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Our Mission:

Our Quality
Goal:

Our Pledge:

The Level One Credo

We shall strive to be the leader in supplying Silicon
Connectivity Solutions and to provide a fair return
on investment to our shareholders while being a
responsible corporate citizen in our community.

We shall strive to achieve Total Customer Satisfaction.

We pledge to both external and internal customers that
we shall strive to anticipate, understand, and fulfill their
needs. We shall continuously improve each of our
work functions to enhance the value of our products
and services.

Robert S. Pepper, Ph.D.
President and Chief Executive Officer
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Current Product Information

Here are two ways to obtain the most current product information:
Literature Request Hotline: (916) 854-1155
Web Site URL: http://www.levell.com

Product Status Indicators

For Level One product documentation, the term “Preliminary Information” has the following
meaning: -

Preliminary Information: Indicates a product which has not been released to production.

Some specifications may be changed or added until full qualifica-
tion and production release.

Disclaimer of Warranty:

Level One Communications, Incorporated, assumes no responsibility for errors or omissions in these materials.
These materials are provided “as is” without warranty of any kind, either express or implied, including but not limited
to, any implied warranties of merchantability, fitness for a particular purpose, or non-infringement. Level One does
not warrant the accuracy or completeness of any text or graphic information contained in the material presented
herein. Level One shall not be liable for any special, indirect, incidental, or consequential damages, including with-
out limitation, lost revenues or lost profits, which may arise from any person’s use of these materials. Level One may
make changes to these materials, or to the products described by these materials, from time to time, without notice.
Level One is not obligated to update these materials.

Patent Information: ;

The products listed in this publication are covered by one or more of the following patents. Additional patents pend-
ing.

5,008,637; 5,028,888; 5,057,794; 5,059,924; 5,068,628; 5,077,529; 5,084,866; 5,148,427; 5,153,875; 5,157,690
5,159,291; 5,162,746; 5,166,635; 5,181,228; 5,204,880; 5,249,183; 5,257,286; 5,267,269; 5,267,746

Level One and I3 are registered trademarks of Level One Communications, Incorporated
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Providing Silicon Connectivity Solutions for Communications Systems

Background

Level One Communications, Incorporated of Sacramento,
California, is a leading supplier of Silicon Connectivity
Integrated Circuit (IC) Solutions for complex analog and
digital (mixed-signal) transmission and networking appli-
cations. The company specializes in the development of
integrated circuit Application Specific Standard Products
(ASSPs), such as transceivers, repeaters and related
devices used in two key areas of the telecommunications
and data communications industry. These are:

1. Interface solutions for digital access and transport
transmission systems, including fast-growing T1/E1,
and

2. Local/Wide Area Networking (LAN and WAN) solu-
tions, including Ethernet LAN, and datacom.

A majority of Level One’s products contain complex func-
tions integrated onto a single silicon chip for applications
formerly requiring multiple chip or board level solutions.

The company’s products target the mixed-signal commu-
nications IC market which was estimated to be $4.9 billion
in 1995. This market is expected to reach $10.8 billion by
2000, according to VLSI Research.

History & Revenue Growth

Level One was founded in November 1985. The company
completed an initial public offering in August, 1993, fol-
lowed by a secondary offering which was completed in
February, 1994. Level One is traded on the NASDAQ
exchange under the symbol LEVL. As its name implies,
Level One’s initial focus was related to the physical layer
(layer one) of the Open Systems Interconnection (OSI)
seven-layer network reference model developed by the
International Standards Organization.

In April 1994, Level One moved from its original Folsom,
California location to a new 87,000 square foot facility in
Sacramento, California. In April 1996, company opera-
tions were expanded with the addition of a 51,000 square
foot building in the same industrial park.

During 1995, the company acquired San Francisco Tele-
com of San Francisco, California, a design firm specializ-
ing in system and IC level designs related to SONET/SDH,
cable modems, and wireless applications. The company
also made an investment in Maker Communications of

Waltham, Massachusetts, which specializes in ATM cell
processing.

Level One achieved 131% compound revenue growth from
1991 to 1995. The company’s revenues were $78 million
in 1995, and it has been profitable in each quarter since the
first quarter of 1992. Total assets were $100 million at year
end 1995.

The Electronic Communications
Infrastructure

Level One’s advanced Silicon Connectivity Solutions are

key building blocks for digitized voice, data and multime-
dia networks, linking homes and businesses across the na-
tion and around the world. While the telephone and cable
TV operating companies in North America today have a to-
tal installed plant of 430,000 miles of coaxial cable and 12
million miles of fiber optic cable, there is a total of 1.2 bil-
lion miles of copper phone wire in place.

Demand is increasing for mixed-signal Silicon Connectiv-
ity Solutions. Level One will continue to leverage the
installed base of copper wire to implement the growing
number of advanced interactive, multimedia, and enter-
prise networking applications. These include videoconfer-
encing, Group IV Fax, telecommuting, image retrieval,
teleconferencing, wide area connectivity, leased line
backup, file transfer, PC access, remote LAN, CAD, CAE,
and CAM. Simultaneously, the company has initiated pro-
grams to provide solutions which serve the growing needs
of the future mixed-media, coax cable, fiber and wireless
environments.

New Products

Level One continues to add to its portfolio of more than 50
products by integrating higher layers of the OSI model into
its IC functions, such as data transfer/conditioning func-
tions (layer two), as well as network switching, routing and
control functions (layer three). Level One’s products are
aimed directly at the rapidly growing digital telecom/data-
com market. These Level One Silicon Connectivity Solu-
tions are essential in an age when new technologies and
customer demands are increasing the need for higher trans-
mission speeds and greater system performance.

1-1
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As demand increases for higher data transmission
speeds—(beyond 64 kilobits per second) to megabit and
gigabit levels—Level One continues to implement its
product migration strategy by developing mixed-signal
devices required at these higher bit rates. The technologies
and IC design techniques Level One has perfected for cur-
rent mixed-signal communication markets are also appli-
cable for the development of solutions addressing
broadband coaxial cable or fiber optic transmission envi-
ronments.

Industry Leadership

Major ingredients of a firm’s success can be found in the
number of - industry leadership positions a company
achieves for itself, as well as by the number of industry
“firsts” and proprietary products it develops. With a grow-
ing list of patents, Level One maintains an extensive
research and development program to develop state-of-the-
art Silicon Connectivity Solutions for the mixed-signal
transmission and networking markets. Level One’s R&D
program has already yielded significant successes, as evi-
denced by the following partial list of accomplishments:

TRANSMISSION ACHIEVEMENTS

* A world leader in twisted-pair telecom/datacom trans-
ceivers

*  World’s first supplier of long-haul T1 transceivers
with a one-chip CSU for networking applications

* A complete line of fully integrated T1/E1 short-haul
transceivers (Level One is the number one supplier in
this market)

» The industry’s first fully integrated quad T1/E1 re-
ceivers used in the growing SONET multiplexing and
T1/E1 test, monitoring and performance market

* Exclusive worldwide provider of integrated Clock
Rate Adapters for E1 and T1 interfaces

* The world’s only integrated T1 and El repeater chips
(Level One offers four repeaters: single T1, dual T1,
single E1 and dual E1)

¢ Organized consortium of leading manufacturers to
develop chips compliant with the new industry stan-
dard for High bit rate Digital Subscriber Line (HDSL)
interface at T1 or E1 speeds: our Level One HDSL
data pump is the world’s most integrated solution

NETWORKING ACHIEVEMENTS
» Developed the world’s first fully integrated extended
range transceivers for Digital Data Service (DDS)—
originally called Dataphone Digital Service by

AT&T— and Switched 56 service

* Assisted in the rapid growth of the LAN market with
10BASE-T Ethernet network interface connectivity
designs

¢ Introduced a single-chip Media Attachment Unit
(MAU) used to connect to an Ethernet LAN and a hub
transceiver for multipoint repeaters. Level One is one
of the world’s top three 10BASE-T transceiver suppli-
ers (Source: DataQuest)

* Introduced the industry’s first Ethernet twisted-pair-
to-coaxial cable adapter IC

¢ The first firm (in 1992) to address the data communi-
cations industry’s electromagnetic interference needs
by integrating transmit filter functions onto a chip

* Developed the first multiport quad hub repeater chip,
the LXT914, with integrated transmit filters for
10BASE-T networks

UNIQUE DESIGN AND MODELING/SIMULATION
SYSTEMS

At the heart of Level One’s product development effort is
a world-class team of silicon designers specializing in
mixed-signal communications. This rare breed of IC
design engineer is very much in demand among original
equipment manufacturers and also among developers of
telecom/datacom chip-level components. To assist this
team in its R&D pursuits, Level One is using a state-of-the-
art Computer Aided Design (CAD) system as well as a pro-
prietary software modeling and simulation system
(LxWAVE™). This unique design environment enables
Level One to develop fully simulated mixed-signal prod-
ucts quickly, taking the characteristics of target transmis-
sion lines into account.

LXxWAVE is a very effective proprietary software simula-
tion tool used to model both the physical-level communi-
cations system and the associated metallic transmission
networks. It is composed of two modules: LXNET™ and
LxSYS™. LxNET is transmission simulation software
used to model dispersion and attenuation of baseband sig-
nals for a given set of twisted-pair transmission line char-
acteristics. The LxSYS software module simulates
interrelated functional blocks as a system, and models the
transceiver’s resulting behavior and performance.
Together LXNET and LxSYS accurately predict system-
level performance of Silicon Connectivity Solutions in
actual transmission networks. These software tools, com-
bined with very powerful automatic test equipment, enable
Level One to test its ICs as if they were transmitting in the
real world.
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MULTIPLE FOUNDRY STRATEGY

Level One’s flexible design methodology utilizes multiple
independent wafer foundries to fabricate its integrated cir-
cuits. This enables Level One to optimize its manufacturing
base to take advantage of process innovations and produc-
tion schedules. The Company has entered into long-term
wafer supply agreements with some of its suppliers.

Quality and Reliability Assurance

Extremely stringent quality and reliability standards are
every employee’s responsibility. Level One’s quality and
reliability assurance focus starts at the product definition
stage and continues through every aspect of product design,
manufacture, testing and customer support.

The company has developed an exacting quality assurance
process that has proven successful in reducing failure rates
to an absolute minimum for the more than fifteen million
ICs produced by the company to date. A rigorous program
of wafer foundry and assembly subcontractor selection,
audit, qualification and monitoring — as well as internal
controls — ensures a consistent supply of high quality and
reliable devices.

To qualify to be a Level One wafer foundry or assembly
subcontractor, each site must meet an established bench-
mark performance level. Once qualified, all parties must
continue to comply with these benchmarks to maintain
Level One’s exacting, state-of-the-art manufacturing and
production standards. Level One is currently in the process
of ISO 9000 certification.

LOW FAILURE RATES

The success of Level One’s quality and reliability assur-
ance program is demonstrated by the company’s extremely
low failure/return rate. Level One’s defect return rate is less
than 0.2 percent of annual sales. The average Mean Time
Before Failure (MTBF) for Level One’s ICs is in excess of
10 million hours.

Summary

Level One’s goal is to become the prime source for the
best-performing, highest quality communication IC prod-
ucts. Our goal will be achieved by delivering products on
time with strong field sales and application support, and
better customer service than any other semiconductor pro-
vider in the market. The company is focused on developing
the most cost-effective Silicon Connectivity Solutions. To
maintain its leadership position, Level One strives to con-
tinue to reduce the cost of its products and to provide its
customers with higher added-value Silicon Connectivity
Solutions.

* LXWAVE, LxNET, and LxSYS are trademarks of Level One Communications, Incorporated.
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QUALITY AND RELIABILITY

Designing in Quality

Level One has developed a unique approach to transceiver
design and testing. This approach enables us to ensure that
all of the devices we manufacture meet performance spec-
ifications. We use LXWAVE™, our proprietary simulation
tool, to generate analog signals that model transmission
through various networks and systems. This enables Level
One to test designs and finished devices under simulated
conditions to ensure performance to specifications in
extremely demanding scenarios.

LxWAVE consists of two simulation tools: LXNET™ and
LxSYS™. LxNET starts with a transmission line model
using stored transmission line parameters, many of which
are actual laboratory measured values. Level One has con-
structed a wide variety of line models of various gauges ,
including single and multi-pair bundles. The transmission
loop environment can then be modeled by simulating the
effect of topology on the transmission network. The topol-
ogy can include transformers, inductors, capacitors, resis-
tors, active circuitry, bridge taps and other external
disturbers. With a given line model, LXNET calculates the
response of the loop anywhere along the loop.

LxSYS, the second part of LxWAVE, simulates the behav-
ior of the transceiver in design. To construct the behavior
model, LxSYS uses software modules corresponding to cir-
cuitry in the Level One design library. Jitter and noise, ana-
log offsets and non-linearities, and bandwidth limitations
may also be added.

In the design stage, Level One engineers use LXWAVE to
simulate the response of the transceiver for various inputs
and under various operating conditions. With these
responses, we develop a template defining the range into
which the transceiver’s output should fall. These templates
are saved for later testing.

Designing In Reliability

During design, the reliability aspect of the device is as
important to Level One as performance, die size, and yield.
Therefore, Level One has established design/layout rules
and guidelines aimed at ensuring reliability. These guide-
lines are followed carefully for all Level One designs; they
are updated as required by processing and packaging
advances, as well as failure analysis history.

Design and layout guidelines used for Level One designs
are intended to ensure reliable circuit operation. Included
in the guidelines are rules intended to reduce susceptibility

to latch-up, enhance circuit ESD robustness, avoid trace
and contact electromigration, ensure dielectric integrity,
reduce metal stress, and provide compatibility with packag-
ing. These guidelines are determined in conjunction with.
the wafer foundries to guarantee compatibility with their
processes. Packaging and assembly related guidelines are
developed with the assembly house to enhance package
reliability and die protection.

In addition, Level One designs are conservative. Chip
components are not designed to the limits of process capa-
bilities or operated under conditions that could lead to
instability. Designs are subjected to in-depth circuit simu-
lation at temperature, voltage and processing extremes
before being committed to silicon. In order to guarantee
operation at these extremes, circuit designs must be conser-
vative.

Level One devices are designed for fabrication at more than
one targeted foundry. The processes used by these different
foundries are similar, but not identical. Therefore, our
designs must be able to encompass the process differences
between foundries. This results in devices less sensitive to
variations that may occur during processing or during the
life of the device.

Foundry and Assembly House
Qualification

The process of choosing and qualifying a wafer foundry or
an assembly house starts long before any product is built at
the facility. Each subcontractor is studied in detail to
assure compatibility with Level One requirements. Factors
examined at an assembly house include: package capabili-
ties, attach types, temperature profiles, mold compound
and epoxy types, inspections, process control, and quality
procedures.

Foundries are evaluated for their ability to produce Level
One designs. The foundry’s device models or Level One
generated models are used to determine the foundry’s com-
patibility. Extensive simulation is performed at process,
voltage and temperature extremes to ensure circuit func-
tionality. The process flow and construction topology are
evaluated for top coat effectiveness, glassivation and met-
allization step coverages, effectiveness of planarization,
electromigration performance, etc. Reliability data is eval-
uated for compliance with Level One reliability require-
ments.
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The manufacturing and quality procedures followed by the
foundry are evaluated carefully to be sure they can control
the process to Level One specifications. Also, complete lot
traceability must be retained.

Finally, both the foundry and the assembly house must be
committed to constant quality improvement through the
use of control charts, quality groups, and corrective/pre-
ventive actions on anomalies reported by customers. Cur-
rently, the company has qualified foundries in North
America, Europe and Asia. Multiple foundries reduce the
risks associated with dependency on a single vendor.

Level One assembly in plastic DIP, PLCC, TQFP and
PQFP packages is currently being handled by assembly
houses in Asia, Europe and the USA.

Subcontractor Control

Subcontractor control is important to ensure consistent per-
formance. Control is a continuous process, accomplished
through a multifaceted approach. Subcontractor surveil-
lance is an important part of the Level One standard prod-
uct flow. Electrical measurements of basic transistor and
topology structures are examined for each wafer lot
received. Each incoming packaged device lot is subjected
to material verification and QC monitor report review. In
addition, incoming wafers and packaged devices are visu-
ally inspected on a sample basis. Any anomalies or trends
are detected and reported early in the process.

Periodically, Level One audits foundry and assembly
house process monitor and control procedures, quality and
reliability monitoring, incoming material quality assur-
ance, and process capability indexes.

Product Reliability Qualification

Level One products must undergo a strenuous reliability
qualification procedure before production shipments
begin. Product reliability qualification includes: establish-
ment of functional and parametric test procedures; reliabil-
ity qualification of the device; reliability qualification of
the process to be used; and reliability qualification of the
package.

A device built using a new foundry or a new assembly
house must undergo the most encompassing reliability
qualification procedure. Because subsets of the reliability
qualification procedure are specific to foundry processes
and packages, products using pre-qualified processes or
packages require qualification only of the portions of the
procedure not satisfied by prior qualification. Every qual-
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ified product is capable of meeting each applicable reliabil-
ity qualification requirement.

Among the tests and stresses included in the reliability
qualification procedure are the following:

* operating life tests

* Temperature Humidity Bias (THB)
85 °C/85% RH or 130 °C/85% RH

* autoclave

* temperature cycling

 thermal shock

e ‘latch-up immunity

* ESD susceptibility

» package and lead mechanical integrity
* moisture sensitivity evaluation

Such comprehensive testing stresses the device design,
process and package. For example, operating life tests
stress the device with bias (in a static or dynamic mode) at
elevated temperatures to accelerate possible failure mecha-
nisms that could occur during the life of the device. Failure
mechanisms accelerated during life testing include param-
eter shifts, leakages, electromigration and oxide defects.
These failure mechanisms have been thoroughly studied,
and found to follow the Arrhenius relationship for reaction
rate acceleration with temperature. This enables Level One
to simulate life at a nominal operating temperature in a rel-
atively short time.

Autoclave and THB tests are used to evaluate the resistance
to moisture of devices packaged in plastic. The ability of
the package to protect the die is evaluated in autoclave, in
an unbiased, high temperature, pressurized steam environ-
ment. Metallization corrosion is the dominant failure
mechanism. Bias-dependent moisture effects are enhanced
through THB, which is a humid (85% RH), high tempera-
ture (85 °C or 130 °C) environment. Failure mechanisms
include metallization corrosion, leakages and voltage
shifts. The package, process, and circuit design are all
stressed with THB.

Package and bond integrity are evaluated using tempera-
ture cycling, thermal shock, and package and lead mechan-
ical testing. Level One also evaluates the moisture
sensitivity of surface mount devices according to JEDEC
and IPC standards.

Destructive physical analysis (DPA) is used to evaluate the
details of construction, workmanship, and potential reli-
ability. In this analysis, the package and/or die is dissected
and examined in detail, using X-ray, optical microscopy,
and scanning electron microscopy. Items such as bond wire
dress, ball formation, die attach, lead frame, package or
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mold compound, passivation integrity, die construction and
workmanship are analyzed.

Product Monitoring

After a product is qualified, Level One’s product monitor-
ing program continues to verify quality and long-term reli-
ability. Under this program, the Quality and Reliability
Department takes periodic samples of the product from fin-
ished goods and subjects them to selected product qualifi-
cation tests. Process related tests are performed on a
quarterly basis. Each process/foundry used in production is
monitored separately. Package reliability testing is per-
formed biannually-annually. Each production package
type/assembly is monitored individually.

The results of the reliability testing performed for the prod-
uct monitoring program are published in Level One Reli-
ability Reports.

An important area of product monitoring is reviewing fail-
ure history for indications of process or assembly anoma-
lies. If trends are seen, the anomaly is identified through
failure analysis, pinpointing possible process or assembly
influences. Level One then implements corrective actions,
working with the foundry or assembly house. Design rules
and guidelines are modified, if necessary, to prevent future
recurrence of the failure mechanism.

Production Flow

The Level One production flow is shown in Figure 1. Level
One participates in quality and reliability monitoring
through each aspect of the production cycle by reviewing
electrical and inspection data from the foundry and assem-
bly house. All device testing and lot certification, as well
as wafer and package inspections, are performed by Level
One and certified subcontractors.

With each wafer lot, the foundry sends results of electrical
measurements of basic transistor and topology structures.
These measurements are reviewed and compared to speci-
fied values for the process. If the deviation falls outside the
specification limits, the material is held by the foundry until
disposition by Level One. Feedback to the foundry is
immediate, and a mutually-agreed-upon corrective action
plan is executed.

A similar inspection and QC monitoring report is received
with each assembled lot from the assembly house. This
report is reviewed for each incoming lot.

Before disposition to finished goods, the lot traveler is
reviewed by Quality Assurance to ensure that all test,
inspection and production steps have been performed.

A sample of the product must pass arigorous quality accep-
tance test before authorization to ship is given. Upon suc-
cessful completion of this test, authorization to ship is
given by Quality Assurance.

By maintaining close working relationships with the found-
ries and assembly houses, Level One is involved through-
out the production of the product.

Testing

All devices are 100% tested using parametric and func-
tional tests using analog waveforms and digital test vectors.
Test vectors are downloaded to the production tester for
incorporation into test programs. The analog and digital
signals transmitted through various networks are recon-
structed by the tester and used as stimuli to the device under
test (DUT). Noise can be added to further evaluate the
device’s response under less than optimum operating con-
ditions. The response is sampled by the tester and com-
pared to the template constructed for the particular input
stimulus. Using the reconstructed waveforms, the DUT is
also tested for response to various line lengths and superim-
posed noise amplitudes.

These dynamic functional tests, combined with parametric
tests, ensure that the devices are rigorously tested under
various operating conditions without the use of cable
spools or other hardware.

Product Traceability

To ensure traceability, each lot traveler tracks the product
history as follows: foundry lot, assembly, inspections,
tests, burn-in monitor, quality control and quality accep-
tance testing, and shipping destination. This documenta-
tion is retained for future reference. The lot traveler
enables Level One to determine which lots were shipped to
a particular customer. In addition, each device is branded
with the lot number and a special trace code to enable com-
plete traceability.

1-7




1996 Communications Data Book

Figure 1: Level One Production Flow
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Electrostatic Discharge

Electrostatic discharge (ESD) can damage sensitive semi-
conductor devices. Damage occurs unless precautions are
taken to eliminate the generation of dangerous static levels,
and to design robust circuitry with sufficient protection.
Level One uses both approaches to ensure that the devices
shipped to our customers are not compromised, and that
they will survive industry accepted handling for semicon-
ductor devices.

Level One’s design guidelines for ESD protection produce
devices which tolerate nominal ESD levels without dam-
age. Before usein device designs, we test the susceptibility
to ESD damage of standard input and output cells. In addi-
tion, the ESD susceptibility of each device type is deter-
mined as part of the product qualification before release to
production.

Proper ESD handling of devices is policy at Level One.
Those who handle devices are fully trained in the proper
procedures for handling static-sensitive devices and know
that handling devices incorrectly may damage them. Pack-
aged devices are handled only at special workstations
designed to eliminate damaging static levels. Packaged
devices are shipped in containers designed to eliminate risk
of damage caused by ESD.

Constant Improvement Program

To assure shipment of high-quality, highly reliable devices,
Level One pursues constant improvement in all aspects of
production and testing. Small group problem-solving
teams have been assembled. The teams consist of person-
nel from both operations and quality, working together to
solve problems and improve our manufacturing flow.

Periodic quality system reviews examine the effectiveness
of internal Level One quality, manufacturing, and product
development systems. Recommendations for improve-
ment are made to and approved by Level One senior man-
agement.
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LEVEL ONE PRODUCT REFERENCE GUIDE

PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
ACCESS Short-Haul LXT300 s Includes Receive Jitter
SYSTEMS: TI/El Attenuation (JA)
» MUX Transceivers LXT301 » Similar to LXT300 without
= PBX Jitter Attenuator
* DSU LXT300Z = Constant output impedance
= CSU independent of marks and spaces
= Router = Low power consumption
= Concentrator (400 mW typ.)
« Bridee = Enhanced DPM monitor detects
g single line shorts
= PC = Output tristate capability
= Video Conferencing = Pulse amplitude stabilization
= Channel Extender = Includes Receive Jitter
Attenuation starting at 3 Hz
TRANSPORT
SYSTEMS: LXT301Z = Similar to LXT300Z without
: Jitter Attenuator
® Channel Bank = Meets BABT El short circuit
= DAC limit of 50 mA with ext. resistors|
* Trunk Card for LXT304A = Includes Receive Jitter
C.0. and PBX Attenuation starting at 3 Hz
= DLC System = Low power consumption of
= PDH/SDH MUX 400 mW max
= Constant low output impedance
driver for high return loss
= Meets new ETSI TBR 12
standard on output jitter
= Low receive clock quantization
jitter of < %s UL
= Analog/digital LOS processor
meets G.775
= Programmable Transmit Return
Loss using ext. resistors
= Output driver tristate capability
LXT305 = Similar to LXT300 but with Jitter

Attenuator on Transmit side




LEVEL ONE PRODUCT REFERENCE GUIDE

LINE MONITORS
LINE INTERFACES

PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
ACCESS Short-Haul LXT305A = Includes Transmit Jitter
SYSTEMS: TI/E] Attenuation starting at 3Hz
. = Low power consumption of
= MUX Transceivers 400 mW max
» PBX = Constant low output impedance
« DSU driver for high return loss
= Meets new ETSI TBR-12
= CSU standard on output jitter
= Router = Low receive clock duty cycle
. C variation
oncentrator = Low intrinsic receive clock
= Bridge quantization jitter
« PC = 32-bit FIFO accommodates up
to 28 U.L. of d clock
= Video Conferencing v(\?ithout ovoergﬁgvpe clocks
= Channel Extender = Output driver tristate capability
= Analog/digital LOS processor
TRANSPORT meets G.775
SYSTEMS: = Meets BABT El short circuit
limit of 50 mA with external
* Channel Bank resistors
= DAC - -
LXT307 = El-only transceiver without
» Trunk Card for Jitter Attenuation
C.O. and PBX = Analog/digital LOS processor
meets G.775
» DLC System » Meets BABT short circuit limit
= PDH/SDH MUX of 50 mA with ext. resistors
= 75/120 Q operation without
component changes
= Low 2.048 MHz reference clock
= Constant low output impedance
driver for high return loss
» Low receive clock duty cycle
variation
= OQutput driver tristate capability
TEST EQUIPMENT Quad LXT325 = Industry’s first quad receiver
Receiver = Incorporates four independent

receivers in 28-pin DIP or PLCC
Sensitivity allows for up to

20 dB of jack/cable attenuation
Includes LOS indication

output for each receiver

GLEVEL
ERE




LEVEL ONE PRODUCT REFERENCE GUIDE

= DLC System
= PDH/SDH MUX

PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
ACCESS Short-Haul LXT332 = Single chip dual TI/E1
. TI/E] transceiver

SYSTEMS Transceive = Tx/Rx switchable crystal-less

= MUX anscetvers Jitter Attenuator

= PBX = On-chip driver short circuit

monitoring (DFM)

* DSU = On-chip encoder/decoder

= CSU = QRSS detector/generator

= Router = AIS/BPV insert and detect

. C trat = Software-switchable between

oncentrator T1 and E1 operation

= Bridge = Low-frequency reference clock

« PC (1.544 or 2.048 MHz)

= Video Conferencing LXT350 = Single channel version of

= Channel Extender LXT332'

= Serial microprocessor control

TRANSPORT port
SYSTEMS: LXT351 = Single channel version of

= Channel Bank Ig)gm” el mi

= 8-bit parallel microprocessor
* DAC control port
» Trunk Card for
C.0. and PBX

]
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PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
ACCESS Long-Haul LXT310 Industry’s first fully compliant
SYSTEMS: TI Transceiver T1 CSU/ISDN transceiver
» Network Access Oper::les over ?),1000 feet of
. twisted-pair cable
ISDN PRI Jitter Attenuator switchable
= CSU from transmit to receive
= NTU
Long-Haul DECT | LXT317 Industry’s first fully integrated
TRANSPORT Transceiver long-haul transceiver @
SYSTEMS: ' 3152 Mbps 25k of
= Office Repeater 0 gelfssc:;ﬁ: o xmo
= Cellular Bay Optimized to address
= Base Station Digital European Cordless
Networking Telecommunications (DECT)
and Personal Communications
Service (PCS) standards
Long-Haul LXT318 Similar to LXT310 but for
E1 Transceiver E1 operations
Fully compliant with ITU-T
specifications for E1 short-haul
(6 dB) or long-haul (43 dB)
applications
Meets new ETSI TBR12/13
standard on output jitter
Short-Haul and LXT360/361 T1/E1 short-haul and
Long-Haul long-haul transceiver

T1/El Transceiver

Software-programmable T1/E1
operation

On-chip QRSS, BPV and AIS
generator/detector
Analog/digital LOS processor
meets G.775

Crystal-less Jitter Attenuator
Serial (LXT?360) and parallel
(LXT361) control port

]




LEVEL ONE PRODUCT REFERENCE GUIDE

PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
REPEATERS TI Repeaters LXT312 = Industry’s only fully integrated
dual T1 repeater
SMART REPEATER = Requires only a crystal and a
few other components to
complete a repeater design
= No tuning coil required
= Low power consumption
= 0 to 36 dB dynamic range
OFFICE REPEATERS LXT315 = Single version of LXT312
REPEATERS El Repeaters/ LXT313 = Industry’s only fully integrated
Transceivers dual E1 repeater/transceiver
SMART REPEATER/ = Requires only a crystal and a
TRANSCEIVER few other components to
complete a repeater design
= No tuning coil required
= Low power consumption
= 0 to 43 dB dynamic range
OFFICE REPEATER/ LXT316 = Single version of LXT313
TRANSCEIVER
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PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
ACCESS Low-Jitter LXP600A = Industry’s first Clock Adapter
SYSTEMS: TI/E] (CLAD) for use as internal
= PBX Clock Rate system timing generator
Adant = Converts between T1 and E1
= NTU apters = Patented locking method enables
= CSU frequency conversion with no
external devices
TRANSPO_RT = Meets AT&T 62411 and
SYSTEMS: ITU-T G.732 jitter specs when
= MUX teamed with Level One
= Channel Bank transceivers
. = Provides 6 MHz
= CO Switch .
High Frequency Output (HFO
e DAC gh Frequency : put (HFO)
» Office Repeater LXP602 = Similar to LXP600A, but
Bay provides 8 MHz HFO
= Mobile Switch LXP604 = Converts between 1.544 MHz
and 4.096 MHz, with 6 and
8 MHz HFO
LXP610 = Multi-rate Clock Adapter
= Pin-selectable frequency
conversion between 11
different rates (1.544 MHz to
8 MHz)
= Accepts seven CLKI input
frequencies and provides five
: HFO output frequencies
FRAME RELAY DDS/Switched-56 | LXT400 = Fully integrated all-rate
Transceiver extended range transceiver

DDS and SW/56
DSU

Receive equalizer filter can
handle up to 40 dB at rates
below 56 kbps, and up to 49 dB
at 56 kbps and 72 kbps
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= T1 multiplexer
(point-to-point
applications)

PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
HDSL: High Bit-Rate SK70704/ = HDSL chip set for 784 kbps
» T1 or E1 (2-pair) Digital Subscriber 70706 data transmission
and fractional T1 Line (HDSL) = Fully "%tegrated analog
or E1 transport Product corechip
= Digital pair-gain roaucis = Integrated activation/start-up
« Wireless base = Optimized for one-pair
ti
station to switch operation
interface SK70704/ = HDSL chip set for 1168 kbps
= Campus and private 70707 data transmission
networking = Fully integrated analog
= High-speed digital core chip
modems = Integrated activation/start-up
= Optimized for one-pair
operation
PDH MUX: PDH Multiplexer | SXT6234 » Performs four-E1 to E2 or
= E1,E2,E3 four-E2 to E3 multiplexing
multiplexer = Compliant with ITU-T G.742

and G.751 recommendations
Usable for four T1 multiplexing
Optimized for microwave radio

9
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PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
UNIVERSAL Ethernet LXT901 = Industry first with integrated filters
ETHERNET Transceiver for = Provides all active circuitry for
INTERFACE AUI and 10BASE-T interfacing 802.3 controllers to
ADAPTER: an Attachment Unit Interface
= Computer/Laptop/ (AUI) or 10BASE-T media
Workstation = Includes Manchester encoder/
Interface Boards decoder, reversed polarity
detection/correction
= LAN Repeaters .
= Printer Network * LED dl’lV e .
Attachments " Compatlble W}th shlelfled or
unshielded twisted-pair
- zgrb:scIA LAN = Full duplex capability
= Workstation/ Ethernet LXT907 » Integrated filters
Graphic Terminals Transceiver for = Provides all active circuitry for
» PC-PC Servers AUI and 10BASE-T interfacing 802.3 controllers to
(Adapter/MB) an Attachment Unit Interface
» 10BASE-T (AUI) or 10BASE-T media
Interconnects = Includes Manchester encoder/
(MAU) decoder, reversed polarity
. detection/correction
. Bndges/Routers « LED drivers
» Terminal Servers = Full duplex capability
* Point-Of-Sale = Signal Quality Error (SQE) can
Machine Interfaces be disabled for hub and switch
= Switching Networks applications
ETHERNET 10BASE-T LXT902 = Six LED drivers for diagnostics
TWISTED-PAIR Media Attachment and status reporting
MAU: Unit (MAU) = Full duplex capability
» External AUI to TP = Signal Quality Error (SQE) can
Transceivers be disabled for hub and switch

» Internal MAUs

applications
Automatic AUI/RJ45 selection
for internal MAU applications

4
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PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
ETHERNET Ethernet LXT904 = Provides all active circuitry for
INTERFACE Transceiver for interfacing 802.3 controllers to
ADAPTER: AUI Connections an Attachment Unit Interface
= Bridges, Routers (AUD)
« LAN-to-WAN » Includes Manchester encoder/
access equipment decoder
= LED drivers
= Full duplex capability
UNIVERSAL Ethernet LXT905 = 3.3V or 5V operation
ETHERNET Transceiver for = Power down mode for battery
INTERFACE 10BASE-T with operation
ADAPTER: ’ = Provides all active circuitry for
= Portable computers; EnDec and filters interfacing 802.3 controllers to
PDAs 10BASE-T media
Lo = Includes Manchester encoder/
- S“_’“Chmg Hubs decoder, reversed polarity
= Printer Adapter detection/correction, integrated
Cards filters
= PCMCIA Cards = LED drivers
= Full duplex capability
= Signal Quality Error (SQE) can
be disabled for hub and switch
applications
ETHERNET Coax-to-TP LXT906 = Industry exclusive
TWISTED-PAIR Adapter = Direct interface to coax Ethernet
COAX ADAPTER: transceiver and RJ45
= BNC-TP twisted-pair connector

External Converter

Level-shifted data pass-through
Collision detection/correction
Reversed polarity detection/
correction

LED drivers for Tx, Rx,
collision, reversed polarity and
link functions

9




LEVEL ONE PRODUCT REFERENCE GUIDE

PRODUCT PART
APPLICATIONS | FAMILY NUMBERS COMMENTS
UNIVERSAL QUAD | Quad Ethernet LXT944 = Four independent 10BASE-T
ETHERNET Transceiver for transceivers with integrated
INTERFACE JOBASE-T filters, Manchester
ADAPTER: encoder/decoders
. = Four LED drivers per port
» Ethernet Switch
er.ne “{1 ¢ = Full duplex capability on each
= Multiport File Server port
and Print Server = Signal Quality Error (SQE) can
be disabled for hub and switch
applications
FLEXIBLE QUAD 4-Port IOBASE-T | LXT914 = Four 10BASE-T ports
HUB REPEATER Ethernet = Integrated filters
= 4 or 5-Port Repeater Device = One AUI port (DTE/MAU)
“Personal” Hub with AUI Port = Synchronous or asynchronous
backplane
= 8,9,10or 12-Port .
= Serial port for programmable
Hub (stackable and options
standalone) = Seven LED drivers
= Multiport File Server = Programmable squelch level
= Print Server = Supports “Hot Swapping”
= Cascadeable backplane links

= Terminal Server
s Multiport Router
= Intelligent Repeater

up to 128 ports
Easily connects to any MAC’s

AUI port to increase port
(PHY Layer connectivity
Management)
YLEVEL
1-20 [ERE
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T1/E1 Short-Haul
Transceivers and
Receivers
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‘T1/E1 Primary Rate Specifications

1.544 MBPS T1 PULSE MASK (DS1 AND DSX-1)

1.5

| Normalized Amplitude

1.5-
! Normalized Amplitude

1.544 Mbps T1 Pulse Mask Corner Point Specifications

DS1 Template (per ANSI T1. 403-1995) DSX-1 Template (oer ANSI T1. 102-1993)
Minimum Curve Maximum Curve Minimum Curve Maximum Curve
Time (U) | Amplitude | Time (U/) | Amplitude | Time (U) | Amplitude | Time (U) | Amplitude
-0.77 -0.05 -0.77 0.05 -0.77 -0,05 -0.77 0.05
-0.23 -0.05 -0.39 0.05 -0.23 -0.05 -0.39 0.05
-0.23 0.50 -0.27 0.80. -0.23 0.50 -0.27 0.80
-0.15 0.90 -0.27 1.20 -0.15 0.95 -0.27 0.80
0.0 0.95 -0.12 1.20 0.0 0.95 -0.27 1.15
0.15 0.90 0.0 1.05 0.15 0.90 0.0 1.05
0.23 0.50 0.27 1.05 0.23 0.50 0.27 1.05
023 -0.45 0.34 -0.05 0.23 -0.45 035 -0.07
0.46 -0.45 0.77 0.05 0.46 -0.45 0.93 0.05
0.61 -0.26 1.16 0.05 0.66 -0.20 1.16 0.05
0.93 -0.05 0.93 -0.05
1.16 -0.05 1.16 -0.05

ULEVEL
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T1/E1 Primary Rate Specifications

2.048 MBPS E1 PULSE MASK

; }‘g 269 ns } 'l

(244+25)

20%

V =100%

—>le—»

20%

NOMINAL PULSE
50%

0% - 4—

|

|

|
10%110%

|

< 488 ns
X (244+244) &
2.048 Mbps E1 Pulse Mask Specifications
Parameter Coaxial Shielded Units
Cable Twisted-
Pair

Test load impedance 75 120 Q
Nominal peak mark voltage 2.37 3.0
Nominal peak space voltage 0+0.237 0% 0.30' v
Nominal pulse width 244 244 ns
Ratio of positive and negative pulse amplitudes at center of pulse 95-105 95-105 %
Ratio of positive and negative pulse amplitudes at nominal half amplitude 95-105 95-105 %

@LEVEL
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T1/E1 Primary Rate Specifications

NOTES:
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LXT300/LXT301
Integratd T1/E1 Sh-HauI Transceivers

The LXT300 and LXT301 are fully integrated transceivers
for both North American 1.544 Mbps (T1) and International

2.048 Mbps (El) applications. Transmit pulse shapes
(DSX-1 or El) are selectable for various line lengths and
cable types.

The LXT300 provides receive jitter attenuation starting at 3
Hz, and is microprocessor controllable through a serial
interface. The LXT301 is pin compatible, but does not
provide jitter attenuation or a serial interface.

Both transceivers offer a variety of diagnostic features
including transmit and receive monitoring. Clock inputs
may be derived from an on-chip crystal oscillator or from
digital inputs. They use an advanced double-poly, double-
metal CMOS process and require only a single 5-volt power
supply.

* PCM/ Voice Channel Banks

¢ Data Channel Bank / Concentrator

* T1/EIl multiplexer

* Digital Access and Cross-connect Systems (DACS)
* Computer to PBX interface (CPI & DMI)

« High-speed data transmission lines

 Interfacing Customer Premises Equipment to a CSU
» Digital Loop Carrier (DLC) terminals

APRIL, 1996

Compatible with most popular PCM framers

Line driver, data recovery and clock recovery functions

Receive jitter attenuation starting at 3 Hz meets or
exceeds AT&T Pub 62411 (LXT300 only)

Minimum receive signal of 500 mV
Selectable slicer levels (E1/DSX-1) for improved SNR

Programmable transmit equalizer shapes pulses to meet
DSX-1 pulse template from O to 655 ft

Local and remote loopback functions

Transmit Driver Performance Monitor (DPM) output
Receive Monitor with Loss of Signal (LOS) output
Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz
Microprocessor controllable (LXT300 only)

Available in 28-pin DIP or PLCC

MODE —t LINE
I CONTROL \)mvea
LHOST | TPOS - o
Y ES »| EQUALIZER > > >
o s e o - » TRING
sDo |Ec3 /
s |Roop #! SYNCHRONIZER
SCLK | LLooP TCLK DATA
CLKE | TAOS Sucisq‘_q-l—
—_ INTRNL CLOCK] ceak P
MeLK GENERATOR L "
XTALIN - J\ |:
JTTER  |=e
XTALOUT —=#
ROLK ATTENUATOR
Y Y
RPOS - ELASTIC |egd DATA |ee
RNEG - STORE || ATCH | o | -
DRIVER
- MRING
LOS - RECEIVE [** MONITOR
- MONITOR |-
DPM =

i
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LXT300/301 Integrated T1/E1 Short-Haul Transceivers

Figure 1: Pin Assighments

\— MLk ~
MCLK 1 28 @ CLKE/TAOS TCLK CLKE/TAOS McLk O 1 28 [ TAOS
Tolk © 2 27 @ SCLKALOOP  Tpos scikitooP  TCLK O 2 27 @ LLooP
TPOS O 3 2 A CS/RLOOP TNEG csmoop  TPOS O 3 2 @ RLOOP
TNEG O 4 2% 0 sDO/EC3 s TNEG O 4 % [0 Ec3
MoDE O 6 24 B spyEc? MopE [[s ¢ ° 2 ' ® ¥ %N spokcs GND O 5 24 A EC2
ANEG O ¢ 2 B INTECT ANEG [o «] sDiEC2  pNEG O 6 2 A Ect
RPOS 7 2 a RGND RPos {7 2} INTECH RPOS O 7 2 [ RGND
RCLK O 8 21 RV+ RCLK []s 2(] RGND RCLK O 8 21 @ RV+
XTALN O 9 D [ RRING XTALIN  [lo af RV RT O 9 2 B RRING
XTALOUT O 10 198 RTIP XTALOUT E” =f] RRING ne o 10 198 RTIP
pem § 11 18 3 MRING DPM 1111 15 1a 15 15 17 6P TP ppm N 18 A MRING
Los § 12 78 mmp Losy ~ %MR,NG Los g 12 70 MTIP
P g B 16 B TRING e MTIP e g B 16 3 TRING
TenD H M BP v TGND TRING TGND O 14 ATV
LXT300NE LXT300PE — ™ LXT301NE
Table 1: Pin Descriptions
Pin#| Sym |l/O' Name Description

A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon
1 MCLK | DI | Master Clock | Loss of Signal (LOS), RCLK is derived from MCLK.
LXT300 Only: If MCLK is not applied, this pin should be grounded.

Transmit clock input. TPOS and TNEG are sampled on the falling edge of
TCLK. If TCLK is grounded, the output drivers enter a high-Z state, except
during Remote Loopback.

Transmit

2 TCLK | DI Clock

3 TPOS | DI Transmit

. Input for positive pulse to be transmitted on the twisted-pair line.
Positive Data P P p P

Transmit . . . -
4 TNEG | DI Negative Data Input for negative pulse to be transmitted on the twisted-pair line.

Setting MODE High puts the LXT300 in the Host Mode. In the Host Mode,
MODE | DI | Mode Select | the serial interface is used to control the LXT300 and determine its status.
(LXT300) Setting MODE Low puts the LXT300 in the Hardware (H/W) Mode. In the
5 Hardware Mode, the serial interface is disabled and hard-wired pins are used
to control configuration and report status.

GND S (LXT301) Tie to Ground.

Received data outputs. A signal on RNEG corresponds to receipt of a
Receive negative pulse on RTIP and RRING. A signal on RPOS corresponds to
Negative Data | receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the
rising edge of RCLK.
7 RPOS | DO Receive LXT300 Only: In the Host Mod.e, CLKE determines the clock edge at which
Positive Data | these outputs are stable and valid. In the Hardware Mode both outputs are
stable and valid on the rising edge of RCLK.

6 RNEG |DO

8 | RCLK |DO Regg’flied This is the clock recovered from the signal received at RTIP and RRING.

1. /O column entries: DI = Digital Input, DO = Digital Output, AO = Analog Output, Al = Analog Input, S = Supply.

gLEVEL
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LXT300/301 Integrated T1/E1 Short-Haul Transceivers

Table 1: Pin Descriptions - continued

Pin#/ Sym |/O’ Name Description
9 | XTALIN | Al | Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for DSX-1,
8.192 MHz for E1 applications with an 18.7 pF load) is required to enable the
10 | XTALOUT |AO | Crystal Output | jitter attenuation function of the LXT300. These pins may also be used to
(LXT300) disable the jitter attenuator by connecting the XTALIN pin to the positive
supply through a resistor, and floating the XTALOUT pin.
9 RT Al | R Termination | Connect to RV+ through a 1 kQ resistor.
(LXT301)
10 N/C — | NoConnect | No connection.
(LXT301)
11 | DPM DO Driver DPM goes High when the transmit monitor loop (MTIP-and MRING) does
Performance | not detect a signal for 63 +2 clock periods. DPM remains High until a signal
Monitor is detected.
12 | LOS DO| Loss Of Signal | LOS goes High when 175 consecutive spaces have been detected.
LOS returns Low when a mark is detected.

13 | TTIP AO| Transmit Tip | Differential Driver Outputs. These outputs are designed to drive a 25 Q load.
The transmitter will drive 100 Q shielded twisted-pair cable through a 1:2

16 | TRING |AO| Transmit Ring | step-up transformer without additional components. To drive 75 Q coaxial
cable, two 2.2 Q resistors are required in series with the transformer.

14 | TGND S Transmit Ground return for the transmit drivers power supply TV+.

Ground
15| TV+ S Transmit | +5 VDC power supply input for the transmit drivers. TV+ must not vary
Power Supply | from RV+ by more than £0.3 V.

17 | MTIP Al | Monitor Tip | These pins are used to monitor the tip and ring transmit outputs. The trans-
ceiver can be connected to monitor its own output or the output of another
LXT300 or 301 on the board.

18 | MRING | Al | Monitor Ring | LXT300 Only: To prevent false interrupts in the host mode if the monitor is
not used, apply a clock signal to one of the monitor pins and tie the other
monitor pin to approximately the clock’s mid-level voltage. The monitor
clock can range from 100 kHz to the TCLK frequency.

19 | RTIP Al'| Receive Tip | The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins.

20 | RRING | AI'| Receive Ring | Data and clock from the signal applied at these pins are recovered and output
on the RPOS/RNEG and RCLK pins.

21 | RV+ S | Receive Power | +5 VDC power supply for all circuits except the transmit drivers.

Supply (Transmit drivers are supplied by TV+.)
22 | RGND N Receive Ground return for power supply RV+.
Ground
1. 1/O column entries: DI = Digital Input, DO = Digital Output, AO = Analog Output, Al = Analog Input, S = Supply.




LXT300/301 Integrated T1/E1 Short-Haul Transceivers

Table 1: Pin Descriptions - continued

Pin #‘ Sym | I/O? Name Description
23 INT | DO Interrupt This LXT300 Host Mode output goes Low to flag the host processor
(Host Mode) when LOS or DPM go active. INT is an open-drain output and should be
tied to power supply RV+ through a resistor. INT is reset by clearing the
respective register bit (LOS and/or DPM).
EC1 DI | Equalizer Control 1| The signal applied at this pin in the LXT300 Hardware Mode and
(H/W Mode) LXT301 is used in conjunction with EC2 and EC3 inputs to determine
shape and amplitude of AMI output transmit pulses.
24 SDI DI Serial Data In The serial data input stream is applied to this pin when the LX7300
(Host Mode) operates in the Host Mode. SDI is sampled on the rising edge of SCLK.
EC2 DI | Equalizer Control 2| The signal applied at this pin in the LXT300 Hardware Mode and
(H/W Mode) LXT301 is used in conjunction with EC1 and EC3 inputs to determine
shape and amplitude of AMI output transmit pulses.
25 | SDO | DO| Serial Data Out | The serial data from the on-chip register is output on this pin in the
(Host Mode) LXT300 Host Mode. 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 and when CS is High.
EC3 DI | Equalizer Control 3| The signal applied at this pin in the LXT300 Hardware Mode and
(H/W Mode) LXT301 is used in conjunction with EC1 and EC2 inputs to determine
shape and amplitude of AMI output transmit pulses.
26 CS DI Chip Select This input is used to access the serial interface in the LXT300 Host Mode.
(Host Mode) For each read or write operation, CS must transition from High to Low,
and remain Low.
RLOOP | DI| Remote Loopback | This input controls loopback functions in the LXT300 Hardware Mode
(H/W Mode) and LXT301. Setting RLOOP High enables the Remote Loopback mode.
Setting both RLOOP and LLOOP High causes a Reset.
27 | SCLK | DI Serial Clock | This clock is used in the LXT300 Host Mode to write data to or read data
(Host Mode) from the serial interface registers.
LLOOP | DI| Local Loopback | This input controls loopback functions in the LXT300 Hardware Mode
(H/W Mode) and LXT301. Setting LLOOP High enables the Local Loopback Mode.
28 | CLKE | DI Clock Edge Setting CLKE High causes RPOS and RNEG to be valid on the falling
(Host Mode) edge of RCLK, and SDO to be valid on the rising edge of SCLK. When
CLKE is Low, RPOS and RNEG are valid on the rising edge of RCLK,
and SDO is valid on the falling edge of SCLK.
TAOS DI | Transmit All Ones | When High, TAOS causes the LXT300 (Hardware Mode) and LXT301 to
(H/W Mode) transmit a continuous stream of marks at the TCLK frequency. Activat-
ing TAOS causes TPOS and TNEG inputs to be ignored. TAOS is
inhibited during Remote Loopback.
1. I/O column entries: DI = Digital Input, DO = Digital Output, AO = Analog Output, AI = Analog Input, S = Supply.
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LXT300/301 Integrated T1/E1 Short-Haul Transceivers

FUNCTIONAL DESCRIPTION

NOTE
This functional description is for design aid only.

The LXT300 and 301 are fully integrated PCM transceivers
for both 1.544 Mbps (DSX-1) and 2.048 Mbps (E1) applica-
tions. Both transceivers allow full-duplex transmission of
digital data over existing twisted-pair installations. The first
page of this data sheet shows a block diagram of the
LXT300; Figure 2 shows the LXT301. The LXT301 is
similar to the LXT300, but does not incorporate the Jitter
Attenuator and associated Elastic Store, or the serial inter-
face port.

The LXT300 and 301 transceivers each interface with two
twisted-pair lines (one twisted-pair for transmit, one
twisted-pair for receive) through standard pulse transform-
ers and appropriate resistors.

POWER REQUIREMENTS

The LXT300 and 301 are low-power CMOS devices. Each
operates from a single +5 V power supply which can be
connected externally to both the transmitter and receiver.
However, the two inputs must be within £ 0.3 V of each
other, and decoupled to their respective grounds separately.
Refer to Application Information for typical decoupling
circuitry. Isolation between the transmit and receive circuits
is provided internally.

Figure 2: LXT301 Block Diagram

Reset Operation (LXT300 and 301)

Upon power up, the transceiver is held static until the power
supply reaches approximately 3 V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. The transmitter reference is pro-
vided by TCLK. MCLK provides the receiver reference for
the LXT301. The crystal oscillator provides the receiver
reference in the LXT300. If the LXT300 crystal oscillator is
grounded, MCLK is used as the receiver reference clock.

The transceiver can also be reset from the Host or Hardware
Mode. In Host Mode, reset is commanded by simulta-
neously writing RLOOP and LLOOP to the register. In
Hardware Mode, reset is commanded by holding RLOOP
and LLOOP High simultaneously for 200 ns. Reset is
initiated on the falling edge of the reset request. In either
mode, reset clears and sets all registers to O and then begins
calibration.
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LXT300/301 Integrated T1/E1 Short-Haul Transceivers

RECEIVER

The LXT300 and LXT301 receivers are identical except for
the Jitter Attenuator and Elastic Store. The following
discussion applies to both transceivers except where noted.

The signal is received from one twisted-pair line on each side
of a center-grounded transformer. Positive pulses are re-
ceived at RTIP and negative pulses are received at RRING.
Recovered data is output at RPOS and RNEG, and the
recovered clock is output at RCLK. Refer to the Test
Specifications section for receiver timing.

Thesignal received at RPOS and RNEG s processed through’

the peak detector and dataslicers. The peak detector samples
the inputs and determines the maximum value of the re-
ceived signal. A percentage of the peak value is provided to
the dataslicers as a threshold level to ensure optimum signal-
to-noise ratio. For DSX-1 applications (determined by
Equalizer Control inputs EC1~EC3 # 000) the threshold is
set to 70% of the peak value. This threshold is maintained
above 65% for up to 15 successive zeros over the range of
specified operating conditions. For El applications (EC
inputs = 000) the threshold is set to 50%.

The receiver is capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
areceived signal level of approximately 500 mV. Maximum
line length is 1500 feet of ABAM cable (approximately
6 dB). Regardless of received signal level, the peak detec-
tors are held above a minimum level of 300 mV to provide
immunity from impulsive noise.

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. The receive monitor generates a Loss of
Signal (LOS) output upon receipt of 175 consecutive zeros
(spaces). The receiver monitor loads a digital counter at the
RCLK frequency. The countisincremented each time a zero
is received, and reset to zero each time a one (mark) is
received. Uponreceiptof 175 consecutive zeros the LOS pin
goes High, and the RCLK output is replaced with the MCLK.

(In the LXT300 only, if MCLK is not supplied the RCLK
output will be replaced with the centered crystal clock.)

The LOS pin will reset as soon as a one (mark) is received.

Jitter Attenuation (LXT300 Only)

In the LXT300 only, recovered clock signals are supplied to
the jitter attenuator and the data latch. The recovered data
is passed to the elastic store where it is buffered and
synchronized with the dejittered recovered clock (RCLK).

2-6

Jitter attenuation of the LXT300 clock and data outputs is
provided by a Jitter Attenuation Loop (JAL) and an Elastic
Store (ES). An external crystal oscillating at 4 times the bit
rate provides-clock stabilization. Refer to Application
Information for crystal specifications. The ES is a 32 x 2-bit
register. Recovered data is clocked into the ES with the
recovered clock signal, and clocked out of the ES with the
dejittered clock from the JAL. When the bit count in the ES
is within two bits of overflowing or underflowing, the ES
adjusts the output clock by 1/8 of a bit period. The ES
produces an average delay of 16 bits in the receive path.

TRANSMITTER

The transmitter circuits in the LXT300 and 301 are identical.
The following discussion applies to both models. Data
received for transmission onto the line is clocked serially
into the device at TPOS and TNEG. Input synchronization
is supplied by the transmit clock (TCLK). The transmitted
pulse shape is determined by Equalizer Control signals EC1

~ through EC3 as shown in Table 2. Refer to the Test

Specifications section for master and transmit clock timing
characteristics. Shaped pulses are applied to the AMI line
driver for transmission onto the line at TTIP and TRING.
Equalizer Control signals are hard-wired to the LXT301.

LXT300 Only: Equalizer Control signals may be hardwired
in the Hardware Mode, or input as part of the serial data
stream (SDI) in the Host Mode.

Pulses can be shaped for either 1.544 or 2.048 Mbps appli-
cations. DSX-1 applications with 1.544 Mbps pulses can be
programmed to match line lengths from 0 to 655 feet of
ABAM cable. The LXT300 and 301 also match FCC
specifications for CSU applications. Pulses at 2.048 Mbps
can drive coaxial or shielded twisted-pair lines using appro-
priate resistors in line with the output transformer.

Driver Performance Monitor

The transceiver incorporates a Driver Performance Monitor
(DPM) in parallel with the TTIP and TRING at the output
transformer. The DPM output level goes high upon detec-
tion of 63 consecutive zeros. Itisreset when aoneis detected
on the transmit line, or when a reset command is received.

Line Code

The LXT300 and 301 transmit data as a 50% AMI line code
as shown in Figure 3. Power consumption is reduced by
activating the AMI line driver only to transmit a mark. The
output driver is disabled during transmission of a space.

A
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OPERATING MODES

The LXT300 and 301 transceivers can be controlled through
hard-wired pins (Hardware Mode). Both transceivers can
also be commanded to operate in one of several diagnostic
modes.

LXT300 Only: The LXT300 can be controlled by a micro-
processor through a serial interface (Host Mode). The mode
of operation is set by the MODE pin logic level.

Host Mode Operation (LXT300 Only)

To allow a host microprocessor to access and control the
LXT300 through the serial interface, MODE is setto 1. The
serial interface (SDI/SDO) uses a 16-bit word consisting of
an 8-bit Command/Address byte and an 8-bit Data byte. The
Test Specifications section shows serial interface data
structure/timing.

The Host Mode provides a latched Interrupt output (INT)
which is triggered by a change in the Loss of Signal (LOS)
and/or Driver Performance Monitor (DPM) bits. The Inter-
rupt is cleared when the interrupt condition no longer exists,
and the host processor enables the respective bitin the serial
input data byte. Host Mode also allows control of the serial
data and receive data output timing. The Clock Edge
(CLKE) signal determines when these outputs are valid,

Figure 3: 50% AMI Coding Diagram

1 [ 1

B == TR ! )
—

—_— - -
e [ \ !

\
TRING ' 4
\
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Table 2: Equalizer Control Inputs

relative to the Serial Clock (SCLK) or RCLK as listed in
Table 3.

The LXT300 serial port is addressed by setting bit A4 in the
Address/Command byte, corresponding to address 16. The
LXT300 contains only a single output data register so no
complex chip addressing scheme is required. The register is
accessed by causing the Chip Select (CS) input to transition
from High to Low. Bit 1 of the serial Address/Command
byte provides Read/Write control when the chip is accessed.
Alogic 1 indicates a read operation, and a logic O indicates
a write operation. Table 4 lists serial data output bit combi-
nations for each status. Serial data I/O timing characteristics
are shown in the Test Specifications section.

Hardware Mode Operation
(LXT300 and 301)

In Hardware Mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware Mode provides all the functions
provided in the Host Mode. In the Hardware Mode RPOS
and RNEG outputs are valid on the rising edge of RCLK.
The LXT301 operates in Hardware Mode at all times.

LXT300 Only: To operate in Hardware Mode, MODE must
be set Low. Equalizer Control signals (ECI through EC3)
are input on the Interrupt, Serial Data In and Serial Data
Outpins. Diagnostic controlfor Remote Loopback (RLOOP),
Local Loopback (LLOOP), and Transmit All Ones (TAOS)
modes is provided through the individual pins used to
control serial interface timing in the Host Mode.

EC3 | EC2 | EC1 Line Length’ Cable Loss? Application Bit Rate
0 1 1 0~ 133 ft ABAM 0.6 dB
1 0 0 133 ~ 266 ft ABAM 12dB
1 0 1 266 ~ 399 ft ABAM 1.8 dB DSX-1 1.544 Mbps
1 1 0 399 ~ 533 ft ABAM 2.4dB
1 1 1 533 ~ 655 ft ABAM 3.0dB
0 0 0 ITU Recommendation G.703 El 2.048 Mbps
0 1 0 FCC Part 68, Option A CSU 1.544 Mbps
1. Line length from transceiver to DSX-1 cross-connect point.
2. Maximum cable loss at 772 kHz.

’
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LXT300/301 Integrated T1/E1 Short-Haul Transceivers

Table 3: Valid Clock Edges for Data
Outputs

CLKE Output Clock Valid Edge
RPOS RCLK Rising

Low RNEG RCLK Rising
SDO SCLK Falling
RPOS RCLK Falling

HIGH RNEG RCLK Falling
SDO SCLK Rising

Table 4: LXT300 Serial Data Output Bits (See Figure 4)

Bit D5 |Bit D6 | Bit D7 Status
0 0 0 Reset has occurred, or no program input
0 0 1 TAOS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS occurred

Figure 4: LXT300 Serial Interface Data Structure

=]

-

ADDRESS / COMMAND BYTE

DATA INPUT/OUTPUT BYTE

A A
SDI/SDO R/W|A0|A1|A2|A3|A4|A5|A6 DO[D1|D2LD3|D4|DS|D6|D7
ADDRESS / _ :
COMMAND R/W 0 0 0 0 1 0 X
BYTE AO A6
RMW = 1:READ X = DON'T CARE
RW =0 : WRITE
CLEAR INTERRUPTS SET LOOPBACKS OR RESET NOTE
Output data byte is the
e Los | DPM | EC1| EC2 | EC3 |REMOTE|LOCAL| TAOs | S the input databyte
eolia DO (LSB) D7 (MSB) except for bits D5~7
YTl shown in Table 4 above.
(4LEVEL
2-8 EONE.



LXT300/301 Integrated T1/E1 Short-Haul Transceivers

Diagnostic Mode Operation

TRANSMIT ALL ONES

In Transmit All Ones (TAOS) mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of ones when the TAOS mode is
activated. TAOS can be commanded simultaneously with
Local Loopback, but is inhibited during Remote Loopback.

REMOTE LOOPBACK

In Remote Loopback (RLOOP) mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

9

LOCAL LOOPBACK

In Local Loopback (LLOOP) mode, the receiver circuits are
inhibited. The transmit data and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS, RNEG and RCLK) through the Rx jitter
attenuator. The transmitter circuits are unaffected by the
LLOOP command. The TPOS and TNEG inputs (or a
stream of ones if the TAOS command is active) will be
transmitted normally.

LXT300 Only: When used in this mode with a crystal, the
transceiver can be used as a stand-alone jitter attenuator.

2-9




LXT300/301 Integrated T1/E1 Short-Haul Transceivers

APPLICATION INFORMATION

NOTE
This information is for design aid only.

LXT300 HOST MODE 1.544 MBPS T1

- INTERFACE APPLICATION

Figure 5isatypical 1.544 Mbps T1 application. The LXT300
is shown in the Host Mode with a typical T1/ESF framer
providing the digital interface with the host controller. Both
devices are controlled through the serial interface. An
LXP600A Clock Adapter (CLAD) provides the 2.048 MHz
system backplane clock, locked to the recovered 1.544 MHz
clock signal. The power supply inputs are tied to a common
bus with appropriate decoupling capacitors installed (68 uF
on the transmit side, 1.0 uF and 0.1 pF on the receive side).

Figure 5: Typical LXT300 1.544 Mbps T1 Application (Host Mode)

TO HOST CONTROLLER
((1.544 MHz cLOCK )
— LXT300
FRAMER TRANSCEIVER
L[| TMSYNC TFSYNC 1 mox cike |1
L—»{TCs TCLK ——»{] Tok SCLK ]—J
L [|spo TPOS TPOS s [1——
—V+
Sy ] TNEG ___}——V—————DE TNEG spo [ F———
+|
INT sPS j—j_l——f_' MODE sol [ f—— $ 2a
SCLK ANEG| J¢— - [| RNEG N [} ]
[E— ov
RPOS j‘_ — _.__.,_._[ RPOS RGND v
W, _‘I_ .
RCLK ROLK A [ H—=
1pF
XTALIN AANG [}
,
XTALOUT rrp [ 2003 g1 11 [
LXP600A/602 - A T1 LINE
cLkoCLAD CLKI DPM MRING | AR gascenvs*
2.048 MHz Fsi Los mTIP [} __\3
Non-polarized
1 J 4
e TRING | I | § 1.544 Mbps
047wF :;;kwssun_»
TGND Tv+ [ H T2
oV
1} —{v+
J_ 68 uF
NOTEJ1] THE LXT300 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING DEVICES, INCLUDING THE
DS2181A, DS2180A, MT8976, AND R8070.
NOTE WHEN LXT300 IS CONNECTED TO THE CROSS-CONNECT FRAME THROUGH A LOW LEVEL MONITOR JACK, RECEIVE
TRANSFORMER SHOULD BE 1: 2 : 2 TO BOOST THE INPUT SIGNAL.

2-10

LEVEL
[E5



LXT300/301 Integrated T1/E1 Short-Haul Transceivers

LXT300 HARDWARE MODE E1
INTERFACE APPLICATION

Figure 6is atypical 2.048 Mbps E1 application. The LXT300
is shown in Hardware Mode with a typical EI/CRC4 framer.
Resistors are installed in line with the transmit transformer
for loading a 75 Q coaxial cable. The in-line resistors are not

required for transmission on 120 Q shielded twisted-pair
lines. Asin the T1 application Figure 5, this configuration is

illustrated with a crystal in place to enable the LXT300 Jitter

Attenuation Loop, and a single power supply bus. The hard-
wired control lines for TAOS, LLOOP and RLOOP are
individually controllable, and the LLOOP and RLOOP lines
are also tied to a single control for the Reset function.

Figure 6: Typical LXT300 75 Q E1 Application (Hardware Mode)

(( 2.048 MHz CLOCK )

- LXT300 e
FRAMER TRANSCEIVER 2ok [V*
=8 — O
— MCLK TAOS
TCK [ = > Tox woor [F——"1| 1k
10§ [}—--—»[ tros RLOOP | }——"|1okn
TNEG [T NG EC3 b—
»—-E MODE EC2 '—"——
anee | Je——— | mNeG et P
oV
RPOS r}————E RPOS RGND j—_t'—_‘[__m..p ]
RCLK !4—0<l-—| RCLK RV+ }"_—,_'"F =
_4 ALIN RRING [}
Dfﬁ.:‘ez T — L
iz
—'—_':1 XTALOUT RTIP j 150 O S AERNS
] oem MRING ]—P A ;igg&msm
|:J LOS MTIP [}
L 0.47 uF non-polarized
—L e TRNG |1 iy ¢ 20t ops
I—D TGND v+ [ —_—
220 .,
i v

= 68 pF

NOTE 2.2Q RESISTORS REQUIRED ONLY FOR 75 Q COAXIAL CABLE. NOT REQUIRED FOR TRANSMISSION ONTO 120  CABLE.

NOTE[2] THE LXT300 1S COMPATIBLE WITH A WIDE VARIETY OF FRAMING AND SIGNALING DEVICES, INCLUDING THE DS2181A, MT8979, AND R8070.

Table 5: LXT300 Crystal Specifications (External)

CL =18.7 pF to 34 pF, -AF = 175 to 195 ppm

Parameter T E1
Frequency 6.176 MHz 8.192 MHz
B +20 ppm @ 25 °C 120 ppm @ 25 °C
Frequency Stability + 25 ppm from -40 °C to 85 °C + 25 ppm from -40 °C to + 85 °C
(Ref 25 °C reading) (Ref 25 °C reading)
Pullability CL=11pFto18.7 pF, +AF=175t0 195 ppm |CL =11 pF to 18.7 pF, +AF =95 to 115 ppm

CL = 18.7 pF to 34 pF, -AF = 95 to 115 ppm

Effective series resistance

40 Q Maximum

30 Q Maximum

Cwm = 17 {F typical

Crystal cut AT AT

Resonance Parallel Parallel

Maximum drive level 2.0 mW 2.0 mW

Mode of operation Fundamental Fundamental

Crystal holder HC49 (R3W), Co = 7 pF maximum HC49 (R3W), Co = 7 pF maximum

Cm = 17 {F typical
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LXT301 1.544 MBPS T1 INTERFACE
APPLICATION

Figure 7 is a typical 1.544 Mbps T1 application of the
LXT301. The LXT301 is shown with a typical T1/ESF
framer. An LXP600A Clock Adapter (CLAD) provides the
2.048 MHz system backplane clock, locked to the recovered
1.544 MHz clock signal. The power supply inputs are tied to
a common bus with appropriate decoupling capacitors in-
stalled (68 UF on the transmit side, 1.0 uF and 0.1 pF on the
receive side).

Figure 7: Typical LXT301 1.544 Mbps T1 Application

FE AE,,SEFR ( 1.544 MHz CLOCK | LXT301 Joka
TRANSCEIVER 20ka | V4
t—»] wmcwk Taos [ —— ]
ToLK | Je———»[ | Tk oop [ F—— 118k
TPOS [ ———»[ | TPOS RLOOP [ F——1]10k2]
TNEG :I—————»[j TNEG EC3 | }—
—{] &np EC2 [ ——1
RNEG 5‘4 {T] rNEG el { —
ov
RPOS RPOS RGND [ p——
L o1pF ‘
RCLK RCLK RV+ ___I—(—-——||—< =
- 1.0pF
Er5i[ ] RT RRING | |-
1kQ
é/ l: N/C RTIP 3 2000 1:1:1
LXPB00A / 602 V+
2.048 1 T1 LINE
MHz CLADCLKI ] opm _ MRING | | Y gRECEIVE
<« |ciko — —,§
=i F‘]- ] ros mTip [ .
Non-polarized,
L — 11 e TRING | |- i 1.544 Mbps
B oV O4TUF 3¢ ThANSMIT
TGND v+ [ re

NOTE 1| THE LXT301 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING
DEVICES, INCLUDING THE DS2180A, MT8976, AND R8070.
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LXT301 2.048 MBPS E1 INTERFACE

APPLICATION

Figure 8 is a typical 2.048 Mbps El application of the
LXT301. The LXT301 is shown with a typical E1/CRC4
framer. Resistors are installed in line with the transmit
transformer for loading a 75 Q coaxial cable. The in-line
resistors are not required for transmission on 120 Q shielded
twisted-pair lines. As in the T1 application Figure 7, this
configuration is illustrated with a single power supply bus.
The hard-wired control lines for TAOS, LLOOP and RLOOP
are individually controllable, and the LLOOP and RLOOP
lines are also tied to a single control for the Reset function.

Figure 8: Typical LXT301 75 Q E1 Application
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[NOTE 1]
DEVICES, INCLUDING THE DS2181A, MT8979, AND R8070.

THE LXT301 IS COMPATIBLE WITH A WIDE VARIETY OF FRAMING AND SIGNALING
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TEST SPECIFICATIONS

NOTE
Minimum and maximum values in Tables 6 through 13 and Figures 9 through 13 represent the performance
specifications of the LXT300/301 and are guaranteed by test except, as noted, by design.

Table 6: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ -0.3 6.0 \'%
Input voltage, any pin ! VIN RGND -0.3 RV++0.3 \'
Input current, any pin 2 IN -10 10 mA
Storage temperature TstG -65 150 °C
CAUTION

Operations at or beyond these limits may result in permanent damage to the device.
Normal operation not guaranteed at these extremes.

1. Excluding RTIP and RRING, which must stay between -6 V and (RV+ + 0.3) V.

2. Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current
of 100 mA.

Table 7: Recommended Operating Conditions

Parameter Sym Min | Typ | Max | Units Test Conditions
DC supply! RV+, TV+ | 475 50 5.25 v
Ambient operating temperature Ta -40 25 85 °C

1. TV+ must not exceed RV+ by more than 0.3 V.

Table 8: Electrical Characteristics (Under Recommended Operating Conditions)

Parameter Sym | Min | Typ' | Max | Units | Test Conditions
High level input voltage ** (pins 1-5, 10, 23-28) ViH 2.0 - - \Y%
Low level input voltage 3 (pins 1-5, 10, 23-28) VIiL - - 0.8 \Y%
High level output voltage >* (pins 6-8, 11, 12, 23, 25) Vo 24 - - \% Tour = -400 pA
Low level output voltage >3 (pins 6-8, 11, 12, 23, 25) VoL - — 0.4 \% Tour = 1.6 mA
Input leakage current IL -10 - +10 LA
Three-state leakage current? (pin 25) i 3L -10 - +10 LA
Total power dissipation * Pp - 620 - mW 100% ones density
) & maximum line
length @ 525V

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.
3. Output drivers will output CMOS logic levels into CMOS loads.

4. Power dissipation while driving 25 Q load over operating temperature range. Includes device and load. Digital inputlevels
are within 10% of the supply rails and digital outputs are driving a 50 pF capacitive load.

(%L EVEL
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Table 9: Analog Characteristics (Under Recommended Operating Conditions)

Parameter _Min Typ' | Max | Units | Test Conditions
AMI Output Pulse Amplitudes | DSX-1 24 30 | 36 v | measured at the DSX
El 27 3.0 33 v measured at line side
Recommended Output Load at TTIP and TRING - 25 - Q
Jitter added by the transmitter 2 10Hz - 8 kHz - - 0.01 Ul
8 kHz - 40 kHz - - 0.025 Ul
10 Hz - 40 kHz - - 0.025 Ul
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB=24V) 13.6 - - dB
500 - - mV
Loss of Signal threshold - 0.3 - \
Data decision threshold DSX-1 63 70 77 | %peak
El 43 50 57 | % peak
Allowable consecutive zeros before LOS 160 175 190 -
Input jitter tolerance 10 kHz - 100 kHz 0.4 - - Ul
Jitter attenuation curve corner frequency 3 - 3 - Hz

2. Input signal to TCLK is jitter-free.

3. Circuit attenuates jitter at 20 dB/decade above the corner frequency.

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Table 10: LXT300 Receive Timing Characteristics (See Figure 9)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Receive clock duty cycle RCLKd| 40 - 60 %
Receive clock pulse width |DSX-1| tpw - 324 - ns

El tpw - 244 - ns
RPOS / RNEG to RCLK DSX-1 | tsur - 274 - ns
rising setup time El tsur - 194 - ns
RCLK rising to RPOS/ DSX-1| tur - 274 - ns
RNEG hold time El tHR - 194 - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 9: LXT300 Receive Clock Timing Diagram
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Table 11: LXT301 Receive Timing Characteristics (See Figure 10)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Receive clock duty cycle? |DSX-1 |RCLKd| 40 50 60 %

El RCLKd| 40 50 60 %
Receive clock pulse width 2 |DSX-1 | tew 594 648 702 ns

El trw 447 488 529 ns
Receive clock pulse width |DSX-1 | tpwn - 324 - ns
high El tPWH - | 244 - ns
Receive clock pulse width |DSX-1 tPwL 270 324 378 ns
low El tpwL 203 244 285 ns
RPOS / RNEG to RCLK DSX-1| tsur 50 270 - ns
rising setup time El tsur 50 203 - ns
RCLK rising to RPOS/ DSX-1 tHR 50 270 - ns
RNEG hold time El tHR 50 203 - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2. RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are
for worst case jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz).

Figure 10: LXT301 Receive Clock Timing Diagram
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Table 12: LXT300/301 Master Clock and Transmit Timing Characteristics
(See Figure 11)

Parameter Sym | Min | Typ' | Max | Units Test Conditions
Master clock frequency DSX-1| MCLK - 1.544 - MH:z
El MCLK | - 2.048 - MHz
Master clock tolerance MCLKt| - +100 - ppm
Master clock duty cycle MCLKd| 40 - 60 %
Crystal frequency DSX-1 fc - 6.176 - MHz
LXT300 only El fc - 8.192 - MHz
Transmit clock frequency |DSX-1| TCLK - 1.544 - MHz
El TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt - - +50 ppm
Transmit clock duty cycle TCLKd| 10 - 90 o
TPOS/TNEG to TCLK setup time tsut 25 - - ns
TCLK to TPOS/TNEG Hold time tHT 25 - - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testiné.

Figure 11: LXT300 and 301 Transmit Clock Timing Diagram
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Table 13: LXT300 Serial /O Timing Characteristics (See Figures 12 and 13)

to SDO high Z

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output trRF - - 100 ns Load 1.6 mA, 50 pF
SDI to SCLK setup time toc 50 - - ns

SCLK to SDI hold time tcoH 50 - - ns

SCLK low time tcL 240 - - ns

SCLK high time tcH 240 - - ns

SCLK rise and fall time tr, tr - - 50 ns

CS to SCLK setup time tec 50 - - ns

SCLK to CS hold time tccu | 50 - - ns

CS inactive time tcwn 250 - - ns

SCLK to SDO valid tcov - - 200 ns

SCLK falling edge or CS rising edge | tcpz - 100 - ns

1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 12: LXT300 Serial Data Iriput Timing Diagram
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Figure 13: LXT300 Serial Data Output Timing Diagram
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LXT300Z/LXT301Z
Advanced T1/E1 Short-Haul Transceivers

iy

The LXT300Z and LXT301Z are fully integrated transceiv-
ers for both North American 1.544 Mbps (T1) and Interna-
tional 2.048 Mbps (E1) applications. They are pin and
functionally compatible with standard LXT300/301 de-
vices, with some circuit enhancements.

The LXT300Z provides receive jitter attenuation starting at 3
Hz, and is microprocessor controllable through a serial inter-
face. The LXT301Z is pin compatible, but does not provide
jitter attenuation or a serial interface. An advanced transmit
driver architecture provides constant low outputimpedance for
both marks and spaces, for improved Bit Error Rate perfor-
mance over various cable network configurations. Both trans-
ceivers offer a variety of diagnostic features including transmit
and receive monitoring. Clock inputs may be derived from an
on-chip crystal oscillator or from digital inputs. They use an
advanced double-poly, double-metal CMOS process and re-
quire only a single 5-volt power supply.

= i

Data Channel Bank / Concentrator

T1/E1 multiplexer

Digital Access and Cross-connect Systems (DACS)
Computer to PBX interface (CPI & DMI)
High-speed data transmission lines

Interfacing Customer Premises Equipment to a CSU
Digital Loop Carrier (DLC) terminals

APRIL, 1996

Data recovery and clock recovery functions

Receivejitter attenuation starting at 3 Hz exceeds AT&T
Pub 62411, Pub 43801, Pub 43802, ITU G.703, and ITU
G.823 (LXT300Z only)

Line driver with constant low mark and space impedance
(3 Q typical)

Minimum receive signal of 500 mV

Adaptive and selectable (E1/DSX-1) slicer levels for
improved SNR

Programmable transmit equalizer shapes pulses to meet
DSX-1 pulse template from O to 655 ft

Local and remote loopback functions
Digital Transmit Driver Monitor

Digital Receive Monitor with Loss of Signal (LOS)
output and first mark reset

Receiver jitter tolerance 0.4 Ul from 40 kHz to 100 kHz
Microprocessor controllable (LXT300Z only)

Compatible with most popular PCM framers

Available in 28-pin DIP or PLCC

ot

MODE Control Constant Impedance
pe Line Driver
HOST | WW_ TPOS - TTIP
IN EC1 Equalizer } -
soi | Ec2 TNEG TRING
SDO EC3
TS |RLOOP TCLK Syr
SCLK | LLOOP Data |
CLKE | TAOS Slicers :]: | l
Timin,
MCLK —— ImGeg:\ae'rStlgfk Recovegry Peak RTIP
Detector RRING
XTALIN Jitter
XTALOUT = Attenuation
RCLK - Loop
A
RPOS o Elastic Data
RNEG —— Store Lateh Transmit MTIP
Driver
. MRING
LOS — Receive Monitor
Monitor
DPM —=-

9
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LXT300Z/301Z Advanced T1/E1 Short-Haul Transceivers

Figure 1: Pin Assignments
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TNEGO 4 % SDO/EC3 7 T TNEG O 4 2 [0 EC3
MoDEE] 5 2 [ spyece vl R i enod 5 2[ Ece
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opmE 1 8 8 MRING L opm Q1 18 0 MRING
Losg 12 78 wmmp Los K MRING Los g 12 7 B MmTP
meg B 160 TRNG e P PO B 160 TRNG
TaNDE 1 50 Tvs Tene Tone TGND O M 158 Tvs
LXT300ZNE LXT300ZPE LXT301ZNE
Table 1: Pin Descriptions
Pin# Sym [I/O' Name Description
A 1.544 or-2.048 MHz clock input used to generate internal clocks. Upon
p! 8 P!
1 MCLK | DI | Master Clock Loss of Signal (LOS), RCLK is derived from MCLK.
LXT300Z Only: If MCLK is not applied, this pin should be grounded.
T it Transmit clock input. TPOS and TNEG are sampled on the falling edge of
2 TCLK | DI rc":iln SIL“ TCLK. If TCLK is grounded, the output drivers enter a high-Z state, except
oc during Remote Loopback.
3 TPOS | DI Transmit .. . . .
Positive Data Input for positive pulse to be transmitted on the twisted-pair line.
Transmit . . . -
4 TNEG | DI | Negative Data Input for negative pulse to be transmitted on the twisted-pair line.
Setting MODE High puts the LXT300Z in the Host Mode. In the Host
Mode, the serial interface is used to control the LXT300Z and determine its
MODE | DI | Mode Select status.
(LXT300Z) Setting MODE Low puts the LXT300Z in the Hardware (H/W) mode. In
5 the Hardware Mode, the serial interface is disabled and hard-wired pins are
used to control configuration and report status.
GND | S (LXT301Z) Tie to Ground.
Received data outputs. A signal on RNEG corresponds to receipt of a
Receive negative pulse on RTIP and RRING. A signal on RPOS corresponds to
6 | RNEG |DO| Negative Data | receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the
rising edge of RCLK.
7 RPOS | DO Receive LXT.?OOZ only: In the Host Mode, CLKE determines the clock edge at
Positive Data | Which these outputs are stable and valid. In the Hardware Mode both
outputs are stable and valid on the rising edge of RCLK.
8 | RCLK |DO Reé?::lied This is the clock recovered from the signal received at RTIP and RRING.
1. I/O Column entries: DI = Digital Input, DO = Digital Output, Al = Analog Input, AO = Analog Output, S = Supply.
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LXT3002/301Z Advanced T1/E1 Short-Haul Transceivers

Table 1: Pin Descriptions - continued

Pin#|{ Sym [V/O! Name Description
An external crystal operating at four times the bit rate (6.176 MHz for DSX-1,
TALIN . . .
o X Al Crystal Input 8.192 MHz for E1 applications with an 18.7 pF load) is required to enable the
10 [XTALOUT| AO| Crystal Output | jitter attenuation function of the LXT300Z. These pins may also be used to
disable the jitter attenuator by connecting the XTALIN pin to the positive
(LXT300Z) supply through a resistor, and floating the XTALOUT pin.
R Termination
9 RT Al (LXT301z) | Connect to RV+ through a 1 kQ resistor.
No Connect .
10 N/C - (LXT3012) No connection.
Driver DPM goes High when the transmit monitor loop (MTIP and MRING) does not
11 DPM | DO| Performance | detect a signal for 63 +2 clock periods. DPM remains High until a signal is
Monitor detected.
. LOS goes High when 175 consecutive spaces have been detected.
12 LOS | DO| Loss Of Signal LOS returns Low when a mark is detected.
13 TTIP | AO| Transmit Tip Differential Driver Outputs. These outputs are designed to drive a 25 Q load.
The transmitter will drive 100 Q shielded twisted-pair cable through a 1:2
16 | TRING o step-up transformer without additional components. To drive 75 Q coaxial
AO| Transmit Ring cable, two 2.2 Q resistors are required in series with the transformer.
14 TGND | S Transmit Ground return for the transmit drivers power supply TV+.
Ground
15 TV+ S Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary from
Power Supply | RV+ by more than +0.3 V.
17 MTIP | AI| Monitor Tip | These pins are used to monitor the tip and ring transmit outputs. The trans-
- - ceiver can be connected to monitor its own output or the output of another
18 | MRING | AI| Monitor Ring | . XT300Z or 301Z on the board.
Receive Ti The AMI signal received from the line is applied at these pins. A center-
19 RTIP | AI ccetve 11p tapped, center-grounded, 2:1 step-up transformer is required on these pins.
Receive Ri Data and clock from the signal applied at these pins are recovered and output
20 | RRING | AI| RecelveRIng |, the RPOS/RNEG and RCLK pins.
21 RV+ S Receive Power | +5 VDC power supply for all circuits except the transmit drivers.
Supply (Transmit drivers are supplied by TV+.)
22 | RGND | S Receive Ground return for power supply RV+.
Ground

1. 1/O Column entries: DI = Digital Input, DO = Digital Output, AI = Analog Input, AO = Analog Output, S = Supply.

A
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Table 1: Pin Descriptions - continued

Pin #| Sym Vo Name Description
____ v
23 INT | DO Interrupt This LXT300Z Host Mode output goes Low to flag the host processor
(Host Mode) when LOS or DPM go active. INT is an open-drain output and should be
tied to power supply RV+ through a resistor. INT is reset by clearing the
respective register bit (LOS and/or DPM).
EC1 DI| Equalizer Control 1| The signal applied at this pin in the LXT300Z Hardware Mode and
(H/W Mode) LXT301Z is used in conjunction with EC2 and EC3 inputs to determine
shape and amplitude of AMI output transmit pulses.
24 SDI DI Serial Data In The serial data input stream is applied to this pin when the LX7300Z
(Host Mode) operates in the Host Mode. SDI is sampled on the rising edge of SCLK.
EC2 DI | Equalizer Control 2| The signal applied at this pin in the LXT300Z Hardware Mode and
(H/W Mode) LXT301Z is used in conjunction with EC1 and EC3 inputs to determine
shape and amplitude of AMI output transmit pulses.
25 SDO | DO| Serial Data Out | The serial data from the on-chip register is output on this pin in the
(Host Mode) LXT300Z Host Mode. 1f 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 and when CS is High. '
EC3 DI | Equalizer Control 3| The signal applied at this pin in the LXT300Z Hardware Mode and
(H/W Mode) LXT301Z is used in conjunction with EC1 and EC2 inputs to determine
shape and amplitude of AMI output transmit pulses.
26 CsS DI Chip Select This input is used to access the serial interface in the LXT300Z Host
(Host Mode) Mode. For each read or write operation, CS must transition from High to
Low, and remain Low.
RLOOP| DI| Remote Loopback | This input controls loopback functions in the LXT300Z Hardware Mode
(H/W Mode) and LXT301Z. Setting RLOOP High enables the Remote Loopback
mode. Setting both RLOOP and LLOOP High causes a Reset.
27 | SCLK | DI Serial Clock This clock is used in the LXT300Z Host Mode to write data to or read
(Host Mode) data from the serial interface registers.
LLOOP| DI| Local Loopback | This input controls loopback functions in the LXT300Z Hardware Mode
(H/W Mode) and LXT301Z. Setting LLOOP High enables the Local Loopback Mode.
28 | CLKE | DI Clock Edge Setting CLKE High causes RPOS and RNEG to be valid on the falling
(Host Mode) edge of RCLK, and SDO to be valid on the rising edge of SCLK. When
CLKE is Low, RPOS and RNEG are valid on the rising edge of RCLK,
and SDO is valid on the falling edge of SCLK.
TAOS DI| Transmit All Ones | When High, TAOS causes the LXT300Z (Hardware Mode) and LXT301Z
(H/W Mode) to transmit a continuous stream of marks at the TCLK frequency.
Activating TAOS causes TPOS and TNEG inputs to be ignored. TAOS
is inhibited during Remote Loopback.
1. I/O Column entries: DI = Digital Input, DO = Digital Output, AI = Analog Input, AO = Analog Output, S = Supply.
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FUNCTIONAL DESCRIPTION

NOTE
This functional description is for design aid only.

The LXT300Z and 301Z are fully integrated PCM transceiv-
ers for both 1.544 Mbps (DSX-1) and 2.048 Mbps (E1)
applications. Both transceivers allow full-duplex transmis-
sion of digital data over existing twisted-pair installations.
The first page of this data sheet shows a simplified block
diagram of the LXT300Z; Figure 2 shows the LXT301Z.
The LXT301Z is similar to the LXT300Z, but does not
incorporate the Jitter Attenuator and associated Elastic
Store, or the serial interface port.

The LXT300Z and 301Z transceivers each interface with
two twisted-pair lines (one twisted-pair for transmit, one
twisted-pair for receive) through standard pulse transform-
ers and appropriate resistors.

POWER REQUIREMENTS

The LXT300Z and 301Z are low-power CMOS devices.
Each operates from a single +5 V power supply which can be
connected externally to both the transmitter and receiver.
However, the two inputs must be within + .3 V of each other,
and decoupled to their respective grounds separately. Refer
to Application Information for typical decoupling circuitry.
Isolation between the transmit and receive circuits is pro-
vided internally.

Figure 2: LXT301Z Block Diagram

Reset Operation (LXT300Z and 3012)

Upon power up, the transceiver is held static until the power
supply reaches approximately 3 V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. The transmitter reference is pro-
vided by TCLK. MCLK provides the receiver reference for
the LXT301Z. The crystal oscillator provides the receiver
reference in the LXT300Z. If the LXT300Z crystal oscilla-
tor is grounded, MCLK is used as the receiver reference
clock.

The transceiver can also be reset from the Host or Hardware
Mode. In Host Mode, reset is commanded by simulta-
neously writing RLOOP and LLOOP to the register. In
Hardware Mode, reset is commanded by holding RLOOP
and LLOOP High simultaneously for 200 ns. Reset is
initiated on the falling edge of the reset request. In either
mode, reset clears and sets all registers to O and then begins
calibration.

EC1, EC2, - Control Constant Impedance
EC3 \ Line Driver
TPOS - Equali - = TTIP
TNEG qualizer /} = TRING
TCLK Synchronizer
Data
Slicers
Timin <_‘—'< |:
MCLK —— '"g;?]‘:'rggfk Recovegry | Peak RTIP
] Detector RRING
RPOS —e Data
ANEG — Latch
LOS = Receive [** Tgfl‘sm" MTIP
Monitor l— river
Monitor MRING
DPM —=
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RECEIVER

The LXT300Z and LXT301Z receivers are identical except
for the Jitter Attenuator and Elastic Store. The following
discussion applies to both transceivers except where noted.

The signal is received from one twisted-pair line on each side
of a center-grounded transformer. Positive pulses are re-
ceived at RTIP and negative pulses are received at RRING.
Recovered data is output at RPOS and RNEG, and the
recovered clock is output at RCLK. Refer to the Test
Specifications section for receiver timing.

The signalreceived atRPOS and RNEGis processed through
the peak detector and data slicers. The peak detector samples
the inputs and determines the maximum value of the re-
ceived signal. A percentage of the peak value is provided to
the data slicers as a threshold level to ensure optimum signal-
to-noise ratio. For DSX-1 applications (determined by
Equalizer Control inputs EC1~EC3 # 000) the threshold is
set to 70% of the peak value. This threshold is maintained
above 65% for up to 15 successive zeros over the range of
specified operating conditions. For E1 applications (EC
inputs = 000) the threshold is set to 50%.

The receiver is capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
areceived signal level of approximately 500 mV. Maximum
line length is 1500 feet of ABAM cable (approximately
6 dB). Regardless of received signal level, the peak detec-
tors are held above a minimum level of 300 mV to provide
immunity from impulsive noise. (During LOS, RPOS and
RNEG are squelched if the received input signal drops to
300 mV.)

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. In the LXT300Z only, recovered clock
signals are supplied to the jitter attenuator and the data
latch. Therecovered datais passedto the elastic store where
itis buffered and synchronized with the dejittered recovered
clock (RCLK). The data and clock recovery circuits have an
input jitter tolerance significantly better than required by
Pub 62411.

Receive (Loss of Signal) Monitor

Thereceive monitor generates a Loss of Signal (LOS) output
uponreceiptof 175 consecutive zeros (spaces). The receiver
monitor loads a digital counter at the RCLK frequency. The
count is incremented each time a zero is received, and reset
to zero each time a one (mark) is received. Upon receipt of
175 consecutive zeros the LOS pin goes High, and the RCLK
output is replaced with the MCLK. LOS is reset when the
first mark is received.

2-24

(In the LXT300Z only, if MCLK is not supplied the RCLK
output will be replaced with the centered crystal clock.)

Jitter Attenuation (LXT300Z Only)

In the LXT300Z only, recovered clock signals are supplied
to the jitter attenuator and the data latch. The recovered
data is passed to the elastic store where it is buffered and
synchronized with the dejittered recovered clock (RCLK).
Jitter attenuation of the LXT300Z clock and data outputs
(see Figure4)is provided by a Jitter Attenuation Loop (JAL)
and an Elastic Store (ES). An external crystal oscillating at
4 times the bit rate provides clock stabilization. Refer to
Application Information for crystal specifications. The ES
isa32x 2-bitregister. Recovered data is clocked into the ES
with the recovered clock signal, and clocked out of the ES
with the dejittered clock from the JAL. When the bit count
in the ES is within two bits of overflowing or underflowing,
the ES adjusts the output clock by 1/8 of a bit period. The ES
produces an average delay of 16 bits in the receive path.

TRANSMITTER

The transmitter circuits in the LXT300Z and 301Z are
identical. The following discussion applies to both models.
Data received for transmission onto the line is clocked
serially into the device at TPOS and TNEG. Input synchro-
nization is supplied by the transmit clock (TCLK). The
transmitted pulse shape is determined by Equalizer Control
signals EC1 through EC3 as shown in Table 2. Refer to the
Test Specifications section for master and transmit clock
timing characteristics. Shaped pulses are applied to the AMI
line driver for transmission onto the line at TTIP and TRING.
Equalizer Control signals are hard-wired to the LXT301Z.

LXT300Z Only: Equalizer Control signals may be hard-
wired in the Hardware Mode, or input as part of the serial
data stream (SDI) in the Host Mode.

Pulses can be shaped for either 1.544 or 2.048 Mbps appli-
cations. DSX-1 applications with 1.544 Mbps pulses can be
programmed to match line lengths from O to 655 feet of
ABAM cable. The LXT300Z and 301Z also match FCC
specifications for CSU applications. Pulses at 2.048 Mbps
can drive coaxial or shielded twisted-pair lines using appro-
priate resistors in line with the output transformer.

Driver Performance Monitor

The transceiver incorporates an advanced Driver Perform-
ance Monitor (DPM) in parallel with the TTIP and TRING
at the output transformer. The DPM circuitry uses four
comparators and a 150 ns pulse discriminator to filter glitches.

YLEVEL
EONE.
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The DPM output level goes high upon detection of 63
consecutive zeros, and is cleared when a one is detected on
the transmit line, or when a reset command is received. The
DPM output also goes High to indicate a ground on TTIP or
TRING. A ground faultinduced DPM flag is automatically
cleared when the ground condition is corrected (chip reset is
not required).

Line Code

The LXT300Z and 301Z transmit data as a 50% AMI line
code as shown in Figure 3. Power consumption is reduced
by activating the AMI line driver only to transmit a mark.
The output driver is disabled during transmission of a space.

OPERATING MODES

The LXT300Z and 301Z transceivers can be controlled
through hard-wired pins (Hardware Mode). Both transceiv-
_ ers can also be commanded to operate in one of several
diagnostic modes.

LXT300Z Only: The LXT300Z can be controlled by a
microprocessor through a serial interface (Host Mode). The
mode of operation is set by the MODE pin logic level.

Figure 3: 50% AMI Coding Diagram

1 ] 1

' et ! ' '
-—

w0 [\

TRING

Table 2: Equalizer Control Inputs

Host Mode Operation (LXT300Z Only)

To allow a host microprocessor to access and control the
LXT300Z through the serial interface, MODE is set to 1.
The serial interface (SDI/SDO) uses a 16-bit word consist-
ing of an 8-bit Command/Address byte and an 8-bit Data
byte. Figure 4 shows the serial interface data structure and
relative timing.

The Host Mode provides a latched Interrupt output (INT)
which is triggered by a change in the Loss of Signal (LOS)
and/or Driver Performance Monitor (DPM) bits. The Inter-
rupt is cleared when the interrupt condition no longer exists,
and the host processor enables the respective bit in the serial
input data byte. Host Mode also allows control of the serial
data and receive data output timing. The Clock Edge
(CLKE) signal determines when these outputs are valid,
relative to the Serial Clock (SCLK) or RCLK as listed in
Table 3.

The LXT300Z serial portis addressed by setting bit A4 in the
Address/Command byte, corresponding to address 16. The
LXT300Z contains only a single output data register so no
complex chip addressing scheme is required. The register is
accessed by causing the Chip Select (CS) input to transition
from High to Low. Bit 1 of the serial Address/Command
byte provides Read/Write control when the chip is accessed.
A logic 1 indicates a read operation, and a logic 0 indicates
a write operation. Table 4 lists serial data output bit combi-
nations for eachstatus. Serial data /O timing characteristics
are shown in the Test Specifications section.

EC3 | EC2 | EC1 Line Length’ Cable Loss? Application Bit Rate
0 1 1 0~ 133 ft ABAM 0.6 dB
1 0 0 133 ~ 266 ft ABAM 12dB
1 0 1 266 ~ 399 ft ABAM 1.8dB DSX-1 1.544 Mbps
1 1 0 399 ~ 533 ft ABAM 2.4dB
1 1 1 533 ~ 655 ft ABAM 3.0dB
0 0 0 ITU Recommendation G.703 El 2.048 Mbps
0 1 0 FCC Part 68, Option A CSU 1.544 Mbps
1. Line length from transceiver to DSX-1 cross-connect point.
2. Maximum cable loss at 772 kHz.

YLEVEL
Eo
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Table 3: Valid Clock Edges for Data

Outputs

CLKE Output Clock Valid Edge
RPOS RCLK Rising
Low RNEG RCLK Rising
'SDO SCLK Falling
RPOS RCLK Falling
HIGH RNEG RCLK Falling
SDO SCLK Rising

Table 4: LXT300Z Serial Data Output Bits (See Figure 4)

Bit D5 |Bit D6 | Bit D7 Status
0 0 0 Reset has occurred, or no program input
0 0 1 TAOS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS occurred

Figure 4: LXT300Z Serial Interface Data Structure

=]

ADDRESS / COMMAND BYTE DATA INPUT/ OUTPUT BYTE
A A
DI/ SDO R/WlAOl A1|A2|A3 |A4 'ASI A6 DO| D1|DZ|D3'D4IDS|D6 [07
ADDRESS / _
COMMAND R/W 0 0 0 0 1 0 X
BYTE A0 A6
RW = 1: READ X = DONT CARE
RW = 0: WRITE
CLEAR INTERRUPTS SET LOOPBACKS OR RESET
NOTE:
e Los | opm | ECt| EC2 | EC3 |REMOTE|LOCAL| TAOS Output data byte is the
BYTE DO (LSB) ) D7 (MSB) same as the input data byte
except for bits D5~7
shown in Table 4 above
SLEVEL
2-26 EONE
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Hardware Mode Operation
(LXT300Z and 3012)

InHardware Mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware Mode provides all the functions
provided in the Host Mode. In the Hardware Mode RPOS
and RNEG outputs are valid on the rising edge of RCLK.
The LXT301Z operates in Hardware Mode at all times.

LXT300Z Only: To operate in Hardware Mode, MODE must
be set Low. Equalizer Control signals (ECI through EC3)
are input on the Interrupt, Serial Data In and Serial Data
Outpins. Diagnostic controlfor Remote Loopback(RLOOP),
Local Loopback (LLOOP), and Transmit All Ones (TAOS)
modes is provided through the individual pins used to
control serial interface timing in the Host Mode.

9

Diagnostic Mode Operation

TRANSMIT ALL ONES

In Transmit All Ones (TAOS) mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of ones when the TAOS mode is
activated. TAOS can be commanded simultaneously with
Local Loopback, but is inhibited during Remote Loopback.

REMOTE LOOPBACK

In Remote Loopback (RLOOP) mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

LOCAL LOOPBACK

In Local Loopback (LLOOP) mode, the receiver circuits are
inhibited. The transmit data and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS, RNEG and RCLK) through the Rx jitter
attenuator. The transmitter circuits are unaffected by the
LLOOP command. The TPOS and TNEG inputs (or a
stream of ones if the TAOS command is active) will be
transmitted normally.

LXT300Z Only: When used in this mode with a crystal, the
transceiver can be used as a stand-alone jitter attenuator.
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APPLICATION INFORMATION LXT300Z HOST MODE 1.544 MBPS T1

NOTE

INTERFACE APPLICATION
Figure Sisatypical 1.544 Mbps T1 application. The LXT300Z

This information is for design aid only. is shown in the Host Mode with a typical T1/ESF framer

providing the digital interface with the host controller. Both
devices are controlled through the serial interface. An
LXP600A Clock Adapter (CLAD) provides the 2.048 MHz
system backplane clock, locked to therecovered 1.544 MHz
clock signal. The power supply inputs are tied to a common
bus with appropriate decoupling capacitors installed (68 uF
on the transmit side, 1.0 uF and 0.1 pF on the receive side).

Figure 5: Typical LXT300Z 1.544 Mbps T1 Application (Host Mode)

1 ™
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NOTE]1] THE LXT300Z IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING DEVICES, INCLUDING THE
DS2181A

INOTEJ2] WHEN LXT300Z IS CONNECTED TO THE CROSS-CONNECT FRAME THROUGH A LOW LEVEL MONITOR JACK, RECEIVE
RANSFORMER SHOULD BE 1: 2 : 2 TO BOOST THE INPUT SIGNAL.
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LXT300Z HARDWARE MODE E1
INTERFACE APPLICATION

Figure 6is a typical 2.048 Mbps E1 application. The LXT300Z
is shown in Hardware Mode with a typical E1/CRC4 framer.
Resistors are installed in line with the transmit transformer
for loading a 75 Q coaxial cable. The in-line resistors are not

required for transmission on 120 Q shielded twisted-pair
lines. As in the T1 application Figure 5, this configuration is

illustrated with a crystal in place to enable the LXT300Z

Jitter Attenuation Loop, and a single power supply bus. The
hard-wired control lines for TAOS, LLOOP and RLOOP are
individually controllable, and the LLOOP and RLOOP lines
are also tied to a single control for the Reset function.

Figure 6: Typical LXT300Z 75 Q2 E1 Application (Hardware Mode)
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NOTE n 2.2 Q RESISTORS REQUIRED ONLY FOR 75 0 COAXIAL CABLE. NOT REQUIRED FOR TRANSMISSION ONTO 120 Q CABLE.

NOTE| 2§ THE LXT300Z IS COMPATIBLE WITH A WIDE VARIETY OF FRAMING AND SIGNALING DEVICES, INCLUDING THE DS2181A, MT8979, AND R8070.

Table 5: LXT300Z Crystal Specifications (External)

Parameter

T

E1

Frequency

6.176 MHz

8.192 MHz

Frequency Stability

+20 ppm @ 25 °C
+ 25 ppm from -40 °C to 85 °C
(Ref 25 °C reading)

+20 ppm @ 25 °C
+ 25 ppm from -40 °C to + 85 °C
(Ref 25 °C reading)

Pullability

CL =11 pFto 18.7 pF, +AF = 175 to 195 ppm
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm

CL=11pFto 18.7 pF, +AF =95 to 115 ppm
CL =18.7 pFto 34 pF, -AF =95 to 115 ppm

Effective series resistance

40 Q Maximum

30 Q Maximum

Crystal cut AT AT
Resonance Parallel Parallel
Maximum drive level 2.0 mW 2.0 mW
Mode of operation Fundamental Fundamental

HC49 (R3W), Co =7 pF maximum
Cwm = 17 fF typical

HC49 (R3W), Co =7 pF maximum

Cwm = 17 fF typical

]
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LXT301Z 1.544 MBPS T1 INTERFACE
APPLICATION

Figure 7 is a typical 1.544 Mbps T1 application of the
LXT301Z. The LXT301Z is shown with a typical T1/ESF
framer. An LXP600A Clock Adapter (CLAD) provides the
2.048 MHz system backplane clock, locked to the recovered
1.544 MHz clock signal. The power supply inputs are tied to
a common bus with appropriate decoupling capacitors in-
stalled (68 WF on the transmit side, 1.0 wF and 0.1 WF on the
receive side).

Figure 7: Typical LXT301Z 1.544 Mbps T1 Application
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THE LXT301Z IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND
SIGNALING DEVICES, INCLUDING THE DS2180A, MT8976, AND R8070.
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LXT301Z 2.048 MBPS E1 INTERFACE

APPLICATION

Figure 8 is a typical 2.048 Mbps E1 application of the
LXT301Z. The LXT301Z is shown with a typical E1/CRC4
framer. Resistors are installed in line with the transmit
transformer for loading a 75 Q coaxial cable. The in-line
resistors are not required for transmission on 120 Q shielded
twisted-pair lines. As in the T1 application Figure 7, this
configuration is illustrated with a single power supply bus.
The hard-wired controllines for TAOS, LLOOP and RLOOP
are individually controllable, and the LLOOP and RLOOP
lines are also tied to a single control for the Reset function.

Figure 8: Typical LXT301Z 75 Q E1 Application
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THE LXT301Z IS COMPATIBLE WITH A WIDE VARIETY OF FRAMING AND SIGNALING DEVICES,
INCLUDING THE DS2181A, MT8979, AND R8070.

]
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TEST SPECIFICATIONS

NOTE

Minimum and maximum values in Tables 6 through 13 and Figures 9 through 15 represent the performance
specifications of the LXT300Z/301Z and are guaranteed by test except, as noted, by design.

Table 6: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ -0.3 6.0 \%
Input voltage, any pin ! VIN RGND -0.3 RV++0.3 \4
Input current, any pin ? N -10 10 mA
Storage temperature TsTG -65 150 °C
CAUTION

Operations at or beyond these limits may result in permanent damage to the device.

Normal operation not guaranteed at these extremes.

of 100 mA.

1. Excluding RTIP and RRING, which must stay between -6 V and (RV+ + 0.3) V.
2. Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+and TGND can withstand a continuous current

Table 7: Recommended Operating Conditions

Parameter Sym Min | Typ | Max | Units Test Conditions
DC supply! RV+,TV+ | 475 5.0 5.25 v
Ambient operating temperature Ta -40 25 85 °C

1. TV+ must not exceed RV+ by more than 0.3 V.

Table 8: Digital Characteristics (Under Recommended Operating Conditions)

Parameter Sym | Min | Typ | Max | Units | Test Conditions

High level input voltage "2 (pins 1-5, 10, 23-28) VH 2.0 - \%

Low level input voltage 2 (pins 1-5, 10, 23-28) VIiL — 0.8 A"

High level output voltage 2 (pins 6-8, 11, 12, 23, 25) VoH 24 — \/ Tout = -400 pA

Low level output voltage "2 (pins 6-8, 11, 12, 23, 25) VoL - 0.4 \% Tour = 1.6 mA

Input leakage current (pins 1-5, and 23-28) IL -10 +10 LA

Input leakage current (pins 9, 17, 18) I | -50 +50 HA

Three-state leakage current! (pin 25) IsL -10 +10 HA

Total power dissipation 3 Pp - 700 mW 100% ones density
& maximum line
length @ 525V

1. Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.
2. Output drivers will output CMOS logic levels into CMOS loads.

3. Power dissipation while driving 25 Q load over operating temperature range. Includes device and load. Digital input levels
are within 10% of the supply rails and digital outputs are driving a 50 pF capacitive load.
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Table 9: Analog Chacteristics (Under Recommended Operating Conditions)

Parameter Min Typ' | Max | Units | Test Conditions
AMI output pulse amplitudes DSX-1 24 3.0 3.6 V  |measured at the DSX
. E1(120Q) 2.7 3.0 33 | V measured at line side
E1(75Q) 2.14 2.37 2.6 \Y% @ 772 kHz
Transmit amplitude variation with supply - 1 2.5 %
Recommended output load at TTIP and TRING - 25 - Q  |RTIP to RRING
Driver output impedance 2 - 3 10 Q |@10kHz
Jitter added by the transmitter 3 10 Hz - 8 kHz? - - 0.01 Ul
8 kHz - 40 kHz - - 0.025 | UI
10 Hz - 40 kHz - — 0.025 | UI
Broad Band - — 0.05 Ul
Output power levels 2 @ 772 kHz 12.6 - 179 | dBm
DS1 2 kHz BW @ 1544 kHz’ -29.0 - - dB
Positive to negative pulse imbalance - - 0.5 dB
Sensitivity below DSX ¢ (0dB=24V) 13.6 - - dB
500 - - mV
Receiver input impedance - 40 - kQ
Loss of Signal threshold - 0.3 - v
Data decision threshold DSX-1 63 70 77 | %peak
El 43 50 57 | % peak
Allowable consecutive zeros before LOS 160 175 190 -
Input jitter tolerance 10 Hz - 1200 - Ul
750 Hz 14 - - Ul
10kHz - 100 kHz 04 - - Ul
Jitter attenuation curve corner frequency * - 3 - Hz
Jitter attenuation - 50 - dB
Jitter attenuator tolerance before FIFO overflow 2 28 - - Ul

3. Input signal to TCLK is jitter-free.

5. Referenced to power in 2 kHz band.

6. With a maximum of 6 dB of cable attenuation.

4. Circuit attenuates jitter at 20 dB/decade above the corner frequency.

2. Not production tested but guaranteed by design and other correlation methods.

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

]
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Figure 9: LXT300Z Rx Jitter Tolerance (Typical)
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Figure 10: LXT300Z Rx Jitter Transfer Performance (Typical)
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Table 10: LXT300Z Receive Timing Characteristics (See Figure 11)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Receive clock duty cycle RCLKd| 40 - 60 %
Receive clock pulse width |DSX-1 | tew - 324 - ns

El trw - 244 - ns
RPOS / RNEG to RCLK DSX-1 | tsur - 274 - ns
rising setup time El tsur - 194 - ns
RCLK rising to RPOS/ DSX-1 | tur - 274 - ns
RNEG hold time El tHr - 194 - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 11: LXT300Z Receive Clock Timing Diagram
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Table 11: LXT301Z Receive Timing Characteristics (See Figure 12)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Receive clock duty cycle? |DSX-1 |RCLKd| 40 50 60 %

El RCLKd| 40 50 60 %
Receive clock pulse width 2 | DSX-1 tew 594 648 702 ns

El tew 447 488 529 ns
Receive clock pulse width | DSX-1 tPwH - 324 - ns
high El tpwH - 244 - ns
Receive clock pulse width |DSX-1 | tewL 270 324 378 ns
low El tewr | 203 244 285 ns
RPOS / RNEG to RCLK DSX-1| tsur 50 270 - ns
rising setup time El tsur 50 203 - ns
RCLK rising to RPOS/ DSX-1 tur 50 270 - ns
RNEG hold time El tHR 50 203 - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2. RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are
for worst case jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz).

Figure 12: LXT301Z Receive Clock Timing Diagram
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Table 12: LXT300Z/301Z Master Clock and Transmit Timing Characteristics
(See Figure 13)

Parameter Sym | Min | Typ' | Max | Units Test Conditions
Master clock frequency DSX-1{ MCLK | - 1.544 - MHz
El MCLK| - 2.048 - MHz
Master clock tolerance MCLKt| - +100 - ppm
Master clock duty cycle MCLKd| 40 - 60 %
Crystal frequency DSX-1 fc - 6.176 - MHz
LXT300Z only El fc - 8.192 - MHz
Transmit clock frequency |DSX-1| TCLK - 1.544 - MHz
El TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt| - +50 - ppm
Transmit clock duty cycle TCLKd| 10 - 90 %
TPOS/TNEG to TCLK setup time tsut 25 - - ns
TCLK to TPOS/TNEG Hold time tur 25 - - ns

2. Not production tested but guaranteed by design and other correlation methods.

1. Typical values are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 13: LXT300Z and 301Z Transmit Clock Timing Diagram
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Table 13: LXT300Z Serial I/O Timing Characteristics (See Figures 14 and 15)

to SDO high Z

Parameter Sym | Min | Typ' | Max | Units Test Conditions
Rise/Fall time - any digital output tRF - - 100 ns Load 1.6 mA, 50 pF
SDI to SCLK setup time toc 50 - - ns
SCLK to SDI hold time tcoH 50 - - ns
SCLK low time tcL 240 - - ns
SCLK high time tcu 240 - - ns
SCLK rise and fall time tr, tF - - 50 ns
CS to SCLK setup time tee 50 - - ns
SCLK to CS hold time tccu | 50 - - ns
CS inactive time tewn | 250 - - ns
SCLK to SDO valid tcov - - 200 ns
SCLK falling edge or CS rising edge | tcpz - 100 - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

l_=i_gLure 14: LXT300Z Serial Data Input Timirg Diagram
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Figure 15: LXT300Z Serial Data Output Timing Diagram
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LXT304A

The LXT304A is a fully integrated low-power transceiver
for both North American 1.544 Mbps (T1), and International
2.048 Mbps (E1) applications. It features a constant low
output impedance transmitter allowing for high transmitter
return loss in T1/E1 applications. Transmit pulse shapes
(DSX-1 or El) are selectable for various line lengths and
cable types.

The LXT304A provides receive jitter attenuation starting at
3 Hz, and is microprocessor controllable through a serial
interface.

It offers a variety of diagnostic features including transmit
and receive monitoring. The device incorporates an on-chip
crystal oscillator, and also accepts digital clock inputs. It
uses an advanced double-poly, double-metal CMOS process
and requires only a single 5-volt power supply.

* PCM/ Voice Channel Banks

* Data Channel Bank / Concentrator

¢ T1/EIl multiplexer

« Digital Access and Cross-connect Systems (DACS)
* Computer to PBX interface (CPI & DMI)

* High-speed data transmission lines

» Interfacing Customer Premises Equipment to a CSU

» Digital Loop Carrier (DLC) terminals

—

Low-Power T1/E1 Short-Haul Transceiver with Receive JA

APRIL, 1996

* Low power consumption (400 mW maximum)
40% less than the LXT300

* Constant low output impedance transmitter regardless
of data pattern (3 Q typical)

» High transmit and receive return loss exceeds ETSI
ETS 300166 and G.703 recommendations

* Meets or exceeds all industry specifications including
ITU G.703, ANSI T1.403 and AT&T Pub 62411

* Compatible with most popular PCM framers

* Line driver, data recovery and clock recovery functions
¢ Minimum receive signal of 500 mV

* Selectable slicer levels (E1/DSX-1) improve SNR

¢ Programmable transmit equalizer shapes pulses to meet
DSX-1 pulse template from O to 655 ft

* Local and remote loopback functions

» Transmit / Receive performance monitors with DPM
and LOS outputs

» Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz

* Receive jitter attenuation starting at 3 Hz meets TBR12/
13 specification

* Serial control interface
 Analog/digital LOS monitor per G.775
* Available in 28-pin DIP or PLCC

CONTROL

LINE
DRIVER

» TTIP

EQUALIZER

2

SYNCHRONIZER

/ . > TRING

’

DATA
[} SLICER:
INTERNAL TIMING RTIP
MCLK CLOCK RCVRY PEAK
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XTALIN j::l
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XTALOUT <#
RoLK ATTENUATOR
y
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RNEG STORE LATCH TRANSMIT
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LXT304A Low-Power T1/E1 Short-Haul Transceiver with Receive JA

Figure 1: Pin Assignments
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Table 1: Pin Descriptions
‘Pin # Sym |l/O Name Description
A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon
1 MCLK | DI | Master Clock Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not
applied, this pin should be grounded.
2" | TCLK | DI Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of
Clock TCLK. If TCLK is not supplied, the transmitter remains powered down.
3 TPOS | DI Transmit Input for positive pulse to be transmitted on the twisted-pair line.
Positive Data
4 TNEG | DI Transmit Input for negative pulse to be transmitted on the twisted-pair line.
Negative Data
Setting MODE to logic 1 puts the LXT304A in the Host Mode. In the Host
Mode, the serial interface is used to control the LXT304A and determine its
5 MODE | DI| Mode Select status.
Setting MODE to logic 0 puts the LXT304A in the Hardware (H/W) Mode.
In the Hardware Mode, the serial interface is disabled and hard-wired pins
are used to control configuration and report status.
6 RNEG DO Receive Received data outputs. A signal on RNEG corresponds to receipt of a
Negative Data | negative pulse on RTIP and RRING. A signal on RPOS corresponds to
) receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the
7 RPOS |DO Receive rising edge of RCLK. In the Host Mode, CLKE determines the clock edge
Positive Data | at which these outputs are stable and valid. In the Hardware Mode both
outputs are stable and valid on the rising edge of RCLK.
8 RCLK |DO| Recovered This is the clock recovered from the signal received at RTIP and RRING.
Clock
1. I/O Column entries: DI = Digital Input, DO = Digital Output, AO = Analog Output, Al = Analog Input, S = Supply
g Outp! g

SLEVEL
2-40 EONE.
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Table 1: Pin Descriptions - continued

Pin#| Sym (/O Name Description
9 | XTALIN| AI'| Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for DSX-1,
8.192 MHz for E1 applications with an 18.7 pF load ) is required to enable the
jitter attenuation function of the LXT304A. These pins may also be used to
10 | XTALOUT| AO| Crystal Output | disable the jitter attenuator by connecting the XTALIN pin to the positive
supply through a resistor, and tying the XTALOUT pin to ground.
Driver DPM goes to a logic 1 when the transmit monitor loop (MTIP and MRING)
11 DPM |DO| Performance | does not detect a signal for 63 2 clock periods. DPM remains at logic 1
Monitor until a signal is detected.
LOS goes to a logic 1 when 175 consecutive spaces have been detected.
12 LOS |DO| Loss Of Signal | LOS returns to a logic O when the received signal reaches 12.5% ones density,
based on 4 ones in any 32-bit period with no more than 15 consecutive zeros.
13 TTIP |[AO| Transmit Tip | Differential Driver Outputs. These low impedance outputs achieve maximum
power savings through a 1:1.15 transformer (T1), ora 1:1 (75 Q) or 1:1.26
16 | TRING |AO| Transmit Ring | (120 Q) transformer (E1) without additional components. To provide higher
return loss, resistors may be used in series with a transformer as specified in
Application Information.
14 | TGND | S Transmit Ground return for the transmit drivers power supply TV+.
Ground
15 TV+ S Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary from
Power Supply | RV+ by more than £0.3 V.
17 MTIP | Al| Monitor Tip | These pins are used to monitor the tip and ring transmit outputs. The trans-
. | ceiver can be connected to monitor its own output or the output of another
LXT304A on the board. To prevent false interrupts in the Host Mode if the
monitor is not used, apply a clock signal to one of the monitor pins and tie
18 | MRING | Al | Monitor Ring | the other monitor pin to approximately the clock’s mid-level voltage. The
monitor clock can range from 100 kHz to the TCLK frequency.
19 RTIP | Al| Receive Tip | The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins.
Data and clock from the signal applied at these pins are recovered and output
20 | RRING | AI| Receive Ring | onthe RPOS/RNEG and RCLK pins.
21 RV+ | S | Receive Power | +5 VDC power supply for all circuits except the transmit drivers.
Supply (Transmit drivers are supplied by TV+.)
22 | RGND | S Receive Ground return for power supply RV+.
Ground
1. /O Column entries: DI = Digital Input, DO = Digital Output, AO = Analog Output, Al = Analog Input, S = Supply
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Table 1: Pin Descriptions - continued

IPin# Sym /o? Name Description
- This LXT304A Host Mode output goes Low to flag the host processor
INT | DO Interrupt when LOS or DPM go active. INT is an open-drain output and should
(Host Mode) be tied to power supply RV+ through a resistor. INT is reset by
clearing the respective register bit (LOS and/or DPM.)
23
: The signal applied at this pin in the LXT304A Hardware Mode is used
EC1 DI | Equalizer Control 1 | in conjunction with EC2 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
SDI DI Serial Data In The serial data input stream is applied to this pin when the LXT304A
(Host Mode) operates in the Host Mode. SDI is sampled on the rising edge of SCLK.
24
The signal applied at this pin in the LXT304A Hardware Mode is used
EC2 DI | Equalizer Control 2 | in conjunction with EC1 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
The serial data from the on-chip register is output on this pin in the
DO Serial Data Out LXT304A Host Mode. If CLKE is High, SDO'is valid on the rising
SDO (Host Mode) 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
25 being written to and when CS is High.
Equalizer Control 3 | The signal applied at this pin in the LXT304A Hardware Mode is used
EC3 DI (H/W Mode) in conjunction with EC1 and EC2 inputs to determine shape and
amplitude of AMI output transmit pulses.
. Chip Select This input is used to access the serial interface in the LXT304A Host
26 CS DI (Host Mode) Mode. For each read or write operation, CS must transition from High
to Low, and remain Low.
This input controls loopback functions in the LXT304A Hardware
RLOOP | DI | Remote Loopback | Mode. Setting RLOOP High enables the Remote Loopback Mode.
(H/W Mode) Setting both RLOOP and LLOOP causes a Reset .
SCLK | DI Serial Clock This clock is used in the LXT304A Host Mode to write data to or read
27 (Host Mode) data from the serial interface registers.
Local Loopback This input controls loopback functions in the LXT304A Hardware
LLOOP | DI (H/W Mode) Mode. Setting LLOOP High enables the Local Loopback Mode.
Setting CLKE High causes RPOS and RNEG to be valid on the falling
CLKE | DI Clock Edge edge of RCLK, and SDO to be valid on the rising edge of SCLK.
(Host Mode) When CLKE is Low, RPOS and RNEG are valid on the rising edge of
28 ) RCLK, and SDO is valid on the falling edge of SCLK.
When set High, TAOS causes the LXT304A (Hardware Mode) to
TAOS | DI | Transmit All Ones | transmit a continuous stream of marks at the TCLK frequency. Activat-
(H/W Mode) ing TAOS causes TPOS and TNEG inputs to be ignored. TAOS is
inhibited during Remote Loopback.
1. I/0 Column entries: DI = Digital Input, DO = Digital Output, AO = Analog Output, AI = Analog Input, S = Supply
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FUNCTIONAL DESCRIPTION

NOTE
This functional description is for design aid only.

The LXT304A is a fully integrated PCM transceiver for both
1.544 Mbps (DSX-1) and 2.048 Mbps (E1) applications. It
allows full-duplex transmission of digital data over existing
twisted-pair installations.

The LXT304A transceiver interfaces with two twisted-pair
lines, one twisted-pair for transmit, one twisted-pair for
receive.

POWER REQUIREMENTS

The LXT304A is a low-power CMOS device. It operates
from a single +5 V power supply which can be connected
externally to both the transmitter and receiver. However, the
two inputs mustbe within+ .3 V of each other, and decoupled
to their respective grounds separately. Refer to Application
Information for typical decoupling circuitry. Isolation be-
tween the transmit and receive circuits is provided inter-
nally. During normal operation, TAOS or LLOOP, the
transmitter powers down if TCLK is not supplied.

Reset Operation

Upon power up, the transceiver is held static until the power
supply reaches approximately 3 V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. The transmitter reference is pro-
vided by TCLK. MCLK provides the receiver reference. If
the crystal oscillator is grounded, MCLK is used as the
receiver reference clock.

The transceiver can also be reset from the Host or Hardware
Mode. In Host Mode, reset is commanded by simulta-
neously writing RLOOP and LLOOP to the register. In
Hardware Mode, reset is commanded by holding RLOOP
and LLOOP High simultaneously for 200 ns. Reset is
initiated on the falling edge of the reset request. In either
mode, reset clears and sets all registers to 0 and then begins
calibration.

RECEIVER

The LXT304A receives the signal input from one twisted-
pair line on each side of a center-grounded transformer.
Positive pulses are received at RTIP and negative pulses are
received at RRING. Recovered data is output at RPOS and
RNEG, and the recovered clock is output at RCLK. Refer to
Test Specifications for LXT304A receiver timing.

4

The signalreceived atRPOS and RNEGiis processed through
the peak detector and data slicers. The peak detector samples
the inputs and determines the maximum value of the re-
ceived signal. A percentage of the peak value is provided to
the dataslicers as a threshold level to ensure optimum signal-
to-noise ratio. For DSX-1 applications (determined by
Equalizer Control inputs EC1 - EC3 # 000) the threshold is
set to 70% of the peak value. This threshold is maintained
above 65% for up to 15 successive zeros over the range of
specified operating conditions. For E1 applications (EC
inputs = 000 or 001) the threshold is 50%.

The receiver is capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
areceived signal level of approximately 500 mV. Maximum
line length is 1500 feet of ABAM cable (approximately 6 dB
of attenuation). Regardless of received signal level, the peak
detectors are held above a minimum level of .3 V to provide
immunity from impulsive noise.

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. The data and clock recovery circuits are
highly tolerant with an input jitter tolerance significantly
better than required by Pub 62411. Refer to Test Specifica-
tions for additional information.

The receiver monitor loads a digital counter at the RCLK
frequency. The count is incremented each time a zero is
received, and reset to zero each time aone (mark) is received.
Upon receipt of 175 consecutive zeros the LOS pin goes
high, and a smooth transition replaces the RCLK output with
the MCLK. (If MCLK is not supplied the RCLK output will
be replaced with the centered crystal clock.) The LOS pinis
reset when thereceived signal reaches 12.5% ones density (4
marks in 32 bits) with no more than 15 consecutive zeros.

Recovered clock signals are supplied to the Jitter Attenuator
andthe datalatch. Therecovered datais passed to the Elastic
Store where it is buffered and synchronized with the dejit-
tered recovered clock (RCLK).

Jitter Attenuation

Jitter attenuation of the LXT304A clock and data outputs is
provided by a Jitter Attenuation Loop (JAL) and an Elastic
Store (ES). An external crystal oscillating at 4 times the bit
rate provides clock stabilization. Refer to Application
Information for crystal specifications. The ES is a 32 x 2-bit
register. Recovered data is clocked into the ES with the
recovered clock signal, and clocked out of the ES with the
dejittered clock from the JAL. When the bit count in the ES
is within two bits of overflowing or underflowing, the ES
adjusts the output clock by 1/8 of a bit period. The ES
produces an average delay of 16 bits in the receivepath.
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TRANSMITTER

Data received for transmission onto the line is clocked
serially into the device at TPOS and TNEG. Input synchro-
nizationis supplied by the transmit clock (TCLK). If TCLK
is not supplied the transmitter remains powered down,
exceptduring remote loopback. Refer to Test Specifications
for master and transmit clock timing characteristics.

The transmitted pulse shape is determined by Equalizer
Control signals EC1 through EC3 as shown in Table 2.
Equalizer Control signals may be hardwired in the Hardware
mode, or input as part of the serial data stream (SDI) in the
Hostmode. Shaped pulses are applied to the AMI line driver
for transmission onto the line at TTIP and TRING. The line
driver provides a constant low output impedance of 3 Q
(typical). This well controlled output impedance provides
excellent return loss (> 18 dB) when used with external
9.1 Q precision resistors (+ 1% accuracy) in series with a
transmit transformer with a turns ratio of 1:2.3 (+ 2%
accuracy). Series resistors also provide increased surge
protection and reduce short circuit current flow.

Pulses can be shaped for either 1.544 or 2.048 Mbps appli-
cations. 1.544 Mbps pulses for DSX-1 applications can be
programmed to match line lengths from O to 655 feet of
ABAM cable. The LXT304A also matches FCC and ECSA
specifications for CSU applications. A 1:1.15 transmit
transformer is used for 1.544 Mbps systems. For higher
return loss in DSX-1 applications, use 9.1 Q resistors in
series with a 1:2.3 transmit transformer.

2.048 Mbps pulses can drive coaxial or shielded twisted-pair
lines. For E1 systems, a 1:2 transmit transformer and series
resistors are recommended. This design meets or exceeds all
ITU and ETSI specifications for transmit and receive return
loss. A 1:1or 1:1.26 transformer may be used without series
resistors.

Driver Performance Monitor

The transceiver incorporates a Driver Performance Monitor
(DPM) in parallel with TTIP and TRING at the output
transformer. The DPM output goes High upon detection of
63 consecutive zeros. Itisreset when aoneis detected on the
transmit line, or when a reset command is received.

Line Code

The LXT304A transmits data as a 50% AMI line code as
shown in Figure 2. The output driver maintains a constant
low output impedance regardless of whether it is driving
marks or spaces.

OPERATING MODES

The LXT304A can be controlled through hard-wired pins
(Hardware Mode) or by a microprocessor through a serial
interface (Host Mode). The mode of operation is set by the
MODE pin logic level. The LXT304A can also be com-
manded to operate in one of several diagnostic modes.

Host Mode Operation

To allow a host microprocessor to access and control the
LXT304A through the serial interface, MODE is set High.

Figure 2: 50% AMI Coding Diagram

1 o 1

! BIT CELL

1
TRING ; s
R AT L. B
Table 2: Equalizer Control Inputs
EC3 | EC2 | EC1 Line Length' Cable Loss? Application Bit Rate
0 1 1 0-133 ft ABAM 0.6dB
1 0 0 133 - 266 ft ABAM 12dB
1 0 1 266 - 399 ft ABAM 1.8dB DSX-1 1.544 Mbps
1 1 0 399 - 533 ft ABAM 2.4dB
1 1 1 533 - 655 ft ABAM 3.0dB
0 0 0 ITU Recommendation G.703 El - Coax (75 Q) 2.048 Mbps
0 0 1 El - Twisted-pair (120 Q)
0 1 0 FCC Part 68, Option A CSU (DS-1) 1.544 Mbps
1. Line length from transceiver to DSX-1 cross-connect point.
2. Maximum cable loss at 772 kHz.
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The serial interface (SDI/SDO) uses a 16-bit word consist- ~ Table 3: Valid Clock Edges for Data

ing of an 8-bit Command/Address byte and an 8-bit Data Outputs

byte. Figure 3 shows the serial interface data structure and -

relative timing. CLKE Output Clock Valid Edge
The Host Mode provides a latched Interrupt output (INT) RPOS RCLK Rising
which is triggered by a change in the Loss of Signal (LOS) LOW RNEG RCLK Rising
and/or Driver Performance Monitor (DPM) bits. The Inter- SDO SCLK Falling

rupt is cleared when the interrupt condition no longer exists, RPOS RCLK Falling
and the host processor enables the respective bit in the serial HIGH RNEG RCLK Falling
input data byte. Host Mode also allows control of the serial sSDO SCLK Rising
data and receive data output timing. The Clock Edge

(CLKE) signal determines when these outputs are valid,
relative to the Serial Clock (SCLK) or RCLK as listed in

Table 3.
Table 4: LXT304A Serial Data Output Bits (See Figure 3)
Bit D5 | Bit D6 | Bit D7 Status

0 0 0 Reset has occurred, or no program input
0 0 1 TAOS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS occurred

Figure 3: LXT304A Serial Interface Data Structure

= | |

ADDRESS / COMMAND BYTE DATA INPUT / OUTPUT BYTE
A A
~
SDI/SDO FVW|A0 | A1|A2|A3 IA4 IASI A6 DO| D1 | Dz|03|D4|05 [DG |D7
ADDRESS / _
COMMAND RW 0 0 0 0 1 0 X
BYTE A0 A6
R/W =1: READ X = DON'T CARE
RMW =0 : WRITE
CLEAR INTERRUPTS SET LOOPBACKS OR RESET NOTE
Output data byte is the
INPUT me as the input data byt
DATA Los | DPM | EC1| EC2 | EC3 [REMOTE|LOCAL| TAOS | **"° 5 0 0 er
pt for bits D5~7
BYTE DO (LSB) D7 (MSB) | 1 own in Table 4 above
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The LXT304A serial port is addressed by setting bit A4 in
the Address/Command byte, corresponding to address 16.
The LXT304A contains only a single output data register so
no complex chip addressing scheme is required. Theregister
is accessed by causing the Chip Select (CS) input to transi-
tion from High to Low. Bit1 of the serial Address/Command
byte provides Read/Write control when the chipis accessed.
A logic 1 indicates a read operation, and a logic O indicates
a write operation. Table 4 lists serial data output bit combi-
nations for each status. Serial datal/O timing characteristics
are shown in the Test Specifications section.

Hardware Mode Operation

In Hardware Mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware Mode provides all the functions
provided in the Host Mode. In the Hardware Mode RPOS
and RNEG outputs are valid on the rising edge of RCLK. To
operate in Hardware Mode, MODE must be set Low. Equal-
izer Control signals (EC1 through EC3) are input on the
Interrupt, Serial Data In and Serial Data Out pins. Diagnos-
tic control for Remote Loopback (RLOOP), Local Loopback
(LLOOP), and Transmit All Ones (TAOS) modes is pro-
vided through the individual pins used to control serial
interface timing in the Host Mode.

Diagnostic Mode Operation

TRANSMIT ALL ONES

In Transmit All Ones (TAOS) mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of ones when the TAOS mode is
activated. TAOS can be commanded simultaneously with
Local Loopback, butis inhibited during Remote Loopback.

REMOTE LOOPBACK

In Remote Loopback (RLOOP) mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

LOCAL LOOPBACK

In Local Loopback (LLOOP) mode, the receiver circuits are
inhibited. The transmit data and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS, RNEG and RCLK) through the Rx jitter
attenuator. The transmitter circuits are unaffected by the
LLOOP command. The TPOS and TNEG inputs (or a
stream of ones if the TAOS command is active) will be
transmitted normally.

Table 5: LXT304A Crystal Specifications (External)

Parameter T1 E1
Frequency 6.176 MHz 8.192 MHz
Frequency Stability 120 ppm @ 25 °C +20 ppm @ 25 °C
+ 25 ppm from -40 °C to + 85 °C + 25 ppm from -40 °C to + 85 °C
(Ref 25 °C reading) (Ref 25 °C reading)
Pullability CL=11pFto18.7 pF, +AF=17510 195 ppm| CL=11pFto 18.7 pF, +AF=95to 115 ppm
CL =18.7 pF to 34 pF, -AF =175 to 195 ppm CL: 18.7 pFto 34 pF, -AF =95 to 115 ppm
Effective series resistance [ 40 £ Maximum 30 Q Maximum
Crystal cut AT AT
Resonance Parallel Parallel
Maximum drive level 2.0 mW 2.0 mW
Mode of operation Fundamental Fundamental

Crystal holder .
Cm = 17 fF typical

HC49 (R3W), Co = 7 pF maximum

HC49 (R3W), Co = 7 pF maximum
Cwm = 17 fF typical
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APPLICATION INFORMATION 1.544 MBPS T1 INTERFACE
APPLICATIONS
NOTE Figure 4 is a typical 1.544 Mbps T1 application. The
This information is for design aid only. LXT304A is shown in the Host Mode with a T1/ESF Framer

providing the digital interface with the host controller. Both
devices are controlled through the serial interface. An
LXP600A Clock Adapter (CLAD) provides the 2.048 MHz
system backplane clock, locked to the recovered 1.544 MHz
clock signal. The power supply inputs are tied to a common
bus with appropriate decoupling capacitors installed (68 pF
on the transmit side, 1.0 uF and 0.1 pF on the receive side).

Figure 4: Typical LXT304A 1.544 Mbps T1 Application (Host Mode)

+5\Z|_ MODE SCLK |t—no]
e | S
SDI f—————
| CLKE SDO .
Control | MCLK Cc
and 1
Monitor - LOS TRING L hA
<—— DPM Transmit
470 pF Line
Rt
TTIP v o
T
|| TPOS
LXT304A
—— TCLK
Framer
«— RPOS MTIP
- RNEG RTIP
LK Rr
B RC s Receive
Line
—— Rr
LXP600A RRING
2CT:1
-4—CLKO CLKI |-g— 5
St = 3 o o
< < + Z b4 +
2.04
048 Mz 1|5 & & § @& ¢
|-I IJOJ uFo-”—-o »—“_n 68 uF NOTE
D 1.0 uF ¢ | 1. Typical value = 470 pF.
XTAL —_ Adjust for actual board
- = v parasitics to obtain optimum
* return loss.
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&

2.048 MBPS E1 INTERFACE LLOOP and RLOOP are individually controllable, and the
APPLICATIONS LLOOP and RLOOP lines are also tied to a single control

. . o . for the Reset function. This configuration is illustrated
Figure 5isa2.048 Mbps E1 TWP applicationusing 15 QRt  yith a crystal in place to enable the LXT304A Jitter
resistorsin line with the transmit transformer to provide high A (tenuation Loop, and a single power supply bus.
return loss and surge protection. When high return loss is
not a critical factor, a 1:1 or 1:1.26 transformer without in-
line resistors provides maximum power savings. The
LXT304A is shown in Hardware Mode with a typical E1/
CRC4 Framer. The hard-wired control lines for TAOS,

Figure 5: Typical LXT304A E1 2.048 Mbps 120 Q Application (Hardware Mode)

MODE EC1 ‘
L = | une
- EC2 |- Length
Setting
———p»| MCLK EC3
——®1 TAOS
Control | RLOOP
and TTIP
Monitor ——— LLOOP
.~ |=—— LOs Transmit
DPM Line
TRING
| ! TPOS
LXT304A MTIP |
———{ TNEG
Framer ! TCLK MRING
l<d——— RPOS RTIP
- RNEG Rf§ % -
: Receive
¢ RCLK Ar Line
RRING |— :
2CT:1
LXP600A
~««—{CLKO  CLKI [=e—! - 'é
A =z a o
= S % $ 88
1.544 MHz K 85 & & 2 R
= I—‘ |_|0.1 HF o] |—9 }—¢ e8yF
D 1.0 uFo—-”—4
XTAL == NOTE
+5V 1. Typical value = 470 pF.
Adjust for actual board
parasitics to obtain optimum,
return loss.
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D4 CHANNEL BANK APPLICATIONS

Existing D4 Channel Bank architectures frequently employ:
(1) a plug-in card for T1 pulse generation (6.0 V peak); and
(2) a separate card for pulse shaping and Line Build-Out
(LBO). The LXT304A integrates the functions of both cards
on a single chip producing a DSX-1 compatible, 3.0 V peak
output pulse with a standard transformer. In new designs,
the LXT304A canreplace two cards with one. However, the
LXT304A is also compatible with existing dual-card archi-
tectures. With an appropriate output transformer, the

Table 6: T1/E1 Input/Output Configurations

LXT304A can produce full 6.0 V peak amplitude pulses
suitable for D4 Channel Bank applications with separate
pulse shaping/LBO cards.

To achieve the 6.0 V peak output, the FCC Part 68-010
Equalizer Code setting is used. (EC = 010.) With the
standard 1:1.15 transformer, this code produces a 3.0 V peak
pulse. However, doubling the transformer turns ratio to
1:2.30 produces the desired 6.0 V peak pulse.

Bit Rate Crystal | Cable | Rr? EC3/2/1 Transmit Rt? Typical TX Cc
(Mbps) XTAL (Q () Transformer' | () | Return Loss?®(dB)| (uF)
(r)
1.544 (T1) LXC6176 100 200 | 0/1/1 - 12111 1:1.15 0 0.5 0.47
1:2 9.1 18 0
1:2.3 9.1 18 0
0/1/0* 1:23 0 0* 0.47
2.048 (E1) LXC8192 120 240 0/0/0 1:1.26 0 0.5 0.47
0/0/0 1:2 9.1 12 0
0/0/1 1:1 0 0.5 0.47
0/0/1 1:2 15 18 0
75 150 0/0/0 1:1 0 0.5 0.47
0/0/0 1:2 9.1 18 0
0/0/1 1:1 10 5 0
0/0/1 1:2 14.3 10 0
1. Transformer turns ratio accuracy is * 2%.
2. Rr and Rt values are + 1%.
3. Typical return loss, 51 kHz to 3.072 MHz band.
4. D4 Channel Bank application.
@LEVEL
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TEST SPECIFICATIONS

NOTE
Minimum and maximum values in Tables 7 through 13 and Figures 6 through 11 represent the performance
specifications of the LXT304A and are guaranteed by test except, as noted, by design.

Table 7: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ -0.3 6.0 \
Input voltage, any pin ! VIN RGND - 0.3 RV++03 \"
Input current, any pin 2 IN -10 10 mA
Storage temperature TsTG -65 150 °C
CAUTION

Operations at or beyond these limits may result in permanent damage to the device.
Normal operation not guaranteed at these extremes.

1. Excluding RTIP and RRING, which must stay between -6 V and (RV+ + 0.3) V.

2. Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current
of 100 mA.

Table 8: Recommended Operating Conditions

Parameter Sym Min | Typ | Max | Units Test Conditions
DC supply! RV+, TV+ | 475 50 | 525 \%
Ambient operating temperature Ta -40 25 85 °C

1. TV+ must not exceed RV+ by more than 0.3 V.

Table 9: Electrical Characteristics (Under Recommended Operating Conditions)

Parameter Sym | Min Max | Units | Test Conditions
Total power dissipation '3 Pp - 400 | mW 100% ones density & max
line length @ 525V
High level input voltage 3 (pins 1-5, 10, 23-28) ViH 2.0 - v
Low level input voltage 3 (pins 1-5, 10, 23-28) VIiL - 0.8 \Y%
High level output voltage 23 (pins 6-8, 11, 12,23, 25) Vol 2.4 — \" Tout = - 400 pA
Low level output voltage 23 (pins 6-8, 11, 12, 23, 25) VoL - 0.4 \% Tout = 1.6 mA
Input leakage current * ILL 0 +10 pA
Three-state leakage current 2 (pin 25) IsL 0 +10 HA

1. Power dissipation while driving 75 Q load over operating temperature range. Includes device and load. Digital input levels are
within 10% of the supply rails and digital outputs are driving a 50 pF capacitive load.

2. Functionality of pins 23 and 25 depends on mode. ‘See Host / Hardware Mode descriptions.
3. Output drivers will output CMOS logic levels into CMOS loads.
4. Except MTIP and MRING ILL = £50 pA.

(4LEVEL
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Table 10: Analog Chacteristics (Under Recommended Operating Conditions)

Parameter Min Typ' | Max | Units | Test Conditions
AMI Output Pulse Amplitudes DSX-1 2.4 3.0 3.6 V  |measured at the DSX
El 2.7 3.0 33 V  [measured at line side
Recommended output load at TTIP and TRING - 75 - Q
Jitter added by the transmitter 2 10 Hz - 8 kHz - - 0.01 Ul
8 kHz - 40 kHz - - 0.025 UI
10 Hz - 40 kHz - - 0.025 UI
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB=24V) 13.6 - - dB
500 - - mV
Loss of Signal threshold - 0.3 - \%
Data decision threshold DSX-1 63 70 77 | %peak
El 43 50 57 |% peak
Allowable consecutive zeros before LOS 160 175 190 -
- Input jitter tolerance 10 kHz - 100 kHz 0.4 - - UI
Jitter attenuation curve corner frequency > - 3 - Hz
Minimum Return Loss 3 Transmit | Receive
Min Typ | Min Typ
51kHz - 102kHz 18 - 20 - dB
102 kHz - 2.048 MHz 18 - 20 - dB
2.048 MHz - 3.072 MHz 18 - 20 - dB

2. Input signal to TCLK is jitter-free.

5. Guaranteed by design.

3. Circuit attenuates jitter at 20 dB/decade above the corner frequency.
4. In accordance with ITU G.703/ETS 300166 return loss specifications when wired per Figure 7 (E1).

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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Figure 6: Typical Receiver Input Jitter Tolerance (Loop Mode)
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Figure 7: LXT304A Receive Jitter Transfer Performance (Typical)
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Table 11: LXT304A Receive Timing Characteristics (See Figure 8)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Receive clock duty cycle RCLKd| 40 - 60 %
Receive clock pulse width {DSX-1 | tpw - 324 - ns

- |E1 tew - 244 - ns
RPOS / RNEG to RCLK DSX-1| tsur - 274 - ns
rising setup time El tsur - 194 - ns
RCLK rising to RPOS/ DSX-1| tur - 274 - ns
RNEG hold time El tHR - 194 - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 8: LXT304A Receive Clock Timing Diagram
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LXT304A Low-Power T1/E1 Short-Haul Transceiver with Receive JA

Table 12: LXT304A Master Clock and Transmit Timing Characteristics
(See Figure 9)

Parameter Sym Min Typ' | Max | Units Test Conditions
Master clock frequency DSX-1| MCLK | - 1.544 - MHz
El MCLK | - 2.048 - MHz
Master clock tolerance MCLKt| - +100 - ppm
Master clock duty cycle MCLKd| 40 - 60 %
Crystal frequency DSX-1 fc - 6.176 - MH:z
El fc - 8.192 - MHz
Transmit clock frequency |DSX-1| TCLK - 1.544 - MHz
El TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt - +50 - ppm
Transmit clock duty cycle TCLKd| 10 - 90 /%
TPOS/TNEG to TCLK setup time tsut 25 - - ns
TCLK to TPOS/TNEG Hold timg tHT 25 - - ns
1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 9: LXT304A Transmit Clock Timing Diagram
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Table 13: LXT304A Serial I/O Timing Characteristics (See Figures 10 and 11)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output trRF - - 100 ns Load 1.6 mA, 50 pF
SDI to SCLK setup time toc 50 - - ns

SCLK to SDI hold time tcon 50 - - ns

SCLK low time tcL 240 - - ns

SCLK high time tcu 240 - - ns

SCLK rise and fall time tr, tF - - 50 ns

CS to SCLK setup time tcc 50 - - ns

SCLK to CS hold time tocu 50 - - ns

CS inactive time tcwH 250 - - ns

SCLK to SDO valid tcov - - 200 ns

SCLK falling edge or CS rising edge | tcpz - 100 - ns

to SDO high Z

1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 10: LXT304A Serial Data Input Timing Diagram
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NOTES:
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\DATA SHEET
LXT305
Integrated T1/E1 Short-Haul Transceiver
with Transmit Jitter Attenuation

APRIL, 1996

The LXT305 is a fully integrated transceiver for both North ~ « Compatible with most popular PCM framers
American 1.544 Mbps (T1) and International 2.048 Mbps
(E1) applications. Transmit pulse shapes (T1 or E1) are .

- . Line driver, data recovery and clock recovery functions
selectable for various line lengths and cable types.

The LXT305 provides transmit jitter attenuation startingat ~ * Minimum receive signal of 500 mV

3 Hz, and is microprocessor controllable through a serial

interface. Itis especially well suited for applicationsinvolv- = Selectable slicer levels (T1/E1) improve SNR

ing T1 and higher rates such as M13 Mux, SONET, etc. A

variety of diagnostic features including transmit and receive * Programmable transmit equalizer shapes pulses to meet
monitoring are incorporated. Clock inputs may be derived DSX-1 pulse template from 0 to 655 ft

from an on-chip crystal oscillator or digital inputs.

The LXT305, anadvanced double-poly, double-metal CMOS ~ ° Local and remote loopback functions
device, requires only a single 5-volt power supply.

* Transmit Driver Performance Monitor (DPM) output

* SDH / SONET Equipment » Receive monitor with Loss of Signal (LOS) output
* M13 Multiplexers
* PCM/ Voice Channel Banks  Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz

Data Channel Bank / Concentrator

T1/E1 multiplexer

Digital Access and Cross-connect Systems (DACS)
Computer to PBX interface (CPI & DMI)
High-speed data transmission lines

Interfacing Customer Premises Equipment to a CSU ) )
Digital Loop Carrier (DLC) terminals * Available in 28-pin DIP and PLCC

A

* Transmit jitter attenuation starting at 3 Hz

* Microprocessor controllable

HOST |H/W
INT | EC1 ]MODE > LINE
SDI |EC2 > CONTROL DRIVER
sDO |EC3
Cs |RLoor 1Tpos - - TTIP
SCLK | LLoOP _ |EQUALIZER d
cike |Taos  H TNEG ™ TrER ™ > > TRING
TCLK —% ATTENUATOR >
XTALIN >
XTALOUT = DATA
[} SLICERS
INTRNL CLK TIMING
MCLK | NTANL CLK 1! RoVRY ‘—Q:__< ji PEAK RTIP
J DETECTOR| _ RRING
RCLK = $ < ':—-—[
RPOS DATA [T .
RNEG RCVRY |
TRANSMIT | MTIP
- RECEIVE DRIVER MRING
LOS MONITOR MONITOR [
DPM = ]
QLEVEL
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LXT305 Integrated T1/E1 Short-Haul Transceiver with Transmit Jitter Attenuation

Figure 1: Pin Assignments

BENSRRRRNYR

[NNIE SN R RS N IREEEE ]

MCLK
TCLK
TPOS
TNEG
MODE
RNEG
RPOS
RCLK
XTALIN
XTALOUT
DPM
LOS
TTIP
TGND

inininininininininininininin
Eomogo®NoaseN -

LXT305NE

MCLK

TCLK CLKE/TAOS
CLKE/TAOS TPOS SCLK/LLOOP
SCLK/LLOOP >
CS/RLOOP TNEG = CS/RLOOP
233{5&3 MoDE [Js ¢ * % ' ® ¥ % spokEcs
INT/EC1 RNEG [Je 4[] SDIEC2
RGND RPOS []7 2] INT/ECH
RV+ RCLK []s =[] RGND
ARG XTAUN [ 2f] RV
MRING XTALOUT [} 10 »[] RRING
MT'P DPM E“12 13 14 15 16 17 1319] RTIP
TRING

TV+ LOS —-_7-'
TTIP
TGND

% MRING
MTIP
TRING

LXT305PE \_ v,

Table 1: Pin Descriptions

Positive Data

Pin# Sym |/O' Name Description

A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon

1 | MCLK | DI | Master Clock | [ oss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not
applied, this pin should be grounded.

2 TCLK | DI Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of

Clock TCLK. Except during remote loopback, the transmitter remains powered

down if TCLK is not supplied.

3 TPOS | DI Transmit

Input for positive pulse to be transmitted on the twisted-pair line.

4 TNEG | DI Transmit Input for negative pulse to be transmitted on the twisted-pair line.
Negative Data ’
Setting MODE High puts the LXT305 in the Host Mode. In the Host Mode,
5 | MODE | DI'| Mode Select | the serial interface is used to control the LXT305 and determine its status.
Setting MODE Low puts the LXT305 in the Hardware (H/W) Mode. In the
Hardware Mode, the serial interface is disabled and hard-wired pins are used
to control configuration and report status.
6 | RNEG DO Re:ceive Received data outputs. A signal on RNEG corresponds to receipt of a
Negative Data | pegative pulse on RTIP and RRING. A signal on' RPOS corresponds to
receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
. are Non-Return-to-Zero (NRZ). In the Host Mode, CLKE determines the
7 | RPOS DO Receive clock edge at which these outputs are stable and valid. In the Hardware
Positive Data | Mode, both outputs are stable and valid on the rising edge of RCLK.
8 | RCLK DO Re(c:;)vel:ed This is the clock recovered from the signal received at RTIP and RRING.
ol

1. Entries in I/O column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.
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Table 1: Pin Descriptions - continued

Pin#| Sym (/O' Name Description

9 | XTALIN | Al | Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for T1,
8.192 MHz for E1 applications with an 18.7 pF load) is required to enable
the jitter attenuation function of the LXT305.

10 | XTALOUT|AO | Crystal Output | These pins may also be used to disable the jitter attenuator by connecting the
XTALIN pin to the positive supply through a resistor, and tying the
XTALOUT pin to ground.

11 DPM |DO Driver DPM goes High when the transmit monitor loop (MTIP and MRING) does

Performance | not detect a signal for 63 2 clock periods. DPM remains High until a
Monitor signal is detected.

12 LOS |DO|Loss Of Signal | LOS goes High when 175 consecutive spaces have been detected. LOS
returns Low when a mark is received.

13 TTIP |AO| Transmit Tip | Differential Driver Outputs. These outputs are designed to drive a 25 Q
load. The transmitter will drive 100 Q shielded twisted-pair cable through a

16 | TRING |AO| Transmit Ring | 2:1 step-up transformer without additional components. To drive 75 Q
coaxial cable, two 2.2 Q resistors are required in series with the transformer.

14 TGND | S Transmit Ground return for the transmit drivers power supply TV+.

Ground
15 TV+ S Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary
Power Supply | from RV+ by more than $0.3 V.

17 MTIP | AI | Monitor Tip | These pins are used to monitor the tip and ring transmit outputs. The
transceiver can be connected to monitor its own output or the output of
another LXT305 on the board.

Host Mode only: To prevent false interrupts in the Host Mode if the monitor

18 | MRING | AI | Monitor Ring | is not used, apply a clock signal to one of the monitor pins and tie the other
monitor pin to approximately the clock’s mid-level voltage. The monitor
clock can range from 100 kHz to the TCLK frequency.

19 RTIP | AI| Receive Tip | The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins.

20 | RRING | AI | Receive Ring | Data and clock from the signal applied at these pins are recovered and output
on the RPOS/RNEG and RCLK pins.

21 RV+ S | Receive Power | +5 VDC power supply for all circuits except the transmit drivers.

Supply (Transmit drivers are supplied by TV+.)
22 RGND | S Receive Ground return for power supply RV+.
Ground
1. Entries in I/O column are: DI = Digital Input; DO = Digital Output; AI = Analog Input; AO = Analog Output; S = Supply.
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Table 1: Pin Descriptions - continued

Pin#| Sym (/O Name Description
_ This LXT305 Host Mode output goes Low to flag the host processor
INT .| DO Interrupt when LOS or DPM goes active. INT is an open-drain output and
(Host Mode) should be tied to power supply RV+ through a resistor. INT is reset
by clearing the respective register bit (LOS and/or DPM.)
23
The signal applied at this pin in the LXT305 Hardware Mode is used
EC1 DI | Equalizer Control 1| in conjunction with EC2 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
SDI DI Serial Data In The serial data input stream is applied to this pin when the LXT305
(Host Mode) operates in the Host Mode. SDI is sampled on the rising edge of
SCLK.
24
EC2 DI | Equalizer Control 2|  The signal applied at this pin in the LXT305 Hardware Mode is used
(H/W Mode) in conjunction with EC1 and EC3 inputs to determine shape and
amplitude of AMI output transmit pulses.
The serial data from the on-chip register is output on this pin in the
SDO | DO| Serial Data Out LXT305 Host Mode. If CLKE is High, SDO is valid on the rising
(Host Mode) 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
25 is being written to and when CS is High.
EC3 DI | Equalizer Control 3| The signal applied at this pin in the LXT305 Hardware Mode is used
(H/W Mode) in conjunction with EC1 and EC2 inputs to determine shape and
amplitude of AMI output transmit pulses.
CS DI Chip Select This input is used to access the serial interface in the LXT305 Host
(Host Mode) ‘Mode. For each read or write operation, CS must transition from
High to Low, and remain Low.
26
RLOOP | DI | Remote Loopback | This input controls loopback functions in the LXT305 Hardware
(H/W Mode) Mode. Setting RLOOP High enables the Remote Loopback Mode.
Setting both RLOOP and LLOOP causes a Reset.
SCLK | DI Serial Clock This clock is used in the LXT305 Host Mode to write data to or read
(Host Mode) data from the serial interface registers.
27
Local Loopback This input controls loopback functions in the LXT305 Hardware
LLOOP | DI (H/W Mode) Mode. Setting LLOOP High enables the Local Loopback Mode.
CLKE | DI Clock Edge Setting CLKE High causes RPOS and RNEG to be valid on the
(Host Mode) falling edge of RCLK, and SDO to be valid on the rising edge of
SCLK. When CLKE is Low, RPOS and RNEG are valid on the rising
28 edge of RCLK, and SDO is valid on the falling edge of SCLK.
TAOS | DI | Transmit All Ones | When set High, TAOS causes the LXT305 (Hardware Mode) to

(H/W Mode)

transmit a continuous stream of marks at the MCLK frequency.

1. Entries in I/O column are: DI = Digital Input; DO = Digital Output; AI = Analog Input; AO = Analog Output; S = Supply.
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LXT305 Integrated T1/E1 Short-Haul Transceiver with Transmit Jitter Attenuation

FUNCTIONAL DESCRIPTION

NOTE
This functional description is for design aid only.

The LXT305 is a fully integrated PCM transceiver for both
1.544 Mbps (T1) and 2.048 Mbps (E1) applications which
allows full-duplex transmission of digital data over existing
twisted-pair installations.

The first page of this data sheet shows a simplified block
diagram of the LXT305. The LXT305 transceiver interfaces
with two twisted-pair lines (one twisted-pair for transmit,
one twisted-pair for receive) through standard pulse trans-
formers and appropriate resistors.

POWER REQUIREMENTS

The LXT3051s alow-power CMOS device. Itoperates from
a single +5 V power supply which can be connected exter-
nally to both the transmitter and receiver. However, the two
inputs must be within +.3 V of each other, and decoupled to
their respective grounds separately. Refer to Application
Information for typical decoupling circuitry. Isolation be-
tween the transmit and receive circuits is provided inter-
nally. Except during remote loopback, the transmitter pow-
ers down if TCLK is not supplied.

Reset Operation

Upon power up, the transceiver is held static until the power
supply reaches approximately 3 V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to thereceive line. A reference clock is required to cal-
ibrate the delay lines. MCLK provides the receiver refer-
ence. The crystal oscillator provides the transmitter refer-
ence. If the LXT305 crystal oscillator is grounded, MCLK
is used as the transmitter reference clock.

The transceiver can also be reset from the Host or Hardware
Mode. In Host Mode, reset is commanded by simulta-
neously writing RLOOP and LLOOP to the register. In
Hardware Mode, reset is commanded by holding RLOOP
and LLOOP High simultaneously for 200 ns. Reset is
initiated on the falling edge of the reset request. In either
mode, reset clears and sets all registers to 0 and then begins
calibration.

4

RECEIVER

The signalis received from one twisted-pair line on each side
of a center-grounded transformer. Positive pulses are re-
ceived at RTIP and negative pulses are received at RRING.
Recovered data is output at RPOS and RNEG, and the
recovered clock is output at RCLK. Refer to Test Specifica-
tions for LXT305 receiver timing.

The signalreceived atRPOS and RNEG s processed through
the peak detector and dataslicers. The peak detector samples
the inputs and determines the maximum value of the re-
ceived signal. A percentage of the peak value is provided to
the data slicers as a threshold level to ensure optimum signal-
to-noiseratio. For T1 applications (determined by Equalizer
Control inputs EC1 - EC3 # 000) the threshold is set to 70%
of the peak value. This threshold is maintained above 65%
for up to 15 successive zeros over the range of specified
operating conditions. For E1 applications (EC inputs = 000)
the threshold is set to 50%.

Thereceiveris capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
areceived ssignal level of approximately 500 mV. Maximum
cable length is 1500 feet of ABAM cable (approximately
6 dB). Regardless of received signal level, the peak detec-
tors are held above a minimum level of .3 V to provide
immunity from impulsive noise.

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. The receive monitor generates a Loss of
Signal (LOS) output upon receipt of 175 consecutive zeros
(spaces). The receiver monitor loads a digital counter at the
RCLK frequency. The countisincremented each time a zero
is received, and reset to zero each time a one (mark) is
received. Uponreceiptof 175 consecutive zeros the LOS pin
goes High, and the RCLK output is replaced with the
MCLK. The LOS output is reset when a mark is received.
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TRANSMITTER

Data received for transmission onto the line is clocked
serially into the device at TPOS and TNEG. Input synchro-
nization is supplied by the transmit clock (TCLK). If TCLK
is not supplied, the transmitter remains powered down
(except during remote loopback). The transmitted pulse
shape is determined by Equalizer Control signals EC1 through
EC3 as shown in Table 2. Refer to Test Specifications for
master and transmit clock timing characteristics. Shaped
pulses are applied to the AMI line driver for transmission
onto the line at TTIP and TRING. Equalizer Control signals
may be hardwired in the Hardware Mode, or input as part of
the serial data stream (SDI) in the Host Mode.

Pulses can be shaped for either 1.544 or 2.048 Mbps appli-
cations. 1.544 Mbps pulses for DSX-1 applications can be
programmed to match line lengths from O to 655 feet of
ABAM cable. The LXT305 also matches FCC and ECSA
specifications for CSU applications. 2.048 Mbps pulses can
drive either coaxial or shielded twisted-pair lines using
appropriate resistors in line with the output transformer.

Jitter Attenuation

Jitter attenuation of the LXT305 transmit outputs is provided
by aJitter Attenuation Loop (JAL) and an Elastic Store (ES).
An external crystal oscillating at 4 times the bitrate provides
clock stabilization. Refer to Application Information for
crystal specifications. The ES is a 32 x 2-bit register.
Transmit data is clocked into the ES with the transmit clock
(TCLK) signal, and clocked out of the ES with the dejittered
clock from the JAL. When the bit count in the ES is within
two bits of overflowing or underflowing, the ES adjusts the
output clock by 1/8 of a bit period. The ES produces an
average delay of 16 bits in the transmit path.

Table 2: Equalizer Control Inputs

Driver Performance Monitor

The transceiver incorporates a Driver Performance Monitor
(DPM) connected in parallel with TTIP and TRING at the
output transformer. The DPM output level goes High upon
detection of 63 consecutive zeros. It is reset when a one is
detected on the transmit line, or when a reset command is
received.

Line Code

The LXT305 transmits data as a 50% AMI line code as
shown in Figure 2. Power consumption is reduced by
activating the AMI line driver only to transmit a mark. The
output driver is disabled during transmission of a space.

Figure 2: 50% AMI Coding Diagram

1 o 1

BIT CELL 1 ]

T
™ |
1

TRING

OPERATING MODES

The LXT305 transceiver can be controlled by a micropro-
cessor through the serial interface (Host Mode), or through
hard-wired pins (Hardware Mode). The mode of operation
is set by the MODE pinlogiclevel. The transceivers canalso
be commanded to operate in one of several diagnostic
modes.

EC3 | EC2 | EC1 Line Length’ Cable Loss? Application Bit Rate
0 1 1 0~ 133 ft ABAM 0.6 dB
1 0 0 133 ~ 266 ft ABAM 1.2dB
1 0 1 266 ~ 399 ft ABAM 1.8dB DSX-1 1.544 Mbps
1 1 0 399 ~ 533 ft ABAM 24 dB
1 1 1 533 ~ 655 ft ABAM 3.0dB
0 0 0 ITU Recommendation G.703 El 2.048 Mbps
0 1 0 FCC Part 68, Option A CSuU 1.544 Mbps
1. Line length from transceiver to DSX-1 cross-connect point.
2. Maximum cable loss at 772 kHz.
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Host Mode Operation

To allow a host microprocessor to access and control the
LXT305 through the serial interface, MODE is set High.
The serial interface (SDI/SDO) uses a 16-bit word consist-
ing of an 8-bit Command/Address byte and an 8-bit Data
byte.

The Host Mode provides a latched Interrupt output (INT)
which is triggered by a change in the Loss of Signal (LOS)
and/or Driver Performance Monitor (DPM) bits. The Inter-
rupt is cleared when the interrupt condition no longer exists,
and the host processor enables the respective bit in the serial
input data byte. Host Mode also allows control of the serial
data and receive data output timing. The Clock Edge
(CLKE) signal determines when these outputs are valid,
relative to the Serial Clock (SCLK) or RCLK as follows:

Table 3: Clock Edge (CLKE)

CLKE Output Clock Valid Edge
RPOS RCLK Rising
Low RNEG RCLK Rising
SDO SCLK Falling
RPOS RCLK Falling
HIGH RNEG RCLK Falling
SDO SCLK Rising

The LXT305 serial port is addressed by setting bit A4 in the
Address/Command byte, corresponding to address 16. The
LXT305 contains only a single output data register so no
complex chip addressing scheme is required. The register is
accessed by causing the Chip Select (CS) input to transition
from High to Low. Bit 1 of the serial Address/Command
byte provides Read/Write control when the chip is accessed.
A logic 1 indicates a read operation, and a logic O indicates
a write operation. Table 4 lists serial data output bit combi-
nations for each status. Serial data structure is shown in
Figure 3. Refer to Test Specifications for I/O timing char-
acteristics.

Hardware Mode Operation

InHardware Mode the transceiver s accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware Mode provides all the functions
provided in the Host Mode. In the Hardware Mode RPOS
and RNEG outputs are valid on the rising edge of RCLK.

To operate in Hardware Mode, MODE must be set Low.
Equalizer Control signals (EC1 through EC3) are input on
the Interrupt, Serial Data In and Serial Data Out pins.
Diagnostic control for Remote Loopback (RLOOP), Local
Loopback (LLOOP), and Transmit All Ones (TAOS) modes
is provided through the individual pins used to control serial
interface timing in the Host Mode.

Diagnostic Mode Operation

TRANSMIT ALL ONES

In Transmit All Ones (TAOS) Mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of ones at the TCLK frequency
when TAOS is activated. TAOS can be commanded simul-
taneously with Local Loopback, but is inhibited during
Remote Loopback. During TAOS, the transmitter is locked
to MCLK.

REMOTE LOOPBACK

In Remote Loopback (RLOOP) Mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

LOCAL LOOPBACK

In Local Loopback (LLOOP) Mode, the receiver circuits are
inhibited. The transmit data and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS, RNEG and RCLK). The transmitter circuits
are unaffected by the LLOOP command. The TPOS and
TNEG inputs will be transmitted normally. (A stream of
ones will be transmitted if the TAOS command is active.)
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Table 4: LXT305 Serial Data Output Bits (See Figure 3)

Bit D5 | Bit D6 | Bit D7 Status
0 0 0 Reset has occurred, or no program input
0 0 TAOS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS occurred

Figure 3: LXT305 Serial Interface Data Structure

= | |

ADDRESS / COMMAND BYTE DATA INPUT/OUTPUT BYTE
A A
4 N\
SDI/SDO RNV|A0|A1|A2|A3|A4’A5|A6 DOID1|D2ID3|D4|DS|D6|D7
ADDRESS / —_
CO‘MEMAND R/W 0 0 0 0 1 0 X
BY AO ' A6
R/W = 1 : READ -
R/W =0 : WRITE X = DONT CARE
CLEAR INTERRUPTS SET LOOPBACKS OR RESET NOTE
Output data byte is the
INPUT : same as the input data byte
DATA LOS DPM EC1 EC2 EC3 |REMOTE |LOCAL DT7A?/|SS B except for bits D5~7
BYTE DO (LSB) ( ) shown in Table 4 above.

Table 5: LXT305 Crystal Specifications (External)

Parameter T E1

Frequency 6.176 MHz 8.192 MHz
+20 ppm @ 25 °C +20 ppm @ 25 °C

Frequency Stability +25 ppm from -40 °C to 85 °C +25 ppm from -40 °C to 85 °C
(Ref 25 °C reading) (Ref 25 °C reading)

Pullability CL=11pFto 18.7 pF, +AF =175 to 195 ppm |CL = 11 pF to 18.7 pF, +AF = 95 to 115 ppm
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm |CL = 18.7 pF to 34 pF, -AF = 95 to 115 ppm

Effective series resistance | 40 Q Maximum 30 Q Maximum

Crystal cut AT AT

Resonance Parallel Parallel

Maximum drive level 2.0 mW 2.0 mW

Mode of operation Fundamental Fundamental

Crystal holder HC49 (R3W), Co =7 pF maximum HC49 (R3W), Co =7 pF maximum

Cwm = 17 fF typical Cwm = 17 fF typical
) YLEVEL
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APPLICATION INFORMATION 1.544 MBPS DSX-1 INTERFACE

APPLICATIONS
o ~NoTE Figure 4 is a typical 1.544 Mbps DSX-1 application. The
This information is for design aid only. LXT305 is shown in the Host Mode with a typical TI/ESF

framer providing the digital interface with the host control-
ler. Both devices are controlled through the serial interface.
An LXP600A Clock Adapter (CLAD) provides the
2.048 MHz system backplane clock, locked to the recovered
1.544 MHz clock signal. The power supply inputs are tied to
a common bus with appropriate decoupling capacitors in-
stalled (68 UF on the transmit side, 1.0 uF and 0.1 pF on the
receive side).

Figure 4: Typical LXT305 1.544 Mbps T1 Application (Host Mode)
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IN ADDITION TO THE LXP2180A, THE LXT305 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING
DEVICES, INCLUDING THE LXP2181A, DS2180A, MT8976, AND R8070.

WHEN LXT305 IS CONNECTED TO THE CROSS-CONNECT FRAME THROUGH A LOW LEVEL MONITOR JACK, RECEIVE
TRANSFORMER SHOULD BE 1:2:2 TO BOOST THE INPUT SIGNAL.

JLEVEL
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2.048 MBPS E1 INTERFACE
APPLICATIONS

Figure 5is atypical 2.048 Mbps E1 application. The LXT305
is shown in Hardware Mode with a typical E1/CRC4 framer.
Resistors are installed in line with the transmit transformer
for loading a 75 Q coaxial cable. The in-line resistors are not

required for transmission on 120 Q shielded twisted-pair
lines. As in the DSX-1 application Figure 4, this configura-
tion is illustrated with a crystal in place to enable the Jitter

Figure 5: Typical LXT305 75 Q E1 Application (Hardware Mode)

Attenuation Loop, and a single power supply bus. The hard-
wired control lines for TAOS, LLOOP and RLOOP are
individually controllable, and the LLOOP and RLOOP lines
are also tied to a single control for the Reset function.
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DS2181A, MT8979, AND R8070.

2.2 Q RESISTORS REQUIRED ONLY FOR 75 Q COAXIAL CABLE.
NOT REQUIRED FOR TRANSMISSION ONTO 120 Q CABLE.

IN ADDITION TO THE LXP2181A, THE LXT305 IS COMPATIBLE WITH A WIDE
VARIETY OF FRAMING AND SIGNALING DEVICES, INCLUDING THE
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LXT305 Integrated T1/E1 Short-Haul Transceiver with Transmit Jitter Attenuation

TEST SPECIFICATIONS

NOTE

Minimum and maximum values in Tables 6 through 12 and Figures 6 through 9 represent the performance specifications
of the LXT305 and are guaranteed by test except, as noted, by design.

Table 6: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ -0.3 6.0 v
Input voltage, any pin ! VIN RGND-0.3 RV++03 v
Input current, any pin 2 IN -10 10 mA
Storage temperature TstG -65 150 °C
CAUTION

Operations at or beyond these limits may result in permanent damage to the device.

Normal operation not guaranteed at these extremes.

of 100 mA.

1. Excluding RTIP and RRING, which must stay between -6 V and (RV+ +0.3) V.
2. Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+and TGND can withstand a continuous current

Table 7: Recommended Operating Conditions
Parameter Sym Min | Typ | Max | Units Test Conditions
DC supply! RV+, TV+ | 4.75 50 | 525 v
Ambient operating temperature Ta -40 25 85 °C
1. TV+ must not exceed RV+ by more than 0.3 V.

Table 8: Digital Characteristics (Under Recommended Operating Conditions)

Parameter Sym | Min | Typ' | Max | Units | Test Conditions
High level input voltage %3 (pins 1-5, 10, 23-28) VH 2.0 - - A%
Low level input voltage 3 (pins 1-5, 10, 23-28) ViL - - 0.8 v
High level output voltage 3 (pins 6-8, 11, 12, 23, 25) Vou 24 - - v Tout = -400 pA
Low level output voltage >3 (pins 6-8, 11, 12, 23, 25) VoL - - 0.4 \% Ioutr = 1.6 mA
Input leakage current I -10 - +10 HA
Three-state leakage current? (pin 25) IsL -10 - +10 HA
| Total power dissipation * Pp - 620 - mW 100% ones density
& maximum line
length @ 525V

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.
3. Output drivers will output CMOS logic levels into CMOS loads.

4. Power dissipation while driving 25 Q load over operating temperature range. Includes device and load. Digital input levels
are within 10% of the supply rails and digital outputs are driving a 50 pF capacitive load.
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Table 9: Analog Characteristics (Under Recommended Operating Conditions)

Parameter Min Typ' | Max | Units | Test Conditions
AMI Output Pulse Amplitudes T1 24 3.0 3.6 \" measured at the DSX
El 2.7 3.0 33 V | measured at line side
Recommended Output Load at TTIP and TRING - 25 - Q
Jitter added by the transmitter ? 10 Hz - 8 kHz - - 0.01 UI
8 kHz - 40 kHz - - 0.025 Ul
10 Hz - 40 kHz - ~ 0.025 Ul
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB=24YV) 13.6 - - dB
500 - - mV
Loss of Signal threshold - 0.3 - \4
Data decision threshold T1 63 70 77 | %peak
El 43 50 57 | % peak
Allowable consecutive zeros before LOS 160 175 190 -
Input jitter tolerance 10 kHz - 100 kHz 04 - - Ul
Jitter attenuation curve corner frequency * - 3 - Hz

2. Input signal to TCLK is jitter-free.

3. Circuit attenuates jitter at 20 dB/decade above the corner frequency.

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2-68

A



LXT305 Integrated T1/E1 Short-Haul Transceiver with Transmit Jitter Attenuation

Table 10: LXT305 Receive Timing Characteristics (See Figure 6)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Receive clock duty cycle? [T1 RCLKd| 40 50 60 %

El RCLKd| 40 50 60 %
Receive clock pulse width 2 |T1 trw 594 648 | 1702 ns

El tew 447 488 529 ns
Receive clock pulse width | T1 tpwH - 324 - ns
High El tewH - 244 - ns
Receive clock pulse width | T1 tewL 270 324 378 ns
Low El tewL 203 244 285 ns
RPOS / RNEG to RCLK Tl tsur 50 270 - ns
rising setup time El tsur 50 203 - ns
RCLK rising to RPOS/ T1 tHrR 50 270 - ns
RNEG hold time El tHR 50 203 - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2. RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are
for worst case jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz).

Figure 6: LXT305 Receive Clock Timing Diagram
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Table 11: LXT305 Master Clock and Transmit Timing Characteristics (See Figure 7)

Parameter Sym | Min | Typ' | Max | Units Test Conditions
Master clock frequency T1 MCLK - 1.544 - MH:z
El MCLK| - 2.048 - MHz
Master clock tolerance MCLKt| - +100 - ppm
Master clock duty cycle MCLKd| 40 - 60 %
Crystal frequency T1 fc - 6.176 - MHz
El fc - 8.192 - MHz
Transmit clock frequency |T1 TCLK - 1.544 - MH:z
El TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt - - +50 ppm
Transmit clock duty cycle TCLKd| 10 - 90 %o
TPOS/TNEG to TCLK setup time tsut 25 - - ns
TCLK to TPOS/TNEG Hold time tur 25 - - ns
1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 7: LXT305 Transmit Clock Timing Diagram
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Table 12: LXT305 Serial /O Timing Characteristics (See Figures 8 and 9)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output tRF - - 100 ns Load 1.6 mA, 50 pF
SDI to SCLK setup time tpc 50 - - ns

SCLK to SDI hold time tcou 50 - - ns

SCLK low time tcL 240 - - ns

SCLK high time tcH 240 - - ns

SCLK rise and fall time tr, tF - - 50 ns

CS to SCLK setup time tec 50 - - ns

SCLK to CS hold time tccH 50 - - ns

CS inactive time tcwH 250 - - ns

SCLK to SDO valid tcov - - 200 ns

SCLK falling edge or CS rising edge | tcpz - 100 - ns

to SDO high Z

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 8: LXT305 Serial Data Input Timing Diagram
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Figure 9: LXT305 Serial Data Output Timing Diagram-
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NOTES:
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2.72 [EovE



APRIL, 1996

(DATA SHEET
LXT305A

Low-Power T1/E1 Short-Haul Transceiver with Transmit JA

The LXT305A is a fully integrated transceiver for both » Low power consumption (400 mW maximum)
North American 1.544 Mbps (T1) and International 2.048
Mbps (E1) applications. Transmit pulse shapes (T1 or E1) 40% less than the LXT305

are selectable for various line lengths and cable types. + Constant low output impedance transmitter, regardless of

. o . . data pattern (3 Q typical)
The LXT305A provides transmit jitter attenuation starting

at3 Hz, and is microprocessor controllable through a serial ~ * High transmit and receive return loss exceeds ETS
interface. It is especially well suited for applications in 300166 and G.703

which the T1/E1 signals are demultiplexed from a higher
rate service such as DS3 or SONET/SDH. This

demultiplexing results in a “gapped” clock which the 305A°  « Line driver, data recovery and clock recovery functions
smooths out.

Compatible with most popular PCM framers

¢ Minimum receive signal of 500 mV

The LXT305A, an advanced double-poly, double-metal « Selectable slicer levels (T1/E1) improve SNR

CMOS device, requires only a single 5-volt power supply

* Programmable transmit equalizer shapes pulses to meet
DSX-1 pulse template from O to 655 ft

« SDH / SONET Equipment

e M13 Multiplexers

« Digital microwave Radio

* PCM / Voice Channel Banks

Local and remote loopback functions

Transmit Driver Performance Monitor (DPM) output

Receive monitor with analog/digital Loss of Signal
* Data Channel Bank / Concentrator (LOS) output per G.775

* T1/E1 multiplexer

« Digital Access and Cross-connect Systems (DACS)
« Computer to PBX interface (CPI & DMI)

* High-speed data transmission lines

* Interfacing Customer Premises Equipment to a CSU
« Digital Loop Carrier (DLC) terminals

* Receiver jitter tolerance 0.4 Ul from 40 kHz to 100 kHz

Transmit jitter attenuation starting at 3 Hz

Serial control interface

Available in 28-pin DIP and PLCC

s
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LXT305A Low-Power T1/E1 Short-Haul Transceiver with Transmit JA

Figure 1: Pin Assignments
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Table 1: Pin Descriptions
Pin#| Sym |l/O! Name Description
] A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon
1 MCLK | DI | Master Clock Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not
applied, this pin should be grounded.
2 TCLK | DI Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of
Clock TCLK.
3 TPOS | DI Transmit Input for positive pulse to be transmitted on the twisted-pair line.
Positive Data
4 TNEG | DI Transmit Input for negative pulse to be transmitted on the twisted-pair line.
Negative Data
Setting MODE High puts the LXT305A in the Host Mode. In the Host
Mode, the serial interface is used to control the LXT305A and determine its
5 | MODE | DI| Mode Select | status.
Setting MODE Low puts the LXT305A in the Hardware (H/W) Mode. In
the Hardware Mode, the serial interface is disabled and hard-wired pins are
used to control configuration and report status.
6 RNEG (DO Receive Received data outputs. A signal on RNEG corresponds to receipt of a
Negative Data | negative pulse on RTIP and RRING. A signal on RPOS corresponds to
receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the
7 RPOS |DO Receive rising edge of RCLK. In the Host Mode, CLKE determines the clock edge
Positive Data | at which these outputs are stable and valid. In the Hardware Mode both
outputs are stable and valid on the rising edge of RCLK.
8 RCLK |DO| Recovered This is the clock recovered from the signal received at RTIP and RRING.
Clock
1. Entries in I/O column are: DI = Digital Input; DO = Digital Output; AI = Analog Input; AO = Analog Output; S = Supply.
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LXT305A Low-Power T1/E1 Short-Haul Transceiver with Transmit JA

Table 1: Pin Descriptions - continued

Pin#| Sym |l/O' Name Description

9 | XTALIN| AI| Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for DSX-1,
8.192 MHz for E1 applications with an 18.7pF load) is required to enable the
jitter attenuation function of the LXT305A. These pins may also be used to

10 | XTALOUT| AO| Crystal Output |disable the jitter attenuator by connecting the XTALIN pin to the positive
supply through a resistor, and tying the XTALOUT pin to ground.

Driver DPM goes High when the transmit monitor loop (MTIP and MRING) does not

11 DPM |DO| Performance |detectasignal for 63 2 clock periods. DPM remains High

Monitor until a signal is detected.
LOS goes High when 175 consecutive spaces have been detected.

12 LOS |DO{ Loss Of Signal |LOS returns Low when the received signal reaches 12.5% ones density (based
on 4 ones in any 32-bit period) with no more than 15 consecutive zeros.

13 TTIP | AO| Transmit Tip |Differential Driver Outputs. These low impedance outputs achieve maximum
power savings through a 1:1.15 transformer (T1), or a 1:1 (75 Q) or 1:1.26

16 | TRING | AO| Transmit Ring |(120 Q) transformer (E1) without additional components. To provide higher
return loss, resistors may be used in series with a transformer as specified in
Application Information.

14 | TGND | S Transmit Ground return for the transmit drivers power supply TV+.

Ground
15 TV+ S Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary from
Power Supply [RV+ by more than10.3 V.

17 MTIP | AI| Monitor Tip |These pins are used to monitor the tip and ring transmit outputs. The transceiver
can be connected to monitor its own output or the output of another LXT305A on
the board. Host Mode only: To prevent false interrupts in the Host Mode if the
monitor is not used, apply a clock signal to one of the monitor pins and tie the

18 | MRING | Al | Monitor Ring |other monitor pin to approximately the clock’s mid-level voltage. The monitor
clock can range from 100 kHz to the TCLK frequency.

19 RTIP | AI| Receive Tip |The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins.
Data and clock from the signal applied at these pins are recovered and output

20 | RRING | AI| Receive Ring |on the RPOS/RNEG and RCLK pins.

21 RV+ S | Receive Power |+5 VDC power supply for all circuits except the transmit drivers.

Supply (Transmit drivers are supplied by TV+.)
22 | RGND | S Receive Ground return for power supply RV+.
Ground
1. Entries in I/O column are: DI = Digital Input; DO = Digital Output; AI = Analog Input; AO = Analog Output; S = Supply.
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Table 1: Pin Descriptions - continued

Pin # Sym |/O' Name Description
- This LXT305A Host Mode output goes Low to flag the host processor
INT DO Interrupt when LOS or DPM go active. INT is an open-drain output and should
(Host Mode) be tied to power supply RV+ through a resistor. INT is reset by
clearing the respective register bit (LOS and/or DPM).
23
The signal applied at this pin in the LXT305A Hardware Mode is used
EC1 DI | Equalizer Control 1 | in conjunction with EC2 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
SDI DI Serial Data In The serial data input stream is applied to this pin when the LXT305A
(Host Mode) operates in the Host Mode. SDI is sampled on the rising edge of SCLK.
24
The signal applied at this pin in the LXT305A Hardware Mode is used
EC2 DI | Equalizer Control 2 | in conjunction with EC1 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
The serial data from the on-chip register is output on this pin in the
DO Serial Data Out LXT305A Host Mode. If CLKE is High, SDO is valid on the rising
SDO (Host Mode) 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
25 being written to and when CS is High.
Equalizer Control 3 | The signal applied at this pin in the LXT305A ‘Hardware Mode is used
EC3 DI (H/W Mode) in conjunction with EC1 and EC2 inputs to determine shape and
amplitude of AMI output transmit pulses.
. Chip Select This input is used to access the serial interface in the LXT305A Host
26 CS DI (Host Mode) Mode. For each read or write operation, CS must transition from High
to Low, and remain Low.
This input controls loopback functions in the LXT305A Hardware
RLOOP | DI | Remote Loopback | Mode. Setting RLOOP High enables the Remote Loopback Mode.
(H/W Mode) Setting both RLOOP and LLOOP High causes a Reset .
SCLK | DI Serial Clock This clock is used in the LXT305A Host Mode to write data to or read
27 (Host Mode) data from the serial interface registers.
Local Loopback This input controls loopback functions in the LXT305A Hardware
LLOOP | DI (H/W Mode) Mode. Setting LLOOP High enables the Local Loopback Mode.
Setting CLKE High causes RPOS and RNEG to be valid on the falling
CLKE | DI Clock Edge edge of RCLK, and SDO to be valid on the rising edge of SCLK.
: (Host Mode) When CLKE is Low, RPOS and RNEG are valid on the rising edge of
28 RCLK, and SDO is valid on the falling edge of SCLK.
When set High, TAOS causes the LXT305A (Hardware Mode) to
TAOS | DI | Transmit All Ones | transmit a continuous stream of marks at the MCLK frequency.
(H/W Mode) Activating TAOS causes TPOS and TNEG inputs to be ignored. TAOS
is inhibited during Remote Loopback.
1. Entries in /O column are: DI = Digital Input; DO = Digital Output; AI = Analog Input; AO = Analog Output; S = Supply.
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FUNCTIONAL DESCRIPTION

NOTE
This functional description is for design aid only.

The LXT305A is a fully integrated PCM transceiver for both
1.544 Mbps (DSX-1) and 2.048 Mbps (E1) applications. It
allows full-duplex transmission of digital data over existing
twisted-pair installations.

The first page of this data sheet shows a simplified block
diagram of the LXT305A. The LXT305A transceiver inter-
faces with two twisted-pair lines (one twisted-pair for trans-
mit, one twisted-pair for receive) through standard pulse
transformers and appropriate resistors.

POWER REQUIREMENTS

The LXT305A is a low-power CMOS device. It operates
from a single +5 V power supply which can be connected
externally to both the transmitter and receiver. However, the
two inputs must be within+ .3V of each other, and decoupled
to their respective grounds separately. Refer to Application
Information for typical decoupling circuitry. Isolation be-
tween the transmit and receive circuits is provided inter-
nally.

The transmitter powers down to conserve power when the
required clock input is not supplied. The LXT305A enters
the power down mode during normal operation and local
loopback if TCLK is not supplied, and during TAOS if
MCLK is not supplied.

Reset Operation

Upon power up, the transceiver is held static until the power
supply reaches approximately 3 V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. MCLK provides the receiver
reference. The crystal oscillator provides the transmitter
reference. If the crystal oscillator is grounded, MCLK is
used as the transmitter reference clock.

The transceiver can also be reset from the Host or Hardware
Mode. In Host Mode, reset is commanded by simulta-
neously writing RLOOP and LLOOP to the register. In
Hardware Mode, reset is commanded by holding RLOOP
and LLOOP High simultaneously for 200 ns. Reset is
initiated on the falling edge of the reset request. In either
mode, reset clears and sets all registers to O and then begins
calibration.

]

RECEIVER

The LXT305A receives the signal input from one twisted-
pair line on each side of a center-grounded transformer.
Positive pulses are received at RTIP and negative pulses are
received at RRING. Recovered data is output at RPOS and
RNEG, and the recovered clock is output at RCLK. Referto
Test Specifications for LXT305A receiver timing.

The signalreceived atRPOS and RNEG s processed through
the peak detector and data slicers. The peak detector samples
the inputs and determines the maximum value of the re-
ceived signal. A percentage of the peak value is provided to
the dataslicers as a threshold level to ensure optimum signal-
to-noiseratio. For T1 applications (determined by Equalizer
Control inputs EC1 - EC3 # 000 or 001) the threshold is set
to 70% of the peak value. This threshold is maintained above
65% forup to 15 successive zeros over the range of specified
operating conditions. For E1 applications (EC inputs = 000
or 001) the threshold is 50%.

Thereceiver is capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
areceived signal level of approximately 500 mV. Maximum
line length is 1500 feet of ABAM cable (approximately 6 dB
of attenuation). Regardless of received signal level, the peak
detectors are held above a minimum level of .3 V to provide
immunity from impulsive noise.

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. The data and clock recovery circuits are
highly tolerant with an input jitter tolerance significantly
better than required by Pub 62411. Refer to Test Specifica-
tions for additional information.

‘The receiver monitor loads a digital counter at the RCLK
frequency. The count is incremented each time a zero is
received, and resetto zero each time aone (mark) is received.
Upon receipt of 175 consecutive zeros the LOS pin goes
High, and a smooth transition replaces the RCLK output
with the MCLK. Received marks are output regardless of
the LOS status, but the LOS pin will not reset until the ones
density reaches 12.5%. This level is based on receipt of at
least 4 ones in any 32-bit period with no more than 15
consecutive zeros.
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TRANSMITTER

Data received for transmission onto the line is clocked
serially into the device at TPOS and TNEG. Input synchro-
nization is supplied by the transmit clock (TCLK). The
transmitted pulse shape is determined by Equalizer Control
signals EC1 through EC3 as shown in Table 2. Refer to Test
Specifications for master and transmit clock timing charac-
teristics. Shaped pulses are applied to the AMI line driver for
transmission onto the line at TTIP and TRING. Equalizer
Control signals may be hardwired in the Hardware Mode, or

inputas part of the serial data stream (SDI) in the HostMode.

Pulses can be shaped for either 1.544 or 2.048 Mbps appli-
cations. 1.544 Mbps pulses for DSX-1 applications can be
programmed to match line lengths from 0 to 655 feet of
ABAM cable. The LXT305A also matches FCC and ECSA
specifications for CSU applications. 2.048 Mbps pulses can
drive coaxial or shielded twisted-pair lines.

Jitter Attenuation

Jitter attenuation of the LXT305A transmit outputs is pro-
vided by a Jitter Attenuation Loop (JAL) and an Elastic Store
(ES). An external crystal oscillating at 4 times the bit rate
provides clock stabilization. Refer to Application Informa-
tion for crystal specifications. The ES is a 32 x 2-bitregister.
Transmit data is clocked into the ES with the transmit clock
(TCLK)signal, and clocked out of the ES with the dejittered
clock from the JAL. When the bit count in the ES is within
two bits of overflowing or underflowing, the ES adjusts the
output clock by 1/8 of a bit period. The ES produces an
average delay of 16 bits in the receive path.

Driver Performance Monitor

63 consecutive zeros. Itis reset when a one is detected on the
transmit line, or when a reset command is received.

Line Code

The LXT305A transmits data as a 50% AMI line code as
shown in Figure 2. The output driver maintains a constant
low output impedance regardless of whether it is driving
marks or spaces. This well controlled output impedance
provides excellent return loss (> 18 dB) when used with
external 9.1 Q precision (+ 1 % accuracy) in series with a
transmit transformer with a turns ratio of 1:2.3 (* 2%
accuracy). Series resistors also provide increased surge
protection and reduced short circuit current flow.

OPERATING MODES

The LXT305A can be controlled through hard-wired pins
(Hardware Mode) or by a microprocessor through a serial
interface (Host Mode). The mode of operation is set by the
MODE pin logic level. The LXT305A can also be com-
manded to operate in one of several diagnostic modes.

Host Mode Operation

To-allow a host microprocessor to access and control the
LXT305A through the serial interface, MODE is set High.

Figure 2: 50% AMI Coding Diagram

1 0 1

! BITCEW !
[ ——

TP ! 1
The transceiver incorporates a Driver Performance Monitor ! ! N 1
(DPM) in parallel with TTIP and TRING at the output o Ao . _L/_:_
transformer. The DPM output goes High upon detectionof | ~ 7°- - -~ ~" 377 ~-777 (I -
p g g p TRING : : 1 /-—-\+
_'.._\._[_'__.._.._'.. _____ -
Table 2: Equalizer Control Inputs
EC3 | EC2| EC1 Line Length' Cable Loss? Application Bit Rate
0 1 1 0-133 ft ABAM 0.6dB
1 0 0 133 - 266 ft ABAM 1.2dB
1 0 1 266 - 399 ft ABAM 1.8dB DSX-1 1.544 Mbps
1 1 0 399 - 533 ft ABAM 2.4 dB
1 1 1 533 - 655 ft ABAM 3.0dB
0 0 0 ITU Recommendation G.703 El - Coax (75 Q) 2.048 Mbps
0 0 1 El - Twisted-pair (120 Q)
0 1 0 FCC Part 68, Option A CSU (DS-1) 1.544 Mbps
1. Line length from transceiver to DSX-1 cross-connect point.
2. Maximum cable loss at 772 kHz.
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The serial interface (SDI/SDO) uses a 16-bit word consist- ~ Table 3: Valid Clock Edges for Data
ing of an 8-bit Command/Address byte and an 8-bit Data Outputs

byte. Figure 3 shows the serial interface data structure and -

relative timing. CLKE Output Clock Valid Edge
The Host Mode provides a latched Interrupt output (INT) RPOS RCLK Rising
which is triggered by a change in the Loss of Signal (LOS) LOW RNEG RCLK Rising
and/or Driver Performance Monitor (DPM) bits. The Inter- SDO SCLK Falling
ruptis cleared when the interrupt condition no longer exists, RPOS RCLK Falling
and the host processor enables the respective bit in the serial HIGH RNEG RCLK Falling
input data byte. Host Mode also allows control of the serial sSDo SCLK Rising
data and receive data output timing. The Clock Edge

(CLKE) signal determines when these outputs are valid,
relative to the Serial Clock (SCLK) or RCLK as listed in

Table 3.
Table 4: LXT305A Serial Data Output Bits (See Figure 3)
Bit D5 |Bit D6 | Bit D7 Status

0 0 0 Reset has occurred, or no program input
0 0 1 TAOS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS occurred

Figure 3: LXT305A Serial Interface Data Structure

& | [
sraspipipinipininipinipipipipipipgiph

ADDRESS/ COMMAND BYTE DATA INPUT / OUTPUTBYTE
A A

SDI /SDO WW|M|A1|M|A3 |A4 |A5|P6 DO|D1|D2|DS|D4|DG|D6IE
ADDRESS/ —
comao | RW | o o | o 0 1| o X
BYTE AO A6

RW= 1: READ X =DONT CARE

RW=0:WRITE

CLEAR RRUPTS SETLOOPBAGCKS OR RESET

NOTE
vad tos | om | Ec1| Ec2 | Ecs |RemoTE|LocAL| TAos Output data byte s tho
BYTE DO (LSB) D7 (MSB) same as the InRut ata
byte except for bits D5~7

shown in Table 4 above
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The LXT305A serial port is addressed by setting bit A4 in
the Address/Command byte, corresponding to address 16.
The LXT305A contains only a single output data register so
no complex chip addressing schemeis required. Theregister
is accessed by causing the Chip Select (CS) input to transi-
tion fromHightoLow. Bit 1 of the serial Address/Command
byte provides Read/Write control when the chip is accessed.
A logic 1 indicates a read operation, and a logic 0 indicates
a write operation. Table 4 lists serial data output bit combi-
nations for each status. Serial datal/O timing characteristics
are shown in the Test Specifications section.

Hardware Mode Operation

In Hardware Mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware Mode provides all the functions
provided in the Host Mode. In the Hardware Mode RPOS
and RNEG outputs are valid on the rising edge of RCLK.

To operate in Hardware Mode, MODE must be set Low.
Equalizer Control signals (EC1 through EC3) are input on
the Interrupt, Serial Data In and Serial Data Out pins.
Diagnostic control for Remote Loopback (RLOOP), Local
Loopback (LLOOP), and Transmit AllOnes (TAOS) modes
is provided through the individual pins used to control serial
interface timing in the Host Mode.

Diagnostic Mode Operation

TRANSMIT ALL ONES

In Transmit All Ones (TAOS) Mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of ones when the TAOS mode is
activated. TAOS can be commanded simultaneously with
Local Loopback, but is inhibited during Remote Loopback.
During TAOS, the transmiitter is locked to MCLK. IfMCLK
is not supplied, the transmitter powers down.

REMOTE LOOPBACK

InRemote Loopback (RLOOP) Mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

LOCAL LOOPBACK

In Local Loopback (LLOOP) Mode, the receiver circuits are
inhibited. The transmitdata and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS, RNEG and RCLK). The transmitter circuits
are unaffected by the LLOOP command. The TPOS and
TNEG inputs (or a stream of ones if the TAOS command is
active) will be transmitted normally. During local loopback
if TCLK is not supplied, the transmitter powers down. If
LOS and LLOOP are both active, LLOOP takes precedence,
forcing RCLK = TCLK.

Table 5: LXT305A Crystal Specifications (External)

Parameter T

E1

Frequency 6.176 MHz

8.192 MHz

+20 ppm @ 25°C
+ 25 ppm from -40 °C to 85 °C
(Ref 25 °C reading)

Frequency Stability

+20 ppm @ 25 °C
+ 25 ppm from -40 °C to 85 °C
(Ref 25 °C reading)

Pullability

CL =11 pFto 18.7 pF, +AF = 175 to 195 ppm
CL =18.7 pF to 34 pF, -AF = 175 to 195 ppm

CL =11 pF to 18.7 pF, +AF = 95 to 115 ppm|
CL = 18.7 pF to 34 pF, -AF = 95 to 115 ppm

Effective series resistance | 40 Q Maximum 30 Q Maximum
Crystal cut AT AT
Resonance Parallel Parallel
Maximum drive level 2.0 mW 2.0 mW
Mode of operation Fundamental Fundamental
Crystal holder HC49 (R3W), Co =7 pF maximum HC49 (R3W), Co = 7 pF maximum
Cm = 17 {F typical Cwm =17 fF typical
C]
2.80 6"
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APPLICATION INFORMATION

NOTE
This information is for design aid only.

1.544 MBPS T1 INTERFACE
APPLICATIONS

Figure 4 is a typical 1.544 Mbps T1 interface application.
Use a 1:1.15 transmit transformer without in-line resistors
for maximum power savings. The LXT305A is shown in
the HostMode with a T1/ESF Framer providing the digital
interface with the host controller. An LXP600A Clock
Adapter (CLAD) provides the 2.048 MHz system backplane
clock, locked to the recovered 1.544 MHz clock signal. The
power supply inputs are tied to a common bus with appropri-
ate decoupling capacitors installed (68 UF on the transmit
side, 1.0 pF and 0.1 pF on the receive side).

For DSX-1 applications, series resistors can be used in line
with the transmit transformer to provide higher return loss.

Table 6: T1/E1 Input/Output Configurations

2.048 MBPS E1 INTERFACE
APPLICATIONS

Figure 5 is a typical 2.048 Mbps E1 application. The
LXT305A is shown in Hardware Mode with an E1/CRC4
Framer. Asinthe DSX-1 application Figure 4, this configu-
ration is illustrated with a crystal in place to enable the
LXT305A Jitter Attenuation Loop, and a single power
supply bus. The hard-wired control lines for TAOS, LLOOP
and RLOOP are individually controllable, and the LLOOP
and RLOOP lines are also tied to a single control for the
Reset function. With the 1:1 transformer ratio and code 000
selected on the EC inputs, the LXT305A outputs the ITU
specified 2.37 V pulse onto 75 Q coaxial cable. Simply
changing the EC code to 001 allows the LXT305A to match
the 3.0 V pulse specification for 120 Q shielded twisted-pair
cable. No transformer change is required. For situations
where at 1:1.26 transformer is desired, EC code 000 selects
the correct output for 120 Q twisted-pair cable.

Toachieve higher return loss, increased surge protection and
lower output short circuit current, series resistors can be used
in line with the transmit transformer.

Bit Rate Crystal | Cable | Rr? EC1/2/3 Transmit Rt? Typical TX Cc
(Mbps) XTAL ©Q | © Transformer' | (Q) |Return Loss®(dB) | (uF)
1.544 (T1) LXC6176 100 200 |0/1/1-1/111 1:1.15 0 0.5 0.47
1:2 9.1 18 0
1:2.3 9.1 18 0
2.048 (E1) LXC8192 120 240 0/0/0 1:1.26 0 0.5 0.47
0/0/0 1:2 9.1 12 0
0/0/1 1:1 0 0.5 0.47
0/0/1 1:2 15 18 0
75 150 0/0/0 1:1 0 0.5 0.47
0/0/0 1:2 9.1 18 0
0/0/1 1:1 10 5 0
0/0/1 1:2 14.3 10 0
1. Transformer turns ratio accuracy is + 2%.
2. Rr and Rt values are + 1%.
3. Typical return loss, 51 kHz to 3.072 MHz band.
@LEVEL
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Figure 4: Typical LXT305A 1.544 Mbps T1 Application (Host Mode)
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Figure 5: Typical LXT305A 2.048 Mbps 120 Q Application (Hardware Mode)
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TEST SPECIFICATIONS

NOTE
Minimum and maximum values in Tables 7 through 13 and Figures 6 through 11 represent the performance
specifications of the LXT305A and are guaranteed by test except, as noted, by design.

Table 7: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ -0.3 6.0 A%
Input voltage, any pin ! VIN RGND -.0.3 RV++0.3 \4
Input current, any pin 2 IN -10 10 mA
Storage temperature TstG -65 150 °C
CAUTION

Operations at or beyond these limits may result in permanent damage to the device.
Normal operation not guaranteed at these extremes.

1. Excluding RTIP and RRING, which must stay between -6 V and (RV+ + 0.3) V.

2. Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current
of 100 mA.

Table 8: Recommended Operating Conditions

Parameter Sym Min | Typ | Max | Units Test Conditions
DC supply! RV+, TV+ | 475 50 | 525 \%
Ambient operating temperature TaA -40 25 85 °C

1. TV+ must not exceed RV+ by more than 0.3 V.

Table 9: Electrical Characteristics (Under Recommended Operating Conditions)

Parameter Sym | Min Max | Units | Test Conditions
Total power dissipation ! Pp - 400 mW 100% ones density & max
line length @ 525V
High level input voltage 23 (pins 1-5, 10, 23-28) VIH 2.0 - v
Low level input voltage 23 (pins 1-5, 10, 23-28) ViL - 0.8 \Y
High level output voltage 23 (pins 6-8, 11, 12, 23, 25) VoH 2.4 - \% Iout = - 400 pA
Low level output voltage >3 (pins 6-8, 11, 12, 23, 25) VoL - 0.4 \% Tout = 1.6mA
Input leakage current * IiL 0 +10 HA
Three-state leakage current 2 (pin 25) L 0 +10 HA

1. Power dissipation while driving 75 Q load over operating temperature range. Includes device and load. Digital input levels are
within 10% of the supply rails and digital outputs are driving a 50 pF capacitive load.

2. Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.
3. Output drivers will output CMOS logic levels into CMOS loads.
4. Except MTIP and MRING ILL = 50 pA.

(JLEVEL
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Table 10: Analog Characteristics (Under Recommended Operating Conditions)

Parameter Min Typ' | Max | Units | Test Conditions
AMI Output Pulse Amplitudes | DSX-1 2.4 30 | 36 Vv | measured at the DSX
El 2.7 3.0 33 v | measured at line side
Recommended output load at TTIP and TRING - 75 - Q
Jitter added by the transmitter 2 10 Hz - 8 kHz - - 0.01 Ul
8 kHz - 40 kHz - - 0025 | UI
10 Hz - 40 kHz - - 0.025 | UI
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB=24V) 13.6 - - dB
500 - - mV
Loss of Signal threshold - 0.3 - N
Data decision threshold DSX-1 63 70 77 | %peak
El 43 50 57 | % peak
Allowable consecutive zeros before LOS 160 175 190 -
Input jitter tolerance 10 kHz - 100 kHz 04 - - Ul
Jitter attenuation curve corner frequency 3 - 3 - Hz
Minimum Return Loss 3 Transmit | Receive
Min Typ | Min Typ
51kHz - 102kHz 18 - 20 - dB
102kHz - 2.048 MHz 18 - 20 - dB
2.048 MHz - 3.072 MHz 18 - 20 - dB

2. Input signal to TCLK is jitter-free.

5. Guaranteed by design.

3. Circuit attenuates jitter at 20 dB/decade above the corner frequency.
4. In accordance with ITU G.703/ETS 300166 return loss specifications when wired per Figure 5 (E1).

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

]
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Figure 6: Typical Receive Jitter Tolerance
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Figure 7: LXT305A Transmit Jitter Transfer Performance (Typical)
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Table 11: LXT305A Receive Timing Characteristics (See Figure 8)

Parameter Sym Min Typ' Max Units

Receive clock duty cycle T1 RCLKd 40 50 60 %

El RCLKd 40 50 60 %
Receive clock pulse width 2 | T1 tpw 594 648 702 ns

El tew 447 488 529 ns
Receive clock pulse width T1 tpwH - 324 - ns
high El tpwH - 244 - ns
Receive clock pulse width T1 tpwL 270 324 378 ns
low El tpwL 203 244 285 ns
RPOS / RNEG to RCLK T1 tsur 50 270 - ns
rising setup time El tsur 50 203 - ns
RCLK rising to RPOS / T1 tHR 50 270 - ns
RNEG hold time El tHR 50 203 - ns

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2. RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles
are for worst case jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz).

Figure 8: LXT305A Receive Clock Timing Diagram
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Table 12: LXT305A Master Clock and Transmit Timing Characteristics

(See Figure 9)
Parameter Sym | Min | Typ' | Max | Units Test Conditions
Master clock frequency DSX-1| MCLK _ 1.544 _ MHz
El |MCLK| _ |2048| _ | MHz
Master clock tolerance MCLKt| _ +100 _ ppm
Master clock duty cycle MCLKd| 40 _ 60 %
Crystal frequency DSX-1 fc _ 6.176 _ MHz
El fc _ 8.192 _ MHz
Transmit clock frequency [DSX-1| TCLK _ 1.544 _ MHz
El TCLK _ 2.048 _ MHz
Transmit clock tolerance TCLKt _ +50 _ ppm
Transmit clock duty cycle TCLKd| 10 _ 90 %
TPOS/TNEG to TCLK setup time tsut 25 _ _ ns
TCLK to TPOS/TNEG Hold time tuT 25 _ _ ns
1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 9: LXT305A Transmit Clock Timing Diagram
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Table 13: LXT305A Serial I/0O Timing Characteristics (See Figures 10 and 11)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output tRF - - 100 ns Load 1.6 mA, 50 pF
SDI to SCLK setup time toc 50 - - ns

SCLK to SDI hold time tcoH 50 - - ns

SCLK low time teL 240 - - ns

SCLK high time tcu 240 - - ns

SCLK rise and fall time tR, tr - - 50 ns

CS to SCLK setup time tcc 50 - - ns

SCLK to CS hold time tccH 50 - - ns

CS inactive time tcwn 250 - - ns

SCLK to SDO valid teov - - 200 ns

SCLK falling edge or CS rising edge | tcpz - 100 - ns

to SDO high Z

1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 10: LXT305A Serial Data Input Timing Diagram
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Figure 11: LXT305A Serial Data Output Timing Diagram
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NOTES:
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Preliminary Information
APRIL, 1996

LXT307

Low-Power E1 Integrated Short-Haul Transceiver

The LXT307 is a fully integrated low-power transceiver » Low power dissipation 260 mW typical

optimized for G.703 2.048 Mbps (E1) applications. It fea- » Constant low output impedance transmitter regard-
tures a constant low output impedance transmitter allowing less of data pattern (3 Q typical)

for high transmitter return loss. Transmit pulse amplitudes « Low speed reference clock to reduce PC board noise
are selectable for various cable types. It is designed to coupling

exceed the latest international specifications, including « Driver short circuit current limited to 50 mA per
G.775 and ETS 300 166. OFTEL/BABT recommendations

« 75/120  Operation without component changes

*» Transmit and receive return loss exceeds ETSI ETS
300 166 and G.703

* Meets or exceeds all ITU specifications including

The LXT307 is microprocessor controllable through a
serial interface. It can also be controlled through individual
pins in Hardware Mode.

The LXT307 offers a variety of diagnostic features, G.703, G.823 (03/93) and G.775

including transmit and receive monitoring. The device + Compatible with most popular PCM framers

requires a single 2.048 MHz clock reference for the on chip « Line driver, data recovery and clock recovery func-
high performance clock recovery system. It uses an tions

advanced double-poly, double-metal CMOS process and + Minimum receive signal of 500 mV

. requires only a single 5-volt power supply. * Programmable transmit amplitude for 75 Q and 120 Q

operation without component changes

* Local and remote loopback functions

» PCM G.703 Interfaces * Transmit performance monitor with DPM detecting
single line shorts for improved reliability

* Analog/digital LOS monitor per G.775

» Receiver jitter tolerance 0.4 Ul from 40 kHz to

* E1 multiplexer
« Digital Access and Cross-connect Systems (DACS)

* G.703 Trunk line cards for Public Switching Systems 100 kHz
and PABX « Serial Control Interface
» High-speed data transmission lines « Available in 28-pin DIP or PLCC

MODE >
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LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Figure 1: Pin Assignments
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Table 1: Pin Assignments and Signal Descriptions

Pin# | Sym | 10! Description

1 MCLK DI | Master Clock. A 2.048 MHz clock input used to generate internal clocks. Upon Loss of
Signal (LOS), RCLK is derived from MCLK.

2 TCLK DI | Transmit Clock. Transmit clock input. TPOS and TNEG are sampled on the falling edge
of TCLK. If TCLK is not supplied, the transmitter remains powered down.

3 TPOS DI | Transmit Positive Data. Input for the positive pulse to be transmitted on the line.

4 TNEG DI | Transmit Negative Data. Input for the negative pulse to be transmitted on the line.

5 MODE DI | Mode Seleclt. Setting MODE High puts the LXT307 in the Host Mode. In the Host Mode,
the serial interface is used to control the LXT307 and determine its status.
Setting MODE Low puts the LXT307 in the Hardware (H/W) mode. In the Hardware
mode the serial interface is disabled and hard-wired pins are used to control configuration
and report status.

6 RNEG DO |Receive Negative Data; Receive Positive Data. Received data outputs. A signal on
RNEG corresponds to receipt of a negative pulse on RTIP and RRING. A signal on RPOS

7 RPOS DO | corresponds to receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
are Non-Return-to-Zero (NRZ). In the Host mode, CLKE determines the clock edge at
which these outputs are stable and valid. In the Hardware mode, both outputs are stable
and valid on the rising edge of RCLK.

8 RCLK DO | Recovered Clock. This is the clock recovered from the signal received at RTIP and
RRING.

9 RT Al | Resistor Termination. Connect to RV+ through a 1 k resistor.

1. Entries in /O column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.
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Table 1: Pin Assignments and Signal Descriptions — continued

Pin# | Sym | 1o! Description
10 N/C - | No connection.
11 DPM DO |Driver Performance Monitor. DPM goes High when the transmit monitor (MTIP and

MRING) does not detect a signal for 6312 clock periods. DPM remains High until a signal
is detected. It is reset to Low with the first transition on MTIP and MRING.

12 LOS DO | Loss of Signal. LOS goes High when the signal falls below 20 dB below nominal for more
than 175 consecutive bit periods. LOS returns Low when the received signal detects 4
transitions in any 32-bit window (12.5% 1s density) with no more than 15 consecutive Os.

13 TTIP AO | Transmit Tip; Transmit Ring. Differential Driver Outputs. These low-impedance out-
puts achieve high return loss with resistors used in series with a transformer as specified in
16 TRING | AO | Tables 9 and 10.

14 TGND — | Transmit Ground. Ground return for the transmit drivers power supply TV+.

15 TV+ S | Transmit Power Supply. +5 VDC power supply input for the transmit drivers. TV+ must
not vary from RV+ by more than +0.3 V during all operating conditions including start-up.

17 MTIP Al | Monitor Tip; Monitor Ring. These pins are used to monitor the TTIP and TRING trans-
mit outputs. The transceiver can be connected to monitor its own output or the output of
18 MRING | Al | another LXT307 on the board. To prevent false interrupts in the host mode if the monitor
is not used, apply a clock signal to one of the monitor pins and tie the other monitor pin to
approximately the clock’s midrange voltage. The monitor clock can range from 100 kHz
to the TCLK frequency.

19 RTIP AI | Receive Tip; Receive Ring. The AMI signal received from the line is applied at these
pins. A center-tapped, center-grounded, 2:1 step-up transformer for 75 Q and 120 Q is
20 RRING | Al ([required on these pins. Data and clock from the signal applied at these pins are recovered
and output on the RPOS/RNEG and RCLK pins.

21 RV+ S | Receive Power Supply. +5 VDC power supply for all circuits except the transmit drivers.
(Transmit drivers are supplied by TV+.)

22 RGND S | Receive Ground. Ground return for power supply RV+.

23 INT DO | Interrupt (Host Mode). This LXT307 Host mode output goes Low to flag the host pro-
cessor when LOS or DPM go active. INT is an open-drain output and should be tied to
power supply RV+ through a resistor. INT is reset by clearing the respective register bit
(LOS and/or DPM).

EC DI | Equalizer Control (H/W Mode). The signal applied at this pin in the LXT307 Hardware
mode is used to determine the amplitude of AMI output transmit pulses.

24 SDI DI | Serial Data In (Host Mode). The serial data input stream is applied to this pin when the
i LXT307 operates in the Host mode. SD1.is sampled on the rising edge of SCLK.

GND DI | GND (H/W Mode). Signal ground.

25 SDO DO | Serial Data Out (Host Mode). The serial data from the on-chip register is output on this
pin in the LXT307 Host mode. 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-imped-
ance state when the serial port is being written to and when CS is High.

GND DI | GND (H/W Mode). Signal ground.

1. Entries in I/O column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.
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Table 1: Pin Assignments and Signal Descriptions — continued

Pin# | Sym | 10! Description
26 CS DI | Chip Select (Host Mode). This input is used to access the serial interface in the LXT307
Host mode. For each read or write operation, CS must transition from High to Low, and
remain Low.

RLOOP | DI |Remote Loopback (H/W Mode). This input controls loopback functions in the LXT307
Hardware mode. Setting RLOOP to a logic H enables the Remote Loopback mode. Setting
both RLOOP and LLOOP High causes a Reset.

27 SCLK DI | Serial Clock (Host Mode). This clock is used in the LXT307 Host mode to write data to
or read data from the serial interface registers.

LLOOP DI | Local Loopback (H/W Mode). This input controls loopback functions in the LXT307
Hardware mode. Setting LLOOP High enables the Local Loopback Mode.

28 CLKE DI Clock Edge (Host Mode). Setting CLKE High causes RPOS and RNEG to be valid on the
falling edge of RCLK, and SDO to be valid on the rising edge of SCLK. When CLKE is
Low, RPOS and RNEG are valid on the rising edge of RCLK, and SDO is valid on the fall-
ing edge of SCLK. -
TAOS DI | Transmit All Ones (H/W Mode). When set High, TAOS causes the LXT307 (Hardware

mode) to transmit a continuous stream of marks at the TCLK frequency. Activating TAOS
causes TPOS and TNEG inputs to be ignored. TAOS is inhibited during Remote Loop-
back.

1. Entries in I/O. column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.
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FUNCTIONAL DESCRIPTION

NOTE

This functional information is for design aid only.

The LXT307 is a fully integrated PCM transceiver for
G.703 2.048 Mbps (E1) applications. A simplified block
diagram of the transceiver appears on page 1. The LXT307
allows full-duplex transmission of digital data over existing
twisted-pair or coax installations. It interfaces with two
lines, one for receive, one for transmit.

POWER REQUIREMENTS

The LXT307 is a low-power CMOS device. It operates
from a single +5 V power supply which can be connected
externally to both the transmitter and receiver. However,
the two inputs must be within +0.3 V of each other, and
decoupled separately to their respective grounds. Isolation
between transmit and receive circuits is provided inter-
nally. During normal operation, and LLOOP, the transmit-
ter powers down if TCLK is not supplied. The transmitter
also powers down during TAOS operation if TCLK is not
supplied. )

RESET OPERATION

Upon power up, the transceiver is held static until the
power supply reaches approximately 3 V. Upon crossing
this threshold, the device begins a 32 ms reset cycle to cal-
ibrate the transmit and receive delay lines and locks the
Phase Lock Loop to the receive line. A reference clock is
required to calibrate the delay lines The transmitter refer-
ence is provided by TCLK. MCLK is used as the receiver
reference clock.

The transceiver can also be reset from the Host or Hard-
ware mode. In Host mode, reset is commanded by simulta-
neously writing RLOOP and LLOOP to the register. In
Hardware mode, reset is commanded by holding RLOOP
and LLOOP high simultaneously for 200 ns. Reset is initi-
ated on the falling edge of the reset request. In either mode,
reset clears and sets all registers to 0 and then calibration
begins.

RECEIVER

The LXT307 receives the signal input from one line on
each side of a center-grounded transformer. Positive pulses
are received at RTIP and negative pulses are received at
RRING.

The signal received at RTIP and RRING is processed
through the peak detector and data slicers. The peak detec-

5

tor samples the inputs and determines the maximum value
of the received signal. A percentage of the peak value is
provided to the data slicers as a threshold level to ensure
optimum signal-to-noise ratio. The threshold is 50% and is
maintained over the whole input range.

The receiver is capable of accurately recovering signals
with up to -13.6 dB of attenuation (from 2.4 V), corre-
sponding to a received signal level of approximately 500
mYV. Regardless of received signal level, the peak detectors
are held above a minimum level of 0.3 V to provide immu-
nity from impulsive noise.

After processing through the data slicers, the received sig-
nal is routed to the data and clock recovery sections, and to
the receive monitor. The data and clock recovery circuits
are highly tolerant with an input jitter tolerance signifi-
cantly better than required by G.823, as shown in Figure
17. Recovered clock signals are supplied to the data latch.
Recovered data is output at RPOS and RNEG, and the
recovered clock is output at RCLK. Refer to Table 15 and
Figure 13 for LXT307 receiver timing.

LOSS OF SIGNAL PROCESSOR

Declaring the LOS Condition

Recommendation G.775 defines basic criteria for detection
and clearance of Loss of Signal (LOS) defects.

LXT307 uses a digital-and-analog detection scheme to
comply with G.775. If the signal level falls below 20 dB
typical, the LXT307 begins to count consecutive bit times
and declares LOS after approximately 175 (160 to 190)
consecutive zeros. Refer to Table 2.

Clearing the LOS Condition

LXT307 clears LOS with a three-step process:
1. The signal must first exceed the 20 dB signal level.

2. Then a 32-bit repeating window checks for 12.5% 1s
density. (To meet this parameter, there must be at least
four 1s out of the 32 bits in the window.)

3. Finally, there must be no more than 15 consecutive Os
to clear the LOS condition.
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TRANSMITTER

Data received for transmission onto the line is clocked seri-
ally into the device at TPOS and TNEG. Input synchroni-
zation is supplied by the transmit clock (TCLK). If TCLK
is not supplied, the transmitter remains powered down,
except during remote loopback and TAOS. Refer to Table
16 and Figure 14 for master and transmit clock timing char-
acteristics.

Line Code

The LXT307 transmits data as a 50% AMI line code as
shown in Figure 2. The output driver maintains a constant
low output impedance under dynamic conditions regard-
less of whether it is driving marks or spaces.

The transmitted pulse amplitude is determined by the
equalizer control signal EC as shown in Table 3.

The equalizer control signal may be hardwired in Hard-
ware mode or input as part of the serial data stream (SDI)
in Host mode. Shaped pulses are applied to the AMI line
driver for transmission onto the line at TTIP and TRING.

Table 2: G.775 Requirements and LXT307 Implementation of LOS Detection

The line driver provides a constant low output impedance
of 3 Q (typical). This well-controlled output impedance
provides excellent return loss when used with external pre-
cision resistors (£1% accuracy) in series with a transmit
transformer. Series resistors also provide increased surge
protection and reduce short circuit current flow.

Pulses can drive coaxial or shielded twisted-pair lines. A
1:2 transmit transformer and series resistors are recom-
mended. This design meets or exceeds all ETSI 300 166
and European PTT specifications for transmit and receive
return loss when series resistors are used.

Figure 2: 50% AMI Coding

Condition G.775 Recommendation Level One Implementation
Detect LOS Signal with no transitions! less than or equal to Signal level below 20 dB and no consecutive tran-
signal level of 35 dB below nominal for N con- | sition for 160 to 190 (typical 175) pulse intervals.
secutive intervals where 10 <N <255.
Clear LOS Signal has transitions! and level greater than or Signal level above 20 dB with bit density greater
equal to 9 dB below nominal for N consecutive | than 12.5% for 32-bit positions, and with fewer
pulse intervals where 10 <N <255. than 15 consecutive zeros.

1. A signal with “transitions” corresponds to a G.703 compliant signal.

Table 3: Equalizer Control Inputs for Pulse Amplitude Selection

EC Line Length & Cable Loss Application
0 ITU Recommendation G.703 El - Coax (75 ©2)
1 ITU Recommendation G.703 El - Twisted-Pair (120 Q)
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DRIVER PERFORMANCE MONITOR

The transceiver incorporates an advanced Driver Perfor-
mance Monitor (DPM) that can be connected in parallel
with the TTIP and TRING at the output transformer. The
DPM circuitry uses four comparators and a 150 ns pulse
discriminator to filter glitches. The DPM output level goes
High upon detection of 63 consecutive zeros, and is cleared
when a transition is detected on the transmit line or when a
reset command is received. The DPM output also goes
High to indicate a signal line short to ground on TTIP or
TRING. A ground fault induced DPM flag is automatically
cleared when the ground condition is corrected (chip reset
is not required).

OPERATING MODES

The LXT307 transceiver can be controlled through hard-
wired pins (Hardware Mode—default) or by a microproces-
sor through a serial interface (Host Mode) depending on the
input to pin 5 (MODE). The mode of operation is set by the
MODE pin logic level. The LXT307 can also be com-
manded to operate in one of several diagnostic modes.

Hardware Mode Operation

In Hardware mode the transceiver is controlled through
individual pins. With the exception of the INT and CLKE
functions, Hardware mode provides all the functions pro-
vided in the Host mode. In the Hardware mode RPOS and
RNEG outputs are valid on the rising edge of RCLK. To
operate in Hardware mode, the MODE must be set to 0.
Diagnostic Control for Remote Loopback (RLOOP), Local
Loopback (LLOOP), and Transmit All 1s (TAOS) modes is
provided through the individual pins.

If MODE is set Low, LXT307 operates in Hardware Mode.
In Hardware Mode the transceiver is controlled through
individual pins; a microprocessor is not required. RPOS
and RNEG are valid on the rising edge of RCLK.

The equalizer is controlled through pin 23 (EC). Diagnostic
control for Remote Loopback (RLOOP), Local Loopback
(LLOOP), and Transmit All 1s (TAOS) is provided
through pins 26, 27, and 28.

Host Mode Control

The LXT307 operates in the Host mode when pin 5
(MODE) is asserted High. In Host mode a microprocessor
controls the LXT307 through the serial I/O port (SIO)
which provides access to the LIU. The LIU contains a pair
of data registers, one for command inputs and one for status
outputs. An SIO transaction is initiated by a falling edge on
the Chip Select pin. A High-to-Low transition on CS is

" ffSLEVEL
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required for each subsequent access to the Host mode reg-
isters.

The LIU responds by writing the incoming serial word
from the SDI pin into its command register. Figure 3 shows
an SIO write operation. The 16-bit serial word consists of
an 8-bit Command/Address byte and an 8-bit Data byte. If
the command word contains a read request, the LIU subse-
quently outputs the contents of its status register onto the
SDO pin. Figure 4 shows an SIO read operation. The Clock
Edge (CLKE) signal determines when the SDO and receive
data outputs are valid, relative to the Serial Clock (SCLK)
or RCLK as listed in Table 4. Table 17 and Figures 15 and
16 show SIO timing.

SERIAL INPUT WORD

Figure 3 shows the Serial Input data structure. The LXT307
is addressed by setting bit A4 in the Address/‘Command
byte, corresponding to address 16. Bit 1 of the serial
Address/Command byte provides Read/Write (R/W) con-
trol when the chip is accessed. The R/W bit is set to logic 1
to read the data output byte from the chip, and set to logic
0 to write the input data byte to the chip.

The second eight bits of a write operation, clear Loss of
Signal (LOS) and Driver Performance Monitor (DPM)
interrupts, reset the chip, and control diagnostic modes.
The first 2 bits (DO - D1) clear and/or mask LOS and DPM
interrupts. The last three bits (D5 - D7) control operating
modes (normal and diagnostic) and chip reset. Refer to
Table 5 for details on bits D5 - D7.

SERIAL OUTPUT WORD

Figure 4 shows the Serial Output data structure. SDO is
high impedance when SDI receives an Address/Command
byte. If SDI receives a read command (R/W = 1), then SDO
becomes active after the last Command/Address bit (A6)
and remains active for eight SCLK cycles. Typically the
first bit out of SDO changes the state of SDO from high-Z
to a Low/High.

The first five bits (D0-D4) of the output data byte reports
Loss of Signal (LOS) and Driver Performance Monitor
(DPM) conditions, equalizer settings, and operating modes
(normal or diagnostic). The last three bits (D5 through D7)
report operating modes and interrupt status.

If the INT line is High (no interrupt is pending), bits DS
through D7 report the status of the operating mode as listed
in Table 6. If the INT line is Low, the interrupt status over-
rides all other reports and bits D5 - D7 reflect the interrupt
status as listed in Table 6.
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Interrupt Handling Table 4: CLKE Settings
The Host mode provides a latched Interrupt output pin, Valid
INT. Any change in the LOS or DPM bits (DO and D1 of CLKE Output Clock Edge
the output data byte, respectively) triggers an interrupt. As ; .
shown in Figure 5, writing a one to the respective bit of the Low RPOSI%NEG Is{glljﬁ 11432115111?
input data byte (DO = LOS, D1 = DPM) masks either or g
both interrupt generators. When an interrupt has occurred HIGH | RPOS/RNEG RCLK Falling
the INT output pin is pulled Low. The output stage of the SDO SCLK Rising
INT pin consists of a pulldown device. Hence, an external
pull-up resistor is required. clear the interrupt as follows: Table 5: SIO Input Bit Settin gs
1. If one or both interrupt bits (LOS or DPM, D0 and D1 (see Figure 3)
of the output data byte) = 1, writing a 1 to the input bit
g ) . RLOOP | LLOOP | TAOS
(DO or D;, respectwely)ﬁ, of the'mp.ut data byte w1!l Mode Bit D5 Bit D6 Bit D7
clear the interrupt. Leaving a 1 in either of these bit
positions will effective.ly mask the associated inter- RLOOP 1 0 -
rupt. To re-enable the interrupt capability, reset DO
and/or D1 to 0. LLOOP 0 1 0
2. If neither LOS or DPM = 1, the interrupt will be LLOOP + TAOS 0 1 1
cleared by resetting the chip. To reset the chip, set
data input bits DS and D6 =1, and D7 = 0. TAOS 0 0 1
RESET - 1 1 0
Table 6: Serial Data Output Bit Coding
Bit D5 Bit D6 Bit D7 Status
0 0 0 Reset has occurred, or no program input. (7.e., normal operation)
0 0 1 TAOS is active.
0 1 0 Local Loopback is active.
0 1 1 TAOS and Local Loopback are active.
1 0 0 Remote Loopback is active.
Interrupt Status
1 0 1 DPM has changed state since last clear DPM occurred.
1 1 0 LOS has changed state since last clear LOS occurred.
1 1 1 LOS and DPM have both changed state since last clear DPM and clear LOS
occurred.
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Figure 3: LXT307 SIO Write Operation
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Figure 4: LXT307 SIO Read Operation
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Figure 5: LXT307 Interrupt Handling

Start-up or Restart lnt':?::;:ts Yes
Interrupts Enabled,

?

Does an
Interrupt
Condition

Exist
it d ; Write "1 1° ¢
3 (interrupt)  § Yes Write *1*to DO| | 578 ,np; Write 1" to D1
Read Output Status Read Output Status of Input Status of Input Status|
P! Status Word to
Word* Word* Word to Mask Mask LOS and Word to Mask
(Bits D5-D&=Operating | | (Bits D5-D7=Operating) LOS Interrupt DPM Int 1| | PPM Interrupt
Mode) nterrup!

*Regardless of
Interrupt Status, bit DO

What

\ 4
A

indicates LOS status,

bit D1 indicates DPM |
status and bit D2

indicates EC status.

Interrupt
Condition

LOS

A 4

Write "1 1" to
DO-D1 of
Input Status
Word to Mask
DPM Interrupt.

Write "1" to DO
of Input Status|
Word to Mask
LOS Interrupt.

Write “1" to D1
of Input Status
Word to Mask
DPM Interrupt.

Interrupt
Conditions
Masked

X 1 A 4
— Read Output Status Word*
INT goes (Bits D5-D7=Operating
HIGH. Mode)

Reenable No

*Regardless of
Interrupt Status, bit DO
indicates LOS status,
bit D1 indicates DPM

status and bit D2
indicates EC status.

Interrupts
?

What
Interrupt Conditio
Exists?

LOS AND DPM

LOS DPM

A 4

Y
Write "0" to DO of
Input Status Word to
re-enable LOS
Interrupt.

Write "0 0" to DO-D1

of Input Status Word

to re-enable DPM re-enable DPM
Interrupt. Interrupt.

Write "0" to D1 of
Input Status Word to

Y y

2-100




LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Diagnostic Mode Operation

TAOS

See Figures 6 and 7. In Transmit All Ones (TAOS) mode,
the TPOS and TNEG inputs to the transceiver are ignored.
The transceiver transmits a continuous stream of 1s at the
TCLK frequency when TAOS is activated. TAOS can be
commanded simultaneously with Local Loopback, but is
inhibited during Remote Loopback.

Figure 6: TAOS
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Figure 7: TAOS with LLOOP
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LLOOP

See Figure 8. In Local Loopback (LLOOP) mode, the
receiver circuits are inhibited. The transmit data and clock
inputs (TPOS, TNEG and TCLK) are looped back onto the
receive data and clock outputs (RPOS, RNEG and RCLK).
The transmitter circuits are unaffected. The TPOS and
TNEG inputs (or a stream of 1s if the TAOS command is
active) will be transmitted normally.

Figure 8: Local Loopback
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See Figure 9. In Remote Loopback (RLOOP) mode, the
transmit data and clock inputs (TPOS, TNEG and TCLK)
are ignored. The RPOS and RNEG outputs are looped back
through the transmit circuits and output on TTIP and
TRING at the RCLK frequency. Receiver circuits are unaf-
fected by the RLOOP command and continue to output the
RPOS, RNEG and RCLK signals received from the
twisted-pair line.

Figure 9: Remote Loopback
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APPLICATION INFORMATION

NOTE

This application information is for design aid only.

Figure 10 is a 2.048 Mbps E1 120 Q Twisted-Pair Wire
application using EC code 1 and 15 Q Rt resistors in line
with the transmit transformer to provide high return loss
and surge protection. When high return loss is not a critical

factor, a 1:1 transformer without in-line resistors provides
maximum power savings. Tables 7 and 8 list typical return
loss figures for various transformer ratios, Rt values and
the associated EC code for 75 Q coax and 120 Q twisted-
pair applications, respectively. The LXT307 is shown in
Hardware mode with a general G.704 Framer. The hard-
wired control lines for TAOS, LLOOP and RLOOP are
individually controllable, and the LLOOP and RLOOP
lines are also tied to a single control for the Reset function.

Figure 10: LXT307 120 Q Application (Hardware Mode)
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E1 COAXIAL APPLICATIONS Table 9: 75 Q Output Combinations
Figure 11 shows the line interface for a typical E1 coaxial EC Xfmr Ratio' | Rt Value? | Rtn Loss?
(75 Q) application. The EC code should be set to 0 for coax.
With 9.1 Q Rt resistors in line with the 1:2 output trans- . -
formers, the LXT307 produces 2.37 V peak pulses as ! 1 Rt=10Q > dB
required for coax applications. A 1:1:1 transformer is used 1 1:2 Rt=143Q 10 dB
on the receive side. ‘ i
Table 7: Transformer Specifications 0 1:1 Rt=0Q* 0.5 dB
Parameter Value 0 1:2 Rt=9.1Q 18 dB
Tums Ratio Tx 1:2 (£2%) 1. Transformer turns ratio accuracy is £2%.
Primary Inductance 1.2 mH min 2. Rt values are 1%.
Leakage Inductance 0.5 uH max 3' (T:ypi“" '?t“:‘_;"“’ 51 kHz - 3.0728 kl';z'
Inlerwinding Capacitance 25 pF max . Cap required 1f no series resistor 1s used.
Series Resistance 1.0 Q PRI . .
Table 10: 120 Q Output Combinations
Table 8: Transformer Selection Guide Xfmr
EC Ratio’ Rt Value? Rtn Loss?®
Transformer Part Turns
Manufacturer | Number | Ratio | Description
P 1 1:1 Rt=00? 0.5dB
Pulse PE65861 12 Dual SMD
Engineering 1 1:2 Rt=15Q 18 dB
PE 65351 12 Single through -
hole 0 1:2 Rt=9.1Q 10 dB
Bel Fuse 0553-5006 12 Dual 1. Transformer turns ratio accuracy is +2%.
) . 2. Rt values are £1%.
Schott 67127370 | 1:2 | Single through 3. Typi:; return loss, 51 kHz - 3.0728 kHz.
hole 4. Cap required if no series resistor is used.
Midcom 671-5832 12 Single through
hole

Figure 11: Line Interface for E1 Coax
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TEST SPECIFICATIONS

NOTE

The minimum and maximum values in Tables 11 through 17 and Figures 12 through 17 represent the performance specifi-
cations of the LXT307 and are guaranteed by test, except where noted by design.

Table 11: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC Supply (referenced to GND) RV+, TV+ - 6.0 v
Input Voltage, any pin’ VIN RGND - 0.3 RV++0.3 v
Input Current, any pin’ N -10 10 mA
Storage Temperature TSTG -65 150 °C
CAUTION

Operations at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

1. Excluding RTIP and RRING which must stay between -6V and (RV++0.3) V.
2. Transient currents of up to 100 mA will not cause SCR latch up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100 mA.

Table 12: Recommended Operating Conditions and Characteristics

Parameter Sym Min Typ Max Units
DC Supply! RV+, TV+ 4.75 5.0 525 A%
Ambient Operating Temperature TA -40 25 85 °C

1. TV+ must not exceed RV+ by more than 0.3 V.

Table 13: Electrical Characteristics (Over recommended operating conditions)

Parameter Sym | Min | Typ | Max | Units Test Conditions

Total power dissipation’>2 | 75Q (EC=0)| Pp - 260 | 320 mW | 50% 1s density

120Q(EC=1)| Pp - 270 320 mW
Total power consumption3 120Q(EC=1)| Pp - 400 |T.B.D.| mW |100% ls density
High level input voltage* (pins 1-5, 23) VH | 20 -~ - Y%
Low level input voltage* (pins 1-5, 23) ViL - - 0.8 A%
High level output voltage“’ 3 (pins 6-8, 11, _
12, 23, 25) VoH 2.4 - - A% IouT = -400 pA
Low level output voltage* > (pins 6-8, 11, _
12,23, 25) VoL - - 0.4 \Y% IouT = 1.6 mA
Input leakage current® ILL 0 - £10 pA
Three-state leakage current (pin 25) IsL 0 - +10 pA

1. Device power dissipation while driving a 75 or 120 Q load over operating temperature range. Digital input levels are within 10% of the supply rails
and digital outputs are driving a 50 pF capacitive load. Rt = 0 ; transformer ratio = 1:1.

2. Guaranteed by design and other correlation methods.

3. Power consumption while driving a 60 Q effective load. Includes device and load. Rt =15 ; transformer ratio = 1:2; EC = 1.
4. Functionality of pin 23 depends on mode. See Host/Hardware Mode Descriptions.

5. Output drivers will output CMOS logic levels into CMOS loads.

6. Except MTIP and MRING ILL = +50 pA.

(¢LEVEL
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LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Table 14: Analog Characteristics (Over recommended operating conditions)

Parameter Min Typical' Max Units | Test Conditions
AMI Output Pulse 75Q 2.14 2.37 2.6 \V4 G.703
Amplitudes
120Q 2.7 3.0 33 \Y% G.703
Peak Voltage of a 75Q -0.237 0 +0.237 \Y
space
120 ©Q -0.3 0 +0.3 \Y%
Ratio of the widths of positive and negative 95 - 105 %
pulses at the nominal half amplitude
Ratio of the amplitudes of positive and negative 95 - 105 %
pulses at the center of the pulse interval
Recommended output load at TTIP and TRING - 75 - Q
Driver output impedance4 3 10 Q
Driver short circuit current? 50 mA
Jitter added by the 10 Hz - 8 kHZ* - _ 0.01 Ul G.823
transmitter
18 kHz - 100 kHz* - - 0.025 Ul G.823
20 Hz - 100 kHz* - - 0.025 Ul G.823
Broad Band® - 0.025 0.050 UI
Receiver sensitivity ©0dB=24V) 13.6 _ _ dB
500 - - mV
Receiver input impedance - 40 - kQ
Signal to interference ratio (FEXT)* 15 _ — dB G.703, 0.151
Input jitter tolerance 18 kHz - 100 kHz 0.4 — - Ul G.823
Loss of Signal threshold — 20 — dB below nominal
Data decision threshold* 43 50 57 % peak
Allowable consecutive zeros before LOS* 160 175 190 - G.775
LOS reset transition window* — 32 - bit four transitions
Transmit Receive
Min | Typ' | Min | Typ'
Minimum Return 51 Hz - 102 kHz 18 20 20 _ dB Dynamic condi-
Loss* tions per
102 kHz -2.048 MHz 18 20 | 20 - dB | ET5300 166 and
2.048 MHz-3.072MHz | 18 20 | 20 - dB | ITUG.703.
See Figures 10, 11.

3. Input signal to TCLK is jitter-free.
4. Guaranteed by design or other correlation methods.

1. Typical values are measured at 25 °C and are for design aid only. Not guaranteed or subject to production testing.
2. Per OFTEL OTR-001/BABT BS4650 with 15 Q termination resistors and a 1:2 transmit transformer on a 0.5 Q test load.
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LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Figure 12: 2.048 Mbps Pulse Mask Template
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Table 15: Receive Timing Characteristics (Over recommended operating conditions)

Parameter Sym Min Typ' Max Units Test Conditions
Receive clock duty cycle RCLKd 40 - - 60 %
Receive clock pulse width tPW - 244 - ns
RPOS/RNEG to RCLK ris- tSUR - 194 - ns
ing setup time
RCLK rising to RPOS/ tHR - 194 - ns
RNEG hold time

1. Typical values are at 25 °C and are for design aid only; they are not guaranteed and not subject to production testing.
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LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Figure 13: LXT307 Receive Clock Timing
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Figure 14: LXT307 Transmit Clock Timing
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Table 16: Transmit Timing Characteristics (over recommended operating conditions)
Parameter Sym Min Typ! Max Units

Master clock frequency MCLK - 2.048 - MHz
Master clock tolerance MCLKt - +100 - ppm
Master clock duty cycle MCLKd 40 - 60 %
Transmit clock frequency TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt — +50 - ppm
Transmit clock duty cycle TCLKd 10 - 90 %
TPOS/TNEG to TCLK setup time tSUT 25 - - ns
TCLK to TPOS/TNEG Hold time tHT 25 - - ns

1. Typical values are at 25 °C and are for design aid only; they are not guaranteed and not subject to production testing.

5
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LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Table 17: Serial /O Timing Characteristics (Over recommended operating conditions)

Parameter Sym Min Typ! Max | Units Test Conditions
Rise time - any digital output tR - - 100 ns Load 1.6 mA, 50 pF
Fall time - any digital output tF - - 100 ns Load -400 pA, 50 pF
SDI to SCLK setup time tDC 50 - - ns
SCLK to SDI hold time tCDH 50 - - ns
SCLK low time tCL 240 - - ns
SCLK high time tCH 240 - - ns
SCLK rise and fall time tR, tF - 50 ns
CS to SCLK setup time tcc 50 - - ns
SCLK to CS hold time tccH 50 _ - ns
CS inactive time tCWH 250 - - ns
SCLK to SDO valid tCDV - - 200 ns
SCLK falling edge or CS rising tcpz - 100 - ns
edge to SDO high Z

1. Typical values are at 25° C and are for design aid only; they are not guaranteed and not subject to production testing.

Figure 15: LXT307 Serial Data Input Timing Diagram
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LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Figure 16: LXT307 Serial Data Output Timing Diagram
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Figure 17: Typical Receiver Input Jitter Tolerance (Loop Mode)

18UI@ 1.8 Hz
I'd

/

1200U1
1000 Ul
100 UI|— \ LXT307 Device
N Jitter Tolerance
Loop Mode
Jitter

15U @

2

100 Hz 1
Frequency

kHz

10 kHz

18 kHz

100 kHz

2-109



LXT307 Low-Power E1 Integrated Short-Haul Transceiver’

NOTES:
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LXT325
T1/E1 Integrated Quad Receiver

The LXT325 quad receiver is a fully-integrated, quadru- * Four independent 1.544/2.048 Mbps receivers
ple-PCM receiver for both 1.544 Mbps, and 2.048 Mbps
applications. It incorporates four independent receivers in
a single 28-pin DIP or PLCC, or a 44-pin QFP. Each « Circuit functions include data and clock recovery
LXT325 receiver also incorporates a Loss Of Signal
(LOS) detection circuit and output driver. The operating
frequency is pin selectable. * Meets or exceeds AT&T PUB 62411 ITU-T G.703

and ITU G.823 requirements for jitter tolerance
These receivers perform data and timing recovery, and use . .
peak detection and a variable threshold to reduce impul- Unipolar RPOS and RNEG outputs
sive noise. Receiver sensitivity down to 500 mV allows * Minimum receive signal of 500 mV
for up to 13.6 dB of attenuation.

» Loss Of Signal (LOS) output for each receiver

« Single Master Clock input

+ Selectable slicer levels (DSX-1/E1) to provide im-

The LXT325 quad receiver is an advanced, double-poly, proved SNR
double-metal CMOS device and requires only a single .

) CMOS technology requires only single 5 V power in-
5-volt power supply.

put

 Available in 28-pin plastic DIP and PLCC and 44-pin
QFP packages

*  High-density T1/E1 line cards
*  M13, E13 line interfaces

* -40 °C to 85 °C operating temperature range

¢ Test equipment

» Line monitoring

¢ Receive line interface

MCLK
MODE

TIMING
RTIP [ RCLK
PEAK RECOVERY

DETECTOR

RRING

RPOS
RNEG

vee LOS

DETECT

RECEIVER #1

RECEIVER #2
RECEIVER #3
RECEIVER #4

GND
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LXT325 T1/E1 Integrated Quad Receiver

Figure 1: LXT325 Pin Assignments
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LXT325 T1/E1 Integrated Quad Receiver

Table 1: Pin Assignments and Descriptions

Pin #
DIP | PLCC | QFP! | Symbol | I/0? Description
1 2 8 RPOS1 DO | Receiver 1 Positive and Negative Data outputs. A signal on

2 3 9 RNEG1 RNEGx corresponds to receipt of a negative pulse on RTIPx and
RRINGx. A signal on RPOSx corresponds to receipt of a positive
pulse on RTIPx and RRINGx. RNEGx and RPOSx outputs are
Non-Return-to-Zero (NRZ) signals. Both outputs are stable and
valid on the rising edge of RCLKx.

3 4 10 RCLK1 DO | Receiver 1 Recovered Clock. Clock recovered from the inputs to
RTIP1 and RRING1. See RPOS1/RNEG1.

4 5 13 RPOS2 DO | Receiver 2 Data and Clock outputs. Signals recovered from the

5 6 14 RNEG2 inputs to RTIP2 and RRING2. See RPOS1/RNEG1/RCLK1.

6 7 15 RCLK2

7 8 16 LOS3 DO | Receiver 3 Loss of Signal Detector. LOSx pins go high when the
associated receiver detects 175 consecutive spaces. The LOS out-
put returns low when a mark is received.

8 9 19 RPOS3 DO | Receiver 3 Data and Clock outputs. Signals recovered from the

9 10 20 RNEG3 inputs to RTIP3 and RRING3. See RPOS1/RNEG1/RCLK1.

10 11 21 RCLK3

11 12 24 RPOS4 DO | Receiver 4 Data and Clock outputs. Signals recovered from the

12 13 25 RNEG4 inputs to RTTP4 and RRING4. See RPOS1/RNEG1/RCLK1.

13 14 26 RCLK4

14 15 27 GND - Ground.

28

15 16 30 MCLK DI Master Clock. A 1.544 MHz or 2.048 MHz clock input used to
generate internal clocks. Upon loss of signal, MCLK serves as the
source for all the RCLKx signals.

16 17 31 MODE DI | Mode Selection. Set MODE high for 50% slicer level. This set-
ting is mandatory for 2.048 Mbit/s operation and provides maxi-
mum sensitivity in 1.544 Mbit/s designs. Where undershoot will
exceed 45% in 1.544 MHz applications, pull MODE low to set the
slicer levels to 70%.

17 18 32 RTIP4 Al Receiver 4 Tip and Ring. The AMI signal received from the 4%

18 19 35 RRING4 twisted-pair line is applied at these pins. A center-tapped, center-
grounded transformer is required on these pins. Data and clock
from the signal applied at these pins are recovered and output on
the RPOSx/RNEGx, and RCLKx pins.

19 20 36 LOS4 DO | Receiver 4 Loss of Signal Detector. See LOS3.

20 21 37 RTIP3 Al Receiver 3 Tip and Ring Inputs. See RTIP4/RRING4.

21 22 38 RRING3

22 23 40 LOS2 DO | Receiver 2 Loss of Signal detector. See LOS3.

nected.

1.Pins 1,7, 11, 12, 17, 18, 22, 23, 29, 33, 34, 39, 43 and 44 have no function in the 44-pin QFP package. All applications should leave them uncon-
2. Entries in the I/O column are DI = Digital Input; DO = Digital Output; AI = Analog Input.

ULEVEL
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LXT325 T1/E1 Integrated Quad Receiver

Table 1: Pin Assignments and Descriptions - continued

Pin #
DIP | PLCC | QFP! | Symbol | I/O? Description
23 24 41 RTIP2 Al | Receiver 2 Tip and Ring Inputs. See RTIP4/RRING4.
24 25 42 RRING2
25 26 2 LOS1 ‘DO | Receiver 1 Loss of Signal Detector. See LOS3.
26 27 3 RTIP1 Al | Receiver 1 Tip and Ring Inputs. See RTIP4/RRING4.
27 28 4 RRING1
28 1 5,6 vCC - +5 VDC Power Supply

1. Pins 1,7, 11, 12, 17, 18, 22, 23, 29, 33, 34, 39, 43 and 44 have no function in the 44-pin QFP package. All applications should leave them uncon-
nected.
2. Entries in the I/O column are DI = Digital Input; DO = Digital Output; AI = Analog Input.

2-114
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LXT325 T1/E1 Integrated Quad Receiver

FUNCTIONAL DESCRIPTION

NOTE

This functional information is for design aid only.

The LXT325 quad receiver is a fully-integrated, PCM
receiver for both 1.544 Mbit/s (DSX-1) and 2.048 Mbit/s
(E1) applications. The MCLK frequency and the MODE
pin input level set the mode of operation. The LXT325 is
a low-power CMOS device operating from a single +5 V
power supply.

The figure at the front of the Data Sheet shows a simplified
block diagram of the LXT325. The input signal is received
from the twisted-pair line on each side of a center-
grounded transformer. (Positive pulses are received at
RTIP and negative pulses are received at RRING.) This
differential signal is processed through the peak detector
and data slicers. The peak detector samples the inputs and
determines the maximum value of the received signal. A
percentage of the peak value is provided to the data slicers
as a threshold level to ensure optimum signal-to-noise
ratio.

For E1 applications the threshold is set to 50% of the peak
value (MODE set High). In 1.544 Mbit/s applications
where undershoot does not exceed 45%, MODE may be
set High (50% of the peak value) for the maximum sensi-
tivity and noise margin. In applications where the under-
shoot exceeds 45% the MODE must be set Low. With
MODE Low, the slicer threshold is set to 70% of the peak
value. This threshold is maintained above 65% for up to
15 consecutive zeros over the range of specified operating
conditions.

. The slicer threshold is maintained through a capacitive

storage arrangement and a combination of Refresh and
Bleed-off circuitry. This design balance prevents the
refresh circuitry from driving the threshold too high, while
ensuring that it is maintained over long strings of succes-
sive zeros.

These receivers are capable of accurately recovering sig-
nals with up to 13.6 dB of attenuation (from 2.4 V), corre-
sponding to a received signal level of 500 mV. Maximum
cable length is 1500 feet of ABAM cable (approximately
6 dB), with the additional attenuation being resistive flat
loss. Regardless of received signal level, the peak detec-
tors are held above a minimum level of 150 mV to provide
immunity from impulsive noise.

After processing through the data slicers, the received sig-
nal is routed to the data and clock recovery sections.
Recovered clock signals are supplied to the data latch.
The recovered data is synchronized with the recovered
clock (RCLK), then output at RNEG and RPOS. RPOS
and RNEG outputs are valid on the rising edge of RCLK.

LINE INTERFACE

The LXT325 quad receiver interfaces with four twisted-
pair lines (one twisted-pair for each receiver) through stan-
dard pulse transformers and appropriate resistors. Recom-
mended transformer characteristics are listed in Table 2.

~ Table 2: Recommended Transformer Characteristics

Parameter 1:1:1 1:2:2 Unit
DC Resistance Primary 1.0 Maximum 1.0 Maximum Q
Secondary 1.0 Maximum 1.0 Maximum Q
Primary inductance 1.2 typical 0.5 Maximum mH
(Line Side)
Leakage inductance 0.5 Maximum 1.0 Maximum pH
Interwinding capacitance 25 Maximum 40 Maximum pF

YLEVEL
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LXT325 T1/E1 Integrated Quad Receiver

APPLICATION INFORMATION

NOTE

This application information is for design aid only.

The LXT325 quad receiver is compatible with both DSX-
1 and E1 systems. Low, +5 V only, power consumption
simplifies design considerations where multiple receivers
are required. The LXT325 is well-suited for use in both line
interface equipment and monitor applications. The primary

difference in circuit design between these two applications
is the input transformer. The typical DSX-1 pulse seen in
test equipment requires a 1:1:1 transformer at the receiver
input. The attenuated pulse seen in monitor applications
may require a 1:2:2 transformer to boost the input signal.
Figure 2 is a typical 1.544 Mbit/s DSX-1 application. The
LXT325 is shown tapped into the cross connect frame with
800 Q resistors across each leg of the center-tapped, center-
grounded, 1:2:2 step-up transformer.

Figure 2: Typical T1 Test/Monitor Equipment Application
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LXT325 T1/E1 Integrated Quad Receiver

Figure 3: Typical DSX-1/E1 Receiver Application

NOTES:
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LXT325 T1/E1 Integrated Quad Receiver

TEST SPECIFICATIONS

NOTE

The minimum and maximum values in Tables 3 through 6 and Figures S through 7 represent the performance specif-
icatons of the LXT325 and are guaranteed by test, except where noted by design.

Table 3: Absolute Maximum Ratings

Parameter Symbol Min Max Units
Suéply Voltage vee 03V 6V \'%
Input Voltage, any I/O pin1 Vi/0o GND-03V VCC+03V \%
Input Current, any I/O pin? o -10 10 mA
Storage Temperature TST -65 150 °C
CAUTION

Exceeding these values may cause permanent damage to the device. Operation under these conditions is not implied. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

1. Excluding RTIP and RRING which must stay within -6 V to VCC +0.3 V
2. Transient currents of up to 100 mA will not cause SCR latch-up.

Table 4: Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Supply Voltage! vee 4.75 5 5.25 v
Power dissipation ‘PD 1 - 1 w
Operating Temperature Top -40 - 85 °C
1. Voltages are with respect to ground unless otherwise stated.
Table 5: DC Electrical Characteristics’

Parameter Sym Min Typ Max Units Test Conditions
Supply current Icc - - 40 mA
Input High voltage VIH 2.0 - - v Digital Inputs
Input Low voltage ViL - - 0.8 v Digital Inputs
Output High voltage VoH 2.4 - - \% I0=0.4 mA
Output Low voltage VoL - - 0.4 v Io=1.6 mA
Input leakage current ILL - - +10 HA Digital inputs
Output current Ix - - 1.6 mA Vo=04V
Output rise/fall time TRF - - 25 ns 15 pF load

1. Clocked operation over recommended temperature and power supply ranges.
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LXT325 T1/E1 Integrated Quad Receiver

Table 6: Receiver Characteristics

Parameter Sym Min Typ! Max Units Test Conditions
Slicer ratio | Mode=Low SRD 63 70 71 %
Mode=High | SRC 43 50 57 %
Dynamic Range DR 0.50 - 3.6 VPEAK
Undershoot Us - - 62 %
Sensitivity below DSX - 13.6 - - dB maximum of 6 dB cable loss, with
(0dB=2.4YV) balance being resistive loss.
- 500 - - mV
Error-Free | 2.048 MHz S/X 14 - - dB Single frequency interference pro-
Signal-to- _ duction test guarantees error-free
Crosstalk 1.544 MHz S/X 12 - dB operation as specified in G.703,
ratio f 6.3.4 (Testing for 1.544 MHz
systems uses a 1.544 Mbit/s
QRSS interfering signal;
MODE = 1.)

1. Typical figures are at 25 °C and are design aids only; not guaranteed and not subject to production testing.

Figure 4: Clock Timing Diagram
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Table 7: Master and Receive Clock Timing Characteristics (See Figure 4)
Parameter Sym Min Typ! Max Units Test Conditions

Master Clock DSX-1 MCLK - 1.544 - MHz
Frequency El MCLK | - | 2048 | - MHz
Master Clock Tolerance MCLKt - +100 - ppm
Master Clock duty cycle MCLKd 40 50 60 . %
Receive Clock duty cycle RCLKd 40 50 60 %
Receive Clock pulse 1.544 Mbit/s tPW 270 325 378 ns
width 2.048 Mbit/s | tow 203 | 244 | 285 ns
RPOS/RNEG to 1.544 Mbit/s tSUR 50 270 - ns
EgIe‘K rising setup 75 048 Mbit's | tsuR 50 203 - ns
RCLK rising to 1.544 Mbit/s tHR 50 270 - ns
?;SS/RNEG hold ™5 048 Mbits | R 50 203 - ns
Rise/fall time—any digital output TRF - - 25 ns

1. Typical figures are at 25 °C and are design aids only; not guaranteed and not subject to production testing.
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NOTES:

(SLEVEL
2-120 EONE.



SHE
LXT332
Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

i

5

The LXT332 is a fully integrated Dual Line Interface Unit
(DLIU) for both 1.544 Mbps (T1) and 2.048 Mbps (E1)
applications. It features BSZS/HDB3 encoders and decod-
ers, and a constant low output impedance transmitter for
high return loss. Transmit pulse shape is selectable for var-
ious line lengths and cable types.

The LXT332 incorporates an advanced crystal-less digital
jitter attenuator, switchable to either the transmit or receive
side. This eliminates the need for an external quartz crys-
tal. It offers both a serial interface (SIO) for microproces-
sor control and a hardware control mode for stand-alone
operation.

The LXT332 offers a variety of advanced diagnostic and
performance monitoring features. It uses an advanced dou-
ble-poly, double-metal CMOS process and requires only a
single 5-volt power supply.

s

* PCM/ Voice Channel Banks
« Data Channel Bank / Concentrator
* T1/E1 multiplexer
« Digital Access and Cross-connect Systems (DACS)
» Computer to PBX interface (CPI & DMI)
+ SONET/SDH Multiplexers
* Interfacing Customer Premises Equipment to a CSU

APRIL, 1996

.

Digital (crystal-less) jitter attenuation, selectable for
receive or transmit path, or may be disabled

High transmit and receive return loss

Constant low output impedance transmitter with
programmable equalizer shapes pulses to meet DSX-1

pulse template from 0 to 655 ft

Meets or exceeds industry specifications including
ITU G.703, ANSI T1.403 and AT&T Pub 62411

Compatible with most industry standard framers

Complete line driver, data recovery and clock
recovery functions

Minimum receive signal of 500 mV, with selectable

slicer levels (E1/DSX-1) to improve SNR
Local, remote, and dual loopback functions

Built-In Self Test with QRSS Pattern Generator

Transmit / Receive performance monitors with Driver

Fail Monitor (DFM) and Loss of Signal (LOS) outputs

Receiver jitter tolerance 0.4 Ul from 40 kHz to 100

kHz
Available in 44-pin PLCC and 44-pin QFP
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TPOS —|—» B8ZS/HDB3 b *—; » Timing & Equalizer
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OVERVIEW

In addtion to the inherent advantages of a DLIU, the
LXT332 also provides several advanced features which are
not available in other LXT30x-series devices. All of the
added features are easily implemented. Many require only
a clock pulse to change from one mode to another. Some
features are available in Host Mode only.

» Two complete LIUs in a single PLCC or QFP pack-
age

+ Simplifies board design, saves real estate

* Proven architecture (LXT3xx series)

» Crystal-less Jitter Attenuation

¢ New Features

STANDARD LXT332 FEATURES

¢ Tri-state Outputs

All LXT332 output pins can be forced to a high-Z
Tri-state mode. The Tri-state mode is enabled or
disabled by the TRSTE pin.

« Bipolar or Unipolar Data /O

The LXT332 / Framer interface can be either bipo-
lar (default) or unipolar (selectable). The unipolar
mode is selected by applying MCLK to the TRSTE

pin.

¢ BS8ZS or HDB3 Zero Suppression

The LXT332 incorporates zero suppression encod-
ers and decoders for use in the unipolar data I/O
mode. The encoders/decoders can be activated or
deactivated by changing the logic level on the re-
mapped TNEG pin.

¢ Selectable Jitter Attenuation

Jitter attenuation can be placed in either the trans-
mit or receive path or deactivated. The Jitter Atten-
uation Select (JASEL) pin determines the jitter
attenuation mode. No crystal required.

* Dual Loopback

2122

This option enables simultaneous loopbacks to
both the framer and the line. The TCLK, TPOS and
TNEG framer inputs are routed through the jitter
attenuator and looped back to the RCLK, RPOS
and RNEG outputs. The RTIP/RRING line inputs
are looped back through the timing recovery block
and line driver onto the TTIP/TRING outputs.

ADDITIONAL HOST-MODE FEATURES

High Frequency Clocks
— The LXT332 provides a pair of high frequency

clock outputs, one for each LIU. These 8x clocks
(12.352 MHz for T1, 16.384 MHz for E1) are tied
to the de-jittered clock from the JA of the respec-
tive LIU.

Bipolar Violation Insertion
— The same pins which provide the High Frequency -

Clocks can also be used to insert bipolar violations
into the outgoing data stream. Violations can be in-
serted into each LIU channel independently.

Built-In Self Test (QRSS)
— The LXT332 can generate and transmit a QRSS

pattern to Built-In Self Test (BIST) applications.
Logic errors and bipolar violations can be inserted
into the QRSS output. The LXT332 also detects
QRSS pattern synchronization and reports bit er-
rors in the received QRSS pattern data stream.

AIS Detection
— The LXT332 detects the AIS alarm signal on the

receive side independent of the loopback modes.
When AIS is detected (less than 3 zeros in 2048
bits), the LXT332 provides an indicator output.
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LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

SIGNAL DESCRIPTION

Figures 1 and 2 show the pinout diagrams for the PLCC
and QFP packages, respectively. Table 1 describes the
Host Mode signal functions, except signals that change
when in Unipolar Host Mode. Table 2 describes signal
functions that change when in Unipolar Most Mode.
Table 3 describes all Hardware Mode signal functions,
except signals that change when in Unipolar Mode.
Table 4 describes signal functions that change when in

" Unipolar Hardware Mode.

Figure 1: LXT332 Pin Assignments (PLCC Package)
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Figure 2: LXT332 Pin Assignments (QFP Package)
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Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions
Pin Pin
QFP | PLCC | Symbol | 1O’ Description
39 1 TRSTE DI | Tristate Output Enable Input Pin. Forces all output pins to high-Z tri-state
when held High. Enables Bipolar I/O mode when held Low. In this mode the
framer interface is bipolar (TPOS/TNEG and RPOS/RNEG), and the B8ZS/
HDB3 encoders are disabled. Enables Unipolar /O mode when clocked by
MCLK. In this mode the framer interface is unipolar (TDATA and RDATA),
and the TNEG and RNEG pins are re-mapped. The TNEG pins are re-
mapped as Encoder Enable (ECE) to individually enable the B8ZS/HDB3
encoder/decoder for each port. The RNEG pins are re-mapped as Bipolar
Violation (BPV) indicators to report BPVs received at the respective ports.
40 2 TCLKO DI | Transmit Clock - Port 0. 1.544 MHz for T1, 2.048 MHz for E1. The trans-
mit data inputs are sampled on the falling edge of TCLK.

1.DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al= Analog Input; AO = Analog Output
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Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions - continued

Pin Pin
QFP | PLCC | Symbol | /0O’ Description

41 3 TPOSO DI | Transmit Positive and Negative Data - Port 0. In the Bipolar I/O mode,
(Bipolar) these pins are the positive and negative sides of a bipolar input pair for port
0. Data to be transmitted onto the twisted-pair line is input at these pins.

42 4 TNEGO DI | However, when the TRSTE pin is clocked by MCLK, the LXT332 switches
(Bipolar) to a unipolar mode. Table 2 describes Unipolar mode pin functions.

43 5 RNEGO DO | Receive Positive and Negative Data - Port 0. In the Bipolar I/O mode,
(Bipolar) these pins are the data outputs from port 0. A signal on RNEG corresponds
to receipt of a negative pulse on RTIP/RRING. A signal on RPOS corre-
44 6 RPOSO DO | sponds to receipt of a positive pulse on RTIP/RRING. RNEG/RPOS outputs
(Bipolar) are Non-Return-to-Zero (NRZ). In Host mode, CLKE determines the clock
edge at which these outputs are stable and valid.

1 7 RCLKO DO |Receive Clock - Port 0. This clock is recovered from the input signal.
Under Loss of Signal (LOS) conditions, this output is derived from MCLK.
2 8 SCLK DI | Serial Clock. The Serial Clock shifts data into or out from the serial inter-
face register of the selected port.

3 9 VCQO DI/O | Provides Violation insert, High Frequency Clock, or QRSS generation/detec-
tion functions for Port 0. Pin operation is determined by the VCQE pin.

Violation Insertion Function. When the Violation insertion function is
enabled, this pin is sampled on the falling edge of TCLK to control bipolar
violation (BPV) insertion. If High, a BPV is inserted at the next available
mark transmitted from port 0. A Low-to-High transition is required for each
subsequent violation insertion. (B8ZS and HDB3 zero suppression codes are
not violated.)

Clock Function. When the Clock function is enabled, this pin outputs a
High Frequency Clock (12.352 MHz for T1, 16.384 MHz for E1) tied to the
jitter attenuated clock of port 0. If no JA clock is available, HFC is locked to
the 8x receive timing recovery clock.

Quasi Random Signal Source (QRSS) Function. When the QRSS function
is enabled, a High on this pin enables the QRSS detection circuit and causes
the LXT332 to transmit the QRSS pattern onto the twisted-pair line from
port 0. For error-free QRSS transmission, TPOSO must be held Low. To
insert errors into the pattern, TPOS must transition from Low to High (TPOS
is sampled on the falling edge of MCLK). A Low-to-High transition is
required for each subsequent violation insertion. (B8ZS and HDB3 zero
suppression codes are not violated.)

4 10 INT1 DO | Interrupt Outputs. The interrupt outputs go Low to flag the host processor
5 11 INTO DO | that the respective port has changed state. INTO and INT1 are open drain
outputs. Each must be tied to VCC through a resistor.

6 12 MCLK DI Master Clock. The master clock (1.544 MHz for T1, 2.048 MHz for E1)
input must be independent, free-running, continuously active and jitter free
for receiver operation. Since the transceivers derive their RCLK timing from
the MCLK input on Loss of Signal (LOS), MCLK cannot be derived from
RCLK.

1.DI = Digital Input; DO = Digital Output, DI/O = Digital Input/Output, AI= Analog Input; AO = Analog Output
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Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions - continued

Pin Pin
QFP | PLCC | Symbol | 1O' Description

7 13 GND - Ground. Ground return for power supply VCC.

8 14 TTIPO AO | Transmit Tip and Ring - Port 0. The tip and ring pins for each port are dif-

11 17 TRINGO | AO | ferential driver outputs designed to drive a 35 - 200 Q load. Line matching
resistors and transformers can be selected to give the desired pulse height.
See Figures 19 through 21.

9 15 TGNDO - Ground. Ground return for power supply TVCCO.

10 16 TVCCO I + 5'volt power supply input for the port 0 transmit driver. TVCCO must
not vary from TVCC1 or VCC by more than+ 0.3 V.

12 18 DFM O | Driver Fail Monitor. This signal goes High to indicate a driver output short
in one or both ports.

13 19 PSO I | Port Select - Port 0. This input accesses the serial interface registers for
port 0. For each read or write operation, PS must transition from High to
Low, and remain Low.

14 20 PDO DO | Pattern Detect - Port 0. Unless the QRSS function is selected by the VCQE
pin, PDO functions as an AIS alarm indicator. The AIS pattern is detected by
the receiver, independent of any loopback mode. AIS goes High when less
than three zeros have been detected in any string of 2048 bits. AIS returns
Low when the received signal contains more than three zeros in 2048 bits.
(LOS is available via the SIO register and interrupt.)

If the QRSS function is enabled by the VCQE pin, PDO remains High until
pattern sync is reached with the received signal. Once pattern lock is
obtained, PDO goes Low. (The sync/out-of-sync criteria is less than 3/4
errors in 128 bits.) After sync acquisition, bit errors cause PDO to go High
for half a clock cycle. This output can be used to trigger an external error
counter.

15 21 RTIPO DI | Receive Tip and Ring - Port 0. RTIP and RRING comprise the receive line

16 22 RRINGO DI | interface. This input pair should be connected to the line through a center-
tapped 1:2 transformer.

17 23 CLKE DI | Clock Edge Select. When CLKE is High, RPOS/RNEG or RDATA outputs
are valid on the falling edge of RCLK, and SDO is valid on the rising edge of
SCLK. When CLKE is Low, RPOS/RNEG or RDATA outputs are valid on
the rising edge of RCLK, and SDO is valid on the falling edge of SCLK.

18 24 RRING1 Al | Receive Tip and Ring - Port 1. RTIP and RRING comprise the receive line

19 25 RTIP1 Al | interface. This input pair should be connected to the line through a center-
tapped 1:2 transformer.

20 26 PD1 DO | Pattern Detect - Port 1. Reports AIS and QRSS pattern reception. See
PDO signal description for details.

21 27 SDI DI | Serial Data Input. SDI is sampled on the rising edge of SCLK.

22 28 PST DI | Port Select - Port 1. This input accesses the serial interface registers for
port 1. For each read or write operation, PS must transition from High to
Low, and remain Low.

1.DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output
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Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions - continued

Pin Pin
QFP | PLCC | Symbol | 10’ Description

23 29 TRING1 AO | Transmit Tip and Ring - Port 1. The tip and ring pins for each port are dif-

26 32 TTIP1 AO | ferential driver outputs designed to drive a 35 - 200 Q load. Line matching
resistors and transformers can be selected to give the desired pulse height.
See Figures 13 through 15.

24 30 TVCC1 Al |+ 5 volt power supply input for the port 1 transmit driver. TVCC1 must
not vary from TVCCO or VCC by more than + 0.3 V.

25 31 TGND1 - Ground. Ground return for power supply TVCC1.

27 33 VCC Al [+5 VDC power supply input for all circuits, except the transmit drivers.

28 34 JASEL DI | Jitter Attenuation Select. Selects jitter attenuation for both ports. When
JASEL =1, JA circuits are placed in the receive paths. When JASEL =0, JA
circuits are placed in the transmit paths. When JASEL is clocked with
MCLK, the JA circuit is disabled.

29 35 VCQl1 DI/O | Violation insert, Clock, or QRSS. Function (Violation insert, Clock, or
QRSS) is determined by the VCQE pin. Provides Violation Insertion, High
Frequency Clock or QRSS Generation functions for Port 1. Refer to VCQO
signal description for details.

30 36 SPE DI | Serial Port Enable. SPE must be clocked with MCLK to enable Host Mode
control through the serial port.

31 37 VCQE DI | Violation - Clock - QRSS Enable. When set High, enables the Bipolar Vio-
lation Insert functions of VCQO and VCQ1 pins. When set Low, enables the
High Frequency Clock functions of VCQO0 and VCQ1. When clocked with
MCLK, enables the QRSS functions of VCQO and VCQI, and enables the
QRSS Generate and Detect function of PDO0 and PD1 pins.

32 38 SDO DO | Serial Data Output. 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.

33 39 RCLK1 DO | Receive Clock - Port 1. This clock is recovered from the input signal.
Under Loss of Signal (LOS) conditions, this output is derived from MCLK.

34 40 RPOS1 DO | Receive Positive and Negative Data - Port 1. In the Bipolar I/O mode,

(Bipolar) these pins are the data outputs from port 1. A signal on RPOS corresponds to
receipt of a positive pulse on RTIP/RRING. A signal on RNEG corresponds

35 41 RNEG1 DO | to receipt of a negative pulse on RTIP/RRING. RNEG/RPOS outputs are

(Bipolar) Non-Return-to-Zero (NRZ). CLKE determines the clock edge at which
these outputs are stable and valid.

36 42 TNEG1 DI | Transmit Positive 2nd Negative Data - Port 1. In the Bipolar I/O mode,

(Bipolar) these pins are TPOS and TNEG, the positive and negative sides of a bipolar
input pair for port 1. Data to be transmitted onto the twisted-pair line is input

37 43 TPOS1 DI | at these pins. However, when TRSTE is clocked by MCLK, the LXT332

(Bipolar) switches to a unipolar mode. Unipolar mode pin functions are described sep-
arately.

38 44 TCLK1 DI | Transmit Clock - Port 1. 1.544 MHz for T1, 2.048 MHz for E1. The trans-
mit data inputs are sampled on the falling edge of TCLK.

1.DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; AI= Analog Input; AO = Analog Output
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Table 2: Unipolar Host Mode Pin Descriptions’

Pin Pin Symbol | /10 Descfiption
QFP PLCC

41 3 TDATAO | DI |TransmitData - Port 0. In the Unipolar mode, the data to be transmitted
onto the twisted-pair line from port 0 is input at this pin.

42 4 ECEO DI | Encoder Enable - Port 0. In the Unipolar mode, a High on this pin enables
the B8ZS or HDB3 encoder and decoder for port 0.

43 5 BPVO DO | Bipolar Violation - Port 0. In the Unipolar mode this indicator output goes
High when a bipolar violation is received at port 0.

44 6 RDATAO | DO |Receive Data - Port 0. In the Unipolar mode, RDATA is a Non-Return-to-
Zero (NRZ) output. CLKE determines the RCLK edge which RDATA is
stable and valid.

34 40 RDATAl | DO |Receive Data - Port 1. In the Unipolar mode, RDATA is a Non-Return-to-
Zero (NRZ) output. CLKE determines the RCLK edge which RDATA is
stable and valid. :

35 41 BPV1 DO | Bipolar Violation - Port 1. In the Unipolar mode this indicator output goes
High when a bipolar violation is received at port 1.

36 42 ECE1 DI | Encoder Enable - Port 1. In the Unipolar mode, a High on this pin enables
the B8ZS or HDB3 encoder and decoder for port 1.

37 43 TDATAI1 DI | Transmit Data - Port 1. In the Unipolar mode, the data to be transmitted
onto the twisted-pair line from port 1 is input at this pin.

1. Table 1 describes the pins that do not change function in Unipolar Host Mode and functions of pins unique to Bipolar Mode.

Table 3: Hardware Mode Pin and Bipolar Hardware Mode Pin Descriptions1

Pin
QFP

Pin
PLCC

Symbol

10?

Description

39

1

TRSTE

DI

Tristate Output Enable Input Pin. Forces all output pins to high-Z Tri-state
when held High. Enables Bipolar I/O mode when held Low. In this mode the
framer interface is bipolar (TPOS/TNEG and RPOS/RNEG), and the B8ZS/
HDBS3 encoders are disabled. Enables Unipolar /O mode when clocked by

{ MCLK. In this mode the framer interface is unipolar (TDATA and RDATA),

and the TNEG and RNEG pins are re-mapped. The TNEG pins are re-mapped
as Encoder Enable (ECE) to individually enable the BSZS/HDB3 encoder/
decoder for each port. The RNEG pins are re-mapped as Bipolar Violation
(BPV) indicators to report BPVs received at the respective ports.

40

TCLKO

DI

Transmit Clock - Port 0. 1.544 MHz for T1, 2.048 MHz for E1. The trans-
mit data inputs are sampled on the falling edge of TCLK.

41

42

TPOSO0
(Bipolar)

TNEGO
(Bipolar)

DI

Transmit Data Positive and Negative - Port 0. In the Bipolar I/O mode,
these pins are the positive and negative sides of a bipolar input pair for port 0.
Data to be transmitted onto the twp line is input at these pins. However, when
TRSTE is clocked by MCLK, the LXT332 switches to a unipolar mode. Uni-
polar mode pin functions are described separately.

1. Table 4 describes the pins used in Unipolar Hardware Mode.
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Table 3: Hardware Mode Pin and Bipolar Hardware Mode Pin Descriptions? - continued

Pin Pin | Symbol | 1/0? Description
QFP | PLCC
43 5 RNEGO | DO [Receive Data Positive and Negative - Port 0. In the Bipolar I/O mode, a sig-
(Bipolar) nal on RNEG corresponds to receipt of a negative pulse on RTIP/RRING. A
signal on RPOS corresponds to receipt of a positive pulse on RTIP/RRING.
44 6 RPOSO RNEG/RPOS outputs are Non-Return-to-Zero (NRZ). RPOS and RNEG are
(Bipolar) stable and valid on the rising edge of RCLK.

1 7 RCLKO | DO [Receive Clock - Port 0. This clock is recovered from the input signal. Under
Loss of Signal (LOS) conditions, this output is derived from MCLK.

2 8 TAOSO DI | Transmit All Ones Enable - Port 0. When TAOS is High and RLOOP is
Low, the TPOS/TNEG or TDATA input is ignored and port 0 transmits a
stream of ones at the TCLK frequency. If TCLK is not provided, the MCLK
input is used as the transmit reference.

3 9 LEN20 DI |Line Length Equalizer Inputs - Port 0. This pins determine the shape and

4 10 LEN10 DI | amplitude of the transmit pulse.

5 11 LENO0 DI

6 12 MCLK DI | Master Clock. The master clock (1.544 MHz for T1, 2.048 MHz for E1) input
must be independent, free-running, continuously active and jitter free for
receiver operation. Since the transceivers derive their RCLK timing from the
MCLK input on Loss of Signal (LOS), MCLK cannot be derived from RCLK.

7 13 GND — | Ground. Ground return for power supply VCC.

8 14 TTIPO AO | Transmit Tip and Ring - Port 0. The tip and ring pins for each port are dif-

11 17 TRINGO | AO | ferential driver outputs designed to drive a 35 - 200 Qload. Line matching
resistors and transformers can be selected to give the desired pulse height. See
Figures 13 through 15.

9 15 TGNDO — | Ground. Ground return for power supply TVCCO.

10 16 TVCCO Al | + 5 volt power supply input for the port 0 transmit driver. TVCCO must not
vary from TVCC1 or VCC by more than + 0.3 V.

12 18 DFM DO | Driver Fail Monitor. This signal goes High to indicate a driver output short
in one or both ports.

13 19 RLOOPO | DI |Remote Loopback Enable - Port 0. When RLOOP = 1, the port 0 clock and
data inputs from the framer are ignored and the data received from the twisted-
pair line is transmitted back onto the line at the RCLK frequency. (LLOOPO
must be Low for RLOOPO to occur.)

14 20 LOSO DO | Loss of Signal - Port 0. LOS goes High when 175 consecutive spaces have
been detected. LOS returns Low when the received signal reaches a mark den-
sity of 12.5% (determined by receipt of four marks with a sliding 32-bit period
with no more than 15 consecutive zeros). Received marks are output on
RPOS/RNEG or RDATA even when LOS is High.

15 21 RTIPO Al |Receive Tip and Ring - Port 0. RTIP and RRING comprise the receive line

16 22 RRINGO | AI |interface. This input pair should be connected to the line through a center-
tapped 1:2 transformer.

17 23 LLOOPO | DI |Local Loopback Enable - Port 0. When LLOOP is High, the RTIP/RRING
inputs from the port O line are disconnected and the transmit data inputs are
routed back into the receive inputs (through JA if enabled). (RLOOPO must
be Low for LLOOPO to occur.)

1. Table 4 describes the pins used in Unipolar Hardware Mode.
2.DI = Digital Input; DO = Digital Output, DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output

ULEVEL
LL(’ONE,

2-129




LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

Table 3: Hardware Mode Pin and Bipolar Hardware Mode Pin Descriptions® - continued

Pin Pin | Symbol | 1/0? Description
QFP | PLCC

18 . 24 RRING1 Al | Receive Tip and Ring - Port 1. RTIP and RRING comprise the receive line

19 25 RTIP1 Al |interface. This input pair should be connected to the line through a center-
tapped 1:2 transformer.

20 26 LOS1 DO | Loss of Signal - Port 1. LOS goes High when 175 consecutive spaces have
been detected. LOS returns to a logic O when the received signal reaches a
mark density of 12.5% (refer to LOSO signal description for details).

21 27 LLOOP1 | DI |Local Loopback Enable - Port 1. (RLOOP1 must be Low for LLOOP1 to
occur.)

22 28 TAOS1 DI | Transmit All Ones Enable - Port 1. (RLOOP1 must be Low for TAOS1 to
occur.)

23 29 TRING1 | AO | Transmit Ring - Port 1. The tip and ring pins for each port are differential

26 32 TTIP1 AO | driver outputs designed to drive a 35 - 200 Q load. Line matching resistors
and transformers can be selected to give the desired pulse height. See Figures

. 19 through 21. '

24 30 TVCCl1 Al |+ 5 volt power supply input for the port 1 transmit driver. TVCC1 must not
vary from TVCCO or VCC by more than + 0.3 V.

25 31 TGND1 — | Ground. Ground return for power supply TVCC1.

27 33 vCC Al | +5 VDC power supply input for all circuits, except the transmit drivers.

28 34 JASEL DI | Jitter Attenuation Select. Selects jitter attenuation for both ports. When
JASEL = 1, JA circuits are placed in the receive paths. When JASEL =0, JA
circuits are placed in the transmit paths. When JASEL is clocked with MCLK,
the JA circuit is disabled.

29 35 LENO1 DI |Line Length Equalizer inputs - Port 1. These pins determine the shape and

30 36 LENI1 DI | amplitude of the transmit pulse.

31 37 LEN21 DI

32 38 RLOOP1 DI |Remote Loopback Enable - Port 1. (LLOOP1 must = 0 for RLOOP to
occur.)

33 39 RCLK1 DO | Receive Clock - Port 1. This clock is recovered from the twisted-pair input
signal. Under Loss of Signal (LOS) conditions, this output is derived from
MCLK.

34 40 RPOSI1 DO | Receive Data Positive and Negative - Port 1. In the Bipolar I/O mode, these

(Bipolar) pins are the data outputs from port 1. A signal on RPOS corresponds to
receipt of a positive pulse on RTIP/RRING. A signal on RNEG corresponds

35 41 RNEG1 DO | to receipt of a negative pulse on RTIP/RRING. RNEG/RPOS outputs are

(Bipolar) Non-Return-to-Zero (NRZ). RPOS and RNEG are stable and valid on the ris-
ing edge of RCLK.

36 42 TNEG1 DI | Transmit Data Positive and Negative - Port 1. In the Bipolar I/O mode,
these pins are TPOS and TNEG, the positive and negative sides of a bipolar

37 43 TPOS1 DI | input pair for port 1. Data to be transmitted onto the twisted-pair line is input
at these pins. However, when the TRSTE pin is clocked by MCLK, the
LXT332 switches to a unipolar mode. Unipolar mode pin functions are
described separately.

38 44 TCLK1 DI | Transmit Clock - Port 1. 1.544 MHz for T1, 2.048 MHz for E1. The trans-
mit data inputs are sampled on the falling edge of TCLK.

1. Table 4 describes the pins used in Unipolar Hardware Mode.
2.DI= Digital Input; DO = Digital Output; DI/O = Digital Input/Output, Al = Analog Input; AO= Analog Output

2-130

OLEVEL
[EaE
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Table 4: Unipolar Hardware Mode Pin Descriptions’

Pin Pin Symbol | /O Description
QFC PLCC

41 3 TDATAO DI | Transmit Data - Port 0. In the Unipolar mode, the data to be transmitted
onto the line from port 0 is input at this pin.

42 4 ECEO DI |Encoder Enable - Port 0. In the Unipolar mode, a High on this pin enables
the B8ZS or HDB3 encoder and decoder for port 0.

43 S BPVO DO | Bipolar Violation - Port 0. In the Unipolar mode this indicator output goes
High when a bipolar violation is received at port 0.

44 6 RDATAO | DO |Receive Data - Port 0. In the Unipolar mode, RDATA is a Non-Return-to-
Zero (NRZ) output. RDATA is stable and valid on the rising edge of RCLK.

34 40 RDATA1 | DO |Receive Data - Port 1. In the Unipolar mode, RDATA is a Non-Return-to-
Zero (NRZ) output. RDATA is stable and valid on the rising edge of RCLK.

35 41 BPV1 DO | Bipolar Violation - Port 1. In the Unipolar mode this indicator output goes
High when a bipolar violation is received at port 1.

36 42 ECE1 DI | Encoder Enable - Port 1. In the Unipolar mode, a High on this pin enables
the B8ZS or HDB3 encoder and decoder for port 1.

37 43 TDATA1 DI | Transmit Data - Port 1. In the Unipolar mode, the data to be transmitted
onto the line from port 1 is input at this pin.

1. ”I{d'ab;e 3 describes the pins that do not change function in Unipolar Hardware Mode and the functions of pins unique to Bipolar
odae.
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FUNCTIONAL DESCRIPTION

NOTE
This Functional Description is intended for design aid
only.

The figure at the beginning of this Data Sheet shows a sim-
plified block diagram of the LXT332. The LXT332 is a
fully integrated Dual Line Interface Unit (DLIU) which
contains two complete transceivers. The DLIU is designed
for both 1.544 Mbps (DSX-1) and 2.048 Mbps (E1) appli-
cations. Both transceivers operate at the same frequency,
which is determined by the MCLK input.

Each DLIU transceiver front end interfaces with two
twisted-pair lines, one pair for transmit, one pair for
receive. These two twisted-pair lines comprise a digital
data loop for full duplex transmission. The integrated crys-
tal-less jitter attenuator may be positioned in either the
transmit or receive path, or disabled.

Each DLIU transceiver back-end interfaces with a framer
through either bipolar or unipolar data I/O channels. The
DLIU may be controlled by a microprocessor through the
serial port (Host control mode), or by hard-wired pins for
stand-alone operation (Hardware control mode).

RECEIVER

The two receivers in the LXT332 DLIU are identical. The
following paragraphs describe the operation of one.

The twisted-pair input is received via a center-tapped 1:2
transformer. Positive pulses are received at RTIP, negative
pulses at RRING. Recovered data is output at RPOS and
RNEG in the bipolar mode and at RDATA in the unipolar
mode. The recovered clock is output at RCLK. RPOS/
RNEG or RDATA outputs are valid on the rising edge of
RCLK. Refer to the Test Specifications Section for
receiver timing,.

The receive signal is processed through the peak detector
and data slicers. The peak detector samples the received
signal and determines its maximum value. A percentage of
the peak value is provided to the data slicers as a threshold
level to ensure optimum signal-to-noise ratio. For DSX-1
applications (line length inputs LENO - LEN2 = 000 or
001) the threshold is set to 70% (typical) of the peak value.
This threshold is maintained above the specified level for
up to 15 successive zeros over the range of specified oper-
ating conditions. For El applications (LEN inputs = 000 or
001), the threshold is 50 % (typical).

The receiver is capable of accurately recovering sig-
nals with up to -13.6 dB of attenuation (from 2.4 V),
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the RCLK output in a smooth transition.

corresponding to a received signal level of approxi-
mately 500 mV. Maximum line length is 1500 feet of
ABAM cable (approximately 6 dB of attenuation).
Regardless of received signal level, the peak detectors
are held above a minimum level of 0.3 V (typical) to
provide immunity from impulsive noise.

After processing through the data slicers, the received sig-
nal goes to the data and timing recovery section, and to the
receive monitor. The data and timing recovery circuits pro-
vide an input jitter tolerance better than required by Pub
62411 or ITU G.823, as shown in Test Specifications.

The receiver monitor loads a digital counter at the RCLK
frequency. The count is incremented each time a zero is
received, and reset to zero each time a one (mark) is
received. Upon receipt of 175 consecutive zeros the LOS
flag is set, and the recovered clock is replaced by MCLK at
(MCLK is
required for receive operation.) When the received signal
reaches 12.5% ones density (4 marks in a sliding 32-bit
period) with no more than 15 consecutive zeros, the LOS
flag is reset and another smooth transition replaces MCLK
with the recovered clock at RCLK. During LOS condi-
tions, received data is output on RPOS/RNEG (or RDATA
if unipolar I/0O is selected).

Depending on the options selected, recovered clock and
data signals may be routed through the jitter attenuator,
through the B8ZS/HDB3 decoder, and may be output to the
framer as either bipolar or unipolar data. In unipolar data
I/0O mode, the LXT332 reports bipolar violations via an
output for one RCLK period on the respective BPV pin.

TRANSMITTER

The two transmitters in the LXT332 DLIU are identical.
The following paragraphs describe the operation of a single
transmitter.

Transmit data from the framer is clocked serially into the
device at TPOS/TNEG in the bipolar mode or at TDATA
in the unipolar mode. The transmit clock (TCLK) supplies
the input synchronization. The transmitter samples TPOS/
TNEG or TDATA inputs on the falling edge of TCLK. If
TCLK is not supplied, the transmitter remains powered
down and the TTIP/TRING outputs are held in a high-Z
state, except during RLOOP, DLOOP, QRSS or TAOS
modes. A separate power supply (TVCCO or TVCC1) sup-
plies each output driver. Current limiters on the output
drivers provide short circuit protection.” Refer to the Test
Specifications Section for MCLK and TCLK timing char-
acteristics. The LXT332 transmits data as a 50% AMI line
code as shown in Figure 3. Enabling the zero suppression
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encoders/decoders overrides the default and the transmis-
sion complies with the selected encoding scheme.

Zero suppression is available only in Unipolar Mode. The
two zero-suppression types are B8ZS, used in T1 environ-
ments, and HDB3, used in E1 environments. The scheme
selected depends on whether the application is T1 or E1.

Bipolar Violation Insertions

In the Host mode with unipolar data I/O selected, a Bipolar
Violation (BPV) insert function is available. When the
VCQE pin is held High, VCQO0 and VCQI1 pins control
bipolar Violation Insertion (VI) for ports 0 and 1, respec-
tively. TDATA and VI are both sampled on the falling
edge of TCLK. If VI is High, the next available mark is
transmitted as a BPV, except as follows:

1. B8ZS and HDB3 zero suppression is not violated.

2. If Local Loopback (LLOOP) and Transmit All Ones
(TAOS) are both active, the BPV is looped back to
RDATA but the line driver transmits All Ones (no vi-
olations).

3. During Remote Loopback (RLOOP = 1), BPV Insert
is disabled.

A Low-to-High transition on VI is required for each subse-
quent BPV insertion.

Figure 3: 50% AMI Coding

TTIP / \

<4 Bit Cell —

1 0 \ 1
/

/
\

TRING

\

Table 5: Equalizer Control Inputs

Pulse Shape

The transmitted pulse shape is determined by Line Length
equalizer control signals LENO through LEN2 as shown in
Table 5. Equalizer codes are hardwired in Hardware
mode. In Host mode the LEN codes are input through the
serial interface. Shaped pulses are applied to the AMI line
driver for transmission onto the line at TTIP and TRING.
The line driver provides a constant low output impedance
of < 3Q) (typical), regardless of whether it is driving marks
or spaces. This well controlled impedance provides excel-
lent return loss when used with external precision resistors
(£ 1 % accuracy) in series with the transformer. Table 8
lists recommended transformer specifications. The Appli-
cation Information Section lists transformer specifications,
recommended transformer ratios, series resistor (Rt) val-
ues, and typical return losses for various LEN codes. To
minimize power consumption the LXT332 can be tied
directly to a 1:1.15 transformer without series resistors.

Pulses can be shaped for either 1.544 Mbps or 2.048 Mbps
applications. 1.544 Mbps pulses for DSX-1 applications
can be programmed to match line lengths from 0 to 655
feet of 22 AWG ABAM cable. A combination of 9.1 Q
resistors and a 1:2.3 transformer is recommended for

DSX-1 applications. The LXT332 also matches FCC

~ pulse mask specifications for CSU applications.

The LXT332 produces 2.048 Mbps pulses for both 75Q
coaxial (2.37 V) or 120Q2 shielded (3.0 V) lines through an
output transformer with a 1:2 turns ratio. For coaxial sys-
tems, 9.1Q) series resistors are recommended. For twisted-
pair lines, use 15Q resistors.

Transmit
LEN2 | LEN1 | LENO Line Length' Cable Loss? Application Rate
0 1 1 0 - 133 ft. ABAM 0.6 dB
1 0 0 133 - 266 ft ABAM 1.2dB
1 0 1 266 - 399 ft ABAM 1.8dB DSX-1 1.544 Mbps
1 1 0 399 - 533 ft ABAM 2.4dB
1 1 1 533 - 655 ft ABAM 3.0dB
0 0 0 ITU Recommendation G.703 El - Coax (75Q2) 2.048 Mbps
0 0 1 E1 - Twisted-pair (1209)
0 1 0 FCC Part 68, Option A CSU 1.544 Mbps

1. Line length from LXT332 to DSX-1 cross-connect point
2. Maximum cable loss at 772 kHz

YLEVEL
[EcE
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DRIVER FAILURE MONITOR

The transceiver incorporates an internal Driver Failure
Monitor (DFM) in parallel with TTIP and TRING. A
capacitor, charged via a measure of the driver output cur-
rent and discharged by a measure of the maximum allow-
able current detects driver failure. Shorted lines draw
excess current, overcharging the cap. When the capacitor
charge deviates outside the nominal charge window, a
driver fail is reported. In Host mode the DFM bit is set in
the serial word. In Hardware mode the DFM pin goes
High. During a long string of spaces, a short-induced over-
charge eventually bleeds off, clearing the DFM flag. In
host mode, when the LXT332 detects an open circuit, it
asserts the interrupt line and sets the interrupt status bits
but leaves the DFM bit unchanged. This interrupt condition
can be cleared by writing a 1 to the D1 bit.

JITTER ATTENUATION

A digital Jitter Attenuation Loop (JAL) combined with an
Elastic Store (ES) provides Jitter attenuation. The JAL is
internal and requires no external crystal nor high-fre-
quency (higher than line rate) clock. When JASEL = 1, the
JAL is positioned in the receive path. When JASEL =0,
the JAL is positioned in the transmit path. With JASEL
clocked by MCLK, the JAL is disabled. MCLK is the ref-
erence for the JAL.

The ES is a 32 x 2-bit register. Data is clocked into the ES
with the associated clock signal (TCLK or RCLK), and
clocked out of the ES with the dejittered JAL clock. When
the ES is within two bits of overflowing or underflowing,
the ES adjusts the output clock by 1/8 of a bit period. The
ES produces an average delay of 16 bits in the associated
path.

Host Mode provides a dejittered High Frequency Clock
(HFC). This 8x clock (12.352 MHz for T1, 16.384 MHz
for E1) is tied to the output clock from the JAL. With JA
active in the receive path, HFO is tied to RCLK and under
LOS conditions defaults to MCLK. With.JA active in the
transmit path, HFO is tied to TCLK and defaults to MCLK
if TCLK is not available. If JA is disabled, HFO is tied to
MCLK.

BUILT-IN SELF TEST

In Host mode, the LXT332 provides a Built-In Self Test
(BIST) mode. Quasi-Random Signal Source (QRSS) gen-
eration and detection circuitry is integrated into the
LXT332. When the QRSS BIST mode is selected, the
LXT332 detects and reports QRSS pattern sync on the
incoming signal. When triggered, the LXT332 also trans-
mits the QRSS pattern onto the line. Pattern transmission
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and detection is independently triggered and reported for
each port. Refer to Diagnostic Mode Operation for detailed
description.

CONTROL MODES

The LXT332 transceiver operates in stand alone Hardware
(default) Mode or Host Mode depending on the input to the
SPE pin. When tied to SPE, MCLK acts as a Serial Port
Enable signal to force the LXT332 into its Host mode. The
data I/O mode, bipolar or unipolar, is controlled by the
TRSTE pin. With TRSTE Low, bipolar I/O is selected.
With TRSTE clocked, unipolar I/O is selected. Several
diagnostic modes are available on command.

Host Mode Control

The LXT332 operates in the Host mode when the SPE pin
is clocked with MCLK. In Host mode a microprocessor
controls the LXT332 through the serial I/O port (SIO)
which provides common access to both LIUs. Each of the
two LIUs contains a pair of data registers, one for com-
mand inputs and one for status outputs. Only one LIU can
be selected at a time. If both PSO and PS1 are active, Port
0 has priority over Port 1. An SIO transaction is initiated by
a falling pulse on one of the two Port Select pins, PSO or
PS1. A High-to-Low transition on PS0/1 is required for
each subsequent access to the Host mode registers. If both
PSO and PS1 are active simultaneously, Port 0 has priority
over Port 1.

The LIU addressed by the PS pulse responds by writing the
incoming serial word from the SDI pin into its command
register. Figure 4 shows an SIO write operation. The 16-
bit serial word consists of an 8-bit Command/Address byte
and an 8-bit Data byte. If the command word contains a
read request, the addressed LIU subsequently outputs the
contents of its status register onto the SDO pin. Figure 5
shows an SIO read operation. The Clock Edge (CLKE)
signal determines when the SDO and receive data outputs
are valid, relative to the Serial Clock (SCLK) or RCLK as
listed in Table 6. Refer to the Test Specifications section
for SIO timing.

Serial Input Word

Figure 4 shows the Serial Input data structure. The
LXT332 is addressed by setting bit A4 in the Address/
Command byte, corresponding to address 16. Bit 1 of the
serial Address/Command byte provides Read/Write (R/W)
control when the chip is accessed. The R/W bit is set to
logic 1 to read the data output byte from the chip, and set to
logic 0 to write the input data byte to the chip.

s
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The second 8 bits of a write operation, the Data Input byte,
clear Loss of Signal (LOS) and Driver Fail Monitor (DFM)
interrupts, reset the chip, and control diagnostic modes.
The first 2 bits (D0 — D1) clear and/or mask LOS and DFM
interrupts, and the last 3 bits (DS - D7) control operating
modes (normal and diagnostic) and chip reset. Refer to
Table 7 for details on bits D5 — D7 Serial Output Word.

Serial Output Word

. Figure 4 shows the Serial Output data structure. SDO is
high impedance when SDI receives an Address/Command
byte. If SDI receives a write command (R/W = 0), SDO
remains in high impedance. If the command is a read (R/
W =1), then SDO becomes active after the last Command/
Address bit (A6) and remains active for eight SCLK cycles.
Typically the first bit out of SDO changes the state of SDO
from high-z to a Low/High. This occurs approximately 100
ps after the eighth following edge of SCLK.

The output data byte reports Loss of Signal (LOS) and
Driver Fail Monitor (DFM) conditions, equalizer settings,
and operating modes (normal or diagnostic). The first 5
bits (DO - D4) report LOS and DFM status, and the Line
Length Equalizer settings. The last 3 bits (D5 - D7) report
operating modes and interrupt status.

If the INTx line for port x is High (no interrupt is pending),
bits D5 - D7 report the operating modes listed in Table 8.
If the INTXx line for port x is Low, the interrupt status over-
rides all other reports and bits D5 - D7 reflect the interrupt
status as listed in Table 8.

Table 6: CLKE Settings

Valid
CLKE Output Clock Edge
LOW RPOS/RNEG RCLK Rising
RDATA RCLK Rising
SDO SCLK Falling
HIGH RPOS/RNEG RCLK Falling
RDATA RCLK Falling
SDO SCLK Rising
Table 7: SIO Input Bit Settings
(See Figure 4)
Mode RLOOP | LLOOP TAOS
Bit D5 Bit D6 Bit D7
RLOOP 1 0 N/A
LLOOP 0 1 N/A
DLOOP 1 1 1
TAOS 0 wa 1
RESET 1 1 0

Table 8: LXT332 Serial Data Output Bit Coding (See Figure 5)

Bit

DS Dé D7 Operating Modes

0 0 0 Reset has occurred, or no program input (i.e., normal operation) or DLOOP active. !
0 0 1 TAOS active

0 1 0 LLOORP active

0 1 1 TAOS and LLOOP active

1 0 0 RLOORP active

Interrupt Status

1 0 1 DFM has changed state since last Clear DFM occured

1 1 0 LOS has changed since last Clear LOS occurred

1 1 1 DFM and LOS have changed since last Clear DFM and Clear LOS occurred

1. No explicit status information is available on DLOOP.

ULEVEL
[ERE
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Figure 4: LXT332 SIO Write Operation
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Interrupt Handling

The Host mode provides two latched Interrupt output pins,
INTO and INT1, one for each LIU. An interrupt is triggered
by a change in the LOS or DFM bits (DO and D1 of the out-
put data byte, respectively). As shown in Figure 6, either
or both interrupt generators can be masked by writing a one
to the respective bit of the input data byte (DO = LOS, D1
=DFM). When an interrupt has occurred, the INTx output
pin is pulled Low. The output stage of each INTx pin con-
sists only of a pull-down device. Hence, an external pull-
up resistor is required. The interrupt is cleared as follows:

1. If one or both interrupt bits (LOS or DFM, DO and D1
of the output data byte) =1, writing a 1 to the respec-
tive input bit (DO or D1, respectively, of the input data
byte) will clear the interrupt. Leaving a 1 in either of
these bit positions will effectively mask the associated
interrupt. To re-enable the interrupt capability, reset
DO and/or D1 to 0.

2. If neither LOS or DFM=1, the interrupt will be
cleared by resetting the chip. To reset the chip, set da-
ta input bits D5-and D6 = 1, and D7 =0.

HARDWARE MODE CONTROL

Hardware control is the default operating mode; the
LXT332 operates in Hardware mode unless LEN11/SPE
pin is clocked. In Hardware mode the transceiver is con-
trolled through individual pins; a pP is not required. The
SIO pins are re-mapped to provide control functions. (Data
1/0 mode selection is unaffected by the control mode. The
TRSTE pin selects either unipolar or bipolar data I/O.) In
Hardware mode the RPOS/RNEG or RDATA/BPV outputs
are valid on the rising edge of RCLK.

CLEVEL
(CEN

DIAGNOSTIC MODE OPERATION

The LXT332 offers multiple di'agnostic modes. Local
Loopback (LLOOP), Remote Loopback (RLOOP), Dual
Loopback (DLOOP) and Transmit All Ones (TAOS) are
available under both Host and Hardware control. An addi-
tional Quasi-Random Signal Source (QRSS) mode is avail-
able under Host control only.

Under Host control, diagnostic modes are selected by writ-
ing the appropriate SIO bits. Under Hardware control,
diagnostic modes are selected by a combination of pin set-
tings. The pins must be held at the specified levels for a
minimum of 20 ns. The SIO bit names (Host Mode) and
pin identifiers (Hardware Mode) for diagnostic functions
are identical. Where a particular function can be enabled in
either mode, 1=High and O=Low.
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Figure 6: LX332 Interrupt Handling
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Transmit All Ones. See Figure 7. Transmit All Ones
(TAOS) is selected when TAOS = 1 and RLOOP =0. In
TAOS mode the TPOS and TNEG inputs are ignored, but
the transmitter remains locked to the TCLK input. When
TAOS is selected, the transceiver transmits a continuous
stream of 1's at the TCLK frequency. If TCLK is not sup-
plied, MCLK is used as the transmit reference.

TAOS can be commanded simultaneously with Local
Loopback as shown in Figure 8, but is inhibited during
Remote and Dual Loopback.

Local Loopback. See Figures 8 and 9. Local Loopback
(LLOOP) is selected when LLOOP = 1 and RLOOP =0. In
LLOOP mode the receiver circuits are inhibited. The trans-
mit clock and data inputs (TCLK and TPOS/TNEG or
TDATA) are looped back and output at RCLK and RPOS/
RNEG or RDATA. During local loopback, the JASEL
input functions as follows: If JASEL=0, JA is enabled and
active in both the Transmit path and the loopback circuit. If
JASEL=1, JA is enabled in the Loopback circuit only. If
JASEL = MCLK, JA is disabled.

The transmitter circuits are unaffected by LLOOP. The
TPOS/TNEG or TDATA inputs (or a stream of 1s if the
TAOS command is active) will be transmitted normally.
When used in this mode, the transceiver can be used as a
stand-alone jitter attenuator.

Remote Loopback. See Figure 10. Remote Loopback
(RLOOFP) is selected when RLOOP = 1 and LLOOP = 0.
(Under this condition, TAOS is ignored. TAOS cannot be
commanded simultaneously with RLOOP.) In RLOOP
mode, the transmit clock and data inputs (TCLK and
TPOS/TNEG or TDATA) are ignored. The RPOS/RNEG
or RDATA outputs are looped back to the transmit circuits
and output on TTIP and TRING at the RCLK frequency.
Receiver circuits are unaffected by the RLOOP command
and continue to output the data and clock signals received
from the line. During remote loopback, the JASEL input
functions as follows: If JASEL = 1, JA is enabled and
active in both the Receive path and the loopback circuit. If
JASEL = 0, JA is enabled in the Loopback circuit only. If
JASEL = MCLK, JA is disabled.

Dual Loopback. See Figure 11. Dual Loopback
(DLOOQOP) is selected when RLOOP = 1, LLOOP =1 and
TAOS = 1. In DLOOP mode, the transmit clock and data
inputs (TCLK and TPOS/TNEG or TDATA) are looped
back through the jitter attenuator (unless disabled by a
clock input to the JASEL pin) and output at RCLK and
RPOS/RNEG or RDATA. The data and clock recovered
from the line are looped back through the transmit circuits
and output on TTIP and TRING without jitter attenuation.
Unlike the other diagnostic modes, no explicit SIO status
indicator is available for DLOOP in the SIO status register.

SLEVEL
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Figure 7: TAOS Data Path
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Figure 9: Local Loopback with Selectable JA
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QRSS Built-In Self Test (Host Mode only). See Figure
12. The QRSS Built-In Self Test (BIST) mode is available
only under Host control. The QRSS BIST mode is selected
by clocking the VCQE pin with MCLK. Once the QRSS
BIST mode is selected, the VCQO and VCQI pins are re-
mapped to trigger the QRSS transmission. A High on one
of these pins triggers QRSS pattern transmission from the
appropriate port. The QRSS pattern for DSX-1 systems is
220_1, with no more than 14 consecutive zeros. For CEPT
systems the QRSS pattern is 2 3 -1. The QRSS pattern is
locked to MCLK. Once the QRSS transmission is acti-
vated, errors can be inserted into the transmit data stream
by causing a Low-to-High transition on the TPOS/TDATA
pin for the respective port. In Bipolar mode, Low-High
transitions cause both a logic error and a bipolar violation
to be inserted into the QRSS data stream. In Unipolar
~ mode, only a logic error is inserted.

The Pattern Detect circuitry is activated by the QRSS BIST
mode, although the basic receive circuits are unaffected.
The Pattern Detect (PDn) pins indicate QRSS pattern sync.
The Pattern Detect pin stays High until synchronization is
achieved on the QRSS pattern. The QRSS pattern is con-
sidered in sync when there are fewer than 4 errors in 128
bits. The PD pin goes High indicating an out-of-sync con-
ditions if 4 or more errors are detected in 128 bits (i.e. sync
is defined as fewer than 4 errors in 128 bits).

INITIALIZATION/RESET OPERATION

Upon initial power up, the transceiver is held static until
the power supply reaches approximately 3 V. Upon cross-
ing this threshold, the device clears all internal registers
and begins calibration of the delay lines. A reference clock
is required to calibrate the delay lines. TCLK is the trans-
mit reference, and MCLK is the receive reference. The
PLLs are continuously calibrated.

The transceiver can be reset from the Host or H/W mode.
In Host mode, reset is commanded by writing 1s to
RLOOP and LLOOP, and a 0 to TAOS (bits D5, D6 and
D7, respectively, of the SIO input data byte). In H/W
mode, reset is commanded by simultaneously holding
RLOOP and LLOOP High, and TAOS Low, for approxi-
mately 200 ns. Reset is initiated on the falling edge of the
reset request. In either mode, each port is reset indepen-
dently. Reset clears and sets all SIO registers to 0 at the
affected port. Reset is not generally required for the port to
be operational.
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Figure 10: Remote Loopback with
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Figure 11: Dual Loopback
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LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

APPLICATION INFORMATION

NOTE

This information is intended as a design aid only.

POWER REQUIREMENTS

The LXT332 is a low-power CMOS device. It operates
from a single +5 V power supply which can be tied to all
three VCC inputs. However, all inputs must be within £ .3
V of each other, and decoupled to their respective grounds
separately. Isolation between the transmit and receive cir-
cuits is provided internally. During normal operation or
local loopback, the transmitter powers down if TCLK is not
supplied.

TRANSFORMERS

The transformer specifications listed in Table 9 give the

correct impedance - matching for balanced transmit or

receive lines. Table 10 shows the combinations of resistors
and transformers to produce a variety of return loss values
depending on the LEN code settings chosen for a specific
design

1.544 MBPS T1 APPLICATIONS

Figure 13 shows a typical host mode application. The eight
serial interface pins are grouped at the top. Host mode is
selected by the clock input to SPE. Other mode selection
pins are shown at the bottom. With the TRSTE pin
switched Low, the LXT332 operates in the bipolar I/O
mode. Driving JASEL Low switches the jitter attenuation
circuits into the transmit paths for both LIU ports.

Figure 13 shows a pair of framers (a dual framer could also
be used). A LXP600A Clock Adapter (CLAD) converts
the 2.048 MHz backplane clock to provide the 1.544 MHz
input to the MCLK and TCLK inputs of both LIU ports.

The DFM and PD indicators and High frequency clocks are
grouped in the diagram lower left. These outputs are avail-
able to drive optional external circuits. The driver power
supply inputs (lower right) are tied to a common bus with
1.0 uF decoupling capacitors installed. The power supply
for the remaining (non-driver) circuitry is shown at center
right with 68 pF and 0.1 puF decoupling capacitors.

YLEVEL
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The line interface circuitry is identical for both LIU ports.
The precision resistors in line with the transmit trans-
former provide optimal return loss. The recommended
transformer/resistor combinations are listed at the bottom
of Figure 15. Center tapped 2:1 transformers are used on
the receive side.

Table 9: Recommended Transformer

Values
Parameter Value
Turns Ratio (T1) 1:2.3 (Tx)/ 1:2 CT (Rx)
Tums Ratio (E1) 1:2(Tx)/ 1:2 CT (Rx)

Primary Inductance 1.2 mH maximum

Leakage Inductance 0.5 pH maximum

Interwinding Capacitance 25 pF maximum

DC Resistance (Pri.) 1 Q maximum

ET (Breakdown Voltage) 1 kV minimum

Table 10: Transformer Combinations

Xfmr
LEN Ratio! | RtValue? | RtnLoss®
For T1/DSX-1 100 Q2 Twisted-Pair Applications:
011 -111 1:2 Rt=9.1Q 14 dB
011-111 1:2.3 Rt=9.1Q 18dB -
011 -111 1:1.15 Rt=0Q 18 dB

For E1 120 Q Twisted-Pair Applications:

001 1:2 Rt=15Q 18 dB
000 1:2 Rt=9.1Q 10 dB
For E1 75 Q2 Coaxial Applications:

001 1:2 Rt=143Q 10 dB
000 1:2 Rt=9.1Q 18 dB

1. Transformer turns ratio accuracy is 2 %.
2.Rt values are =1 %.

3. Typical return loss, 51 kHz — 3.072 MHz, with a capacitor
in parallel with the primary side of the transformer.
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Figure 13: Typical LXT332 T1 Application (Host Control Mode, Bipolar 1/0)
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2.048 MBPS E1/CEPT INTERFACE APPLI-
CATIONS

E1 Coaxial Applications

Figure 14 shows the line interface for a typical 2.048 Mbps
E1 coaxial (75Q2) application. The LEN code should be set
to 000 for coax. With 9.1Q2 Rt resistors in line with the 1:2
output transformers, the LXT332 produces 2.37 V peak
pulses as required for coax applications. As in the T1 appli-
cation shown in Figure 13, center tapped 1:2 transformers
are used on the receive side.

E1 Twisted-Pair Applications

Figure 15 shows a typical 2.048 Mbps El twisted-pair
(12092) application. With the TRSTE pin tied to ground the
LXT332 operates in the bipolar data /O mode. The JA cir-
cuit is placed in the transmit path by the Low on JASEL
The line length equalizers are controlled by the hardwired
LEN inputs. With the LEN code set to 001 and 15Q Rt
resistors in line with the 1:2 output transformers, the
LXT332 produces the 3.0 V peak pulses required for this
application. Center tapped 1:2 transformers are used on the
receive side.

YLEVEL
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A single clock source provides the 2.048 MHz input to
MCLK and TCLK. The DFM pin may routed to an LED
driver or other indicator, or be left unconnected. Switches
on the TAOS, LLOOP and RLOOP inputs provide mode
control and hardware reset capability.

As in Figure 15, the power supply inputs are tied to a com-
mon bus with appropriate decoupling capacitors installed
(1.0 pF on the transmit side, 68 uF and 0.1 pF on the
receive side.)

Figure 14: Line Interface for E1 Coax

Applications
LXT332 e [y
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pF A g
TRNGn
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2CT1
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A Typical value. Adjust for actual board -
parasitics to obtain optimum return loss.
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Figure 15: Typical LXT332 E1 120 Q Application (Hardware Control Mode)
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TEST SPECIFICATIONS

NOTE

Information in Tables 11 through 17 and Figures 16 through 21 represent the performance specifications of the LXT332
Dual Line Interface Unit and are guaranteed by test, except as noted, by design.

Table 11: Absolute Maximum Ratings E

Parameter Sym Min Max Units
DC supply (referenced to GND) VCC, TVCCO0, TVCC1 - 6.0 v
Input voltage, any pin ! VN GND-0.3 Vee +0.3 v
Input current, any pin 2 IN -10 10 mA
Storage temperature Tste -65 +150 °C
CAUTION

Operations at or beyond these limits may result in damage to the device.
Normal operation not guaranteed at these extremes.

1. Excluding RTIP and RRING which must stay between -6 V and Vcc + 0.3 V.
2. Transitg.nt currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+, and TGND can withstand continuous cur-
rent of 100 mA.

Table 12: Recommended Operating Conditions

Parameter Symbol Minimum Typical Maximum Units
DC supply ! VCC, TVCCO, TVCC1 4.75 5.0 5.25 v
Ambient operating temperature Ta -40 25 85 °C
1. Variation between TVCCO0, TVCC1 and VCC must be within +0.3 V of each other during steady state and transient conditions.

Table 13: Electrical Characteristics (Over Recommended Range)

Parameter Sym Min Typ Max Units Test Conditions
Total power dissipation — T1 ! Pp - 700 900 mW | 100% ones density
(Maximum line length) P | - 550 | 700 | mW |50% ones density
Total power dissipation — E1 ! Pp - 575 700 mW | 100% ones density
Pp - 490 600 mW | 50% ones density

High level input voltage %> VH 2.0 - - v
Low level input voltage 23 v - - 0.8 v
High level output voltage >3 VoH 2.4 - - \Y% Iout =-400 pA
Low level output voltage 2> VoL - - 0.4 v Iout = 1.6 mA
Input leakage current * I 0 - +10 HA
Three-state leakage current 2 IsL 0 - +10 pA
Input pull down current (MCLK)? - 100 A
1. Total power dissipation includes the device power consumption and load power dissipation while driving a 75 Q load on the sec-

ondary side. The T1 test circuit is a 100 Q2 line load connected to the driver outputs via a 1:1.15 turns ratio transformer without se-
2. Fﬁ;éﬁiﬁtzﬁ% of pins depends on mode.
3. Output drivers will output CMOS logic levels into CMOS loads.
4. Except for MCLK, RTIPO, RRINGO, RTIP1, and RRING1.
5. Applies to pins 8,11,23,26
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Table 13: Electrical Characteristics (Over Recommended Range) — continued

Parameter Sym Min Typ Max Units Test Conditions
TTIP/TRING leakage current Itr -

- 1.2 mA | In tri-state and power down modes

1.Total power dissipation includes the device power consumption and load power dissipation while driving a 75 €2 load on the sec-

ondary side. The T1 test circuit is a 100 Q line load connected to the driver outputs via a 1:1.15 turns ratio transformer without se-
ries resistors.

2.Functionality of pins depends on mode.

3.Output drivers will output CMOS logic levels into CMOS loads.
4.Except for MCLK, RTIPO, RRINGO, RTIP1, and RRING1.

5. Applies to pins 8,11,23,26
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Table 14: Analog Specifications (Over Recommended Range)

Parameter Min Typ Max | Units Test Conditions
AMI Output Pulse ' DSX-1| 24 30 3.6 v measured at the DSX
Amplitudes E1(120Q)| 27 | 30 | 33 V | measured at line side
E1(75Q)| 213 2.37 2.61 A% measured at line side
Transmit Amplitude Variation with supply 3 - 1 2.5 %
Recommended output load at TTIP and RRING - 75 - Q
Driver Output Impedance 3 - 3 10 Q @ 772 kHz
Jitter added by the 10 Hz - 8 kHz 3 - 0.005 0.01 Ul T1 Jitter based
transmitter | skHz-40kHz3| - | 0015 [ 0025 | ur
10 Hz - 40 kHz 3 - 0.02 0.025 Ul
Broad Band - 0.03 0.05 Ul
Jitter added by the 20 Hz - 100 kHz - - 0.05 Ul El Jitter Band
transmitter !
Output Power Levels 3 @772kHz | 12.6 - 17.9 dBm
DS1 2 KHz BW @ 1544 kHz 29 dB A ;elf(:in;:: ;:tp’;)’;;egz
Positive to Negative Pulse Imbalance - - 0.5 dB
Receive Input Impedance - 40 - kQ
Sensitivity below DSX (0dB=24V)| 136 - - dB
(max 6 dB cable attenuation) 500 - - mV
Loss of Signal threshold - 03 - \%
Data decision threshold DSX-1 60 50 77 % peak
El 43 50 57 % peak
Input Jitter Tolerance 10 Hz - 1200 - UI
750 Hz 14 - - 8]
10kHz-100kHz| 04 - - Ul
Allowable consecutive zeros before LOS 160 175 190 -
Jitter attenuation curve cor- T1 - 6 - Hz
ner frequency 23 El _ 10 _ Hz
Attenuation input jitter tolerance before 28 - - Ul
FIFO overflow 3
Jitter attenuation @ 10 kHz 45 - dB

1.Input signal to TCLK is jitter-free.

2.Circuit attenuates jitter at 20 dB/decade above the comer frequency.
3.Not production tested, but guaranteed by design and other correlation models.
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Table 15:LXT332 Serial /O Timing Characteristics (See Figures 16 and 17)

Parameter Sym | Min | Typ' | Max | Units

Rise/Fall time - any digital output tRF - - 100 ns Load 1.6 mA, 50 pF
SDI to SCLK setup time tDC 50 - - ns
SCLK to SDI hold time tCcDH 50 - - ns
SCLK Low time tcL 240 - - ns
SCLK High time tcH 240 - - ns
SCLK rise and fall time 1R, tF - - 50 ns
PS to SCLK setup time tpc 50 - - ns
SCLK to PS hold time tcPH 50 - - ns
PS inactive time tPWH 250 - - ns
SCLK to SDO valid tcov - - 200 ns
SCLK falling edge or PS rising edge tcpz - 100 - ns
to SDO high-z

1. Typical figures are at 25 °C and are design aid only; not guaranteed and not subject to production testing.

Figure 16: LXT332 Serial Data Input Timing Diagram
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\
/

Figure 17:LXT332 Serial Data Output Timing Diagram
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Figure 19: LXT332 Transmit Clock Timing
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Table 16:LXT332 Receive Timing Characteristics (See Figure 18)

Parameter Sym Min | Typ' | Max | Units Test Conditions
Receive clock period DSX-1 tPW 583 648 713 ns Elastic store not in over-
flow or underflow.
El tPw 439 488 537 ns
Receive clock duty cycle RCLKd 40 50 60 ns
Receive clock pulse width DSX-1 tPWH 259 324 389 ns
High El twn | 195 | 244 | 293 | ns
Receive clock pulse width DSX-1 tPwL 259 324 389 ns
Low El wL | 195 | 244 | 293 | ns
RPOS / RNEG to RCLK ris- | DSX-1 tSUR 50 274 - ns
ing setup time El tsoR | 50 | 194 | - ns
RCLK rising to RPOS / DSX-1 tHR - 50 274 - ns
RNEG hold time El R 50 194 _ ns

1.Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Table 17:LXT332 Master Clo¢k and Transmit Timing Characteristics (See Figure 19)

Parameter Sym Min Typ' Max Units

Master clock frequency DSX-1 MCLK - 1.544 - MHz

El MCLK - 2.048 - MHz

Master clock tolerance MCLKt - +50 - ppm
Master clock duty cycle MCLKd 40 - 60 %

Transmit clock frequency DSX-1 TCLK - 1.544 - MHz

El TCLK - 2.048 - MHz

Transmit clock tolerance TCLKt - +50 - ppm
Transmit clock duty cycle TCLKd 10 - 90 %
TPOS/TNEG to TCLK setup time tsuT 25 - - ns
TCLK to TPOS/TNEG Hold time tHT 25 - - ns

1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing,
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Figure 20: Typical Receiver Input Jitter Tolerance (Loop Mode)
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Figure 21: Jitter Transfer Performance
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LXT350/351 integrated T1/E1 S/H Transceivers
with Crystal-less Jitter Attenuation

The LXT350 and LXT351 are full-featured, fully-inte-
grated transceivers for T1 and E1 short-haul applications.
They are software switchable between T1 and E1 opera-
tion, and offer pulse equalization settings for all short-haul
T1 and E1 line interface (LIU) applications.

The LXT350 and LXT351 are identical except for their
control interface. The LXT350 provides both a serial I/O
port for microprocessor control and a hardware control
mode for stand alone operation. The LXT351 offers an
Intel- or Motorola-bus compatible parallel /O port for
microprocessor control. Both incorporate advanced crys-
tal-less digital jitter attenuation in either the transmit or
receive data path starting at 3 Hz. BSZS/HDB3 encoding/
decoding and unipolar or bipolar data I/O are available.
Both LIUs provide loss of signal monitoring and a variety
of diagnostic loopback modes.

The LXT350/351 design uses an advanced double-poly,
double-metal fabrication process and requires only a single
S-volt power supply.

¢ TI1/E1 Asynchronous Multiplexers

» Digital Loop Carrier - Subscriber Carrier Systems
* SDH/SONET Multiplexers

* T1/E1 LAN/WAN interfaces for Bridges

» Digital Cross Connects

Preliminary Information
APRIL, 1996

T L .
* Fully integrated transceiver for short-haul T1 or El in-
terfaces
» Crystal-less digital jitter attenuation
—Selectable either transmit or receive path
—No crystal or high-speed external clock required

* Meet or exceed specifications in ANSI T1.403 and
T1.408; ITU G.703, G.736, G.775 and G.823;
ETSI 300-166 and 300-233; and AT&T Pub 62411

* Support 75 Q (E1 coax), 100 € (T1 twisted-pair) and
120 Q (EI1 twisted-pair) applications

* Fully restores the received signal after transmission
through a cable with attenuation of 18dB, at 1024 kHz

« Five Pulse Equalization Settings for T1 short-haul ap-
plications

» Transmit/receive performance monitors with Driver
Fail Monitor Open (DFM) and Loss of Signal (LOS)
outputs

* Selectable unipolar or bipolar data I/O and B8ZS/
HDB3 encoding/decoding

* QRSS generator/detector for testing or monitoring

* Output short circuit current limit protection

¢ Local, remote and analog loopback capability

* Multiple-register serial- or parallel-control interface

« Fully compatible with Level One’s LXT360/361 Long
HauVl/Short Haul Transceiver

* Available 28-pin DIP and PLCC packages
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Figure 1: LXT350 Hardware Controlled Bipolar Mode Pin Assignments
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Table 1: LXT350 Clock and Data Pin Assignments by Mode!
External Data Modes QRSS Modes
Pin # Bipolar Mode Unipolar Mode Bipolar Mode Unipolar Mode
1 MCLK
2 TCLK
3 TPOS TDATA INSLER
4 TNEG INSBPV INSBPV
6 RNEG BPV ~ RNEG BPV
7 RPOS RDATA RPOS RDATA
8 RCLK
13 TTIP
14 TGND
15 TVCC
16 TRING
19 RTIP
20 RRING
21 vce
22 GND
1.:]):5?;215{41?5‘: based on whether external data or internal QRSS mode is active. Clock pins remain the same in both Hardware
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Table 2: LXT350 Control Pins by Mode

Hardware Modes Host Modes Hardware Modes Host Modes
Unipolar/ Unipolar/ Unipolar/ Unipolar/
Pin# | Bipolar | QRSS | Bipolar | QRSS |Pin# | Bipolar QRSS Bipolar QRSS

5 MODE MODE 24 EC2 SDI

9 TRSTE TRSTE 25 EC3 SDO

11 JASEL Low 26 RLOOP cs
12 LOS LOS/ LOS LOS/ 27 LLOOP SCLK
QPD QPD
23 EC1 INT 28 TAOS QRSS CLKE
Table 3: LXT350 Hardware Controlled Bipolar Mode Signal Descriptions
Pin# | Symbol | l/O! Description

1 MCLK DI | Master Clock. Connect to 1.544 MHz for T1 operation; to 2.048 MHz for E1. MCLK
requires an external, independent input to generate internal clocks. Required accuracy is
better than £ 32 ppm with a typical duty cycle of 50%. Upon Loss of Signal (LOS)
RCLK is derived from MCLK.

2 TCLK DI | Transmit Clock. 1.544 MHz or 2.048 MHz clock input. Transceiver samples TPOS and
TNEG on the falling edge of TCLK

3 TPOS DI | Transmit Data — Positive and Negative. In the Bipolar I/O mode, these pins are the

4 TNEG positive and negative sides of a bipolar input pair. Data to be transmitted onto the line is
input at these pins. Table 4 describes Unipolar Mode functions.

5 MODE DI | Mode Select. Connecting MODE Low puts the LXT350 in Hardware Mode. In Hard-
ware Mode, the serial interface is disabled and hardwired pins are used to control config-
uration and report status.

Leaving MODE open activates Hardware Mode and enables the BSZS/HDB3 encoder/
decoder and Unipolar Mode.

Connecting MODE High puts the LXT350 in Host Mode. In Host Mode, the serial inter-
face controls the LXT350 and displays its status.

6 RNEG DO | Receive Data — Negative and Positive. In the Bipolar /O mode, these pins are the pos-

7 RPOS itive and negative sides of a bipolar output pair. Data recovered from the line interface is
output on these pins. A signal on RNEG corresponds to receipt of a negative pulse on
RTIP/RRING. A signal on RPOS corresponds to receipt of a positive pulse on RTIP/
RRING.

RNEG/RPOS outputs are Non-Return-to-Zero. Both outputs are stable and valid on the
rising edge of RCLK. Refer to Table 4 for Unipolar mode function descriptions.

8 RCLK DO [ Recovered Clock. The clock recovered from the line input signal is output on this pin.
Under LOS conditions there is a smooth transition from RCLK to MCLK output.

9 TRSTE DI | Tristate. Connecting TRSTE High forces all output pins to a high-impedance state.
Connecting TRSTE Low sets the LXT350 to the Hardware Bipolar Mode.

Leaving TRSTE open enables the Unipolar Mode. (See Table 4 for Unipolar function
descriptions.)

10 n/c DO | No connection. Leave this pin floating.

1.1/O Column entries: DI-Digital Input, DO-Digital Output; DI/O-Digital Input/Output; AI-Analog Input; AO-Analog Output
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Table 3: LXT350 Hardware Controlled Bipolar Mode Signal Descriptions — continued
Pin# | Symbol | l/O! Description
11 JASEL DI | Jitter Attenuation Select. Selects jitter attenuation location.
Connecting JASEL High activates the jitter attenuator in the receive path.
Connecting JASEL Low activates the jitter attenuator in the transmit path.
Leaving JASEL open disables JA.
12 LOS DO | Loss of Signal Indicator. In T1 mode, LOS goes High on receipt of 175 consecutive
) spaces and returns Low when the received signal reaches a mark density of 12.5% (deter-
mined by receipt of 16 marks within a sliding window of 128 bits with fewer than 100
consecutive zeros).
In E1 modes, LOS goes High on receipt of 32 consecutive spaces, and returns Low when
the receiver detects 12.5% mark density (determined by receipt of 4 marks within a slid-
ing window.of 32 bits with fewer than 16 consecutive zeros). .
The transceiver outputs receives marks on RPOS and RNEG even when LOS is High.
13 TTIP AO | Transmit Tip and Ring. Differential Driver Outputs. These outputs are designed to
16 TRING drive a 50 - 200 Q load. The transformer and line matching resistors should be selected
to give the desired pulse height and return loss performance.
14 TGND — | Ground. Ground return for the transmit driver power supply TVCC.
15 TVCC DI | +5 VDC Power Supply input for the transmit drivers. TVCC must not vary from VCC
by more than+ 0.3 V.
17 GND — | Ground. Tie this pin to ground.
18 n/c — | Leave this pin open.
19 RTIP AI | Receive Tip and Ring. The AMI signal received from the line is applied at these pins.
20 RRING A 1:1 transformer is required. Data and clock from the signal applied at these pins are
recovered and output on the RPOS/RNEG, and RCLK pins.
21 VCC — | +5 VDC Power Supply for all circuits except the transmit drivers. (Transmit drivers are
supplied by TVCC.)
22 GND — | Ground. Ground return for power supply VCC.
23 EC1 DI | Equalization Control 3-1. These pins define the Pulse Equalization settings. See
24 EC2 Table 12 for additional details.
25 EC3
26 RLOOP DI | Remote Loopback. When held High, the clock and data inputs from the framer (TPOS/
TNEG or TDATA) are ignored and the data received from the line is transmitted back
onto the line at the RCLK frequency. During remote loopback, the device ignores the in-
line encoders/decoders. See Figure 8.
27 LLOOP DI | Local Loopback. When held High, the data on TPOS and TNEG loops back digitally to
RPOS and RNEG outputs (through JA if enabled). Leaving this pin open enables Analog
Loopback (TTIP and TRING looped back to RTIP and RRING). See Figures 5, 6, and 7.
28 TAOS DI | Transmit All Ones. When held High the transmit data inputs are ignored and the
LXT350 transmits a stream of 1s at the TCLK frequency. (If TCLK is not supplied,
MCLK is the transmit clock reference.) TAOS is inhibited during Remote Loopback.
Leaving this pin open enables QRSS pattern generation and detection. See Figures 5, 10,
and 11.

1.1/0 Column entries: DI-Digital Input; DO-Digital Output; DI/O-Digital Input/Output; Al-Analog Input; AO-Analog Output
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Table 4: LXT350 Hardware Controlled Unipolar Mode Signal Assignments

Pin# | Symbol uo? Description

3 TDATA DI | Transmit Data. Unipolar input for data to be transmitted onto the line.

4 INSBPV DI | Imsert Bipolar Violation. This pin is sampled on the falling edge of TCLK to con-
trol Bipolar Violation Insertions in the transmit data stream. A Low-to-High transi-
tion is required to insert subsequent BPVs.

6 BPV DO | Bipolar Violation. BPV goes High to report receipt of a bipolar violation from the
line. This is an NRZ output, valid on the rising edge of RCLK.

7 RDATA DO | Receive Data. RDATA is a unipolar NRZ output of data recovered from the line
interface. In Hardware Mode RDATA is stable and valid on the rising edge of
RCLK.

1.1/0 Column entries: DI-Digital Input, DO-Digital Output; DI/O-Digital Input/Output; AI-Analog Input; AO-Analog Output

Table 5: LXT350 Hardware Controlled QRSS Unipolar Mode Signal Assignments

Pin# Symbol uo! Description

3 INSLER DI | ImsertLogic Error. When this pin goes from Low to High, the transceiver inserts a
logic error into the transmitted QRSS data pattern. The error follows the data flow
in whatever loopback mode is in effect. The LXT350 samples this pin on the falling
edge of TCLK (or MCLK, if TCLK is not present).

4 INSBPV DI | Insert Bipolar Violation. When this pin goes from Low to High, the transceiver
inserts a bipolar violation error into the transmitted QRSS data pattern. A subse-
quent insertion requires another Low to High transition. The LXT350 samples this
pin on the falling edge of TCLK (or MCLK, if TCLK is not present).

6 BPV? DO | Bipolar Violation. BPV goes High to report receipt of a bipolar violation from the
line. This is an NRZ output, valid on the rising edge of RCLK.

7 RDATA? AO | Received Data. RDATA is a unipolar NRZ output of data recovered from the line
interface. In hardware Mode, RDATA is stable and valid on the rising edge of
RCLK.

12 LOS/QPD DO | Loss of Signal/QRSS Pattern Detect. This pin acts as a QPD indicator as well as

LOS indicator. The QRSS Pattern synchronization criterion is fewer than four
errors in 128 bits. In this mode, as long as the transceiver does not detect a QRSS
pattern QPD stays High. As soon as the device does detect a QRSS pattern, the pin
goes Low; any bit errors cause QPD to go High for half a clock cycle. This output
can trigger an external error counter. An LOS condition also makes this pin go
High. See Figure 11.

28 QRSS DI | QRSS. Leaving this pin open, enables QRSS pattern generation and detection. The
transceiver transmits the QRSS pattern at the TCLK rate (or MCLK, if TCLK is not
present).

1.1/0 Column entries: DI-Digital Input; DO-Digital Output; DI/O-Digital Input/Output; Al-Analog Input; AO-Analog Output
2.1n QRSS Bipolar Mode, pins 6 and 7 act as RNEG and RPOS output, respectively.
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Table 6: LXT350 Host Controlled Bipolar Mode Signal Assignments *+2

Pin# | Symbol | 1O® Description

6 RNEG DO | Received Data—Negative and Positive. In the Bipolar I/O Mode, these pins are the

7 RPOS negative and positive sides of a bipolar output pair. The transceiver outputs the data
recovered from the line interface on these pins. A signal on RNEG corresponds.to
receipt of a negative pulse on RTIP/RRING. A signal on RPOS corresponds to
receipt of a positive signal on RTIP/RRING.
RNEG/RPOS outputs are Non-Return-to-Zero (NRZ). CLKE determine the clock
edge at which these outputs are stable and valid. See Figure 19.

9 TRSTE DI | Tristate. Connecting TRSTE High forces all output pins to high-impedance state.
Connect this pin Low for normal operation.

10 we — | Not connected.

11 GND - Tie this pin to ground.

17 GND - Tie this pin to ground

23 INT DO | Interrupt (Active Low-Maskable). INT goes Low to flag the host when any of
LOS, AIS, QR_S_ﬂ)r DFMO changes state or when there is an Elastic Store overflow
or underflow. INT is an open drain output which requires a connection to power
supply VCC through a resistor. Reset INT by writing a one to the respective bit in
the Interrupt Clear Register.

24 SDI DI | Serial Data Input. Input port for the 16-bit serial address/command and data word.
LXT350 samples SDI on the rising edge of SCLK. See Figure 20.

25 SDO DO | Serial Data Output. 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 when CS is High. See
Figure 21.

26 CS DI | Chip Select (Active Low). This input is used to access the serial interface. For each
read or write operation, CS must transition from High to Low, and remain Low.

27 SCLK D1 | Serial Clock. This clock is used to write data to or read data from the serial inter-
face registers. The clock frequency can be any rate up to 2.048 MHz.

28 CLKE DI | Clock Edge. Setting CLKE High causes RPOS and RNEG to be valid on the falling

edge of RCLK, with SDO valid on the rising edge of SCLK.
Setting CLKE Low makes RPOS and RNEG valid on the rising edge of RCLK and
SDO valid on the falling edge of SCLK.

1. For pins not described in this table, see Table 3. Pin out for data pins in Unipolar and QRSS Modes remains the same as in Tables
4 and 5. In Host Mode, the control pins (23-28) change as shown in Table 6. .

2.In QRSS Bipolar Mode, pins 6 and 7 seven act as RNEG and RPOS, respectively.
3.1/0 Column entries: DI-Digital Input; DO-Digital Output; DI/O-Digital Input/Output; Al-Analog Input; AO—Analog Output
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Figure 2: LXT351 Bipolar Mode Pin Assignments
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AD6 10 19 fi RTIP
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Table 7: LXT351 Clock and Data Pin Assignments by Mode!

External Data Modes QRSS Modes
Pin# Bipolar Mode Unipolar Mode Bipolar Mode Unipolar Mode

1 MCLK

2 TCLK

3 TPOS TDATA INSLER

4 TNEG INSBPV INSBPV

6 RNEG BPV RNEG BPV
7 RPOS RDATA RPOS RDATA
8 RCLK

13 TTIP

14 TGND

15 TVCC

16 TRING

19 RTIP

20 RRING

21 VCC

22 GND

and Host Modes.

1. Data pins change based on whether external data or internal QRSS mode is active. These pins remain the same in both Hardware

¢LE
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Table 8: LXT351 Processor Interface Pins

Address/Data Bus Type Address/Data Bus Type

Pin# Intel Motorola Pin # Intel Motorola
5 ALE AS 25 AD2
9 RD DS 26 AD3
12 WR R/W 27 AD4
17 [ 28 ADS
18 INT 10 AD6
23 ADO 11 AD7
24 AD1

Table 9: LXT351 Bipolar Mode Signal Assignments

Pin# Symbol o’ Description

1 MCLK DI Master Clock. Connect to 1.544 MHz for T1 operation; to 2.048 MHz for E1.
MCLK requires an external, independent input to generate internal clocks.
Required accuracy is better than + 32 ppm with a typical duty cycle of 50%. Upon
Loss of Signal (LOS), the transceiver derives RCLK from MCLK.

2 TCLK DI Transmit Clock. 1.544 MHz or 2.048 MHz bit rate clock input. The transceiver
samples TPOS and TNEG on the falling edge of TCLK

3 TPOS DI Transmit Data — Positive and Negative. In the Bipolar I/O Mode, these pins are

4 TNEG the positive and negative sides of a bipolar input pair. Data for transmission onto
the line is input at these pins.

5 ALE DI Address Latc_ll_ Enable/Address Strobe (Active Low). Connects to Intel (ALE)

AS or Motorola (AS) signal. On Motorola bus, this signal is Active Low. Leaving

this pin floating forces all output pins into a high impedance state.

6 RNEG DO | Receive Data — Negative and Positive. In the Bipolar I/O mode, these pins are

7 RPOS the positive and negative sides of a bipolar output pair. Data recovered from the

line interface is output on these pins. A signal on RNEG corresponds to receipt of
a negative pulse on RTIP/RRING. A signal on RPOS corresponds to receipt of a
positive pulse on RTIP/RRING.

RNEG/RPOS outputs are Non-Return-to Zero. Both outputs are stable and valid
on the rising edge of RCLK. Refer to Table 10 for Unipolar mode function
descriptions.

8 RCLK DO | Recovered Clock. The output on this pin is the clock recovered from the line
input signal. Under LOS conditions there is a smooth transition from RCLK to
MCLK output.

1.1/0 column entries DI = Digital Input; DO = Digital Output, DI/O = Digital Input and Output; AI = Analog Input , AO = Analog
Output.
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Table 9: LXT351 Bipolar Mode Signal Assignments - continued

Pin# | Symbol uo? Description
9 RD DI Read (Active Low)/Data Strobe (Active Low). On an Intel bus, this signal, Read,
DS goes Low to command a read operation.
On a Motorola bus, this signal, Data Strobe, goes Low when data is being driven
on the address/data bus. Data is valid on the rising edge of DS.

10 AD6 DI/O | Address/Data bus lines 6 and 7. Used with pins 24-28 as the address/data bus.

11 AD7 DI/O

12 WR DI Write (Active Low) or Write/Read. On an Intel bus, driving this signal (Write)

R/W Low enables a write operation on the Address/Data bus.
On a Motorola bus, driving this signal (Read/Write) High commands a read opera-
tion, driving it Low commands a write operation.

13 TTIP AO | Transmit Tip and Ring. Differential Driver Outputs. The design load for these

16 TRING outputs is 50 - 200 Q@ Select the transformer and line matching resistors to give the
desired pulse height.

14 TGND Ground. Ground return for the transmit drivers power supply TVCC.

15 TVCC +5 VDC Power Supply input for the transmit drivers. TVCC must not vary from
VCC by more than = 0.3 V.

17 [ DI Chip Select (Active Low). For each read or write on the Address/Data bus, this
pin must go Low during the operation. See Figures 22 and 23 for timing require-
ments.

In the case of a single processor controlling several chips, this is the line it uses to
command a specific transceiver.

18 INT DO | Interrupt (Active Low). This pin goes Low to signal an interrupt on the chip. To
identify the specific interrupt, read the Performance Status Register. To clear or
mask an interrupt, write a one to the appropriate bit in the Clear Interrupt Register.

19 RTIP Al Receive Tip and Ring. The AMI signal received from the line is applied at these

20 RRING pins. A 1:1 transformer is required. Data and clock from the signal applied at
these pins are recovered and output on the RPOS/RNEG, and RCLK pins.

21 vVCC +5 VDC Power Supply for all circuits except the transmit drivers. (Transmit driv-
ers are supplied by TVCC.)

22 GND Ground return for power supply VCC.

23 ADO DI/O | Address/Data Lines 0-5. (Also pins 10, 11-AD6 and 7) Conform to Intel and

24 AD1 Motorola Address/Data bus specifications.

25 AD2

26 AD3

27 AD4

28 ADS

Output.

1.1/O column entries DI = Digital Input; DO = Digital Output, DI/O = Digital Input and Output; Al = Analog Input, AO = Analog

e
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Table 10: LXT351 Unipolar Mode Signal Assignments’

Pin# | Symbol | V0?2 Description

3 TDATA DI | Transmit Data. Unipolar data for transmission onto the line.

4 INSBPV DI | Insert Bipolar Violation. Controls bipolar violation insertions, requires Low-to-High
transition to insert each violation, the LXT351 samples the signal on the falling edge of
TCLK.

6 BPV DO | Bipolar Violation. BPV goes High on receipt of a bipolar violation from the line. This
is an NRZ output, valid on the rising edge of RCLK.

7 RDATA DO |Received Data. RDATA is an NRZ output of the data recovered from the line inter-
face. RDATA is valid on the rising edge of RCLK.

1. For the descriptions of pins not identified in this table, see Table 9: LXT351 Bipolar Mode Signal Assignments.

2.1/0 column entries DI = Digital Input; DO = Digital Output, DI/O = Digital Input and Output; AI = Analog Input , AO = Analog
Output.

Table 11: LXT351 QRSS Unipolar Mode Signal Assignments1 2

Pin# | Symbol | IIO® Description

3 INSLER DI |Insert Logic Error. When this pin goes from Low to High, the transceiver inserts a
logic error into the transmitted QRSS data pattern. The error follows the ‘data flow in
whatever loopback mode is in effect. The LXT351 samples this pin on the falling edge
of TCLK (or MCLK, if TCLK is not present).

4 INSBPV DI |Insert Bipolar Violation. When this pin goes from Low to High, the transceiver
inserts a bipolar violation error into the transmitted QRSS data pattern. A subsequent
insertion requires another Low to High transition. The LXT351 samples this pin on the
falling edge of TCLK (or MCLK, if TCLK is not present).

6 BPV DO | Bipolar Violation. BPV goes High on receipt of a bipolar violation from the line.
This is an NRZ output, valid on the rising edge of SCLK.

7 RDATA DO | Received Data. RDATA is an NRZ output of the data recovered from the line inter-
face. RDATA is valid on the rising edge of RCLK.

1. For the descriptions of pins not identified in this table, see Table 9: LXT351 Bipolar Mode Signal Assignments.
2.In QRSS Bipolar Mode, pins 6 and 7 act as RNEG and RPOS, respectively.

3.1/0 column entries DI = Digital Input; DO = Digital Output, DI/O = Digital Input and Output; AI = Analog Input, AO = Analog
Output.
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Figure 3: LXT351 Block Diagram
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FUNCTIONAL DESCRIPTION

NOTE

This functional information is for design aid only.
Unless specified otherwise, all descriptions, tables and
figures apply equally to both the LXT350 and LXT351

transceivers.

The LXT350 and LXT351 are fully-integrated, PCM trans-
ceivers for or short-haul, 1.544 Mbps (T1) or 2.048 Mbps
(E1) applications allowing full-duplex transmission of dig-
ital data over existing twisted-pair installations. They
interface with two lines (one pair each for transmit and
receive) through standard pulse transformers and appropri-
ate resistors.

The figure on the front of this Data Sheet shows a block
diagram of the LXT350. In Host Mode the device is con-
trolled through a serial microprocessor. -In Hardware
Mode it is controlled via individual pins. Figure 3 is a
block diagram of the LXT351. The LXT351 has a parallel
port for microprocessor control. Both transceivers provide
a high-precision, crystal-less jitter attenuator. The user
may place it in the transmit or receive path, or bypass it
completely. The transceivers meet or exceed ANSI, ITU
and E1 requirements.

INITIALIZATION

During power up, the transceiver remains static until the
power supply reaches approximately 3 V. On crossing this
threshold, the device begins a 32 ms reset cycle to calibrate

the Phase Locked Loops. The transceiver uses a reference

clock to calibrate the PLL~the transmitter reference is
TCLK, and the receiver reference clock is MCLK. MCLK
is mandatory for chip operation.

Reset Operation

Reset clears and sets all registers to 0 and resets the status
and state machines for the LOS, AIS and QRSS blocks. In
Hardware Mode, holding pins RLOOP, LLOOP and
TAOS High for at least one clock cycle resets the device.
Writing a 1 to the bit CR2.RESET commands reset in Host
Mode. Allow 32 ms for the device to settle after removing
all reset conditions. ‘
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Digital Data Interface

Input data for transmission onto the line is clocked serially
into the device at the TCLK rate. TPOS and TNEG are the
bipolar data inputs. TDATA accepts unipolar data. (Leav-
ing TRSTE open enables Hardware Unipolar Mode.)

Input data may pass through either the Jitter Attenuator or
B8ZS/HDB3 encoder or both. Bit CR1.ENCENB = 1
enables B8ZS/HDB3 encoding in Host Mode. In Hard-
ware Mode, leaving the MODE pin open selects zero sup-
pression coding. With zero suppression enabled, the ECx
inputs (see Table 12) determine the coding scheme (B8ZS
for T1 or HDB3 for E1 mode). For the HDB3 scheme, set
EC3-1 to 000 or 001. Other ECx settings select the B8ZS
option. The transmit clock (TCLK) supplies input syn-
chronization. The Test Specifications section defines the
transmit timing requirements for TCLK and the Master
Clock (MCLK). )

Short Circuit Limit

The transmitter includes a short-circuit limiter. This limits
the current sourced into a low-impedance load. It automat-
ically resets when the load current drops below the limit.
The current is determined by the interface circuitry (total
resistance on transmit side).

In Host Mode, the Performance Status Register flags open
circuits in bit PSR DFMO. A transition on DFMO will
provide an interrupt and the transition sets bit TSR.DFMO
=1. Writing a 1 in bit ICR.CDFMO clears the interrupt;
leaving a 1 in the bit masks that interrupt.

Output Drivers

The transceivers transmit data as a 50% line code as shown
in Figure 4. Activating the line driver only during a mark
reduces power consumption. The output driver is disabled
during transmission of a space. Biasing of the transmit DC
level is on-chip.

Figure 4: 50% Duty Cycle Coding Diagram
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Idle Mode

Transmit Idle Mode is a normal operational mode (as
opposed to modes) which allows multiple transceivers to
be connected to a single line for redundant applications.
TTIP and TRING remain in a high impedance state when
TCLK is not present. Remote or Dual Loopback, TAOS
or any internal transmit patterns temporarily disable the
high impedance state.

Pulse Shape

The Equalizer Control inputs (EC3 through EC1) deter-
mine the transmitted pulse shape. In Host Mode, the /O
port controls the ECx values. For the LXT350 in Hardware
Mode, three individual pins provide the ECx inputs.

Shaped pulses meeting the T1 DSX-1 and E1 specifica-
tions are applied to the AMI line driver for transmission
onto the line at TTIP and TRING. Refer to the Test Spec-
ifications section for pulse mask specifications.

Table 12: Equalizer Control Input Settings

RECEIVER

A 1:1 transformer provides the interface to the line.
Recovered data is output at RPOS/RNEG (RDATA in
Unipolar mode), and the recovered clock is output at
RCLK. The Test Specifications section shows receiver
timing.

The transceiver filters the equalized signal and applies it to
the peak detector and data slicers. The peak detector sam-
ples the inputs and determines the maximum value of the
received signal. The data slicers are set at 50% of the peak
value to ensure optimum signal-to-noise performance for
T1 or E1 operation.

After processing through the data slicers, the received sig-
nal goes to the data and timing recovery section, then to
the B8ZS/HDB3 decoder (if selected) and to the receive
monitor. The data and timing recovery circuits provide
input jitter tolerance significantly better than required by
AT&T Pub 62411 and ITU G.823. See the Test Specifica-
tions section.

EC3 | EC2 | EC1 Function Pulse Cable Coding'
0 0 0 El ITU Rec G.703 75 Q Coax/120 Q TP HDB3
0 1 1 Tl 0-133ft/0.6dB | 100 Q TP B8ZS
1 0 0 Tl 133266 ft/1.2dB | 100 Q TP BSZS
1 0 1 T1 266-399 fi /1.8 dB | 100 Q TP BSZS
1 1 0 Tl 399-533 ft/2.4 dB | 100 Q TP BSZS
1 1 1 Tl 533-655ft/3.0dB | 100 QTP B8ZS

1. When enabled.
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Digital Data Interface

In either Host or Hardware Control Mode the recovered
data goes to the Loss of Signal (LOS) Monitor. In Host
Control Mode, it also goes through the Alarm Indication
Signal (AIS, Blue Alarm) Monitor. The jitter attenuator
circuit may be enabled or disabled in the receive data path
or the transmit path. Received data may go through either
the B8ZS or HDB3 decoder or neither. Finally, the device
may send the digital data to the framer as either unipolar or
bipolar data.

When transmitting unipolar data to the framer, the device’

reports receiving bipolar violations by driving the BPV pin
High. During E1 operation in Host Control Mode, the
device can report HDB3 code violations and Zero Substi-
tution Violations on the BPV pin. The diagnostics section
explains these options in more detail.
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JITTER ATTENUATION

A lJitter Attenuation Loop (JAL) with an Elastic Store (ES)
provides jitter attenuation as shown in the Test Specifica-
tions section. The JAL requires no special circuitry, such
as an external quartz crystal or high-frequency clock
(higher than the line rate). Its timing reference is the master
clock, MCLK.

In Hardware Control Mode the ES is a 32 x 2-bit register.
Setting the JASEL pin High places the JA circuitry in the
received data path; setting JASEL Low places the JA in the
transmit data path; leaving it open disables the JA.

In Host Mode, bit CR1.JASELO enables or disables the JA
circuit. With bit CR1.JASELO = 1, bit CR1.JASEL]1 con-
trols the JA circuit placement (see Table 17). The ES can
be either a 32 x 2-bit or 64 x 2-bit register depending on the
value of bit CR3.ES64 (see Table 19.)

The device clocks data into the ES using either TCLK or
RCLK depending on whether the JA circuitry is in the
transmit or receive data path, respectively. Data is shifted
out of the elastic store using the dejittered clock from the
JAL. When the FIFO is within two bits of overflowing or
underflowing, the ES adjusts the output clock by !/; of a bit
period. The ES produces an average delay of 16 bits (or 32
bits, with the 64-bit ES option selected in Host Control
Mode) in the associated data path. When the Jitter Attenu-
ator is in the receive path, the output RCLK transitions
smoothly to MCLK in the event of an LOS condition.

The Transition Status Register bits TSR.ESOVR and
TSR.ESUNF indicate an overflow or underflow, respec-
tively in the ES. These are sticky bits: Once set to 1, they
remain set until the host reads the register. The ES can also
provide a maskable interrupt on either overflow or under-
flow.

ULEVEL
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DIAGNOSTIC MODE OPERATION

LXT350/351 offers multiple diagnostic modes as shown in Table 13. In Hardware Mode, the diagnostic modes are selected

by a combination of pin settings. In Host Mode, the diagnostic modes are selected by writing appropriate bits in the Diag-

nostic Control Register.

Table 13: Diagnostic Mode Availability

Availability! Host
Mode?
Diagnostic Mode HIW Host Maskable
Loopback Modes "
Local Loopback (LLOOP) | Yes Yes No
Analog Loopback (ALOOP) Yes Yes No
Remote Loopback (RLOOP) Yes Yes No
Dual Loopback (DLOOP) Yes Yes No
Internal Data Pattern Generation and Detection
Transmit All Ones (TAOS) Yes Yes No
Quasi-Random Signal Source (QRSS) Yes Yes Yes
Error Insertion and Detection
Bipolar Violation Insertion (INSBPV) Yes Yes No
Logic Error Insertion (INSLER) Yes Yes No
Bipolar Violation Detection (BPV) Yes Yes No
Logic Error Detection, QRSS (QPD) Yes Yes No
HDB3 Code Violation Detection (CODEV) No Yes No
HDB3 Zero violation Detection (ZEROV) No Yes No
Alarm Condition Monitoring
Receive Loss of Signal (LOS) Monitoring Yes Yes Yes
Receive Alarm Indication Signal (AIS) Monitoring No Yes Yes
Transmit Driver Failure Monitoring—Open (DFMO) No Yes Yes
Elastic Store Overflow and Underflow Monitoring No Yes Yes
Built-In Self Test (BIST) No Yes Yes

Control Mode has no interrupt masking feature.

1.In Hardware Control Mode, a combination of pin settings selects the Diagnostic Modes; in Host Control Mode, writing appropri-
ate bits into the Control Registers selects the Diagnostic Modes.

2.Host Control Mode allows interrupt masking by writing a “1” to the corresponding bit in the Interrupt Clear Register. Hardware

ULEVEL
[EsE
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LOOPBACK MODES

NOTE
Hardware Mode pins discussed in this section refer to the
LXT350 only.

Local Loopback

See Figures 5 and 6. In Hardware Mode, Local Loopback
(LLOOP) s selected by tying LLOOP High; in Host Mode,
by setting CR2.ELLOOP to 1. LLOOP inhibits the receiver

circuits. The transmit clock and data inputs (TCLK and-

TPOS/TNEG or TDATA) loop back through the jitter
attenuator (if enabled) and show up at RCLK and RPOS/
RNEG or RDATA. (During LLOOP, the JASEL input is
strictly an Enable/Disable control; it does not affect the
placement of the JAL. If JA is enabled, it is active in the
loopback circuit. If JA is bypassed, it is not active in the
loopback circuit.)

The transmitter circuits are unaffected by LLOOP.
LXT350/351 transmits the TPOS/TNEG or TDATA inputs
(or a stream of 1s if TAOS is asserted) normally. When
used in this mode, the transceiver can function as a
stand-alone jitter attenuator.

Figure 5: TAOS with LLOOP (JA Selected)

Transmit All Ones + Local Loopback with JA in Receive Path

TAOS — >
P
ToLK 3|28 T & > TTIP
g b4 »{ Control
TPOS »|30 \\ > TRING
TNEG d l
8=' * If Enabled
@
RCLK 28 < A ,I-J_ Timing < RTIP
Ros g [RL__[ifRecoverin le}— RRING
oo

Transmit All Ones + Local Loopback with JA in Transmit Path

TAOS >

TCLK > < Témintg f > TTIP

ee —f>{82H 1T >TRING
— ’IfEnabIed

RNEG §8 Recovel < RRING
@O
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Figure 6: Local Loopback (JA Selected)

Local Loopback with JA in Receive Path
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@ O

Analog Loopback

See Figure 7. Analog Loopback (ALOOP) exercises the
maximum number of functional blocks. ALOOP operation
disconnects the RTIP/RRING inputs from the line and
routes the transmit outputs back into the receive inputs.
This tests the encoders/decoders, jitter attenuator, transmit-
ter, receiver and timing recovery sections. In Hardware
Mode, leaving pin 27 open commands Analog Loopback;
in Host Mode, writing a 1 to bit CR2.EALOOP enables the
function. The ALOOP function overrides all other loop-
back modes.

Figure 7: Analog Loopback (JA Selected)
Analog Loopback with JA in Receive Path
> 2] o] Timing & >
;,%g > §,§ »| Control e
TNEG g EH > —>TRING
— * If Enabled
RCLK 35 Timing < /— RTIP
RPOS —— %8 |4 JA" -
RNEG <38 Recovery| |« /— RRING
Analog Loopback with JA in Transmit Path
oL
TCLK é’é Timing & L TTIP
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R
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@ | o <
RPOS : §§ nTlmmg < / /— RTIP
RNEG < §§ Recovery < /—RRING
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Remote Loopback

See Figure 8. In Remote Loopback (RLOOP) mode, the
device ignores the transmit data and clock inputs (TCLK
and TPOS/TNEG or TDATA), and bypasses the in-line
encoders/decoders. The RPOS/RNEG or RDATA outputs
loop back through the transmit circuits to TTIP and TRING
at the RCLK frequency. The RLOOP command does not
affect the receiver circuits which continue to output the
RCLK and RPOS/RNEG or RDAT A signals received from
the twisted-pair line. In Host Mode, command RLOOP by
writing a 1 to bit CR2.ERLOOP. In Hardware Mode,
RLOOP is commanded by setting pin 26 High.

Dual Loopback

See Figure 9. To select Dual Loopback (DLOOP), set both
RLOOP and LLOOP High in Hardware Mode or set bits
CR2.ERLOOP and CR2.ELLOOP to 1 in Host Mode. In
DLOOP mode, the transmit clock and data inputs (TCLK
and TPOS/TNEG or TDATA) loop back through the Jitter
Attenuator (unless disabled) to RCLK and RPOS/RNEG or
RDATA. The data and clock recovered from the line loop
back through the transmit circuits to TTIP and TRING
without jitter attenuation.

Figure 8: Remote Loopback (JA Selected)

Remote Loopback with JA in Receive Path
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INTERNAL PATTERN GENERATION AND
DETECTION

Transmit All Ones

See Figure 10. In Transmit All Ones (TAOS) Mode the
transceiver ignores the TPOS and TNEG inputs and trans-
mits a continuous stream of 1s at the TCLK frequency.
(With no TCLK, the TAOS output clock is MCLK.) This
can be used as the Alarm Indication Signal (AlS-also
called the Blue Alarm). In Host Mode, TAOS is com-
manded by writing a 1 to bit CR2.ETAOS. In Hardware
Mode setting pin 28 High does so. Both TAOS and Local
Loopback can occur simultaneously as shown in Figure 5,
but Remote Loopback inhibits TAOS. When both TAOS
and LLOOP are active, TCLK and TPOS/TNEG loop back
to RCLK and RPOS/RNEG through the jitter attenuator (if
enabled), and an all ones pattern goes to TTIP/TRING.

Figure 10: TAOS Data Path

TAOS = ~ Timing & :&»nw
TCLK ~ u 1 Control L
105 §§ \a TRING
TNEG—¥|R 3 *If Enabled

o -
RCLK ¢—{2 i |« . — RTIP
RPOS #—5 5 [ Timing :q:_
RNEG # {g‘g < Recovery RRING

Quasi-Random Signal Source (QRSS)

For T1 operation the Quasi-Random Signal Source (QRSS)
is a 220-1 pseudo-random bit sequence (PRBS) with no
more than 14 consecutive zeros. For E1 operation, QRSS
is 21%-1 PRBS with inverted output.

Both Hardware and Host Modes allow QRSS Mode. The
QRSS pattern is normally locked to TCLK; but if there is
no TCLK, MCLK is the clock source. Bellcore Pub 62411
defines the T1 QRSS transmit format and ITU G.703
defines the E1 format.

Leaving TAOS (pin 28) open enables QRSS transmission
in Hardware Mode. In Host Mode, setting bits CR2.EPATO
=0 and CR2.EPAT1=1enables this function.

With QRSS transmission enabled, it is possible to insert a
logic error into the transmit data stream by causing a
Low-to-High transition on INSLER (pin 3). However, if
no logic or bit errors are to be inserted into the QRSS pat-
tern, INSLER must remain Low. Logic Error insertion
waits until the next bit if the current bit is “jammed”.
(When there are more than 14 consecutive Os, the output is
jammedtoal.)
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Furthermore a bipolar violation in the QRSS pattern is pos-
sible by causing a Low-to-High transition on INSBPV (pin
4) without regard to whether the device is in bipolar or uni-
polar operating mode.

Figure 11: QRSS Mode
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Choosing QRSS Mode also enables the QRSS Pattern
Detection (QPD) in the receive path. The QRSS pattern is
synchronized when there are fewer than four errors in 128
bits. After achieving synchronization the device drives
QPD (pin 12) Low (QPD output is available on LXT350
only). The LXT351 does not support bit error detection in
QRSS Mode. Inthe LXT350 QRSS Mode, any subsequent
bit error in the QRSS pattern causes QPD to go High for
half an RCLK clock cycle (the precise relationship to
RCLK depends on the value of CLKE-when CLKE is
Low, QPD goes High while RCLK is High; if CLKE is
High, QPD goes High while RCLK is Low). This signal
edge can serve as a trigger for an external bit-error counter.
An LOS condition or a loss of QRSS synchronization will
cause this output to go High continuously. In this case, and
with either Unipolar Mode or the encoders/decoders
enabled, the BPV pin indicates BPVs, CODEVs or
ZEROVs as chosen.

Host Mode offers an additional interrupt to indicate that
QRSS detection and sychronization have occurred, or that
synchronization is lost. This interrupt is available when bit
ICR.CQRSS = 0. If the QPD signal triggers a bit error
counter, the interrupt could start or reset the counter.

Also in Host Mode, the PSR.QRSS bit provides an indica-
tion of the QRSS pattern synchronization. This bit goes
Low with no QRSS pattern detected (i.e., when there are
more than four errors in 128 bits). The TQRSS bit in the
‘Transition Status Register indicates that QRSS status has
changed since the last QRSS Interrupt Clear command.
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ERROR INSERTION AND DETECTION

Bipolar Violation Insertion (INSBPV)

In Unipolar Mode, both Hardware and Host Modes provide
for Bipolar Violation Insertion (INSBPV). Choosing Uni-
polar Mode configures pin 4 as INSBPV. Bipolar violation
insertion requires a Low-to-High transition on INSBPV.
Sampling occurs on the falling edge of TCLK. When
INSBPV goes High a BPV is inserted on the next available
mark except in the three following situations:

» Zero suppression (HDB3 or B8ZS) is not violated

e If LLOOP and TAOS are both active, the BPV is
looped back to RNEG/BPV indicator and the line
driver transmits all ones with no violation.

« BPV insertion is disabled with RLOOP (remote loop-
back) active.

With the LXT350/351 configured to transmit internally
generated QRSS data patterns a BPV can be inserted on the
transmit pattern independent of whether the device is in the
unipolar or bipolar mode of operation.

Logic Error Insertion (INSLER)

When configured to transmit internally generated QRSS
data patterns, the device can insert a logic error on the
transmit data pattern when there is a Low-to-High transi-
tion on INSLER. The transceiver treats data patterns the
same way it treats data applied to TPOS/TNEG, so the
inserted logic error will follow the data flow path as
defined by the loopback mode in effect.

Logic Error Detection (QPD) (LXT350 Only)

After receiving pattern synchronization when configured
in the QRSS Mode, LXT350 reports logic errors on QPD
(pin 12). To indicate a logic error, this pin goes High for
half an RCLK cycle (during the High period of RCLK if
CLKE is Low but during the Low RCLK period if CLKE
is High). To monitor logic errors, connect an error counter
to QPD. A continuous High level on this pin indicates loss
of either the QRSS pattern lock or LOS condition. The
QRSS section has additional details on QRSS pattern lock
criteria.

Bipolar Violation Detection (BPV)

With the internal encoders/decoders enabled or when con-
figured in Unipolar Mode, the LXT350/351 reports
received Bipolar Violations at BPV (pin 6). The pin goes
High for a full clock cycle to indicate receipt of a BPV.
However, if the encoders/decoders are enabled, LXT350/
351 does not report bipolar violations due to the line coding
scheme.

¢LEVEL
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HDB3 Code Violation Detection (CODEV)

LXT350/351 can detect HDB3 code violations in Host
Mode with HDB3 encoders enabled. This requires
CR1.ENCENB = 1 and CR1.EC3-1 = 000, 001 or 010,
which establishes E1 operation. To enable CODEYV, set bit
CR4.CODEV =1.

An HDB3 code violation (CODEV) occurs when the
device receives two consecutive bipolar violations of the
same polarity (refer to ITU O.161), With CODEV detec-
tion enabled, LXT350/351 reports a violation on the BPV
pin along with received BPVs and ZEROVs (if these
options are enabled). LXT350/351 forces the BPV pin
High for a full RCLK cycle to report a CODEV.

HDB3 Zero Substitution Violation
Detection (ZEROV)

With encoders/decoders enabled, the LXT350/351 can
detect HDB3 zero substitution violations (ZEROV) in Host
Mode. This requires CR1.ENCENB =1 and CR1.EC3-1 =
000, 001, or 1010, which establish E1 operation, and
CR4.ZEROV = 1.

LXT350/351 forces the BPV pin High for a full RCLK
cycle to reporta ZEROV. An HDB3 ZEROV is the receipt
of four or more consecutive zeros. This does not occur with
correctly encoded HDB3 data unless there are transmission
errors. With ZEROV detection enabled, the device reports
a violation on the BPV pin along with received BPVs and
CODEV:s (if these options are enabled).

ALARM CONDITION MONITORING

Loss of Signal (LOS)

The LXT350/351 Loss of Signal (LOS) monitor function is
compatible with ITU G.775 and ETSI 300233. They use a
combination analog and digital detection scheme. The
receiver LOS monitor loads a digital counter at the RCLK
frequency. The counter increments with each received 0
and it resets to 0 on receipt of a 1. Any signal that remains
25 dB typical below the nominal 0dB signal for n consecu-
tive pulse generates an internal LOS condition. For T1
operations, n = 175; for E1 operations, n = 32. In Host
Mode, either number can be changed to 2048 by setting bit
CR4.L0OS2048 to 1. MCLK replaces the recovered clock
at the RCLK output in a smooth transition.

For T1 operation, when the received signal has 12.5% 1s
density (16 marks in a sliding 128-bit period, with fewer
than 100 consecutive 0s), the LOS flag returns Low and the
recovered clock replaces MCLK at the RCLK output in
another smooth transition.

CYLEVEL
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For E1 operation, the LOS condition is cleared when the
received signal rises above 25 dBtypical below the mini-
mum 0 dB level and has 12.5% 1s density (four 1s in a slid-
ing 32-bit window with fewer than 16 consecutive 0s). In
Host Mode E1 operation, the out-of-LOS criterion can be
modified from 12.5% marks density to 32 consecutive
marks by setting bit CR4.COL32CM = 1.

During LOS, the device sends received data to the RPOS/
RNEG pins (or RDATA in Unipolar Mode). LXT350
reports an LOS condition on the LOS pin in Hardware
Mode. In Host Mode, the LOS bit in the Performance Sta-
tus Register goes High to indicate an LOS condition and
will interrupt the host controller if so programmed.

Alarm Indication Signal Detection (AlS)

The Alarm Indication Signal (AIS) is available only in Host
Mode. The receiver detects an AIS pattern when it receives
fewer than three Os in any string of 2048 bits. The device
clears the AIS condition when it receives three or more Os
in a string of 2048 bits.

The AIS bit in the Performance Status Register indicates
AIS detection. When the AIS status changes, the TAIS bit
in the Transition Status Register goes High. The change of
status interrupts the host controller by pulling INT Low,
unless the interrupt is masked. Writing a 1 to the
ICR.CAIS bit masks the interrupt until the bit returns to 0.

Driver Failure Mode Open (DFMO)

In Host Mode a DFM Open (DFMO) bit is available in the
Performance Status Register to indicate an open condition
on the lines. DFMO can generate an INT to the host con-
troller. The Transition Status Register bit DFMO indicates
a transition in the status of the bit. Writing a 1 to
ICR.CDFMO will clear or mask the interrupt.

Elastic Store Overflow/Underflow
(ESOVR/ESUNF)

When the bit count in the Elastic Store (ES) is within two
bits of overflowing or underflowing the ES adjusts the out-
put clock by 1/8 of a bit period. In Host Mode, the ES pro-
vides an indication of overflow and underflow in the
TRS.ESOVR and TSR.ESUNF. These are sticky bits and
will stay set to 1 until the host controller reads the register.
These interrupts can be cleared or masked by writing a 1 to
the bits ICR.CESO and ICR.CESU, respectively.

OTHER DIAGNOSTIC MODES

Built-In Self Test (BIST)

LXT350/351 provides a Built-In Self Test (BIST) capabil-
ity in Host Mode. The BIST exercises the internal circuits
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by providing an internal QRSS pattern, running it through
the encoders and the transmit drivers then looping it back
through the receive equalizer, Jitter Attenuator and decod-
ers to the QRSS pattern detection circuitry. If all the blocks
in this data path work correctly, the receive patteni detector
locks onto the pattern. It then pulls INT Low and sets the
following bits High:

+ TSR.TQRSS
« PSRQRSS
« PSRBIST

The QPD pin (pin 12) also indicates completion status of
the test. Starting the test forces this pin High. During the
test, it remains High until the test finishes successfully at
which time it goes Low.

OPERATING MODES

The LXT350/351 share many features. However, their
control modes are very different.

* The LXT350 operates in either Hardware or (Serial
' Port) Host Mode

» The LXT351 operates in (Parallel Port) Host Mode
only.

In the Hardware Mode (LXT350 only) individual pins con-
trol the transceiver.

The logic level at the MODE pin sets the LXT350 mode of
operation. In Host Mode (LXT350/351), a microprocessor
controls the device through a data interface. The LXT350
has a serial interface and the LXT351 uses a parallel inter-
face.

Hardware Mode Operation (LXT350 Only)

The LXT350 operates in Hardware Mode when MODE is
left open or set Low. In Hardware Mode individual pins
access and control the transceiver. The outputs (RPOS/
RNEG or RDATA) are valid on the rising edge of RCLK.

There are some advanced functions provided only in Host
Mode. Interrupt (INT), AIS detection indicator, DFM
open indicator and CLKE functions are some of the fea-
tures available in Host Mode.
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Table 14: Control and Operational Mode

Selection for LXT350
Transceiver
Input to Pin’
Mode
Mode | TRSTE
Low Low |Hardware - Bipolar
Low High (Hardware - Tristate
Low Open |Hardware - Unipolar
High Low | Software?
High High Software? - Tristate All Outputs
High Open Software?
Open Low |Hardware - Unipolar (Encoder On)
Open High |Hardware - Unipolar (Encoder On);
Tristate All Outputs
Open Open |Hardware - Unipolar (Encoder On)

1.Open is either a midrange voltage or the pin is floating

2.In Software Mode, the contents of register CR1 determine
the operation mode.

Host Mode Operation

The LXT350 operates in Host Mode when MODE is set
High. In Host Mode a microprocessor accesses and con-
trols the transceiver through a data port using the internal
registers. The outputs (RPOS/RNEG or RDATA) are
valid on the rising edge of RCLK

In Host Mode there are eight control and status registers—
five read/write and three read-only registers. The LXT350
accesses them through its serial interface (SIO). The
LXT351 provides this access using an 8-bit parallel inter-
face (PIO).

The host processor/controller can completely configure the
device as well as get a full diagnostic/status report through
the SIO or PIO. Only the clocks and data for Bipolar Mode
and BPV/Logic Error insertions for Unipolar or QRSS
Mode need to be provided directly to the input pins. Sim-
ilarly, the recovered clock, data, and BPV/Logic Error
occurrences are available only at output pins. All other
mode settings and diagnostic information are available
through the data port.

Table 15 shows the address used by the SIO or PIO to
access each register on the LXT350 or LXT351, respec-
tively. Table 16 summarizes the control and status regis-
ters and labels each bit they contain. Tables 17 through 23
identify the bits in each register.
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Table 15: Serial (LXT350) and Parallel (LXT351)

Port Register Addresses
Register Address’
Name Abbr S?I\'?l&‘;“ Pa(r:!ﬂop)o "
Control #1 CR1 x010000 x010000x
Control #2 CR2 x010001 x010001x
Control #3 CR3 x010010 x010010x
Interrupt Clear ICR x010011 x010011x
Transition TSR x010100 x010100x
Status
Performance PSR x010101 x010101x
Status
Control #4 CR4 x010111 x010111x
1.x = “don’t care”.
Table 16: Register Addresses and Bit Names
Register Type Bit
Name Sym 7 6 5 4 3 2 1 0
Control #1 | CR1 | R’W |JASLE1 |JASELO |ENCEB |UNIENB |reserved® |EC3 EC2 ECI
Control#2 | CR2 | R/W |RESET |EPAT1  |EPATO |ETAOS |reserved® |EALOOP |ELLOOP |ERLOOP
Control#3 | CR3 | R'W |JA6HZ |PCLKE' |SBIST |EQZMON |reserved?  |ES64 ESCEN |ESJAM
Interrupt R/W |CESU CESO CDFMO |reserved® |CQRSS CAIS reserved® | CLOS
Clear ICR
Transition R |ESUNF |ESOVR |TDFMO |reserved® |TQRSS TAIS reserved” | TLOS
Status TSR
Performance R |reserved® |BIST DFMO reserved” | QRSS AIS reserved® | LOS
Status PSR '
Control #4 | CR4 | R'W reserved® | reserved® |reserved® |reserved® |COL32CM [LOS2048 |ZEROV |CODEV
1. Bit CR3.PCLKE is available only in the LXT351; for the LXT350, set this bit to zero.
2. In write registers, bits labeled reserved should be set to 0 (except as in note 3 below) for normal operation and ignored in read only
3. ::’%:ts;ez:si into this bit for normal operation.

9
s
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Table 17: Control Register #1 Read/Write, Address (A7-A1) = x010000

Jitter Attenuation
Bit | Name Function JASELO | JASEL1 | Position
0 EC1 1 0 Transmit
Set the Equalizer Control codes .
1 EC2 1 1 R«
(see Table 12). ceetve

2 EC3 0 X disabled
3 — reserved, set this bit to 1, ignore when reading.
4 | UNIENB |Enables Unipolar /O Mode and insertion/detection of BPVs.
5 | ENCENB | Enables B8ZS/HDB3 encoders/decoders; device enters Uni-

polar Mode and pins 3, 4, 6 and 7 change to their unipolar

functions.
6 JASELO | Jitter Attenuation Mode, selects jitter attenuation circuitry

position in data path or disables it. See right hand section of
7 JASEL1 | table for values. 7

Table 18: Control Register #2 Read/Write, Address (A7-A1) = x010001
Pattern
Bit Name Function EPATO | EPAT1 Selected
0 ERLOOP! | Enables Remote Loopback (RLOOP) 0 Transmit TPOS/TNEG
1 ELLOOP! | Enables Local Loopback (LLOOP) 0 Detect and transmit QRSS
2 EALOOP | Enables Analog Loopback (ALOOP)
3 _ reserved, set this bit to 0, ignore when
reading.
4 ETAOS Enables Transmit All Ones (TAOS)
5 EPATO Enables internal data pattern transmis-
‘ sion. See right hand section of table
6 EPAT] for values.
7 RESET RESET = 1 resets device state and all
registers.
1. To enable Dual Loopback (DLOOP), set both ERLOOP = 1, ELLOOP = 1.
[gLEVEL
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Table 19: Control Register #3 Read/\Write, Address (A7-A1) = x010010

Bit Name Description

0 ESJAM | Disables Jamming of Elastic Store Read Out Clock (V/ bit-time adjustment for over/underflow).

1 ESCEN | Centers ES pointer for a difference of 16 or 32 (depending on depth-clears automatically).

2 ES64 Increases ES depth from 32 to 64 bits.
3 — reserved-set to 0 for normal operation.
4 — reserved-set to 0 for normal operation.

5 SBIST Starts Built-In Self Test.

6 PLCKE | This bit is meaningful only in the LXT351— for LXT350, set this bit to 0.
* PCLKE = 0 sets RPOS/RNEG valid on the rising edge of RCLK.
PCLKE = 1 sets RPOS/RNEG valid on the falling edge of RCLK .

7 JA6HZ | When JA6HZ = 1, changes bandwidth of Jitter Attenuation Loop from 3 Hz (default) to 6 Hz.

Table 20: Interrupt Clear Register Read/Write, Address (A7-A1) = x010011

Bit | Name Function'
0 CLOS Clears/Masks LOS Interrupt.
1 — reserved, set this bit to 1 for normal operation.
2 CAIS Clears/Masks AIS Interrupt.

3 CQRSS Clears/Masks QRSS Interrupt.

4 — reserved-set this bit to 1 for normal operation.

5 CDFMO | Clears/Masks DFMO.

6 CESO Clears/Masks ES Overflow Interrupt.

7 CESU Clears/Masks ES Underflow Interrupt.

1. Leaving a one in any of these bits masks the associated interrupt.
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Table 21: Transition Status Register Read Only, Address (A7-A1) = x010100

Bit -Name Function

0 TLOS Loss of Signal (LOS) has changed since last clear LOS interrupt occurred.
1 — reserved-ignore.

2 TAIS AIS has changed since last clear AIS interrupt occurred.

3 TQRSS QRSS has changed since last clear QRSS interrupt occurred!.

4 — reserved—ignorve‘

5 TDFMO DFMO has changed since last clear DFMS interrupt occurred.

6 ESOVR ES overflow status sticky bitZ.

7 ESUNF ES underflow status sticky bit?.

1. A QRSS transition indicates receive QRSS pattern sync or loss. A simple error in QRSS pattern is not reported as a transition.

2. Tripping the overflow or underflow indicator in the ES sets the ESOVR/ESUNF status bit(s). Reading the Transition Status Reg-
ister clears these bits. Setting CESO and CESU in the Interrupt Clear Register masks these interrupts.

Table 22: Performance Status Register Read Only, Address (A7-A1) = x010101

Bit Name Function
0 LOS Loss of Signal (LOS) Status.
1 _ reserved-ignore.
2 AIS Alarm Indicator (AIS) Status.
3 QRSS QRSS Pattern Detect Status.
4 — reserved—ignore.
5 DFMO Driver Open Indication.
6 BIST Built-In Self Test Status.
7 — reserved—-ignore
2476 (SN
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Table 23: Control Register #4 Read/Write, Address (A7-A1) = x010111

Bit Name Function
0 CODEV Enables detection of HDB3 code violation on the BPV pin along with bipolar violations and
ZEROVs (as enabled).
1 ZEROV Enables detection of four consecutive zeros (an HDB3 coding violation) on the BPV pin

along with bipolar violation and ZEROV's (as enabled).

2 LOS2048 Changes LOS detection threshold from 32 consecutive zeros (for E1 operation) or 175 con-
secutive zeros (T1 operation) to 2048 consecutive zeros in either environment.

3 COL32CM In E1 Mode, changes “clear LOS condition” criterion from 12.5% marks density (default) to
receipt of 32 consecutive marks.

4 — reserved—-set to 0 for normal operation; ignore when reading.

5 — reserved-set to O for normal operation; ignore when reading.

6 — reserved—set to 0 for normal operation; ignore when reading.

7 — reserved—set to 0 for normal operation; ignore when reading.
Serial Port Operation (LXT350 Only) Host Mode also allows control of the serial data and

receive data output timing. The clock edge (CLKE) signal

The LXT350 operates in Host Mode when the MODE pin determines when the outputs are valid, relative to the
is set High. Figure 12 shows the SIO data structure. The Serial Clock (SCLK) or RCLK as shown in Table 24.
registers are accessible through a 16-bit word: an 8-bit . .
Command/Address byte (bits R/W and A1-A7) and a sub- Table 24: CLKE Settings
sequent 8-bit data byte. (bits DO'—7). Bit R/'W c.ietermmf:s CLKE Output Clock Valid Edge
whether a read or a write operation occurs. Bits A6-1in
the Command/Address byte address specific registers RPOS RCLK Rising

(the address decoder ignores bit A7). The data byte

depends on both the value of bit R/W and the address of RNEG RCLK Rising
the register as set in the Command/Address byte. Low SDO SCLK Falling
RPOS RCLK Falling

Host Mode provides a latched interrupt output (INT). A
change in the state of any of the following bits in the Per- RNEG RCLK Falling
formance Status Register will drive INT Low: LOS, AIS, . .
QRSS, or DFMO. Agn interrupt will also occur when there High SDO SCLK Rising
is an elastic store overflow or underflow. When the inter-
rupt has occurred, the INT output pin is pulled Low. The
output stage of each INT pin consists only of a pull-down
device, so each one requires an external pull-up resistor.
The interrupt is cleared when the interrupt condition no
longer exists, and the host processor writes a 1to the
respective interrupt causing bit(s) in the Interrupt Regis-
ter. Leaving a 1 in any of these interrupt status bits masks
that interrupt.
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Figure 12: LXT350 Serial Interface Data Structure

o |

-

ADDRESS / COMMAND BYTE

INPUT DATA BYTE

RW = 1: READ
R =0: WRITE

A A
4 )
SDI RW| A1 | A2| A3 | A4 | A5 | A6 »/?(7 Do| D1| D2 | D3| D4 | D5 | b6 | D7
(SDO - remains high impedance) X = DON'T CARE

Parallel Port Operation (LXT351 Only)

The LXT351 address/control bus pins and control pins are
compatible with both the Intel and Motorola address/data
buses. See Figures 22 and 23 for the I/O timing diagram
for each bus. The device automatically detects bus timing
based on the Intel and Motorola microprocessor bus speci-
fications. The maximum recommended processor speed
for an Intel device is 20 MHz; for a Motorola device,
16.78 MHz. Table 17 summarizes the control and status
registers for the LXT351. Tables 17 through 23 identify
and explain the bits in the control registers.

The LXT351 provides a latched interrupt output (INT). A
change in the state of any of the following bits in the Per-
formance Status Register will drive INT Low: LOS, AIS,
QRSS, DFMO. When the interrupt has occurred, the INT
output pin is pulled Low. The output stage of INT pin con-
sists only of a pull-down device, so each pin requires an
external pull-up resistor. The interrupt is cleared when the
interrupt condition no longer exists, and the host processor
writes a 1 to the respective interrupt causing bit(s) in the
Interrupt Register. Leaving a 1 in any of these interrupt sta-
tus bits masks that interrupt.

The received data output is valid on the rising edge of
RCLK, when bit CR3.PCLKE = 0. The data output is valid
on the falling edge of RCLK when CR3.PCLKE =1.

There are five read/write and three read-only registers.
Only bits A6-1 in the address byte are valid. (The address
decoder ignores bits A7 and AO.) Tables 17 through 23
show the register address bits A7-1, without regard to bit
AQ.
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APPLICATION INFORMATION Table 26: Transmit Return Loss (2.048
Mbps)
NOTE
EC3-1 | Xfrmr/ | Rload Cl Return
This application information is for design aid only. Rt Q) (PF) | Loss (dB)
Table 25 shows the specification for transmit return loss in 000 91 126 73 0 14
El applications. (The G.703/CH PTT specification is a ' 470 16
Swiss Telecommunications Ministry specification.)
120 0 12
Table 26 shows the transmit return loss values for T1
applications. Table 34 shows the receive return loss val- 470 13
ues. 123/ | 120 0 13
. 92.1Q
Table 25: E1 Transmit Return Loss 470 16
Requirements
Table 27: Transmit Return Loss (1.544
Return Loss Mbps)
Frequency
Band ETS 300 166 | G.703/CH PTT EC3-1 | Xfrmr/ | Rload Cl Return
Rt () (pF) | Loss (dB)
51-102 kHz 6 dB 8dB
000 1:2/ 100 0 16
102-2048 kHz 8 dB 14 dB 91Q
470 17
2048 - 3072 8 dB 10dB
kHz 1:1.15Y | 100 0 2
0.0Q
470 2
1.A 1:1.15 transmit transformer keeps the total transceiver
power dissipation at a low level, a 0.47 uF DC blocking ca-
pacitor must be placed on TTIP or TRING.

Table 28: Transformer Specifications for LXT350/LXT351

Primary Leakage Interwinding Dielectric!
Inductance | Inductance | Capacitance DCR Breakdown
Tx/ | Frequency | Turns puH nH pF Q \'
Rx MHz Ratio (minimum) (max) (max) (maximum) | (minimum)
Tx 1.544 1:1.15 600 0.80 60 0.90 pri 1500 VRMS
1.70 sec
2.048 1:2.3 600 0.80 60 0.70 pri 1500 VRms®
1.20 sec (3000 VRMS)
1.544/2.048 1:2 600 0.80 60 1.0 pri 1500 VRms®
1.70 sec (3000 VRM™S)
Rx | 1.544/2.048 1:1 600 1.10 60 1.10 pri 1500 VRMS”
1.10 sec (3000 VR™MS)
1. Some ETSI applications may require a 2.3 kV dielectric breakdown voltage.
2. Some applications require transformers to guarantee performance in extended temperature range (-40° to +85° C) ETSI applica-
tions require a dielectric breakdown voltage of 3000 VRMS.
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Table 29: Recommended Transformers for LXT350/LXT351

Tx/Rx Turns Ratio Part Number Manufacturer
Tx 1:1.15 PE-65388 Pulse Engineering
PE-65770
1:2 PE-65351
PE-65771
0553-5006-1C Bell-Fuse
66Z-1308 Fil-Mag
671-5832 Midcom
67127370 Schott Corp
67130850
TD61-1205G HALO (combination Tx/Rx set)
TD67-1205G
1:2.3 PE-65558 Pulse Engineering
Rx 1:1 FE 8006-155 Fil-Mag
671-5792 Midcom
PE-64936 Pulse Engineering
PE-65778
67130840 Schott Corp
67109510
TD61-1205 HALO (combination Tx/Rx set)
TD67-1205G

(LEVEL
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Figure 13 shows a typical LXT350 application in either T1 or E1 environment. See Tables 26 through 31 to select the

transformers (T1 and T2), resistors (Rt and R1) and capacitors (Cl) needed for this application.

NOTE
If the application includes surge protection, such as a varistor or sidactor on the TTIP/TRING lines, it may also require re-
ducing the value of the capacitor CL or eliminating it completely. Excessive capacitance at CL will distort the transmitted
signals.

Figure 13: Typical T1/E1 LXT350 Hardware Mode Application
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Figure 14 shows an application using the LXT350 in its Host Controlled Mode. See Tables 26 through 27 to select the
transformers (T1 and T2), resistors (Rt and R1) and capacitors (Cl) needed for this application.

NOTE

If the application includes surge protection, such as a varistor or sidactor on the TTIP/TRING lines, it may also require re-
ducing the value of the capacitor CL or eliminating it completely. Excessive capacitance at CL will distort the transmitted

signals.

Figure 14: Typical T1/E1 LXT350 Host Mode Application
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Figure 15 shows an application using the LXT351. See Tables 26 through 27 to select the transformers (T1 and T2), resis-

tors (Rt and R1) and capacitors (Cl) needed for this application.

NOTE

If the application includes surge protection, such as a varistor or sidactor on the TTIP/TRING lines, it may also require re-
ducing the value of the capacitor CL or eliminating it completely.

Figure 15: Typical T1/E1 LXT351 Application
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"TEST SPECIFICATIONS

NOTE

The minimum and maximum values in Tables 30 to 42 and Figures 16 through 27 represent the performance specifications
of the LXT350 and LXT351 and are guaranteed by test, except where noted by design.

Table 30: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (reference to GND) Vce,Tvee - 6.0 v
Input voltage, any pin ! VIN GND -0.3V Ve + 03V v
Input current, any pin 2 TN 10 10 mA
Storage Temperature TSTG -65 150 °C
CAUTION

Operation at these limits may permanently damage the device.
Normal operation at these extremes not guaranteed.

operation.

rents of up to 100 mA.

1.TVCC and VCC must not differ by more than 0.3 V during operation. TGND and GND must not differ by more than 0.3 V during

2. Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TVCC, and TGND can withstand continuous cur-

Table 31: Recommended Operating Conditions

Parameter Sym Min | Typ' | Max | Units Test Conditions

DC Supply 2 veeTvee | 475 | 50 | 525 | v
Ambient Operating Temperature Ta _40 25 85 °C
Total T1 PD — 310 380 mW | 100% mark density
Power -
Dissipation® Pp - 225 | 295 mW | 50% mark density

El PD - 275 | 330 | mW |100% mark density

PD _ 215 270 mW - | 50% mark density

load.

1. Typical figures are at 25° C and are for design aid only; not guaranteed and not subject to production testing.
2.TVCC and VCC must not differ by more than 0.3 V.

3. Power dissipation while driving 75 Q load over operating range for T1 operation or 60 £ load for E1 operation. Includes power
dissipation on device and load. Digital levels are within 10% of the supply rails and digital outputs driving a 50 pF capacitive

2-184
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Table 32: LXT350 DC Electrical Characteristics (over recommended operating range)

Parameter Sym | Min | Typ | Max | Units Cor::i?itons
Digital I/O Pins
High level input voltage 12 (pins 1-4, 23-25) VIH 2.0 - - v
Low level input voltage 12 (pins 1-4, 23-25) VIL - — 0.8 \V4
High level output voltage 12 (pins 6-8, 12, 23, 25) VOH 2.4 - - A% IouT = -400 pA
Low level output voltage 12 (pins 6-8, 12, 23, 25) VoL - - 0.4 v IouT = 1.6 mA
Three-state leakage current 1 (all outputs) I3L 0 - +10 nA
Mode Input Pins
High level input voltage 3 (pins 5, 9, 11, 26-28) VIH 35 - - v
Midrange output voltage > (pins 5, 9, 11, 26-28) VoM 2.3 - 2.7
Low level input voltage 3 (pins §, 9, 11, 26-28) VIL - - 1.5
Input leakage curreht (pins 5, 9, 11, 26-28) ILL 0 - +50 nA
TTIP/TRING Leakage current ITR - - 12 | mA In power down

and tristate

1. Functionality of pin 23 and 25 depends on mode. See Host Mode and Hardware Mode description
2. Output drivers will output CMOS logic levels into CMOS loads.
3. As an altemnative to supplying 2.3 - 2.7 V to these pins, they may be left open.

Table 33: LXT351 DC Electrical Characteristics (over recommended operating range)

Test
Parameter Sym | Min | Typ | Max | Units Conditions
Digital I/O Pins
High level input voltage ' (pins 1-5, 9-12, 17, 23- VIH 2.0 - - \%
28)
Low level input voltage 12 (pins 1-5, 9-12, 17, 23- VIL — - 0.8 \V4
28)
High level output voltage 12 (pins 6-8, 10, 11,23,28) | von 24 _ - Iout = -400 pA
Low level output voltage ' (pins 6-8, 10, 11,23,28) | VoL - - 0.4 IouT = 1.6 mA
Input leakage current ILL - - +10 pA
1. Functionality of pins 23 and 25 depends on mode. See Host Mode description.
2. Output drivers will output CMOS logic levels into CMOS loads.
@LEVEL
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Table 34: Analog Characteristics (over recommended operating range)

Parameter Min | Typ' | Max | Units | Test Conditions
Recommended output load on TTIP/TRING 50 = 200 Q
AMI Output Pulse Ampli- T1 2.4 3.0 3.6 \V4 RL =100 Q
tudes
El 2.7 3.0 33 \Y% RL =120 Q
Jitter added by the 10 Hz - 8 kHz 3 - - 0.02 Ul
transmitter?
8 kHz - 40 kHz ? - - | o025 | u
10 Hz - 40 kHZ? - - 0.025 Ul
Broad Band - - 0.05 Ul
Receiver Sensitivity 0 - 18 dB @ 1024 kHz
1.431
Allowable consecutive zeros before LOS (T1) 160 175 190 -
Allowable consecutive zeros before LOS (E1) - 32 - -
Input jitter tolerance (T1) | 10 kHz - 100 kHz 0.4 - _ Ul 0 dB line
3 AT&T Pub 62411
1 Hz 138 - - Ul
Input jitter tolerance (E1) | 10 kHz - 100 kHz 0.2 - - Ul 0 dB line
3 ITU (G.823)
1 Hz 37 - - ul
Jitter attenuation curve comer frequency 4 - 3 - Hz selectable in data port
Driver Output Impedance - 3 - Q
Receiver Input Impedance - 40 - kQ RTIP to RRING
Receive Return Loss (E1) 51 kHz - 102'kHZ? 20 22 - dB
102 kHz - 2.048 MHZ> 20 28 - dB
2.048 MHz -3.072 MHZ* | 25 30 - dB

1. Typical figures are at 25° C and are for design aid only; not guaranteed and not subject to production testmg
2. Input signal to TCLK is jitter-free. The Jitter Attenuator is in the receive path or disabled.
3. Guaranteed by characterization; not subject to production testing.

4. Circuit attenuates jitter at 20 dB/decade above the corner frequency.
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Figure 16: 2.048 Mbps E1 Pulse (See Table 35)
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Table 35: 2.048 Mbps E1 Pulse Mask Specifications

Parameter TPW Coax Unit

Test load impedance 120 75 Q
Nominal peak mark voltage 3.0 2.37 \%
Nominal peak space voltage 0+0.30 | 00237 \"
Nominal pulse width 244 244 ns
Ratio of positive and negative pulse amplitudes at center of pulse | 95-105 95-105 %
Ratio of positive and negative pulse amplitudes at nominal half | 95-105 95-105 %
amplitude
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Figure 17: 1.544 Mbps T1 Pulse (DSX-1) (See Table 36)
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Table 36: 1.544 Mbps T1 (DSX-1) Pulse Mask Corner Point Specifications

DSX-1 Template (per ANSI T1. 102-1993)
Minimum Curve Maximum Curve
Time (U)) Amplitude Time (UI) Amplitude
-0.77 -0.05 -0.77 0.05
-0.23 -0.05 -0.39 ) 0.05
-0.23 0.50 -0.27 0.80
-0.15 0.95 . -0.27 0.80
0.0 0.95 -0.27 1.15
0.15 0.90 0.0 1.05
0.23 0.50 0.27 1.05
0.23 -0.45 0.35 -0.07
0.46 -0.45 0.93 0.05
0.66 -0.20 1.16 0.05
0.93 -0.05
1.16 -0.05
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Table 37: Master and Transmit Clock Timing Characteristics for T1 Operation
(over recommended operating range) (see Figure 18)

Parameter Sym Min Typ! Max Units Notes

Master clock frequency MCLK — 1.544 _ MHz | must be supplied
Master clock tolerance MCLKt - +32 - ppm

Master clock duty cycle MCLKd 40 - 60 %

Transmit clock frequency TCLK - 1.544 - MHz

Transmit clock tolerance TCLKt - - +100 ppm

Transmit clock duty cycle TCLKd 10 - 90 %

TPOS/TNEG to TCLK setup time tSUT 50 - - ns

TCLK to TPOS/TNEG hold time tHT 50 — - ns

1. Typical figures are at 25° C and are for design aid only; not guaranteed and not subject to production testing.

Table 38: Master and Transmit Clock Timing Characteristics for E1 Operation

(see Figure 18)

Parameter Sym Min Typ! Max | Units Notes

Master clock frequency MCLK — 2.048 - MHz | must be supplied
Master clock tolerance MCLKt - +32 - ppm

Master clock duty cycle MCLKd 40 - 60 %

Transmit clock frequency TCLK - 2.048 - MHz

Transmit clock tolerance TCLKt - — +100 ppm

Transmit clock duty cycle TCLKd 10 - 90 %

TPOS/TNEG to TCLK setup time tSUT 50 - - ns

TCLK to TPOS/TNEG hold time tHT 50 - — ns

1. Typical figures are at 25° C and are for design aid only; not guaranteed and not subject to production testing.

Figure 18: Transmit Clock Timing
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Table 39: Receive Timing Characteristics for T1 Operation (See Figure 19)

Parameter Sym Min Typ! Max Units
Receive clock duty cycle %3 RLCKd 40 50 60 %
Receive clock pulse width 2,3 tPW - 648 - ns
Receive clock pulse width high tPWH - 324 - ns
Receive clock pulse width low!? tPWL 260 324 388 ns
RPOS/RNEG to RCLK rising time tSUR - 274 - ns
RCLK rising to RPOS/RNEG hold time tHR - 274 - ns

for worst case jitter conditions.
3. Worst case conditions guaranteed by design only.

1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2.RCLK duty cycle widths will vary according to extent of received pulse jitter displacement. Max and Min RCLK duty cycles are

Table 40: Receive Timing Characteristics for E1 Operation (See Figure 19)

Parameter Sym Min Typ! Max | Units
Receive clock duty cycle 23 RLCKd 40 50 60- %
Receive clock pixlse width %3 tPW - 488 - ns
Receive clock pulse width high tPWH - 244 - ns
Receive clock pulse width low!? tPWL 195 244 293 ns
RPOS/RNEG to RCLK rising time tSUR - 194 - ns
RCLK rising to RPOS/RNEG hold time tHR - 194 - ns

3. Worst case conditions guaranteed by design’only.

1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2.RCLK duty cycle widths will vary according to extent of received pulse jitter displacement. Max and Min RCLK duty cycles are
for worst case jitter conditions (0.4 UI clock displacement for 1.544 MHz.)

Figure 19:Receive Clock Timing
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Table 41: LXT350 Serial I/0 Timing Characteristics (See Figures 20 and 21)

Parameter Sym | Min | Typ! | Max | Units Parameter
Rise/fall time—any digital output tRF - - 100 ns Load 1.6 mA, 50 pF
SDI to SCLK setup time tDC 50 - - ns
SCLK to SDI hold time tCDH 50 - - ns
SCLK low time tcL 240 - - ns
SCLK high time tCH 240 - - ns
SCLK rise and fall time tR, tF — - 50 ns
CS falling edge to SCLK rising edge tcc 50 - - ns
Last SCLK edge to CS rising edge tCCH 50 - - ns
CS inactive time tcwH | 250 - - ns
SCLK to SDO valid time tCcDV - - 200 ns
li(;ll;_l(zfalling edge or CS rising edge to SDO tcpz _ 100 _ ns

1. Typical figures are at 25° C and are for design aid only; not guaranteed and not subject to production testing.

Figure 20: LXT350 Serial Data Input Timing Diagram
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Figure 21: Serial Data Output Timing Diagram
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Table 42: LXT351 20 MHz Intel Bus Parallel /0 Timing Characteristics (See Figure 22)

Parameter Sym Min Max Units Test Conditions
ALE pulse width TLHLL 35 - ns
Address valid to ALE falling edge TAVLL 10 - ns
ALE falling edge to address hold time TLLAX 10 - ns
ALE falling edge to RD falling edge TLLRL 10 - ns
ALE falling edge to WR falling edge TLLWL 10 - ns
CS falling edge to RD falling edge TCLRL 10 - ns
CS falling edge to WR falling edge TCLWL 10 - ns
RD low pulse width TRLRH 95 - ns
RD falling edge to data valid TRLDV 10 55 ns
Data hold time after RD rising edge TRHDX | 5 35 ns
RD rising edge to ALE rising edge TRHLH 15 - ns
RD rising edge to address valid TRHAV 35 - ns
CS low hold time after RD rising edge TRHCH 0 - ns
WR low pulse width TWLWH 95 - ns
Data setup time before WR rising edge TDVWH 40 - ns
Data hold time after WR rising edge TWHDX 30 - ns
WR rising edge to ALE rising edge TWHLH 15 - ns
CS low hold time after WR rising edge TWHCH 15 - ns

Figure 22: LXT351 1/0 Timing Diagram for Intel Address/Data Bus
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'LXT350/351 Integrated T1/E1 S/H Transceivers With Crystal-less Jitter Attenuation

Table 43: LXT351 16.78 MHz Motorola Bus Parallel /O Timing Characteristics

(See Figure 23)
Parameter Sym Min Max | Units Test Conditions
DS rising edge to AS rising edge TDSHASH 15 - ns
AS high pulse width TASHASL 35 - ns n
Address valid setup time at AS falling edge TAVASL 10 - ns
AS falling edge to Address valid hold time TASLAX 10 - ns
AS falling edge to DS falling edge TASLDSL 20 - ns
CS falling edge to DS falling edge TCSLDSL 10 - ns
DS low pulse width TDSLDSH 95 - ns
DS falling edge to data valid TDSLDV 10 55 ns
Data hold time after DS rising edge TDSHDX 5 35 ns
R/W falling edge to DS falling edge TRWLDSL 10 - ns
Data setup time before DS rising edge TDVDSH 40 - ns
Data hold time after DS rising edge TDXDSH 30 - ns
R/W low hold time after DS rising edge TDSHRWH 15 - ns
CS low hold time after DS rising edge TDSHCSHV 15 - ns

Figure 23: LXT351 I/O Timing Diagram for Motorola Address/Data Bus
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LXT350/351 Integrated T1/E1 S/H Transceivers With Crystal-less Jitter Attenuation

Figure 24: Input Jitter Tolerance (Typical)
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LXT350/351 Integrated T1/E1 S/H Transceivers With Crystal-less Jitter Attenuation

Figure 25: E1 Jitter Transfer Performance (Typical)
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NOTES:
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LXP600A LXP602 and LXP604
Low-J/tter Clock Adapters ( CLADs)

The LXP6OOA LXP602 and LXP604 Clock Adapters
(CLADs) incorporate Level One’s patented frequency con-
version circuitry. The LXP600A and LXP602 convert a
1.544 MHz input clock to a 2.048 MHz output clock, or vice
versa. The LXP604 converts between 1.544 MHz and 4.096
MHz. Each CLAD produces two different high frequency
output (HFO) clocks for applications which require a higher-
than-baud rate backplane or system clock.

Level One’s patented locking method enables the CLAD to
perform frequency conversion with no external compo-
nents, while generating very little jitter on the output clock.
The conversion is digitally controlled so the output clock
(CLKO)is as accurate as the input clock (CLKI), and the two
clocks are frequency-locked together. When an input frame
sync pulse (FSI) is provided, the CLAD also phase-locks
CLKI and CLKO together, and locks the output frame sync
pulse (FSO) to FSL

CLAD CLKI | CLKO | HFO
LXP600A | 1.544 | 2.048 | 6.144
2.048 | 1.544 | 6.176

LXP602 1.544 | 2.048 | 8.192
2.048 | 1.544 | 6.176

LXP604 1.544 | 4.096 | 8.192
4.096 | 1.544 | 6.176

* Generates a 1.544 MHz clock and its frame sync from a
2.048 MHz or 4.096 MHz clock and its frame sync, or
vice versa

* Low output jitter meets AT&T Publication 62411 for
1.544 MHz, and ITU Recommendation G.823 for 2.048
MHz

« Digital control of frequency conversion process

* No external components

* Available in 8-pin plastic DIP

« Pin-selectable operation mode

* Advanced CMOS device requires only a single +5 V
power supply

« Internal timing system for Channel Banks, Digital Loop
Carriers, Multiplexers, Internal Timing Generators, PBX,
etc.

» Conversion between 2.048 MHz or 4.096 MHz back-
plane rates and 1.544 MHz T1 clock rate

» Conversion between North American and International
standards (T1 / E1 Converter)

ANALOG
CLKI *| PHASE-LOCKED = HFO
> LOOP
\ |
FEEDBACK FREQUENCY o
DIVIDER CONVERTER OUTPUT DIVIDER CLKO
\ \ +
SEL ¢ FRAME SYNC L
Fsl »| GENERATOR FSO

s
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LXP600A/602/604 Low-Jitter Clock Adapters

Figure 1: Pin Assignments
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HFO [
CLKI [
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] vce
] FsI
] SEL
1 GND

BN -
g o N®

LXP600ANE,

LXP602NE,
LXP604NE

Table 1: Pin Descriptions

Pin # |Sym |l/O Name Description
1 | FSO | O | Frame Sync Frame synchronization output at 8 kHz. FSO is synced to CLKO and to FSI
Output (if FSI is provided).
2 HFO | O | High Frequency |HFO is used to derive CLKO. HFO can also clock external devices.
Output HFO is always a multiple of CLKO (CLKO x2, x3, or x4).
Actual frequencies are determined by device, CLKI and CLKO frequencies
and Mode Select (SEL) input, as listed in Table 2.
3 CLKI| I |Clock Input Input clock (1.544, 2.048 or 4.096 MHz) to be converted.
4 |CLKO| O | Clock Output Output clock (1.544, 2.048 or 4.096 MHz) derived from CLKI.
5 GND| - | Ground Ground.
6 SEL | 1 [ Mode Select Controls frequency conversion as listed in Table 2.
‘When SEL = High, higher frequency CLKI (2.048 for LXP600A and
LXP602, or 4.096 MHz for LXP604) is converted to 1.544 MHz CLKO.
‘When SEL = Low, 1.544 MHz CLKI is converted to higher frequency CLKO
(2.048 for LXP600A and LXP602, or 4.096 MHz for LXP604).
7 FSI | 1 |Frame Sync Input |8 kHz frame synchronization pulse. Tie High or Low if not used.
8 VCC| - |Power Supply +5 V power supply input.
(JLEVEL
32 [ERE



LXP600A/602/604 Low-Jitter Clock Adapters

FUNCTIONAL DESCRIPTION

NOTE
This information is for design aid only.

The CLADs convert an input clock (CLKI) at a particular
frequency to an output clock (CLKO) at a different fre-
quency. They also produce a frame sync output (FSO) and
ahigh frequency output (HFO) clock. The HFO is amultiple
(2x, 3x, or 4x) of CLKO. The HFO and CLKI/CLKO
conversion frequencies are different for each device, and
controlled by the Mode Select input as listed in Table 2.

The LXP600A and LXP602 convert between 1.544 MHz
and 2.048 MHz. When converting from 2.048 MHz to 1.544
MHz, both CLADs produce a 6.176 MHz HFO. However,
when converting from 1.544 MHz to 2.048 MHz, the
LXP600A produces a 6.144 MHz HFO and the LXP602
produces an 8.192 MHz HFO.

The LXP604 converts between 1.544 MHz and 4.096 MHz.
When converting from 4.096 to 1.544 MHz the LXP604
HFO is 6.176. When converting from 1.544 MHz to 4.096
MHz, the LXP604 produces an 8.192 MHz HFO.

MODE SELECT

The Mode Select (SEL) input controls whether the device
converts.to a higher or lower frequency as described below:

*2.048 or 4.096 to 1.544 MHz: To produce a
1.544 MHz output clock from a 2.048 MHz or
4.096 MHz input clock, SEL must be set High. In
this mode HFO = 6.176 MHz for all CLADs.

* 1.544 t0 2.048 MHz or 4.096 MHz: To produce a
2.048 MHz or 4.096 MHz output clock from a 1.544
MHz input clock, SEL must be set Low. In this
mode the LXP600A HFO = 6.144 MHz, and the
LXP602 and LXP604 HFO = 8.192 MHz.

In both frequency modes, CLKO is frequency-locked to
CLKI. When FSI is applied, CLKO and CLKI are also
phase-locked with FSO and FSI synchronized. Refer to Test
Specifications for detailed timing.

When FSI s first asserted, the CLKI and CLKO rising edges
will be aligned within a maximum of 500 ms.

If FSI is not provided, pin 7 should be tied High or Low.

CLKO and FSO are still generated with the CLKO fre-
quency-locked to CLKI.

]
e

OUTPUT JITTER
2.048 MHz or 4.096 MHz to 1.544 MHz

In this mode of operation, the CLADs meet the output jitter
requirements of AT&T Publication 62411. When thereisno
jitter on input clock CLKI, the maximum jitter on CLKO is
0.020 UI pp with no bandlimiting, 0.010 UI pp over the
range of 10 Hz to 40 kHz, and 0.012 UI pp in the 8 - 40 kHz
band.

1.544 MHz to 2.048 MHz or 4.096 MHz

In this mode of operation, the CLADs meet the output jitter
requirements of CCITT Recommendation G.823. When
there is no jitter on input clock CLKI, the maximum jitter on
CLKO is 0.035 UI pp over the range of 20 Hz to 100 kHz,
and 0.025 UI pp in the 18 - 100 kHz band.

JITTER TRANSFER

The CLADs are sensitive to jitter on the input clock in
certain frequency bands. The jitter transfer curve is deter-
mined by the frequency and amplitude of the input jitter.
Test Specification Figures 4 and 5 show nominal jitter
transfer measured in nanoseconds. These figures graph
outputjitter (Iess intrinsic jitter) divided by inputjitter (0.25
UI). Jitter transfer from a 2.048 MHz CLKI to a 1.544 MHz
CLKOisshowninFigure4. In this mode, jitter in the critical
8 kHz band is slightly attenuated while jitter in the 18 - 70
kHz band is transferred with a small net gain. Jitter transfer
from a 1.544 MHz CLKI to a 2.048 MHz CLKO is shown
inFigure 5. In both modes, with an input jitter level of 0.25
UL, jitter transfer is held below a net gain of 1.110.

(Jitter transfer varies with input jitter. Performance in a
specific application should be verified in the actual circuit.)

Table 2: CLAD Frequency Conversions

CLAD CLKI CLKO HFO SEL
LXP600A 1.544 2.048 6.144 0
2.048 1.544 6.176 1
LXP602 1.544 2.048 8.192 0
2.048 1.544 6.176 1
LXP604 1.544 4.096 8.192 0
4.096 1.544 6.176 1




LXP600A/602/604 Low-Jitter Clock Adapters

APPLICATION INFORMATION

This information is for design aid only.

NOTE

POWER-UP

Standard CMOS device precautions apply to the CLAD.
Inputs must be applied either simultaneously with or after

the power supply VCC. CLAD input signals include CLKI,

Figure 2: Typical CLAD Application Circuit

FSI and SEL.
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LXP600A/602/604 Low-Jitter Clock Adapters

The CLAD internal circuitry takes a maximum of 200 ms to
stabilize. There is an additional delay of 500 ms maximum
for CLKO to be phase-locked to the incoming clock CLKI
during frame synchronization FSI.

POWER SUPPLY DECOUPLING AND
FILTERING

The CLAD:s are designed to meet AT&T Publication 62411
specifications for jitter in the range from 10 Hz to 100 kHz.
Proper power supply decoupling is critical for meeting these
specifications. As shown in Figure 2, a typical application
with a pair of CLAD:s for backplane frequency conversion,
a standard 0.1 uF bypass capacitor is recommended.

The CLADs are monolithic silicon devices which incorpo-
rate both analog and digital circuits. CLAD application
circuit design may require closer attention to power supply
filtering and bypassing than required for strictly digital
devices.

Switching power supplies which operate below 100 kHz
may produce noise spikes which can affect the analog
sections of the CLAD. These spikes should be filtered with
an RC network at the CLAD VCC pin.

FRAME SYNC GENERATION

A frame sync pulse is required to synchronize the input and
output clocks. If a frame sync pulse is not provided on the
backplane, one can be generated from the existing 2.048
MHz backplane clock. A typical FSI generation circuit is
shown in Figure 3.

Figure 3: Frame Sync (FSI) Generation Circuit

+5V
LS163 LS163
Binary Ctr Binary Ctr
Ls74
b a3 p D3 Q3 p
+—doe @p R @p o
L dor a1 h DI Qi p
i doo o o Qh
2048 MHz LS04 - Db ap
SYSTEM ChCLK — ek
CLOCK +—OT Ripple T Ripple — SYSTEM FRAME
+—dp cany [ E—g P Camy rPCLK Q B> gyne ouTPUT
1D CL 0 CL o FSI TO CLAD
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LXP600A/602/604 Low-Jitter Clock Adapters

TEST SPECIFICATIONS

NOTE

Minimum and maximum values in Tables 3 through 8 and Figures 4 through 11 represent the performance specifications
of the LXP600A/602/604 and are guaranteed by test except, as noted, by design.

Table 3: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ -0.3 7.0 v
Voltage, any I/O pin Vio GND - 0.3 VCC+0.3 \'
Current, any I/O pin ! Tio -10 10 mA
Storage temperature TstG -65 150 °C
Package power dissipation Pp - 340 mW

CAUTION

Operations at or beyond these limits may result in permanent damage to the device.
Normal operation not guaranteed at these extremes.

1. Transient currents of up to 100 mA will not cause SCR latch-up.

Table 4: Recommended Operating Conditions

Parameter Symbol Min | Typ | Max | Units Test Conditions
Supply voltage ! Vee 4.75 5.0 5.25 v
Supply current Icc - - 8 mA No TTL loading
Icc - - 14 mA Full TTL loading
Operating temperature Top -40 - 85 °C
1. Voltages are with respect to Ground unless otherwise specified.
Table 5: Digital Characteristics (Over Recommended Range)
Parameter Symbol Min Max Units
Input Low voltage v - 0.8 v
Input High voltage VH 2.0 - v
Output Low voltage (IoL = +1.6 mA) VoL - 0.4 \"
Output Low voltage (IoL < +10 pA) VoL - 0.2 v
Output High voltage (IoH = -0.4 mA) Vou 2.4 - Vv
Output High voltage (Ion < -10 pA) Vou 4.5 - v
Input leakage current IL -10 . 10 HA
QLEVEL

ONE.



LXP600A/602/604 Low-Jitter Clock Adapters

Table 6: Output Jitter Specifications

Parameter Sym Frequency |Spec'| Typ2? | Max | Units Test Conditions
Output Jitter on CLKO No Bandlimiting ]0.050 | 0.010 | 0.020 | UI pp | CLKI =2.048 or 4.096 MHz
CLKO = 1.544 MHz Tj1 | 10Hzto40kHz |0.025 | 0.005 | 0.010 | UIpp |JI=0
(All CLADs) 8 kHz to 40 kHz |0.025 | 0.006 { 0.012 | UI pp | FSI applied

Output Jitter on CLKO Tj2 | 20 Hz to 100 kHz |1.500 | 0.025 | 0.035 | Ul pp | CLKI = 1.544 MHz,
CLKO =2.048 MHz =0

(LXP600A and 602 Only) 18 kHz to 100 kHz|0.200 | 0.015 | 0.025 | UI pp | FSI applied

1. Specifications from AT&T Publication 62411 and ITU Recommendations G.823 (for 1.544 MHz and 2.048 MHz, respectively).
2. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 4: Nominal Jitter Transfer - 2.048 MHz CLKI to 1.544 MHz CLKO
(Input Jitter = 0.25 UI)
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LXP600A/602/604 Low-ditter Clock Adapters

Figure 5: Nominal Jitter Transfe!' - 1.544 MHz CLKI to 2.048 MHz CLKO

(Input Jitter = 0.25 UI)
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Table 7: Timing Values (see Figure 6)

Parameter

Symbol

Max

Units

Capture range on CLKI

+10000

ppm

Lock range on CLKI

+10000

ppm

Input clock duty cycle

35

65

%

Rise/fall time on CLKI, FSI

Trf

40

ns

Rise/fall time on CLKO, FSO, HFO with a 25 pF load

Trf

40

ns

Figure 6: Rise and Fall Times

Tr

Trf
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LXP600A/602/604 Low-Jitter Clock Adapters

Table 8: Frame Sync Characteristics (see Figureé 7 through 11)

Parameter Symbol Min Typ' Max Units
FSI setup time from CLKI rising Tsui 46 - - ns
FSI/CKLI hold time Thi 30 - - ns
FSI pulse width (low) Twi 76 - TCLKI? ns
CLKO delay from CLKI TdC -15 0 +15 ns
CLKO duty cycle Cdc 49 - 51 %
FSO delay from HFO TdF -5 - 30 ns
FSO pulse width (low) Two - - TCLKO? ns
CLKO delay from HFO TdH -15 - +15 ns
1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. TCLKI is the period of CLKI.
3. TCLKO is the period of CLKO.

Figure 7: LXP600A and LXP602 High to Low Frequency Conversion Frame Sync
Alignment

(6.176 MHz)

Figure 8: LXP604 High to Low Frequency Conversion Frame Sync Alignment
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LXP600A/602/604 Low-Jitter Clock Adapters

Figure 9: LXP600A Low to High Frequency Conversion Frame Sync Alignment
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Figure 10: LXP602 Low to High Frequency Conversion Frame Sync Alighment
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Figure 11: LXP604 Low to High Frequency Conversion Frame Sync Alignment
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The LXP610 Multi-Rate Clock Adapter (CLAD) offers pin-
selectable frequency conversion between T1 and E1 rates as
well as 8 additional rates from 1.544 MHz to 8.192 MHz.
The output clock is frequency-locked to the input clock.
When an input frame sync pulse is provided, the CLAD
phase-locks the input and output clocks together, and locks
the 8 kHz output frame sync pulse to the input frame sync
pulse. The frame sync polarity is also pin-selectable.

Five different high frequency output clocks are available for
applications which require a higher-than-baud rate back-
plane or system clock. The high frequency output (HFO)
clock varies with the input clock frequency.

Level One’s patented locking method enables the CLAD to
perform frequency conversion with no external compo-
nents, while generating very little jitter on the output clock.
The conversion is digitally controlled so the output clock is
as accurate as the input clock.

The CLAD is an advanced CMOS device. It requires only
a single +5 V power supply.

Rate Clock Ada

APRIL, 1996

pter (CLAD)
'Fe

» Translates between 10 different frequencies.
Generates basic and high frequency output clocks and
frame sync from an input clock and its frame sync.

* High Frequency Output clock for higher-than-baud
rate backplane systems

* Low output jitter meets AT&T Publication 62411 for
1.544 MHz, and CCITT Recommendation G.823 for
2.048 MHz

» Digital control of frequency conversion process

- » No external components

* Pin-selectable operation mode

* Low-power 5 V only CMOS in 14-pin plastic DIP or
28-pin PLCC

« Internal timing system for Channel Banks, Digital
Loop Carriers, Multiplexers, Internal Timing Genera-
tors, etc.

» Conversion between T1/E1 clock rates and higher
frequency backplane rates (T1/E1 converter)

* Special backplane interfaces (e.g. NTI 2.56 MHz)

INPUT ANALOG
CLKI ™ DIVIDER PHASE-LOCKED oUTPUT > HFO
LOoP DIVIDER = CLKO
} 1
A
FEEDBACK FREQUENCY
DIVIDER CONVERTER
\ \ T
SEL i - FRAME SYNC [ FSP
FsI GENERATOR > FSO
S FREQUENCY ?
P 1 SELECT
P4 »| LOGIC
@LEVEL
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LXP610 Low-Jitter Multi-Rate Clock Adapter (CLAD)

Figure 1: Pin Assignments
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N/C J N/C
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Table 1: Pin Descriptions
Pin# | sym | 1O Name Description
DIP |PLCC
111 P3 I | Program Pin 3 Program pins control frequency conversion and FSO pulse width
7114 P1 I | Program Pin 1 in conjunction with the SEL pin as listed in Table 2.
9116 P2 I | Program Pin 2
13 |27 P4 I | Program Pin 4 .
2| FSO O | Frame Sync Output | Frame synchronization output at 8 kHz. FSO is synched to CLKO and]
to FSI (if FSI is provided.) Active Low unless FSP = 1.
31 6 | HFO O | High Frequency A high frequency output which can be used to clock external devices.
Output HFO outputs are determined in accordance with Table 2.
5110 | CLKI | I | Clock Input Primary rate clock to be converted.
13 | CLKO | O | Clock Output Primary rate clock derived from CLKI.
15 | GND - | Ground Ground.
10 {20 | SEL I | Mode Select Controls frequency conversion and FSO pulse width in conjunction
with Program pins 1-4, as listed in Table 2.
11 |22 | FSP I | Frame Sync Polarity | When High, causes FSI and FSO to be active High pulses.
12 124 | FSI I | Frame Sync Input | Frame synchronization pulse (8 kHz or any subrate multiple).
Active Low when FSP = 0. Active High when FSP = 1.
14 128 | VCC I | Power Supply Input | +5 V power supply input.
NOTE: The following pins are not connected (N/C): DIP pin 4 and PLCC pins 3,4, 5,7, 8,9, 11, 12, 17, 18, 19, 21, 23, 25 and 26.

3-12
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LXP610 Low-Jitter Multi-Rate Clock Adapter (CLAD)

FUNCTIONAL DESCRIPTION

NOTE
This information is for design aid only.

The CLAD converts an input clock (CLKI) at a particular
frequency to an output clock (CLKO) at a different fre-
quency. It also produces a frame sync output (FSO) and a
high frequency output clock (HFO). The HFO frequency is
a multiple (2x, 3x, 4x, or 5x) of CLKO. The specific
frequencies are determined by the Mode Select (SEL) and
Program (P1 - P4) inputs. Tables 2 and 3 list the CLKO and
HFO frequencies available with a given input CLKI. (Table
2iskeyed to Program Pin settings; Table 3 is keyed to CLKI
frequencies.) Refer to Test Specifications for output frame
sync alignments.

CLKO is always frequency-locked to CLKI. When a frame
sync input (FSI) is supplied, CLKI and CLKO are also
phase-locked. The CLAD accepts FSI pulses at 8 kHz, or at
any sub-rate multiple (i.e., 1, 2 or 4 kHz). The frame sync
output (FSO) pulse is synchronized to the FSI pulse.

Table 2: Program Pin Functions

When an 8 kHz FSI is first asserted, the CLKI and CLKO
rising edges will be aligned within a maximum of 500 ms.
For other FSIrates, the alignment period is correspondingly
lengthened. For example, at 4 kHz, the FSI/FSO alignment
is completed within a maximum of one second.

If an input frame sync pulse is not provided, the FSI pin
should be tied High or Low. CLKO and FSO are still
generated with the CLKO frequency locked to CLKI.

OUTPUT JITTER

The CLAD output jitter meets the following specifications:

* 2.048 MHz or 4.096 MHz to 1.544 MHz: In this mode

of operation, the CLAD meets the output jitter require-

ments of AT&T Publication 62411. When there is no

jitter oninput clock CLKI, the maximum jitter on CLKO

is 0.020 UI pp with no bandlimiting, 0.010 UI in the

10 Hz - 40 kHz band, and 0.012 UI in the 8 - 40 kHz
band.

* 1.544 MHz to 2.048 MHz or 4.096 MHz: In this
mode of operation when there is no jitter on input
clock CLKI, the maximum jitter on CLKO is 0.035
UI pp over the range of 20 Hz to 100 kHz, and 0.025
UP pp in the 18-100 kHz band.

Mode Select SEL=0 SEL=1
P4 P3 P2 P1 CLKI CLKO HFO FSO CLKI CLKO HFO FSO
0 0 0 O 1.544 2.048 6.144 Long (L) 2.048 3.088 6.176 L
0 0 0 1 3.088 2.048 8.192 Short (S) 2.048 3.088 6.176 L
0O 0 1 0 1.544 2.048 6.144 L 2.048 1.544 6.176 L
0O 0 1 1 1.544 2.048 8.192 S 2.048 1.544 6.176 L
0O 1 0 O 1.544 2.560 7.680 L 2.560 1.544 7.720 L
0 1 01 6.176 4.096 8.192 L 8.192 3.088 6.176 L
0 1 1 0 1.544 2.560 7.680 L 2.560 1.544 7.720 L
0 1 1 1 6.176 2.048 8.192 S 8.192 1.544 6.176 L
1 0 0O 3.088 2.048 6.144 L 2.048 3.088 6.176 L
1 0 0 1 3.088 4.096 8.192 L 4.096 3.088 6.176 L
1 0 1 0O 3.088 2.048 6.144 L 2.048 3.088 6.176 L
1 0 1 1 1.544 4.096 8.192 L 4.096 1.544 6.176 L
1 1 0 0 6.176 2.560 7.680 L 2.560 1.544 7.720 L
1 1 01 6.176 4.096 8.192 L 8.192 3.088 6.176 L
1 1 10 6.176 2.560 7.680 L 2.560 1.544 7.720 L
1 1 1 1 6.176 4.096 8.192 L 8.192 1.544 6.176 L
@LEVEL
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LXP610 Low-Jitter Multi-Rate Clock Adapter (CLAD)

JITTER TRANSFER

The CLAD is sensitive to jitter on the input clock in certain
frequency bands The jitter transfer curve is determined by
the frequency and amplitude of the input jitter. Test Speci-
fication Figures 4 and 5 show nominal jitter transfer mea-
sured in nanoseconds. These figures graph outputjitter (less
intrinsic jitter) divided by input jitter (0.25 UI). Jitter
transfer from a 2.048 MHz CLKI to a 1.544 MHz CLKO is
shown in Figure 4. In this mode, jitter in the critical 8 kHz
band is attenuated while jitter in the 18 - 70 kHz band is
transferred with a small net gain. Jitter transfer from a 1.544
MHz CLKI to a 2.048 MHz CLKO is shown in Figure 5. In
both modes, with an input jitter level of 0.25 UI, jitter
transfer is held below a net gain of 1.110. (Jitter transfer
varies with the input jitter level. Performance in a particular
application should be verified in the actual circuit.)

Table 3: Input to Output Frequency Conversion Options

CLKI CLKO HFO FSO P4 P3 P2 P1 SEL
1.544 2.048 6.144 Long (L) 0O 0 X 0 0
1.544 2.048 8.192 Short (S) 0o 0 1 1 0
1.544 2.560 7.680 L 0 1 X 0 0
1.544 4.096 8.192 L 1 0 1 1 0
2.048 1.544 6.176 L 0o 0 1 X 1
2.048 3.088 6.176 L 0 0 0 X 1
2.048 3.088 6.176 L 1 0 X O 1
2.560 1.544 7.720 L X 1 X 0 1
3.088 2.048 6.144 L 1 0 X 0 0
3.088 2.048 8.192 S 0o 0 0 1 0
3.088 4.096 8.192 L 1 0 0 1 0
4.096 1.544 6.176 L 1 0 .1 1 1
4.096 3.088 6.176 L 1 0 0 1 1
6.176 2.048 8.192 S 0 1 1 1 0
6.176 2.560 7.680 L 1 1 X 0 0
6.176 4.096 8.192 L o 1 0 1 0
6.176 4.096 8.192 L 1 1 X 1 0
8.192 1.544 6.176 L X 1 1 1 1
8.192 3.088 6.176 L X 1 0 1 1
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LXP610 Low-Jitter Multi-Rate Clock Adapter (CLAD)

APPLICATION INFORMATION

NOTE
This information is for design aid only.

FRAME SYNC GENERATION

A frame sync pulse is required to synchronize the input and
output clocks. If a frame sync pulse is not provided on the
backplane, one can be generated from the existing 2.048
MHz backplane clock. A typical FSI generation circuit is
shown in Figure 2.

POWER SUPPLY DECOUPLING AND
FILTERING

The LXP610 CLAD is designed to meet AT&T Publication
62411 specifications for jitter in the range from 10 Hz to
100 kHz. Proper power supply decoupling is critical for
meeting these specifications. As shown in Figure 3, a
standard 0.1 uF bypass capacitor is recommended.

The CLADisamonolithic silicondevice whichincorporates
both analog and digital circuits. CLAD application circuit
design may require closer attention to power supply filtering
and bypassing than required for strictly digital devices.

Switching power supplies which operate below 100 kHz
may produce noise spikes which can affect the analog
sections of the CLAD. These spikes should be filtered with
an RC network at the CLAD VCC pin.

TYPICAL APPLICATION

Figure 3 shows a typical application circuit using a pair of
LXP610 CLAD:s to convert between the 2.56 MHz back-
plane frequency and the 1.544 MHz T1 rate. The CLAD at
the top of the figure provides the 1.544 MHz TCLK for the
T1 framer and transceiver. For conversion from 2.56 MHz
to 1.544 MHz, P1, P2, and P4 are tied Low; and P1 and SEL
are tied High. In this configuration, the LXP610 HFO is
7.720 MHz.

The CLAD at the bottom of Figure 3 produces the 2.56 MHz
backplane clock. For conversion from 1.544 MHz to 2.56
MHz, P1, P2, P3 and P4 are tied High; and SEL is tied Low.
The HFO produced in this configuration is 7.680 MHz.

Figure 2: Frame Sync (FSI) Generation Circuit
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Binary Ctr Binary Ctr
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—1 D1 Qg D1 Q1
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2.048MHz LS04 = H Db ap
SYSTEM {>CLK —LCLK
CLOCK ¢+—OT Ripple T Ripple = SYSTEM FRAME
+—dp cany [ 5 Carry rpok @ SYNC OUTPUT
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. LXP610 Low-Jitter Multi-Rate Clock Adapter (CLAD)

Figure 3: Typical Application Circuit
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LXP610 Low-Jitter Multi-Rate Clock Adapter (CLAD)

TEST SPECIFICATIONS

NOTE
Minimum and maximum values in Tables 4 through 9 and
Figures 4 through 11 represent the performance
specifications of the LXP610 and are guaranteed by test
except, as noted, by design.

Table 4: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ -0.3 7.0 v
Voltage, any I/O pin Vio GND -0.3 VCC +0.3 v
Current, any I/O pin ! Tio -10 10 mA
Storage temperature TSTG -65 150 °C
Package power dissipation Pp - 340 mW
CAUTION
Operations at or beyond these limits may result in permanent damage to the device.
Normal operation not guaranteed at these extremes.
1. Transient currents of up to 100 mA will not cause SCR latch-up.

Table 5: Recommended Operating Conditions

Parameter Symbol Min | Typ | Max | Units Test Conditions
Supply voltage ! Vce 4.75 50 5.25 v
Supply current ' Icc - - 8 mA No TTL loading
Icc - - 14 mA Full TTL loading
Operating temperature Top -40 - 85 °C
1. Voltages are with respect to Ground unless otherwise specified.

Table 6: Digital Characteristics (Over Recommended Range)

Parameter Symbol Min Max Units
Input Low voltage ViL - 0.8 v
Input High voltage VH 2.0 - Vv
Output Low voltage (IoL = +1.6 mA) VoL - 0.4 \%
Output Low voltage (IoL < +10 pA) VoL - 0.2 v
Output High voltage (IoH = -0.4 mA) VoH 24 - \Y%
Output High voltage (IoH < -10 pA) VoH 4.5 - v
Input leakage current I -10 10 HA

CLEVEL
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LXP610 Low-dJitter Multi-Rate Clock Adapter (CLAD)

Table 7: Output Jitter Specifications

Parameter Sym Frequency (Spec'| Typ? | Max | Units Test Conditions
Output Jitter on CLKO No Bandlimiting | 0.050 | 0.010 | 0.020 | UI pp | CLKI = 2.048 or 4.096 MHz
CLKO = 1.544 MHz Tj1 | 10Hzto40kHz |0.025| 0.005 | 0.010 | Ulpp |JI=0

8 kHz to 40 kHz |0.025 | 0.006 | 0.012 | Ul pp | FSI applied
Output Jitter on CLKO Tj2 | 20 Hz to 100 kHz | 1.500 | 0.025 | 0.035 | Ul pp | CLKI = 1.544 MHz,
CLKO =2.048 MHz =0
18 kHz to 100 kHz | 0.200 | 0.015 | 0.025 | Ulpp FSI applied

1. Specifications from AT&T Publication 62411 and ITU Recommendations G.823 (for 1.544 MHz and 2.048 MHz, respectively).
2. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 4: Nominal Jitter Transfer - 2.048 MHz CLKI to 1.544 MHz CLLKO
(Input Jitter = 0.25 UI)
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Figure 5: Nominal Jitter Transfer - 1.544 MHz CLKI to 2.048 MHz CLKO
(Input Jitter = 0.25 UI)
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LXP610 Low-Jitter Multi-Rate Clock Adapter (CLAD)

Table 8: Timing Values (see Figure 6)

Parameter Symbol Min Max Units
Capture range on CLKI - +10000 - ppm
Lock range on CLKI - +10000 - ppm
Input clock duty cycle - 35 65 %
Rise/fall time on CLKI, FSI Trf - 40 ns
Rise/fall time on CLKO, FSO, HFO with a 25 pF load Trf - 40 ns

Figure 6: Rise and Fall Times

Trf Trf

VIHVOH — - - - = = = /_
VILVOL - = - = = =

Table 9: Timing Values (see Figures 7 through 11)

Parameter Symbol Min Typ Max Units

FSI setup time from CLKI rising Tsui 46 - - ns
FSI/CKLI hold time Thi 30 - - ns
FSI pulse width Twi 76 - TCLKI! ns
CLKO delay from CLKI TdC -15 0 +15 ns
CLKO duty cycle Cdc 49 - 51 To
FSO delay from HFO TdF -5 - 30 ns
FSO pulse width Two - - TCLKO? ns
CLKO delay from HFO TdH -15 - 15 ns
1. TCLKI is the period of CLKI.

2. TCLKO is the period of CLKO.
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LXP610 Low-dJitter Multi-Rate Clock Adapter (CLAD)

Figure 7: Timing Relationships - FSI/ CLKI to CLKO / FSO and HFO
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LXP610 Low-Jitter Multi-Rate Clock Adapter (CLAD)

Figure 8: Output Frame Sync Alignment when HFO =2 x CLKO
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Figure 9: Output Frame Sync Alignment when HFO = 3 x CLKO
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Figure 10: Output Frame Sync Alignment when HFO = 4 x CLKO
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NOTES:
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LXT312/LXT315

Low-Power T1 PCM Repeaters/Transceivers

APRIL, 1996

The 5 are integrated repeater/trans-
ceiver circuits for T1 carrier systems. The LXT312is a dual
repeater/transceiver and the LXT315 is a single repeater/
transceiver. The LXT312 and LXT315 are designed to
operate asregenerative repeaters/transceivers for 1.544 Mbps
data rate PCM lines. Each includes all circuits required for
a regenerative repeater/transceiver system including the
equalization network, automatic line build-out (ALBO), and
a state-of-the-art analog/digital clock extraction network
tuned by an external crystal.

Thekey feature of the LXT312 family is that it requires only
a crystal and a minimum of other components to complete a
repeater/transceiver design. Compared with traditional tuned
coil-type repeaters/transceivers, they offer significant sav-
ings in component and labor costs, along with reduced
voltage drop/power consumption, and improved reliability.
To ensure performance for all loop lengths, the LXT312 and
LXT315 are 100% AC/DC tested using inputs generated by
Level One’s proprietary transmission line and network simu-
lator.

.

The LXT312 and LXT315 are advanced CMOS devices
which require only a single 5-volt power supply.

* Integrated repeater/transceiver circuit on a single CMOS

chip
On-chip equalization network
On-chip ALBO

Low power consumption

No tuning coil

On-chip Loopback

Recovered Clock Output

0 to 36 dB dynamic range

-11 dB interference margin

Compatible with CB113/TA24 specifications
Single 5 V only CMOS technology

Available in 16-pin PDIP and 44-pin PLCC
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LXT312/315 Low-Power T1 PCM Repeater/Transceivers

Figure 1: LXT312/315 Repeater/Transceiver Pin Assignments
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LXT312/315 Low-Power T1 PCM Repeaters/Transceivers

Table 1: Pin Descriptions
le;gtgc Sym VO | Name Description
1|1 RTIP1 I Repeater Tip and Tip and ring receive inputs for Channel 1.
2 | 2 | RRING1 I Ring Inputs
4| 4 | RCLK1 (6] Recovered Clock Clock output recovered from Channel 1 receive input.
6|20 | TTIP1 (0} Repeater Tip and Open-drain output drivers for Channel 1.
7 | 21 | TRING1 0} Ring Outputs
111 25 XTI 1 Crystal Oscillator A 6.176 MHz crystal must be connected across these two
12 | 26 XTO (0} Pins pins.
313 | vCC I | Power Supply Power supply input for all circuits. +5 V (£0.25 V)
8 22| GNDT - Transmit Ground Ground return for transmit circuits.
16 | 44 | GNDR - Receive Ground Ground return for receive circuits.
9']|23'| TRING2 0 Side 2 Tip and Ring | On the LXT312 dual repeater/transceiver, these are open-
101241 TTIP2 (6] Outputs drain output drivers for Channel 2.
141142 RRING2 I Side 2 Ring and Tip | On the LXT312 dual repeater/transceiver these are tip and
15!/43'| RTIP2 1 Inputs ring receive inputs for Channel 2.
5'119'{ RCLK2 (6] Recovered Clock On the LXT312 dual repeater/transceiver, this is the recov-
ered clock output for Channel 2. _
13| 41 | LPBK I Loopback Control On the LXT312, this pin controls Loopback Selection.
High = Loopback side 1 data to side 2. Low = No
Loopback. On the LXT315 single repeater/transceiver,
this pin must be connected to GND.
1. On the LXT315NE and LXT315PE single repeater/transceiver, these pins are not connected (N/C).
2. On the LXT312PE and LXT315PE pins 5 through 18 and 28 through 40 are not connected (N/C).

]
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LXT312/315 Low-Power T1 PCM Repeater/Transceivers

FUNCTIONAL DESCRIPTION

NOTE
This information is for design aid only.

PCM signals are attenuated and dispersed in time as they
travel down a transmission line. Repeaters/transceivers are
required to amplify, reshape, regenerate and retime the PCM
signal, then retransmit it.

The LXT312 and LXT315 each contain all the circuits
required to build a complete PCM repeater/transceiver. The
operational range of the repeaters/transceivers is O to 36 dB
of cable loss at 772 kHz (equal to 6300 feet of 22 gauge pulp-
insulated cable between repeaters).

RECEIVE FUNCTION

The signal is received through a 1 : 1 transformer at RTIP
and RRING and equalized for up to 36 dB of cable loss. The
receive equalizer uses a proprietary on-chip adaptive filter
technique which is equivalent to a 3-port ALBO equalizer
design. The monolithic structure of the filter and the absence
of external components provide excellent ISI and dispersion
elimination; and accurate data transfer over temperature.

Receiver noise immunity is optimized by a proprietary
crosstalk elimination filter which eliminates the unneeded
high frequency components of the received signal.

Timing Recovery Function

The equalized signal is full wave rectified and used to
generate information for the timing recovery circuit. This
circuit uses a mixed analog/digital technique to provide a
low-jitter PLL similar to a tuned tank with excellent jitter
tracking ability. But unlike a tuned tank, the free running
frequency of the PLL clock is accurately controlled by the
external reference crystal. No adjustment is required. Refer
to Application Information for crystal specifications.

Recovered clock signals are available on the RCLK pins for
applications that require synchronization to the bit stream.

TRANSMIT FUNCTION

Recovered data is resynchronized to the recovered clock
signal by the timing recovery and transmit control section.
The data is then retransmitted to the network via two open-
drain, high-voltage transistors.

LOOPBACK FUNCTION (LXT312 ONLY)

The LXT312 includes a loopback function for network
diagnostics. With the LPBK pin Low, the repeater/trans-
ceiver operates in the normal mode. When the LPBK pin is
pulled High, the data is looped back from side 1 to side 2.

4



LXT312/315 Low-Power T1 PCM Repeaters/Transceivers

APPLICATION INFORMATION Table 2: LXT312/315 Crystal
Specifications
o ~NoTE Parameter Specification
This information is for design aid only. Frequency 6176 MHz
. . . F tol ! +50
Figure 2 shows a typical T1 dual repeater/transceiver appli- El;;:qu?ncy 0, eranc.e 20 Ql;]j[m -
cation using an LXT312 repeater/transceiver with standard ective series resistance aximum
PCB edge connectors. Itincludes a jumper-selectable short- Crystal cut AT
ing option (dashed lines at connector pins 2 and 7) for the Resonance Parallel
fault location circuitry. Table 2 gives the specifications for Maximum drive level 2.0 mW
atypical crystal used with the LXT312 or LXT315 repeater/ Mode of operation Fundamental
transceiver.
1. @25°C,CLoad=10pF;and from -40 °C to + 85 °C
(Ref 25 °C reading)

Figure 2: Typical T1 Dual Repeater/Transceiver Application Diagram

56 Q1W SCHOTT #10951 SCHOTT #10951 5.6 Q 1W

1000 1000 3
<
.
R* re
56Q1W fet:1 LXT312 SR
R
RTIP1  GNDR [} 1
RRING1 RTIP2 [ =
o — vcC  RRING2 [}—
u
51v T = [ Rowkt ek [}F—
[] rRok2 X700 [F— )
= 6.176 MHZ
63V 7Y —{ TPt X1 [
p
= [] TRiNnGt TTIP2 50
6Q i1 56Q1W
581w ‘[[ GNDT TRING2 [} Sat i1t
XMT1 = =
56Q1W - .
100pF | 01pF [ [9)
$30 3
240Q 100 uH 3 < L wag 100pH 2400
{i0>
1:1ct :3ct -~ *x SCHOTT #12535-9027
SCHOTT #12535-9027 Z-E

NOTES: * RTIP/RRING Resistors are used to provide surge protection. Values can be 0 - 100 Q.
** TTIP/TRING Zeners are used to reduce surge susceptibility. Values can be 12- 14 V.
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LXT312/315 Low-Power T1 PCM Repeater/Transceivers

TEST SPECIFICATIONS Table 3: Absolute Maximum Ratings
Parameter Sym Value
- X NOTE, ' Supply Voltage Vcc -03Vto+6 V
Minimum and maximum values in Tables 3 through 5 and (min to max)
Figures 3 through 11 represent the performance specifica- -
tions of the LXT312/315 repeaters/transceivers and are Dnve.r Voltage Vo 18V
guaranteed by test except, as noted, by design. Receiver Current Iec 100 mA
Operating temperature
- - T s ae int T -40 ° °
Figure 3: Digital Timing Characteristics (min to max) Op | 40°Cto+85°C
Storage temperature
G tr (min to max) Tst -65 °C to +150 °C
CAUTION
RCLK _/—\_/ Exceeding these values may cause permanent
trsu | tH et damage. Functional operation under these condi-
tions is not implied. Exposure to maximum rating
TTIP, - . .
TRING \ / N\ / |\ /{ \\ conditions for extended periods may affect device

(with external pull-up)

reliability.

Table 4: Recommended Operating Conditions (Voltages are with respect to ground.)

Parameter Symbol Min Typ Max Units
Supply voltage Vce 4.75 5.0 5.25 \"
Operating temperature Top -40 - 85 °C

Table 5: Electrical Characteristics (Over Recommended Range)

Parameter Symbol Min Typ' Max Units
Interference Margin SNR -11 - - dB
Receiver Dynamic Range - -36 - 0 dB
Digital Outputs - Low (IoL = 1.6 mA) VoL - - 0.4 v

(IoL =10 pA) VoL - 0.2 - A%
Digital Outputs - High (Ion = 0.4 mA) VoH 24 - - v

(Ion < 10 pA) VoH - 4.5 _ v
Digital Inputs - High VH 2.0 - _ \'
Digital Inputs - Low ViL - - 0.8 v
Supply Current All zeros Icc - 15 22 mA
(from VCC supply)? All ones Icc - - 23 mA
Driver Leakage Current (VDVR = 18 V) ILL = - 100 HA
Driver Pulse Amplitude (Driver output Io = 20 mA) Ar 0.65 - 0.95 v
Driver Pulse Width tpw 299 324 349 ns
Driver Pulse Imbalance - - - 15 ns
Rise and Fall Time (any digital output?) tR/tF - - 18 ns
Setup Time - TTIP/TRING to RCLK tTsu 90 - — ns
Hold Time - TTIP/TRING from RCLK tTH 920 - - ns

2. Measured with CLoaD < 10 pF, Rroap > 100 kQ.

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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LXT312/315 Low-Power T1 PCM Repeaters/Transceivers

TEST SETUPS

Both the LXT312 and LXT315 are fully tested (100% AC
and DC parameters) using inputs generated by Level One’s

Figure 4: Receiver Jitter Tolerance
Template

proprietary transmission line and network simulator. De-
vice testing includes receiver jitter tolerance, jitter transfer A
and interference margin, and receiver immunity to gaussian g
and 60 Hz noise. Specifications and bench test setups are I
shown in Figures 4 through 11. 5'5‘

e
Receiver Jitter Tolerance Testing 3
Receiver jitter tolerance meets the template shown in Figure ué)
4, when operated at line losses from O to 36 dB. Figure 5 03Ul
shows the setup used for jitter tolerance testing.

IDI Hz 643‘0 Hz 40 'kHz
Jitter Frequency
Figure 5: Receiver Jitter Tolerance Test Setup
Cable
QRSS 00B-3698 | LxTa12/

i USO @ 772 kHz
Source with Sinusoidal LXT315 Error
Zero [ | Jitter —/ > Repeater/ | *| Detector
Restriction Modulator Transceiver

Figure 6: Receiver Jitter Transfer

Receiver Jitter Transfer Testing Template

Receiver jitter transfer meets the template shown in Figure
6, when operated with line losses from 0 to 36 dB and input
jitter amplitude of 0.15 UI peak-to-peak. Jitter gain at a
given frequency is defined as the difference between intrin-
sic jitter and additive jitter at the measurement frequency,
divided by the amplitude of the input jitter. Figure 7 shows
the setup used for jitter transfer testing.

o

-20 dB/Decade Slope

Jitter Gain (dB)
o

Acceptable Range
|
|

T
9650
Jitter Frequency (Hz)

o R g ———

Figure 7: Receiver Jitter Transfer Test Setup

Cable
0dB-36dB
QRSS LXT312/
; Sinusoidal | @ 772kHz Jitter Spectrum
Source with . LXT315
Zero || Jitter - —%—» Repeater/ —®|Demodulator— Analyzer
Restriction Modulator Transceiver
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LXT312/315 Low-Power T1 PCM Repeater/Transceivers

Interference Margin Testing

The LXT312 and LXT315 receiver noise interference mar-
gin is specified at a minimum of -11 dB for line losses from
0dB to 36 dB. The test setup used to measure noise margin
is shown in Figure 8.

Gaussian Noise Immunity Testing

Receiver immunity to gaussian noise is specified at a maxi-
mum BER of 107 for a quasi-random T1 signal at 1.544 MHz
(+130 ppm). The receiver must be immune to noise power
expressed as Np = - (L +4.7) dBm, where L corresponds to
the line loss and is valid for O - 36 dB.

Figure 9 shows the setup used to test gaussian noise immu-
nity. The noise source is gaussian to at least 6 sigma and
filtered to simulate expected noise in a binder group (per
AT&T TA #24/CB113).

60 Hz Pulse Modulation Immunity
Testing

Receiver immunity to 60 Hz pulse amplitude modulation is
specified using the gaussian noise source described in the
previous paragraph on gaussian noise immunity. Pulse
amplitude modulation is specified between 10% and 30% of
the nominal amplitude (see AT&T TA #24/CB113 for
details on the modulation envelope). Figure 10 shows the
setup used for testing receiver immunity to 60 Hz pulse
amplitude modulation. The following figures reflect noise
power for 107 BER at each modulation level, where L
corresponds to the line loss and is valid for 0 - 35 dB:

Modulation Level Noise Power
10% Np=-(L +5.7)dBm
20% Np=-(L+6.7)dBm
30% Np=-(L+8.7)dBm

Receiver Timing Recovery Testing

Receiver timing recovery phase shift modulation for repeti-
tive 8-bit patterns is specified at less than 0.07 UIL. This is
tested using any two out of 35 possible 8-bit patterns and
measuring the change in output pulse timing from one
pattern to the other (see AT&T TA #24 / CB113 for details
on the patterns). Switching rate from one pattern to the other
is specified at between 300 Hz and 500 Hz. The setup used
to test receiver timing recovery phase shift modulation is
shown in Figure 11.

Figure 8: Receiver Noise Interference

Margin Test Setup
Line Out
QRSS Source e » LXT312/
with Atificial Line . LXT315
Interference Generator Line In Repeater/
and Error Detector « Transceiver

(Lear Siegler 415A-2

or Equivalent)

Figure 9: Receiver Gaussian Noise

Immunity Test Setup
Cable
0dB-36dB

QRSS @ 772 kHz LXT312/
Source with /, LXT315

Zero Repeater/
Restriction Transceiver

A

Gaussian ' Filter Error
White Noise (Compatible : Detector
Generator = |with TA #24)

Figure 10: Receiver 60 Hz Pulse Ampli-
tude Modulation Immunity

Test Setup
Cable
0dB-36dB
QRSS 60 Hz @ 772 kHz LXT312/
Source with > Amplitude /, LXT315
, Zero Modulator Repeater/
Restriction Transceiver
Gaussian Filter Error
White Noise o | (Compatible Detector
Generator with TA #24)

Figure 11: Receiver Timing Recovery
Phase Shift Modulation Test

Setup
Cable
0dB-36dB

Pattern @772 kHz L|_)§(1:|?31125/

Setting Transmitter +’ Repeater/

Transceiver

Pattern Pattern Phase Shift

Setting Switching Measuring
Control
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A
LXT313/LXT316

Low-Power E1 PCM Repeaters/Transceivers

The LXT313 and LXT316 are integrated repeater/trans- « Integrated repeater/transceiver circuit on a single CMOS

ceiver circuits for E1 carrier systems. The LXT313 is adual chip

repeater/transceiver and the LXT316 is a single repeater/

transceiver. The LXT313 and LXT316 are designed to * On-chip equalization network

operate asregenerative repeaters/transceivers for 2.048 Mbps

data rate PCM lines. Each includes all circuits required for * On-chip ALBO

a regenerative repeater/transceiver system including the .

equalization network, automatic line build-out (ALBO), and * Low power consumption n
a state-of-the-art analog/digital clock extraction network

tuned by an external crystal. * No tuning coil

The key feature of the LXT313 family is that it requires only * On-chip Loopback

a crystal and a minimum of other components to complete a

repeater/transceiver design. Compared with traditional tuned * Recovered Clock Output
coil-type repeaters/transceivers, they offer significant sav-
ings in component and labor cost