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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
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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.
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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.

1-30




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
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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
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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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>