LXT332

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

Datasheet

ThelLXT332isafully integrated Dual Line Interface Unit (DLIU) for both 1.544 Mbps (T1) and
2.048 Mbps (E1) applications. It features B8ZS/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, switchable to either
the transmit or receive side. This 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.

The 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.

Applications
= PCM/Voice Channel Banks = Computer to PBX interface (CPl & DMI)
= Data Channel Bank/Concentrator = SONET/SDH Multiplexers
= TL/E1 multiplexer = Interfacing Customer Premises Equipment
= Digital Access and Cross-connect Systems toaCsU

(DACS) = Digital Loop Carrier (DLC) terminals

Product Features

= Digital (crystal-less) jitter attenuation, = Complete line driver, data recovery and
selectable for receive or transmit path, or clock recovery functions
may be disabled = Minimum receive signa of 500 mV, with
= High transmit and receive return loss selectable dicer levelsto improve SNR

= Constant low output impedance transmitter = Local, remote, and dual loopback functions
with programmable equalizer shapes pulses Built-In Self Test with QRSS Pattern

to meet DSX-1 pulse template from 0 to Generator
655 ft. _ o = Transmit/Receive performance monitors
= Meets or exceeds industry specifications with Driver Fail Monitor (DFM) and Loss

Pub 62411 and ITU-T G.742 = Receiver jitter tolerance 0.4 Ul from 40

= Compatible with most industry standard kHz to 100 kHz
framers = Availablein 44-pin PLCC and 44-pin QFP
packages
As of January 15, 2001, this document replaces the Level One document Order Number: 249075-001
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Figure 1. LXT332 Block Diagram
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1.0 Overview
In addition to the inherent advantages of adual L1U, the LX T332 also provides several advanced
features that are not available in other LXT300-series devices. All of the added features are easily
implemented. Many require only aclock pulse to change from one mode to another. Some features
are available in Host mode only.

1.1 Standard LXT332 Features

1.1.1 Tri-state Outputs
All LXT332 output pins can be forced to tri-state (high-Z). Tri-state is controlled by the TRSTE
pin.

1.1.2 Bipolar or Unipolar Data I/0O
The LXT332 to framer interface can be either bipolar (default) or unipolar (selectable). The
unipolar 1/0 mode is selected by applying MCLK to the TRSTE pin.

1.1.3 B8ZS or HDB3 Zero Suppression
The LXT332 incorporates zero suppression encoders and decoders for use in the unipolar data 1/O
mode. The encoders/decoders can be activated or deactivated by changing the logic level onthere-
mapped TNEG pin.

1.14 Selectable Jitter Attenuation
Jitter attenuation can be placed in either the transmit or receive path or deactivated. The Jitter
Attenuation Select (JASEL) pin selects the jitter attenuation path. No crystal is required.

1.15 Dual Loopback
Dual Loopback (DLOOP) 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.

1.2 Additional Host-Mode Features

1.2.1 High Frequency Clocks

The LXT332 provides a pair of high frequency clock outputs, one for each L1U. 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
respective LI1U.
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1.2.2

1.2.3
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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 L1U port independently.

Built-In Self Test (QRSS)

The LXT332 can generate and transmit a Quasi Random Signal Source (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 errorsin the
received QRSS pattern data stream.

AIS Detection

The LXT332 detects the AlS alarm signal on the receive side independent of the loopback modes.
When AlS is detected (less than 3 zeros in 2048 bits), the LXT332 provides an indicator output.
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Pin Assignments and Signal Descriptions

Figure 2 and Figure 3 identify the pins and signals for the PLCC and QFP packages, respectively.
Note that many pins have two functions. The active function is determined by the particular mode
of operation selected. Table 1 describes the Host mode signal functions, except signals that change
when in Unipolar Host mode. Table 2 describes signal functions that change when in Unipolar
Most mode. Table 3 describes all Hardware mode signal functions, except signalsthat change when
in Unipolar mode. Table 4 describes signal functions that change when Unipolar Hardware modeis
selected.

Figure 2. LXT332 Pin Assignments and Package Markings (PLCC)
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Figure 3. LXT332 Pin Assignments and Package Markings (QFP Package)
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Table 1. Host Mode and Bipolar Host Mode Pin Descriptions

Pin Pin

OFP | PLCC Symbol 110t Description

Tristate Output Enable. When held High, forces all output pins to high-Z (tri-state).

When held Low, Bipolar I/O mode is selected. In this mode, the framer interface is
bipolar (TPOS/TNEG and RPOS/RNEG), and the B8ZS/HDB3 encoders are disabled.

When clocked by MCLK, Unipolar /0 mode is selected. In this mode, the framer

39 1 TRSTE DI interface is unipolar (TDATA and RDATA), and the TNEG and RNEG pins are re-
mapped. The TNEG pins are re-mapped as Encoder Enables (ECE) to individually
enable the B8ZS/HDB3 encoder/decoder for each port. The RNEG pins are re-
mapped as Bipolar Violation (BPV) indicators to report BPVs detected at the respective
ports.

Transmit Clock - Port 0. 1.544 MHz for T1, 2.048 MHz for E1. The port O transmit

40 2 TCLKO DI data inputs are sampled on the falling edge of TCLKO.
TPOSO ) . . . .
41 3 (Bipolar) DI | Transmit Positive and Negative Data - Port 0. In the Bipolar I/O mode, these pins
are the positive and negative sides of a bipolar input pair for
42 4 (-Igi\lp%(li?) DI port 0. Data to be transmitted onto the twisted-pair line is input at these pins.
RNEGO Receive Positive and Negative Data - Port 0. In the Bipolar I/O mode, these pins are
43 5 (Bipolar) DO | the data outputs from port 0. 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
a4 6 RPOS0 DO | RTIP/RRING. RNEG/RPOS outputs are Non Return-to-Zero (NRZ). The CLKE pin
(Bipolar) determines the clock edge at which these outputs are stable and valid.
1 7 RCLKO DO Receive Clock - Port 0. Normally, this clock is recovered from the input signal. Under
Loss of Signal (LOS) conditions, RCLKO is derived from MCLK.
2 8 SCLK DI Serial Clock. SCLK shifts data into or out of the serial interface register of the selected

port.

Violation Insert, High Frequency Clock, or QRSS - Port 0. The function of this pin is
selected by the VCQE pin.

When VCQE is High, the Bipolar Violation (BPV) insertion function is selected. VCQO
is an input that is sampled on the falling edge of TCLKO to control BPV insertion. When
VCQO is High, a BPV is inserted at the next available mark transmitted from port 0. A
Low-to-High transition is required for each subsequent BPV insertion. B8ZS and HDB3
zero suppression codes are not violated.

When VCQE is Low, the High Frequency Clock (HFC) function is selected. VCQO
3 9 VCQO DI/o | outputs a HFC (12.352 MHz for T1, 16.384 MHz for E1) tied to the jitter attenuated
clock of the port 0. If no JA clock is available, the HFC is locked to the 8x receive
timing recovery clock.

When VCQE is clocked with MCLK, the Quasi Random Signal Source (QRSS) function
is selected. A High on VCQO enables the QRSS detection circuit and causes the
LXT332 to transmit the QRSS pattern onto the twisted-pair line from port 0. For error-
free QRSS transmission, TPOS0 must be held Low. To insert errors into the pattern,
TPOSO0 must transition from Low to High (TPOSO is sampled on the falling edge of
MCLK). A Low to High transition is required for each subsequent violation insertion.
B8ZS and HDB3 zero suppression codes are not violated.

10 INTL DO Interrupt Outputs. The interrupt outputs go Low to flag the host_processor that the
N respective port has changed state. INTO and INT1 are open drain outputs. Each
5 1 INTO Do interrupt signal must be tied to VCC through a resistor.
Master Clock. The master clock (1.544 MHz for T1, 2.048 MHz for E1) must be
6 12 MCLK DI independent, free-running, continuously active and jitter free for receiver operation.

Note that MCLK cannot be derived from RCLK because during a Loss of Signal (LOS)
condition, transceiver timing is based on MCLK.

1. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power
Supply.
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Table 1. Host Mode and Bipolar Host Mode Pin Descriptions (Continued)
Pin Pin 1 N
QFP PLCC Symbol 110 Description

7 13 GND S Ground. Ground return for the VCC power supply.
Transmit Tip and Ring - Port 0. These pins are differential driver outputs designed to

8 14 TTIPO AO | drive a 35 - 200 Q load. Line matching resistors and transformers can be selected to

11 17 TRINGO AO give the desired pulse height. See Table 10 and Figure 14 through Figure 16 for
details.

9 15 TGNDO S Ground - Port 0 Transmit Driver. Ground return for the TVCCO power supply.

10 16 TVCCo s +5VDC - Port 0 Transmit Driver. TVCCO must not vary from TVCC1 or VCC by more
than £ 0.3 V.

12 18 DEM DO Driver Failure Monitor. This signal goes High to indicate a driver output short in one
or both ports.

13 19 ) DI Port Select - Port 0. This signal selects the serial interface registers for port 0. For
each read or write operation, PSO must transition from High to Low, and remain Low.
Pattern Detect - Port 0. Unless the QRSS function is selected by the VCQE pin, PDO
functions as an Alarm Indication Signal (AIS). The AIS pattern is detected by the
receiver, independent of any loopback mode. PDO goes High when less than three
zeros have been detected in any string of 2048 bits. PDO returns Low when the
received signal contains more than three zeros in 2048 bits.

14 20 PDO DO L . . . .
If the QRSS function is enabled by the VCQE pin, PD0 remains High until pattern sync
is reached with the received signal. Once pattern lock is obtained, PD0O goes Low. The
sync/out-of-sync criteria is: less than 3/4 errors in 128 bits. After sync acquisition, bit
errors cause PDO to go High for half a clock cycle. PDO can be used to trigger an
external error counter.

15 21 RTIPO Al Receive Tip and Ring - Port 0. These pins comprise the receive line interface and
should be connected to the line through a center-tapped 1:2 transformer. See Figure

16 22 RRINGO Al 14 through Figure 16 for details.
Clock Edge Select. When CLKE is High, RPOS/RNEG or RDATA outputs are valid on

17 23 CLKE DI the falling edge of RCLK, and SDO is valid on the rising edge of SCLK.
When CLKE is Low, RPOS/RNEG or RDATA outputs are valid on the rising edge of
RCLK, and SDO is valid on the falling edge of SCLK.

18 24 RRING1 Al Receive Tip and Ring - Port 1. These pins comprise the receive line interface and
should be connected to the line through a center-tapped 1:2 transformer. See Figure 14

19 25 RTIP1 Al through Figure 16 for details.

20 26 PD1 DO Patte!'n_Detect - P(_)rt 1. Reports AIS and QRSS pattern reception. See PDO signal
description for details.
Serial Data Input. Write data to the LXT332 registers is input on this pin. SDI is

21 27 SDI DI -
sampled on the rising edge of SCLK.

22 28 Ps1 DI Port Select - Port 1. Selects the serial interface registers for port 1. For each read or
write operation, PS1 must transition from High to Low, and remain Low.
Transmit Tip and Ring - Port 1. These pins are differential driver outputs designed to

23 29 TRING1 AO | drive a 35 - 200 Q load. Line matching resistors and transformers can be selected to

26 32 TTIP1 AO | give the desired pulse height. See Table 10 and Figure 14 through Figure 16 for
details.

24 30 Tveel s +5VDC - Port 1 Transmit Driver. TVCC1 must not vary from TVCCO or VCC by more
than £ 0.3 V.

25 31 TGND1 S Ground - Port 1 Transmit Driver. Ground return for the TVCC1 power supply.

27 33 VCC S +5 VDC. Power supply for all circuits except the transmit drivers.

1. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power
Supply.
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Table 1. Host Mode and Bipolar Host Mode Pin Descriptions (Continued)
Pin Pin 1 I
QFP PLCC Symbol 110 Description
Jitter Attenuation Select. When JASEL is High, the Jitter Attenuation (JA) circuits are

28 34 JASEL DI placed in the receive paths. When JASEL is Low, the JA circuits are placed in the
transmit paths. When JASEL is clocked with MCLK, the JA circuits are disabled.

29 35 VCOo1 DI/O Violation Insert, High Frequency Clock, or QRSS - Port 1. The function of this pin is
selected by the VCQE pin. Refer to VCQO signal description for details.

30 36 SPE DI Serial Port Enable. When clocked with MCLK, Host mode is enabled. In Host mode
the LXT332 is controlled by a pP via the serial port.

Violation Insert, High Frequency Clock, QRSS Enable. When set High, selects the
Bipolar Violation (BPV) insertion function on VCQO and VCQ1.

31 37 VCQE DI When set Low, selects the High Frequency Clock (HFC) function on VCQO and VCQ1.
When clocked with MCLK, selects the Quasi Random Signal Source (QRSS) function
on VCQO and VCQ1, and enables the QRSS Generate and Detect function on PDO
and PD1.

Serial Data Output. This pin carries read data from the LXT332 registers. When CLKE

32 38 SDO DO | is High, SDO is valid on the rising edge of SCLK. When CLKE is Low, SDO is valid on
the falling edge of SCLK.

33 39 RCLK1 DO Receive Clock - Port 1. Normally, this clock is recovered from the port 1 input signal.
Under Loss of Signal (LOS) conditions, RCLK1 is derived from MCLK.

34 40 RPOSL | hq _ . . . :

(Bipolar) Receive Positive and Negative Data - Port 1. In the Bipolar /O mode, these pins are
RNEG1 the data outputs from port 1. See RPOS0 and RNEGO for signal descriptions.
35 41 ; DO
(Bipolar)
TNEG1 . . . ) .

36 42 (Bipolar) DI Transmit Positive and Negative Data - Port 1. In the Bipolar I/O mode, these pins
are the positive and negative sides of a bipolar input pair for

37 43 (E?p%i%) DI port 1. Data to be transmitted onto the twisted-pair line is input at these pins.
Transmit Clock - Port 1. 1.544 MHz for T1, 2.048 MHz for E1. The port 1 transmit

38 44 TCLK1 DI data inputs are sampled on the falling edge of TCLK1.

1. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power

Supply.
Table 2. Unipolar Host Mode Pin Descriptions®
Pin Pin 2 o
QFP PLCC Symbol 110 Description
a1 3 TDATAO Trans_mlt Data -_Port 0. Inthe Un_lpolar I/10 _mode, the data to be transmitted onto
the twisted-pair line from port 0 is input at this pin.
42 4 ECEO DI Encoder Enable - Port 0. In the Unipolar I/O mode, a High on this pin enables the
B8ZS or HDB3 encoder/decoder for port 0.
43 5 BPVO DO Blpolar_ V|olat|_on - Port 0. In the Unipolar 1/0 mode, this pin goes High to indicate
that a bipolar violation was detected at port 0.
24 6 RDATAO DO Receive Data - Port 0. In the Unipolar I/O mode, RDATAO is a Non Return-to-Zero
(NRZ) output. CLKE determines the RCLKO edge that RDATAQO is stable and valid.
Receive Data - Port 1. In the Unipolar /O mode, RDATA1 is a Non Return-to-Zero
34 40 RDATAL Do (NRZ) output. CLKE determines the RCLK1 edge that RDATAL is stable and valid.

1. Table 1 describes the pins that do not change function in Unipolar Host mode and functions of pins unique to Bipolar mode.
2. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power
Supply.
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Table 2. Unipolar Host Mode Pin Descriptions® (Continued)

Pin Pin

OFP PLCC Symbol 1102 Description

Bipolar Violation - Port 1. In the Unipolar I/0O mode, this pin goes High to indicate

35 41 BPV1 Do that a bipolar violation is detected at port 1.

36 a2 ECE1 DI Encoder Enable - Port 1. In the Unipolar I/O mode, a High on this pin enables the
B8ZS or HDB3 encoder/decoder for port 1.

37 43 TDATA1L DI Transmit Data - Port 1. In the Unipolar I/O mode, the data to be transmitted onto

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

1. Table 1 describes the pins that do not change function in Unipolar Host mode and functions of pins unique to Bipolar mode.
2. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power
Supply.

Table 3. Hardware Mode and Bipolar Hardware Mode Pin Descriptions?

Pin Pin 2 o
QFP PLCC Symbol 1/0 Description
Tristate Output Enable. When held High, forces all output pins to high-Z
(tri-state).
When held Low, Bipolar I/O mode is selected. In this mode, the framer interface is
bipolar (TPOS/TNEG and RPOS/RNEG), and the B8ZS/HDB3 encoders are disabled.
39 1 TRSTE DI When clocked by MCLK, Unipolar I/O mode is selected. In this mode, the framer
interface is unipolar (TDATA and RDATA), and the TNEG and RNEG pins are re-
mapped. The TNEG pins are re-mapped as Encoder Enables (ECE) to individually
enable the B8ZS/HDB3 encoder/decoder for each port. The RNEG pins are re-mapped
as Bipolar Violation (BPV) indicators to report BPVs detected at the respective ports.
40 2 TCLKO DI Transmit Clock - Port 0. 1.544 MHz for T1, 2.048 MHz for E1. The port O transmit
data inputs are sampled on the falling edge of TCLKO.
TPOSO . . . . .
41 3 (Bipolar) DI | Transmit Data Positive and Negative - Port 0. In the Bipolar /O mode, these pins
are the positive and negative sides of a bipolar input pair for port 0. Data to be
42 4 TNEGO DI transmitted onto the port 0 twisted-pair line is input at these pins.
(Bipolar)
RNEGO Receive Data Positive and Negative - Port 0. In the Bipolar I/O mode, a signal on
43 5 (Bipolar) DO | 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
44 6 RFOSO DO | Non Return-to-Zero (NRZ). RPOS and RNEG are stable and valid on the rising edge of
(Bipolar) RCLK.
1 7 RCLKO DO Receive Clock - Port 0. Normally, this clock is recovered from the port O input signal.
Under Loss of Signal (LOS) conditions, RCLKO is derived from MCLK.
Transmit All Ones Enable - Port 0. When TAOS is High and RLOOP is Low, the
2 8 TAOSO DI TPOS/TNEG or TDATA input is ignored and the port transmits a stream of ones at the
TCLK frequency. Refer to “Transmit All One’s” on page 24 for details.
2 190 tgmig B: Line Length Equalizer - Port 0. These pins determine the shape and amplitude of the
5 11 LENOO DI port 0 transmit pulse. See Table 5 for details.
Master Clock. The master clock (1.544 MHz for T1, 2.048 MHz for E1) must be
6 12 MCLK DI independent, free-running, continuously active and jitter free for receiver operation.
Note that MCLK cannot be derived from RCLK because during a Loss of Signal (LOS)
condition, transceiver timing is based on MCLK.
7 13 GND S Ground. Ground return for the VCC power supply.

1. Table 1 describes the pins that do not change function in Unipolar Host mode and functions of pins unique to Bipolar mode.
2. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power
Supply.
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Table 3. Hardware Mode and Bipolar Hardware Mode Pin Descriptions! (Continued)

Pin Pin 2 S

QFP PLCC Symbol 110 Description

8 14 TTIPO AO Tr_ansmit Tip and Ring - I_30rt 0. These pins are differential driver outputs designed to
drive a 35 - 200 Q load. Line matching resistors and transformers can be selected to

1 17 TRINGO AO give the desired pulse height. See Figure 14 through Figure 16.

9 15 TGNDO S Ground - Port O Transmit Driver. Ground return for the TVCCO power supply.

10 16 TVCCo s +5VDC - Port 0 Transmit Driver. TVCCO must not vary from TVCC1 or VCC by more
than £ 0.3 V.

12 18 DEM DO Driver Failure Monitor. This signal goes High to indicate a driver output short in one
or both ports.

Remote Loopback Enable - Port 0. When High, the clock and data inputs (from the

13 19 RLOOPO DI framer) are ignored and the data received from the twisted-pair line is transmitted back
onto the line at the RCLK frequency. Note that if LLOOP is High, Remote Loopback is
inhibited (on the respective port).

Loss of Signal - Port 0. Goes High to indicate that 175 consecutive spaces were
detected. Returns Low when the received signal reaches a mark density of 12.5%

14 20 LOSO DO | (determined by receipt of four marks within a sliding 32-bit period, with no more than 15
consecutive zeros). Received marks are output on RPOS/RNEG or RDATA when LOS
is High.

15 21 RTIPO Al Receive Tip and Ring - Port 0. These pins comprise the port O receive line interface
and should be connected to the line through a center-tapped 1:2 transformer. See

16 22 RRINGO Al Figure 14 through Figure 16 for details.

Local Loopback Enable - Port 0. When High, the RTIP/RRING inputs are

17 23 LLOOPO DI disconnected and the transmit data inputs are routed back to the receive inputs
(through the JA if enabled). Note that if RLOOP is High, Local Loopback is inhibited (on
the respective port).

18 24 RRING1 Al Receive Tip and Ring - Port 1. These pins comprise the receive line interface and
should be connected to the line through a center-tapped 1:2 transformer. See Figure

19 25 RTIP1 Al 14 through Figure 16 for details.

20 26 LOS1 DO | Loss of Signal - Port 1. Refer to LOSO for signal description.

21 27 LLOOP1 DI Local Loopback Enable - Port 1. Refer to LLOOPO for signal description.

22 28 TAOS1 DI Transmit All Ones Enable - Port 1. Refer to TAOSO for signal description.

23 29 TRING1 AO Tr_ansmit Tip and Ring - I_30rt 1. These pi_ns are differential driver outputs designed to
drive a 35 - 200 Q load. Line matching resistors and transformers can be selected to

26 32 TTIP1 AO give the desired pulse height. See Figure 14 through Figure 16.

24 30 TVCClL s +5VDC - Port 1 Transmit Driver. TVCC1 must not vary from TVCCO or VCC by more
than + 0.3 V.

25 31 TGND1 Ground - Port 1 Transmit Driver. Ground return for the TVCC1 power supply.

27 33 VCC +5 VDC. Power supply for all circuits except the transmit drivers.

Jitter Attenuation Select - Port 0 and 1. When JASEL is High, the Jitter Attenuation

o8 34 JASEL DI (JA) circuits are placed in the receive paths. When JASEL is Low, the JA circuits are
placed in the transmit paths. When JASEL is clocked with MCLK, the JA circuits are
disabled.

gg 3‘2 tgm(ﬁ B: Line Length Equalizer - Port 1. These pins determine the shape and amplitude of the

31 37 LEN21 DI transmit pulse. See Table 5 for details.

32 38 RLOOP1 DI | Remote Loopback Enable - Port 1. Refer to RLOOPO for signal description.

1. Table 1 describes the pins that do not change function in Unipolar Host mode and functions of pins unique to Bipolar mode.
2. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power
Supply.
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Table 3. Hardware Mode and Bipolar Hardware Mode Pin Descriptions?® (Continued)

Pin Pin 2 A
QFP PLCC Symbol 11O Description
33 39 RCLK1 DO Receive Clock - Port 1. Normally, this clock is recovered from the port 1 twisted-pair
input signal. Under Loss of Signal (LOS) conditions, RCLK1 is derived from MCLK.
34 40 RPOSL | hq _ . . . :
(Bipolar) Receive Data Positive and Negative - Port 1. In the Bipolar I/O mode, these pins are
RNEG1 the data outputs from port 1. See RPOS0 and RNEGO for signal descriptions
35 41 ) DO
(Bipolar)
TNEG1 . ” . . .
36 42 (Bipolar) DI Transmit Data Positive and Negative - Port 1. In the Bipolar /0O mode, these pins
are the positive and negative sides of a bipolar input pair for port 1. Data to be
37 43 TPOS:L DI transmitted onto the port 1 twisted-pair line is input at these pins.
(Bipolar)
Transmit Clock - Port 1. 1.544 MHz for T1, 2.048 MHz for E1. The port 1 transmit
38 44 TCLK1 DI data inputs are sampled on the falling edge of TCLK1.

1. Table 1 describes the pins that do not change function in Unipolar Host mode and functions of pins unique to Bipolar mode.
2. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power
Supply.

Table 4. Unipolar Hardware Mode Pin Descriptions?

Pin Pin 2 .
QFC PLCC Symbol 110 Description
a1 3 TDATAO DI Transmit Data - P_ort 0. In pnipolar 1/0 mode, the data to be transmitted onto the
line from port O is input at this pin.
42 4 ECEO DI Encoder Enable - Port 0. In Unipolar I/O mode, a High on this pin enables the
B8ZS or HDB3 encoder/decoder for port 0.
43 5 BPVO DO Bip_olar Vi_olati_on - Port 0. In Unipolar I/0O mode, this pin goes High to indicate that
a bipolar violation was detected at port 0.
Receive Data - Port 0. In Unipolar /0O mode, RDATAO is a Non Return-to-Zero
44 6 RDATAD Do (NRZ) output. RDATAQ is stable and valid on the rising edge of RCLKO.
Receive Data - Port 1. In Unipolar /0O mode, RDATA1 is a Non Return-to-Zero
34 40 RDATAL Do (NRZ) output. RDATAL1 is stable and valid on the rising edge of RCLK1.
35 a1 BPV1 DO B|p_o|ar V|_o|at|_on - Port 1. In Unipolar I/0O mode, this pin goes High to indicate that
a bipolar violation was detected on port 1.
Encoder Enable - Port 1. In Unipolar I/O mode, a High on this pin enables the
36 42 ECEL DI B8ZS or HDB3 encoder/decoder for port 1.
37 43 TDATAL DI Transmlt Data - P_ort 1. In !Jmpolar 1/0 mode, the data to be transmitted 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 to Bipolar
mode.

2. DI = Digital Input; DO = Digital Output; DI/O = Digital Input/Output; Al = Analog Input; AO = Analog Output; S = Power
Supply
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3.0

Functional Description

3.1

16

The figure on the front page of this Data Sheet shows a simplified block diagram of the LXT332.
The LXT332 isafully integrated Dual Line Interface Unit (DLIU) which contains two complete
transceivers. The DLIU isdesigned for both 1.544 Mbps (DSX-1) and 2.048 Mbps (E1)
applications. Both transceivers operate at the same frequency, which is determined by the MCLK
input.

Each DLIU transceiver front end interfaces with two twisted-pair lines, one pair for transmit, one
pair for receive. Thesetwo twisted-pair lines comprise adigital dataloop for full duplex
transmission. Theintegrated crystal-lessjitter attenuator may be positioned in either the transmit
or receive path, or disabled.

Each DLIU transceiver back-end interfaces with aframer through either bipolar or unipolar datal/
O channels. The DLIU may be controlled by a microprocessor through the serial port (Host mode),
or by hard-wired pins for stand-alone operation (Hardware mode).

Receiver

The two receiversin the LXT332 DLIU areidentical. The following paragraphs describe the
operation of one.

The twisted-pair input is received via a center-tapped 1:2 transformer. Positive pulses are received
at RTIP, negative pulses at RRING. Recovered dataisoutput at RPOS and RNEG in the bipolar
mode and at RDATA in the unipolar mode. The recovered clock isoutput at RCLK. RPOS/RNEG
or RDATA outputs are valid on the rising edge of RCLK. Refer to the Test Specifications Section
for receiver timing.

Thereceive signa is processed through the peak detector and data dicers. The peak detector
samples the received signal and determines its maximum value. A percentage of the peak valueis
provided to the data slicers as a threshold level to ensure optimum signal-to-noise ratio. For DSX-
1 applications (line length inputs LENO - LEN2 # 000 or 001) the threshold is set to 70% (typical)
of the peak value. Thisthreshold is maintained above the specified level for up to 15 successive
zeros over the range of specified operating conditions. For E1 applications (LEN inputs = 000 or
001), the threshold is 50% (typical).

Thereceiver is capable of accurately recovering signals with up to -13.6 dB of attenuation (from
2.4V), corresponding to areceived signal level of approximately 500 mV. Maximum linelengthis
1500 feet of ABAM cable (approximately 6 dB of attenuation). Regardless of received signa
level, the peak detectors are held above a minimum level of 0.3V (typical) to provide immunity
from impulsive noise.

After processing through the data slicers, the received signal goes to the data and timing recovery
section, and to the receive monitor. The data and timing recovery circuits provide an input jitter
tolerance better than required by Pub 62411 or ITU G.823, as shown in Test Specifications.

The receiver monitor loads adigital counter at the RCLK frequency. The count isincremented
each time a zero is received, and reset to zero each time aone (mark) isreceived. Upon receipt of
175 consecutive zeros the LOS flag is set, and the recovered clock isreplaced by MCLK at the
RCLK output in asmooth transition. (MCLK isrequired for receive operation.) When the
received signal reaches 12.5% ones density (4 marksin a diding 32-bit period) with no more than
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15 consecutive zeros, the LOS flag is reset and another smooth transition replaces MCLK with the
recovered clock at RCLK. During LOS conditions, received datais output on RPOS/RNEG (or
RDATA if unipolar I/O is selected).

Depending on the options selected, recovered clock and data signals may be routed through the
jitter attenuator, through the B8ZS/HDB3 decoder, and may be output to the framer as either
bipolar or unipolar data. In unipolar data |/O mode, the L X T332 reports bipolar violations via an
output for one RCLK period on the respective BPV pin.

Transmitter

Thetwo transmittersin the LXT332 DLIU areidentical. The following paragraphs describe the
operation of asingle transmitter.

Transmit data from the framer is clocked serially into the device at TPOS/TNEG in the bipolar
mode or at TDATA in the unipolar mode. The transmit clock (TCLK) supplies the input
synchronization. The transmitter sasmples TPOS/TNEG or TDATA inputs on the falling edge of
TCLK. If TCLK isnot supplied, the transmitter remains powered down and the TTIP/TRING
outputs are held in ahigh-Z state, except during RLOOP, DLOOP, QRSS or TAOS modes. A
separate power supply (TVCCO or TVCC1) supplies each output driver. Current limiters on the
output drivers provide short circuit protection. Refer to the Test Specifications Section for MCLK
and TCLK timing characteristics. The LXT332 transmits data as a 50% Alternate Mark Inversion
(AMI) line code as shown in Figure 4. Enabling the zero suppression encoders/decoders overrides
the default and the transmission complies with the sel ected encoding scheme.

50% AMI Coding

TTIP__

<+ Bit Cell — \ /
0 1

TRING

1
Zero suppression is available only in Unipolar mode. The two zero-suppression types are B8ZS,

used in T1 environments, and HDB3, used in E1 environments. The scheme sel ected depends on
whether the application isT1 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 pinisheld High, VCQO0 and VCQ1 pins control bipolar violation
insertion for ports 0 and 1, respectively. TDATA and VCQ are both sampled on the falling edge of
TCLK. If VCQ isHigh, the next available mark is transmitted as a BPV, except as follows:

1. B8ZSand HDB3 zero suppression is not violated.

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

17
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3.2.2

Table 5.

3. During Remote Loopback, BPV insertion is disabled.

A Low-to-High transition on VCQ isrequired for each subsequent BPV insertion.

Pulse Shape

The transmitted pulse shape is determined by Line Length equalizer control signals LENO through
LENZ2 asshownin Table 5. Equalizer codes are hardwired in Hardware mode. In Host mode the
LEN codes are input through the serial interface. Shaped pulses are applied to the AMI line driver
for transmission onto the lineat TTIP and TRING. Theline driver provides a constant low output
impedance of lessthan 3Q (typical), regardless of whether it isdriving marks or spaces. Thiswell
controlled impedance provides excellent return loss when used with external precision resistors
(* 1% accuracy) in series with the transformer. Table 9 lists recommended transformer
specifications. Table 10 lists transmit transformer data, series resistor (Rt) values, and typical
return losses for various LEN codes. To minimize power consumption the LXT332 can be tied
directly to a 1:1.15 transformer without series resistors.

Pulses can be shaped for either 1.544 Mbps or 2.048 Mbps applications. 1.544 Mbps pulses for
DSX-1 applications can be programmed to match line lengths from 0 to 655 feet of 22 AWG
ABAM cable. A combination of 9.1 Q resistors and a 1:2.3 transformer is recommended for DSX
1 applications. The LXT332 also matches FCC pulse mask specifications for CSU applications.

Equalizer Control Inputs

LEN2

LEN1 LENO Line Length?! Cable Loss? Application Transmit Rate

e N =)

PrrROOR

0 — 133 ft. ABAM 0.6 dB
133 — 266 ft. ABAM 1.2dB
266 — 399 ft. ABAM 1.8dB
399 — 533 ft. ABAM 2.4dB DSX-1 1.544 Mbps
533 — 655 ft. ABAM 3.0dB

RPOROR

0
0

oo

ITU Recommendation G.703 E1l - Coax (75Q)
E1 — Twisted-pair (120Q)

[l ]

2.048 Mbps

0

1

0 FCC Part 68, Option A Csu 1.544 Mbps

1. Line length from LXT332 to DSX-1 cross-connect point
2. Maximum cable loss at 772 kHz

3.

18

3

The LXT332 produces 2.048 Mbps pulses for both 75Q coaxial (2.37 V) or 120Q shielded (3.0 V)
lines through an output transformer with a 1:2 turnsratio. For coaxia systems, 9.1 Q series
resistors are recommended. For twisted-pair lines, use 15 Q resistors.

Driver Failure Monitor

The transceiver incorporates an internal Driver Failure Monitor (DFM) in parallel with TTIP and
TRING. A capacitor, charged viaa measure of the driver output current and discharged by a
measure of the maximum allowable current, detects driver failure. Shorted lines draw excess
current, overcharging the capacitor. When the capacitor charge deviates outside the nominal
charge window, adriver failureisreported. In Host mode the DFM bit is set in the serial word. In
Hardware mode the DFM pin goes High. During along string of spaces, a short-induced
overcharge eventually bleeds off, clearing the DFM flag. The DFM feature will only detect short
circuits when avery short cableis present at the output. Note that different cable lengths will
change the short-circuit current substantially.
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Jitter Attenuation

A digital Jitter Attenuation Loop (JAL) combined with an Elastic Store (ES) providesjitter
attenuation. The JAL isinternal and requires no external crystal nor high-frequency (higher than
linerate) clock. When JASEL = 1, the JAL is placed in the receive path. When JASEL = 0, the
JAL isplaced inthetransmit path. With JASEL clocked by MCLK, the JAL isdisabled. MCLK is
the reference for the JAL.

TheESisa32 x 2-bit register. Datais clocked into the ES with the associated clock signal (TCLK
or RCLK), and clocked out of the ES with the dgjittered JAL clock. When the ESiswithin two bits
of overflowing or underflowing, the ES adjusts the output clock by 1/8 of abit period. The ES
produces an average delay of 16 bits in the associated path.

Host mode provides adejittered High Frequency Clock (HFC). This8x clock (12.352 MHz for T1,
16.384 MHz for E1) istied to the output clock from the JAL. With JA active in the receive path,
HFC istied to RCLK, and under LOS conditions, defaultsto MCLK. With JA activein the
transmit path, HFC istied to TCLK, and defaultsto MCLK if TCLK isnot available. If the JA is
disabled, HFC istied to MCLK.

Built-In Self Test

In Host mode, the LXT332 provides for Built-In Self Test (BIST) applications. Quasi-Random
Signal Source (QRSS) generation and detection circuitry isintegrated into the LXT332. When the
QRSS function is selected, the L X T332 detects and reports QRSS pattern sync on the incoming
signal. When triggered, the LXT332 also transmits the QRSS pattern onto the line. Pattern
transmission and detection is independently triggered and reported for each port. Refer to
“Diagnostic Mode Operation” on page 24 for detailed description.

Operating Modes

The LXT332 transceiver operates in either stand-alone Hardware (default) mode or Host mode
depending on the input to the SPE pin.

The data /O mode (bipolar or unipolar) is controlled by the TRSTE pin. When TRSTE is Low,
Bipolar 1/0 modeis selected. When TRSTE is clocked, Unipolar I/O is selected. Several
diagnostic modes are available on command.

Host Mode Control

The LXT332 operates in the Host mode when the SPE pin is clocked with MCLK. In Host mode a
microprocessor controls the LXT332 through the serial 1/0 port (SIO) which provides common
access to both L1Us. Each of the two L1Us contains a pair of data registers, one for command
inputs and one for status outputs. Only one LIU can be selected at atime. If both PSO and PS1 are
active, Port 0 has priority over Port 1. An SIO transaction isinitiated by afalling pulse on one of
the two Port Select pins, PSO or PS1. A High-to-Low transition on PS0/1 is required for each
subsequent access to the Host mode registers. If both PSO and PS1 are active simultaneously, Port
0 has priority over Port 1.
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3.7.1

3.7.2

Table 6.

20

The LIU, selected by the PS pulse, responds by writing the incoming serial word from the SDI pin
into its command register. Figure 5 shows an SIO write operation. The 16-bit serial word consists
of an 8-bit Command/Address byte and an 8-bit Data byte. If the command word contains aread
request, the addressed LIU subsequently outputs the contents of its status register onto the SDO
pin. Figure 6 shows an SIO read operation. The Clock Edge (CLKE) signal determines when the
SDO and receive data outputs are valid, relative to the Serial Clock (SCLK) or RCLK aslisted in
Table 6. Refer to the Test Specifications section for SIO timing.

Serial Input Word

Figure 5 shows the Serial Input data structure. The LXT332 is addressed by setting bit A4 in the
Address’Command byte, corresponding to address 16. Bit 1 of the serial Address’Command byte
provides Read/Write (RW) 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 awrite operation, the Data Input byte, clear Loss of Signal (LOS) and Driver
Fail Monitor (DFM) interrupts, reset the chip, and control diagnostic modes. The first 2 bits (DO —
D1) clear and/or mask LOS and DFM interrupts, and the last 3 bits (D5 - D7) control operating
modes (normal and diagnostic) and chip reset. Refer to Table 7 for details on bits D5 — D7 of the
Seria Input Word.

Serial Output Word

Figure 6 shows the Serial Output data structure. SDO is high impedance when SDI receives an
Address’Command byte. If SDI receives awrite command (R/W = 0), SDO remainsin high
impedance. If the command isaread (R/W = 1), then SDO becomes active after the last
Command/Address bit (A6) and remains active for eight SCLK cycles. Typically thefirst bit out of
SDO changes the state of SDO from high-z to aLow/High. This occurs approximately 100 ns after
the eighth falling edge of SCLK.

The output data byte reports Loss of Signal (LOS) and Driver Fail Monitor (DFM) conditions,
equalizer settings, and operating modes (normal or diagnostic). Thefirst 5 bits (DO - D4) report
LOS and DFM status, and the Line Length Equalizer settings. Thelast 3 bits (D5 - D7) report
operating modes and interrupt status.

If the INTx linefor port xis High (no interrupt is pending), bits D5 - D7 report the operating modes

listed in Table 8. If the INTx line for port x is Low, the interrupt status overrides all other reports
and hits D5 - D7 reflect the interrupt status aslisted in Table 8.

CLKE Settings

CLKE Output Clock Valid Edge
RPOS/RNEG RCLK Rising
LOW RDATA RCLK Rising
SDO SCLK Falling
RPOS/RNEG RCLK Falling
HIGH RDATA RCLK Falling
SDO SCLK Rising
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Table 7. SIO Input Bit Settings (See Figure 5)

Mode RL_OOP LL_OOP T,_’-\OS

Bit D5 Bit D6 Bit D7
Remote Loopback 1 0 X
Local Loopback 0 1 X
Dual loopback 1 1 1
Transmit all ones 0 X 1
Reset 1 1 0

Table 8. LXT332 Serial Data Output Bit Coding (See Figure 6)

Bit
Operating Modes
D5 D6 D7
0 0 0 Reset has occurred, or no program input (i.e., normal operation) or DLOOP active.t
0 0 1 TAOS active
0 1 0 LLOOP active
0 1 1 TAOS and LLOOP active
1 0 0 RLOOP active
Interrupt Status
1 0 1 DFM has changed state since last Clear DFM occurred
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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ADDRESS COMMAND BYTE DATA INPUT / OUTPUT BYTE
A A
s Y N
DI R/W A0 Al A2 A3 Ad A5 A6 DO D1 D2 D3 D4 D5 D6 D7
s §
SDO: remains high impedance N@” " i
Y o - %\». /
% o . /
s §
ADDRESS/| © 0 0 0 0 1 0 X E;\% = é' \?vef’jt‘d ff"
COMMAND | Rjw Ad =02 Write /
BYTE AQ A6 /
o X=DON'T CARE
CLEAR / MASK INTERRUPTS SET MODE OF OPERATION OR RESET sf
~A A /
L 2 r N/
INPUT
DATA LOS DFM LENO LEN1 LEN2 RLOOP LLOOP TAOS
BVTE DO (LSB) D7(MSB)
1=CLEAR 1=CLEAR 1=ENABLED | 1=ENABLED | 1=ENABLED

- 3
= MU U UL

ADDRESS COMMAND BYTE
A

4 A
1 0 0 0 0 1 0 X / i
sDI - DON'T CARE
RW | A0 A4 A6 \
X=DONT' CARE
DATA OUTPUT BYTE
A
r N
SDO < HIGH IMPEDANCE > DO D1 D2 D3 D4 | D5 D6 D7
. §
— /
P §
MNN@ fr
PERFORMANCE """ LINE LENGTH OPERATING MODES OR /
MONITORS, .o EQUALIZER SETTING INTERRUPT STATUS /
> - A A /
g— N N N/
OUTPUT LOS DFM LENO LEN1 LEN2 RLOOP LLOOP TAOS
DATA DO (LSB) D7 (MSB)
BYTE 1=TRUE 1=TRUE 1=ENABLED | 1=ENABLED| 1=ENABLED
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Figure 7. LX332 Interrupt Handling

Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation — LXT332
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3.7.3

3.8

3.9

3.9.1

24

Interrupt Handling

The Host mode providestwo latched Interrupt output pins, INTO and INT1, one for each LIU port.
Aninterrupt istriggered by a change in the LOS or DFM bits (DO and D1 of the output data byte,
respectively). Asshownin Figure 7, either or both interrupt generators can be masked by writing a
one to the respective bit of the input data byte (DO = LOS, D1 = DFM). When an interrupt has
occurred, the INTx output pinispulled Low. The output stage of each INTX pin consists only of a
pull-down device. Hence, an externa pull-up resistor isrequired. The interrupt is cleared as
follows:

1. If one or both interrupt bits (LOS or DFM, DO and D1 of the output data byte) = 1, writinga 1
to the respective input bit (DO or D1, respectively, of the input data byte) will clear the
interrupt. Leaving a1 in either of these hit positions will effectively mask the associated
interrupt. To re-enable the interrupt capability, reset DO and/or D1 to 0.

2. If neither LOS or DFM=1, theinterrupt will be cleared by resetting the chip. To reset the chip,
set datainput 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
the LEN11/SPE pinisclocked. In Hardware mode the transceiver is controlled through individual
pins; apPis not required. The SIO pins are re-mapped to provide control functions. Data /O
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/BPV outputs are valid on the
rising edge of RCLK.

Diagnostic Mode Operation

The LXT332 offers multiple diagnostic modes. Local Loopback (LLOOP), Remote L oopback
(RLOOP), Dual Loopback (DLOOP) and Transmit All Ones (TAOS) are avail able under both Host
and Hardware control. An additional Quasi-Random Signal Source (QRSS) modeis available
under Host control only.

In Host mode, diagnostic modes are selected by writing the appropriate SIO bits. In Hardware
mode, diagnostic modes are selected by acombination of pin settings. The pins must be held at the
specified levels for aminimum of 20 ns. The SIO bit names (Host mode) and pin identifiers
(Hardware mode) for diagnostic functions are identical. Where a particul ar function can be enabled
in either mode, 1 = High and 0 = Low.

Transmit All Ones (See Figure 8)

Transmit All Ones (TAOS) is selected when TAOS = 1 and RLOOP = 0. In TAOS mode the TPOS
and TNEG inputs areignored. The TAOS reference clock is determined by setting the jitter
attenuator. When jitter attenuation is set for the transmit side, MCLK isused asthe TAOS reference
clock and TCLK isthefall back clock. When JA isset for the receive side, TCLK isthe TAOS
reference clock and MCLK isthe fall back clock. When JA isinactive, MCLK isthe TAOS
reference clock and TCLK isthe fall back. TAOS can be commanded simultaneously with Local
L oopback as shown in Figure 9, but is inhibited during Remote and Dual L oopback.
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Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation — LXT332

Figure 8. TAOS Data Path

3.9.2
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0 0 1
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RPOS < @ [l < RRING

Local Loopback (See Figure 9 and Figure 10)

Local Loopback (LLOOP) is selected when LLOOP = 1 and RLOOP = 0. In LLOOP mode, the
receiver circuits areinhibited. The transmit clock and datainputs (TCLK and TPOS/TNEG or
TDATA) are looped back and output at RCLK and RPOS/RNEG or RDATA. During Local

L oopback, the JASEL input functions as follows: If JASEL=0, JA is enabled and activein both the
Transmit path and the loopback circuit. If JASEL=1, JA isenabled in the Loopback circuit only. If
JASEL = MCLK, JA isdisabled.

The transmitter circuits are unaffected by LLOOP. The TPOS/TNEG or TDATA inputs (or a
stream of 1sif the TAOS command is active) will be transmitted normally. When used in this
mode, the transceiver can be used as a stand-alone jitter attenuator.

Figure 9. TAOS with LLOOP & Selectable JA
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Transmit All Ones = LLOOP RLOOP TAOS JASEL
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Figure 10. Local Loopback - Selectable JA
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3.9.3 Remote Loopback (See Figure 11)

Remote Loopback (RLOOP) is selected when RLOOP =1 and LLOOP = 0. Notethat TAOS
cannot be commanded when Remote L oopback is selected. 1n RLOOP mode, the transmit clock
and datainputs (TCLK and TPOS/TNEG or TDATA) areignored. The RPOS/RNEG or RDATA
outputs are looped back to the transmit circuits and output on TTIP and TRING at the RCLK
frequency. Receiver circuits are unaffected by the RLOOP command and continue to output the
data and clock signals received from the line. During Remote Loopback, the JASEL input
functionsasfollows: If JASEL =1, JA isenabled and active in both the Receive path and the
loopback circuit. If JASEL =0, JA isenabled in the Loopback circuit only. 1f JASEL = MCLK,
JA isdisabled.
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Figure 11. Remote Loopback - Selectable JA
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Dual Loopback (See Figure 12)

Dual Loopback (DLOOP) is selected when RLOOP =1, LLOOP =1 and TAOS=1. In DLOOP
mode, the transmit clock and datainputs (TCLK and TPOS/TNEG or TDATA) are looped back
through thejitter attenuator (unless disabled by a clock input to the JASEL pin) and output at
RCLK and RPOS/RNEG or RDATA. The dataand clock recovered from the line are looped back
through the transmit circuits and output on TTIP and TRING without jitter attenuation. Unlike the

other diagnostic modes, no explicit SIO statusindicator is available for DLOOP in the SIO status
register.

Figure 12. Dual Loopback

3.9.5
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QRSS Built-In Self Test - Host Mode

The QRSS Built-In Self Test (BIST) is available only under Host control. As shown in Figure 13,
the QRSS BIST function is selected by clocking the V CQE pin with MCLK. Oncethe QRSS BIST
function is selected, the VCQO and VCQL pins are re-mapped to trigger the QRSS transmission. A
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High on one of these pins triggers QRSS pattern transmission from the appropriate port. The
QRSS pattern for DSX-1 systemsis 22°-1, with no more than 14 consecutive zeros. For CEPT
systems the QRSS pattern is 21°-1. The QRSS pattern islocked to MCLK. Once the QRSS
transmission is activated, errors can be inserted into the transmit data stream by causing a Low-to-
High transition on the TPOS/TDATA pin for the respective port.

In Bipolar 1/0 mode, Low-High transitions cause both alogic error and a bipolar violation to be
inserted into the QRSS data stream. In Unipolar 1/0 mode, only alogic error isinserted.

The Pattern Detect circuitry is activated by the QRSS BIST function, although the basic receive
circuits are unaffected. The Pattern Detect pins (PDO and PD1) indicate QRSS pattern sync for the
respective LIU port. The PD pin stays High until synchronization is achieved on the QRSS pattern.
The QRSS patternis considered in sync when there are fewer than 4 errorsin 128 bits. ThePD pin

goes High indicating an out-of-sync condition if 4 or more errors are detected in 128 hits (i.e. sync
is defined as fewer than 4 errorsin 128 hits).

Figure 13. QRSS BIST
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Initialization/Reset Operation

Encoder*

vy VY

A

B8ZS/HDB3 | |[B8ZS/HDB3

Decoder*

Upon initial power up, the transceiver is held static until the power supply reaches approximately 3
V. Upon crossing thisthreshold, the device clears al internal registers and begins calibration of the
delay lines. A reference clock isrequired to calibrate the delay lines. TCLK isthe transmit
reference, and MCLK isthereceive reference. The PLLs are continuously calibrated.

The transceiver can be reset from either the Host or Hardware mode. In Host mode, reset is
commanded by writing 1sto RLOOP and LLOOP, and a0 to TAOS (bits D5, D6 and D7,
respectively, of the SIO input data byte). In Hardware mode, reset is commanded by
simultaneously holding RLOOP and LLOOP High, and TAOS Low, for approximately 200 ns.
Reset isinitiated on the falling edge of the reset request. In either mode, each port may be reset
independently. Reset clears and setsal SIO registers, of the selected port, to 0. Reset is not
generally required for the port to be operational.
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Application Information

4.1

4.2

4.3

4.4

Datasheet

Power Requirements

The LXT332is alow-power CMOS device. It operates from asingle +5V power supply which
can betied to al three VCC pins. However, all inputs must be within £0.3 V of each other, and
decoupled to their respective grounds separately. |solation between the transmit and receive
circuitsis provided internally. During normal operation or local loopback, the transmitter powers
down if TCLK isnot supplied.

Transformers

The transformer specifications listed in Table 9 provide the correct impedance matching for
balanced transmit or receive lines. Table 10 shows the combinations of resistors and transformers
to produce avariety of return loss values depending on the LEN code settings chosen for a specific
design.

Line Protection

On thereceive side, the 1 kQ seriesresistors protect the receiver against current surges coupled
into the device. Due to the high receiver impedance (40 kQ typical) the resistors do not affect the
receiver sensitivity.

On the transmit side, the Schottky diodes D1-D4 protect the output driver. While not mandatory for
normal operation, these protection elements are strongly recommended to improve the design’s
robustness.

1.544 Mbps T1 Applications

Figure 14 shows atypical T1 Host mode application. The serial interface pins are grouped at the
top. Host mode is selected by applying clock to SPE. Other mode selection pins are shown at the
bottom. With the TRSTE pin switched Low, the LXT332 operates in the bipolar I/O mode.
Driving JASEL Low switches the jitter attenuation circuits into the transmit paths for both LIU
ports.

Figure 14 shows a pair of framers (a dual framer could also be used). A LXP600A Clock Adapter
(CLAD) converts the 2.048 MHz backplane clock to provide the 1.544 MHz input to the MCLK
and TCLK inputs of both LI1U ports.

The DFM and PD indicators and high frequency clocks are grouped at the lower left. These
outputs are available to drive optional external circuits. The transmit driver power supply pins
(TVCCO and TVCC1) aretied to a common bus with 68 pF decoupling capacitorsinstalled. The
power supply for the remaining (non-driver) circuitry (VCC) uses 1.0 pF and 0.1 pF decoupling
capacitors.

29



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

30

intel.

The lineinterface circuitry isidentical for both LIU ports. The precision resistorsin line with the
transmit transformer provide optimal return loss. The recommended transformer/resistor
combinations are listed in Table 10. Center tapped 2:1 transformers are used on the receive side.

Table 9. Recommended Transformer Values

Parameter

Value

Turns Ratio (T1)

1:2.3 (Tx) / 1:2 CT (Rx)

Turns Ratio (E1)

1:2 (Tx) / 1:2 CT (Rx)

Primary Inductance

1.2 mH minimum

Leakage Inductance

0.5 pH maximum

Interwinding Capacitance

25 pF maximum

DC Resistance (Pri.)

1 Q maximum

ET (Breakdown Voltage)

1 kV minimum

Table 10. Transformer Combinations

LEN

Xfmr
Ratio?

Rt Value?

Rtn Loss®

For T1/DSX-1 100 Q

Twisted-Pair Applications:

011-111 1:2 Rt=9.1Q 14 dB
011 - 111 1:2.3 Rt=9.1Q 18 dB
011-111 1:1.15 Rt =0Q 1dB
For E1 120 Q Twisted-Pair Applications:
001 1:2 Rt=15Q 18 dB
000 1:2 Rt=9.1Q 10dB
For E1 75 Q Coaxial Applications:
001 1:2 Rt=14.3 Q 10dB
000 1:2 Rt=9.1Q 18 dB

1. Transformer turns ratio accuracy is +2%.

2. Rtvalues are +1%.

3. Typical return loss, 51 kHz — 3.072 MHz, with a capacitor in
parallel with the primary side of the transformer.
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Figure 14. Typical LXT332 T1 Application (Host Control Mode, Bipolar 1/0)
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NOTES:

. Transformer turns ratio accuracy is +2%.

. See Table 10 for Rt values.

. Typical return loss, 51 kHz — 3.072 MHz band.

. Typical value = 470 pF. Adjust for actual board parasitics to obtain optimum return loss.

. D1, D2, D3 and D4 are protection diodes (Schottky) International Rectifier: 121DQ04 or 10BQ060; Motorola: MBR0540T1.

g bhw N
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4.5

45.1

45.2

2.048 Mbps E1/CEPT Interface Applications

E1 Coaxial Applications

Figure 15 shows the line interface for atypical 2.048 Mbps E1 coaxia (75Q) application. The
LEN code should be set to 000 for coax. With 9.1Q Rt resistorsin line with the 1:2 output
transformers, the L X T332 produces 2.37 V peak pulses as required for coax applications. Asinthe
T1 application shown in Figure 14, center tapped 1:2 transformers are used on the receive side.

E1l Twisted-Pair Applications

Figure 16 shows atypical 2.048 Mbps E1 twisted-pair (120Q) application. With the TRSTE pin
tied to ground, the LXT332 operates in the bipolar data |/O mode. The JA circuit is placed in the
transmit path by the Low on JASEL. The line length equalizers are controlled by the hardwired
LEN inputs. With the LEN code set to 001 and 15Q Rt resistors in line with the 1:2 output
transformers, the LX T332 produces the 3.0 V peak pulses required for this application. Center
tapped 1:2 transformers are used on the receive side.

A single clock source provides the 2.048 MHz input to MCLK and TCLK. The DFM pin may
routed to an LED driver or other indicator, or it may be left unconnected. Switches on the TAOS,
LLOOP and RLOOP inputs provide mode control and hardware reset capability.

The transmit driver power supply pins (TVCCO and TV CC1) aretied to acommon bus with 68 pF
decoupling capacitors. The power supply for the remaining (non-driver) circuitry (VCC) uses 1.0
MF and 0.1 pF decoupling capacitors.

Figure 15. Line Interface for E1 Coax Applications
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Figure 16. Typical LXT332 E1 120 Q Application (Hardware Control Mode)
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NOTES:

. Transformer turns ratio accuracy is +2%.

. See Table 10 for Rt values.

. Typical return loss, 51 kHz — 3.072 MHz band.

. Typical value = 470 pF. Adjust for actual board parasitics to obtain optimum return loss.

. D1, D2, D3 and D4 are protection diodes (Schottky) International Rectifier: 121DQ04 or 10BQ060; Motorola: MBR0540T1.
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5.0 Test Specifications

Note: Information in Table 11 through Table 17 and Figure 17 through Figure 22 represent the
performance specifications of the LXT332 Dual Line Interface Unit and are guaranteed by test,
except as noted, by design.

Table 11. Absolute Maximum Ratings

Parameter Symbol Minimum Maximum Units
DC supply (referenced to GND) VCC, TVCCO, TvCC1 - 6.0 \%
Input voltage, any pin ! VIN GND-0.3 vee + 0.3 \Y
Input current, any pin 2 IIN -10 10 mA
Storage temperature TSTG -65 +150 °C

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

Table 12. Recommended Operating Conditions

Parameter Symbol Minimum Typical Maximum Units
DC supply * VCC, TVCCO, TVCC1 4.75 5.0 5.25 \Y
Ambient operating temperature TA -40 25 85 °C

1. Variation between TVCCO, TVCC1 and VCC must be within +0.3 V of each other during steady state and transient conditions.

Table 13. Electrical Characteristics (Over Recommended Operating Conditions)

Parameter Sym Min Typ Max Units Test Conditions
Total power dissipation — T1 1 Pd - 700 900 mw 100% ones density
(Maximum line length) Pd - 550 700 mW | 50% ones density
Pd - 575 700 mw 100% ones density
Total power dissipation — E1 1
Pd - 490 600 mw 50% ones density
High level input voltage 23 Vih 2.0 - - \%
Low level input voltage 23 Vil - - 0.8 Y,
High level output voltage %2 Voh 2.4 - - \% IoUT = -400 pA
Low level output voltage 23 Vol - - 0.4 Y louT = 1.6 MA
Input leakage current 4 1] 0 - +10 HA

1. Total power dissipation includes the device power consumption and load power dissipation while driving a 75 Q load on the
secondary side. The T1 test circuit is a 100 Q line load connected to the driver outputs via a 1:1.15 turns ratio transformer
without series resistors.

. Functionality of pins depends on mode.

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

. Except for MCLK, RTIPO, RRINGO, RTIP1, and RRING1.

. Applies to QFP pins 8, 11, 23 & 26; PLCC pins 14, 17, 29 & 32

abhwid
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Table 13. Electrical Characteristics (Over Recommended Operating Conditions) (Continued)

Parameter Sym Min Typ Max Units Test Conditions
Three-state leakage current 2 Isl 0 - +10 HA
Input pull down current (MCLK)® - 100 PA
TTIP/TRING leakage current Itr - - 1.2 mA In tri-state and power down modes

1. Total power dissipation includes the device power consumption and load power dissipation while driving a 75 Q load on the
secondary side. The T1 test circuit is a 100 Q line load connected to the driver outputs via a 1:1.15 turns ratio transformer
without series resistors.

. Functionality of pins depends on mode.

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

. Except for MCLK, RTIPO, RRINGO, RTIP1, and RRING1.

. Applies to QFP pins 8, 11, 23 & 26; PLCC pins 14, 17, 29 & 32

abrwiN

Table 14. Analog Specifications (Over Recommended Operating Conditions)

Parameter Min Typ Max Units Test Conditions
DSX-1 2.4 3.0 3.6 \Y measured at the DSX
:m;ljlci)tﬂtgg; pulse E1 (120 Q) 27 3.0 33 V| measured at line side
E1l (75 Q) 2.13 2.37 2.61 \% measured at line side
Transmit amplitude variation with supply 2 - 1 2.5 %
Recommended output load at TTIP and TRING - 75 - Q
Driver output impedance 3 - 3 10 Q @ 772 kHz
10 Hz - 8 kHz 3 - 0.005 0.01 ul T1 Jitter based
Jitter added by the 8 kHz - 40 kHz 3 - 0.015 | 0.025 ul
transmitter * 10 Hz - 40 kHz 3 - 0.02 0.025 ul
Broad Band - 0.03 0.05 ul
Jiter added by the 20 Hz - 100 kHz - - 0.05 Ul | E1Jitter Band
Output power levels 3 @772 kHz 12.6 - 17.9 dBm
o5t 2kt oW @ 1544 iz 2 | - | - | e [peeresiomuenz
Positive to negative pulse imbalance - - 0.5 dB
Receive input impedance - 40 - kQ
Sensitivity below DSX (0dB=2.4V) 13.6 - - dB
(max 6 dB cable attenuation) 500 - - mV
Loss of signal threshold - 0.3 - \%
Data decision threshold psxt 00 7 7 % peak
E1l 43 50 57 % peak
10 Hz - 1200 - ul
Input jitter tolerance 750 Hz 14 - - ul
10 kHz — 100 kHz 0.4 - - ul

1. Input signal 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 other correlation models.
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Table 14. Analog Specifications (Over Recommended Operating Conditions) (Continued)

Parameter Min Typ Max Units Test Conditions
Allowable consecutive zeros before LOS 160 175 190 -
Jitter attenuation curve corner | 11 - 6 - Hz
frequency 22 E1 - 10 - Hz
Attenuation input jitter tolerance before o8 _ _ ul
FIFO overflow 3
Jitter attenuation @ 10 kHz 45 - dB

1. Input signal to TCLK is jitter-free.

2. Circuit attenuates jitter at 20 dB/decade above the corner frequency.
3. Not production tested, but guaranteed by design and other correlation models.

Table 15. LXT332 Serial I/O Timing Characteristics (See Figure 17 and Figure 18)

Parameter Sym Min Typ? Max Units Test Conditions
Rise/Fall time - any digital output tRF - - 100 ns Load 1.6 mA, 50 pF
SDI to SCLK setup time tbc 50 - - ns
SCLK to SDI hold time tCDH 50 - - ns
SCLK Low time tcL 240 - - ns
SCLK High time tCH 240 - - ns
SCLK rise and fall time tR, tF - - 50 ns
PS to SCLK setup time tPC 50 - - ns
SCLK to PS hold time tCPH 50 - - ns
PS inactive time tPWH 250 - - ns
SCLK to SDO valid tcov - - 200 ns
ggéthithi?Zg edge or PS rising edge to tcpz _ 100 _ ns

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

Figure 17. LXT332 Serial Data Input Timing Diagram
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Figure 18. LXT332 Serial Data Output Timing Diagram

Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation — LXT332
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Figure 19. LXT332 Receive Clock Timing
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Table 16. LXT332 Receive Timing Characteristics (See Figure 19)

Parameter Sym Min Typ?t Max Units Test Conditions
Elastic store not in overflow
DSX-1 tPw 583 648 713 ns
Receive clock period or underflow.
El tPw 439 488 537 ns
Receive clock duty cycle RCLKd 40 50 60 ns
DSX-1 tPWH 259 324 389 ns
Receive clock pulse width High
E1l tPWH 195 244 293 ns
DSX-1 tPWL 259 324 389 ns
Receive clock pulse width Low
E1l tPWL 195 244 293 ns
RPOS / RNEG to RCLK rising DSX-1 tSUR 50 274 - ns
setup time E1 tSUR 50 194 - ns
RCLK rising to RPOS / RNEG DSX-1 tHR 50 274 - ns
hold time El tHR 50 194 - ns

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

Table 17. LXT332 Master Clock and Transmit Timing Characteristics (See Figure 20)

Parameter Sym Min Typ?! Max Units
DSX-1 MCLK - 1.544 - MHz
Master clock frequency
E1l MCLK - 2.048 - MHz
Master clock tolerance MCLKt - +50 - ppm
Master clock duty cycle MCLKd 40 - 60 %
DSX-1 TCLK - 1.544 - MHz
Transmit clock frequency
E1l TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt - +50 - ppm
Transmit clock duty cycle TCLKd 10 - 90 %
TPOS/TNEG to TCLK setup time tsut 50 - - ns
TCLK to TPOS/TNEG Hold time tHR 50 - - ns

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

Dual T1/E1 Line Interface Unit with Crystal-less Jitter Attenuation — LXT332
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Figure 22. Typical Jitter Transfer Performance
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6.0 Mechanical Specifications

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

Figure 23. LXT332 PLCC Package Specifications

t Plastic Leaded Chip Carrier (PLCC)
[1 MM MM I'|'I 1 rMrririmr
+ ¥ * Part Number LXT322PE
. , :I_fC ¢ Temperature Range -40°C to + 85°C
. | - e 44PinPLCC
D i _ij B Inches Millimeters
— = Dim
D ! Min Max Min Max
u ! ] A 0.165 | 0.180 | 4.191 4572
O | ] Al 0.090 | 0.120 | 2.286 3.048
O | 1 A2 0.062 | 0083 | 1575 | 2.108
] | ] B 0.050 - 1.270 -
u i ] 0.026 | 0.032 | 0.660 0.813
5 . o D 0.685 | 0.695 | 17.399 | 17.653
| D1 0.650 | 0.656 | 16.510 | 16.662
o ! ] F 0.013 | 0.021 | 0.330 0.533
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Figure 24. LXT332 QFP Package Specifications

INlal.

Quad Flat Pack

¢ Part Number LXT322QE
* Temperature Range-40°C to + 85°C

* 44Pin OFP

:
-

for sides with even
number of pins

for sides with odd

number of pins

I

A, v
o B> o
Inches Millimeters
Dim
Min Max Min Max
A - 0.096 - 2.45
Al 0.010 - 0.25 -
A2 0.077 0.083 1.95 2.10
0.012 0.018 0.30 0.45
0.510 0.530 12.95 13.45
D1 0.390 0.398 9.90 10.10
D3 0.315 Bsc! (nominal) 8.00 Bsc! (nominal)
E 0.510 0.530 12.95 13.45
E1 0.390 0.398 9.90 10.10
E3 0.315 Bsc! (nominal) 8.00 Bsc! (nominal)
e 0.031 Bsc! (nominal) 0.80 Bsc! (nominal)
L 0.029 0.041 0.73 1.03
L1 0.063 Bsc! (nominal) 1.60 Bsc! (nominal)
a3 5° 16° 5° 16°
q 0° 7° 0° 7°

1. BSC—Basic Spacing between Centers
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