DALLAS PRELIMINARY
SEMICONDUCTOR DS2155
T1/E1/J1 Single Chip Transceiver
SCT
FEATURES

Complete DS1/ISDN—PRI/J1 transceiver
functionality

Complete E1 (CEPT) PCM-30/ISDN-PRI
transceiver functionality

Long and short haul lineinterface for
clock/datarecovery and wave shaping
Crystal-lessjitter attenuator

Fully independent transmit and receive
functionality

Dua HDLC controllers

On-chip programmable BERT generator and oso1550 &
detector

Internal software selectable receive and
transmit side termination resistors for
75/100/120 ohm T1 and E1 interfaces

Dual two—frame elastic store dlip buffersthat
can connect to asynchronous backplanes up
t0 16.384 MHz

16.384MHz, 8.192MHz, 4.096MHz, or
2.048MHz clock output synthesized to
recovered network clock

Programmable output clocks for Fractional
T1, E1, HO, and H12 applications
Interleaving PCM Bus Operation

8-bit parallel control port, multiplexed or
non-multiplexed, Intel or Motorola

|EEE 1149.1 JTAG-Boundary Scan

3.3V Supply with 5V Tolerant Inputs &

DS2155G

Outputs
. RDERING INFORMATION
Pin compatible with DS2152/54, DS352/354 & ©
DSB52/554 SCTs .
e} t 7 te}
CMI Interface DS2155L 100+in LQFP (0°C to 70°C)

: : DS2155L N 100-pin LQFP (-40°C to +85°C
Signaling System 7 support nLQFP( )
DS2155G 10mm CSBGA (0°C to 70°C)

DS2155GN 10mm CSBGA (—40°C to +85°C)

DESCRIPTION

The DS2155 is a software selectable T1, J1 or E1 Single Chip Transceiver (SCT) for short haul and long haul
applications. The receive sensitivity adjusts automatically to the incoming signal and can be programmed
for 0-43dB or 0-15dB for E1 applications and 0-36dB or 0-15dB for T1 applications. T1 waveform generation
includes DSX-1 line build outs as well as CSU line build outs of —7.5dB, —15dB, and —22.5dB. E1 waveform
generation includes G.703 waveshapes for both 75 ohm coax and 120 ohm twisted cables. The crystal-less
onboard jitter attenuator requiresonly asingle MCLK for both E1 and T1 applications (with the option of
using a1.544 MHz MCLK in T1 only applications) and can be placed in either transmit or receive data paths.
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Dual onboard HDL C controllers can be used for the FDL (T1), Sabits (E1) or DSOs. Diagnostic capabilities
include loopbacks, PRBS pattern generation/detection and 16-bit loop-up and loop-down code generation
and detection.

The devicefully meets all of the latest E1 and T1 specifications including the following.

ANS T1.403-1995
ANS T1.231-1993
ANS T1.408
AT&T TR54016
AT&T TR 62411
ITU G.703

G704

G.706

G.736

G775

G.823

G932

1.431

0.151

0.161

ETS ETS300011
ETS 300 166
ETS300 233
CTR4

CTR12

JIG.703

Jr1.431

J3-20.11
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1. INTRODUCTION

The DS2155 contains all of the features of the previous generation of Dallas Semiconductor’s T1 and E1
SCTs plus many new features.

1.1 FeatureHighlights

1.1.1 General

100-pin LQFP package (14mm X 14mm)

3.3V Supply with 5V Tolerant Inputs & Outputs

Pin compatible with DS2152/54, DS352/354 & DS552/554 SCTs
Evaluation Kits

|EEE 1149.1 JTAG Boundary Scan

Driver source code available from the factory

Linelnterface

Requires asingle master clock (MCLK) for both E1 and T1 operation. Master clock can be 2.048,
4,096 8.192, or 16.384MHz. Option to use 1.544, 3.088, 6.276 or 12.552MHz for T1 only operation
Fully software configurable

Short and long haul applications

Automatic receive sensitivity adjustments

Ranges include 0-43dB or 0-15dB for E1 applications and 0-36dB or 0-15dB for T1 applications
Receive level indicationin 2.5dB steps from —42.5dB to -2.5dB

Internal Receive termination option for 75, 100 and 120 ohm lines

Monitor application gain settings of 20dB, 26dB and 32dB

G.703 receive synchronization signal mode

Flexible transmit waveform generation

T1DSX-1line build outs

T1 CSU line build outs of —7.5dB, —15dB, and —22.5dB

E1 waveformsinclude G.703 waveshapes for both 75 ohm coax and 120 ohm twisted cables

Al S generation independent of loopbacks

Alternating Ones and Zeros generation

Square wave output

Open drain output option

NRZ format option

Transmitter power down

Transmitter 50mA short circuit limiter with current limit exceeded indication

Transmit open circuit detected indication

Lineinterface function can be completely decoupled from the framer/formatter

1.1.3 Clock Synthesizer

Output frequenciesinclude 2.048 MHz, 4.096 MHz, 8.192 MHz, and 16.384MHz
Derived from recovered receive clock
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1.1.4 Jitter Attenuator

32-bit or 128-hit crystal-lessjitter attenuator

Requiresonly a2.048MHz master clock for both E1 and T1operation with the option to use
1.544MHz for T1 operation

Can be placed in either the receive or transmit path or disabled

Limit trip indication

Framer/For matter

Fully independent transmit and receive functionality
Full receive and transmit path transparency
T1 framing formatsinclude D4 (SLC-96) and ESF
Detailed alarm and status reporting with optional interrupt support
Large path and line error counters for
T1-BPV, CV, CRCS6, and framing bit errors
E1-BPV, CV, CRC4, E-hit, and frame aignment errors
Timed or manual update modes
DSI1 Idle Code Generation on a per-channel basisin both transmit and receive paths
User defined
Digital Milliwatt
ANS| T1.403-1998 Support
RAI-CI detection and generation
AIS-CI detection and generation
E1ETS 300 011 RAI generation
G.965 V5.2 link detect
Ability to monitor one DSO channel in both the transmit and receive paths
In-Band Repeating Pattern Generators and Detectors
Three independent Generators and Detectors
Patterns from 1 to 8 bits or 16 bitsin Length
RCL, RLOS, RRA, and RAIS alarms now interrupt on change of state
Flexible signaling support
Software or hardware based
Interrupt generated on change of signaling data
Receive signaling freeze on loss of sync, carrier lossor frame slip
Addition of hardware pinsto indicate carrier loss & signaling freeze
Automatic RAI generation to ETS 300 011 specifications
Expanded accessto Saand Si bits
Option to extend carrier loss criteriato a1l ms period as per ETS 300 233
Japanese J1 support
Ability to calculate and check CRC6 according to the Japanese standard
Ability to generate Y ellow Alarm according to the Japanese standard
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1.1.6 System Interface

Dual two-frame independent receive and transmit elastic stores
Independent control and clocking
Controlled slip capability with status
Minimum delay mode supported
Maximum backplane burst rate is 16.384MHz.
Supports T1 to CEPT (E1) conversion
Programmable output clocks for Fractiona T1, E1, HO, and H12 applications
Interleaving PCM Bus Operation
Hardware signaling capability
Receive signaling reinsertion to a backplane multiframe sync
Availability of signaling in a separate PCM data stream
Signaling freezing
Ability to passthe T1 F-Bit position through the el astic storesin the 2.048 MHz backplane mode
Access to the data streams in between the framer/formatter and the el astic stores
User selectable synthesized clock output

HDLC Controllers

Two independent HDL C controllers

Fast load and unload features for FIFOs

SS7 support for FISU transmit and receive

Independent 128 byte RX & TX bufferswith interrupt support
Access FDL, Saor single/multiple DSO channels

DS0 access includes Nx64 or Nx56

Compatible with polled or interrupt driven environments

Bit Oriented Code (BOC) support

Test and Diagnostics

Programmable On-chip Bit Error Rate Testing
Pseudorandom patterns including QRSS
User defined repetitive patterns
Daly pattern
Error insertion single and continuos
Total bit and errored bit counts
Payload Error Insertion
Error insertion in the payload portion of the T1 framein the transmit path
Errors can be inserted over the entire frame or selected channels
Insertion options include continuous and absol ute number with selectable insertion rates
F-Bit corruption for linetesting
L oopbacks
Remote
Local
Analog
Per channel loopback
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1.1.9 Extended System Information Bus
» Host can read interrupt and alarm status on up to 8 ports with asingle bus read

1.1.10 User Programmable Output Pins
=  Four user defined output pinsfor controlling external logic

1.1.11 Control Port

= 8-hit Parallel Control Port
=  Multiplexed or non-multiplexed buses
* Intel or Motorolaformats
= Supports polled or Interrupt environments
= Software accessto device ID and silicon revision
=  Software reset supported
Automatic clear on power-up
» Flexibleregister space resets
» Hardwarereset pin
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4. FUNCTIONAL DESCRIPTION

The DS2155 can be software configured for T1, E1 or J1 operation. It iscomprised of an LIU (Line Interface
Unit), Framer, HDL C controllers, and a system (backplane) interface. Itiscontrolled viaan 8 bit parallel port
configured for Intel or Motorola bus operations.

The LIU iscomprised of atransmit interface, receive interface and ajitter attenuator. The transmit interface
isresponsible for generating the necessary wave shapes for driving the network and providing the correct
source impedance depending on the type of mediaused. Thereceiveinterface provides network termination
and recovers clock and datafrom the network. Thejitter attenuator removes phase jitter from the
transmitted or received signal. An additional feature of the LIU isa CMI coder/decoder for interfacing to
optical networks.

On the transmit side, clock data and frame sync signals are provided to the Framer by the backplane
interface section. The Framer inserts the appropriate synchronization framing patterns, alarm information,
calculates and inserts the CRC codes, and provides the B8ZS/HDB3(zero code suppression) and AMI line
coding. Thereceive side Framer decodes AMI, B8ZS, and HDB3 line coding, synchronizesto the data
stream, reports alarm information, counts framing/coding/ and CRC errors, and provides clock/dataand
frame sync signalsto the backplane interface section.

Both the transmit and receive path have 2 HDL C controllers. The HDLC controllers transmit and receive
dataviathe Framer block. The HDLC controllers may be assigned to any time slot, group of time slots,
portion of atime slot or to FDL(T1) or Sabits(E1). Each controller has 128bit FIFOs reducing the amount of
processor overhead required to manage the flow of data. Additional thereis built in support for reducing
the processor time required to handle SS7 applications.

The backplane interface provide a versatile method of sending and receiving data from the host system.
Elastic Stores provide a method for interfacing to asynchronous systems, converting from a T1/E1 network
to a2.048MHz, 4.096MHz, 8.192MHz or N x 64kHz system backplane. The Elastic Stores also manage dip
conditions (asynchronousinterface). AnIBO (Interleave Bus Option) is provided to allow multiple DS2155s
to share a high speed backplane.

The parallel port provides access for control and configuration of all the DS2155' sfeatures. Viathe ESIB
function (Extended System Information Bus), up to 8 DS2155’ sinterrupt or user selectable dlarm status
information can be accessed using a single host CPU read of any one of the 8 devices.
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Reader’s Note: This data sheet assumes a particular nomenclature of the T1 operating environment. In each
125 ns frame, there are 24 eight—bit channels plus aframing bit. It is assumed that the framing bit is sent first
followed by channel 1. Each channel is made up of eight bits, which are numbered, 1 to 8. Bit number 1is
the MSB and istransmitted first. Bit number 8 isthe LSB and istransmitted last. Theterm “locked” isused
to refer to two clock signalsthat are phase or frequency locked or derived from acommon clock (i.e., a
1.544MHz clock may be locked to a 2.048MHz clock if they share the same 8kHz component). Throughout
this data sheet, the following abbreviations will be used:

B8ZS Bipolar with 8 Zero Substitution

BOC Bit Oriented Code

CRC Cyclical Redundancy Check

D4 Superframe (12 frames per multiframe) Multiframe Structure

ESF Extended Superframe (24 frames per multiframe) Multiframe Structure
FDL Facility DataLink

FPS Framing Pattern Sequencein ESF

Fs Signaling Framing Pattern in D4

Ft Terminal Framing Patternin D4

HDLC High Level DataLink Control

MF Multiframe

SLC96 Subscriber Loop Carrier —96 Channels (SLC-96isan AT& T registered trademark)
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Figure 4-1 DS2155 BLOCK DIAGRAM

CLOCK
TWO CHANNEL

CLOCK HDLC

ADAPTER CONTROLLER
1 o A
v v [ v
RECEIVE RECEIVE
— — —>
LIU ™ FERAMER [ B ACKPLANE
NETWORK — INTERFACE F?gI\SATBES"é
CIRCUIT
| TRANSMIT TRANSMIT
«— < S >

LIU FRAMER

TWO CHANNEL
HDLC
CONTROLLER
JTAG HOST INTERFACE ESIB

I I I

PRELIMINARY 031201 17



PRELIMINARY

DS2155

Figure 4-2 DS2155 BLOCK DIAGRAM (LineInterface Unit)
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Figure 4-3DS2155 BLOCK DIAGRAM (Framer and HDL C Block)
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Figure 4-4 DS2155 BLOCK DIAGRAM, RECEIVE SYSTEM INTERFACE
SaBIT/FDL ——— 3 RLINK
| EXTRACTION RLCLK
- 5
¢ SIGNALING RSIG
&> BUFFER ——— > RSIGFR
DATA e L RsER
ELASTIC |————> RCLK
CLOCK STORE ¢ S RSYNC
L > RMSYNC
SYNC x
> RFSYNC
> RDATA
CHANNEL > RCHCLK
TIMING | > RCHBLK
Figure 4-5 DS2155 BLOCK DIAGRAM, TRANSMIT BACK-PLANE INTERFACE
SYNC < e TSER
SIGNALINGle 156
Sa/FDL ELASTIC BUFFER
%
CLOCK <« INSERT € STORE TSSYNC
DATA < <—‘
> TSYNC
> TESO
TDATA
> TLCLK
TLINK
CHANNEL > TCHCLK
TIMING > TCHBLK

PRELIMINARY 031201 20



PRELIMINARY
DS2155

5. PIN FUNCTION DESCRIPTION

5.1 Transmit SidePins

Signal Name: TCLK

Signal Description: Transmit Clock

Signal Type: Input

A 1.544 MHz or a2.048 MHz primary clock. Used to clock datathrough the transmit side formatter.
Signal Name: TSER

Signal Description: Transmit Serial Data

Signal Type: Input

Transmit NRZ serial data. Sampled on the falling edge of TCLK when the transmit side elastic storeis
disabled. Sampled on the falling edge of TSY SCLK when the transmit side elastic storeis enabled.

Signal Name: TCHCLK
Signal Description: Transmit Channel Clock
Signal Type: Output

A 192 kHz (T1) or 256 kHz (E1) clock which pulses high during the LSB of each channel. Can also be
programmed to output a gated transmit bit clock controlled by TCHBLK. Synchronouswith TCLK when the
transmit side elastic storeis disabled. Synchronous with TSY SCLK when the transmit side elastic storeis
enabled. Useful for parallel to serial conversion of channel data.

Signal Name: TCHBLK
Signal Description: Transmit Channel Block
Signal Type: Output

A user programmabl e output that can be forced high or low during any of the channels. Synchronous with
TCLK when the transmit side elastic store is disabled. Synchronous with TSY SCLK when the transmit side
elastic storeis enabled. Useful for blocking clocksto aserial UART or LAPD controller in applications
where not al channels are used such as Fractional T1, Fractional E1, 384 KBPS (HO0), 768 KBPS or ISDN—PRI
. Also useful for locating individual channelsin drop—and-insert applications, for external per—channel
loopback, and for per—channel conditioning.

Signal Name: TSYSCLK
Signal Description: Transmit System Clock
Signal Type: Input

1544 MHz, 2.048 MHz, 4.096 MHz, 8.192 MHz or 16.384 MHz clock. Only used when the transmit side
elastic store function is enabled. Should be tied low in applications that do not use the transmit side elastic
store. See section 29 for details on 4.096 MHz, 8.192 MHz and 16.384 MHz operation using the Interleave
Bus Option.
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Signal Name: TLCLK
Signal Description: Transmit Link Clock
Signal Type: Output

Demand clock for the transmit Link Data[ TLINK] input.
T1mode: A 4kHz or 2kHz (ZBTSl) clock.
E1 Mode: A 4 kHz to 20 kHz clock.

Signal Name: TLINK
Signal Description: Transmit Link Data
Signal Type: Input

If enabled, this pin will be sampled on the falling edge of TCLK for datainsertion into either the FDL stream
(ESF) or the Fs—hit position (D4) or the Z—hit position (ZBTSI) or any combination of the Sa bit positions
(ED).

Signal Name: TSYNC
Signal Description: Transmit Sync
Signal Type: Input / Output

A pulse at this pin will establish either frame or multiframe boundaries for the transmit side. Can be
programmed to output either aframe or multiframe pulse. If thispin is set to output pulses at frame
boundaries, it can also be set via|OCR1.3 to output double-wide pulses at signaling framesin T1 mode.

Signal Name: TSSYNC
Signal Description: Transmit System Sync
Signal Type: Input

Only used when the transmit side el astic storeis enabled. A pulse at this pin will establish either frame or
multiframe boundaries for the transmit side. Should betied low in applications that do not use the transmit
side elastic store.

Signal Name: TG
Signal Description: Transmit Signaling I nput
Signal Type: Input

When enabled, thisinput will sample signaling bits for insertion into outgoing PCM data stream. Sampled
onthefalling edge of TCLK when the transmit side el astic storeis disabled. Sampled on the falling edge of
TSY SCLK when the transmit side elastic store is enabled.

Signal Name: TESO
Signal Description: Transmit Elastic Store Data Output
Signal Type: Output

Updated on the rising edge of TCLK with data out of the transmit side elastic store whether the elastic store
isenabled or not. Thispinisnormally tied to TDATA.

Signal Name: TDATA
Signal Description: Transmit Data
Signal Type: Input

Sampled on the falling edge of TCLK with datato be clocked through the transmit side formatter. Thispinis
normally tied to TESO.
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Signal Name: TPOSO
Signal Description: Transmit Positive Data Output
Signal Type: Output

Updated on the rising edge of TCLK O with the bipolar data out of the transmit side formatter. Can be
programmed to source NRZ data via the Output Data Format (IOCR1.0) control bit. Thispinisnormally tied
to TPOSI.

Signal Name: TNEGO
Signal Description: Transmit Negative Data Output
Signal Type: Output

Updated on the rising edge of TCLKO with the bipolar data out of the transmit side formatter. Thispinis
normaly tied to TNEGI.

Signal Name: TCLKO
Signal Description: Transmit Clock Output
Signal Type: Output

Buffered clock that is used to clock data through the transmit side formatter (i.e., either TCLK or RCLKI).
Thispinisnormally tied to TCLKI.

Signal Name: TPOS
Signal Description: Transmit Positive Data I nput
Signal Type: Input

Sampled on the falling edge of TCLKI for datato be transmitted out onto the T1 line. Can be internally
connected to TPOSO by tying the LIUC pin high. TPOSI and TNEGI can betied together in NRZ
applications.

Signal Name: TNEGI
Signal Description: Transmit Negative Data I nput
Signal Type: Input

Sampled on the falling edge of TCLKI for datato be transmitted out onto the T1 line. Can be internally
connected to TNEGO by tying the LIUC pin high. TPOSI and TNEGI can betied together in NRZ
applications.

Signal Name: TCLKI
Signal Description: Transmit Clock Input
Signal Type: Input

Lineinterface transmit clock. Can be internally connected to TCLKO by tying the LIUC pin high.
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5.2 Receive SidePins

Signa Name: RLINK
Signal Description: ReceiveLink Data
Signal Type: Output

T1 mode: Updated with either FDL data (ESF) or Fs bits (D4) or Z bits (ZBTSI) one RCLK before the start of
aframe. E1 operation: Updated with the full E1 data stream on the rising edge of RCLK.

Signa Name: RLCLK
Signal Description: Recelve Link Clock
Signal Type: Output

T1mode: A 4kHz or 2kHz (ZBTSl) clock for the RLINK outpuit.
E1 Mode: A 4 kHz to 20 kHz clock.

Signa Name: RCLK

Signal Description: Receive Clock

Signal Type: Output

1.544 MHz (T1) or 2.048MHz (E1) clock that is used to clock datathrough the receive side framer.
Signa Name: RCHCLK

Signal Description: Receive Channel Clock

Signal Type: Output

A 192 kHz (T1) or 256kHz (E1) clock which pulses high during the L SB of each channel. Synchronous with
RCLK when the receive side elastic store is disabled. Synchronous with RSY SCLK when the receive side
elastic storeisenabled. Useful for parallel to serial conversion of channel data.

Signa Name: RCHBLK
Signal Description: Receive Channel Block
Signal Type: Output

A user programmabl e output that can be forced high or low during any of the 24 T1 or 32 E1 channels.
Synchronous with RCLK when the receive side elastic store is disabled. Synchronous with RSY SCLK when
the receive side elastic storeis enabled. Useful for blocking clocksto aserial UART or LAPD controller in
applications where not al channels are used such as Fractional service, 384K BPS service, 768K BPS, or
ISDN-PRI. Also useful for locating individual channelsin drop—and—insert applications, for external per—
channel loopback, and for per—channel conditioning. See Section 19 page 115 for details.

Signa Name: RSER
Signal Description: Recelve Serial Data
Signal Type: Output

Received NRZ serial data. Updated on rising edges of RCLK when the receive side elastic storeis disabled.
Updated on the rising edges of RSY SCLK when the receive side elastic store is enabled.
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Signal Name: RSYNC
Signal Description: Receive Sync
Signal Type: Input/Output

An extracted pulse, one RCLK wide, is output at this pin which identifies either frame (IOCR1.5=0) or
multiframe (IOCRL1.5 = 1) boundaries. If set to output frame boundaries then vialOCR1.6, RSYNC can also be
set to output double-wide pulses on signaling framesin T1 mode. If the receive side elastic storeis enabled,
then this pin can be enabled to be an input vial OCR1.4 at which aframe or multiframe boundary pulseis

applied.

Signal Name: RFSYNC

Signal Description: Receive Frame Sync

Signal Type: Output

An extracted 8 kHz pulse, one RCLK wide, is output at this pin which identifies frame boundaries.
Signal Name: RMSYNC

Signal Description: Receive M ultiframe Sync

Signal Type: Output

An extracted pulse, one RCLK wide (elastic store disabled) or one RSY SCLK wide (elastic store enabled), is
output at this pin which identifies multiframe boundaries..

Signal Name: RDATA

Signal Description: Receive Data

Signal Type: Output

Updated on the rising edge of RCLK with the data out of the receive side framer.
Signal Name: RSYSCLK

Signal Description: Receive System Clock

Signal Type: Input

1.544 MHz , 2.048 MHz, 4.096 MHz or 8.192 MHz clock. Only used when the receive side elastic store
function is enabled. Should be tied low in applications that do not use the receive side elastic store. See
section 29for details on 4.096 MHz and 8.192 MHz operation using the Interleave Bus Option.

Signal Name: RSG
Signal Description: Receive Signaling Output
Signal Type: Output

Outputs signaling bitsin a PCM format. Updated on rising edges of RCLK when the receive side elastic
storeis disabled. Updated on the rising edges of RSY SCLK when the receive side elastic storeis enabled.

Signal Name: RLOS/LOTC
Signal Description: Receive Lossof Sync/ Lossof Transmit Clock
Signal Type: Output

A dual function output that is controlled by the CCR1.0 control bit. This pin can be programmed to either
toggle high when the synchronizer is searching for the frame and multiframe or to toggle high if the TCLK
pin has not been toggled for 5 nsec.
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Signal Name: RCL
Signal Description: Receive Carrier Loss
Signal Type: Output
Set high when the line interface detects acarrier loss.
Signal Name: RSIGF
Signal Description: Receive Signaling Freeze
Signal Type: Output

Set high when the signaling datais frozen via either automatic or manual intervention. Used to alert
downstream equipment of the condition.

Signal Name: BPCLK

Signal Description: Back Plane Clock

Signal Type: Output

A user selectable synthesized clock output that is referenced to the clock that is output at the RCLK pin.
Signal Name: RPOSO

Signal Description: Recelve Postive Data Output

Signal Type: Output

Updated on the rising edge of RCLK O with bipolar data out of the lineinterface. Thispinisnormally tied to
RPOSI.

Signal Name: RNEGO
Signal Description: Receive Negative Data Output
Signal Type: Output

Updated on the rising edge of RCLKO with the bipolar data out of the line interface. Thispinisnormally
tied to RPOS.

Signal Name: RCLKO
Signal Description: Receive Clock Output
Signal Type: Output

Buffered recovered clock from the network. Thispinisnormally tied to RCLKI.

Signal Name: RPOSI
Signal Description: Receive Podtive Data | nput
Signal Type: Input

Sampled on the falling edge of RCLKI for data to be clocked through the receive side framer. RPOSI and
RNEGI can be tied together for aNRZ interface. Can be internally connected to RPOSO by tying the LIUC
pin high.

Signal Name: RNEGI
Signal Description: Receive Negative Data I nput
Signal Type: Input

Sampled on the falling edge of RCLKI for data to be clocked through the receive side framer. RPOSI and
RNEGI can be tied together for a NRZ interface. Can be internally connected to RNEGO by tying the LIUC
pin high.
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Signal Name: RCLKI
Signal Description: Receive Clock Input
Signal Type: Input

Clock used to clock data through the receive side framer. Thispinisnormally tied to RCLKO. Can be
internally connected to RCLKO by tying the LIUC pin high.

5.3 Parallel Control Port Pins

Signa Name: INT*
Signal Description: Interrupt
Signal Type: Output

Flags host controller during events, alarms, and conditions defined in the status registers. Active low, open
drain output

Signa Name: TSTRST
Signal Description: 3-State Control and Device Reset
Signal Type: Input

A dual function pin. A 0to 1 transition issues a hardware reset to the DS2155 register set. A reset clearsall
configuration registers. Configuration register contents are set to “0”. Leaving TSTRST high will 3—state all
output and 1/0 pins (including the parallel control port). Set low for normal operation. Useful in board level
testing.

Signa Name: MUX

Signal Description: BusOperation

Signal Type: Input

Set low to select non—multiplexed bus operation. Set high to select multiplexed bus operation.
Signa Name: ADOTO AD7

Signal Description: Data Bus[DOto D7] or Address/Data Bus

Signal Type: Input / Output

In non—multiplexed bus operation (MUX = 0), serves as the data bus. In multiplexed bus operation (MUX =
1), serves as a 8-hit multiplexed address/ data bus.

Signa Name: AOTO A6
Signal Description: AddressBus
Signal Type: Input

In non—multiplexed bus operation (MUX = 0), serves as the address bus. In multiplexed bus operation
(MUX = 1), these pins are not used and should betied low.

Signa Name: BTS
Signal Description: Bus Type Select
Signal Type: Input

Strap high to select Motorola bus timing; strap low to select Intel bustiming. This pin controlsthe function
of the RD*(DS*), ALE(AS), and WR* (R/W*) pins. If BTS = 1, then these pins assume the function listed in
parenthesis ().
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Signal Name: RD*(DS*)
Signal Description: Read Input - Data Strobe
Signal Type: Input
RD* and DS* are active low signals. DS active HIGH when MUX = 0. See bustiming diagrams.
Signal Name: Ccs*
Signal Description: Chip Select
Signal Type: Input
Must be low to read or write to the device. CS* isan active low signal.
Signal Name: ALE(AS)/A7
Signal Description: AddressLatch Enable(Address Strobe) or A7
Signal Type: Input

In non—multiplexed bus operation (MUX = 0), serves as the upper address bit. In multiplexed bus operation
(MUX = 1), servesto de-multiplex the bus on a positive—going edge.

Signal Name: WR* (R/W*)
Signal Description: Write Input(Read/Write)
Signal Type: Input

WR* isan active low signal.

5.4 Extended System Information Bus

Signa Name: ESIBSO
Signal Description: Extended System Information Bus Select 0
Signal Type: Input / Output

Used to group two to eight DS2155s into a bus sharing mode for alarm and status reporting. See Section 30
for more details

Signa Name: ESIBSL
Signal Description: Extended System Information Bus Select 1
Signal Type: Input / Output

Used to group two to eight DS2155s into a bus sharing mode for alarm and status reporting. See Section 30
for more details

Signa Name: ESIBRD
Signal Description: Extended System Information Bus Read
Signal Type: Input / Output

Used to group two to eight DS2155s into a bus sharing mode for alarm and status reporting. See Section 30
for more details

PRELIMINARY 031201 28



PRELIMINARY
DS2155

5.5 User Output Port Pins

Signa Name: UOP0/1/2/3
Signal Description: User Output Port
Signal Type: Output

These output port pins can be set low or high viathe CCR4.0 to CCR4.3 control bits. The pins are forced
low on power-up and after any device reset.

5.6 JTAG Test Access Port Pins

Signal Name: JTRST
Signal Description: IEEE 1149.1 Test Reset
Signal Type: Input

If FMS=1: JTAG functionality is not available and JTRST isheld LOW internally.

If FMS=0: JTAG functionality isavailable. JTRST is used to asynchronously reset the test access port
controller. After power up, JTRST must be toggled from low to high. Thisaction will set the deviceinto the
JTAG DEVICE ID mode. Normal device operation is restored by pulling JTRST low. JTRST ispulled HIGH
internally viaa 10k resistor operation.

Signal Name: JTMS
Signal Description: IEEE 1149.1 Test Mode Select
Signal Type: Input

Thispinissampled on the rising edge of JTCLK and is used to place the test access port into the various
defined |EEE 1149.1 states. Thispin hasa 10k pull up resistor.

Signal Name: JTCLK

Signal Description: IEEE 1149.1 Test Clock Signal

Signal Type: Input

Thissignal is used to shift datainto JTDI on the rising edge and out of JTDO on the falling edge.
Signal Name: JTDI

Signal Description: |EEE 1149.1 Tedt Data Input

Signal Type: Input

Test instructions and data are clocked into this pin on the rising edge of JTCLK. Thispin hasa 10k pull up
resistor.

Signal Name: JTDO
Signal Description: |EEE 1149.1 Test Data Output
Signal Type: Output

Test instructions and data are clocked out of this pin on the falling edge of JTCLK. If not used, thispin
should be left unconnected.
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57 LinelnterfacePins

Signa Name: MCLK
Signal Description: Master Clock Input
Signal Type: Input

A (50 ppm) clock source with TTL levelsisapplied at thispin. This clock isused internally for both
clock/datarecovery and for the jitter attenuator for both T1 and E1 modes. A quartz crystal of 2.048 MHz
may be applied across MCLK and XTALD instead of the TTL level clock source. The clock rate can be
16.384, 8.192, 4.096 or 2.048 MHz. When using the DS2155 in T1 only operation a 1.544 MHz (50 ppm) clock
source may be used.

Signa Name: XTALD
Signal Description: Quartz Crystal Driver
Signal Type: Output

A quartz crystal of 2.048MHz (optional 1.544 MHz in T1 only operation) may be applied across MCLK and
XTALD instead of aTTL level clock source at MCLK. Leave open circuited if aTTL clock sourceis applied
a MCLK.

Signa Name: 8XCLK
Signal Description: Eight Times Clock
Signal Type: Output

An 8x clock that islocked to the recovered network clock provided from the clock/data recovery block (if the
jitter attenuator is enabled on the receive side) or from the TCLKI pin (if the jitter attenuator is enabled on
the transmit side).

Signa Name: LIUC
Signal Description: LineInterface Connect
Signal Type: Input

Tielow to separate the line interface circuitry from the framer/formatter circuitry and activate the
TPOSI/TNEGI/TCLKI/RPOSI/RNEGI/ RCLKI pins. Tie high to connect the line interface circuitry to the
framer/formatter circuitry and deactivate the TPOSI/TNEGI/TCLKI/RPOSI/RNEGI/RCLKI pins. When LIUC
istied high, the TPOSI/TNEGI/TCLKI/ RPOSI/RNEGI/RCLKI pins should be tied low.

Signa Name: RTIP & RRING
Signal Description: Receive Tip and Ring
Signal Type: Input

Analog inputs for clock recovery circuitry. These pins connect viaa 1.1 transformer to the network. See
Section 25for details.

Signa Name: TTIP & TRING
Signal Description: Transmit Tip and Ring
Signal Type: Output

Analog line driver outputs. These pins connect viaa 1:2 step—up transformer to the network. See Section 25
for details.
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5.8 Supply Pins
Signa Name: DvDD
Signal Description: Digital Positive Supply
Signal Type: Supply
3.3 volts +/-5%. Should betied to the RvDD and TVDD pins.
Signa Name: RVDD
Signal Description: Receive Analog Positive Supply
Signal Type: Supply
3.3 volts +/-5%. Should betied to the DVDD and TVDD pins.
Signa Name: TVDD
Signal Description: Transmit Analog Positive Supply
Signal Type: Supply
3.3 volts +/-5% Should be tied to the RvDD and DVDD pins.
Signa Name: DVSS
Signal Description: Digital Signal Ground
Signal Type: Supply
Should betied to the RVSS and TVSS pins.
Signa Name: RVSS
Signal Description: Receive Analog Signal Ground
Signal Type: Supply
0.0 volts. Should betiedto DVSSand TVSS.
Signa Name: TVSS
Signal Description: Transmit Analog Signal Ground
Signal Type: Supply
0.0 volts. Should betied to DVSSand RV SS.
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5.9 L and G Package Pinout

The DS2155 isavailable in either 2100 pin LQFP (L) or 10mm uBGA- .8mm pitch (G) package.
Table 51 PIN DESCRIPTION SORTED BY PIN NUMBER
PIN | PIN SYMBOL TYPE DESCRIPTION

L G

1 Al RCHBLK ©] Receive Channel Block

2 B2 JTMS I IEEE 1149.1 Test Mode Select

3 C3 BPCLK 0o Back Plane Clock

4 B1 JICLK I IEEE 1149.1 Test Clock Signal

5 D4 JTRST I |EEE 1149.1 Test Reset

6 c2 RCL 0 Receive Carrier Loss

7 C1 JIDI I |EEE 1149.1 Test Data Input

8 D3 UOPO O User Output 0

9 D2 UOPL O User Output 1

10 D1 JIDO @] |EEE 1149.1 Test Data Output

11 E3 BTS I Bus Type Select

12 E2 LIUC I Line Interface Connect

13 El 8XCLK 6] Eight Times Clock

14 E4 TSTRST I Test/ Reset

15 E5 UOP2 O User Output 2

16 F1 RTIP I Receive Analog Tip Input

17 F2 RRING | Receive Anaog Ring Input

18 F3 RVDD - Receive Analog Positive Supply

19 Gl RVSS — Receive Analog Signal Ground

20 F4 RVSS - Receive Analog Signal Ground

21 X MCLK I Master Clock Input

22 H1 XTALD 0 Quartz Crysta Driver

23 G3 UOP3 O User Output 3

24 J1 RVSS - Receive Analog Signal Ground

25 H2 INT* O Interrupt

26 NC — Reserved for Factory Test

27 NC Reserved for Factory Test

28 NC — Reserved for Factory Test

29 K2 TTIP 0 Transmit Analog Tip Output

30 A TVSS - Transmit Analog Signal Ground

31 J3 TVDD - Transmit Analog Positive Supply
32 K3 TRING 0 Transmit Analog Ring Output

33 H4 TCHBLK ©] Transmit Channel Block

A A TLCLK O Transmit Link Clock

35 K4 TLINK | Transmit Link Data

36 H5 ES B 1/0 Extended System Information Bus 0
37 5 TSYNC 1/0 Transmit Sync

33 K5 TPOSI I Transmit Positive Data | nput
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PIN | PIN SYMBOL TYPE DESCRIPTION
L G
39 (€3] TNEGI I Transmit Negative Data | nput
40 F5 TCLKI I Transmit Clock |nput
41 K6 TCLKO 0 Transmit Clock Output
12 J6 TNEGO 0 Transmit Negative Data Output
43 H6 TPOSO O Transmit Positive Data Output
4 K7 DVDD — Digital Positive Supply
45 | G5 DVSS - Digital Signal Ground
46 J7 TCLK I Transmit Clock
47 K8 TSER I Transmit Serial Data
48 H7 TSIG I Transmit Signaling | nput
49 K9 TESO 0 Transmit Elastic Store Output
50 J8 TDATA | Transmit Data
51 | K10 TSYSCLK | Transmit System Clock
52 X9 TSSYNC | Transmit System Sync
H8 TCHCLK ©] Transmit Channel Clock
J10 ESBS1 1/0 Extended System Information Bus 1
G7 MUX I Bus Operation
H9 DO/ADO /0 Data Bus Bit0/ Address/Data Bus Bit 0
57 | H10 D1/AD1 1/0 DataBus Bit1l/ Address/Data Bus Bit 1
58 & D2/AD2 1/0 DataBus Bit 2/Address/Data Bus 2
5 | & D3/AD3 1/O Data Bus Bit 3/Address/Data Bus Bit 3
60 | GI10 DVSS - Digital Signal Ground
61 F8 DVDD - Digital Positive Supply
62 F9 D4/ADA4 1/0 Data Bus Bit4/Address/Data Bus Bit 4
F10 D5/AD5 1/0 DataBus Bit 5/Address/Data Bus Bit 5
F7 D6/AD6 /0 Data Bus Bit 6/Address/Data Bus Bit 6
F6 D7/AD7 1/0 Data Bus Bit 7/Address/Data Bus Bit 7
E10 AQ | Address Bus Bit 0
67 E9 Al I Address Bus Bit 1
68 E8 A2 | Address Bus Bit 2
69 | D10 A3 I Address Bus Bit 3
70 E7 Ad I Address Bus Bit 4
71 D9 A5 I Address Bus Bit 5
72 | C10 A6 I Address Bus Bit 6
73 D8 ALE (AS)/A7 I Address Latch Enable/Address Bus Bit 7
74 | B10 RD*(DS*) I Read Input(Data Strobe)
75 | C9 cs* I Chip Select
76 | A10 ESIBRD 1/0 Extended System Information Bus Read
77 B9 WR* (R/W*) I Write | nput(Read/Write)
78 | C8 RLINK @] Receive Link Data
79 | A9 RLCLK 0o Receive Link Clock
80 D7 DVSS - Digital Signa Ground
81 B8 DVDD - Digital Positive Supply
82 | A8 RCLK ©] Receive Clock
83 C7 DvDD — Digital Positive Supply
4 B7 DVSS — Digital Signa Ground
8 | A7 RDATA @] Receive Data
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PIN | PIN SYMBOL TYPE DESCRIPTION

L G

86 C6 RPOS| I Receive Positive Data | nput

87 B6 RNEGI I Receive Negative Data I nput

88 | A6 RCLKI I Receive Clock Input

89 D6 RCLKO 0 Receive Clock Output

0 E6 RNEGO O Receive Negative Data Output

91 | A5 RPOSO 6] Receive Positive Data Output

92 B5 RCHCLK 0o Receive Channel Clock

93 C5 RS GF 6] Receive Signaling Freeze Output

9 | A4 RSIG 6] Receive Signaling Output

95 D5 RSER 0 Receive Seria Data

9% B4 RMSYNC 0 Receive Multiframe Sync

97 | A3 RFSYNC 0 Receive Frame Sync

98 4 RSYNC 1/0 Receive Sync

P9 | A2 RLOSLOTC 6] Receive Loss Of Sync/ Loss Of Transmit Clock

100 | B3 RSYSCLK | Receive System Clock
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5.10 10mm STBGA Package
Figure 5-1 10mm STBGA PACKAGE PIN LAYOUT
A RCHBLK | RLOS [ RFSYNC RSIG RPOSO | RCLKI | RDATA [ RCLK | RLCLK | ESIBRD
LOTC

B JTCLK JTMS | RSYSCLK | RMSYNC | RCHCLK | RNEGI DVSS DVDD WR* RD*

(RIW*) (DSY)
C JTDI RCL BPCLK RSYNC RIGF | RPOSI DVDD RLINK cs A6
D JTDO UoP1 UOPO JTRST RSER | RCLKO | DVSS | ALE(AS) A5 A3

A7
E 8XCLK LIuC BTS TSTRST UOP2 | RNEGO A4 A2 Al A0
F RTIP RRING RVDD RVSS TCLKI | D7/AD7 | D6/AD6 | DVDD | D4/AD4 | D5/AD5
G RVSS MCLK UOP3 TVSS TNEGI DVSS MUX D2/AD2 | D3/AD3 DVSS
H XTALD INT* NC TCHBLK | ESBS0 | TPOSO | TSIG | TCHCLK | DO/ADO | DV/AD1
J RVSS NC TVDD TLCLK | TSYNC [ TNEGO | TCLK | TDATA | TSSYNC | ESBSL
K NC TTIP TRING | TLINK TPOSI | TCLKO | DVDD TSER TESO | TSYSCLK
TOPVIEW
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6. PARALLEL PORT

The SCT is controlled viaeither a nor—multiplexed (MUX = 0) or amultiplexed (MUX = 1) bus by an external
microcontroller or microprocessor. The SCT can operate with either Intel or Motorola bus timing
configurations. If the BTS pinistied low, Intel timing will be selected; if tied high, Motorolatiming will be
selected. All Motorolabus signals are listed in parenthesis (). See the timing diagramsinthe A.C. Electrical

Characteristics in Section 38 for more details.

6.1 Register Map

Table 6-1 REGISTER MAP SORTED BY ADDRESS

ADDRESS | R/W REGISTER NAME REGISTER PAGE
ABBREVIATION
00 Master Mode Register MSTRREG
01 1/0O Configuration Register 1 IOCR1
02 1/0O Configuration Register 2 IOCR2
03 T1 Receive Control Register 1 T1RCR1
04 T1 Receive Control Register 2 T1RCR2
05 T1 Transmit Control Register 1 T1TCR1
06 T1 Transmit Control Register 2 TITCR2
07 T1 Common Control Register 1 T1CCR1
03 Software Signaling Insertion Enable 1 SSIE1
09 Software Signaling Insertion Enable 2 SSIE2
0A Software Signaling Insertion Enable 3 SSIE3
0B Software Signaling Insertion Enable 4 SSIE4
0C T1 Receive Digital Milliwatt Enable Register 1 T1IRDMR1
0D T1 Receive Digital Milliwatt Enable Register 2 T1IRDMR2
0E T1 Receive Digital Milliwatt Enable Register 3 T1IRDMR3
OF Device ldentification Register IDR
10 Information Register 1 INFO1
11 Information Register 2 INFO2
12 Information Register 3 INFO3
13
14 Interrupt Information Register 1 IIR1
15 Interrupt Information Register 2 11IR2
16 Status Register 1 SR1
17 Interrupt Mask Register 1 IMR1
18 Status Register 2 SR2
19 Interrupt Mask Register 2 IMR2
1A Status Register 3 SR3
1B Interrupt Mask Register 3 IMR3
1C Status Register 4 SR4
1D Interrupt Mask Register 4 IMR4
1E Status Register 5 SR5
1F Interrupt Mask Register 5 IMRS
20 Status Register 6 SR6
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ADDRESS | R/W REGISTER NAME REGISTER PAGE
ABBREVIATION
21 Interrupt Mask Register 6 IMR6
22 Status Register 7 SR7
23 Interrupt Mask Register 7 IMR7
24 Status Register 8 SR8
25 Interrupt Mask Register 8 IMR8
26 Status Register 9 SR9
27 Interrupt Mask Register 9 IMR9
28 Per-Channel Pointer Register PCPR
29 Per-Channel Data Register 1 PCDR1
2A Per-Channel Data Register 2 PCDR2
2B Per-Channel Data Register 3 PCDR3
2C Per-Channel Data Register 4 PCDR4
2D Information Register 4 INFO4
2E Information Register 5 INFO5
2F Information Register 6 INFO6
30 Information Register 7 INFO7
31 HDL C #1 Receive Control HI1RC
32 HDL C #2 Receive Control H2RC
33 E1 Receive Control Register 1 E1IRCR1
4 E1 Receive Control Register 2 E1IRCR2
35 E1 Transmit Control Register 1 EITCR1
36 E1 Transmit Control Register 2 E1ITCR2
37 BOC Control Register BOCC
33 Receive Signaling Change Of State Information 1 RSINFO1
39 Receive Signaling Change Of State |nformation 2 RSINFO2
3A Receive Signaling Change Of State Information 3 RSINFO3
3B Receive Signaling Change Of State Information 4 RSINFO4
3C Receive Signaling Change Of State Interrupt RSCSEL
Enable 1
3D Receive Signaling Change Of State Interrupt RSCSE2
Enable 2
3E Receive Signaling Change Of State Interrupt RSCSE3
Enable 3
3F Receive Signaling Change Of State Interrupt RSCSE4
Enable 4
40 Signaling Control Register SIGCR
11 Error Count Configuration Register ERCNT
12 Line Code Violation Count Register 1 LCVCRL
43 Line Code Violation Count Register 2 LCVCR2
14 Path Code Violation Count Register 1 PCVCR1
45 Path Code Violation Count Register 2 PCVCR2
46 Frames Out OF Sync Count Register 1 FOSCR1
47 Frames Out OF Sync Count Register 2 FOSCR2
418 E-Bit Count Register 1 EBCR1
49 E-Bit Count Register 2 EBCR2
4A L oopback Control Register LBCR
4B Per-Channel Loopback Enable Register 1 PCLR1
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ADDRESS | R/W REGISTER NAME REGISTER PAGE
ABBREVIATION

4C Per-Channel Loopback Enable Register 2 PCLR2
4D Per-Channel Loopback Enable Register 3 PCLR3
4E Per-Channel Loopback Enable Register 4 PCLR4
aF Elastic Store Control Register ESCR
50 Transmit Signaling Register 1 TS1
51 Transmit Signaling Register 2 TS2
52 Transmit Signaling Register 3 TS3
53 Transmit Signaling Register 4 TH
54 Transmit Signaling Register 5 TS5
55 Transmit Signaling Register 6 TS6
56 Transmit Signaling Register 7 TS/
57 Transmit Signaling Register 8 TS8
58 Transmit Signaling Register 9 TS9O
59 Transmit Signaling Register 10 TS10
5A Transmit Signaling Register 11 TS11
5B Transmit Signaling Register 12 TS12
5C Transmit Signaling Register 13 TS13
5D Transmit Signaling Register 14 TS14
5E Transmit Signaling Register 15 TS15
5F Transmit Signaling Register 16 TS16
60 Receive Signaling Register 1 RS1
61 Receive Signaling Register 2 RS2
62 Receive Signaling Register 3 RS3
63 Receive Signaling Register 4 RA

Receive Signaling Register 5 RS

Receive Signaling Register 6 RS6

Receive Signaling Register 7 RS7
67 Receive Signaling Register 8 RS3
68 Receive Signaling Register 9 RS9
69 Receive Signaling Register 10 RSI10
6A Receive Signaling Register 11 RS11
6B Receive Signaling Register 12 RS12
6C Receive Signaling Register 13 RS13
6D Receive Signaling Register 14 RS14
6E Receive Signaling Register 15 RS15
6F Receive Signaling Register 16 RS16
70 Common Control Register 1 CCR1
71 Common Control Register 2 CCR2
72 Common Control Register 3 CCR3
73 Common Control Register 4 CCR4
74 Transmit Channel Monitor Select TDSOSEL
75 Transmit DSO Monitor Register TDSOM
76 Receive Channel Monitor Select RDSOSEL
77 Receive DS0O Monitor Register RDSOM
78 Line Interface Control 1 LIC1
79 Line Interface Control 2 LIC2
7A Line Interface Control 3 LIC3
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ADDRESS | R/W REGISTER NAME REGISTER PAGE
ABBREVIATION
7B Line Interface Control 4 LIC4
7C
7D
TE Idle Array Address Register IAAR
7F Per-Channel Idle Code Value Register PCICR
80 Transmit Idle Code Enable Register 1 TCICEL
81 Transmit Idle Code Enable Register 2 TCICE2
82 Transmit |dle Code Enable Register 3 TCICE3
83 Transmit |dle Code Enable Register 4 TCICE4
84 Receive |dle Code Enable Register 1 RCICEL
85 Receive |dle Code Enable Register 2 RCICE2
86 Receive |dle Code Enable Register 3 RCICE3
87 Receive |dle Code Enable Register 4 RCICE4
33 Receive Channel Blocking Register 1 RCBR1
89 Receive Channel Blocking Register 2 RCBR2
8A Receive Channel Blocking Register 3 RCBR3
8B Receive Channel Blocking Register 4 RCBR4
8C Transmit Channel Blocking Register 1 TCBR1
8D Transmit Channel Blocking Register 2 TCBR2
8E Transmit Channel Blocking Register 3 TCBR3
8F Transmit Channel Blocking Register 4 TCBR4
0 HDLC #1 Transmit Control H1TC
91 HDLC #1 FIFO Control H1FC
R HDL C #1 Receive Channel Select 1 H1RCS1
93 HDL C #1 Receive Channel Select 2 H1RCX2
A HDL C #1 Receive Channel Select 3 H1RCS3
95 HDL C #1 Receive Channel Select 4 H1RCH
9% HDL C #1 Receive Time Slot Bits/ SaBits Select H1RTSBS
97 HDL C #1 Transmit Channel Selectl HI1TCS1
93 HDL C #1 Transmit Channel Select2 HITCS2
9 HDL C #1 Transmit Channel Select3 H1TCS3
9A HDL C #1 Transmit Channel Select4 HI1TCHA
9B HDLC #1 Transmit Time Slot Bits/ SaBits Select HITTSBS
o9C HDL C #1 Receive Packet Bytes Available HI1RPBA
9D HDLC #1 Transmit FIFO HI1TF
% HDL C #1 Receive FIFO H1RF
oF HDLC #1 Transmit FIFO Buffer Available HITFBA
AO HDLC #2 Transmit Control H2TC
Al HDLC #2 FIFO Control H2FC
A2 HDL C #2 Receive Channel Select 1 H2RCS1
A3 HDL C #2 Receive Channel Select 2 H2RCS2
A4 HDL C #2 Receive Channel Select 3 H2RCS3
A5 HDL C #2 Receive Channel Select 4 H2RCHA
A6 HDL C #2 Receive Time Slot Bits/ SaBits Select H2RTSBS
A7 HDL C #2 Transmit Channel Selectl H2TCS1
A8 HDL C #2 Transmit Channel Select2 H2TCS2
A9 HDL C #2 Transmit Channel Select3 H2TCS3
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ADDRESS | R/W REGISTER NAME REGISTER PAGE
ABBREVIATION
AA HDL C #2 Transmit Channel Select4 H2TCHA
AB HDLC #2 Transmit Time Slot Bits/ SaBits Select H2TTSBS
AC HDL C #2 Receive Packet Bytes Available H2RPBA
AD HDLC #2 Transmit FIFO H2TF
AE HDL C #2 Receive FIFO H2RF
AF HDL C #2 Transmit FIFO Buffer Available H2TFBA
BO Extend System Information Bus Control Register ESCR1
1
B1 Extend System Information Bus Control Register ESICR2
2

B2 Extend System Information Bus Register 1 ESIB1
B3 Extend System Information Bus Register 2 ESIB2
B4 Extend System Information Bus Register 3 ESIB3
B5 Extend System Information Bus Register 4 ESIB4
B6 In-Band Code Control Register IBCC
B7 Transmit Code Definition Register 1 TCD1
B8 Transmit Code Definition Register 2 TCD2
B9 Receive Up Code Definition Register 1 RUPCD1
BA Receive Up Code Definition Register 2 RUPCD2
BB Receive Down Caode Definition Register 1 RDNCD1
BC Receive Down Code Definition Register 2 RDNCD2
BD In-Band Receive Spare Control Register RSCC
BE Receive Spare Code Definition Register 1 RSCD1
BF Receive Spare Code Definition Register 2 RSCD2
Co Receive FDL Register RFDL
Cl Transmit FDL Register TFDL
C2 Receive FDL Match Register 1 RFDLM1
C3 Receive FDL Match Register 2 RFDLM?2
A

C5 Interleave Bus Operation Control Register IBOC
C6 Receive Align Frame Register RAF
C7 Receive Non-Align Frame Register RNAF
C8 Recelve S Align Frame RSIAF
C9 Receive S Non-Align Frame RSINAF
CA Receive Remote Alarm Bits RRA
CB Receive S Bits RSa4
CC Receive Sab Bits RSa5
CD Receive Sab Bits RSa6
CE Receive Sa7 Bits RSa7
CF Receive Sa8 Bits RSa8
DO Transmit Align Frame Register TAF
D1 Transmit Non-Align Frame Register TNAF
D2 Transmit Si Align Frame TSIAF
D3 Transmit Si Non-Align Frame TSINAF
D4 Transmit Remote Alarm Bits TRA
D5 Transmit Sa4 Bits TSa4
D6 Transmit Sab Bits TSab
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ADDRESS | R/W REGISTER NAME REGISTER PAGE
ABBREVIATION
D7 Transmit Sab Bits TSab
D8 Transmit Sa7 Bits TSa7
D9 Transmit Sa8 Bits TSa8
DA Transmit Sa Bit Control Register TSACR
DB BERT Alternating Word Count Rate BAWC
DC BERT Repetitive Pattern Set Register 1 BRP1
DD BERT Repetitive Pattern Set Register 2 BRP2
DE BERT Repetitive Pattern Set Register 3 BRP3
DF BERT Repetitive Pattern Set Register 4 BRP4
EO BERT Control Register 1 BC1
El BERT Control Register 2 BC2
B2
E3 BERT Bit Count Register 1 BBC1
E4 BERT Bit Count Register 2 BBC2
E5 BERT Bit Count Register 3 BBC3
E6 BERT Bit Count Register 4 BBC4
E7 BERT Error Count Register 1 BEC1
E8 BERT Error Count Register 2 BEC2
E9 BERT Error Count Register 3 BEC3
EA BERT Interface Control Register BIC
EB Error Rate Control Register ERC
EC Number Of Errors 1 NOEL
ED Number Of Errors 2 NOE2
EE Number Of Errors Left 1 NOEL1
EF Number Of Errors Left 2 NOEL2
FO Test Register TEST
F1 Test Register TEST
F2 Test Register TEST
F3 Test Register TEST
F4 Test Register TEST
F5 Test Register TEST
F6 Test Register TEST
F7 Test Register TEST
F8 Test Register TEST
Fo Test Register TEST
FA Test Register TEST
FB Test Register TEST
FC Test Register TEST
FD Test Register TEST
FE Test Register TEST
FF Test Register TEST

NOTES:
1. TEST1to TEST16 registersare used only by the factory
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7. SPECIAL PER-CHANNEL REGISTER OPERATION

Some of the features described in the data sheet that operate on a per-channel basis use a special method
for channel selection. There are four registersinvolved, Per Channel Pointer Register (PCPR) and Per
Channel Data Registers 1 —4 (PCDR1-4). The user selects which function or functions that are to be applied
on aper-channel basis by setting the appropriate bit(s) in the PCPR register. The user then writesto the
PCDR registersto select the channels for that function. The following is an example of mapping the
transmit and receive BERT function to channels 9,10,11,12 ,20 and 21.

Write 11h to PCPR

Write 00h to PCDR1
Write Ofh to PCDR2
Write 18h to PCDR3
Write 00h to PCDR4

More information on how to use these per-channel features can be found in their respective sectionsin the
data sheet.

Register Name:
Register Description:

PCPR
Per Channel Pointer Register

Register Address: 28H

Bit# 7 6 5 4 3 2 1 0
Name RSAQOICS | RSRCS | RFCS BRCS THSCS PEICS TFCS BTCS
Default 0 0 0 0 0 0 0 0

Bit 0/ Bert Transmit Channel Select (BTCS)

Bit 1/ Transmit Fractional Channel Select (TFCS)

Bit 2/ Payload Error Insert Channel Sdlect (PEICS)

Bit 3/ Transmit Hardwar e Signaling Channel Select (THSCS)

Bit 4/ Bert Receive Channel Select (BRCS)

Bit 5/ Receive Fractional Channel Select (RFCS)

Bit 6/ Receive Signaling Re-Insertion Channel Select (RSRCS)

Bit 7/ Receive Signaling All Ones|Insertion Channel Select (RSAOICS)
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Register Name: PCDR1
Register Description: Per Channel Data Register 1
Register Address: 29H
Bit # 7 6 5 4 3 2 1 0
Name
Default CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1
Register Name: PCDR2
Register Description: Per Channel Data Register 2
Register Address: 2AH
Bit # 7 6 5 4 3 2 1 0
Name
Default CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
Register Name: PCDR3
Register Description: Per Channel Data Register 3
Register Address: 2BH
Bit # 7 6 5 4 3 2 1 0
Name
Default CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17
Register Name: PCDR4
Register Description: Per Channel Data Register 4
Register Address: 2CH
Bit # 7 6 5 4 3 2 1 0
Name
Default CH32 CH31 CH30 CH29 CH28 CH27 CH26 CH25
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8. PROGRAMMING MODEL

The DS2155 register map is divided into three groups, T1 specific features, E1 specific features and common
features. The typical programming sequence begins with issuing areset to the DS2155, selecting T1 or E1
operation in the Master Mode Register, enabling T1 or E1 functions and enabling the common functions.
The act of resetting the DS2155 automatically clears all configuration and status registers. Therefore, itis
not necessary to load unused registers with zeros.

Figure 8-1 DS2155 PROGRAMMING SEQUENCE

Power On
| ssue Reset

Select T1 or E1 Operation
in Master Mode Register

Program T1 Specific Registers Program E1 Specific Registers

Program Common Registers

A\ 4

DS2155 Operationa
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8.1 Power—-Up Sequence

The DS2155 contains an on-chip power-up reset function, which automatically clears the writeable register
space immediately after power is supplied to the DS2155. The user can issue a chip reset at any time. Issuing
areset will disrupt traffic flowing through the DS2155 until the deviceis reprogrammed. The reset can be
issued through hardware using the TSTRST pin or through software using the SFTRST function in the
Master Mode Register. The LIRST (L1C2.6) should be toggled from zero to one to reset the line interface
circuitry (it will take the DS2155 about 40ms to recover from the LIRST bit being toggled). Finally, after the
TSYSCLK and RSY SCLK inputs are stable, the receive and transmit el astic stores should be reset (this step
can be skipped if the el astic stores are disabled).

8.1.1 Master Mode Register

Register Name: MSTRREG

Register Description: Master Mode Register

Register Address: OOH

Bit # 7 6 5 4 3 2 1 0
Name - - - - TEST1 TESTO T1EL SFTRST
Default 0 0 0 0 0 0 0 0

Bit 0/ Softwar e | ssued Reset (SFTRST).
A 0to 1 transition causes the register space in the DS2155 to be cleared. A reset clears al configuration and
status registers. The bit automatically clearsitself when the reset has completed.

Bit 1/ DS2155 Operating Mode (TY/E1).
Used to select the operating mode of the framer/formatter (digital) portion of the 2155. The operating mode
of the L1U must also be programmed.

0=T1 operation

1= E1 operation

Bits2,3/ Test ModeBits (TESTO, TEST1).
Test modes are used to force the output pins of the 2155 into known states. This can facilitate the checkout
of assemblies during the manufacturing process and al so be used to isolate devices from shared buses.

TEST1 TESTO EFFECT ON OUTPUT PINS
0 0 Operate normally
0 1 Force all output pinsinto 3—state (including all 1/0 pins and parallel port pins)
1 0 Force all output pinslow (including all 1/0 pins except parallel port pins)
1 1 Force al output pins high (including all 1/0 pins except parallel port pins)
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9. INTERRUPT INFORMATION REGISTERS

The Interrupt Information Registers provide an indication of which Status Registers (SR1 through SR9) are
generating an interrupt. When an interrupt occurs, the host can read |1R1 and 11R2 to quickly identify which
of the 9 status registers are causing the interrupt.

Register Name:

Register Description:

Register Address:

IR1
Interrupt Information Register 1
14H

Bit # 7 6 5 4 3 2 1 0
Name SR8 SR7 SR6 SR5 SR4 SR3 SR2 SR1
Default 0 0 0 0 0 0 0 0
Register Name: IR2

Register Description: Interrupt Information Register 2

Register Address: 15H

Bit # 7 6 5 4 3 2 1 0
Name - - - - - - SR9
Default 0 0 0 0 0 0 0 0
PRELIMINARY 031201 47




PRELIMINARY
DS2155

10. T1IFRAMER/FORMATTER CONTROL AND STATUSREGISTERS

The T1 framer portion of the DS2155 is configured via a set of nine control registers. Typically, the control
registers are only accessed when the system is first powered up. Once the DS2155 has been initialized, the
control registerswill only need to be accessed when there is a change in the system configuration. There are
two Receive Control Registers (TLIRCR1 and TIRCR2), two Transmit Control Registers (T1TCR1 and
T1TCR2), aCommon Control Registers (TLCCRL). Each of these registers are described in this section.
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T1 Control Registers
Register Name: T1RCR1
Register Description: T1 Receive Control Register 1
Register Address: 03H
Bit # 7 6 5 4 3 2 1 0
Name DMWRD ARC OOF1 OOF2 SYNCC SYNCT SYNCE RESYNC
Default 0 0 0 0 0 0 0 0

Bit 0/ Re-synchronize (RESYNC).
When toggled from low to high, aresynchronization of the receive side framer isinitiated. Must be
cleared and set again for a subsequent resync.

Bit 1/ Sync Enable (SYNCE).
0 = auto resync enabled
1 = auto resync disabled

Bit 2/ Sync Time (SYNCT).
0 =qualify 10 bits
1=qualify 24 bits

Bit 3/ Sync Criteria (SYNCC).
In D4 Framing M ode.
0 = search for Ft pattern, then search for Fs pattern
1 = cross couple Ft and Fs pattern
In ESF Framing Mode.
0 = search for FPS pattern only
1 = search for FPS and verify with CRC6

Bits4to 5/ Out Of Frame Select Bits (OOF2, OOF1).

OOF2 OOF1
0 0

OUT OF FRAME CRITERIA
2/4 frame bitsin error
0 1 2/5 frame bitsin error
1 0 2/6 frame bitsin error
1 1 2/6 frame bitsin error

Bit 6/ Auto Resync Criteria (ARC).
0 = Resync on OOF or RCL event
1 = Resync on OOF only

Bit 7/ Digital Milliwatt Reject Disable (DMWRD). A digital milliwatt patter can emulate the Ft patternin
D4 mode. Normally the DS2155 will reject the DMW pattern as a possible candidate for the Ft pattern.
0=DMW regjection circuit enabled
1=DMW rejection circuit disabled
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Register Name: T1RCR2
Register Description: T1 Receive Control Register 2
Register Address: 04H
Bit # 7 6 5 4 3 2 1 0
Name - RFM RB82S RSLC9% RZSE RZBTS RJC RDAYM
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive Side D4 Yellow Alarm Select (RD4Y M).
0= zerosin bit 2 of al channels
1=aonein the S-hit position of frame 12 (J1 Y ellow Alarm Mode)

Bit 1/ Receive Japanese CRC6 Enable (RJC).
0=use ANSI/AT&T/ITU CRC6 calculation (normal operation)
1 = use Japanese standard JT-G704 CRCS6 calculation

Bit 2/ Receive Sde ZBTSI Support Enable (RZBTSI). AllowsZBTSI information to be output on RLINK

pin.
0=2ZBTSl disabled

1=ZBTSl enabled

Bit 3/ Recelve FDL Zero Destuffer Enable (RZSE). Set this bit to zero if using the internal HDLC/BOC

controller instead of the legacy support for the FDL. See Section 24.6 for details.
0 = zero destuffer disabled
1 = zero destuffer enabled

Bit 4/ Receive SL C—96 Enable (RSL C96). Only set this bit to aonein D4/SL.C-96 framing applications. See

Section 24.7 for details.
0=SLC96 disabled
1=SLC-96 enabled

Bit 5/ Receive BSZS Enable (RB8ZYS).
0=B8ZSdisabled
1=B8ZSenabled

Bit 6/ Recelve Frame M ode Select (RFM).
0 = D4 framing mode
1 = ESF framing mode

Bit 7/ Unused, must be set to zero for proper operation
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Register Name: T1TCR1
Register Description: T1 Transmit Control Register 1
Register Address: 05H
Bit # 7 6 5 4 3 2 1 0
Name TJC TFPT TCPT TSSE GB7S TFDLS TBL TYEL
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit Yellow Alarm (TYEL).
0 = do not transmit yellow alarm
1 =transmit yellow alarm

Bit 1/ Transmit Blue Alarm (TBL).
0 = transmit data normally
1 =transmit an unframed all on€’'s code at TPOS and TNEG

Bit 2/ TFDL Register Select (TFDLYS).
0 = source FDL or Fsbitsfrom theinternal TFDL register (legacy FDL support mode)
1 =source FDL or Fsbitsfrom the internal HDL C controller or the TLINK pin

Bit 3/ Global Bit 7 Stuffing (GB7S).
0 = allow the SSIEx registers to determine which channels containing all zeros are to be Bit 7 stuffed
1 =forceBit 7 stuffing in all zero byte channels regardless of how the SSIEx registers are
programmed

Bit 4/ Transmit Softwar e Signaling Enable (T SSE).
0 = do not source signaling data from the TSx registers regardless of the SSIEX registers. The SSIEx
registers still define which channels are to have B7 stuffing preformed.
1 = source signaling data as enabled by the SSIEX registers.

Bit 5/ Transmit CRC Pass Through (TCPT).
0 = source CRCS hitsinternally
1 = CRCS6 bits sampled at TSER during F-bit time

Bit 6/ Transmit F-Bit Pass Through (TFPT).
0 = F bits sourced internally
1=F bitssampled at TSER

Bit 7/ Transmit Japanese CRC6 Enable (TJC).
0=use ANSI/AT&T/ITU CRC6 calculation (normal operation)
1 = use Japanese standard JT-G704 CRCS6 calculation
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Register Name: T1TCR2
Register Description: T1 Transmit Control Register 2
Register Address: 06H
Bit # 7 6 5 4 3 2 1 0
Name TB8ZS TSLC9% TZSE FBCT2 FBCT1 TDAYM TZBTS TB7ZS
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit Side Bit 7 Zero Suppression Enable (TB72S).
0 = no stuffing occurs
1=Bit 7 forceto aonein channelswith all zeros

Bit 1/ Transmit SideZBTS| Support Enable (TZBTSI). AllowsZBTS| information to beinput on TLINK
pin.

0=ZBTSl disabled

1=ZBTSl enabled

Bit 2/ Transmit Side D4 Yellow Alarm Select (TD4YM).
0= zerosin bit 2 of al channels
1 =aonein the S-bit position of frame 12

Bit 3/ F Bit Corruption Type 1. (FBCT1). A low to high transition of thisbit causes the next three
consecutive Ft (D4 framing mode) or FPS (ESF framing mode) bits to be corrupted causing the remote end to
experience aloss of synchronization.

Bit 4/ F Bit Corruption Type 2. (FBCT2). Setting this bit high enables the corruption of one Ft (D4 framing
mode) or FPS (ESF framing mode) bit in every 128 Ft or FPS bits aslong as the bit remains set.

Bit 5/ Transmit FDL Zero Stuffer Enable (TZSE). Set this bit to zero if using the internal HDL C controller
instead of the legacy support for the FDL. See Section 15 for details.

0 = zero stuffer disabled

1 = zero stuffer enabled

Bit 6/ Transmit SL C-96/ Fs-Bit Insertion Enable (T SL C96). Only set this bit to aonein D4 framing
applications. Must be set to one to source the Fs pattern from the TFDL register. See Section 24.7 for
details.

0 = SLC—96/Fs-hit insertion disabled

1 = SLC-96/Fs-hit insertion enabled

Bit 7/ Transmit B8BZS Enable (TB8ZS).
0=B8ZSdisabled
1=B8ZSenabled

PRELIMINARY 031201 52



PRELIMINARY

DS2155
Register Name: T1CCR1
Register Description: T1 Common Control Register 1
Register Address: 07H
Bit # 7 6 5 4 3 2 1 0
Name - - - TFM PDE TLOOP
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit Loop Code Enable (TLOOP). See Section 26 for details.
0 = transmit data normally
1 = replace normal transmitted data with repeating code as defined in registers TCD1 and TCD2

Bit 1/ Pulse Density Enforcer Enable (PDE). The Framer always examines both the transmit and receive
data streams for violations of the following rules which are required by ANSI T1.403: no more than 15
consecutive zeros and at least N onesin each and every time window of 8 x (N +1) bitswhere N = 1 through
23. Violationsfor the transmit and receive data streams are reported in the INFO1.6 and INFOL1.7 bits
respectively. When this bit is set to one, the DS2155 will force the transmitted stream to meet this
reguirement no matter the content of the transmitted stream. When running B8ZS, this bit should be set to
zero since B8ZS encoded data streams cannot violate the pulse density requirements.

0 = disable transmit pulse density enforcer

1 = enable transmit pulse density enforcer

Bit 2/ Transmit Frame M ode Select (TFM).

0 = D4 framing mode

1 = ESF framing mode
Bit 3/ Unused, must be set to zero for proper operation
Bit 4/ Unused, must be set to zero for proper operation
Bit 5/ Unused, must be set to zero for proper operation

Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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10.1 T1 Transmit Transparency

The Software Signaling Insertion Enable registers, SSIE1 — SSIE4, can be used to select signaling insertion
from the Transmit Signaling registers, TS1 — TS12, on a per-channel basis. Setting abit in the SSIEX register
allows signaling data to be sourced from the signaling registers for that channel.

In transparent mode, Bit 7 Stuffing and/or Robbed Bit Signaling is prevented from overwriting the datain the
channels. If aDS0 is programmed to be clear, no robbed bit signaling will be inserted nor will the channel
have Bit 7 stuffing performed. However, in the D4 framing mode, bit 2 will be overwritten by a zero when a
Yellow Alarm istransmitted. Also the user has the option to globally override the SSIEx registers from
determining which channels are to have Bit 7 stuffing performed. If the TITCR1.3 and TATCR2.0 bits are set
to one, then al 24 T1 channelswill have Bit 7 stuffing performed on them regardless of how the SSIEx
registers are programmed. In this manner, the SSIEX registers are only affecting which channels are to have
robbed bit signaling inserted into them.
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T1 Receive Side Digital Milliwatt Code Generation

Receive side digital milliwatt code generation involves using the Receive Digital Milliwatt Registers
(TIRDMRY/2/3) to determine which of the 24 T1 channels of the T1 line going to the backplane should be
overwritten with adigital milliwatt pattern. The digital milliwatt code is an eight byte repeating pattern that
represents a 1 kHz sine wave (1E/0B/0B/1E/9E/8B/8B/9E). Each bit in the TIRDMRX registers, represents a
particular channel. If abit is set to a one, then the receive datain that channel will be replaced with the
digital milliwatt code. If abit is set to zero, no replacement occurs.

Register Name:
Register Description:

TIRDMR1
T1 Receive Digital Milliwatt Enable Register 1

Register Address: OCH
Bit # 7 6 5 4 3 2 1 0
Name CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Receive Digital Milliwatt Enablefor Channels1to 8 (CH1to CHS).

0 =do not affect the receive data associated with this channel

1 = replace the receive data associated with this channel with digital milliwatt code
Register Name: T1IRDMR2
Register Description: T1 Receive Digital Milliwatt Enable Register 2
Register Address: ODH
Bit # 7 6 5 4 3 2 1 0
Name CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Receive Digital Milliwatt Enable for Channels9to 16 (CH9to CH16).

0 =do not affect the receive data associated with this channel

1 = replace the receive data associated with this channel with digital milliwatt code
Register Name: T1IRDMR3
Register Description: T1 Receive Digital Milliwatt Enable Register 3
Register Address: OEH
Bit # 7 6 5 4 3 2 1 0
Name CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17
Default 0 0 0 0 0 0 0 0

BitsOto 7/ Receive Digital Milliwatt Enablefor Channels 17 to 24 (CH17 to CH24).
0 = do not affect the receive data associated with this channel
1 = replace the receive data associated with this channel with digital milliwatt code
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10.2 T1 StatusAnd Information Registers

When aparticular event has occurred (or is occurring), the appropriate bit in one of these registers will be
set to aone. All of the bitsin SR2 and INFOL registers operate in alatched fashion. This means that if an
event or an alarm occurs and a bit is set to aone in any of theregisters, it will remain set until the user reads
that bit. The bit will be cleared when itisread and it will not be set again until the event has occurred again
(or in the case of the RBL, RYEL, RCL, and RLOS alarms, the bit will remain set if the alarm is till present).

The user will always proceed aread of any of the registers with awrite. The byte written to the register will
inform the DS2155 which bits the user wishesto read and have cleared. The user will write abyte to one of
these registers, with aonein the bit positions he or she wishes to read and a zero in the bit positions he or
she does not wish to obtain the latest information on. When a one is written to a bit location, the read
register will be updated with the latest information. When a zero is written to a bit position, the read register
will not be updated and the previous value will be held. A writeto the status and information registers will
be immediately followed by aread of the same register. Thiswrite-read scheme allows an external
microcontroller or microprocessor to individually poll certain bits without disturbing the other bitsin the
register. This operation iskey in controlling the DS2155 with higher—order software languages.

The SR2 register has the unique ability to initiate a hardware interrupt viathe INT output pin. Each of the
alarms and eventsin SR2 can be either masked or unmasked from the interrupt pin viathe Interrupt Mask
Register 1 (IMR1) The interrupts caused by alarmsin SR2 (namely RYEL, RBL, and RLOS) act differently
than the interrupts caused by eventsin SR2 (namely RMF and TMF). The alarm caused interrupts will force
the INT pin low whenever the alarm changes state (i.e., the alarm goes active or inactive according to the
set/clear criteriain Table 11-1. The INT pin will be allowed to return high (if no other interrupts are present)
when the user reads the alarm bit that caused the interrupt to occur even if the alarm is still present. The
event caused interrupts will force the INT pin low when the event occurs. The INT pin will be allowed to
return high (if no other interrupts are present) when the user reads the event bit that caused the interrupt to
occur.
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Register Name: INFO1
Register Description: Information Register 1
Register Address: 10H
Bit # 7 6 5 4 3 2 1 0
Name RPDV TPDV COFA 82D 162D SEFE B8ZS FBE
Default 0 0 0 0 0 0 0 0

Bit 0/ FrameBit Error Event (FBE). Set when aFt (D4) or FPS (ESF) framing bit isreceived in error.

Bit 1/ B82S CodeWord Detect Event (B8ZS). Set when aB8ZS code word is detected at RPOS and RNEG
independent of whether the B8ZS modeis selected or not viaT1TCR2.7. Useful for automatically setting the
line coding.

Bit 2/ Severely Errored Framing Event (SEFE). Set when 2 out of 6 framing bits (Ft or FPS) arereceived in
error.

Bit 3/ Sixteen Zero Detect Event (16ZD). Set when astring of at |east sixteen consecutive zeros (regardless
of the length of the string) have been received at RPOSI and RNEGI.

Bit 4/ Eight Zero Detect Event (8ZD). Set when a string of at least eight consecutive zeros (regardless of
the length of the string) have been received at RPOSI and RNEGI.

Bit 5/ Change of Frame Alignment Event (COFA). Set when the last resync resulted in a change of frame
or multiframe alignment.

Bit 6/ Transmit Pulse Density Violation Event (TPDV). Set when the transmit data stream does not meet
the ANSI T1.403 requirements for pulse density.

Bit 7/ Receive Pulse Density Violation Event (RPDV). Set when the receive data stream does not meet the
ANSI T1.403 requirements for pulse density.
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Register Name: SR2
Register Description: Status Register 2
Register Address: 18H
Bit # 7 6 5 4 3 2 1 0
Name LBD RUA1C FRCLC RLOSC RYEL RUA1 FRCL RLOS
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive L oss of Sync Condition (RLOS). Set when the DS2155 is not synchronized to the received
data stream.

Bit 1/ Framer Receive Carrier Loss Condition (FRCL). Set when 255 (or 2048 if EIRCR2.0 = 1) E1 mode or
192 T1 mode consecutive zeros have been detected at RPOSI and RNEGI.

Bit 2/ Receive Unframed All Ones (Blue Alarm) Condition (RUA1). Set when an unframed all one’scodeis
received at RPOS| and RNEGI

Bit 3/ Receive Ydlow Alarm Condition (RYEL). Set when ayellow alarm isreceived at RPOS| and RNEGI.

Bit 4/ Receive L oss of Sync Clear Event (RLOSC). Set when the framer achieves synchronization; will
remain set until read

Bit 5/ Framer Receive Carrier LossClear Event (FRCL C). Set when carrier loss condition at RPOSI and
RNEGI isno longer detected

Bit 6/ Receive Unframed All Ones Clear Event (RUA1C). Set when the unframed all ones conditionisno
longer detected

Bit 7/ Latched BOC Detected Event (LBD). A latched version of the BD status bit (INFO2.6). Will be
cleared when read.
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Register Name: IMR2
Register Description: Interrupt Mask Register 2
Register Address: 19H
Bit # 7 6 5 4 3 2 1 0
Name LBD RUA1C FRCLC RLOSC RYEL RUA1 FRCL RLOS
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive L oss of Sync Condition (RLOS).
0 = interrupt masked
1 = interrupt enabled —interrupts on rising edge only

Bit 1/ Framer Receive Carrier Loss Condition (FRCL).
0 = interrupt masked
1 = interrupt enabled —interrupts on rising edge only

Bit 2/ Receive Unframed All Ones (Blue Alarm) Condition (RUAL).
0 = interrupt masked
1 = interrupt enabled —interrupts on rising edge only

Bit 3/ Receive Ydlow Alarm Condition (RYEL).
0 = interrupt masked
1 = interrupt enabled — interrupts on rising edge only

Bit 4/ Receive Loss of Sync Clear Event (RLOSC).
0 = interrupt masked
1 =interrupt enabled

Bit 5/ Framer Receive Carrier Loss Condition Clear (FRCLC).
0 = interrupt masked
1 =interrupt enabled

Bit 6/ Receive Unframed All Ones Condition Clear Event (RUA1C).
0 = interrupt masked
1 =interrupt enabled

Bit 7 /. Latched BOC Detected Event (LBD).
0 = interrupt masked
1 =interrupt enabled
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Table 10-1 TIALARM CRITERIA
ALARM SET CRITERIA CLEAR CRITERIA
Blue Alarm (AIS) (seenote 1 when over a3 mswindow, 5 or when over a3 mswindow, 6 or
below) less zeros are received more zeros are received

Yelow Alarm (RAI)
1. D4 bit 2 mode(T1IRCR2.0=0)

2. D4 12th F—hit mode (T1IRCR2.0
=1; thismodeisalso referred to
asthe “Japanese Y ellow Alarm”)

3. ESF mode

when bit 2 of 256 consecutive
channelsis set to zero for at |east
254 occurrences

when the 12th framing bit is set to
one for two consecutive
occurrences

when 16 consecutive patterns of
OOFF appear in the FDL

when bit 2 of 256 consecutive
channelsis set to zero for less
than 254 occurrences

when the 12th framing bit is set to
zero for two consecutive
occurrences

when 14 or less patterns of 00FF
hex out of 16 possible appear in
the FDL

Red Alarm (LRCL) (thisalarmis
also referred to as Loss Of Signal)

when 192 consecutive zeros are
received

when 14 or more ones out of 112
possible bit positions are received
starting with the first one received

NOTES:

1. The definition of Blue Alarm (or Alarm Indication Signal) is an unframed all ones signal. Blue alarm
detectors should be able to operate properly in the presence of a 10E-3 error rate and they should not
falsely trigger on aframed all ones signal. The blue alarm criteriain the DS2155 has been set to achieve this
performance. It is recommended that the RBL bit be qualified with the RLOS hit.

2. ANSI specifications use adifferent nomenclature than the DS2155 does; the following terms are

equivalent:
RBL = AIS
RCL =LOS
RLOS=LOF
RYEL =RAI
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11. E1FRAMER/FORMATTER CONTROL AND STATUSREGISTERS

The E1 framer portion of the DS2155 is configured viaaset of four control registers. Typically, the control
registers are only accessed when the system is first powered up. Once the DS2155 has been initialized, the
control registerswill only need to be accessed when there is a change in the system configuration. There are
two Receive Control Registers (ELIRCR1 and EIRCR?2), and two Transmit Control Registers (ELTCR1 and
EITCR2). There are also 4 status and information registers. Each of these eight registers are described in
this section.
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11.1 EI1Control Registers
Register Name: E1RCR1
Register Description: E1 Receive Control Register 1
Register Address: 33H
Bit # 7 6 5 4 3 2 1 0
Name RSERC RIGM RHDB3 RG802 RCRC4 FRC SYNCE RESYNC
Default 0 0 0 0 0 0 0 0

Bit 0/ Resync (RESYNC). When toggled from low to high, aresyncisinitiated. Must be cleared and set
again for a subsequent resync.

Bit 1/ Sync Enable (SYNCE).
0 = auto resync enabled
1 = auto resync disabled

Bit 2/ Frame Resync Criteria (FRC).
0=resyncif FASreceived in error 3 consecutive times
1=resyncif FASor hit 2 of non—-FASisreceived in error 3 consecutive times

Bit 3/ Receive CRC4 Enable (RCRC4).
0=CRCA4 disabled
1=CRC4 enabled

Bit 4/ Receive G.802 Enable (RG802). See Section 19 for details.
0 =do not force RCHBLK high during bit 1 of timeslot 26
1 =force RCHBLK high during bit 1 of timeslot 26

Bit 5/ Receive HDB3 Enable (RHDB3).
0=HDB3 disabled
1=HDB3 enabled

Bit 6/ Receive Signaling Mode Select (RSIGM).
0= CASsignaling mode
1=CCSsignaling mode

Bit 7/ RSER Control (RSERC).
0 = alow RSER to output data as received under all conditions
1 =force RSER to one under loss of frame alignment conditions
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Table 6-1 E1 SYNC/RESYNC CRITERIA
FRAME OR SYNC CRITERIA RESYNC CRITERIA ITU SPEC.
MULTIFRAME LEVEL
FAS FASpresentinframeN | Three consecutive incorrect FAS G.706
andN + 2, and FASnot | received 411
presentinframeN + 1 412
Alternate: (EIRCR1.2=1) The
above criteriais met or three
consecutive incorrect bit 2 of
non—-FAS received
CRC4 Two valid MF alignment | 915 or more CRC4 code words G.706
words found within8 ms | out of 1000 received in error 4.2and 4.3.2
CAS Valid MF alignment Two consecutive MF alignment G.73252
word found and words received in error
previoustimeslot 16
contains code other than
al zeros
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Register Name: E1IRCR2
Register Description: E1 Receive Control Register 2
Register Address: 34H
Bit # 7 6 5 4 3 2 1 0
Name Sa8S Sars SabS SabS Sa4S RCLA
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive Carrier Loss (RCL) Alternate Criteria (RCLA). Definesthecriteriafor a Receive Carrier
L osscondition for both theframer and Line Interface (L1U)

0= RCL declared upon 255 consecutive zeros (125 us)

1 = RCL declared upon 2048 consecutive zeros (1 ms)

Bit 1/ Unused, must be set to zero for proper operation
Bit 2/ Unused, must be set to zero for proper operation

Bit 3/ Sa4 Bit Select(Sa4S). Set to oneto have RLCLK pulse at the Sa4 bit position; set to zero to force
RLCLK low during Sa4 bit position. See Section 36 for details.

Bit 4/ Sa5 Bit Select(Sa5S). Set to oneto have RLCLK pulse at the Sab5 bit position; set to zero to force
RLCLK low during Sa5 bit position. See Section 36 for details.

Bit 5/ Sa6 Bit Select(Sa6S). Set to oneto have RLCLK pulse at the Sa6 bit position; set to zero to force
RLCLK low during Sa6 bit position. See Section 36 for details.

Bit 6/ Sa7 Bit Select(Sa7S). Set to oneto have RLCLK pulse at the Sa7 bit position; set to zero to force
RLCLK low during Sa7 bit position. See Section 36 for details.

Bit 7/ Sa8 Bit Select (Sa8S). Set to oneto have RLCLK pulse at the Sa8 bit position; set to zero to force
RLCLK low during Sa8 bit position. See Section 36 for details.
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Register Name: EITCR1
Register Description: E1 Transmit Control Register 1
Register Address: 35H
Bit # 7 6 5 4 3 2 1 0
Name TFPT T16S TUA1 TSS TSA1 THDB3 TG802 TCRCA
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit CRC4 Enable (TCRC4).
0= CRC4 disabled
1= CRC4 enabled

Bit 1/ Transmit G.802 Enable (T G802). See Section 36 for details.
0 =do not force TCHBLK high during bit 1 of timeslot 26
1 =force TCHBLK high during bit 1 of timeslot 26

Bit 2/ Transmit HDB3 Enable (THDB3).
0=HDB3 disabled
1=HDB3 enabled

Bit 3/ Transmit Signaling All Ones (T SA1).
0 =normal operation
1=forcetimesiot 16 in every frameto all ones

Bit 4/ Transmit International Bit Select (TSIS).
0=sample Si bitsat TSER pin

1 =source Si bitsfrom TAFand TNAF registers (in thismode, ELTCR1.7 must be set to 0)

Bit 5/ Transmit Unframed All Ones (TUAL).
0 = transmit data normally

1 =transmit an unframed all one's code at TPOSO and TNEGO

Bit 6/ Transmit Timeslot 16 Data Select (T16S). See Section 17.2 for details
0 =timeslot 16 determined by the SSIEXx registers and the THSCS function in the PCPR register

1 =sourcetimeslot 16 from TS1 to TS16 registers

Bit 7/ Transmit Timedot 0 Pass Through (TFPT).

0 = FAS hits/Sa bits’Remote Alarm sourced internally from the TAFand TNAF registers

1 =FAS bitySabitsyRemote Alarm sourced from TSER
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Register Name: EITCR2
Register Description: E1 Transmit Control Register 2
Register Address: 36H
Bit # 7 6 5 4 3 2 1 0
Name Sa8S Sars SabS SabS Sa4S AEBE AAIS ARA
Default 0 0 0 0 0 0 0 0

Bit 0/ Automatic Remote Alarm Generation (ARA).
0 =disabled
1 =enabled

Bit 1/ Automatic AlIS Generation (AAIS).
0 =disabled
1 =enabled

Bit 2/ Automatic E-Bit Enable (AEBE).
0 = E-hits not automatically set in the transmit direction
1 = E-bitsautomatically set in the transmit direction

Bit 3/ Sad Bit Select (Sa4S). Set to one to source the Sa4 bit from the TLINK pin; set to zero to not source
the Sa4 bit. See Section 36 for details.

Bit 4/ Sa5 Bit Select (Sa5S). Set to one to source the Sa5 bit from the TLINK pin; set to zero to not source
the Sab bit. See Section 36 for details.

Bit 5/ Sa6 Bit Select (Sa6S). Set to one to source the Sab bit from the TLINK pin; set to zero to not source
the Sa6 bit. See Section 36 for details.

Bit 6/ Sa7 Bit Select (Sa7S). Set to one to source the Sa7 bit from the TLINK pin; set to zero to not source
the Sa7 bit. See Section 36 for details.

Bit 7/ Sa8 Bit Select (Sa8S). Set to one to source the Sa8 bit from the TLINK pin; set to zero to not source
the Sa8 bit. See Section 36 for details.

PRELIMINARY 031201 66



PRELIMINARY
DS2155

11.2 Automatic Alarm Generation

The device can be programmed to automatically transmit AlS or Remote Alarm. When automatic AIS
generationisenabled (ELTCR2.1 = 1), the device monitors the receive side framer to determine if any of the
following conditions are present: |oss of receive frame synchronization, AlS aarm (all one’s) reception, or
loss of receive carrier (or signal). If any one (or more) of the above conditionsis present, then the framer will
either force an AIS or Remote alarm.

When automatic RAI generation is enabled (EITCR2.0 = 1), the framer monitors the receive side to determine
if any of the following conditions are present: 10ss of receive frame synchronization, AlS alarm (all one's)
reception, or loss of receive carrier (or signal) or if CRC4 multiframe synchronization cannot be found within
128ms of FAS synchronization (if CRC4 is enabled). If any one (or more) of the above conditionsis present,
then the framer will transmit aRAI alarm. RAI generation conformsto ETS 300 011 specificationsand a
constant Remote Alarm will be transmitted if the DS2155 cannot find CRC4 multiframe synchronization
within 400 ms as per G.706.

Note: Itisanillegal state to have both automatic AlS generation and automatic Remote Alarm generation
enabled at the sametime.
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11.3 E1 StatusAnd Information Registers

Thereisaset of four registers that contain information on the current real time status of the E1 framer in the
DS2155, Status Register 3 (SR3), Status Register 4 (SR4), Information Register 3(INFO3), and Information
Register 7(INFO7).

When a particular event has occurred (or is occurring), the appropriate bit in one of these four registers will
be set to aone. All of the bitsin SR3, SR4 and INFO3 registers operate in alatched fashion. This means that
if an event or an alarm occurs and a bit is set to aone in any of these registers, it will remain set until the
user reads that bit. The bit will be cleared when it is read and it will not be set again until the event has
occurred again (or in the case of the RRA, FRCL, RUA1, and RLOS darms, the bit will remain set if theaarm
isstill present). The INFO7 register contents are not latched therefore aread of that register yield real time
information.

The user will always proceed aread of the SR3, SR4 and INFO3 registers with awrite. The byte written to the
register will inform the framer which bits the user wishesto read and have cleared. The user will write abyte
to one of these registers, with aone in the bit positions he or she wishesto read and azero in the bit
positions he or she does not wish to obtain the latest information on. When aone iswritten to abit location,
the read register will be updated with the latest information. When a zero is written to a bit position, the read
register will not be updated and the previous value will be held. A write to the status and information
registerswill beimmediately followed by aread of the same register. Thiswrite-read scheme allows an
external microcontroller or microprocessor to individually poll certain bits without disturbing the other bits
in the register. This operation is key in controlling the DS2155 with higher—order software languages.

The INFO7 register operates differently than the other three. It isaread only register and it reportsthe
status of the synchronizer inreal time. Thisregister isnot latched and it is not necessary to precede aread
of thisregister with awrite.

The SR3 and SR4 registers have the unique ability to initiate a hardware interrupts viathe INT* output pin.
Each of the alarms and events in SR3 and SR4 can be either masked or unmasked from the interrupt pin via
Interrupt Mask Register 3 (IMR3) and Interrupt Mask Register 4 (IMR4).

Theinterrupts caused by alarmsin SR3 act differently than the interrupts caused by eventsin SR4. The
alarm caused interruptswill force the INT* pin low whenever the alarm changes state (i.e., the alarm goes
active or inactive according to the set/clear criteriain Table 10-1). The INT* pinwill be allowed to return
high (if no other interrupts are present) when the user reads the alarm bit that caused the interrupt to occur
evenif thealarmis till present.

The event caused interrupts of SR4 will forcethe INT* pin low when the event occurs. The INT* pin will be
allowed to return high (if no other interrupts are present) when the user reads the event bit that caused the
interrupt to occur.
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Register Name: INFO3
Register Description: Information Register 3
Register Address: 12H
Bit # 7 6 2 1 0
Name CRCRC FASRC CASRC
Default 0 0 0 0 0 0 0 0

Bit 0/ CASResync Criteria Met Event (CASRC). Set when 2 consecutive CAS MF alignment words are
received in error.

Bit 1/ FASResync CriteriaMet Event (FASRC. Set when 3 consecutive FAS words are received in error.

Bit 2/ CRC Resync Criteria Met Event (CRCRC). Set when 915/1000 code words are received in error.
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Register Name: INFO7
Register Description: Information Register 7
Register Address: 30H
Bit # 7 6 5 4 3 2 1 0
Name CSC5 CS4 CSC3 CSC2 CSCO FASSA CASSA CRC4ASA
Default 0 0 0 0 0 0 0 0

Bit 0/ CRC4 MF Sync Active (CRC4SA). Set while the synchronizer is searching for the CRC4 MF
alignment word.

Bit 1/ CASMF Sync Active (CASSA). Set while the synchronizer is searching for the CAS MF alignment
word.

Bit 2/ FAS Sync Active (FASSA). Set while the synchronizer is searching for alignment at the FAS level.

Bit 3to 7/ CRC4 Sync Counter Bits(CSC0 & CSC2to CSC4). The CRC4 Sync Counter increments each
time the 8 ms CRC4 multiframe search times out. The counter is cleared when the framer has successfully
obtained synchronization at the CRC4 level. The counter can also be cleared by disabling the CRC4 mode
(EIRCR1.3 = 0). This counter is useful for determining the amount of time the framer has been searching for
synchronization at the CRC4 level. ITU G.706 suggests that if synchronization at the CRC4 level cannot be
obtained within 400 ms, then the search should be abandoned and proper action taken. The CRC4 Sync
Counter will rollover. CSCO isthe LSB of the 6-bit counter. (Note: The next to LSB isnot accessible. CSC1
is omitted to allow resolution to >400ms using 5 bits)
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Register Name: SR3
Register Description: Status Register 3
Register Address: 1AH
Bit # 7 6 5 4 3 2 1 0
Name LSPARE LDN LUP LOTC LORC V52LNK RDMA RRA
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive Remote Alarm Condition (RRA). Set when aremote alarm isreceived at RPOS| and RNEGI

Bit 1/ Receive Distant MF Alarm Condition (RDMA). Set when bit-6 of timeslot 16 in frame O has been set
for two consecutive multiframes. Thisalarm is not disabled in the CCS signaling mode.

Bit 2/V5.2 Link Detected Condition (V52L NK). Set on detection of a V5.2 link identification signal.
(G.965).

Bit 3/ L oss of Receive Clock Condition (LORC). Set when the RCLKI pin has not transitioned for one
channel time.

Bit 4/ Lossof Transmit Clock Condition (LOTC). Set when the TCLK pin has not transitioned for one
channel time. Will force the LOTC pin high if enabled viaCCR1.0.

Bit 5/ Loop Up Code Detected Condition (L UP). Set when the loop up code as defined in the RUPCD1/2
register is being received. See Section 26 for details.

Bit 6/ L oop Down Code Detected Condition (L DN). Set when the loop down code as defined in the
RDNCDY/2 register is being received. See Section 26 for details.

Bit 7/ Spare Code Detected Condition (L SPARE). Set when the spare code as defined in the RSCD1/2
registersis being received. See Section 26 for details.
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Register Name: IMR3
Register Description: Interrupt Mask Register 3
Register Address: 1BH
Bit # 7 6 5 4 3 2 1 0
Name LSPARE LDN LUP LOTC LORC V52LNK [ RDMA RRA
Default 0 0 0 0 0 0 0 0
Bit 0/ Receive Remote Alarm Condition (RRA).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 1/ Receive Distant MF Alarm Condition (RDMA).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 2/V5.2 Link Detected Condition (V52L NK).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 3/ Loss of Receive Clock Condition (LORC).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 4/ Lossof Transmit Clock Condition (LOTC).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 5/ Loop Up Code Detected Condition (L UP).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 6/ L oop Down Code Detected Condition (L DN).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 7/ Spare Code Detected Condition (L SPARE).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
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Table 11-1 E1IALARM CRITERIA
ALARM SET CRITERIA CLEAR CRITERIA ITU
SPEC.
RLOS An RLOS condition exist on power up
prior toinitial synchronization, when are-
sync criteria has been met, or when a
manual re-sync has beeninitiated via
E1RCR1.0
RCL 255 or 2048 consecutive zeros received as in 255-bit times, at least 32 G775/
determined by EIRCR2.0 ones arereceived G.962
RRA bit 3 of non—align frame set to onefor three | bit 3 of non—align frame set to 0.162
consecutive occasions zero for three consecutive 214
occasions
RUA1 less than three zerosin two frames (512— more than two zerosin two 0.162
hits) frames (512—hits) 16.12
RDMA bit-6 of timeslot 16 in frame 0 has been set
for two consecutive multiframes
V52L NK 2 out of 3 Sa7 bitsare zero G.965
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Register Name: SR4
Register Description: Status Register 4
Register Address: 1CH
Bit # 7 6 5 4 3 2 1 0
Name RSA1 RSAO TMF TAF RMF RCMF RAF
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive Align Frame Event (RAF). Set every 250 us at the beginning of align frames. Used to alert
the host that Si and Sa bits are availablein the RAF and RNAFregisters.

Bit 1/ Receive CRC4 Multiframe Event (RCMF). Set on CRC4 multiframe boundaries; will continue to be
set every 2 mson an arbitrary boundary if CRC4 is disabled.

Bit 2/ Receive Multiframe Event (RMF).

E1 Mode: Set every 2 ms (regardlessif CAS signaling is enabled or not) on receive multiframe boundaries.
Used to alert the host that signaling datais available.

T1Mode: Set every 1.5mson D4 MF boundaries or every 3ms on ESF MF boundaries

Bit 3/ Transmit Align Frame Event (TAF). Set every 250 us at the beginning of align frames. Used to alert
the host that the TAF and TNAF registers need to be updated.

Bit 4/ Transmit Multiframe Event (TMF).

E1 Mode: Set every 2 ms(regardiessif CRC4 is enabled) on transmit multiframe boundaries. Used to aert
the host that signaling data needs to be updated.

T1Mode: Set every 1.5mson D4 MF boundaries or every 3ms on ESF MF boundaries

Bit 5/ Receive Signaling All Zeros Event (RSAO0). Set when over afull MF, timeslot 16 contains all zeros.

Bit 6/ Receive Signaling All Ones Event (RSA1). Set when the contents of timeslot 16 contains less than
three zeros over 16 consecutive frames. Thisaarm isnot disabled in the CCS signaling mode.
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IMR4
Interrupt Mask Register 4
1DH

Register Name
Register Description:
Register Address:

Bit #

7

6

5

Name

RSA1

RSAO

RCMF

Default

0

0

0

Bit 0/ Receive Align Frame Event (RAF).
0 = interrupt masked
1 =interrupt enabled

Bit 1/ Receive CRC4 Multiframe Event (RCMF).
0 = interrupt masked
1 =interrupt enabled

Bit 2/ Receive Multiframe Event (RMF).
0 = interrupt masked
1 =interrupt enabled

Bit 3/ Transmit Align Frame Event (TAF).
0 = interrupt masked
1 =interrupt enabled

Bit 4/ Transmit Multiframe Event (TMF).
0 = interrupt masked
1 =interrupt enabled

Bit 5/ Receive Signaling All Zeros Event (RSAO).
0 = interrupt masked
1 =interrupt enabled

Bit 6/ Receive Signaling All Ones Event (RSA1).
0 = interrupt masked
1 =interrupt enabled
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12. COMMON CONTROL AND STATUSREGISTERS
Register Name: CCR1
Register Description: Common Control Register 1
Register Address: 70H
Bit # 7 6 5 4 3 2 1 0
Name - CRCAR SIE ODM DICAI TCSS1 TCSS0 RLOSF
Default 0 0 0 0 0 0 0 0

Bit 0/ Function of the RLOSLOTC Output (RLOSF).
0 = Receive Loss of Sync (RLOS)
1=Lossof Transmit Clock (LOTC)

Bit 1/ Transmit Clock Source Select bit 0 (TCSS0).

Bit 2/ Transmit Clock Source Select bit 1 (TCSSL).

TCSS1 TCSSO Transmit Clock Source
0 0 The TCLK pin isalwaysthe sour ce of Transmit Clock.
0 1 Switch to the clock present at RCLK when thesignal at the TCLK pin failsto
transition after 1 channel time.
1 0 Usethe scaled signal present at MCLK asthe Transmit Clock. The TCLK
pinisignored.
1 1 Usethesignal present at RCLK asthe Transmit Clock. The TCLK pinis
ignored.

Bit 3/ Disableldle Code Auto Increment (DICAI) Selects/ de-selects the auto increment feature for the
transmit and receive idle code array address register. See section 18.

0= Addressesin IAAR register automatically increment on every read/write operation to the

PCICR register

1 =addressesin IAAR register do not automatically increment

Bit 4/ Output Data M ode (ODM).
0 = pulses at TPOSO and TNEGO are one full TCLK O period wide
1 =pulsesat TPOSO and TNEGO are 1/2 TCLKO period wide

Bit 5/ Signaling I ntegration Enable (SIE).
0 = signaling changes of state reported on any change in selected channels
1 =signaling must be stable for 3 multiframesin order for a change of state to be reported
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Bit 6/ CRC-4 Recalculate (CRC4R).
0 =transmit CRC-4 generation and insertion operatesin norma mode
1 =transmit CRC-4 generation operates according to G.706 | ntermediate Path Recal cul ation method.

Bit 7/ Unused, must be set to zero for proper operation

Register Name: IDR

Register Description: Device ldentification Register

Register Address: OFH

Bit # 7 6 5 4 3 2 1 0
Name ID7 ID6 ID5 ID4 ID3 ID2 ID1 1DO
Default 1 0 1 1 0 0 0 0

Bits0to 3/ Chip Revision Bits (ID0to 1D3). Thelower four bits of the IDR are used to display the die
revision of the chip. IDO isthe LSB of adecimal code that represents the chip revision.

Bits4to 7/ Device| D (ID4to I D7). The upper four bits of the IDR are used to display the DS2155 ID
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13. 1/O PIN CONFIGURATION OPTIONS
Register Name: IOCR1
Register Description: I/0 Configuration Register 1
Register Address: 01H
Bit # 7 6 5 4 3 2 1 0
Name RSMS RSMS2 RSMS1 RSO TSDW TSM TSIO ODF
Default 0 0 0 0 0 0 0 0

Bit 0/ Output Data Format (ODF).
0 = hipolar dataat TPOSO and TNEGO
1=NRZ dataat TPOSO; TNEGO =0

Bit 1/ TSYNC I/O Select (TSIO).
0=TSYNC isaninput
1=TSYNC isan output

Bit 2/ TSYNC Mode Sdlect (TSM). Sdlects frame or multiframe mode for the TSYNC pin. Seethetimingin
Section 35

0 =frame mode

1 = multiframe mode

Bit 3/ TSYNC Double-Wide (TSDW). (note: this bit must be set to zero when 10OCR1.2 =1 or when
IOCR1.1=0)

0 = do not pulse double-wide in signaling frames

1 = do pulse double-widein signaling frames

Bit 4/ RSYNC I/O Select (RSIO). (note: this bit must be set to zero when ESCR.0 = 0)
0=RSYNC isan output
1=RSYNCisaninput (only valid if elastic store enabled)

Bit 5/ RSYNC Mode Select 1(RSM S1). Selects frame or multiframe pulse when RSYNC pinisin output
mode. Ininput mode (elastic store must be enabled) multiframe mode is only useful when receive signaling
re-insertion is enabled. Seethetimingin Section35

0 =frame mode

1 = multiframe mode
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Bit 6/ RSYNC Mode Select 2(RSM S2).
T1: RSYNC pin must be programmed in the output frame mode (IOCR1.5=0, IOCR1.4 =0).
0 =do not pulse double wide in signaling frames
1 =do pulse double wide in signaling frames
E1: RSYNC pin must be programmed in the output multiframe mode
(IOCR1.5=1, 10CR1.4=0).
0=RSYNC outputs CAS multiframe boundaries
1 =RSYNC outputs CRC4 multiframe boundaries

Bit 7/ RSYNC Multiframe Skip Control (RSM S). Useful in framing format conversions from D4 to ESF.
Thisfunction is not available when the receive side elastic store isenabled. RSYNC must be set to output
multiframe pulses (IOCR1.5 = 1 and IOCR1.4 = Q).

0=RSYNC will output a pulse a every multiframe

1=RSYNC will output a pulse at every other multiframe
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Register Name: IOCR2
Register Description: I/0 Configuration Register 2
Register Address: 02H
Bit # 7 6 5 4 3 2 1 0
Name RCLKINV | TCLKINV | RSYNCINV TSYNCINV | TSSYNCINV [ H100EN | TSCLKM | RSCLKM
Default 0 0 0 0 0 0 0 0

Bit 0/ RSYSCLK Mode Select (RSCLKM).
0=if RSYSCLK is1.544 MHz
1=if RSYSCLK is2.048 MHz or IBO enabled (see Section 29 for details on IBO function)

Bit 1/ TSYSCLK Mode Select (TSCLKM).
0=if TSYSCLK is1.544 MHz
1=if TSYSCLK is2.048/4.096/8.192 MHz or IBO enabled (see Section 29 for detailson 1BO

function)

Bit 2/ H.100 SYNC Mode (H100EN).
0=Normal operation
1=SYNC shift

Bit 3/ TSSYNC Invert (TSSYNCINV).
0= Noinversion

1=Invert

Bit 4/ TSYNC Invert (TSYNCINV).
0= Noinversion

1=Invert

Bit 5/ RSYNC Invert (RSYNCINV).
0= Noinversion

Bit 6/ TCLK Invert (TCLKINV).

1=Invert

0= Noinversion

1=Invert

Bit 7/ RCLK Invert (RCLKINV).
0= Noinversion

1=Invert
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14. LOOPBACK CONFIGURATION
Register Name: LBCR
Register Description: L oopback Control Register
Register Address: 4AH
Bit # 7 6 5 4 3 2 1 0
Name - LIUC LLB RLB PLB FLB
Default 0 0 0 0 0 0 0 0

Bit 0/ Framer Loopback (FLB).

0 = loopback disabled
1 = loopback enabled

Thisloopback is useful in testing and debugging applications. In FLB, the DS2155 will loop datafrom the
transmit side back to the receive side. When FLB is enabled, the following will occur:

1 (T1 mode) an unframed all one’ s code will be transmitted at TPOSO and TNEGO
(E1 mode) normal datawill be transmitted at TPOSO and TNEGO

2. dataat RPOS| and RNEGI will beignored

3. all receive side signalswill take on timing synchronous with TCLK instead of RCLKI.
Please note that it is not acceptable to have RCLK tied to TCLK during thisloopback because this
will cause an unstable condition.

Bit 1/ Payload L oopback (PLB).

0 = loopback disabled
1 = loopback enabled

When PLB is enabled, the following will occur:

1

SNE S U

datawill be transmitted from the TPOSO and TNEGO pins synchronous with RCLK instead of
TCLK

all of thereceive side signalswill continue to operate normally

the TCHCLK and TCHBLK signalsareforced low

dataat the TSER, TDATA, and TSIG pinsisignored

the TLCLK signal will become synchronous with RCLK instead of TCLK.
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T1Mode. Normally, thisloopback is only enabled when ESF framing is being performed but can be enabled
aso in D4 framing applications. In a PLB situation, the DS2155 will loop the 192 bits of pay-load data (with
BPV s corrected) from the receive section back to the transmit section. The FPS framing pattern, CRC6
calculation, and the FDL bits are not looped back, they are reinserted by the DS2155.

E1Mode InaPLB situation, the DS2155 will loop the 248 bits of payload data (with BPV's corrected) from
the receive section back to the transmit section. The transmit section will modify the payload asif it was
input at TSER. The FASword, Si, Saand E bits, and CRC4 are not looped back, they are reinserted by the
DS2155.

Bit 2/ Remote L oopback (RLB). In thisloopback, datainput viathe RPOSI and RNEGI pinswill be
transmitted back to the TPOSO and TNEGO pins. Datawill continue to pass through the receive side framer
of the DS2155 asit would normally and the data from the transmit side formatter will be ignored. Please see
Figure 4-1 DS2155 BLOCK DIAGRAM for more details.

0 = loopback disabled
1 =loopback enabled

Bit 3/ Local Loopback (LLB). Inthisloopback, datawill continue to be transmitted as normal through the
transmit side of the SCT. Data being received at RTIP and RRING will be replaced with the databeing
transmitted. Datain thisloopback will pass through the jitter attenuator. Please see Figure 4-2 for more
details.

0 = loopback disabled
1 =loopback enabled

Bit 4/ LineInterface Unit mux Control (LIUC). Thisisasoftware version of the LIUC pin. When the LIUC
pinis connected high the LIUC bit has control. When the LIUC pin is connected low the framer and L1U are
separated and the L1UC bit has no effect

0 =if LIUC pin connected high, L1U internally connected to framer block and deactivate the TPOSI
/ TNEGI / TCLKI / RPOSI / RNEGI / RCLKI pins.

1=if LIUC pin connected high, disconnect LIU from framer block and activate the TPOSI / TNEGI /
TCLKI /RPOSI / RNEGI / RCLKI pins.

LIUC pin LIUC bit
0 0 LIU & Framer separated
0 1 LIU & Framer separated
1 0 LIU & Framer connected
1 1 LIU & Framer separated

Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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14.1 Per—Channe L oopback

The Per-Channel Loopback Registers (PCLRs) determine which channels (if any) from the backplane should
be replaced with the data from the receive side or in other words, off of the T1 or E1 line. If thisloopback is
enabled, then transmit and receive clocks and frame syncs must be synchronized. One method to
accomplish thiswould beto tie RCLK to TCLK and RFSYNC to TSYNC. There are no restrictions on which

channels can be looped back or on how many channels can be looped back.

Each of the bit position in the Per-Channel Loopback Registers (PCLR1/PCLR2/PCLR3/PCLR4) represent a
DS0 channel in the outgoing frame. When these bits are set to a one, data from the corresponding receive

channel will replace the dataon TSER for that channel.

Register Name: PCLR1
Register Description: Per-Channel L oopback Enable Register 1
Register Address: 4BH
Bit # 7 6 5 4 3 2 1 0
Name CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Per-Channel L oopback Enablefor Channels1to 8 (CH1to CHS8).

0 = Loopback disabled

1 = Enable Loopback. Source data from the corresponding receive channel
Register Name: PCLR2
Register Description: Per-Channel Loopback Enable Register 2
Register Address: 4CH
Bit # 7 6 5 4 3 2 1 0
Name CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
Default 0 0 0 0 0 0 0 0

BitsOto 7/ Per-Channel Loopback Enablefor Channels9to 16 (CH9 to CH16).
0 = Loopback disabled
1 = Enable Loopback. Source data from the corresponding receive channel

PRELIMINARY 031201




PRELIMINARY

DS2155

Register Name: PCLR3
Register Description: Per-Channel L oopback Enable Register 3
Register Address: 4DH
Bit # 7 6 5 4 3 2 1 0
Name CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Per-Channel L oopback Enablefor Channels 17 to 24 (CH17 to CH24).

0 = Loopback disabled

1 = Enable Loopback. Source data from the corresponding receive channel
Register Name: PCLR4
Register Description: Per-Channel L oopback Enable Register 4
Register Address: 4EH
Bit # 7 6 5 4 3 2 1 0
Name CH32 CH31 CH30 CH29 CH28 CH27 CH26 CH25
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Per-Channel L oopback Enablefor Channels25to 32 (CH25to CH32).

0 = Loopback disabled

1 = Enable Loopback. Source data from the corresponding receive channel
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15. ERROR COUNT REGISTERS

The DS2155 contains four counters that are used to accumulate line coding errors, path errors and
synchronization errors. Counter update options include one second boundaries, 42 ms (T1 mode only), 62
ms (E1 mode only) or manually. See Error Counter Configuration Register (ERCNT). When updated
automatically, the user can use the interrupt from the timer to determine when to read these registers. All
four counters will saturate at their respective maximum counts and they will not rollover (note: only the Line
Code Violation Count Register has the potential to over-flow but the bit error would have to exceed 10E-2
before this would occur).
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Register Name: ERCNT
Register Description: Error Counter Configuration Register
Register Address: 41H
Bit # 7 6 5 4 3 2 1 0
Name - MECU ECUS EAMS VCRFS FSBE | MOSCRF LCVCRF
Defaut 0 0 0 0 0 o | o 0

Bit 0/ T1Line CodeViolation Count Register Function Select (LCVCRF).
0 = do not count excessive zeros
1 = count excessive zeros

Bit 1/ Multiframe Out of Sync Count Register Function Select (MOSCRF).
0 = count errorsin the framing bit position
1 = count the number of multiframes out of sync

Bit 2/ PCVCR Fs-Bit Error Report Enable (FSBE).
0 = do not report bit errorsin Fs-bit position; only Ft bit position
1 = report bit errorsin Fs—bit position aswell as Ft bit position

Bit 3/ E1 Line Code Violation Count Register Function Select (VCRFS).
0= count BiPolar Violations (BPVSs)
1 = count Code Violations (CVs)

Bit 4/ Error Accumulation Mode Select (EAMS).
0=ERCNT.5 determines accumulation time
1 =ERCNT.6 determines accumulation time

Bit 5/ Error Counter Update Select (ECUS).
T1mode:
0 = Update error counters once a second
1 = Update error counters every 42 ms (333 frames)
E1 mode:
0 = Update error counters once a second
1 = Update error counters every 62.5 ms (500 frames)

Bit 6/ Manual Error Counter Update (M ECU). When enabled by ERCNT .4, the changing of thisbit from a0
toal alowsthe next clock cycleto load the error counter registers with the latest counts and reset the
counters. The user must wait aminimum of 1.5 RCLK clock periods before reading the error count registers

to allow for proper update.

Bit 7/ Unused, must be set to zero for proper operation
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15.1 LineCodeViolation Count Register (LCVCR)

T1 Operation

T1 Code violations are defined as Bipolar Violations (BPV's) or excessive zeros. |f the B8ZS modeis set for
the receive side, then B8ZS code words are not counted. This counter is always enabled; it isnot disabled
during receive loss of synchronization (RLOS = 1) conditions. ). See Table 15-1 for details of exactly what
the LCVCRs count.

Table15-1 T1LINE CODE VIOLATION COUNTING OPTIONS

COUNT EXCESS VE ZEROS? B8ZSENABLED? WHAT ISCOUNTED
(ERCNT.0) (TIRCR2.5) INTHE LCVCRs
no no BPVs
yes no BPVs+ 16 consecutive zeros
no yes BPV's (B8ZS code words not counted)
yes yes BPV's + 8 consecutive zeros
E1 Operation

Either bipolar violations or code violations can be counted. Bipolar violations are defined as consecutive
marks of the same polarity. In this mode, if the HDB3 modeis set for the receive side, then HDB3 code words
are not counted as BPVs. If ERCNT.3 is set, then the LV C counts code violations asdefined in ITU O.161.
Code violations are defined as consecutive bipolar violations of the same polarity. In most applications, the
framer should be programmed to count BPVswhen receiving AMI code and to count CV'swhen receiving
HDB3 code. This counter increments at all times and is not disabled by loss of sync conditions. The counter
saturates at 65,535 and will not rollover. The bit error rate on an E1 line would have to be greater than 10**
—2 before the VCR would saturate. See Table 15-2.

Table 152 E1 LINE CODE VIOLATION COUNTING OPTIONS

E1CODE VIOLATION SELECT WHAT ISCOUNTED IN THE LCVCRs
(ERCNT.3)
0 BPVs
1 CVs
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Register Name: LCVCR1
Register Description: Line Code Violation Count Register 1
Register Address: 42H
Bit # 7 6 5 4 3 2 1 0
Name LCVC15 | LCVC4 | LCVCI13 | LCVCI2 LCvC11 LCVCI0 | LCVCO LCCV8
Default 0 0 0 0 0 0 0 0

BitsOto 7/ Line Code Violation Counter Bits8to 15 (LCVC8to LCVC15). LCV15isthe MSB of the 16—
bit code violation count

Register Name: LCVCR2

Register Description: Line Code Violation Count Register 2

Register Address: 43H

Bit # 7 6 5 4 3 2 1 0
Name LCvC7 LCVC6 LCVCS LCvC4 LCVC3 | LCve2 LCVCl1 LCvCO
Default 0 0 0 0 0 0 0 0

BitsOto 7/ Line Code Violation Counter BitsOto 7 (LCVCOto LCVC7). LCVOistheLSB of the 16-hit
code violation count
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15.2 Path Code Violation Count Register (PCVCR)

T1 Operation

The Path Code Violation Count Register records either Ft, Fsand CRC6 errorsin T1 frames. When the
receive side of aframer is set to operatein the T1 ESF framing mode, PCV CR will record errorsin the CRC6
code words. When set to operate in the T1 D4 framing mode, PCV CR will count errorsin the Ft framing bit
position. Viathe ERCNT.2 bit, aframer can be programmed to a so report errorsin the Fsframing bit
position. The PCVCR will be disabled during receive loss of synchronization (RLOS = 1) conditions. See
Table 15-3for adetailed description of exactly what errorsthe PCV CR counts.

Table15-3 T1 PATH CODE VIOLATION COUNTING ARRANGEMENTS

FRAMING MODE COUNT FSERRORS? WHAT ISCOUNTED
IN THE PCVCRs
D4 no errorsin the Ft pattern
D4 yes errorsin both the Ft & Fs patterns
ESF don’t care errorsin the CRC6 code words
E1 Operation

The Path Code Violation Count register records CRCA4 errors. Since the maximum CRC4 count in aone
second period is 1000, this counter cannot saturate. The counter is disabled during loss of sync at either the
FAS or CRCA4 level; it will continue to count if loss of multiframe sync occurs at the CAS level.

The Path Code Violation Count Register 1 (PCV CRL1) isthe most significant word and PCV CR2 isthe least
significant word of a 16-bit counter that records path violations (PVs).
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Register Name: PCVCR1
Register Description: Path Code Violation Count Register 1
Register Address: 44H
Bit # 7 6 5 4 3 2 1 0
Name PCVC15 | PCVCi14 | PCVCI3 | PCVCI2 | PCVCI1 [ PCVCIO PCVCO PCVC8
Default 0 0 0 0 0 0 0 0

BitsOto 7/ Path Code Violation Counter Bits8to 15 (PCVC8to PCVC15). PCVC15isthe MSB of the 16—
bit path code violation count

Register Name:
Register Description:
Register Address:

Bit#
Name
Default

PCVCR2
Path Code Violation Count Register 2

45H
7 6 5 4 3 2 1 0
PCVC7 PCVC6 PCVC5 PCVC4 PCVC3 PCVC2 PCVCl1 PCVCO
0 0 0 0 0 0 0 0

BitsOto 7/ Path Code Violation Counter BitsOto 7 (PCVCO0to PCVC7). PCVCOisthe LSB of the 16-hit
path code violation count.
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15.3 FramesOut Of Sync Count Register (FOSCR)

15.3.1 T1Operation

The FOSCR is used to count the number of multiframes that the receive synchronizer is out of sync. This
number is useful in ESF applications needing to measure the parameters L oss Of Frame Count (LOFC) and
ESF Error Events as described in AT& T publication TR54016. When the FOSCR is operated in this mode, it
is not disabled during receive loss of synchronization (RLOS = 1) conditions. The FOSCR has alternate
operating mode whereby it will count either errorsin the Ft framing pattern (in the D4 mode) or errorsin the
FPS framing pattern (in the ESF mode). When the FOSCR is operated in this mode, it is disabled during
receive loss of synchronization (RLOS = 1) conditions. See Table 15-4 for a detailed description of what the
FOSCR is capable of counting.

Table15-4 TLFRAMESOUT OF SYNC COUNTING ARRANGEMENTS

FRAMING MODE COUNT MOSOR F-BIT ERRORS WHAT ISCOUNTED
(TIRCR1.3) (ERCNT.1) IN THE FOSCRs
D4 MOS number of multiframes out of sync
D4 FBit errorsin the Ft pattern
ESF MOS number of multiframes out of sync
ESF FBit errorsin the FPS pattern

15.3.2 E1Operation

The FOSCR countsword errorsin the Frame Alignment Signal in timeslot 0. This counter is disabled when
RLOS ishigh. FAS errorswill not be counted when the framer is searching for FAS alignment and/or
synchronization at either the CAS or CRC4 multiframe level. Since the maximum FASword error count in a
one second period is 4000, this counter cannot saturate.

The Frames Out of Sync Count Register 1 (FOSCRL) isthe most significant word and FOSCR2 is the least
significant word of a 16-bit counter that records frames out of sync.
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Register Name: FOSCR1
Register Description: Frames Out Of Sync Count Register 1
Register Address: 46H
Bit # 7 6 5 4 3 2 1 0
Name FOS15 FOS14 FOS13 FOS12 FOS11 FOS10 FOS9 FOS8
Default 0 0 0 0 0 0 0 0

Bits0to 7/ Frames Out of Sync Counter Bits8to 15 (FOS8to FOS15). FOS15 isthe MSB of the 16-bit

frames out of sync count.

FOSCR2
Frames Out Of Sync Count Register 2

Register Name:
Register Description:

Register Address: 47H

Bit# 7 6 5 4 3 2 1 0
Name FOS7 FOS6 FOS5 FO+A FOS3 FOs2 FOS1 FOO
Default 0 0 0 0 0 0 0 0

Bits0to 7/ Frames Out of Sync Counter Bits0to 7 (FOS0 to FOS7). FOSO isthe LSB of the 16-hit frames
out of sync count.
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15.4 E-Bit Counter (EBCR)

This counter isonly available in the E1 mode. E-hit Count Register 1 (EBCRL) isthe most significant word
and EBCR2 isthe least significant word of a 16-hit counter that records Far End Block Errors (FEBE) as
reported in the first bit of frames 13 and 15 on E1 lines running with CRC4 multiframe. These count registers
will increment once each time the received E—bit is set to zero. Since the maximum E-bit count in aone
second period is 1000, this counter cannot saturate. The counter is disabled during loss of sync at either the
FAS or CRC4 level; it will continue to count if loss of multiframe sync occurs at the CAS level.

EBCR1
E-Bit Count Register 1

Register Name:
Register Description:

Register Address: 48H

Bit # 7 6 5 4 3 2 1 0
Name EB15 EB14 EB13 EB12 EB11 EB10 EB9 EB8
Default 0 0 0 0 0 0 0 0
BitsOto 7/ E-Bit Counter Bits8to 15 (EB8to EB15). EB15 isthe MSB of the 16-hit E-Bit count
Register Name: EBCR2

Register Description: E-Bit Count Register 2

Register Address: 49H

Bit # 7 6 5 4 3 2 1 0
Name EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
Default 0 0 0 0 0 0 0 0
BitsOto 7/ E-Bit Counter BitsOto 7 (EBOto EB7). EBOisthe LSB of the 16-bit E-Bit count
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16. DSOMONITORING FUNCTION

The DS2155 has the ability to monitor one DS0 64kbps channel in the transmit direction and one DSO
channel in the receive direction at the same time. In the transmit direction the user will determine which
channel isto be monitored by properly setting the TCMO to TCM4 bitsin the TDSOSEL register. In the
receive direction, the RCMO0 to RCM4 bitsin the RDSOSEL register need to be properly set. The DSO channel
pointed to by the TCMO to TCM4 bitswill appear in the Transmit DSO Monitor (TDSOM ) register and the
DS0 channel pointed to by the RCMO to RCM4 bitswill appear in the Receive DSO (RDSOM) register. The
TCM4to TCMO and RCM4 to RCMO bits should be programmed with the decimal decode of the appropriate
T1or E1 channel. T1 channels 1 through 24 map to register values 0 through 23. E1 channels 1 through 32
map to register values 0 through 31. For example, if DSO channel 6 in the transmit direction and DSO channel
15 in the receive direction needed to be monitored, then the following values would be programmed into
TDSOSEL and RDSOSEL :

TCM4=0 RCM4=0
TCM3=0 RCM3=1
TCM2=1 RCM2=1
TCM1=0 RCM1=1
TCMO0=1 RCMO0=0
Register Name: TDSOSEL

Register Description:

Transmit Channel Monitor Select

Register Address: 74H

Bit # 7 6 5 4 3 2 1 0
Name - TCM4 TCM3 TCM2 TCM1 TCMO
Default 0 0 0 0 0 0 0 0

BitsOto 4/ Transmit Channd Monitor Bits (TCM0to TCM4). TCMO isthe LSB of a5 hit channel select
that determines which transmit channel datawill appear inthe TDSOM register.

Bits5to 7/ Unused, must be set to zero for proper operation

Register Name:

Register Description:

TDSOM

Transmit DSO M onitor Register

Register Address: 75H

Bit # 7 6 5 4 3 2 1 0
Name B1 B2 B3 B4 B5 B6 B7 B8
Default 0 0 0 0 0 0 0 0

BitsO0to 7/ Transmit DSO Channel Bits(B1to B8). Transmit channel datathat has been selected by the
Transmit Channel Monitor Select Register. B8 isthe LSB of the DS0 channel (last bit to be transmitted).
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Register Name: RDSOSEL
Register Description: Recelve Channd Monitor Select
Register Address: 76H
Bit # 7 6 5 4 3 2 1 0
Name - RCM4 RCM3 RCM2 RCM1 RCMO
Default 0 0 0 0 0 0 0 0

Bits0to 4/ Receive Channd Monitor Bits(RCMO0to RCM4). RCMO0isthe LSB of afive bit channel select
that determines which receive DSO channel datawill appear inthe RDSOM register.

Bits5to 7/ Unused, must be set to zero for proper operation

Register Name:
Register Description:

RDSOM
Receive DSO M onitor Register

Register Address: 77H

Bit # 7 6 5 4 3 2 1 0
Name Bl B2 B3 B4 B5 B6 B7 B8
Default 0 0 0 0 0 0 0 0

Bits0to 7/ Receive DSO Channel Bits (B1to B8). Receive channel datathat has been selected by the
Receive Channel Monitor Select Register. B8 isthe LSB of the DS0 channel (last bit to be received).
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17. S GNALING OPERATION

There are two methods to access receive signaling data and provide transmit signaling data These are
processor based (i.e., software based) or hardware based. Processor based refers to access through the
transmit and receive signaling registers, RS1-RS16 and TS1-TS16. Hardware based refersto the TSIG and
RSIG pins. Both methods may be used simultaneously.

17.1 Receive Signaling

Figure 17-1 SMPLIFIED DIAGRAM OF RECEIVE SGNALING PATH

PER-CHANNEL

CONTROL
T1/E1 DATA STREAM
ALL \‘
Kt RSER
RECEIVE
SIGNALING
REGISTERS RE-INSERTION
CONTROL ¢ RSYNC
SIGNALING 1
DATA
HOST CHANGE OF STATE SIGNALING 1 poig
INTERFACE INDICATION BUFFERS

17.1.1 Processor Based Signaling

Therobbed—bit signaling (T1) or TS16 CASsignaling (E1) is sampled in the receive data stream and copied
into the receive signaling registers, RS1 through RS16. In T1 mode, only RS1 through RS12 are used. The
signaling information in these registersis always updated on multiframe boundaries. Thisfunctionis
always enabled.

17.1.1.1 Change Of State

In order to avoid constantly monitoring of the receive signaling registers the DS2155 can be programmed to
alert the host when any specific channel or channels undergo a change of their signaling state. RSCSE1
through RSCSE4 for E1 and RSCSEL1 through RSCSE3 for T1 are used to select which channels can cause a
change of state indication. The change of stateisindicated in Status Register 5 (SR1.5). If signaling
integration, CCR1.5, is enabled then the new signaling state must be constant for 3 multiframes before a
change of stateindication isindicated. The user can enable the INT pin to toggle low upon detection of a
change in signaling by setting the IMR1.5 bit. The signaling integration modeis global and cannot be
enabled on a channel by channel basis.
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The user can identity which channels have undergone a signaling change of state by reading the RSINFO1
through RSINFO4 registers. The information from this registers will tell the user which RSx register to read
for the new signaling data. All changes are indicated in the RSINFO1 — RSINFO4 register regardless of the
RSCSE1 — RSCSEA4 registers.

17.1.2 Hardware Based Receive Signaling

In hardware based signaling the signaling data is can be obtained from the RSER pin or the RSIG pin. RSIG
isasignaling PCM stream output on a channel by channel basis from the signaling buffer. The signaling
data, T1 robbed bit or E1 TS16, is till present in the original data stream at RSER. The signaling buffer
provides signaling datato the RSIG pin and also allows signaling data to be re-inserted into the original data
stream in adifferent alignment that is determined by a multiframe signal from the RSYNC pin. In thismode,
the receive elastic store may be enabled or disabled. If the receive elastic store is enabled, then the
backplane clock (RSY SCLK) can be either 1.544 MHz or 2.048 MHz. In the ESF framing mode, the ABCD
signaling bits are output on RSIG in the lower nibble of each channel. The RSIG datais updated once a
multiframe (3 ms) unless afreezeisin effect. In the D4 framing mode, the AB signaling bits are output twice
on RSIG in the lower nibble of each channel. Hence, bits 5 and 6 contain the same data as bits 7 and 8
respectively in each channel. The RSIG datais updated once a multiframe (1.5 ms) unless afreezeisin effect.
See the timing diagrams in Section 35 for some examples.

17.1.2.1 Receive Signaling Re-insertion at RSER

In this mode, the user will provide amultiframe sync at the RSY NC pin and the signaling datawill be re-
inserted based on thisalignment. In T1 mode, thisresultsin two copies of the signaling datain the RSER
datastream. Theoriginal signaling data based on the FS/ESF frame positions and the re-aligned data based
on the user supplied multiframe sync applied at RSYNC. In voice channelsthis extracopy of signaling data
isof little consequence. Re-insertion can be avoided in data channels since thisfeature is activated on a
per-channel basis. For re-insertion, the elastic store must be enabled, however, the backplane clock can be
either 1.544 MHz or 2.048 MHz.

Signaling re-insertion mode is enabled, on a per-channel basis by setting the RSRCS bit high in the PCPR
register. The channelswhich are to have signaling re-inserted are selected by writing to the PCDR1-PCDR3
registersfor T1 mode and PCDR1-PCDRA4 registers for E1 mode. In E1 mode the user will generally select all
channelswhen doing re-insertion.

17.1.2.2 Force Receive Signaling All Ones

In T1 mode, the user can, on a per-channel basis, force the robbed bit signaling bit positionsto aone. This
is done by using the Per-Channel Register describe in section7. The user setsthe BTCS bit in the PCPR
register. The channelswhich areto be forced to one are selected by writing to the PCDR1-PCDR3 registers.
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17.1.2.3 Receive Signaling Freeze

The signaling datain the four multiframe signaling buffer will be frozen in aknown good state upon either a
loss of synchronization (OOF event), carrier loss, or frame slip. This action meets the regquirements of
BellCore TR-TSY-000170 for signaling freezing. To allow this freeze action to occur, the RFE control bit
(SIGCR.4) should be set high. The user can force afreeze by setting the RFF control bit (SIGCR.3) high. The
RSIGF output pin provides a hardware indication that afreeze isin effect. The four multiframe buffer
provides athree multiframe delay in the signaling bits provided at the RSIG pin (and at the RSER pin if
Receive Signaling Re-insertion is enabled). When freezing is enabled (RFE = 1), the signaling datawill be
held in the last known good state until the corrupting error condition subsides. When the error condition
subsides, the signaling datawill be held in the old state for at least an additional 9 ms (or 4.5 msin D4
framing mode) before being allowed to be updated with new signaling data.
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Register Name: SGCR
Register Description: Signaling Control Register
Register Address: 40H
Bit # 7 6 5 4 3 1 0
Name - RFE RFF - -
Default 0 0 0 0 0 0 0

Bit 0/ Unused, must be set to zero for proper operation

Bit 1/ Unused, must be set to zero for proper operation

Bit 2/ Unused, must be set to zero for proper operation

Bit 3/ Receive Force Freeze (RFF). Freezesreceive sidesignaing at RSIG (and RSER if Receive Signaling
Re-insertion is enabled); will override Receive Freeze Enable (RFE). See Section 17.1.2.3 for details.

0 = do not force afreeze event
1 =force afreeze event

Bit 4/ Receive Freeze Enable (RFE). See Section 17.1.2.3for details.

0 = no freezing of receive signaling datawill occur

1 =allow freezing of receive signaling data at RSIG (and RSER if Receive Signaling Re-insertion is

enabled).

Bit 5/ Unused, must be set to zero for proper operation

Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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Register Name: RS1to RS16
Register Description: Receive Signaling Registers
Register Address: 60H to 6FH

(MSB) (LSB)
CH2-A CH2-B CH2-C CH2-D CHIL-A CH1B CH1-C CH1-D RS1
CH4-A CH4-B CH4-C CH4-D CH3-A CH3-B CH3-C CH3-D RS2
CHG6-A CH6-B CH6-C CH6-D CH5-A CH5B CH5-C CH5-D RS3
CH8-A CH8-B CH8-C CH8-D CH7-A CH7-B CH7-C CH7-D R4
CH10-A CH10-B CH10-C CH10D | CH9-A CH9-B CH9-C CH9-D RS5
CH12-A CH12-B CH12-C CH12-D [ CH11-A CH11-B CH11-C | CH11-D RS6
CH14-A CH14-B CH14-C CH14-D [ CH13A CH13B CH13-C [ CH13D RS7
CH16-A CH16B CH16-C CH16D [ CHI5A CH15B CH15C [ CH15D RS8
CH18-A CH18B CH18-C CH18D [ CH17-A CH17-B CH17-C | CH17-D RS9
CH20-A CH20-B CH20-C CH20-D [ CH19-A CH19-B CH19-C [ CH19-D RS10
CH22-A CH22-B CH22-C CH22-D | CH21-A CH21-B CH21-C | CH21-D RS11
CH24-A CH24-B CH24-C CH24-D : CH23-A CH23-B CH23-C : CH23D RS12
CH26-A CH26-B CH26-C CH26-D : CH25A CH25-B CH25C i CH25D RS13
CH28-A CH28-B CH28-C CH28-D | CH27-A CH27-B CH27-C i CH27-D RS14
CH30-A CH30-B CH30-C CH30-D : CH29-A CH29-B CH29-C : CH29-D RS15
CH32-A CH32-B CH32-C CH32-D : CH31-A CH31-B CH31-C { CH31-D RS16

In the ESF framing mode, there can be up to four signaling bits per channel (A, B, C, and D). Inthe D4
framing mode, there are only two signaling bits per channel (A and B). In the D4 framing mode, the framer
will replace the C and D signaling bit positions with the A and B signaling bits from the previous multiframe.
Hence, whether the framer is operated in either framing mode, the user needs only to retrieve the signaling
bits every 3 ms. The Receive Signaling Registers are frozen and not updated during aloss of sync condition

(SR2.0=1). They will contain the most recent signaling information before the “OOF” occurred.
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Register Name:

Register Description:

Register Address:

RSCSE1, RSCSE2, RSCSE3, RSCSE4

RECEIVE SGNALING CHANGE OF STATE INTERRUPT ENABLE
3CH, 3DH, 3EH, 3FH

(MSB) (LSB)
CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1 RSCSE1
CH16 CH15 CH14 CH13 CH12 CH11 CHI10 CH9 RSCSE2
CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17 RSCSE3
CH30 CH29 CH28 CH27 CH26 CH25 RSCSE4

Setting any of the CH1 through CH30 bitsin the RSCSEL through RSCSE4 registers will cause an interrupt
when that channel’ s signaling data changes state.

Register Name:

Register Description:

Register Address:

RSINFO1, RSINFO2, RSINFO3, RSINFO4

RECEIVE SGNALING CHANGE OF STATE INFORMATION
38H, 39H, 3AH, 3BH

(MSB) (LSB)
CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1 RSINFO1
CH16 CH15 CH14 CH13 CH12 CH11 CHI10 CH9 RSINFO2
CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17 RSINFO3
CH30 CH29 CH28 CH27 CH26 CH25 RSINFO4

When achannel’ s signaling data changes state, the respective bit in registers RSINFO1-4 will be set. If the
channel was also enabled as an interrupt source by setting the appropriate bit in RSCSE1-4 aninterrupt is

generated. The bit will remain set until read.
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17.2 Transmit Signaling
Figure 17-2 SMPLIFIED DIAGRAM OF TRANSMIT SSIGNALING PATH
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———ONLY APPLIES TO T1 MODE

17.2.1 Processor Based

In Processor Based mode, signaling datais|oaded into the Transmit Signaling registers (TS1 —TS16) viathe
host interface. On multiframe boundaries, the contents of these registersisloaded into a shift register for
placement in the appropriate bit position in the outgoing data stream. The user can utilize the Transmit
Multiframe Interrupt in Status Register 4 (SR4.4) to know when to update the signaling bits. The user need
not update any transmit signaling register for which there is no change of state for that register.

Each Transmit Signaling Register contains the Robbed Bit signaling (T1) or TS16 CASsignaling (E1) for two
timeslots that will be inserted into the outgoing stream if enabled to do so viaT1TCR1.4 (T1 Mode) or
EITCR1.6 (E1 Mode). In T1 mode, only TS1 through TS12 are used.

Signaling data can be sourced from the TS registers on a per-channel basis by utilizing the Software
Signaling Insertion Enable registers, SSIE1 through SSIE4.
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17.2.1.1 T1Mode

In T1 ESF framing mode, there are four signaling bits per channel (A, B, C, and D). TS1 —TS12 contain afull
multiframe of signaling data. In T1 D4 framing mode, there are only two signaling bits per channel (A and
B). In T1 D4 framing mode, the framer usesthe C and D bit positions asthe A and B bit positions for the
next multiframe. 1n D4 mode, two multiframes of signaling data can be loaded into TS1-TS12.

The framer will load the contents of TS1 — TS12 into the outgoing shift register every other D4 multiframe.
In D4 mode the host should load new contentsinto TS1 — TS12 on every other multiframe boundary and no
later than 120us after the boundary.
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17.2.1.2 E1Mode

In E1 mode, TS16 carriesthe signaling information. Thisinformation can be in either CCS (Common Channel
Signaling) or CAS (Channel Associated Signaling) format. The 32 time slots are referenced by two different
channel number schemesin E1. In*“Channel” numbering, TS0 through TS31 are labeled channels 1 through
32. In“Phone Channel” numbering TS1 through TS15 are labeled channel 1 through channel 15 and TS17
through TS31 are labeled channel 15 through channel 30.

Table17-1 TIME SLOT NUMBERING SCHEMES

TS 0]1112(3|14(5]|6]|7(8]9]10{11|12(13|14|15(16]17|18[19|20(21|22|23(24]25|26(27|28(29|30|31

Channd |1]12]3|4]|5|6]|7]|8]|9]|10({11]|12|13|14|15[16|17|18[19(20|21(22(23|24|25(26(27(28[29(30(31(32

Phone 1(2|13(4]|5|6(7]8(9(10]11(12|13|14|15 16(17)18(19|20|21(22|23|24(25|26(27|28|29(30
Channel
Register Name: TS1TO TS16
Register Description: TRANSMIT SSGNALING REGISTERS (E1 MODE, CASFORMAT)
Register Address: 50H TO 5FH

(M SB) (LSB)

0 0 0 0 X Y X X TS1
CH2-A CH2-B CH2-C CH2-D CHL-A CH1-B CH1-C CH1-D T2
CH4-A CH4-B CH4-C CH4-D CH3-A CH3B CH3-C CH3-D T3
CH6-A CH6-B CH6-C CH6-D CH5-A CH5B CH5-C CH5-D ™
CH8-A CH8-B CH8-C CH8-D CH7-A CH7-B CH7-C CH7-D TS5
CH10-A CH10-B CH10-C CH10D | CH9-A CH9-B CH9-C CH9-D TS6
CH12-A CH12-B CH12-C CH12-D | CH11-A CH11-B CH11-C | CH11-D TS/
CH14-A CH14-B CH14-C CH14-D | CH13-A CH13-B CH13-C | CH13-D TS8
CH16-A CH16-B CH16-C CH16-D | CH15A CH15-B CH15-C | CH15D TS9
CH18-A CH18B CH18-C CH18D [ CH17-A CH17-B CH17-C | CH17-D TS10
CH20-A CH20-B CH20-C CH20-D [ CH19-A CH19-B CH19-C [ CH19D TS11
CH22-A CH22-B CH22-C CH22-D | CH21-A CH21-B CH21-C | CH21-D TS12
CH24-A CH24-B CH24-C CH24-D | CH23-A CH23-B CH23-C | CH23-D TS13
CH26-A CH26-B CH26-C CH26-D | CH25-A CH25B CH25-C | CH25D TS14
CH28-A CH28-B CH28-C CH28-D | CH27-A CH27-B CH27-C | CH27-D TS15
CH30-A CH30-B CH30-C CH30-D | CH29-A CH29-B CH29-C | CH29-D TS16
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Register Name:

Register Description:

TS1TO TS16

TRANSMIT SGNALING REGISTERS (E1 MODE, CCSFORMAT)

Register Address: 50H TO 5FH
(M SB) (LSB)
1 2 3 4 5 6 7 8 TS1
17 18 19 20 9 10 11 12 T2
33 A 35 36 25 26 27 28 T3
49 50 51 52 11 12 43 44 ™
65 66 67 68 57 58 59 60 TS5
81 82 83 84 73 74 75 76 TS6
97 93 9 100 89 0 91 R TS7
113 114 115 116 105 106 107 108 T8
13 14 15 16 121 122 123 124 T9
29 30 31 32 21 2 23 24 TS10
45 46 47 48 37 33 39 40 TS11
61 62 63 64 53 4 55 56 TS12
78 89 80 69 70 71 72 TS13
93 A 95 9% 85 86 87 88 TS14
109 110 111 112 101 102 103 104 TS15
125 126 127 128 117 118 119 120 TS16
Register Name: TS1TOTS16
Register Description: TRANSMIT SSGNALING REGISTERS (T1 MODE, ESF FORMAT)
Register Address: 50H TO 5FH
(MSB) (LSB)
CH2-A CH2-B CH2-C CH2-D CH1-A CH1-B CH1-C CH1-D TS1
CH4-A CH4-B CH4-C CH4-D CH3-A CH3-B CH3-C CH3-D T2
CH6-A CH6-B CH6-C CH6-D CH5-A CH5B CH5-C CH5-D T3
CH8-A CH8-B CH8-C CH8-D CHT7-A CH7-B CH7-C CH7-D T
CH10-A CH10B CH10-C CH10D | CH9-A CH9-B CH9-C CH9-D TS5
CH12-A CH12-B CH12-C CH12-D | CH11-A CH11-B CH11-C [CH11D |TS6
CH14-A CH14-B CH14-C CH14-D | CH13A CH13B CH13-C [ CH13D | TS/
CH16-A CH16-B CH16-C CH16-D [ CH15A CH15B CHI5C |[CHI5D | TS8
CH18-A CH18B CH18-C CH18D [ CH17-A CH17-B CH17-C [ CH17-D | TS9
CH20-A CH20-B CH20-C CH20D | CH19-A CH19-B CH19-C | CH19D | TS10
CH22-A CH22-B CH22-C CH22-D | CH21-A CH21-B CH21-C | CH21-D | TSi1
CH24-A CH24-B CH24-C CH24-D | CH23-A CH23-B CH23-C | CH23D | TS12
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Register Name:

Register Description:

TS1TO TS16

TRANSMIT SGNALING REGISTERS (T1 MODE, D4 FORMAT)

Register Address: 50H TO 5FH

(M SB) (LSB)
CH2-A CH2-B CH2-A CH2-B CH1-A CH1-B CH1-A CH1-B
CH4-A CH4-B CH4-A CH4-B CH3-A CH3-B CH3-A CH3-B
CHG6-A CH6-B CH6-A CH6-B CH5-A CH5B CH5-A CH5-B
CH8-A CH8-B CHB8-A CH8-B CH7-A CH7-B CH7-A CH7-B
CH10-A CH10-B CH10-A | CH10-B | CH9-A CH9-B CH9-A CH9-B
CH12-A CH12-B CH12-A | CH12-B | CH1l-A CH11-B CH11-A | CH11-B
CH14-A CH14-B CH14-A | CH14-B | CH13-A CH13-B CH13-A | CH13-B
CH16-A CH16-B CH16-A | CH16-B | CH15A CH15-B CH15-A | CH15-B
CH18-A CH18-B CH18-A | CH18B | CH17-A CH17-B CH17-A | CH17-B
CH20-A CH20-B CH20-A | CH20-B | CH19-A CH19-B CH19-A | CH19-B
CH22-A CH22-B CH22-A | CH22-B | CH21-A CH21-B CH21-A | CH21-B
CH24-A CH24-B CH24-A | CH24-B | CH23-A CH23-B CH23-A | CH23-B

TS1
TS2
TS3
T
TS5
TS6
TS7
TS8
TSO
TSI10
TS11
TS12

Note: In D4 format, TS1-TS12 contain signaling datafor two frames. Bold type indicates data for second

frame.

Register Name:

Register Description:

Register Address:

Bit#
Name
Default

SSE1

Softwar e Signaling I nsertion Enable 1

08H
7 6 5 4 3 2 1 0
CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1
0 0 0 0 0 0 0 0

BitsOto 7/ Software Signaling I nsertion Enable for Channels1to 8 (SSIE1). These bits determine which
channels are to have signaling inserted form the Transmit Signaling registers.

0 = do not source signaling datafrom the TS registers for this channel

1 = source signaling data from the TS registers for this channel

Register Name:
Register Description:

SSIE2
Softwar e Signaling I nsertion Enable 2

Register Address: 09H

Bit # 7 6 5 4 3 2 1 0
Name CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
Default 0 0 0 0 0 0 0 0

BitsOto 7/ Softwar e Signaling I nsertion Enable for Channels9to 16 (SSIE2). These bits determine which
channels are to have signaling inserted form the Transmit Signaling registers.

0 = do not source signaling datafrom the TS registers for this channel

1 = source signaling data from the TS registers for this channel
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Register Name: SSE3
Register Description: Softwar e Signaling I nsertion Enable 3
Register Address: OAH
Bit # 7 6 5 4 3 2 1 0
Name CH24 CHZ23 CH22 CH21 CH20 CHI19 CH18 CH17
Default 0 0 0 0 0 0 0 0

BitsOto 7/ Softwar e Signaling I nsertion Enablefor Channels17 to 24 (SSIE3). These bits determine
which channels are to have signaling inserted form the Transmit Signaling registers.

0 = do not source signaling datafrom the TS registers for this channel

1 = source signaling data from the TS registers for this channel

Register Name:
Register Description:

SSIE4
Softwar e Signaling Insertion Enable 4

Register Address: OBH

Bit # 7 6 5 4 3 2 1 0
Name CH32 CH31 CH30 CH29 CH28 CH27 CH26 CH25
Default 0 0 0 0 0 0 0 0

Bits0to 7/ Softwar e Signaling I nsertion Enable for Channels 25t0 32 (SSIE4). These bits determine
which channels are to have signaling inserted form the Transmit Signaling registers.

0 = do not source signaling datafrom the TS registers for this channel

1 = source signaling data from the TS registers for this channel

17.2.2 HardwareBased

In Hardware Based mode, signaling dataisinput viathe TSIG pin. Thissignaling PCM stream is buffered
and inserted to the data stream being input at the TSER pin.

Signaling data may be input on a per-channel basis viathe Transmit Hardware Signaling Channel Select
(THSCS) function. The framer can be set up to take the signaling data presented at the TSIG pin and insert
the signaling datainto the PCM data stream that is being input at the TSER pin. The user has the ability to
control which channels are to have signaling data from the TSIG pin inserted into them on a per-channel
basis. See Section 7 for details on using this per-channel (THSCS) feature. Thesignaling insertion
capabilities of the framer are avail able whether the transmit side el astic store is enabled or disabled. If the
elagtic storeis enabled, the backplane clock (TSY SCLK) can be either 1.544 MHz or 2.048 MHz.
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18. PER-CHANNEL IDLE CODE GENERATION

Channel data can be replaced by an idle code on a per-channel basisin the transmit and receive directions.
When operated in the T1 mode, only the first 24 channel are used by the DS2155, the remaining channels,
CH25 - CH32 are not used.

The DS2155 contains a 64-byte Idle Code Array accessed by the Idle Array Address Register (IAAR) and
the Per-Channel Idle Code Register (PCICR). The contents of the array contain the idle codesto be
substituted into the appropriate transmit or receive channels. This substitution can be enabled and disabled
on aper-channel basis by the Transmit Channel Idle Code Enable registers (TCICE1-4) and Receive Channel
Idle Code Enable registers (RCICE1-4).

To program idle codes, first select achannel by writing to the IAARregister. Then writethe idle code to the
PCICRregister. For successive writesthereisno need to load the IAAR with the next consecutive address.
The |AAR register will automatically increment after awrite to the PCICR register. The auto increment
feature can be used for read operations as well.

Bits6 and 7 (GTIC, GRIC) of the IAAR register can be used to block write acommon idle codeto all transmit
or receive positionsin the array with asingle writeto the PCICR register. The user may use the block write
feature to set acommon idle code for all transmit and receive channelsin the lAAR by setting both GTIC
and GRIC = 1. When ablock write is enabled by GTIC or GRIC, the value placed in the PCICR register will be
written to all addresses in the transmit or receiveidle array and to whatever addressisin the lower 6 bits of
the lAAR register. Therefore, when enabling only one of the block functions, GTIC or GRIC, the user must
set the lower 6 bits of the IAAR register to any addressin that block. Bits 6 and 7 of the IAAR register must
be set = 0 for read operations.

The Transmit Channel 1dle Code Enable registers (TCICE1-4) and Receive Channel |dle Code Enable
registers (RCICE1-4) are used to enable idle code replacement on a per channel basis.

Table 18-1IDLE CODE ARRAY ADDRESSMAPPING

Bits0—5 of IAARregister Mapsto Channel
0 Transmit Channel 1
1 Transmit Channel 2
2 Transmit Channel 3
30 Transmit Channel 31
31 Transmit Channel 32
32 Receive Channel 1
33 Receive Channel 2
34 Receive Channel 3
62 Receive Channel 31
63 Receive Channel 32
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18.1 Idle CodeProgramming Examples

The following example sets transmit channel 3 idle codeto 7Eh.
Write|AAR = 02h ;select channel 3in thearray
Write PCICR =7Eh ;set idle codeto 7Eh

The following exampl e sets transmit channels 3, 4, 5 and 6 idle code to 7Eh and enables transmission of idle
codes for those channels.

Write|AAR = 02h ;select channel 3in thearray
Write PCICR =7Eh ;set channel 3idlecodeto 7Eh
Write PCICR =7Eh ;set channd 4 idlecodeto 7Eh
Write PCICR =7Eh ;set channel 5idle codeto 7Eh
Write PCICR =7Eh ;set channel 6idle codeto 7Eh

Write TCICE1=3Ch ;enabletransmission of idle codesfor channels3,4,5and 6

The following example sets transmit channels 3, 4, 5 and 6 idle code to 7Eh, EEh, FFh and 7Eh respectively.
Write|lAAR = 02h

Write PCICR =7Eh

Write PCICR =EEh

Write PCICR =FFh

Write PCICR =7Eh

Thefollowing example sets al transmit idle codes to 7Eh.
Write|AAR = 40h
Write PCICR =7Eh

The following example sets all receive and transmit idle codesto 7Eh and enablesidle code substitution in

all E1 transmit and receive channels.

Write|AAR = COh ;enableblock writeto all transmit and receive positionsin thearray

Write PCICR =7Eh ;7Ehisidle code

Write TCICE1=FEh ;enableidle code substitution for transmit channels 2 through 8
;Although an idle code was programmed for channel 1 by the block write
;function above, enabling it for channe 1 would step on the frame ;alignment,
alarms, and Sa bits

Write TCICE2=FFh ;enableidle code substitution for transmit channels 9 through 16

Write TCICE3=FEh ;enableidle code substitution for transmit channels 18 through 24
;Although an idle code was programmed for channel 17 by the block write
;function above, enabling it for channel 17 would step on the CASframe
;alignment, and signaling information

Write TCICE4=FFh ;enableidle code substitution for transmit channels 25 through 32

WriteRCICE1=FEh ;enableidle code substitution for receive channels 2 through 8

Write RCICE2 =FFh ;enableidle code substitution for receive channels9through 16

Write RCICE3=FEh ;enableidle code substitution for receive channels 18 through 24

Write RCICE4 =FFh ;enableidle code substitution for receive channels 25 through 32
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Register Name: IAAR
Register Description: Idle Array Address Register
Register Address: TEH
Bit # 7 6 5 4 3 2 1 0
Name GRIC GTIC IAA5S IAA4 IAA3 IAA2 IAA1 IAAQ
Default 0 0 0 0 0 0 0 0

BitsO0to 5/ Channel Pointer AddressBits (IAAO0toIAAS). IAAOisthe LSB of the 5-bit Channel Code

Bit 6/ Global Transmit Idle Code (GTIC). Setting this bit will cause all transmit idle codes to be set to the
value written to the PCICR register. When using this bit, the user must place any transmit addressin the
IAAOQ through IAAS5 bits (00h — 1Fh). Thisbit must be set = 0 for read operations.

Bit 7/ Global Receiveldle Code (GRIC). Setting thisbit will cause all receiveidle codesto be set to the
value written to the PCICR register. When using this bit, the user must place any receive addressin the
IAAOQ through IAAS bits (20h — 3Fh). Thisbit must be set = O for read operations.

PCICR
Per—Channel |dle Code Register

Register Name:
Register Description:

Register Address: 7FH

Bit # 7 6 5 4 3 2 1 0
Name C7 C6 C5 A4 C3 C2 Cl C0
Default 0 0 0 0 0 0 0 0

Bits0to 7/ Per-Channd Idle Code Bits (COto C7). CO isthe LSB of the Code (this bit is transmitted last)
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The Transmit Channel I1dle Code Enable Registers (TCICEL/2/3/4) are used to determine which of the24 T1
or 32 E1 channels from the backplane to the T1 or E1 line should be overwritten with the code placed in the

Per-Channel Code array.

TCICEL
Transmit Channel Idle Code Enable Register 1

Register Name:
Register Description:

Register Address: 80H
Bit # 7 6 5 4 3 2 1 0
Name CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Transmit Channels1to 8 Code Insertion Control Bits(CH1to CH8)

0 = do not insert data from the Idle Code Array into the transmit data stream

1 =insert datafrom the Idle Code Array into the transmit data stream
Register Name: TCICE2
Register Description: Transmit Channel Idle Code Enable Register 2
Register Address: 81H
Bit # 7 6 5 4 3 2 1 0
Name CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Transmit Channels 9 to 16 Code I nsertion Control Bits (CH9to CH16)

0 = do not insert data from the Idle Code Array into the transmit data stream

1 =insert datafrom the Idle Code Array into the transmit data stream
PRELIMINARY 031201 11




PRELIMINARY

DS2155

Register Name: TCICE3
Register Description: Transmit Channel Idle Code Enable Register 3
Register Address: 82H
Bit # 7 6 5 4 3 2 1 0
Name CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Transmit Channels 17 to 24 Code I nsertion Control Bits (CH17 to CH24)

0 = do not insert data from the Idle Code Array into the transmit data stream

1 =insert datafrom the Idle Code Array into the transmit data stream
Register Name: TCICE4
Register Description: Transmit Channel Idle Code Enable Register 4
Register Address: 83H
Bit # 7 6 5 4 3 2 1 0
Name CH32 CH31 CH30 CH29 CH28 CH27 CH26 CH25
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Transmit Channels 25to 32 Code I nsertion Control Bits (CH25to CH32)

0 = do not insert data from the Idle Code Array into the transmit data stream

1 =insert datafrom the Idle Code Array into the transmit data stream
PRELIMINARY 031201 112




PRELIMINARY

DS2155

The Receive Channel Idle Code Enable Registers (RCICEL/2/3/4) are used to determine which of the 24 T1 or
32 E1 channels from the backplane to the T1 or E1 line should be overwritten with the code placed in the Per-

Channel Code array.

RCICE1
Recelve Channd |dle Code Enable Register 1

Register Name:
Register Description:

Register Address: 84H
Bit # 7 6 5 4 3 2 1 0
Name CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Receive Channels 1 to 8 Code Insertion Control Bits (CH1to CH8)

0 = do not insert data from the Idle Code Array into the receive data stream

1 =insert datafrom the Idle Code Array into the receive data stream
Register Name: RCICE2
Register Description: Receive Channel I dle Code Enable Register 2
Register Address: 85H
Bit # 7 6 5 4 3 2 1 0
Name CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Receive Channels 9to 16 Code I nsertion Control Bits (CH9to CH16)

0 = do not insert data from the Idle Code Array into the receive data stream

1 =insert datafrom the Idle Code Array into the receive data stream
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Register Name: RCICE3
Register Description: Receive Channel Idle Code Enable Register 3
Register Address: 86H
Bit # 7 6 5 4 3 2 1 0
Name CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Receive Channels 17 to 24 Code I nsertion Control Bits (CH17 to CH24)

0 = do not insert data from the Idle Code Array into the receive data stream

1 =insert datafrom the Idle Code Array into the receive data stream
Register Name: RCICE4
Register Description: Receive Channel Idle Code Enable Register 4
Register Address: 87H
Bit # 7 6 5 4 3 2 1 0
Name CH32 CH31 CH30 CH29 CH28 CH27 CH26 CH25
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Receive Channels 25to 32 Code I nsertion Control Bits (CH25to CH32)

0 = do not insert data from the Idle Code Array into the receive data stream

1 =insert datafrom the Idle Code Array into the receive data stream
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19. CHANNEL BLOCKING REGISTERS

The Receive Channel blocking Registers (RCBR1/ RCBR2/ RCBR3/ RCBR4) and the Transmit Channel
Blocking Registers (TCBR1/ TCBR2/ TCBR3/ TCBR4) control the RCHBLK and TCHBLK pins
respectively. The RCHBLK and TCHBLK pins are user programmable outputs that can be forced high or low
during individual channels. These outputs can be used to block clocksto aUSART or LAPD controller in
ISDN-PRI applications. When the appropriate bits are set to aone, the RCHBLK and TCHBLK pin will be
held high during the entire corresponding channel time. Channels 25 through 32 are ignored when the
DS2155 is operated in the T1 mode.

Also, the DS2155 caninternally generate and output a bursty clock on a per-channel basis (N x 64Kbps/
56K bps). See section 32 for details on Fractional T1/E1 support.

RCBR1
Receive Channel Blocking Register 1

Register Name:
Register Description:

Register Address: 88H
Bit # 7 6 5 4 3 2 1 0
Name CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Receive Channels 1to 8 Channel Blocking Control Bits (CH1—CHS8).

0 =forcethe RCHBLK pinto remain low during this channel time

1 =forcethe RCHBLK pin high during this channel time
Register Name: RCBR2
Register Description: Receive Channel Blocking Register 2
Register Address: 89H
Bit # 7 6 5 4 3 2 1 0
Name CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Receive Channels 9 to 16 Channel Blocking Control Bits (CH9—CH16).

0= forcethe RCHBLK pin to remain low during this channel time

1 =forcethe RCHBLK pin high during this channel time
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Register Name: RCBR3
Register Description: Receive Channel Blocking Register 3
Register Address: 8AH
Bit # 7 6 5 4 3 2 1 0
Name CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Receive Channels 17 to 24 Channel Blocking Control Bits (CH17 — CH24).

0= forcethe RCHBLK pin to remain low during this channel time

1 =forcethe RCHBLK pin high during this channel time
Register Name: RCBR4
Register Description: Receive Channel Blocking Register 4
Register Address: 8BH
Bit # 7 6 5 4 3 2 1 0
Name CH32 CH31 CH30 CH29 CH28 CH27 CH26 CH25
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Receive Channels 25 to 32 Channel Blocking Control Bits (CH25 - CH32).

0 =forcethe RCHBLK pinto remain low during this channel time

1 =forcethe RCHBLK pin high during this channel time
Register Name: TCBR1
Register Description: Transmit Channel Blocking Register 1
Register Address: 8CH
Bit # 7 6 5 4 3 2 1 0
Name CH8 CH7 CH6 CH5 CH4 CH3 CH2 CH1
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Transmit Channels 1 to 8 Channel Blocking Control Bits(CH1 - CHS8).

0= forcethe TCHBLK pin to remain low during this channel time

1 ="forcethe TCHBLK pin high during this channel time
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Register Name: TCBR2
Register Description: Transmit Channel Blocking Register 2
Register Address: 8DH
Bit # 7 6 5 4 3 2 1 0
Name CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Transmit Channels 9 to 16 Channel Blocking Control Bits (CH9 — CH16).

0= forcethe TCHBLK pin to remain low during this channel time

1 =forcethe TCHBLK pin high during this channel time
Register Name: TCBR3
Register Description: Transmit Channel Blocking Register 3
Register Address: 8EH
Bit # 7 6 5 4 3 2 1 0
Name CH24 CH23 CH22 CH21 CH20 CH19 CH18 CH17
Default 0 0 0 0 0 0 0 0
Bits0to 7/ Transmit Channels 17 to 24 Channel Blocking Control Bits (CH17 —CH24).

0 =forcethe TCHBLK pinto remain low during this channel time

1 =forcethe TCHBLK pin high during this channel time
Register Name: TCBR4
Register Description: Transmit Channel Blocking Register 4
Register Address: 8FH
Bit # 7 6 5 4 3 2 1 0
Name CH32 CH31 CH30 CH29 CH28 CH27 CH26 CH25
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Transmit Channels 25 to 32 Channel Blocking Control Bits (CH25 - CH32).

0= forcethe TCHBLK pin to remain low during this channel time

1 ="forcethe TCHBLK pin high during this channel time
PRELIMINARY 031201 117




PRELIMINARY
DS2155

20. ELASTIC STORESOPERATION

The DS2155 contains dual two—frame elastic stores, one for the receive direction, and one for the transmit
direction. Both elastic stores are fully independent. The transmit and receive side el astic stores can be
enabled / disabled independent of each other. Also, each elastic store can interfaceto either a1.544MHz or
2.048/4.096/8.192/16.384 M Hz backplane without regard to the backplane rate the other elastic storeis
interfacing to.

The elastic stores have two main purposes. First, they can be used for rate conversion. When the DS2155is
in the T1 mode, the elastic stores can rate convert the T1 data stream to a 2.048MHz backplane. In E1 mode
the elastic store can rate convert the E1 data stream to a 1.544MHz backplane. Secondly, they can be used
to absorb the differencesin frequency and phase between the T1 or E1 data stream and an asynchronous
(i.e., not locked) backplane clock (which can be 1.544MHz or 2.048MHz). In this mode, the elastic stores will
manage the rate difference and perform controlled slips, deleting or repeating frames of datain order to
manage the difference between the network and the backplane.

The elastic stores can a so be used to multiplex T1 or E1 data streamsinto higher backplanerates. Thisis
the Interleave Bus Option (IBO) which is discussed in Section 29.
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Register Name: ESCR
Register Description: Elastic Store Control Register
Register Address: 4FH
Bit # 7 6 5 4 3 2 1 0
Name TESALGN TESR TESMDM | TESE | RESALGN RESR | RESMDM RESE
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive Elagtic Store Enable (RESE).
0 = elastic store is bypassed
1= elastic storeis enabled

Bit 1/ Receive Elagtic Store Minimum Delay M ode (RESM DM ). See Section 20.4 for details.
0 = elastic stores operate at full two frame depth
1 = elastic stores operate at 32—bit depth

Bit 2/ Receive Elastic Store Reset (RESR). Setting this bit from a zero to aone forces the read and write
pointers into opposite frames, maximizing the delay through the receive elastic store. Should be toggled
after RSY SCLK has been applied and is stable. See section 20.3 for details. Do not leave this bit set HIGH.

Bit 3/ Receive Elastic Store Align (RESAL GN). Setting this bit from azero to aonewill force the receive
elastic store’ swrite/read pointers to aminimum separation of half aframe. No action will be taken if the
pointer separation is aready greater or equal to half aframe. If pointer separation islessthan half aframe,
the command will be executed and the datawill be disrupted. Should be toggled after RSY SCLK has been
applied and is stable. Must be cleared and set again for a subsequent align. See section 20.3 for details.

Bit 4/ Transmit Elastic Store Enable (TESE).
0 = elastic store is bypassed
1= elastic storeis enabled

Bit 5/ Transmit Elastic Store Minimum Delay M ode (TESM DM). See Section 20.4 for details.
0 = elastic stores operate at full two frame depth
1 = elastic stores operate at 32—bit depth

Bit 6/ Transmit Elastic Store Reset (TESR). Setting this bit from a zero to a one forces the read and write
pointersinto opposite frames, maximizing the delay through the transmit elastic store. Transmit dataislost
during thereset. Should be toggled after TSY SCLK has been applied and is stable. See section 20.3 for
details. Do not leave thisbit set HIGH.

Bit 7/ Transmit Elastic Store Align (TESAL GN). Setting this bit from a zero to aone will force the transmit
elastic store’ swrite/read pointers to a minimum separation of half aframe. No action will be taken if the
pointer separation is aready greater or equal to half aframe. If pointer separation islessthan half aframe,
the command will be executed and the datawill be disrupted. Should be toggled after TSY SCLK has been
applied and is stable. Must be cleared and set again for a subsequent align. See section 20.3 for details.
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Register Name: SR5
Register Description: Status Register 5
Register Address: 1EH
Bit # 7 6 5 4 3 2 1 0
Name - - TESF TESEM TSLIP RESF RESEM RSLIP
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive Elastic Store Slip Occurrence Event (RSLIP). Set when the receive elastic store has either
repeated or deleted aframe.

Bit 1/ Receive Elagtic Store Empty Event (RESEM). Set when the receive elastic store buffer emptiesand a
frameisrepeated.

Bit 2/ Receive Elastic Store Full Event (RESF). Set when the receive elastic store buffer fillsand aframeis
deleted.

Bit 3/ Transmit Elastic Store Slip Occurrence Event (TSLIP). Set when the transmit elastic store has
either repeated or deleted aframe.

Bit 4/ Transmit Elastic Store Empty Event (TESEM). Set when the transmit el astic store buffer empties and
aframeisrepeated.

Bit 5/ Transmit Elastic Store Full Event (TESF). Set when the transmit elastic store buffer fills and aframe
is deleted.
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Register Name: IMR5
Register Description: Interrupt Mask Register 5
Register Address: 1FH
Bit # 7 6 5 4 3 2 1 0
Name - - TESF TESEM TSLIP RESF RESEM RSLIP
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive Elastic Store Slip Occurrence Event (RSLIP).
0 = interrupt masked
1 =interrupt enabled

Bit 1/ Receive Elagtic Store Empty Event (RESEM).
0 = interrupt masked
1 =interrupt enabled

Bit 2/ Receive Elagtic Store Full Event (RESF).
0 = interrupt masked
1 =interrupt enabled

Bit 3/ Transmit Elastic Store Slip Occurrence Event (TSLIP).
0 = interrupt masked
1 =interrupt enabled

Bit 4/ Transmit Elastic Store Empty Event (TESEM).
0 = interrupt masked
1 =interrupt enabled

Bit 5/ Transmit Elastic Store Full Event (TESF).
0 = interrupt masked
1 =interrupt enabled
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20.1 ReceiveSide
See the IOCR1 and IOCR2 registers for information on clock and I/O configurations.

If the receive side elastic storeis enabled, then the user must provide either a 1.544MHz or 2.048MHz clock
at the RSY SCLK pin. For higher rate system clock applications, see the Interleave Bus Option section. The
user has the option of either providing aframe/multiframe sync at the RSYNC pin or having the RSYNC pin
provide a pulse on frame/multiframe boundaries. If Signaling Reinsertion is enabled, signaling datain TS16
isre-aligned to the multiframe sync input on RSYNC. Otherwise, amultiframe sync input on RSYNC is
treated as a simple frame boundary by the elastic store. The framer will always indicate frame boundaries on
the network side of the elastic store viathe RFSY NC output whether the elastic store is enabled or not.
Multiframe boundaries will always beindicated viathe RMSY NC output. If the elastic storeis enabled, then
RMSY NC will output the multiframe boundary on the backplane side of the elastic store.

20.1.1 T1Mode

If the user selectsto apply a2.048 MHz clock to the RSY SCLK pin, then the data output at RSER will be
forced to al ones every fourth channel and the F—bit will be passed into the MSB of TS0. Hence channels
1(bits 1-7), 5, 9, 13, 17, 21, 25, and 29 (timed ots O(bits 1-7), 4, 8, 12, 16, 20, 24, and 28) will be forced to aone.
Also, in 2.048 MHz applications, the RCHBLK output will be forced high during the same channels as the
RSER pin. Thisisuseful in T1 to E1 conversion applications. If the two-frame elastic buffer either fills or
empties, acontrolled slip will occur. If the buffer empties, then afull frame of datawill be repeated at RSER
and the SR5.0 and SR5.1 bitswill be set to aone. If the buffer fills, then afull frame of datawill be deleted
and the SR5.0 and SR5.2 bitswill be set to aone.

20.1.2 El1Mode

If the elastic storeis enabled, then either CAS or CRC4 multiframe boundaries will beindicated viathe
RMSY NC output. If the user selectsto apply a 1.544 MHz clock to the RSY SCLK pin, then every fourth
channel of the received E1 datawill be deleted and a Fhit position (which will be forced to one) will be
inserted. Hence Channels 1, 5, 9, 13, 17, 21, 25, and 29 (timeslots 0, 4, 8, 12, 16, 20, 24, and 28) will be deleted
from the received E1 data stream. Also, in 1.544 MHz applications, the RCHBLK output will not be activein
Channels 25 through 32 (or in other words, RCBR4 is hot active). If the two-frame elastic buffer either fillsor
empties, acontrolled slip will occur. If the buffer empties, then afull frame of datawill be repeated at RSER
and the SR5.0 and SR5.1 bitswill be set to aone. If the buffer fills, then afull frame of datawill be deleted
and the SR5.0 and SR5.2 bitswill be set to aone.

20.2 Transmit Side
See the IOCR1 and IOCR2 registers for information on clock and 1/0 configurations.

The operation of the transmit elastic storeisvery similar to the receive side. If the transmit side elastic store
isenabled a1.544 MHz or 2.048MHz clock can be applied to the TSY SCLK input. For higher rate system
clock applications, see the Interleave Bus Option section. Controlled slipsin the transmit elastic store are
reported in the SR5.3 bit and the direction of the slip is reported in the SR5.4 and SR5.5 bits.
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20.21 T1Mode

If the user selectsto apply a2.048 MHz clock to the TSY SCLK pin, then the datainput at TSER will be
ignored every fourth channel. Hence channels 1, 5, 9, 13, 17, 21, 25, and 29 (timeslots 0, 4, 8, 12, 16, 20, 24,
and 28) will beignored. The user can supply frame or multiframe sync pulse to the TSSYNC input. Also, in
2.048 MHz applications, the TCHBLK output will be forced high during the channelsignored by the framer.

20.2.2 El1Mode

A 1.544 MHz or 2.048MHz clock can be applied to the TSY SCLK input. The user must supply aframe sync
pulse or amultiframe sync pulseto the TSSYNC input.

20.3 Elastic StoresInitialization

There aretwo elastic store initializations that may be used to improve performance in certain applications,
Elastic Store Reset and Elastic Store Align. Both of these involve the manipulation of the elastic store’s
read and write pointers and are useful primarily in synchronous applications (RSY SCLK / TSY SCLK are
locked to RCLK / TCLK respectively). Seetable below for details.

Table 20-1 ELASTIC STORE DELAY AFTER INITIALIZATION

Initialization Register. Bit | Delay

Receive Elastic Store Reset ESCR.2 8 Clocks< Delay < 1 Frame
Transmit Elastic Store Reset ESCR.6 1 Frame < Delay < 2 Frames
Receive Elastic Store Align ESCR.3 Y2 Frame< Ddlay < 1Y% Frames
Transmit Elastic Store Align ESCR.7 2 Frame< Ddlay < 1Y% Frames

20.4 Minimum Dday Mode

Elastic store minimum delay mode may be used when the elastic store’ s system clock islocked to its network
clock (i.e., RCLK locked to RSY SCLK for the receive side and TCLK locked to TSY SCLK for the transmit
side). ESCR.5 and ESCR.1 enabl e the transmit and receive elastic store minimum delay modes. When
enabled the elastic storeswill be forced to a maximum depth of 32 bitsinstead of the normal two-frame

depth. Thisfeatureisuseful primarily in applications that interface to a2.048MHz bus. Certain restrictions
apply when minimum delay modeisused. In addition to the restriction mentioned above, RSYNC must be
configured as an output when the receive elastic storeisin minimum delay mode and TSYNC must be
configured as an output when transmit minimum delay mode is enabled. In atypical application RSY SCLK
and TSYSCLK arelocked to RCLK, and RSY NC (frame output mode) is connected to TSSYNC (frame input
mode). All of the slip contention logic in the framer is disabled (since slips cannot occur). On power—up after
the RSY SCLK and TSY SCLK signals have locked to their respective network clock signals, the elastic store
reset bits (ESCR.2 and ESCR.6) should be toggled from a zero to aone to insure proper operation.
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21. G.706 Intermediate CRC-4 Updating (E1 M ode Only)

The DS2155 can implement the G.706 CRC-4 recal culation at intermediate path points. When thismodeis
enabled, the data stream presented at TSER will already have the FAS/NFAS, CRC multiframe alignment
word and CRC-4 checksum in timeslot 0. The user can modify the Sa bit positions and this change in data
content will be used to modify the CRC-4 checksum. This modification however will not corrupt any error
information the original CRC-4 checksum may contain. In this mode of operation, TSYNC must be
configured to multiframe mode. The dataat TSER must be aligned tothe TSYNC signal. If TSYNCisan
input then the user must assert TSYNC aligned at the beginning of the multiframerelativeto TSER. If
TSYNC isan output, the user must multiframe align the data presented to TSER.

Figure 21-1 CRC-4 RECALCULATE METHOD

TPOSO/TNEGO | INSERT EXTRACT
<«—— | NEW CRC-4 [¢—| OLD CRC-4 |¢ >
CODE CODE
N
——TSER
+ «—| CRC4 «— XOR MODIFY
CALCULATOR < Sa BIT <
POSITIONS

NEW SaBIT
DATA
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22. T1BIT ORIENTED CODE (BOC) CONTROLLER

The DS2155 contains aBOC generator on the transmit side and a BOC detector on the receive side. The
BOC function isavailable only in T1 mode.

22.1 Transmit BOC

Bits 0 through 5 in the TFDL register contain the BOC message to be transmitted. Setting BOCC.0=1
causes the transmit BOC controller to immediately begin inserting the BOC sequenceinto the FDL bit
position. Thetransmit BOC controller automatically provides the abort sequence. BOC messages will be
transmitted aslong asBOCC.0 is set.

22.1.1 TransmitaBOC

1) Write 6-bit codeinto the TFDL register.
2) SetSBOChitinBOCC=1.

22.2 Receive BOC

Thereceive BOC function is enabled by setting BOCC.4=1. The RFDL register will now operate asthe
receive BOC message and information register. The lower six bits of the RFDL register (BOC message bits)
are preset to all ones. When the BOC bits change state, the BOC change of state indicator, SR8.0 will alert
the host. The host will then read the RFDL register to get the BOC status and message. A change of state
will occur when either anew BOC code has been present for time determined by the Receive BOC Filter bits
RBFO and RBF1 in the BOCC register, or anon-valid codeis being received.
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Register Name: BOCC
Register Description: BOC Control Register
Register Address: 37H
Bit # 7 6 5 4 3 2 1 0
Name - - - RBOCE RBR RBF1 RBFO SBOC
Default 0 0 0 0 0 0 0 0

Bit 0/ Send BOC (SBOC). Set = 1 to transmit the BOC code placed in bits 0 to 5 of the TFDL register.

Bits1to 2/ Receive BOC Filter bits (RBFO, RBF1). The BOC filter setsthe number of consecutive
patterns that must be received without error prior to an indication of avalid message.

RBF1 RBFO Consecutive BOC codesfor valid sequenceidentification
0 0 None
0 1 3
1 0 5
1 1 7

Bit 3/ Receive BOC Reset (RBR). A 0to 1 transition will reset the BOC circuitry. Must be cleared and set
again for a subsequent reset.

Bit 4/ Receive BOC Enable (RBOCE). Enablesthereceive BOC function. The RFDL register will report the
received BOC code and two information bitswhen thisbit is set.

0 = Receive BOC function disabled

1 = Receive BOC function enabled. The RFDL register will report BOC messages and information
Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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RFDL register bit usagewhen BOCC.4=1
Register Name: RFDL
Register Description: Recelve FDL Register
Register Address: COH
Bit # 7 6 5 4 3 2 1 0
Name - - RBOC5 RBOCA RBOC3 RBOC2 RBOC1 RBOCO
Default 0 0 0 0 0 0 0 0

Bit 0/ BOC Bit 0 (RBOCO).
Bit 1/ BOC Bit 1 (RBOC1).
Bit 2 / BOC Bit 2 (RBOC2).
Bit 3/ BOC Bit 3 (RBOC3).
Bit 4/ BOC Bit 4 (RBOC4).
Bit 5/ BOC Bit 5 (RBOC5).
Bit 6/ Thisbit position isunused when BOCC.4=1.

Bit 7/ Thisbit position isunused when BOCC.4=1.
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Register Name: SR8
Register Description: Status Register 8
Register Address: 24H
Bit # 7 6 5 4 3 2 1 0
Name - - - RFDLAD | RFDLF | TFDLE RMTCH RBOC
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive BOC Detector Change of State Event (RBOC). Set whenever the BOC detector seesa
change of state from a BOC Detected to aNo Valid Code seen or vice versa. The setting of this bit prompts
the user to read the RFDL register for details.

Bit 1/ Receive FDL Match Event (RMTCH). Set whenever the contents of the RFDL register matches
RFDLM1or RFDLM2

Bit 2/ TFDL Register Empty Event(TFDLE). Set when the transmit FDL buffer (TFDL) empties.
Bit 3/ RFDL Register Full Event (RFDLF). Set when the receive FDL buffer (RFDL) fillsto capacity.

Bit 4/ RFDL Abort Detect Event (RFDLAD). Set when 8 consecutive ones are received on the FDL
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Register Name: IMRS8
Register Description: Interrupt Mask Register 8
Register Address: 25H
Bit # 7 6 5 4 3 2 1 0
Name - - - RFDLAD | RFDLF TFDLE RMTCH RBOC
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive BOC Detector Change of State Event (RBOC).
0 = interrupt masked
1 =interrupt enabled

Bit 1/ Receive FDL Match Event (RMTCH).
0 = interrupt masked
1 =interrupt enabled

Bit 2/ TFDL Register Empty Event (TFDLE).
0 = interrupt masked
1 =interrupt enabled

Bit 3/ RFDL Register Full Event (RFDLF).
0 = interrupt masked
1 =interrupt enabled

Bit 4/ RFDL Abort Detect Event (RFDLAD).
0 = interrupt masked
1 =interrupt enabled
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22.2.1.1 ReceiveaBOC

Set Integration time viaBOCC.1 and BOCC.2
Enable the receive BOC function (BOCC.4=1)
Enableinterrupt (IMR8.0 = 1)
Wait for interrupt to occur
Read the RFDL register
If SR2.7 = 1, theavalid BOC message was received.
The lower six bits of the RFDL register is the message
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23. ADDITIONAL (Sa) AND INTERNATIONAL (S) BIT OPERATION (ELONLY)

The DS2155, when operated in the E1 mode, provides for access to both the Saand the Si bitsviathree
different methods. Thefirst isviaahardware scheme using the RLINK/RLCLK and TLINK/ TLCLK pins.
Thefirst method is discussed in Section 23.1. The second involves using the internal RAFRNAF and
TAFTNAF registers and is discussed in Section 23.2 The third method which is covered in Section 23.3
involves an expanded version of the second method.

23.1 Hardware Scheme (Method 1)

Onthereceive side, all of the received datais reported at the RLINK pin. Using the ELIRCR2 register the
user can control the RLCLK pin to pulse during any combination of Sabits. This allowsthe user to create a
clock that can be used to capture the needed Sa bits. If RSYNC is programmed to output aframe boundary,
it will identify the Si bits.

On the transmit side, theindividual Sabits can be either sourced from theinternal TNAF register (see
Section 23.2 for details) or externally from the TLINK pin. Using the ELTCR2 register the framer can be
programmed to source any combination of the Sabitsfrom the TLINK pin. Si bits can be sampled through
the TSER pinif by setting EATCR1.4=0.

23.2 Internal Register Scheme Based On Double—Frame (Method 2)

Onthereceive side, the RAF and RNAF registerswill always report the data asit received in the Saand Si
bit locations. The RAF and RNAF registers are updated on align frame boundaries. The setting of the
Receive Align Frame bit in Status Register 4 (SR4.0) will indicate that the contents of the RAF and RNAF
have been updated. The host can use the SR4.0 bit to know when to read the RAF and RNAF registers. The
host has 250 usto retrieve the data before it islost.

On the transmit side, datais sampled from the TAFand TNAF registers with the setting of the Transmit
Align Frame hit in Status Register 4 (SR4.3). The host can use the SR4.3 bit to know when to update the
TAF and TNAF registers. It has 250 usto update the data or else the old datawill be retransmitted. If the
TAF an TNAF registersareonly being used to sourcethe align frame and non-align frame sync patterns
then the host need only write onceto theseregisters. Datainthe Si bit position will be overwritten if either
the framer is programmed: (1) to source the Si bits from the TSER pin, (2) in the CRC4 mode, or (3) have
automatic E-bit insertion enabled. Datain the Sabit position will be overwritten if any of the ELITCR2.3 to
E1TCR2.7 bits are set to one.
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Register Name: RAF
Register Description: Receive Align Frame Register
Register Address: C6H
Bit # 7 6 5 4 3 2 1 0
Name S 0 0 1 1 0 1 1
Default 0 0 0 0 0 0 0 0

Bit 0/ Frame Alignment Signal Bit (1).
Bit 1/ Frame Alignment Signal Bit (1).
Bit 2/ Frame Alignment Signal Bit (0).
Bit 3/ Frame Alignment Signal Bit (1).
Bit 4/ Frame Alignment Signal Bit (1).
Bit 5/ Frame Alignment Signal Bit (0).
Bit 6/ Frame Alignment Signal Bit (0).

Bit 7/ International Bit (Si).

PRELIMINARY 031201 132



PRELIMINARY

DS2155
Register Name: RNAF
Register Description: Receive Non-Align Frame Register
Register Address: C7H
Bit # 7 6 5 4 3 2 1 0
Name S 1 A Sad Sab Sab Sar Sa8
Default 0 0 0 0 0 0 0 0

Bit 0/ Additional Bit 8 (Sa8).

Bit 1/ Additional Bit 7 (Sa7).

Bit 2/ Additional Bit 6 (Sa6).

Bit 3/ Additional Bit 5 (Sa5).

Bit 4/ Additional Bit 4 (Sa4).

Bit 5/ Remote Alarm (A).

Bit 6/ Frame Non—-Alignment Signal Bit (1).

Bit 7/ International Bit (Si).
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Register Name: TAF
Register Description: Transmit Align Frame Register
Register Address: DOH
Bit # 7 6 5 4 3 2 1 0
Name S 0 0 1 1 0 1 1
Default 0 0 0 1 1 0 1 1

Bit 0/ Frame Alignment Signal Bit (1).
Bit 1/ Frame Alignment Signal Bit (1).
Bit 2/ Frame Alignment Signal Bit (0).
Bit 3/ Frame Alignment Signal Bit (1).
Bit 4/ Frame Alignment Signal Bit (1).
Bit 5/ Frame Alignment Signal Bit (0).
Bit 6/ Frame Alignment Signal Bit (0).

Bit 7 International Bit (Si).
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Register Name: TNAF
Register Description: Transmit Non-Align Frame Register
Register Address: D1H
Bit # 7 6 5 4 3 2 1 0
Name S 1 A Sad Sab Sab Sar Sa8
Default 0 1 0 0 0 0 0 0

Bit 0/ Additional Bit 8 (Sa8).

Bit 1/ Additional Bit 7 (Sa7).

Bit 2/ Additional Bit 6 (Sas).

Bit 3/ Additional Bit 5 (Sa5).

Bit 4/ Additional Bit 4 (Sad).

Bit 5/ Remote Alarm (used to transmit the alarm (A).

Bit 6/ Frame Non—-Alignment Signal Bit (1).

Bit 7/ International Bit (Si).
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23.3 Internal Register SchemeBased On CRC4 Multiframe

Onthereceiveside, thereisaset of eight registers (RSIAF, RSINAF, RRA, RSa4to RSad) that report the Si
and Sabits asthey are received. These registers are updated with the setting of the Receive CRC4
Multiframe bit in Status Register 2 (SR4.1). The host can use the SR4.1 bit to know when to read these
registers. The user has 2 msto retrieve the data beforeit islost. The M SB of each register isthe first
received. Please see the register descriptions below for more details.

On the transmit side, thereis also a set of eight registers (TSIAF, TSINAF, TRA, TSa4to TSa8) that viathe
Transmit SaBit Control Register (TSaCR), can be programmed to insert both Si and Sadata. Datais sampled
from these registers with the setting of the Transmit Multiframe bit in Status Register 2 (SR4.4). The host can
use the SR4.4 bit to know when to update these registers. It has 2 msto update the data or else the old data
will be retransmitted. The MSB of each register isthefirst bit transmitted. Please see the register
descriptions below.

Register Name: RSIAF
Register Description: Received Si bitsof the Align Frame
Register Address: C8H

Bit #

7

Name

SFO

SF6

SF10

SF14

Default

0

Bit 0/ Si Bit of Frame 14(SiF14).
Bit 1/ Si Bit of Frame 12(SiF12).

Bit 2/ Si Bit of Frame 10(SiF10).

Bit 3/ Si Bit of Frame 8(SiF8).

Bit 4/ Si Bit of Frame 6(SiF6).

Bit 5/ Si Bit of Frame 4(SiF4).

Bit 6/ Si Bit of Frame 2(SiF2).

Bit 7/ Si Bit of Frame O(SiFO0).
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Register Name: RSINAF
Register Description: Received Si bits of the Non Align Frame
Register Address: C9H
Bit # 7 6 5 4 3 2 1 0
Name SF1 SF3 SF5 SF7 SF9 SF11 SF13 SF15
Default 0 0 0 0 0 0 0 0
Bit 0/ Si Bit of Frame 15(SiF15).
Bit 1/ Si Bit of Frame 13(SiF13).
Bit 2/ Si Bit of Frame 11(SiF11).
Bit 3/ Si Bit of Frame 9(SiF9).
Bit 4/ Si Bit of Frame 7(SIF7).
Bit 5/ Si Bit of Frame 5(SiF5).
Bit 6/ Si Bit of Frame 3(SiF3).
Bit 7/ Si Bit of Frame 1(SiF1).
Register Name: RRA
Register Description: Received Remote Alarm
Register Address: CAH
Bit # 7 6 5 4 3 2 1 0
Name RRAF1 RRAF3 RRAF5 RRAF7 RRAF9 | RRAF11 | RRAF13 | RRAF15
Default 0 0 0 0 0 0 0 0
Bit 0/ Remote Alar m Bit of Frame 15(RRAF15).
Bit 1/ Remote Alarm Bit of Frame 13(RRAF13).
Bit 2/ Remote Alarm Bit of Frame 11(RRAF11).
Bit 3/ Remote Alarm Bit of Frame 9(RRAF9).
Bit 4/ Remote Alarm Bit of Frame 7(RRAF7).
Bit 5/ Remote Alarm Bit of Frame 5(RRAF5).
Bit 6/ Remote Alarm Bit of Frame 3(RRAF3).
Bit 7/ Remote Alarm Bit of Frame 1(RRAFL).
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RSa4
Received Sa4 Bits
CBH

Register Name:
Register Description:
Register Address:

Bit#
Name
Default

7

6

5

4

2

1

0

RSa4F1

RSa4F3

RSa4F5

RSa4F7

RSa4F9

RSa4F11

RSa4F13

RSa4F15

0

0

Bit 0/ Sa4 Bit of Frame 15(RSa4F15).
Bit 1/ Sa4 Bit of Frame 13(RSa4F13).
Bit 2/ Sa4 Bit of Frame 11(RSa4F11).
Bit 3/ Sa4 Bit of Frame 9(RSa4F9).
Bit 4/ Sa4 Bit of Frame 7(RSa4F7).
Bit 5/ Sa4 Bit of Frame 5(RSa4F5).
Bit 6/ Sa4 Bit of Frame 3(RSa4F3).
Bit 7/ Sa4 Bit of Frame 1(RSa4F1).
Register Name:

Register Description:
Register Address:

RSa5
Received Sab Bits
CCH

Bit#
Name
Default

7

6

5

4

2

1

0

RSe5F1

RSe5F3

RSa5F5

RSa5F7

RSa5F9

RSe5F11

RSa5F13

RSa5F15

0

0

Bit 0/ Sa5 Bit of Frame 15(RSa5F15).
Bit 1/ Sa5 Bit of Frame 13(RSa5F13).
Bit 2/ Sa5 Bit of Frame 11(RSa5F11).
Bit 3/ Sa5 Bit of Frame 9(RSa5F9).
Bit 4/ Sa5 Bit of Frame 7(RSa5F7).
Bit 5/ Sa5 Bit of Frame 5(RSa5F5).
Bit 6/ Sa5 Bit of Frame 3(RSa5F3).

Bit 7/ Sa5 Bit of Frame 1(RSa5F1).
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RSa6
Received Sab Bits
CDH

Register Name:
Register Description:
Register Address:

Bit#
Name
Default

7

6

5

4

2

1

0

RSa6F1

RSa6F3

RSa6F5

RSa6F7

RSa6F9

RSa6F11

RSa6F13

RSa6F15

0

0

Bit 0/ Sa6 Bit of Frame 15(RSa6F15).
Bit 1/ Sa6 Bit of Frame 13(RSa6F13).
Bit 2/ Sa6 Bit of Frame 11(RSa6F11).
Bit 3/ Sab Bit of Frame 9(RSa6F9).
Bit 4/ Sa6 Bit of Frame 7(RSa6F7).
Bit 5/ Sab Bit of Frame 5(RSa6F5).
Bit 6/ Sab Bit of Frame 3(RSa6F3).
Bit 7/ Sa6 Bit of Frame 1(RSa6F1).
Register Name:

Register Description:
Register Address:

RSa7
Received Sa7 Bits
CEH

Bit#
Name
Default

7

6

5

4

3

2

1

0

RSa7F1

RSa7F3

RSa7F5

RSarF7

RSa7F9

RSa7F11

RSa7F13

RSa7F15

0

0

0

0

0

Bit 0/ Sa7 Bit of Frame 15(RSa7F15).
Bit 1/ Sa7 Bit of Frame 13(RSa7F13).
Bit 2/ Sa7 Bit of Frame 11(RSa7F11).
Bit 3/ Sa7 Bit of Frame 9(RSa7F9).
Bit 4/ Sa7 Bit of Frame 7(RSa7F7).
Bit 5/ Sa7 Bit of Frame 5(RSa7F5).
Bit 6/ Sa7 Bit of Frame 3(RSa7F3).

Bit 7/ Sa7 Bit of Frame 1(RSa4F1).
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Register Name:

Register Description:

Register Address:

Bit#
Name
Default

7

RSa8

Received Sa8 Bits

CFH

6

5

3

2

1

0

RSa8F1

RSa8F3

RSa8F5

RSa8F7

RSa8F9

RSa8F11

RSa8F13

RSa8F15

0

0 0 0 0 0

Bit 0/ Sa8 Bit of Frame 15(RSa8F15).

Bit 1/ Sa8 Bit of Frame 13(RSa8F13).

Bit 2/ Sa8 Bit of Frame 11(RSa8F11).

Bit 3/ Sa8 Bit of Frame 9(RSa8F9).

Bit 4/ Sa8 Bit of Frame 7(RSa8F7).

Bit 5/ Sa8 Bit of Frame 5(RSa8F5).

Bit 6/ Sa8 Bit of Frame 3(RSa8F3).

Bit 7/ Sa8 Bit of Frame 1(RSa8F1).

Register Name:

Register Description:

Register Address:

Bit#
Name
Default

7

TSIAF
Transmit Si bitsof the Align Frame
D2H

6

5

4

3

2

TsiFO

TsiF2

TsiF4

TsiF6

TsiF8

TsiF10

TsiF12

TsiF14

0

0 0 0 0 0

Bit 0/ Si Bit of Frame 14(TsiF14).

Bit 1/ Si Bit of Frame 12(TsiF12).

Bit 2/ Si Bit of Frame 10(TsiF10).

Bit 3/ Si Bit of Frame 8(TsiF8).

Bit 4/ Si Bit of Frame 6(TsiF6).

Bit 5/ Si Bit of Frame 4(TsiF4).

Bit 6/ Si Bit of Frame 2(TsiF2).

Bit 7/ Si Bit of Frame O(TsiFO).
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Register Name: TSINAF
Register Description: Transmit Si bitsof theNon Align Frame
Register Address: D3H
Bit # 7 6 5 4 3 2 1 0
Name TsiF1 TsF3 TsF5 TsF7 TsF9 TsF11 TsF13 TSIF15
Default 0 0 0 0 0 0 0 0
Bit 0/ Si Bit of Frame 15(T SiF15).
Bit 1/ Si Bit of Frame 13(TsiF13).
Bit 2/ Si Bit of Frame 11(TsiF11).
Bit 3/ Si Bit of Frame 9(TsiF9).
Bit 4/ Si Bit of Frame 7(TsiF7).
Bit 5/ Si Bit of Frame 5(TsiF5).
Bit 6/ Si Bit of Frame 3(TsiF3).
Bit 7/ Si Bit of Frame 1(TsiF1).
Register Name: TRA
Register Description: Transmit Remote Alarm
Register Address: D4H
Bit # 7 6 5 4 3 2 1 0
Name TRAF1 TRAR3 TRAF5 TRAF7 TRAF9 | TRAF11 | TRAF13 | TRAFI15
Default 0 0 0 0 0 0 0 0
Bit 0/ Remote Alar m Bit of Frame 15(TRAF15).
Bit 1/ Remote Alarm Bit of Frame 13(TRAF13).
Bit 2/ Remote Alarm Bit of Frame 11(TRAF11).
Bit 3/ Remote Alarm Bit of Frame 9(TRAF9).
Bit 4/ Remote Alarm Bit of Frame 7(TRAF7).
Bit 5/ Remote Alarm Bit of Frame 5(TRAF5).
Bit 6/ Remote Alarm Bit of Frame 3(TRAF3).
Bit 7/ Remote Alarm Bit of Frame 1(TRAF1).
PRELIMINARY 031201 141




PRELIMINARY

DS2155

Register Name:

Register Description:

Register Address:

Bit#
Name
Default

7

TSad

Transmit Sa4 Bits

D5H

6

5

4

3

2

1

TSadF1

TSa4F3

TSadF5

TSadF7

TSa4F9

TSadF11

TSa4F13

TSa4F15

0

0

Bit 0/ Sa4 Bit of Frame 15(T SadF15).

Bit 1/ Sa4 Bit of Frame 13(T Sa4F13).

Bit 2/ Sa4 Bit of Frame 11(T Sa4F11).

Bit 3/ Sa4 Bit of Frame 9(T Sa4F9).
Bit 4/ Sad Bit of Frame 7(T Sa4F7).
Bit 5/ Sa4 Bit of Frame 5(T Sa4F5).
Bit 6/ Sa4 Bit of Frame 3(T Sa4F3).
Bit 7/ Sa4 Bit of Frame 1(T Sa4F1).
Register Name:

Register Description:
Register Address:

TSa5

D6H

Bit#
Name
Default

7

6

5

Transmitted Sa5 Bits

4

3

2

1

TSabF1

TSab5F3

TSab5F5

TSabF7

TSa5F9

TSa5F11

TSabF13

TSabF15

0 0

Bit 0/ Sab Bit of Frame 15(T Sa5F15).

Bit 1/ Sab Bit of Frame 13(T Sa5F13).

Bit 2/ Sab Bit of Frame 11(T Sa5F11).

Bit 3/ Sa5 Bit of Frame 9(T Sa5F9).
Bit 4/ Sa5 Bit of Frame 7(T Sa5F7).
Bit 5/ Sa5 Bit of Frame 5(T Sa5F5).
Bit 6 / Sa5 Bit of Frame 3(T Sa5F3).

Bit 7/ Sa5 Bit of Frame 1(T Sa5F1).
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Register Name:

Register Description:

Register Address:

Bit#
Name
Default

7

TSa6

Transmit Sa6 Bits

D7H

6

5

4

3

2

1

TSa6F1

TSa6F3

TSa6F5

TSa6F7

TSa6F9

TSa6F11

TSa6F13

TSa6F15

0

0

Bit 0/ Sa6 Bit of Frame 15(T Sa6F15).

Bit 1/ Sa6 Bit of Frame 13(T Sa6F13).

Bit 2/ Sa6 Bit of Frame 11(T Sa6F11).

Bit 3/ Sa6 Bit of Frame 9(T Sa6F9).
Bit 4/ Sa6 Bit of Frame 7(T Sa6F7).
Bit 5/ Sa6 Bit of Frame 5(T Sa6F5).
Bit 6/ Sa6 Bit of Frame 3(T Sa6F3).
Bit 7/ Sa6 Bit of Frame 1(T Sa6F1).
Register Name:

Register Description:
Register Address:

TSar

D8H

Bit#
Name
Default

7

6

Transmit Sa7 Bits

5

4

3

2

1

0

TSarFl

TSarF3

TSarF5

TSarF7

TSarF9

TSa7F11

TSarF13

TSa7F15

0 0

0

0

0

Bit 0/ Sa7 Bit of Frame 15(T Sa7F15).

Bit 1/ Sa7 Bit of Frame 13(T Sa7F13).

Bit 2/ Sa7 Bit of Frame 11(T Sa7F11).

Bit 3/ Sa7 Bit of Frame 9(T Sa7F9).
Bit 4/ Sa7 Bit of Frame 7(T Sa7F7).
Bit 5/ Sa7 Bit of Frame 5(T Sa7F5).
Bit 6/ Sa7 Bit of Frame 3(T Sa7F3).

Bit 7/ Sa7 Bit of Frame 1(T Sa4F1).
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Register Name:

Register Description:

Register Address:

Bit#
Name
Default

7

TSa8

Transmit Sa8 Bits

DO9H

6

5

4

3

2

1

TSa8F1

TSa8F3

TSa8F5

TSa8F7

TSa8F9

TSa8F11

TSa8F13

TSa8F15

0

0

Bit 0/ Sa8 Bit of Frame 15(T Sa8F15).

Bit 1/ Sa8 Bit of Frame 13(T Sa8F13).

Bit 2/ Sa8 Bit of Frame 11(T Sa8F11).

Bit 3/ Sa8 Bit of Frame 9(T Sa8F9).
Bit 4/ Sa8 Bit of Frame 7(T Sa8F7).
Bit 5/ Sa8 Bit of Frame 5(T Sa8F5).
Bit 6/ Sa8 Bit of Frame 3(T Sa8F3).

Bit 7/ Sa8 Bit of Frame 1(T Sa8F1).
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Register Name: TSACR
Register Description: Transmit Sa Bit Control Register
Register Address: DAH
Bit # 7 6 4 3 2 1 0
Name SIAF SINAF Sad Sab Sab Sar Sa8
Default 0 0 0 0 0 0 0
Bit 0/ Additional Bit 8 Insertion Control Bit (Sa8).

0 = do not insert data from the TSa8 register into the transmit data stream

1 = insert datafrom the TSa8 register into the transmit data stream
Bit 1/ Additional Bit 7 Insertion Control Bit (Sa7).

0 = do not insert data from the TSa7 register into the transmit data stream

1 =insert datafrom the TSa7 register into the transmit data stream
Bit 2/ Additional Bit 6 Insertion Control Bit (Sa6).

0 = do not insert data from the TSa6 register into the transmit data stream

1 = insert datafrom the TSa6 register into the transmit data stream
Bit 3/ Additional Bit 5 Insertion Control Bit (Sab).

0 = do not insert data from the TSa5 register into the transmit data stream

1 = insert datafrom the TSab register into the transmit data stream
Bit 4/ Additional Bit 4 Insertion Control Bit (Sa4).

0 = do not insert data from the TSa4 register into the transmit data stream

1 = insert datafrom the TSa4 register into the transmit data stream
Bit 5/ Remote Alarm Insertion Control Bit (RA).

0 = do not insert datafrom the TRA register into the transmit data stream

1 =insert datafrom the TRA register into the transmit data stream
Bit 6/ International Bit in Non—Align Frame Insertion Control Bit (SINAF).

0 = do not insert data from the TSINAF register into the transmit data stream

1 =insert datafrom the TSINAF register into the transmit data stream
Bit 7/ International Bit in Align Framelnsertion Control Bit (SIAF).

0 = do not insert data from the TSIAF register into the transmit data stream

1 =insert datafrom the TSIAFregister into the transmit data stream
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24. HDLC CONTROLLERS

This device has two enhanced HDLC controllers, HDLC # 1 and HDLC # 2. Each controller is configurable
for use with time slots, or Sa4 to Sa8 bits (E1 Mode) or the FDL (T1 Mode). Each HDLC controller has 128
byte buffersin both the transmit and receive paths. When used with time slots, the user can select any time
slot or multiple time slots, contiguous or non-contiguous, as well as any specific bits within the time slot(s)
to assign to the HDL C controllers.

The user must take care to not map both transmit HDL C controllers to the same Sabits, timeslotsor, in T1
mode, map both controllersto the FDL. HDLC # 1 and HDLC # 2 are identical in operation and therefore the
following operational description refers only to asingular controller.

The HDLC controller performs al the necessary overhead for generating and receiving Performance Report
Messages (PRM) as described in ANSI T1.403 and the messages as described in AT& T TR54016. The
HDL C controller automatically generates and detects flags, generates and checks the CRC check sum,
generates and detects abort sequences, stuffs and de-stuffs zeros, and byte aligns to the data stream. The
128-byte buffersin the HDLC controller are large enough to allow afull PRM to be received or transmitted
without host intervention.

24.1 Basic Operation Details

To allow the framer to properly source/receive datafrom/to the HDL C controllers, the legacy FDL circuitry
(which is described in Section24.6) should be disabled and the following bits should be programmed as
shown:

The HDLC registers are divided into four groups, Control/Configuration, Status/I nformation, Mapping and
FIFOs. Table 24-1 lists these registers by group.
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Table 24-1 HDLC CONTROLLER REGISTERS

NAME |

FUNCTION

CONTROL & CONFIGURATION

H1TC, HDLC #1 Transmit Control Register
H2TC, HDLC #2 Transmit Control Register

General control over the transmit HDLC controllers

H1RC, HDLC #1 Receive Control Register
H2RC, HDL C #2 Receive Control Register

General control over the receive HDLC controllers

H1FC, HDLC #1 FIFO Control Register
H2FC, HDLC #2 FIFO Control Register

Sets high water mark for receiver and low water mark
for transmitter

STATUS & INFORMATION

SR6, HDLC #1 Status Register
SR7, HDL C #2 Status Register

Key status information for both transmit and receive
directions

IMRG6, HDLC #1 Interrupt Mask Register
IMR7, HDLC #2 Interrupt Mask Register

Selects which bitsin Status Registers (SR7 and SR8)
will cause interrupts

INFO4, HDLC #1 & #2 Information Register
INFO5, HDLC #1 Information Register
INFO6, HDL C #2 Information Register

Information on HDL C controller

H1RPBA, HDLC #1 Receive Packet Bytes Available

Indicates the number of bytesthat can be read from

Register thereceive FIFO

H2RPBA, HDL C #2 Receive Packet Bytes Available

Register

H1TFBA, HDLC #1 Transmit FIFO Buffer Available Indicates the number of bytesthat can be written to
Register the transmit FIFO

H2TFBA, HDLC #2 Transmit FIFO Buffer Available
Register

MAPPING

H1RCS1, HIRCS2, HIRCS3, HIRCS4, HDLC #1
Receive Channel Select Registers
H2RCS1, H2RCS2, H2RCS3, H2RCS4, HDLC #2
Receive Channel Select Registers

Selects which channels will be mapped to the receive
HDLC controller

H1RTSBS, HDLC #1Receive TS/SaBit Select Register
H2RTSBS, HDLC #2Receive TS/SaBit Select Register

Selects which bitsin achannel will be used or which
Sa hitswill be used by the receive HDL C controller

H1TCSL, HITCS2, HITCS3, HITCS4, HDLC #1
Transmit Channel Select Registers
H2TCS1, H2TCS2, H2TCS3, H2TCS4, HDLC #2
Transmit Channel Select Registers

Selects which channels will be mapped to the
transmit HDL C controller

HITTSBS, HDLC # 1 Transmit TS/SaBit Select
Register
H2TTSBS, HDL C # 2 Transmit TS/Sa Bit Select
Register

Selects which bitsin achannel will be used or which
Sabitswill be used by the transmit HDL C controller

FIFOs

H1RF, HDLC #1 Receive FIFO Register
H2RF, HDL C #2 Receive FIFO Register

Accessto 128-byte receive FIFO

HITF, HDLC #1 Transmit FIFO Register
H2TF, HDLC #2 Transmit FIFO Register

Accessto 128-byte transmit FIFO
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24.2 HDLC Configuration

Basic configuration of the HDLC controllersis accomplished viathe HXTC and HXRC registers. Operating
features such as CRC generation, zero stuffer, transmit and receive HDL C mapping options, and Idle flags
are selected here. Also the HDL C controllers are reset viathese registers.
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Register Name: HI1TC,H2TC
Register Description: HDLC #1 TRANSMIT CONTROL, HDLC # TRANSMIT CONTROL
Register Address: 90H, AOH
Bit # 7 6 5 4 3 2 1 0
Name NOFS TEOML THR THMS TFS TEOM TZSD TCRCD
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit CRC Defeat (TCRCD). A two-byte CRC codeis automatically appended to the outbound
message. Thisbit can be used to disable the CRC function.

0 = enable CRC generation (normal operation)

1 = disable CRC generation

Bit 1/ Transmit Zero Stuffer Defeat (TZSD). The Zero Stuffer function automatically insertsazero in the
message field (between the flags) after 5 consecutive ones to prevent the emulation of aflag or abort
sequence by the data pattern. The receiver automatically removes (de-stuffs) any zero after 5 onesin the
message field.

0 = enable the zero stuffer (normal operation)

1 = disable the zero stuffer

Bit 2/ Transmit End of Message (TEOM ). Should be set to a one just before the last data byte of an HDLC
packet iswritten into the transmit FIFO at HXTF. If not disabled via TCRCD, the transmitter will
automatically append atwo byte CRC code to the end of the message.

Bit 3/ Transmit Flag/ldle Select (TFS). This bit selectsthe inter-messagefill character after the closing
and before the opening flags (7Eh).

0=7Eh

1=FFh

Bit 4/ Transmit HDL C Mapping Select (THMYS).
0= Transmit HDL C assigned to channels
1="Transmit HDLC assigned to FDL(T1 mode), SaBits(E1 mode)

Bit 5/ Transmit HDL C Reset (THR). Will reset the transmit HDL C controller and flush the transmit FIFO.
An abort followed by 7Eh or FFh flags/idle will be transmitted until a new packet isinitiated by writing new
datainto the FIFO. Must be cleared and set again for a subsequent reset.

0=Normal operation

1 = Reset transmit HDL C controller and flush the transmit FIFO
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Bit 6/ Transmit End of Messageand Loop (TEOML). To loop on a message, should be set to aone just
before the last data byte of an HDL C packet iswritten into the transmit FIFO. The message will repeat until
the user clearsthisbit or a new message iswritten to the transmit FIFO. If the host clears the bit, the
looping message will complete then flags will be transmitted until new message is written to the FIFO. If the
host terminates the loop by writing a new message to the FIFO the loop will terminate, one or two flags will
be transmitted and the new message will start. 1f not disabled viaTCRCD, the transmitter will automatically
append atwo byte CRC code to the end of all messages. Thisisuseful for transmitting consecutive SS7
FISUs without host intervention.

Bit 7/ Number Of Flags Select (NOFS).
0 = send one flag between consecutive messages
1 = send two flags between consecutive messages

PRELIMINARY 031201 150



PRELIMINARY
DS2155

Register Name:
Register Description:

HIRC,H2RC
HDLC #1 RECEIVE CONTROL, HDLC #2 RECEIVE CONTROL

Register Address: 31H, 32H

Bit # 7 6 5 4 1 0
Name RHR RHMS - - - RSFD
Default 0 0 0 0 0 0

Bit 0/ Receive SS7 Fill In Signal Unit Delete (RSFD).
0= Normal operation. All FISUsare stored in the receive FIFO and reported to the host.
1 = When a consecutive FISU having the same BSN the previous FISU is detected, it is deleted
without host intervention

Bit 1/ Unused, must be set to zero for proper operation
Bit 2/ Unused, must be set to zero for proper operation
Bit 3/ Unused, must be set to zero for proper operation
Bit 4/ Unused, must be set to zero for proper operation
Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Receive HDL C Mapping Select (RHMS).
0 = Receive HDL C assigned to channels
1 = Receive HDL C assigned to FDL(T1 mode), SaBits(E1 mode)
Bit 7/ Receive HDL C Reset (RHR). Will reset the receive HDL C controller and flush the receive FIFO. Must
be cleared and set again for a subsequent reset.

0=Normal operation
1 = Reset receive HDLC controller and flush the receive FIFO
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24.21 FIFO Contral

Control of the transmit and receive FIFOs is accomplished viathe FIFO Control (HxFC). The FIFO Control
register setsthe water marks for both the transmit and receive FIFO. Bits 3 - 5 set the transmit low water
mark and the lower 3 bits set the receive high water mark.

When the transmit FIFO empties below the low water mark, the TLWM bit in the appropriate HDL C status
register SR6 or SR7 will beset. TLWM isarea timebit and will remain set aslong as the transmit FIFO’s
read pointer is below the water mark. |f enabled, this condition can also cause an interrupt viathe *INT pin.

When the receive FIFO fills above the high water mark, the RHWM bit in the appropriate HDL C status
register will be set. RHWM isareal time bit and will remain set aslong as the receive FIFO’ swrite pointer is
above the water mark. If enabled, this condition can also cause an interrupt viathe*INT pin.
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Register Name: H1FC,H2FC
Register Description: HDLC #1FIFO CONTROL, HDLC #2 FIFO CONTROL
Register Address: 91H, A1H
Bit # 7 6 5 4 3 2 1 0
Name - - TFLWM2 | TFLWM | TFLWMO | RFHWM2 | RFHWM1 | RFHWMO
1
Default 0 0 0 0 0 0 0 0
Bits0to 2/ Receive FIFO High Water Mark Sdect (RFHWMOto RFHWM 2).
RFHWM2  RFHWM1 RFHWMO Receive FIFO Water Mark
0 0 0 4 bytes
0 0 1 16 bytes
0 1 0 32 bytes
0 1 1 48 bytes
1 0 0 64 bytes
1 0 1 80 bytes
1 1 0 96 bytes
1 1 1 112 bytes
Bits3to 5/ Transmit FIFO Low Water Mark Select (TFLWMOto TFLWM?2).
TFLWM2  TFLWM1  TFLWMO Transmit FIFO Water Mark
0 0 0 4 bytes
0 0 1 16 bytes
0 1 0 32 bytes
0 1 1 48 bytes
1 0 0 64 bytes
1 0 1 80 bytes
1 1 0 96 bytes
1 1 1 112 bytes
Bit 6/ Unused, must be set to zero for proper operation
Bit 7/ Unused, must be set to zero for proper operation
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24.3 HDLC Mapping

24.3.1 Receve

The HDL C controllers need to be assigned a space in the T1/E1 bandwidth in which they will transmit and
receive data. The controllers can be mapped to either the FDL(T1), SaBits(E1) or to channels. If mapped to
channels then any channel or combination of channels, contiguous or not, can be assigned to an HDLC
controller. When assigned to a channel (s) any combination of bitswithin the channel(s) can be avoided.

The HXRCS1 — HXRC$A registers are used to assign the receive controllers to channels 1 — 24(T1) or

1—-32(E1) according to the following table.

REGISTER CHANNELS
HxRCSL 1-8
HXRCS2 9-16
HXRCS3 17-24
HXRCHA 25-32
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Register Name: H1RCS]1, H1IRCS2, HIRCS3, HIRCHA

H2RCS1, H2RCS2, H2RCS3, H2RCHA
Register Description: HDLC #1RECEIVE CHANNEL SELECT x

HDLC #2 RECEIVE CHANNEL SELECT x
Register Address: 92H, 93H, 94H, 95H

A2H, A3H, A4H, A5H
Bit # 7 6 5 4 3 2 1 0
Name RHCS/ RHCS6 RHCS5 RHCHA RHCS3 RHCS2 RHCS1 RHCSO
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive HDL C Channel Select Bit 0 (RHCS0). Select Channel 1, 9, 17 or 25

Bit 1/ Receive HDL C Channel Select Bit 1 (RHCSL). Select Channel 2, 10, 18 or 26
Bit 2/ Receive HDL C Channel Select Bit 2 (RHCS2). Select Channel 3, 11, 19 or 27
Bit 3/ Receive HDL C Channel Select Bit 3 (RHCS3). Select Channel 4, 12, 20 or 28
Bit 4/ Receive HDL C Channel Select Bit 4 (RHCS4). Select Channel 5, 13, 21 or 29
Bit 5/ Receive HDL C Channel Select Bit 5 (RHCS5). Select Channel 6, 14, 22 or 30
Bit 6/ Receive HDL C Channel Select Bit 6 (RHCSE). Select Channel 7, 15, 23 or 31

Bit 7/ Receive HDL C Channel Select Bit 7 (RHCS?). Select Channel 8, 16, 24 or 32
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Register Name: H1RTSBS, H2RTSBS
Register Description: HDLC # 1 Receive Time Slot Bits/ Sa Bits Select

HDLC # 2 Receive Time Slot Bits/ Sa Bits Select
Register Address: 96H, A6H
Bit # 7 6 5 4 3 2 1 0
Name RCB8SE | RCB7SE | RCB6SE | RCB5SE | RCB4ASE | RCB3SE | RCB2SE RCB1SE
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive Channel Bit 1 Suppress Enable/ Sa8 Bit Enable (RCB1SE ). L SB of the channel. Set to one
to stop this bit from being used.

Bit 1/ Receive Channel Bit 2 Suppress Enable/ Sa7 Bit Enable (RCB2SE). Set to one to stop this bit from
being used

Bit 2/ Receive Channel Bit 3 Suppress Enable/ Sa6 Bit Enable (RCB3SE). Set to one to stop this bit from
being used

Bit 3/ Receive Channel Bit 4 Suppress Enable/ Sa5 Bit Enable (RCB4SE). Set to one to stop this bit from
being used

Bit 4/ Receive Channel Bit 5 Suppress Enable/ Sa4 Bit Enable (RCB5SE). Set to one to stop this bit from
being used

Bit 5/ Receive Channel Bit 6 Suppress Enable (RCB6SE). Set to one to stop this bit from being used.
Bit 6/ Receive Channel Bit 7 Suppress Enable (RCB7SE). Set to one to stop this bit from being used.

Bit 7/ Receive Channel Bit 8 Suppress Enable (RCB8SE). M SB of the channel. Set to oneto stop this bit
from being used.
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24.3.2 Transmit

The HXTCS1 — HXTCSA registers are used to assign the transmit controllersto channels 1 — 24(T1) or

1-32(E1) according to the following table.

REGISTER CHANNELS
HXTCS1 1-8
HXTCS2 9-16
HXTCS3 17-24
HXTCHA 25-32
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Register Name: HI1TCS1, HITCS2, HITCS3, HITCHHA

H2TCS1, H2TCS2, H2TCS3, H2TCA
Register Description: HDLC #1TRANSMIT CHANNEL SELECT

HDLC #2 TRANSMIT CHANNEL SELECT
Register Address: 97H, 98H, 99H, 9AH

AT7TH, A8H, A9H, AAH
Bit # 7 6 5 4 3 2 1 0
Name THCS/ THCS6 THCS5 THCHA THCS3 THCS2 THCSL THCS0
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit HDL C Channel Select Bit 0 (THCSO0). Select Channel 1, 9, 17 or 25

Bit 1/ Transmit HDL C Channel Select Bit 1 (THCSL). Select Channel 2, 10, 18 or 26
Bit 2/ Transmit HDL C Channel Select Bit 2 (THCS2). Select Channel 3, 11, 19 or 27
Bit 3/ Transmit HDL C Channel Select Bit 3 (THCS3). Select Channel 4, 12, 20 or 28
Bit 4/ Transmit HDL C Channel Select Bit 4 (THCS4). Select Channel 5, 13, 21 or 29
Bit 5/ Transmit HDL C Channel Select Bit 5 (THCS5). Select Channel 6, 14, 22 or 30
Bit 6/ Transmit HDL C Channel Select Bit 6 (THCS6). Select Channel 7, 15, 23 or 31

Bit 7/ Transmit HDL C Channel Select Bit 7 (THCSY). Select Channel 8, 16, 24 or 32
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Register Name: H1TTSBS, H2TTSBS
Register Description: HDLC #1 Transmit Time Slot Bits/ Sa Bits Select

HDLC #2 Transmit Time Slot Bits/ Sa Bits Select
Register Address: 9BH, ABH
Bit # 7 6 5 4 3 2 1 0
Name TCB8SE | TCB7SE | TCB6SE | TCB5SE | TCB4SE | TCB3SE | TCB2SE | TCBI1SE
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit Channel Bit 1 SuppressEnable/ Sa8 Bit Enable (TCB1SE). L SB of the channel. Set to one
to stop this bit from being used.

Bit 1/ Transmit Channel Bit 2 Suppress Enable/ Sa7 Bit Enable (TCB1SE). Set to one to stop thisbit from

being used

Bit 2/ Transmit Channel Bit 3 Suppress Enable/ Sa6 Bit Enable (TCB1SE). Set to one to stop this bit
from being used

Bit 3/ Transmit Channel Bit 4 Suppress Enable/ Sab Bit Enable (TCB1SE). Set to one to stop this bit
from being used

Bit 4/ Transmit Channel Bit 5 Suppress Enable/ Sa4 Bit Enable (TCB1SE). Set to one to stop this bit
from being used

Bit 5/ Transmit Channel Bit 6 Suppress Enable (TCB1SE). Set to one to stop this bit from being used.

Bit 6/ Transmit Channel Bit 7 Suppress Enable (TCB1SE). Set to one to stop this bit from being used.

Bit 7/ Transmit Channel Bit 8 Suppress Enable (TCB1SE). MSB of the channel. Set to one to stop this bit
from being used.
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24.4 HDLC SatusAnd Information

SR6 and SR7 (HDL C Status registers), and INFO5 and INFO6 (HDL C Information registers) provide status
information. When a particular event has occurred (or is occurring), the appropriate bit in one of these
registerswill be set to a one. Some of the bitsin these registers are latched and some are real time bits that
are not latched. This section contains register descriptionsthat list which bits are latched and which are real
time. With the latched bits, when an event occurs and abit is set to aone, it will remain set until the user
reads that bit. The bit will be cleared when it isread and it will not be set again until the event has occurred
again. Thereal time bits report the current instantaneous conditions that are occurring and the history of
these bitsis not latched.

Like the other status registers, the user will always proceed aread of these registers with awrite. The byte
written to the register will inform the device which of the latched bits the user wishesto read and have
cleared (the real time bits are not affected by writing to the status register). The user will write abyteto one
of these registers, with aonein the bit positions he or she wishesto read and a zero in the bit positions he
or she does not wish to obtain the |l atest information on. When aoneis written to a bit location, the read
register will be updated with current value and it will be cleared. When a zero iswritten to abit position, the
read register will not be updated and the previous value will be held. A write to the status and information
registerswill beimmediately followed by aread of the same register. Thiswrite-read scheme allows host to
individually poll certain bits without disturbing the other bitsin the register. This operationiskey in
controlling the device with higher—order software languages.

The HDLC status registers, SR6 and SR7, have the ability to initiate a hardware interrupt viathe INT* output
pin. Each of the eventsin these registers can be either masked or unmasked from the interrupt pin viathe
HDLC Interrupt Mask Registers (IMR6, IMRY). Interrupts will force the INT* pin low when the event occurs.
TheINT pinwill be allowed to return high (if no other interrupts are present) when the user reads the event
bit that caused the interrupt to occur.

There are two registers which provide information on the transmit and receive FIFO. They are the Transmit
FIFO Buffer Available register and the Receive Packets Available register. These are covered in detail in
section 24.4.1.
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Register Name: SR6, SR7
Register Description: HDLC #1 STATUSREGISTER 6

HDLC #2 STATUSREGISTER 7
Register Address: 20H, 22H
Bit # 7 6 5 4 3 2 1 0
Name - TMEND RPE RPS RHWM RNE TLWM TNF
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit FIFO Not Full Condition (TNF). Set when the transmit 128—-byte FIFO has at least one byte
available.

Bit 1/ Transmit FIFO Below Low Water Mark Condition (TLWM). Set when the transmit 128-byte FIFO
empties beyond the low water mark as defined by the Transmit Low Water Mark Register (TLWMR).

Bit 2/ Receive FIFO Not Empty Condition (RNE). Set when the receive 128-byte FIFO has at least one byte
availablefor aread.

Bit 3/ Receive FIFO Above High Water Mark Condition (RHWM). Set when the receive 128-byte
FIFO fills beyond the high water mark as defined by the Receive High Water Mark Register (RHWMR).

Bit 4/ Receive Packet Start Event (RPS). Set when the HDL C controller detects an opening byte. Thisisa
latched bit and will be cleared when read.

Bit 5/ Receive Packet End Event (RPE). Set when the HDL C controller detects either the finish of avalid
message (i.e., CRC check complete) or when the controller has experienced a message fault such asa CRC
checking error, or an overrun condition, or an abort has been seen. Thisisalatched bit and will be cleared
when read.

Bit 6/ Transmit Message End Event (TMEND). Set when the transmit HDL C controller has finished sending
amessage. Thisisalatched bit and will be cleared when read.
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Register Name:
Register Description:

IMRG, IMR7

HDLC #1INTERRUPT MASK REGISTER 6
HDLC #2 INTERRUPT MASK REGISTER 7
Register Address: 21H, 23H

Bit # 7 6 5 4 3 2 1

Name - TMEND RPE RPS RHWM RNE TLWM

TNF

Default 0 0 0 0 0 0 0

Bit 0/ Transmit FIFO Not Full Condition (TNF).
0 = interrupt masked
1 = interrupt enabled —interrupts on rising edge only

Bit 1/ Transmit FIFO Below Low Water Mark Condition (TLWM).
0 = interrupt masked
1 = interrupt enabled —interrupts on rising edge only

Bit 2/ Receive FIFO Not Empty Condition (RNE).
0 = interrupt masked
1 = interrupt enabled —interrupts on rising edge only

Bit 3/ Receive FIFO Above High Water Mark Condition (RHWM).
0 = interrupt masked
1 = interrupt enabled —interrupts on rising edge only

Bit 4/ Receive Packet Start Event (RPS).
0 = interrupt masked
1 =interrupt enabled

Bit 5/ Receive Packet End Event (RPE).
0 = interrupt masked
1 =interrupt enabled

Bit 6/ Transmit Message End Event (TMEND).
0 = interrupt masked
1 =interrupt enabled
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Register Name: INFO5, INFO6
Register Description: HDLC #1 INFORMATION REGISTER

HDLC #2 INFORMATION REGISTER
Register Address: 2EH, 2FH
Bit # 7 6 5 4 3 2 1 0
Name - - TEMPTY TFULL REMPTY PS2 PS1 PSO
Default 0 0 0 0 0 0 0 0

Bits0to 2/ Receive Packet Status (PSO to PS2). These arereal time bits indicating the status as of the last
read of the receive FIFO.

PSs2 PS1 PSO PACKET STATUS

0 0 0 In Progress: End of message has not yet been reached

0 0 1 Packet OK: Packet ended with correct CRC code word

0 1 0 CRC Error: A closing flag was detected, preceded by a corrupt CRC code
word

0 1 1 Abort: Packet ended because an abort signal was detected. (7 or more ones
inarow)

1 0 0 Overrun: HDLC controller terminated reception of packet because receive
FIFOisfull.

1 0 1 Message Too Short: Three or less bytesincluding CRC

Bit 3/ Receive FIFO Empty (REMPTY). A real—time bit that is set high when the receive FIFO is empty.
Bit 4/ Transmit FIFO Full (TFULL). A real—time bit that is set high when the FIFO isfull.

Bit 5/ Transmit FIFO Empty (TEMPTY). A real-time bit that is set high when the FIFO is empty.
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Register Name: INFO4
Register Description: HDLC EVENT INFORMATION REGISTER #4
Register Address: 2DH
Bit # 7 6 5 4 3 2 1 0
Name H2UDR H20BT H1UDR H10BT
Default 0 0 0 0 0 0 0 0

Bit 0/ HDL C #1 Opening Byte Event (H1OBT). Set when the next byte available in the receive FIFO isthe
first byte of amessage

Bit 1/ HDLC #1 Transmit FIFO Underrun Event (H1UDR). Set when the transmit FIFO empties out without
having seen the TMEND bit set. An abort isautomatically sent. Thisbit islatched and will be cleared when
read.

Bit 2/ HDL C #2 Opening Byte Event (H20BT). Set when the next byte available in the receive FIFO isthe
first byte of amessage

Bit 3/HDLC #2 Tranamit FIFO Underrun Event (H2UDR). Set when the transmit FIFO empties out without
having seen the TMEND bit set. An abort isautomatically sent. Thisbit islatched and will be cleared when
read.
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24.4.1 FIFO Information

The Transmit FIFO Buffer Available register indicates the number of bytesthat can be written into the
transmit FIFO. The count form this register informs the host as to how many bytes can be written into the
transmit FIFO without overflowing the buffer.

Register Name:

Register Description:

Register Address:

Bit #
Name
Default

HITFBA, H2TFBA

HDLC #1TRANSMIT FIFO BUFFER AVAILABLE
HDLC #2 TRANSMIT FIFO BUFFER AVAILABLE
9FH, AFH

7 6 5 4 3 2 1 0
TEBA7Y TFBAG6 TEBAS TFBA4 TFBA3 | TFBA2 TFBA1 TFBAO
0 0 0 0 0 0 0 0

BitsOto 7/ Transmit FIFO Bytes Available (TFBAO to TFBA7). TFBAOisthe LSB.
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24.4.2 Receive Packet Bytes Available

The lower 7 bits of the Receive Packet Bytes Available register indicates the number of bytes (0 through
127) that can be read from the receive FIFO. The valueindicated by thisregister (lower seven bits) informs
the host as to how many bytes can be read from the receive FIFO without going past the end of a message.
Thisvalue will refer to one of four possibilities, the first part of a packet, the continuation of a packet, the
last part of apacket, or acomplete packet. After reading the number of bytesindicated by thisregister the
host then checks the HDL C Information register for detailed message status.

If thevaluein the HXRPBA register refersto the beginning portion of amessage or continuation of a
message then the M SB of the HXRPBA register will return avalue of 1. Thisindicates that the host may
safely read the number of bytes returned by the lower 7 bits of the HXRPBA register but thereis no need to
check the information register since the packet has not yet terminated (successfully or otherwise).

Register Name:
Register Description:

H1RPBA, H2RPBA
HDLC #1RECEIVE PACKET BYTESAVAILABLE
HDLC #2RECEIVE PACKET BYTESAVAILABLE

Register Address: 9CH, ACH

Bit # 7 6 5 4 3 2 1 0
Name MS RPBA6 RPBA5 RPBA4 RPBA3 [ RPBA2 RPBA1 RPBAOQ
Default 0 0 0 0 0 0 0 0

Bits0to 6/ Receive FIFO Packet Bytes Available Count (RPBAO to RPBAG). RPBAO isthe LSB.

Bit 7/ Message Status (M S).
0 = Bytesindicated by RPBAO through RPBA6 are the end of amessage. Host must check the
INFO5 or INFOG register for details.
1= Bytesindicated by RPBAO through RPBAG6 are the beginning or continuation of a message.
The host does not need to check the INFO5 or INFOG6 register.
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2443 HDLCFIFOs

Register Name:
Register Description:
Register Address:

HITF, H2TF
HDLC #1TRANSMIT FIFO, HDLC #2 TRANSMIT FIFO
9DH, ADH

Bit # 7 6 5 4 3 2 1

Name THD6 THDS THD1

Default 0 0 0 0 0 0 0

Bit 0/ Transmit HDL C Data Bit 0 (THDO) LSB of aHDL C packet data byte
Bit 1/ Transmit HDL C DataBit 1 (THD1)

Bit 2/ Transmit HDL C Data Bit 2 (THD2)

Bit 3/ Transmit HDL C Data Bit 3 (THD3)

Bit 4/ Transmit HDL C Data Bit 4 (THD4)

Bit 5/ Transmit HDL C Data Bit 5 (THD5)

Bit 6/ Transmit HDL C Data Bit 6 (THD®6)

Bit 7/ Transmit HDL C Data Bit 7 (THD7) MSB of aHDL C packet data byte

Register Name:
Register Description:
Register Address:

H1RF, H2RF
HDLC #1 RECEIVE FIFO, HDLC #2 RECEIVE FIFO
9EH, AEH

Bit #
Name
Default

Bit 0/ Receive HDL C Data Bit 0 (RHDO) LSB of aHDLC packet data byte

7

6

5

4

3

2

1

RHD7

RHD6

RHDS5

RHD4

RHD3

RHD2

RHD1

RHDO

0

Bit 1/ Receive HDL C Data Bit 1 (RHD1)
Bit 2/ Receive HDL C Data Bit 2 (RHD2)
Bit 3/ Receive HDL C Data Bit 3 (RHD3)
Bit 4/ Receive HDL C Data Bit 4 (RHD4)
Bit 5/ Receive HDL C Data Bit 5 (RHD5)
Bit 6/ Receive HDL C Data Bit 6 (RHD®6)
Bit 7/ Receive HDL C Data Bit 7 (RHD7) MSB of aHDL C packet data byte
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24.5 Receve HDLC Code Example

Below is an example of areceive HDLC routine for controller #1.

©ONS O WDNPE

BEB

13.
14.
15.
16.

Reset receive HDL C controller

Set HDL C mode, mapping and High Water Mark

Start new message buffer

Enable RPE and RHWM interrupts

Wait for interrupt

Disable RPE and RHWM interrupts

Read HXRPBA register. N = HXRPBA (lower 7 bits are byte count, MSB is status)
Read (N AND 7Fh) bytes from receive FIFO and store in message buffer

If (N AND 80h) then goto step 4

Read INFOS5 register

. If PS2, PS1, PSO = 000 then goto step 4

If PS2, PS1, PSO = 001 then packet terminated OK

Save present message buffer

If PS2, PS1, PSO = 010 then packet terminated with CRC error
If PS2, PS1, PSO = 011 then packet aborted

If PS2, PS1, PSO = 100 then FIFO over flowed

Goto step 3
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24.6 Legacy FDL Support (T1 Mode)

24.6.1 Overview

In order to provide backward compatibility to the older DS21x52 T1 device, the DS2155 maintains the
circuitry that existed in the previous generation of the T1 Framer. In new applications, it is recommended
that the HDL C controllers and BOC controller described in Section 24 and 22 are used.

24.6.2 Receive Section

In the receive section, the recovered FDL bits or Fs bits are shifted bit—by—bit into the Receive FDL register
(RFDL). Sincethe RFDL is 8 bitsin length, it will fill up every 2 ms (8 times 250 us). The framer will signal an
external microcontroller that the buffer hasfilled viathe SR8.3 bit. If enabled vialMR8.3, the INT pin will
toggle low indicating that the buffer hasfilled and needsto be read. The user has 2 msto read this data
beforeitislost. If the bytein the RFDL matches either of the bytes programmed into the RFDLM 1 or
RFDLM?2registers, then the SR8.1 bit will be set to aone and the INT pin will toggled low if enabled via
IMRS8.1. Thisfeature allows an external microcontroller to ignore the FDL or Fs pattern until an important
event occurs.

The framer also contains a zero de-stuffer, which is controlled viathe TIRCR2.3 bit. In both ANSI T1.403
and TR54016, communications on the FDL follows asubset of aLAPD protocol. The LAPD protocol states
that no more than 5 ones should be transmitted in arow so that the data does not resembl e an opening or
closing flag (01111110) or an abort signal (11111111). If enabled viaT1IRCR2.3, the DS2155 will automatically
look for 5 onesin arow, followed by azero. If it finds such a pattern, it will automatically remove the zero. If
the zero destuffer sees six or more onesin arow followed by a zero, the zero is not removed. The TIRCR2.3
bit should always be set to aone when the DS2155 is extracting the FDL. More on how to use the DS2155in
FDL applicationsin thislegacy support mode is covered in a separate Application Note.
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Register Name: RFDL
Register Description: Recelve FDL Register
Register Address: COH
Bit # 7 6 5 4 3 2 1 0
Name RFDL7 RFDL6 RFDL5 RFDL4 RFDL3 RFDL2 RFDL1 RFDLO
Default 0 0 0 0 0 0 0 0

Bit 0/ Receive FDL Bit 0 (RFDL0) LSB of the Received FDL Code

Bit 1/ Receive FDL Bit 1 (RFDL 1)

Bit 2/ Receive FDL Bit 2 (RFDL 2)

Bit 3/ Receive FDL Bit 3 (RFDL3)

Bit 4/ Receive FDL Bit 4 (RFDL 4)

Bit 5/ Receive FDL Bit 5 (RFDL5)

Bit 6/ Receive FDL Bit 6 (RFDL6)

Bit 7/ Receive FDL Bit 7 (RFDL7) MSB of the Received FDL Code

The Receive FDL Register (RFDL) reports the incoming Facility Data Link (FDL) or theincoming Fsbits. The

LSB isreceived first.
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Register Name: RFDLM1, RFDLM2
Register Description: RECEIVE FDL MATCH REGISTER 1

RECEIVE FDL MATCH REGISTER 2
Register Address: C2H,C3H
Bit # 7 6 5 4 3 2 1 0
Name RFDLM7 | RFDLM6 | REDLM5 | RFDLM4 | RFEDLM3 | RFEDLM2 | RFDLM1 | RFDLMO
Default 0 0 0 0 0 0 0 0
Bit 0/ Receive FDL Match Bit 0 (RFDLMOQ) L SB of the FDL Match Code
Bit 1/ Receive FDL Match Bit 1 (RFDLM1)
Bit 2/ Receive FDL Match Bit 2 (RFDLM?2)
Bit 3/ Receive FDL Match Bit 3 (RFDLM3)
Bit 4/ Receive FDL Match Bit 4 (RFDLM4)
Bit 5/ Receive FDL Match Bit 5 (RFDLM5)
Bit 6/ Receive FDL Match Bit 6 (RFDLM6)
Bit 7/ Receive FDL Match Bit 7 (RFDLM7) MSB of the FDL Match Code
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24.6.3 Transmit Section

The transmit section will shift out into the T1 data stream, either the FDL (in the ESF framing mode) or the Fs
bits (in the D4 framing mode) contained in the Transmit FDL register (TFDL). When anew value iswritten to
the TFDL, it will be multiplexed serially (L SB first) into the proper position in the outgoing T1 data stream.
After thefull eight bits has been shifted out, the framer will signal the host microcontroller that the buffer is
empty and that more datais needed by setting the SR8.2 bit to aone. The INT will also toggle low if enabled
vialMR8.2. The user has 2 msto update the TFDL with anew value. If the TFDL is not updated, the old
valuein the TFDL will be transmitted once again. The framer a so contains a zero stuffer which is controlled
viathe TITCR2.5 bit. In both ANSI T1.403 and TR54016, communications on the FDL follows a subset of a
LAPD protocol. The LAPD protocol states that no more than 5 ones should be transmitted in arow so that
the data does not resemble an opening or closing flag (01111110) or an abort signal (11111111). If enabled
viaT1TCR2.5, the framer will automatically look for 5 onesin arow. If it finds such a pattern, it will
automatically insert azero after the five ones. The TLTCR2.5 bit should always be set to a one when the

framer isinserting the FDL.
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Register Name: TFDL
Register Description: TRANSMIT FDL REGISTER
Register Address: C1H
Bit # 7 6 5 4 3 2 1 0
Name TFDL7 TFDL6 TFDL5 TFDL4 TFDL3 TEDL?2 TFDL1 TFDLO
Default 0 0 0 0 0 0 0 0

[aso used to insert Fs framing pattern in D4 framing mode]

Bit 0/ Transmit FDL Bit O (TFDLO) L SB of the Transmit FDL Code
Bit 1/ Transmit FDL Bit 1 (TFDL1)

Bit 2/ Transmit FDL Bit 2 (TFDL2)

Bit 3/ Transmit FDL Bit 3 (TFDL3)

Bit 4/ Transmit FDL Bit 4 (TFDL4)

Bit 5/ Transmit FDL Bit 5(TFDL5)

Bit 6/ Transmit FDL Bit 6 (TFDL6)

Bit 7/ Transmit FDL Bit 7 (TFDL 7) MSB of the Transmit FDL Code

The Transmit FDL Register (TFDL) contains the Facility DataLink (FDL) information that isto beinserted

on a byte basisinto the outgoing T1 data stream. The L SB is transmitted first.
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24.7 DA4/SLC-96 Operation

In the D4 framing mode, the framer usesthe TFDL register to insert the Fsframing pattern. To alow the
deviceto properly insert the Fsframing pattern, the TFDL register at address C1h must be programmed to
1Ch and the following bits must be programmed as shown: TITCR1.2 = 0 (source Fs datafrom the TFDL
register) TATCR2.6 = 1 (allow the TFDL register to load on multiframe boundaries)

Since the SL C-96 message fields share the Fs—bit position, the user can access these message fields viathe
TFDL and RFDL registers. Please see the separate Application Note for adetailed description of how to
implement a SLC-96 function.
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25. LINEINTERFACEUNIT (LIU)

The Line Interface Unit (L1U) in the DS2155 contains three sections; (1) the receiver which handles clock
and datarecovery, (2) the transmitter which waveshapes and drives the network line, and (3) thejitter
attenuator. These three sections are controlled by the Line Inter-face Control Registers (LIC1 —LIC4) which
are described below. TheLIU hasitsown T1/E1 mode select bit and can operate independently of the
framer function

The DS2155 can switch between T1 or E1 networks without changing any external components on either the
transmit or receive side. Figure 25-1 shows a network connection using minimal components. In this
configuration the DS2155 can connect to T1, J1, or E1 (75 ohms or 120ohms) without any component
change. The receiver can adjust the 120 ohm termination to 100 or 75 ohms. The transmitter can adjust its
output impedance to provide high return loss characteristics for 120, 100 and 75 ohm lines. Other
components may be added to this configuration in order to meet safety and network protection
requirements. Thisis covered in Section 25.7.

Figure 25-1 BASIC NETWORK CONNECTIONS
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25.1 LIU Operation

The analog AMI/HDB3 waveform off of the E1 line or the AMI/B8ZS waveform off of the T1 line is
transformer coupled into the RTIP and RRING pins of the DS2155. The user has the option to use internal
termination, software selectable for 75/100/120 ohm applications, or external termination. The LIU recovers
clock and data from the analog signal and passes it through the jitter attenuation MUX outputting the
received line clock at RCLKO and bipolar or NRZ data at RPOSO and RNEGO. The DS2155 contains an
active filter that reconstructs the analog received signal for the nonlinear losses that occur in transmission.
The receive circuitry also is configurable for various monitor applications. The device has a usable receive
sensitivity of 0dB to -43dB for E1 and 0dB to -36dB for T1 which alows the device to operate on 0.63mm
(22AWG) cables up to 2.5km (E1) and 6k feet (T1) in length. Datainput at TPOSI and TNEGI is sent viathe
jitter attenuation MUX to the wave shaping circuitry and line driver. The DS2155 will drivethe E1 or T1 line
from the TTIP and TRING pins via a coupling transformer. The line driver can handle both CEPT 30/ISDN-
PRI linesfor E1 and long haul (CSU) or short haul (DSX-1) linesfor T1.

25.2 Receiver

The DS2155 contains a digital clock recovery system. The DS2155 couples to the receive E1 or T1 twisted
pair (or coaxia cablein 75 ohm E1 applications) viaa 1:1 transformer. See Table 25-1 for transformer details.
The DS2155 has the option of using software selectable termination requiring only a single, fixed pair of
termination resistors.

The DS2155's L1U is designed to be fully software-selectable for E1 and T1 without the need to change any
external resistors for the receive-side. The receive-side will allow the user to configure the DS2155 for 75,
100, or 120 ohm receive termination by setting the RT1 (LIC4.1) and RTO (LICA4.0) bits. When using the
internal termination feature, the resistors labeled R in Figure 25-4 should be 60 ohms each. If externa
termination is required, RT1 and RTO should be set to 0 and the resistors labeled R in Figure 25-4 will need to
be 37.5 ohms, 50 ohms, or 60 ohms each depending on the line impedance.

There are two ranges of receive sensitivity for both T1 and E1, which is selectable by the user. The EGL bit
of LICL (LIC1.4) selectsthefull or limited sensitivity.

The resultant E1 or T1 clock derived from MCLK is multiplied by 16 viaan internal PLL and fed to the clock
recovery system. The clock recovery system uses the clock from the PLL circuit to form a 16 times over-
sampler which is used to recover the clock and data. This over-sampling technique offers outstanding
performance to meet jitter tolerance specifications shown in Figure 25-8.

Normally, the clock that is output at the RCLK pin is the recovered clock from the E1 AMI/HDB3 or T1
AMI/B8ZS waveform presented at the RTIP and RRING inputs. If the jitter attenuator is placed in the
receive path (asis the case in most applications), the jitter attenuator restores the RCLK to an approximate
50% duty cycle. If the jitter attenuator is either placed in the transmit path or is disabled, the RCLK output
can exhibit slightly shorter high cycles of the clock. This is due to the highly over-sampled digital clock
recovery circuitry. See the Receive AC Timing Characteristics in Section 8 for more details.  When no
signal ispresent at RTIP and RRING, a Receive Carrier Loss (RCL) condition will occur and the RCLK will be
derived from the JACLK source.
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25.2.1 ReceivelLevd Indicator

The DS2155 will report the signal strength at RTIP and RRING in 2.5dB increments via RL3-RLO located in
the Information Register 2 (INFO2). This feature is helpful when trouble shooting line performance
problems.

25.2.2 Receive G.703 Section 10 Synchronization Signal

The DS2155 is capable of receiving a 2.048MHz square wave synchronization clock as specified in section
10 of ITU G.703. In order to use the DS2155 in this mode, set the Receive Synchronization Clock Enable
(Lics2 =1

25.2.3 Monitor Mode

Monitor applications in both E1 and T1 require various flat gain settings for the receive-side circuitry. The
DS2155 can be programmed to support these applications via the Monitor Mode control bits MM1 and
MMOinthe LIC3register. SeeFigure 25-2for details.

Figure 25-2 TYPICAL MONITOR APPLICATION
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25.3 Transmitter

The DS2155 uses a Phase L ock Loop along with a precision Digital-to-Analog Converter (DAC) to create the
waveforms that are transmitted onto the E1 or T1 line. The waveforms created by the DS2155 meet the latest
ETSI, ITU, ANSI, and AT&T specifications. The user will select which waveform is to be generated by
setting the ETS bit (L1C2.7) for E1 or T1 operation, then programming the L2/L1/L0 bits in register LIC1 for
the appropriate application.

A 2.048MHz or 1.544MHz TTL clock isrequired at TCLKI for transmitting data presented at TPOSI and
TNEGI. Normally these pins are connected to TCLKO, TPOSO and TNEGO. However, the LIU may operate
in an independent fashion. ITU specification G.703 requires an accuracy of +/-50ppm for both T1 and E1.
TR62411 and ANSI specs require an accuracy of +/- 32ppm for T1 interfaces. The clock can be sourced
internally from RCLK or JACLK. SeeLIC2.3, LIC4.4 and LICA4.5 for details. Dueto the nature of the design
of the transmitter in the DS2155, very littlejitter (Iessthan 0.005 Ulpp broadband from 10 Hz to 100 kHz) is
added to thejitter present on TCLK. Also, the waveforms created are independent of the duty cycle of
TCLK. Thetransmitter in the DS2155 couplesto the E1 or T1 transmit twisted pair (or coaxial cablein some
E1 applications) viaa 1:2 step-up transformer. In order for the device to create the proper waveforms, the
transformer used must meet the specifications listed in Table 25-1. The DS2155 has the option of using
software selectabl e transmit termination.

25.3.1 Transmit Short Circuit Detector / Limiter

The DS2155 has automatic short-circuit limiter which limits the source current to 50mA (rms) into a 1 ohm
load. Thisfeature can be disabled by setting the SCLD bit (LIC2.1) = 1. TCLE (INFO2.5) provides a real time
indication of when the current limiter is activated. If the current limiter is disabled, TCLE will indicate that a
short-circuit condition exist. Status Register SR1.2 provides a latched version of the information, which can
be used to activate an interrupt when enable via the IMRL1 register. The TPD bit (LIC1.0) will power-down
the transmit line driver and tri-state the TTIP and TRING pins.

25.3.2 Transmit Open Circuit Detector

The DS2155 can also detect when the TTIP or TRING outputs are open circuited. TOCD (INFO2.4) will
provide a real time indication of when an open circuit is detected. SR1 provides a latched version of the
information (SR1.1), which can be used to activate an interrupt when enable viathe IMR1 register

25.3.3 Transmit BPV Error Insertion

When IBPV (LIC2.5) is transitioned from a zero to a one, the device waits for the next occurrence of three
consecutive onesto insert aBPV. IBPV must be cleared and set again for another BPV error insertion.

25.3.4 Transmit G.703 Section 10 Synchronization Signal (E1 Mode)

The DS2155 can transmit the 2.048MHz square wave synchronization clock as specified in section 10 of
G.703. In order to transmit the 2.048MHz clock, when in E1 mode, set the Transmit Synchronization Clock
Enable (LIC3.1) = 1.
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254 MCLK Pre-Scaler

A 16.384MHz, 8.192MHz, 4.096MHz, 2.048MHz, or 1.544MHz clock must be applied & MCLK. ITU specification
G.703 requires an accuracy of +/-50ppm for both T1 and E1. TR62411 and ANSI specs require an accuracy of +/-
32ppm for T1 interfaces. A pre-scaler will divide the 16, 8, or 4 MHz clock down to 2.048MHz. There is an
onboard PLL for the jitter attenuator which will convert the 2.048 MHz clock to a 1.544 MHz rate for T1
applications. Setting JAMUX (L1C2.3) to alogic 0 bypassesthisPLL.

25.5 Jitter Attenuator

The DS2155 contains an onboard jitter attenuator that can be set to a depth of either 32 or 128 bits via the
JABDShit (LIC1.2). The 128-bit mode is used in applications where large excursions of wander are expected.
The 32-bit mode is used in delay sensitive applications. The characteristics of the attenuation are shown in
Figure 25-9. The jitter attenuator can be placed in either the receive path or the transmit path by
appropriately setting or clearing the JAS bit (LIC1.3). Also, the jitter attenuator can be disabled (in effect,
removed) by setting the DJA bit (LIC1.1). Onboard circuitry adjusts either the recovered clock from the
clock/data recovery block or the clock applied at the TCLK pin to create a smooth jitter free clock which is
used to clock data out of the jitter attenuator FIFO. It is acceptable to provide a gapped/bursty clock at the
TCLK pinif the jitter attenuator is placed on the transmit side. If the incoming jitter exceeds either 120 Ulpp
(buffer depth is 128 bits) or 28 Ulpp (buffer depth is 32 bits), then the DS2155 will divide the internal nominal
32.768MHz (E1) or 24.704MHz (T1) clock by either 15 or 17 instead of the normal 16 to keep the buffer from
overflowing. When the device divides by either 15 or 17, it also sets the Jitter Attenuator Limit Trip (JALT)
bit in Status Register 1 (SR1.4).

PRELIMINARY 031201 179



PRELIMINARY
DS2155

25.6 CMI (CodeMark Inversion) Option

The DS2155 provides a CMI interface for connection to optical transports. Thisinterfaceisaunipolar 1T2B
type of signal. Ones are encoded as either alogical one or zero level for the full duration of the clock period.
Zeros are encoded asa 0 to 1 transition at the middle of the clock period.

Figure 25-3 CMI CODING

CLOCK

DATA 1 1 0 1 0 0 1

CMI

Transmit and Receive CMI isenabled viaL1C4.7. When thisregister bit is set, the TTIP pin will output CMI
coded dataat normal TTL typelevels. Thissignal can be used to directly drive an optical interface. When
CMI isenable, the user may also use HDB3/B8ZS coding. When thisregister bit is set, the RTIP pin will
become aunipolar CMI input. The CMI signal will be processed to extract and align the clock with data.
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Register Name: LIC1
Register Description: Linelnterface Control 1
Register Address: 78H
Bit # 7 6 5 4 3 2 1 0
Name L2 L1 LO EGL JAS JABDS DJA TPD
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit Power Down (TPD).
0 = powers down the transmitter and tri-statesthe TTIP and TRING pins
1 =normal transmitter operation

Bit 1/ Disable Jitter Attenuator (DJA).
0 =jitter attenuator enabled
1 =jitter attenuator disabled

Bit 2/ Jitter Attenuator Buffer Depth Select (JABDS).
0=128 hits
1= 32 bits (use for delay sensitive applications)

Bit 3/ Jitter Attenuator Select (JAS).
0 = place thejitter attenuator on the receive side
1 = place thejitter attenuator on the transmit side

Bit 4/ Receive Equalizer Gain Limit (EGL). Thishit controls the sensitivity of the receive equalizer..

T1Mode
0="-36dB (long haul)
1="-15dB (limited long haul)

E1Mode
0=-15dB (short haul)
1=-43dB (long haul)
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Bits5to 7/ LineBuild Out Select (LOto L 2).
E1 Mode
L2 L1 LO APPLICATION N (1) RETURN Rt (1)
LOSS
0 0 0 75 ohm normal 12 NM 0ohms
0 0 1 120 ohm normal 12 NM 0ohms
1 0 0 75 ohmw/ high return loss 1.2 21dB 6.2 ohms
SeeNote 1
1 0 1 120 ohm w/ high return loss 1.2 21dB 11.6 ohms
SeeNote 1
Notes: 1. TTOand TT1 of LICA4 register must be set to 0 in this configuration.
T1Mode
L2 L1 LO APPLICATION N (1) RETURN Rt (1)
LOSS
0 0 O Dsx-1(0TO133FEET)/0DB 2 NM Oohms
Csu
0 0 1 DSX-1 (133 to 266 fest) 12 NM 0ohms
0 1 0 DSX-1 (266 to 399 fest) 12 NM 0ohms
0 1 1 DSX-1 (399 to 533 fest) 12 NM 0ohms
1 0 0 DSX-1 (533 to 655 fest) 12 NM 0ohms
1 0 1 -7.50B CsU 12 NM 0ohms
1 1 0 -15dB CSU 12 NM 0ohms
1 1 1 -22.5dB CSU 12 NM 0ohms
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Register Name: LIC2
Register Description: Linelnterface Control 2
Register Address: 79H
Bit # 7 6 5 4 3 2 1 0
Name ETS LIRST IBPV TUAL JAMUX - LD CLDS
Default 0 0 0 0 0 0 0 0

Bit 0/ Custom LineDriver Select (CLDS). Setting thisbit to aone will redefine the operation of the
transmit line driver. When thisbitissettoaoneand LIC1.5=LIC1.6 = LIC1.7 = 0, then the device will
generate asquare wave at the TTIP and TRING outputs instead of a normal waveform. When thisbit is set
toaoneand LICL5=LIC1L6=LIC1.7* O, thenthedevicewill force TTIP and TRING outputs to become
open drain driversinstead of their normal push-pull operation. Thisbit should be set to zero for normal
operation of the device.

Bit 1/ Short Circuit Limit Disable (ETS=1) (SCLD). Controlsthe 50mA (rms) current limiter.
0 = enable 50mA current limiter
1 = disable 50mA current limiter

Bit 2/ Unused, must be set to zero for proper operation

Bit 3/ Jitter Attenuator MUX (JAMUX). Controls the source for JACLK.
0=JACLK sourced from MCLK (2.048MHz or 1.544MHz at MCLK)
1 =JACLK sourced frominternal PLL (2.048MHz at MCLK)

Bit 4/ Transmit Unframed All Ones(TUA1L). The polarity of thishit is set such that the device will
transmit an all ones pattern on power-up or devicereset. Thisbit must be set to aone to allow the device to
transmit data. The transmission of this data pattern is alwaystimed off of the JACLK.

O =transmit al onesat TTIPand TRING

1 = transmit data normally

Bit 5/ Insert BPV (IBPV). A 0to 1 transition on this bit will cause asingle BiPolar Violation (BPV) to be
inserted into the transmit data stream. Once this bit has been toggled from a0 to a 1, the device waits for the
next occurrence of three consecutive ones to insert the BPV. Thisbit must be cleared and set again for a
subsequent error to be inserted.

Bit 6/ Linelnterface Reset (LIRST). Setting thisbit from azero to aone will initiate an internal reset that
resets the clock recovery state machine and re-centersthe jitter attenuator. Normally this bit isonly toggled
on power-up. Must be cleared and set again for a subsequent reset.

Bit 7/E1/T1Select (ETS).
0=T1 Mode Selected
1=E1 Mode Selected
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Register Name: LIC3
Register Description: Linelnterface Control 3
Register Address: 7AH
Bit # 7 6 5 4 3 2 1 0
Name - TCES RCES MM1 MMO RSCLKE | TSCLKE TAOZ
Default 0 0 0 0 0 0 0 0

Bit 0/ Transmit Alternate Onesand Zeros(TAOZ). Transmita...101010... pattern (Customer Disconnect
Indication Signal) at TTIP and TRING. The transmission of this data pattern is always timed off of TCLK.

0 =disabled

1= enabled

Bit 1/ Transmit Synchronization G.703 Clock Enable (TSCLKE).
0= disable 1.544 (T1)/2.048 (E1)MHz transmit synchronization clock
1 = enable 1.544 (T1)/2.048 (E1))MHz transmit synchronization clock

Bit 2/ Receive Synchronization G.703 Clock Enable (RSCLKE).
0 = disable 1.544 (T1)/2.048 (E1)MHz synchronization receive mode
1 = enable 1.544 (T1)/2.048 (E1)MHz synchronization receive mode

Bits3to4/Monitor Mode (MMOto MM1).

MM1 MMO Internal Linear Gain Boost (dB)
0 0 Normal operation (no boost)
0 1 20
1 0 26
1 1 32

Bit 5/ Receive Clock Edge Select (RCES). Selects which RCLKO edge to update RPOSO and RNEGO.
0 = update RPOSO and RNEGO on rising edge of RCLKO
1 = update RPOSO and RNEGO on falling edge of RCLKO

Bit 6/ Transmit Clock Edge Select (TCES). Selectswhich TCLKI edge to sample TPOSI and TNEGI.
0 =sample TPOS| and TNEGI on falling edge of TCLKI
1=sample TPOSI and TNEGI on rising edge of TCLKI

Bit 7/ Unused, must be set to zero for proper operation
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Register Name: LIC4
Register Description: Linelnterface Control 4
Register Address: 7BH
Bit # 7 6 5 4 3 2 1 0
Name CMIE CMII MPS1 MPS0 TT1 TTO RT1 RTO
Default 0 0 0 0 0 0 0 0

Bits0to 1/ Receive Termination Select (RTOto RT1).

RT1 RTO Internal Receive Termination Configuration
0 0 Internal receive-side termination disabled
0 1 Internal receive-side 75 ohm enabled
1 0 Internal receive-side 100 ohm enabled
1 1 Internal receive-side 120 ohm enabled

Bits2to 3/ Transmit Termination Select (TTOto TT1).

TT1 TTO Internal Transmit Termination Configuration
0 0 Internal transmit-side termination disabled
0 1 Internal transmit -side 75 ohm enabled
1 0 Internal transmit -side 100 ohm enabled
1 1 Internal transmit -side 120 ohm enabled

Bits4and 5/ MCLK Pre-Scaler for T1 Mode

MCLK (MH2) MPSL MPSO JAMUX

(LIC2.3)
1544 0 0 0
3088 0 1 0
6.276 1 0 0
12552 1 1 0
2048 0 0 1
40% 0 1 1
8.192 1 0 1
16.384 1 1 1

Bits4and 5/ MCLK Pre-Scaler for E1 Mode

MCLK MPSL MPS0 JAMUX
(MH?2) (LIC2.3)
2048 0 0 0
40% 0 1 0
8192 1 0 0
16.384 1 1 0
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Bit 6/ CMI Invert (CMII).
0=CMI normal a TTIP and RTIP
1=Invert CMI signa at TTIPand RTIP

Bit 7/ CMI Enable (CMIE).
0 =disable CM| mode
1=Enable CM| Mode
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Register Name: INFO2
Register Description: Information Register 2
Register Address: 11H
Bit # 7 6 5 4 3 2 1 0
Name BSYNC BD TCLE TOCD RL3 RL2 RL1 RLO
Default 0 0 0 0 0 0 0 0

Bits0to 3/ Receive Level Bits(RLO to RL 3). Real-time hits.

Py
w
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Y]
N

PRPRPPRPOOOORRRLRRLROOOOT

R

PPRPOORFRPRFRPOOFRPRPFRPOORRFLROOTM™

=

Py
o

POPFRPOFRPROFRPROFRPOFRPORFRLOROT

-25t0-5.0
-50to-75
-7.5t0-10.0
-10.0t0-12.5
-12.5t0-15.0
-150t0-17.5
-17.5t0-20.0
-200t0-22.5
-22.510-25.0
-25.0t0-27.5
-27.5t0-30.0
-30.0t0-32.5
-32.510-35.0
-35.0t0-37.5

Receive Level (dB)
Greater than -2.5

Lessthan-37.5

Bit 4/ Transmit Open Circuit Detect. (TOCD) A real-time bit set when the device detectsthat the TTIP
and TRING outputs are open circuited.

Bit 5/ Transmit Current Limit Exceeded. (TCLE) A real—time bit set when the 50mA (rms) current limiter is
activated whether the current limiter is enabled or not.

Bit 6/ BOC Detected (BD). A real-time bit that is set high when the BOC detector is presently seeing a
valid sequence and set low when no BOC is currently being detected.

Bit 7/ BERT Real Time Synchronization Status (BSYNC). Real time status of the synchronizer (thisbit is

not latched). Will be set when the incoming pattern matches for 32 consecutive bit positions. Will be

cleared when 6 or more bits out of 64 arereceived in error. Refer to BSYNC in the BERT status register, SR9,
for an interrupt generating version of thissignal.
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Register Name: SR1
Register Description: Status Register 1
Register Address: 16H
Bit # 7 6 5 4 3 2 1 0
Name TIMER RSCOS JALT LRCL TCLE TOCD LOLITC
Default 0 0 0 0 0 0 0 0

Bit 0/ Lossof Linelnterface Transmit Clock Condition (LOLITC). Set when TCLKI has not transitioned
for one channel time.

Bit 1/ Transmit Open Circuit Detect Condition (TOCD). Set when the device detects that the TTIP and
TRING outputs are open circuited.

Bit 2/ Transmit Current Limit Exceeded Condition (TCLE). Set when the 50mA (rms) current limiter is
activated whether the current limiter is enabled or not.

Bit 3/ Linelnterface Receive Carrier Loss Condition (LRCL). Set when the carrier signal islost.

Bit 4/ Jitter Attenuator Limit Trip Event (JALT). Set when thejitter attenuator FIFO reachesto within 4
bits of it’suseful limit. Will be cleared when read. Useful for debugging jitter attenuation operation.

Bit 5/ Receive Signaling Change Of State Event (RSCOS). Set when any channel selected by the Receive
Signaling Change Of State Interrupt Enable registers (RSCSE1 through RSCSE4), changes signaling state.

Bit 6/ Timer Event (TIMER). Follows the error counter update interval as determined by the ECUS bitin
the Error Counter Configuration Register (ERCNT).

T1: Set on increments of 1 second or 42 ms based on RCLK.

E1: Set onincrements of 1 second or 62.5 ms based on RCLK.
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Register Name: IMR1
Register Description: Interrupt Mask Register 1
Register Address: 17H
Bit # 7 6 5 4 3 2 1 0
Name - TIMER RSCOS JALT LRCL TCLE TOCD LOLITC
Default 0 0 0 0 0 0 0 0
Bit 0/ Lossof Transmit Clock Condition (LOLITC).

0 = interrupt masked

1 =interrupt enabled — generates interrupts on rising and falling edges
Bit 1/ Transmit Open Circuit Detect Condition (TOCD).

0 = interrupt masked

1 =interrupt enabled — generates interrupts on rising and falling edges
Bit 2/ Transmit Current Limit Exceeded Condition (TCLE).

0 = interrupt masked

1 =interrupt enabled — generates interrupts on rising and falling edges
Bit 3/ Linelnterface Receive Carrier Loss Condition (LRCL).

0 = interrupt masked

1 = interrupt enabled — generates interrupts on rising and falling edges
Bit 4/ Jitter Attenuator Limit Trip Event (JALT).

0 = interrupt masked

1 =interrupt enabled
Bit 5/ Receive Signaling Change Of State Event (RSCOS).

0 = interrupt masked

1 =interrupt enabled
Bit 6/ Timer Event (TIMER).

0 = interrupt masked

1 =interrupt enabled
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25.7 Recommended Circuits

Figure 25-4 BASIC INTERFACE

VDD
DS2155
2:1 Rt 1 0.1uF .01uF
° ANN I TP DVDD[—4 +—1
TRANSMIT C i i
e g g y DVSS
o AN TRING  1ypp OllIUF 1QuF| |
+
Tvss —4— 1 4
0.1uF 10UF
1:1 RVDDIT 1
- LN B il o
RVSS '
RECEIVE
LINE 1
o— ’ RRING -
R R
i_EO.luF
Notes:

1. All resistor values are +/- 1%.

2. Resistors R should be set to 60 ohms each if the internal receive-side termination feature is enabled.
When thisfeatureis disabled, R = 37.5 ohmsfor 75 ohm coaxia E1 lines, 60 ohmsfor 120 ohm twisted
pair E1 lines, or 50 ohmsfor 100 ohm twisted pair T1 lines.

3. C= .47uF ceramic
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Figure 25-5 PROTECTED INTERFACE USING INTERNAL RECEIVE TERMINATION
VDD

VDD

D1 D2

A DS2155 {4 10k o1

2:1 I
o—a_f o ’ | TTIP  DVDD
TRansmiT Pl g1 C1 bvss e l

2
2

+o

LINE _
0.1uF 0.1uF
—e_f® * = TRING ypp|—9 G714
- X2 D34 * ! I+ T
1 TVSS vI -I
_ 0.1uF 10uF
VDD
RVDD 1 I+
D5| D6 RVSS ,I .I .
1:1
o—_J . RTIP -
S2 e
RECEIVE F3 0.1uF
LINE —
D8
o—e [ ¢ RRING
F4 X1 D7
60 60 L
0.1uF
Notes:
1. All resistor valuesare +/- 1%.
2. Xland X2 arevery low DCR transformers
3. Cl1=_47uF ceramic.
4. Sland S2area6V transient suppressers.
5. D1toD8 are Schottky diodes.
6. Thefuses, F1—F4, are optional to prevent AC power line crosses from compromising the transformers.
7. The68nF isused to keep the local power plane potential within tolerance during a surge.
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25.8 Component Specifications
Table 251 TRANSFORMER SPECIFICATIONS
SPECIFICATION RECOMMENDED VALUE
TurnsRatio 3.3V Applications 1:1(receive) and 1:2(transmit) +/-2%
Primary Inductance 600nH minimum

L eakage Inductance

1.0mH maximum

Intertwining Capacitance

40 pF maximum

Transmit Transformer DC Resistance
Primary (Device Side)
Secondary

1.0 Ohms maximum
2.0 Ohms maximum

Receive Transformer DC Resistance
Primary (Device Side)
Secondary

1.2 Ohms maximum
1.2 Ohms maximum
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Figure 25-6 ELTRANSMIT PULSE TEMPLATE
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Figure25-7 TLTRANSMIT PULSE TEMPLATE

100

150

200

250

12 T T T T T T T
B MAXIMUM CURVE | | MINIMUM CURVE
11 U Time Amp. Ul Time Amp.
1.0 -0.77 -500 0.05 |{-0.77 -500 -0.05
-0.39 -255 005 {|-0.23 -150 -0.05
ool -0.27 -175 080 ||-0.23 -150 0.50
027 -175 115 || -0.15 -100 0.95
osl 012 75 115 || 000 © 0.95
' 0.00 0 105 || 015 100 0.90
07 F 0.27 175 105 || 023 150 0.50
: 0.35 225 -0.07| 023 150 -0.45
B 0.93 600 005 || 046 300 -0.45
'-éJ 0.6 1.16 750 005 || 066 430 -0.20
5 093 600 -0.05
= 05 116 750 -0.05
z
s 04
<
o 0.3
N
= 0.2
s
g 01
o
z 0
-0.1
T1.102/87, T1.403,
02 CB119 (Oct. 79),& ————— P
1.431 Template
03[
04
0.5 7]
1 1 1 1 1 1 1 1 1 1 1 1
-500 -400 -300 -200 -100 O 100 200 300 400 500 600 700
TIME (ns)
PRELIMINARY 031201 193



PRELIMINARY

DS2155
Figure 25-8 JITTER TOLERANCE
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Figure 25-9 JITTER ATTENUATION (T1 MODE)
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Figure 25-10 JITTER ATTENUATION (E1 MODE)
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Figure 25-11 OPTIONAL CRYSTAL CONNECTIONS

DS2155
XTALD
1.544MHz / 2.048MHz
=
MCLK !
—Cl ——cC2

NOTES:
1. ClandC2 should be 5 pF lower than two times the nominal |oading capacitance of the crystal to adjust
for the input capacitance of the DS2155
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26. PROGRAMMABLE IN-BAND LOOP CODE GENERATION AND DETECTION

The DS2155 has the ability to generate and detect a repeating bit pattern from one to eight bits or sixteen
bitsin length. Thisfunction isavailableonly in T1 mode. To transmit a pattern, the user will load the
pattern to be sent into the Transmit Code Definition registers (TCD1& TCD2) and select the proper length of
the pattern by setting the TCO and TC1 bitsin the In-Band Code Control (IBCC) register. When generating
al, 2,4, 8or 16 bit pattern both transmit code definition registers (TCD1& TCD2) must be filled with the
proper code. Generation of a3, 5, 6 and 7 bit pattern only requires TCD1 to befilled. Oncethisis
accomplished, the pattern will be transmitted as long as the TLOOP control bit (TLCCRL1.0) isenabled.
Normally (unless the transmit formatter is programmed to not insert the F—hit position) the framer will
overwrite the repeating pattern once every 193 bits to allow the F-bit position to be sent.

Asan example, to transmit the standard “loop up” code for Channel Service Units (CSUs), whichisa
repeating pattern of ...10000100001..., set TCD1 = 80h, IBCC=0and TICCR1.0=1.

The framer has three programmabl e pattern detectors. Typically, two of the detectors are used for “loop up”
and “loop down” code detection. The user will program the codes to be detected in the Receive Up Code
Definition (RUPCD1 & RUPCD?) registers and the Receive Down Code Definition (RDNCD1 & RDNCD2)
registers and the length of each pattern will be selected viathe IBCC register. Thereis athird detector
(Spare) and it isdefined and controlled viathe RSCD1/RSCD2 and RSCC registers. When detecting a 16 bit
pattern both receive code definition registers are used together to form a 16 bit register. For 8 bit patterns
both receive code definition registerswill be filled with the same value. Detection of a1, 2, 3, 4, 5, 6 and 7 bit
pattern only requires the first receive code definition register to be filled. The framer will detect repeating
pattern codes in both framed and unframed circumstances with bit error rates as high as 10E-2. The
detectors are capable of handling both F-bit inserted and F-bit overwrite patterns. Writing the least
significant byte of receive code definition register resets the integration period for that detector. The code
detector has a nominal integration period of 36 ms. Hence, after about 36 ms of receiving avalid code, the
proper status bit (LUP at SR3.5, LDN at SR3.6 and LSPARE at SR3.7 ) will be set to aone. Normally codes are
sent for aperiod of 5 seconds. It isrecommend that the software poll the framer every 50 msto 1000 ms until
5 seconds has elapsed to insure that the code is continuously present.
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Register Name: IBCC
Register Description: In—Band Code Control Register
Register Address: B6H
Bit # 7 6 5 4 3 2 1 0
Name TC1 TCO RUP2 RUPL RUPO RDN2 RDN1 RDNO
Default 0 0 0 0 0 0 0 0
Bits0to 2/ Receive Down Code L ength Definition Bits (RDNO to RDN2).
RDN2 RDN1 RDNO LENGTH SELECTED
0 0 0 1 bits
0 0 1 2 hits
0 1 0 3 hits
0 1 1 4 bits
1 0 0 5 bits
1 0 1 6 bits
1 1 0 7 bits
1 1 1 8/ 16 hits
Bits3to 5/ Receive Up Cade L ength Definition Bits (RUPO to RUP2).
RUP2 RUP1 RUPO LENGTH SELECTED
0 0 0 1 bits
0 0 1 2 hits
0 1 0 3 hits
0 1 1 4 bits
1 0 0 5 bits
1 0 1 6 bits
1 1 0 7 bits
1 1 1 8/ 16 hits
Bits6to 7/ Transmit Code L ength Definition Bits(TCOto TC1).
TC1 TCO LENGTH SELECTED
0 0 5 hits
0 1 6 bits/ 3 hits
1 0 7 bits
1 1 16 bits/ 8 bits/ 4 bits/ 2 bits/ 1 bit
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Register Name: TCD1
Register Description: Transmit Code Definition Register 1
Register Address: B7H
Bit # 7 6 1
Name Cc7 C6 Cl C0
Default 0 0 0 0 0 0

Bit 0/ Transmit Code Definition Bit 0 (C0). A Don’t Careif a5, 6 or 7 bit length is selected.
Bit 1/ Transmit Code Definition Bit 1 (C1). A Don’t Careif a5 or 6 bit length is selected.
Bit 2/ Transmit Code Definition Bit 2 (C2). A Don’t Careif a5 bit length is selected.

Bit 3/ Transmit Code Definition Bit 3 (C3).

Bit 4/ Transmit Code Definition Bit 4 (C4).

Bit 5/ Transmit Code Definition Bit 5 (C5).

Bit 6/ Transmit Code Definition Bit 6 (C6).

Bit 7/ Transmit Code Definition Bit 7 (C7). First bit of the repeating pattern.
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Register Name: TCD2
Register Description: Transmit Code Definition Register 2
Register Address: B8H
Bit # 7 6 1
Name Cc7 C6 Cl
Default 0 0 0

Least significant byte of 16 bit codes

Bit 0/ Transmit Code Definition Bit 0 (C0). A Don’t Careif a5, 6 or 7 bit length is selected.
Bit 1/ Transmit Code Definition Bit 1 (C1). A Don’t Careif a5, 6 or 7 bit length is selected.
Bit 2/ Transmit Code Definition Bit 2 (C2). A Don’t Careif a5, 6 or 7 bit length is selected.
Bit 3/ Transmit Code Definition Bit 3 (C3). A Don’t Careif a5, 6 or 7 bit length is selected.
Bit 4/ Transmit Code Definition Bit 4 (C4). A Don’t Careif a5, 6 or 7 bit length is selected.
Bit 5/ Transmit Code Definition Bit 5 (C5). A Don’t Careif a5, 6 or 7 bit length is selected.
Bit 6/ Transmit Code Definition Bit 6 (C6). A Don’t Careif a5, 6 or 7 bit length is selected.

Bit 7/ Transmit Code Definition Bit 7 (C7). A Don’t Careif a5, 6 or 7 bit length is selected.
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Register Name:

Register Description:

RUPCD1

Receive Up Code Definition Register 1

Register Address: B9H

Bit # 7 6 5 4 3 1

Name C7 C6 c5 A c3 Cl C0
Default 0 0 0 0 0 0

Note: Writing this register resets the detector’ s integration period.

Bit 0/ Receive Up Code Definition Bit 0 (C0O). A Don’'t Careif alto 7 bit length is selected.

Bit 1/ Receive Up Code Definition Bit 1 (C1). A Don't Careif a1 to 6 bit length is selected.

Bit 2/ Receive Up Code Definition Bit 2 (C2). A Don't Careif alto 5 bit length is selected.

Bit 3/ Receive Up Code Definition Bit 3 (C3). A Don’'t Careif alto 4 bit length is selected.

Bit 4/ Receive Up Code Definition Bit 4 (C4). A Don't Careif a1 to 3 bit length is selected.

Bit 5/ Receive Up Code Definition Bit 5 (C5). A Don’t Careif al or 2 bit length is selected.

Bit 6/ Receive Up Code Definition Bit 6 (C6). A Don’t Careif a1-bit length is selected.

Bit 7/ Receive Up Code Definition Bit 7 (C7). First bit of the repeating pattern.
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Register Name:

Register Description:

RUPCD2

Receive Up Code Definition Register 2

Register Address: BAH

Bit # 7 6 5 4 3 2 1

Name C7 C6 c5 A c3 c2 Cl C0
Default 0 0 0 0 0 0 0

Bit 0/ Receive Up Code Definition Bit 0 (C0O). A Don’'t Careif alto 7 bit length is selected.

Bit 1/ Receive Up Code Definition Bit 1 (C1). A Don't Careif alto 7 bit length is selected.

Bit 2/ Receive Up Code Definition Bit 2 (C2). A Don't Careif alto 7 bit length is selected.

Bit 3/ Receive Up Code Definition Bit 3 (C3). A Don’'t Careif alto 7 bit length is selected.

Bit 4/ Receive Up Code Definition Bit 4 (C4). A Don't Careif alto 7 bit length is selected.

Bit 5/ Receive Up Code Definition Bit 5 (C5). A Don’'t Careif alto 7 bit length is selected.

Bit 6/ Receive Up Code Definition Bit 6 (C6). A Don’'t Careif alto 7 bit length is selected.

Bit 7/ Receive Up Code Definition Bit 7 (C7). A Don't Careif alto 7 bit length is selected.
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Register Name: RDNCD1
Register Description: Receive Down Code Definition Register 1
Register Address: BBH
Bit # 7 6 5 4 3 1
Name Cc7 C6 C5 A C3 Cl
Default 0 0 0 0 0 0

Note: Writing this register resets the detector’ s integration period.

Bit 0/ Receive Down Code Definition Bit 0 (C0). A Don't Careif alto 7 bit length is selected.

Bit 1/ Receive Down Code Definition Bit 1 (C1). A Don’'t Careif alto 6 bit length is selected.

Bit 2/ Receive Down Code Definition Bit 2 (C2). A Don’'t Careif alto 5 bit length is selected.

Bit 3/ Receive Down Code Definition Bit 3 (C3). A Don’'t Careif alto 4 bit length is selected.

Bit 4/ Receive Down Code Definition Bit 4 (C4). A Don’'t Careif alto 3 bit length is selected.

Bit 5/ Receive Down Code Definition Bit 5 (C5). A Don’t Careif al or 2 bit length is selected.

Bit 6/ Receive Down Code Definition Bit 6 (C6). A Don’t Careif a1-bit length is selected.

Bit 7/ Receive Down Code Definition Bit 7 (C7). First bit of the repeating pattern.
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Register Name: RDNCD2

Register Description: Receive Down Code Definition Register 2

Register Address: BCH

Bit # 7 6 1
Name Cc7 C6 C1
Default 0 0 0

Bit 0/ Receive Down Code Definition Bit 0 (C0). A Don't Careif alto 7 bit length is selected.

Bit 1/ Receive Down Code Definition Bit 1 (C1). A Don’'t Careif alto 7 bit length is selected.

Bit 2/ Receive Down Code Definition Bit 2 (C2). A Don’'t Careif alto 7 bit length is selected.

Bit 3/ Receive Down Code Definition Bit 3 (C3). A Don't Careif alto 7 bit length is selected.

Bit 4/ Receive Down Code Definition Bit 4 (C4). A Don't Careif alto 7 bit length is selected.

Bit 5/ Receive Down Code Definition Bit 5 (C5). A Don’'t Careif alto 7 bit length is selected.

Bit 6/ Receive Down Code Definition Bit 6 (C6). A Don’'t Careif alto 7 bit length is selected.

Bit 7/ Receive Down Code Definition Bit 7 (C7). A Don't Careif alto 7 bit length is selected.
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Register Name: RSCC
Register Description: In-Band Receive Spare Control Register
Register Address: BDH
Bit # 7 6 5 4 3 2 1 0
Name - - - - - RSC2 RSC1 RSCO
Default 0 0 0 0 0 0 0 0

Bits0to 2/ Receive Spare Code L ength Definition Bits (RSCO to RSC2).

RSC2 RSC1 RSCO LENGTH SELECTED
0 0 0 1 bits
0 0 1 2 bits
0 1 0 3 hits
0 1 1 4 bits
1 0 0 5 bits
1 0 1 6 bits
1 1 0 7 bits
1 1 1 8/ 16 hits

Bit 3/ Unused, must be set to zero for proper operation
Bit 4/ Unused, must be set to zero for proper operation
Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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Register Name: RSCD1
Register Description: Receive Spar e Code Definition Register 1
Register Address: BEH
Bit # 7 6 5 4 3 1
Name Cc7 C6 C5 A C3 C1
Default 0 0 0 0 0 0

Note: Writing this register resets the detector’ s integration period.

Bit 0/ Receive Spar e Code Definition Bit 0 (C0). A Don’t Careif alto 7 bit length is selected.

Bit 1/ Receive Spare Code Definition Bit 1 (C1). A Don’t Careif alto 6 bit length is selected.

Bit 2/ Receive Spar e Code Definition Bit 2 (C2). A Don’t Careif alto 5 bit length is selected.

Bit 3/ Receive Spare Code Definition Bit 3 (C3). A Don't Careif alto 4 bit length is selected.

Bit 4/ Receive Spar e Code Definition Bit 4 (C4). A Don't Careif alto 3 bit length is selected.

Bit 5/ Receive Spar e Code Definition Bit 5 (C5). A Don’t Careif al or 2 bit length is selected.

Bit 6 / Receive Spar e Code Definition Bit 6 (C6). A Don’t Careif a 1-bit length is selected.

Bit 7/ Receive Spar e Code Definition Bit 7 (C7). First bit of the repeating pattern.
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Register Name: RSCD2
Register Description: Receive Spar e Code Definition Register 2
Register Address: BFH
Bit # 7 6 5 4 3 2 1
Name Cc7 C6 C5 A C3 c2 C1 C0
Default 0 0 0 0 0 0 0

Bit 0/ Receive Spar e Code Definition Bit 0 (C0). A Don’t Careif alto 7 bit length is selected.
Bit 1/ Receive Spare Code Definition Bit 1 (C1). A Don't Careif alto 7 bit length is selected.
Bit 2/ Receive Spar e Code Definition Bit 2 (C2). A Don’t Careif alto 7 bit length is selected.
Bit 3/ Receive Spare Code Definition Bit 3 (C3). A Don't Careif alto 7 bit length is selected.
Bit 4/ Receive Spar e Code Definition Bit 4 (C4). A Don't Careif alto 7 bit length is selected.
Bit 5/ Receive Spar e Code Definition Bit 5 (C5). A Don’t Careif alto 7 bit length is selected.
Bit 6 / Receive Spar e Code Definition Bit 6 (C6). A Don’t Careif alto 7 bit length is selected.

Bit 7/ Receive Spar e Code Definition Bit 7 (C7). A Don’t Careif alto 7 bit length is selected.
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27. BERT FUNCTION

The BERT (Bit Error Rate Tester) Block can generate and detect both pseudorandom and repeating bit
patterns. It isused to test and stress data communication links.

The BERT Block is capable of generating and detecting the following patterns:

the pseudorandom patterns 2E7, 2E11, 2E15, and QRSS
arepetitive pattern from 1 to 32 bitsin length

aternating (16-bit) words which flip every 1 to 256 words
Daly pattern

The BERT function is assigned on a per-channel basis for both the transmitter and receiver. This is
accomplished by using the special per-channel function described in section 7. Using this function, the
BERT pattern can be transmitted and/or received in single or across multiple DSO0s, contiguous or broken.
Transmit and receive bandwidth assignments are independent of each other.

The BERT receiver has a 32-hit Bit Counter and a 24-bit Error Counter. The BERT receiver will report three
events, a change in receive synchronizer status, a bit error being detected, and if either the Bit Counter or
the Error Counter overflows. Each of these events can be masked within the BERT function via the BERT
Control Register 1 (BC1). If the software detects that the BERT has reported an event, then the software
must read the BERT Information Register (BIR) to determine which event(s) has occurred. To activate the
BERT Block, the Host must configure the BERT mux viathe BIC register.

SR9 contains the status information on the BERT function. The host can be alerted when there is a change
of state of the BERT viathisregister. A major change of state is defined as either a change in the receive
synchronization (i.e. the BERT has gone into or out of receive synchronization), a bit error has been
detected, or an overflow has occurred in either the Bit Counter or the Error Counter. The Host must read
Status Register 9 (SR9) to determine the change of state.
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27.1 BERT REGISTER DESCRIPTION
Register Name: BC1
Register Description: BERT Control Register 1
Register Address: EOH
Bit # 7 6 5 4 3 2 1 0
Name TC TINV RINV PS2 PS1 PO LC RESYNC
Default 0 0 0 0 0 0 0 0

Bit 0/ Force Resynchronization (RESYNC). A low to high transition will force the receive BERT
synchronizer to resynchronize to theincoming data stream. This bit should be toggled from low to high
whenever the host wishes to acquire synchronization on anew pattern. Must be cleared and set again for a
subsequent resynchronization.

Bit 1/ Load Bit and Error Counters(LC). A low to high transition latches the current bit and error counts
into the registers BBC1/BBC2/BBC3/BBC4 and BEC1/BEC2/BEC3 and clearsthe internal count. This bit
should be toggled from low to high whenever the host wishesto begin a new acquisition period. Must be
cleared and set again for a subsequent loads.

Bits2to 4/ Pattern Select Bits (PS0 to PS2)

pPSs2 PS1 PSO Pattern Definition

0 0 0 Pseudorandom 2E7 -1

0 0 1 Pseudorandom 2E11 -1

0 1 0 Pseudorandom 2E15 -1

0 1 1 Pseudorandom Pattern QRSS. A 2% - 1 pattern with 14 consecutive zero
restriction.

1 0 0 Repetitive Pattern

1 0 1 Alternating Word Pattern

1 1 0 Modified 55 Octet (Daly) Pattern The Daly pattern is arepeating 55 octet
pattern that isbyte aligned into the active DSO timeslots. The patternis
defined ina ATIS (Alliance for Telecommunications Industry Solutions)
Committee T1 Technical Report Number 25 (November 1993).

1 1 1 Reserved

Bit 5/ Receive Invert Data Enable (RINV).
0 = do not invert the incoming data stream
1 = invert theincoming data stream

Bit 6/ Transmit Invert Data Enable (TINV).
0 = do not invert the outgoing data stream
1 =invert the outgoing data stream

Bit 7/ Transmit Pattern Load (TC). A low to high transition loads the pattern generator with the pattern
that isto be generated. This bit should be toggled from low to high whenever the host wishesto load a new
pattern. Must be cleared and set again for a subsequent loads.
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Register Name: BC2
Register Description: BERT Control Register 2
Register Address: E1H
Bit # 7 6 5 4 3 2 1 0
Name EIB2 EIB1 EIBO SBE RPL3 RPL2 RPL1 RPLO
Default 0 0 0 0 0 0 0 0

Bits0to 3/ Repetitive Pattern Length Bit 3(RPLOto RPL3). RPLOistheLSB and RPL3isthe MSB of a
nibble that describes the how long the repetitive patternis. Thevalid rangeis 17 (0000) to 32 (1111). These
bitsareignored if the receive BERT is programmed for a pseudorandom pattern. To create repetitive
patternsless than 17 bitsin length, the user must set the length to an integer number of the desired length
that islessthan or equal to 32. For example, to create a 6 bit pattern, the user can set the length to 18 (0001)
or to 24 (0111) or to 30 (1101).

Length RPL3 RPL2 RPL1 RPLO
17 Bits 0 0 0 0
18 Bits 0 0 0 1
19 Bits 0 0 1 0
20 Bits 0 0 1 1
21 Bits 0 1 0 0
22 Bits 0 1 0 1
23 Bits 0 1 1 0
24 Bits 0 1 1 1
25 Bits 1 0 0 0
26 Bits 1 0 0 1
27 Bits 1 0 1 0
28 Bits 1 0 1 1
29 Bits 1 1 0 0
30 Bits 1 1 0 1
31Bits 1 1 1 0
32 Bits 1 1 1 1

Bit 4/ Single Bit Error Insert (SBE). A low to high transition will create asingle bit error. Must be cleared
and set again for a subsequent bit error to beinserted.

Bits5to7/Error Insert BitsOto 2 (EIBOto EIB2). Will automatically insert bit errors at the prescribed
rate into the generated data pattern. Can be used for verifying error detection features.

EIB2 EIB1 EIBO Error Rate Inserted
0 0 0 No errors automatically inserted
0 0 1 10E-1
0 1 0 10E-2
0 1 1 10E-3
1 0 0 10E-4
1 0 1 10E-5
1 1 0 10E-6
1 1 1 10E-7
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Register Name: BIC
Register Description: Bert Interface Control Register
Register Address: EAH
Bit # 7 6 5 4 3 1 0
Name RFUS - TBAT TFUS BERTDIR | BERTEN
Default 0 0 0 0 0 0 0
Bit 0/ BERT enable (BERTEN).

0=BERT disabled.
1=BERT enabled.

Bit 1/ BERT Direction (BERTDIR).
0= Network
1= System

Bit 2/ Unused, must be set to zero for proper operation

Bit 3/ Transmit Framed/Unframed Sdlect (TFUS). For T1 modeonly
0 =BERT will not source datainto the F-bit position (framed)
1 =BERT will source datainto the F-hit position (unframed)

Bit 4/ Transmit Byte Align Toggle (TBAT). A zeroto onetransition will forcethe BERT to bytealignit's
pattern with the transmit formatter. Thisbit must be transitioned in order to byte align the Daly Pattern.

Bit 5/ Unused, must be set to zero for proper operation

Bit 6/ Receive Framed/Unframed Select (RFUS). For T1 modeonly

0 =BERT will not sample data from the F-bit position (framed)

1 =BERT will sample datafrom the F-bit position (unframed)

Bit 7/ Unused, must be set to zero for proper operation
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Register Name: SR9
Register Description: Status Register 9
Register Address: 26H
Bit # 7 6 5 4 3 2 1 0
Name BBED BBCO BECO BRA1 BRAO | BRLOS BSYNC
Default 0 0 0 0 0 0 0 0

Bit 0/ BERT in Synchronization Condition (BSYNC). Will be set when the incoming pattern matches for 32
consecutive bit positions. Refer to BSYNC in INFO2 register for areal time version of thisbit.

Bit 1/ BERT Receive L oss Of Synchronization Condition (BRLOS). A latched bit which is set whenever
the receive BERT begins searching for a pattern. The BERT will lose sync after receiving 6 errored bits out
of 63 hits. Once synchronization isachieved, thishbit will remain set until read.

Bit 2/ BERT Receive All Zeros Condition (BRAOQ). A latched bit which is set when 32 consecutive zeros
arereceived. Allowed to be cleared once aoneis received.

Bit 3/ BERT Receive All Ones Condition (BRA1L). A latched bit which is set when 32 consecutive ones are
received. Allowed to be cleared once azeroisreceived.

Bit 4/ BERT Error Counter Overflow (BECO) Event (BECO). A latched bit which is set when the 24-bit
BERT Error Counter (BEC) overflows. Cleared when read and will not be set again until another overflow
occurs.

Bit 5/ BERT Bit Counter Overflow Event (BBCO). A latched bit which is set when the 32-bit BERT Bit
Counter (BBC) overflows. Cleared when read and will not be set again until another overflow occurs.

Bit 6/ BERT Bit Error Detected (BED) Event (BBED). A latched bit which is set when abit error is
detected. Thereceive BERT must bein synchronization for it detect bit errors. Cleared when read.
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Register Name: IMR9
Register Description: Interrupt Mask Register 9
Register Address: 27H
Bit # 7 6 5 4 3 2 1 0
Name - BBED BBCO BECO BRA1 BRAO | BRLOS BSYNC
Default 0 0 0 0 0 0 0 0
Bit 0/ BERT in Synchronization Condition (BSYNC).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 1/ Receive L oss Of Synchronization Condition (BRLOS)

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 2/ Receive All Zeros Condition (BRAO).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 3/ Receive All Ones Condition (BRA1).

0 = interrupt masked

1 = interrupt enabled — interrupts on rising and falling edges
Bit 4/ BERT Error Counter Overflow Event (BECO).

0 = interrupt masked

1 =interrupt enabled
Bit 5/ BERT Bit Counter Overflow Event (BBCO).

0 = interrupt masked

1 =interrupt enabled
Bit 6/ Bit Error Detected Event (BBED).

0 = interrupt masked

1 =interrupt enabled
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BERT Alternating Word Count Rate. When the BERT is programmed in the alternating word mode, the
words will repeat for the count loaded into this register then flip to the other word and again repeat for the
number of times loaded into this register

Register Name:

Register Description:

Register Address:

Bit#
Name
Default

BAWC

BERT Alternating Word Count Rate

DBH
7 6 5 4 3 2 1 0
ACNT7 ACNTG6 ACNTS ACNT4 ACNT3 ACNT2 ACNT1 ACNTO
0 0 0 0 0 0 0 0

BitsOto 7/ Alternating Word Count Rate BitsOto 7 (ACNTOto ACNT7). ACNTO isthe LSB of the 8-hit
Alternating Word Count Rate counter.
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27.2 BERT Repetitive Pattern Set

These registers must be properly loaded for the BERT to generate and synchronize to arepetitive pattern, a
pseudorandom pattern, alternating word pattern, or a Daly pattern. For arepetitive pattern that islessthan
32 hits, then the pattern should be repeated so that all 32 bits are used to describe the pattern. For example
if the pattern was the repeating 5-bit pattern ...01101... (where the right most bit is the one sent first and
received first) then BRP1 should be loaded with ADh, BRP2 with B5h, BRP3 with D6h, and BRP4 should be
loaded with 5Ah. For a pseudorandom pattern, all four registers should be loaded with al ones (i.e. xFF).
For an alternating word pattern, one word should be placed into BRP1 and BRP2 and the other word should
be placed into BRP3 and BRP4. For example, if the DDS stress pattern " 7E" is to be described, the user
would place 00h in BRP1, 00hin BRP2, 7Eh in BRP3, and 7Eh in BRP4 and the alternating word counter
would be set to 50 (decimal) to allow 100 bytes of 00h followed by 100 bytes of 7Eh to be sent and received.

Register Name: BRP1

Register Description: BERT Repetitive Pattern Set Register 1

Register Address: DCH

Bit # 7 6 5 4 3 2 1 0
Name RPAT7 RPAT6 RPAT5 RPAT4 RPAT3 | RPAT2 RPAT1 RPATO
Default 0 0 0 0 0 0 0 0

BitsOto 7/ BERT Repetitive Pattern Set Bits0to 7 (RPATOto RPAT7). RPATO isthe L SB of the 32-hit
Repetitive Pattern Set

Register Name:

Register Description:

BRP2

BERT Repetitive Pattern Set Register 2

Register Address: DDH

Bit # 7 6 5 4 3 2 1 0
Name RPAT15 | RPAT14 | RPAT13 | RPAT12 | RPAT11 | RPAT10 | RPAT9 RPATS8
Default 0 0 0 0 0 0 0 0
BitsOto 7/ BERT Repetitive Pattern Set Bits8to 15 (RPAT8to RPAT15).
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Register Name: BRP3
Register Description: BERT Repetitive Pattern Set Register 3
Register Address: DEH
Bit # 7 6 5 4 3 2 1 0
Name RPAT23 | RPAT22 | RPAT21 [ RPAT20 | RPAT19 | RPAT18 | RPAT1Y RPAT16
Default 0 0 0 0 0 0 0 0
BitsOto 7/ BERT Repetitive Pattern Set Bits 16 to 23 (RPAT 16 to RPAT 23).
Register Name: BRP4
Register Description: BERT Repetitive Pattern Set Register 4
Register Address: DFH
Bit # 7 6 5 4 3 2 1 0
Name RPAT31 | RPAT30 [ RPAT29 | RPAT28 | RPAT27 | RPAT26 [ RPAT25 RPAT24
Default 0 0 0 0 0 0 0 0

BitsOto 7/ BERT Repetitive Pattern Set Bits 24 to 31 (RPAT24 to RPAT31). RPAT31isthe LSB of the
32-hit Repetitive Pattern Set
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27.3 BERT Bit Counter

Once BERT has achieved synchronization, this 32-bit counter will increment for each data bit (i.e. clock)
received. Toggling the LC control bit in BCO can clear this counter. This counter saturates when full and will

set the BBCO status hit.

Register Name:
Register Description:

BBC1
BERT Bit Count Register 1

Register Address: E3H

Bit # 7 6 5 4 3 2 1 0
Name BBC7 BBC6 BBC5 BBC4 BBC3 BBC2 BBC1 BBCO
Default 0 0 0 0 0 0 0 0
Bits0to 7/ BERT Bit Counter BitsOto 7 (BBCOto BBC7). BBCOisthe LSB of the 32-bit counter.
Register Name: BBC2

Register Description: BERT Bit Count Register 2

Register Address: E4H

Bit # 7 6 5 4 3 2 1 0
Name BBC15 BBC14 BBC13 BBC12 BBC11 BBC10 BBC9 BBC8
Default 0 0 0 0 0 0 0 0
BitsOto 7/ BERT Bit Counter Bits8to 15 (BBC8to BBC15).

Register Name: BBC3

Register Description: BERT Bit Count Register 3

Register Address: E5SH

Bit # 7 6 5 4 3 2 1 0
Name BBC23 BBC22 BBC21 BBC20 BBC19 BBC18 BBC17 BBC16
Default 0 0 0 0 0 0 0 0
BitsOto 7/ BERT Bit Counter Bits16to 23 (BBC16 to BBC23).
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Register Name: BBC4
Register Description: BERT Bit Count Register 4
Register Address: E6H
Bit # 7 6 5 4 3 2 1 0
Name BBC3l BBC30 BBC29 BBC28 BBC27 BBC26 BBC25 BBC24
Default 0 0 0 0 0 0 0 0

BitsOto 7/ BERT Bit Counter Bits24to 31 (BBC24 to BBC31). BBC31isthe MSB of the 32-hit counter.
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27.4 BERT Error Counter

Once BERT has achieved synchronization, this 24-bit counter will increment for each data bit received in
error. Toggling the LC control bit in BCO can clear this counter. This counter saturates when full and will set
the BECO status bit.

Register Name: BEC1

Register Description: BERT Error Count Register 1

Register Address: E7H

Bit # 7 6 5 4 3 2 1 0
Name EC7 EC6 EC5 EC4 EC3 EC2 EC1 ECO
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Error Counter BitsOto 7 (ECOto EC7). ECO isthe LSB of the 24-hit counter.

Register Name: BEC2

Register Description: BERT Error Count Register 2

Register Address: E8H

Bit # 7 6 5 4 3 2 1 0
Name EC15 EC14 EC13 EC12 EC11 EC10 EC9 EC8
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Error Counter Bits8to 15 (EC8to EC15).

Register Name: BEC3

Register Description: BERT Error Count Register 3

Register Address: E9H

Bit # 7 6 5 4 3 2 1 0
Name EC23 EC22 EC21 EC20 EC19 EC18 EC17 EC16
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Error Counter Bits16to 23 (EC16 to EC23). EC23 isthe MSB of the 24-bit counter.
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28. PAYLOAD ERROR INSERTION FUNCTION

An error insertion function is available in the DS2155 and is used to create errorsin the payload portion of
the T1 framein the transmit path. Errors can be inserted over the entire frame or on a per-channel basis.
The user may select all DSO0s or any combination of DS0s. See section 7 for information on using the per-
channel function. Errorsare created by inverting the last bit in the count sequence. For exampleif the error
rate 1in 16 is selected, the 16™ bit isinverted. F-bits are excluded from the count and are never corrupted.
Error rate changes occur on frame boundaries. Error insertion options include continuous and absolute
number with both options supporting sel ectable insertion rates.

Table 28-1 TRANSMIT ERROR INSERTION SETUP SEQUENCE

Step  Action
1 Enter desired error ratein the ERC register. Note: If ER3 through ERO = 0, no errors will be
generated even if the constant error insertion feature is enabled.
2A.  For constant error insertion set CE = 1 (ERC.4).
or
2B. For adefined number of errors:
-Set CE=0(ERCA4)
- Load NOE1 & NOE2 with the number of errorsto be inserted
- Toggle WNOE (ERC.7) from 0 to 1, to begin error insertion
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Register Name: ERC
Register Description: Error Rate Control Register
Register Address: EBH
Bit # 7 6 5 4 3 2 1 0
Name WNOE - - CE ER3 ER2 ER1 ERO
Default 0 0 0 0 0 0 0 0

BitsOto 3/ Error Insertion Rate Select Bits (EROto ER3).

ER3 ER2 ER1 ERO Error Rate
No errorsinserted
1in16

1in32

line4

1lin128

1in 256

1lin512

1in 1024
1in2048

1in 4096
1in8192

1in 16384

1in 32768

1in 65536

1in 131072

1in 262144

PRPPRPPRPPRPRPLPRPO0OO0O0O0O00O0O0
PRPPPOOOORRLPRLPRLROOOO
PRPOORRFLPROORRLPOORRLROO
PORPORFRORORORORORO

Bit 4/ Constant Errors (CE). When this bit is set high (and the ERO to ER3 bits are not set to 0000), the
error insertion logic will ignore the Number Of Error registers (NOEL, NOE2) and generate errors constantly
at the selected insertion rate. When CE is set to zero, the NOEX registers determine how many errors are to
be inserted.

Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Write NOE Registers (WNOE). If the Host wishesto update to the NOEX registers, this bit must be
toggled from a zero to aone after the Host has already |oaded the prescribed error count into the NOEXx
registers. Thetoggling of thisbit causesthe error count loaded into the NOEX registers to be loaded into
the error insertion circuitry on the next clock cycle. Subsequent updates require that the WNOE bit be set to
zero and then one once again.
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28.1 Number Of ErrorsRegisters

The Number Of Error registers determines how many errors will be generated. Up to 1023 errors can be
generated. The Host will load the number of errors to be generated into the NOE1 and NOE2 registers. The
Host can also update the number of errors to be created by first loading the prescribed value into the NOE
registers and then toggling the WNOE bit in the Error Rate Control registers.

Table 28-2 ERROR INSERTION EXAMPLES

Value Write Read

000h Do not create any errors No errors|eft to be inserted
001h Createasingle error 1 error left to be inserted
002h Create 2 errors 2 errors | eft to be inserted
3FFh Create 1023 errors 1023 errorsleft to be inserted

Register Name: NOE1

Register Description: Number Of Errors1

Register Address: ECH

Bit # 7 6 2 1
Name c7 C6 c2 C1
Default 0 0 0 0

Bits0- 7/ Number of ErrorsCounter Bits0to 7 (COto C7). Bit CO isthe L SB of the 10-bit counter.

Register Name:

Register Description:

NOE2

Number Of Errors?2

Register Address: EDH

Bit # 7 6 2 1
Name - - - C9
Default 0 0 0 0

BitsOto 1/ Number of ErrorsCounter Bits8to 9 (C8to C9). Bit C9isthe MSB of the 10-bit counter.
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28.1.1 Number Of ErrorsLeft Register
The Host can read the NOEL X registers at any time to determine how many errors are left to be inserted.

Register Name: NOEL 1

Register Description: Number Of ErrorsLeft 1

Register Address: EEH

Bit # 7 6 2 1 0
Name c7 C6 C2 Cl C0
Default 0 0 0 0 0

BitsOto 7/ Number of ErrorsLeft Counter BitsOto 7 (COto C7). Bit COisthe LSB of the 10-bit counter.

Register Name: NOEL2

Register Description: Number Of ErrorsLeft 2

Register Address: EFH

Bit # 7 6 5 4 3 2 1 0
Name - - - - - - & c8
Default 0 0 0 0 0 0 0 0

BitsOto 1/ Number of ErrorsLeft Counter Bits8to 9 (C8to C9). Bit C9 isthe MSB of the 10-bit counter.
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29. INTERLEAVED PCM BUSOPERATION

In many architectures, the PCM outputs of individual framers are combined into higher speed PCM buses to
simplify transport across the system backplane. The DS2155 can be configured to allow PCM datato be
multiplexed into higher speed buses eliminating external hardware, saving board space and cost. The
DS2155 can be configured for channel or frame interleave.

Theinterleaved PCM bus option (IBO) supports three bus speeds. The 4.096 MHz bus speed allows two
PCM data streams to share acommon bus. The 8.192 MHz bus speed allows four PCM data streamsto share
acommon bus. The 16.384 MHz bus speed allows 8 PCM data streams to share a common bus. See

Figure 29-1 for an example of 4 transceivers sharing acommon 8.192MHz PCM bus. Thereceive elastic
stores of each transceiver must be enabled. Viathe IBO register the user can configure each transceiver for
aspecific bus position. For all IBO bus configurations each transceiver is assigned an exclusive positionin
the high speed PCM bus. The 8kHz frame sync can be generated from the system backplane or from the first
device onthebus. All other devices on the bus must have their frame syncs configured asinputs. Relative
to this common frame sync, the devices will await their turn to drive or sample the bus according to the
settings of the DAO, DA 1 and DA2 bits of the IBOC register.

29.1 Channd Interleave

In channel interleave mode datais output to the PCM Data Out bus one channel at atime from each of the
connected DS2155s until all channels of frame n from each DS2155 has been placed on the bus. This mode
can be used even when the DS2155s are operating asynchronous to each other. The elastic storeswill
manage slip conditions. See Figure 36-11 for details.

29.2 Framelnterleave

In frame interleave mode data is output to the PCM Data Out bus one frame at atime from each of the
DS2155s. Thismodeis used only when all connected DS2155s are operating in a synchronous fashion (all
inbound T1 or E1 lines are synchronous) and are synchronous with the system clock ( system clock derived
fromT1or E1lline). Inthismode, dlip conditions are not allowed. See Figure 36-12 for details.
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Register Name: IBOC
Register Description: Interleave Bus Operation Control Register
Register Address: C5H
Bit # 7 6 5 4 3 2 1 0
Name IBS1 IBO IBOSEL IBOEN DA2 DAl DAO
Default 0 0 0 0 0 0 0 0

Bits0to 2/ Device Assignment bits (DAOto DA2).

DA2

PR FRPPFPPOOOO

DA1

PRPOORFRPFP OO

DAO Device Position

1% Device on bus
2" Device on bus
3“Device on bus
4" Device on bus
5" Device on bus
6" Device on bus
7" Device on bus
8" Device on bus

POPFRPOPRFRPORFRO

Bit 3/ Interleave Bus Operation Enable (IBOEN).
0 = Interleave Bus Operation disabled.
1 = Interleave Bus Operation enabled.

Bit 4/ Interleave Bus Operation Select (IBOSEL). Thisbit selects channel or frame interleave mode.
0 = Channél Interleave
1= Frame Interleave

Bits5to 6/ IBO Bus Sizebit 1 (IBSOto IBS1). Indicates how many devices on the bus.

P OO

IBSO

 OrFr O

Bus Size
2 Deviceson bus
4 Deviceson bus
8 Deviceson bus
Reserved for future use

Bit 7/ Unused, must be set to zero for proper operation
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Figure 29-11BO EXAMPLE
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30. EXTENDED SYSTEM INFORMATION BUS (ES B)

The ESIB allows up to eight DS2155s to share an 8 bit CPU bus for the purpose of reporting alarms and

interrupt status as agroup. With asingle busread, the host can be updated with alarm or interrupt status
from all members of the group. There are two control registers, ESIBCR1 and ESIBCR2, and four information
registers, ESIB1, ESIB2, ESIB3 and ESIB4. Asan example, 8 DS2155s can be grouped into an ESIB group. A
single read of the ESIB1 register of ANY member of the group will yield the interrupt status of all 8 DS2155s.
Therefore the host can determine which device or devices are causing an interrupt without polling all eight

devices. ViaESIB2 the host can gather synchronization status on all members of the group. ESIB3 and

ESIB4 can be programmed to report various alarms on a device by device basis.

There are three device pinsinvolved in forming aESIB group. These are ESIBS0, ESIBS1 and ESIBRD. A
10K pull-up resistor must be provided on ESIBS0, ESIBS1 and ESIBRD.

Figure 30-1 ESIB GROUP OF 4 DS2155s

VDD

DS2155# 1
ESIBO
CPU IIF EsiBl
ESIBRO

DS2155 # 2
ESIBO
CPU I/F ESIBI
ESIBRO

DS2155 # 3
ESIBO
CPU IIF EsiBl
ESIBRO

DS2155 # 4
ESIBO
CPU I/F ESIBI
ESIBRO

10K (3)
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Register Name: ESIBCR1
Register Description: Extended System Information Bus Control Register 1
Register Address: BOH
Bit # 7 6 5 4 3 2 1 0
Name - - - - ESBSEL2 ESIBSEL1 ESBSELO ESEN
Default 0 0 0 0 0 0 0 0

Bit 0/ Extended System Information Bus Enable (ESI EN).
0 = Disabled.
1=Enabled.

Bits1to 3/ Output Data BusLine Select (ESIBSELOto ESIBSEL 2). These bitstell the DS2155 what data
bus bit to output the ESIB data on when one of the ESIB information registersis accessed. Each member of
the ESIB group must have a unique bit selected.

ESIBSEL2 ESBSEL1 ESIBSELO BusBit Driven
0 0 0 ADO
0 0 1 AD1
0 1 0 AD2
0 1 1 AD3
1 0 0 AD4
1 0 1 AD5
1 1 0 ADG6
1 1 1 AD7

Bit 4/ Unused, must be set to zero for proper operation
Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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Register Name: ESIBCR2
Register Description: Extended System Information Bus Control Register 2
Register Address: B1H
Bit # 7 6 5 4 3 2 1 0
Name - ES4SEL2 | ESI4SEL1 | ESI4ASELO - ES3SEL2 | ESI3SEL1 | ESISSELO
Default 0 0 0 0 0 0 0 0

BitsOto 2/ AddressESI 3 Data Output Select (ESI3SELOto ESI3SEL 2). These bits select what statusisto
be output when the DS2155 decodes an ESI 3 address during a bus read operation.

ESI3SEL2

P RPPFRPPOOOO

ESI3SEL1

P PRPOOPFRPF OO

POPFRPOPFRP,OFrO

ESI3SELO

Status Output
(T1Mode)

RBL
RYEL
LUP
LDN
SIGCHG
ESSLIP

Bit 3 / Unused, must be set to zero for proper operation

Status Output
(E1Mode)
RUA1
RRA
RDMA
V52LNK
SIGCHG
ESSLIP

Bits4to 6/ AddressESI4 Data Output Select (ESI4SELOto ESI4ASEL 2). These bits select what statusisto
be output when the DS2155 decodes an ESI4 address during a bus read operation.

ESI4SEL2

P RPPFRPPOOOO

ESI4SEL1

P PRPOOPFRPF OO

POPFRPOPFRPOFrO

ESI4SELO

Status Output

(T1Mode)
RBL
RYEL
LUP
LDN
SIGCHG
ESSLIP

Bit 7/ Unused, must be set to zero for proper operation

Status Output
(E1Mode)
RUA1
RRA
RDMA
V52LNK
SIGCHG
ESSLIP
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Register Name: ESB1
Register Description: Extended System Information Bus Register 1
Register Address: B2H
Bit # 7 6 5 4 3 2 1 0
Name DISn DISn DISn DISn DISn DISn DISn DISn
Default 0 0 0 0 0 0 0 0
BitsOto 7/ Device Interrupt Status (DI Sn). Causes all devices participating in the ESIB group to output
their interrupt status on the appropriate data bus line selected by the ESIBSEL O to ESIBSEL 2 hits of the
ESIBCRL1 regigter.
Register Name: ESIB2
Register Description: Extended System I nformation Bus Register 2
Register Address: B3H
Bit # 7 6 5 4 3 2 1 0
Name DRLOSh DRLOSh DRLOSh DRLOSh DRLOSh DRLOSh DRLOSh DRLOSh
Default 0 0 0 0 0 0 0 0

Bits0to 7/ Device Receive L oss of Sync (DRLOSn). Causes all devices participating in the ESIB group to
output their frame synchronization status on the appropriate data bus line selected by the ESIBSEL O to

ESIBSEL 2 hits of the ESIBCRL register.
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Register Name: ESIBR3
Register Description: Extended System Infor mation Bus Register 3
Register Address: B4H
Bit # 7 6 5 4 3 2 1 0
Name UST1n UST1n UST1n UST1n UST1n UST1n UST1n UST1n
Default 0 0 0 0 0 0 0 0
BitsO0to 7/ User Selected Status 1 (UST 1n). Causes all devices participating in the ESIB group to output
status or alarms as selected by the ESI3SEL 0 to ESI3SEL 2 bitsin the ESIBCR2 configuration register on the
appropriate data bus line selected by the ESIBSEL O to ESIBSEL 2 bits of the ESIBCR2 register
Register Name: ESIBR4
Register Description: Extended System Information Bus Register 4
Register Address: B5H
Bit # 7 6 5 4 3 2 1 0
Name UST2n UST2n UST2n UST2n UST2n UST2n UST2n UST2n
Default 0 0 0 0 0 0 0 0

Bits0to 7/ User Selected Status 2 (UST 2n). Causes all devices participating in the ESIB group to output
status or alarms as selected by the ESI4SEL 0 to ESI4SEL 2 bitsin the ESIBCR2 configuration register on the

appropriate data bus line selected by the ESIBSEL 0 to ESIBSEL 2 bits of the ESIBCR2 register
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31. PROGRAMMABLE BACKPLANE CLOCK SYNTHESZER

The DS2155 contains an on-chip clock synthesizer that generates a user selectable clock referenced to the
recovered receive clock (RCLK). The synthesizer uses a phase locked loop to generate low jitter clocks.
Common applicationsinclude generation of port and back plane system clocks.

Register Name: CCR2

Register Description: Common Control Register 2

Register Address: 71H

Bit # 7 6 2 1 0
Name - - BPCS1 BPCS0 BPEN
Defaullt 0 0 0 0 0

Bit 0/ Back Plane Clock Enable (BPEN).
0= Disable BPCLK pin (Pin held at logic 0)
1=Enable BPCLK pin

Bits1to 2/ Back Plane Clock Selects (BPCS0, BPCSL).

BPCS1 BPCS0O BPCLK FREQUENCY
0 0 16.384MHz
0 1 8.192MHz
1 0 4.096MHz
1 1 2.048MHz

Bit 3/ Unused, must be set to zero for proper operation
Bit 4/ Unused, must be set to zero for proper operation
Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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32. FRACTIONAL TVE1 SUPPORT

The DS2155 can be programmed to output gapped clocks for selected channelsin the receive and transmit
paths to simplify connectionsinto a USART or LAPD controller in Fractional TL/EL or ISDN-PRI
applications. Thisisaccomplished by assigning an alternate function to the RCHCLK and TCHCLK pins.
When the gapped clock feature is enabled, agated clock is output on the RCHCLK and/or TCHCLK pins.
The channel selection is controlled viathe special per-channel control registers. See section 7 for details on
the using this per-channel feature. No clock is generated at the F-bit position. The receive and transmit
paths have independent enables. Channel formats supported include 56K Bps and 64K Bps.

When 56K Bps mode is selected, the clock corresponding to the Data/Control bit in the channel is omitted.
Only the seven most significant bits of the channel have clocks.

Register Name: CCR3

Register Description: Common Control Register 3

Register Address: 72H

Bit # 7 6 5 4 3 2 1 0
Name - - - - TDATFMT | TGPCKEN | RDATFMT | RGPCKEN
Default 0 0 0 0 0 0 0 0

Bit 0/ Recelve Gapped Clock Enable (RGPCKEN).
0=RCHCLK functions normally
1 = Enable gapped hit clock output on RCHCLK

Bit 1/ Receive Channe Data Format (RDATFMT).

0 = 64KBps (data contained in al 8 bits)

1 =56KBps (data contained in 7 out of the 8 hits)
Bit 2/ Transmit Gapped Clock Enable (TGPCKEN).

0=TCHCLK functions normally

1 = Enable gapped bit clock output on TCHCLK
Bit 3/ Transmit Channd Data Format (TDATFMT).

0 = 64KBps (data contained in al 8 bits)

1 =56KBps (data contained in 7 out of the 8 hits)
Bit 4/ Unused, must be set to zero for proper operation
Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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33. USER PROGRAMMABLE OUTPUT PINS

The DS2155 provides four user programmable output pins. The pins are automatically cleared to zero at

power-up or as areset of an hardware or software issued reset.

Register Name:
Register Description:
Register Address:

Bit #

7

CCR4
Common Control Register 4
73H

6

Name

UOP3

UoP2

UOPL

UORPO

Default

0

0

Bit 0/ User Defined Output 0 (UOPO).
O=logicO levd at pin
1=logic1level a pin

Bit 1/ User Defined Output 1 (UOPL).
O=logicO levd at pin
1=logic1level a pin

Bit 2/ User Defined Output 2 (UOP2).
O=logicO levd at pin
1=logic1level a pin

Bit 3/ User Defined Output 3 (UOP3).
O=logicO levd at pin
1=logic1level a pin

Bit 4/ Unused, must be set to zero for proper operation
Bit 5/ Unused, must be set to zero for proper operation
Bit 6/ Unused, must be set to zero for proper operation

Bit 7/ Unused, must be set to zero for proper operation
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34. JTAG-BOUNDARY SCAN ARCHITECTURE AND TEST ACCESSPORT

34.1 Description

The DS2155 IEEE 1149.1 design supports the standard instruction codes SAMPLE/PRELOAD, BYPASS,
and EXTEST. Optional public instructionsincluded are HIGHZ, CLAMP, and IDCODE. See Figure 34-1
JTAG FUNCTIONAL BLOCK DIAGRAM . The DS2155 contains the following as required by |EEE 1149.1
Standard Test Access Port and Boundary Scan Architecture.

Test Access Port (TAP)

TAP Controller

Instruction Register

Bypass Register

Boundary Scan Register
Device Identification Register

The DS2155 is pin-compatible with DS2152, DS21x52 (T1) and DS2154, DS21x54 (E1) family of SCTs. The
JTAG feature uses pins that had no function in the DS2152 and DS2154. Details on Boundary Scan
Architecture and the Test Access Port can be found in |[EEE 1149.1-1990, IEEE 1149.15-1993, and |IEEE
1149.1b-1994.

The Test Access Port has the necessary interface pins; JTRST, JTCLK, JTMS, JTDI, and JTDO. Seethepin
descriptionsfor details.

Figure 34-1 JTAG FUNCTIONAL BLOCK DIAGRAM

Boundary Scan
Register

Identification
Register

Bypass
Register

Instruction
Register

1

Test Access Port
Controller

+V +V +V

10K§I 10K %L 10K %I
) ) b

JTDI JTMS JTcLk | |JTRST JTDO
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TAP Controller State Machine

The TAP controller isafinite state machine that responds to the logic level at JTM S on the rising edge of
JTCLK. SeeFigure 34-2.

Test-L ogic-Reset

Upon power up, the TAP Controller will be in the Test-L ogic-Reset state. The Instruction register will
contain the IDCODE instruction. All system logic of the device will operate normally.

Run-Test-ldle

The Run-Test-1dle is used between scan operations or during specific tests. The Instruction register and
test registerswill remainidle.

Select-DR-Scan

All test registersretain their previous state. With JTMS LOW, arising edge of JTCLK moves the controller
into the Capture-DR state and will initiate a scan sequence. JTMS HIGH during arising edge on JTCLK
moves the controller to the Select-1R-Scan state.

Capture-DR

Data may be parallel-loaded into the test data registers selected by the current instruction. If the instruction
doesnot call for aparallel load or the selected register does not allow parallel loads, the test register will
remain at its current value. On therising edge of JTCLK, the controller will go to the Shift-DR stateif JTMS
isLOW or it will go to the Exitl-DR stateif JTMSisHIGH.

Shift-DR

The test data register selected by the current instruction will be connected between JTDI and JTDO and will
shift data one stage towards its serial output on each rising edge of JTCLK. If atest register selected by the
current instruction is not placed in the serial path, it will maintain its previous state.

Exit1-DR

Whilein this state, arising edge on JTCLK will put the controller in the Update-DR state, which terminates
the scanning process, if TMSisHIGH. A rising edge on JTCLK with JTMS LOW will put the controller in
the Pause-DR state.

Pause-DR

Shifting of the test registersis halted whilein this state. All test registers selected by the current instruction
will retain their previous state. The controller will remainin this statewhile JTMSisLOW. A rising edge on
JTCLK with JTMS HIGH will put the controller in the Exit2-DR state.

Exit2-DR

A rising edge on JTCLK with JTMS HIGH whilein this state will put the controller in the Update-DR state
and terminate the scanning process. A rising edge on JTCLK with JTMS LOW will enter the Shift-DR state.
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Update DR

A falling edge on JTCLK whilein the Update-DR state will latch the data from the shift register path of the
test registersinto the data output latches. This prevents changes at the parallel output dueto changesin
the shift register.

Select-1R-Scan

All test registersretain their previous state. The instruction register will remain unchanged during this state.
With JTMS LOW, arising edge on JTCLK moves the controller into the Capture-IR state and will initiate a
scan sequence for the instruction register. JTMS HIGH during arising edge on JTCLK puts the controller
back into the Test-L ogic-Reset state.

Capture-lR

The Capture-IR state is used to load the shift register in the instruction register with afixed value. This
valueisloaded on therising edge of JTCLK. If JTMSisHIGH on therising edge of JTCLK, the controller
will enter the Exitl-IR state. If JTMSis LOW on therising edge of JTCLK, the controller will enter the Shift-
IR state.

Shift-IR

In this state, the shift register in the instruction register is connected between JTDI and JTDO and shifts
dataone stage for every rising edge of JTCLK towards the serial output. The parallel register, aswell asall
test registers, remain at their previous states. A rising edge on JTCLK with JTMSHIGH will move the
controller to the Exit1-IR state. A rising edge on JTCLK with JTMS LOW will keep the controller in the
Shift-1R state while moving data one stage thorough the instruction shift register.

Exit1-IR

A rising edge on JTCLK with JTMS LOW will put the controller in the Pause-IR state. If JTMSisHIGH on
therising edge of JTCLK, the controller will enter the Update-IR state and terminate the scanning process.

Pause-IR

Shifting of the instruction shift register is halted temporarily. With JTMSHIGH, arising edge on JTCLK will
put the controller in the Exit2-IR state. The controller will remainin the Pause-IR stateif JTMSisLOW
during arising edge on JTCLK.

Exit2-IR

A rising edge on JTCLK with JTMS LOW will put the controller in the Update-IR state. The controller will
loop back to Shift-IR if JTMSisHIGH during arising edge of JTCLK in this state.

UpdatelR

The instruction code shifted into the instruction shift register islatched into the parallel output on the
falling edge of JTCLK asthe controller entersthis state. Once latched, thisinstruction becomes the current
instruction. A rising edge on JTCLK with JTMS LOW, will put the controller in the Run-Test-Idle state.
With JTMS HIGH, the controller will enter the Select-DR-Scan state.
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Figure 34-2 TAP CONTROLLER STATE DIAGRAM
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34.2 Instruction Register

Theinstruction register contains a shift register aswell as alatched parallel output and is 3 bitsin length.
When the TAP controller enters the Shift-IR state, the instruction shift register will be connected between
JIDI and JTDO. Whilein the Shift-IR state, arising edge on JTCLK with JTMS LOW will shift the dataone
stage towards the serial output at JTDO. A rising edge on JTCLK in the Exit1-IR state or the Exit2-IR state
with JTMS HIGH will move the controller to the Update-IR state. Thefalling edge of that same JTCLK will
latch the data in the instruction shift register to the instruction parallel output. Instructions supported by
the DS2155 and its respective operational binary codes are shownin Table 19-1.
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Table 34-1 INSTRUCTION CODESFOR |EEE 11491 ARCHITECTURE

Instruction Selected Register Instruction Codes
SAMPLE/PRELOAD Boundary Scan 010
BYPASS Bypass 11
EXTEST Boundary Scan 000
CLAMP Bypass 011
HIGHZ Bypass 100
IDCODE Device Identification 001

34.21 SAMPLE/PRELOAD

Thisisamandatory instruction for the IEEE 1149.1 specification. Thisinstruction supports two functions.
Thedigital 1/Os of the device can be sampled at the boundary scan register without interfering with the
normal operation of the device by using the Capture-DR state. SAMPLE/PRELOAD also alowsthe device
to shift datainto the boundary scan register via JT DI using the Shift-DR state.

34.2.2 BYPASS

When the BY PASS instruction is latched into the parallel instruction register, JTDI connectsto JTDO
through the one-bit bypass test register. This allows datato passfrom JTDI to JTDO not affecting the
device’ snormal operation.

34.2.3 EXTEST

Thisallowstesting of all interconnectionsto the device. When the EXTEST instruction islatched in the
instruction register, the following actions occur. Once enabled viathe Update-IR state, the parallel outputs
of al digital output pinswill be driven. The boundary scan register will be connected between JTDI and
JTDO. The Capture-DR will sample all digital inputsinto the boundary scan register.

34.24 CLAMP

All digital outputs of the device will output data from the boundary scan parallel output while connecting
the bypass register between JTDI and JTDO. The outputswill not change during the CLAMP instruction.

3425 HIGHZ

All digital outputs of the device will be placed in ahigh impedance state. The BY PASSregister will be
connected between JTDI and JTDO.
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34.2.6 IDCODE

When the IDCODE instruction is latched into the parallel instruction register, the identification test register
isselected. The deviceidentification code will beloaded into the identification register on the rising edge of
JTCLK following entry into the Capture-DR state. Shift-DR can be used to shift the identification code out
seridly viaJTDO. During Test-Logic-Reset, the identification codeisforced into the instruction register’s
paralel output. The D codewill alwayshavea'l’ intheLSB position. The next 11 bitsidentify the
manufacturer’ s JEDEC number and number of continuation bytes followed by 16 bits for the device and 4
bitsfor the version. See Table 34-2. Table 34-3liststhe device ID codes for the SCT devices.

Table 34-2 1D CODE STRUCTURE

MSB LSB

Version DevicelD JEDEC 1

Contact Factory

4 bits 16bits 00010100001 1

Table 34-3 DEVICE ID CODES
DEVICE 16-BIT ID
DS2155 0010h
DS21354 0005h
DS21554 0003h
DS21352 0004h
DS21552 0002h

34.3 Test Registers

|EEE 1149.1 requires a minimum of two test registers; the bypass register and the boundary scan register.
An optional test register has been included with the DS2155 design. Thistest register isthe identification
register and is used in conjunction with the IDCODE instruction and the Test-L ogic-Reset state of the TAP

controller.

34.4 Boundary Scan Register

Thisregister contains both a shift register path and alatched parallel output for all control cellsand digital
I/O cellsand isn bitsin length. See Table 34-4for all of the cell bit locations and definitions.

PRELIMINARY

031201 240




PRELIMINARY
DS2155

34.5 BypassRegister

Thisisasingle one-hit shift register used in conjunction with the BY PASS, CLAMP, and HIGHZ
instructions which provides a short path between JTDI and JTDO.

34.6 Ildentification Register

The identification register contains a 32-bit shift register and a 32-bit latched parallel output. Thisregisteris
selected during the IDCODE instruction and when the TAP controller isin the Test-L ogic-Reset state. See
Table 34-2 and Table 34-3 for more information on bit usage.
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Table 34-4 BOUNDARY SCAN CONTROL BITS

BIT PIN SYMBOL TYPE CONTROL BIT DESCRIPTION
2 1 RCHBLK O
2 JTMS I
1 3 BPCLK O
4 JICLK I
5 JTRST I
0 6 RCL o]
7 JTDI I
77 8 UOPO ®)
76 9 UOPL O
10 JIDO O
75 11 BTS I
74 12 LIUC I
73 13 8XCLK o]
72 14 TSTRST I
71 15 UOP2 o]
16 RTIP I
17 RRING I
18 RVDD —
19 RVSS -
20 RVSS -
21 MCLK I
22 XTALD o]
70 23 UOP3 o]
24 RVSS —
69 25 INT ®)
26 N/C -
27 N/C -
28 N/C -
29 TTIP o]
30 TVSS -
31 TVDD —
32 TRING O
638 33 TCHBLK ®)
67 34 TLCLK O
66 35 TLINK I
65 - ESIBSO.cntl - 0=ESIBSOisaninput
1=ESIBS0isan output
64 36 ESIBSO 1/0
63 - TSYNC.cntl - 0=TSYNC isaninput
1=TSYNC isan output
62 37 TSYNC 1/0
61 33 TPOS| I
60 39 TNEGI I
59 40 TCLKI I
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BIT PIN SYMBOL TYPE CONTROL BIT DESCRIPTION
538 41 TCLKO O
57 12 TNEGO O
56 413 TPOSO O
24 DVDD -
45 DVSS -
55 46 TCLK I
54 47 TSER I
53 48 TG I
52 49 TESO O
51 50 TDATA I
50 51 TSYSCLK I
49 52 TSSYNC I
48 53 TCHCLK o]
a7 - ESIBSL.cntl - 0=ESIBSlisaninput
1=ESIBSLlisan output
46 54 ESIBSL 1/0
45 55 MUX I
44 - BUS.cntl - 0=DO0-D7/AD0O-AD7 areinputs
1=DO0-D7/ADO-AD7 are outputs
413 56 DO/ADO 1/0
42 57 DVAD1 1/0
1 58 D2/AD2 1/0
40 59 D3/AD3 1/0
60 DVSS -
61 DVDD —
39 62 D4/AD4 1/0
33 63 D5/AD5 1/0
37 64 D6/AD6 1/0
36 65 D7/AD7 1/0
35 66 A0 I
A 67 Al I
33 63 A2 I
32 69 A3 I
31 70 A4 I
30 71 A5 I
29 72 A6 I
28 73 ALE(AS)/A7 I
27 74 RD*(DS*) I
26 75 Cs I
25 - ESIBRD.cntl - 0=ESIBRD isaninput
1 =ESIBRD isan output
24 76 ESBRD 1/0
23 77 WR* (R/W*) I
22 78 RLINK ®)
21 79 RLCLK O
80 DVSS -
81 DVDD
20 82 RCLK o]
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BIT

SYMBOL

TYPE

CONTROL BIT DESCRIPTION

DVDD

DVSS

RDATA

RPOS

RNEGI

RCLKI

89

RCLKO

RNEGO

91

RPOSO

92

RCHCLK

RSGF

RSIG

RSER

RMSYNC

RFSYNC

o|o|o|o|o|o|o|o|o|—|—|—|O]!

RSYNC.cntl

0=RSYNCisaninput
1=RSYNC isan output

RSYNC

RLOSLOTC

RSYSCLK

_08
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35. STATUSREGISTER SUMMARY

PRELIMINARY 031201 245



PRELIMINARY

DS2155
36. FUNCTIONAL TIMING DIAGRAMS
Figure 36-1 RECEIVE SIDE D4 TIMING
I:RAME#I1I2I3I4I5I6I7I8I9I1OI11I12I1I2I3I4I5I
RSYN&/I_II_II_II_II_II_II_II_II_II_II_II_II_II_II_II_II_II_I
RFSYNC
revé_JL LN n n rnmnn nn n rremnJq - n - n m I
RSYNC ]
RLCLK __] I [ L L I [ 1 [ I [ 1 [ I [ L
RLINK X X X X X X X X X_
Notes:

1. RSYNC in the frame mode (RCR24 = 0) and double-wide frame sync is not enabled (RCR2.5 =0)
2. RSYNC in the frame mode (RCR2.4 = 0) and double-wide frame sync is enabled (RCR2.5 = 1)

3. RSYNC in the multiframe mode (RCR24 =1)

4. RLINK data (Fs - bits) is updated one bit prior to even frames and held for two frames

5. RLINK and RLCLK are not synchronous with RSYNC when the receive side elastic store is enabled

Figure 36-2 RECEIVE SDE ESF TIMING
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Fravie# | 1| 2] 3|l al sl el 718loliolaxl12]13]14l 15| 16| 17| 18| 10| 20| 21| 22| 23| 24l
RSYN&:/HH”H”HHHHHHHnnnnl—ll—ll—ll—ll—ll—ll—ll—ll—l
RFSYNC
2
rRevNE_T]
a

':I

RUNK X X X X X X X X X X X X X

rRak [ | [ | [ | [ | [ | I_

RUNK X X X X X X X_—
Notes:

1. RSYNC in the fraime mode (RCR2.4 = 0) and double~wide frame sync is notenabled (RCR2.5=0)
2. RSYNC in the frame mode (RCR2.4 = 0) and double-wide frame syncis enabled (RCR25=1)

3. RSYNC inthe muiliframe mode (RCR24=1)

4. ZBTSImode disabled (RCR2.6=0)

5. RLINK data (FDL bits) is updated one bit time before odd frames and held for two frames

6. ZBTSI modeis enabled (RCR2.6=1)

7. RLINK data (Z bits) is updated one bit time before odd frames and held for four frames

8. RLINK and RLCLK are not synchronous with RSYNC when the receive side elastic store is enabled

PRELIMINARY 031201 247



PRELIMINARY
DS2155

Figure 36-3 RECEIVE SIDE BOUNDARY TIMING (with dastic store disabled)

RLINK X
Notes:
1. RCHBLK is programmed to block channel 24.
2. Shownis RUNK/RLCLK in the ESFframing mode.

Figure 36-4 RECEIVE SIDE 1.544 MHz BOUNDARY TIMING (with elagtic store enabled)

3
RCHBLK

Notes:

1. RSYNC is in the output mode (RCR2.3 =0)
2. RSYNCisinthe inputmode (RCR2.3=1)

3. RCHBLK is programmed to block channel 24
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Figure 36-5 RECEIVE SIDE 2.048 MHz BOUNDARY TIMING (with astic store enabled)

35S T\ J I [ I I I

L CHANNFI 1

F5
1
[ 1
3 / : : : \
CHAN CHANNEL CHANNEL 1
RSIG <A X e XcisXpp < a X B XcpXp/m

[
[

RCHCLK [ 1

4
RCHBLK

Notes:
1. RSERdatainchannels 1, 5, 9, 13, 17, 21, 25, and 29 are forced to one

2. RSYNC is in the output mode (RCR2.3 =0)
3. RSYNC s in the input mode (RCR2.3=1)
4. RCHBLK is forced to one in the same channels as RSER (see Note 1)

5. The F-Bit position is passed through the receive side elastic store
Figure 36-6 TRANSMIT SIDE D4 TIMING

RavEr | g o alal sl el 7]l el ol ol ul 2l alalalalsl

TSYNG/

eI T . N N nnnnnnnnnnimni
T TN . n rnfnnnmnfrmnnmnnnn
Tome__T1 I

nawx_ | [ ] 1 ] 1]

4, |
TLINK T I I I
Notes:
1. TSYNC in the frame mode (TCR2.3 = 0) and double-wide frame syncis not enabled (TCR2.4 =0)
2. TSYNC in the frame mode (TCR2.3 = 0) and double-wide frame sync is enabled (TCR2.4 =1)
3. TSYNC in the muttiframe mode (TCR2.3=1)
4. TLINK data (Fs - bits) is sampled during the F-bit position of even frames for insertion into the
outgoing T1 stream when enabled via TCR1.2
5. TLINK and TLCLK are not synchronous with TFSYNC
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Figure 36-7 TRANSMIT SDE ESF TIMING

AME# | 1| 2] 3l alslel7lsloliolinlizlizlial sl sl 171 18l 191 201 21l 22| 23| 24l

1. TSYNC in the frame mode (TCR2.3 = 0) and double-wide frame syncis notenabled (TCR24=0)

2. TSYNC inthe frame mode (TCR2.3 = 0) and double~wide frame syncis enabled (TCR24=1)

3. TSYNC inthe muliframe mode (TCR2.3=1)

4. ZBTSI mode disabled (TCR2.5=0)

5. TLINK data (FDL bits) is sampled during the F-bit time of odd frame and inserted into the outgoing
T1 stream ifenabled via TCR1.2

6.ZBTSImodeis enabled (TCR25=1)

7. TLINK data (Z bits) is sampled during the Fbittime offrames 1, 5,9, 13, 17, and 21 and inserted
into the outgoing stream if enabled via TCR1.2

8. TLINK and TLCLK are notsynchronous with TFSYNC

Figure 36-8 TRANSMIT SIDE BOUNDARY TIMING (with elastic store disabled)
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Don't Care

Notes:

1. TSYNC isinthe outputmode (TCR2.2=1)

2. TSYNCisinthe inputmode (TCR2.2=0)

3. TCHBLK is programmed to block channel 2

4. Shoan is TLINK/TLCLK in the ESF framing mode
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Figure 36-9 TRANSMIT SIDE 1.544 MHz BOUNDARY TIMING (with elastic store enabled)

1
TCHBLK |

Notes:
1. TCHBLK is programmed to block channel 24 (if the TPCSI bit is set, then the signaling data at

TSIG wiill be ignored during channel 24).

Figure 36-10 TRANSMIT SIDE 2.048 MHz BOUNDARY TIMING (with elastic store enabled)

TCHCLK [ [

2,3
TCHBLK | |

Notes:

1. TSER datainchannels 1, 5, 9, 13, 17, 21, 25, and 29 is ignored

2. TCHBLK is programmed to block channel 31 (if the TPCSI bit is set, then the signaling data at TSIG
will be ignored).

3. TCHBLK is forced to one in the same channels as TSER is ignored (see Note 1)

4. The F-bit position for the T1 frame is sampled and passed through the transmit side elastic store
(nomally the transmit side formatter overwrites the F-bit position unless the formatter is programmed

to pass-through the F-bit position)
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Figure 36-11 1BO CHANNEL INTERLEAVE MODE TIMING
TSYNC |
TR (€ FR1 CH32 X FRO CH1 X FR1 CH1 X FRO CH2 X FR1CH2 )
Ts|(;l ( FR1 CH32 X FRO CH1 X FR1 CH1 X FRO CH2 X FR1CH2 )

TR’ (ER2 ch32XFR3 cH32 XFRo cHL XFR1cHL XER2 CHL XFR3 CHL XFROCH2 XFRicH2 XER2cH2 XER3CH2 )

Tsic2 (FR2 cH32XFR3 CH32XFRO CH1 XFR1CH1 XFR2CH1 XFR3CH1 XFROCH2 XFR1CH2 XFR2CH2 XFR3CH2 )

BIT DETAIL

FRAMER 1. CHANNEL 1

FRAMER 3. CHANNEL 32 FRAMER 0, CHANNEL 1
TSIG CaX 8 XeiaXpry A X B XepXom A X 8 XepXom

Notes:
1. 4.096 MHz bus configuration.

2. 8.192 MHz bus configuration.
3. TSYNC is in the input mode (TCR2.2 = 0).

Figure 36-12 1BO FRAME INTERLEAVE MODE TIMING

TSYNC | |
1
TSER ( FR1CH1-32 X FRO CH1-32 X FR1 CH1-32 X FRO CH1-32 X FR1 CH1-32 )
TG 1< FR1CH1-32 X FRO CH1-32 X FR1 CH1-32 X FRO CH1-32 X FR1 CH1-32 )

TSERZ {FrR2 cH1-32XFR3 CH1-32XFRO CH1-32 XFR1 CH1-32 XFR2 CH1-32 XFR3 CH1-32 XFRO CH1-32 XFR1 CH1-32 XFR2 CH1-32 XFR3 CH1-32)

TSIG? {FR2 cH1-32XFR3 CH1-32XFR0 CH1-32 XFR1 CH1-32 XFR2 CH1-32 XFR3 CH1-32 XFRO CH1-32 XFR1 CH1-32 XFR2 CH1-32 XFR3 CH1-32)

BIT DETAIL

N~ XX ERADRE OB X

FRAMER 3. CHANNEL 32 FRAMER 0. CHANNEL 1 FRAMER 0, CHANNEL 2
<aXeB) <a X 8 XeipXow o X 8 XenXow

A D D

Notes:

1. 4.096 MHz bus configuration.

2. 8.192 MHz bus configuration.

3. TSYNC is in the input mode (TCR2.2 = 0).
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37. OPERATING PARAMETERS

ABSOLUTE MAXIMUM RATINGS

Voltage on Any Pin Relative to Ground -1.0V to +6.0V
Operating Temperature for DS2155L 0°Cto70°C
Operating Temperature for DS2155L N —40°Cto +85°C
Storage Temperature -55°Cto +125°C
Soldering Temperature 260°C for 10 seconds

* Thisisastressrating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absol ute maximum
rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC (0°Cto 70°Cfor DS2155L ;

OPERATING CONDITIONS -40°C to +85°C for DS2155LN)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Logicl Viu 20 55 \Y

LogicO Vo -0.3 +0.8 \Y/

Supply Voo 3.135 3.3 3.465 V 1

CAPACITANCE (ta =25°C)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Input Capacitance Cin 5 pF

Output Capacitance Cout 7 pF

DC CHARACTERISTICS (0°Cto 70°C; Vpp =33V + 5% for DS2155L ;
-40°C to +85°C; Vpp = 3.3V + 5% for DS2155LN)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Current Iop 75 mA 2

Input Leakage I -1.0 +1.0 mA 3

Output Leakage lo 10 nmA 4

Output Current (2.4V) lon -1.0 mA

Output Current (0.4V) lou +4.0 mA

NOTES:

1. AppliestoRvDD, TVDD, and DVDD.
1. TCLK = TCLKI = RCLKI = TSYSCLK = RSYSCLK = MCLK = 1.544 MHz; outputs open circuited.

2.00V <V|y < Vpp.

3. Applied to INT* when 3—stated.
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38. AC TIMING PARAMETERSAND DIAGRAMS

38.1 Multiplexed BusAC Characteristics

AC CHARACTERISTICS—
MULTIPLEXED PARALLEL PORT

(0°Cto 70°C; Vpp =33V + 5% for DS2155L;
-40°C to +85°C; Vpp = 3.3V + 5% for DS2155LN)

(MUX =1)

[Seefigures 31-1to 31-3]

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
CyceTime teve 200 ns
Pulse Width, DS low or RD* PWg, 100 ns
high

Pulse Width, DS high or RD* PW ey 100 ns
low

Input Rise/Fall times tr, e 20 ns
R/W* Hold Time trwH 10 ns
R/W* Set Up timebefore DS trws 50 ns
high

CS* Set Up time before DS, tes 20 ns
WR* or RD* active

CS* Hold time tey 0 ns
Read DataHold time tonr 10 50 ns
Write DataHold time tonw 0 ns
Muxed Addressvalidto AS tag 15 ns
or ALEfal

Muxed Address Hold time tanL 10 ns
Deay time DS, WR* or RD* tasy 20 ns
toASor ALErise

Pulse Width AS or ALE high PW as4 30 ns
Delay time, ASor ALEto DS, tasen 10 ns
WR* or RD*

Output Data Delay time from topr 20 80 ns
DS or RD*

Data Set Up time tosw 50 ns
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Figure 38-1INTEL BUSREAD TIMING (BTS=0/MUX =1)

tcye
ALE R ;I‘
) PWASH
ASD

WR*

tASD 'ASED

PWeY
S
RD* : ’7|z
t
PWe « tes CH

CS* >¢ %(

t 'f_’ t

ASL y tDDR DHR

ADO-AD7 { r

tAHL

Figure 38-2INTEL BUSWRITE TIMING (BTS=0/MUX =1)

tcye
ALE ;
) PWASH
ASD
RD*
taAs tASED v
H -
WR* /L g )
PWe, » tcs CH
cs* >{ $<
tAsL tOHW
>
TAHL tpsw
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Figure 33-3MOTOROLA BUSTIMING (BTS=1/MUX = 1)
PWasH
AS &.
< PW,
t t EH
ASD ASED _ ¥ a
DS < ) N\
CcYC
LRWS [P -I < 'RwH
RW* X
t
t DDR » t
ADO-AD7 ASL P |4 v 1—:‘ DHR
(read) { T‘_ 1
t - t
AHL tes
cs*
t
tac | - DSW
ADO-AD7 ASL
(write)
tayL W 4—} 'DHW
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38.2 Non-Multiplexed Bus AC Characteristics

AC CHARACTERISTICS—
NON-MULTIPLEXED PARALLEL PORT
(MUX =0)

[SeeFigures 31-4to 31-7]

(0°Cto 70°C; Vpp =33V + 5% for DS2155L ;
-40°C to +85°C; Vpp = 3.3V * 5% for DS2155L N)

PARAMETER SYMBOL MIN

TYP

MAX

UNITS

NOTES

Set Up Timefor AOto A7, tl 0
Validto CS* Active

ns

Set Up Timefor CS* Active t2 0
to either RD*, WR*, or DS*
Active

ns

Delay Timefrom either RD* t3
or DS* Activeto DataValid

75

ns

Hold Time from either RD*, t4 0
WR*, or DS* Inactiveto CS*
Inactive

ns

Hold Timefrom CS* Inactive t5 5
to Data Bus 3—state

ns

Wait Time from either WR* 16 75
or DS* Activeto Latch Data

ns

Data Set Up Timeto either t7 10
WR* or DS* Inactive

ns

DataHold Time from either t8 10
WR* or DS* Inactive

ns

Address Hold from either t9 10
WR* or DS* inactive

ns

See Figures 31-10 to 31-13 for details.
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Figure 38-4 INTEL BUSREAD TIMING (BTS=0/MUX =0)

AO to A7

DO to D7

WR*

CS*

RD*

Address Valid

X
e t5 '
N

\ Data Valid
5ns min. / 20ns ma]
ﬂOns min.
Ons minl, t2 t3 t4 ol Ons min.
75ns max.

=

Figure 38-5INTEL BUSWRITE TIMING (BTS=0/MUX =0)

A0 to A7 Address Valid ><
DO to D7 >E j(
t7 18
RD* / 10ns 10ns \
t1 min. min.
Ons min.
Cs* L /f/
Ons minke—2 e P<ﬁ’| Ons min.
75ns min.
WR*
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Figure 38-6 MOTOROLA BUSREAD TIMING (BTS=1/MUX =0)

AO to A7 Address Valid ><
DO to D7 < Data Valid 2'*
5ns min. / 20ns max 5
R/W* / \
tl
Ons min.
Cs*
Ons min. t2 3 t4 Ons min.
DS* 75ns max. ;

Figure 38-7MOTOROLA BUSWRITE TIMING (BTS=1/MUX =0)

AO to A7 Address Valid ><
DO to D7 )E 1(
10ns 10ns
R/W* \ min. t7 | t8 min.
Ons min.
CSs* /{/
Ons min. 2 16 . P(AJ Ons min.
DS* 75ns min. /
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38.3 Receive Side AC Characteristics
AC CHARACTERISTICS- (0°Cto 70°C; Vpp =3.3V + 5% for DS2155L ;
RECEIVE S DE -40°C t0 +85°C; Vpp =3.3V + 5% for DS2155LN)
[See Figures 31-8 to 31-10]
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
RCLKO Period tp 488 ns
RCLKO Pulse Width tin 200 244 ns 1
tL 200 244 ns 1
RCLKO Pulse Width tin 150 244 ns 2
t 150 244 ns 2
RCLKI Period tep 488 ns
RCLKI Pulse Width ton 75 ns
ta 75 ns
RSY SCLK Period te 648 ns 3
te 122 488 ns 4
RSY SCLK Pulse Width toy 50 ns
tq 50 ns
RSYNC Set Up to RSY SCLK tg 20 ts1 -5 ns
Falling
RSYNC Pulse Width tpw 50 ns
RPOSI/RNEGI Set Up to RCLKI tq 20 ns
Falling
RPOSI/RNEGI Hold From RCLKI tho 20 ns
Falling
RSY SCLK/RCLKI Riseand Fall tr te 25 ns
Times
Delay RCLKO to RPOSO, too 50 ns
RNEGO Vdid
Delay RCLK to RSER, RDATA, to1 50 ns
RSG, RLINK Vdid
Deay RCLK to RCHCLK, oo 50 ns
RSYNC, RCHBLK, RFSYNC,
RLCLK
Déay RSYSCLK to RSER, RSIG tos 50 ns
Vadid
Déday RSYSCLK to RCHCLK, tos 50 ns
RCHBLK, RMSYNC, RSYNC

NOTES:

1. Jitter attenuator enabled in the receive path.

2. Jitter attenuator disabled or enabled in the transmit path.
3. RSYSCLK =1.544 MHz.

4. RSYSCLK =2.048 MHz.
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Figure 38-8 RECEIVE SDE TIMING (T1 MODE)

RCLK _/l_\_/
tDl’{
RSER / RDATA / RSIG >< F Bit >< ><

4 tD2
RCHCLK

|

\
b2 »
RCHBLK /r
D2 p
RFSYNC / RMSYNC J \
b2
RSYNC1 / \
D2
RLCLK 2 /F \
» [¢tD1
RLINK >§F
Notes:

1. RSYNC is in the output mode
2. Shown is RLINK/RLCLK in the ESF framing mode
3. No Relationship between RCHCLK and RCHBLK and other signals is implied
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Figure 38-9 RECEIVE SDE TIMING, ELASTIC STORE ENABLED (T1 MODE)

t t
o :% e |

tpz P -
RSER /RSIG >§I; X SEE NOTE 3 X X

P tpg
RCHCLK / \
» |¢'D4
RCHBLK /r

t

D4 P
RMSYNC

RSYNCl

- <~;4tHD
RSYNC® “‘7 \ \ \ \

/ﬁ!“
tD4»/L<i

Notes:

1. RSYNC is in the output mode

2. RSYNC is in the input mode

3. F-BIT when CCR1.3 =0, MSB of TSO when CCR1.3=1
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Figure 38-10 RECEIVE LINE INTERFACE TIMING

L tiH

RCLKO

- >£
RPOSO, RNEGO >< >< ><

. < 'L, g CH
R

RCLKI

RPOSI, RNEGH W@
—» tHD
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38.4 Transmit AC Characteristics

AC CHARACTERISTICS—-
TRANSMIT SIDE

[SeeFigures31-11t0 31-13]

(0°Cto 70°C; Vpp =3.3V = 5% for DS2155L;
-40°C to +85°C; Vpp = 3.3V + 5% for DS2155LN)

PARAMETER

SYMBOL

MIN

TYP

MAX

UNITS

NOTES

TCLK Period

tep

ns

TCLK Pulse Width

75
75

ns
ns

TCLKI Period

ns

TCLKI Pulse Width

75

ns
ns

TSYSCLK Period

58

ns
ns

=

TSYSCLK Pulse Width

ns
ns

TSYNCor TSSYNC Set Up to
TCLK or TSYSCLK faling

N8 8RR

teqy b or
tey -5

ns

TSYNC or TSSYNC Pulse Width

tpw

ns

TSER, TSIG, TDATA, TLINK,
TPOSI, TNEGI Set Upto TCLK,
TSYSCLK, TCLKI Fdlling

ty

20

ns

TSER, TSIG, TDATA, TLINK,
TPOSI, TNEGI Hold from TCLK,
TSYSCLK, TCLKI Falling

tho

20

ns

TCLK, TCLKI or TSYSCLK Rise
and Fall Times

tr, te

25

ns

Delay TCLKO to TPOSO,
TNEGO Vdid

tDD

ns

Delay TCLK to TESO Valid

tDl

ns

Delay TCLK to TCHBLK,
TCHCLK, TSYNC, TLCLK

tDZ

8|8

ns

Delay TSYSCLK to TCHCLK,
TCHBLK

tD3

75

ns

NOTES
1. TSYSCLK =1.544 MHz.
2. TSYSCLK =2.048 MHz
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Figure 38-11 TRANSMIT SIDE TIMING

e DECTTIX X X
s T O Y O
e

e S -

e s pwn e

1. TSYNC is in the output mode (TCR2.2 = 1).

2. TSYNC is in the input mode (TCR2.2 = 0).

3. TSER is sampled on the falling edge of TCLK when the transmit side elastic store is disabled.

4. TCHCLK and TCHBLK are synchronous with TCLK when the transmit side elastic store is disabled.
5. TLINK is only sampled during F-bit locations.

6. No relationship between TCHCLK and TCHBLK and the other signals is implied.
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Figure 38-12 TRANSMIT SIDE TIMING, ELASTIC STORE ENABLED

tsp

e Py, TS
<t
wses T TSI T
lq tHD

t P
TCHCLK |/ \

» tp3

TCHBLK

tsl >‘FtHD
Y SR

Notes:
1. TSER is only sampled on the falling edge of TSYSCLK when the transmit side elastic store is enabled.
2. TCHCLK and TCHBLK are synchronous with TSYSCLK when the transmit side elastic store is enabled.

Figure 38-13 TRANSMIT LINE INTERFACE TIMING

o T\ /TN
TPOSO, TNEGO ->< >< >< ><

> ‘tDD

tLL tH
tR te
TCLKI \
TPOSI, TNEGI %?Z;;% %;;Z;% >
> tHD
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39. MECHANICAL DESCRIPTION

39.1 L Package

I D

fAAAANARRAAARAARAAAAAAAAA
LR LR LB AL
i
m

3.50
MAX 2 N
f I N

NOTES:

1. DIMENSIONS D1 AND E1 INCLUDE MOLD
MISMATCH, BUT DO NOT INCLUDE MOLD
PROTRUSION; ALLOWABLE PRQOTRUSION IS
0.25 MM PER SIDE.

A\ DETAILS OF PIN 1 IDENTIFIER ARE OPTIONAL
BUT MUST BE LQCATED WITHIN THE ZONE
INDICATED.

SEE DETAIL A 3 ALLOWABLE DAMBAR PROTRUSION IS 0.08 MM

TOTAL IN EXCESS OF THE b DIMENSION;
PROTRUSION NOT TO BHE LOCATED ON LOWER
RADIUS OR FODT QF LEAD.

\ 0" MIN
A — 1.60

4. ALL DIMENSIONS ARE IN MILLIMETERS.
DIM MIN MAX T
A

/ 0.25
Al 0.05 - ] ]
A2 | 1.35 | 1.45 L & j_m“ ; &F - (GAUGE PLANE

c 0.09 | 0.20 A

D 15.80 | 16.20

C
4 \
b 0.17 | 6.27 ; | } | [SEATING PLANE]
-7
L

D1 14.00 BSC gl ] o e
E |15.80 [ 16.20

E1 14.00 BSC DETAIL A
e 0.50 BSC

L 0.45 | 0.75
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39.2 G Package

Al BALL PAD

CORNER

+

[
10.Q

[S[ot[z] Top viEw

10876422,

03006JI90BI0
0QQRQAA0LAQNQ
00000DCOO0
[oZelnloZeloleYole 0]
00000DC000
000060D0C000
0QQA0QAA0RQQ
000000 C000
0000000 0Q0—

7o 'MYa%>

0090V COV0—]

*ACCUMUIATIVE

1.4 RFF

—

—t f—

0.80 NON ACCUMUIATIVE
BHOTTOM VIEW

i ¢ |g0.16® |z |x ||
i 20.05® |z
i
|
|14t TYP
0,66+0.10
0.360,10
0.40 REF
SIDH VIEW
NOTES"
/D Al BALL PAD CORNER I.D IS IDENTIFIED BY LASER MARKED DOT
AT THE CORNER.
PRIMARY DATUM Z AND SEATING FLANE ARE DEFINED BY THE
SPHERICAL CROWAS” OF THE SOLDER BALLS.
(6N DIMENSION IS MEASURED AT THE MAXIMUM SOLDER BALL DIAMETER,

FARALLEL TO FRIMARY DATUM Z

fi4 Rer

4.  BILATERAL TOLERANGCE ZONE IS AFPLIED TQ EACH SIDE OF THE FACKAGE BODY.
3, SOLDER BALL POSITION DESIGNATION PER JESD 95—1, SPP—010,
2,  ALL DIMENSIONS AND TOLERANCES CONFORM TO ANS| Y14.5M—1994,
{.  ALL DIMENSIONS ARE IN MILLIMETERS
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