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Mission supplying Silicon Connectivity solutions 

and to provide a fair return on 
investment to our shareholders while 
being a responsible corporate citizen in 
our community. 
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Quality 
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We shall strive to achieve Total 
Customer Satisfaction. 
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each of our work functions to enhance 
the value of our products and services. 
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Product Status Indicators 
In this publication the designations Advance, Preliminary and Standard are used as follows: 

Advance Information 

Preliminary Information 

Standard Product 

indicates a product still in the design cycle. Any specifications 
listed are engineering targets only. 

indicates a product which has not been released to production. 
Some specifications may be changed or added after full qualifica
tion and production release. 

indicates a product which has been qualified and released to 
production. 

Level One reserves the right to make changes without further notice to any products herein to improve 
reliability, function or design. Level One does not assume any liability arising out of the application or 
use of any product or circuit described herein; neither does it convey any license under its patent rights 
nor the rights of others. Level One products are not authorized for use as components in life support 
devices or systems intended for surgical implant into the body or intended to support or sustain life. 
Buyer agrees to notify Level One of any such intended end use whereupon Level One shall determine 
availability and suitability of its product or products for the use intended. 

Level One and (II are registered trademarks of Level One Communications, Inc. 
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General Information 

Level One 
Providing Silicon Solutions for Communications Connectivity 

Mission 
Level One Communications, Inc. of Folsom, 
California, is a rapidly growing dedicated pro
ducer of silicon solutions for complex mixed
signal (analog and digital) communications and 
networking connectivity applications. The com
pany is a recognized leader specializing in the 
development of very large scale integrated cir
cuit(VLSI) Application Specific Standard Prod
ucts (ASSPs), such as transceivers, repeaters 
and related devices used in two key areas of the 
rapidly-expanding telecommunications and data 
communications industry: 

1) Connectivity solutions for Digital Trans
mission systems, including fast-growing 
Tl/El and 

2) Connectivity solutions for Networking sys
tems including Local and Wide Area Net
works (LAN/WAN) such as Ethernet 
lOBase T; datacom, and digital modems. 

A majority of the devices in Level One's product 
line include complex functions incorporated on 
single silicon chips for applications formerly 
requiring multiple chip sets or board level solu
tions. 

Market Data 
With several patents, the company provides a 
wide variety of proprietary problem-solving sili
con connectivity solutions in today's $2.7 bil
lion mixed-signal IC market which is projected 
to grow at a compounded rate of 30 percent 
annually and exceed $5 billion by 1997, accord
ing to VLSI Research. The two major market 
segments currently served by Level One's prod
ucts are expected to grow from $800 million in 
1992 to more than $2.8 billion by 1997. 

History 
Level One was founded in December 1985. The 
company's principal investor is Warburg, Pincus 
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Capital Company of New York. As its name 
implies, Level One's initial focus was on the 
physical layer ("layer one") of the Open Sys
tems Interconnection (OSI) seven-layernetwork 
reference model developed by the International 
Standards Organization (ISO). In August, 1993 
the company completed an initial public offer
ing. A secondary offering was completed in 
February, 1994. Level One is traded on the 
NASDAQ exchange under the symbol LEVL. 
The company currently occupies two buildings 
in a Folsom, CA business park. In April, 1994, 
Level One plans to move to a new 60,0002 ft. 
facility. 

Forward Migrations 
Today Level One is adding value to its portfolio 
of more than 50 products by integrating solu
tions encompassing higher layers of the OSI 
model into its I Cs at the data transfer/condition
ing layer (layer two), as well as the network 
switching, routing and controller layer (layer 
three). Level Ones's products today are aimed 
directly at the growing digital telecom/datacom 
connectivity markets. These Level One solu
tions are essential in an age when new technolo
gies and customer demand are increasing the 
need for higher transmission speeds and greater 
system performance. 

As demand increases for higher trans
mission speeds, moving from the upper limit of 
the analog/voice domain (at 64 kilobits per sec
ond) to the gigabit level and even beyond, Level 
One will continue to implement its product mi
gration strategy by developing mixed analog/ 
digital signal processing devices required at 
these higher bit rates. The technologies and IC 
design techniques Level One has perfected for 
baseband short- and long-haul transmission 
markets are also applicable in the development 
of products for use in broadband coaxial cable 
and fiber optic systems. 
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The Electronic Superhighway 
Level Ones's advanced silicon connectivity so
lutions are key building blocks of tomorrow's 
voice/data network and the chief enablers of the 
national information superhighway linking 
homes and businesses across the nation and 
around the globe. 

Revenue Growth & Profitability 
Level One's revenue growth rate has been ex
ceptional. In 1991, product revenues were 400% 
greater than I 990, and 1992revenues were 175% 
greater than 1991. Product revenue for 1993 
shows a 105% growth compared with the previ
ous year. The company has enjoyed consistent 
profitability since the first quarter of 1992. 

Capitalization 
Level One today has a total capitalization ap
proaching $50 million, including proceeds from 
the initial and secondary public offerings. The 
two ott:erings, coupled with consistently increas
ing earnings and growth, have placed the com
pany on a firm financial foundation which Level 
One can leverage successfully in advancing to 
the next stage of corporate development. 

Differentiation 
Level One fills a unique niche in the mixed
signal market. Level One made its reputation 
firstintheubiquitouscopperwireuniverse(which 
is still far and away the dominant industry sector 
for WAN and LAN applications) While also 
preparing to address the needs of non-copper 
transmission. This strategy will continue to guide 
Level One's growth as the Regional Bell Oper
ating Companies (RBOC) and other leading 
telephone companies work with cable television 
providers to provide a full service network in the 
years ahead. The company expects that the need 
for connectivity and interoperability across 
baseband and broadband networks will require 
the mixed-signal silicon connectivity solutions 
provided by Level One. 
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Installed Plant 
While the top 12 telecommunications compa
nies in America today (telephone and cable TV) 
have a total combined installed plant of 430,000 
miles of coaxial cable and 6.18 million miles of 
fiber optic cable (as reported in Fortune's April 
19, 1993 issue); there is a total of 1.325 billion 
miles of copper in place in the franchise territo
ries of the eight largest telephone companies 
alone. As fiber/coax installations increase (as 
evidenced by cable giant Tele-Communications, 
Inc.'s {TCI} plans to spend $2 billion on an 
eight-city fiber hub expansion program and 
PacTel's announcement of a $16 billion fiber/ 
coax deployment in the San Francisco Bay Area), 
Level One is positioning itself to serve this 
expanding market. 

New Applications 
In order to implement the growing number of 
advanced interactive, multimedia, and enter
prise networking applications*, there is increas
ing demand for mixed-signal silicon connectiv
ity solutions to leverage the extensive existing 
investments in the installed copper wire base, 
while - at the same time - gearing up to 
provide solutions to serve the growing needs of 
the future mixed media and coax/fiber worlds. 
Level One is positioning itself to capture a 
significant share of each market sector. 

(*Applications include, but are not limited 
to: videoconferencing; Group IV Fax; edu
cational services; telecommuting, image re
trieval; modem pooling; teleconferencing; 
wide area connectivity; secure voice; leased 
line backup; desktop conferencing; file trans
fer; PC access; distributed computing; re
mote LAN; CAD, CAE, and CAM.) 

Industry Leadership 
Major ingredients of a firm's success can be 
found in the number of industry leadership posi
tions a company achieves for itself, as well as by 
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the number of industry "firsts" and exclusive, 
sole-source products it develops. Level One 
maintains an extensive, ongoing research and 
development program to develop state-of-the
art silicon solutions for the mixed-signal, ana
log/digital transmission and networking mar
kets. The company's R&D program has ah'eady 
yielded significant successes as evidenced by 
this partial list of Level One's accomplishments: 

Transmission Achievements 
• A world leader in twisted-pair telecorn/ 

datacom transceivers. 
• Worlds' firstsupplieroflong-haul Tl trans

ceivers with a one-chip CSU for networking 
applications. 

• A complete line of fully integrated Tl/El 
short-haul transceivers 
(Level One is the number one supplier in this 
market). 

• The industry's only fully-integrated quad 
Tl/El receivers used in the growing SO NET 
multiplexing and Tl/El test, monitoring and 
performance market. 

• Exclusive worldwide provider of integrated 
Clock Rate Adapters for El and Tl inter
faces. 

• The world's first integrated Tl and El re
peater chips based on four Level One pat
ents. Today Level One offers four repeaters: 
single Tl, dual Tl, single El and dual El. 

• Organized consortium of leading manufac
turers to develop chips compliant with the 
new industry standard for high-speed digital 
subscriber loop interface at Tl or El speeds, 
the HDSL Data Pump. 

Networking Achievements 
• Developed the world's first fully integrated 

extended range transceivers for Switched 56 
service and Dataphone Digital Service 
(DDS). 

• Supports the rapid growth of the LAN mar
ket with new lOBase T Ethernet network 
interface connectivity designs. 
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• 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 now one of the world's 
top three lOBase T MAU suppliers. 

• The industry's first Ethernet twisted-pair
to-coaxial-cable adapter IC. 

• The first firm (in 1992) to address the data 
communications industry's electromagnetic 
interference needs by integrating transmit 
filter functions onto a chip. 

• Developed the first multiport quad hub re
peater chip, the LXT914, with integrated 
transmit filters for lOBase T networks. 

Unique Design and Modeling I 
Simulation Systems 
At the heart of Level One's new product devel
opment effort is a world class team of communi
cations mixed-signal silicon design specialists. 
They comprise a "rare breed" among today's 
engineering school graduates who are very much 
indemand among developersof telecorn/datacom 
chip-level components and also among original 
equipment manufacturers for today's networks. 

To assist this team in its R&D pursuits, 
Level One has developed a state-of-the-art, pro
prietary Computer Aided Design (CAD) system 
as well as a software modeling and simulation 
system (Lx WA VE™) that enables it to design 
and test complete VLSI circuits in a fraction of 
the time it usually takes to bring new semicon
ductor products to market - and with fewer 
design revisions than competitors require. 

Level One knows of no other company 
in the world that has a modeling system to rival 
Lx WA VE, a proprietary software simulation 
tool used to model both the physical-level com
munications system and the associated metallic 
transmission networks. Lx WA VE has two parts: 
LxNET™ and LxSYS™. LxNET is transmis
sion simulation software modeling dispersion 
and attenuation of baseband signals for a given 
set of twisted pair transmission line characteris
tics. LxSYS is software designed to simulate the 
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system of interrelated functional blocks, and 
models the transceiver's resulting behavior and 
performance. Together LxNET and LxSYS ac
curately predict system-level performance of 
actual transmission networks. These software 
tools, combined with very powerful automatic 
test equipment, enable Level One to test its I Cs 
as if they were transmitting in the real world. 

Market Positioning 
Level One's goal is to become the prime source 
for the best performing, highest quality IC prod
ucts in the industry delivered on time with strong 
field backup support and better customer rela
tions than any other semiconductor provider in 
the market. 

The company is focused on finding sili
con connectivity solutions for system needs in 
the most cost-effective manner. 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. 

Quality and Reliability Assurance 
Extremely stringent quality standards are man
dated by Level One's CEO, and are every 
employee's responsibility. Level One's quality 
and reliability assurance focus starts at the prod
uct definition stage and continues through every 
aspect of product design, manufacture, testing 
and customer support. 

Level One is committed to producing 
products of exceptionally high quality and reli
ability. A quality semiconductor device meets 
or exceeds specifications and is delivered on 
time. A reliable semiconductor device continues 
to conform to specifications over the life of the 
equipment of which it is a part. 

Quality and reliability cannot be inspected 
in, screened in or tested in -they must be built
in to each device. Building in quality and reli-
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ability starts with the initial specification and 
proceeds through design and production. 

The company has developed an exacting 
quality assurance process that has proven suc
cessful in reducing failure rates to an absolute 
minimum for the more than five million silicon 

. connectivity I Cs produced by the company to 
date. A rigorous program of foundry and assem
bly selection, audit and qualification - as well 
as internal controls - ensures a consistent sup
ply of high quality and reliable devices. 

The company establishes a benchmark 
performance level all foundries and assemblies 
must meet and maintain in order to both qualify 
for, and continue to comply with, the company's 
exacting, state-of-the-artmanufacturing and pro
duction standards. Level One, and all of its 
affiliated foundries and assemblies, have an ob
jective of being ISO 9000 compliant by the end 
of 1994. 

Low Failure Rates 
The success of Level One's quality and reliabil
ity assurance program is demonstrated by the 
company's extremely low failure/return rate. 
Level One's return rate is less than .4 percent of 
annual sales, which is much better than the 
semiconductor industry goal of under 1 percent 
of annual sales. The average mean time before 
failure (MTBF) for Level One's I Cs is in excess 
of 10 million hours. 

Multiple Foundry Strategy 
Level One's flexible design methodology uti
lizes multiple independent silicon foundries -
in the U.S. as well as offshore - to fabricate its 
integrated circuits. This enables Level One to 
optimize its manufacturing base to take advan
tage of process innovations and production sched
ules. This strategy also reduces total reliance on 
a single source and provides a backup mecha
nism to ensure on time product delivery . 
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Quality and Reliability 
Designing in Quality 
Level One has developed a unique approach to 
transceiver design and testing. This approach 
enables us to ensure that all of the devices we 
manufacture meet performance specifications. 
Using our proprietary simulation tool, 
LxW A VE™, we generate analog signals that 
model transmission through various networks 
and systems. This enables Level One to test 
designs and finished devices under simulated 
worst-case conditions to ensure performance to 
specifications in extremely demanding scenarios. 

Lx WA VE 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 constructed a wide variety of line models of 
various gauges and including single and multi
pair bundles. The transmission loop environ
ment can then be modeled by simulating the 
effect of topology on the transmission network. 
The topology can include transformers, induc
tors, capacitors, resistors, 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 LxWA VE, 
simulates the behavior of the transceiver in de
sign. To construct the behavior model, LxSYS 
uses software modules corresponding to cir
cuitry in the Level One design library. Jitter and 
noise, analog offsets and nonlinearities, and 
bandwidth limitations may also be added. 

In the design stage, Level One engineers 
use LxW A VE 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 tem
plates are saved for later testing. 
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Designing In Reliability 
During design, the reliability aspect of the de
vice is as important to Level One as perfor
mance, die size, and yield. Therefore, Level One 
has established design/layout rules and guide
lines aimed at ensuring reliability. These guide
lines are followed carefully for all Level One 
designs; they are updated as required by failure 
analysis history or process changes. 

Design and layout guidelines used for 
Level One designs are intended to ensure reli
able circuit operation. Included in the guidelines 
are rules intended to reduce susceptibility to 
latch-up, enhance circuitESD robustness, avoid 
trace and contact electromigration, ensure di
electric integrity, reduce metal stress and pro
vide compatibility with packaging. These guide
lines 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 protec
tion. 

In addition, Level One designs are very 
conservative. Chip components are never de
signed to the limits of process capabilities or 
operated under conditions that could lead to 
instability. Designs are subjected to in-depth 
circuit simulation at temperature, voltage and 
processing extremes before being committed to 
silicon. In order to guarantee operation at these 
extremes, circuit designs must be conservative. 

Level One devices are designed for fab
rication at several different foundries. The pro
cesses used by these different foundries are 
similar, but not identical. Therefore, our designs 
must be able to encompass the process differ
ences between foundries. This results in devices 
less sensitive to variations that may occur during 
processing or during the life of the device. 
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Foundry and Assembly House 
Qualification 
The process of choosing and qualifying a wafer 
foundry or an assembly house starts long before 
any product is built at the facility. Each contrac
tor is studied in detail to assure compatibility 
with Level One requirements. Factors exam
ined at an assembly house include: package 
capabilities; attach types; temperature profiles; 
mold compound and epoxy types; inspections; 
process control; and quality procedures. 

Foundries are evaluated for their ability to 
produce Level One designs. The foundry's 
device models or Level One generated models 
are used to determine the foundry's compatibil
ity. Extensive simulation is performed at pro
cess, voltage and temperature extremes to en
sure circuit functionality. The process flow and 
construction topology are evaluated for top coat 
effectiveness; glassivation and metallization 
step coverages; effectiveness of planarization; 
electromigration performance; etc. Reliability 
data is evaluated for compliance with Level One 
reliability requirements. 

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 trace
ability 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/preventive ac
tions on any anomalies reported by customers. 
Currently, the company has qualified foundries 
in North America, Europe and Asia. Multiple 
foundries reduce the risks associated with de
pendency on a single vendor. 

Level One assembly in ceramic and plas
tic DIP, PLCC, TQFP and PQFP packages is 
currently being handled by assembly houses in 
Asia, Europe and the USA. 
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Contractor Control 
Contractor control is important to ensure consis
tent performance. Control is a continuous pro
cess, accomplished through a multifaceted ap
proach. Contractor surveillance is an important 
part of the Level One standard product 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, inspec
tion, and QC monitor report review. In addition, 
incoming wafer and packaged device lots are 
visually inspected on a sample basis. Any anoma
lies or trends are detected and reported early in 
the process. 

Periodically, Level One audits foundry and 
assembly house process monitor and control 
procedures, quality monitoring, and incoming 
material quality assurance. 

Product Qualification 
· Level One products must undergo a strenuous 
qualification procedure before production ship
ments begin. Product qualification includes: es
tablishment of functional and parametric test 
procedures; qualification of the device; qualifi
cation of the process to be used; and qualifica
tion of the package. 

A device built using a new foundry or a new 
assembly house must undergo the most encom
passing qualification procedure. Because sub
sets of the qualification procedure are specific to 
foundry processes and packages, products using 
pre-qualified processes or packages require quali
fication only of the portions of the procedure not 
satisfied by prior qualification. Every qualified 
product is capable of meeting each applicable 
qualification requirement. 
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Among the tests and stresses included in the 
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 testing 
• hermeticity 

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 tempera
tures to accelerate possible failure mechanisms 
that could occur during the life of the device. 
Failure mechanisms accelerated during life test
ing include parameter shifts, leakages, 
electromigration and oxide defects. These fail
ure 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 relatively 
short time. 

Autoclave and THB tests are used to 
evaluate the resistance to moisture of devices 
packaged in plastic. The ability of the package 
to protect the die is evaluated in autoclave, in an 
unbiased, high temperature, pressurized steam 
environment. Metallization corrosion is the 
dominant failure mechanism. Bias-dependent 
moisture effects are enhanced through THB, 
which is a humid (85% RH), high temperature 
(85°C or 130°C) environment. Failure mecha
nisms include metallization corrosion, leakages 
and voltage shifts. The package, process and 
circuit design are all stressed with THB. 
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Package and bond integrity are evalu
ated using temperature cycling, thermal shock, 
and package and lead mechanical testing 

Destructive physical analysis (DPA) is 
used to evaluate the details of construction, 
workmanship, and potential reliability. In this 
analysis, the package and/or die is dissected and 
examined in detail, using X-ray, optical micros
copy, 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 work
manship are analyzed. 

Product Monitoring 
After a product is qualified, Level One's product 
monitoring program continues to verify quality 
and long-term reliability. Under this program, 
the Quality and Reliability Department takes 
periodic samples of the product from finished 
goods and subjects them to selected product 
qualification tests. Process related tests are 
performed on a quarterly basis. Each process/ 
foundry used in production is monitored sepa
rately. Package reliability testing is performed 
bi-annually. Each production package type/ 
assembly is monitored individually. 

The results of the reliability testing per
formed for the product monitoring program are 
published in Level One Reliability Reports. 

An important area of product monitoring 
is reviewing failure history for indications of 
process or assembly anomalies. If trends are 
seen, the anomaly is identified through failure 
analysis, pinpointing possible process or assem
bly 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 reoc
currence of the failure mechanism. 
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Production Flow 
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 assembly house. At Level One, 
we perform all device testing (at the wafer and 
package level), as well as wafer and package 
inspections, using in-house expertise. 

With each wafer lot, the foundry sends 
results of electrical measurements of basic tran
sistor and topology structures. These measure
ments are reviewed by Level One Quality and 
Engineering and compared to specified values 
for the process. If the deviation falls outside the 
specification limits, the material is held until 
disposition by Quality. Feedback to the foundry 
is immediate, and a mutually-agreed-upon cor
rective 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. 

When required, 100% burn-in is per
formed on the lot. Burn-in yield is monitored by 
statistical process control. When a lot is found to 
have burn-in yield outside the control limits, the 
lot is held until disposition by Quality. A lot 
sample burn-in is run on material that is not 
100% burned-in. Lots that do not pass specific 
criteria are held until disposition by Quality. 

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

A sample of the product must pass a 
rigorous quality acceptance test before authori
zation to ship is given. This testing, consisting 
of electrical and visual inspection, is performed 
by Quality. Upon successful completion of this 
test, authorization to ship is given by Quality. 

By maintaining close working relation
ships with the foundries and assembly houses, 
Level One is involved throughout the produc
tion of the product. 
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Testing 
All devices are 100% tested using parametric 
and functional tests using analog and digital test 
vectors from the LxW A VE simulator. Test 
vectors are downloaded to the production tester 
for incorporation into test programs. The analog 
and digital signals transmitted through various 
networks are reconstructed 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 op
erating conditions. The response is sampled by 
the tester and compared to the template con
structed for the particular input stimulus. 

Using the simulated waveforms, theDUT 
is tested for response to various line lengths and 
superimposed noise amplitudes. Typically, the 
DUT is first tested with a "zero-length line" 
waveform as if the receiver and the driver were 
tied directly to one another. This is a functional 
test of the major blocks of the DUT. A worst
case waveform is applied next. This is simula
tion of a specified line length with noise super
imposed on the signal. This ensures conform
ance to the specifications even under worst-case 
conditions. 

These dynamic functional tests, com
bined with parametric tests, ensure that the de
vices are rigorously tested under various operat
ing conditions without the use of cable spools or 
other hardware. 

Product Traceability 
To ensure traceability, each lot traveler tracks 
the product history including: foundry lot; as
sembly; inspections; tests; burn-in (if required); 
quality control and quality acceptance testing; 
and shipping destination. This documentation 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 complete traceabil
ity. 

(ffS.LEVEL 
m=ONE@ 



Figure 1 : Level One Production Flow 
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General Information 

Electrostatic Discharge 
Electrostatic discharge (ESD) can damage sen
sitive semiconductor devices. Damage occurs 
unless precautions are taken to eliminate the 
generation of dangerous static levels, and to 
design robust circuitry with sufficient protec
tion. Level One uses both approaches to ensure 
that the devices shipped to our customers are 
uncompromised, and that they will survive nor
mal handling. 

Level One's design guidelines for ESD 
protection produce devices which tolerate nomi
nal ESD levels without damage. Before use in 
device designs, we test the susceptibility to ESD 
damage of standard input and output cells, using 
special Level One designed test circuits. In 
addition, the ESD susceptibility of each device 
type is determined as part of the product qualifi
cation 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 han
dling static-sensitive devices and know that han
dling devices incorrectly may damage them. 
Packaged devices are handled only at special 
workstations designed to eliminate damaging 
static levels. Packaged devices are shipped in 
containers designed to eliminate risk of damage 
caused by ESD. 

1-10 

Constant Improvement Program 
To assure shipment of high-quality, highly reli
able devices, Level One pursues constant im
provement in all aspects of production and test
ing. For example, small group problem-solving 
teams have been assembled. The teams consist 
of personnel from both operations and quality, 
working together to solve problems and improve 
our manufacturing flow. 
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T1/E1 Primary Rate Specifications 

Primary Rate Specifications 

Line Rate 

Cable Length 
to DSX point 

Pulse Amplitude 

Receive 
Attenuation 

Line Build-Out 

Maximum 
Successive Zeros 

Maximum Jitter 

Applicable 
Level One 
Transceivers 

f~LEVEL lliilONE@ 

1.544 MHz 
± 200 B/S 

ABAM/655 ft 

2.4 - 3.6 v 

<10 dB 

Pre-Equalized 

Pulses 

15 (or B8ZS) 

Worst Case: 
138 UI@ 1 Hz 

28 UI@ 100 Hz 

10U1@310Hz 

LXT300/301 
LXT304A 

LXT305/305A 
Short Haul T1 

1.544 MHz 
± 75 B/S 

3000/6000 ft 

2.4 - 3.6 v 

0 - 36 dB 

0.0, 7.5, 15 dB 

15 (or B8ZS) 

Worst Case: 
138 UI@ 1 Hz 

28 UI @ 10-300 Hz 
.4 UI@ 10 kHz 

LXT310 

Long Haul T1 

2.048 MHz 
± 50 ppm 

350m 
(1000 ft) 

2.048 MHz 
± 50 ppm 

1000 m 

2.37 V (±10%) Coax (75 Q) 
3.0 V (±10%) Twisted-Pair (120 Q) 

0 - 6 dB at 
1.024 MHz 

No 

HDB3 

Code 

20-2400 Hz: 

1.5 UI 

LXT300/301 
LXT304A 

LXT305/305A 
Short Haul E1 

0 - 18 dB at 
1.024 MHz 

No 

HDB3 

Code 

NIA 

LXT318 

Long Haul E1 
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T1/E1 Primary Rate Specifications 

1.544 MHz DSX-1 Pulse Mask 

3.6 v -------
20% 

100% = 3.0 v 1---+---
20% 

2.4V I 

50% 

0% 
10% 

Nanoseconds 
500 

li7/7,I DSX-1 
~ PulseMask 

NI 0$1 

NOTE: The Network Interface DS1 spec is a relaxed version of the DSX-1 Pulse Mask which allows for cable loss 
between the equipment output and the Network Interface. 

1.544 MHz T1 Pulse Mask Corner Point Specifications 

DSX-1 Template 

Maximum Curve Minimum Curve 

tnme (ns) %V Time (ns) %V 
0 5 0 -5 

250 5 350 -5 
325 80 350 50 
325 115 400 95 
425 115 500 95 
500 105 600 90 
675 105 650 50 
725 -7 650 -45 
1100 5 800 -45 
1250 5 925 -20 

1100 -5 
1250 -5 
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NI DS1 Template 

Maximum Curve 

Time (ns) %V 
0 5 

250 5 
325 80 
325 120 
425 120 
500 105 
675 105 
725 5 
1100 5 
1250 5 

Minimum Curve 

Time (ns) %V 
0 -5 

350 -5 
350 50 
400 90 
500 95 
600 90 
650 50 
650 -45 
800 .:45 
896 -26 
1100 -5 
1250 -5 

rrm LEVEL 
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T1/E1 Primary Rate Specifications 

2.048 MHz E1 Pulse Mask 

(244+25) 

2.048 MHz E1 Pulse Mask Specifications 

Parameter 

Testloadilllpedance 

Nolllinal peak voltage of a lllark 

Peak voltage of a space 

Nolllinal pulse width 

Ratio of alllplitudes of positive and negative pulses 
at center of pulse 

Ratio of widths of positive and negative pulses at 
nolllinal half alllplitude 

J~LEVEL liiilONE@ 

Coaxial Shielded 
Cable Twisted-

pair 

75 100 

2.37 3 

0± 0.237 0±0.3 

244 244 

95 - 105 95 - 105 

95 - 105 95 - 105 

Units 

ohllls 

v 

v 

ns 

% 

% 
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T1/E1 Primary Rate Specifications 

Short Haul T1/E1 Transceiver Overview 

Receiver Data I Clock Cata/ Clock 
Features Recovery, Recovery 

Jitter Attenuation 

Transmitter Line Driver Line Driver 
Features 

Recommended 25 Q typical 25 ntypical 
Load 

Transmit Fixed Fixed 
Return Loss 

Loss of Signal Detection of 1 Detection of 1 
Reset Condition mark mark 

Number of E1 
Equalizer Codes 

µP Interface Yes No 

2-4 

Data/Clock 
Recovery 

Jitter Attenuation 

Line Driver 

75 Qtypical 

Adjustable 

12.5% mark 
density 

4 marks in 32 bits 

2 

Yes 

Data /Clock 
Recovery 

Line Driver 
Jitter Attenuation 

75 n typical 

Adjustable 

12.5% mark 
density 

4 marks in 32 bits 

2 

Yes 
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LXT300 I LXT301 

Standard Product 
February, 1994 

T1/E1 Integrated Short Haul Transceivers 
with Receive Jitter Attenuation 

The LXT300 and LXT301 are fully integrated transceivers 
for both North American 1.544 MHz (Tl), and European 
2.048 MHz (El) applications. Transmit pulse shapes (DSX-
1 or E 1) are selectable for various line lengths and cable types. 

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

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

• PCM I Voice Channel Banks 

• Data Channel Bank I Concentrator 

• . Tl I El 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 

• Compatible with most popular PCM framers including 
the LXP2180A and LXP2181A 

• Line driver, data recovery and clock recovery functions 

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

• LXT300 and LXT301 are pin compatible, and offer pin 
and functional compatibility with Crystal CS61574 
(LXT300) and Crystal CS6158 (LXT301) 

• Minimum receive signal of 500 m V 

• Selectable slicer levels (El/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 Driver Performance Monitor (DPM) output 

• Receive monitor with Loss of Signal (LOS) output 

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

• Microprocessor controllable (LXT300 only) 

• Available in 28 pin DIP or PLCC 
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA 

Absolute Maximum Ratings 

Parameter Sym Min Max Units 

DC supply (referenced to GND) RV+, TV+ - 6.0 v 
Input voltage, any pin 1 VIN RGND-0.3 RV++0.3 v 
Input current, any pin 2 !iii_ -IO IO mA 

Ambient operating temperature T -40 85 oc 
Storage temperature TSTG -65 150 oc 

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

Recommended Operating Conditions 

Parameter Sym Min Typ Max Units Test Conditions 

DC supply 3 RV+,TV+ 4.75 5.0 5.25 v 
Ambient operating temperature TA -40 25 85 oc 
Total power dissipation 4 PD - 620 - mW IOO% ones density & maximum 

line length@ 5.25 V 

'TV+ must not exceed RV+ by more than 0.3 V. 
4 Power dissipation while driving 25 n load over operating temperature range. Includes device and load. Digital input levels are within I 0% of the 

supply rails and digital outputs are driving a 50 pF capacitive load. 

Digital Characteristics (T. = -40° to 85°C, V+ = 5.0 v ±5%, GND = o VJ 

Parameter Sym Min Typ 
High level input voltage 5•6 (pins J-5, 10, 23-28) VIH 2.0 -
Low level input voltage 5•6 (pins 1-5, 10. 23-28) VIL - -
High level output voltage 5•6 (pins 6-8, 11, 12, 23, 25) YOH 2.4 -
Low level output voltage 5• 6 (pins 6-8, I I, 12, 23, 25) VOL - -
Input leakage current ILL -IO -
Three-state leakage current5 (pin 25) I,L -IO -

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

Analog Specifications (T. = -400 to s5°c, v+ = s.o v ±5%, GND = o VJ 

Parameter Min Typ 

AMI Output Pulse Amplitudes DSX-1 2.4 3.0 

El 2.7 3.0 

Recommended Output Load at TTIP and TRING - 25 

Jitter added by the transmitter 7 10Hz-8kHz - -
8kHz-40kHz - -
10Hz-40kHz - -
Broad Band - -

Sensitivity below DSX ( OdB = 2.4V) 13.6 -
500 -

Loss of S~nal threshold - 0.3 

Data decision threshold DSX-1 63 70 

El 43 50 

Allowable consecutive zeros before LOS 160 175 

Input jitter tolerance IOkHz - IOOkHz 0.4 -
Jitter attenuation curve comer frequency 8 - 3 

7 Input signal to TCLK is jitter-free. 
'Circuit attenuates jitter at 20 dB/decade above the comer frequency. 

2-6 

Max 
-

0.8 

-
0.4 

+IO 

+IO 

Max 

3.6 

3.3 

-
0.01 

0.025 

0.025 

0.05 

-
-
-
77 

57 

190 

-
-

Units 
v 
v 
v 
v 

µA 

µA 

Units 

v 
v 
n 
UI 
UI 
UI 
UI 
dB 

mV 

v 
%peak 

%peak 

-
UI 
Hz 

Test Conditions 

l0 m=- 400 µA 

l0 m=l.6mA 

Test Conditions 
measured at the DSX 

measured at line side 
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA 

MCLK 1 28 CLKEfTAOS 
TCLK 2 27 SCLK/LLOOP 
TPOS 3 26 CSIRLOOP 
TNEG 4 25 SDO/EC3 
MODE 5 24 SDl/EC2 
RNEG 6 23 INTIEC1 
RPOS 7 22 RGND 
RCLK 8 21 RV+ 

XTALIN 9 20 ARING 
xrPWJT 10 19 RTIP 

DPM 11 18 MRING 
LOS 12 17 MTIP 
TIIP 13 16 TAING 

TGND 14 15 TV+ 

LXT300 (DIP) 

Table 1: Pin Descriptions 

Pin# Sym 1/0 

1 MCLK I 

2 TCLK I 

3 'IPOS I 

4 TNEG I 

I 
MODE 

5 

GND -

6 RNEG 0 

7 RPOS 0 

8 RCLK 0 

9 RT -

rrfSLEVEL 
a=ONE@ 

Name 

Master Clock 

Transmit 
Clock 

Transmit 
Positive Data 

Transmit 
Negative Data 

Mode Select 
(LXT300) 

-
(LXT301) 

Receive 
Negative Data 

Receive 
Positive Data 

Recovered 
Clock 

Resistor 
Termination 

(LXT301) 

MCLK 
TCLK CLKE/TAOS 

MCLK 1 28 TAOS 
TPOS SCLK/LLOOP 

TCLK 2 27 LLOOP 
TNEG CSJRLOOP 

TPOS 3 26 RLOOP 
TNEG 4 25 EC3 

MODE SDO/EC3 
GND 5 24 EC2 

RNEG 
RNEG 6 23 EC1 

RPOS INT/EC1 
RCLK RPOS 7 22 RGND RGND 

RCLK 8 21 RV+ XTALIN RV+ 
9 20 ARING XTALOUT ARING RT 

DPM NIC 10 19 RTIP RTIP 
DPM 11 18 MRING 
LOS 12 17 MTIP LOS MRING 

TTIP MTIP TIIP 13 16 TAING 

TGND TAING TGND 14 15 TV+ 

TV+ LXT301 (DIP) 

Description 

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

Transmit clock input. 'IPOS and 1NEG are sampled on the falling edge of 
TCLK. If TCLK is not supplied, the transmitter remains powered down. 

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

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

Setting MODE to logic 1 puts the LXT300 in the Host mode. In the Host 
mode, the serial interface is used to control the LXT300 and determine its 
status. 
Setting MODE to logic 0 puts the LXTIOO 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. 

Tie to Ground. 

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. 
LXT300 only: 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. 

This is the clock recovered from the signal received at RTIP and RRING. 

Connect to RV+ through a 1 kn resistor. 
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA 

Table 1: Pin Descriptions continued 

Pin# Sym VO 

9 XTALIN I 

10 XfALOUf 0 

10 N/C -

11 DPM 0 

12 LOS 0 

13 TTIP 0 

16 TRING 0 

14 TGND -

15 TV+ I 

17 MTIP I 

18 MRI NG I 

19 RTIP I 

20 RRING I 

21 RV+ I 

22 RGND -

2-8 

Name 

Crystal Input 
(LXT300) 

Crystal Output 
(LXT300) 

--
(LXT301) 

Driver 
Performance 

Monitor 

Loss Of Signal 

Transmit Tip 

Transmit Ring 

Transmit 
Ground 

Transmit 
Power Supply 

Monitor Tip 

Monitor Ring 

Receive Tip 

Receive Ring 

Receive Power 
Supply 

Receive 
Ground 

Description 

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 required to enable the 
jitter attenuation function of the LXT300. 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. 

No connection 

DPM goes to a logic 1 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 s~nal is detected. 

LOS goes to a logic 1 when 175 consecutive spaces have been detected. 
LOS returns to a logic 0 when a mark is detected. 

Differential Driver Outputs. These outputs are designed to drive a 25 n load. 
The transmitter will drive 100 n shielded twisted-pair cable through a 2: 1 
step-up transformer without additional components. To drive 750 coaxial 
cable, two 2.2 n resistors are required in series with the transformer. 

Ground return for the transmit drivers power supply TV+. 

+5 VDC power supply input for the transmit drivers. TV+ must not vary from 
RV+ by more than±0.3V. 

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

LXT300 only: To prevent false interrupts in the host mode if the monitor is no~ 
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 JOOkHz to the TCLKfrequency. 

The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2: 1 step-up transformer is required on these pins. 
Data and clock from the signal applied at these pins are recovered and output 
on the RPOS/RNEG, and RCLK pins. 

+5 VDC power supply for all circuits except the transmit drivers. 
(Transmit drivers are supplied by TV+.) 

Ground return for power supply RV+. 
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA 

Table 1: Pin Descriptions continued 

Pin# Sym 1/0 

INT 0 

23 

ECl I 

SDI I 

24 

EC2 I 

0 
SDO 

25 

EC3 I 

26 cs I 

RLOOP I 

SCLK I 
27 

LLOOP I 

CLKE I 

28 

TAOS I 

• LEV. EL ONE@ 

Name 

Interrupt 
(Host Mode) 

Equalizer Control 1 
(HIW Mode) 

Serial Data In 
(Host Mode) 

Equalizer Control 2 
(HIWMode) 

Serial Data Out 
(Host Mode) 

Equalizer Control 3 
(HIWMode) 

Chip Select 
(Host Mode) 

Remote Loopback 
(HIW Mode) 

Serial Clock 
(Host Mode) 

Local Loopback 
(HIW Mode) 

Clock Edge 
(Host Mode) 

Transmit All Ones 
(HIW Mode) 

Description 

This LXT300 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 andfor DPM.) 

The signal applied at this pin in the LXT300 Hardware mode and 
LXT301 is used in conjunction with EC2 and EC3 inputs to determine 
shape and amplitude of AMI output transmit pulses. 

The serial data input stream is applied to this pin when the LXT300 
operates in the Host mode. SDI is sampled on the rising edge of SCLK. 

The signal applied at this pin in the LXT300 Hardware mode and 
LXT301 is used in conjunction with ECl and EC3 inputs to determine 
shape and amplitude of AMI output transmit pulses. 

The serial data from the on-chip register is output on this pin in the 
LXT300 Host mode. If CLKE is high, SDO is valid on the rising edge 
of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. 
This pin goes to a high-impedance state when the serial port is being 
written to and when CS is high. 

The signal applied at this pin in the LXT300 Hardware mode and 
LXT301 is used in conjunction with ECl and EC2 inputs to determine 
shape and amplitude of AMI output transmit pulses. 

This input is used to access the serial interface in the LXT300 Host 
mode. For each read or write operation, CS must transition from high 
to low, and remain low. 

This input controls loopback functions in the LXT300 Hardware mode 
and LXT301. Setting RLOOP to a logic 1 enables the Remote Loop-
back mode. Setting both RLOOP and LLOOP causes a Reset . 

This clock is used in the LXT300 Host mode to write data to or read 
data from the serial interface registers. 

This input controls loopback functions in the LXT300 Hardware mode 
and LXT301. Setting LLOOP to a logic 1 enables .the Local Loopback 
Mode. 

Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
falling edge of RCLK, and SDO to be valid on the rising edge of 
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 

When set to a logic 1, TAOS causes the l.XT300 (Hardware mode) and 
LXT301 to transmit a continuous stream of marks at the TCLK fre-
quency. Activating TAOS causes TPOS and TNEG inputs to be 
ignored. TAOS is inhibited during Remote Loopback . 
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA 

Functional Description 

The LXT300 and 301 are fully integrated PCM transceivers 
for both 1.544 MHz (DSX-1) and 2.048 MHz (El) applica
tions. Both transceivers allow full-duplex transmission of 
digital data over existing twisted-pair installations. Figure I 
is a simplified block diagram of the LXT300. The LXT30 I 
is shown in Figure 2. The LXT30 I is similar to the LXT300, 
but does not incorporate the Jitter Attenuator and associated 
Elastic Store, or the serial interface port. 

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

Transmitter 

The transmitter circuits in the LXT300 and 30 I are identical. 
The following discussion applies to both models. Data 

Table 2: Equalizer Control Inputs 

received for transmission onto the line is clocked serially 
into the device at TPOS and TNEG. Input synchronization 
is supplied by the transmit clock (TCLK). The transmitted 
pulse shape is determined by Equalizer Control signals EC I 
through EC3 as shown in Table 2. Refer to Table 3 and 
Figure 3 for master and transmit clock timing characteris
tics. Shaped pulses are applied to the AMI line driver for 
transmission onto the line at TTIP and TRING. Equalizer 
Control signals are hard-wired to the LXT301. 
l.XT300 Only: Equalizer Control signals may be hardwired 
in the Hardware mode, or input as pan of the serial data 
stream (SDI) in the Host mode. 

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

EC3 EC2 EC1 Line Length1 Cable Loss2 Application Frequency 

0 1 1 0 - 133 ft ABAM 0.6dB 
I 0 0 133 - 266 ft ABAM 1.2dB 
I 0 I 266 - 399 ft ABAM 1.8 dB 
I I 0 399 - 533 ft ABAM 2.4dB 
I I I 533 - 655 ft ABAM 3.0dB 

0 0 0 CCITIRecommendation G.703 

0 I 0 FCC Part 68, Option A 

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

Figure 2: LXT301 Block Diagram 
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EC~c;c2. ---1---i 

TPOS ---1---i 
TNEG ---t-~ 

TCLK --+-~ 

CONTROL 

EQUALIZER 

SYNCHRONIZER 

MCLK _ __,__...., INTRNL CLK 
GENERATOR 

RPOS --+---------; 
RNEG --t---------1 

LOS --t-------1 

DPM --+----------------~ 

DSX-1 1.544 MHz 

El 2.048 MHz 

CSU (DS-1) 1.544 MHz 

----<-RTIP 

---+-- ARING 

i.---+--MTIP 
i.---+-MRING 
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA 

Driver Performance Monitor Line Code 

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

The LXT300 and 301 transmit data as a 50% AMI line code 
as shown in Figure 4. 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. 

Table 3: LXT300 and 301 Master Clock and Transmit Timing Characteristics (See Figure 3) 

Parameter Sym Min Typ1 Max Units 

Master clock frequency DSX-1 MCLK - 1.544 - MHz 

El MCLK - 2.048 - MHz 

Master clock tolerance MCLKt - ±100 - ppm 

Master clock duty cycle MCLKd 40 - 60 % 

Crystal frequency DSX-1 fc - 6.176 - MHz 

LXT300only El fc - 8.192 - MHz 

Transmit clock frequency DSX-1 TCLK - 1.544 - MHz 

El TCLK - 2.048 - MHz 

Transmit clock tolerance TCLKt - - ±50 ppm 

Transmit clock duty cycle TCLKd 10 - 90 % 

TPOSflNEG to TCLK setup time tsur 25 - - ns 

TCLK to TPOSflNEG Hold time ~T 25 - - ns 

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

Figure 3: LXT300 and 301 Transmit Clock Timing Diagram 
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Receiver 

The LXT300 and LXT301 receivers are identical except for 
the jitter attenuator and elastic store. The following discus
sion applies to both transceivers except where noted. 

The signal is received from one twisted-pair line on each side 
of a center-grounded transformer. Positive pulses are re
ceived at RTIP and negative pulses are received at RRlNG. 
Recovered data is output at RPOS and RNEG, and the 
recovered clock is output at RCLK. Refer to Table 4 and 
Figure 5 for LXT300 receiver timing. LXT301 receiver 
timing is shown in Table 5 and Figure 6. 

The signal received at RPOS and RNEG 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 DSX-1 applications (determined 
by Equalizer Control inputs EC 1 - EC3 ¢ 000) the threshold 
is setto 70% of the peak value. 1his threshold is maintained 
above 65% for up to 15 successive zeros over the range of 
specified operating conditions. For El applications (EC 
inputs = 000) the threshold is set to 50 %. 

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

After processing through the data slicers, the received signal 
is routed to the data and clock recovery sections, and to the 
receive monitor. The receive monitor generates a Loss of 
Signal (LOS) output upon receipt of 175 consecutive zeros 

Table 4: LXT300 Receive Characteristics (See Figure 5) 

Parameter Sym Min Typ1 Max Units 

Receive slicer threshold DSX-1 RST 65 70 75 % 

El RST 45 50 55 % 

Receive clock duty cycle RCLKd 40 - 60 % 

Receive clock pulse width DSX-1 1i,w - 324 - ns 

El 1i,w - 244 - ns 

RPOS I RNEG to RCLK DSX-1 l.uR - 274 - ns 

rising setup time El l.uR - 194 - ns 

RCLK rising to RPOS I DSX-1 1iiR - 274 - ns 

RNEG hold time El 1iiR - 194 - ns 
1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 

Figure 5: LXT300 Receive Clock Timing Diagram 
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(spaces). The receiver monitor loads a digital counter at the 
RCLK frequency. The count is incremented each time a zero 
is received, and reset to zero each time a one (mark) is 
received. Upon receipt oft 75 consecutive zeros the LOS pin 
goes high, and the RCLK output is replaced with the MCLK. 

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

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

In the LXTJOO 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 (LXT300 Only) 

Jitter attenuation of the LXT300 clock and data outputs is 
provided by a Jitter Attenuation Loop (JAL) and an Elastic 
Store (ES). An external crystal oscillating at 4 times the bit 
rate provides clock stabilization. Refer to Table 6 for crystal 

Table 5: LXT301 Receive Timing Characteristics (See Figure 6) 

Parameter Sym Min Typ' Max Units Test Conditions 

Receive clock duty cycle 2 DSX-1 RCLKd 40 50 60 % 

El RCLKd 40 50 60 % 

Receive clock pulse width 2 DSX-1 4w 594 648 702 ns 

El 4w 447 488 529 ns 

Receive clock pulse width DSX-1 1i>wu - 324 - ns 

high El 1i>wu - 244 - ns 

Receive clock pulse width DSX-1 ~ 270 324 378 ns 

low El 1i>wL 203 244 285 ns 

RPOS I RNEG to RCLK DSX-1 tSUR 50 270 - ns 

rising setup time El tSUR 50 203 - ns 

RCLK rising to RPOS I DSX-1 iuR 50 270 - ns 

RNEG hold time El iuR 50 203 - ns 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
' RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case 

jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz.) 

Figure 6: LXT301 Receive Clock Timing Diagram 
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specifications. The ES is a 32 x 2-bit register. Recovered relative to the Serial Clock (SCLK) or RCLK as follows: 
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. 

Operating Modes 

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

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

Host Mode Operation (LXT300 Only) 

To allow a host microprocessor to access and control the 
LXT300 through the serial interface, MODE is set to 1. The 
serial interface (SDI/SDO) uses a 16-bit word consisting of 
an 8-bit Command/Address byte and an 8-bit Data byte. 
Figure 7 shows the serial interface data structure and 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, 

Table 6: LXT300 Crystal Specifications (External) 

Parameter T1 

Frequency 6.176 MHz 

Frequency Stability ±20 ppm @ 25° C 

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

CLKE Output Clock Va~id Edge 

RPOS RCLK Rising 
LOW RNEG RCLK Rising 

SDO SCLK Falling 

RPOS RCLK Falling 
HIGH RNEG RCLK Falling 

SDO SCLK Rising 

The LXT300 serial port is addressed by setting bit A4 in the 
Address/Command byte, corresponding to address 16. The 
LXT300 contains only a single output data register so no 
complex chip addressing scheme is required. The register is 
accessed by causing the Chip Select (CS) input to transition 
from high to low. Bit 1 of the serial Address/Command byte 
provides Read/Write control when the chip is accessed. A 
logic 1 indicates a read operation, and a logic 0 indicates a 
write operation. Table 7 lists serial data output bit combina
tions for each status. Serial data I/O timing characteristics 
are shown in Table 8, and Figures 8 and 9. 

Hardware Mode Operation (LXT300 and 301) 

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

LXT300 Only: To operate in Hardware mode, MODE must 
be set to 0. Equalizer Control signals (ECJ through EC3) 

E1 

8.192 MHz 

±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= 11pFto18.7 pF, +AF= 95 to 115 ppm 

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

Effective series resistance 40'1Maximum 

Crystal cut AT 

Resonance Parallel 

Maximum drive level 2.0mW 

Mode of operation Fundamental 

Crystal holder HC49 (R3W), C0 = 7 pF maximum 
CM = 17 fF typical 

2-14 

CL= 18.7pFto34pF, -AF=95to 115ppm 

30'1Maximum 

AT 

Parallel 

2.0mW 

Fundamental 
HC49 (R3W), C0 = 7 pF maximum 
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• LEVEL 
ONE@ 



LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA 

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. 

Reset Operation (LXT300 and 301) 

Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V. Upon crossing this 
threshold, the device begins a 32 ms reset cycle to calibrate 
the transmit and receive delay lines and lock the Phase Lock 
Loop to the receive line. A reference clock is required to 

calibrate the delay lines. The transmitter reference is pro
vided by TCLK. MCLK provides the receiver reference for 
the LXT301. The crystal oscillator provides the receiver 
reference in the LXT300. If the LXT300 crystal oscillator 
is grounded, MCLK is used as the receiver reference clock. 

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

Table 7: LXT300 Serial Data Output Bits (See Figure 7) 

Bit DS Bit D6 BitD7 Status 

0 0 0 Reset has occurred, or no program input. 

0 0 1 TAOS active 

0 1 0 Local Loopback active 

0 1 1 TAOS and Local Loopback active 

1 0 0 Remote Loopback active 

1 0 1 DPM has changed state since last Clear DPM occurred 

1 1 0 LOS has changed state since last Clear LOS occurred 

1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS 
occurred 

Figure 7: LXT300 Serial Interface Data Structure 
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Table 8: LXT300 Serial 1/0 Timing Characteristics (See Figures 8 and 9) 

Parameter Sym Min Typ1 Max Units 

Rise/Fall time - any digital output ~ - - 100 ns 

SDI to SCLK setup time ~c 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 ~.t;, - - 50 ns 

CS to SCLK setup time tee 50 - - ns 

SCLK to CS hold time tCCH 50 - - ns 

CS inactive time tCWH 250 - - ns 

SCLK to SDO valid tCDV - - 200 ns 

SCLK falling edge or CS rising edge tCDZ - 100 - ns 

to SDOhighZ 

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

Figure 8: LXT300 Serial Data Input Timing Diagram 
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Figure 9: LXT300 Serial Data Output Timing Diagram 
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Diagnostic Mode Operation 

In Transmit All Ones (TAOS) mode the 1POS and TNEG 
inputs to the transceiver are ignored. The transceiver trans
mits a continuous stream of l's at the TCLK frequency when 
the TAOS mode is activated. TAOS can be commanded 
simultaneously withLocalLoopback, but is inhibited during 
Remote Loopback. 

In Remote Loopback (RLOOP) mode, the transmit data and 
clock inputs (1POS, 1NEG 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. 

In Local Loopback (LLOOP) mode, the receiver circuits are 
inhibited. The transmit data and clock inputs (1POS, 1NEG 
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 1POS and 
TNEG inputs (or a stream of l's if the TAOS command is 
active) will be transmitted normally. 

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

Power Requirements 

TheLXT300 and 301 are low-power CMOS devices. Each 
operates from a single +5 V power supply which can be 
connected externally to both the transmitter and receiver. 
However, the two inputs must be within± .3V of each other, 
and decoupled to their respective grounds separately, as 
shown in Figure 10. Isolation between the transmit and 
receive circuits is provided internally. 

Applications 

LXT300 1.544 MHz Tl Interface Applications 

Figure 10 is a typical 1.544 MHz Tl application. The 
LXT300 is shown in the Host mode with the LXP2 l 80A Tl/ 
ESF Framer providing the digital interface with the host 
controller. Both devices are controlled through the serial 
interface. An LXP600A Clock Adapter (CLAD) provides 
the 2.048 MHz system backplane clock, locked to the 
recovered 1.544 MHz clock signal. The power supply inputs 
are tied to a common bus with appropriate decoupling 
capacitors installed (1.0 µF on the transmit side, 68µF and 
0.1 µFon the receive side.) 

f ~LEVEL ONE@ 

00300 2.048 MHz E 1 Interface Applications 

Figure 11 is a typical 2.048 MHz El application. The 
LXT300 is shown in Hardware mode with the LXP2181A 
El/CRC4 Framer. Resistors are installed in line with the 
transmit transformer for loading a 75 Q coaxial cable. The 
in-line resistors are not required for transmission on 100 Q 
shielded twisted-pair lines. As in the Tl application Figure 
1 O, this configuration is illustrated with a crystal in place to 2 enable the LXT300 Jitter Attenuation Loop, and a single 
power supply bus. The hard-wired control lines for TAOS, 
LLOOP and RLOOP are individually controllable, and the 
LLOOP and RLOOP lines are also tied to a single control for 
the Reset function. 

LXT301 1.544 MHz T 1 Interface 

Figure 12 is a typical 1.544 MHz Tl application of the 
LXT301. The LXT301 is shown with the LXP2180A Tl/ 
ESF Framer. An LXP600A Clock Adapter (CLAD) pro
vides 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 ( 1.0 µF on the transmit side, 68µF and 
0.1 µFon the receive side.) 

LXT301 2.048 MHz El Interface 

Figure 13 is a typical 2.048 MHz El application of the 
LXT301. The LXT301 is shown with the LXP2181A El/ 
CRC4 Framer. Resistors are installed in line with the 
transmit transformer for loading a 75 Q coaxial cable. The 
in-line resistors are not required for transmission on 100 Q 

shielded twisted-pair lines. As in the Tl application Figure 
12, this configuration is illustrated with a single power 
supply bus. The hard-wired control lines for TAOS, LLOOP 
and RLOOP are individually controllable, and the LLOOP 
and RLOOP lines· are also tied to a single control for the 
Reset function. 
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Figure 10: Typical LXT300 1.544 MHz T1 Application (Host Mode) 
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Figure 11: Typical LXT300 2.048 MHz E1 Application (Hardware Mode) 
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Figure 12: Typical LXT301 1.544 MHz T1 Application 
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Figure 13: Typical LXT301 2.048 MHz E1 Application 
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LXT300ZI LXT301Z 
Preliminary Information 

February, 1994 

T1/E1 Integrated Short Haul Transceivers 
with Receive Jitter Attenuation 
:::-~1:1:m11::::::::::::::::::::::;:::::::::::::::::::1:::::::::::::::::1::::::::::::::::::::::::::::::::::::::::1::::::::i :::11•::;::::::::::::11:::::::1::::::i:::::::::::::i:::::r1:1::1::::r.;lli:~:1:::l\l!:::::::::11::i::::;[!!:llil:!~1:11::1~11::~:111r1 
The LXT300Z and LXT301Z are fully integrated transceiv
ers for both North American 1.544 MHz (Tl), and European 
2.048 MHz (El) 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 inter
face. The LXT301Z is pin compatible, but does not provide 
jitter attenuation or a serial interface. Transmit drivers 
provide low output impedance, constant during transmission 
of both marks and spaces, resulting in an improved perfor
mance over various cable networking configurations. 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 digital inputs. 
They use an advanced double-poly, double-metal CMOS 
process and each requires only a single 5-volt power supply. 

:::11f,!il~lili]::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1:::::::::1::::::::::1::::::::::::::::::::::::: 
• PCM I Voice Channel Banks 
• Data Channel Bank I Concentrator 
• Tl I El 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 

TPOS-+--....i TNEG _,__ ___ 

TCLK -<-----

MCLK--+---~ 

XTALIN--t----..-i 
XTALOUT-4--t------J 

RCLK--+-------< 

RPOS-4--t------J 
RNEG-4--t------J 

CONTROL 

EQUALIZER 

SYNCHRONIZER 

ELASTIC 
STORE 

LOS ---+--------1 

• LEVEL 
ONE@ 

• Compatible with most popular PCM framers including 
the LXP2180A and LXP2181A 

• Line driver, data recovery and clock recovery functions 

• Receive jitter attenuation starting at 3 Hz meets or 
exceeds AT&T Pub 62411 (LXT300Z only) 

• Constant low impedance drivers during marks and 
spaces (3 Q typical) 

• Transmit amplitude variation with supply is less than 1 % 
(typical) 

• Minimum receive signal of 500 m V 

• Selectable slicer levels (E l/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 Driver Performance Monitor (DPM) output 

• Receive monitor with Loss of Signal (LOS) output 
(12.5% one's density reset) 

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

• Microprocessor controllable (LXT300Z only) 

• Available in 28 pin DIP or PLCC 

'<---------+l~TTIP 

TRANSMIT 
MONITOR 

TAING 

~-+-RTIP 

--..-+- ARING 

MTIP 
MRING 
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LXT304A 

Standard Product 
February, 1994 

Low-Power T1/E1 Integrated Short Haul Transceiver 
with Receive Jitter Attenuation 

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

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

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

:::11.1"l~l!iil::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::;::::::::::::::::::::::::::;:::::::::::::::::::::: 
• PCM I Voice Channel Banks 

• Data Channel Bank I Concentrator 

• Tl I El 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 

HOST R7W 
INT EC1 
SDi EC2 

SDo EC3 
CS RLOOP 

SCLK LLOOP 
CLKE TAOS 

MCLK--+----1-.. 

XTALIN_..,._ __ .., 

XTALOUT--+----< 
RCLK--+----f 

RPOS--+----1 
RNEG._...,._ __ _, 

LOS 
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CONTROL 

EQUALIZER 

SYNCHRONIZER 

ELASTIC 
STORE 

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

• Constant low output impedance transmitter regardless of 
data pattern 

• High transmit and receive return loss 

• Meets or exceeds all industry specifications including 
CCITT G.703, ANSI Tl.403 and AT&T Pub 62411 

• Compatible with most popular PCM framers including 
the LXP2180A (Tl) and LXP2181A (El) 

• Line driver, data recovery and clock recovery functions 

• Minimum receive signal of 500 m V 

• Selectable slicer levels (El/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 I Receive performance monitors with DPM and 
LOS outputs 

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

• Receive jitter attenuation starting at 3 Hz 

• Microprocessor controllable 

• Available in 28 pin DIP or PLCC 

LINE 
DRIVER 

PEAK 
DETECTOR 

TRANSMIT 
MONITOR 

TTIP 

TAING 

RTIP 

ARING 

MTIP 
MRING 
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Absolute Maximum Ratings 

Parameter Sym Min Max Units 
DC supply (referenced to GND) RV+, TV+ - 6.0 v 
Input voltage, any pin 1 VIN RGND-0.3 RV++0.3 v 
Input current, any pin 2 ~ -10 IO mA 

Ambient operating temperature T -40 85 oc 
Storage temperature TSTG -65 150 oc 

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

Electrical Characteristics (TA= -40" to 85°C, V+ = 5.0 v ±5%, GND = 0 V) 

Parameter S_y_m Min Max Units Test Conditions 
Total power dissipation 3 PD - 400 mW 100% ones density & max 

line length@ 5.25 V 

High level input voltage 4.s (pins 1-5, Io, 23-28) VIH 2.0 - v 
Low level input voltage 4.5 (pins 1-5, IO, 23-28) VIL - 0.8 v 
High level output voltage 4.s (pins 6-8, 11, 12, 23, 25) YOH 2.4 - v I0 UT=- 400 µA 

Low level output voltage 4.s (pins 6-8, 11, 12, 23, 25) VOL - 0.4 v I0 UT=l.6mA 

Input leakage current 6 ~ 0 ±10 µA 

Three-state leakage current 4 (pin 25) I3L 0 ±10 µA 

' Power dissipation while driving 75 n 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. 

4 Functionality of pins 23 and 25 depends on mode. See Host I Hardware Mode descriptions. 
' Output drivers will output CMOS logic levels into CMOS loads. 
6 Except MTIP and MRING J,,L = ± 50 µA. 

Analog Specifications (TA = -40° to 85°C, V+ = 5.0 v ±5%, GND = 0 V) 

Parameter Min Typ 
AMI Output Pulse Amplitudes DSX-1 2.4 3.0 

CEPf 2.7 3.0 

Recommended output load at TIIP and TRING - 75 

Jitter added by the transmitter 7 lOHz- 8kHz - -
8kHz-40 kHz - -
lOHz-40 kHz - -
Broad Band - -

Sensitivity below DSX (OdB = 2.4V) 13.6 -
500 -

Loss of S_!g_nal threshold - 0.3 

Data decision threshold DSX-1 63 70 

CEPT 43 50 
Allowable consecutive zeros before LOS 160 175 

Input jitter tolerance lOkHz - lOOkHz 0.4 -
Jitter attenuation curve corner frequency 8 - 3 

Max 
3.6 

3.3 

-
0.01 

0.025 

0.025 

0.05 

-
-
-
77 

57 

190 

-
-

Minimum Return Loss 9• 10 Transmit Receive 
Min Typ Min Typ 

51 kHz - 102 kHz 20 28 20 30 

102kHz - 2.048 MHz 20 28 20 30 

2.048 MHz - 3.072MHz 20 24 20 25 
7 Input signal to TCLK is jitter-free. 
' Circuit attenuates jitter at 20 dB/decade above the corner frequency. 

Units Test Conditions 
v measured at the DSX 

v measured at line side 

n 
UI 
UI 
UI 
UI 
dB 

mV 

v 
%peak 

%peak 

-
UI 
Hz 

dB 

dB 

dB 

' In accordance with CCIIT G.703/RC6367 A return loss specifications when wired per Figure 10 (DSX-1) or Figure 11 (CEP1). 
10 Guaranteed by design. (C"j LEVEL 
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Recommended Operating Conditions 

Parameter 

DC supply 1 

Ambient operating temperature 

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

MCLK 1 28 
TCLK 2 27 
TPOS 3 26 
TNEG 4 25 
MOOE 5 24 
RNEG 6 23 
RPOS 7 22 
RCLK 8 21 

XTALIN 9 20 
XTl'LO.Jf 10 19 

DPM 11 18 
LOS 12 17 
TIIP 13 16 

TGNO 14 15 

28-pin DIP 
Table 1: Pin Descriptions 

Pin# Sym 1/0 

1 MCLK I 

2 TCLK I 

3 1POS I 

4 1NEG I 

5 MODE I 

6 RNEG 0 

7 RPOS 0 

8 RCLK 0 

J~LEVEL liiilONE@ 

Name 

Master Clock 

Transmit 
Clock 

Transmit 
Positive Data 

Transmit 
Negative Data 

Mode Select 

Receive 
Negative Data 

Receive. 
Positive Data 

Recovered 
Clock 

Sym Min Typ Max Units 

RV+, TV+ 4.75 5.0 5.25 v 
TA -40 25 85 oc 

MCLK 

CLKEfTAOS 
TCLK CLKEfTAOS 

SCLK/LLOOP 
TPOS SCLK/LLOOP 

CS/A LOOP 
TNEG CSIRLOOP 

SOO/EC3 
MODE SDOIEC3 

SDl/EC2 RNEG 
INT/EC1 RPOS " INTIEC1 
RGND RCLK RGND 
RV+ XTALIN RV+ 
ARING XTALOUT ARING 
RTIP 

20 

DPM RTIP 
MRING 
MTIP LOS MRING 
TAING TTIP MTIP 
TV+ TGND TAING 

TV+ 

Description 

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. 

Transmit clock input. 1POS and 1NEG are sampled on the falling edge of 
TCLK. If TCLK is not supplied, the transmitter remains powered down. 

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

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

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. 

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. 

This is the clock recovered from the signal received at RTIP and RRING. 
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Table 1: Pin Descriptions continued 

Pin# Sym 1/0 

9 XTALIN I 

10 XfALCUI' 0 

11 DPM 0 

12 LOS 0 

13 TTIP 0 

16 TRING 0 

14 TGND -

15 TV+ I 

17 MTIP I 

18 MRING I 

19 RTIP I 

20 RRING I 

21 RV+ I 

22 RGND -

2-26 

Name 

Crystal Input 

Crystal Output 

Driver 
Performance 

Monitor 

Loss Of Signal 

Transmit Tip 

Transmit Ring 

Transmit 
Ground 

Transmit 
Power Supply 

Monitor Tip 

Monitor Ring 

Receive Tip 

Receive Ring 

Receive Power 
Supply 

Receive 
Ground 

Description 

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 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. 

DPM goes to a logic 1 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. 

LOS goes to a logic 1 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 periods with no more than 15 consecutive zeros. 

Differential Driver Outputs. These low impedance outputs achieve maximum 
power savings through a 1:1.15 transformer (Tl), or a 1:1 (75 '1) or 1:1.26 
(120- '1) transformer (El) without additional components. To provide higher 
return loss, resistors may be used in series with a transformer as specified in 
Tables 8, 9 and 10. 

Ground return for the transmit drivers power supply TV+. 

+5 VDC power supply input for the transmit drivers. TV+ must not vary from 
RV+ by more than ±0.3V. 

These pins are used to monitor the tip and ring transmit outputs. The trans-
ceiver can be connected to monitor its own output or the output of another 
LXT304A on the board. To prevent false interrupts in the host mode if the 
monitor is not used, apply a clock signal to one of the monitor pins and tie the 
other monitor pin to approximately the clock's mid-level voltage. The monitor 
clock can range from lOOkHz to the TCLK frequency. 

The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2: 1 step-up transformer is required on these pins. 
Data and clock from the signal applied at these pins are recovered and output 
on the RPOS/RNEG, and RCLK pins. 

+5 voe power supply for all circuits except the transmit drivers. 
(Transmit drivers are supplied by TV+.) 

Ground return for power supply RV+. 
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Table 1: Pin Descriptions continued 

Pin# Sym 1/0 

-
INT 0 

23 

EC! I 

SDI I 

24 

EC2 I 

0 
SDO 

25 

EC3 I 

26 cs I 

RLOOP I 

SCLK I 
27 

LLOOP I 

CLKE I 

28 

TAOS I 

• 
LEVEL 
ONE@ 

Name 

Interrupt 
(Host Mode) 

Equalizer Control 1 
(HIW Mode) 

Serial Data In 
(Host Mode) 

Equalizer Control 2 
(HIW Mode) 

Serial Data Out 
(Host Mode) 

Equalizer Control 3 
(HIW Mode) 

Chip Select 
(Host Mode) 

Remote Loopback 
(HIW Mode) 

Serial Clock 
(Host Mode) 

Local Loopback 
(HIW Mode) 

Clock Edge 
(Host Mode) 

Transmit All Ones 
(HIWMode) 

Description 

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.) 

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. 

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. 

The signal applied at this pin in the LXT304A Hardware mode is used 
in conjunction with EC 1 and EC3 inputs to determine shape and 
amplitude of AMI output transmit pulses. 

The serial data from the on-chip register is output on this pin in the 
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. 

The signal applied at this pin in the LXT304A Hardware mode is used 
in conjunction with ECl and EC2 inputs to determine shape and 
amplitude of AMI output transmit pulses. 

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. 

This input controls loopback functions in the LXT304A Hardware 
mode. Setting RLOOP to a logic 1 enables the Remote Loopback 
mode. Setting both RLOOP and LLOOP causes a Reset . 

This clock is used in the LXT304A Host mode to write data to or read 
data from the serial interface registers. 

This input controls loopback functions in the LXT304A Hardware 
mode. Setting LLOOP to a logic 1 enables the Local Loopback Mode. 

Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
falling edge of RCLK, and SDO to be valid on the rising edge of 
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge ofRCLK, and SDO is valid on the falling edge ofSCLK. 

When set to a logic 1, TAOS causes the LXT304A (Hardware 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 . 
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Functional Description 

TheLXT304AisafullyintegratedPCMtransceiverforboth 
1.544 MHz (DSX-1) and 2.048 MHz (El) applications. It 
allows full-duplex transmission of digital data over existing 
twisted-pair installations. 

Figure 1 isasimplifiedblockdiagramoftheLXT304A. The 
LXT304A transceiverinterfaces with two twisted-pair lines, 
one twisted-pair for transmit, one twisted-pair for receive. 

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 
Table 2 and Figure 2 for LXT304A receiver timing. 

The signal received at RPOS and RNEG 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 DSX-1 applications 
(determined by Equalizer Control inputs EC I - EC3 ;t 000) 
the threshold is set to 70% of the peak value. This threshold 
is maintained above 65% for up to 15 successive zeros over 
the range of specified operating conditions. For El 
applications (EC inputs= 000 or 001) the threshold is 50 %. 

The recei veris capable of accurate I y recovering signals with 
up to -13.6 dB of attenuation (from 2.4 V), corresponding to 

. a received signal level of approximately 500 m V. Maxi
mum line length is 1500 feet of ABAM cable (approxi
mately 6 dB of attenuation). Regardless of received signal 
level, the peak detectors are held above a minimum level of 
.3 V to provide immunity from impulsive noise. 

After processing through the data slicers, the received signal 
is routed to the data and clock recovery sections, and to the 
receive monitor. The data and clock recovery circuits are 
highly tolerant with an input jitter tolerance significantly 
better than required by Pub 62411, as shown in Figure 3. 

Table 2: LXT304A Receive Characteristics (See Figure 2) 

Parameter Sym Min Typ1 Max Units Test Conditions 

Receive slicer threshold DSX-1 RST 65 70 75 % 

CEPT RST 45 50 55 % 

Receive clock duty cycle RCLKd 40 - 60 % 

Receive clock pulse width DSX-1 ~w - 324 - ns 

CEPT ~w - 244 - ns 

RPOS I RNEG to RCLK DSX-1 tSUR - 274 - ns 

rising setup time CEPT tSUR - 194 - ns 

RCLK rising to RPOS I DSX-1 t.iR - 274 - ns 

RNEG hold time CEPT t.iR - 194 - ns 

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

Figure 2: 
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The receiver monitor loads a digital Figure 3: Typical Receiver Input Jitter Tolerance (Loop Mode) 
counter at the RCLK frequency. The 
countisincrementedeachtimeazerois 10000 UI .----....,.----...----...... ----..... -----. 

received, and reset to zero each time a 
one (mark) is received. Upon receipt of 

1200 UI 
1000 UI 

138UI 
100UI .. 

G) 

I ------r-------r-------,-------
' I 

I I 
- - - - - - -1- - - - - - - - ,- - - - - - -

LXT304A Perfonnance 

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 crys
tal 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. ~ ....... I 

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 recov
ered 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 

1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 

oscillating at 4 times the bitrate provides clock stabilization. 
Refer to Table 3 for crystal specifications. The ES is a 32 x 
2-bitregister. Recovereddatais clocked into the ES with the 
recovered clock signal, and clocked out of the ES with the 

Table 3: LXT304A Crystal Specifications (External) 

Parameter T1 

Frequency 6.176MHz 

Frequency Stability ±20 ppm @ 25° C 

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

Frequency 

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. 

E1 

8.192MHz 

±20 ppm @ 25° C 

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

Pullability CL= 11 pF to 18.7 pF, +Ml= 175 to 195 ppm CL= 11 pF to 18. 7 pF, +Ml= 95 to 115 ppm 

Effective series resistance 

Crystal cut 

Resonance 

Maximum drive level 

Mode of operation 

Crystal holder 

,~LEVEL liiiilONE@ 

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

400Maximum 

AT 

Parallel 

2.0mW 

Fundamental 
HC49 (R3W), C0 = 7 pF maximum 

CM = 17 fF typical 

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

300Maximum 

AT 

Parallel 

2.0mW 

Fundamental 
HC49 (R3W), co = 7 pF maxiID:um 

CM = 17 fF typical 
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Transmitter 

Data received for transmission onto the line is clocked 
serially into the device at TPOS and TNEG. Input synchro
nization is supplied by the transmit clock (TCLK). IfTCLK 
is not supplied the transmitter remains powered down, 
except during remote loopback. Refer to Table 4 and Figure 
4 for master and transmit clock timing characteristics. 

The transmitted pulse shape. is determined by Equalizer 
Control signals ECl through EC3 as shown in Table 5. 
Equalizer Control signals may be hardwired in the Hardware 
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 (> 20 dB) when used with external 
9.4 Q precision resistors (± 1 % accuracy) in series with a 

transmit transformer with a turns ratio of 1:2.3 (± 2% 
accuracy). Series resistors also provide increased surge 
protection and reduce short circuit current flow. 

Pulses can be shaped for either 1.544 or 2.048 MHz applica
tions. 1.544 MHz 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 ECSA 
specifications for CSU applications. A 1: 1.15 transmit 
transformer is used for 1.544 MHz systems. For higher 
return loss in DSX-1 applications, use 9.4 Q resistors in 
series with a 1 :2.3 transmit transformer. 

2.048 MHz pulses can drive coaxial or shielded twisted-pair 
lines. For El systems, a 1 :2 transmit transformer and series 
resistors are recommended. This design meets or exceeds all 
CCITT and European PTT specifications for transmit and 
receive return loss. A 1:1 or l:l.26transformermaybeused 
without series resistors. 

Table 4: LXT304A Master Clock and Transmit Timing Characteristics (S.ee Figure 4) 

Parameter Sym Min Typ1 

Master clock frequency DSX-1 MCLK - 1.544 

El MCLK - 2.048 

Master clock tolerance MCLKt - ±100 

Master clock duty cycle MCLKd 40 -

Crystal frequency DSX-1 fc - 6.176 

El fc - 8.192 

Transmit clock frequency DSX-1 TCLK - 1.544 

El TCLK - 2.048 

Transmit clock tolerance TCLKt - -
Transmit clock duty cycle TCLKd 10 -

TPOS/TNEG to TCLK setup time tSUT 25 -
TCLK to TPOS/TNEG Hold time 1irr 25 -

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

Figure 4: LXT304A Transmit Clock Timing 
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Driver Performance Monitor 

The transceiver incorporates a Driver Performance Monitor 
(DPM) in parallel with TilP and 1RING 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 5. The output driver maintains a constant 
low output impedance regardless of whether it is driving 
marks or spaces. 

Figure 5: 50o/o AMI Coding 

BIT CELL 

-I -1 
' mP 

I -;- -+-
+- ...L _J_ 

I 
TRING 

-1. - _j -+-

Operating Modes 

The LXT304A transceiver 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 
commanded to operate in one of several diagnostic modes. 

Host Mode Operation 

To allow a host microprocessor to access and control the 
LXT304A through the serial interface, MODE is set to 1. 

Table 5: Equalizer Control Inputs 

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 6 shows the serial interface data structure and 
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 
Interrupt is cleared when the interrupt condition no longer 
exists, and the host processor enables the respective bit in 
the serial input data byte. Host mode also allows control 
of the serial data and receive data output timing. The Clock 
Edge (CLKE) signal determines when these outputs are 
valid, relative to the Serial Clock (SCLK) or RCLK as 
follows: 

CLKE Output Clock Valid Edge 

RPOS RCLK Rising 
LOW RNEG RCLK Rising 

SDO SCLK Falling 

RPOS RCLK Falling 
HIGH RNEG RCLK Falling 

SDO SCLK Rising 

The 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 transi
tion 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 6 lists serial data output bit combi
nations for each status. Serial dataI/O timing characteristics 
are shown in Table 7, and Figures 7 and 7. 

EC3 EC2 EC1 Line Length1 Cable Loss2 Application Frequency 

0 1 1 0 - 133 ft ABAM 0.6dB 
1 0 0 133 - 266 ft ABAM 1.2 dB 
1 0 1 266 - 399 ft ABAM 1.8 dB 
1 1 0 399 - 533 ft ABAM 2.4dB 
1 1 1 533 - 655 ft ABAM 3.0dB 

0 0 0 CCITT Recommendation G.703 
0 0 1 

0 1 0 FCC Part 68, Option A 

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

rrfSLEVEL 
lllONE@ 

DSX-1 1.544MHz 

El - Coax (75 il) 2.048 MHz 
El -Twisted-pair (120 il) 

CSU (DS-1) 1.544 MHz 
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Hardware Mode Operation 

In Hardware mode the transceiver is accessed and controlled 
through individual pins. With the exception of the INT and 
CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS 
and RNEG outputs are valid on the rising edge ofRCLK. To 
operate in Hardware mode, MODE must be set to 0. 
Equalizer Control signals (EC 1 through EC3) are input on 
the Interrupt, Serial Data In and Serial Datii 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. 

Reset Operation 

Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V. Upon crossing this 
threshold, the device begins a 32 ms reset cycle to calibrate 
the transmit and receive delay lines and lock the Phase Lock 
Loop to the receive line. A reference clock is required to 
calibrate the delay lines. The transmitter reference is pro
vided by TCLK. The crystal oscillator provides the receiver 
reference. If the LXT304A crystal oscillator is grounded, 
MCLK is used as the receiver reference clock. 

Table 6: LXT304A Serial Data Output Bits (See Figure 6) 

Bit DS BitD6 Bit D7 Status 

0 0 0 Reset has occurred, or no program input. 

0 0 1 TAOS active 

0 1 0 Local Loopback active 

0 1 1 TAOS and Local Loopback active 

1 0 0 Remote Loopback active 

1 0 1 DPM has changed state since last Clear DPM occurred 

1 1 0 LOS has changed state since last Clear LOS. occurred 

1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS 
occurred 

Figure 6: LXT304A Serial Interface Data Structure 
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ADDRESS I COMMAND BYTE DATA INPUT I OUTPUT BYTE 
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AO 
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A6 
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' 
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NOTE: Output Data 
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Data Byte shown at 
left, except for Bits D5 
through D7 shown in 
Table 6 above . 
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Table 7: LXT304A Serial 110 Timing Characteristics (See Figures 7 and 8) 

Parameter Sym Min Typ1 Max Units 

Rise/Fall time - any digital output ~ - - 100 ns 

SDI to SCLK setup time loc 50 - - ns 

SCLK to SDI hold time icon 50 - - ns 

SCLK low time ta. 240 - - ns 

SCLK high time 1cu 240 - - ns 

SCLK rise and fall time la'"' - - 50 ns 

CS to SCLK setup time 1cc 50 - - ns 

SCLK to CS hold time 1ccu 50 - - ns 

CS inactive time 1cwu 250 - - ns 

SCLK to SDO valid 1cov - - 200 ns 

SCLK falling edge or CS rising edge 1coz - 100 - ns 
toSDOhighZ 

1 Typical figures are at 2S°C and are for design aid only; not guaranteed and not subject to production testing. 

Figure 7: LXT304A Serial Data Input Timing Diagram 

I 

SCLK 

SDI 

Figure 8: LXT304A Serial Data Output Timing Diagram 
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Test Conditions 

Load 1.6 mA, 50pF 
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The transceiver can also be reset from the Host or Hardware 
mode. In Host mode, reset is commanded by simultaneously 
writing RLOOP and LLOOP to the register. In Hardware 
mode, reset is commanded by holding RLOOP and ILOOP 
high simultaneously for 200 ns. Reset is initiated on the 
falling edge of the reset request. ·1n either mode, reset clears 
and sets all registers to 0 and then calibration begins. 

Diagnostic Mode Operation 

In Transmit All Ones (TAOS) mode the 1POS and TNEG 
inputs to the transceiver are ignored. The transceiver trans
mits a continuous stream of l's atthe TCLK frequency when 
TAOS is activated. TAOS can be commanded simultane
ously with Local Loopback, but is inhibited during Remote 
Loopback. 

In Remote Loopback (RLOOP) mode, the transmit data and 
clock inputs (1POS, TNEG and TCLK) are ignored. The 
RPOS and RNEG outputs are looped back through the 
transmit circuits and output on TIIP and 1RING at the 
RCLK frequency. Receiver circuits are unaffected by the 
RLOOPcommand and continue to output the RPOS, RNEG 
and RCLK signals received from the twisted-pair line. 

In Local Loopback (LLOOP) mode, the receiver circuits are 
inhibited. The transmit data and clock inputs (1POS, TNEG 
and TCLK) are looped back onto the receive data and clock 
outputs (RPOS, RNEG andRCLK.) The transmitter circuits 
are unaffected. The 1POS and TNEG inputs (or a stream of 
l's if the TAOS command is active) will be transmitted 
normally. When used in this mode with a crystal, the 
transceiver can be used as a stand-alone jitter attenuator. 

Figure 9: Typical LXT304A 1.544 MHz T1 Application (Host Mode) 

2-34 
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~ IN ADDITION TO THE LXP2180A, THE LXT304A IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING 
DEVICES, INCLUDING THE LXP2181A, DS2180A, MT8976, AND R8070. 
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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± .3V of each other, and decoupled 
to their respective grounds separately, as shown in Figure 9. 
Isolation between transmit and receive circuits is provided 
internally. During normal operation, TAOSorLLOOP, the 
transmitter powers down if TCLK is not supplied. 

Applications 

1.544 MHz Tl Interface Applications 

Figure 9 is a typical 1.544 MHz Tl application using a 1: 1.15 
transmit transformer without in-line resistors to provide 
maximum power savings. The LXT304A is shown in the 
Host mode with the LXP2180A Tl/ESF Framer providing 
the digital interface with the host controller. Both devices 
are controlled through the serial interface. An LXP600A 

Clock Adapter (CLAD) provides the 2.048 MHz system 
backplane clock, locked to the recovered 1.544 MHz clock 
signal. The power supply inputs are tied to a common bus 
with appropriate decoupling capacitors installed (1.0 µFon 
the transmit side, 68µF and 0.1 µFon the receive side.) 

1.544 MHz DSX-1 Applications 

Figure 10 is a 1.544 MHz DSX-1 application using EC code 
011. For DSX-1 applications, series resistors can be used 
to provide higher return loss. Table 8 lists transformer ratios, 
Rt values and typical return losses for 1.544 MHz EC codes. 

Table 8: T1/DSX-1 Output Combinations (100 n) 
EC Xfmr Batjo1 Rt Yalye2 Btn Loss3 

011 - 111 
011 - 111 
011 - 111 

1 : 1.15 
1: 2 
1: 2.3 

Rt=Oil 
Rt=9.4Q 
Rt=9.4n 

1 Transformer turns ratio accuracy is± 2 %. 
2 Rt values are± I %. 
' Typical return loss, 102 kHz - 2.048 MHz band. 

0.5dB 
20dB 
28dB 

Figure 10: Typical LXT304A DSX-1 Application (Hardware Mode) 
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T1/ESF 1.544MHz CLOCK TRANSCEIVER V+ 
FRAMER 

MCLK TAOS 

TCLK TCLK LLOOP 

TPOS TPOS RLOOP 

TNEG 
TNEG EC3 

MODE EC2 

RNEG RNEG EC1 

RPOS RPOS RGND 

RCLK RCLK RV+ 

XTALIN RRING 

XTALOUT RTIP 

DPM MRING 

LOS MTIP 

TTIP TRING 
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2.048 MHz E 1 Interface Applications 

Figure 11 is a2.048 MHz El TWP application using EC code 
001 and 15 Q Rt resistors in line with the transmit trans
former to provide high return loss and surge protection. 
When high return loss is not a critical factor, a 1:1or1:1.26 
transformer without in-line resistors provides maximum 
power savings. Tables 9 and 10 listtypical return loss figures 
for various transformer ratios, Rt values and associated 
2.048 MHz EC codes for 75 Q coax and 120 Q TWP, 
respectively. The LXT304A is. shown in Hardware mode 
with the LXP2181A El/CRC4 Framer. The hard-wired 
control lines for TAOS, LLOOP and RLOOP are individu
ally controllable, and the LLOOP and RLOOP lines are also 
tied to a single control forthe Reset function. As in the DSX-
1 application Figure 10, this configuration is illustrated with 
a crystal in place to enable the LXT304A Jitter Attenuation 
Loop, and a single power supply bus. 

Table 9: E1 Output Combinations (75 n) 
.Ek Xfmc Bati1:11 Bt llalui2 Bto L!:!H3 

001 1 : 1 Rt= 100 5dB 
001 1: 2 Rt= 14.3 n 12dB 
000 1 : 1 Rt=OO 0.5dB 
000 l: 2 Rt= 9.4 n 24dB 

1 Transformer turns ratio accuracy is± 2 %. 
' Rt values are± I%. 
' Typical return loss, I 02 kHz - 2.048 MHz band. 

Table 10: E1 Output Combinations (120 n) 
.Ek Xfmc Bati1:11 Bt llalu~ 
001 1 : 1 Rt=OO 
001 1: 2 Rt= 15 n 
000 l : 1.26 Rt=OO 
000 1: 2 Rt= 8.7 Q 

3 Transformer turns ratio accuracy is± 2 %. 
' Rt values are± I %. 
3 Typical return loss, I 02 kHz - 2.048 MHz band. 

Bto L!:!H3 

0.5dB 
30dB 
0.5dB 
12dB 

Figure 11: LXT304A 2.048 MHz E1 Application (Hardware Mode) 
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04 Channel Bank Applications 

Existing 04 Channel Bank architectures frequently employ: 
(1) a plug-in card for Tl 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 OSX-1 compatible, 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 existing dual-card archi
tectures. With an appropriate output transformer, the 
LXT304A can produce full 6.0 V peak amplitude pulses 
suitable for 04 Channel Bank applications with separate 
pulse shaping/LBO cards. 

Figure 12 shows a 04 Channel Bank application circuit 
using the correct Equalizer Code setting and transformer. 
Transformer specifications are listed in Table 11. Vendors 
supplying suitable transformers include Pulse Engineering, 
Bel Fuse, Midcom and Schott. Application circuit function
ality was confirmed using a Pulse Engineering PE65558 
transformer. 

Table 11: Transformer Specifications 

Parameter Value 

Turns Ratio 1:2.3 (±5 %) 

Primary Inductance 1.2 mH min 

Leakage Inductance 0.5µH max 

Interwinding Capacitance 25 pFmax 

Series Resistance 1.0 ilPRI 

To achieve the 6.0 V peak output, the FCC Part 68-010 
Equalizer Code setting is used. (EC = 010). With the 
standard 1: 1.15 transformer, this code produces a 3.0 V peak 
pulse. However, doubling the transformer turns ratio to 
1:2.30 produces the desired 6.0 V peak pulse. Note: Typical pulse undershoot= 30% (±10) %. 

Figure 12: LXT304A 1.544 MHz 04 Channel Bank Applications (Hardware Mode) 
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NOTES: 
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LXT305 

Standara Product 
February, 1994 

T 7 /E 7 Integrated Short Haul Transceiver 
with Transmit Jitter Attenuation 

The LXT305 is a fully integrated transceiver for both North 
American 1.544 MHz (Tl), and European 2.048 MHz (El) 
applications. Transmit pulse shapes (Tl or El) are se
lectable for various line lengths and cable types. 

The LXT305 provides transmit jitter attenuation starting at 
3 Hz, and is microprocessor controllable through a serial 
interface. I tis especially well suited for applications involv
ing Tl and higher rates such as Ml3 mux, SONET, etc. A 
variety of diagnostic features including transmit and receive 
monitoring are incorporated. Clock inputs may be derived 
from an on-chip crystal oscillator or digital inputs. 

The LXT305, an advanced double-poly, double-metal 
CMOS device, requires only a single 5-volt power supply. 

f.1•~~~~1~~::~~ .. ·~~!~!Jm.lB1ili.tl~~l1R~~-·Ull~ 
!lffmb,"'"""~'*' . .,,.,.,,~.,.w•:s:•t®.!M:::::~.w.:;:;,,~~i.~clfamj«·":fa.?.?.KR~ 
• SONET Equipment 
• Ml3 Multiplexers 
• PCM I Voice Channel Banks 
• Data Channel Bank I Concentrator 
• Tl I El 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 
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• Compatible with most popular PCM framers including 
the LXP2180A and LXP2181A 

• Line driver, data recovery and clock recovery functions 

• Minimum receive signal of 500 m V 

• Selectable slicerlevels (Tl/El) 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 Loss of Signal (LOS) output 

• Receiver jitter tolerance 0.4 UI from 40 klJz to 100 kHz 

• Pin and functional compatibility with Crystal CS61535 

• Replaces CS61534 

• Transmit jitter attenuation starting at 3 Hz 

• Microprocessor controllable 

• Available in 28 pin DIP and PLCC 

'<---1--1._ TTIP 

TAING 

PEAK RTIP 
DETECTOR ARING 

RECEIVE TRANSMIT MTIP 
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DPM---1-----------------------~ 
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Absolute Maximum Ratings 

Parameter Sym Min Max Units 
DC supply (referenced to GND) RV+, TV+ - 6.0 v 
Input voltage, any pin 1 VIN RGND-0.3 RV++0.3 v 
Input current, any pin 2 !w._ -10 10 mA 
Ambient operating temperature T -40 85 oc 
Storage temperature TSTG -65 150 oc 

WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes. 
1 Excluding RTIP and RRING which must stay within -6V to RV+ 0.3V. 
'Transient cunents of up to 100 mA 1'-'ill not cause SCR latch-up. TnP, TRING, TV+ and TGND can withstand a continuous cunent of lOOmA. 

Recommended Operating Conditions 

Parameter Sym Min Typ Max Units Test Conditions 

DC supply 3 RV+,TV+ 4.75 5.0 5.25 v 
Ambient operating temperature TA -40 25 85 oc 
Total power dissipation 4 PD - 620 - mW 100% ones density & maximum 

line length @ 5.25 V 
'TV+ must not exceed RV+ by more than 0.3 V. 
•Power dissipation while driving 25 n load over operating temperature range. Includes device and load. Digits! input levels are within 10% of the 

supply rails and digital outputs are driving a 50 pF capacitive load. 

Digital Characteristics (TA= -40° to 85°C, v+ = 5.0 v ±5%, GND = o V) 

Parameter Sym Min Typ 
High level input voltageS.6 (pins 1-5, 10, 23-28) vm 2.0 
Low level input voltage 5•6 (pins 1-5, 10, 23-28) v_Jl. -
High level output voltage 5•6 (pins 6-8, 11, 12, 23, 25) VOH 2.4 
Low level output voltage '· 6 (pins 6-8, 11, 12, 23, 25) VOL -
Inputleakage current ~ -10 
Three-state leakage current5 (pin 25) .bt. -10 

'Functionality of pins 23 and 25 depends on mode. See Host I Hardware Mode descriptions. 
•output drivers will output CMOS logic levels into CMOS loads. 

Analog Specifications <TA= -40° to 85°C, v+ = 5.o v ±5%, GND = o V) 

Parameter Min 
AMI Output Pulse Amplitudes Tl 2.4 

El 2.7 
Recommended Output Load at TIIP and lRING -
Jitter added by the transmitter 7 lOHz- 8kHz -

8kHz-40kHz -
10Hz-40kHz -
Broad Band -

Sensitivity below DSX (OdB = 2.4V) 13.6 
500 

Loss of Sp threshold -
Data decision threshold Tl 63 

El 43 
Allowable consecutive zeros before LOS 160 
Input jitter tolerance lOkHz - lOOkHz 0.4 

' 
Jitter attenuation curve comer frequency 8 -

'Input signal to TCLK is jitter-free. 
'Circuit attenuates jitter at 20 dB/decade above the comer frequency. 

2-40 

-
-
-
-
-
-

Typ 
3.0 
3.0 
25 
-
-
-
-
-
-

0.3 
70 
50 
175 

-
3 

Max 
-

0.8 
-

0.4 
+10 
+10 

Max 
3.6 
3.3 
-

0.01 
0.025 
0.025 
0.05 

-
-
-
77 
57 
190 
-
-

Units 
v 
v 
v 
v 

µA 
µA 

Units 
v 
v 
'1 
UI 

UI 
UI 
UI 
dB 

mV 
v 

%peak 
%peak 

-
UI 
Hz 

Test Conditions 

l 0 ur=- 400 µA 
l 0 ur=l.6mA 

Test Conditions 
measured at the DSX 
measured at line side 
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MCLK 
TCLK 
TPOS 
TNEG 

MODE 
RNEG 
RPOS 
RCLK 

XTALIN 
XTALOVT 

DPM 
LOS 
TTIP 

TGND 

Pin Descriptions 

Pin# Sym 1/0 

1 MCLK I 

2 TCLK I 

3 TPOS I 

4 1NEG I 

5 MODE I 

6 RNEG 0 

7 RPOS 0 

8 RCLK 0 

J~LEVEL liiiiONE@ 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

28-pin DIP 

Name 

Master Clock 

Transmit 
Clock 

Transmit 
Positive Data 

Transmit 
Negative Data 

Mode Select 

Receive 
Negative Data 

Receive 
Positive Data 

Recovered 
Clock 

MCLK 

TCLK CLKEfTAOS 
CLKE/TAOS TPOS SCLK/LLOOP 
SCLK/LLOOP 

TNEG CS/RLOOP 
CS/RLOOP 
SDO/EC3 
SDl/EC2 MODE SDO/EC3 

INT/ECl RNEG SDl/EC2 
RGND RPOS INT/EC1 
RV+ RCLK RGND 
RRING XTALIN RV+ 
RTIP 
MRING 

XTALOUT ARING 

MTIP DPM RTIP 

TRING 
TV+ LOS MRING 

TTIP MTIP 

TGND TAING 

TV+ 

Description 

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. 

Transmit clock input. 1POS and 1NEG are sampled on the falling edge of 
TCLK. Except during remote loopback, the transmitter remains powered 
down if TCLK is not supplied. 

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

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

Setting MODE to logic 1 puts the LXT305 in the Host mode. In the Host 
mode, the serial interface is used to control the LXT305 and determine its 
status. 
Setting MODE to logic 0 puts the LXT305 in the Hardware (H/W) mode. 
In the Hardware mode the serial interface is disabled and hard-wired pins 
are used to control configuration and report status. 

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). In the Host mode, CLKE determines the 
clock edge at which these outputs are stable <md valid. In the Hardware 
mode both outputs are stable and valid on the rising edge of RCLK. 

This is the clock recovered from the signal received atRTIP and RRING. 
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Pin Descriptions continued 

Pin# Sym 1/0 Name 

9 XTALIN I Crystal Input 

10 xrAUXJr 0 Crystal Output 

11 DPM 0 Driver 
Performance 

Monitor 

12 LOS 0 Loss Of Signal 

13 TTIP 0 TransmitTip 

16 1RING 0 Transmit Ring 

14 TGND - Transmit 
Ground 

15 TV+ I Transmit 
Power Supply 

17 MTlP I Monitor Tip 

18 MRING I Monitor Ring 

19 RTIP I Receive Tip 

20 RRING I Receive Ring 

21 RV+ I Receive Power 
Supply 

22 RGND - Receive 
Ground 

Description 

An external crystal operating at four times the bit rate (6.176 MHz for Tl, 
8.192 MHz for El applications) with an 18.7pFload is required to enable the 
jitter attenuation function of the LXT305. 
These pins may also be used to disable the jitter attenuator by connecting the 
XT ALIN pin to the positive supply through a resistor, and tying the 
XTALOUT pin to ground. 

DPM goes to a logic 1 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. 

LOS goes to a logic 1when175 consecutive spaces have been detected. 
LOS returns to a logic 0 when a mark is received. 

Differential Driver Outputs. These outputs are designed to drive a 25 IJ 
load. The transmitter will drive 100 IJ shielded twisted-pair cable through a 
2:1 step-up transformer without additional oomponents. To drive 75'1 coax" 
ial cable, two 2.2 IJ resistors are required in series with the transformer. 

Ground return for the transmit drivers power supply TV+. 

+5 VDC power supply input for the transmit drivers. TV+ must not vary 
from RV+ by more than ±0.3V. 

These pins are used to monitor the tip and ring translnit outputs. The 
transceiver can be connected to monitor its own output or the output of 
another LXT305 on the board. 
Host mode only: . To prevent false interrupts in the host mode if the monitor 
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 lOOkHz to the TCLK frequency. 

The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins. 
Data and clock from the signal applied at these pins are recovered and output 
on the RPOS/RNEG, and RCLK pins. 

+5 VDC power supply for all circuits except the transmit drivers. 
(Transmit drivers are supplied by TV+.) 

Ground return for power supply RV+. 
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Pin Descriptions continued 

Pin# Sym 1/0 

INT 0 

23 

ECl I 

SDI I 

24 
EC2 I 

SDO 0 

25 

EC3 I 

cs I 

26 
RLOOP I 

SCLK I 

27 

LLOOP I 

CLKE I 

28 

TAOS I 
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Name 

Interrupt 
(Host Mode) 

Equalizer Control 1 
(H/WMode) 

Serial Data In 
(Host Mode) 

Equalizer Control 2 
(HIWMode) 

Serial Data Out 
(Host Mode) 

Equalizer Control 3 
(HIWMode) 

Chip Select 
(Host Mode) 

Remote Loopback 
(HIWMode) 

Serial Clock 
(Host Mode) 

Local Loopback 
(HIWMode) 

Clock Edge 
(Host Mode) 

Transmit All Ones 
(HIWMode) 

Description 

This LXT305 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.) 

The signal applied at this pin in the LXT305 Hardware mode is used 
in conjunction with EC2 and EC3 inputs to determine shape and 
amplitude of AMI output transmit pulses. 

The serial datafoput stream is applied to this pin when the LXT305 
operates in the Host mode. SDI is sampled on the rising edge of 
SCLK. 

The signal applied at this pin in the LXT305 Hardware mode is used 
in conjunction with EC 1 and EC3 inputs to determine shape and 
amplitude of AMI output transmit pulses. 

The serial data from the on-chip register is output on this pin in the 
LXT305 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 hig!!:impedance state when the serial port 
is being written to and when CS is high. 

The signal applied at this pin in the LXT305 Hardware mode is used 
in conjunction with EC 1 and EC2 inputs to determine shape and 
amplitude of AMI output transmit pulses. 

This input is used to access the serial interface in the LXT305 Host 
mode. For each read or write operation, CS must transition from high 
to low, and remain low. 

This input controls loopback functions in the LXT305 Hardware 
mode. Setting RLOOP to a logic 1 enables the Remote Loopback 
mode. Setting both RLOOP and LLOOP causes a Reset . 

This clock is used in the LXT305 Host mode to write data to or read 
data from the serial interface registers. 

This input controls loopback functions in the LXT305 Hardware 
mode. Setting LLOOP to a logic 1 enables the Local Loopback 
Mode. 

Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
falling edge of RCLK, and SDO to be valid on the rising edge of 
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 

When set to a logic l, TAOS causes the LXT305 (Hardware mode) to 
transmit a continuous stream of marks at the MCLK frequency. 
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Functional Description 

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

Figure 1 is a simplified block diagram of the LXT305. The 
LXT305 transceiver interfaces with two twisted-pair lines 
(one twisted-pair for transmit, one twisted-pair for receive) 
through standard pulse transformers and appropriate resis
tors. 

Transmitter 

Data received for transmission onto the line is clocked 
serially into the device at 1POS and TNEG. Input synchro
nization is supplied by the transmit clock (TCLK). lfTCLK 
is not supplied, the transmitter remains powered down (ex
cept during remote loopback). The transmitted pulse shape 
is determined by Equalizer Control signals ECl through 
EC3 as shown in Table 1. Refer to Table 2 and Figure 2 for 
master and transmit clock timing characteristics. Shaped 
pulses are applied to the AMI line driver for transmission 
onto the line at TTIP and TRING. Equalizer Control signals 
may be hardwired in the Hardware mode, or input as part of 
the serial data stream (SDI) in the Host mode. 

Pulses can be shaped for either 1.544 or 2.048 MHz applica
tions. 1.544 MHz pulses for DSX-1 applications can be 
programmed to match line lengths from 0 to 655 feet of 
ABAM cable. The LxTio5 alsb matches FCC and ECSA 
specifications for CSU applications. 2.048 MHz pulses can 

Table 1: Equalizer Control Inputs 

drive either coaxial or shielded twisted-pair lines using 
appropriate resistors in line with the output transformer. 

Jitter Attenuation 

Jitter attenuation oftheLXT305 transmit outputs is provided 
by a Jitter Attenuation Loop (JAL) and an Elastic Store (ES). 
An external crystal oscillating at4 times the bitrate provides 
clock stabilization. Refer to Table 3 for crystal specifica
tions. The ES is. a 32 x 2-bit register. Transmit data is 
clocked into the ES with the transmit clock (TCLK) signal, 
and clocked out of the ES with the dejittered clock from the 
JAL. When the bit count in the ES is within two bits of 
overflowing or underflowing, the ES adjusts the output 
clock by 1/8 of a bit period, The ES produces an average 
delay of 16 bits in the transmit path. 

Driver Performance Monitor 

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

Line Code 

The LXT305 transmits data as a .50% AMI line code as 
shown in Figure 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. 

EC3 EC2 EC1 Line Length1 Cable Loss2 Application Frequency 
0 1 1 0 - 133 ft ABAM 0.6dB 
1 0 0 133 - 266 ft ABAM 1.2dB 
1 0 1 266 - 399 ft ABAM 1.8 dB 
1 1 0 399 - 533 ft ABAM 2.4dB 
1 1 1 533 - 655 ft ABAM 3.0dB 

0 0 0 CCITT Recommendation G.703 

0 1 0 FCC Part 68, Option A 

1 Line length from transceiver to DSX-1 cross-connect point 
2 Maximum cable loss at 772 kHz. 
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DSX-1 1.544MHz 

El 2.048MHz 

CSU (DS-1) 1.544MHz 
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Table 2: LXT305 Master Clock and Transmit Timin_g_ Characteristics 1_See Fig_ure ~ 

Parameter Sym Min Typ1 

Master clock frequency Tl MCLK - 1.544 

El MCLK - 2.048 

Master clock tolerance MCLKt - ±100 

Master clock duty cycle MCLKd 40 -
Crystal frequency Tl fc - 6.176 

El fc - 8.192 

Transmit clock frequency Tl TCLK - 1.544 

El TCLK - 2.048 

Transmit clock tolerance TCLKt - -
Transmit clock duty cycle TCLKd IO -

TPOSflNEG to TCLK setup time tSUT 25 -
TCLK to TPOStrNEG Hold time t.iT 25 -

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

Figure 2: LXT305 Transmit Clock Timing Diagram 
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Figure 3: 500/o AMI Coding Diagram 
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Receiver 

The signal is received from one twisted-pair line on each side 

of a center-grounded transformer. Positive pulses are re

ceived at RTIP and negative pulses are received at RRING. 

Recovered data is output at RPOS and RNEG, and the 

recovered clock is output at RCLK. ·Refer to Table 4 and 

Figure 4 for LXT305 receiver timing. 

The signal received at RPOS and RNEG is processed 

throughthepeakdetectoranddataslicers. Thepeakdetector 

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 Tl applications (determined by 

Equalizer Control inputs ECl - EC3 * 000) the threshold is 

set to 70% of the peak value. This threshold is maintained 

above 65% for up to 15 successive zeros over the range of 

specified operating conditions. For El applications 

(EC inputs= 000) the threshold is set to 50 %. 

The receiver is capable of accurately recovering signals with 

up to -13.6 dB of attenuation (from 2.4 V), corresponding to 

a received signal level of approximately 500m V. Maximum 

Table 3: LXT305 Crystal Specifications (External) 

Parameter T1 

Frequency 6.176MHz 

Frequency Stability ±20 ppm @ 25° C 

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

cable length is .1500 feet of ABAM cable (approximately 

6 dB). Regardless of received signal level, the peak detec

tors are held above a minimum level of .3 V to provide 

immunity from impulsive noise. 

After processing through the data slicers, the received signal 

is routed to the data and clock recovery sections, and to the 

receive monitor. The receive monitor generates a Loss of 

Signal (LOS) output upon receipt of 175 consecutive zeros 

(spaces). The receiver monitor loads a digital counter at the 

RCLK frequency. The 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. 

The LOS output is reset when a mark is received. 

Operating Modes 

The LXT305 transceiver can be controlled by a micropro

cessor through the serial interface (Host mode), or through 

hard-wired pins (Hardware mode). The mode of operation 

issetbytheMODEpinlogiclevel. Thetransceivers can also 

be commanded to operate in one of several diagnostic 

modes. 

E1 

8.192 MHz 

±20 ppm @ 25° C 

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

Pull ability CL= 11 pF to 18.7 pF, +.:W = 175 to 195 ppm CL= 11 pF to 18. 7 pF, +.:W = 95 to 115 ppm 

CL= 18.7 pF to 34 pF, -1'.W = 175 to 195 ppm 

Effective series resistance 40QMaximum 

Crystal cut AT 

Resonance Parallel 

Maximum drive level 2.0mW 

Mode of operation Fundamental 

Crystal holder HC49 (R3W), C0 = 7 pF maximum 
CM = .17 fF typical 
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CL= 18.7 pF to 34 pF, -&" = 95 to 115 ppm 

30QMaximum 

AT 

Parallel 

2.0mW 

Fundamental 
HC49 (R3W), C0 = 7 pF maximum 

CM = 17 fF typical 
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Table 4: LXT305 Receive Characteristics (See Figure 4) 

Parameter Sym Min Typ1 Max Units 

Receive slicer threshold Tl RST 65 70 75 % 

El RST 45 50 55 % 

Receive clock duty cycle 2 Tl RCLKd 40 50 60 % 

El RCLKd 40 50 60 % 

Receive clock pulse width 2 Tl \,w 594 648 702 ns 

El \,w 447 488 529 ns 

Receive clock pulse width Tl \,w" - 324 - ns 

high El \,WH - 244 - ns 

Receive clock pulse width Tl \,WL 270 324 378 ns 

low El \,WL 203 244 285 ns 

RPOS I RNEG to RCLK Tl 1suR 50 270 - ns 

rising setup time El 1suR 50 203 - ns 

RCLK rising to RPOS I Tl 1uR 50 270 - ns 

RNEG hold time El 1uR 50 203 - ns 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case 

jitter conditions (0.4 UJ clock displacement for 1.544 MHz, 0.2 UJ clock displacement for 2.048 MHz.) 

Figure 4: LXT305 Receive Clock Timing Diagram 
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RPOS 
RNEG 
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Host Mode Operation 

To allow a host microprocessor to access and control the 

LXT305 through the serial interface, MODE is set to 1. The 

serial interface (SDI/SDO) uses a 16-bit word consisting of 

an 8-bit Command/Address byte and an 8-bit Data byte. 

The Host mode provides a latched Interrupt output (INT) 

which is triggered by a change in the Loss of Signal (LOS) 

and/or Driver Performance Monitor (DPM) bits. The Inter

rupt is cleared when the interrupt condition no longer exists, 

and the host processor enables the respective bit in the serial 

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

data and . receive data output timing. The Clock Edge 

(CLKE) signal determines when these outputs are valid, 

relative to the Serial Clock (SCLK) or RCLK as follows: 

CLKE Output Clock Valid Edge 

RPOS RCLK Rising 
LOW RNEG RCLK Rising 

SDO SCLK Falling 

RPOS RCLK Falling 
HIGH RNEG RCLK Falling 

SDO SCLK Rising 

The LXT305 serial port is addressed by setting bit A4 in the 

Address/Command byte, corresponding to address 16. The 

LXT305 contains only a single output data register so no 

complex chip addressing scheme is required. The register is 

accessed by causing the Chip Select (CS) input to transition 

from high to low. Bit 1 of the serial Address/Command byte 

provides Read/Write control when the chip is accessed. A 

logic 1 indicates a read operation, and a logic 0 indicates a 

write operation. Table 5 lists serial data output bit combina

tions for each status. Serial data structure is shown in Figure 

5 and 1/0 timing characteristics are shown in Table 6, and 

Figures 6 and 7. 
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Hardware Mode Operation 

In Hardware mode the transceiver is accessed and controlled 

through individual pins. With the exception of the INT and 

CLKE functions, Hardware mode provides all the functions 

provided in the Host mode. In the Hardware mode RPOS 

and RNEG outputs are valid on the rising edge of RCLK. 

To operate in Hardware mode, MODE must be set to 0. 

Equalizer Control signals (ECl 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. 

Reset Operation 

Upon power up, the transceiver is held static until the power 

supply reaches approximately 3V. Upon crossing this 

threshold, the device begins a 32 ms reset cycle to calibrate 

the transmit and receive delay lines and lock the Phase Lock 

Loop to the receive line. A reference clock is required to 

calibrate the delay lines. MCLK provides the receiver 

reference. The crystal oscillator provides the transmitter 

reference. If the LXT305 crystal oscillator is grounded, 

MCLK is used as the transmitter reference clock. 

The transceiver can also be reset from the Host or Hardware 

mode. InHostmode,resetis commanded by simultaneously 

writing RLOOP and LLOOP to the register. In Hardware 

mode, reset is commanded by holding RLOOP and LLOOP 

high simultaneously for 200 ns. Reset is initiated on the 

falling edge of the reset request. In either mode, reset clears 

and sets all registers to 0 and then begins calibration. 

•
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Table 5: LXT305 Serial Data Output Bits (See Figure 5) 

BitD5 Bit D6 Bit D7 Status 

0 0 0 Reset has occurred, or no program input. 

0 0 1 TAOS active 

0 1 0 Local Loopback active 

0 1 1 TAOS and Local Loopback active 

1 0 0 Remote Loopback active 

1 0 1 DPM has changed state since last Clear DPM occurred 

1 1 0 LOS has changed state since last Clear LOS occurred 

1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS 
occurred 

Figure 5: LXT305 Serial Interface Data Structure 

SCLK 

ADDRESS I COMMAND BYTE DATA INPUT I OUTPUT BYTE 

SDl/SDO &m I Ao I A1 I A2 IA3 I A4 I As I As I oo I D1 I D2 I D3 I D4 I Ds I os I D7 J 

ADDRESS/ 
COMMAND 
BYTE 

INPUT 
DATA 
BYTE 

0 
AO 

Rm=1: READ 
Rfiii = 0 : WRITE 

CLEAR INTERRUPTS 

LOS DPM 
DO (LSB) 

rrfSLEVEL 
t=ONE@ 

0 0 

EC1 EC2 

0 0 x 
A6 

X = DON'T CARE 

SET LOOPB~KS OR RESET 

r--~ 

EC3 REMOTE LOCAL TAOS 
07(MSB) 

NOTE: Output Data 
Byte same as Input 
Data Byte shown at 
left, except for Bits DS 
through D7 shown in 
Table 5 above. 
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Table 6: LXT305 Serial 1/0 Timing Characteristics (See Figures 6 and 7) 

Parameter Sym Min Typ1 Max Units 

Rise/Fall time - any digital output ~ - - 100 ns 

SDI to SCLK setup time 1nc 50 - - ns 

SCLK to SDI hold time teDH 50 - - ns 

SCLK low time tCL 240 - - ns 

SCLK high time tCH 240 - - ns 

SCLK rise and fall time t., ' 1i, - - 50 ns 

CS to SCLK setup time tee 50 - - ns 

SCLK to CS hold time teCH 50 - - ns 

CS inactive time tCWH 250 - - ns 

SCLK to SDO valid teov - - 200 ns 

SCLK falling edge or CS rising edge teoz - 100 - ns 

toSDOhighZ 

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

Figure 6: LXT305 Serial Data Input Timing Diagram 

SCLK 

SDI 

Figure 7: LXT305 Serial Data Output Timing Diagram 
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Test Conditions 
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Diagnostic Mode Operation 

In Transmit All Ones (TAOS) mode the 1POS and TNEG 

inputs to the transceiver are ignored. The transceiver trans

mits a continuous stream of l's at the TCLK frequency when 

TAOS is activated. TAOS can be commanded simultane

ously with Local Loopback, but is inhibited during Remote 

Loopback. During TAOS, the transmitter is locked to 

MCLK. 

In Remote Loopback (RLOOP) mode, the transmit data and 

clock inputs (1POS, 1NEG 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 

RLOOPcommand and continue to output the RPOS, RNEG 

and RCLK signals received from the twisted-pair line. 

In Local Loopback (LLOOP) mode, the receiver circuits are 

inhibited. The transmit data and clock inputs (1POS, 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 1POS and 

1NEG inputs will be transmitted normally. (A stream ofl 's 

will be transmitted if the TAOS command is active.) 

Power Requirements 

The LXT305 is alow-powerCMOSdevice. It operates from 

a single+5 V power supply which can be connected exter

nally to both the transmitter and receiver. However, the two 

inputs must be within± .3V of each other, and decoupled to 

their respective grounds separately, as shown in Figure 8. 

Isolation between the transmit and receive circuits is pro

vided internally. Except during remote loopback, the trans

mitter powers down if TCLK is not supplied . 

• 
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Applications 

1.544 MHz DSX-1 Interface Applications 

Figure 8 is a typical 1.544 MHz DSX-1 application. The 

LXT305 is shown in the Hostmode with the LXP2180A 

Tl/ESFFramerproviding the digital interface with the host 

controller. Both devices are controlled through the serial 

interface. An LXP600A Clock Adapter (CLAD) provides 

the 2.048 MHz system backplane clock, locked to the 

recovered 1.544 MHz clock signal. The power supply inputs 

are tied to a common bus with appropriate decoupling 

capacitors installed (1.0 µFon the transmit side, 68µF and 

0.1 µFon the receive side.) 

2.048 MHz E1 Interface Applications 

Figure 9 is a typical 2.048 MHz El application. The 

LXT305 is shown in Hardware mode with the LXP2181A 

El/CRC4 Framer. Resistors are installed in line with the 

transmit transformer for loading a 75 '2 coaxial cable. The 

in-line resistors are not required for transmission on 100 Q 

shielded twisted-pair lines. As in the DSX-1 application 

Figure 8, this configuration is illustrated with a crystal in 

place to enable the LXT305 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 Jines are also tied to a single 

control for the Reset function. 
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Figure 8: Typical LXT305 1.544 MHz T1 Application (Host Mode) 
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INOTEllIJ IN ADDITION TO THE LXP2180A, THE LXT305 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING 
DEVICES, INCLUDING THE LXP2181A, DS2180A, MT8976, AND R8070. 

INOTEf2 I WHEN LXT305 IS CONNECTED TO THE CROSS.CONNECT FRAME THROUGH A LOW LEVEL MONITOR JACK, RECEIVE 
TRANSFORMER SHOULD BE 1 : 2 : 2 TO BOOST THE INPUT SIGNAL. 
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Figure 9: Typical LXT305 2.048 MHz E1 Application (Hardware Mode) 
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2.048 MHz CLOCK 

INOTEI 11 

I NOTEI 21 
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2.2 n RESISTORS REQUIRED ONLY FOR 75 n COAXIAL CABLE. 
NOT REQUIRED FOR TRANSMISSION ONTO 100 n CABLE. 

IN ADDITION TO THE LXP2181A. THE LXT305 IS COMPATIBLE WITH AWIDE 
VARIETY OF FRAMING AND SIGNALING DEVICES, INCLUDING THE 
DS2181 A, MT8979. AND R8070 . 
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NOTES: 
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LXT305A 

Standard Product 
February, 1994 

Low Power Tl IE 7 Integrated Short Haul Transceiver 
with Transmit Jitter Attenuation 

:::•1::111•:::::1:1::::::::::::::::::::::::::::::::::::::11::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1 :::m;,::::::::::::::::::::::::::::::::::::1::::::::::::::::::::::::::::::::::::::1::::::::1:::::::::::::::::1::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

The LXT305A is a fully integrated transceiver for both 
North American 1.544 MHz (Tl), and European 2.048 MHz 
(El) applications. Transmit pulse shapes (Tl or El) 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. It is especially well suited for applications in 
which the Tl/El signals are demultiplexed from a higher 
rate service such as DS3 or SONET. This demultiplexing 
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. 

:::111111:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

• SONET Equipment 
• Ml3 Multiplexers 
• Digital microwave Radio 
• PCM I Voice Channel Banks 
• Data Channel Bank I Concentrator 
• Tl I El 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 
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RNEG ._. _ _,__ ______ _..... DATA 

RCVRY 

• Low power consumption (400 mW maximum) 
40% less than the LXT305 

• Constant low output impedance transmitter, 
regardless of data pattern 

• Compatible with most popular PCM framers including 
the LXP2180A and LXP2181A 

• Line driver, data recovery and clock recovery functions 

• Minimum receive signal of 500 m V 

• Selectable slicer levels (Tl/El) 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 Loss of Signal (LOS) output 

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

• Transmit jitter attenuation starting at 3 Hz 

• Microprocessor controllable 

• Available in 28-pin DIP and PLCC 

-.-.--+-<-TTIP 

TAING 

PEAK 
DETECTOR _.-e-+-- ARING 

Los--------------------< 
DPM---+-----------------------~ 

TRANSMIT 
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Absolute Maximum Ratings 

Parameter Sym Min Max Units 

DC supply (referenced to GND) RV+, TV+ - 6.0 v 
Input voltage, any pin 1 VIN RGND-0.3 RV++0.3 v 
Input current, any pin 2 !m_ -10 10 mA 

Ambient operating temperature T..A. -40 85 oc 
Storage temperature TSTG -65 150 oc 

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

Electrical Characteristics (TA= -40" to 85°C, V+ = 5.0 V ±5%, GND = 0 V) 

Parameter ~m Min Max Units Test Conditions 
Total power dissipation 3 PD - 400 mW 100% ones density & max 

line length@ 5.25 V 

High level input voltage 4 .5 (pins 1-5, IO, 23-28) VIH 2.0 - v 
Low level input voltage 4.5 (pins 1-5, IO, 23-28) VIL - 0.8 v 
High level output voltage 4•5 (pins 6-8, 11, 12, 23, 25) YOH 2.4 - v l0 ur=- 400 µA 
Low level output voltage 4•5 (pins 6-8, 11, 12, 23, 25) VOL - 0.4 v I0 ur=l.6mA 
Input leakage current 6 ILL 0 ±10 µA 
Three-state leakage current 4 (pin 25) 13L 0 ±10 µA 

' 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. 

4 Functionality of pins 23 and 25 depends on mode. See Host I Hardware Mode descriptions. 
3 Output drivers will output CMOS logic levels into CMOS loads. 
6 Except MTIP and MRING J,.L = ± 50 µA. 

Analog Specifications (T, = -40" to 85°C, V+ = 5.0 V ±5%, GND = o V) 

Parameter Min Typ 

AMI Output Pulse Amplitudes DSX-1 2.4 3.0 

CEPT 2.7 3.0 

Recommended output load at TTlP and TRING - 75 

Jitter added by the transmitter 7 lOHz- 8kHz - -
8kHz-40 kHz - -
lOHz-40 kHz - -
Broad Band - -

Sensitivity below DSX (OdB = 2.4V) 13.6 -
500 -

Loss of S!g_nal threshold - 0.3 

Data decision threshold DSX-1 63 70 

CEPT 43 50 

Allowable consecutive zeros before LOS 160 175 

Input jitter tolerance lOkHz - lOOkHz 0.4 -
Jitter attenuation curve comer frequency 8 - 3 

Max 

3.6 

3.3 

-
0.01 

0.025 

0.025 

0.05 

-
-
-
77 

57 

190 

-
-

Minimum Return Loss 9• 10 Transmit Receive 
Min Typ Min Typ 

51 kHz - 102 kHz 20 28 20 30 

102kHz - 2.048 MHz 20 28 20 30 

2.048 MHz - 3.072 MHz 20 24 20 25 

7 Input signal to TCLK is jitter-free. 
8 Circuit attenuates jitter at 20 dB/decade above the comer frequency. 

Units 

v 
v 
Q 

UI 

UI 

UI 

UI 

dB 

mV 

v 
%peak 

%peak 

-
UI 

Hz 

dB 

dB 

dB 

' In accordance with CCITT G.703/RC6367 A return loss specifications (CEP'I), when wired as shown in Figure 9. 
10 Guaranteed by design. 
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Test Conditions 
measured at the DSX 

measured at line side 

II LEVEL 
ONE@ 



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

Recommended Operating Conditions 

Parameter 

DC supply 1 

Ambient operating temperature 

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

MCLK 
TCLK 
TPOS 
TNEG 
MODE 
RNEG 
RPOS 
RCLK 

XTALIN 
XfPLaif 

DPM 
LOS 
TTIP 

TGND 

Pin Descriptions 

Pin# Sym 1/0 

1 MCLK I 

2 TCLK I 

3 TPOS I 

4 1NEG I 

5 MODE I 

6 RNEG 0 

7 RPOS 0 

8 RCLK 0 

•
LEVEL 
ONE@ 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

28-pin DIP 

Name 

Master Clock 

Transmit 
Clock 

Transmit 
Positive Data 

Transmit 
Negative Data 

Mode Select 

Receive 
Negative Data 

Receive 
Positive Data 

Recovered 
Clock 

Sym Min Typ Max Units 

RV+, TV+ 4.75 5.0 5.25 v 
TA -40 25 85 oc 

MCLK 

CLKEfTAOS 
TCLK CLKE!TAOS 

TPOS SCLK/LLOOP 
SCLK/LLOOP 

TNEG CSJRLOOP 
CS/RLOOP 
SDO/EC3 MODE SDO/EC3 
SDl/EC2 RNEG 
INT/EC1 RPOS 
RGND RCLK 
RV+ XTALIN RV+ 
RRING XTALOUT ARING 
RTIP 

20 

DPM RTIP 
MRING 
MTIP LOS MRING 
TRING TTIP MTIP 
TV+ TGND TAING 

TV+ 

Description 

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. 

Transmit clock input 1POS and 1NEG are sampled on the falling edge of 
TCLK. 

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

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

Setting MODE to logic 1 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 to logic 0 puts the LXT305A in the Hardware (H/W) mode. 
In the Hardware mode the serial interface is disabled and hard-wired pins 
are used to control configuration and report status. 

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 ofRCLK. 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. 

This is the clock recovered from the signal received at RTIP and RRING. 
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Pin Descriptions continued 

Pin# Sym 1/0 Name 

9 XTALIN I Crystal Input 

10 XfALOUf 0 Crystal Output 

11 DPM 0 Driver 
Performance 

Monitor 

12 LOS 0 Loss Of Signal 

13 TTIP 0 Transmit 'Ilp 

16 TRING 0 Transmit Ring 

14 TGND - Transmit 
Ground 

15 TV+ I Transmit 
Power Supply 

17 MTIP I Monitor Tip 

18 MRING I Monitor Ring 

19 RTIP I Receive Tip 

20 RRING I Receive Ring 

21 RV+ I Receive Power 
Supply 

22 RGND - Receive 
Ground 
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Description 

An external crystal operating at four times the bit rate ( 6.176 MHz for Tl, 
8.192 MHz for El applications) with an 18.7pF load is required to enable the 
jitter attenuation function of the LXT305A. 
These pins may also be used to disable the jitter attenuator by connecting the 
XT ALIN pin to the positive supply through a resistor, and tying the 
XT ALOUT pin to ground. 

DPM goes to a logic 1 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. 

LOS goes to a logic 1when175 consecutive spaces have been detected. 
LOS returns to a logic 0 when the receive signal input reaches 12.5% marks 
density (4 marks in 32 bit periods) with no more than 15 consecutive zeros. 

Differential Driver Outpu~. These low impedance outputs achieve maxi-
mum power savings through a 1:1.15 transformer (Tl) or a 1:1 (75 f.l) or 
1:1.26 (120 f.l) transformer (El) without additional components. To provide 
higher return loss, resistors may be used in series with a transformer as 
specified in Tables 7, 8 and 9. 

Ground return for the transmit drivers power supply TV+. 

+5 VDC power supply input for the transmit drivers. TV+ must not vary 
from RV+ by more than ±0.3V. 

These pins are used to monitor the tip and ring transmit outputs. The 
transceiver can be connected to monitor its own output or the output of 
another LXT305A on the board. 
Host mode only: To prevent false interrupts in the host mode if the monitor 
is not used, apply a clock signal to one of the monitor pins and tie the other 
monitor pin to approximately the clock's mid-level voltage. The monitor 
clock can range from 100 kHz to the TCLK frequency. 

The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2: 1 step-up transformer is required on these pins. 
Data and clock from the signal applied at these pins are recovered and output 
on the RPOS/RNEG, and RCLK pins. 

+5 voe power supply for all circuits except the transmit drivers. 
(Transmit drivers are supplied by TV+.) 

Ground return for power supply RV+. 
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Pin Descriptions continued 

Pin # Sym 1/0 

INT 0 

23 

ECl I 

SDI I 

24 
EC2 I 

SDO 0 

25 

EC3 I 

-cs I 

26 
RLOOP I 

SCLK I 

27 

LLOOP I 

CLKE I 

28 

TAOS I 

• LEVEL 
ONE@ 

Name 

Interrupt 
(Host Mode) 

Equalizer Control 1 
(HIW Mode) 

Serial Data In 
(Host Mode) 

Equalizer Control 2 
(HIW Mode) 

Serial Data Out 
(Host Mode) 

Equalizer Control 3 
(HIW Mode) 

Chip Select 
(Host Mode) 

Remote Loopback 
(HIW Mode) 

Serial Clock 
(Host Mode) 

Local Loopback 
(H/W Mode) 

Clock Edge 
(Host Mode) 

Transmit All Ones 
(HIWMode) 

Description 

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.) 

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. 

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. 

The signal applied at this pin in the LXT305A Hardware mode is used 
in conjunction with ECl and EC3 inputs to determine shape and 
amplitude of AMI output transmit pulses. 

The serial data from the on-chip register is output on this pin in the 
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. 

The signal applied at this pin in the LXT305A Hardware mode is used 
in conjunction with ECl and EC2 inputs to determine shape and 
amplitude of AMI output transmit pulses. 

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. 

This input controls loopback functions in the LXT305A Hardware 
mode. Setting RLOOP to a logic 1 enables the Remote Loopback 
mode. Setting both RLOOP and LLOOP causes a Reset . 

This clock is used in the LXT305A Host mode to write data to or read 
data from the serial interface registers. 

This input controls loopback functions in the LXT305A Hardware 
mode. Setting LLOOP to a logic 1 enables the Local Loopback 
Mode. 

Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
falling edge of RCLK, and SDO to be valid on the rising edge of 
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 

When set to a logic 1, TAOS causes the LXT305A (Hardware mode) 
to transmit a continuous_stream of marks at the MCLK frequency. 
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Functional Description 

The LXT305A is a fully integrated PCM transceiver for both 
1.544 MHz (Tl) and 2.048 MHz (El) applications which 
allows full-duplex transmission of digital data over existing 

twisted-pair installations. 

Figure I is a simplified block diagram of the LXT305. 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 resis

tors. 

Transmitter 

Data received for transmission onto the line is clocked 
serially into the device at 1POS and TNEG. Input synchro
nization is supplied by the transmit clock (TCLK). The 
transmitted pulse shape is determined by Equalizer Control 
signalsECl throughEC3 as shown in Table 1. Refer to Table 

2 and Figure 2 for master and transmit clock timing charac
teristics. Shaped pulses are applied to the AMiline driver for 
transmission onto the line at TTIP and TRING. Equalizer 
Control signals may be hardwired in the Hardware mode, or 

input as part of the serial data stream (SDI) in the Host mode. 

Pulses can be shaped for either 1.544 or 2.048 MHz applica
tions. 1.544 MHz 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 MHz pulses can 
drive either coaxial or shielded twisted-pair lines. 

Table 1: Equalizer Control Inputs 

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 Table 3 for crystal 
specifications. The ES is a 32 x 2-bit register. Transmit data 

is clocked into the ES with the transmit clock (TCLK) signal, 
and clocked out of the ES with the dejittered clock from the 
JAL. When the bit count in the ES is within two bits of 
overflowing or underflowing, the ES adjusts the output 

clock by 1/8 of a bit period. The ES produces an average 
delay of 16 bits in the transmit path. 

Driver Performance Monitor 

The transceiver incorporates a Driver Performance Monitor 
(DPM) connected in parallel with TTIP and TRING at the 

output transformer. The DPM output level goes high upon 
detection of 63 consecutive zeros. It is reset when a one is 
detected on the transmit line, or when a reset command is 

received. 

Line Code 

The LXT305A transmits data as a 50% AMI line code as 
shown in Figure 3. The output driver maintains a constant 
low output impedance of 3 n (typical) regardless of whether 
it is driving marks or spaces. This well controlled output 
impedance provides excellent return loss (> 20 dB) when 
used with external 9.4 n precision resistors(± 1 % accuracy) 

in series with a transmit transformer with a turns ratio of 
1:2.3 (± 2% accuracy) . Series resistors also provide in

creased surge protection and reduced short circuit current 

flow. 

EC3 EC2 EC1 Line Length1 Cable Loss2 Application Frequency 

0 1 1 0 - 133 ft ABAM 0.6dB 
1 0 0 133 - 266 ft ABAM 1.2dB 
1 0 1 266 - 399 ft ABAM 1.8 dB 
1 1 0 399 - 533 ft ABAM 2.4dB 
1 1 1 533 - 655 ft ABAM 3.0dB 

0 0 0 CCITTRecommendation G.703 
0 0 1 

0 1 0 FCC Part 68, Option A 

I Lme length from transceiver to DSX-1 cross-connect point 
2 Maximum cable loss at 772 kHz. 
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Table 2: LXT305A Master Clock and Transmit Timi1!9 Characteristics j_See F!g_ure ~ 

Parameter Sym Min Typ1 Max 

Master clock frequency Tl MCLK - 1.544 -

El MCLK - 2.048 -
Master clock tolerance MCLKt - ±100 -
Master clock duty cycle MCLKd 40 - 60 

Crystal frequency Tl fc - 6.176 -
El fc - 8.192 -

Transmit clock frequency Tl TCLK - 1.544 -
El TCLK - 2.048 -

Transmit clock tolerance TCLKt - - ±50 

Transmit clock duty cycle TCLKd 10 - 90 

TPOSffNEG to TCLK setup time tsm 25 - -

TCLK to TPOSffNEG Hold time 1iiT 25 - -

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

Figure 2: LXT305A Transmit Clock Timing Diagram 

TCLK 

TPOS 
TNEG 

Figure 3: 50% AMI Coding Diagram 

TTIP 

TRING 

'"LEVEL &ONE@ 
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T 

BIT CELL 
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I .... 

tsuT tHT 

0 

I ,-----,-----, 
I 
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I 
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Units 

MHz 

MHz 

ppm 

% 

MHz 

MHz 

MHz 

MHz 

ppm 

% 

ns 

ns 
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Receiver 

The signal is received from one twisted-pair line on each side 
of a center-grounded transformer. Positive pulses are re
ceived at RTIP and negative pulses are received at RRING. 
Recovered data is output at RPOS and RNEG, and the 
recovered clock is output at RCLK. Refer to Table 4 and 
Figure 4 for LXT305A receiver timing. 

Table 3: LXT305A Crystal Specifications (External) 

Parameter T1 

Frequency 6.176 MHz 

Frequency Stability ±20 ppm @ 25° C 

The signal received at RPOS and RNEG 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 Tl applications (determined by 
Equalizer Control inputs ECl - EC3 * 000 or 001) the 

E1 

8.192 MHz 

±20 ppm @ 25° C 

± 25 ppm from -40° C to + 85° C ± 25 ppm from -40° C to + 85° C 
(Ref25° C reading) (Ref 25° C reading) 

Pull ability CL= 11.7 pF to 18.7 pF, +&" = 175 to 195 ppm CL= 11.7 pF to 18.7 pF, +&" = 95 to 115 ppm 

CL= 18.7 pF to 34 pF, -M = 175 to 195 ppm CL= 18.7 pF to 34 pF, -M = 95 to 115 ppm 

Effective series resistance 40!lMaximum 30!lMaximum 

Crystal cut AT AT 

Resonance Parallel Parallel 

Maximum drive level 2.0mW 2.0mW 

Mode of operation Fundamental Fundamental 

Crystal holder HC49 (R3W), C0 = 7 pF maximum HC49 (R3W), C0 = 7 pF maximum 
CM = 17 fF typical CM = 17 fF typical 

Table 4: LXT305A Receive Characteristics (See Figure 4) 

Parameter Sym Min Typ1 Max Units 

Receive slicer threshold Tl RST 65 70 75 % 

El RST 45 50 55 % 

Receive clock duty cycle 2 Tl RCLKd 40 50 60 % 

El RCLKd 40 50 60 % 

Receive clock pulse width 2 Tl 1i.w 594 648 702 ns 

Er 1i.w 447 488 529 ns 

Receive clock pulse width Tl 1i.wu - 324 - ns 

high El 1i.wu - 244 - ns 

Receive clock pulse width Tl lpWL 270 324 378 ns 

low El 1i.wL 203 244 285 ns 

RPOS I RNEG to RCLK Tl tSUR 50 270 - ns 

rising setup time El tSUR 50 203 - ns 

RCLK rising to RPOS I Tl luR 50 270 - ns 

RNEG hold time El luR 50 203 - ns 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not sub1ect 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 

2~:r conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.04S MHz.) (C"j tf'~[; 
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threshold is set to 70% of the peak value. This threshold is 

maintained above 65% forup to 15 successive zeros over the 

range of specified operating conditions. For El applications 
(EC inputs= 000 or 001) the threshold is set to 50 %. 

The receiver is capable of accurately recovering signals with 

up to -13.6 dB of attenuation (from 2.4 V), corresponding to 

a received signal level ofapproximately 500 m V. Maximum 
cable length is 1500 feet of ABAM cable (approximately 6 

Figure 4: LXT305A Receive Clock Timing Diagram 

RCLK 

RPOS 
RNEG 

RPOS 
RNEG 

Figure 5: LXT305A Receive Jitter Tolerance 

' 

dB). Regardless of received signal level, the peak detectors 

are held above a minimum level of .3 V to provide immunity 

from impulsive noise. 

After processing through the data slicers, the received signal 

is routed to the data and clock recovery sections, and to the 

receive monitor. The data and clock recovery circuits are 

highly tolerant, with an input jitter tolerance significantly 
betterthanrequiredbyPub62411,asshowninFigure5. The 

[-- HOST MODE 

----'/-- CLKE = 1 

tHR 

1200UI 
1000UI ------1------

receive monitor generates a Loss of Signal 
(LOS) output upon receipt of 175 consecutive 
zeros (spaces). The receiver monitor loads a 
digital counter at the RCLK frequency. The 

count is incremented each time a zero is re
ceived, 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. Received 
marks are output regardless of the LOS status, 
but the LOS pin will not reset until the ones 

density reaches 12.5%. This level is based on 

receipt of at least 4 ones in any 32 bit periods 
with no more than 15 consecutive zeros. 

138Ul 
100UI ... 

.~ 
-, 28 UI 

10UI 

1 UI 

0.4UI 

.1UI 

1 Hz 10Hz 

J°!LEVEL liiilONE@ 

------·------

100 Hz 1 kHz 10kHz 100kHz 

Frequency 

Operating Modes 

The LXT305A transceiver can be controlled by 
a microprocessor through a serial interface 
(Host mode), or by hard-wired pins (Hardware 
mode). The mode of operation is set by the 

MODE pin logic level. The transceivers can 

also be commanded to operate in one of several 

diagnostic modes. 
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Host Mode Operation 

To allow a host microprocessor to access and control the 

LXT305A 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. 

The Host mode provides a latched Interrupt output (INT) 

which is triggered by a change in the Loss of Signal (LOS) 

and/or Driver Performance Monitor (DPM) bits. The Inter

rupt is cleared when the interrupt condition no longer exists, 

and the host processor enables the respective bit in the serial 

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

data and receive data output timing. The Clock Edge 

(CLKE) signal determines when these outputs are valid, 

relative to the Serial Clock (SCLK) or RCLK as follows: 

CLKE Output Clock Valid Edge 

RPOS RCLK Rising 
LOW RNEG RCLK Rising 

SDO SCLK Falling 

RPOS RCLK Falling 
HIGH RNEG RCLK Falling 

SDO SCLK Rising 

The 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 l indicates a read operation, and a logic 

0 indicates a write operation. Table 5 lists serial data output 

bit combinations for each status. Serial data structure is 

shown in Figure 6 and 1/0 timing characteristics are shown 

in Table 6, and Figures 7 and 8. 
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Hardware Mode Operation 

In Hardware mode the transceiver is accessed and controlled 

through individual pins. With the exception of the INT and 

CLKE functions, Hardware mode provides all the functions 

provided in the Host mode. In the Hardware mode RPOS 

and RNEG outputs are valid on the rising edge of RCLK. 

To operate in Hardware mode, MODE must be set to 0. 

Equalizer Control signals (ECl 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. 

Reset Operation 

Upon power up, the transceiver is held static until the power 

supply reaches approximately 3V. Upon crossing this 

threshold, the device begins a 32 ms reset cycle to calibrate 

the transmit and receive delay lines and lock the Phase Lock 

Loop to the receive line. A reference clock is required to 

calibrate the delay lines. MCLK provides the receiver 

reference. The crystal oscillator provides the transmitter 

reference. If the LXT305A crystal oscillator is grounded, 

MCLK is used as the transmitter reference clock. 

The transceiver can also be reset from the Host or Hardware 

mode. In Host mode, reset is commanded by simultaneously 

writing RLOOP and LLOOP to the register. In Hardware 

mode, reset is commanded by holding RLOOP and LLOOP 

high simultaneously for 200 ns. Reset is initiated on the 

falling edge of the reset request. In either mode, reset clears 

and sets all registers to 0, then calibration begins. 

•
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Table 5: LXT305A Serial Data Output Bits (See Figure 6) 

Bit D5 Bit D6 BitD7 Status 

0 0 0 Reset has occurred, or no program input. 

0 0 1 TAOS active 

0 1 0 Local Loopback active 

0 1 1 TAOS and Local Loopback active 

1 0 0 Remote Loopback active 

1 0 1 DPM has changed state since last Clear DPM occurred 

1 1 0 LOS has changed state since last Clear LOS occurred 

1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS 
occurred 

Figure 6: LXT305A Serial Interface Data Structure 

cs 

SCLK 

ADDRESS/ COMMAND BYTE DATA INPUT I OUTPUT BYTE 

SDl/SDO (Rm I AO I A1 j A2 J As I A4 j As j A6T oo j 01 I 02 I 03 r 04 j os j oo j D7) 

ADDRESS/ 
COMMAND 
BYTE 

INPUT 
DATA 
BYTE 

0 
AO 

RiW=1: READ 
RiW = 0 : WRITE 

CLEAR ~TERRUPTS 

LOS DPM 
DO (LSB) 

• LEVEL 
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0 0 

EC1 EC2 

0 0 x 
A6 

X = DON'T CARE 

SET LOOPB~KS OR RESET 

r----~ 

EC3 REMOTE LOCAL TAOS 
07 (MSB) 

NOTE: Output Data 
Byte same as Input 
Data Byte shown at 
left, except for Bits D5 
through D7 shown in 
Table 5 above . 
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Table 6: LXT305A Serial 1/0 Timing Characteristics (See Figures 7 and 8) 

Parameter Sym Min Typ1 Max Units 

Rise/Fall time - any digital output ~ - - 100 ns 

SDI to SCLK setup time ~ 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 ~;i., - - 50 ns 

CS to SCLK setup time tee 50 - - ns 

SCLK to CS hold time tCCH 50 - - ns 

CS inactive time tCWH 250 - - ns 

SCLK to SDO valid tcov - - 200 ns 

SCLK falling edge or CS rising edge tCDZ - 100 - ns 

to SDOhighZ 

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

Figure 7: LXT305A Serial Data Input Timing Diagram 

SCLK 

SDI 

Figure 8: LXT305A Serial Data Output Timing Diagram 
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Test Conditions 

Load 1.6 mA, 50pF 

HIGHZ 
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Diagnostic Mode Operation 

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

In Remote Loop back (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. 

In Local Loopback (LLOOP) mode, the receiver circuits are 
inhibited. The transmit data and clock inputs (TPOS, TNEG 
and TCLK) are looped back onto the receive data and clock 
outputs (RPOS, RNEG and RCLK.) The transmitter circuits 
are unaffected by the LLOOP command. The TPOS and 
TNEG inputs will be transmitted normally. (A stream of l's 
will be transmitted if the TAOS command is active.) During 
local loopback if TCLK is not supplied, the transmitter 
powers down. lfLOS and LLOOP are both active, LLOOP 
takes precedence, forcing RCLK = TCLK. 

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± .3 V of each other, and decoupled 
to their respective grounds separately, as shown in Figure 9. 
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. 
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Applications 

1.544 MHz T1 Interface Applications 

Figure 9 is a typical 1.544 MHz Tl interface application 
using a 1: 1.15 transmit transformer without in-line resistors 
for maximum power savings. The LXT305A is shown in 
the Host mode with the LXP2180A Tl/ESF Framer 
providing the digital interface with the host controller. Both 

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

For DSX-1 applications, series resistors can be used in line 
with the transmit transformer to provide higher return loss. 
Table 7 lists transformer ratios, Rt values and typical return 
loss values for 1.544 MHz EC codes. 

2.048 MHz E1 Interface Applications 

Figure 10 is a typical 2.048 MHz El application. The 
LXT305A is shown in Hardware mode with the 
LXP2181A E 1/CRC4 Framer. As in the DSX-1 application 
Figure 9, 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 
TAOS, LLOOP and RLOOP are individually controllable, 
and the LLOOP and RLOOP lines are also tied to a single 
control for the Reset function. EC3 and EC2 are hardwired 
to ground, but the EC 1 pin is switchable high or low selecting 
codesOOOandOOl. With the 1: 1 transformerratioandcode 
000 selected on the EC inputs, the LXT305A outputs the 
CCITT specified 2.37 V pulse onto 75 n coaxial cable. 
Simply changing the EC code to 001 allows the LXT305A 
to match the 3.0 v pulse specification for 120 n 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 n twisted-pair cable. 

To achieve higherreturn loss, increased surge protection and 
loweroutput short circuit current, series resistors can be used 
in line with the transmit transformer. Tables 8 and 9 list 
transformer ratios, series resistor (Rt) and typical return loss 
values with associated 2.048 MHz EC codes for 75 Q coax 
and 120 n TWP, respectively . 
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Table 7: T1/DSX-1 Output Combinations (100 n) 
.Ek Xtmr Batjo1 Rt Value2 Btn Loss3 

011 - 111 
011 - 111 
011 - 111 

1 : 1.15 
1: 2 
1: 2.3 

Rt=On 
Rt=9.4Q 
Rt=9.4Q 

1 Transformer turns ratio accuracy is± 2 %. 
2 Rt values are± 1 %. 
' Typical return loss, 102 kHz- 2.048 MHz band. 

0.5dB 
20dB 
28dB 

Figure 9: Typical LXT305A 1.544 MHz T1 Application (Host Mode) 

TO HOST CONTROLLER 

1.544 MHz CLOCK 

LXP2180A LXT305A 
T1 ESF TRANSCEIVER 

FRAMER 

TMSYNC TFSYNC MCLK CLKE 

cs TCLK TCLK SCLK 

soo TPOS TPOS cs 

SDI TNEG TNEG SDO 

INT SPS MODE SDI 

SCLK RNEG RNEG INT 

RPOS RPOS RGND 

RCLK RCLK RV+ 

L§iili] XTALIN ARING 

XTALOUT RTIP 

LXP600A MRING 
CLKoCLAD 

CLKi DPM 

2.048 MHz FSi LOS MTIP 

TTIP TAING 

TGND TV+ 
ov 

1.0µF 

1: 1.15 

V+ 

iNOTEITT IN ADDITION TO THE LXP2180A, THE LXT305A IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING 
DEVICES, INCLUDING THE LXP2181, DS2180A, MT8976, AND R8070. 

V+ 
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Table 8: E1/CEPT Output Combinations (75 n) Table 9: E1/CEPT Output Combinations (120 '2) 

E Xfmr Ratjo1 Rt Yalue2 Rtn Loss3 E Xfmr Ratjo1 Rt Yalue2 Rtn Loss3 

001 1 : 1 Rt= 10'2 SdB 001 1 : 1 Rt=0'2 
001 1: 2 Rt= 14.3 n 12dB 001 1: 2 Rt= 15 '2 
000 1 : 1 Rt=0'2 O.SdB 000 1 : 1.26 Rt=0'2 
000 1: 2 Rt=9.4 Q 24dB 000 1: 2 Rt=8.7il 

1 Transformer turns ratio accuracy is ± 2 %. ' Transformer turns ratio accuracy is ± 2 %. 
2 Rt values are ± 1 %. 2 Rt values are ± 1 %. 
' Typical return loss, 102 kHz - 2.048 MHz band. ' Typical return loss, 102 kHz - 2.048 MHz band. 

Figure 10: Typical LXT305A 2.048 MHz E1 Application (Hardware Mode) 

LXP2181A 
E1/CRC4 
FRAMER 

1Notel1! 

TCLK 

TPOS 

TNEG 

RNEG 

RPOS 

RCLK 

2.048 MHz CLOCK 

LXT305A · 
TRANSCEIVER 

MCLK TAOS 

TCLK LLOOP 

TPOS RLOOP 

TNEG EC1 

MODE EC2 

RNEG EC3 

RPOS RGND 

RCLK RV+ 

XTALIN ARING 

XTALOUT RTIP 

DPM MRING 

LOS MTIP 

TTIP TAING 

TGND TV+ 

V+ 

INOTEI 1 I IN ADDITION TO THE LXP2181. THE LXT305A IS COMPATIBLE WITH A WIDE VARIETY OF FRAMING AND SIGNALING DEVICES, 
INCLUDING THE LXP2180A, DS2181, MT8979, AND R8070. 

FOR 75 '1 COAXIAL CABLE, USE A 1 : 1 TRANSFORMER RATIO AND EC CODE 000. 

O.SdB 
30dB 
O.SdB 
12dB 

V+ 

FOR 120 '1 TWISTED-PAIR CABLE USE EITHER A 1 : 1 TRANSFORMER WITH EC CODE 001, OR A 1 : 1.26 TRANSFORMER WITH 
CODEOOO • 
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LXT310 
T 7 CSU I /SON PR/ Transceiver 

:::a11:::11m::::::::11:::1:::i::::::1:1::1:1:::1:::::::1:::1:::::1:1:::::1:::::11:1:::::1:::::::1::::::::::::::::::::::: 

The LXT310 is the first fully integrated transceiver for Tl 
CSU and ISON Primary Rate Interface (ISON PRI) applica
tions at 1.544 MHz. Titls transceiver operates over 6,000 
feet of 22 A WG twisted-pair cable without any external 
components. To compensate for shorter lines, 7.5 dB, 15 dB, 
and 22.5 dB frequency-dependent transmit Line Build-Outs 
(LBOs) are provided. 

The device offers selectable B8ZS encoding/decoding, and 
unipolar or bipolar data I/O. The LXTI 10 also provides 
jitter attenuation in either the transmit or receive direction 
starting at 6 Hz, and incorporates a serial interface (SIO) for 
microprocessor control. 

The LXT310 offers a variety of diagnostic features includ
ing loopbacks and loss of signal monitoring. It uses an 
advanced double-poly, double-metal CMOS process and 
require only a single 5-volt power supply. 

!!!llll!!l!!!!ii!!!i!!!!!!!!!!!i!!!!!!!!!!!!!!!i!!!l!!i!!!i!!!i!!!!!!:!:!!i!!!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

• ISON Primary Rate Interface (PRI) (ANSI Tl.408) 
• CSU interface to Tl Service (Pub 62411) 
• DS l Metallic Interface (ANSI Tl.403) 
• Tl LAN bridge 
• CPU to CPU Channel Extenders 
• Digital Loop Carrier - Subscriber Carrier Systems 
•Tl Mux 
• Channel Banks 

Standard Product 
February, 1994 

• Fully integrated transceiver comprising: on-chip equal
izer; timing recovery/control; data processor; receiver; 
and transmitter with Line Build-Out and digital control 

• Meets or exceeds ANSI and CCITT specifications 
including Tl.403, Tl.408, and AT&T Pub 62411 

• Selectable Receiver Sensitivity. Fully restores the 
received signal after transmission through a cable with 
attenuation of either 0 to 26 dB, or 0 to 36 dB @772 kHz 

• Selectable Unipolar or Bipolar data I/O 

• Selectable B8ZS encoding/decoding 

• Line attenuation indication output 

• 138 UI jitter tolerance at l Hz 

• Output short circuit current limit protection 

• On-line idle mode for redundant systems 

• 7.5 dB, 15 dB, and 22.5 dB transmit LBOs 

• Local, remote and inband network loopback functions 

• Receive monitor with Loss of Signal (LOS) output 

• Jitter attenuation starting at 6 Hz, switchable to transmit 
or receive path 

• Microprocessor controllable 

TCLK ..... .,.,----- -----,.,-_ .... TRANSMIT ~ TRANSMIT LI'-...>---------<~ 
TPOS --iH BBZS/ .. :-- r-~ -- TIMING& ATTEN& ~l~l./'LINE TTIP 

TNEG --1 UNIPOLAR L J ..... ~- ~..,.. .... coNTROL ~ F<lc~.;r ,R_1v_E_R_s __ -+--+<-

ENCODER j Cl i-1l ~ 7'0". 

..... 
Encoder I .TAOS Enable LBO Select k;}f'''J''''''')';f}'i-ot---1-+--+-
Enable __!_ 

XTALIN LLOOP 

.._E_n_ab_le ____ ~J LOCAL . I 
l LOOPBACK 

l REMOTE J 
LOOPBACK 

· ::f EOUALIZERL .l .1 
i.l~ I IL CONTROL [ Gain l +1§ 

RPOS -1R UN~~;0,R[ L.... s.: ~ TIMING 1--1(*1 ~ 14- ../'."' <] ..... 
...-_J _'.:-.J c. &DATA NOISE& ::/' I 

RNEG -..., DECODER .~ ~ RECOVERY~ CROSSTALKl-4- RECE. IVE -~'--
RCLK .,...._l-l----------4.r-...-~----4-..-..<>-1.-i-l FILTER EQUALIZER 

1 SLICERS 
NLOOP ... -. ........ _______ _, INBAND ~ 

NLOOP ,.--
INT -+--------+ 

LOS ..,...._.....,.. _______ _. & LOS I--
PROCESSOR f4--

rrf.SLEVEL 
l:IONE@ 

& PEAK 
RECEIVE l DETECTORS 
CLOCK 

GENERATORj 

TAING 

CLKE 

cs 
SCLK 

SDI 

SDO 

LATN 
EGL 

RTIP 

ARING 

MCLK 
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Absolute Maximum Ratings 

Parameter Sym Min Max Units 
DC supply (referenced to GND) RV+,TV+ - 6.0 v 
Input voltage, any pin VJN RGND-0.3 RV++0.3 v 
Input current, any pin 1 IJN -10 10 mA 

Ambient operating temperature TA -40 85 oc 
Storage temperature TSTG -65 150 °C 

WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes. 
1 Transient currents of up to 100 mA will not cause SCR latch-up. TnP, 'IRING, TV+ and TGND can withstand a continuous cummt of IOOmA. 

Operating Conditions/Characteristics 

Parameter Sym Min Typ1 Max Units Test Conditions 

DC supply 2 RV+,TV+ 4.75 5.0 5.25 v 
Ambient operating temperature TA - 25 - oc 
Power dissipation 3 PD - 375 450 mW 100% ones density & maximum 

line length @ 5.25 V 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
2 TV+ must not exceed RV+ by more than 0.3 V. 
3 Power dissipation while driving 25 n load over operating temperature range. Includes device and load. Digital input levels are within I 0% of the 

supply rails and digital outputs are driving a SO pF capacitive load. 

Digital Characteristics tT. = -40" to escc, v+ = 5.o v ±5%, GND = o V) 

Parameter Sym Min Typ 
High level input voltage 1•2 (pins 1-S, 10, 23-28) VIH 2.0 -
Low level input voltage 1•2 (pins 1-S, 10,23-28) v.JL. - -
High level output voltage 1• 2 (pins 6-8, 12, 23, 25) YOH 2.4 -
Low level output voltage 1• 2 (pins 6-8, 12, 23, 25) VOL - -
Input leakage current ~ 0 -
Three-state leakage current• (pin 25) -1i. 0 -

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

Analog Characteristics (T. = -40" to escc, v+ = 5.o v ±5%, GND = o V) 

Parameter Min Typ1 
Recommended output load at TTIP and TRING 50 -
AMI Output Pulse Amplitudes 2.4 3.0 

Jitter added by the transmitter 2 lOHz- 8kHz 3 - -
SkHz - 40 kHz 3 - -
lOHz - 40 kHz 3 - -
Broad Band - -

Receive signal attenuation Mode 1 (EGL= 1) 0 26 

range @ 772 kHz Mode 2 (EGL= 0) 0 36 

Allowable consecutive zeros before LOS 160 175 

Input jitter tolerance lOkHz- lOOkHz 0.4 -
1 Hz 138 -

Jitter attenuation curve comer frequency 4 - 6 

Max 
-

0.8 

-
0.4 

± 10 

± 10 

Max 
200 

3.6 

0.01 

0.02 

0.02 

0.04 

-
-

190 

-
-
-

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
' Input signal to TCLK is jitter-free. 
3 Guaranteed by characterization; not subject to production testing. 
4 Circuit attenuates jitter at 20 dB/decade above the comer frequency. 
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Units 
v 
v 
v 
v 

µA 
µA 

Units 
a 
v 
UI 
UI 

UI 
UI 
dB 

dB 

-
UI 
UI 
Hz 

Test Conditions 

l0 ur=· 400 µA 
l0 ur=l.6mA 

Test Conditions 

measured at the 
output with 

LBOl =O, and 

LB02=0 

0 dB line 
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MCLK l 28 CLKE!TAOS 
MCLK 

TCLK 2 27 SCLK/LLOOP 
TCLK CLKE!TAOS 

TPOS 3 26 CS/RLOOP 
TPOS SCLK/LLOOP 

TNEG 4 25 SDO/LB02 
TNEG CS/RLOOP 

MODE 5 24 SDl/LB01 MODE 
RNEG 6 23 INT/NLOOP SDO/LB02 

RPOS 7 22 RGND 
RNEG SDl/LB01 

RCLK 8 21 RV+ 
RPOS INT/NLOOP 

XTALIN 9 20 RRING 
RCLK RGND 

XTALIN 
XTALOUT 10 19 RTIP RV+ 

JASEL 11 18 LATN 
xmrur ARING 

LOS 12 17 EGL 
JASEL RTIP 

TTIP 13 16 TRING LOS 
TGND 14 15 TV+ LATN 

TTIP EGL 
28-Pin TGND TRING 

DIP TV+ 

Table 1: Pin Descriptions 

Pin# Sym 1/0 Name Description 

A 1.544 MHz clock input used to generate internal clocks. Upon Loss of 
1 MCLK I Master Clock Signal (LOS), RCLK is derived from MCLK. If MCLK is not applied, this 

pin should be grounded. 

2 TCLK I Transmit Transmit clock input. 1POS and 1NEG are sampled on the falling edge of 
Clock TCLK. 

3 1POS/ I Transmit Data Input data to be transmitted on the twisted-pair line. Normally, pin 3 is 
TD A TA Input 1POS and pin 4 is TNEG, the positive and negative sides of a bipolar input 

pair. However, if pin 4 is held high for at least 16 TCLK cycles (equivalent 
4 TNEG/ I Data Input/ to 15 successive bipolar violations), the LXT310 switches to a unipolar 

UBS Polarity Select mode. The LXT310 returns to bipolar I/O when pin 4 goes low. 

Setting MODE to logic 1 selects the Host mode. In Host mode, the serial 
5 MODE I Mode Select interface is enabled for control and status reporting. Setting MODE to logic 

0 selects the Hardware (H/W) mode. In Hardware mode the serial interface 
is disabled; hard-wired pins control configuration and report status. Tying 
MODE to RCLK enables Hardware mode and the BSZS encoder/decoder. 

6 RNEG 0 Receive Data In Bipolar data I/O mode pins 6 and 7 are bipolar data outputs. A signal on 
Negative RNEG corresponds to receipt of a negative pulse on RTIP/RRING, and a 

signal on RPOS corresponds to a positive pulse on RTIP/RRING. RNEG/ 
RPOS outputs are Non-Return-to-Zero (NRZ). In Host mode, CLKE 

7 RPOS 0 Receive Data determines the clock edge at which these outputs are stable and valid. In 
Positive Hardware mode both outputs are stable and valid on the RCLK rising edge. 

6 BPV 0 Bipolar In Unipolar data I/O mode, pin 6 goes high to indicate receipt of a Bipolar 
Violation Violation of the AMI code. 

7 RDATA 0 Receive Data In Unipolar mode, data received from the twisted-pair line is output at pin 7. 

8 RCLK 0 Receive Clock This is the clock recovered from the signal received at RTIP and RRING. 
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Table 1: Pin Descriptions continued 

Pin# Sym uo Name 

9 XTALIN I Crystal Input 

10 xrAUXJr 0 Crystal Output 

11 JASEI... I Jitter 
Attenuation 

Select 

12 LOS 0 Loss Of Signal 

13 TTIP 0 TransmitTip 

16 1RING 0 Transmit Ring 

14 TGND - TxGround 

15 TV+ I Transmit 
Power Supply 

17 EGL I . Equalizer 
Gain Limit 

18 LATN 0 Line 
Attenuation 
Indication 

(See Figure 6) 

19 RTIP I ReceiveTip 

20 RRING I Receive Ring 

21 RV+ I Receive Power 
Supply 

22 RGND - Rx Ground 

NLOOP 0 Network 
Loopback 

(HIWMode) 
23 

INT 0 Interrupt 
(Host Mode) 
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Description 

An external crystal (18.7 pF load capacitance, pullable) operating at 6.176 
MHz (four times the bit rate) is required to enable the jitter attenuation 
function of the LXT310. These pins may also be used to disable the jitter 
attenuator by connecting the XTALIN pin to µie positive supply through a 
resistor, and leaving the XTALOUT pin unconnected. 

Selects jitter attenuation location. When JASEI... = l, the jitter attenuator is 
active in the receive path. When JASEL = 0, the jitter attenuator is active in 
the transmit path. 

LOS goes to a logic· 1 when 175 consecutive spaces have been detected. 
LOS returns to a logic 0 when the received signal reaches a mark density of 
12.5% (determined by receipt of four marks within 32 bit periods.) Re-
ceived marks are output on RPOS and RNEG even when LOS is at a logic 1. 

Differential Driver Outputs. These outputs are designed to drive a 50 - 200 
0 load. Line matching resistors and transformer can be selected to give the 
desired pulse height. 

Ground return for the transmit drivers power supply TV+. 

+5 VDC power supply input for the transmit drivers. TV+ must not vary 
from RV+ by more than± 0.3V. 

Input sets equalizer gain. When EGL = 0, up to 36 dB of equalizer gain may 
be added. When EGL= l, equalizer gain is limited to no more than 26 dB. 

Encoded output. Pulse width, relative to RCLK, indicates receive equalizer 
gain setting (line insertion loss at 772 kHz) in 7 .5 dB steps. When LA TN = 
1 RCLK pulse, the equalizer is set at 7.5 dB gain, 2 pulses= 15 dB, 3 pulses 
= 22.5 dB and 4 pulses= 0 dB. Output is valid on the rising edge ofRCLK. 

The AMI signal received from the line is applied at these pins. A 1: 1 
transformer is required. Data and clock from the signal applied at these pins 
are recovered and output on the RPOS/RNEG, and RCLK pins. 

+5 VDC power supply for all circuits except the transmit drivers. (Transmit 
drivers are supplied by TV+.) 

Ground return for power supply RV+. 

When high, indicates Inband Network Loopback has been activated by 
reception of 00001 pattern for five seconds. NLOOP is reset by reception of 
001 for five seconds, or by activation ofRLOOP or LLOOP. 

This LXT310 Host mode output goes low to flag the host processor when 
LOS or NLOOP changes state. INT is an open drain output and should be 
tied to power supply RV+ through a resistor. INT is reset by clearing the 
LOS or NLOOP register bit. 
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Table 1 : Pin Descriptions continued 

Pin# Sym 1/0 

SDI I 
24 

LBOl I 

SDO 0 

25 

LB02 I 

-cs I 

26 
RLOOP I 

SCLK I 

27 
LLOOP I 

CLKE I 

28 

TAOS I 

fl LEVEL 
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Name 

Serial Data In 
(Host Mode) 

Line Build-Out 
Select 1 

(HIWMode) 

Serial Data Out 
(Host Mode) 

Line Build-Out 
Select 2 

(HIWMode) 

Chip Select 
(Host Mode) 

Remote Loopback 
(HIWMode) 

Serial Clock 
(Host Mode) 

Local Loopback 
(HIWMode) 

Clock Edge 
(Host Mode) 

Transmit All Ones 
(HIW Mode) 

Description 

The serial data input stream is applied to this pin when the LXT310 
operates in the Host mode. SDI is sampled on the rising edge of SCLK. 

In Hardware mode this input is used in conjunction with LB02 to select 
the transmit line build-outs: 00 = 0 dB, 01=7.5 dB, 10 = 15 dB, and 
11=22.5 dB. 

The serial data from the on-chip register is output on this pin in the 
LXT310 Host mode. IfCLKE 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 hi~impedance state when the serial port is being 
written to and when CS is high. 

The signal applied at this pin in the LXT310 Hardware mode is used in 
conjunction with LBOl to select the transmit line build-outs. 
00 = 0 dB, 01 = 7.5 dB, 10 = 15 dB, and 11 = 22.5 dB. 

This input is used to access the serial interface in the Host mode. For 
each read or write operation, CS must transition from high to low, and 
remain low. 

This input controls loopback in the Hardware mode. Setting RLOOP to 
alogic 1 enables Remote Loopback. During Remote Loopback, in-line 
encoders and decoders are bypassed. Setting both RLOOP and LLOOP 
while holding TAOS low causes a Reset Setting both RLOOP and 
LLOOP with TAOS high (or tying RCLK to RLOOP) enables Network 
Loopback detection. 

This clock is used in the Host mode to write data to or read data from 
the serial interface registers. 

This input controls loopback functions in the Hardware mode. Setting 
LLOOP to a logic 1 enables the Local Loopback Mode. Setting both 
LLOOP and RLOOP while holding TAOS low causes a Reset. 

Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 
falling edge of RCLK, and SDO to be valid on the rising edge of 
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 

When set to a logic 1 in the Hardware mode, TAOS causes the LXT310 
to transmit a stream of marks at the TCLK frequency. Activating 
TAOS causes TPOS and TNEG inputs to be ignored. TAOS is inhib-
ited during Remote Loopback. Setting TAOS, LLOOP and RLOOP 
simultaneously enables Network Loopback detection. 
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Functional Description 

The LXT310 is a fully integrated PCM transceiver for 1.544 
MHz (Tl) applications. It allows full-duplex transmission 
of digital data over existing twisted-pair installations. 

The LXT310 interfaces with two twisted-pair lines (one pair 
for transmit, one pair for receive) through standard pulse 
transformers and appropriate resistors. 

Figure 1 is a block diagram of the LXT310. The transceiver 
may be controlled by a microprocessor through the serial 
port (Host Mode), or by individual pin settings .(Hardware 
Mode). The jitter attenuator may be positioned in either the 
transmit or receive path. 

Transmitter 

Input data (bipolar or unipolar) for transmission onto the line 
is clocked serially into the device. Bipolar data is input at pin 
3 ('IPOS) and pin 4 (TNEG). Unipolar data is input at pin 3 
(1DATA) only. (Unipolar mode is enabled by holding pin 
4 high for 16 RCLK cycles). Input data may be passed 

Fi ure 2: LXT310 Transmit Clock Timing 

TCLK 

TPOS 
TNEG 

through the Jitter Attenuator and/or BSZS encoder, if se
lected. In Host mode, BSZS is selected by setting bit 03 of 
the input data byte. In Hardware mode, BSZS'is selected by 
connecting the MODE pin to RCLK. Input synchronization 
is supplied by the transmit clock (TCLK). Timing require
ments for TCLK and the Master Clock (MCLK) are defined 
in Table 2 and Figure 2. 

Idle Mode 

The LXT310 incorporates a transmit idle mode. This allows 
multiple transceivers to be connected to a single line for 
redundant appiications. TTIP and TRING remain in a high 
impedance state when TCLK is not present (TCLK 
grounded). The high impedance state can be temporarily 
disabled by enabling either TAOS, Remote Loopback or 
Network Loopback. 

The transmitted pulse shape is determined by Line Build Out 
(LBO) inputs LBOl and LB02 as follows: 

Line Build-Out (dB) Q u 15. 2U 

LB01 0 1 0 1 
LB02 0 0 1 1 

LBO settings are input through the serial port in the Host 
mode. In the Hardware mode, LBO inputs are applied 
through individual pins. Shaped pulses meeting the various 
Tl CSU and ISDN PRI requirements are applied to the AMI 
line driver for· transmission onto the line at TTIP and 
TRING. Refer to Table 3 and Figure 3 for Tl pulse mask 
specifications. 

Table 2: LXT310 Master Clock and Transmit Timing Characteristics (See Figure 2) 

Parameter Sym Min Typ1 Max 

Master clock frequency MCLK - 1.544 -
Master clock tolerance MCLKt - ±100 -
Master clock duty cycle MCLKd 40 - 60 

Crystal frequency fc - 6.176 -
Transmit clock frequency TCLK - 1.544 -
Transmit clock tolerance TCLKt - - ±100 

Transmit clock duty cycle TCLKd 10 - 90 

TPOSffNEG to TCLK setup time ~ur 50 - -
TCLK to TPOSffNEG Hold time 1irr 50 - -

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

MHz 

ppm 

% 

MHz 

MHz 

ppm 

% 

ns 

ns 

Notes 

LXT310only 
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Short Circuit Limit 

The LXTI 10 transmitter is equipped with a short-circuit 
limiter. lhis feature limits to approximately 120 mA RMS 
the current the transmitter will source into a low-impedance 
load. The limiter trips when the RMS current exceeds the 
limit for 100 µs (- 150 marks). It automatically resets when 
the load current drops below the limit. 

The LXTI 10 meets or exceeds FCC and AT&T specifica
tions for CSU and NI applications, as well as ANSI TlEl, 
and CCITI requirements for ISON PRI. 

Figure 3: 1.544 MHz T1 Pulse Mask 

Table 3: Pulse Mask Corner Point Specifications 

Maximum Curve 

Time (ns) %V 

0 5 
250 5 
325 80 
325 120 
425 120 
500 105 
675 105 
725 5 
1100 5 
1250 5 

II LEVEL 
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Minimum Curve 

Time (ns) %V 

0 -5 
350 -5 
350 50 
400 90 
500 95 
600 90 
650 50 
650 -45 
800 -45 
896 -26 
1100 -5 
1250 -5 

Line Code 

The LXTI 10 transmits data as a 50% AMI line code as 
shown in Figure 4. 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. 
Biasing of the transmit DC level is on-chip. 

Receiver 

The twisted-pair input is received via a 1:1 transformer. 
Recovered data is output at RPOS/RNEG (RDATA in 
unipolar mode), and the recovered clock is output at RCLK. 
Refer to Table 4 and Figure 5 for receiver timing. 

Figure 4: 50% AMI Coding Diagram 

I BIT CELL 
I .. ~I 

T -1- J.. 
I 

I 
I 

-+- -1- _l 

_I_ I I 
- I - I 

I- i-
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The signal received at RPOS and · RNEG is processed 
through the receive equalizer. The Equalizer Gain Limit 
(EGL) input determines the maximum gain that may be 
applied at the equalizer. When set to 0, up to 36 dB of gain 
may be applied. 

When EGL = 1, gain is limited to no more than 26 dB 
providing for increased noise margin in shorter loop opera
tion. Insertion loss of the line in 7.5 dB steps, as indicated 
by the receive equalizer setting, is encoded in the LA TN 
output as shown in Figure 6. 

Table 4: LXT310 Receive Timing Characteristics (See Figure 5) 

Parameter Sym Min Typ1 Max Units 

Receive clock duty cycle 2 RCLKd 40 50 60 % 

Receive clock pulse width 2 1i.w 600 648 700 ns 

Receive clock pulse width high 1i.wu - 324 - ns 

Receive clock pulse width low fpWL 303 324 345 ns 

RPOS I RNEG to RCLK rising setup time tSUR - 274 - ns 

RCLK rising to RPOS /RNEG hold time ~R - 274 - ns 

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

Figure 5: LXT310 Receive Clock Timing 

RCLK 

RPOS 
RNEG 

tPW 
tPWH tPWL 

tsuR tHR 

tsuR 

'----+---1'1;_ LXT310 Host Mode (CLKE = 1) 

tHR 
/- LXT310 Host Mode (CLKE = 0) f- LXT310 Hardware Mode 

Figure 6: LATN Pulse Width Encoding 

RCLK 

LATN 
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1------.- - - -1- - - -1- - - -. 

2 I 3 I 4 I 5 

1LATN = 4 RCLK, 0 dB of Attenuation 

1 1LATN = 3 RCLK, 22.5 dB of Attenuation 
I 
1 1LATN = 2 RCLK, 15 dB of Attenuation 
I 
1LATN = 1 RCLK, 7 .5 dB of Attenuation 

NOTE: 
LA TN is stable and valid 

on the rising edge of RCLK. 
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The equalized signal is filtered and applied to 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. The threshold is set to 50% of the peak value. 
The receiver is capable of accurately recovering signals with 
up to 36 dB of cable attenuation (from 2.4 V). 

After processing through the data slicers, the received signal 
is routed to the data and timing recovery section, then to the 
B8ZS decoder (if selected) and to the LOS processor. The 
LOS Processor loads a digital counter at the RCLK fre
quency. The count is incremented each time a zero (space) 
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. (During WS if MCLK is not supplied and 
JASEL = 1, the RCLK output is replaced with the centered 
crystal clock.) 

Received mai:ks will be output regardless of the LOS status, 
but the LOS pin will not reset until the ones density reaches 
12.5 %. This levelis basedonreceiptofatleast4 ones in any 
32 bit periods. 

Jitter Attenuation 

Jitter attenuation 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. 

Table 5: LXT310 Crystal Specifications (External) 

Refer to Table 5 for crystal specifications. The ES is a 32 x 
2-bit register. When JASEL = 1, the JAL is positioned in the 
receive path. When JASEL = 0, the JAL is positioned in the 
transmit path. 

Data (TPOSrrNEG I TDATA or RPOS/RNEG I RD AT A) 
is clocked into the ES with the associated clock signal 
(TCLK or RCLK), 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 associated path. 

Operating Modes 

The LXT310 can be controlled by a microprocessor through 
a serial interface (Host mode), or through individual pins, 
(Hardware mode). The mode of operation is set by the 
MODE pin logic level. 

Host Mode Operation 

The LXT310 operates in the Host mode when MODE is set 
to 1. The 16-bit serial word consists of an 8-bit Command/ 
Address byte and an 8-bit Data byte. Table 6 lists the output 
data bit combinations. Figure 7 shows the serial interface 
data structure and timing. The Host mode provides a latched 
Interrupt output (INT) which is triggered by a change in the 
LOS or NLOOP bits. The Interrupt is cleared when the 
interrupt condition no longer exists, and the host processor 
writes a one to the respective bit in the serial input data byte. 

Parameter Specification 

Frequency 

Frequency Stability 

Pullability 

Effective series resistance 

Crystal cut 

Resonance 

Maximum drive level 

Mode of operation 

Crystal holder 

(I LEVEL 
ONE@ 

6.176MHz 

±20 ppm @ 25° C 

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

CL= 11.7 pF to 18.7 pF, +AF= 175 to 195 ppm 

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

40QMaximum 

AT 

Parallel 

2.0mW 

Fundamental 
HC49 (R3W), C0 = 7 pF maximum 

CM = 17 fF typical 
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Table 6: LXT310 Serial Data Output Bit Coding (See Figure 7) 

BitDS Bit D6 Bit D7 Status 

0 0 0 Reset has occurred, or no program input. 

0 0 1 TAOS active 

0 1 0 LLOOP active 

0 1 1 TAOS and LLOOP active 

1 0 0 RLOOP active 

1 0 1 NLOOP has changed state since last Clear NLOOP occurred. 

1 1 0 LOS has changed state since last Clear LOS occurred. 

1 1 1 LOS and NLOOP have both changed state since last Clear NLOOP and Clear LOS. 

Figure 7: LXT310 Serial Interface Data Structure 

cs 

SCLK 

ADDRESS I COMMAND BYTE DATA INPUT I OUTPUT BYTE 

SDl/SDO [ .... 1 AO 1 At 1 ,, i., 1 .. 1 As I A•I DO 1 01 1 021 03Jo•1 05 1 D6 1 07 J 

ADDRESS/ 
COMMAND 
BYTE 

INPUT 
DATA 
BYTE 

R/W 0 
AO 

RIW= 1: READ 
R/W = 0 : WRITE 

CLEAR INTERRUPT 

LOS NLOOP 
DO (LSB) 

1 =ENABLE 

0 0 

B8ZS LB01 

1 =ENABLE 

0 

LB02 

0 x 
A6 

X = DON'T CARE 

SET DIAGNOSTICS OR RESET 

I" ' 
RLOOP LLOOP TAOS 

D?(MSB) 
1 =ENABLE 1 =ENABLE 1 =ENABLE 

NOTE: Output Data Byte same as Input Data Byte shown above, except for Bits DS through D7 listed in Table 6. 

Host mode also allows control of the serial data and receive 
data output timing. The Clock Edge (CLKE) signal deter
mines when these outputs are valid, relative to the Serial 
Clock (SCLK) or RCLK as listed in Table 7. 
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Table 7: CLKE Settings 

Output Clock 

RPOS/RNEG RCLK 
SDO SCLK 

CLKE =0 CLKE = 1 

Rising Edge Falling Edge 
Falling Edge Rising Edge 
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The LXT310 serial port is addressed by setting bit A4 in the 
Address/Command byte, corresponding to address 16. The 
LXT310 contains only a single output data register so no 
complex chip addressing scheme is required. The register is 
accessed by causing the Chip Select (CS) input to transition 
from high to low. Bit 1 of the serial Address/Command byte 
provides Read/Write control when the chip is accessed. A 
logic 1 indicates a read operation, and a logic O indicates a 
write operation. Serial data 1/0 timing characteristics are 
shown in Table 8, and Figures 8 and 9. 

Hardware Mode Operation 

In Hardware mode the transceiver is accessed and controlled 
through individual pins. With the exception of the INT and 
CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS/ 
RNEG or RDATA outputs are valid on the rising edge of 
RCLK. TheLXT310 operatesinHardwaremodeonlywhen 
MODE is set to 0 or connected to RCLK. 

Initialization and Reset Operation 

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

The transceiver can also be reset from the Host or Hardware 
mode. In Host mode, reset is commanded by simultaneously 
writing ones to RLOOP and LLOOP, and a zero to TAOS. 

In Hardware mode, reset is commanded by holding RLOOP 
and LLOOP high simultaneously for 200 ns while holding 
TAOS low. In either mode, reset clears and sets all registers 
too. 

Diagnostic Mode Operation 

In Transmit All Ones (TAOS) mode, the TPOS and TNEG 
inputs to the transceiver are ignored and the transceiver 
transmits a continuous stream of l's at the TCLK frequency. 
(IfTCLK is not provided, TAOS is locked to the MCLK.) 
This can be used as the Blue Alarm Indicator (AIS). In Host 
mode, TAOS is commanded by writing a one to bit 07 of the 
input data byte. In Hardware mode, TAOS is commanded by 
setting pin 28 high. TAOS can be commanded simulta

neously with Local Loopback, but is inhibited during Re-

II LEVEL 
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mote Loopback. 

Local Loopback (LLOOP) is designed to exercise the maxi
mum number of functional blocks. During LLOOP opera
tion, the RTIP/RRING inputs from the line are disconnected. 
Instead, the transmit outputs are routed backinto the receive 
inputs. This tests the encoders/decoders, jitter attenuator, 
transmitter, receiver and timing recovery sections. In Host 
mode, Local Loopback is commanded by writing a one to bit 
06 of the input data byte. In Hardware mode, Local 
Loopback is commanded by setting pin 27 high. If TAOS 
and LLOOP are both set, the All Ones pattern is transmitted 
onto the line while the TPOS/TNEG input data is looped 
back to the RPOS/RNEG outputs. 

In Remote Loopback (RLOOP) mode, the transmit data and 
clock inputs (TCLK and TPOS/TNEG or TDATA) are 
ignored, and the in-line encoders and decoders are bypassed. 
The RPOS/RNEG or RDATA outputs are looped back 
through the transmit circuits and output on TTIP and 
1RING at the RCLK frequency. Receiver circuits are 
unaffected by the RLOOP command and continue to output 
the RCLK and RPOS/RNEG or RDATA signals received 
from the twisted-pair line. In Host mode, Remote Loopback 
is commanded by writing a one to bit 05 of the input data 
byte. In Hardware mode, Remote Loopback is commanded 
by setting pin 26 high. 

Network Loopback can be commanded from the network 
when the Network Loopback detect function is enabled. In 
Host mode, Network Loopback (NLOOP) detection is en
abled by simultaneously writing ones to RLOOP, LLOOP 
and TAOS, then writing zeros in the next cycle. In Hardware 
mode, Network Loopback detection is enabled by holding 
RLOOP, LLOOP and TAOS high simultaneously for 200 ns 
then bringing them to logic 0, or by tying RCLK to RLOOP. 
NLOOP detection may be disabled by resetting the chip. 

When NLOOP detection is enabled, the receiver monitors 
the input data stream for the NLOOP data patterns (00001 = 
enable, 001 =disable). WhenanNLOOPenabledatapattern 
is repeated for a minimum of five seconds (with 10-3 BER), 

the device begins remote loopback operation. The LXT310 
responds to both framed and unframed NLOOP patterns. 
Once remote network loopback detection is enabled at the 
chip and activated by the correct data pattern, it is identical 
to remote loopback initiated at the chip. NLOOP is reset by 
receiving the disable pattern for 5 seconds, or by activation 
ofRLOOP. NLOOP is temporarily interrupted by LLOOP, 
but the NLOOP state is not reset. 
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Table 9: LXT310 Serial 1/0 Timing Characteristics (See Figures 9 and 10) 

Parameter Sym Min Typ1 Max Units 

Rise/Fall time - any digital output ~ - - 100 ns 

SDI to SCLK setup time lvc 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 1it ' fp - - 50 ns 

CS to SCLK setup time tee 50 - - ns 

SCLK to CS hold time tCCH 50 - - ns 

CS inactive time tCWH 250 - - ns 

SCLK to SDO valid tCDV - - 200 ns 

SCLK falling edge or CS rising edge tCDZ - 100 - ns 

toSDOhighZ 

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

Figure 8: LXT310 Serial Data Input Timing Diagram 

cs 

SCLK 

SDI 

Figure 9: LXT310 Serial Data Output Timing Diagram 
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Application Considerations Power Requirements 

LATN Decoding Circuits and External Components The LXT310 is a low-power CMOS device. It operates from 
a single +5 V power supply which can be connected exter-

To conserve pins, the line attenuation output is encoded as a 
simple serial bit stream. Table 9 provides the decoded output 

for each equalizer setting. Figure 10 is a typical decoding 
circuit for the LA TN output. It uses a 2-bit synchronous 
counter (half ofa 4-bit counter) with synchronous reset, and 
a pair of flip-flops. Table 10 lists approved crystals and 
transformers. 

Table 9: LATN Output Coding 

L1 L2 Line Attenuation 

0 0 O.OdB 
0 1 -7.5 dB 
1 0 -15.0 dB 
1 1 -22.5 dB 

Table 10: Approved Crystals and Transformers 

Component 

Crystal 
(6.176 MHz) 

Tx Transformer 
(1: 2) 

Rx Transformer 
(1: 1) 

((I] LEVEL 
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Manufacturer 

M-Tron 
Monitor Products 
CTS Knights 
V alpey Fisher 
U .S. Crystal 

Bell Fuse 
FEE Fil-Mag 
Mid com 
Pulse Engineering 
Schott Corp 
HALO 

FEE Fil-Mag 
Midcom 
Pulse Engineering 
Schott Corp 
HALO 

nally to both the transmitter and receiver. However, the two 
inputs must be within± .3V of each other, and decoupled to 
their respective grounds separately, as shown in Figure 11. 
Isolation between the transmit and receive circuits is pro
vided internally. 

Figure 10: Typical LATN Decoding Circuit 

vcc 

RCLK 

,_ __ __. Cl CO 
Q 

i---t-----1.> R 
'---......--~ 

Q D Q D 

> 1----+-.-i.> 

L1 L2 

Part Numbers 

MP-1 3808-010 I 4144-002 
MSC13 ll-01B 
6176-180 
VF49A16FN1 
U18-18-6176SP 

0553-5006-IC 
66Z1308 
671-5832 
65351,65771 
67127370 and 67130850 
1D61-1205G and 1D67-1205G (combo Tx/Rx) 

FE 8006-155 
671-5792 
64936 and 65778 
67130840 and 67109510 
1D61-1205G and 1D67-1205G (combo Tx/Rx) 
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Host Mode Applications 

Figure 11 shows a typical Tl CSU application with the· 
LXT310 operating in the Host mode (MODE pin tied high). 
The LXP2180A Tl/ESF Framer provides the digital inter
face with the host controller. Both devices are controlled 
through the serial interface. In the Host mode, the LOS 
alarm is reported via the serial port so the LOS pin is allowed 
to float. 

An LXP600A Clock Adapter (CLAD) provides the 2.048 
MHz system backplane clock, locked to the recovered 1.544 

MHz clock signal. The 6.176 MHz crystal across XT ALIN 
and XTALOUT enables the JAL which is switched to the 
transmit side by the ground on JASEL. (Refer to Table 10 
for approved crystals and transformers.) The power supply 
inputs are tied to a common bus with appropriate decoupling 
capacitors ( 68µF and 0.1 µF) installed on each side. 

The twisted-pair interfaces are relatively simple. A 100 Q 
resistor across the input of a 1: 1 transformer is used on the 
receive side, and a pairof 12.5 n resistors are installed in line 
with the 1 :2 output transformer. 

Figure 11: Typical LXT31 O Host Mode T1/CSU Application 

TO HOST CONTROLLER 

LXP2180A 
T1 ESF 

FRAMER 

TMSYNC TFSYNC 

cs TCLK 

SDO TPOS 

SDI TNEG 

INT SPS 

SCLK RNEG 

RPOS 

RCLK 

I NOTEll:!] 

LXP600A/601 
CLKo CLAD CLKi 

2.048MHz FSi 

)NOTE[i] The LXT310 is compatible with a wide 
variety of framing/signaling devices, including the 
LXP2180A, DS2180A, MT8976, and R8070. 
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LXT310 Hardware Mode Applications 

Figure 12 is a typical 1.544 MHz ISDN PRI application with 
the LXT310, LXP2180A framer and an LXP600A clock 
adapter. The LXT310 is operating in the Hardware mode 
with BSZS encoding enabled (MODE pin 5 tied to RCLK). 
As in the Tl CSU application, Figure 11, this configuration 
is illustrated with a single power supply bus. CMOS control 

logic is used to set both LBO pins high, selecting the 22.5 dB 
LBO, and the EGL pin is tied low, allowing for full receiver 
gain. The TAOS, LLOOP and RLOOP diagnostic modes are 
individually controllable. The RCLK input to the OR gate 
at RLOOP allows for clocking of the RLOOP pin, which 
enables network loop back detection. The receive and trans
mit line interfaces are identical to the Host mode application 
shown in Figure 11. 

Figure 12: Typical LXT310 Hardware Mode Application 
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1000 

XTALOUT RTIP 

JASEL LATN 

LOS EGL 

TTIP TAING 

TGND TV+ 

68µF 

In addition to the LXP2180A, the LXT310 is compatible with a wide variey of 
framing/signaling devices, including the DS2180A, MT8976 and R8070. 

From 
CMOS 
Control 
Logic 

1:1 

1.544MHz 
RECEIVE 

1 :2 

1.544MHz 
T1 LINE _.. 
TRANSMIT 

V+ 

2-85 



LXT310 T1 CSU/ISDN PAI Integrated Long Haul Transceiver 

NOTES: 
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LXT318 
E1 NTU I /SON PR/ Transceiver 

:::1im~:::m~~11::1::::::::1::::1::::::::::::::1::1:::::::::::~i:::::::;,:~~ii::::::::::1::::111::::::::::::1:i 
The LXT318 is the first fully integrated transceiver for E 1 
Network Tennination Unit (NTU) and ISON Primary Rate 
Interface (ISON PRI) applications at 2.048 MHz. The 
transceiver operates from 0.0 km to 2.6 km of0.6 mm (22 
A WG) twisted-pair cable without any external components. 

The LXT318 offers selectable HDB3 encoding/decoding, 
and unipolar or bipolar data 1/0. The LXT318 also provides 
jitter attenuation in either the transmit or receive direction 
starting at 6 Hz, and incorporates a serial interface (SIO) for 
microprocessor control. 

The LXT318 offers a variety of diagnostic features includ
ing loopbacks and loss of signal monitoring. It is built using 
an advanced double-poly, double-metal CMOS process and 
require only a single 5-volt power supply. 

:::11~lillii::::::::::::::::::::::::1:::::::::::::i::::1::::::::1::::;:::::::::1::1::1:::::1:1:1::~1:1:1:::11::::::1::11::11:::::::::::::11. 
• PCM 30 I ISON PRI Interface (CCITT G.703, 1.431) 

• NTU (interface to El Service) 

• E 1 Mux or LAN bridge 

• CPU to CPU Channel Extenders 

• Digital Loop Carrier - Subscriber Carrier Systems 

• Channel Banks 

Preliminary Information 
February 1994 

• Fully integrated transceiver comprising: on-chip equal
izer; timing recovery/control; data processor; receiver; 
transmitter and digital control 

• Pin compatible with the LXT310 Tl CSU/ISON PRI 
(1.544 MHz) Transceiver 

• Meets or exceeds CCITT specifications including G.703, 
G.736, 1.431 and G.823 for El short haul (6 dB) orlong 
haul (43 dB) applications 

• Fully restores the received signal after transmission 
through a cable with attenuation of 43 dB @ 1024 kHz 

• Selectable Unipolar or Bipolar data 1/0 

• Selectable HOB3 encoding/decoding 

• Output short circuit current limit protection 

• On-line idle mode for testing or for redundant systems 

• Local and remote loopback functions 

• Receive monitor with Loss of Signal (LOS) output 

• Jitter attenuation starting at 6 Hz, switchable to transmit 
or receive path 

• Microprocessor controllable 

• Available in 28-pin DIP and PLCC (extended temp) 

TCLK -+---------.. ~...-_,--r----'f_., ___ _.. TRANSMIT f------...i >-Ll_N_E ___ .,.__.._ TTIP 

TPOS ~ u~:~R [ '.""-, r-..,.- 66~~~ot ~IVERS 
TNEG IL ENCODER J ~ c i..- ,..~ 1-----..... --v">------+-_..,~ TAING 

Encoder I ' TAOS Enable .--_-+-+--+-- CLKE 
Enable 1 -. cs 

[ T Serial Word SERIAL--+-+--+-- SCL.K 
D'-ec_od_e_r~R~L~0~0~~..-+-1--~f+tl-l++---~L-O-S-"='-'-""--=----~~--~ PORT .._ SDI 

Enable Enable Clear t---;t-,;t--t._ 
XTAL IN 1 LLOOP ..____ SDO 

XTAL OUT --t---+----+-+-+-__ j JITTER Enable LOCAL 
JASEL )ATTENUATOR LOOPBACK 

[ REMOTE J 
. LOOPBACK 

I =f EQUALIZER~ 
I II.. CONTROL Gain 
I 

t-- RTIP RPOS ~~ HDB3/ 1 ~ i--1 ~ TIMING t.-. ~ ~ t.-I .../":' <l 
~ UNIPOLAR l .;:._-- ~ _. & DATA r--' NOISE & r--1 ;/'"' 

RNEG _. DECODER .._ ~ ~ RECOVER~ CROSSTALK f-- RECEIVE ~t..-~- ARING 
RCLK -1--------...-------..-Jm-t_-~_J FILTER EQUALIZER 

I--
INT.._ LOS ~ 

LOS -+----------!PROCESSOR j.--
J---J 

•
LEVEL 
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I SLICERS 
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Operating Conditions/Characteristics 

Parameter Sym Min Typ1 Max Units Test Conditions 

DC supply 2 RV+, TV+ 4.75 5.0 5.25 v 
Ambient operating temperature TA -40 - +85 oc 
Power dissipation 3 PD - 300 400 mW IOO% ones density & maximum 

line length@ 5.25 V 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
2 'IV+ must not differ from RV+ by more than 0.3 V. 
3 Power dissipation while driving 25 0 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. 

Digital Characteristics (T• = -40" to 85°C, V+ = 5.0 V ±5%, GND = 0 V) 

Parameter Sym Min Typ 
High level input voltage 1• 2 (pins I-5. 10, 23-28) VIH 2.0 -
Low level input voltage 1• 2 (pins 1-5, 10, 23-28) VIL - -
High level output voltage 1• 2 (pins 6-8, 12, 23, 25) YOH 2.4 -
Low level output voltage 1• 2 (pins 6-8, 12, 23, 25) VOL - -

Input leakage current ILL 0 -
Three-state leakage current 1 (pin 25) 1r. 0 -

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

Analog Characteristics· (T. = -40" to 85°C, V+ = 5.0 V ±5%, GND = O V) 

Parameter Min Typ1 

Recommended output load at TTIP and TRING 50 120 

AMI Output Pulse Amplitudes 2.7 3.0 

Jitter added by the transmitter 2 20Hz - IOOkHz 3 - -
Input jitter tolerance } 20 kHz - IOO kHz 0.2 0.3 

IOHz IOO 500 

Jitter attenuation curve comer fr~uenc;y_ 4 - 6 

Receive s.!g_nal attenuation ran~ @ I024 kHz 0 43 

Allowable consecutive zeros before LOS 160 175 

Max 
-

0.8 

-
0.4 

±IO 

±IO 

Max 

200 

3.3 

0.05 

-
-
-

-
190 

Minimum Retum Loss 9• 10 Transmit Receive 
Min Typ Min Typ 

51 kHz - I02 kHz TBD TBD 12 TBD 

I02 kHz - 2.048 MHz TBD TBD 18 TBD 

2.048 MHz - 3.072 MHz TBD TBD 14 TBD 
1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subiect to production testing. 
2 Input signal to TCLK is jitter-free. 
' Guaranteed by characterization; not subj"Ct to production testing. 
4 Circuit attenuates jitter at 20 dB/decade above the corner frequency. 
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Units 
v 
v 
v 
v 

µA 
µA 

Units 

n 
v 
UI 

UI 

UI 

Hz 

dB 

-

dB 

dB 

dB 

Test Conditions 

l0 ur=- 400 µA 

10 ur=l.6mA 

Test Conditions 

measured at the 

output 

0-43 dB line 
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MCLK 1 28 CLKEfTAOS 
MCLK 

TCLK 2 27 SCLK/LLOOP 
TCLK CLKEfTAOS 

TPOS 3 26 CS/RLOOP 
TPOS SCLK/LLOOP 

TNEG 4 25 SDO 
TNEG CS/RLOOP 

MODE 5 24 SDI MODE 
RNEG 6 23 INT SDO 

RPOS 7 22 RGND 
RNEG SDI 

RCLK 8 21 RV+ 
RPOS INT 

XTALIN 9 20 RRING 
RCLK RGND 

XTALOUT 10 19 RTIP 
XTALIN RV+ 

JASEL 11 18 LATN 
XTALOUT RRING 

LOS 12 17 GND 
JASEL RTIP 

TTIP 13 16 TRING LOS 
TGND 14 15 TV+ LATN 

TTIP GND 
28-Pin TGND TRING 

DIP 

Table 1: Pin Descriptions 

Pin# Sym 1/0 

1 MCLK I 

2 TCLK I 

3 TPOS/ I 
TDATA 

4 TNEG/ I 
UBS 

5 MODE I 

6 RNEG/ 0 
BPV 

7 RPOS/ 0 
RDATA 

8 RCLK 0 

f'ff!I LEVEL 
U!!IONE@ 

Name 

Master Clock 

Transmit 
Clock 

Transmit Data 
Input 

Data Input/ 
Polarity Select 

Mode Select 

Receive 
Negative Data 

Receive 
Positive Data 

Receive Clock 

TV+ 

Description 

A 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. 

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

Input for data to be transmitted on the twisted-pair line. Normally, pin 3 is 
TPOS and pin 4 is TNEG, the positive and negative sides of a bipolar input 
pair. However, when pin 4 is held high for at least 16 TCLK cycles 
(equivalent to 1.5 successive bipolar violations), the LXT318 switches to a 
unipolar mode. Unipolar mode pin functions are listed in Table 2. 

Setting MODE to logic 1 puts the LXT318 in the Host mode. In the Host 
mode, the serial interface is used to control the LXT318 and determine its 
status. Setting MODE to logic 0 puts the LXT318 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. Tying MODE to 
RCLK activates the Hardware mode and enables the HDB3 encoder/ 
decoder. 

Bipolar data outputs. A signal on RNEG corresponds to receipt of a 
negative pulse on RTIP/RRING. A signal on RPOS corresponds to receipt 
of a positive pulse on RTIP/RRING. RNEG/RPOS outputs are Non-Return-
to-Zero (NRZ). In Host mode, CLKE determines the clock edge at which 
these outputs are stable and valid. In Hardware mode both outputs are 
stable and valid on the rising edge of RCLK. 
In Unipolar mode, pin 6 output is a Bipolar Violation indication and pin 7 is 
the unipolar data output. See Table 2 for Unipolar mode functions. 

This is the clock recovered from the signal received at RTIP and RRING. 

2-89 
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Table 1: Pin Descriptions continued 

Pin# Sym 1/0 Name 

9 XTALIN I Crystal Input 

10 XfAI..OUr 0 Crystal Output 

Jitter 
11 JASEL I Attenuation 

Select 

12 LOS 0 Loss Of Signal 

13 TTIP 0 Transmit Tip 

16 1RING 0 Transmit Ring 

14 TGND - Tx Ground 

15 TV+ I Transmit 
Power Supply 

17 GND - Ground 

18 LATN 0 Line 
Attenuation 
Indication 

19 RTIP I Receive Tip 

20 RRING I Receive Ring 

21 RV+ I Receive Power 
Supply 

22 RGND - Rx Ground 

23 INT 0 Interrupt 
(Host Mode) 

GND - Ground 
(HIWMode) 

24 SDI I Serial Data In 
(Host Mode) 

GND - Ground 
(HIWMode) 

2-90 

Description 

An external crystal (l 8. 7 pF load capacitance, pull able) operating at four 
times the bit rate ( 8.192 MHz) is required to enable the jitter attenuation 
function of the LXT318. 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 XT ALO UT pin to ground. 

Selects jitter attenuation location. When JASEL = 1, the jitter attenuator is 
active in the receive path. When JASEL = 0, the jitter attenuator is active in 
the transmit path. 

LOS goes to logic 1 after 175 consecutive spaces and returns to logic 0 when 
the received signal reaches 12.5% mark density (minimum of four marks 
within 32 bit periods, with no more than 15 consecutive zeros.) Received 
marks are output on RPOS and RNEG even when LOS is at a logic 1. 

Differential Driver Outputs. These outputs are designed to drive a 50 - 200 
Q load. Line matching resistors and transformer can be selected to give the 
desired pulse height. 

Ground return for the transmit drivers power supply TV+. 

+5 VDC power supply input for the transmit drivers. TV+ must not vary 
from RV+ by more than± 0.3V. 

This pin must be tied to ground. 

Encoded output. Pulse width, relative to RCLK, indicates receive equalizer 
gain setting (line insertion loss at 1024 kHz) in 9.5 dB steps. WhenLATN = 
1 RCLK pulse, the equalizer is set at 9.5 dB gain; 2 pulses= 19 dB; 3 pulses 
= 28.5 dB and 4 pulses= 0 dB. Output is valid on the rising edge ofRCLK. 

The AMI signal received from the line is applied at these pins. A 1: 1 
transformer is required. Data and clock from the signal applied at these pins 
are recovered and output on the RPOS/RNEG, and RCLK pins. 

+5 VDC power supply for all circuits except the transmit drivers. (Transmit 
drivers are supplied by TV+.) 

Ground return for power supply RV+. 

In Host mode, this pin goes low to flag the host processor when LOS 
changes state. INT is an open drain output and should be tied to power 
supply RV+ through a resistor. Reset INT by clearing the LOS register bit. 

In Hardware mode, this pin is inactive and should be tied to ground. 

The serial data input stream is applied to this pin when the LXT318 operates 
in the Host mode. SDI is sampled on the rising edge of SCLK. 

This pin is inactive in the Hardware mode and should be tied to ground. 

• LEVEL 
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Table 1: Pin Descriptions continued 

Pin# Sym 1/0 Name Description 

25 SDO 0 Serial Data Out In the Host mode, serial data from the on-chip register is output on this 
(Host Mode) pin. 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. SDO goes to a 
high-impedance state when the serial port is being written to. 

GND - Ground 1hls pin is inactive in the Hardware mode and should be tied to ground. 
(HIW Mode) 

26 cs I Chip Select In the Host mode, this input is used to access the serial interface. For 
(Host Mode) each read or write operation, CS must transition from high to low, and 

remain low. 

RLOOP I Remote Loopback In the Hardware mode, this input controls remote loopback. Setting 
(HIW Mode) RLOOP to a logic 1 enables Remote Loopback. During Remote 

Loopback, in-line encoders and decoders are bypassed. Setting both 
RLOOP and LLOOP while holding TAOS low causes a Reset. 

27 SCLK I Serial Clock In the Host mode, this clock is used to write data to or read data from 
(Host Mode) the serial interface registers. 

LLOOP I Local Loopback In the Hardware mode, this input controls local loopback. Setting 
(HIW Mode) LLOOP to a logic 1 enables the Local Loopback Mode. Setting both 

LLOOP and RLOOP while holding TAOS low causes a Reset. 

28 CLKE I Clock Edge In the Host mode, this pin controls transitions of the data outputs. 
(Host Mode) Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the 

falling edge of RCLK, and SDO to be valid on the rising edge of 
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the 
rising edge of RCLK, and SDO is valid on the falling edge of SCLK. 

TAOS I Transmit All Ones In the Hardware mode, this pin controls the TAOS function. When set 
(HIWMode) to a logic 1, TAOS causes the LXT318 to transmit a stream of marks at 

the TCLK frequency. Activating TAOS causes TPOS and TNEG 
inputs to be ignored. TAOS is inhibited during Remote Loopback. 

Table 2: Unipolar Data 1/0 Pin Descriptions 

Pin# Sym 1/0 Name Description 

3 TDATA I Transmit Data Unipolar input for data to be transmitted on the twisted-pair line. 

4 UBS I Uni-Bi When pin 4 is held high for at least 16 TCLK cycles (equivalent to 15 
Polarity Select successive bipolar violations), the LXT318 switches to unipolar data 1/0. 

The device immediately returns to bipolar 1/0 when pin 4 goes low. 

6 BPV 0 Bipolar Violation Pin 6 goes high when a bipolar violation is received. 

7 RDATA 0 Receive Data Unipolar data output. RDATA is a Non-Return-to-Zero (NRZ) output. 
In Host mode, CLKE determines the clock edge at which RDA TA is 
stable and valid. In Hardware mode RDA TA is stable and valid on the 
rising edge of RCLK. 

Note: Table 2 lists only those pins which are affected by the switch to unipolar data 1/0. 

f~LEVEL liiaONE@ 2-91 
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Functional Description 

The LXT318 is a fully integrated PCM transceiver for 2.048 
MHz (E 1) applications. It allows full-duplex transmission 
of digital data over existing twisted-pair installations. 

The LXTI 18 transceiver interfaces with two twisted-pair 
lines (one twisted-pair for transmit, one twisted-pair for 
receive) through standard pulse transformers and appropri
ate resistors. 

Figure 1 is a block diagram of the LXT3 l 8. This transceiver 
may be controlled by a microprocessor through the serial 
port (Host Mode), or by individual pin settings (Hardware 
Mode). The jitter attenuator may be positioned in either the 
transmit or receive path, as determined by pin 11 (JASEL). 

Transmitter 

Input data (bipolar or unipolar) for transmission onto the line 
is clocked serially into the LXT3 l 8. Bipolar data is input at 
pin 3 (TPOS) and pin 4 (lNEG). Unipolardatais input at pin 
3 (TDAT A) only. (Unipolar mode is enabled by holding pin 
4 high for 16 RCLK cycles). Input data may be passed 
through the Jitter Attenuator and/or HDB3 encoder, if se-

Figure 2: LXT318 Transmit Clock Timing 

~ ~ITTi 
TCLK 

~~ TPOS 
TNEG 

lected. In Host mode, HDB3 is selected by setting bit D3 of 
the input data byte. In Hardware mode, HDB3 is selected by 
connecting the MODE pin to RCLK. Input synchronization 
is supplied by the transmit clock (TCLK). Timing require
ments for TCLK and the Master Clock (MCLK) are defined 
in Figure 2 and Table 3. 

Line Code 

The LXT318 transmits data as a 50% AMI line code as 
shown in Figure 3. Biasing of the transmit DC level is on
chip. Shaped pulses meeting the various CCITT require
ments are applied to the AMI line driver for transmission 
onto the line at TTIP and TRING. Refer to Figure 4 for El 
pulse mask specifications. 

Idle Mode 

The LXTI 18 incorporates a transmit idle mode. This allows 
multiple transceivers to be connected to a single line for 
redundant applications or for testing purposes. TTIP and 
TRING remain in a high impedance state when TCLK is not 
present (TCLK grounded). The high impedance state can be 
temporarily disabled by enabling Remote Loopback. 

Figure 3: 50% AMI Coding Diagram 

BIT CELL I 

1'111 ... 
- I - ,____ I 

I 

TTIP 
I 

I I 

+- -r - I -

TAING 
....L _, -,- - I-

Table 3: LXT318 Master Clock and Transmit Timing Characteristics (See Figure 2) 

Parameter Sym Min Typt Max 

Master clock frequency MCLK - 2.048 -
Master clock tolerance MCLKt - ±100 -

Master clock duty cycle MCLKd 40 - 60 

Crystal frequency fc - 8.192 -
Transmit clock frequency TCLK - 2.048 -
Transmit clock tolerance TCLKt - - ±100 

Transmit clock duty cycle TCLKd 10 - 90 

TPOSflNEG to TCLK setup time lsur 50 - -
TCLK to TPOSflNEG Hold time ~T 50 - -

I 0 Typical figures are at 25 C and are for design 31d only, not guaranteed and not subject to production testing. 
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Units 

MHz 

ppm 

% 

MHz 

MHz 

ppm 

% 

ns 

ns 

Notes 
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Short Circuit Limit 

The LXT318 transmitter is equipped with a short-circuit 
limiter. This feature limits to approximately 120 mA RMS 
the current the transmitter will source into a low-impedance 
load. The limiter trips when the RMS current exceeds the 

limit for 100 µs (- 150 marks). Itautomaticallyresets when 
the load current drops below the limit. 

The LXT318 meets or exceeds CCITI specifications for 
NTU applications, as well as requirements for ISON PRI. 

Figure 4: 2.048 MHz E1 Pulse Mask 

269 ns 

Figure 5: LXT318 Receive Clock Timing 

RCLK 

RPOS 
RNEG 

!SUR IHR 

Parameter 

Test load impedance 

Nominal peak mark voltage 

Nominal peak space voltage 

Nominal pulse width 

Ratio of positive and negative 
pulse amplitudes at center of 
pulse ' 

Ratio of positive and negative 
pulse amplitudes at nominal 
half amplitude 

Receiver 

TPW Units 

120 Q 

3.0 v 

0±0.30 v 

244 ns 

95-105 % 

95-105 % 

The receiver input from the twisted-pair is received via 
a 1: 1 transformer. Recovered data is output at RPOS/ 
RNEG (ROAT A in unipolar mode), and the recovered 
clock is output at RCLK. Refer to Figure 5 and Table 
4 for receiver timing. 

RPos-f.1---~~=~~=~ 
RNEG--1·~---' '------fl 

Host Mode (it CLKE = 0) 
/-and Hardware Mod~ 

The signal received at RTIP and RRING is processed 
through the receive equalizer which may apply up to 43 
dB of gain. Insertion loss of the line, as indicated by the 

Table 4: LXT318 Receive Timing Characteristics (See Figure 5) 

Parameter Sym Min Typ1 Max Units 

Receive clock duty cycle 2 RCLKd 40 50 60 % 

Receive clock pulse width 2 ~ - 488 - ns 

Receive clock pulse width high 1i.wu - 244 - ns 

Receive clock pulse width low ~L 220 244 268 ns 

RPOS I RNEG to RCLK rising setup time tSUR - 194 - ns 

RCLK rising to RPOS /RNEG hold time luR - 194 - ns 

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
2 RCLK duty cycle widths will vary 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 2.048 MHz.) 

•
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receive equalizer setting, is encoded in the LA 1N output as 
shown in Figure 6. 

The equalized signal is filtered and applied to 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. The threshold is set to 50% of the peak value. 
The receiver is capable of accurately recovering signals with 
up to 43 dB of cable attenuation (from 2.7 V). 

After processing through the data slicers, the received signal 
is routed to the data and timing recovery section, then to the 
HDB3 decoder (if selected) and to the LOS processor. The 
data and timing recovery sections provide an input jitter 
tolerance significantly better . than required by CCITT 
G.823, as shown in Figure 7. 

The LOS Processor loads a digital counter at the RCLK 
frequency. The count is incremented each time a zero 
(space) is received, and reset to zero each time a one (mark) 
is received. Upon_receipt of 175 consecutive zeros the LOS 

Figure 6: LXT318 Line Attenuation (LATN) Pulse Width Encoding 

RCLK 

i....--t1...,_1 - .:-- - .:-- - ~ 

LATN 
- - -1- - - I - - - . 

2 I 3 4 5 

I ILATN = 4 RCLK, 0 dB of Attenuation 

,LATN = 3 RCLK, 28.5 dB of Attenuation 

1 ,LATN = 2 RCLK, 19 dB of Attenuation 

_LATN = 1 RCLK, 9.5 dB of Attenuation 

Figure 7: LXT318 Jitter Tolerance@ 43 dB (Typical) 

... 
Q) .... 

:t::: ..., 
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1k UI 

100 UI 

10 UI 

1.5 UI 
1 UI 

0.2 UI 

.1 UI 

1 Hz 10 Hz 

' 
' ' ____ J __________ ~ _________ J _________ _ 

' LXT31S Jitter Tolerance 

Slope equivalent to 20 dB 
• perdecade 

100 Hz 1 kHz 10 kHz 

Frequency 

0.5UI@ 

100 kHz 

•
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pin goes high, and a smooth transition replaces the RCLK 
output with the MCLK. (During LOS , if MCLK is not 
supplied and JASEL = 1, the RCLK output is replaced with 
the centered quartz crystal frequency.) 

adjusts the output clock by 1/8 of a bit period. The ES 
produces an average delay of 16 bits in the associated path. 

Table 5: LXT318 Crystal Specifications (External) 

Received marks will be output regardless of the LOS status, 
but the LOS pin will not reset until the ones density reaches 
12.5 %. This level is basedonreceiptofatleast4onesinany 
32 bit periods, with no more than 15 consecutive zeros. 

Parameter 

Frequency 

Frequency Stability 

Specification 

8.192MHz 

±20 ppm @ 25° C 

Jitter Attenuation ± 25 ppm from -40° C to + 85° C 

Jitter attenuation is provided by a Jitter Attenuation Loop 
(JAL) and an Elastic Store (ES). Figure 8 shows the LXT318 
jitter attenuation performance compared with the jitter tem
plate specified by CCITT G. 736. An external crystal oscil
lating at 4 times the bit rate provides clock stabilization. 
Refer to Table 5 for crystal specifications. The ES is a 32 x 
2-bit register. When JASEL = 1, the JAL is positioned in the 
receive path. When JASEL = 0, the JAL is positioned in the 
transmit path. 

Pull ability 

Effective series 
resistance 

Crystal cut 

Resonance 

Drive level 

Mode of operation 

(Ref 25° C reading) 

CL= 11pFto18.7 pF, 
+~ = 175 to 195 ppm 

CL= 18.7pFto 34pF, 
-~= 175to 195ppm 

40 n max 

AT 

Parallel 

2.0mWmax 

Fundamental 

Data (TPOSffNEG I TD A TA or RPOS/RNEG I RDA TA) 
is clocked into the ES with the associated clock signal 
(TCLK or RCLK), 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 Crystal holder HC49 (R3W), C0 = 7 pF max 

CM = 17 fF typical 

Figure 8: LXT318 Jitter Attenuation (Typical) 

-20dB 

-30 dB 
.... ;LXT318 Performance 

' ' 
CCITT G.736 Template 
Slope equivalent to 20 

~ dB, per decade 

-40 dB 
I : I : I 

- ...... l - ~ - - _. ~I~ ...... - ~ - ~ ..,. - " ";" ...... ~ .., .... .,. I... -

- - ... :. - - ... .., .... .,,1 ... - ..... - ~ ~ ~- .... "' :. ............ - ~ : ....... "' _ 1 ...... ;... - "' ....... - "' - .J ....... - .- .., ........ "' - ... 
I ~ I • I I ' 

-60 d~ Hz 
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liiii!! ONE ® 
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Control Modes 

The LXT3 l 8 transceiver can be controlled by a micropro
cessor through a serial interface (Host mode), or through 
individual hard-wired pins (Hardware mode). The mode of 
operation is determined by the inputto pin 5 (MODE). With 
MODE set high (1), the LXT3 l 8 operates in the Host mode. 
With MODE set low (0), the LXT318 operates in the 
Hardware mode. With MODE tied to RCLK, the LXT3 l 8 
operates in the Hardware mode with the HDB3 encoder/ 
decoder enabled. The LXT3 l 8 can also be commanded to 
operate in one of several diagnostic modes. 

Host Mode Control 

The LXT3 l 8 operates in the Host mode when pin 5 (MODE) 
is set high. In Host mode the LXT318 is controlled through 
theserial I/O port(SIO) by a microprocessor. TheLXT318 
provides a pairof data registers, one for command inputs and 
one for status outputs, and an interrupt (I Nn output. 

An SIO transaction is initiated by a low-going pulse on the 
two Chip Select pin, CS. The 318 responds by writing the 
incoming serial word from the SDI pin into its command 
register. If the command word contains a read request, the 
318 subsequently outputs the contents of its status register 
onto the SDO pin. The Clock Edge (CLKE) signal deter
mines when the SDO and receive data outputs are valid, 
relative to the Serial Clock (SCLK) or RCLK as listed in 
Table 6. 

Table 6: CLKE Settings 

CLKE Output Clock Valid Edge 

RPOS RCLK Rising 
LOW RNEG RCLK Rising 

SDO SCLK Falling 

RPOS RCLK Falling 
HIGH RNEG RCLK Falling 

SDO SCLK Rising 

The 16-bit serial word consists of an 8-bit Command/ 
Address byte and an 8-bit Data byte as shown in Figures 9 
and 10. SIO timing characteristics are shown in Table 8, and 
Figures 11and12. 

Serial Input Word 
Figure 9 shows the Serial Input data structure. The LXT318 
is addressed by setting bitA4 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 8 bits of a write operation, the Data Input byte, 
clear Loss of Signal (LOS) interrupts, reset the chip, and 
control HDB3 encoding/decoding, and diagnostic modes. 
The first bit (DO) clears and/or masks LOS interrupts, the 
third bit (D2) enables or disables HDB3 coding/decoding, 
and the last 3 bits (05 - D7) control operating modes (normal 
and diagnostic) and chip reset. Refer to Table 7 for details 
on bits D5 - D7. 

Table 7: SIO Input Bit Settings (See Figure 9) 

Mode RLOOP LLOOP TAOS 
Bit OS BitD6 BitD7 

RLOOP 1 0 N/A 
LLOOP 0 1 N/A 

TAOS 0 N/A 1 

RESET 1 1 0 

Serial Output Word 
Figure I 0 shows the Serial Output data structure. When the 
Serial Input word had bit AO= 1, the LXT318 drives the 
output data byte onto the SDO pin. The output data byte 
reports Loss of Signal (LOS) conditions, HDB3 code set
ting, and operating modes (normal or diagnostic as shown 
in Table 8). The first bit (DO) reports LOS status. The third 
bit (D2) reports the HDB3 setting. The last 3 bits (D5 - D7) 
report operating modes and interrupt status. 

Table 8: LXT318 Serial Data Output Bit Coding (See Figure 10) 

Bit OS Bit 06 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

2-96 

Bit 07 

0 

1 

0 

1 

0 

I 

0 

1 

Status 

Reset has occurred, or no program input. 

TAOS active 

LLOOP active 

TAOS and LLOOP active 

RLOOP active 

Reserved 

LOS has changed state since last Clear LOS occurred 

Reserved 
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The Host mode provides a latched Interrupt output pin, I NT. 
An interrupt is triggered by a change in the LOS bit (DO of 
the output data byte). If the I NT line is high (no interrupt is 
pending), bits 05 - D7 report the operating modes listed in 

Figure 9: LXT318 SIO Input Data Structure 

cs 

SCLK 

SDI 

ADDRESS/ 
COMMAND 
BYTE 

INPUT 
DATA 
BYTE 

ADDRESS I COMMAND BYTE 

LOS 
DO (LSB) 
1 =CLEAR 

0 HDB3 0 

1 =ENABLE 

Figure 10: LXT318 SIO Output Data Structure 

cs 

SCLK 

ADDRESS I COMMAND BYTE 

Table 8. If the I NT line is low, the interrupt status overrides 
all other reports and bits 05 - D7 reflect the interrupt status 
as listed in Table 8. 

INPUT DATA BYTE 

0 RLOOP LLOOP TAOS 
D7(MSB) 

1 =ENABLE 1 = ENABLE 1 = ENABLE 

X = DON'T CARE 

1 
SDI R!W 

SDO 

OUTPUT 
DATA 
BYTE 

,,LEVEL liilONE@ 

LOS 
DO (LSB) 

1 =TRUE 

OUTPUT DATA BYTE 

0 HDB3 0 0 RLOOP LLOOP TAOS 
07 (MSB) 

1 =ENABLED 1 = ENABLED 1 = ENABLED 1 =ENABLED 
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Table 9: LXT318 Serial 1/0 Timing Characteristics (See Figures 11 and 12) 

Parameter Sym Min Typ1 Max Units 

Rise/Fall time - any digital output ~ - - 100 ns 

SDI to SCLK setup time ~e 50 - - ns 

SCLK to SDI hold time teDH 50 - - ns 

SCLK low time tCL 240 - - ns 

SCLK high time teH 240 - - ns 

SCLK rise and fall time ~.~ - - 50 ns 

CS to SCLK setup time tee 50 - - ns 

SCLK to CS hold time teen 50 - - ns 

CS inactive time teWH 250 - - ns 

SCLK to SDO valid teDV - - 200 ns 

SCLK falling edge or CS rising teoz - 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 11: LXT318 Serial Data Input Timing Diagram 

SCLK 

SDI 

Figure 12: LXT318 Serial Data Output Timing Diagram 
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cs 

SCLK 

SDO 
CLKE= 

SDO 
CLKE = O'-----' 

Test Conditions 

Load 1.6 mA, 50pF 
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Interrupt Handling 
As shown in Figure 13, the interrupt generator can be 
masked by writing a one to the respective bitoftheinputdata 
byte (DO). When an interrupt has occurred, the I NT output 
pin is pulled low. The output stage of the I NT pin consists 
only of a pull-down device. Hence, an external pull-up 
resistor is required. The interrupt is cleared as follows: 

1. If the interrupt bit (LOS, DO of the output data byte) is 
high, writing a one to the respective input bit (DO, of the 
input data byte) will clear the interrupt. Leaving a one 
in this bit position will effectively mask the interrupt. 
To re-enable the interrupt capability, reset DO to zero. 

2. If the LOS bit is not high, the interrupt will be cleared 
by resetting the chip. To reset the chip, set data input 
bits D5 and D6 = 1, and D7 = 0. 

Figure 13: LXT318 Interrupt Handling 

Start-up or Reset -
Interrupt Enabled 

INT= High (No Interrupt) 

No 

Read Output Status Word* 
(bits DS - D7 =Operating Mode) 

• Regardless of Interrupt Status, 
bit DO indicates LOS status, and 
bit 02 indicates HDB3 status. 
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Read Output Status Word* 
(bits DS - D7 = Interrupt Status) 

Write a "1" to DO of 
Input Status Word to 

Clear/Mask LOS 
Interrupt 

INT goes high 

No 

Write a "O" to DO of 
Input Status Word to 

re-enable LOS 
Interrupt 

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

Read Output Status Word* 
(bits DS - D7 =Operating Mode) 

• Regardless of Interrupt Status, 
bit DO indicates LOS status, and 
bit 02 indicates HDB3 status 

2·99 

fl 



LXT318 E1 NTU/ISDN PRI Integrated Long Haul Transceiver 

Hardware Mode Operation 

In Hardware mode the transceiveris accessed and controlled 
through individual pins. With the exception of the INT and 
CLKE functions, Hardware mode provides all the functions 
provided in the Host mode. In the Hardware mode RPOS/ 
RNEG or RDATA outputs are valid on the rising edge of 
RCLK. TheLXT318 operatesinHardwaremodeonlywhen 
MODE is set to 0 or connected to RCLK. 

Initialization and Reset Operation 

Upon power up, the transceiver is held static until the power 
supply reaches approximately 3V. Upon crossing this 

threshold, the device begins a 32 ms reset cycle to calibrate 
the transmit and receive delay lines and lock the Phase Lock 
Loop to the receive line. A reference clock is required to 
calibrate the delay lines. The transmitter reference is pro

vided by TCLK. The crystal oscillator provides the receiver 
reference. If the crystal oscillator is grounded, MCLK is 
used as the receiver reference clock. All PLLs are continu

ously calibrated. 

The transceiver can also be reset from the Host or Hardware 
mode. InHostmode,resetis commanded by simultaneously 
writing ones to RLOOP and LLOOP, and a zero to TAOS. 

In Hardware mode, reset is commanded by holding RLOOP 
and LLOOP high simultaneously for 200 ns while holding 
TAOS low. In either mode, reset sets all registers to 0. 

Diagnostic Mode Operation 

Transmit All Ones. See Figure 14. In Transmit All Ones 

(TAOS) mode the TPOS and TNEG inputs to the transceiver 

are ignored and the transcei vertransmits a continuous stream 
of 1 'sattheTCLK frequency. (In theLXT318 with JASEL 
= 0 and TCLK not provided, TAOS is locked to the MCLK.) 

This can be used as the Blue Alarm Indicator (AIS). In Host 
mode, TAOS is commanded by writing a one to bit D7 of the 

input data byte. In Hardware mode, TAOS is commanded by 
setting pin 28 high. TAOS can be commanded simulta

neously with Local Loopback as shown in Figure 15, but is 
inhibited during Remote Loopback. 
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LocalLoopback. SeeFigure 16. LocalLoopback(LLOOP) 

is designed to exercise the maximum number of functional 

blocks. During LLOOP operation, the RTIP/RRING inputs 
from the line are disconnected. Instead, the transmit outputs 

are routed back into the receive inputs. This tests the 

encoders/decoders, jitter attenuator, transmitter, receiver 

and timing recovery sections. In Host mode, Local Loop

back is commanded by wrting a one to bit D6 of the input 
data byte. In Hardware mode, Local Loopback is com
manded by setting pin 27 high. IfTAOS and LLOOP are 

both set, the All Ones pattern is transmitted onto the line 
while the TPOS/TNEG input data is looped back to the 

RPOS/RNEG outputs through the jitter attenuator. 

Remote Loopback. See Figure 17. In Remote Loopback 
(RLOOP) mode, the transmit data and clock inputs (TCLK 
and TPOS/TNEG or TDATA) are ignored, and the in-line 

encoders and decoders are bypassed. The RPOS/RNEG or 

RDATA outputs are looped back through the transmit cir
cuits and output on TTIP and TRING at the RCLK fre
quency. Receiver circuits are unaffected by the RLOOP 

command and continue to output the RCLK and RPOS/ 
RNEG or RDATA signals received from the twisted-pair 

line. In Host mode, Remote Loopback is commanded by 
writing a one to bit D5 of the input data byte. In Hardware 
mode, Remote Loopback is commanded by setting pin 26 

high. 

Application Considerations 

LATN Decoding Circuits and External Components 

The line attenuation (LA TN) output is encoded as a simple 
serial bit stream for use in line monitoring applications. 
Table 10 provides the decoded output for each equalizer 
setting. Figure 18 is a typical decoding circuit for the LA TN 

output. It uses a 2-bit synchronous counter (half of a 4-bit 
counter) with synchronous reset, and a pair of flip-flops. 

Table 11 lists approved crystals and transformers. 
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Figure 14: TAOS Data Path 

Transmit All Ones = .LJ..QQe BLQQf IAQS 
0 0 1 

TAOS Timing& TTIP 

TCLK Control TAING 
TPOS (All 1s) 
TNEG 

RCLK Timing RTIP 
RNEG Recovery ARING RPOS 

Figure 16: Local Loopback Data Path 

Local Loopback = .LJ..QQe BLQQf IAQS 
1 0 0 

TPOS 
TNEG 
TCLK 

RCLK TIP 
RNEG 

RING RPOS 

Table 10: LATN Output Coding 

L1 L2 Line Attenuation 

0 0 
0 1 
1 0 
1 1 
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0.0 dB 
-9.5 dB 

-19.0 dB 
-28.5 dB 

Figure 15: TAOS with LLOOP Data Path 

Transmit All Ones = LLQQe BLQQf IAQS 
+ Local Loopback 1 0 1 
TAOS 
TPOS TTIP 
TNEG 
TCLK TAING 

(All 1s) 

RCLK RTIP 
RNEG 

ARING RPOS 

Figure 17: Remote Loopback Data Path 

Remote Loopback = LLQQe BLQQf IAQS 
0 1 0 

TPOS 
TNEG 
TCLK 

RCLK 
RNEG 
RPOS 

Figure 18: Typical LATN Decoding Circuit 

vcc 
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Power Requirements 

The LXT318 is a low-power CMOS devices. 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 ofeach other, and decoupled 
to theirrespecti ve grounds separate I y, as shown in Figure 19. 

Isolation between the transmit andrecei ve circuits is provided 

internally. 

Table 11: Approved Crystals and Transformers 

Component Manufacturer 

Crystal CTS Knights 
(8.192MHz) M-Tron 

Monitor Products 
U.S. Crystal 
V alpey Fisher 

Tx Transformer Bell Fuse 
(1 :2) FEE Fil-Mag 

Midcom 
Pulse Engineering 
Schott Corp 
HALO 

Rx Transformer FEE Fil-Mag 
( 1: 1) Midcom 

Pulse Engineering 
Schott Corp 
HALO 
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LXT318 Host Mode Applications 

Figure 19 shows a typical El NTU application with the 
LXT318 operating in the Host mode (MODE pin tied high). 

The LXP2181A El/CRC Framer provides the digital inter

face with the host controller. Both devices are controlled 

through 1he serial interface. In 1he Host mode, the LOS 

alarm is reported via the serial port so the LOS pin is not used 
(although it still reports valid LOS status.) 

The 8.192 MHz crystal across XTALIN and XTALOUT 
enables the JAL which is switched to the transmit side by the 

ground on JASEL. The power supply inputs are tied to a 
common bus with appropriate decoupling capacitors ( 68µF 
and 0 .1 µF) installed on each side. 

The line interfaces are relatively simple. A 120 n resistor 
(for TWP applications) across the input ofa 1: 1 transformer 

is used on the receive side, and a pair of 15 n resistors are 
installed in series with the 1 :2 transmit transformer. 

Part Numbers 

8192-100 
3808-020 
MSC131 l-01B-8.192 
U18- l 8-8192SP 
VF49A16FN1-8.192 

0553-5006-IC 
6621308 
671-5832 
65351, 65771 
67127370 and 67130850 
TD61-1205G and TD67-1205G (combo Tx/Rx) 

FE 8006-155 
671-5792 
64936 and 65778 
67130840 and 67109510 
TD61-1205G and TD67-1205G (combo Tx/Rx) 
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Figure 19: Typical LXT318 Host Mode E1 I NTU Application 

X 2181A 
E1 CRC4 
FRAMER 

TMSYNC TFSYNC 

CS TCLK 

SDO TPOS 

SDI TNEG 

INT SPS 

SCLK 

2.048MHz 

TO HOST CONTROLLER 

2.048 MHz CLOCK 

LXT318 
TRANSCEIVER 

MCLK CLKE 

TCLK SCLK 

TPOS cs 

TNEG SDO 

MODE SDI 

RNEG INT 

RPOS RGND 

RCLK RV+ 

XTAUN ARING 

XTALOUT RTIP 

JASEL LATN 

LOS GND 

TTIP TAING 

TGND TV+ 

1.0µF 

1 :2 

V+ 

INOTEl1 I IN ADDITION TO THE LXP2181A, THE LXT318 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND 
SIGNALING DEVICES, INCLUDING THE DS2181A, MT8979, AND R8070. 

INOTEl2 I THE LXT318 IS COMPATIBLE WITH A VARIETY OF TRANSFORMER RATIOS AND RESISTOR VALUES . 
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LXT318 Hardware Mode Applications 

Figure 20 shows a typical 2.048 MHz application with the 
LXT318 operating in the Hardware mode. As in Figure 19, 
this configuration is illustrated with a single power supply 

bus. CMOS control logic is used to set the TAOS, LLOOP 
and RLOOP diagnostic modes individually. The RCLK 
output is tapped to clock the MODE pin, enabling HDB3 
encoding. The receive and transmit line interfaces are 
identical to the Host mode application shown in Figure 19. 

Figure 20: Typical LXT318 Hardware Mode Application 

Master Clock 
2.048 MHz 

LXT318 
LXP2181A TRANSCEIVER 

E1 MCLK TAOS 
FRAMER [-TCLK LLOOP 

CMOS 
TCLK Control 

Logic 

TPOS TPOS RLOOP 

TNEG 
TNEG N/C 

MODE N/C 

RNEG RNEG N/C 

ov 
RPOS RPOS RGND 

RCLK RCLK RV+ -

XTALIN ARING 

INotel1I B.192MHzD 2.048MHz 
RECEIVE 

XTALOUT RTIP 

JASEL LATN 

LOS GND 

TTIP TRING 2.048 MHz 
E1 LINE ~ 

TGND TV+ 
TRANSMIT 

V+ 
68µF 

INOTEI 1 I In addition to the LXP2181A, the LXT318 is compatible with a wide variey of 
framing/signaling devices, including the .DS2181 A, MT8979 and RB070 . 
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LXT332 
Dual T1 I E1 Line Interface Unit 

11te LXT332 is a fully integrated dual Line Interface Unit 
(LIU) for both North American 1.544 MHz (Tl), and Euro
pean 2.048 MHz (El/CEPT) applications. It features BSZS/ 
HDB3 encoders and decoders, and a constant low output 
impedance transmitter for high return loss. Transmit pulse 
shape is selectable for various line lengths and cable types. 

The LXT332 incorporates an advanced crystal-less digital 
jitter attenuator starting at 6 Hz, switchable to either the 
transmit or receive side. 1bis eliminates the need for an 
external quartz crystal. It offers both a serial interface (SIO) 
for microprocessor control and a hardware control mode for 
stand-alone operation. 

11te LXT332 offers a variety of advanced diagnostic and 
performance monitoring features. It uses an advanced 
double-poly, double-metal CMOS process and requires only 
a single 5-volt power supply. 

• PCM I Voice Channel Banks 
• Data Channel Bank I Concentrator 
• Tl I El multiplexer 
• Digital Access and Cross-connect Systems (DACS) 
• Computer to PBX interface (CPI & DMI) 
• SONET/SDH Multiplexers 
• Interfacing Customer Premises Equipment to a CSU 
• Digital Loop Carrier (DLC) terminals 

APOS 
ANEG 

Advance Information 
February, 1994 

• Digital (crystal-less) jitter attenuation, selectable for 
receive or transmit path 

• High transmit and receive return loss 

• Constant low output impedance transmitter with 
programmable equalizer shapes pulses to meet DSX-1 
pulse template from 0 to 655 ft 

• Meets or exceeds industry specifications including 
CCITT G.703, ANSI Tl.403 and AT&TPub 62411 

• Compatible with most industry standard framers 

• Complete line driver, data recovery and clock recovery 
functions 

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

• Local, remote, and dual loopback functions 

• Built-In Self Test with QRSS Pattern Generator 

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

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

f----+---,r------a-... TANG 
DFM 

14----H- MCLK 

HFC 

ACLK ._._ _________ .__ ___ ~--+-! 

ATIP 
ARING 

INT0/1 
PS0/1 

CLKE 
SCLK 
SDI 
SDO 
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LXT332 Dual T1/E1 Line Interface Unit 

• Two complete LIUs in a single PLCC 

• Simplifies board design, saves real estate 

• Proven architecture (LXT3xx series) 

• New Features 

Standard LXT332 Features 

• Tristate Outputs 
All LXT332 output pins can be forced to a high-Z 
tristate mode. The tristate modeis enabled or disabled 
by the TRSTE pin. 

• Bipolar or Unipolar Data 1/0 
The LXT332 I Framer interface can be either bipolar 
(default) orunipolar (selectable). The unipolar mode is 
selected by applying a clock to the TRSTE pin. The 
MCLK, TCLK, RCLK or any other available clock that 
is close to the line frequency can be used. 

• BSZS or HDB3 Zero Suppression 
The LXT332 incorporates zero suppression encoders 
and decoders foruse 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 
Jitter attenuation can be placed in either the transmit or 
receive path, or deactivated. The Jitter Attenuation 
Select (JASEL) pin determines the jitter attenuation 
mode. 

• Dualloopback 
This option enables simultaneous loopbacks to both the 
framer and the line. The TCLK, TPOS and TNEG 
framer inputs are routed through the jitter attenuator and 
looped back out 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. 
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In addition to the inherent advantages of a dual 
LIU, the LXT332 also provides several ad
vanced 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. 

Additional Host-Mode Features 

• High Frequency Clocks 
The LXT332 provides a pair of high frequency clock 
outputs, one from each LIU. These 8x clocks (12.352 
MHz for Tl, 16.384 MHz for El) are tied to the de
jittered clock from the JA of the respective LIU. 

• Bipolar Violation Insertion 
The same pins which provide the High Frequency 
Clocks can also be used to insert bipolar violations into 
the outgoing data stream. Violations can be inserted 
into each LIU channel independently. 

• Built-In Self Test (QRSS) 
The LXT332 can generate and transmit a QRSS pattern 
for Built-In Self Test (BIST) applications. Logic errors 
and bipolar violations can be inserted into the QRSS 
output. The LXT332 also detects QRSS pattern syn
chronization and reports bit errors in the received QRSS 
pattern data stream. 

• AIS Detection 
The LXT332 detects the AIS alarm signal on the receive 
side independent of the loopback modes. When AIS is 
detected (less than 3 zeros in 2048 bits), the LXT332 
provides an indicator output. 
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Standard Product 
February, 7994 

LXT312 I LXT315 
Low Power Tl PCM Repeaters 

The LXT312 and LXT315 are integrated repeater circuits 
for Tl carrier systems. The LXT312 is a dual repeater and 
the LXT315 is a single repeater. The LXT312 and LXT315 
are designed to operate as regenerative repeaters for 1.544 
Mbit/s data rate PCM lines. Each includes all circuits 
required for a regenerative repeater system including the 
equalization network, automatic line build-out (ALBO), and 
a state of the art analog/digital clock extraction network 
tuned by an external crystal. 

• Integrated repeater circuit on a single CMOS chip 

• On-chip equalization network 

• On-chip ALBO 

• Low power consumption 

• No tuning coil 

• On-chip Loopback 

• Recovered Clock Output 

• 0 to 36 dB dynamic range 

• -11 dB interference margin 

The key feature of the LXT312 family is that it requires only 
a crystal and a minimum of other components to complete a 
repeater design. Compared with traditional tuned coil-type 
repeaters, they offer significant savings in component and 
labor costs, along with reduced voltage drop/power con
sumption, and improved reliability. To ensure performance 
for all loop lengths, the LXT312 and LXT315 are 100% AC/ 
DC tested using inputs generated by Level One's proprietary 
transmission line and network simulator. 

• Compatible with CB 113/T A24 specifications 

The LXT312 and LXT315 are advanced CMOS devices 
which require only a single +5V power supply. 
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• Single 5 V only CMOS technology 

• Available in 16-pin ceramic DIP 
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LXT312/315 Low Power T1 PCM Repeaters 

RTIP1 1 16 GNDR RTIP 1 16 GNDR 
RRING1 2 15 RTIP2 ARING 2 15 N/C 

vcc 3 14 RRING2 vcc 3 14 N/C 
RCLK1 4 13 LPBK RCLK 4 13 GND 
RCLK2 5 12 XTO N/C 5 12 XTO 
TTIP1 6 11 XTI TTIP 6 11 XTI 

TRING1 7 10 TTIP2 TAING 7 10 N/C 
GNDT 8 9 TRING2 GNDT 8 9 N/C 

LXT312 LXT315 

Pin Descriptions 

Pin# Sym 1/0 Name Description 

I RTIPI I Repeater Tip and Tip and ring receive inputs for Channel I. 

2 RRINGl I Ring Inputs 

4 RCLKl 0 Recovered Clock Clock output recovered from Channel 1 receive input. 

6 TTIPl 0 Repeater Tip and Open drain output drivers for Channel I. 

7 TRINGl 0 Ring Outputs 

11 XTI I Crystal Oscillator Either a 6.176 MHz crystal must be connected across these two 

12 XTO 0 Input and Output pins, or a clock must be applied at XTI and XTO left floating. 

3 vcc I Power Supply Power supply input for all circuits. +5 V (±0.25 V) 

8 GNDT - Transmit Ground Ground return for transmit circuits. 

16 GNDR - Receive Ground Ground return for receive circuits. 

91 TRING2 0 Repeater Side 2 Tip On the LXT312 dual repeater, these are open drain output 

IQ I TTIP2 0 and Ring Outputs drivers for Channel 2. 

14 1 RRING2 I Repeater Side 2 On the LXT312 dual repeater these are tip and ring receive 

15 I RTIP2 I Ring and Tip Inputs inputs for Channel 2. 

51 RCLK2 0 Recovered Clock On the LXT312 dual repeater, this is the recovered clock output 

for Channel 2. 

13 2 LPBK I Loopback Control On the LXT312, this pin controls Loopback Selection. 

High = Loopback side 1 data to side 2. Low = No Loopback. 

Notes: 
1. On the LXT315 single repeater, these pins are not connected (N/C). 
2. On the LXT315 single repeater, this pin must be connected to GND. 

Absolute Maximum Ratings* 
* Exceeding these values may cause permanent damage. 

Functional operation under these conditions is not 
implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. 
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• Supply Voltage V cc 
•Driver Voltage V 00 

• Receiver Current Icc 
• Operating temperature Tor 
•Storage temperature TsT 

-0.3 Vto6 V 
18 v 
lOOmA 
-40 °C (min) to +85 °C (max) 
-65 °C (min) to + 150 °C (max) 
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LXT312/315 Low Power T1 PCM Repeaters 

Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 

Parameter Symbol Min Typ Max 
Supply voltage Vee 4.75 5.0 5.25 

Operating temperature TOP -40 - 85 

Electrical Characteristics (Ta= -40 to 85 °C, v cc= 5V ±5%) 

Parameter Symbol Min Typi Max 

Interference Margin SNR -11 - -

Receiver Dynamic Range - -36 - 0 

Digital Outputs - Low (10 L = 1.6 mA) VOL - - 0.4 

(loL = 10 µA) VOL - 0.2 -

Digital Outputs - High (I00 = 0.4 mA) YOH 2.4 - -

(100 < 10 µA) YOH - 4.5 -
Digital Inputs - High VIH 2.0 - -
Digital Inputs - Low VIL - - 0.8 

Supply Current All zeros ICC - 15 22 

(from VCC supply)' All ones ICC - - 23 

Driver Leakage Current (V ovR = 18 V) ~L - - 100 

Driver Pulse Amplitude (Driver output I0 = 20 mA) AP 0.65 - 0.95 

Driver Pulse Width ~w 299 324 349 

Driver Pulse Imbalance - - - 15 

Rise and Fall Time (any digital output') tR It,, - - 18 

Setup Time - TTIP/TRING to RCLK lrsu 90 - -
Hold Time - TTIP/TRING from RCLK lru 90 - -

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
'Measured with CLoAD ~ 10 pF, l\oAD > 100 ldl. 

Figure 2: Digital Timing Characteristics 
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LXT312/315 Low Power T1 PCM Repeaters 

General Description 

PCM signals are attenuated and dispersed in time as they 
travel down a transmission line. Repeaters are required to 
amplify, reshape, regenerate and retime the PCM signal, 
then retransmit it. 

The LXT312 and LXT315 each contain all the circuits 
required to build a complete PCM repeater. The operational 
range of the repeaters is 0 to 36 dB of cable loss at 772 kHz 
(equal to 6300 feet of22 gauge pulp-insulated cable between 
repeaters). 

Functional Description 

Receive Function 

The signal is received through a l : l transformer at RTIP 
and RRING and equalized for up to 36 dB of cable loss. The 
receive equalizer uses a proprietary on-chip adaptive filter 
technique which is equivalent to a 3-port ALBO equalizer 
design. The monolithic structure of the filter and the absence 
of external components provide excellent ISi and dispersion 
elimination, and accurate data transfer over temperature. 

Receiver noise immunity is optimized by a proprietary 
crosstalk elimination filter which eliminates the unneeded 
high frequency components of the received signal. 

Timing Recovery Function 

The equalized signal is full wave rectified and used to 
generate information for the timing recovery circuit. This 
circuit uses a mixed analog/digital technique to provide a 
low-jitter PLL similar to a tuned tank with excellent jitter 
tracking ability. But unlike a tuned tank, the free running 
frequency of the PLL clock is accurately controlled by the 
external reference crystal. No adjustment is required. Refer 
to Table 1 for crystal specifications. 

Recovered clock signals are available on the RCLK pins for 
applications that require synchronization to the bit stream. 

Transmit Function 

Recovered data is resynchronized to the recovered clock 
signal by the timing recovery and transmit control section. 
The data is then retransmitted to the network via two open 
drain, high voltage transistors. 
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Loopback Function (LXT312 Only) 

The LXT312 includes a loopback function for network 
diagnostics. With the LPBK pin low, the repeater operates 
in the normal mode. When the LPBK pin is pulled high, the 
data is looped back from side 1 to side 2. 

Test Setups 

Both the LXT312 and LXT315 are fully tested (100% AC 
and DC parameters) using inputs generated by Level One's 
proprietary transmission line and network simulator. De
vice testing includes receiver jitter tolerance, jitter transfer 
and interference margin, and receiverimmunity to gaussian 
and 60 Hz noise. Specifications and bench test setups are 
shown in Figures 3 through IO. 

Receiver Jitter Tolerance Testing 

Receiver jitter tolerance meets the template shown in Figure 
3, when operated at line losses from 0 to 36 dB. Figure 4 
shows the setup used for jitter tolerance testing. 

Table 1: 00312/315 Crystal Specifications 

Parameter Specification 

Frequency 6.176MHz 

Frequency 1 ±50ppm 

Effective series 400Maximum 
resistance 

Crystal cut AT 

Resonance Parallel 

Maximum drive level 2.0mW 

Mode of operation Fundamental 

1 @ 25° C, C Load = 10 pF; and from -40° C to + 85° C 
(Ref 25° C reading) 
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LXT312/315 Low Power T1 PCM Repeaters 

Figure 3: Receiver Jilter Tolerance Template 
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QRSS 
Source with 

Zero 
Restriction 

f'raJLEVEL 
l!!IONE@ 

Sinusoidal .... - Jitter 
Modulator 

Cable 
0 dB- 36 dB 
@ 772 kHz LXT312 / 

~~~ LXT315 
Repeater 

40 kHz 

Error -- Detector -

2-111 
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Receiver Jitter Transfer Testing 

Receive jitter transfer meets the template shown in Figure 5, 
when operated with line losses from 0 to 36 dB and input 
jitter amplitude of 0.15 UI peak-to-peak. Jitter gain at a 
given frequency is defined as the difference between intrin
sic jitter and additive jitter at the measurement frequency, 
divided by the amplitude of the input jitter. Figure 6 shows 
the setup used for jitter transfer testing. 

Figure 5: Receiver Jitter Transfer Template 

- 0.1 al 
"O -c: ·a; 

0 C!J .... 
Q) --::::; 

Interference Margin Testing 

The LXT312 and LXT315 receiver noise interference mar
gin is specified at a minimum of -11 dB for line losses from 
0 dB to 36 dB. The test setup used to measure noise margin 
is shown in Figure 7. 
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Figure 6: Receiver Jitter Transfer Test Setup 
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Gaussian Noise Immunity Testing 

Receiver immunity to gaussian noise is specified at a maxi
mum BER of 10-7 for a quasi-random Tl signal at 
1.544 MHz(± 130 ppm). The receiver must be immune to 
noise power expressed as Np= - (L + 4.7) dBm, where L 
corresponds to the line loss and is valid for 0 - 36 dB. 

Figure 8 shows the setup used to test gaussian noise immu
nity. The noise source is gaussian to at least 6 sigma and 
filtered to simulate expected noise in a binder group (per 
AT&TTA#24/CB113). 

60 Hz Pulse Modulation Immunity Testing 

Receiver immunity to 60 Hz pulse amplitude modulation is 
specified using the gaussian noise source described in the 
previous paragraph on gaussian noise immunity. Pulse 
amplitude modulation is specified between 10% and 30% of 
the nominal amplitude (see AT&T TA #24/CB 113 for 
details on the modulation envelope). Figure 9 shows the 
setup used for testing receiver immunity to 60 Hz pulse 
amplitude modulation. The following figures reflect noise fl 
power for 10·1 BER at each modulation level, where L 
corresponds to the line loss and is valid for 0 - 35 dB: 

Modulation Leyel 
10% 
20% 
30% 

Noise Power 
Np=-(L+5.7)dBm 
Np= - (L + 6.7) dBm 
Np=-(L+8.7)dBm 

Figure 7: Receiver Noise Interference Margin Test Setup 
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Receiver Timing Recovery Testing 

Receiver timing recovery phase shift modulation for repeti
tive 8-bit patterns is specified at less than 0.07 UI. This is 
tested using any two out of 35 possible 8-bit patterns and 
measuring the change in output pulse timing from one 

pattern to the other (see AT&TTA#24 / CB1l3 for details 
on the patterns). Switching rate from one pattern to the other 
is specified at between 300 Hz and 500 Hz. The setup used 
to test receiver timing recovery phase shift modulation is 
shown in Figure 10. 

Figure 9: Receiver 60 Hz Pulse Amplitude Modulation Immunity Test Setup 
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Figure 10: Receiver Timing Recovery Phase Shift Modulation Test Setup 
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Applications 

Figure 11 is a typical Tl dual repeater application circuit 
showing standard repeater card edge connections. A jumper 
selectable shorting option for the fault location circuitry is 
also shown (dashed lines, connector pins 2 and 7). 

Figure 11: Typical Tl Dual Repeater Application Diagram 
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SCHOTI #10951 5.6 Q 1W 

Notes * RTIP/RRING Resistors are used to provide surge protection. 
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Values can be O - 100 n. 
** TTIP/TRING Zeners are used to to reduce surge susceptibility. 

Values can be 12 - 14 V. 
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Standard Product 
February 1994 

LXT313 I LXT316 
Low Power E 7 PCM Repeaters 

:1•~1:::11111:i::::::i::;::::::::::::::::::::::::::::::::1::::::::::::::::::::::::::::::::::::::::::::::::::1:::::::::::::! 
The LXT313,and LXT316 are integrated repeater circuits 
for E 1 carrier systems. The LXT3 l 3 is a dual repeater and 
the LXT3 l 6 is a single repeater. The LXT313 and LXT316 
are designed to operate as regenerative repeaters for 2.048 
Mbit/s data rate PCM lines. Each includes all circuits 
required for a regenerative repeater system including the 
equalization network, automatic line build-out (ALBO), and 
a state of the art analog/digital clock extraction network 
tuned by an external crystal. 

• Integrated repeater circuit on a single CMOS chip 

The key feature of the LXT313 family is that it requires only 
a crystal and a minimum of other components to complete a 
repeater design. Compared with traditional tuned coil-type 
repeaters, they offer significant savings in component and 
labor costs, along with reduced voltage drop/power con
sumption, and improved reliability. To ensure performance 
for allloop lengths, the LXT313 and LXT3 l 6 are 100% AC/ 
DC tested using inputs generated by Level One's proprietary 
transmission line and network simulator. 

The LXT313 and LXT316 are advanced CMOS devices 
which require only a single +5V power supply. 

NOISE & 
RECEIVE CROSSTALK 

• On-chip equalization network 

• On-chip ALBO 

• Low power consumption 

• No tuning coil 

• On-chip Loopback 

• Recovered Clock Output 

• 0 to 43 dB dynamic range 

• -14 dB interference margin 

• Single 5 V only CMOS technology 

• Available in 16-pin ceramic DIP 
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RTIP1 1 16 GNDR RTIP 1 16 GNDR 
RRING1 2 15 RTIP2 RRING 2 15 N/C 

vcc 3 14 RRING2 vcc 3 14 N/C 
RCLK1 4 13 LPBK RCLK 4 13 N/C 
RCLK2 5 12 XTO N/C 5 12 XTO 
TTIP1 6 11 XTI TTIP 6 11 XTI 

TRING1 7 10 TTIP2 TRING 7 10 N/C 
GNDT 8 9 TRING2 GNDT 8 9 N/C 

LXT313 LXT316 

Pin Descriptions 

Pin# Sym 1/0 Name Description 

1 RTIPl I Repeater Tip and Tip and ring receive inputs for Channel 1. 

2 RRINGl I Ring Inputs 

4 RCLKl 0 Recovered Clock Clock output recovered from Channel l receive input. 

6 TTIPl 0 Repeater Tip and Open drain output drivers for Channel 1. 

7 TRINGl 0 Ring Outputs 

11 XTI I Crystal Oscillator Either a 8.192 MHz crystal must be connected across these two 

12 XTO 0 Input and Output pins, or aclock must be input at XTI and XTO left floating. 

3 vcc I Power Supply Power supply input for all circuits. +5 V (±0.25 V) 

8 GNDT - Transmit Ground Ground return for transmit circuits. 

16 GNDR - Receive Ground Ground return for receive circuits. 

91 TRING2 0 Repeater Channel 2 On the LXT313 dual repeater, these are open drain output 

lQ I TTIP2 0 Tip and Ring Outputs drivers for Channel 2. 

14 I RRING2 I Repeater Channel 2 On the LXT313 dual repeater these are tip and ring receive 

15 I RTIP2 I Ring and Tip Inputs inputs for Channel 2. 

5' RCLK2 0 Recovered Clock On the LXT313 dual repeater, this is the recovered clock output 

for Channel 2. 

13 2 LPBK I Loopback Control On the LXT313, this pin controls Loopback Selection. 

High = Loopback side 1 data to side 2. Low = No Loopback. 

Notes: 
1. On the LXT316 single repeater, these pins are not connected (N/C). 
2. On the LXT316 single repeater, this pin must be connected to GND. 

Absolute Maximum Ratings* 
* Exceeding these values may cause permanent damage. 

Functional operation under these conditions is not 
implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. 
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•Supply Voltage Vee 
•Driver Voltage Von 
• Receiver Current Ice 
• Operating temperature T 0P 

•Storage temperature TsT 

-0.3 Vto 6 V 
18 v 
lOOmA 
-40 °C (min) to +85 °C (max) 
-65 °C (min) to +150 °C (max) 
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Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 

Parameter Symbol Min Typ Max 
Supply voltage Vee 4.75 5.0 5.25 

Operating temperature TOP -40 - 85 

Electrical Characteristics (Ta= -40 to 85 °c, v cc= 5V ±5%) 

Parameter Symbol Min Typi Max 

Interference Margin SNR -14 - -

Receiver Dynamic Range - -43 - 0 

Digital Outputs - Low (10 L = 1.6 mA) VOL - - 0.4 

(I0 L = 10 µA) VOL - 0.2 -

Digital Outputs - High (108 = 0.4 mA) VOH 2.4 - -

(108 < 10 µA) VOH - 4.5 -
Digital Inputs - High VIH 2.0 - -
Digital Inputs - Low VIL - - 0.8 

Supply Current All zeros ICC - 15 23 

(from VCC supply)' All ones ICC - - 25 

Driver Leakage Current (V ovR = 18 V) ~L - - 100 

Driver Pulse Amplitude (Driver output 10 = 20 mA) AP 0.65 - 0.95 

Driver Pulse Width ~w 219 244 269 

Driver Pulse Imbalance - - - 15 

Rise and Fall lime (any digital output') tR/ ~ - - 25 

Setup Time - TI'IP/TRING to RCLK lrsu 90 - -

Hold Time - TI'IP/TRING from RCLK lrn 90 - -

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
'Measured with S.oAD :5: 10 pF, Ru,AD > 100 ill. 

Figure 2: Digital Timing Characteristics 
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LXT313/316 Low Power E1 PCM Repeaters 

General Description 

PCM signals are attenuated and dispersed in time as they 
travel down a transmission line. Repeaters are required to 
amplify, reshape, regenerate and retime the PCM signal, 
then retransmit it. 

The LXT313 and LXT316 each contain all the circuits 
required to build a complete PCM repeater. The operational 
range of the repeaters is0to43 dB of cable loss at 1.024MHz 
(equal to 2 km of 22 gauge pulp-insulated cable between 
repeaters ) . 

Functional Description 

Receive Function 

The signal is received through a 1 : 1 transformer at RTIP 
and RRING and equalized forup to 43 dB ofcable loss. The 
receive equalizer uses a proprietary on-chip adaptive filter 
technique which is equivalent to a 3-port ALBO equalizer 
design. The monolithic structure of the filter and the absence 
of external components provide excellent ISi and dispersion 
elimination, and accurate data transfer over temperature. 

Receiver noise immunity is optimized by a proprietary 
crosstalk elimination filter which eliminates the unneeded 
high frequency components of the received signal. 

Timing Recovery Function 

The equalized signal is full wave rectified and used to 
generate information for the timing recovery circuit. This 
circuit uses a mixed analog/digital technique to provide a 
low-jitter PLL similar to a tuned tank with excellent jitter 
tracking ability. But unlike a tuned tank, the free running 
frequency of the PLL clock is accurately controlled by the 
external reference crystal. No adjustment is required. Refer 
to Table 1 for crystal specifications. 

Recovered clock signals are available on the RCLK pins for 
applications that require synchronization to the bit stream. 

Transmit Function 

Recovered data is resynchronized to the recovered clock 
signal by the timing recovery and transmit control section. 
The data is then retransmitted to the network via two open 
drain, high voltage transistors. 

2-120 

Loopback Function (LXT313 Only) 

The LXT313 includes a loopback function for network 
diagnostics. With the LPBK pin low, the repeater operates 
in the normal mode. When the LPBK pin is pulled high, the 
data is looped back from side 1 to side 2. 

Test Setups 

Both the LXT313 and LXT316 are fully tested (100% AC 
and DC parameters) using inputs generated by Level One's 
proprietary transmission line and network simulator. De
vice testing includes receiver jitter tolerance, jitter transfer 
and interference margin for line losses from 0 dB to 43 dB 
@ 1.024 MHz. Specifications and bench test setups are 
shown in Figures 3 through 7. 

Receiver Jitter Tolerance Testing 

Receiver jitter tolerance meets the template shown in Figure 
3, when operated at line losses from 0 to 43 dB. Figure 4 
shows the setup used for jitter tolerance testing. 

Table I: 00313/316 Crystal Specifications 

Parameter Specification 

Frequency 8.192 MHz 

Frequency 1 ±50ppm 

Effective series 30QMaximum 
resistance 

Crystal cut AT 

Resonance Parallel 

Maximum drive level 2.0mW 

Mode of operation Fundamental 

1 @ 25° C, C Load = IO pF; and from -40° C to + 85° C 
(Ref 25° C reading) 

•
LEVEL 
ONE@ 



LXT313/316 Low Power E1 PCM Repeaters 

Figure 3: Receiver Jitter Tolerance Template 
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Receiver Jitter Transfer Testing the setup used for jitter transfer testing. 

Interference Margin Testing Receive jitter transfer meets the template shown in Figure 5, 
when operated with line losses from 0 to 43 dB and input 
jitter amplitude of 0.15 UI peak-to-peak. Jitter gain at a 
given frequency is defined as the difference between intrin
sic jitter and additive jitter at the measurement frequency, 
divided by the amplitude of the input jitter. Figure 6 shows 

The LXT313 and LXT3 I 6 receiver noise interference mar
gin is specified at a minimum of -14 dB for line losses from 
0 dB to 43 dB. The test setup used to measure noise margin 
is shown in Figure 7. 

Figure 5: Receiver Jitter Transfer Template 
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Figure 6: Receiver Jitter Transfer Test Setup 
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Applications 

Figure 8 is a typical El dual repeater application circuit 
showing standard repeater card edge connections. A jumper 
selectable shorting option for the fault location circuitry is 
also shown (dashed lines, connector pins 2 and 7). 

Figure 8: Typical El Dual Repeater Application Diagram 
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Notes * RTIP/RRING Resistors are used to provide surge protection. 

f ~LEVEL ONE@ 

Values can be O - 100 Q. 

** TTIP/TRING Zeners are used to to reduce surge susceptibility. 
Values can be 12 - 14 V. 
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NOTES: 
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LXT324 T1/E1 Integrated Quad Receiver 

RPOS1 1 28 
RNEG1 2 27 
RCLK1 3 26 
RPOS2 4 25 
RNEG2 5 24 
RCLK2 6 23 

N/C 7 22 
RPOS3 8 21 
RNEG3 9 20 
RCLK3 10 19 
RPOS4 11 18 
RNEG4 12 17 
RCLK4 13 16 

GND 14 15 

Pin Descriptions 
Pin# Sym 1/0 Name 

IIP f_LCC 

1 2 RPOSl 0 Receiver 1 
Positive Data 

2 3 RNEGl 0 Receiver 1 
Negative Data 

3 4 RCLKl 0 Recovered 
Clock 1 

4 5 RPOS2 0 Receiver2 
Positive and 

5 6 RNEG2 0 Negative Data 
and Recovered 

6 7 RCLK2 0 Clock 

7 8 N/C - N/C 

8 9 RPOS3 0 Receiver 3 
Positive and 

9 10 RNEG3 0 Negative Data 
and Recovered 

10 11 RCLK3 0 Clock 

11 12 RPOS4 0 Receiver4 
Positive and 

12 13 RNEG4 0 Negative Data 
and Recovered 

13 14 RCLK4 0 Clock 

14 15 GND -- Ground 

15 16 MCLK I Master Clock 
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;;;'.~Ci) ~~ 
vcc .....1WQU~9:::u uza...ua:1-._ 
RRING1 a:a:a:>a:a:z 
RTIP1 
N/C RPOS2 5 25 RRING2 
RRING2 RNEG2 
RTIP2 

6 

RCLK2 
N/C 

7 

RRING3 N/C B 

RTIP3 RPOS3 9 RTIP3 
N/C RNEG3 10 20 N/C 
RRING4 RCLK3 11 19 RRING4 
RTIP4 
MODE v vvoi.::w v 
MCLK 

Cl) cii.::z.....10 a... 
0 w d Cl u 0 f:= a... ~a: :::;; :::;; a: a: 

Description 

Receiver 1 data outputs. A signal on RNEG 1 corresponds to receipt of a 
negative pulse on RTIPl and RRINGI. A signal on RPOSl corresponds 
to receipt of a positive pulse on RTIPl and RRING 1. RNEG 1 and 
RPOSl outputs are Non-Return-to-Zero (NRZ). Both outputs are stable 
and valid on the rising edge ofRCLKl. 

This is the clock recovered from the signal received at RTIPl and 
RRINGI. 

These are the data and clock outputs recovered from the signal received at 
RTIP2 and RRING2. 

No connection. 

These are the data and clock outputs recovered from the signal received at 
RTIP3 arid RRING3. 

These are the data and clock outputs recovered from the signal received at 
RTIP4 and RRING4. 

Ground. 

A 1.544 MHz or 2.048 MHz clock input used to generate internal clocks. 
Upon loss of signal, the RCLKs are derived from MCLK. 
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LXT324 T1/E1 Integrated Quad Receiver 

Pin Descriptions continued 

Pin# Sym 1/0 Name Description 
IIP PLCC 

16 17 MODE I Mode Select Setting MODE to logic 1 sets the data slicer thresholds to 50% of the 
incoming signal (CEPr mode). Setting MODE to logic 0 sets the data 
slicer thresholds to 70% of the incoming signal (DSX-1 mode). The Mode 
Select operates independently from the MCLK rate. This allows the 50% 
slicer ratio to be used with a 1.544 MHz MCLK, for improved sensitivity. 

17 18 RTIP4 I Receiver 4 Tip The AMI signal received from the fourth twisted-pair line is applied at 
these pins. A center-tapped, center-grounded transformer is required on 

18 19 RRING4 I Receiver4 these pins. Data and clock from the signal applied at these pins are 
Ring recovered and output on the RPOS4/RNEG4, and RCLK4 pins. 

19 20 NIC - NIC No connection. Must be grounded to reduce crosstalk. 

20 21 RTIP3 I Receiver 3 Tip The AMI signal received from the third twisted-pair line is applied to 
and Ring the LXT324 at these pins. 

21 22 RRING3 I 

22 23 NIC - NIC No connection. Must be grounded to reduce crosstalk. 

23 24 RTIP2 I Receiver 2 Tip The AMI signal received from the second twisted-pair line is applied to 

and Ring the LXT324 at these pins. 
24 25 RRING2 I 

25 26 NIC - NIC No connection. Must be grounded.to reduce crosstalk. 

26 27 RTIPl I Receiver 1 Tip The AMI signal received from the first twisted-pair line is applied to 
and Ring the LXT324 at these pins. 

27 28 RRINGl I 

28 1 vcc I Power Supply +5 voe power supply. 

Absolute Maximum Ratings* 

* Exceeding these values may 
cause permanent damage. 
Functional operation under 
these conditions is not 
implied. Exposure to 
absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 

• Supply voltage V cc -0.3Vto6V 
•Voltage on any UO pin1 V110 

• Current on any UO pin2 1110 

• Package power dissipation P 0 

•Storage temperature TsT 

GND -0.3V to V cc +0.3V 
±lOmA 
lW 
-65 °C (min) to 150 °C (max) 

1 Excluding RTIP and RRING which must stay within -6V to RV+ 0.3V. 
'Transient currents of up to 100 mA will not cause SCR latch-up. 

Recommended Operating Conditions (Voltages are with respect to ground unless otherwise stated) 

Parameter 

Supply voltage 

Operating Temperature 

• LEVEL 
lliiilONE@ 

Sym 

Vee 

TOP 

Min Typ Max 

4.75 5 5.25 

-40 - 85 

Units 

v 
oc 
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DC Electrical Characteristics (Clocked operation over recommended temperature and power supply ranges.) 

Parameter Sym Min Typ Max Units 

Supply current ICC - - 40 mA 

Input high voltage VIH 2.0 - - v 
Input low voltage VIL - - 0.8 v 
Output high voltage YOH 2.4 - - v 
Output low voltage VOL - - 0.4 v 
Input leakage current ILL - - ± 10 µA 

Output current Io - - 1.6 mA 

Output Rise/Fall time TRF - - 25 ns 

Master and Receive Clock Timing Characteristics (See Figure 2) 

Parameter Sym Min Typ1 Max Units 

Master clock frequency DSX-1 MCLK - 1.544 - MHz 

CEPT MCLK - 2.048 - 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 width DSX-1 1i.w 270 324 378 ns 

CEPT 1i.w 203 244 285 ns 

RPOS I RNEG to RCLK DSX-1 tSUR 50 270 - ns 

rising setup time CEPT tSUR 50 203 - ns 

RCLK rising to RPOS I DSX-1 luR 50 270 - ns 

RNEG hold time CEPT luR 50 203 - ns 

Rise/fall time - any digital output ~ - - 25 ns 

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

Figure 2: Clock Timing Diagram 
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Functional Description 

The LXT324 is a fully integrated PCM receiver for both 
1.544 MHz (DSX-1) and 2.048 MHz (CEPT) applications. 
The mode of operation is set by the MCLK frequency and the 
MODE pin logic level. The LXT324 is a low-power CMOS 
device which operates from a single +5 V power supply. 

Figure 1 is a simplified block diagram of the LXT324. 
Receiver characteristics are listed in Table 1. The signal is 
received from the twisted-pair line on each side of a center
grounded transformer. (Positive pulses are received atRTIP 
and negative pulses are received at RRING.) This differen
tial 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 DSX-1 
applications (MODE Select= 0) 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 CEPT applications (MODE Se
lect= 1) the threshold is set to 50 % . The slicer threshold is 
maintained through a capacitive storage arrangement and a 
combination of Refresh and Bleed-off circitltry. This design 

Table 1: Receiver Characteristics 

Parameter Sym Min 

Slicer ratio DSX-1 SRd 63 

CEPT SRc 43 

Dynamic range DR 0.50 

Undershoot us -

Sensitivity below DSX - 13.6 

(OdB =2.4V) - 500 

LXT324 T1/E1 Integrated Quad Receiver 

balance prevents the refresh circuitry from driving the 
threshold too high, while ensuring that it is maintained over 
long strings of successive zeros. 

The LXT324 is capable of accurately recovering signals 
with up to 13.6 dB of attenuation (from 2.4 V), correspond
ing to a received signal level of 500 m V. Maximum cable 
length is 1500 feet of ABAM cable (approximately 6 dB). 
Regardless of received signal level, the peak detectors are 
held above a minimum level of0.15 V to provide immunity 
from impulsive noise. 

After processing through the data slicers, the received signal 
is routed to the data and clock recovery sections. 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 ofRCLK. 

Line Interface 

The LXT324 interfaces with four twisted-pair lines (one 
twisted-pair for each receiver) through standard pulse 
transformers and appropriate resistors. Recommended 
transformer characteristics are listed in Table 2. 

Typt Max Units 

70 77 % 

50 57 % 

- 3.6 Vpeak 

- 62 % 

- - dB 

- - mV 

Table 2: Recommended Transformer Characteristics 

Parameter 1 : 1 : 1 1: 2: 2 

DC resistance Primary 1.0maximum 1.0maximum 

Secondary 1.0maximum 2.0maximum 

Primary inductance 1.2 typical 0.5 minimum 

Leakage inductance 0.5maximum 1.0maximum 

Interwinding capacitance 25 maximum 40maximum 

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

II LEVEL 
ONE@ 

Units 

n 
n 

mH 

µH 

pF 
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LXT324 T1/E1 Integrated Quad Receiver 

Applications 

The LXT324 is compatible with both DSX-1 and CEPT 
systems. Low +5 V only power consumption simplifies 
design considerations where multiple receivers are required. 
TheLXT324iswellsuitedforuseinbothtestequipmentand 
moilitor applications. The primary difference in circuit 
design for these two applications is the input transformer. 
The typical DSX-1 pulse seen in test equipment applications 

requires a 1:1:1 transformer at the receiver input The 
attenuated pulse seen in moilitor applications may require a 
1 :2:2 transformer to boost the input signal. Figure 3 is a 
typical 1.544 MHz DSX-1 application. The LXT324 is 
shown tapped into the Cross Connect frame with 800 Q 
resistors across each leg of the center tapped, center 
grounded 1 :2:2 step-up transformer. 

Figure 3: · Test I Mo.nltor Equipment Application Diagram 

TP 

TP 
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CROSS-CONNECT 
Reference Point 

LXT324 
Q-RCVR 

RTIP1 RPOS1 

RCLK1 

RRING1 RNEG1 

RTIP2 RPOS2 

RCLK2 

RRING2 RNEG2 

RTIP3 RPOS3 

RCLK3 

RRING3 RNEG3 

RTIP4 RPOS4 

RCLK4 

RRING4 RNEG4 

MODE MCLK 

vcc GND 
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LXT325 T1/E1 Integrated Quad Receiver with LOS 

RPOS1 1 28 
RNEG1 2 27 
RCLK1 3 26 
RPOS2 4 25 
RNEG2 5 24 
RCLK2 6 23 

LOS3 7 22 
RPOS3 8 21 
RNEG3 9 20 
RCLK3 10 19 
RPOS4 11 18 
RNEG4 12 17 
RCLK4 13 16 

GND 14 15 

Pin Descriptions 
Pin# Sym 1/0 Name 

llP ]l>_LCC 

1 2 RPOSl 0 Receiver 1 
Positive Data 

2 3 RNEGl 0 Receiver 1 
Negative Data 

3 4 RCLKl 0 Recovered 
Clock 1 

4 5 RPOS2 0 Receiver 2 
Positive and 

5 6 RNEG2 0 Negative Data 
and Recovered 

6 7 RCLK2 0 Clock 

7 8 LOS3 0 Loss of Signal 
3 

8 9 RPOS3 0 Receiver 3 
Positive and 

9 10 RNEG3 0 Negative Data 
and Recovered 

10 11 RCLK3 0 Clock 

11 12 RPOS4 0 Receiver4 
Positive and 

12 13 RNEG4 0 Negative Data 
and Recovered 

13 14 RCLK4 0 Clock 

14 15 GND -- Ground 

15 16 MCLK I Master Clock 

2-132 
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vcc ~w 0 Q z a. en 
RRING1 

oz a. Q a: j:: g a: a: a: > a: a: 
RTIP1 
LOS1 
RRING2 RPOS2 RRING2 

RTIP2 RNEG2 RTIP2 
LOS2 RCLK2 LOS2 
RRING3 LOS3 RRING3 
RTIP3 
LOS4 RPOS3 RTIP3 

RRING4 RNEG3 LOS4 
RTIP4 RCLK3 RRING4 
MODE 
MCLK .... Cl~ w .... .... .... 

(/) <!l ~ z ....I Cl a. 
0 w ....I <!l Q 0 j:: 
a. z Q ~ ~ a: a: a: a: 

Description 

Receiver 1 data outputs. A signal on RNEG 1 corresponds to receipt of a 
negative pulse on RTIPl and RRINGl. A signal on RPOSI corresponds 
to receipt of a positive pulse on RTIPl and RRING 1. RNEG 1 and 
RPOSl outputs are Non-Return-to-Zero (NRZ). Both outputs are stable 
and valid on the rising edge of RCLK 1. 

This is the clock recovered from the signal received at RTIPl and 
RRINGl. 

These are the data and clock outputs recovered from the signal received at 
RTIP2 and RRING2. 

LOS pins go high when the associated receiver detects 175 consecutive 
spaces. The LOS output returns low when a mark is received. 

These are the data and clock outputs recovered from the signal received at 
RTIP3 and RRING3. 

These are the data and clock outputs recovered from the signal received at 
RTIP4 and RRING4. 

Ground. 

A 1.544 MHz or 2.048 MHz clock input used to generate internal clocks. 
Upon loss of signal, the RCLKs are derived from MCLK . 
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LXT325 T1/E1 Integrated Quad Receiver with LOS 

Pin Descriptions continued 

Pin# Sym 1/0 Name Description 
DIP PLCC 

16 17 MODE I Mode Select Setting MODE to logic 1 sets the data slicer thresholds to 50% of the 
incoming signal (CEPT mode). Setting MODE to logic 0 sets the data 
slicer thresholds to 70% of the incoming signal (DSX-1 mode). The Mode 
Select operates independently from the MCLK rate. This allows the 50% 
slicer ratio to be used with a 1.544 MHz MCLK, for improved sensitivity. 

17 18 RTW4 I Receiver 4 Tip The AMI signal received from the fourth twisted-pair line is applied at 
these pins. A center-tapped, center-grounded transformer is required on 

18 19 RRING4 I Receiver4 these pins. Data and clock from the signal applied at these pins are 
Ring recovered and output on the RPOS4/RNEG4, and RCLK4 pins. 

19 20 LOS4 0 Loss of Signal LOS output for receiver 4. 

20 21 RTIP3 I Receiver 3 Tip The AMI signal received from the third twisted-pair line is applied to 
and Ring the LXT325 at these pins. 

21 22 RRING3 I 

22 23 LOS2 - Loss of Signal LOS output for receiver 2. 

23 24 RTW2 I Receiver 2 Tip The AMI signal received from the second twisted-pair line is applied to 
and Ring the LXT325 at these pins. 

24 25 RRING2 I 

25 26 LOSl 0 Loss of Signal LOS output for receiver 1. 

26 27 RTWl I Receiver 1 Tip The AMI signal received from the first twisted-pair line is applied to 
and Ring the LXT325 at these pins. 

27 28 RRINGI I 

28 1 vcc I Power Supply +5 voe power supply. 

Absolute Maximum Ratings* 

* Exceeding these values may 
cause permanent damage. 
Functional operation under 
these conditions is not 
implied. Exposure to 

absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 

• Supply voltage V cc -0.3V to 6V 
• Voltage on any 1/0 pin1 vl/O 
• Current on any 1/0 pin2 1110 

• Package power dissipation P 0 

• Storage temperature T sT 

GND -0.3V to Vee +0.3V 
±10 mA 
lW 
-65 °C (min) to 150 °C (max) 

'Excluding RTIP and RRING which must stay within -6V to RV+ 0.3V. 
'Transient currents of up to 100 mA will not cause SCR latch-up. 

Recommended Operating Conditions (Voltages are wtth respect to ground unless otherwise stated) 

Parameter 

Supply voltage 

Operating Temperature 

rreJLEVEL 
m=ONE@ 

Sym 

Vee 

TOP 

Min 

4.75 

-40 

Typ Max 

5 5.25 

- 85 

Units 

v 

oc 
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LXT325 T1/E1 Integrated Quad Receiver with LOS 

DC Electrical Characteristics (Clocked operation over recommended temperature and power supply ranges.) 

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 vn. - - 0.8 v Digital inputs 

Output high voltage YOH 2.4 - - v I0 =.4mA 

Output low voltage VOL - - 0.4 v I0 =1.6mA 

Input leakage current ILL - - ± 10 µA Digital inputs 

Output current Io - - 1.6 mA V0 =0.4 V 

Output Rise/Fall time TRF - - 25 ns 15 pFload 

Master and Receive Clock Timing Characteristics (See Figure 2) 

Parameter Sym Min Typ1 Max Units Test Conditions 

Master clock frequency DSX-1 MCLK - 1.544 - MHz 

CEPT MCLK - 2.048 - 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 width DSX-1 ~ 270 325 378 ns 

CEPT 1i>w 203 244 285 ns 

RPOS I RNEG to RCLK DSX-1 tSUR 50 270 - ns 

rising setup time CEPT tSUR 50 203 - ns 

RCLK rising to RPOS I DSX-1 luR 50 270 - ns 

RNEG hold time CEPT luR 50 203 - ns 

Rise/fall time - any digital output ~ - - 25 ns 15 pF load 

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

Figure 2: Clock Timing Diagram 
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LXT325 T1/E1 Integrated Quad Receiver with LOS 

Functional Description 

The LXT325 is a fully integrated PCM receiver for both 
1.544 MHz (DSX-1) and 2.048 MHz (CEPT) applications. 
The mode of operation is set by the MCLK frequency and the 
MODE pin logic level. The LXT325 is a low-power CMOS 
device which operates from a single +5 V power supply. 

Figure 1 is a simplified block diagram of the LXT325. 
Receiver characteristics are listed in Table 1. The 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 differen
tial 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 DSX-1 
applications (MODE Select= 0) 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 CEPT applications (MODE Se
lect= 1) the threshold is set to 50 %. The slicer threshold is 
maintained through a capacitive storage arrangement and a 
combination of Refresh and Bleed-off circuitry. This design 

Table 1: Receiver Characteristics 

Parameter Sym Min 

Slicer ratio DSX-1 SRd 63 

CEPT SRc 43 

Dynamic range DR 0.50 

Undershoot us -
Sensitivity below DSX - 13.6 

(OdB =2.4V) - 500 

balance prevents the refresh circuitry from driving the 
threshold too high, while ensuring that it is maintained over 
long strings of successive zeros. 

The LXT325 is capable of accurately recovering signals 
with up to 13.6 dB of attenuation (from 2.4 V), correspond
ing to a received signal level of 500 mV. Maximum cable 
length is 1500 feet of ABAM cable (approximately 6 dB). 
Regardless of received signal level, the peak detectors are 
held above a minimum level of0.15 V to provide immunity 
from impulsive noise. 

After processing through the data slicers, the received signal 
is routed to the data and clockrecovery 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 ofRCLK. 

Line Interface 

The LXT325 interfaces with four twisted-pair lines (one 
twisted-pair for each receiver) through standard pulse 
transformers and appropriate resistors. Recommended · 
transformer characteristics are listed in Table 2. 

Typ1 Max Units 

70 77 % 

50 57 % 

- 3.6 Vpeak 

- 62 % 

- - dB 

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

Table 2: Recommended Transformer Characteristics 

Parameter 

DC resistance 

Primary inductance 

Leakage inductance 

Interwinding capacitance 

'"LEVEL m.QNE@ 

1 : 1 : 1 

Primary 1.0maximum 

Secondary 1.0 maximum 

1.2 typical 

0.5 maximum 

25 maximum 

1 : 2: 2 Units 

l.Omaximum Q 

2.0maximum Q 

0.5 minimum mH 

1.0maximum µH 

40maximum pF 
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LXT325 T1/E1 Integrated Quad Receiver with LOS 

Applications 

The LXT325 is compatible with both DSX-1 and CEPT 
systems. Low +5 V only power consumption simplifies 
design considerations where multiple receivers are required. 
The LXT325 is well suited foruse in both test equipment and 
monitor applications. The primary difference in circuit 
design for these two applications is the input transformer. 
The typical DSX-1 pulse seen in test equipment applications 

requires a 1: 1: 1 transformer at the receiver input. The 
attenuated pulse seen in monitor applications may require a 
1:2:2 transformer to boost the input signal. Figure 3 is a 
typical 1.544 MHz DSX-1 application. The LXT325 is 
shown tapped into the Cross Connect frame with 800 n 
resistors across each leg of the center tapped, center 
grounded 1 :2:2 step-up transformer. 

Figure 3: Test I Monitor Equipment Application Diagram 

TP 

TP 

TP 
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LXP600A, LXP602 and LXP604 
Low-Jitter Clock Adapters (CLAD) 

Standard Product 
February, 1994 

lillllllil~il~::::::::::::::::::::::::::::::::::::i::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~lltllli!J!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1::i::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1:: 
The LXP600A, LXP602 and LXP604 Clock Adapters 
(CLADs) incorporate Level One's patented frequency con
version circuitry. The LXP600A and LXP602 convert a 
1.544 MHz input clock to a 2.048 MHz output clock, or vice 
versa. The LXP604 converts between 1.544 MHz and 4.096 
MHz. Each CLAD produces two different high frequency 
output (HFO) clocks for applications which require a 
higher-than-baud rate backplane or system clock. 

Level One's patented locking method enables the CLAD to 
perform frequency conversion with no external compo
nents, while generating very little jitter on the output clock. 
The conversion is digitally controlled so the output clock 
(CLKO) is as accurate as theinputclock (CLKI), and the two 
clocks are frequency locked together. When an input frame 
sync pulse (FSI) is provided, the CLAD also phase locks 
CLKI and CLKO together, and locks the output frame sync 
pulse (FSO) to FSI. 

::::mm1::1111m1::::::::::::::::::::1::::::::::1::::::::::::::::::1::::::::::::::1:::::::::::::::::::::::::' 
CLAD CLKI CLKO HFO 

LXP600A 1.544 2.048 6.144 
2.048 1.544 6.176 

LXP602 1.544 2.048 8.192 
2.048 1.544 6.176 

LXP604 1.544 4.096 8.192 
4.096 1.544 6.176 

.. ANALOG ...... PHASE-LOCKED 
.-.1 LOOP 

CLKI 

, 

• Generates a 1.544 MHz clock and its frame sync from a 
2.048 MHz or 4.096 MHz clock and its frame sync, or 
vice versa 

• Low output jitter meets AT&T Publication 62411 for ti 
1.544 MHz, and CCITT Recommendation G.823 for · 
2.048 MHz 

• Digital control of frequency conversion process 

• No external components 

• Available in 8-pin plastic DIP 

• Pin-selectable operation mode 

• Advanced CMOS device requires only a single +5V 
power supply 

• Internal timfog system for Channel Banks, Digital Loop 
Carriers, Multiplexers, Internal Timing Generators, PBX, 
etc. 

• Conversion between 2.048 MHz or 4.096 MHz 
backplane rates and 1.544 MHz Tl clock rate. 

• Conversion between North American and European 
standards (Tl I El Converter). 

-.... HFO 

"" 
FEEDBACK 

'4----- FREQUENCY ... -._____ OUTPUT DIVIDER CLKO 

SEL 

FSI 

rraJLEVEL 
llli:IONE@ 

DIVIDER 

1 ..... 

CONVERTER 

1 j 

..... -....... FRAME SYNC -- GENERATOR FSO 
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LXP602/604 Low Jitter Clock Adapters 

Table 1: Pin Descriptions 

Pin# Sym 1/0 Name 

1 FSO 0 Frame Sync 
Output 

2 HFO 0 High Frequency 
Output 

3 CLKI I Clock Input 

4 CLKO 0 Clock Output 

5 GND - Ground 

6 SEL I Mode Select 

-
7 FSI I Frame Sync Input 

8 vcc - Power Supply 

2-138 

FSO 
HFO 
CLKI 

CLKO Li 7 
6 
5 

8-pin DIP 

vcc 
FSI 
SEL 
GND 

Description 

Frame synchronization output at 8 kHz. FSO is synched to CLKO and to FSI 
(if FSI is provided.) 

HFO is used to derive CLKO. HFO can also clock external devices. 
HFO is always a multiple of CLKO (CLKO x 2, x3, or x4). 
Actual frequencies are determined by device, CLKI and CLKO frequencies 
and Mode Select (SEL) input, as listed in Table 6. 

Input clock (1.544, 2.048 or 4.096 MHz) to be converted. 

Output clock (1.544, 2.048 or 4.096 MHz) derived from CLKI. 

Ground. 

Controls frequency conversion as listed in Table 6. 

When SEL = l, higher frequency CLKI (2.048 for LXP600A and LXP602, or 
4.096 MHz for LXP604) is converted to 1.544 MHz CLKO. 

When SEL = 0, 1.544 MHz CLKI is converted to higher frequency CLKO 
(2.048 for LXP600A and LXP602, or 4.096 MHz for LXP604). 

8 kHz frame synchronization pulse. Tie high or low if not used. 

+5 V power supply input. 

•
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LXP602/604 Low Jitter Clock Adapters 

Table 2: Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 

Parameter Symbol Min Typ 

Supply voltage Vee 4.75 5.0 

Supply current ICC - -

ICC - -

Operating temperature TOP -40 -

Table 3: Digital Characteristics 

Parameter 

Input low voltage 

Input high voltage 

Output low voltage (I0 L = + 1.6 mA) 

Output low voltage (10 L < + 10 µA) 

. Output high voltage (10 H = - 0.4 mA) 

Output high voltage (1<,H < - 10 µA) 

Input leakage current 

Table 4: Timing Values (see Figure 2) 

Parameter 

Capture range on CLKI 

Lock range on CLKI 

Input clock duty cycle 

Rise/fall time on CLKI, FSI 
-

Rise/fall time on CLKO, FSO, HFO with a 25 pF load 

Figure 2: Rise and Fall Times 

Trf 

-~-:~_N_~_L_H---~--_-_-_-_-_-_-_ 

'"LEVEL ._ONE@ 

Max Units Test Conditions 

5.25 v 
8 mA No 1TL loading 

14 mA Full 1TL loading 

85 oc 

Symbol Min Max Units 

VIL - 0.8 v 
VIH 2.0 - v 
VOL - 0.4 v 
VOL - 0.2 v 
YOH 2.4 - v 
YOH 4.5 - v 

I,,L -10 10 µA 

Symbol Min Max Units 

- ±10000 - ppm 

- ±10000 - ppm 

- 35 65 % 

Trf - 40 ns 

Trf - 40 ns 

Trf 
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LXP602/604 Low Jitter Clock Adapters 

Table 5: Timing Values (see Figures 3 through 7) 

Parameter Symbol Min Typ1 Max 

FSI setup time from CLKI rising Tsui 46 - -

FSi/CKLI hold time Thi 30 - -
FSI pulse width (low) Twi 76 - TCLKI2 

CLKO delay from CLKI TdC -15 0 +15 

CLKO duty cycle Cdc 49 - 51 

FSO delay from HFO TdF -5 - 30 

FSO pulse width (low) Two - - TCLK0 3 

CLKO delay from HFO TdH -15 - +15 
1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLKI is the period of CLKI. 
3 TCLKO is the period of CLKO. 

Figure 3: LXP600A and LXP602 High to Low Frequency Conversion Frame Sync Alignment 

CLKO 
(1.544MHz) 

FSO 

HFO 
(6.176MHz) 

Figure 4: LXP604 High to Low Frequency Conversion Frame Sync Alignment 

f:~-Hzj 

CLKO · · .... ~J, TdC 

(1.544 MHz) 

FSO 

HFO 
(6.176 MHz) 

Units 

ns 

ns 

ns 

ns 

% 

ns 

ns 

ns 
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LXP602/604 Low Jitter Clock Adapters 

Figure 5: LXP600A Low to High Frequency Conversion Frame Sync Alignment 

CLKO 
2.04BMHz 

FSO 

HFO 
6.144 MHz 

Figure 6: LXP602 Low to High Frequency Conversion Frame Sync Alignment 

HFO 
B.192 MHz 

Figure 7: LXP604 Low to High Frequency Conversion Frame Sync Alignment 

CLKO 
4.096 MHz 

FSO 

HFO 
B.192 MHz 
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LXP602/604 Low Jitter Clock Adapters 

Functional Description 

The CLADs convert an input clock (CLKI) at a particular 
frequency to an output clock (CLKO) at a different fre
quency. They also produces a frame sync output (FSO) and 
ahigh frequency output (HFO) clock. The HFO is a multiple 
(2x, 3x, or 4x) of CLKO. The HFO and CLKI/CLKO 
conversion frequencies are different for each device, and 
controlled by the Mode Select input as listed in Table 6. 

The LXP600A and LXP602 convert between 1.544 MHz 
and 2.048 MHz. When converting from 2.048 MHz to 1.544 
MHz, both CLADs produce a 6.176 MHz HFO. However, 
when converting from 1.544 MHz to 2.048 MHz, the 
LXP600A produces a 6.144 MHz HFO and the LXP602 
produces an 8.192 MHz HFO. 

The LXP604 converts between 1.544 MHz and 4.096 MHz. 
When converting from 4.096 to 1.544 MHz the LXP604 
HFO is 6.176. When converting from 1.544 MHz to 4.096 
MHz, the LXP604 produces an 8.192 MHz HFO. 

The Mode Select (SEL) input controls whether the device 
converts to a higher or lower frequency as described below: 

• 2 048 or 4 096 to 1 544 MHz: To produce a 
1.544 MHz output clock from a 2.048 MHz or 
4.096 MHz input clock, SEL must be set high. In 
this mode HFO = 6.176 MHz for allCLADs. 

• 1 544 to 2 048 MHz or 4 096 MHz: To produce a 
2.048 MHz or 4.096 MHz output clock from a 1.544 
MHz input clock, SEL must be set low. In this mode 
the LXP600A HFO = 6.144 MHz, and the LXP602 
andLXP604 HFO = 8.192 MHz. 

In both frequency modes, CLKO is frequency locked to 
CLKL WhenFSiis applied, CLKO and CLKI are also phase 
locked with FSO and FSI synchronized as shown in Figures 
3 through 7. 

Table 7: Output Jitter Specifications 

When FSI is first asserted, the CLKI and CLKO rising edges 
will be aligned within a maximum of 500 ms. 

If FSI is not provided, pin 7 should be tied high or low. 
CLKO and FSO are still generated with the CLKO fre
quency locked to CLKI. 

Output Jitter 

Refer to Table 7. The CLAD output jitter meets the follow
ing specifications: 

• 2 048 MHz or 4 096 MHz to I 544 MHz- In this mode 
of operation, the CLADs meet the output jitter require
ments of AT&T Publication 62411. When there is no 
jitter on input clock CLKI, the maximum jitter on 
CLKO is 0.020 VI pp with no bandlimiting, 0.010 VI pp 
over the range of lOHz to 40 kHz, and 0.012 VI pp in 
the 8 - 40 kHz band. 

• 1 544 MHz to 2 048 MHz or 4 096 MHz· In this mode 
of operation, the CLADs meet the output jitter require
ments of CCITT Recommendation G.823. When there 
is no jitter on input clock CLKI, the maximum jitter on 
CLKO is 0.035 VI pp over the range of 20 Hz to 
100 kHz, and 0.025 VI pp in the 18 - 100 kHz band. 

Table 6: CLAD Frequency Conversions 

CLAD CLKI CLKO HFO SEL 

LXP600A 1.544 2.048 6.144 0 
2.048 1.544 6.176 1 

LXP602 1.544 2.048 8.192 0 
2.048 1.544 6.176 1 

LXP604 1.544 4.096 8.192 0 
4.096 1.544 6.176 1 

Parameter Sym Frequency Spec1 Typ2 Max Units Test Conditions 

Output Jitter on CLKO No Bandlimiting 0.050 0.010 0.020 VI pp CLKI = 2.048 or 4.096 MHz 

CLKO = 1.544 MHz Tjt 10 Hz to 40 kHz 0.025 0.005 0.010 VI pp JI=O 

(All CLADs) 8 kHz to 40 kHz 0.025 0.006 0.012 VI pp FSI applied 

Output Jitter on CLKO Tj2 20 Hz to 100 kHz 1.500 0.025 0.035 VI pp CLKI = 1.544 MHz, 

CLKO = 2.048 MHz JI =0 
-

(LXP600A and 602 Only) 18 kHz to 100 kHz 0.200 O.ot5 0.025 VI pp FSI applied 

1 Specifications from AT&T Publication 62411 and CCITT Recommendations G.823 (for 1.544 MHz and 2.048 MHz, respectively). 
2 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing . 
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Jitter Transfer 

The CLADs are sensitive to jitter on the input clock in certain 
frequency bands. The jitter transfer curve is determined by 
the frequency and amplitude of the input jitter. Figures 8 and 
9 show nominal jitter transfer measured in nanoseconds. 
These figures graph output jitter (less intrinsic jitter) divided 
by input jitter (0.25 Ul). Jitter transfer from a 2.048 MHz 
CLKI to a 1.544 MHz CLKO is shown in Figure 8. In this 

LXP602/604 Low Jitter Clock Adapters 

mode, jitter in the critical 8 kHz band is slightly attenuated 
while jitter in the 18 - 70 kHz band is transferred with a small 
net gain. Jitter transfer from a 1.544 MHz CLKI to a 2.048 
MHz CLKO is shown in Figure 9. In both modes, with an 
input jitter level of 0.25 UI, jitter transfer is held below a net 
gain of 1.110. 

(Jitter transfer varies with input jitter. Performance in a 
specific application should be verified in the actual circuit.) 

Figure 8: Nominal Jitter Transfer - 2.048 MHz CLKI to 1.544 MHz CLKO (Input Jitter= 0.25 UI) 

NET GAIN /1(5 

1.150 
T - - - - T - - - -
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1.100 I I - - - - - - - - - - - -

1.050 -+ 
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0.950 - - - - I - - --
I 

0.900 

0 20 kHz 40kHz 60 kHz 80 kHz 
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Figure 9: Nominal Jitter Transfer - 1.544 MHz CLKI to 2.048 MHz CLKO (Input Jitter= 0.25 UI) 
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Design Considerations 

Power-up 
Standard CMOS device precautions apply to the CLAD. 
Inputs must be applied either simultaneously with or after 
the power supply VCC. CLAD input signals include CLKI, 
FSI andSEL. 

The CLAD internal circuitry takes a maximum of200 ms to 
stabilize. There is an additional delay of 500 ms maximum 

Figure 10: Typical CLAD Application Circuit 

LXP60x 
From FSI Generator Circuit 8kHz 

CLAD 

for CLKO to be phase-locked to the incoming clock CLKI 
during frame synchronization FSI. 

Power Supply Decoupling and Filtering 
The CLAD are designed to meet AT&TPublication 62411 
specifications for jitter in the range from 10 Hz to 100 kHz. 
Proper power supply decoupling is critical for meeting these 
specifications. As shown in Figure 10, a typical application 
with a pair of CLADs for backplane frequency conversion, 
a standard O.lµF bypass capacitor is recommended. 

(See Figure 11) FSI GND 
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The CLADs are monolithic silicon devices which incorpo
rates both analog and digital circuits. CLAD application 
circuit design may require closer attention to power supply 
filtering and bypassing than required for strictly digital 
devices. 

Switching power supplies which operate below 100 kHz 
may produce noise spikes which can affect the analog 
sections of the CLAD. These spikes should be filtered with 
an RC network at the CLAD VCC pin. 

Figure 11: Frame Sync (FSI) Generation Circuit 
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CLOCK 
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Frame Sync Generation 

A frame sync pulse is required to synchronize the input and 
output clocks. If a frame sync pulse is not provided on the 
backplane, one can be generated from the existing 2.048 
MHz backplane clock. A typical FSI generation circuit is 
shown in Figure 11. 
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D o 
CLK 
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NOTES: 
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LXP610 
Standard Product 

February, 1994 

Low-Jitter Multi-Rate Clock Adapter (CLAD) 

BiE'=!llmf:rlli!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::: 
The LXP610 Multi-Rate Clock Adapter (CLAD) offers pin

selectable frequency conversion between Tl and E 1 rates as 

well as 8 additional rates from 1.544 MHz to 8.192 MHz. 
The output clock is frequency locked to the input clock. 

When an input frame sync pulse is provided, the CLAD 

phase locks the input and output clocks together, and locks 

the 8 kHz output frame sync pulse to the input frame sync 
pulse. The frame sync polarity is also pin selectable. 

Five different high frequency output clocks are available for 

applications which require a higher-than-baud rate 

backplane or system clock. The high frequency output 

(HFO) clock varies with the input clock frequency. 

Level One's patented locking method enables the CLAD to 

perform frequency conversion with no external compo
nents, while generating very little jitter on the output clock. 

The conversion is digitally controlled so the output clock is 
as accurate as the input clock. 

1Jle CLAD is an advanced CMOS device. It requires only 

J( single +5 V power supply. 

ANALOG INPUT _.. 
~ PHASE-LOCKED DIVIDER CLKI 

LOOP 

• 

• Translates between 10 different frequencies. 
Generates basic and high frequency output clocks and 
frame sync from an input clock and its frame sync. 

• High Frequency Output clock for higher-than-baud rate 
backplane systems 

• Low output jitter meets AT&T Publication 62411 for 
1.544 MHz, and CCITTRecommendation G.823 for 
2.048MHz 

• Digital control of frequency conversion process 

• No external components 

•Pin-selectable operation mode 

•Low-power 5V only CMOS in 14-pin plastic DW 
or 28-pin PLCC 

::::111!1111~:::::::::::::;::;::::;::::::::::::::::::::1::::1;::::!::;~:::::::!::::::::::::::::::::::::::::::1::::1:::::::::1:1::::::1::1:::::::1: 
• Internal timing system for Channel Banks, Digital Loop 
Carriers, Multiplexers, Internal Timing Generators, etc. 

•Conversion between Tl/El clock rates and higher 
frequency backplane rates (Tl/El converter) 

• Special backplane interfaces (e.g. NTI 2.56 MHz) 

~""' 
__.. 

OUTPUT .. .. 
DIVIDER ~ 

~ 

HFO 

CLKO 

FEEDBACK 14-- FREQUENCY 

SEL 

FSI 

P1 
P2 
P3 
P4 

_.. 
_.., 
: -:. --

FREQUENCY 
SELECT 
LOGIC 
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CONVERTER 

• j • 
_.. 
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LXP610 Low Jitter Multi-Rate Clock Adapter P3 
FSO vcc 
N/C P4 
N/C N/C 

P3 1 14 vcc N/C 5 

FSO 2 13 P4 HFO • 
14 pin HFO 3 12 FSI N/C 7 

DIP N/C 4 11 FSP N/C • 
CLKI 5 10 SEL N/C . 

CLKO 6 9 P2 CLKI 

P1 7 8 GND N/C 

N/C N/C 

Table 1: Pin Descriptions 
CLKO N/C 

P1 P2 

Pin# Sym VO Name Description 
GND-

DIP PLCC 

1 1 P3 I Program Pin 3 Program pins control frequency conversion and FSO pulse width 
7 14 Pl I Program Pin 1 in conjunction with the SEL pin as listed in Table 2. 
9 16 P2 I Program Pin 2 

13 27 P4 I Program Pin 4 

2 2 FSO 0 Frame Sync Output Frame synchronization output at 8 kHz. FSO is synched to CLKO and 
to FSI (if FSI is provided.) Active low unless FSP = 1. 

3 6 HFO 0 High Frequency A high frequency output which can be used to clock external devices. 
Output HFO outputs are determined in accordance with Table 2. 

5 10 CLKI I Clock Input Primary rate clock to be converted. 

6 13 CLKO 0 Clock Output Primary rate clock derived from CLKI. 

8 15 GND - Ground Ground. 

10 20 SEL I Mode Select Controls frequency conversion and FSO pulse width in conjunction 
with Program pins 1-4, as listed in Table 2. 

11 22 FSP I Frame Sync Polarity When high, causes FSI and FSO to be active high pulses. 

12 24 FSI I Frame Sync Input Frame synchronization pulse (8 kHz or any subrate multiple). 
Active low when FSP = 0. Active high when FSP = 1. 

14 28 vcc I Power Supply Input +5 V power supply input. 

NOTE: The following pins are not connected (N/C): DIP pin 4 and PLCC pins 3, 4, 5, 7, 8, 9, 11, 12, 17, 18, 19, 21, 23, 25 and 26. 

Table 2: Program Pin Functions 

Mode Select SEL=O 

P4 P3 P2 P1 CLKI CLKO HFO 

0 0 0 0 1.544 2.048 6.144 
0 0 0 1 3.088 2.048 8.192 
0 0 1 0 1.544 2.048 6.144 
0 0 1 1 1.544 2.048 8.192 
0 1 0 0 1.544 2.560 7.680 
0 1 0 1 6.176 4.096 8.192 
0 1 1 0 1.544 2.560 7.680 
0 1 1 1 6.176 2.048 8.192 
1 0 0 0 3.088 2.048 6.144 
1 0 0 1 3.088 4.096 8.192 
1 0 1 0 3.088 2.048 6.144 
1 0 1 1 1.544 4.096 8.192 
1 1 0 0 6.176 2.560 7.680 
1 1 0 1 6.176 4.096 8.192 
1 1 1 0 6.176 2.560 7.680 
1 1 1 1 6.176 4.096 8.192 
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FSO CLKI 

Long (L) 2.048 
Short (S) 2.048 

L 2.048 
s 2.048 
L 2.560 
L 8.192 
L 2.560 
s 8.192 
L 2.048 
L 4.096 
L 2.048 
L 4.096 
L 2.560 
L 8.192 
L 2.560 
L 8.192 

SEL =1 

CLKO 

3.088 
3.088 
1.544 
1.544 
1.544 
3.088 
1.544 
1.544 
3.088 
3.088 
3.088 
1.544 
1.544 
3.088 
1.544 
1.544 

HFO FSO 

6.176 L 
6.176 L 
6.176 L 
6.176 L 
7.720 L 
6.176 L 
7.720 L 
6.176 L 
6.176 L 
6.176 L 
6.176 L 
6.176 L 
7.720 L 
6.176 L 
7.720 L 
6.176 L 
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LXP610 Low Jitter Multi-Rate Clock Adapter 

Parameter Symbol Min Typ Max Units Test Conditions 

Supply voltage Vee 4.75 5.0 5.25 v 
Supply current ICC - - 8 mA No TIL loading 

ICC - - 14 mA Full rn.. loading 

Operating temperature TOP ·40 - 85 oc 
1 Transient currents of up to 100 mA will not cause SCR latch-up. 

Table 4: Digital Characteristics 

Parameter Symbol Min Max Units 

Input low voltage VIL - 0.8 v 
Input high voltage VIH 2.0 - v 
Output low voltage (10 L = + 1.6 mA) VOL - 0.4 v 
Output low voltage (10 L < + 10 µA) VOL - 0.2 v 
Output high voltage (10 n = -0.4 mA) YOH 2.4 - v 
Output high voltage (10 n < - 10 µA) YOH 4.5 - v 
Input leakage current ~L -10 10 µA 

Table 5: Timing Values (see Figure 2) 

Parameter Symbol Min Max Units 

Capture range on CLKI - ±10000 - ppm 

Lock range on CLKI - ±10000 - ppm 

Input clock duty cycle - 35 65 % 

Rise/fall time on CLKI, FSI Trf - 40 ns 

Rise/fall time on CLKO, FSO, HFO with a 25 pF load Trf - 40 ns 

Figure 2: Rise and Fall Times 

Trf Trf 

-~-- -~ VIHNOH ------
VIUVOL ------- ____ r 
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LXP610 Low Jitter Multi-Rate Clock Adapter 

Table 6: Timing Values (see Figures 3 through 7) 

Parameter Symbol Min Typ Max Units 

FSI setu_Q_ time from CLKI risiq Tsui 46 - - ns 

FSI/CKLI hold time Thi 30 - - ns 

FSIJ?._ulse width Twi 76 - TCLKI1 ns 

CLKO delay from CLKI TdC -15 0 +15 ns 

CLKO dl!!Y_ 9'._cle Cdc 49 - 51 % 

FSO del~ from HFO TdF -5 - 30 ns 

FSO _p_ulse width Two - - TCLK02 ns 

CLKO delay from HFO TdH -15 - 15 ns 

1 TCLKI is the period of CLKI. 
2 TCLKO is the period of CLKO. 

Fl ure 3: Timin Relationshi - FSI I CLKI to CLKO I FSO and HFO 

CLICI 

FSI 

CLKO 

or 

CLKO 

FSO 
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LXP610 Low Jitter Multi-Rate Clock Adapter 

Figure 4: Output Frame Sync Alignment when HFO = 2 x CLKO · 

CLKO 
(4.096) 

FSO 

CLKO 
(3.088) 

FSO 

Figure 5: Output Frame Sync Alignment when HFO = 3 x CLKO 

Figure 6: Output Frame Sync Alignment when HFO = 4 x CLKO 

Figure 7: Output Frame Sync Alignment when HFO = 5 x CLKO 
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(1.544) 
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(7.720) 

FSO 
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LXP610 Low Jitter Multi-Rate Clock Adapter 

Functional Description 

The CLAD converts an input clock (CLKI) at a particular 
frequency to an output clock (CLKO) at a different fre
quency. It also produces a frame sync output (FSO) and a 
high frequency output clock (HFO). The HFO frequency is 
a multiple (2x, 3x, 4x, or 5x) of CLKO. The specific 
frequencies are determined by the Mode Select (SEL) and 
Program (Pl - P4) inputs. Table 7 lists the CLKO and HFO 
frequencies available with a given input CLKI. (Table 2, 
page 2, lists the same data, keyed to Program Pin settings.) 
Figures 4 through.7 show output frame sync alignments. 

CLKO is always frequency-locked to CLKI. When a frame 
sync input (FSI) is supplied, CLKI and CLKO are also phase
locked. The CLAD accepts FSI pulses at 8 kHz, or at any 
sub-rate multiple (ie., 1, 2 or4 kHz). The frame sync output 
(FSO) pulse is synchronized to the FSI pulse. 

When an 8 kHz FSI is first asserted, the CLKI and CLKO 
rising edges will be aligned within a maximum of 500 ms. 
For other FSI rates, the alignment period is correspondingly 
lengthened. For example, at 4 kHz, the FSI/FSO alignment 
is completed within a maximum of one second. 

If an input frame sync pulse is not provided, the FSI pin 
should be tied high or low. CLKO and FSO are still 
generated with the CLKO frequency locked to CLKI. 

Table 7: Input to Output Frequency Conversion Options 

CLKI CLKO HFO FSO P4 

1.544 2.048 6.144 Long (L) 0 

1.544 2.048 8.192 Short (S) 0 

1.544 2.560 7.680 L 0 

1.544 4.096 8.192 L 1 

2.048 1.544 6.176 L 0 

2.048 3.088 6.176 L 0 
2.048 3.088 6.176 L 1 

2.560 1.544 7.720 L x 
3.088 2.048 6.144 L 1 

3.088 2.048 8.192 s 0 

3.088 4.096 8.192 L 1 

4.096 1.544 6.176 L 1 

4.096 3.088 6.176 L 1 

6.176 2.048 8.192 s 0 

6.176 2.560 7.680 L 1 

6.176 4.096 8.192 L 0 
6.176 4.096 8.192 L 1 

8.192 1.544 6.176 L x 
8.192 3.088 6.176 L x 
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P3 P2 

0 x 
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1 x 
0 1 

0 1 

0 0 
0 x 
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1 0 
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LXP610 Low Jitter Multi-Rate Clock Adapter 

Output Jitter 

Refer to Table 8. The CLAD output jitter meets the follow
ing specifications: 

• 2 048 MHz or 4 096 MHz to 1 544 MHz· In this mode 
of operation, the CLAD meets the output jitter require
ments of AT&T Publication 62411. When there is no 
jitter on input clock CLKI, the maximum jitter on 
CLKO is 0.020 UI pp with no bandlimiting, 0.010 UI in 
the IO Hz -40 kHz band, and 0.012 UI in the 8 - 40 kHz 
band. 

• 1 544 Mttz to 2 048 MHz or 4 096 MHz· In this mode 
of operation when there is no jitter on input clock CLKI, 
the maximum jitter on CLKO is 0.035 UI pp over the 
range of20 Hz to 100 kHz, and 0.025 UP pp in the 18-
100 kHz band. 

Table 8: Output Jitter Specifications 

Jitter Transfer 

The CLAD is sensitive to jitter on the input clock in certain 
frequency bands. The jitter transfer curve is determined by 
the frequency and amplitude of the input jitter. Figures 8 and 
9 show nominal jitter transfer measured in nanoseconds. 
These figures graph output jitter (less intrinsic jitter) divided 
by input jitter (0.25 UI). Jitter transfer from a 2.048 MHz 
CLKI to a 1.544 MHz CLKO is shown in Figure 8. In this 
mode, jitter in the critical 8 kHz band is attenuated while fl 
jitter in the 18 - 70 kHz band is transferred with a small net 
gain. Jitter transfer from a 1.544 MHz CLKI to a 2.048 MHz 
CLKO is shown in Figure 9. In both modes, with an input 
jitter level of 0.25 UI,jittertransfer is held below a net gain 
of 1.110. (Jitter transfer varies with the input jitter level. 
Performance in a particular application should be verified in 
the actual circuit.) 

Parameter Sym Frequency Spec1 Typ2 Max Units Test Conditions 

Output Jitter on CLKO No Bandlimiting 0.050 0.010 0.020 Ulpp CLKI = 2.048 or 4.096 MHz 

CLKO = 1.544 MHz Tjl 10 Hz to 40 kHz O.Q25 0.005 0.010 Ulpp Jl=O 

8 kHz to 40 kHz 0.025 0.006 0.012 Ulpp FSI applied 

Output Jitter on CLKO Tj2 20 Hz to 100 kHz 1.500 0.025 0.035 Ulpp CLKI = 1.544 MHz, 

CLKO = 2.048 MHz JI=O 
-

18 kHz to 100 kHz 0.200 0.015 0.025 Ulpp FSI applied 

1 Specifications from AT&T Publication 62411 and CCITT Recommendations G.823 (for 1.544 MHz and 2.048 MHz, respectively). 

2 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
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LXP610 Low Jitter Multi-Rate Clock Adapter 

Figure 8: Nominal Jitter Transfer - 2.048 MHz CLKI to 1.544 MHz CLKO (Input Jitter= 0.25 UI) 
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Figure 9: Nominal Jitter Transfer - 1.544 MHz CLKI to 2.048 MHz CLKO (Input Jitter= 0.25 UI) 
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LXP610 Low Jitter Multi-Rate Clock Adapter 

Application and Design Considerations 

Frame Sync Generation 

A frame sync pulse is required to synchronize the input and 
output clocks. If a frame sync pulse is not provided on the 
backplane, one can be generated from the existing 2.048 
MHz backplane clock. A typical FSI generation circuit is 
shown in Figure 10. 

Power Supply Decoupling and Filtering 

The LXP6 l 0 CLAD is designed to meet AT&T Publication 
62411 specifications for jitter in the range from 10 Hz to 
100 kHz. Proper power supply decoupling is critical for 
meeting these specifications. As shown in Figure 11, a 
standard O. lµF bypass capacitor is recommended. 

The CLAD is a monolithic silicon device which incorporates 
both analog and digital circuits. CLAD application circuit 
design may require closer attention to power supply filtering 
and bypassing than required for strictly digital devices. 

Figure 10 Frame Sync (FSI) Generation Circuit 

Switching power supplies which operate below 100 kHz 
may produce noise spikes which can affect the analog 
sections of the CLAD. These spikes should be filtered with 
an RC network at the CLAD VCC pin. 

Typical Application 

Figure 11 shows a typical application circuit using a pair of 
LXP610 CLADs to convei:t between the 2.56 MHz 
backplane frequency and the 1.544 MHz Tl rate. The 
CLAD at the top of the figure provides the 1.544 MHz TCLK 
for the Tl framer and transceiver. For conversion from 2.56 
MHz to 1.544 MHz, Pl, P2, and P4 are tied low; and Pl and 
SEL are tied high. In this configuration, the LXP610 HFO 
is 7.720 MHz. 

The CLAD at the bottom of Figure 11 produces the 
2.56 MHz backplane clock. For conversion from 
1.544 MHzto2.56MHz,Pl,P2,P3 andP4aretiedhigh; and 
SEL is tied low. The HFO produced in this configuration is 
7.680 MHz. 
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LXP610 Low Jitter Multi-Rate Clock Adapter 

Figure 11: Typical Application Circuit 
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LXP2175 
T1/E1 Elastic Store 

The LXP2175 is one ofa family of Level One Primary Rate 

Interface solutions. It is compatible with LXT30x series 
transceivers, and LXP2 l 80A/2181 A framer/formatters. 
The LXP2 l 75 is a low-power CMOS elastic-store memory 
optimized for use in primary rate telecommunications trans
mission equipment 

Compatible with North American Tl (1.544 MHz) and 
European E 1 (2.048 MHz) primary rate networks, the device 

serves as a synchronous element between asynchronous data 
streams. The LXP2 l 75 has several flexible operating modes 
which eliminate support logic and hardware otherwise re
quired to interconnect parallel or serial TOM backplanes. 
The LXP2 l 75 is a drop-in replacement for the DS2175. 

·::::1,11~a1111::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1::1::::1::::::1::::::::::::::1::::::1:::::::::1::::::1::::::::1::111::::1 
Digital Trunks 

Drop and Insert Equipment 

Digital Cross-connects (DACS) 

Private Network Equipment 

PABX-to-computer interfaces such as DMI and CPI. 

RSER .... 
..... 

Standard Product 
August 1992 

• Drop-in replacement for the DS2175 

• Rate buffer for Tl/E 1 transmissions 

• Synchronizes loop-timed and system-timed Tl/El data 
streams 

• Ideal for 1.544 to 2.048 MHz rate conversion 

• Supports parallel and serial backplanes 

• Easily monitored two-frame buffer depth 

• Comprehensive on-chip slip control logic 

• Slips occur only on frame boundaries 

• Outputs report slip occurrences and direction 

• Align feature allows buffer to be recentered at any time 

• Available in 16-pin DIP and SOP 

• Compatible with Level One LXP2180A and 
LXP2181A framer/formatters 
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LXP2175 T1/E1 Elastic Store 

Pin Descriptions 

Pin Sym 1/0 

1 RCLKSEL I 

2 RCLK I 

3 RSER I 

4 RMSYNC I 

5 FSD 0 

--
6 SLIP 0 

7 ALN I 

8 vss -

9 SCLKSEL I 

lO siP I 

11 SCHCLK 0 

12 SFSYNC I 

13 SMSYNC 0 

14 SSER 0 

15 SYSCLK I 

16 VDD I 

2-158 

RCLKSEL 
RCLK 
RSER 

l 16 
2 15 
3 14 

VDD 
SYSCLK 

· SSER 
SMSYNC 
SFSYNC 
SCHCLK 
SIP" 
SCLKSEL 

Name 

Receive Clock 
Select 

Receive Clock 

Receive Serial 
Data 

Receive Multi-
frame Sync 

Frame Slip 
Direction 

Frame Slip 

Align 

Signal Ground 

System Clock 
Select 

Serial Parallel 
Select 

RM SYNC 
FSD 
SLIP 
ALN 
vss 

4 13 
5 12 
6 11 
7 10 
8 9 

Description 

Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz. 

Primary 1.544 MHz or 2.048 MHz data clock. 

Sampled on falling edge of RCLK. 

Rising edge e,stablishes receive side frame and multiframe boundaries. 
I 

State indicates direction oflast slip; latched on slip occurrence. 

Active low, open collector output. Held low for65 SYSCLK cycles when 
a slip occurs. 

Recenters buffer on next system side frame boundary when forced low. 

0.0 volt ground return. 

Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz. 

Tie to VSS for parallel backplane applications, to VDD for serial. 

System Channel Transitions high on channel boundaries; useful for serial to parallel 
Clock 

System Frame 
Sync 

System Multi-
frame Sync 

System Serial 
Data 

System Clock 

Positive Supply 

conversion of channel data 

Rising edge establishes system side frame boundaries. 

Slip-compensated multiframe output. 
depth of store in real time. 

Updated on rising edge of SYSCLK. 

1.544 or 2.048 MHz data clock. 

+5 Volt power supply input. 

Used with RMSYNC to monitor 
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PCM Buffer 

The LXP2175 utilizes a two-frame buffer to synchronize 
incoming PCM data to the system backplane clock. Buffer 
depth is mode dependent: 2.048 MHz to 2.048 MHz appli
cations use 64 bytes of buffer memory; all other modes are 
supported by 48 bytes. The buffer samples data at RSER on 
the falling edge ofRCLK. Output data appears at SSER and 
is updated on the rising edge of SYSCLK. The buffer depth 
is constantly monitored by on-board contention logic. A 
"slip" occurs when the buff eris completely emptied or filled. 
Slips automatically recenter the buffer to a one-frame depth 
and always occur on frame boundaries. 

Data Format 

Data is presented to, and output from, the elastic store in a 
"framed" fonnat. A rising edge at RMSYNC establishes 
receive side frame boundaries (see Figures 2 and 3). A rising 
edge at SFSYNC establishes system side multiframe 
boundaries (see Figures 4 and 5). North American (Tl) 
frames contain 24 data channels of 8 bits each and an F-bit 
(193 bits total). European (El) frames contain 32 data 
channels (256 bits). The frame rate ofbothsystems is 8 KHz. 
RMSYNC and SFSYNC do not require a pulse at every 
frame boundary. If desired, they may be pulsed once to 
establish frame alignment. Internal counters will then main
tain the frame alignment and may be reinforced by the next 
rising edge at RMSYNC and/or SFSYNC. 

Slip Correction Capability 

The two-frame buffer depth is adequate for Tl and El 
applications where short-tenn jitter synchronization, rather 
than correction of significant frequency differences, is re
quired. The LXP2175 provides a balance between total 
delay (less than 250 ms at its full depth) and slip correction 
capability. 

Buffer Recentering 

Many applications require that the buffer be recentered 
during system power-up and/or initialization. Forcing ALN 
low recenters the bufferon the next rising edge of SFSYNC. 
A slip will occur during this recentering if the buffer depth 

f~LEVEL liilONE@ 

LXP2175 T1/E1 Elastic Store 

is adjusted. If the depth is presently optimum, no adjustment 
(slip) occurs. 

Slip Reporting 

SLW is held low for 65 SYSCLK cycles when a slip occurs. 2 SLIP is an active-low, open-collector output. FSD indicates 
slip direction. When low (buffer empty), a frame of data was 
repeated at SSER during the previous slip. When high 
(buffer full), a frame of data was deleted. FSD is updated at 
every slip occurrence. 

Buffer Depth Monitoring 

SMSYNC is a system side output pulse which indicates 
system side multiframe boundaries. The distance between 
rising edges at RMSYNC and SMSYNC indicates the cur
rent buffer depth. Slip direction and/or an impending slip 
condition may be determined by monitoring RMSYNC and 
SMSYNC real time. SMSYNC is held high for 65 SYSCLK 
cycles. 

Clock Select 

Receive and system side clock frequencies are independ
ently selectable by inputs RCLKSEL and SCLKSEL. 1.544 
MHz is selected when RCLKSEL (SCLKSEL)=O; and 
2.048 MHz is selected when RCLKSEL (SCLKSEL)= 1. In 
1.544 MHz (receive) to 1.544 MHz (system) applications, 
the F-bit is passed through the receive buffer and presented 
at SSERimmediately after arising edge on SFSYNC. The F
bit is forced to 1 in 2.048 MHz to 1.544 MHz applications. 
No F-bit position exists in 2.048 MHz system side applica
tions. 

Parallel Compatibility 

The LXP2175 is compatible with parallel and serial 
backplanes. In serial applications (StP = 1 ), channel l data 
appears at SSER after a rising edge at SFSYNC. In parallel 
applications (SIP= 0), the device utilizes a look-ahead cir
cuit. Data is output 8 clocks earlier as shown in Figures 4 and 
5, allowing a user to parallel convert data externally, using 
an HC595 shift register. 
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Figure 2: Receive Side Timing (RCLK = 1.544 MHz) 

RCLK 

RMSYNC 

RSER 

Figure 3: Receive Side Timing (RCLK = 2.048 MHz) 

RCLK 

RMSYNC 

RSER 
Note 1 

1 All channel data is passed through the elastic store in 2.048 MHz system side applications (SCLKSEL = 1); Data in channels> 24 is ignored in 1.544 
MHz system side applications (SCLKSEL = 0). 

Figure 4: System Multiframe Boundary Timing (SYSCLK = 1.544 MHz) 

SYSCLK 

SFSYNC 

SMSYNC 

SCHCLK _J r 
SSER 

(SIP= 1) 
Note 1 

SSER 
(SIP= 0) 

Note.1 

1 In 1.544 MHz receive side applications (RCLKSEL = 0), the F-bit position contains F-bit data extracted from the data stream at RSER. The F-bit 
position is forced to "1" in 2.048 MHz receive side applications (RCLKSEL = 1). 
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LXP2175 T1/E1 Elastic Store 

Figure 5: System Multiframe Boundary Timing (SYSCLK = 2.048 MHz) 

SYSCLK 

SFSYNC 

SM SYNC 

SCHCLK _J 

SSER 
(SIP= 1) 

Note 1 

SSER 
(SIP =0) 

Note 1 

1 All channel data is passed through the elastic store in 2.048 MHz system side applications (SCLKSEL = I); Data in channels> 24 is ignored in 1.544 
MHz system side applications (SCLKSEL = 0). 

Absolute Maximum Ratings* 
* Exceeding these values may cause 

permanent damage. Functional operation 
under these conditions is not implied. 
Exposure to absolute maximum rating 
conditions for extended periods may 
affect device reliability. 

•Voltage on any pin relative to ground -1.0V to+ 7V 
•Operating temperature (2175SC and NC) 0 °C (min) to 70 °C (max) 

(2175SE and NE) -40 °C (min) to 85 °C (max) 

• Storage temperature -55 °C (min) to 125 °C (max) 

• Soldering temperature 260 °C for 10 seconds 

Recommended Operating Conditions (Voltages are with respect to ground (VSS) unless otherwise stated) 

Parameter Sym Min Typ1 Max Units 

Logic l VIH 2.0 - VDD+ .3 v 
LogicO VIL -0.3 - +0.8 v 
Supply voltage VDD 4.5 5 5.5 v 

DC Electrical Characteristics - Clocked operation over recommended temperature and power supply ranges 

Parameter Sym Min Typ1 Max Units 

Input capacitance CIN - - 5 pF 

Output capacitance com - - 7 pF 

Supply current !nu_ - 6 - mA 

Input leakage !JI. -1.0 - +1.0 µA 

Output high current k -1.0 - - mA 

Output low current IOL +4.0 - - mA 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 SYSCLK = RCLK = 1.544 MHz 
3 Outputs Open 
4 All outputs except SLIP, which is open collector. 
' All outputs . 
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Test Conditions 

See Notes 2 and 3 

~ = 2.4 V, See Note 4 

V oL = 0.4 V, See Note 5 
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A.C. Electrical Characteristics 

Parameter Sym 

RCLKPeriod 1RCLK 

RCLK, SYSCLK Rise and Fall tR, ~ 

RCLK Pulse Width 1Rwn.tRWL 

SYSCLK Pulse Width tSWH, tSWL 

SYSCLK Period tSCLK 

RMSYNC Setup to RCLK Rising tsc 

SFSYNC Setup to SYSCLK Rising tsc 
--

RMSYNC, SFSYNC, ALN Pulse Width 1i>w 

RSER Setup to RCLK Falling tSD 

RSER Hold from RCLK Falling tHD 

Propagation Delay SYSCLK to SSER, 1i>vn 

or RCLK to RSER 

Propagation Delay SYSCLK to SMSYNC High 1i>ss 

Propagation Delay SYSCLK or RCLK to 1i>s 
--
SLIP Low, FSD low/high 
-
ALN Setup to SFSYNC Rising tSR 
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Min 

200 

. 

100 

100 

200 

-1RWlj/2 

-tSWlj/2 

100 

50 

50 

-

-

-

500 

Max 

. 

20 

-

-
-

+1Rwv2 

+tSWJ/2 

75 

75 

100 

-

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 6: Receive A.C. Timing Diagram 

tR 

Figure 7: System A.C. Timing Diagram 
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tF 
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Notes: 
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LXP2176 
Tt Receive Buffer 

The LXP2176 is one ofa family of Level One Tl interface 
solutions and is compatible with the LXTI00/301 Trans
ceiver, the LXP2180A Framer/Formatter, and the LXP600/ 
601 Clock Rate Adapter. The LXP2176 is a low-power 
CMOS device specifically designed for synchronizing re
ceive side loop-timed T-carrier data streams with system 
side timing. The device has several flexible operating 
modes which simplify interfacing incoming data to parallel 
and serial TOM backplanes. The device extracts, buffers 
and integrates ABCD signaling; signaling updates are pro
hibited during alarm or slip conditions. The buffer replaces 
extensive hardware in existing applications with one inte
grated chip. The LXP2176 is a fully pin-compatible drop
in replacement for the DS2176. 

::::111~1~1~111:::::::::::::::::::::::::::::::::::::::::::::::::::1:::::::::::::::::::::::::::::::::::::;:::::::1:::::::::::::::1:::::::1::::::::::1:::::::::: 
Digital Trunks 

Drop and Insert Equipment 

Transcoders 

Digital Cross-connects (DACS) 

Private Network Equipment 
• 

PABX-to-computer interfaces such as DMI and CPI. 

RSER PCM 

Standard Product 
August 1992 

::::11~1m:::i::::::::::::1;::::;11:::::::11:11::1::11::1:;:~1~1ill::~:r1ill:!!:\\::tt1::!!11:1:l1:;::1:11111ill:ill1::::::!1~:::11 
• Drop-in replacement for the DS2176 

• Synchronizes loop-timed and system timed Tl data streams 

• Two-frame buffer depth; slips occur on frame boundaries 

• Output indicates when slip occurs 

• Buffer may be recentered externally 

• Ideal for 1.544 to 2.048 MHz rate conversion 

• Interfaces to parallel or serial backplanes 

• Extracts and buffers robbed-bit signaling 

• Inhibits signaling updates during alarm or slip conditions 

• Integration feature "debounces" signaling 

• Slip-compensated output indicates when signaling updates 
occur 

• Compatible with LXP2180A Tl framer/formatter 

• Choice of 24-pin DIP or 28-pin PLCC (surface mount) 

~ RECEIVE 1 
BUFFER SYSTEM 

SSER 
SYSCLK 
SFSYNC 
SBIT8 

SIP 

__, RCLK 

RM SYNC 

SLIP 
ALN 

FMS 

SMO 

SM1 

SIGH 

-1 

.. _ 

CONTROLLER_}--
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SIGNALING 
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l L ~ 
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_.. 
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_.. 

SM SYNC 

SCHCLK 
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LXP2176 T1 Receive Buffer 

24-Pin DIP 

SIGH l 24 VDD 
RMSYNC 2 23 SCLKSEL 

RCLK 3 22 SYSCLK 
RSER 4 21 SSER 

A 5 20 SLIP 
B 6 19 SBIT8 
c 7 18 SMSYNC 
D 8 17 SIGFRZ 

SCHCLK 9 16 SFSYNC 
SMO 10 15 ALN 
SM1 11 14 FMS 
vss 12 13 SIP 

Pin Descriptions 

Pin 
Sym 1/0 Name 

DIP PLCC 

--
1 1 SIGH I Signaling Inhibit 

RMSYNC I Receive Multi-
2 2 frame Sync 

3 3 RCLK I Receive Clock 

4 4 RSER I Receive Serial 
Data 

5 5 A 0 RBS Outputs 
6 6 B 
7 9 c 
8 10 D 

9 11 SCHCLK I System Channel 
Clock 

10 12 SMO 0 Signaling Modes 
11 13 SMl 0 and 1 

12 14 vss - Signal Ground 

-
13 15 SIP I Serial Parallel 

Select 

14 16 FMS I Frame Mode 
Select 

--
15 17 ALN I Align 

16 18 SFSYNC I System Frame 
Sync 

2-166 

28-Pin PLCC 
0 .J 

UJ ~ 

a:~~ ~d 
UJ _.en~ o _. (/) 
CllO::E OU>-a:a:a: >CllCll 

A SSER 

B SLIP 

N/C SBIT8 

N/C N/C 

c N/C 

D SMSYNC 

SCHCLK SIG FAZ 

~il:l~{/)~~ 
{/) {/) > {/) ~ <1ii 

"-
{/) 

Description 

When low, ABCD signaling updates are disabled for a period 
determined by SMO and SMl, or until returned high. 

Must be pulsed high at rnultiframe boundaries to establish frame 
and multiframe alignment. 

Primary 1.544 MHz clock. 

Sampled on falling edge of RCLK. 

Robbed-Bit Signaling Outputs 

Transitions high on channel boundaries; useful for serial-to-
parallel conversion of channel data. 

Select signaling supervision technique. 

Signal Ground. 0.0 volts. 

Tie to VSS for parallel backplane applications, to VDD for serial. 

Tie to VSS to select 193S (D4) framing, 
to VDD for 193E (extended). 

Recenters buffer on next system side frame boundary when forced 
low. 

Rising edge establishes start of frame. 
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Pin Descriptions continued 

Pin Sym VO Name 

DIP PLCC 

17 19 SIGFRZ 0 Signaling 
Freeze 

18 20 SMSYNC 0 System Multi-
frame Sync 

19 23 SBIT8 I System Bit 8 

20 24 SLIP 0 Frame Slip 

21 25 SSER 0 System Serial 
Output 

22 26 SYSCLK I System Clock 

23 27 SCLKSEL I System Clock 
Select 

24 28 VDD I Positive Supply 

Figure 2: Receive Side Timing 

RCLK 

RMSYNC 

RSER 
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LXP2176 T1 Receive Buffer 

Description 

When high, indicates signaling updates have been disabled internally 
via a slip or externally by forcing SIGH low. 

Slip-compensated multiframe output; indicates when signaling up-
dates are made. 

High during the LSB time of each channel. 
Used to reinsert extracted signaling into outgoing data stream. 

Active low, open collector output. Held low for 64 SCLK cycles 
when a slip occurs. 

Updated on rising edge of SYSCLK. 

1.544 or 2.048 MHz data clock. 

Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz. 

+5 Volt power supply input. 
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LXP2176 T1 Receive Buffer 

OVERVIEW 

The LXP2176 performs two primary functions: 
1) Synchronization of received Tl PCMdata(looped 

timed) to host backplane frequencies 
2) Supervision of robbed-bit signalling data embed

ded in the data stream. 

The buffer, while optimized for use with the LXP2180A Tl 
Framer/formatter, is also compatible with other framers and 
transceivers. The LXP2180A data sheet should serve as a 
valuable reference when designing with the LXP2176. 

DATA SYNCHRONIZATION 

PCM Buffer 

The LXP2176 utilizes a two-frame buffer (386 bits) to 
synchronize incoming PCM data to the system backplane 
clock. The buffer samples data at RSER on the falling edge 
ofRCLK. Output data appears at SSER and is updated on the 
rising edge of SYSCLK. A rising edge at RMSYNC estab
lishes receive side frame and rnultiframe alignment as 
shown in Figure 2. A rising edge at SFSYNC establishes 
system side frame alignment. The buffer depth is constantly 
monitored by on-board contention logic, a "slip" occurs 
when the buffer is completely emptied or filled. Slips auto
matically recenter the buffer to a one-frame depth and 
always occur on frame boundaries. 

Slip Correction Capability 

The two-frame buffer depth is adequate for most T-carrier 
applications where short-term jitter synchronization, rather 
than correction of significant frequency differences, is re
quired. The LXP2176 provides a balance between total 
delay and slip correction capability. 

Buffer Recentering 

SLIP is held low for 65 SYSCLK cycles when a slip occurs. 
SLIP is an active-low, open-collector output 

Buffer Depth Monitoring 

SMSYNC is a system side output pulse which indicates 
system side multiframe boundaries.. The distance between 
rising edges at RMSYNC and SMSYNC indicates the cur
rent buffer depth. Slip direction and/or an impending slip 
condition may be determined by monitoring RMSYNC and 
SMSYNC in real time. SMSYNC is held high for 65 
SYSCLK cycles. 

Clock Select 

The LXP2176 is compatible with two common backplane 
frequencies: 1.544 MHz, selected when SCLKSEL=O; and 
2.048 MHz, selected when SCLKSEL= 1. In 1.544 MHz 

Figure 3: System Multiframe Boundary Timing (SYSCLK = 1.544 MHz) 
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applications the F-bit is passed through the receive buffer 
and presented at SSER immediately after a rising edge on 
SFSYNC. The F-bit is dropped in 2.048 MHz applications 
and the MSB of channel 1 appears at SSER one bit period 
after a rising edge at SFSYNC. SSER is forced to 1 in all 
channels greater than 24. See Figures 3 and 4. 

LXP2176 T1 Receive Buffer 

In 2.048 MHz applications (SCLKSEL=l ), the PCM buffer 
control logic establishes slip criteria different from that used 
in 1.544 MHz applications to compensate for the faster 
system-side read frequency. 

Figure 4: System Multiframe Boundary Timing (SYSCLK = 2.048 MHz) 

SYSCLK 

SFSYNC 

SMSYNC 

SCHCLK 

SBIT8 _n ____ ___.n.__ ____ ___.n 
SSER 

(S/P=1) 

SSER 
(SIP= 0) 

A,B,C,D 

Forced to 1 in Channels 25 thru 32 

Forced to 1 in Channels 25 thru 32 

Figure 5: 193S System Multiframe Timing 

Channel 1 

Frame# I 12 I 1 I 2 Is I 41sIeI1IsIgI10I11I12 I 1 I 2 Is I 41sIeI1IsI9I10I11I12 I 1 I 
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Figure 6: 193E System Multiframe Timing 
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LXP2176 T1 Receive Buffer 

Parallel Compatibility 

The LXP2176 is compatible with parallel and serial 
backplanes. Channel I data appears at SSER after a rising 
edge at SFSYNC as shown in Figures 3 and 4 (serial 
applications. SiP = I). The device utilizes a look-ahead 
circuit in parallel applications (SiP = 0). Data is output 8 
clocks earlier, allowing a user to parallel convert data 
externally. 

SIGNALING SUPERVISION 

Extraction 

In digital channel banks, robbed bit signaling data is inserted 
into the LSB of each channel during signaling frames. In 
193S framing (FMS = 0) applications, A signaling data is 
inserted into frame 6 and B signaling data is inserted into 
frame 12. 193E framing (FMS =I) includes two additional 
signaling bits: C signaling data is inserted into frame 18 and 
D signaling data is inserted into frame 24. This embedded 

Table 2: Signaling Supervision Modes 

signaling data is synchronized to system side timing (via the 
PCM buffer) before being extracted and presented at outputs 
A, B, C, and D. Outputs A, B, C and D are valid for each 
individual channel time and are repeated per channel for all 
frames of the multiframe. In 193S applications, outputs C 
and D contain the previous multiframe's A and B data 
Signaling updates occur once per multifrarne, at the rising 
edge of SMSYNC unless prohibited by a freeze. 

Freeze 

The signaling buffer allows the LXP2176 to "freeze" (pre
vent update ot) signaling information during alarm or slip 
conditions. A slip condition or forcing SIGH low freezes 
signaling; duration of the freeze is dependent on SMO and 
SMI. Updates will be unconditionally prohibited when 
SIGH is held low. During freezing conditions "old" data is 
recirculated in the output registers and appears atA,B,C and 
D. SIGFRZ is held high during the freeze condition, and 
returns low on the next signaling update. Input to output 
delay of signaling data is equal to one multiframe (the depth 

SMO SM1 FMS Selected Mode 

0 0 0 l 93S framing, no integration, l multiframe freeze. 
0 0 I 193E framing, no integration, 1 multiframe freeze. 
0 l 0 l 93S framing, 2 multiframes integration and freeze. 
0 I I l 93E framing, 2 multiframes integration and freeze. 
l 0 01 l 93S framing, 5 multiframes integration, 2 multiframes freeze. 
I 0 l1 l 93E framing, 3 multiframes integration, 2 multiframes freeze. 
l l 0 Test mode. 
I I l Test mode. 

1 During slip or alarm conditions, integration is limited to 2 multifrarnes to minimize signaling delay. 

Figure 7: Slip and Signaling Supervision Logic Timing 

SM SYNC 

SLIP 

SIGH 

ALN 

SIGFRZ 
(Notes 1 & 2) 

1 Integration feature disabled (SMO = SM! = 0) in timing shown. 
2 Depending on present buffer depth, forcing ALN low may or may not cause a slip condition . 
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of the signaling buffer)+ the current depth of the PCM buffer 
(1 frame+ approximately 1 frame). 

Integration 

Signaling integration is another feature of the LXP2176. 
When selected, it minimizes the impact of random noise hits 
on the span and resultant robbed-bit signaling corruption. 
Integration requires that per-channel signaling data be in the 
same state for two or more multiframes before appearing at 
A, B, C, and D. SMO and SMl are used to select the degree 
of integration or to bypass the feature totally. Integration is 
limited to two multiframes during slip or alarm conditions to 
minimize update delay. 

LXP2176 T1 Receive Buffer 

Clear Channel Considerations 

The LXP2176 does not merge the "processed" signaling 
information with outgoing PCM data at SSER. This assures 
integrity of data in clear channel applications. SBIT8 
indicates the LSB position of each channel. When combined 
with off-chip support logic, it allows the user to selectively 
insert robbed-bit signaling data into the outgoing data 
stream. 

LXP2176/LXP2180A System Appllcatlon 

Figure 8 shows how the LXP2180A Tl Framer/Formatter 
and the LXP2176 Receive Buffer interconnect in a typical 
application. 

Figure 8: Serial 1.544 MHz Backplane Interface Application 
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LXP2176 T1 Receive Buffer 

Absolute Maximum Ratings* 

* Exceeding these values may 
cause permanent damage. 
Functional operation under 
these conditions is not 
implied. Exposure to 
absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 

•Voltage on any pin relative to ground -1.0V to+ 7V 
•Operating temperature -40 °C (min) to 85 °C (max) 

• Storage temperature 
• Soldering temperature 

-55 °C (min) to 125 °C (max) 
260 °C for IO seconds 

Recommended Operating Conditions (Voltages are with respect to ground (GND) unless otherwise stated) 

Parameter Sym Min Typ1 Max Units Test Conditions 

Logic I VIH 2.0 - Yoo+ .3 v 
LogicO VIL -0.3 - +0.8 v 
Supply voltage VDD 4.5 5 5.5 v 

Capacitance 

Input capacitance CIN - - 5 pF 

Output capacitance COUT - - 7 pF 

DC Electrical Characteristics - Clocked operation over recommended temperature and power supply ranges 
Supply current IDD - 6 IO mA 

Input leakage IIL -1.0 - +I.O µA 

Output high current IOH -1.0 - - mA 

Output low current IOL +4.0 - - mA 

Output leakage ILO -1.0 - +1.0 µA 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
' TCLK = RCLK = 1544 MHz 
' Outputs Open 
• All outputs except SLIP, which is open collector. 
' All outputs. 
• Applies to SLIP when tristated. 
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See Notes 2 and 3 

Y0 u = 2.4 V, See Note4 

V0 L = 0.4 V, See Note 5 

See Note 6 
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LXP2176 T1 Receive Buffer 

A.C. Electrical Characteristics 

Parameter Sym Min 

RCLKPeriod tRCLK 250 

RCLK, SYSCLK Rise and Fall tR, t,, 

RCLK Pulse Width ~WH,~WL 125 

SYSCLK Pulse Width tSWH,tSWL 100 

SYSCLK Period 1sCLK 200 

RMSYNC Setup to RCLK Rising tsc -~Wo/2 

SFSYNC Setup to SYSCLK Rising tsc -1swiy2 

RMSYNC, SFSYNC, SIGH, ALN l:,.w 100 

Pulse Width 

RSER Setup to RCLK Falling tSD 50 

RSER Hold from RCLK Falling tHD 50 

Propagation Delay SYSCLK to SSER, t,.VD 

A,B,C,D 

Propagation Delay SYSCLK to t,.ss 

SMSYNCHigh 

Propagation Delay SYSCLK or RCLK t,.s 
-

to SLIP Low 

Propagation Delay SYSCLK to t,.SF 

SIGFRZ Low/High 
----
ALN, SIGH Setup to SFSYNC Rising tSR 500 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLK = RCLK = 1.544 MHz 
3 Outputs Open 
4 All outputs except SLIP, which is open collector. 
5 All outputs. 
6 Applies to SLIP when tristated. 
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Typ1 Max Units 

648 ns 

20 ns 

324 ns 

244 ns 

488 ns 

+~WI/2 ns 

+tSWI/2 ns 

ns 

ns 

ns 

100 ns 

75 ns 

100 ns 

75 ns 

ns 
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Figure 9: Receive A.C. Timing Diagram 

tR tF 

RMSYNC 

RSER 

Figure 10: System A.C. Timing Diagram 

tR tF 

SYSCLK 

SFSYNC 

SSER 
A,B,C,D 

SLIP 

tPSF __.. 
SIGFRZ 

tPSS __.. 
SMSYNC 

tsR 

ALN, 
SIGH 

2-174 
(((I LEVEL 
lliONE@ 



LXP2180A 
T 7 ESF Framer /Formatter 
lllllllllliiiililillili!iii!!i!!iiil!il!ii!iiliiiii!li!i!!~liiiii!!illl!iiil!!i!ii!!iii!~:~::::::::1:::::::1:: 
The LXP2 l 80A is one of a family of Level One Tl interface 
solutions. It is compatible with the LXT300 series transceiv
ers and LXP600 series clock adapters. The device interfaces 
to the DS 1 1.544 Mbps digital trunk. A pin compatible drop
in replacement for the Dallas DS2180A, the LXP2180A 
provides all formatting necessary for transmission on the Tl 
link. It supports both 193S and 193E superframe standards 
and provides clear channel capability through appropriate 
zero suppression and signaling modes. 

The transmit framer/formatter circuits generate appropriate 
framing bits, insert robbed bit signaling, supervise zero 
suppression, generate alarms and provide output clocks for 
data conditioning and decoding. The receive and synchro
nizer circuits establish frame and multiframe boundaries, 
extract signaling data and report alarms and signaling for
mats. Control functions allow both stand-alone Hardware 
mode operation and Host mode operation for use with a 
microprocessor/microcontroller. 

The LXP2180A is a monolithic CMOS device which re
quires only a single +5V power supply. 

ilillllllllili!iii!i!iiiiiiiii!iiii!ii!illiiii!iiii!!ii!i!i!ii!iiiiiiiiiiili!iliiii!i!iiiiii!iiiiiiiii::::::::::::::;::::::::::::::::::::::::::::::::::::~ 
• DS l/ESF digital trunk interfaces 

• Computer to PBX interfaces (DMI and CPI) 

• High speed computer to computer data links 

• Digital cross-connect interface 

TM SYNC 
TFSYNC 
TOLK 
TLCLK 

TLINK 

TSER 

TRANSMIT 
TIMING 

Standard Product 
August 1992 

1ar1:::;;::1::::1:::::::::::::::::::::::::1::::1:::::~1:::::::::;1::1::111:~1::::::;i;;;;;::ill:1::::::11::::::ill:::1:::::::::::::1:::1::::1::::: 
• Drop-in replacement for the DS2180A 

• Single chip DS 1 rate framer/formatter 

• Supports common framing standards 
- 12 frames/superframe "193S" 
- 24 frames/superframe "193E" 

• Three zero suppression modes 
- B7 stuffing 
- BSZS 
- Transparent 

• Simple serial interface for configuration, control and 
status monitoring in Host mode 

• Hardware mode for stand-alone applications requires no 
host processor 

• Compatible with LXT300 series transceivers 

• Selectable 0, 2, 4, 16 state robbed bit signaling modes 

• Allows mix of "clear" and "non-clear" DSO channels on 
same DS.l link 

• Alarm generation and detection 

• Receive error detection and counting for transmission 
performance monitoring 

• +5V supply, low-power CMOS technology 

• Available in 40-pin plastic DIP and 44-pin PLCC 

TSIGSEL 
TMO 
TCHCLK 
TSlGFR 

TPOS 
TNEG 

TABOO -+--------+-+----------!~ 

INT 

soc --ir-----, 

SDI 
Cs 
SCLK 
SPS 

RYEL 

ASEA 
AABCD 
RUNK 

AOLK 
RSIGFR 
ASIGSEL 
RCHCLK 
RMSYNC 
AF SYNC 

•
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SERIAL 
CONTROL 

INTERFACE 

YELLOW ALARM 
DETECT 

RECEIVE 
TIMING 

ALOS 
AOL 
ABV 

APOS 
RNEG 
AOLK 

AFER 
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40-Pin DIP 

TMSYNC 1 40 VDD 
TFSYNC 2 39 RLOS 

TCLK 3 38 RFER 
TCHCLK 4 37 RBV 

TSER 5 36 RCL 
TMO 6 35 RNEG 

TSIGSEL 7 34 RPOS 
TSIGFR 8 33 AST 
TABCD 9 32 TEST 

TLINK 10 31 RSIGSEL 
TLCLK 11 30 RSIGFR 
TPOS 12 29 RAB CD 
TNEG 13 28 RMSYNC 

INT 14 27 RFSYNC 
SDI 15 26 RSER 

SDO 16 25 RCHCLK 
cs 17 24 RCLK 

SCLK 18 23 RLCLK 
SPS 19 22 RUNK 
vss 20 21 RYEL 

Table 1: Transmit Pin Descriptions 

Pin# Sym 1/0 Name 
DIP PLCC 

1 1 1MSYNC I Transmit Multi-
frame Sync 

2 2 TFSYNC I Transmit Frame 
Sync Channel B2 

3 4 TCLK I Transmit Clock 

4 5 TCHCLK 0 Transmit Channel 
Clock 

5 7 TSER I Transmit Serial 
Data 

6 8 1MO 0 Transmit Multi-
frame Out 

7 9 TSIGSEL 0 Transmit Signal-
ing Select 

8 10 TSIGFR 0 Transmit Signal-
ingFrame 

9 11 TABCD I Transmit ABCD 
Signaling 

2-176 

44-Pin PLCC 

~ o:c: 
...J zO 
o~ >- >- wa: o:c:....1owwoow>....1 

zggz:=~§!ii!~&!~ 

TSER RNEG 
TMO RPOS 

TSIGSEL AST 
TSIGFR TEST 
TABCD RSIGSEL 

TLINK RSIGFR 
TLCLK RABCD 
TPOS RMSYNC 
TNEG RFSYNC 

INT RSER 
SDI RCHCLK 

18 19 20 21 22 23 24 25 26 27 28 

ow~ w Wu:J~ o~ ~o 
@ 0 535~>-szddz 

(/) a:a: a!a: 

Description 

Transmit Multiframe Sync may be pulsed high at multiframe 
boundaries to reinforce multiframe alignment, or tied low, which 
allows internal multiframe counter to free run. 

Transmit Frame Sync. Rising edge identifies frame boundary. May 
be pulsed every frame to reinforce internal frame counter, or tied low 
to allow 1MSYNC to establish frame/multiframe alignment. 

1.544 MHz primary clock. 

192 kHz clock which identifies time slot (channel) boundaries. 
Useful for parallel to serial conversion of channel data. 

NRZ data input, sampled on falling edge of TCLK. 

Output of internal multiframe counter, indicates multiframe bounda-
ries. 50% duty cycle. 

In 193E framing mode, this output is a 0.667 kHz clock which 
identifies signaling frames A and C. In 193S framing, it's a 1.33 kHz 
clock. 

High during signaling frames, low otherwise. 

When enabled via TCR.4, sampled during channel LSB time in 
signaling frames on falling edge of TCLK. 

((fSLEVEL 
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Table 1: Transmit Pin Descriptions continued 

Pin# Sym 1/0 Name Description 
DIP Pl.CC 

10 12 1LINK I Transmit Data Sampled during F-bit time (falling edge of TCLK) of odd frames 
Link for insertion into the outgoing data stream (193E-FDL insertion). 

Sampled during the F-bit time of even frames for insertion into the 
outgoing data (193S-External S-Bit insertion). 

11 13 1LCLK 0 Transmit Link Transmit Link Clock is a 4 kHz demand clock for 1LINK input. 
Clock 

12 14 TPOS 0 Transmit Transmit Bipolar Data Outputs. Updated on rising edge of TCLK. 
Positive and 

13 15 TNEG 0 Negative Data 

Table 2: Port Pin Description 

Pin# Sym 1/0 Name Description 
DIP Pl.CC 

14 16 INT 1 0 Receive Alarm In Host mode, an active low, open drain output which flags the host 
Interrupt controller during alarm conditions. 

15 17 SDI1 I Serial Data Serial port input data for on-board registers. Sampled on rising 
Input edge of SCLK (Host mode). 

16 18 soo1 0 Serial Data Serial output of control and status information from on-board 
Output registers. Updated on falling edge of SCLK, tri-stated during serial 

port write or when CS is high (Host mode). 

17 19 cs1 I Chip Select Must be low to write or read the serial port registers (Host mode). 

18 20 SCLK1 I Serial Data Used to read or write the serial port registers (Host mode). 
Clock 

19 21 SPS I Serial Port Tie to VDD to select serial port (Host mode). Tie to VSS to select 
Select the Hardware mode. 

1. Multifunction pins; see Hardware mode description. 

Table 3: Power and Test Pin Descriptions 

Pin# Sym 
DIP Pl.CC 

20 22 vss 

32 36 TEST 

40 44 VDD 

(ffSLEVEL 
imONE@ 

1/0 Name Description 

- Signal Ground 0.0 V signal ground. 

I Test Mode Tie to VSS for normal operation. 

- Positive Supply +5V power supply input. 
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Table 4: Receive Pin Descriptions 

Pin# Sym 1/0 Name 
DIP PLCC 

21 23 RYEL 0 Receive Yellow 
Alarm 

22 24 RLINK 0 Receive Link Data 

23 26 RLCLK 0 Receive Link 
Clock 

24 27 RCLK I Receive Clock 

25 29 RCHCLK 0 Receive Channel 
Clock 

26 30 RSER 0 Receive Serial 
Data 

27 31 RFSYNC 0 Receive Frame 
Sync 

28 32 RMSYNC 0 Receive Multi-
frame Sync 

29 33 RABCD 0 Receive ABCD 
Signaling 

30 34 RSIGFR 0 Receive Signaling 
Frame 

31 35 RSIGSEL 0 Receive Signaling 
Select 

--
33 37 RST I Reset 

34 38 RPOS I Receive Positive 
and Negative 

35 39 RNEG I Inputs 

36 40 RCL 0 Receive Carrier 
Loss 

37 41 RBV 0 Receive Bipolar 
Violation 

38 42 RFER 0 Receive Frame 
Error 

39 43 RLOS 0 Receive Loss of 
Sync 

2-178 

Description 

Transitions high when yellow alarm detected, goes low when 
alarm clears. 

Updated with extracted FOL data one RCLK before start of odd 
frames (193E) and held until next update. Updated with extracted 
S-bit data one RCLK before start of even frames (193S) and held 
until next update. 

4 kHz demand clock for RLINK. 

1.544 MHz primary clock. 

192 kHz clock, identifies time slot (channel) boundaries. 

Received NRZ serial data, updated on rising edge of RCLK. 

Extracted 8 kHz clock, one RCLK wide, indicates F-bit position 
in each frame. 

Extracted multiframe sync; edge indicates start of multiframe. 
50% duty cycle. 

Extracted signaling data output, valid for each channel time in 
signaling frames. In non-signaling frames, RABCD outputs the 
LSB of each channel word. 

High during signaling frames, low during re-sync and non-
signaling frames. 

In 193E framing a .667 kHz clock which identifies signaling 
frames A and C. A 1.33 kHz clock in 193S framing. 

High-low transition clears all internal registers and resets receive 
side counters. High-low-high transition initiates a receive resync. 

Receive Bipolar Data Inputs are sampled on the falling edge of 
RCLK. Tie together to receive NRZ data and disable bipolar 
violation monitoring circuitry. 

Receive Carrier Loss goes high if 32 consecutive "O's" appear at 
RPOS and RNEG. Goes low after next" 1." 

Receive Bipolar Violation goes high during accused bit tie at 
RSER if bipolar violation detected, low otherwise. 

Receive Frame Error. High during F-bit time when FT or FS 
errors occur (193S) or when FPS or CRC errors occur (193E). 
Low during resync. 

RLOS indicates sync status. Goes high when internal resync is in 
progress, low otherwise. 
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Table 5: Register Summary 

Register Address Side1 Description / Function 

RSR 0000 R2 Receive Status Register. Reports all receive alarm conditions. 

RIMR 0001 R Receive Interrupt Mask Register. Allows masking of individual alarm 
generated interrupts. 

BVCR 0010 R Bipolar Violation Count Register. An 8-bit presetable counter which 
records individual bipolar violations. 

ECR 0011 R Error Count Register. Two independent 4-bit counters which record 
OOF occurrences, and individual frame bit or CRC errors. 

CCR3 0100 T/R Common Control Register. Selects device operating characteristics 
common to receive and transmit sides. 

RCR3 0101 R Receive Control Register. Programs device operating characteristics 
unique to the receive side. 

TCR3 0110 T Transmit Control Register. Selects additional transmit side modes. 

TIRl 0111 T Transmit Idle Registers. Designate which outgoing channels ate to be 
TIR2 1000 T substituted with idle code. 
TIR3 1001 T 

TTRl 1010 T Transmit Transparent Registers. Designate which outgoing channels 
TTR2 1011 T are to be treated transparently. (No robbed bit signaling or bit 7 zero 
TTR3 1100 T insertion.) 

RMRl 1101 R Receive Mark Registers. Designate which incoming channels are to be 
RMR2 1110 R replaced with idle or digital milliwatt codes (under control ofRCR). 
RMR3 1111 R 

Notes 
1 Transmit or Receive side register. 
2 RSR is a read-only register. All other registers are read/write. 
3 Reserved bit locations in control registers should be programmed to 0 to maintain compatibility with future transceiver products. 

Operating Modes 

In the Host mode, pins 14 through 18 comprise a micropro
cessor/microcontroller compatible serial port which can be 
used for device configuration, control and status monitoring. 

In the Hardware mode no oftboard processor is required. 
Pins 14 through 18 are re-configured into "Hardwired" 
select pins. Features such as selective "clear" DSO channels, 
insertion of idle code and alteration of sync algorithm are 
unavailable in the Hardware mode. 

•
LEVEL 
ONE@ 

Host Mode 

Serial Port Interface 

Pins 14 through 18 of the LXP2180A serve as a micropro
cessor/microcontroller compatible serial port. Sixteen on
board registers allow the user to update operational charac
teristics and monitor device status via a host controller, 
minimizing hardware interfaces. Port read/write timing is 
unrelated to the system transmit and receive timing, allow
ing asynchronous reads and/or writes by the host. 
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Address/Command Byte 

Reading or writing the control, configuration or status reg
isters requires writing one address/command byte (ACB) 
prior to transferring register data As shown in Figure 2, the 
first bit written (LSB) of the address/command word speci
fies register read or write. The following 4-bit nibble 
identifies the register address. The nexttwo bits are reserved 
and must be set to zero for proper operation. The last bit of 
the address/command word enables burst mode when set; 
the burst mode causes all registers to be consecutively 
written or read. Data is written to and read from the 
transceiver LSB first. 

Chip Select and Clock Control 

All data transfers are initiated by driving the CS input low. 
Input data is latched on the rising edge of SCLK and must be 
valid during the previous low period of SCLK to prevent 
momentary corruption of register data during writes. Data 
is output on the falling edge of SCLK and held to the next 
falling edge. All data transfers are terminated if the CS input 
transitions higl_!:_ Port control logic is disabled and SDO 
tristated when CS is high. 

Figure 2: Address/Command Byte (ACB) 
CMSB) 

BM I ADD3 

Data 1/0 

Data I/O timing is shown in Figure 3. Following the eight 
SCLK cycles that input an address/command byte to write, 
a data byte is strobed into the addressed register on the rising 
edges of the next eight SCLK cycles. Following an address/ 
command word to read, contents of the selected register are 
output on the falling edges of the next eight SCLK cycles. 
The SDO pin is tri-stated during device write, and may be 
tied to SDI in applications where the host processor has a 
bidirectional I/O pin. 

Burst Mode 

The burst mode allows all on-board registers to be consecu
tively read or written by the host processor. A burst read is 
used to poll all registers; RSR contents will be unaffected. 
This feature minimizes device initialization time on power
up or system reset. Burst mode is initiated when ACB.7 is 
set and the address nibble is 0000. Burst is terminated by 
low-high transition on CS. 

CLSB) 

ADD2 ADDl ADDO R/W 

Symbol Position Name And Description 

BM ACB.7 Burst Mode. If set (and ACB.1 through ACB.4 = 0) burst read or write is enabled. 

ACB.6 

ACB.5 

Reserved. Must be set to 0 for proper operation. 

Reserved. Must be set to 0 for proper operation. 

MSB of register address. 

LSB of register address. 

ADD3 

ADDO 

R/W 

ACB.4 

ACB.l 

ACB.O Read/Write Select. 0 =write addressed register. 1 =read addressed register. 

Figure 3: Serial Port Read/Write 

SCLK 

SDl,SDO 

Address/Command 

1. SDI sampled on rising edge of SCLK. 
2. SDO updated on falling edge of SCLK. 
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Data Input/Output 
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Common Control Register Bit Seven Stuffing 

The Common Control Register (CCR) is shown in Figure 4. Existing systems meet ones density requirements by forcing 
bit 7 of all zero channels to I. Bit 7 stuffing is globally 
enabled by asserting bit CCR.1, and may be disabled on an 
individual channel basis by setting appropriate bits in TIRl 
-TIR3. 

Loopback 

Enabling loopback will typically induce an Out Of Frame 
(OOF) condition. If appropriate bits are set in the receive 
control register (RCR), the receiver will resync to the looped 
transmit frame alignment . During the looped condition, the 
transmit outputs (TPOS, TNEG) will transmit all" l's" unfra
med. All operating modes (BSZS, alarm, signaling, etc.) 
except for blue alarm transmission are available in loopback. 

B8ZS 

The LXP2180A supports existing and emerging zero sup- fl 
pression formats. Selection of B8ZS coding maintains 
system ones density requirements without disturbing data 
integrity as required in emerging clear channel applications. 
B8ZS coding replaces eight consecutive outgoing zeros with 
a B8ZS code word. Any received B8ZS code word is 

Figure 4: Common Control Register replaced with all zeros. 

(MSB) (LSB) 

I FRSR2 I EYELMD I FM I SYELMD I B8ZS B7 LPBK 

Symbol Position 

CCR.7 

FRSR2 CCR.6 

EYELMD CCR.5 

FM CCR.4 

SYELMD CCR.3 

BSZS CCR.2 

B7 CCR.1 

LPBK CCR.O 
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Name And Description 

Reserved. Must be set to 0 for proper operation. 

Function of Rec Status Register 2. 0 = Detected B8ZS code words reported 
at RSR.2. 1 =Change of Frame Alignment (COFA) reported at RSR.2 when 
last resync resulted in change of frame or multiframe alignment. 

193E Yellow Mode Select. 0 = Yellow alarm is a repeating pattern set of 00 
hex and FF hex. 
1 = Yellow alarm is a "O" in the bit 2 position of all channels. 

Frame Mode Select. 0 = D4 (193S, 12 frames/superframe). 
1 =Extended (193E, 24 frames/superframe) 

193S Yellow Mode Select. Determines yellow alarm type to be transmitted 
and detected while in 193S framing. If set, yellow alarms are a "1" in the S
bit position of frame 12. If cleared, yellow alarm is a "O" in bit 2 of all 
channels. Does not affect 193E yellow alarm operation. 

Bipolar Eight Zero Suppression. 0 = No BSZS. 1 = BSZS enabled. 

Bit Seven Zero Suppression. If CCR.1 = 1, channels with an all zero content 
will be transmitted with bit 7 forced to "1." 
If CCR.1 = 0, no bit 7 stuffing occurs. 

Loopback. When set, the device internally loops output transmit data into 
the incoming receive data buffers and TCLK is internally substituted for 
RCLK. 
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Transmit Control Register the state of bit CCR.3. In all modes, yellow alarm is enabled 
by asserting TCR.O and disabled by clearing TCR.O. 

The Transmit Control Register (TCR) is shown in Figure 5. 
Transmit Signaling 

Transmit Blue Alarm 

The blue alarm, also known as the Alarm Indication Signal 
(AIS), is an unframed, all 1 's sequence enabled by asserting 
TCR.1. Blue alarm overrides all other transmit data patterns 
and is disabled by clearing TCR.1. Use of the TIR registers 
allows an unframed, all 1 's alarm transmission if required by 
the network. 

When enabled via TCR.4, channel signaling is inserted in 
frames6and 12(193S);or6, 12, 18 and24(193E)in the 8th 
bit position of every channel word. Signaling data is 
sampled at T ABCD on the falling edge of TCLK during bit 
8 of each input word during signaling frames. Logical 
combination of clocks TMO, TSIGFR and TSIGSEL allow 
external multiplexing of separate links for A, B or A, B, C, 
D signaling sources. 

Transmit Yellow Alarm 
Transmit Transparency Registers 

In 193E framing, a yellow alarm is a repeating pattern set of 
FF (Hex) and 00 (Hex) on the 4 kHz facility data link (FOL). 
In 193S framing, the yellow alarm format is dependent on 

The Transmit Transparency Registers, TIRl - TIR3, are 
shown in Figure 6. Individual DSO channels in the Tl frame 

Figure 5: Transmit Control Register 

(MSB) 

ODF TFPT 

Symbol Position 

ODF TCR.7 

TFPT TCR.6 

TCP TCR.5 

RBSE TCR.4 

TIS TCR.3 

193SI TCR.2 

TBL TCR.1 

TYEL TCR.O 
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TCP RBSE TIS 19351 TBL 

Name And Description 

Output Data Format. 0 = Bipolar data at TPOS and TNEG. 
1 = NRZ data at TPOS; TNEG = 0. 

Transmit Framing Pass Through. 0 =FT/FPS sourced internally. 
1 = FT/FPS sampled at TSER during F-bit time. 

(LSB) 

TYEL 

Transmit CRC Pass Through. 0 = Transmit CRC code internally generated. 
1 = TSER sampled at CRC F-bit time for external CRC insertion. 

Robbed Bit Signaling Enable. 1 = signaling inserted in all channels during 
signaling frames. 0 =No signaling inserted. (The TTR registers allow the 
user to disable signaling insertion on selected DSO channels.) 

Transmit Idle Code Select. Determines idle code format to be inserted into 
channels marked by the TIR registers. 0 = insert 7F (Hex) into marked 
channels. 1 = insert FF (Hex) into marked channels. 

193S S-bit Insertion. Determines source of transmitted S-bit. 
0 = internal S-bit generator. 1 =external (sampled at TLINK input). 

Transmit Blue Alarm. 0 = disabled. 1 =enabled. 

Transmit Yellow Alarm. 0 = disabled. 1 = enabled. 

(((SLEVEL 
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may be programmed clear (no inserted robbed bit signaling 
and no bit 7 zero suppression) by setting the appropriate bits 
in the TIR registers. Channel transparency is required in 
mixed voice/data and data-only environments such as ISON, 
where data integrity must be maintained. 

Transmit Idle Code Insertion 

The Transmit Idle Registers, TIRI - TIR3, are shown in 
Figure 7. Individual outgoing channel in the frame can be 
programmed with idle code by asserting the appropriate bits 
in the transmit idle registers. One of two idle code formats, 
7F (Hex) and FF (Hex) may be selected by the user via 

Figure 6: Transmit Transparency Registers 

(MSB) 

I CH8 CH7 CH6 CHS 

I CH16 CHlS CH14 CH13 

I CH24 CH23 CH22 CH21 

LXP2180A T1 ESF Framer/Formatter 

TCR.3. If enabled, robbed bit signaling data is inserted into 
the idle channel, unless the appropriate TIR bi tis set for that 
channel. This feature eliminates external hardware cur
rently required to intercept and stuff unoccupied channels in 
the OSI bit stream. Transmit insertion hierarchy is shown in 
Figure 8. 

Transmit Multiframe Timing 

Transmit multiframe timing for 193S framing and 193E II 
framing is shown in Figures 9 and 10, respectively. Transmit 
multiframe boundary timing is shown in Figure 11. 

(LSB) 

CH4 CH3 CH2 CHl jnRl 

CH12 CH11 CH10 CH9 jTTR2 

CH20 CH19 CH18 CH17 lnR3 

Symbol Position Name And Description 

CH24 

CHl 

TTR3.7 

TTRl.O 

Transmit Transparency Registers. Each of these bit positions represents a 
DSO channel in the outgoing frame. When set, the corresponding channel 
is transparent. 

Figure 7: Transmit Idle Registers 

(MSB) 

I CH8 CH7 

I CH16 CHlS 

I CH24 CH23 

Symbol Position 

CH24 TIR3.7 

CHl TIRl.O 

f ,LEVEL ONE@ 

(LSB) 

CH6 CHS CH4 CH3 CH2 CHl ITIRl 

CH14 CH13 CH12 CHl 1 CHlO CH9 ITIR2 

CH22 CH21 CH20 CH19 CH18 CH17 ITIR3 

Name And Description 

Transmit Idle Registers. Each of these bit positions represents a DSO channel 
in the outgoing frame. When set, the corresponding channel 
will output an idle code format determined by TCR.3. 
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Fi ure 8: Transmit Insertion Hierarchy 

TSER TLINK TABCD 

~ 
TSER 

IDLE 
y 

@ 
TSER 

y 
CLEAR 

y 

N 
TSER 

y 
87 STUFF 

y 
B7STUFF 

N N 

TSER TSER TSER TSER 
+ABCD + 87 

193S YELLOW ALARM - 82 STUFF 

B8ZS 

BLUE or LPBK 

TPOS, TNEG 

2-184 

IDLE 

N 

IDLE 

y 

y 

IDLE IDLE 
+ABCD 

((fSLEVEL 
m=ONE@ 



LXP2180A T1 ESF Framer/Formatter 

Figure 9: 193S Transmit Multiframe Timing 

Frame # 12 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 111 I 12 11 I 2 I 3 I 4 I 5 I 6 I 7 

TFSYNC 

TMSYNC 
Note 1 

TMO 
Note 1 

TSIGSEL _j .___ __ ...... ! 

TSIGFR ~--------'11~ _____ _.!l~ ______ !I_ 

TLCLK 

TABCDCID<SSSSSSSSSX!X\SSSSS~S\SSSS>~ 
Note2 

TLINK 
Note3 

1. Transmit frame and multiframe timing may be established in one of four ways: 
a. With lFSYNC tied low, 'IMSYNC may be pulsed high once every multiframe period to establish multiframe boundaries, allowing 

internal counters to determine frame timing. 
b. lFSYNC may be pulsed every 125 microseconds; pulsing 'IMSYNC once establishes multiframe boundaries. 
c. 'IMSYNC and lFSYNC may be continuously pulsed to establish and reinforce frame and superframe timing. 
d. If'IMSYNC is tied low and lFSYNC is pulsed at frame boundaries, the transmitter will establish an arbitrary multiframe boundary 

as indicated by 'IMO. 
2. Channels in which robbed bit signaling is enabled will sample TABCD during the LSB bit time in frames indicated. 
3. When external S-bit insertion is enabled, lLINK will be sampled during the F-bit time of even frames and inserted into the outgoing 

data stream. 

Figure 10: 193E Transmit Multiframe Timing 

Frame# 24 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I s I 9 I 10 I 11 It 2 It 3 It 4115 It 6 It 7 It 8 It 9120 I 21 I 22 I 2a I 24 I 1 

TFSYNC 
Note1 

TM SYNC 
Note1 

TMO 
Note1 

TSIGSEL 

TSIGFR 

TLINK 
Note3 ~1-~-+~~+-~-+~~-+-~__,1-~-4-~~+-~----1~~-+-~~1-~-1-~~+-

1. Transmit frame and multiframe timing may be established in one of four ways: 
a. With lFSYNC tied low, 'IMSYNC may be pulsed high once every multiframe period to establish multiframe boundaries, allowing 

internal counters to determine frame timing. 
b. lFSYNC may be pulsed every 125 microseconds; pulsing TMSYNC once establishes multiframe boundaries. 
c. TMSYNC and lFSYNC may be continuously pulsed to establish and reinforce frame and superframe timing. 
d. IfTMSYNC is tied low and lFSYNC is pulsed at frame boundaries, the transmitter will establish~ arbitrary multiframe boundary 

as indicated by TMO. 
2. Channels in which robbed.bit signaling is enabled will sample TABCD during the LSB bit time in frames indicated. 
3. TLINK is sampled during the F-bit time o( odd frames and inserted into the outgoing data stream (FOL data). 
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Figure 11: Transmit Multiframe Boundary Timing 

TLCLK 

TMSVNC 

TMO 

TFSVNC 

TSIGFR 

TLCLK 

TCHCLK __ ___, 

TLINK ---------------( 
No181 

TSER 
No182 

TPOS, 
TNEG 

LSB MSB LSB F MSB 

LSB MSB 

LSB MSB 

LSB F MSB 

1. 1LINK timing shown is for 193E framing. In 193E framing, 1LINK is sampled as indicated for insertion into F-bit position of odd 
frames. When S-bit insertion is enabled in 193S framing, 1LINK is sampled during even frames. 

2. If TCR.5 = l, TSER is sampled during the F-bit time of CRC frames for insertion into the outgoing data stream (l 93E framing only). 
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Receive Control Register set, bitRCR.5 serves as a global enable formarked channels, 
and bit RCR.4 selects inserted code format: 0 = idle code, 

The Receive Control Register (RCR) is shown in Figure 12. 1 =digital milliwatt. 

Receive Code Insertion Receive Synchronizer 

Incoming receive channels can be replaced with idle (Hex 
7F) or digital milliwatt (u-Law format) codes. The Receive 
Mark Registers (RMR 1 - RMR3) indicate which channels 
are inserted. RMR registers are shown in Figure 13. When 

Bits RCR.O through RCR.3 allow the user to control opera
tional characteristics of the synchronizer. Sync algorithm, 
candidate qualify testing, auto resync, and command resync 
modes may be altered at any time in response to changing 
span conditions. 

Figure 12: Receive Control Register 

(MSB) (LSB) 

ARC OOF RCI RCS SYNCC SYNCT SYNCE RESYNC 

Symbol Position 

ARC RCR.7 

OOF RCR.6 

RCI RCR.5 

RCS RCR.4 

SYNCC RCR.3 

SYNCT RCR.2 

SYNCE RCR.1 

RESYNC RCR.O 

• LEVEL 
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Name And Description 

Auto Resync Criteria. 0 = Resync on OOF or RCL event. 
1 = resync on OOF only. 

Out-Of-Frame Condition Detection. 0 =two of four framing bits in error. 
1 = two of five framing bits in error. 

Receive Code Insert. When set, the receive code selected by RCR.4 is 
inserted into channels marked by RMR registers. If clear, no code is 
inserted. 

Receive Code Select. 0 = idle code. 1 = digital Milliwatt. 

Sync Criteria. Determines the type of algorithm used by the receive 
synchronizer and differs for each frame mode. 
193S Framing (CCR.4 = 0). 0 = synchronize to frame boundaries using FT 
pattern, then search for multiframe using F5• 

I =cross couple FT and F5 patterns in sync algorithm. 
193E Framing (CCR.4 = 1). 0 =normal sync (uses FPS only). 
1 = validate new alignment with CRC before declaring sync. 

Sync Time. If set, 24 consecutive F-bits of the framing pattern must be 
qualified before sync is declared. If clear, 10 bits are qualified. 

Sync Enable. If clear, the transceiver will automatically begin a resync if 
two of the previous four or five framing bits were in error, or if carrier loss is 
detected. If set, no auto resync occurs. 

Resync. When toggled low to high, the transceiver will initiate resync 
immediately. The bit must be cleared, then set again for subsequent resyncs . 

2-187 
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Receive Signaling 

Robbed bit signaling data is presented at RABCD during 
each channel time in signaling frames for all 24 incoming 
channels. Logical combination of clocks RMSYNC, 

Figure 13: Receive Mark Registers 

(MSB) 

I CH8 I CH7 CH6 CHS 

I CH16 I CH15 CH14 CH13 

I CH24 I CH23 CH22 CH21 

RSIGFR and RSIGSEL allow the user to identify and extract 
AB or ABCD signaling data. Receive multiframe timing for 
193S and 193E framing modes are shown in Figures 14 and 
15, respectively. Receive multiframe boundary timing is 
shown in Figure 16. 

(LSB) 

CH4 CH3 CH2 CHl IRMRl 

CH12 CH11 CH10 CH9 IRMR2 

CH20 CH19 CH18 CH17 IRMR3 

Symbol Position 

CH24 RMR3.7 

Name And Description 

CHl RMRl.O 

Receive Mark Registers. Each of these bit positions represents a DSO 
channel in the incoming Tl frame. When set, the corresponding channel 
will output codes determined by RCR.4 and RCR.5. 

Figure 14: 193S Receive Multiframe Timing 

RFSYNC 

RMSYNC 

RSIGSEL _J .___ __ ...Jr 
RSIGFR l._ _____ ...Jn ..... _____ _,n._ ______ !l_ 

RLCLK 

RABCD -=-"'""""' .......... .......,.-..;"""" .......... .......,.~.1""7""•L""C"""l:'""""......-'t""'t""""l:'""""......-~."=-'~JO:""'t""'t""""l:'""""......-~""'t"'""l~r-:-~r«:" 
No1e·1 

RLINK 
Note2 

1. Signaling data is updated during signaling frames on channel boundaries. 
RABCD is the LSB of each channel word in non-signaling frames. 

2. RLINK data (S-bit) is updated one bit time prior to S-bit frames and held for two frames. 
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Figure 15: 193E Receive Multiframe Timing 

RMSYNC 

RSIGSEL 

RSIGFR l._ _____ _.n._ _____ __.n._ _____ _.n._ ______ _.I 

RLCLK 

RABCD ~<SSSSSSS~SSSSSSSX£XSSSSSSS~ 
Note 1 

RLINK 
Note 2 

1. Signaling data is updated during signaling frames on channel boundaries. 
RABCD is the LSB of each channel word in non-signaling frames. 

2. RUNK data (FDL-bit) is updated one bit time prior to odd frames and held for two frames. 

Figure 16: Receive Multiframe Boundary Timing 

RCLK 

RPOS, 
RNEG 

Note1 LSB F MSB LSB MSB 

RFSYNC 

RM SYNC 

RSIGSEL 

RSIGFR 

RLCLK 

RCHCLK 

RLINK 
Note2 

RAB CD 

Channel 23 B or D Channel 24 B or D 
RSER 

LSB MSB LSB F MSB 

1. Total delay from RPOS and RNEG to RSER output is 13 RCLK periods. 

LSB MSB 

LSB MSB 

2. RLINK timing shown is for l 93E timing. In l 93S timing, RUNK is updated on even frame boundaries and is held across multiframe 
edges. 
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Receive Alarm Reporting 

Incoming serial data is monitored by the transceiver for 
alarm occurrence. Alarm conditions are reported in two 
ways: (1) via transition on the alarm output pins; and (2) 
registered interrupt, in which the host controller reads the 
Receive Status Register (RSR) in response to an alarm driven 
interrupt. The RSR register is shown in Figure 17. Interrupts 
may be direct, in which the transceiver demands service for 
a real time alarm, or count-overflow triggered, in which an 
on-board alarm event counter exceeds a user-programmed 
threshold. The user may mask individual alarm conditions 
by clearing the appropriate bits in the receive interrupt mask 
register{RIMR). The RIMR register is shown in Figure 18. 

Alarm Servicing 

The host controller must service the transceiver in order to 
clear an interrupt condition. Clearing appropriate bits in the 
RIMR will unconditionally clear an interrupt. Direct inter-

Figure 17: Receive Status Register (RSR) · 

(MSB) 

eves ECS RYEL RCL 

Symbol Position Name And Description 

rupts (those driven from real-time alarms) will be cleared 
when the RSR is directly read, unless the alarm condition 
still exists. Count-overflow interrupts (BVCS, FCS) are not 
clearedbyadirectreadoftheRSR. Theywillbeclearedonly 
when the user presets the appropriate count register to a 
value other than all "1 's." A burst read of the RSR will not 
clear an interrupt condition. 

Alarm Counters 

The three on-board alarm event counters ( BPV, OOF, and 
ESF) allow the transceiver to monitor and record error 
events without processor intervention on each event occur
rence. All of these counters are presetable by the user, 
establishing an event count interrupt threshold. As each 
counter saturates, the next error event occurrence will set a 
bitin the RSR and generate an interrupt unless masked. The 
user may read these registers at any time; in many systems, 
the host will periodically poll these registers to establish link 
error rate performance. 

(LSB) 

FERR B8ZSD RBL RLOS 

BVCS RSR.7 Bipolar Violation Count Saturation. Set when the 8-bit counter at BVCR 
saturates. 

ECS RSR.6 

RYEL RSR.5 

RCL RSR.4 

FERR RSR.3 

B8ZSD RSR.2 

RBL RSR.1 

RLOS RSR.0 

2-190 

Error Count Saturation. Set when either of the 4-bit counters at ECR 
saturates. 

Receive Yellow Alarm. Set when yellow alarm detected. (Detected yellow 
alarm format determined by CCR.4 and CCR.3.) 

Receive Carrier Loss. Set when 32 consecutive "O's" appear at RPOS and 
RNEG. 

Frame Bit Error. Set when FT (193S) or FPS (193E) bit error occurs. 

Bipolar Eight Zero Substitution Detect. Set when B8ZS code word detected. 

Receive Blue Alarm. Set when two consecutive frames have less than three 
zeros (total) in the data stream (F-bit positions not tested). 

Receive Loss of Sync. Set when resync is in progress; if RCR. l = 0, RLOS 
transitions high on an OOF event or carrier loss, indicating auto resync. 

rraJLEVE.L 
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BVCR - Bipolar Violation Count Register 

The BVCR register is shown in Figure 19. This 8-bit binary 
up counter saturates at 255 and will generate an interrupt for 
each occurrence of a bipolar violation once saturated 

(RIMR. 7 = 1 ). Presetting this register allows the user to 
establish specific count interrupt thresholds. The counter 
will count "up" to saturation from the preset value, and may 
be read at any time. Counter increments occur at all times 
and are not disabled by resync. 

Figure 18: Receive Interrupt Mask Register (RIMR) 

(MSB) 

BVCS ECS RYEL RCL FERR B8ZSD 

Symbol Position Name And Description 

BVCS RIMR.7 Bipolar Violation Count Saturation Mask. 
1 = interrupt enabled. 0 = interrupt masked. 

ECS RIMR.6 Error Count Saturation Mask. 
1 = interrupt enabled. 0 = interrupt masked. 

RYEL RIMR.5 Receive Yellow Alarm Mask. 
1 = interrupt enabled. 0 = interrupt masked. 

RCL RIMR.4 Receive Carrier Loss Mask. 
1 = interrupt enabled. 0 = interrupt masked. 

FERR RIMR.3 Frame Bit Error Mask. 
1 = interrupt enabled. 0 = interrupt masked. 

B8ZSD RIMR.2 Bipolar Eight Zero Substitution Detect Mask. 
1 = interrupt enabled. 0 = interrupt masked. 

RBL RIMR.1 Receive Blue Alarm Mask. 
1 = interrupt enabled. 0 = interrupt masked. 

RLOS RIMR.O Receive Loss of Sync Mask. 
1 = interrupt enabled. 0 = interrupt masked. 

Figure 19: Bipolar Violation Count Register (BVCR) 

(MSB) 

BVD7 I BVD6 BVDS I BVD4 I BVD3 

Symbol Position 

BVD7 BVCR.7 

BVDO BVCR.O 

rrcs LE.VE.L 
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Name And Description 

MSB of bipolar violation count. 

LSB of bipolar violation count. 

BVD2 

(LSB) 

RBL RLOS 

(LSB) 

BVDl BVDO 
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Error Count Register - Out Of Frame and 
Errored Superframe Events 

These separate 4-bit binary up counters saturate at a count of 
15 and will generate an interrupt for each occurrence of an 
OOF event or an ESF event after saturation (RIMR.6 = l). 
Presetting these counters allows the user to establish specific 
count interrupt thresholds. The counters will count up to 
saturation from the preset value, and may be read at any time. 
These counters share the same register address, and must be 
written to or read from simultaneously. 

Out Of Frame (OOF) is declared when at least two of four (or 
five) consecutive framing bits are.in error. FT bits are tested 
for OOF occurrence in 193S; the FPS bits are tested in l 93E. 
OOF events are recorded by the 4-bit OOF counter in the 
error count register. The OOF counter records out of frame 
events in both 193S and 193E. In the 193E framing mode, 
the OOF event is logically "OR'ed" with an on-chip gener
ated CRC checksum. This event, known as errored super
frame, is recorded by the 4-bit ESF error counter in the error 
count register. In the 193S framing mode, the 4-bit ESF 
counter records individual FT and F5 errors when RCR.3 = 1, 
or FT errors only when RCR.3 = 0. ECR counter increments 
are disabled when resync is in progress (RLOS high). 

Alarm Outputs 

The transceiver also provides direct alarm outputs for appli
cations when additional decoding and demuxing are re
quired to supplement the on-board alarm logic. Alarm 
output timing is shown in Figure 21. 

Figure 20: Error Count Register (ECR) 

(MSB) 

I OOFD3 I OOFD2 I OOFD 1 OOFDO 

I OOF Count-----

Symbol Position 

OOFD3 ECR.7 

OOFDO ECR.4 

ESFD3 ECR.3 

ESFDO ECR.O 
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RLOSOutput 

The receive loss of sync output indicates the status of the 
receiver synchronizer circuitry: when high, an off-line re
synchronization is in progress and a high-low transition 
indicates resync is complete. The RLOS bit (RSR.0) is a 
latched version of the RLOS output If the auto-resync mode 
is selected (RCR. l = 0) RLOS is a real time indication of a 
carrier loss or OOF event occurrence. 

RYELOutput 

The yellow alarm output transitions high when a yellow 
alarm is detected. A high-low transition indicates the alarm 
condition has been cleared. The RYEL bit (RSR.5) is a 
latched version of the RYEL output. In 193E framing, the 
yellow alarm pattern detected is 16 pattern sets of 00 (Hex) 
and FF (Hex) received at RLINK. In 1935 framing, the 
yellow alarm format is dependent on CCR.3: if CCR.3 = 0, 
the RYEL output transitions high if bit 2 of the 256 or more 
consecutive channels is O; If CCR.3 = 1, yellow alarm is 
declared when the S-bit received in frame 12 is I. 

RBVoutput 

The bipolar violation output transitions high when the ac
cused bit emerges atRSER. RBV will go low at the next bit 
time if no additional violations are detected. 

RFER Output 

The receive frame error output transitions high at the F-bit 
time and is held high for two bit periods when a frame error 

(LSB) 

ESFD3 ESFD2 ESFDl ESFDO 

ESF Error Count------< 

Name And Description 

MSB of OOF event count. 

LSB of OOF event count. 

MSB of ESF error count. 

LSB of ESF error count. 
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occurs. In 193S framing, FT and Fs patterns are tested. The 
FPS pattern is tested in 193E framing. Additionally, in 193E 
framing, RFER reports a CRC error by a low-high-low 
transition (one bit period wide) one halfRCLK period before 
a low-high transition on RMSYNC. 

Reset 

A high-low transition on RST clears all registers and forces 
immediate receive resync when RSTreturns high. This reset 
has no effect on transmit frame, multiframe, or channel 
counters. RST must be held low on system power-up to 
insure proper initialization of transceiver counters and reg
isters. Following reset, the host processor should restore all 
control modes by writing appropriate registers with control 
data. 

Hardware Mode 

For preliminary system prototyping or applications which 
do not require the features offered by the serial port, the 
transceiver can be reconfigured by the SPS pin. Tying SPS 

Figure 21: Alarm Output Timing 

RCLK 

RFSYNC 

RMSYNC 

j 
j 
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to VSS disables the serial port, clears all internal registers 
except CCR and TCR and redefines pins 14 through 18 as 
mode control inputs. Hardware mode control inputs are 
listed in Table 6. The Hardware mode allows device retrofit 
into existing applications where mode control and alarm 
conditioning circuits are often designed with discrete logic. 

Hardware Common Control 

In the Hardware mode bits TCR.2, CCR.4, TCR.O, CCR.1 
and CCR.2 map to pins 14 through 18. The loopback feature 
(bit CCR.0) is enabled by tying pins 17 (zero suppression) 
and 18 (B8ZS) to I. (The last states of pins 17 and 18 are 
latched as when both pins are taken high, preserving the 
current zero suppression mode). Robbed bit signaling (bit 
TCR.4) is enabled for all channels. The user may tie TSER 
to T ABCD externally to disable signaling if so desired. Bit 
CCR.3 is forced to 0, which selects bit 2 yellow alarm in 
193S framing. Contents of the RCR, as well as the remaining 
bit locations in the CCR and TCR, are cleared in the 
Hardware mode. The RST input may be used to force 
immediate receiver resync, and has no effect on transmit. 

RFER 
Note 1 , __ -----'----------------------------

NOTES: 

RBV 
Note2 

RCL 
Note3 

RLOS 
Note4 

I 
I 

\\\ I I ........._ __ _,/ /r--~ 

I. RFER transitions high during F-bit time if received framing pattern bit is in error. (Frame 12 F-bits in 193S are ignored 
ifCCR.3 = I.) Also, in 193E, RFER transitions V2 bit time before the rising edge ofRMSYNC to indicate a CRC error 
for the previous multiframe. 

2. RBV indicates received bipolar violations and transitions high when accused bit emerges from RSER. IfB8ZS is enabled, 
RBV will not report tbe zero replacement code. 

3. RCL transitions high (during 32nd bit time) when 32 consecutive bits received are "O". RCL transitions low when the 
next "1" is received. 

4. RLOS transitions high during the F-bit time that caused an OOF event (any 2 of 4 consecutive Fr or FPS bits are in error) 
if auto-resync mode is selected (RCR. l = 0). Resync will also occur when loss of carrier is detected (RCL = 1). When 
RCR.1 = 1, RLOS remains low until resync occurs, regardless of OOF or carrier loss flags. In this situation, resync is 
initiated only when RCR.O transitions low-to-high or the RST pin transitions high-low-high. 

f'fflLEVEL 
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Tl OVERVIEW 

Framing Standards 

The LXP2180A is compatible with the existing Bell System 
D4 framing standard described in AT &TPUB 43801 and the 
new extended superframe format (ESF) as described in 
AT&TC.B. #142. In this document, D4 framing is referred 
toas 193S,andESF(alsoknownasFe)isreferredtoas 193E. 
Programmable features of the LXP2180A allow support of 
other framing standards which are derivatives of 193E and 
193S. The salient differences between the 193S and 193E 
formats are the number of frames per superframe and use of 
the F-bit position (refer to Tables 7 and 8). In l93S, 12 
frames make up a superframe; in l 93E, 24. A frame consists 
of24 channels (time-slots) of8-bitdata preceded by anF-bit. 
Channel data is transmitted and received MSB first. 

F-Bits 

The use of the F-bit position in 193S is split between the 
terminal framing pattern (known as FT-Bits) which provides 
frame alignment information, and the signaling framing 
pattern (known as F.-bits) which provides multiframe 
alignment information. In 193E framing, the F-bit position 
is shared by the framing pattern sequence (FPS), which 
provides frame and multiframe alignment information, a 4 
kHz data link (Facility data link) known as FDL, and CRC 
(cyclic redundancy check) bits. The FDL bits are used for 
control and maintenance (inserted by the user at TLINK). 
The CRC bits are an indicator of link quality and may be 
monitored by the user to establish error performance. 

Table 6: Hardware Mode Pin Descriptions 

pin# Register Bit Location 

Signaling 

During frames 6 and 12 in l 93S, A and B signaling informa
tion is inserted into the LSB of all channels transmitted. In 
193E, A and B data is inserted into frames 6 and 12; C and 
D data is inserted into frames 18 and 24. This allows a 
maximum of four signaling states to be transmitted per 
superframe in 193S; 16 states per superframe in 193E. 

Alarms 

The LXP2 l 80A supports all alarm pattern generation and 
detection required in typical Bell System applications. 
These alarm modes are explained in AT&T PUB 43801, 
AT&TC. B. #142 and elsewhere in this document. 

Line Coding 

Tl line data is transmitted in a bipolar alternate mark 
inversion (AMI) line format; ones are transmitted as alter
nating negative and positive pulses and zeros are simply the 
absence of pulses. This technique minimizes DC voltage on 
the Tl span and allows clock to be extracted from data The 
network currently has a one's density constraint to keep 
clock extraction circuitry functioning, which is usually met 
by forcing bit 7 of any channel consisting of all O's to I. The 
use of Bipolar Eight Zero Substitution (B8ZS) satisfies all 
the ones density requirements, while allowing data traffic to 
be transmitted without corruption. This feature is known as 
clear channel and is explained more completely in AT&T 
C.B. #144. When the B8ZS feature is enabled, any outgoing 
stream of eight consecutive zeros is replaced with a B8ZS 
code word. If the last "one" transmitted was positive, the 

Name and Description 

14 TCR-D2 193S - S-bit Insertion1• I= external; 0 =internal 

15 CCR-D4 Framing Mode Select. I= 193E; 0 = 193S 

16 TCR-DO Transmit Yellow Alarm2• 3• 1 =enabled; 0 =disabled 

17 CCR-DI Zero Suppression3• I = bit 7 stuffing; 0 = transparent 

18 CCR-D2 B8ZS3• 1 =enabled; 0 =disabled 

NOTES: 
1. S-bit yellow alann (193S) is not internally supported; however, the user may elect to insert external S-bits for alarm purposes. 
2. Bit 2 (193S) and data link (193E) yellow alarms are supported. . 
3. Tying pins 17 and 18 high enables loopback in the Hardware mode. 
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inserted code is 000 + - 0 - +; if negative, the code word 
inserted is 000- + 0 + -. Bipolar violations occur in the fourth 
and seventh bit positions, which are ignored by the 
DS2180A error monitoring logic when B8ZS is enabled. 
Any received B8ZS code word is replaced with all O's if 
B8ZS is enabled. Also, the receive status register will report 
any occurrence of B8ZS code words to the host controller. 
This allows the user to monitor the link for upgrade to clear 
channel capability, and respond to it The B8ZS monitoring 
feature works at all times and is independent of the state of 
CCR.2. 

TRANSMITIER OVERVIEW 

The transmit side of the LXP2180A is made up of six major 
functional blocks: timing and clock generation, data selec-

Table 7: 193E Framing Format 

LXP2180A T1 ESF Framer/Formatter 

tor, bipolar coder, yellow alarm, F-bit data and CRC. The 
timing and clock generation circuit develops all on-board 
and output clocks to the system from inputs TCLK, 
TFSYNC and TMSYNC. The yellow alarm circuitry gen
erates mode dependent yellow alarms. The CRC block 
generates checksum results utilized in 193E framing. F-bit 
data provides mode dependent framing patterns and allows 
insertion oflink or S-bit data externally. All of these blocks 
feed into the data selector, where (under control of the CCR, 
TCR, TlRs and TTRs) the contents of the outgoing data II 
stream are established by bit selection and insertion. The 
bipolar coder formats the output of the data selector to make 
it compatible with bipolar transmission techniques and in-
serts zero suppression codes. The bipolar coder also sup-
ports the on-board loopback feature. Input-to-output delay 
of the transmitter is 10 TCLK cycles. 

Frame# F-Bit Use Bit use In Each Channel S_!g_nali~-Bit Use 

FPS1 FDL2 CRC3 Data Signaling4· 5 2-State 4-State 16-State 

1 - M - Bits 1 - 8 
2 - - Cl Bits 1 - 8 
3 - M - Bits 1 - 8 
4 0 - - Bits 1 - 8 
5 - M - Bits 1 - 8 
6 - - CZ Bits 1 - 7 Bit 8 A A A 
7 - M - Bits 1 - 8 
8 0 - - Bits 1 - 8 
9 - M - Bits 1 - 8 

10 - - C3 Bits 1 - 8 
11 - M - Bits 1 - 8 
12 1 - - Bits 1 - 7 Bit 8 A B B 
13 - M - Bits 1-8 
14 - - C4 Bits 1 - 8 
15 - M - Bits 1 - 8 
16 0 - - Bits 1 - 8 
17 - M - Bits 1 - 8 
18 - - C5 Bits 1 - 7 Bit 8 A A c 
19 - M - Bits 1-8 
20 1 - - Bits 1 - 8 
21 - M - Bits 1 - 8 
22 - - C6 Bits 1 - 8 
23 - M - Bits 1 - 8 
24 1 - - Bits 1 - 7 Bit 8 A B D 

NOTES: 
1. FPS - Framing Pattern Sequence. 
2. FDL - 4 kHz Facility Data Link; M = message bits. 
3. CRC - Cyclic Redundancy Check Bits. The CRC code will be internally generated by the device when TCR.5 = 0. When 

TCR.5 = l, externally supplied CRC data will be sampled atTSER during theF-bittimeofframes 2, 6, 10, 14, 18 and22. 
4. The user may program any individual channels clear, in which case Bit 8 will be used for data, not signaling. 
5. Depending on application, the user can support 2-state, 4-state or 16-state signaling by the appropriate decodes of TMO, 

TSIGFR, TSIGSEL (transmit side) and RMSYNC, RSIGFR and RSIGSEL (receive side). 
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RECEIVER OVERVIEW 

Synchronizer 

The heart of the receiver is the synchronizer/sync monitor. 
This circuit serves two purposes: 1) monitoring the incom
ing data stream for loss of frame or multiframe alignment; 
and 2) searching for a new frame alignment pattern when 
sync loss is detected. When sync loss is detected, the 
synchronizer begins an off-line search for the new align
ment; all output timing signals remain at the old alignment 
with the exception of RSIGFR, which is forced low during 
resync. When one and only one candidate is qualified, the 
output timing will move to the new alignment at the be
ginning of the next multifrarne. One frame later, RLOS will 
transition low, indicating valid sync and the resumption of 
the normal sync monitoring mode. Several bits in the RCR 
allow tailoring of the resync algorithm by the user. These 
bits are described in the following paragraphs. 

Sync Time (RCR.2) 

Bit RCR.2 determines the number of consecutive framing 
pattern bits to be qualified before SYNC is declared. If 
RCR.2 = 1, the algorithm will validate 24 bits, ifRCR.2 =0, 
l 0 bits are validated. 24-bit testing results in superior false 
framing protection, while IO-bit testing minimizes reframe 
time (although in either case, the synchronizer will only 
establish resync when one and only one candidate is found). 

Table 8: 193S Framing Format 

Resync (RCR.0) 

A zero-to-one transition ofRCR.O causes the synchronizer 
to search for the framing pattern sequence immediately, 
regardless of the internal sync status. In order to initiate 
another resync command, this bit must be cleared and then 
set again. 

Sync Enable (RCR.1) 

When RCR. l is cleared, the receiver will initiate automatic 
resync if any of the following events occur: 
1) an OOF event (Out-Of-Frame), or 2) carrier loss (32 
consecutiveO'sappear atRPOSandRNEG). AnOOFevent 
occurs any time that 2 of 4 FT or FPS bits are in error. When 
RCR. l is set, the automatic resync circuitry is disabled; in 
this case, resync can only be initiated by setting RCR.O to 1, 
or externally via a low-high transition on RST. Note that 
using RST to initiate re sync resets the receive output timing 
while RST is low; use ofRCR. l does notaffectoutputtiming 
until the new alignment is located. 

Sync Criteria (RCR.3) 

IDE Bit RCR.3 determines which sync algorithm is 
utilized when resync is in progress (RLOS = 1). In 193E 
framing, when RCR.3 = 0, the synchronizer will lock only to 
the FPS pattern and will move to the new frame and 
multifrarne alignment after the framing candidate is 

Frame# F-Bit Use Bit use In Each Channel Signaling-Bit Use 
fyl Fs2 Data Signaling4 

l l - Bits 1 - 8 
2 - 0 Bits 1 -8 
3 0 - Bits 1 - 8 
4 - 0 Bits I - 8 
5 l - Bits l - 8 
6 - l Bits l - 7 Bit 8 A 
7 0 - Bits 1 - 8 
8 - 1 Bits l - 8 
9 1 - Bits l - 8 

IO - I Bits l - 8 
11 0 - Bits l - 8 
12 - 03 Bits 1 - 7 Bit 8 B 

NOTES: 
1. FT (terminal framing) bits provide frame alignment information. 
2. FS (signaling frame) bits provide multifrarne alignment information. 
3. The S-bit in frame 12 ma)'.be used for yellow alarm transmission and detection in some applications. 
4. The user may program any individual channels clear, in which case Bit 8 will be used for data, not signaling . 
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qualified. RLOS will go low one frame afterthe move to the 
new alignment. When RCR.3 = 1, the new alignment is 
further tested by a CRC code match. RLOS will transition 
low after a CRC match occurs. If no CRC match occurs in 
three attempts (three multiframes), the algorithm will reset 
and a new search for the framing pattern begins. It takes 9 
ms for the synchronizer to check the first CRC code afterthe 
new alignment has been loaded. Each additional CRC test 
takes 3 ms. Regardless of the state of RCR.3, if more than 
one candidate exists after about 24 ms, the synchronizer will 
begin eliminating emulators by testing their CRC codes 
online in order to find the true framing candidate. 

IDS In 193S framing, when RCR.3 = 1, the synchronizer 
will cross check the Fr pattern with the FS pattern to help 
eliminate false framing candidates such as digital milliwatts. 
The FS patterns are compared to the repeating pattern ... 
00111000111000 . . . (OOlllXO if CCR.3-YELMD-is 
equal to a 1). In this mode, Fr and FS patterns must be 
correctly identified by the synchronizer before sync is 
declared. Clearing RCR.3 causes the synchronizer to search 
for Ff patterns (101010 ... ) without cross-coupling the FS 
pattern. Frame sync will be established using the Fr 
information, while multiframe sync will be established only 
if valid FS information is present. If no valid FS pattern is 
identified, the synchronizer will move to the Ff alignment, 
RLOS will go low, and a false multiframe position may be 
indicated by RMSYNC. RFER will indicate when the 
received S-bit pattern does not match the assumed internal 
multiframe alignment. This mode can be used in 
applications where non-standard S-bit patterns exist. In 
such applications, multiframe alignment information can be 
decoded externally by using the S-bits present at RLINK. 

Table 9: Average Reframe Time1 

Frame RCR.2 =O 
Mode I 

Min Avg Max 

193S 3.0 3.75 4.5 

193E 6.0 7.5 9.0 

NOTES: 

LXP2180A T1 ESF Framer/Formatter 

APPLICATIONS 

Backplane Interface 

A typical backplane interface circuit is shown in Figure 22. 
The LXP2180A is shown in Host mode with an LXP2176 
providing the interface to the backplane, and an LXT300 
providing the line interface. 

Processor-Based Signaling 

Many robbed-bit signaling applications utilize a micropro
cessor to insert transmit signaling data into the outgoing data 
stream. The circuit shown in Figure 23 decouples the 
processor timing from that of the LXP2180A by use of a 
small FIFO memory. The processor writes to the FIFO (6 
bytes are written: 3 for A data, 3 for B data) only when 
signaling updates are required. The FIFO automatically 
retransmits old data when no updates occur. The system is 
interrupt-driven from the transmit multiframe sync input; 
the processor must update the FIFO prior to Frame 6 (625 µs 
after interrupt) to prevent data corruption. The application 
circuit shown supports l 93S framing; additional hardware is 
required for 193E applications. 

0RCR.2 = 1 Units 

Min Avg· Max 

6.5 7.25 8.0 ms 

13.0 14.5 16.0 ms 

1. AverageReframe Time is defined here as the average time it takes from the startofresync (rising edge ofRLOS) to the 
actual loading of the new alignment (on a multiframe edge) into the output receive timing. 
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Figure 22: Backplane Interface Application using LXP2180A with LXP2176 
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Figure 23: Processor-Based Transmit Signaling Insertion Application 
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Absolute Maximum Ratings* 

* Exceeding these values may 
cause permanent damage. 
Functional operation under 
these conditions is not 
implied. Exposure to 
absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 

LXP2180A T1 ESF Framer/Formatter 

•Voltage on any pin relative to ground -1.0V to+ 7V 
• Operating temperature -40 °C (min) to +85 °C (max) 

• Storage temperature 

• Soldering temperature 

-55 °C (min) to + 125 °C (max) 

260 °C for IO seconds 

Recommended Operating Conditions (Voltages are with respect to ground (GND) unless otherwise stated) 

Parameter Sym Min Typi Max Units Test Conditions 

Logic 1 VIH 2.0 - VDD + .3 v 
LogicO VIL -0.3 - +0.8 v 
Supply voltage VDD 4.5 5 5.5 v 

Capacitance 

Input capacitance CIN - - 5 pF 

Output capacitance cour - - 7 pF 

DC Electrical Characteristics - Clocked operation over recommended temperature and power supply ra~es 

Supply current IDD - 3 IO mA 

Input leakage IIL - - l µA 

Output leakage IOL - - 1 µA 

Output high current IOH -1 - - mA 

Output low current IOL +4 - - mA 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLK = RCLK = 1.544 MHz 
3 Outputs open. 
• Applies to SDO when tristated. 
' All outputs except INT, which is open collector. 
6 All outputs . 

• LEVEL 
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See Notes 2 and 3 

See Note 4 

V0 H = 2.4 V, See Note 5 

V0L = 0.4 V, See Note 6 
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A.C. Electrical Characteristics - Serial Port 

Parameter Sym Min Typi Max Units 

SDI to SCLK Setup toe 50 - - ns 

SCLK to SDI Hold teDH 50 - - ns 

SDI to SCLK Falling Edge tCD 50 - - ns 

SCLK Low Time teL 250 - - ns 

SCLK High Time teH 250 - - ns 

SCLK Rise and Fall Time ~.~ - - 500 ns 

CS to SCLK Setup tee 50 - - ns 

SCLK to CS Hold tCCH 50 - - ns 

CS Inactive Time teWH 250 - - ns 

SCLK to SDO Valid teov - - 200 ns 

CS to SDO High Z teoz - - 75 ns 

SCLK Setup to CS Falling tsse 50 - - ns 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Measured at V"' = 2.0V, VIL= .8V, and 10 ns maximum rise and fall time. 

Figure 24: Serial Port Write A.C. Timing 

Figure 25: Serial Port Read A.C. Timing 

cs 

SCLK 

SDO 

2-200 

Test Conditions2 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 1-00 pF 
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A.C. Electrical Characteristics - Transmit 

Parameter Sym 

TCLKPeriod lp 

TCLK Pulse Width 1wi.. lwu 
TCLK, RCLK Rise & Fall Times ~fp 

TSER, TABCD, TLINK Setup to tSTD 

TCLK Falling 

TSER, TABCD, TLINK Hold from tHTD 

TCLK Falling 

'IFSYNC, TMSYNC Setup to TCLK tSTS 

Rising 

Propagation Delay 'IFSYNC to TMO, ~s 
TSIGSEL, TSIGFR, TLCLK 

Propagation Delay TCLK to TCHCLK ~CH 

'IFSYNC, TMSYNC Pulse Width ~SP 
1 Measured at V m = 2.0V, V1L = .8V, and 10 ns maximum rise and fall time. 

Figure 26: Transmit A.C. Timing Diagram 

TCLK 

TSER, 
TABCD, 
TLINK 

TFSYNC, 
TM SYNC 

TMO, TSIGSEL, 
TLCLK, TSIGFR 

TCHCLK 
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tSTS tTSP 

LXP2180A T1 ESF Framer/Formatter 

Min Max Units Test Conditions1 

250 - ns C load = 100 pF 

125 - ns C load = 100 pF 

- - ns C load = 100 pF 

50 - ns C load = 100 pF 

50 - ns C load = 100 pF 

-125 125 ns C load= 100 pF 

- 75 ns C load= 100 pF 

- 75 ns C load= 100 pF 

100 - ns C load= 100 pF 
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A.C. Electrical Characteristics - Receive 

Parameter Sym Min Typ1 Max 

Propagation Delay RCLK to ~RS - - 75 

RMSYNC, RFSYNC, RSIGSEL, 

RSIGFR, RLCLK, RCHCLK 

Propagation Delay RCLK to RSER, ~RD - - 75 

RABCD, RLINK 

Transition Time, All Outputs t,,.R - - 20 

RCLKPeriod ~ 250 648 -
RCLK Pulse Width ~L.~H 125 324 -

RCLK Rise & Fall Times ~~ - 20 -
RPOS, RNEG Setup to RCLK Falling tSRD 50 - -
RPOS, RNEG Hold to RCLK Falling tHRD 50 - -

Propagation Delay RCLK to R YEL, ~RA - - -
RCL, RFER, RLOS, RBV 

Minimum RST Pulse Width on System ~ST 1 - -

Power Up or Restart 
1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Measured at V m = 2 .OV, VIL = .8V, and l 0 ns maximum rise and fall time. 

Figure 27: Receive A.C. Timing Diagram 

RCLK 

RSER, RABCD, 
RUNK 

RMSYNC, RFSYNC, 
RSIGSEL, RSIGFR, 
RLCLK, RCHCLK 

RYEL, RCL, RBV, 
RFER,RLOS 
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tRST 

tSRD tHRD 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

Test Conditions2 

C Load = 100 pF 

C Load = 100 pF 

C Load = 100 pF 

C Load = 100 pF 

C Load = 100 pF 

C Load ::: 100 pF 

C Load= 100 pF 

C Load = 100 pF 

C Load = 100 pF 

C Load = 100 pF 
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LXP2181A 
E 7 CRC Framer /Formatter 
1111::11~1:~1111:::1:1::::::::;::::;:::::::::::!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
The LXP2181A is one of a family of Level One El/CEPT 
(2.048 MHz) interface solutions. An enhanced version of 
the earlier LXP2181, it is a pin compatible drop-in replace
ment for the Dallas DS2181A. A selectable 2181 Emulation 
mode provides full backward compatibility with the 
LXP2181 and DS2181. It is designed for El networks and 
supports all logical requirements of CCITI Red Book Rec
ommendations G.704, G.706 and G.732. 

The transmit side generates framing patterns and CRC4 
codes, formats outgoing channel and signaling data and 
produces network alarm codes. The receive side decodes the 
incoming data and establishes frame, CAS multiframe, and 
CRC4 multiframe alignments. Once synchronized, the 
device extracts channel, signaling and alarm data. 

The device offers both Host and Hardware control modes. In 
Host mode, a serial port allows access to 14 on-chip control 
and status registers. In this mode, a host processor controls 
such features such as error logging, per-channel code ma
nipulation and alteration of the receive synchronizer algo
rithm. The Hardware mode is intended for preliminary 
system prototyping and/or retrofitting into existing systems. 
This mode requires no host processor and disables special 
features available in the processor mode. 

The LXP2181A is a monolithic CMOS device which re
quires only a single +5V power supply. 

TM SYNC 
TFSYNC 

TCLK 

TRANSMIT 
TIMING 

Standard Product 
January 1994 

• Drop-in replacement for the DS2181A. 

• 2181 Emulation mode provides full backward 
compatibility with the LXP2181 and DS2181 

• Single chip primary rate framer/formatter meets CCITI 
standards G.704, G.706 and G.732 

• Supports new CRC4 based framing standards and CAS 
and CCS signaling standards 

• Host mode uses simple serial interface for device 
configuration and control 

• Hardware mode for stand-alone applications requires no 
host processor 

• Comprehensive on-chip alarm generation, alarm 
detection and error logging logic 

• Shares footprint with LXP2180A Tl Framer/Formatter 

• Fully compatible with LXT30X series transceivers and 
LXP60X series clock adapters 

• Available in 40-pin DIP or 44-pin PLCC 

::1:•1111i:::::1:1:1:::::1:::::1:::1:::i:1;:1::;:1::::::1:1:!:l!ii!i!i!li:::::1:::1:::::::1:1:1:i:i:i:i:::i:i:i:i!!il!:::1:1:1:1:i:i:i:::i::1:1:i:::1 

• Computer-to-PBX interfaces (DMI and CPI) 

• High speed computer to computer data links 

• Digital cross-connect interface 

TSIGSEL 
TMO 
TCHCLK 
TSIGFR 

TSER 
TSO 

TINO 
TXD 

iNf 
SDO 
SDI 
cs 

.... SERIAL PORT/ 
L-[ 
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•~•-•~"w'12: DATA 
SELECTOR HDB3 
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j_ 
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TNEG 
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SPS 

RYEL 

RSER 
RSD 
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.... 

.... 
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..... 
ALARM 

F== DETECTION 

l. 
DATA DEMUX ~ 

:I '-----; 

RECEIVE I--TIMING --

CONTROL, STATUS & ALARM 
REGISTERS 

Jl 
RECEIVE 

SYNCHRONIZER/ 
SYNC CONTROLLER 

SYNC 
INDICATORS 
Available on 
PLCCOnly 

H LOOPBACKJ 

_i 
__r HDB3 1 DECODER 

J 
.... 

~ - - -- - -
I- - - -
I- - - -

.... .... 

- -- -- -- -

... ... ... ... 

APOS 
RNEG 
ACLK 

AMSA 
RFSA 
ACSA 
RCTO 

2-203 



LXP2181 A E1 CRC Framer/Formatter 

Absolute Maximum Ratings* 

* Exceeding these values may 
cause permanent damage. 
Functional operation under 
these conditions is not 
implied. Exposure to 
absolute maximum rating 
conditions for extended 
periods may affect device 
reliability. 

•Voltage on any pin relative to ground 
• Operating temperature 
• Storage temperature 
• Soldering temperature 

-1.0Vto+7V 
-40 °C (min) to 85 °C (max) 

-55 °C (min) to 125 °C (max) 

260 °C for 10 seconds 

Recommended Operating Conditions (Voltages are with respect to ground (VSS) unless otherwise stated) 

Parameter Sym Min Typi Max Units Test Conditions 

Logic I VIH 2.0 - VDD + .3 v 
LogicO VIL -0.3 - +0.8 v 
Supply voltage VDD 4.5 5 5.5 v 

Capacitance 

Input capacitance CIN - - 5 pF 

Output capacitance cour - - 7 pF 

DC Electrical Characteristics -Clocked operation over recommended temperature and power supply raQ2_es 

Supply current IDD - 6 10 mA 

Input leakage IIL -1.0 - +1.0 µA 

Output leakage IOL -1.0 - +1.0 µA 

Output high current IOH -1.0 - - mA 

Output low current IOL +4.0 - - mA 

1 Typical figures are at 25 "C and are for design aid only; not guaranteed and not subject to production testing. 
2 TCLK = RCLK = 2.048 MHz. 
' Outputs Open . 
• OV<VIN<VDD 
' All outputs except INT, which is open collector. 
' All outputs. 
7 Applies to SDO when tristated. 
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See Notes 2 and 3 

See Note4 

See Note 5 

V OH= 2.4 V, See Note 6 

V0 L = 0.4 V, See Note 7 
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40-Pin DIP 

TM SYNC 1 40 VDD 
TFSYNC 2 39 RLOS 

TCLK 3 38 RFER 
TCHCLK 4 37 RBV 

TSER 5 36 RCL 
TMO 6 35 RNEG 
TXD 7 34 RPOS 

TSTS 8 33 RST 
TSO 9 32 TEST 

TINO 10 31 RC SYNC 
TAF 11 30 RSTS 

TPOS 12 29 RSD 
TNEG 13 28 RMSYNC 

INT 14 27 RFSYNC 
SDI 15 26 RSER 

SDO 16 25 RCHCLK 
cs 17 24 RCLK 

SCLK 18 23 RAF 
SPS 19 22 ROMA 
vss 20 21 RRA 

Table 1: Transmit Pin Descriptions 

Pin# Sym 
DIP PLCC 

1 1 TM SYNC 

2 2 TFSYNC 

3 4 TCLK 

4 5 TCHCLK 

5 7 TSER 

6 8 TMO 

7 9 TXD 

8 IO TSTS 

9 11 TSO 

f'(f!I. LEVEL 
l!!JONE@ 

1/0 Name 

I Transmit Multi-
frame Sync 

I Transmit Frame 
Sync Channel B2 

I Transmit Clock 

0 Transmit Channel 
Clock 

I Transmit Serial 
Data 

0 Transmit Multi-
frame Out 

I Transmit Extra 
Data 

0 Transmit Signal-
ing Time slot 

I Transmit Signal-
ing Data 

LXP2181 A E1 CRC Framer/Formatter 

44-Pin PLCC 

::<:: {)I 
<Cd:.::<Cz~ ooa: 
OOI ..J g]fuOOOQ W >..J 
~~~a:l=~~ii~~~ 

TSER RNEG 
TMO RPOS 
TXD RST 

TSTS TEST 

II TSO RCSYNC 
TINO RSTS 
TAF RSD 

TPOS RMSYNC 
TNEG RFSYNC 

INT RSER 
SDI RCHCLK 

18 19 20 21 22 23 24 25 26 27 28 

0100:.:: (I) (I) <( <( 0 u.:.:: <( 
ou5a..ooa::?;1-<C500 
oo oooo>a:~~a:a:~ 

Description 

Transmit Multiframe Sync. Low-high transition establishes start 
of CAS and/or CRC4 multiframe. May be tied low, which allows 
internal multiframe counter to run free. 

Transmit Frame Sync. Low-high transition every frame period 
establishes frame boundaries. May be tied low allowing 
TMSYNC to establish frame boundaries. 

2.048 MHz primary clock. 

256 kHz clock which identifies time slot (channel) boundaries. 
Useful for parallel to serial conversion of channel data. 

NRZ data input, sampled on falling edges of TCLK. 

Output of internal multiframe counter, high during frame 0. Low 
otherwise. 

Sampled on falling edge of TCLK during bit times 5, 7, and 8 of 
time slot 16 in frame 0 when CAS signaling is enabled. 

High during time slot 16 of every frame. Low otherwise. 

CAS signaling data input. Sampled on falling edges of TCLK for 
insertion into outgoing time slot 16 when enabled. 
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Table 1: Transmit Pin Descriptions continued 

Pin# Sym 1/0 Name Description 
DIP PLCC 

10 12 TINO I Transmit Sampled on falling edge of TCLK during bit 1 time of time slot 0 
International and every frame (international) and/or during bit times 4 through 8 of 

National Data time slot 0 during non-align frames (national) when enabled. 

11 13 TAF 0 Transmit High during frames containing the frame alignment signal, low 
Alignment Frame otherwise. 

12 14 1POS 0 Transmit Positive 
and Transmit Bipolllf Data Outputs. Updated on rising edge of TCLK. 

13 15 TNEG 0 Negative Data 

Table 2: Port Pin Description 

Pin# Sym 1/0 Name Description 
DIP PLCC 

--
14 16 INT' 0 Receive Alarm An active low, open drain output which flags the host controller 

Interrupt during alarm conditions. 

15 17 SDI1 I Serial Data Input Data for on-chip control registers. Sampled on rising edge of 
SCLK. 

16 18 SDO' 0 Serial Data Output Serial output of control and status information from on-chip 
registers. Updated on falling edge of SCLK, tristated during serial 
port write or when CS is high. 

-
17 19 CS' I Chip Select Must be low to write or read the serial port registers. 

18 20 SCLK' I Serial Data Clock Used to read or write the serial port registers. 

19 21 SPS I Serial Port Select Tie to VDD to select serial port (Host mode). Tie to VSS to select 
the Hardware mode. 

I. Multifunction pins; see Hardware mode description (Table 9, page 21). 

Table 3: Power and Test Pin Descriptions 

Pin# Sym 
DIP PLCC 

20 22 vss 

32 36 TEST 

40 44 VDD 

2-206 

1/0 Name 

- Signal Ground 

I Test Mode 

- Positive Supply 

Description 

0.0 V signal ground. 

Tie to VDD for normal operation. Tie to VSS for 2181 emulation. 

+5V power supply input 
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Table 4: Receive Pin Descriptions 

Pin# Sym 
DIP PLCC 

21 23 RRA 

22 24 ROMA 

23 26 RAF 

24 27 RCLK 

25 29 RCHCLK 

26 30 RSER 

27 31 RFSYNC 

28 32 RMSYNC 

29 33 RSD 

30 34 RSTS 

31 35 RCSYNC 

33 37 RST 

34 38 RPOS 

35 39 RNEG 

36 40 RCL 

37 41 RBV 

38 42 RFER 

39 43 RLOS 

f'lf!I LEVEL 
11!!!!!!!1 ONE ® 

1/0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

I 

I 

I 

0 

0 

0 

0 

Name 

Receive Remote 
Alarm 

Receive Distant 
Multiframe Alarm 

Receive Alignment 
Frame 

Receive Clock 

Receive Channel 
Clock 

Receive Serial 
Data 

Receive Frame 
Sync 

Receive Multi-
frame Sync 

Receive Signaling 
Data 

Receive Signaling 
Time slot 

Receive CRC4 
Sync 

Reset 

Receive Positive 
and Negative 

Inputs 

Receive Carrier 
Loss 

Receive Bipolar 
Violation 

Receive Frame 
Error 

Receive Loss of 
Sync 

LXP2181 A E1 CRC Framer/Formatter 

Description 

Transitions high when yellow alarm detected, goes low when alarm 
clears. 

Transitions high when yellow alarm detected, goes low when alarm 
clears. 

High during frames containing the alignment signal. Low otherwise II 
2.048 MHz primary clock. 

256 KHz clock, identifies time slot (channel) boundaries; useful for 
serial-to-parallel conversion of channel data. 

Received NRZ serial data, updated on rising edge of RCLK. 

Trailing edge indicates start of frame. 

Low-high transition indicates start of CAS multiframe; held high 
during frame 0. 

Extracted time slot 16 data, updated on rising edge of RCLK. 

High during time slot 16 of every frame. Low otherwise. 

Low-high transition indicates start of CRC4 multiframe. Held high 
during CRC4 frames 0 through 7 and held low during frames 8 
through 15. 

Must be asserted during device power-up and when changing to/ 
from the Hardware mode. 

Receive Bipolar Data Inputs are sampled on the falling edge of 
RCLK. 

Low-high transition indicates loss of carrier. 

Receive Bipolar Violation pulses high during detected bipolar 
violations. 

Receive Frame Error pulses high when frame alignment, CAS 
multiframe alignment or CRC4 words are received in error. 

RLOS indicates synchronizer status: high when frame, CAS and/or 
CRC4 multiframe search underway; low otherwise. 
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Table S: LXP2181AP (PLCC Package) Receive Sync Indicator Pin Descriptions1 

PLCC Sym 1/0 Name Description 
Pin# 

3 RMSA 0 Receive Multi- Indicates Receive Multiframe Search Active. Transitions high when 
Frame Search the synchronizer searching for the CAS multifrarne alignment word 
Active is activated. 

6 RFSA 0 Receive Frame Indicates Receive Frame Search Active. Transitions high when the 
Search Active synchronizer searching for the FAS is active. 

25 RCTO 0 Receive CRC4 Indicates Receive CRC4 Time-Out. Transitions high when the 
Counter Time- RCTOcounterreaches its maximumcountof32. Returns low when: 
Out (1) LXP2181A reaches CRC4 multiframe synchronization; 

(2) CRC4 is disabled via CRC.2; or 
(3) LXP2181A is issued a hardware reset via the RST pin. 

28 RCSA 0 Receive CRC4 Indicates Receive CRC4 Search Active. Transitions high when the 
Search Active synchronizer searching for the CRC4 multiframe alignment word is 

active. 

1 These pin descriptions apply only to the LXP2181AP (PLCC package), and only when the device is operating in the normal 
mode. These pins are tri-stated during the 2181 Emulation mode. 

Table 6: Register Summary 

Register Address Side' Description I Function 

RIMR 0000 R Receive Interrupt Mask Register. Allows masking of alarm generated interrupts. 

RSR 0001 R2 Receive Status Register. Reports all receive alarm conditions. 

BVCR 0010 R Bipolar Violation Count Register. 8-bit presetable counter which records 
individual bipolar violations. 

CECR 0011 R CRC4 Error Count Register. 8-bit presetable counter which records individual 
CRC4 errors. 

FECR 0100 R Frame Error Count Register. 8-bit presetable counter which logs individual errors 
in the received frame alignment signal. 

RCR3 0101 R Receive Control Register. Establishes receive side operating characteristics. 

CCR3 0110 T/R Common Control Register. Establishes additional operating characteristics 
common to both transmit and receive sides. 

TCR3 0111 T Transmit Control Register. Selects additional transmit side modes. 

TIRl 1000 T Transmit Idle Registers. Designate which outgoing time slots are to be substituted 
TIR2 1001 T with idle code. 
TIR3 1010 T 
TIR4 1011 T 

TINR 1100 T Transmit International and National Register. When enabled via the TCR, 
contents are inserted into the outgoing national and/or international bit positions. 

TXR 1101 T Transmit Extra Register. When enabled via the TCR, contents are inserted into 
the outgoing extra bit positions. 

1 Transmit or Receive side register. 
2 RSR is a read-only register. All other registers are read/write. 
' Reserved bit locations in control registers should be programmed to 0, to maintain compatibility 

with future products. 
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Operating Modes 
The LXP2181A operates in either the Host mode or the 
Hardware mode. In the Host mode pins 14 through 18 
comprise a microprocessor/microcontroller compatible se
rial port which can be used for device configuration, control 
and status monitoring. 

In the Hardware mode no offboard processor is required. 
Pins 14 through 18 are reconfigured into "Hardwired" select 
pins. 

Host Mode - Serial Port Interface 
Pins 14 through 18 of the LXP2181A serve as a micropro
cessor/microcontroller compatible serial port. Fourteen on
board registers (refer to Table 6) allow the user to update 
operational characteristics ap.d monitor device status via a 
host controller, minimizing hardware interfaces. Port read/ 
write timing is unrelated to the system transmit and receive 
timing, allowing asynchronous reads and/or writes by the 
host. The timing set is identical to that of "8051 type" 
microcontrollers operating in serial port mode 0. For proper 
operation of the port and the transmit and receive registers, 
the user should provide TCLK and RCLK as well as SCLK. 

Address/Command Byte 
An address/command byte (ACB) must precede any read or 
write of the port registers. As shown in Figure 2, the first bit 
(LSB) of the address/command word specifies register read 
or write. The following 4-bit nibble identifies the register 
address. The next two bits are reserved and must be set to 
zero for proper operation. The last bit of the address/ 
command word enables burst mode when set; the burst mode 
causes all registers to be consecutively written or read. Data 
is written to and read from the port LSB first. 

Figure 2: Address/Command Byte (ACB) 

(MSB) 

BM I ADD3 

LXP2181 A E1 CRC Framer/Formatter 

Chip Select and Clock Control 
All data transfers are initiated by driving the CS input low. 
Input data is latched on the rising edge of SCLK and must be 
valid during the previous low period of SCLK to prevent 
momentary corruption of register data during writes. Data 
is output on the falling edge of SCLK and held to the next 
falling edge. All data transfers are terminated and SDO is 
tristated when the CS input transitions high. 

Clocks 
To access the serial port registers both TCLK and RCLK are 
required along with SCLK. Transmit and receive registers 2 are internally accessed by TCLK and RCLK, respectively. 
The CCR is considered a receive register for this purpose. 

Data 1/0 
DataI/Otimingis shown in Figure 3. Following the 8 SCLK 
cycles that input a Write address/command byte, data at SDI 
is strobed into the addressed register on the rising edges of 
the next 8 SCLK cycles. Following a Read address/com
mand word, contents of the selected register are output at 
SDO on the falling edges of the next 8 SCLK cycles. The 
SDO pin is tristated during device write, and may be tied to 
SDI in applications where the host processor has a bidirec
tional I/O pin. 

Burst Mode 
The burst mode allows all on-chip registers to be consecu
tively read or written by the host processor. This feature 
minimizes device initialization time on power-up or system 
reset. Burst mode is initiated when ACB.7 is set and the 
address nibble is 0000. All registers must be read or written 
during the burst mode. If CS transitions high before the 
burst is complete, data validity is not guaranteed. 

(LSB) 

ADD2 ADD1 ADDO R/W 

Symbol Position Name And Description 
BM ACB.7 

ADD3 

ADDO 

RfW 

ACB.6 

ACB.5 

ACB.4 

ACB.1 

ACB.O 

Burst Mode. If set (and ACB.1 through ACB.4 = 0) burst read or write is enabled. 

Reserved. Must be set to 0 for proper operation. 

Reserved. Must be set to 0 for proper operation. 

MSB of register address. 

LSB of register address. 

Read/Write Select. 0 = write addressed register. 1 =read addressed register. 

Figure 3: Serial Port Read/Write 

• LEVEL 
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Address/Command Data Input/Output 

NOTES: 
1. SDI sampled 

on rising edge 
of SCLK. 

2. SDO updated 
on falling edge 
of SCLK. 
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E1 Frame Structure 
The El frame is made up of 32 8-bit channels (time slots) 
numbered from 0 to 31. The frame alignment signal in bit 
positions 2 thru 8 of time slot 0 of every other frame is 
independent of the various multiframe modes described 
below. Outputs TAF and RAF indicate frames which con
tain the alignment signal. Time slot 0 of frames not contain
ing the frame alignment signal is used for alarm and national 
data. 

in Figure 4, controls transmit signaling mode. The Receive 
Control Register (RCR) controls receive side signaling 
mode. 

CASMode 
CAS (selected when TCR.5 = 0 and/or when RCR.5 = 0) is 
a bit oriented signaling technique which utilizes a 16 frame 
multiframe. The multiframe alignment signal (0-hex), extra 
and alarm bits occupy time slot 16 of frame 0. Time slot 16 
of the remaining 15 frames is reserved for channel signaling 
data. Four signaling bits (A, B, C and D) are transmitted 
once per multiframe as shown in Figure 8. CAS output 
format is shown in Figure 9. Input TMSYNC establishes the 
transmitted CAS multiframe position. Signaling data may 
be sourced from input TSO (TCR.6 = 1 ) or multiplexed into 
TSER (TCR.6 = 0). 

Multiframe Signaling Modes 
El networks support Channel Associated Signaling (CAS) 
or Common Channel Signaling (CCS). These signaling 
modes are independently selectable for transmit and receive 
sides. Bit 5 of the Transmit Control Register (TCR), shown 

Figure 4: Transmit Control Register 

(MSB) 

TUA1 TSS 

Symbol Position 

TUAl TCR.7 

TSS TCR.6 

TSM TCR.5 

INBS TCR.4 

NBS TCR.3 

XBS TCR.2 

TSAl TCR.1 

ODM TCR.O 

(LSB) 

TSM INBS NBS XBS TSA1 ODM 

Name And Description 

Transmit Unframed All ls. 0 = Normal Operation. 
1 = Replace outgoing data at TPOS and TNEG with unframed all 1 's code. 

Transmit Signaling Select1• 0 =Signaling data embedded in the serial bit 
stream is sampled at TSER during time slot 16. 1 =Signaling data is channel 
associated and sampled at TSD as shown in Table 6. 

Transmit Signaling Mode1• 0 = Channel Associated Signaling (CAS) 
1 = Common Channel Signaling (CCS) 

International Bit Select. 0 = Sample international bit at TINO. 
1 = Outgoing international bit = TINR. 7. 

National Bit Select. 0 =Sample national bits at TINO. 
1 = Source outgoing national bits from TINR.4 through TINR.O. 

Extra Bit Select. 0 =Sample extra bits at TXD. 
1 =Source extra bits from TXR.O, TXR.l and TXR.3. 

Transmit Signaling All l's. 0 =Normal Operation. 
1 = Force contents of time slot 16 in all frames to all l's. 

Output Data Mode. 0 = TPOS and TNEG outputs are 100% duty cycle. 
1 = TPOS and TNEG outputs are 50% duty cycle. 

1 When the Common Channel Signaling (CCS) mode is enabled (TCR.5 = I), the TSO input is disabled internally; all time slot 16 

data is sampled at TSER. 
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CCS Mode 
CCS (selected when TCR.5 = 1 and/or when RCR.l = 1) 
utilizes all bit positions of time slot 16 in every frame for 
"message oriented" signaling data transmission. In CCS 
mode one can use either time slot 16 or any one of the other 
30 data channels for message oriented signaling. The CCS 
mode has no multiframe structure and the insertion ofCAS 
multi frame alignment, distant multiframe alarm and/or extra 
bits into time slot 16 is disabled. TSER is the source of time 
slot 16 data. 

enabled, CRC4 coding replaces the international bit posi
tions in frames 0 thru 12 and 14 with a CRC4 multiframe 
alignment pattern and associated checksum words. The 
CRC4 multiframe must begin with a frame containing the 
frame alignment signal (CCR.6 = 0). A rising edge at 
TMSYNC establishes the CRC4 multiframe alignment 
(TMSYNC will also establish outgoing CAS multiframe 
alignment if enabled via TCR.5). 

Incoming CRC4 multiframe alignment is indicated by fl 
RCSYNC. Detected CRC4 checksum errors are reported at 

CRC4 Coding output RFER and logged in the CECR. 
The need for enhanced error monitoring capability and 
additional protection against emulators of the frame align
ment word has letto the development ofacyclic redundancy 
check (CRC) procedure. Receive and transmit side CRC 
modes are enabled by bits 2 and 3, respectively, of the 
Common Control Register (CCR) shown in Figure 5. When 

Receive Synchronizer 
The fixed characteristics of the receive synchronizer may be 
modified by use of programmable characteristics resident in 
the CCR and in the Receive Control Register (RCR) shown 
in Figure 6. Sync criteria must be met before synchroniza-

Figure 5: Common Control Register1 

(MSB) 

I TAFP 

Symbol Position 

CCR.7 

TAPP CCR.6 

THDE CCR.5 

RHDE CRC.4 

TCE CCR.3 

RCE CCR.2 

EMM CCR.I 

LLB CCR.O 

(LSB) 

THOE I RHOE TCE RCE EMM LLB 

Name And Description 

Reserved. Must be set to 0 for proper operation. 

Transmit Align Frame Position2• When clear, the CAS multiframe begins 
with a frame containing the frame alignment signal. When set, the CAS 
multiframe begins with a frame not containing the frame alignment signal. 

Transmit HDB3 Enable. 0 = Outgoing data at TPOS and TNEG is AMI 
coded. 1 = Outgoing data at TPOS and TNEG is HDB3 coded. 

Receive HDB3 Enable. 0 = Incoming data at RPOS and RNEG is AMI 
coded. 1 =Incoming data at RPOS and RNEG is HDB3 coded. 

Transmit CRC4 Enable. When set, outgoing international bit positions in 
frames 0 through 12 and 14 are replaced by CRC4 multiframe alignment and 
checksum words. 

Receive CRC4 Enable. 0 = Disable CRC4 multiframe synchronizer. 
1 = Enable CRC4 synchronizer, search for CRC4 multiframe alignment once 
frame alignment complete. 

2181 Emulation Mode. 0 = 2181 Emulation Mode. 1 =Normal Operation. 

Local Loopback. 0 =Normal Operation. 
1 = Internally loop TPOS, TNEG and TCLK to RPOS, RNEG and RCLK. 

1 CCR is considered a receive register and operates from RCLK and SCLK. 
2 This bit must be cleared when CRC4 multiframe mode is enabled (CCR.3 = !); its state does not affect CCS framing (RCR.5 = 1). 
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tion is declared. Resync criteria establish error occurrences 
which will cause an auto-resync event when enabled 
(RCR.l = 0). 

As shown in Figure 7, the receive synchronizer searches for 
the frame alignment signal (FAS) first. Once identified, the 
output timing set associated with the framing pattern (all 
outputs except RCSYNC) is updated to that new alignment. 
If enabled, the synchronizer then begins CAS and/or CRC4 
multiframe search, outputs RMSYNC and/or RCSYNC are 
then updated. Output RLOS is held high during the entire 
resync process, then transitions low after the last output 
timing update indicating resync is complete. Figure 7 also 
shows the four synchronizer activity indicators available 
only on the LXP2181AP (PLCC package). Refer to Table 5. 

Fixed Frame Sync Criteria 
Valid frame sync is assumed when the correct frame align
ment signal is present in frame N and frame N+2 and not 
present in frame N+l (Bit 2 ofTime slotO of Frame N+l is 

Figure 6: Receive Control Register 

(MSB) 

RSM CMSC 

also checked for "l"). CAS and/or CRC4 multiframe 
alignment search is initiated when the frame search is 
complete if enabled via RCR.5 and/or CCR.2. 

Fixed CAS Multiframe Sync Criteria 
CAS multiframe sync is declared when the multiframe 
alignment pattern is properly detected and time slot 16 of the 
previous frame contains code other than zeros. When op
erating in the 2181 emulation mode, frame search is re
started if no valid pattern can be found in 12 to 14 ms. 

Fixed CRC4 Multiframe Sync Criteria 
CRC4 multiframe sync is declared if at least two valid CRC4 
multiframe alignment signals are found within 8 ms after 
frame alignment is completed. If not found within 8 ms, 
frame search is restarted. The search for multiframe 
alignment signal is performed in time slot 0 of frames not 
containing the frame alignment signal. When operating in 
the 2181 emulation mode, CRC4 multiframi! search timeout 
is extended from 8 ms to between 12 and 14 ms. 

(LSB) 

CMRC FRC SYNCE I RESYNC I 
Symbol Position Name And Description 

RCR.7 

RCR.6 

RSM RCR.5 

CMSC RCR.4 

CMRC RCR.3 

PRC RCR.2 

SYNCE RCR.1 

RESYNC RCR.O 
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Reserved, must be set to 0 for proper operation. 

Reserved, must be set to 0 for proper operation. 

Received Signaling Mode. 0 = Channel Associated Signaling (CAS) 
1 = Common Channel Signaling (CCS). 

CAS Multiframe Sync Criteria. 0 = Declare sync when fixed sync criteria 
are met. 1 = Declare sync when fixed criteria are met and two additional 
consecutive valid multiframe alignment signals are detected. 

CAS Multiframe Resync Criteria. 0 = Utilize only fixed sync criteria. 
1 = Resync if fixed criteria met and/or if two consecutive time slot 16 words 
have values of zero in the first four MSB positions (OOOOxxxx). 

Frame Resync Criteria. 0 = Utilize only fixed resync criteria. 
1 = Resync if fixed criteria met and/or if bit 2 in time slot 0 of non-align 
frames is received in error on three consecutive occasions. 

Sync Enable. If clear, the transceiver will automatically begin a resync if 
error criteria are met. If set, no auto resync occurs. 

Resync. When toggled low to high, the receive synchronizer will initiate 
resync immediately. The bit must be cleared, then set again for subsequent 
resyncs. 

•
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Fixed Frame Resync Criteria 
When enabled via RCR.l, the device will automatically 
initiate frame search whenever the frame alignment word is 
received in error three consecutive times. 

Fixed CAS Multiframe Resync Criteria 
When enabled via RCR.1, the device will automatically 
initiate frame search whenever two consecutive CAS multi
frame alignment words are received in error. 

Fixed CRC4 Multiframe Resync Criteria 
When enabled via RCR.l, the device will automatically 
initiate frame search whenever 85 or fewer individual CRC4 
bits of the last 1000 CRC4 words are received without error. 
Even when the incoming CRC4 code words are random data, 
the probability that 85 bits are good out of 1000 words is 

Fi ure 7: Receive S nchronization Flowchart 

2181 Emulation 
12-14 ms 
Time-Out 

LXP2181 A E1 CRC Framer/Formatter 

almost 100%. The threshold for the CRC4 Multiframe 
Resync Criteria is chosen such that under most circum
stances it will not be triggered. (Ill the 2181 Emulation 
mode, the resync criteria is relaxed to 64 out of 1024 words.) 

When the LXP2181A is used with a processor, the user may 
choose his own threshold by using the on-chip CRC4 Error 
Count Register (CECR). There can be only one possible 
CRC4 word error per ms, so the counter can be used to 
monitor errors for a maximum period of 255 ms before 
possible saturation. This period can be extended, for ex- fl 
ample, by reading the CECR every 200 ms, clearing it, and 
accumulating the error count in a host microcontroller. Five 
such reads would establish a one second monitoring period. 
For example, a threshold of 700 CRC4 word errors in a one 
second monitoring period can be set this way. The resync 

Power Up 
or Reset 

FAS Sync 
Criteria Met 
RFSA = 0 • 

- - - - - - - -, - - - ....... \ 

I 
12-14ms : 
Time-Out : 

.------------.----.----' 
Increment 
RCTO* 
Counter 

Sms 
Time-Out 

CRC4 Multiframe Search 
GAS Multiframe Search 
(if Enabled via RCR.5) 
(Depends on RCR.4) 

Resync if 
RCR.1=0 

Set 
FSERR 
(RSR.3) 

CRC4 
Resync 

Criteria Met 

(if Enabled via CCR.2) ------r---
RCSA = 1 • 

CRC4 Sync Criteria Met; 
Reset RCTO Counter 

RCSA=O* 

Check for FAS Framing 

Sync 
Declared 
RLOS=O 

FAS 
Resync 

Criteria Met 
Error (Depends on ----'"I 

Check for 2'915 Out of 
1000 CRC4 Word Errors 

RCR.2) 

, , 1-21a11:~~1;ii~~-..,~c1;-r / / Check for ;,960 Out of 
1024 CRC4 Word Errors 
------------------

lfCRC4is 
On 

(CCR.2 = 1) 

RMSA = 1 • 

GAS Sync Criteria Met 
RMSA=O* 

GAS Resync 
Criteria Met 

Set MFSERR 

Check for GAS MF 
Word Error 

(Depends on RCR.3) 

If GAS is On 

* The RFSA, RMSA, RCSAand RCTO 
indicators are available only on the 
LXP2181AP (44-pin PLCC pack
age). These pins are three-stated 
during 2181 Emulation Mode. (RSR.2) 
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process can be manually initiated using bit position 0 in the 
Receive Control Register (RCR.0). 

For hardware mode applications of the LXP2181A, the 
RFER pin may be used withRCSYNC pin to demultiplex the 
CRC4 word errors. Errors are then counted externally. The 
resync process can be manually initiated using the Reset pin. 

CAS Signaling Source 
CAS applications sample signaling data at TSER when 
TCR.6 = O; an on-chip data multiplexer accepts CAS data 
input at TSO when TCR.6 = 1. Refer to Table 7 and Figure 
8 for TSO input timing. The data multiplexer must be 
disabled (TCR.6 = 0) when the CCS mode is enabled 
(TCR.5 = 1 ). The CAS output format is shown in Figure 9. 

Transmit International and National Data 
Bit 1 of time slot 0 in all frames is known as the international 
bit. When TCR.4 = 1, the transmitted international bit is 
sourced from TINR.7 (see Figure 10). When TCR.4 = 0, the 
transmitted international bit is sampled at TINO during the 
first bit period of each frame. The international bit positions 
in all outgoing frames except 13 and 15 are replaced by 
CRC4 codewords and the CRC4 multiframe alignment 
signal when CCR.3 = 1. 

Bits 4 thru 8 of time slot 0 in non-align frames are reserved 
for national use. When TCR.3 = 1, the transmitted national 
bits are sourced from register locations TINR.4 thru TINR.O. 
IfTCR.3 = 0, the national bits are sampled at TINO during 
bit times 4 thru 8 of time slot 0 in non-align frames. 

Figure 8: TSO Input Timing 

TCLK 

TCHCLK_J 

14-----TimeSlot 1--------i 

Reserved bit positions in the TINR must be set to 0 when 
written; those bits may be 0 or 1 when read. 

Transmit Extra Data 
In the CAS mode, time slot 16 of frame 0 contains the 
multiframe alignment pattern, extra bits and the distant 
multiframe alarm. When CAS is enabled (TCR.5 = 0), the 

Table 7: TSO Input Timing (TCR.6 = 1; TCR.5 = 0) 

Frame# Time Slot Signaling Data 
Sampled at TSO 

0 17 
1 1 18 
2 2 19 
3 3 20 
4 4 21 
5 5 22 
6 6 23 
7 7 24 
8 8,25 
9 9 26 

10 10,27 
11 11 28 
12 12,29 
13 13 30 
14 14,31 
15 15 

1 A, B, C and D signaling data is sampled on the falling edges 
of TCLK during bit times 5, 6, 7 and 8 of time slots indicated. 

----------------Frame1----------------

TSD 

Figure 9: CAS Output Format in Time Slot 16 

Frame 01 

OOOOXYXX 

Frame 1 

ABCDfor 
time slot 1 

Frame 15 

ABCD for ............•................ ABCD for 
time slot 17 time slot 15 

ABCDfor 
time slot 31 

Time slot 16 of Frame 0 is reserved for the multiframe alignment word (0000), distant multiframe alarm (Y) and extra 
bits (X-XX). 
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Figure 10: Transmit International and National Register 

(MSB) 

INB 

Symbol Position 

INB TINR.7 

TINR.6 

TRA TINR.5 

NB4 TINR.4 
NBS TINR.3 
NB6 TINR.2 
NB7 TINR.1 
NBS TINR.O 

(LSB) 

TRA NB4 NBS NBS NB7 NBS 

Name And Description 

International Bit. Inserted into the outgoing data stream when TCR.4 = 1. 

Reserved, must be set to 0 for proper operation. 

Transmit Remote Alarm. 
0 = Normal Operation; bit 3 of time slot 0 in non-alignment frames clear. 
1 = Alarm Condition; bit 3 of time slot 0 in non-alignment frames set. 

Transmit National Bits. 
Inserted into the outgoing data stream at TPOS and TNEG when TCR.3 = 1. 

Figure 11: Transmit Extra Register 

(MSB) 

Symbol Position 

XBl 

TDMA 

XB2 

XB3 

TXR.7 
TXR.6 
TXR.5 
TXR.4 

TXR.3 

TXR.2 

TXR.1 

TXR.O 

XB1 TOMA 

Name And Description 

Reserved, must be set to 0 for proper operation. 
Reserved, must be set to 0 for proper operation. 
Reserved, must be set to 0 for proper operation. 
Reserved, must be set to 0 for proper operation. 

Extra Bit 1. 

Transmit Distant Multiframe Alarm 

XB2 

0 =Normal Operation; bit 6 of time slot 16 in frame 0 clear. 
1 = Alarm condition; bit 6 of time slot 16 in frame 0 set. 

Extra Bit 2. 

Extra Bit 3. 

(LSB) 

XB3 

Figure 12: Transmit Idle Registers 

(MSB) (LSB) 

TS7 TS6 TSS TS4 TS3 TS2 TS1 TS01 ITIR1 

TS15 TS14 TS13 TS12 TS11 TS10 TS9 TSB ITIR2 

TS23 TS22 TS21 TS20 TS19 TS18 TS17 TS161 ITIR3 

TS31 TS30 TS29 TS28 TS27 TS26 TS25 TS24 ITIR4 
Symbol Position NameA d Description 

TS31 TIR4.7 Transmit Idle Registers. Each of these bit positions represents a time slot in 
the outgoing stream at TPOS and TNEG. When set, the contents of that 

TSO TIRl.O time slot are forced to idle code (11010101 ). 
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extra bits (see Figure 11) are sourced from TXR.O, TXR. l 
and TXR.3 (TCR.2 = 1 ) or the extra bits are sampled 
externally at TXD during the extra bit time (TCR.2 = 0). The 
extra bits, alignment pattern and alarm signal are not utilized 
in the CCS mode (TCR.5 = 1 ), input TSER "overwrites" all 
time slot 16 bit positions. 

Reserved bit positions in the TXR must be set to 0 when 
written, those bits may be 0 or 1 when read. 

Figure 13: Transmit Multiframe Timing 

Transmit Timing 
A low-high transition at 1MSYNC once per multiframe 
(every 2 ms) or at a multiple of the multiframe rate estab
lishes outgoing CAS and/or CRC4 multiframe alignment. 
Output 1MO indicates that alignment. A low-high transition 
at TFSYNC at the frame rate (125 µs) or at a multiple of the 
frame rate establishes the outgoing frame position. Output 
T AF indicates that alignment. 

Frame# 1510 11 12 13 14 15 Is 11 la lg l10l11 l12j13l14l15lo I 
TM SYNC 

TFSYNC 

TAF 
Note t 

TAF 
Note2 

1 Alignment frames are "even" frames of the CAS and/or CRC4 multiframes (CCR.6 = 0). 
2 Alignment frames are "odd" frames of the CAS multiframe (CCR.6 = 1). 

Figure 14: Transmit Multiframe Boundary Timing 

TCLK 

TM SYNC 
TFSYNC 

Note t 

TMO 
Note t 

TCHCLK 

TAF 
Nole2 

TSER 

TPOS/ 
TNEG 
Nole3 

~ 

J .___ _ __.I 

1 Low-high transitions on 1MSYNC and/or TFSYNC must occur one TCLK period early with respect to actual frame and multiframe 

boundaries. 1MO follows the rising edge of 1MSYNC or TFSYNC. 
2 T AF transitions on true frame boundaries. 
3 Delay from TSER to TPOS, 1NEG is five TCLK periods. 
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TMSYNC and/or TFSYNC may be tied low by the user, in Table 8: Receive Signaling 
which case the arbitrary frame and multiframe alignment 
established by the device will be indicated at TMO and T AF. 

Output T AF also indicates frames containing the frame 
alignment signal. Those frames may be "even or odd" 
numbering frames of the outgoing CAS multiframe 
(CCR.6). 

Receive Signaling 
Receive signaling data is available at two outputs; RSER and 
RSD (see Figure 16). RSER outputs the signaling data in 
time slot 16. The signaling data is also extracted from time 
slot 16 and presented at RSD during the time slots shown in 
Table 8. 

Figure 15: Transmit Signaling Time Slot Timing 

TCLK 

TCHCLK l..._ ___ ___. 

TSTS 

Frame# RSD1 Valid During Time Slot# 

0 152 

1 172 

2 L_18 
3 2 19 
4 1._20 
5 4 21 
6 5 22 
7 6 23 
8 7,24 
9 8,25 

IO 9 26 
11 10,27 
12 11 28 
13 12 29 
14 13, 30 
15 4, 31 

Notes: Applicable only to CAS systems. 
1 RSD is valid for the least significant nibble in each indicated 

time slot. Time slot A data appears in bit 5, B in bit 6, C in bit 
7, and Din bit 8. 

2 RSD does not output valid data during time slots 0 and 16. 

L 

--Time Slot 1 s-.. •~li"" ... -----Time Slot 16----"''"'*'l •--Time Slot 17----

Figure 16: RSD Timing 

RCLK 

RCHCLK__J 

14-----TimeSlotl------ ------TimeSlot1e, ____ ., 

-----------------Frame2----------------

RSD 

((fSLEVEL um ONE@ 2-217 

fl 



LXP2181 A E1 CRC Framer/Formatter 

Receive Timing 
The receive side output timing set is identical to that found 
on the transmit side. The user may tie receive outputs 
directly to the transmit inputs for "drop and insert" applica
tions. The received data at RPOS and RNEG appears at 
RSER after sixRCLK delays, without any change except for 
the HDB3 to NRZ conversion when HDB3 is enabled. 

Figure 17: Receive Multiframe Timing 

RFSYNC 

RAF 
Note 1 

RCSYNC 

Alarm Reporting and Interrupt Servicing 
Alarm and error conditions are reported at outputs and the 
RSR. Use of the RSR and error count registers simplifies 
system error monitoring. TheRSR may bereadin one of two 
ways; a burst read does not disturb the RSR contents, a direct 
read will clear all bits set in the RSR unless the alarm 
condition which set them is still active. 

1 The CAS multiframe may start with an align or non-align frame. The CRC4 multiframe always starts with an align frame. 

Figure 18: Receive Multiframe Boundary Timing 

RNEG 
RPOS 

RCLK 

RFSYNC 
Note 1 

RCHCLK 

RMSYNC 
RCSYNC 

RAF 
Note2 

RSER 
Note3 

J 

1 Low-high transitions on RMSYNC and RFSYNC occur one RCLK period early with respect to actual frame and multiframe 
boundaries. 

2 RAF transitions on true frame boundaries. 
' Delay from RPOS, RNEG to RSER is six RCLK periods. 
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Interrupts are enabled via the RIMR and are generated 
whenever an alarm or error condition sets an RSR bit The 
host controller must service the transceiver in order to clear 
an interrupt condition. Clearing the appropriate RIMR bit 
will unconditionally clear an interrupt. 

counter will count ''up" to saturation from the preset value. 
The BVCR increments at all times (regardless of sync 
status). CECR and FECRincrements are disabled whenever 
resync is in progress (RLOS high). 

Alarm Outputs 
Error Logging 
The BVCR, CECR and FECR contain 8-bit binary up count
ers which increment on individual bipolar violations, CRC4 
code word errors (when CCR.2 = 1 ), and word errors in the 
frame alignment signal. Each counter saturates at255. Once 
saturated, each following error occurrence will generate an 
interrupt (RIMR.O = 1 ) until the register is reprogrammed to 
a value other than FF (hex). Presetting the registers allows 
the user to establish specific error count thresholds; the 

Alarm conditions are also reported in real time at alarm 
outputs. These outputs may be used with off-chip logic to 
complement the on-chip error reporting capability of the 
LXP2181A. In the Hardware mode, they are the only alarm 
reporting means available. 

RLOS 
The RLOS output indicates the status of the receive synchro
nizer. When high, frame, CAS multiframe and/or CRC4 

Figure 19: Receive Status Register (RSR) 

(MSB) (LSB) 

RRA I ROMA I RSA1 I RUA1 FSERR I MFSERR I RLOS ECS 

Symbol Position 

RRA RSR.7 

RDMA RSR.6 

RS Al RSR.5 

RU Al RSR.4 

FSERR RSR.3 

MF SERR RSR.2 

RLOS RSR.l 

ECS RSR.O 

Name And Description 

Receive Remote Alarm. Set when bit 3 of time slot 0 in non-align frames set 
for three consecutive non-align frames. 

Receive Distant Multiframe Alarm'. Set when bit 6 of time slot 16 in frame 
0 set for three consecutive multiframes. 

Receive Signaling All ''l''s. Set when contents of time slot 16 have been all 
"l "s for two consecutive frames. 

Receive Unframed All "l "s. Set when <3 bit positions of the last align and 
non-align frames received have been 0. 

Frame Resync Criteria Met. Set when the Frame Error Criteria is met, also 
the Frame Resync is initiated if RCR.1 = 0. 

CAS Multiframe Resync Criteria Met. Set when the CAS multiframe error 
criteria is met, also the Frame Resync is initiated if RCR. l = 0. 

Receive Loss of Sync. Set when resync is in progress. 

Error Count Saturation. Set when any of the on-chip counters at FECR, 
CECR or BVCR saturates. 

1 When in the CCS mode, the RDMA flag bit and the RDMA pin have no significance. It will be set when bit 6 of time slot 16 in 

frame 0 is set for three consecutive multiframes in either CAS or CCS mode. 
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multiframe synchronization is in progress. A high-low 
transition indicates resync is complete. The RLOS bit 
(RSR.l) is a "latched" version of the RLOS output. 

RBV pin provides a pulse which can be counted externally 
for every violation. 

ROMA 
RRA 
The remote alarm output transitions high when a remote 
alarm is detected. A high-low transition indicates the alarm 
condition has been cleared. The alarm condition is defined 
as bit 3 of time slot 0 set for three consecutive non-align 
frames. The alarm state is cleared when bit 3 has been clear 
for three consecutive non-align frames. The RRA bit 
(RSR. 7) is a "latched" version of the RRA output. 

RDMA transitions high when bit 6 of time slot 16 in frame 
0 is set for three consecutive occasions and returns low when 
the bit is clear for three consecutive occasions. The RDMA 
bit (RSR.6) is a "latched" version of the RDMA output. 

RBV 

RCL 
Transitions high after 32 consecutive "Os" appear at RPOS 
and RNEG, goes low at next "l" occurrence. 

RFER 
RBV outputs one RCLK pulse when the accused bit emerges 
at RSER. RBV will return low when RCLK goes low, and 
RBV pin bipolar violations are logged in the BVCR. The 

The RFER output transitions high when received frame 
alignment, CAS multiframe alignment and/or CRC4 code 
words are in error. The FECR and CECR log error events 

Figure 20: Receive Interrupt Mask Register (RIMR) 

(MSB) (LSB) 

RRA I ROMA RSA 1 I RUA 1 I FSERR I MFSERR I RLOS ECS 

Symbol Position Name And Description 

RRA RIMR.7 Receive Remote Alarm. 
1 = Interrupt Enabled. 0 = Interrupt Masked. 

RDMA RIMR.6 Receive Distant Multiframe Alarm. 
1 = Interrupt Enabled. 0 = Interrupt Masked. 

RS Al RIMR.5 Receive Signaling All ''l''s. 
1 = Interrupt Enabled. 0 = Interrupt Masked. 

RU Al RIMR.4 Receive Unframed All "1 "s. 
1 = Interrupt Enabled. 0 = Interrupt Masked. 

FSERR RIMR.3 Frame Resync Criteria Met 
1 = Interrupt Enabled. 0 = Interrupt Masked. 

MFSERR RIMR.2 CAS Multiframe Resync Criteria Met. 
1 = Interrupt Enabled. 0 = Interrupt Masked. 

RLOS RIMR.1 Receive Loss of Sync. 
1 = Interrupt Enabled. 0 = Interrupt Masked. 

ECS RIMR.O Error Count Saturation. 
1 = Interrupt Enabled. 0 = Interrupt Masked. 
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Reset reported at this output. FECR logs only the Frame Align
ment errors. CECR logs CRC4 code word errors. 

To complement the on-chip error logging capabilities of the 
LXP2181A, the system designer may use off-chip logic 
gated by receive side outputs RCHCLK, RAF, RSTS and 
RCSYNC to demux error states present at RFER. 

A high-low transition on RST clears all internal registers 
except the three error counters; a resync is initiated until RST 
returns high. RSTmust be held low on system power-up and 
when switching to/from the Hardware mode. Following 
reset, the host processor should update all on-chip registers 
to establish desired operating modes. 

Figure 21: Bipolar Violation Count Register (BVCR) 

(MSB) 

BVD7 I BVD& BVDS I BVD4 I BVD3 

Symbol Position Name And Description 

BVD7 BVCR.7 MSB of bipolar violation count. 

BVDO BVCR.O LSB of bipolar violation count. 

Figure 22: CRC4 Error Count Register (CECR) 

(MSB) 

CRC7 I CRC& CRCS I CRC4 I CRC3 

Symbol Position Name And Description 

CRC7 CECR.7 MSB OF CRC4 error count. 

CRCO CECR.O LSB of CRC4 error count. 

Figure 23: Frame Error Count Register (FECR) 

(MSB) 

FE7 I FE& 

Symbol Position 

FE7 FECR.7 

FEO FECR.O 

•
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FES FE4 FE3 

Name And Description 

MSB of frame error count. 

LSB of frame error count. 

(LSB) 

BVD2 BVD1 BVDO 

(LSB) 

CRC2 CRC1 CECO 

(LSB) 

FE2 FE1 FEO 
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Figure 24: RFER Output Timing for All Error Conditions 

RFSYNC 

RAF 

RCSYNC _____ __. 
2 3 4 

RFER 

Figure 25: CAS Multlframe Alignment Error 

RCLK 

RCHCLK ___ _. 

RSTS 

RFER 
Note 1 

:-------r------r-~----11 .... ______________ _ 

Figure 26: CRC4 Sub-Multiframe 2 Errored 

RCLK 

RCHCLK _____ __, 

RFSYNC ___ _. 

RAF 

RCSYNC ___ __, 

RFER 
Note2 

Notes for Figures 24 through 28 
1 CAS multiframe alignment word received in error, RFER will transition high at first error occurrence and remain high as shown. 
2 Previous CRC4 sub-multiframe 2 errored. 
• Frame alignment word errored. 
4 Previous CRC4 sub-multiframe errored. 
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Figure 27: Frame Alignment Word Errored 

RCLK 

RCHCLK------...J 

RFSYNC ___ __, 

RAF 

RFER 
Note3 

Figure 28: CRC4 Sub-Multiframe 1 Errored 

RCLK 

RCHCLK _____ _, 

RFSYNC ----' 

RAF 

RCSYNC 

RFER 
Note4 

Notes for Figures 27 and 28 
3 Frame alignment word errored. 
4 Previous CRC4 sub-multifrarne errored. 

Hardware Mode 
An on-chip hardware control mode simplifies preliminary 
system prototyping and serves applications which do not 
require the features of the serial port. Tying SPS low 
disables the serial port, clears all internal register locations 

except those in Table 9 and redefines pins 14 thru 18 as mode 
control inputs. The mode control inputs establish the device 
operational characteristics listed in Table 9. The Hardware 
mode simplifies device retrofit into existing applications 
where control interfaces are designed with discrete logic. 

Table 9: Hardware Mode Control 

Pin # Register Location 

14 TINR.5 

15 TXR.2 

16 CCR.5 / CCR.4 

17 CCR.3/CCR.2 

18 TCR.5 / RCR.5 

• LEVEL 
ONE@ 

Name And Description 

TRA - Transmit Remote Alarm 
0 =Normal Operation. 1 = Enable Alarm. 

TDMA - Transmit Distant Multiframe Alarm. 
0 =Normal Operation. 1 = Enable Alarm. 

Data Format. 
0 = Input/output data AMI coded. l =Input/output data HDB3 coded. 

Transmit and Receive CRC4 Multiframe. 
0 = Disabled. 1 =Enabled. 

Transmit and Receive CAS Multiframe. 
0 =Enabled. 1 = Disabled . 
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A.C. Electrical Characteristics - Serial Port 

Parameter Sym Min 

SDI to SCLK Setup ioc 50 

SCLK to SDI Hold tCDH 50 

SCLK Low Time ta, 244 

SCLK High Time tCH 244 

SCLK Rise and Fall Time 1i-.~ -

CS to SCLK Setup tee 50 

SCLK to CS Hold tCCH 50 

cs Inactive Time tCWH 250 

SCLK to SDO Valid tCDV -
CS to SDO High Z tCDZ -

1 .Measured at V IH = 2.0V, V n. = .SV, and 10 ns maximum rise and fall time. 
TA = -40°C to +85°C (E version); OOC to + 70°C (C version). Voo = SV (± SV). 

Figure 29: Serial Port Write A.C. Timing 

cs 
I 

SDI 

1 Only change data whe!I SCLK is low. 
2 Shaded regions indicate "don't care" states of input data. 

Figure 30: Serial Port Read A.C. Timing 

SCLK 

SDO 

I Serial port write must precede a port reSd to provide address information. 
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Max Units 

- ns 

- ns 

- ns 

- ns 

100 ns 

- ns 

- ns 

- ns 

200 ns 

75 ns 

DATA BYTE 

Test Conditions1 

C load = 100 pF 

C load = 100 pF 

C load= 100 pF 

C load= 100 pF 

C load= 100 pF 

Cload= lOOpF 

C load = 100 pF 

C load= 100 pF 

C load = 100 pF 

C load= 100 pF 
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A.C. Electrical Characteristics - Transmit1 

Parameter Sym Min Typ2 Max 

TCLKPeriod ~ - 488 -

TCLK Pulse Width lwi., fwu - 244 -

TCLK, RCLK Rise & Fall Times ~~ - 20 -

TSER, TSO, TINO, TXD Setup to tSTD 50 - -

TCLK Falling 

TSER, TSO, TINO, TXD Hold to lirro 50 - -

TCLK Falling 

TFSYNC, TMSYNC Setup to TCLK ~s 75 - 125 

Falling 

TFSYNC , TMSYNC Hold to TCLK lu-rs 50 - 75 

Falling 

Propagation Delay TCLK to TCHCLK, ~ - - 75 

TSTS, TMO, TAF 100 - -

1 Measured at V .. = 2.0V, VIL= .SV, and tons maximum rise and fall time. 
TA = -40"C to +85°C (E version); 0°C to+ 70°C (C version). Von = 5V (± 5V). 

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

Figure 31: Transmit A.C. Timing Diagram 

TCLK 

TSER, TSO, 
TINO, TXO 

TFSYNC, 
TMSYNC 

TCHCLK, 
TSTS, TMO, 
TAF 
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tSTS tHTS 

Units Test Conditions 

ns C load= 100 pF 

ns C load= 100 pF 

ns C load = 100 pF 

ns C load = 100 pF 

ns C load = 100 pF 

ns C load= 100 pF 

ns C load = 100 pF 

ns C load = 100 pF 

ns C load = 100 pF 
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A.C Electrical Characteristics - Receive1 

Parameter Sym Min Typ2 Max 

Propagation Delay RCLK to ~RS - - 75 

RMSYNC, RFSYNC, RSTS, 

RCHCLK,RAF 

Propagation Delay RCLK to RSER, ~RD - - 75 

RSD 

Transition Time, All Outputs l,rR - - 20 

RCLKPeriod ~ - 488 -

RCLK Pulse Width twi..IWH - 244 -

RCLK Rise & Fall Times ~~ - 20 -

RPOS, RNEG Setup to RCLK Falling tSRD 50 - -

RPOS, RNEG Hold to RCLK Falling le RD 50 - -

Propagation Delay RCLK to RLOS, ~RA - - 75 

RRA, RBV, RFER, ROMA, RCL 

Minimum RST Pulse Width on System tRST 1 - -

Power Up or Restart 

' Measured at V m = 2.0V, V n. = .8V, and 10 ns maximum rise and fall time. 
' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 

Figure 32: Receive A.C. Timing Diagram 
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RCLK 

RSER,RSD 

RMSYNC, RFSYNC, 
RCSYNC, RAF, 
RSTS,RCHCLK 

RCL, RBV, RLOS 

ROMA, RRA, RFER 

RPOS,RNEG 

tPRA 

tHRD 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

Test Conditions 

CL= lOOpF 

CL= lOOpF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 

C load = 100 pF 
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Standard Product 
January 1994 

Universal Ethernet Interface Adapter (Internal MAU) 
with Integrated 10Base T MAU, EnDec, AU/ and Filters 

The LXT901 Universal Ethernet Interface Adapter is de
signed for IEEE 802.3 physical layer applications. It pro
vides all the active circuitry to interface most standard 802.3 
controllers to eitherthe lOBase-T media or Attachment Unit 
Interface (AUi). In addition to standard 10 Mbps Ethernet, 
the LXT901 also supports full-duplex operation at 20 Mbps. 

LXT901 functions include Manchester encoding/decoding, 
receiver squelch and transmit pulse shaping, jabber, link 
testing and reversed polarity detection/correction. The 
LXT901 can be used to drive eitherthe AUi drop cable or the 
lOBase-T twisted-pair cable with only a simple isolation 
transformer. No external filters are required. Selectable 
termination impedance allows the LXT901 to be used with 
either shielded or unshielded twisted-pair cable. 

The LXT901 is fabricated with an advanced CMOS process 
and requires only a single 5-volt power supply. 

~llil~lliltitilllilf.~ll~Illllllilil 
• Laptop/Palmtop portables (PCMCIA compatibles) 

• Computer/workstation lOBase-T LAN adapter boards 

Functional Features 

• Integrated Filters - No External Filters Required 

• Integrated Manchester Encoder/Decoder 

• lOBase-T compliant Transceiver 

• AUi Transceiver 

• Supports Standard and Full-Duplex Ethernet 

Convenience Features 

• Automatic/Manual AUl/RJ45 Selection 

• Automatic Polarity Correction 

• Programmable Impedance Driver 

• Power Down Mode and four loopback modes 

• Available in 64-pin TQFP and44-pin PLCC packages 

Diagnostic Features 

• Four LED Drivers 

• AUl/RJ45 Loopback 

• Remote Signaling of Link Down and Jabber conditions 

DROP CABLE 
INTERFACE 

~;~ 

{ 

t 
r 
~~~~ 
~=~: 

r 
~r 

UTP 

TPOPB 
TPOPA 
TPONA 
TPONB 

TPIP 

TPIN 

DOP 
DON 

DIP 
DIN 

CIP 
CIN 

LEDA LEDT/PDN LEDC NTH JAB PLR 
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Table 1: Controller Compatibil~ Mode O~ons 

Controller Mode: 

Mode 1 - For Advanced Micro Devices 
AM7990 or compatible controllers 

Mode 2 - For Intel 82586, 82596 or 
compatible controllers 

Setting: 
MD1 MOO 

0 0 

0 1 . 

RLD 
LI 

JAB 
TEST 
TCLK 

TXD 
TEN 

CLKO 

LXT901PC 
(PLCC) 

Mode 3 - For Fujitsu MB86950, MB86960 1 0 CLKI 
COL 

AUTOSEL 

TPIN 
TPIP 
UTP 
TPONB 
TPONA 
VCC2 
GND2 
TPOPA 
TPOPB 
PLR 
RJAB or compatible controllers (Seeq 8005) 

18 19 20 21 22 23 24 25 26 27 28 

Mode 4 - For National Semiconductor 8390 1 1 
or compatible controllers (TI TMS380C26) 

Table 2: Pin Descriptions 
p T 
L Q Sym 1/0 Name c F 
c p 

1 10 vcc 1 I Power Inputs 
34 56 VCC2 I 1,2 and 
- 9 VCCA I A (TQFP only) 

2 11 CIP I AUi Collision 
3 12 CIN I Pair 

4 13 NTH I Normal 
Threshold 

5 14 MOO I Mode Select 0 
6 15 MDI I Mode Select 1 

7 18 RLD 0 Remote Link 
Down 

8 19 LI I Link Test Enable 

9 21 JAB 0 Jabber Indicator 

10 22 TEST I Test 

11 23 TCLK 0 Transmit Clock 

12 24 TXD I Transmit Data 

13 25 TEN I Transmit Enable 

14 26 CLKO 0 Crystal 
15 27 CLKI I Oscillator 

16 28 COL 0 Collision Detect 

17 29 AUTO I Automatic 
SEL Port Select 

3-2 

Description 

+ 5 volt power supply inputs. 

Differential input pair connected to the AUi transceiver CI circuit 
The input is collision signaling or SQE. 

When N1H = 1, the normal 1P squelch threshold is in effect. 
When N1H = 0, the normal 1P squelch threshold is reduced by 4.5 dB. 

Mode select pins determine controller compatibility mode in accordance with 
Table 1, above. 

Output goes high to signal to the controller that the remote port is in link 
down condition. 

Controls Link Integrity Test; enabled when LI= l, disabled when LI= 0. 

Output goes high to indicate Jabber state. 

Open. 

A 10 MHz clock output This clock signal should be directly connected to the 
transmit clock input of the controller. 

Input signal containing NRZ data to be transmitted on the network. TXD is 
connected directly to the transmit data output of the controller. 

Enables data transmission and starts the watchdog timer. Synchronous to 
TCLK (see Figures 4, 10, 16 and 22 for details). 

A 20 MHz crystal (Mtron MP-1/MP-2) must be connected across these pins, 
or a 20 MHz clock applied at CLKI with CLKO left open. 

Output which drives the collision <Ietect input of the controller. 

When AUTOSEL = l, automatic port selection is enabled (the 901 defaults to 
the AUi port only if 1P link integrity= Fail) .. When AUTOSEL = 0, manual 
port selection is enabled (the PAUi pin determines the active port) . 

• LEVEL 
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Table 2: Pin Descriptions continued 

p T 
L Q Sym c F 
c p 

18 34 LEDR 

19 35 LEOTI 
PON 

20 36 LEDL 

21 37 LEDC 

22 38 LBK 

23 39 GNDl 
33 55 GND2 
- 40 GNDA 

24 42 RBIAS 

25 44 RCMPT 

26 45 RXD 

27 46 CD 

28 47 RCLK 

29 51 RJAB 

30 52 PLR 

31 53 TPOPB 
36 58 TPONB 
32 54 TPOPA 
35 57 TPONA 

37 59 UTP 

38 61 TPW 
39 62 TPIN 

40 3 PAUi 

41 4 DW 
42 5 DIN 

43 7 DOP 
44 8 DON 

rrrsLEVEL 
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1/0 

0 

0 
I 

0 

0 

I 

-
-
-

I 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

I 

I 
I 

I 

I 
I 

0 
0 

Name Description 

Receive LED Open drain driver for the receive indicator LED. Output is pulled low 
during receive. 

Transmit LED/ Open drain driver for the transmit indicator. Output is pulled low during 
Power Down transmit. If externally tied low, the LXT901 goes to power down state. 

Link LED Open drain driver for link integrity indicator. Output is pulled low during 
link test pass. If external I y tied low, internal circuitry is forced to "Link 
Pass" state and 901 will continue to transmit link test pulses. 

Collision LED Open drain driver for the collision indicator pulls low during collision. 
If externally tied low, the LXT901 disables the internal TP loopback and 
collision detect circuits for full-duplex operation or external 1P loopback. 

Loop back Enables internal loopback mode. See Figure 7 (Mode 1), Figure 13 (Mode 2), 
Figure 19 (Mode 3) and Figure 25 (Mode 4) for details. 

Ground Returns Grounds. 
l, 2 and 

A (TQFP only) 

Bias Control A 12.4 kn 1 % resistor to ground at this pin controls operating circuit bias. 

Remote Output goes high to signal the controller that the remote port is compatible 
Compatibility with the LXT901 remote signaling features. 

Receive Data Output signal connected directly to the receive data input of the controller. 

Carrier Detect An output to notify the controller of activity on the network. 

Receive Clock A recovered 10 MHz clock which is synchronous to the received data and 
connected to the controller receive clock input. 

Remote Jabber Output goes high to indicate that the remote port is in Jabber condition. 

Polarity Reverse Output goes high to indicate reversed polarity at the TP input. 

Twisted-Pair Two differential driver pair outputs (A and B) to the twisted-pair cable. 
Transmit Pairs The outputs are pre-equalized; no external filters are required. 

A&B Two pairs are used to provide compatibility with both 100 0 load cable 
and 150 Q load cable. 

UTP/STP When UTP = 0, 150 Q termination for shielded TP is selected. 
Select When UTP = l, 100 Q termination for unshielded TP is selected. 

Twisted-Pair A differential input pair from the twisted-pair cable. Receive filter is 
Receive Pair integrated on-chip. No external filters are required. 

Port/AUi In Manual Port Select mode (AUTOSEL = 0), PAUi selects the active 
Select port. When PAUi = 1, the AUi port is selected. When PAUi = 0, the TP 

port is selected. In Auto Port Select mode, PAUi must be tied to ground. 

AUi Receive Differential input pair from the AUi transceiver DI circuit. 
Pair The input is Manchester encoded. 

AUi Transmit A differential output driver pair for the AUi transceiver cable. The 
Pair output is Manchester encoded. 
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Absolute Maximum Ratings* 
* Exceeding these values may cause permanent damage. 

Functional operation under these conditions is not 
implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. 

• Supply Voltage 
• Operating temperature 
• Storage temperature 

- 0.3 V (min) to + 6 V (max) 
0 °C (min) to + 70 °C (max) 

-65 °C (min) to + 150 °C (max) 

Table 3: Operating Conditions (Voltage with respect to ground unless otherwise specified.) 

Parameter Symbol Min Typi Max Units Test Conditions 

Recommended supply voltage Yee 4.75 5.0 5.25 v 
Recommended operating temperature TOP 0 - 70 oc 
Supply current ICC - 65 85 mA Idle mode 

Normal mode ICC - 90 110 mA Transmitting on TP 

ICC - 70 90 mA Transmitting on AUi 

Power Down mode ICC - 0.75 2 mA 

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

Table 4: 110 Electrical Characteristics (Ta= o to 10 °c, v 00 = 5V ±5%) 

Parameter Symbol Min Typi Max Units Test Conditions 

Input low voltage 2 Yn. - - 0.8 v 
Input high voltage 2 Ym 2.0 - - v 
Output low voltage VOL - - 0.4 v IOL = 1.6 mA 

Output low voltage VOL - - 10 %Vee IOL < 10 µA 

Output low voltage VOL - - 0.7 v IOL = lOmA 
(Open drain LED Driver) 

Output high voltage YOH 2.4 - - v I0 H=40µA 

Output high voltage YOH 90 - - %Vee Iou< 10 µA 

Output rise time CMOS - - 3 12 ns ~oAD=20pF 

TCLK&RCLK TTL - - 2 8 ns 

Output fall time CMOS - - 3 12 ns ~oAD=20pF 

TCLK&RCLK TTL - - 2 8 ns 

CLKI rise time (externally driven) - - - 10 ns 

CLKI duty cycle (externally driven) - - 50150 40/60 % 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Limited functional test patterns. are performed at these input levels. The majority of functional tests are performed at levels of OV 

and3V. 

Table 5: AUi Electrical Characteristics (Ta= o to 10 °c, v00 = sv ±5%) 

Parameter Symbol Min Typi Max Units Test Conditions 

Input low current In. - - -700 µA 

Input high current Im - - 500 µA 

Differential output voltage Yoo ±550 - ± 1200 mV 

Differential squelch threshold VDS 150 220 350 mV 5 MHz square wave input 

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

The LXT901 Universal Ethernet Interface Transceiver per
forms the physical layer signaling (PLS) and Media Attach
ment Unit (MAU) functions as defined by the IEEE 802.3 
specification. It functions as a PLS-Only device (for use 
with lOBase-2 or lOBase-5 coaxial cable networks) or as an 
Integrated PLS/MAU (for use with lOBase-T twisted-pair 
networks). In addition to standard lOMbps operation, the 
LXT901 also supports full-duplex 20 Mbps operation. 

The LXT901 interfaces a back end controller to either an 
AUi drop cable or a twisted-pair (TP) cable. The controller 
interface includes transmit and receive clock and NRZ data 
channels, as well as mode control logic and signaling. The 
AUi interface comprises three circuits: Data Output (DO), 
Data Input (DI) and Collision (CI). The twisted-pair inter
face comprises two circuits: Twisted-Pair Input (TPI) and 

Twisted-Pair Output (TPO). In addition to the three basic 
interfaces, the LXT901 contains an internal crystal oscillator 
and four LED drivers for visual status reporting. 

Functions are defined from the back end controller side of 
the interface. The LXT901 Transmit function refers to data 
transmitted by the back end to the AUi cable (PLS-Only 
mode) or to the twisted-pairnetwork (Integrated PLS/MAU 
mode). The LXT901 Receive function refers to data re
ceived by the back end from the AUi cable (PLS-Only) or 
from the twisted-pair network (Integrated PLS/MAU 
mode). In the integrated PLS/MAU mode, the LXT901 
performs all required MAU functions defined by the IEEE 
802.3 lOBase-T specification such as collision detection, 
link integrity testing, signal quality error messaging, jabber 
control and loopback. In the PLS-Only mode, the LXT901 
receives incoming signals from the AUi DI circuit with± 18 
ns of jitter and drives the AUi DO circuit. 

Table 6: TP Electrical Characteristics (Ta= o to 10 °c v = 5V +5%) cc -
Parameter Symbol Min Typ1 Max Units Test Conditions 

Transmit output impedance zour - 5 - n 

Peak differential output voltage VOD 3.3 3.5 3.7 v Load = 100 n at TPOP and TPON 

Transmit timing jitter addition 2 - - ±6.4 ± 10 ns 0 line length for internal MAU 

Transmit timing jitter added by - - ±3.5 ±5.5 ns After line model specified by IEEE 
the MAU and PLS sections 2•3 802.3 for lOBase-T internal MAU 

Receive input impedance ZIN - 20 - kn Between TPIPflPIN, 
CIP/CIN & DIP/DIN 

Differential squelch threshold VDS 300 420 585 mV 5 MHz square wave input 
(Normal threshold : NTH= 1) 

Differential squelch threshold VDSL 180 250 345 mV 5 MHz square wave input 
(Reduced threshold : NIB = 0) 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Parameter is guaranteed by design; not subject to production testing. 
' IEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU. 

Table 7: Switching Characteristics (Ta= o to 10 °c, v00 = 5V ±5%) 

Parameter 

Jabber Timing: 

Maximum transmit time 

Unjabtime 

Link Integrity Timing: 

Time link loss 

Time between Link Integrity Pulses 

Interval for valid receive Link Integrity Pulses 

f'f'f!LEVEL 
l.li!IONE@ 

Symbol Min 

- 20 

- 250 

- 65 

- 8 

- 4.1 

Typ Max Units 

- 150 ms 

- 750 ms 

- 66 ms 

- 24 ms 

- 65 ms 
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Controller Compatibility Modes 

The LXT901 is compatible with most industry standard 
controllers including devices produced by Advanced Micro 
Devices (AMO), Intel, Fujitsu, National Semiconductor, 
Seeq and Texas Instruments. Four different control signal 
timing and polarity schemes (Modes 1 through 4) are re
quired to achieve this compatibility. Mode select pins (MOO 
and MDI) determine Controller compatibility modes as 
listed in Table 1. 

A complete set of timing diagrams is provided for each mode 
as follows: Mode 1 : Figures 2 - 7, 

Mode 2: Figures 8 - 13, 
Mode 3 : Figures 14 - 19, 
Mode 4: Figures 20 - 25. 

Related timing specifications are provided in Table 8 
(RCLK/Start-of-Frame), Table 9 (RCLK/End-of-Frame), 
Table 10 (Transmit Timing) and Table 11 (Collision Detec
tion, COUCI Oulput and Loopback Timing). 

Figures 2 through 7 - Timing Diagrams for Mode 1 (MP1 = 0. MPO = Q) 
Figure 2: Mode 1 RCLK/SoF Timing 

I 1loI1loI1loI1loI1I1I1loI1 lo Io lo I 1loI1 lo 

tco 
CD 

RCLK 

RXD 

Notes: 11101110111011101111111011 
1 . RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 

Figure 3: Mode 1 RCLK/EoF Timing 

l1lol1lol1fol1lolof 

tCDOFF 

RCLK 

RXD 

Notes: 1110111011101110101 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 

3-6 
rrfSLEVEL 
l!BONE@ 



Figure 4: Mode 1 Transmit Timing 
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Figure 5: Mode 1 Collision Detect Timing 
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Figure 6: Mode 1 COUCI Output Timing 
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Figure 7: Mode 1 Loopback Timing 
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Figures 8 through 13 - Timing Piagrams for Mode 2 (MD1 = 0. MOO= 1) 

Figure 8: ·Mode 2 RCLKIStart-of-Frame Timing 

I 1loI1loI1loI1loI1I1I1loI1 lo Io lo I 1loI1 lo 

CD 

RCLK 

----tDATA----m...i 

RXD 

Notes: It lo I 1loI1loI1loI111I1loI1 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 

Rgure 9: Mode 2 RCLK/End-of-Frame Timing 
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or DIP/DIN 

q 
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Notes: 1 . RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge . 
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Figure 10: Mode 2 Transmit Timing 
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Figure 12: Mode 2 COUCI Output Timing 

TEN 

COL tsaEP 

Notes: 
1. The CD output is disabled for a maximum of 55 bit times after.TEN turns off. 

Figure 13: Mode 2 Loopback Timing 
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figures 14 through 19 - Timing Diagrams for Mode 3 (MD1 = 1. MOO = OJ 

Rgure 14: Mode 3 RCLK/Start-of-Frame Tlmlng 

l1lol1lol1lol1lol1l1l1lol1lololol1lol1lo 

CD 
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RXD 

Notes: 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 

Figure 15: Mode 3 RCLK/End-of-Frame liming 
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 
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Figure 16: Mode 3 Transmit Timing 
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Figure 17: Mode 3 Collision Detect Timing 
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Figure 18: Mode 3 COUCI Output Timing 
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Figure 19: Mode 3 Loopback Timing 
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Figures 20 through 25 - Timing Diagrams for Mode 4 (MP1 = 1. MPO = 1) 

Figure 20: Mode 4 RCLK/SoF Timing 
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or DIP/DIN 

CD 

RCLK 

RXD 

Notes: 

I 1loI1loI1loI1loI111I1loI1 lo lolo I 1loI1 lo 

11101110111011101111111011 
1. RXD changes at the falling edge of RCLK. The controller is sampled at the rising edge. 

Figure 21: Mode 4 RCLK/EoF Timing 
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Notes: 
1. RXD changes at the falling edge of RCLK. The controller is sampled at the rising edge. 
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Figure 22: Mode 4 Transmit Timing 

Figure 23: Mode 4 Collision Detect Timing 
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Figure 24: Mode 4 COLJCI Output Timing 
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Table 8: RCLK/Start-of·Frame Timing 

Parameter Symbol Minimum Typical1 Maximum Units 

Decoder acquisition time AUi 1nATA - 900 1100 ns 

TP tDATA - 1300 1500 ns 

CD turn-on delay AUi tCD - 50 200 ns 

TP tCD - 400 550 ns 

Receive data setup Mode 1 tRDS 43 70 - .ns 

fromRCLK Modes 2, 3 and 4 tRDS 30 45 - ns 

Receive data hold Mode 1 tRDS 10 20 - ns 

fromRCLK Modes 2, 3 and 4 ~OS 30 45 - ns 

Table 9: RCLK/End·of·Frame Timing 

Parameter Type Symbol Mode1 Mode2 Mode3 Mode4 Units 

RCLK hold after CD off Minimum tRCH 5 1 27 5 bt 

Rev data throughput delay Maximum tRD 400 375 375 375 ns 

CD turn off delay 2 Maximum tCDOFF 500 475 475 475 ns 

Receive block out after IBN 9ff Typical 1 t!FG 5 50 - - bt 

Table 10: Transmit Timing 

Parameter Symbol Minimum Typical1 Maximum Units 

IBN setup from TCLK 1Eucu 22 - - ns 

TXD setup from TCLK tDSCH 22 - - ns 

IBN hold after TCLK tCHEL 5 - - ns 

TXD hold after TCLK .tCHDU 5 - - ns 

Transmit start-up delay- AUI 1sTUD - 200 450 ns 

Transmit start-up delay - TP tSTUD - 350 450 ns 

Transmit through-put delay - AUi ~PD - - 300 ns 

Transmit through-put delay - TP ~PD - 338 350 ns 

Table 11: Collision Detection, COLJCI Output and Loopback Timing 

Parameter Symbol Minimum Typical 1 Maximum Units 

COL turn on delay tCOLD - - 500 ns 

COL turn off delay tCOLOFF - - 500 ns 

COL (SQE) Delay after IBN off tSQED 0.65 - 1.6 µs 

COL (SQE) Pulse Duration tSQEP 500 - 1500 ns 

LBK setup from IBN tKHEll 10 25 - ns 

LBK hold after IBN tKHEL 10 0 - ns 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2CD Turnoff delay measured from middle of last bit, so timing specification is unaffected by the value of the last bit. 
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Transmit Function 

The LXT901 receives NRZ data from the controller at the 
TXD input as shown in Figure 1, and passes it through a 
Manchester encoder. The encoded data is then transferred to 
either the AUi cable (the DO circuit) or the twisted-pair 
network (the TPO circuit). The advanced integrated pulse 
shaping and filtering network produces the output signal on 
TPON and TPOP, shown in Figure 26. The TPO output is 
pre-distorted and prefiltered to meet the 10 Base-T jitter 
template. An internal continuous resistor-capacitor fil
ter is used to remove any high-frequency clocking noise 
from the pulse shaping circuitry. No external filters are 
required. During idle periods, the LXT901 transmits link 
integrity test pulses on the TPO circuit (if LI is enabled and 
integrated PLS/ MAU mode is selected). The UTP pin 
controls LXT901 termination impedance. 

Figure 26: LXT901 TPO Output Waveform 

II (\[\{\(' \, ~ V\J VV _ 
Figure 27: Jabber Control Function 
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When UTP = 0, the LXT901 is set for shielded TP (150 il). 
When UTP= l,theLXT901 issetforunshieldedTP(lOOil). 

Jabber Control Function 

Figure 27 is a state diagram of the LXT901 Jabber control 
function. The LXT901 on-chip watchdog timer prevents the 
DTE from locking into a continuous transmit mode. When 
a transmission exceeds the time limit, the watchdog timer 
disables the transmit and loopback functions, and activates 
the JAB pin. Once the LXT901 is in the jabber state, the 
TXD circuit must remain idle for a period of0.25 to 0.75 
seconds before it will exit the jabber state. 

SQE Function 

In the integrated PLS/MAU mode, the LXT901 supports the 
signal quality error (SQE) function as shown in Figure 28. 
After every successful transmission on the lOBase-T net
work, the 901 transmits the SQE signal for lOBT± 5BTover 
the internal CI circuit which is indicated on the COL pin of 
the device. When using the lOBase 2 port of the 901, the 
SQE function is determined by the external MAU attached. 

Figure 28: SQE Function 
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Receive Function 

The LXT901 receive function acquires timing and data from 
the twisted-pair network (the TPI circuit) or from the AUi 
(the DI circuit). Valid received signals are passed through 
the on-chip filters and Manchester decoder then output as 
decoded NRZ data and receive timing on the RXD and 
RCLK pins, respectively. 

An internal RC filter and an intelligent squelch function 
discriminate noise from link test pulses and valid data 
streams. No external filters are required. The receive 
function is activated only by valid data streams above the 
squelch level and with proper timing. If the differential 
signal at the TPI or the DI circuit inputs falls below 75% of 
the threshold level (unsquelched) for 8 bit times (typical), 
the LXT901 receive function enters the idle state. If the 
polarity of the TPI circuit is reversed, LXT901 detects the 
polarity reverse and reports it via the PLR output. The 
LXT901 automatically corrects reversed polarity. 

Polarity Reverse Function 

The LXT901 polarity reverse function uses both link pulses 
and end-of-frame data to determine polarity of the received 
signal. A reversed polarity condition is detected when eight 
opposite receive link pulses are detected without receipt of 
a link pulse of the expected polarity. Reversed polarity is 
also detected if four frames are received with a reversed 
start-of-idle. Whenever polarity is reversed, these two 
counters are reset to zero. If the LXT901 enters the link fail 

Figure 29: Collision Detection Function 

DO= Active• 

state and no valid data or link pulses are received within 96 
to 128 ms, the polarity is reset to the default non-flipped 
condition. (If Link Integrity Testing is disabled, polarity 
detection is based only on received data.). Polarity correc
tion is always enabled. 

Collision Detection Function 

The collision detection function operates on the twisted pair 
side of the interface. Forstandard (half-duplex) IOBase-T 
operation, a collision is defined as the simultaneous pres
ence of valid signals on both the TPI circuit and the TPO 
circuit. The LXT901 reports collisions to the back-end via 
the COL pin. If the TPI circuit becomes active while there 
is activity on the TPO circuit, the TPI data is passed to the 
back"end over the RXD circuit, disabling normal loopback. 
Figure 29 is a state diagram of the LXT901 collision detec
tion function. Refer to Table 11 for collision detection and 
COL/CI output timing (NOTE: For full-duplex operation, 
the collision detection circuitry must be disabled.) 

Loopback Function 

The LXT901 provides the normal loopback function speci
fied by the IO Base-T standard for the twisted-pair port. The 
loopback function operates in conjunction with the transmit 
function. Data transmitted by the back-end is internally 
looped back within the LXT901 from the TXD pin through 
the Manchester encoder/decoder to the RXD pin and re
turned to the back-end. This "normal" loopback function is 
disabled when a data collision occurs, clearing the RXD 
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circuit for the TPI data. Normal loopback is also disabled 
during link fail and jabber states. 

The LXT901 also provides three additional loopback func
tions. An external loopback mode, useful for system-level 
testing, is controlled by pin 21 (LEDC). When LEDC is tied 
low, the LXT901 disables the collision detection and inter
nal loopback circuits, to allow external loopback. 

"Forced" TP loopback is controlled by pin 22 (LBK). When 
theTPportis selectedandLBK = 1, TPlobpbackis "forced", 
overriding collisions on the TP circuit. When LBK = 0, 
normal loopback is in effect. 

Figure 30: Link Integrity Test Function 
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AUi loopback is also controlled by the LBK pin. When the 
AUi port is selected and LBK = 1, data transmitted by the 
back-end is internally looped back from the TXD pin 
through the Manchester encoder/decoder to the RXD pin. 
When LBK = 0, no AUi loopback occurs. 

Link Integrity Test 

Figure 30 is a state diagram of the LXT901 Link Integrity 
test function. The link integrity test is used to determine the 
status of the receive side twisted-pair cable. Link integrity 
testing is enabled when pin 8 (LI) is tied high. When 
enabled, the receiver recognizes link integrity pulses which 
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are transmitted in the absence ofreceive traffic. Ifno serial 
data stream or link integrity pulses are detected within 50 -
150 ms, the chip enters a link fail state and disables the 
transmit and normal loopback functions. The LXT901 
ignores any link integrity pulse with interval less than 2 - 7 
ms. The LXT901 will remain in the link fail state until it 
detects either a serial data packet or two or more link 
integrity pulses. 

Remote Signaling 

The LXT901 transmits standard link pulses which meet the 
lOBaseT specification. However, the 901 encodes addi
tional status information into the link pulse by varying the 
link pulse timing. This is referred to as remote signaling. 
Using alternate pulse intervals, the LXT901 can signal three 
local conditions: link down, jabber, and remote signaling 
compatibility. Figure 31 shows the interval variations used 
to signal local status to the other end of the line. The 
LXT901 also recognizes these alternate pulse intervals 
when received from a remote unit. Remote status conditions 
are reported to the controller over the RLD, RJAB and 
RCMPT output pins. 

Applications 
Figures 32 through 38 show typical LXT901 applications. 

Auto Port Select with External Loopback 
Control (Figure 32) 
Figure 32 is a typical LXT901 application. The diagram is 
arranged to group similar pins together; it does not represent 
the actual LXT901 pinout. The controller interface pins 
(transmit data, clock and enable; receive data and clock; and 
the collision detect, carrier detect and loopback control pins) 
are shown at the top left. 

Programmable option pins are grouped center left. The 
PA UI pin is tied to ground and all other option pins are tied 
high. This set-up selects the following options: 
• Automatic Port Selection (PAUi = 0 and AUTOSEL = 1) 
• Normal Receive Threshold (NTH= 1) 
• Mode 4 (compatible with National NS8390 controllers) 

(MOO= 1, MDI = 1) 
• 100 n termination for unshielded TP cable (UTP = 1) 
• Link Testing Enabled (LI= 1) 

Status outputs are grouped at lower left. Local status outputs 
drive LED indicators and remote status indicators are avail
able as required. 

Power and ground pins are shown at the bottom of the 
diagram. A single power supply is used for both VCC 1 and 
VCC2 with a decoupling capacitor installed between the 
power and ground busses. 

Figure 31: Remote Signaling Link Integrity Pulse Timing 
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1. For Remote Link Down (RLD) signaling, the interval between LI pulses increments from 1 O ms to 15 

ms to 20 ms, and then the cycle starts over. 
2. For Remote Jabber (RJAB) signaling, the interval between LI pulses decrements from 20 ms to 15 

ms to 10 ms, and then the cycle starts over. 
3. For Remote Compatibility (RCMPT) signaling, the interval between LI pulses continually switches 

between 1 O ms and 20 ms. 
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The TP and AUi interfaces are shown at upper and lower 
right, respectively. Impedance matching resistors are in-

stalled in each 1/0 pair but no external filters are required. 
Suitable transformers are listed in notes 2 and 3. 

Figure 32: LAN Adapter Board Application - Auto Port Select with External LPBK Control 
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Suitable TP transformers include the Fil-Mag 23Z128, and SM23Z128; Valor PT 4069 and ST7011; Pulse 
Engineering PE65994 and PE657 45; Belfuse S553-0716 and A553-0716; and Halo Electronics TD42-2006Q and 
TG42-2006WH1. 

Suitable AUi transformers include the Fil-Mag 23Z90 and SM23Z90; Valor L T6030 and ST7030; 
Pulse Engineering PE64502; and Halo Electronics TD01-0756K and TG01-0756W. 

Bias resistor RBIAS should be located close to the pin and isolated from other signals . 
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Dual Network Support· 10Base T and Token 
Ring (Figure 33) 

Mode 4 (MDO and MDI both high). When used with the 
380C26, both the LXT901 and a TMS38054 Token Ring 
transceiver can be tied to a single RJ45 allowing dual 
network support from a single connector. The LXT901 A UI 
port is not used. 

Figure 33 shows the LXT901 with a Texas Instruments 
380C26 CommProcessor. The 380C26 is compatible with 

Figure 33: LXT901/380C26 Interface for Dual Network Support of 1 OBase T and Token Ring 
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Manual Port Select with Link Test Function 
(Figures 34 and 35) 

With MDO low and MDI tied high, the LXT901 logic and 
framing are set to Mode 3 (compatible with Fujitsu 

MB86950 and MB86960, and Seeq 8005 controllers). Fig
ure 34 shows the setup for Fujitsu controllers. Figure 35 
shows the four inverters required to interface with the Seeq 
8005 controller. As in Figure 32, both these Mode 3 
applications show the LI pin tied high, enabling Link 

Figure 34: LAN Adapter Board Application - Manual Port Select with Link Test Function 
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Engineering PE65994 and PE65745; Belfuse 5553-0716 and A553-0716; and Halo Electronics TD42-2006Q and 
TG42-2006WH1. 

Suitable AUi transfonners include the Fil-Mag 23Z90 and SM23Z90; Valor LT6030 and ST7030; 
Pulse Engineering PE64502; and Halo Electronics T001-0756K and TG01-0756W. 

Bias resistor RBIAS should be located close to the pin and isolated from other signals. 
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LXT901 Universal Ethernet Interface Adapter 

Testing; and the UTP and NTH pins are both tied high, 
selecting the standard receiver threshold and 100 Q termina
tion for unshielded TP cable. However, in these applications 

AUTOSEL is tied low, allowing external port selection 
through the PAUi pin. The remote status outputs are 
inverted to µrive LED indicators. 

Figure 35: Manual Port Select with Seeq 8005 Controller 
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Suitable TP transformers include the Fil-Mag 23Z128, and SM23Z128; Valor PT 4069 and ST7011; 
Pulse Engineering PE65994 and PE65745; Belfuse 8553-0716 and A553-0716; and HALO 
Electronics TD42-2006Q and TG42-2006WH1. 

Suitable AUi transformers include the Fil-Mag 23Z90 and SM23Z90; Valor LT6030 and ST7030; 
Pulse Engineering PE64502; and HALO Electronics TD01-756K, and TG01-0756W. 

Bias resistor RBIAS should be located close to the pin and isolated from other signals. 
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LXT901 Universal Ethernet Interface Adapter 

150 Q Shielded Twisted-Pair Only {Figure 36) 

Figure 36 shows the LXT901 in a typical twisted-pair only 
application. The DTE is connected to a 1 OBase-T network 
through the twisted-pair RJ45 connector. (The AUI port is 
not used.) With MOO tied high and MDl grounded, the 
LXT901 logic and framing are set to Mode 2 (compatible 
with Intel 82586 and 82596 controllers). 

A 20 MHz system clock input at CLKI is used in place of the 
crystal oscillator. (CLK 0 is left open.) The LI pin extemall y 
controls the link test function. The UTP and NTH pins are 
both tied low, selecting the reduced receiver threshold and 
150 n termination for shielded 1P cable. The switch at 
LEDT/PDN manually controls the power down mode. 

Figure 36: 150 Q Shielded Twisted-Pair Only Application 
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LXT901 Universal Ethernet Interface Adapter 

AUi Encoder/Decoder Only 
(Figure 38) 

In this application the DTE is connected to a coaxial network 
through the AUi. AUTOSEL is tied low and PAUi is tied 
high, manually selecting the AUi port. The twisted-pair port 
is not used. WithMDl andMDObothlow, theLXT901 logic 

and framing are set to Mode 1 (compatible with AMD 
AM7990 controllers). The LI pin is tied low, disabling the 
link test function. The LBK input controls loopback. A 20 
MHz system clock is supplied atCLKI with CLKO left open. 

Figure 38: AUi Encoder/Decoder Only Application 
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LXT901 Universal Ethernet Interface Adapter 

Full Duplex Support (Figure 39) 

Figure 39 shows the LXT901 with a Texas Instruments 
380C24 CommProcessor. The 380C24 is compatible with 
Mode 4 (MDO and MDI both high). When used with the 

380C24 orother full duplex-capable controller, the LXT901 
supports full-duplex Ethernet, effectively doubling the 
available bandwidth of the network. In this application the 
LXT901 AUi port is not used. 

Figure 39: Full-Duplex Application - Auto Port Select with External LPBK Control 
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Half/Full Duplex Selection controlled by TMS380C24 pins TESTO and OUTSELO. 

Suitable TP transtormers include the Fil-Mag 23Z128, and SM23Z128; Valor PT4069 and ST7011; 
Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO 
Electronics TD42-2006Q and TG42-2006WH1. 

Bias resistor RBIAS should be located close to the pin and isolated from other signals. 

Suitable crystals include the MTRON MP-1 and MP-2. 

RJ45 
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LXT902 

Standard Product 
February 1994 

Ethernet Twisted-Pair Media Attachment Unit 

illtli!t••:1;:::1!:::::1:1:1:::1:1:1:1:::::::1:::1:::1:!:::::1:1:1:::11:1::11:1:1:11:1::1:111:::1:1:1:1:::1:1:1:1::: 
The LXT902 twisted-pair Media Attachment Unit (TP
MAU) is designed to allow Ethernet connections to use the 
existing twisted-pair wiring plant through an Ethernet At
tachment Unit Interface (AUi). The LXT902 provides the 
electrical interface between the AUi and the twisted-pair 
wire. 

LXT902 functions include level-shifted data pass-through 
from one transmission media to another, collision detection, 
Signal Quality Error (SQE) testing and automatic correction 
of polarity reversal on the twisted pair input. It also includes 
LED drivers for transmit, receive, jabber, collision, reversed 
polarity detect and link.functions. 

The LXT902 is an advanced CMOS device and requires only 
a single 5-volt power supply. 

illlil!l•liii!iiil:::::i;:i;:1:l!illiliiiiil!lililiiiliii!iil:::i:::11::!iiiili!iiliiiliiiiiiiiii!i)1ili!i:::i:i:::i:i:;i:::i:::i:i;:::i::;::::: 

• Computer/workstation interface boards 
• LAN repeater 
• External 1 OBase-T converter 

DOP AUITXMIT 
DON RECEIVER 

• Meets or exceeds IEEE 802.3 standards for AUi and 
IOBase-T interface 

• Direct interface to AUi and RJ45 connectors 

• Automatic AUI/RJ45 selection 

• Internal predistortion generation 

• Internal common mode voltage generation 

• Jabber function 

• Selectable link test, SQE test disable 

• Twisted-pair receive polarity reverse detection and 
selectable polarity correction 

• LED driver for transmit, receive, jabber, collision, link 
and reversed polarity indicators or for flashing status 
indicator 

• Single 5 V supply, CMOS technology 

• Available in 28-pin DIP or PLCC 

PULSE TPOP 
SHAPING TPON 

WATCHDOG POLARITY PRC 
TIMER DETECT 

DIP AUi RCVR TP TPIP 
DIN DRIVER RECEIVER TPIN 

LI LINK 

MDO MODE INTEGRITY SQUELCH 

MD1 SELECT LEDP/S 
CIP COLLISION COLLISION 

DETECTOR CIN DRIVER 

LEDJ 
LED LEDT 

SOE SQETEST 
CLKI XTAL 

DRIVER LEDR 
LEDC 

CLKO osc LEDL 
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LXT902 Media Attachment Unit 

3 DON 1 28 LEDC ~ 
DOP 2 27 LEDR 
LEDJ 3 26 LEDT 
LEDL 4 25 LEDP/S LEDL 

PRC 5 24 TPOP PRC 
CLKO 6 23 GND2 

CLKI 7 22 VCC2 CLKO 

GNDl 8 21 TPON CLKI 

CIN 9 20 VCC1 GNDl 

CIP 10 19 RBIAS 
CIN 

MOO 11 18 MDl 
DIN 12 17 SQE CIP 

DIP 13 16 TPIP 
LI 14 15 TPIN 

Table 2: Pin Descriptions 

Pin# Sym 1/0 Name DIP PLCC 

1 2 DON I Data Out Negative 
2 3 DOP I Data Out Positive 

3 4 LEDJ I/O Jabber LED 
Driver 

4 5 LEDL 0 Link LED 
Driver 

5 6 PRC I/O Polarity Reverse 
Correction 

6 7 CLKO - Crystal 
7 8 CLKI - Oscillator 

8 9 GNDl - Ground 1 

9 IO CIN 0 Collision Negative 

IO 11 CIP 0 Collision Positive 

11 12 MDO I Mode Select 0 

12 13 DIN 0 Data In Negative 
13 14 DIP 0 Data In Positive 

14 15 LI I Link Integrity 
Test Enable 

15 16 TPIN I Twisted Pair 
16 17 TPIP I Receive Inputs 

1 LED dnvers pull low when active. 
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Table 1: Mode Select Options 

0 ~ MD1 MOO Mode 

25 TPOP 0 0 1 OBase-T compliant 
MAU 

24 GND2 

23 VCC2 
0 1 Reduced squelch level 

22 TPON 1 0 Half current AUi 
driver 

21 VCCl 

20 RBIAS 1 1 DO, DI & CI ports 
disabled 

19 MDl 

16 17 18 1 Clock Test Mode, Jabber on 

::J z IL w 

~ a: (J 
>- "' 

0 Clock Test mode, Jabber 
Disabled 

Description 

Differential input pair connected to the A UI transceiver DO circuit. 

Open drain driver for the Jabber indicator LED. Output goes active1 

when watchdog timer begins jab, and stays active until end of the 
unjab wait period (491 - 525 ms) . When tied to ground, causes 
LEDP/S to act as a multi-function blinking status indicator. 

Open drain driver for the Link indicator LED. Output is active 
except during Link Fail or when Link Integrity Test is disabled. 

The LXT902 automatically corrects reversed polarity at TPI when 
PRC is tied high. In Test mode, this pin is a IO MHz output. 

The LXT902 requires either a 20 MHz crystal (or ceramic resonator) 
connected across these pins, or a 20 MHz clock applied at CLKI. 

Ground. 

Differential driver output pair tied to the collision presence pair of 
the Ethernet transceiver AUi cable. The collision presence signal is 
a IO MHz square wave. This output is activated when a collision is 
detected on the network, during self-test by the SQE sequence, or 
after the watchdog timer has expired to indicate the transmit wire 
pair has been disabled. 

Selects operating modes in conjunction with MD 1. See Table 1 
above for mode select options. 

Differential driver pair connected to the AUi transceiver DI circuit. 

Link integrity testing is enabled when this pin is tied high. With 
link test enabled, the LXT902 sends the link integrity signal in the 
absence of transmit traffic. It also recognizes received link test 
pulses, indicating the receive wire pair is present in the absence of 
transmit traffic. 

Differential receive inputs from the twisted pair input filter. 
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Table 2: Pin Descriptions continued 

Pin# 
Sym 1/0 Name DIP PLCC 

17 18 SQE 1/0 Signal Quality 
Error Test 

Enable 

18 19 MDI I Mode Select 1 

19 20 RBI AS - Resistor 
Bias Control 

20 21 VCCl I Power Supply 1 

21 22 TPON 0 Twisted Pair 
24 25 TPOP 0 Transmit 

Outputs 

22 23 VCC2 I Power Supply 2 

23 24 GND2 - Ground 2 

25 26 LEDP/S 0 Polarity/Status 
LED Driver 

26 27 LEDT 0 Transmit LED 
Driver 

27 28 LEDR 0 Receive LED 
Driver 

28 1 LEDC 0 Collision LED 
Driver 

Absolute Maximum Ratings* 
* Exceeding these values may cause permanent damage. 

Functional operation under these conditions is not 
implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. 

LXT902 Media Attachment Unit 

Description 

SQE is enabled when this pin is tied high. When enabled, 
the LXT902 sends the signal quality error test sequence to the CI 
of the AUi cable after every successful transmission to the media. 
In Test mode, SQE becomes a 20 MHz output. 

Selects operating modes in conjunction with MOO. (See Table 1.) 
MD 1 clock input between 2.0 and 2.5 MHz enables Test mode. 

Bias control pin for the operating circuit. Bias set from external 
resistor to ground. External resistor value = 12.4 ill (± 1 % ). 

+5 V power supply. 

Transmit drivers to the twisted-pair output filter. The output is 
Manchester encoded and pre-distorted to meet the lOBase-T 
template. 

+5 V power supply. 

Ground. 

Open drain LED driver. In normal mode, LEDP/S is active when 
reversed polarity is detected. If LEDJ is tied to ground, the output 
LEDP/S indicates multiple status conditions as shown in Figure 2. 
On solid= Normal, 1 Blink= Link Down, 2 Blinks = Jabber, 
5 Blinks = Polarity Reversed. 

Open drain driver for the Transmit indicator LED. 
Output is active during transmit. 

Open drain driver for the Receive indicator LED. 
Output is active during receive. 

Open drain driver for the Collision indicator LED. 
Output is active when a collision occurs. 

• Supply Voltage 
• Operating temperature 
• Storage temperature 

-0.3 Vto 6 V 
0 °C (min) to + 70 °C (max) 
-65 °C (min) to+ 150 °C (max) 

Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 

Parameter Symbol Min 

Supply voltage1 Vee 4.75 

Operating temperature TOP 0 

1 Maximum voltage differential between VCCI and VCC2 must not exceed 0.3V. 

((fl LEVEL 
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5.0 5.25 v 
- 70 oc 
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LXT902 Media Attachment Unit 

Switching Characteristics CT a = o to 70 °c. v cc = sv ±5%) 

Parameter Min Typl Max 

Jabber Timing 

Maximum transmit time 2 98.5 - 131 

Unjab time 2 491 - 525 

Time from Jabber to CSO on CIP/CIN 3 0 - 900 

Link Integrity Timing 

Time link loss 2 65 - 66 

Time between Link Integrity Pulses 2 9 - 11 

Interval for valid receive Link Integrity Pulses 2 4.1 - 65 

Collision Timing 

Simultaneous TPI/TPO to CSO state on CIN/CIP 0 - 900 

DO loopback to TPI on DI 3 300 - 900 

CSO state delay after TPl/DO idle - - 900 

CSO high pulse width 40 - 60 

CSO low pulse width 40 - 60 

CSO frequency - 10 -

SQETiming 

SQE signal duration 500 - 1500 

Delay after last positive transition of DO 0.6 - 1.6 

LED Timing 

LEDC, LEDT, LEDR on tirne 2 100 - -

LEDP/S on time 2 (See Figure 2) - 164 -

LEDP/S period 2 (See Figure 2) - 328 -

General 

Receive start-up delay 0 - 500 

Transmit start-up delay 0 - 200 

Loopback start-up delay 0 - 500 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Switching times reduced by a factor of 1024 during Test mode. 
3 Pararueter is guaranteed by design; not subject to production testing. 
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LXT902 Media Attachment Unit 

1/0 Electrical Characteristics (Ta= o to 70 °c. v cc= 5V ±5%) 

Parameter Symbol Min Typi Max Units Test Conditions 

Input low voltage' VIL - - 0.8 v 
Input high voltage' VIH 2.0 - - v 
Output low voltage VOL - - 0.7 v Drive current = 10 mA 

(Open drain LED Driver) 

Supply current ICC - 60 70 mA Line Idle 

(Vccl = V cc2 = 5.25 V) - 125 140 mA Line Active, 

transmitting all ones 

Input leakage current 3 ILL - ±1 ±10 µA Input between VCC and 

GND 

Three state leakage current 1rs - ±1 ±10 µA Output between VCC 

(highZ) andGND 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
'MDO, MDI, SQE, PRC and LI pins. MDO clock (test mode) must be CMOS level input. 
3 Not including TPIN, TPIP, DOP or DON. 

Figure 2: LEDP /S Status Indication Timing 

Link Fail 

Jabber 

Polarity 
Reverse 

656 ms 

984 ms 

1.968 s 

492 ms 164 ms 

328 ms 

NOTE: LEDP/S status indications are shown in order of priority, i.e., Link Fail indication supersedes 
Jabber indication which supersedes Polarity Reverse (when PRC = 1 ). Reversed polarity conditions 
supersede Link Fail conditions when PRC = 0 (Polarity Correction Disabled). At the LEDL indicator, 
reversed polarity conditions are reported as Link Fail when PRC = 0. This allows the user to distinguish 
between actual link failure and apparent link failure due to polarity reversal. 
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LXT902 Media Attachment Unit 

AUi Electrical Characteristics (Ta= o to 70 °c, Vee= 5V ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Input low current IIL - - -700 µA 

Input high current IIH - - 500 µA 

Differential output voltage VOD ±550 - ± 1200 mV 

Differential squelch threshold VDS - 220 - mV 

Receive input impedance Rz - 20 - kQ Between DOP and DON 

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

Transmit Characteristics (Ta = 0 to 70 °C' v cc = 5V ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Transmit output impedance ZOUT - 5 - n 
Peak differential output voltage VOD ±4.5 - ±5.2 v Load = 200 Q at TPOP 

andTPON 

Transmit timing jitter addition 2 - - - ±8 ns After Tx filter, 

0 line length 

Transmit timing jitter addition 2 - - - ±3.5 ns After Tx filter and line 

model specified by IEEE 

802.3 for IOBase-T 

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

Receive Characteristics <Ta = o to 70 °c, v cc = 5V ±5%) 

Parameter Symbol Min Typ1 Max Units 

Receive input impedance ZIN - 20 - kQ 

Differential squelch threshold VDS - 420 - mV 

Reduced squelch threshold VDSR - 300 - mV 

Receive timing jitter 2 - - - 1.5 ns 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Parameter is guaranteed by design; not subject to production testing. 
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Functional Description 

The LXT902 Media Attachment Unit (MAU) interfaces the 

Attachment Unit Interface (AUi) to the unshielded twisted 

pair cables, transferring data in both directions between the 

two. The AUi side of the interface comprises three circuits: 

Data Output (DO), Data Input (DI) and Control Interface 

(CI). The twisted pair network side of the interface com

prises two circuits: Twisted Pair Input (TPI) and Twisted 

Pair Output (TPO). In addition to the five basic circuits, the 

LXT902 contains an internal crystal oscillator, separate 

power and ground pins for analog and digital circuits, 

various logic controls and six LED drivers for status indica

tions. 

Functions are defined from the AUi side of the interface. 

The LXT902 Transmit function refers to data transmitted by 

the Data Terminal Equipment (DTE) through the AUi and 

MAU to the twisted pair network. The LXT902 Receive 

function refers to data received by the DTE through the 

MAU and AUi from the twisted pair network. In addition to 

basic transmit and receive functions, the LXT902 performs 

all required MAU functions defined by the IEEE 802.3 

lOBase-T specification such as collision detection, link 

integrity testing, Signal Quality Error (SQE), jabber control 

and loopback. 

Transmit Function 

The LXT902 transfers manchester encoded data from the 

AUi port of the DTE (the DO circuit) to the twisted pair 

net\york (the TPO circuit). The output signal on TPON and 

TPOP is pre-distorted to meet the 10 Base-T jitter template, 

and filtered to meet FCC requirements. The output wave

form (after the transmit filter) is shown in Figure 3. If the 

differential inputs at the DO circuit fall below 75% of the 

threshold level for 8 bit times (typical), the LXT902 transmit 

function will enter the idle state. During idle periods, the 

LXT902 transmits link integrity test pulses on the TPO 

circuit. 

(((I LEVEL 
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Receive Function 

The LXT902 receive function transfers serial data from the 

twisted pair network (the TPI circuit) to the DTE (over the 

DI circuit of the AUi). An internal squelch function dis

criminates noise from link test pulses and valid data streams. 

Only valid data streams activate the receive function. If the 

differential inputs at the TPI circuit fall below 75% of the 

threshold level (unsquelched) for 8 bit times (typical), the 

LXT902 receive function will enter the idle state. The TPI 

threshold can be reduced by approximately 3 dB to allow for 

longer loops in low-noise environments. The reduced El 
threshold is selected when MD 1 = 0 and MOO = 1. 

Polarity Reverse Function 

The LXT902 polarity reverse function uses both link pulses 

and end-of-frame data to determine polarity of the received 

signal. A reversed polarity condition is detected when eight 

opposite receive link pulses are detected withoutreceipt of 

a link pulse with the expected polarity. Reversed polarity is 

also detected if four frames are received with a reversed 

start-of-idle. Whenever polarity is reversed, these two 

counters are reset to zero. If the LXT902 enters the link fail 

Figure 3: LXT902 TPO Output Waveform 
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state and no data or link pulses are received within 96 to 128 
ms, the polarity is reset to the default non-flipped condition. 

(If Link Integrity is disabled, polarity detection is based only 
on received data pulses.) 

Collision Detection Function 

The collision detection function operates on the twisted pair 
side of the interface. A collision is defined as the simultane
ous presence of valid signals on both the 1PI circuit and the 
1PO circuit. The LXT902 reports collisions to the AUi by 
sending a IO MHz signal over the Cl circuit. The collision 
report signal is output no more than 9 bit times (BT) after the 
chip detects a collision. If the 1PI circuit becomes active 
while there is activity on the 1PO circuit, the 1PI data is 
passed to the DTE over the DI circuit, disabling the loop
back. Figure 4 is a state diagram of the LXT902 collision 
detection function (refer to IEEE 802.3 IOBase-T specifi
cation). 

Figure 4: Collision Detection Function 

DO= Active• 

Loopback Function 

The LXT902 loopback function operates in conjunction 
with the transmit function. Data transmitted by the DTE is 
internally looped back within the LXT902 from the DO pins 
to the DI pins and returned to the DTE. The loopback 
function is disabled when a data collision occurs, clearing 
the DI circuit for the 1PI data. Loopback is also disabled 
during link fail and jabber states. 

SQE Test Function 

Figure 5 is a state diagram of the SQE Test function. The 
SQE test function is enabled when the SQE pin is tied high. 
When enabled, the SQE test sequence is transmitted to the 
controller after every successful transmission on the 
10Ba8e-T network. When a successful transmission is 
completed, the LXT902 transmits the SQE signal to the A VI 
over the Cl circuit for 10 BT±5 BT. The SQEfunction can 
be disabled for hub applications by tying the SQE pin to 
ground. 

TPI =Idle• IDLE 
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Jabber Control Function 

Figure 6 is a state diagram of the LXT902 Jabber control 
function. The LXT902 on-chip watchdog timer prevents the 
DTE from locking into a continuous transmit mode. When 
a transmission exceeds the time limit, the Watchdog timer 
disables the transmit and loopback functions, and sends the 
SQE signal' to the DTE over the CI circuit. Once the LXT902 
is in the jabber state, the DO circuit must remain idle for a 
period of 491 to 525 ms before it will exit the jabber state. 

Figure 5: SQE Test Function 
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Link Integrity Test Function 

Figure 7 is a state diagram of the LXT902 Link Integrity Test 
Function. The Link Integrity Test is used to determine the 
status of the receive side twisted pair cable. The link 
integrity test is enabled when the LI pin is tied high. When 
enabled, the receiver recognizes link integrity pulses which 
are transmitted in the absence of receive traffic. If no serial 
data stream or link integrity pulses are detected within 50 -
150 ms, the chip enters a link fail state and disables the 
transmit and loopback functions. The LXT902 ignores any 
link integrity pulse with interval less than 2 - 7 ms. The 
LXT902 will remain in the link fail state until it detects either 
a serial data packet or two or more link integrity pulses. 

Figure 6: Jabber Control Function 
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Test Mode 

The LXT902 Test mode is selected when a 2 - 2.5 MHz clock 
is input on the MOO mode select pin. Test mode sets the 
internal counter chains to run at 1024 times their normal 
speed. The maximum transmit time, unjab time, Link 
Integrity timing and LED timing are reduced by a factor of 
1024. During test operation, 10 MHz and 20 MHz signals 
are output on the PRC and SQE pins, respectively. When 
Test mode is selected, the SQE function cannot be disabled. 

Figure 7: Link Integrity Test Function 

Power On 

i l i 
IDLE TEST 

Start_Link_Loss_ Timer 

In Test mode the PRC function can be disabled by the LI pin. 
Jabber can be disabled by setting MDI = 0. 

Applications 

External MAU 

Figure 8 shows the LX'I902 in a typical external MAU 
application, interfacing between an A UI and the RJ45 con
nectors of the twisted pair network. A 20 MHz crystal (or 
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ceramic resonator) connected across CLKI and CLKO pro
vides the required clock signal. Transmit and receive filters 

are required in the lPO and lPI circuits. Details of the 
transmit and receive filters are shown in Figures 9 and 10, 
respectively. (Differential filters are also recommended.) 

Figure 8: LXT902 External MAU Application Diagram 
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&_Typically, resistors on the AUi side of the transformer are already present in the terminal. 
If termination resistors are present in the terminal, the shaded resistors are not required . 

.£. A 20 MHz (±1 %) crystal or ceramic resonator may be used at CLKl/CLKO. 

~Suitable integrated filter/transformers include Pulse Engineering PE65421, FilMag 78211208; 
Valor PT3877; and HALO Electronics FD02-101G and FD12-101G. 

Figure 9: Transmit Filter Diagram 
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Figure 10: Receive Filter Diagram 
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Internal MAU 

Figure 11 shows an internal MAU application which takes 
advantage of the LXT902's unique AUI/lOBase-T switch
ing feature to select either the D-connector (AUI) or the 
RJ45 connector ( lOBase-'I). No termination resistors are 
used on the LXT902 side of the AUI interface to prevent 
impedance mismatch with the drop cable. The half current 
drive mode is used to maintain the same voltage levels in the 
absence of termination resistors. This application uses 
capacitive coupling instead of transformer coupling. MDI 
is tied high so MDO functions as the mode control switch. 

When MDO is low, the half current drive mode is selected. 
When MDO is high, the LXT902is effectively removed from 
the circuit. The 902 AUI ports (DO, DI and CI) are disabled 
isolating the LXT902 from the AUi. The LXT902 DI and CI 
ports go to ahighimpedance state and the DO port is ignored. 

To implement an auto-select function, LEDL can be tied to 
MDO. This activates the 902/ AUiinterface when the TPlink 
is active (data or link integrity pulses) and disables it when 
the link is inactive. 

Figure 11: LXT902 Internal MAU Application Diagram 
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Standard Product 
August 1992 

LXT903 
7 OBase-T Hub Transceiver 

The LXT903 hub transceiver is designed for use in multi- • Meets or exceeds IEEE 802.3 standards for lOBase-T 

port repeaters. It interfaces the hub (a multi-port transceiver) interface 

to the unshielded twisted-pair media. The LXT903 per-

forms transmit, receive and receive squelch functions. • Provides predistorted signal to the transmit f".tlter 
Additional implementations include lOBase-Tlinkintegrity 

testing, automatic correction of receive polarity reversal, • Internal programmable squelch circuits 
and a watchdog timer to jab continuous transmission. 

• Detection and correction of reversed polarity 

The LXT903 software control mode provides a micropro-

cessor interface with extensive command and status options. • Microprocessor interface and control 

The hardware mode provides stand-alone operation. 
• Differential or single-ended transmit input 

TheLXT903 is an advanced CMOS device and requires only 
a single 5-volt power supply. • LED driver for jabber, link and reversed polarity 

Illif:l!li~lllllilllllllllllllllll!l!!!!i\jjjjjjjjjjjj!jjj[jjjjjjjj[jjjj[jjjjjjj[jjjjjj[jjjj:jjjjjjjj[jjjjjjj[jjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjj!jjjjjjjjjjjjjj • Single 5 V supply, low-power CMOS technology 

• Multi-port Repeaters • Available in 24-pin DIP and 28-pin PLCC packages 
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51~ ~ 
~ 

(.) en 0 Q_ 0 
a: a: x w Q_ a: z 
Q_ (.) a: ...J I- I- (!) 

RXD 1 24 LEDUINT 
CRS 2 23 TPIN 

PRC/SDAT 3 22 TPIP LEDP BIAS 
LEDP 4 21 BIAS TH/CS VCC3 

TH/CS 5 20 vcc 1 
GND1 6 19 TPON GND3 VCC1 

CLK 7 18 VCC2 GND1 TPON 
PE 8 17 GND2 

VCC2 TEN 9 16 TPOP CLK 

PDC 10 15 LTE/SCLK PE GND2 
TXP 11 14 DIS TEN TPOP 
TXN 12 13 HIS 13 14 15 16 17 18 

(.) Q_ z ...., 
I~ Jen UJ~ 0 ~ x 0 0 w I I-(.) 

Pin Descriptions Q_ I- ...J -'en 

Pin# Sym 1/0 Name Description 
DIP PLCC 

1 2 RXD 0 

2 3 CRS 0 

PRC I 

3 4 

SDAT I/O 

4 5 LEDP 0 

TH I 

5 6 -cs I 

6 8 GNDl -

7 9 CLK I 

8 10 PE I 

--
9 11 TEN I 

10 12 PDC I 

11 13 TXP I 
12 14 TXN I 
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Receive Data 

Carrier Sense 

Polarity Reverse 
Correction 

(Hardware Control) 

Serial Data 
(Software Control) 

Polarity Reverse 

Threshold Control 
(Hardware Control) 

Chip Select 
(Software Control) 

Ground# 1 

Clock 

Port Enable 

Transmit Enable 

Pre-Distortion 
Control 

Data Out Positive 
Data Out Negative 

Data received from the twisted-pair is output to the hub controller DI 
circuit on this pin as a CMOS level Manchester encoded data stream. 
High impedance when in software shut down mode. 

Goes high to indicate valid receive data High impedance when in 
software shut down mode. 

In the hardware control mode, tying this pin high enables the LXT903 
to automatically correct for reversed polarity at the TPI circuit. 

In software control mode, this pin is the serial data I/O port. 

Open drain output. Active low indicates polarity reversed. 

In hardware mode, forcing this pin low reduces the TP receive 
squelch by 4.5 dB. 

-
Active low input accesses the serial port in the software mode. CS 
must transition high to low, and remain low for each port operation. 

Ground. 

20 MHz CMOS level clock input. 

Active CMOS high enables the transmitter. In differential input 
mode, PE must be high when TEN is low to enable transmitter. 

Active CMOS low enables the transmitter when PE is high. Required 
for differential input mode only. 

A CMOS level, synchronous input signal at logic 1 will predistort the 
output voltage (differential input mode only). 

Differential input pair connected to the hub controller DO circuit. 
When DiS pin is tied low, TXP becomes single-ended CMOS level 
input, synchronous to the 20 MHz CLK. 
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Pin Descriptions continued 

Pin# Sym 1/0 Name 
DIP· PLCC 

NIA 15 LEDJ 0 Jabber LED Driver 

13 16 HIS I Hardware/Software 
Control Select 

-
14 17 DIS I Differential/Single-

Ended Select 

LTE I Link Test Enable 
(Hardware Control) 

15 18 
SCLK I Serial Clock 

(Software Control) 

16 19 TPOP 0 Twisted Pair 
Transmit 

19 22 TPON 0 Outputs 

17 20 GND2 - Ground2 
jNIA 7 GND3 - Ground3 
jNIA 26 GND4 - Ground4 

18 21 VCC2 - Power Supply# 2 
20 23 VCCl - Power Supply # 1 

!NIA 24 VCC3 - Power Supply # 3 

21 25 BIAS 0 Resistor Bias 
Control 

22 27 TPIP I Twisted-Pair 
23 28 TPIN I Receive Inputs 

LEDV 0 Link Driver 
(Hardware Control) 

24 1 -
INT 0 Interrupt 

(Software Control) 

'LED drivers pull low when active . 

• LEVEL 
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Description 

Open drain driver for the Jabber indicator LED. Goes active 
when watchdog timer begins jab and stays active until end of the 
unjab wait period (491 - 525 ms). 

When set to a logic 0, selects software control mode. 
When set to a logic 1, selects hardware control mode. 

When set to a logic 0, selects single-ended TXP input. 
When set to a logic l, selects differential TXPn'XN input. El 
In hardware control mode, an active high on this pin enables the 
link test function. 

The serial clock required for software control operation is input 
on this pin. SCLK must be s; 2 MHz. 

Transmit drivers to the twisted-pair output filter. The output is 
pre-distorted to meet the lOBase-T template. 

Ground. 
Ground. 
Ground. 

+ 5 V power supply input. 
+ 5 V power supply input. 
+ 5 V power supply input. 

Bias control for the operating circuit. Bias is setfrom an external 
12.4 kn resistor to ground. 

Differential receive inputs from the twisted-pair input filter. 

LED driver indicates Jirik activity. 

The microprocessor interrupt required for software control is 
output on this pin. The interrupt is an open drain, active low 
which indicates Jab, Lirik Failure or Non-correctable Polarity. 
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Absolute Maximum Ratings* 
* Exceeding these values may cause permanent damage. 

Functional operation under these conditions is not 
implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. 

• Supply Voltage 
• Operating temperature 
• Storage temperature 

-0.3 Vto6 V 
0 °C (min) to+ 70 °C (max) 
-65 °C (min) to + 150 °C (max) 

Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 

Parameter Symbol Min Typi Max Units 
Supply voltage2 Vee 4.75 5.0 5.25 v 
Operating temperature TOP 0 - 70 oc 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
'Maximum voltage differential between VCCl and VCC2 (and VCC3 for PLCC parts) must not exceed 0.3V. 

1/0 Electrical Characteristics <Ta= o to 70 °c. v cc= 5V ±5%) 

Parameter Symbol Min Typi Max Units Test Conditions 

Input low voltage VIL - - 0.8 v 
Input high voltage VIH 2.0 - - v 
Output low voltage VOL - - 0.7 v I0 UT= 10 mA 

(Open drain LED Driver2) 

Supply current ICC - 40 - mA Line Idle 

- 75 - mA Line Active 

Input leakage current' ILL - ±1 ±10 µA Input between VCC and 

GND 

High Z state leakage current 1rs - ±1 ±10 µA Output between VCC 

andGND 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 LED Drivers can sink up to 10 mA of drive current. 
'Not including TPIN, TPIP, TXN, TXP, PDC, PE, CLK or 1EN. 

CMOS 1/0 Characteristics1 <Ta= o to 70 °c. v cc= 5V ±5%) 

Parameter Symbol Min Typ2 Max 

Input low voltage VCIL - 2.0 -

Input high voltage VCIH - 3.0 -

Output low voltage VCOL - 0 -

Output high voltage VCOH - 5.0 -
Input leakage current ICIL - ± 1.0 -

--
1 Pins TXP, TXN, 1EN, PE, PDC, CLK and RXD. 
2 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
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Transmit Characteristics CT a = 0 to 70 °C. V cc = 5V ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Transmit output impedance zour - 5 - n 
Peak differential output voltage VOD ±4.5 - ±5:2 v Load= 200 '1 at TXPn'XN 

Differential voltage imbalance voe - - ±40 mV Load= 200 '1 at TXPn'XN 

Transmit timing jitter addition - - - ±8 ns After Tx filter, 0 line length 

Transmit timing jitter addition - - - ±3.5 ns After Tx filter and line model 
specified by IEEE 802.3 for 
IOBase-T 

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

Receive Characteristics (Ta= o to 70 •c. Vee= 5V ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Receive input impedance ZiN - 20 - k'1 Between 1PIPffPIN 

Differential squelch threshold VDS - 420 - mV 

Reduced squelch threshold VDSR - 250 - mV 

Receive timing jitter - - - 1.5 ns 

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

Switching Characteristics1 (Ta= o to 70 ·c. v cc= 5V ±5%) 

Parameter 

Jabber Timing 

Maximum transmit time 

Unjabtime 

Link Integrity Timing 

Time link loss 

Time between Link Integrity Pulses 

Valid interval for received Link 
Integrity Pulses 

•
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Min 

88.5 

442 

65 

9 

4.1 

Typ Max Units 

- 144 ms 

- 578 ms 

- 66 ms 

- 11 ms 

- 65 ms 
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Switching Characteristics (Ta= o to 70 °C, Vee= sv ±5%) 

Parameter Symbol Min 

Serial interface Timing 

SCLK low time tSI 100 

SCLK high time tS2 100 

CS to SCLK setup time tS3 50 

SCLK to CS hold time tS4 0 

CS inactive time tg5 50 

SDAT to SCLK setup time tS6 50 

SCLK to SDAT hold time tg7 0 

SCLK to SDAT valid ts• -

SCLK falling edge or CS rising edge to tg9 -

SDAThighZ 

SCLK rise/fall time - -

Transmit Timing (Single Ended Mode) 

TXP setup time to CLK high tSTI 20 

TXP hold time from CLK high tST2 0 

Transmit Timing (Differential Mode) 

TXP rising edge to PDC rising edge IDTt -

TXP low to PDC low tDT2 -

TXP high to TXN low tDT3 0 

TXP low to TXN high tDT4 0 

Receive Timing 

Valid receive data to CRS high tRI -

Receive steady state propagation delay ~2 -

Receive tum-off to CRS low tR3 250 

Receiver jitter tR4 -

CRS high to RXD low tR5 0 

General 

Receive start-up delay - 0 

Transmit start-up delay - 0 

TXP/TXN rise/fall time t,.RF -
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Typ 

-

-

-

-

-

-

-

-

-

-

-

-

50 

0 

-

-

-

-

-

-

-

-

-
5 

Max 

-
-

-

-

-

-

-

100 

100 

20 

-

-

-

-

±5 

±5 

500 

100 

400 

± 1.5 

100 

500 

200 

-

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

•
LEVEL 
ONE@ 



LXT903 1 OBase-T Hub Transceiver 

Figure 2: LXT903 Serial Interface Timing 
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Figure 3: LXT903 Transmit Timing - Single Ended Input Mode 
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·Figure 5: LXT903 Receive Timing 
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Functional Description 

The LXT903 hub transceiver interfaces a hub controller to 
unshielded twisted-pair cables, transferring data in both 
directions. The hub side of the interface comprises three 
circuits: Transmit (the DO output from the hub controller), 

·Receive (the DI input to the hub controller), and Status/ 
Command. The twisted-pair network side of the interface 
comprises two circuits: Twisted Pair Input (TPI) and 
Twisted Pair Output (TPO). · In addition to these basic 
circuits, the LXT903 contains logic controls and LED driv
ers for status indications. 

Functions are defined from the hub side of the interface. The 
LXT903 Transmit function refers to data transmitted by the 
hub over the DO circuit to the twisted-pair network. The 
LXT903 Receive function refers to data received by the hub 
over the DI circuit from the twisted-pair network. In 
addition to basic transmit and receive functions, the LXT903 
performs some of the MAU functions defined by the IEEE 
802.3 lOBase-T specification such as link integrity testing 
and jabber control. The LXT903 also offers extensive 
software control and status reporting capabilities available 
thrQugh the serial interface. 

Transmit Function 
The LXT903 transfers manchester encoded, CMOS level 
data from the hub controller to the twisted-pair network (the 
TPO circuit). The output signal on TPON and TPOP is pre
distorted to meet the 10 Base-T jitter template. The output 
waveform (after the transmit filter) is shown in Figure 6. 
During idle periods, the LXT903 transmits link integrity test 
pulses on the TPO circuit. Transmitter inputs can be differ
ential or single-ended, as selected by the DiS pin. The 
differential input is TXPfl'XN. Single-ended input is sup
plied by TXP. 
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Single Ended Input Mode 
The single ended transmit interface consists of TXP, Port 
Enable (PE) and the 20 MHz clock input (CLK). In the 
single-ended mode, TXP is sampled before transmission at 
the 20 MHz clock rate and must meet the specified setup and 
hold times relative to the CLK input Predistortion control 
is generated internally. PE must be high for transmission to 
occur. Transmission begins at the first low-going data on 
TXP. End of Frame is detected when TXP is held high for 
more than 150 ns (plus setup and hold times). 

Differential Input Mode 
In the differential input mode, the transmit interface consists 
of TXP and TXN, PE, PDC, and the Transmit Enable input 
(TEN). Transmission starts when PE is high and TEN is low, 
and ends when either PEorTEN goes inactive. Predistortion 
control is provided by the PDC input 

Receive Function 
The LXT903 receive function accepts serial data from the 
twisted-pairnetwork(theTPicircuit),convertsittoaCMOS 
level signal, and passes it to the hub controller. An internal 
squelch function discriminates noise from link.test pulses 
and valid data streams. Only vali4 data streams activate the 
receive function. If the differential signal at the TPI circuit 

Figure 6: LXT903 TPO Output Waveform 
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input falls below 75% of the threshold level (unsquelched) 
for 8 bit times (typical), the LXT903 receive function will 
enter the idle state. A reduced threshold is available which 
lowers the squelch level by 4.5 dB. Reducing the squelch 
level extends the network range when used with a low-noise 
media such as shielded twisted-pair. In the software control 
mode, the reduced threshold is selected through the serial 
interface. In the hardware mode, the reduced threshold is 
selected by tying the 111 pin low. 

Polarity Reverse Function 
The LXT903 polarity reverse function uses both link pulses 
and end-of-frame data to determine polarity of the received 
signal. A reversed polarity condition is declared when eight 
opposite link pulses are received without receipt of a link 
pulse with the expected polarity. Reversed polarity is also 
declared if four frames are received with a reversed start-of
idle. Whenever reversed polarity is declared, these two 

Figure 7: Jabber Control Function 
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counters are reset to zero. If the LXT903 enters the link fail 
state and no receive data or link pulses are received within 96 
to 128 ms, the polarity is reset to the default (non-flipped) 
condition. (If Link Integrity is disabled, polarity detection is 
based only on received data.) 

Jabber Control Function 
Figure 7 is a state diagram of the LXT903 Jabber control 
function. In the software mode, jabber control may be 
disabled through the serial port. In the hardware mode, 
jabber control is enabled at all times. The LXT903 on-chip 
watchdog timer prevents the device from locking into a 
continuous transmit mode. When a transmission exceeds 
the time limit, the Watchdog timer disables the transmit 
function. Once the LXT903 is in the jabber state, the 
transmit circuit must remain idle for a period of 491 to 525 
ms before it will exit the jabber state. 

Link Integrity Test 
Figure 8 is a state diagram of the LXT903 Link Integrity Test 
Function. The Link Integrity Test is used to determine the 
status of the receive side twisted-pair cable. Link testing is 
enabled when the L 1E pin is tied high. When enabled, the 
receiver recognizes link integrity pulses which are transmit
ted in the absence ofreceive traffic. If no serial data stream 
or link integrity pulse is detected within 50- 150 ms, the chip 
enters a link fail state and disables the transmit function. The 
LXT903 ignores any link integrity pulse with interval less 
than 2 - 7 ms. The LXT903 will remain in the link fail state 
until it detects either a serial data packet or two or more link 
integrity pulses. Link activity is indicated by a low on the 
LEDL pin. 

Hardware Control Mode 
In hardware control mode the serial port is not used, and the 
transceiver is accessed and controlled through individual 
pins. Hardware control mode is selected when the WS pin 
is set to a logic 1. 

Software Control Mode 
To allow a microprocessor to acce~s and control the LXT903 
through the serial interface, the HIS pin is set to logic 0. The 
serial interface consists of three signals: the Chip Select 
input (CS), the bidirectional Serial Data port (SDAT), and 
a Serial Clock (SCLK). The LXT903 incorporates a stan
dard microcontroller interface which operates with any 
standard 8051 using TXD/RXD (port 3) for SCLK and 
SDAT, and any port for CS. The SCLK frequency should be 
5 MHz or less. In software control mode, the LEDL pin is 
reconfigured as an interrupt out (INT). INT is an open drain, 
active low which is set by any of three conditions: Jab, Link 
Fail, or Non-Correctable Polarity. The INT signal stays 
active until CS goes active (low). The INT bit remains set 
until the first port read cycle. Once set and then cleared, INT 
will not set ~n until all failure interrupts return to a pass 
state. The INT signal cari be masked by bit C4 of the 
Command word. The serial data (SDAT) is contained in a 
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16-bit word consisting of an 8-bit Address/Command byte 
and an 8-bit Command/Status byte. Figure 9 shows the serial 
interface data structure and timing. 

The Address/Command bits are assigned as follows: 
ACO Test Mode. Must be 0 (1 reserved for Factory) 
ACl Address Bit 0. Must be 0 (reserved) 
AC2 Address Bit 1. Must be 0 (reserved) 
AC3 Address Bit 2. Must be 1 (reserved) 
AC4 Read/Write. 1 =Read, 0 =Write 
AC5 Must be 0 (reserved) 
AC6 Must be 0 (reserved) 
AC7 Must be 0 (reserved) 

Figure 8: Link Integrity Test Function 
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IDLE TEST 

Start_Link_Loss_ Timer 

The Command (Write) bits are assigned as follows: 
CO Shut Down (TXP/TXN and lEN are ignored, 

RXD and CRS go to high impedance. Standard 
transmit functions are disabled, but Link Pulse 
reception/transmission continue.) 

C 1 Link Test Enable/Disable 
C2 Jabber Enable/Disable 
C3 Polarity Correction Enable 
C4 Mask Interrupt (Prevents the open drain INT pin 

from going active.) 
C5 Reduced Threshold 

(Receive.threshold reduced by 4.5 dB.) 
C6 Must be 0 (reserved) 
C7 Must be 0 (reserved) 

Start_Link_ Test_Min_ Timer TPI ; Active + 
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• Link_Test_Rcvd; True) 

•
LEVEL 
ONE@ 



The Status (Read) bits are assigned as follows: 
SO Link Test Fail/Pass 
S 1 Jabber On/Off 
S2 Polarity Reversed/Normal 
S3 Receiver Active (Cleared on Read) 
S4 Transmitter Active (Cleared on Read) 
SS Interrupt (Cleared on Read) 
S6 Don't Care 
S7 Don't Care 

LXT903 1 OBase-T Hub Transceiver 

The LXTIXJ3 serial port is accessed by causing the Chip 
Select (CS) inputto transition from high to low. Bit4 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. 

Figure 9: LXT903 Serial Interface Data Structure 
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Applications 

Figure 10 shows the LX'I903 in a typical hardware control 
application. The LX'I903 hub transceivers interface the 
Hub Controller to the RJ45 connectors of the twisted pair 
network. The D/S pin is grounded, effecting the single 
ended mode, so TXN, PDC and 1EN are not connected. An 
external source provides the required 20 MHz clock signal. 
Transmit and receive filters are required in the TPO and TPI 

circuits. Details of the transmit and receive filters are shown 
in Figures 11 and 12, respectively. (Differential filters are 
also recommended.) Integrated filters such as the Valor 
PT3877, Fil-Mag 78Zl 120B or Pulse EngineeringPE65421 
may be used. Figure 13 shows a typical software control 
application, operating in the differential input mode (DiS is 
tied high) with TXN, 1EN, and PDC connected. 

Figure 1 O: Typical LXT903 Hardware Control Application 
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Figure 11: Transmit Filter Diagram Figure 12: Receive Filter Diagram 
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Figure 13: Typical LXT903 Software Control Application 
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NOTES: 
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LXT906 

Standard Product 
January 1994 

Ethernet Twisted-Pair I Coax Adapter 

The LXT906 Twisted-Pair I Coax Adapter is designed to 
allow a cost effective Ethernet implementation in a mixed 
media environment. Combined with a coax transceiver such 
as the DP8392, the LXT906 offers a complete adapter 
solution. 

LXT906 functions include level-shifted data pass-through 
from one transmission media to another, collision detection 
and propagation, and automatic correction of polarity rever
sal on the twisted pairinput. It also includes LED drivers for 
jabber, coax receive and collision, twisted pair receive and 
collision, reversed polarity detect and link indication func
tions. 

The LXT906 is an advanced CMOS device and requires only 
a single 5 volt power supply. 

• IOBase-T to Coax (10Base5 and 10Base2) adapter 

AIP 
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AOP 
AON 

LI 

-~ -~ 

.. .[ COAX -
:: l RECEIVER 

WATCHDOG 
TIMER 

COAX -DRIVER ~ 

LINK -- INTEGRITY 

_ ... • 

• Direct interface to Coax transceiver and to RJ45 
connectors. 

• Collision detection and propagation 

• Internal predistortion generation 

• Internal common mode voltage generation 

• Selectable link test 

• Twisted-pair receive polarity reverse detection and 
correction 

• LED drivers for TP and coax receive; TP and coax 
collision; jabber, link active and reversed polarity 
indicators 

• Single 5 V supply, CMOS technology 

• Available in 28-pin PLCC 

.. 
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CLKO 

CLKI 

GND1 

RBIAS 

LI 

TPIP 

TPIN 

Pin Descriptions 

Pin Sym 1/0 Name 

1 LTPR 0 TP Receive LED 
Driver 

2 LPLR 0 TP Reverse Polarity 
LED Driver 

3 LLNK 0 TPLinkLED 
Driver 

4 LJAB 0 Jabber LED 
Driver 

5 CLKO I/O Crystal 
6 CLKI Oscillator 

7 GNDl - Ground 1 

8 RBIAS I Resistor 
Bias Control 

9 LI I Link Integrity 

10 TPIP I Twisted-Pair 
11 TPIN I Receive Inputs 

12 TPOP 0 Twisted-Pair 
15 TPON 0 Transmit 

Outputs 

13 GND2 - Ground 2 

14 VCC2 I Power Supply 2 

16 AON 0 AUi Out Negative 
17 AOP 0 AUi Out Positive 

18 TSTO - Test Pin 0 
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TST1 

TST2 

VCC1 

CIP 

CIN 

AIP 
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Description 

Open drain driver for the TP Receive indicator LED. 
Output pulls low whenever TP receiver is active. 

Open drain driver for the TP Reversed Polarity indicator LED. 
Output pulls low whenever reversed polarity is detected. 

Open drain driver for the TP Link indicator LED. 
Output goes high whenever link is active. 

Open drain driver for the Jabber indicator LED. 
Output pulls low whenever LXT906 is in a jabber condition. 

The LXT906 requires either a 20 MHz crystal (or ceramic resonator) 
connected across these pins, or a 20 MHz clock applied at CLKI. 

Ground. 

Bias control pin for the operating circuit. Bias set from external 
resistor to ground. External resistor value = 12.4 kn (± 1 % ). 

Enables Link Integrity Testing when tied high. 

Differential receive inputs from the twisted pair input filter. 

Transmit drivers to the twisted-pair output filter. The output is 
Manchester encoded and pre-distorted to meet the lOBase-T 
template. 

Ground. 

+5 V power supply input. 

Differential driver output pair connected to the Coax AUi. 

Test pin for factory use. This pin must be left unconnected. 
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Pin Descriptions continued 

Pin Sym 1/0 Name 

19 AIN I AUi In Negative 
20 AIP I AUi In Positive 

21 CIN I Collision Negative 
22 CIP I Collision Positive 

23 VCCl I Power Supply 1 

24 TST2 - Test Pin 2 
25 TS Tl - Test Pin 1 

26 LCXR 0 Coax(AUI) 
Receive LED Driver 

27 LCXC 0 Coax Collision 
LED Driver 

28 LTPC 0 TP Collision 
LED Driver 

Absolute Maximum Ratings* 
* Exceeding these values may cause permanent damage. 

Functional operation under these conditions is not 
implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. 

LXT906 TP - CX Adapter 

Description 

Data input pair from the Coax AUi. 

Differential input pair tied to the collision presence pair of the 
Ethernet Coax transceiver. 

+5 V power supply. 

Test pins reserved for factory use. 
These pins must be left unconnected. 

Open drain driver for the Coax Receive indicator LED. 
Output pulls low whenever coax receiver is active. 

Open drain driver for the Coax Collision indicator LED. 
Output pulls low whenever a collision is detected on the coax 
circuit. 

Open drain driver for the TP Collision indicator LED. 
Output pulls low whenever a collision is detected on the TP line. 

•Supply Voltage 
• Operating temperature 
• Storage temperature 

-0.3 Vto 6 V 
0 °C (min) to + 70 °C (max) 
-65 °C (min) to + 150 °C (max) 

Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.) 

Parameter 

Supply voltage 

Operating temperature 

f'f'mLEVEL 
~ONE@ 

Symbol Min 

Vee 4.75 

TOP 0 

Typ Max Units 

5.0 5.25 v 

- 70 oc 
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Switching Characteristics (Ta= o to 70 °C, Vee= 5 v ± 5 %) 

Parameter Min Typ1 Max 

JamTiming 

Transmit time 96 - -

Link Integrity Timing 

Time link loss 2 65 - 66 

Time between Link Integrity Pulses 2 9 - 11 

Interval for valid receive Link Integrity Pulses 2 3.9 - 65 

Collision Timing 

End of collision to end of jam - - 1200 

Jabber Timing 

Maximum transmit time - - 5.1 

Unjabtime - 6.4 -

LED Timing 

LED on time 100 - -

General 

Transmit recovery time - - 12 

Carrier recovery time - - 3 

TP receive to AUI transmit 0 - 500 

AUi receive to TP transmit 0 - 200 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Switching times reduced by a factor of 1024 during Test mode. 

AUi Electrical Characteristics (Ta= o to 70 °c, v cc= s v ± s %) 

Units 

bit 

ms 

ms 

ms 

ns 

ms 

us 

ms 

bit 

bit 

ns 

ns 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Input low current IIL - - -700 µA 

Input high current IIH - - 500 µA 

Differential output voltage VOD ±550 - ± 1200 mV 

Differential squelch threshold VDS - 220 - mV 

Receive input impedance Rz - 20 - kn Between AOP and AON 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
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1/0 Electrical Characteristics (Ta= o to 70 °c, Vee= s v ± s %) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Input low voltage VIL - - 0.8 v 
Input high voltage VIH 2.0 - - v 
Output low voltage VOL - - 0.7 v Load current = 10 mA 

(Open drain LED Driver) 

Supply current ICC - 60 80 mA Line Idle 

(Vccl = Vcc2 = 5.25 V) - 125 150 mA Line Active, 

transmitting all ones 

Input leakage current' ILL - ±1 50 µA Input between VCC and 

GND 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Not including TPIN, TPIP, AIP, AlN, CIP or CIN. 

TP Transmit Characteristics (Ta= o to 70 °c, Vee= s v ± s %) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Transmit output impedance zour - 5 - n 
Peak differential output voltage VOD ±4.5 - ±5.2 v Load = 200 Q at TPOP 

andTPON 

Transmit timing jitter addition ' - - - ±8 ns After Tx filter, 
0 line length 

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

TP Receive Characteristics (Ta= o to 70 °c, Vee= s v ± s %) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Receive input impedance ZIN - 20 - kQ 

Differential squelch threshold VDS - 420 - mV 

Receive timing jitter 2 - - - 1.5 ns 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Parameter is guaranteed by design; not subject to production testing. 
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Functional Description 

The LXT906 interfaces the coaxial transceiver (AUi) to the 
unshielded twisted pair cables, transferring data in both 
directions. The AUi side of the interface comprises three 
circuits: Data Output (AO), Data Input (AI) and Collision 
Interface (CI). The twisted pairnetwork side of the interface 
comprises two circuits: Twisted Pair Input (TPI) and 
Twisted Pair Output (TPO). In addition to the five basic 
circuits, the LXT906 contains an internal crystal oscillator, 
various logic controls and seven LED drivers for status 
indications. 

Coax to TP Function 

The LXT906 receives data from the coax transceiver on the 
AI circuit and transmits it to the twisted pair network on the 
TPO circuit. The output signal on TPON and TPOP is pre
distorted to meet the IOBase-T jitter template. The output 
waveform (after the transmit filter) is shown in Figure 2. If 
the differential inputs at the AI circuit fall below 75% of the 
threshold level for 8 bit times (typical), the LXT906 TP 
transmit function will enter the idle state. During idle 
periods, the LXT906 transmits link integrity test pulses on 
the TPO circuit. 

Figure 2: LXT906 TPO Output Waveform 

TP to Coax Function 

The LXT906 receives data from the twisted pair network on 
the TPI circuit and transmits it to the coax transceiver on the 
AO circuit. An internal squelch function discriminates noise 
from link test pulses and valid data streams. Only valid data 
streams activate the TP receive function. If the differential 
inputs atthe TPicircuitfall below75% of the threshold level 
(unsquelched) for 8 bit times (typical), the LXT906 TP 
receive function will enter the idle state. The Coax-to-TP 
data path is disabled when the TP-to-Coax path is active. 
The Coax-to-TP path is enabled 9 bit times after end of TP
to-Coax transmission. 
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Polarity Reverse Function 

The LXT906 polarity reverse function uses both link pulses 
and end-of-frame data to determine polarity of the received 
signal. A reversed polarity condition is detected when eight 
link pulses of the opposite (unexpected) polarity are re
ceived without receipt of a link pulse with the expected 
polarity. Reversed polarity is also detected if four frames are 
received with a reversed start-of-idle. Whenever polarity is 
reversed, these two counters are resetto zero. If the LXT906 
enters the link fail state and no data or link pulses are 
received within 96 to 128 ms, the polarity is reset to the 
default non-flipped condition. (If Link Integrity is disabled, 
polarity detection is based only on received data pulses.) 
The LXT906 automatically corrects for reversed polarity. 

Jabber Function 

The LXT906 interrupts its output if it has transmitted con
tinuously for longer that 5 ms on TPOPffPON or AOP/ 
AON. During jab the repeater state machine is disabled. 
Transmission is re-enabled when no activity has been de
tected on TPIPffPIN or AIP/AIN for 6.4 µs. 

Link Integrity Test Function 

Figure 3 is a state diagram oftheLXT906LinklntegrityTest 
Function. The Link Integrity Test is used to determine the 
status of the twisted pair cable. Link integrity testing is 
enabled when the LI pin is tied high. When enabled, the 
receiver recognizes link integrity pulses which are transmit
ted in the absence ofreceive traffic. If no serial data stream 
or link integrity pulses are detected within 50 - 150 ms, the 
chip enters a link fail state and disables the transmit function 
and the repeater state machine. The LXT906 ignores any 
link integrity pulse with interval less than 2 - 7 ms. The 
LXT906 will remain in the link fail state until it detects either 
a serial data packet or two or more link integrity pulses. 

Collision Propagation Function 

A TP collision is defined as the simultaneous presence of 
valid signals on both the TPI circuit and the TPO circuit. A 
Coax collision is detected when a valid collision signal is 
present at CIP/CIN. If a collision is detected the appropriate 
collision LED (TP or coax) is activated and a Jam frame is 
transmitted as described in Figure 4. The Jam length is 
always a minimum of 96 bits: 64 bits of alternating l's and 
O's, followed by an all l's pattern. 
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Figure 3: Link Integrity Test Function 
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LXT906 State Diagram Description of State diagram variables : 

The state diagram, Figure 4, describes the operation of the 
LXT906. It is similar to a repeater state diagram, however 
the 906 does not provide retiming, preamble regeneration or 
fragment extension. The LXT906 avoids fragment genera
tion by using a minimum Jam size of 96 bits. Since the 1P 
side does not have a receive collision detection it is not 
considered in this implementation. 

Figure 4: LXT906 State Diagram 
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L=:::J !actM * llin(notM) 
lcXcoll • ITPcoll • 

Co 

Tw2Done 
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"""" WAIT 

----------
StartTw1 

Out(ALL) = Idle 

T 

Tw2Done 

cXcoll + TPcoll + 
Tw1Done 
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LXT907 Ethernet Interface for Hub, Switch & Adapter Applications 

LXT907 

Advance Information 
December 1993 

Ethernet Interface for Hub, Switch and Adapter Applications (Internal MAU) 
with Integrated 10Base T MAU, EnDec, AUi and Filters 

The LXT907 Hub/Switch/Repeater Ethernet Interface is 
designed for IEEE 802.3 physical layer applications. It 
provides, in a single CMOS device, all the active circuitry 
for interfacing most standard 802.3 controllers to either the 
lOBase-T media or Attachment Unit Interface (AUi). 

LXT907 functions include Manchester encoding/decoding, 
receiver squelch and transmit pulse shaping, jabber, link 
testing and reversed polarity detection/correction. The 
LXT907 can be used to drive either the AUi drop cable or the 
lOBase-T twisted-pair cable with only a simple isolation 
transformer. No external filters are required. The LXT907 
can be used with both standard (10 Mbps) and full-duplex 
(20 Mbps) Ethernet controllers. 

The LXT907 is fabricated with an advanced CMOS process 
and requires only a single 5-volt power supply. 

• Hub/Switches for dedicated LAN connections 

• Computer/workstation lOBase-T LAN adapter boards 

AUTOSEL 
PAUi 

MODE SELECT LOGIC 
@:im;l$.i~I Controller Compatibility I 

Port Select/ 
Loopback/ LBK 

LI 

TCLK 
CLKI 

CLKO==l+gg@'4 
TEN 
TXD 

RLD 
RJAB 

RCMPT 
CD 

LEDL 

RXD 
RCLK 

COL 

Link Test 

LEDR LEDT/PDN LEDC DSQE NTH JAB 

f'(l!I LEVEL 
1.!!!!11 ONE @ 

PLR 

Functional Features 

• Integrated Filters - No External Filters Required 

• Integrated Manchester Encoder/Decoder 

• lOBase-Tcompliant Transceiver 

• AUi Transceiver 

• Full Duplex Capable (20 Mbps) 

Convenience Features 

• Automatic/Manual AUI/RJ45 Selection 

• Automatic Polarity Correction 

• SQE Disable/Enable function 

• Power Down Mode 

• Four loopback modes for better testing 

Diagnostic Features 

• Four LED Drivers 

• AUI/RJ45 Loopback 

• Remote Signaling of Link Down and Jabber conditions 

""--+--++-TPOPB 
'"c---tet-t• TPOPA 
,,,c.---i'4-I• TPONA 

,,._._--+--_...,....~TPONB 

1-4-.,,._"""""+.1--TPIP 

t--_,_"""""-tt-TPIN 

"'-<'--__.-.....,.__.DOP 
~---<t--t--H__.DON 

DIP 
--------+.,.__- DIN 

~---++--c1P 

~----t>+--CIN 
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LXT907 Ethernet Interface for Hub, Switch & Adapter Applications 

Table 1: Controller Com~tibili!Y_ Mode O_mions 
c;8:r:za..ugg,za..S 
::?::?~ uu~ oi5i50'.: 

Controller Mode: Setting: 
MD1 MOO RLD 

<::> 
39 TPIN 

LI 38 TPIP 
Mode 1 - For Advanced Micro Devices 0 0 JAB 37 DSQE 

AM7990 or compatible controllers 

Mode 2 - For Intel 82586, 82596 or 0 1 
compatible controllers 

TEST 36 TPONB 
TCLK LXT907 

35 TPONA 
TXD 34 VCC2 
TEN 44-pin PLCC 33 GND2 

CLKO 32 TPOPA 

~ Mode 3 - For Fujitsu MB86950, MB86960 1 0 CLKI 31 TPOPB 
COL 30 PLR 

or compatible continuous clock type AUTOSEL 29 RJAB 
controllers (Seeq 8005) 18 19 20 212223 24 25 26 27 28 

Mode 4 - For National Semiconductor 8390 1 1 
a: z __. IUJ ~ ~ en ,_. a Cl ~ o oOoco O<ea..xu-' 
UJQ..UJLL-'Zro:i!a: (.) 

or compatible controllers (TI TMS380C26) __J~...Ju C!la:u a: 
Cl Cl a: 

Table 2: Pin Descriptions 

Pin# Sym VO Name 

I vcc 1 I Power Inputs 
34 VCC2 I 1and2 

2 CIP I AUi Collision 
3 CIN I Pair 

4 NTH I Normal 
Threshold 

5 MOO I Mode Select 0 
6 MDI I Mode Select I 

7 RLD 0 Remote Link 
Down 

8 LI I Link Test Enable 

9 JAB 0 Jabber Indicator 

10 TEST I Test 

11 TCLK 0 Transmit Clock 

12 TXD I Transmit Data 

13 TEN I Transmit Enable 

14 CLKO 0 Crystal 
15 CLKI I Oscillator 

16 COL 0 Collision Detect 

3-64 

UJ UJ 
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Description 

+ 5 volt power supply inputs. 

Differential input pair connected to the A UI transceiver CI circuit 
The input is collision signaling or SQE. 

When NTH= I, the normal TP squelch threshold is enabled. 
When NTH = 0, the normal TP squelch threshold is reduced by 4.5 dB. 

Mode select pins determine controller compatibility mode in accordance with 
Table I, above. 

Output goes high to signal to the controller that the remote port is in link 
down condition. 

Controls Link Integrity Test; enabled when LI= I, disabled when LI= 0. 

Output goes high to indicate Jabber state. 

Open. 

A 10 MHz clock output This clock signal should be directly connected to the 
transmit clock input of the controller. 

Input signal containing NRZ data to be transmitted on the network. TXD is 
connected directly to the transmit data output of the controller. 

Enables data transmission and starts the watchdog timer. Synchronous to 
TCLK (see Figures 4, 10, 16 and 22 for details). 

A 20 MHz crystal (Mtron MP-1/MP-2) must be connected across these pins, 
or. a 20 MHz clock applied at CLKI with CLKO left open. 

Output which drives the collision detect input of the controller. 

rrctLEVEL 
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Table 2: Pin Descriptions continued 

Pin# Sym 

17 AUTO 
SEL 

18 LEDR 

19 LEDT/ 
PDN 

20 LEDL 

21 LEDC/ 
FOE 

22 LBK 

23 GNDl 
33 GND2 

24 RBI AS 

25 RCMPT 

26 RXD 

27 CD 

28 RCLK 

29 RJAB 

30 PLR 

31 TPOPB 
36 TPONB 
32 TPOPA 
35 TPONA 

-~LEVEL ONE@ 

1/0 

I 

0 

0 
I 

0 

0 

I 

-
-

I 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

Name Description 

Automatic When AUTOSEI... = 1, automatic port selection is enabled (the LXT907 
Port Select defaults to the AUi port only if TP link integrity= Fail). When 

AUTOSEL = 0, manual port selection is enabled (the PAUi pin determines 
the active port). 

Receive LED Open drain driver for the receive indicator LED. Output is pulled low 
during receive, except when data is being looped back to DIN/DIP from a 
remote transceiver (external MAU). LED "On" (i.e., low output) time is 
extended by approximately 100 ms. 

Transmit LED/ Open drain driver for the transmit indicator LED. Output is pulled low 
Power Down during transmit. LED "On" (i.e., low output) time is extended by approxi-

mately 100 ms. If externally tied low, the LXT907 goes to power down 
state. 

Link LED Open drain driver for link integrity indicator LED. Output is pulled low 
during link test pass. If externally tied low, internal circuitry is forced to 
"Link Pass" state and LXT907 will continue to transmit link test pulses. 

Collision LED/ Open drain driver for the collision indicator LED pulls low during colli-
Full Duplex sion. LED "On" (i.e., low output) time is extended by approximately 100 

Enable ms. If externally tied low, the LXT907 enables full duplex operation by 
disabling the internal TP loopback and collision detection circuits in 
anticipation of external TP loopback or full duplex operation. 

Loop back Enables internal loopback mode. See Figure 7 (Mode 1), Figure 13 (Mode 2), 
Figure 19 (Mode 3) and Figure 25 (Mode 4) for details. 

Ground Returns Grounds. 
1 and2 

Bias Control A 12.4 kQ 1 % resistor to ground at this pin controls operating circuit bias. 

Remote Output goes high to signal the controller that the remote port is compatible 
Compatibility with the LXT907 remote signaling features. 

Receive Data Output signal connected directly to the receive data input of the controller. 

Carrier Detect An output to notify the controller of activity on the network. 

Receive Clock A recovered 10 MHz clock which is synchronous to the received data and 
connected to the controller receive clock input. 

Remote Jabber Output goes high to indicate that the remote port is in Jabber condition. 

Polarity Reverse Output goes high to indicate reversed polarity at the TP input. 

Twisted-Pair Two differential driver pair outputs (A and B) to the twisted-pair cable. 
Transmit Pairs The outputs are pre-equalized; no external filters are required. 

A&B Two pairs must be shorted together with 24.9 n 1 % resistors to match 
impedance of lOOil UTP. 
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Table 2: Pin Descriptions continued 

Pin# Sym VO Name Description 

37 DSQE I Disable When DSQE = 1, the SQE function is disabled. 
SQE When DSQE = 0, the SQE function is enabled. SQE must be disabled for 

normal operation in Hub/Switch/Repeater applications. 

38 TPIP I Twisted-Pair A differential input pair from the twisted-pair cable. Receive filter is 
39 TPIN I Receive Pair integrated on-chip. No external filters are required. 

40 PAUi I Port/AUi In Manual Port Select mode (AUTOSEL = 0), PAUi selects the active 
Select port. When PAUi = l, the AUi port is selected. When PAUi = 0, the TP 

port is selected. In Auto Port Select mode, PAUi must be tied to ground. 

41 DIP I AUi Receive Differential input pair from the A UI transceiver DI circuit. 
42 DIN I Pair The input is Manchester encoded. 

43 DOP 0 AUi Transmit A differential output driver pair for the AUi transceiver cable. The 
44 DON 0 Pair output is Manchester encoded. 

Table 3: Operating Conditions (Voltage with respect to ground unless otherwise specified.) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Recommended supply voltage Vee 4.75 5.0 5.25 v 
Recommended operating temperature TOP 0 - 70 oc 
Supply current ICC - 65 85 mA Idle mode 

Normal mode ICC - 90 110 mA Transmitting on TP 

Ie:c - 70 90 mA Transmitting on AUi 

Power Down mode ICC - 0.75 2 mA 

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

3-66 
((fl LEVEL 
imONE@ 



LXT907 Ethernet Interface for Hub, Switch & Adapter Applications 

Table 4: 1/0 Electrical Characteristics (Ta= o to 10 °c, vcc = 5V ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Input low voltage 2 VIL - - 0.8 v 
Input high voltage 2 VIH 2.0 - - v 
Output low voltage VOL - - 0.4 v I0 L = 1.6 mA 

Output low voltage VOL - - 10 %Vee IOL < 10 µA 

Output low voltage VOL - - 0.7 v I0 L = lOmA 
(Open drain LED Driver) 

Output high voltage VOH 2.4 - - v I0 H=40 µA 

Output high voltage VOH 90 - - %Vee I0 H< 10 µA 

Output rise time CMOS - - 3 12 ns ~oAD=20pF 

TCLK&RCLK TTL - - 2 8 ns 

Output fall time CMOS - - 3 12 ns CLoAD=20pF 

TCLK&RCLK TTL - - 2 8 ns 

CLKI rise time (externally driven) 2 - - - 10 ns 

CLKI duty cycle (externally driven) 2 - - 50150 40/60 % 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Limited functional test patterns are performed under these input conditions. The majority of functional tests are performed at levels 

of OV and 3V. This applies to all inputs except TPIP, TPIN, DIP, DIN, CIP and CIN. 

Table 5: AUi Electrical Characteristics (Ta= o to 10 °c, v cc= 5V ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Input low current IIL - - -700 µA 

Input high current IIH - - 500 µA 

Differential output voltage VOD ±550 - ± 1200 mV 

Differential squelch threshold VDS 150 220 350 mV 5 MHz square wave input 

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

Table 6: TP Electrical Characteristics (Ta= o to 10 °c, Vee= 5V ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Transmit output impedance Zour - 5 - n 
Peak differential output voltage Voo 3.3 3.5 3.7 v Load = 100 n at TPOP and TPON 

Transmit timing jitter addition 2 - - ±6.4 ± 10 ns 0 line length for internal MAU 

Transmit timing jitter added by - - ±3.5 ±5.5 ns After line model specified by IEEE 
the MAU and PLS sections 2•3 802.3 for lOBase-T internal MAU 

Receive input impedance Z1N - 20 - kn Between TPIP/TPIN, 
CIP/CIN & DIP/DIN 

Differential squelch threshold 
- Normal (NTH= 1) Vos 300 420 585 mV 5 MHz ~uare wave i'.!Q_ut 
- Reduced (NTH = 0) VosL 180 250 345 mV 5 MHz square wave input 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Parameter is guaranteed by design; not subject to production testing. 
' IEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU. f .,LEVEL 
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Functional Description 

The LXT907 Universal Ethernet Interface Transceiver per
forms the physical layer signaling (PLS) and Media Attach
ment Unit (MAU) functions as defined by the IEEE 802.3 
specification. It functions as a PLS-Only device (for use 
with lOBase-2 or lOBase-5 coaxial cable networks) or as an 
Integrated PLS/MAU (for use with lOBase-T twisted-pair 
networks). 

The LXT907 interfaces a back end controller to either an 
AUi drop cable or a twisted-pair ('IP) cable. The controller 
interface includes transmit and receive clock and NRZ data 
channels, as well as mode control logic and signaling. The 
AUi interface comprises three circuits: Data Output (DO), 
Data Input (DI) and Collision (CI). The twisted-pair inter
face comprises two circuits: Twisted-Pair Input (1PI) and 
Twisted-Pair Output (1PO). In addition to the three basic 
interfaces, theLXT907 contains an internal crystal oscillator 
and four LED drivers for visual status reporting. 

Functions are defined from the back end controller side of 
the interface. The LXT907 Transmit function refers to data 
transmitted by the back end to the AUi cable (PLS-Only 
mode) or to the twisted-pair network (Integrated PLS/MA U 
mode). The LXT907 Receive function refers to data re
ceived by the back end from the AUi cable (PLS-Only) or 
from the twisted-pair network (Integrated PLS/MAU 

mode). In the integrated PLS/MAU mode, the LXT907 
performs all required MAU functions defined by the IEEE 
802.3 lOBase-T specification such as collision detection, 
link integrity testing, signal quality error messaging, jabber 
control and loopback. In the PLS-Only mode, the LXT907 
receives incoming signals from the AUi DI circuit with± 18 
ns of jitter and drives the AUi DO circuit. 

Controller Compatibility Modes 

The LXT907 is compatible with most industry standard 
controllers including devices produced by Advanced Micro 
Devices (AMD), Intel, Fujitsu, National Semiconductor, 
Seeq and Texas Instruments. Four different control signal 
timing and polarity schemes (Modes 1 through 4) are re
quired to achieve this compatibility. Mode select pins (MDO 
and MDI) determine Controller compatibility modes as 
listed in Table 1. 

A complete set of timing diagrams is provided for each mode 
as follows: Mode 1 : Figures 2 - 7, 

Mode 2: Figures 8 - 13, 
Mode 3 : Figures 14 - 19, 
Mode 4 : Figures 20 - 25. 

Related timing specifications are provided in Table 8 
(RCLK/Start-of-Frame), Table 9 (RCLK/End-of-Frame), 
Table 10 (Transmit Timing) and Table 11 (Collision Detec
tion, COUCI Output and Loopback Timing). 

Table 7: Switching Characteristics (Ta= o to 10 °c v = sv +5%) 
' cc -

Parameter Symbol Min 

Jabber Timing: 

Maximum transmit time - 20 

Unjabtime - 250 

Link Integrity Timing: 

Time link loss - 65 

Time between Link Integrity Pulses - 8 

Interval for valid receive Link Integrity Pulses - 4.1 

3·68 

Typ Max 

- 150 

- 750 

- 66 

- 24 

- 65 

Units 

ms 

ms 

ms 

ms 

ms 

• LEVEL 
ONE@ 



LXT907 Ethernet Interface for Hub, Switch & Adapter Applications 

T bl 8 RCLK/S a e : f F tart-o - rame r· 1mmg_ 

Parameter Symbol Minimum Typical1 Maximum Units 

Decoder acquisition time AUi 1nATA - 900 1100 ns 

TP tDATA - 1300 1500 ns 

CD turn-on delay AUi tco - 50 200 ns 

TP tco - 400 550 ns 

Receive data setup Mode 1 tROS 43 70 - ns 

fromRCLK Modes 2, 3 and 4 tRDS 30 45 - ns 

Receive data hold Mode 1 tRDH 10 20 - ns 

fromRCLK Modes 2, 3 and 4 tROH 30 45 - ns 

RCLK shut off delay from CD assert (Mode 3) tsws - ± 100 - ns 

Table 9: RCLK/End-of-Frame Timing 

Parameter Type Symbol Mode1 Mode2 Mode3 Mode4 Units 

RCLK hold after CD off Min ~CH 5 1 - 5 

Rev data throughput delay Max ~D 400 375 375 375 

CD turn off delay 2 Max tCDOFF 500 475 475 475 

Receive block out after TEN off Typ t tlFG 5 50 - -
RCLK switching delay after CD off Typ t tSWE - - 120 (±80) -

Table 1 O: Transmit Timing 

Parameter Symbol Minimum Typical1 Maximum Units 

TEN setup from TCLK ~HCH 22 - -

TXD setup from TCLK tDSCH 22 - -

TEN hold after TCLK tCllEL 5 - -

TXD hold after TCLK tCHDU 5 - -

Transmit start-up delay - AUi tSTUD - 200 450 

Transmit start-up delay -TP tSTUD - 350 450 

Transmit through-put delay - AUi ~D - - 300 

Transmit through-put delay - TP ~PD - 338 350 

Table 11: Collision Detection, COUCI Output and Loopback Timing 

Parameter Symbol Minimum Typical 1 Maximum 

COL turn on delay tCOLD - - 500. 

COL turn off delay tCOLOFF - - 500 

COL (SQE) Delay after TEN off 3 tSQED 0.65 - 1.6 

COL (SQE) Pulse Duration 3 tSQEP 500 - 1500 

LBK setup from TEN tKHEH 10 25 -
LBK hold after TEN ~HEL 10 0 -

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 CD Turnoff delay measured from middle of last bit, so timing specification is unaffected by the value of the last bit. 
'When SQE is enabled (DSQE = 0). 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

µs 

ns 

ns 

ns 

bt 

ns 

ns 

bt 

ns 
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Figures 2 through 7 - Timing Diagrams for Mode 1 (MD1 = 0. MOO = Q) 

Figure 2: Mode 1 RCLK/Start-of-Frame Timing 

I 1loI1loI1loI1loI111I1loI1 lo I olo I 1loI1 lo 
TPIPITPIN 
or DIP/DIN 

CD 

RCLK 

RXD 

Notes: 

tco 

I 1loI1loI1loI1loI1I1I1loI1 

1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 

Figure 3: Mode 1 RCLK/End-of-Frame Timing 

l1lol1lol1lol1lolol 
TPIP/TPIN 
or DIP/DIN 

CD 

RCLK 

RXD 

tCDOFF 

I 
I 
I 
I 

~tRCH----" 

Notes: 
1110111011101110101 

1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge . 
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Figure 4: Mode 1 Transmit Timing 
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Figure 5: Mode 1 Collision Detect Timing 
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Figure 6: Mode 1 COLJCI Output Timing 

TEN 

COL 

Notes: 
1. Valid when SQE enabled (DSQE = O). 

Figure 7: Mode 1 Loopback Timing 
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Figures 8 through 13 -Timing Diagrams for Mode 2 (MD1=0. MOO= 1) 

Figure 8: Mode 2 RCLK/Start-of-Frame Timing 
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RCLK 

----tDATA---~ 

RXD 

Notes: l1lol1lol1lol1lol1l1 l1lol1 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 

Figure 9: Mode 2 RCLK/End-of-Frame liming 

1110111011101110101 
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CD 

RCLK 

RXD 

Notes: 

I 

-.i i...-

tRCH 
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 
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Figure 10: Mode 2 Transmit Timing 
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Figure 11: Mode 2 Collision Detect Timing 
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Figure 12: Mode 2 COLJCI Output Timing 

TEN 

COL Notes: 
1. Valid when SOE enabled (DSQE = 0). 

tCOLOFF 
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2. The CD output is disabled for a maximum of 55 bit times after TEN turns off. 

Figure 13: Mode 2 Loopback Timing 
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Figures 14 through 19 - Timing Diagrams for Mode 3 (MD1 = 1. MOO = 0) 

Figure 14: Mode 3 RCLK/Start-of-Frame Timing 
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CD Recovered from Input Data Stream 

RCLK 

Generated from TCLK 

RXD 
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Notes: 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge. 

Figure 15: Mode 3 RCLK/Enck>f-Frame Timing 

j)cDOF~I 
CD 

tRD I 

RCLK 

Recovered Clock 11 :--tswE__.., Generated from TCLK 

: MMNL 
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Notes: 
1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge . 
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Figure 16: Mode 3 Transmit Timing 
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Figure 17: Mode 3 Collision Detect Timing 
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Figure 18: Mode 3 COLJCI Output Timing 
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Figure 19: Mode 3 Loopback Timing 
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Figures 20 through 25 - Timing Diagrams for Mode 4 (MD1 = 1. MOO= 1) 

Figure 20: Mode 4 RCLK/Start-of-Frame Timing 
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1. RXD changes at the falling edge of RCLK. The controller is sampled at the rising edge. 

Figure 21: Mode 4 RCLK/End-of-Frame Timing 
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Notes: 
1 . RXD changes at the falling edge of RCLK. The controller is sampled at the rising edge . 
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Figure 22: Mode 4 Transmit Timing 
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Figure 23: Mode 4 Collision Detect Timing 
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Figure 24: Mode 4 COLJCI Output Timing 
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Notes: 
1. Valid when SOE enabled (DSQE = 0). 

Figure 25: Mode 4 Loopback Timing 
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Transmit Function 

The LXT907 receives NRZ data from the controller at the 
TXD input as shown in Figure I, and passes it through a 
Manchester encoder. The encoded data is then transferred to 
either the AUi cable (the DO circuit) or the twisted-pair 
network (the 1PO circuit). The advanced integrated pulse 
shaping and filtering network produces the output signal on 
TPON and TPOP, shown in Figure 26. The TPO output is 
pre-distorted and prefiltered to meet the IO Base-T jitter 
template. An internal continuous resistor-capacitor fil
ter is used to remove any high-frequency clocking noise 
from the pulse shaping circuitry. No external filters are 
required. During idle periods, the LXT907 transmits link 
integrity test pulses on the 1PO circuit (if LI is enabled and 
integrated PLS/MAU mode is selected). External resistors 
control the termination impedance. 

Figure 26: LXT907 TPO Output Waveform 
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Figure 27: Jabber Control Function 
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Jabber Control Function 

Figure 27 is a state diagram of the LXT907 Jabber control 
function. The LXT907 on-chip watchdog timer prevents the 
DTE from locking into a continuous transmit mode. When 
a transmission exceeds the time limit, the watchdog timer 
disables the transmit and loopback functions, and activates 
the JAB pin. Once the LXT907 is in the jabber state, the 
TXD circuit must remain. idle for a period of 0.25 to 0. 75 
seconds before it will exit the jabber state. 

SQE Function 

The LXT907 supports the signal quality error (SQE) func
tion as shown in Figure 28, although the SQE function can 
be disabled. After every successful transmission on the 
IOBase-T network when SQE is enabled, the LXT907 
transmits the SQE signal for IOBT ± 5BT over the internal 
CI circuit which is indicated on the COL pin of the device. 
When using the IOBase 2 port of the LXT907, the SQE 
function is determined by the external MAU attached. SQE 
must be disabled for normal operation in hub and switch 
applications. The SQE function is disabled when DSQE = 
1 and enabled when DSQE = 0. 

Figure 28: SQE Function 
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Receive Function 

The LXT907 receive function acquires timing and data from 
the twisted-pair network (the TPI circuit) or from the AUi 
(the DI circuit). Valid received signals are passed through 
the on-chip filters and Manchester decoder then output as 
decoded NRZ data and receive timing on the RXD and 
RCLK pins, respectively. 

An internal RC filter and an intelligent squelch function 
discriminate noise from link test pulses and valid data 
streams. No external filters are required. The receive 
function is activated only by valid data streams above the 
squelch level and with proper timing. If the differential 
signal at the TPI or the DI circuit inputs falls below 75% of 
the threshold level (unsquelched) for 8 bit times (typical), 
the LXT907 receive function enters the idle state. If the 
polarity of the TPI circuit is reversed, LXT907 detects the 
polarity reverse and reports it via the PLR output. The 
LXT907 automatically corrects reversed polarity. 

Polarity Reverse Function 

The LXT907 polarity reverse function uses both link pulses 
and end-of-frame data to determine polarity of the received 
signal. A reversed polarity condition is detected when eight 
consecutive opposite receive link pulses are detected with
out receipt of one link pulse or frame of the expected 
polarity. Reversed polarity is also detected if four consecu
tive frames are received with a reversed start-of-idle. 

Figure 29: Collision Detection Function 

DO =Active* 

If the LXT907 enters the link fail state and no valid data or 
link pulses are received within 96 to 128 ms, the polarity is 
reset to the default non-flipped condition. (If Link Integrity 
Testing is disabled, polarity detection is based only on 
received data.). Polarity correction is always enabled. 

Collision Detection Function 

The collision detection function operates on the twisted pair 
side of the interface. For standard (half-duplex) 1 OBase T 
networks, a collision is defined as the simultaneous presence 
of valid signals on both the TPI circuit and the TPO circuit. 
The LXT907 reports collisions to the back-end via the COL 
pin. If the TPI circuit becomes active while there is activity 
on the TPO circuit, the TPI data is passed to the back-end 
over the RXD circuit, disabling normal loopback. Figure 29 11 is a state diagram of the LXT907 collision detection func-
tion. Refer to Table 11 for collision detection and COL/CI 
output timing. (NOTE: For full-duplex operation, the colli-
sion detection circuitry must be disabled.) 

Loopback Function 

The LXT907 provides the normal loopback function speci
fied by the 10 Base-T standard for the twisted-pair port. The 
loopback function operates in conjunction with the transmit 
function. Data transmitted by the back-end is internally 
looped back within the LXT907 from the TXD pin through 
the Manchester encoder/decoder to the RXD pin and re
turned to the back-end. This "normal" loopback function is 
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disabled when a data collision occurs, clearing the RXD 
circuit for the TPI data. Normal loopback is also disabled 
during link fail and jabber states. 

The LXT907 also provides three additional loopback func
tions. An external loopback mode, useful for system-level 
testing, is controlled by pin 21 (LEDC). When LEDC is tied 
low, the LX1Y07 disables the collision detection and inter
nal loopback circuits, to allow external loopback. 

"Forced" TPloopbackis controlled by pin 22 (LBK). When 
theTPportisselectedandLBK= I, TPloopbackis "forced", 
overriding collisions on the TP circuit. When LBK = 0, 
normal loopback is in effect. 

Figure 30: Link Integrity Test Function 
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A UI loopback is also controlled by the LBK pin. When the 
AUi port is selected and LBK = 1, data transmitted by the 
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When LBK = 0, no AUi loopback occurs. 

Link Integrity Test 

Figure 30 is a state diagram of the LXT907 Link Integrity 
test function. The link integrity test is used to determine the 
status of the receive side twisted-pair cable. Link integrity 
testing is enabled when pin 8 (LI) is tied high. When 
enabled, the receiver recognizes link integrity pulses which 
are transmitted in the absence of receive traffic. If no serial 
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data stream or link integrity pulses are detected within 50 -
150 ms, the chip enters a link fail state and disables the 
transmit and normal loopback functions. The LXT907 
ignores any link integrity pulse with interval less than 2 - 7 
ms. The LXT907 will remain in the link fail state until it 
detects either a serial data packet or two or more link 
integrity pulses. 

Remote Signaling 

The LXT907 transmits standard link pulses which meet the 
lOBaseT specification. However, the LXT907 encodes 
additional status information into the link pulse by varying 
the link pulse timing. This is referred to as remote signaling. 
Using alternate pulse intervals, the LXT907 can signal three 
local conditions: link down, jabber, and remote signaling 
compatibility. Figure 31 shows the interval variations used 
to signal local status to the other end of the line. The LXT907 
also recognizes these alternate pulse intervals when received 
from a remote unit. Remote status conditions are reported to 
the controller over the RLD, RJAB andRCMPT output pins. 

Applications 
Figures 32 through 38 show typical LXT907 applications. 

Auto Port Select with External. Loopback 
Control {Figure 32) 
Figure 32 is a typical LXT907 application. The diagram is 
arranged to group similar pins together; it does not represent 
the actual LXT907 pinout. The controller interface pins 
(transmit data, clock and enable; receive data and clock; and 
the collision detect, carrier detect and loopback control pins) 
are shown at the top left. 

Programmable option pins are grouped center left. The 
P AUi pin is tied to ground and all other option pins are tied 
high. This setup selects the following options: 
• Automatic Port Selection (PAUi = 0 and AUTOSEL = 1) 
• Normal Receive Threshold (NTH= 1) 
• Mode 4 (compatible with National NS8390 controllers) 

(MDO = 1, MDI = l) 
• SQE Disabled (DSQE = 1) 
• Link Testing Enabled (LI= 1) 

Status outputs are grouped at lower left. Local status outputs 
drive LED indicators and remote status indicators are avail
able as required. 

Power and ground pins are shown at the bottom of the 
diagram. A single power supply is used for both VCC 1 and 
VCC2 with a decoupling capacitor installed between the 
power and ground buses. 

Figure 31: Remote Signaling Link Integrity Pulse Timing 
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20ms 
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Notes: 
1. For Remote Link Down (RLD) signaling, the interval between LI pulses increments from 1 O ms to 15 

ms to 20 ms, and then the cycle starts over. 
2. For Remote Jabber (RJAB) signaling, the interval between LI pulses decrements from 20 ms to 15 

ms to 10 ms, and then the cycle starts over. 
3. For Remote Compatibility (RCMPT) signaling, the interval between LI pulses continually switches 

between 1 O ms and 20 ms . 
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The TP and AUi interfaces are shown at upper and lower 
right, respectively. Impedance matching resistors for I 00'1 

UTP are installed in each 1/0 pair but no external filters are 
required. Suitable transformers are listed in notes 2 and 3. 

Figure 32: LAN Adapter Board Application • Auto Port Select with External LPBK Control 
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Suitable TP transformers include the Fil-Mag 23Z128, and SM23ZJ28; Valor PT4069 and ST7011; Pulse 
Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and Halo Engineering TD42-2006Q 
and TG42-2006W1. 
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Suitable AUi transformers include the Fil-Mag 23Z90 and SM23Z90; Valor L T6032 and ST7032; Halo 
fG01-0756K and TG01-1006K; and Pulse Engineering PE64502 and PE65723. 

Bias resistor RBIAS should be located close to the pin and Isolated from other signals. 
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Full Duplex Support (Figure 33) 

Figure 33 shows the LXT907 with a Texas Instruments 
380C24 CommProcessor. The 380C24 is compatible with 
Mode 4 (MOO and MDI both high). When used with the 

380C24 or other full duplex-capable controller, the LXT907 
supports full-duplex Ethernet, effectively doubling the 
available bandwidth of the network. In this application the 
SQE function is enabled (DSQE tied to ground), and the 
LXT907 AUi port is not used. 

Figure 33: Full-Duplex Application - Auto Port Select with External LPBK Control 
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Dual Network Support - 1 OBase T and Token 
Ring (Figure 34) 

Mode 4 (MDO and MDl both high). When used with the 
380C26, both the LXT907 and a.TM380054 Token Ring 
transceiver can be tied to a single RJ45 connector. The SQE 
function is enabled (DSQE tied to ground), and the LXT907 
AUi port is not used. 

Figure 34 shows the LXT907 with a Texas Instruments 
380C26 CommProcessor. The 380C26 is compatible with 

Figure 34: LXT907/380C26 Interface for Dual Network Support of 1 OBase T and Token Ring 
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Manual Port Select with Link Test Function 
(Figures 35 and 36) 

With MDO low and MDI tied high, the LXT907 logic and 
framing are set to Mode 3 (compatible with Fujitsu 

MB86950 and MB86960, and Seeq 8005 controllers). Fig
ure 35 shows the setup for Fujitsu controllers. Figure 36 
shows the four inverters required to interface with the Seeq 
8005 controller. Both these Mode 3 applications show the LI 
pin tied high, enabling Link Testing; and the NTH and 

Figure 35: LAN Adapter Board Application • Manual Port Select with Link Test Function 
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Bias resistor RBIAS should be located close to the pin and isolated from other signals . 
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DSQE pins are both tied high, selecting the standard receiver 
threshold and disabling the SQE function. However, in these 
applications AUTOSEL is tied low, allowing external port 

selection through the PAUi pin. The remote status outputs 
are inverted to drive LED indicators. 

Figure 36: Manual Port Select with Seeq 8005 Controller 
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Suitable TP transformers include the Fil-Mag 23Z128, and SM23Z128; Valor PT 4069 and ST7011; 
Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO 
TD42-2006Q and TG42-2006W1. 
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Suitable AUi transformers include the Fil-Mag 23Z90 and SM23Z90; Valor LT6032 and ST7032; 
Halo TG01-0756K and TG01-1006K; and Pulse Engineering PE64502 and PE65723. 

Bias resistor .RBIAS should be located close to the pin and isolated from other signals. 
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AUi Encoder/Decoder Only 
(Figure 38) 

In this application the D1Eis connected to a coaxial network 
through the AUI. AUTOSEL is tied low and PAUI is tied 
high, manually selecting the AUI port. The twisted-pair port 

is not used. WithMDl andMDObothlow,theLXT907logic 
and framing are set to Mode 1 (compatible with AMO 
AM7990 controllers). The LI pin is tied low, disabling the 
link test function. The DSQE pin is also low, enabling the 
SQEfunction. TheLBKinputcontrolsloopback. A20MHz 
system clock is supplied at CLKI with CLKO left open. 

Figure 38: AUi Encoder/Decoder Only Application 
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Su~able AUi transformers 
include the Fil-Mag 23Z90 
and SM23Z90; Valor 
L T6032 and SM6032; Halo 
TG01-0756K and 
TG01-1006K; and Pulse 
Engineering PE64502 and 
PE65723. 

12.4kn .&. 
Bias resistor 

1 % RBIAS should 
be located 
close to the pin 
and isolated 
from other 
signals. 

Chassis 
Gnd 

+ 12V 
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LXT914 Flexible Quad Hub Repeater 

. : . . . ...... .. .. ·> :.. . ..... . .... ": " <" ""0: Preliminary Information 
February, 1994 

LXT914 
Flexible Quad Hub Repeater 

The LXT914 is an integrated multi-port repeater 
designed for mixed-media networks. It provides 
all the active circuitry required for the repeater 
function in a single CMOS device. It includes one 
Attachment Unit Interface (AUi) port and four 
1 OBase-T transceivers. The AUi port allows con
nection of an external transceiver (lOBase-2, 
lOBase-5, lOBase-T or FOIRL) or a drop cable. 
The lOBase-T transceivers are entirely self-con
tained and require no external filters. 

An inter-repeater backplane interface allows 128 
or more lOBase-T ports to be cascaded together. 
In addition, a serial port provides informationfor 
network management. 

The LXT914 is fabricated with an advanced 
CMOS process and requires only a single 5-volt 
power supply. 
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• Four integrated lOBase-T transceivers and one 
AUi transceiver on a single chip 

• Automatic polarity detection and correction 

• On-chip transmit and receive filters 

• Automatic partitioning of faulty stations 

• Programmable squelch level allows extended 
range in low-noise environments 

• Synchronous or asynchronous inter-repeater 
backplane supports "hot swapping" 

• Inter-repeater backplane allows cascaded 
repeaters, linking 128 or more 1 OBase-T ports 

• Serial port for selecting programmable options 

• Seven integrated LED drivers 

• Packaged in 68-pin PLCC 

RESET 
SYSCLK 

SENI 
SENO 
SDI 
soo 
SCLK 

IRENA 
IRDEN 
IRCFS 
IRCOL 
IRDAT 
BCLKIO 

TP1-4 
AUi 
CF 
JM 
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LXT914 Flexible Quad Hub Repeater 

BCLKIO 
SYSCLK 
~ 

LOCIEXT 
CS/SEN I 

SENO 
SDI 

RTS/SDO 
SCLKIO 

TEST 
RESET 

SECTP1 
SECTP2 
SECTP3 
SECTP4 

FPS/SECAUI 
VCC4 

9 8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

1 68 67886584 636261 

60 
59 
58 
57 
56 
55 
54 
53 

LXT914 52 
51 
50 
49 
48 
47 
46 
45 
44 

TPDIP4 
TPDIN4 
GND9 
TPDON1 
TPDOP1 
VCC6 
TPDOP2 
TPDON2 
GND8 
TPDON3 
TPDOP3 
VCC5 
TPDOP4 
TPDON4 
GND7 
AUICIN 
AUICIP 

Table 1: Common Power, Ground and Clock Pin Descriptions 

Pin# Symbol 1/0 Name Description 

1 VCCl I Power These pins each require a +S VDC power supply input. The various inputs 
2 VCC2 I Supply may be supplied from a single power source, but special de-coupling 
3 VCC3 I Inputs requirements may apply. Each VCC input must be within± 0.3 V of every 
26 VCC4 I 1through8 other VCC input. 
49 vccs I 
SS VCC6 I 
67 VCC7 I 
68 VCC8 I 

9 GNDl - Ground 1 These pins provide ground return paths for the various power supply inputs. 
34 GND2 - Ground2 
3S GND3 - Ground3 
36 GND4 - Ground4 
38 GNDS - Grounds 
39 GND6 - Ground6 
46 GND7 - Ground? 
S2 GND8 - Ground8 
S8 GND9 - Ground9 

37 RBIAS - Bias This pin provides bias current for the internal circuitry. The 100 µA bias 
current is provided through an external 12.4 kn resistor to ground. 

10 BCLKIO I/O Backplane This 10 MHz clock is used to synchronize multiple repeaters on a common 
Clock backplane. In the synchronous mode, BCLKIO must be supplied to all 

repeaters from a common external source. In the asynchronous mode, 
BCLKIO is supplied only when a repeater is outputing data to the bus. Each 
repeater outputs its internally recovered clock when it takes control of the 
bus. Other repeaters on the backplane then sync to BCLKIO for the 
duration of the transmission. 

11 SYSCLK I System Clock The required 20 MHz system clock is input at this pin. 
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LXT914 Flexible Quad Hub Repeater 

Table 2: Inter-Repeater Backplane Pin Descriptions 

Pin# Symbol 1/0 Name Description 

4 IRENA I/O Inter-Repeater lbis pin allows individual LXT914 repeaters to take control of the Inter-
Backplane Repeater Backplane (IRB) data bus (IRDA T). 

Enable The IRENA bus must be locally pulled up by a 330 0 resistor. 

5 IRDAT 1/0 IRB Data lbis pin is used to pass data between multiple repeaters on the IRB. The 
IRDAT bus must be locally pulled up by a 330 0 resistor. 

6 IRDEN 0 IRB Driver The IRDEN pin is used to enable external bus drivers which may be 
Enable required in synchronous systems with large backplanes. This is an active 

low signal which is maintained for the duration of the data transmission. In 
a multiple repeater configuration, all IRDEN pins may be tied together 
(wire "OR" ed) to drive the direction input of bi-directional external bus 
transceivers. lbis wired OR bus must be locally pulled up by a 330 0 
resistor. 

7 IRCFS 1/0 IRB Collision These two pins are used for collision signaling between multiple LXT914 
Flag Sense devices on the Inter-Repeater Backplane (IRB). Both the IRCFS bus and 

the IRCOL bus must be pulled-up globally with 330 0 resistors. 
8 IRCOL 1/0 IRB Collision (IRCFS requires a precision resistor(± 1 %).) 

The IRENA, IRDAT and IRDEN buses are pulled up locally (ie., one pull-up resistor per board. If there are three 914s per 
board, all three 914s share a single pull-up resistor on each board.) 

2 The IRCFS and IRCOL buses are pulled up globally (ie., one pull-up resistor for all boards. If there are eight boards in the 
system, all eight boards share a single pull-up resistor. The global pull-up may be located on one of the boards, or on the 
backplane.) 

Table 3: Mode Select Pin Descriptions 

Pin# Symbol 

12 NSYNC 

13 LOC/EXT 

-~LEVEL ONE@ 

1/0 

I 

I 

Name Description 

Backplane lbis pin selects the backplane synch mode. When this pin is left floating 
Synch Mode an internal pull-up defaults to the Asynchronous mode (A/SYNC high). 

Select In the asynchronous mode 12 or more LXT914s can be connected on the 
backplane, and an external IO MHz backplane clock source is not required. 
When the synchronous mode is selected (NSYNC tied low), 32 or more 
LXT914s can be connected to the backplane and an external 10 MHz 
backplane clock source is required. 

Management lbis pin selects the management mode. When this pin is left floating,__ 
Mode Select an internal pull-up defaults to the Local management mode (LOC/EXT 

high). In the Local mode, setup parameters are downloaded from an 
EEPROM during initialization. Once initialized with the setup parameters, 
the repeater functions independently. 
When the External management mode is selected (LOC/EXT tied low), an 
external management device (EMO) provides setup parameters during 
initialization. The EMO maintains serial communication with the repeater 
during operation and can change the setup parameters at any time. 
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LXT914 Flexible Quad Hub Repeater 

Table 4: Serial Port Pin Descriptions • External Management Mode 

Pin# Symbol 1/0 Name Description 

14 SENI I Serial Enable nus active low input is used to access the LXT914 serial interface. 
Input To write to the serial input (SDI), the External Management Device 

(EMD) must drive this pin from high to low. The input must be asserted 
low concurrent with the appearance of data on SDI and remain low for 
the duration of the serial input transaction. 

15 SENO 0 Serial Enable nus active low output is used to access the serial interface of the EMD. 
Output When the LXT914 sends a data stream to the EMD through the serial 

port (SDO), this output transitions from high to low and remains low for 
the duration of the serial transmission. 

16 SDI I Serial Data nus pin is the input for the serial interface with the EMD. Setup and 
Input operating parameters are supplied to the LXT914 in a serial data stream 

from the EMD through this port. 

17 SDO 0 Serial Data After every packet transmission' or interrupt event, the LXT914 reports 
Output status information to the EMD in a serial data stream through this port. 

18 SCLK I Serial Clock nus 10 MHz clock synchronizes the serial interface between the 
LXT914 and the EMD. Both devices must be supplied from the same 
clock source. In synchronous mode, SCLK and BCLK may be tied 
together. 

Table 5: Serial Port Pin Descriptions • Local Management Mode 

Pin# Symbol 1/0 

14 cs 0 

SENI I 

15 SENO 0 

16 SDI I 

17 RTS 0 

18 SCLKIO 1/0 
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Name 

Chip Select 

Serial Enable 
Input 

Serial Enable 
Output 

Setup Data Input 

Request To Send 

Serial Clock 

Description 

The LXT914 is designed for use with an EEPROM or similar device 
which may be used to store setup parameters and serially download 
them to the LXT914 during initialization. In a single-device applica-
tion or in the first device of a daisy chain application, this pin is an 
active high Chip Select output used to enable the EEPROM. 

In subsequent devices of a daisy-chain configuration, a high-to-low 
transition on this pin enables the serial input port (SDI). The input must 
be asserted concurrent with the appearance of data on SDI and remain 
low for the duration of the serial input transaction. 

During initialization, the LXT914 accepts 48 bits of setup data through 
the SDI port. After the 48th bit, the LXT914 asserts this pin low. When 
multiple LXT914 devices are connected in a daisy-chain, this output is 
tied to the SENI input of the next device in the chain. Thus each device 
in the chain is serially enabled by the previous device until all the 
devices have read in their 48 bits of setup data. 

nus pin is the serial input port for the setup parameters (48 bits). 
nus pin should be tied low if no EEPROM is present. 

In a single device application or in the first device of a daisy chain 
application, this pin outputs a 9-bit, active high sequence. nus pin must 
be tied to the EEPROM DI input to trigger the EEPROM to download 
its stored data. In subsequent devices this pin is not used. 

A 1 MHz clock provided by the first LXT914 in the chain to all subse-
quent repeaters and the EEPROM. In the Local mode all repeaters have 
their SCLKIO pins tied together. 
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LXT914 Flexible Quad Hub Repeater 

Table 6: Miscellaneous Control Pin Descriptions 

Pin# Symbol 1/0 Name Description 

19 TEST I Test Mode This pin must be tied low for normal operation. A high on this pin 
Select enables the Factory Test mode. 

20 RESET I RESET This pin resets the LXT914 circuitry when pulled high for~ 1 µs. 

21 SECTPI I Security Mode These pins enable the security mode for the respective twisted-pair ports 
22 SECTP2 I Select (TPl through TP4). When pulled high, the LXT914 JAMs the affected 
23 SECTP3 I (TP Ports I - 4) port. The SEC pins must be tied low if external security control is not 
24 SECTP4 I required. 

25 SECAUI I Security Mode In the External mode this pin enables the security mode for the AUi 
(External) Select port. When pulled high, the LXT914 JAMs the AUi port. 

(AUi Port) The security feature is available only in External management mode. 

FPS First Position In the Local mode this pin identifies the first device in a daisy chain 
(Local) Select configuration. When tied high (First position), the LXT914 controls the 

local EEPROM by providing clock and handshaking. When tied low (Not 
First), the LXT914 will accept CLK and data in its tum from previous 
LXT914s in the data chain. 

Table 7: LED Driver Pin Descriptions 

Pin# Symbol 

27 LEDCF 

28 LEDJM 

29 LEDTPl 
30 LEDTP2 
31 LEDTP3 
32 LEDTP4 

33 LEDAUI 

rrfSLEVEL 
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1/0 

0 

0 

0 
0 
0 
0 

0 

Name Description 

Collision & This tri-state LED driver pin reports collisions and FIFO errors. It 
FIFO Error pulses low to report collisions, and pulses high to report FIFO errors. 
LED Driver When this pin is connected to the anode of one LED and to the cathode of 

a second LED, the LXT914 will simultaneously monitor and report both 
conditions independently. 

Jabber/MJLP & This tri-state LED driver pin reports jabber and code violations. It 
Manchester pulses low to report MAU Jabber Lockup Protection (MJLP), and pulses 

Code Violation high to report manchester code violations. When this pin is connected 
LED Driver to the anode of one LED and to the cathode of a second LED, the LXT914 

will simultaneously monitor and report both conditions independently. 

TPPort These tri-state LED drivers use an alternating pulsed output to report 
LED Drivers TP port status. Each pin should be tied to a pair of LEDs (to the anode of 

one LED and the cathode of a second LED). When connected this way, 
each pin reports five separate conditions (receive, transmit, link integrity, 
reverse polarity and auto partition). 

AUi Port This tri-state LED driver uses an alternating pulsed output to report 
LED Driver AUi port status. This pin should be tied to a pairofLEDs (to the anode 

of one LED and the cathode of a second LED). When connected this way, 
this pin reports five separate conditions (receive, transmit, receive jabber, 
receive collision and auto partition). 
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LXT914 Flexible Quad Hub Repeater 

Table 8: Repeater Port Pin Descriptions 

Pin# Symbol 110 Name Description 

40 AUIDOP 0 AUi Data Out These pins are the positive and negative data outputs for the AUi Port. 
41 AUIDON 0 Pos&Neg 

42 AUIDIP I AUi Data In These pins are the positive and negative data inputs for the AUi Port. 
43 AUIDIN Pos& Neg 

44 AUICIP I AUi Collision These pins are the positive and negative Collision inputs for the AUi 
45 AUICIN I Pos& Neg Port. 

47 TPDON4 0 Line Driver These pins are the positive and negative outputs from the line drivers 
48 TPDOP4 0 Outputs for the respective twisted-pair ports. 
50 TPDOP3 0 for 
51 TPDON3 0 Twisted-Pair 
53 TPDON2 0 Ports 
54 TPDOP2 0 
56 TPDOPl 0 
57 TPDONl 0 

59 TPDIN4 I Twisted-Pair These pins are the positive and negative data inputs to the respective 
60 TPDIP4 I Data Inputs twisted-pair ports. 
61 TPDIN3 I Positive 
62 TPDIP3 I & 
63 TPDIN2 I Negative 
64 TPDIP2 I 
65 TPDINl I 
66 TPDIPl I 

Table 9: Operating Conditions (Voltage with respect to ground unless otherwise specified.) 

Parameter Symbol Min 

Recommended supply voltage Vee 4.75 

Recommended operating temperature TOP 0 

Supply current 1cc 

3-94 

Typ Max 

5.0 5.25 

70 

250 

Units 

v 
oc 
mA 
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LXT914 Flexible Quad Hub Repeater 

Table 10: 110 Electrical Characteristics (Ta= o to 10 °c, v cc= sv ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Input low voltage 2 VIL - - 0.8 v 
Input high voltage 2 VIH 2.0 - - v 
Output low voltage VOL - - 0.4 v IOL = l.6 rnA 

Output low voltage VOL - - IO %Vee IOL <IO µA 

Output high voltage YOH 2.4 - - v l0 H=40 µA 

Output high voltage YOH 90 - - %Vee l0 H< IO µA 

Input low current IIL - - 2 mA VoL=.4V 

Output rise I fall time - - 3 8 ns CLOAD = 20pF 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. El 
2 Limited functional test patterns are performed at these input levels. The majority of functional tests are performed at levels of 0.4 V 

and2.4V. 

Table 11: AUi Electrical Characteristics (Ta= o to 10 °c. Vee= sv ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Input low current 2 IIL - - -700 µA 

Input high current ' I,H - - 500 µA 

Differential output voltage VOD ±550 - ± 1200 mV 

Receive input impedance 2 ZIN - 20 - ldl Between CIP/CIN 
& DIP/DIN 

Differential squelch threshold VDS - 220 - mV 

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

Table 12: TP Electrical Characteristics (Ta= o to 10 °c. v cc= sv ±5%) 

Parameter Symbol Min Typ1 Max Units Test Conditions 

Transmit output impedance 2 zour - 5 - n 
Peak differential output voltage VOD 3.3 3.5 3.7 v Load = 100 Q at TPOP and TPON 

Transmit timing jitter addition 2 - - ±6.4 ± 10 ns 0 line length 

Transmit timing jitter added by - - ±3.5 ±5.5 ns After line model specified by 
the MAU and PLS sections 2• 3 IEEE 802.3 for lOBase-T 

Receive input impedance 2 ZIN - 20 - kn Between TPIPffPIN 

Differential squelch threshold VDS 300 420 565 mV 5 MHz square wave input 
(Normal threshold: NTH= l) 

Differential squelch threshold VDSL 180 250 345 mV 5 MHz square wave input 
(Reduced threshold : NTH = 0) 

1 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
2 Parameter is guaranteed by design; not subject to production testing. 
' IEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU . 
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Table 13: IRB Electrical Characteristics (Ta= o to 10 °c, Vee= 5V ±5%) 

Parameter Symbol Minimum Typical1 Maximum Units 

Output high voltage YOH - - TBD mV 

Output low voltage VOL - - %Vee mV 

Output rise or fall time TRF TBD - TBD µS 

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

Table 14: Switching Characteristics (Ta= o to 70 °c, Vee= 5V ±5%) 

Parameter Minimum 

Jabber Timing 

Maximum transmit time 5.0 

Unjab time -

Link Integrity Timing 

Time link loss -

Time between Link Integrity Pulses 10 

Interval for valid receive Link Integrity Pulses 4.1 

Table 15: Serial Port Timing (External Mode) 

Parameter Symbol Minimum 

SCLKIO high to SENI low (active) ts I 0 

SCLKIO high to SDIN data valid ts2 0 

SCLKIO high to SENO low (active) ts3 5 

SCLKIO low to SDOUT data valid ts4 5 

Table 16: Inter-Repeater Bus Timing 

Parameter Symbol Minimum 

Start of Frame to IRDEN low (active) URBI 10 

Start of Frame to IRENA low (active) tIRB2 125 

BCLKIO to IRDAT valid tIRB3 5 

IRENA low (active) to 1P outputs active tIRB4 525 

IRENA low (active) to AUi output active URB5 475 

End of Frame clock to IRENA high (inactive) URB6 5 

IRENA high (inactive) to IRDEN high (inactive) URB7 95 

IRENA high (inactive) to 1P outputs inactive URB8 575 

IRENA high (inactive) to AUi output inactive URB9 425 
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Typical1 

-

9.6 

60 

-

-

Typical1 

-

-

-

-

Typical1 

-

-

-

-

-

-

-
-
-

Maximum Units 

5.5 ms 

- µs 

- ms 

20 ms 

30 ms 

Maximum Units 

50 ns 

50 ns 

15 ns 

15 ns 

Maximum Units 

150 ns 

225 ns 

30 ns 

600 ns 

525 ns 

30 ns 

105 ns 

600 ns 

450 ns 
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Figure 2: Serial Port Timing 
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General Description 

The LXT914 is an integrated hub repeater for lOBase-T 
networks. The hub repeater is the central point for informa
tion transfer across the network. The LXT914 offers mul
tiple operating modes to suit a broad range of applications 
ranging from simple 4-port stand-alone hubs, to intelligent 
128-portenterprise systems with microprocessor/gate array 
management 

The LXT914 includes four lOBase-T ports which are essen
tially self-contained transceivers. The LXT914 also in
cludes an Attachment Unit Interface (AUi) port, a serial port 
and an Inter-Repeater Backplane (IRB) port. The AUi port 
allows the lOBase-T network to interface with other net
works (lOBase-2, lOBase-5 or FOIRL). The serial port 
allows an external device such as an EEPROM to download 
setup parameters to the repeater. In more complex designs 
the serial port can also be used to monitor repeater status. 
The IRB port enables multiple LXT914s to function as a 
single repeater. 

1 OBase-T Ports 
The four lOBase-T transceiver ports are completely self
contained. Since the transmitters and receivers include the 
required filtering, only simple, inexpensive transformers are 
required to complete the lOBase-T interface. Each indi
vidual Twisted-Pair (TP) port is implemented in accordance 
with the IEEE 802.3 1 OBase-T standard. 

AUi Port 
The AUi port is fully compliant with IEEE requirements. It 
allows connection of a drop cable or an external transceiver 
(lOBase-2, lOBase-5, lOBase-T, or FOIRL). The AUi port 
supports both capacitive coupling and transformer coupling. 
The A UI transmitter is a current driver which requires a 780 
termination load. 

Serial Port 
The serial port provides the management interface to the 
LXT914. Refer to Table 15 and Figure 2 for serial port 
timing. The serial port can be either uni-directional or bi
directional, depending on the management mode selected. 
In the Local management mode the serial port is uni
directional (input only), and is used only to download setup 
parameters during initialization. The Local mode is in
tended for use with a simple EEPROM, but the serial port 
may be tied low if an EEPROM is not required. 

In the External management mode, the serial port is bi
directional (input for setup parameters, output for status 
reports). The External mode is intended for use with an 
External Management Device (EMD) and a Media Access 
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Controller (MAC). The EMD (typically a gate array) 
communicates with a microprocessor (eg. Intel 8051) and 
can control up to three LXT914 repeaters. This simplifies 
design of a relatively standard 12-port repeater on a single 
printed circuit board. 

Inter-Repeater Backplane 
The Inter-Repeater Backplane (IRB) allows severalLXT914s 
to function as a single repeater. Refer to Table 16 and Figure 
3 for IRB timing. The IRB also allows several multi
repeater boards to be integrated in a standard rack and to 
function as a single unit. The IRB supports "hot swapping" 
for easy maintenance and troubleshooting. Each individual 
repeater distributes recovered and retimed data to other 
repeaters on the IRB for broadcast on all ports simulta
neously. This simultaneous re-broadcast allows the multi
repeater system to act as a single large repeater unit. The 
maximum number of repeaters on the IRB is limited by bus 
loading factors such as parasitic capacitance. 

The IRB can be operated synchronously or asynchronously. 
In the synchronous mode, a common external source pro
vides the 10 MHz backplane clock (BCLKIO) and the 20 
MHz system clock (SYSCLK) to all repeaters. (BCLKIO 
must be synchronous to SYSCLK and may be derived from 
SYSCLK using adivide-by-twocircuit.) In the synchronous 
mode 32 ormoreLXT914 repeaters may be connected on the 
IRB, providing 128 lOBase-T ports and 32 AUi ports. 

In the asynchronous mode an external BCLKIO source is not 
required. The repeaters run independently until one takes 
controloftheIRB. Thetransmittingrepeaterthenoutputsits 
own 10 MHz clock onto the BCLKIO line. All other 
repeaters sync to that clock for the duration of the transmis
sion. In the asynchronous mode 12 or moreLXT914 devices 
may be connected to the IRB, providing 48 lOBase-T ports 
and 12 AUi ports. 

NOTE 
The maximum number of repeaters which may be linked 
on the backplane is limited by board design factors. 
These numbers listed above are engineering estimates 
only and may be increased if stronger drivers and careful 
board layout is used to reduce capacitive loading. 

Repeater Circuitry 
The basic repeater circuitry is shared among all the ports 
within the LXT9 l 4. It consists of a global repeater state 
machine, several timers and counters and the timing recov
ery circuit. The timing recovery circuit includes a FIFO for 
retiming and recovery of the clock which is used to clock the 
receive data out onto the IRB. 
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The shared functional blocks of the LXT914 are controlled and all associated notations used are in strict accordance 
bytheglobalstatemachineshownin Figure4. lbis diagram with section 9.6 of the IEEE 802.3 standard. 

Figure 4: Global State Machine 
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Pt•}it•tttts.eNo.trwo.:oNestttt{ttttl 
[ Out (ALLXN) = TwoOnes ] 

ColliQ.{_ANYXN.l= SQEJ 1collirlf.N.l= SOE+ Dataiill.~= II* CollilJiALbl..= ~ 
1 TwoOnesSent • Collin(ALL) = ~ • Datain(N) =TI 

['ttitft/ffiftSEND.\DATA:ti•i•ti:t:•tt•ft{] 
l Out (ALLXN) = Data ] 

lcollin(N) = SQE + (Datain(N) = II • Collin(ALL) = 
Collin(ANYXN) = SQE l'SQr • AllDataSent • T[LANYXN) < 96 

i i i ~ 
:•;i:=:·····::: tittRANSMlTiiCOttlS.lONi:ii:iiiiii:i){iii/] bi{\ttt•••A.£0.ElVE'iCOUiilSlONtt•tt:ti•iif] 

Out (ALL) = Jam ] [ Out (ALLXN) = Jam ) 

CollilJiALbl.. = ~ • TT_(_ALl,J_~ 96 • Tw2Done Colli'l!.ANYX~ = SQEJ 

Collin(ONL Y1) =SOE • TT(ALL) ~ 
96lMC:Por.Y_Collin = SQE)] 

1 
bt•td&l!:t~ORlHili'MltJJ 
L Out (ALLXM) = Jam _I 

Collinf_ANYXI\& = SQEJ Datain(M) = II • 
Collin(ALL) = ~ • 
Tw2Done 

f((ILEVEL 
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Datain(N) = 
II • Collin(ALL) = 
SOE'.• TT(ALLXN) ~ 
96 • AllDataSent 

Datain(N) = 11 • Collin(ALL) = ~ • 
TT(ALLXN) ~ 96 • Tw2Done 

n:ntn::ntt:nr:ttttWAttttttt:t:t:tmt:tttt 
~ StartTw1 
Out(ALL) = Idle 

lcollilJiAN'O..= SQE + Tw1Done 
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The LXT9 l 4 also implements the Partition State Diagram as 
defined by the IEEE 802.3 standard and shown in Figure 5. 
The value ofCCLimit as implemented in the LXT 914 is 64. 
The CCLimit value sets the number of consecutive colli-

Figure 5: Partitioning State Diagram 

DIPresent(X) = II • CIPresent(X) = ~ 

DIPresent(X) = 1T + CIPresent(X) =SOE 

::lillll:!~ll~lli!=i::::· 
Datain(X) = II 
Collin(X) = SOE 
StartTw5 

CJPresent(X) = 
SOE 

DIPresent(X) = II • 
CJPresent X = ~ 

Datain(X) = II 
Collin(X) = SOE 
CC(X) = 0 

sions that must occur before the port is subjected to auto
matic partitioning. Auto-partition/reconnection is also sup
ported by the LXT914 with Tw5 conforming to the standard 
requirement of 450 to 560 bit times. 

i!eOU.i1H:t!Ai:fltl:!t!tiJJ:f::: 
CC(X) = 0 
Datain(X) = DiPresent(X) 
Collin(X) = CIPresent(X) 

CC(X)2' 

DIPresent(X) = 
II • CIPresent(X) = ~ 

::¢.otiisib.M]~dU.N'.IUD.UR 
Datain(X) = DiPresent(X) 
Collin(X) = CIPresent(X) 

DIPresent(X) =ii+ CIPresent(X) =SOE 

CIPresent(X) = 
SOE 

CCLimlt + (Tw6Done • DIPresent(X) = 
CIPresent(X) =SOE) II• CIPresent(X) = ~· 

CC(X) < CCLimlt • I w6Done 

DIPresent(X) = II • CJPresent(X) =SOE 
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Functional Description 

The main functions of the LXT914 hub repeater are data 
recovery and re-transmission, and collision propagation. 
Data packets received at the AUi or lOBase-T ports are 
detected and recovered by the port receivers before being 
passed to the repeater core circuitry for retiming and re
transmission. Data packets received through the IRB port 
are essentially passed directly to the core for re-transmis
sion. After recovery of a valid data packet, the repeater 
broadcasts it to all enabled stations, except the originator 
station. 

Initialization 

·The following description applies to the initial power-on 
reset and to any subsequent hardware reset. When a reset 
occurs, the device senses the levels at the various control 
pins to determine the correct operating mode. 

Local Management Mode Initialization 
An internal pull-up causes the LXT914 to default to the 
Local management mode unless pin 13 (LOC/EXT) is tied 
low. In the Local mode the serial port is a uni-directional 
interface used only to download setup parameters from an 
external device. 

In a Locally managed multiple-repeater ("daisy chain") 
configuration, the first repeater in the chain performs special 
functions. First Position Select (FPS) pin 25 is used to 
establish position (FPS high= First, FPS low= Not First). 
After establishing the Hardware mode, each LXT914 moni
tors FPS pin 25 to determine its position. 

IfFPS = 1 (First Position), the repeater performs the follow
ing functions: 

1. Outputs a 1 MHz Serial Clock (SCLK) on pin 18. 
SCLK is derived from the 20 MHz SYSCLK input in 
the ASYNC mode, and from BCLKIO in SYNC 
mode, and is supplied to the SCLK inputs of all other 
repeaters on the bus and to the EEPROM. 

2. Asserts Chip Select (CS) high on pin 14 to enable the 
EEPROM. 

3. Outputs a serial 9-bitrequest-to-send (RTS) strobe.on 
pin 17. (The programmable device responds to the 
RTS strobe with a serial data stream containing the 
setup parameters for all repeaters in the chain.) 

4. Clocks the first48 serial datainput(SDI) bits from the 
EEPROM on pin 16 into its setup register. Refer to 
Tables 17 and 18 for Setup Register bit assignments. 

5. Asserts Serial Enable Output (SENO) low on pin 15 
to enable the next repeater in line. 

rrflLEVEL am ONE@ 
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The second repeater has FPS tied low and Serial Enable 
Input(SENl)connectedtotheSerialEnableOutput(SENO) 
of the first repeater. When enabled by a low on SENI, each 
repeater downloads its portion of the stream, then stops 
accepting data and asserts SENO low. The SENO pin is 
linked to the SENI input of the next repeater. This enables 
the next repeater to clock in its 48-bit word and so on. 

If FPS = 0 (Not First Position), the repeater performs the 
following functions: 

1. SYNCstothe 1MHzSerialClock(SCLK)onpin18. 
SCLK is supplied by the First Position repeater. 

2. Responds to SENI low on pin 14 by enabling the SDI J 
port: 

3. Clocks 48 bits from the EEPROM into its setup 
register through the SDI port on pin 16. 

4. Asserts SENO low on pin 15 to enable the next 
repeater in line. 

External Management Mode Initialization 
The .LXT914 operates in the External management mode 
when pin 13 (LOC/EXT) is tied low. In the External mode, 
the serial port is · a bi-directional interface between the 
LXT914 and an external management device (EMO). The 
serial port is used to download initial setup parameters to the 
repeater and to monitor status reports from the repeater. The 
LXT914 setup parameters can be changed at any time by the 
EMO. The initialization process for each repeater in a 
managed mode configuration is the same, regardless of its 
position; each repeater is connected directly to the EMO. 
Each LXT914 initializes as follows: 

1. Syncs to the 10 MHz Serial Clock (SCLK) on pin 18. 
SCLK must be supplied from an external source. 

2. Responds to SENI low on pin 14 by enabling the SDI 
port. 

3. Clocks 48 bits from the EMO into its setup register 
through the SDI port on pin 16. 

4. Once initialized, theLXT914 reports its status in a48-
bit serial stream after every packet transmission or 
interrupt event. Refer to Tables 19 and 20 for packet 
status register bit assignments. 
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Table 17: Setup Register Bit Assignments 

D7 D6 DS D4 D3 D2 D1 DO 

SR(O) DISLl3 DISLl2 DISLl1 DISAP4 DISAP3 DISAP2 DISAP1 DISAPA 

SR(1) DISTX2 DISTX1 DISTXA DPRC4 DPRC3 DPRC2 DPRC1 DISLl4 

SR(2) ERSQ1 DISRX4 DISRX3 DISRX2 DISRX1 DISRXA DISTX4 DISTX3 

SR(3) DFIFOE DPFRM DSQE DMCV ERXJAB ERSQ4 ERSQ3 ERSQ2 

SR(4) RES RES RES RES RES RES RES DMJLP 

SR(S) RES RES RES RES RES RES RES RES 

Table 18: Setup Register Bit Definitions 

BIT DEFINITION 

DISAP(X) Disable Auto-Partitioning on Port X 

DISLI(X) Disable Link Integrity on Port X (Twisted-pair ports only) 

DPRC(X) Disable Polarity Reverse detection and Correction on Port X (Twisted-pair ports only) 

DISTX(X) Disable Transmit on Port X 

DISRX(X) Disable Receive on Port X 

ERSQ(X) Enable Reduced Squelch on Port X (Twisted-pair ports only) 

ERXJAB Enable Receive JAB (Long Packet) (Global) 

DMCV Disable entering Tx Collision state on reception of Manchester Code Violation 

DSQE Disable Signal Quality Error to provide heartbeat (AUi port only) 

DPFRM Disable End-of-Frame checking for polarity correction (Global) 

DFIFOE Disable entering Tx Collision state on FIFO over/underflow condition (Global) 

DMJLP Disable MJLP counter (Global) 

RES Reserved. Must be set to 0. 
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Table 19: Packet Status Register Bit Assignments 

D7 D6 DS D4 D3 D2 

PSR(O) COL2 COL1 COLA RX4 RX3 RX2 

PSR(1) PR2 PR1 LLS4 LLS3 LLS2 LLS1 

PSR(2) SPA AP4 AP3 AP2 AP1 APA 

PSR(3) LP3 LP2 LP1 LPA SP4 SP3 

PSR(4) RXJABA MJLP LCOL4 LCOL3 LCOL2 LCOL1 

PSR(S) RES RX COL MAN CV FIFOER RXJAB4 RXJAB3 

Table 20: Packet Status Register Bit Definitions 

BIT DEFINITION 

RX(X) Received Packet on Twisted-Pair Port 1-4 or on AUi Port 

COL(X) Transmit Collision of Twisted-Pair Port 1-4 or on AUi Port 

LLS(X) Link Loss State on Twisted-Pair Port 1-4 or on AUi Port 

PR(X) Polarity reversed on Twisted-Pair Port 1-4 or on AUi Port 

AP(X) Auto-Partition circuit isolated Twisted-Pair Port 1-4 or the AUi Port 

SP(X) Short Packet (less than 74 bits) on Twisted-Pair Port 1-4 or on AUi Port 

LP(X) Long Packet (more than l.3ms) on Twisted-Pair Port 1-4 or on AUi Port 

LCOL(X) Late Collision on Twisted-Pair Port 1-4 or on A UI Port 

MJLP MAU Jabber Lockup Protection 

RXJAB(X) Receive Jabber Lockup Protection 

FIFO ER FIFO overflow/underflow 

MAN CV Manchester Code Violation 

RX COL Receive Collision on the AUi Port 

RES Reserved (Not Used) 

(X) means port X, which can be any of the four Twisted-Pair Ports or the AUi-Port 

f"fLEVEL lmONE@ 

D1 DO 

RX1 AXA 

COL4 COL3 

PR4 PR3 

SP2 SP1 

LCOLA LP4 

RXJAB2 RXJAB1 
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1 OBase-T Port Operation 

1 OBase-T Reception 
Each LXT914 lOBase-T port receiver acquires data packets 
from its twisted-pair input (DIP/DIN). An internal RC filter 
and an intelligent squelch function discriminate noise from 
link test pulses and valid data streams. No external filters 
are required. The receive function is activated only by 
valid data streams (above the squelch level and with proper 
timing). If the differential signal at the DI circuit inputs falls 
below 75% of the threshold level (unsquelched) for 8 bit 
times (typical), the port receiver enters the idle state. 

Programmable Internal Squelch Level 
The lOBase-T port receivers have two squelch levels; a 
normal level and a reduced squelch level (-4.5 dB). When 
used with low noise media such as shielded Twisted-Pair 
cabling, the reduced squelch level allows the loop-length of 
the network to be extended. 

Polarity Detection and Correction 
The LXT914 lOBase-T ports detect and correct for reversed 
polarity by monitoring link pulses and end-of-frame se
quences. A reversed polarity condition is declared when the 
port receives sixteen or more incorrect link pulses consecu
tively, or four frames with reversed start-of-idle sequence. 
In these cases the receiver reverses the polarity of the signal 
and thereby corrects for this failure condition. If the port 
enters the link fail state and no valid data or link pulses are 
received within 96 to 128 ms, the polarity is reset to the 
default non-flipped condition. (If Link Integrity Testing is 
disabled, polarity detection is based only on received data.) 

1 OBase-T Transmission 
Each LXT914 lOBase-T port receives NRZ data from the 
repeater core, and passes it through a Manchester encoder. 
The encoded data is then transmitted to the twisted-pair 
network (the DO circuit). The advanced integrated pulse 
shaping and filtering network produces the pre-distorted and 
pre-filtered output signal to meet the 10 Base-T jitter tem
plate. An internal continuous resistor-capacitor filter is 
used to remove any high-frequency clocking noise from 
the pulse shaping circuitry. No external filters are 
required. During idle periods, the LXT914 lOBase-T ports 
transmit link integrity test pulses in accordance with the 
802.3 lOBase-T standard. 

All data packets transmitted by the LXT914 contain a 
minimum of 56 preamble bits before the start of frame 
delimiter (SFD). In the Asynchronous mode, preamble 
regeneration takes place on the transmit side. In. the 
Synchronous mode the preamble is regenerated on the 
receive side and distributed via the IRB. If the total packet 
is less than 96 bits including the preamble, the LXT914 
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extends the packet length to 96 bits by appending a Jam 
signal (1010 ... ) at the end. 

1 OBase-T Link Integrity Testing 
TheLXT914fully supports the lOBase-TLinkintegritytest 
function. The link integrity test is used to determine the 
status of the receive side twisted-pair cable. Link integrity 
testing is enabled unless disabled via the serial channel. 
When enabled, the receiver recognizes link integrity pulses 
which are transmitted in the absence of data traffic. If no data 
packets or link integrity pulses are detected within 100 (±50) 
ms, the port enters a link fail state and disables its transmit 
function. The port will remain in the link fail state until it 
detects three or more data packets or link integrity pulses. 

AUi Port Operation 

AUi Reception 
The LXT914 A UI port receiver acquires data packets from 
the network (DIP/DIN). The receive function is activated 
only by valid data streams above the squelch level. If the 
differential signal at the DI circuit inputs falls below 75% of 
the threshold level (unsquelched) for 8 bit times (typical), 
the AUi receiver enters the idle state. 

AUi Transmission 
The LXT914 A UI port receives NRZ data from the repeater 
core, and passes it through a Manchester encoder. The 
encoded data is then transferred to the network (DOP/DON). 

Collision Handling 

A collision occurs when two or more repeater ports receive 
simultaneously, or when the AUI CIP/CIN signal is active. 
The LXT914 fully complies with the IEEE 802.3 collision 
specifications, both in individual and multi-repeater appli
cations. In multiple-repeater configurations, collision sig
naling on the IRB allows all repeaters to share collision 
parameters, acting as a single large repeater. 

IRCOL is a digital open-drain pin. IRCFS is an analog/ 
digital port. The IRCOL and IRCFS lines are pulled up 
globally (ie., each signal requires one pull-up resistor for all 
boards). If there are eight 3-repeater boards in the system, all 
eight boards share a single pull-up resistor for I RCOL and a 
single pull-up resistor for IRCFS. The global pull-up may 
be located on one of the boards, or on the backplane. The 
IRCFS line requires a precision(± l %) resistor. 

The IRENA, IRDAT and IRDEN lines are each pulled up 
local! y (one pull-up resistor per board) if external bus drivers 
are used. If no bus drivers are used then only one global pull
up per signal is used .. 
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Security Mode 

The LXT914 security mode is fully transparent to the user. 
In the External management mode, the security feature is 
available for all four TPports and the AUi port. In the Local 
mode, security is available for the TP ports only. (The 
SECAUI input is reassigned as FPS). 

The security inputs are normally held low to disable the 
security feature. Any input can independently be pulled high 
to scramble the respective port for any given length of time. 
For applications which do not require security control, the 
SEC pins must be tied low. 

The security mode pins are real time response inputs. This 
allows the board designer to screen the destination address 
with an application specific device and (on match of the 
destination address) to assert the security input to jam the 
respective port for the given frame. This real time detection 
and jam assertion method provides the flexibility to imple
ment customer specific solutions. The destination address 
decoding and security signal assertion functions can be 
integrated into the external management device. 

LED Display 

The LED display interface consists of seven integrated LED 
drivers, one for each of the five network ports and two for 
common functions. Each pin provides a three-state pulsed 
output (+5V, high Z, and OV) which allows multiple 
conditions to be monitored and reported independently. 
Figure 6 shows the LED Driver output conditions and Table 
21 lists the repeater states associated with each condition. 
For example, using red and green LEDs for the twisted pair 

Table 21: Integrated LED Driver Indications 

Condition LEDTP 1-4 

1 Rx Link Pulse 

2 TxPacket 

3 Reversed Polarity 

4 Rx Packet 

5 Partitioned Out 

f'(fSLEVEL 
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LEDAUI 

Rx Jabber 

TxPacket 

Rx Collision 

Rx Packet 

Partitioned Out 

LXT914 Flexible Quad Hub Repeater 

ports as shown in Figure 6, each TP port LED driver provides 
the following indications: 

• Steady green when link integrity pulses are received 
• Blinking green when data is transmitted 
• Steady red when reverse polarity is detected 
• Blinking red when data is received 
• Alternating red and green when the port is auto

partitioned out. 

Applications 

Figure 7 (Sheets 1through4) shows a simple 12-port hub 
repeater application with 3 LXT914s. This application also 
provides two additional AUi ports - one D-connector and 3 one coaxial port. The application shown uses the 
asynchronous backplane mode so no external backplane 
clock source is required. 

Figure 7, Sheet 1, shows the XL93C46 EEPROM which 
downloads the setup parameters for all the LXT914s at 
initialization. (This EEPROM could be replaced with a 
simple resistor which would select the default conditions of 
all options.) A single 20 MHz crystal provides the SYSCLK 
for all three 914 chips. The LXT914 on Sheet 1 provides the 
AUi D-connectoras well as fourtwisted-pairports. Table 22 
lists transformers tested for use with the LXT914. 

Figure 7, Sheet 2, shows a second 914 with four TP ports and 
a coaxial port. A MD-001 coax transceiver is used to 
implement the port. Sheet 3 shows the third LXT914 with 
its four TP ports and indicator LEDs. The AUi port of the 
third 914 is not used. Sheet 4 of the schematic shows the 
LEDs for the remaining LXT914s, along with the LED 
operation table. 

LEDCF LEDJM 

FIFO Error Manchester 
Code Violation 

NIA NIA 

Collision MAU Jabber Lockup 
Protection (MJLP) 

NIA NIA 

NIA NIA 
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Figure 6: Integrated LED Driver Indications 

LXT914 

Red 
'.'l,"i. 

LED Driver l' l' 

Green 

Condition 1: Steady .......... . 

Green 

+SV 

256ms 

+SV 
HighZ 
OV(Gnd) 

~~~~~~0N~~l~ .. 1T1~Ja~~ls1T1~fi~ ~~;z 
........................................................................................................................... OV (Gnd) 

Condition 3: 
Steady ......... · 

Red 

· · ·· ......................................... +SV 

256ms 

HighZ 
OV (Gnd) 

~~~~~~on.<J: ............................................ 236ms~ +SV 

Red la·~~ls1T1sJ8~~l~rnsl8~~[7'~ii~~l~rn~J8·~~ l~111s ~:~~d) 

Condition 5: 1,_1 ____ sv 
~:~~~~~~·:.J···~·~~~~ ................. 1 ... -... _1_,~{ ms I ......... ~.~~,,~ ............. I + 

r . --. . I .. M ov. (Gnd) 

Table 22: Transformer Listing 

Port Manufacturer 

Twisted-Pair 
Bel Fuse 
FEE Fil-Mag 
HALO Electronics 
Nanopulse 
PCA 
Pulse Engineering 
Valor 

AUi FEE Fil-Mag 
HALO Electronics 
Pulse Engineering 
Valor 
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Part Number 

Transmit Receive 
A553-5999-01 A553-5999-00 
23Z339 23Z338 
TD54-1006Ll TDOl-1006Ll 
5977 5976 
6038 6037 
PE68008 PE68007 
PT34116 PT34117 

23Z90, SM23Z90 
TD01-0756K, TG01-0756W 
PE64502 
LT6030, SM6030 
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Figure 7: 12-Port Application Schematic (Sheet 1 of 4) 
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Figure 7: 12-Port Application Schematic (Sheet 4 of 4) 
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LXT400 All Rate Extended Range SW56/DDS Transceiver 

LXT400 

Standard Product 
February 1994 

All Rate, Extended Range Switched 56 I DDS Transceiver 

The LXT400 is· an integrated line interface circuit for 
Switched 56 (SW 56) and Digital Data Service (DDS), 
compatible with any combination of 19 to 26 AWG cable. 
The LXT400 operates at any of 14 preset data rates from 2.4 
kbps to 72.0 kbps, providing appropriate transmit pulse 
shaping, receive signal detection and timing recovery at the 
metallic interface between the carrier and the customer 
installation. The LXT400 diagnostic features including 
loopback, line status and equalizer monitor outputs, while 
conforming to AT&T, ANSI and Bellcore specifications. 

The LXT400 transmit section includes switched capacitor 
filters, continuous reconstruction filters, and a 50% AMI 
encoder. The AMI pulse is synchronized with the transmit 
clock. 

The LXT400 receive section performs line equalization, 
data extraction and timing recovery. The LXT400 has a 
BER ofless than 10·1 with up to 49 dB of cable attenuation 
at the Nyquist frequency for 56 and 72 kbps, and 40 dB at the 
lower rates. The LXT400 is an advanced CMOS device 
which requires only a single +5V power supply. 

--" --,. 

• Integrated transmitter, receiver and timing recovery on 
a single CMOS chip 

• Transparent to framing and coding 

• Receive equalizer filters allow data recovery from 
signals with up to 40 dB of attenuation at the Nyquist 
frequency, at line rates below 56 kbps, and up to 49 dB 
at the 56 and 72 kbps line rates 

• Single 4.096 MHz crystal or master clock input 

• Digital back-end loopback 

• Equalizer output monitor pin 

• Line status (loop length, RLOS, etc.) available for 
customer maintenance purposes 

• Low power consumption (200 mW typical) 

• Available in 28-pin DIP 

• Single 5 V only CMOS technology 
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Table 1: Data Rate Programming 
FP4 FP3 FP2 FP1 Data Rate 1 

0 0 0 0 2.4 kbps 

0 0 0 1 3.2 kbps 

VINT 1 28 EQLOUT 
RTIP 2 27 TEST2 

ARING 3 26 LSE 
TEST1 4 25 FP4 0 0 1 0 4.8 kbps 

FP2 5 24 TTIP 0 0 1 1 6.4kbps 

0 1 0 0 9.6kbps 

0 1 0 1 12.8 kbps 

0 1 1 0 19.2 kbps 

0 1 1 1 25.6 kbps 

LPBK 6 23 DGND 
AGND 7 22 DVCC 
RCLK 8 21 TAING 
RPOS 9 20 AVCC 
RNEG 10 19 FP1 

FP3 11 18 RESET 1 0 0 0 56.0 kbps 

LS 12 17 TCLK 1 0 0 1 72.0 kbps 

1 0 1 0 3.5 kbps 

1 0 1 1 7.0 kbps 

MCLK1 13 16 TPOS 
MCLK2 14 15 TNEG 

1 1 0 0 14.0 kbps 
1 1 0 1 28.0 kbps 

Table 2: Pin Descriptions 

Pin 

1 

2 
3 

4 

5 
19 
11 
25 

6 

7 

8 

9 

10 

12 

13 

14 

Note I. 
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Sym 1/0 Name Description 

VINT I Intermediate Reference voltage used for internal analog circuits. This pin must be 
Voltage connected through a 1 kil resistor (R v) to the center node between the two 

Reference termination resistors, Rr, as shown in Figure 12. 

RTIP I Receive Tip Receive data input pair. RTIP and RRING are a fully differential input for 
RRING Receive Ring the receive line interface. 

TEST! I Test 1 Factory Test Pin. Leave unconnected. 

FP2 I Frequency The LXT400 data rate is set by the logic levels present at the FPl through 
FPl I Programming FP4 inputs as shown in Table 1, above. For operation at 64 kbps and other 
FP3 I Inputs 1 thru 4 alternate data rates, refer to Application Note AN-30. 
FP4 I 

LPBK I Loopback When set to logic 1, activates digital back-end loopback. 

AGND - IC Ground IC ground for all circuits except the transmit driver. 

RCLK 0 Recovered Clock Clock recovered from signal input at RTIP and RRING. 

RPOS 0 Receive Data Receive data outputs. A signal on RPOS corresponds to receipt of a 
Positive positive pulse on RTIP and RRING. A signal on RNEG corresponds to a 

RNEG 0 and negative pulse on RTIP and RRING. Both outputs are stable and valid on 
Negative the falling edge of RCLK, and are never high simultaneously. 

LS 0 Line Status An 8-bit serial word indicating loop length, line loss, loss of signal (LOS), 
Output etc. LS is valid on the risin~ge ofRCLK and goes to a high impedance 

state when LSE is high. lfLSE is tied low, the LS output represents LOS 
only. 

MCLKl I Master Clock 1 The required 4.096 MHz input may be provided by a crystal connected 
across these pins, or by a digital clock connected to MCLK 1. If a clock is 

MCLK2 I Master Clock 2 provided on MCLKl, MCLK2 must be left unconnected. 

For information on 64 kbps operation and other alternate data rates, refer to Application Note AN-30. 

•
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LXT 400 All Rate Extended Range SW56/DDS Transceiver 

Table 2: Pin Descriptions continued 

Pin Sym 1/0 Name 

15 TNEG I Transmit Data 
Negative 

and 
16 TPOS I Positive 

17 TCLK I Transmit Clock 

18 RESET I Reset 

20 AVCC I IC Power 

21 TRING 0 Transmit Ring 
24 TTIP 0 Transmit Tip 

22 DVCC I Driver Power 

23 DGND . Driver Ground 

-
26 LSE I Line Status 

Enable 

27 TEST2 I Test2 

28 EQLOUT 0 Equalizer 
Output Monitor 

Table 3: Absolute Maximum Ratings 

Parameter 

DC supply • A VCC referenced to AGND 

DVCC referenced to DGND 

DVCC referenced to A VCC 

DGND referenced to AGND 

Input voltage, any pin 1• 2 

Input or output diode current, any pin 2 

Continuous o~ut current, a~n 2 

Continuous current, VCC or GND pins 

Storage temperature 
1 TTIP and 1RING are referenced to DVCC and DGND. 
2 Except supply pins. 

Description 

Inputs are sampled at the halfway point between rising edges of TCLK. 
AMI pulses are encoded as follows: IfQ5. lNEU Iranswit Sii:nal 

0 0 Space 
0 1 Negative Pulse 
1 0 Positive Pulse 
1 1 Space 

Transmit clock. TPOS and TNEG transitions must be coincident with the 
rising edges of TCLK. 

Hardware reset pin. Must be pulsed low on power-up to initialize all 
internal circuits. Must also be pulsed low after changing the baud rate 
and after forcing or releasing any loopback condition. 

IC power supply for all circuits except the transmit driver. +5 V (±5% ). 

Differential driveroutputs. Designed to drive the 135 Q twisted-pair cable 
through transmit line interface shown in application diagram, Figure 7. 

Transmit driver power supply. +5 V (±5%). 

Transmit driver ground. 

Active low enable forthe LS serial port. This pin must transition from high 
to low to read LS serial data. LSE is sampled on the rising edge ofRCLK. 

Analog test pin. Must be tied to ground. 

Monitors Equalizer. Must be left open when not used. 

Min Max Units 

• 0.3 + 6.0 v 
. 0.3 + 6.0 v 
. 0.3 +0.3 v 
. 0.3 +0.3 v 

AGND-0.3 AVCC + 0.3 v 
. ±20 mA 
. ±25 mA 
. ±50 mA 

. 40 + 150 oc 

Table 4: Recommended Operating Conditions 

Parameter 

DC supply 

Ambient operating temperature 

• 
LEVEL 
ONE@ 

Sym Min 

AVCC/DVCC 4.75 

TA -40 

Typ Max Units 

5.0 5.25 v 
. +85 oc 
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LXT400 All Rate Extended Range SW56/DDS Transceiver 

Table 5: AC Electrical Characteristics 

Parameter Symbol Min Typ1 Max Units 

Receive Timing (Figure 2) 

RCLKperiod 1i>R - 1/tb - ns 

RCLK pulse width high tRWH 11c2 tbJ-150 1;c2 fbl 11 (2 tb) + 150 ns 

RPOS/RNEG delay from RCLK rising edge tDP - - 200 ns 

Transition time on any digital output !To - IO 20 ns 

Transmit Timing (Figure 3) 

TCLKperiod 1rr - l;tb - µs 

TCLK pulse width high ITwH 400 - - ns 

TPOS/TNEG setup to TCLK rising edge !Tsu -400 - 400 ns 

TPOS/TNEG hold time from the next ITH -400 - 400 ns 

rising edge of TCLK · 

Transition time on any digital input 1T1 - - 40 ns 

LS Serial Port Timing (Figure 4) 

LS delay from RCLK falling edge 1i.sr - - 200 ns 

LSE setup to RCLK rising edge 1i.su 200 - - ns 

LSE hold time from RCLK falling edge 1i.sH 0 - - ns 

LSE low to low Z state 1i.z - - IOO ns 

LSE high to high Z state ~z - - IOO ns 

MCLK and Reset Timing (Figure 5) 

MCLKl input frequency fMCLK - 4.096 - MHz 

MCLKl frequency tolerance - at OCU fTOCU - - ±50 ppm 

- at DSU @ 2400 bps fmsu - - ±80 ppm 

- at DSU @ all other rates fmsu - - ± IOO ppm 

MCLK pulse width high ~H 98 122 146 ns 

RESET pulse width low IRWL !000 - - ns 

General 

Input capacitance CIN - 7 - pF 

TCLK jitter at DSU with respect to RCLK tlIT - - 2 %1i.R atDSU 

RCLK isochronous distortion at DSU rm - - 5 %~at0CU 

Transmit output jitter with respect to TCLK Om - - 3 %~atDSU 

Transmit pulse amplitude at TI1PflRING 

- at 9.6 and 12.8 kbps ~ 1.44 1.55 1.75 v 
- at all other rates ~ 2.56 2.74 2.92 v 

'Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing. 
'Measured with 15 pF load. 
3The instantaneous peak amplitude of an isolated pulse (i.e.: a mark between two spaces) into a 270 Q resistive load. 

Notes 

2 

2 

2 

3 

3 
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LXT400 All Rate Extended Range SW56/DDS Transceiver 

Table 6: DC Electrical Characteristics 

Parameter Sym Min Typ1 Max Units Test Conditions 

Supply current (transmitting spaces) ICC - 40 60 mA 270 n resistor across TTIP 
and TRING 

Supply current (transmitting all marks) ICC - 47.5 60 mA 270 n resistor across TTIP 
and TRING 

Input low voltage VIL - - 0.8 v Digital inputs 

Input high voltage VIH 2.0 - - v Digital inputs 

Output low voltage VOL - - 0.4 v IOL = 1.6 mA 

Output low voltage VOL - 0.2 - v IOL < 10 µA 

Output high voltage YOH 2.4 - - v I0 H= 0.4 mA 

Output high voltage YOH - 4.5 - v I0 H< 10 µA 

Input leakage current I,L -40 - 40 µA 0 < v,N <Vee 

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

Figure 2: Receive Digital Timing 

RCLK 

RPOS,
RNEG -_ __, 

Figure 3: Transmit Digital Timing 

TCLK 
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tPT 

tTWH 

tTO 

tT1 

2.4 v 
a.4 v 

2.4 v 
a.4 v 

2.aV 
a.av 

2.aV 
a.av 
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General Description 

The LXT400 comprises three basic sections: transmit, 
receive and control logic. 

The transmit section includes a 50% AMI encoder, a 
programmable switched-capacitor low-pass filter, a low
pass notch filter, a transmit timing resynchronizer and a 
continuous reconstruction filter. An on-chip CMOS driver 
is also incorporated to drive a 135 n line through a 
transformer. 

The receive section includes pre-filters and line equalizers, 
and the timing recovery and data extraction blocks. An 
internal digital phase-locked loop (DPLL) is used in 
conjunction with the MCLK input to synchronize the 
recovered clock and data. 

The control logic block initializes the transceiver, selects 
receive filters and reports status information on the serial 
port. Control logic inputs FPl through FP4 determine the 
data rate in accordance with Table 1. The control logic 

Figure 4: LS Serial Port Timing 

tLSU 

RCLK 

tLSH 

LSE 

executes the initialization procedure upon automatic re
synchronization or external RESET. Filter selection 
optimizes the receive signal-to-noise ratio (SNR) by 
matching the filter in the equalizer section to the strength of 
the received signal (a function ofloop length/line loss). The 
control logic block also reports receiver status, estimated 
line length (as indicated by filter selection) and a receive loss 
of signal (RLOS) alarm on the serial port. 

Functional Description 

Initialization 

Upon power-up, or after changing the baud rate or loopback 
condition of the line interface, a RESET pulse is required to 
initialize the LXT400. On receipt of the RESET pulse, the 
LXT400 executes an iterative cycle of level detection and 
offset cancellation . to select the appropriate equalizer 
settings for the received signal. Receiver initialization can 
be monitored on the serial channel. When received data has 
a 50% ones density, full operation is achieved within one 

tLSU 

2.4 v 
0.4 v 

2.4 v 
0.4 v 

tLSP LS Valid on RCLK 
Rising Edge 

tHz --
LS 

Figure 5: MCLK and RESET Timing 

vfMCLK 

MCLK1 

RESET 
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LXT400 All Rate Extended Range SW56/DDS Transceiver 

second after RESET. Under the minimum ones density 
condition specified in Table 7, full operation is achieved 
within eight seconds after RESET. Correct initialization 
assumes the presence of an AMI-coded signal at the RTIP 
andRRINGinputs. The LXT400 will not correctly initialize 
unless a stable signal which meets the network interface 
specifications of AT&T Pub 62310 is present at the RTIP 
and RRING inputs during the entire initialization process. 
The RPOS/RNEG outputs are not valid until full operation 
is achieved. During offset cancellation, the RPOS/RNEG 
outputs do not adhere to the AMI rule. However, once 
initialized (assuming that a proper baud rate is selected), 
RPOS and RNEG never simultaneously output a logic 1. 

A hardware reset is required after any of the following 
changes in transceiver configuration: 
1. A change in Baud Rate 
2. A change in the local analog loopback configuration 
3. A local change in the line upon which the transceiver is 

communicating (for example, configurations for 
changing lines in a "l for n" redundancy scheme). 

Automatic re-initialization may be triggered by changes in 
received signal strength as follows: 

• If received signal strength increases by more than about 
6 dB after full operation is achieved, automatic re
initialization occurs. 

• If received signal strength decreases by more than about 
4 dB, re-initialization occurs. If the decrease in received 
signal strength exceeds 6 dB, the LXT400 reports an 
LOS condition and performs an automatic re
initialization. 

Table 7: Ones Density Requirements 

Data Rate Minimum Average 
(kbps) Ones Density 

2.4, 4.8, 9.6, 19.2 1/ 12 
3.2, 6.4, 12.8, 25.6 l / 16 
56.0 l / 14 
72.0 1/ 18 
3.5, 7.0, 14.0, 28.0 z 1/16 

Table 8: Notch Filter Attenuation 

OCU/Loop 
Data Rate (kbps) 

2.4 or 3.2 

4.8 or 6.4 

9.6or12.8 

•
LEVEL 
ONE@ 

Customer (Primary Channel) 
Data Rate (kbps) 

2.4 

4.8 

9.6 

The time required to achieve full operation after 
reinitialization, is the same as required for power-on 
initialization (i.e., 1 second max with 50% ones density, 8 
seconds under minimum ones density conditions). 
Reinitialization is not triggered by impulse noise events. 

Transmission 

TPOS and TNEG must have transitions coincident with the 
rising edges of TCLK. The transmit section generates a 
50% AMI pulse according to the pulse encoding rules, which 
is synchronized with the TCLK input. In DSU applications, 
RCLK is typically routed back into the TCLK input. The 
instantaneous baud period varies with the receive DPLL 
phase adjustments, however, the pulse duty cycle is 
maintained at 50% of the nominal baud period by internal re
synchronization to TCLK. The AMI pulse is then processed 
through a set of frequency dependent filters. 

Initial filtering at all rates is accomplished by a 
programmable, switched-capacitor, low-pass filter. This 
filter is a single-pole type with the pole set at 1.3 times the 
bit rate (as determined by inputs FPl - FP4). 

For data rates of 2.4, 3.2, 4.8, 6.4, 9.6 and 12.8 kbps, the II 
filtered pulses go through an additional low-pass notch 
filter. The notch filter is required to protect other DDS 
services with specific band requirements, and provides the 
attenuation listed in Table 8. The additional rejection 
requirement is weighted within each band by "C-Message" 
weighting over double speech sidebands around a carrier in 
the middle of each band (28 kHz and 78 kHz). The C-
Message weighting function is graphed in Figure 6. 

Figure 6: C-Message Weighting 

R~ction Band 
24-32 kHz 72-80 kHz 

5 dB 1 dB 

13 dB 9dB 

17dB 8 dB 
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Depending on the data rate, the frequency template extends 
to different limits as shown in Table 9. (An alternate notch 
filter is used for data rates of 3.5 and 7.0 kbps.) The single 
pole, low-pass filter would maintain the frequency within 
± 5%. The notch filter attenuation is added to this. 

A continuous filter, common to all data rates, is the final 
stage. The continuous filter removes high frequency 
components which remain after processing by the low-pass 
filter stages. The pulse is then applied to the line driver for 
transmission onto the twisted-pair line. 

Table 9: Frequency Limits per Data Rate 

Data Rate Upper Frequency Limit 
(kbps) {kHz) 

2.4 (3.2) 100 
4.8 (6.4) 150 
9.6 (12.8) 150 

19.2 (25.6) 300 
56.0 (72.0) 1750 

3.5 100 
7.0 150 

14.0 150 
28.0 1200 

Reception 

RTIP and RRING inputs are differentially detected, then 
processed through the pre-filters and equalizer section. The 
continuous pre-filter removes high frequency noise and 
prevents aliasing problems for the switched capacitor (SC) 
line equalizers which follow. Pulse reshaping is achieved by 
the receive equalizer, which consists of an SC step equalizer 
and an adaptive decision feedback equalizer (DFE). The 
DFE eliminates residual inter-symbol interference (ISi) due 
to echoing by multiple bridged tap connections and the 
quantized frequency responses of the SC step filters. The 
DFE is continuously adapted to compensate for ISi due to 
time varying line characteristics such as temperature, 
humidity and age. Nine different filter selections based on 
signal strength are available. 

Changes in Received Signal Strength 

During initialization, the LXT400 selects filters appropriate 
to the strength of the received signal. Afterinitialization, the 
LXT400 continually monitors the receive signal strength to 
ensure the optimum signal/filter match. Data reception is 
not affected by impulsive noise events or by slow changes in 
signal amplitude, such as may be caused by temperature and 
humidity changes on the line. (The maximum constant rate 
of change which the LXT400 can track is 6 dB per minute.) 
However, instantaneous "step" changes (see Figure 7) may 
temporarily interfere with data reception. Step changes may 
be due to sudden changes in loop loss, far end transmitter 
output, etc. 

After normal operation has been established, an instanta
neous single-step change may cause one of three conditions, 
as shown in Figure 8. 

Under Condition 1, the LXT400 automatically adapts to 
minor step changes in signal strength (assuming that the new 
input is a valid DDS signal). 

Under Condition 3, the LXT400 responds to significant step 
changes by re-initializing. 

Condition 2, while unlikely to occur in an actual DDS 
implementation, may be observed in the laboratory due to 
artificial line simulators. Condition 2, which results from a 
6 - 20 dB step increase in received signal strength, may result 
in a signal/filter mismatch. This condition is characterized 
by excessive bipolar violations (BPVs) which can be ob
served on RPOS and RNEG. External signal quality detec
tion circuitry can be used to detect excessive BPV s that are 
not recognized as standard DDS BPV code words. Upon 
detection of unrecognized BPV s, the user may force a reset 
on the LXT400 to resume error-free operation. 

Under normal operating conditions, step changes in received 
signal strength are all under local control. Thus, the user can 
reset the LXT400 once the new receive signal has stabilized 
at the chip inputs. Remote changes typically involve 
disconnecting one line and re-connecting another line of 

Figure 7: Step Changes in Received Signal Strength = 20 log10 (Ao/A1) dB 

A2- - - - - - - - - -

-A2-
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different length. These changes trigger the RLOS report and 
automatic re-initialization. Any remote changes in line 
length or transceiver configuration are beyond the local 
user's control. Remote changes in baud rate are not detected. 

RTIP/RRING input and RLOS output timing relationships 
for a true loss of signal. When signal energy returns to the 
chip input, the LXT400 executes one full activation cycle in 
the presence of this signal. The. result is that RLOS will 
remain high for a period of time (0.13 s < tH < 16 s) after 
signal energy reappears. Receive Loss of Signal 

RLOS goes high when more than 32 consecutive zeros are 
received, caused either by a true loss of signal, or a signal 
strength drop greater than 6 dB. The LXT400 automatically 
re-initializes when ~LOS goes high. Figure 9 shows the 

Figure 10 shows the RTIP/RRING input timing and RLOS 
output timing relationship for a signal strength decrease 
greater than 6 dB. In this case, RLOS will go high for a time 
0.26 s < tP < 16 s. 

Figure 8: Conditions Based on Changes in Received Signal Strength 

-12 -10 -8 -6 

Condition 3: > 20 dB Increase 
or > 6 dB Decrease. 

-4 

Automatic re-initialization. No 
action required. If the condition is 
due to a signal strength decrease, 
the LXT400 also reports RLOS. 

-2 0 dB +3 
Reference 

Signal Level 

+6 

Condition 1 : 0 • 6 dB Increase or 
Decrease. 
Automatic compensation (may re
initialize). May pass erroneous data 
temporarily before resuming error
free performance. No action required. 

Figure 9: RLOS Timing for a True Loss of Signal 

RTIP/ 
ARING 

RLOS 

+10 +16 +20 +30 

Condition 2 : 6 - 20 dB Increase. 
Re-initialization not guaranteed. The 
device may continue to pass 
erroneous data until reset. RESET 
pulse required to ensure accurate 
data reception. 

Figure 10: RLOS Timing for a Drop in Signal Strength> 6 dB 
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ARING 
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Timing Recovery 

The timing recovery circuit uses a rate synchronizer to 
generate a high frequency internal clock from the MCLK 
input. A DPLL is used to synchronize this internal clock to 
the received data pulses. The output clock from the DPLL 
is divided down to generate RCLK and all other required 
clocks (except TCLK which is an external input). 

Data. Extraction 

The data extraction block provides RPOS and RNEG 
outputs. A positive differential pulse received between 
RTIP and RRING results in a logic 1 on RPOS. A negative 
differential pulse between RTIP and RRING results in a 
logic 1 on RNEG. RPOS and RNEG are output at the 
received data rate and are valid on the falling edge ofRCLK. 

Receiver operation is not affected by the data patterns, 
provided the ones density requirements of Table 7 are met 
with no more than 26 consecutive zeros. RLOS is declared 
after 32 consecutive zeros. However, the RCLK output 
remains synchronized to the RTIPIRRING input for more 
than 40 consecutive zeros. Bipolar violations are received 
properly. The bipolar violation coding rule that successive 
violations be of alternating polarity must be followed. 
However, if this rule is temporarily broken (due to channel 
noise, etc.), long term LXT400 data reception will not be 
adversely affected. 

Loopback Operation 

When the LPBK pin is set to a logic l, the recovered dataand 
clock are sent back through the tralismit section and onto the 
line interface, as well as being output on the RPOS/RNEG 
andRCLK pins. TPOSffNEG and TCLKinputs are ignored 
in the loopback mode. 

4-10 

Serial Port Operation 

The line status (LS) output is an 8-bit serial word enabled by 
pulling LSE low for 8 bit-periods as shown in Figure 4. Bit 
assignments are listed in Table 10. Approximate line loss 
and loop length (based on received signal strength/filter 
selection, assuming far-end pulse tralismission compliant 
withAT&TPub62310orT1El/90-05l)arereportedviabits 
bO through b3 as listed in Table 11. Bits b4 th{ough b6 
indicate the receiver activation state. Bit b7 is the RLOS 
alarm. 

Figure 11 shows the serial output for a typical LXT400 
initialization sequence. Bits bO - b3 report filter selection 
and bits b4 - b6 report receiver status. Bit b6 toggles to 
indicate that the receiver is alternating between offset 
cancellation (b6 - b4 = 100) and receive level detection (b6 
- b4 = 000). The receiver starts with the highest-gain filter 
(b3 - bO = 0111), cancels systematic voltage offset at the 
filter output, and then detects the receive signal level at the 
filteroutput. Ifthesignalexceedsthethresholdforthatfilter, 
the LXT400 steps down to the filter with the next-highest 
gain (b3 - bO = 1000). This process is repeated until the 
receive signal level does not exceed the filter threshold. 

Once the appropriate filter is selected, the receiver phase
locked loop (PLL) and slicer levels converge to match the 
receive signal for optimum SNR. During receiver 
convergence (b6 - b4 = 001), the PLL adapts to sample the 
peak of the receive pulses and the slicer level adapts to the 
midway point between zero and the pulse peak voltage. 
Once convergence is complete, the LXT400 begins full 
operation (b6 - b4 = 010). 
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Table 10: LS Word Bit Assignments 

Bit# Name Description 
bO LLO Loop Length Indication, bit 0 
bl LLl Loop Length Indication, bit 1 
b2 LL2 Loop Length Indication, bit 2 
b3 LL3 Loop Length Indication, bit 3 
b4 Sl Receiver Converging when high 
b5 S2 Full Operation when high 
b6 so Level Detection when high 
b7 RLOS Receive Loss of Signal when high 

Table 11: LS Loop Length Bits 
Rate Insertion Loss in dB I Line Range in km 24 AWG PIC, no brid_g_ed t~ for LL3 - LLO 
kbps 0111 1000 1001 1010 1011 1100 1101 1110 1111 

2.4 NIA >381>21.0 38121.0 33117.3 27113.4 2219.6 1816.2 1313.5 711.8 

3.2 NIA > 381>18.6 38118.6 33115.6 28112.6 22.519.6 17.516.5 12.513.7 711.8 

4.8 NIA > 38.51>15.8 38.5115.8 33113.2 27110.6 2218.0 1615.3 1212.8 711.3 

6.4 NIA > 38.51 > 14.1 38.5114.1 33111.9 27.519.8 2217.5 1715.3 12.513.2 11.1.5 

9.6 NIA >371> 11.4 37111.4 3219.6 2717.9 2216.2 1614.3 1112.6 511.1 

12.8 NIA > 391> 10.8 39110.8 3319.1 27.517.4 2215.8 1614.1 1112.9 511.0 

19.2 NIA >391>9.2 3919.2 33 /7.8 27.516.4 2215.0 1613.5 1112.1 4/0.8 

25.6 NIA > 381> 8.3 3818.3 3317.0 21.515.8 2214.5 1613.2 10.511.9 410.7 

56.0 >41.51> 8.0 47.518.0 41.516.9 3515.8 2914.8 22.513.8 1712.7 10.511.6 410.5 

72.0 >481>1.5 4811.5 4216.5 35.515.5 2914.5 2313.5 1712.5 10.511.5 310.5 

3.5 NIA > 391> 18.4 39/18.4 34115.4 28112.5 2319.6 17.5./ 6.6 12.513.8 711.8 

7.0 NIA >391> 13.8 39113.8 34111.7 2819.6 22.517.5 17.515.4 12.513.4 111.6 

14.0 NIA > 391> 10.5 39110.5 3418.9 2817~3 22.515.1 16.514.1 11.512.6 511.0 

28.0 NIA > 391>8.0 3918.0 3316.8 21.515.6 2214.3 1613.1 1011.8 410.1 
N01E: The insertion loss/line range values are defined as being less tban or equal to the listed numbers, but greater tban the numbers to the immediate 

right, or zero for LL.3 - LLO = 1111. 

Figure 11: Typical Serial Port Output for Receive Activation @ 72 kbps 
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Design Considerations 

Figure 12 shows a typical LXT400 application circuit. A 
DSU crystal (4.096 MHz) is connected across MCLKl and 
MCLK2, with two grounded loading capacitors. The line 
interface consists of a pair of 1: 1 transformers, center-tapped 
on the line side, with appropriate load resistors. The Rs/ Cs 
shunt network provides high frequency compensation for 
the transmit driver. The input signal is developed across the 
Rr/Rin network. Rv limits current into the low-impedance 
VINT driver during over-voltage conditions on the line. 
Table 12 lists external component recommendations. 

Crosstalk 

It is important to prevent crosstalk between the transmitter 
and receiver circuits. Steps were taken to reduce this 
interference inside the LXT400, but precautions must be 
taken with the line interface circuitry outside the chip as 
well. Crosstalk is especially high when the idle pattern 
(alternate positive and negative pulses) is being transmitted 
because the transmit power is concentrated around the 
Nyquist frequency (half the baud rate). 

PCB Layout 

The external line interface circuit must be laid out to 
minimize coupling of other digital and analog signals into 
RTIP and RRING (see Figure 13.) These inputs, pins 2 and 
3, are high impedance nodes which can pick up interference 
from adjacent PCB traces. The line interface circuit must be 
designed for loops with up to 50 dB of loss at the Nyquist 
frequency, even if the product will never be used on such 
long lines. When no receive signal is present, the LXT400 
will switch to the highest gain filter, which at 56 and 72 
kbit/s produces an internal gain of about 50 dB. Unless 
precautions are taken, substantial interference coupling into 
RTIP andRRING could exceed the internal slicer levels and 
prevent the RLOS report. Layout considerations for 
LXT400 application circuits include: 

1. Minimum PCB trace lengths between the LXT400 and 
the 4.096 MHz crystal and loading capacitors. 

2. Minimum PCB trace lengths between resistors Rin and 
the RTIP and RRING pins. Shield these connections 
with ground traces. 

3. Minimum PCB trace lengths between the receive 
transfoniler and the receive termination network. 

Figure 12: Typical LXT400 Application Circuit for 72 kbps Operation 
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LXT400 All Rate Extended Range SW56/DDS Transceiver 

Table 12: External Component Recommendations 

Component Parameter Recommended Value 

Line Transformer Tums ratio 1:1,± 1% 

Structure Center tapped (for line side) 
Suggested Manufacturers: Primary Inductance 200 mH minimum 

Midcom - Phone 800/643-2661 
Leakage Inductance 22 to 43 µH maximum Schott- Phone 615/889-8800 
Interwinding Capacitance 350 pF maximum 

DC Resistance (Primary, Rwp) Hl±Hl 
DC Resistance (Secondary, Rws) Hl±Hl 

Rin Resistance, Tolerance, Rating 30.1kn,±1%, 1/4 w 
Rt,Rr Resistance, Tolerance, Rating (135n·Rwp·Rws)/2,± 1%, l/4 W 

Rv Resistance, Tolerance, Rating 1 kn, ± 5%, 1/4 w 
DSUCrystal Nominal frequency 4.096MHz 

Holder style HC-49/U 
Suggested Manufacturers: 

Operating Mode Fundami;ntal, parallel resonant 
Fox - Phone 813/693-0099 
Monitor - Phone 815/432-5296 Load Capacitance 28 pF nominal 

Tolerance ±25 ppm@ 25 °C 

Range ±40 ppm, 0 to 70 °C 

Aging 3 ppm per year maximum 

MaximumESR 50'1 

Drive Level 2mWmaximum 

DSU Crystal Loading Capacitors Capacitance, Tolerance, Rating 50 pF, ±5%, 10 V 

Construction NPO ceramic or equivalent 

Transmit Shunt Network 

Rs Resistance, Tolerance, Rating 2s n, ± 5%, 1/4 w 
Cs Capacitance, Tolerance, Rating 0.01 µF, ± 20%, 10 v 

Figure 13: Suggested LXT400 PCB Layout 
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LXT300/310 Adapting Short-Haul T1 Designs for Long-Haul Applications 

LXT300 and LXT310 Interchangeability 
Adapting Short-Haul T1 Boards to Long-Haul Applications 

While the LXTIOO is designed for short-haul (up 

to 200 m) Tl/El applications and the LXT310 is 

designed for long-haul (up to 2 km) Tl applica

tions, these transceivers are quite similar in func

tion. There are only minor differences in line 

interfaces and pin configurations. Therefore, Tl 

equipment designed for short-haul applications 

(using the LXTIOO) can easily be adapted to 

provide long-haul capability (using the LXT310) 

as an option. This application note describes the 

steps necessary to adapt a single design so that it 

can be used for both long-haul and short-haul 

applications. 

• In the Hardware mode, three Equalizer inputs 
on the 300 are replaced by two LBO inputs and 
an NLOOP output on the LXTI l 0. These pins 
are identical in the Software mode, but the bit 
register is defined differently. 

To adapt an LXT300 board to accommodate the 
LXT310, modify the circuit as follows: 

1. Cut the DPM output trace from LXTIOO pin 
11, and tie the LXT310JASEL input to VCC. 

2. Cut the MTIP and MRING inputs to LXT300 
pins 17and18. ReconfiguretheLXT310input 
at pin 17 to allow EGL switching, or simply tie 
pin 17 to ground. Connect the LXTI 10 output 
from pin 18 to a LATN decoding circuit. 

3. Cut the ECl input to LXT300 pin 23, and 
connect the LXTI 10 output from this pin to 
NLOOP monitoring circuity. 

On the transmit side, both the LXT300 and 
LXT310 use a 1:2 transformer. The LXTIOO 
transformer connects directly to the chip as shown 
in Figure la. The LXT310 requires two 12.5 Q 
serial resistors in line with the transformer, as 
shown in Figure 1 b. 

On the receive side, the LXT300 uses a 1 :2 trans
former with 400 n termination, as shown in 
Figure 2a. The LXT310 uses a 1: 1 transformer 
with 100 n termination, as shown in Figure 2b. 

• The LXT300 uses two inputs and an output for 
the Driver Performance Monitor (DPM) func
tion. On the LXT310, these pins are replaced 
by inputs for Jitter Attenuation Select 
(JASEL) and Equalizer Gain Limitation 
(EGL), and an output for Line Attenuation 
(LATN). (A 1:2 CT transformer can be used for both de

vices. For LXT310 boards, connect only one of 
• The LXT300 uses a 1:2 transformer for both · the secondary windings, an effective 1:1 ratio.) 

the Tx and Rx line interfaces. The LXTI 10 
uses a 1:2 transformer with two 12.50 series 
resistors for the Tx line interface; it uses a 1: 1 
transformer for the Rx line interface. 
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LXT300/310 Adapting Short-Haul T1 Designs for Long-Haul Applications 
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LXT30x/318 Adapting Short-Haul E1 Designs for Long-Haul Applications 
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LXT30x and LXT318 Interchangeability 
Adapting Short-Haul E1 Designs for Long-Haul Applications 

While the LXT300, 304A and 305A are designed 
for short-haul Tl/El applications (up to 14 dB) 
and the LXT318 is designed for long-haul El 
applications (up to 43 dB), these transceivers are 
quite similar in function. There are only minor 
differences in line interfaces and pin configura
tions. Therefore, El equipment designed for 
short-haul applications (using LXT30x series 
transceivers) can easily be adapted to provide 
long-haul capability (using the LXT318). This 
application note describes the steps necessary to 
adapt a short-haul design so that it can be used for 
both long-haul and short-haul applications. (The 
LXT318 can support both El long-haul and El 
short-haul applications.) 

• The LXT30x uses three Equalizer inputs in the 
Hardware mode. These pins are not used by 
the 318 and should be tied to ground. These 
pins are identical in the Software mode, but the 
bit register is defined differently. 

• The LXT30x uses two inputs and an output for 
the Driver Performance Monitor (DPM) func
tion. On the LXT3 l 8, these pins are replaced 
by an input for Jitter Attenuation Select 
(JASEL) and an output for Line Attenuation 
(LATN). 

• The LXT30x uses a 1:2 transformer for both 
the Tx and Rx line interfaces. The LXT318 
uses a 1 :2 transformer with two 15 n series 
resistors for the Tx line interface, and a 1: 1 
transformer for the Rx line interface . 

• LEVEL 
· ONE@ 
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To adapt an LXT30x board to accommodate the 
LXT318, modify the circuit as follows: 

1. Cut the DPM output trace fromLXT30x pin 11 
and tie theLXT3 l 8 pin 11 (JASEL)to VCC (to 
select receive jitter attenuation), or to GND (to 
select transmit jitter attenuation). 

2. Cut the MTIP and MRING inputs to LXT30x 
pins 17 and 18. Connect the LXT3 l 8 input at 
pin 17 to ground. Connect the LXT318 output 
from pin 18 to a LA TN decoding circuit. 

3. For Hardware mode, cut the EC inputs to 
LXT30x (pins 23, 24 and 25), and connect 
these LXT3 l 8 pins to ground. 

On the transmit side, both the LXT30x and 
LXT318 use a 1:2 transformer. The LXT30x 
transformer connects directly to the chip as shown 
in Figure la. The LXT318 requires two 15 0 
series resistors in line with the tral)sformer, as 
shown in Figure 1 b. 

On the receive side, the LXT30x uses a 1 :2 trans
former with 480 n termination, as shown in 
Figure 2a. The LXT3 l 8 uses a 1: 1 transformer 
with 120 n termination for TWP applications, as 
shown in Figure 2b. 

(A 1 :2 CT transformer can be used for both de
vices. For LXT318 boards, connect only one of 
the secondary windings, an effective 1:1 ratio.) 
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LXT304A /316/318 Dual-to-Single Chip Migration for Long-Haul E1 Applications 

--

@"'•'''•' . ~... '• 

~-. .... . . 

• In Hardware mode, the LXT304A uses three 
Equalizer Control inputs (ECl, EC2. and 
EC3), and two transmit driver monitor inputs 
(MTIP and MRING). These functions are not 
provided on the LXT318. On the LXT318, 
pins 17, 23, 24 and 25 must be tied to ground. 
LXT318pin18 is now the coded line attenua
tion (LA TN) output. 

• On the LXT3 l 8, pin 11 is used as an input for 
Jitter Attenuation Select (JASEL). It should 
be tied to VCC or ground, as desired. 

1. To modify a 2-chip long-haul PCB foruse with 
the LXT318, cut the ECl, 2 and 3 inputs to 
LXT304A (pins 23, 24 and 25). Tie these three 
pins to ground. 

2. Cut the MTIP and MRING inputs toLXT304A 
pins 17 and 18. Tie pin 17 to ground. Tie pin 
18 to an LA TN decoding circuit or let it float. 

3. Cut the DPM output trace from LXT304A pin 
11, and tie the LXT318 JASEL input to VCC 
(for receive jitter attenuation) or to ground (for 
transmit jitter attenuation). 

4. Remove all the circuitry shown in the shad
owed area below, and connect the receive 
transformer to pins 19 and 20 of the LXT318. 

--
""':?''·y -"'··~""-'-""'·, .. ~ . ""~·· '•.;,r-::»;m-· .. "ii!!i1r·.--w.;:·w'~).:?.-" w. .• *"*1:ii~w&*'-"millW.::s.!I : -=· -~~: · ·: • ~ . ••. · .•• ~: ·:::: · : = ~~ i!i .:::: ·::-«-~:::. ~..; .. · · t~ .. · ;o~m{t~.~ J ~ ;:::.~a::~,J.~~~ ·. 
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LXT30x Transceiver I Framer Interface 

LXT30x Transceiver I Framer Interface 
Application Guidelines for use with Mitel MT8976 and MT8979 Framers 

This application note provides guidelines for in
terfacing the Level One LXT300 series (LXT300, 
301, 305, 304A and 305A) transceivers with Mitel 
framers in both Tl and El applications. Only 
minimal circuitry is required to implement the 
interface. For Tl (1.544 MHz) applications, the 
transmit data pins may be connected directly be
tween the two chips as shown in Figure 1. A single 
4-gate NAND package provides the signal inver
sion required on the receive side. 

RxB 
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E1.5 

RxD 

XS 

.LEVEL ONE@ 

Receive side signal inversion is also required for 
El/CEPT (2.048 MHz) applications. A similar 
setup using NAND gates in an El application is 
shown in Figure 2 (back page). Additional cir
cuitry is also required to synchronize the transmit 
data stream in El applications. This synchroniza
tion is easily implemented with a pair of D-flip
flops, clocked by the common 2.048 MHz trans
mit clock. 
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T1 Jitter Measurement 62411 Certification 

Tl Jitter Performance Measurement 
AT&T Pub 624 7 7 Certification 

:::1•":::1111111::;:::::1::i:::::::::::::::::::i:::i:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1:::::::::::::::::::::::::::::::::::1:::::::::::::::::::i:::::::i::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::;:i:::::::::::::::::::::::::::::::::::::::::::::::::::::::::i:::i:::::::::::::: 

This application note provides a brief definition of 
jitter and then summarizes jitter performance re
quirements and measurement techniques specified 
for T 1 ( 1.544 MHz) Customer Premises Equipment 
(CPE). 

Requirements for Tl systems are specified by 
AT&T Publication 62411, December 1990 -
Accunet Tl.5 Service Description and Interface 
Specification. (Similar requirements for El systems 
are specified by CCITT G .823 - The Control ofJitter 
and Wander within Digital Networks.) 

::1••1111:::1~11i1:~:i::~:::::~:::::::i:::::::m:1::::::i::::::i::i::i::i::i::i::i:::::::::::::::::\ 
Tl signals are composed of square-wave pulses as 
shown below. A" l" is represented by a positive or 
negative pulse (the pulses alternate in polarity). A 
"O" is represented by the absence of a pulse. To 
enhance timing and data recovery, the duration of a 
" l" pulse is constrained to Y2 of the bit rate period. 
Deviations in time between when the pulse transi
tions occur and when the decoding circuits expect 
them to occur are referred to as jitter. Very low 
frequency deviations (< 10 Hz) are referred to as 
wander. These deviations are equivalent to uninten
tional phase modulation. Any pulse that is phase
shifted by more than 50% will be sampled incor -
rectly. UI 

V ' ' ' i. ~' . I • -,-rF•ff-,-:-,rE-:-1-:-0 · 1~-01ei-o Ref....::.J_ .'..' ' ' ' ' ' ...... , _.__ 
! : I : ! : l j ! 

V- - - L - :_ - , __ ; __ ;_ _: - _J - _J - ...! - -

Jitter is measured in Unit Intervals (Uls). A UI is 
equal to the bit rate period. A UI is, therefore, the 
reciprocal of the frequency. For Tl service, a UI 
equals 648 ns, while the" l" pulse duration is 324 ns. 
Jitter amplitude is measured in UI pp (peak-to-peak). 
Jitter specifications have both an amplitude compo
nent and a frequency component; that is, for a given 
jitter parameter, performance will be specified at a 
particular amplitude (in UI pp) within a particular 
frequency band. 

rrCSLEVEL 
imONE@ 

Types of Jitter 
There are three parameters of jitter performance 
which are specified and measured: 

1. Input Jitter Tolerance 
(Jitter Accommodation) 

2. Output Jitter Generation (Intrinsic Jitter) 
3. Jitter Transfer (Jitter Attenuation) 

Input Jitter Tolerance. Input jitter tolerance is 
defined as a system's ability to recover input data 
correctly in the presence of jitter. This value indi
cates how much input jitter a system or device can 
handle before bit errors occur. Individual devices 
should have as high a tolerance value as possible 
because the system's jitter tolerance is limited to the 
tolerance of its most restrictive element. Input jitter 
tolerance is also referred to as jitter accommodation. 

Output Jitter Generation. Output jitter is de- S 
fined as the amount of jitter generated in the system 
output when zero jitter is present in the input. Essen-
tially, it is a measure of how "noisy" the system is. 
Individual system elements should have as low a 
value as possible because output jitter is additive. 
Each device in a system adds its own intrinsically 
generated jitter to the system total, hence the term 
"jitter budget". Output jitter is also referred to as 
intrinsic jitter or additive jitter. 

Jitter Transfer. Jitter transfer, frequently referred 
to as jitter attenuation (J A), is defined as the percent
age of input jitter which is present in the system 
output, expressed in dBs. While a certain amount of 
jitter attenuation is desirable, excessive jitter attenu
ation can cause problems with frame slippage and 
synchronization. Therefore, jitter attenuation speci
fications define an acceptable range of values for a 
given jitter frequency. (Jitter attenuation circuits 
typically use an elastic store as a buffer between 
input and output. Buffer size is directly related to 
throughput delay. Oversize buffers intended to 
maximize jitter attenuation may cause equipment to 
fail requirements for maximum throughput delay.) 
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T1 Jitter Measurement 62411 Certification 

AT&T Pub 62411 Compliance Testing 

Jitter performance is strongly related to the transmitted bit 
pattern. AT&TPublication 62411 defines astandardquasi
random test signal (QRTS) used for jitter testing at 1.544 
Mbps. The QRTS bit pattern is designed to simulate typical 
transmission patterns. Jitter performance testing should be 
conducted in a noise-free environment to eliminate, as far as 
possible, the effect of other factors on the performance of the 
device under test. 

Input Jitter Tolerance Testing. 
The input jitter tolerance of a DTE is characterized by 
determining the level of jitter required to induce bit errors in 
a 60-second interval. At frequencies up to 10 kHz, one bit 
error is allowed. At higher frequencies, up to 5 errored bits 
are allowed in a 60-second period. (Synchronizers, which 
provide a system master clock, are held to a tighter spec. 
They are characterized· by determining the level of jitter 
required to induce a loss of synchronization.) Jitter tolerance 
is tested at a number of spot frequencies to ensure full 
characterization across the spectrum. Figure IA shows the 
jitter tolerance template for DTE. Figure 1 B shows the jitter 
tolerance template for synchronizers. 

Jitter Tolerance Test Procedures 

1. Connect the test equipment as shown in Figure 2. 

2. Configure the device under test for remote loopback. 

3. With its modulati.on input turned off, configure the 
RF signal generator for an appropriate output level to 
drive the external clock input of the BER, through an 
AC-coupled driver as shown in Figure 2. Test this 

jitter-free external clocking of the BER with the unit 
under test. 

4. Enable the External FM Modulation mode of opera
tion on the HP8656B. 

5. Set the Frequency Synthesizer to the first jitter fre
quency to be tested. Set the amplitude of this sine 
wave frequency such that the high/low input LEDs on 
the HP8656B are off (approximately 2.1 V pp. 

6a. DTE Testing. While observing the transmission 
tester for bit error indications, adjust the modulation 
index on the signal generator to the level required to 
produce the minimum error level. (For example, if 
the synthesizer is set for a jitter frequency of 10 Hz, 
adjust the modulation index as required to produce no 
more than one bit error in any 60-second period.) 

6b. SynchronizerTesting. Whileobservingthetransmis
sion tester for clock slips (loss of sync), adjust the 
modulation index on the signal generator to the level 
required to produce the loss of sync. Then, reduce the 
modulation index to the level required to achieve 
resynchronization. Record both values. 

7. Determine the jitter tolerance using the formula: 

Ulpp = Li)!1t fm 
where fm = Jitter Frequency 

(synthesizer modulation frequency), and 
where M = FM Modulation Index 

(as set on the signal generator). 

Figure 1: Input Jitter Tolerance Specified by AT&T Publication 62411 
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T1 Jitter Measurement 62411 Certification 

for example, 

38 kHy1t -IO Hz= 1209 Ulpp@ 10 Hz 

8. Repeat steps 5 through 7 for additional frequencies to 
be tested and plot the results as shown in Figure 3. 

Figure 2: Input Jitter Tolerance Test Setup 
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Mod ulation ~ ,Input j~ AMI 
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Frequency DTE 
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Figure 3: Charting Input Jitter Tolerance Test Results 

10000 u1-----....... ---....... -----.----...... ------. 

1200 UI 
1000 UI 

10 UI 

0.4 UI 

•
LEVEL 
ONE@ 

1 Hz 

. 
--------~---------·---------!.--------. . 

. . 
Typical LXT304A/305A __ _ 

Performance 

________ !. _______ _ . 

10 Hz 100 Hz 1 kHz 10kHz 100 kHz 

Frequency 

ORTS 

Input 

5-11 

II 



T1 Jitter Measurement 62411 Certification 

Output Jitter Generation Testing. 

The intrinsic jitter generated by a DlE is characterized by 
configuring the device for remote loopback and then moni
toring the line output when no jitter is present in the line 
input. AT &TPublication 62411 lists maximum output jitter 
values for three separate frequency bands, as well as a fourth 
value for the unlimited broadband output. Output jitter may 
be measured with a variety of instruments including peak 

.detectors, true RMS voltmeters and spectrum analyzers. 
Figure 4 shows a typical test setup. Figure 5 lists the 
maximum generated jitter allowed in each frequency band, 
as well as sample test measurements. 

Figure 4: Output Jitter Generation Test Setup 

Output Jitter Generation Test Procedures 

1. Connect a frequency synthesizer, signal generator 
and telecom tester to produce a jitter-free QRTS 
output. Figure 2 may be used as a reference. 

2. Select the filters in the HP3785B as shown in Figure 
4 and monitor the first frequency band. 

3. Measure and record the output jitter peak values. 

4. Repeat steps 2 and 3 for each remaining band. 

Jitter Receiver/ 
Generator 
(HP3785B) 

Selectable Filters 

~ 
10 Hz SkHz 

Jitter-free 
ORTS Data 

AMI 
.------. Xmit 

DTE 
Output 

Figure 5: Output Jitter Generation Specification 

~ 
8 kHz 40 kHz 

~ 
10 Hz 40 kHz 

Peak 
Detector 

Frequency Band 62411 Specified Maximum Typical 304A Performance 

10Hz-8kHz 0.02 UI (0.8 mV rms) 0.002 UI 

IO Hz- 40 kHz 0.025UI (1.25 mV rms) 0.016UI 

8 kHz- 40kHz 0.025 UI (1 mV rms) 0.014 UI 

No Bandlimiting 0.05 UI . (2mV rms) 0.025UI 

Jitter Attenuation Testing. 

Jitter attenuation is defined as the percentage of input jitter 
which is present in the system output, expressed in dBs. 
While a certain amount of jitter attenuation is desirable, 
excessive jitter attenuation can cause problems with frame 
slippage and synchronization. Therefore, jitter attenuation 
specifications define an acceptable range of values for a 
given jitter frequency as shown in Figure 6. (Jitter attenua
tion circuits typically use an elastic store as a buffer between 
input and output. Buffer size is direct! y related to throughput 
delay. Oversize buffers may cause equipment to fail require
ments for maximum throughput delay.) Jitter attenuation is 
also referred to as jitter transfer. 
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Figure 6: Jitter Attenuation Template 
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T1 Jitter Measurement 62411 Certification 

Jitter Attenuation Test Procedures 

1. Connect the test equipment as shown in Figure 7. 

2. Set the frequency synthesizer to produce a square 
wave reference clock at 1.544 MHz. 

3. Set the jitter generator as follows: 
a. Frequency: lowest frequency to be tested 
b. Amplitude : 75% of the level shown in Figure 1 
(use appropriate DIB or Synchronizer template.) 

4. Set the spectrum analyzer as follows: 
a. Center Frequency: same as 3a. 
b. Frequency Span: 200 Hz - 500 Hz. 

Figure 7: Jitter Attenuation Test Setup 

Jitter 

5. Set the reference level (UIINP) on the spectrum ana
lyzer by temporarily connecting the BERT transmit 
output directly into the data input of the jitterreceiver/ 
generator. 

6. Re-connect the test equipment as shown in Figure 7 
and set the synthesizer to the first jitter frequency to 
be tested. 

7. Observe the spectrum analyzer (Figure 8) and record 
the difference between the reference level, UIINP, and 
the DIB line output level, UloUT. 

8. Repeat steps 3 through 7 for each frequency to be 
tested and plot the results as shown in Figure 9. 

Ref Ext 1.544 Receiver/ Jittered 
Waveform Clo£k Clock CIO£k BER MHz 

Synthesizer - Generator - Tester 
(Wavetek 178) Input (HP3785B) Output Input (TB211) 

De Modulated j Data Xmit Output 
Output Input AMI QRTS 

Rx1 r Input 
Main Xmit 

Spectrum ~ignal, Outp!Jt L DTE 
Analyzer -- ~ - (Remote 
(HP3585A) Output Loop back) 

NOTE: The test setup shown in Figure 7 is used to measure jitter amplitudes less than 10 UI (the limit of the HP3785B). 
Alternate test setups should be used for other jitter amplitudes or amplitude/frequency combinations. 

Figure 8: Spectrum Analyzer Display 
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Figure 9: Typical LXT304A JA Performance 
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T1 Jitter Measurement 62411 Certification 

NOTES: 
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LXT310 and LXT304A 
Combination DS-1 / DSX-1 CSU Applications 

This application note describes a Tl line 
interface for combination DS-1/DSX-1 
CSU applications implemented with an 
LXT310 long-haul transceiver and an 
LXT304A short-haul transceiver. Figure 
1, on the next page, is a simplified sche
matic of the application circuit. 

Transmit functions are shared between the 
LXT310 (DS-1) and the LXT304A (DSX-
1). Both transmitters are connected to a 
single 2: 1 transmit transformer through 
matching resistors. A pair of AND gates on 
the TCLK input pins are used to select the 
active transmitter. (The transmitters re-

rrfSL[V[L um ONE@ 

main in the power-down state with high 
impedance on the TPOS/TNEG inputs un
til TCLK is supplied.) 

Receive functions for both DS-1 and DSX-
1 applications are handled by the LXT310. 
The receive circuits of the LXT304A are 
not used. 

Some additional circuitry is required to 
route receive data from the LXT310 to the 
LXT304A for Remote· Loopback in the 
DSX-1 mode. Refer to the LXT310 and 
LXT304A data sheets for detailed specifi
cations. 
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LXT310/304A Combination DS-1 / DSX-1 CSU Applications 

Figure 1: Combination DS-1 / DSX-1 CSU Application Circuit 
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LXT310 Line Protection Circuitry 

LXT310 Line Protection Circuitry 
Application Guidelines 

:11~1~11,:::~1~1•1111:::::::::::::::::::::::::::!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~tlrat~!1:::1:"~11H1:::::::::::::::::::::::::11:::::::::::::::::::1::::::::::::1::::::~:1:::1:1::::::1:11:r,;::::11::r1 
This application note provides guidelines for line 
protection circuitry required in network channel 
termination equipment (NCTE), a typical 
LXT310 application. NCTE is installed at the 
customer premises end of Tl lines. Called "DS-1" 
loops, these lines are typically outside the office 
environment. They are subject to overvoltage/ 
overcurrent stresses from lightning strikes, power 
crosses, and other noise sources. Protection cir
cuitry is required to protect the line and the termi
nation equipment (CSU, Mux, PBX, etc.) from 
overload stresses. 

NCTE protection requirements are specified in 
FCC Part 68 (lightning hazards), UL 1459 (AC 
hazards), Bellcore TR-TSY-000007 and AT&T 
Pub 62411. These documents differentiate be
tween longitudinal stress (differential between 
tip/ring and ground) and metallic stress (differen
tial between tip and ring). Longitudinal stresses 
are more common and include impulsive noise 
events such as lightning induced surges. Metallic 
stresses are less likely and are usually caused by 
power crosses during maintenance activity. 

RTIP 

ARING 

LXT310 

TTIP 

TAING 
1 : 2 

.LEVEL ONE@ 

Figure 1 shows a typical LXT310 line interface. 
Protective circuit elements are described below. 

• Resistors RT, RR and Rz in the transmit and 
receive lines are selected to match the line 
impedance. They also provide some current 
limiting action. 

• Line transformers TT and TR should be break
down rated at> 1 kV. 

The 6.3 V zener diode bridges clamp metallic 
stress, passing only the current required to 
hold tip/ring differential at 6.3 V maximum. 

Current is limited by load resistors RL, the 
optional fuses FL and the diode bridges. 

• The gas discharge tubes provide fast reaction 
protection from lightning strikes, conducting 
sudden surges to ground. 

Suggested component values are listed in Table 1 
(back page). 

FL 

FL 
Gas Discharge 

Tubes 
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LXT310 Line Protection Circuitry 

Table 1: Recommended Component Values 

Symbol Value 

Tr ET;:: 1 kV 
TR ET;:: 1 kV 
RL 5.60, 5 %, 2 w 
RT 12.5 n, 5 %, 114 w 
RR 100 n, 5 %, 114 w 
Rz 100 n, 5 %, 114 w 
NB type 1N4004 
NZ 6.3 V, 5 W, type 1N5341A 

FL* In-line fuses, 1 - 1.5 A 
GDT* Gas Discharge Tubes 

* Optional devices. May be required for UL approval. 
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LXT 400 Alternate Data Rate Applications 
Guidelines for 64 kbps Clear Channel and other Alternate Data Rates 

;11~11:::11111m:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::. 
The LXT400 offers 14 selectable data rates using 
a single 4.096 MHz master clock. The selectable 
data rates include the 10 standard DDS rates and 
four PacBell ADN rates listed in Table 1 below. 
This application note provides guidelines for us
ing the LXT400 in circuits which operate at addi
tional alternate data rates. Figure 1, back page, 
shows a typical 64 kbps clear channel applica
tion circuit using a 4.68114 MHz crystal. 

Alternate rate operation is implemented by select
ing the closest standard data rate with the Fre
quency Program pins (FPl -FP4), and then pulling 
the chip to the desired data rate with an off
frequency master clock (MCLK). MCLK may be 
supplied by a crystal across MCLKl and MCLK2 
(as shown in Figure 1), or by a digital clock at 
MCLKl with MCLK2 left open. 

Table 1: Selectable Data Rates 

Data Rates FP1 FP2 FP3 FP4 

DDS 2.4 kbQS 0 0 0 0 
3.2k~ 1 0 0 0 
4.8k~s 0 1 0 0 
6.4 k~s 1 1 0 0 
9.6 kbjJ_S 0 0 1 0 
12.Sk~ 1 0 1 0 
19.2 kb__.12_s 0 1 1 0 
25.6 kbps 1 1 1 0 
56.0 kb__QS 0 0 0 1 
72.0kbps 1 0 0 1 

ADN 3.5 kbps 0 1 0 1 
7.0 kbps 1 1 0 1 

14.0 kbps 0 0 1 1 
28.0kbps 1 0 1 1 

:11•1:::1(a11111::1!111n:::::::::::::::::::1:::::::::::1::::::::::::::::::::::::::::::::::: 
Use the following equation to determine the re
quired MCLK frequency f : 

0 

f0= 4.096 MHz• fD/ fs 

where fD = the desired data rate, and 
fS = the selected data rate 

(selected by pins FPl - FP4). 

Because the LXT400 oscillator operates best at 
frequencies above 4 MHz, the next lower data rate 
should be selected, and used with a higher fre
quency MCLK. For example, if the desired data 
rate is 64 kbps, two standard rates (56 kbps and 72 
kbps) are equidistant from the desired frequency. 
Optimum performance is achieved by selecting 
the 56 kbps data rate and driving MCLK at a 
frequency higher than the standard 4.096 MHz, to 
pull the LXT400 up to 64 kbps. With these values 
plugged into the equation; 

64k 
f 0 = 4.096 MHz• ,/s6 k 

f0 = 4.68114 MHz 

When MCLK is supplied by a crystal oscillator 1, 

the FP pins can be hardwired to the desired fre
quency. However, in applications which require 
operation at multiple frequencies (standard and/or 
alternate), relays or control logic can be used to 
switch the FP inputs and crystals or digital clocks. 
(Relays should be selected to minimize the effects 
of contact resistance and capacitance.) Table 2, 
back page, lists MCLK frequencies and FP set
tings for various alternate data rates. 

1 Crystal f0 must be accurate to within ± 40 ppm over the temperature range -40 to +85°C. This 
ensures an MCLK frequency accurate to within ±100 ppm at the DSU. MCLK frequency at the 
OCU must be accurate to within ±50 ppm. See LXT400 data sheet for full details. 
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LXT400 Alternate Data Rate Applications 

Table 2: MCLK Frequency Selection for Alternate Data Rates 

Desired Selected FP1 FP2 FP3 FP4 MCLK1 

Data Rate Data Rate Frequency 

38.4kbps 25.6kbps 1 1 1 0 6.144MHz 
51.2kbps 56.0kbps 0 0 0 1 3.74491 MHz2 

64.0kbps 56.0kbps 0 0 0 1 4.68114MHz 

NOTES: 

1 Crystal f0 must be accurate to within± 40 ppm over the temperature range -40 to +85°C. This 
ensures an MCLK frequency accurate to within ±100 ppm at the DSU. MCLK frequency at the OCU 
must be accurate to within ±50 ppm. See LXT400 data sheet for full details. 

2 In this case the difference between the desired data rate and the selected data rate is small enough that 
the MCLK frequency may drop below 4 MHz without degrading device operation. 

Figure 1: Typical LXT400 64 kbps Clear Channel Application 
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LXT902/906 Impedance Matching for Shielded and Unshielded Twisted-Pair LANs 

LXT902 and LXT906 - Impedance Matching 
for Shielded and Unshielded Twisted-Pair Lines 

11111::::1::::::1::::::::::1::::1::::::::::11:::::::::::::::::::::::::::::::::11::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1:::1::::1:1:: 

The LXT902 Media Attachment Unit (MAU) and 

LXT906 Twisted-Pair - Coax (TP-CX) Adapter 

both require impedance matching with the net

work media. This application brief provides a 

short explanation of the impedance matching net

works required for shielded and unshielded 

twisted-pair lines. This information applies to 

both the LXT902 and the LXT906 

ltllilll!~tll1!11f:illl::;::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::: 
On the transmit side, the LXT902 and LXT906 

use resistors in line with the output as shown in 

Figure 1. To provide an optimum match, the total 

impedance of the resistors and the filter should 

equal the line impedance (RL1 + RL2 + ZF = ZL). 

LXT902 
or 

LXT906 

RL1 
TPOP 

47.5!1±1% 

Rl..2 

TPON 
47.50±1% 

rrfSLEVEL 
m=ONE@ 

1 ; 1 

Tx [ooo FILTER 
sn 

-

1•1,1::111::111~~•::::::·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1::::: 
On the receive side the LXT902 and LXT906 use 

a pair of resistors across the input with the center 

node tied to ground through a capacitor as shown 

in Figure 2. To provide an optimum impedance 

match, use the same formula as used for the trans

mit side: RLi + RL2 + ZF = ZL. 

11111~:::1.i.1111:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1::1:::::::::::: 
For example, when the network media is 100 Q 

UTP and the filter impedance is SQ, each resistor 

value should be 47.SQ. When the network media 

is 150 Q STP and the filter impedance is OQ, each 

resistor value should be 7 sn. This simple formula II 
works for both devices and for both the transmit 

and receive line interfaces. 

LXT902 
or 

LXT906 
1 ; 1 

RL1 
TPIP 

750±1% Rx [son ~F FILTER 
on 

TPIN Rl..2 
-
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LXT902/906 Impedance Matching for Shielded and Unshielded Twisted-Pair LANs 

NOTES: 
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LXT902 FOIRL Application 

Low Cost FOIRUEthernet Media Conversion 
LXT902 Applications 

1his application note describes a transceiver designed for 
Fiber Optic Inter-Repeater Link (FOIRL) applications as 
shown in Figure 1. A FOIRL, defined in the IEEE 802.3 
standard, connects two Ethernet repeater units with a fiber 
optic link. The length of the fiber link between LAN 
segments is limited to l km. 

1his application note describes a very cost-effective FOIRL 
transceiver using the Level One LXT902 lOBase T Trans
ceiver and standard off-the-shelf components for the Fiber 
Optic receive/transmit functions. 

Fiber Optic Signal Reception & Transmission 

AUi Reception and Transmission 

Low Light Level Signal Detection 

Fiber Optic Idle Signal Generation 

Diagnostic LEDs 

Fiber Optic Receiver 

by Haim Shafir 
Senior Design Engineer 

The Fiber Optic receiver uses a Hewlett Packard HFBR-
2404 (low-cost miniature FO receiver) and a Motorola 
MCIOHl 16 (ECL receiver) to convert light pulses from the 
fiber into electrical signals at Attachment Unit Interface 
(A Ul) levels. These signals are then sent to the LXT902 TP 
inputs. (The LXT902 will not trigger on a signal ::;1 MHz.) 

For low-light level detection, the receive signal is converted 
to the TTL level. The TTL signal is routed through a high
pass filter into an idle detection circuit clocked at 200 kHz. 
If no signal transitions are detected, a low light level signal 
is asserted and the LXT902 is forced into the high impedance 
state. It remains in the high impedance state until the link is 
reactivated. 

Fiber Optic Transmitter 
The Fiber Optic transmitter uses a Hewlett Packard HFBR- El 
1404 (low-cost miniature FO transmitter) and a Signetics 
74F3037(30ohmdriver)forthefiberinterface. The20MHz 
clock is divided down to 1 MHz to provide the idle signal. 
Two D flip-flops detect activity in the LXT902 TP output. 
When the LXT902 TP signal is idle, a MUX switches the 
transmit signal to provide a 1 MHz idle signal to the fiber. 

Fiber 

• LEVEL 
ONE@ 

FOIRL 
Transceiver 

FOIRL 
Transceiver 

5-23 



01 

~ 

• or-
z !< 
l"l"l!"l"I 
@J r-

Figure 2: Application Schematic 

Refer to Figure 3 for Fiber Input Port Schematic 
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Refer to Figure 4 for Fiber Output Port Schematic 
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Figure 3: Fiber Input Port Schematic 
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Implementation 
The FOIRL/Ethernet Adapter Board was built as an exten
sion of the Level One LDB902 Demo Board. It was tested 
with 100 feet of 62.5/125 micron fiber, using SMA connec
tors. The board was tested on a five-station LAN network, 
using two different hubs and two differentFOIRL transceiv
ers. If space is an issue, a PAL can be used to implement the 
logic functions. 

References 
Additional information is available in the following docu
ments: 

• Level One LXT902 data sheet 
• Level One LDB902 data sheet 
• Level One Application Note AN-22 
• National Semiconductor DP8392 data sheet 
• Signetics 74F3037 data sheet 
• Hewlett Packard HFBR-1404 data sheet 
• Hewlett Packard HFBR-2404 data sheet 
• Hewlett Packard Optoelectronics Designer's Catalog 
• Hewlett Packard Application Bulletin 78 
• Hewlett Packard Tech Brief 73 
• ANSI/lEEE Std 802.3b,c,d, and e - 1989 Edition 
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LXT902 FOIRL Application 

Tbl 1 A I" a e : ~PPI 1cat1on p arts L" 1st 
Symbol Description 

Resistive Components 

RI 12.4 kn 1% 

R2 3kn 

R3,R4,R5 78'1 

R6,R7,Rl2,Rl3,R14,Rl5 1 kn 

R8,R9,R10,Rl l,Rl6,R22 510'1 

Rl7 10'1 

Rl8,Rl9 110'1 

R20 36'1 

R21 750'1 

R23,R24,R25 56'1 

R26 20'1 

R27 160'1 

Capacitive Components 

Cl,C6 1 µF Tantalum 

C2,C3 27pF 

C4,C5,Cl8 O.OlJJE_ 

C7,C8,C9,Cl2,Cl3,Cl4, 0.1 µF 

Cl7,C21 

C10,C11 lOOpF 

Cl5,Cl6 4.7µF 

Cl9 680pF 

C20 lOOpF 
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Symbol Description 

Integrated Components 

U1 

U2 

U3 

U4,U8 

us 
U6 

U7 

Inductive Components 

Ll,L2 

Miscellaneous Components 

01 

02,03,05 

04 

06 

JDl 

JD2 

JPl 

Pl 

Ql,Q2 

Sl 

Tl 

Xl 

AN7805 

LXT902 

MC10H116 

74HC74 

74FOO 

74HC390 

74F3037 

2.7jl_H 

Green LEO 

Red LEO 

Amber LEO 

1N916 

HFBR2404 

HFBR1404 

Jumper 

OB15 

2N3906 

SIMS 

Z90 

20MHz 
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LXT906 FOIRL Application 

Low Cost FOIRUEthernet Media Conversion: 
LXT906 Applications 
·:11111:::1•~11~::::::::::::::::::::::::::::::::1:::::::::::j:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
The Fiber Optic Inter-Repeater Link (FOIRL) described in 
the IEEE 802.3 standard can be used to interconnect two 
LAN Ethernet (10Base2 or 10Base5) segments. FOIRL 
provides a standard for connecting two Ethernet repeater 
units. It is suitable for interconnection of 10Base2 (thin 
coax) or 10Base5 (thick coax) LAN segments located in 
different buildings. The length of the fiber link between 
LAN segments is limited to 1 km. 

This application note describes a very cost-effective FOIRL
to-Ethernet adapter board which can be used as shown in 
Figure 1. Built around the new Level One LXT906 LAN 
Adapter used as a repeater, this adapter uses the National 
Semiconductor DP8392 as a coaxial Ethernet transceiver, 
and other components for the Fiber Optic receive/transmit 
functions. 

Fiber Optic Signal Reception & Transmission 

Coaxial Ethernet Reception and Transmission 

Low Light Level Signal Detection 

Fiber Optic Idle Signal Generation 

Collision Detection and Propagation 

Diagnostic LEDs 

tm'''""" ............ ,., ........ ,., .... , 
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Fiber Optic Receiver 
The Fiber Optic receiver uses a Hewlett Packard HFBR-
2404 (low-cost miniature FO receiver) and a Motorola 
MC10Hl16 (ECL receiver) to convert the on-off fiber 
signals back into electrical signals at Attachment Unit Inter
face (A UI) levels. These signals are then sent to the LXT906 
Twisted-Pair (1P) inputs. (The LXT906 will not trigger on 
a signal :o;1 MHz.) 

For low-light level detection, the receive signal is converted 
to TTL levels. The TTL signal goes through a high-pass 
filter to drive an open drain buffer that discharges an RC 
circuit. If no on-off signal transitions are detected, low light 
indicator D2 is turned off and the LXT906 is forced into the 
reset state (code 000 at pins TSTO, TSTl and TST2). It 
remains in the reset state until the link is reactivated. 

Fiber Optic Transmitter 
The Fiber Optic transmitter uses a Hewlett Packard HFBR-
1404 (low-cost miniature FO transmitter) and a Signetics I 
74F3037 (30ohrn driver) forthe fiberinterface. The20 MHz 
clock is divided down to 1 MHz to provide the idle signal. 
An RC circuit and an open drain buffer detect activity in the 
LXT9061P output. When the LXT906 1P signal is idle, a 
MUX switches the transmit signal to provide a 1 MHz idle 
signal to the fiber. 
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Figure 2: Application Schematic 
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LX.T906 FOIRL Application 

a e : ~0011cat1on Tbl 1 Ar p arts L" 1st 

Symbol Description 

Integrated Components 

UI AN7S09 

U2 AN7S05 

U3 LX1906 

U4 DPS392 

U5 74HC390 

U6 74HCI4 

U7 74F3037 / S!_[netics 

us MC10H1I6 

U9 74HC74 

UlO 74HC05 

Ull 74HCOO 

Capacitive & Inductive Components 

CI ,C2,C3 ,C4,C5,C6, O.I µF 

ClO, CI I,CI4,CI5 

C7,C9 I µFTAN 

cs 0.331!!:_ TAN 

CI2,CI3 27pF 

CI6 2.2nF 

CI7 lOOpF 

CIS,CI9,C20,C2I,C24, O.I µF 

C25,C26,C30 

C22,C23 lOOpF 

C27,C32 O.Ql µF 

C2S,C29 4.7µF 

C3I I20pF 

Inductive Components 

Ll,L2 2.7µH 

Implementation 
The FOIRL/Ethernet Adapter Board was built as an exten
sion of the Level One LDB906 Demo Board. It was tested 
with 100 feet of 62.5/I25 micron fiber, using SMA connec
tors. The board was tested on a five-station LAN network, 
using two different hubs and two differentFOIRL transceiv
ers. If space is an issue, a PAL can be used to implement the 
logic functions. 
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Symbol Description 

Resistive Components 

RI,R2,R3,R4 1.5 ill 

R5 I ill, I% 

R6 24.90, I% 

R7 39.2 n, I% 

RS I2.4 kn, I% 

R9 3000 

R10,Rll,RI2 560 

R13 200 

RI4 I600 

RI5,RI 6,R2I ,R22,R23,R24 I ill 

RI7,RIS,RI9,R20,R25,R26 5100 

R27 100 

R2S,R29 1100 

R30 360 

R3I 4.7ill 

R32 7500 

Miscellaneous Components 

Dl,DS IN9I6 

D2 Green LED 

D3,D4,D7 Red LED 

D5,D6 Amber LED 

JDI HFBRI404 I HP 

JD2 HFBR2404 /HP 

JPI Jumper 

JI BNC Connector 

12 Power Jack 

QI,Q2 2N3906 

SI 3300 

XI Crystal, 20MHz 

References 
Additional information is available in the following documents: 
• Level One LXT906 data sheet 
• Level One LDB906 data sheet 
• Level One LXT902 Application Note AN-24 
• National Semiconductor DP8392 data sheet 
• Signetics 74F3037 data sheet 
• Hewlett Packard HFBR-1404 data sheet 
• Hewlett Packard HFBR-2404 data sheet 
• Hewlett Packard Optoelectronics Designer's Catalog 
• Hewlett Packard Application Bulletin 78 
• Hewlett Packard Tech Brief 73 
• ANSI/IEEE Std 802.3b,c,d, and e - 1989 Edition 
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Transformer Specifications 
for Level One Transceiver Applications 

Txcvr Frequency 

(kHz) 

LXT300 
LXT301 1544 /2048 
Rx&Tx 

LXT304A 
LXT305A 154412048 
Rx 

LXT304A 1544 /2048 
LXT305A 
Tx 

LXT310 
LXT318 1544 / 2048 
Rx 

LXT310 
LXT318 154412048 
Tx 

LXT324 
LXT325 1544 / 2048 
Rx Only 

LXT312/15 
LXT313/16 154412048 
Rx 

LXT312/15 
LXT313/16 1544 / 2048 
Tx 

LXT400 2.4 to 72 
Rx&Tx 

• LEVEL 
ONE@ 

Turns Inductance 
Ratio 
(± 2o/o) (µH ·Min) 

1 :2CT 600Pri 

1 :2CT 600Pri 

1 : 1.15, 600 Pri 
1 :2CT 

1 : 1 
1 : 1.126 

1: 1 CT 600Pri 

1 :2CT 600 Pri 

1:2:2 600 Pri 

1: 1 CT lOOOPri 

1:1 CT:3 CT lOOOPri 

1 : 1 700 Pri 

Leakage lnterwinding Resistance Dielectric 
Inductance Capacitance Breakdown 
(µH- Max) (pF-Max) ('1-Typ) (V ·Min) 

0.75 Pri 50 1.0 Pri 500 
1.0 Sec 

0.75 Pri 50 1.0 Pri 500 

0.75 Pri 50 1.0 Pri 500 
1.0 Sec 

0.75 Pri 50 1.0 Pri 1000 
1.0 Sec 

0.75 Pri 50 1.0 Pri 1000 
1.0 Sec 

0.75 Pri 50 1.0 Pri 500 
1.0 Sec 

1.0 Pri 25 1.0 Pri 1000 
1.0 Sec 

1.0 Pri 25 1.0 Pri 1000 
1.0 Sec 

22-43 Pri 350 15.0 Pri 1000 
15.0 Sec 
(± 1 Q) 
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Transformer Specifications 

Transceiver Application Part Number 

LXT300/301 Tx PE-64931, PE-64951 
LXT304A/5A 67112060,67115100 
LXT305 0553-5006-IC 

671-5832 
6500-07-011 
FE 8006-55, 8006-85 

LXT310/318 Tx 0553-5006-IC 
( 1: 2) 66Zl308 

671-5832 
65351,65771 
67127370 and 67130850 
TD61-1205G and TD67-1205G 

(combo Tx/Rx) 

LXT310/318 Rx FE 8006-155 
( 1: 1) 671-5792 

64936 and 65778 
67130840 and 67109510 
TD61-1205G and TD67-1205G 

(combo Tx/Rx) 

LXT312/315 Tx 12535 
FE 8006-175 

LXT312/315 Rx 10951 
FE 8006-155 

LXT901 TP 23Zl28,23Zl28SM 
PT4069, SM4069 
PE65994, PE65745 
S553-0716, A553-0716 
TD42-2006Q, TG42-2006WHI 

LXT901 AUi 23Z90, 23Z90SM 
LXT902 L T6030, SM6030 
LXT914 PE64502 

TD01-0756K, TG01-0756W 

LXT902 TP 78Zl122B-Ol, 78Zl122D-Ol 
LXT903 PT3877 
LXT906 PE65421 

FD02-101G, FD12-101G 

LXT914 TP A553-5999-0l 
Tx 23Z339,23Z339SM 

TD54-1006Ll 
5977 
6038 
PE68008 
PT34116 

LXT914 TP A553-5999-00 
Rx 23Z338,23Z338SM 

TOO 1-1006Ll 
5976 
6037 
PE68007 
PT34117 
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Manufacturer 

Pulse Engineering 
Schott Corp. 
Bell Fuse 
Midcom 
Nova Magnetics 
Fil-Mag 

Bell Fuse 
Fil-Mag 
Midcom 
Pulse· Engineering 
Schott Corp. 
HALO 

Fil-Mag 
Midcom 
Pulse Engineering 
Schott Corp. 
HALO 

Schott Corp. 
Fil-Mag 

Schott Corp. 
Fil-Mag 

Fil-Mag 
Valor 
Pulse Engineering 
Bell Fuse 
HALO Electronics 

Fil-Mag 
Valor 
Pulse Engineering 
HALO Electronics 

Fil-Mag 
Valor 
Pulse Engineering 
HALO Electronics 

Bel Fuse 
Fil-Mag 
HALO Electronics 
Nanopulse 
PCA 
Pulse Engineering 
Valor 

Bel Fuse 
Fil-Mag 
HALO Electronics 
Nanopulse 
PCA 
Pulse Engineering 
Valor 
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Quartz Crystal Specifications 

Quartz Crystals for T1/E1 Transceivers 

The Level One LXT300, LXT305, LXT304A, 
LXT305A, LXT310, and LXT318 transceivers 
require quartz crystals as companion devices. For 
the convenience of our customers, Level One buys 
crystals in volume from a qualified vendor, stocks 
them and resells them at reasonable prices in 
conjunction with Level One transceivers. 

The LXC6176 is used in Tl applications and the 
LXC8192 is used in El applications. Specifica
tions for the LXC6176 and LXC8192 crystals are 
listed below. 

Parameter T1 

Frequency 6.176MHz 

Frequency Stability ±20 ppm @ 25° C 

Level One has evaluated and qualified several 
crystal vendors for the benefit and convenience of 
our customers. We believe customers prefer to 
have multiple approved sources. Quartz crystals 
qualified for use with Level One transceivers are 
listed on the next page. We suggest that customers 
establish relations with one or more of these ap
proved crystal suppliers and buy direct. 

E1 

8.192MHz 

±20 ppm @ 25° C 
± 25 ppm from -40° C to + 85° C ± 25 ppm from -40° C to + 85° C 

Pullability 

Effective series resistance 

Crystal cut 

Resonance 

Maximum drive level 

Mode of operation 

Crystal holder 

f~LEVEL lmONE@ 

(Ref 25° C reading) 

CL= 11.7 - 19.0 pF, +6.F = 175 - 250 ppm 
CL= 19 - 34 pF, -Af<= 175 - 250 ppm 

40 il Maximum 

AT 

Parallel 

2.0mW 

Fundamental 

HC49 (R3W), C0 = 7 pF maximum 
CM = 22 fF typical 

(Ref 25° C reading) 

CL= 11.7 - 19.0 pF, +LU<= 95 - 140 ppm 
CL= 19 - 34 pF, -M = 95 - 140 ppm 

30 il Maximum 

AT 

Parallel 

2.0mW 

Fundamental 

HC49 (R3W), C0 = 7 pF maximum 
CM = 13 fF typical 
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Quartz Crystal Specifications 

Qualified Quartz Crystals 

Manufacturer 

M-Tron 

M-Tron 

Monitor Products 

Monitor Products 

CTS Knights 

CTS Knights 

Valpey Fisher 

Valpey Fisher 

US Crystal 

US Crystal 
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Part Number 

3808-010 / 4144-002 

3808-020 I 4144-001 

MSC-1311-0 lB-6.176 

MSC-1311-0 lB-8.192 

6176-180 

8192-100 

VF49A16FN1-6.176 

VF49Al6FN1-8.192 

U18-18-6176SP 

U18-18-8192SP 

Frequency 

6.176 MHz 

8.192 MHz 

6.176MHz 

8.192 MHz 

6.176 MHz 

8.192 MHz 

6.176 MHz 

8.192 MHz 

6.176 MHz 

8.192MHz 
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LDB901 Evaluation/Demonstration Board for the LXT90.1 

February 1994 

LDB901 Evaluation/Demonstration Board for the 
LXT90 7 Universal Ethernet Interface Adapter (Internal MAU) 

The LDB901 is a full-featured lOBase-T PLS/ 
MAU evaluation and demonstration board. It 
includes theLXT901 UniversalEthemetlnterface 
Adapter and all required support components. An 
RJ45 connector provides the twisted-pair inter
face. The coax line interface is provided through 
a 15-pin D connector. The board provides a 
complete set of LED status indicators. 

~~w~ 
UTP PAUi NTH MOO 

Movable jumpers allow operator control ofselect
able functions. Test points provide access to 1/0 
signals. 

This document provides board layout and sche
matic diagrams (Figures 1 and2),acompleteparts 
list, demo board specifications and a variety of 
oscilloscope photographs. 

J14 
ovcc 

J11 
GGND 

R1 
-c::::::J-

U6 

U3 

R7 C1 C:) Ill )k/Ji!: O 

._:=Jr~!I! 
U4 

J9 0 -c=:::i-R6 ,...--._ C6 
TPOPB '----' cao C70 
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LDB901 Evaluation/Demonstration Board for the LXT901 

Table 1: Controller Compatibility Mode Options 

To Select This Mode: 

Mode I (Compatible with Advanced 
~icro Devices AM7990 controllers) 

Mode 2 (Compatible with Intel 
82S86 controllers) 

Mode 3 (Compatible with Fujitsu 
MB869SO and MB86960 controllers) 

Mode 4 (Compatible with National 
Semiconductor 8390 controllers) 

Table 2: LDB901 Parts List 

Symbol 

Integrated Components 

Ul 

U3 

U6 

Capacitive Components 

Cl, C2, C9, CIO 

C3,C7,C8 

C4,CS,C6 3 

Resistive Components 

Rl,R2 

R3,R6 

R4-R5 

R7 

R8,R9,RIO 

U2 

Set These Levels: 
MD1 

0 

0 

I 

I 

MOO 

0 

I 

0 

I 

RLD 
LI 

JAB 
TEST 
TCLK 

TXD 
TEN 

CLKO 
CLKI 
COL 

AUTOSEL 

Description 

74HCOS 

18 19 20 21 22 23 24 25 26 27 28 

Bel ASS3-0716 Transformer 1 

Bel ASS3-07S6 Transformer 2 

0.1 µF 

IOµF 

18 pF 

son, I% 

1s n, 1% 

37.5 n, 1% 

12.4 Jill, I% 

78 Q 1%Q 

9-Resistor, 330 Q Network 

Connectors, Cables and Miscellaneous Components 

15 - Jll and J14-J20 Test Points 

US - UIS and Ul7 Movable Jumpers 

DI LED, Green 

D2-D6 LED, Red 

D7-D9 LED, Amber 

U4 RJ4S Connector 

us D-Connector 

JNSAMD Custom 24-pin Ribbon Cable (VCC & GND Crossed) 

XI 3 Crystal, 20 MHz 

l: In addition to the Bell Fuse transformer installed, suitable TP transformers are also produced by Fil-Mag (23Zl28 and 
SM23Zl28), Valor (PT4069 and SM4069) and Pulse Engineering (PE65994 and PE65745). 

2: In addition to the Bell Fuse transformer installed, suitable AUI transformers are also produced by Fil-Mag (23Z90 and 
SM23Z90), Valor (LT6030 and SM6030) and Pulse Engineering (PE64502). 

3: Crystal Xl and loading capacitors C4 and CS are not installed. The 20MHz clock is supplied through the ribbon cable to 
LXT901 (U7) CLKI. If an external clock is not available, these components may be installed in the positions marked . 

TPIN 
TPIP 
UTP 
TPONB 
TPONA 
VCC2 
GND2 
TPOPA 
TPOPB 
PLR 
RJAB 
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LDB901 Evaluation/Demonstration Board for the LXT901 

Figure 2: Schematic Diagram of the LDB901 Evaluation I Demonstration Board 
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LDB901 Evaluation/Demonstration Board for the LXT901 

Table 3: LED Status Indicator Assignments 

LED Symbol / Name Indication 

Dl - Green LNK I Link Integrity Link is active 

D2-Red TX I Transmit Transmitter is active 

D3- Red RX/Receive Receiver is active 

D4- Red COL I Collision Collision detected 

D5- Red PLR I Polarity Polarity is reversed 

D6- Red JAB I Jabber Device is in Jabber mode 

D7-Amber RCMPT I Remote Device Compatibility Remote signaling compatibility 

D8-Amber RLD I Remote Link Down Remote link fail 

D9-Amber RJAB I Remote Jabber Remote device in Jabber mode 

Table 4: Mode Control Jumper Assignments 

Jumper Symbol/ Name 

U8 UTP 
TP Termination Select 

U9 PAUi 
Port/AUi Select 

UlO NTH 
Normal Threshold 

Ull MDO I Mode Select 0 
U12 MD 1 I Mode Select 1 

U13 LI 
Link Integrity 

U14 TEST /Test 

U15 AUTOSEL 
Automatic Port Select 

U17 PDN 
Power Down 

6-4 

Setting 

Set high (UTP = 1) to select 100 Q termination for unshielded 
TP. Set low (UTP = 0) to select 150 Q termination for shielded 
TP. 

In Manual Port Select mode (AUTOSEL = 0), PAUi selects 
the active port. Sethigh(PAUI= l)toselecttheAUiport. Set 
low(PAUl=O)toselecttheTPport. InAutoPortSelectmode 
(AUTOSEL = 1), PAUi is ignored. 

Set high (NTH= 1) to select the normal TP squelch threshold. 
Set low (NTH= 0) to reduce the normal TP squelch threshold 
by4.5 dB. 

Select controller compatibility modes in accordance with 
Table 1. 

Set high (LI= 1) to enable Link Integrity Test function. 
Set low (LI = 0) to disable Link Integrity Test function. 

Leave this pin floating or connect it to VCC. 

Set high (AUTOSEL = 1) to enable automatic port 
selection. (When auto selection is enabled, the 901 defaults to 
the TP port unless the Link Integrity Test fails.) Set low to 
enable manual port selection with PAUi jumper. 

When left open, normal operation is enabled. When this 
jumper is inserted (PDN = 0) the LXT901 powers down. 
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LDB901 Evaluation/Demonstration Board for the LXT901 

Table 5: RJ45 Twisted-Pair Connector U4 Pin Assignments 

Pin Symbol Name I Description 

1 TPOP TP Data Out Positive 
2 TPON TP Data Out N~ative 
3 TPIP TP Data In Positive 
4 NC No connection 
5 NC No connection 
6 TPIN TP Data In Negative 
7 NC No connection 
8 NC No connection 

Table 6: D-Type AUi Connector us Pin Assignments 

Pin Symbol Name I Description 

1 GND Ground 
2 CIP AUi Collision Input Positive 
3 DOP AUi Data Out Positive 
4 GND Ground 
5 DIP AUi Data In Positive 
6 GND Power Supp!Lg_round return, tied to Jl 1 
7 NC No connection 
8 NC No connection 
9 CIN Collision In N~ative 
10 DON AUi Data Out Ne_g_ative 
11 GND Ground 
12 DIN AUi Data In Negative 
13 + 12 v Tied to AT Bus edge connector pin 40 
14 GND Ground 
15 NC No connection 

Table 7: Ribbon-Type Connector J-NS/AMD Pin Assignments 

Pin 

1 
2 
3 
4 
5, 9 & 13 - 18 
6 
7 
8 
10 
11 
12 
19 
20-24 

II LEVEL 
lliiiiONE@ 

Symbol 

COL 
RXD 
CD 
RCLK 
NC 
vcc 
LBK 
CLKI 
TXD 
TCLK 
TEN 
GND 
NC 

Name I Description 

Collision ou!Q_ut to controller 
Receive Data output to controller 
Carrier Detect ou!P._ut to controller 
Recovered 10 MHz clock 
No connection 
+ 5 V, tied toJ14 
Loo_l)_back in_l)_ut from controller 
Tied to 20MHz C!)'§tal oscillator 
Transmit Data il!.Q_ut from controller 
Transmit Clock ing_ut from controller 
Transmit Enable input from controller 
Ground 
No connection 
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LDB901 Evaluation/Demonstration Board for the LXT901 

Oscilloscope Photographs 

As shown in Figures 3 through 8, the LXT901 
fully meets all requirements of the lOBase-T 
specification. Figures 9 through 11 illustrate com
patibility with various controllers. Figures 12 
through 21 compare jitter measurements of the 
LXT901 andLXT902 before and after the twisted
pair line model. 

Transmit Harmonics 
Figure 3 is a spectrum analysis display of the 
LXT901 operating in the Transmit All Ones 
(TAOS) mode. All harmonics are at least 3S dB 
below the fundamental frequency. 

Figure 3: Spectrum Analysis in TAOS Mode 

Figure 4A: Random Data after the 100 n Line 
Model (Waveform template and Jitter spec.) 
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Random Data 
Figures 4A and 4B show waveforms produced by 
S 12 bits of random data after transmission through 
simulated 1 OBase-T line models. The figures also 
show the 1 OBase-T waveform template and jitter 
specifications superimposed over the measured 
waveform. 

TP Idle Pulse 
Figures SA and SB show the TP Idle pulse with the 
Start of TP _Idle template. Figure SA was 
measured at the TP outputs of the RJ4S connector. 
Figure SB shows the pulse measured after the 
1 OB ase-T line model. 

Link Test Pulse 
Figures 6A and 6B show the Link Test pulse with 
the Link Test template. Figure 6A was obtained at 
the TP outputs of the RJ4S connector, and Figure 
6B shows the pulse measured after the 1 OBase-T 
line model. 

AUi Pulse Waveform 
Figure 7 shows the DI signal waveform, measured 
at the AUi interface. 

End Of Frame 
Figure 8 shows the End Of Frame (EOF) pulse 
measured at the DI input to the LXT901. 

Figure 48: Random Data after the 150 n Line 
Model (Waveform template and Jitter spec.) 
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Figure SA: TP Idle Pulse before Line Model with 
Test Load 

Figure 6A: Link Test Pulse before Line Model 

Figure 7: DI (AUi) Rise time < S ns with Test 
Load (Transformer Coupling) 

((fSLEVEL 
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Figure SB: TP Idle Pulse after Line Model with 
Test Load 

Figure 6B: Link Test Pulse after Line Model 

Figure 8: End Of Frame Pulse 
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LXT901 I Controller Compatibility 

Figures 9, 10 and 11 are oscilloscope photographs 
showing start-of-frame (SOF) and end-of-frame 
(EOF) signals for Modes 2, 3 and 4, respectively. 
(Mode 1 is similar to Mode 4.) 
Each figure shows: 

TPI 

RXD 

RCLK 

CD 

TPI (Twisted-Pair Input), 
RXD (Received Data Output), 
RCLK (Recovered Clock) and 
CD (Carrier Detect). 

Figure 9A: Mode 2 Start of Frame 

For each pair of oscilloscope photos, figure A 
shows SOF alignment and figure B shows EOF 
alignment. 

Figures 9A and 9B show Mode 2 frame alignment 
signals. Mode 2 is compatible with Intel 82586 
controllers. 

Figures lOA and lOB show Mode 3 frame align
ment signals. Mode 3 is compatible with Fujitsu 
MB86950 and 86960 controllers. 

Figure 98: Mode 2 End of Frame 

(Mode 2 : Compatible with Intel Corporation 82586 controllers.) 

TPI 

RXD 

RCLK 

CD 
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Figure 1 OA: Mode 3 Start of Frame Figure 1 OB: Mode 3 End of Frame 

(Mode 3 : Compatible with Fujitsu MB86950 and 86960 controllers.) 
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Figures llA and llB show Mode 4 frame 
alignment signals. Mode 4 is compatible with 
National Semiconductor NS8390 controllers. 

Figure 11 A: Mode 4 Start of Frame 

TPI 

RXD 

RCLK 

CD 

(Controller compatibility Mode 1, compatible 
with Advanced Micro Devices AM7990 
controllers, is similar.) 

Figure 11 B: Mode 4 End of Frame 

(Mode 4 : Compatible with National Semiconductor NSB390 controllers. 
Mode 1, compatible with Advanced Micro Devices AM7990 controllers, is similar.) 

LXT901 I LXT902 Jitter Comparisons 

Figures 12 through 21 are jitter performance com
parisons of the LXT901 internal MAU and the 
LXT902 external MAU. Each pair of oscilloscope 
photographs shows the LXT901 on the left and the 
LXT902 on the right. The first six photos (Figures 
12 through 17) show 0 line length measurements. 
The remaining four photos (Figures 18 through 
21) show measurements taken after the lOBase-T 
line model. Tables 8 and 9 list the applicable 802.3 

specifications for the LXT901 and LXT902, re
spectively, and the actual oscilloscope measure
ments. 

0 Line Length Measurements 

Preamble 
Figures 12 and 13 show preamble output jitter. 
The lOBase-T specification is ± 8 ns. The 
LXT901 output jitter (Figure 12) is± 1.4 ns. The 
LXT902 output jitter (Figure 13) is± 3 ns. 

Table 8: LXT901 Jitter Specs and Measurements Table 9: LXT902 Jitter Specs and Measurements 

Section 802.3 Spec LXT901 Section 802.3 Spec LXT902 
Internal MAU Measurement External MAU Measurement 

Preamble ± 8.0 ns ± 1.4 ns Preamble ± 8.0 ns ±3.0ns 

Random Data Random Data 

0 line length ± 10.0 ns ± 6.4 ns 0 line length ± 8.0 ns ±6.6ns 

after line model ±5.5 ns ± 3.4 ns after line model ± 3.5 ns ±3.5 ns 

(f{SLEVEL 
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Random Data 

Figures 14 through 17 show random data output 
jitter. The lOBase-T specification for Internal 
MAUs (LXT901) is± 10 ns. With a Rising Edge 
Trigger (Figure 14), the LXT901 output jitter is 
± 6.4ns. WithaFallingEdgeTrigger(Figure 16), 
the LXT901 output jitter is± 6.0 ns. The 1 OBase
T specification for External MAUs (LXT902) is 
± 8 ns. With a Rising Edge Trigger (Figure 15), 
the LXT902 output jitteris ± 6.6 ns. With a Falling 
Edge Trigger (Figure 17), the LXT902 output 
jitter is ± 6 ns. 

Figure 12: LXT901 Preamble Output Jitter 
(0 Line Length) 

Figure 14: LXT901 Random Data Output Jitter 
(0 Line Length - Rising Edge Trigger) 

6-10 

Line Model Measurements 

Figures 18 through 21 show random data output 
jitter after the line model. The lOBase-T specifi
cation for an internal MAU (LXT901) is± 5.5 ns. 
With a Rising Edge Trigger (Figure 18), the 
LXT901 output jitter is± 3.2 ns. With a Falling 
Edge Trigger (Figure 20), the LXT901 output 
jitteris ± 3.4 ns. The lOBase-Tspecification for an 
external MAU (LXT902) is ± 3.5 OS. With a 
Rising Edge Trigger (Figure 19), the LXT902 
output jitter is ± 3.5 ns. With a Falling Edge 
Trigger (Figure 21), the LXT902 output jitter is 
± 3.2 ns. 

Figure 13: LXT902 Preamble Output Jitter 
(0 Line Length) 

Figure 15: LXT902 Random Data Output Jitter 
(0 Line Length - Rising Edge Trigger) 
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Figure 16: LXT901 Random Data Output Jitter 
(0 Line Length - Falling Edge Trigger) 

Figure 18: LXT901 Random Data Output Jitter 
(After Line Model - Rising Edge Trigger) 

Figure 20: LXT901 Random Data Output Jitter 
(After Line Model - Falling Edge Trigger) 

rrfSLEVEL 
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Figure 17: LXT902 Random Data Output Jitter 
(0 Line Length - Falling Edge Trigger) 

Figure 19: LXT902 Random Data Output Jitter 
(After Line Model - Rising Edge Trigger) 

Figure 21: LXT902 Random Data Output Jitter 
(After Line Model - Falling Edge Trigger) 
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LDB902 EvaluaHon/Demonstratlon Board for the 00902 

Table 1: LDB902 Parts List (See Figure 8 tor complete schematic) 

6-14 

Symbol Description 

Integrated Components 

Ul LXT902 (in 28-pin socket) 

U2 7805CT , 5V volta~ regulator 

Inductive Components 

Tl Fil-Mag 23Z90 (in 16-pin socket) 

T3 Fil-Mag 23Z81, 14-pin DIP, dual choke 

T4 Fil-Mag 78Zl 120B, or Valor PT3877 filter 

Resistive Components 

Rl -R2 1s.1 n, 1% 

R3-R4 39.2'1, 1% 

RS 12.4kn; 1% 

R6-R7 47.5 n, 1% 

RlO-Rll 49.9'1, 1% 

RPl 7-Resistor, 330 n network 

RP2 5-Resistor, 22 kn network 

Capacitive Components 

Cl-C2 27pF 

C3 1 µF, tantalum 

C4 0.1 µF 

C5 0.33 µF, tantalum 

C6 1 µF 

C7 1 µF 

cs 0.1 µF 

C9 1.0nF, 5 kV 

ClO 1.0nF, 5 kV 

Miscellaneous Components 

L1 Miniature green LED 

L2-L6 Miniature red LED 

Xl 20 MHz(± 1 %) crystal1 

J1 8-position, 8-circuit modular RJ45Jack 

J2 15-pin male D-connector 

Sl 7 position switch 

Note 1. Ceramic resonator can be used in place of crystal in customer applications. 
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Functional Description 

The LDB902 Evaluation/Demonstration Board interfaces 
the Attachment Unit Interface (AUi) to the unshielded 
twisted-pair cables, transferring data in both directions. 

AUi Interface 
The AUi side of the interface comprises three circuits: Data 
Output (DO), Data Input (DI) and Control Interface (Cl). A 
15-pin male D-connector (12) provides the interface to the 
AUi cable. As shown in Figure 1, termination resistors are 
provided for CIP/CIN, DIP/DIN and DOP/DON. A trans
former isolates the LXT902 from the AUi connector. The 
connector shields are shorted together. The shields and the 
connector shell are connected to ground through a high
voltage capacitor. Pin assignments for the D-connector are 
listed in Table 2. 

Twisted-Pair Interface 
The twisted pair network side of the interface comprises two 
circuits: Twisted Pair Input (TPI) and Twisted Pair Output 
(TPO). An RJ45 jack (Jl) provides the interface to the 
twisted-pair line. As shown in Figure I, the LXT902 is 

Table 2: D-Connector J2 Pin Assignments 

connected to the RJ45 jack through transmit and receive 
filters and the data line filter (a choke). Pin assignments for 
the RJ45 jack are listed in Table 3. 

Control and Status Circuits 
In addition to the AUi and twisted-pair interfaces, the 
LDB902 provides a complete set of mode control switches 
(switch assembly S 1) and LED status indicators (L 1 - L6). 
Each of the five mode control switches is connected to a pull
up resistor and can be shorted to ground. Switch assign
ments and settings are listed in Table 4. 

Status indications are provided by the six on-board LEDs. 
Although 10 mA LEDs are provided on the demo board, the 
LXT902 is also directly compatible with high efficiency 
2 mA LEDs which can be used for reduced power consump
tion. LED assignments and functions are listed in Table 5. 

Power Supply 
TheLDB902requires a 12-15 volt input on pin 13 oftheD
connector. On-board+ 5 V voltage regulation is provided by 
voltage regulator U2. U2 may require a heat sink, depending 
on application. 

Pin Symbol LDB902 Connection Description 

3 

10 

11 

5 

12 

4 

7 

15 

8 

2 

9 

1 

6 

13 

14 

Shell 

f'rfSLEVEL 
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DO-A 

DO-B 

DO-S 

DI-A 

Dl-B 

DI-S 

NC 

NC 

CO-S 

CI-A 

CI-B 

CI-S 

Ve 

VP 

vs 
PG 

Transformer-DOP Data Out positive 

Transformer-DON Data Out negative 

Cap Data Out shield 

Transformer-DIP Data In positive 

Transformer-DIN Data In negative 

Cap Data In shield 

No Connection No connection 

No Connection No connection 

Cap 

Transformer-CIP Collision In positive 

Transformer-CIN Collision In negative 

Cap Collision In shield 

GND Voltage common 

vcc Voltage plus 

Cap Voltage shield 

Cap Protective ground 
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Table 3: RJ45 Connector Jl Pin Assignments 

Pin Symbol Name Description 

1 ID+ TPOP-filter Data Out positive 

2 ID- TPON-filter Data Out negative 

3 RD+ TPIP-filter Data In positive 

4 NC No Connection No connection 

5 NC No Connection No connection 

6 RD- TPIN-filter Data In negative 

7 NC No Connection No connection 

8 NC No Connection No connection 

Table 4: Mode Control Switch Sl Assignments 

Switch Symbol Name Setting 
1 MOO Mode select 0 Mill .Ml2Q Mmkl 

ON ON lOBT compliant MAU 
ON OFF Reduce squelch (3 dB) 

2 MDl Mode select 1 OFF ON Half current AUi driver 
OFF OFF DO, DI & CI ports disabled 

3 LI Link test enable ON = Disable, OFF= Enable 

4 SQE Signal quality test enable ON = Disable, OFF= Enable 
(heart beat) 

5 PRC Polarity correction enable ON = Disable, OFF= Enable 

6 STAT Serial Status Light enable ON= LEDPindicates serial status 

OFF = LEDP indicates polarity 
reverse 

7 OPTl Customer Option 1 Not Connected 

Table 5: LED Status Indicator Assignments 

LED Color Name Indication 

1 Green Link Integrity Link is active 

2 Red Jabber Jabber is active 

3 Red Collision Collision is active 

4 Red Receive Receive is active 

5 Red Transmit Transmit is active 

6 Red Polarity Polarity is reversed' 

Note 1: When Sl Switch STAT is set to ON, the Polarity LED becomes a blinking status indicator. 
Refer to the LX1902 Data Sheet for additional information on the status indications. 
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Test Measurements 

The LDB902 Evaluation/Demonstration Board provides 
access to all signals and waveforms required to fully evalu
ate the LXT902. A variety of measurements are included 
here for comparison purposes. As shown in the scope 
photographs (Figures 2 through 7), the LXT902 fully meets 
all requirements of the lOBase-T specification. 

Transmit Harmonics 

Figure 2 is a spectrum analysis display of the LXT902 
operating in the Transmit All Ones (TAOS) mode. The 
second and third harmonics, noted on the photo, are at least 
35 dB below the fundamental frequency. 

Figure 2: Transmit All One's •All harmonics are at least -35 dB from fundamental 
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Random Data 
Figures 3A and 3B show 512 bits random data waveforms, 
before and after the line model. Figure 3A shows the 
waveformattheTPoutputoftheRJ45connector. Figure3B 

Figure 3A: Random Data before the Line Model 

TP Idle Pulse 
Figures 4A and 4B show the TP Idle pulse. Figure 4A was 

Figure 4A: TP Idle Pulse before Line Model with 
Test Load 

6-18 

shows the waveform after transmission through a simulated 
lOBase-T line model. Figure 3B also shows the lOBase-T 
waveform template and jitter specifications superimposed 
over the measured waveform. 

Figure 38: Random Data after the Line Model 
(Waveform template and Jitter spec.) 

measured at the TP outputs of the RJ45 connector. Figure4B 
shows the pulse measured after the lOBase-T line model. 

Figure 48: TP Idle Pulse after Line Model with 
Test Load 
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Link Test Pulse 
Figures SA and SB show the Link Test pulse. The top trace 

is the magnified waveform and the bottom trace is the 

Figure SA: Link Test Pulse before Line Model 

Rise Time 
Figures 6A and 6B show the DI signal waveform, measured 
at the AUi interface. The top trace is the DI waveform 

Figure 6A: DI (AUi) Rise time < 5 ns with Test 
Load (Transformer Coupling) 

faJLEVEL 
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original waveform. Figure 5A was obtained at the TP 
outputs of the RJ4S connector, and Figure 5B shows the 
pulse measured after the lOBase-T line model. 

Figure 58: Link Test Pulse after Line Model 

magnified for rise time measurement and the bottom trace is 
the DI signal without magnification. Figures 6A and 6B 
were obtained using transformer and capacitor coupling, 
respectively. 

Figure 68: DI (AUi) Rise time < 5 ns with Test 
Load (Capacitor Coupling) 
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End Of Frame 
Figures 7 A and 7B show the End Of Frame (EOF) pulse 
measured at the DI input to the LX'I1J02. The top trace is 
the magnification of the end of frame and the bottom trace 

Figure 7A: DI (AUi) End of Frame with Test Load 
(Transformer Coupling) 

Demonstration Board Schematic 

Figure 8 is a schematic diagram of the LDB902 Evaluation/ 
Demonstration Board. 

6-20 

is the original waveform. Figure 7 A was obtained using 
transformer coupling. Figure 7B was obtained with a 
capacitor coupling. 

Figure 78: DI (AUi) End of Frame with Test Load 
(Capacitor Coupling) 
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LDB906 Demonstration Board 
for the LXT906 1 OBase-T to Coax Adapter 
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The LDB906 is an Ethernet twisted-pair to coax adapter • Direct interface to Coax and Twisted-Pair network 
board. It includes the LXT906 adapter chip, a DP8392 coax segments 
transceiver, and all required support components. An exter-
nal power supply is packaged with the board. • RJ45 connector for IOBase T interface 

The LDB906 provides LED status lights for link, jabber, • Male BNC for Coax interface 
reversed polarity, twisted-pair receive and collision, and 
coax receive and collision. Control jumpers are provided for • Collision detection and propagation 
link test disable and for 25 n termination on the coax side. 

The LDB906 functions as a 2-port repeater connecting a 
IOBase T network segment to a 10Base2 or 10Base5 seg
ment. It provides collision propagation and level translation. 

Coax Interface 

• Jumper-selectable link test 

• Jumper-selectable 25 n termination for coax side 

• 12 V wall transformer power supply 

• On-board 5 V and 9 V voltage regulators 

• Seven LEDs for the following indications: 

Name Color When light is on : 
JAB (D2) Red Jabber is on 
LINK (D3) Green IOBaseT link is up 

The board has a male BNC connector for the coax 
interface. The coax can be terminated with a 25 ohm 
resistor programmable with a jumper. This is useful 
when the LDB906 is used to connect an Ethernet 
adapter directly to a lOBaseT network segment. When 
the LDB906 is used to interface to a coax segment 
which is already terminated, this jumper should not be 
used. 

PLR (D4) Red IOBaseT polarity reversed 

An NSC DP8392 coax transceiver is mounted on the 
demo board, however, the LXT906 functions equally 
well with various other coax transceivers. Refer to the 
appropriate coax transceiver data sheet for correct 
implementation. 

1 OBaseT Interface 
An RJ45 jack and an integrated filter/transformer are 
provided for the twisted-pair interface. Suitable filters 
are supplied by FilMag, Valor, Pulse Engineering and 
Bell Fuse. The lOBase T Link test function is sup
ported on the board, but disabled when Link juniper 
JP2 is inserted. 

Power 
12 VDC power is provided via a power jack connected 
to a wall transformer supplied with the board. Two 
voltage regulators, U1 (9V) and U2 (5V), supply chip
level power for the board. 

II LEVEL 
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TPRX (D5) 
TPCX (D6) 
cxcx (D7) 
CXRX (D8) 

Red IOBaseT receive active 
Amber IOBaseT collision active 
Amber Coax collision active 
Red Coax receive active 
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LDB906 Parts List 

Integrated Components 
Ul · AN7809, 9V voltage regulator 

U2 AN780S, SY voltage regulator 

U3 DP8392, Coax transceiver 

U4 

us 

Resistiye Components 

PT3877, filter/transformer 

LXT906, TP - Coax Converter 

RI -R4 1.S kn 
R5,R6 49.9n, 1% 

R7 1 kn, 1% 
RS 24.9n, 1% 
R9 39.2n, 1%· 

RIO 12.4 kn, 1% 
Rll,Rl2 47.S n, 1% 

SI 7-resistor, 330 n network 

Capacjtjve Components 
Cl-C6, CIO, Cll, O.l'µF 
Cl3, Cl6, Cl7 

LDB906 Schematic Diagram 
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Capacitiye Components - continued 
C7, C9 1 µF, tantalum 

CS 0.33 µF, tantalum 

C12, ClS 27 pF 

C14 1000 nF, 3 kV 

MjsceJ!aneous Components 
D1 IN916 

D2, D4, DS, DS Miniature red LED 

D3 Miniature green LED 
D6,D7 Miniature amber LED 
Xl 20 MHz (± I%) crystal1 

JI RJ4Sjack 

J2 male BNC connector 

J3 power jack 
JPl -JPS jumper 
PSI 12 V power supply 

(wall transformer, not shown) 

Note 1. Ceramic resonator can be used in lace of c stat. 
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Dim. 

A 

B 

c 
D 

F 

G 

H 

J 

K 

L 

M 

N 
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ll!iONE@ 

Package Outlines and Ordering Information 

8 pin DIP 

_i c 

N 

L 

Dual In-Line Ceramic Case 

Inches Millimeters 

Min Max Min Max 

- .490 - 12.45 

- .300 - 1.62 

- .230 - 5.84 

.014 .023 0.36 0.58 

.o35 .070 0.76 1.78 

J 

-ii--
I 

.lOOBSC 2.54BSC 

- .095 - 2.41 

.008 .015 0.20 0.38 

.125 .200 3.18 5.08 

.290 .325 7.37 8.26 

oo 15° oo 15° 

.015 .060 0.38 1.52 

7-1 



Package Outlines and Ordering Information 

16 pin SOP 

() 

1... 8 ... 1 
9 _,: 16 

Kl,..._ __., G ~ 

Dim. 

A 

B 

c 
D 

E 

F 

G 

H 

J 

K 

L 

7-2 

16-pin Plastic SOP 
Inches Millimeters 

Min Max Min Max 

.396 .414 10.10 10.50 

.291 .299 7.39 7.59 

.023 .032 0.58 0.82 

.325 .330 825 8.38 

.004 .012 0.10 0.31 

.093 .104 2.26 2.64 

.050BSC 1.27 BSC 

.394 .419 10.00 10.60 

.009 .013 0.23 0.33 

.014 .019 0.36 0.48 

6° Typical 
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14-pin Ceramic DIP 

Dim. Inches Miiiimeters 

Min Max Min Max 

A - .790 - 20.10 

B - .300 - 7.62 

c - .230 - 5.84 

D .014 .023 0.36 0.58 

F .035 .070 0.76 1.78 

G .lOOBSC 2.54BSC 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .200 3.18 5.08 

L .290 .325 7.37 8.26 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 

16-pin Ceramic DIP 
Dim. Inches 

Min Max 

A - .890 

B - .300 

c - .230 

D .014 .023 

F .035 .Q70 

G .lOOBSC 

H - .095 

J .008 .015 

K .125 .200 

L .290 .325 

M oo 15° 

N .015 .060 
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Miiiimeters 

Min Max 

- 22.60 

- 7.62 

- 5.84 

0.36 0.58 

0.76 1.78 

2.54BSC 

- 2.41 

0.20 0.38 

3.18 5.08 

7.37 8.26 

oo 15° 

0.38 1.52 

Package Outlines and Ordering Information 

J 

I 

14-pin Plastic DIP 

Dim. Inches Miiiimeters 

Min Max Min Max 

A - .790 - 20.10 

B - .300 - 7.62 

c - .230 - 5.84 

D .014 .023 0.36 0.58 

F .035 .070 0.76 1.78 

G .lOOBSC 2.54BSC 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .150 3.18 5.08 

L .290 .325 7.37 8.26 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 

16-pin Plastic DIP 
Dim. Inches Miiiimeters 

Min Max Min Max 

A - .890 - 22.60 

B - .300 - 7.62 

c - .230 - 5.84 

D .014 .023 0.36 0.58 I 
F .035 .Q70 0.76 1.78 

G .100 BSC 2.54BSC 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .150 3.18 5.08 

L .290 .325 7.37 8.26 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 
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Package Outlines and Ordering Information 

Dual In-Line Ceramic Case - 600 mil 
Dim. Inches Millimeters 

Min Max Min Max 

A - 1.290 - 32.77 

B .500 .600 12.70 15.20 

c - .230 - 5.84 

D .014 .023 0.36 0.58 

F .035 .070 0.76 1.78 

G .lOOBSC 2.54BSC 
F 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .200 3.18 5.08 

L .590 .625 14.99 15.90 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 

Dual In-Line Ceramic Case - 300 mil 
Dim. Inches Millimeters 

Min Max Min Max 

A - 1.290 - 32.77 

B - .300 - 7.62 

c - .230 - 5.84 

D .014 .023 0.36 0.58 

F .035 .Q70 0.76 1.78 

G .lOOBSC 2.54BSC 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .200 3.18 5.08 

L .290 .325 7.37 8.26 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 
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Dual In-Line Plastic Case - 600 mil 
Dim. Inches Millimeters 

Min Max Min Max 

A - 1.290 - 32.77 

B .500 .600 12.70 15.20 

c - .230 - 5.84 

D .014 .023 0.36 0.58 

F .035 .070 0.76 1.78 

G .100 BSC 2.54BSC 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .150 3.18 3.81 

J, .590 .625 14.99 15.90 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 

Dual In-Line Plastic Case - 300 mil 
Dim. Inches 

Min Max 

A - 1.290 

B - .300 

c - .230 

D .014 .023 

F .035 .Q70 

G .100 BSC 

H - .095 

J .008 .015 

K .125 .150 

L .290 .325 

M oo 15° 

N .015 .060 

Miiiimeters 

Min Max 

- 32.77 

- 7.62 

- 5.84 

0.36 0.58 

0.76 1.78 

2.54BSC 

-
0.20 

3.18 

7.37 

oo 

0.38 

2.41 

0.38 

3.81 

8.26 

15° 

1.52 
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Package Outlines and Ordering Information 

28 and 40 pin DIP 

1tlir4liTI ~~~ ~J_ --.n ~ D F G __ /L 
28 pin Ceramic DIP 

Dim. Inches Mllllmeters 

Min Max Min Max 

A - 1.490 - 37.85 

B .500 .600 12.70 15.20 

c - .230 - 5.84 

D .014 .023 0.36 0.58 

F .035 ,070 0.76 1.78 

G .100 BSC 2.54BSC 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .200 3.18 5.08 

L .590 .625 14.99 15.90 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 

40 _Qin Ceramic DIP 

Dim. Inches 

Min Max 

A - 2.090 

B .500 .600 

c - .230 

D .014 .023 

F .035 .070 

G .IOOBSC 

H - .095 

J .008 .015 

K .125 .200 

L .590 .625 

M oo 15° 

N .015 .060 

(I LEVEL. 
ONE@ 

Mllllmeters 

Min Max 

- 53.09 

12.70 15.20 

- 5.84 

0.36 0.58 

0.76 1.78 

2.54BSC 

- 2.41 

0.20 0.38 

3.18 5.08 

14.99 15.90 

oo 15° 

0.38 1.52 

28 pin Plastic DIP 

Dim. Inches Mllllmeters 

Min Max Min Max 

A - 1.490 - 37.85 

B .500 .600 12.70 15.20 

c - .230 - 5.84 

D .014 .023 0.36 0.58 

F .035 .070 0.76 1.78 

G .lOOBSC 2.54 BSC 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .150 3.18 3.81 

L .590 .625 14.99 15.90 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 

40 . Pl t' DIP J>ln aSIC 

Dim. Inches Mllllmeters 

Min Max Min Max 

A - 2.090 - 53.09 

B .500 .600 12.70 15.20 

c - .230 - 5.84 

D .014 .023 0.36 0.58 

F .035 ,070 0.76 1.78 

G .IOOBSC 2.54BSC 

H - .095 - 2.41 

J .008 .015 0.20 0.38 

K .125 .150 3.18 3.81 

L .590 .625 14.99 15.90 

M oo 15° oo 15° 

N .015 .060 0.38 1.52 
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Package Outlines and Ordering Information 

28 and 44 pin PLCC 

G F M 

28-pin Plastic Leaded Chip Carrier 44-pin Plastic Leaded Chip Carrier 

Dim. Inches Miiiimeters 

Min Max Min Max 

A .290 .310 7.37 7.87 

B .450 .456 11.43 11.58 

c .026 .032 0.66 0.81 

D .050BSC 1.27 BSC 

F .090 .120 2.27 3.05 

G .020 - 0.51 -
H .390 .430 9.91 10.92 

J .485 .495 12.32 12.57 

K .018 .022 0.46 0.56 

L .165 .180 4.20 4.57 

M .013 .021 0.33 0.53 

7-6 

Dim. Inches 

Min Max 

A .490 .510 

B .650 .656 

c .026 .032 

D .050BSC 

F .090 .120 

G .020 -

H .590 .630 

J .685 .695 

K .018 .022 

L .165 .180 

M .013 .021 

Millimeters 

Min Max 

12.45 12.95 

16.51 16.66 

0.66 0.81 

1.27 BSC 

2.27 3.05 

0.51 -
14.99 16.00 

17.40 17.65 

0.46 0.56 

4.20 4.57 

0.33 0.53 
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Dim. 

A 

B 

c 
D 

E 

F 

G 

H 

J 

K 

Package Outlines and Ordering Information 

64 pin TQFP 

:;:;:::;::;:::/?::: ::::':'(:/:::;:::;:;::;:;:;:·:·: .·'· ... '•,·,•.,• •.. , •. ' .. :•.,•.• .. ,• ... '•: ... '•,•,•.,• ... ,•· ... '•,',• ... '•.·.,'·' .. :· .. ,• ... '··., •. ' .. :· .. ,• ... '·.·,'·'··'··.,' ... '',:,. ~:;:~:;:~:;:~/~~~~/:~:;:)~~= ~tttrt J~ ml 

64-pin Thin Quad Flat Pack 

Inches Ml Ill meters 

Min Max Min Max 

.461 .484 11.7 12.3 

.390 .398 9.9 10.1 

.390 .398 9.9 10.1 

.461 .484 11.7 12.3 

.012 .028 0.30 0.70 II 

.006 .010 0.14 0.26 

.016 .024 0.40 0.60 

.051 .061 1.29 1.55 

.002 .006 0.04 0.16 

.004 .007 0.11 0.18 
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Package Outlines and Ordering Information 

7-8 

68 pin PLCC 

~ ; tK 

TOP 
-++---- + -----+-.+-C B A 

~ ill 
68 pin Plastic Leaded Chip Carrier 

Dim. Inches Mllllmeters 

Min Max Min Max 
A .985 .995 25.02 25.27 
B .950 .958 24.13 24.33 
c .800 Nominal 20.32 Nominal 
D .050Basic 1.27 Basic 
E .026 .032 .66 .81 
F .013 .021 .33 .53 
G .890 .930 22.61 23.62 
H .020 - .51 -
J .090 .130 2.29 3.30 
K .165 .200 4.20 5.08 

PK 
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Package Outlines and Ordering Information 

Ordering Information 

LX T xxxx 
p 

J"fLEVEL lliilONE@ 

N 
J 
p 
L 
G 
s 
Q 

w 
D 

c 
I 
E 
M 

Temperature Range: 
C = commercial range (0° to 70° C) 
I = industrial range (-25°to +85° C) 
E = extended range (-40°to +85° C) 
M = military specifications (-55° to +125° C) 

Package Type: 
N = Plastic Dual In-line Package (DIP) 
J = Ceramic DIP 
P = Plastic Leaded Chip Carrier (PLCC) 
T = Thin Quad Flat Pack (TQFP) 
Q = Quad Flat Pack (QFP) 
S = Plastic Small Outline Package (SOP) 

Product ID: 3-5 alpha-numeric digits II 
Product type: 
T =transceivers 
P = peripherals 
C =crystals 

Level One Communications ID 
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Package Outlines and Ordering Information 

NOTES: 
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Level One Sales Locations 

Level One Sales Locations 

105 Lake Forest Way 
Folsom, California 95630 
Telephone: (916) 985-3670 
Fax: (916) 985-3512 

ii!BiliEliRil:illl~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Alabama 
M Squared, Inc. 
1910 Sparkman Drive 
Huntsville, Alabama 35816 
Phone(205)830-0498 
Fax (205) 837-7049 

Arizona 
Reptronix, Ltd. 
1661 E. Camelback Road, Suite 285 
Phoenix, Arizona 85016 
Telephone: (602) 230-2630 
Fax: (602) 230-7730 

Arkansas 
Mil-Rep Associates, Inc. 
1701 N. Greenville Ave., #1008 
Richardson, Texas 75081 
Telephone: (214) 644-6731 
Fax: (214) 644-8161 

California 
Trinity Technologies, Inc. 
1261 Oakmead Parkway 
Sunnyvale, California 94086 
Telephone: ( 408) 733-9000 
Fax: ( 408) 733-9970 
Northern California 

• LEVEL 
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First Rep 
143 Triunfo Canyon Rd., #222 
Westlake Village, California 91361 
Telephone: (805) 373-0887 
Fax: (805) 495-1317 
Southern California 
except San Diego 

SC Cubed, Inc. 
5060 Shoreham Place, #200 
San Diego, California 92122 
Telephone: (619) 458-5808 
Fax: (619) 458-5823 
San Diego 

Colorado 
Thorson Rocky Mountain, Inc. 
7108 D South Alton Way, Suite A 
Englewood, CO 80112 
Telephone: (303) 773-6300 
Fax: (303) 773-6302 

Connecticut 
NRG Limited 
63 Duka A venue 
Fairfield, CT 06430 
Telephone: (203) 384-1112 
Fax: (203) 335-2127 

Delaware 
Third Wave Solutions, Inc. 
8335H Guilford Road 
Columbia, Maryland 21046 
Telephone: (410) 290-5990 
Fax: (410) 381-5846 

District of Columbia 
Third Wave Solutions, Inc. 
8335H Guilford Road 
Columbia, Maryland 21046 
Telephone: (410) 290-5990 
Fax: (410) 381-5846 
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Level One Sales Locations 

Florida 
EIR,Inc. 
1057 Maitland Center Commons 
Maitland, Florida 32751 
Telephone: ( 407) 660-9600 
Fax: (407) 660-9091 

Georgia 
M Squared, Inc. 
3000 Northwoods Pkwy, Ste 110 
Norcross; Georgia 30071 
Phone(404)447-6124 
Fax (404) 447-0422 

Illinois 
Beta Technology Sales, Inc. 
1009 Hawthorn Drive 
Itasca, Illinois 60143 
Telephone: (708) 250-9586 
Fax: (708) 250-9592 
Northern Illinois 

QDC 
8204 W. lOOth Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 
Southern Illinois 

Indiana 
STB & Associates 
1980 E. 116th Street, Suite 120-A 
1980 Stratford Center 
Carmel, Indiana 46032 
Telephone: (317) 844-9227 
Fax: (317) 844-1904 

Iowa 
QDC 
8204 W. lOOth Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 
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Kansas 
QDC 
8204 W. lOOth Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 

Louisiana 
Mil-Rep Associates, Inc. 
6111 FM1960W,#213 
Houston, Texas 77069 
Telephone: (713) 444-2557 
Fax: (713) 444-2751 

Maine 
New Tech Solutions, Inc. 
111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 
Fax: (617) 229-1614 

Maryland 
Third Wave Solutions, Inc. 
8335H Guilford Road 
Columbia, Maryland 21046 
Telephone:. (410) 290-5990 
Fax: (410) 381-5846 

Massachusetts 
New Tech Solutions, Inc. 
111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 
Fax: (617) 229-1614 

Michigan 
Horizon Technical Sales 
240 James Street 
Bensenville, IL 60106 
Telephone: (708) 860-7900 
Fax: (708) 350-2836 

Minnesota 
Russell and Associates 
8030 Cedar Avenue South, Ste 114 
Minneapolis, Minnesota 55420 
Telephone: (612) 854-1166 
Fax: (612) 854-6799 
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Missouri 
QDC 
8204 W. lOOth Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 

Nebraska 
QDC 
8204 W. lOOth Terrace 
Overland, Kansas 66212 
Telephone: (913) 341-2214 
Fax: (913) 642-5841 

New Hampshire 
New Tech Solutions, Inc. 
111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 
Fax: (617) 229-1614 

New Jersey 
S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, New Jersey 08054 
Telephone: (609) 866-1234 
Fax: (609) 866-8627 
South Jersey (within area code 609) 

S-J Associates, Inc. 
265 Sunrise Highway 
Rockville Centre, New York 11570 
Telephone: (516) 536-4242 
Fax: (516) 536-9638 
North Jersey (within area code 201) 

New Mexico 
Reptronix, Inc. 
237-C Eubank Boulevard 
Albuquerque, New Mexico 87123 
Telephone: (505) 292-1718 
Fax: (505) 299-1611 

Level One Sales Locations 

New York 
S-J Associates, Inc. 
265 Sunrise Highway 
Rockville Centre, New York 11570 
Telephone: (516) 536-4242 
Fax: (516) 536-9638 

S-J Upstate New York 
3547 West Lake Road 
Canandaigua, New York 14424 
Telephone: (716) 394-3281 
Fax: (716) 394-1139 

North Carolina 
M Squared, Inc. 
1200 Trinity Road 
Raleigh, North Carolina 27607 
Telephone: (919) 851-0010 
Fax: (919) 851-6620 

North Dakota 
Russell and Associates 
8030 Cedar A venue South, Ste 114 
Minneapolis, Minnesota 55420 
Telephone: (612) 854-1166 
Fax: (612) 854-6799 

Ohio 
S-J Associates, Inc. 
6809 Night Vista Drive 
Parma, Ohio 44129 
Telephone: (216) 888-7004 
Fax: (216) 888-7010 

S-J Associates, Midwest 
7760 Olentangy River Rd., Suite 119 
Columbus, Ohio 43235 
Telephone: (614) 885-6700 
Fax: (614) 885-6701 

Oklahoma 
Mil-Rep Associates, Inc. 
1701 N. Greenville Ave., #1008 
Richardson, Texas 75081 
Telephone: (214) 644-6731 
Fax: (214) 644-8161 
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Level One Sales Locations 

Oregon 
Matrex Marketing & Sales 
11140 S.W. Pacific Highway 
Portland, Oregon 97219 
Telephone: (503) 245-8080 
Fax: (503) 246-1848 

Pennsylvania 
S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, New Jersey 08054 
Telephone: (609) 866-1234 
Fax: (609) 866-8627 
Philadelphia & within area code 215 

Puerto Rico 
EIR, Inc. 
1057 Maitland Center Commons 
Maitland, Florida 32751 
Telephone: ( 407) 660-9600 
Fax: (407) 660-9091 

Rhode Island 
New Tech Solutions, Inc. 
111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 
Fax: (617) 229-1614 

South Dakota 
Russell and Associates 
8030 Cedar Avenue South, Ste 114 
Minneapolis, Minnesota 55420 
Telephone: (612) 854-1166 
Fax: (612) 854-6799 

Tennessee 
M Squared, Inc. 
1910 Sparkman Drive 
Huntsville, Alabama 35816 
Phone(205)830-0498 
Fax (205) 837-7049 
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Texas 
Mil-Rep Associates, Inc. 
9430 Research Boulevard 
Building IV, Suite 140 
Austin, Texas 78759 
Telephone: (512) 346-6331 
Fax: (512) 346-1975 

Mil-Rep Associates, Inc. 
6111 FM1960W,#213 
Houston, Texas 77069 
Telephone: (713) 444-2557 
Fax: (713) 444-2751 

Mil-Rep Associates, Inc. 
1755 N. Collins,# 215 
Richardson, Texas 75080 
Telephone: (214) 644-6731 
Fax: (214) 644-8161 

Utah 
Thorson Rocky Mountain, Inc. 
1831 E. Fort Union Blvd., #103 
Salt Lake City, UT 84121 
Telephone: (801) 942-1683 
Fax: (801) 942-1694 

Vermont 
New Tech Solutions, Inc. 
111 South Bedford St., Suite 102 
Burlington, Massachusetts 01803 
Telephone: (617) 229-8888 
Fax: (617) 229-1614 

Virginia 
Third Wave Solutions, Inc. 
8335H Guilford Road 
Columbia, Maryland 21046 
Telephone: (410) 290-5990 
Fax: (410) 381-5846 

Washington 
Matrex Marketing & Sales 
4675 150th Place S.E. 
Bellevue, Washington 98006 
Telephone: (206) 643-0363 
Fax: (206) 746-3672 
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Wisconsin 
Beta Technology Sales, Inc. 
9401 W. Beloit Rd. Suite 409 
Milwaukee, Wisconsin 53227 
Telephone: (414) 543-6609 
Fax: (414) 543-9288 
Eastern Wisconsin 

Russell and Associates 
8030 Cedar Avenue South, Ste 114 
Minneapolis, Minnesota 55420 
Telephone: (612) 854-1166 
Fax: (612) 854-6799 
Western Wisconsin 

rrctLEVEL 
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Level One Sales Locations 

British Columbia 
Electro Source, Inc. 
6875 Royal Oak Avenue 
Burnaby, British Columbia V5J 4J3 
Telephone: (604) 435-2533 
Fax: (604) 435-2538 

Ontario 
Electro Source, Inc. 
300 March Road, Suite 203 
Kanata, Ontario K2K 2E2 
Telephone: (613) 592-3214 
Fax: (613) 592-4256 

Electro Source, Inc. 
230 Galaxy Boulevard 
Rexdale, Ontario M9W 5R8 
Telephone: (416) 675-4490 
Fax: (416) 675-6871 

Quebec 
Electro Source, Inc. 
6600 Trans-Canada Highway, # 420 
Point Claire, Quebec H9R 4S2 
Telephone: (514) 630-7486 
Fax: (514) 630-7421 
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Level One Sales Locations 

Alabama 
Pioneer Technologies Group 
4835 University Square, #5 
Huntsville, Alabama 35816 
Telephone: (205) 837-9300 
Fax: (205) 837-9358 

Arizona 
Added Value Electronics Distribution, Inc. 
7741 E. Gray Rd., Suite #9 
Scottsdale, Arizona 85260 
Telephone: (602) 951-9788 
Fax: (602) 951-4182 

California (Southern) 
Added Value Electronics Distribution, Inc. 
5752 Oberlin Drive, Suite 105 
San Diego, California 92121 
Telephone: (619) 558-8890 
Fax: (619) 558-3018 

Added Value Electronics Distrib.ution, Inc. 
14192 Chambers Road 
Tustin, California 92680 
Telephone: (714) 573-5000 
Fax: (714) 573-5050 

Added Value Electronics Distribution, Inc. 
1545 E. Acequia, Suite A 
Visalia, California 93291 
Telephone: (209) 734-8861 
Fax: (209) 734·8865 

California (Northern) 
Merit Electronics 
2070 Ringwood A venue 
San Jose, California 95131 
Telephone: (408) 434-0800 
Fax: (408) 434-0935 

Colorado 
Added Value Electronics Distribution, Inc. 
4090 Youngfield Street 
Wheat Ridge, Colorado 80033 
Telephone: (303) 422-1701 
Fax: (303) 422-2529 
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Connecticut 
Phase 1 Technology Corporation 
36A Padanaram Road 
Danbury, Connecticut 06811 
Telephone: (203) 791-9042 
Fax: (203) 790-6128 

Florida 
Pioneer Technologies Group 
337 S. Northlake Blvd., #1000 
Altamonte Springs, Florida 32701 
Telephone: ( 407) 834-9090 
Fax: (407) 834-0865 

Pioneer Technologies Group 
67 4 South Military Trail 
Deerfield Beach, Florida 33442 
Telephone: (305) 428-8877 
Fax: (305) 481-2950 

Georgia 
Pioneer Technologies Group 
4250 C Rivergreen Parkway 
Duluth, Georgia 30136 
Telephone: (404) 623-1003 
Fax: (404) 623-0665 

Illinois 
Components, Inc. 
1989 J University Lane 
Lisle, Illinois 60532 
Telephone: (708) 852-7707 
Fax: (708) 852-0263 

Maryland 
Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, Maryland 20877 
Telephone: (301) 921-0660 
Fax: (301) 921-4255 

Massachusetts 
North Star Electronics 
100 Research Drive 
Wilmington, Massachusetts 01887 
Telephone: (508) 657-5155 
Fax: (508) 657-6559 
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Minnesota 
Voyager Electronics Corporation 
5201 East River Road, Suite 303 
Fridley, Minnesota 55421 
Telephone: (612) 571-7766 
Fax: (612) 571-9519 

New Jersey 
GCI Corporation 
245-D Clifton Avenue 
West Berlin, New Jersey 08901 
Telephone: (609) 768-6767 
Fax: (609) 768-3649 

Phase 1 Technology Corporation 
295 Molnar Drive 
Elmwood Park, New Jersey 07407 
Telephone: (201) 791-2990 
Fax: (201) 791-2552 

New York 
Phase 1 Technology Corporation 
46 Jefryn Boulevard 
Deer Park, New York 11729 
Telephone: (516) 254-2600 
Fax: (516) 254-2695 

North Star Electronics 
30 Wilshire Road 
Rochester, New York 14618 
Telephone: (716) 244-9846 
Fax: (716) 244-9846 

North Carolina 
Pioneer Technologies Group 
2200 Gateway Centre Blvd., Ste. 215 
Morrisville, North Carolina 27560 
Telephone: (919) 460-1530 
Fax: (919) 460-1540 

(I LEVEL 
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Level One Sales Locations 

Texas 
LCD Electronics, Inc. 
1411 LeMay Drive, Suite 107 
Carrollton, Texas 75007 
Telephone: (214) 245-0600 
Fax: (214) 245-0342 

Utah 
AVEDinc. 
1836 Parkway Blvd. 
West Valley City, Utah 84119 
Telephone: (801) 975-9500 
Fax: (801) 977-0245 

V altrie Marketing, Inc. 
226 Galaxie Boulevard 
Rexdale, Ontario M9W 5R8 
Telephone: (416) 798-2555 
Fax: (416) 798-2560 

Western Area 
1999 S. Bascom Ave, Suite 700 
Campbell, California 95008 
Telephone: (408) 879-2627 
Fax: (408) 377-8876 

Central Area 
2340 E. Trinity Mills Rd., Suite 306 
Carrollton, Texas 75006 
Telephone: (214) 418-2956 
Fax: (214) 418-2985 

Southeastern Area 
9240 SW 72nd St., Suite 211 

Miami, Florida 33173 11· 
Telephone: (305) 271-3577 
Fax: (305) 271-3381 

Northeastern Area 
6 New England Executive Park, Suite 400 
Burlington, Massachusetts 
Telephone: (617) 229-7320 
Fax: (617) 229-7369 

8-7 



Level One Sales Locations 

Level One Europe Headquarters 
3 chemin du Magdelon 
37380 Crotelles, France 
Telephone: (33) 47 55 08 80 
Fax: (33) 47 55 06 32 

Austria 
Austria Mikro Systeme Int'l AG 
Schloss Premstlitten 
A-8141 Unterpremstiitten, Austria 
Telephone: (43) 03136-500 
Fax: (43) 03136-500 491 

Belgium 
Tekelec Belgium N. V. 
Bergensesteenweg 501 
B-1500 Halle, Belgium 
Telephone: (32) 2-360-1288 
Fax: (32) 2-360-3807 
Belgium & Luxembourg 

England 
- Sales Representatives 

Cedar Technologies 
The Old Water Works 
Howes Lane, Bicester Oxfordshire OX6 8XF 
England 
Telephone: ( 44) 869 322366 
Fax: (44) 869 322377 

Cedar Technologies 
62 The Muirs, Kinross 
KY13 7 AU England 
Telephone: (44) 577 864441 
Fax: (44) 577 864882 

- Distributors 
Silicon Concepts Ltd. 
PEC Lynchborough Rd, Passfield 
Hampshire, GU30 7SB England 
Telephone: (44) 428 751617 
Fax: (44) 428 751603 
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England 
- Distributors (continued) 

Silicon Concepts Ltd. 
Meridale, Welsh Street 
Chepstow, Gwent 
NP6 SLR England 
Telephone: (44) 291 62 4101 
Fax: (44) 291 62 9878 

France 
- Sales Representative 

Reptronics, sa 
1 Bis, Rue Marcel Paul 
Bat. B, Z.I La Bonde 
91300 Massy, France 
Telephone: (33) 1-60-13-9300 
Fax: (33) 1-60-13-9198 

- Distributor 
AVNET Composants 
79, Rue Pierre-Semard- B.P. 90 
92322 Chatillon Cedex, France 
Telephone: (33) 1-49-65-25-00 
Fax: (33) 1-49-65-25-39 

Germany 
- Sales Representatives 

Topas Electronic 
Striehlstrasse 18 
30159 Hannover, Germany 
Telephone: (49) 511-131217 
Fax: (49) 511-131216 

Topas Electronic 
Max Weber Strasse 16 
D-2085 Quickbom, Germany 
Telephone: (49) 4106-73097 
Fax: (49) 4106-73378 

- Distributors 
Scantec 
Behringstrasse 10 
82152 Planegg, Germany 
Telephone: (49) 89-8598021 
Fax: (49) 89-8576574 
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Germany 
- Distributors (continued) 

Scan tee 
Fliedersteig 28 
8501 Ruckersdorf, Germany 
Telephone: (49) 911-579529 
Fax: (49) 911-576829 

Scan tee 
Tannenberg Str. 103 
73230 Kirchheim!feck, Germany 
Telephone: (49) 7021-83094 
Fax: (49) 7021-82568 

Italy 
Consystem 
Viale Lombardia 20 
20095 Cusano Milanino, Italy 
Telephone: (39) 2664 00153 
Fax: (39) 2664 00339 

Netherlands 
Tekelec Airtronic 
P.O. Box 63, Industrieweg 8A 
2712 LB, Zoetermeer, Netherlands 
Telephone: (31) 79-310100 
Fax: (31) 79-417504 

Portugal 
- Sales Representative 

Componenta, LDA 
R. Luis de Camoes, 128 
1300 Lisboa, Portugal 
Telephone: (351) 1-3621283 
Fax: (351) 1-3637655 

- Distributor 
Amitron-Arrow Electronica LDA 
Quinta Grande, Lote 20 
Alfragide 
2700 Amadora, Portugal 
Telephone: (351) 1-4714806 
Fax: (351) 1-4710802 
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Level One Sales Locations 

Spain 
Amitron 
Avenida De Valladolid, 47D 
28008 Madrid, Spain 
Telephone: (34) 154209 06 
Fax: (34) 1 559 0809 

Switzerland 
Eurodis Primotec AG 
Tlifemstrasse 37 
CH-5405 Baden-Dattwil 
Telephone: (41) 56-84 01 71 
Fax: (41) 56-83 34 54 

Turkey 
- Sales Representative 

Inter Miihendislik Danismanlik 
vd Ticaret, A.S. 
Hasircibasi Caddesi No: 55 
81310 Kadikoy, Istanbul, Turkey 
Telephone: (90) 1-349 9400 
Fax: (90) 1-349-9430 

- Distributor 
INTEREX 
1291 E. Hillsdale Blvd,# 203A 
Foster City, CA 94404 USA 
Telephone: (415) 574-0767 
Fax: (415) 574-3764 

Scandinavia 
Sales Representative 
RepDelco A/S 
Titangade 15 
DK-2200 Copenhagen N, Denmark 
Telephone: (45) 3582 1200 
Fax: (45) 3582 1205 

Distributors 
Denmark 
E.V. Johanssen Elektronik A/S 
Titangade 15 
DK-2200 Copenhagen N, Denmark 
Telephone: (45) 31 83 90 22 
Fax: (45) 31 83 92 22 
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Level One Sales Locations 

Finland 
Komdel OY/Bexab Finland OY 
Sinimaentie lOC, PL 51 
02631 Espoo, Finland 
Telephone: (358) 0 502 3200 
Fax: (358) 0 502 3294 

Norway 
Bexab Norge A/S 
Slynga 2, Box 3 
2001 Lillestrom, Norway 
Telephone: (47) 63 83 3800 
Fax: (47) 63 83 2007 

Sweden 
Bexab Sweden AB 
Kemistvagen IOA, Box 523 
S-183 25 Taby, Sweden 
Telephone: (46) 8 630 88 00 
Fax: (46) 8 732 70 58 

S.E.A. & R.O.W. 
Level One S.E.A I R.O.W. Headquarters 
105 Lake Forest Way 
Folsom, California 95630 
Telephone: (916) 985-3670 
Fax: (916) 985-3512 

Australia 
Multi Electronics 
47 Talavera Road 
North Ryde, NSW, Australia 2113 
Telephone: (61) 2-805-1055 
Fax: (61) 2-805-0583 

China 
Leadertronics Company 
Room 401, Aviation Science & Technology Bldg. 
45 Caoxi Bei Road 
Shanghai, P.R.C. 200030 
Telephone: (21) 439-7490, Ext. 541 
Fax: (21) 438-9955 

India 
Interex India 
1372 A 31st "B" Cross 
4th "T" Block, Jayanagar 
Bangalore 560 041, India 
Telephone: (91) 80-6-647-770 
Fax: (91) 80-6-663-2703 
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Hong Kong 
Leadertronics Company 
Unit 1706-07, 17/F, Hewlett Centre 
52-54 Hoi Yuen Road, 
Kwun Tong, Kowloon, Hong Kong 
Telephone: (852) 389-0800 
Fax: (852) 797-8429 

Israel 
SegTec 
3 Hametsuda Street, Industrial Park 
Azur 58001, Israel 
Telephone: (972) 3-556-7458 
Fax: (972) 3-556-9490 

Japan 
Macnica 
Hakusan High-tech Park 
1-22-2 Hakusan-cho, Midori-ku 
Yokohama, 226 Japan 
Telephone: (81) 45-939-6140 
Fax: (81) 45-939-6141 

Korea 
Sunin Technology Inc. 
Room 1901, SAMKOO Building, 
16-49 HANKANGR0-3KA 
Seoul, Korea 
Telephone: (82) 2-705-0852 
Fax: (82) 2-705-0856 

Singapore 
Serial System PTE Ltd 
11, Jalan Mesin, #06-00 
Standard Industrial Building, 
Singapore 1336 
Telephone: (65) 2800 200 
Fax: (65) 2861 812; (65) 2866 723 

Taiwan 
Jeritronics, Ltd. 
Floor 7B, No. 267, Sec. 3 
Cheng-Teh Road 
Taipei, Taiwan, ROC 
Telephone: (886) 2-5851636 
Fax: (886) 2-5864736 

Rest of World 
INTEREX 
1291 E. Hillsdale Blvd,# 203A 
Foster City, California 94404 USA 
Telephone: (415) 574-0767 
Fax: (415) 574-3764 
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