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CC : Central Controller

CONN : Connector Unit
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HIR H Qigh Imtegrated Bus

EMA H Emersgency. Act.ion Circuit

MM : Main Memary

DCH : Data Chanal

PGH H Processor Communication Chanal
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National
Semiconductor

TP5116A, TP5117A, TP5156A Monolithic CODECs

General Description

The TPS116A, TP5117A and TP5156A are monolithic PCM
CODECs implemented with double-poly CMOS tech-
nology. Tha.TP5116A and TP5117A are intended for g-law
applications and the TP5156A is for A-law applications.
The TP5117A has a D3 compatible format for line card
compatibliity with the TP5156A.

Each device contalns separate D/A and AID circultry, all
necessary sample and hold capacitors, and Internal
auto-zero clrcuits. Each device also contains a precision
internal voltage reference, eliminating the need for an
external reference. There are no internal connections to
pins 15 or 16, making them directly Interchangeable with
CODECSs using external reference components.

All devices are intended to be used with the TP3040
monolithic PCM filter which provides the input_anti-
gliasing function folthe encoder and smooths the output’

of‘'the décoder and corrects for the sin x/x distortion in-
troduced by the decoder sample and hold output.

‘Features .

8 Low operation power — 50 mW fyplcaf
8 +5V operation
B TTL compatibie digital interface

B Internal precision reference on TP5116A, TP5117A and
TP5156A

® {nternal sample and hold capacitors

| Internal auto-zero circuit

| TP5116A—p-law coding (sign plus magnitude format)
® TP5117A—elaw, D3 compatible format

® TP5156A—A-law coding

# Synchronous or asynchronous operation

Simplified Block Diagram

I I DIBITAL
{ AR LOOIC —% Otrron

ANALOE ¢ l SAMPLE AND I
WPUT HOLD ASD l'

AUTO-ZERO

>

< MY ELOCK
< ot syme
‘ MASTER
& acv cLoek
< ROV SYNC
SAWPLE AND HOLD l
ANALOG 4 | 1 ] seame DICITAL
oUTPLT l L l L.""i' * INPUT
- []
Connection Diagram
Dyal-In-Line Package
AnALOG mroT L W L
v LW
v-Y LIS awaL0G snounD
et 12, anaLo ouTryT
MASTER cLocK = L T
xr svne L1 y1gr1aL onound
Xt cLock —H ™% nev erock
DIGITAL QuTPUT - wev svac

TOP VIEW
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Absolute Maximum Ratlngs

DC Electrical Characteristics
Unless otherwise noted T, =0°C to 70°C, V¥ =5.0V 25%, V™ = — 5.0V =5%. Typical characteristics are spactlicd «f
V¥ =60V,V™ = -50V and Ta=25°C. All digital signals are reterenced to DIGITAL GROUND. All analog signals are ruler
enced to ANALOG GROUND.

Operating Temperature -25°Cto +125°C

Storage Temperature ~65°Cto +150°C 1
v* with Respect to DIGITAL GROUND v )

v* withRespecttov ™ . . 1y |
V™ with Respect to DIGITAL GROUND- -7V 7 |
Voitage at Any input or Output V™ -03vtovt +03v . ;

TP5116A, TP5117A, TP515§A

Symbol I Parameter I Conditions Min Typ I Max | Unita

DIGITAL INTERFACE - : - '

l Input Current OV<Vy<Vv ™ -10 10 wh

Vi Input Low Voltage . T 06 v oo

Vin Input High Voltage 22 v

VoL Output Low Voltage lor=32mA | 0.4 v

Von Output High Voltage lon=6 mA 24 v

ANALOG INTERFACE

Z, Analog Input Impedance Resistance in Series with - 2 Y
when Sampling Approximately 70 pF )

20 Output Impedance at Analog 10 20 u
Output

hin Analog Input Bias Current Vin=0V -0.1 0.1 wh

R1xC1 DC Blocking Time Constant T 40 [

c1 .| DC Blocking Capacitor 0.1 oF

R1 Input Bias Resistor X o] 50 h

POWER DISSIPATION

leer Operating Current, V¢ ] 35 7.0 ma

lggy Operating Current, Vgg . 35 7.0 mA

AC Electrical Characteristics
" Unless otharwise noted, the analog inputisa0 dBm0, 1.02 kHz sine wave. The DIGITAL INPUT is a PCM bit stream generates
by passing a 0 dBm0, 1.02 kHz sine wave through an ideal encoder. All cutput levels are sin x/x conected.

. Symbotl Parameter ) Conditions Min Typ Max Ui

Absolute Level The nominal 0 dBmO levels for
the TP5116A and TP5117A are
1.227 Vrms and 1.231 Vrms for.
the TP5156A. The resulting
nominal overioad level is 2.5V
peak for all devices. All gain
measurements for the encode
and decode portions of the 1
devices are based on fhese

nominal levels after the
necessary sin x/x corrections.are
made. ) .
Gpa Receive Gain, Absolute Ta=25°C,V*t =5V, v~ = -5V -0.1 01 - ob
Gpar | Absolute Receive Gain Tp=0°C 10 70°C -0.05 0.05 a
Variation with Température
Gray | Absolute Receive Gain V=8V 5%,V = ~5V25% | ~0.07 0.07 ob
Variation with Supply Voltage .
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AC Electrical Characteristics continued)
Unless otherwise noted, the analog input is a 0 dBmoO, 1.02 kHz sine wave. The DIGITAL INPUT is 4 PCM bit stream generated

% passing 8 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output levels are sin x/x corrected.

$ymbol Parameter Conditions _ Min Typ Max Units -
Gra Transmit Gain, Absolute Ta=25°C, VY =5V,V~ = —5v -0.1 ) 0.1 aB
Gur | Absolute Transmit Gain Ta=0°C to 70°C. -0.05 0.05 dB
Variation with Temperature L M
Gy |Absolute Transmit Gain vt=5vas §5%,V™ = -5V 25% -0.07 0.07 [+1:]
Variation with Supply Voltage
Gaay - |Absolute Receive Gain CCITT Method 2 Relative to
Variation with Leve! -10dBin0
0 dBmoO to 3 dBmO -03 0.3 dB
~ 40 dBmO to 0 dBm0 -0.2 0.2 dB
~ ~50 dBm0 to — 40 dBmO -04 0.4 ds
o - 55 dBm0 to - 50 dBm0 -10 1.0 dB
8uy | Absolute TransmHt Gain CCITT Method 2 Relative to
Variation with Level -10 dBmO
0 dBmo0 to 3 dBm0 -03 0.3 dB
=40 dBm0 to 0 dBm0 -02 0.2 ds
~ 50 dBm0O to - 40 dBm0 ~0.4 0.4 ds
- 55 dBm0 to - 50 dBmoO -10 1.0 dB
$D0¢q Receive Signal to Distortion Sinusoldal Test Method Input \
Ratio Level \
- 30 dBm0 to 0 dBmO 35 dBc
—-40d8mo. 29 dBc
—45dBm0 25 dBc
$Dy Transmit Signal to Distortion | Sinusoidal Test Method Input
Ratio Level
~ 30 dBmO to 0 dBmO 35 dBc
—40 dBmO 29 dBc
-45dBm0 25 dBc
Ng Receive idle Channe! Noise Dgp=Steady State PCM Code 0 dBrncO
4, Transmit idie Channel Noise TPS116A. TP5117A, VF, =0V 13 dBrncO
. (No Signaling)
) TP5156A, VF, =0V ~67 dBm0p
L+ Recelve Harmonic Dis{ortion 2nd or 3rd Harmonic - 47 dB
WDy Transmit Harmonic Distortion | 2nd or 3rd Harmonic ) g -47 dB
FPSRy |-Positive Power Supply Input Level = OV, Ve =5.0 Vpe 50 dB
Rejection, Transmit +20 mVrms, { =1.02 kHz
PPSRy | Positive Power Supply Dgp=Steady PCM Code, * 40 dB8
Rejection, Receive Vee=5.0 Vpe + 20 mVims,
f=1.02 kHz
4PSRy | Negative Power Supply Input Level =0V, Vgg=-~5.0 Vpc 50 dB
Rejection, Transmit +20 mVrms, f =1.02 kHz
4PSRL | Negative Power Supply Dp=Steady PCM Code, 45 dB
Rejection, Receive Vpp= = 5.0 Vpc + 20 mVims,
f=1.02 kHz
Lty | Transmit to Recelve Crosstalk | Dg = Steady PCM Code -75 ds
Clay Recelve to Transmit Crosstalk | Transmit input Level = ov, ~-70 dB

9.225
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TP5116A, TP5117A, TP5156A

Timing Specifications uniess otherwise noted, To= 0°C1070°C,V* - +5V 2 5%,V = ~ 5V 2 5%. Allaigtal
signals are referenced to DIGITAL GROUND and are measured at Vy and V, as indicated in the Timing Wavetorms.

Symbot Parameter Conditions Min » Typ Max Units
Fu MASTER CLOCK Frequency 1.5 2.048 21 MH2
Fx, Fr XMIT, RCV CLOCK Frequency ’ 0.064 2.048 21 MH2
PWcik | Clock Pulse Width MASTER, XMIT, RCV CLOCKS | .150 ns
taG: trc Clock Rise and Fall Time: MASTER, XMIT, RCV CLOCKS ) 50 ns
ths. trs Sync Pulse Rise and Fall Time RCV, XMIT SYNC 50 ns
tacs: txcs 4Clock to Sync Delay RCV, XMIT 0 ns
txss XMIT SYNC Set-Up Time 150 ns
txp0 XMIT Data Delay Load = 100 pF +2 LSTTL Loads 200 ns
{xpp XMIT Data Present Load = 100 pF + 2 LSTTL Loads 200 ns
txor | XMIT Data TRI-STATE* 7 150 ns
tsac | RCV CLOCK to RCV SYNC Delay 0 ns
tros RCV Data Set-Up Time ’ 0o ns
trss RCV SYNC Set-Up Time 150 ns
tROH RCV Data Hold Time 100 ns
txs -| XMIT SYNC Low Time 64 kHz Opetation 300 ns
tRsL RCV SYNC Low Time 64 kHz Operation 17 {Note 1

Note 1: ACV SYNC must remain low tor 17 cycies of MASTER CLOCK.

Timing Waveforms

72 kHz or Greater Operation
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Description of Pin Functions

Function

ANALOG INPUT to the en-
coder. This signal will.be
sampled at the end of the
encoder tinie slot and the
resulting PCM code will be
shifted out during the
subsequent encode time
v slot.

Pin No.
11 ANALOG INPUT
t

Name

2 v+t 5V (£ 5%) input.

3 v~ -5V (25%) input.

4 NC Unusad.

5 MASTER CLOCK MASTER CLOCK input

used to operate the Inter-
nal encode and decode
sequencers. Should be
1.536 MHz, 1.544 MH2z or
2.048 MHz.

Encoder frame sync pulse.
Normally occurring at an
8 kHz rate, this pulse is
nominally eight XMIT
CLOCK cycies wide.
Transmit bit clock input
used to shift out the
PCM data on DIGITAL

6 XMITSYNC

7 XMIT CLOCK

QUTPUT. May operate.

{rom 64 kHz t0 2.048 MHz.
May be asynchronous with
RCV CLOCK.

Serial PCM TRI-STATE®

output from encoder. Dur-
ing the encoder time slot,
the PCM code lor the previ-
ous sample of ANALOG
INPUT is shifted out, most,
significant bit first, on the
rising edge ofi XMIT
CLOCK.

8 DIGITAL QUTPUT

Functional Description

Approximately 4 xs after the rising edge of the XMIT SYNC
pulse, the voltage present on the ANALOG INPUT is
sampled and the process of encoding that sampile into a
PCM code is begun. Simultaneously, the 8-bit PCM code
corresponding to the previous sample is shifted out of the
DIGITAL OUTPUT, MSB first, on the rising edge of the next
eight cycles.of the XMIT CLOCK. When XMIT SYNC (which
rmally eight XMIT CLOCK cycles long) goes low, the
ATE® DIGITAL OUTPUT is returned to the high im-
rte On the TP5116A, the PCM codeis in a p-law
agnitude format. The TP5117A PCM output is
the standard p-law format wherein the magnitude bits are
inverted. The TP5156A uses the standard A-taw coding.

An 8-bit PCM code Is shifted into DIGITAL INPUT on the
nsing edge of the first eight RCV CLOCK pulses after
ACV SYNC goes high. RCV SYNC is nominally eight RCV
CLOCK cycles wide. Approximately 15 us after RCV

Description of Pin Functions continueq)

-Pin No. Name Function

8@ RCVSYNC Decoderframe sync pulse.
Normally occurring at an
8 kHz rate, this pulse is
nominally eight RCV
CLOCK cycles wide.

10 .RCV CLOCK Receive bit clock input
used to shift in the
PCM data on DIGITAL
INPUT. May operate from
64 kHz to 2048 MH2. May
be asynchronous with
XMIT CLOCK.

11 DIGITAL GROUND Al digital levels refer-
enced to the DIGITAL
GROUND pin.

12 DIGITAL INPUT Serial PCM data input to
the decoder. During the
decoder time ‘slot, PCM
data is shifted into
DIGITAL INPUT, most sig-
nificant bit first, on the ris-
ing edge of RCV CLOCK.

ANALOG .OUTPUT 1rom
the decoder. The decoder
sample and hold amplifier
Is updated approximately
15 us after the end of the
decode time slot.

13 ANALOG OUTPUT

14 ANALOG GROUND- All analog sign‘als are

referenced to the ANALOG

GROUND pin.
15 NC Unused.
1% NC Unused.

SYNC goes low, the ANALOG OUTPUT Is updated to the
voltage correspondmg to the PCM input code.

All encoding and decoding operations are run off the,
MASTER CLOCK. MASTER CLOCK should be inthe"

range of 1.536 MHz to 2.048 MHz and should be syn-
chronous with XMIT CLOCK and RCV CLOCK. The XMIT
and RCV CLOCK may vary from 64 kHz to 2.048 MH2.

Encoding Delay

The encoding process begins immediately at the begin-
ning of the encode time slot and is concluded no later
than 18 time slots later. In normal applications, the PCM
data is not shifted out until the next time slot 125 us later,
resulting in an encoding detay of 125 ys. In some applica-
tlons it is possible to operate the CODEC at a higher
frame rate.to reduce this delay. With a 2.048 MHz
MASTER CLOCK, the FS rate could be increased to
15 kHz, reducing the delay trom 125 us 10 67 ps.

T
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TP5116A,TP5117A, TP5156A

Functional Description (continueq)
Decoding Delay

The decoding process begins immediately after the end
of the decoder time slot. The output of the decoder sam-
ple and hold ampiifier is updated 28 MASTER CLOCK
cycies later. The decoding delay Is theretore approxi-
mately 28 ciock cycles plus one half of a frame time or,
81 s for a 1.544 MHz system with an 8 kHz frame rate o,
76 us for a 2.048 MHz system with an 8 kHz frame rate.
Again, for some applications the frame rate could be in-
creased o reduce this delay.

Typical Application

A typical application of these CODECs used in conjunc-
tion with the TP3040 PCM filter is shown below. The values

of resistor R1 and DC blocking capaciior C1, are non-
ciitical. The capacitor value should exceed 0.1 uF, B2
should be less than 50 k{l, and the product R1 x C1 shouid
exceed 4 ms.

XMIT GAIN =20 x log (m +R2

)"‘+3ds

RCVGAIN =20 x jog (—R‘—‘
R4 + RS

The power supply decoupling capacitors should be
0.1 uF. In order to take advantage of the excellent noise
performance of these CODECSs, care must be taken in
board layout to prevent coupling of digital noise ingo the
sensltive analog iines. For card insertion into a hot con-
nector, care should be taken to insure that GNDA and
GNDD are contacted prior 10 Vg and Vgg.
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TP3040/TP3040A

7d National .
Semiconductor

TP3040/TP3040A PCM Monolithic Filter - . -

General Description

The TP3040/TP3040A filter Is a.monolithic circult contain-
ing both transmit and receive filters specifically designed
for PCM CODEC filtering applications in 8 kHz sampled
systems.

The filter Is manutactured using double-poly sllicon gate
CMOS technology. Switched capacitor Integrators are
used to simulate classical LC ladder filters which exhibit
low component sensitivity.

TRANSMIT FILTER STAGE

The transmit filter i$ a fifth order aitiptic low pass filter in
serles with a fourth order Chebyshev high pass filter. it
provides a flat response In the passband and rejection of
signals below 200 Hz and above 3.4 kHz.

RECEIVE FILTER STAGE

The receive fiiter Is a fifth order elliptic low pass filter
desighed to reconstruct the voice signal from the
decoded/demuiltiplexed signal which, as a result of the
sampling process, is a stair-step signal having the
Inherent .sin wx fraquency response. The receive filter
approximates the function required to compensate for the
degraded frequency respohse and restore the flat pass-
band response.

Features .

8 Exceeds all D3/D4 &ihd CCITT specifications
8 +5V, -5V powersupplies

B Low power consumption:
45 mW (6000 0 dBm load).
30 mW (power amps disabled)

@ Powerdown mode: 0.5 mW

® 20 dB gain adjust tange

8 No external anti-aliasing components
B Sin x/x correction in receive filter

M 50/60 Hz rejection in transmit filter

B TTL and CMOS compatible logic

B All inputs protected against,static discharge due to
handling

Block and Connection Diagrams

Dual-in-Line Package
[ e e
' TRAANSMIT FILTER I
Vh- 2 M i T J
= HIGH PASS LOW PASS P05 18 1 16
0 .~ PREFILTER FILTER suten [ ¥]  ewten T vee Vi [ VFa0
VFgie } 1 2 15
] y VFyi- ] | —~anoA
U U, DD S | " ) "
s Prapel [ cixo
o cuack u vigo- ALY
SELECT
PwAD- L0GiC Tk 3 7]
; PRI —t b= cLx
! — e —— — | — — — — — G— — L) AL}
r ¢ | PWADe ] AT
! ! rno--L 1 veqr.
s ot d #0ST. —] towrass PAE- L]
PWRDs ] FILTER FILTER HUER 1T | | v vor -t o vee
L ——— RECEIVE FILTER !
—m e - e amm . —— o o od
s I 4 ]i I 0 In " ] Tor vitw
MR VgD . vee s GNDD GHDA ron
‘ FIGURE 1
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Absolute: Maximum Ratings

Supply Voltages

Power Digsipation

wout Voitage

Output Shorl-Clrcuit Duration

1+ Oparating

Temperature Range

, Storage Temperature
\»ad Temperature (Soldering, 10 seconds)

!! DC Electrical Characteristics

Unless ‘otherwise noted, To=0°C to 70°C, Vgc=5.0V 5%, Vgg= ~-5.0V%5%, clock lreguency is 2048 MHz. Typlcal
parameters are specified at T, = 25°C, Vec=5.0V, Veg= — 5.0V. Digital interface voltages measured with respecl to digltal
ground, GNDD. Analog voltages measured with respect to analog ground, GNDA.

7V
1Wi/Package
=7V

Continuous
—25°Cto +125°C
—65°Cto +150°C
300°C

Symboll Parameter I Conditions I Min I Typ | Max l Units
POWER DISSIPATION
lecco | Ve Standby Current PDN = Vpp, Power Down Mode 50 100 kA
leso Vgp Standby Current PDN = Vpp, Power Down Mode 50 100 A
leet Vee Opératlng Current PWRI = Vgg, Power Amp Inactive 3.0 4.0 mA
lpgs Vpgp Operating Current PWRI = Vgg, Power Amp Inactive 3.0 4.0 mA
lec2 V¢ Operating Current Note 1 4.6 6.4 mA
las2 Vpp Operating Current Note 1 4.6 6.4 mA
DIGITAL INTERFACE 1
we  |Input Current, CLK Vpas VinsVee -10 10 | kA
e {Input Current, PDN VgasVinsVee -100 rA
Ino  |input Current, CLKO VepsVins Voo -2V -10 -0.1 A
Vi input Low Voitage, CLK, PON 0 0.8 v
Viy | Input High Voitage, CLK, PDN 2.2 Veo v
Vie Input Low Voltage, CLKO Vag Vgg+05] V
Vio Input Intermediate Voltage, CLKO -08 0.8 v
Vino Input High Voltage, CLKO Vee—-05 Veo v
TRANSMIT INPUT OP AMP
18,1 Input Leakagé Cﬁrrent, VF,l VpgsVFRlIsVee ~100 100 nA
RiJ Input Resistance, VF,| Vege=VRl=Vcc 10 Mo
VOS,) |Input Offset Voltags, VFJ} T -25vsViys+25V -20 20 mv
Vem Common-Mode Range, VFJ’ -25 25 v
CMRR | Cornmon-Mode Rejection Ratio -25VgViys2.56v "60 i dB
PSRR | PowerSupply Rejection of Ve 60 da8
or Vgg
Rot Open Loop Output Reslistance, 1 kN
GS,
2" Minimum Load Resistance, GSy 10 ka
Cy Maximum Load Capacitance, GS, 25 pF
“voy | Output Voltage Swing, GS, R.z 10k %25 v
AyoL | Open Loop Voltage Gain, GS, Ry = 10k 5,000 VIV
Fe Open Loop Unlty Gain Bandwidth, 2 MHz
GS
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AC Electrical Characteristics

Unless otherwise speclfied, T, = 25°C. All parameters are specified for a signal leve! of 0 dBmO at 1 kHz. The 0 dBm0 lusci s

.assumed to be 1.54 Vrms measured at the output of the transmit or receive filter.

Symbol ]

Parameter l

Conditlons

[ | o [ war | ome

TRANSMIT FILTER (Transmi! fliter input op amp set to the non-inverting unity gaig mode, with VF, 1= 1.1 Vrms uniess othe
wise noted.)

TP3040/TP3040A

AL,
cL,
RO,
PSRR1
PSRR2
GA,

GR,

DA,
oD,

DRy
DR2
NC,1
NC,2
GALT
GA,S

CTax

GR,L

Nilnlmuﬁ\ Load Resistance, VF,0O
Load Capacitance, VF,0

Output Resistance, VF,0

Vg Power Supply Rejection, VF,0
Vaa-Power Supply Rejection, VF,0
Absolute Gain )

Galin Retative to GA,

Absolute Delay at 1 kHz

Ditferential Envelope Delay from
1 kHz to 2.6 kHz :

Single Frequency Distortion
Products

Distortion at Maximunt Signal
Level

[Total C Message Noise at VF,0
Total C Message Noise at VF,O

Temperature Coefficient of.
1 kHz Gain

Supply Voltage Coefficient of
1 kHz Gain

Crosstalk, Recelve to Transmit

20 log -V—F’P-

FgrO
Gaintracking Relative to GA,

f=1kHz, VFI+ =0 Vrms
Same as Above
= 1kHz (TP3040A)

*|1=1kHz (TP3040)

Below 50 Hz

50 Hz

60 Hz

200 Hz (TP3040A)

200 Hz (TP3040)

300 Hz to 3 kHz (TP3040A)
300 Hz to 3 kHz (TP3040)
3.3 kHz

3.4 kHz

4.0 kHz

4.6 kHz and Above

0.16 Vims, 1 kHz Signal Applied to
VF, +, Gain =20 dB, R, =10k

Gain Setting Op Amp at 2048,
Non-lnverting, Note 3
To=0°Ct070°C

Vee=5.0V 2 5%
Vaa = =5.0V+5%

Recelve Filter Qutput =2.2 Vrms

Measure VF,0

Output Level = +3 dBmO
+2dBm0 to - 40 dBmO
—~40dBm0 to -55 dBm0

VFJ+ =0 Vims, f=0.2 kHz to 3.4 kHz

10

a0 -

29
2.875

-15
-15
-0125
-0.15
-0.35
-0.70

=01
-0.05
~01

3.0
30

-4
-35

-15

0.0004

0.01

| -35

| -14

25
3

kR
3.125

-35

0.05
0.125

0.15

0.03
-0

-32
230

-4y

~45

-70

Q.1
0.06
0.1

cb

M

PN

[Hiy]

-h

o

€ €. 3
o
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AC Electﬂcal Characteristics (continued) {
Unlegg otherwise specified, T, = 25°C. All parameters are specified for a signal level of 0 dBmo at 1 kHz, The 0 dBmO level is

mumed to be 1.54 Vrms measured at the output of the transmit or recelve filter.

Symbol ] Parameter Conditions I Min I Typ I Max I Units
SECEIVE FILTER (Unless otherwise noted, the recelve filtér is preceded by a sin x/x filter with an input signal level of 1.6 Vrms.)
", Input Leakage Current, VFgl ~3.2VsVys3.2V =100 100 nA
i Mg Input Resistance, VFg! [ 10 M
80y [Output Resistance, VFRO 1 3 |- n
Cla Load Capacitance, VFRO B 25 pF
M Load Flesistance, VFRO 1Q kf}
PSRRI | Power Supply Rejection of Vo or [VFR! Connected to GNDA 35 d8
Vpg. VFgO f=1kHz )
¥0S40 | Output DC Offset, VFRO VFgl Connected 10 GNDA -200 200 mv
GAe | Absolute Galn f= 1 kHz (TP3040A) -0.1 0 0.1 dB
f= 1 kkz (TP3040) -0.125 0 0.125 dB
GRy | Galn Relative to Gain at 1 kHz Below 300 Hz 0.125 ds
300 Hz to 3.0 kHz (TP3040A) -0.125 0.125 dB
300 Hz to 3.0 kHz (TP3040) ~0.15 0.15 dB
3.3 kHz ~0.35 0.03 d8
3.4 kHz -07 -0.1 dB
4.0 kHz y ~14 d8
4.6 kHz and Above - 32. dB
DAy | Absolute Delay at 1 kHz 100 uS
D0, { Differential Envelope Detay 1 kHz ) 100 us
to 2.6 kHz
D%t | Single Frequency Distortion f=1kHz -48 | dB
Products
0Pa2 | Distortion at Maximum Signal 2.2 Vems Input to Sin x/x Filter, - 45 dB
Leve! | I=1kHz, R = 10k
NCp | Total C-Message Noise at VFgO 3 5 dBrnc0
CAqT | Temperature Coefficient of 1 kHz 0.0004 dB/°C
Galn
GARS | Supply Voliage Coefficient of 0.01 dB/V
1 kHz Galn
FT“ Crosstalk, Transmit to Recelye Transmit Filter Qutput =2.2 Vrms -70 dB
VFrO VFgl =0 Vrms, { =0.3 kHz 16 3.4 kHz
20 log —— .
VF,0 Measure VFRO
GRgL. | Gaintracking Relative to GAg Output Level = '+ 3 dBm0O -0.1 0.1 ds
’ +2dBm0 to — 40 dBmO -0.05 0.05 dB-
— 40 dBm0 to - 55 dBm0 -0.1 0.1 dB
Note § )
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AC Electrical Characteristics (continveq)
Unless otherwise specified, T, = 25°C. All parameters are specified for a signal level of 0 dBm0 at 1 kHz. The 0 dBm0 levei s
assumed to be 1.54 Vrms measured at the output of the transmit or receive fiiter.

TP3040/TP3040A

Symbol I Parameter J Conditions Min ] Typ { Max I Unas
RECEIVé OUTPUT POWER AMPLIFIER
IBP  |Input Leakage Current, PWRI ~32VsVys3.2V 0.1 3| A
RIP Input Resistance, PWR! .. 10 W
ROP1 [ Output Resistance, PWRO +, Amptifiers Active 1 ]
PWRO - '
cLP L.oad Capacitance, PWRO +, 500 oF
PWRO ~ R
GAp+ |Gain, PWRI to PWRO + R =6000 Connected Between Vi
GAp- | Gain, PWRI 1o PWRO - PWRO + and PWRO -, Input = ¥
- ) ’ Level =0 dBmO (Note 4)
GRpL | Gaintracking Relative to 0 dBm0 | V =2.05 Vrms, R, = 6000 (Notes 4, 5) -01 0.1 ab
Output Level ’ V=175 Vrms, R = 3000 Y =041 0.1 b
S/Dp | Signal/Distortion V =205 Vrms, Ry = 600! -45 ot
2 ) 4 N
V.= 1.75 Vrms, R, = 3000 "N ot€s 4 3] | -5 |
VOSP | Output DC Offset, PWRO +, PWRI! Connected to GNDA ~50 50 m
PWRO -~ -
PSRRS | Power Supply Rejection of Ve PWRI Connected to GNDA 45 ob
or Vag
Note ¥: Maximum power consumption will depend on the'load impedance connecled to the power amplitier. The sp hsted 0cbma

10 60011 co trom PWRO + 10 PWRO -,
Nole 2: Voitage input to receive tifter at 0V, VFRO connected to PWRI, 6001 from PWRO + to PWRO ~. Output measured from PWRO + to PWRO -.
Note 3: The 0 dBmO level for the tilter 15 assumed to be 1.54 Verms measured al the output of the XMT or RCV fitter.
Note 4: The 0 BBmO ievel lor the power ampl For A = 6001 to GNDA,)me 0dBm0 level 15 1.43 vims measured al the amphtier out;.:
For Ry_= 3000 the 0 dBmO level 15 1.22 Vims.
Note §: VFRO connecteo to PWRY, input sighai applied 1o VFgl.

s18'tuad dep

Typical Application

R2 A
AAA
INTERFACE CIRCUIT I VWA X .
P em en e e e e o o e - LR GKDA
I TRANSFORMERS : T ? 1
| 00 = "
I !|; vege Vi 19 Vh0] b, ;‘.,';
I wS !
1 3!
! won 1l
l =4 TPI040/TFI40A TPz
1 gl R
! i PWAC- PON [
RENE (1Y
§00 4
" § 10 10 >
1 /A [ L1 TR— VEgo Vgt vig Op [¢—
'L i s :
- o——————— 4 " s
e AAA AAA
VWA V
= GNDA
Note 1: T, gegain= mgznz x v/ 2 (The filteritsel! introduces a3 08 gain), {R1 + R22 10k)
R4
Note 2: Recevegaine —.——
YOO By R
{R3+ R4z 10K

Rote 3: Inthe contiguration shown, the receive ﬁllet power amplitiers will drive a 60021 T 10 R termination 1o @ maximum signat level of 8.5dBm. An alternatu
[+ using a ] inging ratio equi 10 1.414:1 and 3000 Rg, will provide a signat ievel of 10.1 aBm across & 600
termination impedance.

FIGURE 2
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ption of Pin Functions

Function

The non-inverting input to
the transmit filter stage.
The Inverting input to the
transmit filter stags, -
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 hybrid.

The input to the receive filter
ditferential power amplifier.
The non-inverting output of
the receive flltér power
amplifier. This output can
directly interface conven-
tional transformer hybrids.
The Inverting output of the
recelve {Iiter power amplifier.
This output can be used with
PWRO + to differentially
drive a transformer hybrid.
The negative power supply
pin. Recommended input Is
-5V

The positive power supply
pin. The recommended Input
is 5V,

The input pin for the receive
filter stage.

Typical Performance Characteristics

AMPLITUDE {¢8)"

Transmit Fliter Stage

"
[

[ R)

t "
~FREQUENCY {WH1}

Pin
No.

3]

12

13

14

15

16

AMPLITUDE (48)

Name
GNDD

CLK

PDN

CLKO

GNDA

VF,0

Function

Digltal ground input pin, Al}
digital signals are refer.
enced to this pin.

Master Input clock. Input fre-
quency can be selected as
2048 MHz, 1.544 -MHz or
1.536 MHz.

The Input pin used to power
down the TP3040/TP3040A
during Idle periods. Logic 1
(Vce) input voltage causes a
power down condition. An in-
ternal pull-up is provided.

This input pin selects In-
ternal counters in accord-
ance with the CLK input
clock frequency:

CLK  Connect CLKO to:

2048 kHz2
1544 kHz.
1536 kHz
An Internal
provided.

Anglog ground Input pin. Alt
analog signals are refer-
enced to this pin. Not inter-
nally connected to GNDD.

Vee
GNDD

Vs
pull-up Is

The output of the transmit
filter stage.

Recoive Flitar Stage

FriTen

1

FREQUENCY (kMz}
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e
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o
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TP3040/TP3040A

Functional Description

The TP3040/TP3040A monolithic fllter contains four main
sections; Transmit Fiiter, Recelve Filter, Recelve Fliter
Power Amplifier, and Frequency Divider/Select Logic
(Figure 1). A brief description of the circuit operatlon for
each section is provided below.

Transnilt Fliter

The input stage of the transmit filter Is a CMOS opera-
tiona! amplifler which provides an input resistance of
greater than 10 M2, a voltage gain of greater than 10,000,
low power consumption (less than 3 mW), high power sup-
ply rejection, and Is capable of driving a 10 kQ load in paral-
le! with up to 25 pF. The Inputs and output of the amplifier
are accessible for added flexibitity.-Non-inverting mode,
Inverting mode, or differential amplitier mode operatlon
can be implemented with external resistors. It can also be
connected to provide a galn of up to 20 dB without
degrading the overall filter performance.

The Input stage Is followed by a prefilter which Is a two-
pole RC active low pass fliter designed to attenuate high
frequency noise before the Input signal enters the
switched-capacitor high pass and low pass fllters.

Ahigh pass fllter is provided to reject 200 Hz or lower nolse
which may exist in the signal path. The low pass portion of
the switched-capacitor fliter provides stopband attenua-
tlon 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 fliter which attenuates
clock frequency noise by at least 40 dB. The output of the
transmit tilter Is capable of driving a = 3.2V peak to peak
signal Into a 10 k{1 load in paraliel with up t0 25 pF.

Recelve Filter

The Input stage of the receive filter is a prefilter which is
similar to the transmit prefiiter. The prefilter attenuates
high frequency noise that may be present on the receive
input signal. A switched capdcitor low pass filter follows
the prefilter-to provide the necessary passband flatness,
stopband rejection and sin x/x gain correction. A postfiiter
which is similar to the transmit posttilter foliows the low
pass stage. It attenuates clock frequency noise and pro-
vides a low output impedance capabile of directly driving
&n electronic subsciiber-line-interface circuit.

Recelive Fliter Power Amplifiers

Two power amplifiers are also provided to interface to
transtormer coupled line clrcuits. These two amplifiers
are driven by the output of the receive posttilter through
Qain setting resistors, R3, R4 (Figure 2J. The power
amplifiers can be deactivated, when not required, by con-
necting the power amplifier input (pln 5) to the negative
power supply Vgg. This reduces the total tilter power con-
sumption by approximately 10 mW-20 mW depending on
output signal amplitude.

Power Down Control

A power down mode I8 also provided, Alogic 1 powst Goes
command applied on the PDN pin (pin 13).wlil recuce e
total fliter power consumption to jess than 1 mw enf
clamp the power amplifier outputs 10 Vgg. Connect PON®
GNDD for normal operation.

Frequency Dlivider and Select Logic Circult

This clrcuit divides the external clock frequency oown &
the switching frequency of:the low pass and high pas
switched capacitor fiiters, The divider also contane &
TTL - CMOS interface-circuft- which converts the exiens
TTL clock level to the' CMOS logic leve! required for e

gdivider loglc. This Interface circulf can also be Girecty

driven by CMOS logic. A frequency select clrcult is prows
ed to allow the filter {o operate with 2.048 MHz, 1.544 My
or 1.536 MHz clock frequencies. By connecting the ke
quency select pin CLKO (pin 14) to Ve, 8 2.048 MHz coa
input frequancy is selected. Digital ground selects 1544
MHz and Vgg selects 1.538 MHz.

Applications Information

Gain Adjust

Figure 2 shows the signal path interconnections belwees
the TP3040/TP3040A and the TP3020 singlochave
CODEC. The transmit RC coupling components havs tees
chosen both for minimum passband droop and 10 presect
the correct Impedance to the CODEC during sampting

Optimum noise and distortion performance wiit be
talned from the TP3040/TP3040A fliter when operated s>
system peak overload voltages of £ 2.5Vto £3.2Vaivi 0
and VFRO. When Interfacing to a PCM CODEC with a pest
overload wvoltage outside this range, further gain o e
tenuation may be required.

For example, the TP3040/TP3040A filter can be used wer
the TP3000 series CODEC which has a 5.5V pedk overuad
voltage. A gain stage following the transmit filler ouisnt
and an attenuation stage followlng the CODEC output aw
required.

Board Layout

Care must be taken In PCB layout to minimize powes s
ply and ground noise. Analog ground (GNDA) of sach fuie
should be connected to digital ground (GNDD) 8!8 singe
point, which shouid be bypassed to both power supi-es
Further power supply decoupling adjacent 10 sach L.as
and CODEC is recommended. Ground {0ops shovad be
avoided, bath between GNDA and GNDD angd bulwee be
GNDA traces of adjacent filters and CODECs.
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