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 Datasheet

General Description
The LXT441 is an integrated transceiver and data formatter for Switched 56 (SW56) and Digital 
Data Service (DDS) Data Service Unit/Channel Service Unit (DSU/CSU) applications. 

The LXT441 line interface section performs transmit pulse shaping and receive signal data and 
timing recovery at the user-network 4-wire metallic interface. The device operates at loop speeds 
of 56 kbps and 72 kbps, supporting SW56, 56 kbps DDS with or without secondary channel 
(SC) and 64 kbps clear channel DDS services.

The integrated DSU circuit provides a DCE interface and connects directly to data terminal 
equipment (DTE) using standard EIA530 control leads. Data formatting includes DDS framing, 
control code handling, loop code generation and detection, and zero code suppression 
processing.

The LXT441 has an on-chip 8-bit microprocessor interface that simplifies device configuration, 
status reporting, and SW56 call processing, and may be used for parallel data transfer to and 
from the 4-wire physical link.

Applications
■ Leased-line DDS and Switched 56 DSU/CSUs
■ Internal DSU for Routers, Bridges and PC add-in cards 
■ Frame Relay Access Devices (FRAD)

Product Features

• Supports most popular data rates for new
DSU/CSUs:

• Switched 56 and 56 kbps DDS 
(DDS-PRI, 56 kbps loop speed)

• 56 kbps DDS with secondary channel 
(DDS-SC, 72 kbps loop speed)

• 64 kbps clear-channel DDS 
(CC-64K, 72 kbps loop speed)

• Switched 56 Call Control via EIA control
leads or microprocessor 

• Receiver  performance monitoring

• Idle Code Transmission (CMI, DMI)

• Transmit timing recovered from network

or 

supplied by system (56 kbps only)

• Network Control Code Detection and

Generation

• CSU and DSU non-latching loopbacks

• Available in 44-pin PLCC

• Single 8.192 MHz crystal or clock input

• 5V only CMOS process technology

As of January 15, 2001, this document replaces the Level One document Order Number: 249035-001
LTX441 — Switched 56/DDS Integrated DSU/CSU. January 2001
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Information in this document is provided in connection with Intel® products. No license, express or implied, by estoppel or otherwise, to any intellectual 
property rights is granted by this document. Except as provided in Intel’s Terms and Conditions of Sale for such products, Intel assumes no liability 
whatsoever, and Intel disclaims any express or implied warranty, relating to sale and/or use of Intel products including liability or warranties relating to 
fitness for a particular purpose, merchantability, or infringement of any patent, copyright or other intellectual property right. Intel products are not 
intended for use in medical, life saving, or life sustaining applications. 

Intel may make changes to specifications and product descriptions at any time, without notice.

Designers must not rely on the absence or characteristics of any features or instructions marked "reserved" or "undefined." Intel reserves these for 
future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

The LXT441 may contain design defects or errors known as errata which may cause the product to deviate from published specifications. Current 
characterized errata are available on request.

Contact your local Intel sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an ordering number and are referenced in this document, or other Intel literature may be obtained by calling 1-800-
548-4725 or by visiting Intel’s website at http://www.intel.com.

Copyright © Intel Corporation, 2001

*Third-party brands and names are the property of their respective owners.
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Figure 1. LXT441 Block Diagram
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1.0 Pin Assignments and Signal Descriptions

Figure 2. LXT441 Pin Assignments
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Table 1. LXT441 Microprocessor Interface Signal Descriptions

Pin Symbol I/O Name / Description

10 CS I Chip Select. Active Low.  A Low on this pin enables the 8-bit parallel interface to perform 
read and write operations.

11 RD I Read. Active Low. During read cycles, a Low on this pin turns on the internal drivers to 
present data to the 8-bit address/data bus.

12 WR I Write. Active Low. During write cycles, a Low-to-High transition on this pin latches data 
present on the 8-bit bus into internal registers.

13

15

16

17

21

22

23

24

AD0

AD1

AD2

AD3

AD4

AD5

AD6

AD7

I/O Address Data Bus.  Multiplexed 8-bit parallel address data bus. These pins are used to 
access the read and write registers located within the LXT441.

25 BSY O Busy.  Active Low open-drain indication. Signal to host microcontroller that device has not 
completed read or write operation.

26 INT O Interrupt.  Active Low open-drain interrupt. Signal to host microcontroller that 
an unmasked interrupt condition has been detected.

27
RST

I Reset.  Active Low hardware reset pin.  Must be pulsed Low on power-up to 
initialize all internal circuits.  Must also be pulsed Low after changing the data 
rate setting, and after certain receive line conditions occur.

28 ALE I Address Latch Enable.  When High, internal address latch is transparent. A 
High-to-Low transition latches the address present on pins AD<7:0>.

Table 2. LXT441 EIA Serial Interface Signal Descriptions

Pin Symbol I/O Name / Description

8 DTR1 I

Data Terminal Ready. Active Low EIA signaling lead from DTE. Call initiation of call 
answer indicator. With DTR inactive (High), all-marks data is transmitted when RTS is 
active Low. When DTR is active (Low), user data is sent when RTS is active Low. DTR may 
be overridden by bit WR9.1.

20 DSR1 O

Data Set Ready. Active Low EIA signaling lead to DTE indicates LIU is ready to operate. 
DSR is held inactive (High) if: 
a) the transmitter is sending BPV or control codes other than zero suppression code or all 
ones via bit WR1.5, or
b) the unit is in DSU loopback mode. 

Otherwise, DSR follows DCD. DSR is overridden by bit WR9.6.

29 SCT_E I/O Extended Transmit Serial Clock.  Input or Output transmit clock dependent upon setting 
of TCCT control bit.

30 TD I Transmit Data.  Transmit NRZ data from DTE.

31 SYNC O

External Word Synchronization. Pulses Low for the first bit period in each word (d1) in 
DDS-PRI, DDS-SC and CC-64K modes. This pulse can be used by a Serial 
Communications Controller (SCC) such as the 8530 to indicate both the transmit and 
receive word boundaries in SDLC mode with external sync enabled.

NOTE: The four handshake lines (DTR, DCD, RI and CTS) may be observed through the Microprocessor Interface.   
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33 SCR O Receive Serial Clock.  Smooth 56 kHz for DDS-PRI, gapped 72 kHz (64 kHz) for DDS-SC 
and CC-64K.

34 RD O Receive Serial Data. Receive NRZ data to DTE. Forced to all ones when DCD is inactive 
(High).

35 RI O Ring Indicator. Indicates the presence of receive data (not CMI) when the receiver is in the 
control sequence mode (CALLMD = 1). It is overridden by bit WR9.4.

36 RTS I

Request to Send. Active Low EIA signaling lead indicating a request by the DTE to 
transmit data. When High, CMI is transmitted on the line in DDS-PRI. When this line goes 
Low for a time greater than one byte period, the transmitter enters data mode for at least 
four byte periods. RTS can be overridden by bit WR9.0.

42 CTS O

Clear to Send. Active Low EIA signaling lead indicates DCE is ready to transmit live data. 
CTS follows RTS, but there is a 3- to 4-byte delay before CTS goes Low. This is done to 
force three idle pad bytes to be transmitted prior to the first data byte. CTS is overridden by 
bit WR9.3.

43 DCD O
Data Carrier Detect. Active Low EIA signaling lead indicating that the LIU receiver is fully 
operational; meaning that it is active, with no loss of signal, and that frame or bit sync is 
achieved, if enabled. It is overridden by bit WR9.5.

Table 3. LXT441 Line Interface Signal Descriptions

Pin Symbol I/O Name / Description

1 EQLOUT O Equalizer Monitor.  Must be left open when not used.

2 VINT I
Intermediate Voltage Reference. Reference voltage used for internal analog circuits. This 
pin must be connected through a 1 kΩ resistor (Rv) to the center node between the two 
termination resistors, Rr, as shown in Figure 9.

3
4

RTIP
RRING

I
I

Receive Tip and Ring.  Receive data input pair.  RTIP and RRING are a fully differential 
input for the receive line interface.

6
LCRT I

Loop Current Rx/Tx.  A Low input, supplied by an external current sensing circuit,  
indicates the presence of loop current flowing from the receive to the transmit twisted pair 
wires, and initiates a CSU loopback.

7 LCTR I Loop Current Tx/Rx.  A Low input supplied by an external current sensing circuit indicates 
the presence of loop current flowing from the transmit to the receive twisted pair wires.

38
41

TRING
TTIP

O
O

Transmit Ring and Tip. Differential driver outputs. Designed to drive 135Ω twisted-pair 
cable through transmit line interface shown in application diagram, Figure 9.

Table 4. LXT441 Miscellaneous Signal Descriptions

Pin Symbol I/O Name / Description

39 TVCC – Transmit Supply.  Line driver power supply.

40 TGND – Transmit Ground.  Line driver ground.

9 AGND – Analog Ground.  Reference for all analog LIU circuits except the transmit driver.

37 AVCC – Analog Supply.  Line interface primary power supply.

18
19

XTALO
XTALI

O
I

Crystal Oscillator.  The required 8.192 MHz master clock may be provided by a crystal 
connected across these pins, or by a digital clock connected to XTALI.  If a clock is 
provided on XTALI, XTALO must be left unconnected.

Table 2. LXT441 EIA Serial Interface Signal Descriptions

Pin Symbol I/O Name / Description

NOTE: The four handshake lines (DTR, DCD, RI and CTS) may be observed through the Microprocessor Interface.
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14 DGND – Digital Ground.  Ground reference for all internal digital circuitry.

32 DVCC – Digital Supply.  Digital circuitry power supply.

5 TEST1 O Factory Test Pin 1. Leave unconnected.

44 TEST2 I Factory Test Pin 2. Must be tied to DGND.

Table 4. LXT441 Miscellaneous Signal Descriptions

Pin Symbol I/O Name / Description
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2.0 Functional Description

The LXT441 is comprised of five basic sections: receiver, transmitter, microprocessor interface, 
data formatter and back-end system serial interface.

The receive section includes pre-filters and line equalizers, and the timing recovery and data 
extraction blocks. An internal digital phase-locked loop (DPLL) is used in conjunction with the 
oscillator circuit or XTALI input to synchronize the recovered clock and data.

The transmit section includes a 50% AMI encoder, a programmable switched-capacitor low-pass 
filter, a low-pass notch filter, a transmit timing re-synchronizer and a continuous reconstruction 
filter. An on-chip CMOS driver is also incorporated to drive a 135Ω line through a coupling 
transformer.

The microprocessor block employs an 8-bit multiplexed parallel interface to transfer status and 
control information to and from the system host controller. This processor port connects to both 
Intel® multiplexed and Motorola® non-multiplexed controllers with a minimum of external ‘glue’ 
logic.

The system serial interface facilitates the connection of a DTE (data terminal equipment) device to 
the LXT441, which in turn behaves as a DCE (data communication equipment.) The LXT441 uses 
6 standard EIA530 control leads (DTR, RTS, CTS, DCD, DSR and RI) for flow control, status 
reporting and SW56 signaling. The serial interface supports DSU operation, with the transmit 
clock provided by the recovered receive clock, an internal clock from the onboard crystal oscillator 
(56 kbps only), or an external reference (56 kbps only).

2.1 Initialization 

A hardware reset (RST) is required only at initial power-up of the device. 

On receipt of the RST pulse, the LXT441 executes an iterative cycle of level detection and offset 
cancellation to select the appropriate equalizer settings for the received signal. Additionally the 
registers of the device are returned to their default values. When received data has a 50% ones 
density, full operation is achieved within one second after RST. Under the minimum ones density 
condition specified in Table 5, full operation is achieved within eight seconds after RST. Correct 
initialization assumes the presence of an AMI-coded signal at the RTIP and RRING inputs. The 
LXT441 will not correctly initialize unless a stable signal which meets the network interface 
specifications of AT&T Pub 62310 is present at the RTIP and RRING inputs during the entire 
initialization process. The RD output is not valid until full operation is achieved

.

Automatic re-initialization may be triggered by changes in received signal strength as follows:

• If received signal strength increases by more than about 6 dB after full operation is achieved, 
automatic re-initialization occurs

Table 5. Ones Density Requirements

Data Rate (kbps) Minimum Average Ones 
Density

56.0 1/14

72.0 1/18
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• If received signal strength decreases by more than about 4 dB, re-initialization occurs

• If the decrease in received signal strength exceeds 6 dB, the LXT441 reports an LOS (Loss of 
Signal) condition and performs an automatic re-initialization

The time required to achieve full operation after reinitialization, is the same as required for power-
on initialization (i.e., 1 second max with 50% ones density, 8 seconds under minimum ones density 
conditions). Reinitialization is not triggered by impulse noise events. 

2.2 Frame Alignment

2.2.1 DDS-SC and CC-64K Modes

When in DDS-SC or CC-64K modes, the LXT441 begins a frame alignment search at channel 
connection time. Channel connection time is defined as the time when the ACTIVE bit changes to 
a ’1’.

The mean time to Frame Alignment is less than 5 ms. This means that, at 72 kHz on average, fewer 
than five frame comparisons are required to establish frame alignment. 

2.2.2 56-PRI Mode

In 56-PRI mode the LXT441 provides for a bit aligned signal without byte alignment. The LXT441 
has an option to allow for the receive section to become byte aligned. In order for this alignment to 
take place all data must be transmitted using a protocol as defined below.

Frame alignment is declared when the LXT441 detects three consecutive Frame Alignment Word 
(FAW) sequences matching the FAW. Detection of consecutive FAW sequences requires that each 
FAW sequence matches the FAW, and that each FAW sequence is exactly one frame apart. 

The protocol consists of 256 seven bit words that comprise a data frame. The words are numbered 
starting from 1 to 256. In word one (1) a frame alignment word (FAW) needs to be transmitted. The 
FAW is transmitted left to right as 0001101. Then 127 seven bit words of data are sent. In word 128 
any data may be sent as long as the first bit sent of word 128 is a logical one. Then 127 words of 
data are sent to complete the frame. This option is termed the bonding option.

Initializing the LXT441 using the bonding option involves first enabling for the Sync interrupt by 
setting the FSYNC (b2) bit it in the Interrupt enable register WR8 in the device. Then enabling the 
bonding option by setting the BONDEN (b7) bit of the Transmit Control register WR1 in the 
device.

The DCD (b5) of the EIA Status register will indicate when bonding has been established. When 
DCD = 1, it indicates that framing has been established and that data in EIA Receive Data register 
RD7 is byte aligned.

Transmition of the required frame structure can be accomplished by using the EIA Transmit Data 
register WR7 in the LXT441. Note that the LSB of this register is a don’t care since we are sending 
only 7 bit words. To enable the use of the EIA registers instead of the LXT441 serial interface, the 
EIAREG (b5) bit in the EIA Select register WR5 must be set.   This register must be written to 
every 125 µs in order for the data to be continuously available for the line. In order to speed the 
establishment of the bonding frame alignment, several frames of data bits set to all ones should be 
used initially. After the initial frames, then the normal frame structure should be used.   
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Reception of the bonded data can be accomplished by using the EIA Receive Data register RD7. 
The LSB (b0) of this register indicates if the byte is a FAW or data byte. If the LSB is low, the byte 
is either a data byte or byte 128 of the frame. If the byte is #128 of the frame, the MSB of the byte 
may not be valid data as the transmitter must insure that bit is a one to establish the protocol. When 
the LSB of RD7 is a one, the received byte is a frame alignment word. The EIA receive register 
will follow the RD data pin regardless of the status of the EIA select register setting.

2.3 Reception

RTIP and RRING inputs are differentially detected, then processed through the pre-filters and
equalizer section. The continuous pre-filter removes high frequency noise and prevents aliasing
problems for the line equalizers which follow. Receive pulses are reconstructed by the receive
equalizer, which is comprised of a step equalizer stage and an adaptive decision feedback equalizer
(DFE). The DFE eliminates residual inter-symbol interference (ISI) due to echoing by multiple
bridged tap connections and time varying line characteristics such as temperature, humidity and age. 

2.4 Clock Recovery 

The clock recovery circuit uses a rate synchronizer to generate a high frequency internal clock 
from the oscillator input. A DPLL is used to synchronize this internal clock to the received data 
pulses. The output clock from the DPLL is divided down to generate SCR and all other required 
clocks (except SCT_E when it is supplied as an external input, 56 kbps only).

2.5 Data Extraction

The data extraction block delivers raw recovered bipolar line data to the data formatter and decoder 
so that it may output the NRZ RD stream to the EIA interface and the receive EIA microprocessor 
register. A positive or negative differential pulse received between RTIP and RRING results in a 
logic 1 sent to the formatter, while no pulse is reported to the formatter as a logic 0. After decoding 
in the formatter section, the final RD output at the received data rate is valid on the falling edge of 
SCR.

Receiver operation is not affected by the data patterns, provided the ones density requirements of 
Table 5 are met, and the receive line signal contains at least one valid pulse every 26 bit periods. 
Loss of signal is declared after 32 consecutive zeros or a signal strength drop of greater than 6 dB. 
However, the SCR output remains synchronized to the RTIP/RRING input for up to 40 consecutive 
zeros, after which re-initialization occurs. Spurious bipolar violations (due to channel noise, etc.), 
will not adversely affect long term LXT441 data reception. 

2.5.1 Receiver Bipolar to NRZ Conversion

The receiver converts Bipolar data into NRZ data in the following manner:

• Bipolar B’s are marks (of alternate polarity with respect to last mark) converted to NRZ 1s

• Bipolar V’s are marks (of same polarity with respect to last mark) converted to NRZ 1s

• Bipolar O’s are spaces converted to NRZ 0s   
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This conversion process takes 1 byte plus 1 bit period, with corresponding NRZ data available 8 bit 
periods after the Bipolar data is received. There are, however, a few exceptions to this. Reception 
of the DSU Loopback control code and reception of the Zero Suppression control code require that 
a code replacement be performed upon the received data prior to conversion to NRZ format. See 
Table 32 for RX_DLP & RX_ZSC code replacement.

In DDS-SC mode, there are no violations. Thus, the receiver only converts O’s and B’s (bipolar 
data) to NRZ 0s or 1s respectively. Frame synchronization must be established to enable network 
code detection. Reception of the DSU Loopback code requires a code replacement operation to be 
performed prior to conversion to NRZ format. See Table 32 for R_DLP code replacement.

CC-64K mode is very much the same as DDS-SC mode. There are no byte replacements, and the 
only code is idle data (RX_DMI). See Table 32 for control codes & replacement policy for various 
modes.

2.5.2 Receiver Code Detection

The receiver converts bipolar received data into NRZ data. In DDS-PRI mode, this process 
requires bipolar violation (BPV) detection, valid/invalid BPV detection, and control code 
detection. A violation is detected upon receipt of Bipolar data which violates the Alternate Mark 
Inversion (AMI) Rule. A BPV is valid if, and only if, it belongs to a 7-bit Control Code, satisfying 
the following set of criteria:

• At least seven bit periods have passed without a violation since receipt of the violation in 
question

• An odd number of B’s (non-violation marks) were received since the last violation

• The bit received prior to the violation was an O
(a space)

2.5.3 Control Code Detection

The data presented at the RTIP/RRING pins undergoes bipolar to NRZ conversion, with automatic 
detection and decoding of control codes according to the following criteria:

• Detection of Idle (CMI), OOS, and OOF codes in DDS-PRI mode

• Detection and conversion of DSU Loop code in DDS-PRI mode, and DSU Loop control code 
in DDS-SC mode

• Detection of DDS-SC control codes for DDS-SC mode

• Detection of the DDS-SC six-bit frame pattern for byte alignment of data and control streams 
for DDS-SC mode, and 8-bit data for CC-64K mode

• Control of EIA handshake signals based on receiver status from the line interface unit

All control codes except RX_DMI are encoded into valid BPVs. Thus, upon receipt of a valid BPV, 
control codes are decoded (as listed in Table 32). Any valid BPV which doesn’t match a control 
code listed in the table results in an ’unmatched’ code. The exception, RX_DMI, is detected when 
an all-marks (all B’s and no V’s) code is received. All control codes remain active for 7 bit periods 
after detection.

Bipolar received codes in both DDS-SC and CC-64K modes contain no violations. Therefore, data 
must be synchronized with the frame pattern, to establish the beginning of each word. The C/S bit 
is used to determine whether the unit is receiving network codes or data. When two of three    
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consecutive C-bits are 0s the network code detector is enabled which tests if the data matches any 
of the control codes listed in Table 31.   When two of three consecutive C-bits are 1s the unit 
reverts to data mode.

2.5.4 Loss of Frame Alignment

The LXT441 declares loss of frame alignment when it receives five consecutive Frame Alignment 
Word (FAW) sequences in error. Here, consecutive FAW sequences implies that each FAW 
sequence is expected to occur an integral number of frames after the FAW sequence which 
produced alignment. The initial alignment algorithm is the same as the frame recovery algorithm.

2.5.4.1 Recovery of Frame Alignment

The LXT441 begins recovery of frame alignment immediately after detecting loss of frame 
alignment. Frame Alignment Recovery is identical to the initial Frame Alignment search process 
described under Initialization. 

2.5.5 Changes in Received Signal Strength

During initialization, the LXT441 selects filters appropriate to the strength of the received signal. 
After initialization, the LXT441 continually monitors the receive signal strength to ensure the 
optimum signal/filter match. Data reception is not affected by impulse noise events or by slow 
changes in signal amplitude caused by normal temperature and humidity variations. The maximum 
constant rate of change which the LXT441 can track is 6 dB per minute. However, instantaneous 
“step” changes (Figure 3) may temporarily interfere with data reception. Step changes may be 
caused by sudden changes in loop attenuation, far end transmitter output, etc. 
After normal operation has been established, an instantaneous single-step change may cause one of
three conditions, as shown in Figure 4. 

Under Condition 1, the LXT441 automatically adapts to minor step changes in signal strength 
(assuming that the new input is a valid DDS signal). 

Under Condition 3, the LXT441 responds to significant step changes by re-initializing.

Condition 2, while unlikely to occur in an actual DDS implementation, may be observed in the 
laboratory when working with artificial line simulators. Condition 2, which results from a 6 - 20 dB 
step increase in received signal strength, may result in a signal/filter mismatch. This condition is 
characterized by excessive bipolar violations (BPVs). Excessive BPVs which are not valid code 
words are detected and counted by the LXT441. The XBPV interrupt flag will be set when 
excessive BPVs are detected by the LXT441 receiver. The device should be reinitialized via the 
application of a valid RST pulse in the presence of excessive BPVs.

Under normal operating conditions, step changes in received signal strength are all under local 
control. Thus, the user can reset the LXT441 once the new receive signal has stabilized at the chip 
inputs. Remote changes typically involve disconnecting one line and re-connecting another line of 
different length. These changes trigger the RLOS report and automatic re-initialization.

The receive filters may be forced to a particular value using the FEILT<3:0> bits of write register 
2. This action is enabled by setting the Filter Force Enable bit of write register 2. The equation to 
determine the value of the filter is: Gfilt = ( 0x0F - FEILT[3..0] ) * 6dB.   
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The filter forcing function is useful when line lengths change abruptly such as when an analog 
loopback is achieved with relays. In this case forcing the filter to the proper length will speed 
convergence on the new signal strength.

2.5.5.1 Receive Loss of Signal

Receive loss of signal (RLOS) is detected when more than 32 consecutive zeros are received, 
caused either by a true loss of signal, or a signal strength drop greater than 6 dB. The LXT441 
automatically re-initializes when RLOS is present, and 40 consecutive zeros are counted. Figure 5 
shows the RTIP/RRING input and RLOS control bit timing relationships for a true loss of signal. 
When signal energy returns to the chip input, the LXT441 executes one full activation cycle in the 
presence of this signal. The result is that RLOS will remain active for a period of time (0.13 s < tH 
< 16 s) after signal energy reappears.

Figure 6 shows the RTIP/RRING input timing and RLOS output timing relationship for a signal 
strength decrease greater than 6 dB. In this case, RLOS will go High for a time 0.26 s < tP < 16 s.

Figure 3. Step Changes in Receive Signal Strength = 20 log10 (A2/A1) dB
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Figure 4. Conditions Based on Changes in Receive Signal Strength

Figure 5. RLOS Timing for a True Loss of Signal
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2.6 Transmission

Transmit data (TD) from the DTE is sampled on the rising edge of SCT_E. The transmit section 
generates a 50% AMI pulse according to the pulse encoding rules, which is synchronized with the 
SCT_E input/output clock.  In DSU applications with TCCT=0, SCR is typically routed back out 
of the SCT_E input/output pin to serve as a transmit demand clock.  If EIAREG=1, then data at the 
serial interface is ignored, and the Transmit EIA 8-bit microprocessor register is used as the source 
of transmit data.

Once the transmit data is sampled and encoded, resulting AMI output pulses are processed through 
a set of frequency dependent filters. Initial filtering at all rates is accomplished by a programmable, 
switched-capacitor, low-pass filter. This filter is a single-pole type with the pole set at 1.3 times the 
bit rate (as determined by control bits MODE0 and MODE1). A continuous filter, common to all 
data rates, is the final stage. The continuous filter removes high frequency components which 
remain after processing by the low-pass filter stages. The resulting transmit pulses are then applied 
to the line driver for transmission onto the twisted-pair line.

2.6.1 Transmit Serial Interface

User data presented at the TD pin undergoes NRZ to bipolar conversion, with automatic generation 
of zero suppression code for DDS-PRI. In DDS-PRI mode, controlled generation of Control Mode 
Idle (CMI), and All Ones may be accomplished by manipulating the DTR/RTS control leads, or by 
writing to the TX_CMI or TX_DMI control bits. The microprocessor control bits take precedence 
over the DTR/RTS for commanding CMI/DMI transmission. 

In DDS-SC and CC-64K modes, controlled generation of the DDS-SC control codes may be 
selected, and the six-bit frame pattern is automatically inserted into the transmitted data stream.

Transmit timing is derived from the receive clock for a loop timed DSU/CSU, or from the SCT_E 
input for external timing, or in OCU applications.

Figure 6. RLOS Timing for a Drop in Signal Strength > 6 dB
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2.6.2 Transmit NRZ to Bipolar Conversion

The Transmitter converts NRZ data and control codes into bipolar transmitted data. It is possible 
that several control codes are requested for transmission, thus a priority encoder must resolve 
which code should be transmitted; if no control code is requested, the transmitter sends out 
converted NRZ data (see Table 32 for priority of transmit control codes). The position of injected 
code words is set arbitrarily by a free-running internal bit counter. In DSU operation without a ‘tail-
circuit’ (TCCT=0), the transmit word position is aligned to the receive word position. In DDS-SC 
and CC-64K modes, the receive word position is determined by the receive frame pattern, while in 
DDS-PRI mode, the receive word position is arbitrary.

In DDS-PRI MODE, code injection must take into account the polarity of the last transmitted mark 
(B or V), and whether an even or odd number of B's have been sent since the last V. The first 
criterion is used to assure that violations are transmitted correctly. The second criterion assures that 
any X's will be transmitted correctly - as O or B to maintain an odd number of B's since the last V. 
The X’s are used to insure that the V is transmitted of opposite polarity of the last V. This will 
insure that the cable pair achieves no DC offset due to the signal.

In DDS-SC and CC-64K modes, code injection is accompanied by the injection of a frame pattern 
as the 8th bit of every outgoing data byte or code word. When no code is requested, the transmitter 
simply converts NRZ 0s and 1s into Bipolar O's and B's, respectively, and injects the frame bit at 
the proper location. See Table 32 for control codes in DDS-SC and CC-64K modes.

2.6.3 Transmit Code Generation Control

CONTROL-MODE-IDLE (CMI) can be generated from a logic-Low on EIA handshake signal 
RTS in DDS-PRI mode and  DDS-SC mode.

Clear-To-Send (CTS) goes High after receiving a Request-To-Send (RTS) with delay based upon 
the time required to transmit the last complete CMI code, plus three idle data bytes.

2.7 Loopback Operation

The LXT441 incorporates both a CSU loopback and a DSU non-latching loopback.

2.7.1 CSU Loopback

When the LCRT pin is set Low indicating a reversal of sealing current, a CSU loopback is engaged, 
with the recovered line data and clock being sent back through the transmit section and onto the 
line interface, as well as being output on the RD and SCR pins. TD and SCT_E inputs are ignored 
in the loopback mode, as the transmit section will switch to the recovered receive clock. 

2.7.2 DSU Alternating Loopback

An alternating loopback operates upon receipt of a minimum of four consecutive bytes of the 
specified loopback code at the proper data rate, and continues for a minimum of four consecutive 
bytes after receipt of the last loopback code. The loopback is terminated upon receipt of five 
successive byte intervals without the loopback code (refer to Table 32 for the DSU-Loopback 
codes for all data rates). The four consecutive bytes must be contiguous; having no "filler" bits    
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between DLP code bytes. In DDS-PRI operation, a loopback code byte is a 7-bit word, and in 
DDS-SC and CC-64K operation, a loopback code byte is an 8-bit word, with a ninth framing bit 
injected between the 7th and 8th bits of the code word.

2.8 System Serial Interface and Data Formatting

The LXT441 provides a EIA DCE serial interface with TD, RD, SCT/SCT_E, SCR, DTR, RTS, 
DSR, DCD, RI, & CTS pins for attaching data terminal equipment (DTE). The signal levels are 
TTL/CMOS compatible, allowing a direct connection to Serial Communication Controllers (SCC), 
while connection to external terminals require standard V.35/RS449 transceivers. User data for 
transmission undergoes processing in the data formatter to insert required zero suppression codes 
for DDS-PRI, and framing information for DDS-SC and CC-64K. Receive line data has zero 
suppression codes removed from DDS-PRI streams, while the framing bits are stripped from DDS-
SC and CC-64K data. Secondary channel bits are passed to the RD and TD pins in DDS-SC, 
allowing transparent secondary channel processing. Refer to Figure 7 and Figure 8 for EIA 
interface data structure and relative timing. For specific timing parameters, refer to Test 
Specifications.

2.8.1 Device Configuration

The user can select the operating mode and loop rate (DDS-PRI, DDS-SC, CC-64K) by writing the 
appropriate values to control bits MODE0 and MODE1 of Device Control Register WR0 ( Table 
19). Table 6 provides typical examples.

Transmit timing modes are selected by configuring bits OCU and TCCT. In DDS-SC mode, the 
secondary channel bandwidth is available transparently by interpreting transmit and receive data in 
relation to the SYNC signal.

2.8.2 Switched 56 Call Control

Switched 56 call control is performed between the central office and DSU by the interpretation of 
CMI and DMI codes sent from one end-point to the other. DMI is defined as any code other then 
CMI. These codes correspond to ‘on-hook’ (CMI) and off-hook’ (DMI) conditions on the metallic 
trunk. Refer to the TIA/EIA-596 specification for specific signalling and timing requirements. The 
DSU ‘dials’ a call by seizing the trunk, taking the DSU ‘off-hook’, waiting for a valid network 
‘wink’ (i.e. off-hook, on-hook sequence) and then sending alternating CMI/DMI sequences which 

Table 6. Device Control Register Settings

Type Rate Mode TCLK
Source

WR0

MSB LSB Hex

DSU

56 kbps

PRI

Line 0001 0000 0x10

DTE 0010 0000 0x20

Internal 0101 0000 0x50

SC
Line 0001 0001 0x11

DTE 0010 0001 0x21

64 kbps -
Line 0001 0020 0x12

DTE 0010 0010 0x22
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are interpreted as dial digits, much in the manner of pulse dialing. The DSU ‘answers’ a call by 
detecting non-CMI data from the central office and taking the DSU ‘off-hook’. CMI/DMI detection 
is performed by the LXT441 and may be monitored via the host controller. CMI/DMI transmission 
may be accomplished using either the RTS signal or the TXCODE register. Switched 56 call flow 
control is performed using either the EIA handshake lines or the microprocessor port.

 

Figure 7. EIA Interface Data Structure & Timing - DDS-PRI Mode
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Figure 8. EIA Interface Data Structure & Timing - DDS-SC or CC-64K Mode
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3.0 Application Information

3.1 Design Considerations

3.1.1 Microprocessor Interfacing

The microprocessor interface is an 8-bit parallel port with multiplexed address/data pins and 
associated bus control signals. Interfacing to Motorola, Intel and Zilog controllers may be 
accomplished with a minimum of glue logic by following the guidelines that follow, and observing 
the timing parameters in Figure 15 and Figure 16.

CS does not have to be asserted before ALE transitions Low, latching the address present on the 
multiplexed address/data bus.

The INT signal is held until cleared to inactive High following a read of the Interrupt Status 
register at address 0x08.

3.1.2 BSY Operation

BSY indicates stable data available for read on RD cycles, and the proper internal latching of data 
on write cycles. Consecutive write cycles require that BSY goes inactive High before the next 
write. BSY may be used to ’stretch’ the RD strobe. RD should not go High before BSY goes 
inactive High.

3.1.3 Crosstalk

It is important to prevent crosstalk between the transmitter and receiver circuits. Steps were taken 
to reduce this interference inside the LXT441, but precautions must be taken with the line interface 
circuitry outside the chip as well. Crosstalk is especially high when the idle pattern (alternate 
positive and negative pulses) is being transmitted because the transmit power is concentrated 
around the Nyquist frequency (half the baud rate).

3.1.4 Typical Application Circuit

Figure 9 shows a typical LXT441 application circuit. A crystal (8.192 MHz) is connected across 
XTALI and XTALO, with two grounded loading capacitors.   Specifications for the crystal are 
listed in Table 9.   The line interface consists of a pair of 1:1 transformers, center-tapped on the line 
side, with appropriate load resistors. The Rs/Cs shunt network (28 Ω / .01 µF) provides high 
frequency compensation for the transmit driver. The input signal is developed across the Rr/Rin 
network (30.1 kΩ). Rr is calculated so the circuit provides a 135 Ω termination to the cable pair. Rv 
(1 kΩ) limits current into the low-impedance VINT driver during over-voltage conditions on the 
line. 

The DTE is connected to the LXT441 EIA interface. NRZ data is required at TD and RD, so level 
conversion is required for standard bipolar signals such as V.35 and RS-232. Device configuration 
pins may be tied to Vcc or GND, or may be supplied with logic inputs from an external control 
circuit. Figure 10 and Figure 11 provide details of typical protection and current sensing circuits. 
Table 9 lists external component recommendations. Refer to the following documents for DDS 
electrical specifications:   
   

   
  

https://www.datasheetcrawler.com/
https://www.stockedmro.com/


Switched 56/DDS Integrated DSU/CSU — LXT441

 Datasheet 25

• ANSI T1.410 - 1992

• AT&T TR 62310 - 1993

3.1.5 Selecting Simplex Sealing Current Components

The simplex sealing current components consist of resistor Rsc, Dual Optoisolator, bypass 
capacitor Cbs, and the resistance of the series protection devices Rsp as shown in Figure 10 and 
Figure 11. Since the protection devices have approximately 5 Ω of resistance, their contribution to 
the total resistance in the simplex path is only 5 Ω. Any EMI chokes placed in series with the TIP 
and RING leads will have resistance <1 Ω and can be ignored in this situation. The total resistance 
of the simplex path will then be protection devices, Rsc and voltage drop of Dual Optoisolator.  The 
Dual Optoisolator is arranged so that the LEDs of the coupler are connected cathode of one to 
anode of the other in parallel, the voltage drop of the opto coupler will be about 1.0V. This gives 
the simplex sealing current as:

Figure 9. Typical LXT441 Application
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Isealing current= Simplex Voltage - 1.0
             Rsc + Rsp

ANSI Standard T1.410 specifies that the sealing current must be greater than 4mA with sealing 
voltage of 7 V and less than 20 mA with sealing voltage of 28 V. In the reference design, this 
equates to 1.33 kΩ < Rsc < 1.44 kΩ. Selecting 1.5 kΩ as a standard value will give sealing current 
of 4 to 18 mA over the sealing voltage range of 7 V to 28 V.

Capacitor Cbs provides a path for transients on the simplex path to be routed around the 
optocoupler.

3.1.6 Selecting Protection Devices

3.1.6.1 With Earth Ground (Figure 10)

The DSU/CSU must be protected from both Power Cross and Lighting stresses. The Positive 
Temperature Coefficients devices Rps provide a variable resistance in the path of both stresses. 
Since Power Cross happens at a very slow rate, the protective circuit must limit current into the 
DSU/CSU in this type of situation. The PTC devices provide a nominal 5 Ω in normal operation. 
Higher currents, such as the stress from crossed the power lines, cause the devices to increase 
resistance and thus limit the flow into the DSU/CSU. 

The Sidactors Vps clamp the TIP or the RING to no more than 80 V above ground level. Since 
these devices are very fast acting, the combination of sidactors and PTC devices limit these 
currents to levels that will not damage the DSU/CSU. 

The normal test for this type of stress is to ground all but one of the TIP or RING leads, then apply 
a stress voltage to the open lead. This will cause a resulting simplex current flow. Since the voltage 
is clamped to 80 V, the current through the optoisolator is limited to 53 mA by Rsc which is below 
the 60mA maximum of the optoisolator.

Capacitor Cbp provides a bypass path for these transients to avoid their passing through the 
optoisolator LEDs.

Protection of the LXT441 device from these transients is accomplished by the transmit and receive 
transformers. These transformers should be selected for their ability to withstand the stresses 
placed on the DSU/CSU by certification for UL1459, UL1950 or FCC part 68 compliance.

To insure that the voltage on the TIP or RING leads of the LXT441 does not exceed the maximum 
allowable 7V with respect to ground, a zener diode from each device side pin of the transformer is 
used as shown in Figure 9. Since the diodes are rated at 6.2 V, all inputs over 6.2V will be shunted 
to ground preventing the LXT441 from exceeding its ratings.

3.1.6.2 Without Earth Ground (Figure 11)

For those instances where an Earth Ground is not available, three sidactor or transient voltage 
suppressers may be used as shown in Figure 11. The devices Vps limit the tip-to-ring voltage 
difference to 3.2 V. When overvoltages are applied, the device Vsc conducts to limit the voltage 
across the Rsc and optoisolator to 80 V. This will protect the optoisolator LED from an over-current 
situation. The capacitor Cbp will also provide a path for high frequency transients to bypass the 
optoisolator.    
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3.1.7 Selecting Line Termination Resistors

Each cable pair used in 56/64 kbps service plant has a characteristic impedance of approximately 
135 Ω. Resistors Rt and Rr are selected to match the impedance of 135 Ω. Selection of these 
resistors is given by the equation:

Rt or Rr = (135 Ω - Rwp-Rws-Rps)/2

Where:
Rwp is the DC resistance of the transformer primary, Rws is the DC resistance of the transformer 
secondary, and Rps is typical resistance of the series protection elements (typically 5 Ω). 

Figure 10. Typical Protection Circuitry with Earth Ground
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Table 7. Protection Components Used in Figure 10

Part Designator Manufacturer Recommended Part Number

Rps Raychem TR600-150

Vps TECCOR PO720EB

Rsc Various 1.5 kΩ, 1W, Metal Film

Cbp Various 0.01 µF, 500V, Ceramic Disc

T1/T2 Various See Table 9

Figure 11. Typical Protection Circuitry without Earth Ground

Table 8. Protection Components Used in Figure 11

Part Designator Manufacturer Recommended Part Number

Rps Raychem TR600-150

Vps EDAL B529-2

Vsc TECCOR P0720EB

Rsc Various 1.5 kΩ, 1W, Metal Film

Cbp Various 0.01 µF, 500V, Ceramic Disc

T1/T2 Various See Table 9   
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3.1.8 PCB Layout

The external line interface circuit must be laid out to minimize coupling of other digital and analog 
signals into RTIP and RRING (Figure 9). These inputs, pins 3 and 4, are high impedance nodes 
which can pick up interference from adjacent PCB traces. The line interface circuit must be 
designed for loops with up to 50 dB of loss at the Nyquist frequency, even if the product will never 
be used on such long lines. When no receive signal is present, the LXT441 will switch to the 
highest gain filter, which produces an internal gain of about 50 dB. Unless precautions are taken, 
substantial interference coupling into RTIP and RRING could exceed the internal slicer levels and 
prevent the RLOS report. 

Figure 12 shows an sample board layout which demonstrates the line interface design. Layout 
considerations for LXT441 applications include:

• Minimum PCB trace lengths between the LXT441 and the 8.192 MHz crystal and loading 
capacitors

• Minimum PCB trace lengths between resistors Rin (30.1 kΩ) and the RTIP and RRING pins

• Shield these connections with ground traces to further prevent noise in the receiver inputs

• Trace lengths from the input resistors to the transformer must also be kept to a minimum

• Minimum PCB trace lengths between the receive transformer and the receive termination 
network

Even with good PCB layout practices, RLOS reporting can be unreliable if the twisted pair line 
cable is not connected to the OCU or CSU/DSU. The unterminated receive lines can pick up 
enough noise to trip the data detectors and cause an inaccurate RLOS reading. However, equipment 
designers can safely assume that the highest-gain filter with 50 dB of signal amplification will 
never be selected for normal operation on lines with up to 45 dB of attenuation at the Nyquist 
frequency. 

Note: The 50 dB filters were designed for applications in which the line attenuation is 48 dB or greater. 
The DDS specification requires an insertion loss at 56 and 72 kbps of 43 dB or less. The LXT441 
incorporates built-in headroom up to 45 dB. So, for standard applications, the highest-gain filter 
will never be selected. 

3.1.9 Power Supply Decoupling

Each +5V input should be tied to the same power plane, and each should be bypassed by a 0.47 µF 
decoupling capacitor. The bypass caps should be located as closely as possible to the device power 
and ground pins.
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Figure 12. Sample PCB Layout

Table 9. External Component Recommendations

Component Parameter
Recommended Value

LXT400 Compatible LXT441 Only

Line Transformer

Suggested Manufacturers:

Midcom (800) 643-2661

B and H (612) 894-9590

Vitec       (510) 651-1535
XFMRS   (317) 834-1066

Schott     (615) 889-8800

Minntronix 
                 (509) 629-3173

Transpower 
                 (702) 831-0140

Turns ratio 1:1, ± 1% 1:1, ± 1%

Structure Center tapped 
(for line side)

Center tapped 
(for line side)

Primary inductance 200 mH minimum 40 mH minimum

Leakage inductance 22 to 43 µH maximum 43 µH maximum

DC resistance (Primary, Rwp) 7 - 17 Ω
8 Ω maximum

(6Ω  ± 10% 
preferred)

DC resistance (Secondary, Rws) 7 - 17 Ω
8 Ω maximum

(6Ω  ± 10% 
preferred)

Interwinding capacitance 350 pF maximum 80 pF maximum

Rin Resistance, tolerance, rating 30.1 kΩ, ± 1 %, ¼ W

Rt, Rr Resistance calculation, tolerance, rating (135 Ω - Rwp-Rws-Rps)/2, ± 1%, ¼ W 1

Rv Resistance, tolerance, rating 1 kΩ, ± 5%, ¼ W 

1. Where Rwp is the DC resistance of the primary of the transformer, 
Rws is the DC resistance of the transformer secondary, and 
Rps is typical resistance of the series protection elements (typically 5 Ω). 
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DSU Crystal

Nominal frequency 8.192 MHz

Holder style HC-49/U

Operating Mode Fundamental, parallel resonant

Cut AT

Load capacitance 22 pF nominal (excluding crystal C0)

Tolerance ± 35 ppm @ 25 °C

Range ± 50 ppm, -40 to +85 °C

Aging 3 ppm per year maximum

Maximum ESR 120 Ω

Drive level 1 mW maximum

DSU crystal loading capacitors
Capacitance, tolerance, rating 35 pF, ± 5 %, 10 V

Construction NPO ceramic or equivalent

Transmit shunt network

Rs Resistance, tolerance, rating 28 Ω, ± 5 %, ¼ W

Cs Capacitance, tolerance, rating 0.01 µF, ± 20 %, 10 V

Table 9. External Component Recommendations (Continued)

Component Parameter
Recommended Value

LXT400 Compatible LXT441 Only

1. Where Rwp is the DC resistance of the primary of the transformer, 
Rws is the DC resistance of the transformer secondary, and 
Rps is typical resistance of the series protection elements (typically 5 Ω). 
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4.0 Test Specifications

Note: The minimum and maximum values in Table 10 through Table 16 and Figure 13 through Figure 16 
represent the performance specifications of the LXT441 and are guaranteed by test, except where 
noted by design.

Table 10. Absolute Maximum Ratings

Parameter Symbol Min Max Unit

Supply voltage

AVCC referenced to AGND VCC -0.3 6 V

DVCC referenced to DGND VCC -0.3 6 V

TVCC referenced to TGND VCC -0.3 6 V

Supply variation

AVCC referenced to DVCC VCCV -0.3 0.3 V

DVCC referenced to TVCC VCCV -0.3 0.3 V

AVCC referenced to TVCC VCCV -0.3 0.3 V

Ground variation

AGND referenced to DGND GNDV -0.3 0.3 V

DGND referenced to TGND GNDV -0.3 0.3 V

AGND referenced to TGND GNDV -0.3 0.3 V

Input voltage, any pin1, 2 - AGND - 0.3 AVCC + 0.3 V

Input or output diode current, any pin2 - - ±20 mA

Continuous output current, any pin2 - - ±25 mA

Continuous current, any VCC or GND pin - - ±50 mA

Storage temperature TST -50 150 °C

Caution: Exceeding these values may cause permanent damage.  Functional operation under these 
conditions is not implied. Exposure to maximum rating conditions for extended periods may 
affect device reliability.

2. TTIP and TRING are referenced to DVCC and DGND.
3. Except supply pins.

Table 11. Recommended Operating Conditions 

Parameter Symbol Min Typ Max Unit

Recommended supply voltage
TVCC, AVCC, DVCC

VCC 4.75 5.0 5.25 V

Recommended operating temperature TOP -40 - 85 °C
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Table 12.  Electrical Characteristics (Over Recommended Range) 

Parameter Symbol Min Typ1 Max Unit Test Conditions

Supply current ICC - 60 80 mA VCC = 5.0 V

Input Low voltage 2 VIL - - 0.8 V Digital Inputs

Input High voltage 2 VIH 2.0 - - V Digital Inputs

Output Low voltage
VOL - - 0.4 V IOL= 1.6 mA (TTL)

VOL - 0.2 - V IOL< 10µA (CMOS)

Output High voltage
VOH 2.4 - - V IOH= 400µA (TTL)

VOH - 4.5 - V IOL < 10µA (CMOS)

Input leakage current IIL -40 - 40 µA 0 < VIN < VCC

Open drain leakage current 3 IODL - - 10 µA

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Limited functional test patterns are performed at these input levels.  The majority of functional tests are performed at levels of 

0V and 3V.
3. Applies to INT and BSY only.

Table 13.  Miscellaneous Timing Characteristics (Over Recommended Range) 

Parameter Symbol Min Typ1 Max Unit Test Conditions

XTALI input frequency FXTAL – 8.192 – MHz

XTALI frequency tolerance FMTOL -100 0 +100 ppm

RST pulse width Low TRWL 1000 - - µs

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

Table 14.  Receive Timing Characteristics (Over Recommended Range)

Parameter Symbol Min Typ1 Max Unit Test Conditions

SCR period - out of lock TPR (ol) 1-5x10-3

fb(rec)     1      fb(rec) 1+5x10-3

fb(rec)  µs no Rx input at 
RTIP/RRING

SCR period - in lock TPR (il) -    1         
fb(rec) - µs Rx input present 

at RTIP/RRING

SCR pulse width High TRCH
TPR/2 
- 200

TPR
2

TPR/2 
+ 200 ns

Rx signal input at RTIP/RRING 
frequency tolerance RXTOL -50 0 +50 ppm

RD delay from SCR falling edge TRDD -500 - 500 ns into 20 pF load

Transition time on any digital output TTO - - 20 ns into 20 pF load

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. fb (rec) = Frequency of incoming recovered datastream.
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Figure 13. EIA Receive Timing

Table 15.  Transmit Timing Characteristics (Over Recommended Range) 

Parameter Symbol Min Typ1 Max Unit Test Conditions

SCT_E period TPT -100ppm 1/Data Rate +100ppm µs

SCT_E input pulse width High TTWHI 3 1
2fb(tx) 10 µs

SCT_E output pulse width High TTWHO
1/2fb(tx) -

200
1

2fb(tx)
1/2fb(tx) + 

200 µs

TD setup to SCT_E 
rising edge TTSU 700 - - ns

TD hold time after SCT_E rising edge TTH 700 - - ns

Transition time on any digital input TTI 40 ns

SCT_E input frequency tolerance
(with respect to fb(tx) TXTOL -100 0 +100 ppm

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. fb(tx) = Frequency of transmit bitrate clock on SCT_E input.

RECEIVE BIT TIMING:

��

�!�

�%&!

�	

TPR

TRCH

TRDD

���0��!�
TRDD
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Figure 14. EIA Transmit Timing

Table 16.  Microprocessor Timing Characteristics (Over Recommended Range)

Parameter Symbol Min Typ1 Max Unit Test Conditions

CS setup to RD or WR falling edge TCSU 15 - - ns CLOAD = 20 pF

CS hold from RD or WR rising edge TCHR
TCHW

15 - - ns CLOAD = 20 pF

ALE pulse width High TALPW 35 - - ns CLOAD = 100 pF

RD or WR hold from ALE falling edge TRWH 10 - - ns CLOAD = 100 pF

ALE hold from RD or WR rising edge TALH 15 - - ns CLOAD = 100 pF

ADDR setup to ALE falling edge TASU 15 - - ns CLOAD = 100 pF

ADDR hold from ALE falling edge TAH 15 - - ns CLOAD = 100 pF

WR pulse width Low TWPW 95 - - ns CLOAD = 100 pF

RD hold time after BSY High TRDH 0 - - ns CLOAD = 100 pF on RD

DATA valid from RD falling edge TDPR 5 - 70 ns CLOAD = 100 pF

DATA hold from RD rising edge TDHR 2 - 15 ns CLOAD = 100 pF

BSY Low delay from RD or WR Low TBP 5 - 55 ns CLOAD = 20 pF / 2 kΩ
BSY Low duration TBWL 122 - 344 ns CLOAD = 20 pF / 2 kΩ
DATA setup to WR rising edge TDSUW 30 - - ns CLOAD = 100 pF

DATA hold from WR rising edge TDHW 25 - - ns CLOAD = 100 pF

INT clear after RD High for ADDR = 08h TDCI 244 - 470 ns CLOAD = 20 pF / 2 kΩ
1. Typical values are at 25° C and are for design aid only; not guaranteed and not subject to production testing.  

TRANSMIT BIT TIMING:

�!�1�

��

���0

!��

���

TTSU TTH

TPT

TTWH

700 ns max. for RTS Low to CTS Low*

1µs max. for SCT_E to CTS falling*
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Figure 15. Microprocessor Timing - Read Operations

Figure 16. Microprocessor Timing - Write Operations
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5.0 Register Definitions

5.1 Introduction

The LXT441 incorporates a total of 19 registers, 8 Write and 11 Read registers. Refer to Table 18
for a complete list of register designations and addresses. Register addresses and other hexadecimal
numbers are represented as “0xnn” where “nn” is the hex value.

Table 17. LXT441 Register Set

Address Write Registers Read Registers

AD<7:0> WRx Name RDx Name

xxx00000 WR0 Device Control Register RD0 readback of WR0

xxx00001 WR1 Transmit Control Register RD1 readback of WR1

xxx00010 WR2 Receive Control Register RD2 readback of WR2

xxx00011 Reserved

xxx00100 Reserved

xxx00101 WR5 EIA Select Register RD5 readback of WR5

xxx00110 Reserved

xxx00111 WR7 EIA Transmit Data Register RD7 EIA Receive Data Register

xxx01000 WR8 Interrupt Enable Register RD8 Interrupt Status Register

xxx01001 WR9 EIA Control Register RD9 EIA Status Register

xxx01010 Reserved RDA Device Status Register

xxx01011 Reserved RDB Rx Slicer Level Register

xxx01100 WRC Rx Code Interrupt Enables RDC Rx Codes Register

xxx01101 Reserved RDD Invalid BPV Counter

xxx01110 Reserved

xxx01111 Reserved

Table 18. LXT441 Register Bit Mapping1

Register R/W Addr b7 b6 b5 b4 b3 b2 b1 b0

Device 
Control R/W 0x00 0 OCU TCCT SCT_EN 0 0 MODE1 MODE0

Transmit 
Control R/W 0x01 BONDEN CALLMD 0 TX_MRK ZS_DIS TX_CMI TX_OOS TX_OOF

Receive 
Control R/W 0x02 DSU_LP TX_DLP CSU_LP FILFCE FFILT3 FFILT2 FFILT1 FFILT0

EIA Select R/W 0x05 0 0 EIAREG 0 0 0 0 0

1. A Low on the RST input will force all register bits to 0, except where specified.   
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Tx EIA 
Data

W 0x07 D1 D2 D3 D4 D5 D6 D7 X, C, or 
D8

Rx EIA Data R 0x07 D1 D2 D3 D4 D5 D6 D7 X, BF, C, 
or D8

Interrupt 
Enable W 0x08 EIADEL IDEL RX_CODE V_OFL XBPV FSYNC RSYNC ACTIVE

Interrupt 
Status R 0x08 EIADEL IDEL RX_CODE V_OFL XBPV FSYNC RSYNC ACTIVE

EIA Control
(reset value) W 0x09

FC_DCE

(0)

DSR

(1)

DCD

(1)

RI

(0)

CTS

(1)

FC_DTE

(0)

DTR

(1)

RTS

(1)

EIA Status R 0x09 FC_DCE DSR DCD RI CTS FC_DTE DTR RTS

Device 
Status R 0x0A RLOS FSYNC ACTIVE ISTATE LL3 LL2 LL1 LL0

Rx Slicer 
Level R 0x0B MAG7 MAG6 MAG5 MAG4 MAG3 MAG2 MAG1 MAG0

Rx Code 
Interrupt 
Enable
(reset value)

W
0x0C MRK_EN

(0)

ZSC_EN

(0)

CMI_EN

(1)

OOS_EN

(0)

OOF_E
N

(0)

DLP_EN

(0)

0

(0)

UNM_EN

(0)

Rx Codes R 0x0C RX_DMI RX_ZSC RX_CMI RX_OOS RX_OO
F RX_DLP RX_UM

C UNMTCH

BPV Count R 0x0D IBPV7 IBPV6 IBPV5 IBPV4 IBPV3 IBPV2 IBPV1 IBPV0

Table 19. Register WR0 - Device Control - Address 0x00

b7 b6 b5 b4 b3 b2 b1 b0

- OCU TCCT SCT_EN - FTEST MODE1 MODE0

Bit Mnemonic Function

b7 - Reserved.  Program to 0.

b6 OCU DSU Mode Selection. Controls timing sources in conjunction with TCCT
 (see TCCT bit description for additional information).

b5 TCCT

Tail Circuit.  Controls timing sources in conjunction with OCU as follows:

Bits<6:5> Source for SCT_E Source for TCLK 
10 XTALI via Internal Oscillator XTALI via Internal Oscillator1

11 N/A SCT_E input pin1

00 RCLK RCLK
01 N/A SCT_E input pin1

b4 SCT_EN Serial Clock Transmit Enable.  0 = SCT_E pin set to high impedance state. 
1 = SCT_E pin enabled as an output.

b3 - Reserved.  Program to 0.

Table 18. LXT441 Register Bit Mapping1 (Continued)

Register R/W Addr b7 b6 b5 b4 b3 b2 b1 b0

1. A Low on the RST input will force all register bits to 0, except where specified.
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b2 FTEST Factory Test (FTEST).  Program to 0.

b<1:0> MODE<1:0>

Mode Select (MODE<1:0>).   Sets Mode and Line Rate as follows:

Bits<1:0> Operating Mode     Line Rate 

00   DDS-PRI      56 kbps
11   DDS-PRI      56 kbps
01   DDS-SC      72 kbps
10   CC-64K      72 kbps

1.  Only applicable for DDS-PRI 56 kbps applications (MODE<1:0> = 00 or 11).

Table 20. Register WR1 - Transmit Control  (DDS-PRI Mode) - Address 0x01

b7 b6 b5 b4 b3 b2 b1 b0

BONDEN CALLMD - TX_MRK ZS_DIS TX_CM TX_OOS TX_OOF

Bit Mnemonic Function

b7 BONDEN Bonding Enable. 0 = Bonding frame detection disabled. 
1 = Bonding frame detection enabled.

b6 CALLMD Call Mode. 0 = Allow data transfer from DTE. 
1 = Indicate to DTE that call processing is underway.

b5 - Reserved.  Program to 0.

b4 TX_MRK Transmit All Marks. 1 = Transmit All Marks, the Data Mode Idle (DMI) sequence 
(also sends all 1s DMI in CC-64K mode).

b3 ZS_DIS Zero Suppression Disable. 1 = Disable Transmit Zero Suppression.

b2 TX_CMI Transmit Control Mode Idle. 1 = Transmit Control Mode Idle sequence.

b1 TX_OOS Transmit Out Of Service. 1 = Transmit Out Of Service sequence.

b0 TX_OOF Transmit Out Of Frame. 1 = Transmit Out Of Frame sequence.

Equation 1. Register WR1 - Transmit Control (DDS-SC Mode) - Address 0x01

b7 b6 b5 b4 b3 b2 b1 b0

T_UMC - - T_IDLE T_ZER T_CMI T_ASC T_MOS

Bit Mnemonic Function

b7 T_UMC Transmit UMC. 1 = Transmit Unassigned Multiplex Code sequence.

b<6:5> - Reserved.  Program to 0.

b4 T_IDLE Transmit Idle. 1 = Transmit the Data Mode Idle (DMI) sequence
 (also sends all 1s DMI in CC-64K mode).

b3 T_ZER Transmit All 0s. 1 = Transmit all Zeros.

Bit Mnemonic Function
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b2 T_CMI Transmit Control Mode Idle. 1 = Transmit Control Mode Idle sequence.

b1 T_ASC Transmit Abnormal Station Code. 1 = Transmit Abnormal Station Code sequence.

b0 T_MOS Transmit Mux Out of Sync. 1 = Transmit Multiplexer Out of Sync sequence.

Table 21. Register WR2 - Receive Control  - Address 0x02

b7 b6 b5 b4 b3 b2 b1 b0

DSU_LP TX_DLP CSU_LP FILFCE FFILT3 FFILT2 FFILT1 FFILT0

Bit Mnemonic Function

b71 DSU_LP DSU Loopback. 1 = Forces local DSU loopback (EIA RD connected to TD).

b6 TX_DLP Transmit Non-Latching DSU Loopback. 1 = Transmit Non-Latching DSU Loopback Code in DDS-
SC, or BPV sequence in DDS-PRI. Not used in CC-64K.

b52 CSU_LP CSU Loopback. 1 = Forces CSU loopback.

b43 FILFCE Filter Force Enable. 0 = Filter Forcing Disabled (Program to 0 for normal operation).
1 = Filter Forcing Enabled.

b<3:0> FFILT<3:0> Filter Forcing Control Bits. Filter Gain = (0x0F - FFILT<3:0>)*6dB.

1. Readback of RD2 yields the logical OR of the value written to bit b7 (DSU_LP) and DSU loop status.
2. Readback of RD2 yields the logical OR of the value written to bit b5 (CSU_LP) and CSU loop status.
3. For details on Filter Force function, refer to the discussion of “Changes in Received Signal Strength” on page 16.

Table 22. Register WR5 - EIA Select - Address 0x05

b7 b6 b5 b4 b3 b2 b1 b0

- - EIAREG - - - - -

Bit Mnemonic Function

b<7:6> - Reserved.  Program to 0.

b5 EIAREG EIA Register Mode. 0 = Transmit data sourced by EIA TD pin. 
1 = Transmit data sourced by transmit EIA data register.

b<4:0> - Reserved.  Program to 0.

Table 23. Register WR7 - EIA Transmit Data - Address 0x07

b7 b6 b5 b4 b3 b2 b1 b0

D1 D2 D3 D4 D5 D6 D7 X, C, D8

Bit Mnemonic Function
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Bit Mnemonic Function

b<7:1> D<1:7> Data Bits. Data transmitted on 4-wire link when EIAREG = 1. Refer to Table 24 for data formats.

b0 X,C,D8
EIA Register Mode. X = Don’t Care in DDS-PRI. 
C = Secondary channel bit in DDS-SC. 
D8 = Data bit 8 in CC-64K.

Table 24. Register WR7 - EIA Transmit Data Formats1

Mode Line Rate 4-Wire Data Format Comments

DDS-PRI 56 kbps D1 D2 D3 D4 D5 D6 D7 7-bit byte

DDS-SC 72 kbps D1 D2 D3 D4 D5 D6 D7 F3 C2 9-bit byte

CC-64K 72 kbps D1 D2 D3 D4 D5 D6 D7 F3 D8 9-bit byte

Mode DTE Clock DTE Serial Data Format Comments

DDS-PRI 56 kbps smooth D1 D2 D3 D4 D5 D6 D7 7-bit byte

DDS-SC 64 kbps gapped D1 D2 D3 D4 D5 D6 D7 C2 8-bit byte

CC-64K 64 kbps gapped D1 D2 D3 D4 D5 D6 D7 D8 8-bit byte

1. Dx = Data bits to/from DTE.
1. C = DDS secondary channel control bits.
1. F = DDS framing bits.

Table 25. Register RD7 - EIA Receive Data - Address 0x07

b7 b6 b5 b4 b3 b2 b1 b0

D1 D2 D3 D4 D5 D6 D7 X, BF, C, D8

Bit Mnemonic Function

b<7:1> D<1:7> Data Bits.  Data received on 4-wire link

b0 X,BF,C,D8

EIA Register Mode.  X   =  Don’t Care in DDS-PRI.  
BF =  Bonding Frame indicator in DDS-PRI, if BONDEN=1.  
C   =  Secondary channel bit in DDS-SC.  
D8 = Data bit 8 in CC-64K.

Table 26. Register WR8 - Interrupt Enable - Address 0x081

b7 b6 b5 b4 b3 b2 b1 b0

EIADEL IDEL RX_CODE V_OFL XBPV FSYNC RSYNC ACTIVE
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Bit Mnemonic Function

b7 EIADEL EIA Control Lead Change Interrupt Enable. 0 = Disable. 1 = Enable.

b6 IDEL Loop Current Change Interrupt Enable. 0 = Disable. 1 = Enable.

b5 RX_CODE Receive BPV Control Code Interrupt Enable.   0 = Disable. 1 = Enable.

b4 V_OFL Violations Count Overflow Interrupt Enable.   0 = Disable. 1 = Enable.

b3 XBPV Excess Invalid BPV Interrupt Enable.   0 = Disable. 1 = Enable.

b2 FSYNC Bonding, or DDS FAW Sync Interrupt Enable.   0 = Disable. 1 = Enable.

b1 RSYNC Receive SYNC Interrupt Enable.   0 = Disable. 1 = Enable.

b0 ACTIVE Active State Interrupt Enable.   0 = Disable. 1 = Enable.

1. On  power-up, this register contains all-zeros, which disables all interrupts.  

Table 27. Register RD8 - Interrupt Status - Address 0x081

b7 b6 b5 b4 b3 b2 b1 b0

EIADEL IDEL RX_CODE V_OFL XBPV FSYNC RSYNC ACTIVE

Bit Mnemonic Function

b7 EIADEL EIA  Control Lead Change Interrupt. 1 = Interrupt has occurred.   This interrupt is generated when 
either the DTR or RTS input line changes state in the LXT441.

b6 IDEL

Loop Current Change Interrupt.  1 = Interrupt has occurred.  This interrupt is generated when the 
loop current state changes.  For changes in loop current direction, both inputs LCTR and LCRT will 
change state.  State transitions of these two signals are debounced for 1.5 ms and multiple 
transitions within this time period are resolved into only one IDEL event.

b5 RX_CODE

Receive BPV Code Interrupt. 1 = Interrupt has occurred. This interrupt is generated upon reception 
of or cessation of reception of the codes listed in Table 31 (Register RDC description) as enabled by 
the corresponding bits in register WRC. In DDS-PRI mode, RX_DMI will generate an interrupt only 
when CALLMD (in register WR1) is set to logic 1 by the user.   In DDS-SC mode, RX_DMI will never 
generate an interrupt. 

b4 V_OFL
Violations Count Overflow Interrupt. 1 = Interrupt has occurred.  This interrupt is generated when 
the Invalid Bipolar Violations Counter (V_CNT0 to V_CNT7) overflows at an invalid BPV count of 
256.

b3 XBPV

Excess Invalid BPV Interrupt. 1 = Interrupt has occurred.  If  eight or more occurrences of invalid 
BPV events in sixteen groups of consecutive mark symbols are received, the XBPV interrupt is 
generated.  This high density of BPV’s requires re-activation of the LXT441, via an external RST 
pulse.  

b2 FSYNC 
(BSYNC)

Bonding, or DDS FAW Sync. 1 = Interrupt has occurred.  The Bonding Frame Sync (BSYNC) or Bit 
Frame Sync (FSYNC) interrupt is generated when either going into or out of synchronization for 
Bonding Sync or DDS-SC/CC-64K FAW sync.

b1 RSYNC Receive SYNC Interrupt. 1 = Interrupt has occurred.  The RSYNC interrupt is generated coincident 
with the falling edge of the SYNC pulse.

b0 ACTIVE

Active State Interrupt. 1 = Interrupt has occurred.  The ACTIVE interrupt is generated when the 
LXT441 enters or exits the receiver active state.  When activation sequence has completed, and 
reliable data transmission is achieved, the receiver enters the active state.  When receive signal 
energy is lost, or is detected to be outside the range required for optimal equalization, the receiver 
exits the active state, and attempts to re-activate.

1. On  power-up, this register contains all-zeros.  All RD8 bits which are High will be cleared along with the interrupt when RD8 
is read.     
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Table 28. Register WR9 - EIA Control - Address 0x091

b7 b6 b5 b4 b3 b2 b1 b0

FC_DCE DSR DCD RI CTS FC_DTE DTR RTS

Bit Mnemonic Function

b7 FC_DCE Force DCE Enable. 0 (Default) = Disables User Programming of DCE Control Leads.
1 = Enables User Programming of DCE Control Leads.

b6 DSR Data Set Ready. 0 = DSR Inactive. 1 (Default) = DSR Active.

b5 DCD Data Carrier Detect. 0 = DCD Inactive. 1 (Default) = DCD Active.

b4 RI Ring Indicator. 0 (Default)= RI Inactive. 1 = RI Active.

b3 CTS Clear to Send. 0 = CTS Inactive. 1 (Default) = CTS Active.

b2 FC_DTE Force DTE Enable. 0 (Default) = Disables User Programming of DTE Control Leads. 
1 = Enables User Programming of DTE Control Leads.

b1 DTR Data Terminal Ready. 0 = DTR Inactive. 1 (Default) = DTR Active.

b01 RTS Request to Send. 0 = RTS Inactive. 1 (Default) = RTS Active.

1. Forcing this bit will not cause CTS transition.

Table 29. Register RD9 - EIA Status - Address 0x09

b7 b6 b5 b4 b3 b2 b1 b0

FC_DCE DSR DCD RI CTS FC_DTE DTR RTS

Bit Mnemonic Function

b7 FC_DCE Force DCE Enable. 0 (Default) = User Programming of DCE Control Leads Disabled.
1 = User Programming of DCE Control Leads Enabled.

b61 DSR Data Set Ready. 0 = DSR Inactive. 1 (Default) = DSR Active.

b51 DCD Data Carrier Detect. 0 = DCD Inactive. 1 (Default) = DCD Active.

b41 RI Ring Indicator. 0 (Default) = RI Inactive. 1 = RI Active.

b31 CTS Clear to Send. 0 = CTS Inactive. 1 (Default) = CTS Active.

b2 FC_DTE Force DTE Enable.  0 (Default) = User Programming of DTE Control Leads Disabled. 
1 = User Programming of DTE Control Leads Enabled.

b12 DTR Data Terminal Ready. 0 = DTR Inactive. 1 (Default) = DTR Active.

b02 RTS Request to Send. 0 = RTS Inactive. 1 (Default) = RTS Active.

1. For DCE control leads, status is actual line condition - not value forced via WR9.
2. For DTE control leads, status is actual value on device pin - not value forced via WR9.

Table 30. Register WRC - Rx Code Interrupt Enable - Address 0x0C

b7 b6 b5 b4 b3 b2 b1 b0

IDLE ZSC CMI OOS OOF DLP UMC UNM   
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Bit Mnemonic Function

b7 IDLE RX_DMI Interrupt Enable. 0 = Disable. 1 = Enable.

b6
ZSC Zero Code Interrupt Enable. 0 = Disable. 1 = Enable.

(ZERO) (all zeros in DDS-SC/CC-64K). 0 = Disable. 1 = Enable.

b5 CMI Receive Control mode Idle Interrupt Enable.   0 = Disable. 1 = Enable.

b4
OOS Out of Sync. 0 = Disable. 1 = Enable.

 (ASC) Abnormal Station Code Interrupt Enable. 0 = Disable. 1 = Enable.

b3
OOF Out of Frame Interrupt Enable. 0 = Disable. 1 = Enable.

 (MOS) Mux out of Sync Interrupt Enable. 0 = Disable. 1 = Enable.

b2 DLP DSU Loopback Interrupt Enable.   0 = Disable. 1 = Enable.

b1 UMC Unassigned Mux Code Interrupt Enable. 0 = Disable. 1 = Enable.

b0 UNM Unmatched Code Interrupt Enable. 0 = Disable. 1 = Enable.

Table 31. Register RDC - Rx Codes - Address 0x0C

b7 b6 b5 b4 b3 b2 b1 b0

RX_DMI RX_ZSC RX_CMI RX_OOS RX_OOF RX_DLP RX_UMC UNMTCH

Bit Mnemonic Function1,2

b7 RX_DMI Receiving DMI. 1 = Receiving Data Mode Idle.

b6
RX_ZSC Receiving ZSC. 1 = Receiving Zero Suppression Code in DDS-PRI.

(RX_ZER) (All Zeros). 1 = Receiving All 0s in DDS-SC.

b5 RX_CMI Receiving CMI. 1 = Receiving Control Mode Idle.

b4
RX_OOS Receiving OOS. 1 = Receiving Out of Service code in DDS-PRI.

(RX_ASC) (Receiving ASC). 1 = Receiving Abnormal Station Code in DDS-SC.

b3
RX_OOF Receiving OOF. 1 = Receiving Out of Frame code in DDS-PRI.

(RX_MOS) (Receiving MOS). 1 = Receiving Mux Out of Sync Code in DDS-SC.

b2 RX_DLP Receiving DLP. 1 = Receiving valid DSU Non-latching loopback code.

b1 RX_UMC Receiving UMC. 1 = Receiving Unassigned Mux Code in DDS-SC.

b0 UNMTCH Unmatched Code. 1 = Receiving control code that does not match codes in Table 32.

1. An interrupt will be generated due to the presence of a control code if the corresponding enable bit in WRC is set.  Only one code 
word need be received for the corresponding bit to go High in all cases except for RX_DLP.  In the case of DSU loopback code, four 
consecutive repetitions of the RX_DLP code are required.  The code must be absent for at least five consecutive word periods for the 
bit to be cleared.

2. The bits in this register are not latched, and are updated every 125 µs.
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Table 32. Summary of Transmit and Receive Control Codes1, 2, 3, 4

Code Description

DDS-PRI Code DDS-SC Code
CC-
64K

Tx Priority

Name D
1

D
2

D
3

D
4

D
5

D
6

D
7 Name D

1
D
2

D
3

D
4

D
5

D
6

D
7 F C

Data Mode Idle MRK B B B B B B B IDLE 1 1 1 1 1 1 1 F 1 IDLE Priority 1 
(highest)

Control Mode Idle CMI B B B B X O V CMI 1 1 1 1 1 1 1 F 0 N/A

Priority 2;
Priority 61 
with TX_DLP 
=0 

DSU Loopback DLP

N O B O X O V

DLP

N 0 1 0 1 1 0 F 0

N/A

Priority 2;

Priority 61

with TX_DLP 
=1

replace with replace with

O O B O O O O N 0 1 0 0 0 0 F 1

Out of Service or

Abnormal Station
OOS N O O B X O V ASC N 0 0 1 1 1 1 F 0 N/A Priority 3

Out of Sync OOF N O B B X O V MOS N 0 0 1 1 0 1 F 0 N/A Priority 4

Unassigned Mux N/A N/A UMC N 0 0 1 1 0 0 F 0 N/A Priority 5

Zero-Suppression

(All Zeros)
ZSC

_ O O O X O V

ZER 0 0 0 0 0 0 0 F 0 N/A

Priority 6;  
For DDS-PRI 
replace

OOOOOOO 
with

OOOOXOV

replace with

_ O O O O O O

Data --- --- --- --- --- Priority 7

1. Transmit CMI priority is 6 for RTS=0 on the EIA interface.
2. B = a mark (pulse);  V = bipolar violation mark;  O = a space;  X = B or O to make # of B’s since last V odd.  N = 1/0.
3. F = DDS-SC and CC-64K frame bit.
4. Bit numbering <D1:D7> is arbitrary for DDS-PRI codes.

Table 33. Register RDA - Device Status - Address 0x0A

b7 b6 b5 b4 b3 b2 b1 b0

RLOS FSYNC ACTIVE ISTATE LL3 LL2 LL1 LL0

Bit Mnemonic Function

b7 RLOS

Receive Loss of Signal.  1 = LXT441 Receiver has lost signal due to level being below threshold, or 
step change in signal magnitude.  RLOS indicator, goes High after initial activation if receive signal 
level drops to zero volts, or drops by  more than 6 dB.  RLOS will then stay High until the receiver 
automatically re-initializes in the presence of the receive signal at a new voltage level, or the return of 
the signal at the old voltage level.  An ACTIVE interrupt is generated in register RD8 when RLOS 
goes High, and again when RLOS goes Low to indicate the resumption of normal data reception.  
RLOS is not a latched bit.

b6 FSYNC FAW Sync.  1 = DDS FAW Sync in DDS-SC or CC-64k.   
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b5 ACTIVE Receiver Active.  1 = LXT441 Receiver Activated.

b4 ISTATE

Loop Current Present.  1 = Presence of loop current determined by a logic 0 level at LCRT or LCTR 
device pins.  The LCRT and LCTR inputs are debounced for 1.5 ms after the initial transition by 
either signal.  Also, up to 1.5 ms of skew between the state transitions in these signals is resolved 
into only one IDEL interrupt event as reported in RD8.

b<3:0> LL<3:0> Loop Loss Indicator Bits. Value of the receive filter selected by receive activation circuit. Refer to 
Table 34 for the nominal Nyquist frequency loop loss (+/-3dB) corresponding to the LL<3:0> value.

Table 34. Insertion Loss1 and Line Length2 Values for bits LL<3:0>

Line Rate Parameter

Bit Codes LL<3:0>

0111 1000 1001 1010 1011 1100 1101 1110 1111

56 kbps

Insertion Loss 
(dB) 50.5 44.4 38.4 32.3 26.0 19.7 13.6 7.3 0.0

Line Length 
(km) 8.5 7.5 6.4 5.3 4.2 3.2 2.1 1.1 0.0

72 kbps

Insertion Loss 
(dB) 50.7 45.0 38.8 32.5 26.3 20.0 14.0 7.4 0.0

Line Length 
(km) 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

1. Insertion Loss @ fb/2 in dB.
2. Line Range in km (24 AWG PIC, no bridged taps).

Table 35. Register RDB - Rx Slicer Level - Address 0x0B

b7 b6 b5 b4 b3 b2 b1 b0

MAG7 MAG6 MAG5 MAG4 MAG3 MAG2 MAG1 MAG0

Bit Mnemonic Function

b<7:0>
MAG<7:0>

Receive Signal Magnitude.   MAG<7:0> represents the receive slicer level, and is used with the 
LL0-LL3 bits from register RD_A to calculate the twisted-pair loop attenuation using the following 
formula1:

Nyquist frequency Loop Attenuation in dB equals

[Attenuation Value in dB for LL<3:0> at selected data rate2] + 20log10(0x3C/MAG<7:0>hex).

1. The attenuation values for LL<3:0> at 56 and 72 kbps and the values for 20log10(0x3C/MAG<7:0>hex) can be added 
together to compute an estimate of the actual line loss to +/-1 dB. 

2. Refer to Table 34 for attenuation values.

Table 36. Register RDD - Rx Invalid BPV Count - Address 0x0D

b7 b6 b5 b4 b3 b2 b1 b0

IBPV7 IBPV6 IBPV5 IBPV4 IBPV3 IBPV2 IBPV1 IBPV0

Bit Mnemonic Function
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Bit Mnemonic Function

b<7:0> IBPV<7:0>
Invalid BPV Count.  IBPV<7:0> is an 8-bit count of receive pulses that are judged to be BPVs that 
are not legal DDS-PRI codes. When this counter is read, it is reset 00h. If this counter overflows, the 
V_OFL interrupt is set.
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6.0 Mechanical Specifications

Table 37. LXT441PE Package Specifications

C

B

D1

D

CL

‘‘‘‘‘‘

Dimension
Millimeters Inches

Min Max Min Max

A 4.191 4.572 0.165 0.180

A1 2.286 3.048 0.090 0.120

A2 1.575 2.108 0.062 0.083

B 1.270 – 0.050 –

C 0.660 0.813 0.026 0.032

D 17.399 17.653 0.685 0.695

D1 16.510 16.662 0.650 0.656

F 0.330 0.533 0.013 0.021

A2
A

D

F

A1

44-Pin Plastic Leaded Chip Carrier

• Part Number LXT441PE

• Extended Temperature Range (-40°C to +85°C)
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