intel"” 2911A-1

PCM CODEC—A LAW
8-BIT COMPANDED A/D AND D/A CONVERTER

m Per Channel, Single Chip Codec m 66 dB Dynamic Range, with Resolution

m CCITT G711 and G732 Compatible, Equivalent to 11-Bit Linear Conversion
Even Order Bits Inversion Included Around Zero

m Microcomputer Interface with On-Chip m Precision On-Chip Voltage Reference

Time-Slot Computation m Low Power Consumption 230 mW Typ.
m Simple Direct Mode Interface When Standby Power 33 mW Typ.

Fixed Timeslots Are Used m Fabricated with Reliable N-Channel
m +5% Power Supplies: + 12V, +5V, —5V MOS Process

The Intel 2911A is a fully integrated PCM (Puise Code Modulation) Codec (Coder-Decoder), fabricated with
N-channel silicon gate technology. The high density of integration allows the sample and hold circuits, the
digital-to-analog converter, the comparator and the successive approximation register to be integrated on the
same chip, along with the logic necessary to interface a full duplex PCM link.

The primary applications are in telephone systems:

* Transmission — 30/32 Channel Systems at 2.048 Mbps
® Switching — Digital PBX’s and Central Office Switching Systems
e Concentration — Subscriber Carrier/Concentrators

The wide dynamic range of the 2911A (66 dB) and the minimal conversion time (80 us minimum) make it an
ideal product for other applications, like:

e Data Acquisition e Secure Communications Systems
* Telemetry ® Signal Processing Systems
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PIN DESCRIPTION

Pin No Symbol Function Description

1 CAP1x Hold Connections for the transmit holding capacitor. Refer to

2 CAP2y Applications section.

3 VFx Input Analog input to be encoded into a PCM word. The signal on

this lead is sampled at the same rate as the transmit frame
synchronization pulse FSy, and the sample value is held in the
external capacitor connected to the CAP1y and CAP2x leads
until the encoding process is completed.

4 AUTO Output Most significant bit of the encoded PCM word (+ 5V for
negative, — 5V for positive values). Refer to the Codec
Applications section.

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

6 Vpop Power +12V +5%; referenced to GRDA.

7 Dgr Input Receive PCM highway (serial bus) interface. The Codec

serially receives a PCM word (8 bits) through this lead at the
proper time defined by FSg, CLKR, D¢, and CLKc.

8 PDN Output Active high when the Codec is in the power down state. Open
drain output.
9 VFg Output Analog Output. The voltage present on VFg is the decoded

value of the PCM word received on lead Dg. This value is held
constant between two conversions.

10 NC No Recommended practice is to strap these NC's to GRDA.

11 NC Connects

12 GRDD Ground Ground return common to the logic power supply; Vce.

13 Dy Output Output of the transmit side onto the send PCM highway (serial

bus). The 8-bit PCM word is serially sent out on this pin at the
proper time defined by FSx, CLKx, D¢, and CLK¢. TTL three-
state output.

14 TSy Output Normally high, this signal goes low while the Codec is
transmitting an 8-bit PCM word on the Dy lead. (Timeslot
information used for diagnostic purposes and also to gate the
data on the Dx lead.) Open drain output.

15 Vce Power + 5V +5%, referenced to GRDD.

16 CLKR Input Master receive clock defining the bit rate on the receive PCM
highway. Typically 2.048 Mbps for a carrier system. Maximum
rate 2.1 Mbps. 50% duty cycle. TTL compatible.

17 FSg Input Frame synchronization pulse for the receive PCM highway.
Resets the on-chip timeslot counter for the receive side.
Maximum repetition rate 12 KHz. TTL interface.

18 CLKy Input Master transmit clock defining the bit rate on the transmit
PCM highway. Typically 2.048 Mbps for a carrier system.
Maximum rate 2.1 Mbps. 50% duty cycle. TTL interface.

19 FSx Input Frame synchronization pulse for the transmit PCM highway.
Resets the on-chip timeslot counter for the transmit side.
Maximum repetition rate 12 KHz. TTL interface.

20 Vag Power —5V 5%, referenced to GRDA.

21 D¢ input Data input to program the Codec for the chosen mode of
operation. Becomes an active low chip select when CLK¢ is
tied to Vge. TTL interface.

22 CLK¢ Input Clock input to clock in the data on the D¢ lead when the
timeslot assignment feature is used; tied to V¢ to disable this
feature. TTL interface.
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FUNCTIONAL DESCRIPTION

The 2911A PCM Codec provides the analog-to-digi-
tal and the digital-to-analog conversions necessary
to interface a full duplex (4 wires) voice telephone
circuit with the PCM highways of a time division mul-
tiplexed (TDM) system. The Codec is intended to be
used on line and trunk terminations.

In a typical telephone system the Codec is located
between the PCM highways and the channel filters.

The Codec encodes the incoming analog signal at
the frame rate (FSy) into an 8-bit PCM word which is
sent out on the Dy lead at the proper time. Similarly,
on the receive link, the Codec fetches an 8-bit PCM
word from the receive highway (Dg lead) and de-
codes an analog value which will remain constant on
lead VFR until the next receive frame. Transmit and
receive frames are independent. They can be asyn-
chronous (transmission) or synchronous (switching)
with each other.

Circuitry is provided within the Codec to internaily
define the transmit and receive timeslots. in small
systems this may eliminate the need for any external
timeslot exchange; in large systems it provides one
level of concentration. This feature can be bypassed
and discrete timeslots sent to each Codec within a
system.

In the power-down mode, most functions of the Co-
dec are directly disabled to reduce power dissipation
to a minimum.

CODEC OPERATION

Codec Control

The operation of the 2911A is defined by serially
loading an 8-bit word through the D¢ lead (data) and
the CLKc lead (clock). The loading is synchronous
with the other operations of the Codec, and takes
place whenever transitions occur on the CLK¢ lead.
The D¢ input is loaded in during the trailing edge of
the CLKc input.

cuKg

BiT1 B8IT2 @173 @IT4 @TS BIT6 BIT? BTE

SELECT
MODE

ASSIGN X, R
TME SLOT: ny, ny

270158-4

The control word contains two fields:

Bit 1 and Bit 2 define whether the subsequent 6 bits
apply to both the transmit and receive side (00), the
transmit side only (01), the receive side only (10), or
whether the Codec should go into the standby, pow-
er-down mode (11). In the last case (11), the follow-
ing 6 bits are irrelevant.
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Figure 4. Typical Line Termination
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The last 6 bits of the control word define the timesiot
assignment, from 000000 (timeslot 1) to 111111
(timeslot 64). Bit 3 is the most significant bit and bit 8
the least significant bit and fast into the Codec.

Bit 1|Bit2| Mode
0 0 X&R
0 1 X
1 0 R
1 1 | Standby
Bit
3 46 6 8 Time-Slot
00 0O0O0OTO 1
0 0000 1 2
L] L
[ ] [ ]
[ ] ®
[ ] [ ]
111 1 1 1 64

The Codec will retain the control word (or words)
until a new word is loaded in or until power is lost.
This feature permits dynamic allocation of timeslots
for switching applications.

Microcomputer Control Mode

In the microcomputer mode, each Codec performs
its own timeslot computation independently for the
transmit and receive channels by counting clock
puises (CLKy and CLKR). All Codecs tied to the
same data bus receive identicat framing pulses (FSx
and FSR). The framing pulses reset the on-chip
timeslot counters every frame; hence the timesiot
counters of all devices are synchronized. Each Co-
dec is programmed via CLK¢ and Dg for the desired
transmit and receive timeslots according to the de-
scription in the Codec Control Section. All Codecs
tied to the same Dp bus will, in general, have differ-
ent receive timeslots, although that is not a device
requirement. There may be separate busses for
transmit and receive or all Codecs may transmit and
receive over the same bus, in which case the trans-
mit and receive channels must be synchronous
(CLKx = CLKR). There are no other restrictions on
timeslot assignments; a device may have the same
transmit and receive timeslot even if a single bus is
used.

There are several requirements for using the
CLK¢~-Dg interface in the microcomputer mode.

1. A complete timeslot assignment, consisting of
eight negative transitions of CLKg, must be made
in less than one frame period. The assignment
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can overlap a framing pulse so long as all 8 con-
trol bits are clocked in within a total span of
125 us (for an 8 KHz frame rate). CLKc must be
left at a TTL low level when not assigning a time-
slot.

. A dead period of two frames must always be ob-
served between successive timeslot assign-
ments. The two frame delay is measured from the
rising edge of the first CLK¢ transition of the pre
vious timeslot assigned. :

. When the device is in the power-down state
(Standby), the following three-step sequence
must be followed to power-up the codec to avoid
contention on the transmit PCM highway.

a. Assign a dummy transmit timeslot. The dummy
should be at least two timeslots greater than
the maximum valid system (usually 24 or 32).
For example, in a 24 timeslot system, the dum-
my could be any timeslot between 26 and 64.
This will power-up the transmit side, but pre-
vent any spurious Dx or TSx outputs.

. Two frames later, assign the desired transmit
timeslot.

Two frames later assign the desired receive
timeslot.

. Initialization sequence: The device contains an
on-chip power-on clear function which guarantees
that with proper sequencing of the supplies (Vg
or Vpp on last), the device will initialize with no
timeslot assigned to either the transmit or receive
channel. After a supply failure or whenever the
supplies are applied, it is recommended that ei-
ther power down assignment be made first, or the
first timeslot assignment be a transmit time-
slot or a transmit/receive timeslot. The conse-
quence of making a receive timeslot assignment
first, after supply application, is that the transmit
channel will assume timesiot 1, potentially pro-
ducing bus contention.

5. Transmit only/receive only operation is permitted
provided that a power down assignment is made
first. Otherwise, special circuits which use only
one channel should be physically disconnected
from the unused bus; this allows a timeslot to be
made to an unused channel without conse-
quence.

6. Both frame synchronizing pulses (FSy, FSg) must
be active at all times after power on clear (after
power supplies are turned on). This requirement
must be met during powerdown and receive only
or transmit only operation, as well as during nor-
mal transmit and receive operation.

c.

Example of Microcomputer Control Mode:

The two words 01000001 and 10000010 have been
loaded into the Codec. The transmit side is now pro-
grammed for timeslot 2 and the receive side for
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timeslot 3. The Codec will output a PCM word on the transmit PCM highway (bus) during the timeslot 2 of the
transmit frame, and will fetch a PCM word from the receive PCM highway during timesiot 3.

l’ SEPARATED BY AT LEAST TWO FRAMES"

t_[2] I3 [+l [5] fel 7L Jo 11 21 31 J«L s\ felL [7L J®
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1
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Figure 5. Microcomputer Mode Programming Examples

In this example the Codec interface to the PCM highway then functions as shown below. (FSx and FSg may
be asynchronous.)
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Figure 6. Microcomputer Mode PCM Highway Example

Direct Control Mode The Codec will enter direct mode within three frame

times (375 ps) as measured from the time the de-
The direct mode of operation will be selected when vice power supplies settle to within the specified lim-
the CLKc pin is strapped to the +5V supply (Vo). its. This assumes that CLK¢ is tied to Vcc and that
In this mode, the D¢ pin is an active low chip select. all clocks are available at the time the supplies have
In other words, when D is low, the device transmits settled.
and receives in the timeslots which follow the appro-
priate framing pulses. With D¢ high the device is in
the power down state. Even though CLK¢ character-  General Control Requirements
istics are simpler for the 2911A it will operate proper-

ly when plugged into a 2911 board. All bit and frame clocks should be applied whenever

the device is active. In particular, an unused channel
Deactivation of a channel by removal of the appro- cannot be deactivated.by removal of its associated
priate framing pulse (FSx or FSR) is not permitted. frame or bit clock while the other channel of the

same device remains active.
Specifically, framing pulses must be applied for a . .
minimum of two frames after a change in state of D~ A single channel cannot be deactivated except by
in order for the D¢ change to be internally sensed. In  Physical disconnection of the data lead (Dx or Dg)

particular, when entering standby in the direct mode, from the system data bus. A device (both transmit
framing pulses must be applied as usual for two and receive channels) may be deactivated in either
frames after Dg is brought high. control mode by powering down the device. Both

channels are always powered down together.
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Encoding sampling and conversion is synchronized with the
transmit timeslot. The PCM word is then output on

The VF signal to be encoded is input on the VFy the Dy lead at the proper timeslot occurrence of the

lead. An internal switch samples the signal and the following frame. The A/D converter saturates at ap-

hold function is performed by the external capacitor proximately +2.2V RMS (£3.1V peak).

connected to the CAP1x and CAP2y leads. The

256 X LK, ——————————=|
., f (32 CHANNEL SYSTEM) 1
TIME 8LOT 20 —f |— TWE SLOT 20 —
Op ~-ocm e meerenommeeoeeee s .D .......................................................................................
™ | ] [ s u
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w5 \F—/ T —
A/D CONV. CYCLE :
can HOLD TheE  —*{ e
——— —~
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Figure 7. Transmit Encoding
Decoding generated, forcing the device into the power down

state, when power is supplied by any of the following
The PCM word is fetched by the Dy lead from the methods. (1) Device power supplies are turned on in
PCM highway at the proper timeslot occurrence. The a system power-up situation where either Vg or
decoded value is held on an internal sample and Vpp is applied last. (2) A large supply transient caus-

hold capacitor. The buffered non-return to zero out- es either of the two positive supplies to drop to ap-
put signal on the VFRg lead has a dynamic range of proximately 2V. (3) A board containing Codecs is
2.2V RMS (3.1 volts peak). plugged into a “hot” system where Vg or Vpp is

the last contact made. it may be necessary to trim
back the edge connector pins or fingers on Vg or

Standby Mode—Power Down Vpp relative to the other supply to guarantee that
the power-on clear will operate properly when a
To minimize power consumption and heat dissipa- board is plugged into a “hot” system. Furthermore,

tion a'standby mode is provided where all Codec the Codec will inhibit activity on TSy and Dy during
functions are disabled except for Dg and CLK¢ the application of power supplies.

leads. These allow the Codec to be reactivated. In

the microcomputer mode the Codec is placed into The device is also tolerant of transients in the nega-
standby by loading a control word (D¢) with a “1”" in tive supply (Vgg) so long as Vgg remains more neg-
bits 1 and 2 locations. In the direct mode when D¢ is ative than —3.5V. Vg transients which exceed this
brought high, the all *“1’s” control word is internally level should be detected and followed by a system
transferred to the control register, invoking the reinitialization.

standby condition.

While in the standby mode, the Dy output is actively Precision Voltage Reference for the
held in a high impedance state to guarantee that the D/A Converter
PCM bus will not be driven.
The voitage reference is generated on the chip and
The power consumption in the standby mode is typi- is calibrated during the manufacturing process. The
cally 33 mW. technique uses the difference in sub-surface charge
density between two suitably implanted MOS devic-
es to derive a temperature stable and bias stable
Power-On Clear reference voltage.

Whether the device is used in the direct or micro-
computer mode, an internal reset (power-on clear) is

5-24



intal.

2911A-1

A gain setting op amp, programmed during manufac-
turing, “trims” the reference voltage source to the
final precision voltage reference value provided to
the D/A converter. The precision voltage reference
determines the initial gain and dynamic range char-
acteristics described in the A.C. Transmission Speci-
fication section.

CONVERSION LAW

The conversion law is commonly referred to as the A
Law.

1 + log1g (AlX])

F(x) = Sgn(x) [ ] /A< X <1

f

where: x = the input signal

[

Sgn(x) = sign of the input signal
A = 87.6 (defined by CCITT)

The Codec provides a piecewise linear approxima-
tion of the logarithmic law through 13 segments.
Each segment is made of 16 steps with the excep-
tion of the first segment, which has 32 steps. In adja-
cent segments the step sizes are in a ratio of two to
one. Within each segment, the step size is constant.

The output levels are midway between the corre-
sponding decision levels. The output levels y, are
related to the input levels x, by the expression:

1+ logig A
_1+
ya=0-17 % g cn< 128
F(x) = Sgn{x) [ AlX| ] 0<|x <1/A 2
9 1+ |Og10A !
VR _
i
1 TR § + lI
VEx
270158-8

Figure 10. Codec Transfer Characteristic
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Theoretical A-Law—Positive Input Values (for Negative Input Values, Invert Bit 1)

1 2 3 4 5 ] 7 8
Value at Declsi - PCM Word(4) Normalized Decoder
Segment No. of Steps Segment Value D Value Output
Number x Step Size Enngolnts Number n Value xp(1) Bit Number at Decoder Value
12345678 Output y,(5) Number
4096(3) (128) (4096) I I
11111111 4032 128
127 3968 ) I
] I | |
7 16x 128 : : (Note 2) : :
{ ! ] ]
113 2176 | |
11110000 2112 113
2048 112 2048 ) |
| { i t
6 16 x 64 : : (Note 2) : :
] ! ! I
97 1088 i i
11100000 1056 97
1024 96 1024 ] I
| | { 1
5 16 x 32 : : (Note 2) : :
t | { |
81 544 | |
11010000 528 81
512 80 512 | !
| | | |
4 16x16 : : (Note 2) : :
| | | |
65 272 | I
11000000 264 65
256 64 256 I I
I I I I
3 16x8 : : (Note 2) : :
I I I I
49 136 I I
10110000 132 49
128 48 128 I |
| | | |
2 16x4 : | (Note 2) ! !
| | | |
33 68 | |
10100000 66 33
64 a2 64 I |
I I ] )
1 32x2 : : (Note 2) : :
I I ) !
1 2 I ]
10000000 1 1
0 0
NOTES:

1. 4096 normalized value units correspond to the value of the on-chip voltage reference.

2. The PCM word corresponding to positive input values between two successive decision values numbered n and n + 1
(see column 4) is (128 + n) expressed as a binary number.

3. X428 is a virtual decision value.

4. The PCM word on the highways is the same as the one shown in column 6, with the even order bits inverted. The 2911A
provides for the inversion of the even order bits on both the send and receive sections.

5. The voltage output on the VFg lead is equal to the normalized value given in the table, augmented by an offset. The
offset value is approximately 15 mV.
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APPLICATIONS __ ____
—
|
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For an 8 KHz sampling system the transmit holding | l 1L i |
capacitor CAPy should be 2000 pF +20%. | e 1w !
| | 3. $soka }
| | 1——»-v————{ auto
— i LN 4 R |
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| | | w1 Figure 12. Circuit Interface—With
If pecoven CIRCUIT ! External Auto Zero
\ | vepy ' I |
LI;ZIFIYEN : 4 2 mV OFFSET }
1 i
D U 4 Auto Zero
GRDA
h 2701589 The 2911A contains a transparent on-chip auto zero

Figure 11. Circuit Interface—Without
External Auto Zero

Filters Interface

The filters may be interfaced as shown in the circuit
interface diagrams. Note that the output pulse
stream is of the non-return-to-zero type and hence
requires the (sin x)/x correction provided by the
2912A filter.

Dy Buffering

For higher drive capability or increased system reli-
ability it may be desirable that the Dy output of a
group of Codecs be buffered from the system PCM
bus with an external three-state or open collector
buffers. A buffer can be enabled with the appropriate
Codec generated TSy signal or signals. TSy signal
may also be used to activate external zero code sup-
pression logic, since the occurrence of an active
state of any TSy implies the existence of PCM voice
bits (as opposed to transparent data bits) on the
bus.
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plus a device pin for implementing a sign-bit driven
external auto zero feedback loop. The on-chip auto
zero reduces the input offset voltage of the encoder
(VFy) to less than 3 mV. For most telephony applica-
tions, this input offset is perfectly acceptable, since it
insures the encoder is biased in the lower 25% of
the first segment.

Where lower input offset is required the external
auto zero loop may be used to bias the encoder ex-
actly at the zero crossing point. The consequence of
the external auto zero loop, aside from extra compo-
nents, is the addition of the dithering auto-zero sig-
nal to the input signal, resulting in slightly higher idle
channel noise (approximately 2 dB) than when the
external loop is not used. Consequently, where the
application permits, it is recommended that the ex-
ternal auto zero loop not be used. When not used,
the AUTO pin should float.

The circuit interface with external auto zero drawing
shows a possible connection between VFy and
AUTO leads with the recommended values of
C1=03 puF, Ry=150 KQ, R>=330Q, and
R3=470 K.
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias . ........ —10°C to +80°C
Storage Temperature .......... —65°C to +150°C

All Input or Output Voltages with
RespecttoVgg................ —0.3Vio +20V

Vce. Vpp, GRDA, and GRDA with Respect
TOVEE «ooovereeriiaaaannns, —0.3Vto +20V

Power Dissipation ........................ 1.35W

D.C. CHARACTERISTICS

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.

Ta = 0°Cto +70°C, Vpp = +12V 5%, Vo = +5V £5%, Vgg = —5V +5%, GRDA = 0V, GRDD = 0V,

unless otherwise specified.

DIGITAL INTERFACE

Symbol Parameter Limits Unit Test Conditions
Min | Typ()) | Max
e Low Level Input Current 10 pA Vin < ViL
liH High Level Input Current 10 nA ViN > VIH
ViL Input Low Voltage 0.6 \'
VIH Input High Voltage 2.2 v
VoL Output Low Voltage 0.4 \ Dy, loL = 4.0mA
TSx, oL = 3.2 mA, open drain
PDN, igL = 1.6 mA, open drain
VoH Output High Voltage 24 v Dyx, lon = 15 mA
ANALOG INTERFACE
Symbol Parameter Limits Unit Test Conditions
Min Typ(1) Max
Za| Input Impedance when 125 300 500 In series with CAPx to GRDA,
Sampling, VFx -3V <V|N <31V
Zpao Small Signal Output 100 180 300 —3.1V < Vgyt < 3.1V
Impedance, VFg
Vor Output Offset Voltage at VFg -50 50 mV | Minimum code to Dr
Vix Input Offset Voltage at VFy -5 5 mV | Minimum positive code
produced at Dy
VoL Output Low Voltage at AUTO Ves | (Vs +2) 400 KO to GRDA
VoH Output High Voltage at AUTO | (Vcc —2)| Voo 400 K to GRDA
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D.C. CHARACTERISTICS
Ta = 0°Cto +70°C,Vpp = +12V £5%, Voo = +5V £5%, Vgg = —5V £5%, GRDA = 0V, GRDD = 0V,
unless otherwise specified. (Continued)

POWER DISSIPATION

Symbol Parameter Limits Unit Test Conditions
Min Typ(V) Max
Ibbo Standby Current 0.7 1.1 mA
lcco Standby Current 4.0 7.0 mA
IsBO Standby Current 1.0 25 mA Auto Output = Open
Iop Operating Current 11 16 mA Clock Frequency = 2.048 MHZ
Icoi Operating Current 13 21 mA
IgB| Operating Current 4.0 6.0 mA

NOTE:
1. Typical values are for Tp = 25°C and nominal power supply values.

A.C. CHARACTERISTICS
Tp = 0°Cto +70°C,Vpp = +12V +£5%,Voc = +5V £5%, Vgg = —5V £5%, GRDA = 0V, GRDD = 0V,
unless otherwise specified.

TRANSMISSION

Symbol Parameter Limits Unit Test Conditions
Min| Typ(1) Max
S/D Signal to Total Distortion Ratio.| 37 dB |Signal level 0 dBmO to
CCITT G.712 Method 2 —30dBmoO
(Half Channel) 31 dB | Signal level to —40 dBm0
26 dB | Signal level to —45 dBm0
AG 2911A VFx = 1.02 KHz, sinusoid
Gain Tracking Deviation +0.25 | +0.30 dB | —40dBmO < VFx < +3dBmo0
Half Channel(3) +060 | +0.70 dB | —50dBm0 < VFx < —40dBm0
Reference Level —10 dBmO +1.5 +18 dB | —55dBm0 < VFx < —50 dBm0
AGy AG Variation with Supplies +0.0002| £0.0004 (dB/mV| —40dBm0 < VFy < +3 dBm0
Half Channel +0.0004| £0.0008|dB/mV| —50 dBm0 < VFx < —40 dBm0
AGT AG Variation with +0.001 | £0.002 | dB/°C { —40dBm0 < VFx < +3 dBm0
Temperature Half Channel +0.002 | £0.005 | dB/°C | —50dBmO < VFx < —40 dBm0
Nic Idle Channel Noise —85 —78 |dBmOp|Quiet Code. (Note 2)
HD Harmonic Distortion —48 —44 dB |VFx = 1.02 KHz, 0 dBmo0;
(2nd or 3rd) measured at decoder output VFg
Intermodulation Distortion
IMD/ G.712(7.1) —45 dB |CCITTG.712
iMDo G.712(7.2) —50 | dBmO | Two Tone Method
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A.C. CHARACTERISTICS
Ta = 0°Cto +70°C,Vpp = +12V £5%, Voo = +5V £5%, Vgg = —5V £5%, GRDA = 0V, GRDD = 0V,
unless otherwise specified. (Continued)

GAIN AND DYNAMIC RANGE

Symbol Parameter Limits Unit Test Conditions
Min | Typ(1) Max
DmwW Digital Milliwatt Response 5.58 5.66 5.78 dBm 23°C, nominal supplies(4)
DmWy | DmWq Variation with —0.001| —0.002| dB/°C | Relative to 23°C(4)
Temperature )
DmWg | DmWq Variation +0.07 dB Supplies +5%(4)
with Supplies
AR Input Dynamic Range 2.183 | 2.213 2.243 VaMms Using D.C. and A.C. tests(5)
23°C, nominal supplies
ART Input Dynamic Range —0.5 | mVrms/°C | Relative to 23°C
vs Temperature
ARs Input Dynamic Range 18 mVRms | Supplies 5%
vs Supplies
AOR Output Dynamic Range, 2.14 2.17 2.20 VRMS 23°C, Nominal Supplies
VFgr |
AORT AoR Variation with —0.5 | mVrus/°C | Relative to 23°C
Temperature
AoRs AoR Variation with Supplies +18 mVrms | Supplies £5%
SUPPLY REJECTION AND CROSSTALK
Symbol Parameter Limits Unit | Test Conditions
Min Typ(1) Max
PSRR; Vpp Power Supply Rejection Ratio 45 dB decoder alone(€)
PSRR> Vpg Power Supply Rejection Ratio 35 dB decoder alone(6)
PSRR3 Ve Power Supply Rejection Ratio 50 dB decoder alone(€)
PSRR, Vpp Power Supply Rejection Ratio 50 dB encoder alone(7)
PSRRs5 Vgp Power Supply Rejection Ratio 45 dB encoder alone(?)
PSRRg V¢ Power Supply Rejection Ratio 50 dB encoder alone(7)
CTr Crosstalk Isolation, Receive Side 75 80 dB (Note 8)
CTt Crosstalk Isolation, Transmit Side 75 80 dB (Note 9)
CAPX Input Sample and Hold Capacitor 1600 2000 2400 pF
NOTES:

1. Typical values are for Ty = 25°C and nominal power supply values.

2. If the external auto zero is used Nic has a typical value of —76 dBmoO.

3. Tested and guaranteed at 23°C, nominal supplies.

4. Dy of Device Under Test (D.U.T.) driven with repstitive digital word sequence specified in CCITT recommendation G.711.
Measurement made at VFg output.

5. With the D.C. method the positive and negative clipping levels are measured and AR is calculated. With the A.C. method
a sinusoidal input signal to VFy is used where AjR is measured directly.

6. D.U.T. decoder; impose 200 mVpp, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in
idle channel conditions.

7. D.U.T. encoder, impose 200 mVpp, 1.02 KHz on appropriate supply; meaurement made at encoder output; encoder in idle
channel conditions.

8. VFx of D.U.T encoder = 1.02 KHz, 0 dBm0. Decoder under quiet channel conditions; measurements made at decoder
output.

9. VFx = 0 Vrms. Decoder = 1.02 KHz, 0 dBm0. Encoder under quiet channel conditions; measurement made at encoder
output.
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A.C. CHARACTERISTICS—TIMING SPECIFICATION(1)
Ta = 0°Cto +70°C,Vpp = +12V £5%,Vog = +5V £5%,Vgg = ~5V 5%, GRDA = 0V, GRDD = 0V,
unless otherwise specified.

CLOCK SECTION

Limits
Symbol Parameter Unit Comments
Min | Max .
tcy Clock Period 485 ns | CLKy, CLKR (2.048 MHz systems), CLKc
tr, t¢ Clock Rise and Fall Time 0 30 ns | CLKy, CLKg, CLK¢c
toLk Clock Puise Width 215 ns | CLKy, CLKR, CLK¢
tcoc Clock Duty Cycle (icik + toy) | 45 55 % | CLKx, CLKR

TRANSMIT SECTION

Symbol Parameter Limits Unit Comments
Min | Max
tyrx Analog Input Conversion 20 Timeslot | From Leading Edge of Transmit Timeslot(2)
tozx Data Enabledon TSEntry | 50 | 180 ns 0 < CLoap < 100 pF
toHX Data Hold Time 80 | 230 ns 0 < CLoap < 100 pF
tHzx Data Float on TS Exit 75 | 245 ns Cioap =0
tsoN Timeslot X to Enabie 30 | 185 ns 0 < Croap < 100 pF
tsorFr Timeslot X to Disabie 70 | 225 ns Cioap =90
trsD Frame Sync Delay 15 | 150 ns
RECEIVE AND CONTROL SECTIONS
Symbol Parameter Limits Unit Comments
Min | Max
tvFR Analog Output Update | 9V¢ | 9V4e | Timeslot | From Leading Edge of the Channel Timeslot
tpsr Receive Data Setup 20 ns
toHR Receive Data Hold 60 ns
trsp Frame Sync Delay 15 150 ns
tpsc Control Data Setup 115 ns Microcomputer Mode Only
toHe Control Data Hold 115 ns Microcomputer Mode Only

NOTES:

1. All timing parameters referenced to 1.5V, except tzx and tgorr, which reference a high impedance state.

2. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive
interrupt or asynchronous operation of the Codec. Consult an Intel applications specialist or Intel Corporation for applica-
tions information which would allow operation with less than 20 timeslots.
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TIMING WAVEFORMS(1)

TRANSMIT TIMING
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NOTE:
1. All timing parameters referenced to 1.5V, except tyzx and tgorr which reference a high impedance state.
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