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OUR MISSION:

OUR QUALITY GOAL:

OUR PLEDGE:

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.

Wg@%

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 qualification and
production release.

The following is a list of trademarks currently used by Level One:

Level One,

Level One has made every effort to supply trademark and service mark information about company names, products and
services mention herein. Product and service names profiled herein are trademarks and service marks of Level One.
Other manufacturers’ product and service names profiled herein are trademarks and service marks of their respective
companies.

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 without limitation, lost reve-
nues 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 pending.
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 IE are registered trademarks of Level One Communications, Incorporated
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LEVEL
ONE.

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)
solutions, 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 communi-
cations IC market which was estimated to be $4.9 billion in
1995. This market is projected 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 Nasdag
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.

In December 1996, Level One acquired Silicon Design
Experts, Inc. (SDE.). This strategic technology acquisition
enhances Level One’s mixed-signal connectivity expertise
with the addition of world class, customizable DSP tech-
nology, tools and cores immediately applicable for acceler-
ated development of 1 gigabit Ethernet and other high
speed DSP-based communications applications.

Level One achieved 80% annual compound revenue
growth for the five year period from 1992 to 1996. The
company's revenues were $112 million in 1996, and it has
been profitable in each quarter since the first quarter of
1992. Total assets were $112 million at year end 1996.

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
nation and around the world. While the telephone and
cable TV operating companies in North America today
have a total installed plant of 430,000 miles of coaxial
cable and 12 million miles of fiber optic cable, there is a
total of 1.2 billion 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 60
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
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customer demands are increasing the need for higher trans-
mission speeds and greater system performance.

As demand increases for higher data transmission speeds—
(beyond 64 kilobits per second) to megabit and gigabit lev-
els—Level One continues to implement its product migra-
tion strategy by developing mixed-signal devices required
at these higher bit rates. The technologies and IC design
techniques Level One has perfected for current mixed-sig-
nal communication markets are also applicable for the
development of solutions addressing broadband coaxial
cable or fiber optic transmission environments.

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/El short-haul
transceivers (Level One is the number one supplier in
this market)

The industry's first fully integrated quad TI1/El
receivers 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 E1 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
Level One’s new MDSL data pump chip set, intro-
duced in February 1997, delivers high-speed internet
access to homes and small business up to ten times
faster than today’s analog modems at a lower compo-
nent cost

.

Networklng 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

Introduced the LXT970, one of the industry’s first
commercially available CMOS, single-chip 10/100
Mbps Ethernet solutions

.

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 equip-
ment manufacturers and also among developers of tele-
com/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 propri-
etary 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.

LxWAVE is a very effective proprietary software simula-
tion tool used to model both the physical-level communica-
tions 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
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LxXNET and LxSYS accurately predict system-level perfor-
mance of Silicon Connectivity Solutions in actual trans-
mission networks. These software tools, combined with
very powerful automatic test equipment, enable Level One
to test its ICs as if they were transmitting in the real world.

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 manufactur-
ing base to take advantage of process innovations and
production 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.

Low Failure Rates

The success of Level One's quality and reliability assurance
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.

ISO 9001 Worldwide Registration

In February 1997, Level One achieved registration of its
quality management system to the International Organiza-
tion for Standardization ISO 9001 standard. Registration
was granted by Underwriters Laboratories Inc. (UL) under

UL’s accreditation by Raad voor Accreditatie (RVA), the
Dutch Council for Accreditation, and by ANSI-RAB.

ISO 9001 is one of the ISO 9000 series of quality system
standards developed by the International Organization for
Standardization, a worldwide federation of national stan-
dards bodies. The importance of the ISO 9000 movement
is being driven by a global marketplace that demands a
baseline for verifying the quality systems of suppliers
worldwide. ISO 9001 provides a model for quality assur-
ance (and continuous improvement) in Design/Develop-
ment, Production, Installation and Servicing which focuses
on meeting customer requirements.

“Achieving ISO 9001 certification status reinforces Level
One’s dedication to providing the highest quality products
to our customers,” said Dr. Robert Pepper, president and
CEO, Level One Communications, Incorporated. “ISO
certification shows our customers that we are committed to
world-class standards while also laying the foundation to
manage the continued growth of our company and the
growing demand for our products. This is another signifi-
cant milestone in Level One’s growth.”

“Our customers include the world’s largest telecom and
network system providers, who have zero tolerance for
error and require extreme confidence in the components
they use,” said Dan Koellen, vice president, quality and
reliability assurance for Level One Communications. “As
demand for our products grows, ISO 9001 certification is a
reflection of our continued daily commitment to quality
and innovation. It is also a recognition of the disciplines
and processes we use to manage our business.”

Summary

Level One's goal is to become the prime source for the best-
performing, highest quality communication IC products.
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 provider 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.

(.

1-3




1997 Communications Data Book




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
circuitry in the Level One design library. Jitter and noise,
analog offsets and non-linearities, and bandwidth limita-
tions 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 pack-
aging. 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
Selection and 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 by a
team consisting of representatives from quality and reli-
abilty, operations, production, and design. This ensures
compatibility with Level One requirements.

Factors examined at an assembly house include: package
capabilities, attach types, temperature profiles, mold com-
pound and epoxy types, inspections, process control, mois-
ture sensitivity, 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,
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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.

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 and the USA.

Level One product is used to assess the capability of the
subcontractor to meet Level One requirements through
product verification, characterization, and reliability
qualification.

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.

A team consisting of quality engineering, operations, and
purchasing monitors the performance of the subcontractor.
This team meets with the subcontractor periodically to
evaluate performance. In addition, this team maintains con-
tinuous contact with the subcontractor to ensure a good
working relationship. The subcontractor’s performance is
monitored by evaluating the results of subcontractor sur-
veillance, product monitor, quick reaction quality and reli-
ability monitor, and process capability index reports.

Periodically, Leve! One audits foundry and assembly house
process monitor and control procedures, quality and reli-
ability monitoring, incoming material quality assurance,
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: establishment of
functional and parametric test procedures; reliability quali-
fication of the device; reliability qualification of the pro-
cess 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-
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

+ 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.
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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
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.

Quick Reaction Quality and
Reliability Monitor (QR)2M

Assembled devices are monitored monthly in the (QR)ZM
using tests of short duration. These tests include solderabil-
ity, x-ray, ball shear, physical dimensions, autoclave, and
others. These tests provide insight into the performance of
the subcontractors’ processes. The key points of the pro-
gram are to provide quick feedback, to enable quick detec-
tion of trends, and to establish a baseline for each
processes’ capability.

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 a rigorous 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
foundries and assembly houses, Level One is involved
throughout the production of the product.

fIESLEVEL
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Figure 1: Level One Production Flow

r

LEVEL ONE
LEVEL ONE
FOUNDRY ASSEMBLY A e LABILITY OPERATIONS
| 1 1
1 L |
Incoming ! ( N
\ .
Material QA | k QA Review :
I J |
| | [
i ! 1
A | e |
! 1
Wafer 1 ; ] | 100% Parametric &
— Vi
Fabrication : Wafer Visual Inspection : Functional Tests
| |
A i ! \
{} | | |
| E t t
Y | | |
! Incoming ! 2 1 3
Process : Material QA : (QR?M 11
Monitor/Control | | | Burn-In Monitor
| | |
1 1 1
i | I
I 1 1
: Assembly = : QA Review : |
1 | 1
N Electrical : + : : QA Electrical
Characteristics | | | Test
1 Monitor | y | |
1 ]
| Process Il Package Visual !
1 Monitor/Control 1 Inspection 1
L—. | i |
1 ! 1 A
| [ | Inspection and
Finished Wafer | | | } | Documentation
Inspection 1 1 \ Review
| Final Inspection i |
| 1 |
—J | I I
I 1 1
1 1
L 1 | |
Found l A b I |
oundry | 1! ssembly | . | -
- Report : Report : Outgoing QA T Finished Goods
| | |
] | 1
1 1 1
| ! |
| l 1
I | | ;
| 1 | iopi
| | Product Monitor SSh'p.p'"g
| | | urveillance
I | |
| | 1
1 | |
| | 1
l 1 1
| 1 l
: } ! Ship to
! 1 | Customer
l | |
l | I

M-



Quality and Reliability

Testing

The test development effort starts at the first stages of
design to ensure that the device will be able to be tested
completely. This may include special requirements on the
design to maximize test effectiveness.

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 super-
imposed 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. The trace code identifies the wafer
foundry, assembly, and die revision immediately by
inspection.

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 use in 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. All equip-
ment used in the handling of devices is designed to ensure
damaging static levels are not present. Packaged devices
are shipped in containers designed to eliminate risk of dam-
age 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
management.

fIGLEVEL
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1997 Communications Data Book

Level One Telecom Product Reference Guide

Channel Banks

Digital Cross-Connects
Trunk Cards for C.O.s and
PBXs

DLC Systems

PDH/SDH MUXes

PRODUCT PART
APPLICATIONS FAMILY NUMBER COMMENTS
Test Equipment Line Quad LXT325 * Industry’s first quad receiver
Monitors Receiver + Incorporates four independent receivers in
Line Interface 28-pin DIP or PLCC
+ Sensitivity allows for up to 20 dB of jack/
cable attenuation
» Includes loss of signal indication output for
each receiver
Access Systems Short-Haul LXT300Z + Constant output impedance independent of
« MUZXes T1/E1 marks and spaces
« PBXs Transceivers » Low power consumption (400 mW typ.)
« DSUs » Enhanced DPM monitor detects single line
» CSUs shorts
» Routers + Output tristate capability
» Concentrators * Pulse amplitude stabilization
- Bridges « Includes receive Jitter Attenuation starting at
« PCs 3 Hz
* Video Conferencing LXT301Z | - Similarto LXT300Z without Jitter
+ Channel Extenders Attenuator
* Meets BABT EI short circuit limit of 50 mA
with ext. resistors
Transport Systems LXT304A = Includes receive Jitter Attenuation starting at

3 Hz

Low power consumption of 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 <!/
16 U.L

Analog/Digital LOS processor meets G.775
Programmable Transmit Return LOS using
ext. resistors

Output driver tristate capability

fILEVEL
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Level One Telecom Product Reference Guide

* Digital Cross-Connects

» Trunk Cards for C.O.s and
PBXs

* DLC Systems

» PDH/SDH MUXes

PRODUCT PART
APPLICATIONS FAMILY NUMBER COMMENTS
Access Systems Short-Haul LXT305A * Includes Transmit Jitter Attenuation starting
* MUXes T1/E1 at3 Hz
» PBXs Transceivers * Low power consumption of 400 mW max
« DSUs +» Constant low output impedance driver for
+ CSUs high return loss
« Routers * Meets new ETSI TBR-12 standard on output
« Concentrators jitter
+ Bridges * Low receive clock duty cycle variation
« PCs » Low intrinsic receive clock quantization jitter
* Video Conferencing * 32-bit FIFO accommodates up to 28 U.L of
+ Channel Extenders gapped clocks without overflow
* Output driver tristate capability
+ Analog/Digital LOS processor meets G.775
* Meets BABT E1 short circuit limit of 50 mA
Transport Systems with ext. resistors
* Channel Bank LXT307 » El only transceiver without jitter attenuation

Analog/Digital processor meets G.775
Meets BABT short circuit limit of 50 mA
with ext. resistors

75/120Q2 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
Output driver tristate capability
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Level One Telecom Product Reference Guide

PRODUCT PART
APPLICATIONS FAMILY NUMBER COMMENTS
Access Systems Short-Haul LXT331 « Single chip dual T1 transceiver
« MUXes T1/E1 + High transmit and receive return loss
« PBXs Transceivers » Complete line driver and data recovery
« DSUs functions
« CSUs » Meets industry specifications including ITU
» Routers G.703, ANSI T1.403 and AT&T Pub 62411
: ancentrators LXT332 « Single chip dual TI/E1 transceiver
* Bridges + Tx/Rx switchable crystal-less Jitter
* PCs i Attenuator
* Video Conferencing * On-chip driver short circuit monitoring
» Channel Extenders (DFM)
» On-chip encoder/decoder
* QRSS detector/generator
+ AIS/BPV insert and detect
+ Software switchable between T1 and E1
operation
» Low-frequency reference clock (1.544 or
Transport Systems 2.048 MHz)
« Channel Banks LXT334 « Quad EI transceiver
» Digital Cross-Connects » Low power consumption of 410 mW
« Trunk Cards for C.O. and * On-chip HDB3 and AMI encoder/decoders,
PBXs and clock recovery function
» DLC Systems » Independent Loss of Signal processor for
+ PDH/SDH MUXes each channel conforms to ITU G.775
recommendation
+ Line driver patent pending
LLXT335 * Quad E1 analog interface
» Low power consumption of 410 mW
+ Simple design for use with integrated digital
back-end circuits
LXT350 » Single channel version of LXT332
» Serial microprocessor control port
LXT351 + Single channel version of LXT332

8-bit parallel microprocessor control port
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Level One Telecom Product Reference Guide

PRODUCT
APPLICATIONS FAMILY

PART
NUMBER

COMMENTS

Access Systems Long-Haul
« Network Access T1
- ISDN-PRIs Transceiver
*+ CSUs

LXT310

Industry’s first fully compliant T1
CSU/ISDN transceiver

Operates over 6,000 feet of
Twisted-Pair cable

* NTUs Long-Haul

DECT
Transceiver

Transport Systems

LXT317

Fully integrated Long-Haul transceiver @
1.152 Mbit/s

Operates over 3.5 km of 0.6mm cable
Optimized to address Digital European
Cordless Telecommunications (DECT) and
Personal Communications Service (PCS)
standards

« Office Repeaters Long-Haul
* Cellular Bays E1 ‘
+ Base Station Networking Transceiver

LXT318

Similar to LXT310, used in E1 applications
Fully compliant with ITU-T specifications
for E1 Short-Haul (6dB) or Long-Haul
(43dB) applications

Meets new ETSI TBR 12/13 standard on
output jitter

Short-Haul/
Long-Haul
T1/E1
Transceiver

LXT360/
LXT361

T1/E1 Short-Haul and Long-Haul 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 (LXT360) and parallel (LXT361)
control port

T1/E1 Repeaters T1 Repeaters
« Line Repeaters
» Office Repeaters
+ Test and Monitor Equipment

LXT312

Industry’s only fully integrated Dual T1
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

LXT315

Single version of LXT312

E1 Repeaters

LXT313

.

Industry’s only fully integrated Dual T1
repeater

Requires only a crystal and a few other
components to complete a repeater design
No tuning coil required

Low power consumption

0 to 43 dB dynamic range

LXT316

Single version of LXT313
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Level One Telecom Product Reference Guide
PRODUCT PART
APPLICATIONS FAMILY NUMBER COMMENTS

Frame Relay DDS and DDS/ LXT400 + Fully integrated all-rate extended range
SW/56 DSU’s Switched 56 transceiver

« Leased-line DDS Transceivers » Receive equalizer filter can handle up to 40

« Internet Service Provider dB at rates below 56 kbps, and up to 49 dB at

(ISP) Equipment 56 kbps and 72 kbps
* Frame Relay Access LXT441 » Single-chip Digital Modem for 56/64 kbps

Devices (FRAD) DSUs

Allows direct connection between serial port
and analog leased lines

Access Systems Low Jitter LXP600A « Industry’s first Clock Adapter (CLAD) for
+ PBXs T1/E1 use as internal system timing generator
* NTUs Clock Rate + Converts between T1 and E1
» CSUs Adapters « Patented locking method enables frequency

conversion with no external devices

Meets AT&T 62411 and ITU-T G.732 jitter
specs when teamed with Level One
transceivers

Provides 6 MHz High Frequency Output
(HFO)

.

Transport Systems

. DACs LXP602 + Similar to LXP600A, with 8 MHz HFO
+ Office Repeater Bays LXP604 « Converts between 1.544 MHz and 4.096
* Mobile Switches 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 CLK1 input frequencies and
provides five HFO output frequencies
PDH MUX PDH SXT6234 + Performs four-E1 to E2 or four-E2 to E3
» El, E2, E3 multiplexers Multiplexers multiplexing
» T1 multiplexing (point to » Compliant with ITU-T G742 and G.751
point applications) recommendations

.

Usable for four T1 multiplexing
Optimized for microwave radio

fILEVEL



1997 Communications Data Book

Level One Telecom Product Reference Guide

4, 6, 8 or 12-channel digital
pair-gain

Wireless base station to
switch access

WAN access for LAN routers

PRODUCT PART
APPLICATIONS FAMILY NUMBER COMMENTS
HDSL High Bit Rate | SK70704/ » HDSL chip set for 784 kbps data
* T1 or E1 (2-pair) and Digital SK70706 transmission
fractional T1 or El transport | Subscriber * Fully-integrated analog core chip
« Digital pair-gain Line (HDSL) « Integrated activation/start-up
» Wireless base stations to Products « Optimized for one-pair operation
switch interfaces
» Campus and private
networking
* High-speed digital modems
SK70704/ + HDSL chip set for 1168 kbps data
SK70707/ transmission
SK70708 * Fully-integrated analog core chip
* Integrated activation/start-up
* Optimized for one-pair operation
LXP710 + HDSL framer/mapper
Advance » Compliant with ETSI ETR-152 requirements
Information| * E1to HDSL loop multiplexing/
demuitiplexing
» HDSL overhead management
» DPLL for El timing recovery
« HDSL transmit stuffing control
Multi-Rate DSL Multi-Rate SK70720/ « Chip set configurable to 272, 400, 528, and
* High speed residential Digital SK70721 784 kbps data transmission
Internet access Subscriber « Fully integrated analog core chip
« Extended range fractional Line (MDSL) + Supports transparent repeater applications
T1/E1 transport Products without an external processor or glue-logic

Supports processor directed rate selection
driven by receive signal level and noise
margin

Continuously adaptive echo canceller and
equalizers perform to changing noise and line
characteristics
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APPLICATIONS

PART
NUMBER

FEATURES

Wide Area Networking

T1/E1 Repeaters
* Line Repeaters
+ Office Repeaters
* Test and Monitor Equipment

LXT312

Industry’s only fully integrated Dual T1 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

LXT315

Single version of LXT312

LXT313

Industry’s only fully integrated Dual El repeater
Requires only a crystal and a few other components to
complete a repeater design

No tuning coil required

Low power consumption

0 to 43 dB dynamic range

LXT316

Single version of LXT313

Frame Relay DDS and SW/56
DSU’s
* Leased-line DDS
« Internet Service Provider (ISP)
Equipment
« Frame Relay Access Devices
(FRAD)

LXT400

Fully integrated all-rate extended range transceiver
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

LXT441

Single-chip Digital Modem for 56/64 kbps DSUs
Allows direct connection between serial port and analog
leased lines

Specialty Etheinet Transceivers

Coax Adapters
* BNC-TP External Converters

Ethernet Twisted-Pair MAUs | LXT902 + Six LED drivers for diagnostics and status reporting
« External AUI to TP Transceivers « Full-duplex capability
* Internal MAUs ¢ Signal Quality Error (SQE) can be disabled for hub and
switch applications
* Automatic AUI/RJ4S selection for internal MAU
applications
Ethernet Twisted-Pair to LXT906 * Industry exclusive

Direct interface to coax Ethernet transceiver and RJ45
Twisted-Pair connector

Level shifted data pass-through

Collision detection / correction

Reversed polarity detection/ correction

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

PART
NUMBER

FEATURES

10 Mbps Ethernet Transceivers

+ 10BASE-T LAN adapter boards
for computers/workstations

Ethernet Interface Adapter LXT901A/ + Integrated filters
(Universal) LXT907A * Provides all active circuitry for interfacing 802.3
+ Computet/Laptop/Workstation controllers to an Attachment Unit Interface (AUI) or
Interface Boards 10BASE-T media
+ LAN Repeaters + Integrated Manchester encoder/decoder, reversed polarity
« Printer Network Attachments detection/correction
+ PCMCIA LAN Cards * LED drivers
» Workstation/Graphic Terminals + Full duplex capability
« PC-PC Servers (Adapter/ * Power Down Mode
Motherboard) + Four Loopback Modes
* 10BASE-T Interconnects (MAU)
+ Bridges/Routers * Selectable termination impedance for use with shielded or
= Terminal Servers unshielded twisted-pair (LXT901A4 Only)
» Point-Of-Sale Interfaces + Signal Quality Error (SQE) Disable function for hub and
» Switching Networks switch applications (LXT9074 Only) ’
Ethernet Interface Adapter LXT904 » Provides all active circuitry for interfacing 802.3
(AU]) controllers to an Attachment Unit Interface (AUI)
* Bridges, Routers * Manchester encoder/ decoder
+ LAN-to-WAN access equipment * LED drivers
* Full duplex capability
Ethernet Interface Adapter LXT905 * 3.3V or 5V operation
(10BASE-T) + Power down mode for battery operation
* Portable computers * Provides all active circuitry for interfacing 802.3
« PDAs controllers to a 10BASE-T media
* Switching Hubs * Includes Manchester Encoder/ decoder, reversed polarity
* Printer Adapter Cards detection/correction, integrated filters
» PCMCIA Cards » LED drivers
« Full duplex capability
» Signal Quality Error (SQE) can be disabled for hub &
switch applications
Ethernet Interface Adapter LXT908 » Improved Filters - Simplifies FCC Compliance
(Universal) - Single 3.3V or 5V operation
» 10BASE-T Hub and Switching + Integrated Manchester Encoder/Decoder
products * 10BASE-T compliant Transceiver

AUIT Transceiver

Supports Standard and Full-Duplex Ethernet
Automatic/Manual AUI/RJ45 Selection
Automatic Polarity Correction

SQE Disable/Enable function

Power Down Mode with tristated outputs
Four loopback modes

Four LED Drivers
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Interface Adapter
» Ethernet Switches
+ Multiport File Servers and Print
Servers

.

.

PART
APPLICATIONS NUMBER FEATURES
Universal Quad Ethernet LLXT944 « Four independent 10BASE-T transceivers with integrated

filter, Manchester encoder/decoders

Four LED drivers per port

Full duplex capability on each port

Signal Quality Error (SQE) can be disabled for hub and
switch applications

Fast Ethernet Transceivers

100BASE-FX Switches
» 10BASE-T, 10/100-TX, or
100BASE-FX Repeaters

-

Fast Ethernet Transceiver LXT970 » 1EEE 802.3-compliant 10BASE-T and 100BASE-TX
= 10/100 Network Interface Cards using a single RJ45 connection
(NICs) « Baseline wander correction
+ 10/100 Switches * 100BASE-FX fiber optic capable
» 10/100 Repeaters + Standard CSMA/CD or full duplex operation at 10 or 100
* [00BASE-FX NICs, Switches Mbps
and Repeaters » Supports both Auto-Negotiation and parallel detection for
legacy 10BASE-T or I00BASE-TX systems
+ LED drivers
» MII interface with extended register capability
« Configurable for DTE, repeater or switch applications
* Encoder bypass for symbol mode applications
+ Exceptional performance on long line lengths
Fast Ethernet Quad Trans- LXT974 * Four independent IEEE 802.3-compliant I0BASE-T or
ceiver Advance 100BASE-TX ports in a single chip
« 10BASE-T, 10/100-TX, or Information » 100BASE-FX fiber optic capable

Standard CSMA/CD or full duplex operation at 10 or 100
Mbps

Compliant with IEEE 802.3u auto-negotiation protocol
and with legacy I0BASE-T and 100BASE-T systems
without auto-negotiation capability

On-chip transmit and receive filtering for I0BASE-T and
100BASE-TX

Baseline wander correction

Configurable on-chip LED drivers as well as serial LED
output

Super MII Interface Mode for reducing customer ASIC pin
requirements.

Configurable through MII serial port or via external
control pins

(-
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APPLICATIONS

PART
NUMBER

FEATURES

Ethernet Repeaters

« Next generation port-switching
applications

.

Managed Repeaters LXT914 * Four 10BASE-T ports
= Stackable and stand-alone » Reversible AUI port
workgroup hubs + Configuration/status interface
* Embedded Applications * 4 LED modes
* Print Servers » Cascadeable backplane
* Multi-port routers (no glue logic required)
* Remote Access SOHOs « Integrated filters
* Programmable squelch
LED Managed Or LXT915 * Four 10BASE-T ports
Unmanaged Repeaters + Simple AUI port
« “Personal” hubs * 4 LED modes
» Stackable and stand-alone * Cascadeable backplane
workgroup hubs (no glue logic required)
+ Embedded Applications * Integrated filters
— Multi-port Routers * Programmable squelch
— Print Servers
RMON Managed Repeaters LXT916/ * Eight 10BASE-Tports (LXT9/6) Twelve 10BASE-T ports
« Stackable/Modular Workgroups | LXT917 (LXT917)
« Embedded Applications + Supports RMON and the repeater MIB
— Multi-port  High speed serial management interface
— File Server + Cascadeable backplane improved for stackability
+ 7-pin MAC interface
+ Reversible AUI port (DTE/MAU)
» Two address-tracking registers per port
+ Integrated filters
+ Activity, collision and per-port status LEDs
Hybrid Repeater/Switches LXT918 + Four independent 10Mb Ethernet Repeaters

Twelve 10BASE-T ports

Reversible AUI port (DTE/MAU)

Internal switch allows the external ports to be switched to
any repeater segment

When a port is switched to a new segment, its counters will
follow

Per-segment and per-port support for RMON and the
repeater MIB

High speed serial management interface

7-pin “roaming” MAC interface

Cascadeable backplane

Two address-tracking registers per port

Integrated filters

Activity, collision and per-port status LEDs

1-20
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T1/E1 Primary Rate Specifcations

1.544 Mbps Pulse Mask (DS1 and DSX-1)

1.5,
Normalized Amplitude
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0.0 Time ¢ = @ o

(in Unit Intervals) |/
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Normalized Amplitude

(in Unit Intervals)

1.544 MHz T1 Pulse Mask Corner Point Specifications

DS1 Template (per ANS/ T1. 403-1995)

DSX-1 Template (per 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 1.15
0.0 0.95 -0.12 1.20 0.0 0.95 -0.12 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
0.23 -0.45 0.34 -0.05 0.23 -0.45 0.35 -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




T1/E1 Primary Rate Specifcations

2.048 Mbps E1 Pulse Mask n

269 ns
(244+25)

10%
20%

V=100%

10%

20%

NOMINAL PULSE
50%

(244-25)

0%

488 ns

A

N (244+24%)
2.048 MHz E1 Pulse Mask Specifications
Parameter TWP Coax Unit
Test load impedance 120 75 Q
Nominal peak mark voltage 3.0 2.37 \'
Nominal peak space voltage 00.30 0+0.237 A\
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 %o




T1/E1 Primary Rate Specifcations




DATA SHEET

LXT300Z/LX T30 1 Z
Advanced T1/E1 Short-Haul Transceivers

The LXT300Z and LXT301Z are fully integrated trans-
ceivers for both North American 1.544 Mbps (T1) and
International 2.048 Mbps (E1) applications. They are pin
and functionally compatible with standard LXT300/301
devices, with some circuit enhancements.

The LXT300Z provides receive jitter attenuation starting at
3 Hz, and is microprocessor controllable through a serial
interface. The LXT301Z is pin compatible, but does not
provide jitter attenuation or a serial interface. Anadvanced
transmit driver architecture provides constant low output
impedance for both marks and spaces, for improved Bit
Error Rate performance over various cable network config-
urations. 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.

i

» PCM/Voice Channel Banks

» Data Channel Bank/Concentrator

* TI1/E1 multiplexer

+ Digital Access and Cross-connect Systems (DACS)
+ Computer to PBX interface (CP1 & DMI)

* High-speed data transmission lines

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

APRIL 1996

Revision 0.0

Data recovery and clock recovery functions

Receive jitter 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 imped-
ance (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 0 to 655 ft

Local and remote loopback functions
Digital Transmit Driver Monitor

Digital Receive Monitor with Loss of Signal (LOS) out-
put 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

MODE »  Control Constant Impedance
Host |Fardware| | TPOS —— Line Driver S
o ardw - » >
b—— | Equalizer ¢ > >
INT EC1 TNEG e - > > TRING
3Dl EC2 TCLK »| Synchronizer Data Slicers
spbo | EC3 )
Cs | RLOOP Internal Clock T
SOLK | LLooe || Mok »_Generator_|—> po oy — RTIP
CLKE | TAOS T y Peak
Detector
XTALIN " Titer | ; RRING
XTALOUT = Att N
ROLK enuator
RPOS <
ENEG < ]| Elastic Store [¥[Pata Laten
) Transmit | MTIP
Receive Driver
LOS < @:, Controt MRING
DPM <

@WLEVEL
[ERE
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LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

PIN ASSIGNMENTS & SIGNAL DESCRIPTIONS

Figure 1: Pin Assignments

0 &
299
Cmewk 1 \S28 B cikemaos CoyxDsd MCLK O 1 \/28 11 TAOS
TokE2 27 B sclkiLoop LOoIgxaE TelkgQ2 27 LLOOP
TPOS 3 26 {1 TE/RLOOP EELETRI8 Tros O3 26 1] RLOOP
TNEG O 4 25 [1 SDO/EC3 Tgflg Qe 5B Egg
MODEO5 W 24 [ spiEC? gs W 24p
RNEG e 2 23 B WTEG: mopE s 251 SDOEC3 RNEG 6 & 23 [ EC1
N RNEG O 6 24 sovEc2  RPos 07 = 22 B RGND
RPOSH7 S 22 I RGND ol S
RPOS Q7 | XT300ZPE 23 [ INT/EC1 RCLK []8 o 21 [0 Rv+
RCLKO8 @ 21 [ Rv+ P
xaund e & 20 A RRING RCLK O 8 22 F1 RGND rRTde % 20 0 RRING
XTALOUT ] 10 - 19 B RTIP XTALIN 9 21 1 RV+ N/C 010 — 19 RTIP
oPMO 11 18 0 MRNG  XTALOUT Oj10 20 b RRING DPM 11 18 1 MRING
Los 12 17 @ MTIP DPM 11Nm<r|.o«>1\co1ijTlp LOS O 12 17 g MTIP
P13 16 0 TRING L otat TP O3 16 P TRING
TGND [ 14 15ETV+ DLOTOLO TGNDOta 15 Tw+
SEFFZEZ
FoE=SZ

Table 1: Pin Descriptions

Pin # Sym uo? Description

{ MCLK DI | Master Clock. A 1.544 or 2.048 MHz clock input used to generate internal clocks.
Upon Loss of Signal (LOS), RCLK is derived from MCLK.
LXT300Z Only: If MCLK is not applied, this pin should be grounded.

2 TCLK DI | Transmit Clock. 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.

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

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

5 MODE DI | Mode Select (LXT300z). 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
status. Setting MODE Low puts the LXT300Z 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.

GND S | Ground (LXT301Z). Tie to Ground.

1. Entries in 1/0 column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.

¥ ®1 FVEL
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Pin Assignments & Signal Descriptions

Table 1: Pin Descriptions — continued

Pin # Sym 1o’ Description

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

7 RPOS DO | 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
rising edge of RCLK.
LXT300Z only: In the Host Mode, CLKE determines the clock edge at which these out-
puts 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 XTALIN Al | Crystal Input; Crystal Output (LXT300Z). 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

10 XTALOUT | AO | pF load) is required to enable the 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 supply through a resistor, and floating the XTALOUT pin.

9 RT Al | Receive Termination (LXT301Z). Connect to RV+ through a 1 k Q resistor.

10 N/C — | No Connection (LXT301Z).

11 DPM DO | Driver Performance Monitor. DPM goes High when the transmit monitor loop
(MTIP and MRING) does not detect a signal for 63 +2 clock periods. DPM remains
High until a 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 detected.

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

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

14 TGND S | 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.

17 MTIP Al | Monitor Tip; Monitor Ring. 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

18 | MRING | Al | nother LXT300Z or LXT301Z on the board.

19 RTIP Al | 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 is required on these

20 RRING Al | 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 driv-
ers. (Transmit drivers are supplied by TV+.)

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

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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LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

Table 1: Pin Descriptions — continued

Pin # Sym vo? Description

23 INT DO | Interrupt (Host Mode). This LXT300Z Host Mode output goes Low to flag the host
processor 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).

ECI DI | Equalizer Control 1 (H/W Mode). The signal applied at this pin in the LXT300Z Hard-
ware Mode and 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 (Host Mode). The serial data input stream is applied to this pin when the
LXT300Z operates in the Host Mode. SDI is sampled on the rising edge of SCLK.
EC2 D1 | Equalizer Control 2 (H/W Mode). The signal applied at this pin in the LXT300Z Hard-

ware Mode and 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 (Host Mode). The serial data from the on-chip register is output on
this pin in the 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 (H/W Mode). The signal applied at this pin in the LXT300Z Hard-
ware Mode and LXT301Z is used in conjunction with EC1 and EC2 inputs to determine
shape and amplitude of AMI output transmit pulses.

26 CS D1 | Chip Select (Host Mode). This input is used to access the serial interface in the
LXT300Z 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
LXT300Z Hardware 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 (Host Mode). This clock is used in the LXT300Z 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 LXT300Z
Hardware Mode and LXT301Z. Setting LLOOP High enables the Local Loopback
Mode.

28 CLKE D1 | 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 falling edge of SCLK.

TAOS Di | Transmit All Ones (H/W Mode). When High, TAOS causes the LXT300Z (Hardware
Mode} and LXT301Z to transmit a continuous stream of marks at the TCLK frequency.

Activating TAOS causes TPOS and TNEG inputs to be ignored. TAOS is inhibited dur- |
ing Remote Loopback.

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

L5



Functional Description

FUNCTIONAL DESCRIPTION

The LXT300Z and LXT301Z are fully integrated PCM
transceivers for both 1.544 Mbps (DSX-1) and 2.048
Mbps (El) applications. Both transceivers allow 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 LXT300Z; Figure 2
shows the LXT301Z. The LXT301Z is similar to the
L.XT300Z, but does not incorporate the Jitter Attenuator
and associated Elastic Store, or the serial interface port.

The LXT300Z and LXT301Z transceivers each interface
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 LXT300Z and LXT301Z 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 +.3V
of each other, and decoupled to their respective grounds
separately. Refer to Application Information for typical

Figure 2: LXT301Z Block Diagram

decoupling circuitry. Isolation between the transmit and
receive circuits is provided internally.

Reset Operation
(LXT300Z and LXT3012)

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 lock 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 provides the receiver
reference for the LXT301Z. The crystal oscillator pro-
vides the receiver reference in the LXT300Z. If the
LXT300Z crystal oscillator is grounded, 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 simul-
taneously 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 ini-
tiated on the falling edge of the reset request. In either
mode, reset clears and sets all registers to O and then begins
calibration.

Constant Impedance
EC1, EC2, EC3 »  Control Line Dr?ver
TPOS » Equalizer > » TTIP
TNEG P - » > P TRING
TCLK $»{ Synchronizer Data Slicers
o =
iming
Internal Clock [P r 4—(]:_—< Peak [¢® RTIP
ecovel
MCLK 7] Generator v Detector |¢¢- RRING
¢ < l: |
RPOS <« Data <
RNEG Latch |« Transmit MTIP
Rece Driver MRING
eceive ¢ Monitor
LOS « Monitor I7
DPM «¢
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LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

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
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 the
Test Specifications section for receiver timing.

The signal received at RPOS and RNEG is processed
through the peak detector and data slicers. The peak detec-
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. For DSX-1 applications
(determined by Equalizer Control inputs EC1~EC3 = 000)
the threshold is set to 70% of the peak value. This thresh-
old 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), corre-
sponding to a received 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 detectors 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 sig-
nal 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.  The recovered data is passed to the elastic store
where it is buffered and synchronized with the dejittered
recovered clock (RCLK). The data and clock recovery cir-
cuits have an input jitter tolerance significantly better than
required by Pub 62411.

Receive (Loss of Signal) Monitor

The receive monitor generates a Loss of Signal (LOS) out-
put upon receipt of 175 consecutive zeros (spaces). The
receiver monitor loads a digital counter at the RCLK fre-
quency. 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.

(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 Figure 4) is provided by a Jitter Attenuation Loop
(JAL) and an Elastic Store (ES). An external crystal oscil-
lating 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 LXT300Z and LXT301Z are
identical. The following discussion applies to both models.
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). 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 0 to 655 feet of
ABAM cable. The LXT300Z and LXT301Z also match
FCC specifications for CSU applications. Pulses at 2.048
Mbps can drive coaxial or shielded twisted-pair lines using
appropriate resistors in line with the output transformer.

2-6
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Functional Description

Driver Performance Monitor

The transceiver incorporates an advanced Driver Perfor-
mance 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. 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 fault induced DPM flag is auto-
matically cleared when the ground condition is corrected
(chip reset is not required).

Line Code

The LXT300Z and LXT301Z 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 LXT301Z transceivers can be con-
trolled through hard-wired pins (Hardware Mode). Both
transceivers 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.

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 port is 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 reg-
ister is accessed by causing the Chip Select (CS) input to
transition from High to Low. Bit | 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 combinations for each status. Serial data I/O tim-
ing characteristics are shown in the Test Specifications sec-
tion.

Hardware Mode Operation
(LXT300Z and LXT3012)

In Hardware Mode the transceiver is accessed and con-
trolled 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 (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.

Figure 3: 50% AMI Coding
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LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

Table 2: LXT300Z Serial Data Output Bits

Table 3: Valid CLKE Settings

See Figure 4
( gure d) CLKE | Output Clock | Valid Edge
Bit | Bit | Bit
D5 | D6 | D7 Status Low RPOS RCLK Rising
RNEG RCLK Rising
0 0 0 | Reset has occurred, or no program SDO SCLK Falling
input. .
- - High RPOS RCLK Falling
0 0 1 TAOS is active. RNEG RCLK Fall_ing
0 1 0 | Local Loopback is active. SDO SCLK Rising
0 1 1 | TAOS and Local Loopback are
active.
1 0 0 | Remote Loopback is 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.
Table 4: Equalizer Control Inputs
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 I 266 ~ 399 ft ABAM 1.8 dB 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 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.

2-8
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Functional Description

Diagnostic Mode Operation

Transmit All Ones
In Transmit All Ones (TAOS) mode the TPOS and
TNEG inputs to the transceiver are ignored. The trans-
ceiver transmits 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

Figure 4: LXT300Z Serial Interface Data Structure

to output the RPOS, RNEG and RCLK signals
received from the twisted-pair line.

Local Loopback

In Local Loopback (LLOOP) mode, the receiver cir-
cuits 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 transmit-
ter 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 nor-
mally.

LXT300Z Only: When used in this mode with a crys-
tal, the transceiver can be used as a stand-alone jitter
attenuator.

.

r

C iy

ADDRESS / COMMAND BYTE
A

DATA INPUT / OUTPUT BYTE
A—.

|4 N
sovspo | AW | Ao | At | a2 | As | a4 | As | ae | Do | Dt | D2 | D3| Daf D5 | D6 | D7
NOTE
Output data byte is the
RMW- = 1: Read same as the input data
0 0 0 0 1 0 X W .
comianp | P s | RAN-=0:write byte except for bits
BYTE A0 Al D<5:7> shown in Table 2.
CLEAR INTERRUPTS X-DONTCARE  SET LOOPBACKS OR RESET
A
(4 Y
INPUT
DATA LOS DEM EC1 EG2 EC3 REMOTE | LOCAL TAOS
BYTE DO (LSB) D7(MSB)
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LLXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

APPLICATION INFORMATION

LXT300Z Host Mode 1.544
Mbps T1 Interface Application

Figure 5 is a typical 1.544 Mbps T1 application. The

LXT300Z 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 decou-
pling capacitors installed (68 pF on the transmit side, 1.0
pF and 0.1 pF on the receive side).

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

LXT300Z Hardware Mode E1
Interface Application

Figure 6 is a typical 2.048 Mbps El application. The
LXT300Z is shown in Hardware Mode with a typical E1/
CRC4 framer. Resistors are installed in line with the trans-
mit 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 Q E1 Application (Hardware Mode)
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Table 5: LXT300Z Crystal Specifications (External)

Parameter ™ E1
Frequency 6.176 MHz 8.192 MHz
Frequency stability + 20 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 =11 pFto 18.7 pF, +AF = 175 to 195 ppm | CL = 11 pF to 18.7 pF, +AF =95 to 115 ppm
CL =18.7pFto 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  Maximum

Crystal cut AT AT

Resonance Paraliel 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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LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

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 recov-
ered 1.544 MHz clock signal. The power supply inputs are
tied to a common bus with appropriate decoupling capaci-
tors installed (68 pF on the transmit side, 1.0 pF and 0.1 pF
on the receive side).

Figure 7: Typical LXT301Z 1.544 Mbps T1 Application
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Application Information

LXT301Z 2.048 Mbps E1 Interface
Application

Figure 8 is a typical 2.048 Mbps El application of the
LXT301Z. The LXT301Z is shown with a typical E1/
CRC4 framer. Resistors are installed in line with the trans-
mit transformer for loading a 75 Q coaxial cable. The in-
line resistors are not required for transmission on 120 Q

Figure 8: Typical LXT301Z 75 Q E1 Application

shielded twisted-pair lines. As in the T1 application Figure
7, this configuration is illustrated with a single power sup-
ply 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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LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

TEST SPECIFICATIONS

NOTE

The minimum and maximum values in Tables 6 through 13 and Figures 11 through 15 represent the performance specifi-
cations of the LXT300Z/LXT301Z and are guaranteed by test, except where noted by design.

Table 6: Absolute Maximum Ratings

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

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++0.3 v
Input current, any pin? Iin -10 10 mA
Storage temperature Tste -65 150 °C
CAUTION

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 7: Recommended Operating Conditions

Parameter Sym Min Typ Max Units
DC supply! RV+, TV+ 475 5.0 525 \Y%
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]’2 (pins 1-5, 10, 23-28) Vin 2.0 - - \'%
Low level input voltage]’2 (pins 1-5, 10, 23-28) Vi - - 0.8 \%
High level output voltage"2(pins 6-8,11,12,23,25) 1 Vonu 24 - - \% four = -400 pA
Low level output voltage"2 (pins 6-8, 11, 12,23,25) | VoL - - 0.4 \% lour = 1.6 mA
Input leakage current (pins 1-5, and 23-28) e -10 - +10 LA
Input leakage current (pins 9, 17, and 18) I -50 - +50 HA
Three-state leakage current! (pin 25) I3L -10 - +10 HA
100% ones density
Total power dissipation3 Po - - 700 mW | & maximum line
length @ 5.25V

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 a 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.

2-14
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Test Specifications

Table 9: Analog Characteristics (Under Recommended Operating Conditions)

1

Parameter Min Typ Max Units Test Conditions
AMI output pulse amplitudes DSX-1 2.4 3.0 3.6 \Y% measured at the DSX
E1 (120 Q) 2.7 3.0 3. \V/ measured at line side
El (75 Q) 2.14 2.37 26 vV |@772kHz
Transmit amplitude variation with supply 1 2.5 %
Recommended output load at TTIP and TRING - 25 - Q RTIP to RRING
Driver output impedance? ~ 3 10 Q @ 10 kHz
10 Hz - 8 kHz? - - 0.01 ul
Jitter added by the transmitter® | 8 kHz - 40 kHz - - 0.025 Ul
10 Hz - 40 kHz - - 0.025 Ul
Broad Band - - 0.05 Ul
Output power levels? @ 772 kHz 12.6 - 17.9 dBm
DS12 kHzBW
@ 1544 kHZ -29.0 - - dB
Positive to negative pulse imbalance - - 05 dB
Sensitivity below DSX® (0dB=24V) 13.6 _ — dB
500 - - mV
Receiver input impedance — 40 — kO
Loss of Signal threshold - 03 - AV
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
775 Hz 14 - - Ul
10 kHz - 100 kHz 0.4 - - Ul
Jitter attenuation curve corner frequency* - 3 - Hz
Jitter attenuation - 50 — db
Jitter attenuation tolerance before FIFO Overflow? 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.

1. Typical values are measured at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Not production tested but guaranteed by design and other correlation methods.

SLEVEL
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LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

Figure 9: LXT300Z Rx Jitter Tolerance (Typical)
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Figure 10: LXT300Z Rx Jitter Transfer Performance (Typical)

-10dB

20 dB - - - -
. . AT&T 62411 Template Siope
: ' equivalent to 20,dB per decade
05dB/3Hz. 0.5dB/40Hz . '
0dB T T L A CCITT G.735 Template Slope

- gquivalent to 20 dB per decade 1

' _195dB/,

-20dB

Gain

AT&T 62411 Template Slope
" “equivalent to 40 dB per decade’

11450 Hz .

10 Hz 10 Hz 10 Hz 10 Hz
Frequency

2-16

@ULEVEL
E



Test Specifications

Table 10: LXT300Z Receiver Timing Characteristics (See Figure 11)

¢LEVEL
(R

Test
Parameter Sym Min Typ? Max Units Conditions
Receive clock duty cycle RCLKd 40 - 60 %
2 DSX-1 tew - 324 - ns
Receive clock pulse width
El trw - 244 - ns
RPOS/RNEG to RCLK rising | DSX-1 tSUR — 274 - ns
setup time
El tsuR - 194 - ns
RCLK rising to RPOS/RNEG | DSX-1 tir - 274 - ns
hold time
El tHR - 194 - ns
1. Typical values are at 25 °C and are for design aid only; they are not guaranteed and not subject to production testing.
Figure 11: LXT300Z Receive Clock Timing Diagram
tew R
tewn g tea
RCLK ) \ { \
tsur | tr
RPOS J ) 7/— Host Mode
RNEG L s CHKE=1
L, Iswr tHr
RPOS —/. ) ~ Host Mode
e ){ CLKE=0, &
RNEG £ '/~ H/W Mode
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LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

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

Test
Parameter Sym Min Typ® Max Units Conditions
5 DSX-1 | RCLKd 40 50 60 %
Receive clock duty cycle
El RCLKd 40 50 60 %
DSX-1 tow 594 648 702 ns
Receive clock pulse width?
El tow 447 488 529 ns
Receive clock pulse width DSX-1 tewh - 324 - ns
high El tewH - 244 - ns
Receive clock pulse width DSX-1 tow. 270 324 378 ns
low El trwi 203 244 285 ns
RPOS/RNEG to RCLK rising | DSX-1 tSUR 50 270 _ ns
setup time
El tsur 50 203 - ns
RCLK rising to RPOS/RNEG | DSX-1 tHR 50 270 _ ns
hold time
El tHR 50 203 - ns

L. Typical values are at 25 °C and are for design aid only: they are 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 Ul clock displacement for 1.544 MHz, 0.2 Ul clock displacement for 2.048 MHz).

Figure 12: LXT301Z Receive Clock Timing Diagram
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Test Specifications

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

$1LEVE
[ERE

Parameter Sym Min Typ! Max Units
DSX-1 MCLK - 1.544 - MHz
Master clock frequency
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
DSX-1 TCLK - 1.544 - MHz
Transmit clock frequency
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
1. Typical values are at 25 °C and are for design aid only; they are not guaranteed and not subject to production testing.
2. Not production tested but guaranteed by design and other correlation methods.
Figure 13: LXT300Z/301Z Transmit Clock Timing Diagram
TCLK
/___
tsut tur
TPOS f—
TNEG 7 —
2-19



LXT300Z / LXT301Z Advanced T1/E1 Short-Haul Transceivers

Table 13: LXT300Z Serial I/O Timing Characteristics (See Figures 14 and 15)

Parameter Sym Min Typ! Max Units Test Conditions
Rise/Fall time - any digital output trRE - - 100 ns Load 1.6 mA, 50 pF
SDIto SCLK setup time toc 50 - - ns
SCLK to SDI hold time tcoH 50 - - ns
SCLK low time teL 240 - - ns
SCLK high time teu 240 - - ns
SCLK rise and fall time tr, tF - - 50 ns
CS to SCLK setup time tee 50 - - ns
SCLK to CS hold time tecn 50 - - ns
CS inactive time tewn 250 - - ns
SCLK to SDO valid tepy - - 200 ns
SCLK falling edge or CS rising teoz - 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 14: LXT300Z Serial Data Input Timing Diagram
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Figure 15: LXT300Z Serial Data Output Timing Diagram
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DATA SHEET

LXT304A

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

The LXT304A is a fully integrated low-power transceiver
for both North American 1.544 Mbps (T1), and Interna-
tional 2.048 Mbps (E1) applications. It features a constant
low output impedance transmitter allowing for high trans-
mitter return loss in T1/El 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 pro-
cess and requires only a single 5-volt power supply.

o

; %é’%@‘?‘?é B

+ PCM/Voice Channel Banks

» Data Channel Bank/Concentrator

» TI/El multiplexer

« Digital Access and Cross-connect Systems (DACS)
« Computer to PBX interface (CP1 & DMI)

+ High-speed data transmission lines

* Interfacing Customer Premises Equipment to a CSU

+ Digital Loop Carrier (DLC) terminals

APRIL 1996

Revision 0.0

.

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 0 to 655 ft

Local and remote loopback functions

Transmit/Receive performance monitors with DPM
and LOS outputs

Receiver jitter tolerance 0.4 Ul 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

MODE »  Control Line Driver
Host |Hardware TPOS > " > > TTIP
Equalizer >
Nt | Ect | TNEG : TRING
SDI Ec2 || TCLK » Synchronizer Data Slicers
SDO EC3 || L
CS RLOGP | | Internal Clock .
SCLK | LLoor [ moLk »  Generator Foming ] RTIP
CLKE | TAOS | T scovery Dpeak
etector
XTALIN > ! <
XTALOUT < Ao le MR I RRING
RCLK < enuator
v L S
:SI(E) C? 7 Elastic Store I:jData Latch[™
7 f Transmit < MTIP
Receive Driver
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LXT304A Low-Power T1/E1 Short-Haul Transceiver

PIN ASSIGNMENTS & SIGNAL DESCRIPTIONS

Figure 1: Pin Assignments
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Table 1: Pin Descriptions

Pin # Sym vo!

Description

1 MCLK DI

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

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.

TPOS DI

[#5)

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

TNEG DI

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

MODE DI

Mode Select. 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 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.

RNEG DO

RPOS 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 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
rising edge of RCLK. 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.

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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Pin Assignments & Signal Descriptions

Table 1: Pin Descriptions — continued

Pin# | Sym yo' Description

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

9 XTALIN Al | Crystal Input; Crystal Output. 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

10 | XTALOUT | AO | required to enable the jitter attenuation function of the LXT304A. 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 Performance Monitor. DPM goes to a logic | when the transmit monitor loop
(MTIP and MRING) does not detect a signal for 63 +2 clock periods. DPM remains at
logic 1 until a signal is detected.

12 LOS DO | Loss of Signal. LOS goes to a logic I when 175 consecutive spaces have been detected.
LOS returns to a logic 0 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; Transmit Ring. Differential Driver Outputs. These low impedance out-
puts achieve maximum power savings through a 1:1.15 transformer (T1), or a 1:1 (75

16 TRING AO | Q) or 1:1.26 (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. Ground return for the transmit drivers power supply TV+.

i5 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.

17 MTIP Al | Monitor Tip; Monitor Ring. These pins are used to monitor the tip and ring transmit

13 MRING Al outputs. The transceiver can be connected to monitor its own output or the output of

N 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
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; Receive Ring. 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

20 RRING Al | 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 driv-
ers. (Transmit drivers are supplied by TV+.)

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

1. Entries in I/O column are: DI = Digital Input; DO = Digital OQutput; Al = Analog Input; AO = Analog Output; S = Supply.
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LXT304A Low-Power T1/E1 Short-Haul Transceiver

Table 1: Pin Descriptions - continued

Pin# Sym vo! Description

23 INT DO | Interrupt (Host Mode). This LXT304A Host Mode output goes Low to flag the host
processor 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 (H/W Mode). The signal applied at this pin in the LXT304A
Hardware Mode 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 (Host Mode). The serial data input stream is applied to this pin when the
LXT304A operates in the Host Mode. SDI is sampled on the rising edge of SCLK.
EC2 DI | Equalizer Control 2 (H/W Mode). The signal applied at this pin in the LXT304A

Hardware Mode 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 (Host Mode). The serial data from the on-chip register is output on
this pin in the LXT304A 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 (H/W Mode). The signal applied at this pin in the LXT304A
Hardware Mode is used in conjunction with EC1 and EC2 inputs to determine shape
and amplitude of AMI output transmit pulses.

26 CS DI | Chip Select (Host Mode). This input is used to access the serial interface in the
LXT304A Host Mode. For each read or write operation, CS must transition from High
to Low, and remain Low.

RLOOP D1 | Remote Loopback (H/W Mode). This input controls loopback functions in the
LXT304A Hardware Mode. Setting RLOOP High enables the Remote Loopback
Mode. Setting both RLOOP and LLOOP causes a Reset.

27 SCLK DI | Serial Clock (Host Mode). This clock is used in the LXT304A Host Mode to write data
to or read data from the serial interface registers.

LLOOP D1 | Local Loopback (H/W Mode). This input controls loopback functions in the LXT304A
Hardware Mode. Setting LLOOP High enables the Local Loopback Mode.

28 CLKE D1 | 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 falling edge of SCLK.

TAOS pl | Transmit All Ones (H/W Mode). When set High, TAOS causes the LXT304A (Hard-
ware Mode) to 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. Entries in 1/O column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.
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Functional Description

FUNCTIONAL DESCRIPTION

The LXT304A is a fully integrated PCM transceiver for
both 1.544 Mbps (DSX-1) and 2.048 Mbps (E1) applica-
tions. 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 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. During normal operation, TAOS or
LLOOP, the transmitter powers down if TCLK is not sup-
plied.

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 lock 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 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 Hard-
ware Mode. In Host Mode, reset is commanded by simul-
taneously 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 ini-
tiated 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.

The signal received at RPOS and RNEG is processed
through the peak detector and data slicers. The peak detec-
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. For DSX-1 applications
(determined by Equalizer Control inputs EC1 - EC3 #000)
the threshold is set to 70% of the peak value. This thresh-
old is maintained above 65% for up to 15 successive zeros
over the range of specified operating conditions. For El
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), corre-
sponding to a received 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 impul-
sive 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 Pub 62411. Refer to Test
Specifications 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 a one (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 pin is reset when the received 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 Attenua-
tor 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

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-
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LLXT304A Low-Power T1/E1 Short-Haul Transceiver

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 pro-
duces an average delay of 16 bits in the receive path.

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. Refer to Test Specifica-
tions 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 Hard-
ware mode, or input as part of the serial data stream (SDI)
in the Host mode. 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% accu-
racy) 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 0 to 655 feet of
ABAM cable. The LXT304A also matches FCC and

Table 2: Equalizer Control Inputs

ECSA specifications for CSU applications. A 1:1.15 trans-
mit transformer is used for 1.544 Mbps systems. For
higher return loss in DSX-1 applications, use 9.1 Q resis-
tors 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 1:1 or 1:1.26 transformer may be
used without series resistors.

Driver Performance Monitor

The transceiver incorporates a Driver Performance Moni-
tor (DPM) in parallel with TTIP and TRING at the output
transformer. The DPM output 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 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.

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 1.8 dB 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 - 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.

2-26
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Functional Description

Figure 2: 50% AMI Coding

“«Bit Cell-»

TRING

Host Mode Operation

To allow a host microprocessor to access and control the
LXT304A 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. Figure 3 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.

Table 3: Valid CLKE Settings

Table 4: L XT304A Serial Data Output Bits (See

Figure 4)
Bit | Bit | Bit
D5 | D6 | D7 Status
0 0 0 | Reset has occurred, or no program

input.

0 0 1 | TAOS is active.

0 1 0 | Local Loopback is active.

0 I 1 | TAOS and Local Loopback are
active.

1 0 0 | Remote Loopback is active.

1 0 1 | DPM has changed state sincs 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.

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

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. The
register is accessed by causing the Chip Select (CS) input
to transition from High to Low. Bit | of the serial Address/
Command byte provides Read/Write control when the chip
is accessed. A logic | indicates a read operation, and a
logic 0 indicates a write operation. Table 4 lists serial data
output bit combinations for each status. Serial data I/0 tim-
ing characteristics are shown in the Test Specifications sec-
tion.
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Hardware Mode Operation

In Hardware Mode the transceiver is accessed and con-
trolled 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 Al Ones
In Transmit All Ones (TAOS) mode the TPOS and
TNEG inputs to the transceiver are ignored. The trans-
ceiver transmits a continuous stream of ones when the
TAOS mode is activated. TAOS can be commanded

Figure 3: LXT304A Serial Interface Data Structure

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 cir-
cuits 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 transmit-
ter 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 nor-
mally.

s ]

ADDRESS / COMMAND BYTE
Al

C Uiy

DATA INPUT / OUTPUT BYTE
A

s Y Al
SDI/SDO R/W A0 Al A2 A3 A4 A5 A6 DO D1 D2 D3 D4 D5 D6 D7
NOTE
Output data byte is the
5 5 5 5 : o Rg = 1 Read same as the input data
ADDRESS /| pgy RAw- = 0: Write byte except for bits
com A0 A4 A6 D<5:7> shown in Table 4.
CLEAR INTERRUPTS ¥-DONTCARE ST LOOPBACKS OR RESET
A
r Y
INPUT
DATA LOS DFM EC1 EC2 EC3 REMOTE | LOCAL TAOS
BYTE Do (LsB) D7(MSB)
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Functional Description

Table 5: LXT304A Crystal Specifications (External)

Parameter

™

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

CL=11pFto18.7 pF,+AF=95t0 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

Cwm = 17 {F typical

Cm = 17 fF typical

@1 EVEL
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LXT304A Low-Power T1/E1 Short-Haul Transceiver

framer providing the digital interface with the host control-

APPLICATION INFORMATION ler. Both devices are controlled through the serial interface.

1.544 Mbps T1 Interface

Application

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 uF on
the receive side).

Figure 4 is a typical 1.544 Mbps T1 application. The
LXT304A is shown in the Host Mode with a T1/ESF

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

Control

+
a
<

and

Monitor

AL

Framer

YVY

LXP600A

¢ CLKI
CLKO
FSI

2.048 MHz

Mode SCLK |« uP
MCLK E A | Serial
INT »  Port
SDI |«
CLKE SDO »
MCLK Ce
LOS TRING =
DPM LXT304A Rt Transmit
1
470 pF Line
TTIP
Rt Tr
TPOS MRING }—
TNEG
TCLK MTIP
RPOS
RNEG RTIP L 4
RCLK Rr
Receive
Line
= Rr
RRING
15 2CT:1
2 9 g o
g 8 2 5 5 2
¥xr x ~ F
x = NOTE
|--||]|J 0.1 uF ¢ b 68 uF 1. Typical value = 470 pF.
Adjust for actual board
1.0 uF - parasitics to obtain opti-
= = mum return loss.
+sv
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Application Information

2.048 Mbps E1 Interface
Applications

Figure 5 is a 2.048 Mbps E1 TWP application using 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 or 1:1.26 transformer with-
out 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,
LLOOP and RLOOP are individually controliable, and the
LLOOP and RLOORP lines are also tied to a single control
for the Reset function. This configuration is illustrated
with a crystal in place to enable the LXT304A Jitter Atten-
uation Loop, and a single power supply bus.

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

Mode EC1 [« Line
EC2 |e Length
A1 MCLK ECo |4 setting
Control » TAQS Ce
and »| RLOOP \
Monitor —» LLOOP P !
< LOS LXT304A Rt (359) Transmit
« DPM L Line
TRING
Rt (150) Tr
» TPOS MTIP —
» TNEG
Framer — TCLK MRING
RPOS
< RNEG RTIP 4
“—— RCLK Rr
Receive
Line
= Rr
LXP600A RRING
2CT:1
oo =il z 3
3 2 2 o
z
1.544 MHz 1— £ E 0 E 5
i NOTE
Llﬂlj 0.1 uF ¢ |-Jb 68 pF 1. Typical value = 470 pF.
Adjust for actual board
1.0 uF & parasitics to obtain opti-
= = mum return loss.
| +sv
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D4 Channel Bank Applications

Existing D4 Channel Bank architectures frequently em-
ploy: (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 compat-
ible, 3.0 V peak output pulse with a standard transformer.
In new designs, the LXT304A can replace two cards with
one. However, the LXT304A is also compatible with ex-

Table 6: T1/E1 Input/Output Configurations
_—

isting dual-card architectures. With an appropriate output
transformer, the LXT304A can produce full 6.0 V peak am-
plitude 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 stan-
dard 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.

BitRate | Crystal | Cable | Rr? EC3/2/1 Transmit Rt? Typical TX Cc
(Mbps) XTAL Q) Q) Transformer' | (Q) | Return Loss® | (uF)
(Tr) (dB)
1.544(T1) | LXC6176 | 100 200 0/1/1-1/1/1 | 1:1.15 0 0.5 0.47
12 9.1 18 0
1:22.3 9.1 18 0
0/1/0% 1223 0 04 0.47
2048 (E1) |LXC8192]120 240 0/0/0 1:1.26 0 0.5 0.47
0/0/0 12 9.1 12 0
0/0/1 1:1 0 0.5 0.47
0/0/1 1:2 1.5 18 0
75 150 0/0/0 1:1 0 0.5 0.47
0/0/0 : 9.1 18 0
0/0/1 10 5 0
0/0/1 143 |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.
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Test Specifications

TEST SPECIFICATIONS

NOTE

The minimum and maximum values in Tables 7 through 13 and Figures 6 through 11 represent the performance specifica-
tions of the LXT304A and are guaranteed by test, except where noted by design.

Table 7: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ —0.3 6.0 v
Input voltage, any pin' Vi RGND - 0.3 RV++0.3 v
Input current, any pin’ I -10 10 mA
Storage temperature Tstc -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 8: Recommended Operating Conditions and Characteristics
Parameter Sym Min Typ Max Units
DC supply! RV+, TV+ 4.75 5.0 5.25 \'
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

100% ones density

Total power dissipationl’3 Po - 400 mW | & maximum line
length @ 5.25 V

High level input voltage® (pins 1-5, 10, 23-28) Vi | 2.0 - \%
Low level input voltagez’3 (pins 1-5, 10, 23-28) Vi - 0.8 \Y%
High level output voltage> (pins 6-8, 13, 12,23,25) | Vou | 2.4 - V | lour = -400 pA

1. Power dissipation while driving 75 Q load over operating temperature range. Includes device and load. Digital input lev-
els 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.
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LXT304A Low-Power T1/E1 Short-Haul Transceiver

Table 9: Electrical Characteristics (Under Recommended Operating Conditions) — continued

Parameter Sym | Min [ Max | Units | Test Conditions
Low level output voltagez’3 (pins 6-8, 11, 12, 23,25) VoL - 0.4 v lour = 1.6 mA
Input leakage current? |53 -10 +10 LA
Three-state leakage current? (pin 25) 3L -10 +10 LA

1. Power dissipation while driving 75 Q load over operating temperature range. Includes device and load. Digital input lev-
els 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.

Table 10: Analog Characteristics (Under Recommended Operating Conditions)

Parameter Min Typ! Max Units Test Conditions
AMI output pulse DSX-1 24 3.0 3.6 \% measured at the DSX
amplitudes El 27 3.0 3.3 \V4 measured at line side
Recommended output load at TTIP and TRING - 75 . Q
10 Hz - 8 kHz - - 0.01 Ul
Jitter added by the 8 kHz - 40 kHz - - 0.025 Ul
transmitter” 10 Hz - 40 kHz - - 0025 | uI
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB=24V) 13.6 _ - dB
500 - - mV
Loss of Signal threshold - 0.3 _ \Y;
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 — Hz
Minimum return loss*> Transmit Receive dB
Min Typ | Min Typ
51 kHz - 102 kHz 18 - 20 - dB
102 kHz - 2.048 kHz 18 - 20 - dB
2.048 kHz - 3.072kHz | 18 - 20 . dB

5. Guaranteed by design.

1. Typical values are measured at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Input signal to TCLK is jitter-free.
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 (El).
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Test Specifications

Figure 6: Typical Receive 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)

Test
Parameter Sym Min Typ' Max Units Conditions
Receive clock duty cycle RCLKd 40 - 60 %
DSX-1 trw - 324 — ns

Receive clock pulse width

El trw - 244 - ns
RPOS/RNEG to RCLK rising | DSX-1 tsUR _ 274 - ns
setup time

El tsuR - 194 - ns
RCLK rising to RPOS/RNEG | DSX-1 tHR _ 274 _ s
hold time

El thr - 194 -~ ns

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

Figure 8: LXT304A Receive Clock Timing Diagram
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Test Specifications

Table 12: LXT304A Master Clock and Transmit Timing Characteristics

(See Figure 9)

@LEVEL
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Sym Min Typ! Max Units
DSX-1 MCLK - 1.544 - MHz
Master clock frequency
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
El fc - 8.192 - MHz
DSX-1 TCLK - 1.544 - MHz
Transmit clock frequency
El TCLK - 2.048 - MHz
Transmit ctock 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 taT 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.
Figure 9: LXT304A Transmit Clock Timing Diagram
TCLK
/L.._
tsur thr
TPOS —
TNEG (/-
2-37




LXT304A Low-Power T1/E1 Short-Haul Transceiver

Table 13: LXT304A Serial I/0 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 tepn 50 - - ns
SCLK low time feL 240 - - ns
SCLK high time ten 240 - - ns
SCLK rise and fall time tRr, tF - - 50 ns
CS to SCLK setup time tee 50 - - ns
SCLK to CS hold time tecn 50 - - ns
CS inactive time tewH 250 - - ns
SCLK to SDO valid teov - - 200 ns
SCLK falling edge or CS rising teoz - 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 10: LXT304A Serial Data Input Timing Diagram
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Figure 11: LXT304A Serial Data Output Timing Diagram
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DATA SHEET

LXT305A

APRIL 1996
Revision 0.0

Integrated T1/E1 Short-Haul Transceiver with Transmit JA

North American 1.544 Mbps (T1) and International 2.048
Mbps (E1) applications. Transmit pulse shapes (T1 or E1)
are selectable for various line lengths and cable types.

The LXT305A provides transmit jitter attenuation starting

at 3 Hz, and is microprocessor controllable through

a

serial interface. Itis especially well suited for applications

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

plexing results in a gapped clock which the 305A smooths

out.

The LXT305A, an advanced double-poly, double-metal

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

M13 Multiplexers

Digital microwave Radio

PCM / Voice Channel Banks

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

o

L.ow power consumption (400 mW maximum)

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

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

Compatible with most popular PCM framers

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

Selectable slicer levels (T1/E1) improve SNR

Programmable transmit equalizer shapes pulses to meet
DSX-1 pulse template from 0 to 655 ft

Local and remote loopback functions
Transmit Driver Performance Monitor (DPM) output

Receive monitor with analog/digital Loss of Signal
(LOS) output per G.775

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

GE e e
GrEsny .

MODE *|  Control Line Driver
Host |Hardware TPOS » > S — TTIP
INT ECH TNEG ™ Jitter > Equalizer > TRING
TCLK >
SDI EC2 XTALIN Attenuator .
sSDO EC3 > Data Slicers
— XTALOUT =
CS ]LOOP ¥
SCLK | LLOOP MOLK Internal Clock Timing -
CLKE | TAOS Generator | | Recovery [ poak ||
ROLK < Detector ’ RRING
RPOS « | Data |« <_—j
RNEG <+ {Recovery |
- Receive Transmit e MTIP
Control < MRING
DPM <«

®LEVEL
[EE
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LXT305A Integrated T1/E1 Short-Haul Transceiver with Transmit JA

PIN ASSIGNMENTS AND SIGNAL DESCRIPTIONS

Figure 1: Pin Assighments
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RNEG[]6 Z 23 [0 INT/EC1 RNEG a SDIEC2
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XTALNO9 = 20 [ RRING XTALIN F Rv+
>
xTALouT O} 10 S 19 [ RTIP
XTALOUT I RRING
DPM [ 11 18 [1 MRING DPM (] RTIP
Losg12 17 mTIP NoToo~®
TIP3 16 [ TRING OOooooOg
TGND [ 14 15 [ Tv+ 8&§ég&g
“FoFZEE
TS

Table 1: Pin Descriptions

Pin #

Sym

no?

Description

1

MCLK

DI

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

TCLK

DI

Transmit Clock. Transmit clock input. TPOS and TNEG are sampled on the falling
edge of TCLK.

TPOS

DI

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

TNEG

Dl

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

MODE

DI

Mode Select. 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 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 configura-
tion and report status.

RNEG

DO

RPOS

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 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
rising edge of RCLK. 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.

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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Pin Assignments and Signal Descriptions

Table 1: Pin Descriptions — continued

Pin # Sym vo' Description

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

9 XTALIN Al | Crystal Input; Crystal Output. An external crystal operating at four times the bit rate

- (6.176 MHz for DSX-1, 8.192 MHz for El applications with an 18.7pF load) is

10 XTALOUT | AO |required to enable the jitter attenuation function of the LXT305A. 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 Performance Monitor. DPM goes High when the transmit monitor loop
(MTIP and MRING) does not detect a signal for 63 +2 clock periods. DPM remains
High until a signal is detected.

12 LOS DO | Loss of Signal. LOS goes High when 175 consecutive spaces have been detected.
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; Transmit Ring. Differential Driver Outputs. These low impedance
outputs achieve maximum power savings through a 1:1.15 transformer (T1), ora 1:1

16 TRING AO [ (75¥)or 1:1.26 (120 y) 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. 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.

17 MTIP Al | Monitor Tip; Monitor Ring. These pins are used to monitor the tip and ring transmit

| MRING Al outputs. The transceiver can be connected to monitor its own output or the output of

8 IN 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 other monitor pin to approximately the clock’s mid-level voltage. The mon-
itor clock can range from 100 kHz to the TCLK frequency.

19 RTIP Al | 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 is required on these

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

2] RV+ S Receive Power Supply. +5 VDC power supply for all circuits except the transmit driv-
ers. (Transmit drivers are supplied by TV+.)

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

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

fISLEVEL
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LXT305A Integrated T1/E1 Short-Haul Transceiver with Transmit JA

Table 1: Pin Descriptions — continued

Pin # Sym o! Description

23 INT DO | Interrupt (Host Mode). This LXT305A Host Mode output goes Low to flag the host
processor 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 (H/W Mode). The signal applied at this pin in the LXT305A
Hardware Mode is used in conjunction with EC2 and EC3 inputs to determine shape
and amplitude of AMI output transmit pulses.

24 SDI D1 | Serial Data In (Host Mode). The serial data input stream is applied to this pin when
the LXT305A operates in the Host Mode. SDI is sampled on the rising edge of SCLK.
EC2 DI | Equalizer Control 2 (H/W Mode). The signal applied at this pin in the LXT305A

Hardware Mode is used in conjunction with ECI and EC3 inputs to determine shape
and amplitude of AMI output transmit pulses.

25 SDO DO | Serial Data Out (Host Mode). The serial data from the on-chip register is output on
this pin in the LXT305A 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 D1 | Equalizer Control 3 (H/W Mode). The signal applied at this pin in the LXT305A
Hardware Mode is used in conjunction with EC1 and EC2 inputs to determine shape
and amplitude of AMI output transmit pulses.

26 CsS DI | Chip Select (Host Mode). This input is used to access the serial interface in the
LXT305A 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
LXT305A Hardware Mode. Setting RLOOP High 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 LXT305A 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
LXT305A 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 falling edge of SCLK.

TAOS DI | Transmit All Ones (H/W Mode). When set High, TAOS causes the LXT305A (Hard-
ware Mode) to transmit a continuous stream of marks at the MCLK frequency. Activat-
ing TAOS causes TPOS and TNEG inputs to be ignored. TAOS is inhibited during
Remote Loopback.

1. Entries in 1/0 column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.
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Functional Description

FUNCTIONAL DESCRIPTION

The LXT305A is a fully integrated PCM transceiver for
both 1.544 Mbps (DSX-1) and 2.048 Mbps (E1) applica-
tions. 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
interfaces with two twisted-pair lines (one twisted-pair for
transmit, 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 between the transmit and receive circuits is pro-
vided internally.

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 cal-
ibrate 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 Hard-
ware Mode. In Host Mode, reset is commanded by simul-
taneously 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 ini-
tiated 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 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.
Refer to Test Specifications for LXT305A receiver timing.

The signal received at RPOS and RNEG is processed
through the peak detector and data slicers. The peak detec-
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. For T1 applications (deter-
mined 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% for up to 15 successive
zeros over the range of specified operating conditions. For
El 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), corre-
sponding to a received signal level of approximately 500
mV. Maximum line length is 1500 feet of ABAM cable
(approximately 6 dB of attenuation). Regardless of re-
ceived signal level, the peak detectors are held above a
minimum level ot .3 V to provide immunity from impul-
sive 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 significant-
ly better than required by Pub 62411. Refer to Test Speci-
fications 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 a one (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 regard-
less 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.

MELRVEL
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Transmitter

Datareceived 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). The
transmitted pulse shape is determined by Equalizer Control
signals EC1 through EC3 as shown in Table 4. 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 Hard-
ware 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 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
Information for crystal specitications. 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 receive path.

Driver Performance Monitor

The transceiver incorporates a Driver Performance Moni-
tor (DPM) in parallel with TTIP and TRING at the output
transformer. The DPM output 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 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 ” precision (+ | % accuracy) in series with a
transmit transformer with a turns ratio of 1:2.3 (+ 2% accu-

racy). Series resistors also provide increased surge protec-
tion and reduced short circuit current flow.

Figure 2: 50% AMI Coding

-Bit Cell-»;

TRING

Table 2: LXT305A Serial Data Output Bits (See

Figure 4)
Bit | Bit | Bit
D5 | D6 | D7 Status
0 0 0 | Reset has occurred, or no program

input.

0 1 | TAOS is active.
1 0 | Local Loopback is active.
0 1 1 | TAOS and Local Loopback are
active.
1 0 0 | Remote Loopback is 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.

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.
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Functional Description

Host Mode Operation the serial data and receive data output timing. The Clock
Edge (CLKE) signal determines when these outputs are
To allow a host microprocessor to access and control the  valid, relative to the Serial Clock (SCLK) or RCLK as
LXT305A through the serial interface, MODE is set High.  listed in Table 3. n

The serial interface (SDI/SDO) uses a 16-bit word consist- Table 3: Valid CLKE Settings

ing of an 8-bit Command/Address byte and an 8-bit Data CLKE Output Clock Valid Edge
byte. Figure 3 shows the serial interface data structure and

relative timing. Low RPOS RCLK Rising

k RNEG RCLK Risi

The Host Mode provides a latched Interrupt output (INT) SDO SCLK F;lsl]i?]gg
which is triggered by a change in the Loss of Signal (LOS)

and/or Driver Performance Monitor (DPM) bits. The Inter- High RPOS RCLK Falling
rupt is cleared when the interrupt condition no longer RNEG RCLK Falling
exists, and the host processor enables the respective bit in SDO SCLK Rising

the serial input data byte. Host Mode also allows control of

Figure 3: LXT305A Serial Interface Data Structure

.
Uiy uy L
ADDRESS / COMMAND BYTE DATA INPUT / OUTPUT BYTE
'd A Y A N
souspo | AW | A0 | At a2 | A3 | A4 | A5 | a6 | Do | D1 D2 | D3| D4a| D5 | D6 | D7
"NOTE
Output data byte is the
R/W- = 1: Read same as the input data
ADDRESS/ | o | O 0 0 0 ! 0 X RAW- = 0: Write byte except for bits
ge#zMAND A0 Ad A8 D<5:7> shown in Table 2.
CLEAR INTERRUPTS X=DONTCARE " ger | OOPBACKS OR RESET
A
r hY
INPUT
DATA LOS DFM EC1 EC2 EC3 REMOTE | LOCAL TAOS
BYTE DO (LSB) D7(MSB)
Table 4: Equalizer Control Inputs
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 1.8 dB 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 E1 - Twisted-pair (120 Q)
0 1 0 FCC Part 68, Option A CSU (DS-1) 1.544 Mbps
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LXT305A Integrated T1/E1 Short-Haul Transceiver with Transmit JA

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 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 2 lists serial data
output bit combinations for each status. Serial data }/O tim-
ing characteristics are shown in the Test Specifications sec-
tion.

Hardware Mode Operation

In Hardware Mode the transceiver is accessed and con-
trolled 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 con-
trol serial interface timing in the Host Mode.

Table 5: LXT305A Crystal Specifications (External)

Diagnostic Mode Operation

Transmit All Ones

In Transmit All Ones (TAOS) Mode the TPOS and
TNEG inputs to the transceiver are ignored. The trans-
ceiver transmits 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 trans-
mitter is locked to MCLK. If MCLK is not supplied,
the transmitter powers down.

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 cir-
cuits 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 (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 prece-
dence, forcing RCLK = TCLK.

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

Parameter ™ E1
Frequency 6.176 MHz 8.192 MHz
Frequency stability + 20 ppm @ 25 °C +20 ppm @ 25 °C

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

Pullability CL=11pFto 18.7 pF,+AF = 175to 195 ppm | CL = 11 pF to 18.7 pF, +AF =95to0 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
Cwm = 17 fF typical

HC49 (R3W),Co = 7 pF maximum

HC49 (R3W), Co =7 pF maximum
Cm = 17 fF typical
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Application Information

APPLICATION INFORMATION

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 Host Mode with a T1/ESF Framer providing the dig-
ital interface with the host controller. An LXP600A Clock
Adapter (CLAD) provides the 2.048 MHz system back-
plane clock, locked to the recovered 1.544 MHz clock sig-
nal. The power supply inputs are tied to a common bus
with appropriate 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. As in the DSX-1 application Figure 4, this
configuration 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 TAQOS,
LLOOP and RLOOP are individually controllable, and the
LLOOP and RLOORP 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 1ITU specified 2.37 V pulse onto 75 " coaxial cable.
Simply changing the EC code to 001 aliows the LXT305A
to match the 3.0 V pulse specification for 120 " 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 " twisted-pair cable.

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

[ CN

Bit Rate | Crystal | Cable | Rr? EC3/21 Transmit Rt2 Typical TX Ce
(Mbps) XTAL (Q) (€2) Transformer’ (Q) | ReturnLoss® | (uF)
(Tr) (dB)
1.544 (T1) | LXC6176 100 200 o/1/1 - 1/1/1 1:1.15 0 0.5 0.47
1:2 9.1 18 0
1:23 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 I: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.
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Figure 4: Typical LXT305A 1.544 Mbps T1 Application (Host Mode)
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Application Information

Figure 5: Typical LXT305A 120 ) 2.048 Mbps E1 Application (Hardware Mode)
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TEST SPECIFICATIONS

NOTE

The minimum and maximum values in Tables 7 through 13 and Figures 6 through 11 represent the performance specifi-
cations of the LXT305A and are guaranteed by test, except where noted by design.

Table 7: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ -0.3 6.0 v
Input voltage, any pin' \L) RGND - 0.3 RV++0.3 v
Input current, any pin Iy -10 10 mA
Storage temperature Tsre -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 8: Recommended Operating Conditions and Characteristics

Parameter Sym Min Typ Max Units

DC supply' RV+, TV+ 475 5.0 525 \'

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

100% ones density &

Total power dissipation‘ Po - 400 mW | maximum line length
@525V

High level input voltage?? (pins 1-5, 10, 23-28) Vin 2.0 - \%

Low level input voltagez’3 (pins 1-5, 10, 23-28) Vi - 0.8 \Y

High level output voltage®> (pins 6-8, 11, 12, 23, 25) Vou | 24 - V| lour =-400 pA

Low level output voltagez'3 (pins 6-8, 11, 12, 23, 25) VoL - 0.4 v Iour= 1.6 mA

Input leakage current* I 0 +10 HA

Three-state leakage current? (pin 25) 3L 0 +10 HA

4. Except MTIP and MRING [l = =50 pA.

I. 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.
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Test Specifications

Table 10: Analog Characteristics (Under Recommended Operating Conditions)

Parameter Min Typ1 Max Units Test Conditions
AMI output pulse DSX-1 2.4 3.0 3.6 \Y% measured at the DSX
amplitudes El 2.7 3.0 3.3 \Y% measured at line side
Recommended output load at TTIP and TRING - 75 - Q
10 Hz - 8 kHz - - 0.01 Ul
Jitter added by the 8 kHz - 40 kHz - - 0.025 Ul
transmitter? 10 Hz - 40 kHz - - 0025 | Ul
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB=24V) 13.6 — _ dB
500 - - mv
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 kHz - 100 kHz 0.4 - - Ul
Jitter attenuation curve corner frequency’ _ 3 _ Hz
Minimum return loss*> Transmit Receive dB
Min Typ | Min Typ
51 kHz - 102 kHz 18 — 20 - dB
102 kHz - 2.048 kHz 18 — 20 _ dB
2.048 kHz - 3.072kHz | 18 - 20 — dB

5. Guaranteed by design.

1. Typical values are measured at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Input signal to TCLK is jitter-free.
3. Circuit attenuates jitter at 20 dB/decade above the corner trequency.
4. In accordance with [TU G.703/ETS 300166 return loss specifications when wired per Figure 5 (EI).

fIELRE
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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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Test Specifications

Table 11: LXT305A Receive Timing Characteristics (See Figure 8)

Test
Parameter Sym Min Typ? Max Units Conditions
Tl RCLKd 40 50 60 %
Receive clock duty cycle?
El RCLKd 40 50 60 %
Tl trw 594 648 702 ns
Receive clock pulse width?
El trw 447 488 529 ns
Receive clock pulse width Tl fowh - 324 - ns
high El tewn - 244 - ns
Receive clock pulse width Ti trwL 270 324 378 ns
low El towt 203 244 285 ns
RPOS/RNEG to RCLK rising Ti tSUR 50 270 — ns
setup time
El. tsuR 50 203 - ns
RCLK rising to RPOS/RNEG T] tHR 50 270 - ns
hold time
El tHR 50 203 - ns

1. Typical values are at 25 °C and are for design aid only; they are 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)

Sym Min Typ* Max Units
DSX-1 MCLK - 1.544 - MHz
Master clock frequency
El MCLK - 2.048 - MHz
Master clock tolerance MCLKt - +100 - ppm
Master clock duty cycle MCLKd 40 — 60 9%,
Crystal frequency DSX-1 fc - 6.176 - MHz
El fc - 8.192 - MHz
DSX-1 TCLK - 1.544 - MHz
Transmit clock frequency
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 values are at 25 °C and are for design aid only; they are not guaranteed and not subject to production testing.

Figure 9: LXT305A Transmit Clock Timing Diagram
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Test Specifications

Table 13: LXT305A Serial /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 tepH 50 - - ns
SCLK low time tew 240 - - ns
SCLK high time teH 240 - - ns
SCLK rise and fall time tr, te - - 50 ns
CS to SCLK setup time tce 50 - - ns
SCLK to CS hold time teck 50 - - ns
CS inactive time tewn 250 - - ns
SCLK to SDO valid teov - - 200 ns
SCLK falling edge or CS rising teoz - 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 10: LXT305A Serial Data Input Timing Diagram
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NOTES
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DATA SHEET
LXT307

Low-Power E1 Integrated Short-Haul Transceiver

APRIL 1996
REVISION 0.0

The LXT307 is a fully integrated low-power transceiver
optimized for G.703 2.048 Mbps (E1) applications. It fea-
tures a constant low output impedance transmitter allowing
for high transmitter return loss. Transmit pulse amplitudes
are selectable for various cable types. It is designed to
exceed the latest international specifications, including
G.775 and ETS 300 166.

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,
including transmit and receive monitoring. The device
requires a single 2.048 MHz clock reference for the on chip
high performance clock recovery system. It uses an
advanced double-poly, double-metal CMOS process and
requires only a single 5-volt power supply.

* PCM G.703 Interfaces
* E1 multiplexer
« Digital Access and Cross-connect Systems (DACS)

* (.703 Trunk line cards for Public Switching Systems
and PABX

= High-speed data transmission lines

Low power dissipation 260 mW typical

Constant low output impedance transmitter regard-
less of data pattern (3 Q typical)

Low speed reference clock to reduce PC board noise
coupling

Driver short circuit current limited to 50 mA per
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
G.703, G.823 (03/93) and G.775

Compatible with most popular PCM framers

Line driver, data recovery and clock recovery func-
tions

Minimum receive signal of 500 mV

Programmable transmit amplitude for 75 2 and 120 Q
operation without component changes

Local and remote loopback functions

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
100 kHz

« Serial Control Interface

* Available in 28-pin DIP or PLCC
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= > DRIVER
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) © NEG »| EQUALIZER ) > TRING
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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 D1 | Mode Select. 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 AI | Resistor Termination. Connect to RV+ through a 1 kQ resistor.

1. Entries in I/0 column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.
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LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Table 1: Pin Assignments and Signal Descriptions — continued

Pin# | Sym | 10! 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 632 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 0s.

13 TTIP AQ | 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 Al | 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

p gl pp p
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 D1 | 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
LXT307 operates in the Host mode. SDI 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.

# | FVEL
I!Ek)NE
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Table 1: Pin Assignments and Signal Descriptions — continued

Pin# | Sym | /O 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 D1 | 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 D1 | 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/0 column are: DI = Digital Input; DO = Digital Output; Al = Analog Input; AO = Analog Output; S = Supply.
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LXT307 Low-Power E1 Integrated Short-Haul Transceiver

Functional Description

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-
tor samples the inputs and determines the maximum value
of the received signal. A percentage of the peak value is

C
5

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
mV. Regardless of received signal level, the peak detectors
are held above a minimum Jevel 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 a32-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

Datareceived 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

characteristics.

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 condi-
tions regardless 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
Hardware 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

Figure 2: 50% AMI Coding

TTIP and TRING. The line driver provides a constant
low output impedance of 3 Q (typical). This well-con-
trolled output impedance provides excellent return
loss when used with external precision 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 rec-
ommended. This design meets or exceeds all ETSI
300 166 and European PTT specifications for transmit
and receive return loss when series resistors are used.

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

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 Q3)
1 ITU Recommendation G.703 E1 - Twisted-Pair (120 ©)
@LEVEL
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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
inputto 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 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, the
MODE must be set to 0. Diagnostic Control for
Remote Loopback (RLOOP), Local Loopback
(LLOOP), and Transmit All 1s (TAOS) modes is pro-
vided 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). Diag-
nostic 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 micropro-
cessor controls the LXT307 through the serial I/0 port
(SIO) which provides access to the LIU. The LIU con-
tains a pair of data registers, one for command inputs

@LEVEL
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and one for status outputs. An SIO transaction is initi-
ated by a falling edge on the Chip Select pin. A High-
to-Low transition on CS is required for each subse-
quent access to the Host mode registers.

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 subsequently 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) 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.

The second eight bits of a write operation, clear Loss
of Signal (LOS) and Driver Performance Monitor
(DPM) interrupts, reset the chip, and control diagnos-
tic 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 Com-
mand/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 inter-
rupt status.

If the INT line is High (no interrupt is pending), bits
D5 through D7 report the status of the operating mode
as listed in Table 6. If the INT line is Low, the interrupt
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status overrides all other reports and bits D5 - D7

Table 4: CLKE Settings

reflect the interrupt status as listed in Table 6.
] Valid
Interrupt Handling CLKE Output Clock Edge
The Host mode provides a latched Interrupt output pin, .
INT. Any change in the LOS or DPM bits (DO and D1 LOW | RPOS/RNEG | RCLK Rising
. " . SDO SCLK Falling
of the output data byte, respectively) triggers an inter-
rupt. As shown in Figure 5, writing a one to the respec- HIGH RPOS/RNEG RCLK Falling
tive bit of the input data byte (DO = LOS, D1 = DPM) SDO SCLK Rising
masks either or both interrupt generators. When an
interrupt has occurred the INT output pin is pulled . . .
Low. The output stage of the INT pin consists of a Table 5: SIO |nput Bit Settings
pulldown device. Hence, an external pull-up resistor is (see Figure 3)
required. clear the interrupt as follows: RLOOP LL'OOP TAOS
. If one or both interrupt bits (LOS or DPM, D0 and D1 Mode BitD5 | BitD6 | BitD7
of the output data byte) = 1, writing a 1 to the input bit RLOOP
1 -
(DO or D1, respectively), of the input data byte will 0
clear the interrupt. Leaving a 1 in either of these bit LLOOP 0 1 0
positions will effectively mask the associated inter-
rupt. To re-enable the interrupt capability, reset DO LLOOP + TAOS 0 1 1
and/or D1 to 0.
. If neither LOS or DPM = 1, the interrupt will be TAOS 0 0 1
cleared by resetting the chip. To reset the chip, set
data input bits DS and D6 = 1, and D7 = 0. 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. (i.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.
ULEVEL
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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
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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 s if the TAOS command is
active) will be transmitted normally.

Figure 8: Local Loopback

Local Loopback = LLﬁé)hP RLLC())S/)VP '[/?JS)VS
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TPOS —rk 8 =
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ROLK <18 4 Timing L RTIP
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RNES < 8¢ “Recovery — RRING

RLOOP

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)

E1/CRC4 2.048 MHz LXT307
FRAMER Clock TRANSCEIVER 100 kO
V+
l—[ MCLK TAOS :l—.- 234
] — 1| ok
TCLK N, ——| |TCK LLOOP :]——0—._‘
[
TPOS j :E TPOS RLOOP :’—o— | 10k
] J
TNEG | | »__| TNEG nic :l
] wooe v []
— —
RNEG | |e {_| RNEG EC :l—f \
RPOS | e [ reos RGND °':’“F E
V4 1k
-E—A/\?y—r__ RT RRING j
240Q 1:1:1
I: e RTIP :l'_ % 7048 Mbps
ECEIVE
240Q
E DPM MRING |—
l: LOS MTIP :‘-

OTE: o ' i 2
Cap required if no series __!: e rang L W RL(159)
resistor is used. — "A Z =§ 2,048 Mbps

TRANSMIT
. —/ \A\—
/A Typical value is 470 pF; adjust TGND v+ |_H fAynes
for actual board parasitics to
obtain optimum return loss. 1 ; + 68 uF Ve
= 1 1
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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! | RtValue? | 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- 1 1 Rt=100Q 5dB
formers, the LXT307 produces 2.37 V peak pulses as
required for coax applications. A 1:1:1 transformer is used 1 1:2 Rt=143Q 10 dB
on the receive side.
Table 7: Transformer Specifications 0 I Rt=00* 0.5dB
Parameter Value 0 I: Rt=9.1Q 18 dB
Turns Ratio Tx 1:2 (£2%) 1. Transformer turns ratio accuracy is +2%.
. . 2. Rt values are £1%.
Primary Inductance 1.2 mH min 3. Typical return loss, 51 kHz - 3.0728 kHz.
Leakage I_nduc'[ance. 0.5 pH max 4. Cap required if no series resistor is used.
Interwinding Capacitance 25 pF max
Series Resistance LOQ PRI Table 10: 120 Q Output Combinations
Table 8: Transformer Selection Guide Xfmr
EC | Ratio’ Rt Value? Rtn Loss?®
Transformer Part Turns L
Manufacturer | Number | Ratio | Description 1 11 Re=0 O 0.5dB
Pulse PE65861 12 Dual SMD
Engineering . 1 1:2 Rt=15Q 18 dB
PE 65351 1:2 | 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 12 Single through 3. Typical return loss, 51 kHz - 3.0728 kHz.
hole 4. Cap required if no series resistor is used.
Midcom 671-5832 1:2 Single through
hole

Figure 11: Line Interface for E1 Coax

Applications
Rt=9.1 Q )
e :l—’VV\,——131'2
470 pF "{
TRING RO O
LXT307

Rr=150 Q 1:1:1

RTIP "{
_E—E EC RRING
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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’ IIN -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 \
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)| PD - 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% Is density
High level input voltage4 (pins 1-5, 23) VIH 2.0 - - v
Low level input voltage4 (pins 1-5, 23) VIL - - 0.8 \%
High level output voltage* > (pins 6-8, 11, B _ -
12, 23, 25) VOH 24 v louT = -400 puA
Low level output voltage® 3 (pins 6-8, 11, B .
12,23, 25) VoL - 0.4 \Y [ouT = 1.6 mA
Input leakage current® ILL 0 - £10 pA
Three-state leakage current (pin 25) 3L 0 - +10 LA

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 Q; 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 Q; 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.
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Table 14: Analog Characteristics (Over recommended operating conditions)

Parameter Min Typical1 Max Units | Test Conditions
AMI output pulse 75 Q 2.14 2.37 2.6 \Y G.703
amplitudes
120 Q 2.7 3.0 33 \Y G.703
Peak voltage of a 750 -0.237 0 +0.237 \%
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 Ul
Receiver sensitivity (0dB=24V) 13.6 - - dB
500 - - mV
Receiver input impedance - 40 - kO
Signal to interference ratio (FEXT)* 15 - - dB G.703, O.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 | BTS 300 166 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.

4
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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 RCLX 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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Figure 13: LXT307 Receive Clock Timing
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Figure 14: LXT307 Transmit Clock Timing
TCLK
tSuT tHT
TPOS >< ><
TNEG -

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

Parameter Sym Min Typ! Max { Units Test Conditions
Rise time - any digital output R - - 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
CSto SCLK setup time tce 50 _ - ns
SCLK to CS hold time tocn 50 _ _ ns
CS inactive time tCWH | 250 - - ns
SCLK to SDO valid tCDV - - 200 ns
SCLK falling edge or [ rising tcDZ - 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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Figure 16: LXT307 Serial Data Output Timing Diagram

CS \
tcoz
SCeL MN /—
tcov tcpz [+
388 XX OO XK OO
CLKE=1
tcov
SDO @ ><:><— | HIGH 7
23 (X[ X
Figure 17: Typical Receiver Input Jitter Tolerance (Loop Mode)
1200 UI
1000 Ul
100 utf \ LXT307 Device
N Jitter Tolerance
Loop Mode
Jitter }s ul@ 1.8 Hz \/{
iUl r._-.-‘\\
- 15Ul @24 kHz 1oul@
\ITU G.823 15 khHz
15Ul ; il .
TUF—15U1@ Mar 1993 - "
20Hz = | 5
o4t géoggldéc;ce \02 Ul @ 18 kHz
2Ul| - .‘/ ———
1Ul
1Hz 10 Hz 100 Hz 1kHz 10 kHz 100 kHz
Frequency
L(!LEVEL
ONE. 2-75




LXT307 Low-Power E1 Integrated Short-Haul Transceiver

NOTES
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LXT325

T1/E1 Integrated Quad Receiver

L tiene i B

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

L . X . 1 * Loss Of Signal (LOS) output for each receiver
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 rec.eiver4 alsp incorporates 2 Loss Of Sigpal + Single Master Clock input

(LOS) detection circuit and output driver. The operating

frequency is pin selectable. * Meets or exceeds AT&T PUB 62411 [TU-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 S00 mV

for up t0 13.6 dB of attenuation. » 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

m k s”@%ﬁﬁ + Available in 28-pin plastic DIP and PLCC and 44-pin
e QFP packages

+  High-density TI/E! line cards .

-40 °C to 85 °C operating temperature range

*  MI13, E13 line interfaces

»  Test equipment

«  Line monitoring

*  Receive line interface
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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 110? Description

1 2 8 RPOSI 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
RRINGzx. 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
RTIPI and RRINGI1. See RPOSI/RNEGI.

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 RPOSI/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/RCLKI.

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 RTIP4 and RRING4. See RPOS1/RNEG1/RCLK1.

3 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 4t

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; Al = Analog Input.
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LXT325 T1/E1 Integrated Quad Receiver

Table 1: Pin Assignments and Descriptions - continued

Pin #
DIP | PLcc | aFP! | Symbol | 1/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 RTIPI Al | Receiver 1 Tip and Ring Inputs. See RTIP4/RRING4.
27 28 4 RRING1
28 1 5,6 VCC - +5 VDC Power Supply

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 1/0 column are DI = Digital Input; DO = Digital Output; Al = Analog Input.
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LXT325 T1/E1 Integrated Quad Receiver

FUNCTIONAL DESCRIPTION

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 0
Primary inductance 1.2 typical 0.5 Maximum mH
(Line Side)
Leakage inductance 0.5 Maximum 1.0 Maximum uH
Interwinding capacitance 25 Maximum 40 Maximum pF
@LEVEL
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LXT325 T1/E1 Integrated Quad Receiver

APPLICATION INFORMATION

N . . i 1:2:2 transformer to boost the input signal.
The LXT325 quad receiver is compatible with both DSX- mhdy require a 1 . npu
| and Ei syst?ems. Low, +5 V only, power consumption Figure 2 is a typical 1.544 Mbit/s DSX-1 application. The

simplifies design considerations where multiple receivers Iggf)TSZS N tshown tapped :1;0 th‘; tchross connect frgme with
are required. The LXT325 is well-suited for use in both line resistors across each leg of the center-tapped, center-

interface equipment and monitor applications. The primary grounded, 1:2:2 step-up transformer.
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

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
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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 4 represent the performance specificatons of
the LXT325 and are guaranteed by test, except where noted by design.

Table 3: Absolute Maximum Ratings

Parameter Symbol Min Max Units
Supply voltage vee 0.3V 6V v
Input voltage, any 1/0 pin1 Vi/o GND-03V VCC+03V A%
Input current, any 1/0 pin2 /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! vce 4.75 5 5.25 v
Power dissipation PD 1 - 1 W
Operating Temperature Tor -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 24 - - v [0=0.4 mA
Output Low voltage VoL - - 0.4 v [o=1.6 mA
Input leakage current ILL - - +10 HA Digital inputs
Output current IH - - 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 7 %
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=24V) 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

L tPw_, _tPw
RCLK /__\\_
RPOS —-—/IL tsur_ | _tHR q/_
RNEG = /.
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 PW 270 325 378 ns
width 2.048 Mbits | tow 203 | 244 | 285 ns
RPOS/RNEG to 1.544 Mbit/s tSUR 50 270 - ns
?ng?( rising setup 75 048 Mbit/s | tsUR 50 | 203 - ns
RCLK rising to 1.544 Mbit/s tHR 50 270 - ns
E_li‘ZS/ RNEG hold 5 548 Mbitss | 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
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Dual T1/E1 Line Interface Unit

Complete line driver and data recovery functions

The LXT331 is a Dual Line Interface Unit (DLIU) opti-
mized for North America 1.544 Mbps (T1) and interna- Constant low output impedance transmitter with pro-
tional 2.048 Mpbs (E1/CEPT) applications. It features a grammable equalizer shapes pulses to meet DSX-1
constant low output impedance transmitter for high return pulse template from 0 to 655 ft

loss. Transmit pulse shape is selectable for various line
lengths and cable types. The data recovery circuit also
offers selectable slicer ratios for T1 or E1 applications.

.

High transmit and receive return loss

Meets or exceeds industry specifications including
) ITU G.703 and ANSI T1. 102-1993

The LXT331 offers both a serial interface (S10) for micro- Compatible with industry standard framers
processor control and a hardware control mode for standa-

lone operation.

Minimum receive signal of 500 mV, with selectable
slicer levels (E1/DSX-1) to improve SNR

Analog loopback function

The LXT331 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.

Transmit performance monitors with Driver Fail
Monitor (DFM) output for transmit driver short cir-
cuit detection

Transmit Driver Performance Monitor (DPM) output
with external monitor pins MTIP and MRING

+ Available in 44-pin PLCC and 44-pin QFP

» Digital Access and Cross-connect Systems (DACS)
+ T1/El Multiplexer

« SONET/SDH Multiplexers

» Digital Loop Carrier (DLC) terminals

+ Cost efficient analog frontend for Digital Backend
ASICS

* Analog LOS using PMRK/NMRK

Transmit 4—;—— MTIP
DPM < Monitor —— MRING
oLk Line %er .
TPOS =TirTTuriir(:;s(rzr1c|>tnét3‘re' Equalizer 1} > ey L RN
TNEG ' " TX-PLL > r g
TNEG I
INTO e = o t itor ] I
BSor 5] Serial TAOS LI;N gelgct DFM_rWonftor ; : DFM
S8 1 Enable y 11| P
. Serial Wor 60 v ;
) Analol
To Transceiver 1 Enable Loopbagck
T e 0
: < Peak L L 1 RTIP
Data Shc% e Detector |« v =1 RRING
Transceiver 0
I T [anyscféiverﬁﬁly
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LXT331 Dual T1/E1 Line Interface Unit

PIN ASSIGNMENTS & SIGNAL DESCRIPTION

Figure 1: LXT331 Pin Assignments
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Pin Assighments & Signal Description

Table 1: Pin Descriptions

Pin Pin
PLCC | QFP | Symbol | 1101 Description

I 39 TRSTE DI | Tristate Enable. Forces all output pins to tri-state when held High and forces chip
into reset mode. Holds reset mode for 6 ps after TRSTE returns Low.

2 40 TCLKO DI | Transmit Clock — Port 0. 1.544 MHz for T1, 2.048 MHz for E1. The transmit
data inputs are sampled on the falling edge of TCLK. If TCLKO is pulled Low, the
transmit drivers are powered down and TTIPO and TRINGO transmit outputs go to
a high impedance state.

3 41 TPOSO DI | Transmit Positive and Negative Data — Port 0. These pins are the positive and

4 42 TNEGO DI | negative sides of a bipolar input pair for port 0. Data to be transmitted onto the line
is input at these pins.

5 43 NMRKO { DO | Receive Negative and Positive Marks — Port 0. These pins are the data outputs

6 44 PMRK | DO |from port 0. A signal on NMRK corresponds to receipt of a negative pulse on
RTIP/RRING. A signal on PMRK corresponds to receipt of a positive pulse on
RTIP/RRING. NMRK/PMRK outputs are Return-to-Zero (RZ).

12 6 MCLK DI | Master Clock (1.544 MHz for T1. 2.048 MHz for E1). Can be held Low if
TCLK is present.

13 7 GND S | Ground. Ground return for power supply VCC.

14 8 TTIPO AO | Transmit Tip — Port 0. The tip and ring pins for each port are differential driver
outputs designed to drive a 35-200 Q load. Line matching resistors and transform-
ers can be selected to give the desired pulse height.

15 9 TGNDO S | Ground. Ground return for supply TVCCO.

16 10 TVCCO S |+ 5 volt power supply input for the port 0 transmit driver. TVCCO0 must not
vary from TVCCI or VCC by more than + 0.3 V.

17 11 TRINGO | AO | Transmit Ring — Port 0. The tip and ring pins for each port are differential
driver outputs designed to drive a 35-200 Q load. Line matching resistors and
transformers can be selected to give the desired pulse height.

18 12 MTIPO Al | Monitor Tip and Ring — Port 0. These pins monitor tip and ring outputs, either

19 13 | MRINGO | Al [its own or those of an adjacent LXT331 on the same board. If the application does
not use this feature, tie one of these pins to a clock source and the other to a mid-
level (referenced to the clock signal) voltage. (The clock frequency can range from
100 kHz to the TCLK frequency).

20 14 DPMO | DO |Driver Performance Monitor — Port 0. Output goes High on detection of 63
consecutive zeros, and goes Low on receipt of a one on transmit monitor loop
(MTIP/MRING).

21 15 RTIPO Al | Receive Tip and Ring — Port 0. RTIP and RRING comprise the receive line

22 16 RRINGO | Al |interface. This input pair should be connected to the line through a 1:1 transformer.

23 17 DFMO0 DO | Driver Fail Monitor — Port 0. Signal goes High to indicate driver output short.

24 18 RRINGI | AI | Receive Tip and Ring — Port 1. Refer to pins RRINGO and RTIPO.

25 19 RTIP1 Al

26 20 DPM1 DO [ Driver Performance Monitor — Port 1. Refer to pin 20.

27 21 MRING1 | Al | Monitor Ring and Tip — Port 1. Refer to pins MRINGO and MTIPO.

28 22 | MTIPO

29 23 TRING1 | AO | Transmit Ring — Port 1. Refer to pin TRINGO.

30 24 TVCC1 DI |+ 5 volt power supply input for the port 0 transmit driver. TVCC1 must not devi-
ate from TVCCO or VCC by more than £ 0.3 V.

31 25 TGNDI1 S | Ground. Ground return for power supply TVCCI.

32 26 TTIP1 AO | Transmit Tip — Port 1. Refer to pin TTIPO.

MELEYE
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LXT331 Dual T1/E1 Line Interface Unit

Table 1: Pin Descriptions — continued

Pin Pin
PLCC| QFP | Symbol | /0’ Description

33 27 vCC DI |+ 5 VDC power supply input for all circuits except the transmit drivers.

34 28 DFM1 DO | Driver Fail Monitor — Port 1. Refer to pin DFMO0.

40 34 PMRKI1 | DO | Receive Negative and Positive Marks — Port 1. Refer to pins PMRKO and

41 35 NMRK1 NMRKO.

42 36 TNEG! DI | Transmit Negative and Positive Data — Port 1. Refer to pins TNEGO and

43 37 TPOSI1 DI | TPOSO.

44 38 TCLK1 DI | Transmit Clock — Port 1. Refer to pin TCLKO.

Table 2: Host Mode Pin Descriptions
Pin Pin. !
PLCC | QFP | Symbol | 1O’ Description

7 1 CLKE DI | Clock Edge Select. When CLKE is High, SDO is valid on the rising edge of
SCLK.When CLKE is Low, SDO is valid on the falling edge of SCLK.

8 2 SCLK DI | Serial Clock. Shifts data into or our from the serial interface register of the
selected port.

9 3 PSO DI | Port Select — Port 0. Inputs access the serial interface registers for the respective

\ port. For each read or write operation, PSx must transition from High to Low, and
: remain Low.

10 4 INTO DO | Interrupt — Port 0. Outputs go Low to flag the host processor that the respective
port has changed state. INTO and INT1 are open drain outputs. Each must be tied
to VCC through a resistor.

11 5 GND S | Ground. Tie to ground.

35 29 SPE DI | Serial Port Enable. SPE must be clocked with MCLK, TCLKO or TCLK1 to
enable Host Mode control through the serial port.

36 30 INTI DO | Interrupt — Port 1. Refer to pin INTO.

37 31 PST DI | Port Select — Port 1. Refer to pin PSO.

38 32 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.

39 33 SD1 DI | Serial Data Input. SDI is sampled on the rising edge of SCLK.

1. 1/O Designations: Al = Analog Input, AO = Analog Output, DI = Digital Input, DO = Digital Output, S = Power Supply
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Pin Assignments & Signal Description

Table 3: Hardware Mode Pin Descriptions

Pin Pin
PLCC | QFP | Symbol | /0" Description
7 1 ALOOPO ! DI | Analog Local Loopback Enable — Port 0. When ALOOP is High, the RTIP/
RRING inputs from the port 0 twisted-pair line are disconnected and the transmit
data outputs (TTIP/TRING) are routed back into the receive inputs. For normal
operation, hold ALOOP Low.
8 2 TAOSO | DI | Transmit All Ones Enable — Port 0. When TAOS is High, the TPOS/TNEG
input is ignored and Port 0 transmits a stream of ones at the TCLK frequency.
With no TCLK the MCLK input becomes the transmit reference. For normal
operation, hold TAOS Low.
9 3 LEN20 DI | Line Length Equalizer — Port 0. Determine the shape and amplitude of the
10 4 LEN10 DI | transmit pulse.
35 29 LENO! DI | Line Length Equalizer — Port 1. Determine the shape and amplitude of the
36 30 LEN11 DI | transmit pulse.
37 31 LEN21 DI
38 32 TAOSI DI | Transmit All Ones Enable — Port 1. Refer to pin TAOSO0.
39 33 ALOOPI | DI | Analog Local Loopback Enable — Port 1. Refer to pin ALOOP1.

1. 1/0 Designations: Al = Analog Input, AO = Analog Output, DI = Digital Input, DO = Digital Output, S = Power Supply

MELRE-
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LXT331 Dual T1/E1 Line Interface Unit

FUNCTIONAL DESCRIPTION

The LXT331 is a Dual Line Interface Unit (DLIU), which
contains two ports. Refer to the simplified block diagram
on page 1. The DLIU is designed for both 1.544 Mbps
(DSX-1) and 2.048 Mbps (E1) applications. Both ports
operate at the same frequency, which is determined by the
TCLK input.

Each DLIU port front end interfaces with two lines, one
line for transmit, one line for receive. These two lines com-
prise a digital data loop for full duplex transmission.

Each DLIU port back-end interfaces with a layer processor
through bipolar data I/O channels. The DLIU may be con-
trolled by a microprocessor through the serial port (Host
control mode), or by hard-wired pins for stand-alone oper-
ation (Hardware control mode).

Receiver

The two receivers in the LXT331 DLIU are identical. The
following paragraphs describe the operation of a single
receiver.

The input signal is received via a 1:1 transformer. The
receiver requires fully differential inputs which are inter-
nally self-biased into 2.5 V. Recovered data is output at
PMRK and NMRK. Refer to Test Specifications for
receiver timing.

The receive signal is processed through an adaptive peak
detector and data slicers. The peak detector samples the
received signal and determines its maximum value. A per-
centage 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 =

Table 4: Equalizer Control Inputs - Hardware Mode'

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 speci-
fied operating conditions. For El applications (LENxn
inputs = 000 or 001) the threshold is 50% (typical).

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
mV. Maximum line length is 1500 feet of ABAM cable
(approximately 6 dB of attenuation). Regardiess of
received signal level, the peak detectors are held above a
minimum level of 0.3 V (typical) to provide immunity from
impulsive noise. Built in pulse stretching circuitry main-
tains a minimum positive and negative mark pulse width
(see Table 15 and Figure 14 on page 105).

Transmitter

The two transmitters in the LXT331 DLIU are identical.
The following paragraphs describe the operation of a single
transmitter.

Transmit data is clocked serially into the device at TPOS/
TNEG. Input synchronization is supplied by the transmit
clock (TCLK). The TPOS/TNEG inputs are sampled on the
falling edge of TCLK. If TCLK is held Low the transmitter
remains powered down and the TTIP/TRING outputs are
held in a high-Z state, except during TAOS if MCLK is
available. Each output driver is supplied by a separate
power supply (TVCCO or TVCC1). Current limiters on the
output drivers provide short circuit protection. Refer to
Test Specifications for TCLK timing characteristics. The
LXT331 transmits data as a 50% AMI line code as shown
in Figure 2.

LEN2 | LEN1 | LENO Line Length? Cable Loss® Application Frequency
Low High High 0-133 ft ABAM 0.6 dB

High Low Low 133-266 ft ABAM 1.2dB

High Low High | 266-399 ft ABAM 1.8dB DSX-1 1.544 MHz
High | High | Low | 399-533 ft ABAM 24dB

High High High 533-655 ft ABAM 3.0dB

Low Low Low ITU Recommendation G.703 El - Coax (75 Q) 2.048 MHz
Low Low High El - Twisted-pair (120 €2)

Low High Low FCC Part 68, Option A CSU 1.544 MHz

2. Line length from LXT331 to DSX-1 cross-connect point.
3. Maximum cable loss at 772 kHz.

1. LENr inputs are shown as High or Low for Hardware mode. For Host Mode serial inputs, High = 1 and Low = 0.
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Functional Description

Pulse Shape

The transmitted pulse shape is determined by Line Length
equalizer control signals LENO through LEN2. Equalizer
codes are hard-wired in Hardware mode as shown in Table
4. In Host mode the LENxn 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 <3 Q (typical) regardless of whether it is driving marks
or spaces or during transitions. This well-controlled imped-
ance provides excellent return loss when used with external
precision resistors (1% accuracy). See Tables 8 and 9 for
recommended transformer specifications, ratios, series
resistor (Rt) values, and typical return losses for various
LENxn codes. To minimize power consumption the DC
block capacitor and LXT331 can be connected directly to a
1:1.15 transformer without series resistors.

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 22
AWG ABAM cable. A combination of 9.1 Q resistors and
a 1:2.3 transformer is recommended for DSX-1 applica-
tions and maximum transmit return loss. The LXT331 also
matches FCC pulse mask specifications for CSU applica-
tions.

Figure 2: 50% AMI Coding

T~ T r
™ TRl - I/

TRING

| 0
_Q_LL__L__L

The LXT331 produces 2.048 Mbps pulses for both 75 Q
coaxial (2.37 V) or 120 Q shielded twisted-pair (3.0 V)
lines through an output transformer with a 1:2 turns ratio.

Driver Performance Monitor

The LXT331 incorporates a Driver Performance Monitor
(DPM) as shown in Figure 3 on page 94. The DPM output
goes High on receipt of 63 consecutive zeros and returns
Low on receipt of a transition. A reset command also drives
the output signal Low.

The LXT331 uses its MTIP and MRING pins to monitor its
own TTIP and TRING outputs or those of an adjacent chip.
Mark detection involves two measures:

3. Voltage threshold: a pulse must trip a threshold
voltage above or below (depending on its polarity) the
input bias voltage level. The LXT331 bias voltage is
2.5 V and the threshold for a mark is 2.5 £ 0.79 V.

4. Pulse width: the monitor distinguishes between marks
and noise pulses by the pulse width. LXT331 requires
a mark pulse to be at least 120 ns wide (typically).

There are two type of marks: Figure 2 labels them “A” and
“B”. Cl and C2 detect “A” marks; the AND gate (Al)
ensures that both mark signals are present at the same time.
If the pulse widths are adequate, with both a positive mark
on MTIP and a negative mark on MRING, the Al output
goes High. Likewise C3 and C4 detect “B” marks. If the
pulse meets the minimum width requirement, the AND
gate (A2) output goes High when there are both a negative
mark on MTIP and a positive mark on MRING. The OR
gate (O1) passes the mark, as the signal “zero”, on to the
clock/counter circuit which controls the DPM output.

A latch samples the counter which goes High if the DPM
circuit sees 63 consecutive zeros. Any mark resets the
counter. The DPM signal goes High after the 63'9 zero.

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 failure is reported. In Host mode the DFM bit is set
in the serial word. In both Hardware and Host modes the
DFM pin goes High. During a long string of spaces, a short-
induced overcharge eventually bleeds off, clearing the
DFM flag.

Control Modes

The LXT331 transceiver operates in standalone Hardware
(default) Mode or Host Mode depending on the input to pin
35. When pin 35 is clocked by MCLK, TCLKO or TCLK1,
it acts as a Serial Port Enable (SPE) signal to force the
LXT331 into the Host mode.

fISLRVE
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LXT331 Dual T1/E1 Line Interface Unit

Host Mode Control

The LXT331 operates in the Host mode when pin 35 (SPE)
is clocked. In Host mode a microprocessor controls the
LXT331 through the serial 1/O port (SIO) which provides
common access to both LIUs. Each of the two LIUs con-
tains a pair of data registers, one for command inputs and
one for status outputs. An SIO transaction is initiated by a
falling pulse on one of the two Port Select pins, PS0or PST.
Only one LIU can be selected at a time. A High-to-Low
transition on PSx is required for each subsequent access to
the Host mode registers. If both PSO and PST are active
simultaneously, Port 0 has priority over Portl.

The LIU addressed by the PSn pulse responds by writing
the incoming serial word from the SDI pin into its com-
mand register. Figure 4 on page 95 shows an SIO write
operation. The 16-bit serial word consists of an 8-bit Com-

Serial Input Word

Figure 4 shows the Serial Input data structure. The LXT331
is addressed by setting bit A4 in the Address/Command
byte, cormresponding 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 8 bits of a write operation, the Data Input byte,
clear the Driver Performance Monitor (DPM) and Driver
Fail Monitor (DFM) interrupts, reset the chip, and control
diagnostic modes. The first and second bits (D0-1) clear
and/or mask the DPM and DFM interrupts, and the last 2
bits (D6-7) control operating modes (normal and diagnos-
tic) and chip reset. Refer to Table 5 for details on bits D6-7.

Table 5: SIO Input Bit Settings (See Figure 4)

mand/Address byte and an 8-bit Data byte. If the com-
mand word contains a read request, the addressed LIU TST ALOOP TAOS
subsequently outputs the contents of its status register onto Mode Bit DS Bit D6 Bit D7
the SDO pin. ALOOP 0 1 0
Figure 5 on page 96 shows an SIO read operation. The TAOS 0 X 1
Clock Edge(CLKE) signal determines when the SDO out- RESET 1 1 0
put is valid, relative to the Serial Clock (SCLK) as follows:
If CLKE = High, SDO is valid on the rising edge of SCLK.
If CLKE = Low, SDO is valid on the falling edge of SCLK.
Refer to Test Specifications for SIO timing.
Figure 3:  LXT331 Driver Performance Monitor

mTIP

+790 mV Monitor

+2.5V CLK

=500 mV.

Pulse Width L CNTR63
DPM
Pulse Width
Monitor
Monitor
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Functional Description

Serial Output Word

Figure 5 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
ns after the eighth following edge of SCLK.

The output data byte reports DPM and DFM conditions,
equalizer settings, and operating modes (normal or diag-
nostic). The first 5 bits (D0-4) report DPM and DFM status
and the Line Length Equalizer settings. The last 3 bits (D5-
7) report operating modes and interrupt status as defined in
Table 6 on page 96.

If the INT line for the respective port is High (no interrupt
is pending), bits D5-7 report the operating modes listed in
Table 6 on page 96. If the INT line for the respective port
is Low, the interrupt status overrides all other reports and
bits D5-7 reflect the interrupt status as listed in Table 6.

Figure 4: LXT331 SIO Write Operations

Interrupt Handling

The Host mode provides two latched Interrupt output pins,
INTO and INTT, one for each LIU. An interrupt is triggered
by a change in the DPM or DFM bit (D0=DPM,
D1=DFM). As shown in Figure 6, either or both interrupt
generators can be masked by writing a 1 to the correspond-
ing bit (DO or D1) of the input data byte. When an interrupt
has occurred, the INT output pin is pulled Low. The output
stage of each INT pin consists only of a pull-down device.
Hence, an external pull-up resistor is required. Clear the
interrupts as follows:

1. If one or both interrupt bits (DPM or DFM - D0 or D1
of the output data byte) are high, write a 1 to the
corresponding bit of the input data byte to clear the
interrupt. Leave a 1 in either bit position to effectively
mask that interrupt. To re-enable the interrupt
capability, reset either DO or D1 or both to 0.

2. Ifneither DPM nor DFM is high, reset the chip to clear
the interrupt. To reset the chip, set data input bits DS
and D6 =1, and D7=0.

=

SCLK

Address/Command Byte

Data Input/Output Byte

SDI
SDo*

Address/
Command
Byte

* SDO - remains high
impedence

TST JALOOP| TAOS

fICE
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Figure 5:

LXT331 SIO Read Operation

psi |

-
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Address/Command Byte
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r Y

SDO <

HIGH IMPEDANCE

Output
Data
Byte

Performance Monitor

e S A
DO (LSB)
DPM

1=TRUE

1= ENABLED]1 = ENABLED

Table 6: LXT331 Serial Data Output Bit Coding

Bit D5 Bit D6 Bit D7 Operating Modes
0 0 0 Reset has occurred, or no program input (i.e; normal operation).
0 0 1 TAOS active
0 1 0 ALOOP active
0 1 1 TAOS and ALOOP active

Bit D5 Bit D6 Bit D7 Interrupt Status
1 0 DFM has changed state since the last Clear DFM occurred
1 1 0 DPM has changed state since the last Clear DPM occurred
1 1 1 DPM and DFM have changed state since the last Clear DPM and DMF

occurred
2-96
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Functional Description

Figure 6:

LXT331 Interrupt Handling

Start-up or
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Hardware Mode Control

Hardware control is the default operating mode; the
LXT331 operates in Hardware mode unless pin 35
(LEN21/SPE) is clocked. In Hardware mode the trans-
ceiver is controlled through individual pins; a puP is not
required. The SIO pins are re-mapped to provide control
functions. In Hardware mode the PMRK/NMRK outputs
are valid on the rising edge of RCLK.

Diagnostic Mode Operation

The LXT331 offers two diagnostic modes. Analog Loop-
back (ALOOP) and Transmit All Ones (TAOS) are avail-
able under both Host and Hardware control modes.

In Host mode, diagnostic modes are selected by writing the
appropriate SIO bits. In Hardware mode, diagnostic modes
are selected by a combination of pin settings. The pins must
be held at the specified levels for a minimum of 20 ns (typ-

Initialization/Reset Operation

Upon initial power up, the transceiver is held static
until the power supply reaches approximately 3 V.
Upon crossing this threshold, the device clears all
internal registers. TCLK is the transmit reference, and
MCLK is the bias reference. The PLLs are continu-
ously calibrated.

The transceiver can be reset from the Host or Hard-
ware mode. In Host mode, reset is commanded by
writing 1s to TST and ALOOP, and a 0 to TAOS (bits
DS, D6 and D7, respectively, of the SIO input data
byte). In either mode, command reset by holding
TRSTE High for approximately 200 ns. All output sig-
nals are tri-stated at this time. The falling edge of the
TRSTE initiates reset. Both modes reset each port
independently. Reset clears and sets all SIO registers
to 0 at the affected port. Reset is not generally required
for the port to be operational.

ically). Table 7 lists Hardware Mode control settings for ~ Figure 7: TAOS Data Path
the various diagnostic modes.
Transmit All Ones. See Figure 7. Transmit All Ones Transmit All Ones = £OOQB —-I'%—O—S-
(TAOS) is selected when TAOS = 1. In TAOS mode the TAOS N
TPOS and TNEG inputs are ignored, but the transmitter il_'glo-lé_ *| Timing &
remains locked to the TCLK input. When TAOS is TNEG ____7/’ Control :l;-* TT{E“S)
selected, the transceiver transmits a continuous stream of > TRI
1s at the TCLK frequency. If TCLK is not supplied, MCLK PMRK « rran RT|P
is used as the transmit reference. TAOS and Analog Loop- NMRK« :I:: RRING
back can be selected simulitaneously as shown in Figure 8.
Analog Loopback. See Figure 9. Analog Loopback  Figure 8: TAOS with ALOOP
(ALOOP) is selected when ALOOP = 1. In ALOOP mode
the receive line input (RTIP/RRING) is blocked. The trans- Transmn Al 80 s = AL?OP TA?S
mit outputs (TTIP and TRING) are looped back through the TAos
receiver input and output at PMRK and NMRK. The trans- ;gol—g 0 Timing &
mitter circuits are unaffected by ALOOP. Transmitting TNEG —» Control ::TTlﬁns)
onto an improperly terminated line may produce unex- TR
pected pulse widths at PMRK and NMRK. PMRK le+— RTIP
NMRK + [+1— RRING
Tri-State. By holding pin 1 (TRSTE) High for at least 200
ns all output drivers (both digital and analog) go to high Z .
state and the chip logic goes into a reset condition which ~ Figure 9: Analog Loopback
lasts 6 ps longer than in the tri-state. All pins go to a high-
ALOOP TAOS
Z condition, and the internal circuits go to a known con- Analog Loopback === ===
dition.
Table 7: Hardware Mode Diagnostic Settings TCLK Timing &
}ﬁgg ¥ Control > TTIP
Mode TRSTE ALOOP TAOS ™ TRING
ALOOP L H L PMRK + el-RTIP
TAOS L X H NMRK -+ +—-RRING
RESET H X X
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Application Information

APPLICATION INFORMATION

Power Requirements

The LXT331 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
analog loopback, the transmitter powers down if TCLK is
not supplied.

Line Interface Requirements

Table 8 lists transformer values for 1.544 Mbps and 2.048
Mbps applications. Table 9 shows combinations of trans-
formers, series resistors and the LENx# settings that pro-
duce a variety of return loss values.

Table 8: Recommended Transformer Values

ply for the remaining (non-driver) circuitry is shown at cen-
ter right with 1.0 uF and 0.1 uF decoupling capacitors.

The line interface circuitry is identical for both LIU ports.
The precision resistors in line with the transmit transformer
provide optimal return loss. The recommended trans-
former/resistor combination is listed at the bottom of Fig-
ure 10. 1:1 transformers are used on the receive side.

Table 9: Transformer Combinations

Parameter Value
Turns Ratio (T1) 1:22.3(Tx)/1: 1 (Rx)
Turns Ratio (E1) 12(Tx)/ 1: 1 (Rx)

Primary Inductance 1.2 mH minimum

LEN | Xfmr Ratio! | Rt Value? | Rtn Loss®
For T1/DSX-1 100 Q Twisted-Pair Applications:
011-111 1:2 Rt=9.1Q 14dB
011-111 1:2.3 Rt=9.1Q 18dB
011-011 1:1.15 Rt=0Q 1dB

For E1 120 Q Twisted-Pair Applications:
001 1:2 Rt=15Q 18dB
000 1:2 Rt=9.1Q 10dB
For E1 75 Q Coaxial Applications:
001 12 Rt=143Q 10dB
000 1:2 Rt=9.1Q 18dB
2. Transformer turns ratio accuracy is £ 2%.
3. Rt values are + 1%.
4. Typical return loss, 51kHz - 3.072 MHz band, with a capacitor in
parallel with the primary side of the transformer.

Leakage Inductance 0.5 uH maximum

Interwinding Capacitance |25 pF maximum

DC Resistance (Primary) 1 Q maximum

1 kV minimum

ET (Breakdown Voltage)

1.544 Mbps T1 Applications

Figure 11 on page 100 shows a typical host mode applica-
tion. 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 pulled Low, the LXT331 operates normally.
Pulling this pin High causes all outputs to go to a high
impedance state.

Figure 11 on page 100 shows a pair of framers. An
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 indicator shown in the diagram lower left is
available to drive optional external circuits. The driver
power supply inputs (bottom) are tied to a common bus
with 68 pF decoupling capacitors installed. The power sup-

2.048 Mbps E1 Applications
E1 Coaxial Applications

Figure 11 on page 100 shows the line interface for a
typical 2.048 Mbps E1/CEPT coaxial (75 Q) applica-
tion. The LEN code should be set to 000 for coax. With
9.1 Q Rtresistors in line with the 1:2 output transform-
ers, the LXT331 produces 237 V peak pulses as
required for coax applications. As in the T1 applica-
tion shown in Figure 10, 1:1 transformers are used on
the receive side.

Figure 10: Line Interface for E1 Coax

LXT331 REGIO 4,
TTIPn '
470pF ||{
TRING|
R=SIQ
RTIPn i
750
RRINGn |’{

Typical value, adjust for board parasitics to
obtain optimum return loss

ELRE
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LXT331 Dual T1/E1 Line Interface Unit

Figure 11: Typical LXT331 T1 Application (Host Control Mode, Bipolar 1/0))

2. Rtvalues are + 1%.

1. Transformer turns ratio accuracy is + 2%.

3. Typical return loss, 51 kHz - 3.072 MHz band.

To/FromuP Controller
A
1.544 MHz q \
Clock Soure
AYA%AY% +5V
ANV~ L_
!LI FL\ |
MCLK X W &5 9 g &Ic
ThrwgE B8 EE RE .,
«—|opmo ? ©
1 oFmo MRINGO | ]
Rt 1n
TTIPO
{7 ToLko 470 pF /N “{
] [ troso TRINGO -
| ———{] ™EGo 1:1
5 | J——] PMRKO LXT331 RTIPO 100 @ ‘|{
& le——{] NMRKo RRINGO
T
; vce }——1—_T_—l+5V
g 1uF 0.1uF
T F——>{ ot GND I—T—I—l
[ ————{] TPOS1 11
RTIP1
F———{ ] ™NEGT 1000 “{
[ Je——] PMRK1 RRING1
[ fe——] NMRK1
Rt 1:
«——{ | pPm TTIP1 .
‘ (| DFw1 TRING1 E
'\—| RSTE - =
TRS 8 é 3 5 MTIP1
LE) O E O MRING1 Typical Value, Adjust
= = capagcitor and
+5V transformer for board
LJ L‘ pargsitics to obtain
I—‘ |-—< optimum return loss.
68 pF 68 uF
—.J_—
Media: 100 O Twisted Pair
LEN Xfmr Ratiol Rt Value? Rtn Loss?
011-111 1:2.3 Rt=9.1Q 18 dB
NOTES:
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Application Information

E1 Twisted-Pair Applications LEN code set to 001 and 15 Q Rt resistors in line with
Figure 12 shows a typical 2.048 Mbps E1 twisted-pair the 1:2 output transformers, the LXT331 produces the
(120 Q) application. The line length equalizers are 3.0 V peak pulses required for this application.
controlled by the hardwired LEN inputs. With the n

Figure 12: Typical LXT331 E1 120 Q Twisted Pair Application (Hardware Control Mode))
+5V
2.048 MHz T, 1 68 uF -:I
Clock Source r‘_‘ ’J_‘ 5-‘1 H rL —;—
1
$:3 ¢ ¢ g3
DPMO - 3
(] oPm - -z = mmiro
«——{7| oFmo
MRINGO
[ TCtko TTIPO RIS e 12
|—————>| TPOSO 470 pF ﬂ{
TRINGO A
[ ———{] ™EGO Rt=15 Q
5 [ Je—"] PMRKO LXT331 RTIPO 1200 N{
£ [ Je————"] NMRKo RRINGO
w
§ vee 1 F 0.1 F
u N
a ] o GND
[ ————{] TPOS1
RTIP1
————[] NG 200 HE
PMRK1 RRING1
NMRK1
«—— ] oPum1 TTIPY RER 12
470 pF "{
Normal DFM1 TRING1
TRSTE _ _ - - =  MTIP1
High-Z ¢z g 3 38 8 2
§ 3 5 ff é E 9 MRING1 Typical Value. Adjust
5V for board parasitics to
L]J || L‘J ‘lﬂii L‘_‘ LJ obtain optimum retum
T loss.
. J 68 uF %
__I:"
Media LEN XfmrRatio' Rt? Rr Rtn Loss®
120 TWP 001 1:2 150 240Q 18dB
75 Coax 000 1.2 9.10 150Q 18dB
NOTES:
1. Transformer turns ratio accuracy is + 2%.
2. Rt values are + 1%.
3. Typical return loss, 51 kHz - 3.072 MHz band.
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TEST SPECIFICATIONS

Table 10: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) VCC, TVCCO, TVCCI -0.3 6.0 \%
VN GND-0.3 Vee +0.3 v

Input voltage, any pin !

Input current, any pin 2 Iy -10 10 mA
Storage temperature Tst -65 150 °C
CAUTION

Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed or
implied at these extremes.
1. Excluding RTIP and RRING which must stay within-6 Vto VCC+ 0.3 V.
2. Transient currents of up to 100 mA will not cause SCR latch-up. TTIP0 & 1, TRINGO & 1, VCC, TVCCO & 1 and TGNDO & 1 can withstand
continuous current of 100 mA.

Table 11: Recommended Operating Conditions

Parameter Symbol Minimum Typical’ Maximum Units
VCC, TVCCO, TVCC! 4.75 5.0 5.25 A
3 Ta -40 25 85 °C
Ta -5 25 85 °C

DC supply 2

Ambient operating temperature

Ambient operating temperature 4

1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Variation between TVCCO, TVCCI and VCC must be - 0.3 V.

3. LXT331PE& QE

4. LXT331PH & QH
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Test Specifications

Table 12: Electrical Characteristics (Over Recommended Operating Range)

Parameter Sym Min | Typ' | Max | Units |Test Conditions
Total power dissipation - T12 Pp - - 680 mW | -40to +85 °C
(Maximum line length, 75 Q load) PD B B 650 mW | 0to+85°C
Total power dissipation - T1 3 Pp - - 1000 mW | -40to +85°C
(Maximum line length, 43 Q load) PD R - 980 mW | 0to+85 °C
Total power dissipation - E1 2 PD - - 520 mW | 100% ones density
High level input voltage ViH 2.0 - - v
Low level input voltage *° ViL - - 0.8 \%
High level output voltage *> VoH 2.4 - - v louT=-400 nA
Low level output voltage 4 VoL - - 0.4 vV |lour=16mA
Input leakage current & ILLD 0 - £10 HA
Input leakage current 7 ILLm 0 - +50 HA
Three-state leakage current 4 IsL - - +10 HA
TTIP/TRING leakage current ITR - - 1.2 mA | in power down and tri-state

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

2. 100% 1s density and maximum line length. 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.

3. 100% Is density and maximum line length. Driving 43 Q load (corresponding to an Rt value of 9.1 Q and a 1:2 transformer ratio)
over operating range. include device and load. Digital input levels are within 10% of the supply rails and digital outputs are driving a
50 pF capacitive load. :

. Functionality of pins depends on mode.

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

. All digital input pins.

. For MTIPO, MRINGO, MTIP1 AND MRINGI.

~ o wn oA

Table 13: Analog Specifications (Over Recommended Operating Range)

Parameter Min | Typ' Max | Units | Test Conditions
AMI output pulse amplitudes | DSX-1 24 3.0 3.6 v measured at the DSX
E1 (120 Q) 2.7 3.0 3.3 \% measured at line side
El1(75Q) 2.13 2.37 2.61 \Y% measured at line side
Transmit amplitude variation with supply 3 - 1 2.5 %.
Recommended output load at TTIP and TRING - 75 - Q
Driver output impedance 3 - 3 10 Q @772 kHz
Titter added by the transmitter 2 | 10 Hz - 8kHz 3 - 0.005 0.01 Ul T1 Jitter Bands
8 kHz - 40 kHz 3 - 0.015 1 0.025 9]
10 Hz - 40 Hz 3 - 0.02 0.025 Ul
Broad band - 0.03 0.05 Ul

1. Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Input signal at TCLK is jitter-free.
3. Not production tested, but guaranteed by design and other correlation methods.

2-103
fCRE



LXT331 Dual T1/E1 Line Interface Unit

Table 13: Analog Specifications (Over Recommended Operating Range) — continued

Parameter Min | Typ' Max | Units | Test Conditions

Jitter added by the transmitter 2 |20Hz- 100 kHz - - 0.05 Ul E1 Jitter Band
Output power levels 3 @ 772 kHz 12.6 - 17.9 dBm
DSI2kHz BW @ 1544 kHz -29 - - dB
Positive-to-negative pulse imbalance - - 0.5 dB
Differential - 40 - kQ
Sensitivity below DSX (0 dB =2.4 V) 13.6 - - dB
(max 6 dB cable attenuation) 500 N N mv
Peak detector sqelch level - 226 - mV
Data decision threshold DSX-1 63 70 71 % peak

El 43 50 57 % peak

2. Input signal at TCLK is jitter-free.

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

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

Table 14: LXT331 Master Clock and Transmit Timing Characteristics (See Figure 13)

1

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.

Figure 13: LXT331 Transmit Clock Timing
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Test Specifications

Table 15: LXT331 Receive Characteristics (See Figure 14)

Parameter Sym Min Typ1 Max Units Test Conditions
PMRK/NMRK pulse width | T1 tMPW - 324 - ns
El tMPW - 244 - ns
Receiver throughput delay tRXD - 65 - ns 3.0 V pulse

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

Table 16: LXT331 Serial I/0 Timing Characteristics (See Figures 15 and 16)

Parameter Sym Min Typ! Max Units | Test Conditions
Rise/Fall time - any digital output tRF - - 100 ns Load 1.6 mA, 50pF
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 iR 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 tCDV - - 200 ns
16th SCLK falling edge or PS rising tCDZ - 100 - ns
edge 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 14: LXT331 Receive Timing
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LXT331 Dual T1/E1 Line Interface Unit

Figure 15: LXT331 Serial Input Timing Diagram

tPWH
PSn /
| tpc teH |, tel tCPHle—
SCLK \
toc tCDH 14—
soi Y Lss . LSB
CONTROL BYTE I DATABYTE '
Figure 16: LXT331 Serial Output Timing Diagram
cs
/jCDZ

SCLK

N

SbO HIGH Z
CLKE=1
SbO HIGHZ
CLKE=0
2-106

R



DATA SHEET : APRIL 1997
Revision 1.0
LXT332

Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

Digital (crystal-less) jitter attenuation, selectable for
(DLIU) for both 1.544 Mbps (T1) and 2.048 Mbps (E1) receive or transmit path, or may be disabled
applications. It features B8ZS/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. programmable equalizer shapes pulses to meet DSX-1
pulse template from 0 to 655 ft

The LXT332 is a fully integrated Dual Line Interface Unit

High transmit and receive return loss

Constant low output impedance transmitter with

The LXT332 incorporates an advanced crystal-less digital
jitter attenuator, switchable to either the transmit or receive Meets or exceeds industry specifications including

side. This eliminates the need for an external quartz crys- ITU G.703, ANSI T1.403 and AT&T Pub 62411
tal. It offers both a serial interface (SIO) for microproces-
sor control and a hardware control mode for stand-alone
operation.

Compatible with most industry standard framers

Complete line driver, data recovery and clock
The LXT332 offers a variety of advanced diagnostic and recovery functions

performance monitoring features. It uses an advanced dou-
ble-poly, double-metal CMOS process and requires only a
single 5-volt power supply.

Minimum receive signal of 500 mV, with selectable
slicer levels (E1/DSX-1) to improve SNR

Local, remote, and dual loopback functions

.

« PCM / Voice Channel Banks Built-In Self Test with QRSS Pattern Generator

+ Data Channel Bank / Concentrator
» T1/El multiplexer
+ Digital Access and Cross-connect Systems (DACS)

Transmit / Receive performance monitors with Driver
Fail Monitor (DFM) and Loss of Signal (LOS) outputs

Receiver jitter tolerance 0.4 UI from 40 kHz to 100

Computer to PBX interface (CPI & DMI) kHz
SONET/SDH Multiplexers

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

Auvailable in 44-pin PLCC and 44-pin QFP

QRSS / BPV Generator &
TOLK e - f —
— — Transmit [~ ¢ ;
TPOS ——— BBZS,/HDBS Timing & Equalizer r~ ? Line Drivers
Unipolar s Control TRING
TNEG ——-{ Encoder
Encoder | . re. TAOS [X X Monitor » DFM
Enable | | I Enable LEN Select DFM INTO/
— = 7 PSSO/
R 'y CLKE
RLOOP SoLK
Enable SOl
JASEL A1y Jitter [ z%f}(
l L N Clock
Decoder ["Remote g HFC
FTER | Loopback i Data Slicers
o
RNEG 4|~ B8ZH0B3 « , f — -
RPOS 4 nipa'ar A - Timing and eal
Decoder — | | Data \‘ Detector RRING
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QRSS Detector LOS/Clear
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LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

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
» Two complete L1Us in a single PLCC or QFP pack- into the outgoing data sfream. Violations can be in-
age serted into each LIU channel independently.

* Built-In Self Test (QRSS)

The LXT332 can generate and transmit a QRSS
» Proven architecture (LXT3xx series) pattern to Built-In Self Test (BIST) applications.
Logic errors and bipolar violations can be inserted
into the QRSS output. The LXT332 also detects
« New Features QRSS pattern synchronization and reports bit er-
rors in the received QRSS pattern data stream.

*» AIS Detection
Standard LXT332 Features + 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
- All LXT332 output pins can be forced to a high-Z bits), the LXT332 provides an indicator output.
Tri-state mode. The Tri-state mode is enabled or
disabled by the TRSTE pin.

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.

« Simplifies board design, saves real estate

* Crystal-less Jitter Attenuation

« Tri-state Outputs

« Bipolar or Unipolar Data I/O

» The LXT332 / Framer interface can be either bipo-
far (default) or unipolar (selectable). The unipolar
mode is selected by applying MCLK to the TRSTE
pin. .

* B8ZS or HDB3 Zero Suppression

- The LXT332 incorporates zero suppression encod-
ers and decoders for use in the unipolar data 1/0
mode. The encoders/decoders can be activated or
deactivated by changing the logic level on the re-
mapped TNEG pin.

* Selectable Jitter Attenuation

- lJitter 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

- This option enables simultaneous loopbacks to
both the framer and the line. The TCLK, TPOS
and TNEG framer inputs are routed through the jit-
ter 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.

@ EVEL
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LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

PIN ASSIGNMENTS AND
SIGNAL DESCRIPTIONS

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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LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

Figure 2: LXT332 Pin Assignments (QFP Package)
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LXT332QE
Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions
Pin Pin 1 s
QFP 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/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 respec-
tive 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

2-110

@LEVE
[ERE



LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions — continued
Pin Pin
QFP PLCC
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.

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-
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.
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.

Symbol | 10’ Description

42 4

44 6

v
O

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, TPOS0 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 INTT 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.

7 13 GND - Ground. Ground return for power supply VCC.
t DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output
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LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions — continued

Pin
QFP

Pin
PLCC

Symbol

o'

Déscription

8
11

14
17

TTIPO
TRINGO

AO
AO

Transmit Tip and Ring - Port 0. The tip and ring pins for each port are dif-
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.

TGNDO

Ground. Ground return for power supply TVCCO.

TVCCO

+ 5 volt power supply input for the po=t 0 transmit driver. TVCCO0 must
not vary from TVCCI or VCC by more than + 0.3V,

DFEM

Driver Fail Monitor. This signal goes High to indicate a driver output short
in one or both ports.

PSO

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
16

21
22

RTIPO
RRINGO

DI
DI

Receive Tip and Ring - Port 0. RTIP and RRING comprise the receive line
interface. This input pair should be connected to the line through a center-
tapped 1:2 transformer.

CLKE

Di

Clock Edge Select. When CLKE is High, RPOS/RNEG or RDATA out-
puts 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
19

24
25

RRINGI
RTIP1

Al
Al

Receive Tip and Ring - Port 1. RTIP and RRING comprise the receive line
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.

23
26

29
32

TRINGI
TTIP1

AO
AO

Transmit Tip and Ring - Port 1. The tip and ring pins for each port are dif-
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.

I DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output
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LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions — continued

Pin Pin 1 e
QFP | PLCC Symbol | 1O Description

24 30 TVCClI Al | + 5 volt power supply input for the port 1 transmit driver. TVCC] must
not vary from TVCCO or VCC by more than £ 0.3 V.

25 31 TGND! - Ground. Ground return for power supply TVCCI1.

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
Violation Insert functions of VCQO0 and VCQ1 pins. When set Low, enables
the High Frequency Clock functions of VCQO and VCQ1. When clocked
with MCLK, enables the QRSS functions of VCQO and VCQ1, and enables
the QRSS Generate and Detect function of PDO 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 (ILOS) conditions, this output is derived from MCLK.

34 40 RPOSI 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

35 a1 receipt of a positive pulse on RTIP/RRING. A signal on RNEG corresponds

7 RNEGI DO | toreceipt 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 TNEG! DI [ Transmit Positive and Negative Data - Port 1. In the Bipolar /O mode,

(Bipolar) these pins are TPOS and TNEG, the positive and negative sides of a bipolar

37 43 input pair for port I. Data to be transmitted onto the twisted-pair line is input

TPOS| 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; Al = Analog Input; AO = Analog Output

Table 2: Unipolar Host Mode Pin Descriptions’

Pin Pin Symbol | /0 Description
QFP PLCC
41 3 TDATAO DI | Transmit Data - Port 0. In the Unipolar mode, the data to be transmitted
