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G8912B

Microcircuits

CMOS PCM Transmit/Receive Filters

Features

* Monolithic device includes both transmit and receive filters
Compatible with Bell D3/D4 and CCITT G.712
Transmit filter rejects 50/60Hz
Receive filter includes Sin x/x correction
External gain adjustment of both transmit and receive filters
Direct interface with transformer or electronic 2-to-4 wire
converters
* Low power consumption:

20mW typical without power amps

30mW typical with power amps

0.4 mW Power Down Mode
* Anti-aliasing pre-filters on both transmit and receive filters
¢ Pin-for-pin compatible with Intel 2912

General Description

The CMD GB912B is a monolithic device containing both
receive and transmit filters required for the analog termination
of a PCM line or trunk. The transmit filter perofrms the 50-/60
Hz power line frequency rejection and the antialiasing function
needed for an 8KHz sampling system. The receive filter has a
pre-filter to eliminate aliasable codec noise, a low pass transfer
characteristic and provides the Sin x/x correction required after
D/A signal conversion by a suitable codec.

The G8912B is fabricated using CMD double-poly CMOS tech-
nology. Switched capacitors are used for the filter design. The
G8912B interfaces directly with an electronic or transformer
2-to-4 wire converter. When interfacing with an electronic con-
verter, the on-chip power amplifiers may be deactivated, thus
reducing power dissipation.
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Absolute Maximum Ratings: (Note 1)

This device contains circuitry to protect the inputs againstdamage

Parameter Symbel Vaive due to high static voitages or electric fields; however, itis advised
Voo With Respect to Vss Vdc -0.3Vto -4V that normal precautions be taken to avoid application of any voitage
Input/Output Voltages With higher than maximum rated vaiues.
Respect to Vss Vdc -0.3V to Voo Notes:
All Qutput Currents foo/1ss *50 mA 1. Exceeding these ratings may result in permanent damage. Functional
Operating Temperature Ta -40°C to +85°C operation under these conditions is not implied
Storage Temperature Ts -65°C 10 -150°C

DC and Operating Characteristics: GRDA = GRDD = 0V uniess otherwise noted, Vo0 = =5V, Vss = -5V, Ta = 0°C to 70°C

Parameter Symbol Min Typ Max Units R Test Conditions
Operating Suppiy Volitages Vss -5.25 -5 -4.75 \ Ref. to GRDA
Voo 475 5 5.25 \

Voo Stanccy Current looo 40 100 uA PDWN = Voo

.35 Standby Current 1$s0 10 100 wA

Voo Operating Current loo1 20 40 mA PWRI = Vss

Vss Operating Current : (133 2.0 4.0 mA Power Amps Inactive
Vop2 Operating Current oo2 3.0 6.4 mA With Power Amps
Vss2 Operating Current Iss2 30 6.4 mA {Outputs Unloaded)
input Load Current, CLK tuc -10 1 -10 wA VIN = O to VDD

input Load Current, CLKS lus -10 1 +10 uh VIN = VSS to VDD
Input Load Current, PDWN Lp -100 -1 +100 uA ViN = 0 to VoD

input Low Voltage, CLK, PDWN Vi 0 0.8 \

input Low Voltage, CLKS viLs Vss Vss - 0.5 \

Input High Voltage, CLK, PDWN ViH 2.2 Voo \"

Input High Voltage, CLKS VIHS Voo -0.5 Voo v

Input intermediate Voltage, CLKS Vis -1.0 1.0 \

Transmit Filter Gain Setting Amplifier
Input Leakage Current, VFxl +, VFxi- t8xi -100 100 nA Vss < Vin < Voo
Input Resistance, VFx! -, VFxI- Rixi 10 M
Input Oftset Voltage, VFxi =, VFxI- Vosxi -25 -25 mV
Power Supply Rejection, GSx PSRR1 50 70 dB
Common Mode Rejection, VFxI =, VFxI- CMRR 55 65 d8 -25VE< VN +2.5V
DC Open Loop Voltage Gain, GSx AvoL 60 70 dB
Open Loop Unity Gain Bandwidth, GSx fc 1.0 MH2
Output Voltage Swing, GSx Voxi *25 *35 v RLZ 10K}
Load Capacitance, GSx Cux 50 pF
Minimum Load Resistance, GSx Ruxi 10 K2
Common-Mode Range, VFxi Vem -2.5 +25 v
Transmit Filter
Output Resistance. VFxO ROX 1 3 Q0
Qutput DC Offset, VFxO Vosx -150 +150 mv VFxl + Connected 10 GRDA,
input Op Amp at unity gain

Power Supply Rejection of Voo PSRR2 33 38 d8

at 1KHz VFxO

Power Supply Rejection of Vss PSRR3 30 35 dB

at 1KHz VFxO

Load Capacitance, VFx0O Cux 50 pF

Minimum Load Resistance Rix 10 K{)

QOutput Voltage, 1KHz, VFxO Vox *3.2 *38 v RL 2 10K
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DC and Operating Characteristics (Cont’d):
Receive Filter
Parameter Symbol Min Typ Max uUnits Test Conditions
Input Leakage Current, VFRI 18R 100 nA Vss < Vin < Voo
Input Resistance, VFri Rir 10 M2
Output Resistance, VFrRO Ror 5 7 !
Qutput DC Offset. VFRO VosR -150 +150 mvV VFrl Connected to GRDA
Power Supply Rejection of PSRR4 35 40 dB
Vvce at 1KHz VFRO
Power Supply Rejection of PSRRs 35 40 dB
Vee at 1KHz, VFRO
Load Capacitance, VFRO CLR 50 pF
Minimum Load Resistance, VFRO RLR 10 K}
Output Voltage Swing, VFRO VoRr =32 +3.8 \' Ru = 10K}
Receive Filter Driver Amplifiers
Input Leakage Current, PWRI IBRA 3 uA Vss < VIN< Vpo
Input Resistance, PWRI RiIra 10 M
Output Resistance, PWRO +, PWRO- RoRra 1 2 0 | tlout | < 5mA
-3.0V < Vour < 3.0V
Output DC Offset. PWRO +, PWRO- VOSRA -50 -50 mV PWRI Connected to GRDA
Load Capacitance, PWRO ~. PWRO- CLrA 100 pF
Output Voitage Swing Across R, =3.2 \ RL = 10K} | r. Connected
PWROQ-, PWRO-, Single Ended VORA1 +29 N R. = 6004} {to GRDA
Connection *2.5 v RL = 300(}
Differential Qutput Voltage Swing, 64 V_ [Ru=20KN ';;S::::C‘ed
- - =5. RL=1 Q
?:,ﬁgc{.::vno . Baianced Output VORA2 ;2?) : Rt - 6.’:)2?! PWRO- and PWRO-

AC Characteristics: GRDA = GRDD = 0V unless otherwise noted, Voo = +5V, Vss = -5V, Ta = 0°C to 70°C
Clock Input Frequency: CLK = 1.536MHz = 0.1%. CLKS = Vss

Transmit Filter

CLK = 1.544MHz = 0.1%. CLKS = GRDD

CLK = 2.048MHz = 0.1%, CLKS = Vpo

Parameter Symbol Min Typ Max Units Test Conditions
Gain Relative to Gain at 1KHz GRx 0aBmO Input Signal Gain
Setting Op Amp at Unity Gain
Below S50Hz -10 dB
50Hz -20 dB
60Hz -26 dB
200Hz -15 -0.125 ds8 0dBmO Signal = 1.1 VRms
Input at VFxi «
300Hz to 3000H2 -0.125 +0.125 dB
3300Hz -0.35 0.03 dB8
3400Hz -0.8 -0.1 dB8
4000Hz -14 dB
4600Hz and Above -32 dB
Absolute Passband Gain at 1KHz, VFxQO Gax 2.9 3.0 3.1 dB
Gain Variation with Temperature at 1KHz GAxt 0.0004 dB/°C | 0¢BmO Signal Level
Gain Variation with Supplies at 1KHz Gaxs 0.01 dB/V 0dBmC Signal Level,
Supplies = 5%
Cross Tatk. Receive to Transmit, Measured CTrr -85 -70 dB VFRI = 2.20 VRMS: Freq. = 200Hz
at VFxO. VExO -3.4KHz: VFxl+, VFx|-
20 Log [ ] Connected to GSx. GSx
VFRO Connected through 10K (! to
GRDA
Total C Message Noise at Output. VFxO Ncst 2 5 dBrncO | Gain Setting Op Amp
at Unity Gain
Total C Message Noise at Output, VFxO Ncx2 3 6 dBrncO | Gain Setting Op Amp
at 20d8 Gain
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AC Characteristics: (Cont’d)
Transmit Filter (cont.)

Parameter Symbol Min Typ Max Units Test Conditions
Differential Envelope Deiay, VFxO Dox 70 HS
1KHz 10 2.6KHz
Absolute Delay at 1KHz, VFxO Dax 185 us
Single Frequency Distortion Products DPx1 -55 -48 dB 0dBm Input Signal at 1TKHz

DPx2 -50 -48 dB Gain Setting Op Amp at

Single Frequency Distortion Products
20dB Gain. The +3dBmO

at Maximum Signal Level of

+ 3dBmO at VFxO signal at VFxQ is 2.26 VRMS
Gaintracking Relative to Gax Gaxx Input Signal at 1KHz

-0.1 +0.1 aB +3t0+2dBm0O

-0.05 +0.05 dB +210-40dBmMO

-0.1 +01 daB -401t0 -50 dBmO

Receive Filter

Gain Relative to Gain at 1KHz with GRR 0dBmO input Signal

Sin x/x Correction

Below 200Hz 0.125 dB 0dBmO Signal = 1.6 VRMSX

200H2 -0.125 0.125 dB _zF

Sin 8000

300Hz to 3000Hz -0.125 0.125 dB —F

3300Hz -0.35 0.03 dB 8000

3400Hz -0.8 -0.1 dB input at VFRI

4000Hz ~-14 dB

4600Hz and Above -30 dB

Absolute Passband Gain at 1KHz, VFRO Gar -0.1 0 +0. dB

Gain Varniation with Temperature at 1KHz GaRT 0.0004 dB/°C | 0dBmOQO Signai Level

Gain Variation with Supplies at 1KHz GARS 0.01 dB/v | 00BmO Signal Level,
Supplies x 5%

Cross Talk, Transmit to Receive, Measured CTmR -80 -70 a8 VFxO = 2.26 VRums, Freq. = 300Hz

at VFrO -3.4KHz, VFrI Connected to
GRDA

Total C Messages Noise at Output. VFRO NCR 3 5 dBrncO | VFRO Quiput or PWRO +
and PWRO- Connected
with Unity Gain

Differential Envelope Delay, VFRO Dor 85 us

1KHz 10 2.6KHz

Absolute Delay at 1KHz VFrRO Dar 110 us

Singte Frequency Distortion Products DPR1 -55 -48 dB 0dBm input Signal at 1KHz

+3dBmO Signal Level

Single Frequency Distortion Products DPRr2 -50 -48 dB
of 2.26 VRMS, 1KHz

at Maximum Signal Level of

+ 3dBmO at VFRQ QOutout at VFRO

Gaintracking Relative to GAr GARR Input Signal at 1KHz
-0.1 +0.1 daB ~3t0+2dBmO
-0.05 -0.05 d¢B +210 -40 ¢BmO
-0.1 +0.1 dB -40to -55 ¢BmO
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Functional Description

Transmit Filter Input Stage

The input stage provides gain adjustment in the passband. The
input operational amplifier has a common mode range of =3.2
volts, a DC offset of less than 25mV, a voltage gain of typically
2000 and a unity gain bandwidth of 1.0 MHz. itcan be connected
to provide a gain of 20dB without degrading the noise
performance of the filter. The load impedance connected to the
amplifier output must be greater than 10K{). The input signal on
iead VFxI| ~ can be either AC or DC coupled. The input Op Amp can
also be used in the inverting mode or differential amplifier mode.
The remaining portion of the transmit filter provides a gain of +
3dB in the pass band.

G89128B
o VFxi+ N
VFx!.
p” GAIN = 1 + R_Z
R1 R1
= GSx
R2

Fig. 1 Transmit Filter Gain Adjustment

50 Hz/60Hz Notch—Transmit Fiiter

The transmit filter has a notch section to reject S50Hz and 60Hz
components of the input signal. A minimum attenuation of 26dB
is provided at 60Hz. At 50Hz, the minimum attenuation is 20dB.
The gain at 200Hz is between -0.125dB and -1.5dB. (All gain
figures are relative to the gain at 1KHz )

An active RC low pass anti-aliasing fiiter is included on chip
immediately in front of the 50Hz/60Hz notch section. This filter
provides greater than 35dB attenuation at 64KHz. As a result no
external anti-aliasing components are required to provide the
necessary anti-aliasing function for :~e switched capacitor sections
of the transmit filter which operate at an internal sampling
rate of 128KHz.

Transmit Filter Transfer Characteristics

The transmit section of fiiter provides a passband flatness and
stopband attenuation which exceeds the Bell D3 and D4
specifications and the CCITT G.712 recommendations. The
transmit filter transfer characteristics and specifications are
shown in Fig. 2.

Transmit Filter Output Stage

The voitage range of the output signal on the VFx0O lead is =3.2
volts. The DC offset is less than 150mV. The output stage includes
an active RC post-filter to attenuate clock noise.

+.125d8
+ .125d8 3000M -.03dB
-125d8  300Hz ’ 3300Hz
200H2 .
of 1008 ] °
LSS S S S // 3400H2 EXPANDED
-.125:5 3000,,‘2/ SCALE
AL 300Hz 3300Hz i
3400H2
TYPICAL FILTER --8d8
-1.5d8 I TRANSFER FUNCTION ]
fk 200Hz e
opr \ -0
-10d8B
<50Hz
GAIN RELATIVETO ;¢ 4 -10
GAIN AT 1KHz(dB) 1448
'\ 4000Hz
.20 b= A - -20
N1
-20d8\ \ 5 TYPICAL FILTER .3248
50Hz -26d8 TRANSFER FUNCTION 2600Hz
.30 60H: \ -30
-0 |- 4 -a0
.50 o aaal 1 i 41 aal 1 1L Lol -50
50Hz 100Hz 1KHz 10KHz

FREQUENCY (Hz)

Fig. 2 Transmit Filter Transfer Characteristics
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Receive Filter Anti-Aliasing Prefiiter

An active RC low pass anti-aliasing filter is included on chip
immediately preceding the receive filter section. This filter provides
greater than 32dB rejection at 255KHz which is 1KHz below the
receive filter effective sampling rate of 256KHz. This filter
removes out-of-band noise generated by the codec which can be
aliased in band by the filter. This results in significantly reduced
harmonic distortion in the receive channel.

Receive Filter Transfer Characteristics

The receive section of the filter provides a passband flatness and
stopband rejection which exceeds the Bell D3/ D4 specifications
and the CCITT G.712 recommendations, when used with a
decoder which contains 3 sample/hold amplifier at its output.
The filter contains the required compensation for the Sin x/x
response of such decoders. The receive filter transfer character-
istics and specifications, including the Sin x/x response of the
decoder are shown in Fig. 3.

Receive Filter Qutput

The VFRO lead is capable of driving high impedance electronic
hybrids. The gain of the receive section from VFRI TO VFRO is:

. xf
Sin [ aooo]

which when multiplied by the output response of a suitable Codec
results in @ OdB gain in the passband. The filter gain can be
adjusted downward by a resistor voltage divider connected as
shown in Fig. 4. The total resistive load RT on VFRO shouid not be
less than 10K (). The output stage includes an active RC post filter
to attenuate clock noise. '

Receive Filter Qutput Driver Amplifier Stage

A balanced power amplifier is provided in order to drive low-
impedance loads in a bridged configuration. The receive fiiter
output VFRO is connected through gain setting resistors R1 and
R2 to the amplifier input PWRI. The series combination of RS and
the hybrid transformer must present a minimum AC load
resistance of 6001} to the amplifier in the bridged configuration. A
typical connection of the output driver amplifiers is shown in Fig.
5. These amplifiers can also be used with loads connected to
ground.

When the power amplifier is not needed it may be deactivated to
save power. This is accomplished by tying the PWRI pin to Vss.
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Fig. 3 Receive Fiiter Transfer Characteristics
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VFRO Ron
R22
RY - R1 ~ Rz+2 2 10K(} R4 :E
1
R2 PWRI
=
Z - LOAD R1  VEaO Ron TRANSFORMER Rs PWRO-
A v W -—T—=A o~ .
' A
R2 e | o
.l i
4 Gas128 i Pwno-<E
/1. R2 GAIN SETTING RESISTORS =
Rs SERIES LOAD RESISTOR G89128
Fig. 4 Receive Filter Output Gain Adjustment Fig. 5 Typical Connection of Output Driver Amplifier
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Fig. 6 Typical Line Termination
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Pin Function Table

Name Description
VFxl - Analog input of the transmit filter from the 2 wire transmit output of a8 2-10-4 wire converter
VFxi- Inverting input of the gain adjustment op. amp on the transmit filter
GSX Op. amp output used for gain setting of the transmit filter
VFRO Analog output of the receive filter providing a direct intertace to electronic 2-t0-4 wire converter.
PWRI input to the power driver amplifiers When tied to Vss these amplifiers are powered down

PWRO - PWRO- | Power amplifier outputs capable of directly driving transformer 2-to-4 wire converters

Vss Negative supply voltage (-5V)
Voo Positive supply voltage (~5V)
VFrl Analog input of the receive filter.
GRDD Digital ground for internal clock generator
CLK Clock input. High impedance input. TTL-compatible voitage leveis.
PDWN Control input active high for the standby power down mode. Internal pull up to 5V
TTL-compatible voltage levels
CLKS Clock frequency select. 1.536MHz Vss (-5V)
CLK Input 1.544MHz CLKS Connection GRDD
2.048MHz Voo (+5V)
GRDA Analog ground for recerve and transmit filters. Not internally connected to GRDD
VFx0O Analog output of transmit filter
Pin Configuration
<
< X o o
» R 3 < (3]
%5062
3 21 2019
VFxl+ (é‘ [
VFx! - GSx | 4 18 [ CLXS
GSx [ nels 17 | POWN
VFRO (] vero | s G89128 1 |cLx
PWRI (] wel 7 15 | GRDD
PWRO+ (] owrt | 8 14 |NC
PWRO- [
Vss [} 9 10 11 12 13
+ & @ 0 T
g § s8¢
2z
Ordering Information
G 8912B |

Description
C—Special G—Standard

Product Identification Number

Package

L=

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto+70°C,z5%P.S. Tol.
|— -40°C to +85°C, = 5% P.S. Tol.
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