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APRIL, 1996

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

General Description

The LXT332 is a fully integrated Dualie Interface Unit .
(DLIV) for both 1.544 Mbps (T1) and 2.048 Mbps (E1)
applicatis. It features B8ZS/HDB3 encoders and decod-
ers, and a constant loautput impedance transmitter for
high return loss. Transmit pulse shape is selectable for var- «
ious line lengths and cable types.

The LXT332 incorporates an advanced crystal-less digital
jitter attenuator, switchable to either the transmit or receive .
side. This elinmates the need for an external quartz crys-
tal. It offers both a serial interface (SIO) for microproces-
sor control and a hardware control mode for stand-alone *
operation.

The LXT332 offers a variety of advanced diagimsnd
performance monitoring features. It uses an advanced dou-
ble-poly, double-metal CMOS process and requires only a
single 5-volt power supply.

Applications

* PCM / Voice Channel Banks

» Data Channel Bank / Concentrator *
e T1/E1 multiplexer

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

SONET/SDH Multiplexers .
« Interfacing Customer Premises Equipment to a CSU

« Digital Loop Carrier (DLC) terminals

LXT332 Block Diagram

Features

Digital (crystal-less) jitter attenuation, selectable for
receive or transmit path, or may be disabled

 High transmit and receivetten loss

Constant low output impedancansnitter with

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

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

Compatible with most industry standard framers

Complete line driver, data recovery and clock
recovery functions

* Minimum receive signal of 500 mV, with selectable

slicer levels (E1/DSX-1) to improve SNR
Local, remote, and dual loopback functions
Built-In Self Test with QRSS Pattern Generator

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

Receiver jitter tolerance 0.4 Ul from 40 kHz to 100
kHz

Available in 44-pin PLCGnd 44-pin QFP
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LXT332 Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation

OVERVIEW

In addtion to the inherent advantages of a DLIU, the
LXT332 also proides several advanced features which are
not available in other LXT30x-series devices. All of the
added features are easily implemented. Manyire only

a clock pulse to change from one mode to another. Some
features are available in Host Mode only. .

Two complete LIUs in a single PLCC or QFP pack-
age

Simplifies board design, saves real estate

Proven architecture (LXT3xx series) )
Crystal-less Jitter Attenuation

New Features

STANDARD LXT332 FEATURES

Tri-state Outputs

— All LXT332 output pins can be forced to a high-Z
Tri-state mode. The Tri-state mode is enabled or
disabled by the TRSTE pin.

Bipolar or Unipolar Data 1/0

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

pin.
B8ZS or HDB3 Zero Suppression

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

Selectable Jitter Attenwation

— Jitter attenuation can be placed in either the trans-
mit or receive path or deactivated. The Jitter Atten-
uation Select (JASEL) pin determines the jitter
attenuation mode. No crystal required.

Dual Loopback

— This option enables simultaneous loopbacks to
both the framer and the line. The TCLK, TPOS and
TNEG framer inputs are routed through the jitter
attenuator and looped back to the RCLK, RPOS
and RNEG outputs. The RTIP/RRING line inputs
are looped back through the timing recovery block
and line driver onto the TTIP/TRING outputs.
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ADDITIONAL HOST-MODE FEATURES

High Frequency Clocks

— The LXT332 provides a pair of high frequency
clock outputs, one for each LIU. These 8x clocks
(12.352 MHz for T1, 16.384 MHz for E1) are tied
to the de-jittered clock from the JA of the respec-
tive LIU.

Bipolar Violation Insertion

— The same pins which provide the High Frequency
Clocks can also be used to insert bipolar violations
into the outgoing data stream. Violations can be in-
serted into each LIU channel independently.

Built-In Self Test (QRSS)

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

AIS Detection

— The LXT332 detects the AIS alarm signal on the
receive side independent of the loopback modes.
When AIS is detected (less than 3 zeros in 2048
bits), the LXT332 provides an indicator output.
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LXT332 Dual T1/E1 Line Interface U nit with Crystal-less Jitter Attenuation

SIGNAL DESCRIPTION

Figures 1 and 2 show the pinout diagrams for the PLCC
and QFP packages, respectively. Table Icriless the
Host Mode signal functions, except signals that change
when in Lhipolar Host Mode. Table 2 describes signal
functions that change when in Unipolar Most Mode.
Table 3 describes all Hardware Mode signal functions,
except signals that change when in Unipolar Mode.
Table 4 describes signal functions that change when in
Unipolar Hardware Mode.

Figure 1. LXT332 Pin Assignments (PLCC Package)
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LXT332 Dual T1/E1 Line Interface U nit with Crystal-less Jitter Attenuation

Figure 2: LXT332 Pin Assignments (QFP Package)
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Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions

Pin
QFP

Pin

PLCC | Symbol

o1

Description

39

1 TRSTE

DI

Tristate Output Enable Input Pin. Forces all output pins to hight#-state
when held High. Enables Bipolar I/0 mode when held Low. In this modg the
framer interface is bipolar (TPOS/TNEG and RPOS/RNEG), and the BBZS/
HDB3 encoders are disabled. Enables Unipolar I/O mode when clockg¢d by
MCLK. In this mode the framer interface is unipolar (TDATA and RDATR),
and the TNEG and RNEG pins are re-mapped. The TNEG pins are r
mapped as Encoder Enable (ECE) to individually enable the B8ZS/HDB3
encoder/decoder for each port. The RNEG pins are re-mapped as Bipplar
Violation (BPV) indicators to report BPVs received at the respective pgts.

40

2 TCLKO

DI

Transmit Clock - Port 0. 1.544 MHz for T1, 2.048 MHz for E1. The trajs-
mit data inputs are sampled on the falling edge of TCLK.

1.DI = Digital Input; DO = Digital Output; DI/O = Digital Inputi@put; Al = Analog lput; AO = Analog @tput
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LXT332 Dual T1/E1 Line Interface U nit with Crystal-less Jitter Attenuation

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

— continued

Pin
QFP

Pin
PLCC

Symbol

o1

Description

41

42

3

TPOSO
(Bipolar)

TNEGO
(Bipolar)

DI

DI

Transmit Positive and Negative Data - Port 0.n the Bipolar I/O mode,

these pins are the positive and atdge sdes of a bipolar input pair for por|
0. Data to be transmitted onto the twisted-pair line is input at these pi
However, when the TRSTE pin is clocked by MCLK, the LXT332 switc
to a unipolar mode. Table 2 describes Unipolar mode pin functions.

43

44

RNEGO
(Bipolar)

RPOSO
(Bipolar)

DO

DO

Receive Positive and Negative Data - Port On the Bipolar I/O mode,

these pins are the data outputs from port 0. A signal on RNEG corresrLonds

to receipt of a negative pulse on RTIP/RRING. A signal on RPOS cor
sponds to receipt of a positive pulse on RTIP/RRING. RNE®S outputs
are Non-Return-to-Zero (NRZ). In Host mode, CLKE determines the ¢
edge at which these outputs are stable and valid.

RCLKO

DO

Receive Clock - Port 0.This clock is recovered from the input signal.

Under Loss of Signal (LOS) conditions, this output is derived from MCQR

SCLK

DI

Serial Clock. The Serial Clock shifts data into or out from the serial intg
face register of the selected port.

VCQO

DI/O

Provides Violation insert, High Frequency Clock, &332 generation/dete|
tion functions for Port 0. Pin operation is determined by the VCQE pin

Violation Insertion Function. When theViolation insertion function is
enabled, this pin is sampled on the falling edge of TCLK to control bipg
violation (BPV) insertion. If High, a BPV is inserted at the next availab
mark transmitted from port 0. A Low-to-High transition is required for g
subsequent violation insertion. (B8ZS and HDB3 zero suppression cod
not violated.)

Clock Function. When theClock function is enabled, this pin outputs a

ar
e

ach
Es are

High Frequency Clock (12.352 MHz for T1, 16.384 MHz for E1) tied to}the

jitter attenuated clock of port 0. If no JA clock is available, HFC is lockg
the 8x receive timing recovery clock.

Quasi Random Signal Source (QRSS) FunctioiwWhen the QRSS functiof

is enabled, a High on this pin enables the QRSS detection circuit and

the LXT332 to transmit the QRSS pattern onto the twisted-pair line froF
o}

port 0. For error-free QRSS transmission, TPOSO0 must be held Low.
insert errors into the pattern, TPOS must transition from Low to High (T
is sampled on the falling edge of MCLK). A Low-to-High transition is

required for each subsequent violation insertion. (B8ZS and HDB3 zefo

suppression codes are not violated.)

d to

auses

POS

N

10
11

DO
DO

Interrupt Outputs. The interrupt outputs go Low to flag the host proceq
that the respaive port has changed state. INTO and INT1 are clio&im
outputs. Each must be tied to VCC through a resistor.

Sor

12

DI

Master Clock. The master clock (1.544 MHz for T1, 2.048 MHz for E1)
input must be independent, fregnning, continuasly active anditter free
for receiver operation. Since the transceivers derive their RCLK timing

the MCLK input on Loss of Signal (LOS), MCLK cannot be derived frofn

RCLK.

rom

1.DI = Digital Input; DO = DigitaDutput;

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

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

Pin Pin

QFP | PLCC | Symbol |1/O1 Description

7 13 GND — | Ground. Ground eturn for power supply VCC.

8 14 TTIPO AO | Transmit Tip and Ring - Port 0. The tip and ring pins for each port are {lif-

11 17 TRINGO | AO |ferential driver outputs designed to drive a 35 - 20@ad. Line matging
resistors and transformers can be selected to give the desired puifge heig
See Figures 19 through 21.

9 15 TGNDO — | Ground. Ground eturn for power supply TVCCO.

10 16 TVCCO I |+ 5volt power supply input for the port 0 transmit driver. TVCCO must
not vary from TVCC1 or VCC by more than £ 0.3 V.

12 18 DFM O | Driver Fail Monitor. This signal goes High to indicateddver output shorf
in one or both ports.

13 19 PSO | Port Select - Port 0. This input accesses the serial interface registers f¢r
port 0. For each read or write operation, PS must transition from Highfo
Low, and remain Low.

14 20 PDO DO | Pattern Detect - Port 0. Unless the QRSS function is selected by the VJQE
pin, PDO functions as an AIS alarm indicator. The AIS pattern is detectpd by
the receiver, independent of any loopback mode. AIS gagswhen less
than three zeros have been detected in any strig@48 bts. AlS returns
Low when the received signal contains more than three zeros in 2048 pits.
(LOS is available via the SIO register and interrupt.)

If the QRSS function is enabled by the VCQE pin, PDO remains High yntil
pattern sync is reached with the received signal. Once pattern lock is
obtained, PDO goes Low. (The sync/out-of-sync criteria is less than 3/
errors in 128 bits.) After sync acquisition, bit errors cause PDO to go High
for half a clock cycle. This output can be used to trigger an external effor
counter.

15 21 RTIPO DI | Receive Tip and Ring - Port ORTIP and RRING comse the receive ling

16 22 RRINGO DI |interface. This input pair should be connected to the line through a cefter-
tapped 1:2 transformer.

17 23 CLKE DI | Clock Edge Select.When CLKE is High, RPOS/RNEG or RDATA outpyts
are valid on the falling edge of RCLK, and SDO is valid on the rising edge of
SCLK. When CLKE is Low, RPOS/RNEG or RDATA outputs are valid pn
the rising edge of RCLK, and SDO is valid on the falling edge of SCLK|

18 24 RRING1 Al Receive Tip and Ring - Port 1RTIP and RRING comse the receive ling

19 25 RTIP1 Al interface. This input pair should be connected to the line through a cefter-
tapped 1:2 transformer.

20 26 PD1 DO | Pattern Detect - Port 1. Reports AIS and QRSS pattern reception. Sed
PDO signal description for details.

21 27 SDI DI | Serial Data Input. SDI is sampled on the rising edge of SCLK.

22 28 PS1 DI | Port Select - Port 1. This input accesses the serial interface registers f@r

port 1. For each read or write operation, PS must transition from High
Low, and remain Low.

to

1.DI = Digital Input;

DO = Digital Output; DI/O = Digital Inputi@put; Al = Analog Iput; AO = Analog Qtput
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LXT332 Dual T1/E1 Line Interface U nit with Crystal-less Jitter Attenuation

Table 1: Host Mode Pin and Bipolar Host Mode Pin Descriptions — continued
Pin Pin
QFP | PLCC | Symbol |l/O1 Description
23 29 TRING1 | AO | Transmit Tip and Ring - Port 1. The tip and ring pins for each port are glif-
26 32 TTIP1 AO | ferential driver outpts designed tdrive a 35 - 20@ load. Line matching

resistors and transformers can be selected to give the desired pgige hq
See Figures 13 through 15.

24 30 TVCC1 Al | + 5 volt power supply input for the port 1 transmit driver. TVCC1 must
not vary from TVCCO or VCC by more than + 0.3 V.

25 31 TGND1 — | Ground. Ground return for power supply TVCCL1.

27 33 VCC Al | +5 VDC power supplyinput for all circuits, except the transmit drivers.

28 34 JASEL DI | Jitter Attenuation Select. Selects jitter attenuation for both ports. Wheh

JASEL = 1, JA circuits are placed in the receive paths. When JASEL =, JA
circuits are placed in theansmit @mths. When JASEL is clocked with
MCLK, the JA circuit is disabled.

29 35 VCQ1 DI/O | Violation insert, Clock, or QRSS.Function (Violation insert, Clock, or

QRSS) is determined by the VCQE pin. Providedatfion Insertion, High
Frequency Clock or QRSS Generation functions for Port 1. Refer to VIEQO
signal description for details.

30 36 SPE DI | Serial Port Enable. SPE must be clocked with MCLK to enable Host Mdde
control through the serial port.
31 37 VCQE DI | Violation - Clock - QRSS Enable. When set High, enables the Bipolar jo-

lation Insert functions of VCQO and VCQL1 pins. When set Low, enablef the
High Frequency Clock functions of VCQO and VCQ1. When clocked with
MCLK, enables the QRSS functions of VCQO0 and VCQL1, and enables]the
QRSS Generate and Detect function of PD0 and PD1 pins.

32 38 SDO DO | Serial Data Output. If CLKE is High, SDO is valid on the rising edge o
SCLK. If CLKE is Low, SDO is valid on the falling edge of SCLK.
33 39 RCLK1 DO | Receive Clock - Port 1.This clock is recovered from the input signal.
Under Loss of Signal (LOS) conditions, this output is derived from MCYK.
34 40 RPOS1 DO | Receive Positive and Negative Data - Port 1n the Bipolar I/O mode,
(Bipolar) these pins are the data outputs from port 1. A signal on RPOS correspgnds to
receipt of a positive pulse on FFFRRING. A signal on RNEG correspds
35 41 RNEG1 DO | to receipt of a negative pulse on RTIP/RRING. RNEG/RPOS outputs gre
(Bipolar) Non-Return-to-Zero (NRZ). CLKE determines the clock edge at whichf
these outputs are stable and valid.
36 42 TNEG1 DI | Transmit Positive and Negative Data - Port 1.In the Bipolar I/O mode,
(Bipolar) these pins are TPOS and TNEG, thsifioe and negative sides of a bipolfr
input pair for port 1. Data to be transmitted onto thetedispair line is inpuf
37 43 TPOS1 DI at these pins. However, when TRSTE is clocked by MCLK, the332T
(Bipolar) switches to a unipolar mode. Unipolar mode pin functions are describgd sep-
arately.
38 44 TCLK1 DI | Transmit Clock - Port 1. 1.544 MHz for T1, 2.048 MHz for E1. The trafs-

mit data inputs are sampled on the falling edge of TCLK.

1.DI = Digital Input; DO = DigitaDutput; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output
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es

Table 2: Unipolar Host Mode Pin Descriptions 1
Pin Pin Symbol 1/0 Description
QFP PLCC

41 3 TDATAO DI | Transmit Data - Port 0. In the Unipolar mode, the data to be transmittg¢d
onto the twisted-pair line from port 0 is input at this pin.

42 4 ECEO DI | Encoder Enable - Port 0. In the Unipolar mode, a High on this pin enabjes
the B8ZS or HDB3 encoder and decoder for port 0.

43 5 BPVO DO | Bipolar Violation - Port 0. In the Unipolar mode this indicator output gdes
High when a bipolar violation is received at port 0.

44 6 RDATAO | DO | Receive Data - Port 0.In the Unipolar mde, RDATA is a Non-Return-to|
Zero (NRZ) output. CLKE determines the RCLK edge which RDATA if
stable and valid.

34 40 RDATA1 DO | Receive Data - Port 1.In the Unipolar mde, RDATA is a Non-Return-tg
Zero (NRZ) output. CLKE determines the RCLK edge which RDATA if
stable and valid.

35 41 BPV1 DO | Bipolar Violation - Port 1. In the Unipolar mode this indicator output gd
High when a bipolar violation is received at port 1.

36 42 ECE1 Encoder Enable - Port 1. In the Unipolar mode, a High on this pin enab
the B8ZS or HDB3 encoder and decoder for port 1.

37 43 TDATAL DI | Transmit Data - Port 1. In the Unipolar mode, the data to be transmitt¢d

onto the twisted-pair line from port 1 is input at this pin.

1.Table 1 describes the pitigat donot change function in Unipolar Host Mode and functions of pins unique to Bipolar Mode

'S/

)7
apped
r/
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Table 3: Hardware Mode Pin and Bipolar Hardware Mode Pin Descriptions 1
Pin Pin Symbol | 1/0 ? Description
QFP | PLCC
39 1 TRSTE DI | Tristate Output Enable Input Pin. Forces all output pins to high-Z Tri-staje
when held High. Enables Bipolar I/0O mode when held Lowthisimode the
framer interface is bipolar (TPOS/TNEG and RPOS/RNEG), and the B8
HDB3 encoders are disabled. Enables UlkipgO modewhen clocked by
MCLK. In this mode the framer interface is unipolar (TDATA and RDATA
and the TNEG and RNEG pins are re-mapped. The TNEG pins are re-m
as Encoder Enable (ECE) to individually enable the B8ZS/HDB3 encodd
decoder for each port. The RNEG pins are re-mapped as Bipolar Violat
(BPV) indicators to report BPVs received at the respective ports.
40 2 TCLKO DI | Transmit Clock - Port 0. 1.544 MHz for T1, 2.048 MHz for E1. The tran
mit data inputs are sampled on the falling edge of TCLK.
41 3 TPOSO DI | Transmit Data Positive and Negative - Port 0.In the Bipolar 1/O mode,
(Bipolar) these pins are the gitive and negative sides of a bipolar input pair for port
Data to be transmitted onto the twp line is input at these pins. However,
42 4 TNEGO TRSTE is clocked by MCLK, the LXT332 switches to a unipolar mode.
(Bipolar) polar mode pin functions are described separately.

0.
when
U ni-

1. Table 4 describes the pins used in Unipolar Hardware Mode.
2.DI = Digital Input; DO = Digital Output; DI/O = Digital Inputi@put; Al = Analog Iput; AO = Analog Qtput
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Table 3: Hardware Mode Pin and Bipolar Hardware Mode Pin Descriptions — continued
Pin Pin Symbol | 1/0 2 Description
QFP | PLCC
43 5 RNEGO | DO |Receive Data Positive and Negative - Port On the Bipolar /0 mode, a sig-
(Bipolar) nal on RNEG corresponds to receipt of a negative pulse on RTIP/RRING.
signal on RPOS corresponds to receipt of atipesgpulse on RTP/RRING.
44 6 RPOSO RNEG/RPOS outputs are Non-Return-to-Zero (NRZ). RPOS and RNE(
(Bipolar) stable and valid on the rising edge of RCLK.

1 7 RCLKO DO | Receive Clock - Port 0.This clock is recovered from the input signal. Ungler
Loss of Signal (LOS) conditions, this outputierived from MCLK.

2 8 TAOSO DI | Transmit All Ones Enable - Port 0. When TAOS is High and RLOOP is
Low, the TPOS/TNEG or TDATA input is ignored and port 0 transmits a
stream of ones at the TCLK frequency. If TCLK is not jded, the MCLK
input is used as the transmit reference.

3 9 LEN20 DI |Line Length Equalizer Inputs - Port 0. This pins determine the shape and

4 10 LEN10 DI | amplitude of the ansmit plse.

5 11 LENOO DI

6 12 MCLK DI | Master Clock. The master clockl.544 MHz for T1, 2.048 MHz for E1) inpd
must be independent, free-running, continuoustive and jitter free for
receiver operation. Since the transceivers derive their RCLK timing fromthe
MCLK input on Loss of Signal (LOS), MCLK cannot be derived from RCLK.

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

8 14 TTIPO AO | Transmit Tip and Ring - Port 0. The tip and ring pins for each port are djf

11 17 TRINGO | AO |ferential driver outputs designed to drive a 35 - 200ad. Line matching
resistors and &ansformers can be selected to give the desired putgeth&ee
Figures 13 through 15.

9 15 TGNDO — | Ground. Ground return for power supply TVCCO.

10 16 TVCCO Al | + 5volt power supply input for the port O transmit driver. TVCCO must npt
vary from TVCC1 or VCC by more than + 0.3 V.

12 18 DFM DO | Driver Fail Monitor. This signal goes High to indicate a driver output shprt
in one or both ports.

13 19 RLOOPO| DI | Remote Loopback Enable - Port 0.When RLOOP = 1, the port O clock afd
data inputs from the framer are ignored and the data received from tteltyvis
pair line is transmitted back onto the line at the RCLK frequerftOOPO
must be Low for RLOOPO to occur.)

14 20 LOSO DO | Loss of Signal - Port 0.LOS goes High when 175 gsecutive spaces havg
been detected. LOS returns Low when the received signal reaches a mgrk den-
sity of 12.5% (determined by receipt of four marks with a sliding 32-bit pgriod
with no more than 15 consative zeros). Received marks are output on
RPOS/RNEG or RDATA even when LOS is High.

15 21 RTIPO Al | Receive Tip and Ring - Port ORTIP and RRING comprise the receive ”n[E

16 22 RRINGO | Al |interface. This input pair should be connected to the line through a cen
tapped 1:2 transformer.

17 23 LLOOPO DI | Local Loopback Enable - Port 0. When LLOOP is High, the RTIP/RRING

inputs from the port O line are disconnected and tesinitdata inputs are
routed back into the receive inputs (through JA if enabl@R)L.OOPO must
be Low for LLOOPO to occur.)

1. Table 4 describes the pins used in Unipolar Hardware Mode.
2.DI = Digital Input; DO = DigitaDutput; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output
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1

Table 3: Hardware Mode Pin and Bipolar Hardware Mode Pin Descriptions — continued

Pin Pin Symbol | 1/0 ? Description

QFP | PLCC

18 24 RRING1 | Al |Receive Tip and Ring - Port 1RTIP and RRING comprise the receive ling

19 25 RTIP1 Al | interface. This input pair should be connected to the line through a center-
tapped 1:2 transformer.

20 26 LOS1 DO | Loss of Signal - Port 1.LOS goes High when 175 consiige spaces have
been detected. LOS returns to a logic O when the received signal reachs a
mark density of 12.5% (refer to LOSI@sal description for details).

21 27 LLOOP1 DI | Local Loopback Enable - Port 1. (RLOOP1 must be Low for LLOOPL1 to
occur.)

22 28 TAOS1 DI | Transmit All Ones Enable - Port 1. (RLOOP1 must be Low for TAOS1 to
occur.)

23 29 TRING1 | AO | Transmit Ring - Port 1. The tip and ring pins for each port are differentig

26 32 TTIP1 AO | driver outputs designed to drive a 35 - ZDMad. Line matching resistors
and transformers can be selected to give the desired pul$e. hBe&g Figured
19 through 21.

24 30 TVCC1 Al | + 5 volt power supply input for the port 1 transmit driver. TVCC1 must npt
vary from TVCCO or VCC by more than = 0.3 V.

25 31 TGND1 — | Ground. Ground return for power supply TVCC1.

27 33 VCC Al | +5 VDC power supply input for all circuits, except thartsmit drivers.

28 34 JASEL DI | Jitter Attenuation Select. Selects jitter attenuation for both ports. When
JASEL = 1, JA circuits are placed in the receive paths. When JASEL =P, JA
circuits are placed in the transmit paths. When JASEL is clocked with MELK,
the JA circuit is disabled.

29 35 LENO1 DI | Line Length Equalizer inputs - Port 1. These pins dermine theshape and

30 36 LEN11 DI | amplitude of the transmit pulse.

31 37 LEN21 DI

32 38 RLOOP1| DI | Remote Loopback Enable - Port 1. (LLOOP1 must = 0 for RLOOP to
occur.)

33 39 RCLK1 DO | Receive Clock - Port 1.This clock is recovered from the twisted-pair inpgt
signal. Under Loss of Signal (LOS) conditions, this output is derived from
MCLK.

34 40 RPOS1 | DO | Receive Data Positive and Negative - Port 1n the Bipolar I/O mode, thege

(Bipolar) pins are the data outputs from port 1. A signal on RPOS corresponds td
receipt of a positive pulse on RTIP/RRING. A signal on RNEG corretspg

35 41 RNEG1 | DO |to receipt of a negativeufse on RTP/RRING. RNEG/ROS outputs are

(Bipolar) Non-Return-to-Zero (NRZ). RPOS and RNEG are stable and valid on tije ris-
ing edge of RCLK.

36 42 TNEG1 DI | Transmit Data Positive and Negative - Port 1.In the Bipolar 1/O mode,
these pins are TPOS and TNEG, thsifdoe and negtive sides of a bipolar

37 43 TPOS1 DI |input pair for port 1. Data to be transmitted onto the twisted-pair line is ihput
at these pins. However, when the TRSTE pin is clocked by MCLK, the
LXT332 switches to a unigar made. Unipdar mode pin functions are
described separately.

38 44 TCLK1 DI | Transmit Clock - Port 1. 1.544 MHz for T1, 2.048 MHz for E1. The trang-

mit data inputs are sampled on the falling edge of TCLK.

1. Table 4 describes the pins used in Unipolar Hardware Mode.
2.DI = Digital Input; DO = Digital Output; DI/O = Digital Inputi@put; Al = Analog Iput; AO = Analog Qtput
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Table 4: Unipolar H ardware Mode Pin Descriptions 1
Pin Pin Symbol 1/0 Description
QFC PLCC
41 3 TDATAO DI | Transmit Data - Port 0. In the Unipolar mode, the data to be transmittg¢d
onto the line from port 0 is input at this pin.
42 4 ECEO DI | Encoder Enable - Port 0. In the Unipolar mode, a High on this pin enabjes
the B8ZS or HDB3 encoder and decoder for port 0. 2
43 5 BPVO DO | Bipolar Violation - Port 0. In the Unipolar mode this indicator output gges
High when a bipolar violation is received at port 0.
44 6 RDATAO DO | Receive Data - Port 0.In the Unipolar mode, RDATA is a Non-Return-tp-
Zero (NRZ) output. RDATA is stable and valid on the rising edge of RELK.
34 40 RDATA1 DO | Receive Data - Port 1.In the Unipolar mode, RDATA is a Non-Return-{p-
Zero (NRZ) output. RDATA is stable and valid on the rising edge of RELK.
35 41 BPV1 DO | Bipolar Violation - Port 1. In the Unipolar mode this indicator output gdes
High when a bipolar violation is received at port 1.
36 42 ECE1l DI | Encoder Enable - Port 1. In the Unipolar mode, a High on this pin enabjes
the B8ZS or HDB3 encoder and decoder for port 1.
37 43 TDATA1 DI | Transmit Data - Port 1. In the Unipolar mode, the data to be transmitt¢d
onto the line from port 1 is input at this pin.
1. Table 3 describes the pins that do not change function in Unipolar Hardware Mode and the functions of pins unique Jo Bipolar
Mode.
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FUNCTIONAL DESCRIPTION corresponding to a received signal level of approxi-
mately 500 mV. Maximum line length is 1500 feet of

ABAM cable (approximately 6 dB of attenuation).

NOTE Regardless of received signal level, the peak detectors
This Functional Description is intended for design aid are held above a minimum level of 0.3 V (typical) to
only. provide immunity from impulsive noise.

The figure at the beginning of this Data Sheet shows a simfter processing through the data slicers, the received sig-
plified block diagram of the LX332. The LXT332 is a nal goes to the data and timing recovery section, and to the
fully integrated Dual Line Interface Unit (DLIU) which rgceive monitqr. The data and timing recovery.circuits pro-
contains two complete transceivers. The DLIU is designedide an input jitter tolerance better than required by Pub
for both 1.544 Mbps (DSX-1) and 2.048 Mbps (E1) appli-62411 or ITU G.823, as shown in Test Specifications.

cations. Both transceivers operate at the same frequenc%gh ) itor load dicital ‘ t the RCLK
which is déermined bythe MCLK input. e receiver monitor loads a digital counter at the

frequency. The count is incremented each time a zero is
Each DLIU transceiver front end interfacesthwtwo received, and reset to zero each time a one (mark) is
twisted-pair lines, one pair for transmit, one pair forreceived. Upon receipt of 175 conaéve zeroghe LOS
receive. These two twisted-pair lines comprise a digitaflag is set, and the recovered clock is replaced by MCLK at
data loop for full duplex transmission. The integrated crysthe RCLK output in a smooth transition. (MCLK is
tal-less jitter attenuator may be positioned in either therequired for receive operation.) When the received signal
transmit or receive path, or disabled. reaches 12.5% ones density (4 marks in a sliding 32-bit

period) with no more than 15 consative zerosthe LOS

Each DLIU transceiver back-end interfaces with a framefjaq is reset and another smooth transition replaces MCLK
through either bipolar or unipolar data 1/0 channels. Th&yith the recovered clock at RCLK. During LOS condi-

DLIU may be controlled by a microprocessor tgh the o received data is output on RPOS/RNEG (or RDATA
serial port (Host control mode), or by hard-wired pins forj unipolar 1/0 is selected).

stand-alone operation (Hardware control mode).

Depending on the optionseleded, recovered clock and
RECEIVER data signals may be routed through the jitter attenuator,
. . . . through the B8ZS/HDB3 decoder, and may be output to the
The two receivers in the LXT332 DLIU are identical. The framer as either bipolar or unipolar data. In unipolar data

following paragraphs describe the operation of one. /0 mode, the LXT332 repts bipolar violations via an
The twisted-pair input is received via a center-tapped 1:®@utput for one RCLK period on the resgiee BPV pin.
transformer. Positive pulses are received at RTIP, negative

pulses at RRING. Recovered data is output at RPOS anfRANSMITTER

RNEG in the bipolar mode and at RDATA in the unipolar

mode. The recovered clock is output at RCLK. RPOShhe two transmitters in the LXT332 DLIU are identical.

RNEG or RDATA outputs are valid on the rising edge of The following paragraphs describe the operation of a single
RCLK. Refer to the Test Specifications Section foryansmitter.

receiver timing.

The receive signal is processed through the peak detectdfansmit data from the framer is clocked seriatito the
and data licers. The peak detector samples the received€Vice at TPOS/TNEG in the bipolar mode or at TDATA
signal and determines its maximum value. A percentage df the unipolar mode. The transmit clock (TCLK) supplies

the peak value is provided to the data slicers as a threshofl€ INPut synchronization. The transmitter samples TPOS/
level to ensure optimum signal-to-noise ratio. For DSX-11 NEG or TDATA inputs on the falling edge of TCLK. If

applications (line length inputs LENO - LEN2 = 000 or TCLK is not supplied, the transmitter remaiqs povyered
001) the threshold is set to 70% (typical) of the peak valuegdown and the TTIP/TRING outputs are held in a high-Z
This threshold is maintained above the specified level foPtate, except during RLOOP, DLOOP, QRSS or TAOS
up to 15 successive zeros over the range of specified opdfl0des. A separate power supply (TVCCO or TVCC1) sup-

ating conditions. For E1 afications (LEN inputs = 000 or plies each output driver. Current limiters on the output
001), the threshold is 50 % (typical). drivers provide shorticuit protection. Refer to the Test

Specifications Section for MCLK and TCLK timing char-
The receiver is capable of accurately recovering sigacteristics. The LX332transmits data as a 50% AMI line
nals with up to -13.6 dB of attenuation (from 2.4 V), code as shown in Figure 3. Enabling the zero suppression
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encoders/decoders overrides the default and dmsrris-
sion complies with the selected encoding scheme.

Zero suppression is available onlyUmipolar Mode. The
two zero-suppression types are B8ZS, used in T1 environ

ments, and HDB3, used in E1 environments. The schemd able 5.

selected depends on whether the application is T1 or E1.

Bipolar Violation Insertions

In the Host mode with unipolar data 1/0 selected, a Bipolar
Violation (BPV) insert function is available. When the
VCQE pin is held High, VCQO and VCQ1 pins control
bipolar Violation Insertion (VI) for ports @nd 1, respec-
tively. TDATA and VI are both sampled on the falling
edge of TCLK. If VI is High, the next available mark is
transnitted as a BPV, except as follows:

1. B8ZS and HDBS3 zero suppression is not violated.

2. If Local Loopback (LLOOP) and Transmit All Ones
(TAOS) are both active, the BPV is looped back to
RDATA but the line driver transmits All Ones (no vi-
olations).

3. During Remote Loopback (RLOOP = 1), BPV Insert
is disabled.

A Low-to-High transition on VI is required for each subse-
quent BPV insertion.

Figure 3: 50% AMI Coding

/\

<4 Bit Cell

TTIP

1 0

\_/

Table 5: Equalizer Control Inputs

TRING

/.
/ N\

Pulse Shape

The transnitted pulse shape is timined by Line Length
equalizer control signals LENO through LEN2 as shown in
Equalizer codes are hardwired in Hardware
mode. In Host mode the LEN codes are input through the
serial interface. Shaped pulses are applied to the AMI i
driver for transmission ontthe line at TTIP and TRING.
The line driver provides a constant low output impedance
of < 3Q (typical), regardless of whether it is driving marks
or spaces. This well controlled impedance provides excel-
lent return loss when used with external Bien resistors
(=1 % accuracy) in series with the transformer. Table 8
lists recommended transformer specifications. The Appli-
cation Information Section lists transformer specifications,
recommended transformer ratios, series resistor (Rt) val-
ues, and typical return losses for various LEN codes. To
minimize power consumption the LXT332 can be tied
directly to al:1.15 transformer withougesies resistors.

Pulses can be shaped for eith&4%. Mbps or 2.048 Mbps
applicatios. 1.544 Mbps yses for DSX-1 applications
can be programmed to match line lengths from 0 to 655
feet of 22 AWG ABAM cable. A combination of 9Q
resistors and a 1:2.3amsformer is recommended for
DSX-1 applications. The LXT332 also matches FCC
pulse mask specifications for CSU applications.

The LXT332 produces 2.048 Mbpsilpes for both 7@
coaxial (2.37 V) or 120 shielded (3.0 V) lines through an
output transformer with &:2 turns ratio. For coaxial sys-
tems, 9.0 series resistors are recommended. For twisted-
pair lines, use 18 resistors.

Transmit
LEN2 | LEN1 | LENO Line Length 1 Cable Loss 2 Application Rate
0 1 1 0 - 133 ft. ABAM 0.6 dB
1 0 0 133 - 266 ft ABAM 1.2 dB
1 0 1 266 — 399 ft ABAM 1.8 dB DSX-1 1.544 Mbps
1 1 0 399 — 533 ft ABAM 2.4dB
1 1 1 533 — 655 ft ABAM 3.0dB
0 0 0 ITU Recommendation G.703 El - Coax Q)5 2.048 Mbps
0 0 1 E1 — Twisted-pair (120)
0 1 0 FCC Part 68, Option A CSu 1.544 Mbgs
1.Line length from LXT332 to DSX-1 cross-connect point
2.Maximum cable loss at 772 kHz
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DRIVER FAILURE MONITOR and detection is independently triggered and reported for
each port. Refer to Diagnostic Mode Operation for detailed

The transceiver incorporates an interixiver Failure description.

Monitor (DFM) in paallel with TTIP and TRING. A

capacitor, charged via a measure of the driver output CUSONTROL MODES

rent and discharged by a measure of the maximum allow-

able current detects driver failure. Shorlgtes draw

excess current, overcharging the cap. When the capacit

charge deviates outside the nominal charge window,

driver fail is reported. In Host mode the DFM bit is set iNEnable signal to force the LX8B2into its Host mode. The

E;.ehsegal .WOd'l In Htalrdwafre mode theh DtI:Mdpin goes data 1/O mode, bipolar or unipolar, is controlled by the
'gh. Luring a fong string of spaces, a short-induced ovelyp ot pin. With TRSTE Low, bipolar I/O is selected.
charge eventually bleeds off, clearing the DFM flag. In

20 7 With TRSTE clocked, unipolar I/O is selected. Several
host mode, when the LXT332 detects an open circuit, i : unipotar 1S S v

. . . . Eliagnostic modes are available on command.
asserts the interrupt line and sets the interrupt statsis
but leaves the DFM bit unchanged. This interrupt condition
can be cleared by writing a 1 to the D1 bit. Host Mode Control

The LXT332 transceiver operates in stand alone Hardware
(Eefault) Mode or Host Mode depending on the input to the
PE pin. When tied to SPE, MCLK acts as a Serial Port

JITTER ATTENUATION The LXT332 operates in the Host mode when the SPE pin
is clocked with MCLK. In Host mode a microprocessor

A digital Jitter Attenuation bop (JAL) combined with an controls the LXT332 through the serial 1/O port (SIO)

Elastic Store (ES) provides Jitter attenuation. The JAL isvhich provides common access to both LIUs. Each of the

internal and requires no external crystal nor high-fretwo LIUs contains a pair of data registers, one for com-

quency (higher than line rate) clock. When JASEL = 1, themand inputs and one for status outpu@nly one LIU can

JAL is positioned in the receive path. When JASEL = 0be selected at a time. If both PSO and PS1 are active, Port

the JAL is positioned in the transmiagh. With JASEL 0 has priority over Port 1. An SIO transactiomitiated by

clocked by MCLK, the JAL is disabled. MCLK is the ref- a falling pulse on one of the two Port Select piS0 or

erence for the JAL. PS1. A High-to-Low transition on PS0/1 is required for
each subsequent access to the Host mode registers. If both

The ES is a 32 x 2-bit register. Data is clocked into the E®s0 and PS1 are active simultansly, Port thas priority
with the associated clock signal (TCLK or RCLK), and gyer Port 1.

clocked out of the ES with the dejittered JAL clock. When

the ES is within two bits of overflowing or underflowing, The LIU addressed by the PS pulse responds by writing the
the ES adjusts the output clock bgof a bit period. The incoming serial word from the SDI pin into its command
ES produces an average delay of 16 bits in the associateglgister. Figure 4 shows an SIO write operation. The 16-
path. bit serial word consists of an 8-bit Command/Address byte
and an 8-bit Data byte. If the command word contains a
read request, the addressed LIU subsequenthutathe
contents of its status register onto the SO pigure 5
shows an SIO read operation. The Clock Edge (CLKE)
signal determines when the SDO and receive data outputs
are valid, réative to the Serial Clock (SCLK) or RCLK as
listed in Table 6. Refer to the Test Specifications section
for SIO timing.

Host Mode provides a dejittered High Frequency Clock
(HFC). This 8x clock (12.352 MHz for T1, 16.384 MHz
for E1) is tied to the output clock from the JAL. With JA
active in the receive path, HFO is tied to RCaKd under
LOS conditions defaults to MCLK. With JA active in the
transmit @th, HFO is tied to TCLK and defaults to MCLK
if TCLK is not available. If JA is disabled, HFO is tied to
MCLK.

BUILT-IN SELF TEST Serial Input Word

In Host mode, the LXT332 provides a Built-In Self Test Figure 4 shows the Serial Input data structure. The
(BIST) mode. Quasi-Random Signal Source (QRSS) gentXT332 is addressed by setting bit A4 in the Address/
eration and detection circuitry is integrated into theCommand byte, corresponding to address 16. Bit 1 of the
LXT332. When the QRSS BIST mode ssleded, the serial Address/Command byte provides Read/Write (R/W
LXT332 detects and reports QRSS pattern sync on theontrol when the chip is accessed. The RyliMis set to
incoming signal. When triggered, the LXT332 also trans4ogic 1 to read the data output byte from the chip, and set to
mits the QRSS pattern onto the line. Pattern transmissiologic O to write the input data byte to the chip.
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The second 8 bits of a write operation, the Data Input byt . ;
clear Loss of Signal (LOS) artiver Fail Monitor (DFM) “Table 6: CLKE Settings

interrupts, reset the chip, and control diagnostic mode. valid
The first 2 bits (DO — D1) clear and/or mask LOS and DFM CLKE Output Clock Edge
interrupts, and the lastidts (D5 - D7) control operating
modes (normal and diagnostic) and chip reset. Refer jo LOW RPOS/RNEG | RCLK Rising
Table 7 for details on bits D5 — D7 Serial Output Word. RDATA RCLK Rising
SDO SCLK Falling
. HIGH RPOS/RNEG RCLK Falling
Serial Output Word RDATA ROLK Falling
SDO SCLK Rising

Figure 4 shows the Serial Output data structure. SDO e
high impedance when SDI receives an Adgf€@smmand
byte. If SDI receives a write command (R/W = 0), SDOTable 7: SIO Input Bit Settings

remains in high impedance. If the command is a read (R/ (See Figure 4)

W = 1), then SDO becomes active after the last Commang

Address bit (A6) and remains active for eight SCLK cycleg Mode RLOOP LLOOP TAOS

Typically the first bit out of SDO changes the state of SDQ Bit D5 Bit D6 Bit D7

from high-z to a Low/High. This occurs approxitelg 100

us after the eighth following edge of SCLK. RLOOP 1 0 N/A
LLOOP 0 1 N/A

Th.e outpyt datg byte reports !_'oss of Sigqal (LOS) anfl DLOOP 1 1 1

Driver Fail Monitor (DFM) conditions, equalizer settings,

and operating modes (normal or diagnostic). The firstp ~ TAOS 0 n/a 1

bits (DO - D4) report LOS and DFM status, and the Ling RESET 1 1 0

Length Equalizer gdngs. The last 3 bits (D5 - D7) report
operating modes and interrupt status.

If the INTXx line for portx is High (no interrupt is pending),
bits D5 - D7 report the operating modes listed in Table 8.
If the INTx line for portx is Low, the interrupt status over-
rides all other reports and bits D5 - D7 reflect the interrupt
status as listed in Table 8.

Table 8: LXT332 Serial Data Output Bit Coding  (See Figure 5)

Bit
D5 D6 D7 Operating Modes
0 0 0 Reset has occurred, or no program inpet formal operation) or DLOOP active.
0 0 1 TAOS active
0 1 0 LLOOP active
0 1 1 TAOS and LLOOPdive
1 0 0 RLOOP active
Interrupt Status
1 0 1 DFM has changed state since last Clear DFM occured
1 1 0 LOS has changed since last Clear LOS occurred
1 1 1 DFM and LOS have changed since last Clear DFM and Clear LOS occurred
1. No explicit status information is available on DLOOP.
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Figure 4. LXT332 SIO Write Operation

] )
“ U UV U UUUL

ADDRESS COMMAND BYTE DATA INPUT / OUTPUT BYTE
A A

DI R/W | A0 Al A2 A3 A4 A5 A6 DO D1 D2 D3 D4 D5 D6 D7

SDO: remains high impedance

ADDRESS / 0 0 0 0 0 1 0 X RIW =1: Read
COMMAND [ iy [ ag v A6 R/W = 0: Write
BYTE
X=DON'T CARE
CLEAR / MASK INTERRUPTS SET MODE OF OPERATION OR RESET
ally AL $
Lo N\ s \¢
INPUT
DATA LOS DFM LENO LEN1 LEN2 RLOOP LLOOP TAOS
BYTE DO (LSB) D7(MSB)
1=CLEAR 1=CLEAR 1=ENABLED | 1=ENABLED | 1=ENABLED

Figure 5: LXT332 SIO Read Operation

= )
~ U UUU VUL UL LU UL

ADDRESS COMMAND BYTE
A

4 \

1 0 0 0 0 1 0 X /

SDI . DON'T CARE
R/IW A0 A4 A6 \

X=DONT’ CARE
DATA OUTPUT BYTE
Al
( \
SDO HIGH IMPEDANCE DO D1 D2 D3 D4 D5 D6 D7

PERFORMANCE . OPERATING MODES OR
MONITORS, e EQUALIZER SETTING INTERRUPT STATUS
R A A
- \/ \ Y4
OuUTPUT LOS DFM LENO LEN1 LEN2 RLOOP LLOOP TAOS
DATA DO (LSB) D7 (MSB)
BYTE 1=TRUE 1=TRUE 1=ENABLED | 1=ENnABLED| 1=ENABLED
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Interrupt Handling DIAGNOSTIC MODE OPERATION

The Host mode provides two latched Interrupt outng,p The LXT332 offers multiple diagnostic modes. Local
INTO and INT1, one for each LIU. Aninterrupt is triggered Loopback (LLOOP), Remote Loopback (RLOOP), Dual
by a change in the LOS or DFM bits (DO and D1 of the outLoopback (DLOOP) and Transmit All Ones (TAOS) are
put data byte, resptively). As shown in Figure &ither  available under both Host and Hardware control. An addi-
or both interrupt generators can be masked by writing a orteonal Quasi-Random Signal Source (QRSS) mode is avail-
to the respective bit of the input data byte (DO = LOS, Dlable under Host control only.

= DFM). When an interrupt has occurred, the INTx output . .
pin is pulled Low. The output stage of each INTx pin con-Under Host control, diagnostic modes are selected by w

sistsonly of a pull-down device. Hence, an external pull-I"9 the appropriate SIO bits. Under Hardware control,

up resistor is required. The interrupt is cleared as follows:di2gnostic modes are selected by a combination of pin set-

. ) tings. The pins must be held at the specified levels for a
1. If one or both interrupt bits (LO§ or DFM, DO and D1 inimum of 20 ns. The SIO bit names (Host Mode) and
of the output data byte) =1, writing a 1 to the respecyy jgentifiers (Hardware Mode) for diagnostic functions

tive input bit (DO or D1, resmtively, of the inputlata 16 jgentical. Where a particular function can be enabled in
byte) will clear the interrupt. Leaving a 1 in either of giihar mode 1=High and 0=Low.

these bit positions will effectively mask the associated
interrupt. To re-enable the interrupt capability, reset
DO and/or D1 to O.

2. If neither LOS or DFM=1, the interrupt will be
cleared by resetting the chip. To reset the chip, set da-
ta input bits D5 and D6 = 1, and D7 = 0.

HARDWARE MODE CONTROL

Hardware control is the default operating mode; the
LXT332 operates in Hardware mode unless LESPE

pin is clocked. In Hardware mode the transceiver is con-
trolled through individual pins; a uP is not required. The
SIO pins are re-mapped to provide control functions. (Data
I/0 mode selection is unaffected by the control mode. The
TRSTE pin selects either unipolar or bipolar data 1/0.) In
Hardware mode the RPOS/RNEG or RDATA/BPYV outputs
are valid on the rising edge of RCLK.
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Figure 6: LX332 Interrupt Handling
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2-138

LEVEL
[EcE




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

Transmit All Ones. See Figure 7. Transmit All Ones Figure 7: TAOS Data Path
(TAOS) is selected when TAOS =1 and RLOOP = 0. |
TAOS mode the TPOS and TNEG inputs are ignored, bt Transmit All Ones =LLOOP  RLOOP  TA0S

the transmitter remains locked to the TCLK input. Wher| — L e
TAOS is selected, the transceiver traitsna continuous ok oL | Contol >

stream of 1's at the TCLK frequency. If TCLK is not sup-]  tros 5] BN > TRING
plied, MCLK is used as the transmit reference. TNEG g #If Enabled A1)
TAOS can be commanded simultansly with Local RCLK 4| g [ Timing < RTIP
Loopback as shown in Figure 8, but is inhibited duringl = RNEG <75 8¢ Recovery g ’ RRING
Remote and Dual dopback. RPOS T8 ° )

Local Loopback. See Figures 8 and 9. Local Loopback

(LLOOP) is selected when LLOOP = 1 and RLOOP = 0. InFigure 8: TAOS with LLOOP & Selectable JA
LLOOP mode the receiver circuits are inhibited. The trans

mit clock and data inputs (TCLK and TPOS/TNEG or Transmit AllOnes =LLOOP ~ RLOOP  TAOS  JASEL
TDATA) are looped back and output at RCLK and RPOS *LLOOP & Rx A ! 0 ! !

RNEG or RDATA. During local loopback, the JASEL | ™0~ = . > Z—'TT'P
input functions as follows: If JASEL=0, JA is enabled and IZE; . ég N | Contol > > TRING
active in mth the Transmit path and the loopback circuit. If] rcik— 8 3 A > A Enabled Al
JASEL=1, JA is enabled in the Loopback circuit only. If RoLk < °°=<_\vlv

JASEL = MCLK, JA is disabled. RTIP

Timing

RNEG <
Recovery

RPOS «

JA*

1
A

RRING

B8ZS/HDB3
Decoder*
t1

The transmitter circuits are unaffected by LLOOP. Thg
TPOS/TNEG or TDATA inputs (or a stream of 1s if the
TAOS command is active) will be transmitted naity. Iﬁ‘gi”;‘;ﬁ'x'?:es SLLOOP  RLOOP  TAGS  JASEL
When used in this mode, the transceiver can be used ag a

stand-alone jitter attenuator. ThOS >

> Contol e
3 g > TRING
TPOS/TNEG or TDATA) are ignored. The RPOS/RNEG

JA
—>
*If Enabled (All 1s)
“ Timing RTIP
/;
P Recovery : i RRING
or RDATA outputs are looped back to the transmit circuits

and output on TTIP and TRING at the RCLK frequency Figure 9: Local Loopback with Selectable JA
Receiver circuits are unaffected by the RLOOP comman Local Loopback =LLOOP ~ RLOOP  TAOS  JASEL
and continue to output the data and clockaig received TR L 9 9 !
from the line. During remote loopback, the JASEL inpuf] Tros
functions as follows: If JASEL = 1, JA is enabled and] ™&¢
active in both the Receive path ahe loopback circuit. If et
JASEL =0, JA is enabled in thebpbackcircuit only. If RCLK <
JASEL = MCLK, JA is disabled. RNEG

RPOS <

TCLK
Remote Loopback. See Figure 10. Remote Loopback] TPos
(RLOOP) is selected when RLOOP = 1 and LLOOP = o] ™*¢
(Under this condition, TAOS is ignored. TAOS cannot bg RrcLk
commanded simultaneously with RLOOP.) In RLOOP] RNEG
mode, thetransmit clock and data iogs (TCLK and RPOS

B8ZS/HDB3
Encoder

vVVYY

B8ZS/HDB3
Decoder

>

> Z—» TP
Timing & > > TRING

Control i

x *If Enabled
A A 4
“ Timing « RTIP
oA | Recovery RRING
e
Dual Loopback. See Figure 11. Dual Loopback
(DLOOP) is selected when RLOOP = 1, LLOOP = 1 ang
TAOS = 1. In DLOOP mode, the transmit clock and data ';‘;zaJ'A'-""pbaCk SLLOOP RLOOP - TAGS J(’)*SE'-
inputs (TCLK and TPOS/TNEG or TDATA) are looped

back through the jitter attenuator (unless disabled by R 1pos N R
A+ Timing &
L Control > TRING

clock input to the JASEL pin) and output at RCLK and] ec
3 Timing : z < RTIP
Recovery < RRING

RPOS/RNEG or RDATA. The data and clock recoveredq T«
*If Enabled

vVvYyY

8ZS/HDB3

Encoder*
vYy

i

o]

Decoder

8ZS/HDB3

i

B8ZS/HDB3
Encoder

from the line are looped back through the transmit circuit§ .. « <
and output on TTIP and TRING without jitter attenuation.| rnec <
Unlike the other diagnostic modes, no explicit SIO statug RPOs <
indicator is available for DLOOP in the SIO status register

DY

B8ZS/HDB3
Decoder
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QRSS Built-In Self Test (Host Mode only). See Figure Figure 10: Remote Loopback with

12. The QRSS Built-In Self Test (BIST) mode is available Selectable JA

only under Host control. TheRES BIST mode is selected

by clocking the VCQE pin with MCLK. Once the QRSS I;%canlALoor)back =LL§D£ BJ.loﬂJE IAXO§ JAIEEJ.
BIST mode is selected, the VCQO and VCQL1 pins are rep N -
mapped to trigger the QRSSismission. A High on one IZ‘E’Z i Timing & , oG
of these pins triggers QRSS pattern transmission from the e« — 1, Control

appropriate port. The QRSS pattern for DSX-1 systems if “If Enabled

220_1, with no more than 14 corasiive zeros. For CEPT | mice < i 14 e
systems the QRSS pattern i$21. The QRSS patternis | rros < | Recovery « « RRING

locked to MCLK. Once the QRSS transmission is acti-
vated, errors can be inserted into the transmit data strea| e Lioor I Py
by causing a Low-to-High transition on the TPOS/TDATA ﬁiaJA oopback = 0 1 v

X

pin for the respective port. In Bipolar mode, Low-High

transitions cause both a logic error and a bipolar violatior T°0s Timing & —>TTIP
"1 control Ly TRING

A T L *If Enabled

TNEG
. Timing N RTIP
Recovery "
< RRING

E]

to be inserted into the QRSS data stream. In Unipolal ¢«
mode, only a logic error is inserted.

B8ZS/HDB3
Encoder*
o
>
-
y

RCLK <«
RNEG «

The Pattern Detect circuitry istivated by the QRSS BIST | reos <
mode, although the basic receive circuits are unaffecteq.
The Pattern Detect (Rippins indicate QRSS pattern sync. —.
The Pattern Detect pin stays High until synchratienis ~ Figure 11: Dual Loopback

B8ZS/HDB3
Decoder*

achieved on the QRSS pattern. The QRSS pattern is coj- Local Loopback =LLOOP  RLOOP  TAOS
sidered in sync when there are fewer than 4 errors in 128 Dual Loopback 1 1 1
bits. The PD pin goes High indicating an out-of-sync con{ Tct«

vyvYy

B8ZS/HDB3
Encoder*

ditions if 4 or more errors are detected #8 bits(i.e. sync 1222
is defined as fewer than 4 errors in 128 bits).

*If Enabled
. —RTIP
Timing
Recovery :g::—RRING
Upon initial power up, the transceiver is held staititil

the power supply reaches approximately 3 V. Upon crossFigure 12: QRSS BIST Mode
ing this threshold, the device clears all internal register
and beginsalibration of the delay lines. A reference clock QRSSBIST = VCQE

<
\ \ Timing & > TP
Control | ] > TRING

RCLK

INITIALIZATION/RESET OPERATION

RPOS
RNEG

B8ZS/HDB3
Decoder*

A A A

B8ZS/HDB3
Encoder*

A A A 4

B8ZS/HDB3
Decoder*

. B 3
PLLs are continuasly calibrated. B Timing & e
TNEG ——ﬁ\ Control > TRING
—\
In Host mode, reset is commanded by writing 1S tQ rpos <
Receive QRSS

TCLK —
Timing Z < RTIP
Recovery
< RRING
RLOOP and LLOOP, and a 0 to TAOS (bits D5, D6 and] |
mately200 ns. Reset is initiated on ttadlihg edge of the e
gic Error
reset request. In either mode, each port is reset indepeh- ° s:;zirzegskt»\ﬁ/{ ; Detected

Clocked Low-to-High iti
is required to calibrate the delay lines. TCLK is the trans ——
The transceiver can be reset from the Host or H/W modg. RCLK <
D7, respectively, of the SIO input data byte). In H/W| o «—————0RSS Sync/Error Detector]
dently. Reset cleamnd sets all SIO registers to 0 at the
affected port. Reset is not generally required for the port tI) ot -1 J /

: : : MEeLK — | QRSS Pattem Generator]|
mit reference, and MCLK is the receive reference. Thd QRS Paiom Senerator
TPOS —
RNEG <«
mode, reset is commanded by simultargy holding
RLOOP and LLOOP High, and TAOS Low, for approxi- gﬁ;‘;:m J_|_|_|_|_|//
be operational.
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APPLICATION INFORMATION The line interface circuitry is identical for both LIU ports.

The precision resistors in lineitw the transmit trans-
former provide optimal return loss. The recommended
NOTE transformer/resistor combinations are listed at the bottom
of Figure 15. Center tapp&dl transformers are used on
the receive side.

Table 9: Recommended Transformer 2
POWER REQUIREMENTS Values

This information is intended as a design aid only.

The LXT332 is a low-power CMOS'device. It Qperates Parameter Value

from a single +5 V power supply which can be tied to al

three VCC inputs. However, all inputs must be within + .4 Turns Ratio (T1) 1:2.3(Tx) / 1:2 CT (RK)

V of each other, and decoupled to their respective groundsurns Ratio (E1) 1:2 (Tx) / 1:2 CT (Rf)

separgtely. [solat!on between thg transmit and receive c Primary Inductance 1.2 mH maximdn

cuits is provided internally. During normal operation or -

local loopback, the transmitter powers down if TCLK is no§ -62kage Inductance O maximumj

supplied. Interwinding Capacitance 25 pF maximlim
DC Resistance (Pri.) Q maximum|

TRANSFORMERS ET (Breakdown Voltage) 1kV minimun|1

The transformer specifications listed in Table 9 give the

correct impedance matching for balancednsmit or  Tgple 10: Transformer Combinations
receive lines. Table 10 shows the combinations of resistoge

and transformers to produce a variety of return loss valuis Xfmr
depending on the LEN code settings chosen for a speciffc LEN Ratio ! Rt Value 2 Rtn Loss 3
design
9 For T1/DSX-1 100Q Twisted-Pair Applications:
1.544 MBPS T1 APPLICATIONS 011-111 1:2 Rt=9.0 14 dB
. . _— o], 011-111| 1:23 Rt=9.1Q 18 dB
Figure 13 shows a typical host mode application. The eigt . _

S . 011-111| 1:1.15 Rt=0Q 18 dB
serial interface pins are grouped at the top. Host mode fs . - ————
selected by the clock input to SPE. Other modectete For E1 120Q Twisted-Pair Applications:
pins are shown at theottom. With the TRSTE pin 001 1:2 Rt=1%) 18 dB
switched Low, the LXT332 operates in the bipolar /O 000 1:2 Rt=9.10 10 dB

mode. Driving JASEL Low switches the jitter attenuatio

o : For E1 75Q Coaxial Applications:
circuits into the transmit paths for both LIU ports. PP

001 1:2 Rt=14.3 10 dB
Figure 13 shows a pair of framers (a dual framer could aldo 000 1:2 Rt=9.10 18 dB
be used). A LXP600A Clock Adapter (CLAD) converts — —
the 2.048 MHz backplane clock to provide the 1.544 MH{ 1. Transformer turns ratio esracy is +2 %.

. . 2.Rtvalues are 1 %.
input to the MCLK and TCLK inputs of both LIU ports. 3. Typical return loss, 51 kHz — 3.072 MHz, witlt@pacitor

The DFM and PD indicators and High frequency clocks arf__In Parallel with the primary side of the _transformer.
grouped in the diagram lower left. These outputs are avail-

able to drive optional external circuits. The driver power

supply inputs (lower right) are tied to a common bus with

1.0 pF decoupling capdors installed. The power supply

for the remaining (non-driver) circuitry is shown at center

right with 68 uF and 0.1 pF decoupling capacitors.
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Figure 13: Typical LXT332 T1 Application (Host Control Mode, Bipolar 1/0)

2Rt

values are +1%.

To/From uP Controller

L Transformer turns ratio accuracy is +2%.

3 Typical return loss, 51 kHz — 3.072 MHz band.
4Typical value = 470 pF. Adjust for actual board parasitics to obtain optimum return loss.
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2.048 MBPS E1/CEPT INTERFACE APPLI- A single clock source provides ti#048 MHz input to
CATIONS MCLK and TCLK. The DFM pin may routed to an LED
driver or other indicator, or be left unconnected. Switches
. o on the TAOS, LLOOP and RLOOP inputs provide mode
E1 Coaxial Applications control and hardware reset capijo

Figure 14 shows the line interface for a typical 2.048 Mbpsq i, Figure 15the power supply inputs are tied to a com-

E1 coaxial (7®) application. The LEN code should be set,qn pys with appropriate decoupling capacitors installg
to 000 for coax. With 9Q Rt resistors in line wth the 1:2 (1.0 pF on the &msmit side, 68 pnd 0.1 pF on the

output transformers, the LXT332 produc287 V peak (oceive side.)
pulses as required for coax applications. As inthe T1 appli-

cation shown in Figuré3, enter tapped.:2 transformers  Figure 14: Line Interface for E1 Coax

are used on the receive side. Applications

E1 Twisted-Pair Applications LXT332 Ten [ W37
Figure 15 shows a typical 2.048 Mbps Elisted-pair o= A
(120Q) application.With the TRSTE pin tied to ground the

LXT332 operates in the bipolar data /0O mode. The JA cir TRNGn | ] Ri=9.1Q

cuit is placed in the ansmit path byhe Low on JASEL rRTen [ 2CT1
The line length equalizers are controlled by the hardwiregl Rr=1500Q g
LEN inputs. With the LEN code set to 001 andQ1Rt Wy F
resistors in line with the 1:2 output transformers, the RRNGn

LXT332 produces the 3.0 V peakilpes required for this Rr=150Q
application. Center tapped 1:amsformers are used on the A Typical value. Adjust for actual board =
receive side. parasitics to obtain optimum return loss.
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Figure 15: Typical LXT332 E1 120 Q Application (Hardware Control Mode)

{+5v
=~ 1.0 yF
L [ ] 4
2.048 MHz PR
Clock Source —
o o o o o o o
2828 2181
"—PEMCLKJEEE'Sgg
— @
TCLK |«¢ SH
< P | TcLko RE1SO 19
TTIPO
TPOSO »[ ] TPoso
470 pF*
ol Rt=15Q
TNEGO »{ | TNEGO TRINGO
< i 2CT:1
RPOSO |« 1| rRPOSO RTIPO :l_‘—lg
Rr=240Q
RNEGO |4 [ rnEGO W j%
RRINGO
5 RCLKO |4 [l rewko Rr=2400
E AVAVAV
©
Y vce — +5V
I LXT332 1
— 1.0 uF 0.1 pF
©
g ono [—d—— 4
TPOS1 »[ | TPos1 =
TNEG1 »[ | TNEGL TTIPL
+—»[ | Tk
TRING1
RPOS1 |4 [ rros1
RTIP1 :I' 2CT:1
RNEG1 |« [ rneEGL Rr=2400
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VYV
RRNG1 j
RCLK1 |« [ reLka
Rr=240Q
B Ve <+—] orm
— =
1] aseL oo g
=823 3 6 68 83 3
0w oz 5 =4 o) o O % L>> g z
TRSTEQ W - W4 = 4 g F £ £ 2
p 68 uF
< ] ® \| 68 pF
s sl |2 = 7 "
L8y | shblh
o 0 =]
=S Z e : N | +5v
X
X
Media LEN  XfmrRato!  RtValue? Rrvaue Rmnloss? — ——
120 O TWP 001 1:2 15Q 240 Q 18 dB
75 Q Coax 000 1:2 910 150 Q 18 dB
NOTES:
1 Transformer turns ratio accuracy is +2%.
2 Rt values are +1%.
3 Typical return loss, 51 kHz — 3.072 MHz band.
4 Typical value = 470 pF. Adjust for actual board parasitics to obtain optimum return loss.
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TEST SPECIFICATIONS

NOTE

Information in Tables 11 through 17 and Figures 16 through 21 represent the performance specifications of the LXT332

Dual Line Interface Uit and are guaranteed by test, except as noted, by design.

Table 11: Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) VCC, TVCCO, TVC(Q1 - 6.0 \Y
Input voltage, any pinh VIN GND-0.3 Vec + 0.3 v
Input current, any piR I -10 10 mA
Storage temperature sile -65 +150 °C
CAUTION

Operations at or beyd these limits may result in damage to the device.
Normal operation not guaranteed at thegeeenes.

1. Excluding RTIP and RRING which must stay between -6 V ard#0.3 V.
2. Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+, and TGNDthatand continuous cuif
rent of 100 mA.

Table 12: Recommended Operating Conditions

Parameter Symbol Minimum Typical Maximum Units
DC supply1 VCC, TVCCO, TVCC1 4.75 5.0 5.25 \%
Ambient operating temperature AT -40 25 85 °C

Table 13: Electrical Characteristics

(Over Recommended Range)

Parameter Sym Min Typ Max Units Test Conditions
Total power dissipation — T4 Po - 700 900 mW | 100% ones density
(Maximum line length) Po - 550 700 mW | 50% ones density
Total power dissipation — E4 Pp - 575 700 mW | 100% ones density
Po - 490 600 mW | 50% ones density
High level input voltagé~ VH 2.0 - - v
Low level input voltagé® Vie - - 0.8 v
High level output voltagé: Vou | 2.4 - - V | lout = -400pA
Low level output voltagé- VoL - - 0.4 V | bur=1.6mA
Input leakage curredt ILL 0 - +10 HA
Three-state leakage current Ist 0 - +10 HA
Input pull down current (MCLK) - 100 HA
1. Total power dissipation includes the device power consumption and load power dissipation while driiddgoadbn the seg
ondary side. The T1 test circuit is a 1Qdine load connected to the driver outputs via a 1:1.15 ratistransformer without sq
2.?:?1?1(2%3'5;?@'01‘ pins depends on mode.
3. Output drivers will output CMOS logic levdalgo CMOS loads.
4. Except for MCLK, RTIPO, RRINGO, RP1, and RRING1.
5. Applies to pins 81,23,26

@LEVEL
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Table 13: Electrical Characteristics  (Over Recommended Range) — continued

Parameter Sym Min Typ Max

Units

Test Conditions

TTIP/TRING leakage current T - 1.2

mA

In tri-state and power down mod

ries resistors.
2. Functionality of pins depends on mode.
3. Output drivers will output CMOS logic levels into CMOS loads.
4.Except for MCLK, RTIPO, RRINGO, RTIP1, and RRING1.
5. Applies to pins 8,11,23,26

1. Total power dissipation includes the device power consumption and load power dissipation while driidgoadsn the sed
ondary side. The TEst cicuitis a 1002 line load connected to the driver outputs via a 1:fufi3s ratio transformer without s
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Table 14: Analog Specifications (Over Recommended Range)

Parameter Min Typ Max Units Test Conditions
AMI Output Pulse DSX-1 2.4 3.0 3.6 Y measured at the DSK
Amplitudes E1l (120Q) 2.7 3.0 3.3 \% measured at line sidp
E1(75Q)| 2.13 2.37 2.61 Y measured at line side
Transmit Amplitude Variation with suppf/ - 1 25 %
Recommended output load at TTIP and RRING - 76 + Q
Driver Output Impedance - 3 10 Q |@772kHz
Jitter added by the 10 Hz - 8kHZ| - 0.005 | 0.01 Ul | Tiifter based
transmitter' 8kHz-40kHZ| - | 0.015| 0.025| Ul
10 Hz - 40kHZ | - 0.02 | 0.025 ul
Broad Band - 0.03 0.05 ul
Jitter added by the 20 Hz — 100 kHz - - 0.05 ul E1 Jitter Band
transmitter*
Output Power Leveld @772kHZz| 12.6 - 17.9 dBm
o512 0z o Bl B B B et
Positive to Negative Pulse Imlaace - - 0.5 dB
Receive Input Impedance - 40 - Qk
Sengivity below DSX (0dB=24V 13.6 - - dB
(max 6 dB cable attenuation) 500 - - mV,
Loss of Signal threshold - 0.3 - Y
Data decision threshold DSXil 60 50 77 % peak
El 43 50 57 % peak
Input Jitter Tolerance 10 Hz - 120( - ul
750 Hz 14 - - ul
10 kHz — 100 kHz 0.4 - - Ul
Allowable consecutive zeros before LOS 160 175 190 -
Jitter attenuation curve cof- T1 - 6 - Hz
ner frequency> E1 _ 10 _ Hz
Attenuation input jitter tolerance before 28 - - ul
FIFO overflow®
Jitter attenuation @ 10 kHz 45 - dB
1.Input sighal to TCLK is jitter-free.
2.Circuit attenuates jitter at 20 dB/decade above the corner frequency.
3.Not production tested, but guaranteed by design and othelatiomenodels.
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Table 15:LXT332 Serial I/O Timing Characteristics

(See Figures 16 and 17)

to SDO high-z

Parameter Sym Min Typ Max Units
Rise/Fall time - any digital output Rit - - 100 ns |Load 1.6 mA, 50 pF
SDI to SCLK setup time tDC 50 - - ns
SCLK to SDI hold time dpH 50 - - ns
SCLK Low time tL 240 - - ns
SCLK High time tH 240 - - ns
SCLK rise and fall time R’ tF - - 50 ns
PS to SCLK setup time Pt 50 - - ns
SCLK to PS hold time cPH 50 - - ns
PS inactive time FwH 250 - - ns
SCLK to SDO valid ¢pv - - 200 ns
SCLK falling edge or PS rising edge tcpz - 100 - ns

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

Figure 16:LXT332 Serial Data Input Timing Diagram
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d d »
.l Ll tcL L
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Figure 17:LXT332 Serial Data Output Timing Diagram
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Figure 18:LXT332 Receive Clock Timing
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Figure 19:LXT332 Transmit Clock Timing
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Table 16:LXT332 Receive Timing Characteristics

(See Figure 18)

Parameter Sym Min Typ ' | Max | Units Test Conditions
Receive clock period DSX-1 P/ 583 648 713 ns Elastic store not in over}
flow or underflow.

El w 439 488 537 ns

Receive clock duty cycle RCLKd 40 50 60 ns

Receive clock pulse width | DSX-1 tPWH 259 324 389 ns

High E1 twi | 105 | 244 | 203| ns

Receive clock pulse width | DSX-1 tPwiL 259 324 389 ns

Low E1 tw. | 195 | 244 | 293 | ns

RPOS / RNEG to RCLK ris-| DSX-1 SUR 50 274 - ns

ing setup time E1 R | 50 | 104 | - ns

RCLK rising to RPOS / DSX-1 HR 50 274 - ns

RNEG hold time E1l R 50 194 _ ns

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

Table 17:LXT332 Master Clock and Transmit Timing Characteristics

(See Figure 19)

Parameter Sym Min Typ 1 Max Units
Master clock frequency DSX-1 MCLK - 1.544 - MHz
El MCLK - 2.048 - MHz
Master clock tolerance MCLKt - +50 - ppm
Master clock duty cycle MCLKd 40 - 60 %
Transmit clock frequency DSX-1 TCLK - 1.544 - MHz
El TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt - 150 - ppm
Transmit clock duty cycle TCLKd 10 - 90 %
TPOS/TNEG to TCLK setup time sdT 25 - - ns
TCLK to TPOS/TNEG Hold time Hr 25 - - ns

1.Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testirjg.
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Figure 20: Typical Receiver Input Jitter Tolerance (Loop Mode)
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Figure 21: Jitter Transfer Performance
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