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A Word About Trademarks. ..

The following product mentioned in this data book is identified with an AT&T trademark:

ESS™ Switching Equipment

The following products mentioned in this data book are identified with AT&T registered trademarks:

5ESS® Switching Equipment, or Switch

WE® 32100 Microprocessor, CPU

WE® DSP16 Digital Signal Processor

WE® DSP16-DS Digital Signal Processor Development System
WE® DSP16-SL Support Software Library

WE® DSP20 Digital Signal Processor

wEe® DSP32 Digital Signal Processor

WE® DSP32-DS Digital Signal Processor Development System, or DSP Development System
WE® DSP32-SL Support Software Library

SLC® Carrier System, or Carrier

SLC® 96 Series 5 Carrier System, or Carrier System

oDL® 50 Lightwave Data Link

UNIX® Operating System, or System

MS-DOS® is a registered trademark of the Microsoft Corporation.

Data Sheet Status Markings. ..

Data sheets without a status marking are final and are issued when tool made samples are approved
or when the product is delivered for usage, whichever occurs first. The other data sheet status
markings used throughout this catalog are defined as:

Advance — Issued at the exploratory stage of development when the principal characteristics are
available. Some functional characteristics are subject to change.

Preliminary — Issued after development for manufacture has been started. Some electrical and
timing parameters are subject to change.
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General

Introduction

For more than a century, AT&T has set the standard for information exchange. AT&T innovation and
excellence have created the most extensive, efficient, and reliable communication system in the world.
This sophisticated voice and data communication system demands components of superior
technology, quality, and reliability.

AT&T manufactures integrated circuits specifically designed to meet the needs of the communications
market. The strong research and design capabilities of AT&T Bell Laboratories, combined with the
high-volume, high-quality manufacturing capabilities of AT&T Technology Systems, allow AT&T to
maintain the leading edge in advanced technology devices.

In this new Information Age, the telephone and the computer are becoming one, and AT&T is building
upon this merger with new products and services. New devices have been developed to interface
these two complex fields into a highly flexible and reliable network. This catalog contains the
technical information on devices used for switching, analog and digital transmission, data
transmission and protocol control, T1 interfacing, integrated services digital network (ISDN)
interfacing, and signal processing.

Quality and Reliability

AT&T standards and stringent processing controls, along with the design and construction techniques
developed at AT&T Bell Laboratories, ensure the excellent quality and reliability of AT&T devices.
Laboratory tests and field failure data confirm that high-quality, reliable AT&T products are produced
at the component, circuit pack/board, and system levels. Devices are tested by comparing the actual
electrical, mechanical, and visual properties of the device to user specifications and manufacturing
requirements. Quality is determined at a single point in time; reliability is ascertained over a longer
period of time.

The engineering quality control (QC) and final inspection (FI) organizations located at each integrated
circuit (IC) manufacturing plant perform the actual inspection and testing of devices. After the
products have been inspected, the resident quality assurance (QA) organizations audit the results of
the tests to determine acceptability. Quality is usually stated in terms of the number of defects
contained in an IC population.

Various mechanical tests are performed to ensure the integrity of internal lead bonds and the strength
of exterior leads. Packages are visually inspected during assembly to check for such reliability risk
defects as poor alignment of bonds or damaged wires. Assembly shop tests are repeated by QA and
Fl on a sample of devices prior to shipment. Tests performed include worst-case conditions, speed,
leakage, power supply current, etc. The tests are usually performed at room temperature and/or
elevated temperature.

Operational life testing (OTL), based on simulated worst-case field conditions, is used to test reliability.
Mechanical and electrical stress conditions beyond normal specifications are applied to accelerate
latent manufacturing defects. Since some mechanical defects are only minimally affected by
accelerated stress conditions, mechanical problems are effectively screened by thermal cycling and
hot testing.

Handling and Mounting

AT&T products have a long life expectancy and a correspondingly low failure rate when handling and
operating specifications are followed by the user. Operating specifications include product mounting,
use, operating limits, power requirements, environmental conditions, and other items specific to the
product. Device temperature specifications are usually given as TA (ambient temperature); however, in
a few cases, they are given as TcC (case temperature).



General

Precaution against static discharge must always be observed since devices may be damaged or
destroyed by electrostatic discharge. This includes grounding all personnel and equipment before
contact with static-sensitive devices. Circuit packs/boards must be shipped in and stored in
conductive plastic bags. Nonconductive plastic foam or boxes must never be used for device storage.

Integrated circuit devices can be inserted directly into printed circuit boards and mounted in any
position. The leads on the opposite side of the board can be bent to facilitate assembly. Devices can
be soldered to printed circuit boards or inserted into sockets but are not intended for spring-type
socket insertion. .

In solder bath assembly, the solder bath fountain temperature should not exceed 300 °C for a
maximum bath time of 10 seconds, unless otherwise stated. For assembly with a soldering iron, the
soldering iron tip temperature should not exceed 500 °C, and solder time per lead should be limited to
5 seconds, unless otherwise stated.

Following completion of assembly and soldering operations, all printed wiring assemblies should be
cleaned to remove fingerprints, dust, dirt, grease, excessive flux residue, and other foreign matter.
Hybrid ICs require a special cleaning process (see below). A brush cleaning process using solvents is
an acceptable cleaning method, provided only occasional isolated droplets of solvent come in contact
with the devices and the component side of the board. The recommended solvents are such
chlorinated hydrocarbons as trichloroethylene, 1,1,1-trichloroethane, and perchloroethylene.

Where aggressive fluxes are employed in assembly of printed wiring, total immersion cleaning with
high-velocity spraying of an aqueous solution or such solvents as fluorinated azeotrope is required.
Stringent requirements must be placed on the cleanliness of the assemblies to assure removal of ionic
residues.

Handling Hybrid ICs

Additional handling procedures are required for Hybrid ICs. Hybrid ICs are encapsulated with a single
layer of RTV silicone rubber. This material is solvent-sensitive and special precautions are required in
removing solder flux residues from printed circuit boards containing these devices. Unless otherwise
designated by specific agreement with the responsible AT&T organizations, cleaning procedures must
fall within the conditions that follow.

Cleaning Procedure

Cleaning processes that avoid contact between solvents and the room temperature vulcanizing (RTV)
silicone rubber are preferred. The following cleaning constraints should be observed:

CAUTION: It is recommended that these devices be subjected to either of the following procedures
only once. Repeated exposure may yield cumulative effects that result in device damage.

1. Brush cleaning processes are acceptable, provided that only occasional isolated droplets fall on
areas of the devices and the component side of the board.

2. RTV areas in which solvent can be trapped should be cleaned by using one of two types of
solvents:

a. Immersion of one minute maximum in Freon TE or Freon TE-35 or equivalents followed by:
= Forced air drying or shaking to remove excess liquid solvent
= Transferring to an air oven in one minute or less
= Baking for 15 minutes at 55 °C

b. Specially denatured alcohol (SDA), which contains between 5% and 30% methyl alcohol.
May be used for a cumulative exposure time of 10 minutes.






41LF Quad Differential Line Receiver

Features

= Pin-equivalent to the general-trade = Maximum propagation delay, 7 ns
AM26LS32 device, with improved speed and

reduced power consumption = 0.20 V input sensitivity

. . u mmon mode rejection range of +4 V
= Four line receivers per package Co ejec ge o+

= Meets ESDI Standards
= Complementary inputs for each line receiver

= Single 5 V supply
= 0 to 85 °C operating temperature

= Maximum power dissipation, 250 mW

Description

The 41LF Quad Differential Line Receiver integrated circuit is a quad differential input to a TTL
output line receiver. This OXIL-technology device contains enable circuitry and four receiver
clusters. The average propagation delay is 4 ns and the common mode operating range is +4 V.
The 41LF Line Receiver is pin-equivalent to the general-trade AM26LS32 device, but has improved
speed and reduced power consumption.

The quad differential line receiver is available in a 16-pin plastic DIP (41LF), SOJ package
(1041LG), and SOIC package (1141LG).

The 41LG Line Driver and 41LF Line Receiver application note (AP86-35DBIP) describes two modes
of propagation with balanced twisted-pair transmission lines.
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41LF Quad Differential Line Receiver

User Information

Pin Descriptions

INPUT A (Al
INPUT AEN; % OUTPUT A (AO)
A O 1 —/ 16 Vce
a0 e 15 O B INPUT B (BI)
o O s w0 B INPUT B (BI) ——o0 OUTPUT B (BO)
cge o she
Qs e 2P E INPUT C (C Lo OUTPUT G (CO
c [ s 11 [ po INPUT C (CI) (CO)
a0z 10 [ b
eno [ s o O o INPUT D (DI
INPUT D DI ——o0 OUTPUT D (DO)
ENABLE (E) :}{>— o Vec
ENABLE (E) —o0 GND
Figure 1. Pin Function and Logic Diagrams
Characteristics
Electrical Characteristics
TA=01t085°C,Vcc=5V + 0.5V
Parameter Sym | Min | Typ | Max | Unit
Output voltage, Vcc = 4.5 V:
low, IOL = 8 mA VoL — — 0.5 Vv
high, IOH = —400 A VOH 2.5 — — \'}
Enable input voltages:
low, Vcc =5.5V ViL* —_ — 07| V
high, Vcc = 4.5V viH* | 20| — — | vV
clamp, Vcc = 4.5 V; IN= —18 mA VIK — — | -1.5 \Y)
Differential input voltages,** Vo = VoL or VoH,
—080V<VH<72V,-12V<ViL<68V | VH*| 02| 0.1 — | Vv

* These input levels and difference voltage provide zero noise immunity and should be tested only

in a static, noise-free environmen

t.

** Unused differential input pairs should be biased alternately to Vcc and GND. No protection

resistor is required.

Network



41LF Quad Differential Line Receiver

Parameter Sym Min Typ | Max | Unit

Output currents, Vcc = 5.5 V:

off-state (high-2Z), Vo = 0.4 V lozL — — 20 uA

off-state (high-Z), Vo =2.4 V lozH — — 20 pA

short-circuit IsCc -25.0 — | —100 mA
Enable input currents, Vcc = 5.5 V:

low, VIN = 0.4V liL — — | —360 A

high, VIN= 2.7 V IH — — 20 pA

reverse, VIN=5.5V IiH — — 100 uA
Differential input currents:

low, VIN=-1.2V liL — — | -1.0 mA

high, VIN=7.2 V lIH — — 1.0 mA
Power supply current, Vcc = 5.5V

all outputs disabled Icc — 35 45 mA

Maximum Ratings

[DIO o ToTNVZ=T @E-T8T o o1} VRVZ 011 €= Vo T I (V070 TR TN
Ambient operating temperature (TA) range..
Storage temperature (Tstg) range ..ot

Maximum ratings are the limiting conditions that can be applied under all variations of circuit and
environmental conditions without the occurrence of permanent damage.

External leads can be bonded or soldered safely at temperatures up to 300 °C.
Timing Characteristics (See Figures 4 and 5)
TA=25°C,Vcc=5V

Symbol Description Typ | Max | Unit

Propagation delay (see Figure 2):

tPLH input high (low) to output high 3.5 7.0 ns

tPHL input low (high) to output low 4.5 7.0 ns
Disable time:*

tPHZ high to high impedance 30 — ns

trLz low to high impedance 30 — ns
Enable time:*

tPzH high impedance to high 35 — ns

tPzL high impedance to low 35 — ns

* The device is disabled when E = 0 and E = 1; all other combinations of
E and E enable the device.
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41LF Quad Differential Line Receiver

To Output of -
Device Under Test 9 4 k

CL —— 5k
15 pF* —1— 2

Note: All 458E or 1N4148 diodes.
* Includes probe and jig capacitances.
Figure 2. Output Voltage and Propagation Delay
Test Circuit

tPHL
10
tPLH

8
5l
ke
S
£ 6
T~
g€
c &
i
kS
g 4
Q
o
o

2

0 50 100 -150
Load Capacitance
CL(pF)

Figure 3. Propagation Delay Versus Load Capacitance
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41LF Quad Differential Line Receiver

Timing Diagrams

E )

T /

—/
o —/—

tPHZ

A
tPZH —e] FC tPtIE’ZZL — t

Figure 4. Enable and Disable Timing

X

X .

27V

le— tPHL —b les— tPLH

Network

Figure 5. Propagation Delay
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41LG Guad Differential Line Driver

Features

= Pin-equivalent to the general-trade = Maximum propagation delay, 6 ns
AM26L.S31 device, with improved speed,

reduced power consumption, and reduced » Drive capability, 40 mA

EMI = High output drive for 50-Q lines
= Four line drivers per package = Minimum output short-circuit current,
100 mA

= Meets ESDI standards

= Complementary outputs from each line
driver = Single 5 V supply

= No line loading when Vcc =0V = 0 to 85 °C operating temperature

= Qutput skew 0.2 ns, typical

= Maximum power dissipation, 300 mW

Description

The 41LG Quad Differential Line Driver integrated circuit transmits digital data over balanced
transmission lines. It translates TTL input logic levels to ECL output levels that directly drive the
line. This OXIL-technology device contains enable circuitry and four drivers. It is pin-equivalent to
the general-trade AM26LS31 device; however, it has reduced power consumption and generates
lower levels of electromagnetic interference (EMI). The 41LG line driver is compatible with many
line receivers, including the AT&T 41LF and 858B HIC (built-in terminations) devices, and the
general-trade AM26LS32 device.

The quad differential line driver is available in a 16-pin plastic DIP (41LG), SOJ package (1041LG),
and SOIC package (1141LG).

The 41LG Line Driver and 41LF Line Receiver application note (AP86-35DBIP) describes two modes
of propagation with balanced twisted-pair transmission lines.
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41LG Quad Differential Line Driver

User Information

Pin Descriptions

OUTPUT A (AO)
INPUT A (A) - 0= FZ OUTPUT A (AO)
A O —/ 16 [J Vec
am O 2 15 [ DI 0 OUTPUT B (BO)
o O s « A oo INPUT B (B) o— E—OOUTPUTB(BO)
E [ 4 ne -, ] Do
— 1041LG - -
BO [] s e 12 [ E INPUT G (CI) —————0 OUTPUT C (CO)
so O 6 1141 e o ————0 OUTPUT C (CO)
Bl [ 7 10 [ co
GND [] s 9 O c L————0 OUTPUT D (DO)
INPUT D (D)) o—— E—o OUTPUT D (DO)
ENABLE (E)
:@_ ——0 Vcc
__ — 0 GND
ENABLE (E)
Figure 1. Pin Function and Logic Diagrams
Characteristics

Electrical Characteristics
TA=01t085°C,Vcc=5V + 0.5V

Parameter Sym Min Typ Max Unit

Output voltages, Vcc = 4.5 V (see Figures 2 and 3):

low, loL = —-8.0 mA* VoL — — | VoH — 0.80** v

high, IoH = —40.0 mA* VOH 3.0 — -— v

high-Z Voz — 2.0 VoL — 0.05 \Y

high-Z, Vcc = 4.75V Voz — 2.0 VoL — 0.20 Vv
Input voltages:

low, Vcc = 5.5 V vt - - 08| Vv

high, Vcc = 4.5 V ViHT 2.0 — — v

clamp,Vcc =45V, IIN=-18.0 mA VIK — — -1.5 \)
Output current

short-circuit Isc -100 | —200 -300 mA
Input currents, VcCc = 5.5 V:

low, VIN = 0.4 V o — — —400 A

high, VIN =2.7 V IiH — — 20 A

reverse, VIN=5.5V liH — — 100 uA
Power supply current, Vcc = 5.5 V:

all outputs disabled Icc — 60 85 mA

all outputs enabled Icc — 40 65 mA

* Typical value of output current when the load shown in Figure 4 is used.
** VoL must be a minimum of 0.8 V less than its complementary output.
These input levels provide zero noise immunity and should be tested only in a static, noise-free environment.
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41LG Quad Differential Line Driver

Maximum Ratings

PoWer SUPPIY VOIRAGE (VCC) ciiererreeeeireeeieierieriaiereieseinaeeessssseessssnsresessanneesesesnesesasssesesessssnnenessassnsssnessnsnnesass 7.0V
Ambient operating temperature (TA) rANGe.....cuc it nanes 0to 125 °C
Storage temperature (TStQ) range......ccceeiiiviiiiiiiiiiic e —40 to +125 °C

Maximum ratings are the limiting conditions that can be applied under all variations of circuit and
environmental conditions without the occurrence of permanent damage.

External leads can be bonded or soldered safely at temperatures up to 300 °C.

Output Voltage
Vce - 2V Vee—-1V Vce
1

T

Load Line

VoH

Output Current (mA)

Figure 2. Driver Output Current — Voltage
Characteristics (Y-Load)

Output Voltage
Vce n 2V Vcc—l 1V Vce

T T

+ 10
Load Line -
<
+ 2 g
VOH €
2
5
o
4+ 30 5
Qo
5
o

+ 40

200 Q 200 @

Figure 3. Driver Output Current — Voltage
Characteristics (m-Load)
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41LG Quad Differential Line Driver

30Q 30 Q
ouT ouT

45 Q

Figure 4. Parametric Test Circuit

Timing Characteristics (See Figures 6 and 7)

TA =25 °C Vce = 5V, timing management test circuit (shown in Figure 5) connected to output.

Symbol Description Typ | Max | Unit
Propagation delay:

tPLH input high (low) to output high 3.0 6.0 ns

tPHL input low (high) to output low 3.0 6.0 ns
Disable time:*

tPHZ high to high impedance 30 50 ns

trPLZ low to high impedance 30 50 ns
Enable time:*

tPzH high impedance to high 35 40 ns

tPzL high impedance to low 35 40 ns

tskew Output skew, [tPLH — tPHL] 02| 05| ns

Atskew | Difference between drivers 0.3 — ns

* The device is disabled when E = 0 and E = 1; all other combinations of

E and E enable the device.

To Output 60 Q 60 Q J—
of Device ouT ouT
Under Test

90 Q

Figure 5. Timing Management Test Circuit

2-10
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41LG Quad Differential Line Driver

Timing Diagrams

ST VA
—_ 15V
T 7 04V
24V
E / Al 15V
7 N oav
tPHZ —o tPZH —o
VoH
/ VoL+02V
VoL
(e}
VoL-0.1V
0 N —_ VoH
\__ VoL
VoL-0.1V
tPLZ —b tPZL —o E
Figure 6. Enable and Disable Timing
24V
Input - 15V
Transition 0.4V
tPLH —b tPHL te—
| VoH
Output f 5' __ Vou ; VoL
— VoL
—] VoH
arpuz | 5 F _ Vou ; VoL
VoL
Figure 7. Propagation Delay
Network






41LK, 41LL, and 41LM Dual Differential
Line Driver-Receiver Pairs

Features

Device

= Single 5 V supply

= 0 to 85 °C operating temperature
= Meets ESDI standards

Driver

= Two line drivers per package = No line loading when Vcc =0 V

= Complementary outputs from each line = Minimum output short-circuit
driver current, 100 mA

= Maximum propagation delay, 6.0 ns = Qutput skew 0.2 ns, typical

Receiver

= Two line receivers per package = 0.20 V input sensitivity

= Complementary inputs for each line receiver = Common mode rejection of +4 V

= Maximum propagation delay, 7.0 ns = TTL- and ECL-compatible inputs

Description

The 41LK, 41LL, and 41LM devices are dual differential line driver-receiver pairs that are
compatible with the 41LG Quad Line Driver and 41LF Quad Line Receiver devices. These dual pair
devices consist of two line receivers with differentiai ECL-to-TTL converters, two line drivers with
TTL-to-differential ECL converters, and individual 3-state enabling circuitry for the driver and
receiver pairs. This allows serial data and a control clock to be transmitted and received on a
single integrated circuit. The typical propagation delays for the driver and receiver of these OXIL-
technology devices are 3.0 ns and 4.0 ns, respectively.

The 41LK device is intended for use where the minimization of electromagnetic interference is
required, and it has characteristics similar to those of the 41LG and 41LF devices. The 41LL
device has internal 200-(2 discharge resistors on each driver output and is equivalent to the NSC
DS8923A. The 41LM device has internal resistor terminations for both the driver (200 Q) and
receiver (100 ), eliminating the need for external resistors, and it is intended for use with 100-Q
impedance (Z) twisted-pair or flat cable.

The dual differential line driver-receiver pairs are available in a 16-pin plastic DIP (41LK, 41LL, and
41LM), SOJ package (1041LK, 1041LL, and 1041LM), or SOIC (1141LK, 1141LL, 1141LM) package.
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41LK, 41LL, and 41LM Dual Differential Line Driver-Receiver Pairs

User Information

Pin Descriptions

o 3
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E Rits rot [ T_e_l Rit+
F:ﬂ E] Ri1—

E DO1+

o
m
4
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Q
Q
]
o
m
P4
E-N

] oo

D2

3 ©
N N
(-3 ~
| 2]
T =
o ~
+ 1
3 ©
N N
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E DO2-
E DO2+
E RI2—
E RI2+

41LK 41LL
1041LK 1041LL
1141LK 1141LL

E RI1+
] -

g 3
=1 =

VccE EDOH
DEN 4—{>o—L EDm— DEN | REN | DO1 DO2 RO1 RO2
— 0 0 | Active | Active | Active | Active
REN | 5 —| So— 12| DO2-
:I 1 0 High-Z | High-Z | Active | Active

GND | 6 11] bo2+ 0 1 | Active | Active | High-Z | High-Z
pi2 |7 il [ ER'Z" 1 1 High-Z | High-Z | High-Z | High-Z
RO2 | 8 Q‘ 9 | Ri2+

41LM

1041LM

1141LM

Figure 1. Pin Function Diagrams and Output Enable Table
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41LK, 41LL, and 41LM Dual Differential Line Driver-Receiver Pairs

Characteristics

Electrical Characteristics
TA=0t085°C,Vcc=5V + 05V

Device
Parameter Sym | Min | Typ | Max | Unit
Power supply current, Vcc = 5.5 V:
41LK
all outputs disabled Icc — 40 70 mA
all outputs enabled Icc — 25 45 mA
41LL and 41LM
all outputs disabled Icc — 60 90 mA
all outputs enabled Icc — 90 | 135 mA
Driver

Output voltage test circuit connected to output (see Figures 2 and 3).

Parameter Sym Min Typ Max Unit

Output voltages, Vcc = 4.5 V:

low VoL — — | VoH-—0.8* v

high VOH 3.0 — — \Y

high-Z, IoH = —1.0 mA Voz — 2.0 | VoL-.05 Y

high-Z, vcc = 4.75V Voz — 2.0 | VoL-0.2 Vv
Input voltages:

low,Vcc = 5.5V viL* — —_ 0.7 v

high, Vcc = 4.5V VIH* 2.0 — — v

clamp, Vcc = 4.5V, IIN=—-18.0 mA VIK — — -1.5 \%
Output current

short-circuit Isc —-100 | —200 -300 mA
Input currents, Vcc = 5.5 V: ’

low, VIN=0.4V i — — —400 pA

high, VIN= 2.7V IH —_ —_ 20 nA

reverse, VIN = 5.5 V IiH — — 100 pA
Differential output resistor (41LL, 41LM) Ro — 200 — Q

* VoL must be a minimum of 0.8 V less than its complementary output.
** The input levels and difference voltage provide zero noise immunity and should be tested only in a static, noise-free
environment.
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41LK, 41LL, and 41LM Dual Differential Line Driver-Receiver Pairs

Receiver

Output voltage test circuit connected to output (see Figure 4).

Parameter Sym Min Typ | Max | Unit

Output voltage, VCC = 4.5 V:

low, loL = 8 mA VoL — — 0.5 \"

high, IoH = —400 pA VOH 2.5 — — )Y
Enable input voltages:

low, Vcc=5.5V viL* - - 0.7 v

high, Vcc = 4.5V VIH* 20| — — v
Differential input voltages,** Vo = VoL or VOH

—-080V<VH<72V,-12V<ViL<6.8V | VIH 0.20 | 0.1 — \Y
Output currents, Vcc = 5.5 V:

off-state (high-2), Vo = 0.4 V lozL — — -20 A

off-state (high-Z), Vo =2.4 V lozH — — 20 A

short-circuit Isc -25.0 — | =100 mA
Enable input currents, VCC = 5.5 V:

low, VIN= 0.4V i — — | —400 1A

high, ViN=2.7 V IH — — 20 pA

reverse, VIN = 5.5V lIH — — 100 HA
Differential input currents (41LK, 41LL):

low, VIN= -1.2V e — — | -1.0 mA

high, VIN=7.2V IIH — — 1.0 mA
Differential input impedance (41LM)

measured between Rl+ and RI— RI — | 105 — Q

* The input levels and difference voltage provide zero noise immunity and should be tested only in a static,
noise-free environment.
** The input of unused differential input pairs should be biased to Vcc. No protection resistor is required.

Maximum Ratings

[ 2ZoX VLT g TUT o o) VARVZo 11 2= Yo L= (1o o PO
Ambient operating temperature (TA) range . .

Storage temperature (Tstg) range......

Maximum ratings are the limiting conditions that can be applied under all variations of
circuit and environmental conditions without the occurrence of permanent damage.

External leads can be bonded or soldered safely at temperatures up to 300 °C.
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41LK, 41LL, and 41LM Dual Differential Line Driver-Receiver Pairs

Output Voltage

Vcc—IZV Vee-1V Vce
]
T T

Load Line T
<
120 E
VoH €
g
5
O
+30 5
j=3
p=l
o

1 40

90 Q
Figure 2. 41LK Driver Output Current — Voltage
Characteristics (Y-Load)
Output Voltage
Vec-2V Vcc—I 1V Vce
|
T T

+ 10
Load Line s
<
42 g
VoH €
g
5
o
130 5
=3
3
@]

+4 40

200 Q 200 Q

Note: 200-Q resistors are internal to device.

Figure 3. 41LL and 41LM Driver Output Current —
Voltage Characteristics (r-Load)
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41LK, 41LL, and 41LM Dual Differential Line Driver-Receiver Pairs

To Qutput of

+5V

Device Under Test O——@

CL
15 pF* —1—

éSkQ

ﬂ

<

Note: All 458E or 1N4148 diodes.

* Includes probe and jig capacitances.

1 kQ

Figure 4. Output Voltage and Propagation Delay

Test Circuit
Timing Characteristics

Driver (See Figures 7 and 8)

TA = 25 °C, Vce = 5 V, timing management test circuit connected to output (see Figures 5 and 6).

Symbol Description Typ | Max | Unit
. | Propagation delay:

tPLH input high to output high | 3.0 6.0 ns

tPHL input low to output low 3.0 6.0 ns
Disable time:

tPHZ high to high impedance 20 — ns

tPLz low to high impedance 20 — | ns
Enable time:

tPzH high impedance to high 20 — | ns

tPzL high impedance to low 20 — | ns

tskew Output skew, [tPLH — tPHL] 0.2 0.5 | ns

Atskew | Difference between drivers | 0.3 — ns

2-18

Network




41LK, 41LL, and 41LM Dual Differential Line Driver-Receiver Pairs

Receiver (See Figures 9 and 10)

Ta =25 °C, Vcc = 5 V, propagation delay test circuit connected to output (see Figure 4).

Symbol Description Typ | Max | Unit
Propagation delay:
tPLH input high (low) to output high | 3.5 7.0 ns
tPHL input low (high) to output low 4.5 7.0 ns
Disable time:
tPHZ high to high impedance 20 —_ ns
trLz low to high impedance 20 — ns
Enable time:
tPzH high impedance to high 20 — ns
tPzL high impedance to low 20 — ns
30Q 30 Q
DO+ DO-
100 Q
DO+ O 4"A"A% O DO-
450
Figure 5. 41LK Timing Management Test Circuit Figure 6. 41LL and 41LM Timing

Timing Diagrams

Input
Transition

DO

Network

Management Test Circuit

24V

15V

—;

tPLH —>

tPHL —&>

S

tPHL —

f=—

tPLH —&>

TN

Figure 7. Driver Propagation Delay Timing

04V

VoH

VoH + VoL
2

VoL

VoH

VoH + VoL

2
VoL



41LK, 41LL, and 41LM Dual Differential Line Driver-Receiver Pairs

24V
DEN / A 15V

—‘—7 L——-— 0:4V

tPHZ —o tPZH —o
VoOH
/ VoL+ 0.2V
DO VoL
VoL-0.1V

) —_
tPLZ %—t tPZL —o

Figure 8. Driver Enable and Disable Timing

VoL
VoL-0.1V

RI 37V
RI 27V
— la— tPHL —— la— tPLH
RO \ /—— VoH
\ / 13V
Figure 9. Receiver Propagation Delay Timing
m_f N/ NN
— ] tPHZ —e tPLz
tPZH —o> tPZL —
RO _/_

Figure 10. Receiver Enable and Disable Timing
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T7274A Quad Differential Line Driver

Features
= Four line drivers per package = 0.1-ns output skew, typical
= Complementary outputs from each line = 140 Mb/s data rate

driver

= 300-mW maximum power dissipation
= 24-mA drive capability

= High output drive for 100-Q2, 110-Q, and on A .
150-0 lines = 0 to 85 °C operating temperature

= Single 5 V supply

= 2. 0-ns minimum and 4.75-ns maximum
propagation delays

Description

The T7274A Quad Differential Line Driver integrated circuit is a single-input-to-balanced-output
converter that drives differential transmission lines. The input requires typical CMOS signals, and
the output has typical CMOS voltage swings and can drive 100-Q, 110-Q, and 150-Q) twisted pair
lines through a resistor attenuation network.

This CMOS device is similar to the general-trade 26LS31 device; however, it has decreased power
consumption and generates lower levels of electromagnetic interference (EMI).

The T7274A line driver is compatible with many line receivers, including the AT&T T7275B and
41LF devices and the general-trade 26L.S32 device. The quad differential line driver is available in
a 16-pin plastic DIP and small-outline J-lead (SOJ) package.

OUTPUT A (AQ)

INPUT A (A)) 0— OUTPUT A (AO)

OUTPUT B (BO)

INPUT B (B) 0— OUTPUT B (BO)

OUTPUT C (CO)

INPUT C (C) 0= OUTPUT C (CO)

OUTPUT D (DO)

INPUT D (DI)  0—— OUTPUT D (DO)

AN

Figure 1. Logic Diagram
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T7274A Quad Differential Line Driver

User Information

Pin Descriptions

Table 1. Pin Descriptions

a O \_/ s 0 oo Symbol | Type Name
o O 2 15 [1 Do Al | A-line driver input
a0 O 3 w4 0O o AO (0} Inverted A-line driver output
AO 0 A-line driver output
vss [ 4 13 [0 voo : .
voo [ 5 T7274 2 [ ves Bl | B-line driver input
BO (6] Inverted B-line driver output
B Oes 1 [ co BO O | B-line driver output
Bo O 7 1o 1 co c | C-line driver input
Bo [0 s o [ c CO o] Inverted C-line driver output
CO O C-line driver output
Figure 2. Pin Function Diagram DL I D-line driver input
DO o Inverted D-line driver output
DO (0] D-line driver output
Vss — Ground pins
VDD — 5 V supply pins
Characteristics
Electrical Characteristics
TA=0t085°C,VDD=5.0V +0.25V
Parameter Sym | Min Typ Max | Unit
Output voltages, VoD = 4.75 V:*
low, lIoL = +12.5 mA VoL — — 0.5 \
high, IoOH = —-12.5 mA VOH 4.25 — —_ \')
Output Impedance — — 20 40 9]
Input voltages:**
low ViL — — 1.0 Vv
high VIH 3.75 —_ — \
threshold VTH — | Vbp/2 — Vv
Output currents, short-circuit Isc -100 — | =200 mA
Input currents, VDD = 5.25 V:
low, ViIN=0.5V liL — — | -1.0 1A
high, VIN=5.25 V IiH — — 100 HA
Power supply current, VDD = 5.25 V:
DC conditions IoD — 0.25 0.5 mA
100 Mb/s DD — 75 80 mA

* loL and loH can increase to 25 mA. The reduced VoL and Voh are computed from the output impedance.
** Each input has typically 100 kQ to Vss. Thus, a no connect input is pulled low.
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T7274A Quad Differential Line Driver

Maximum Ratings

POWET SUPPIY VOILAGE (VDD) eeeieieeeeiiiiieireteeieretteeserssseeeseesneeessessssessessseesssannaessssssnnssssnsessssssasssansessessnsnsessans 7.0V
Ambient operating temperature (TA) FANGE... i cciciiiecieriecrcreeesesererrereereees e erss s aneesaesasesnenenens 0to 85 °C
Storage temperature (TStQ) FANGE ....uiiciiiiicreccirrcrierr e ses s s s e sesssresssssnesessnnes —40 to +125 °C

Maximum ratings are the limiting conditions that can be applied under all variations of circuit and
environmental conditions without the occurrence of permanent damage.

External leads can be bonded or soldered safely at temperatures up to 300 °C.

Timing Characteristics
TA=0to 85 °C, VoD = 5.0 V + 0.25 V, test circuit connected to output (see Figure 3).*

Symbol Description Min | Typ | Max | Unit
Propagation delay, input to output:

tPD AO, BO, CO, and DO 20| 3.0 | 4.75 ns
tPD A0, BO, CO, and DO 20| 3.0 | 475 | ns
tskew Difference between propagation delays

| trp — tPD | — | 100 | 300 | ps
tPWD Pulse width distortion, | tin — touT | — | 200 | 500 | ps
tr, tf Rise and fall time (10% to 90%) — 1.5 3.0 ns
tiN Input pulse width 7 — — ns

* Input rise and fall times (10% to 90%) of less than 4 ns are necessary to guaraﬁtee maximum
propagation delay, pulse width distortion, and skew characteristics.

To Output 1902
o Outpu
of Device O /\/\/\/ ? O OUT
Under Test
—— 16pF 50 Q

— 25V

Figure 3. Timing Test Circuit
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T7274A Quad Differential Line Driver

Timing Diagram

L L 375V
| |
. —_ - - - ——-——— = Voo/2
Input: IN
|
} 10V
|
|
|
| tPWD = tIN — toUT
< tPD —e
| |
| |
|

: r< tout :>i
| ' |
| t ] 425V
I — = /AN, SR Voo/2

out I
|
| : | 05V

. | —e ie—tskew
Qutput: I | | 425V

|

ouT ' | l
| — A ——— -:— —————— Voo/2
| | LN sy
:e—— tPD —o tr, tf —e o

|

Figure 4. Timing Waveforms
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T7275B Quad Differential Line Receiver

]

Features

= Low pulse width distortion = +1V common mode rejection

= 140-Mb/s data rate = 120-Q HIC line-to-line input

= 800-mW maximum power dissipation = 7800-Q2 SIC input

= 8.0-ns maximum propagation delay = Single 5 V supply

= 0.6 V input sensitivity = 0 to 85 °C operating temperature
Description

The T7275B Quad Differential Line Receiver integrated circuit is a quad differential input to CMOS
output line receiver. It is functionally an ECL-level-to-CMOS converter. Direct interfacing to ECL
signals is possible by AC coupling through a capacitor. The CMOS technology device is similar to
the general-trade 26L.832 device; however, it has increased speed and decreased power
consumption. By having four receivers in one T7275B device, circuit board package count is
reduced. The average propagation delay is 5 ns and the common mode operating range is +1 V.
Input dc offset is less than 50 mV. The inputs typically have 10 mV of hysteresis.

The T7275B line receiver is compatible with many line drivers, including the AT&T T7274A and
41LG devices, and the general-trade 26LS31 device. The quad differential line receiver is available
in a 16-pin plastic DIP and small-outline J-lead (SOJ) package.

}ﬁgﬂ}ﬁ g’:—:; zﬁ>—4 OUTPUT A (AO)
:,’jﬁﬂlg g; §ﬁ>—o OUTPUT B (BO)
:Sﬁ{ﬁg {f}; Zj>—o OUTPUT C (CO)
:z,i’tﬂg g; g:1>—c OUTPUT D (DO)

Figure 1. Logic Diagram
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T7275B Quad Differential Line Receiver

User Information

Pin Descriptions

Table 1. Pin Descriptions

a O \_/ 16 [ a0 Symbol | Type Name
A O 15 [ vss Al | A-line receiver input
Al | Inverted A-line receiver input
BI 3
— O 4 [ 80 AO (0] A-line receiver output
B [ 4 13 [ Voo - :
T7275 Bl | B-line receiver input
c [ s 12 [ vss = ) Lo
— BI | Inverted B-line receiver input
o e 1 [ co BO 0 B-line receiver output
o g7 1o J voo cl | C-line receiver input
o Qs s O oo Cl | Inverted C-line receiver input
CO O C-line receiver output
Figure 2. Pin Function Diagram D! I D-line receiver input
DI | Inverted D-line receiver input
DO (0] D-line receiver output
Vss —_ Ground pins
VDD — 5 V supply pins
Characteristics
Electrical Characteristics
TA=01t085°C,Vop=5.0V + 0.25V
Parameter Sym Min Typ Max Unit
Output voltages, VoD = 4.75 V:*
low, oL = +12.5 mA VoL — — 0.5 \
high, IOH = —12.5 mA VOH 4.25 — — Vv
Output impedance — — 15 30 Q
Differential input voltages:** Vo = VoL or VoH
-21V<VemM <29V VTH 0.3 0.6 — Vv
Output currents, short-circuit Isc -150.0 — | =300.0 mA
Differential Input currents:
low e — — 1.0 pA
high liH — — 1.0 HA
Power supply current, VDD = 5.25 V
DC conditions IDD 0.0 | 12.0 20.0 mA

*loL and loH can increase to 25 mA. The reduced VoL and VoH are computed from the output impedance.
** Operation with 1V < VeM < 4 V is possible, but with relaxed propagation delay and pulse width distortion characteristics.
t Pulling all inputs below 0.6 V powers down the device. All outputs are then equal to VoD.
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T7275B Quad Differential Line Receiver

Maximum Ratings

Power supply voOltage (VDD)....c.cceervueriremiiueinniinnniciciecnnecssneessnscssnsesnesnsnne 70V
Ambient operating temperature (TA) range.. teetsreeesssneeei et a s e e s e e e s anasasaees 0to 85°C
Storage temperature (TStg) range....cu ittt ess e enns —40 to +125 °C

Maximum ratings are the limiting conditions that can be applied under all variations of circuit and
environmental conditions without the occurrence of permanent damage.

External leads can be bonded or soldered safely at temperatures up to 300 °C.
Timing Characteristics
TA=0to 85 °C, VDD = 5.0 V + 0.25 V, test circuit connected to output® (see Figure 3).*

Symbol Description Min | Typ | Max | Unit

Propagation delay (Al, BI, Cl, and DI)
(see Figure 4):

tPHH input high to output high 35| 5.0 8.0 ns

tPLL input low to output low 3.5 5.0 8.0 ns

Propagation delay (Al, BI, CI, and Di)
(see Figure 4):

tPHL input high to output low 35| 5.0 8.0 ns
tPLH input low to output high 35| 5.0 8.0 ns
tPwD Pulse width distortion, | tin — touT | — | 100 | 500 | ps
tr,te Rise and fall times (10% to 90%) — 1.5 3.0 ns
tiN Input pulse width 7 — — ns

* Input rise and fall times (10% to 90%) of less than 3 ns are necessary to guarantee maximum
propagation delay and pulse width distortion characteristics.

200 Q
To Output
of Device O /\/\/\/ ’ O out
Under Test
—— 30pF 50 Q

Figure 3. Output Voitage and Propagation Delay Test Circuit
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T7275B Quad Differential Line Receiver

Timing Diagram

tiN

'}

—e lt— tPLL tPHH —
) \
— le— tPHL tPLH —>
tout
2-28
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T7500 PCM Codec with Filters

Features

= AT&T/CCITT-compatible = No external components required
= Pin-selectable u-law or A-law operation = 15V supply

= Pin-selectable transmit and receive gain = | atch-up free CMOS technology
= Variable data rate (128 kHz to 4.096 MHz) = | ow power dissipation

= On-chip voltage reference E gg:mw :53:22: gg:gt'iggwn

= TTL-compatible 1/0

Description

The T7500 PCM Codec with Filters is a single-chip integrated circuit that provides analog-to-digital
and digital-to-analog conversion, as well as the transmit and receive filtering necessary to
interface a voice telephone circuit to a time-division multiplexed system. The T7500 device is
available in an 18-pin plastic DIP or a 20-pin plastic small-outline J-lead (SOJ) package for
surface mounting.
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** Capacitor array.

Figure 1. Block Diagram
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T7500 PCM Codec with Filters

User Information

Pin Descriptions

onoo 01— s ] Vee GNDD [] 4 N ] vee
Dx [ 2 17 [J PDNx Dx ]2 19 [ PDNx
BCLK ] 3 16 [ PDNR BCLK [ 3 18 [J PDNr
MUSEL [] 4 15 [J VFxI NC [ 4 17 [ VFxl
NC [ 5 14 [ T6C MUSEL [ 5 16 [J TeC
Fs O 6T7500—PC13 5 vEro Ne O 6T7500-EC’5 1 Ne
McLk O 7 12 [J RGC Fs O 7 14 [J vFrO
Dr [] 8 14 [ ADR MCLK (] 8 13 [ RGC
vss [] ° 10 7] GNDA Or []9 12 []] ADR
vss [] 10 11 [J GNDA
Figure 2. Pin Function Diagrams
Table 1. Pin Descriptions
Symbol Type Name/Function
GNDD — Ground (Digital).
Dx (0] Data Transmit. Eight-bit u-law or A-law PCM inverted binary output.
BCLK | Bit Clock. PCM is transmitted and received at a rate defined by this input
clock (128 kHz—4.096-MHz).
MUSEL | u-law Select. A high (1) or no connection on this pin results in g-law
conversion. Apply a low (0) to this pin for A-law encodings.
NC — No Connection.
FS | Frame Synchronization. An 8-kHz timing pulse is applied to this pin to
initiate A/D and D/A conversion processes.
MCLK | Master Clock. 2.048-MHz
DR 1 Data Receive. This is the 8-bit u-law or A-law PCM inverted binary input.
GNDA — Ground (Analog).
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T7500 PCM Codec with Filters

Table 1. Pin Descriptions (Continued)

Symbol | Type Name/Function

Vss — —5 V Supply (+ 5%).

ADR | Address. A low or no connection on this pin enables the FS pulse. Itis
used for channel selection when more than one codec is used on a PCM
bus.

RGC | Receive Gain Control. A low or no connection on this pin sets the gain to

0 dB (0 output TLP); a high on this pin sets the receive gain to +3 dB + 0.1
dB (+3 output TLP). When high, the gain is set with respect to the gain
measured at 0 dB setting.

VFRO (0] Voice Frequency Receive Output. The maximum load permitted on this pin
is 20 kQ in parallel with 50 pF.
TGC | Transmit Gain Control. A high or no connection on this pin sets the

transmit gain to 0 dB (0 input TLP); a low sets the transmit gain to —3
dB + 0.1 dB (+3 input TLP). When low, the gain is set with respect to the
gain measured at 0 dB setting.

VFxI | Voice Frequency Transmit Input. Analog input to the transmit filters. The
input impedance on this pin is greater than 400 kQ.

PDNR | Power-Down Receive. A high on this pin causes power-down of receive
side. During receive-side power-down, VFRO is grounded through a low
impedance and the receive-side analog circuitry is disabled. A low or no
connection allows normal receive-side operation.

PDNXx | Power-Down Transmit. A high on this pin causes power-down of transmit
side. A transmit power-down causes the Dx buffer to go into a high-
impedance state and all encoder analog circuitry to be disabled. A low or
no connection allows normal transmit-side operation.

vce — +5 V Supply (+ 5%).

Overview

The T7500 PCM Codec is a synchronous device with a common master clock and synchronization
input that drives both the transmit and receive sections. Device operation requires three logic inputs:
MCLK, FS, and BCLK.

On power-up, the codec becomes active only after receiving a FS and ADR signal. The serial transfer
of data to DR and from Dx proceeds at a rate determined by BCLK (see Figure 4).

The digital output returns to a high-impedance state upon completion of this process and remains in
this state until another set of synchronization and address signals is received. This allows the device
to be used with a shared PCM bus (up to 64 channels at 4.096 MHz).
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T7500 PCM Codec with Filters

V1 2 JUL
VFxl  Dx
oo SWITCH
LINE CODEC
| INTERF, HYBRID WITH NETWORK
FILTERS
!
Wl el

Figure 3. PCM System Block Diagram

The T7500 codec has a power-down mode that reduces power consumption and heat dissipation
when the device is inactive. Two pins are used for this power-down option. A high applied to PDNR
disables the receive side of the device; PDNx performs the same function on the transmit side of the
device. Each side can be independently disabled. When the receive side is powered-down, output
VFRO is grounded through a low impedance and all receive-side analog circuitry is disabled. Transmit
power-down results in output Dx going into a high-impedance state and all transmit-side analog
circuitry being disabled. The device is activated by applying a low to both leads.

This device implements either u-law or A-law PCM encoding. MUSEL is used to determine the type of

encoding. Inverted binary format is used for p-law encoding. Alternate digit inversion is used for A-
law transmission.

Separate gain controls provide gain settings for the transmit and receive sections. Either 0 dB or
—3 dB gain can be selected for the transmit side and either 0 dB or +3 dB for the receive side.

On-chip voltage referencing is provided, eliminating the need for external circuitry and gain trimming.
Characteristics

DC Characteristics

TA=0t070°C;VcC=+5V £ 5% ;Vss = -5V + 5% ; GNDA = 0 V; GNDD = 0 V; OTLP,
unless otherwise specified. Typical values are for TA = 25 °C and nominal power supply values.
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T7500 PCM Codec with Filters

Table 2. Digital Interface

Symbol Parameter Min | Max | Unit Test Condition
liL Low-level input current -20 — pA | GNDD <VIN < VIL
IH High-level input current —_ 20 uA VIH < VIN < Vce
VIL Input low voltage — 0.8 \') —

VIH Input high voltage 2.0 — Vv —
VoL Output low voltage — 0.4 \' —
VOH Output high voltage 2.4 — Vv —
Ci Digital input capacitance — 5 pF —
IL Output leakage current -50 50 uA —

Table 3. Power Dissipation*

Symbol Parameter Min Typ Max Unit
Icc1 Vcce operating current —_ 8.5 15 mA
I1ss1 Vss operating current — | =7.5 -13 mA
Icco Vce power-down current — 2.0 7.0 mA
1SS0 Vss power-down current — | =2.0 —-4.0 mA
vce Positive operating voltage 4.75 5| 5.25%* v
Vss Negative operating voltage | —4.75 -5 | —-5.25%* v
P1 Operating power dissipation — 80 147 | mW
Po Power-down dissipation — 20 55 | mwW

* All measurements made at fBCLK = 2.048 MHz, outputs loaded.
** Absolute maximum ratings are Vcc = +7.5 V, Vss = —7.5 V. Exceeding these values may
result in permanent internal damage.

Table 4. Analog Interface — Transmit Filter Input Stage

Symbol Parameter Min | Typ | Max | Unit
Ri Input resistance @ VFxI 0.4 1.1 — | MQ
VOFF Input offset voltage @ VFxI — — 20 | mV
CL Load capacitance @ VFxI — 20 40 pF
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Table 5. Analog Interface — Receive Filter Driver Amplifier Stage

Symbol Parameter Min Typ Max | Unit | Test Conditions
Ro Output resistance @ VFRO
for voice frequencies — | 50 — Q —
VOFF Output DC offset @ VFRO — | 50 — mV | Relative to GNDA
CL Load capacitance @ VFRO1 — | — 50 pF —
Vo Maximum voltage output
(swing across RL):
p-law -2.229 | — | 2.229 Vv RGC = high
A-law —2.229 —_ 2.229 \") (+3TLP)
p-law -1.578 | — | 1.578 \") RGC = low
A-law -1.572 | — | 1.572 Vv (OTLP)
RL Load resistance @ VFRO 20 | — — kQ —
Timing Characteristics
Table 6. Clock Section
Symbol Parameter Min Typ Max Unit
tBCHBCH* | Bit clock period 244 — 7.8 1S
tBCHBCL Bit clock pulse width | .4tBCHBCH | .5tBCHBCH | .6tBCHBCH | —
tMCHMCH** | Master clock period — 488 — ns
tMCHMCL Master clock pulse
width .4tMCHMCH | .5tMCHMCH | .6tMCHMCH | —
* BCLK ranges from 128 kHz to 4.096 MHz.
** 2.048 MHz.
Table 7. Data Section
Symbol Parameter Min Typ Max Unit
tFSLMCH | Sync set-up time in
reference to MC 90 S5tMCHMCH tMCHMCH ns
tFSLAH* Address hold time 1.5tBCHBCH | 3tBCHBCH — —
tALFSL Address set-up time 10 .5tBCHBCH — ns
tFSLFSH** | Sync pulse width 1.5tBCHBCH | 2tBCHBCH 63 us
tFSLBCL | Sync set-up time 75 200 tBCHBCH — 50 | ns
tDRVBCL | DR set-up time 50 200 — ns
tBCLDRX | DR hold time 50 300 — ns
tBCHDXV?! | DX delay time 30 80 150 ns

* Max = constant low.
** Negative logic sense.
DX max load < 300 pF plus 1 medium-power TTL load.
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Timing Diagram
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* BCLK ranges from 128 kHz to 4.096 MHz. It determines ADR, FS, DR, and Dx timing.

Figure 4. Input/Output Timing

AC Characteristics — Transmission Parameters

Table 8. Gain and Dynamic Range

tBCHBCH

Symbol Parameter Min Typ Max | Unit Test Conditions
GE Encoder milliwatt response Signal input = .7746 Vrms
(transmit gain tolerance): Vcc and Vss are + 5%
TA=01t0 70 °C
p-law —0.15| +£0.08 | 0.15 | dBmO
A-law —0.18 | +0.08 | +0.18 | dBmO
Gp Digital milliwatt response Vce and Vss are + 5%
(receive gain tolerance): TA=0t0o 70°C
p-law —-0.15 | +0.08 | 0.15 [ dBmO
A-law —0.18 | £0.08 | 0.18 | dBmO
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Table 9. Gain Tracking — Reference Level = 1.02 kHz, 0 dBm

Symbol Parameter Min Max | Unit | Test Conditions
GTXu Transmit gain tracking error | —0.25 | 0.25 dB 3 to —37 dBm0
(sinusoidal input, p-law) -0.50 | 0.50 dB —-37 to -50 dBmO
GTXA Transmit gain tracking error | —0.25 | 0.25 | dB 3 to —37 dBmO
(sinusoidal input, A-law) —-0.50 | 0.50 dB -37 to —-50 dBmO
GTRe Receive gain tracking error -0.25 | 0.25 dB 3 to —37 dBm0
(sinusoidal input, g-law) -0.50 | 0.50 dB -37 to —50 dBmO0
GTRA Receive gain tracking error -0.25 | 0.25 dB 3 to —37 dBm0
(sinusoidal input, A-law) -0.50 | 0.50 dB —37 to —-50 dBm0
Table 10. Distortion
Symbol Parameter Min | Typ | Max | Unit Test Conditions
Dxs Transmit signal to distortion
(sinusoidal input = 1.02 kHz):
pu-law 36 — —_ dB
Alaw a5 | —| —| gg|0<VFX<-30dBmo
u-law 30 — —| - dB
A-law 29 | —| —| as|"409BMO
u-law 25 — — dB
A-law 25 | —| —| a|—*°dBMO
DRrs Receive signal to distortion
(sinusoidal input = 1.02 kHz):
p-law 36 —_ — dB
A-law 35 _ _ dB 0 <DR < -30 dBmO
p-law 30 —_ — dB
A-law 29 | —| —| gg|~409BMO
p-law 25 — — dB
A-law 25 | —| —| ag|~459BMO
DxsF | Transmit single frequency — — | —28 | dBmO | 0 <input <2 MHz
(distortion products) — — | —40 | dBmO | .2 < input < 3.4 kHz
DrsF | Receive single frequency — — | —28 [ dBmO | 0 <input <2 MHz
(distortion products) — — | —40 | dBmO0 | .2 <input < 3.4 kHz
DXD Transmit absolute delay — | 340 —_ us | —
DRD Receive absolute delay — 1240 — us | —
DpaAa | Delay distortion — | 250 — pus | f=500Hz
(analog-to-analog) — 60 —_ pus | f=1kHz
— 20 — us | f=1.5kHz
—_— 20 — pus | f=2kHz
— 50 — us | f=2.5kHz
— | 220 — us | f=3 kHz
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Table 11. Noise

Symbol Parameter Min | Typ | Max Unit Test Conditions
Fxc Transmit idle channel noise — 14 18 | dBrnCO | u-law
(C-message weighted) —_ — 23 | dBrnCO | A-law
FRC Receive idle channel noise — 9 13 | dBrnCO | u-law
(C-message weighted) — — 15 | dBrnCO | A-law
Fxp Transmit idle channel noise
(psophometric weighted) — | —69 | —-67 dBmOp | —
FRrP Receive idle channel noise
(psophometric weighted) — | -81 | -75 dBmOp | —
PSRxcc Vcc power supply rejection | —30 | -35 —_ dB | Idle channel; 100-
(transmit channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at Dx
PSRxss Vss power supply rejection -30 | -35 — dB | Idle channel; 100-
(transmit channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at Dx
PSRRcC Vce power supply rejection | —30 | —35 — dB | Idle channel; 100-
(receive channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at VFRO
PSRRss Vss power supply rejection | —30 | -35 — dB | Idle channel; 100-
(receive channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at VFRO
FCXR Crosstalk (transmit to VFxl = 0 dBmO;
' receive, single-ended 1.02-kHz signal
outputs): measured at VFR;
DR = idle code
p-law — — | =71 dB
A-law — — | =70 dB
FCRX Crosstalk (receive to DR = 0 dBmO; VFxl =
transmit, single-ended GNDA; 1.02-kHz
outputs): signal measured at
Dx
u-law — — | =71 dB
A-law — — | =70 dB
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Transmit Filter Transfer Characteristics

Table 12. Transmit Gain Relative to Gain at 1.02 kHz (GRX)*

Frequency (Hz) Min Typ Max | Unit
16.67 — -35 -30 | dB
50 — -33 -30 | dB
60 — —40 -30 | dB
200 -1.8 -0.5 0| dB
300 to 3000 —0.125 | £0.04 | 0.125 | dB
3140 -0.57 0.01 | 0.125 | dB
3380 —0.885 —-0.7 | 0.015 | dB
3980 — | -15.6 | —13.3 | dB
4600 and above — — -32 dB
* 0 dBmO signal input at VFxI.
1 #
(200, 0)
(300, +.125) MAXIMUM (3000, +.125) (3200, +.125)
0+ e =
K(a;— 125) (3000, — 129 {3400, 0)
@ t MINIMUM L
o TYPICAL
g 14 (3200, —.75)
S e (3400, —.9)
= 0T
<
z ( ]
<
0]
o _104 LOSS EQUATION BETWEEN 3400 Hz
w AND 4600 Hz (ANGLE IN RADIANS)
E
4000 —f)
< Afsin m ( ) +B] TYPICAL
e 1200
2‘20“ MINIMUM MAXIMUM
< A =—14forf < 4kHz
o A=—18for f> 4 kHz
_ _ B=—1forf<4kHz
%0 (60.730) B =—7/9for f > 4kHz
(4600, —32)
—40 UL |||lll|!|Illlllll!‘LlLJlLIl‘L!LJl 'ALIL%IIII[ILALAA!;%
0 Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 5000 +
FREQUENCY
Figure 5. Transmit Filter Characteristics
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Receive Filter Transfer Characteristics

Table 13. Receive Gain Relative to Gain at 1.02 kHz (GRX)*

Frequency (Hz) Min Typ Max Unit
Below 3000 -0.125 | +0.04 0.125 | dB
3140 —0.57 | +0.04 0.125 | dB
3380 -0.885 | —0.58 | —-0.015 | dB
3980 — | —-15.7 -13.3 | dB
4600 and above — — -28 | dB
* 0 dBmO signal input at DR.
1 -~
(300, +.125) MAXIMUM (3000, +.125) (3200, +.125)
o - e
g & (3400, 0)
o (300, —.125) MINIMUM (3000, —.125)
T TYPICAL
g 1 (3200, —.75)
~ '3 (3400, —.9)
S
<0 ==
Z
<<
5]
)
= .10+
g LOSS EQUATION BETWEEN 3400 Hz
:—‘( AND 4600 Hz (ANGLE IN RADIANS) TYPICAL
-
w _
T .20t Alsin (L‘too_o_ﬁ) +B] MINIMUM MAXIMUM
Z 1200
<
O]
A=—14
B=—1
-30 + (4600, —28)
/74 Y SR IS SN S EU T BTSS0S S TS W S S S S =4
0Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 5000 Hz
FREQUENCY
Figure 6. Receive Filter Characteristics
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Preliminary

T7512 Dual PCM Codec with Filters

Features

= AT&T/CCITT-compatible = On-chip voltage reference
» Pin-selectable u-law or A-law operation = Differential output amplifier
= Transmit and receive gain control with = Single 5 V power supply

external resistors = TTL-compatible digital I/0

* Two timing modes
o Fixed data rate mode (2.048 MHz) " Low-power CMOS technology
o Variable data rate mode (128 kHz to

2.048 MHz)

Description

The T7512 Dual PCM Codec with Filters integrated circuit provides two channels of analog-to-
digital and digital-to-analog conversion as well as the transmit and receive filtering necessary to
interface two voice telephone circuits to a time-division multiplexed system. The T7512 Codec is
fabricated using low-power CMOS technology and requires a single 5 V supply. The device is
available in a 28-pin plastic DIP or small-outline J-lead (SOJ) package for surface mounting.
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Figure 1. Block Diagram

User Information

Pin Descriptions

GNDA[]1 28 [7] Voba
TIP1 ]2 27 [ TIP2
TINT[]3 26 [JTIN2

TGS1[]4 257 TGS2

RGS1[]5 24[JRGS2

ROP1[]6 23[JROP2

RON1[]7 T7512-PC 22[JRON2

ASELN[]8 T7512-EC 21[7]TESTBN

TFS1[]9 20 [J TESTAN

NC[]10 19 [ TFS2

RFS1[] 11 18 [JRFS2

RPCM[]12 17 ] TPCM

MCLK[] 13 16 []DCLK
Vooo [] 14 15[ ] GNDD

Figure 2. Pin Function Diagram
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Table 1. Pin Descriptions

Pin | Symbol | Type Name/Description

1 GNDA — Analog Ground. Ground reference (0 V) for internal analog circuitry. This
pin and GNDD must be connected to the system ground.

2 TIP1 | Transmit Input (Positive) — Channel 1. Noninverting analog input-to-input
operational amplifier.

3 TIN1 1 Transmit Input (Negative) — Channel 1. Inverting analog input-to-input
operational amplifier.

4 TGS1 (0] Transmit Gain Setting — Channel 1. Output terminal of input operational
amplifier. This pin should be connected to external gain control network
of external resistors.

5 RGS1 | Receive Gain Setting — Channel 1. Input to the gain setting network on
the output power amplifier. The transmission level can be adjusted over a
12 dB range, depending on the voltage at RGS1.

6 ROP1 (6] Receive Output (Positive) — Channel 1. Noninverting output of the power
amplifier.

7 RON1 (0] Receive Output (Negative) — Channel 1. Inverting output of the power
amplifier.

8 | ASELN | A-law Selection (Negative-Assertion). A low on this pin selects A-law

operation; a high selects p-law operation. An internal pull-up resistor is
included so that, if ASELN is not connected, p-law is automatically

selected.
9 | TFSH | Transmit Frame Synchronization — Channel 1. 8-kHz frame
synchronization clock for transmit channel 1.
10 NC — No Connection. Not internally connected.
11 RFS1 | Receive Frame Synchronization — Channel 1. 8-kHz frame
synchronization clock for receive channel 1.
12 RPCM I Receive PCM Data. PCM data is clocked in on this lead on eight

consecutive transitions of MCLK in fixed data rate mode (DCLK in variable
data rate mode). The receive data for both channel 1 and channel 2 are
input to this pin in a time-division multiplexed manner, as controlled by
RFS1 and RFS2.

13 MCLK | Master Clock. 2.048-MHz master clock; also used as data clock for fixed
data rate mode.

14 VDDD — Digital Power Supply. 5V power supply for all internal digital logic. Not
internally connected to VDDA.

15 GNDD — Digital Ground. Ground reference (0 V) for internal digital logic. This pin
and GNDA must be connected to the system ground.

16 DCLK | Data Clock. A low on this pin selects the fixed data rate mode. In the
variable rate mode, DCLK is the data clock for the transmit and receive
channels for both channel 1 and channel 2.
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Table 1. Pin Descriptions (Continued)

Pin Symbol Type Name/Description

17 TPCM o* Transmit PCM Data. PCM data is clocked out on this lead on eight
consecutive transitions of MCLK in fixed data rate mode (DCLK in variable
data rate mode). The transmit data for both channel 1 and channel 2 are
output on this pin in a time-division multiplexed manner, as controlled by
TFS1 and TFS2.

18 RFS2 | Receive Frame Synchronization — Channel 2. 8-kHz frame
synchronization clock for receive channel 2.

19 TFS2 | Transmit Frame Synchronization — Channel 2. 8-kHz frame
synchronization clock for transmit channel 2.

20 TESTAN | Test Pin A. This pin is used for testing purposes. It should either be tied
high or not connected. An internal pull-up resistor is included.

21 TESTBN | Test Pin B. This pin is used for testing purposes. It should either be tied
high or not connected. An internal pull-up resistor is included.

22 RON2 (0] Receive Output (Negative) — Channel 2. Inverting output of the power
amplifier.

23 ROP2 0 Receive Output (Positive) — Channel 2. Noninverting output of the power
amplifier.

24 RGS2 | Receive Gain Setting — Channel 2. Input to the gain setting network on
the output power amplifier. The transmission level can be adjusted over a
12 dB range, depending on the voltage at RGS2.

25 TGS2 0 Transmit Gain Setting — Channel 2. Output terminal of input operational
amplifier. This pin should be connected to the external gain control
network of the external resistors.

26 TIN2 | Transmit Input (Negative) — Channel 2. Inverting analog input to
uncommitted input operational ampilifier.

27 TIP2 | Transmit Input (Positive) — Channel 2. Noninverting analog input to
uncommitted input operational amplifier.

28 VDDA — Analog Power Supply. 5V power supply for all internal analog circuitry.
Not internally connected to VDDD.

* Qutput is 3-stated.

Overview

The T7512 Dual PCM Codec with Filters provides analog-to-digital and digital-to-analog conversion
for two voice channels. Transmit channel 1 and transmit channel 2 each convert an analog input to a
companded digital PCM output. Receive channel 1 and receive channel 2 each convert a companded
digital PCM input to an analog output.

Four separate 8-kHz frame synchronization signals control the input and output timing of the two
channels. TFS1 and RFS1 control the timing of transmit channel 1 and receive channel 1, and TFS2
and RFS2 control the timing of transmit channel 2 and receive channel 2. The PCM data input to both
receive channel 1 and receive channel 2 is time-division multiplexed on a single input (RPCM), and the
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time slot of each channel is determined by RFS1 and RFS2. Data is input to RPCM serially, starting
with the most significant bit (the sign bit). The PCM data output from both transmit channel 1 and
transmit channel 2 is time-division multiplexed on a single output (TPCM), and the time slot of each
channel is determined by TFS1 and TFS2. Data is output to TPCM serially, starting with the most
significant bit (the sign bit).

Device operation requires application of a continuous 2.048-MHz master clock (MCLK). Operation of
channel 1 requires application of both an 8-kHz transmit frame synchronization pulse (TFS1) and an
8-kHz receive frame synchronization pulse (RFS1). Operation of channel 2 requires application of
both TFS2 and RFS2. The frame synchronization signals must be submultiples of MCLK. After
applying power to the device, channel 1 becomes active after receiving four frames of TFS1, and
channel 2 becomes active after receiving four frames of TFS2. (Since TFS is at 8 kHz, one frame is
125 ps.) Both channels should be activated during power-up to ensure that the device is properly
initialized. Until channel 1 or channel 2 becomes active, its analog outputs (ROP1 or 2 and RON1 or
2) are floating and the TPCM output remains 3-stated. Once a channel becomes active, the internal
analog circuitry is settled and conversion begins. The channel can be deactivated by removing its
TFS signal (TFS = logic 0) for seven frames. The channel then powers down and draws a reduced
power supply current (see Table 3). The channel can later be reactivated by applying TFS for four
frames. Channel 1 and channel 2 can be deactivated independently, but the transmit and receive
channels cannot be independently disabled by removal of only the TFS or RFS signal. Although both
the TFS and RFS signals must be applied to operate a channel, these signals can be offset from one
another by an arbitrary number of MCLK cycles.

The T7512 device allows two modes of data transmission: fixed rate or variable rate. The fixed data
rate mode is selected when the data clock (DCLK) is a logic low and the master clock (MCLK) is used
to clock input and output data. The TFS signal must be high for one master clock period to enable
the channel to transmit PCM data serially onto TPCM on the next eight consecutive transitions of
MCLK (see Figure 5). The RFS signal must be high for one master clock period to enable the channel
to receive PCM data serially into RPCM on the next eight consecutive transitions of MCLK (see Figure
6).

The variable data rate mode allows the use of any frequency from 128 kHz to 2.048 MHz for (DCLK).
When TFS makes a transition from low to high, the channel transmits PCM data on the next eight
consecutive transitions of DCLK. If TFS remains high, transmission continues and, if it remains high
for more than eight clock pulses of DCLK, the sample bits are repeated as long as TFS remains high
(see Figure 7). When RFS makes a transition from low to high, the channel receives PCM data on the
next eight consecutive transitions of DCLK. If RFS remains high, reception continues and, if it remains
high for more than eight clock pulses of DCLK, sample bits continue to be input as long as RFS
remains high (see Figure 8).

Since the device operates with only a single 5 V supply, the analog input and output signals swing at
an internally generated midpoint reference level, not at ground. Therefore, it is necessary to use
voice-quality capacitors to perform level shifting between the device reference and the system
reference. It is also necessary that the digital input signal applied at RPCM not be a dc signal
(besides idle), as oscillations may occur at the receive analog output.

The input of the transmit section uses an uncommitted input operational amplifier for each channel.
The amp has a common mode range from 1.3 V to 4.3 V and a voltage gain of 100,000. The user has
access to the inverting and noninverting inputs and to the feedback output to control the gain setting
and hybrid interface. A gain of up to 20 dB can be accomplished without performance degradation
(see Figure 3). The feedback load impedance, R1 + R2, must be greater than 10 k2 in parallel with
less than 50 pF. The input signal must be coupled through a voice-quality 0.1-uF capacitor with a
20% tolerance. The input op-amp can also be set to unity gain by connecting TGS to TIN.

The output of the receive section uses a differential output power amplifier for each channel. The
output driver voltage ranges from 0.7 V to 3.7 V and provides both inverting and noninverting outputs.
The gain is controlled by the feedback signal RGS and, when connected to ROP, the maximum
attenuation of 12 dB is provided. Unity gain is obtained when RGS is connected to RON. Figure 4
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shows a resistor network with the center tap connected to the input RGS. The gain can be adjusted
within the 12 dB range by varying the resistor ratio R1:R2. The voice-quality 0.1-uF capacitors shown
in Figure 4 are used to block the dc reference level at the ROP and RON output swings.

The ASELN pin is used for selecting either p-law or A-law PCM encoding. Inverted binary format is
used for p-law encoding; alternate digit inversion is used for A-law transmission. A logic high selects
u-law operation and a logic low on ASELN selects A-law operation. If ASELN is not connected, an
internal pull-up resistor automatically selects u-law operation.

28V
Ci> 1
60nR1
0.1 pF  GAN=14+2
| TP R1
VIN = \ 42 +
I 1N >
R1 R2
c1 <
| TGS

GNDA

Figure 3. Uncommitted Operational Amplifier
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RL R1 % l—
| RON
L
C
" R2
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y R1 RL> 10 kQ
*1R2
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R1 c 1
[4 + [ﬁé]] > 60RL

Figure 4. Differential Output Power Amplifier
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Characteristics

DC Characteristics

TA=010 70 °C, VDDA =5V + 5%, VDDD = 5 V + 5%, GNDA = 0 V, GNDD = 0 V, unless otherwise
specified. The input/output analog signals are 0 dBm0 at 1.02 kHz, the digital inputs are digital
milliwatt at 1.02 kHz, the input and output amplifiers are set to unity gain, and the analog output is
measured single-ended, unless otherwise specified. Typical values are for TA = 25 °C and nominal
power supply values.

Table 2. Digital Interface

Symbol Parameter Min | Typ | Max | Unit | Test Conditions
liL Low-level input current — — 10 pA ViL=0V
IIH High-level input current — — 10 uA VH=55V
ViL Input low voltage —_ —_ 0.8 \') —
VIH Input high voltage 2.0 — — Vv —
VoL Output low voltage — — 0.4 \') IoL= 5.1 mA
VOH Output high voltage 2.4 — —_ Vv IOH = —6.1 mA
Cli Digital input capacitance — — 5 pF —_

Output 3-state leakage current:

lozL low — — 30 pA VoL=0V
lozH high — — -30 uA VOH =55V

Table 3. Power Dissipation

Symbol Parameter Min | Typ | Max | Unit
IDDA2 VDDA operating current (both channels active) —_ 30 35 mA
IDDD2 VDDD operating current (both channels active) — 5 8 mA
P2 Power dissipation (VDDA and VDDD;

both channels active) — 175 | 225 | mW
IDDA1 VDDA operating current

(one channel active, one channel inactive) — 16 20 mA
1DDD1 VDDD operating current

(one channel active, one channel inactive) —_ 5 7 mA
P1 Power dissipation (VDDA and VDDD;

one channel active, one channel inactive) — 105 | 142 | mW
|DDAO VDDA operating current (both channels inactive) — 4 6 mA
1DDDO VDDD operating current (both channels inactive) — 2 3 mA
Po Power dissipation (VDDA and VDDD;

both channels inactive) — 30 47 | mwW
VDDA Analog operating voltage 4.75 | 5.0 | 5.25 Vv
\VDDD Digital operating voltage 4.75 5.0 | 5.25 \'
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Maximum Ratings

Analog power supply voltage (VDDA) .....cceccveeiriiiciiniiieeniinicis e csee e enes 7.5V
Digital power supply vOIt2ge (VDDD) «uvcueirueiriuriieiiinresissnnieeinessseisesssssssssssssssssssesasssssssesessssssssssnnsnssans 7.5V

Maximum ratings are defined as the limiting conditions that can be applied under all variations of
circuit and environmental conditions without the occurrence of permanent damage.

Table 4. Analog Interface — Transmit Filter Input Stage

Symbol Parameter Min Typ Max | Unit Test Condition
IL Input leakage current

TIN1, TIN2 — — | 100 nA | 1.3V<VIN<43V
R Input resistance:

TIN1, TIN2 10 — — MQ —

TIP1, TIP2 160 200 — kQ —
CiL Input load capacitance

TGS1, TGS2 — — 20 pF —
CMRR | Common mode rejection ratio

TIP1, TIN1, TIP2, and TIN2 55 — — dB | 1.3V<VIN<43YV
Ao DC open-loop voltage gain

TGS1, TGS2 10,000 | 100,000 — — —
fc Open-loop unity gain bandwidth

TGS1, TGS2 — 5 — | MHz —

Table 5. Analog Interface — Receive Filter Driver Amplifier Stage

Symbol Parameter Min | Typ | Max | Unit
Ro Output resistance for voice frequencies* — 1 — Q
VOOFF | Output DC offset between ROP1 or 2

and RON1 or 2, respectively — 50 — mV
coL Output load capacitance® ' —| — | s0 pF

Vo Maximum voltage output

swing across RL 0.7 — 3.7 Vv
RL Load resistance* 10 — — kQ

* Measured at ROP1 or RON1, and ROP2 or RON2.
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AC Characteristics — Transmission Parameters

Table 6. Gain and Dynamic Range

Symbol Parameter Min Typ | Max | Unit Test Conditions

GE Encoder milliwatt response
(transmit gain tolerance) | —0.18 | +0.04 | 0.18 | dBmO | Signal input = .7364 Vrms
GD Digital milliwatt response
(receive gain tolerance) —0.18 | +0.04 | 0.18 | dBmO | Signal input = .7364 Vrms

Table 7. Gain Tracking (Reference Level = 0 dBm0)

Symbol Parameter Min Max Unit | Test Conditions
GTXu Transmit gain tracking error | — +0.25 dB +3 to —37 dBmO
(sinusoidal input; p-law) — +0.50 dB —37 to —-50 dBmO

GTXA Transmit gain tracking error — +0.25 dB +3 to —37 dBmO
(sinusoidal input; A-law) —_ +0.50 dB —-37 to —50 dBmO

GTRy Receive gain tracking error — +0.25 dB +3 to —37 dBm0
(sinusoidal input; u-law) — +0.50 | dB -37 to —50 dBmO

GTRA Receive gain tracking error — +0.25 dB +3 to —37 dBmO
(sinusoidal input; A-law) — +0.50 dB —37 to —50 dBmO

Table 8. Noise

Symbol Parameter Min | Typ | Max Unit Test Conditions
Fxc Transmit idle channel noise — 1| 16 18 | dBrnCO | p-law
(C-message weighted) — | — | 23|dBrnCO | A-law
FRC Receive idle channel noise —_ 7 11 | dBrnCO | p-law
(C-message weighted) — | —| 18 |dBrnCO | A-law
Fxp Transmit idle channel noise
(psophometric weighted) —| — | —67 | dBmOp | A-law
FRrP Receive idle channel noise
(psophometric weighted) — — | =77 | dBmOp | A-law
PSRxDDA | VDDA power supply rejection | —50 | —55 — dB | Idle channel; 200-mVpp
(transmit channel) signal on supply; 0 kHz to
50 kHz; measured at TPCM
PSRxppp | VDDD power supply rejection | —50 | =55 — dB | Idle channel; 200-mVpp
(transmit channel) signal on supply; 0 kHz to
50 kHz; measured at TPCM
PSRRDDA | VDDA power supply rejection | —30 | =35 — dB | Idle channel; 200-mVpp ~
(receive channel) signal on supply;
0 kHz to 50 kHz;
measured at ROP1 or 2
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Table 8. Noise (Continued)

Symbol Parameter Min | Typ | Max | Unit Test Conditions
PSRRDDD | VDDD power supply rejection -30({-35| — | dB |Idle channel; 200-mVpp
(receive channel) signal on supply;
0 kHz to 50 kHz;
measured at ROP1 or 2
FCXR Crosstalk (transmit channel1or2 | — | — | =71 | dB | 0 dBmO0 1.02 kHz at TIP1
to receive channel 1 or 2) or 2; RPCM = idle code;
measured at ROP1 or 2
at 1.02 kHz
FCRXx Crosstalk (receive channel 1 or 2 — — | =71 | dB | 1.02 kHz DmW* on RPCM;
to transmit channel 1 or 2) TIP1 or 2 = GNDA;
measured at TPCM
at 1.02 kHz
FCxx Crosstalk (transmit channel1or2 | — | — | =71 | dB | 0 dBm0 1.02 kHz at TIP1
to transmit channel 2 or 1, or 2; TIP2 or 1 = GNDA;
respectively) measured at TPCM
channel 2 or 1 at 1.02 kHz
FCRR Crosstalk (receive channel 1 or 2 — | — | =71 | dB | RPCM (channel 1 or 2)
to receive channel 2 or 1, = DmW* at 1.02 kHz;
respectively) RPCM (channel 2 or 1)
= idle; measured at ROP2
or 1 at 1.02 kHz

* DmW = digital milliwatt.
Table 9. Distortion

Symbol Parameter Min | Typ | Max Unit Test Conditions
Dxs Transmit signal to distortion 36 — — dB 0 to —30 dBm0
(sinusoidal input) 30 — — dB -30 to —40 dBmO
25 — — dB —40 to —45 dBm0
DRs Receive signal to distortion 36 — — dB 0 to —30 dBmO
(sinusoidal input) 30 — — dB -30 to —40 dBm0O
25 — — dB —40 to —45 dBm0
DXsF Transmit single frequency — —_ —28 | dBmO 0 <input <2 MHz
(distortion products) —_ — —40 | dBmO .2 <input < 3.4 kHz
DRSF Receive single frequency —_ — -28 | dBmO 0 <input <2 MHz
(distortion products) — —_ —40 | dBmO .2 <input < 3.4 kHz
DxDp Transmit absolute delay — | 320 — us Fixed data rate
DRD Receive absolute delay — | 280 — s Fixed data rate
DpAA Delay distortion (analog —_ 190 — us f =500 Hz
to analog) — 30 — us f=1kHz
— 10 — us f=1.5KkHz
— 50 — pus f=2kHz
— 80 — us f=25kHz
— | 250 — us f=3kHz
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Table 10. Transmit Gain Relative to Gain at 1.02 kHz

Frequency (Hz) Min Typ Max | Unit
16.67 —40 —40 —40 dB
50 —43 —43 | -43 | dB
60 —43 —43 | —43 | dB
200 —.25 —-18 | —.11 dB
300 to 3000 —-.125 .04 | 125 | dB
3140 .00 .08 15 | dB
3380 -.25 -18 | —.11 dB
3980 -15.6 | —-15.8 | —16 | dB
4600 and above -38 — — dB

Table 11. Receive Gain Relative to Gain at 1.02 kHz

Frequency (Hz) Min Typ Max | Unit
Below 3000 —-0.125 | +0.04 | 0.125 | dB
3140 -0.15 | +0.04 | 0.125 | dB
3380 -0.89 -0.7 -0.6 | dB
3980 -15 -15 -15 | dB
4600 and above —-28 — — dB

AC Characteristics — Timing Parameters

Table 12. Clock Section (See Figures 5 and 6)

Symbol Parameter Min | Typ | Max | Unit
tMCHMCH | MCLK period 488 | — — ns
tMCHMCL | MCLK pulse width | 220 | 244 | 268 ns
tMCR MCLK rise time 5 —_ 30 ns
tMCF MCLK fall time 5| — 30 ns

Table 13. Transmit Section, Fixed Date Rate Mode (See Figure 5)

Symbol Parameter Min | Typ | Max | Unit Test Conditions
tMCHTPV | TPCM delay time 0| — 145 ns 0 < CLoAD < 100 pF
tMCLTPZ | Data float on TS exit 60 | — 190 ns 0 < CLoAD < 100 pF
tMCHTFH | Frame sync delay 0 — 100 ns —
tTFHTFL Frame sync width 488 | — — ns —
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Table 14. Receive Section, Fixed Data Rate Mode (See Figure 6)

Symbol Parameter Min | Typ | Max | Unit
tMCHRFH | Frame sync delay 10 — 100 ns
tRFHRFL Frame sync width | 488 — — ns
tRPVMCL | RPCM set-up time 10 | — 100 ns
tMCLRPV | RPCM hold time 60 | — — ns
tMCHMCH ; TIME SLOT {
tMCHMCL '] I
MCLK
(MC) _.]
tMCHTFH I-——- tTFHTFL ‘
TFS
R i ]
o IMCHTPV ha tMCHTPV e tMCLTPZ
M —— < s X A X B X ¢ X w X x X vy Xz

(TP)

Figure 5. Fixed Data Rate Transmit Timing

tMCHMCH (e e TIME SLOT
tMCHMCL

MCLK 1
. (MC)

tMCHTFH —-l k—tTFHTFLq
TFS

(TF) L _J
tRPVCML tMCLRPV
Feey [T S XA XTI X XX e XTI W XX XX S XTI XD S

Figure 6. Fixed Data Rate Receive Timing
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Table 15. Transmit Section, Variable Data Rate Mode (See Figure 7)

Symbol Parameter Min | Typ | Max | Unit Test Conditions
tTFHDCH | Time-slot delay from DCLK —-80 — 80 ns —
tMCHTFH | Frame sync delay from MCLK 0 — 100 ns —
tDCHTPV | TPCM delay from DCLK 0 — 100 ns 0 < CLOAD < 100 pF
tTFHTPA | Time slot to TPCM active 0| — 50 ns 0 < CLOAD < 100 pF
tTFLTPX Time slot to TPCM inactive 0 — 80 ns 0 < CLoAD < 100 pF
tTFHTPV TPCM delay from TFS 0| — 140 ns —

Variable Data Rate Timing

TFS 7 A

(TF) / —
— tTFHDCH

fe) ’\_JFT\_/T\_/T\_J 4 5 7 s\

le— tMCHTFH

MCLK

(MC) J N\
— tTFHTPA
— r e TFHTPY — [+ tDCHTPV —~ [ (TRLTPX

TPCM

(TP) _—\_—CX s X A X B X ¢ X W X X X Y X z[ »

Network

Figure 7. Variable Data Rate Transmit Timing
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Table 16. Receive Section, Variable Data Rate Mode (See Figure 8)

Symbol Parameter Min | Typ | Max | Unit
tRFHDCH | Time-slot delay from DCLK | —80 — 80 ns
tMCHRFH | Frame sync delay 0 — 100 ns
tRPVDC RPCM set-up time 10 — —_ ns
tDCRPX RPCM hold time 60 | — — ns
tDCHDCH | DCLK period 488 | — | 7812 ns
tDCLRFL Time-slot end receive time 0| — — ns
RFS 7
(RF) —f

DCLK
(bC)

MCLK
(MC)

RPCM
(RP) DO

le— tMCHRFH

N\

N'T CARE

— tRFHDCH
N\ m

tRPVDC —

p—

—

|=— tDCRPX

tDCHDCH

—

le— tTFHDCH

(S X XA X XBX  XCeX XWX XXX XY X XZ)

Figure 8. Variable Data Rate Receive Timing
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Features

» AT&T/CCITT-compatible = On-chip precision voltage references
= Pin-selectable p-law or A-law operation = No external components required

= Differential or single-ended analog input = 5V operation

and output with gain setting = CMOS technology for low power

= Direct interface with transformer or consumption

electronic hybrids = Direct replacement for the industry-standard

= Variable data rate mode (64 kHz to 2913 device

2.048 MHz) = Pin-selectable master clock rates of 2.048
= Qutstanding noise performance MHz or 1.536 MHz
Description

The T7513 PCM Codec with Filters is a single-chip integrated circuit that provides analog-to-digital
and digital-to-analog conversion; in addition, it provides the transmit and receive filtering
necessary to interface a voice telephone circuit to a time-division multiplexed system. The T7513
device is available in a 20-pin plastic DIP or small-outline J-lead (SOJ) package for surface
mounting.
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User Information

Pin Descriptions

vss [] 1 N 20 [J Voo Sym Pin Sym Pin
PWROP [ 2 19 [ GSx ASEL 15 GSR 4
PWRON [ 3 18 [J VFxIN CLKSEL 6 GSx 19
Gsr [ 4 17 [ VFxIP DR 8 || MC 1
Dx 13 PDN 5
PON [ 5 16 GND A
g T7513 H DCLKR 7 PWRON 3
CLKSEL [] 6 15 [ ASEL
bCLKr O 7 14 7 DCLKx /TSxB DCLKx/TSxB 14 PWROP 2
X/TSX FSR 9 || VoD 20
or (] 8 3 [ Dx FSx 12 || Vss 1
FSr [] 9 12 [J FSx . GNDA 16 VFXIN 18
GNDD [ 10 11 [J MC GNDD 10 VFXIP 17

Figure 2. Pin Function Diagram (Both Packages) and Alphabetical Listing of Symbols

Table 1. Pin Descriptions

Pin Symbol Type Name/Function
1 Vss _— —5 V Supply (+ 5%).
2 PWROP O Noninverting Output of Receive Power Amplifiers. This pin can

drive transformer hybrids or high-impedance loads directly in either a
differential or single-ended configuration.

3 PWRON (6] Inverting Output of Receive Power Amplifiers. Functionally identical
and complementary to PWROP.

4 GSR | Receive Gain Setting Input. Gain can be adjusted from 0 dB to —12
dB by using a resistive divider between PWROP and PWRON to vary
the voltage at GSR.

5 PDN | Power-Down Input. A TTL-low on this pin places both the transmit
and receive sections of the chip in power-down mode. When high or
floating, the device functions normally.

6 CLKSEL | Clock Select Input. Must be tied to VoD (1.536 MHz) or Vss (2.048
MHz) to reflect the frequency applied to the MC input.

7 DCLKR l Receive Data Clock. When tied to Vss, fixed data rate operation is
selected. When not tied to Vss, DCLKR is the TTL-level receive data
clock, which operates at data rates from 64 kHz to 2.048 MHz.

8 DR | Receive PCM Input. On this input, data is clocked in on the first
eight consecutive negative transitions of DCLKR (variable data rate
mode) or MC (fixed data rate mode) following the rising edge of FSR.
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Table 1. Pin Descriptions (Continued)

Pin

Symbol

Type

Name/Function

9

FSR

|

8-kHz Receive Frame Synchronization Clock. In fixed data rate mode,
FSR must be high for a minimum of one MC cycle. In variable data rate
mode, it must be held high for eight DCLKR cycles. The receive channel
automatically enters the power-down mode whenever FSR is TTL-low for
approximately 300 ms.

10

GNDD

Digital Ground. Internally separate from GNDA.

11

MC

TTL-Level Master Clock Input. The MC frequency must be 2.048 MHz or
1.636 MHz, depending on the voltage at the CLKSEL input. In the fixed
data rate mode, this input also acts as the transmit and receive data
clock.

12

FSx

8-kHz Transmit Frame Synchronization Clock. Operates independently
of, but in a manner analogous to, FSR. The transmit channel
automatically enters the power-down mode whenever FSx has been TTL-
low for approximately 300 ms.

13

Dx

Transmit PCM Output. Data is clocked out on this lead on the first 8
consecutive positive transitions of DCLKx (in variable data rate mode) or
MC (in fixed data rate mode) following the rising edge of FSx. Dx
remains in a high-impedance state unless the transmit time slot is
activated by the rising edge of FSx.

14

DCLKx/
TSxB

1/0

Transmit Data Clock/Time-Slot Enable Strobe. In variable data rate
mode, DCLKx is a TTL-level input, which operates between 64 kHz and
2.048 MHz as the transmit data clock. In fixed mode, this pin is an
open-drain output providing a time-slot enable strobe for use with an
external 3-state buffer.

15

ASEL

u-law/A-law Select Input. When tied to Vss, A-law operation is selected.
When tied to VoD or GNDD, p-law companding is selected.

16

GNDA

Analog Ground. Internally separate from GNDD.

17

VFxIP

Noninverting Analog Input to Operational Amplifier. Noninverting
analog input to the uncommitted operational amplifier at the transmit
filter input.

18

VFxIN

Inverting Analog Input to Operational Amplifier. Inverting analog input
to the uncommitted operational amplifier at the transmit filter input.

19

GSx

Output of Transmit Side Operational Amplifier. Output of the transmit
side uncommitted operational amplifier. Internally, this node is the
positive input to the transmit differential filters.

20

VDD

+5 V Supply (+ 5%).

Overview

The T7513 Codec is a synchronous device with a common master clock and independent
synchronization and data timing signals for the transmit and receive channels. Permissible master
clock frequencies are 2.048 MHz or 1.536 MHz. The chosen MC frequency must be reflected in the
setting of the CLKSEL input. Data transfer on the Dx and DR lines is initiated by a rising edge on the
associated FS input; the data rate is determined by DCLK or by MC, depending on the mode of

operation selected.
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The variable rate data mode is selected by connecting DCLKx and DCLKR to the transmit and receive
data clocks, respectively. In this mode, DCLKx and DCLKR are independent, asynchronous clocks that
may vary in frequency from 64 kHz to 2.048 MHz and that need to be synchronized to MC only at the
beginning of each frame. Data transmission on the Dx lead is initiated on the rising edge of FSx, with
bit timing being determined by DCLKx. FSx is required to be high for a minimum of eight DCLKx cycles
in order that the full data word be transmitted. Receive data transfer on the DR input is controlled by
FSR and DCLK in an analogous but independent manner.

The fixed data rate mode is selected by strapping DCLKR to Vss. In the fixed data rate mode, data I/0
is synchronized by the FSR and FSx inputs, but bit timing for both channels is determined by MC. The
only available bit rates are 2.048 MHz or 1.536 MHz. FSR and FSx can operate independently and
must be high for a minimum of one MC cycle. While in the fixed data rate mode, the DCLKx pin
becomes an open-drain output that can be used to enable an external 3-state Dx buffer. (The internal
Dx buffer continues to automatically enter a high-impedance mode whenever Dx is inactive.)

The T7513 Codec incorporates two power-down modes, which reduce power consumption and heat
dissipation when the device is inactive. The entire chip can be put in power-down mode by placing a
TTL-low signal on the PDN input. Additionally, the transmit and receive sides of the device power
down independently whenever the frame synchronization signal for that side has been low for
approximately 300 ms.

The T7513 device implements either u-law or A-law PCM encoding. A-law operation is selected by
strapping the ASEL input to Vss. For u-law operation, ASEL should be tied to either Vbp or GNDD.
Alternate digit inversion is used for A-law transmission.

To overcome the inherently noisy nature of A-law companding, the T7513 incorporates an encoder
squelch circuit that is enabled when A-law operation is selected. This circuit clamps the sign bit of
the encoder output high after eight consecutive frames in which the magnitude of the encoded signal
has been equal to +1 LSB. Squelching is immediately disengaged whenever the encoder output
exceeds 1 LSB in magnitude. The squelch circuit is disabled during p-law operation.

Zero transmission level points in Table 2 are specified relative to the digital milliwatt sequence
prescribed by CCITT recommendation G.711 for a codec configured with unity gain, single-ended
input (GSx tied VFxIN, input at VFxIP) and maximum gain, single-ended output (GSR tied to PWRON
and output measured between PWROP and GNDA). Under these conditions, an analog input of 1.064
Vrms applied to VFxIP produces a 0 dBm digital code at Dx, while a 0 dBm code input at DR produces
an output of 1.503 Vrms at PWROP.

'\/\l VFxl| Dx
T7543
CINE CODEC SWITCH
INTERFACE] HYBRID WITH NETWORK
FILTERS
\\, owro onle_dUL

Figure 3. PCM System Block Diagram
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Table 2. Zero Transmission Level Points

Symbol Parameter Value | Unit Test Conditions
"OTLP1X | Zero transmission level point 2.76 | dBm Referenced to 600 Q
‘ (transmit channel at 0 dBmO, p-law) 1.00 | dBm Referenced to 900 )
0TLP2x | Zero transmission level point 2.79 | dBm Referenced to 600 Q
(transmit channel at 0 dBmO0, A-law) 1.03 | dBm Referenced to 900 Q
OTLP1R | Zero transmission level point 5.76 | dBm Referenced to 600 Q
(receive channel at 0 dBmO, u-law) 4.00 | dBm Referenced to 900 Q
OTLP2R | Zero transmission level point 5.79 | dBm | Referenced to 600 0
(receive channel at 0 dBm0, A-law) 4.03 | dBm Referenced to 900 Q

Analog Input

The analog input section of the T7513 Codec includes an uncommitted input amplifier to provide
maximum flexibility in interfacing with transmission systems. Possible applications include 2-to-4-wire
conversion and/or gain adjustment. A schematic of the input circuit is shown in Figure 4. Note that a
conventional single-ended unity gain configuration is achieved by simply connecting GSx to VFxIN and
applying the analog signal between VFxIP and GNDA. The load impedance to ground at the GSx
output should be greater than 10 k2 in parallel with less than 50 pF.

T7513 CODEC
VFxIP
O +
TO
p———= ENCODER
VFxIN FILTERS
O -
Rb
GAIN=1+ T
GSx
Rb
R°§
v

Figure 4. Analog Inputs

Analog Output

The analog output of the T7513 device is provided via a set of low-impedance, complementary
outputs, PWROP and PWRON. Either of the outputs can be used as a single-ended output to drive
loads as low as 300 Q or, alternatively, the outputs can be used together to provide a 600-Q
differential drive capability. Receive gain is set by interpolating the voltage at the buffered, high-
impedance GSR input between the voltages at the PWROP and PWRON nodes with a resistive divider
network. Gain varies from 0 dB to —12 dB, according to the relationship shown in the equation
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14+

Rl

R2
R1

where R1 and R2 are connected as shown in Figure 5 and the output is taken single-ended. Note that

maximum gain (A = 1) is achieved with GSR tied to PWRON (R1/R2 = o) and that minimum output

(A = 1/4) is achieved by connecting GSR to PWROP (R1/R2 = 0). For proper device operation, it is

recommended that R1 and R2 be chosen such that R1 + R2 > 10 k(2 and that the parallel combination
of R1 and R2 is less than 100 k(.

—< PWROP
Ry
e St Conec
R2
—< PWRON

Figure 5. Analog Outputs

Characteristics

Except where indicated, minimum and maximum specifications are end-of-life limits as used for
reliability testing. T7513 Codecs are required to meet these limits after undergoing an accelerated
aging regimen that simulates 40 years of product life. Production test limits are tighter than indicated
to guarantee full-rated performance after aging.

For all tests: TA=01085°C,VDD=5V + 5%, VSS = -5V + 5% and GNDA = GNDD = 0 V, unless
otherwise noted. Typical values are for TA = 25 °C and nominal supply values.

DC Characteristics

Table 3. Digital Interface

Symbol Parameter Min | Typ | Max | Unit | Test Conditions
IiL Low-level input current -20 — — uA | GNDD < VIN < ViL
IIH High-level input current — — 20 #A VIH < VIN < VcC
ViL Input low voltage — | — 0.8 \') —_

VIH Input high voltage 2.0 — — \') —_
VoL Output low voltage —_ | — 0.4 \" —_
VOH Output high voltage 2.4 — — Vv —
Ci Digital input capacitance — — 5 pF —
L Output leakage current -50 — 50 A —_—
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Table 4. Power Dissipation

Symbol Parameter Min Typ Max Unit
IDD1 VDD operating current — 11.5 16 mA
Iss1 Vss operating current — | -10.5 -15 mA
1DDO VDD power-down current — 2.5 4.5 mA
I1Sso Vss power-down current — -1.5 -3.0 mA
vee Positive operating voltage 4.75 5.0 5.25%* v
Vss Negative operating voltage | —4.75 | -5.0 | —-5.25** v
P1 Operating power dissipation — 110 155 | mW
Po Power-down dissipation — 20 37 | mW

* All measurements are made at fMC = fDCLK = 2.048 MHz, outputs unloaded.
** Absolute maximum ratings are Vob = +7.5 V, Vss = —7.5 V. Exceeding these values may
result in permanent internal damage.

Table 5. Analog Interface — Transmit Filter Input Stage

Symbol Parameter Min | Typ | Max | Unit Test Conditions
IBX1 Input leakage current, VFxi+,

VFxI— —| —]100| nA|-217V<VINL2.17V
Rixi Input resistance, VFxl+, VFxI— 10| — — | MQ —
Vosxi | Input offset voltage, VFxI+, VFxI— —| —| 25| mV —
CMRR | Common mode rejection, VFxi+,

VFxI— 55| — —| dB|-217V<VIN<217V
AvoL DC open-loop voltage gain, GSx | 5000 | — — — —
fc Open-loop unity gain bandwidth, — 1 — | MHz —

GSx — 1 — | MHz —
Cwxi Load capacitance, GSx - — 50 pF —
Rwi Minimum load resistance, GSx 10| — — | kO —

Table 6. Analog Interface — Receive Filter Driver Amplifier Stage

Symbol Parameter Min | Typ | Max | Unit | Test Conditions
RoRA | Output resistance, PWRO+, PWRO— — 1 — Q0 —
VosRA | Single-ended output DC offset, PWRO+,
PWRO- — | £30 | £150 | mV | Relative to GNDA
CLRA Load capacitance, PWRO+, PWRO— — — 1| 100| pF —
2-62
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AC Characteristics — Transmission Parameters

Unless otherwise noted, the analog input is a 0 dBm0, 1020-Hz sine wave; the input amplifier is set for
unity gain, noninverting. The digital input is a PCM bit stream generated by passing a 0 dBm0, 1020-
Hz sine wave through an ideal encoder. The receive output is measured single-ended, maximum gain
configuration. All output levels are (sin x)/x corrected. Specifications are for synchronous operation.

Note: Unity gain input amplifier: GSx is connected to VFx1—, signal input VFx1+; maximum gain
output amplifier: GSR is connected to PWRO—, output to PWRO+.

Table 7. Gain and Dynamic Range

Symbol Parameter Min Typ Max Unit Test Conditions
EmW Encoder milliwatt —-0.15 | +0.04 | 0.15 | dBmO | Signal input of 1.064
response (transmit Vrms, p-law; signal
gain tolerance) input of 1.068 Vrms,
A-law; + 5% supplies,
0to 85°C
DmW Digital milliwatt —0.15 | +£0.04 | 0.15 | dBm0 | Measured relative to
response (receive OTLPR; PCM input of
gain tolerance) 0 dBm0, 1020 kHz; + 5%
supplies, 0 to 85 °C

Table 8. Gain Tracking — Reference Level = 1.02 kHz, 0 dBm0

Symbol Parameter Min Max | Unit | Test Conditions
GT1x Transmit gain tracking error | —0.25 | 0.25 | dB +3 to —37 dBmO
(sinusoidal input, p-law) —-0.50 | 0.50 | dB | —37 to —50 dBmO

GT2x Transmit gain tracking error | —0.25 | 0.25 | dB +3 to —37 dBm0
(sinusoidal input, A-law) -0.50 | 0.50 | dB —-37 to —50 dBmO0

GT1R Receive gain tracking error -0.25 | 0.25 | dB +3 to —37 dBm0
(sinusoidal input, u-law) -0.50 | 0.50 dB —37 to —50 dBm0

GT2R Receive gain tracking error -0.25 | 0.25 | dB +3 to —37 dBm0
(sinusoidal Input, A-law) —-0.50 | 0.50 dB -37 to -50 dBm0
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Table 9. Distortion

Symbol Parameter Min | Typ | Max | Unit Test Conditions
SDx Transmit signal to distortion
(sinusoidal input = 1.02 kHz):
u-law 36 — — dB VExX] < — B
A-law 35| —| —| ag|3sVPX=-30dBmO
p-law 30 - - dB | _ _
Alaw 29 _ B dB 30 < VFxl < —40 dBm0
p-law 25| —| —| 9B} _40<VFxi<—450B
A-law 25| —| —| B = mo
SDR Transmit signal to distortion
(sinusoidal input = 1.02 kHz):
u-law 36\ —| —| 9Bl3<Dr<-30dBmO
A-law 35 — — dB
p-law 30 - = dB| 35 < pDrR<— B
A-law 29 | —| —| ag|30 <DR<-40dBMO
u-law 25 - = 4B | _40 < DR < —45 dB
A-law , 25| —| —| a8|™* < —45 dBmo0
DPx Transmit single frequency — — | —28 | dBm0 | 0 <input <2 MHz
distortion products — — | —40 | dBmO0 | .2 < input < 3.4 kHz
DPR Receive single frequency —_ — | —28 |dBmO | 0 <input <2 MHz
distortion products —_ — | —40 | dBmO | .2 <input < 3.4 kHz
DAX Transmit absolute delay — | 340 — us | —
DAR Receive absolute delay — | 100 — us | —
DbAaA | Delay distortion — | 200 — us | f =500 Hz
(analog-to-analog) — 60 — us | f=1KkHz
— 60 — us | f=1.5kHz
— 1100 — us | f=2kHz
— | 150 — us | f=2.5kHz
— | 340 — us | f=3 kHz
— Intermodulation (end-to-end) — =50 ]| -85 dB | CCITT G.712 (8.1)
— Intermodulation (end-to-end) — | —60 | —49 | dBmO | CCITT G.712 (8.2)
— Spurious out-of-band — | =85 | -25 | dBm0 | CCITT G.712 (7.1)
signals (end-to-end) — | =-85| -25 | dBmO0 | CCITT G.712 (7.1)
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Table 10. Noise
Symbol Parameter Min | Typ | Max Unit Test Conditions
NXC Transmit idle channel noise — — 18 | dBrnCO | p-law, EOL*
(C-message weighted) — 1 15 | dBrnCO | p-law, BOL*
NRC Receive idle channel noise
(C-message weighted) — 4 13 | dBrnCO | p-law
NxpP Transmit idle channel noise
(psophometric weighted) — | 69 | —67 | dBmOp | A-law
NXR Receive idle channel noise
(psophometric weighted) — | =81 —75 | dBmOp | A-law
PSRR1 VDD power supply rejection -30 | =35 — dB | Idle channel; 100-
(transmit channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at Dx
PSRR2 | Vss power supply rejection -30 | -35 —_ dB | Idle channel; 100-
(transmit channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at Dx
PSRR3 | VDD power supply rejection -30 | =35 — dB | Idle channel; 100-
(receive channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at PWROP
PSRR4 | Vss power supply rejection -30 | =35 - dB | Idle channel; 100-
(receive channel) mVpp, 1.02-kHz
signal on dc¢ supply;
measured 1.02-kHz
signal at PWROP
CTxR Crosstalk (transmit to VFXIP = 2.76 dBmO;
receive, single-ended 1.02-kHz signal
outputs) measured at PWROP,
DR = idle code
p-law — — | =70 dB
CTRX Crosstalk (receive to DR = 0 dBmO; 1.02-
transmit single-ended kHz signal measured
outputs) at DX VFxIP = GNDA;
1.02-kHz signal
measured at Dx
u-law — — | =70 dB

* EOL = end of life; BOL = beginning of life. See the introduction to the Characteristics section.
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Receive Filter Transfer Characteristics (Figure 6)

Table 11. Receive Gain Relative to Gain at 1.02 kHz (GRR)*

Frequency (Hz) Min Typ Max Unit

Below 3000 —-0.125 | +0.04 0.125 dB

3140 -0.57 | +0.04 0.125 dB

3380 —-0.885 | —-0.58 | —-0.015 dB

3980 — | =15.7 -13.3 dB

4600 and above — —_ -28 | dB
* 0 dBmO signal input at DR.

1+
(300, +.125) MAXIMUM (3000, +.125) (3200, +.125)
o == =S\
(3400, 0)
EE (300, —.125) MINIMUM (3000, —.125)
s TYPICAL
T 3200, —.75)
( ), —.
5 '12 (3400, —.9)
Z 0
z
<
[5)
)
=104+
g LOSS EQUATION BETWEEN 3400 Hz
E AND 4600 Hz (ANGLE IN RADIANS) TYPICAL
.
w —
T 0t Alsin (M) +8] MINIMUM MAXIMUM
z 1200
<
)
A=—14
B=—1
30 + (4600, —28)
7T, Y S S SV S S S TS S S HE PN S U R S S S S S S SO P
0 Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 5000 Hz
FREQUENCY
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Table 12. Transmit Filter Transfer Characteristics (Figure 7)
Transmit Gain Relative to Gain at 1.02 kHz (GRX)*

Frequency (Hz) Min Typ Max Unit

16.67 — -35 -30 dB
50 —_ -33 -30 dB
60 — -40 -30 dB

200 -1.8 -0.5 0 dB
300 to 3000 —-0.125 | +0.04 | 0.125 dB

3140 -0.57 0.01 | 0.125 dB

3380 -0.885 -0.7 | 0.015 dB

3860 — -9.9 | —-8.98 dB

4600 and above — — -32 dB

* 0 dBmO signal input at VFxIP.
1 -
(200, 0)
(300, +.125) MAXIMUM (3000, +.125) (3200, +.125)
01 e e

a [( o MINIMUM (3000, —.125) (3400.0

T TYPICAL

2 14 (3200, —.75) s

3 (3400, —.9)

8 <

<0 L 7 —

z

<

o]

o 104+ LOSS EQUATION BETWEEN 3400 Hz

w AND 4600 Hz (ANGLE IN RADIANS)

5 Asin (n (4000 —f) ) - TYPICAL

200

Z 20T ! MINIMUM MAXIMUM
< A=—14forf<4kHz

o A=—18forf>4kHz

_ _ B=—1forf<4kHz
30 (60, -30) B=—7/9forf>4kHz
(4600, —32)
_40|||I|||.!.nn.lnlllg_lnlllnnnnlnnlIAJJLIrA;nnlnnnnl.\
0 Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 5000 Hz
FREQUENCY
Figure 7. Transmit Filter Characteristics
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Timing Characteristics

Table 13. Clock Section (Figures 8, 9, 10, and 11)

Symbol Parameter Min | Typ | Max | Unit Test Conditions
tMCHMCH Clock period, MC 488 | — — | ns fMC = 2.048 MHz
tMCHMCL1 Clock pulse width, MC | 220 | — — | ns —
tDCLK Data clock pulse width {220 | — — | ns |64 kHz < fDCLK < 2.048 MHz
tCDC Clock duty cycle, MC 45| 50 55| % —
tMCH1MCH2, | Clock rise and fall
tMCL2MCL1 time 5| —| 30| ns —

Table 14. Transmit Section, Fixed Data Rate Mode* (Figure 8)

Symbol Parameter Min | Typ Max Unit Test Conditions
tMCHTDV | Data enabled on TS
, entry 0| — 145 ns | 0 < CLOAD < 250 pF
tMCHDV1 | Data delay from MC 0| — 145 ns |0 < CLOAD < 250 pF
tMCLDZ Data float on TS exit 60| — 215 ns CLOAD = 0
tMCHTSL | Time-slot X to enable 0| — 145 ns | 0 < CLOAD < 250 pF
tMCLTSH | Time-slot X to disable | 60 | — 215 ns CLoAD = 0
tFSHMCL2 | Frame sync delay 100 | — |tMCHMCH — 100 | ns —

* Timing parameters tMCHTSV, tMCLDZ, and tMCLTSH are referenced to a high-impedance state.

Table 15. Receive Section, Fixed Data Rate Mode (Figure 9)

Symbol Parameter Min | Typ Max Unit | Test Conditions
tDVMCL | Receive data set-up | 10| — — ns —
tMCLDV | Receive data hold 60| — — ns —
tFSLMCL | Frame sync delay 100 | — |tMCHMCH —100| ns —
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Figure 8. Fixed Data Rate Transmit Timing
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Figure 9. Fixed Data Rate Receive Timing
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Table 16. Transmit Section, Variable Data Rate Mode (Figure 10)

Symbol Parameter Min |Typ Max Unit Test Conditions
tFSHDCL |Time-slot delay from

DCLKX* 140| — tDX — 140 ns —
tFSHMCL |Frame sync delay 100| — {tMCHMCH — 100 ns —
tDCHDV [Data delay from DCLKx 0| — 100 ns 0 < CLOAD < 250 pF
tFSHDV |Time slot to Dx active™* 0| — 50 ns 0 < CLOAD < 250 pF
tFSLDX |Time slot to Dx inactive**| 0| — 80 ns 0 < CLOAD < 250 pF
tDX Data clock period 488| — 15620 ns |64 kHz < fDCLKX < 2.048 MHz
tFSHDV1 |Data delay from FSx 0| — 140 ns —

* tFSLX minimum requirements override tFSHDCL maximum spec for 64-kHz operation.
** Timing parameters tFSHDY and tFSLDX are referenced to a high-impedance state.

Table 17. Receive Section, Variable Data Rate Mode (Figure 11)

Symbol Parameter Min | Typ Max Unit Test Conditions
tFSHDCL | Time-slot delay from
DCLKR* 140 | — tDR — 140 ns —
tFSHMCL | Frame sync delay 100 | — |tMCHMCH - 100 | ns —
tDVDCL | Data set-up time 10| — — ns —
tDCLDX | Data hold time 60 | — — ns —
tDR Data clock period 488 | — 15620 ns | 64 kHz < fDCLKx < 2.048 MHz
tDCLFSL | Time-slot end receive
time 60| — — ns —

* tFSLR minimum requirements override tFSHDCL maximum spec for 64-kHz operation.

Table 18. 64-kHz Operation, Variable Data Rate Mode

Symbol Parameter Min | Typ | Max | Unit Test Conditions
tFSLX* | Transmit frame sync FSx is TTL-high for
minimum downtime 488 — — ns remainder of frame
tFSLR** | Receive frame sync 1952 | — — ns | FSRis TTL-high for
minimum downtime remainder of frame
tDCLK Data clock pulse width — | — 10 us —

* tFSLX minimum requirements override tFSHDCL maximum spec for 64-kHz operation.
** tFSLR minimum requirements override tFSHDCL maximum spec for 64-kHz operation.
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Figure 10. Variable Data Rate Transmit Timing
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Figure 11. Variable Data Rate Receive Timing
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Preliminary

T7513A PCM Codec with Filters

Features
= Direct replacement for the industry-standard = Two timing modes
2913 device O Fixed data rate: 2.048 MHz, 1.544 MHz, or
1.536 MHz
= Low-power, latchup-free CMOS technology - .
o 65-mW typical operating power o0 Variable data rate: 64 kHz to 2.048 MHz
dissipation = On-chip sample and hold, autozero, and
o 5-mW typical power-down dissipation precision voltage reference — no external

= Differential architecture for high noise components required

immunity and PSRR = Excellent noise performance

= Pin-selectable master clock rates of = Pin-selectable py-law or A-law operation
2.048 MHz, 1.544 MHz, or 1.536 MHz

Description

The T7513A PCM Codec with Filters is a single-chip integrated circuit that provides analog-to-
digital and digital-to-analog conversion; in addition, it provides the transmit and receive filtering
necessary to interface a voice telephone circuit to a time-division multiplexed system. The T7513A
is a direct replacement for the T7513, offering enhanced functionality and significantly reduced
power consumption. The T7513A is available in a 20-pin plastic DIP or small outline J-lead (SOJ)
package for surface mounting.
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Euconzn —]
| AUTO |
GSx [ I ZERO |
VFx!Pi—. I |
VFxIN ——/ - | A/D | PARALLEL
nerwork | || c-ARRar*® —"‘_(:;Am—’ CONTROL sAR* TO SERIAL |——& Dx
| LoGIc LoGiC
[ | l
|
BIASING — =t ——— — - T r— - —J DCLKx /TSxB
CIRCUITRY
REFERENCE FSx
VOLTAGE
DCLKR
l POWER
ASEL DOWN PDN
' CONTROL
REFERENCE
VOLTAGE MCLK
BIASING CLKSEL
CIRCUITRY Fsa
7 R
|
PWROP FILTER p—@—— - D/A SERIAL TO
NE TWORK AND HOLD C—ARRAY CONTROL PARALLEL  fet——— DR
PWRON = | LoGIC LOGIC
GSR - |_DEC_0_DER_ _____________
*: Successive approximation register.
Capacitor array. Figure 1. Block Diagram
User Information
Pin Descriptions
Vss 1 -/ 20 [J voo Symbol Pin || Symbol | Pin
PWROP [] 2 19 [J G6Sx ASEL 15 || GSR 4
PWRON [] 3 18 [1 VFxIN SLKSEL g I\GII?)X 1513
R
A7 VFxIP
ose ré 4 g X Dx 13 || PDN 5
PONLI S 1o543a '6 [ CNDA DCLKR 7 ||PWwRON | 3
CLKSEL [} 6 15 H ASEL DCLKx/TSxB | 14 ||PWROP | 2
DCLKrR (] 7 14 [J DCLKx/TSxB FSR 9 || voo 20
pr (8 43 [ Dx FSx 12 || Vss 1
FSr [] 9 12 [ FSx GNDA 16 || VFXIN 18
GNDD [] 10 14 [J MC GNDD 10 || VFXIP 17

Figure 2. Pin Function Diagram (Both Packages) and Alphabetical Listing of Symbols
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Table 1. Pin Descriptions

Pin

Symbol

Type

Name/Function

1

Vss

—5 V Supply (+ 5%).

2

PWROP

0]

Noninverting Output of Receive Power Amplifiers. Can drive
transformer hybrids or high-impedance loads directly in either a
differential or single-ended configuration.

PWRON

Inverting Output of Receive Power Amplifiers. Functionally identical
and complementary to PWROP.

GSR

Receive Gain Setting Input. Gain can be adjusted from 0 dB to —12 dB
by varying the voltage at GSR.

PDN

Power Down Input. A TTL-low on this pin places both the transmit and
receive sections of the chip in power-down mode. When high or floating,
the device functions normaily.

CLKSEL

Clock Select Input. Must be tied to Vss (2.048 MHz), GNDD (1.544 MHz),
or VoD (1.536 MHz) to reflect the frequency applied to the MC input.

DCLKR

Receive Data Clock. When tied to Vss, fixed data rate operation is
selected. When not tied to Vss, DCLKR is the TTL-level receive data
clock, which operates at data rates from 64 kHz to 2.048 MHz.

DR

Receive PCM Input. Data is clocked in on this input on the first eight
consecutive negative transitions of DCLKR (variable data rate mode) or
MC (fixed data rate mode) following the rising edge of FSR.

FSR

8-kHz Receive Frame Synchronization Clock. In fixed data rate mode,
FSR must be high for a minimum of one MC cycle. In variable data rate
mode, it must be held high for a minimum of eight DCLKR cycles.

10

GNDD

Digital Ground. Internally separate from GNDA.

1

MC

TTL-Level Master Clock Input. MC frequency must be 2.048 MHz, 1.544
MHz, or 1.536 MHz, depending on the voltage at the CLKSEL input. In
the fixed data rate mode, this input also acts as the transmit and receive
data clock.

12

FSx

8-kHz Transmit Frame Synchronization Clock. Operates independently
of, but in a manner analogous to, FSR.

13

Dx

Transmit PCM Output. Data is clocked out on this lead on the first eight
consecutive positive transitions of DCLKX (in variable data rate mode) or
MC (in fixed data rate mode) following the rising edge of FSx. Dx
remains in a high-impedance state unless the transmit time slot is
activated by the rising edge of FSx.
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Table 1. Pin Descriptions (Continued)

Pin Symbol Type Name/Function
14 DCLKx/ 1/0 Transmit Data Clock/Time-Slot Enable Strobe. In variable data rate
TSxB mode, DCLKX is a TTL-level input that operates between 64 kHz and

2.048 MHz as the transmit data clock. In fixed data rate mode, this pin
is an open-drain output providing a time-slot enable strobe for use with
an external 3-state buffer.

15 ASEL | p-law/A-law Select Input. When tied to Vss, A-law operation is selected.
When tied to Vcc or GNDD, u-law companding is selected.

16 GNDA —_ Analog Ground. Internally separate from GNDD.

17 VFXIP | Noninverting Analog Input to Operational Amplifier. Noninverting
analog input to the uncommitted operational amplifier at the transmit
filter input.

18 VFXIN | Inverting Analog Input to Operational Amplifier. Inverting analog input
to the uncommitted operational amplifier at the transmit filter input.

19 GSx (¢] Output of Transmit Side Operational Amplifier. Output of the transmit

side uncommitted operational amplifier. Internally, this node is the
positive input to the transmit differential filters.

20 VDD — +5 V Supply (+ 5%).

General Operation
System Reliability Features

The T7513A Codec is powered-up whenever the following criteria are met: VDD and VSs power supply
voltages are applied, all required clocks are active (MC for fixed data rate mode; MC, DCLKX, and
DCLKR for variable data rate mode), a TTL-high is applied to PDN, and both the FSx and FSR
synchronization are applied.

On the transmit channel, the digital outputs Dx and TSxB are held in a high-impedance state for
approximately 500 us after power-up. After this delay, during which the control circuits are initialized,
the digital outputs are functional and occur in the proper time slot.

The encoder analog circuitry includes an autozero circuit that requires about 60 ms to reach an
equilibrium value after power-up. Thus, although the digital outputs are active after approximately
four frames, the PCM output is not initially a valid representation of the analog input.

To further protect the integrity of the PCM highway, the T7513A includes a lost clock detection circuit,
which places the Dx and TSxB outputs in a high-impedance state approximately 20 us after an
interruption of MC.

Power-Down and Standby Modes

The T7513A device provides two power-down modes of operation that reduce power consumption
when the device is inactive. Full power-down mode is activated by placing a TTL-low signal on the
PDN input. In this mode power consumption is reduced to approximately 5 mW. Standby mode is
automatically entered whenever both FSx and FSR have been TTL-low for approximately 300 ms.
Reactivating either or both of the frame sync signals restores full operation. Standby power is
approximately 10 mW.
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During both power-down and standby operation, the digital outputs Dx and TSxB and the analog
outputs PWROP and PWRON enter a high-impedance state. The digital outputs become active
immediately upon exiting standby or within approximately 500 us after leaving power-down. In both
cases, approximately 60 ms is required to recover analog functionality.

Digital Interface

The T7513A digital interface uses a common master clock and independent synchronization and
timing signals for the transmit and receive channels. Permissible master clock frequencies are
2.048 MHz, 1.544 MHz, or 1.536 MHz. The chosen MC frequency must be reflected in the setting of
the CLKSEL input. Two operating modes are provided for the PCM interface: fixed data rate and
variable data rate.

The variable data rate mode is selected by connecting DCLKx and DCLKR to the system transmit and
receive data clocks, respectively. In this mode, DCLKx and DCLKR are independent, asynchronous
clocks that may vary in frequency from 64 kHz to 2.048 MHz and that need to be synchronized to MC
only at the beginning of each frame. Data transmission on the DX lead is initiated on the rising edge
of FSx, with bit timing being determined by DCLKX. FSx is required to be high for a minimum of eight
DCLKXx cycles in order for the full PCM word be transmitted; if FSX is held higher longer than eight
cycles, the Dx data is repeated as long as FSx is high. Receive data transfer is initiated on the rising
edge of the FSR pulse, with bit timing being controlled by DCLKR. Variable data rate timing is
illustrated in Figures 10 and 11.

The fixed data rate mode is selected by strapping DCLKR to Vss. In the fixed data rate mode, data I/0
is synchronized by the FSx and FSR inputs, but data timing for both channels is controlled by MC.
Because bit timing is determined by MC, the only available bit rates are 2.048 MHz, 1.544 MHz, and
1.5636 MHz. FSx and FSR must be high for a minimum of one MC cycle and can be operated
independently. While in the fixed data rate mode, the DCLKX pin becomes an open-drain output that
can be used to enable an external 3-state buffer. The internal Dx buffer continues to automatically
enter a high-impedance state whenever Dx is inactive. Fixed data rate timing is illustrated in Figures 8
and 9.

Companding Laws

The T7513A device supports both u-law and A-law operation. A-law operation is selected by
strapping the ASEL input to Vss. For u-law operation, ASEL should be tied to either VDD or GNDD; it
should never be left floating. Alternate digit inversion is used for A-law transmission.

To overcome the inherently noisy nature of A-law companding, the T7513A incorporates an encoder
squelch circuit that is enabled when A-law operation is selected. This circuit clamps the sign bit of
the encoder output high after eight consecutive frames in which the magnitude of the encoded signal
has been equal to +1 LSB. Squelching is immediately disengaged whenever the encoder output
exceeds 1 LSB in magnitude. The squelch circuit is disabled during u-law operation.

Transmission Levels

Zero transmission level points in Table 2 are specified relative to the digital milliwatt sequence
prescribed by CCITT recommendation G.711 for a codec configured with unity gain, single-ended
input (GSx tied to VFxIN, input at VFxIP) and maximum gain, single-ended output (GSR tied to PWRON,
output measured between PWROP and GNDA). Under these conditions, an analog input of 1.064
Vrms applied to VFxIP produces a 0 dBm digital code, while a 0 dBm code input at DR produces an
output of 1.503 Vrms at PWROP.
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Figure 3. PCM System Block Diagram

Table 2. Zero Transmission Level Points

Symbol Parameter Value | Unit Test Condition
OTLP1X | Zero transmission level point 2.76 | dBm | Referenced to 600 Q2
(transmit channel at 0 dBm0, p-law) 1.00 | dBm | Referenced to 900 Q
OTLP2x | Zero transmission level point 2.79 | dBm | Referenced to 600
(transmit channel at 0 dBm0, A-law) 1.08 | dBm | Referenced to 900 Q
OTLP1R | Zero transmission level point 5.76 | dBm | Referenced to 600 Q2
(receive channel at 0 dBmO, p-law) 4.00 | dBm | Referenced to 900 Q
OTLP2R | Zero transmission level point 5.79 | dBm | Referenced to 600 Q
(receive channel at 0 dBmO0, A-law) 4.03 | dBm | Referenced to 900 Q

Analog Input

The analog input section of the T7513A device includes an uncommitted input amplifier to provide
maximum flexibility in interfacing with transmission systems. Possible applications include 2-to-4-wire
conversion and/or gain adjustment. A schematic of the input circuit is shown in Figure 4. Note that a
conventional single-ended unity gain configuration is achieved by simply connecting GSx to VFxIN and
applying the analog signal between VFxIP and GNDA. The load impedance to ground at the GSx
output should be greater than 10 kQ2 in parallel with less than 50 pF.
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Figure 4. Analog Inputs

Analog Output

The analog output of the T7513A device is provided via a set of low-impedance complementary
outputs, PWROP and PWRON. Either of the outputs can be used as a single-ended output to drive
loads as low as 300 2 or, alternatively, the outputs can be used together to provide a 600-Q2
differential drive capability. Receive gain is set by interpolating the voltage at the buffered, high-
impedance GSR input between the voltages at the PWROP and PWRON nodes with a resistive divider
network. Gain varies from 0 dB to —12 dB, according to the relationship shown in the equation:

14 [BL

R2
R1
R2
where R1 and R2 are connected as shown in Figure 5 and the output is taken single-ended. Note that
maximum gain (A = 1) is achieved with GSR tied to PWRON (R1/R2 = o0) and that minimum output (A =
1/4) is achieved by connecting GSrR to PWROP (R1/R2 = 0). For proper device operation, it is

recommended that R1 and R2 be chosen such that R1 + R2 > 10 k(2 and that the parallel combination
of R1 and R2 is less than 100 k.

A=
44

—= PWROP
R4
T75413A
Ru 6S®  CODEC
Rz
* < PWRON

Figure 5. Analog Outputs
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Characteristics

Except where noted, minimum and maximum specifications are end-of-life limits as used for reliability
testing. T7513A Codecs are required to meet these limits after undergoing an accelerated aging
regimen that simulates 40 years of product life. Production test limits are tighter than indicated to
guarantee full-rated performance after aging.

For all tests: TA=010 85 °C,VcCc =5V + 5%, VSS = -5 V + 5%, and GNDA = GNDD = 0 V, unless

otherwise noted. Typical values are for TA = 25 °C and nominal supply values.

DC Characteristics

Table 3. Digital Interface

Symbol Parameter Min | Typ | Max | Unit | Test Conditions
liL Low-level input current -20 — — pA | GNDD < VIN <VIL
IH High-level input current — | — 20 pA VIH < VIN < Vce
ViL Input low voltage —_ | — 0.8 \ —_—

VIH Input high voltage 2.0 —_ — Vv —

VoL Output low voltage — | — 0.4 \') —

VOH Output high voltage 24 | — — Vv —

Ci Digital input capacitance — | — 5 pF —

IL Output leakage current -50 — 50 uA —
Table 4. Power Dissipation®

Symbol Parameter Min Typ Max Unit
IDD1 VDD operating current — 7 9 mA
Iss1 Vss operating current —_ 6 8 mA |
IDDO VDD power-down current — 0.5 1 mA
1SS0 Vss power-down current — 0.5 1 mA
vee Positive operating voltage 475 | 50| 5.25* \

Vss Negative operating voltage | —4.75 | -5.0 | —5.25** s
P1 Operating power dissipation — 65 85 | mw
Po Power-down dissipation — 5 10 | mW

* All measurements are made at fMC = fDCLK = 2.048 MHz, outputs unloaded.
** Absolute maximum ratings are Vop = +7.5 V, Vss = —7.5V. Exceeding these values may
result in permanent internal damage.
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Table 5. Analog Interface — Transmit Filter Input Stage

Symbol Parameter Min | Typ | Max | Unit Test Conditions
I1BX1 Input leakage current, VFxI+,

VFxI— — — | 100 nA | —217V <VIN<217V
Rixi Input resistance, VFxI+, VFxI— 10 — — MQ —
Vosxi Input offset voltage, VFxl+, VFxI— — — 25 mV —
CMRR Common mode rejection, VFxl+,

VFxI— 55 — — dB | 217V <VIN<217V
AvoL DC open-loop voltage gain, GSx | 5000 — — — —
fc Open-loop unity gain bandwidth,

GSx — 1 — | MHz —
Cwxi Load capacitance, GSx — — 50 pF —
Ruxi Minimum load resistance, GSx 10 — — kQ —

Table 6. Analog Interface — Receive Filter Driver Amplifier Stage

Symbol Parameter Min | Typ Max | Unit | Test Conditions
RORA Output resistance, PWRO+, PWRO— — 1 — Q —
VOsrRA | Single-ended output DC offset, PWRO+,

PWRO-— — | +30 | +150 mV | Relative to GNDA
CLRA Load capacitance, PWRO+, PWRO— — — 100 pF —

AC Characteristics — Transmission Parameters

Unless otherwise noted, the analog input is a 0 dBm0, 1020-Hz sine wave; the input amplifier is set for
unity gain, noninverting. The digital input is a PCM bit stream generated by passing a 0 dBm0,
1020-Hz sine wave through an ideal encoder. The receive output is measured single-ended, maximum
gain configuration. All output levels are (sin x)/x corrected. Specifications are for synchronous
operation.

Note: Unity gain input amplifier: GSx is connected to VFx1—, signal input VFx1+; maximum gain
output amplifier: GSR is connected to PWRO—, output to PWRO+.
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Table 7. Gain and Dynamic Range

Symbol Parameter Min Typ Max Unit Test Conditions
EmW Encoder milliwatt —-0.15 | +£0.04 | 0.15 | dBmO | Signal input of 1.064
response (transmit Vrms, p-law; signal input
gain tolerance) of 1.068 Vrms, A-law;
+ 5% supplies, 0 to 85 °C
Dmw Digital milliwatt -0.15 | +£0.04 | 0.15 | dBmO | Measured relative to
response (receive OTLPR; PCM input of
gain tolerance) 0 dBm0, 1020 kHz; & 5%
supplies, 0 to 85 °C
— Relative gain DR = 0 dBmO,
PWROP to PWRON — | +0.01 — dB | f=300—3400 Hz
— Relative phase DR =0 dBmO,
PWROP to PWRON — | £0.25 — Deg | f=300—3500 Hz

Table 8. Gain Tracking — Reference Level = 1.02 kHz, 0 dBm0

Symbol Parameter Min Max | Unit | Test Conditions
GT1x Transmit gain tracking error | —-0.25 | 0.25 dB +3 to —37 dBm0
(sinusoidal input, p-law) -0.50 | 0.50 dB | —37 to —50 dBm0
GT2x Transmit gain tracking error | —0.25 | 0.25 dB +3 to —37 dBmO0
(sinusoidal input, A-law) —-0.50 | 0.50 dB | —37 to —50 dBm0
GT1R Receive gain tracking error -0.25 | 0.25 dB +3 to —37 dBmO
(sinusoidal input, p-law) -0.50 | 0.50 dB | =37 to —50 dBmO
GT2Rr Receive gain tracking error -0.25 | 0.25 dB +3 to —37 dBmO0
(sinusoidal input, A-law) —-0.50 | 0.50 dB | —37 to —50 dBm0O
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Table 9. Distortion

Symbol Parameter Min | Typ | Max | Unit Test Conditions
SDx Transmit signal to distortion
(sinusoidal input = 1.02 kHz):
p-law 361 —| —| 9Bl3_vFrx<—30dBmO
A-law 35 | —| —| aB|°SV"S m
p-law 80 1 —| —| 9Bl 305 < VFxi <—40 dBmoO
A-law 29 — — dB
p-law 251 —| —| 9B} 40 <VFxi <45 dBm
A-law 25| —| —| a|7*° < —45 dBmo
SDRrR Transmit signal to distortion
(sinusoidal input = 1.02 kHz):
p-law 86 | —| —| 9Bl3_pr<-30dBmoO
A-law 35 — — dB - -
wlaw 80 —| —| 98] _30<Dr<-40dBmO
A-law 20| —| —| dB =
u-law 25| —| —| 98 40<Dr<-45dBm
A-law 25| —| —| aB < —45 dBm0
DPx Transmit single frequency — — | -28 | dBmO | 0 <input <2 MHz
distortion products — — | —40 | dBmO | .2 < input < 3.4 kHz
DPR Receive single frequency — — | —28 | dBmO0 | 0 <input <2 MHz
distortion products — — | —40 { dBmO | .2 < input < 3.4 kHz
DAx Transmit absolute delay — | 340 — us | —
DAR Receive absolute delay — | 100 — us | —
DpaA | Delay distortion — | 200 — ps | f=500Hz
(analog-to-analog, measure — 60 — us | f=1kHz
relative to minimum) — 60 — us | f=1.5kHz
— | 100 — us | f=2kHz
— | 150 — us | f=2.5kHz
— | 340 — us | f=3 kHz
— Intermodulation (end-to-end) — | =50 | -35 dB | CCITT G.712 (8.1)
— Intermodulation (end-to-end) — | —60 | —49 | dBmO | CCITT G.712 (8.2)
— Spurious out-of-band signals | — | =35 | —25 | dBmO0 | CCITT G.712 (7.1)
(end-to-end) — | =35 | —-25 | dBmO0 | CCITT G.712 (7.1)
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Table 10. Noise
Symbol Parameter Min | Typ | Max Unit Test Conditions
NxC Transmit idle channel noise — — 18 | dBrnCO | p-law, EOL*
(C-message weighted) — 1 15 | dBrCO | p-law, BOL*
NRC Receive idle channel noise
(C-message weighted) — 4 13 | dBrnCO | u-law
NxP Transmit idle channel noise
(psophometric weighted) — | —69 | —67 dBmOp | A-law
NXR Receive idle channel noise
(psophometric weighted) — | -81 —-75 | dBmOp | A-law
PSRR1 VDD power supply rejection -30 | —45 — dB | Idle channel; 100-
(transmit channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at Dx.
PSRR2 | Vss power supply rejection | —30 | —45 — dB | Idle channel; 100-
(transmit channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at Dx.
PSRR3 | VDD power supply rejection | —30 | —45 — dB | Idle channel; 100-
(receive channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at PWROP.
PSRR4 | Vss power supply rejection -30 | —45 — dB | Idle channel; 100-
(receive channel) mVpp, 1.02-kHz
signal on dc supply;
measured 1.02-kHz
signal at PWROP.
CTxR Crosstalk (transmit to VFXIP = 2.76 dBmO;
receive, single-ended 1.02-kHz signal
outputs) measured at PWROP,
DR = idle code
u-law — | =90 | -70 dB
CTRX Crosstalk (receive to DR = 0 dBm0O; 1.02-
transmit single-ended kHz signal measured
outputs) at DX VFXIP = GNDA;
1.02-kHz signal
measured at DX
p-law — | =90 | -70 dB

* EOL = end of life; BOL = beginning of life. See the introduction to the Characteristics section.
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Receive Filter Transfer Characteristics (Figure 6)

Table 11. Receive Gain Relative to Gain at 1.02 kHz (GRR)*

Frequency (Hz)

Min Typ Max Unit

Below 3000 —-0.125 | +0.04 0.125 daB
3140 -0.57 | +0.04 0.125 dB
3380 -0.885 | -0.58 | -0.015 dB
3860 — | =10.7 —8.98 daB
4600 and above — — -28 | dB
* 0 dBmO signal input at DR.
1 -+
(300, +.125) MAXIMUM (3000, +.125) (3200, +.125)
0 g —, (3400, 0)
— (300, —.125) MINIMUM (3000, —.125)
g \\‘ TYPICAL
E (3200, —.75)
x 13 (3400, —.9)
X
’; 0
z
<
0]
o
=10+
g LOSS EQUATION BETWEEN 3400 Hz
E AND 4600 Hz (ANGLE IN RADIANS) TYPICAL
'}
w —
T 504 Alsin ("(4000 il +B] MINIMUM MAXIMUM
4 1200
<
O]
A=—14
B=-1
.30 + (4600, —28)
-40 i1 |||n;.§.un-l..n.!..n.l...nl...I|||.=...||.|L|=~
0Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 5000 Hz
FREQUENCY
Figure 6. Receive Filter Characteristics
Network
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Transmit Filter Transfer Characteristics (Figure 7)

Table 12. Transmit Gain Relative to Gain at 1.02 kHz (GRX)*

Frequency (Hz) Min Typ Max Unit
16.67 — -35 -30 | dB
50 — -33 -30 | dB
60 — —40 -30 | dB
200 -1.8 —-0.5 | —0.125 | dB
300 to 3000 -0.125 | +0.04 0.125 | dB
3140 -0.57 0.01 0.125 | dB
3380 —-0.885 -0.7 0.015 | dB
3860 ' — -9.9 -8.98 | dB
4600 and above — — -32 dB

* 0 dBmO signal input at VFxIP.

14

(200, 0)
(300, +.125) MAXIMUM (3000, +.125) (3200, +.125)
0T V= -
/ (9007129 MINIMUM (3000,-125\\(3400' o
TYPICAL
-14 (3200. -.75)
BS (3400, -.9)

|

LOSS EQUATION BETWEEN 3400 Hz
AND 4600 Hz (ANGLE IN RADIANS)

m (4000 —f)
Alsin (7) +B]
1200

-10 +

TYPICAL

GAIN RELATIVE TO GAIN AT 1.02 kHz (dB)

20+ MINIMUM MAXIMUM
A=—14forf <4 kHz
A =—18forf> 4 kHz
~30 (60, ~30) B=—1forf<4kHz
' B =—7/9forf>4kHz
(4600, -32)
_401||I.l..!.nnnlnnnl!Annnlnnn.!nnllL;Al%;:..l....!m‘
OHz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 5000 Hz
FREQUENCY

Figure 7. Transmit Filter Characteristics
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Timing Characteristics

Table 13. Clock Section (Figures 8, 9, 10, and 11)

Symbol Parameter Min | Typ | Max | Unit Test Conditions
tMCHMCH Clock period, MC 488 — — ns fMC = 2.048 MHz
tMCHMCLA1 Clock pulse width, MC | 220 — — ns —
tDCLK Data clock pulse width | 220 - — ns | 64 kHz < fDCLK < 2.048 MHz
tCDC Clock duty cycle, MC 40 50 60 % —
tMCH1MCH2, | Clock rise and fall
tMCL2MCLA1 time 5 — 30 ns —

Table 14. Transmit Section, Fixed Data Rate Mode* (Figure 8)

Symbol Parameter Min | Typ Max Unit Test Conditions

tMCHTDV Data enabled on TS

entry 0 — 145 ns 0 < CLOAD < 250 pF
tMCHDV1 Data delay from MC — —_ 145 ns 0 < CLOAD < 250 pF
tMCLDZ Data float on TS exit 60 — 215 ns CLoaD =0
tMCHTSL Time-slot X to enable 0 — 145 ns 0 < CLOAD < 250 pF
tMCLTSH Time-slot X to disable 60 — 215 ns CLoAD =0
tFSHMCL2 | Frame sync delay 100 — | tMCHMCH — 100 ns —

* Timing parameters tMCHTSV, tMCLDZ, and tMCLTSH are referenced to a high-impedance state.

Table 15. Receive Section, Fixed Data Rate Mode (Figure 9)

Symbol Parameter Min | Typ Max Unit | Test Conditions
tDVMCL Receive data set-up 10 | — — ns —
tMCLDV Receive data hold 60 | — — ns —
tFSLMCL | Frame sync delay 100 — | tMCHMCH - 100 ns —
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[ |

TIME SLOT
lq— tMCHMCH

tMCHMCL 4

MC

tFSHMCL2

—1 [=— tFsLMCL
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(D) -\ BIT 1 BIT 2 BIT 3 BIT 4 BITS BIT 6 BIT 7 BIT 8
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Note: All timing parameters referenced to ViH and ViL except tMCHTSV, tMCLTSH, tMCLDZ, which reference a high-
impedance state.

tMCHAMCH2
tMCL2MCLA

Figure 8. Fixed Data Rate Transmit Timing
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Note: All timing parameters referenced to VIH and ViL.
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Figure 9. Fixed Data Rate Receive Timing
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Table 16. Transmit Section, Variable Data Rate Mode (Figure 10)

Symbol Parameter Min|Typ Max Unit Test Conditions
tFSHDCL |Time-slot delay from

DCLKx* 140| — tDX — 140 ns —
tFSHMCL |Frame sync delay 100| — [tMCHMCH — 100| ns —
tDCHDV |Data delay from DCLKx 0| — 100 ns 0 < CLOAD < 250 pF
tFSHDV [Time slot to Dx active®* 0| — 50 ns 0 < CLOAD < 250 pF
tFSLDX |Time slot to Dx inactive**| 0| — 80 ns 0 < CLOAD < 250 pF
tDX Data clock period 488 — 15620 ns [64kHz < fDCLKx < 2.048 MHz
tFSHDV1 |Data delay from FSx 0| — 140 ns —

* tFSLX minimum requirements override tFSHDCL maximum spec for 64-kHz operation.
** Timing parameters tFSHDY and tFSLDX are referenced to a high-impedance state.

Table 17. Receive Section, Variable Data Rate Mode (Figure 11)

Symbol Parameter Min | Typ Max Unit Test Conditions
tFSHDCL | Time-slot delay from
DCLKR* 140 | — tDR — 140 ns —
tFSHMCL | Frame sync delay 100 | — |tMCHMCH - 100 | ns —
tDVDCL | Data set-up time 10| — — ns —_
tDCLDX | Data hold time 60 | — — ns —
tDR Data clock period 488 | — 15620 ns | 64 kHz < fDCLKx < 2.048 MHz
tDCLFSL | Time-slot end receive
time 60 | — — ns —

* tFSLR minimum requirements override tFSHDCL maximum spec for 64-kHz operation.

Table 18. 64-kHz Opera'tion, Variable Data Rate Mode

Symbol Parameter Min | Typ | Max | Unit Test Conditions
tFSLX* | Transmit frame sync FSx is TTL-high for
minimum downtime 488 — — ns remainder of frame
tFSLR** | Receive frame sync FSRis TTL-high for
minimum downtime 1952 — — ns remainder of frame
tDCLK Data clock pulse width — — 10 us —

* tFSLX minimum requirements override tFSHDCL maximum spec for 64-kHz operation.
** tFSLR minimum requirements override tFSHDCL maximum spec for 64-kHz operation.
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FSx
(FS)

DCLKx
(DoC)

-
\/

tFSHOV 1DCHDV

Ie-— 1FSHDVA

R

t FSLDX —®>

(DD")___.< x BIT1 X BIT2 X BIT3 X BITTX BITS X BIT6 X BIT7 X BlTSﬁ)—

Note: All timing parameters referenced to VIH and ViL except tFSHDAV and tFSLDX, which reference a
high-impedance state.

Figure 10. Variable Data Rate Transmit Timing
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Figure 11. Variable Data Rate Receive Timing
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Note: AC testing — Inputs are driven at 2.4 V for a logic 1 and 0.45 V for
a logic 0. Timing measurements are made at 2.0 V for a logic 1 and 0.8
V for a logic 0.

Figure 12. AC Testing Input/Output Waveform
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Preliminary

T7520 High-Precision PCM Codec
with Filters

Features
= Encoder and decoder with on-chip filters = Sync deglitching circuitry on-chip
= On-chip precision-trimmed reference = 3-state TTL-output bus

voltages

= 16-bit PCM in 2’s complement binary data
= Charge redistribution and switched format (LSB first)

capacitor techniques = Gain selection - transmit: 0 or —3 dB

= 15V power supplies, with 120-mW nominal receive: +3 or 0 dB

power = Guaranteed monotonic to 15 bits

= Independent transmit and receive power-

down = Balanced filters for improved PSRR

= Easy interface to a DSP device

Description

The T7520 High-Precision PCM Codec with Filters integrated circuit performs A/D and D/A
conversion with 15-bit resolution and 10-bit linearity. The device provides on-chip anti-aliasing
and reconstruction filters and a precision voltage reference. The device is designed for use in
signal processing applications that require PCM data with a higher resolution than that of PCM
p-law data. The T7520 Codec is a linear device with 16-bit PCM 1I/0 data in 2’s complement binary
format. Typical applications include the use of this codec with echo cancelers, digital signal
processors, and in data sets. The T7520 Codec is manufactured using CMOS technology and is
available in a 24-pin hermetic ceramic DIP.
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T6C ——————gl 300 Hz —3 kHz
BAND PASS & TPCM
TFIN ————————» FILTER
1
TDIS A/D
' CONVERTER
T2048 | -
TNSYNC
RGC - = RFOUT
0—3 kHz
B LOW PASS —————————& VOP
FILTER
RPCM ————————&] = Von
R2048 —————
| D/A
RNSYNC ™ CONVERTER
RDIS
Figure 1. Block Diagram
User Information
Pin Descriptions
voo [ 1 24 3 Vs Symbol Pin Symbol Pin
R2048 ] 2 23 [ RPCM AGND 7,17, 19 TFIN 8
RGCc ] 3 22 71 RNSYNC DGND 12 TGC 9
vor [ 4 21 [ RDIS RDIS 21 TNSYNC 14
Von ] 6 20 [ Voo RFOUT 6 || TPCM 13
RFOUT ] 6 T7520 19 [ AGND RGC 3 T2048 11
AGNDE ; 18 ng:ND RNSYNC 22 || vop 1, 15, 20
TFIN 17
tacd o 16 B vss RPCM 23 || VoN 5
ToIs . 10 15 |3 Voo R2048 2 || Vvop 4
2048 . 11 14 |5 TNsYNG TDIS 10 || Vss 16, 18, 24
DGND [] 12 13 [ TPCM

Figure 2. Pin Function Diagram and Alphabetical Listing of Symbols

2-92 Network



T7520 High-Precision PCM Codec with Filters

Table 1. Pin Descriptions

Symbol | Type Name/Function

VDD — | +5 V Supply ( + 5%).

R2048 | Receive Clock. 2.048 MHz.

RGC | Receive Gain Control. A high on the pin sets the receive gain to +3 dB; a low
or no connection sets the gain to 0 dB.

Vor 0 Positive Receive Filter Balanced Output. Rload must be greater than
100 kQ in parallel with less than 10 pF.

VON (0} Negative Receive Filter Balanced Output. Rload must be greater than
100 kQ in parallel with less than 10 pF.

RFOUT (0] Receive Filter Output. A 16-bit digital milliwatt sequence reconstructed by the
filter produces a 1.547 Vp signal (when RGC = 1). The load resistance must be
greater than 20 kQ in parallel with less than 50 pF.

AGND — | Ground (Analog).

TFIN | Transmit Voice Frequency. For best results, TFIN should be driven from a low-
impedance source.

TGC I Transmit Gain Control. A high on this pin sets the transmit gain to —3 dB; a low
or no connection sets the gain to 0 dB.

TDIS | Transmit Disable. A high on this pin disables the transmit side; a low or no
connection enables the transmit side.

T2048 | Transmit Clock. 2.048 MHz.

DGND — | Ground (Digital).

TPCM O | Transmit PCM. This pin is used for the A/D 16-bit 2’s complement binary PCM
(LSB first) output. This pin is 3-stated when inactive.

TNSYNC | Transmit Synchronization. An accurate timing pulse (negative going edge
trigger) used to start the transmission of the 16 bits of data out of the TPCM.
The pulse should be low for at least one transmit data clock period after timing
edge A (see Figure 14).

Vss — | =5V Supply (+ 5%).

RDIS | Receive Disable. A high on this pin disables the receive side; a low or no
connection enables the receive side.

RNSYNC | Receive Synchronization. An accurate timing pulse (negative going edge
trigger) is used to start the reading of the 16 bits of data into the RPCM. The
pulse should remain low for at least one receive data clock period after timing
edge A (see Figure 14).

RPCM | Receive PCM. This pin is used for the D/A 16-bit PCM 2’s complement binary
(LSB first) input.

NC — | No Connection.

CAUTION: Cavity cover is internally connected to AGND.

Netwprk
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Application Hints

The T7520 High-Precision PCM Codec is a high-performance subsystem. The conditions necessary to
achieve reliable codec performance are outlined below.

Supply Routing (See Figure 3)

All the VDD pins must to tied together to avoid excessive substrate currents in the chip.
All the Vss pins must be tied together.

All the analog pins (AGND) must be tied together.

Supply Decoupling

The codec is a sampled data system. As such, noise on the supply lines near multiples of the 8-kHz
sample rate are aliased into the codec passband (300 Hz to 3 kHz). For full dynamic range, the noise
at the codec pins must be kept below 1 mVrms and 100 mVp (especially those noise components over
100 kHz).

The dominant noise source in many systems is the switching power supply, which typically has
significant noise energy extending up into the MHz range. The power busing from the supply to the
codec (in a well-designed ground plane system) has an impedance lower than that of most bypass
capacitors. Therefore, simply adding bypass capacitors across the codec supply lines does not
reduce the power supply noise that feeds into the codec. To keep the noise out of the codec, the
codec must be isolated (decoupled) from the noise. The proper decoupling scheme is shown in
Figure 3. The 3-01 to 5-0 decoupling resistors in series with VbD and Vss with the 10-uF tantalum or
low ESR aluminum capacitor form a low-pass filter (—3 dB at a frequency of about 5 kHz). The 0.2-xF
ceramic capacitors (located as close to the indicated pins as possible) bypass the high-frequency
noise and codec-generated noise.

Fully Synchronous Operation

The transmit and receive paths can be run from separate clocks (Figure 4a), but doing so increases
the codec noise floor and can result in various clicks, pops, and squeals in the voice band as
separate clocks slide past each other in phase. Do not configure clocks in the manner shown in
Figure 4a.

It is strongly recommended that the transmit (T2048) and receive (R2048) master clock lines be tied
together, as shown in Figure 4b. The TNSYNC and RNSYNC lines need not be tied together, but it is
critical that their sync frequencies be exactly 1/256 of the master clock. The sync clocks must also be
locked in phase so that the TNSYNC and T2048 clock edges line up and the RNSYNC and R2048
clock edges line up. This relationship is shown in Figure 4b by the logic blocks run off the master
clock, which drives the codec sync inputs. The timing can be generated by software (in a DSP device,
for example), but the sync timing must stay solid with respect to the master clock.

The best noise performance is achieved by using the fully synchronous timing shown in Figure 4c.
The transmit and receive paths use the same master and sync clocks, and the sync is directly derived
from the master clock.

170 Routing

This codec has a dynamic range of over 80 dB. The routing of the analog input (TFIN) and outputs
(RFOUT, Vop, and VON) must be kept away from noise sources, especially signal-dependent digital
lines.

To help reduce coupling into the transmit path, TFIN should be driven from a low-impedance source.
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Figure 3. Codec Supply Decoupling
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CLOCK 1

L

CLOCK 2 R2048 RNSYNC CLOCK 4

T2048 TNSYNC ———-< CLOCK 3

a. Not Recommended (Do Not Do This)

T2048 : f < 2.048 MHz MASTER CLOCK
R2048

RNSYNC < LOGIC [=

TNSYNC LOGIC

1

b. Acceptable Chip Timing (Better, but Not Optimum)

T2048| Y
< 2.048 MHz MASTER CLOCK
R2048
RNSYNC
LOGIC
(+BY 256)
TNSYNC

¢. Recommended Chip Timing (Optimum)
Figure 4. Chip Timing Schemes
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Characteristics

Electrical Characteristics
TA=0t0o 70 °C,VDD=5V + 5%, VsS = -5V + 5%

Limits
Parameter Min Typ Max Unit
Power disspation:
active, DIS =0 50 120 200 mw
inactive, DIS = 1 — 15 40 mw
Analog overload at 1 kHz
TGC = RGC =1 +2.191 | 2.229 | +2.268 Vp
Absolute gain (gain contrast) at 1.02 kHz,
full-scale — 3dB, TGC = RGC =0 -0.15 — 0.15 dB
Gain tracking (transmit or receive) at 1.02 kHz,
full-scale = 0 dB, —3 dB reference:
0 dB to —40 dB — - +0.2 dB
—40 dB to -53 dB — —_— +0.4 dB
Signal-to-distortion (transmit or receive) at
1.02 kHz, full-scale = 0dB:
0 dB to —25 dB 60 — — dB
—-40 dB 45 — — dB
—45 dB 40 — — dB
Transmit idle channel noise
TGC1=1o0r0 — 9 13 | dBrnC
Receive idle channel noise:
RGC =1 — 6 9 | dBrnC
RGC =0 —_ 3 6 | dBrnC
Power supply rejection (end-to-end):
1 kHz 35 — — dB
0-kHz to 100-kHz white noise 30 — — dBC
Absolute delay (end-to-end) at 1 kHz — — 575 us

Note: 0 dBm = 90 dB = 0.775 Vrms (into 600 Q).

Analog Interface

TFIN: Rin > 35 k2 and Cin < 10 pF
RFOUT: ac impedance < 300 Q, maximum current 150 pA

Any input can be between Vss and Vobp without damaging the chip.
Digital Interface

All inputs: TTL-compatible, lin < 15 A, < 5-pF loading
TPCM: Capable of driving a 50-pF capacitance to TTL voltage levels at 2.048 Mb/s

Any input can be between Vss and VoD without damaging the chip.
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Table 2. Overload (1.00 kHz) Compression

Input/Overload Level | Maximum Increased Loss (dB)
(dB) Relative to Overload -3 dB
0 0.2
3 1.8
6 4.6

Note: The filter responses scale linearly with master clock.

In the following tables and associated figures, the ac characteristics assume that the master clock
(T2048, R2048) is 2.048 MHz + 100 ppm.

Table 3. Frequency Response®

- [x (4000 —f)) 7
SRS

Freq (Hz) Transmit Loss (dB) Receive Loss (dB)
50—60 >20 +0.2
200 0.1t01.8 —-0.05 to +0.2
300—3000 +0.125 +0.125
3200 —0.125 to +0.75 —-0.125 to +0.75
3400 0.2t0 0.9 0.2 to 0.9
4000 >14 >14
4600 and above >32 >28

7 (4000 —f
3400—4600 > 14 [sin [W} 4 ]
. 7 (4000 — f
> 14 | sin ["(1”_260_1] -1 ]
4000—4600

* See Figures 5 through 9 for response curves.
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Figure 6. Transmit Path Low Frequency Response
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Figure 9. Receive Path Voice Band Response

Table 4. Phase and Delay Distortion (End-to-End)*

Delay Distortion
Freq (Hz) Phase Deviation from Linearity (Radians) (us, max)
Below 500 -
500—700 —4.17 + 0.0046f < PD < 4.17 — 0.0046f 300
700—2000 Between semicircles of radius 0.92 5
2000—2500 radians (1150 Hz) centered at + 0.95 150
2500—2700 radians and 1850 Hz 200
2700—3000 375
3000 and above —11.65 + 0.0042f < PD < 11.65 — 0.0042f —

* See Figures 10, 11, and 12 for group delay curves.

Intrachannel Crosstalk (200 Hz to 3400 Hz) < —71 dB
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Table 5. Single Frequency Distortion®

Figure 12. End-to-End Group Delay

Input/ Input S/(N+D)
Max Input | Frequency | (In the 0-kHz to 4-kHz Band)
(dB) (Hz) (dB)
0 60
-10 60
-20 200 to 3400 60
-30 55
—40 45

* See Figure 13 for S/(N + D) curve.
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Figure 13. Signal-to-Impairment Characteristic of the
Transmit and Receive Paths

Table 6. Intermodulation Distortion (4-Tone Method; Input = —13 dBmO0)

r2 < 60 dB below input
r3 < 60 dB below input

Input Voltage at 1 kHz Corresponding to:

Transmit Digital mW Overload

(Encoder) Gain Out of TPCM (+3.174 dBmO0) Unit
TGC =0 0dB 1.095 1.578 Vp
TGC =1 -3.00 dB 1.547 2.229 Vp

Output Voltage at 1 kHz Corresponding to:

Receive Digital mW Overload
(Decoder) Gain Into RPCM (+3.174 dBmO0) Unit
RGC =1 -3.00 dB 1.547 2.229 Vp
RGC =0 0dB 1.095 1.578 Vp
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Timing Characteristics

The timing requirements are shown in Figure 14, with expanded details in Figure 15. The duty cycle of
T2048 and R2048 must be between 45% and 55%. The encoder and decoder can operate back-to-
back if RNSYNC = TNSYNC and R2048 = T2048.

Symbol Parameter Capacitance | Min Max Unit
tCKLSYL | Synchronization delay — 10 | tCLK - 75 ns
tCKLSYH | Synchronization hold — 0* * ns
tCKHTPV | Transmit prop delay 50 pF 0 140 ns
tRSVCKL | Receive set-up time — 50 — ns
tCKLRSX | Receive hold time — 0 — ns

* Each synchronization pulse should be low for a minimum of 1 clock cycle after timing edge A,
with a maximum of 50% duty cycle. Note that the internal operation of the encoder or decoder
is initiated by the first data clock edge that goes negative (timing edge A in Figure 14) after
TNSYNC or RNSYNC has gone low.

Timing Diagrams

®

— %— tCKLCKL
R2048 OR T2048
(CK)

— tCKLSYH

»
)
RNSYNC OR ‘ms(;rﬁ MAX 50% DUTY CYCLE |I

—_— e ————d

—> LQ—'CKLSYL
o . X XXX CEOCEEOC X T G
/

Lo (SIGN BIT)
s —— OO
(Lge) (SIGN BIT)

Figure 14. 1/0 Timing
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T2048

R2048
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TPCM
(TP)
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Preliminary

T7521 High-Precision PCM Codec
without Filters

Features

= A/D and D/A with on-chip D/A filters = Easy interface to a DSP device

= On-chip precision-trimmed reference = Sync deglitching circuitry on-chip
voltages

= 3-state TTL-output bus

= 16-bit PCM in 2’s complement binary data
format (LSB first)

= Gain selection - receive: +3 or 0 dB

= Charge redistribution and switched
capacitor techniques

= 15V power supplies, with 100-mW nominal
power

= Independent transmit and receive power- " Guaranteed monotonic to 15 bits

down » Balanced filters for improved PSRR

Description

The T7521 High-Precision PCM Codec without Filters integrated circuit performs A/D and D/A
conversion with 15-bit resolution and 10-bit linearity. The device provides an on-chip
reconstruction filter and a precision voltage reference. The device is designed for use in signal
processing applications that require PCM data with a higher resolution than that of PCM p-law
data. The T7521 Codec is a linear device with 16-bit PCM |I/O data in 2’s complement binary
format. Typical applications include the use of this codec with echo cancelers, digital signal
processors, and in data sets. An optional transmit filter for this device can be supplied by the
user. The T7521 Codec is manufactured using CMOS technology and is available in a 24-pin
hermetic ceramic DIP.

Network 2-107



T7521 High-Precision PCM Codec without Filters

TFIN | & TPCM
A/D
T2048 | CONVERTER
TNSYNC I
TOIS
> L & RFOUT
Rec 0—3kHz
o LOW PASS —————8& Vo°r
FILTER |
RPCM ————————— VoN
R2048 ———— &
| D/A
RNSYNC |———’ CONVERTER
RDIS | >
Figure 1. Block Diagram
User Information
Pin Descriptions
voo [ 1 24 [ Vss Symbol Pin Symbol Pin
R2048 ] 2 23 [ RPCM AGND 7,17,19 TFIN 8
RGC ] 3 22 [71 RNSYNC DGND 12 TGC 9
vor [] 4 21 [ RDIS RDIS 21 TNSYNC 14
Von 5 5 20 | Voo RFOUT 6 || TPCM 13
RFOUT ] 6 T7521 19 [0 AGND RGC 3 T2048 11
As:z E ; "; gxzsND RNSYNC 22 || voo 1, 15, 20
1
Tac ] o 16 [ Vss RPCM 23 || VoNn S
TDIs O 10 15 [ Voo R2048 2 || Vop 4
T2048 O 11 14 |5 TNsYNG TDIS 10 || Vss 16, 18, 24
DGND [ 12 13 3 TPCcM

Figure 2. Pin Function Diagram and Alphabetical Listing of Symbols
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Table 1. Pin Descriptions

Symbol | Type Name/Function

VDD — | 45 V Supply (+ 5%).

R2048 I Receive Clock. 2.048 MHz.

RGC I Receive Gain Control. A high on the pin sets the receive gain to +3 dB; a low
or no connection sets the gain to 0 dB.

Vop 0 Positive Receive Filter Balanced Output. Rload must be greater than
100 kQ in parallel with less than 10 pF.

VON (0] Negative Receive Filter Balanced Output. Rload must be greater than
100 kQ2 in parallel with less than 10 pF.

RFOUT (0] Receive Filter Output. A 16-bit digital milliwatt sequence reconstructed by the

filter produces a 1.547 Vp signal (when RGC = 1). The load resistance must be
greater than 20 kQ in parallel with less than 50 pF.

AGND — | Ground (Analog). ,

TFIN | Transmit Voice Frequency. For best results, TFIN should be driven from a low-
impedance source.

TGC | Transmit Gain Control. Option not used on this chip. Leave the TGC pin
unconnected; do not use this pin as a signal tie point.

TDIS | Transmit Disable. A high on this pin disables the transmit side; a low or no
connection enables the transmit side.

T2048 | Transmit Clock. 2.048 MHz.

DGND — | Ground (Digital).

TPCM O | Transmit PCM. This pin is used for the A/D 16-bit 2’s complement binary PCM

(LSB first) output. This pin is 3-stated when inactive.

TNSYNC | Transmit Synchronization. An accurate timing pulse (negative going edge
trigger) used to start the transmission of the 16 bits of data out of the TPCM.
The pulse should be low for at least one transmit data clock period after timing
edge A (see Figure 9).

Vss — | =5 V Supply (+ 5%).

RDIS | Receive Disable. A high on this pin disables the receive side; a low or no
connection enables the receive side.

RNSYNC | Receive Synchronization. An accurate timing pulse (negative going edge
trigger) is used to start the reading of the 16 bits of data into the RPCM. The
pulse should remain low for at least one receive data clock period after timing
edge A (see Figure 9).

RPCM | Receive PCM. This pin is used for the D/A 16-bit PCM 2’s complement binary
(LSB first) input.
NC — | No Connection.

CAUTION: Cavity cover is internally connected to AGND.
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Application Hints

The T7521 High-Precision PCM Codec is a high-performance subsystem. The conditions necessary to
achieve reliable codec performance are outlined below.

Supply Routing (See Figure 3)

All the'VDD pins must be tied together to avoid excessive substrate currents in the chip.
All the Vss pins must be tied together.

All the analog ground pins (AGND) must be tied together.

Supply Decoupling

The codec is a sampled data system. As such, noise on the supply lines near multiples of the 8-kHz
sample rate are aliased into the codec passband (800 Hz to 3 kHz). For full dynamic range, the noise
at the codec pins must be kept below 1 mVrms and 100 mVp (especially those noise components over
100 kHz).

The dominant noise source in many systems is the switching power supply, which typically has
significant noise energy extending up into the MHz range. The power busing from the supply to the
codec (in a well-designed ground plane system) has an impedance lower than that of most bypass
capacitors. Therefore, simply adding bypass capacitors across the codec supply lines does not
reduce the power supply noise that feeds into the codec. To keep the noise out of the codec, the
codec must be isolated (decoupled) from the noise. The proper decoupling scheme is shown in Figure
3. The 3- to 5-0 decoupling resistors in series with VDD and Vss with the 10-uF tantalum or low ESR
aluminum capacitor form a low-pass filter (-3 dB at a frequency of about 5 kHz). The 0.2-uF ceramic
capacitors (located as close to the indicated pins as possible) bypass the high-frequency noise and
codec-generated noise.

Fully Synchronous Operation

The transmit and receive paths can be run from separate clocks (Figure 4a), but doing so increases
the codec noise floor and can result in various clicks, pops, and squeals in the voice band as
separate clocks slide past each other in phase. Do not configure clocks in the manner shown in
Figure 4a.

It is strongly recommended that the transmit (T2048) and receive (R2048) master clock lines be tied
together, as shown in Figure 4b. The TNSYNC and RNSYNC lines need not be tied together, but it is
critical that their sync frequencies be exactly 1/256 of the master clock. The sync clocks must also be
locked in phase so that the TNSYNC and T2048 clock edges line up and the RNSYNC and R2048
clock edges line up. This relationship is shown in Figure 4b by the logic blocks run off the master
clock, which drives the codec sync inputs. The timing can be generated by software (in a DSP device,
for example), but the sync timing must stay solid with respect to the master clock.

The best noise performance is achieved by using the fully synchronous timing shown in Figure 4c.
The transmit and receive paths use the same master and sync clocks, and the sync is directly derived
from the master clock.

1/0 Routing

This codec has a dynamic range of over 80 dB. The routing of the analog input (TFIN) and outputs
(RFOUT, Vop, and VON) must be kept away from noise sources, especially signal-dependent digital
lines.

To help reduce coupling into the transmit path, TFIN should be driven from a low-impedance source.
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T2048 TNSYNC CLOCK 3

CLOCK 1

CLOCK 2 >—_ﬁ R2048 RNSYNC

a. Not Recommended (Do Not Do This)

T2048 :j——*—< 2.048 MHz MASTER CLOCK
R2048
RNSYNC [ LOGIC =<

AV

AA

CLOCK 4

TNSYNC [= LOGIC [

b. Acceptable Chip Timing (Better, but Not Optimum)

T2048 | /
< 2.048 MHz MASTER CLOCK
R2048
RNSYNC
LOGIC
(~BY 256)
TNSYNC

¢. Recommended Chip Timing (Optimum)

Figure 4. Chip Timing Schemes

Miscellaneous

The TFIN pin must have a dc path to ground. If the A/D signal source is ac-coupled to the A/D, a
resistor must be connected from TFIN to analog ground.

The A/D input must be driven from a fast-settling source (0.1% in 6 gs). The input impedance is
100 kQ in parallel with 80 pF.
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Characteristics

Electrical Characteristics
TA=0t0 70 °C,VOD=5V + 5%, VsS = -5V + 5%

Limits
Parameter Min Typ Max Unit
Power disspation:
active, TDIS =RDIS =0 50 100 200 mw
inactive, TDIS = RDIS = 1 — 20 40 mwW
Receive analog overload at 1 kHz
RGC =1 +2.191 | 12.229 | 1+2.268 Vp
Transmit (A/D) overload at 1 kHz +2.70 42.75 +2.80 Vp
Absolute gain (gain contrast) at 1.02 kHz,
full-scale — 3 dB, RGC =0 -0.15 — 0.15 dB
Gain tracking (transmit or receive) at 1.02 kHz,
full-scale = 0 dB, —3 dB reference:
0 dB to —40 dB — — +0.2 dB
—40 dB to —53 dB — — +0.4 dB
Signal-to-distortion at 1.02 kHz, full-scale = 0 dB:
0 dB to -30 dB 60 — — dB
—40 dB 45 — — dB
—45 dB 40 —_ — dB
Transmit idle channel noise — 8 14 | dBrnC
Receive idle channel noise:
RGC =1 — 6 9 | dBrnC
RGC =0 — 3 6 | dBrnC
Power supply rejection (end-to-end):
1 kHz 35 — — dB
0-kHz to 100-kHz white noise 30 — — dBC
Absolute delay (end-to-end) at 1 kHz — — 575 s
Note: 0 dBm = 90 dB = 0.775 Vrms (into 600 Q).
Analog Interface
TFIN: Rin > 100 kQ, Cin < 100 pF
RFOUT: ac impedance < 300 2, maximum current 150 pA
Any input can be between Vss and VbD without damaging the chip.
Digital Interface
All inputs: TTL-compatible, lin < 15 pA, < 5-pF loading
TPCM: Capable of driving a 50-pF capacitance to TTL voltage levels at 2.048 Mb/s

Any input can be between Vss and Vobp.without damaging the chip.
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Table 2. Overload (1.00 kHz) Compression (Receive, RGC = 1)

Input/Overload Level

Maximum Increased Loss (dB)

(dB) Relative to Overload -3 dB
0 0.2
3 1.8
6 4.6

Note: The filter responses scale linearly with the master clock.

In the following tables and associated figures, the ac characteristics assume that the master clock
(R2048) is 2.048 MHz + 100 ppm.

Table 3. Frequency Response*

Freq (Hz) Receive Loss (dB)
200 —0.05 to +0.2
300—3000 +0.125
3200 —0.125 to +0.75
3400 0.2 t0 0.9
4000 >14
4600 >28
3400—4600 .| 7 (4000 —f)
> 14 | sin [—————————1200 -1
* See Figures 5 and 6 for receive response curves.
(dB)
o]
= \
-0 F \
\
a0l \ f\\
-50 |- \
-70 = 1 11 1 1 11 1 1 \ /l \l[ 1
0 2K 4K 6K 8K
FREQ (Hz)

Figure 5. Receive Path Frequency Response
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Table 4. Phase and Delay Distortion (End-to-End)*

Delay Distortion
Freq (Hz) Phase Deviation from Linearity (Radians) (zs, max)
Below 500 —4.17 + 0.0046f < PD < 4.17 — 0.0046f -
500—700 300
700—2000 Between semicircles of radius 0.92 75
2000—2500 radians (1150 Hz) centered at + 0.95 150
2500—2700 radians and 1850 Hz 200
2700—3000 375
3000 and above —11.65 + 0.0042f < PD < 11.65 — 0.0042f —
* See Figures 6 and 7 for group delay curves.

Intrachannel Crosstalk (200 Hz to 3400 Hz) < —71 dB

(dB)

0.5
0.3
0.4

0 \

-04

-0.3

-0,5-lLll N T | 1 1 1 1 1 1 1

o] 1K 2K 3K aK

FREQ (Hz)

Figure 6. Receive Path Voice Band Response

Network 2-115



T7521 High-Precision PCM Codec without Filters
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Figure 7. Receive Path Group Delay Response

Table 5. Single Frequency Distortion*

Input/ Input S/(N+D)
Max Input | Frequency | (In the 0-kHz to 4-kHz Band)
(dB) (Hz) (dB)
0 60
-10 60
-20 0 to 4000 60
-30 55
—40 45

* See Figure 8 for S/(N + D) curve.
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Figure 8. Signal-to-Impairment Characteristic of the Transmit
and Receive Paths

Table 6. Intermodulation Distortion (4-Tone Method; Input = —13 dBm0)

r2 < 60 dB below input
r3 < 60 dB below input
Input Voltage at 1 kHz Corresponding to:
Transmit Digital mwW Overload
(A/D) Gain Out of TPCM (+3.174 dBm0) Unit
— 0dB 1.908 2.75 Vp
Output Voltage at 1 kHz Corresponding to:
Receive Digital mw Overload
(Decoder) Gain Into RPCM (+3.174 dBm0) Unit
RGC =1 3.00 dB 1.547 2.229 Vp
RGC =0 0dB 1.095 1.578 Vp
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Timing Characteristics

The timing requirements are shown in Figure 9, with expanded details in Figure 10. The duty cycle of
T2048 and R2048 must be between 45% and 55%. The encoder and decoder can operate back-to-
back if RNSYNC = TNSYNC and R2048 = T2048.

Symbol Parameter Capacitance | Min Max Unit
tCKLSYL | Synchronization delay — 10 | tCLK - 75 ns
tCKLSYh | Synchronization hold — 0* * ns
tCKHTPV | Transmit prop delay 50 pF 0 140 ns
tRSVCKL | Receive set-up time — 50 — ns
tCKLRSX | Receive hold time — 0 — ns

* Each synchronization pulse should be low for a minimum of 1 clock cycle after timing edge A,
with a maximum of 50% duty cycle. Note that the internal operation of the encoder or decoder
is initiated by the first data clock edge that goes negative (timing edge A in Figure 9) after
TNSYNC or RNSYNC has gone low.

Timing Diagrams

®

R2048 OR T2048
(CK)
—9. L— tCKLSYH

AL
RNSYNC OR TNSYNC MAX 50 % DUTY CYCLE I
(sy) -

—e I-s~ tCKLSYL
TPCM
3-STATE X X x X )C: w —oTaT
(TP) MODE X B0 X B4 X B2 x B3 B4 B85 B6 87 E 3 -STATE

(LsB) (SIGN BIT)
RPCM
/
(LsB) (SIGN BIT)

Figure 9. 1/0 Timing
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(TP) I
|
|
i
|
|
|

- f=-t RSVCKL

e XD X X X
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Figure 10. 1/0 Timing (Enlarged Section)
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T7522 High-Precision PCM Codec
with Filters

Features

= Encoder and decoder with on-chip filters = 3-state TTL-output bus

= On-chip precision-trimmed reference = 16-bit PCM in 2’s complement binary data
voltages format (LSB or MSB first)

= Charge redistribution and switched = Gain selection — transmit: 0 or -3 dB
capacitor techniques receive: +3 or 0 dB

= 15V power supplies, with 120-mW nominal = Guaranteed monotonic to 15 bits
power

= Balanced filters for improved PSRR

= Eagy interface to a DSP device = A/D filters can be bypassed; A/D has

» Sync deglitching circuitry on-chip sample and hold built in

Description

The T7522 High-Precision PCM Codec with Filters integrated circuit performs A/D and D/A
conversion with 15-bit resolution and 10-bit linearity. The device provides anti-aliasing and
reconstruction filters and a precision voltage reference. The device is designed for use in signal
processing applications that require PCM data with a higher resolution than that of PCM p-law
data. The T7522 Codec is a linear device with 16-bit PCM 1/0 data in 2’s complement binary
format. Typical applications include the use of this codec with echo cancelers, digital signal
processors, and in data sets. This chip has selectable LSB or MSB first /0 and the A/D filters can
be bypassed. The T7522 Codec is manufactured using CMOS technology and is available in a
24-pin hermetic ceramic DIP.

The T7522 Codec can replace the T7520A and T7521A in applications not requiring independent
A/D and D/A power-down options and is recommended for all new designs. Designs requiring the
independent A/D and D/A power-down options should use the T7523 Codec.
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User Information

Pin Descriptions

Voo
rR2048 [
RGC [
vor O
von [
RFOUT O
AGND O
TFIN O
Tec O 9
10F [] 10
T2048 O 11
DGND [ 12

® N O O p N

N

T7522

23
22
24

20
19
18
17
16
15
14
13

gogogoogoCocodgd

Vss Symbol Pin Symbol Pin

RPCM AGND 7,17,19 || TFIN 8
RNSYNC DGND 12 || TGC 9
3'5 DIS 21 || TNSYNC 14

oD

AGND IOF 10 || TPCM 13
Vss RFOUT 6 || T2048 11
AGND RGC 3 || VDD 1,15, 20
vss RNSYNC 22 || Von 5
Voo RPCM 23 || Vor 4
::ZL"C R2048 2 || vss 16, 18, 24

Table 1. Pin Descriptions

Figure 2. Pin Function Diagram and Alphabetical Listing of Symbols

Symbol Type Name/Function

VDD —_ +5 V Supply (+ 5%).*

R2048 (D/A) | Receive Clock. 2.048 MHz.

RGC (D/A) | Receive Gain Control. A high on this pin sets the receive gain to +3 dB; a
low or no connection sets the gain to 0 dB.

Vop (D/A) 0 Positive Receive Filter Balanced Output. Rload must be greater than
100 kQ in parallel with less than 10 pF.

VON (D/A) 0 Negative Receive Filter Balanced Output. Rload must be greater than
100 kQ in parallel with less than 10 pF.

RFOUT (D/A) (0] Receive Filter Output. A 16-bit digital milliwatt reconstructed by the filter
produces a 1.547 Vp signal (when RGC is high). The load resistance must
be greater than 20 kQ2 in parallel with less than 50 pF.

AGND — Ground (Analog).

TFIN (A/D) I Transmit Voice Frequency. For best results, TFIN should be driven from a
low-impedance source. When TGC = Vss, the transmit filter is bypassed
and TFIN must be driven from a low-impedance, low-noise, fast-settling
(0.1% settling in 6 us) source. A fast-settling op amp is recommended.

TGC (A/D) | Transmit Gain Control. A high on this pin sets the transmit gain to —3 dB;
a low or no connection sets the gain to 0 dB. To bypass the bandpass
filter, tie TGC to Vss.

IOF 1/0 Input/Output Format. A high sets I/0 format to MSB first; a low or no
connection sets the I/0 format to LSB first.

Network
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Table 1. Pin Descriptions (Continued)

Symbol Type Name/Function
T2048 (A/D) | Transmit Clock. 2.048 MHz.
DGND — Ground (Digital).
TPCM (A/D) (o} Transmit PCM.** This pin is used for the 16-bit 2’s complement binary

PCM (LSB or MSB first) output. (See IOF for PCM format.) This pin is open
(3-stated) when inactive.

TNSYNC (A/D)

Transmit Synchronization.! An accurate timing pulse (negative going edge
trigger) is used to start the transmission of the 16 bits of data out of the
TPCM. The pulse should be low for at least one transmit data clock period
after timing edge A (see Figure 14).

Vss

—5 V Supply (+ 5%).*

DIS

Chip Disable. A high on this pin disables (powers down) the chip; a low or
no connection enables the chip.

RNSYNC (D/A)

Receive Synchronization.t An accurate timing pulse (negative going edge
trigger) is used to start the reading of the 16 bits of data into the RPCM.
The pulse should remain low for at least one receive data clock period after
timing edge A (see Figure 14).

RPCM (D/A) | Receive PCM.** This pin is used for the 16-bit PCM 2’s complement binary
(LSB or MSB first) input. (See IOF for PCM format.)
NC — No Connection.

CAUTION: Cavity cover is internally connected to AGND.
Note: Input high = TTL high (1); low = TTL low (0).
* Both VoD and Vss must be bypassed to analog ground as close to the package as possible with capacitor values greater
than 0.2 uF. Best idle channel noise has been obtained by using 10-xF tantalum capacitors.
** The T7522 Codec is a 15-bit coder. The LSB of TPCM is zero added to the end of the output word. The full 16 bits of the
RPCM are read in, but only the 15 MSBs are directly used by the D/A converter.
t The synchronization pulse should be low for at least one T2048/R2048 clock period after timing edge A. See Figure 14.

Application Hints

The T7522 High-Precision PCM Codec is a high-performance subsystem. The conditions necessary to
achieve reliable codec performance are outlined below.

Supply Routing (See Figure 3)

All the VbD bins must be tied together to avoid excessive substrate currents in the chip.

All Vss pins must be tied together.

All the analog ground pins (AGND) must be tied together.
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0.2 uF 0.2 uF
| |1
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Voo D>—4 Voo Vss 24 —< Vss
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4 Vop DIsS 21
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Von VoD Voo
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0.2 uF
8 1 rFouT AGND (2
0.2 uF
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8 TEIN AGND Lw
9 16
TGC Vss __T___< Vss
0.2 uF
10| or Voo —I—<"5 Voo
i T2048 TNSYNC ki
/;7——‘2 DGND TRcM 2
R4 R4 NOTES :
+5Vv >——Jv\/v—F Voo —5v>—4W\r1— Vss R1=3 TO 5 OHMS
TANTALUM

10 uF TANTALUM 10 wuF 6=ANALOG GROUND

= +
$ g | =DIGITAL GROUND
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Figure 3. Codec Supply Decoupling
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Supply Decoupling

The codec is a sampled data system. As such, noise on the supply lines near multiples of the 8-kHz
sample rate are aliased into the codec passband (300 Hz to 3 kHz). For full dynamic range, the noise
at the codec pins must be kept below 1 mVrms and 100 mVp (especially those noise components over
100 kHz). :

The dominant noise source in many systems is the switching power supply, which typically has
significant noise energy extending up into the MHz range. The power busing from the supply to the
codec (in a well-designed groundplane system) has an impedance lower than that of most bypass
capacitors. Therefore, simply adding bypass capacitors across the codec supply lines does not
reduce the power supply noise that feeds into the codec. To keep the noise out of the codec, the
codec must be isolated (decoupled) from the noise. The proper decoupling scheme is shown in
Figure 3. The 3-02 to 5-Q decoupling resistors in series with VDD and Vss with the 10-uF tantalum or
low ESR aluminum capacitor form a low-pass filter (-3 dB at a frequency of about 5 kHz). The 0.2-uF
ceramic capacitors (located as close to the indicated pins as possible) bypass the high-frequency
noise and codec-generated transients.

Fully Synchronous Operation

The transmit and receive paths can be run from separate clocks (Figure 4a). Doing so increases the
codec noise floor and can result in various clicks, pops, and squeals in the voice band as separate
clocks slide past each other in phase. Do not configure clocks in the manner shown in Figure 4a.

It is strongly recommended that the transmit (T2048) and receive (R2048) master clock lines be tied
together, as shown in Figure 4b. The TNSYNC and RNSYNC lines need not be tied together, but it is
critical that their sync frequencies be exactly 1/256 of the master clock and satisfy the timing
constraints shown in Figure 14. This relationship is shown in Figure 4b by the logic blocks run off the
master clock, which drives the codec sync inputs. The timing can be generated by software (in a DSP
device, for example); however, the sync timing must be consistent with that shown in Figure 14.

The best performance is achieved by using the fully synchronous timing shown in Figure 4c. The ,
transmit and receive paths use the same master and sync clocks, and the sync is directly derived from
the master clock.

1/0 Routing

This codec has a dynamic range of over 80 dB. The routing of the analog input (TFIN) and outputs
(RFOUT, VOP, and VON) must be kept away from noise sources, especially signal-dependent digital
lines.

To help reduce coupling into the transmit path, TFIN should be driven from a low-impedance source.
Miscellaneous

The TFIN pin must have a dc path to ground. If the signal source is ac-coupled to the codec, a
resistor must be connected from TFIN to AGND. When TGC = Vss (A/D filter bypassed), drive TFIN
with a fast-settling (0.1% in 6 us), low-impedance source.
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CLOCK 4

CLOCK 4

>——— T2048 TNSYNC ——< CLOCK 3
CLOCK 2 >——— R2048 RNSYNC‘——%

a. Not Recommended (Do Not Do This)

T2048 :I——P—< 2.048 MHz MASTER CLOCK
R2048

RNSYNC = LOGIC |=

TNSYNC [« LOGIC |=

b. Acceptable Chip Timing (Better, but Not Optimum)

T2048 Y
} < 2.048 MHz MASTER CLOCK

R2048
RNSYNC
LOGIC
(+BY 256)
TNSYNC

¢. Recommended Chin Timina (Ootimum)

Figure 4. Chip Timing Schemes

Definitions
Analog sine wave levels: 0 dBm = 90 dBrn = 0.775 Vrms = 1.095 Vp into 600 Q

0 dBmOQ at TFIN and TPCM: An analog sine wave input at TFIN of 1.095 Vp (TGC = 0) or 1.547 Vp
(TGC = 1) and the corresponding digital output word at TPCM

0 dBm0 at RPCM and RFOUT: A digital sine wave input at RPCM and the corresponding analog
output of 1.095 Vp (RGC = 0) or 1.547 Vp (RGC = 1) at RFOUT

Overload or clipping levels:  3.174 dBm0 at all I/Os

All noise and distortion measurements given in dBrn or dB are flat weighted and integrated over the
300-Hz to 3400-Hz frequency band. Where the specification unit has “C’’ appended to it, C message
weighting has been used.
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Characteristics

Electrical Characteristics

TA=0t070°C, VDD =5V +5%,VSs = -5V + 5%

Limits
Parameter Min Typ Max Unit
Analog overload at 1.02 kHz:
transmit (A/D), receive (D/A)
TGC=RGC =0 +1.551 | £1.578 | +1.606 Vp
TGC =RGC =1 +2.161 | £2.229 | +2.299 Vp
transmit (A/D)
TGC = Vss +2.641 +2.75 | +2.863 Vp
Supply current (Ipp, 1SS): .
DIS=0 —_ — 20 mA
DIS=1 — — 0.1 mA
Absolute gain at 1.02 kHz
0 dBmO signal (3.174 dB below overload)
TGC =RGC =0 —_ -— +0.15 dB
Gain tracking (gain linearity error) at 1.02 kHz
0 dBmO reference:
0 dBmO to —40 dBm0 — —_ +0.2 dB
—40 dBmO0 to —53 dBm0 — — +0.4 dB
Idle channel noise:
transmit (A/D) measured at TPCM
TGC =0or1 — — 15 dBrn
—_ —_ 12 | dBrnC
TGC = Vss — — 12 dBrn
— — 9 | dBrnC
transmit (A/D) referred to TFIN
TGC =0 — — 15 dBrn
— — 12 | dBrnC
TGC =1 — — 18 dBrn
— — 15 | dBrnC
TGC = Vss — — 16 dBrn
— — 14 | dBrnC
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Limits
Parameter Min | Typ | Max Unit
Idle channel noise:
receive (D/A) measured at RFOUT
RGC =0or1 — — 1" dBrn
—_ —_ 8 | dBrnC
receive (D/A) referred to RPCM
RGC =0 — — 11 dBrn
— —_ 8 | dBrnC
RGC =1 — — 8 dBrn
— — 5 | dBrnC
DC offset:
transmit (A/D) measured at TPCM
TGC=0or 1 — | — | £330 | LSBs*
TGC = Vss — | — | +30 | LSBs*
transmit (A/D) referred to TFIN
TGC = Vss — — 45 mV
TGC =1 — - 445 mV
TGC =0 — —_ +32 mV
receive (D/A) measured at RFOUT
RGC=0or1 — — | £140 mV
Power supply rejection ratio (PSRR) at 3140 Hz:
transmit
VDD 30 — — dB
Vss 33 — — dB
receive
VoD 30 — — dB
Vss 33 — — dB
Absolute delay (end-to-end) at 1 kHz — — 575 us

* Offset in A/D LSBs. The 15-bit A/D output is filled out to 16 bits by appending a 0 to the LSB.
Multiply the offset (in LSBs) by two when referring to the full 16-bit word.

Analog Interface

TFIN: Rin > 1 M and Cin < 10 pF, when TGC = logic 1 or 0
Rin > 1 MQ and Cin < 100 pF, when TGC = Vss
RFOUT: ac impedance < 300 2, max current 150 pA

Any input can be connected between Vss and VDD without damaging the chip.
Digital Interface

All inputs: TTL-compatible, lin < 20 pA, < 5-pF loading
TPCM: Capable of driving a 50-pF capacitance to TTL voltage levels at 2.048 Mb/s

Any input can be connected between Vss and VDD without damaging the chip.
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Table 2. Overload (1.02 kHz) Compression

Input/Overload Level

Minimum Output Relative to 0 dBm0
Input (dB)

-3.17 dB = 0.0 dBm0O

Reference

0.0 dB = 3.17 dBm0

3.17 - 0.2 =2.97

3.0 dB = 6.17 dBm0O

6.17 — 1.8 = 4.37

6.0 dB = 9.17 dBm0

9.17 — 4.6 = 4.57

In the following tables and associated figures, the ac characteristics assume that the master clock
(T2048, R2048) is 2.048 MHz 4+ 100 ppm.

Note: The filter responses scale linearly with the master clock.

Table 3. Frequency R

esponse Relative to Gain at 1.02 kHz*

Freq (Hz) Transmit Loss (dB) Receive Loss (dB)
50—60 >20 +0.2
100 —-0.2 to +7 +0.2
200 0.1t0 1.8 +0.2
300—3140 +0.125 +0.125
3200 —0.125 to +0.75 —0.125 to +0.75
3400 0.2t0 0.9 0.2t0 0.9
4000 >14 >14
4600 and above >32 >28
3400—4000 in (74000 —f)|

> 14 [sm [ 1200 1
. |m@000 - |
> 14 sm[ 1200 ] 1]
4000—4600 in |x4000-f)| 7
> 18 [sm [ 1200 9

* See Figures 5 through 9 for response curves.

2-130

Network



T7522 High-Precision PCM Codec with Filters

(dB)

S

LI

-30

LI

10 100 K 40K
FREQ (Hz)

Figure 5. Transmit Path Frequency Response

: p

(dB)

-10

50 100 150 200

FREQ (Hz)

Figure 6. Transmit Path Low-Frequency Response

Network 2-131



T7522 High-Precision PCM Codec with Filters

(dB)

0.5

0.3

0.4

(dB)

1 | 1 |

1 1

2K
FREQ ( Hz)

3K

4K

Figure 7. Transmit Path Voice Band Response

LRI

\

-20

-40

-50

/

11 1

AL

\/,

2-132

2K 4qK 6K

FREQ (Hz)

8K 10K

Figure 8. Receive Path Frequency Response

Network



T7522 High-Precision PCM Codec with Filters

(dB)
0.5

0.3

04

A

UL

-0.3

-0.5 1 111 11 1 1 L1 1 1 1 11

FREQ (Hz)

Figure 9. Receive Path Voice Band Response

Table 4. Phase and Delay Distortion (End-to-End)*

Delay Distortion

Freq (Hz) . Phase Deviation from Linearity (Radians) (ns, max)
Bel —
elow 500 —4.17 + 0.0046f < PD < 4.17 — 0.0046f
500—700 300
— 7
700—2000 Between semicircles of radius 0.92 5
2000—2500 150
radians (1150 Hz) centered at +0.95
2500—2700 200
radians and 1850 Hz
2700—3000 375

3000 and above —11.65 + 0.0042f < PD < 11.65 — 0.0042f —

* See Figures 10, 11, and 12 for group delay curves.

[ Intrachannel Crosstalk (200 Hz to 3400 Hz) < —75 dB
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Figure 12. End-to-End Group Delay

Table 5. Single Frequency Distortion Measured at TPCM or RFOUT*

S/(N+D) (300-Hz—3400-Hz Band)
Receive (D/A) Transmit (A/D)
Digital Signal Input RGC=0 | RGC=1 | TRC=01 | TGC = Vss
Level (TPCM, RPCM) | Frequency :
(dBmo) (Hz) (dB) | (dBC) | (dB) | (4BC) | (dB) | (dBC) | (dB) | (dBC)
3 60 | 60 | 55 | 55 | 60 | 60 | 60 | 60
0 60 | 60 | 59 | 59 | 60 | 60 | 60 | 60
-7 50 | 60 | 59 | 60 | 59 | 60 | 59 | 60
17 300t03400 | 58 | 59 | 58 | 59 | 56 | 57 | 57 | 58
27 51 | 53 | 51 | 53 | 48 | 50 | 50 | 52
37 42 | 44 | 42 | 44 | 38 | 40 | 41 | 43
47 32 | 34 |3 | 34 |28 | 30 |31 | 33

* See Figure 13 for S/(N+D) curve.
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Note: Measured at TPCM for transmit (A/D) path and at RFOUT for receive (D/A) path.

Figure 13. Signal-to-Impairment Characteristics of the Transmit and Receive Paths

Input Voltage at 1 kHz Corresponding to:
Transmit Digital mwW Overload
(Encoder) Gain Out of TPCM (+3.174 dBm0) Unit
TGC =0 0 dB (reference) 1.095 1.578 Vp
TGC =1 -3.00 dB + 0.12 dB 1.547 2.229 Vp
TGC = Vss —4.82 dB + 0.20 dB 1.908 2.750 Vp
Output Voltage at 1 kHz Corresponding to:
Receive Digital mW Overload
(Decoder) Gain Into RPCM (+3.174 dBm0) Unit
RGC =1 3.00 dB + 0.12 dB 1.547 2.229 Vp
RGC =0 0 dB (reference) 1.095 1.578 Vp

2-136

Network



T7522 High-Precision PCM Codec with Filters

Timing Characteristics

The timing requirements are shown in Figure 14, with expanded details in Figure 15. The duty cycle of
T2048 and R2048 must be between 45% and 55%. The encoder and decoder can operate back-to-
back if RNSYNC = TNSYNC and R2048 = T2048.

Symbol Parameter Capacitance | Min Max Unit
tCKLSYL | Synchronization delay — 10 | tCLK - 75 ns
tCKLSYH | Synchronization hold — 0* * ns
tCKHTPV | Transmit prop delay 50 pF 0 140 ns
tRSVCKL | Receive set-up time — 100 — ns
tCKLRSX | Receive hold time — 0 — ns

* Each synchronization pulse should be low for a minimum of 1 clock cycle after timing edge A,
with a maximum of 50% duty cycle. Note that the internal operation of the encoder or
decoder is initiated by the first data clock edge that goes negative (timing edge A in Figure 14)
after TNSYNC or RNSYNC has gone low.

Timing Diagrams

®

— le&—— tCKLCKL
R2048 OR T2048
(CK) I J I_' l—
—en 1CKLSYH
RNSYNC OR TNSYNC MAX 50 % DUTY CYCLE { N
sv) | LTt R A
—e>| lo— tCKLSYL
3-STATE
TPCM MODE 3-STATE
i =X OO D=
(LSB/SIGN BIT) (SIGN BIT/LSB)
RPCM X ::X
(RS) XBoXmXazXBsXMXtasXanw a«sX
/
(LSB/SIGN BIT) (SIGN BIT/LSB)

Figure 14. 1/0 Timing
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T2048
OR
R2048

(CK)

| | rckiTey

TPCM BOX B X B2 X B3 X B4
(TP)

- |-t RSVCKL

e X X X X
| b= texLrex

Figure 15. 1/0 Timing (Enlarged Section)
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I

Features
= Encoder and decoder with on-chip filters

= On-chip precision-trimmed reference
voltages

= Charge redistribution and switched
capacitor techniques

= 15V power supplies, with 120-mW nominal
power

= |[ndependent transmit and receive power-
down

= Easy interface to industry-standard DSP
devices

= Sync deglitching circuitry on-chip

Description

= 3-gtate TTL-output bus

= 16-bit PCM in 2’s complement binary data
format (LSB first 1/0)

= Gain selection — transmit: 0 or -3 dB
receive: +3 or 0 dB

= Guaranteed monotonic to 15 bits

= Balanced filters for improved power supply
rejection ratio (PSRR)

= A/D filters can be bypassed; A/D has
sample and hold built in

The T7523 High-Precision PCM Codec with Filters integrated circuit performs A/D and D/A
conversion with 15-bit resolution and 10-bit linearity. The device is designed for use in signal
processing applications that require PCM data with a higher resolution than that of PCM p-law
data. The T7523 Codec is a linear device with 16-bit PCM 1/0 data in 2’s complement binary
format (LSB first). Typical applications include the use of this codec with echo cancelers, digital
signal processors, and in data sets. The T7523 Codec is manufactured using CMOS technology

and is available in a 24-pin hermetic ceramic DIP.

The T7523 Codec is a pin-for-pin replacement and upgrade for the T7520A and T7521A Codecs,
and is recommended for all new designs. Applications requiring MSB first PCM 1/0 should use the

T7522 Codec.

Network
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User Information

Pin Descriptions

voo O 1 N 24 7 vss Symbol Pin Symbol Pin
R2048 O 2 23 11 RPCM AGND 7,17,19 || TFIN 8
RGC O 3 22 [ RNSYNC DGND 12 TGC 9
Vop q 4 21 [ RDIS RDIS 21 TNSYNC 14
von O 5 20 [ Voo RFOUT 6 || TPCM 13

RFOUT [ 6 19 P AGND RGC 3 T2048 11
aoo d 7 TR b ves RNSYNC 22 || Voo 1, 15, 20
TEN ] 8 17 [ AGND RPCM 23 || VoN 5
tec o o 16 B vss R2048 2 Vor 4

TDIS 10 Vss 16, 18, 24

TDIS O 10 15 [ Voo

T2048 [ 11 ‘14 [ TNSYNC

DGND [ 12 13 [ TPCM

Table 1. Pin Descriptions

Figure 2. Pin Function Diagram and Alphabetical Listing of Symbols

Symbol Type Name/Function

VDD — | +5V Supply (+ 5%).*

R2048 (D/A) | Receive Clock. 2.048 MHz.

RGC (D/A) I Receive Gain Control. A high on the pin sets the receive gain to +3 dB;
a low or no connection sets the gain to 0 dB.

Vor (D/A) 0 Positive Receive Filter Balanced Output. Rload must be greater than
100 kQ in parallel with less than 10 pF.

VON (D/A) (0] Negative Receive Filter Balanced Output. Rload must be greater than
100 kQ2 in parallel with less than 10 pF.

RFOUT (D/A) (0] Receive Filter Output. A single-ended version of VON and Vop. The load
resistance must be greater than 20 k2 in parallel with less than 50 pF.

AGND — Ground (Analog).

TFIN (A/D) | Transmit Voice Frequency. For best results, TFIN should be driven from
a low-impedance source. When TGC = Vss, the transmit filter is
bypassed and TFIN must be driven from a low-impedance, low-noise,
fast-settling (0.1% settling in 6 us) source. A fast-settling op amp is
recommended.

TGC (A/D) | Transmit Gain Control. A high on this pin sets the transmit gain to —3
dB; a low or no connection sets the gain to 0 dB. To bypass the transmit
filter, tie TGC to Vss.

TDIS (A/D) | Transmit Disable. A high on this pin disables (powers down) the
transmit (A/D) path; a low or no connection enables the transmit side.
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Table 1. T7523 Codec Pin Descriptions (Continued)

Symbol Type Name/Function
T2048 (A/D) | Transmit Clock. 2.048 MHz.
DGND — Ground (Digital).
TPCM (A/D) o} Transmit PCM.** This pin is used for the A/D 16-bit 2’s complement
binary PCM (LSB first) output. This pin is 3-stated when inactive.
TNSYNC (A/D) | Transmit Synchronization.t An accurate timing pulse (negative going

edge trigger) is used to start the transmission of the 16 bits of data out
of the TPCM. The pulse should be low for at least one transmit data
clock period after timing edge A (see Figure 14).

Vss — | =5V Supply (+ 5%).*

RDIS (D/A) | Receive Disable. A high on this pin disables (powers down) the receive
(D/A) path; a low or no connection enables the receive side.

RNSYNC (D/A) I Receive Synchronization.t An accurate timing pulse (negative going-
edge trigger) is used to start reading the 16 bits of data into the RPCM.
The pulse should remain low for at least one receive data clock period
after timing edge A (see Figure 14).

RPCM (D/A) | Receive PCM.** This pin is used for the D/A 16-bit PCM 2’s complement
binary (LSB first) input.

CAUTION: Cavity cover is internally connected to AGND.
Note: Input high = TTL high (1); low = TTL low (0).
* Both Vop and Vss must be bypassed to analog ground as close to the package as possible with capacitor values
greater than 0.2 uF. Best idle channel noise has been obtained by using 10-xF tantalum capacitors.
** The T7523 Codec is a 15-bit coder. The LSB of TPCM is 0 added to the end of the output word. The full 16 bits of the RPCM
are read in, but only the 15 MSBs are directly used by the D/A converter.
t The synchronization pulse should be low for at least one T2048/R2048 clock period after timing edge A. See Figure 14,

Application Hints

The T7523 High-Precision PCM Codec is a high-performance subsystem. The conditions necessary to
achieve reliable codec performance are outlined below.

Supply Routing (See Figure 3)

All the VDD pins must be tied together to avoid excessive substrate currents in the chip.
All the Vss pins must be tied together.

All the analog pins (AGND) must be tied together.
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Figure 3. Codec Supply Decoupling
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Supply Decoupling

The codec is a sampled data system. As such, noise on the supply lines near multiples of the 8-kHz
sample rate are aliased into the codec passband (300 Hz to 3 kHz). For full dynamic range, the noise
at the codec pins must be kept below 1 mVrms and 100 mVp (especially those noise components over
100 kHz).

The dominant noise source in many systems is the switching power supply, which typically has
significant noise energy extending up into the MHz range. The power busing from the supply to the
codec (in a well-designed groundplane system) has an impedance lower than that of most bypass
capacitors. Therefore, simply adding bypass capacitors across the codec supply lines does not
reduce the power supply noise that feeds into the codec. To keep the noise out of the codec, the
codec must be isolated (decoupled) from the noise. The proper decoupling scheme is shown in
Figure 3. The 3-Q to 5-02 decoupling resistors in series with VDD and Vss with the 10-uF tantalum or
low ESR aluminum capacitor form a low-pass filter (-3 dB at a frequency of about 5 kHz). The 0.2-uF
ceramic capacitors (located as close to the indicated pins as possible) bypass the high-frequency
noise and codec-generated transients.

Fully Synchronous Operation

The transmit and receive paths can be run from separate clocks (Figure 4a). Doing so increases the
codec noise floor and can result in various clicks, pops, and squeals in the voice band as separate
clocks slide past each other in phase. Do not configure clocks in the manner shown in Figure 4a.

The transmit (T2048) and receive (R2048) master clock lines should be tied together, as shown in
Figure 4b. The TNSYNC and RNSYNC lines need not be tied together, but it is critical that their sync
frequencies be exactly 1/256 of the master clock and satisfy the timing constraints shown in Figure 14.
This relationship is shown in Figure 4b by the logic blocks run off the master clock, which drives the
codec sync inputs. The timing can be generated by software (in a DSP device, for example); however,
the sync timing must stay locked to the master clock and satisfy the timing shown in Figure 14.

The best performance is achieved by using the fully synchronous timing scheme shown in Figure 4c.
The transmit and receive paths use the same master and sync clocks, and the sync is derived directly
from the master clock.

170 Routing

This codec has a dynamic range of over 80 dB. The routing of the analog input (TFIN) and outputs
(RFOUT, Vor, and VON) must be kept away from noise sources, especially signal-dependent digital
lines.

To help reduce coupling into the transmit path, TFIN should be driven from a low-impedance source.
Miscellaneous

The TFIN pin must have a dc path to ground. If the signal source is ac-coupled to TFIN, a resistor
must be connected from TFIN to AGND. A low-impedance signal source minimizes stray coupling into
TFIN.

When TGC = Vss (filter bypassed), drive TFIN with a fast-settling source (0.1% in 6 us). The input
impedance is 1 M2 in parallel with 80 pF. An external sample and hold (S/H) is not needed, since the
A/D has one built in.
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CLOCK 1

CLOCK 4

>—— T2048 TNSYNC ——< cLOCK 3
CLOCK 2 >_ R2048 RNSYNC ——<

a. Not Recommended (Do Not Do This)

T2048
R2048

2.048 MHz MASTER CLOCK

RNSYNC = LOGIC =

1

TNSYNC f& LOGIC [=

b. Acceptable Chip Timing (Better, but Not Optimum)

T2048 |

< 2.048 MHz MASTER CLOCK

R2048 ;}7
RNSYNC
LOGIC
’ (—B8Y 256)
TNSYNC

¢. Recommended Chip Timing (Optimum)

Figure 4. Chip Timing Schemes

Definitions

Analog sine wave levels: 0 dBm = 90 dBrn = 0.775 Vrms = 1.095 Vp into 600 Q

0 dBmO at TFIN and TPCM:  An analog sine wave input at TFIN of 1.095 Vp (TGC = 0) or 1.547 Vp
(TGC = 1) and the corresponding digital output word at TPCM

0 dBm0 at RPCM and RFOUT: A digital sine wave input at RPCM and the corresponding analog
output of 1.095 Vp (RGC = 0) or 1.547 Vp (RGC = 1) at RFOUT

Overload or clipping levels:  3.174 dBmO at all I/0s

All noise and distortion measurements given in dBrn or dB are flat weighted and integrated over the
300-Hz to 3400-Hz frequency band. Where the specification unit has “C’’ appended to it, C message
weighting has been used.
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Characteristics

Electrical Characteristics
TA=0t070°C,VoD=5V + 5%, VSS=-5V + 5%

Limits
Parameter Min Typ Max Unit
Analog overload at 1.02 kHz:
transmit (A/D), receive (D/A)
TGC=RGC =0 4+1.551 | £1.578 | +1.606 Vp
TGC =RGC =1 +2.161 | +2.229 | +2.299 Vp
transmit (A/D)
TGC = Vss +2.641 +2.75 | +2.863 Vp
Supply current (IDD, IsS):
TDIS =RDIS =0 — — 20 mA
RDIS = 1 (D/A) off, TDIS = 0 — — 12 mA
TDIS = 1 (A/D) off, RDIS = 0 — — 8 mA
TDIS = RDIS = 1 (chip off) — — 0.1 mA

Absolute gain at 1.02 kHz
0 dBmO signal (3.174 dB below overload)
TGC= RGC =0 — — +0.15 dB

Gain tracking (gain linearity error) at 1.02 kHz
0 dBmO reference:

0 dBmO to —40 dBmO - — +0.2 dB

—40 dBmO0 to —53 dBm0 — — +0.4 dB

Idle channel noise:
transmit (A/D) measured at TPCM

TGC=0or1 —_ — 15 dBrn
— — 12 | dBrnC
TGC = Vss — — 12 dBrn
—_— —_ 9 | dBrnC
transmit (A/D) referred to TFIN
TGC =0 15 dBrn
— —_ 12 | dBrnC
TGC =1 —_ —_ 18 dBrn
— — 15 | dBrnC
TGC = Vss — — 16 dBrn
— — 14 | dBrnC
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Limits
Parameter ’ Min | Typ | Max Unit
Idle channel noise:
receive (D/A) measured at RFOUT
RGC=0or1 — — 11 dBrn
— — 8 | dBrnC
receive (D/A) referred to RPCM
RGC =0 — — 11 dBrn
— — 8 | dBrnC
RGC =1 — — 8 dBrn
—_ — 5 | dBrnC
DC offset:
transmit (A/D) measured at TPCM
TGC=0or1 — | — | £330 | LSBs*
TGC = Vss — | —| %30 | LsBs*
transmit (A/D) referred to TFIN
TGC = Vss — — +5 mV
TGC = 1 o — +45 mV
TGC =0 — — +32 mV
receive (D/A) measured at RFOUT
RGC=0or1 —_— — | +£140 mV
Power supply rejection ratio (PSRR) at 3140 Hz:
transmit
VDD 30 — — dB
Vss 33 — — dB
receive
VDD 30 — — dB
Vss 33 — — dB
Absolute delay (end-to-end) at 1 kHz — — 575 us

* Offset in A/D LSBs. The 15-bit A/D output is filled out to 16 bits by appending a 0 to the
LSB. Multiply the offset (in LSBs) by two when referring to the full 16-bit word.

Analog Interface

TFIN: Rin > 1 MQ and Cin < 10 pF, when TGC = logic 1 or 0
Rin > 1 MQ and Cin < 80 pF, when TGC = Vss
RFOUT: ac impedance < 300 2, max current 150 pA

Any input can be connected between Vss and Vbp without damaging the chip.
Digital Interface

All inputs: TTL-compatible, lin < 20 pA, < 5-pF loading
TPCM: Capable of driving a 50-pF capacitance to TTL voltage levels at 2.048 Mb/s

Any input can be connected between VSs and VDD without damaging the chip.
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Table 2. Overload (1.02 kHz) Compression

Minimum Output Relative to 0 dBmo0
Input/Overload Level Input (dB)
—-3.17 dB = 0.0 dBmO Reference
0.0 dB = 3.17 dBm0 3.17 - 0.2 =297
3.0 dB = 6.17 dBm0 6.17 — 1.8 = 4.37
6.0 dB = 9.17 dBm0 9.17 — 4.6 = 4.57

In the following tables and associated figures, the ac characteristics assume that the master clock
(T2048, R2048) is 2.048 MHz + 100 ppm.

Note: The filter responses scale linearly with master clock.

Table 3. Frequency Response Relative to Gain at 1.02 kHz*

Freq (Hz) Transmit Loss (dB) Receive Loss (dB)
50—60 >20 +0.2
100 —-0.2to +7 +0.2
200 0.1t0 1.8 +0.2
300—3140 +0.125 +0.125
3200 —-0.125 to +0.75 —0.125 to +0.75
3400 0.2t0 0.9 0.2t0 0.9
4000 >14 >14
4600 and above >32 >28
3400—4600 [ (4000 — f)

> 14 | sin 1200 |~ 1 ]
.| 7(4000 —f) |
> 14 | sin [——1200 ] 1]
4000—4600 [ . [r@o00-£)] 7
> 18 Lsin 1200 -9 ]

* See Figures 5 through 9 for response curves.
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Figure 9. Receive Path Voice Band Response

Table 4. Phase and Delay Distortion (End-to-End)*

4K

Delay Distortion
Freq (Hz) Phase Deviation from Linearity (Radians) (us, max)
Below 500 —
elow 50 —4.17 + 0.0046f < PD < 4.17 — 0.0046f
500—700 300
700—2000 75
00—200 Between semicircles of radius 0.92
2000—2500 150
radians (1150 Hz) centered at +0.95
2500—2700 200
radians and 1850 Hz
2700—3000 375
3000 and above —11.65 + 0.0042f < PD < 11.65 — 0.0042f —

* See Figures 10, 11, and 12 for group delay curves.

r Transmit«——Receive Crosstalk (200 Hz to 3400 Hz) < —75 dB
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Figure 12. End-to-End Group Delay

Table 5. Single Frequency Distortion Measured at TPCM or RFOUT*

S/N+D (300-Hz to 3400-Hz Band)
Receive (D/A) Transmit (A/D)
Digital Signal Input RGC = 0 RGC = 1 TGC = 0, 1 TGC =

Level (TPCM, RPCM) | Frequency G GC =0, GC = Vss
(dBm0) (Hz) (dB) | (dBC) | (dB) | (dBC) | (dB) | (dBC) | (dB) | (dBC)

3 60 60 55 55 60 60 60 60

0 60 60 59 59 60 60 60 60

-7 59 60 59 60 59 60 59 60

-17 300 to 3400 | 58 59 58 59 56 57 57 58

-27 51 53 51 53 48 50 50 52

-37 42 44 42 44 38 40 41 43

—47 32 34 32 34 28 30 31 33

* See Figure 13 for S/N+D curves.

Network 2-153



T7523 High-Precision PCM Codec with Filters

70 S/N+D)
- (dB)
— 160
- / Rc;C=1j
50
L RECEIVE
_ (D/A) {RG°=°»‘} TGC=0,1 | TRANSMIT
B TGC=Vss (AD)
40

T

/ :

20

N 10
E
-
[ 1 1 1 1 1 1 1 1 1 1 1 1 1. 1]0
-80 -70 -60 -50 -40 -30 -20 -10 03.0
VIN (dBmO)

Note: Measured at TPCM for transmit (A/D) path, and at RFOUT for the receive (D/A) path.
Figure 13. Signal-to-Impairment Characteristic of the Transmit and Receive Paths

Input Voltage at 1 kHz Corresponding to:
Transmit Digital mwW Overload
(Encoder) Gain Out of TPCM (+3.174 dBm0) Unit
TGC =0 0 dB (reference) 1.095 1.578 Vp
TGC =1 -3.00 dB + 0.12 dB 1.547 2.229 Vp
TGC =Vss -4.82 dB + 0.20 dB 1.908 2.750 Vp
Output Voltage at 1 kHz Corresponding to:
Receive Digital mW Overload
(Decoder) Gain Into RPCM (+3.174 dBmO) Unit
RGC=1 | 3.00dB 4+ 0.12 dB 1.547 2.229 Vp
RGC =0 0 dB (reference) 1.095 1.578 Vp
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Timing Characteristics

The timing requirements are shown in Figure 14, with expanded details in Figure 15. The duty cycle of
T2048 and R2048 must be between 45% and 55%. The encoder and decoder can operate back-to-
back if RNSYNC = TNSYNC and R2048 = T2048.

Symbol Parameter Capacitance | Min Max Unit
tCKLSYL Synchronization delay — 10 | tCLK - 75 ns
tCKLSYH | Synchronization hold — 0* * ns
tCKHTPV Transmit prop-delay 50 pF 0 140 ns
tRSVCKL Receive set-up time — 100 — ns
tCKLRSX Receive hold time — 0 — ns

* Each synchronization pulse should be low for a minimum of 1 clock cycle after timing edge A,
with a maximum of 50% duty cycle. Note that the internal operation of the encoder or decoder
is initiated by the first data clock edge that goes negative (timing edge A in Figure 14) after
TNSYNC or RNSYNC has gone low.

Timing Diagrams

®

—e le—— 1CKLCKL
R2048 OR T2048 I'—] l_]

(CK)

— o 1CKLSYH
RNSYNC OR TNSYNC T 2
MAX 50% DUTY CYCLE |
(sv) | ey 3
e l— tCKLSYL

3-STATE

TPCM MODE 3-STATE
B
R ) (3 C3 €3 €3 €3 €2 W8 e
(LSB/SIGN BIT) (SIGN BIT/LSB)
€D €3 63 €3 €3 € §
(RS) 2 83 B4 :1] B6 87 B15
I N
NOTE: TOF=0/4 (LSB/SIGN BIT) (SIGN BIT/LSB)

Figure 14. 1/0 Timing
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Figure 15. 1/0 Timing (Enlarged Section)
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Custom Codecs

PCM codecs with filters for specific applications can be custom designed by the addition of
analog and/or digital polycells to our basic codec chips. Custom codecs can be provided in a
number of different device packages, which have already been designed and manufactured to
meet the requirements of:

= 5ESS Switching Equipment
= D5 Channel Banks
= SLC 96 Series 5 Carrier System

For information on how to obtain custom codecs to meet your system’s particular requirements,
contact your AT&T Account Manager or call:

1-800-372-2447.
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T7000A Digital Encryption Processor

Features
= Programmable DES ciphering modes = Flags readable on the data bus or
o Electronic codebook (ECB) independent output pins

o Cipher block chaining (CBC)

o 1-, 8-, or 64-bit cipher feedback (CFB)
o Qutput feedback (OFB) = Separate plain text and cipher text parallel
(8-bit) ports

= Four sets of key and initial value registers

= Ciphering rates of 235,000 operations/s for

any of the DES modes. = Separate plain text and cipher text serial
= Data throughput of 1.882 Mbytes/s using ports

64-bit DES output block = Separate serial key input port
= On-chip RAM and ROM program memory = ECB program available in ROM
Description

The T7000A Digital Encryption Processor (DEP) is a programmable integrated circuit that provides
a low-cost, high-security, cryptographic system for encrypting and decrypting digital signals. it is
manufactured using CMOS technology, requires a single 5 V supply, and is supplied in a 40-pin
plastic DIP. It implements four data encryption standard (DES) modes and is capable of
performing multiple encryption operations or multiplexed key and initial value ciphering.
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Figure 1. Block Diagram
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User Information

Pin Descriptions

spa [ 4 /40 bhWcs Symbol | Pin || Symbol | Pin
MPAO [ 2 39 [ Scs ACTIVE | 32 || SCS 39
MPA1 [] 3 38 [ SKCLK CLKIN 34 || SFLG 9
SPR [ 4 37 [ SKD MCS 40 || SKCLK 38
MPa2 [] 5 36 [J MPSD MFLGH1 11 || SKD 37
SPW [ & 35 [] sPsD MFLG2 | 10 || SKREQ | 31
MPR O 7 34 [ CLKIN MPAO 2 || SPA 1
wew O s 33 O F MPA1 3 || sPDo 28
MPA2 5 SPD1 27

sFLe O 9 32 L1 ACTIVE MPDO | 20 ||sPD2 | 26
MFLG2 (] 10 T7000A 31 [J SKREQ MPD1 19 SPD3 05

MFLGA [] 44 DEP  30[] vss MPD2 18 || SPD4 24

Voo O 42 29 [] Vss MPD3 | 17 || SPD5 23
MPD7 (] 13 28 [J sPDO MPD4 | 16 || SPD6 22
MPD6 [] 14 27 [J sPoA MPD5 15 || SPD7 21
MPD5 [] 45 26 [7J sPp2 MPD6 14 || SPR 4
MPD4 [] 16 25 [1 sPD3 MPD7 13 || SPSD 35
MPD3 [ 17 24 [ spPp4 MPR 7 || SPW 6
MPD2 [ 18 : 23 [] sPD5 MPSD 36 || VDD 12
MPD4 (] 19 22 [] sppé MPW 8 || Vss 29
MPDO [ 20 24 0 spo7 PF 33 || Vss 30

Figure 2. Pin Function Diagram and Alphabetical Listing of Symbols

Table 1. Pin Descriptions

Pin | Symbol | Type Name/Function

1 SPA | Slave Port Address. When high (1), the contents of the status register
can be read, but not written, to the slave port data bus. When low (0),
either the input shift register (ISR) or output shift register (OSR) is
accessed, depending on the port configuration programmed.

2 MPAO | Master Port Address Bits 0 and 1. Used with MPA2 (pin 5) for internal
MPA1 | register selection. .
SPR | Slave Port Read (Active Low). Used with SPA (pin 1) to read from the

output shift register (if the slave port is programmed as an output) or
from the status register. Data is available on the slave port data bus
following the falling edge of the read pulse and remains on the bus as
long as SPR is low. SPW (pin 6) should be held high during the read
pulse.

Data Communications 3-3



T7000A Digital Encryption Processor

Table 1. Pin Descriptions (Continued)

Pin

Symbol

Type

Name/Function

5

MPA2

Master Port Address Bit 2. Used with MPAO and MPA1 (pins 2 and 3) for
internal register selection.

SPW

Slave Port Write (Active Low). Used with SPA (pin 1) to write to the input shift
register if the slave port has been programmed as an input. The data input is
latched on the rising edge of the write pulse. SPR (pin 4) should be held high
during the write pulse.

MPR

Master Port Read (Active Low). Used with the master port address bus to
read one of the internal registers. Data is available on the master port data
bus following the falling edge of the read pulse and remains on the bus as
long as MPR is low. MPW (pin 8) should be held high during the read pulse.

MPW

Master Port Write (Active Low). This lead is used with the master port
address bus to write to one of the internal registers. The data input is latched
into the addressed register on the rising edge of the write pulse. The MPR lead
should be held high during the write pulse.

SFLG

Slave Flag. This output indicates the status of either the input or output shift
register, depending on the port configuration programmed (see Table 5). If the
slave port is programmed as an input, the slave flag reflects the contents of
the ISRFULL flag (status register, bit 4). If the slave port is programmed as an
output, the slave flag reflects the contents of the OSREMPTY flag (status
register, bit 5). Both of these conditions can be read from the status register.

10

MFLG2

Master Flag 2. This output indicates the status of the ISRFULL flag (status
register, bit 4). This condition may also be read from the status register (see
Table 5).

11

MFLG1

Master Flag 1. This output indicates the status of either the input or output
shift register, depending on the port configuration programmed (see Table 5).
If the master port is programmed as an input, this lead reflects the contents of
the ISRFULL flag (status register, bit 4). If the master port is programmed as
an output, this pin indicates the status of the OSREMPTY flag (status register,
bit 5). If the master port is programmed as both input and output, this pin
indicates the status of the OSRFULL flag and MFLG2 (pin 10) indicates the
status of the ISRFULL flag. The status of the input and output shift register
can also be read from the status register.

12

VDD

5 V Supply.

13
14
15
16
17
18
19
20

MPD7
MPD6
MPD5
MPD4
MPD3 .
MPD2
MPD1
MPDO

1/0

Master Port Data Bit 7.
Master Port Data Bit 6.
Master Port Data Bit 5.
Master Port Data Bit 4.
Master Port Data Bit 3.
Master Port Data Bit 2.
Master Port Data Bit 1.
Master Port Data Bit 0.

Bidirectional,
18-bit master port
1/0 bus.
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Table 1. Pin Descriptions (Continued)

Pin | Symbol | Type Name/Function N

21 | SPD7 Slave Port Data Bit 7.

22 | SPD6 Slave Port Data Bit 6.

23 | SPD5 1/0 | Slave Port Data B!t 5. Bidirectional,

24 | SPD4 Slave Port Data Bit 4. 8-bit slave port

25 | SPD3 Slave Port Data Bit 3. 1/0 bus

26 | SPD2 Slave Port Data Bit 2. )

27 | SPD1 Slave Port Data Bit 1.

28 | SPDO Slave Port Data Bit 0.

29 |Vss — | Ground.

30 |Vss — | Ground.

31 |SKREQ | O | Serial Key Request (Active Low). This output indicates that the DEP is
expecting a key input. Active when |0 SERIAL ACT is programmed. The
condition of this flag can be read from the status register.

32 | ACTIVE O | Active. This output flag is set by the microcode instruction IO ACT.

33 | PF (0] Parity Fail (Active Low). When this output is low it indicates that one or more
key input bytes had even parity. This flag is set on the 8th MPW pulse (pin 8)
when the key is loaded through the parallel master port and on the 64th
SKCLK pulse (pin 38) when the key is loaded serially. The status of this flag
can be read from the status register.

34 | CLKIN 1 Clock Input. The clock signal input at this lead determines all internal timing.
A microcode instruction is executed every two clock cycles. The master and
slave ports’ read and write signals do not have to be synchronous with this
clock signal. The frequency range of this clock is 10 kHz to 8 MHz.

35 [ SPSD 1/0 | Slave Port Serial Data. Used to write data to the input shift register or read
data from the output shift register, depending on the programmed port
configuration. The first bit read or written is the most significant. When this
port is selected by the port configuration register, slave port signals SPW, SPR,
and SFLG (pins 6, 4, and 9) are used for control. This port cannot be used to
read or write to any of the other six registers.

36 | MPSD 1/0 | Master Port Serial Data. Used to write data to the input shift register or read
data from the output shift register, depending on the programmed port
configuration. The first bit read or written is the most significant. When this
port is selected by the port configuration register and master port address 0 is
addressed, master port signals MPW, MPR, MFLG1, and MFLG2 (pins 8, 7, 11,
and 10) are used for control.

Data Communications
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Table 1. Pin Descriptions (Continued)

Pin | Symbol | Type Name/Function

37 | SKD | Serial Key Data. This input port is used to load key variables serially. The
data on this pin is latched into key memory on the falling edge of the serial key
clock during the execution of a serial load key program. The key is entered
with the most significant bit first and every 8th bit is treated as an odd parity
bit. A parity failure does not prevent the 56-bit key from being loaded.

38 | SKCLK | Serial Key Clock. This clock is used to latch key data into key memory on the
falling edge of the clock. The key input circuitry is inhibited after the 64th
clock is received.

39 | SCS | Slave Chip Select (Active Low). This input enables the slave port inputs and
outputs. When high, all slave port outputs are placed in a high-impedance
state. The SPW, SPR, SPSD, and SPD0—SPD?7 signals are affected.

40 | MCS | | Master Chip Select (Active Low). This input enables the master port input
and output leads. When high, all master port outputs are placed in a high-
impedance state and all inputs are disabled. The MPW, MPR, MPSD, and
MPD0—MPD?7 signals are affected.

Overview

Figure 1 is a block diagram of the DEP device. There are three major sections: the ciphering
hardware and peripheral circuitry, the controller and program memory, and the ports.

The ciphering hardware contains a high-speed hardware implementation of the National Bureau of
Standards Data Encryption Algorithm (DEA) and the necessary hardware to configure the DES
operating modes (see Figure 3). Both the key schedule and DES enciphering circuitry are part of the
DEA algorithm. The remaining circuitry (seven multiplexers, an exclusive-OR gate, and a latch) is used
for the DES operating modes. An input shift register, four key registers, four initial value registers, and
an output shift register support the ciphering hardware.

An internal hardware controller executes a 22-bit machine instruction every two clock cycles, thereby
setting up the ciphering multiplexers and clocking the appropriate registers. Within the controller, a
program counter is used to address the machine instruction stored in either RAM or ROM program
memory. On-chip ROM (29 X 22 bits) contains a subroutine controlling the DES hardware, a load
initial value program, a load key program, a serial load key program, and an ECB encrypt and decrypt
program. These short programs are located at hexadecimal address 00 through 1c (see Figure 5).
User-accessible on-chip RAM (32 X 22 bits) allows the user to tailor the ciphering operation to meet
system requirements and thus eliminates the need for external hardware. These ciphering programs
must start at hex address 20 and cannot exceed hex address 3F.

Master and slave ports are provided so that the plain text and cipher text can be on separate buses.
These ports have both serial and 8-bit parallel bidirectional data buses. When using the 8-bit parallel
data bus, master or slave, the most significant data or key byte should be written/read first. In the
serial mode, the most significant bit is written/read first.

Registers

Eight addressable internal registers control device operation. Table 2 shows the register assignments
for both the master and slave ports during either a read or write operation.
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Table 2. Register Assignments

Master Port (MP)

Address Register Size (Bytes)
0 (write) Input shift 8
0 (read) Output shift 8
1 (read/write) | Status 1
2 (read/write) | Port configuration 1
3 (read/write) | Mode control 1
4 (read/write) [ M1 1
5 (read/write) | M2 1
6 (read/write) | M3 1

Slave Port (SP)

Address Register Size (Bytes)
0 (write) Input shift 8
0 (read) Output shift 8
1 (read) Status 1

Input and Output Shift Registers. Both registers (master or slave port address 0) can be accessed
from MPD, MPSD, SPD, or SPSD. The input shift register is a 64-bit, write-only, shift register. The
output shift register is a 64-bit, read-only, shift register. The port configuration register controls which
port, master or slave, is associated with the input or output shift register. These shift registers are
used to input and output data and normally are not accessed until the other registers are loaded.

If a parallel port is used, 8 bytes are read or written to empty or load these registers, except when the
1- or 8-bit cipher feedback (CFB) mode has been programmed. In these cases, a single byte is
expected. For 1-bit CFB, only the most significant bit of the byte is used.

If a serial port is used, 64 bits are read or written to empty or load these registers, except when the 1-
or 8-bit CFB mode has been programmed. One bit is expected for 1-bit CFB and eight bits for 8-bit
CFB.

Status Register. This register (master or slave port address 1) can be read or written from the master
port data bus but only read from the slave port data bus (see Figure 4).

Bits 1 and 0 (QA1, QAQ) are read/write address lines that are used to select key and initial value
register pairs 0—3 when the microcode instruction bit, INT, is not set. Key and initial value registers
are matched sets, e.g., 00 selects key register 0 and initial value register 0 (see Table 3). The values
are loaded into these registers by executing the appropriate program in ROM.

7 8 5 4 3 2 1 0 BIT
PARITY OSR | ISR | SERIAL
FAIL | ACTIVE| empry | FuL |kevrea] © QA1 | QAO
\ S N/
SLAVE PORT READ MASTER PORT
WRITE

MASTER PORT READ
Figure 4. Status Register
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Table 3. Key and Initial Value Register

Addresses
Bits
Key and Initial Value
QA1 | QA0 Register Number
0 0 0
0 1 1
1 0 2
1 1 3

Bit 2 of this register is not used.

Bit 3 is a read-only, active-high, serial key request (SKREQ) flag. The complement of this flag (SKREQ)
is available at output pin 31. SKREQ is microcode-controlled and goes active when the SERIAL and
ACT instructions are executed simultaneously.

Bit 4 is a read-only, active-high, input shift register full ISRFULL) flag. This flag appears on an output
pin, the specific pin (MFLG1 , MFLG2 , or SFLG) being determined by the port configuration. An active
signal indicates that the ISR is full and additional information written to that register will be ignored.
The ISRFULL flag is set automatically whenever the mode control register is written or after the
microcode instruction SISRFOSRE is executed. It is cleared by microcode instruction CLISRF.

Bit 5 is a read-only, active-high, output shift register empty (OSREMPTY) flag. This flag appears on an
output pin, the specific pin (MFLG1 or SFLG) being determined by the port configuration. An active
signal indicates that the OSR is empty and additional attempts to read that register will be ignored.
OSREMPTY is set automatically whenever the mode control register is written or after the microcode
instruction SISRFOSRE is executed. It is cleared by the microcode instruction CLOSRE.

Bit 6 is a read-only, active-high, activity (ACTIVE) flag. This flag appears on output pin 32 (ACTIVE). It
is set by the microcode instruction 10 ACT and indicates processor activity. The ACTIVE flag has no
effect on device operation.

Bit 7 is a read-only, active-high, parity fail flag. The complement of this flag is available at output pin
33 (PF). This flag is latched whenever the WKEY instruction is executed. An active condition indicates
that one or more of the key bytes entered had even parity. Device operation is not inhibited by the
parity fail flag.

Port Configuration Register. This register (master port address 2) is a read/write register accessible
only through the master port data bus. Table 4 defines the possible port configurations and
associated hex code for data encryption and decryption.
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Table 4. Port Configuration (MP Address = 2)

Hex Code*
Port Type Input | Output | Encrypt | Decrypt
Parallel MPD SPD 04 84
Parallel SPD MPD 1 91
Parallel MPD MPD 01 81
Serial MPSD | SPSD 28 A8
Serial SPSD | MPSD 62 E2
Parallel to serial | MPD SPSD 08 88
Serial to parallel | SPSD | MPD 61 E1

* The most significant bit in the hex code for the port configuration is an
input flag. It is tested by the microcode mnemonic LT?. In the microcode
for the standard modes given in this document, this bit is tested to
determine the order in which the DES key schedule should be used
(encrypt or decrypt).

The conditions indicated by the master and slave port flags are determined by the port configuration
(see Table 5).

Bit 7 of the port configuration register is an input flag that is tested by microcode instruction LT?.
This bit can be used to indicate the order in which the key schedule is used (encrypt or decrypt) or as
a general-purpose conditional jump.

Table 5. Master and Slave Port Flag Conditions

Port Configuration Flag Condition
Input Output MFLG1 MFLG2 SFLG
MPD or MPSD | SPD or SPSD || ISRFULL — OSREMPTY
SPD or SPSD | MPD or MPSD || OSREMPTY — ISRFULL
MPD MPD OSREMPTY | ISRFULL —

Mode Control and M1, M2, and M3 Registers. The mode control register (master port address 3) is a
read/write register accessible only through the master port data bus. This register is used to address
on-chip memory for read/write operations and to begin program execution. Only the six least
significant bits are used in this register.

To run a microcode program, write the starting address for the set of instructions to be executed into
the mode control register. On the next instruction cycle, load this address into a program counter to
begin execution.

To read/write the program memory, load the address of the instruction into the mode control register
and read/write one of the three hex bytes (M1, M2, or M3) that make up an instruction on a
subsequent MPR/MPW pulse. Use the master port address bus to select M1, M2, or M3.

The M1, M2, and M3 registers (master port addresses 4—6, respectively) are accessible only through
the master port data bus. These three bytes define a 22-bit microcode instruction stored in on-chip
program memory. The two most significant bits of register M3 are not used.
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Operation

It is important to use the following operating sequence with the DEP. Deviations from this sequence
(e.g., loading the key before loading the ciphering program) may cause unpredictable results:

1. Load the ciphering program.

2. Configure the ports.

3. Load key and initial value register data.
4. Execute the program.

Loading the Ciphering Program. Microcode instructions can be entered for any of the DES mode
programs (Figures 6—8), multiple programs, multiplexed programs, or the user’s own unique cipher
program. Thirty-two 22-bit instructions, starting at hex address 20, can be entered. Microcode
instructions are loaded into RAM, a byte at a time, through the master port data bus to the address
designated by the mode control register. The microcode address is written to the mode control
register (MP address 3) and then followed by the three hex bytes (M1, M2, and M3). These three bytes
(MP addresses 4—6, respectively) constitute a 22-bit instruction.

Configuring the Ports. Data flow, port selection, and the DES key schedule selection (encrypt and
decrypt) are programmed by writing the appropriate hex code to the port configuration register (MP
address 2). Table 4 shows the various port configuration options.

Loading Key and Initial Value Register Data. There are four key and initial value registers that must
be externally loaded. A key/initial value register address is written to the status register (see Tables 2
and 3 and Figure 4) and the load initial value program or one of the two load key programs is
executed. The following is a description of the load key and load initial value programs. The
assembly language listings for these programs are shown in Figure 5.

After the starting address of the load initial value program (hex address 06) is written to the mode
control register, the ISRFULL flag becomes inactive and the ACTIVE flag goes active. The eight initial
value bytes can then be written to the input shift register through the master port data bus. After the
eighth byte is written, the ISRFULL flag goes active and the content of the input shift register is copied
to the addressed initial value register. The next internal machine instruction clears the ACTIVE flag.

After the starting address of the parallel load key program (hex address 0B) is written to the mode
control register, the ISRFULL flag becomes inactive and the ACTIVE flag goes active. The eight key
bytes can then be written to the input shift register through the master port data bus. After the eighth
byte is written, the ISRFULL flag goes active and the content of the input shift register is copied to the
addressed key register. Coincident with the program’s WKEY instruction, the PARITY FAIL flag is set
active high if any of the key bytes entered had even parity. The next internal machine instruction
clears the ACTIVE flag.

After the starting address of the serial load key program (hex address 10) is written to the mode
control register, the ACTIVE and serial key request (SKREQ) flags become active. The 64-bit key must
then be clocked into the input shift register through the serial key port. After the last bit is entered, the
content of the input shift register is copied into the addressed key register. One internal machine
instruction cycle after the key is entered, the ACTIVE and SKREQ flags become inactive. Coincident
with the program’s WKEY instruction, the PARITY FAIL flag is set active high if any of the key bytes
entered had even parity.

Executing the Program. After the microcode program is loaded, the desired port configuration is set
up, and the key and initial value registers are loaded, the device is ready to begin a ciphering
operation. The starting address of the microcode program is written to the mode control register. On
the next internal machine cycle, this address is loaded into a program counter and execution begins.
To execute the ECB mode, no microcode has to be loaded since it already exists in ROM. For this DES
mode, step 1 should be omitted.

Input and output to the DEP device does not have to be synchronous with the input clock. The
ISRFULL and OSREMPTY flags signal the host processor to write and read data. When these flags are
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inactive, data can be loaded into the input shift register and read from the output shift register by the
port associated with these registers. These flags, tested in program memory by conditional machine
instructions, determine when to start or stop ciphering data. A typical ciphering program contains the
following steps: '

Multiplexer set-up

Wait for input data

DES subroutine call

Wait until previous output data has been read
Latch output data and return to step 2.

oD~

DES Mode Descriptions

The DEP is capable of performing all four DES operating modes: electronic codebook; cipher block
chaining; 1-, 8-, or 64-bit cipher feedback; and output feedback. Code for the ECB mode is stored in
ROM, beginning at location hexadecimal 12. The DEP can be programmed for the other modes via the
RAM. Each mode can be used independently, combined with another mode, or used with muitiple
keys. For a detailed description of the DES modes refer to Federal Information Processing Standards
Publication 81.

Electronic Codebook (ECB) Mode. This mode is used primarily to encrypt or decrypt keys or initial
values through the use of a master key. It is a direct implementation of the DES algorithm. A 64-bit
input data block results in a 64-bit output block. Consecutive data blocks are cryptographically
independent. Figure 5b contains the assembly language listing for the ECB mode, beginning at
hexadecimal address 12.

Cipher Block Chaining (CBC) Mode. This mode uses the DES algorithm in a 64-bit feedback mode,
which results in consecutive output data blocks being cryptographically dependent. This dependence
provides an error-extension characteristic useful in protecting against an active system attack. Figure
6 contains the assembly language listing for the CBC mode.

Cipher Feedback (CFB) Mode. This mode is an additive stream cipher in which the DES algorithm is
used to generate pseudorandom blocks. This mode provides cryptographic dependence of data
blocks and error-extension. It is not necessary for the input block to be 64 bits; it may be 1, 8, or 64
bits. If the 1- or 8-bit mode is selected, a DES operation must be performed for every input bit or byte;
consequently, the data rate is reduced by a factor of 64 or 8, respectively. Figure 7 contains the
assembly language listings for 1-, 8-, and 64-bit CFB modes.

Output Feedback (OFB) Mode. This mode uses the DES algorithm as a pseudorandom number
generator. Encryption and decryption are identical operations, and the security of the algorithm is
dependent on the proper management of the initial value blocks. This mode has no error-extension
property: a 1-bit transmission error results in a 1-bit decryption error. This is an important property
when transmitting over a noisy channel. Figure 8 contains the assembly language listing for the OFB
mode.

These standard DES modes, after set-up, can be executed in a minimum of 17 instructions. With an
8-MHz input clock, the instruction period is 250 ns, yielding a maximum of 235,000 ciphering
operations/s. If the entire output block (all 64 bits) is used, the data throughput rate is 1.882
Mbytes/s.

Multiple encryption can be easily implemented with the DEP device. By using different keys, any of the
previously mentioned DES modes can be cascaded to provide multiple encryption.

Figure 9 contains the assembly language listing for the ECB mode using 3 keys for encryption and
decryption. Decryption is similar to encryption except that the key schedules are used in reverse
order, e.g., the last key register used for.encrypting is used first for decrypting.

In addition to using the four DES operating modes, the multiple modes, and the multiplexed modes,
the user can choose to program a unique encryption method.
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Figure 5b contains an assembly language listing (in ROM) for the ECB DES mode. Figures 6—9
contain assembly language listings for three DES modes and multiple-key ECB. Each listing in Figures
6—9 begins at RAM hexadecimal address 20. When combining programs, program labels may have
to be changed to prevent incorrect addressing. Duplicate code in some programs can be combined.

A
D
D
R 22-Bit
E Instruction
S
S M1 M2 M3 Program Mnemonics
DES Subroutine
0 c2 1f 0 :00 LDDES CKDES CKKEY
1 42 10 5 :01 CKDES CKKEY LLC 5
2 52 1 2 :02 CKDES SHFT2 CKKEY ILC 02
3 42 10 5 CKDES CKKEY LLC 5
4 52 1 4 :03 CKDES SHFT2 CKKEY ILC 03
5 42 13 0 CKDES CKKEY RET 0
Load Initial Value
6 1 b 8 B6 IO LDMP ACT
DES INPUT =ISR  OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR
7 1 1a 0 CLISRF ADD
8 0 15 8 :10 ISRFT? 10
9 0 3c 0 WIV CLEAR
a 0 14 a :20 GTO 20

Parallel Load Key

b 1 b 3 B6 10 LDMP ACT
DES INPUT = ISR OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR

c 1 ia 0 :25 CLISRF ADD
d 60 15 d :30 ISRFT? 30

e 8 1c O WKEY CLEAR

f 0o 14 f :40 GTO 40

Serial Load Key

10 1 b 7 B6 |10 LDMP SERIAL ACT
DES INPUT = ISR OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR

11 0 14 ¢ GTO 25

Figure 5a. ROM Programs
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A

D

D

R 22-Bit

E Instruction

S

S M1 M2 M3

ECB Encrypt or Decrypt

12 1 c 0

13 7 18 15
14 2 19 1
15 0o 15 15
16 ¢ 12 1
17 0 17 ia
18 0 16 18
19 0 d4 15
1a ¢3 d2 1
1b 0 17 1a
1c 0 14 18

Program Mnemonics

B6 CLEAR
DES INPUT = ISR  OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR
LDKEY CKKEY CLISRF LT? 100
CKKEY SROL SHFTR
:100 ISRFT? 100
CLISRF LDDES CKDES CKKEY SUB 01
ISRFOSRET? 120
:110 OSRET? 110
CLOSRE CKOSR GTO 100
:120 CLISRF CLOSRE CKOSR LDDES CKDES CKKEY SUB 01
:130 ISRFOSRET? 120
GTO 110

Figure 5b. ROM Programs
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A

D

D

R 22-Bit

E Instruction
S

S M1 M2 M3
CBC Encrypt

20 3 c 0
21 7 18 23
22 2 19 1
23 0 15 23
24 ¢8 12 1
25 13 4 2c
26 0 15 26
27 ¢3 12 1
28 0 17 2b
29 0 16 29
2a 0 d4 26
2b ¢3 d2 1
2c 0 17 2b
2d 0 14 29
CBC Decrypt

2e 7 1c 0
2f 59 48 31
30 2 19 1
31 0o 15 31
32 €3 12 1
33 0 17 36
34 0 16 34
35 0 f4 31
36 e3 f2 1
37 0 17 36
38 0 14 34

Data Communications

Program Mnemonics

S5A B6 CLEAR
DES INPUT = ISRV OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR"IV

LDKEY CKKEY CLISRF LT? 200

CKKEY SROL SHFTR

:200 ISRFT? 200

CLISRF LDDES CKDES CKKEY SUB 01

:210 S3 S5A B6 GTO 130
DES INPUT = ISR'DESOUT  OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR'DESOUT

:100 ISRFT? 100

CLISRF LDDES CKDES CKKEY SUB 01

ISRFOSRET? 120

:110 OSRET? 110

CLOSRE CKOSR GTO 100

:120 CLISRF CLOSRE CKOSR LDDES CKDES CKKEY SUB 01

1130 ISRFOSRET? 120

GTO 110

LDKEY CKKEY CLISRF CLEAR

B2 S3 S4 B6 B13 LT? 250
DES INPUT =ISR  OSR INPUT = IV'DESOUT
IVINPUT =Qn  LATCH INPUT = ISR

CKKEY SROL SHFTR

:250 ISRFT? 250

CLISRF CKL LDDES CKDES CKKEY SUB 01

ISRFOSRET? 230

:220 OSRET? 220

CLOSRE CKOSR WIV GTO 250

:230 CLISRF CKL WIV CLOSRE CKOSR LDDES CKDES CKKEY SUB 01

ISRFOSRET? 230

GTO 220

Figure 6. Assembly Language Listing for CBC Mode
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22-Bit
Instruction

»wvmuoo>»

M1 M2 M3

64-bit CFB Encrypt
20 1d c 0

21 7 12 0
22 1b 4 24

23 e3 d2 1
24 0o 17 28
25 0 14 24

64-bit CFB Decrypt
26 1d c 0

27 7 12 0
28 19 4 24

8-bit CFB Encrypt
29 1d b 10

2a 27 12 0
2b 1a 84 24

Program Mnemonics

S3 S4 S5B B6 CLEAR
DES INPUT = IV OSR INPUT = ISR'DESOUT
IVINPUT = ISR LATCH INPUT = IV
LDKEY CKKEY CLISRF SUB 00
S3 S4 S5A B6 GTO 102
DES INPUT = ISR'DESOUT  OSR INPUT = ISR'DESOUT
IVINPUT = ISR LATCH INPUT = ISR'DESOUT
:101 LDDES CKDES CKL CKKEY CLISRF CLOSRE CKOSR SUB 01
:102 ISRFOSRET? 101
GTO 102

S3 S4 S5B B6 CLEAR
DES INPUT = IV OSR INPUT = ISR'DESOUT
IVINPUT = ISR LATCH INPUT = IV

LDKEY CKKEY CLISRF SUB 00

83 S4 B6 GTO 102
DES INPUT = ISR
IV INPUT = ISR

OSR INPUT = ISR'DESOUT
LATCH INPUT = ISR

S3 S4 S5B B6 10 8BIT
DES INPUT = IV OSR INPUT = ISR"DESOUT
IVINPUT = ISR LATCH INPUT = IV
CKL LDKEY CKKEY CLISRF SUB 00
S3 S4 S5A A6 GTO 102
DES INPUT = Qn<<8 | | ISR'DESOUT
IVINPUT = ISR LATCH INPUT = Qn<<8 | | ISR"DESOUT

Figure 7a. Assembly Language Listing for 1-, 8-, and 64-Bit CFB Modes
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8-bit CFB Decrypt

2c 1d b 10

2d 27 12 0
2¢e 18 84 24

1-bit CFB Encrypt

2f  1d b 8

30 27 12 0
31 1a 4 24

1-bit CFB Decrypt

32 1d b 8

33 27 12 0
34 18 4 24

A

D

D

R 22-Bit

E Instruction

S

S M1 M2 M3

Program Mnemonics

S3 S4 S5B B6 10 8BIT
DES INPUT = IV OSR INPUT = ISR'DESOUT
IVINPUT = ISR LATCH INPUT = IV

CKL LDKEY CKKEY CLISRF SUB 00

S3 S4 A6 GTO 102
DES INPUT = Qn<<8 | | ISR
IV INPUT = ISR

OSR INPUT = ISR"DESOUT
LATCH INPUT = Qn<<8 | | ISR

S3 S4 S5B B6 10 1BIT
DESINPUT = IV OSR INPUT = ISR"DESOUT
IVINPUT = ISR LATCH INPUT = IV
CKL LDKEY CKKEY CLISRF SUB 00
S3 S4 S5A GTO 102
DES INPUT = Qn<<1 | | ISR"DESOUT
IV INPUT = ISR

OSR INPUT = ISR'DESOUT
LATCH INPUT = Qn<<1 | | ISR'DESOUT

S3 S4 S5B B6 10 1BIT
DES INPUT =V OSR INPUT = ISR'DESOUT
IVINPUT = ISR LATCH INPUT = IV
CKL LDKEY CKKEY CLISRF SUB 00
83 S4 GTO 102
DES INPUT = Qn<<1 | | ISR OSR INPUT = ISR'DESOUT
IVINPUT = ISR LATCH INPUT = Qn<<1 | | ISR

Figure 7b. Assembly Language Listing for 1-, 8-, and 64-Bit CFB Modes
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22-Bit
Instruction

»wvwmuoo>»

M1 M2 M3 Program Mnemonics

OFB Encrypt and Decrypt

20 1d c 0 S3 S4 S5B B6 CLEAR
DES INPUT =1V  OSR INPUT = ISR'DESOUT
IVINPUT = ISR LATCH INPUT = IV

21 7 12 0 LDKEY CKKEY CLISRF SUB 00

22 98 4 24 S1 83 S4 GTO 102
DES INPUT = DESOUT  OSR INPUT = ISR'DESOUT
IVINPUT = ISR LATCH INPUT = Qn<<1 | | ISR

23 e3 d2 1 1101 LDDES CKDES CKL CKKEY CLISRF CLOSRE CKOSR SUB 01
24 o 17 23 :102 ISRFOSRET? 101
25 0 14 24 GTO 102

Figure 8. Assembly Language Listing for OFB Mode
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W mMmOO»

22-Bit

Instruction

M1

M2

M3

Program Mnemonics

Subroutine for ECB with 3 Keys

20
21
22
23
24

0
c6
2
0
2

19
18
1f
19
14

0
24
0
1
1

3 Key ECB Encrypt

/i
25
26

27
28
29

2a
2b
2c
2d
2e

—

[eNeoNoNoNo]

ic
a

15
12
a

12
1a
12
16
d4

27
20

20

5
20
2d
26

:20 SROL SHFTL

LDDES CKDES LDKEY CKKEY LT? 25
CKKEY

SROL SHFTR

:25 CKKEY GTO 01

CLISRF CLEAR

:100 B6 ADD INT
DES INPUT = ISR OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR

:110 ISRFT? 110

CLISRF SUB 20

B6 S1 ADD INT ADDO
DES INPUT = DESOUT  OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR

SUB 20

ADD INT ADD1

SUB 20

1140 OSRET? 140

CLOSRE CKOSR GTO 100

Figure 9a. Assembly Language Listing for the ECB Mode Using 3 Keys
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3 Key ECB Decrypt

2f 1 1c O CLISRF CLEAR

30 1 a 5 :200 B6 ADD INT ADD1
DES INPUT =ISR  OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR

31 0 15 31 210 ISRFT? 210

32 1 12 20 CLISRF SUB 20

33 88 a 3 B6 S1 ADD INT ADDO
DES INPUT = DESOUT  OSR INPUT = DESOUT
IVINPUT = ISR LATCH INPUT = ISR

34 0 12 20 SuB 20

35 0 1a 1 ADD INT

36 0 12 20 SuB 20

37 0 16 37 :240 OSRET? 240

38 0 d4 30 CLOSRE CKOSR GTO 200

Figure 9b. Assembly Language Listing for the ECB Mode Using 3 Keys

Instruction Set

M1 M2 M3
/ I “\/ I N/ N\
7I 6|5l4l3l2l1|0|7|6|5 43|2|1|0 7|6 514J3|211|0
1T 1T 1T 1 LI L I LI B B | I
CLOCK COMMANDS ! CONDITIONAL CONDITIONAL
MULTIPLEXER SETTINGS O | INSTRUCTIONS ARGUMENT

Figure 10. 22-Bit Instruction Diagram

Bytes M1, M2, and M3 constitute a 22-bit instruction. Bit 4 of byte M2 determines which set of
instructions are used in bits 0—7 of byte M1 and bits 5—7 of byte M2. If bit 4 of byte M2 is high, the
clock command instructions are used. If this bit is low, the multiplexer setting instructions are used.

Bits 0—3 of byte M2 are decoded to one of thirteen conditional instructions. With the exception of
RET and CLEAR, these instructions use the third byte, M3, as an argument. A description of each
instruction is given in Table 6.

The timing diagram for the instruction set is shown in Figure 14. An instruction is executed every two
clock cycles. The ciphering rate can be computed by multiplying the number of instructions in the
ciphering operation by twice the CLKIN period.
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Table 6. Instruction Set — Clock Commands and Multiplexer Settings

Clock Commands (M2, Bit 4 = 1)

Byte | Bit | Mnemonic Description

M1 7 LDDES Enables the DES multiplexer to receive the output from MUX 1 when
high or from the DES itself when low.

M1 6 CKDES Clocks the DES L and R registers.

M1 5 CKL Clocks the latch register.

M1 4 SHFT2 Enables the key circuitry to rotate 2 positions when high and 1 position
when low.

M1 3 WKEY Latches the key register currently addressed.

M1 2 LDKEY Enables the key schedule C and D registers to be loaded from the
addressed key register when high. When low, the contents of the C
and D registers can be rotated 1 or 2 positions, left or right, depending
on the state of the instructions SHFT2, SROL, and CKKEY. These two
registers are used in the key schedule generation for the DES
algorithm.

M1 1 CKKEY Clocks the key schedule C and D registers.

M1 0 CLISRF Clears the ISRFULL flag and allows data to be written into the ISR.

M2 7 CLOSRE | Clears the OSREMPTY flag and allows data to be read from the OSR.

M2 | 6 CKOSR Clocks the output from MUX 4 into the OSR.

M2 | 5 wiv Writes the output of MUX 13 into the initial value memory.

Multiplexer Settings (M2, Bit 4 = 0)

M1 7 S1 Selects the input line for MUX 1. A low selects input line 0; a high
selects input line 1.

M1 6 B2 Selects the input line for MUX 2:

M1 5 A2 B2 A2 Input Line

0 0 0
0 1 1
1 0 2
1 1 lllegal
An error occurs if both B2 and A2 are high.

M1 4 S3 Selects the input line for MUX 3. A low selects input line 0; a high
selects input line 1.

M1 3 S4 Selects the input line for MUX 4. A low selects input line 0; a high
selects input line 1.

M1 2 S5B Selects the input line for MUX 5:

M1 1 S5A S5B S5A Input Line

0 0 0
0 1 1
1 0 2
1 1 lllegal
An error occurs if both S5B and S5A are high.
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Table 6. Instruction Set — Clock Commands and Multiplexer Settings (Continued)

Multiplexer Settings (M2, Bit 4 = 0) (Continued)

Byte | Bit | Mnemonic Description
M1 0 B6 Selects the input line for MUX 6:
M2 7 A6 B6 A6 Input Line

0 0 0

0 1 1

1 0 2

1 1 lllegal

An error occurs if both B6 and A6 are high.

M2 6 B13 Selects the input line for MUX 13:
M2 5 A13 B13 A13 Input Line

0 0 0

0 1 1

1 0 2

1 1 3

Table 7. Instruction Set — Conditional Instructions

M2 Bits

3|2(110 Mnemonic Description

0|/0|0{0]| LLC Loads the loop counter with the least significant nibble in M3.
There is only one loop counter.

0|0|0|1] ILC Decrements the loop counter and jumps to the address in M3 if the
loop counter is not 0. .

0|0|1|0| SUB ; The current program counter instruction address is incremented
and latched before the program jumps to the address specified by
MS3. Only one level of subroutine call is allowed.

0|0|1({1]| RET Return from subroutine. The program jumps to the address
latched when the preceding SUB command is executed.

0]1]0(0| GTO The program jumps to the address in M3.

0(1}0|1]| ISRFT? If the ISR is not full, the program jumps to the address specified by
M8.

0(1]|1|0| OSRET? If the OSR is not empty, the program jumps to the address
specified by M3.

0|1(1|1]| ISRFOSRET? | If the ISR is full and the OSR is empty, the program jumps to the
address specified by M3.

1{0}10|0}| LT? If bit 7 of the port configuration register is low, the program jumps
to the instruction address in M3. This bit can be used to select the
order in which the key schedule is used (encrypt or decrypt).
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Table 7. Instruction Set — Conditional Instructions (Continued)

M2 Bits
3(2|1|0|Mnemonic | M3 Bit| Mnemonic Description
19111 Ul —_ —_ Unconditional increment to next instruction.
1]1]0|1 —_ — — Not used.
111|1/0 —_ — — Not used.
110(0 (1 SROL 0= SHFTR Latches a right-key schedule rotation.
=0 SHFTL Latches a left-key schedule rotation.
1{0|1]0 ADD 2 ADD1 Latches the key/initial value register address:
1 ADDO ADD1 ADDO Reg Pair
0 0 0
0 1 1
1 0 2
1 1 3
0 INT A high specifies the internal key/initial value
address bus; a low specifies the key/initial
value address specified by bits 0 and 1 of
the status register.
110111 10 5 SISRFOSRE | A high sets both the ISRFULL flag and the
OSREMPTY flag active.
4 8BIT Selects 1-, 8-, or 64-bit CFB mode:
3 1BIT 1-Bit 8-Bit CFB Mode
0 0 64-bit
0 1 8-bit
1 0 1-bit
1 1 lllegal
2 SERIAL Sets the key circuitry for a serial key input
when high and parallel key input when low.
1 LDMP A high sets the input circuitry to receive data
from the master port regardless of the
conditions programmed in the port
configuration register.
0 ACT A high sets both the ACTIVE flag in the
| status register and output pin 32.
111|0(0 CLEAR NA NA Initializes control logic in the DEP.

Specifically, this instruction clears the
following bits: ACT, LDMP, SERIAL, 1BIT,
8BIT, INT, ADDO, ADD1, SHFTL, SHFTR. This
instruction is typically used in the first line of
a program.

NA = not applicable.

Data Communications
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Characteristics

Clocks

CLKIN: 10 kHz to 8 MHz
SKCLK: 10 kHz to 1.6 MHz

On-Chip Memory

ROM: 29 X 22 bits (hex address 00—1C)
RAM: 32 X 22 bits (hex address 20—3F)

ROM Address Map
Address Program
00 DES hardware subroutine
06 Load initial value
0B Parallel load key
10 Serial load key
12 ECB encrypt or decrypt

Electrical Characteristics
TA=01t070°C,VDD=5V 4+ 10%, Vss =0V

Parameter Symbol | Min | Typ | Max | Unit Test Conditions
Supply current IDD — — 90 mA | 0°C,Vob=55V
Input voltage:
low ViL — — 0.8 \ _—
high VIH 2.0 — — \Y —
Output voltage:
low VoL — — 0.4 Vv loL= 1.6 mA
high VOH 2.4 — — \Y I0H = 400 pA
° =
Power dissipation PD — | 03 0.5 W] 0C,Voo=55V
— — 0.4 W | 70°C,VpoD=5.5V
Maximum Ratings
Voltage (VsSS) range on any pin with respect to ground .......c.ccvcccvvivniiinieenineeccinnnnnn, —-0.5toVoD+ 0.5V
Storage temperature (TSEQ) FANGE .oveerrreeieerererereererereesssssesesssssssssessssssssesssssassssssssesssssssseseres —65 to +125 °C

Maximum ratings are the limiting conditions that can be applied under all variations of circuit and
environmental conditions without the occurrence of permanent damage.

External leads can be bonded or soldered safely at temperatures up to 300 °C.
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Timing Characteristics

Symbol Description Min Max Unit
tAVRL Address set-up time (read) 70 — ns
tAVWL Address set-up time (write) 70 — ns
tCLKINHCLKINH CLKIN period 0.125 100 /s
tDVWH Data valid to write

pulse rising edge 80 — ns
tPCHPCH Instruction period 2tCLKINHCLKINH — ns
tRHDX Read pulse to data bus

float — 80 ns
tRHFLGH Last read pulse to

rising MFLG or SFLG —_ 80 ns
tRHRH MPR or SPR period 2tCLKINHCLKINH — ns
tRLDV Read pulse to data valid — 70 ns
tSKCLKHSKCLKH | SKCLK period 0.625 — [s
tSKCLKLSKDX Serial key data hold time 70 —_ ns
tSKCLKLSKREQH | Last falling serial key clock — 4tCLKINHCLKINH ns

to rising serial key request + tWHFLGH
tSKDVSKCLKL Serial key data set-up time 70 — ns
tSKREQLSKCLKL | Serial key request to first

falling serial key clock 4tCLKINHCLKINH -_— ns
tWHDX Write pulse data hold 15 — ns
tWHFLGH Last write pulse to rising

MFLG or SFLG — 60 ns
tWHWH MPW or SPW period 2tCLKINHCLKINH — ns

Timing Diagram Nomenclature

Term Definition Term | Definition || Term Definition
ADR Address M1D M1 data PD Port data
CD Cipher data || M2D M2 data SD Status data
MD Mode data M3D M3 data ubD Unciphered data (plain text)
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Figure 11. Memory Load Timing

F— tSKREQLSKCLKL

tSKCLKLSKREQH —&]

—B

SKREQ ——\
SKD
SKCIK

Y

BIT 1

BIT 2 X BIT 3 X BIT 4 X BIT 5 X :L X BIT 63 X BIT 64 Y

— f<+— tSKCLKLSKDX

—/ N\

4>}_\ F{SKCLKHSKCLKH

- o tSKDVSKCLKL

Figure 12. Serial Key Timing

[T\

\_._/_

swesbeiqg bujwi

10ss@%04d uondAiouz jeubiq voooLL



suoneaUNWWoY) eyeq

12-¢€

= 1
es ——
MPAO-MPAT —X TR ] ) R RDRT >~ ADRD BRT >~ D RDRT >~ ADRT
tAVHL | [ tAVRL
e 2 \__/ AU o \_/
, Pl ot of j< ROV
MPR ——/ \_/ VA U A
MPDO-MPD7
N =] [ tWHFLGH
AFLGT J—ﬁ S
508 1 <B‘ NOTE 1
X 7 \  E—
SPA
X 7
SPW
X / N/
SPR A
X
SPDO-SPD7 &> &
o NOTE 25 L tRHFLGH
[ IRHFLGH
SFIe-—2 r 1
Notes:

1 This time is det<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>