted onto the CO or CI/O pin on the
rising edges of CCLK. When CS is high the CO or CI/O pin
is in the high-impedance TRI-STATE, enabling the Cl/O
pins of many devices to be multiplexed together.

Programmable Functions

1.0 POWER-UP/DOWN CONTROL

Following power-on initialization, power-up and power-down
control may be accomplished by writing any of the control

instructions listed in Table | into COMBQC Il with the “P” bit
set to “0” for power-up or ““1” for power-down. Normally it is
recommended that all programmable functions be initially
programmed while the device is powered down. Power state
control can then be included with the last programming in-
struction or the separate single-byte instruction. Any of the
programmable registers may also be modified while the de-
vice is powered-up or down by setting the “‘P” bit as indicat-
ed. When the power-up or down control is entered as a
single byte instruction, bit one (1) must be reset to a 0.

When a power-up command is given, all de-activated cir-
cuits are activated, but the TRI-STATE PCM output(s), Dx0
(and Dx1), will remain in the high impedance state until the
second FSy pulse after power-up.

2.0 CONTROL REGISTER INSTRUCTION

The first byte of a READ or WRITE instruction to the Control
Register is as shown in Table I. The second byte has the
following bit functions:

TABLE Il. Control Register Byte 2 Functions

Bit Number and Name
7/6|5(4|3|2|1]|0
F1|Fo|MA|IA|DN|DL|AL|PP

Function

MCLK = 512 kHz

MCLK = 1.536 or 1.544 MHz
MCLK = 2.048 MHz*

MCLK = 4.096 MHz

00
- O =0

Select p-255 law*

A-law, Including Even Bit
Inversion

A-law, No Even Bit Inversion

-
o

0 Delayed Data Timing
Non-Delayed Data Timing*

Y

0|0 Normal Operation*
11X Digital Loopback
o1 Analog Loopback

0 |Power Amp Enabled in PDN

-

Power Amp Disabled in PDN*

* = State at power-on initialization. (Bit 4 = 0)
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TP3070A, TP3071A, TP3070A-X, TP3071A-X

Programmable Functions (continued)

TABLE Ill. Coding Law Conventions

1255 law e.\'/.:rlleb‘i\t :2rlle‘l"vsi::2n evﬁr:::vivt ‘i';i\tltt::lton
MSB LSB MSB LSB MSB LSB
ViN = +Full Scale 10000000 10101010 11111111
VN = OV 11111111 11010101 10000000
01111111 01010101 00000000
Vin = —Full Scale 00000000 00101010 01111111

Note 1: The MSB is always the first PCM bit shifted in or out of COMBO II.

2.1 Master Clock Frequency Selection

A Master clock must be provided to COMBO Il for operation
of the filter and coding/decoding functions. The MCLK fre-
quency must be either 512 kHz, 1.536 MHz, 1.544 MHz,
2.048 MHz, or 4.096 MHz and must be synchronous with
BCLK. Bits Fy and Fp (see Table ll) must be set during
initialization to select the correct internal divider.

2.2 Coding Law Selection

Bits “MA” and “IA” in Table Il permit the selection of n255
coding or A-law coding, with or without even bit inversion.

2.3 Analog Loopback

Analog Loopback mode is entered by setting the “AL” and
“DL” bits in the Control Register as shown in Table Il. In the
analog loopback mode, the Transmit input VFxl is isolated
from the input pin and internally connected to the VFRO
output, forming a loop from the Receive PCM Register back
to the Transmit PCM Register. The VFRO pin remains ac-
tive, and the programmed settings of the Transmit and Re-
ceive gains remain unchanged, thus care must be taken to
ensure that overload levels are not exceeded anywhere in
the loop. Hybrid balance must be disabled for meaningful
analog loopback function.

2.4 Digital Loopback

Digital Loopback mode is entered by setting the “AL” and
“DL" bits in the Control Register as shown in Table II. This
mode provides another stage of path verification by en-
abling data written into the Receive PCM Register to be
read back from that register in any Transmit time-slot at
Dx0/1. In digital loopback, the decoder will remain function-
al and output a signal at VFRO. If this is undesirable, the
receive output can be turned off by programming the re-
ceive gain register to all zeros.

3.0 INTERFACE LATCH DIRECTIONS

Immediately following power-on, all Interface Latches as-
sume they are inputs, and therefore all IL pins are in a high
impedance state. Each IL pin may be individually pro-
grammed as a logic input or output by writing the appropri-
ate instruction to the LDR, see Tables | and IV. For minimum
power dissipation, unconnected latch pins should be pro-
grammed as outputs. For the TP3071A, L5 should always
be programmed as an output.

Bits Ls—Lg must be set by writing the specified instruction to
the LDR with the L bits in the second byte set as follows:

TABLE IV. Byte 2 Functions of Latch Direction Register

Byte 2 Bit Number
7 6 5 4 3 2 1 0

Lo L4 Lo Lg Ly Lg X X

L, Bit IL Direction
0 Input
1 Output

X = don't care

4.0 INTERFACE LATCH STATES

Interface Latches configured as outputs assume the state
determined by the appropriate data bit in the 2-byte instruc-
tion written to the Interface Latch Register (ILR) as shown in
Tables | and V. Latches configured as inputs will sense the
state applied by an external source, such as the Off-Hook
detect output of a SLIC. All bits of the ILR, i.e. sensed inputs
and the programmed state of outputs, can be read back in
the 2nd byte of a READ from the ILR.

It is recommended that during initialization, the state of IL
pins to be configured as outputs should be programmed
first, followed immediately by the Latch Direction Register.

TABLE V. Interface Latch Data Bit Order

Bit Number
7 6 5 4 3 2 1 0

Dp Dy D, Dg Dy Ds X

5.0 TIME-SLOT ASSIGNMENT

COMBO Il can operate in either fixed time-slot or time-slot
assignment mode for selecting the Transmit and Receive
PCM time-slots. Following power-on, the device is automati-
cally in Non-Delayed Timing mode, in which the time-slot
always begins with the leading (rising) edge of frame sync
inputs FSx and FSR. Time-Slot Assignment may only be
used with Delayed Data timing; see Figure 6. FSx and FSg
may have any phase relationship with each other in BCLK
period increments.

Alternatively, the internal time-slot assignment counters and
comparators can be used to access any time-slot in a
frame, using the frame sync inputs as marker pulses for the
beginning of transmit and receive time-slot 0. In this mode, a
frame may consist of up to 64 time-slots of 8 bits each. A

1-98




Programmable Functions (continued)

TABLE VI. Time-Slot and Port Assignment Instruction

Bit Number and Name Function
7 6 5 4 3 2 1 0
EN PS Ts Ts T3 Ta Ty To
(Note 1) (Note 2)
0 0 X X X X X X Disable Dx0 Output (Transmit Instruction)
Disable DRO Input (Receive Instruction)
0 1 X X X X X X Disable Dx1 Output (Transmit Instruction)
Disable Dg1 Input (Receive Instruction)
1 0 Assign One Binary Coded Time-Slot from 0-63 Enable Dx0 Output (Transmit Instruction)
Assign One Binary Coded Time-Slot from 0-63 Enable DRO Input (Receive Instruction)
1 1 Assign One Binary Coded Time-Slot from 0-63 Enable D1 Output (Transmit Instruction)
Assign One Binary Coded Time-Slot from 0-63 Enable Dg1 Input (Receive Instruction)

Note 1: The “PS" bit MUST always be set to 0 for the TP3071A.

Note 2: T5 is the MSB of the Time-slot assignment bit field. Time slot bits should be set to *000000"” for both transmit and receive when operating in non-delayed

data timing mode.

time-slot is assigned by a 2-byte instruction as shown in
Tables | and VI. The last 6 bits of the second byte indicate
the selected time-slot from 0-63 using straight binary nota-
tion. A new assignment becomes active on the second
frame following the end of the Chip-Select for the second
control byte. The “EN” bit allows the PCM inputs, DRr0/1, or
outputs, Dx0/1, as appropriate, to be enabled or disabled.

Time-Slot Assignment mode requires that the FSx and FSr
pulses must conform to the delayed data timing format
shown in Figure 6.

6.0 PORT SELECTION

On the TP3070A only, an additional capability is available; 2
Transmit serial PCM ports, Dx0 and Dx1, and 2 Receive
serial PCM ports, DRO and Dg1, are provided to enable two-
way space switching to be implemented. Port selections for
transmit and receive are made within the appropriate time-
slot assignment instruction using the “PS” bit in the second
byte.

On the TP3071A, only ports Dx0 and DRO are available,
therefore the “PS” bit MUST always be set to 0 for these
devices.

Table VI shows the format for the second byte of both trans-
mit and receive time-slot and port assignment instructions.

7.0 TRANSMIT GAIN INSTRUCTION BYTE 2

The transmit gain can be programmed in 0.1 dB steps by
writing to the Transmit Gain Register as defined in Tables |
and VII. This corresponds to a range of 0 dBmO levels at
VFxl between 1.619 Vrms and 0.087 Vrms (equivalent to
+6.4 dBm to —19.0 dBm in 60092).
To calculate the binary code for byte 2 of this instruction for
any desired input 0 dBmO level in Vrms, take the nearest
integer to the decimal number given by:

200 X logqg (V/0.08595)
and convert to the binary equivalent. Some examples are
given in Table VII.
It should be noted that the Transmit (idle channel) Noise
and Transmit Signal to Total Distortion are both specified
with transmit gain set to 0 dB. At high transmit gains there
will be some degradation in noise performance for these
parameters. See Application Note AN-614 for more informa-
tion on this subject.

TABLE VII. Byte 2 of Transmit Gain Instruction

Bit Number 0 dBmO Test Level (Vrms)
76543210 at VFyl
00000000 No Output
00000001 0.087
00000010 0.088
11111110 1.600
11111111 1.619

8.0 RECEIVE GAIN INSTRUCTION BYTE 2
The receive gain can be programmed in 0.1 dB steps by
writing to the Receive Gain Register as defined in Tables |
and VIIl. Note the following restrictions on output drive ca-
pability:
a) 0 dBmo levels < 1.96 Vrms at VFRO may be driven into
a load of = 15 kQ to GND; receive gain set to 0 dB
b) 0 dBmO levels < 1.85 Vrms at VFRO may be driven into
a load of > 6000 to GND; receive gain set to —0.5 dB
¢) 0dBmo levels < 1.71 Vrms at VFRO may be driven into
a load of > 3009 to GND; receive gain set to —1.2 dB
To calculate the binary code for byte 2 of this instruction for
any desired output 0 dBmoO level in Vrms, take the nearest
integer to the decimal number given by:
200 X logyg (V/0.1043)
and convert to the binary equivalent. Some examples are
given in Table VIII.

TABLE VIil. Byte 2 of Receive Gain Instruction

Bit Number 0 dBmO Test Level (Vrms)
76543210 at VFRO
00000000 No Output (Low Z to GND)
00000001 0.105
00000010 0.107
11111110 1.941
11111111 1.964

X-V120€d1 ‘X-V0L0€dL ‘V120€dL ‘VOLOEdL




TP3070A, TP3071A, TP3070A-X, TP3071A-X

Programmable Functions (continued)

9.0 HYBRID BALANCE FILTER

The Hybrid Balance Filter on COMBO Il is a programmable
filter consisting of a second-order section, Hybal1, followed
by a first-order section, Hybal2, and a programmable attenu-
ator. Either of the filter sections can be bypassed if only one
is required to achieve good cancellation. A selectable 180
degree inverting stage is included to compensate for inter-
face circuits which also invert the transmit input relative to
the receive output signal. The 2hd order section is intended
mainly to balance low frequency signals across a transform-
er SLIC, and the first order section to balance midrange to
higher audio frequency signals.

As a 2nd order section, Hybal1 has a pair of low frequency
zeroes and a pair of complex conjugate poles. When config-
uring Hybal1, matching the phase of the hybrid at low to
mid-band frequencies is most critical. Once the echo path is
correctly balanced in phase, the magnitude of the cancella-
tion signal can be corrected by the programmable attenua-
tor.

The 2nd order mode of Hybal1 is most suitable for balanc-
ing interfaces with transformers having high inductance of
1.5 Henries or more. An alternative configuration for smaller
transformers is available by converting Hybal1 to a simple
first-order section with a single real low-frequency pole and
zero. In this mode, the pole/zero frequency may be pro-
grammed.

Many line interfaces can be adequately balanced by use of
the Hybal1 section only, in which case the Hybal2 filter
should be de-selected to bypass it.

Hybal2, the higher frequency first-order section, is provided
for balancing an electronic SLIC, and is also helpful with a
transformer SLIC in providing additional phase correction
for mid and high-band frequencies, typically 1 kHz to 3.4
kHz. Such a correction is particularly useful if the test bal-
ance impedance includes a capacitor of 100 nF or less,
such as the loaded and non-loaded loop test networks in
the United States. Independent placement of the pole and
zero location is provided.

Figure 2 shows a simplified diagram of the local echo path
for a typical application with a transformer interface. The
magnitude and phase of the local echo signal, measured at
VFxl, are a function of the termination impedance Zy, the
line transformer and the impedance of the 2W loop, Z,. If

the impedance reflected back into the transformer primary
is expressed as Z;' then the echo path transfer function
from VFRO to VFxl is:

Hw) = Z,'/(Zr + 2,) M
9.1 PROGRAMMING THE FILTER

On initial power-up, the Hybrid Balance filter is disabled. Be-
fore the hybrid balance filter can be programmed it is neces-
sary to design the transformer and termination impedance
in order to meet system 2W input return loss specifications,
which are normally measured against a fixed test imped-
ance (600 or 900 in most countries). Only then can the
echo path be modeled and the hybrid balance filter pro-
grammed. Hybrid balancing is also measured against a fixed
test impedance, specified by each national Telecom admin-
istration to provide adequate control of talker and listener
echo over the majority of their network connections. This
test impedance is Z| in Figure 2. The echo signal and the
degree of transhybrid loss obtained by the programmable
filter must be measured from the PCM digital input, DR0, to
the PCM digital output, Dx0, either by digital test signal anal-
ysis or by conversion back to analog by a PCM CODEC/Fil-
ter.

Three registers must be programmed in COMBO |I to fully
configure the Hybrid Balance Filter as follows:

Register 1:  select/de-select Hybrid Balance Filter;
invert/non-invert cancellation signal;
select/de-select Hybal2 filter section;
attenuator setting.

select/de-select Hybal1 filter;

set Hybal1 to 2nd order or 1st order;
pole and zero frequency selection.
program pole frequency in Hybal2 filter;
program zero frequency in Hybal2 filter.

Standard filter design techniques may be used to model the
echo path (see Equation 1) and design a matching hybrid
balance filter configuration. Alternatively, the frequency re-
sponse of the echo path can be measured and the hybrid
balance filter designed to replicate it.

A Hybrid Balance filter design guide and software optimiza-
tion program are available under license from National
Semiconductor Corporation; order TP3077SW.

Register 2:

Register 3:

VFylteeeececenenceccenccccccccaccccas
e

HYBAL 2 HYBAL 1

HI=P/Z 2nd ORDER |44

FILTER FILTER
ATTENUATOR

FROM RCV
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.
.
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FIGURE 2. Simplified Diagram of Hybrid Balance Circuit
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Applications Information

Figure 3 shows a typical application of the TP3071A togeth-
er with a transformer-based SLIC using the TP3204 Magnet-
ic Compensation device. Four of the IL latches are config-
ured as outputs to control the relay drivers on the SLIC,
while IL4 is an input for the Supervision signal. Figure 4
shows a similar arrangement with a monolithic SLIC.

POWER SUPPLIES

While the pins of the TP3070A COMBO II devices are well
protected against electrical misuse, it is recommended that
the standard CMOS practice of applying GND to the device
before any other connections are made should always be
followed. In applications where the printed circuit card may
be plugged into a hot socket with power and clocks already
present, extra long pins on the connector should be used
for ground and Vgg. In addition, a Schottky diode should be
connected between Vgg and ground.

P

100 100
AAA
W

BGND O-

WA
100 100 T 24
-48V O—- €M A

3

To minimize noise sources, all ground connections to each
device should meet at a common point as close as possible
to the device GND pin in order to prevent the interaction of
ground return currents flowing through a common bus im-
pedance. Power supply decoupling capacitors of 0.1 uF
should be connected from this common device ground point
to Vg and Vg as close to the device pins as possible. Voo
and Vgg should also be decoupled with Low Effective Se-
ries Resistance Capacitors of at least 10 uF located near
the card edge connector.

Further guidelines on PCB layout techniques are provided in
Application Note AN-614, “COMBO II™ Programmable
PCM CODEC/Filter Family Application Guide".
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FIGURE 3. Typical Application with Transformer SLIC
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FIGURE 4. Typical Application with Monolithic SLIC
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TP3070A, TP3071A, TP3070A-X, TP3071A-X

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Ve to GND
Voltage at VFx! ..

Voltage at any Digital input

Vee + 0.5V toVgg — 0.5V
Vce + 0.5Vto GND — 0.5V

Vgg to GND

Current at VFRO
'’ )

Electrical Characteristics ‘
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V +5%, Vgg = —5V £5%; Tp =
0°C to +70°C (—40°C to +85°C for TP3070A/71A-X) by correlation with 100% electrical testing at Ta = 25°C. All other limits
are assured by correlation with other production tests and/or product design and characterization." All signals referenced to
GND. Typicals specified at Vog = +5V, Vgg = —5V, Ta = 25°C.

Storage Temperature Range

Current at any Digital Output
Lead Temperature (Soldering, 10 sec.)

—65°Cto + 150°C

=7V

+100 mA
+50 mA

300°C

Symbol | Parameter Conditions . Min ’ Typ I Max Units
DIGITAL INTERFACES .
ViL Input Low Voltage All Digital Inputs (DC Meas.)* 0.7 \
ViH Input High Voltage All Digital Inputs (DC Meas.)* 2.0 \
VoL Output Low Voltage Dx0, Dx1, TSx0, TSx1 and CO, I = 3.2 mA, 0.4
All Other Digital Outputs, I = 1 mA -
VoH Output High Voltage Dx0,Dx1and CO, I = —3.2mA, 2.4 v
All Other Digital Outputs (except TSy), I = —1mA :
All Digital Outputs, I = —100 pA Ve — 0.5 \
L Input Low Current Any Digital Input, GND < V)y < V|, —10 10 pA
%) Input High Current Any Digital Input except MR, Vi < VN < Vo -10 10 nA
MR Only -10 100 pA
loz Output Current in Dx0, Dx1, CO and CI/O (as an Output)
High Impedance IL5-ILO When Selected as Inputs -10 10 RA
State (TRI-STATE) GND < Voyr < Veo
—40°C to +85°C (TP3070A/71A-X) —30 30 pA
ANALOG INTERFACES
IvExi Input Current, VFyl —3.3V < VFyl < 3.3V -10.0 10.0 pA
RvExi Input Resistance —3.3V < VFyxl < 3.3V 390 620 kQ
VOSx Input Offset Voltage Transmit Gain = 0 dB 200 mV
Applied at VFx| Transmit Gain = 25.4 dB 10 mV
RLvrro | Load Resistance Receive Gain = 0 dB 15k
Receive Gain = —0.5dB 600 1)
Receive Gain = —1.2dB 300
CLvrro | Load Capacitance RLvFRo = 300Q 200 F
CLyrro from VFRO to GND P
ROyrro | Output Resistance Steady Zero PCM Code Applied to
1.0 3.0 Q
DgO or Dr1
VOSR Output Offset Voltage | Alternating = Zero PCM Code Applied to _
at Vero DRO or DR1, Maximum Receive Gain 200 200 | mv
POWER DISSIPATION
lccO Power Down Current CCLK, CI/0, Cl, CO, = 0.4V, CS = 2.4V
Interface Latches Set as Outputs with No Load, 0.1 0.6 mA
All Other Inputs Active, Power Amp Disabled
Isg0 Power Down Current | As Above —0.1 -0.3 mA
—40°C to +85°C (TP3070A/71A-X) —0.4 mA
Icct Power Up Current CCLK, CI/0, CI,CO = 0.4V, CS = 2.4V
No Load on Power Amp 8.0 11.0 mA
Interface Latches Set as Outputs with No Load
—40°C to +85°C (TP3070A/71A-X) 13.0 mA
Igg1 Power Up Current As Above —80 | —11.0 | mA
—40°C to +85°C (TP3070A/71A-X) —13.0 mA
lcc2 Power Down Current | Power Amp Enabled 20 3.0 mA
—40°C to +85°C (TP3070A/71A-X) 4.0 mA
Isg2 Power Down Current Power Amp Enabled —2.0 -3.0 mA
—40°C to +85°C (TP3070A/71A-X) —4.0 mA

Note *: See definitions and timing conventions section.
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Timing Specifications

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V £5%; Vgg = —5V +5%; Tp =
0°C to +70°C (—40°C to +85°C for TP3070A/71A-X) by correlation with 100% electrical testing at Ty = 25°C. All other limits
are assured by correlation with other production tests and/or product design and characterization. All signals referenced to
GND. Typicals specified at Voo = +5V, Vgg = —5V, Tp = 25°C.

All timing parameters are measured at Vo = 2.0V and Vo = 0.7V.

See Definitions and Timing Conventions section for test methods information.

X-VI20€d1 ‘X-V0L0€dL ‘V120€dL ‘VOLOEdL

Symbol [ Parameter Conditions | Min | Typ l Max | Units
MASTER CLOCK TIMING
fmoLK Frequency of MCLK Selection of Frequency is 512 kHz
Programmable (See Table IlI) 1536 kHz
1544 kHz
2048 kHz
4096 kHz
tWMH Period of MCLK High Measured from V| to V| (See Note) [ 80 ns
twMmL Period of MCLK Low Measured from V)_to V)_(See Note) 80 ns
tRM Rise Time of MCLK Measured from V|_to V|y 30 ns
tFm Fall Time of MCLK Measured from Vi to V) 30 ns
tHBM HOLD Time, BCLK LOW TP3070A Only 50 ns
to MCLK HIGH
twrL Period of Fgx or Fsg Low Measured from Vy_to V| 1 MCLK Period
PCM INTERFACE TIMING
fBoLK Frequency of BCLK May Vary from 64 kHz to 4096 kHz
in 8 kHz Increments 64 4096 kHz
twsH Period of BCLK High Measured from V| to Vi 80 ns
tweL Period of BCLK Low Measured from Vy_to Vi 80 ns
tRB Rise Time of BCLK Measured from V|_to V|4 30 ns
trB Fall Time of BCLK Measured from V| to V|1 30 ns
tHerF Hold Time, BCLK Low
' to FSy/Rr High or Low 30 ns
tsFe Setup Time, FSx/R
High to BCLK Low 3o ns
tpeD Delay Time, BCLK High Load = 100 pF Plus 2 LSTTL Loads 80 ns
to Data Valid —40°C to +85°C (TP3070A/71A-X) 90 ns
toez Delay Time, BCLK Low to Dx0/1
Disabled if FSx Low, FSy Low to
Dx0/1 disabled if 8th BCLK 15 80 ns
Low, or BCLK High to Dx0/1
Disabled if FSx High —40°C to +85°C (TP3070A/71A-X) 15 100 ns
tpBT Delay Time, BCLK High to TSy Load = 100 pF Plus 2 LSTTL Loads 60 ns
Low if FSx High, or FSx High to
TSx Low if BCLK High
tzBT TRI-STATE Time, BCLK Low to 15 60 ns
TSx High if FSx Low, FSx Low
to TSx High if 8th BCLK Low, or
BCLK High to TSy High if FSx
High
torFp Delay Time, FSx/r Load = 100 pF Plus 2 LSTTL Loads,
High to Data Valid Applies if FSx/R Rises Later than 80 ns
BCLK Rising Edge in Non-Delayed
Data Mode Only
—40°C to +85°C (TP3070A/71A-X) 90 ns
tsps Setup Time, DRO/1
Valid to BCLK Low 30 ns
tHBD Hold Time, BCLK 20 ns
Low to DRO/1 Invalid —40°C to +85°C (TP3070A/71A-X) 25 ns

Note: Applies only to MCLK Frequencies > 1.536 MHz. At 512 kHz a 50:50 +2% Duty Cycle must be used.
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Timing Specifications (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V 5%, Vgg = —5V £5%; Tp =
0°C to +70°C (—40°C to +85°C for TP3070A/71A-X) by correlation with 100% electrical testing at Ta = 25°C. All other limits
are assured by correlation with other production tests and/or product design and characterization. All signals referenced to
GND. Typicals specified at Voc = +5V, Vgg = —5V, Tp = 25°C.

All timing parameters are measured at Voy = 2.0V and Vo = 0.7V.

See Definitions and Timing Conventions section for test methods information.

Symbol Parameter Conditions Min | Typ | Max | units
SERIAL CONTROL PORT TIMING
fcoLk Frequency of CCLK ) 2048 kHz
tweH Period of CCLK High Measured from V| to Vi 160 ns
tweL Period of CCLK Low Measured from V)_to V). 160 ns
trc Rise Time of CCLK Measured from Vj_to V|4 50 ns
trc Fall Time of CCLK Measured from V| to V| 50 ns
tHes Hold Time, CCLK Low CCLK1
. to CS Low 10 ns
tHsc Hold Time, CCLK CCLK 8 :
Low to CS High 100 ns
" tssc Setup Time, CS
Transition to CCLK Low so ns
tssco Setup Time, CS 50 ns
Transition to CCLK High
tsbc Setup Time, CI (CI/0)
Data In to CCLK Low 5o ns
tHep Hold Time, CCLK
Low to CI/O Invalid %0 ns
toco Delay Time, CCLK High Load = 100 pF plus 2 LSTTL Loads 80 ns
to CI/0 Data Out Valid —40°C to +85°C (TP3070A/71A-X) 100 ns
tbsp Delay Time, CS Low Applies Only if Separate 80 ns
to CO (Cl/0) Valid CS used for Byte 2
—40°C to +85°C (TP3070A/71A-X) 100 ns
tbpz Delay Time, CS or 9th Applies to Earlier of CS High or gth
CCLK High to CO CCLK High 15 80 ns
(ClI/0) High Impedance
INTERFACE LATCH TIMING
tsLe Setup Time, IL to Interface Latch Inputs Only 100 ns
CCLK 8 of Byte 1
tHoL Hold Time, IL Valid from 50 ns
8th CCLK Low (Byte 1)
tpoL Delay Time CCLK 8 of Interface Latch Outputs Only 200 ns
Byte2toIL CL = 50pF
MASTER RESET PIN
twWMR Duration of 1 s
Master Reset High W
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Timing Diagrams
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FIGURE 5. Non Delayed Data Timing Mode
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Transmission Characteristics

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V 5%, Vgg = —5V +5%; Tp =
0°C to +70°C (—40°C to +85°C for TP3070A/71A-X) by correlation with 100% electrical testing at T = 25°C. f = 1015.625
Hz, VFxl = 0 dBm0, DRO or Dr1 = 0 dBm0O PCM code. Transmit and receive gains programmed for maximum 0 dBmO test
levels (0 dB gain), hybrid balance filter disabled. All other limits are assured by correlation with other production tests and/or

product design and characterization. All signals referenced to GND. Typicals specified at Voo = +5V, Vgg = —5V, Tp =
25°C.
Symbol Parameter Conditions Min | Typ | Max Units
AMPLITUDE RESPONSE
Absolute Levels The Maximum 0 dBmo Levels are:
VFxl 1.619 Vrms
VFRO (15 kQ Load) 1.964 Vrms
The Minimum 0 dBmO Levels are:
VFxl 87.0 mVrms
VFRO (Any Load > 300Q) 105.0 mVrms
Overload Levels are 3.17 dBm0 (uLaw)
and 3.14 dBmO (A-Law)
Gxa Transmit Gain Transmit Gain Programmed for Maximum
Absolute Accuracy 0 dBmO Test Level. (All 1's in gain register)
Measure Deviation of Digital Code from -0.15 0.15 dB
Ideal 0 dBmO PCM Code at Dx0/1.
Ta = 25°C
GxaGg Transmit Gain Measure Transmit Gain Over the Range
Variation with from Maximum to Minimum.
Programmed Gain Calculate the Deviation from the o4 o1 dB
Programmed Gain Relative to Gxa,
i.e., GxAG = Gactual — Gprog — GxA.
Ta = 25°C, Vg = 5V, Vgg = 5V
GxaF Transmit Gain Relative to 1015.625 Hz, (Note 4)
Variation with Minimum Gain < Gx < Maximum Gain
Frequency f=60Hz —26 dB
f = 200 Hz -1.8 -0.1 dB
f = 300 Hz to 3000 Hz -0.15 0.15 dB
f = 3400 Hz -0.7 0.0 dB
f = 4000 Hz —14 dB
f > 4600 Hz. Measure Response —-32 dB
at Alias Frequency from 0 kHz to 4 kHz.
Gy = 0dB, VFxl = 1.619 Vrms
Relative to 1015.625 Hz
f=625Hz —24.9 dB
f = 203.125 Hz -1.7 -0.1 dB
f = 343.75Hz —-0.15 0.15 dB
f = 515.625 Hz -0.15 0.15 dB
f = 2140.625 Hz -0.15 0.15 dB
f = 3156.25 Hz —-0.15 0.15 dB
f = 3406.250 Hz -0.74 0.0 dB
f = 3984.375 Hz -13.5 dB
Relative to 1062.5 Hz (Note 4)
f = 5250 Hz, Measure 2750 Hz -32 dB
f = 11750 Hz, Measure 3750 Hz -32 dB
f = 49750 Hz, Measure 1750 Hz —-32 dB
GxAT Transmit Gain Measured Relative to Gxa, Vcc = 5V,
Variation with Vgg = —5V, -0.1 0.1 dB
Temperature Minimum gain < Gx < Maximum Gain
—40°C to +85°C (TP3070A/71-X) -0.15 0.15 dB
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TP3070A, TP3071A, TP3070A-X, TP3071A-X

Transmission Characteristics (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V £5%, Vgg = —5V +5%; Tp =
0°C to +70°C (—40°C to +85°C for TP3070A/71A-X) by correlation with 100% electrical testing at T = 25°C. f = 1015.625
0 dBm0, DRO or Dr1 = 0 dBmO PCM code. Transmit and receive gains programmed for maximum 0 dBmo test
levels (0 dB gain), hybrid balance filter disabled. All other limits are assured by correlation with other production tests and/or
product design and characterization. All signals referenced to GND. Typicals specified at Vgc = +5V, Vgg = —5V, Tp =

Hz, VFyl =

25°C.

Symbol

Parameter

Conditions

Min

| Tve |

Max

Units

AMPLITUDE RESPONSE (Continued)

GxaL Transmit Gain Sinusoidal Test Method.
Variation with Signal Reference Level = 0 dBmO.
Level VFxl = —40 dBmo0 to +3 dBm0 -0.2 0.2 dB
VFxl = —50dBmo0 to —40 dBm0 -0.4 0.4 dB
VFxl = —55dBm0 to —50 dBm0 -1.2 1.2 dB
GRa Receive Gain Receive Gain Programmed for Maximum
Absolute Accuracy 0 dBmO Test Level (All 1’sin
Gain Register). Apply 0 dBm0 PCM Code —-0.15 0.15 dB
to DRO or Dr1. Measure VFRO.
Ta = 25°C
GRraG Receive Gain Measure Receive Gain Over the Range
Variation with from Maximum to Minimum Setting.
Programmed Gain Calculate the Deviation from the —oA o1 dB
Programmed Gain Relative to Gra,
i.e. GRAG = Gactual — Gprog — GRA-
Ta = 25°C, Voo = 5V, Vgg = —5V
GRAT Receive Gain Measured Relative to Ggra.
Variation with Temperature Vee = 5V, Vgg = —5V. —0.1 0.1 dB
Minimum Gain < Gg < Maximum Gain
—40°C to +85°C (TP3070A/71-X) —0.15 0.15 dB
GRaAF Receive Gain Relative to 1015.625 Hz, (Note 4)
Variation with Frequency DRO or Dr1 = 0 dBmO code.
Minimum Gain < Ggr < Maximum Gain
f = 200 Hz —0.25 0.15 dB
f = 300 Hz to 3000 Hz -0.15 0.15 dB
f = 3400 Hz -0.7 0.0 dB
f = 4000 Hz —-14 dB
Gr = 0dB, DRO = 0 dBm0 Code,
Gy = 0dB (Note 4)
f = 296.875 Hz -0.15 0.15 dB
f = 1875.00 Hz —-0.15 0.15 dB
f = 2906.25 Hz —0.15 0.15 dB
f = 2984.375 Hz -0.15 0.15 dB
f = 3406.250 Hz -0.74 0.0 dB
f = 3984.375 Hz -13.5 dB
GRAL Receive Gain Sinusoidal Test Method.
Variation with Signal Reference Level = 0 dBmo0.
Level DRO = —40 dBmo0 to +3 dBm0 —-0.2 0.2 dB
DRrO = —50 dBm0 to —40 dBm0 -0.4 0.4 dB
DRrO = —55dBm0 to — 50 dBm0 -1.2 1.2 dB
DRO = 3.1dBmO
RL = 600, Gg = —0.5dB —-0.2 0.2 dB
RL = 300Q,GRr = —1.2dB -0.2 0.2 dB
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Transmission Characteristics (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V £5%, Vgg = —5V £5%; Tp =
0°C to +70°C (—40°C to +85°C for TP3070A/71A-X) by correlation with 100% electrical testing at T = 25°C. f = 1015.625
Hz, VFxl = 0 dBmO0, DRO or Dr1 = 0 dBmO PCM code. Transmit and receive gains programmed for maximum O dBmo test
levels (0 dB gain), hybrid balance filter disabled. All other limits are assured by correlation with other production tests and/or

product design and characterization. All signals referenced to GND. Typicals specified at Voo = +5V, Vgg = —5V, Tp =
25°C.
Symbol | Parameter Conditions I Min I Typ | Max | Units
ENVELOPE DELAY DISTORTION WITH FREQUENCY
Dxa Tx Delay, Absolute f = 1600 Hz 315 us
Dxr Tx Delay, Relative to Dxa f = 500-600 Hz 220 us
f = 600-800 Hz 145 us
f = 800-1000 Hz 75 us
f = 1000~1600 Hz 40 us
f = 1600-2600 Hz 75 us
f = 2600-2800 Hz 105 ns
f = 2800-3000 Hz 155 us
DRra Rx Delay, Absolute f = 1600 Hz 200 us
Drr Rx Delay, Relative to Dra f = 500-1000 Hz —40 us
f = 1000-1600 Hz —30 us
f = 1600-2600 Hz 90 ns
f = 2600-2800 Hz 125 s
f = 2800-3000 Hz 175 us
NOISE
Nxc Transmit Noise, C Message (Note 1)
Weighted, p-law Selected All ‘1’s in Gain Register 12 15 dBrmCo
Nxp Transmit Noise, P Message (Note 1) _ _
Weighted, A-law Selected All “1’s in Gain Register 74 67 dBmop
Ngrc Receive Noise, C Message PCM Code is Alternating Positive 8 11 dBrCo
Weighted, p-law Selected and Negative Zero
Ngp Receive Noise, P Message PCM Code Equals Positive Zero _ _
Weighted, A-law Selected §2 79 dBmop
NRs Noise, Single Frequency f = 0 kHz to 100 kHz, Loop Around
-53 dBmO
Measurement, VFxl = 0 Vrms
PPSRx Positive Power Supply Rejection, Vce = 5.0 Vpc + 100 mVrms
Transmit f = 0 kHz-4 kHz (Note 2) 36 dBC
f = 4 kHz-50 kHz 30 dBC
NPSRy Negative Power Supply Rejection, Vgg = —5.0 Vpc + 100 mVrms
Transmit f = 0 kHz-4 kHz (Note 2) 36 dBC
f = 4 kHz-50 kHz 30 dBC
PPSRR Positive Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vce = 5.0 Vpc + 100 mVrms
Measure VFRO
f = 0 Hz-4000 Hz 36 dBC
f = 4 kHz-25 kHz 40 dB
f = 25 kHz-50 kHz 36 dB
NPSRg Negative Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vgg = —5.0 Vpc + 100 mVrms
Measure VFRO
f = 0 Hz-4000 Hz 36 dBC
f = 4 kHz-25kHz 40 dB
f = 25 kHz-50 kHz 36 dB
SOs Spurious Out-of-Band Signals 0 dBm0, 300 Hz to 3400 Hz Input PCM
at the Channel Output Code Applied at DRO (or Dr1)
4600 Hz-7600 Hz -30 dB
7600 Hz-8400 Hz —-40 dB
8400 Hz-50,000 Hz -30 dB
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TP3070A, TP3071A, TP3070A-X, TP3071A-X

Transmission Characteristics (continued)

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voo = +5V 5%, Vgg = —5V *5%; Tp =
0°C to +70°C (—40°C to +85°C for TP3070A/71A-X) by correlation with 100% electrical testing at To = 25°C. f = 1015.625
Hz, VFxl = 0 dBmO, DRO or D1 = 0 dBmO PCM code. Transmit and receive gains programmed for maximum 0 dBmoO test
levels (0 dB gain), hybrid balance filter disabled. All other limits are assured by correlation with other production tests and/or

product design and characterization. All signals referenced to GND. Typicals specified at Vcc = +5V, Vgg = —5V, Tp =
25°C.
Symbol | Parameter Conditions | Min | ‘Typ | Max Units
DISTORTION
STDx Signal to Total Distortion Sinusoidal Test Method
STDR Transmit or Receive Level = 3.0 dBmO 33 dBC
Half-Channel, u-law Selected = 0dBmo0 to — 30 dBmO 36 dBC
= —40dBmo0 30 dBC
= —45dBm0 25 dBC
STDRL Signal to Total Distortion Sinusoidal Test Method
Receive with Level = +3.1dBmO
Resistive Load RL = 600Q,Gr = —0.5dB 33 dBC
RL = 300Q,Ggr = —1.2dB 33 dBC
SFDx Single Erequency Distortion, _46 dB
Transmit
SFDRr Slnglg Frequency Distortion, _46 dB
Receive
IMD Intermodulation Distortion Transmit or Receive
Two Frequencies in the Range —41 dB
300 Hz-3400 Hz
CROSSTALK
CTx.R Transmit to Receive Crosstalk, f = 300 Hz-3400 Hz —90 —75 dB
0 dBmO Transmit Level DR = Idle Code
CTR-x Receive to Transmit Crosstalk, f = 300 Hz-3400 Hz _ 9‘0 -70 dB
0 dBmO Receive Level (Note 2)

Note 1: Measured by grounded input at VFxl.
Note 2: PPSRy, NPSRy, and CTR-x are measured with a —50 dBmO activation signal applied to VFxl.
Note 3: A signal is Valid if it is above V) or below V) and.Invalid if it is between V| and V1. For the purposes of this specification the following conditions apply:
a) All input signals are defined as: V| = 0.4V, Viy = 2.7V, tg < 10 ns, tr < 10 ns.
b) tg is measured from V|_ to V|n. tF is measured from V4 to V.
c) Delay Times are measured from the input signal Valid to the output signal Valid.
d) Setup Times are measured from the data input Valid to the clock input Invalid._
e) Hold Times are measured from the clock signal Valid to the data input Invalid.
f) Pulse widths are measured from V)_to V|_or from V| to V4.
Note 4: A multi-tone test technique is used.
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National
Semiconductor

TP3075A, TP3076A COMBO II™
Programmable PCM CODEC/Filter
for ISDN and Digital Phone Applications

V9.0€d1 ‘V5.0ed1

General Description Features

The TP3075A and TP3076A are second-generation com- B Complete CODEC and Filter system including:
bined PCM CODEC and Filter devices optimized for digital — Transmit and receive PCM channel filters
switching applications on subscriber line and trunk cards — p-law or A-law companding coder and decoder
and digital phone applications. Using advanced switched — Receive power amplifier drives 3000

capacitor techniques, COMBO |l combines transmit band- — 4.096 MHz serial PCM data (max)

pass and receive lowpass channel filters with a companding  ® Programmable functions:

PCM encoder and decoder. The devices are A-law and — Transmit gain: 25.4 dB range, 0.1 dB steps
u-law selectable and employ a conventional serial PCM in- — Receive gain: 25.4 dB range, 0.1 dB steps
terface capable of being clocked up to 4.096 MHz. A num- — Time-slot assignment; up to 64 slots/frame

ber of programmable functions may be controlled via a seri- — 2 port assignment (TP3075A)

al control port. : — 6 interface latches (TP3075A), 4 latches (TP3076A)
Channel gains are programmable over a 25.4 dB range in —Aor p-law

each direction. — Analog loopback

To enable COMBO Il to interface to the SLIC control leads, — Digital loopback

a number of programmable latches are included; each may ™ Direct interface to solid-state SLICs

be configured as either an input or an output. The TP3075A W Standard serial control interface

provides 6 latches and the TP3076A 4 latches. m 80 mW operating power (typ)
| 1.5 mW standby power (typ)
m Meets or exceeds all CCITT and LSSGR specifications
m TTL and CMOS compatible digital interfaces
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TP3075A, TP3076A

Connection Diagrams
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TL/H/9758-2
Order Number TP3075AV
See NS Package Number V28A Order Number TP3075AJ

See NS Package Number J28A

Pin Descriptions

Pin
Vee
Ves
GND

FSx

FSgr

BCLK

MCLK

VFyl

VFRO

Dx0
Dx1

Description
+5V £5% power supply.
—5V 5% power supply.
Ground. All analog and digital signals are refer-
enced to this pin.

Transmit Frame Sync input. Normally a pulse or
squarewave with an 8 kHz repetition rate is ap-
plied to this input to define the start of the transmit
time slot assigned to this device (non-delayed
data timing mode), or the start of the transmit
frame (delayed data timing mode using the inter-
nal time-slot assignment counter).

Receive Frame Sync input. Normally a pulse or
squarewave with an 8 kHz repetition rate is ap-
plied to this input to define the start of the receive
time slot assigned to this device (non-delayed
data timing mode), or the start of the receive
frame (delayed data timing mode using the inter-
nal time-slot assignment counter).

Bit clock input used to shift PCM data into and out
of the Dy and Dy pins. BCLK may vary from 64
kHz to 4.096 MHz in 8 kHz increments, and must
be synchronous with MCLK.

Master clock input used by the switched capacitor
filters and the encoder and decoder sequencing

logic. Must be 512 kHz, 1.536/1.544 MHz, 2.048 .

MHz or 4.096 MHz and synchronous with BCLK.

The Transmit analog high-impedance input. Voice
frequency signals present on this input are encod-
ed as an A-law or p-law PCM bit stream and shift-
ed out on the selected Dy pin.

The Receive analog power amplifier output, capa-
ble of driving load impedances as low as 300Q
(depending on the peak overload level required).
PCM data received on the assigned Dg pin is de-
coded and appears at this output as voice fre-
quency signals.

Dx0 is available on the TP3075A only; Dx1 is
available on all devices. These Transmit Data
TRI-STATE® outputs remain in the high imped-
ance state except during the assigned transmit
time slot on the assigned port, during which the
transmit PCM data byte is shifted out on the rising
- edges of BCLK.

4
oND—1 20| vyl
Vi -2 19}-Vee
Va3 18}~10
= N 1711
L2—{s 16f=Fsy
P M SO
og1—47 14}-py1
co—{s 13 |~MeLk
a—o 12}-BeLk
cetk—f 10 1l

TL/H/9758-4

TL/H/9758-3

Pin
TSx0
TSx1

DRrO
DRt

CCLK

Cl

co

Cs

IL5-ILO

Order Number TP3076AJ
See NS Package Number J20A

Description

TSx0 is available on the TP3075A only; TSx1 is
available on all devices. Normally these open
drain outputs are floating in a high impedance
state except when a time-slot is active on one of
the Dy outputs, when the appropriate TSy output
pulls low to enable a backplane line-driver.

DRO is available on the TP3075A only; Dgrl is
available on all devices. These receive data in-
put(s) are inactive except during the assigned re-
ceive time slot of the assigned port when the re-
ceive PCM data is shifted in on the falling edges
of BCLK.

Control Clock input. This clock shifts serial control
information into Cl or out from CO when the CS
input is low, depending on the current instruction.
CCLK may be asynchronous with the other sys-
tem clocks.

Control Data Input pin. Serial control information
is shifted into COMBO II on this pin when TS is
low. Byte 1 of control information is always written
into COMBO |I, while the direction of byte 2 data
is determined by bit 2 of byte 1, as defined in Ta-
ble I.

Control Data Output pin. Serial control or status
information is shifted out of COMBO Il on this pin
when CS is low.

Chip Select input. When this pin is low, control
information can be written to or read from COM-
BO Il via Cl or CO.

IL5 through ILO are available on the TP3075A.
IL3 through ILO are available on the TP3076A.

Each Interface Latch 1/0 pin may be individually
programmed as an input or an output determined
by the state of the corresponding bit in the Latch
Direction Register (LDR). For pins configured as
inputs, the logic state sensed on each input is
latched into the Interface Latch Register (ILR)
whenever control data is written to COMBO I,
while CS is low, and the information is shifted out
on the CO pin. When configured as outputs, con-
trol data written into the ILR appears at the corre-
sponding IL pins.
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Pin Descriptions (continued)

Pin
MR

Description
MR is available on the TP3075A only.
This logic input must be pulled low for normal
operation of COMBO II. When pulled momentari-
ly high (at least 1 us), all programmable registers
in the device are reset to the states specified un-
der “Power-On Initialization.

Functional Description

POWER-ON INITIALIZATION

When power is first applied, power-on reset circuitry initializ-
es the COMBO Il and puts it into the power-down state. The
gain control registers for the transmit and receive gain sec-
tions are programmed for no output, the power amp is dis-
abled and the device is in the non-delayed timing mode. The
Latch Direction Register (LDR) is pre-set with all IL pins
programmed as inputs, placing the SLIC interface pins in a
high impedance state. The CO pin is in TRI-STATE condi-
tion. Other initial states in the Control Register are indicated
in Section 2.0.

A reset to these same initial conditions may also be forced
by driving the MR pin momentarily high (TP3075A only).
This may be done either when powered-up or down. For
normal operation this pin must be pulled low. If not used,
MR should be hardwired to ground.

The desired modes for all programmable functions may be
initialized via the control port prior to a Power-up command.

POWER-DOWN STATE

Following a period of activity in the powered-up state the
power-down state may be re-entered by writing any of the
control instructions into the serial control port with the “P”
bit set to “1”” as indicated in Table I. It is recommended that
the chip be powered down before writing any additional in-
structions. In the power-down state, all non-essential circuit-
ry is de-activated and the DxO (and Dx1) outputs are in the
high impedance TRI-STATE condition.

The data stored in the Gain Control registers, the LDR and
ILR, and all control bits remain unchanged in the power-
down state unless changed by writing new data via the seri-
al control port, which remains active. The outputs of the
Interface Latches also remain active, maintaining the ability
to monilor and control the SLIC.

TRANSMIT FILTER AND ENCODER

The Transmit section input, VFxl, is a high impedance input.
No external components are necessary to set the gain. Fol-
lowing this is a programmable gain/attenuation amplifier
which is controlled by the contents of the Transmit Gain
Register (see Programmable Functions section). An active
pre-filter then precedes the 3rd order high-pass and 5th or-
der low-pass switched capacitor filters. The A/D converter
has a compressing characteristic according to the standard
CCITT A or p255 coding laws, which must be selected by a
control instruction during initialization (see Tables | and Il). A
precision on-chip voltage reference ensures accurate and
highly stable transmission levels. Any offset voltage arising
in the gain-set amplifier, the filters or the comparator is can-
celed by an internal auto-zero circuit.

Each encode cycle begins immediately following the as-
signed Transmit time-slot. The total signal delay referenced
to the start of the time-slot is approximately 165 us (due to
the Transmit Filter) plus 125 us (due to encoding delay),
which totals 290 us. Data is shifted out on Dx0 or Dx1 dur-
ing the selected time slot on eight rising edges of BCLK.

DECODER AND RECEIVER FILTER

PCM data is shifted into the Decoder’s Receive PCM Regis-
ter via the DRO or Dr1 pin during the selected time-slot on
the 8 falling edges of BCLK. The Decoder consists of an
expanding DAC with either A or n255 law decoding charac-
teristic, which is selected by the same control instruction
used to select the Encode law during initialization. Following
the Decoder is a 5th order low-pass switched capacitor filter
with integral Sin x/x correction for the 8 kHz sample and
hold. A programmable gain amplifier, which must be set by
writing to the Receive Gain Register, is included, and finally
a Power Amplifier capable of driving a 3009 load to £3.5V,
a 6000 load to +3.8V or a 15 kQ) load to +4.0V at peak
overload.

TABLE l. Programmable Register Instructions

Function Byte 1 (Notes 1, 2, 3) Byte 2 (Note 1)
7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0

Single Byte Power-Up/Down P X X X X X 0 X None
Write Control Register P 0 0 0 0 0 1 X See Table Il
Read-Back Control Register P 0 0 0 0 1 1 X See Table I
Write to Interface Latch Register P 0 0 0 1 0 1 X See Table V
Read Interface Latch Register P 0 0 0 1 1 1 X See Table V
Write Latch Direction Register P 0 0 1 0 0 1 X See Table IV
Read Latch Direction Register P 0 0 1 0 1 1 X See Table IV
Write Receive Gain Register Pl O 1 0 0 0 1 X See Table VIII
Read Receive Gain Register P 0 1 0 0 1 1 X See Table Viil
Write Transmit Gain Register P 0 1 0 1 0 1 X See Table VII
Read Transmit Gain Register P 0 1 0 1 1 1] X See Table VII
Write Receive Time-Slot/Port P 1 0 0 1 0 1 X See Table VI
Read-Back Receive Time-Slot/Port P 1 0 0 1 1 1 X See Table VI
Write Transmit Time-Slot/Port P 1 0 1 0 0 1 X See Table VI
Read-Back Transmit Time-Slot/Port P 1 0 1 0 1 1 X See Table VI

Note 1: Bit 7 of bytes 1 and 2 is always the first bit clocked into or out from the Cl or CO pin. X = don’t care.
Note 2: “P” is the power-up/down control bit, see Power-up/Down Control section. (“0"” = Power Up, “1” = Power Down)

Note 3: Other register address codes are invalid and should not be used.
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TP3075A, TP3076A

Functional Description (continued)

A decode cycle begins immediately after the assigned re-
ceive timeslot, and 10 us later the Decoder DAC output is
updated. The total signal delay is 10 ps plus 120 ps (filter
delay) plus 62.5 us (Y, frame) which gives approximately
190 ps.

PCM INTERFACE -

The FSx and FSg frame sync inputs determine the begin-
ning of the 8-bit transmit and receive time-slots respectively.
They may have any duration from a single cycle of BCLK
HIGH to one MCLK period LOW. Two different relationships
may be established between the frame sync inputs and the
actual time-slots on the PCM busses by setting bit 3 in the
Control Register (see Table Il). Non-delayed data mode is
similar to long-frame timing on the TP3050/60 series of de-
vices (COMBO®); time-slots begin nominally coincident with
the rising edge of the appropriate FS input. The alternative
is to use Delayed Data mode, which is similar to shortframe
sync timing on COMBO, in which each FS input must be
high at least a half-cycle of BCLK earlier than the timeslot.
The Time-Slot Assignment circuit on the device can only be
used with Delayed Data timing.

When using Time-Slot Assignment, the beginning of the first
time-slot in a frame is identified by the appropriate FS input.
The actual transmit and receive time-slots are then deter-
mined by the internal Time-Slot Assignment counters.

Transmit and Receive frames and time-slots may be
skewed from each other by any number of BCLK cycles.
During each assigned Transmit time-slot, the selected
Dx0/1 output shifts data out from the PCM register on the
rising edges of BCLK. TS0 (or TSx1 as appropriate) also
pulls low for the first 71/, bit times of the time-slot to control
the TRI-STATE Enable of a backplane line-driver. Serial
PCM data is shifted into the selected Dg0/1 input during
each assigned Receive time-slot on the falling edges of
BCLK. Dx0 or Dx1 and DRO or Dr1 are selectable on the
TP3075A only, see Section 6.

SERIAL CONTROL PORT

Control information and data are written into or read-back
from COMBO Il via the serial control port consisting of the
control clock CCLK, the serial data input, Cl, and output,
CO, and the Chip Select input, CS. All control instructions
require 2 bytes, as listed Table I, with the exception of a
single byte power-up/down command. The Byte 1 bits are
used as follows: bit 7 specifies power up or power down;
bits 6, 5, 4 and 3 specify the register address, bit 2 specifies
whether the instruction is read or write; bit 1 specifies a one
or two byte instruction; and bit 0 is not used.

To shift control data into COMBO Il, CCLK must be pulsed
high 8 times while CS is low. Data on the Cl input is shifted
into the serial input register on the falling edge of each
CCLK pulse. After all data is shifted in, the contents of the
input shift register are decoded, and may indicate that a 2nd
byte of control data will follow. This second byte may either
be defined by a second byte-wide CS pulse or may follow
the first contiguously, i.e, it is not mandatory for CS to return
high between the first and second control bytes. At the end
of CCLKS8 in the 2nd control byte the data is loaded into the
appropriate programmable register. CS may remain low
continuously when programming successive registers, if de-
sired. However, CS must be set high when no data transfers
are in progress.

To readback Interface Latch data or status information from
COMBO I, the first byte of the appropriate instruction is
strobed in during the first CS pulse, as defined in Table 1. CS

must then be taken low for a further 8 CCLK cycles, during
which the data is shifted onto the CO pin on the rising edges
of CCLK. When CS is high the CO pin is in the high-imped-
ance TRI-STATE, enabling the Cl and CO pins of many de-
vices to be multiplexed together.

Programmable Functions

1.0 POWER-UP/DOWN CONTROL

Following power-on initialization, power-up and power-down
control may be accomplished by writing any of the control
instructions listed in Table | into COMBO Il with the “P” bit
set to “0” for power-up or “1” for power-down. Normally it is
recommended that all programmable functions be initially
programmed while the device is powered down. Power state
control can then be included with the last programming in-
struction or the separate single-byte instruction. Any of the
programmable registers may also be modified while the de-
vice is powered-up or down by setting the “P” bit as indicat-
ed. When the power-up or down control is entered as a
single byte instruction, bit one (1) must be reset to a 0.
When a power-up command is given, all de-activated cir-
cuits are activated, but the TRI-STATE PCM output(s), Dx0
(and Dx1), will remain in the high impedance state until the
second FSy pulse after power-up.

2.0 CONTROL REGISTER INSTRUCTION

The first byte of a READ or WRITE instruction to the Control
Register is as shown in Table I. The second byte has the
following bit functions:

TABLE Il. Control Register Byte 2 Functions
Bit Number and Name

70 sslals]2]1]0 Function

F4] Fo [MA{IA| DN | DL | AL | PP

0| 0
0] 1

MCLK = 512 kHz
MCLK = 1.536 MHz
or 1.544 MHz
MCLK = 2.048 MHz*
MCLK = 4.096 MHz

X Select n255 Law*

A-Law, Including
Even Bit
Inversion

A-Law, No Even Bit
Inversion

0 Delay Data Timing
1 Non-Delayed
Data Timing*

Normal Operation*
Digital Loopback
Analog Loopback

0 |Power Amp
Enabled in PDN
1 |Power Amp
Disabled in PDN*

1] 0
1] 1

-
=

* = state at power-on initialization.

2.1 Master Clock Frequency Selection

A Master clock must be provided to COMBO Il for operation
of the filter and coding/decoding functions. The MCLK fre-
quency must be either 512 kHz, 1.536 MHz, 1.544 MHz,
2.048 MHz, or 4.096 MHz and must be synchronous with
BCLK. Bits F1 and Fg (see Table ll) must be set during
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Programmable Functions (continued)

TABLE llIl. Coding Law Conventions

True A-Law with A-Law without

1255 Law Even Bit Inversion Even Bit Inversion

MSB LSB MSB LSB MSB LSB

ViN = +Full Scale 10000000 10101010 111111111
Viy = OV 11111111 11010101 100000000
11111111 01010101 000000000

Vin = —Fuli Scale 00000000 00101010 011111111

Note 1: The MSB is always the first PCM bit shifted in or out of COMBO Il

2.2 Coding Law Selection

Bits “MA” and “lA” in Table I permit the selection of 1255
coding or A-law coding, with or without even bit inversion.

2.3 Analog Loopback

Analog Loopback mode is entered by setting the “AL” and
“DL" bits in the Control Register as shown in Table II. In the
analog loopback mode, the Transmit input VFx! is isolated
from the input pin and internally connected to the VFRO
output, forming a loop from the Receive PCM Register back
to the Transmit PCM Register. The VFRO pin remains ac-
tive, and the programmed settings of the Transmit and Re-
ceive gains remain unchanged, thus care must be taken to
ensure that overload levels are not exceeded anywhere in
the loop.

2.4 Digital Loopback

Digital Loopback mode is entered by setting the “AL" and
“DL" bits in the Control Register as shown in Table Il. This
mode provides another stage of path verification by en-
abling data written into the Receive PCM Register. to be
read back from that register in any Transmit time-slot at
Dx0/1. PCM decoding continues and analog output appears
at VFRO. The output can be disabled by programming ‘No
Output’ in the Receive Gain Register (see Table VIII).

3.0 INTERFACE LATCH DIRECTIONS

Immediately following power-on, all Interface Latches as-
sume they are inputs, and therefore all IL pins are in a high
impedance state. Each IL pin may be individually pro-
grammed as a logic input or output by writing the appropri-
ate instruction to the LDR, see Tables | and IV. For minimum
power dissipation, unconnected latch pins should be pro-
grammed as outputs. For the TP3076A, L4 and L5 should
always be programmed as outputs.

Bits Ls-Lg must be set by writing the specific instruction to
the LDR with the L bits in the second byte set as follows:

TABLE IV. Byte 2 Functions of Latch Direction Register

Byte 2 Bit Number
7 6 5 4 3 2 1 0

Lo L4 L, L3 L4 Ls X

Ln Bit IL Direction
0 Input
1 Output
X = Don't Care

4.0 INTERFACE LATCH STATES

Interface Latches configured as outputs assume the state
determined by the appropriate data bit in the 2-byte instruc-
tion written to the Interface Latch Register (ILR) as shown in
Tables | and V. Latches configured as inputs will sense the

state applied by an external source, such as the Off-Hook
detect output of a SLIC. All bits of the ILR, i.e. sensed inputs
and the programmed state of outputs, can be read back in
the 2nd byte of a READ from the ILR.

It is recommended that during initialization, the state of IL
pins to be configured as outputs should be programmed first
followed immediately by the Latch Direction Register.

TABLE V. Interface Latch Data Bit Order

Bit Number
7 6 5 4 3 2 1 0

Dp Dy Dy D3 Dy Ds X

5.0 TIME-SLOT ASSIGNMENT

COMBO Il can operate in either fixed time-slot or time-slot
assignment mode for selecting the Transmit and Receive
PCM time-slots. Following power-on, the device is automati-
cally in Non-Delayed Timing mode, in which the time-siot
always begins with the leading (rising) edge of frame sync
inputs FSx and FSg. Time-Slot Assignment may only be
used with Delay Data timing; see Figure 4. FSx and FSR
may have any phase relationship with each other'in BCLK
period increments.

Alternatively, the internal time-slot assignment counters and
comparators can be used to access any time-slot in a
frame, using the frame sync inputs as marker pulses for the
beginning of transmit and receive time-slot 0. In this mode, a
frame may consist of up to 64 time-slots of 8 bits each. A
time-slot is assigned by a 2-byte instruction as shown in
Tables | and VI. The last 6 bits of the second byte indicate
the selected time-slot from 0-63 using straight binary nota-
tion. A new assignment becomes active on the second
frame following the end of the Chip-Select for the second
control byte. The “EN" bit allows the PCM inputs, Dg0/1, or
outputs, Dx0/1, as appropriate, to be enabled or disabled.

Time-Slot Assignment mode requires that the FSx and FSg
pulses conform to the delayed data timing format shown in
Figure 4.

6.0 PORT SELECTION

On the TP3075A only, an additional capability is available; 2
Transmit serial PCM ports, Dx0 and Dx1, and 2 Receive
serial PCM ports, DR0 and DR1, are provided to enable two-
way space switching to be implemented. Port selections for
transmit and receive are made within the appropriate time-
slot assignment instructions using the “PS” bit in the sec-
ond byte.

On the TP3076A, only ports Dx1 and Dr1 are available,
therefore the “PS” bit MUST always be set to 1 for these
devices.

Table VI shows the format for the second byte of both trans-
mit and receive time-slot and port assignment instructions.
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TP3075A, TP3076A

Programmable Functions (continued)

TABLE VI. Time-Siot and Port Assignment Instruction

) Bit Number and Name Function
7 Pss T55 4 3 2 1 0
EN | Notet) | (Notez) | T4 | To | T2 | T1 | To
Disable Dx0 Output (Transmit Instruction)
0 ° X X X X X X Disable DRO Input (Receive Instruction)
Disable Dx1 Output (Transmit Instruction)
0 1 X X X X X X Disable Dr1 Input (Receive Instruction)
1 0 Assign One Binary Coded Time-Slot from 0-63 Enable Dx0 Output (Transmit Instruction)
Assign One Binary Coded Time-Slot from 0-63 Enable DRO Input (Transmit Instruction)
1 1 Assign One Binary Coded Time-Slot from 0-63 Enable D1 Output (Transmit Instruction)
Assign One Binary Coded Time-Slot from 0-63 Enable D1 Input (Transmit Instruction)

Note 1: The “PS" bit MUST be set to “1" for both transmit and receive for the TP3076A.
Note 2: T5 is the MSB of the time-slot assignment bit field. Time-slot bits should be set to “000000” for both transmit and receive when operating in non-delayed

data timing mode.

7.0 TRANSMIT GAIN INSTRUCTION BYTE 2

The transmit gain can be programmed in 0.1 dB steps by
writing to the Transmit Gain Register as defined in Tables |
and VII. This corresponds to a range of 0 dBmO levels at
VFx! between 1.375 Vrms and 0.074 Vrms (equivalent to
+5.0 dBm to —20.4 dBm in 60012).

To calculate the binary code for byte 2 of this instruction for
any desired input 0 dBmO level in Vrms, take the nearest
integer to the decimal number given by:

200 x logyo (V/0.07299)

and convert to the binary equivalent. Some examples are
given in Table VII.

It should be noted that the Transmit (idle channel) Noise
and Transmit Signal to Total Distortion are both specified
with transmit gain set to 0 dB. At high transmit gains there
will be some degradation in noise performance for these
parameters. See Application Note AN-614 for more informa-
tion on this subject.

TABLE VILI. Byte 2 of Transmit Gain Instruction

Bit Number 0 dBmO Test Level (Vrms)
76543210 at VFyl
00000000 No Output
00000001 0.074
00000010 0.075
11111110 1.359
11111111 1.375

8.0 RECEIVE GAIN INSTRUCTION BYTE 2

The receive gain can be programmed in 0.1 dB steps by

writing to the Receive Gain Register as defined in Tables |

and VIii. Note the following restrictions on output drive ca-

pability:

a. 0 dBmoO levels < 1.96 Vrms at VFRO may be driven into a
load of > 15 k2 to GND; Receive Gain set to 0 dB.

b. 0 dBmO levels < 1.85 Vrms at VFRO may be driven into a
load of > 6000 to GND; Receive Gain set to 0.5 dB.

¢. 0 dBmoO levels < 1.71 Vrms at VFRO may be driven into a
load of > 300 N to GND. Receive Gain set to —1.2 dB.

To calculate the binary code for byte 2 of this instruction for

any desired output 0 dBmo level in Vrms, take the nearest

integer to the decimal number given by:
200 X logyg (V/0.1043)
and convert to the binary equivalent. Some examples are

given in Table VIl
TABLE VIIL. Byte 2 of Receive Gain Instruction

Bit Number 0 dBmO Test Level (Vrms)
76543210 at VFRO
00000000 No Output (Low Z to GND)
00000001 0.105
00000010 0.107
11111110 1.941
11111111 1.964

Applications Information

Figure 2 shows a typical ISDN phone application of the
TP3076A together with a TP3420 ISDN Transceiver “S” In-
terface Device and HPC16400 High-Performance Microcon-
troller with HDLC Controller. The TP3076A device is pro-
grammed over its serial control interface via the HPC16400
MICROWIRE/PLUS™ serial 1/0 port. )

POWER SUPPLIES

While the pins of the TP3075A and TP3076A COMBO I
devices are well protected against electrical misuse, it is
recommended that the standard CMOS practice of applying
GND to the device before any other connections are made
should always be followed. In applications where the printed
circuit card may be plugged into a hot socket with power
and clocks already present, an extra long ground pin on the
connector should be used and a Schottky diode connected
between Vgg and GND.

To minimize noise sources all ground connections to each
device should meet at a common point as close as possible
to the GND pin in order to prevent the interaction of ground
return currents flowing through a common bus impedance.
Power supply decoupling capacitors of 0.1 uF should be
connected from this common point to Voc and Vg as close
to the device pins as possible.

Further guidelines on PCB layout techniques are provided in
Application Note AN-614, “COMBO |I™ Programmable
PCM CODEC/Filter Family Application Guide”.
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FIGURE 2. Typical Application in an ISDN Phone
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Voo to GND
Voltage at VFyl
Voltage at Any Digital Input

Vce +0.5Vto Vgg —0.5V
Vo +0.5V to GND —0.5V

Vgg to GND

v

Electrical Characteristics
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V £5%, Vgg = —5V £5%; Tp = 0°C
to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals referenced to GND. Typicals specified at Voo = +5V,

Current at VFRO
Current at Any Digital Output
Lead Temperature (Soldering, 10 sec.)

Storage Temperature Range

—65°C to +150°C

-7V

+100 mA
+50 mA

300°C

Vgg = —5V, Ta = 25°C.
Symbol Parameter Conditions Min | Typ | Max Units
DIGITAL INTERFACES
ViL Input Low Voltage All Digital Inputs'(DC Meas.) 0.7 v
VH Input High Voltage All Digital Inputs (DC Meas.)* 2.0 \
VoL Output Low Voltage Dx0, Dx1, TSx0, TSx1, and CO, I = 3.2 mA, 0.4 v
All Other Digital Outputs, I, = 1 mA -
VoH Output High Voltage Dx0, Dx1and CO, I = —3.2mA, 2.4 v
All Other Digital Outputs (except TSy), I = —1 mA .
All Digital Outputs, I = —100 pA Vee — 0.5 \
i Input Low Current Any Digital Input, GND < V) < Vi -10 10 rA
I Input High Current Any Digital Input, except MR, V|4 < V|n < Vco -10 10 A
MR Only -10 100 | M
loz Output Current in Dx0, Dx1 and CO
High Impedance IL5-ILO when Selected as Inputs -10 10 HA
State (TRI-STATE®) GND < Vourt < Voo -
ANALOG INTERFACES
IExXI Input Current, VFyl —3.3V < VFxl < 3.3V -1.0 1.0 MA
RvEXI Input Resistance —3.3V < VFxl < 3.3V 1.0 MQ
VOSy Input Offset Voltage Transmit Gain = 0 dB 200 mV
Applied at VFyl Transmit Gain = 25.40 dB 10 mV
RLvrro | Load Resistance Receive Gain = 0 dB .15k
Receive Gain = —0.5dB 600 Q
Receive Gain = —1.2dB 300
CLvrro | Load Capacitance RLvFRO < 300 200 pF
CLygRo from VFRO to GND
ROvrro | Output Resistance Steady Zero PCM Code Applied
1.0 3.0 Q
to DRO or DRt )
VOSR Output Offset Voltage | Alternating + Zero PCM Code Applied _ i
at VEro DRo or pR1, Maximum Receive Gain 200 200 mv
POWER DISSIPATION
lccO Power Down Current CCLK, Cl, CO = 0.4V, CS = 2.4V
Interface Latches Set as Outputs with No Load, 0.1 0.6 mA
All Other Inputs Active, Power Amp Disabled
g0 Power Down Current | As Above —0.1 —0.3 mA
el Power Up Current CCLK, Cl,CO = 0.4V, CS = 2.4V
No Load on Power Amp 8.0 11.0 mA
Interface Latches Set as Outputs with No Load
Igg1 Power Up Current As Above —80 | —11.0 | mA
lcc2 Power Down Current | As Above, Power Amp Enabled 2.0 3.0 mA
IgB2 Power Down Current | As Above, Power Amp Enabled -20| -3.0 mA

*See definitions and timing conventions section.
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Timing Specifications

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V £5%; Vgg = —5V £5%; Tp = 0°C
to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals referenced to GND. Typicals specified at Vcc = +5V,
Vgg = —5V, Tp = 25°C.

All timing parameters are measured at Vo = 2.0V and Vg = 0.7V.

See Definitions and Timing Conventions section for test methods information.

V9.0€dL ‘VS208dL

Symbol Parameter | Conditions | Min I Typ Max Units
MASTER CLOCK TIMING
fMeLK Frequency of MCLK Selection of Frequency is Programmable 512 kHz
(See Table Il 1536 kHz
1544 kHz
2048 kHz
4096 kHz
twMH Period of MCLK High Measured from V|4 to V|4 (See Note) 80 ns
twMmL Period of MCLK Low Measured from Vy_to V_ (See Note) 80 ns
tRM Rise Time of MCLK Measured from V)_to Vi 30 ns
tFm Fall Time of MCLK Measured from V) to V) 30 ns
tHBM HOLD Time, BCLK LOW
to MCLK HIGH 50 ns
twFL Period of FSx Measured from V)_to V_ 1 MCLK
or FSg Low Period
PCM INTERFACE TIMING
fBOLK Frequency of BCLK May Vary from 64 kHz to 4096 kHz
in 8 kHz Increments 64 4096 kHz
twsH Period of BCLK High Measured from V|4 to V|4 80 ns
twsL Period of BCLK Low Measured from V_to V| 80 ns
trRB Rise Time of BCLK Measured from V|_to V|4 30 ns
tFB Fall Time of BCLK Measured from V|4 to V| 30 ns
tHBE Hold Time, BCLK Low
to FSy,R High or Low 30 ns
tsFB Setup Time, FSx/g
High to BGLK Low 30 ns
tpep Delay Time, BCLK High Load = 100 pF Plus 2 LSTTL Loads 80 ns
to Data Valid
tpez Delay Time, BCLK Low to Dx0/1
Disabled if FSy Low, FSx Low to
Dx0/1 disabled if 8th BCLK 15 80 ns
Low, or BCLK High to Dx0/1
Disabled if FSx High
toeT Delay Time, BCLK High to Load = 100 pF Plus 2 LSTTL Loads
TSy Low if FSx High, or 60 ns
FSx High to TSx Low if
BCLK High
tzBT TRI-STATE Time, BCLK Low to !
TSy High if FSx Low, FSy Low
to TSy High if 8th BCLK Low, or 15 60 ns
BCLK High to TS High if FSx
High
torD Delay Time, FSy/g Load = 100 pF Plus 2 LSTTL Loads,
High to Data Valid Applies if FSx/R Rises Later Than 80 ns
BCLK Rising Edge in Non-Delayed Data
Mode Only
tspB Setup Time, DR0/1
Valid to BCLK Low 30 ns
tHBD Hold Time, BCLK
Low to DR0/1 Invalid 20 ns

Note: Applies only to MCLK Frequencies > 1.636 MHz. At 512 kHz a 50:50 +2% Duty Cycle must be used.

1-119



TP3075A, TP3076A

Timing Specifications (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voc = +5V £5%; Vgg = —5V +5%; Tpo = 0°C
to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals referenced to GND. Typicals specified at Vgg = +5V,
Vgg = —5V, Tp = 25°C.
All timing parameters are measured at Vo = 2.0V and Vg = 0.7V.

See Definitions and Timing Conventions section for test methods information.

Symbol Parameter Conditions Min | Typ I Max Units
SERIAL CONTROL PORT TIMING ' '
fcolk Frequency of CCLK 2048 kHz
twcH Period of CCLK High Measured from V) to V|4 160 ns
tweL Period of CCLK Low Measured from Vy_to V| 160 ns
trc Rise Time of CCLK Measured from V|_to V|4 50 ns
trc Fall Time of CCLK Measured of Vi to VL 50 ns
tHes Hold Time, CCLK Low CCLK1
[ 10 ns
to CS Low
thsc Hold Time, CCLK CCLK8
Low to CS High 100 ns
tssc Setup Time, CS
Transition to CCLK Low 60 ns
tssco Setup Time, CS To Insure CO is Not Enabled 60 ns
Transition to CCLK High for Single Byte
tspbc Setup Time, Cl
Data In to CCLK Low 5o ns
tHeD Hold Time, CCLK
Low to CO Invalid 50 ns
tbco Delay Time, CCLK High Load = 100 pF Plus 2 LSTTL Loads 80 ns
to CO Data Out Valid
tpsp Delay Time, CS Low Applies Only if Separate 80 ns
to CO Valid CS Used for Byte 2
topz Delay Time, CS or 9th CCLK Applies to Earlier of CS 15 80 ns
High to CO High Impedance High or 9th CCLK High
INTERFACE LATCH TIMING
tsLe Setup Time, IL to Interface Latch Inputs Only 100 ns
CCLK 8 of Byte 1
tHoL Hold Tme, IL Valid from 50 ns
8th CCLK Low (Byte 1)
tocL Delay Time CCLKS8 of Interface Latch Outputs Only 200 ns
Byte2toIL CL = 50 pF
MASTER RESET PIN
twMR Duration of Master TP3075A Only 1 s
Reset High m
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Timing Diagrams
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FIGURE 3. Non-Delayed Data Timing Mode

tRu tew twmn
MCLK
tupy— L

trp trp le— tweH
BCLK_HW 3 4 5 6 X Ly [9\
tsrp I‘—QHBF e—=typL
FSx \
—  toeD —  |~—toaz
D0/ 1 XL 2 X3 X 4 X s X 6 X 7 Xs
—= |</-_— 781
T540/1
tsrg _|ter j
FSg
J tsps | thep
0RO/ 1 X g_; X3 X+ X5 Xs X7 X8 X
) 1
TL/H/9758-7

FIGURE 4. Delayed Data Timing Mode
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Transmission Characteristics
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V 5%, Vgg = —5V £5%; Tp = 0°C
to +70°C by correlation with 100% electrical testing at Ta = 25°C. f = 1015.625 Hz, VFx| = 0 dBmO0, DrO or Dg1 = 0 dBm0
PCM code. Transmit and receive gains programmed for maximum 0 dBmO test levels. All other limits are assured by correlation
with other production tests and/or product design and characterization (0 dB Gain). All signals referenced to GND. Typicals
specified at Vog = +5V, Vgg = —5V, Ta = 25°C.

Symbol Parameter Conditions | Min I Typ Max Units
AMPLITUDE RESPONSE
Absolute Levels The Maximum 0 dBmO Levels Are:
VFxl 1.375 Vrms
VFRO (15 k2 Load) 1.964 Vrms
The Minimum 0 dBmO Levels are:
VFxl 73.8 mVrms
VFRO (Any Load > 3002) 105.0 mVrms
Gxa Transmit Gain Transmit Gain Programmed for Maximum
Absolute Accuracy 0 dBmO Test Level.
Measure Deviation of Digital Code from —-0.15 0.15 dB
Ideal 0 dBmO PCM Code at Dx0/1.
Ta = 25°C
GxaAG Transmit Gain Measure Transmit Gain Over the Range
Variation with from Maximum to Minimum.
Programmed Gain Calculate the Deviation from the —0.1 0.1 dB
Programmed Gain Relative to Gxa, - :
i.e., Gxag = Gactual — Gprog — Gxa-
Ta = 25°C, Vg = 5V, Vgg = 5V
GxAF Transmit Gain Relative to 1015.625 Hz, (Note 4)
Variation with Minimum Gain < Gx < Maximum Gain
Frequency f=60Hz —26 dB
f = 200 Hz -1.8 —0.1 dB
f = 300 Hz to 3000 Hz —0.15 0.15 dB
f = 3400 Hz -0.7 0.0 dB
f = 400 Hz —14 dB
f > 4600 Hz. Measure Response —32 dB
at Alias Frequency from 0 kHz to 4 kHz
Gy = 0.0dB, VFxl = 1.375 Vrms
Relative to 1015.625 Hz
f=625Hz —-24.9 dB
f = 203.125 Hz -1.7 —-0.1 dB
f = 343.75 Hz —0.15 0.15 dB
f = 515.625 Hz —-0.15 0.15 dB
f = 2140.625 Hz —-0.15 0.15 dB
f = 3156.25 Hz —-0.15 0.15 dB
f = 3406.250 Hz -0.74 0.0 dB
f = 3984.375 Hz -13.5 dB
Relative to 1062.5 Hz (Note 4)
f = 5250 Hz, Measure 2750 Hz -32 dB
f = 11750 Hz, Measure 3750 Hz —-32 dB
f = 49750 Hz, Measure 1750 Hz -32 dB
GxAT Transmit Gain Measured Relative to Gxa, Vcc = 5V,
Variation with Vg = —5V, —0.1 0.1 dB
Temperature Minimum gain < Gx < Maximum Gain
GxaL Transmit Gain Sinusoidal Test Method.
Variation with Signal Reference Level = 0 dBm0 i
Level VFyl = —40dBm0 to +3 dBm0 —-0.2 0.2 dB
VFxl = —50 dBm0 to —40 dBm0 —0.4 0.4 dB
VFyl = —55dBm0 to —50 dBm0 —1.2 1.2 dB
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Transmission Characteristics (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voc = +5V 5%, Vgg = —5V +5%; Tp = 0°C

to +70°C by correlation with 100% electrical testing at T4 = 25°C. f = 1015.625 Hz, VFxl =

0 dBm0, DRO or DR1

= 0dBm0

PCM code. Transmit and receive gains programmed for maximum 0 dBmoO test levels (0 dB Gain). All other limits are assured by
correlation with other production tests and/or product design and characterization. All signals referenced to GND. Typicals

specified at Voo = +5V, Vgg = —5V, Tao = 25°C.
Symbol Parameter l Conditions [ Min | Typ | Max Units
AMPLITUDE RESPONSE (Continued)
GRA Receive Gain Receive Gain Programmed for Maximum
Absolute Accuracy 0 dBmO Test Level. Apply 0 dBmO —0.15 0.15 dB
PCM Code to DRO or DR1. Measure VFRO0. - )
Ta = 25°C
GRAG Receive Gain Measure Receive Gain Over the Range
Variation with from Maximum to Minimum Setting.
Programmed Gain Calculate the Deviation from the —0.1 0.1 dB
Programmed Gain Relative to Gra, ) )
i.8., GRAG = Gactual —~ Gprog — GRA-
Ta = 25°C,Vge = 5V, Vgg = —5V
GRAT Receive Gain Measured Relative to GRa.
Variation with Temperature Voo = 5V, Vgg = —5V. —-0.1 0.1 dB
Minimum Gain < Gg < Maximum Gain
GRAF Receive Gain Relative to 1015.625 Hz, (Note 4)
Variation with Frequency DRO or Dg1 = 0 dBmO Code.
Minimum Gain < Gy < Maximum Gain
f =200 Hz —0.25 0.15 dB
f = 300 Hz to 3000 Hz —0.15 0.15 dB
f = 3400 Hz -0.7 0.0 dB
f = 4000 Hz —14 dB
GR = 0dB, DRO or Dg1 = 0 dBmO0 Code,
Gy = 0dB (Note 4)
f = 296.875 Hz -0.15 0.15 dB
f = 1875.00 Hz -0.15 0.15 dB
f = 2906.25 Hz -0.15 0.15 dB
f = 2984.375 Hz -0.15 0.15 dB
f = 3406.250 Hz -0.74 0.0 dB
f = 3984.375 Hz —-13.5 dB
GRAL Receive Gain Sinusoidal Test Method.
Variation with Signal Reference Level = 0 dBmO.
Level DR0O = —40dBmo0 to +3 dBm0 -0.2 0.2 dB
DRO = —50dBm0 to —40 dBm0 -0.4 0.4 dB
Dr0 = —55dBm0 to —50 dBm0 -1.2 1.2 dB
DRO or DRy = 3.1 dBm0 —0.5
RL = 6000, Gg = —0.5dB -0.2 0.2 dB
RL = 3000, Gg = 1.2dB —-0.2 0.2 dB
ENVELOPE DELAY DISTORTION WITH FREQUENCY
Dxa Tx Delay, Absolute f = 1600 Hz 315 ps
DxRr Tx Delay, Relative to DXA f = 500 Hz-600 Hz 220 us
f = 600 Hz-800 Hz 145 ns
f = 800 Hz-1000 Hz 75 s
f = 1000 Hz-1600 Hz 40 us
f = 1600 Hz-2600 Hz 75 us
f = 2600 Hz-2800 Hz 105 s
f = 2800 Hz-3000 Hz 155 s
DRra Rx Delay, Absolute f = 1600 Hz 200 us
Drr Rx Delay, Relative to DRA f = 500 Hz-1000 Hz —40 us
f = 1000 Hz-1600 Hz —30 us
f = 1600 Hz-2600 Hz 920 s
f = 2600 Hz-2800 Hz 125 us
f = 2800 Hz-3000 Hz 175 us
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Transmission Characteristics (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V £5%, Vgg = —5V +5%; Tpo = 0°C
to +70°C by correlation with 100% electrical testing at To = 25°C. f = 1015.625 Hz, VFxl = 0 dBm0, DRO or Dr1 = 0 dBmO
PCM code. Transmit and receive gains programmed for maximum 0 dBmo test levels (0 dB Gain). All other limits are assured by
correlation with other production tests and/or product design and characterization. All signals referenced to GND. Typicals
specified at Vgg = +5V, Vgg = —5V, T4 = 25°C.

Symbol Parameter | Conditions I Min | Typ I Max | Units
NOISE
Nxc Transmit Noise, C Message (Note 1) 11111111
Weighted, n-Law Selected in Gain Register 12 15 dBmCo
Nxp Transmit Noise, P Message (Note 1) 11111111 _ _
Weighted, A-Law Selected in Gain Register 74 67 dBmop
NRrc Receive Noise, C Message PCM Code is Alternating Positive
Weighted, p-Law Selected 8 1 dBmGo
Nrp Receive Noise, P Message PCM Code Equals Positive Zero _ _
Weighted, A-Law Selected 82 | —79 | dBmop
NRs Noise, Single Frequency f = 0 kHz to 100 kHz, Loop Around _53 dBmo
Measurement, VFx! = 0 Vrms
PPSRy Positive Power Supply Vce = 5.0 Vpg + 100 mVrms
Rejection, Transmit f = 0 kHz-4 kHz (Note 2) 36 dBC
f = 4 kHz-50 kHz 30 dBC
NPSRx Negative Power Supply Vgg = —5.0 Vp¢ + 100 mVrms
Rejection, Transmit f = 0 kHz-4 kHz (Note 2) 36 dBC
f = 4 kHz-50 kHz 30 dBC
PPSRR Positive Power Supply PCM Code Equals Positive Zero
Rejection, Receive Ve = 5.0 Vpg + 100 mVrms
Measure VFRO
f = 0 Hz-4000 Hz 36 dBC
f = 4 kHz-25 kHz 40 dB
f = 25 kHz-50 kHz 36 dB
NPSRR Negative Power Supply PCM Code Equals Positive Zero
Rejection, Receive Vgg = —5.0 Vpg + 100 mVrms
Measure VFRO
f = 0 Hz-4000 Hz 36 dBC
f = 4 kHz-25 kHz 40 dB
f = 25 kHz-50 kHz 36 dB
SOs Spurous Out-of-Band Signals 0 dBm0 300 Hz to 3400 Hz Input PCM Code
Applied at the Channel Output at DRO (or Dr1)
4600 Hz-7600 Hz -30 dB
7600 Hz-8400 Hz —40 dB
8400 Hz-50,000 Hz —-30 dB
DISTORTION
STDx Signal to Total Distortion Sinusoidal Test Method
STDR Transmit or Receive Level = 3.0 dBm0 33 dBC
Half-Channel, u-Law Selected = 0dBm0 to —30 dBm0 36 dBC
= —40dBm0 30 dBC
= —45dBm0 25 dBC
STDRL Single to Total Distortion Sinusoidal Test Method
Receive with Resistive Load Level = +3.1 dBm0
RL = 60092, Gg = —0.5dB 33 dBC
R = 300, Gg = —1.2dB 33 dBC
SFDx Single Frequency _
Distortion, Transmit 46 dB
SFDR Single Frequency _
Distortion, Receive 46 | a8
IMD Intermodulation Distortion Transmit or Receive
Two Frequencies in the Range —41 dB
300 Hz-3400 Hz
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TP3075A, TP3076A

Transmission Characteristics (continued)

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5V £5%, Vgg = —5V +5%; Tpo = 0°C
to +70°C by correlation with 100% electrical testing at To = 25°C. f = 1015.625 Hz, VFxl = 0 dBm0, DRO or Dr1 = 0 dBm0O
PCM code. Transmit and receive gains programmed for maximum 0 dBmO test levels (0 dB Gain). All other limits are assured by
correlation with other production tests and/or product design and characterization. All signals referenced to GND. Typicals
specified at Vo = +5V, Vgg = —5V, Tp = 25°C.

Symbol L Parameter | Conditions ] Min | Typ ] Max Units
CROSSTALK
CTx-R Transmit to Receive Crosstalk, f = 300 Hz-3400 Hz —90 —75 dB
0 dBmO Transmit Level DR = Idle Code
CTrx Receive to Transmit Crosstalk, f = 300 Hz-3400 Hz —90 —70 dB
0 dBmO Receive Level (Note 2)

Note 1: Measured by grounded input at Vgx;.
Note 2: PPSRy, NPSRy, and CTR.x are measured with a —50 dBmO activation signal applied to VFxl.
Note 3: A signal is Valid if it is above V} or below V;_and Invalid if it is between V). and V. For the purposes of this specification the following conditions apply:
a) All input signals are defined as: V| = 0.4V, V| = 2.7V, tg < 10 ns, tr < 10 ns.
b) t is measured from Vj_ to Viy. tr is measured from V| to Vy,.
c) Delay Times are measured from the input signal Valid to the output signal Valid.
d) Setup Times are measured from the data input Valid to the clock input Invalid.
) Hold Times are measured from the clock signal Valid to the data input Invalid.
f) Pulse widths are measured from Vj_to V| or from V| to V|.
Note 4: A multi-tone test technique is used.
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National
Semiconductor

TP3155 Time Slot Assignment Circuit

General Description

The TP3155 is a monolithic CMOS logic circuit designed to
generate transmit and receive frame synchronization pulses
for up to 8 COMBOT™ CODEC/Filters. Each frame sync
pulse may be independently assigned to a time slot in a
frame of up to 32 time slots. Assignments are controlled by
loading in an 8-bit word via a simple serial interface port.
This control interface is compatible with that used on the
TP3020/TP3021 and 2910/2911 CODECs, enabling an
easy upgrade to COMBO CODEC/Filters to be made.

Features

m Controls up to 8 COMBO CODEC/Filters

® Independent transmit and receive time slot assignments

m 8-channel unidirectional mode

m Up to 32 time slots per frame

W Serial control interface compatible with TP3020/TP3021
CODECs

W LS TTL and CMOS compatible inputs

® 5 mW, 5V operation

Typical Application

—r ) 2

FV 1 v

TP3054/7
COMBO #1

TP3054/7
COMBO #2
FSRr FSx

TP3054/7
COMBO #4

TP3054/7
#
FSRCUMBO 3 FSy

FSp FSx r

4-| FSp FSx

TP3155
Tox < TSAC #1 4 MODE
ﬂk a A A LA A
(';3 —
CLKe
D¢ &
CHO <
CH1 é
RSYNC/CH2 ¢
XSYNC —o
BCLK

TL/H/5118-1
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TP3155

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Vcc Relative to GND v
Voltage at Any Input

or Output Vcc + 0.3Vto GND —0.3V

DC Electrical Characteristics

Operating Temperature Range

(Ambient) —25°Cto +125°C
Storage Temperature Range
(Ambient) —65°Cto +150°C

Maximum Lead Temperature
(Soldering, 10 seconds)
ESD rating to be determined.

300°C

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vgc = 5.0V +5%; Tp = 0°C to +70°C by
correlation with 100% electrical testing at T4 = 25°C. All other limits are assured by correlation with other production tests and/
or product design and characterization. Typicals specified at Voc = 5.0V, Tp = 25°C.

Parameter Conditions Min Typ Max Units

Input Voltage Levels

ViH, Logic High 2.0 \

VL, Logic Low 0.7 \
Input Currents

All Inputs Except MODE ViL < VN < VIH -1 1 pA

MODE ViN = OV -100 pA
Output Voltage Levels

VoH, Logic High FSx and FSg Outputs, lon = 3 mA 24 \"

VoL, Logic Low FSx and FSg Outputs, Io. = 5 mA 0.4 \

TSx Output, o = 5mA . 0.4 \

Power Dissipation BCLK = 2.048 MHz, 1 1.5 mA

Operating Current All Outputs Open-Circuit

Timing Specifications

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vgc = 5.0V 5%, Tpo = 0°C to +70°C by
correlation with 100% electrical testing at T4 = 25°C. All other limits are assured by correlation with other production tests and/
or product design and characterization. Typicals specified at Voc = 5.0V, Tp = 25°C. All timing parameters are measured at

VoH = 2.0V and Vg = 0.7V. i

See Definitions and Timing Conventions section for test methods information.

Symbol Parameter Conditions Min Max Units
tpc Period of Clock BCLK, CLK¢g 480 ns
twcH Width of Clock High BCLK, CLKg 160 ns
tweL Width of Clock Low BCLK, CLK¢g 160 ns
tspc Set-Up Time from D¢ to CLKg 50 ns
tHeD Hold Time from CLK¢ to Dg 50 ns
tsce Set-Up Time from CS to CLKg 30 ns
tHeo Hold Time from CLKg to CS 100 ns
tscHe Set-Up Time from Channel Select to CLKg 50 ns
tHcHe Hold Time from Channel Select to CLK¢ 50 ns
toer Delay Time from BCLK Low to FSx/g 0-3 CL = 50 pF 100 ns
High or Low
tHSYNC Hold Time from BCLK to Frame Sync 50 ns
tssyne Set-Up Time from Frame Sync to BCLK 100 ns
toTL Delay to TSy Low C_ = 50 pF 140 ns
tTH Delay to TSy High RL = 1ktoVce 30 140 ns
trc: tFe Rise and Fall Time of Clock BCLK, CLK¢g 50 ns
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TP3155

Connection Diagrams

Plastic Chip Carrier (PCC) Package

Fspl Vee
FexO Fgyl Fsp2

3212019

Fsp0 — 4 18 [— Fsx2

X — 5 17 j— Fgg3

DC—] 6 TP3155vV 16 |— Fsx3

cLke —{ 7 15 |— CHo

cs— 8 14 |— CH1
9 10 1112 13

MODE BCLK RSYNC/CH2
GND XSYNC

TL/H/5118-5

Order Number TP3155V
See NS Package Number V20A

Pin Descriptions

Symbol

FSx1

FSR1

FSx0
FSRO
TSx
Dc

CLK¢

Cs

MODE

GND

Description
A conventional CMOS frame sync output
which is normally low, and goes active-high
for 8 cycles of BCLK when a valid transmit
time slot assignment is made.
A conventional CMOS frame sync output
which is normally low, and goes active-high
for 8 cycles of BCLK when a valid receive
time slot assignment is made.
A transmit frame sync output similar to pin 1.
A receive frame sync output similar to pin 2.
An open-drain N-channel output which is nor-
mally high impedance but pulls low during any
active transmit time slot.
The input for an 8-bit serial control word. X is
the first bit clocked in.

The clock input for the control interface.

The active-low chip select for the control in-
terface.

The mode select input. When left open-circuit
or connected to Vgc, mode 1 is selected, and
when connected to GND, mode 2 is selected.

The OV ground connection to the device.

Symbol

BCLK

XSYNC

Dual-In-Line Package

FSxt = 1 U 20 = Vcc
FSR1 e 2 19 |—Fsa2
FSx0— 3 18 }—FSx2
FSRO =i 4 17 |—FSr3
Tx—s P15 jl—Fsa
Dg—6 15 f~—CHO
CLKg =] 7 14—CH1
55— 13 |—RSYNC/CH2
MODE —] 9 12— XSYNC
e6ND—f10 11 }—BCLK
TL/H/5118-6
Top View

Order Number TP3155J or TP3155N
See NS Package Numbers J20A, N20A

Description
The bit clock input, which should run at the
same rate as that for the COMBO CODEC/
Filter COMBO.
The transmit TSO sync pulse input. Must be
synchronous with BCLK.

RSYNC/CH2 The function of this input is determined by the

CH1

CHO

FSx3
FSg3
FSx2
FSRr2
Vee

MODE input (pin 9). In mode 1 this is the re-
ceive TS0 sync pulse, RSYNC, which must be
synchronous with BCLK. In mode 2 this is the
CH2 input for the MSB of the channel select
word.

The input for the next significant bit of the
channel select word.

The input for the LSB of the channel select
word, which defines the frame sync output af-
fected by the following control word.

A transmit frame sync output similar to pin 1.
A receive frame sync output similar to pin 2.
A transmit frame sync output similar to pin 1.
A receive frame sync output similar to pin 2.
The positive supply to the device. 5V +5%.
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Functional Description

OPERATING MODES

The TP3155 control interface requires an 8-bit serial control
word which is compatible with the TP3020/TP3021 and
2910/2911 CODECs. Two bits, X and R, define which of the
two groups of frame sync outputs, FSx0 to FSx3 or FSRO to
FSR3, is affected by the control word, and a 6-bit assign-
ment field specifies the selected time slot, from 0 to 31. A
frame sync output is active-high for one time slot, which is
always 8 cycles of BCLK. A frame may consist of any num-
ber of time slots up to 32. If a timeslot is assigned which is
beyond the number of time slots in a frame, the FSx or FSR
output to which it was assigned will remain inactive.

Two modes of operation are available. Mode 1 is for sys-
tems requiring different time slot assignments for the trans-
mit and receive direction of each channel. Mode 1 is select-
ed by leaving pin 9 (MODE) open-circuit or connecting it to
V. In this case, Pin 13 is the RSYNC input which defines
the start of each receive frame, and the four outputs,
FSRO-FSR3, are assigned with respect to RSYNC. The
XSYNC input defines the start of each transmit frame and
outputs FSx0-FSx3 are assigned with respect to XSYNC.
XSYNC may have any phase relationship with RSYNC. In-
puts CHO and CH1 select the channel, from 0 to 3 (see
Table la).

Mode 2 provides the option of assigning all 8 frame sync
outputs with respect to the XSYNC input. Mode 2 is select-
ed by connecting pin 9 (MODE) to GND. This makes the
TP3155 TSAC useful for either an 8-channel undirectional
controller or for systems in which the transmit and receive
directions of each channel are always assigned to the same
time slot as the other, i.e., the FSx and FSRg inputs on the
COMBO CODEC/Filter are hard-wired together. In this
case, logical selection of the channel to be assigned is
made via inputs CHO, CH1 and CH2 (see Table Ib).

POWER-UP INITIALIZATION

During power-up, all frame sync outputs, FSx0-FSx3 and
FSRO0-FSR3, are inhibited and held low. No outputs will go
active until a valid time slot assignment is made.

LOADING CONTROL DATA

During the loading of control data, the binary code for the
selected channel must be set on inputs CHO and CH1 (and
CH2 in mode 2), see Tables la and Ib.

Control data is clocked into the D¢ input on the falling
edges of CLKg while TS is low.

A new time slot assignment is transferred to the selected
assignment register on the high going transition of CS. The
new assignment is re-synchronized to the system clock
such that the new FS output pulses will start at the next
complete valid time slot after the rising edge of CS.

TIME SLOT COUNTER OPERATION

At the start of TSO of each transmit frame, defined by the
first falling edge of BCLK after XSYNGC goes high, the trans-
mit time slot counter is reset to 000000 and begins to incre-
ment once every 8 cycles of BCLK. Each count is compared
with the 4 transmit assignment registers and, on finding a
match, a frame sync pulse is generated at that FSy output.
Similarly, the first falling edge of BCLK after RSYNC goes
high defines the start of receive TS0, and outputs
FSR0-FSR3 are generated with respect to TS0 when the
receive time slot counter matches the appropriate receive
assignment register.

TSy OUTPUT

In mode 1 (separate transmit and receive assignments), this
output pulls low whenever any FSy output pulse is being
generated. In mode 2, this output pulls low whenever any
FSx or FSR output is being generated. At all other times it is
open-circuit, allowing the TSy outputs of a number of
TSAGS to be wire-ANDed together with a common pull-up
resistor. This signal can be used to control the TRI-STATE®
enable input of a line driver to buffer the transmit PCM bus
from the CODEC/Filters to the backplane.

TABLE la. Control Mode 1
(TP3020/TP3021 Compatible)

BRI RS

X is the first bit clocked into the Dg input.
Control Data Format

T5 T4 T3 T2 T1 TO Time Slot
0 0 0 0 0 0 0
0 0 0 0 0 1 1
0 0 0 0 1 0 2
0 1 1 1 1 0 30
0 1 1 1 1 1 31
1 X X X X X (Note 1)
CH1 CHoO Channel Selected
) 0 Assign to FSx0 and/or FSR0
0 1 Assign to FSx1 and/or FSg1
1 0 Assign to FSy2 and/or FSR2
1 1 Assign to FS,3 and/or FSR3
X|R Action
0 | 0 | Assigntime slotto both selected FSx and FSg
0 | 1 | Assigntime slot to selected FSx only
1 | 0 | Assign time slot to selected FSR only
1 1 | Disable both selected FSx and FSg
TABLE Ib. Control Mode 2
CH2 CH1 CHO Channel Selected
0 0 0 Assign to FSx0
0 0 1 Assign to FSx1
0 1 0 Assign to FSx2
0 1 1 Assign to FSx3
1 0 0 Assign to FSRO
1 0 1 Assign to FSR1
1 1 0 Assign to FSR2
1 1 1 Assign to FSR3
X| R Action
0 0
] 1 Assign time slot to selected output
1 0
1 1 Disable selected output

Note 1: When T5 = 1, then the appropriate FSx or FSR output is inactive.
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TP3155

Definitions and Timing Conventions

DEFINITIONS
ViH

Vi

VoH

VoL

Threshold Region

Valid Signal

Invalid Signal

V|H is the d.c. input level above which
an input level is guaranteed to appear
as a logical one. This parameter is to
be measured by performing a function-
al test at reduced clock speeds and
nominal timing, (i.e. not minimum setup
and hold times or output strobes), with
the high level of all driving signals set
to V|y and maximum supply voltages
applied to the device.

V|L is the d.c. input level below which
an input level is guaranteed to appear
as a logical zero to the device. This pa-
rameter is measured in the same man-
ner as V|y but with all driving signal low
levels set to V) and minimum supply
voltages applied to the device.

VoH is the minimum d.c. output level to
which an output placed in a logical one
state will converge when loaded at the
maximum specified load current.

VoL is the maximum d.c. output level to
which an output placed in a logical zero
state will converge when loaded at the
maximum specified load current.

The threshold region is the range of in-
put voltages between V)_and V.

A signal is Valid if it is in one of the valid
logic states, (i.e. above V|4 or below
VD). In timing specifications, a signal is
deemed valid at the instant it enters a
valid state.

A signal is Invalid if it is not in a valid
logic state, i.e. when it is in the thresh-
old region between V|_ and V. In tim-
ing specifications, a signal is deemed
Invalid at the instant it enters the
threshold region.

TIMING CONVENTIONS
For the purposes of this timing specification the following

conventions apply:
Input Signals

Period

All input signals may be characterized
as:Vp = 0.4V, Vy = 24V, tg < 10 ns,
tr < 10ns.

The period of clock signal is designated
as tpyx Where xx represents the mne-
monic of the clock signal being speci-
fied.

Rise Time

Fall Time

Pulse Width High

Pulse Width Low

Setup Time

Hold Time

Delay Time

Rise times are designated as tRyy,
where yy represents a mnemonic of the
signal whose rise time is being speci-
fied. tryy is measured from Vi_to Viy.

Fall times are designated as try,
where yy represents a mnemonic of the
signal whose fall time is being speci-
fied. tryy is measured from V| to V).

The high pulse width is designated as
twzzH, Where zz represents the mne-
monic of the input or output signal
whose pulse width is being specified.
High pulse widths are measured from
Viy to Vg

The low pulse width is designated as
twzzL, where zz represents the mne-
monic of the input or output signal
whose pulse width is being specified.
Low pulse widths are measured from
ViLto VL.

Setup times are designated as tswwxx
where ww represents the mnemonic of
the input signal whose setup time is be-
ing specified relative to a clock or
strobe input represented by mnemonic
xx. Setup times are measured from the
ww Valid to xx Invalid.

Hold times are designated as tHyxwws
where ww represents the mnemonic of
the input signal whose hold time is be-
ing specified relative to a clock or
strobe input represented by mnemonic
xx. Hold times are measured from xx
Valid to ww Invalid.

Delay times are designated as
tDxxyyl |H|LI, Where xx represents the
mnemonic of the input reference signal
and yy represents the mnemonic of the
output signal whose timing is being
specified relative to xx. The mnemonic
may optionally be terminated by an H
or L to specify the high going or low
going transition of the output signal.
Maximum delay times are measured
from xx Valid to yy Valid. Minimum de-
lay times are measured from xx Valid to
yy Invalid. This parameter is tested un-
der the load conditions specified in the
Conditions column of the Timing Speci-
fications section of this data sheet.
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Applications Information

A combination of the TP3155 TSAC and any CODEC/Filter
COMBO from the TP3052/3/4/7 or TP3064/7 series will
result in data timing as shown in Figure 7. Although the FSy
output pulse goes high before BCLK goes high, the Dy out-
put of the combo remains in the TRI-STATE mode until both
are high. The eight bit period is shortened to prevent a bus
clash, just as it is on the TP3020/1 CODECs.

BCLK 1

XSYNC

Alternatively, eight full-length bits can be obtained by invert-
ing the BCLK to the combo devices, thereby aligning rising
edges of BCLK and FSx/R.

Figure 2 shows typical timing for the control data interface.
Figure 3 shows the digital interconnections of a typical line
card application.

FSx

FSx

e t008000680,000000600

. -

TL/H/5118-7

FIGURE 1. Transmit Data Timing

CHO~CH2

cs

G —K
e

e XX XRFE XX XXz X1 X10)

[——
EOEE®

TL/H/5118-8

FIGURE 2. Control Data Timing
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DATA

XMT SYNC ——

RCV SYNC ey

CH1 SELECT =t
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LINE CARD INTERFACE

(penuuoo) yoneWIOIU] Uoneslddy

FIGURE 3. Digital Interconnections on a Typical Synchronous Line Card
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National
Semiconductor

TP3200, TP3204 SLIC-MC

Magnetic Compensation SLICs

General Description

The TP3200 and TP3204 are monolithic Bipolar integrated
circuits intended for use on subscriber and trunk interface
cards of digital PABX and central office equipment. Each
device contains a magnetic compensation circuit, a supervi-
sion circuit and three relay drivers with latched inputs.

The magnetic compensation circuit allows the use of a
small, low cost line transformer by measuring the loop cur-
rent, and producing an output current proportional to the
d.c. value of the loop current. This output current is passed
through a winding of the line transformer in such a way as to
cancel the d.c. component of the magnetic flux. Thus the
transformer may be wound on a small ferrite core without an
air gap.

The supervision output is used to detect off-hook, replicate
dial pulses and terminate ringing on detection of ring-trip.

One of the three relay drivers is dedicated to the ring func-
tion, the other two are general purpose. TP3200 has PNP
relay drivers, while the TP3204 has NPN relay drivers.

Features

B Magnetic Compensation Circuit allows the use of low
cost ferrite core transformers

® Supervision Circuitry provides hook-switch detect, ring-
trip detect and dial pulse replication

@ Ring relay driver synchronized to zero-crossings

® Automatic ring-trip circuit—TP3200, TP3204

Three Latched relay drivers

B —48 Volt relay drivers—TP3200

+5 Volt relay drivers—TP3204

B Requires only =5V supplies

Thermal shutdown protection

@ Power-Up reset on relay driver latches

Simplified Block Diagrams

TP3200
CAP1
()71~ —1c
[ORE]
*
“rR Ve
(") R+
CAP2- [—SuP
(TP3200
ONLY )
BGND
RING
RSYNC RYR
RCH D Q
— C I RY1
o
RC2 D Q
c —RY2
EN
T T T
Vee GND Vg

TL/H/5589-1

TP3204
CAP1
[ORi ~AAA _c
+
(t) T+ J'A'A' - Al vy + A2
(*) R VWA e
(") R+

CAP2 ] —sup

—RYR
RING
RSYNC
RY1
RC1
RY2
RC2
EN

TL/H/5589-2
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TP3200, TP3204

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, VRy w.r.t. GND (TP3200) —-70V
please contact the National Semiconductor Sales VRy W.r.t. GND (TP3204) 20V
Office/Distributors for availability and specifications. Voltage at Sensing Inputs 300 Vpeak
Operating Temperature —26°Cto +85°C T+,T—,R+,R—, w.r.t. GND (continuous)
Storage Temperature —65°Cto +150°C T+,T—,R+,R— (FCC 68,302/d) 1000V (surge)
Voo w.r.t. GND v Iry (TP3200) —50 mA
Vgg w.r.t. GND -7 Igy (TP3204) 120 mA
Vco w.r.t. Vgg 14V Power Dissipation (Note 1) 1.5W
Vicw.r.t. GND —70V ESD (Note 2) 2kVv

Electrical Characteristics uniess otherwise specified, Limits printed in bold characters are guaranteed for
Voc = +5.0V,Vgg = —5.0V £5% and T = 0°C to 70°C by correlation with 100% production testing at To = 25°C. All other
limits are assured by correlation with other production tests and/or product design and characterization. Typical values are
measured at Voo = +5.0V, Vgg = —5.0V, and Ty = 25°C.

Symbol | Parameter Conditions | Mn | Typ | Max | units
COMPENSATION CIRCUIT )
Rin Input Resistance T+,T-,R+,R— 200 KQ
Vos Offset Voltage at V¢ ILoop=0mA, Rg=1000 _
Vgat = —48V, VG Open. 3o +30 | mV
Ay Differential Voltage Gain R =150Q, Rg= 100, Measure from T+, T—,
R+ and R 1o VC, I, oop=10-100 mA 0.147 0.153 | V/V
Ic Maximum Compensation | The Output Current is Nominally
Current Given by Vg/R, Where Ri_is 25 mA
Connected from VC to GND.
Ro Output Resistance Measure at CAP1 80 100 120 KQ
VICgat Saturation Voltage at IC Ic=20 mA. Measure from VC to IC. —0.3 -1.5 \'/
Ric IC Output Impedance RL=150Q, f=1kHz, Ic = 10 mA 2 MQ
Ic =20mA 300 KQ
N Idle Noise IC=20 mA, R_= 1500
Connect 15000 from 0 10 dBrnC
IC to VBaT, Measure at IC.
SUPERVISION CIRCUITRY
lo Ring-Trip Current Source | At CAP2 10 pA
IR Ring-Trip Threshhold CAP2=0.1 uF, f=20 Hz, Rg= 1000 12 mA
I+ Off-hook Positive Rg=100. Increase Loop Current
Threshold until SUP Switches low. b 13 15 mA
H Off-hook Hysteresis Rg=100. Decrease Loop Current from |+ 2 mA
until SUP Switches High.
RELAY DRIVERS
VRYgat Relay Driver Saturation TP3200, IRY =30 mA -2.2 Vv
Voltage TP3204, IRY =80 mA 1 \
DIGITAL INTERFACE (SUP, EN, RC1, RC2, RING, RSYNC)
VoL Output Low Level loL.=1.6 mA 0.4 \
VoH Output High Level loH=0.1 mA 4 Vv
ViL Input Low Level 0.7 \'/
Vil Input High Level 2 Vv
Iy Input Current 0.7 <V|ny <2.0 —0.1 0.1 mA
POWER DISSIPATION
lccO Vcc Supply RL=1500, Rg= 1000 3 4.5 mA
IpLg Current ILoop=0 mA, All Relays Off B
Igg0 Vpg Supply RL=150Q, Rg=100Q, | oop=0 mA 25 a mA
IpLg Current All Relays Off. '
lcc1 Vcc Supply RL=1500, Rg= 1000 3 4.7 mA
Active Current lLoop=40 mA, Igy=10 mA -
Igg1 Vg Supply RL=150Q, Rg=100Q
Active Current lLoop=40 mA, Igy=10 mA 25 4.2 mA
PSRR+ | Power Supply Rejection AVc/AVeg, f=1kHz, CAP1 = 1 uF -60 —80 dB
PSRR— | Ratio AVc/AVgg, f=1kHz, CAP1 = 1 uF -38 —50 dB
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Electrical Characteristics uniess otherwise specified, Limits printed in bold characters are guaranteed for
Voc = +5.0V,Vgg = —5.0V £5% and Ta = 0°C to 70°C by correlation with 100% production testing at Tpo = 25°C. All other
limits are assured by correlation with other production tests and/or product design and characterization. Typical values are
measured at Voo = +5.0V, Vgg = —5.0V, and Tp = 25°C.

¥02ed.L ‘002€dL

Symbol l Parameter | Conditions Min ] Typ I Max Units
TIMING (SEE DEFINITIONS AND TIMING CONVENTIONS FOR TEST METHOD INFORMATION)
tSRE Set-up Time Measure from RING, or RC1, 1 s
RC2 Valid to EN Falling Edge. ®
tHER Hold Time Measure from EN Falling Edge 1 s
to RING, RC1, or RC2 Invalid. »
twEN Input Pulse Active High
twRs Width EN 2 us
RSYNC 3 us
tpey RY1, RY2 Drivers Measure from En Active and
Delay Time RC1, RC2, Validto RY1, RY2 20 ps

On or Off. Iy (on) = 10 MA,
IRY (offf) = 0.1 mA

tpRY RYR Driver Measure from RSYNC Rising
Delay Time Edge to RYR On or Off. 20 ps
IRYR (on) = 10 MA,
IRYR (offy = 0.1 mA
tHs Off-Hook Measure from I oop = 20 mA 25 s
Detection Time to SUP Transition from High to Low. i ®
tR Ring-Trip Measure from | pop = 20 mA to,
Detection Time RYR Off, CAP2 = 0.1 uF, 150 ms

f = 20 Hz, IgyR (on) = 10 MA,
IRYR (offy = 0.1 MA
Note 1: Derate based on 150°C maximum junction temperature and thermal resistance of 80°C/W, junction to ambient.

Note 2: Device pins T+, T—, R+, R— are not guaranteed to meet the NSC standard requirement for ESD protection of 2000V. The functional requirements in the
intended application prohibit the use of any additional components on chip for ESD protection. Maximum surge voltage for these pins is greater than 1000V,
measured in accordance with FCC 68, 302/d.

Timing Diagram

5
DATA
RC2 3
—tspe
— twen
EN
F—Htugr
tpey
RY1
OR
RY2
twrs
RSYNC
tory

RYR X

TL/H/5589-17
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Connection Diagrams

Dual-In-Line
R+ =1 221~
R=-—12 =T+
Ic—{3 20}—BGND
NC—{4 19f—6ND
Vgs —5 18f—cap2
vce—{6 TP3200 17}~RYR
CAP1 —{7 16f=Vee
Sup —{8 15f—RY1
RSYNC —{9 14}-ry2
Rmc-{w 13f—=Rc2
EN—{11 12}—Rei
TL/H/5589-3
Top View
Order Number TP3200N

See NS Package Number N22A

Description of Pin Functions

Name
T+

T_

BGND

R+

VBB
IC

CAP1

Function
Tip positive voltage sense input connected to
the positive (GND) side of the Tip current sense
resistor.
Tip negative voltage sense input connected to
the negative (line) side of the Tip current sense
resistor.
Battery ground return for the relay drivers. This
ground should be connected in such a way as
to minimize noise due to relay switching and
also to avoid large voltage transients in the
presence of lightning. Preferably it should be
connected to GND on the backplane.
Ring negative voltage sense input connected to
the negative (VgaT) side of the Ring current
sense resistor.
Ring positive voltage sense input connected to
the positive (line) side of the Ring current sense
resistor.
—5 volts +5%
Compensation current output. The current
sourced by this output is proportional to the d.c.
loop current flowing through the line transform-
er. By passing this current through an auxiliary
winding of appropriate winding ratio, the aver-
age magnetic flux in the transformer core can
be cancelled.
External capacitor input required to filter voice
frequency components from the loop current.

Name
CAP2

vC

GND
Vce

SuUP
EN
RC1

RC2

RING

Dual-In-Line
R+ =1 20}—T-
R-=—2 19f=T+
ic—3 18)—GND
Vep —{4 17}=car2
ve—{5 16}—RYR
APt —f6 173204 45| Ve
sup —47 14}=R11
RSYNC —{8 13}~RY2
RING —{9 12}=re2
EN—{10 11}~Re1
TL/H/55689-5
Top View
Order Number TP3204N

See NS Package Number N20A

Function
External capacitor input required to perform
charging and discharging by lp for one cycle of
ring frequency in order to perform the ring-trip
function.
Compensation voltage output. The output volt-
age at this pin is proportional to the d.c. loop
current flowing through the line transformer. An
external resistor R connected from VC to GND
causes a current to flow from IC which is in turn
proportional to the d.c. loop current.
Analog ground.
+5 volts +5%
Supervision output indicating off-hook, Dial
Puise and Ring Trip status.
Enable input. The RING, RC1 and RC2 inputs
are gated in during the high state of EN and
latched on the falling edge.
General purpose relay control input 1, used to
turn on or off relay driver 1 (RY1) when enabled
by EN.
General purpose relay control input 2 used to
turn on or off relay driver 2 (RY2) when enabled
by EN.
Ring command input used to turn on or off the
ring relay driver when enabled by EN.
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Description of Pin
Functions (continued)

Name Function

RSYNC  Ring Synchronization input used to synchronize
the opening and closing of the ring relay with
zero crossings of the ring signal, i.e., the mini-
mum voltage across the relay contacts. RSYNC
should nominally be a square wave generated
by a zero crossing detector from the ringing sig-
nal, and should have the same frequency as the
ringing signal.

RYR Ring relay driver output.

RY1 General purpose relay driver output 1.

RY2 General purpose relay driver output 2.

Functional Description

MAGNETIC COMPENSATION CIRCUIT (Figure 1)

The magnetic compensation circuit measures the loop cur-
rent by sensing the voltage across two matched battery
feed resistors, Rg, using a high impedance thin film resistor
bridge, and produces a voltage proportional to the instanta-
neous loop current at the output of the OpAmp, A1. This
voltage is filtered by the external capacitor CAP1. The out-
put voltage follower A2 and output transistor Q1 then repro-
duce this voltage at the VC output. Capacitor CAP1 is se-
lected such that the voice frequency components of the
loop current are attenuated enough to prevent the compen-
sation current from affecting the subscriber circuit output
impedance. A resistor R connected from VC to GND caus-
es a current Vg/RL to flow from the IC output. This output is
connected to an auxiliary winding on the line transformer.
By proper selection of resistor ratios and transformer wind-
ing ratios, the current Ic can exactly cancel the flux pro-
duced by the d.c. component of the loop current. The equa-
tion relating these parameters is:

NP/NC = AyRg/R,

SUPERVISION CIRCUIT (Figure 2)

The supervision circuit consists of a loop current compara-
tor with built-in hysteresis. The input of the supervision cir-
cuit is taken from the output of the Op Amp A1. The voltage
at this point represents the instantaneous loop current. The
output is the SUP output. During on-hook operation SUP is
high. When the loop current increases beyond approximate-
ly 13 mA the SUP output goes low, indicating off-hook.
When the loop current falls below approximately 11 mA
SUP will go high indicating on-hook. In the presence of
dial pulses, SUP will produce a square-wave replication of
the dial pulses. During ringing, the comparator will detect
the instantaneous ringing current through the loop, causing
SUP to produce a square-wave with a mark-to-space ratio
larger than 50% during the on-hook condition. When the
telephone goes off-hook, the resultant dc loop current caus-
es the mark-to-space ratio to decrease until the threshhold
is reached when the duty cycle of SUP output is exactly
50%. This change in duty cycle can easily be detected digi-
tally and the ringing terminated. This is the most flexible
form of ring trip since it is frequency independent and is
compatible with multi-frequency ringing. A second method
of ring trip is described in the next section.

Vi
[ —
from fig. 1 A3

FIGURE 2. Supervision Circuit

T

TL/H/5589-7
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D
RING
L a°
[P h
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1< '
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] ]
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TL/H/5589-6

FIGURE 1. Magnetic Compensation Circuit—Simplified Diagram
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TP3200, TP3204

Functional Description (continued)

RING TRIP CIRCUIT (Figure 3)

The ring trip circuit takes its input from the output of A1,
which represents the combination of instantaneous ringing
current and DC off-hook loop current, if any. A1 output volt-
age is compared against a reference voltage at A4. De-
pending on the polarity of the comparator’s output, current
source lp either sources or sinks 10 pA into CAP2. This
results in the charging and discharging of CAP2. Each posi-
tive transition of RSYNC enables comparator A5 for approx-
imately 20 us through the one-shot circuit, after which CAP2
is discharged via Q2. Thus, the resulting voltage on CAP2
after one ring cycle indicates the average DC component of
the loop current. When the threshold of approximately 12
mA is reached, comparator A5 generates a pulse oitput at
RT which is used to reset the ring driver flip-flop at approxi-
mately the zero crossing of the ringing signal.

If multiple ring frequencies must be used on the same line,
then a compromise capacitor value for CAP2 must be used.
A 0.1 pF value is recommended for ringing frequencies of
16 Hz to 40 Hz, and 0.033 wF for 30 Hz to 70 Hz. Alternate-
ly, if SUP output is used to perform ring trip detect external-
ly, CAP2 input should be grounded.

LI 1.,

to fig. 4

RSYNC
—_——
ONE - SHOT

TL/H/5589-16
FIGURE 3. Ring Trip Circuit

RING RELAY DRIVER (Figure 4)

The ring relay driver consists of the ring trip latch, a ring
relay flip-flop and a relay driver output transistor. Based on
the state of the ring input, the ring-trip latch is set or cleared
when EN is active high, and latched on the falling edge of

EN. It is also cleared by the ring trip circuit. Based on the
output of the ring-trip latch, the ring relay flip-flop is set or
cleared on the positive transition of RSYNC, insuring that
the ring relay is turned on or off near the zero crossing of
the ring signal to minimize relay contact wear. After the ring
relay driver is turned on, the RING and/or EN inputs should
be kept at logic low in order to prevent relay chattering.

RT

l | from fig. 3

BGND

2
RING—:— o Rof—o Ro — LEVEL —
EN—7—C [ SHIFTER RYR
1 ]
1 D-LATCH | DF/F :
RSYNC .
]

]
TL/H/5589-9
FIGURE 4. Ring Trip Relay Driver (PNP-type)

GENERAL PURPOSE RELAY DRIVERS (Figure 5)

The general purpose relay drivers consist of a relay driver
latch and relay driver output transistor. Depending on the
state of the appropriate input RC1 or RC2, the relay driver
latches are set or cleared when EN is active high, and
latched on the falling edge of EN. On the TP3200 the relay
driver pnp transistors operate between BGND and a nega-
tive supply as high as —70 volts, with relay currents as high
as 30 mA. On the TP3204, the relay driver npn transistors
operate with a positive supply voltage up to 20 volts.

1] 1]

' ' BGND

! ' —
RCy=——+——D Q| LEVEL Sy =

' SHIFTER ' RY.

] ] X
EN T c '

] ]

' D - LATCH '

] [}

' ]

. L]

TL/H/5589-10
FIGURE 5. Relay Drivers RY1 and RY2, (PNP-type)
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FIGURE 6. Typical Applications Schematic

Note 1: Resistors Rg, Rr are matched to within £0.1% to achieve 60 dB longitudinal balance.
Note 2: Transformer specifications for 60092 Line Impedance, 5:1 cancelliation ratio, Z, = R; = 300Q.

primary windings Np 210T AWG 36
secondary windings Ng  2x220T  AWG 38
compensation winding N¢ 2100T AWG 42

Siemens Type RM 8-T35 core (A = 8400 nH/T2)

Applications Information

Figure 6 illustrates the use of the TP3200/02/04 in one of
many possible configurations. In this application, 200 ohm
feed resistors (Rg + Rf) are used with a fixed —48 volt
battery feed. 100 ohm current sense resistors in series with
additional 100 ohm resistors insure that the T and R sense
inputs of the device never see more than one half of any
line transient voltages. The two general purpose relay driv-
ers are used to operate a line test relay and a battery rever-
sal relay. The a.c. line termination impedance is set by resis-
tors Rj and Z, (which should be equal to properly balance
the hybrid), and the square of the turns ratio of the trans-
former, (2Np/Ng)2. The two amplifiers on the secondary
side of the transformer are normally part of the PCM filter
such as the TP3040, or the TP3050, TP3060, or TP3070
series of COMBOT™M Codec/Filters. Zpq) represents the line
circuit balance network. It is recommended that the IC pin
be connected to the finish of the compensation winding in
order to reduce the effective loading of the line impedance
as well as Zpq due to the reflected capacitance from the
compensation winding at IC.

Ring voltage insertion is accomplished by breaking the bat-
tery feed path and superimposing the a.c. voltage upon the
battery voltage. To prevent the feed decoupling capacitor
from shunting ring current, a break contact is placed in se-
ries with Cg. To prevent the line transformer primary wind-
ings from attenuating the ring voltage or introducing distor-
tion, make contacts are connected in shunt with the trans-
former primary.

Each relay driver output must be protected by a diode con-
nected close to the relay coil. The IC pin must also be pro-
tected against line transients coupled through the trans-
former. Standard secondary transient suppression must
also be connected from Tip to GND and Ring to GND.

In order to minimize errors in flux cancellation, the ratio of
resistors Rg and Ry must be carefully controlled. Normally,
all would reside on a common hybrid circuit. The two resis-
tors, Rg, must be very accurately matched as must the two
resistors, Rf, although Rr need not match Rsg.

1-141

v02€dL ‘002€dL




TP3200, TP3204

Application Information (continued)

The a.c. loop voltage will appear at IC, amplified by the ratio
Nc/(2Np). A d.c. bias voltage must be provided which is
sufficiently negative to prevent the compensation transistor
from saturating without producing excessive power dissipa-
tion in the integrated circuit. This bias voltage can be an
intermediate supply voltage or may be generated by the
compensation current flowing through a resistance. The re-
sistance may be made up of the transformer winding resist-
ance and discrete resistances such as the filter resistor
shown in Figure 6. If the bias voltage is generated by an IR
drop, a higher supply voltage or lower compensation current
ratio will be required to allow for large variations in loop
current, resulting in higher circuit power dissipation.

Design Example

Assuming a 0 TLP on the line of 0 dBm into 600(2, a 3 dB
overload corresponds to a peak signal level of 1.55 volts.
The peak a.c. voltage at IC is therefore 1.55N, where
N=Ng/(2Np). At minimum loop current, the d.c. bias at IC
must be sufficiently positive of the zener voltage to allow
negative swings without clipping. Allowing for the winding
resistance and reactance, a safe limit is:

Rc * ILoop (Min)/N > 1.55N — Vz min + [VBATImax (1)

where Vz is the zener voltage, Rg is the total resistance
from IC to VaT. ‘

At the opposite extreme, the compensation transistor must
not saturate with maximum loop current and positive peak
swings. This corresponds to a voltage at IC of not less than

—VICgat + VC = 1.5 + I oop (Max) ® 2Rg * Ay.

Thus we require:

|VBaT| (min) > Rg @ I oop (Max)/N + 1.55N — VICgaT
+ lLoop(max) ® 2Rg ® Ay (3]

Substituting for Rg,

[Veal(min) > (1.55N = Vzmin + [VeATImax)
* | oop(max)/I oop(min) + 1.55N + 1.5 + 30I_ pop(max)
Thus for a minimum loop current of 20 mA and a maximum
of 100 mA, with a minimum zener voltage of 58 volts, and
battery voltage from —42V to —54V, the maximum com-
pensation current ratio is 6.18:1.

If N = 5is chosen, i.e. Nc = 10 Np, the allowable range for
Rc can then be calculated. From 1), Rg > 9389, and from
2), Rgc < 14874. Since the resistance of the compensation
winding may typically be 6009, an additional 8209 can
safely be added in series to form a high frequency filter on
the battery supply.

Finally, from Np/Nc = Ay ® Rg/R|, RL = 1500.

Further Information

For additional information on design of suitable transform-
ers see National Semiconductor Application Note AN-439.
For information on the design of matched attenuators suit-

able for setting Receive TLP levels, see the data sheet
“TP3052 Family of COMBOTM Devices”.
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National
Semiconductor

TP3210 SLIM™

PRELIMINARY

Subscriber Line Interface Module

General Description

The TP3210 is a complete electronic SLIC and PCM
COMBO® CODEC/Filter module intended to interface the
analog subscriber line to a PCM highway. It is designed to
meet the requirements for U.S. central office and remote
switching applications. When used in conjunction with a
simple, non-critical, external protection network, two resis-
tors and a ring relay, the TP3210 forms a complete line
circuit, handling all the BORSCHT functions.

The TP3210 module consists of a line driver, a line receiver,
a line impedance control circuit, a hybrid balance circuit, a
line supervision circuit, a ring supervision circuit, three posi-
tive relay drivers, a TP3054 p-Law COMBO CODEC/Filter
and a serial control interface. Any changes in the status of
the subscriber loop generate an interrupt, allowing the de-
vice to be used in either polled or interrupt driven applica-
tions.

Features

m Complete COMBO CODEC/Filter and SLIC functions

B Exceeds LSSGR central office specifications

m In-band on-hook transmission capability

m Resistive loop feed with current limit

® Power denial mode

m Compatible with loop start and ground start signalling

W Automatic ring trip compatible with all U.S ringing
conditions

m Four selectable hybrid balance networks

® Three relay drivers

® Thermal overload protection

W Compatible with inexpensive protection networks

@ Withstands 500V RTN to GND surge

@ Compatible with standard PCM highway

® Small physical size and minimal external components

Simplified Block Diagram

|
Lt
XX
x [-=] o= o B4
A EIEIE
LLs L A VY VY V% N
* LINE + Dx
RnG | o RECEIVER - -
- TSx
A 4 :
HYBRID P304
LINE IMPEDANCE
CONTROL CIRCUIT ggh‘}:gf COMBO
TR y Y
4 s
O, M
RPR +
—+— N ! .
DRIVER Toor )
_— SUPERVISION R co_
> SERIAL [ etk
RiNgs | > CONTROL =
RBUS* | | RING INTERFACE P e
»| supervision —
RBUSL I RELAY DRIVERS |<— »

F3 = a @ > = N
IEEEENIRE
n:l ) o > > Ev Z2VIEVY

TL/H/9422-1

FIGURE 1. Simplified Block Diagram
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Connection Diagram Pin Description
Top View FSx Transmit frame synchronization pulse input
which enables BCLK to shift the PCM
’ information out of Dx. FSx is an 8 kHz pulse
0C 40[=RING train. See Figures 8 and 9 for timing details.
RT"] 2 Dx The TRI-STATE® PCM data output which is
Vear—]3 38—TP enabled by FSx.
RPRT 4 TSx Open drain output which pulses low during
TPR—]5 36 —=TiPS the period when the Dx output is enabled.
' FSRr Receive frame synchronization pulse input
iNTR=—4 7 34 l=RINGS which enables BCLK to shift the PCM
&ds information into Dr. FSR is an 8 kHz pulse
cos 32 |-rauss train. See Figures 8 and 9 for timing details.
DR Receive data input. PCM data is shifted into
a=y10 31— RBUS- DR during the receive timeslot determined
GND1—] 11 by FSR.
CCLK—112 29 [~ RRLY CCLK Control clock used to shift control data into
MCLK—13 28 r-a“m Cl and out of CO during CS low.
CLKSEL—{14 27 p~RLYZ CS Chip select input. Must be low to enable the
BeLk—d 15 26 b=cnD3 (s}l'gting of control data into Cl and out of
e 25 |~DC e -
ox—=417 24 e Cl The serial control data input used to set the
s 2 : operating state of the module.
* Ve co The serial status output used to monitor the
“FSx=119 22—GND2 operating state of the module. CO is TRI-
FSp—] 20 21=Vee STATE when CS is high. See Figure 3 for
timing diagram.
TL/H/9422-2 TNTR i "
INTR Open drain interrupt output. A logic low
Order Number TP3210J indicates a change in the status of the
NS Package Number HY40C subscriber loop, or a change in thermal
Pin Descriptions shutdonn.
P VeB Negative power supply. Vgg = 5V £5%.
Pin Description Decoupled by internal 0.047 uF to ground.
TIP Normally positive side of the subscriber line. Vee Positive power supply. Vo = 5V +£5%.
RING Normally negative side of the subscriber Decoupled by internal 0.047 pF to ground.
line. RRLY Ring Relay Driver. Controlled by State
TPR High voltage line driver output. Connects to g&r:;?;t%::"a ﬁ?;ig';g:f::%ab:z I)i's“ s
TIP via an external protection network. detected Y g trip
RPR High voltage line driver output. Connects to prmrm— - N
RING via an external protection network. RLY1 g;?:'ggﬁ;’:;osztr:"/‘alﬁg';gr[;’g ntrolled by
TIPS Positive ring sensing input. Connected to —r - y
the positive side of the subscriber loop RLY2 genergl purploge re\l/?ly ‘g';,ergg ntrolled by
during ringing. ‘ tate Control Data Word bit D6.
.. A GND1 Low Voltage Ground. Vgg, Vcc and all
RINGS Negative ring sensin t. Connecte:
thegnegati\llegside 2'f &Ezzbsczbgf:;og to GND2 digital signals are referenced to these pins.
during ringing ' GND3 GND1, GND2 and GND3 should be
= - externally connected together close to the
RBUS+ | Positive ring bus sensing input. Connected module. Collectively referenced as GND in
to the positive side of the ring bus. electrical specifications.
RBUS— | Negative ring bus sensing input. Connected VBAT Negative high voltage supply.
to the negative side of the ring bus. VgaT = —55V to —59V.
BCLK Bit Clock used to shift PCM information into RTN High voltage ground return. Vgt and all
gg:g:ﬂ%“t .°f8D"(“-_|M?Y vary f"';’"" 64 kHzto analog signals are referenced to this pin.
- zin z Increments. DC Don’t connect. Do not make external
MCLK Master Clock. Must be 1.536, 1.544 or connections to these pins.
2.048 MHz.
CLKSEL | Master Clock Select Input. Must be

connected high for 1.536 or 1.544 MHz
operation. Must be connected low for 2.048
MHz operation.




Functional Block Description

Functional . Functional .
Block Description Block Description
Line Driver The Line Driver is a differential output COMBO The COMBO provides the PCM

transconductance amplifier which filtering, encoding and decoding
provides the d.c. power and balanced functions necessary to interface the
a.c. signals to the subscriber line. The PCM highway to the analog signals on
d.c. power is determined by the d.c. the subscriber loop. This function is
Loop Impedance Control circuit. The identical to the industry standard
a.c. signal applied to the line is TP3054 COMBO CODEC/Filter (see
controlled by the a.c. Loop Impedance the TP3054 datasheet for full details).
Control and the analog signal . .
generated by the TP3054 COMBO Control The Control Interface plrgmt provides
CODEC/Filter from the received PCM Interface easy control and monitoring of the
information. Feedback from the TIP state of the TP3210 via a simple serial
and RING li}les produces an effective interface. Via this circuit the user can
longitudinal input impedance of about program the operating que of the
1504 from TIP and RING to RTN (750 module, and monitor the line status
total). In the presence of large (see Table | for details).

longitudinal currents, each output of
the Line Driver is capable of sourcing
or sinking current to limit the
longitudinal voltage.

Line Receiver

The Line Receiver monitors the
metallic (differential) voltage on the
line in the presence of large
longitudinal (common mode) voltages.

Loop Impedance
Control

The Loop Impedance Control feeds
back the line voltage to produce a
resistive/inductive d.c. feed
impedance for longer loops and a
constant current d.c. feed for shorter
loops while maintaining an a.c. 2-wire
input impedance of 9000 + 2.16 uF
over the voice band, easily meeting
the 2-wire return loss requirements.

Hybrid Balance
Control

The Hybrid Balance Control circuit
consists of four software selectable
networks, assuring that the 4-wire
return loss requirements are met for a
variety of conditions.

Loop The Loop Supervision circuit monitors

Supervision the d.c. current flow in the subscriber
loop under non-ringing state and
detects on-hook, off-hook and
replicates dial pulses.

Ring The Ring Supervision circuit monitors

Supervision the d.c. current flow in the subscriber

loop during the ringing state. This
circuit is capable of detecting an off-
hook condition in less than 200 ms in
the presence of large a.c. ringing
signals. It operates on loops with
ringing superimposed on TIP or RING
or with balanced ringing. It supports
bridged ringers, ringers to ground on
either TIP or RING and with
superimposed ringers.

Relay Drivers

Thethree NPN relay drivers are capable
of driving + 5V or + 12V relays directly.
RRLYisdedicatedtotheringrelayandis
automatically turned off whenring trip is
detected by the Ring Supervision circuit.
RLY1 and RLY2 are general purpose.
Relaycurrentwillbereturnedto GND3 at
pin 26.

Functional Description

Power-On

When power is first applied, the power-on reset circuitry ini-
tializes the TP3210 and places it in a standby mode. The
State Control Data Word is cleared to ““0”. All unnecessary
circuitry is powered down. The serial control interface and
the loop supervision circuitry remain fully functional. The de-
vice is now ready for activation, either by the user program-
ming it into the ring mode by writing into the State Control
Data Word or by the subscriber going off-hook, powering-up
the device automatically.

The State Control Data Word

The State Control Data word is a single eight-bit word as
shown in Table |. Bits DO-D7 of the control word program
the operating state of the device. The module can override
the control bits D2 and D3 to activate the power denial
mode in order to protect itself from damage under a thermal
overload condition.

Status Word

The eight-bit Status Word indicates the status of the
TP3210 at the instant a read operation is performed. Table
IV shows the definitions of the status word. A logic high
indicates that the state or function is enabled, a low indica-
tse that it is disabled.

The Control Interface

The Control Interface consists of a single eight-bit shift reg-
ister and a buffer register. The shift register is written via the
serial input Cl, under the control of CS and CCLK, to pro-
gram the device's operating state. Several bits of the shift
register may be altered by the device itself in response to
changes in the subscriber loop status. These changes in
state may be read via the serial output CO. The S2 and S3
status bits are over-written by the occurrence of a thermal
overload, forcing the device into the Power-Denial mode. S7
is the hook-switch status bit. A logic ““0” for S7 indicates an
Off-Hook or Ring-Trip condition exists at the instant of ac-
cess and a logic ““1” indicates on-hook. Any changes in line
status, or thermal shutdown condition will generate an inter-
rupt at INTR output.
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Functional Description (continued)

TABLE I. State Control Data Word

Control ;
Bit Description

D7 Don’t Care. This bit is overwritten by the line supervision circuitry.

Dé A logic “1” turns on RLY2.

D5 Alogic “1” turns on RLY1.

D4 Alogic “1" enables Ring mode, turns on RRLY and Ring Supervision circuit. Status Bit S7
indicates ring-trip. Logic “0” at D4 enables the normal non-ringing mode.

D3 Used with D2 to select Power Denial, Battery Reversal and On-Hook Transmission modes. See
Table II. Under Power Denial mode, the Line Driver is disabled, denying power to the subscriber
loop. It can be set or cleared by a write operation. Under a thermal overload condition, D2 is
forced to “‘0” and D3 is forced to **1” in order to protect the device from damage. As long as the
thermal overload condition exists, the Power Denial mode cannot be cleared by a write operation.

D2 Used with D3 to select Power Denial, Battery Reversal and On-Hook Transmission modes. See
Table Il.

D1 Used with DO to select hybrid balance network. See Table lIl.

DO Used with D1 to select hybrid balance network. See Table Ill.

TABLE Il. Operating Modes of TP3210

In the Write/Read operation, the objective is to change the

state of the device. While shifting the new state control data

TABLE llI. Hybrid Balance Test Networks

D4 D3 D2 Mode into ClI, the previous status information is shifted out of CO.

0 0 0 Normal This data should be compared with the previous status in-
formation to determine if a change had occurred since the

0 0 1 Reverse Battery last access.

0 1 0 Power Denial In the Read/Write operation, the objective is to monitor the

0 1 1 On-Hook Transmission state of the module. While the current status is shifted out at
CO, the last known state of the device is shifted into Cl

1 X X Ring externally. If a thermal overload condition has occurred

since the last access, the device will automatically set itself
to the power denial mode (S2 bit will be forced to ““0” and
S3 bit will be forced to ““1”) prior to the access and will be

reset by writing the previous state. This has no detrimental

D1 DO Reference effect, however, since the power-denial mode will immedi-

Test Network ately be set again and the device will remain in the Power-

0 0 9000 Denial mode as long as the thermal overload continues to

exist. If ring trip has occurred or the hook switch status has

0 1 16500( (1000 + 0.005 »F) changed since the last access, the S7 bit will also be altered

1 0 8000[/(1000 + 0.05 WF) by the device. The timing for the Write/Read or Read/Write
modes is shown in Figure 2.

! ! 9000 + 2.16 uF The Quick Status Read operation allows a fast read of the

There are several ways of accessing the serial control inter- S7 status bit, which indicates if a Ring-Trip or Off-Hook con-

face. They are:
a. Write/Read
b. Read/Write

c. Quick Status Read

dition exists. It does not cause the shift register to shift, thus
no control data is required. Figure 3 is the timing diagram for
the Quick Status Read Mode.
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Functional Description (continued)
TABLE IV. Status Information Word

olzedl

Status .
Bit Description

S7 Indicates switch hook status. S7 is a *“1” if the subscriber is on-hook. If D4 is programmed to be
0" for normal mode, a logic 0" at S7 indicates off-hook. If the device is in the Ring mode
(D4 = *1”), alogic ““0” at S7 indicates ring-trip.

S6 Alogic “1” indicates that RLY2 is on.

S5 Alogic “1” indicates that RLY1 is on.

S4 A logic 1" indicates Ring mode is on. RRLY is turned on, and the Ring Supervision circuit is
activated. A logic "“0” at S7 indicates that a ring trip has occurred, forcing RRLY to be de-
activated. D4 should be cleared to 0" by a write/read operation in order to program the device
into the normal mode.

S3 S2 and S3 indicate Power-Denial, Battery Reversal and On-Hook Transmission modes. See
Table Il. When an overload condition exists which raises the junction temperature to exceed
about 170°C, the TP3210 will automatically initialize a power denial mode (S2 forced to ““0” and
S3 forced to 1) to protect itself from damage. The device will not go back to the normal mode
even if the thermal overload ceased to exist. The system can determine if the thermal overload
condition has cleared itself by programming the TP3210 into the desired operating mode and
read back status bits S2 and S3. If the overload still exists, the power denial mode will be
activated again as long as the device’s junction temperature exceeds approximately 170°C.

S2 S2 and S3 indicate Power-Denial, Battery Reversal and On-Hook Transmission modes. See
Table ll.

St S0 and S1 indicate the selected hybrid balance test network. See Table Ill.

S0 S0 and S1 indicate the selected hybrid balance test network. See Table Ill.
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FIGURE 2. Control Interface Timing—Write/Read or Read/Write Modes

e 77 e

— theeesL tsescoL —
[

—» e tocsco  toescoz — |

TL/H/9422-3

co

twest

TL/H/9422-4
FIGURE 3. Control Interface Timing—Quick Status Read Mode
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Functional Description (continued)

Battery Feed

The apparent battery voltage across the line is approximate-
ly 0.86 X VgaT. With VgaT = —56V, the TP3210 provides
a nominal apparent battery voltage of —48V across TIP and
RING. The module provides a resistive/inductive feed at
longer loops. The d.c. current feed has been designed to
guarantee 21 mA into a 19000 loop at nominal battery. At
shorter loops, the d.c. feed is current-limited to nominally
43 mA in order to conserve power. At normal battery polarity
(D2=0 and D3=0), TIP is more positive than RING. The
current feed characteristic is shown in Figure 4.
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Reoop = (ReapLe * Rsramion) = k&
TL/H/9422-5
FIGURE 4. DC Feed Characteristics

2-Wire Impedance

The nominal 2-wire input impedance is 900Q + 2.16 uF.
This is shunted by a feed inductance which is nominally 26
Henries on long loops, and approaches infinity on short
loops. '

Transmission Level

The 0 TLP is referenced at the PCM interface of the four
wire ports. The TP3210 has 0.1 dB loss for both transmit
and receive signals. On the 2-wire analog interface, the
transmit is +0.1 TLP and the receive is —0.1 TLP. 0 TLP is
defined as 0 dBm into 90092.

Hybrid Balance

The Hybrid Balance Control circuit contains four selectable
balance networks which are selected by programming State
Control Word bits DO and D1. The balance networks are
intended to be used with the corresponding reference test
networks for hybrid balance as shown in Table Iil.

Longitudinal Balance and

Longitudinal Current Capability

The 2-wire input of the device exhibits a longitudinal imped-
ance of 1509 from TIP to ground and from RING to ground.
These impedances are extremely well matched and are not
strongly dependent on impedance matching in the external
protection network. The longitudinal voltage is sensed on
the loop side of the protection network and fed back to the
Line Driver, thus any component variations external to the
device can be corrected by the feedback loop. The Line
Driver is capable of handling 20 mAms of longitudinal cur-
rent in each of the TIP and RING leads.

Loop Supervision

The Loop Supervision circuit operates in the normal (non-
ringing) state. At normal battery polarity, off-hook is indicat-
ed when loop current exceeds nominally 8.5 mA and on-
hook indicated when the current falls below nominally
6.5 mA, providing a 2 mA hysteresis. The Loop Supervision
has been designed to maintain the dial pulse make interval
greater than 25 ms regardless of the distortion introduced
by the loop characteristics. At reversed battery polarity, off-
hook is detected when loop current exceeds nominally
12 mA and on-hook indicated when current falls below nom-
inally 10 mA. A logic “1” at status bit S7 indicates on-hook,
while a logic “0” indicates off-hook. For Ground Start Sig-
nalling, TIP is opened with an external relay. Off-hook is
indicated when the current from RING to ground exceeds
nominally 17 mA and on-hook when the current falls below
nominally 13 mA.

A typical example of hook switch timing is illustrated in Fig-
ure 5. While in the standby mode, all unnecessary circuitry is
powered down. When Loop Supervision detects off-hook,
the module is powered up, INTR goes low and status bit S7
is cleared (A). The INTR remains active until CS goes low
and status is read, at which time the status of the switch
hook is latched, clearing INTR (B). When the Loop Supervi-
sion detects on-hook, all unnecessary circuitry is again pow-
ered down, status bit S7 is set and INTR is again set low (C).
When the status information is read, the present switch
hook status is latched, clearing the interrupt, and INTR goes
high (D). In the case of either on-hook or off-hook, if the
system fails to read the status before the switch hook re-
verts to its previous state, the interrupt will clear itself (E). If
the device’s control interface is being accessed when off-
hook occurs, i.e., CS is low, INTR is set low immediately (F)
but S7 is cleared only after CS returns high (G). On the next
Read/Write access, S7 is latched.

oy I OFF-HOOK l
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TL/H/9422-6
FIGURE 5. Typical Hook Switch Detect Timing

Ring Supervision

The Ring Supervision circuit measures the loop current
across two 3601 ring sensing resistors with a 1 M) internal
resistive bridge (see Figure 10). The voltage at the output
of the bridge is filtered, then algebraically added and sub-
tracted from a voltage corresponding to a loop current of
about 11 mAdc. Each of the resulting voltages are integrat-
ed over one period of the ring frequency and compared to
zero. If either of the resulting voltages is less than zero for
two consecutive cycles, ring-trip is detected. RRLY is de-ac-
tivated, status bit S7 is cleared to “0” indicating ring trip,
and an interrupt is also generated. Control bit D4 is not au-
tomatically reset to “0”, it has to be cleared to “0” by a
write/read operation after a ring trip is detected. If the
MCLK is interrupted and stays continuously high or low for
more than 200 ps, the ring relay driver will be turned off.

ON=-HOOK
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Functional Description (continued)

The ring supervision circuit works with zero to five bridged
ringers (1 ringer = 7 k2 at 20 Hz),with ring frequencies from
16 Hz to 67 Hz, with ring voltages from 90 Vrms to 155 Vrms
applied to either TIP or RING, superimposed on positive or
negative battery voltages of from 42V to 56V on loops up to
1700Q. Furthermore, it operates with up to five ringers con-
nected from TIP or RING to ground or with up to three su-
perimposed ringers connected from TIP to ground and three
from RING to ground with a battery voltage of +38 +2V.
The ring sensing inputs at TIPS, RINGS, RBUS+ and
RBUS— when connected as shown in Figure 10, will pres-
ent an effective load of about 500 k2 across the ring bus.

A typical example of ring trip timing is illustrated in Figure 6.
When the Ring Supervision circuit detects a ring trip, the
device immediately turns off RRLY, clears S7 and sets INTR
low (A). The interrupt remains active until CS goes low and
the status is read, at which time the status of the switch
hook is latched, clearing INTR (B). Status bit S7 will remain
a zero until the D4 bit is written to a zero, removing the
device from the Ring mode (C). At this time, the S7 bit will
indicate the switch hook status. Even though the station
equipment is normally off-hook at this time, S7 will generally
return to a “1” for several milliseconds (C) after D4 is
cleared. This is because the Loop Supervision circuit was
disconnected from the loop during ringing mode (D4 = 1),
and it takes several milliseconds to detect the off-hook at
which time S7 will be cleared and INTR will be set low (D).
At this point the device is in the normal (non-ringing) mode,
all necessary circuitry is powered up.
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FIGURE 6. Typical Ring Trip Detect Timing

Thermal Overload

The Line Driver incorporates a built-in thermal overload de-
tection circuitry. In the event of a fault on the subscriber line
which causes the Line Driver to reach an internal junction
temperature of approximately 170°C, the Line Driver will
protect itself by forcing the device into the power-denial
mode (S2 is forced to “0” and S3 is forced to “1”). The
device will remain in power-denial mode even though the
thermal overload ceases to exist. After the line fault has
been cleared, the device can be put back into service under
system control (see Table V).

A typical example of thermal overload detection timing is
illustrated in Figure 7. When a thermal overload is detected,
S2 is set low and S3 is set high (A), forcing the device into
the Power-Denial mode, and INTR is set low. The interrupt
remains active until CS goes low, clearing INTR (B). As long
as the thermal overload condition exists, the power denial
mode cannot be reset by a write operation (B). When the
thermal overload condition clears, the INTR will again be set

low, but the device continues to remain at power denial
mode (C). Thus the device does not automatically reapply
power to the line since the fault that originally caused the
failure may still exist and would simply cause the overload to
reoccur. In this example, the Power-Denial mode is cleared
by a control write to normal mode, clearing S2 and S3 to
“0” (D). If the device is being accessed at the instant the
thermal shutdown indication occurs, INTR is set low imme-
diately, but S2 will be set low and S3 will be set high only

after CS returns high (E).
I r——
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TL/H/9422-8
FIGURE 7. Typical Thermal Overload Detection Timing
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On-Hook Transmission Mode

The device is in the on-hook transmission mode when bit
D3 and D2 of the State Control Data Word is set to the logic
“1"” and the loop is under “on-hook”. In this mode, the line
drivers operate in a reduced power state but all circuitry is
active. This enables the system to communicate with a sub-
scriber terminal or the subscriber to communicate through
the network or to a terminal in the central office to provide
alarm and telemetry services. When the loop goes off-hook,
the loop supervision circuitry behaves normally and causes
the line drivers to power up. Bit S7 of the Status Information
Word is cleared and an interrupt is initiated. This enables
the system to terminate any transmissions and handle the
call initiation in the normal manner.

PCM Interface

The PCM interface consists of inputs MCLK, BCLK, FSx,
FSg and Dp, and outputs Dx and TSx. MCLK controls the
internal operation of the COMBO Codec/Filter's encoder
and decoder, and must be 1.536 MHz or 1.544 MHZ if
CLKSEL is connected high and 2.048 MHz if CLKSEL is
connected low. BCLK shifts the PCM data out of Dx on its
rising edge and latches the PCM data into Dy on its falling
edge. It must be synchronous with MCLK and may be any
integer multiple of 8 kHz from 64 kHz to 2.048 MHz. FSx
and FSg are 8 kHz pulse waveforms which determine the
beginning of the PCM data transfer out of Dx and into Dy
respectively. Both must be synchronous with MCLK but may
have any phase relationship with each other. TSx is an open
drain output which pulses low for the duration of the data
transfer out of Dx. It is intended to be wire-ORed with the
TSx outputs of other subscriber line interface modules to
provide an enable signal for external TRI-STATE drivers
buffering the PCM transmit data from a line card onto the
backplane.

Short Frame Sync Operation

The TP3210 Subscribe Line Interface Module can utilize ei-
ther a short frame sync pulse or a long frame sync pulse.
Upon power initialization, the device assumes a short frame
mode. In this mode, the frame sync pulses applied to both
FSx and FSg must be one BCLK period long and with timing
relationships as specified in Figure 8. With FSx high during a
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Functional Description (continued)

falling edge of BCLK, the next rising edge of BCLK enables
the Dx TRI-STATE output buffer, which will output the PCM
sign bit. The following seven rising edges of the bit clock
shifts out the remaining seven bits of PCM data, MSB first.
The next falling edge disables the Dx output. With FSg high
during a falling edge of BCLK, the next falling edge latches
the PCM sign bit into Dg. The next seven falling edges latch
the remaining seven bits, MSB first.

Long Frame Sync Operation

To use the long frame sync mode, the frame sync pulses
applied to both FSx and FSg must be three or more bit
periods long, with timing relationships as specified in Figure
9.

twucH

Based on the transmit frame sync pulse, the device will
sense whether short or long frame sync pulses are being
used. For 64 kHz operation, the frame sync pulse must be
kept low for a minimum of 160 ns. The Dx TRI-STATE out-
put buffer is enabled with the rising edge of FSx or the rising
edge of BCLK, whichever comes later, and the first bit
clocked out is the PCM sign bit. The following seven rising
edges of BCLK shift out the remaining seven bits, MSB first.
The Dx output is disabled by the falling edge of BCLK fol-
lowing the eighth rising edge or by FSx going low, whichever
comes later. A rising edge of the receive frame sync will
cause PCM data at DR to be latched in on the next eight
falling edges of BCLK.
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FIGURE 8. Timing Diagram for Short Frame Mode
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

TPR, RPR to RTN

+2V to —85V (50 ms)

please contact the National Semiconductor Sales TIP, RING, TIPS, RINGS +1000V,
Office/Distributors for availability and specifications. RBUS+, RBUS— to RTN 10 ps/1000 ps Pulse
Vcc to GND —05Vto +7V Operating Temperature Range —25°Cto +125°C
Vpg to GND +05Vio -7V Storage Temperature Range —65°Cto +150°C
VpaT to RTN +0.5V.to —70V Lead Temperature

RTN to GND +500V, 10 us/50 us Pulse (Soldering, 10 Sec) 300°C
Voltage at Any Digital Maximum Junction Temperature 150°C

Input or Output Vgg + 0.3Vto GND — 0.3V
Electrical Characteristics
Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V +5%, Vgg = —5.0V £5%, VgaT =

—55V to —59V, Tp = 0°C to +70°C by correlation with 100% electrical testing at Ta = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —56V, Ta = 25°C. All digital signals are referenced to GND, all analog signals are referenced

to RTN.
Symbol Parameter Conditions Min | Typ | Max Units
POWER DISSIPATION (Normal Mode: D2=0, D3=0)
IBATO VgaT ldle Current lLoop = 0 MA, VgaT = —57V 2.1 3.2 mA
IBBO Vgg Idle Current lLoop = 0 MA 1.9 3.5 mA
lcco V¢ ldle Current lLoop = 0 MA 2.9 4.5 mA
IBAT1 VpaT Active Current lLoop = 20 MA, VgaT = —57V 23 25 mA
I8B1 VBB Active Current ILoop = 20 MA " 89 15.2 mA
lect Vg Active Current lLoop = 20 MA 11.8 15.2 mA
POWER DISSIPATION (On-Hook Transmission Mode: D2=1, D3=1)
IBATOH VgaT Idle Current lLoop = 0 MA, VpaT = —57V 21 3.2 mA
IBBOH Vgg Ildle Current lLoop = 0 MA 8.9 15.2 mA
lccoH Vg ldle Current lLoop = 0 MA 11.8 15.2 mA
DIGITAL INTERFACE (Note 1)
ViL Input Low Level 0.7 Vv
A Input High Level All Digital Inputs except CLKSEL 2 v
CLKSEL 4 \Y%
VoL Output Low Level Dx, T TSx, CO, I = 3.2mA 0.4 v
INTR, I = 2.0 mA 0.4 "
VoH Output High Level Dx, CO, I = —3.2mA 2.4 ' v
e Input Low Current le\lglgft a\|/||¢l\'|‘p<u’[\s/||_, 100 100 BA
IiH Input High Current X:rDTgi\t/:[\.I :pL\I/t(;C, —~100 100 pA
loH Output High Current $z: a<nc:/ I(;\IUTTR,< Veo —100 100 uA
loz Output Current in the CO, Dx
High Impedance -100 100 MA
State (TRI-STATE)

Note 1: See Appendix | for the definition of digital interface parameters.
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Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V £5%, Vgg = —5.0V £5%, VgaT =
—55V to —59V, Ta = 0°C to +70°C by correlation with 100% electrical testing at T = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —56V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced

to RTN. (Continued)

Symbol l Parameter Conditions I Min | Typ | Max I Units
BATTERY FEED
lLoop+ Loop Current RLoop = 19000, VgaT = —55V 21 24 mA
RLoop = 13004, VBaT = —57V 27 33 mA
RLoop = 2000, VgaT = —59V 40 43 46 mA
Vgg = —5V +5%
ILoop— Reverse Loop Rioop = 1900Q, VgaT = —55V 20 25 mA
Current Rioop = 13000, VAT = —57V 26 34 mA
Rioop = 2009, VAT = —59V 38 43 46 mA
Vgg = —5V 5%
lpD Power Denial Loop RLoop = 2009 01 2 mA
Current
Vioop Loop Voltage Rioop = 10k —46.8 \
LOOP SUPERVISION
Roffhk0 Loop Resistance to Produce Roffhk0 Connected from TIP to
an Off-Hook Indication RING, VpaT = —55V 2400 Q
\ at Loop Start
Ronhk0 Loop Resistance to Produce RonhkO0 Connected from TIP to
an On-Hook Indication RING, VgaT = —59V 9 kQ
at Loop Start
Roffhk1 Loop Resistance to Produce Roffhk1 Connected from RING
an Off-Hook Indication to RTN, TIP Open 2450 Q
at Ground Start VpaT = —55V
Ronhk1 Loop Resistance to Produce Ronhk1 Connected from RING to
an On-Hook Indication RTN, TIP Open 9 kQ
at Ground Start VBaT = —59V
DPD Dial Pulse Distortion Rieak = 10k || (5kQ + 2.16 uF)
RLoop = 2009, 12 pps, Break = 64% 25 58 ms
RLoop = 19000, 12 pps, Break = 64%, 25 58 ms
CS High,
Measure Width of Make Period at INTR
RING SUPERVISION
RNGTRP1 Ring Trip Detect, RBUS+ = 0V, RBUS— = —48V
Normal Ringing TIPS = —4.70V, RINGS = —43.3V,
Must Detect Ring-Trip within so 180 ms
the Specified Time
RNGTRP2 | Ring Trip Detect, RBUS+ = —48V,RBUS— = 0V,
Reverse Ringing TIPS = —43.3V, RINGS = —4.7V,
Must Detect Ring-Trip 5o 180 ms
within the Specified Time
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Electrical Characteristics s
Unless otherwise noted, limits printed in bold characters are guaranteed for Vg = 5.0V +5%, Vgg = —5.0V £5%, VgaT = -ol-
—55V to —59V, Tp = 0°C to +70°C by correlation with 100% electrical testing at Tp = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —56V, T4 = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol r Parameter Conditions Min l Typ , Max Units

RING SUPERVISION (Continued)

RNGTRP3 Ring Trip Non-Detect RBUS+ = 0V, RBUS— = —48V,
Normal Ringing TIPS = —3.25V, RINGS = —44.75V,
Must Not Detect Ring-Trip o 180 ms
within the Specified Time (Note 2)
RNGTRP4 Ring Trip Non-Detect RBUS+ = —48V, RBUS— = 0V,
Reverse Ringing TIPS = —44.75V, RINGS = —3.25V,
Must Not Detect Ring-Trip ° 180 ms
within the Specified Time (Note 2)
RNGTRP5 Ring Trip Detect, TIPS, RBUS— = —4.7V, RINGS,
Normal Ringing RBUS+ = 17 Vrms, f = 20 Hz,
Must Detect Ring-Trip 100 190 ms
within the Specified Time
RNGTRPS Ring Trip Detect TIPS, RBUS— = 17 Vrms, RINGS,
Reverse Ringing RBUS+ = —4.7V,f = 20 Hz,
Must Detect Ring-Trip 100 190 ms
within the Specified Time
RNGTRP7 Ring Trip Non-Detect TIPS, RBUS— = —3.25V, RINGS,
‘Normal Ringing RBUS+ = 17 Vrms, f = 20 Hz,
Must Not Detect Ring-Trip ° 190 ms
within the Specified Time (Note 2)
RNGTRP8 Ring Trip Non-Detect TIPS, RBUS— = 17 Vrms, RINGS,
Reverse Ringing RBUS+ = —3.25V,f = 20 Hz,
Must not Detect Ring-Trip o 190 ms
within the Specified Time (Note 2)
HYBRID BALANCE Unless otherwise specified, I oop = 20 mA, D2=0, D3=0
ECHO1 4-Wire Return Loss Zrer = 9009 across Tip-Ring
D1=0,D0=0
f = 203.125 Hz 21 dB
= 484.375 Hz 26 dB
= 1015.625 Hz 26 40 dB
= 2500 Hz 26 dB
= 3406.25 Hz 21 dB
ECHO2 4-Wire Return Loss ZRer = 16509 || (1002 + 0.005 uF)
D1 =0,D0 =1 i
f = 203.125 Hz 21 dB
= 484.375 Hz 26 dB
= 1015.625 Hz 26 40 dB
= 2500 Hz 26 dB
= 3406.25 Hz 21 dB
ECHO3 4-Wire Return Loss ZRer = 8009 || (100 +0.05 pF)
1=1,D0=0
f=203.125 Hz 21 dB
= 484.375 Hz 26 dB
= 1015.625 Hz 26 40 dB
= 2500 Hz 26 dB
= 3406.25 Hz 21 dB
Note 2: The intent of Ring Trip Non-Detect tests are to ensure that ring does not occur under the specified conditions even after an essentially infinite period of
time. For practical purposes of cost effectively testing the SLIM Subscriber Line Interface Module, the wait time to determine that a false ring trip has not occurred
has necessarily been limited to a value which has been determined through characterization to ensure that false ring trip never occurs.
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Electrical Characteristics
Unless otherwise noted, limits printed in bold characters are guaranteed for Vg = 5.0V 5%, Vgg = —5.0V £5%, VgaT =
—55V to —59V, Ty = 0°C to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Vg
= 5.0V, Vgg = —5.0V, VpaT = —56V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol I Parameter Conditions | Min | Typ LMax | Units
HYBRID BALANCE (Continued)
ECHO4 4-Wire Return Loss Zger = 900Q + 2.16 uF
D1=1,D0=1
f = 203.125 Hz 21 dB
= 484.375 Hz 26 dB
= 1015.625 Hz 26 40 dB
= 2500 Hz 26 dB
= 3406.25 Hz 21 dB
TRANSMISSION Unless Otherwise Noted, Zrer = 9009 + 2.16 pF, f = 10156.625 Hz, | goop = 20 MA, D2 = 0,D3 = 0
RTNLOSS | 2-Wire Return Loss f = 203.125 Hz 21 dB
= 484.375 Hz 27 dB
= 1015.625 Hz 27 40 dB
= 2500 Hz 27 dB
= 3406.25 Hz 27 dB
0dBmO The Absolute 2-Wire The Absolute Reference Level at
Reference Level at the 2-Wire Interface is Defined 0.949 Vrms
as 0 dBm into 9001).
GRA Absolute Receive Gain Vce = 5V, Vgg = —5V,
VgaT = —56V, f = 1015.625 Hz, -0.35 -0.1 0.15 dB
Ta = +25°C, Input = Digital
Code for 0 dBmO at Dg, Measure
Voltage across TIP-RING.
GXA Absolute Transmit Gain Vce = 6V, Vgg = —5V
VgaT = —56V, f = 1015.625 Hz, -0.35 —0.1 0.15 dB
Ta = +25°C, Input = 0 dBmO at
2-Wire Port, Measure
Digital Code at Dx.
GRAOH Absolute Receive Gain Vec = 5V, Vgg = —5V
at On-Hook Transmission Mode | VgaT = —56V, Tp = +25°C, _ _
ZRer = 9000 + 2.16 uF 1.1 0.1 0.9 dB
lLoop = 0mA,D2=1,D3=1
GXAOH Absolute Transmit Gain Vee = 5V, Vgg = —5V
at On-Hook Transmission Mode | Vgar = —56V,Tp = +25°C, -1.1 -0.1 0.9 dB
lLoop = 0 mA, D2=1,D3=1
GRAV Absolute Receive Gain Voc = 5V £5%, Vgg = —5V £5%
over Supply Range VBaT = —55V to —59V, -0.4 -0.1 0.2 dB
f = 1015.625 Hz
GXAV Absolute Transmit Gain Vec = 5V +5%, Vgg = —5V £5%
over Supply Range VgaT = —55Vto —59V, —0.4 -0.1 0.2 dB
f = 1015.625 Hz
GRT Receive Gain Variation Vec = 5V, Vg = —5V,
over Temperature VgaT = —56V,f = 1015.625 Hz —0.1 0.1 dB
Reference to GRA
GXT Transmit Gain Variation Vce = 5V, Vgg = —5V,
‘over Temperature VeaT = —56V, f = 1015.625 Hz —0.1 0.1 dB
Reference to GXA
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Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V £5%, Vgg = —5.0V £5%, VBaT =
—55V to —59V, Tp = 0°C to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —56V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol Parameter Conditions Min | Typ | Max Units

TRANSMISSION Unless Otherwise Noted, Zrgr = 9000 + 2.16 uF, f = 1015.625 Hz, ILoop = 20 mA, D2=0, D3=0 (Continued)

GRF Receive Frequency Response Measure Relative to GRA,

f = 203.125 Hz -1.9 (] dB
= 296.875 Hz —-0.4 0.25 dB
= 484.375 Hz —0.25 0.25 dB
= 2015.625 Hz —-0.25 0.25 dB
= 2703.125 Hz —0.25 0.25 dB
= 3015.625 Hz —-0.25 0.25 dB
= 3203.125 Hz —0.25 0.25 dB
= 3390.625 Hz -1.2 o dB
= 3984.375 Hz -14 . dB

SOs Spurious Out of Band Measure Relative to GRA,

Signals (Alias Tones) f=4796.75 Hz —-30 dB
= 6703.125 Hz -30 dB
= 11390.625 Hz -30 dB

GXF Transmit Frequency Response Measure Relative to GXA,

f = 62.500 Hz —21 dB
= 203.125 Hz —-2.5 o dB
= 296.875 Hz —-0.4 0.25 dB
= 484.375 Hz —-0.25 0.25 dB
= 2015.625 Hz —0.25 0.25 dB
= 2703.125 Hz —0.25 0.25 dB
= 3015.625 Hz —0.25 0.25 dB
= 3203.125 Hz —-0.25 0.25 dB
= 3390.625 Hz -1.2 ) dB
= 3984.375 Hz -14 dB
= 5046.875 Hz -32 dB
= 11890.625 Hz —-32 dB

GRL Receive Gain Variation Measure Relative to GRA

with Signal Level PCM Level

= 3.1dBmO —0.25 0.25 dB

= —2.3dBmO —-0.25 0.25 dB

= —11.4dBmO —-0.25 0.25 dB
= —17.6 dBmO —-0.25 0.25 dB
= —23.9dBmO —0.25 0.25 dB
= —29.9dBmO —-0.25 0.25 dB
= —37.8dBmO —-0.25 0.25 dB
= —47.1dBmO —0.45 0.45 dB
= —55.7dBmO -1.3 1.3 dB
GXL Transmit Gain Variation Measure Relative to GXA

with Signal Level PCM Level

= 3.1dBmO —-0.25 0.25 dB

= —2.3dBmO —0.25 0.25 dB

= —11.4dBmO —-0.25 0.25 dB
= —17.6dBmO —-0.25 0.25 dB
= —23.9dBmO —0.25 0.25 dB
= —29.9dBmO —-0.25 0.25 dB
= —37.8dBmO -0.25 0.25 dB
= —47.1 dBmO —-0.45 0.45 dB
= —55.7dBmO -1.3 1.3 dB
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Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V +5%, Vgg = —5.0V £5%, VgaT =
—55V to —59V, Tp = 0°C to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Vgc
= 5.0V, Vg = —5.0V, VpaT = —56V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol Parameter Conditions | Min 1 Typ | Max | Units

TRANSMISSION Unless Otherwise Noted, Zgep = 9000 + 2.16 pF, f = 1015.625 Hz, I oop = 20 mA, D2=0, D3=0 (Continued)
STDR Receive Signal to Measure through C Message Filter

Total Distortion f = 1015.625 Hz, PCM Level

= 3.1dBmO 33 dBC

= 0.0 dBmO 36 dBC

= —2.3dBmO 36 dBC

= —11.4dBmO 36 dBC

= —17.6dBmO 36 dBC

= —23.9dBmO 36 dBC

= —29.9dBmO 35 dBC

= —37.8dBmO 31 dBC

= —40.0dBmO 29 dBC

= —45.0dBmO 25 dBC

= —47.1 dBmO 23 dBC

= —55.7dBmO 14 dBC
STDX Transmit Signal to Measure through C Message Filter

Total Distortion f = 1015.625 Hz, PCM Level
= 3.1 dBmO 33 dBC
= 0.0dBmO 36 dBC
= —2.3dBmO 36 dBC
= —11.4dBmO ) 36 dBC
= —17.6 dBmO 36 dBC
= —23.9dBmO 36 dBC
= —29.9dBmO 35 dBC
= —37.8dBmO 31 dBC
= —40.0 dBmO 29 dBC
= —45.0dBmO 25 dBC
= —47.1 dBmO 22 dBC
= —55.7dBmO 13 dBC

DRA Absolute Receive Delay f = 1600 Hz 190 us
DRR Receive Delay Measure Relative to DRA,

Distertion f = 500 Hz -2 T
= 1000 Hz -10 us
= 2600 Hz 70 ps
= 2800 Hz 100 s
= 3000 Hz 150 s

DXA Absolute Transmit Delay = 1600 Hz 300 us
DXR Transmit Delay Measure Relative to DXA,

Distortion f = 500 Hz 250 s
= 600 Hz 150 s
= 800 Hz 65 us
= 1000 Hz 30 us
= 2600-Hz 60 s
= 2800 Hz 80 s
= 3000 Hz 140 nSs
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Electrical Characteristics
Unless otherwise noted, limits printed in bold characters are guaranteed for Vo = 5.0V £5%, Vgg = —5.0V £5%, VgaT =
—55V to —59V, Ta = 0°C to +70°C by correlation with 100% electrical testing at T4 = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —56V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol I Parameter Conditions L Min | Typ I Max | Units
NOISE Zper = 90092 + 2.16 pF, |y gop = 20 mA, D2=0,D3=0
NRC Receive C Message PCM Code is Alternating
Weighted Idle Channel Positive and Negative 9 13 dBrnCO
Noise Zeroes
NXC Transmit C Message Measured by Extrapolation
Weighted Idle Channel from Signal to Distortion 13 16 dBrnCO
Noise Measurements at —50 dBmO
POWER SUPPLY REJECTION RATIO Unless Otherwise Specified, Zggr = 900Q + 2.16 pF, | oop = 20 mA, D2=0, D3=0
PPSRR Ve Power Supply f = 328.125 Hz 30 dB
Rejection, Receive f=1078.125Hz 30 dB
f = 3328.125 Hz 30 dB
VPSRg VpaT Power Supply f=828.125 Hz 30 dB
Rejection, Receive f=1078.125 Hz 40 dB
f = 3328.125 Hz 40 dB
PPSRx Ve Power Supply f=328.125 Hz 30 dB
Rejection, Transmit f=1078.125 Hz 30 dB
f = 3328.125 Hz 30 dB
VPSRx VaT Power Supply f = 328.125 Hz 30 dB
Rejection, Transmit f=1078.125Hz 40 dB
f = 3328.125 Hz 40 dB
LONGITUDINAL BALANCE AND CAPABILITY
ILLs1 Longitudinal Current Capability, lLoop = 5 MA, f = 60 Hz,
Loop Start Inject I g1 into TIP
and RING. Device Must Not Detect 21 mArms
Off-Hook. Triangular Waveform
ILLs2 Longitudinal Current Capability, lLoop = 21 MA, f = 60 Hz,
Loop Start Inject I g2 into TIP
and RING. Device Must Not Detect 21 mArms
On-Hook. Triangular Waveform
ILgs1 Longitudinal Current Capability, f = 60 Hz, Iground = 0 MA
Ground Start Triangular Waveform. Inject I gg1
into RING, TIP Open. Device 8.5 mAmms
Must Not Detect Off-Hook
lLgsz Longitudinal Current Capability, lGround = 50 mA, f = 60 Hz.
Ground Start Inject I gsz into RING, TIP Open.
Device Must Not Detect 50 mArms
On-Hook. Triangular Waveform
BAL2W 2-Wire Longitudinal |IEEE Method 455-1976, I gop = 20 MA,
Balance ILongitudinal = 20 MArms/leg,
Measure Vimetaliic across TIP-RING
f=62.5Hz 61 dB
= 203.125 Hz 61 64 dB
= 1015.625 Hz 61 64 dB
= 2015.625 Hz 61 dB
= 2703.125 Hz 56 dB
= 3000 Hz 54 59 dB
= 3406.25 Hz 51 dB
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Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V £5%, Vgg = —5.0V £5%, VgaT =
—55V to —59V, Tpo = 0°C to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —56V, Ta = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol Parameter Conditions Min Typ Max Units
RELAY DRIVERS
VRon . Driver On Voltage IL=80mA 1 v
IRoff Leakage Current VRelay = 40V, Relay Off 100 rA
DIGITAL TIMING, PCM INTERFACE (See Figures 8 and 9, Notes 4 and 5)
1/tpmc MCLK Frequency Clock Frequency Accuracy 1.536 MHz
< £100 ppm 1.544 MHz
2.048 MHz
twMCH Width of MCLK High 160 ns
twmMmeoL Width of MCLK Low 160 ns
1/tpec BCLK Frequency 2.048 MHz
twecH Width of BCLK High 160 ns
twecL Width of BCLK Low 160 ns
SHORT FRAME SYNC MODE (Figure 8)
7o | MghwBOLKLow 50 ns
il I -
tHBCFSH Hold Time from BCLK o ns
Low to FS High
tpeCDX1 Delay Time from Bit CL = 150 pF Plus 2 ° 140 ns
Clock to Dx Data Valid LSTLL Loads
ok | okt txomabed | o s0 165 | n
toeCTSL Delay Tinlgfom CL = 150 pF Plus 2 140 ns
BCLK to TSx Low LSTTL Loads
tHBCDR Hold Time from BCLK 50 ns

Low to DR Valid
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Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V £5%, Vgg = —5.0V £5%, VgaT =
—55V to —59V, Tp = 0°C to +70°C by correlation with 100% electrical testing at T = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —56V, T = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

okeedl

Symbol Parameter Conditions ' Min | Typ | Max Units
LONG FRAME SYNC MODE (Figure 9)
tHBCFSH Hold Time from BCLK o ns
Low to FS
tsEsBco Setup Time from FS
to BOLK Low 80 ns
twFsL Width of FS Low 160 ns
tbecDX0 Delay Time from BCLK CL = 150 pF Plus 2 LSTTL Loads
or FS, Whichever Comes 20 165 ns
Later to Dx Valid
tpBCDX Delay Time from CL = 150 pF Plus 2 LSTTL Loads
BCLK to Dx Valid ° 140 ns
tDBCDXzZ Delay Time from CL = 50 pF
BCLK to Dx Disabled 50 165 ns
tDBCDX20 Delay Time from BCLK Cp = 50pF
or FS, Whichever Comes 20 165 ns
Later, to Dx Disabled
tsprBC Setup Time from Dr
to BCLK Low 50 ns
tHBCDR Hold Time from BCLK
Low to Dg Valid 50 ns
DIGITAL TIMING, SERIAL CONTROL INTERFACE (See Figures 2 and 3, Notes 4 and 5)
1/tpcc CCLK Frequency Frequency Accuracy < 100 ppm 0.08 2.048 MHz
twccH Width of CCLK High 200 ns
tweeL Width of CCLK Low 200 ns
twesL Width of CS Low 100 s
READ/WRITE, WRITE READ MODES (Figure 2)
tHcces Hold Time from
CCLK to TS 100 ns
tscsce Setup Time from
TS to COLK 100 ns
tbccco Delay Time from CCLK CL = 150 pF Plus 2 LSTTL Loads
or CS, Whichever Comes 150 ns
Later, to CO Valid
tocccoz Delay Time from CCLK
or CS, Whichever Comes 150 ns

Later, to CO Disabled
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Electrical Characteristics
Unless otherwise noted, limits printed in bold characters are guaranteed for Voc = 5.0V +5%, Vgg = —5.0V £5%, VgaT =
—55V to —59V, Tp = 0°C to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —56V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol Parameter | Conditions Min Typ Max Units
READ/WRITE, WRITE READ MODES (Figure 2) (Continued)
tsccel Setup Time from
Clto CCLK 100 ns
tHeice Hold Time from
CCLK to CI 100 ns
tpcsIN Delay Time from CS RL = 1k from INTR 200 ns
Low to INTR High to Veo
QUICK STATUS READ MODE (Figure 3)
tHceosL Hold Time from
CCLK to TS Low 100 ns
tscscoL Setup Time from
CS to CCLK Low 100 ns
tocsco Delay Time from CL = 150 pF Plus 2 150 .
CS to CO Valid LSTLL Loads
tocscoz Delay Time from CS
to CO Disabled 150 ns

Note 4: See Appendix | for the definition and naming conventions used for digital timing parameters.
Note 5: See Table V for the definition of the mneumonics used for the digital timing parameters.

TABLE V. Timing Parameter Mneumonics

N:I:\e Mneumonic
INTR IN
[¢] CS
co CO
Cl Cl
CCLK cc
MCLK MC
BCLK BC
Dgr DR
Dx DX
TSx TS
FSp FS
FSx FS
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Applications Information

Typical Line Circuit

Relatively few external components are required to imple-
ment a full featured central office line circuit. As shown in
Figure 10, a complete line circuit is implemented using
TP3210 with an external protection network consisting of
fuse resistors Ryjp and RrinG, and a voltage clamp device,
two 3609 ring sensing resistors, a ring relay and two test
relays. It should be noted that no supply decoupling capaci-
tors are required for each line circuit at =5V supplies, al-
though the use of one larger electrolytic capacitor may be
advisable for each power supply near the point at which it
enters the line card.

Protection resistors Rtjp and Rgjng should be nominally
10092 matched to within +1%. The selection of these pro-
tection resistors is important because they are fundamental
to the ability of the line circuit to meet lightning and power
cross requirements. Ryjp and Rrng should be designed
such that they can withstand level one lightning and power
cross requirements, while fusing open when over-stressed
by level two lightning and power cross. TPR and RPR are
protected by an external voltage clamp device to limit the
voltage at these two pins to within +2 to —85V. The ring
sensing resistors, Rg are 360Q which sets the ring trip
threshold to about 11 mAdC. The heavy relay current will be
returned to GND3 at pin 26.

Test=Out Test=In Ring Tsz10
Relay Relay Relay
oTTT Voot A b - CLKSEL
] ) ' ) ] )
H - v ! o RING
Lol T [N | ' AA— 1
w O3 D UBEE L (R 0 Wv ‘[ PR MCLK
1 X VX Yo ' Vear
1 ' Yo ' T
' [] ) N ' ' Voltage BCLK
) [} ' ] ' [} Clamp
' ' ' ;7
' ! : | ' ! l FSx
rive O 1t — ;v‘v‘ﬁ RPR
' ' '
XD ] XY X X RING Dx
LI C -d L PO L - -
N N 1 N
Test out [——o ' , ! TSx
' ' '
Bus
' ' '
o— : : P
1 ] . TIPS
[ ] ]
o————1 ' ' 0y |«
T ' )
Test in ! ' < R < R ' RINGS
< <
Bus O : : S :
' ' '
' ' ' cl
[, . ' L RBUS+
|
Ring : : : co
s [ : - . RBUS=
' ' , COLK
. = = —
' ! o iNTR
J teceame e === L. —
' [
L et e e e I I

_— N/
Control Bus R ,
PCM Bus

TL/H/9422-11

FIGURE 10. Complete Central Office Line Circuit
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Applications Information (continued)
Secondary Protection

The surge protection network in Figure 70 consists of resis-
tors R1ip, RRing and a voltage limiting circuit which limits
the voltage at TPR and RPR. A number of low cost possibili-
ties for this voltage limit are shown in Figure 71. The lowest
cost solution is a simple full wave rectifier diode bridge used
to clamp the voltage to no more than one or two volts above
RTN or below VgaT, provided that the VgaT supply is capa-
ble to absorb the power surges. The TIP and RING input

Rrp

terminals of the TP3210 are internally connected in series to
two 300 kQ thick film resistors, which are capable to with-
stand power cross and surges.

Typical Line Card

A complete N-channel line card is illustrated in Figure 12.
The backplane control interfaces vary greatly in different
applications, and this example illustrates a possible ar-
rangement.

TPR

woo " TPR P - ‘R:T ™
Vour VOLTAGE B,
cLawe™ TIPS1082 !
G M >
N Rewe RPR RING Rewe RPR RING R pe
TL/H/9422-12 . TL/H/6422-13 TL/H/9422-14
A 2 Amp, 100V SGS L5060
20 Amp Surge Thomson TPC68B
FIGURE 11. Some Secondary Protection Networks
[« T— D,
0 ; <|| 1 PCM IN
RN B—— %
e - PQ 0 PCM OUT
l/
TEST BUS Vo /‘
4 BCLK
7 BCLK N
=]
3
RING BUS &8 0
4
8 —] Fs(0) j
= —a
— <+—0 Vpar
RINGN I'_'§(H) < a e
LINE —] CS(0) < 0 -5V
CIRCUIT = I l 11
—3 CS(H) y /;

TL/H/9422-15

FIGURE 12. Typical N-Channel Linecard
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National
Semiconductor

TP3211 SLIM™

PRELIMINARY

Subscriber Line Interface Module

General Description

The TP3211 is a complete electronic SLIC and PCM COM-
BO® CODEG/Filter module intended to interface the analog
subscriber line to a PCM highway. It is designed to meet the
requirements for central office, Digital Loop Carrier and re-
mote switching applications which require a 2-wire imped-
ance of 600Q. When used in conjunction with a simple, non-
critical, external protection network, two resistors and a ring
relay, the TP3211 forms a complete line circuit, handling all
the BORSCHT functions.

The TP3211 module consists of a line driver, a line receiver,
a line impedance control circuit, a hybrid balance circuit, a
line supervision circuit, a ring supervision circuit, three posi-
tive relay drivers, a TP3054 p-Law COMBO CODEC/Filter
and a simple serial control interface circuit which is used to
program and monitor the operating states of the device.

Features

Complete COMBO CODEC/Filter and SLIC functions
In-band on-hook transmission capability

6000 two-wire line impedance

60002 hybrid balance networks

2 x 200Q resistive loop feed with current limit

Power denial and battery reversal modes

Compatible with loop start signalling

Automatic ring trip

Three positive relay drivers

Thermal overload protection

Transmission performance independent of external pro-
tection network

Withstands 500V RTN to GND surge

Compatible with standard PCM highway

Small physical size and minimal external components

Simplified Block Diagram

% B
ot §
A EIEE
AL L VvV V.V V VY
+ LINE * ox
ane| o RECEIVER >0~ —>
- TSx
A4 :
HYBRID TP3054
LINE IMPEDANCE
CONTROL CIRCUIT Séh'}ﬁgf COMBO
PR —
- i Dr
Q< ¢
RPR +
—— LNE is .
DRIVER o )
s SUPERVISION R c0_
> " SERIAL coik
RINGs | | o  controL —=
RBUS+| RING INTERFACE |5
o] supervision
ReUS-1 I RELAY DRIVERS |4—
Z =3 o Q @ > - ~ o
'°—‘| >‘§I 5' >°| >m| = 4 |§v g 4 |3v

TL/H/10718~1

FIGURE 1. Simplified Block Diagram
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Connection Diagram Pin Description
' CLKSEL Master Clock select input. Must be
pe—{1 40 [—RING connected high for 1.536 MHz or
RIN—2 1.544 MHz operation. Must be
Vear—13 38=TP connected low for 2.048 MHz
RPR—1 4 operation.
TPR—15 36[=TPS FSx Transmit frame synchronization pulse
_ input which enables BCLK to shift the
SUP—7 34 [—RINGS PCM information out of Dx. FSx is an
ts—8 8 kHz pulse train. See Figures 8 and 9
co—19 32 —RBUS*+ for timing details.
a=pto $1}—RBUS= Dx The TRI-STATE® PCM data output
GND1=p11 o which is enabled by FSx.
ceLk=—{12 29 }=RRLY — - -
Mek—{13 28}V TSx Open drain output which pulses low
cLkseL—4 14 272 during the period when the Dx output
is enabled.
BCLK =15 26 f=GND3
Dp—{16 25f~DC FSmr Receive frame synchronization pulse
x—{17 24-nc input which enables BCLK to shift the
18 23}y PCM information into DR. FSR is an
rsx= 19 22 |- onp2 8 kHz pulse train. See Figures 8 and 9
rs. 20 I for timing details.
R = Vee
Dr Receive data input. PCM data is
/ -
Top View TURnone-2 shifted into DRy during the receive
Order Number TP3211J timeslot determined by FSRg.
rder Number
See NS Package Number HY40C CCLK Control clock used to shift control data
into Cl and out of CO during CS low.
Pin Descri ptiOI"IS CS Chip select input. Must be pulsed low
to enable the shifting of control data
Pin Description into Cl and out of CO.

TIP Normally positive side of the Cl The serial control data input used to
subscriber line. set the operating state of the module.

RING Normally negative side of the (ele] The serial status output used to
subscriber line. monitor the operating state of the

N N X module. CO is TRI-STATE when CS is

TPR High voltage line driver output. . y . :
Cognnects ?o TIP via an extgrnal high. See Figure 3 for timing diagram.
protection network. SUP Open drain output which pulses high

" " . during on-hook, and pulses low to

RPR g:?:n\gttsa?:Igrllﬁgll‘ilaerazuetgret.rnal indicate off-hook or that the module is
protection network. in ring mode.

e . VBB Negative power supply. Decoupled by

TIPS Positive ring sensing input. Connected .
to the positive side of the subscriber mtern_al 0.047 p Foto ground.

A Vg = —5V £5%
loop during ringing.

RINGS Negative ring sensing input. Vee Positive power supply. Decoupled by
Connected to the negative side of the |\r/1tern=al 50\'/0175’;': toground.
subscriber loop during ringing. cc —°"

e . RRLY Ring Relay Driver. Controlled by State

RBUS+ : gg::;;gzgt:;'::s;:;{:e:;?:;'Of the Control Data Word bit D4 (see Table I).
ring bus It is automatically turned off when ring

g ous. trip is detected.
RBUS— Negative ring bus sensing input. BTUT :
A RLY1 General purpose relay driver
S:ngﬁcs:ted to the negative side of the controlled by State Control Data Word
9 bus. bit D5.
BCLK Bit Clock used to shift PGM RLY2 General purpose relay driver

information into D and out of Dx. May
vary from 64 kHz to 2.048 MHz in
8 kHz increments.

MCLK Master Clock. Must be 1.536 MHz,
1.544 MHz or 2.048 MHz.

controlled by State Control Data Word
bit D6.
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Pin Descriptions (continued) @
—
Pin Description Pin Description -
GND1 Low voltage ground. Vgg, Vcc and all VBAT Negative high voltage supply.
GND2 digital signals are referenced to these VAT = —44Vto —54V
GND3 pins. GND1, GND2 and GND3 should .
"% | booxemalycometedtagavr R I ot S
close to the module. Collectively this pin 9si9
referenced as GND in electrical pin.
specifications. DC Don't connect. Do not make external
connections to these pins.
Functional Block Description
Functional Functional
Block Description Block Description
Line Driver The Line Driver is a differential output Loop Supervision | The Loop Supervision circuit monitors
transconductance amplifier which the d.c. current flow in the subscriber
provides the d.c.power and balanced loop under non-ringing state and
a.c. signals to the subscriber line. The detects on-hook, off-hook and
d.c. power is determined by the d.c. replicates dial pulses.
Loop‘lmpedanc.:e Control .c'rc.u"' The Ring Supervision | The Ring Supervision circuit monitors
a.c. signal applied to the line is the d.c. current flow in the subscriber
controlled by the a.c. Loop Impedance I d - the ringina state. Thi
Control and the analog signal oop .t‘.’""g ag; ngflggt aﬁe. s it
generted by e T4 COMEO R Sk A
CODEC/Filter from the received PCM th ! il o
information. Feedback from the TIP D e s
and RING lines produces an effective signals. il operates °£ °°.ﬁf,w'tHIN G
longitudinal input impedance of about rlngl'r:g zurenmgo.s ed on It or t '
2000 from TIP and RING to RTN g’.;"' | aance "’;9'."9' 5;""” S g
(1009 total). In the presence of large ridged ringers, anc ringers to groun
longitudinal currents, each output of on either TIP or RING.
the Line Driver is capable of sourcing Relay Drivers The three relay drivers are capable of
or sinking current to limit the driving +5V or + 12V relays directly.
longitudinal voltage. RRLY is dedicated to the ring relay
. . . . . and is automatically turned off when
Line Receiver The Llpe R.ecelve.r monitors the ring trip is detected by the Ring
metallic (differential) voltage on the Supervision circuit. BLYT and RLY3
:i:: ii?ut;i;r&?;‘:ozfr:fgg:) voltages. arepgeneral purpos;e. Relay current will
9 ges. be returned to GND3 at pin 26.
Loop Impedance | The Loop Impedance Control feeds N
Control back the line voltage to produce a comeo ;I;I'::ﬂﬁo'gﬁgzir:v':sz g;eczgnM
resistive/inductive d.c. feed functic?r;s necessga to interfacg the
impedance for langer loops and a PCM highway to thIZ analog signals on
constant current feed for shorter loops the subgcribgr loop. This fgnctgion is
!”h"e maintaining an a.c. 2-wire !ine identical to the indF:;stry standard
impedancs of 60041 over the voice TP3054 COMBO CODEC Filter (see
band, easily meeting the 2-wire return the TP3054 datashest for full details)
loss requirements. .
Hybrid Balance | The Hybrid Balance Control circuit is ControlInterface | The Gontrol Interface Girouit pravides
Control designed to meet the 4-wire return etasty c?l:hro.rall:r;z:n‘on’l oring o I e i
loss requirements for 600Q hybrid s f refo \el. this i via a:mp © seria
balance testing network. interface. Via this cn;cuntt e user can
program the operating mode of the
module, and monitor the line status
(See Table | for details).
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Functional Description

Power-On :

When power is first applied, the power-on reset circuitry ini-.

tializes the TP3211 and places it in a standby mode. The
State Control Data Word is cleared to “0”. All unnecessary
circuitry is powered down. The serial control interface and
the loop supervision circuitry remain fully functional. The de-
vice is now ready for activation, either by the user program-
ming it into the ring mode by writing into the State Control
Data Word or by the subscriber going off-hook, powering-up
the device automatically.

The State Control Data Word

The State Control Data Word is a single 8-bit word as shown
in Table |. Bits DO-D7 of the control word program the oper-
ating state of the device. The module can override the con-

trol bits D2 and D3 to activate the power denial mode in

order to protect itself from damage under a thermal over-
load condition.

Status Word

The 8-bit Status Word indicates the status of the TP3211 at
the instant a read operation is performed. Table IV shows
the definitions of the status word. A logic high indicates that
the state or function is enabled, a low indicates that it is
disabled. : .

The Control Interface

The Control Interface consists of a single 8-bit shift register
and a buffer register. The shift register is written via the
serial input Cl, under the control of CS and CCLK, to pro-
gram the device’s operating state. Several bits of the shift
register may be altered by the device itself in response to
changes in the subscriber loop status. These changes in
state may be read via the serial output CO. The S2 and S3
status bits are overwritten by the occurrence of a thermal
overload, forcing the device into the Power-Denial mode. S7
is the hook-switch status bit. A logic ““0” for S7 indicates an
Off-Hook or Ring-Trip condition exists at the instant of ac-
cess and a logic ““1” indicates on-hook.

TABLE I. State Control Data Word

Control .

Bit Description .

D7 ’ Must be programmed to logic ““0". This bit is overwritten by the line supervision circuitry.

Dé Logical “1” turns on RLY2.

D5 Logical “1”” turns on RLY1.

D4 . Logical “1” enables Ring mode, turns on RRLY and Ring Supervision circuit. Status Bit S7
indicates ring trip. SUP pulses low to indicate ring mode. Logical “‘0” enables the normal non-
ringing mode.

D3 Used with D2 to select Power Denial, Battery Reversal and On-Hook Transmission modes. See
Table Il. Under Power Denial mode, the Line Driver is disabled denying power to the subscriber
loop. It can be set or cleared by a write operation. Under a thermal overload condition, the device
will overwrite D2 to “0” and D3 to “1” in order to protect the device from damage. As long as the
thermal overload condition exists, the Power Denial mode cannot be cleared by a write operation.

D2 Used with D3 to select Power Denial, Battery Reversal, and On-Hook Transmission modes.

See Table Il.
D1 Used with DO to select hybrid balance network. See Table il
Do Used with D1 to select hybrid balance network. See Table IIl.

TABLE Il. Operating Modes of TP3211

TABLE Ill. Hybrid Balance.Test Networks

D4 D3 D2 Mode Reference
D1 Do Test Net k
o o o Normal ‘est Networ|
0 0 1 Reverse Battery - o 6000
0 1 0 Power Denial 0 1 1050 + (46092//25.5 nF)
0 1 1 On-Hook Transmission 1 o Invalid
1 X X Ring 1 1 Invalid
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Functional Description (continued)

There are several ways to access the serial control inter-
face. They are:

a) Write/Read

b) Read/Write

¢) Quick Status Read

In the Write/Read operation, the objective is to change the
state of the device. While shifting the new state control data
into Cl, the previous status information is shifted out of CO.
This data should be compared with the previous status in-
formation to determine if a change had occurred since the
last access.

In the Read/Write operation, the objective is to monitor the
state of the module. While the current status is shifted out at
CO, the last known state of the device is shifted into CI
externally. If a thermal overload condition has occurred

since the last access, the device will automatically set itself
to the power-denial mode (S2 bit will be forced to “0” and
S3 bit will be forced to ““1”) prior to the access and will be
reset by writing the previous state. This has no detrimental
effect, however, since the power-denial mode will immedi-
ately be set again and the device will remain in the Power-
Denial mode as long as the thermal overload continues to
exist. If ring trip has occurred or the hook switch status has
changed since the last access, the S7 bit will also be altered
by the device. The timing for the Read/Write or Write/Read
modes is shown in Figure 2.

The Quick Status Read operation allows a fast read of the
S7 status bit, which indicates if a Ring-Trip or Off-Hook con-
dition exists. It does not cause the shift register to shift, thus
no control data is required. Figure 3 is the timing diagram for
the Quick Status Read Mode.

TABLE IV. Status Information Word

Status i
Bit Description

s7 Indicates switch hook status. S7 is a ““1” if the subscriber is on-hook. If D4 is programmed to be
0" for normal mode, a logic “0” at S7 indicates off-hook. If the device is in the Ring mode
(D4 = *“1”) alogic “‘0” at S7 indicates ring-trip.

S6 Alogic “1” indicates that RLY2 is on.

S5 Alogic “1” indicates that RLY1 is on.

S4 A logic “1” indicates Ring mode is on. RRLY is turned on, and the Ring Supervision circuit is
activated. A logic “0” at S7 indicates that a ring trip has occurred, forcing RRLY to be de-
activated. D4 should be cleared to “‘0" by a write/read operation in order to program the device
into the normal mode.

S3 S2 and S3 indicate Power-Denial, Battery Reversal and On-Hook Transmission modes. See
Table Il. When an overload condition exists which raises the junction temperature to exceed
about 170°C, the TP3211 will automatically initialize a power denial mode (S2 forced to “0” and
§3 forced to ““1”) to protect itself from damage. The device will not go back to the normal mode
even if the thermal overload ceased to exist. The system can determine if the thermal overload
condition has cleared itself by programming the TP3211 into the desired operating mode and
read back status bits S2 and S3. If the overload still exists, the power denial mode will be
activated again as long as the device’s junction temperature exceeds approximately 170°C.

S2 S2 and S3 indicate Power-Denial, Battery Reversal and On-Hook Transmission modes. See
Table Il.

S1 S0 and St indicate the selected hybrid balance test network. See Table lil.

S0 S0 and S1 indicate the selected hybrid balance test network. See Table lil.
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Functional Description (continued)
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FIGURE 2. Control Interface Timing—Read/Write, Write/Read Modes
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FIGURE 3. Control Interface Timing—
Quick Status Read Mode

Battery Feed

With VgaT = —48V, the TP3211 provides a nominal appar-
ent battery voltage of —40V across TIP and RING. The
module provides a 2 x 200Q resistive feed at longer loops.
The d.c. current feed has been designed to guarantee at
least 15 mA into an 18009 loop. At short loops, the d.c.
feed is current-limited to nominally 60 mA. The DC feed
characteristic is shown in Figure 4. In normal battery mode
(D2 = 0 and D3 = 0), TIP is more positive than RING. -

70
60 -
£ 50 &
2 0l N\
Z 4
E o AN
o
-] ] =
& 2 Vaur==54
= N P A e =] V=48V
10 +—— Vaar==44Y
. |
o U T T T T T l :
0 1 2

RLOOP = RCABLE#RSTATION IN KQ
TL/H/10718-5
FIGURE 4. DC Feed Characteristics

2-Wire Impedance

The TP3211 module simulates a 2-wire input impedance of
600Q across TIP and RING. This is shunted by the feeding
inductance which is nominally 35 Henries on long loops,
and approaches infinity on short loops. The 2-wire imped-
ance is independent of the external protection resistors.

Transmission Level

The TLP on the 2-wire analog interface is O, that is, 0 dB is
1 mW into 6000 for both transmit and receive signals.

Hybrid Balance

The TP3211 contains two selectable hybrid balance circuits
which are selected by programming control bits DO and D1
(see Table ). The hybrid balance circuits are intended to
be used with the corresponding reference testing networks
terminating TIP and RING.

Longitudinal Balance
and Longitudinal Current Capability

The 2-wire input of the device exhibits a longitudinal imped-
ance of 200Q from TIP to ground and from RING to ground.
These impedances are extremely well matched and are not
strongly dependent on impedance matching in the external
protection network. The longitudinal voltage is sensed on
the loop side of the protection network and fed back to the
Line Driver, thus any component variations external to the
device can be corrected by the feedback loop. The Line
Driver is capable of handling 21 mA;mg of longitudinal cur-
rent in each of the TIP and RING leads.

Loop Supervision

The Loop Supervision circuit operates in the normal (non-
ringing) state. Control bit D7 must be programmed to logic
**0”. Off-hook is indicated when the loop current exceeds
nominally 13 mA and on-hook indicated when the current
falls below nominally 11 mA, providing 2 mA hysteresis. The
loop supervision has been designed to operate with loop-
start signalling and to maintain the dial pulse make interval
greater than 16 ms or break interval greater than 32 ms
regardless of the distortion introduced by the loop charac-
teristics. A logic 1" at status bit S7 indicates on-hook, while
a logic “0” indicates off-hook.

A typical example of hook switch timing is illustrated in Fig-
ure 5. While in the standby mode, all unnecessary circuitry is
powered down. When Loop Supervision detects off-hook,
the module is powered up, SUP goes low and status bit S7
is cleared (A). When the Loop Supervision detects on-hook,
all unnecessary circuitry is again powered down, status bit
S7 is set and SUP is again set high (C). If the device's con-
trol interface is being accessed when off-hook occurs, i.e.,
CS is low, SUP is set low immediately (F) but S7 is cleared
only after CS returns high (G). On the next Read/Write ac-
cess, S7 is latched.
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Functional Description (continued)
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FIGURE 5. Typical Hook Switch Detect Timing

Ring Supervision

The Ring Supervision circuit measures the loop current
across two 36012 ring sensing resistors with a 1 MQ internal
precision bridge (see Figure 10). The voltage at the output
of the bridge is filtered, then algebraically added and sub-
tracted from a voltage corresponding to a loop current of
about 11 mAdc. Each of the resulting voltages are integrat-
ed over one period of the ring frequency and compared to
zero. If either of the resulting voltages is less than zero for
two consecutive cycles, Ring-Trip is detected. RRLY is de-
activated, and status bit S7 is cleared to “‘0” indicating ring
trip. Control bit D4 is not automatically reset to ““0”, it has to
be cleared to “0” by a write/read operation after a ring trip

is detected. If the MCLK is interrupted and stays continu- -

ously high or low for more than 200 ps, the ring relay driver
will be turned off.

The ring supervision circuit works with zero to three bridged
ringers (1 ringer = 4 kQ at 20 Hz), with ring frequencies
from 16 Hz to 67 Hz, with ring voltages up to 155 Vrms
applied to either TIP or RING, superimposed on positive or
negative battery voltages of from 42V to 56V on loops up to
1700Q. Furthermore, it operates with up to three ringers
connected from TIP or RING to ground. The ring sensing
inputs, TIPS, RINGS, RBUS + and RBUS —, when connect-
ed as shown in Figure 70, will present an effective load of
about 500 kQ across the ring bus.

A typical example of ring trip timing is illustrated in Figure 6.
During ring mode when D4 is set to 1", SUP pulses low
indicating ring mode. When the Ring Supervision circuit de-
tects a ring trip, the device immediately turns off RRLY and
clears S7 (A). Status bit S7 will remain a zero until the D4 bit
is written to a zero, removing the device from the Ring mode
(C). At this time, the S7 bit and SUP will indicate the switch
hook status. Even though the station equipment is normally
off-hook at this time, S7 and SUP will generally return to a
1" for several milliseconds (C) after D4 is cleared. This is
because the Loop Supervision circuit was disconnected
from the loop during ringing mode (D4 = 1), and it takes
several milliseconds to detect the off hook at which time S7
wil be cleared and SUP will be set low (D). At this point the
device is in the normal (non-ringing) mode, all necessary
circuitry is powered up.

Thermal Overload

The Line Driver incorporates a built-in thermal overload de-
tection circuitry. In the event of a fault on the subscriber line
which causes the Line Driver to reach an internal junction
temperature of approximately 170°C, the Line Driver will
protect itself by forcing the device into the power-denial
mode (D2 is forced to “0” and D3 is forced to “1”). The
device will remain at the power denial mode even though
the thermal overload ceases to exist. After the line fault has
been corrected, the device can be put back into service
under system control (see Table IV).

LOOP
CURRENT

TL/H/10718-7

FIGURE 6. Typical Ring Trip Detect Timing
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Functional Description (continued)

A typical example of thermal overload detection timing is
illustrated in Figure 7. When a thermal overload is detected,
S2 is set low and S3 is set high (A), forcing the device into
the Power-Denial mode. As long as the thermal overload
condition exists, the power denial mode cannot be reset by
a write operation (B). When the thermal overload condition
clears, the device continue to remain at power denial mode
(C). Thus the device does not automatically reapply power
to the line since the fault that originally caused the failure
may still exist and would simply cause the overload to reoc-
cur. In this example, the power-denial mode is cleared by a
control write to normal mode, clearing S2 to “0” and S3 to
“0” (D). If the device is being accessed at the instant the
thermal shutdown occurs, S2 will be set low and S3 will be
set high only after CS returns high (E).

On-Hook Transmission Mode

The device is in the on-hook transmission mode when bits
D3 and D2 of the State Control Data Word are set to the
logic 1" and the loop is under "on-hook”. In this mode, the
line drivers operate in a reduced power state but all circuitry
is active. This enables the system to communicate with a
subscriber terminal or the subscriber to communicate
through the network or to a terminal in the central office to
provide alarm and telemetry services. When the loop goes
off-hook, the loop supervision circuitry behaves normally
and causes the line drivers to power up. Bit S7 of the Status
Information Word is cleared and SUP pulses low. This en-
ables the system to terminate any transmissions and handle
the call initiation in the normal manner.

PCM Interface

The PCM interface consists of inputs MCLK, BCLK, FSx,
FSg and Dp, and outputs Dx and TSx. MCLK controls the
internal operation of the COMBO CODEC/Filter's encoder
and decoder, and must be 1.536 MHz or 1.544 MHz if
CLKSEL is connected high and 2.048 MHz if CLKSEL is
connected low. BCLK shifts the PCM data out of Dx on its
rising edge and latches the PCM data into Dg on its falling
edge. It must be synchronous with MCLK and may be any
integer multiple of 8 kHz from 64 kHz to 2.048 MHz. FSx
and FSR are 8 kHz pulse waveforms which determine the

THERMAL
OVERLOAD

beginning of the PCM data transfer out of Dx and into Dg
respectively. Both must be synchronous with MCLK but may
have any phase relationship with each other. TSx is an open
drain output which pulses low for the duration of the data
transfer out of Dx. It is intended to be wire-ORed with the
TSx outputs of other subscriber line interface modules to
provide an enable signal for external TRI-STATE drivers
buffering the PCM transmit data from a line card onto the
backplane.

Short Frame Sync Operation

The TP3211 Subscriber Line Interface Module can utilize
either a short frame sync pulse or a long frame sync pulse.
Upon power initialization, the device assumes a short frame
mode. In this mode, the frame sync pulses applied to both
FSx and FSg must be one BCLK period long and with timing
relationships as specified in Figure 8. With FSx high during a
falling edge of BCLK, the next rising edge of BCLK enables
the Dx TRI-STATE output buffer, which will output the PCM
sign bit. The following seven rising edges of the bit clock
shifts out the remaining seven bits of PCM data, MSB first.
The next falling edge disables the Dx output. With FSR high
during a falling edge of BCLK, the next falling edge latches
the PCM sign bit into Dg. The next seven falling edges latch
the remaining seven bits, MSB first.

Long Frame Sync Operation

To use the long frame sync mode, the frame sync pulses
applied to both FSx and FSR must be three or more bit
periods long, with timing relationships as specified in Figure
9. Based on the transmit frame sync pulse, the device will
sense whether short or long frame sync pulses are being
used. For 64 kHz operation, the frame sync pulse must be
kept low for a minimum of 160 ns. The Dx TRI-STATE out-
put buffer is enabled with the rising edge of FSx or the rising
edge of BCLK, whichever comes later, and the first bit
clocked out is the PCM sign bit. The following seven rising
edges of BCLK shift out the remaining seven bits, MSB first.
The Dx output is disabled by the falling edge of BCLK fol-
lowing the eighth rising edge or by FSx going low, whichever
comes later. A rising edge of the receive frame sync will
cause PCM data at DR to be latched in on the next eight
falling edges of BCLK.
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FIGURE 7. Typical Thermal Overload Detection Timing




Functional Description (continued)
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

TPR, RPR to RTN 2V to —85V (50 ms)

TIP, RING, TIPS, RINGS,
RBUS+, RBUS—, to RTN 1000V, 10 us/1000 s Pulse

Vge to GND —05Vto7v Operating Temperature Range —25°Cto +125°C
Vgg to GND +0.5Vto =7V Storage Temperature Range —65°C to +150°C
Veat to RTN +0.5Vto ~70V Lead Temperature

RTNto GND +500V, 10 ps/50 us Pulse (Soldering, 10 Sec.) 300°C
Voltage at Any Digital Maximum Junction Temperature 150°C

Input or Output Ve + 0.3V to GND — 0.3V
Electrical Characteristics
Unless otherwise noted, limits printed in bold characters are guaranteed for Vgg = 5.0V £5%, Vgg = —5.0V £5%, VgaT =

—44V to —54V, Tp = 0°C to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —48V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced

to RTN.
Symbol Parameter Conditions Min l Typ | Max Units
POWER DISSIPATION (Normal Mode: D2 = 0, D3 = 0)
IBATO Vpar ldle Current ILoop = 0 MA, VgaT = —48V 21 3.5 mA
IaBo Vgg Idle Current ILoop = O MA 15 3.5 mA
lcco Vcc Idle Current ILoop = 0 mA 25 4.5 mA
IBAT1 VAT Active Current ILoop = 20 MA, VgaT = —48V 23 25 mA
IBB1 Vgg Active Current lLoop = 20 MA 8.9 15.2 mA
lcct Ve Active Current ILoop = 20 mA 11.8 15.2 mA
POWER DISSIPATION (On-Hook Transmission Mode: D2 = 1,D3 = 1)
IBATOH Vpar Idle Current ILoop = 0 MA, VgaT = —48V 2.1 3.5 mA
IBBOH Vgg !dle Current lLoop = 0 MA 8.9 15.2 mA
lccoH Vg Idle Current ILoop = 0 MA 11.8 15.2 mA
DIGITAL INTERFACE (Note 1)
ViL Input Low Level 0.7 \
ViH Input High Level All Digital Input except CLKSEL 2 \
CLKSEL 4 v
VoL Output Low Level DLW CO, I = 3.2mA 0.4 v
SUP, I = 20 mA 0.4 v
VoH Output High Level Dx, CO, |y = —3.2mA 2.4 \%
IR Input Low Current Ztl\l;gia\{lm p<u t\S/"_, —100 100 LA
1 Input High Current X“-(DTgi\t/;“ :pl\l/t(s;c, _100 100 LA
loH Output High Current ;(S;' a<nc:/ 23:,< Ves _100 100 uA
0o |

Note 1: See Appendix | for the definition of digital interface parameters.
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Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V +5%, Vgg = —5.0V £5%, VpaT =
—44V to —54V, Tp = 0°C to +70°C by correlation with 100% electrical testing at T = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —48V, Ta = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol | Parameter Conditions | Min | Typ | Max | Units
BATTERY FEED
ILoop+ Loop Current Rioop = 18000 15 18.1 25 mA
Rioop = 12000 25 mA
Rioop = 2000 50 60 65 mA
ILoop— Battery Reversal Rioop = 18000 15 | 1841 25 mA
Loop Current RLoop = 1200Q 25 mA
Rioop = 2000 50 60 65 mA
IpD Power Denial Loop Current | Ry oop = 200Q 0.1 2 mA
Vioop Loop Voltage Rioop = 10k —38.4 \
LOOP SUPERVISION
Rofihko Loop Resistance to Produce | Rofihko Connected from TIP to RING 2200 Q
an Off-Hook Indication
Ronhko Loop Resistance to Produce | Ronhko Connected from TIP to RING
an On-Hook Indication 9 kQ
DPD Dial Pulse Distortion D7 = 0,Rieak = 20k || 2 uF,
RLoop = 20092, 12 pps, Break = 50%
Rioop = 180082, 12 pps, Break = 75% b Pl i
CS High, Measure width of SUP pulse low )
RING SUPERVISION
RNGTRP1 | Ring Trip Detect, RBUS+ = 0V, RBUS— = —48V,
Normal Ringing TIPS = —5V, RINGS = —43V, 50 180 ms
Must Detect Ring-Trip within Specified Time
RNGTRP3 | Ring Trip Non-Detect RBUS+ = 0V,RBUS— = —48V
Normal Ringing TIPS = —3V, RINGS = —45V,
Must Not Detect Ring Trip within ° 180 | ms
the Specified Time (Note 2)
RNGTRPS5 | Ring Trip Detect, TIPS, RBUS— = —5V, RINGS, RBUS+
Normal Ringing = 26 Vrms, f = 20 Hz. Must Detect 100 190 ms
Ring-Trip within the Specified Time
RNGTRP7 | Ring Trip Non-Detect TIPS, RBUS— = —3V, RINGS,
Normal Ringing RBUS+ = 26 Vrms. f = 20 Hz. Must Not o 190 ms
Detect Ring-Trip within the
Specified Time (Note 2)
HYBRID BALANCE Unless Otherwise Specified, I oop = 20 mA, D2 = 0,D3 = 0
ECHO1 4-Wire Return Loss ZRer = 60090 Across Tip-Ring
lLoop = 20mA, D1 =0,D0 =0
f = 296.875 Hz 20 dB
= 484.375 Hz 26 dB
= 1015.625 Hz 26 40 dB
= 2500 Hz 26 dB
= 3406.25 Hz 20 dB
ECH02 4-Wire Return Loss Zrer = 105Q + (460Q//25.5 nF) Across Tip-Ring
ILoop = 20mA, D1 = 0,D0 = 1
f = 296.875 Hz 20 dB
= 484.375 Hz 26 dB
= 1015.625 Hz 26 40 dB
= 2500 Hz 26 dB
= 3406.25 Hz 20 dB

Note 2: The intent of Ring-Trip Non-Detect tests are to insure that ring-trip does not occur under the specified conditions even after an essentially infinite period of
time. For practical purposes of cost effectively testing the SLIM Subscriber Line Interface Module, the wait time to determine that a false ring-trip has not occurred
has necessarily been limited to a value which has been determined through characterization to insure that false ring-trip never occurs.
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Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V £5%, Vgg = —5.0V £5%, VgaT =

—44V to —54V, Tp =

0°C to +70°C by correlation with 100% electrical testing at To = 25°C. All other limits are assured by

correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —48V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol | Parameter Conditions | Min | Typ | Max | Units
TRANSMISSION Unless Otherwise Noted, Zrgr = 600Q, f = 1015.625 Hz, | oop = 20 mA, D2 = 0,D3 = 0

RTNLOSS | 2-Wire Return Loss f = 296.875 Hz 20 dB
= 484.375 Hz 26 dB
= 1015.625 Hz 26 40 dB
= 2500 Hz 26 dB
= 3406.25 Hz 26 dB

0dBmO The Absolute 2-Wire The Absolute Reference Level at the 2-Wire 0.775 Vims

Reference Level Interface is Defined as 0dBm into 6000 ’

GRA Absolute Receive Gain Vce = 5V, Vgg = —5V, VgaT = —48V
from DR to 2-Wire Analog Interface, _
Ta = 25°C, Input = Digital Code for 025/ 0 |0.25] dB
0dBmO at DR, Measure Voltage across TIP-RING
GXA Absolute Transmit Gain Voc = 5V, Vgg = —5V, VgaT = —48V
from 2-Wire Analog Interface to Dx, _
Ta = 25°C, Input = 0dBmO at 2-Wire 0.25) 0 10.25) d&
Port, Measure Digital Code at Dx
GRAOH Absolute Receive Gain Vcc = 5V, Vpg = —5V, VgaT = —48V
at On-Hook Transmission Mode | Ta = 25°C, Zggr = 600Q -1 0 1 dB
lLoop = O0mA,D2 = 1,D3 = 1
GXAOH Absolute Transmit Gain Voc = 5V, Vgg = —5V, VpaT = —48V 1 0 1 dB
at On-Hook Transmission Mode | Ta = 25°C, | gop = 0mA,D2 = 1,D3 = 1
GRAV Absolute Receive Gain Vg = 5V £5%, Vgg = —5V +5%, 03| o | o3 dé
over Supply Range VAT = —44V to —54V * '
GXAV Absolute Transmit Gain Vee = 5V +5%,Vgg = —5V +5%, _0.3 0 0.3 dB
‘ over Supply Range VBAT = —44V to —54V * i
GRT Receive Gain Variation Vcc = 5V, Vgg = —5V, VgaT = —48V —01 01 dB
over Temperature Reference to GRA ’ ’
GXT Transmit Gain Variation Voo = 5V, Vgg = —5V, —o1 01 dB
over Temperature VeaT = —48V, Reference to GXA : ’
GRF Receive Frequency Measure Relative to GRA,

Response f = 203.125 Hz -1.9 o dB
= 296.875 Hz -0.6 0.25| dB
= 484.375 Hz —-0.25 0.25| dB
= 2015.625 Hz -0.25 0.25| dB
= 2703.125 Hz -0.25 0.25 | dB
= 3015.625 Hz -0.25 0.25( dB
= 3203.125 Hz -0.25 0.25| dB
= 3390.625 Hz -1.2 [+] dB
= 3984.375 Hz -14 | dB

SOs Spurious Out of Band Measure Relative to GRA,

Signals (Alias Tones) f = 4796.875 Hz —30| dB
= 6703.125 Hz —-30 | dB
= 11390.625 Hz —30| dB
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Electrical Characteristics . _ 8
Unless atherwise noted, limits printed in bold characters are guaranteed for Voo = 5.0V £5%, Vgg = —5.0V +5%, VgaT = ry
—44V to —54V, Tp = 0°C to +70°C by correlation with 100% electrical testing at Ty = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —48V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)
Symbol I Parameter Conditions Min Typ | Max | Units

TRANSMISSION Unless Otherwise Noted, Zggr = 6000, f = 1015.625 Hz, I gop = 20 mA, D2 = 0, D3 = 0 (Continued)

GXF Transmit Frequency Measure Relative to GXA,

Response f = 62.500 Hz —-22 dB
= 203.125Hz —-2.5 o dB
= 296.875 Hz -0.4 0.25 dB
= 484.375 Hz —-0.25 0.25 dB
= 2015.625 Hz —-0.25 0.25 dB
= 2703.125 Hz —0.25 0.25 dB
= 3015.625 Hz —0.25 0.25 dB
= 3203.125 Hz —-0.25 0.25 dB
= 3390.625 Hz -1.2 o dB
= 3984.375 Hz -14 dB
= 5046.875 Hz -32 dB
= 11890.625 Hz -32 dB

GRL Receive Gain Variation Measure Relative to GRA
with Signal Level PCM Level
= 3.1dBmO —0.25 0.25 dB
= —2.3dBmO —-0.25 0.25 dB
= —11.4dBmO —-0.25 0.25 dB
= —17.6dBmO —0.25 0.25 dB
= —23.9dBmO —0.25 0.25 dB
= —29.9dBmO —0.25 0.25 dB
= —37.8dBmO —0.25 0.25 dB
= —47.1 dBmO —0.45 0.45 dB
= —55.7dBmO -1.3 1.3 dB
GXL Transmit Gain Variation Measure Relative to GXA
with Signal Level PCM Level
= 3.1dBmO —-0.25 0.25 dB
= —2.3dBmO —-0.25 0.25 dB
= —11.4dBmO —0.25 0.25 dB
= —17.6 dBmO -0.25 0.25 dB
= —23.9dBmO —0.25 0.25 dB
= —29.9dBmO —0.25 | o0.25 dB
= —37.8dBmO —0.25 0.25 dB
= —47.1 dBmO —0.45 0.45 dB
= —55,7dBmO -1.3 1.3 dB
STDR Receive Signal to Measure through C Message
Total Distortion Filter, PCM Level
= 3.1dBmO 33 dBC
= 0dBmO 36 dBC
= —11.4dBmO : 36 dBC
= —17.6 dBmO 36 dBC
= —29.9dBmO 35 dBC
= —40.0dBmO 29 dBC
= —45.0 dBmO 25 dBC
= —55.7dBmO 14 dBC
STDX Transmit Signal to Measure through C Message
Total Distortion Filter, PCM Level
= 3.1dBmO 33 dBC
= 0dBmO 36 dBC
= —11.4dBmO 36 dBC
= —17.6 dBmO 36 dBC
= —29.9dBmO 35 dBC
= —40.0 dBmO 29 dBC
= —45,0dBmO 25 dBC
= —55,7dBmO 13 dBC
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Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vog = 5.0V 5%, Vgg = —5.0V £5%, VgaT =
—44V to —54V, Tp = 0°C to +70°C by correlation with 100% electrical testing at T = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —48V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced

to RTN. (Continued)

Symbol | Parameter l Conditions rMIn | Typ l Max | Units
TRANSMISSION Unless Otherwise Noted, Zrer = 6009, f = 1015.625 Hz, || oop = 20 mA, D2 = 0, D3 = 0 (Continued)

DRA Absolute Receive Delay f = 1600 Hz 190 s

DRR Receive Delay Distortion Measure Relative to DRA,

f = 500 Hz -2 us
= 1000 Hz -10 us
= 2600 Hz 70 us
= 2800 Hz 100 us
= 3000 Hz 150 ps

DXA Absolute Transmit Delay f = 1600 Hz 300 us
DXR Transmit Delay Distortion Measure Relative to DXA,

f=500Hz 250 us
= 600 Hz 150 us
= 800 Hz 65 ns
= 1000 Hz 30 us
= 2600 Hz 60 us
= 2800 Hz 80 s
= 3000 Hz 140 us

NOISE Zggr = 6009, | oop = 20mA, D2 = 0,D3 =0
NRC Receive C Message Weighted PCM Code is Alternating Positive 15 dBmCo
Idle Channel Noise and Negative Zeroes
NXC Transmit C Message Weighted | Measured by Extrapolation from Signal 20 | dBmco
Idle Channel Noise to Distortion Measurements about —50 dBmO
LONGITUDINAL BALANCE AND CAPABILITY
ILLst Longitudinal Current Zioop = 20k || 2 pF, f = 60 Hz, D7 = 0
Capability Inject I g4 into TIP and RING. 21 mArms
Device must not detect off-hook.
ILLs2 Longitudinal Current Zioop = 1.8k, f = 60Hz,D7 = 0
Capability Inject I g2 into TIP and RING. 21 mArms
Device must not detect off-hook.
BAL2W | 2-Wire Longitudinal IEEE Method 455-1976, I gop = 20 mA
Balance ILongitudinal = 20 mArms/leg,

Measure Vpetaliic across TIP-RING

f=625Hz 61 dB
= 296.875 Hz 61 64 dB
= 1015.625 Hz 61 dB
= 3000 Hz 54 59 dB

) = 3406.25 Hz 51 dB
POWER SUPPLY REJECTION RATIO Unless Otherwise Specified, Zggr = 6009, I oop = 20 mA, D2 = 0,D3 = 0
PPSRR Vcc Power Supply Vece = 5.0 Vpg + 164 mVrms
Rejection, Receive f = 328.125 Hz 30 dB
f=1078.125 Hz 30 dB

f = 3328.125 Hz 30 dB

VPSRR VpaT Power Supply VBAT = —48.0 Vpg + 424 mVrms
Rejection, Receive f = 328.125 Hz 30 dB
f = 1078.125 Hz 40 ‘dB
f = 3328.125 Hz 40 dB

1-176




Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Vo = 5.0V 5%, Vgg = —5.0V £5%, VgaT =
—44V to —54V, Ty = 0°C to +70°C by correlation with 100% electrical testing at T = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Vog
= 5.0V, Vgg = —5.0V, VgaT = —48V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol | Parameter Conditions | Min | Typ | Max I Units
POWER SUPPLY REJECTION RATIO Unless Otherwise Specified, Zggr = 6009, I oop = 20 mA, D2 = 0, D3 = 0 (Continued)
PPSRx Ve Power Supply Vee = 5.0 Vpe + 164 mVrms
Rejection, Transmit f = 328.125 Hz 30 dB
f=1078.125Hz 30 dB
f = 3328.125 Hz 30 dB
VPSRx VgaT Power Supply VgaT = —48.0 Vpc + 424 mVrms
Rejection, Transmit f = 328.125 Hz 30 dB
f =1078.125 Hz 40 dB
. f = 3328.125 Hz 40 dB
RELAY DRIVERS
VRoON Driver On Voltage IL = 80mA 1.0 \
IRoff Leakage Current VRELAY = 40V, Relay Off 100 pA
DIGITAL TIMING, PCM INTERFACE (See Figures 8 and 9, Notes 4 and 5)
1/temc MCLK Frequency Clock Frequency Accuracy 1.536 MHz
< %100 ppm 1.544 MHz
2.048 MHz
twMCH Width of MCLK High 160 ns
twMcL Width of MCLK Low 160 ns
1/tpgc BCLK Frequency 2.048 MHz
twBCH Width of BCLK High 160 ns
twecL Width of BCLK Low 160 ns
SHORT FRAME SYNC MODE (Figure 8)
tsFsBcL Setup Time from FS
High to BCLK Low so ns
tHBCFSL Hold Time from BCLK
Low to FS Low 100 ns
tHBCFSH Hold Time from BCLK o ns
Low to FS High
toBCDX1 Delay Time from Bit Cp = 150 pF Plus 2 o 140 ns
Clock to Dx Data Value LSTLL Loads
tDBCDXZ Delay T|me from BCLK Cp = 50 pF 50 165 ns
to Dx Disable
tpBCTSL Delay Time from Cp = 150 pF Plus 2 140 ns
BCLK to TSx Low LSTTL Loads
tSDRBCL Setup Time from Dy
to BCLK Low 5o ns
tHBCDR Hold Time from BCLK 50 ns
Low to Dg Valid
LONG FRAME SYNC MODE (Figure 9)
tHBCFSH Hold Time from o ns
BCLK Low to FS
tsFsBCo Setup Time from
FS to BCLK Low 80 ns
twrsL Width of FS Low 160 ns

1-177

L1eedl




TP3211

Electrical Characteristics

Unless otherwise noted, limits printed in bold characters are guaranteed for Voc = 5.0V 5%, Vgg = —5.0V £5%, VgaT =
—44V to —54V, Tp = 0°C to +70°C by correlation with 100% electrical testing at Ty = 25°C. All other limits are assured by
correlation with other production tests and/or product design and characterization. Typical characteristics are specified at Voo
= 5.0V, Vgg = —5.0V, VgaT = —48V, Tp = 25°C. All digital signals are referenced to GND, all analog signals are referenced
to RTN. (Continued)

Symbol | Parameter l Conditions J Min i Typ | Max L Units
LONG FRAME SYNC MODE (Figure 9) (Continued)
tpbBCDX0 Delay Time from BCLK CL = 150 pF Plus 2
or FS, Whichever Comes LSTTL Loads ' 20 165 ns
Later to Dx Valid
tpBCDX Delay Time from BCLK CL = 150 pF Plus 2 0 140 ns
to Dx Valid LSTTL Loads
tDBCDXZ Delay Time from CL = 50 pF
BCLK to Dx Disabled 50 165 ns
tDBCDX20 Delay Time from BCLK CL = 50 pF
or FS, Whichever Comes 20 165 ns
Later, to Dx Disabled
tsprRBC Setup Time from Dy
to BCLK Low so ns
tHBCDR Hold Time from BCLK
Low to Dg Valid 5o ns
DIGITAL TIMING, CONTROL INTERFACE (See Figures 2 and 3, Notes 4 and 5)
1/tpcc CCLK Frequency Frequency Accuracy < *100 ppm 0.08 2.048 MHz
tweeH Width of CCLK High 200 ns
tweeL Width of CCLK Low 200 ns
twesL Width of CS Low 100 ps
READ/WRITE, WRITE READ MODES (Figure 2)
tHcces Hold Time from
CCLK to T8 100 ns
tscsce Setup Time from
TS to CCLK 100 ns
tbccco Delay Time from CCLK CL = 150 pF Plus 2
or CS, Whichever Comes LSTTL Loads 150 ns
Later, to CO Valid
tbcccoz Delay Time from CCLK
or CS, Whichever Comes 150 ns
Later, to CO Disabled '
tscice Setup Time from y
Clto CCLK 100 ns
thccal Hold Time from ‘
CCLK to Gl 100 ns
QUICK STATUS READ MODE (Figure 3)
tHccesL Hold Time from )
CCLK to CS Low 100 ns
tscscoL Setup Time from
TS to COLK Low 100 ns
tbcsco Delay Time from C_ = 150 pF Plus 2 150 ns
CStoCO LSTTL Loads
tbcscoz Delay Time from
CS to CO Disabled 150 ns

Note 4: See Appendix | for the definition and naming conventions used for digital timing parameters.
Note 5: See Table IV for the definition of the mneumonics used for the digital timing parameters.
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TABLE IV. Timing Parameter Mneumonics

Nzi:e Mneumonic
CS cs
co co
Cl Cl
CCLK cC
MCLK MC
BCLK BC
Dgr DR
Dx DX
TSx TS
FSg FS
FSx FS

Applications Information

Typical Line Circuit

Relatively few external components are required to imple-
ment a full featured central office line circuit. As shown in
Figure 10, a complete line circuit is implemented using
TP3211 with an external protection network consisting of
fuse resistors Ryjp and Rring, and a voltage clamp devics,
two 3600 ring sensing resistors, a ring relay and two test
relays. It should be noted that no supply decoupling capaci-
tors are required for each line circuit, although the use of
one larger electrolytic capacitor may be advisable for each
power supply near the point at which it enters the line card.

Protection fuse resistors Ryjp and Ryjyg should be nomi-
nally 15092. Mismatch of R)p and Ryjng to within £ 1% will
not cause degradation in longitudinal balance. The selection
of these fuse resistors is important because they are funda-
mental to the ability of the line circuit to meet lightning and
power cross requirements. Ryjp and Ryng should be de-
signed such that they can withstand level one lightning and
power cross requirements, while fusing open when over-
stressed by level two lightning and power cross. The ring
sensing resistors, Rg, are 3600 which sets the ring trip
threshold to about 11 mAdc. The heavy relay current will be
returned to GND3 at pin 26. The SUP is capable to sink
2 mA nominal and can be used to drive a high efficient LED
as a hook-switch indicator.

Secondary Protection

The surge protection network in Figure 70 consists of resis-
tors Ryip, RRing and a voltage limiting circuit which limits
the voltage at TPR and RPR to within +2V to —85V. A
number of low cost possibilities for this voltage limit are
shown in Figure 711. The lowest cost solution is a simple full
wave rectifier diode bridge used to clamp the voltage to no
more than one or two volts above RTN or below VgaT, pro-
vided that the VT supply is capable to absorb the power
surges. The TIP and RING input terminals of the TP3211
are internally connected in series to two 300 kQ thick film
resistors, which are capable to withstand power cross and
surges.

Typical Line Card

A complete n-channel line card is illustrated in Figure 12.
The backplane control interfaces vary greatly in different
applications, and this example illustrates a-possible ar-
rangement.

TP3211
TEST RING TP
RELAYS RELAY RING CLKSEL
re---- T resee- : pe=e-e- : Fom

™ o—tp—t-+ bt vye S PR NCLK [«

> 1 X ) 1 Vear BCLK J«
H N H H ! VOLTAGE
] (] 1 ] ' CLAMP FSx |
] [N 1) ] ]

RING g3 : :: :: : : :: AA—b RPR Dx >
D SR D <D O & Fane TS >
boleahbed btade olaqd LR RS R
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FIGURE 10. Complete Central Office Line Circuit
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Applications Information (continued)

- Ry TPR - Rrip TPR w e TPR
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20A Surge Thomson TPC688
FIGURE 11. Some Secondary Protection Networks
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FIGURE 12. Typical n-Line Central Office Linecard
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National
Semiconductor

TP3212 SLIM™

PRELIMINARY

Subscriber Line Interface Module

General Description

The TP3212 is a complete electronic SLIC and PCM
COMBO® CODEC/Filter module intended to interface the
analog subscriber line to a PCM highway. It is designed to
meet the requirements for POTS (Plain Old Telephone Serv-
ice) lines in U.S. Digital Loop Carrier applications as speci-
fied in TR-TSY-000057. It has the capability to perform in-
band on-hook transmission. When used in conjuction with a
simple, non-critical, external protection network, two resis-
tors and a ring relay, the TP3212 forms a complete line
circuit, handling all the BORSCHT functions.

The TP3212 module consists of a line driver, a line receiver,
a line impedance control circuit, a hybrid balance circuit, a
loop supervision circuit, a ring supervision circuit, three posi-
tive relay drivers, a TP3054 COMBO CODEC/Filter and a
serial control interface. Any changes in the status of the
subscriber loop generate an interrupt, allowing the device to
be used in either polled or interrupt driven applications.

Features

m Complete COMBO CODEC/Filter and SLIC functions

m Exceeds TR-TSY-000057 DLC specifications for POTS
lines

® On-hook transmission capability

MW Resistive loop feed with current limit

m Power denial mode

m Compatible with loop start and ground start signalling

B Automatic ring trip

W Four selectable balance networks

W Three positive relay drivers

m Thermal overload protection

m Compatible with inexpensive protection networks

m Withstands 500V RTN to GND surge

® Compatible with standard PCM highway

m Small physical size and minimal external components

Simplified Block Diagram

o
X 1X 00
4 EIEIE
P & VY V.V N A 4
+ LINE + Dx
o A RECEIVER —————»?_———» E:
- X
v :
HYBRID P3054
LINE IMPEDANCE
CONTROL CIRCUIT gg';ﬁ';gf COMBO
TR y w y
- l Dg
O ¢
RPR +
—— une v .
DRIVER oor )
P SUPERVISION R Co_
L, 7 SERIAL ek
RNGS| | o conroL TS
revse] ] . RiNG INTERFACE ¢S
| surervision —
REUS- I RELAY DRIVERS |<— 2

- [=] (4] o
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o~
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=
4 ‘E‘ v |,z

TL/H/10736-1

FIGURE 1. Simplified Block Diagram
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Connection Diagram

pc—1 40 |—RING
RIN—{ 2
Vgar—13 38=TP
RPR—] 4
TPR—{5 36 |—~TIPS
INTRJ 7 34 I—RINGS
C_ST 8
co—{9 32 |—RBUS+
ci—{10 31|—RBUS-
GND1={11
coLKk—12 29 |- RRLY
MCLK—{13 28 |—RLY1
CLKSEL =14 27 |=RLYZ
BCLK—15 26 |—GND3
Dr=—116 25 -bC
Dx—{17 24}~0c
TSx—118 23 |=Vgg
Fsx=—119 22 [~GND2
Fsg—]20 21f=vee
TL/H/10736-2
Order Number TP3212J

Refer To NSC Package Type HY40C

Pin Descriptions

Pin
TIP
RING
TPR

RPR

TIPS

RINGS

RBUS+

RBUS—

BCLK

MCLK

Pin Descriptions
Normally positive side of the subscriber line.
Normally negative side of the subscriber line.
High voltage line driver output. Connects to TIP
via an external protection network.
High voltage line driver output. Connects to
RING via an external protection network.
Positive ring sensing input. Connected to the
positive side of the subscriber loop during ring-
ing.
Negative ring sensing input. Connected to the
negative side of the subscriber loop during ring-
ing.
Positive ring bus sensing input. Connected to the
positive side of the ring bus.
Negative ring bus sensing input. Connected to
the negative side of the ring bus.
Bit Clock used to shift PCM information into Dr
and out of Dx. May vary from 64 kHz to
2.048 MHz in 8 kHz increments.
Master clock. Must be 1.536, 1.544 or 2.048
MHz.

Pin
CLKSEL

FSx

Dx

FSp

Dr

CCLK

Ves

GND1
GND2
GND3
VBaT

RTN

DC

Pin Descriptions-
Master clock select input. Must be connected
high for 1.536 or 1.544 MHz operation. Must be
connected low for 2.048 MHz operation.
Transmit frame synchronization pulse input
which enables BCLK to shift the PCM informa-
tion out of Dx. FSx is an 8 kHz pulse train. See
Figures 8 and 9 for timing details.
The TRI-STATE® PCM data output which is en-
abled by FSx.

Open drain output which pulses low during the
period when the Dx output is enabled.

Receive frame synchronization pulse input which
enables BCLK to shift the PCM information into
DR. FSR is an 8 kHz pulse train. See Figures 8
and 9 for timing details.

Receive data input. PCM data is shifted into Dr
during the receive timeslot determined by FSg.

Control clock used to shift control data into Cl
and out of CO during CS low.

Chip select input. Must be low to enable the
shifting of control data into Cl and out of CO.

The serial control data input used to set the op-
erating state of the module.

The serial status output used to monitor the op-
erating state of the module. CO is TRI-STATE
when CS is high. See Figure 3 for timing dia-
gram.

Open drain interrupt output. A logic low indicates
a change in the status of the subscriber loop, or
a change in thermal shutdown.

Negative power supply. Vgg = —5V +£5%. De-
coupled by internal 0.047 uF to ground.
Positive power supply. Vcc = 5V £5%. Decou-
pled by 0.047 uF to ground.

Ring Relay Driver. Controlled by State Control
Data Word bit D4 (see Table I). It is automatically
turned off when ring trip is detected.

General purpose relay driver controlled by State
Control Data Word bit D5.

General purpose relay driver controlled by State
Control Data Word bit D6.

Low voltage ground. Vg, Vcc and all digital sig-
nals are referenced to these pins. These pins
must be externally connected together close to
the module. Collectively referenced as GND in
electrical specifications.

Negative high voltage supply. VgaT = —42.5V
to —56V.

High voltage ground return. VgaT and all analog
signals are referenced to this pin.

Don’t connect. Do not make external connec-
tions to these pins.
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Functional Block Description

Functional

Block Description

Line Driver | The Line Driver is a differential output
transconductance amplifier which
provides the d.c. power and balanced a.c.
signals to the subscriber line. The d.c.
power is determined by the DC Loop
Impedance Control circuit. The a.c. signal
applied to the line is controlled by the AC
Loop Impedance Control and the analog
signal generated by the TP3054 COMBO
CODEC/Filter from the received PCM
information. Feedback from the Tip and
Ring lines produces an effective
longitudinal input impedance of about
1500 from TIP and RING to RTN (75Q
total). In the presence of large longitudinal
current, each output of the Line Driver is
capable of sourcing or sinking current to
limit the longitudinal voltage.

The Line Receiver monitors the metallic
(differential) voltage on the line in the
presence of large longitudinal (common
mode) voltages.

Line
Receiver

Loop
Impedance
Control

The Loop Impedance Control feeds back
the line voltage to produce a resistive/
inductive d.c. feed impedance for longer
loops and a constant current d.c. feed for
shorter loops while maintaining an a.c. 2-
wire input impedance of 900Q + 2.16 uF
over the voice band, easily meeting the 2-
wire return loss requirements.

Hybrid
Balance
Control

The Hybrid Balance Control circuit
consists of four software selectable
networks, assuring that the 4-wire return
loss requirements are met for a variety of
conditions.

Loop
Supervision

The Loop Supervision circuit monitors the
d.c. current flow in the subscriber loop
under non-ringing state and detects on-
hook, off-hook and replicates dial pulses.

Ring
Supervision

The Ring Supervision circuit monitors the
d.c. current flow in the subscriber loop
during the ringing state. This circuit is
capable of detecting an off-hook condition
in less than 200 ms in the presence of
large a.c. ringing signals. It operates on
loops with ringing superimposed on TIP or
RING, or with balanced ringing. This
supports bridged ringers, ringers to ground
on either TIP or RING and with
superimposed ringers.

Functional

Block Description

Relay Drivers | The three relay drivers are capable of
driving +5V or + 12V relays directly.
RRLY is dedicated to the ring relay and is
automatically turned off when ring trip is
detected by the Ring Supervision circuit.
RLY1 and RLY2 are general purpose.
Relay current is returned to GND3 at pin
26.

COMBO The COMBO CODEC/Filter provides the
PCM filtering, encoding and decoding
functions necessary to interface the PCM
highway to the analog signals on the
subscriber loop. This function is identical
to the industry standard TP3054 COMBO
CODEC/Filter (see the TP3054 datasheet

for full details).

Control
Interface

The Control Interface circuit provides easy
control and monitoring of the state of the
TP3212 via a simple serial interface.
Through this circuit the user can program
the operating mode of the module, and
monitor the line status (see Table | for
details).

Functional Description

POWER-ON

When power is first applied, the power-on reset circuitry ini-
tializes the TP3212 and places it in a standby mode. The
State Control Data Word is cleared to “0”. All unnecessary
circuitry is powered down. The serial control interface and
the loop supervision circuitry remain fully functional. The de-
vice is now ready for activation, either by the user program-
ming it into the ring mode by writing into the State Control
Data Word or by the subscriber going off-hook, powering-up
the device automatically.

THE STATE CONTROL DATA WORD

The State Control Data word is a single eight-bit word as
shown in Table I. Bits DO-D7 of the control word program
the operating state of the device. The module can initialize
the power denial mode by itself in order to protect itself from
damage under a thermal overload condition.

STATUS WORD

The eight-bit Status Word indicates the status of the
TP3212 at the instant a read operation is performed. Table
IV shows the definitions of the status word. A logic high
indicates that the state or function is enabled, a low indi-
cates that it is disabled.

THE CONTROL INTERFACE

The Control Interface consists of a single eight-bit shift reg-
ister and a buffer register. The shift register is written via the
serial input Cl, under the control of CS and CCLK, to pro-
gram the device’s operating state. Several bits of the shift
register may be altered by the device itself in response to
changes in the subscriber loop status. These changes in

1-183

cleedl




TP3212

Functional Description (continued)

state may be read via the serial output CO. The S2 and S3
status bits are over-written by the occurrence of a thermal
overload, forcing the device into the Power-Denial mode. S7
is the hook-switch status bit. A logic “0” for S7 indicates an
Off-Hook at normal mode or Ring-Trip at ring mode at the
instant of accessing the control interface and a logic “1”
indicates on-hook. Any changes in line status, or thermal
shutdown condition will generate an interrupt at INTR out-
put.

TABLE |. State Control Data Word

Control

Bit Description

D7 Selects loop detector’s thresholds.
Must be programmed to *“0” for loop
start and “1” for ground start. This bit
is overwritten by the line supervision

circuitry.

Dé Logical “1” enables RLY2.

D5 Logical “1” enables RLY1.

D4 Logical “1” enables Ring mode, turns
on RRLY and Ring Supervision circuit.
Status Bit S7 indicates ring-trip.

Logical ““0” enables the normal mode.

D3 Used with D2 to select Power denial,
Battery Reversal or On-Hook
Transmission modes. See Table II.
Under Power Denial mode, the Line
Drivers are disabled, denying power to
the subscriber loop. It can be set or
cleared by a write operation. Under a
thermal overload condition, D3 is
forced to “1" and D2 is forced to “0”
in order to protect the device from
damage. As long as the thermal
overload condition exists, the Power
Denial mode cannot be cleared by a
write operation.

D2 Used with D3 to select Power denial,
Battery Reversal or On-Hook

Transmission modes. See Table II.

D1 Used with DO to select hybrid balance

network. See Table IlI.

DO Used with D1 to select hybrid balance

network. See Table Il

TABLE Il. Operating Modes of TP3212

D4 D3 D2 Mode
0 1] 0 Normal
0 0 1 Reverse Battery
0 1 0 Power Denial
0 1 1 On-Hook Transmission
1 X X Ring

TABLE lll. Hybrid Balance Test Networks

D1 DO Reference Test Network
0 0 900Q

0 1 16500//(100Q + 0.005 pF)
1 0 8000//(100Q + 0.05 uF)

1 1 900Q + 2.16 uF

There are several ways of accessing the serial control inter-
face. They are:

a) Write/Read
b) Read/Write
¢) Quick Status Read

In the Write/Read operation, the objective is to change the
state of the device. While shifting the new state control data
into Cl, the previous status information is shifted out of CO.
This data should be compared with the previous status in-
formation to determine if a change had occurred since the
last access.

In the Read/Write operation, the objective is to monitor the
state of the module. While the current status is shifted out at
CO, the last known state of the device is shifted into CI
externally. |f a thermal overload condition has occurred
since the last access, the device will automatically set itself
to the power denial mode (S3 bit will be forced to “1” and
S2 will be forced to *“0”") prior to the access and will be reset
by writing the previous state. This has no detrimental effect,
however, since the power-denial mode will immediately be
set again and the device will remain in the Power-Denial
mode as long as the thermal overload continues to exist. If
ring trip has occurred or the hook switch status has
changed since the last access, the S7 bit will also be altered
by the device. The timing for the Write/Read or Read/Write
modes is shown in Figure 2.

The Quick Status Read operation allows a fast read of the
87 status bit, which indicates if a Ring-Trip or Off-Hook con-
dition exists. It does not cause the shift register to shift, thus
no control data is required. Figure 3 is the timing diagram for
the Quick Status Read Mode.
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Functional Description (continued)

TABLE IV. Status Information Word

Status
Bit Description

S7 Indicates switch hook status. S7 is a 1" if the subscriber is on-hook. If D4 is programmed to be
“0” for normal mode, a logic “0” at S7 indicates off-hook. If the device is in the Ring mode (D4 =
“1"), alogic “0” at S7 indicates ring-trip.

S6 A logic “1” indicates that RLY2 is on.

S5 Alogic “1” indicates that RLY1 is on.

S4 A logic “1" indicates Ring mode is on. RRLY is turned on, and the Ring Supervision circuit is
activated. A logic “0” at S7 indicates that a ring trip has occurred, forcing RRLY to be de-
activated. D4 should be cleared to 0" by a write/read operation in order to program the device
into the non-ringing mode.

S3 82 and S3 indicate Power Denial, Battery Reversal, or On-Hook Transmission mode (see Table
11). When an overload condition exists which raises the junction temperature to exceed about
170°C, the TP3212 will automatically initiate a power denial mode (S3 forced to “1” and S2
forced to “'0”) to protect itself from damage. The device will not go back to the normal mode
even if the thermal overload ceases to exist. The system can determine if the thermal overload
condition has cleared itself by programming the TP3212 into the desired operating mode and
read back status bits S2 and S3. If the overload still exists, the power denial mode will be
activated again as long as the device’s junction temperature exceeds approximately 170°C.

S2 S2 and S3 indicate Power Denial, Battery Reversal, or On-Hook Transmission mode (see Table
).

S1 Indicates the selected hybrid balance test network as shown in Table Iil.

SO Indicates the selected hybrid balance test network as shown in Table lil.
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FIGURE 2. Control Interface Timing—Write/Read or Read/Write Modes
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TP3212

Functional Description (continued)

BATTERY FEED

With VgaT = —52V, the TP3212 provides a nominal appar-
ent battery voltage of —44.9V across TIP and RING. The
module provides a resistive/inductive feed at longer loops.
The d.c. current feed has been designed to guarantee
20 mA into an 18009 loop at nominal battery, and 18 mA
into a 16000 loop at minimum battery of —42.5V. At shorter
loops, the d.c. feed is current-limited to nominally 43 mA in
order to conserve power. At normal battery polarity (D3 = 0
and D2 = 0), TIP is more positive than RING. The current
feed characterisitc is shown in Figure 4.
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FIGURE 4. d.c. Feed Characteristics

2-WIRE IMPEDANCE ) )

The nominal 2-wire input impedance is 900Q + 2.16 pF.
This is shunted by the feeding inductance which is nominally
26 Henries on long loops, and approaches infinity on short
loops.

TRANSMISSION LEVEL

The O TLP is referenced at the PCM interface of the four
wire ports. The TP3212 module has 2 dB loss for both trans-
mit and receive signals. On the 2-wire analog interface, the
transmit is +2 TLP and the receive is —2 TLP. TLP is de-
fined as 0 dBm into 900Q.

HYBRID BALANCE

The Hybrid Balance Control circuit contains four selectable
balance networks which are selected by programming State
Control Word bits DO and D1. The balance networks are
intended to be used with the corresponding reference test
networks for hybrid balance as shown in Table Iil.

LOOP I I
CURRENT OFF=HOOK

ON=HOOK

LONGITUDINAL BALANCE AND LONGITUDINAL
CURRENT CAPABILITY

The 2-wire input of the device exhibits a longitudinal imped-
ance of 1500 from TIP to ground and from RING to ground.
These impedances are extremely well matched and are not
strongly dependent on impedance matching in the external
protection network. The longitudinal voltage is sensed on
the loop side of the protection network and fed back to the
Line Driver, thus any component variations external to the
device can be corrected by the feedback loop. The Line
Driver is capable of handling 21 mAmg of longitudinal cur-
rent in each of the TIP and RING leads.

LOOP SUPERVISION

The Loop Supervision circuit operates in the normal (non-
ringing) state. When control bit D7 is programmed to logic 0,
it enables loop start signalling and a dynamic threshold
comparator in order to maintain the dial pulse break interval
within 46% to 74% regardless of the distortion introduced
by the loop characteristics. The output of the Loop Imped-
ance Control is monitored and off-hook indicated when the
loop current exceeds nominally 13 mA and on-hook indicat-
ed when the current falls below nominally 11 mA, providing
a 2 mA hysteresis. A logic “1” at status bit S7 indicates on-
hook, while a logic ““0” indicates off-hook. When control bit
D7 is programmed to logic “1”, it adjusts the loop compara-

_tor’s thresholds for ground start signalling. Off-hook is indi-

cated when the current from RING to Ground (with TIP
open) exceeds nominally 17 mA and on-hook when the cur-
rent falls below nominally 13 mA.

A typical example of hook switch timing is illustrated in Fig-
ure 5. While in the standby mode, all unnecessary circuitry is
powered down. When Loop Supervision detects off-hook,
the module is powered up, INTR goes low and status bit S7
is cleared (A). The INTR remains active until CS goes low
and status is read, at which time the status of the switch
hook is latched, clearing INTR (B). When the Loop Supervi-
sion detects on-hook, all unnecessary circuitry is again pow-
ered down, status bit S7 is set and INTR is again set low (C).
When the status information is read, the present switch
hook status is latched, clearing the interrupt, and INTR goes
high (D). In the case of either on-hook or off-hook, if the
system fails to read the status before the switch hook re-
verts to its previous state, the interrupt will clear itself (E). If
the device’s control interface is being accessed when off-
hook occurs, i.e., CS is low, INTR is set low immediately (F)
but S7 is cleared only after CS returns high (G). On the next
Read/Write access, S7 is latched.
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FIGURE 5. Typical Hook Switch Detect Timing




Functional Description (continued)

RING SUPERVISION

The Ring Supervision circuit measures the loop current
across two 360 ring sensing resistors with a 1 MQ internal
resistive bridge (see Figure 10). The voltage at the output of
the bridge is filtered, then algebraically added and subtract-
ed from a voltage corresponding to a loop current of about
11 mAdc. Each of the resulting voltages are integrated over
one period of the ring frequency and compared to zero. If
either of the resulting voltages is less than zero for two con-
secutive cycles, ring-trip is detected. RRLY is de-activated,
status bit S7 is cleared to 0" indicating ring trip, and an
interrupt is also generated. Control bit D4 (RING) is not au-
tomatically reset to “0”, it has to be cleared to “0” by a
write/read operation after a ring trip is detected. If the
MCLK is interrupted and stays continuously high or low for
more than 200 ps, the ring relay driver will be turned off.

The ring supervision circuit works with zero to five bridged
ringers (1 ringer = 7 kQ at 20 Hz), with ring frequencies
from 16 to 67 Hz, with ring voltages from 90 to 155 Vrms
applied to either TIP or RING, superimposed on positive or
negative battery voltages of from 42 to 56 volts on loops up
to 1700Q. Furthermore, it operates with up to five ringers
connected from TIP or RING to ground or with up to three
superimposed ringers connected from TIP to ground and
three from RING to ground with a battery voltage of +38
+2V. The ring sensing inputs at TIPS, RINGS, RBUS+ and
RBUS~— when connected as shown in Figure 10, will pres-
ent an effective load of about 500 k) across the ring bus.

A typical example of ring trip timing is illustrated in Figure 6.
When the Ring Supervision circuit detects a ring trip, the
device immediately turns off RRLY, clears S7 and sets INTR
low (A). The interrupt remains active until CS goes low and
the status is read, at which time the status of the switch
hook is latched, clearing INTR (B). Status bit S7 will remain
a zero until the D4 bit is written to a zero, removing the
device from the RING mode (C). At this time, the S7 bit will
indicate the switch hook status. Even though the station
equipment is normally off-hook at this time, S7 will generally
return to a “1” (C) for several milliseconds after D4 is
cleared. This is because the Loop Supervision circuit was
disconnected from the loop during ringing mode (D4 = 1),
and it takes several milliseconds to detect the off hook at
which time S7 will be cleared and INTR will be set low (D).
At this point the device is in the normal (non-ringing) mode,
all necessary circuitry is powered up.

THERMAL
OVERLOAD
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TL/H/10736-7
FIGURE 6. Typical Ring Trip Detect Timing

THERMAL OVERLOAD

The Line Driver incorporates a built-in thermal overload de-
tection circuitry. In the event of a fault on the subscriber line
which causes the Line Driver to reach an internal junction
temperature of approximately 170°C, the Line Driver will
protect itself by forcing the device into the power-denial
mode, S3 is forced to “1” and S2 is forced to “0”. The
device will remain at the power denial mode even though
the thermal overload ceases to exist. After the line fault has
been corrected, the device can be put back into service
under system control (see Table 1V).

A typical example of thermal overload detection timing is
illustrated in Figure 7. When a thermal overload is detected,
S8 is set high and S2 is set low (A), forcing the device into
the Power-Denial mode, and INTR is set low. The interrupt
remains active until CS goes low, clearing INTR (B). As long
as the thermal overload condition exists, the power denial
mode cannot be reset by a write operation (B). When the
thermal overload condition clears, the INTR will again be set
low, but the device continued to remain at power denial
mode (C). Thus the device does not automatically re-apply
power to the line since the fault that originally caused the
failure may still exist and would simply cause the overload to
re-occur. In this example, the power denial mode is cleared
by a control write to normal mode, clearing S2 and S3 to
“0" (D). If the device is being accessed at the instant the
thermal shutdown indication occurs, INTR is set low imme-
diately, but S3 will be set high and S2 will be set low only
after CS returns high (E).
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FIGURE 7. Typical Thermal Overload Detection Timing
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TP3212

Functional Description (continued)

ON-HOOK TRANSMISSION MODE

The device is in the on-hook transmission mode when bit
D3 and D2 of the State Control Data Word is set to the logic
1" and the loop is under “on-hook”. In this mode, the line
drivers operate in a reduced power state but all circuitry is
active. This enables the system to communicate with a sub-
scriber terminal or the subscriber to communicate through
the network or to a terminal in the central office to provide
alarm and telemetry services. When the loop goes off-hook,
the loop supervision circuitry behaves normally and causes
the line drivers to power up. Bit S7 of the Status Information
Word is cleared and an interrupt is initiated. This enables
the system to terminate any transmissions and handle the
call initiation in the normal manner.

PCM INTERFACE

The PCM interface consists of inputs MCLK, BCLK, FSx,
FSg and DR, and outputs Dx and TSx. MCLK controls the
internal operation of the COMBO CODEC/Filter's encoder
and decoder, and must be 1.536 or 1.544 MHz if CLKSEL is
connected high and 2.048 MHz if CLKSEL is connected low.
BCLK shifts the PCM data out of Dx on its rising edge and
latches the PCM data into Dy on its falling edge. It must be
synchronous with MCLK and may be any integer multiple of
8 kHz from 64 kHz to 2.048 MHz. FSx and FSR are 8 kHz
pulse waveforms which determine the beginning of the PCM
data transfer out of Dx and into Dy respectively. Both must
be synchronous with MCLK but may have any phase rela-
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