


Crystal Semiconductor was founded to bring the benefits of
leadership, high quality, analog VLSI solutions to our customers.




Crystal Semiconductor Corporation

Data Book

LIFE SUPPORT AND NUCLEAR POLICY

CRYSTAL SEMICONDUCTOR PRODUCTS ARE NOT AUTHORIZED FOR AND SHOULD NOT BE USED WITHIN
LIFE SUPPORT SYSTEMS OR NUCLEAR FACILITY APPLICATIONS WITHOUT THE SPECIFIC WRITTEN CON-
SENT OF CRYSTAL SEMICONDUCTOR.

Life Support Systems are equipment intended to support or sustain life and whose failure to perform when properly used in
accordance with instructions provided can be reasonably expected to result in personal injury or death. Users contemplating
applications of Crystal Semiconductor products in Life Support Systems are requested to contact Crystal Semiconductor
factory headquarters to establish suitable terms and conditions for these applications. Crystal Semiconductor’s warranty is
limited to replacement of defective components and does not cover injury to persons or property or other consequential
damages.

Examples of devices considered to be life support devices are neonatal oxygen analyzers, nerve stimulators (whether used
for anesthesia, pain relief, or other purposes), autotransfusion devices, blood pumps, defibrillators, arrhythmia detectors and
alarms, pacemakers, hemodialysis systems, peritoneal dialysis systems, neonatal ventilator incubators, ventilators for both
adults and infants, anesthesia ventilators, and infusion pumps, as well as other devices designated as "critical" by the FDA.
The above are examples only and are not intended to be conclusive or exclusive of any other life support device.

Examples of nuclear facility applications are applications in (a) a nuclear reactor, or (b) any device designed or used in con-
nection with the handling, processing, packaging, preparation, utilization, fabricating, alloying, storing, or disposal of fis-
sionable material or waste products thereof.
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ot oo COMPANY INFORMATION

INFORMATI

Crystal’s proprietary SMART Analog™ design technique, incorporating analog and digital circuitry in
monolithic CMOS devices, represents a powerful new technology in the semiconductor industry. This
innovative approach to design eliminates many of the sources of inconsistent performance in traditional

analog circuitry.

Maximum system performance is built-in from initial research on end-user requirements through
product definition. Product quality and reliability is designed into the device architecture and is further
assured through rigorous standards for fabrication, assembly and testing. Crystal’s part numbering
scheme is as follows:

CSLXXXX - TPNNH/R

y DEVICE REVISION: DOES NOT APPEAR HERE ON PACKAGE MARK.
REVISION IS COVERED IN DATE CODE STAMP.
USED ONLY FOR ORDERING/TRACKING.

SPECIAL HANDLING ,ALPHA CHARACTER ONLY

ELECTRICAL OR SPEED SPECIFICATION. (OPTIONAL) UP TO 2
NUMERIC DIGITS. NO ALPHA CHARACTERS. SEE DATA SHEET

PACKAGE CODE -REQUIRED ,ALPHA CHARACTER ONLY,NO NUMERICS

P = PLASTIC DIP $§=0.3"S0IC
L C=CERAMIC SIDEBRAZE W =0.6"SOIC
D = CERDIP E= CERAMIC LCC

L = PLASTIC LEADED CHIP CARRIER,J LEAD
U= UNPACKAGED DIE

TEMPERATURE SPECIFICATION - REQUIRED,ALPHA CHARACTER ONLY
SIGNAL CONDITIONING/COMMUNICATION:
BLANK = 0°Cto 70°C

I =-40C to 85C
M =-55TC to 125°C
TEMPERATURE/ACCURACY - REQUIRED,ALPHA CHARACTER ONLY
DATA ACQUISITION:
TEMPERATURE ACCURACY
GOOD BETTER BEST
0°C to 70°C J K L
-40°C to 85°C A B C
-55Ct0 125°C S T U

— FOUR ALPHANUMERIC DIGITS COMPRISE REMAINDER OF BASIC PART NUMBER

CRYSTAL PRODUCT LINE (PROPRIETARY PARTS; SECOND-SOURCE PARTS HAVE EXCEPTIONS):
L— 3 = DATA ACQ. SUPPORT CIRCUITS

§ = A/D CONVERTERS

6 = TELECOMMUNICATIONS

7 = SIGNAL CONDITIONING

8 = DATACOMMUNICATIONS

— CRYSTAL SEMICONDUCTOR
"CS" = ALL CRYSTAL PRODUCTS;EXCEPT FOR
"CSZ" =S -TO-Z A/D CONVERTERS REV2




Fo COMPANY INFORMATION

In addition to the part number, all Crystal parts have a second line of marking, which can be decoded as
follows:

FATLLRYYWW

| ASSEMBLY DATE CODE
DEVICE REVISION LEVEL

LOT IDENTIFICATION
TEST SITE DESIGNATOR
— ASSEMBLY SITE DESIGNATOR
—— FOUNDRY DESIGNATOR

LOT CODE IDENTIFIER - TWO DIGIT ALPHA CHARACTER.
IDENTIFIER SEQUENCE WILL BEGIN WITH
AAABAC, ETC. EACH LOT WILL RECEIVE
A UNIQUE IDENTIFIER REGARDLESS OF
DEVICE OR START DATE. SEQUENCE
BEGINS AGAIN WITH AA WHEN ZZ HAS
BEEN UTILIZED.

COMPANY BACKGROUND

Crystal Semiconductor Corporation was founded in 1984 with the goal of supplying the industry with
high-performance, mixed analog/digital CMOS circuits.

To meet its objectives, Crystal recruited a staff of renowned CMOS analog design engineers, a scarce
resource in the industry, and teamed them with designers trained in system architecture development.

By coupling this design staff with highly qualified application and test engineers and seasoned
management, Crystal has achieved several industry firsts. Systems designers now benefit from the
performance and cost savings of Crystal breakthroughs such as self-calibrating ADCs, a universal filter,
monolithic T1 interfaces and the industry’s first implementations of "delta sigma" oversampling A-to-D
converters.

Headquartered in Austin, Texas, Crystal sells its products worldwide through a network of
manufacturer’s representatives. Crystal’s entire marketing and sales organization is committed to
providing quality products and reliable, rapid service.




Crystal Semiconductor is committed at every
level of the company to the highest possible
standards of quality and reliability in its
products. This committment is evident in all
phases of operations: initial product definition,
design, fabrication, assembly, test, qualification
and customer service. Product quality and
reliability is an active concern of each Crystal
employee.

In Product Definition

To ensure maximum system performance,
Crystal works with users to identify and quantify
the parameters, including quality and reliability
issues, that best serve customer needs. Quality
and reliability become part of the design goals,
along with electrical performance and cost.

In Design

Conservative 3-micron CMOS design rules are
the basis for all current Crystal products. In
addition, extensive use is made of proven
standard cells to drastically reduce the possibility
of design errors.

Each pin in every SMART Analog product is
designed to meet ESD levels of at least 2500V
when tested per MIL STD 883C, Method 3015.
Each pin is also designed to withstand more than
200mA of DC latch current.

Crystal SMART Analog design architectures
provide quality and reliability comparable to
leading digital devices and memories. This is far
superior to traditional analog ICs and hybrids.
On-chip digital error correction provides stable
performance over time and temperature by
taking advantage of digital controls that are
insensitive to parametric analog problems such
as leakages and shifts in threshold voltage. Using
Crystal devices, designers have fewer error

A Rares & 2w QUALIT
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sources to consider. The result is a less
complicated, more reliable system.

In Fabrication and Assembly

Crystal ensures reliable delivery of quality parts
by accessing established foundries in multiple
locations (Japan, Canada and California today).
Each fabrication facility is qualified by Crystal.
Assembly is performed both domestically and
offshore under carefully documented and well-
controlled conditions.

Wafer fabrication and assembly processes
undergo in-line quality inspections. Wafers are
inspected optically to guidelines based on MIL
STD 883C, Method 2010. Each die is electrically
tested using proprietary test circuits that verify
key parameters. Following assembly, packages
are subjected to a variety of mechanical inspec-
tions to verify integrity and insure high quality.
(For example, x-ray inspection to 3.0 percent
LTPD is one of the standard production tests.)

In Test

In a break from traditional analog components,
Crystal’s SMART Analog products include basic
test capabilities designed into each chip.
Crystal’s in-process quality assurance program
uses this designed-in testability to monitor and
track the performance and quality of these
complex circuits. Finished packaged components
are tested 100 percent electrically, over
temperature where critical parameters are
involved. With these extensive quality programs,
Crystal guarantees outgoing electrical quality
levels on all data sheet specifications to a 0.065
percent AQL level over the full specified
temperature range.

Throughout the assembly and test phases,
traceability to the original wafer lot is carefully
maintained.

Q&R1
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QUALITY AND RELIABILITY INFORMATION

In Product Qualification

Before any Crystal product is released to
production and shipped in volume, it must
undergo a thorough qualification program.
Crystal has separate qualification criteria to
address both long-term reliability and infant
mortality so that the sources of failure are
identified and eliminated. Crystal uses military
specifications as the guidelines for reliability
tests, methods and procedures. (See Table 1.)

To ensure reliability of the design and processes,
full qualification requires that three non-
consecutive lots are used during the qualification
program. Fabrication and assembly facilities are
audited quarterly and periodically requalified.
Any design or process changes restart the
qualification procedure.

These steps guarantee that Crystal products
maintain the high standards of reliability
designed-in from the start.

TABLE 1 - QUALIFICATION TESTS

mesto | INFANTMORTALITY LONG-TERM RELIABILITY TESTS
TEST/CONDITION Tetion [ oomamon T PAsSrAL Tounation PASS/FAIL CRYSTAL |
CRITERION CRITERION GOAL
OPERATING LIFE 700 FITS 100 FITS
+125 C, Dynamic Bias colSp | 168HRS 0.7% | 1000 HRs| (7QSIEORUFEER 1 " (70 ¢/
+/-5.5V Supplies NOTE 3 LEVEL 60% UCL)
P )
TEMPERATURE HUMIDITY .
BIAS NOTE 1 N/A 168 HRS 1.0% 1000 HRS 3.0% 1.0%
+85 C/85% RH _ Static Bias
TEMPERATURE CYCLING
-65C10+150 C 8% Jroocveles]  10% | oydes 3.0% 1.0%
Then Gross Leak Test ‘
THERMAL SHOCK
1011.4 1.0% 500 9 9
.55 Cto +125 C 100 CYCLES 3.0% 1.0%
Then Gross Leak Test COND B CYCLES
[STORAGE LIFE cORBcl 168HRs 1.0% | 1000 HRs 3.0% 1.0%
AUTOCLAVE
+121CA00% RH O E2L A 48 HRS 1.0% | 144HRS 30% 1.0%
2 Atmosphere, No Bias
CENTRIFUGE - - - 5.0 % 1.0 %
30 Kgiy1 Axis 2001.2 > °
ELECTROSTATIC ~ 2500V | 5UNITS
oA 3015.1 RIS, 0 FAIL 4000V
LATCH UP - 5 UNITS
DC Current N/A 100mA | A TPING 0 FAIL 200mA
IMARKING PERMANENCY 1™ N/ s - - - 30%
|soLbERABILITY 2003.3 - - - - 1.0%

NOTE 1 - This test applies only to plastic devices, which are non-hermetic.
NOTE 2 - This test is optional if the assembly site has been previously qualified.
NOTE 3 - 1 FIT (Failure In Time) = 1 Failure per Billion device hours.

NOTE 4 - UCL = Upper Confidence Level.

NOTE 5 - Temperature Humidity Bias, Temperature Cycling, Thermal Shock,
Storage Life, and Autoclave Pass Criteria and goals are based upon a statistical

90% Upper Confidence Level.

NOTE 6 - Qualification Material is sourced from three non-consecutive manufacturing lots.

1-6
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In Customer Service

Compliance with purchasing requirements is
ensured through the use of Crystal’s
computerized system "Compass"(Crystal On-line
Marketing Production and Sales System). This
processing system ensures that all orders are
entered correctly, scheduled properly, produced
according to schedule, and shipped with zero
discrepancies.

All systems and procedures at Crystal
Semiconductor are aimed at continously
improving the quality and reliability of our
products and services to meet the needs of our
customers.

Crystal’s philosophy on quality is to anticipate
problems and develop systems and controls to
alleviate possible problems. It is a well stated
fact by Juran and Deming, two of the nation’s
foremost experts on quality, that 85% of all
quality problems are system related and 15% are
worker related. Therefore, Crystal devotes its
major quality efforts toward preventing system
related quality problems.

Crystal has a very aggressive audit program in
place. Monthly internal audits are performed to
insure compliance to the extensive
documentation of instructions and criteria for
testing and inspection. Semiannual vendor audits
are performed on the assembly and fabrication
foundries. Vendor audits insure the adequacy and
compliance of specifications, product flow,

training, process controls and cleanliness. All
internal and external audits have provisions for
ratings and a system for corrective action
requirements. These frequent audits by assembly,
fabrication and quality engineers maximize
system quality compliance.

As an added measure of continued high quality
from assembly and fabrication foundries,
thorough incoming inspections are performed.
Wafer level optical inspection is based upon
guidelines of MIL STD 883C, METHOD 2010.
Test die are electrically tested to verify
compliance to key process parameters based
upon design rules specifications. These electrical
parameters include threshold voltages,
breakdown voltages, material resistance, and
contact resistance. Assembly packaging
inspection includes external visual, marking
permanency, solderability, x-ray, hermeticity, die
shear, wirepull and internal visual.

Preventive measures are very much in force in
the final test area. Equipment calibration and
preventive maintenance procedures are strictly
adhered to. Handling procedures for Electrostatic
Discharge are in place throughout the test areas.
Non-conforming material is segregated until
corrective action is agreed upon. There are
controlled procedures for releasing new test
programs and new test equipment to the
production environment. In summary, Crystal
Semiconductor is committed to meet the quality
requirements of its customers.

Q&R1
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MILITARY AND DIE SALES INFORMATION

The SMART Analog™ technology of Crystal
Semiconductor offers unique advantages for high
performance analog-to-digital conversion in
military applications and as die to be
incorporated into hybrid microcircuit devices.

SMART Analog ADC architectures achieve their
accuracy through the inclusion of digital logic
on-chip to ensure performance specifications.
Self-calibrating ADCs, one family of circuits,
incorporate a digital microcontroller to correct
for linearity as well as gain and offset errors.
Delta-sigma oversampling ADCs, another
family, sample the signal substantially faster than
the system sampling rate and then digitally filter
average many actual samples to obtain a highly
accurate output at the system rate.

Both self-calibration and oversampling
architectures therefore achieve three benefits that
are crucial to military and hybrid programs:

® Analog performance of the device is governed
by digital functionality which is easily tested
during the die manufacturing process at
waferprobe. SMART Analog devices all in-
clude digital self-test modes to further enhance
this thorough testability.

® Analog performance is immune to the factors
which cause traditional ADCs to drift. The
digital logic implements a closed loop feed-
back system which continually compensates
for drift mechanisms while the part is opera-
tional. SMART Analog devices therefore
retain the full rated accuracy over time and
over temperature.

* CMOS processing used in Crystal ADCs is an
industry-proven process which results in very
low power consumption and highly reliable,
easy to manufacture products.

MILITARY STANDARD PROCESSING

Crystal Semiconductor is committed to
supplying product to the military marketplace as
a major long-term focus of our business.

All devices are designed to meet the extended
temperature ranges required for military
applications. The wafer fabrication and device
assembly facilities used for Crystal standard
production were selected for their proven
capability to provide product processed to
military requirements.

At the time of this publication, wafer fab,
packaging, and test facility have all passed
Crystal military audit. Qualification lots are in
process. Our CAGE FSCM/MILSCAP number is
0A384.

This advance planning will enable Crystal
Semiconductor to offer MIL STD 883C Class B
compliant production on most Data Acquisition
circuits during 1988. Consult Crystal for the
exact availability dates of any specific product.

DIE SALES

Systems have been established at Crystal to fully
support sale of integrated circuits at the die level.

All die manufacturing activities maintain
configuration control and traceability to the
original wafer lot. Passivation thicknesses are
controlled to meet military requirements and die
storage is maintained in accordance with MIL
STD 883, method 2010. Scribed and broken
individual die are 100% inspected to the
requirements of MIL STD 883, method 2010,
test condition B. Shipment of die to Crystal
customers is accomplished in waffle packs which
each contain die from only one wafer lot.

MIL1
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Z mwew e » ey T1/CCITT LINE INTERFACES

INTRODUCTION

Crystal offers a range of T1/CCITT line interface ICs which provide a programmable pulse shaping
line-driver, a timing and data recovery circuit, a jitter attenuator and diagnostic features all in single
VLSI analog CMOS devices.

The CS6158, CS61534 and CS61574 are an upwards pin compatible family of T1/CCITT line inter-
faces designed as front ends to PCM framing transceivers. Basic functionality is provided in the
CS6158. Increased functionality including microprocessor bus control interfaces and two jitter attenua-
tion options are provided by the CS61534 and CS61574. The CS61544 is designed for stand alone T1
applications where PCM framing transceivers are not required (such as high speed modems and multi-
plexors). The CS6152 is designed as a cost-effective front end to digital, gate-array based, clock
recovery circuits, providing exactly those analog driver and receiver interface functions that must be
implemented external to the ASIC device.

USER’S GUIDE
Compatible Family of Line Interface Line Interface IC
ICs for use with Framing Tranceivers for Stand Alone Use
Device: CS6158 | CS6152 | CS61534 CS61574 CS61544
Data Rates:
1.544 MHz v v v v v
2.048 MHz v v v v
Transmitter:
DSX-1 Driver v v v v v
G.703 Driver v v v v
Driver Monitor v v v v
Jitter Attenuator v v
Receiver:
Narrow Band Clock Recovery v v
Wide Band Clock Recovery v v
Wander Attenuator v
AMI to TTL Buffer v
uP Bus Control Option v v
AMI/B8ZS Encode/Decode v
Loopbacks v v v v
Package 22/28 pin| 24 pin 28 pin 28 pin 28 pin DIP
DIP DIP DIP DIP
CONTENTS T
CS61534 T1 (1.544 MHz) & CCITT (2.048 MHz) Line Interface 2-3
CS61544 T1 (1.544 MHz) Line Interface 2-23
CS61574 T1 (1.544 MHz) & CCITT (2.048 MHz) Line Interface 2-41
CS6152 T1 (1.544 MHz) & CCITT (2.048 MHz) Analog Interface 2-63
CS6158 T1 (1.544 MHz) & CCITT (2.048 MHz) Line Interface 2-65

2-2



Semiconductor Corporation

CS61534

PCM Line Interface

Features

® Provides Analog PCM Line Interface
for T1 and 2.048 MHz Applications

® Programmable Pulse-Shaping Line
Driver

e Performs Data and Timing Recovery
® Transparent to AMI Polarity

o Diagnostic and Performance
Monitoring Features

® Selectable Hardware or Host
Processor Modes

o Jitter Attenuator
@ 3 Micron CMOS for High Reliability

General Description

The CS61534 combines the analog transmit and receive
line interface functions for a PCM system interface in one
28 pin device. The PCM line interface operates from a single
5 Volt supply, is transparent to the PCM framing format,
and can work with ABAM and other cable types.

Crystal's SMART ANALOG™ circuitry shapes the transmit
pulse internally, providing the appropriate pulse shape at
the DSX-1 cross-connect for line lengths ranging from
0 to 655 feet in T1 applications. Maximum range is greater
than 450 meters. The transmitter uses an elastic store to
remove jitter from the outgoing data prior to transmission.

Applications

® |nterfacing Network Equipmentto a DSX-1 Cross
Connect.

® Interfacing Customer Premises Equipment such as
PABXs, T1 Multiplexers, Data PBXs and LAN Gateways
to a Channel Service Unit or T1 modem.

ORDERING INFORMATION

CS61534-1P - 28 Pin Plastic DIP (T1 only)
CS61534-1P1- 28 Pin Plastic DIP (T1 & CEPT)
CS61534-IL - 28 J-lead PLCC (T1 only)
CS61534-IL1- 28 J-lead PLCC (T1 & CEPT)

Block Diagram

XTALIN XTALOUT ACLK MODE TAOS LENO LEN1 LEN2

(CLKE) (INT) (SDI) (SDO)
TGND TV+

[9 110 1 [_5_ Ize Izs 124 Izs $14 315
2 ‘ LINE 13
TCLK o—f JTTER TP
3 ATTENUATOR conTRoL | PULSE |PRVER
TPOS o— SHAPER 16
4 TRING
TNEG o—s
LOOP LINE 1
BACK RECEVER 2. rTP
8 CLOCK &
7 RECOVERY ————— RRING
nes 6 S&T#Y DRIVER 17, e
RNEG o+— 278 126 MONITOR ,__18,
LLOOP RLOOP MONITOR MRING
(SCLK) (CS) 121 1 218 22¢
LOS DPM RV+ RGND
Crystal Semiconductor Corporation
OoCT87 P.O. Box 17847, Austin, Texas 78760
DS16F1 (512)445-7222 TWX:910-874-1352
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ABSOLUTE MAXIMUM RATINGS

CS61534

Parameter Symbol Min Max Units
DC Supply (referenced to GND) | RV+, TV+ - 6.0 v
Input Voltage, Any Pin  (Note 1) Vin RGND-0.3 | RV+ +0.3 \'
Input Current, Any Pin  (Note 2) lin - - 10 mA
Ambient Operating Temperature Ta -40 85 °C
Storage Temperature Tsig -65 150 °C
WARNING: Operations at or beyond these limits may result in permanent damage to the device.

Normal operation is not guaranteed at these extremes.
Notes: 1. Excluding RTIP, RRING.
2. Transient currents of up to 100 mA will not cause SCR latch-up.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Units
DC Supply (Note3) | RV+, TV+ 4.75 5.0 5.25 Vv
Ambient Operating Temperature Ta -40 25 85 °C
T&:‘QIoigm?:n?ésf;g%ﬁgng(mog 54.)25V Pp - ) 760 mW

Notes: 3. TV+ must not exceed RV+ by more than 0.3V.
4. Power dissipation while driving 25 Q load over operating temperature range. Includes CS61534
and load.

ANALOG SPECIFICATIONS (Ta=-40° t085°C, V+ = 5.0V + 5%, GND = 0V)

Parameters Min Typ Max Units
Receiver Sensitivity Below DSX-1 -10 - - dB
Jitter Attenuation Curve T1  (Note5) - - 50 H
Corner Frequency CEPT  (Note 6) - 40 - z
Input Jitter Tolerance - Transmitter 7.0 - - Unit
‘ Intervals

Transmitter Output Load (Note 7) - o5 - ohms
Loss of Signal Threshold - 0.5 - '

Notes: 5. Crystal pull range: = 200 ppm. Five unit intervals of input jitter.
6. Crystal pull range: + 66 ppm. 1.5 unit intervals of input jitter.
7. Transmitter is a low impedance voltage source. Transmitter performance is typical with a 25Q load for
T1 applications, which is determined by the 2:1 turns ratio of transformer and 100 Q line impedance.
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DIGITAL CHARACTERISTICS (Ta=-40° 1085°C, V+=5.0V + 5%, GND = 0V)

Parameter Symbol| Min Typ Max Units
High-Level | Vol . - -
gn-Lovel Input Voligge, Mexse®l Vi | 20 M
Low-Level Input Vol"g.'ertq e1_5' (Ngt;_z g 9 Vv, } ) 0.8 v
High-Level Output Voltage (Notess,9)[ v . B
louT=-40 UA  PINS6-8, 11, 12, 23, 25 OH 2.4 v
Low-Level Output Voltage (Notess, 9) j _
louT= 1.6 MA PINS6-8,11,12,23,25 VoL 0.4 \"
Input Leakage Current - - +10 uA
High Impedance Leakage Current - -
9 %IN 25 (Note 8) +10 uA

Notes: 8. Functionality of pins 23 and 25 depends on the mode. See Host/Hardware mode description.
9. Output drivers will output CMOS logic levels into a CMOS load.

T1 SWITCHING CHARACTERISTICS (Ta=-40° 1085°C, V+ = 5.0V + 5%, GND = 0V;
Inputs: Logic 0 = 0V, Logic 1 = RV+)

Parameter Symbol| Min Typ Max Units

Crystal Frequency (Note 10) f - 6.176000, - MHz

TCLK Frequency fin - 1.544 - MHz

ACLK Frequency (Note 11) fout - 1.544 - MHz
RCLK Pulse Width town - 324 - ns
(Note 12) towi - 324 - ns
Duty Cycle (Note 13) - 50 - %
Rise Time, All Digital Outputs (Note 14) t, - - 100 ns
Fall Time, All Digital Outputs (Note 14) t - - 100 ns
TPOS/TNEG to TCLK Falling Setup Time | ts, 0 - - ns
TCLK Falling to TPOS/TNEG Hold Time t, 50 - - ns
RPOS/RNEG to RCLK Rising Setup Time| ts, - 274 - ns
RCLK Rising to RPOS/RNEG Hold Time th - 274 - ns
Reset Pulse Duration 0.2 - 2000 us

Notes: 10. Crystal must meet specifications described in Applications section of this data sheet.
11. ACLK provided by an external source.
12. The sum of the pulse widths must always meet the frequency specifications.
13. Duty cycle is (tpwh / (towh + tpwl) ) * 100%.
14. At max load of 1.6 mA and 50 pF.
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CCITT SWITCHING CHARACTERISTICS (Ta=-40° 1085°C, V+ =5.0V + 5%, GND = 0V;
Inputs: Logic 0 = 0V, Logic 1 = RV+)

Parameter Symbol| Min Typ Max Units

Crystal Frequency (Note 15) fe - 8.192000 - MHz

TCLK Frequency fin - 2.048 - MHz

ACLK Frequency {Note 16) fout - 2.048 - MHz
RCLK Pulse Width town - 244 - ns
| (Note 17) | towi - 244 - ns
| Duty Cycle (Note 18) - 50 - %
Rise Time, All Digital Outputs (Note 19) t, - - 100 ns
Fall Time, All Digital Outputs (Note 19) t - - 100 ns
TPOS/TNEG to TCLK Falling Setup Time| tsu 0 - - ns
TCLK Falling to TPOS/TNEG Hold Time th 50 - - ns
RPOS/RNEG to RCLK Rising Setup Time| s - 194 - ns
RCLK Rising to RPOS/RNEG Hold Time th - 194 - ns
Reset Pulse Duration 0.2 . 2000 us

Notes: 15. Crystal must meet specifications described in Applications section of this data sheet.
16. ACLK provided by an external source.
17. The sum of the pulse widths must always meet the frequency specifications.
18. Duty cycle is (towh / (towh + towi ) ) * 100%.
19. At max load of 1.6 mA and 50 pF.

SWITCHING CHARACTERISTICS - HOST MODE (Ta=-40° t085°C, V+ =5.0V +5%;
Inputs: Logic 0 = 0V, Logic 1 = RV+)

Parameter Symbol Min Typ. Max Units
SDI to SCLK Setup Time tac 50 - - ns
SCLK to SDI Hold Time tedh 50 - - ns
SCLK Low Time tal 250 - - ns
SCLK High Time ten 250 - - ns
SCLK Rise and Fall Time tr, te - - 50 ns
CS to SCLK Setup Time tec 50 - - ns
SCLK to CS Hold Time teen 50 - - ns
CS Inactive Time tewh 250 - - ns
SCLK to SDO Valid (Note 20) tedv Co- - 200 ns
CSto SDO High Z tedz - 100 - ns

Note: 20. Output load capacitance = 50 pF.
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Figure 2. - Recovered Clock and Data Switching Characteristics
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Figure 3. - Transmit Clock and Data Switching Characteristics
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Figure 4. - Serial Port Write Timing Diagram
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Figure 5. - Serial Port Read Timing Diagram
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THEORY OF OPERATION

Transmitter

The transmitter takes binary (unipolar) data from
a PCM transceiver and produces alternate bipolar
pulses of appropriate shape. The transmit clock
and transmit data (TCLK, TPOS & TNEG) are
supplied synchronously. Data is sampled on the
falling edge of the input clock.

The CCITT pulse shape and T1 pulse shapes for
line lengths from O to 655 feet (as measured
from the CS61534 to the DSX-1 cross connect)
are selectable. Pulse shaping and signal level are
determined by "line length select” inputs and
require no external circuitry. Pulse shaping is
accomplished with a slew rate controlled fast
digital to analog converter. Alternate mark inver-
sion operation is implemented by driving the line
in a true differential manner. In order to achieve
the necessary line voltages, which exceed the
5 volt supply, a two-to-one, step-up transformer
is required. The line driver is a low-impedance
voltage source designed to drive a 25Q
equivalent load.

To place the device in a low power dissipation
mode (i.e., to disable the drive), the TPOS and
TNEG should be held low while TCLK
continues to be input. When any transmit control
pin (TAOS, LENO-2, LLOOP, or RLOOP) is
toggled, the transmitter stabilizes within 16 bit
periods.

Transmit Line Length Selection

For T1 applications, the line length selection
supports both a three partition arrangement for
ICOT and MAT cable, and a five partition arran-
gement for ABAM and PIC cable as shown in
Table 1. For each line length selected, the
CS61534 modifies the output pulse to meet the

CS61534

LINE LENGTH SELECTED
LEN2 | LEN1 | LENO (FEET) CABLE TYPE
0 1 1 0-220 MAT
0 0 220-440 and
0 1 0 440-655 icot
0 1 1 0-133
1 0 0 133-266 ABAM
1 0 1 266-399 and
1 1 0 399-533 PIC
1 1 1 533-655
2.048 MHz
0 0 0 G.703 cenT

Table 1 - Line Length Selection

requirements of Technical Advisory 34 and
TR-TSY-000009. The exact pulse shape
achieved at the DSX-1 can be effected by details
of the board layout, transformer selection, and
other factors. Once board layout is completed, it
is recommended that the line length settings be
evaluated. It is possible that an alternative inter-
pretation of the LEN2/1/0 distance ranges is
more appropriate. A typical output pulse is
shown in Figure 6.

NORMALIZED
AMPLITUDE

RO ol

AT&T TA-34
SPECIFICATION

PULSE SHAPE

05

TIME (nanoseconds)

Figure 6 - Typical Pulse Shape at DSX-1 Cross Connect

The remaining line length selection is for CCITT
options. Transformer and resistor values depend
on whether the coax or shielded cable is used, as

2-8
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For coaxial cable, For shielded twisted pair,
75 ohm load 120 ohm load
and transformer and transformer
specified in Table A2. | specified in Table A2,
Nominal peak voltage of amark (pulse) 237V 3V
Peak voltage of a space (no pulse) 040237V 0+03V
Nominal pulse width 244 ns
Ratio of the amplitudes of positive and negative
pulses at the ceenerof the gglse interval 9 0.95t0 1.05
Ratio of the widths of positive and negative pulses
at the nominal halfamgﬁtude 9 P 0.9510 1.05

Table 2 - CCITT G.703 Pulse Specifications

shown in the Applications section at the back of
this data sheet. The CCITT pulse shape meets
the template shown in Figure 7, assuming the

conditions shown in Table 2 are met.

Percent of
nominal
peak

voltage

269 ns

{7 _219ns %
488 ns

Figure 7 - Mask of the Pulse at the 2048 kbps Interface

Transmit Jitter Attenuator

The CS61534 will tolerate and attenuate at least
seven unit intervals of jitter (peak-to-peak) from
a signal. Figure 8 shows a family of curves
which show the jitter attenuation achieved by the
CS61534 at T1 data rates. Each curve shows the
jitter attenuation for a signal with constant jitter
amplitude over a range of jitter frequencies. The

JITTER
GAIN
(dB)

UNIT INTERVALS
OF INPUT JITTER

1eee

Measurements made at 1.544 MHz

'433 [with 6.176 MHz + 200 ppm crystal
10 100 1k 10k (Hz)
Figure 8 - CS61534 Jitter Attenuation Curves

more jitter a signal has, the more the jitter is
attenuated. The jitter attenuator on the transmit-
ter side meets the jitter attenuation and input
tolerance specifications of AT&T Publication
43802, as shown in Figures 9 and 10. CCITT
jitter attenuation performance is discussed in the
Applications section (page 17).

JITTER
GAIN
(dB)
° BELL SYSTEM
PUB 43802
SPECIFICATION

/

CS61534
Input of five
PERFORMANCE unit intervals
L of jitter at all
frequencies.
-40

10 100 1k 10k
JITTER FREQUENCY (Hz)

Figure 9 - Jitter Attenuation Characteristics
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UNIT

INTERVAL \ CS61534

\ TRANSMITTER

10 AY PERFORMANCE™™
TOPEAK 3
(SINUSOIDAL) 534
JITTER  fe EIVER
AMPLITUDE 1-cerrT RFORMANCE
IN UNIT G.823
INTERVALS | SPECIFICAT] S

) N

0.1}-g T

0 30 1 1]

1
JITTER  FREQUENCY (Hz)

Figure 10 - Input Jitter Tolerance

Jitter attenuation is accomplished by means of a
16-bit FIFO and a variable oscillator. The
frequency of the variable oscillator is controlled
by logic in the CS61534 to be the same as the
average input clock signal, TCLK. TCLK
controls the write pointer of the FIFO. Data
present on TPOS/TNEG is written into the
memory location selected by the write pointer.
The read pointer of the FIFO, and the transmit
frequency of the device, are determined by the
crystal oscillator. Internal logic tracks the rela-
tive positions of the FIFO’s pointers, and adjusts
the oscillator’s load capacitance, which controls
its frequency to maintain the FIFO in a half full
condition (read and write pointers kept 8-bits
apart). Slow changes in input signal frequency
are tracked, while high frequency variations in
the TCLK signal are absorbed by the FIFO.

The external reference crystal used by the jitter
attenuator should have a nominal frequency of
6.176 MHz, (8.192 MHz for CCITT rates), and
have a pull range, in the oscillator circuit, that is
sufficient to meet the frequency tolerance
requirements specified for the system. Further-
more, the frequency tolerance must be met over
all operating temperatures. The jitter attenuator
can be disabled by driving XTALIN with a clock
which is exactly four times the TCLK frequency.
Disabling the jitter attenuator also disables
remote loopback.

Transmit All Ones Select

The transmitter provides for all ones insertion at
the frequency of the alternate clock input,
ACLK. The transmit clock can be used as the
alternate clock by connecting pins 1 and 2
together. Transmit all ones is selected when
TAOS goes high, and causes continuous ones to
be transmitted on the line (TTIP and TRING)
using the alternate clock, ACLK. In this mode,
the TPOS, TNEG and TCLK inputs are ignored.
If Remote Loopback is in effect, any TAOS
request will be ignored.

Receiver

The receiver extracts data and clock from an
AMI (Alternate Mark Inversion) coded signal
and outputs clock and synchronized data. The
receiver is sensitive to signals over the entire
range of DSX-1/CCITT cable lengths and
requires no equalization. The signal is received
on both ends of a center-tapped, center-grounded
transformer. The transformer is center tapped on
the CS61534 side. The clock and data recovery
circuit meets or exceeds the jitter tolerance
specifications of Publication 43802 and CCITT
G. 823, (see Figure 10).

The two leads of the transformer (RTIP and
RRING) have opposite polarity allowing the
receiver to treat RTIP and RRING as unipolar
signals. Comparators are used to detect pulses on
RTIP and RRING. The comparator thresholds
are dynamically established by peak detectors.

Clock recovery is achieved through a frequency
and phase lock loop (FPLL). Upon power up
and reset of the CS61534, and prior to the start
of clock acquisition, the FPLL has its center
frequency trained. A current controlled oscillator
(ICO) is trained relative to the crystal oscillator
frequency reference. The current is adjusted until
it is just sufficient to change a fixed capacitor to
a fixed reference voltage in a half period of the
reference clock. This current is then held
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constant. The FPLL is controlled, small signal,
by the output of the phase detector and loop
filter, which takes the form of a current. This is
added to the fixed current to modulate the ICO
about the center frequency and close the loop.
This training limits the lock range of the FPLL to
+ 6% of the trained frequency (1.544 MHz for
T1 or 2.048 MHz for CCITT), guaranteeing that
the FPLL is immune to false lock. The FPLL is
insensitive to variations in temperature and slight
variations in power supply voltage, but fairly
large changes in power supply voltage will
change the control current in the FPLL, reducing
its effectiveness.

In the hardware mode, data at RPOS and RNEG
is stable and may be sampled on the rising edge
of the recovered clock. In the host mode, CLKE
determines the clock polarity for which output
data is stable and valid as shown in Table 3.

MODE | CLKE | DATA | CLOCK |Clock Edge for
(pin 5) | (pin 28) Valid Data
LOwW X RPOS | RCLK Rising
RNEG | RCLK Rising
HIGH Low | RPOS | RCLK Rising
RNEG | RCLK Rising
SDO SCLK Falling
HIGH | HIGH | RPOS | RCLK Falling
RNEG | RCLK Falling

X= Don't care

Table 3 - Data Output/ Clock Relationship

Loss of Signal

The receiver reports loss of the received signal
on the Loss of Signal pin, LOS. The threshold
for loss of signal is 0.5 volts. A loss of signal
will be indicated within 200 bit periods if an
active signal falls below the threshold. In the
event that the input signal drops to zero volts, the
loss of signal will be indicated within 32 bit
periods. When a loss of signal is detected, RPOS
and RNEG are not valid, but the receiver will

CS61534

continue to try to recover data. LOS will return
to a low state when a valid signal returns to
RTIP and RRING. RCLK is always output but
may drift up to 6% from the nominal frequency.
Note that in the host mode, LOS is simulta-
neously available from pin 12 and the register.

Local Loopback

The local loopback mode bypasses the receive
circuit and routes the digital transmit clock and
data to the receive clock and data pins. A local
loopback occurs in response to LLOOP going
high. The transmit data and clock signals (TPOS,
TNEG and TCLK) are sent out on the line
through TTIP and TRING unless transmit all
ones, TAOS, is selected, in which case AMI-
coded continuous ones are transmitted on the
line at the rate determined by ACLK.

Remote Loopback

In remote loopback, the recovered clock and data
input on RTIP and RRING are sent through the
elastic store to remove jitter, and back out on the
line via TTIP and TRING. Selecting remote
loopback overrides any TAOS request (see Table
4). The recovered incoming signals are also sent
to RCLK, RPOS and RNEG. A remote loopback
occurs in response to RLOOP going high.
Simultaneous selection of local and remote loop-
back modes is not valid (see Reset). Bipolar
violations are passed unchanged through the
CS61534 during remote loopback.

RLOOP TAOS Source of Source of
Input Input Data for Clock for
Signal Signal TTIP & TRING TTIP & TRING
0 0 TPOS & TNEG TCLK
0 1 all 1s ACLK
1 X RTIP & RRING RTIP & RRING
Notes:

1. X = Don't care. The identified All Ones Select input is ignored

when the indicated loopback is in effect.
2. Logic 1 indicates that Loopback or All Ones option is selected.

Table 4 - Interaction of RLOOP and TAOS

DS16F1
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Driver Performance Monitor

To aid in early detection and easy isolation of
nonfunctioning links, the CS61534 is able to
monitor transmit drive performance and report
when the driver is no longer operational. This
feature can be used to monitor either the device’s
performance or the performance of a neighbor-
ing CS61534. The driver performance monitor
indicator is normally at a low (zero) logic level,
and goes to high level upon detecting driver
failure.

The driver performance monitor consists of a
receiver that monitors the transmitted signal on
input pins, MTIP and MRING. If no signal is
present on MTIP and MRING for 32 clock
cycles, the DPM pin goes high.

Whenever more than one CS61534 reside on the
same circuit board, the effectiveness of the driver
performance monitor can be maximized by
having each CS61534 monitor performance of a
neighboring CS61534 device, rather than having
it monitor its own performance. Note that in the
host mode, DPM is available from both the
register and pin 11.

Reset

The CS61534 initiates internal reset procedures
either upon power up or in response to a reset
request. After initial power up, the device will
delay for 10 ms after the oscillator starts to allow
the power supply and the oscillator to stabilize
before initiating the training procedure for the
FPLL. Training the FPLL takes at most 43 ms,
but typically requires less than half that amount
of time. If the power supply has not reached
stable operating voltage within 10 ms, the device
should be reset after the power supply has stabil-
ized. These conditions should also be adhered to
if temporary loss of power supply occurs.

In the Hardware Mode, a reset request is made
by simultaneously setting both RLOOP and

CS61534

LLOOP high for a period not to exceed 2 ms.
Reset will be completed within 53 ms after the
falling edge of the reset request (falling edge of
RLOOP and LLOOQOP).

In the Host Mode, a reset is initiated by simulta-
neously writing RLOOP and LLOOP to the
register. The device will first clear its data
registers then initiate the FPLL training proce-
dure which will be complete within 53 ms.

During the reset procedure, the loss of signal
indicator, LOS, is high. Once the reset proce-
dures are completed, the loss of signal indicator
goes low signifying that normal operation of the
device has begun.

Mode of Operation

The CS61534 can be operated in two modes, the
hardware mode and the host mode. In the
hardware mode, discrete pins are used to inter-
face the device’s control functions and status
information. In the host mode, the CS61534 is
connected to a host processor and a serial data
bus is used for input and output of control and
status information. There are six dual function
pins whose functionality is determined by the
mode pin, MODE. Table 5 shows the pin defini-
tions.

MODE

PIN # HARDWARE HOST
PIN 23 LENO INT
PIN 24 LEN1 SDI
PIN 25 LEN2 SDO
PIN 26 RLOOP CS
PIN 27 LLOOP SCLK
PIN 28 TAOS CLKE

Table 5 - Pin Definitions

Serial Interface

In the host mode, pins 23 through 28 serve as a
microprocessor/microcontroller interface. One
on-board register can be written to the SDI pin or

2-12
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read from the SDO pin at the clock rate deter-
mined by SCLK. Through this register, a host
controller can be used to control operational
characteristics and monitor device status. The
serial port read/write timing is independent of
the system transmit and receive timing.

Data transfers are initiated by taking the chip
select input, CS, low (CS must initially be high).
Address and input data bits are clocked in on the
rising edge of SCLK. The clock edge on which
output data is stable and valid is determined by
CLKE as shown in Table 3. Data transfers are
terminated by setting CS high. CS may go high
no sooner than 50 ns after the falling edge of the
16th SCLK cycle, and must go high before the
rising edge of the 24th SCLK cycle.

Figure 11 shows the timing relationships for data
transfers when CLKE = 1. When CLKE = 0,
data output from the serial port, SDO, is valid on
the falling edge of SCLK. Data bit D7 is held
until the rising edge of the 17th clock cycle.

An address/command byte, shown in Table 6,
precedes a data register. The first bit of the
address/command byte determines whether a
read or a write is requested. The next six bits
contain the address. The CS61534 responds to
address 16 (0010000). The last bit is ignored.

RMW | Read/Write Select; 0 = write, 1 = read
ADDO | LSB of address. Must be 0
ADD1 | Mustbe 0
ADD2 | Must be 0
ADD3 | Mustbe 0
ADD4 | Must be 1

- Reserved - Must be 0

X | Don't Care

LSB, first bit

NORWN—-O

MSB, last bit

Table 6 - Address/Command Byte

cs !

CS61534

The data register, shown in Table 7, can be
read/written by the serial port. Data is input/-
output on the eight clock cycles immediately
following the address/command byte. Bits 0 and
1 are read only. During a write to the register, the
CS61534 ignores the first two bits of the data
byte. SDO goes to a high-impedance state when
not in use. SDO and SDI may be tied together in
applications where the host processor has a
bidirectional I/O port.

LSB: first bit
in or out

LOS | Loss Of Signal

DPM | Driver Performance Monitor
LENO | BitO - Line Length Select
LEN1 | Bit 1 - Line Length Select
LEN2 | Bit2 - Line Length Select
RLOOP| Remote Loopback

LLOOP| Local Loopback

TAOS | Transmit All Ones Select

NOOBEWON—=-O

MSB: last bit
in or out

Table 7 - Data Register
Power Supply

The device operates from a single 5 volt supply.
Separate pins for transmit and receive supplies
provide internal isolation. However these pins
may be connected externally with no impact on
device performance, provided the power supply
pins are decoupled to their respective grounds.
The transmit power supply should be decoupled
from ground with a 68 uF capacitor and a mylar
or ceramic 1.0 pF capacitor. A 0.1 pF mylar or
ceramic capacitor should be used on the receive
power supply. These capacitors should be
located physically close to the device. TV+ must
not exceed RV+ by more than 0.3V.

r

s UL UL UL
spo —(EACOX X XXX 0 X @ XX PTX e X(pa X B4 X s X 08 X(07)

N\ ADDRESS/ICOMMAND ———— \—— pATA INPUTIOUTPUT————

NOTE: SDI sampled on rising edge of SCLK; SDO updated on falling edge of SCLK (CLKE =1).
Figure 11 - Input/ Output Timing

DS16F1
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PIN DESCRIPTIONS

ALTERNATE EXTERNAL CLOCK ACLK TAOS/CLKE = TRANSMIT ALL ONES / CLOCK EDGE
TRANSMIT CLOCK TCLK LLOOP/SCLK LOCAL LOOPBACK /SERIAL CLOCK
TRANSMIT POSITIVE PULSE TPOS RLOOP/CS REMOTE LOOPBACK / CHIP SELECT
TRANSMIT NEGATIVE PULSE TNEG LEN2/SDO LINE / SERIAL DATA OUT
MODE SELECTION MODE LEN1/SDI LENGTH / SERIAL DATA OUT
RECEIVED NEGATIVE PULSE RNEG LENO/NT SELECT/ALARM INTERUPT
RECEIVED POSITIVE PULSE RPOS RGND RECEIVE GROUND
RECOVERED CLOCK RCLK RV+ RECEIVE V+ (+5VDC)
CRYSTAL CONNECTION XTALIN RRING RECEIVE RING
CRYSTAL CONNECTION  XTALOUT RTIP RECEIVE TIP
DRIVER PERFORMANCE MONITOR DPM MRING MONITORED RING
LOSS OF SIGNAL LOS MTIP MONITORED TIP
TRANSMIT TIP TTIP TRING TRANSMIT RING
TRANSMIT GROUND TGND TV+ TRANSMIT V+ (+5VDC)

TCLK TAOS/CLKE

/ LLOOP/SCLK

TNEG —_ RLOOP/(':?
(i | |—1

MODE [543 2 1 2527 Z5z]] LEN2SDO
RNEG | 6 24[] LEN1/SDI
RPOS [| 7 23[] LENO/NT
RCLK[| 8 22[] RGND
XTALIN[} 9 21{] RV+
XTALOUT ] 10 20[] RRING
DPM [} 1112 13 14 15 16 17 18 191 RTIP
LT

L g e e g v

—'—’ ‘— MRING
MTIP
TGND TRlNG

TV+ - Positive Power Supply, Transmit Drivers, Pin 15.
Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by
more than 0.3V.

Power Supplies

TGND - Ground, Transmit Drivers, Pin 14.
Power supply ground for the transmit drivers; typically O volts.

RV+ - Positive Power Supply, Pin 21.
Positive power supply for the device, except transmit drivers; typically +5 volts.

RGND - Ground, Pin 22.
Power supply ground for the device, except transmit drivers; typically O volts.
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Oscillator

XTALIN, XTALOUT - Crystal Connections, Pins 9 and 10.
A 6.176 MHz (8.192 MHz for CCITT applications) crystal should be connected across these
pins. If desired, an externally generated 6.176 MHz (8.192 MHz for CCITT) clock signal may
be input to XTALIN, pin 9; XTALOUT, pin 10, should be left floating. Overdriving the
oscillator with an external source disables the jitter attenuator. This externally generated clock
must be exactly four times the frequency of the TCLK signal.

Control

MODE - Mode Select, Pin 5.
Setting MODE to logic 1 puts the CS61534 in the host mode. In the host mode, a serial control
port is used to control the CS61534 and determine its status. Setting MODE to logic 0 puts the
CS61534 in the hardware mode, where configuration and status are controlled by discrete pins.
MODE defines the status of pins 23 through 28.

Hardware Mode

TAOS - Transmit All Ones Select, Pin 28,
Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined
by ACLK.

LLOOP - Local Loopback, Pin 27.
Setting LLOOP to a logic 1 routes the transmit clock and data to the receive clock and data pins,
bypassing the receive circuit. TCLK and TPOS/TNEG are still transmitted unless overridden by
a TAOS request.

RLOOP - Remote Loopback, Pin 26.
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter
attenuator and through the driver back to the line. The recovered signal is also sent to RCLK
and RPOS/RNEG. Any TAOS request is ignored. If the oscillator is being driven with a 4x
clock, the remote loopback function is not possible.

Simultaneously taking RLOOP and LLOOP high for less than 2 ms initiates a device reset.

LENO, LEN1, LEN2 - Line Length Selection, Pins 23, 24 and 25.
Determines the shape and amplitude of the transmitted pulse to accommodate several cable
types and lengths. See Table 1 for information on line length selection.

Host Mode

INT - Receive Alarm Interrupt, Pin 23,
Goes low when received signal is lost (LOS is high), or the transmitter driver has failed (DPM
is high), to flag the host processor. INT will stay low until the fault condition goes away. INT is
an open drain output and should be tied to the positive supply through a resistor.
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SDI - Serial Data Input, Pin 24,
Data for the on-chip registers and is sampled on the rising edge of SCLK.

SDO - Serial Data Outpaut, Pin 25.
Status and control information from the on-chip registers. If CLKE is high SDO is valid on the
rising edge of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. This pin goes
to a high-impedance state when the serial port is being written to or CS is high.

CLKE - Clock Edge, Pin 28.
Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the falling edge of RCLK, and
SDO to be valid on the rising edge of SCLK. Conversely, setting CLKE to logic 0 causes RPOS
and RNEG to be valid on the rising edge of RCLK, and SDO to be valid on the falling edge of
SCLK.

SCLK - Serial Clock, Pin 27.
Clock used to read or write the serial port registers.

CS - Chip Select, Pin 26.
Pin must transition from high to low to read or write the serial ports.

Inputs

ACLK - Alternate External Clock, Pin 1.
This input should be tied to TCLK or some other externally generated 1.544 (or 2.048) MHz
clock. The frequency of ACLK determines the rate at which TAOS is output.

TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data - Pins 2,
3and 4.
Inputs for clock and data to be transmitted. Signal jitter is attenuated and the signal is driven on
to the line through TTIP and TRING. TPOS and TNEG are sampled on the falling edge of
TCLK. A TPOS input causes a positive pulse to be transmitted, while a TNEG 1nput causes a
negative pulse to be transmitted.

RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20.
The AMI receive signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up
transformer is required on these inputs, as shown in Figure Al. Data and clock are recovered
and output on RPOS/RNEG and RCLK.

MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18.
These pins are normally connected to TTIP and TRING and monitor the output of a CS61534.
If the monitors are not used, tying MTIP low and MRING high through a resistor will reduce
power consumption slightly. If the INT pin in the host mode is used, and the monitor is not
used, input a clock signal to one of the monitor pins and tie the other monitor pin to
approximately the clock’s mid-voltage level. This clock frequency can range from 100 kHz to
the TCLK frequency.
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Status

LOS - Loss of Signal, Pin 12,
LOS goes to a logic 1 when the received signal falls below a 0.5 volt threshold, or after 32
clock cycles with out a detected one. LOS returns to logic O when signal returns.

DPM - Driver Performance Monitor, Pin 11.
If no signal is present on MTIP and MRING for 32 clock cycles, DPM goes to a logic 1 until
the first detected signal.

Outputs

RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data - Pins 8,
7 and 6.
Data and clock are recovered from the RTIP and RRING inputs are output at these pins. A
signal on RPOS corresponds to a positive pulse received on RTIP and RRING, while a signal on
RNEG corresponds to the receipt of a negative pulse. RPOS and RNEG are NRZ. In the
hardware mode, RPOS and RNEG are stable and valid on the rising edge of RCLK. In the host
mode, CLKE determines the clock edge for which RPOS and RNEG are stable and valid. See
Table 3.

TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16.
The AMI signal is driven to the line through these pins. This output is designed to drive a 25 Q
load. A 2:1 step-up transformer is required as shown in Figure Al. When driving 75 Q coax
cable, two 2.2 Q resistors should be added as shown in Figure A2. The transmitter will drive
twisted-shielded pair cable, terminated with 120 Q, without additional components.
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APPLICATIONS
Line Interface

OV 0.4uF
T
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Figure Al. - Typical Configuration Showing
Line Interface

Figure Al shows the typical configuration for
interfacing the CS61534 to a T1 line through
transmit and receive transformers. The receiver
transformer is center tapped and center grounded
with 200 € resistors between the center tap and
each leg on the CS61534 side. These resistors
provide the 100 Q termination for the T1 line.
When terminating twisted-shielded pair cable,
240 Q resistors will provide the required 120 Q
load.

Figure A2 shows the configuration needed for
transmitting data at 2.048 MHz onto a 75 Q coax
cable. The 2.2 Q resistors serve two functions.

ov
3 0.% uF
5V A

<121
b 11502 e ThasmHz
5 WA Receive

AAA { e

29 2,048 MHz
| TRANSMIT

22n 1

Figure A2, - Configuration for Transmitting
onto 75 Q Coax

CS61534

First, they provide the appropriate 25 Q load to
TTIP and TRING. Second, the resistors attenuate
the signal slightly to meet the CCITT pulse
amplitude requirements. Note that these 2.2 Q
resistors should not be used when interfacing to
CCITT 120 Q cable. For the receiver, the
terminating resistors should be 150 Q to provide
the necessary 75 Q termination to the line.

Decoupling and filtering of the power supplies is
crucial for proper operation of the analog
sections in the transmit and receive paths. If the
same power and ground buses supply both the
transmitter and receiver supply inputs, the 68 uF
capacitor shown on the transmit supply can be
eliminated. The decoupling capacitors shown in
Figures Al and A2 should be high grade
capacitors, (i.e., 68 uF - tantalum or better; 1.0
and 0.1 pF - mylar or ceramic), and should be
located as close as possible to the power supply
pins of the chip. Wire wrap bread-boarding of
the CS61534 is not recommended because lead
resistance and wrap inductance serve to defeat
the function of the decoupling capacitors.

Selecting an Oscillator Crystal

L%—MR_‘W%
="

CRYSTAL MODEL

Figure A3. - Equivalent Circuit of Oscillator

Figure A3 shows an equivalent representation of
the oscillator circuit. The variable load capacitor
is internal to the CS61534. The value of this
capacitor is controlled by logic internal to the
CS61534. Based on this model, equations 1 and
2 have been developed to help calculate the
required crystal parameters necessary to meet
system requirements.
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2 have been developed to help calculate the
required crystal parameters necessary to meet
system requirements.

Two important parameters in this model are the
upper and lower bounds of Cload (the variable
load capacitor) and the value of Co. Co can be
used to control the series resonant frequency of
the crystal. The minimum value of Cioad sets the
maximum parallel resonant frequency. Together,
Co and Cioad can be used to set the pull range of
the oscillator and its maximum and minimum
frequencies.

Determining Required Pull Range

Four factors contribute to the required pull

range of the crystal:

1) The frequency range required for the
application,

2) The frequency drift of the crystal over
the operating temperature range,

3) The variability in load capacitance from
ICto IC,

4) The accuracy to which the crystal can be
manufactured.

All of these factors have been measured or can

be controlled.

T CEPT
Frequency
Jolerance | g 176000 MHz 8.192000 MHz
Cirin pf +130 ppm or less +50 ppm or less
Clow freq
min 340 | 6175197 - Atd | 8191590 - A
Chigh freq
max 11.7 6176803 + Atd 8192410 + Atd
MAXIMUM
SoMRE | a00ppm 230 pom

Atd = crystal temperature drift from -40 to +85 deg. C.

Table Al. - T1 and CEPT Requirement

CS61534. Based on this model, equations 1 and

CS61534

For a given crystal geometry, the series resonant
frequency of the crystal is inversely proportional
to Co. The relationship of the crystal’s series
resonant frequency to its parallel resonant
frequency in the oscillator circuit determines the
pull range of the oscillator. The further away the
series resonant frequency is from the parallel
resonant frequency (which is set by the load
condition in the oscillator circuit) the greater the
pull range of the crystal. That is: a smaller Co
(greater series resonant frequency) results in less
pull range, while the larger the Co (lower series
resonant frequency), the greater the pull range.

The series resonant frequency of the crystal is
calculated by Equation 1.

Af -
fs = IN- 2CLCh) (CL+CH+2C0) [C'sinpF] (1)
fs = series resonant frequency of crystal
fN = 4 * Nominal Signal Frequency
- should be 6.176000 MHz for North America (T1)
- should be 8.192000MHz for Europe (CCITT)
Af = required pull range of crystal in Hz (Appm*fN)
CL = load capacitance for low frequency oscillation
(average is ~38.0 pF)
CH= load capacitance for high frequency oscillation
(average is ~10.5 pF)

The parallel resonant frequency is calculated by
Equation 2.

fioad = fs (_—_CES;:TSS 0 ) 12 (2)

Table Al shows the crystal frequency as a
function of load capacitance. The deviation in
frequency from the nominal is shown in ppm.
Temperature drift has been accounted for as
shown. The accuracy to which Co can be
controlled, and the accuracy to which a crystal
can be trained or calibrated should be factored
in to guarantee that the required frequency range
will be met.

DS16F1.1
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Figure A4. - Crystal Pull Range Test

The setup shown in Figure A4 can be used to test
crystals. When no ACLK signal is applied to the
device, the oscillator will tend to pull to one
extreme of its pull range. Momentarily pressing
the push button moves the relative positions of
the FIFO pointers and if the write pointer stops
(when the push button opens) in the right
relationship to the read pointer, the oscillator will
pull to the other end of its range. It may take a
few tries.

Transformers

Transformers listed in Table A2 have been found
to be suitable for use with the CS61534.

Manufacturer Part #

Pulse Engineering 5764

Puise Engineering FAL 1.0
Pulse Engineering FAL 4.1
Schott Corp. 67112060
Bell Fuse 0553-5006-1C
Nova Magnetics 6500-07-011
Midcom 671-5832

Note: The Puise Eng. 1682x is still acceptable, but the
other Pulse Engineering transformers are preferred.

Table A2, - Suitable Transformers

CS61534

Figure A5 shows the connections for some of the
recommended transformers for the transmitter.

7 €3

IC 5 LINE

SIDE 4 SIDE
IR

Bell Fuse 0553-5006-IC
Schott Corp. 67112060
Pulse Engineering 5764 & FAL 1.0

Figure AS.- Some Recommended
Transmitter/Transformer Connections

Key transmit transformer specifications are:

Turns ratio: 1:2 (or 1:1:1) £ 5%,
Primary inductance: 600 pH min measured at
10kHz and 0.005 VRMS.
Leakage inductance: 1.3 uH max with secondary
shorted.
Interwinding capacitance: 23 pF max, primary
to secondary

To save on power consumption under normal
operating conditions, the output drivers are
powered down during the transmission of a
space (zero) on to the line. Approximately one
quarter cycle prior to transmitting a mark (one),
the drivers are enabled. The transformer, inter-
acting with the driver, can cause a slight voltage
difference (<200 mV) between the driven zero
and the non-driven zero. We recommend that this
effect be eliminated by inserting a 20.2uF non-
polarized capacitor in series with the primary of
the transmit transformer. Consult the factory for
more information.

2-20
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Receive Side Jitter Attenuation

In some applications it is desirable to attenuate
jitter from the received signal. A CS61600 PCM
jitter attenuator can be used to remove at least
seven unit intervals of jitter from the recovered
clock and data as shown in Figure A6. In the host
mode, the inverter is not needed if CLKE is high.

CS61600 CS61534
(master)
RNEG<«——| DOUT DIN
CLKOUT «—— CLKOUT CLKIN
Jitter-free
clock and data CS61534
(slave) RNEG
RPOS «——{ DOUT DIN RPOS
CLKIN _L,q_ RCLK

Figure A6 - Receive Jitter Attenuation

Applicable Systems

Figure A7 shows a T1 span from a customer
premises location through a TELCO DSX-1

e PABx
e DATA PBx
Customer 6 6
Premises 1 1 |Channel Repeator
5 5 |Service #
System 3 r 3 |unit
4 4 I
e LAN GATEWAY
* FEP .
e T1 MULTIPLEXOR .

!

DSX-1 6
Cross | Repeator
Connect 5
nnec 3 #N
4

(61534 || [161534]
MI3 IC
Multiplexor Multiplexor

Figure A7. - Application of CS61534

cross connect. As shown in Figure A7, the
CS61534 is applicable in customer premises
systems that interconnect to a channel service
unit (CSU), and in network equipment that
connects to a DSX-1 cross connect.

Interfacing The CS61534 With T1 Digital
Transceivers

This section gives general guidance on how to
interface the CS61534 with digital T1 framing
and signaling transceivers such as the R8070,
and DS2180. Design attention must be given to
insure that the devices are properly interfaced.
To interface with the R8070, connect the devices
as shown in Figure A8. The CS61534 is shown
in the hardware mode.

V+ V+
RESET 3220k
—

10k IOAO«W uF
10k

Figure A8. - Interfacing the CS61534 with and R8070

DS16F1.1
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To interface with the DS2180, connect the
devices as shown in Figure A9. In this case, the
CS61534 and DS2180 are in host mode
controlled by a microprocessor serial interface. If
the CS61534 is used in hardware mode, then the
CS61534 RCLK output must be inverted before
being input to the DS2180.

TO HOST CONTROLLER
L

Vs

1.544 MHz %‘W"
cLock
K

Figure A9. - Interfacing the CS61534 with a DS2180

CS61574 Compatibility

See the application note: "CS61534 Design
Guidelines to Insure Compatibilty with
CS61574".

2-22
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Semiconductor Corporation

CS61544

T1 Line Interface

Features
® Provides Analog T1 Line Interface

e Fully Compatible with T.A. #34,
Publication 43802 & TR-TSY-000009

e Programmable Pulse-Shaping Line
Driver
e Performs Data and Timing Recovery

e Implements ISDN Primary Rate and
DMI Interface

e Diagnostic and Performance
Monitoring Features

o Selectable B8ZS Encode/Decode
e Jitter Attenuator
e 3 Micron CMOS for High Reliability

General Description

The CS61544 combines the analog transmit and
receive line interface functions for a T1 system interface
in one 28 pin device. The T1 line interface operates from
a single 5V supply, is transparent to the T1 framing for-
mat, and can work with ABAM and other cable types.
Crystal's SMART ANALOG™ circuitry shapes the transmit
pulse internally, providing the appropriate pulse shape at
the DSX-1 cross-connect for line lengths ranging from
0 to 655 feet. Maximum range is greater than 1500 feet.
The transmitter uses an elastic store to remove jitter from
the outgoing data prior to transmission.

Applications

@ Interfacing Network Equipment such as Multiplexors,
Channel Banks and Switching Systems to a DSX-1
Cross Connect

@ Interfacing Customer Premises Equipment such as
PABXs, T1 Multiplexors, Data PBXs and LAN Gateways
to a Channel Service Unit, or T1 modem.

ORDERING INFORMATION

CS61544-1P - 28 Pin Plastic DIP

CS61544-1D - 28 Pin Cerdip

CS61544-IL - 28 Pin PLCC (j-leads)

Block Diagram

XTALOUT XTALIN ACLK B8ZS  TAOS LENO LEN1 LEN2 TGND TV+
6 5 19 14 28 23124125  ¢14 315
[ [ [ j LNE_ 45
> - DRVER 13 o
TCLK &) | JTTER TRANSMIT PULSE
TDATA o— || ATTENUATOR CONTROL SHAPER 16
3 — TRING
CLOCK
! RECOVERY
LOOP 19
RCLK «— BACK — RTIP
9 DATA
RECEIVE RECOVERY 20
RDATA CONTROL l—— RRING
10 17
Roons | | Sty [ peven e MR
1 DETECT MONITOR MONITOR i
12
274 426 7 i 8 2it 224
LLOOP RLOOP RAOS BVS LOS RV+ RGND

SEPT '87
DS11F2

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, Texas 78760
(512)445-7222 TWX:910-874-1352
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Min Max Units
DC Supply (referenced to GND) | RV+, TV+ - 6.0 Vv
Input Voltage, Any Pin (note 1) Vin RGND-0.3 |RV+ + 0.3 Y
Input Current, Any Pin  (note 18 2) I'in - 10 mA
Ambient Operating Temperature Ta -40 85 °C
Storage Temperature Tsig -65 150 °C

Notes: 1. Excluding RTIP and RRING.
2. Transient currents of up to 100 mA will not cause SCR latch-up.
WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Units
DC Supply (note 3)] RV+, TV+ 4.75 5.0 5.25 \Y
Ambient Operating Temperature Ta -40 25 85 °C
Total issipati - -
O oo Geasiy oAl e tesv  Po 760 | mw

Notes: 3. TV+ must not exceed RV+ by more than 0.3V.
4. Power dissipation while driving 25Q load, over operating temperature range.
Includes CS61544 and load.

DIGITAL CHARACTERISTICS (Ta =-40 °C to 85 °C; V+ = 5.0V + 5%; GND = 0V)

Parameter Symbol | Min Typ Max Units
High-Level Input Vol%gsem’ 7 2328 vy, 2.0 - - v
Low-Level Input Voltgﬁghs’ 7 2528 Vv, ) ) 0.8 v
Hl?g&ki\-/il()%%pm VoItag:NS s(n ?e f)z Vo 2.4 ] ) v
LO\I/é-lIJ_Te:iI. é)umtzut Voltagcpa]Ns énos;e f)z Vo, ) i} 0.4 i
Input Leakage Current - - +10 uA

Note: 5. Output drivers will output CMOS logic levels into a CMOS load.

Specifications are subject to change without notice.
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ANALOG CHARACTERISTICS (Ta =-40°C to +85°C; V+ = 5.0V +5%; GND = 0V)

Parameters Min Typ Max Units

AMI Output Pulse Amplitudes 2.4 3.0 3.6 Vo.
Measured at the DSX P

Load Presented to Transmitter Output(note 6 - 25 - ohms
Input Jitter Tolerance-Transmitter 7.0 - - IntleJ;P\;LIs
Jitter Attenuation Curve Corner Frequ:(.?lrgt% ) - 50 - Hz
Loss of Signal Threshold - 0.5 - \"
Receiver Sensitivity Below DSX-1 (2.4V) -10 - - dB

Notes: 6. On the CS61544 side of the 2:1 transformer, line is 100Q.
7. Crystal pull range: + 200 ppm. Five unit intervals of input jitter.
Slope above corner frequency is -20dB/decade. See Figure 5.

SWITCHING CHARACTERISTICS (Ta = -40°C to +85°C; V+ = 5.0V #5%; GND = 0V; Inputs:
Logic 0 = 0V, Logic 1 = RV+)

Parameter Symbol| Min Typ Max Units

Crystal Frequency (note8)| e - 6.176000| - MHz

TCLK Frequency fin - 1.544 - MHz

ACLK Frequency (ote 9) | fout - 1.544 - MHz
RCLK Pulse Width town - 324 - ns
(note 10) | towi - 324 - ns
Duty Cycle (note 11) - 50 - %
Rise Time, All Digital Outputsote 12)| t; - - 100 ns
Fall Time, All Digital Outputs (note 12)| - - 100 ns
TDATA to TCLK Falling Setup Time| s, 25 - - ns
TCLK Falling to TDATA Hold Time th 25 - - ns
RDATA to RCLK Rising Setup Time| ts, - 274 - ns
RCLK Rising to RDATA Hold Time t, - 274 - ns
Reset Pulse Duration 0.2 - 2000 us

Notes: 8. Crystal must meet specifications described in Applications section of this data sheet.
9. ACLK provided by an external source or TCLK.
10. The sum of the pulse widths must always meet the frequency specifications.
11. Duty cycle is (towh / (towh+tpwt))*100%.
12. At maximum load of 1.6mA and 50pF.
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Any Digital Output 2.0V
0.8V

Figure 1 - Signal Rise and Fall Characteristics

| tpwh | tpr |

RCLK M

Figure 2 - Clock Signal Quality

TCLK RCL;—\___/ _\_

su th tsu th

TDATA RDATA

Figure 3 - Switching Characteristics

Note that when externally looping RCLK back into TCLK, RCLK must be inverted.
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THEORY OF OPERATION

Transmitter

The transmitter takes binary (unipolar) data from
a T1 terminal and produces alternate bipolar
pulses of appropriate shape. The transmit clock
and transmit data (TCLK, TDATA) are supplied
synchronously. Data is sampled on the falling
edge of the input clock.

Line lengths from O to 655 feet (as measured
from the CS61544 to the DSX-1 cross connect)
are selectable. Pulse shaping and signal level are
determined by "line length select” inputs and
require no external circuitry. Pulse shaping is
accomplished with a slew rate controlled fast
digital to analog converter. Alternate mark inver-
sion operation is implemented by driving the line
in a true differential manner. In order to achieve
the necessary line voltages, which exceed the
5 volt supply, a two-to-one, step-up transformer
is required. The line driver drives a 25Q
equivalent load.

To place the device in a low power dissipation
mode (i.e., to disable the drive), the B8ZS and
TDATA should be held low while TCLK
continues to be input. When any transmit control
pin (TAOS, LENO, LEN1, LEN2, LLOOP, or
RLOOP) is toggled, the transmitter stabilizes
within 16 bit periods.

B8ZS coding can be inserted into the data stream
using the B8ZS select feature. This feature
replaces every string of eight consecutive zeros
with a pulse train containing bipolar violations.
The violations can then be decoded at the receive
end and the original data recovered.

Transmit Line Length Selection

Line length selection can be controlled by an
intelligent controller or hard-wired with a switch

which is set at the time of installation. The line
length selection supports both a three-partition
arrangement for ICOT and MAT cable, and a
five-partition arrangement for ABAM and PIC
cable as shown in Table 1. For each line length
selected, the CS61544 modifies the output pulse
to meet the requirements of Technical Advisory
34 and TR-TSY-000009. A typical output pulse
is shown in Figure 4.

Table 1 - Line Length Selection

LINE LENGTH SELECTED
LEN2 | LEN1 | LENO (FEET) CABLE TYPE
0 0 0 0-220 MAT
0 0 1 220-440 and
0 1 0 440-655 icot
0 1 1 0-133
1 0 0 133-266 ABAM
1 0 1 266-399 and
1 1 0 399-533 PIC
1 1 1 533-655
NORMALIZED
AMPLITUDE
10 |~ L —
AT&T TA-34
SPECIFICATION
05 —
Ll E—
OUTPUT
PULSE SHAPE
-0.5 T
B | | ! !
[] 250 500 750 1000

TIME (nanoseconds)

Figure 4 - Typical Pulse Shape at DSX-1
Cross Connect

DS11F2
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Transmit Jitter Attenuator

The 61544 will tolerate and attenuate at least
seven unit intervals of jitter (peak-to-peak) from
a T1 signal. Figure 5 shows a family of curves
which show the jitter attenuation achieved by the
61544. Each curve shows the jitter attenuation
for a signal with constant jitter amplitude over a
range of jitter frequencies. The more jitter a
signal has, the more the jitter is attenuated. The
jitter attenuator on the transmitter side meets the
jitter attenuation and input tolerance specifica-
tions of AT&T Publication 43802, as shown in
Figures 6 and 7.

JITTER
GAIN
(dB)

UNIT INTERVALS
OF INPUT JITTER

LT

" Measurements made at
1.544MHz with 6.176MHz
.40 | £200ppm crystal.

10 100 1k 10k (Hz)

Figure 5 - CS61544 Jitter Attenuation Curves

JITTER
GAIN
(dB)
° BELL SYSTEM
PUB 43802
10 L 20 dB/ SPECIFICATION
decade ‘/
-20
CS61544 Input of five
PERFORMANCE unit intervals
-30 of jitter at all
r frequencies.
-40

10 100 1k 10k
JITTER FREQUENCY (Hz)

Figure 6 - Jitter Attenuation Characteristics

UNIT
INTERVAL \ CS61544
\ TRANSMITTER
19 PERFORMANCE ™™
TO-PEAK 3 A
(SINUSOIDAL) \. Ccs61544
JITTER \. RECEIVER
AMPLITUDE 1 \;-PERFORMANCE
IN UNIT AT i1\ \
INTERVALS 43802 N\ .S
e SPECIFICATON\ """"
0.1 860 i
10 30 100 300 K

1
JITTER FREQUENCY (Hz)

Figure 7 - Input Jitter Tolerance of
Transmitter and Receiver

Jitter attenuation is accomplished by means of a
16 bit FIFO and a variable oscillator. The
frequency of the variable oscillator is controlled
by logic in the CS61544 to be the same as the
average input clock signal, TCLK. TCLK
controlls the write pointer of the FIFO. Data
present on TDATA is written into the memory
location selected by the write pointer. The read
pointer of the FIFO, and the transmit frequency
of the device, are determined by the crystal oscil-
lator. Internal logic tracks the relative positions
of the FIFO’s pointers, and adjusts the
oscillator’s load capacitance to maintain the
FIFO in a half full condition (read and write
pointers kept 8 bits apart). Slow changes in input
signal frequency are tracked, while high frequen-
cy variations in the TCLXK signal are absorbed by
the FIFO.

The external reference crystal used by the jitter
attenuator should have a nominal frequency of
6.176 MHz, and have a pull range, in the oscil-
lator circuit, that is sufficient to meet the fre-
quency tolerance requirements specified for the
system. Furthermore, the frequency tolerance
must be met over all operating temperatures. The
jitter attenuator can be disabled by driving
XTALIN with a clock which is exactly four
times the TCLK frequency.
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Transmit All Ones Select

The transmitter provides for all ones insertion at
the frequency of the alternate clock input,
ACLK. (The transmit clock can be used as the
alternate clock by connecting pins 1 and 2
together). Transmit all ones is selected when
TAOS goes high, and causes continuous ones to
be transmitted on the line (TTIP and TRING)
using the alternate clock. The TDATA and TCLK
inputs are ignored. If Remote Loopback is in
effect, any TAOS request will be ignored.

Receiver

The receiver extracts data and clock from an
AMI (Alternate Mark Inversion) coded signal
and outputs clock and synchronized data.
The receiver is sensitive to signals over the entire
range of cable lengths and requires no equaliza-
tion or ALBO (Automatic Line Build Out)
circuits. The signal is received on both ends of a
center-tapped, center-grounded transformer. The
transformer is center tapped on the CS61544
side. Data on RDATA is stable and may be
sampled on the rising edge of the recovered
clock, RCLK. The clock and data recovery
circuit meets or exceeds the jitter tolerance
specifications of Publication 43802.

The two leads of the receiver transformer have
opposite polarity and drive the receiver inputs
RTIP and RRING differentially. Comparators
detect pulses on RTIP and RRING. The com-
parator thresholds are dynamically established
by peak detectors.

Clock recovery is achieved through a frequency
and phase lock loop (FPLL). Upon power up and
reset of the CS61544, and prior to the start of
clock acquisition, the FPLL has its center
frequency trained. A current controlled oscillator
(ICO) is trained relative to the crystal oscillator
frequency reference. The current is adjusted until
it is just sufficient to change a fixed capacitor to

a fixed reference voltage in a half period of the
reference clock. This current is then held
constant. The FPLL is controlled, small signal,
by the output of the phase detector and loop
filter, which takes the form of a current. This is
added to the fixed current to modulate the ICO
about the center frequency and close the loop.
This training limits the lock range of the FPLL to
+ 6% of the trained frequency (1.544 MHz),
guaranteeing that the FPLL is immune to false
lock. The FPLL is insensitive to variations in
temperature and slight variations in power
supply voltage, but fairly large changes in power
supply voltage will change the control current in
the FPLL, reducing its effectiveness.

The received signal is monitored to detect
bipolar violations. If a bipolar violation is
detected, a positive strobe (BVS) is output with a
width of one half the clock period.

The receiver has the capability to decode signals
which have been transmitted with B8ZS bipolar
violations. This feature is enabled when B8ZS
(pin 4) goes high. Recovered data is processed
by B8ZS decode (if enabled) and sent to the
output. The bipolar violation detection algorithm
is also modified to not detect the B8ZS encoded
violation as an error.

Loss of Signal

The receiver reports loss of the received signal
on the Loss of Signal pin, LOS. The threshold
for loss of signal is 0.5 volts. A loss of signal will
be indicated within 200 bit periods if an active
signal falls below the threshold. In the event that
the input signal drops to zero volts, the loss of
signal will be indicated within 32 bit periods.
When a loss of signal is detected, RDATA is not
valid, but the receiver will continue to try to
recover data. LOS will return to a low state when
a valid signal returns to RTIP and RRING.
RCLK is always output, but may drift up to
+ 6% from 1.544 MHz.

DS11F2
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Receive All Ones Select

Receive all ones is selected when RAOS goes
high. If receive all ones is selected when the
local loopback is not in effect, continuous ones
are sent to RDATA using the alternate clock,
ACLK, for timing. The alternate clock, ACLK, is
sent to RCLK. (The transmit clock, TCLK, can
be used as the alternate clock by connecting pins
1 and 2 together.) If it is desirable to have all
ones automatically replace recovered data (at
RDATA) upon loss of signal, then RAOS and
LOS should be tied together (pins 7 and 8).

Local Loopback

The local loopback mode bypasses the receive
circuit and routes the digital transmit clock and
data to the receive clock and data pins. A local
loopback occurs in response to LLOOP going
high. Any RAOS request is overridden (see
Table 2). The transmit clock and data signals,
TCLK and TDATA are sent out on the line
through TTIP and TRING unless transmit all
ones, TAOS, is selected, in which case con-
tinuous ones are transmitted on the line at the
rate determined by ACLK.

Table 2 - Interaction of LLOOP and RAOS

loopback overrides any TAOS request (see Table
3). The recovered incoming signals are also sent
to RCLK and RDATA unless receive all ones
(RAOS) is selected, in which case continuous
ones and an alternate clock are sent to RCLK
and RDATA. Remote loopback occurs in
response to RLOOP going high. Simultaneous
selection of local and remote loopback modes is
not valid (see Reset).

Table 3 - Interaction of RLOOP and TAOS

LLOOP | RAOS Source of Source of
Input Input Data for Clock for
Signal Signal RDATA RCLOCK

0 0 RTIP & RRING | RTIP & RRING

0 1 all 1s ACLK

1 X TDATA TCLK
Remote Loopback

In remote loopback, the recovered clock and data
input on RTIP and RRING are sent through the
elastic store to remove jitter, and back out on the
line via TTIP and TRING. Selecting remote

RLOOP | TAOS Source of Source of
Input Input Data for Clock for
Signal Signal TTIP & TRING | TTIP & TRING
0 0 TDATA TCLK
0 1 all 1s ACLK
1 X RTIP & RRING | RTIP & RRING
Notes:

1. X- Don't care. The identified All Ones Select input is
ignored when the indicated loopback is in effect.

2. Logic 1 indicated that Loopback or All Ones option is
selected.

Driver Performance Monitor

To aid in early detection and easy isolation of
nonfunctioning T1 links, the CS61544 is able to
monitor transmit drive performance and report
when the driver is no longer operational. This
feature can be used to monitor either the device’s
performance or the performance of a neighbor-
ing CS61544. The driver performance monitor
indicator is normally at a low (zero) logic level,
and goes to high level upon detecting driver
failure.

The driver performance monitor consists of a
receiver that monitors the transmitted signal on
input pins, MTIP and MRING. If no signal is
present on MTIP and MRING for 32 clock
cycles, the DPM pin goes high.

Whenever more than one CS61544 reside on the
same circuit board, the effectiveness of the driver
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performance monitor can be maximized by
having each CS61544 monitor performance of a
neighboring CS61544 device, rather than having
it monitor its own performance.

Reset

The CS61544 initiates internal reset procedures
either upon power up or in response to a reset
request. After initial power up, the device will
delay for 10 ms after the oscillator starts to allow
the power supply and the oscillator to stablize
before initiating the training proceedure for the
FPLL. Training the FPLL takes at most 43 ms,
but typically requires less than half that
ammount of time. If the power supply has not
reached stable operating voltage within 10 ms,
the device should be reset after the power supply
has stablized. These conditions should also be
adhered to if temporary loss of power supply
occurs.

A reset request is made by simultaneously setting
both RLOOP and LLOOP high for a period not
to exceed 2 ms. Reset will be completed within
53 ms after the falling edge of the reset request
(falling edge of RLOOP and LLOOP).

During the reset procedure, the loss of signal
indicator is high. Once the reset procedures are
completed, the loss of signal indicator goes low,
signifying that normal operation of the device
has begun.

Power Supply

The device operates from a single 5 volt supply.
Separate pins for transmit and receive supplies
provide internal isolation. However these pins
may be connected externally with no impact on
device performance, provided the power supply
pins are decoupled to their respective grounds.
The receive power supply should be decoupled
from ground with a 68 uF tantalum, (or better),

capacitor, and a mylar or ceramic 0.1 pF
capacitor. A 1.0 uF mylar or ceramic capacitor
should be used on the transmit power supply.
These capacitors should be located physically
close to the device. TV+ must not exceed RV+
by more than 0.3V.

DS11F2
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PIN DESCRIPTIONS
ALTERNATE EXTERNAL CLOCK ACLK [|1@ 28[] TAOS TRANSMIT ALL ONES SELECT
TRANSMIT CLOCK TCLK ]2 2717 LLOOP LOCAL LOOP BACK
TRANSMIT DATA TDATA[]3 26[] RLOOP REMOTE LOOP BACK

B8ZS ENABLE B8ZS |4 25% LEN2 BIT2 OF LINE LENGTH SELECT
CRYSTAL INPUT2 XTALIN []5 2411LEN1 BIT1 OF LINE LENGTH SELECT
CRYSTAL INPUT 1 XTALOUT []6 23[1LENO BITO OF LINE LENGTH SELECT

RECEIVE ALL ONES SELECT RAOS []7 22]TRGND RECEIVE  GROUND

LOSS OF SIGNAL LOS |:8 21[] RV+ RECEIVE V+ (+5VDC)

RECOVERED CLOCK RCLK [Jo 20[] RRING RECEIVE RING
RECEIVE DATA  RDATA[]10 19[]J RTIP RECEIVE TIP

BIPOLAR VIOLATION STROBE  BVS []
DRIVER PERFORMANCE MONITOR  DPM []12 17,
TRANSMIT TIP  TTIP 13 16

TRANSMIT  GROUND  TGND []14

pery
-
py
[+

MRING MONITORED RING
MTIP  MONITORED TIP
TRING TRANSMIT RING
TV+  TRANSMIT V+ (+5VDC)

ACLK
TCLK TAOS
TDATA / LLOOP
BSZS —_ ;— RLOOP
| s o |

r—|r—|r-|

XTALIN [[5 4 3 2 1 28 27 265[] LEN2
XTALOUT [ 6 24[1 LEN1
RAOS [} 7 23[] LENO
Los[]8 22[] RGND
RCLK E 9 21 g RV+
RDATA [] 10 201 RRING
BVS [ 11 1218 14 15 16 17 415191 RTIP

e e g e

DPM —" '—— MRING
MTIP

TGND TRING

TV+ - Positive Power Supply, Transmit Drivers, Pin 15.
Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by
more than 0.3V.

Power Supplies

TGND - Ground, Transmit Drivers, Pin 14.
Power supply ground for the transmit drivers; typically O volts.

RV+ - Positive Power Supply, Pin 21.
Positive power supply for the device, except transmit drivers; typically +5 volts.

RGND - Ground, Pin 22.
Power supply ground for the device, except transmit drivers; typically 0 volts.
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Oscillator

XTALIN, XTALOUT - Crystal Inputs, Pins 5 and 6.
A 6.176 MHz crystal should be connected across these pins. An externally generated 6.176
MH?z clock signal may be put into the XTALIN pin, disabling the jitter attenuator. This clock
must be exactly four times the frequency at TCLK. See the applications section for more
information on crystals.

Control

B8ZS - B8ZS Encoding Enable, Pin 4.
Setting B8ZS to a logic 1 enables B8ZS encoding of the transmit data and B8ZS decoding of
the receive data.

RAOS - Receive All Ones Select, Pin 7.
Setting RAOS to a logic 1 causes continuous ones to be sent to RDATA at the frequency
determined by ACLK.

TAOS - Transmit All Ones Select, Pin 28.

Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined
by ACLK.

LLOOP - Local Loopback, Pin 27.
Setting LLOOP to a logic 1 routes the transmit clock and data to the receive clock and data
pins, bypassing the receive circuit. Any RAOS request is ignored. TCLK and TDATA are still
transmitted unless overridden by a TAOS request.

RLOOP - Remote Loopback, Pin 26.
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter
attenuator and through the driver back to the line. The recovered signal is also sent to RCLK
and RDATA unless overridden by a RAOS request. Any TAOS request is ignored. If the
oscillator is being driven with a 4X clock, the remote loopback function is not possible.

Simultaneously taking RLOOP and LLOOP high for less than 2 ms initiates a device reset.
LENO, LEN1, LEN2 - Line Length Selection, Pins 23, 24 and 25.

Determines the shape and amplitude of the transmitted pulse to accomodate several cable types
and lengths. See Table 1 for information on line length selection.

Inputs
ACLK - Alternate External Clock, Pin 1.

This input should be tied to TCLK or some other externally generated 1.544 MHz clock. The
frequency of ACLK determines the rate at which TAOS and RAOS are output.

DS11F2 2-33
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TCLK, TDATA - Transmit Clock, Transmit Data, Pins 2 and 3.
Inputs for clock and data to be transmitted. Signal jitter is attenuated and the signal is driven on
to the line through TTIP and TRING. TDATA is sampled on the falling edge of TCLK.

RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20.
The receive AMI signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up
transformer is required on these inputs, as shown in Figure A3. Data and clock are recovered
and output on RDATA and RCLK.

MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18.
These pins are normally connected to TTIP and TRING and monitor the output of a CS61544.
If the monitors are not used, tying MTIP low and MRING high through a resistor will reduce
power consumption slightly.

Outputs

RCLK, RDATA - Recovered Clock, Receive Data, Pins 9 and 10.
Data and clock are recovered from the RTIP and RRING inputs and output at these pins.
RDATA is valid on the rising edge of RCLK.

TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16.
The AMI, T1 signal is driven to the line through these pins. This output is designed to drive a
25Q load. A 2:1 step-up transformer is required to drive the line as shown in Figure Al.

Status

LOS - Loss of Signal, Pin 8.
LOS goes to a logic 1 when the received signal falls below a 0.5 volt threshold, or after 32
clock cycles with out a detected one. LOS returns to logic O when the signal returns.

BVS - Bipolar Violation Strobe, Pin 11.
BVS goes to a logic 1 when a bipolar violation is detected in the received signal. The strobe is
approximatly 324 ns wide and aligned with the rising edge of RCLK. The strobe will occur
concurrently with the RDATA output for which the violation was detected. The bipolar
violation detection algorithm is modified when B8ZS is selected to accept B8ZS encoded data.

DPM - Driver Performance Monitor, Pin 12,
If no signal is present on MTIP and MRING for 32 clock cycles, DPM goes to a logic 1 until
the first detected signal.
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APPLICATIONS

Selecting an Oscillator Crystal

VARIABLE

CAPACITOR
|y

G W

1

{Co
1C
CRYSTAL MODEL

<7
Y

Figure Al - Equivalent Circuit Oscillator

Cioad

Figure A1 shows an equivalent representation of
the oscillator circuit. The variable load capacitor
is internal to the CS61544. The value of this
capacitor is controlled by logic internal to the
CS61544. Based on this model, equations 1 and
2 have been developed to help calculate the
required crystal parameters necessary to meet
system requirements.

Three important parameters in this model are the
upper and lower bounds of Cioad (the variable
load capacitor) and the values of Co and C1. Co
can be used to control the series resonant
frequency of the crystal. With respect to the
parallel resonant frequency for a given load, the
minimum value of Cload sets the maximum
parallel resonant frequency. Together, Co C1 and
Cload can be used to set the pull range of the
oscillator and its maximum and minimum
frequencies.

Determining Required Pull Range

Four factors contribute to the required pull

range of the crystal:

1) The frequency range required for the
application,

2) The frequency drift of the crystal over the
operating temperature range,

3) The variability in load capacitance from
ICto IC,

4) The accuracy to which the crystal can be
manufactured.

All of these factors have been measured or can

be controlled to some extent.

For a given crystal geometry, the series resonant
frequency of the crystal is inversely proportional
to Co, and directly proportional to Ci. The
relationship of the crystal’s series resonant
frequency to its parallel resonant frequency in
the oscillator circuit determines the pull range of
the oscillator. The further away the series
resonant frequency is from the parallel resonant
frequency (which is set by the load condition in
the oscillator circuit) the greater the pull range of
the crystal. That is: a larger C1 (smaller Co and
greater series resonant frequency) results in less
pull range, while the smaller the C1 (larger Co,
and lower series resonant frequency), the larger
the pull range.

The series resonant frequency of the crystal is2
calculated by Equation 1.

fs-fN. _Af (CL+CH+2Co)

2CL-CH) (C’sinpF) (1)

fs = series resonant frequency of crystal

fN =4 * Nominal Signal Frequency

- should be 6.176000 MHz for North America (T1)

Af = required pull range of crystal in Hz (Appm*fN)

CL = load capacitance for low frequency oscillation
(average is ~38.0 pF)

CH = load capacitance for high frequency oscillation
(average is ~10.5 pF)

The parallel resonant frequency is calculated by
Equation 2.

C1 + Cload + Co )1/2 @

fload = fs ( Cload + Co

DS11F2.1
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Table Al shows the crystal frequency as a func-
tion of load capacitance. The deviation in
frequency from the nominal is shown in ppm.

T
Frequency
Tolerancs | g 176000 MHz
Ciin pf +130 ppm or less
Clowfreq
mn 340 | 6175197 - Ay
Chigh freq
max 11.7 6176803 + Atd
MAXIMUM
ALLOWABLE
PULL RANGE 390 ppm

Ay = crystal temperature drift from -40 to +85 deg. C.
Table Al - T1 Crystal Frequency

Temperature drift has been accounted for as
shown. The accuracy to which Co can be
controlled, and the accuracy to which a crystal
can be trained or calibrated should be factored
in to guarantee that the required frequency range
will be met.

TOATA RaND 'LO.WF 1

TCLK RV+ —I—-45V -
RRING

XTALIN RTIP 200

XTALOUT MRING

RCLK MTIP

TTIP CS61544 TRING
Thos TGND
ToGround < RLOOP
LLOOP
LENO-2

Figure A2 - Crystal Pull Range Test

The setup shown in Figure A2 can be used to test
crystals. When no TCLK signal is applied to the
device, the oscillator will tend to pull to one
extreme of its pull range. Momentarily pressing
the push button moves the relative positions of
the FIFO pointers and if the write pointer stops
(when the push button opens) in the right

relationship to the read pointer, the oscillator will
pull to the other end of its range. It may take a
few tries.

General Applications

Figure A3 shows the typical configuration for the
CS61544, including transmit and receive trans-
formers. The receiver transformer is center
tapped and center grounded with 200Q resistors
between the center tap and each leg on the
CS61544 side. These resistors provide the 100Q
termination for the T1 line. Line Length Select
pins are shown in a manual switching configura-
tion. These inputs can be controlled by logic cir-
cuitry if desired.

INPUT i +5\L/
1.544 MHz CLOCK Tok Lo L oo
INPUT T1 DATA TDATA  RLOOP [] 3
+5V -AA\—o B8ZS LEN2 ; C—

-L XTAUN  LEN1 [} —
6.176 MHz XTALOUT  LENO Fo—
OV 0.1uF
RAOS RGND [}—¢- .
RECOVERED Los RV+ [T F
1.544 MHz CLOCK RCLK  RRING [}
RECEIVED ROATA  RTP [} :i al
<
T1 DATA BvVS MRING [} ;15 gg“EIE
DPM MTIP j-__ n
E

e TRING [} T1LINE
TGND ™ve [14 TRANSMIT

11

L

#

Figure A3 - Typical Configuration
Showing Line Interface

Decoupling

Decoupling and filtering of the power supplies
is crucial for proper operation of the analog
sections in the transmit and receive paths. If dif-
ferent power and ground busses supply the trans-
mitter and receiver supply inputs, a 68 pF
capacitor should be added to the transmit supply.
The decoupling capacitors shown in Figure A3
should be high grade capacitors, (i.e., 68 uF -
tantalum or better; 1.0 and 0.1 uF - mylar or
ceramic), and should be located as close as pos-
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sible to the power supply pins of the chip. Wire
wrap bread-boarding of the CS61544 is not
recommended because lead resistance and wrap
inductance serve to defeat the function of the
decoupling capacitors.

Transformers
Manufacturer Part #
Pulse Engineering 5764
Pulse Engineering FAL 1.0
Pulse Engineering FAL 4.1
Schott Corp. 67112060
Bell Fuse 0553-5006-IC
Nova Magnetics 6500-07-011
Midcom 671-5832

Note: The Pulse Eng. 1682x is still acceptable, but the
other Pulse Engineering transformers are preferred.

Table A2 - Suitable Transformers

Transformers listed in Table A2 have been found
to be suitable for use with the CS61544. Figure
A4 shows the connections for some of the trans-
formers mentioned in the Table A2. The trans-
formers should be placed physically close to the
CS61544.

3

IC 5 LINE
SIDE 4  SIDE

& e

Bell Fuse 0553-5006-I1C
Schott Corp. 67112060
Pulse Engineering 5764 & FAL 1.0

Figure A4 - Transmitter Transformer Configuration

To save on power consumption under normal
operating conditions, the output drivers are
powered down during the transmission of a
space (zero) on to the line. Approximately one
quarter cycle prior to transmitting a mark (one),
the drivers are enabled. The transformer, inter-
acting with the driver, can cause a slight voltage

CS61544

difference (<200 mV) between the driven zero
and the non-driven zero. We recommend that this
effect be eliminated by inserting a 20.2 uF non-
polarized capacitor in series with the primary of
the transformer. Contact the factory for more in-
formation.

Receive Side Jitter Attenuation

1.544MHz —/ACLK
[: RAOS
Los
CLKIN——o<}——RCLK
DIN RDATA
JITTER FREE «—CLKOUT
CLOCK & DATA «—pouT
CS61600 CS61544

Figure AS - Receiver Jitter Attenuation

In some applications it is desirable to attenuate
jitter from the received signal. A CS61600 PCM
jitter attenuator can be used to remove at least
seven unit intervals of jitter from the recovered
clock and data as shown in Figure AS.

Maintaining Recovered Clock

Figure A5 also shows how the recovered clock,
RCLK, can be maintained within desired
specifications in the event that the received AMI
signal is lost. This design requires a locally
generated 1.544 MHz clock whose frequency is
within the required system specifications. This
clock is input to the ACLK input of the
CS61544. The loss of signal output, LOS, is
connected to the receive all ones select input,
RAOS.

If the AMI signal is lost, the LOS signal goes
high, taking RAOS high, directing the CS61544
to output all ones at RDATA at the frequency
determined by ACLK (i.e. RCLK = ACLK). The
CS61600 will buffer any instantaneous phase or
frequency change at the RCLK and RDATA

DS11F2.1
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retaining clock integrity. This type of circuit is
necessary since the frequency/phase lock loop in
the CS61544 will drift about 6% when the AMI
signal is lost.

If the receiver input returns, LOS goes low,
deselecting RAOS, and returning the circuit to its
normal operating status. It is important to note
that LOS will go low as soon as a valid
pulse is detected, which is before the receiver
has locked onto the incoming signal. It is
advisable to delay the transition from RAOS to
the receiver output for a few milliseconds after
LOS indicates receipt of signal.

Applicable Systems
e PABx
e DATA PBx
Customer 6 6 |Channel
Premises ; . ; Service l— Re;ﬁator
System 14 "1 4 |unit
4 4 I
e LAN GATEWAY
® FEP .
e T1 MULTIPLEXOR °
L J
Channel Central
Bank Office A4
I 6154? I |§1544 I
61544 ]| DSX-1 ®
Toll Cross ; Repeator
Switch Connect 2 #N
161544 | [61544 |
MI3 MIC
Multiplexor | | Multiplexor

Figure A6 - Applicable Types of Connection

Figure A6 shows a T1 span from a customer
premises location through a TELCO DSX-1
cross connect. As shown in Figure A6, the
CS61544 is applicable in customer premises
systems that interconnect to a channel service
unit (CSU), and is applicable in network equip-
ment that connects to a DSX-1 cross connect.

Interfacing The CS61544 With T1 Digital
Transceivers

This section gives general guidance on how to
interface the CS61544 with digital T1 framing
and signaling transceivers such as the R8050,
R8060, R8070, and DS2180. Design attention
must be given to insuring that the devices are
properly interfaced. For example, it may be
necessary in invert clock signals to insure
the accurate sampling of data. Connections
required for interfacing Rockwell’s R8050 and

R8060 are shown in Figure A7.
1.544MHz >_1

CLOCK TCLK

BINOUT TDATA
R8050

CS61544

TDATA RDATA
TCLOCK f+——o}————RCLK
R8060

Figure A7 - Interfacing CS61544

with R8050 and R8060

To interface with the R8070, connect the devices
as shown in Figure A8. When RPOS is strapped
to RNEG, B8ZS encoding/decoding and bipolar
violation detection processing is deactivated in
the R8070. These functions are performed by the
CS61544.

1.544 MH2>—]

TOLK TCLK

INRZ TDATA
R8070 CS61544

RPOS :3— RDATA

RNEG

RCLK RCLK

Figure A8 - Interfacing CS61544 with R8070
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To interface with the DS2180, connect the
devices as shown in Figure A9. When RPOS is
tied to RNEG, B8ZS encoding/decoding
and bipolar violation detection functions are

performed by the CS61544.
1.544 MHz
TCLK TCLK
TPOS
TNEG TDATA
DS2180 CS61544

RPOS :}—‘RDATA
RNEG
RCLK ———oﬁ— RCLK

Figure A9 - Interfacing CS61544 with DS2180

Test and Evaluation of the CS61544

When connecting the receive clock and data,
RCLK and RDATA, to the transmit clock and
data, TCLK and TDATA, of the CS16544, be
sure to invert the clock signal.

Transmitter or Receiver Function Only

If the CS61544 is used for transmit only, tie
RTIP and RRING high through a resistor, ground
RAOS, RLOOP, and LLOOP, and float the
outputs. To configure the device for receive only,
float TTIP, TRING, TV+ and TGND, ground
TAOS, TCLK, TDATA, RLOOP, LLOOP and
LENO0/1/2 .

CS61544
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Semiconductor Corporation

CS61574

PCM Line Interface

Features

® Provides Analog PCM Line Interface for
T1 and 2.048 MHz Applications

® Provides Line Driver, and Data and
Clock Recovery Functions

e Jitter Attenuation starting at 6 Hz with
>300 Uls of tolerance in attenuator

e Jitter Tolerance of Receiver: 0.4 Uls
to 100 kHz

e Microprocessor Controllable

e Compatible with CSUs and DACSs

e CS61534 Compatibility Mode

e Diagnostic Features

General Description

The CS61574 combines the analog transmit and receive
line interface functions for a T1/CEPT interface in a
28 pin device. The line interface operates from a single

5 volt supply and is transparent to the framing format.
Crysta's SMART ANALOG™ circuitry shapes the transmit
pulse internally, providing the appropriate pulse shape
for CSUs or for connecting to PCM crossconnects

for line lengths ranging from 0 to 655 feet. Maximum
range is greater than 1500 feet. The receiver uses

an elastic store to remove jitter from the incoming data.

Applications

® Interfacing Network Equipment such as DACS and
Channel Banks to a DSX-1 Cross Connect

® |nterfacing Customer Premises Equipment to a CSU

® Building Channel Service Units

ORDERING INFORMATION

CS61574-IP - 28 Pin Plastic DIP; T1 only

CS61574-IP1 - 28 Pin Plastic DIP; T1 & CEPT

CS61574-IL - 28 Pin PLCC (j-leads);T1 only

CS61574-IL1 - 28 Pin PLCC (j-leads);T1 & CEPT

Block Diagram

(CLKE) (INT) (SDI) (SDO)

ACLKI MODE TAOS LENO LEN1 LEN2 TGND TV+
1 E Izs [23 124 Izs 114 315
LINE DRIVER
ToLK 2| 8 e
pos 3 CONTROL PULSE
SHAPER TRING
4 REFERENCE
TNEG o—f
LOOP CLOCK LINE 19
g |BACK T CLOCK & RECEVER RTIP
RCLK or—| WANDER DATA
7 Py RECOVERY 20
RPOS o+—| JTTER — R RRING
. ATTENUATOR SohaL DRVER [—g° MTIP
RNEG o—| MONITOR MONITOR MRING
I [ 1 » DPM
274 L26 9 10 12 218 22!
LLOOP RLOOP XTALIN XTALOUT LOS RV+ RGND

(SCLK) (CS)

Preliminary Product Information

This document contains data for a new product. Crystal Semiconductor
reserves the right to modify this product without notice.

OCT 87
DS20PP3.1

Crystal Semiconductor Corporatior
P.O. Box 17847, Austin, Texas 7876(
(512)445-7222 TWX:910-874-135:
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Min Max Units
DC Supply (referenced to GND)| RV+, TV+ - 6.0 Y
Input Voltage, Any Pin  (Note 1) Vin RGND-0.3 |RV++ 0.3 \"
Input Current, Any Pin  (Note 2) lin -10 10 mA
Ambient Operating Temperature Ta -40 85 °C
Storage Temperature Tstg -65 150 °C

WARNING: Operations at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.
Notes: 1. Excluding RTIP, RRING, which must stay within -6V to RV + 0.3V.
2. Transient currents of up to 100 mA will not cause SCR latch-up. Also TTIP, TRING, TV+ and TGND
can withstand a continuous current of 100 mA.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Units
DC Supply Note3) |RV+, TV+ | 475 | 5.0 5.25 Vv
Ambient Operating Temperature T -40 25 85 °C
Total Power Dissipation (Note 4 -
100% ones ‘tlivensity a!‘srﬂe Iinleolgng(thm@e 5.)25V Pp 620 - mW

Notes: 3. TV+ must not exceed RV+ by more than 0.3V.
4. Power dissipation while driving 25 Q load over operating temperature range. Includes CS61574
and load. Digital input levels are within 10% of the supply rails and digital outputs are driving a 50 pF

capacitive load.
DIGITAL CHARACTERISTICS (Ta=-40° t085°C, V+=5.0V + 5%, GND = 0V)
Parameter Symbol| Min Typ Max Units
High-Level Input Voltage (Notess, 6 - -
'9 v P PINS 1-5, 1(o,°t;§-2a ) VIH 2.0 v
Low-Level Input Volta Notes 5, 6,
v Pu PINgSe1-5, 1(0, Z:-ze ) Vi - - 0.8 v
High-Level Output Voltage (Notess5,6)| - -
louT=-40 UA  PINS 6-8, 11, 12, 23, 25 OH 2.4 v
Low-Level Output Voltage (Notes 5, 6) R R
lour= 1.6 MA PINS s-g, 11,12, 23,25 Vou 0.4 v
Input Leakage Current -10 - +10 uA
Three-State Leakage Current R -
98 s (Noto) 10 +10 uA

Notes: 5. Functionality of pins 23 and 25 depends on the mode. See Host/Hardware mode description.
6. Output drivers will output CMOS logic levels into a CMOS load.
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ANALOG SPECIFICATIONS (Ta=-40° t085°C, V+ =5.0V + 5%, GND = 0V)

Parameter Min | Typ | Max | Units
TRANSMITTER
AMI Output Pulse Amplitudes
(Measured a't)the DSX; Normalizgtion factor for Figure 6) 2.4 3.0 3.6 v
Load Presented To Transmitter Output - 25 - Ohms
Jitter Added by the 10Hz - 8kHz - 0.01 - ul
Transmitter 8kHz - 40kHz - 0.025 - ul
10Hz - 40kHz - 0.025 - ul
(Note 7) Broad Band - 0.05 - ul
RECEIVER
Sensitivity Below DSX (0dB = 2.4V) 10 - - dB
Loss of Signal Threshold - 0.3 - \Y
Data Decision Threshold - 65 - % of peak
Allowable Consecutive Zeros before LOS 160 175 190
Input Jitter Tolerance 10kHz - 100kHz | ¢4 - - ul
(Note 8)
JITTER ATTENUATOR
Jitter Attenuation Curve Corner Frequency - 6 - Hz
(Note 9)

Notes: 7. Input signal to TCLK is jitter free.
8. See Figure 9.
9. Circuit attenuates jitter at 20 dB/decade above the corner frequency. See Figure 10.
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T1S

ITCHING CHARACTERISTICS (Ta=-40° t1085°C, V+=5.0V +5%, GND = 0V;

Inputs: Logic 0 = 0V, Logic 1 = RV+)
Parameter Symbol| Min Typ ” Max Units
Crystal Frequency (Note 10) fe - 6.176000 - MHz
TCLK Frequency fin - 1.544 - MHz
ACLKI Frequency (Note 1) | fout - 1.544 - MHz
RCLK Pulse Width town - 324 - ns
(Note 12) towl - 324 - ns
RCLK Duty Cycle (Note 13) - 50 - %
Rise Time, All Digital Outputs (Note 14) t - - 100 ns
Fall Time, All Digital Outputs (Note 14) 4 - - 100 ns
TPOS/TNEG to TCLK Falling Setup Time | g, 25 - - ns
TCLK Falling to TPOS/TNEG Hold Time th 25 - - ns
RPOS/RNEG to RCLK Rising Setup Time| ts - 274 - ns
RCLK Rising to RPOS/RNEG Hold Time th - 274 - ns

CCITT SWITCHING CHARACTERISTICS (Ta=-40° t085°C, V+ =5.0V + 5%, GND = 0V;
Inputs: Logic 0 = 0V, Logic 1 = RV+)

Parameter Symbol | Min Typ Max Units

Crystal Frequency (Note 10) fe - 8.192000( - MHz

TCLK Frequency fin - 2.048 - MHz

ACLKI Frequency (Note 11) fout - 2.048 - MHz
RCLK Pulse Width towh - 244 - ns
(Note 12) tow - 244 - ns
RCLK Duty Cycle (Note 13) - 50 - %
Rise Time, All Digital Outputs (Note 14) t - - 100 ns
Fall Time, All Digital Outputs (Note 14) 1 - - 100 ns
TPOS/TNEG to TCLK Falling Setup Time | tsy 25 - - ns
TCLK Falling to TPOS/TNEG Hold Time th 25 - - ns
RPOS/RNEG to RCLK Rising Setup Time| ts, - 194 - ns
RCLK Rising to RPOS/RNEG Hold Time th - 194 - ns

Notes: 10. Crystal must meet specifications described in Applications section of this data sheet.
11. ACLK provided by an external source or TCLK.
12. The sum of the pulse widths must always meet the frequency specifications.
13. Duty cycle is (tpwh / (towh + tpwi) ) * 100%.
14. At max load of 1.6 mA and 50 pF.
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SWITCHING CHARACTERISTICS - HOST MODE (Ta=-40° t085°C, V+ = 5.0V +5%;
Inputs: Logic 0 = 0V, Logic 1 = RV+)

Parameter Symbol Min Typ. Max Units
SDI to SCLK Setup Time tac 50 - - ns
SCLK to SDI Hold Time ten 50 - - ns
SCLK Low Time tei 250 - - ns
SCLK High Time ten 250 - - ns
SCLK Rise and Fall Time tr e - - 50 ns
CS to SCLK Setup Time tec 50 - - ns
SCLK to CS Hold Time toch 50 - - ns
CS Inactive Time towh 250 - - ns
SCLK to SDO Valid (Note 15) tedv - - 200 ns
CS'to SDO High Z todz - 100 - ns

Note: 15. Output load capacitance = 50 pF.

ty tg
Any Digital Output 80% 80%
ny Digital Outpi
10% 10%

Figure 1. - Signal Rise and Fall Characteristics

owh towl
RCLK —

tsu th
RPOS HOST MODE
RNEG >( CLKE =1

tsu th
RPOS Hg%%WARE
&
RNEG - HOST MODE
CLKE=0

Figure 2. - Recovered Clock and Data Switching Characteristics
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TCLK

tsu th
TPOS/TNEG

Figure 3. - Transmit Clock and Data Switching Characteristics

tewh
ey
SCLK
tdc tcd ’Hodh
sn%&?( LSB LSB
l CONTROL BYTE DATA BYTE
Figure4. - Serlal Port Write Timing Dlagram
cs
CLKE =1 tedz

jt SN
s00 )@( X PHeX HiGH 2

Figure 5. - Serial Port Read Timing Diagram
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THEORY OF OPERATION

Transmitter

The transmitter takes binary (dual unipolar) data
from a T1 terminal and produces alternate
bipolar pulses of appropriate shape. The transmit
clock and transmit data (TCLK, TPOS & TNEG)
are supplied synchronously. Data is sampled on
the falling edge of the input clock.

Either T1 or CCITT G.703 pulse shapes may be
selected. For T1 application, line lengths from 0
to 655 feet (as measured from the CS61574 to
the DSX-1 cross connect) are selectable. Pulse
shaping and signal level are determined by "line
length select" inputs and require no external
circuitry. Pulse shaping is accomplished with a
slew rate controlled fast digital to analog
converter. Alternate mark inversion operation is
implemented by driving the line in a true
differential manner. In order to achieve the
necessary line voltages, which exceed the 5 volt
supply, a two-to-one, step-up transformer is
required. The line driver is designed to drive a
25 Q equivalent load.

To place the device in a low power dissipation
mode (i.e., to disable the drive), the TPOS and
TNEG should be held low while TCLK
continues to be input. When any transmit control
pin (TAOS, LENO-2 or LLOOP) is toggled, the
transmitter stabilizes within 22-bit periods. The
transmitter will take longer to stabilize when
RLOOP is selected because the timing circuitry
must adjust to the new frequency.

Transmit Line Length Selection

The transmitter has a 13-phase delay line which
divides each TCLK cycle into 13 phases. These
phases are then used to trigger different portions
of the output wave form. For T1 applications, the

LINE LENGTH SELECTED
LEN2 | LEN1 | LENO FE APPLICATION
N O mow
0 133-

1 0 1 266-399 ABAM

1 1 0 399-533 and

1 1 1 533655 PIC

0 0 1 Reserved

0 0 0 G.703 2.048 MHz
CCITT

0 1 0 Part 68, Option A

0 1 1 TICI.2 cosu

Table 1 - Line Length Selection

line length selection offers a five partition arran-
gement for ABAM and PIC cable as shown in
Table 1. For each line length selected, the
CS61574 modifies the output pulse to meet the
requirements of Compatibility Bulletin 119.
When using cable other than ABAM or
equivalent, it is recommended that the optimal
LENO, 1, & 2 settings be determined by ex-
perimentation using the same type of cable to be
used in the application. A typical output pulse is
shown in Figure 6.

NORMALIZED
AMPLITUDE

10
AT&T CB 118
SPECIFICATION

0.5

CSé1574 —
OUTPUT
PULSE SHAPE

05 -

TIME (nanoseconds)

Figure 6 - Typical Pulse Shape at DSX-1 Cross Connect
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For coaxial cable, For shielded twisted pair,
75 ohm load 120 ohm load
and transformer and transformer
specified in Table A2. | specified in Table A2.
Nominal peak voltage of a mark (pulse) 237V 3V
Peak voltage of a space (no pulse) 04+0.237V 0403V
Nominal pulse width 244 ns
Ratio of the amplitudes of positive and negative
pulses at the cepnterof the %Ise interval 9 0.95101.05
Ratio of the widths of positive and negative pulses
at the nominal half am%?itude 9 P 0.9510 1.05
Table 2 - CCITT G.703 Pulse Specifications
The CCITT G.703 pulse shape is also supported. Transmit All Ones Select

Transformer and resistor values depend on
whether the coax or shielded cable is used, as
shown in the Applications section at the back of
this data sheet. The CCITT pulse shape meets the
template shown in Figure 7, assuming the condi-
tions shown in Table 2 are met. The T1 CSU
pulse shapes meet FCC Part 68 for 0dB line
build out and future ECSA T1C1.2 pulse shapes
as shown in Table 1.

Percent of
nominal

peak
vo“agg .‘.__wi____.:
P f

120
T | USROS

888

f — Nominal Pulse

7 _219ns “
488 ns

Figure 7 - Mask of the Pulse at the 2048 kbps Interface

The transmitter provides for all ones insertion at
the frequency of TCLK. Transmit all ones is
selected when TAOS goes high, and causes
continuous ones to be transmitted on the line
(TTTP and TRING). In this mode, the TPOS and
TNEG inputs are ignored. If Remote Loopback
is in effect, any TAOS request will be ignored.

Receiver

The receiver extracts data and clock from an
AMI (Alternate Mark Inversion) coded signal
and outputs clock and synchronized data. The
receiver is sensitive to signals over the entire
range of cable lengths and requires no equaliza-
tion or ALBO (Automatic Line Build Out)
circuits. The signal is received on both ends of a
center-tapped, center-grounded transformer. The
transformer is center tapped on the CS61574
side. The clock and data recovery circuit meets
or exceeds the jitter tolerance specifications of
Publications 43802, 43801, 62411, TR-TSY-
000170, and CCITT REC. G.823.

A block diagram of the receiver is shown in
Figure 8. The two leads of the transformer (RTIP
and RRING) have opposite polarity allowing the
receiver to treat RTIP and RRING as unipolar
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1:2 AP I Data RPOS
: Data Sampling Jitter
3 =0 Lovel Attenuator RNEG
3 _ Slicer E Clock ROLK
RRING xtraction
DE%%& grl'oac;ke (The jitter attenuator is bypassed
r Selector | when no crystal is present.)

T

Continuously
Calibrated
Delay Line

Figure 8. - Receiver Block Diagram

signals. Comparators are used to detect pulses on
RTIP and RRING. The comparator thresholds
are dynamically established by peak detectors to
be at least 65% of peak level.

The leading edge of an incoming data pulse trig-
gers the clock phase selector. The phase selector
chooses one of the 13 available phases which the
delay line produces for each bit period. The out-
put from the phase selector feeds the clock and
data recovery circuits which generate the

300

recovered clock and sample the incoming signal
at appropriate intervals to recover the data.

Data sampling will continue at the periods
selected by the phase selector until an incoming
pulse phase deviates enough to cause a new
phase to be selected for data sampling. The
phases of the delay line are selected and updated
to allow as much as 0.4 UI of jitter from 10 kHz
to 100 kHz, without error. The jitter tolerance of
the receiver is shown in Figure 9. Additionally,
this method of clock and data recovery is tolerant

20 dB/decade

1001 starting at 10 Hz
28
10

PEAK-TO-PEAK

JITTER
(unit intervals)
1L
4
A 1 11 |
0 10 100 300 700 1k 10k 100k

JITTER FREQUENCY (Hz)

Figure 9. - Input Jitter Tolerance of Receiver
(Clock Recovery Circuit and Jitter Attenuator)

DS20PP3
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of long strings of consecutive zeros. The data
sampler will continuously sample data based on
its last input until a new pulse arrives to update
the clock phase selector.

The delay line is continuously calibrated relative
to a reference clock, which is provided by either
ACLKI or the crystal oscillator if ACLKI is
grounded. In operation, the delay loop is con-
tinuously calibrated by the reference clock to
ensure timing accuracy during operation, even if
temperature or power supply voltage fluctuate.
The delay line produces 13 phases for each cycle
of the reference clock. In effect, the 13 phases
are analogous to a 20 MHz clock when the
reference clock is 1.544 MHz. This implementa-
tion utilizes the benefits of a 20 MHz clock for
clock recovery without actually having the clock
present to impede analog circuit performance.

In the hardware mode, data at RPOS and RNEG
is stable and may be sampled on the rising edge
of the recovered clock. In the host mode, CLKE
determines the clock polarity for which output
data is stable and valid as shown in Table 3.

MODE | CLKE | DATA | CLOCK |Clock Edge for
(pin 5) | (pin 28) Valid Data
LowW X RPOS | RCLK Rising
RNEG | RCLK Rising
HIGH Low | RPOS | RCLK Rising
RNEG | RCLK Rising
SDO SCLK Falling
HIGH HIGH | RPOS | RCLK Falling
RNEG | RCLK Falling
SDO SCLK Rising

X=Don't care
Table 3 - Data Output / Clock Relationship

Loss of Signal

The CS61574 will indicate loss of signal upon
receiving 175 consecutive zeros. A digital
counter counts received zeros, based on RCLK
cycles. The zero input level is determined either

when zeros are received, or when the received

signal amplitude degrades below a 0.3Vpeak
threshold. LOS returns to logic zero when the
received signal returns to 12.5% ones density
(based on 4 ones out of 32 bit periods). Received
data is output on RPOS/RNEG regardless of
LOS status.

The receiver reports loss of signal by setting the
Loss of Signal pin, LOS, high. If the serial inter-
face is used, the LOS bit will be set and an
interrupt will be issued on INT. LOS will go low
(and flag the INT pin again if the serial /O is
used) when a valid signal is detected. Note that
in the host mode, LOS is simultaneously avail-
able from both the register and pin 12. Table 4
shows the status of RCLK upon LOS.

Crystal ACLKI
present? present? LOS Source of RCLK
No Yes Yes | ACLKI
Yes . No Yes Centered Crystal
Yes Yes Yes ACLKI via the
Jitter Attenuator

Table 4. - RCLK Status at LOS

Note that if a crystal is used, the jitter attenuator
will buffer any instantaneous changes in phase or
frequency between the last recovered clock and
the reference clock (which is provided by either
the crystal or ACLKI). This means that RCLK
will smoothly transition to the new frequency.

Wander and Jitter Attenuator

The jitter attenuator is designed to reduce
wander and jitter in the recovered clock signal. It
consists of a 32 bit FIFO, a crystal oscillator, a
set of capacitors and control logic. The jitter at-
tenuator meets or exceeds the jitter attenuation
requirements of Publications 43802, 62411, and
REC. G.742. A typical jitter attenuation curve is
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shown in Figure 10. The jitter attenuator can be
disabled and its FIFO bypassed by grounding
XTALOUT, pin 10, and tying XTALIN, pin 9, to
the supply through a resistor.

-10 N
N

N

X

AN

Attenuation in dB
38 8 &8 8 8

\
1 0 100 1k 10k
Frequency in Hz

Figure 10. - Typical Jitter Attenuation Curve

The jitter attenuator works in the following man-
ner. The recovered clock and data are input to the
FIFO with the recovered clock controlling the
FIFO’s write pointer. The crystal oscillator
controls the FIFO’s read pointer which reads
data out of the FIFO and presents it at RPOS and
RNEG. The update rate of the read pointer is
analogous to RCLK. By changing the load
capacitance that the CS61574 presents to the
crystal, the oscillation frequency is adjusted to
the average frequency of the recovered signal.
Logic determines the phase relationship between
the read and write pointers and decides how to
adjust the load capacitance of the crystal. Thus
the jitter attenuator behaves as a first-order phase
lock loop. Signal jitter is absorbed in the FIFO.

The FIFO in the jitter attenuator is designed to
neither overflow nor underflow. If the jitter
amplitude becomes very large, the read and write
pointers may get very close together. Should
they attempt to cross, either an earlier or a later
clock phase will be selected from oscillator and
used to drive the read pointer thereby preventing
the pointers from crossing (i.e. the oscillator’s
divide by four circuit adjusts by performing a

CS61574

divide by 3 1/2 or divide by 4 1/2 to prevent the
overflow or underflow). During this activity,
RCLK will effectively be locked, to the
recovered clock, but data will never be lost. The
jitter attenuator is designed so it will tolerate at
least 28 unit intervals before the overflow or un-
derflow mechanism takes effect.

Local Loopback

The local loopback mode takes clock and data
presented on TCLK, TPOS, and TNEG, sends it
through the jitter attenuator and outputs it at
RCLK, RPOS and RNEG. If the jitter attenuator
is disabled, it is bypassed. Inputs to the transmit-
ter are still transmitted on the line, unless TAOS
has been selected in which case, AMI-coded con-
tinuous ones are transmitted to the line at the rate
determined by TCLK. Receiver inputs are
ignored when local loopback is in effect. Local
loopback is selected by taking LLOOP, pin 27,
high or LLOOP may be commanded via the
serial interface.

Remote Loopback

In remote loopback, the recovered clock and data
input on RTIP and RRING are sent through the
jitter attenuator to remove jitter, and back out on
the line via TTIP and TRING. Selecting remote
loopback overrides any TAOS request (see Table
5). The recovered incoming signals are also sent

RLOOP | TAOS Source of Source of
Input Input Data for Clock for
Signal Signal TTIP & TRING TTIP & TRING
0 0 TDATA TCLK
4] 1 all 1s TCLK
1 -X RTIP & RRING | RTIP & RRING(RCLK)
Notes:

1. X = Don't care. The identified All Ones Select input is ignored
when the indicated loopback is in effect.
2. Logic 1 indicates that Loopback or All Ones option is selected.

Table 5. - Interaction of RLOOP and TAOS

DS20PP3.1
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to RCLK, RPOS and RNEG. A remote loopback
occurs in response to RLOOP going high. Simul-
taneous selection of local and remote loopback
modes is not valid (see Reset).

Driver Performance Monitor

To aid in early detection and easy isolation of
nonfunctioning links, the CS61574 is able to
monitor transmit drive performance and report
when the driver is no longer operational. This
feature can be used to monitor either the
device’s performance or the performance of a
neighboring driver. The driver performance
monitor indicator is normally at a low (zero)
logic level, and goes to high level upon detecting
driver failure.

The driver performance monitor consists of a
receiver that monitors the transmitted signal on
input pins, MTIP and MRING. If no signal is
present on MTIP and MRING for 63 clock
cycles, the DPM pin goes high.

Whenever more than one CS61574 reside on the
same circuit board, the effectiveness of the driver
performance monitor can be maximized by
having each CS61574 monitor performance of a
neighboring CS61574 device, rather than having
it monitor its own performance. Note that in the
host mode, DPM is available from both the
register and pin 11.

Power On Reset | Reset

Upon power-up, the CS61574 is held in a static
state until the supply crosses a threshold of
approximately three volts. When this threshold is
crossed, the device will delay for about 10 ms to
allow the power supply to reach operating volt-
age. After this delay, calibration of the delay
lines used in the transmit and receive sections
commences. The delay lines can only be
calibrated if a reference clock is present. The

CS61574

reference clock for the receiver is provided by
ACLKI, or the crystal oscillator is used if
ACLKI is grounded. The reference clock for the
transmitter is provided by TCLK. The initial
calibration should take less than 20 ms.

In operation, the delay lines are continuously
calibrated, making the performance of the device
independent of power supply or temperature
variations. The continuous calibration function
forgoes any requirement to reset a CS61574
when in operation. However, a reset function is
available in both the Hardware and Host modes.

In the Hardware mode, a reset request is made by
simultaneously setting both RLOOP and LLOOP
high for at least 200 ns. Reset will initiate on the
falling edge of the reset request (falling edge of
RLOOP and LLOOP). In the Host Mode, a reset
is initiated by simultaneously writing RLOOP
and LLOOP to the register. In either mode, a
reset will set all registers to 0 and force the
oscillator to its center frequency before initiating
calibration.

Mode of Operation
MODE

PIN # HARDWARE HOST
PIN 23 LENO INT
PIN 24 LEN1 SDI
PIN 25 LEN2 SDO
PIN 26 RLOOP cs
PIN 27 LLOOP SCLK
PIN 28 TAOS CLKE

Table 6. - Pin Definitions

The CS61574 can be operated in two modes, the
hardware mode and the host mode. In the
hardware mode, discrete pins are used to inter-
face the device’s control functions and status
information. In the host mode, the CS61574 is
connected to a host processor and a serial data
bus is used for input and output of control and
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N\ ADDRESS/COMMAND ——— \———— DATA INPUT/OUTPUT———

NOTE: SDI sampled on rising edge of SCLK; SDO updated on falling edge of SCLK (CLKE = 1).
Figure 11. - Input / Output Timing

status information. There are six dual function
pins whose functionality is determined by the
mode pin, MODE. Table 6 shows the pin defini-
tions.

Serial Interface

In the host mode, pins 23 through 28 serve as a
microprocessor/microcontroller interface. One
on-board register can be written to the SDI pin or
read from the SDO pin at the clock rate deter-
mined by SCLK. Through this register, a host
controller can be used to control operational
characteristics and monitor device status. The
serial port read/write timing is independent of
the system transmit and receive timing.

Data transfers are initiated by taking the chip
select input, CS, low (CS must initially be high).
Address and input data bits are clocked in on the
rising edge of SCLK. The clock edge on which
output data is stable and valid is determined by
CLKE as shown in Table 3. Data transfers are
terminated by setting CS high. CS may go high
no sooner than 50 ns after the falling edge of the
SCLK cycle corresponding to the last write bit.
For a serial data read, CS may go high any time
to terminate the output.

Figure 11 shows the timing relationships for data
transfers when CLKE = 1. When CLKE = 0, data
output from the serial port, SDO, is valid on the
falling edge of SCLK. Data bit D7 is held until
the rising edge of the 17th clock cycle for
CLKE = 1; data is held until the falling edge of
the 17th clock cycle for CLKE = 0.

An address/command byte, shown in Table 7,
precedes a data register. The first bit of the
address/command byte determines whether a
read or a write is requested. The next six bits
contain the address. The CS61574 responds to
address 16 (0010000). The last bit is ignored.

RMW | Read/Write Select; 0 = write, 1 = read
ADDO | LSB of address. Must be 0
ADD1 { Must be 0
ADD2 | Must be 0
ADD3 | Must be 0
ADD4 | Must be 1

- Reserved - Must be 0

X | Don't Care

LSB, first bit

NONPRWN-O

MSB, last bit

Table 7. - Address/Command Byte

The data register, shown in Table 8, can be
written to the serial port. Data is input on the
eight clock cycles immediately following the ad-
dress/command byte. Bits O and 1 are used to
clear an interrupt issued from the INT pin, which
occurs in response to a loss of signal or a
problem with the output driver.

LSB: first bit
in

clr LOS | Clear Loss Of Signal
clr DPM | Clear Driver Performance Monitor
LENO | BitO- Line Length Select
LEN1 | Bit1-Line Length Select
LEN2 | Bit2- Line Length Select
RLOOP | Remote Loopback
LLOOP | Local Loopback
TAOS | Transmit All Ones Select

NOOBRON~-O

MSB: last
bit in

NOTE: Setting bits 5,6 & 7 to 101 or 111 puts the CS61574 into
a factory test mode.

Table 8. - Input Data Register

DS20PP3.1
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LSB:firstbitf 0 | LOS | Loss Of Signal

n 1| DPM | Driver Performance Monitor
2| LENO | BitO-Line Length Select

3| LEN1 Bit 1 - Line Length Select

4| LEN2 | Bit2-Line Length Select

Table 9. - Output Data Bits 0 - 4

Output data from the serial interface is presented
as shown in Tables 9 and 10. Bits 2, 3 and 4 can
be read to verify line length selection. Bits 5, 6
and 7 must be decoded. Codes 101, 110 and 111
(Bits 5, 6 and 7) indicate intermitent losses of
signal and/or driver problems.

SDO goes to a high impedance state when not in
use. SDO and SDI may be tied together in ap-
plications where the host processor has a
bidirectional I/O port.

Power Supply

The device operates from a single 5 volt supply.
Separate pins for transmit and receive supplies
provide internal isolation. However these pins
may be connected externally with no impact on
device performance, provided the power supply
pins are decoupled to their respective grounds. If
the same power bus is used, the receive power
supply should be decoupled from ground with a
68 uF tantalum capacitor and a mylar or ceramic
0.1 uF capacitor. A 1.0 pF mylar or ceramic
capacitor should be used on the transmit power
supply. These capacitors should be located
physically close to the device. If seperate power
busses are used for TV+/TGND and
RV+/RGND, an additional 68 pF capacitor
should be used on the transmit supply. TV+ must
not exceed RV+ by more than 0.3V,

Bits
5 6 7 Status
0o 0 O Reset has occurred
or no program input.
o o0 1 TAOS in effect.
0o 1 0 LLOORP in effect.
o 1 1 TAOS/LLOORP in effect.
1 0 O RLOORP in effect.
1 0 1

DPM chan ed state since last
“clear DPM" occurred.

LOS has changed state since last
“clear LOS" occurred.

LOS & DPM have changed state since
last "clear LOS" and “clear DPM",

Table 10. Coding for Serial Output bits 5,6,7
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PIN DESCRIPTIONS

ALTERNATE EXTERNAL CLOCK  ACLKI N TAOS/CLKE TRANSMIT ALL ONES SELECT

1
TRANSMIT CLOCK TCLK (]2 N LLOOP/SCLK LOCAL LOOP BACK
TRANSMIT POSITIVE PULSE TPOS 3 1 RLOOP/CS REMOTE LOOP BACK
TRANSMIT NEGATIVE PULSE TNEG [} 0 LEN2/SDO  BIT 2 OF LINE LENGTH SELECT
MODE SELECTION MODE 5 N LEN1/SDI BIT 1 OF LINE LENGTH SELECT
RECEIVED NEGATIVE PULSE RNEG (6 23[] LENO/INT BIT 0 OF LINE LENGTH SELECT
RECEIVED POSITIVE PULSE RPOS [7 221 RGND RECEIVE GROUND
RECOVERED CLOCK RCLK s 211 RV+ RECEIVE V+ (+5VDC)
CRYSTAL CONNECTION  XTALIN o 201 RRING RECEIVE RING
CRYSTAL CONNECTION XTALOUT (j1o 191 RTIP RECEIVE TIP
DRIVER PERFORMANCE MONITOR DPM [j11 18]] MRING MONITORED RING
LOSS OF SIGNAL LOS [z 170 MTIP MONITORED TIP
TRANSMIT TIP TTIP (13 16[] TRING TRANSMIT RING
TRANSMIT GROUND TGND []14 5[] TV+ TRANSMIT V+ (+5VDC)

ACLKI

TCLK \ TAOS/CLKE
TPOS \ [/ LLOOP/SCLK
TNEG —_ \ +— RLOOP/CS

S

MODE (5 4 3 2 1 2827 2625[1 | EN2/SDO
RNEG (6 24[) LEN1/SDI
RPOS (7 231 LENO/INT
RCLK [} 8 22[]] RGND
XTALIN [ o 21[] RV+
XTALOUT [j10 201 RRING
DPM [0 1143 13 14 15 16 17 18 1°]] RTIP

— | S—

LOS / \ MRING

TTIP / \ MTIP

TGND TRING
TV+

Power Supplies
TV+ - Positive Power Supply, Transmit Drivers, Pin 15,

Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by
more than 0.3V,

TGND - Ground, Transmit Drivers, Pin 14.
Power supply ground for the transmit drivers; typically O volts.

RV+ - Positive Power Supply, Pin 21.
Positive power supply for the device, except transmit drivers; typically +5 volts.

RGND - Ground, Pin 22,
Power supply ground for the device, except transmit drivers; typically O volts.
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Oscillator

XTALIN, XTALOUT - Crystal Connections, Pins 9 and 10.
A 6.176 MHz (8.192 MHz for CCITT applications) crystal should be connected across these
pins. The jitter attenuator may be disabled by tying XTALIN, Pin 9 to the power supply through
a resistor, and grounding XTALOUT, Pin 10. Overdriving the oscillator with an external clock
is not supported.

Control

MODE - Mode Select, Pin 5.
Setting MODE to logic 1 puts the CS61574 in the host mode. In the host mode, a serial control
port is used to control the CS61574 and determine its status. Setting MODE to logic O puts the
CS61574 in the hardware mode, where configuration and status are controlled by discrete pins.
MODE defines the status of pins 23 through 28.

Hardware Mode

TAOS - Transmit All Ones Select, Pin 28.
Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined
by TCLK.In the host mode, simultaneous selection of RLOOP & TAOS enables a factory test
mode.

LLOOP - Local Loopback, Pin 27.
Setting LLOOP to a logic 1 routes the transmit clock and data through the jitter attenuator to the
receive clock and data pins. TCLK and TPOS/TNEG are still transmitted unless overridden by a
TAOS request. Inputs on RTIP and RRING are ignored.

RLOOP - Remote Loopback, Pin 26.
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter at-
tenuator (if active) and through the driver back to the line. The recovered signal is also sent to
RCLK and RPOS/RNEG. Any TAOS request is ignored in the hardware mode. In the host
mode, simultaneous selection of RLOOP & TAOS enables a factory test mode.

Simultaneously taking RLOOP and LLOOP high for at least 200 ns initiates a device reset.

LENO, LEN1, LEN2 - Line Length Selection, Pins 23, 24 and 25.
Determines the shape and amplitude of the transmitted pulse to accommodate several cable
types and lengths. See Table 1 for information on line length selection.

Host Mode

INT - Receive Alarm Interrupt, Pin 23. -
Goes low when LOS or DPM change state to flag the host processor. INT is cleared by reading
the serial data output. INT is an open drain output and should be tied to the positive supply
through a resistor.
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SDI - Serial Data Input, Pin 24.
Data for the on-chip registers and is sampled on the rising edge of SCLK.

SDO - Serial Data Output, Pin 25.
Status and control information from the on-chip registers. If CLKE is high SDO is valid on the
rising edge of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. This pin goes
to a high-impedance state when the serial port is being written to or CS is high.

CLKE - Clock Edge, Pin 28.
Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the falling edge of RCLK, and
SDO to be valid on the rising edge of SCLK. Conversely, setting CLKE to logic O causes RPOS
and RNEG to be valid on the rising edge of RCLK, and SDO to be valid on the falling edge of
SCLK.

SCLK - Serial Clock, Pin 27.
Clock used to read or write the serial port registers.

CS - Chip Select, Pin 26.
Pin must transition from high to low to read or write the serial ports.

Inputs

ACLKI - Alternate External Clock Input, Pin 1.
Either a 1.544 MHz (or 2.048 MHz for CCITT) clock must be input to ACLKI, or this pin must
be tied to ground. If ACLKI is grounded, an appropriate crystal must be attached to XTLOUT
and XTLIN, pins 9 and 10. If ACLKI is driven by a clock, this clock is used to calibrate the
delay lines. ACLKI is driven to the RCLK output upon loss of signal. If the jitter attenuator is
active, ACLKI is input to the jitter attenuator upon loss of signal.

TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data - Pins 2,
3and 4.
Inputs for clock and data to be transmitted. The signal is driven on to the line through TTIP and
TRING. TPOS and TNEG are sampled on the falling edge of TCLK. A TPOS input causes a
positive pulse to be transmitted, while a TNEG input causes a negative pulse to be transmitted.

RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20.
The AMI receive signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up
transformer is required on these inputs, as shown in Figure A1 in the Applications section. Data
and clock are recovered and output on RPOS/RNEG and RCLK.

MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18.
These pins are normally connected to TTIP and TRING and monitor the output of a CS61574.
If the monitors are not used, tying MTIP low and MRING high through a resistor will reduce
power consumption slightly. If the INT pin in the host mode is used, and the monitor is not
used, input a clock signal to one of the monitor pins and tie the other monitor pin to ap-
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proximately the clock’s mid-voltage level. This clock frequency can range from 100 kHz to the
TCLK frequency.

Status

LOS - Loss of Signal, Pin 12.
LOS goes to a logic 1 when 175 consecutive zeros have been detected. LOS returns to logic 0
when a 12.5% ones density signal returns (determined by receipt of 4 ones within 32 bit
periods). When in the loss of signal state, received ones are still output at RPOS/RNEG.

DPM - Driver Performance Monitor, Pin 11.
If no signal is present on MTIP and MRING for 63 clock cycles, DPM goes to a logic 1 until
the first detected signal.

Outputs

RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data - Pins 8,
7 and 6.
Data and clock are recovered from the RTIP and RRING inputs and are output at these pins. A
signal on RPOS corresponds to a positive pulse received on RTIP and RRING, while a signal on
RNEG corresponds to the receipt of a negative pulse. RPOS and RNEG are NRZ. In the
hardware mode, RPOS and RNEG are stable and valid on the rising edge of RCLK. In the host
mode, CLKE determines the clock edge for which RPOS and RNEG are stable and valid. See
Table 3.

TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16.
The AMI signal is driven to the line through these pins. This output is designed to drive a 25 Q
load. A 2:1 step-up transformer is required as shown in Figure A1l. When driving 75 Q coax
cable, two 2.2 Q resistors should be added as shown in Figure A2. The transmitter will drive
twisted-shielded pair cable, terminated with 120 Q, without additional components.
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APPLICATIONS
Line Interface
CS61574
OV o.4uF
[]rPOS RGND [}—¢—o— =i
RCL )
_:E XTA:N R:I‘l,l; —13-‘ S0P
-
8176 Mz L dyratout | AP FH— 500 e e
[JoPm  MRING [} M RECEIVE
[JLos MTIP [1H— non-polarized
TTIP TRING [} H = T1 LINE
ov ;E
TGND V+ [T TRANSMIT
- 12
—L‘ 1.(;IuF _L
+5V

Figure Al. - Typical Configuration Showing
Line Interface

Figure A1 shows the typical configuration for in-

terfacing the CS61574 to a T1 line through trans-

mit and receive transformers. The receiver trans-
former is center tapped and center grounded with
200 Q resistors between the center tap and each
leg on the CS61574 side. These resistors provide
the 100 Q termination for the T1 line. When ter-
minating twisted-shielded pair cable, 240 Q
resistors will provide the required 120 Q load.

cs61574 |
ORPos  RGND[1-O4F, o
CJreLk RV+ j«.—t—;; . -
S T{XTAUN  RRING[]
81820z L2 Hyratour  RTIPFH— 15| b2
EDPM MRING [T A3 2048 MHz
Los MTIP [}H— non-polarized
TTIP TRING [1 W a8 Mz
%VHrGND ™4 [l | 2'2“' 2ERANSMIT
F: ] 22012
If
= 1.00F &V

Figure A2. - Configuration for Transmitting
onto 75 Q Coax

Figure A2 shows the configuration needed for
transmitting data at 2.048 MHz onto a 75 Q coax
cable. The 2.2 Q resistors serve two functions.
First, they provide the appropriate 25 € load to
TTIP and TRING. Second, the resistors attenuate
the signal slightly to meet the CCITT pulse

CS61574

amplitude requirements. Note that these 2.2 Q
resistors should not be used when interfacing to
CCITT 120 Q cable. For the receiver, the ter-
minating resistors should be 150 Q to provide
the necessary 75 € termination to the line.

Decoupling

Decoupling and filtering of the power supplies is
crucial for proper operation of the analog
sections in the transmit and receive paths. If dif-
ferent power and ground buses supply the trans-
mitter and receiver supply inputs, a 68 uF
capacitor should be added to the transmit supply.
The decoupling capacitors shown in Figures Al
and A2 should be high grade capacitors, (i.e.,
68 pF - tantalum or better; 1.0 and 0.1 uF - mylar
or ceramic), and should be located as close as
possible to the power supply pins of the chip.
Wire wrap bread-boarding of the CS61574 is not
recommended because lead resistance and wrap
inductance serve to defeat the function of the
decoupling capacitors.

Selecting an Oscillator Crystal

CRYSTAL MODEL

Figure A3. - Equivalent Circuit of Oscillator

Figure A3 shows an equivalent representation of
the oscillator circuit. The variable load capacitor
is internal to the CS61574. The value of this
capacitor is controlled by logic internal to the
CS61574. Based on this model, equations 1 and
2 have been developed to help calculate the re-
quired crystal parameters necessary to meet sys-
tem requirements.

Two important parameters in this model are the
upper and lower bounds of Cload (the variable

DS20PP3.1
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load capacitor) and the value of Co. Co can be
used to control the series resonant frequency of
the crystal. The minimum value of Cioad sets the
maximum parallel resonant frequency. Together,
Co and Cioad can be used to set the pull range of
the oscillator and its maximum and minimum
frequencies.

Determining Required Pull Range

Four factors contribute to the required pull

range of the crystal:

1) The frequency range required for the
application,

2) The frequency drift of the crystal over
the operating temperature range,

3) The variability in load capacitance from
ICto IC,

4) The accuracy to which the crystal can be
manufactured.

All of these factors have been measured or can

be controlled.

For a given crystal geometry, the series resonant
frequency of the crystal is inversely proportional
to Co. The relationship of the crystal’s series
resonant frequency to its parallel resonant fre-
quency in the oscillator circuit determines the
pull range of the oscillator. The further away the
series resonant frequency is from the parallel
resonant frequency (which is set by the load con-
dition in the oscillator circuit) the greater the pull
range of the crystal. That is: a smaller Co (greater
series resonant frequency) results in less pull
range, while the larger the Co (lower series
resonant frequency), the greater the pull range.

The series resonant frequency of the crystal is

calculated by Equation 1.

fs=fN - __Af (CL+CH+2Co) (C’sinpF) (1)
2(CL-CH)

The parallel resonant frequency is calculated by

Equation 2.

fload = fs ( C1+ Cload+Co )2 @
Cioad + Co

CsS61574

fs = series resonant frequency of crystal
fN = 4 * Nominal Signal Frequency
- should be 6.176000 MHz for North America (T1)
- should be 8.192000MHz for Europe (CCITT)
Af = required pull range of crystal in Hz (Appm*{N)
CL = load capacitance for low frequency oscillation
(average is ~38.0 pF)
CH= load capacitance for high frequency oscillation
(average is ~10.5 pF)

Table Al shows the crystal frequency as a func-
tion of load capacitance. The deviation in fre-
quency from the nominal is shown in ppm.
Temperature drift has been accounted for as
shown. The accuracy to which Co can be con-
trolled, and the accuracy to which a crystal can
be trained or calibrated should be factored in to
guarantee that the required frequency range will
be met.

T4 CEPT
Frequency
Jolerance | ¢ 176000 MHz 8.192000 MHz
Cipin pf +130 ppm or less +50 ppm or less
Clow freq
mn 840 | 6175197 - Atd | 8191590 - Atd
Chigh freq
max 117 | 6176803 + Atd | 8192410 + Atd
MAXIMUM
siowls | comn | 2sopem

Atd = crystal temperature drift from -40 to +85 deg. C.

Table Al. - T1 and CEPT Requirement
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Transformers
Manufacturer Part #
Pulse Engineering 5764
Pulse Engineering FAL 1.0
Pulse Engineering FAL 4.1
Schott Corp. 67112060
Bell Fuse 0553-5006-1C
Nova Magnetics 6500-07-011
Midcom 671-5832

Note: The Pulse Eng. 1682x is still acceptable, but the
other Pulse Engineering transformers are preferred.

Table A2. - Suitable Transformers

Transformers listed in Table A2 have been found
to be suitable for use with the CS61574. Figure
A4 shows the connections for some of the
recommended transformers for the transmitter.
Key transmit transformer specifications are:

Turns ratio: 1:2 (or 1:1:1) + 5%,
Primary inductance: 600 puH min measured at

10kHz and 0.005 VRMS.
Leakage inductance: 1.3 pH max with secondary
shorted.
Interwinding capacitance: 23 pF max, primary
to secondary.
3 3
Ic 5 LINE
SIDE 4 SIDE
2 6

Bell Fuse 0553-5006-IC
Schott Corp. 67112060
Pulse Engineering 5764 & FAL 1.0

Figure A4.- Some Recommended Transmitter
Transformer Configurations

CS61574

To save on power consumption under normal
operating conditions, the output drivers are
powered down during the transmission of a
space (zero) on to the line. Approximately one

_ quarter cycle prior to transmitting a mark (one),

the drivers are enabled. The transformer interact-
ing with the driver can cause a slight voltage dif-
ference (<200 mV) between the driven zero and
the non-driven zero. We recommend that this ef-
fect be eliminated by inserting a 0.2 uF non-
polarized capacitor in series with the primary of
the transformer. Contact the factory for more in-
formation.

Transmit Side Jitter Attenuation

CS61600 CS61574
(master)

TPOS — | DIN pout ;:g(s;

TCLK CLKIN  cLKOUT TCLK
CS61600

(slave)
TNEG DIN
DOUT
— CLKIN

Figure AS. - Transmit Clock and Data Jitter
Attenuation

In some applications it is desirable to attenuate
jitter from the signal to be transmitted. A
CS61600 PCM jitter attenuator can be used to
remove at least seven unit intervals of jitter from
the transmit clock and data as shown in Figure
AS.

DS20PP3.1
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Interfacing The CS61574 With T1 Digital
Transceivers

This section gives general guidance on how to
interface the CS61574 with digital T1 framing
and signaling transceivers such as the R8070,
and DS2180. Design attention must be given to
insure that the devices are properly interfaced.
To interface with the R8070, connect the devices
as shown in Figure A6. The CS61574 is shown
in the hardware mode.

1.544 MHz

Figure AG. - Interfacing the CS61574 with and R8070

To interface with the DS2180, connect the
devices as shown in Figure A7. In this case, the
CS61574 and DS2180 are in host mode control-
led by a microprocessor serial interface. If the
CS61574 is used in hardware mode, then the
CS61574 RCLK output must be inverted before
being input to the DS2180.

TO HOST CONTROLLER
L

SCLK TCLK

L

SDO TPOS
SDI TNEG
TS

RNEG
RPOS

RCLK
DS2180

Figure A7. - Interfacing the CS61574 with a DS2180

CS61574

CS61534 Compatibility

See the Application Note "CS61534 Design
Guidelines to Insure Compatibility with
CS61574".
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Semiconductor Corporation

PCM Analog Interface

Features General Description
® Provides Ana|og PCM Line Interface The CS6152 combines the analog transmit and receive
.. line interface functions for a PCM system interface in
for T1 and 2.048 MHz Applications one device. The PCM line interface operates from a
. . 5 Volt supply, is transparent to the PCM framing format,
e Compliments Digital Gatearray gnd lcanSMvgl; mtRL oigrﬁM and o;her ca:‘ble types.
. . rystal’s circuitry shapes the transmit
Clock-Recovery Circuits pulse internally, providing the appropriate pulse shape at

the DSX-1 cross-connect for line lengths ranging from

e Programmable Pulse-Shaping Line | 0 to 655feet in T1 applications. The device provides the
Driver nd_ealhfronl-end to digital gate array based clock recovery
circuits.

e Provides Receiver AMI-to-TTL Buffer | Applications
® Interfacing Network Equipment such as Multiplexers,

: Channel Banks and Switching Systems
® Low Power Consumption 1 2 DSXA Croas Connoat.

. ® nterfacing Customer Premises Equipment such as
o Upwards compatible from CS61534 PABXs, T1 Multiplexers, Data PBXs and LAN Gateways
to a Channel Service Unit or T1 modem.

Drivi i
e _Driver Performance Monitor ORDERING INFORMATION

CS6152-IP - 24 Pin Plastic, 300 mil DIP

® Minimal External Components CS6152-IL - 28 Pin J-lead PLCC
Block Diagram
HIGHZ LENO LEN1 LEN2 TGND TV+
I [ 1] Pl
POS—— |
« TTIP
PULSE LIN
TNEG CONTROL SHAPER DRIVER
TCLK * TRING
Ri1 DATA UNE[ RTIP
Ro DETECTION ECEIVER
— RRING
DRIVER [+——— MTIP
MONITOR =—— MRING
3 3
RV+ RGND DPM
Product Preview This document contains data for a new product. Crystal Semiconductor

reserves the right to modify or discontinue this product without notice.

Crystal Semiconductor Corporation
OCT '87 P.O. Box 17847, Austin, Texas 78760
DS29PP2 (512)445-7222 TWX:910-874-1352
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PCM Line Interface

Features General Description
. . The CS6158 combines the analog transmit and receive
® Provides Analog PCM Line Interface for | iine interface functions for a T1 interface in a 22 pin or

T1 and 2.048 MHz Applications 28 pin device. The line interface operates from a single

5 Volt supply and is trangr%arent to the framing format.
I Crystal's SMART ANALOG " circuitry shapes the transmit

e CS61534/CS61574 Compatibility Mode | pulse internally, providing the appropriate pulse shape

for line lengths ranging from 0 to 655 feet from a DSX-1

T ; i cross-connect. An upwards migration path is provided
o Fu"y monolithic PLL (mtemal IOOp flltel') from the 28-pin CS6158 to the higher function CS61534

_ ) ) and CS61574.
® Provides Line Driver, and Data and Applications
Clock Recovery Functions ® Interfacing Network Equipment to a DSX-1 Cross
Connect
e Internal generation of transmitted pulse ® |nterfacing Customer Premises Equipment to a CSU
_ o Rl . X
width and pulse sha pe Building Channel Service Units
ORDERING INFORMATION
.. CS6158-IP - 28 Pin Plastic DIP
o Minimum external comppnents CS6158-1P2 - 22 Pin Plastic DIP
(no external crystal required) CS6158-IL - 28 Pin PLCC

Block Diagram

ACLK LENO LEN1 LEN2 TGND TV+
L] _—
LINE DRIVER
TCLK P
CONTROL PULSE
TPOS
SHAPER TRING
o— REFERENCE
e BagK cLock CLOCK & LINE RTIP
RCLK or—| DATA RECEVER
RECO l——— RRING
RPOS oe—
SIGNAL
QUALITY  |—
RNEG o+—— MONITOR
|| | _
LLOOP RLOOP LOS RV+ RGND
. This document contains data for a new product. Crystal Semiconductor
Product Preview reserves the right to modify this product without notice.
, Crystal Semiconductor Corporation
8(33;4%1 P.O. Box 17847, Austin, Texas 78760

(512)445-7222 TWX:910-874-1352
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GENERAL INFORMATION

TELECOM T1/CCITT LINE INTERFACES

lﬂ-

JITTER ATTENUATORS

DTMF RECEIVERS

FIBER OPTIC TRANSMITTER/RECEIVERS
DATA ACQ. A/DCONVERTERS - STATICALLY TESTED

A/D CONVERTERS - DYNAMICALLY TESTED

TRACK AND HOLD AMPLIFIERS

FILTERS

MISC. EVALUATION BOARDS

Y
o

APPLICATION NOTES 11

APPENDICES
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INTRODUCTION

Crystal offers two jitter attenuator circuits. The CS61600 PCM jitter attenuator uses a 16-bit FIFO and
a variable oscillator to provide up to 40 dB of jitter reduction in a 1.544 to 2.048 MHz data stream.
Also offered is the CS80600, a general purpose high speed (4.5 to 8.5 MHz) jitter attenuator. This part
may be used in conjunction with the TMS380 device family to double the number of stations connected
to an IEEE 802.5 token ring local area network. The CS80600 slows the accumulation of data-
dependent jitter, allowing more stations and repeaters to be inserted on the ring without overflowing the
elastic buffer of the active system monitor. The input to the CS80600 is clock and data which have
been recovered by the TMS38051/52. Jitter is removed by the CS80600 using an 8-Manchester symbol

JITTER ATTENUATORS

FIFO and a variable oscillator. The dejittered clock and data are then input to the TMS38020.

USER'’S GUIDE
Device: CS61600 CS80600
Data Rates 1.544 MHz or 4.5-8.5 MHz
2.048 MHz
Size of FIFO 16 8
Package 14 pin DIP 14 pin DIP
CONTENTS

CS61600 T1 (1.544 MHz) & CCITT (2.048 MHz) Jitter Attenuator

CS80600 4.5 MHz to 8.5 MHz Jitter Attenuator

3-17
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PCM Jitter Attenuator

Features General Description

¢ Unique Clock-Trackin Circuitry The CS61600 from Crystal Semiconductor accepts
Filters 50 Hz or ngher requency T1 (1.544 Mb/s) or CCITT standard (2.048 Mb/s )
Jitter for T1 Applications and 40 Hz data and clock inputs, and tolerates at least 7 (and
for CEPT up to 14) unit intervals, peak-to-peak, of jitter.

Before outputting data and clock, jitter is attenuated

.. . using an internal clock-tracking variable oscillator and
¢ Minimal External Components Required a16gbit FIFO elastic store. 9

e 14 Pin DIP The jitter attenuation function can be determined by
appropriate specification of the external crystal.

The CS61600 is transparent to data format, and is
intended for application in carrier systems, switching

. . . e systems, Local Area Network gateways and multiplexers.
* 3 Micron CMOS for High Reliability Oy:DERING INFORM A'no: ye P
and Low Power Dlss!)patlon:

i CS61600-IP - 14 Pin Plastic DIP; T1 only
50 mW Typical at 25°C CS61600-IP1 - 14 Pin Plastic DIP; T1 & CCITT

¢ Single 5 Volt Supply

Block Diagram

FIFORST OVR RESET

2 s 1
F