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| 2916 AND 2917
HMOS COMBINED SINGLE CHIP.PCM CODEC AND FILTER

B 2916 u-Law, 2.048 MHz Master Clock
- 2917 A-Law, 2.048 MHz Master Clock

B New 16-Pin Package for Higher - W Fully Differential Internal Architecture

Linecard Density Enhances Noise Immunity
B AT&T D3/D4 and CCITT Compatible B Low Power HMOS-E Technology
. e : —5mW Typical Power Down.
B Variable Timing Mode for Flexible —140 mW Typical Operating
Digital Interface: Supports Data , : '
Rates from 64 KB to 2.048 MB ‘B On Chip Auto Zero, Sample and Hold,

: : and Precision Voltage References
B Fixed Timing Mode for Standard )

32-Channel Systems: 2.048 MHz B Compatible with Direct Mode Intel
Master Clock 2910A, 2911A, and 2912A Designs

The Intel 2916 and 2917 are limited feature versions of Intel’s 2913-and-2914.combination codecifilter
chips. They are:fully integrated PCM codecs with transmit/receive filters fabricated:in a highly reliable
and proven N-channel HMOS silicon gate technology (HMOS-E). These devices provide the functions
that were formerly provided by two complex chips (2910A or 2911A and 2912A). Besides the higher
level of integration, the performance of the 2916 and 2917 is superior to that of the separate devices.:

The primary applications for the 2916 and 2917 are in telephone systems:

- e Switching — Digital PBX’s and Central Office Switching Systems
* Subscriber instruments — Digital Handsets-and Office Workstations

Other possible applications canbe found where the-wide dyn'amic(r'ange (78 dB) and minimum conver--
sion time (125 us) are required for analog to digital interface functions:

* High Speed Modems = ¢ Secure Communications
¢ Voice Store and -Forward * Digital Echo Cancellation-
———
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Table 1. Pin Names
Veg Power (- 5V) GSy Transmit Gain Control
PWRO +, PWRO — Power Amplifier Outputs VFyl — Analog Input
PDN Power Down Select .GRDA Analog Ground
DCLKg Receive Variable Data Clock TSy Timeslot Strobe/Buffer Enable
Dy Receive PCM Input DCLKy - Transmit Variable Data Clock
FSg Receive Frame Dy Transmit PCM Output
Synchronization Clock FSy Transmit Frame
GRDD Digital Ground Synchronization Clock
Vee Power (+5V) CLK Master Ciock
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Table 2. Pin Description
© Symbol Function . Symbol Function
Vgs Most negative supply, input voltage is -5 GRDD ' Dlgxtal ground for all mtemal logic circuits.
volts +5%. ' Not internally tied to GRDA.
‘PWRO +- .| Non-inverting output of power ampiifier. CLK Master and data clock for the fixed data
' Can drive transformer hybnds or high rate mode; master clock oniy in variable
-| impedance loads directly in either a differ- data rate mode.
ential or single ended configuration. FSy 8 KHz frame synchronization clock input/
PWRO - Inverting output of power amplifier. Func- timeslot enable, transmit channel. Oper- .
: | tionally identical and complementary to ates independently but in an analogous
. PWRO +.. manner to FSg. The transmit channel en-
PDN Power down select, When PDN is TTL fors the standby stale whenever FSx is
high, the device is active. When Iow, the - .
device is powered down. Dy Transmit PCM output. PCM data is clocked
— - out on this lead on eight consecutive posi-
ZDCLKR Selects the fixed or variable data rate tive transitions of the transmit data clock:
mode. When DCLKg is connected to Vg, : . .
CLK in fixed data rate mode and DCLKy in
the fixed data rate mode is. selected. In variable data rate mode. ‘
this mode, the device is fully-compatible — ..
with Intel 2910A and 2911A direct mode TS,/DCLK, | Transmit channel timeslot strobe (output)
| timing. When DCLKg is not connected to or data clock (input) for the transmit chan-
Vg, the device operates in the variable nel. In fixed data rate mode, this pin is an
data rate mode. In this mode DCLK; be- open drain output designed to be used as
comes the receive data clock which oper- an enable signal for a three-state buffer as
ates at TTL levels from 64Kb to 2.048 Mb in 2910A and 2911A direct mode timing. In
data rates. variable data rate mode, this pin becomes
the transmit data clock which operates at
Dp Receive PCM input. PCM data is clocked
: in on this lead on eight consecutive nega- | ‘rl:aTté.slevels from §4Kb to 2.048 Mb data
tive transitions of the receive data clock; :
CLK in the fixed data rate mode and ‘| GRDA Analog ground return for all internal voice
‘.. ... |DCLKgin variable data rate mode. circuits. Not internally connected to GRDD.
FSp 8KHz frame synchronlzatxon clock input/ VRl - Inverting analog input to uncommitted
) timeslot enable, receive channel. In varia- transmit operational amplifier.
ble data rate mode this signal must remain - — :
high for the entire length of the timeslot. GSy putput terminal of on-chlp‘_tra.nsmlt channel
input op amp. Internally, this is the voice
The receive channel enters the standby signal input to the transmit filter
state whenever FS; is TTL low for 300 .
milliseconds. Vee Most positive supply; input voltage is +5

-| volts £5%.
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FUNCTIONAL DESCRIPTION

The 2916 and 2917 provide the analog-to-digital and
the digital-to-analog conversions and the transmitand
receive fsltenng necessary to interface a full duplex
(4 wires) voice telephone circuit with the PCM high-
ways of a time division multiplexed (TDM) system.
They are intended to be used at the analog termi-
nation of a PCM line.

The following major funétibns are provided:

e Bandpass filtering of.the analog sugnals pnor to
encoding and after decoding

‘® Encoding and decodmg of voice and- call prog—
- ress information

e Encoding and décoding of the signaling and 'su-
pervision information

GENERAL OPERATION
System Reliability Features

The combochip can be powered up by pulsing FSy
and/or FSg while a TTL high voltage is applied to
PDN, provided that all clocks: and supplies are con-
nected. The 2816 and 2917 have internal resets on
power up (or when Vgg or V¢ are re-applied) in order
to ensure validity of the digital outputs and thereby
maintain integrity of the PCM highway.

- On_the transmit channel, digital outputs Dy and TSy
are held in a high impedance state for approximately
four frames (500us) after power up or application of
Vgg OF V. After this delay, Dy and TSy will be func-
tional and will occur in the proper timeslot. The analog
circuits on the transmit side require approximately 60
milliseconds to reach their equilibrium value due to
the autozero circuit settling time.

To enhance system reliability, TSy and Dy will be
placedin a highimpedance state approximately 30us
after an interruption of CLK.:

Power Down and Standby Modes

To minimize power consumption, two power down
modes. are provided-in which most 2916/2917 func-
tions are disabled. Only the power down; clock, -and
frame sync buffers, which are requiréd to'power up
the device, are enabled in these modes. As shown

"inTable 3, the dlgrtal outputs on the appropriate chan-

nels are placed-in a high impedance  state until- the
device retums to the active mode. :

The Power Down mode’ utrllzes an external controi

‘signal to the PDN pin. In this mode, power. con-

sumptlon is reduced to an. average: .of 5 mW.:The
device is active when the signal is high-and inactive
when it is low. In the absence of any signal, the PDN
pin floats to TTL high a!lowmg the.device to remain
activé continuously. ”

 The Standby mode leaves the user an option of pow-

ering either channel down separately or powenng the
entire device down by. selectlvely removing FSy:and/
or FSp. With both ‘channels .in the staridbystate,
power consumption is reduced to an average of 12
mW. if transmit only operation is, desired; -FSy should
be applied to the device while FSg is held low: Sim-
ilarly, if receive only operation‘is desired; FSy should
be applied while FSyis heldlow. -

Fixed Data Rate Mode.

Fixed data rate timing, which is 2910A and. 2911A
compatible, is selected by connecting DCLKg t0 Vgg.
it employs master clock CLK; frame synchronization
clocks FSy and FSg, and output TSy.

CLK serves as the master clock to .operate the codec

Table 3. Power-Down Methods

, : Typical
Device Status . Power-Down Power. | Digital Output Status
.. Method COnsumphon
Power Down Mode | PDN = TTL low Smw .| TSx and Dy are placed in a high impedance "'
: state within 10 is.
Standby Mode FSx and FSg are TTL low 12 mwW TSX and Dx are placed ina h:gh smpedance o
. state within 300 milliseconds.

" Only transmit is FSxis TTL low 70mwW TSX and Dx are piaced ina h:gh lmpedance
on standby . state -within 300 milliseconds. ,
Only receive is FSgis TTL low 110 mW"~
on standby :
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and filter sections -and -as the. bit clpck to clock the’

data'in and-outfrom the-PCM highway. FSy and FSy
are 8 kHz inputs which set the sampling frequency:.
TSy is a timeslot strobe/buffer enable output which

gates the PCM word onto the’PCM highway when an:

external buffer is used to drive the line. -

Data'is transmitted: on the highway at Dy on-the first
eight positive transitions -of CLK following“the rising
edge-of FS,. Similarly, on the receive side, data is
received on the first eight falling edges of CLK. The
frequency of CLK must be 2.048 MHz. No other fre-
quency:of:operation is allowed in the fixed data rate
mode.

Variable Data Rate Mode

. Variable data rate timing-is selected by connecting
DCLKg to the bit- clock for- the receive PCM highway
rathér-than to Vgg. It employs master clock CLK, bit
clocks DCLKg and DCLKy, and frame synchroniza-
tion clocks FSp and FSy.

Variable data rate timing allows for a flexible data
frequency. it provides the-ability to vary the frequency
ofthe bit clocks;:from 64 kHz t0-2.048 MHz. The
master clock is still restricted -to 2.048 MHz.

in this: mode,: DCLK 'and DCLKy become the data
clocks:for the rreceive -and-transmit PCM highways.
While FSy is high; PCM data from Dy:is transmitted
onto the highway on.the next eight consecutive pos-
itive transitions of DCLK. Similarly, while FSg s high,
each PCM bit from the highway: is:received.by Dy on
the next eight consecutive negative transitions of
DCLKgz.

On the transmit side, the PCM word will- be repeated
in all remaining timeslots-in:ithe 125us frame as long
as DCLKy is pulsed and FSy is held high. This feature
aliows the PCM word 1o be.transmitted to. the PCM
highway more than once per frame, if desired, and is
only available in the variable data rate mode.

Precision Voltage References

No external components are required with the com- -

bochip to provide the voltage reference function. Voit-
age references are generated on-chip and are
calibrated during the manufacturing process. The
technique uses a difference in sub-surface charge
‘density between two suitably implanted MOS devices
‘o derive a temperature and bias stable reference
voltage. These references determine the gain and
dynamic-range characteristics of the device.

- Separate references are supplied to the transmit and
- receive sections and each is trimmed independently
. during the manufacturing process. The reference

value is then further trimmed in the gain setting op-
amps to a final precision value. With this method the
combochip can achieve the extremely accurate Dig-
ital Milliwatt Responses specified in the TRANSMIS-
SION PARAMETERS, providing the user a significant
margin for error in other board components.

TRANSMIT OPERATION

Transmit Filtér

. The input section provides gain adjdstment in the

passband by means of an on-chip operational am-
plifier. This operational amplifier has a common mode
range of +2.17 volts, a maximum DCoffset of 25 mV,
a minimum open loop voltage gain of 5000, and a
unity -gain bandwidth of typically 1 MHz. Gain of up
to 20 dB can be set without degrading the perfor-
mance of the filter. The load impedance to ground
(GRDA) at the amplifier output (GSy) must be greater
than 10 kilohms in parallel with less than 50 pF. The
input signal on lead VFyl— ¢an be either AC or DC
coupled. The input op amp can only be used in the
inverting. mode as shown in Figure 3.

A low pass anti-aliasing section is included on-chip.
This section typically provides 35 dB attenuation at
the sampling frequency. No external components are
requiredto-provide the necessary anti-aliasing func-
tion for the switched capacitor section of the transmit
filter.

Rz GS,

VFyi=

* " Gain = - B2
R1
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The passband section provides flatness and stop-
band attenuation which fulfills the AT&T D3/D4 chan-
nel bank transmission specification- and CCITT
recommendation G.712. The 2916 and 2917 speci-
fications meet or-exceed digital class 5 central office
switching systems-requirements. The transmit filter
transfer characteristics and specifications - will be
within the limits shown in Figure:4.-

A high pass section configuration was chosen to re-
ject low frequency noise from 50 and 60 Hz power
lines, 17 Hz European electric railroads, ringing fre-
quencies and their harmonics, and other low fre-
quency noise. Even though there is high rejection at
these frequencies, the sharpness of the band edge
gives low attenuation at 200 Hz. This feature allows
the use of low-cost transformer hybrids without ex-
ternal components.

Encoding

The encoder internally samples the output -of - the
transmit filter and holds each sample on an internal
sample and hold capacitor. The encoder then per-
forms an analog to digital conversion on a switched
capacitor array: Digital data representing the sample

is transmitted -on the first-eight data clock bits of the

next frame.

An on-chip autozero circuit corrects for DC-offset on
the input signal to the encoder. This autozero circuit
uses the sign bit averagmg technique; the sign bit

from the encoder output is long term averaged and:

subtracted. from the input to the encoder. in this way,

all DC offset is removed from the encoder input

RECEIVE OPERATION
Decoding

The PCM word at the Dy.lead is serially fetched on
the first eight data clock bits of the frame. A D/A
conversion is performed on the digital word and the
corresponding analog sample is held on an-internal
sample and hold capacitor. This sample is:then trans-
ferred to the receive filter.

Receive Filter

The receive filter provides passband flatness and
stopband rejection. which fulfills ‘both the AT&T D3/
D4 specification and CCITT recommendation G.712.

The filter contains the required compensatlon for the
(sin x)/x response of such decoders. The receive filter
characteristics and. specgfmahnnc will’ b‘= within the.

limits shown in Figure 5.

‘Receive Output Power Amplifiers

A balanced output amphfler is provided ‘in order o
allow maximum flexibility inoutput configuration.

“Either of the two outputs can be used single ended

(referenced to-GRDA) to drive singie ended-loads.-

- Alternatively, the differential'output will drive a bridged

load directly. The output stage is capable of driving
loads as low as 300 ohms single ended or 600 ohms
differentially.- '

- Transmission levels. are 'lspeciﬁed relative to the re-
.ceive channel output under digital milliwatt conditions,

that is, when the digital input at Dy is the enght—code

waveform. sequence specified-in CCITT recommendation G.711.
Table 4. Zero Transmlss!on Level Points
| Symbol “Parametor T ‘Value_ Units | o Test COndmons
OTLP1, |. Zero Transmission Level Point 14276 | dBm Referenoed to 6000
Transmit Channel (0dBm0) u-law +1.00 dBm Referenwd to 90002
OTLP2, | Zero Transmission Level Point - +279 | dBm | Referenced to 6000
"I Transmit Channel (0dBm0) A-law “+1.03-| dBm Referenced to 900 -
OTLP1; | Zero Transmission Level Point +56.76 | dBm Referenced to 60002
. Receive Channel (0dBm0) p-law +4.00 dBm Referenced to. 9000
OTLP2; | Zero Transmission Level Point +579 | dBm | Referenced 106000
Receive Channel (0dBmQ) A-law +4.03 | dBm | Referenced to 9000 . e
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ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias ..... -10°Cto +80°C
Storage Temperature ....... —65°Cto +150°C
Vecand GRDD with Respect L :
tOVEg o - 0.3V to 15V
All Input and Output Voltages - L
“with RespecttoVgg....... i —03Vto 15V
Power Dissipation ... ................1.35W

D.C. CHARACTERISTICS

*NOTICE: Stresses above.those listed under
“Absolute Maximum Ratings’ may cause perma-
nentdamageto the device. This is a stress rating
only and functional operation of the device at
.these ‘or-any other conditions above those- in-
dicated in- the operational sections of this
specification ‘is not implied. Exposure to ab-
solute maximum rating conditions for extended
periods may affect device reliability.

(Ta = 0°Cto 70°C, Vo = +5V +5%, Vgg = —5V +5%, GRDA OV GRDD = 0v, unless otherwise

specified)

Typical values are for TA_ 25°C and nominal- power supply values

DIGITAL INTERFACE"

Symbol Parameter Min Typ | Max | Unit Test Conditions
e Low Level Input Current - 10 puA | GRDD < Viy = V,_ (Note 1)
I High Level Input Current 10 A | Vig < Viy < Ve
Vi Input Low Voltage 0.8 \"
Vi Input High Voltage 1 20 v ]
Vor . | Qutput.Low Voltage , - 04 ] ¥V |lo = 3.2mAatDy, TSx

| Vou | Output High Voltage : 24 TV T ion = 9:6 mA at Dy
Cox - .| Digital Output Capacitance? = o " pF ‘

Cy - - | Digital Input Capacitance - 5 10 pF

FUWEM VIDDIFAIIVN

All.measurements made at focix = 2.048 MHz, outputs unloaded:

Symbol]| ‘Parameter “Min- | Typ | Max ‘| Unit Test Conditions -
lecr | Voo Operating Currentt 14 | 19 | mA -
lse1 Ves Operating Current -18 —24 mA
leco Ve Power Down Current 05 1.0 mA | PDN < V,; after 10us

lggo Vgg Power Down Current -05 | -1.0 mA PDN < V., after 10us
lecs Ve Standby Current 12 2.4 | ‘mA | FSy, FSg < V) after 300 ms
lsas - - | Vas Standby Current -12 | 24 | mA -FSX, FSr < Vy_ after 300 ms
Poi | Operating Power Dissipation3 140 | 200 | mw '
Poo Power Down Dissipation3 " I 5 10 mw ‘PDN Vii; after 10us

Pst Standby Power Dissipation3 12 25 mW. | FSy, FSp < Vy

NOTES:

1. Vi is the voltage on anydngctalpm

2. Timing parameters are guaranieed based on a 100 pF load capacitance. Up to eight digital outpits may be connected o a common PCM

highway without buffering, assuming a board capacitance of 60 pF.
3. With nominal power supply values. -
4. Vocapp!edlasorsrmumaneousiymmvsa
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ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE

Symbol| Parameter ~Min | Typ | Max | Unit Test Conditions
lexs Input Leakage Current, VF,l — L 100 nA | —217V s Vy <217V
Ry - | Input Resistance, VF,l— 10 MQ '

Vos | Input Offset Voltage, VF— 25 | mv

Avor DC Open Loop Voltage Gain, GSy 5000 -

fe | Open Loop Unity Gain Bandwidth, GS 1 MHz

C | Load Capacitance, GSx ' 50 pF-

Ru | Minimum Load Resistance, GSy 10 ' kO

ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STAGE

‘Symbol - Parameter | Min | Typ | Max | Unit Test Conditions
Roma | Output Resistance, PWRO +, PWRO~ 1 0 SRR

Vosa msmw Output DC Offset, PWRO +, 75 mv | Relative to GRDA

Cus | Load Capacitance, PA/RO+, PWRO~ 100 | pF-

A.C. CHARACTERISTICS — TRANSMISSION PARAMETERS

Unless otherwise noted, the analog input is a 0 dBm0, 1020 Hz sine wave.! Input amplifier is set for unity gain;
inverting. The digital input is a PCM bit stream generated by passing a 0 dBm0, 1020 Hz sine wave through an
ideal encoder. Receive. output is measured single ended: All output levels are (sin x)/x corrected. Typical values
are for T, = 25°C-and nominal power supply values. (T, = 0°Cto +70°C; Voc = +5V£5%; Vgg = =5V +5%;

GRDA = 0V; GRDD = 0V; unless otherwise specified).

GAIN AND DYNAMIC RANGE ‘ ‘
Symbol Parameter Min | Typ | Max | Units - Test Conditions
‘EmW | Encoder Milliwatt Response —~0.18 | +0.04 | +0.18 | dBmO | Signalinput of 1.064 Vims. wlaw
© | (Transmit gain tolerance) Signal.input of 1.088 Vrms:A-law-
‘ Tp = 25°C, Vgg = =5V, Vo =
L ; , +5v .
EmW,s | EmW variation with Temperature and | —0.07 | =0.02 | +0.07 +5% supplies, 0 to. 70°C
supplies e o ‘ ; Relative to nominal conditions
DmW | Digital Milliwatt Response ~0.18 | £0.04 | +0.18 | dBmO | Measure relative to OTLP,. Signal
" | (Receive gain tolerance) input per CCITT Recommendation
G.711. Output signal of 1000 Hz.
R = ® - R R
Ty = 25°C; Vgs = —5V,
Va; = >+~5V.k L
DmWig W variation with temperature and -007 | £0.02 | +0.07 | . dB, | 5% supplies, 0 to 70°C
NOTES: S :
1. Oﬁmobdeﬁﬁedasmemmmpokndmmmm(om.Thbcormpmdstomanalogsigna!hptﬁofl.@vdﬁsmsor

an output of 1.503 volts rms (for plaw).
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GAIN TRACKING
Reference Level = =10dBm0
! Lo - 2916 2917 - ,
Symbol | Parameter Min Max | Min | Max | Unit Test Conditions
GT1, | Transmit Gain Tracking Error” +0.25 dB | +3to —40 dBm0
1 Sinuscidal Input; p-law +05 d8  |'—40tc —50 dBmo
+12 -dB-.| —50 to —55dBm0
Measured at PWRO +,
. . . R = 3000 ;
GT2, | Transmit Gain Tracking Error +0.25 | dB | +3to —40dBm0
Sinusoidal Input; A-law +0.5 dB | —40to —50-dBmO
+12 | dB | —50to —~55dBm0 =
Measured at PWRO +,
.o A D ] ... |R =300Q -~
‘GT1. | Receive Gain Tracking Error '+0.25 ‘dB | +3to —40 dBm0
Sinusoidal Input; u-law +=0.5 dB . | —40to —50 dBm0
’ cx12 ~dB —50 to —55 dBmQ
Measured at PWRO +,
: : . i |R =13000
GT2, | Receive Gain Tracking Error . 025 | dB | +3to —40dBm0
Sinusoidal Input; A-law +0.5 dB —40 to —50 dBmo0
+1.2 dB —50 to —55 dBm0
Measured at PWRO+,
R, = 300Q
NOISE (All receive channel measurements are single ended)
| 296 | 20917
Symbol| . Parameter Min | Typ | Max | Min | Typ |Max | .Unit |  Test Conditions
Nye;  |Transmit:Noise, C-Message B 1 15 -dBrncO | Unity: Gain’
Weighted : : TR | L
Ny | Transmit Noise, Psophometrically —75| dBmOp | Unity Gain
Weighted
Ngcy | Receive Noise, C-Message 11 dBrncO | Dy = 11111111
| Weighted: Quiet Code . g
Nac2 * | Receive Noise, C-Message 12 dBracO. | Input-to Dg-is zero code
‘Weighted: -Sign bit toggle - | with sign bit toggle at 1 kHz
: o o rate '
Npgp Receive Noise, Psophometrically —79| dBmOp | Dy = lowest positive
‘ Weighted: . ' SRR EPERSS decode level
Ng - | Single.Frequency Noise ~501. —-50| dBmO | CCITT G.712.4.2
: “End to End-Measurement B ~ | Measure at PWRO—
PSRR, | Ve Power Supply Rejection, -30 -30 dB  |die channel; 200mV P-P
Transmit Channel signal on supply; 0 to
. o ’ 50kHz, measure at Dy
’PSRRz Vs Pow_erSup:Sly Rejection, -30 -30 dB \dle channel; 200 mV P-P
Transmit Channel o signal on supply; 0 to 50
' kHz, measure at Dy -
PSRR, | V¢ Power Supply Rejection, -25 | —25 dB 1 Idle channel; 200 mV P-P
Receive Channel signal on supply; measure
i .| narrow band at PWRO+,
0 to 50 kHz
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NOISE (All receive channel measurements are single ended)

. 2916 2917 ’ -
Symbol| Parameter Min | Typ | Max | Min | Typ | Max| Unit Test Conditions
PSRR, | Vg5 Power-Supply Rejection, -25 -25 dB Idle channel; 200 mV P-P
Receive Channel ' ' signal on supply; measure
i narrow band at PWRO +,
0 to 50 kHz
CTw | Crosstalk, Transmit to Receive -7 -71| dB Input = 0dBmO, Unity
Gain, 1.02 kHz, Dy =
lowest positive decode
) level, measure at PWRO +
CTgr | Crosstalk, Receive to Transmit =71 =71| dB | Dg = 0dBm0, 1.02 kHz,
1 - measure-at Dy
. SN L 3L TEHIVIRLTIVU £ \&T 10) v uoe LITTRV WL T MO wtny
SD2x Transmit Signal to Distortion, A-Law 36 dB 0 to —30 dBm0
Sinusoidal Input; 30 dB —-30 to —40 dBmO
CCITT G.712-Method 2 (2917) 25 dB ~40 to —45 dBm0
SD1g Receive Signal to Distortion, p-Law 36 “dB ] Oto. —30dBmO -
Sinusoidal Input; CCITT G.712-Method 30 dB —30 to —40 dBm0
2 (2916) : 25 dB —40 to —45 dBm0
SD2g Receive Signal to Distortion, A-Law- 36 dB 0 to"—30 dBm0
Sinusoidal Input; CCITT G.712-Method 30 dB —-30 to —40 dBm0
2 (2917) ’ 25 dB —40 to —45 dBm0
DPy Transmit Single Frequency Distortion -46 | dBmO | AT&T Advisory #64 (3.8)
Products (2916) - 0 dBmO. Input Signal
DPg Receive Single Frequency Distortion - —-46 | dBmO | AT&T Advisory #64 (3.8)
Products (2916) i s 0 dBm0 input Signal
IMD, Intermodaulation Distortion, =35 - dB CCITTG.712 (7.1)
End to End Measurement : .
IMD, Intermodulation Distortion, -49 | dBm0 | CCITT G.712 (7.2)
End to End Measurement : o
SOs Spurious Out of Band Signals, -25 | dBm0’| CCITT G.712 (6.1)
End to End Measurement - - )
SIS Spurious in Band Signals, =40 | dBmO | CCITT G. 712 (9)
End to End Measurement ‘ . ‘ ,
Dax Transmit Absolute Delay 245 ps | Fixed Data Rate. CLKx = 2.048
MHz; 0 dBm0Q, 1.02 kHz input
Signal, Unity Gain. Measure
at Dx.
Dox | Transmit Differential Envelope Delay 170 us | f = 500 — 600 Hz
Relative to Dax 95 us f = 600 — 1000 Hz
45 pus {f = 1000 - 2600 Hz
105 pus | f = 2600 — 2800 Hz
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DCSTbRT!ON

Symbol| __ Parameter | Min | Typ | Max | Unit | Test Conditions
‘Dar Receive Absolute Delay B : 190 us | Fixed Data Rate, CLK. = 2.048
! | MHz; Digital'input is DMW- :
. - codes. Measure at PWRO +-
‘Don . | Receive Differential Envelope Delay 1 45 us | f = 500-600Hz .
Relative to Dag’ 35 pus | f = 600 - 1000 Hz
‘ 85 | ps | f= 1000 - 2600 Hz
- 110 pus | f = 2600 - 2800 Hz
TRANSMIT CHANNEL TRANSFER CHARACTERISTICS
Input amplifier is set for unity gain, inverting. :
[Symbol — Parameter | Min | Typ | Max | Unit Jest Conditions
Grax . | Gain Relative to Gain at 1.02 kHz : : 0 dBmo Signal input at VFxl —
' 1667Hz ' -30 | dB
50 Hz ‘ ' R -25 | dB
60Hz ' N -23 dB -
200 Hz |18 -0.125| dB
300 to 3000 Hz . —0.125 +0.125] dB
3300 Hz - v -0.35 +0.03 | dB
lo00Hz |07 | ~ |-010 | B
4000Hz" L -] 14} dB -
4600 Hz and Above ; , -] -32 | dB
o —o
1 expanoen
SCALE
A i TRANereR FuRcTion * 330w 4
.
§ o L
I3
3 -10 10
204 / E-
g / . . )
\ TYPICAL FILTER /
-3 b TRANSFER FUNCTION 30
- :
50 50
- [ K Lot byt i A .
1 . 50Hz 100Hr . 1KHz ~YOKHz
FREDUEM;Y(N:I

Figure 4. Transmit Channel
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2916 and 2917 -

PRELIMINARY

RECEIVE CHANNEL TRANSFER CHARACTERISTICS

Symbol Parameter Min | Typ | Max | Unit ~ Test Conditions
Grr Gain Relative to Gain at 1.02 kHz 0 dBmo0 Signal input at Dg

Below 200 Hz +0.125 dB

200 Hz -0.5 +0.125] dB

300 to 3000 Hz -0.125 +0.125f dB

3300 Hz - -0.35 +0.03 dB

3400 Hz -0.7 -0.1 | dB

- 4000 Hz -14 | .dB

4600 Hz and Above -30 dB

548
200Hz

| expanpeD
SCALE

GAIN RELATIVE TO GAIN AT TkHr (48]

S TS N

|

solit il
* 100Kz

FREQUENCY (M2}

-50
KMz 10KHz

Figure 5. Receive Channel
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A.C. CHARACTERISTICS — TIMING PARAMETERS

CLOCK SECTION

Symbol Parameter Min Typ Max- | Unit Test Conditions
‘toy Clock Period, CLK ' 488 : ns | oy = 2.048 MHz

Tto Ciock Puise Width, CLK - 220 ‘ ns .

tooik Data Clock Pulse Width 220 ‘ ns |64 kHz < fyo < 2.048 MHz
teoe Clock Duty Cycle, CLK 45 50 55 % '

tt Clock Rise and Fall Time ‘ 5 ' 30 ns

TRANSMIT SECTION, FIXED DATA RATE MODE!
Symbol ' Parameter

Min Typ Max Unit Test Conditions
tozx Data Enabled on TS Entry 0 145 ns |0 < Copp < 100 pf
" toox Data Delay from CLK 0 145 ns |0 < Cpoap < 100 pf
tzx Data Float on TS Exit 60 215 ns Coomo =0
0
60
100

| tson Timeslot X to Enable 145 ns |0 < Coap < 100 pf
tsorr Timesiot X to Disable 190° ns Cloap =0
tesn Frame Sync Delay tey=100] ns

RECEIVE SECTION, FIXED DATA RATE MODE

Symbol Parameter Min Typ Max Unit Test Conditions
tosn Receive Data Setup 10 ns
tour Receive Data Hold 60 - ns
tesp Frame Sync Delay ' 100 tey—100| ns
NOTES: ’

1. Timing parameters torx, tuzx, and tgopr are referenced to a high impedance state.
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WAVEFORMS ,
Fixed Data Rate Timing

TRANSMIT TIMING

TIMESLOT i |

TIMESLOT — - e - - 4

7 "—‘ozx. '—’; rionx - ) ] | !
Dx BIT 1 X BIT2 x BIT3: X BITS X BITS X BITE X vy X BITe -

. A\
. —L_{‘%ou
TS

NOTE: ALL TIMING PARAMETERS REFERENCED TO Vyy AND Vy EXCEPT tozx, tsorr AND thzx WHICH
" REFERENCE A HIGH IMPEDANCE STATE

RECEIVE TIMING

TIMESLOT |

TIMESLOT - 4

o TIX XX T T X R U X NI

NOTE: ALL TIMING PARAMETERS REFERENCED TO Vi AND V.
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_ 1. Timing parameters tpon and tporr are referenced to a high impedance state.
2. tgg x Minimum requirements overrides trgpy maximum spec for 64 kHz operation.
3. teg g Minimum requirements overrides trgpp Maximum spec for 64 kHz operation.

234

2916 and 2917 PRELIMINARY
TRANSMIT SECTION, VARIABLE DAiA nAIE muue-
Symbol , Parameter Min Typ Max Unit ~Test-Conditions
trsox - | Timesiot Delay from DCLK,? 140 tox—140[ ns
A teso Frame Sync Delay , 100 tey—100| ns
toox - | Data Delay from DCLKy 0 100 ns |0 <Copp < 100 pf
| toon Timeslot to Dy Active 0 50 ns |0 < Coap < 100 pf
toorr | Timeslot to Dy Inactive 80 ns |0 < Clonp < 100.pf
x| Data Clock Period - - 488 1562 | ns
torsx Data Delay from FSy 0 140 ns
' RECEIVE SECTION, VARIABLE DATA RATE MODE .
Symbol Parameter Min Typ Max Unit Test Conditions
treon Timeslot Delay from DCLKg? 140 tor—140 ns
teso Frame Sync Delay 100 tey—100|. ns
tosa Data Setup Time - 10- ' 1 ns
tou Data Hold Time - 60 ns
ton ‘Data Clock Period 488 1562 | ' ns
tser “Timeslot End Receive Time 0 ns
64 KB OPERATION, 'VARIABLE DATA RATE MODE
| symbol Parameter Min | Typ | Max | Unit Test Conditions
| Transmit Frame Sync Minimum 488 ns FSx is TTL high for remairider of
i Downtime ) ‘ | frame . . : :
}tesr | Receive Frame Sync Minimum 1952 ns | FSgis TTL high for remainder of
... .| Downtime . frame
tocix Data Clock Pulse Width 10 us
NOTES:



|ntef 2916 and 2917 PRELIMINARY

VARIABLE DATA RATE TIMING

TRANSMIT 'ﬁMING | ;
S | Y
- .
DCLK -\— 4 ‘ 5 ‘ 6 [ 7 ) 8 j_

j{rwwm_ﬂf\_ﬂf\fu

t — -—— N N
DON topx . a— t

B 4—1“3,(

nx—-(:x BTt xmn X sra f aime X ers X BTe ) BiT7 rsrra}-——

RECEIVE TIMING .

r
)

J e’

NOTE: ALL TIMING PARAMETERS REFERENCED TO V, AND V) EXCEPT
toon AND toee WHICH REFERENCE A HIGH IMPEDANCE STATE

| A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

20 20
>TEST PO!NTS<
0.8 0.8 )

A.C. TESTING: INPUTS ARE DRIVEN AT 24VFORALOGIC *1"and 0.45V FOR A
LOGIC“0". TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGlC *1"AND
0.8V FOR A LOGIC 0™
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