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2912A
PCM TRANSMIT/RECEIVE FILTER
m Low Power Consumption: m Adjustable Gain in Both Directions

60 mW Typical without Power
Amplifiers
80 mW Typical with Power Amplifiers

m Fully Compatible with the Iindustry
Standard Intel 2912

0.5 mW Typical Standby m D3/D4 and CCITT G712 Compatible
m Low Idle Channel Noise: m Common Mode Op Amp Input Rejection
2 dBrncO Typical, Receive 75 dB Typical
6 dBrncO Typical, Transmit m Direct Interface to the Intel
m Excellent Power Supply Rejection: 2910A/2911A PCM Codecs Including
40 dB Typical on Vgc @ 50 KHz Stand-By Power Down Mode
30 dB Typical on Vpg @ 50 KHz m Direct interface with Transformer or
m Transmit Filter Rejects Low Electronic Hybrids
Frequency Noise: . m Fabricated with Reliable N-Channel
23 dB @ 60 Hz MOS Process

25 dB @ 50 Hz
50 dB @ 16-2/3 Hz

The Intel 2912A 2nd generation PCM line filter is a fully integrated monolithic device containing the two filters
of a PCM line or trunk termination. It has improved key parameters of power consumption, idle channel noise,
and power supply rejection. A singie part exceeds both AT&T* D3/D4 and CCITT transmission specs, ex-
ceeds digital Class 5 central office switching system stringent specifications, and is fully compatible with the -
2912. The primary application for the 2912A is in telephone systems for transmission, switching, or remote
concentration.

An advanced version of the switched capacitor technique used for the 2912 is used to implement the transmit
and receive passband filter sections of the 2912A. The device is fabricated using Intel’s reliable two layer
polysilicon gate NMOS technology. (See Intel Reliability Report RR-24 on the 2910A, 2911A, and 2912.) The
combination of advances in the switched capacitor techniques first used on the 2912 and the NMOS technolo-
gy results in a monolithic 2912A filter which is packaged in a standard 16-pin DIP.

Pin Names
W z VFyxl+, VFxi~ Analog Inputs
8 —— %— 3% S [— = veo @ GSx Gain Control
@ om~ ] VFxO Analog Output
VFgl Analog Input
VFRO Analog Output
PWRI Driver Input
@ rwnor . .| PWRO*, PWRO— Driver Output
s \ L1 ven CLK Clock Input
@ rwmo- = A CLKO Clock Selection
—ron @ PDN Power Down
T —cix @ Vec Power (+5V)
= e cLro @ 2701592 Vag Power (—5V)
fad t tt ot GRDD Digital Ground
O "'(5 ‘8“ "®" (":5 “&5" ‘ES‘ GRDA Analog Ground
2701591 Figure 2. Pin Configuration

Figure 1. Block Diagram
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2912A

Table 1. Pin Description

Symbol Pin No. Function Description

VFxl+ 1 Input Analog input of the transmit filter. The VFxl + signal comes
from the 2 to 4 wire hybrid in the case of a 2 wire line and goes
through the frequency rejection and the antialiasing filters
before being sent to the Codec for encoding.

VFxl— 2 input Inverting input of the gain adjustment operational amplifier on
the transmit filter.

GSx 3 Output Output of the gain adjustment operational amplifier on the
transmit filter. Used for gain setting of the transmit filter.

VFRO 4 Output Analog output of the receive filter. This output provides a

) direct interface to electronic hybrids. For a transformer hybrid
application, VFgO is tied to PRWI and a dual balanced output
is provided on pins PWRO+ and PWRO —.

PWRI 5 Input Input to the power driver amplifiers on the receive side for
interface to transformer hybrids. High impedance input. When
tied to Vgg, the power amplifiers are powered down.

PWRO + 6 Output Non-inverting side of the power amplifiers. Power driver output
capable of directly driving transformer hybrids.

PWRO— 7 Output Inverting side of the power amplifiers. Power driver output
capabile of directly driving transformer hybrids.

Ves 8 Power —5V +5% referenced to GRDA

Vce 9 Power + 5V +5% referenced to GRDA

VFg! 10 Input Analog input of the receive filter, interface to the Codec
analog output for PCM applications. The receive filter provides

inx
the ~ correction needed for sample and hold type Codec
outputs to give unity gain. The input voltage range is directly
compatible with the Intel 2910A and 2911A Codecs.

GRDD 11 Ground Digital ground return for internal clock generator.

CLK() 12 Input Clock input. Three clock frequencies can be used: 1.536 MHz,
1.544 MHz or 2.048 MHz; pin 14, CLKO, has to be strapped
accordingly. High impedance input, TTL voltage levels.

PDN 13 Input Control input for the stand-by power down mode. An internal
pull up to + 5V is provided for interface to the Intel 2910A and
2911A PDN outputs. TTL voltage levels.

CLKO(1) 14 Input Clock (pin 12, CLK) frequency selection. !f tied to Vgg, CLK
should be 1.536 MHz. If tied to Ground, CLK should be
1.544 MHz. if tied to Vo, CLK should be 2.048 MHz.

GRDA 15 Ground Analog return common to the transmit and receive analog
circuits. Not connected to GRDD internally.

VFxO 16 Output Analog output of the transmit filter. The output voltage range
is directly compatible with the Intel 2910A and 2911A Codecs.

NOTE:

1. The three clock frequencies are directly compatible with the Intel 2010A and 2911A Codecs. The following table should
be observed in selecting the clock frequency.

Codec Clock Clock Bits/Frame CLK, Pin 12 CLKO, Pin 14
1.536 MHz 192 1.536 MHz Vg (—5V).
1.544 MHz 193 1.544 MHz GRDD
2.048 MHz 256 2.048 MHz Voo (+5V)
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FUNCTIONAL DESCRIPTION

The 2912A provides the transmit and receive filters
found on the analog termination of a PCM line or
trunk. The transmit filter performs the anti-aliasing
function needed for an 8 KHz sampling system, and
the 50/60 Hz rejection. The receive filter has a low
pass transfer characteristic and also provides the
Sinx/x correction necessary to interface the Intel
2910A (p Law) and 2911A (A Law) Codecs which
have a non-return-to-zero output of the digital to an-

alog conversion. Gain adjustment is provided in the
receive and transmit directions.

A stand-by, power down mode is included in the
2912A and can be directly controiled by the 2910A/
2911A Codecs.

" The 2912A can interface directly with a transformer

hybrid (2 to 4 wire conversion) or with electronic hy-
brids; in the latter case the power dissipation is re-
duced by powering down the output amplifier provid-
ed on the 2912A.

PABX / C.0. SWITCHING SYSTEM / CHANNEL BANK

PROTECT

BATTERY

&

OFF - HOOK /ROTARY DIAL PULSES

TELEPHONE SET

RINGING

Ju ™

2w,

Vaw 2812A 2910A
FILTERS

HYBRID 'QL
— |

' FEED

L e e e e e — -

RING CONTROL

|
|
(
|
|
|
copEc I
|
I
|
|
|

PCM  HIGHWAYS

270159-3

Figure 3. Typical Line Termination

FILTER OPERATION

Transmit Filter Input Stage

The input stage provides gain adjustment in the
pass-band. The input operational amplifier has a
common mode range of £2.2 volts, a DC offset of
less than 25 mV, a voltage gain greater than 3000
and a unity gain bandwidth of 1 MHz. It can be con-
nected to provide a gain of 20 dB without degrading
the noise performance of the filter. The load imped-
ance connected to the amplifier output (GSy) must
be greater than 10K Q) in parallel with 25 pF. The
input signal on lead VFyl + can be either AC or DC
coupled. The input Op Amp can also be used in the
inverting mode or differential amplifier mode. The re-
maining portion of the transmit filter provides a gain
of +3 dB in the pass band.

VExi®

—

:

Gain=1+ 82
Ry

VFxi-

VWA~

Rz

270159-4

Figure 4. Transmit Filter Gain Adjustment
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Receive Filter Output

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

wf )

( 8000
f

8000 )

which when multiplied by the output response of the
Intel 2910A and 2911A Codecs results in a 0 dB gain
in the pass band. The filter gain can be adjusted
downward by a resistor voltage divider connected as
shown in Figure 5. The total resistive load R g on
VFRO should not be less than 10K Q.

§

VFRO

>
>

<
<

2o
2+

Ap o= Ry v

Z = LOAD

270159-5

Figure 5. Receive Filter Output Gain Adjustment

Receive Filter Output Driver Amplifier
Stage

A balanced power amplifier is provided in order to
drive low-impedance loads in a bridged configura-
tion. The receive filter output VFRO is connected
through gain setting resistors R4 and Ra to the am-
plifier input PWRI. The input voltage range on PWRI
is 3.2 volts and the gain is 6 dB for a bridged out-
put.

With a 6001 load connected between PWRO + and
PWRO —, the maximum voltage swing across the
loadis 5.0 volts. The series combination of Rg and
the hybrid transformer must present a minimum A.C.
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load resistance of 6000 to the amplifier in the
bridged configuration. A typical connection of the
output driver amplifiers is shown in Figure 6. These
amplifiers can also be used with loads connected to
ground.

When the power amplifier is not needed it should be
deactivated to save power. This is accomplished by
tying the PWRI pin to Vgg before the device is pow-
ered up.

Power Down Mode

Pin 13, PDN, provides the power down control.
When the signai on this lead is brought high, the
2912A goes into a standby, power down mode. Pow-
er dissipation is reduced to 0.5 mW. in the stand-by
mode, all outputs go into a high impedance state.
This feature allows multiple 2912As to drive the
same analog bus on a time-shared basis.

When power is restored, the settling time of the
2912A is typically 15 ms.

The PDN interface is directly compatible with the In-
tel 2910A and 2911A PDN outputs. Only one com-
mand from the common control is then necessary to
power down both the Codec and the Filters of the
line or trunk interface.

VFRO

A
VW

Vv

[
i
P
°
<P
3
<
. + 1
1) .

270159-6

Figure 6. Typical Connection of
Output Driver Amplifier
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ......... —10°Cto +80°C
Storage Temperature .......... -65°Cto +150°C
Supply Voltage with Respect

OVBB -t vvvvevnrnieianannn —0.3Vto +14.0V
All input and Output Voltages with

RespecttoVgg .............. —0.3Vto +14.0V
All QutputCurrents ..................... +50 mA

Power Dissipation ........................

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the '“‘Operating Conditions”
may affect device reliability.

D.C. CHARACTERISTICS T, = 0°Cto +70°C; Voo = 5V £6%; Vgg = ~5V +5%; GRDA = 0V,
GRDD = 0V, unless otherwise specified

DIGITAL INTERFACE (CLK, CLKO, and PDN Pins)

Symbol Parameter Min Typ() Max Unit | Test Conditions
lLic input Load Current, CLK 10 nA | Vin = GRDD to Voo
Lo Input Load Current, CLKO 10 BA | ViN = Ve to Ve
e Input Load Current, PDN —100 rA | Vi = GRDD to Vee
ViL Input Low Voltage (except CLKO) 0.8 \'
ViH Input High Voltage (except CLKO) 2.0 v
"ViLo Input Low Voltage, CLKO Ve vggt05 | V
Viio input Intermediate Voltage, CLKO [ GRDD—0.5 0.8 \Y
ViHo Input High Voltage, CLKO Veg 056 Vee \
POWER DISSIPATION
Symbol Parameter Min Typ(1) Max Unit Test Conditions
lcco V¢ Standby Current 50 100 nA PDN = Viy Min
IBBO Vgp Standby Current 50 100 pA PDN = Viy Min
icct Ve Operating Current, Power 6 10 mA PWRI = Vgg(@
Amplifiers Inactive
IBB1 Vg Operating Current, Power 6 10 mA PWRI = Vgg(@
Amplifiers Inactive
lccz Vo Operating Current 8 14 mA
Igg2 Vg Operating Current 8 14 mA
NOTES:

1. Typical values are for To = 25°C and nominal power supply values.
2. To place the power amplifiers in the inactive mode PWRI must be tied to Vgg prior to power-up.
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D.C. CHARACTERISTICS T, = 0°Cto +70°C; Ve = 5V £5%; Vgg = —5V +5%; GRDA = 0V;
GRDD = 0V; unless otherwise specified (Continued)

ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE

lstboI Parameter Min Typ(‘)lMaxlUnlt Test Conditions
IBx| input Leakage Current, VFxl +, VFxl — 100| nA [—2.2V < Vjy < 2.2V
Rixi__|Input Resistance, VFxl+, VFxl — 10 MO
Vosxi |{Input Offset Voltage, VFx!+, VFyl— 25 | mV
ICMRR [Common Mode Rejection, VFxl+, VFxi—| 60 | 75 dB |—2.2V < V| <22V,
0 dBmO = 1.1 VRuys, Input at VFxi —
AvorL [DC Open Loop Voltage Gain, GSx 3000
fc Open Loop Unity Gain Bandwidth, GSy 1 MHzZ
Voxi  [Output Voltage Swing, GSx +2.5] V [RL 2 10KQ
Cixi Load Capacitance, GSx 25 | pF
RLx1 Minimum Load Resistance, GSx 10 KQ [Minimum Ry

ANALOG INTERFACE, TRANSMIT FILTER (See Figure 9)

Symbol Parameter Min | Typ(1) | Max | Unit Test Conditions
Rox Output Resistance, VFxO 20 35 Q
Vosx | Output DC Offset, VFxO 100 | mV | VFxl+ Connected to GRDA,
Input Op Amp at Unity Gain
PSRR; | Power Supply Rejection of Vg at 30 40 dB | Note 2
1 KHz, VFxO ’
PSRR; | Power Supply Rejection of Vgg at 25 30 dB | Note 2
1 KHz, VFxO
Cix Load Capacitance, VFxO 25 pF
RLx Minimum Load Resistance, VFxO 2.7 KQ | Minimum R
Voxi1 Output Voltage Swing, 1 KHz, VFxO | £3.2 V | Ry 2 10 KQ or with 2810A
: or 2911A
Voxz Output Voltage Swing, 1 KHz, VFxO | +2.5 V [RL=227KQ
NOTES:

1. Typical values for T = 25°C and nominal power supply values.
2. PSRR ; include op amp in transmit section.
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D.C. CHARACTERISTICS T, = 0°Cto +70°C; Vo = 5V +5%; Vgg = —5V +5%; GRDA = 0V;
GRDD = 0V; unless otherwise specified (Continued)

ANALOG INTERFACE, RECEIVE FILTER (See Figure 10)

Symbol Parameter Min | Typ() | Max | Unit Test Conditions
IsR input Leakage Current, VFgt 3 pA —3.2V < V)N < 3.2v
Rir Input Resistance, VFg| 1 MQ
Ror Output Resistance, VFRO 100 Q
Vosr Output DC Offset VFRO 100 | mV | VFRgl Connected to GRDA
PSRR3 Power Supply Rejection of Vg at 30 45 dB
1 KHz, VFRO
PSRR4 Power Supply Rejection of Vgg at 30 35 dB
1 KHz, VFRO
CLR Load Capacitance, VFRO 25 pF
RLr Minimum Load Resistance, VFRO 10 KQ | Minimum R
VoR Output Volitage Swing, VFRO +3.2 v RL = 10KQ

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE

Symbol Parameter Min | Typ(1) | Max | Unit Test Conditions
IBRA Input Leakage Current, PWRI 3 | pA |32V <V <32V
Rira Input Resistance, PWRI 10 MQ
Rora [Output Resistance, PWRO +, PWRO — 1 Q |lloytl < 10mA
—3.0V < Voyr < 3.0V
Vosra |Output DC Offset, PWRO +, PWRO — 50 | mV | PWRI Connected to GRDA
CLRA Load Capacitance, PWRO +, PWRO — 100 | pF
Vora1 |Output Voltage Swing Across Ry, +3.2 V |RL = 10 KQ [Ry Connected
PWRO+, PWRO — Single Ended +29 V R, = 6000 to GRDA
Connection — fo > 200 Hz
+25 VvV [RL = 3000
Vonraz |[Differential Output Voltage Swing, +6.4 V |RpL = 20 KQ | R Connected
PWRO +, PWRO — + — between PWRO +
’ +58 V |RyL = 12000
Balanced Output Connection L and PWRO —
+5.0 V [Ry = 6002 jfo > 200 Hz
NOTE:

1. Typical values are for Tp = 25°C and nominal power supply values.
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A.C. CHARACTERISTICS T4 = 0°Cto +70°C; Vg = 5V £5%; Vgg = —5V +5%; GRDA = 0V;
GRDD = 0V; unless otherwise specified

Clock Input Frequency: CLK = 1.536 MHz +0.1%; CLKO = V| g (Tied to Vgg)
CLK = 2.048 MHz +0.1%; CLKO = Vg (Tied to Vcc)
CLK = 1.544 MHz +0.1%; CLKO = Vg (Tied to GRDD)

TRANSMIT FILTER TRANSFER CHARACTERISTICS
(See Transmit Filter Transmit Characteristics, Figure 7)

bymbol Parameter Min [Typ(})] Max | Unit Test Conditions
GRX Gain Relative to Gain at 1 KHz 0 dBmO Input Signal
16.67 Hz -56] —50 dB |Gain Setting Op Amp
50 Hz —-25 dB |Unity Gain
60 Hz —-23 dB
200 Hz -1.8 —~0.125 dB |0 dBmoO Signal = 1.1 Vrums
300 Hz to 3000 Hz —0.125 0.125| dB |[lnputat VFxl—
3300 Hz —0.35 0.03 dB
3400 Hz -0.7 —0.1 dB |0 dBmO Signal = 1.6 VRms
4000 Hz —-14 dB |Output at VFxO
4600 Hz and Above —32 dB
Gax [Absolute Passband Gain at 1 KHz, 29 3.0 3.1 dB [RL = @)
VFxO
GaxT |Gain Variation with Temperature at 0.0002] 0.002 | dB/°C |0 dBmO Signal Level
1 KHz
Gaxs [Gain Variation with Supplies at 1 KHz 0.01 | 0.07 | dB/V |0 dBmO Signal Level,
Supplies +5%
CTrT |[Cross Talk, Receive to Transmit, —75| —65 dB |VFRi = 1.6 Vgums, 1 KHz
{Measured at VFxO Input, VFxl+, VFxl—
VFxO IConnected to GSy, GSx
201log VFRO Connected through 10 K& to
GRDA
Ncxi  [Total C Message Noise at Output, VFxOl 6 11 | dBrncO|Gain Setting Op Amp at
(Note 2){Unity Gain
Ncx2 |Total C Message Noise at Output, VFxO) 9 13 |dBrncO|Gain Setting Op Amp at
(Note 2)20 dB Gain
Dox Differential Envelope Delay, VFxO 60 ns
1 KHz to 2.6 KHz
DAx Absolute Delay at 1 KHz, VFxO 110 us
DPx1 [Single Frequency Distortion Products —48 dB [0 dBmO Input Signal at 1 KHZ
DPx> [Single Frequency Distortion Products at —45 dB [0.16 Vrms 1 KHz Input
Maximum Signal Level of + 3 dBmO at Signal at VFxl +; Gain
VFxO Setting Op Amp at 20 dB
Gain. The + 3 dBmO Signal

|at VFxO is 2.26 Vams
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A.C. CHARACTERISTICS T, = 0°Cto +70°C; Vg = 5V £5%; Vgg = —5V +5%; GRDA = 0V;
GRDD = 0V; unless otherwise specified (Continued)

Clock Input Frequency: CLK = 1.536 MHz +0.1%; CLKO = V¢ (Tied to Vgp)
CLK = 1.544 MHz 1£0.1%; CLKO = Vjo (Tied to GRDD)
CLK = 2.048 MHz +0.1%; CLKO = V|yo (Tied to Vcc)

RECEIVE FILTER TRANSFER CHARACTERISTICS (See Recsive Filter Transfer Characteristics, Figure 8)

ymbol Parameter Min |[Typ(1)| Max| Unit Test Conditions
Grr [Gain Relative to Gain at 1 KHz with 0 dBmO Input Signal
Sinx/x Correction of 2910A or 2811A
Below 200 Hz 0.125] dB |0 dBmO Signal = 1.6 Vs X
200 Hz -0.5 0.125| dB Sin ( ) )
300 Hz to 3000 Hz —0.125 0.125) dB _—_f’:’i
k
3300 Hz —0.35 0.03( dB |inputat VFgi (W)
3400 Hz -0.7 —-0.1] dB
4000 Hz —14| dB
4600 Hz and Above —-30{ dB
GAR Absolute Passband Gain at 1 KHz, VFRO| —0.1 0 |+01] dB [RL = B4
IGART |Gain Variation with Temperature at 0.0002/0.002| dB/°C [0 dBmO Signal Level
1 KHz
GARs |Gain Variation with Supplies at 1 KHz 0.01 [0.07 | dB/V {0 dBmO Signal Level,
Supplies +5%
CTtr [Cross Talk, Transmit to Receive, —70 [ —60] dB |VFxl = 1.1 Vgms, 1 KHz
Measured at VFRO; Output, VFgl Connected to
20 log (VFRO/VFxO) GRDA
Ncr Total C Message Noise at Output, VFRO 2 6 [dBrnc0VFRO Output or PWRO+ and|
(Note 2)PWRO— Connected with
Unity Gain
DpRr Differential Envelope Delay, VFRO, 100 us
1 KHz to 2.6 KHz
DAR Absolute Delay at 1 KHz, VFRO 110 ns
DPR1 [Single Frequency Distortion Products —48| dB [0 dBmO Input Signal at 1 KHz
IDPR2 [Single Frequency Distortion Products at —45| dB |+ 3 dBmoO Signal Level of
Maximum Signal Level of +3 dBmO at 2.26 VRms, 1 KHz Input at
VFRO VFgl
NOTES:

1. Typical Values are for T4 = 25°C and nominal power supply values.
2. A noise measurement of 12 dBrnc into a 6001 load at the 2912A device is equivalent to 6 dBrncO.
3. For gain under load refer to output resistance specs and perform gain calculation.
4. Output is non-inverting.
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TRANSFER CHARACTERISTICS
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~0.125dB 3000 Hz 3300 Hz
200Hz -0.10d8
4 3400z
EXPANDED 048 ’ =0.125d8 =0.125d8
SCAl
LE 300 Hz 3000 Hz —0.3548
TYPICAL -0.7048 3300Hz
3400 Hz
-1.0dB
-1.808
200 Hz v
7/
0d8  — s
E ’
-10d8 —
-14d8
4000 Hz
-20d8 — -23dB
. 60Hz | -
- 7/
7, -254d8 .
50Hz
-3248
-3048 TYPICAL E 4600 Hz
-40dB —|
-50d8
vs.smx//
~50d8
-60dB T LI L D N B B A | lllllll' T lllrIIII
10Hz 100 Hz 1 KHz 10KHz
270159-7

Figure 7. Transmit Filter

5-43



N,
+2.008 A
. H
.
A
Typical Fitter (1) S '
Transfer Function S H
+1.0d8 o :
’—’ 1]
o H
+0.125dB +0.125dB e +0.125dB +0.03d8
200 Hz 300 Hz g 3000 Hz 3300 Hz
EXPANDED -6 s .
SCALE] 0dB X E oo
-0.50d8 7
200 Hz ~0.125 dB ~0.125dB
. 300 Hz 3000 Hz -0.35d8
Typicol 3300 Hz
-0.70dB
=1.0d8 3400Hz
odB
-10d8 _|
4 =14dB
Typlcal 4000 Hz
Filter Tronsfer Function (2)
=20dB When multiplied by
o o2
(s500)
8000, ~30dB
-30d8 which s the %% sutput Je00Hz
response of the INTEL
2810A and 2911A CODECS.
Where X = = .
-40dB | 8000
-50dB —
-6048 T T T L T T T T T
10Hz 100Hz 1 KHz 10KHz
270159-8
Figure 8. Receive Filter
NOTES:

1. Typical Transfer Function of the Receive Filter as a Separate Component.

2. Typical Transfer Function of the Receive Filter Driven by the Sample and Hold Output of the Intel 2910A and 2911A
CODECS. The Combined Filter/CODEC Response Meets the Stated Specifications.
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POWER SUPPLY REJECTION TYPICAL VALUES OVER 3 RANGES
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Figure 9. Transmit Filter
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Figure 10. Receive Filter
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