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= 3.3V Supply with 5V Tolerant I/O ORDERING INFORMATION
= Available in 256-Pin 1.27mm Pitch PBGA PART TEMP RANGE PIN-PACKAGE
Package

DS3112 0°Cto +70C 256 PBGA

= |EEE 1149.1 JTAG Support DS3112+  0°C 1o +70C 256 PBGA

DS3112N  -40°Cto +83C 256 PBGA

DS3112N+ -40°Cto +853C 256 PBGA

+Denotes lead-free/RoHS-compliant package.

Note: Some revisions of this device may incorporate deviations from published specifications known as errata. Multiple revisions of any device
may be simultaneously available through various sales channels. For information about device errata, click here: www.maxim-ic.com/errata.
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DS3112

1 DETAILED DESCRIPTION
The DS3112 TEMPEI(3 E3 M ultiPlexEr) device can be used eitheraamultiplexer or a T3/E3 framer.
When the device is used as a multiplexer, it can be operated in one of three modes:

M13—Multiplex 28 T1 lines into a T3 data stream
E13—Multiplex 16 E1 linesto an E3 data stream
G.747—Multiplex 21 E1 lines into a T3 data stream

SeeFigure 1-1 Figure 1-2 andFigure 1-3for block diagrams of these three modes. In each of the block
diagrams, the receive section is at the bottom andréinemit section is at the top. The receive path is
defined as incoming T3/E3 data and the transmit igadlefined as outgoing T3/E3 data. When the device
is operated solely as a T3 or E3 framer, the maltgr portion of the device is disabled and the raw
T3/E3 payload will be output at the FR@utput and input at the FTD input. Ségure 1-1and
Figure 1-2for detalils.

In the receive path, raw T3/E3 data is clocked intalthace (either in a bipolar unipolar fashion) with

the HRCLK at the HRPOS and HRNEG inputs. The dmathen framed by the T3/E3 framer and passed
through the two-step demultiplexing process to yiblel resultant T1 and E1 data streams, which are
output at the LRCLK and LRDAT outputs. In the trantspath, the reverse occurs. The T1 and E1 data
streams are input to the device at the LTCLK am®AT inputs. The device will sample these inputs

and then multiplex the T1 and E1 data streamsutih a two-step multiplexing process to yield the
resultant T3 or E3 data stream. Then this data stream is passed through the T3/E3 formatter to have the
framing overhead added, and the final data stitealbe transmitted is output at the HTPOS and HTNEG
outputs using the HTCLK output.

The DS3112 has been designed to meet all datkst telecommunicatiorsdsandards. Sectidhl lists all
of the applicable standards for the device.

The TEMPE device has a numberagivanced features such as:
e The ability to drop and insert up to two T1 or E1 ports
e An on-board HDLC controller with 256-byte buffers
e Anon-board Bit ErroRate Tester (BERT)
e Advanced diagnostics to create antedemany different types of errors

See Sectiod.2for a complete list of main features within the device.

7 of 133



DS3112

1.1 Applicable Standards

1) American National Standard for TelecommunicatioAbISI T1.107 — 1995Digital Hierarchy -
Formats Specification”

2) American National Standard for TelecommunicatioABISI T1.231 - 199X- Draft “Digital
Hierarchy - Layer 1 In-Service Diglt&ransmission Performance Monitoring”

3) American National Standard for TelecommunicatioABISI T1.231 — 1993 Digital Hierarchy -
Layer 1 In-Service Digital Tramission Performance Monitoring”

4) American National Standard for TelecommunicatioA8ISI T1.404 — 1994'Network-to-Customer
Installation — DS3 Metalliénterface Specification”

5) American National Standard for TelecommunicatioABISI T1.403 — 1999'Network and Customer
Installation Interfaces BS1 Electrical Interface”

6) American National Standard for TelecommunicatioABISI T1.102 — 1993 Digital Hierarchy —
Electrical Interfaces”

7) Bell Communications ResearciR-TSY-000009 Issue 1, May 1986 “Asynchronous Digital
Multiplexes Requirements and Objectives”

8) Bell Communications ResearcfiR-TSY-00019] Issue 1, May 1986 “Alarm Indication Signal
Requirements and Objectives”

9) Bellcore -GR-499-CORE, Issue 1, December 1995 “Transport Systems Generic Requirements
(TSGR): Common Requirements”

10) Bellcore -GR-820-CORE, Issue 1, November 1994 “Generiagyidal Transmission Surveillance”

11) Network Working Group Requesir Comments - RFC1407, Jamyal993 “Definition of Managed
Objects for the DS3/E3 Interface Type”

12) International Telecommunication Union (ITG)703 1991 “Physical/Electrical Characteristics of
Hierarchical Digital Interfaces

13) International Telecommunication Union (ITG)823 March 1993 “The Control of Jitter and Wander
Within Digital Networks Whichare Based on the 2048kbps Hierarchy”

14) International Telecommunication Union (ITG)742 1993 “Second Order Digital Multiplex
Equipment Operating at 8448 kbpwldJsing Positive Justification”

15) International Telecommunication Union (ITG)747, 1993 “Second Order Digital Multiplex
Equipment Operating at 6312 kbps andltidlexing Three Tributaries at 2048kbps”

16) International Telecommunication Union (ITG)751 1993 “Digital Multiplex Equipments Operating
at the Third Order Bit Rate of 34368kkgusd Using Positive Justification”

17) International Telecommunication Union (ITG)775 November 1994 “Loss Of Signal (LOS) and
Alarm Indication Signal (AlS) Defeddetection and Clearance Criteria”

18) International Telecommunication Union (ITO)151, October 1992 “Error Performance Measuring
Equipment Operating at the Primary Rate And Above”

19) International Telecommunication Union (ITO)153 October 1992 “Basic Parameters for the
Measurement of Error Performance at Bit Rates Below the Primary Rate”

20) International Telecommunication Union (ITO)161, 1984 “In-Service Code Violation Monitors for
Digital Systems”
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1.2 Main DS3112 TEMPE Features
1.2.1 General Features

Can be operated as a standalone T3 drd&fBer without any M13 or E13 multiplexing

T1/E1 FIFOs in the receive direction provide TLAemultiplexed clocks ih very little jitter
Two T1/E1 drop and insert ports

B3ZS/HDB3 encoder and decoder

T3 C-Bit Parity mode

All the receive T1/E1 ports can be clocked out on a common clock

All the transmit T1/E1 ports can lodocked in on a common clock

Generates gapped clocks that can be usednaamtkclocks in unchannelized T3/E3 applications
T1/E1 ports can be configed into a “loop-timed” mode

T3/E3 port interfaces can be either bipolar or unipolar

The clock, data, and control signals can be imeetd allow a glueless interface to other device
Loss of transmit and receive clock detect

1.2.2 T3/E3 Framer

Generates T3/E3 Alarm Indicati Signal (AlS) and Remote &im Indication (RAI) alarms

Transmit framer pass through mode

Generates T3 idle signal

Detects the following T3/E3 alarms and eventssd.@f Signal (LOS), Loss Of Frame (LOF), Alarm
Indication Signal (AIS), Remote Afm Indication (RAI), T3 idle ginal, Change Of Frame Alignment
(COFA), B3ZS and HDB3 codewords being recdivBeverely Errored Framing Event (SEFE), and
T3 Application ID status indication

1.2.3 T2/E2 Framer

Generates T2/E2 Alarm Indicati Signal (AIS) and Remote &im Indication (RAI) alarms

Generates Alarm Indication Signal (AIS) for T1/Bata streams in both the transmit and receive
directions

Detects the following T2/E2 alarms and eventsss Of Frame (LOF)Alarm Indication Signal
(AIS), and Remote Alarm Indication (RAI)

Detects T1 line loopback commands (@8is the inverse of C1 and C2)

Generates T1 line loopback commands

1.2.4 HDLC Controller

Designed to handle multiple LAPD seages without Host intervention

256 byte receive and transmit buffer® large enough to handle theetih T3 messages (Path ID, Idle
Signal ID, and Test Signal ID) dhare sent and received onceegond which means the Host only
needs to access the HDLC Controller once a second

Handles all of the normal Layer 2 tasks suclra® stuffing/destuffingCRC generation/checking,
abort generation/checking, flag geatton/detection, and byte alignment

Programmable high and low watermarks for the FIFO

HDLC Controller can be used in egththe T3 C-Bit Parity Mode an the Sn Bits in the E3 Mode

1.2.5 FEAC Controller

Designed to handle multiple FEAG@aewords without Host intervention

Receive FEAC automatically validates incomawglewords and stores them in a 4-byte FIFO
Transmit FEAC can be configured to send eitbee codeword, or constant codewords, or two
different codewords back-to-backdrceate T3 Line Loopback commands

FEAC Controller can be used in either the T3 CHgitity Mode or in the SBits in the E3 Mode
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DS3112

1.2.6 BERT

Can generate and detect the pseudorandom patterris- df 2! - 1, 2° - 1 and QRSS as well as
repetitive patterns from 1 to 32 bits in length

BERT is a global chip resource that can be used either in the T3/E3 data path or in any one of the T1
or E1 data paths

Large error counter (24 bits) alls testing to proceed for long periods without Host intervention

Errors can be inserted into the genedaBERT patterns for diagnostic purposes

1.2.7 Diagnostics

T3/E3 and T1/E1 diagnostic loopbacks (transmit to receive)

T3/E3 and T1/E1 line loopbacks (receive to transmit)

T3/E3 payload loopback

T3/E3 errors counters for: BiPol¥iolations (BPV), Code Violadns (CV), Loss Of Frame (LOF),
framing bit errors (F, M or FAS), EXcessive Zel®XZ), T3 Parity bits,T3 C-Bit Parity, and Far
End Block Errors (FEBE)

Error counters can be either updated autonigtioa one second boundaries as timed by the DS3112
or via software control or gian external hardware pulse

Can insert the following T3/E3 errors: BiPolar Vitdes (BPV), EXcessive Zeros (EXZ), T3 Parity
bits, T3 C-Bit Parity, framing bit errors (F, M, or FAS)

Inserted errors can be either controlledse&ware or via an external hardware pulse

Generates T2/E2 Loss Of Frame (LOF)

1.2.8 Control Port

Nonmultiplexed or multiplexed 16-bit cant port (with an optional 8-bit mode)
Intel and Motorola Bus compatible

1.2.9 Packaging and Power

3.3V low-power CMOS with 5\Molerant inputs and outputs
256-pin plastic BGA package (27mm x 27mm)

IEEE 1149.1 JTAG test port
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DS3112

2 PIN DESCRIPTION
This section describes the in@utd output signals on the DS3112. Sigrames follow a convention that
is shown inTable 2-1Table 2-2lists all the signalgheir signal type, desgiion, and pin location.

Table 2-1. Pin Naming Convention

FIRST
LETTERS SIGNAL CATEGORY SECTION

C CPU/Host Control Access Port 2.2
FR T3/E3 Receive Framer 2.3
FT T3/E3 Transmit Formatter 2.4
LR Low-Speed (T1 or E1) Receive Port 2.5
LT Low-Speed (T1 or E1) Transmit Port 2.6
HR High-Speed (T3 or E3) Receive Port 2.7
HT High-Speed (T3 or E3) Transmit Pornt 2.8

J JTAG Test Port 2.9

Table 2-2. Pin Description

ola

PIN NAME TYPE FUNCTION
Cc7 CALE I CPU Bus Address Latch Enable
H3 CAO0 I CPU Bus Address Bit 0 (LSB)

H2 CAl I CPU Bus Address Bit 1

H1 CA2 I CPU Bus Address Bit 2

J4 CA3 I CPU Bus Address Bit 3

J3 CA4 I CPU Bus Address Bit 4

J2 CA5 I CPU Bus Address Bit 5

J1 CAb6 I CPU Bus Address Bit 6

K2 CA7 I CPU Bus Address Bit 7 (MSB)

C4 CCS I CPU Bus Chip Select (Active Low)
C2 CDO I/O CPU Bus Data Bit 0 (LSB)

D2 CD1 I/O0 CPU Bus Data Bit 1

D3 CD2 11O CPU Bus Data Bit 2

E4 CD3 I/O CPU Bus Data Bit 3

Cil CD4 110 CPU Bus Data Bit 4

D1 CD5 I/O CPU Bus Data Bit 5

E3 CD6 I/O CPU Bus Data Bit 6

E2 CD7 I/O CPU Bus Data Bit 7

El CD8 I/O CPU Bus Data Bit 8

F3 CD9 I/O CPU Bus Data Bit 9

G4 CD10 I/O CPU Bus Data Bit 10

F2 CD11 I/O CPU Bus Data Bit 11

F1 CD12 I/O CPU Bus Data Bit 12

G3 CD13 I/O CPU Bus Data Bit 13

G2 CD14 I/O CPU Bus Data Bit 14

G1 CD15 /0 | CPU Bus Data Bit 15 (MSB)

B3 CIM I CPU Bus Intel/Motorola Bus Select, 0 = Intel, 1 = Motor
A2 CINT O CPU Bus Interrupt

B2 CMS I CPU Bus Mode Select, 0 = 16 Bit, 1 = 8 Bit Mode
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but

PIN NAME TYPE FUNCTION

D5 CRD(CDS) I CPU Bus Read Enable (CPU Bus Data Strobe)

A3 (g;v /%) I CPU Bus Write Enable (CPBus Read/Write Select)

A9 FRCLK o] ReceiveFramer(T3 or E3) Clock Output

B9 FRD O Receive Framer (T3 or E3) Data Output

C9 FRDEN o] Receive Framer (T3 or E3) Data Enable Output

C8 FRLOF O Receive Framer (T3 or E3) Loss Of Frame Output

B8 FRLOS 0 Receive Framer (T3 or E3) Loss Of Signal Output

A7 FRMECU I Receive Framer (T3 &3) Manual Error Counter Update
A8 FRSOF o] Receive Framer (T3 or E3) Start Of Frame Pulse

Al10 FTCLK I Transmit Framer (T3 or E3) Clock Input

B10 FTD I Transmit Framer (T3 or E3) Data Input

C10 FTDEN 0 Transmit Framer (T3 or E3) Data Enable Output

Cl1 FTMEI I Transmit Framer (T3 or E3) Manual Error Insert Pulse
All FTSOF I/0 Transmit Framer (T3 or E3) Start Of Frame Pulse

B6 G.747E | E&A()?délg Mode Enable, 0 = Normal T3 Mode, 1 = G.747
Al3 HRCLK I High-Speed T3 or E3) Port Receive Clock Input

C12 HRNEG I High-Speed (T3 or EBprt Receive Negative Data Input
B13 HRPOS | :—rl]iglljﬁ{Speed (T3 or E3) Port Receive Positive or NRZ Data
B14 HTCLK O High-Speed (T3 or B®ort Transmit Clock Output

Al4 HTNEG 0 (H)il?tg-ustpeed (T3 or E3) Port Transmit Negative Data
C14 HTPOS 0 (H)il?tg-ustpeed (T3 or E3) Port dnsmit Positive or NRZ Dat
D7 JTCLK I JTAGIEEE 1149.1Test Serial Clock

B5 JTDI I JTAG IEEE 1149.1 Bt Serial Data Input

A4 JTDO O JTAG IEEE 1149.1 TeSerial Data Output

A5 JTMS I JTAG IEEE 1149.1 Test Mode Select

C6 JTRST I JTAG IEEE 1149.1 Test Reset (Active Low)

G20 LRCCLK I Low-Speed (T1 or E1) Port Common Receive Clock Inj
N2 LRCLK1 @) Low-Speed (T1 or E1) Receive Clock from Port 1

R1 LRCLK2 o] Low-Speed (T1 or E1) Receive Clock from Port 2

R3 LRCLK3 @) Low-Speed (T1 or E1) Receive Clock from Port 3

U2 LRCLK4 o] Low-Speed (T1 or E1) Receive Clock from Port 4

V2 LRCLK5 O Low-Speed (T1 or E1) Receive Clock from Port 5

Y2 LRCLK®6 O Low-Speed (T1 or E1) Receive Clock from Port 6

Y3 LRCLKY O Low-Speed (T1 or E1) Receive Clock from Port 7

Y5 LRCLKS8 O Low-Speed (T1 or E1) Receive Clock from Port 8

Y6 LRCLK9 O Low-Speed (T1 or E1) Receive Clock from Port 9

V8 LRCLK10 o] Low-Speed (T1 dEl) Receive Clock from Port 10

V9 LRCLK11 O Low-Speed (T1 de1l) Receive Clock from Port 11

V10 LRCLK12 @) Low-Speed (T1 d£1) Receive Clock from Port 12

V11 LRCLK13 O Low-Speed (T1 df1) Receive Clock from Port 13

Y13 LRCLK14 @) Low-Speed (T1 df1) Receive Clock from Port 14
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PIN NAME TYPE FUNCTION
W14 LRCLK15 6] Low-Speed (T1 d&1) Receive Clock from Port 15
Y16 LRCLK16 o] Low-Speed (T1 df1) Receive Clock from Port 16
Y17 LRCLK17 o] Low-Speed (T1 d£1) Receive Clock from Port 17
Ul6 LRCLK18 O Low-Speed (T1 d&1) Receive Clock from Port 18
V18 LRCLK19 o] Low-Speed (T1 d£1) Receive Clock from Port 19
V19 LRCLK20 o] Low-Speed (T1 df1) Receive Clock from Port 20
V20 LRCLK21 o] Low-Speed (T1 d£1) Receive Clock from Port 21
T20 LRCLK22 ©) Low-Speed (T1 or E1) Receive Clock from Port 22
R20 LRCLK23 O Low-Speed (T1 &1) Receive Clock from Port 23
N18 LRCLK24 0 Low-Speed (T1 d&1) Receive Clock from Port 24
M18 LRCLK25 ©) Low-Speed (T1 df1) Receive Clock from Port 25
L18 LRCLK26 O Low-Speed (T1 or E1) Receive Clock from Port 26
K18 LRCLK27 @) Low-Speed (T1 d£1) Receive Clock from Port 27
H20 LRCLK28 0 Low-Speed (T1 d&1) Receive Clock from Port 28
K1 LRCLKA ®) Low-Speed (T1 or EIRReceive Clock from Drop Port A
M1 LRCLKB 0 Low-Speed (T1 or EIReceive Clock from Drop Port B
N1 LRDAT1 @) Low-Speed (T1 or E1) Receive Data from Port 1
P2 LRDAT2 6] Low-Speed (T1 or E1) Receive Data from Port 2
P4 LRDAT3 @) Low-Speed (T1 or E1) Receive Data from Port 3
T3 LRDAT4 o] Low-Speed (T1 or E1) Receive Data from Port 4
U3 LRDAT5 O Low-Speed (T1 or E1) Receive Data from Port 5
W3 LRDAT6 o] Low-Speed (T1 or E1) Receive Data from Port 6
U5 LRDAT7 0 Low-Speed (T1 or E1) Receive Data from Port 7
W5 LRDATS8 @) Low-Speed (T1 or E1) Receive Data from Port 8
W6 LRDAT9 0 Low-Speed (T1 or E1) Receive Data from Port 9
Y7 LRDAT10 @) Low-Speed (T1 or E1) Receive Data from Port 10
U9 LRDAT11 O Low-Speed (T1 or E1) Receive Data from Port 11
W10 LRDAT12 @) Low-Speed (T1 or E1) Receive Data from Port 12
W11l LRDAT13 o] Low-Speed (T1 or E1) Receive Data from Port 13
V12 LRDAT14 @) Low-Speed (T1 or E1) Receive Data from Port 14
Y14 LRDAT15 o] Low-Speed (T1 or E1) Receive Data from Port 15
W15 LRDAT16 @) Low-Speed (T1 or E1) Receive Data from Port 16
W16 LRDAT17 0] Low-Speed (T1 or E1) Receive Data from Port 17
Y18 LRDAT18 @) Low-Speed (T1 or E1) Receive Data from Port 18
Y19 LRDAT19 o] Low-Speed (T1 or E1) Receive Data from Port 19
W20 LRDAT?20 O Low-Speed (T1 or E1) Receive Data from Port 20
T17 LRDAT21 ®) Low-Speed (T1 or E1) Receive Data from Port 21
T19 LRDAT?22 ©) Low-Speed (T1 or E1) Receive Data from Port 22
R19 LRDAT23 @) Low-Speed (T1 or E1) Receive Data from Port 23
P20 LRDAT?24 0 Low-Speed (T1 or E1) Receive Data from Port 24
M17 LRDAT25 @) Low-Speed (T1 or E1) Receive Data from Port 25
L19 LRDAT26 O Low-Speed (T1 or E1) Receive Data from Port 26
K19 LRDAT27 @) Low-Speed (T1 or E1) Receive Data from Port 27
J18 LRDAT?28 o] Low-Speed (T1 or E1) Receive Data from Port 28
K3 LRDATA ©) Low-Speed (T1 or ElReceive Data from Drop Port A
L3 LRDATB O Low-Speed (T1 or EReceive Data from Drop Port B
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PIN NAME TYPE FUNCTION
G19 LTCCLK I Low-Speed (T1 or E1) Port Common Transmit Clock In
P1 LTCLK1 I Low-Speed (T1 or E1) Transmit Clock for Port 1
R2 LTCLK2 I Low-Speed (T1 or E1) Transmit Clock for Port 2
Ul LTCLK3 I Low-Speed (T1 or E1) Transmit Clock for Port 3
T4 LTCLK4 I Low-Speed (T1 or E1) Transmit Clock for Port 4
V3 LTCLKS5 I Low-Speed (T1 or E1) Transmit Clock for Port 5
V4 LTCLK6 I Low-Speed (T1 or E1) Transmit Clock for Port 6
V5 LTCLK7 I Low-Speed (T1 or E1) Transmit Clock for Port 7
u7 LTCLKS8 I Low-Speed (T1 or E1) Transmit Clock for Port 8
W7 LTCLK9 I Low-Speed (T1 or E1) Transmit Clock for Port 9
Y8 LTCLK10 I Low-Speed (T1 or E1) Transmit Clock for Port 10
Y9 LTCLK11 I Low-Speed (T1 or E1) Transmit Clock for Port 11
Y11 LTCLK12 I Low-Speed (T1 or E1) Transmit Clock for Port 12
W12 LTCLK13 I Low-Speed (T1 or E1) Transmit Clock for Port 13
V13 LTCLK14 I Low-Speed (T1 or E1) Transmit Clock for Port 14
V14 LTCLK15 I Low-Speed (T1 or E1) Transmit Clock for Port 15
V15 LTCLK16 I Low-Speed (T1 or E1) Transmit Clock for Port 16
W17 LTCLK17 I Low-Speed (T1 or E1) Transmit Clock for Port 17
W18 LTCLK18 | Low-Speed (T1 or E1) Transmit Clock for Port 18
Y20 LTCLK19 I Low-Speed (T1 or E1) Transmit Clock for Port 19
uUl8 LTCLK20 I Low-Speed (T1 or E1) Transmit Clock for Port 20
T18 LTCLK21 I Low-Speed (T1 or E1) Transmit Clock for Port 21
P17 LTCLK22 I Low-Speed (T1 or E1) Transmit Clock for Port 22
P19 LTCLK23 I Low-Speed (T1 or E1) Transmit Clock for Port 23
N20 LTCLK24 I Low-Speed (T1 or E1) Transmit Clock for Port 24
M20 LTCLK25 I Low-Speed (T1 or E1) Transmit Clock for Port 25
K20 LTCLK26 I Low-Speed (T1 or E1) Transmit Clock for Port 26
J19 LTCLK27 I Low-Speed (T1 or E1) Transmit Clock for Port 27
H18 LTCLK28 I Low-Speed (T1 or E1) Transmit Clock for Port 28
L2 LTCLKA I Low-Speed (T1 or E1) Transmit Clock for Insert Port A
M3 LTCLKB I Low-Speed (T1 or E1) Transmit Clock for Insert Port B
N3 LTDAT1 I Low-Speed (T1 or E1) Transmit Data for Port 1
P3 LTDAT2 I Low-Speed (T1 or E1) Transmit Data for Port 2
T2 LTDAT3 I Low-Speed (T1 or E1) Transmit Data for Port 3
V1 LTDAT4 I Low-Speed (T1 or E1) Transmit Data for Port 4
w1 LTDAT5 I Low-Speed (T1 or E1) Transmit Data for Port 5
w4 LTDATG6 I Low-Speed (T1 or E1) Transmit Data for Port 6
Y4 LTDAT7 I Low-Speed (T1 or E1) Transmit Data for Port 7
V6 LTDATS I Low-Speed (T1 or E1) Transmit Data for Port 8
V7 LTDAT9 I Low-Speed (T1 or E1) Transmit Data for Port 9
w8 LTDAT10 I Low-Speed (T1 or E1) Transmit Data for Port 10
W9 LTDAT11 I Low-Speed (T1 or E1) Transmit Data for Port 11
Y10 LTDAT12 I Low-Speed (T1 or E1) Transmit Data for Port 12
Y12 LTDAT13 I Low-Speed (T1 or E1) Transmit Data for Port 13
W13 LTDAT14 I Low-Speed (T1 or E1) Transmit Data for Port 14
Y15 LTDAT15 I Low-Speed (T1 or E1) Transmit Data for Port 15
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PIN NAME TYPE FUNCTION
ul4 LTDAT16 I Low-Speed (T1 or E1) Transmit Data for Port 16
V16 LTDAT17 I Low-Speed (T1 or E1) Transmit Data for Port 17
V17 LTDAT18 I Low-Speed (T1 or E1) Transmit Data for Port 18
W19 LTDAT19 I Low-Speed (T1 or E1) Transmit Data for Port 19
ul9 LTDAT20 I Low-Speed (T1 or E1) Transmit Data for Port 20
u20 LTDAT21 I Low-Speed (T1 or E1) Transmit Data for Port 21
R18 LTDAT22 I Low-Speed (T1 or E1) Transmit Data for Port 22
P18 LTDAT23 I Low-Speed (T1 or E1) Transmit Data for Port 23
N19 LTDAT24 I Low-Speed (T1 or E1) Transmit Data for Port 24
M19 LTDAT25 I Low-Speed (T1 or E1) Transmit Data for Port 25
L20 LTDAT?26 | Low-Speed (T1 or E1) Transmit Data for Port 26
J20 LTDAT27 I Low-Speed (T1 or E1) Transmit Data for Port 27
H19 LTDAT28 I Low-Speed (T1 or E1) Transmit Data for Port 28
L1 LTDATA I Low-Speed (T1 or E1) Transmit Data for Insert Port A
M2 LTDATB I Low-Speed (T1 or E1) Transmit Data for Insert Port B
A6, A12, A15-
A20, B1, B7,
B1l1, B12, B15-
B20, C13, C15-
gig Big Big N.C. — No Connection. Do nobanect any signal to this pin.
D20, E17-E20,
F18, F19, F20,
G17, G18, T1,
W2, Y1
C5 RST I Active-Low Reset
B4 T3E3MS I T3/E3 Mode Select, 0=T3,1=E3
C3 TEST I Active-Low Factory Test Input
D6, D10, D11,
D15, F4, F17,
Ii<147ll<Rl47ll?_f7 Vop 3.3V (x5%) Positive Supply
U6, U10, U11,
ui5
Al, D4, D8,
D9, D13, D17,
;jf :%17NJ1177 ' Vss — GroundReference
U4, U8, Ul2,
Ui13, Ul7
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2.2 CPU Bus Signal Description

Signal Name: CMS
Signal Description: CPU Bus Mode Select
Signal Type: Input

This signal should be tied low whéme device is to be operated as a 16-bit bus. This signal should be tied
high when the device is to loperated as an 8-bit bus.

0 = CPU Bus is in the 16-Bit Mode

1 = CPU Bus is in the 8-Bit Mode

Signal Name: CIM
Signal Description: CPU Bus Intel/Motorola Bus Select
Signal Type: Input

The signal determines whether the CPU Bus will operatbe Intel Mode (CIM = 0) or the Motorola
Mode (CIM = 1). The signal names in parenthesesogerational when the device is in the Motorola
Mode.

0 = CPU Bus is in the Intel Mode

1 = CPU Bus is in the Motorola Mode

Signal Name: CDO to CD15
Signal Description: CPU Bus Data Bus
Signal Type: Input/Output (Tri-State Capable)

The external host will coigure the device ahobtain real-time stus information about the device via
these signals. When reading data from the CPU tBesg signals will be outputs. When writing data to
the CPU Bus, these signals will become inputs.eWithe CPU bus is operated in the 8-bit mode
(CMS =1), CD8 to CD15 areagctive and should be tied low.

Signal Name: CAO to CA7
Signal Description: CPU Bus Address Bus
Signal Type: Input

These input signals determine whickeimal device configuration registimat the external host wishes to
access. When the CPU bus is operated in the 16dae(CMS = 0), CAO is inactive and should be tied
low. When the CPU bus is operaiadhe 8-bit mode (CMS = 1), CAB the least significant address bit.

Signal Name: CWR (CR/W)
Signal Description: CPU Bus Write Enable (CPU Bus Read/Write Select)
Signal Type: Input

In Intel Mode (CIM = 0), this signal will determine whdata is to be written tthe device. In Motorola
Mode (CIM = 1), this signal will be used tietermine whether a read or write is to occur.

Signal Name: CRD (CDS)
Signal Description: CPU Bus Read Enable (CPU Bus Data Strobe)
Signal Type: Input

In Intel Mode (CIM = 0) this signal will determine whelata is to be read from the device. In Motorola
Mode (CIM = 1), a rising edge will besed to write data into the device.
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Signal Name: CINT
Signal Description: CPU Bus Interrupt
Signal Type: Output (Open Drain)

This signal is an open-drain output that will bectat low if one or more unmasked interrupt sources
within the device is active. The signal will reméomv until either the interrupt is serviced or masked.

Signal Name: CCS
Signal Description: CPU Bus Chip Select
Signal Type: Input

This active low signal must be asserted for the devieecept a read or write command from an external
host.

Signal Name: CALE
Signal Description: CPU Bus Address Latch Enable
Signal Type: Input

This input signal controls a latch that exists on@A® to CA7 inputs. When CKE is high,the latch is
transparent. The falling edge GALE causes the latch to sampledahold the CAO to CA7 inputs. In
nonmultiplexed bus applications, CALE should be tégh. In multiplexed bus applications, CA[7:0]
should be tied to CD[7:0] and the falling edge of CALE will latch the address.
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2.3 T3/E3 Receive Framer Signal Description

Signal Name: FRSOF
Signal Description: T3/E3 Receive Framer Star Of Frame Sync Signal
Signal Type: Output

This signal pulses for one FRCLK period italicate the T3 or E3 frame boundafjigqure 2-). This
signal can be configured viaglFRSOFI control bit in MasteControl Register 3 (Sectiof.2) to be
either active high (normal mode) or active low (inverted mode).

Signal Name: FRCLK
Signal Description: T3/E3 Receive Framer Clock
Signal Type: Output

This signal outputs the clockahis used to pass data throughreeive T3/E3 framer. It can be sourced
from either the HRCLK or FTCLK inputd={gure 1-landFigure 1-3. This signal is used to clock the
receive data out of the device at the FRD outputa@an be either updated on a rising edge (normal
mode) or a falling edge (inverted mode). This optgnontrolled via the FRCLKI control bit in Master
Control Register 3 (Sectigh3).

Signal Name: FRD
Signal Description: T3/E3 Receive Framer Serial Data
Signal Type: Output

This signal outputs data from theceeve T3/E3 framer. This signal ipdated either on the rising edge of
FRCLK (normal mode) or the fallingdge of FRCLK (inverted mode). iBhoption is controlled via the
FRCLKI control bit in MasteControl Register 3 (Sectigh3). Also, this signal can be internally inverted
if enabled via the FRDI control bit iMaster Control Register 3 (SectidrB).

Signal Name: FRDEN
Signal Description: T3/E3 Receive Framer Serial Datd&nable or Gapped Clock Output
Signal Type: Output

Via the DENMS control bit in MasteZontrol Register 1, thisignal can be configureid either output a

data enable or a gapped clock. le thata enable mode, this signal will go active when payload data is
available at the FRD output and it will go inactive wiomerhead data is being output at the FRD output.

In the gapped clock mode, this signal will transition for each bit of payload data and will be suppressed
for each bit of overhead data. In th8 Mode, overhead data is defthas the M Bits, F Bits, C Bits, X

Bits, and P Bits. In the E3 Mode, overhead datafinele as the FAS word, RAit and Sn Bit (i.e., bits

1 to 12). Seéigure 2-1for an example. This signal can be migly inverted if enabled via the FRDENI
control bit in Master @ntrol Register 3 (Sectiohd).

Signal Name: FRMECU
Signal Description: T3/E3 Receive Framer Manual Error Counter Update Strobe
Signal Type: Input

Via the AECU control bit in Mast Control Register 1 (Sectigh3), the DS3112 can be configured to
use this asynchronous input to initiate an updatindp@finternal error counteré. zero to one transition
on this input causes the device tayipeloading the internadrror counters with #h latest error counts.
This signal must be returned Idvefore a subsequent updating of émeor counters can occur. The host
must wait at least 100ns beforeadeng the error counters to allawe device time to update the error
counters. This signal i®gically ORed with the MECU¢ontrol bit in Master Contl Register 1. If this
signal is not used, thethshould be tied low.
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Signal Name: FRLOS
Signal Description: T3/E3 Receive Framer Loss Of Signal
Signal Type: Output

This signal will be forced high when the receive T3f&Bner is in a Loss Of §nal (LOS) state. It will
remain high as long as the LOS state persists andetulin low when the framer exits the LOS state. See
Section5.3 for details on the set and clear criteria fais thignal. LOS status is also available via a
software bit in the T3/EStatus Register (Secti@n3d).

Signal Name: FRLOF
Signal Description: T3/E3 Receive Framer Loss Of Frame
Signal Type: Output

This signal will be forced high when the receive T3ftamer is in a Loss Of Frame (LOF) state. It will

remain high as long as the LOFat&t persists and willeturn low when the framer synchronizes. See
Section5.3 for details on the set and clear criteria fois thignal. LOF status is also available via a
software bit in the T3/EStatus Register (Secti@n3d).

Figure 2-1. T3/E3 Receive Framer Timing

FRCLK
Normal Mode

FRCLK
Inverted Mode

Last Bit of
FRD
(see note) :>< >< the Frame

FRDEN
Data Enable Mode for T3

(see note)

T3: X1
E3: Bit 1 of FAS

FRDEN
Data Enable Mode for E3

(see note)

FRDEN
Gapped Clock Mode for T3
(see note)

FRDEN
Gapped Clock Mode for E3
(see note)

FRSOF
(see note)

NOTE: FRD, FRDEN, AND FRSOF CAN BE INVERTED VIA MASTER CONTROL REGISTER 3.
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2.4 T3/E3 Transmit Formatter Signal Description

Signal Name: FTSOF
Signal Description: T3/E3 Transmit Formatter Start Of Frame Sync Signal
Signal Type: Output/Input

This signal can be configed via the FTSOFC contrdit in Master Control Regter 1 to be either an
output or an input. When this sigrialan output, it pulses for one FTKlperiod to indicate a T3 or E3
frame boundaryHigure 2-3. When this signal is an input, it issspled to set the transmit T3 or E3 frame
boundary Eigure 2-3. This signal can be configured viaetfFTSOFI control bit in Master Control
Register 3 (Sectiod.?) to be either active gh (normal mode) or acéow (inverted mode).

Signal Name: FTCLK
Signal Description: T3/E3 Transmit Formatter Clock
Signal Type: Input

An accurate T3 (44.736MHz £20ppm) or E3 (34.368MR2Oppm) clock should be applied at this signal.
This signal is used to clock data into the trandrBfE3 formatter. Transmit data can be clocked into the
device either on a rising edge (normal mode) or anfaidge (inverted mode). iBhoption is controlled
via the FTCLKI control bit in Mater Control Register 3 (Sectidt).

Signal Name: FTD
Signal Description: T3/E3 Transmit Formatter Serial Data
Signal Type: Input

This signal inputs data into the transmit T3/E3 fdtera This signal can be sgled either on the rising
edge of FTCLK (normal mode) oretfalling edge of FTCLK (invertethode). This option is controlled
via the FTCLKI control bit in Mater Control Register 3 (Sectidr?). Also, the data input to this signal
can be internally inverted if enabled via the FTdhtrol bit in Master Gntrol Register 3 (Sectioh.2).
When T3 C-Bit Parity Mode is disabled, C Bits armpbed at this input. Thisignal is ignored when the
M13/E13 multiplexer is enabled. (See the UNCHEN cdritibin Master Control Register 1.) If not
used, this signal should be tied low.

Signal Name: FTDEN

Signal Description: T3/E3 Transmit Formatter Serial Data Enable or Gapped Clock Output

Signal Type: Output

Via the DENMS control bit in MasteZontrol Register 1, thisignal can be configured either output a

data enable or a gapped clock. In the data enable mode, this signal will go active when payload data
should be made available at the FTD input. In thgpgd clock mode, this signal will act as a demand
clock for the FTD input and it will transition for each bf payload data needed at the FTD input and it

will be suppressed when the transmit formatter inserts overhead data and hence no data is needed at the
FTD input. In the T3 Mode, overhead data is defined adtisits, F Bits, C Bits X Bits, and P Bits. In

the E3 Mode, overhead data is defined as the wA®&I, RAI Bit and Sn Bif(i.e., bits 1 to 12). See

Figure 2-2for an example. This signal can be internally inverted if enabled via the FTDENI control bit in
Master Control Register 3 (Sectidt®). This signal operates in the samanner even when the device is
configured in the Transmit Pass Through mode (se&Rfiecontrol bit in the T&E3 Control Register).
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Signal Name: FTMEI
Signal Description: T3/E3 Transmit Formatter Manual Error Insert Strobe
Signal Type: Input

Via the EIC control bit in the T3/E3 Error Insert Control Register (Sedi@)) the DS3112 can be
configured to use this asynchronous input to causesetodoe inserted into the transmitted data stream.
A zero to one transition on this inpoauses the device to begin th@gass of causingrrors to be
inserted. This signal must be returned low beforesamgequent errors can be generated. If this signal is
not used, then it should be tied low.

Figure 2-2. T3/E3 Transmit Formatter Timing

FTCLK
Normal Mode

FTCLK
Inverted Mode

Last Bit of
the Frame

T3: X1
E3: Bit 1 of FAS

FTD
(see note)

FTDEN
Data Enable Mode for T3
(see note)

FTDEN
Data Enable Mode for
(see note)

FTDEN
Gapped Clock Mode for T3
(see note)

FTDEN
Gapped Clock Mode for E3
(see note)

FTSOF
Output Mode
(see note)

T

NOTE: FTD, FTDEN, AND FTSOF CAN BE INVERTED VIA MASTER CONTROL REGISTER 3.
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2.5 Low-Speed (T1 or E1) Receive Port Signal Description

Signal Name: LRDAT1 to LRDAT28
Signal Description: Low-Speed (T1 or E1) Receive Serial Data Outputs
Signal Type: Output

These output signals present the demultiplexed seriafalatiae 28 T1 data streams or the 16/21 E1 data
streams. Data can be clocked out of the degitieer on rising edges (moal clock mode) or falling
edges (inverted clock mode) of thssociated LRCLK. This option is controlled via the LRCLKI control
bit in Master Control Register 2 (Sectidn?). Also, the data can be internally inverted before being
output if enabled via the LRDHA control bit in MasteControl Register 2 (Sectigh2). When the device

is in the E3 Mode, LRDAT17 to LRDAT?28 are meagliess and should be igeat. When the device is

in the G.747 Mode, LRDAT4, LRDATS, LRDR12, LRDAT16, LRDAT20, LRDAT24, and LRDAT?28
are meaningless and should be ignored. When theBdB3hultiplexer is disabled, then these outputs are
meaningless and should be ignored.

Signal Name: LRCLK1 to LRCLK28
Signal Description: Low-Speed (T1 or E1) Receie Serial Clock Outputs
Signal Type: Output

These output signals present the demultiplexed sedeks for the 28 T1 data streams or the 16/21 E1
data streams. The T1 or E1 serial data streath® associated LRDAT signals can be clocked out of the
device either on rising edges (mal clock mode) or falling edggsmverted clock mode) of LRCLK.
This option is controlled via the LRCLKI controit in Master ContrbRegister 2 (Sectiod.2). When the
device is in the E3 Mode, LRCLK17 to LRCLK28e meaningless and should be ignored. When the
device is in the G.747 Modd&RCLK4, LRCLK8, LRCLK12, IRCLK16, LRCLK20, LRCLK24, and
LRCLK28 are meaningless and should be ignored. Whei13/E13 multiplexer is disabled, then these
outputs are meaningleasd should be ignored.

Signal Name: LRDATA/LRDATB
Signal Description: Low-Speed (T1 or E1) Receive p Port Serial Data Outputs
Signal Type: Output

These two output signals present the demultiplexed skxtalfrom one of the 28 T1 data streams or from
one of the 16/21 E1 data streams (Seciigh. Data can be clocked out of the device either on rising
edges (normal clock mode) or falliredges (inverted clock mode) oethssociated LRCLK. This option

is controlled via the LRCLKI control bin Master Control Register 2 (Sectidr?). Also, the data can be
internally inverted before being output if enabled the LRDATI control bit in Master Control Register

2 (Section4.2). When the M13/E13 multiplexer is disell then these outputs are meaningless and
should be ignored.

Signal Name: LRCLKA/LRCLKB

Signal Description: Low-Speed (T1 or E1) Receive Dop Port Serial Clock Outputs

Signal Type: Output

These output signals present the demultiplexed seaek€lfrom one of the 28 T1 data streams or from
one of the 16/21 E1 data streams (Seclidh The T1 or E1 serial data streams at the associated LRDAT
signals can be clocked out ofetldevice either on rising edges (mai clock mode) or falling edges
(inverted clock mode) of RCLK. This option is controlled via tHERCLKI control bit in Master Control
Register 2 (Sectiod.2). When the M13/E13 multiplexer is disabled, then these outputs are meaningless
and should be ignored.
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Signal Name: LRCCLK
Signal Description: Low-Speed (T1 or E1) Receive Common Clock Input
Signal Type: Input

If enabled via the LRCCEN control bih Master Control Register 1 (Sectidr?), all 28 LRCLK or

16/21 LRCLK can be slaved to this common clagbut. In T3 mode, LRCCK would be a 1.544MHz

clock and in E3 mode, LRCCLK would be 2.048MHz. Use of this goméition is only possible in
applications where it can be guaranteed that all of the multiplexed T1 or E1 signals at the far end are
based on a common clock. If this sigm& not used, then it should keed low. This signal can be
internally inverted. This option is controlled vieethRCLKI control bit in Master Control Register 2
(Sectior4.?).

2.6 Low-Speed (T1 or E1) Transmit Port Signal Description

Signal Name: LTDAT1 to LTDAT28
Signal Description: Low-Speed (T1 or E1) Transmit Serial Data Inputs
Signal Type: Input

These input signals sample the serial data fron28h€1 data streams or the 16/21 E1 data streams that
will be multiplexed into a single T3 or E3 data stream. Data can be clocked into the device either on
falling edges (normal clock mode) or rising edges (itececlock mode) of the associated LTCLK. This
option is controlled via theTCLKI control bit in MasterControl Register 2 (Sectich2). Also, the data

can be internally inverted before being multipléxé enabled via the LTDATI control bit in Master
Control Register 2 (Sectiod.2). When the device is in the E3 Mode, LTDAT17 to LTDAT28 are
ignored and should be tied low. When the devica the G.747 Mode, LTDAT4, LTDATS, LTDAT12,
LTDAT16, LTDAT20, LTDAT24, and LTDAT28 are ignore@dnd should be tied low. When the
M13/E13 multiplexer is disabled, then tha@speuts are ignored and should be tied low.

Signal Name: LTCLK1 to LTCLK28
Signal Description: Low-Speed (T1 or E1) Trarsmit Serial Clock Inputs
Signal Type: Input

These input signals clock data in from the 28 T1 datams or from the 16/21 E1 data streams. The T1
or E1 serial data streams at tlss@ciated LTDAT signals can be clodkato the device either on falling
edges (normal clock mode) or rising edges (inverteck mode) of LTCLK. This option is controlled via
the LTCLKI control bit in MasteControl Register 2 (Sectioh2). When the device is in the E3 Mode,
LTCLK17 to LTCLK28 are meaningless and should leel fiow. When the devids in the G.747 Mode,
LTCLK4, LTCLKS, LTCLK12, LTCLK16, LTCLK20, LTCLK24, and LTCLK28 are meaningless and
should be tied low. When the M13/E13 multiplexedisabled, then these inputs are ignored and should
be tied low.
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Signal Name: LTDATA/LTDATB

Signal Description: Low-Speed (T1 or E1) Transmit Irsert Port Serial Data Inputs

Signal Type: Input

These two input signals allow data to be insertedanebf any of the 28 T1 data streams or into any of
the 16/21 E1 data streams (Sectibd). Data can be clocked into the device either on falling edges
(normal clock mode) or rising edges (inverted klmsode) of the associatddTCLK. This option is
controlled via the LTCLKI control bit ilMaster Control Rgister 2 (Sectiort.2). Also, the data can be
internally inverted before being multiplexed ifadahed via the LTDATI control bit in Master Control
Register 2 (Sectiod.2). When the M13/E13 multiplexer is disabled, then these inputs are ignored and
should be tied low.

Signal Name: LTCLKA/LTCLKB
Signal Description: Low-Speed (T1 or E1) Transmit Irsert Port Serial Clock Inputs
Signal Type: Input

These two input signals are usectclock data into the device that wilke inserted into one of the 28 T1

data streams or into one okti6/21 E1 data streams (Sectibd). The T1 or E1 serial data streams at

the associated LTDAT signals can be clocked into the device either on falling edges (normal clock mode)
or rising edges (invertedock mode) of LTCLKA/LTCLKB. Thisoption is controlled via the LTCLKI

control bit in Master Catrol Register 2 (Sectiod.2). When the M13/E13 multiplexer is disabled, then
these inputs are ignoreshd should be tied low.

Signal Name: LTCCLK
Signal Description: Low-Speed (T1 or E1) Transmit Common Clock Input
Signal Type: Input

If enabled via the LTCCEN in Maast Control Register 1 (Sectigh?), all 28 LTCLK or 16 LTCLK
signals are disabled and all ttiata at the 28 LTDAT or 16 LTDATnputs (as well as the LTDATA and
LTDATB inputs) will be clocked ito the device using the LTCCLKggial. In T3 mode, LTCCLK would
be a 1.544MHz clock and in E3aake, LTCCLK would be 2.048MHz. If natsed, this gjnal should be
tied low. If this signal is used, then all of th& CLK signals should be tied low. This signal can be
internally inverted. This option isontrolled via the LTCLKI controbit in Master Control Register 2
(Sectiord.?).
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2.7 High-Speed (T3 or E3) R eceive Port Signal Description

Signal Name: HRPOS/HRNEG
Signal Description: High-Speed (T3 or E3) Receive Serial Data Inputs
Signal Type: Input

These input signals sample the serial data fromnt@ming T3 data streams or E3 data streams. Data
can be clocked into the device either on rising edges (normal clock mode) or falling edges (inverted clock
mode) of the associated HRCLK. iloption is controlled via the HR®U control bit in Master Control
Register 2 (Section.?).

Signal Name: HRCLK
Signal Description: High-Speed (T3 or E3) Receive Serial Clock Input
Signal Type: Input

This signal is used to clock data in from the incomiidgor E3 data streams. The T3 or E3 serial data
streams at the HRPOS and HRNEGnsils can be clocked into thevilee either on rising edges (normal
clock mode) or falling edges (inverted clock modeH&CLK. This option is controlled via the HRCLKI
control bit in Master @ntrol Register 2 (Sectioh2).

Note: The HRCLK must be present for the host to be &blebtain status information (except the LOTC
and LORC status bits, see Sectb8) from the device.

2.8 High-Speed (T3 or E3) Tran smit Port Signal Description

Signal Name: HTPOS/HTNEG
Signal Description: High-Speed (T3 or E3) Transmit Serial Data Outputs
Signal Type: Output

These output signals presdéimé¢ outgoing T3 data streams or E3 dataams. Data can be clocked out of
the device either on rising edges (normal clock modd€alling edges (inverteclock mode) of HTCLK.
This option is controlled via the HTCLKI caot bit in Master Conbl Register 2 (Sectiod.2). Also,
these outputs can be forced high or low via HEDATH and HTDATL controlbits respectively in
Master Control Register 2 (Sectidrp).

Signal Name: HTCLK
Signal Description: High-Speed (T3 or E3) Transmit Serial Clock Output
Signal Type: Output

This output signal is used to clock ®BE3 data out of the device. The ®BE3 serial data streams at the
HTPOS and HTNEG signals can bealted out of the device eithen rising edges (normal clock mode)
or falling edges (inverted clock modef HTCLK. This option is comblled via the HTCLKI control bit
in Master Control Register 2 (Sectidr®).
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2.9 JTAG Signal Description

Signal Name: JTCLK
Signal Description: JTAG IEEE 1149.1 Test Serial Clock
Signal Type: Input

This signal is used to shift data into JTDI oe tising edge and out of DD on the falling edge. If not
used, this signal should be pulled high.

Signal Name: JTDI
Signal Description: JTAG IEEE 1149.1 Test Serial Data Input
Signal Type: Input (with internal 10k Q pullup)

Test instructions and data are clogheto this signal on the rising edgeéJTCLK. If not used, this signal
should be pulled high. This signal has an internal pullup.

Signal Name: JTDO
Signal Description: JTAG IEEE 1149.1 Test Serial Data Output
Signal Type: Output

Test instructions are clocked out of this signaltioa falling edge of JTCLK. If not used, this signal
should be left open circuited.

Signal Name: JTRST
Signal Description: JTAG IEEE 1149.1 Test Reset
Signal Type: Input (with internal 10k Q pullup)

This signal is used to asynchronously reset the test access port controller. At paA&Sdpmust be

set low and then high. This action will set the device into the boundary scan bypass mode allowing
normal device operation. If boundary scan is not useslsthnal should be held low. This signal has an
internal pullup.

Signal Name: JTMS
Signal Description: JTAG IEEE 1149.1 Test Mode Select
Signal Type: Input (with internal 10k Q pullup)

This signal is sampled on the rising edge of JTGIt(l is used to place the test port into the various
defined IEEE 1149.1 states. If noteds this signal should be pullduigh. This signal has an internal

pullup.
2.10 Supply, Test, Reset, and Mode Signal Description

Signal Name: RST*
Signal Description: Global Hardware Reset
Signal Type: Input (with internal 10k Q pullup)

This active low asynchronous signal causiee device to be reset. WhemnstBignal is foced low, it
causes all of the interneggisters to be forced to 00h and thghhspeed T3/E3 ports as well as the low-
speed T1/E1 ports to source an unfrdra#t ones data pattern. The devicdl e held ina reset state as
long as this signal iBw. This signal should bactivated after the hardwacenfiguration signals (LIEN
and T3E3MS) and the clocks (FTCLK, LTCLK, HRCLKnd LITCLK) are stable and must be returned
high before the device can be configured for operation.
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Signal Name: T3E3MS
Signal Description: T3/E3 Mode Select Input
Signal Type: Input

This signal determines whether the3132 will operate in either the T3aude or the E3 mode. It acts as a
global control bit for the entire DS3112. This signal stdag set into the proper state before a hardware
reset is issued via tRST signal. This input is @upled with the G.747E input to create a special test
mode whereby all the outputs are tri-statéalle 2-3.

0 = T3 Mode

1 = E3 Mode

Signal Name: G.747E
Signal Description: G.747 Mode Enable Input
Signal Type: Input
This signal determines whether th&83112 will operate in either the T8ode or the G.747 mode. It acts
as a global control bit for the @ DS3112. This signal should be &e&to the proper state before a
hardware reset is issued via R8T signal. This input is coupled with the T3E3MS input to create a
special test mode whereby #ike outputs are tri-stateddble 2-3.

0 = T3 Mode

1=G.747 Mode

Table 2-3. Mode Select Decode

T3E3MS G.747E MODESELECTED
0 0 T3 or M13 Operation
0 1 G.7470peration
1 0 E3 or E13 Operation
Special Test Mode thati-states all outputdTRST must be driven
1 1 low for tri-state operation without power-up. Refer to note for
JTRST signal.
Signal Name: TEST
Signal Description: Factory Test Input
Signal Type: Input (with internal 10k Q pullup)
This input should be lefipen circuited by the user.
Signal Name: Vss
Signal Description: Digital Ground Reference
Signal Type: N/A
All'V sssignals should be tied together.
Signal Name: Vb
Signal Description: Digital Positive Supply
Signal Type: N/A

3.3V #5%). All Vpp signals should be tied together.
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3 MEMORY MAP
Table 3-1. Memory Map

ADDRESS | ACRONYM | R/W REGISTER NAME SECTION
00 MRID R/W | Master Reset and ID Register 4.1
02 MC1 R/W | Master Configuration Register 1 4.2
04 MC2 R/W | Master Configuration Register 2 4.2
06 MC3 R/W | Master Configuration Register 3 4.2
08 MSR R Master Status Register 4.3
0A IMSR R/W | Interrupt Mask Register for MSR 4.3
0C TEST R/W | TestRegister 4.4
10 T3E3CR R/W | T3/E3 Control Register 5.2
12 T3E3SR R | T3/E3StatusRegister 5.3
14 IT3E3SR R/W | Interrupt Mask for T3E3SR 5.3
16 T3E3INFO R T3/E3 Information Register 5.3
18 T3E3EIC R/W | T3/ES Error Insert Control Register 5.3
20 BPVCR R T3/E3 Bipolar Violation (BPV) Count Register 54
22 EXZCR R T3/E3 Excessive Zero (EXZ) Count Register 5.4
24 FECR R T3/E3 Frame Error Count Register 5.4
26 PCR R T3 Parity Bit Error Count Register 54
28 CPCR R T3 C-Bit Parity Error Count Register 54
2A FEBECR R T3 Far End Block Error or E3 RAI Count Register 54
30 T2E2CR1 R/W | T2/E2 Control Register 1 6.2
32 T2E2CR2 R/W | T2/E2 Control Register 2 6.2
34 T2E2SR1 R/W| T2/E2 Status Register 1 6.4
36 T2E2SR2 R/W| T2/E2 Status Register 2 6.4
40 T1E1RAIS1| R/W/| T1/E1 Receive Path AIS Generation Control Registar 1 6.4
42 T1E1RAIS2| R/W | TI1/E1 Receive Path AIS Generation Control Registar2 6.4
44 T1E1TAIS1| R/W | T1/E1 Transmit Path AIS Generation Control Register1 6.4
46 T1E1TAIS2 | R/W | T1/E1 Transmit Path AIS Generation Control Register 2 6.4
50 T1EILLB1 R/W | T1/E1 Line Loopback Control Register 1 7.1
52 T1E1LLB2 R/W | T1/E1 Line Loopback Control Register 2 7.1
54 T1E1DLB1 R/W | T1/E1 Diagnostic Loopback Control Register 1 7.2
56 T1E1DLB2 R/W | T1/E1 Diagnostic Loopback Control Register 2 7.2
58 T1LBCR1 R/W | T1 Line Loopback Command Register 1 7.3
5A T1LBCR2 R/W | T1 Line Loopback Command Register 2 7.3
5C T1LBSR1 R T1 Line Loopback Status Register 1 7.6
5E T1LBSR2 R T1 Line Loopback Status Register 2 7.6
60 T1E1SDP R/W| T1/E1 Select Register for Receive Drop Ports A and B 74
62 T1E1SIP R/W | T1/E1 Select Register for Transmit Drop Ports Aand B 7.4
6E BERTMC R/W | BERT Mux Control Register 8.1
70 BERTCO R/W | BERT Control 0 8.1
72 BERTC1 R/W | BERT Control 1 8.1
74 BERTRPO R/W | BERT Repetitive Pattern Set 0 (lower word) 8.1
76 BERTRP1 R/W | BERT Repetitive Pattern Set 1 (upper word) 8.1
78 BERTBCO R BERT Bit Counter 0 (lower word) 8.1
7A BERTBC1 R BERT Bit Counter 1 (upper word) 8.1
7C BERTECO R BERT Error Counter O (lower word) 8.1
7E BERTEC1 R BERT Error Counter 1 (upper word) 8.1
80 HCR R/W | HDLC Control Register 9.1
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ADDRESS

ACRONYM

R/W

REGISTER NAME

SECTION

82

RHDLC

Receive HDLC FIFO Register

9.2

84

THDLC

Transmit HDLC FIFO Register

9.2

86

HSR

HDLC Status Register

9.3

88

IHSR

R/W

Interrupt Mask Register for HSR

©
w

90

FCR

R/W

FEAC Control Register

[EEN
o
[EEN

92

FSR

FEAC Status Register

[EEN
o
N

38, 48, 64,
66, 68, 94,
96, 98, OE,
1A, 1C, 1E,
2C, 2E, 3A,
3C, 3E, 4A,
4C, 4E, 6A,
6C, 8A, 8C,
8E, 9A, 9C,
9E

Not Assigned

* Addresses AO to FF are not assigned.
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4 MASTER DEVICE CONFIGURATION AND STATUS/INTERRUPT

4.1 Master Reset and ID Register Description

The master reset and ID (MRID) register carubed to globally reset the device. WhenRB#& bit is set
to one, all of the internal registers will be placeid itheir default state, which is 0000h. A reset can also
be invoked by th&ST hardware signal.

The upper byte of the MRID register read-only and it can be rehg the host to determine the chip
revision. Contact the factory for spiécs on the meaning of the valuead from the IDO to ID7 bits.

Register Name: MRID

Register Description: Master Reset and ID Register

Register Address: 00h

Bit # 7 6 5 4 3 2 1 0
Name — — — — T3E3RSY | T2E2RSY | RFIFOR RST
Default — — — — 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name ID7 1D6 IDS 1D4 1D3 1D2 ID1 1DO
Default X X X X X X X X

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: Master Software Reset (RST).When this bit is set to a one byethost, it will force all of the internal
registers to their default state, which is 0000h amcefothe T3/E3 and T1/E1 outputs to send an all ones pattern.
This bit must be set high for a minimum of 100ns. Thitwsre bit is logically ORed with the hardware signal
RST.

0 = normal operation

1 =force all internal registers to their default value of 0000h

Bit 1. Low-Speed (T1/E1) Receive FIFO Reset (RFIFOR)A zero to one transition on this bit will cause the
receive T1/E1 demux FIFOs to be reset, which will cdlieen to be flushed. See the DS3112 Block Diagrams in
Figure 1-landFigure 1-2for details on the placement of the FIFOighim the chip. This bit must be cleared and
set again for a subsequent reset to occur.

Bit 2: T2/E2/G.747 Force Receive Framer Resynchronization (T2E2RSYA zero to one transition on this bit
will cause all seven of the T2 receive framers or all fouhefE2 receive framers or all seven of the G.747 framers
to resynchronize. This bit must be cleared anégain for a subsequent resynchronization to occur.

Bit 3: T3/E3 Force Receive Framer Resynchronization (T3E3RSY)A zero to one transition on this bit will
cause the T3 receive framer or the E3 receive framer taaglesynize. This bit must be cleared and set again for a
subsequent resynchronization to occur.

Bits 8 to 15: Chip Revision ID Bit 0 to 7 (IDO to ID7).Read-only. Contact the factory for details on the meaning
of the ID bits.
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4.2 Master Configuration Registers Description

Register Name:
Register Description:

MC1

Master Configuration Register 1

Register Address: 02h

Bit # 7 6 5 4 3 2 1 0
Name FTSOFC| LOTCMC UNI MECU AECU CBEN UNCHEN ZCSD
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name — — — — LLTM | DENMS | LRCCEN | LTCCEN
Default — — — — 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: Zero Code Suppression Disable (ZCSD).
0 = enable the B3ZS and HDB3 encoders/decoders
1 = disable the B3ZS and HDB3 encoders/decoders

Bit 1: T3/E3 Unchannelized Mode Enable (UNCHEN)When this bit is set low, the M13/E13/G.747 multiplexer
is enabled and data at the FTD input is ignored. When bit is set high, the M13/E13/G.747 multiplexer is
disabled and the LTDAT inputs are ignored. The table beligplays which bits are not sampled at the FTD input
when UNCHEN = 1.

0 = enable the M13/E13/G.747 multiplexers and disable the FTD Input

1 = disable the M13/E13/G.747 multiplexers and enable the FTD Input

BITS POSITIONS NOT

DS3112 MODE SAMPLED AT FTD

T3 M23 (C-Bit Parity

Disabled) F/PIM/CIX
T3 C-Bit Parity F/IPIM/X
E3 FAS/Sn/RAI

Bit 2: T3 C-Bit Parity Mode Enable (CBEN). This bit is only active when thgevice is T3 mode. When this bit
is set low, C-Bit Parity is defeated and theBits are sourced from the M23 Multiplexer Blod¢kdure 1-). This
bit should not be set low in the T3 unchannelized mat¢QHEN = 1). When this bit is set high, C-Bit Parity
mode is enabled and the C bits are sourced from the T3 framer Biguke(1-1landFigure 1-3.

0 = disable C-Bit Parity mode (also known as the M23 Mode)

1 = enable C-Bit Parity mode

Bit 3: Automatic One-Second Error Counters Update Defeat (AECU)When this bit is set low, the device will
automatically update the T3/E3 performance error cosimtieran internally created one-second boundary. The host

will be notified of the update via the setting of the OST status bit in the Master Status Register. In this mode, the

host has a full one second period to retrieve the error iatimbefore if will be overvitten with the next update.
When this bit is set high, the device will defeatdliomatic one-second update améble a manual update mode.
In the manual update mode, the device relies on eilieef~ramer Manual Error Counter Update (FRMECU)
hardware input signal or the MECU control bit to updhte error counters. The FRMECU hardware input signal
and MECU control bit are logically ORed and hence a zeoméotransition on either will initiate an error counter

update to occur. After either the FRMECU signal or MECU bit has toggled, the host must wait at least 100ns

before reading the error counters to allow the device time to complete the update.
0 = enable the automatic updateda and disable the manual update mode
1 = disable the automatic updatede and enable the manual update mode
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Bit 4: Manual Error Counter Update (MECU). A zero to one transition on this bit will cause the device to
update the performance error counters. This bit is ignored if the AECU control bit is set low. This bit must be
cleared and set again for a subsequent update. Thislbgically ORed with theexternal FRMECU hardware

input signal. After this bit has toggled, the host must a&least 100ns before reading the error counters to allow
the device time to complete the update.

Bit 5: High-Speed (T3/E3) Port Unipolar Enable (UNI).When this bit is set low, the device will output a bipolar
coded signal at HTPOS and HTNEG and expect a bipolded signal at HRPOS and HRNEG. When this bit is
set high, the device will output a NRZ coded signal at HTPOS and expect a NRZ coded signal at HRPOS. In the
unipolar mode, the device will force the HTNEG output low and the HRNEG input is ignored and should be tied
low. In the unipolar mode, the B3ZS and HDB3 coder/desosleould be disabled by setting the ZCSD bit to one
(ZCSD =1).

0 = bipolar mode

1 = unipolar mode

Bit 6: Loss Of Transmit Clock Mux Control (LOTCMC). The DS3112 can detect if the FTCLK fails to
transition. If this bit is set low, the device will take no action (other than setting the LOTC status bit) when the
FTCLK fails to transition. When this bit is set high, ttevice will automatically switch to the input receive clock
(HRCLK) when the FTCLK fails and transmit AlS.

0 = do not switch to the HRCLK signal if FTCLK fails to transition

1 = automatically switch to the HRCLK signbthe FTCLK fails to transition and send AIS

Bit 7: T3/E3 Transmit Frame Sync 1/0O Control (FTSOFC). When this bit is set low, the FTSOF signal will be
an output and will pulse for one FTCLK cycle at the haigig of each frame. Whenishbit is high, the FTSOF
signal is an input and the device uses it to determine the frame boundaries.

0 = FTSOF is an output

1 =FTSOF is an input

Bit 8. Low-Speed (T1/E1) Transmit Port Common Clock Enable (LTCCEN).When this bit is set high, the
LTCLK1 to LTCLK28 and LTCLKA and LTCLKB inputs a& ignored and a common clock sourced via the
LTCCLK input is used in their place.

0 = disable LTCCLK

1 = enable LTCCLK

Bit 9: Low-Speed (T1/E1) Receive Port Common Clock Enable (LRCCENMWhen this bit is set high, the
LRCLK1 to LRCLK28 and LRCLKA and LRCLKB outputs will all be sourced from the LRCCLK input. This
configuration can only be used in applications where it can be insured that all of the T1 or E1 channels from the far
end are being sourced from a common clock.

0 = disable LRCCLK

1 = enable LRCCLK

Bit 10: High-Speed (T3/E3) Data Enable Mode Select (DENMSWhen this bit is set low, the FRDEN and
FTDEN outputs will be asserted duringyftead data and deasserted during overhead data. When this bit is high,
FRDEN and FTDEN are gapped clocks that pulse durigppd data and are suppressed during overhead data.

0 = FRDEN and FTDEN are data enables

1 =FRDEN and FTDEN are gapped clocks

Bit 11: Low-Speed (T1/E1) Port Loop Timed Mode (LLTM). When this bit is set lowthe low-speed T1 and E1
receive clocks (LRCLK) are not routed to the transmit side. When this bit is high, the LRCLKs are routed to the
transmit side to be used as the transmit T1 and E1 clocks. When enabled, all $peddworts are looped timed.
This control bit affects all the low-speed ports. The deig®t capable of setting individual low-speed ports into
and out of looped timed mode. See the block diagrarmime 1-landFigure 1-2for more details.

0 = disable loop timed mode (LRCLK is not used to replace the associated LTCLK)

1 = enable loop timed mode (LRCLK replaces the associated LTCLK)
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Register Name:

Register Description:

MC2

Master Configuration Register 2

Register Address: 04h

Bit # 7 5 4 3 2 1 0
Name — — HTDATL HTDATH | HRDATI | HRCLKI | HTDATI | HTCLKI
Default — — 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — — — — LRDATI | LRCLKI | LTDATI LTCLKI
Default — — — — 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: HTCLK Invert Enable (HTCLKI).
0 = do not invert the HTCLK signal (normal mode)
1 = invert the HTCLK signal (inverted mode)

Bit 1: HTPOS/HTNEG Invert Enable (HTDATI).
0 = do not invert the HTPOS and HTNEG signals (normal mode)
1 =invert the HTPOS and HTNEG signals (inverted mode)

Bit 2: HRCLK Invert Enable (HRCLKI).
0 = do not invert the HRCLK signal (normal mode)
1 =invert the HRCLK signal (inverted mode)

Bit 3: HRPOS/HRNEG Invert Enable (HTDAT]I).
0 = do not invert the HRPOS and HRNEG signals (normal mode)
1 =invert the HRPOS and HRNEG signals (inverted mode)

Bit 4: HTPOS/HTNEG Force High Disable (HTDATH). Note that this bit must be set by the host in order for
T3/E3 traffic to be output from the device.

0 =force the HTPOS and HTNEG signals high (force high mode)

1 = allow normal transmit data to appeatre HTPOS and HTNEG signals (normal mode)

Bit 5: HTPOS/HTNEG Force Low Enable (HTDATL).
0 = allow normal transmit data to appeatret HTPOS and HTNEG signals (normal mode)
1 = force the HTPOS and HTNEG signals low (force low mode)

Bit 8: LTCLK Invert Enable (LTCLKI).
0 = do not invert the LTCLK]|n], LTCLKALTCLKB, and LTCCLK signals (normal mode)
1 =invert the LTCLK|[n], LTCLKA, LTCLKB, and LTCCLK signals (inverted mode)

Bit 9: LTDAT Invert Enable (LTDATI).
0 = do not invert the LTDAT[n], LTDATA and LTDATB signals (normal mode)
1 =invert the LTDATI[n], LTDATA and LTDATB signals (inverted mode)

Bit 10: LRCLK Invert Enable (LRCLKI).
0 = do not invert the LRCLK[n], LRCLKALRCLKB, and LRCCLK signals (normal mode)
1 =invert the LRCLK]n], LRCLKA, LRCLKB, and LRCCLK signals (inverted mode)

Bit 11: LRDAT Invert Enable (LRDATI).
0 = do not invert the LRDATI[n], LRDATA and LRDATB signals (normal mode)
1 =invert the LRDAT[n], LRDATA and LRDATB signals (inverted mode)
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Register Name:
Register Description:

MC3

Master Configuration Register 3

Register Address: 06h

Bit # 7 6 5 4 3 2 1 0
Name FRSOFI FRCLKI FRDI FRDENI FTSOF FTCLK FTD FTDEN
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name — — — — — — — —
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit O:

Bit 1:

Bit 2:

Bit 3:

Bit 4:

Bit 5:

Bit 6:

Bit 7:

FTDEN Invert Enable (FTDENI).
0 = do not invert the FTDEN signal (normal mode)
1 =invert the FTDEN signal (inverted mode)

FTD Invert Enable (FTDI).
0 = do not invert the FTD signal (normal mode)
1 =invert the FTD signal (inverted mode)

FTCLK Invert Enable (FTCLKI).
0 = do not invert the FTCLK signal (hormal mode)
1 =invert the FTCLK signal (inverted mode)

FTSOF Invert Enable (FTSOFI).
0 = do not invert the FTSOF signal (normal mode)
1 = invert the FTSOF signal (inverted mode)

FRDEN Invert Enable (FRDENI).
0 = do not invert the FRDEN signal (normal mode)
1 = invert the FRDEN signal (inverted mode)

FRD Invert Enable (FRDI).
0 = do not invert the FRD signal (hormal mode)
1 = invert the FRD signal (inverted mode)

FRCLK Invert Enable (FRCLKI).
0 = do not invert the FRCLK signal (hormal mode)
1 = invert the FRCLK signal (inverted mode)

FRSOF Invert Enable (FRSOFI).
0 = do not invert the FRSOF signal (normal mode)
1 = invert the FRSOF signal (inverted mode)
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4.3 Master Status and Interrupt Register Description
4.3.1 Status Registers

The status registers in the DS3112 allow the hostowitor the real-time conditioof the device. Most of

the status bits in the device can cause a hardwareupitéor occur. Also, most dhe status bits within

the device are latched to ensure that the host can dbaages in state and thadrstatus of the device.

There are three types of status bitsthe DS3112. The first type is called awent status bit and is

derived from a momentary condition etate that occurs within the \dee. The event atus bits are

always cleared when read and can generate an interrupt when they are asserted. An example of an even
status bit is the one-second éinboundary occurrence (OST).

The second type of status bit is calledadarm status bit, which is derived from conditions that can occur
for longer than an instance. The alarm status bitisb&i cleared when read unless the alarm is still
present. The alarm status bits genenatierrupts on a change in state ie e#darm (i.e., when it is asserted
or deasserted). An example of an alatatus bit is the loss of frame (LOF).

The third type of status bit is calledeal-time status bit. The real-time status bit remains active as long

as the condition exists and will geate an interrupt as long as thendition exists. An example of a real-
time status bit is the loss of transmit clock (LOTC).

Figure 4-1. Event Status Bit

Internal Signal H

Status Bit

Interrupt

Read H

Figure 4-2. Alarm Status Bit

Internal Signal ‘
Status Bit
Interrupt \—

— 1
— 1

Read
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Figure 4-3. Real-Time Status Bit

Internal Signal ‘
Status Bit ‘
Interrupt ‘
Read H

4.3.2 MSR

The Master Status Register (MSR)aispecial status register that das used to helphe host quickly
locate changes in device status. There is a st#tus the MSR for each of the major blocks within the
DS3112. When an alarm or event occurs in one oktthkxcks, the device can be configured to set a bit
in the MSR. Status bits in the MSR can also caus®rdware interrupt to occur. In either polled or
interrupt driven software routines, the host can firatirdie MSR to locate which status registers need to
be serviced.

Register Name:

Register Description:

MSR
Master Status Register

Register Address: 08h

Bit # 7 6 5 4 3 2 1 0

Name — T2E2SR2| T2E2SR1| EEAC HDLC BERT COVF OST
Default — — — — — — — —

Bit # 15 14 13 12 11 10 9 8
Name — — G.747 | T3E3MS LORC LOTC T3E3SR T1LB
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: One-Second Timer Boundary Occurrence (OST)This latched read-only event-status bit will be set to a

one on each one-second boundary as timed by the DSBié 2levice chooses an arbitrary one-second boundary

that is timed from the HRCLK signal. This bit will beeaked when read and will nbe set again until another
one-second boundary has occurred. The setting of this status bit can cause a hardware interrupt to occur if the OST
bit in the Interrupt Mask for MSR (IMSR) register is set to a one. The interrupt will be allowed to clear when this

bit is read.

Bit 1: Counter Overflow Event (COVF). This latched read-only event-status bit will be set to a one if any of the
error counters saturates (the error counters saturate wierTffis bit will be cleared when read even if one or
more of the error counters is still saturated. The settingi®fthtus bit can cause a haete interrupt to occur if

the COVF bit in the Interrupt Mask for MSR (IMSR) registeset to a one. The interrupt will be allowed to clear
when this bit is read.

Bit 2: Change in BERT Status (BERT).This read-only real-time status bit will be set to a one if there is a major
change of status in the BERT receiver and the assodigerdupt enable bit is set in the BERTCO register. A

major change of status 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 agteot an overflow has occurred in either the Bit Counter

or the Error Counter. The host must read the status bits of the BERT in the BERT Status Register (BERTECO) to
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determine the change of state. This bit will be cleaviedn the BERTECO is read and will not be set again until
the BERT has experienced another change of state. Thegsafttihis status bit can cause a hardware interrupt to
occur if the BERT bit in the Interrupt Mask for MSR (IMBRgister is set to a one. The interrupt will be allowed

to clear when the BERTECO register is relidj(re 4-3.

Bit 3: Change in HDLC Status (HDLC). This read-only real-time status bit will be set to a one if there is a
change of status in the HDLC controller and the associated interrupt enable bit is set in the IHSR register. The host
must read the status bits of the HDLC in the HDLC Status Register (HSR) to determine the change of state. This bit
will be cleared when the HSR is read and will not beagain until the HDLC has experienced another change of
state. The setting of this status bit can cause a hardwareupt to occur if the HDLC bit in the Interrupt Mask for

MSR (IMSR) register is set to a one. The interrupt Wal allowed to clear when the HSR register is read

(seeFigure 4-5.

Bit 4: Change in FEAC Status (FEAC).This read-only real-time status bit will be set to a one when the FEAC
controller has detected and verified a new Far Endmi\land Control (FEAC) 16-bit codeword. This bit will be
cleared when the FEAC Status Register (FSR) is esmtwill not be set again until the FEAC controller has
detected and verified another new codeword. The settingsaftéitus bit can cause a haedle interrupt to occur if

the FEAC bit in the Interrupt Mask for MSR (IMSR) registeset to a one. The interrupt will be allowed to clear
when the FSR register is read.

Bit 5: Change in T2/E2 LOF or AIS Status (T2E2SR1)This read-only real-time status bit will be set to a one
when one or more of the T2/E2/G.747 framers havectled a change in either Loss Of Frame (LOF) or Alarm
Indication Signal (AIS) and the associated interrupt enable bit is se¢ IN2B2SR1 register. See the T2E2SR1
register description in Sectidh3 for more details. This bit will be clearethen the T2E2SR1 register is read. The
setting of this status bit can cause a hardware interrupt to occur if the T2E2SR1 bit in the Interrupt Mask for MSR
(IMSR) register is set to a one. The interrupt will leveed to clear when the T2E2SR1 register is read (see

Figure 4-6.

Bit 6: Change in T2/E2 RAI Status (T2E2SR2)This read-only real-time status bit will be set to a one when one
or more of the T2/E2/G.747 framers have detected mgehm the detection of the Remote Alarm Indication (RAI)
signal and the interrupt enable (bit 7) is set in th&ZSR2 register. See the T2E2SR2 register description in
Section6.3 for more details. This bit will be cleared when T#E2SR2 register is read. The setting of this status
bit can cause a hardware interrupt towr if the T2E2SR2 bit in the Interrulptask for MSR (IMSR) register is set

to a one. The interrupt will be allowed t@al when the T2E2SR2 register is read fSgare 4-7.

Bit 8: T1 Loopback Detected (T1LB).This read-only real-time status bit will be set to a one when one or more of
the T2 framers have detects an active Tl lacgbcommand. See the T1LBSR1 and T1LBSR2 register
descriptions in Sectioi.3 for more details. This bit will be clearethen the T1 loopback command is no longer
active on any of the lines. The setting of this status bitcearse a hardware interruptdocur if the T1LB bit in

the Interrupt Mask for MSR (IMSR) register is set to a. driee interrupt will be allowed to clear when the none of
the T2 framers detects an active T1 loopback commandrigers 4-9.

Bit 9: Change in T3/E3 Framer Status (T3E3SR)This read-only real-time status bit will be set to a one when

the T3/E3 framer has detected a change in RAI, AIS, U@FS, or T3 Idle signal or has detected the start of a
Transmit or Receive Frame and the associated interrupleebidlis set in the T3E3SRegister. See the T3E3SR
register description in Sectidn3 for more details. This bit will be clearethen the T3E3SR register is read. The
setting of this status bit can cause a hardware interruptdor if the T3E3SR bit ithe Interrupt Mask for MSR
(IMSR) register is set to a one. The interrupt will be allowed to clear when the T3E3SR register is read (see

Figure 4-9.

Bit 10: Loss Of Transmit Clock Detected (LOTC).This read-only real-time status bit will be set to a one when
the device detects that the FTCLK clock has not toggle@@0ns (£100ns). This bit will be cleared when a clock

is detected at the FTCLK input. The setting of this sthtusan cause a hardware imtgt to occur if the LOTC

bit in the Interrupt Mask for MSR (IMSR) register is set to a one. The interrupt will be allowed to clear when the
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device detects a clock at FTCLK. The HRCLK checkstlfie presence of the FTCLK. On reset, both the LOTC
and LORC status bits will be set and then immediately cleared if the clock is present.

Bit 11: Loss Of Receive Clock Detected (LORC)his read-only real-time status bit will be set to a one when the
device detects that the HRCLK clock has not toggled fOn&@+100ns). This bit will be cleared when a clock is
detected at the HRCLK input. The setting of this statusdm cause a hardware interrupt to occur if the LORC bit
in the Interrupt Mask for MSR (IMSR) register is setatmne. The interrupt will be allowed to clear when the
device detects a clock at HRCLK. The FTCLK checkstli@ presence of the HRCLK. On reset, both the LOTC
and LORC status bits will be set and then immediately cleared if the clock is present.

Bit 12: State of the T3E3MS Input Signal (T3E3MS).This read-only real-time status bit reflects the current state
of the external T3E3MS input signal. Tisigtus bit cannot generate an interrupt.

Bit 13: State of the G.747E Input Signal (G.747E)This read-only real-time status bit reflects the current state of
the external G.747E input signal. Thiatss bit cannot generate an interrupt.

Figure 4-4. BERT Status Bit Flow
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NOTE: ALL EVENT AND ALARM LATCHES ABOVE ARE CLEARED WHEN THE BERTECO REGISTER IS READ.
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Figure 4-5. HDLC Status Bit Flow
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Figure 4-6. T2E2SR1 Status Bit Flow
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Figure 4-7. T2E2SR2 Status Bit Flow
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Figure 4-9. T3E3SR Status Bit Flow
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Register Name:

Register Description:

IMSR

Interrupt Mask for Master Status Register

Register Address: OAh

Bit # 7 6 5 4 3 2 1 0

Name — T2E2SR2| T2E2SR1| FEAC HDLC BERT COVF OST
Default — 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — — — — LORC LOTC T3E3SR TiLB
Default — — — — 0 0 0 0

Bit 0: One-Second Timer Boundary Occurrence (OST).

Bit 1:

Bit 2:

Bit 3:

Bit 4:

Bit 5:

Bit 6:

Bit 8:

Bit 9:

Bit 10: Loss Of Transmit Clock (LOTC).

Bit 11: Loss Of Receive Clock (LORC).

0 = interrupt masked
1 = interrupt unmasked

Counter Overflow Event (COVF).

0 = interrupt masked
1 = interrupt unmasked

Change in BERT Status (BERT).

0 = interrupt masked
1 = interrupt unmasked

Change in HDLC Status (HDLC).

0 = interrupt masked
1 = interrupt unmasked

Change in FEAC Status (FEAC).

0 = interrupt masked
1 = interrupt unmasked

Change in T2/E2 LOF or AIS Status (T2E2SR1).

0 = interrupt masked
1 = interrupt unmasked

Change in T2/E2 RAI Status (T2E2SR2).

0 = interrupt masked
1 = interrupt unmasked

T1 Loopback Detected (T1LB).
0 = interrupt masked
1 = interrupt unmasked

Change in T3/E3 Framer Status (T3E3SR).

0 = interrupt masked
1 = interrupt unmasked

0 = interrupt masked
1 = interrupt unmasked

0 = interrupt masked
1 = interrupt unmasked
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4.4 Test Register Description

Register Name: TEST

Register Description: Test Register

Register Address: 0Ch

Bit # 7 6 5 4 3 2 1 0
Name — — FT5 FT4 FT3 FT2 FT1 FTO
Default — — 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — — — — — — — —
Default — — — — — — — —

Bits 0 to 5: Factory Test Bits (FTO to FT5).These bits are used by the fagttw place the DS3112 into the test
mode. For normal device operation, these bits shousgbi® zero whenever this register is written to.
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5 T3/E3 FRAMER

On the receive side, the T3/E3 framer locates thedrhaoundaries of the incoming T3 or E3 data stream
and monitors the data stream for alarms and erAdesms are detected and reported in T3/E3 Status
Register (T3E3SR) and the T3/E3 Information Rexi (T3E3INFO), which ardescribed in Sectidn3.
Errors are accumulated in a set of error counters (SesidnThe host can force the T3/E3 framer to
resynchronize via the T3E3RSY conthit in the MRID register (SectioA.1). On the transmit side, the
device formats the outgoing data stream with tlfwper framing pattern and overhead and can generate
alarms. It can also inject errors for diagnosticitgspurposes (T3E3EIC reges). The transmit side of
the framer is called the “formatter.”

The T3/E3 framer and formatter can be usedanjunction with the multiplexer or as a stand-alone
framer. This selection is made in the MasConfiguration 1 (MC1) register (Sectidrp).

5.1 T3/E3 Line Loopback

The line loopback loops the incoming T3/E3 datee (HRCLK, HRPOS, and HRNEG inputs) directly
back to the transmit side (the BIK, HTPOS, and HTNEG outputs). Whéhis loopback is enabled, the
incoming receive data continuespass through the device but the dat#put from the T3/E3 formatter
is replaced with the data being input t@ thevice. See the block diagrams in Secficior a visual
description of this loopback.

5.2 T3/E3 Diagnostic Loopback

The diagnostic loopback loops the outgoing T3/E3 flama the T3/E3 formatter back to receive side
framer. When this loopback is enabled, the incgmeceive data at HRCLKJRPOS, and HRNEG is
ignored. See the block diagrams in Secfidor a visual description of ihloopback. Please note that the
device can still generate AIS at the HTCLK, DS, and HTNEG outputs wh this loopback is
invoked. This is important to keep the data tlsateing looped back from disturbing downstream
equipment.

5.3 T3/E3 Payload Loopback

The payload loopback loops the framed T3/E3 data from the receive side framer back to the transmit side
formatter. When this loopback is enabled, the incgmmeceive data continues to pass through the device

but the data normally being input tiee T3/E3 formatter is ignorede& the block diagrams in Sectidn

for a visual descrijion of this loopback.
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5.4 T3/E3 Framer Control Register Description

T3E3CR
T3/E3 Control Register

Register Name:
Register Description:

Register Address: 10h

Bit # 7 6 5 4 3 2 1 0
Name DLB LLB T3IDLE E3SnC1 | E3SnCO TPT TRAI TAIS
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — PLB TFEBE | AFEBED ECC FECC1 FECCO | E3CVE
Default — 0 0 0 0 0 0 0

Bit 0: T3/E3 Transmit Alarm Indication Signal (TAIS). When this bit is set high in the T3 mode, the transmitter
will generate a properly F-bit and M-liitamed 101010... data pattern with bottbs set to one, all C bits set to
zero, and the proper P bits. This is true regardless of whether the device is in the C-Bit Parity mode or not. When
this bit is set high in the E3 mode, the transmitter wiiegate an unframed all oneAlhen this bit it set low,
normal data is transmitted.
0 = do not transmit AIS
1 = transmit AIS

Bit 1: T3/E3 Transmit Remote Alarm Indication (TRAI). When this bit is set high in the T3 mode, both X bits
will be set to a zero. When this bit is set high in thenie@le, the RAI bit (bit number 11 of each E3 frame) will be
set to a one. When this bit it set low in the T3 mode, both X bits will be set to one. When this bit is set low in the
E3 mode, the RAI bit will be set to a zero.
0 = do not transmit RAI
1 = transmit RAI

Bit 2: T3/E3 Transmit Pass Through Enable (TPT).
0 = enable the framer to insert framing and overhead bits
1 = framer will not insert any framing or overhead bits

Bits 3 and 4: E3 National Bit Control Bits 0 and 1 (E3SnCO0 and E3SnC1I)hese bits determine from where the
E3 national bit is sourced. On the receive side, the Sn bit is always routed to the T3E3INFO Register as well as the
HDLC controller and the FEAC controlléFhese bits are ignored in the T3 mode.

E3SnC1 E3SnCO SOURCE OF THE E3 NATIONAL BIT (Sn)
0 0 Force the Sn bit to one
0 1 Use the HDLC controller to source the Sn bit
1 0 Use the FEAC controller to source the Sn bit
1 1 Force the Sn bit to zero

Bit 5: Transmit T3 Idle Signal Enable (T3IDLE). When this bit is set high, the T3 Idle Signal will be transmitted

instead of the normal transmit data. The T3 Idle Signal is defined as a normally T3 framed pattern (i.e., with the
proper F bits and M bits along with the proper P bits) witee information bit fields are completely filled with a
data pattern of ...1100... and the C bits in Subframe 3 are set to zero and both X bits are set to one. This bit is
ignored in the E3 mode.

0 = transmit data normally

1 = transmit T3 Idle Signal

Bit 6: T3/E3 Line Loopback Enable (LLB). SeeFigure 1-1and Figure 1-2for a visual description of this

loopback.

0 = disable loopback
1 = enable loopback
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Bit 7: T3/E3 Diagnostic Loopback Enable (DLB).SeeFigure 1-landFigure 1-2for a visual description of this
loopback.

0 = disable loopback

1 = enable loopback

Bit 8: E3 Code Violation Enable (E3CVE).This bit is ignored in the T3 mode. This bit is used in the E3 mode to
configure the BiPolar Violation Count Register (BPVCR) count either BiPolar Viations (BPV) or Code
Violations (CV). A BPV is defined as consecutive pulsesnfarks) of the same polarity that are not part of a
HDB3 codeword. A CV is defined in ITU O.161 as consecutive BPVs of the same polarity.

0 = count BPV
1 =count CV
Bits 9 and 10: T3/E3 Frame Error Counting Control Bits 0 and 1 (FECCO and FECC1).
FECC1 | FECCO | FRAME ERROR COUNT REGISTER (FECR) CONFIGURATION
0 0 T3 Mode: Count Loss Of Frame (LOF) Occurrences
E3 Mode: Count Loss Of Frame (LOF) Occurrences
0 1 T3 Mode: Count Both F Bit and M Bit Errors
E3 Mode: Count Bit Errors in the FAS Word
1 0 T3 Mode: Count Only F Bit Errors
E3 Mode: Count Word Errors in the FAS Word
1 1 T3 Mode: Count Only M Bit Errors
E3 Mode: lllegal State

Bit 11: Error Counting Control (ECC). This bit is used to control whedr the device will increment the error
counters during Loss Of Frame (LOF) conditions. It only affélcé error counters that count errors that are based
on framed information and these include the following:

= Frame Error Counter (when it is configuriedcount frame errors, not LOF occurrences)

= T3 Parity Bit Error Counter

» T3 C-Bit Parity Error Counter

= T3 Far End Block Error or E3 RAI Counter

When this bit is set low, these error counters will naalb®ved to increment during LOF conditions. When this bit
is set high, these error counters willdiwed to incremerduring LOF conditions.

0 = stop the FECR/PCR/CPCR/FEBECR error counters from incrementing during LOF

1 = allow the FECR/PCR/CPCR/FEBECRa counters to increment during LOF

Bit 12: Automatic FEBE Defeat (AFEBED). This bit is ignored in the E3 ade and in the T3 mode when the
device is not configured in the C-Bit Parity Mode. Whkis bit is low, the device will automatically insert the
FEBE codes into the transmitted data stream by setting all three C bits in Subframe 4 to zero.

0 = automatically insert FEBE codes in the transmit data stream based on detected errors

1 = use the TFEBE control to determine the state of the FEBE codes

Bit 13: Transmit FEBE Setting (TFEBE). This bit is only active when AFEBED is active (i.e., AFEBED = 1).
When this bit is low, the device will force the FEBE code to 111 continuously. When this bit is set high, the device
will force the FEBE code to 000 continuously.

0 =force FEBE to 111 (null state)

1 = force FEBE to 000 (active state)

Bit 14: T3/E3 Payload Loopback Enable (PLB).SeeFigure 1-landFigure 1-2for a visual description of this
loopback.

0 = disable loopback

1 = enable loopback
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Register Name:
Register Description:

Register Address: 18h

Bit # 7 6 5 4 3 2 1 0

Name MEIMS FBEIC1 FBEICO FBEI T3CPBEI T3PBEI EXZI BPVI
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — — — — — — — —
Default — — — — — — — —

T3E3EIC
T3/E3 Error Insert Control Register

Bit O: BiPolar Violation Insert (BPVI). A zero to one transition on this bit will cause a single BPV to be inserted
into the transmit data stream. Once this bit has heggled from a 0 to a 1, the device waits for the next
occurrence of three consecutive onesngert the BPV. This bit must beeelred and set again for a subsequent
error to be inserted. Toggling this bit has no affect when the T3/E3 interface is in the Unipolar Mode #S&ction

for details about the Unipolar Mode). In the manual error insert mode (MEIMS = 1), errors will be inserted on each
toggle of the FTMEI input signal as long as this bit is set high. When this bit is set low, no errors will be inserted.

Bit 1: Excessive Zero Insert (EXZI). A zero to one transition on this bit will cause a single EXZ event to be
inserted into the transmit data stream. An EXZ eventfigetk as three or more consecutive zeros in the T3 mode
and four or more consecutive zeros in the E3 mode. Onchittias been toggled from a zero to a one, the device
waits for the next possible B3ZS/HDB3 codeword insertind it suppresses that codeword from being inserted
and hence this creates the EXZ event. This bit mustdased and set again for a subsequent error to be inserted.
Toggling this bit has no affect when the T3/E3 interfade ihe Unipolar Mode (Section 4.2 for details about the
Unipolar Mode). In the Manual Error Insert mode (MEIMSL), errors will be inserted on each toggle of the
FTMEI input signal as long as this bit is set high. Wties bit is set low, no errors will be inserted.

Bit 2: T3 Parity Bit Error Insert (T3PBEI). A zero to one transition on thi& vill cause a single T3 parity error

event to be inserted into the transmit data stream. parBy event is defined as flipping the proper polarity of

both the P bits in a T3 Frame. (See Seclidrb for details about the P bits.) Once this bit has been toggled from a
zero to a one, the device waits for the next T3 frame to flip both P bits. This bit must be cleared and set again for a
subsequent error to be inserted. Toggling this bit has no affect when the device is operated in the E3 mode. In the
Manual Error Insert mode (MEIMS = 1), errors will imserted on each toggle of the FTMEI input signal as long

as this bit is set high. When this Hsitset low, no errors will be inserted.

Bit 3: T3 C-Bit Parity Error Insert (T3CPBEI). A zero to one transition on this bit will cause a single T3 C-Bit
parity error event to be inserted into the transmit dagam. A T3 parity event is defined as flipping the proper
polarity of all three CP bits in a T3 Frame. (See Secti for details about the CP bits.) Once this bit has been
toggled from a zero to a one, the device waits for the next T3 frame to flip theCireds. This bit must be
cleared and set again for a subsequent error to be inseoggling this bit has no affect when the T3 framer is not
operated in the C-Bit parity mode (See Secfidt¥ for details about the C-Bit Parity mode.) or when the device is
operated in the E3 mode. In the Manual Error Insert niB#&MS = 1), errors will be inserted on each toggle of
the FTMEI input signal as long as this bit is set high. Wthénbit is set low, no errors will be inserted.

Bit 4: Frame Bit Error Insert (FBEI). A zero to one transition on this bit will cause the transmit framer to
generate framing bit errors. The typkframing bit errors inserted is conlledl by the FBEICO and FBEIC1 bits
(see discussion below). Once this bit has been toggled &® to a 1, the device waits for the next possible
framing bit to insert the errors. This bit must be clearst set again for a subsequent error to be inserted. In the
Manual Error Insert mode (MEIMS = 1), errors will imserted on each toggle of the FTMEI input signal as long
as this bit is set high. When this lsitset low, no errors will be inserted.
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Bits 5 and 6: Frame Bit Error Insert Control Bits 0 and 1 (FBEICO and FBEIC1).

FBEIC1

FBEICO

TYPE OF FRAMING BIT ERROR INSERTED

0

0

T3 Mode: A single F-bit error
E3 Mode: A single FAS word of 1111000000 is generated instead of the normal
word, which is 1111010000 (i.e., only 1 bit inverted)

T3 Mode: A single M-bit error
E3 Mode: A single FAS word of 0000101111 is generated instead of the normal
word, which is 1111010000 (i.e., all FAS bits are inverted)

T3 Mode: Four consecutive F-bit errors (causes the far end to lose synchronizat
E3 Mode: Four consecutive FAS words of 1110000 are generated instead of thg
normal FAS word, which is 1111010000 (ienly 1 bit inverted; causes the far eng
to lose synchronization)

FAS

FAS

ion)

v

T3 Mode: Three consecutive M-bit errors (caustes far end to lose synchronizatio
E3 Mode: Four consecutive FAS words of 0000101 are generated instead of thg
normal FAS word, which is 1111010000 (i.e., all FAS bits are inverted; causes {

n)

n)

v

he far

end to lose synchronization)

Bit 7: Manual Error Insert Mode Select (MEIMS). When this bit is set low, éhdevice will insert errors on each
0 to 1 transition of the BPVI, EXZI, T3PBEI, T3CPBEI, or FBEI control bits. When this bit is set high, the device
will insert errors on each O to 1 transition of the FTMijut signal. The appropriate BPVI, EXZI, T3PBEI,
T3CPBEI, or FBEI control bit must be set to one fas tie occur. If all of the BPVI, EXZI, T3PBEI, T3CPBEI,
and FBEI control bits are set to zero, no errors are inserted.
0 = use zero to one transition on the BPVI, EXZI, TBRB'3CPBEI, or FBEI control bits to insert errors
1 = use zero to one transition on the FTMEI input signal to insert errors
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5.5 T3/E3 Framer Status and

Register Name:
Register Description:

Register Address:

Bit #
Name
Default

Bit #
Name

7

T3E3SR
T3/E3 Status Register

12h

6

5

4

3

Interrupt Register Description

RSOF

TSOF

T3IDLE

RAI

>
wmin

,_
©)
Te

15

14

13

12

11

10

Default —
Note: See Figure 5-1 for details on the signal flow for the status bits in the T3E3SR register. Bitsthat are underlined are read-only. All
others areread-write.

Bit 0: Loss Of Signal Occurrence (LOS)This latched read-only alarm-status bit will be set to a one when the T3
or E3 framer detects a loss of signal. This bit willdieared when read unless a LOS condition still exists. A
change in state of the LOS can cause a hardware interrogtdo if the LOS bit in té Interrupt Mask for T3E3SR
(IT3BE3SR) register is set to a one and the T3E3SR Hifidrinterrupt Mask for MSR (IMSR) register is set to a
one. The interrupt will be allowed to clear when thitsis read. The LOS alarm criteria are describedlahle 5-1
andTable 5-2

Bit 1: Loss Of Frame Occurrence (LOF).This latched read-only alarm status bit will be set to a one when the T3
or E3 framer detects a loss of frame. This bit willdeared when read unless a LOF condition still exists. A
change in state of the LOF can cause a hardware interraptto if the LOF bit in ta Interrupt Mask for T3E3SR
(IT3E3SR) register is set to a one and the T3E3SR fifidrinterrupt Mask for MSR (IMSR) register is set to a
one. The interrupt will be allowed to clear when thisis read. The LOF alarm criteria are describedable 5-1
andTable 5-2

Bit 2: Alarm Indication Signal Detected (AIS). This latched read-only alarm-status bit will be set to a one when
the T3 or E3 framer detects an incoming Alarm IndicaBammal. This bit will be cleared when read unless an AIS
signal is still present. A change in state of the AIS detection can cause a hardwarptitdesccur if the AIS bit

in the Interrupt Mask for T3E3SR (IT3E3SR) register istaet one and the T3E3SR bit in the Interrupt Mask for
MSR (IMSR) register is set to a one. The interrupt will be allowed to clear when this bit is read. The AIS alarm
detection criteria is described Table 5-landTable 5-2

Bit 3: Remote Alarm Indication Detected (RAI). This latched read-only alarm status bit will be set to a one when

the T3 or E3 framer detects an incagiRemote Alarm Indication (RAI) signarhis bit will be cleared when read

unless an RAI signal is still present. A change in state of the RAI detection can cause a hardware interrupt to occur
if the RAI bit in the Interrupt Mask for T3E3SR (IT3E3BRegister is set to a one and the T3E3SR bit in the
Interrupt Mask for MSR (IMSR) register is set to a one. The interrupt will be allowed to clear when this bit is read.
The RAI alarm detection criteria are describedable 5-landTable 5-2 RAI can also be indicated via the FEAC

codes when the device is operated in the C-Bit Parity Mode.

Bit 4: T3 Idle Signal Detected (T3IDLE). This latched read-only alarm status bit will be set to a one when the T3
framer detects an incoming idle signal. This bit will be cleared when read unless the idle signal is still present. A
change in state of idle detection can cause a hardwareuiot to occur if the IDLE bit in the Interrupt Mask for
T3E3SR (IT3E3SR) register is set to a one and the T3HBSR the Interrupt Maskor MSR (IMSR) register is

set to a one. The IDLE detection criteria are describdale 5-1 The interrupt will be allowed to clear when this

bit is read. When the DS3112 is operated inBBanode, this status bit should be ignored.

Bit 5: Transmit T3/E3 Start Of Frame (TSOF). This latched read-only event-statbit will be set to a one on
each T3/E3 transmit frame boundary. This bit is a software version of the FTSOF hardware signal and it will be
cleared when read. The setting of this bit can cause a hardware interraptitof dhe TSOF bit in the Interrupt
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Mask for T3E3SR (IT3E3SR) register is set to a ame the T3E3SR bit in the Interrupt Mask for MSR (IMSR)
register is set to a one.

Bit 6: Receive T3/E3 Start Of Frame (RSOF)This latched read-only event statbit will be set to a one on each
T3/E3 receive frame boundary. This bit is a software version of the FRSOF hardware signal and it will be cleared
when read. The setting of this bit can cause a hardwareuiotéor occur if the RSOF bit in the Interrupt Mask for
T3E3SR (IT3E3SR) register is set to a one and the T3HEBSR the Interrupt Maskor MSR (IMSR) register is

set to a one.

Figure 5-1. T3E3SR Status Bit Flow
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NOTE: ALL EVENT AND ALARM LATCHES ABOVE ARE CLEARED WHEN THE T3E3SR REGISTER IS READ.
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Register Name: IT3E3SR

Register Description:

Interrupt Mask for T3/E3 Status Register

Register Address: 14h

Bit # 7 6 5 4 3 2 1 0

Name — RSOF TSOF T3IDLE RAI AlS LOF LOS
Default — 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name — — — — — — — —
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: Loss Of Signal Occurrence (LOS).
0 = interrupt masked
1 = interrupt unmasked

Bit 1: Loss Of Frame Occurrence (LOF).
0 = interrupt masked
1 = interrupt unmasked

Bit 2: Alarm Indication Signal Detected (AIS).
0 = interrupt masked
1 = interrupt unmasked

Bit 3: Remote Alarm Indication Detected (RAI).
0 = interrupt masked
1 = interrupt unmasked

Bit 4: T3 Idle Signal Detected (T3IDLE).
0 = interrupt masked
1 = interrupt unmasked

Bit 5: Transmit T3/E3 Start Of Frame (TSOF).
0 = interrupt masked
1 = interrupt unmasked

Bit 6: Receive T3/E3 Start Of Frame (RSOF).
0 = interrupt masked
1 = interrupt unmasked
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Table 5-1. T3 Alarm Criteria

ALARM/

Ny

NI

CONDITION DEFINITION SET CRITERIA CLEAR CRITERIA
AIS Alarm Indication Signal In each 84-bit information In each 84 bit information
Properly framed 1010... field, the properly aligned field, the properly aligned
pattern, which is aligned 10... pattern is detected with | 10... pattern is detected with
with the 1 just after each | less than 4-bit errors (out of | 4 or more bit errors (out of 8
overhead bit and all C bits | 84 possible) for 1024 possible) for 1024
are set to zero consecutive information bit | consecutive information bit
fields (1.95ms) and all C bits| fields (1.95ms)
are majority decoded to be
zero during this time
LOS Loss Of Signal 192 consecutive zeros No EXZ events over a 19
(Note 2) bit window that starts with
the first one received
LOF Loss Of Frame Three or more F bits in error | Synchronization occurs
Too many F bits or M bits in out of 16 consecutive, or 2 of
error more M bits in error out of
four consecutive
RAI Remote Alarm Indication | X1 and X2 = 0 for four X1 and X2 = 1 for four
(Note 1) (This is also referred to as | consecutive M frames (426p$)consecutive M frames
SEF/AIS in Bellcore GR- (426ps)
820)
Inactive: X1=X2=1
Active: X1 =X2=0
Idle Signal Properly framed 1100... In each 84-bit information In each 84-bit information

pattern, which is aligned
with the 11 just after each
overhead bit and the C bits
in Subframe 3 are zero.

field, the properly aligned
1100... pattern is detected wi
less than 4-bit errors (out of
84 possible) for 1024
consecutive information bit
fields (1.95ms) and the C bits
in Subframe 3 are majority
decoded to be zero during th

field, the properly aligned
H.100... pattern is detected
with four or more bit errors
(out of 84 possible) for 1024
consecutive information bit
fields (1.95ms)

S

time.

Note 1: RAI can also be indicated via FEAC codes in the C-Bit Parity Mode
Note 2: LOSis not defined for unipolar (binary) operation.
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Table 5-2. E3 Alarm Criteria

ALARM/
CONDITION DEFINITION SET CRITERIA CLEAR CRITERIA

AIS Alarm Indication Signal Four or fewer zeros in | Five or more zeros in two

Unframed all ones two consecutive 1536- | consecutive 1536-bit frames
bit frames

LOS Loss Of Signal 192 consecutive zeros No EXZ events over a 192:bit

(See note) window that starts with the
first one received

LOF Loss Of Frame Four consecutive bad | Three consecutive good FAS
Too many FAS errors FAS

RAI Remote Alarm Indication Bit11 =1 for 4 Bit 11 = O for 4 consecutive
Inactive: Bit 11 of the frame = 0 | consecutive frames frames (6144 bits/179us)
Active: Bit 11 of the frame = 1 (6144 bits/179us)

Note: LOSis not defined for unipolar (binary) operation.

T3E3INFO
T3/E3 Information Register

Register Name:
Register Description:

Register Address: 16h

Bit # 7 6 5 4 3 2 1 0
Name — — SEFE EXZ MBE FBE ZSCD COFA
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name — — RAIC AISC LOFC LOSC T3AIC E3Sn
Default — — — — — — — —

Note: Bits that are underlined are read-only; all other bits are read-write. The status bits in the T3E3INFO cannot cause a hardware
interrupt to occur.

Bit 0: Change Of Frame Alignment Detected (COFA).This latched read-only event-status bit will be set to a
one when the T3/E3 framer has experienced a chanfraroé alignment (COFA). A COFA occurs when the
device achieves synchronization in a different alignmea ib had previously. If the device has never acquired
synchronization before, then this stahisis meaningless. This bit will be cleared when read and will not be set
again until the framer has lost synchronization aatquired synchronization in a different alignment.

Bit 1. Zero Suppression Codeword Detected (ZSCD)his latched read-only event-status bit will be set to a one
when the T3/E3 framer has detecteB3¥ S/HDB3 codeword. This bit will beleared when read and will not be
set again until the framer has detected another B3ZS/HDB3 codeword.

Bit 2: F-Bit or FAS Error Detected (FBE). This latched read-only status bit will be set to a one when the DS3112
has detected an error in either the F bits (T3 mode)edfAS word (E3 mode). Thistlwill be cleared when read
and will not be set again until the device detects another error.

Bit 3: M-Bit Error Detected (MBE). This latched read-only event stahiswill be set to a one when the DS3112
has detected an error in the M bits. This bit will beackd when read and will not be set again until the device
detects another error in one of the M bits. This stiaitusas no meaning in the E3 mode and should be ignored.

Bit 4: Excessive Zeros Detected (EXZ)This latched read-only event statuswvill be set to a one each time the
DS3112 has detected a consecutive string of either three or more zeros (T3 mode) or four or more zeros (E3 mode).
This bit will be cleared when read and will not be seaiimgntil the device detects another EXcessive Zero event.
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Bit 5: Severely Errored Framing Event Detected (SEFE)This latched read-only event-status bit will be set to a
one each time the DS3112 has detected either three orFniait®in error out of 16 consecutive F bits (T3 mode)

or four bad FAS words in a row (E3 mode). This bit will be cleared when read and will not be set again until the
device detects another SEFE event.

Bit 8: E3 National Bit (E3Sn). This read-only real-time status bit reports the incoming E3 National Bit (Sn). It is
loaded at the start of each E3 fragsethe Sn bit is decoded. The host can use the RSOF status bit in the T3/E3
Status Register (T3E3SR) to determine when to read this bit.

Bit 9: T3 Application ID Channel Status (T3AIC). This read-only real-time status bit can be used to help
determine whether an incoming T3 data stream is in C-Bit Parity mode or M23 mode. In C-Bit Parity mode, it is
recommended that the first C bit in each M frame bdwene. In M23 mode, ther§it C bit in each M frame

should be toggling between zero and one to indicate thaittheded to be stuffed or not. This bit will be set to a

one when the device detects that the first C bit inMhigame is set to one for 1020 times or more out of 1024
consecutive M frames (109ms). It will be allowed to be cbharken the device detects that the first C bit is set to

one less than 1020 times out of 1024 consecutive M frames (109ms). This status bit has no meaning in the E3 mode
and should be ignored.

Bit 10: Loss Of Signal Clear Detected (LOSC)This latched read-only event-siatbit will be set to a one each
time the T3/E3 framer exits a Loss Of Signal (LOS) statés b will be cleared when read and will not be set
again until the device once again exits the LC&8estThe LOS alarm criteria are describedlable 5-1and
Table 5-2 This status bit is useful in helping the host determine if the LOS persists as defined in ANSI T1.231.

Bit 11: Loss Of Frame Clear Detected (LOFC)This latched read-only event-statbit will be set to a one each
time the T3/E3 framer exits a Loss Of Frame (LOF) states bih will be cleared when read and will not be set
again until the device once again exits the LCatestThe LOF alarm criteria are describedTable 5-1and
Table 5-2 This status bit is useful in helping the host determine if the LOF persists as defined in ANSI T1.231.

Bit 12: Alarm Indication Signal Clear Detected (AISC). This latched read-only event status bit will be set to a
one each time the T3/E3 framer no longer detects the Al al@te. This bit will be cleared when read and will
not be set again until the device once again exits theaddB8n state. The AIS alarmriteria is described in
Table 5-1andTable 5-2 This status bit is useful in helping the tidstermine if the AIS persists as defined in
ANSI T1.231.

Bit 13: Remote Alarm Indication Clear Detected (RAIC).This latched read-only event-status bit will be set to a
one each time the T3/E3 framer no longer detects the RAhatate. This bit will be cleared when read and will
not be set again until the device once again exits thedRkin state. The RAI alarmriteria are described in
Table 5-1andTable 5-2 This status bit is useful in helping the hdstermine if the RAI psists as defined in
ANSI T1.231.
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5.6 T3/E3 Performance Error Counters

There are six error coumtein the DS3112. All of the errors coarg are 16 bits in length. The host has
three options as to how these errors counters ardaghdehe device can be canired to automatically
update the counters once a second aruably via either an internal sefare bit (MECU)or an external
signal (FRMECU). See Sectich2 for details. All the error countersaturate when full and will not
rollover.

BPVCR
BiPolar Violation Count Register

Register Name:
Register Description:

Register Address: 20h

Bit # 7 6 5 4 3 2 1 0
Name BPV7 BPV6 BPV5 BPV4 BPV3 BPV2 BPV1 BPVO
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name BPV15 | BPV14 BPV13 BPV12 BPV11 BPV10 BPV9 BPV8
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: 16-Bit BiPolar Violation Counter (BPVO to BPV15).These bits report the number of BiPolar
Violations (BPV). In the E3 Mode, this counter can ab&configured via the E3CVE bit in the T3E3 Control
Register (Sectios.2) to count Code Violations (CV). A BPV is fileed as consecutive pulses (or marks) of the
same polarity that are not part of a B3ZS/HDB3 codewAr@V is defined in ITU O.161 as consecutive BPVs of
the same polarity.

Register Name: EXZCR

Register Description:

EXcessive Zero Count Register

Register Address: 22h

Bit # 7 6 5 4 3 2 1 0

Name EXZ7 EXZ6 EXZ5 EXZ4 EXZ3 EXZ2 EXZ1 EXZ0
Default — — — — — — — —

Bit # 15 14 13 12 11 10 9 8
Name EXZ15 EXZ14 EXZ13 EXZ12 EXZ11 EXZ10 EXZ9 EXZ8
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: 16-Bit EXcessive Zero Counter (EXZ0 to EXZ15)These bits report the number of EXcessive Zero
occurrences (EXZ). An EXZ occurrence is defined as three or more consecutive zeros in the T3 mode and four or
more consecutive zeros in the E3 mode. As an example, a string of eight consecutive zeros would only increment
this counter once.
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Register Name: FECR

Register Description: Frame Error Count Register

Register Address: 24h

Bit # 7 6 5 4 3 2 1 0

Name FE7 FE6 FES FE4 FE3 FE2 FE1 FEO

Default — — — — — — — —

Bit # 15 14 13 12 11 10 9 8
Name FE15 FE14 FE13 FE12 FE11 FE10 FE9 FE8

Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: 16-Bit Framing Bit Error Counter (FEO to FE15). These bits report either the number of Loss Of
Frame (LOF) occurrences or the number of framing bit ersamsived. The FECR is configured via the host by the
Frame Error Counting Control Bits (FECCO &riECC1) in the T3E3 Control Register (Sect®f). The possible
configurations are shown below.

FRAME ERROR COUNT REGISTER (FECR)
FECCL | FECCO CONFIGURATION
0 0 T3 Mode: Count Loss Of Frame (LOF) Occurrences
E3 Mode: Count Loss Of Frame (LOF) Occurrences
0 1 T3 Mode: Count both F Bit and M Bit Errors
E3 Mode: Count Bit Errors in the FAS Word
1 0 T3 Mode: Count Only F Bit Errors
E3 Mode: Count Word Errors in the FAS Word
1 1 T3 Mode: Count only M Bit Errors
E3 Mode: lllegal State

When the FECR is configured to count LOF occurrenites FECR increments by ereach time the device loses
receive synchronization. When the FECR is configuredotant framing bit errors, it can be configured via the
ECC control bit in the T3/E3 Control Register (Sectiod) to either continue counting frame bit errors during a
LOF or not.

Register Name: PCR

Register Description: T3 Parity Bit Error Count Register

Register Address: 26h

Bit # 7 6 5 4 3 2 1 0

Name PE7 PEG6 PES PE4 PE3 PE2 PE1 PEO
Default — — — — — — — —

Bit # 15 14 13 12 11 10 9 8
Name PE15 PE14 PE13 PE12 PE11 PE10 PE9 PES
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15:16-Bit T3 Parity Bit Error Counter (PEO to PE15). These bits report the number of T3 parity bit
errors. In the E3 mode, this counter is meaningless should be ignored. A parity bit error is defined as an
occurrence when the two parity bits do not match one anothghen the two Parity Bits do not match the parity
calculation made on the information bits. Via the ECC control bit in the T3/E3 Control Register (Sedfitime
PCR can be configured to either continoerting parity bit errors during a LOF or not.
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CPCR
T3 C-Bit Parity Bit Error Count Register

Register Name:
Register Description:

Register Address: 28h

Bit # 7 6 5 4 3 2 1 0
Name CPE7 CPE®6 CPE5 CPE4 CPE3 CPE2 CPE1 CPEO
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name CPE15 | CPE14 CPE13 CPE12 CPE11 CPE10 CPE9 CPES8
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: 16-Bit T3 C-Bit Parity Bit Error Counter (CPEO to CPE15). These bits report the number of T3
C-bit parity bit errors. When the device is not in the Cplattity mode or when the device is in the E3 mode, this
counter is meaningless and should be ignored. A C-bityphit error is defined as an occurrence when the
majority decoded three CP parity bits do not matchpééty calculation made on the information bits. Via the
ECC control bit in the T3/E3 control register (Secttod, the CPCR can be configured to either continue counting
C-bit parity bit errors during a LOF or not.

FEBECR
T3 Far End Block Error or E3 RAI Count Register

Register Name:
Register Description:

Register Address: 2Ah

Bit # 7 6 5 4 3 2 1 0
Name FEBE7 FEBEG6 FEBES FEBE4 FEBE3 FEBE2 FEBE1 FEBEO
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name FEBE15| FEBE14 | FEBE13 | FEBE12 | FEBE11 | FEBE10 | FEBE9 FEBES8
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: 16-Bit T3 Far End Block Error or E3 RAI Counter (FEBEO to FEBE15).In the T3 C-bit parity
mode, these bits report the number of T3 Far End Blc&rs (FEBE). This counter increments each time the
three FEBE bits do not equal 111. In the E3 Mode, thesedptst the number of times the RAI bit is received in
the “disturbed state” (i.e., the number of times that it idgssatone). In the T3 mode, when the device is not in the
C-bit parity mode, this counter is meaningless and shouignoeed. Via the ECC control bit in the T3/E3 control
register (Section.2), the FEBECR can be configured to either continue counting FEBESs or active RAI bits during
a LOF or not.
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6 MI13/E13/G.747 MULTIPLEXER AND T2/E2/G.747 FRAME

Note that if the DS3112 is used as a stand-alBB#3 framer and the multiplexer functionality is
disabled, then the registers and functionality desdribethis section are not applicable and should be
ignored by the host.

On the receive side, the T2/E2/G.747 framer legdhe frame boundaries of the incoming T2/E2/G.747
data stream and monitors the data stream for alamdserrors. Alarms are detected and reported in
T2/E2 Status Registers (T2E2SR1 andEZ3R2), which are described in Sect®f The host can force
the T2/E2/G.747 framer to resynchronize via the TR&Z control bit in theMRID register (Section
4.1). On the transmit side, the device formats the ootgdiata stream with the proper framing pattern
and overhead and can generate alarms. It caniglstt errors for diagnostic testing purposes. The
transmit side of the framer is called the “formatter.”

6.1 T1/E1 AIS Generation

The DS3112 can generate an Alarm Indication Signal (AlS) for the T1 and E1 data streams in both the
transmit and receive directions. AIS for T1 and Efhals is defined as an wamed all ones pattern. On

reset, the DS3112 will force AIS in both the transmidl aeceive directions on all 28 T1 and 16/21 E1
data streams. It is the host'skato configure the device to pasermal traffic via the TIE1RAIS],
T1E1RAIS2, TIE1TAIS1, and T1EL1TAIS2 registers (Sec@ah.

6.2 T2/E2/G.747 Framer Control Register Description

T2E2CR1
T2/E2 Control Register 1

Register Name:
Register Description:

Register Address: 30h

Bit # 7 6 5 4 3 2 1 0
Name — TRAI7 TRAI6 TRAI5 TRAI4 TRAI3 TRAI2 TRAI1
Default — 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — TAIS7 TAIS6 TAIS5 TAIS4 TAIS3 TAIS2 TAIS1
Default — 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 6: T2/E2/G.747 Transmit Remote Alarm Indication (TRAIn where n = 1 to 7)When this bit is set
high in the T3 mode, the X bit will be set to zero. When this bit is set high in the E3 mode, the RAI bit (bit number
11 of each E2 frame) will be set to a one. In the E3 modaJ3® TRAI7 (bits 4 to 6) are disabled and should be
set low by the host. When this bit is set high in thé4@.mode, the RAI bit (bit number 1 of Set 2 in each G.747
frame) will be set to a one. When this bit it set low inTBemode, the X bit will be set to a one. When this bit is
set low in the E3 and G.747 modes, the RAI bit will be set to zero.

0 = do not transmit RAI

1 = transmit RAI

Bits 8 to 14:T2/E2/G.747 Transmit Alarm Indication Signal (TAISn where n = 1 to 7)When this bit is set
high, the transmit formatter will generate an unframedadls pattern. When this bit it set low, normal data is
transmitted. In the E3 mode, TAIS5 to TAIS7 (bits £}are disabled and should be set low by the host.

0 = do not transmit AIS

1 = transmit AIS
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Register Name: T2E2CR2

Register Description: T2/E2 Control Register 2

Register Address: 32h

Bit # 7 6 5 4 3 2 1 0
Name — LOFG7 LOFG6 LOFG5| LOFG4 LOFG3 LOFG2 LOFG1
Default — 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — — — — E2Sn4 E2Sn3 E25Sn2 E2Snl
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 6: T2/E2/G.747 Transmit Loss Of Frame Generation (LOFGn where n = 1 to 7A zero to one
transition on this bit will cause the T2/E2/G.747 trandorinatter to generate enough framing bit errors to cause
the far end to lose frame synchronization. This bit mustdmretl and set again for a subsequent set of errors to be

generated
MODE FRAMING ERRORS GENERATED
T3 Mode Four consecutive F bit errors
E3 Mode Fom_Jr c_onsecutive FAS_ words of 00_00101_111 gateel instead of the normal FAS word,
which is 1111010000 (i.e., all FAS bits are inverted)
G.747 Mode Fogr cpnsecutive FAS words of C_)OOlOl}ll gatesl instead of the normal FAS word,
which is 111010000 (i.e., all FAS bits are inverted)

Bits 8 to 11: E2 Transmit National Bit Setting (E2Snn where n = 1 to 4 hese bits are ignored in the T3 and
G.747 modes. The received Sn can be read from the T2E2 Status Register 2.

0 = force the Sn hit to zero

1 = force the Sn bit to one
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6.3 T2/E2/G.747 Framer Status a nd Interrupt Register Description

T2E2SR1
T2/E2 Status Register 1

Register Name:
Register Description:

Register Address: 34h

Bit # 7 6 5 4 3 2 1 0
Name IELOF LOF7 LOF6 LOF5 LOF4 LOF3 LOF2 LOF1
Default 0 - - - - - - -
Bit # 15 14 13 12 11 10 9 8
Name IEAIS AIS7 AlS6 AlIS5 AlS4 AIS3 AlS2 AlS1
Default 0 - - - - - - -

Note: See Figure 6-1 for details on the signal flow for the status bits in the T2E2SR1 register. Bits that are underlined are read-only; all
other bitsareread-write.

Bits 0 to 6: Loss Of Frame Occurrence (LOFn when n = 1 to 7Yhis latched read-only alarm-status bit will be
set to a one each time the corresponding T2/E2/G.747 frdetects a Loss Of Frame (LOF). This bit will be
cleared when read unless a LOF condition still exists inTtR&E2/G.747 framer. A change in state of the LOF in
one or more of the T2/E2/G.747 framers can cause theSREZ3tatus bit (in the MSR register) to be set and a
hardware interrupt to occur if the IELOF bit is setatone and the T2E2SR1 bit in the Interrupt Mask for MSR
(IMSR) register is set to a onEigure 6-). The interrupt will be allowed to clear when this bit is read. The LOF
alarm criteria are described Trable 6-1 Table 6-2 andTable 6-3 In the E3 mode, LOF5 to LOF7 (bits 4 to 6) are
meaningless and should be ignored.

Bit 7: Interrupt Enable for Loss of Frame Occurrence (IELOF). This bit should be set to one if the host wishes
to have T2/E2/G.747 LOF occurrences cause a hardwareuptten the setting of the T2E2SR1 status bit in the
MSR register Eigure 6-). The T2E2SR1 bit in the Interrupt Maskr fine Master Status Register (IMSR) must
also be set to one for an interrupt to occur.

0 = interrupt masked

1 = interrupt unmasked

Bits 8 to 14: Alarm Indication Signal Detected (AISn when n = 1 to 7)This latched read-only alarm-status bit

will be set to a one each time the corresponding T2/E2/Gradver detects an incoming AlS alarm. This bit will

be cleared when read unless the Al&mal still exists in that T2/E2/G.747 freer. A change in state of the AIS
detector in one or more of the T2/E2/G.747 framers can cause the T2E2SR1 status bit (in the MSR register) to be
set and a hardware interrupt to occur if the IEAIS b#eisto a one and the T2E2SR1 bit in the Interrupt Mask for
MSR (IMSR) register is set to a oneiqure 6-). The interrupt will be allowed tolear when this bit is read. The

AIS alarm criteria is described irable 6-1 Table 6-2 andTable 6-3 In the E3 mode, AIS5 to AIS7 (bits 4 to 6)

are meaningless and should be ignored.

Bit 15: Interrupt Enable for Alarm Indication Signal (IEAIS). This bit should be set to one if the host wishes to
have T2/E2/G.747 AIS detection occurrences cause a hardvemeipt or the setting of the T2E2SR1 status bit in
the MSR registerHigure 6-). The T2E2SR1 bit in the Interrupt Mask for the Master Status Register (IMSR) must
also be set to one for an interrupt to occur.

0 = interrupt masked

1 = interrupt unmasked
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Figure 6-1. T2E2SR1 Status Bit Flow
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NOTE: ALL EVENT AND ALARM LATCHES ABOVE ARE CLEARED WHEN THE T2E2SR1 REGISTER IS READ.
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Register Name: T2E2SR2

Register Description: T2/E2 Status Register 2

Register Address: 36h

Bit # 7 6 5 4 3 2 1 0
Name IERAI RAI7 RAI6 RAI5 RAI4 RAI3 RAI2 RAI1
Default 0 — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name E2SOF4 | E2SOF3 | E2SOF2 | E2SOF1 | E2Sn4 E25n3 E25n2 E2Snl1
Default — — — — — — — —

Note: See Figure 6-2 for details on the signal flow for the status bits in the T2E2SR2 register. Bits that are underlined are read-only; all
other bitsare read-write.

Bits 0 to 6: Remote Alarm Indication Signal Detected (RAIn when n = 1 to 7)his latched read-only alarm-
status bit will be set to a one each time the coomrding T2/E2/G.747 framer detects an incoming RAI alarm.
This bit will be cleared when read urdatie RAI alarm still exists in that 122/G.747 framer. A change in state of
the RAI in one or more of the T2/E2/G.747 framers casedlie T2E2SR2 status bit (in the MSR register) to be
set and a hardware interrupt to occur if the IERAI beiasto a one and the T2E2SRRibithe Interrupt Mask for
MSR (IMSR) register is set to a oneiqure 6-3. The interrupt will be allowed tolear when this bit is read. The
RAI alarm criteria are described Trable 6-1 Table 6-2 andTable 6-3 In the E3 mode, RAI5 to RAI7 (bits 4 to 6)
are meaningless and should be ignored.

Bit 7: Interrupt Enable for Remote Alarm Indication Signal (IERAI). This bit should be set to one if the host
wishes to have RAI detection occurrences cause a hardweameipt or the setting of the T2E2SR2 status bit in the
MSR register Figure 6-3. The T2E2SR2 bit in the Interrupt Mask fine Master Status Register (IMSR) must
also be set to one for an interrupt to occur.

0 = interrupt masked

1 = interrupt unmasked

Bits 8 to 11: E2 Receive National Bit (E2Snn when n = 1 to 4Jhis read-only real-time status bit reports the
incoming E2 National Bit (Sn). It is loaded at the startath E2 frame as the Sn bit is decoded. The host can use
the E2SOF status bit to determine wherread this bit. In the T3 ard.747 modes, this bit is meaningless and
should be ignored. This bit cannot cause an interrupt to occur.

Bits 12 to 15: E2 Receive Start OFrame (E2SOFn where n = 1 to 4)This latched read-only event-status bit
will be set to a one on each E2 receive frame boundaig. bihwill be cleared when read. The setting of this
status bit cannot cause an interrupt to occur.

Figure 6-2. T2E2SR2 Status Bit Flow
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NOTE: ALL EVENT AND ALARM LATCHES ABOVE ARE CLEARED WHEN THE T2E2SR2 REGISTER IS READ.
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Table 6-1. T2 Alarm Criteria

ALARM/

CONDITION DEFINITION SET CRITERIA CLEAR CRITERIA

Alarm Indication Signal Eight or fewer zeros in four | Nine or more zeros in fouf

AIS Unframed all ones consecutive M frames (4704| consecutive M frames
bits) (4704 bits)

Loss Of Frame Two or more F bits in error | Synchronization occurs
LOF Too many F bits or M bits in | out of five, or two or more M

error bits in error out of four

Remote Alarm Indication X =0 for four consecutive M| X = 1 for four consecutive
RAI Inactive: X =1 frames (4704 bits) M frames (4704 bits)

Active: X=0

Table 6-2. E2 Alarm Criteria

N

ALARM/
CONDITION DEFINITION SET CRITERIA CLEAR CRITERIA

Alarm Indication Signal Four or fewer zeros in each gfFive or more zeros in eacl

AIS Unframed all ones two consecutive 848-bit of two consecutive 848-bit

frames frames

LOE Loss Of Frame Four consecutive bad FAS Three consecutive goo
Too many FAS errors FAS
Remote Alarm Indication Bit 11 = 1 for four consecutive Bit 11 = 0 for four

RAI Inactive: Bit 11 of the frame = Dframes (3392 bits) consecutive frames (3392
Active: Bit 11 of the frame = 1 bits)

Table 6-3. G.747 Alarm Criteria
ALARM/
CONDITION DEFINITION SET CRITERIA CLEAR CRITERIA

Alarm Indication Signal Four or fewer zeros in each pfFive or more zeros in each

AIS Unframed all ones two consecutive 840-bit of two consecutive 840-bit

frames frames

LOE Loss Of Frame Four consecutive bad FAS Three consecutive good
Too many FAS errors FAS
Remote Alarm Indication Bit 1 of Set 2 = 1 for four Bit 1 of Set 2 = 0 for four

RAI Inactive: Bit 1 of Set2 =0 consecutive frames (3360 | consecutive frames (3360

Active: Bit1 of Set2=1

bits)

bits)
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6.4 T1/E1 AIS Generation Co ntrol Register Description

Via the T1/E1 Alarm Indication Sigh#AlS) Control Registers, thhost can configure the DS3112 to
generate an unframed all ones signal in either theriidor receive paths on the 28 T1 ports or the 16/21

E1 ports. On reset, the device will force AIS in both the transmit and receive paths and it is up to the host
to modify the T1/E1 AIS Generation Control Registéo allow normal T1/E1 traffic to traverse the
DS3112. See the block diagrams in Secfidor details on where the AIS signa injected into the data

flow. When the M13/E13 multiplexer function is dided in the DS3112 (see the UNCHEN control bit in

the Master Control Register 1 in Sectia for details), the T1/E1 AIS @eration Control Registers are
meaningless and can be set to any value.

T1E1RAIS1
T1/E1 Receive Path AIS Generation Control Register 1

Register Name:
Register Description:

Register Address: 40h

Bit # 7 6 5 4 3 2 1 0
Name AlIS8 AlIS7 AlS6 AlIS5 AlS4 AlIS3 AlS2 AlIS1
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name AlS16 AIS15 AlS14 AIS13 AlIS12 AIS11 AIS10 AlIS9
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: Receive AIS Generation Controfor T1/E1 Ports 1 to 16 (AlS1 to AlS2).These bits determine
whether the device will replace the demultiplexed T1/E1 dimeam with an unframed all ones AIS signal. AlIS1
controls the data at LRDAT1, AIS2 coals the data at LRDATZ2, and so on. Since ports 4, 8, 12, 16, 20, 24, and
28 are not active in the G.747 mode, the AlS4, AlIS81&|%nd AIS16 bits have no affect in the G.747 mode.

0 = send AIS to the LRDAT output

1 = send normal data to the LRDAT output

T1E1RAIS2
T1/E1 Receive Path AIS Generation Control Register 2

Register Name:
Register Description:

Register Address: 42h

Bit # 7 6 5 4 3 2 1 0
Name AlS24 AIS23 AlS22 AIS21 AlS20 AIS19 AIS18 AlS17
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name — — — — AIS28 AIS27 AIS26 AIS25
Default — — — — 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 11:Receive AIS Generation Controfor T1 Ports 17 to 28 (AIS17 to AlS28).These bits determine
whether the device will replace the demultiplexed T1/E1 simgmm with an unframed all ones AIS signal. AIS17
controls the data at LRDAT17, AIST®ntrols the data at LRDFL8, and so on. Since ports 17 to 28 are not active
in the E3 mode, these bits have no effect in the E3 n®idee ports 4, 8, 12, 16, 20, 24, and 28 are not active in
the G.747 mode, the AlS20, AIS24 and AIS28 bits have no affect in the G.747 Mode.

0 = send AIS to the LRDAT output

1 = send normal data to the LRDAT output
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T1E1TAIS1
T1/E1 Transmit Path AIS Generation Control Register 1

Register Name:
Register Description:

Register Address: 44h

Bit # 7 6 5 4 3 2 1 0
Name AIS8 AIS7 AIS6 AIS5 AlS4 AIS3 AIS2 AlS1
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name AIS16 AIS15 AlS14 AIS13 AIS12 AlS11 AIS10 AIS9
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: Transmit AIS Generation Contol for T1/E1 Ports 1 to 16 (AIS1 to AlS2).These bits determine
whether the device will replace the data input from thel 28data streams or 16/21 E1 data streams with an
unframed all ones AIS signal. AlS1 controls the datenftd DAT1, AIS2 controls th data from LTDATZ2, and so
on. Since ports 4, 8, 12, 16, 20, 24, and 28 are not active in the G.747 Mode, the AIS4, AIS8, AIS12, and AlIS16
bits have no affect in the G.747 mode.

0 = replace data from LTDAT with AIS

1 = allow normal data from LTDAT to flow through to the multiplexer

Register Name:

Register Description:

T1E1TAIS2
T1/E1 Transmit Path AIS Generation Control Register 2

Register Address: 46h

Bit # 7 6 5 4 3 2 1 0
Name AlS24 AlS23 AlS22 AlS21 AlS20 AIS19 AlS18 AlS17
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name — — — — AlS28 AlS27 AlS26 AlS25
Default — — — — 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 11: Transmit AIS Generation Contol for T1 Ports 17 to 28 (AIS17 to AlS28).These bits determine
whether the device will replace the data input from thel28data streams or 16/21 E1 data streams with an
unframed all ones AIS signal. AIS17 controls the daien LTDAT17, AIS18 controls the data from LTDAT18,
and so on. Since ports 17 to 28 are not active in the E3, riiet® bits have no affect in the E3 mode. Since ports
22 to 28 are not active in the G.747 mode, these bits have no affect in the G.747 mode. Since ports 4, 8, 12, 16, 20,
24, and 28 are not active in the G.747 mode, the AIS2ZB2#land AlS28 bits have no effect in the G.747 mode.

0 =replace data from LTDAT with AIS

1 = allow normal data from LTDAT to flow through to the multiplexer
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7 T1/E1 LOOPBACK AND DROP AND INSERT FUNCTIONALITY

On the T1 and E1 ports, the DS3112 has loopback caygahilboth directions. There is a per-port line
loopback that loops the receive side back to the transmit side and a per-port diagnostic loopback that
loops the transmit side back toetheceive side. In addition, theuwilee can detect the T1 line loopback
command as well as generate it. &lthe DS3112 has two drop and ingmtts that allow any two of the

28 T1 or 16/21 E1 data streamswdropped or inserted from two diacy ports. All these functions are
described below.

7.1 T1/E1 Line Loopback

Each of the 28 T1 or 16/21 E1 receive demultiplexedspzan be looped back to the transmit side. This
loopback is called a lineobpback and is shown in the block diagrams in Sectiowhen the line
loopback is invoked, the normal transmit data inputhe LTCLK and LTDATinputs is ignored and
replaced with the data from the associatedivecport. The host invokethe line loopback via the
T1E1LLB1 and T1E1LLB2 combl registers (Section.5).

7.2 T1/E1 Diagnostic Loopback

Each of the 28 T1 or 16/21 E1 transmit multiplexedgoan be looped back to the receive side. This
loopback is called a diagnostic loopback and is shawthe block diagrams in Section 1. When the
diagnostic loopback is invoked, the normal receivia adautput at the LRCLKand LRDAT outputs is
replaced with the data from the associated transonit The host invokes theadjnostic loopback via the
T1E1DLB1 and T1E1DLB2 control registers (SectioB).

7.3 T1 Line Loopback Command

M13 systems have the ability to request that a T1 line be looped back, which is achieved by inverting the
C3 bit. See Section 14.2 for details on M13 fosratd operation. The DS3112 will detect when the C3

bit has been inverted and will indicate which T1 lisédeing requested to Imaced into line loopback

via the TILBSR1 and T1LBSR2 registers (Sectio§. When the host detects that a T1 line is being
requested to be placed into loopback, it should sedppeopriate control bit in either the TLIE1LLB1 or
T1E1LLB2 register. The DS3112 carsalgenerate a T1 line loopbackmmmand by inverting the C3 bit,

which is accomplished via the TILBCR1 and L1LBCR?2 registers (SectinNote that when E3 or

G.747 mode is enabled, the T1 line loopbagkhmand functionality is not applicable.

7.4 T1/E1 Drop and Insert

The DS3112 has the ability to dropyaof the 28 T1 or 1@1 E1 receive channels either one of two
drop ports. Drop Port A and Drop Port Bonsist of the outputs LRCLKA/LRDATA and
LRCLKB/LRDATB, respectively. See thblock diagrams in Sectionftir more details. The host can
determine which T1/E1 port should be droppedthe TLE1SDP control register (Sectioi). When a
T1/E1 channel is dropped to either Drop Port A oth®, demultiplexed data is still output at the normal
LRCLK and LRDAT outputs. On theansmit side, there are a complimentary pair of Insert Ports that are
controlled via the T1E1SIBontrol register (Sectioi.7). When enabled, the inserted port data and clock
(LTDATA/LTDATB and LTCLKA/LTCLKB, respectively) replace the data that would normally be
multiplexed in at LTDAT and LTCLK inputs.
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7.5 T1/E1 Loopback Control Register Description

T1E1LLB1
T1/E1 Line Loopback Control Register 1

Register Name:
Register Description:

Register Address: 50h

Bit # 7 6 5 4 3 2 1 0
Name LLB8 LLB7 LLB6 LLB5 LLB4 LLB3 LLB2 LLB1
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name LLB16 LLB15 LLB14 LLB13 LLB12 LLB11 LLB10 LLB9
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits O to 15: T1/E1 Line Loopback Erable for Ports 1 to 16 (LLB1 to LLB16). These bits enable or disable the
T1/E1 Line Loopback (LLB). See the Block Diagrams in Sectidor a visual description of this loopback. LLB1
corresponds to T1/E1 Port 1, LLB2 corresponds to T1/E1Ra@mnd so on. Since ports 4, 8, 12, 16, 20, 24, and 28
are not active in the G.747 mode, the LLB4, LLBS8, LLBa&d LLB16 bits have no effect in the G.747 mode.

0 = disable loopback

1 = enable loopback

Register Name:

Register Description:

T1E1LLB2

T1/E1 Line Loopback Control Register 2

Register Address: 52h

Bit # 7 6 5 4 3 2 1 0
Name LLB24 LLB23 LLB22 LLB21 LLB20 LLB19 LLB18 LLB17
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — — — — LLB28 LLB27 LLB26 LLB25
Default — — — — 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 11: T1 Line Loopback Enable for Ports 17 to 28 (LLB17 to LLB28)These bits enable or disable the
T1 Line Loopback (LLB). See the block diagrams in Secfidior a visual description of this loopback. LLB1
corresponds to T17 Port 17, LLB18 corresponds to T1 PosdriBso on. Since ports 17 to 28 are not active in the
E3 mode, these bits have no effect in the E3 mode. $mide 4, 8, 12, 16, 20, 24, and 28 are not active in the
G.747 mode, the LLB20, LLB24, and LLB2&dhave no effect in the G.747 mode.

0 = disable loopback

1 = enable loopback
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Register Name:
Register Description:

T1E1DLB1
T1/E1 Diagnostic Loopback Control Register 1

Register Address: 54h

Bit # 7 6 5 4 3 2 1 0
Name DLB8 DLB7 DLB6 DLB5 DLB4 DLB3 DLB2 DLB1
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name DLB16 DLB15 DLB14 DLB13 DLB12 DLB11 DLB10 DLB9
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: T1/E1 Diagnostic Loopback Eable for Ports 1 to 16 (DLB1 to DLB16).These bits enable or
disable the T1/E1 Diagnostic Loopback (DLEBee the block diagrams in Sectibfor a visual description of this
loopback. DLB1 corresponds to T1/E1 Port 1, DLB2 corresponds to T1/E1 Port 2, and so on. If the device is
configured in Low-Speed T1/E1 Port Loop Timed mode (if LLTM bit in the MC1 register is set to a one) then only
data will be looped back—the clock wilbt be looped back. Since ports 4, 8, 12, 16, 20, 24, and 28 are not active
in the G.747 mode, the DLB4, DLB8, DLB12, and DLB16 bits have no effect in the G.747 mode.

0 = disable loopback

1 = enable loopback

T1E1DLB2
T1/E1 Diagnostic Loopback Control Register 2

Register Name:
Register Description:

Register Address: 56h

Bit # 7 6 5 4 3 2 1 0
Name DLB24 DLB23 DLB22 DLB21 DLB20 DLB19 DLB18 DLB17
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name — — — — DLB28 DLB27 DLB26 DLB25
Default — — — — 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 17 to 28: T1 Diagnostic Loopback Enable for Ports 17 to 28 (DLB17 to DLB28Jhese bits enable or
disable the T1 Diagnostic Loopback (DLB). See the block diagrams in Séctmna visual description of this
loopback. DLB1 corresponds to T17 Pbrt DLB18 corresponds to T1 Port 18daso on. Since ports 17 to 28 are
not active in the E3 mode, these bits have no effect ik3hmode. Since ports 4, 8,,116, 20, 24, and 28 are not
active in the G.747 Mode, the DLB20, DLB24 and DLB28 bits have no affect in the G.747 mode. If the device is
configured in Low-Speed T1/E1 Port Loop Timed modd.liTM bit in the MC1 register is set to a one), then
only data will be looped back,dltlock will not be looped back.

0 = disable loopback

1 = enable loopback
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Register Name: T1LBCR1

Register Description: T1 Line Loopback Command Register 1

Register Address: 58h

Bit # 7 6 5 4 3 2 1 0
Name LB8 LB7 LB6 LB5 LB4 LB3 LB2 LB1
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name LB16 LB15 LB14 LB13 LB12 LB11 LB10 LB9
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: T1 Line Loopback Far End Activate Command for Ports 1 to 16 (LB1 to LB16)These bits cause
the appropriate T2 transmit formatter generate a Line Loopback command for the far end. When this bit is set
high, the T2 transmit formatter will force the C3 bitle the inverse of the C1 and C2 bits. The T2 transmit
formatter will continue to force the C3 bit to be the msesof the C1 and C2 bits as long as this bit is held high.
When this bit is set low, C3 will match the C1 and C2 bits. LB1 corresponds to T1/E1 Port 1, LB2 corresponds to
T1/E1 Port 2, and so on. These bits are meaninglabe E3 and G.747 modes and should be set to 0.

0 = do not generate the line loopback command by inverting the C3 bit

1 = generate the line loopback command by inverting the C3 bit
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Register Name: T1LBCR2

Register Description: T1 Line Loopback Command Register 2

Register Address: 5Ah

Bit # 7 6 5 4 3 2 1 0
Name LB24 LB23 LB22 LB21 LB20 LB19 LB18 LB17
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — — — — LB28 LB27 LB26 LB25
Default — — — — 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 17 to 28: T1 Line Loopback Far End Activate Command for Ports 17 to 28 (LB17 to LB28Y.hese bits
cause the appropriate T2 transmit formatbegenerate a Line Loopback commdaodthe far end. When this bit is
set high, the T2 transmit formatter will force the C3 bib&the inverse of the C1 and C2 bits. The T2 transmit
formatter will continue to force the C3 bit to be the msesof the C1 and C2 bits as long as this bit is held high.
When this bit is set low, C3 will match the C1 andii@&. LB17 corresponds to T1/E1 Port 17, L18 corresponds to
T1/E1 Port 18, and so on. These bits are meaninglébe E3 and G.747 modes and should be set to 0.

0 = do not generate the line loopback command by inverting the C3 bit

1 = generate the line loopback command by inverting the C3 bit
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7.6 T1 Line Loopback Command Status Register Description

Register Name: T1LBSR1

Register Description: T1 Line Loopback Command Status Register 1

Register Address: 5Ch

Bit # 7 6 5 4 3 2 1 0
Name LLB8 LLB7 LLB6 LLB5 LLB4 LLB3 LLB2 LLB1
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name LLB16 LLB15 LLB14 LLB13 LLB12 LLB11 LLB10 LLB9
Default — — — — — — — —

Note: See Figure 7-1 for details on the signal flow for the status bits in the TILBSR1 and T1LBSR2 registers. Bits that are underlined are
read-only; all other bits are read-write.

Bits 0 to 15: T1 Line Loopback CommandStatus for Ports 1 to 16 (LLB1 to LLB16). These read-only real-

time status bits will be set to a one when the corresponding T2 framer detects that the C3 bit is the inverse of the
C1 and C2 bits for 5 consecutive frames. These bits witlllogved to clear when the C3 bit is not the inverse of

the C1 and C2 bits for five consecutive frames. Lld®tresponds to T1/E1 Port 1, LLB2 corresponds to T1/E1

Port 2, and so on. The setting of any of the bits ibBRR1 or TLILBSR2 can causeéhardware interrupt to occur

if the T1LB bit in the Interrupt Mask for MSR (IMSR) $&t to a one. In the E3 and G.747 modes, these bits are
meaningless and should be ignored.

Register Name: T1LBSR2

Register Description: T1 Line Loopback Command Status Register 2

Register Address: 5Eh

Bit # 7 6 5 4 3 2 1 0
Name LLB24 LLB23 LLB22 LLB21 LLB20 LLB19 LLB18 LLB17
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name — — — — LLB28 LLB27 LLB26 LLB25
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 11: T1 Line Loopback Command Status for Ports 17 to 28 (LLB17 to LLB28)lhese read-only real-

time status bits will be set to a one when the corresponding T2 framer detects that the C3 bit is the inverse of the
C1 and C2 hits for 5 consecutive frames. These bits witllloaved to clear when the C3 bit is not the inverse of

the C1 and C2 bits for five conseime frames. LLB17 corresponds to T1/Batrt 17, LLB18 corresponds to T1/E1

Port 18, and so on. The setting of any of the bits InBRIR1 or TLILBSR2 can causehardware interrupt to occur

if the T1LB bit in the Interrupt Mask for MSR (IMSR) is set to a one. In the E3 and G.747 Modes, these bits are
meaningless and should be ignored.
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Figure 7-1. TILBSR1 and T1LBSR2 Status Bit Flow
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7.7 T1/E1 Drop and Insert Control Register Description
Register Name: T1E1SDP
Register Description: T1/E1 Select Register for Receive Drop Ports A and B
Register Address: 60h
Bit # 7 6 5 4 3 2 1
Name — — — DPAS4 DPAS3 DPAS2 DPAS1 DPASQO
Default — — — 0 0 0 0
Bit # 15 14 13 12 11 10 9
Name — — — DPBS4 DPBS3 DPBS? DPBSL DPBS0
Default — — — 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 4: T1/E1 Drop Port A Select Bits (DPASO to DPAS4).

Bits 8 to 12: T1/E1 Drop Port B Select Bits (DPBS0 to DPBS4).
These bits select which of the 28 T1 ports or 16 E1 ports (if any) should be output at either Drop Port A or Drop
Port B. If no port is selected, the LRDATA, LRCLKA, LRDATB, and LRCLKB output pins will be forced low.

DPxS4:0

00000 | No Port 01000 Port8 10000 Port 16 11000 Port 24
00001 | Port1l 01001 Port9 10001 Port 17 11001 Port 25
00010 | Port 2 01010 Port 10 10010 Port 18 11010 Port 26
00011 | Port 3 01011 Portll 10011 Port 19 11011 Port 27
00100 | Port 4 01100 Port12 10100 Port 20 11100 Port 28
00101 | Port5 01101 Port13 10101 Port 21 11101 No Port
00110 | Port6 01110 Port 14 10110 Port 22 11110 No Port
00111 | Port7 01111 Port15 10111 Port 23 11111 No Port
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Register Name:

Register Description:

T1E1SIP
T1/E1 Select Register for Transmit Insert Ports A and B

Register Address: 62h

Bit # 7 6 5 4 3 2 1 0
Name — — — IPAS4 IPAS3 IPAS2 IPAS1 IPASQ
Default — — — 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name — — — IPBS4 IPBS3 IPBS2 IPBS] IPBS0O
Default — — — 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.
Bits 0 to 4: T1/E1 Insert Port A Select Bits (IPASO to IPAS4).

Bits 8 to 12: T1/E1 Insert Port B Select Bits (IPBSO to IPBS4).
These bits select if clock and data from either of theitwert ports (Insert Port A or Insert Port B) should replace
the clock and data presented at one of the 28 T1 poit§/2t E1 ports. If no port selected, the clock and data

presented at the LTDATA, LTCLKA, LTDATB, and LTCLKBput pins is ignored. The same port should not be

selected for both Insert Port A and Insert Port B.

IPxS4:0

00000 | No Port 01000 Port8 10000 Port 16 11000 Port 24
00001 | Port1 01001 Port9 10001 Port17 11001 Port 25
00010 | Port 2 01010 Port10 10010 Port18 11010 Port 26
00011 | Port3 01011 Port11l 10011 Port19 11011 Port 27
00100 | Port4 01100 Port12 10100 Port 20 11100 Port 28
00101 | Port5 01101 Port13 10101 Port21 11101 No Port
00110 | Port 6 01110 Port 14 10110 Port 22 11110 No Port
00111 | Port7 01111 Port15 10111 Port 23 11111 No Port
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8 BERT
The BERT block can generatecadetect the fowing patterns:

« Pseudorandom pattern§-21, 2*- 1, 2°- 1, and QRSS

e A repetitive pattern from to 32 bits in length

o Alternating (16-bit) words thdtip every 1 to 256 words
The BERT receiver has a 32-bit bit counter and @iR4rror counter. It camenerate interrupts on
detecting a bit error, a changesynchronization, or if an overflow ougrs in the bit and error counters.
See Sectior8.1 for details on status bits and interrupts from the BERT block. To activate the BERT
block, the host must configure the BERT muia the BERT mux control register (Secti®ri). Data can
be routed to the receive side o€ tBERT from either the T3/E3 framer from one of the 28 T1 or 16/21
E1 receive ports. Data from the transmit side of the BERT can be inserted either into the T3/E3 framer or
into one of the 28 T1 dr6/21 E1 transmit ports. Ségure 1-landFigure 1-2for a visual description of
where data to and from the BERT can be placed.

8.1 BERT Register Description

Register Name: BERTMC

Register Description: BERT Mux Control Register

Register Address: Ox6Eh

Bit # 7 6 5 4 3 2 1 0
Name — — — RBPS4 | RBPS3 RBPS2 RBPS1| RBPSO
Default — — — 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name — — — TBPS4 TBPS3 TBPSZ TBPS|L TBPS
Default — — — 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 4: Receive BERT Port Select Bits 0 to 4 (RBPSO to RBPS#hese bits determine if data from any of
the 28 T1 or 16/21 E1 receive ports or the T3/E3 rededreer (with or without the overhead bits) will be routed
to the receive side of the BERT. If these bits are sétlid®1, only the T3/E3 payload data will be routed to the
receive BERT. If these bits are set to 11110, all T3/E3 @et@oad and the overhead bits) will be routed to the
receive BERT.

RBPS4.0

00000 | No Data 01000 Port8

00001 | Port1 01001 Port9

00010 | Port2 01010 Port 10

00011 | Port3 01011 Port1l

00100 | Port4 01100 Port12

00101 | Port5 01101 Port 13

00110| Port6 01110 Port 14

00111 | Port7 01111 Port15

10000 | Port 16 11000 Port 24

10001 | Port 17 11001 Port 25

10010 | Port 18 11010 Port 26

10011 | Port 19 11011 Port 27

10100 | Port 20 11100 Port 28

10101 | Port21 11101 T3/E3 Framer (payload bits only)
10110 | Port 22 11110 T3/E3 Framer (payload + overhead bijts)
10111 | Port 23 11111 lllegal State
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Bits 8 to 12: Transmit BERT Port Sdect Bits 0 to 4 (TBPSO to TBPS4)These bits determine if the transmit
BERT will be used to replace the normal transmit data gnofnhe 28 T1 or 16/21 E1 transmit ports or at the
T3/E3 transmit formatter. If these bits are set to 1110, fleam the transmit BERT is only placed in the payload
bit positions of the T3/E3 data stream. If these bitssatdo 11110, then data from the transmit BERT is placed
into all bit positions of the T3/E3 dastream (payload and the overhead bits).

TBPS4:0

00000 | No Data 01000 Port8

00001 | Port1l 01001 Port9

00010 | Port 2 01010 Port10

00011 | Port3 01011 Port1l

00100 | Port4 01100 Port12

00101 | Port5 01101 Port13

00110 | Port6 01110 Port14

00111 | Port7 01111 Port15

10000 | Port 16 11000 Port 24

10001 | Port 17 11001 Port 25

10010 | Port 18 11010 Port 26

10011 | Port 19 11011 Port 27

10100 | Port 20 11100 Port 28

10101 | Port21 11101 T3/E3 Framer (payload bits only)
10110 | Port 22 11110 T3/E3 Framer (payload + overhead bjts)
10111 | Port 23 11111 lllegal State
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Register Name:
Register Description:

Register Address: 70h

Bit # 7 6 5 4 3 2 1 0
Name PBS TINV RINV PS2 PS1 PSO LC RESYNC
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name IESYNC IEBED IEOF n/a RPL3 RPL2 RPL1 RPL(
Default 0 0 0 - 0 0 0 0

BERTCO
BERT Control Register 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit O: Force Resynchronization (RESYNC).A low to high transition will force the receive BERT synchronizer
to resynchronize to the incoming data stream. ThisHhould be toggled from low to high whenever the host
wishes to acquire synchronization on a new pattdiost 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 host accessible registers BERTBC and BERTEC andsdleainternal count. This bit should be toggled from
low to high whenever the host wishes to begin a neguiaition period. Must be cleared and set again for a

subsequent loads.

Bits 2 to 4: Pattern Select Bits 0 (PSO to PS2).
If PBS = 0:

000 = Pseudorandom Pattern 42 (ANSI T1.403-1999 Annex B)

001 = Pseudorandom Pattefi 21 (ITU 0.153)
010 = Pseudorandom Pattefii 21 (ITU 0.151)

011 = Pseudorandom Pattern QRSS (2E20 - 1 with $ooted if the next 14 positions are zero)

100 = Repetitive Pattern

101 = Alternating Word Pattern
110 = lllegal State

111 = lllegal State

If PBS = 1:

000 = Psuedorandom Pattern 4

001 = Pseudorandom Pattef 21 (non-QRSS)
010 = Pseudorandom Pattefi 21 (ITU O.151)
011 = lllegal State

10X = lllegal State (X=0or 1)

11X = lllegal State (X =0 or 1)

Bit 5: Receive Invert Data Enable (RINV).
0 = do not invert the incoming data stream
1 = invert the incoming 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: Pattern Bank Select (PBS)
0 = PS[2:0] select a pattern from Pattern Bank 0
1 = PS[2:0] select a pattern from Pattern Bank 1
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Bits 8 to 11: Repetitive Pattern Length Bits 5 (RPLO to RPL3)RPLO is the LSB and RPL3 is the MSB of a
nibble that describes the how long the repetitive pattefirhisvalid range is 17 (0000) to 32 (1111). These bits are
ignored if the receive BERT is programmed for aupgeeandom pattern. To create repetitive patterns less than 17
bits in length, the user must set the length to an integebewaof the desired length that is less than or equal to 32.
For example, to create a 6-bit pattern, the user caneskdrtgth to 18 (0001) or to 24 (0111) or to 30 (1101).

Repetitive Pattern Length Map

Length Code Length Code Length Code Length Code

17 Bits 0000 18 Bits 0001 19 Bits 0010 20 Bits 0011
21 Bits 0100 22 Bits 0101 23 Bits 0110 24 Bits 0111
25 Bits 1000 26 Bits 1001 27 Bits 1010 28 Bits 1011
29 Bits 1100 30 Bits 1101 31Bits 1101 32Bits 1111

Bit 13: Interrupt Enable for Counter Overflow (IEOF). Allows the receive BERT toause an interrupt if either
the Bit Counter or the Error Counter overflo&sgure 8-1.

0 = interrupt masked

1 = interrupt enabled

Bit 14: Interrupt Enable for Bit Error Detected (IEBED). Allows the receive BERT to cause an interrupt if a bit
error is detected{gure 8-).

0 = interrupt masked
1 = interrupt enabled

Bit 15: Interrupt Enable for Change of Synchronization Status (IESYNC).Allows the receive BERT to cause
an interrupt if there is a change of state in the synchronization status (i.e., the receive BERT either goes into or out

of synchronization)Kigure 8-J.
0 = interrupt masked

1 = interrupt enabled
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Register Name:

Register Description:

BERTC1
BERT Control Register 1

Register Address: 72h

Bit # 7 6 5 4 3 2 1 0
Name EIB2 EIB1 EIBO SBE — — — TC
Default — 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name AWC7 AWC6 AWC5 AWC4 | AWC3 AWC2 AWC1 AWCO
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: Transmit Pattern Load (TC). A low to high transition loads thpattern generator with Repetitive or
Pseudorandom pattern that is to denerated. This bit should be toggledm low to high whenever the host
wishes to load a new pattern. Must be @daaind set again for a subsequent loads.

Bit 4. Single Bit Error Insert (SBE). A low to high transition will create a single bit error. Must be cleared and
set again for a subsequent bit error to be inserted.

Bits 5 to 7: Error Insert Bits (EIBO to EIB2). Will automatically insert bit errorat the prescribed rate into the
generated data pattern. Useful ¥erifying error detection operation.

EIB2 EIB1 EIBO ERROR RATE INSERTED
0 0 0 No errors automatically inserteg
0 0 1 10" (1 error per 10 bits)
0 1 0 10 (1 error per 100 bits)
0 1 1 10’ (1 error per 1kbits)
1 0 0 10" (1 error per 10kbits)
1 0 1 10’ (1 error per 100kbits)
1 1 0 1@ (1 error per 1Mbits)
1 1 1 10’ (1 error per 10Mbits)

Bits 8 to 15: Alternating Word Count Rate (AWCO to AWC7). When the BERT is programmed in the
alternating word mode, the word in BERTRPO will be traitteh for the count loaded intiis register plus one,
then flip to the other word loaded in BERTRP1 andilagepeat for the same number of times. The valid count
range is from 00h to FFh.

AWC VALUE ALTERNATING COUNT ACTION
00h Send the word in BERTRRGime followed by the word in BERTRPILtime...
01lh Send the word in BERTRRGimes followed by the word in BERTRRtimes...
02h Send the word in BERTRBGimes followed by the word in BERTRRItimes...
06h Send the word in BERTRRQimes followed by the word in BERTRFltimes...
07h Send the word in BERTRRGimes followed by the word in BERTRRitimes...
FFh Send the word in BERTRRG6times followed by the word in BERTRR2b6times...
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Register Name: BERTRPO

Register Description: BERT Repetitive Pattern O (lower word)

Register Address: 74h

Bit # 7 6 5 4 3 2 1 0

Name RP7 RP6 RP5 RP4 RP3 RP2 RP1 RPO
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8

Name RP15 RP14 RP13| RP12 RP11 RP10 RP9 RP8
Default 0 0 0 0 0 0 0 0
Register Name: BERTRP1

Register Description: BERT Repetitive Pattern 1 (upper word)

Register Address: 76h

Bit # 7 6 5 4 3 2 1 0
Name RP23 RP22 RP21 RP20 RP19 RP18 RPL7 RR16
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name RP31 RP30 RP29 RP28 RP27 RP26 RP25 RR24
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 31: BERT Repetitive Pattern Set (RPO to RP31RPO is the LSB and RP31 is the MSB. These registers
must be properly loaded for the BERT to properly geteeand synchronize tdtker a repetitive pattern, a
pseudorandom pattern, or a alternatimgrd pattern. For a repetitive patterraths less than 17 bits, then the
pattern should be repeated so that all 32 bits are tos@elscribe the pattern. For example, if the pattern was the
repeating 5-bit pattern ...01101... (whetghtmost bit is one sent first amdceived first) then BERTRPO should

be loaded with xB5AD and BERTRP1 should be loaded with xX5AD6. For a pseudorandom pattern, both registers
should be loaded with all ones (i.e., XFFFF). For anrradteng word pattern, one word should be placed into
BERTRPO and the other word should be placed into BERTRBr example, if the DDS stress pattern “7E” is to

be described, the user would place x0000 in BERTRPO and x7E7E in BERTRP1 and the alternating word counter
would be set to 50 (decimal) to allow 100 bytes df @ifllowed by 100 bytes of 7Eh to be sent and received.
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Register Name:

Register Description:

BERTBCO

BERT 32-Bit Bit Counter (lower word)

Register Address: 78h

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
Bit # 15 14 13 12 11 10 9 8
Name BBC15 BBC14 BBC13 BBC12 BBC11 BBC10 BBC9 BBC8
Default 0 0 0 0 0 0 0 0
Register Name: BERTBC1

Register Description: BERT 32-Bit Bit Counter (upper word)

Register Address: 7Ah

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
Bit # 15 14 13 12 11 10 9 8
Name BBC31 BBC30 BBC29 BBC28 BBC27 BBC26 BBC25 BBC24
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 31: BERT 32-Bit Bit Counter (BBCO to BBC31).This 32-bit counter will inrement for each data bit

(i.e., clock received). This counter is not disabled wherréiceive BERT loses synchronization. This counter can

be cleared by toggling the LC control bit in BERTCO. Tdosinter saturates and will n@ilover. Upon saturation,

the BBCO status bit in the BERTECO register will be $ats error counter starts counting when the BERT goes
into receive synchronization (RLOS = 0 or SYNC = 1) and it will not stop counting when the BERT loses
synchronization. It is recommended that the host totfygeLC bit in BERTCO register once the BERT has
synchronized and then toggle the LC bit again whenettior-checking period is complete. If the device loses

synchronization during this period, then the counting results are suspect.
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Register Name:

Register Description:

BERTECO

BERT 24-Bit Error Counter (lower) and Status Information

Register Address: 7Ch

Bit # 7 6 5 4 3 2 1 0
Name — RA1 RAO RLOS BED BBCO BECO SYNC
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name BEC7 BEC6 BEC5 BEC4 BEC3 BEC2 BEC1 BECO
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: Real-Time Synchronization Status (SYNC)Read-only real-time status of the synchronizer (this bit is not
latched). Will be set when the incoming pattern matche8Zaconsecutive bit positiongVill be cleared when six
or more bits out of 64 are received in error.

Bit 1: BERT Error Counter Overflow (BECO). A latched read-only event-status bit that is set when the 24-bit
BERT Error Counter (BEC) saturates. Cleared when agadwill not be set again until another overflow occurs
(i.e., the BEC counter must be cleared and allowed ¢oflow again). The setting of this status bit can cause a
hardware interrupt to occur if the IEOF bit in BERT GohRegister O is set to a one and the BERT bit in the
Interrupt Mask for MSR (IMSR) register is set to a one. The interrupt will be allowed to clear when this bit is read

(Figure 8-1.

Bit 2: BERT Bit Counter Overflow (BBCO). A latched read-only event-status bit that is set when the 32-bit
BERT Bit Counter (BBC) saturates. Cleared when readndlhdot be set again until another overflow occurs (i.e.,

the BBC counter must be cleared and allowed to overBigain). The setting of this status bit can cause a
hardware interrupt to occur if the IEOF bit in BERT GohRegister O is set to a one and the BERT bit in the
Interrupt Mask for MSR (IMSR) register is set to a one. The interrupt will be allowed to clear when this bit is read

(Figure 8-).

Bit 3: Bit Error Detected (BED). A latched read-only event status bit tlsaset when a bit error is detected. The
receive BERT must be in synchronization for it to debdicerrors. This bit will becleared when read. The setting

of this status bit can cause a hardware interrupt to octhue HEEBED bit in BERT Control Register O is set to a one
and the BERT bit in the Interrupt Mask for MSR (IMSRyjister is set to a one. The interrupt will be allowed to
clear when this bit is rea&igure 8-).

Bit 4: Receive Loss Of Synchronization (RLOS)A latched read-only alarm-status bit that is set whenever the
receive BERT begins searching for a pattern. Once synchtiomia achieved, this bit will remain set until read.
A change in this status bit (i.e., the synchronizer goesomtmt of synchronization) can cause a hardware interrupt
to occur if the IESYNC bit in BERT Control Register Osit to a one and the BERT bit in the Interrupt Mask for
MSR (IMSR) register is set to a one. The interruifitlve allowed to clear when this bit is redeédure 8-).

Bit 5: Receive All Zeros (RAO0).A latched read-only alarm-status biathis set when 31 consecutive zeros are
received. Allowed to be cleared once a one is received.

Bit 6: Receive All Ones (RA1).A latched read-only alarm-status biaiths set when 31 consecutive ones are
received. Allowed to be cleared once a zero is received.

Bits 8 to 15: BERT 24-Bit Error Counter (BECO to BEC7). Lower byte of the 24-bit counter. See the
BERTEC1 register description for details.
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Figure 8-1. BERT Status Bit Flow
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NOTE: ALL EVENT AND ALARM LATCHES ABOVE ARE CLEARED WHEN THE BERTECO REGISTER IS READ

Register Name: BERTEC1

Register Description: BERT 24-Bit Error Counter (upper)

Register Address: 7Eh

Bit # 7 6 5 4 3 2 1 0
Name BEC15 BEC14 BEC13 BEC12 BEC11 BEC10 BEC9 BEC8
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name BEC23 BEC22 BEC21 BEC20 BEC19 BEC18 BEC17 BEC16
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 15: BERT 24-Bit Error Counter (BEC8 to BEC23).Upper two bytes of the 24-bit counter. This 24-bit
counter will increment for each data bit received in error. This counter is not disabled when the receive BERT loses
synchronization. This counter can be cleared by toggling the LC control bit in BERTBCO. This counter saturates
and will not rollover. Upon saturation, the BECO statusrbihe BERTECO register will be set. This error counter
starts counting when the BERT goes into receive synchronization (RLOS = 0 or SYNC = 1) and it will not stop
counting when the BERT loses synchronization. It is recommended that the host toggle the LC bit in BERTCO
register once the BERT has synchronized and thendadbgl LC bit again when the error checking period is

complete. If the device loses synchronization during this period, then the counting results are suspect.
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9 HDLC CONTROLLER

The DS3112 contains an on-board HDLC controlgth 256-byte buffers in both the transmit and
receive paths. When the device is operated iTghenode, the HDLC controller is only active in the C-
Bit Parity mode. When the device is operatedh@ E3 mode, the user hdee option to connect the
HDLC controller to the Sn bit positin. On the receive side, the HDLC catier is always connected to
the receive E3 framer. If the host doegt wish to use the HDLC controller for the Sn bit, then the status
updates provided by the HDLC controller are ignoredtt@ntransmit side, the host selects the source of
the Sn via the E3SnCO0 and E3SnC1 contidtsin the T3/E3 Control Register (Secti®gR).

9.1 Receive Operation

On reset, the receive HDLC controller will flush the receive FIFO and begin searching for a new
incoming HDLC packet. The receive HDLC controller performs a bit by bit search for a HDLC packet
and when one is detected, it will zero destuff thenmog data stream and automatically byte align to it
and place the incoming bytes as they are receivedhntoeceive FIFO. The first byte of each packet is
marked in the receive FIFO by setting the OpeningeB@QBYTE) bit. Upon detecting a closing flag, the
device will check the 16-bit CRC to see if the packetabd or not and then mark the last byte of the
packet in the receive FIFO by setting the ClosByge (CBYTE) bit. The CRC is not passed to the
receive FIFO. When the CBYTE bit is set, the host @aain the status of the incoming packet via the
Packet Status bits (PS0O and PS1). Incoming packetsecagparated by a singladlor even by two flags

that share a common zero. If the receive FIFO é\ebeyond capacity, the new incoming packet data
will be discarded and the Receive FIFO Overrun (ROMRYus bit will be set. Ifuch a scenario occurs,
then the last packet in the FIFO is suspect andldibe discarded. When an overflow occurs, the receive
HDLC will stop accepting packets untiltieer the FIFO is completely emptied or reset. If the receive
HDLC controller ever detects an incoming abort (seven or more ones in a row), it will set the Receive
Abort Sequence Detected (RABT) simtbit. If an abort sequence detected in the middle of an
incoming packet, then the receive HDLC controlldi set the Packet Status bits accordingly.

The receive HDLC has been designed to minimigedtl-time host support requirements. The receive
FIFO is 256 bytes, which is deepoaigh to store the three T3 packetat(PID, Idle Signal ID, and Test

Signal ID) that can arrive oncesgcond. Hence in T3 applicatiorthe host only needs to access the
receive HDLC once a second to retrieve the three messages. The host will be notified when a new
message has begun (Receive Packet Start statu® Iné received and when a packet has completed
(Receive Packet End status biflso, the host can be notified when the FIFO has filled beyond a
programmable level called the high watermark. The ks read the incoming packet data out of the
receive FIFO a byte at a time. When the receive R&Fnpty, the REMPTY bit in the FIFO will be set.

9.2 Transmit Operation

On reset, the transmit HDLC controller will flushe transmit FIFO and tramit an abort followed by
either 7Eh or FFh (depends on the setting of th8 §ontrol bit) continuously. The transmit HDLC then
waits until there are at least tvinytes in the transmit FIFO befoteginning to send the packet. The
transmit HDLC will automatically add an opening flag of 7Eh to the beginning of the packet and zero
stuff the outgoing data stream. When the transmit @Rontroller detects that the TMEND bit in the
transmit FIFO is set, it will autoatically calculate and add in the 16-bit CRC checksum followed by a
closing flag of 7Eh. If the FIFO is empty, thennitll begin sending either 7Eh or FFh continuously. If
there is some more data in the FIFO, then thiesit HDLC will automatically add in the opening flag
and begin sending the next packetiviB®en consecutive packets, there always at least two flags of
7Eh. If the transmit FIFO ever empties when a paikéting sent (i.e., befe the TMEND bit is set),
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then the transmit HDLC contrelt will send an abort of seven ones in a row (FEh) followed by a
continuous transmission of either 7Eh (flags)Féih (idle) and the Transmit FIFO Underrun (TUDR)
status bit will be set. When the FIFO underruns,ttansmit HDLC controller should be reset by the host.

The transmit HDLC has been designed to minimizeei#d-time host support requirements. The transmit
FIFO is 256 bytes, which is deepoaigh to store the three T3 packetat(PID, Idle Signal ID, and Test

Signal ID) that need to be sent once a second. Hantg applications, the host only needs to access the
transmit HDLC once a second to loag the three messages. Once tost has loaded an outgoing
packet, it can monitor the Transmit Packet End (TEBi2)us bit to know when the packet has finished
being transmitted. Also, the host can be notified when the FIFO has emptied below a programmable level
called the low watermark. The host must never oveHél FIFO. To keep this from occurring, the host

can obtain the real-time depth of the transmit FIF®tkie Transmit FIFO Level bits in the HDLC Status
Register (HSR).

9.2 HDLC Control and FIFO Register Description

Register Name:
Register Description:

HCR
HDLC Control Register

Register Address: 80h

Bit # 7 6 5 4 3 2 1 0
Name — RHR THR TFS — TCRCI TZSD TCRCD
Default — 0 0 0 — — 0 0

Bit # 15 14 13 12 11 10 9 8
Name RHWMS2 | RHWMS1| RHWMSO TLWMS2 | TLWMS1 | TLWMSO0 RID TID
Default 0 0 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: Transmit CRC Defeat (TCRCD). When this bit is set low, thelDLC will automatically calculate and
append the 16-bit CRC to the outgoing HDh@ssage. When this bit is set high, the device will not append the
CRC to the outgoing message.

0 = enable CRC generation (normal operation)

1 = disable CRC generation

Bit 1: Transmit Zero Stuffer Defeat (TZSD). When this bit is set low, thdDLC will automatically enable the
zero stuffer in between the opening and closing flagseoHIDLC message. When this bit is set high, the device
will not enable the zero stuffer under any condition.

0 = enable zero stuffer (normal operation)

1 = disable zero stuffer

Bit 2: Transmit CRC Invert (TCRCI). When this bit is set low, the HEL will allow the CRC to be generated
normally. When this bit is set high, the device will invdrtlé bits of the generated CRC. This bit is ignored when
the CRC generation is disabled (TCRCD = 1). Hiigs useful in testing HDLC operation.

0 = do not invert the generated CRC (normal operation)

1 = Invert the generated CRC

Bit 4: Transmit Flag/Idle Select (TFS).This control bit determines whethiégs or idle bytes will be transmitted
in between packets.

0 = 7Eh (flags)

1 = FFh (idle)
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Bit 5: Transmit HDLC Reset (THR). A zero to one transition will reset the Transmit HDLC controller. Must be
cleared and set again for a subsequent reset. A reséuslillthe current contents of the transmit FIFO and cause
one FEh abort sequence (7 ones is a row) to be sent fdlloyveither 7Eh (flags) or FFh (idle) until a new packet
is initiated by writing new data (at least 2 bytes) into the FIFO.

Bit 6: Receive HDLC Reset (RHR).A zero to one transition will resetédlReceive HDLC controller. Must be
cleared and set again for a subsequent reset. A resetusill tthe current contents of the receive FIFO and cause
the receive HDLC controller to begin searching for a new incoming HDLC packet.

Bit 8: Transmit Invert Data (TID). The control bit determines whether aflthe data from the HDLC controller
(including flags and CRC checksum) will be inverted after processing.

0 = do not invert data (normal operation)

1 =invert all data

Bit 9: Receive Invert Data (RID). The control bit determines whether all of the data into the HDLC controller
(including flags and CRC checksum) will be inverted before processing.

0 = do not invert data (normal operation)

1 =invert all data

Bits 10 to 12: Transmit Low Watermark Select Bits (TLWMSO0 to TLWMSZ2). These control bits determine
when the HDLC controller should set the TLWM status bit in the HDLC Status Register (HSR). When the transmit
FIFO contains less than the numbebypfes configured by these bits, fhieWM status bit will be set to a one.

TRANSMIT LOW
TLWMS2 | TLWMS1 | TLWMSO WATERMARK (bytes)
0 0 0 16
0 0 1 48
0 1 0 80
0 1 1 112
1 0 0 144
1 0 1 176
1 1 0 208
1 1 1 240

Bits 13 to 15: Receive High Watermark Select Bits (RHWMSO0 to RHWMS2)These control bits determine
when the HDLC controller should set the RHWM statusrbihe HDLC Status Register (HSR). When the receive
FIFO contains more than the number of bytes confighyeithese bits, the RHWM status bit will be set to a one.

RECEIVE HIGH
RHWMS2 | RHWMS1 | RHWMSO WATERMARK (bytes)
0 0 0 16
0 0 1 48
0 1 0 80
0 1 1 112
1 0 0 144
1 0 1 176
1 1 0 208
1 1 1 240
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Register Name: RHDLC

Register Description: Receive HDLC FIFO

Register Address: 82h

Bit # 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
Default — — — — — — —

Bit # 15 14 13 12 11 10 9 8
Name — — — — PS1 PSO CBYTE | OBYTE
Default — — — — — — — —

Note 1: When the CPU busis operated in the 8-bit mode (CMS= 1), the host should always read the lower byte (bits 0 to 7) first followed by
the upper byte (bits 8 to 15). Bitsthat are underlined are read-only; all other bits are read-write.

Note 2: Packets with three or fewer bytes (including the CRC FCS) in between flags are invalid and the data that appearsin the FIFO in
such instances is meaningless. If only one byte is received between flags, then both the CBYTE and OBYTE hitswill be set. If two bytes are
received, then OBYTE will be set for thefirst one received and CBYTE will be set for the second byte received. If three bytes are received,
then OBYTE will be set for the first one received and CBYTE will be set for the third byte received. In all of these cases, the packet status
will be reported as PS0 = 0/PSL = 1 and the data in the FIFO should be ignored.

Bits 0 to 7: Receive FIFO Data (DO to D7)Data from the Receive FIFO can be read from these bits. DO is the
LSB and is received first while D7 is the MSB and is received last.

Bit 8: Opening Byte (OBYTE). This bit will be set to a one when the bgteilable at the DO to D7 bits from the
Receive FIFO is the first byte of a HDLC packet.

Bit 9: Closing Byte (CBYTE). This bit will be set to a one when the byte available at the DO to D7 bits from the
Receive FIFO is the last byte of a HDLC packet whethemacket is valid or nothe host can use the PSO and
PS1 bits to determine if the packet is valid or not.

Bits 10 and 11: Packet Status Bits 0 and 1 (PSO and PSIhese bits are only valid when the CBYTE bit is set
to a one. These bits inform the host of the validity @f ithcoming packet and the cause of the problem if the
packet was received in error.
PACKET
PS1 PSO REASON FOR INVALID RECEPTION OF THE PACKET
STATUS

Valid —

Invalid CorrupCRC
Incoming packet was either too short (three or fewer bytes including the CRC) or
did not contain an integral number of octets

Invalid Abort sequence detected

Invalid

= = |O|O
= O kO
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Register Name:

Register Description:

THDLC
Transmit HDLC FIFO

Register Address: 84h

Bit # 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
Default 0 0 0 0 0 0 0 0
Bit # 15 14 13 12 11 10 9 8
Name — — — — — — — TMEND
Default — — — — — — — 0

Note 1: When the CPU bus is operated in the 8-bit mode (CMS= 1), the host should always write to the lower byte (bits 0 to 7) first followed
by the upper byte (bits 8 to 15).

Note 2: The THDLC isawrite-only register.

Note 3: The Transmit FIFO can be filled to a maximum capacity of 256 bytes. When the Transmit FIFO is full, it will not accept any
additional data.

Bits 0 to 7: Transmit FIFO Data (DO to D7).Data for the Transmit FIFO can be written to these bits. DO is the
LSB and is transmitted first while 0% the MSB and is transmitted last.

Bit 8: Transmit Message End (TMEND).This bit is used to delineate multiple messages in the Transmit FIFO. It
should be set to a one when the last byte of a pasketitten to the Transmit FIFO. The setting of this bit
indicates to the HDLC controller thatethmessage is complete and thashbuld calculate and add in the CRC
checksum and at least two flags. This bit should be set to zero for all other data written to the FIFO. All HDLC
messages must be at least 2 bytes in length.

9.3 HDLC Status and Interrupt Register Description

HSR
HDLC Status Register

Register Name:
Register Description:

Register Address: 86h

Bit # 7 6 5 4 3 2 1 0
Name TUDR RPE RPS RHWM — TLWM — TEND
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name RABT | REMPTY| ROVR | TEMPTY TFL3 TFL2 TFL1 TFLO
Default — — — — — — — —

Note: See Figure 9-1 for details on the signal flow for the status bits in the HSR register. Bits that are underlined are read-only; all other
bits are read-write.

Bit 0: Transmit Packet End (TEND). This latched read-only event-statis will be set to a one each time the
transmit HDLC controller reads a transmit FIFO byte it corresponding TMEND bit set or if a FIFO underrun
occurs. This bit will be cleared when read and will betset again until another message end is detected. The
setting of this bit can cause a hardware interruptctuioif the TEND bit in the herrupt Mask for HSR (IHSR)
register is set to a one and the HDLC bit in the IomriMask for MSR (IMSR) register is set to a one. The
interrupt will be allowed to clear when this bit is read.

Bit 2: Transmit FIFO Low Watermark (TLWM). This read-only real time status bit will be set to a one when
the transmit FIFO contains less than the numbeboybés configured by the Transmit Low Watermark Setting
control bits (TLWMSO0 to TLWMS?2) in the HDLC Control Retgr (HCR). This bit will be cleared when the FIFO
fills beyond the low watermark. The setting of this bit canse a hardware interruptoccur if the TLWM bit in

the Interrupt Mask for HSR (IHSR) register is setatmne and the HDLC bit in the Interrupt Mask for MSR
(IMSR) register is set to a one.
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Bit 4: Receive FIFO High Watermark (RHWM). This read-only real-time status bit will be set to a one when the
receive FIFO contains more than the number of bytedigured by the Receive High Watermark Setting control
bits (RHWMSO to RHWMS?2) in the HDLC Control Regist(HCR). This bit will be cleared when the FIFO
empties below the high watermark. The setting of thisditcause a hardware interrupt to occur if the RHWM bit
in the Interrupt Mask for HSR (IHSR) register is seatone and the HDLC bit in the Interrupt Mask for MSR
(IMSR) register is set to a one.

Bit 5: Receive Packet Start (RPS)This latched read-only event-statois will be set to a one each time the

HDLC controller detects an opening byte of an HDLC pacKais bit will be cleared when read and will not be set

again until another message is detected. The setting of this bit can cause a hardware interrupt to occur if the RPS bit
in the Interrupt Mask for HSR (IHSR) register is seatone and the HDLC bit in the Interrupt Mask for MSR
(IMSR) register is set to a one. The interrujt be allowed to clear when this bit is read.

Bit 6: Receive Packet End (RPE)This latched read-only event-statutvill be set to a one each time the HDLC
controller detects the finish of a message whether the packet is valid (CRC correct) or not (bad CRC, abort
sequence detected, packet too small, not an integral mwhloetets, or an overrun occurred). This bit will be
cleared when read and will not be set again until anotlkssage end is detected. Thitisg of this bit can cause a
hardware interrupt to occur if thePE bit in the Interrupt Mask for HSR (8R) register is set to a one and the
HDLC bit in the Interrupt Mask for MSR (IMSR) registergst to a one. The interrupt will be allowed to clear
when this bit is read.

Bit 7: Transmit FIFO Underrun (TUDR). This latched read-only event-status bit will be set to a one each time
the transmit FIFO underruns and an abort is automatically sent. This bit will be cleared when read and will not be
set again until another underrun occurs (i.e., the FI&Obeen written to and then allowed to empty again). The
setting of this bit can cause a hardware interrupt tora€¢bhe TUDR bit in the Interrupt Mask for HSR (IHSR)
register is set to a one and the HDLC bit in the IomriMask for MSR (IMSR) register is set to a one. The
interrupt will be allowed to clear when this bit is read.

Bits 8 to 11: Transmit FIFO Level Bits 0 to 3 (TFLO to TFL3).These read-only real-time status bits indicate the
current depth of the transmit FIFO with a 16-byte resmhu These status bits cannot cause a hardware interrupt.

TFL3 TFL2 TFL1 TFLO TRANSMIT FIFO LEVEL
0 0 0 0 emptyo 15 bytes
0 0 0 1 160 31bytes
0 0 1 0 320 47 bytes
0 0 1 1 480 63 bytes
0 1 0 0 640 79 bytes
0 1 0 1 800 95 bytes
0 1 1 0 9@0 111bytes
0 1 1 1 112 to 127 bytes
1 0 0 0 128 to 143 bytes
1 0 0 1 144 to 159 bytes
1 0 1 0 160 to 175 bytes
1 0 1 1 176 to 191 bytes
1 1 0 0 192 to 207 bytes
1 1 0 1 208 to 223 bytes
1 1 1 0 224 to 239 bytes
1 1 1 1 240 to 256 bytes

Bit 12: Transmit FIFO Empty (TEMPTY). This read-only real-time status bit will be set to a one when the
transmit FIFO is empty. It will be cleared when the transmit FIFO contains one or more bytes. This status bit
cannot cause a hardware interrupt.

Bit 13: Receive FIFO Overrun (ROVR). This latched read-only event-stahiswill be set to a one each time the
receive FIFO overruns. This bit will be cleared when raad will not be set again until another overrun occurs
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(i.e., the FIFO has been read from and then allowed to fill up againséltieg of this bit can cause a hardware
interrupt to occur if the ROVR bit in the Interrupt Mask HSR (IHSR) register is set to a one and the HDLC bit
in the Interrupt Mask for MSR (IMSR) register is set to a. die interrupt will be allowed to clear when this bit is
read.

Bit 14: Receive FIFO Empty (REMPTY). This real-time bit will be set to a one when the Receive FIFO is empty
and will be set to a zero when the Receive FIFO is not empty.

Bit 15: Receive Abort Sequence Detected (RABTXhis latched read-only event-status bit will be set to a one

each time the receive HDLC controller detects seven oe mioes in a row during packet reception. If the receive
HDLC is not currently receiving a packéten seven or more ones in a row widlt trigger this status bit. This bit

will be cleared when read and will not be set again untilremabort is detected (at least one valid flag must be
detected before another abort can be detected). The setting of this bit can cause a hardware interrupt to occur if the
RABT bit in the Interrupt Mask for HSR (IHSR) registeiset to a one and the HDLC bit in the Interrupt Mask for

MSR (IMSR) register is set to a one. The interruifitlve allowed to clear when this bit is read.
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Figure 9-1. HSR Status Bit Flow
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Register Name:

Register Description:

IHSR

Interrupt Mask for HDLC Status Register

Register Address: 88h

Bit # 7 6 5 4 3 2 0
Name TUDR RPE RPS RHWM — TLWM TEND
Default 0 0 0 0 — 0 0
Bit # 15 14 13 12 11 10 8
Name RABT — ROVR — — — —
Default 0 — 0 — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: Transmit Packet End (TEND).

Bit 2: Transmit FIFO Low Watermark (TLWM).
0 = interrupt masked
1 = interrupt unmasked

Bit 4: Receive FIFO High Watermark (RHWM).
0 = interrupt masked
1 = interrupt unmasked

0 = interrupt masked
1 = interrupt unmasked

Bit 5: Receive Packet Start (RPS).

0 = interrupt masked
1 = interrupt unmasked

Bit 6: Receive Packet End (RPE).

0 = interrupt masked
1 = interrupt unmasked

Bit 7: Transmit FIFO Underrun (TUDR).

0 = interrupt masked
1 = interrupt unmasked

Bit 13: Receive FIFO Overrun (ROVR).

0 = interrupt masked
1 = interrupt unmasked

Bit 15: Receive Abort Sequence Detected (RABT).

0 = interrupt masked
1 = interrupt unmasked
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10 FEAC CONTROLLER

The DS3112 contains an onboard FEAC controllerelvthe device is operated in the T3 mode, the
FEAC controller is only active in the C-Bit Parity Mod&hen the device is operated in the E3 mode, the
user has the option to caeut the FEAC controller to the Sn pibsition. On the recee side, the FEAC
controller is always connected to the receive E@ngr. If the host does not wish to use the FEAC
controller for the Sn bit, then the status updatewiged by the FEAC contler are ignored. On the
transmit side, the host selects the source of the SheiB3SnCO and E3SnC1 controls bits in the T3/E3
Control Register (Sectioh.2).

The DS3112 can both detect and generate Far EaxtnACodewords (FEAC). The FEAC codeword is a
repeating 16 bit pattern of the form ...Oxxxxxx011111111.erevlihe rightmost bit is transmitted first.
The FEAC codeword must be transmitted at tlel3 times. When no FEAC codeword is being
transmitted, the data pattern should be forced to all ones.

The receive FEAC detector does a bit by bit searcla fdata pattern of therdm of a FEAC codeword.
Once found, the receive FEAC detacvalidates incoming codewords bigecking to see that the same
codeword is found in three conséea opportunities. Once validated, adeword is considered no longer
present when it is received incorrectly twice iroa. Once a codeword is validated, the Receive FEAC
Codeword Detect (RFCD) status @tset and the codeword is written into the Receive FEAC FIFO for
the host to read. The host can tise RFCD status to knowhen to read the Receive FEAC FIFO. The
Receive FEAC FIFO is four codewords deep. & tRIFO is full when the receive FEAC detector
attempts to write a new incoming codeword, theslatecoming codeword(s) Wibe discarded and the
Receive FEAC FIFO Overflow [RFO) status bit will be set.

The DS3112 can transmit two different FEAC codewordiss is useful if the host wishes to generate a
Loopback Command which is made up of 10 FEA&ewords that indicate the type of loopback
followed by 10 FEAC codewords that indieathich line is to be looped back.

10.1 FEAC Control Register Description

Register Name: FCR

Register Description: FEAC Control Register

Register Address: 90h

Bit # I 6 5 4 3 2 1 0
Name TFS1 TFSO TFCA5 TFCA4 TFCAS3 TFCA2 TFCA TFCAD
Default 0 0 0 0 0 0 0 0

Bit # 15 14 13 12 11 10 9 8
Name RFR IERFI TFCB5 TFCB4 TFCB3 TFCB2 TFCB TFCB
Default 0 — 0 0 0 0 0 0

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bits 0 to 5: Transmit FEAC Codeword A Data (TFCAO to TFCAS5). The FEAC codeword is of the form
.Oxxxxxx011111111... where the rightmdst is transmitted first. These six bits are the middle six bits of the
second byte of the FEAC codeword (i.e., the six “x” bil$)e device can generate two different codewords and
these six bits represent what will be transmitted for codéwo TFCAO is the LSB and is transmitted first while
TFCAGS is the MSB and is transmitted last. The TFSO and Tdedtrol bits determine ithis codeword is to be
generated. These bits should only be changed when tlsenitafEAC controller is in the idle state (TFSO = 0 and
TFS1 = 0).
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Bits 6 and 7: Transmit FEAC Codeword Select Bits 0 and 1 (TFSO0 and TFSIJhese two bits control what

two available codewords should be generated. Both TRBO'BS1 are edge triggered. To change the action, the
host must go back to the null state (TFSO = TFS1 = 0) before proceeding to the desired action. Wait a minimum of
(10) codewords before changing to out-of-idle state.

TFS1 | TFSO ACTION
0 0 Idle state; do not generate a FEAC codeword (send all ones)
0 1 Send 10 of codeword A followed by all ones
1 0 Send 10 of codeword A followed by 10 of codeword B followed by all ones
1 1 Send codeword A continuously (will be sent for at least 10 times)

Bits 8 to 13: Transmit FEAC Codeword B Data (TFCBO to TFCB5).The FEAC codeword is of the form
..Oxxxxxx011111111... where the rightmdst is transmitted first. These six bits are the middle six bits of the
second byte of the FEAC codeword (i.e., the six “x” bil$)e device can generate two different codewords and
these six bits represent what will be transmitted for cod#\Bo TFCBO is the LSB and is transmitted first while
TFCBS5 is the MSB and is transmitted last. The TFSO and Tde8frol bits determine if this codeword is to be
generated. These bits should only be changed when tisenitdfEAC controller is in the idle state (TFSO = 0 and
TFS1 =0).

Bit 14: Interrupt Enable, Receive FEAC Idle (IERFI). This bit masks or enadd interrupts caused by the
Receive FEAC ldle (RFI) bit in the FSR register.

0 = interrupt masked

1 = interrupt unmasked

Bit 15: Receive FEAC Controller Reset (RFR)A zero to one transition will reset the receive FEAC controller
and flush the Receive FEAC FIFO. This bit mstcleared and set again for a subsequent reset.
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10.2 FEAC Status Register Description

Register Name: FSR

Register Description: FEAC Status Register

Register Address: 92h

Bit # 7 6 5 4 3 2 1 0
Name — — — — — — RFI RFCD
Default — — — — — — — —
Bit # 15 14 13 12 11 10 9 8
Name RFFO RFFE RFF5 RFF4 RFF3 RFF2 RFF1 RFFO
Default — — — — — — — —

Note: Bitsthat are underlined are read-only; all other bits are read-write.

Bit 0: Receive FEAC Codeword Detected (RFCD)This latched read-only event-status bit will be set to a one
each time the FEAC controller has detected and validated a new FEAC codeword. This bit will be cleared when
read and will not be set again until another new codevgotétected. The setting of this bit can cause a hardware
interrupt to occur if the FEAC bit in the Interrupt Mask for MSR (IMSR) register is set to a one. The interrupt will
be allowed to clear when this bit is read.

Bit 1: Receive FEAC Idle (RFI). This latched read-only event status bit will be set to a one each time the FEAC
controller has detected 16 consecutivesofollowing a valid codeword. Thist will be cleared when read. The
setting of this bit can cause a hardware interrupt tora€¢he IERFI bit in the FEAC Control Register (FCR) is
set to one and the FEAC bit in the Interrupt Mask for MSR (IMSR) is set to one.

Bits 8 to 13: Receive FEAC FIFO Data (RFFO to RFF5)Data from the Receive FEAC FIFO can be read from
these bits. The FEAC codeword is of the form ...0xxx@I0L1111... where the rightmost bit is received first.
These six bits are the debounced and integrated middle six bits of the second byte of the FEAC codeword (i.e., the
six “X” bits). RFFO is the LSB and is receivedstiwhile RFF5 is the MSB and is received last.

Bit 14: Receive FEAC FIFO Empty (RFFE). This read-only real time status bit will be set to a one when the
Receive FEAC FIFO is empty and hence the REEARFF5 bits contain no valid information.

Bit 15: Receive FEAC FIFO Overflow (RFFO).This latched read-only event-status bit will be set to a one when
the receive FEAC controller has attempted to writarialready full Receive FEAC FIFO and current incoming
FEAC codeword is lost. This bit will be cleared whead and will not be set again until another FIFO overflow
occurs (i.e., the Receive FEAC FIFO leen read and then fills beyond capacity).
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11 JTAG

The DS3112 device supports the standardrunsbn codes SAMPLE/PRELOAD, BYPASS, and
EXTEST. Optional public instructionsicluded are HIGHZ, CLAMP, IDCODEHgure 11-). The
DS3112 contains the following items that meet tequirements set by the IEEE 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 Test Access Port has the neagsiterface pins, namely JTCLKTRST, JTDI, JTDO, and JTMS.
Details on these pins can be found in Sec®@nDetails on the Boundary Scan Architecture and the Test
Access Port can be found IBEE 1149.1-1990, IEEE 1149.1a-1993, and IEEE 1149.1b-1994.

Figure 11-1. JTAG Block Diagram
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Mux
® > Bypass >
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11.1 TAP Controller State Machine Description

This section describes the operation of trst s&cess port (TAP) controller state machiFiguyre 11-2.
The TAP controller is a finite s@tmachine that responds to the ldgiel at JTMS on the rising edge of

JTCLK.

Figure 11-2. TAP Controller State Machine

Test-Logic-Reset

Run-Test/Idle

'
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11.1.1 Test-Logic-Reset

Upon power-up of the DS3112, the TAP controller willibehe Test-Logic-Reset state. The Instruction
register will contain the IDCODImnstruction. All system logic on the DS3112 will operate normally.

11.1.2 Run-Test-ldle

Run-Test-ldle is used between sagerations or during specific tese Instruction register and Test
register will remain idle.

11.1.3 Select-DR-Scan

All test registers retain their previous state. WittMS low, a rising edge JTCLK moves the controller
into the Capture-DR state and will initiate a scan secgeleJTMS high moves the controller to the Select-
IR-SCAN state.

11.1.4 Capture-DR

Data can be parallel-loaded into the Test Datgisters selected by the current instruction. If the
instruction does not call for a parallebd or the selected register does not allow parallel loads, the Test
register will remain at its current value. On th&ng edge of JTCLK, the controller will go to the Shift-
DR state if JTMS is low or it will go tthe Exit1-DR state if JTMS is high.

11.1.5 Shift-DR

The Test Data register selected by the currentucisbn will be connected between JTDI and JTDO and
will shift data one stage towards #srial output on each rising edge ofCIK. If a Test register selected
by the current instruction is not placed in theadgoath, it will maintain its previous state.

11.1.6 Exit1-DR

While in this state, a rising edge on JTCLK wifiMS high will put the controller in the Update-DR
state, which terminates the scanning processisihg edge on JTCLK with JTMS low will put the
controller in the Pause-DR state.

11.1.7 Pause-DR

Shifting of the Test registers is halted while in tbtate. All Test registers selected by the current
instruction will retain their previoustate. The controller will remain ihis state while JTMS is low. A
rising edge on JTCLK with JTMS high will pthe controller in the Exit2-DR state.

11.1.8 Exit2-DR

While in this state, a rising edge on JTCLK witliMS high will put the controller in the Update-DR
state and terminate the scanning process. A risigg en JTCLK with JTMS low will enter the Shift-DR
state.

11.1.9 Update-DR

A falling edge on JTCLK while in the Update-DR state will latch the data from the shift register path of
the Test registers into the data output latches. Tkisepits changes at the parallel output due to changes
in the shift register. A rising edge on JTCLK withM$ low will put the controlr in the Run-Test-Idle
state. With JTMS high, the controlieill enter the Select-DR-Scan state.

11.1.10 Select-IR-Scan

All Test registers retain their previous state. Tingruction register will remain unchanged during this
state. With JTMS low, a rising edge on JTCLK motes controller into the Capture-IR state and will
initiate a scan sequence for the Instruction registTMS high during a risg edge on JTCLK puts the
controller back into th&@est-Logic-Reset state.
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11.1.11 Capture-IR

The Capture-IR state is used to |adhé shift register in the Instruction register with a fixed value. This
value is loaded on the rising edge of JTCLK. If JTMS is high on thegrisiige of JTCLK, the controller
will enter the Exitl-IR state. If JTMS is low on theing edge of JTCLK, the controller will enter the
Shift-IR state.

11.1.12 Shift-IR

In this state, the shift register the Instruction register is connedtbetween JTDI and JTDO and shifts
data one stage for every rising eddelTCLK towards the serial output. The parallel register, as well as
all Test registers remain at their previous statessing edge on JTCLK with JTMS high will move the
controller to the Exitl-IR state. A rising edge orCILK with JTMS low will keep the controller in the
Shift-IR state while moving data one statprough the Instruction shift register.

11.1.13 Exitl-IR

A rising edge on JTCLK with JTMS low will put the corltes in the Pause-IR state. If JTMS is high on
the rising edge of JTCLK, the controller will entthe Update-IR state and terminate the scanning
process.

11.1.14 Pause-IR

Shifting of the Instruction registés halted temporarily. With JTM8igh, a rising edge on JTCLK will
put the controller in the Exit2-IR s&atThe controller will remain ithe Pause-IR state if JTMS is low
during a rising edge on JTCLK.

11.1.15 Exit2-IR

A rising edge on JTCLK with JTMS high will put therdroller in the Update-IR state. The controller
will loop back to the Shift-IR state if JTMS is low during a rising edge of JTCLK in this state.

11.1.16 Update-IR

The instruction shifted into the Instruction shift regisis latched into the parallel output on the falling
edge of JTCLK as the controller enters thisest@nce latched, this instruction becomes the current
instruction. A rising edge on JTCLK with JTMS lowilmput the controller in the Run-Test-Idle state.
With JTMS high, the controller wiknter the Select-DR-Scan state.
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11.2 Instruction Register and Instructions

The Instruction register cains a shift register as well as a lattiparallel outpuaind is 3 bits in length.
When the TAP controller enters theif6hR state, the instrction shift register wilbe connected between
JTDI and JTDO. While in the Shift-IR state, amigiedge on JTCLK with JTMS low will shift data one
stage towards the serial output at JTDO. A risidgeecon JTCLK in the Exitl-IR state or the Exit2-IR
state with JTMS high will move the controller tcettUpdate-IR state. The falling edge of that same
JTCLK will latch the data in the instruction shift retr to the instruction parallel output. Instructions
supported by the DS3112 and their respeaiperational binary codes are showmable 11-1

Table 11-1. Instruction Codes

INSTRUCTIONS SELECTED REGISTER | INSTRUCTION CODES
SAMPLE/PRELOAD Boundarpcan 010
BYPASS Bypass 111
EXTEST Boundaryscan 000
CLAMP Bypass 011
HIGH-Z Bypass 100
IDCODE Deviceldentification 001

11.2.1 SAMPLE/PRELOAD

A mandatory instruction for the IEEE 1149.1 specificatloat supports two functions. The digital 1/Os of
the DS3112 can be sampled at the Boundary Scaneegighout interfering vth the normal operation
of the device by using the Capture-DR state. SAMIPRELOAD also allows the DS3112 to shift data
into the Boundary Scan register via JTDI using the Shift-DR state.

11.2.2 EXTEST

EXTEST allows testing of all inteonnections to the DS3112. Whemr tEXTEST instruction is latched
in the instruction register, the following actions ocdédnce enabled via the UpdaR state, the parallel
outputs of all digital output pins Wibe driven. The Boundary Scangister will be connected between
JTDI and JTDO. The Capture-DR will sample afiithl inputs into the Boundary Scan register.

11.2.3 BYPASS

When the BYPASS instruction isttded into the parallel Instruota register, JTDI connects to JTDO
through the one-bit Bypass Test registThis allows data to pass fraiiDI to JTDO not affecting the
device's normal operation.

11.2.4 IDCODE

When the IDCODE instruction is latched into thegblel Instruction registerthe Identification Test
register is selected. The device identification codebe loaded into the Identification register on the
rising edge of JTCLK following engrinto the Capture-DR state. SHiDR can be used to shift the
identification code out serially vidTDO. During Test-Logic-Reset, the identification code is forced into
the instruction register's parallel output. The deVizeode will always have a one in the LSB position.
The next 11 bits identify the mafacturer's JEDEC number and numloé continuation bytes followed
by 16 bits for the device and 4 bits for thesien. The device ID code for the DS3112@00B143h

11.2.5 HIGHZ

All digital outputs will be placed into a high impette state. The Bypass Register will be connected
between JTDI and JTDO.
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11.2.6 CLAMP

All digital outputs will ouput data from the boundascan parallel output whileonnecting the Bypass
Register between JTDI and JTDO. The outputlnot change during the CLAMP instruction.

11.3 Test Registers

IEEE 1149.1 requires a minimum of tweteegisters, the bypa register and the boundary scan register.
An optional test register, the Identification registexs been included in the DS3112 design. It is used in
conjunction with the IDCODE instruction and thest-Logic-Reset state of the TAP controller.

11.3.1 Bypass Register

This is a single one-bit shift resjer used in conjution with the BYPASS, CLAMP, and HIGH-Z
instructions that provides a sh@ath between JTDI and JTDO.

11.3.2 Identification Register

The Identification register contaias32-bit shift register and a 32-bitdhed parallel output. This register
is selected during the IDCODE insttion and when the TAP controllexin the Test-Logic-Reset state.

11.3.3 Boundary Scan Register

This register contains both a shift register path and a latched parallel output for all control cells and
digital I/O cells and i4.96 bits in lengthTable 11-2shows all the cell bit locations and definitions.

Table 11-2. Boundary Scan Control Bits

I/O OR CONTROL BIT

BIT SYMBOL PIN DESCRIPTION
0 | OUT ENB | Controbit |9~ outputs are active
- 1 = outputs are tri-state (“z")
1 TEST C3 I
. | 0=CINT is a zero (“0")
2 CINT_ENB_N| Controbit 1 =CINT s tri-state (2’)
3 CINT_OUT A2 O (open drain)
4 CINT_IN A2 |
5 CMS B2 I
6 CIM B3 [
7 CCS C4 [
8 CRD D5 I
9 CWR A3 [
10 T3E3MS B4 I
11 RST C5 I
12 G.747E B6 I
13 CALE C7 I
14 FRMECU A7 I
15 FRLOF C8 O
16 FRLOS B8 ®)
17 FRSOF A8 O
18 FRDEN C9 o]
19 FRD B9 O
20 FRCLK A9 O
21 FTDEN C10 ©)
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I/O OR CONTROL BIT

BIT | SymBoL PIN i lived
22 FTD B0 | |
23 FTCLK A0 | |
FTSOF_ENB .. | 1 =FTSOF is an input

24 N | controlbit! o 1o s an ouptput
25 | FTSOF OUT ALl | O
26 | FTSOF IN AL | |
27 FTMEI cit | |
28 HRNEG ci2 | |
29 HRCLK A3 | |
30 HRPOS B13 | |
31 HTNEG Al4 | O
32 HTCLK Bl4 | O
33 HTPOS Cl4 | O
34 | LTCCLK Gl9 ||
35 | LRCCLK G20 | |
36 | LTCLK28 H18 | |
37 | LTDAT28 HI9 | |
38 | LRCLK28 H20 | O
39 | LRDAT28 JiI8 | O
40 | LTCLK27 19 | |
41 | LTDAT27 20 | |
42 | LRCLK27 Kig | O
43 | LRDAT27 K19 | O
44 | LTCLK26 K20 | |
45 | LTDAT26 20 | |
46 | LRCLK26 18 | O
47 | LRDAT26 19 | O
48 | LTCLK25 M20 | |
49 | LTDAT25 MO | |
50 | LRCLK25 M8 | O
51 | LRDAT25 M7 | O
52 | LTCLK24 N20 | |
53 | LTDAT24 NI9 | |
54 | LRCLK24 NI8 | O
55 | LRDAT24 P20 | O
56 | LTCLK23 P19 | |
57 | LTDAT23 P18 | |
58 | LRCLK23 R20 | O
59 | LRDAT23 RI9 | O
60 | LTCLK22 P17 | |
61 | LTDAT22 R18 | |
62 | LRCLK22 T20 | O
63 | LRDAT22 T19 | O
64 | LTCLK21 T18 | |
65 | LTDAT2L U20 | |
66 | LRCLK21 V20 | O
67 | LRDAT21 T17 | O
68 | LTCLK20 uis | |
69 | LTDAT20 U9 | |
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I/O OR CONTROL BIT

BIT SYMBOL PIN DESCRIPTION
70 LRCLK20 V19 O]
71 LRDATZ20 W20 @)
72 LTCLK19 Y20 I
73 LTDAT19 W19 I
74 LRCLK19 V18 O
75 LRDATI19 Y19 O]
76 LTCLK18 W18 I
77 LTDAT18 V17 I
78 LRCLK18 ule6 0]
79 LRDAT18 Y18 O
80 LTCLK17 w17 I
81 LTDAT1Y V16 I
82 LRCLK17 Y17 O
83 LRDAT17 W16 0]
84 LTCLK16 V15 I
85 LTDAT16 ui4 I
86 LRCLK16 Y16 O]
87 LRDAT16 W15 @)
88 LTCLK15 V14 I
89 LTDAT15 Y15 I
90 LRCLK15 W14 0]
91 LRDAT15 Y14 O
92 LTCLK14 V13 I
93 LTDAT14 W13 I
94 LRCLK14 Y13 O]
95 LRDAT14 V12 O]
96 LTCLK13 w12 I
97 LTDAT13 Y12 I
98 LRCLK13 V11 O]
99 LRDAT13 W1l @)

100 LTCLK12 Y11 I

101 LTDAT12 Y10 I

102 LRCLK12 V10 ®)

103 LRDAT12 W10 O]

104 LTCLK11 Y9 I

105 LTDAT11 W9 I

106 LRCLK11 V9 O]

107 LRDAT11 U9 0]

108 LTCLK10 Y8 I

109 LTDAT10 W8 I

110 LRCLK10 V8 O

111 LRDAT10 Y7 O]

112 LTCLK9 W7 I

113 LTDAT9 V7 I

114 LRCLK9 Y6 ®)

115 LRDAT9 W6 O

116 LTCLKS u7 I

117 LTDATS V6 I

118 LRCLKS8 Y5 ®)
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I/O OR CONTROL BIT

BIT SYMBOL PIN DESCRIPTION
119 LRDATS8 W5 O]
120 LTCLKY V5 I
121 LTDATY Y4 I
122 LRCLK? Y3 O
123 LRDAT7 us O]
124 LTCLK6 V4 I
125 LTDAT6 W4 I
126 LRCLK®6 Y2 O
127 LRDAT6 W3 O]
128 LTCLKS V3 I
129 LTDATS w1 I
130 LRCLKS V2 ®)
131 LRDAT5 U3 O
132 LTCLK4 T4 I
133 LTDAT4 V1 I
134 LRCLK4 U2 O]
135 LRDAT4 T3 0]
136 LTCLK3 Ul I
137 LTDAT3 T2 I
138 LRCLK3 R3 O]
139 LRDAT3 P4 O]
140 LTCLK2 R2 I
141 LTDAT2 P3 I
142 LRCLK2 R1 @)
143 LRDAT2 P2 O]
144 LTCLK1 P1 I
145 LTDAT1 N3 I
146 LRCLK1 N2 O]
147 LRDAT1 N1 O]
148 LTCLKB M3 I
149 LTDATB M2 I
150 LRCLKB M1 O
151 LRDATB L3 O
152 LTCLKA L2 I
153 LTDATA L1 I
154 LRCLKA K1 O
155 LRDATA K3 O
156 CA7 K2 I
157 CAG6 J1 I
158 CA5 J2 I
159 CA4 J3 I
160 CA3 J4 I
161 CA2 H1 I
162 CAl H2 I
163 CAO H3 I
164 CD15_0OuT Gl O
165 CD15_IN Gl I
166 CD14 OouT G2 O]
167 CD14 _IN G2 I
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I/O OR CONTROL BIT

BIT | SYMBOL PIN R SomIbTIoN
168 | CD13 OUT Gz | O
169 | CDI3 IN G3 |
170 | CD12 OUT F1 o
171 | CD12 IN F1 |
172 | CD11 OUT F2 o
173| CDIL IN F2 |
174 | CD10 OUT G4 | O
175 | CD10 IN Ga | |
176 | _CD9 OUT F3 o
177 | CD9 IN F3 |
178 | CD8 OUT E1 0
179 | _ CD8 IN E1 |
180 | CD7 OUT E2 0
181 | CD7 IN E2 |
182 | CD6 OUT E3 0
183 | CD6 IN E3 |
184 | CD5 OUT DI | O
185|  CD5 IN D1 |
186 | CD4 OUT c1 | o
187 | CD4 IN C1 |
188 | CD3 OUT E4 | O
189 | CD3 IN E4 |
190 | CD2 OUT D3| O
191|  CD2 IN D3 |
192 | CDL OUT D2 | O
193| CDL IN D2 |
194 | CDO OUT c2 | o
195 | CDO IN C2 |
196 | CD_ENB N | Contrabit | L~ &P s aninput

0 = CD is an output
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12 DC ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Voltage Range on Any Pin with Respect tgs\¥except \Vp)......ovovvevvvvveveine v nn...-0.3V t0 +5.5V
Supply Voltage (¥p) Range with ReSpect tOsY..........ccoviiviii e, -0.3V to +3.63V
Operating TeMPErature RANGE. .. ... ..ottt e et e e e e et e e °Cho +70C
Storage Temperature RaANGE.......o.ui it it e e e e e e e e e 650 +125C
Soldering Temperature...............cocceeveeve e vceveeeennnn..See IPC/JEDEC J-STD-020 Specification

Note: The typical values listed below are not production tested.

Thisisa stress rating only and functional operation of the device at these or any other conditions beyond those indicated in the operation
sections of this specification is not implied. Exposure to absol ute maximum rating conditions for extended periods of time can affect
reliability.

Table 12-1. Recommended DC Operating Conditions
(Ta=0°C to +70°C for DS3112, Ta = -40°C to +85°C for DS3112N.)

PARAMETER SYMBOL MIN TYP MAX UNITS |NOTES
Logic 1 Vi 2.2 55 \
Logic 0 ViL -0.3 0.8 \
Supply \bp 3.135 3.465 \Y

Table 12-2. DC Characteristics
(Vpp = 3.3V £5%, Ta = 0°C to +70°C for DS3112; Ta = -40°C to +85°C for DS3112N.)

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Supply Current at M = 3.465V bp 150 mA 1
Pin Capacitance c 7 pF
Input Leakage il -10 +10 HA 2
Input Leakage (with Pullups) b -500 +500 HA 2
Output Leakage Lb -10 +10 HA 3
Output Current (2.4V) JH -4.0 mA
Output Current (0.4V) dL +4.0 mA
NOTES:

1) FTCLK = HRCLK =44.736MHz and LTCLK1 taTCLK28 = 1.544MHz; other inputs atpy or
grounded; other outputs left open-circuited.

2) OV <Vn < Vpp.

3) Outputs in tri-state.
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13 AC ELECTRICAL CHARACTERISTICS

Table 13-1. AC Characteristics—Low-Speed (T1 and E1) Ports

(Vpp = 3.3V £5%, Ta = 0°C to +70°C for DS3112; Ta = -40°C to +85°C for DS3112N.)
(See Figure 13-1))

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
LRCLK/LRCCLK/LTCLK/LTCCLK i 648 ns 1
Clock Period 488 ns 2

. . 294 324 354 ns 1
LRCLK Clock High Time t2 504 544 84 NS 5
LTCLK_/LTCCLK/LRCCLK Clock . 100 s
High Time
. 294 324 354 ns 1
LRCLK Clock Low Time t3 204 > 84 < >
LTCLK/LTCCLK/LRCCLK Clock
. t3 100 ns
Low Time
LTDAT Setup Time to the Falling
Edge or Rising Edge of t4 50 ns
LTCLK/LTCCLK
LTDAT Hold Time from the Falling
Edge or Rising Edge of t5 50 ns
LTCLK/LTCCLK
Delay from the Rising Edge or
Falling Edge of LRCLK to Data t6 50 ns
Valid on LRDAT
Delay from the Rising Edge or
Falling Edge of LRCCLK to Data t6 100 ns 5
Valid on LRDAT

NOTES:

1) T3 mode.

2) E3 mode.

3) In normal mode, LTDAT is sampled on the falledge of LTCLK/LTCCLK and LRDAT is updated on the
rising edge of LRCLK/LRCCLK.

4) Ininverted mode, LTDAT is sampled on themigiedge of LTCLK/LTCCLK and LRDAT is updated on the
falling edge of LRCLK/LRCCLK.

5) LRCCLK is enabled. (See Sectidr? andFigure 1-1 Figure 1-2 andFigure 1-3for details.)
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Figure 13-1. Low-Speed (T1 and

E1) Port AC Timing Diagram

LRCLK (or LRCCLK) /
LTCLK (or LTCCLK)
Normal Mode

LRCLK (or LRCCLK) / —
LTCLK (or LTCCLK)
Inverted Mode
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/
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—
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Table 13-2. AC Characteristics— High-Speed (T3 and E3) Ports

(Vpp = 3.3V £5%, Ta = 0°C to +70°C for DS3112; Ta = -40°C to +85°C for DS3112N.)
(See Figure 13-2.)

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES

. 22.4 ns 13

HRCLK/HTCLK Clock Period tl 59 1 s 23

HRCLK Clock Low Time t2 9 ns

HRCLK Clock High Time t3 9 ns

HRPOS/HRNEG Setup Time to the

Rising Edge or Falling Edge of t4 3 ns

HRCLK

HRPOS/HRNEG Hold Time from the

Rising Edge or Falling Edge of t5 3 ns

HRCLK

Delay from the Rising Edge or

Falling Edge of HTCLK to Data t6 3 10 ns

Valid on HTPOS/HTNEG

NOTES:

1) T3 mode.

2) E3 mode.

3) HTCLK is a buffered version of either FTCLK HRCLK and, as such, the duty cycle of HTCLK is
determined by the source clock.

4) In normal mode, HRPOS and HRNEG are sampleith®mnising edge of HRCLK and HTPOS and HTNEG are
updated on the rising edge of HTCLK.

5) Ininverted mode, HRPOS and HRNEG are samptethe falling edge of HRCLK and HTPOS and HTNEG
are updated on the falling edge of HTCLK.

Figure 13-2. High-Speed (T3 and E3) Port AC Timing Diagram

tl
t2 >l t3
HRCLK /HTCLK B
Normal Mode

HRCLK /HTCLK
Inverted Mode

t4 t5
HRPOS / HRNEG F
t6
HTPOS / HTNEG 1
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Table 13-3. AC Characteristi cs—Framer (T3 and E3) Ports

(Vpp = 3.3V £5%, Ta = 0°C to +70°C for DS3112; Ta = -40°C to +85°C for DS3112N.)
(See Figure 13-3.)

PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES

. 22.4 ns 13

FRCLK/FTCLK Clock Period t1 9.1 s >3

FTCLK Clock Low Time t2 9 ns

FTCLK Clock High Time t3 9 ns

FTD/FTSOF Setup Time to the

Rising Edge or Falling Edge of t4 3 ns 4

FTCLK

FTD/FTSOF Hold Time from the

Rising Edge or Falling Edge of t5 3 ns 4

FTCLK

Delay from the Rising Edge or

Falling Edge of FRCLK/FTCLK to

Data Valid on FRDEN/FRD! t6 3 10 ns °

FRSOF/FTDEN/FTSOF

NOTES:

1) T3 mode.

2) E3 mode.

3) FRCLK is a buffered version of either FTCLK or HRCLK and, as such, the duty cycle of FRCLK is
determined by the source clock.

4) FTSOF is configured to be an input.

5) FTSOF is configured to be an output.

6) In normal mode, FTD (and FTSOF if it is configured as an input) is sampled on the rising edge of FTCLK and
FRDEN, FRD, FRSOF, and FTDEN (and FTSOF if itamfigured as an output) are updated on the rising
edge of FRCLK or FTCLK.

7) Ininverted mode, FTD (and FTSOHtifs configured as an input) sampled on the falling edge of FTCLK
and FRDEN, FRD, FRSOF, and FTDEN (and FTSQFi# configured as an output) are updated on the
falling edge of FRCLK or FTCLK.

Figure 13-3. Framer (T3 and E3) Port AC Timing Diagram

jul
t2 >l t3
FRCLK / FTCLK |
Normal Mode

FRCLK / FTCLK
Inverted Mode

4 t5
FTD/FTSOF F
t6
FRD / FRDEN /
FRSOF / FTSOF /

FTDEN
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Table 13-4. AC Characteristics—CPU Bu s (Multiplexed and Nonmultiplexed)

(Vop = 3.3V £5%, Ta = 0°C to +70°C for DS3112; Ta = -40°C to +85°C for DS3112N.)
(See Figure 13-4, Figure 13-5, Figure 13-6, Figure 13-7, Figure 13-8, Figure 13-9, Figure 13-10,
and Figure 13-11.)

PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES
igttn[; Time for CA[7:0] Valid t&CS 1 0 ns
Setup Tirﬂoc_qs Active toCRD, o 0 ns
CWR, orCDS Active
Delay Time fromCRD or CDS Active
to 05[15:01 Valid & 65 ns
Hold .Timefr_omCRD_or CWR orCDS t4 0 ns
Inactive toCCS Inactive
HoId_Time fromCCS or_CRD orCDS 5 5 20 ns
Inactive to CD[15:0] Tri-State
Wait Time fromCWR or CDS Active 6 65 ns
to Latch CD[15:0]
ICr:][;([;i?/.eO] Setup Time t&€WR or CDS t7 10 ns
CD[15:0] Hold Time fromCWR or 8 2 ns
CDS Inactive
CA[7:0] Hold Time fromCWR or 9 5 ns
CRD or CDS Inactive
CRD, CWR, orCDS Inactive Time t10 75 ns
Muxed Address Valid to CALE Falling t11 10 ns 2
Muxed Address Hold Time t12 10 ns 2
CALE PulseWidth t13 30 ns 2
Time for CALE High or Mux
igtdurgss VZIiccj) tgﬁ Actfc\]/e or Muxed ti4 0 ns 2

NOTES:
1) In nonmultiplexed bus applicationsiure 13-4, CALE should be tied high.

2) In multiplexed bus applicationgigure 13-3, CA[7:0] should be tied to CJ?:0] and the falling edge of CALE
will latch the address.
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Figure 13-4. Intel Read Cycle (Nonmultiplexed)
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Figure 13-5. Intel Write Cycle (Nonmultiplexed)
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Figure 13-6. Motorola Read Cycle (Nonmultiplexed)
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Figure 13-7. Motorola Write Cycle (Nonmultiplexed)
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Figure 13-8. Intel Read Cycle (Multiplexed)
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Figure 13-9. Intel Write Cycle (Multiplexed)
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Figure 13-10. Motorola Read Cycle (Multiplexed)

t13
caLe /| 12z
CA[7:0]
CDI[15:0] - ) Data Valid /‘
t14 - 5B
CRW
<Ly
CCS ‘
2 PRZIN
4_\_:{—\3—> -
CDS

NOTE: t14 STARTS ON THE OCCURRENCE OF EITHER THE RISING EDGE OF CALE OR A VALID ADDRESS, WHICHEVER OCCURS FIRST.

Figure 13-11. Motorola Write Cycle (Multiplexed)

t13
t12
CALE / 11
Address
CA[7:0] valid
< 14 >
CD[15:0] t14
t7 | t8
CRW
1y
CS
2 t6 t4
:{ t10
CDS

NOTE: t14 STARTS ON THE OCCURRENCE OF EITHER THE RISING EDGE OF CALE OR A VALID ADDRESS, WHICHEVER OCCURS FIRST.
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Table 13-5. AC Characteristics—JTAG Test Port Interface

(Vop = 3.3V £5%, Ta=0°C to +7
(See Figure 13-12.)

0°C for DS3112; Ta = -40°C to +85°C for DS3112N.)

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
JTCLK Clock Period tl 1000 ns
JTCLK Clock Low Time t2 400 ns
JTCLK Clock High Time t3 400 ns
JTMS/JTDI Setup Time to the a 50 ns
Rising Edge of JTCLK
JTMS/JTDI Hold Time from the 5 50 ns
Rising Edge of JTCLK
Delay Time from the Falling Edge
of JTCLK to Data Valid on JTDO 6 2 S0 ns

Figure 13-12. JTAG Test Po

rt Interface AC Timing Diagram

AA

JTCLK

t1
2 13 1

JTMS/JITDI

t6
JTDO E E
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Table 13-6. AC Characteristics—R eset and Manual Error Counter/Insert
Signals

(Vpp = 3.3V £5%, Ta = 0°C to +70°C for DS3112; Ta = -40°C to +85°C for DS3112N.)
(See Figure 13-13 ))

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
RST Low Time t1 1000 ns
FRMECU/FTMEI High Time 12 50 ns
FRMECU/FTMEI Low Time t3 1000 ns

Figure 13-13. Reset and Manual Erro r Counter/Insert AC Timing Diagram

t1l
RST ’XF 1
t2 P t3 »
FRMECU/
FTMEI

A
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14 APPLICATIONS AND STANDARDS OVERVIEW

14.1 Application Examples

Figure 14-land Figure 14-2detail two possible applications of the DS31ERjure 14-1shows an
example of a channelized T3/E3 application. It shows the DS3112 being used to multiplex and
demultiplex a T3/E3 data stream into either 28 Tthdreams or 16 E1 data streams. The demultiplexed
T1/E1 data streams are fed into the DS21HH1I2U6-channel T1/E1 framer and the DS21FT42 12-
channel T1 framer devices. The T1/E1l framers locate the frame boundaries and concatenate four T1/E1
data streams into one 8.192MHz data stregnich is feed into the DS3134 HDLC controller.

Figure 14-2shows an example of a duahchannelized T3/E3 applicafi. In this application, the
multiplexing capability of the DS3112 is disaliland it is only used as a T3/E3 framer.

Figure 14-1. Channelized T3/E3 Application

8.192MHz
VF DS21FF42/
DS21FF44
bipolar DS3150 T_3/E3
IIF Line
16 T3E3 f»
Channel DS3112 Line
PCI DS3134 T1EL TEMPE Interface
Bus CHATEAU Framer
< > T1/E1 T3/E3
256 8.192MHz datastreams Framer & -or
Channel I/F M13/ o !
HDLC DS21FT42 E13/ | :
Controller G747 . OC-3/ ' Optical
12 Mux NRZ | oC-12/ | yF
Channel - T8 OC-48 «--»
T1 ' Mux
Framer } |
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Figure 14-2. Unchannelized Dual T3/E3 Application

bipolar DS3150 Ii;:r,]/eEg
IIF
el A R
Line
T3/E3 Interface
Framer & oo
44.2Mbps (T3) or M13/ | i i Optical
34Mbps (E3) ey | WSS F
datastream G747 A OC- 48 “--»
PCI DS3134 Mux ML-JX
BUS CHATEAU o
44 .2Mbps (T3) or
256 34Mbps (E3) DS3150
Channel datastream bipolar T-3/E3
HDLC DS3112 IIF Line
T3/E3 fj¢e—>
Controller TEMPE Line
T3/E3 Interface
Framer & Lo
M13/ NRz | OC.3 | Optical
E13/ " 0c-12/ | I/F
G747 [ ™ s g
M . OC-48 |
ux © Mux

14.2 M13 Basics

M13 multiplexing is a two-step process of merging 28iféds into a single T3 line. First, four of the T1

lines are merged into a single T2 rate and then seven T2 rates are merged to form the T3. The first step of
this process is called a M12 function since it is magdil lines into T2. The send step of this process

is called a M23 function since it is merging T2 lime® a T3. The term M13 iplies that both M12 and

M23 are being performed to map 28 T1 lines itlte T3. These two steps are independent and will be
discussed separately.

Table 14-1. T Carrier Rates

NOMINAL
T (Eé\F;E'LER DATA RATE
(Mbps)
T1/DS1 1.544
T2/DS2 6.312
T3/DS3 44.736
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14.3 T2 Framing Structure

To understand the M12 function users must understarfcarizng. The T2 frame structure is made up of
four subframes called M subframeBiqure 14-3. The four M subframes are transmitted one after
another (...M1/M2/M3/M4/M1/M2...) to make up tlmplete T2 M frame data structure. Each M
subframe is made up of six blocks and each blockade up of 49 bits. The first bit of each block is
dedicated to overhead and the next#8 are the information bits where the T1 data will be placed for
transport. The definitions of the overhead bits are showmainle 14-2and the placements of the
overhead bits are shownfigure 14-3

Table 14-2. T2 Overhead Bit Assignments

OVERHEAD BIT DESCRIPTION
M Bits The M bits provide the frame alignment pattéor the four M subframes. Like all
(M1/M2/M3) framing patterns, the M bits are fixed to a certain state (M1 = 0/M2 = 1/M3 = 1).
F Bits The F bits provide the frame alignmenttpen for the M frame. Like all framing
(F1/F2) patterns, the F bits are fixed to a certain state (F1 = 0/F2 = 1).

In the M12 application, the C bits are usedndicate when stuffing occurs. If all three
C Bits within a subframe are set to 1, tlstuffing has occurred in the stuff block of
C Bits that subframe. If all three C Bits are sekz&wo, then no stuffing has occurred. Wher
(C1/C2/C3) the three C bits are not equal, a majorityevistused to determine the true state. The
exception to this rule is when the C3 bithie inverse of C1 and C2. When this occurs,
it indicates that the T1 signal should be looped back.

The X bit is used as a Remote Alarm Indioat{RAI). It will be set to a zero (X = 0)
when the T2 framer cannot synchronize. It will be set to a one (X = 1) otherwise.

X Bit

14.4 M12 Multiplexing

The M12 function multiplexes four Tlines into a single T2 line. Singkere are four M subframes in the

T2 framing structure, it might beoncluded that each M subframe supports one T1 line but this is not the
case. The four T1 lines are bit if@aved into the T2 framing struc&urA bit from T1 line #1 is placed
immediately after the oveelad bit, followed by a bit from T1 line #2, which is followed by a bit from T1
line #3, which is followed by a bit from T1 line #4,dathen the process repgatince there are 48
information bits in each block, there are 12 bitsrfreach T1 line in a block. The second and fourth T1
lines are logically inverted befe the bit interleaving occurs.

The four T1 lines are mapped asynchronously into thelafd stream. This implies that there is no T1
framing information passed to the T2 level. TharfT1 lines can have independent timing sources and
they do not need to barting locked to the T2 clock. To account flifferences in timing, bit stuffing is
used. The last block of each M subframe is the stuff bibaku(e 14-3. In each stuff block there is an
associated stuff bitHfgure 14-24 that will be either an information thif the three C bits are decoded to
be a zero) or a stuff bit (if the three @stare decoded to be a one). As showRigure 14-4the position

of the stuff bit varies depending ¢imee M subframe. This is done tthoav a stuffing opportunity to occur

on each T1 line in every T2 M frame. For example,ef @bits in M Subframe 2 we all set to one, then
the second bit after the F2 akiead bit in the last block would be afébit instead of an information bit.
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Figure 14-3. T2 M-Frame Structure

M1 Subframe Stuff Block
48 48 48 48 48 48
M1 Info Ci Info F1 Info C2 Info C3 Info F2 Info
(0) Bits Bits (0) Bits Bits Bits (1) Bits
M2 Subframe Stuff Block
48 48 48 48 48 48
M2 Info Ci1 Info F1 Info C2 Info C3 Info F2 Info
(1) Bits Bits (0) Bits Bits Bits (1) Bits
M3 Subframe Stuff Block
48 48 48 48 48 48
M3 Info C1 Info F1 Info C2 Info C3 Info F2 Info
(1) Bits Bits (0) Bits Bits Bits (1) Bits
M4 Subframe Stuff Block
48 48 48 48 48 48
X Info C1 Info F1 Info C2 Info C3 Info F2 Info
Bits Bits (0) Bits Bits Bits (1) Bits

NOTE: M1 IS TRANSMITTED AND RECEIVED FIRST.

Figure 14-4. T2 Stuff Block Structure

M1 F2 | Stuff | Info Info Info Info Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bits |Bit6 |[Bit7 |Bit8 Bit 48
M2 F2 | Info Stuff | Info Info Info Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4d |Bits |Bit6 |[Bit7 |Bit8 Bit 48
M3 F2 | Info Info Stuff | Info Info Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bitb |Bit6 |[Bit7 |Bit8 Bit 48
M4 F2 | Info Info Info Stuff | Info Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bitb |Bit6 |[Bit7 |Bit8 Bit 48
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14.5 T3 Framing Structure

As with M12, to understanthe M23 function requirean understanding of T3 framing. The T3 frame
structure is very similar to the T2 frame struetunowever, it is made up seven M subframes (see

Figure 14-3 The seven M subframes are transrittene after another

(...M1/M2/M3/...]

M6/M7M1/M2...) to make up the complete T3 M frasteucture. Each M subframe is made up of eight
blocks and each block is made up of 85 bits. The Bitsof each block is dedicated to overhead and the
next 84 bits are the information bits where the T2 data will be placed for transgusg.14-3shows the

definitions of the overhead bits, aRajure 14-5shows the placement$ the overhead bits.

Table 14-3. T3 Overhead Bit Assignments

aming

OVEBRHEAD DESCRIPTION
M Bits The M bits provide the frame alignment pattern for the seven M subframes. Like all fr
(M1/M2/M3) patterns, the M bits are fixed to a certain state (M1 = 0/M2 = 1/M3 = 0).
F Bits The F bits provide the frame alignment pattiemthe M frame. Like all framing patterns,
(F1/F2/F3/F4) | the F bits are fixed to a certain state (F1 = 1/F2 = 0/F3 = 0/F4 = 1).
In the M23 application, the C bits are usedndicate when stuffing occurs. If all three C
. bits within a subframe are set to 1, tharffstg has occurred in the stuff block of that
C Bits subframe. If all three C bits are set to z¢hen no stuffing has ocoed. When the three C
(CL/C2/C3) | bits are not equal, a majority vote is used to determine the true state.
In the C-Bit Parity application, the C bits are defined as showalite 14-4
P Bits The P bits provide' parity information for theeceding M fra'me (not including the M, F, X
(P1/P2) and C overhead bits). P1 and P2 are alwags#me value (if they are not the same valu
this implies a parity error).
The X bit is used as a Remote Alarm IndicatioAl)RIt will be set to a zero (X1 =X2=0
X Bits when the T3 framer cannot synchronize or detects AlS. It will be setto a one (X1 = X
(X1/X2) otherwise. The value of the X bits should nbange more than once per second. X1 and

are always the same value.

N
I

=

N—r

14.6 M23 Multiplexing

The M23 function multiplexes seven T2 data streams into a single T3 data stream. The seven T2 data
streams are bit interleaved into the T3 framingctme. A bit from T2 line #1 is placed immediately
after the overheaditbin the information bit field, followedy a bit from T2 line #2, and so on. Since
there are 84 information bits in each bloclerthare 12 bits from each T2 line in a block.

The seven T2 lines are mapped asynchronously intd3radata stream. This implies that there is no T2
framing information passed to the T3 level. The seven T2 lines can have independent timing sources and
they do not need to barting locked to the T3 clock. To account flifferences in timing, bit stuffing is

used. The last block of each M subframe is the stuff bibakufe 14-%. In each stuff block there is an
associated stuff bitHfgure 14-6 that will be either an information thif the three C bits are decoded to

be zero) or a stuff bit (if the three C base decoded to be a one). As showFigure 14-6 the position

of the stuff bit varies depending timee M subframe. This is done tthoav a stuffing opportunity to occur

on each T2 line in every T3 frame. For example, if@hbits in M Subframe 5 were all set to one, then

the fifth bit after the F4 overhead bit in the last kl@ould be a stuff bit instead of an information bit.
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14.7 C-Bit Parity Mode

Unlike the M23 application that us#ge C bits for stuffing, the C-Bit Fr mode assumes that a stuff bit
should be placed at every opportunity and, hetiee C bits can be used for other purpo3edle 14-4
lists how the C bits are redeéd in the C-Bit Parity mode.

Table 14-4. C-Bit Assignment for C-Bit Parity Mode

M C-BIT
SUBFRAME NUMBER FUNCTION DESCRIPTION
NUMBER
1 1 Application ID This bit (which is fixed to a value of 1) identifies the T3
data stream as operatimgC-Bit Parity mode.
2 Reserved Must be set to one (1).
3 Far End Alarm A serial communications channel that contains a repeating
and Control 16-bit codeword that indicates the state of the far-end and
(FEAC) can control the near-end by invoking loopbacks both on
the T3 and T1 lines. If no codewords are being sent| the
channel contains all ones.
2 1 Unused All unused bits are set to a one (1).
2 Unused
3 Unused
3 1 C-Bit Parity (CP) All three CP bits are set to the same value as the two P
2 C-Bit Parity (CP) bits. If the three CP bits are not equal, a majority vote is
3 C-Bit Parity (CP) used to decode the true value.
4 1 FEBE All three Far End Block Error (FEBE) bits shall be set to
2 FEBE one (111) if the local T3 framer did not incur an error in
3 FEBE either the M bits or F bits nor has it detected a CP parity
error. The FEBE bits are st any value except 111 when
an error is detected in the M bits or F bits or if a CP parity
error is detected. During an LOF event, these bits arg set
to 000.
5 1 Data Link These three C bits make up a 28.2kbps HDLC (LAPD)
2 Data Link maintenance data link over which three 76 octet messages
3 Data Link are sent from the local end to the remote end onte a
second.
6 1 Unused Must be set to 1.
2 Unused Must be set to 1.
3 Unused Must be set to 1.
7 1 Unused Must be set to 1.
2 Unused Must be set to 1.
3 Unused Must be set to 1.
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Figure 14-5. T3 M-Frame Structure

M1 Subframe Stuff Block

84 84 84 84 84 84 84 84

X1 |Info| F1 |Info| C1 |Info| F2 |Info| C2 |Info| F3 |Info| C3 | Info] F4 | Info
Bits | (1) | Bits Bits | (0) | Bits Bits | (0) | Bits Bits | (1) | Bits
M2 Subframe Stuff Block

84 84 84 84 84 84 84 84

X2 |Info| F1 [Info| C1 |Info| F2 |Info| C2 |Info| F3 |Info| C3 |Info] F4 | Info
Bits | (1) | Bits Bits | (0) | Bits Bits | (0) | Bits Bits | (1) | Bits
M3 Subframe Stuff Block

84 84 84 84 84 84 84 84

Pl |Info| F1 |[Info| C1 |Info| F2 |Info| C2 |Info| F3 |[Info| C3 |Info| F4 | Info
Bits | (1) | Bits Bits | (0) | Bits Bits | (0) | Bits Bits | (1) | Bits
M4 Subframe Stuff Block

84 84 84 84 84 84 84 84

P2 |Info| F1 |[Info| C1 |Info| F2 |Info| C2 |Info| F3 |[Info| C3 |Info| F4 | Info
Bits | (1) | Bits Bits | (0) | Bits Bits | (0) | Bits Bits | (1) | Bits
M5 Subframe Stuff Block

84 84 84 84 84 84 84 84

M1 |Info| F1 |Info| C1 |Info| F2 |Info| C2 |Info | F3 |Info| C3 |Info] F4 | Info
(0) | Bits | (1) | Bits Bits | (0) | Bits Bits | (0) | Bits Bits | (1) | Bits
M6 Subframe Stuff Block

84 84 84 84 84 84 84 84

M2 [Info| F1 |Info| C1 |Info| F2 |Info| C2 |Info| F3 |Info| C3 | Info] F4 | Info
(1) | Bits | (1) | Bits Bits | (0) | Bits Bits | (0) | Bits Bits | (1) | Bits
M7 Subframe Stuff Block

84 84 84 84 84 84 84 84

M3 |Info| F1 |Info| C1 |Info| F2 |Info| C2 |Info| F3 |Info| C3 |Info] F4 | Info
(0) | Bits | (1) | Bits Bits | (0) | Bits Bits | (0) | Bits Bits | (1) | Bits

NOTE: X1 IS TRANSMITTED AND RECEIVED FIRST.
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Figure 14-6. T3 Stuff Block Structure

M1 F4 | Stuff | Info Info Info Info Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bitb |Bit6é |Bit7 |Bit8 Bit 84
M2 F4 | Info Stuff | Info Info Info Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bit5 |Bit6 |Bit7 |Bit8 Bit 84
M3 F4 | Info Info Stuff | Info Info Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bit5 |Bit6 |Bit7 |Bit8 Bit 84
M4 F4 | Info Info Info Stuff | Info Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bit5 |Bit6 |Bit7 |Bit8 Bit 84
M5 F4 | Info Info Info Info Stuff | Info Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bitb |Bité |Bit7 |Bit8 Bit 84
M6 F4 | Info Info Info Info Info Stuff | Info Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bitb |Bité |Bit7 |Bit8 Bit 84
M7 F4 | Info Info Info Info Info Info Stuff |Info | ... Info
Subframe Bitl |Bit2 |Bit3 |Bit4 |Bit5 |Bit6 [|Bit7 |Bit8 Bit 84

14.8 E13 Basics

E13 multiplexing is a two-step process of merging 18i€ls into a single E3 line. First, four of the E1
lines are merged into a single E2 rate and then fouate® are merged to form the E3. The first step of
this process is called a E12 function since it is nmgr@l lines into E2. The second step of this process
is called a E23 function since it iserging E2 lines into a E3. Therm E13 implies that both E12 and
E23 are being performed to map 16 E1 lines thio E3. These two steps are independent and will be
discussed separately.

Table 14-5. E Carrier Rates

E CARRIER NOMINAL DATA
LEVEL RATE (Mbps)
El 2.048
E2 8.448
E3 34.368
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14.9E2 Framing Structure and E12 Multiplexing

The E2 frame structure is made up of four 212-bit datgufe 14-J. The four sets are transmitted one
after another (...Setl/Set2/Set3/88etl...) to make up the compldi? frame structure. The Frame
Alignment Signal (FAS) is placed ithe first 10 bits of Set 1 and followed by the Remote Alarm
Indication (RAI) bit and a N#onal Bit (Sn). The remainder of Setid filled with bits from the four
tributaries. The four tributaries are bit interleawtarting with a bit from Thutary 1 immediately after
the Sn bit. The first four bits of Sets 2, 3, and 4 are the Justificatintrdl Bits. Bits 5 to 8 of Set 4 are
the Stuffing Bits. The Justification Control bits comteehen data will be stuffed into the Stuffing Bit
positions. When a majority of the three Justification @arits from a particular tributary is set to zero,
the Stuffing Bit position will be used for tributary data. When the Justificatmmir@l Bits are majority
decoded to be one, the Stuffing Bit will not be used for tributary data.

14.10E3 Framing Structure and E23 Multiplexing

The E3 frame structure and the E23 multiplexing scharmaealmost identical to the E2 framing structure
and the E12 multiplexing scheme. The E3 frastracture is made up dbur 384-bit setsKigure 14-§.

The four sets are transmitted onteafinother (...Set1l/Séget3/Set4/Setl...) to make up the complete E3
frame structure. The Frame Alignment Signal (FA)laed in the first 10 bits of Set 1 and is followed
by the Remote Alarm Indication (RAI) bit and a NatibBé (Sn). The remainder of Set 1 is filled with
bits from the four tributaries. The four tributarie® bit interleaved startingithr a bit from Tributary 1
immediately after the Sn bit. The first four bits otsS2, 3, and 4 are the Justification Control Bits. Bits 5
to 8 of Set 4 are the Stuffing Bits. The Justification @uritits control when data will be stuffed into the
Stuffing Bit positions. When a majority of the threetifiestion Control Bits froma particular tributary

is set to zero, the Stuffing Bit position will be used for tributary data. When the Justification Control Bits
are majority decoded to be one, the Stuffing Bit will not be used for tributary data.
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Figure 14-7. E2 Frame Structure

Setl
Bit 1

Bit 212

| FAS (1111010000) RAl  Sn|

b | by | by [ ba | by |

...bits from the tributaries. .

Set 2
Bit 1

Bit 212

| C11 ‘ Co1 ‘ C31 ‘ Ca1 ‘

...bits from the tributaries...

Set 3
Bit 1

Bit 212

| C12 ‘ Co2 ‘ Cs2 ‘ Cq2 ‘

...bits from the tributaries...

Set 4
Bit 1

Bit 212

|C13|C23|C33‘C43‘51‘52‘56‘54‘

...bits from the tributaries...

NOTE 1: BIT 1 OF SET 11S TRANSMITTED FIRST.
NOTE 2: BJI TRIBUTARY BITS

NOTE 3: CJl JUSTIFICATION CONTROL BITS
NOTE 4: SJ STUFFING BITS

J = TRIBUTARY NUMBER
J =TRIBUTARY NUMBER
J =TRIBUTARY NUMBER

| = BIT NUMBER
| = CONTROL BIT NUMBER

Figure 14-8. E3 Frame Structure

Setl
Bit 1

Bit 384

| FAS (1111010000Y RAl Sn| b [ bx

| ba | by | by |

...bits from the tributaries.].

Set 2
Bit 1

Bit 384

| C11 | Co1 ‘ Ca1 ‘ C41‘

...bits from the tributaries...

Set 3
Bit 1

Bit 384

| C12 | Co2 ‘ Ca2 ‘ Ca2 ‘

...bits from the tributaries...

Set 4
Bit 1

Bit 384

(o[ cm ] s | | s | s |

...bits from the tributaries...

NOTE 1: BIT 1 OF SET 1 1S TRANSMITTED FIRST.
NOTE 2: BJI TRIBUTARY BITS

NOTE 3: CJl JUSTIFICATION CONTROL BITS
NOTE 4: SJ STUFFING BITS

J = TRIBUTARY NUMBER
J =TRIBUTARY NUMBER
J =TRIBUTARY NUMBER

| = BIT NUMBER
| = CONTROL STUFFING BIT NUMBER
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14.11G.747 Basics

G.747 multiplexing is a mixture of T3 and E1. Itastwo-step process of mggng 21 E1 lines into a
single T3 line. First, three of the E1 lines are merigeal a single T2 rate anthen seven T2 rates are
merged to form the T3 just like the normal TZT® multiplexing scheme. Once the three E1 lines have
been multiplexed together, the resultant 6.312Mbps dadanstis treated just like T2 data stream that
contains four T1 lines. We will only discuss the7&7 multiplexing scheme in this section. See Section
14.6for details on the T2 to T3 multiplexing sche (e.g., M23) and the T3 framing structure.

Table 14-6. G.747 Carrier Rates

TORE NOMINAL DATA
CARRIER RATE (Mbps)
LEVEL
E1 2.048
T2 6.312
T3 44.736
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14.12G.747 Framing Structu re and E12 Multiplexing

The G.747 frame structure is made up of five 168-bit $etsife 14-9. The five sets are transmitted one
after another (...Setl/Set2/Set3/88et5/Setl...) to makep the complete G.747 frame structure. The
Frame Alignment Signal (FAS) is placed in the f®@sbits of Set 1. Set 2 contains the Remote Alarm
Indication (RAI) bit and a Parity B{PAR) as well as a reserved bit, which is fixed to a one. The PAR bit
will be set to a one when there are odd numbers of fsom the tributaries in the preceding frame and it
will be set to a zero when there is an even nunobenes. The parity calculation does not include the
FAS, RAI, reserved bit, or Justifition Control Bits. The three tributes are bit interleaved starting with

a bit from Tributary 1 immediately @ the FAS in Set 1. The first three bits of Sets 3, 4, and 5 are the
Justification Control Bits. Bits 4 to 6 of Set 5 are Btuffing Bits. The Justification Control bits control
when data will be stuffed into the Stuffing Bit pasits. When a majority of the three Justification
Control Bits from a particular tributary is setzero, the Stuffing Bit position will be used for tributary
data. When the Justification Control Bits are majadi#goded to be one, the Stuffing Bit will not be used
for tributary data.

Figure 14-9. G.747 Frame Structure

Setl
Bit 1 Bit 168

| FAS(111010000) | 4 | bos | bss | bz | by | bsx | bis | ...bits from the tributaries.].

Set 2

Bit 1 Bit 168
| RAI [ PAR| 1 | ...bits from the tributaries... |

Set 3

Bit 1 Bit 168
| cu | o1 | ca | ...bits from the tributaries... |

Set 4

Bit 1 Bit 168
| co | 2 | oz | ...bits from the tributaries... |

Set5

Bit 1 Bit 168
| cis | s | ez | s | & | s | ...bits from the tributaries... |

NOTE 1: BIT 1 OF SET 1 IS TRANSMITTED FIRST.

NOTE 2: BJI TRIBUTARY BITS J=TRIBUTARY NUMBER | =BIT NUMBER

NOTE 3: CJl JUSTIFICATION CONTROL BITS J =TRIBUTARY NUMBER | =CONTROL STUFFING BIT NUMBER

NOTE 4: SJ STUFFING BITS J = TRIBUTARY NUMBER
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15 PACKAGE INFORMATION

(The package drawing(s) in this data sheet may not reflect the most current specifications. The package number provided for
each package is a link to the latest package outline information.)

15.1 256-Ball PBGA ( 56-G6002-001)
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