DF331A DF332A DF334A

CMOS ;-255 law B
CODEC set SRR

designed for . . . BENEFITS

® Minimizes System Power Requirements

O Standby Power 11 mW Typ

O Typical Power 80 mW

Reduces External Component Requirements
Reduces System Costs

Easily Interfaced

Eliminates Channel Crosstalk Problems
Eliminates External Signalling Logic

No External Zero Code Suppression Required

B Channel Banks

B Central Offices and PABXs
B Microprocessor Interface

B Remote Data Acquisition Systems ;" ren Noimprems ©
B Audio Delay Lines Reduired

No Additional Logic Required for Extended

Bandwidth Applications

0 3.5 to 9 KHz Bandwidth Possible With
Clock Frequency From 1.25 to 3.0 MHz

DESCRIPTION
The DF331A (coder) is an A/D converter which has a transfer characteristic conforming to the telecommunication industry
#4-255 law. Its counterpart, the DF332A or DF334A (decoder) is a D/A converter which also conforms to the u-255 law.

Together the DF331A and DF332A or DF331A and DF334A form a CODEC (coder-decoder set) which is designed to meet
the needs of the telecommunications industry for per channel voice frequency CODECs used in PCM Channel Bank and
PBX systems. Digital output and input of the coder and decoder is in serial format. Actual transmission and reception of
8-bit data words containing the analog information is typically done at a 1.544 megabit/sec rate with analog signal sampling
occurring at an 8 KHz rate. A sync pulse input pin is provided for synchronizing transmission and reception of multi-
channel information being multiplexed over a single transmission line. The DF332A and DF334A differ in the output
device for the A/B signal output pins, refer to the Functional Description. The devices have TTL logic input levels of 0.6 V
and 3.4 V that are compatible with TTL logic using a pullup resistor to +5 V; they directly interface to CMOS logic.
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ABSOLUTE MAXIMUM RATINGS

—03V,< Vjp S+V+0.3V

Vi, (Digital Inputs) . ..
.-VO3V, <V, <+V+03V

Vin (Analog Inputs} .

WL 0<+V< NV
VoL .-11V<-V<0
Wegp - - - SV Vg SHY
Viet - - - VK Vg <+

functional operating limits.

ELECTRICAL CHARACTERISTICS

Vp (Digital Output) DF331A, DF334A . .
Va/B Signal Out DF332A.
Operating Temperature
Storage Temperature

Power Dissipation

Derate 6.5 mW/°C above 25 C

Absolute Maximum Ratings are stress limits only. Exceeding these limits may cause device damage. Electrical Characteristics define the

All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters to assure conformance with specifi-

~0.3VKV<15V
L HVH03V V275V
0to 70°C

—56 to +125°C
450 mW

cations.
Ta=25C Test Conditions, See Note 2
Ch roristi Unit Clock = 1.544 MHz, Sample Rate = 8 KHz,
aracteristic Min Typ Max +VE=TBV, Vig=-30V,-V=-75V,
Note 1 +Vygf = 3.0V, R =820 2,C| = 125pF
DC Characteristics DF331A (Coder}
1 lin (Analog} Analog Input Curren-t 05 mA See Note 3
2 liny (Clock) Clock Input Low Current 0.1 -100
N s B Vin=0
3| N | linL {Synch Sync Input Low Current 0.1 -100
] nA
.4 P linH [Clock) Clock Input High Current 0.1 100
—J v ViN=75V
§| T | liny (Syncl Sync Input High Current 0.2 100
— s
6 Rijn {Analog] Analog Input Series Resistance 1 Ka
Present During Sampling Time Only
7 Cjn (Analog) Analog Input Series Capacitance 200 pF
8 Voffset Analog input Offset Voltage 5 10 mv
9 C, (Digital) Digital Qutput Capacitance 3 pF Vo=78V
|~ O
10)u | VoL Digital Qutput Low Voltage 03 0.5 oL =3mA
— \%
11 T VoH (max) Digita! Output High Voltage 12 IoH =10 kA
i2 |+ Positive Supply Current 25 6 Clock = 1.544 MHz
13 I~ Negative Supply Current -2 -6 Sample Rate = 8 KHz
—1 S 7 mA
14l U | ! stdby Standby Positive Supply Current 06
1 — Analog Ground (Pin 3} Open
15 P | stdby Standby Negative Supply Current —0.05
16| L Supply Tolerance +10 %
—_ 1Y
17 I,ef+ Positive Reference Current 35
—— — LA - Average Current See Note 3
18 Iref Negative Reference Current -35
AC Characteristics DF331A (Coder)
19 Itggi Sync to Clock Delay Time 100
20 td{on) Digital Output to Sync Delay Time 75 130
2 td(off} Digital Output to Sync Delay Time 165 <§20 A
—
22 D tdbr Digital Output to Clock Delay Time 65 130 See Figure 2
23 ; tdbf Digital Output to Clock Delay Time 70 130 ns
24| A tfo Digital Qutput Fall Time 511 130
—1m CL =100pF
2] | o Digital Output Rise Time 175 250
26 C | 15 (min) A/B Signaling input Setup Time 200
| See Figure 4
27 tgeg {min) A/B Select Setup Time 1000
28 DC¢ Clock Duty Cycle 30 70 %
Complete A/D Conversion
2 tconv (Sampling, Data Storage, Aesetting) 168 | clocks

113
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DF331A DF332A DF334A

ELECTRICAL CHARACTERISTICS (Cont'd)

All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters to assure conformance with specifi-

cations.

Ta=25°C Test Conditions, See Note 2
Characteristic " Unit TSV, V=18V, Vit =30V,
Min Typ Max ~Vyef = —3.0 V, Clock = 1.544 MHz,
Note 1 Sync = 8 KHz Period, 8 Clock Puises Wide
DC Characteristics DF332A, DF334A (Decoder)
1] ) | tinL {Logick Digital Inputs Low Current -0.1 -100 Vin=0
2 N linH {Logic} Digital Inputs High Current 0.1 ( 100 ’ nA Vin=75V
3 | (Signaling) A/B Output Low Current 0.1 100 VoL =0
ot DF332A Only oL
4 1oH (Signaling] A/B Output High Current 0.2 05 mA VoH =65V
Vo (max} . -
5 o| isignating A/B Dutput High Voltage 12 IoH = 10pA
u DF334A Only v
[ T VoL (Signaling) A/B Output Low Voltage 03 0s lgL = 1.5mA
7 Cy {Anaiog) Anatog Qutput Load Capacitance 100 pF
8 Rg (Analogl Analog Output Series Resistance 50 150 aQ See Input/Cutput Schematics, See Note 4
9 Voffset Analog Qutput Offset Voltage 50 100 mv
10 " Positive Supply Current 35 8
11 1~ Negative Supply Current -256 -7
S + s P ¢ mA
12| u] ! stdb tandby Positive Supply Current 08
P _:—'_Y - Analog Ground (Pin 10) Open
13 » I staby Standby Negative Supply Current -0.07
14| L Supply Tolerance 10 %
Y
15 I,-,q’ Positive Reference Current 3.5
- HA Average Current See Note 3
16 tref Negative Reference Current -35
AC Characteristics DF332A, DF334A {Decoder)
17 t'ds Sync to Clock Delay Time 25 450
18 t'de Clock to Sync Delay Time 10 See Figure 3
19 Usd Data to Clock Setup Time 100 ns
D | t'ses (min] A/B Select Setup Time 1000
20| v See Figure 5
N t'y A/B Qutput Delay Time 5 10 us
21| AY vy Analog Output to Sync Delay Time 15 See Figure 3
L]
22| 1 | siew’ ~3V o +3 V Analog Dutput Slew Rate 5
c = Vius Cp = 100 pF
23 Slew +3 V to -3 V Analog ODutput Slew Rate 5
24 Droop Analog Qutput Droop Rate 0.01 %/us
. Complete D/A Conversion (from Data Input,
25 Yconv to Analog Qutput and Internal Resetting) 39 clocks
System Characteristics, Per Individual Part: DF331A, DF332A, DF334A
26 Signal .u? Totat Distortion: Total of 35 39 Pin = 0 to —30 dBmO
Quantizing Noise, Therms! Noise and
27 S/D Harmonic Distortion with Sinusoidal Input 30 L3 Pin = 40 dBMO
ighting Filter.
28 and C Message Weighting Filter. See Note 5 25 10 Pin = 45 GBMO
fin = 1020 Hz
2| g -0.25| 0156 | +0.26 8 Pin = +3 to 40 dBmO +3dBmO = 3 V Peak
30| ¥ Gain Tracking: Deviation of Gain from _os| 015 +05 Pin = —40 to -50 dBmQ | into Coder
S §{ Gy 0 dBmQ Input Sinusoidal Signal
N\ T -15]| 2025 +15 Pin = —50 to -55 dBm0O
; Deviation of Gain from —10 dBmO, ~0.25 0.1 | +0.25 Pin = —10to ~55 dBmO
White Noise Source Signal Input 05 0.2 +05 Pin - _65 to —60 dBmO‘
Idle Channe! Noise: Coder (DF331A} to
32 Nic Decoder (DF332A or DF334A) of Known 12 15 Vin=0
Quiet Code Output
dBrncOQ
Quiet Code Output: Output of Decoder )
a3 Nac (DF332A or DF334A} for +0 V Equivalent 10 12 Digital In = AH **1" {Corresponds to +0 V Input}
Digital input Coder

NOTES:

1
2
3.
4
5

. Typical values are for Design Aid only and nat subject to production testing.
. Vin 2 3.4 V for logic 1", Vin < 0.6 V for logic 0" for logic input levels.

Peak currents of up to 2 mA occur during reconstruction of Analog Output and during encoding of Analag Input.

. Use of a load resistance 3> 10K 2 is recommended to avoid output attenuation.
. Specifications are for pair (coder and decoder)

DF331A ICBL-1I
DF332A ICBM-II-A
DF334A ICBM-i1-B
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SWITCHING AND LOGIC WAVEFORMS

CLOCK 1.544 MHz

P

N

N
VAN .

DIGITAL OUTPUT 50% !i N
% }
16 $
vaupetTiMestots [ LF 40 11 110 0L bl
BITy BIT; BIT3 BITy BITg BiTg BIT; BITg
(MsB) (LSB}
DF331A Coder Waveforms
Figure 2A
Parameter Test Condition Min Max Unit Parameter Test Condition Min Max Unit
tre Clock Rise Time 50 100 tye Clock Rise Time 50 100
tfe Clock Fell Time 50 80 t'te  Clock Fall Time 50 80
ns ns
trs  Sync Rise Time 50 100 t'rs  Sync Rise Time 50 100
tis  Sync Fall Time 50 100 t'ss  Sync Fall Time 50 100
tws  Sync Pulse Width 518 BIFcLoCK t'ws Sync Pulse Width 5.18 8/FoLOCK
us B
tps  Sync Pulse Period 125 tps Sync Pulse Period 126
DF331A Coder Waveforms DF332A, DF334A Decoder Waveforms
Figure 28 Figure 3B
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e t'eg ted e —nd s
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Figure 3A
Ry
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:,, =
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INPUT IS LATCHED - JsIRANSMITIER _ _ _ _ k
AB 0%
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SIGNALING
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DF331A Signaling Waveforms DF332A, DF334A Signaling Waveforms
Figure 4 Figure 5
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DF331A DF332A DF334A

FUNCTIONAL DESCRIPTION

Analog Input (Coder DF331A): The analog input accepts
signals which have peak amplitudes less than the value of
the voltage references, and which are bandlimited to less
than 1/2 of the CODEC sample rate.

Digital Output {Coder DF331A): The digital output of the
encoder is an 8-bit serial bit stream which is a sign-plus-
magnitude binary representation of the analog input. This
output is an open drain N-channel output, which allows
for easy wire-OR multiplexing.

Sync tnput (Coder and Decoder): The sync input accepts
a sync pulse which should be 8 clock periods wide. The
period of the sync pulse sets the sample rate. The sync
pulse causes the encoder to serially shift its digital output
data out at a rate equal to that of the clock, and it causes
the decoder to accept the serial digital data.

Clock input (Coder and Decoder): The clock input accepts
a clocking signal which sets the data transmission rate for
the CODEC, and also provides the clocking of the internal
CODEC logic. Typical clock rate is 1.544 MHz.

Digital input (Decoder DF332A, DF334A): The digital
input accepts the 8-bit serial data output of the encoder
upon reception of the sync puise.

Analog Output (Decoder DF332A, DF334A): The analog
output of the decoder is in the form of voltage steps
having a width equal to the inverse of the sample rate,

| with amplitude equal to the value of the sample of the

signal taken at the encoder analog input.

INPUT-OUTPUT CIRCUIT SCHEMATICS

Analog Input (DF331A)

—

N CAPACITIVE

I ARRAY

ANALOG IN O—
Rol

-

Digital Output (DF331A)

Reference Voltage Inputs (Coder and Decoder): Positive
and negative DC reference voltages are required for both
encoding and decoding. The maximum analog signal swing
is set by the reference voltages. )

Signaling Inputs and A/B Select (Coder DF331A): Two
signaling inputs A and B are provided on the encoder
allowing insertion of digital signaling data into the trans-
mitted hit stream, which allows telecommunications users
to transmit digital signaling information along with the
data stream. When signaling is enabled, the voice signal is
encoded with only 7 bits, the 8th bit being used for
signaling. The signaling function is enabled by the applica-
tion of a transition to the A/B select input. A positive
transition at the A/B select input will insert the data at the
A input into the 8th bit (the LSB) position in the trans-
mitted word, whereas a negative transition will insert the
data at the B input into the 8th bit position in the trans-
mitted word. Refer to the timing diagram in Figure 4. To
disable signaling function, simply tie the A/B select input
to logic high or low, so that no transitions appear.

Signaling Outputs and A/B Select (Decoder DF332A,
DF334A): Two outputs are provided on the decoder
to output the signaling data. Application of a positive
transition to the A/B select input places the 8th bit (the
LSB) of the transmitted word at the A signaling output.
Application of a negative transition to the A/B select
input places the LSB at the B signaling output. These
outputs are open drain P-channel outputs on the DF332A
and are open drain N-channe! outputs on the DF334A,
Refer to output schematic for configuration, and to Figure
5 for timing waveforms.

Digital Inputs

AfB/CLOCK

DIGITAL OUT SYNC INPUTS O

A/B Signaling Outputs (DF332A, DF334A)

Reference Inputs

—-

+VRer O
-VAer O—1

CAPACITIVE

i

[——O A.B SIGNALING OUTPUTS

l_l——o A/B SIGNALING QUTPUTS

Analog Output (DF332A, DF334A)

ANALOG OUT
0 z,< 1K

___J;j_
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TYPICAL CHARACTERISTICS

DF331A u-Law Coder Transfer
Characteristic
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DF331A DF332A DF334A

TYPICAL CHARACTERISTICS {Cont'd)
A/B Signaling
Digital Output Low Voltage
vs Temperature

Positive

Supply Current
vs Clock Frequency

Positive and Negative
Supply Current
vs Clock Frequency

and Negative
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vs Input Leve!
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APPLICATIONS INFORMATION

Positive and negative voltage references should be bypassed
to analog ground with a 10 uF capacitor to supply the peak
currents required (up to 2 mA) during sampling. Inadequate
bypassing may cause sampling inaccuracy and crosstalk
between adjacent channels. The absolute value of the voltage
references should match and track each other to prevent
asymmetry in the analog waveforms. The recommended
reference value is *3.0 V. Increasing this level may in-
crease harmonic distortion in the CODEC, while decreasing
the references will lower the system dynamic range.

The sync pulses to the decoder and encoder should be
staggered as in Figure 6. The sync to the decoder precedes
the sync to the encoder by one half of a clock period to
allow for the delay times which can occur if the sync pulse
is derived from the clock. If all syncs and clocks are
coincident without delay, then the staggering is unnecessary.

All digital inputs will work when driven from TTL logic
providing that the outputs of the TTL gates are pulled up
to the 5.0 V TTL supply.

The sample rate of the CODEC is determined by the clock
rate and the period between sync pulses. The minimum

period between sync pulses is 168 clock periods, which is
the time that the encoder requires to complete an analog-
to-digital conversion (see Figure 6). The maximum clock
rate for a functional system is 3.0 MHz. The actual sample
rate of the CODEC is equal to the inverse of the period
between sync pulses.

Zero code suppression is included in the A/D conversion to
prevent the transmission of an all zeroes digital output
code, which could cause a repeater to go down in a tele-
communications system. Should an all zeroes code result
from the A/D conversion (indicating a negative overvoltage
condition), then bit 7 in the data stream is forced to a
logic “1"".

Open drain signaling outputs on the decoder allow easy
interface to logic. The open drain P-channel of the DF332A
allows a pull-down to ground or a negative voltage (Vo =
~7.5 V absolute max) giving logic compatibility with
CMOS or other MOS logic. The open drain N-channel of
the DF334A allows a pull-up to a positive supply (e.g.,
+5 V for TTL or up to +12 V for CMQOS). This output has
logic low level near ground making it compatible with TTL
or CMOS logic.

© 1979 Siliconix incorporated
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APPLICATIONS INFORMATION

The CODECs can be put into a lower power standby
condition. For standby, analog ground fines are open
circuited. Relays or FET switches can be used. Figure
7 shows one impiementation for standby switching. For the
encoder (DF331A) the switch must be low Rpgon)

ARAAAAAARARARARNATAR

15V
SYNC s
OF33A

(<25 2) and have very low total offset voltage (<6 mV
at 200 uA current). The VMOS switch shown (VN10KM)
achieves these requirements. The decoder is not as critical,
offset voltage should be minimized (<50 mV); use of a
CD4066 CMOS switch is satisfactory.

167 168 169

I

0V et

SYNG 75V
DF3324
OF338A 0V ——

DATAOUT 7SV

{DFa31a,
N4 OV - s
MSB LSB MSB

SIGN  CHORD STEPBITS

[ aTs

r=0
DESCRIPTION RISING EDGE OF SYNC 7O DF331A = BCLOCKS

OF EVENTS

DIGITAL DUTPUT DATA STREAM
FOR PREVIOUSLY CONVERTED
ANALOG SAMPLE

ANALOG INPUT SIGNAL SAMPL

ANALQG SAMPLING FINISHED,
CONVERSION PROCESS STARTED|

ALTAFTNCTAC AL TS T

tedbodbodbaduodiodtoduad

DIGITAL OUTPUT STREAM,
ENCODED SIGNAL FROM
ANALOG SIGNAL SAMPLED
BY PRAEVIOUS SYNC PULSE
t=168+n

CONVERSION
COMPLETED,

READY FOR SYNC PULSE
TO DUTPUT DATA
ANALOG INPUT SIGNAL

CONVERSION SAMPLED, STAYS CONNECTED

CYCLE UNTIL 24 CLOCKS AFTER

NEXT SYNC RISING EDGE

CODEC Timing Relationships

Figure 6

ANALOG IN
¥ T “E
vV VRer L -
DIG GND j ? - /7.; H: & |
/-}7— ! 1" T oFamia [~
- = —
—{ DF332a 7 8 -0 +v
- OR 10
—_°F - +VREF
—7 3

1 ANALOGol
ouT -
+V

STANDBY POWER [

LOGIC SWITCH {

e =
—1 iﬁ- VN1OKM
ANA-LDG

LOGIC H = NORMAL OPERATION

GND

LOGIC L = STANDBY (ANALQG GND OPEN)

Coder/Decoder Circuit with Switches

for S

dby Power Ci

Figure 7
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DF331A DF332A DF334A

APPLICATIONS

Typical Coder/Decoder Circuit Configurations

Transmit Section Receive Section
ANALOG ANALOG DIGITAL &/8 DIGITAL | ocita A8
GND  IN  *VREF “VREF GND SELECT Vi OUT  CK  SYNC "~ cK SELECT - ~VREF *VREF
o o 9 ] o | Q [}
> | <
< < PULL-UP 5052 AL 313 ALE13
3wagwn wo | 20,4F 3
= - 1 14 I 1 4
——
2 13 I 2 13
3 2 : 3 12
4} cooer |1 1 L4 oecoper |11 4 _L", £
DF331A | = DF332A T T u
3 10 | 3 10 104F
0.01 uF i 9 1 s 3
7 8 7 8
10 uF 55 10uF I 13K Q2 .
T | nKa
V=25V 1
V=I5V 20 4F 20 4F I
“VREp=-30V 509 s0q = 20.F S5O0 =
+VREE =430V |
Vi = AS REQUIRED FOR INTERFACING 1
CK = 1.544 Mtz = 00O = ]
SYNC = 8 kHz (PER DATA SHEET) d W 8 A I A SYNC +V  ANALOG ANALOG
SIGNAL IN | SlgalYAl. ouT D
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