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Dual T1/E1/J1 Long Haul /
Short Haul Transceiver

IDT82P2282

FEATURES
LINE INTERFACE

Each link can be configured as T1, E1 or J1

«  Supports T1/E1/J1 long haul/short haul line interface

«  HPS for 1+1 protection without external relays

*  Receive sensitivity exceeds -36 dB @ 772 Hz and -43 dB @ 1024
Hz

+  Selectable internal line termination impedance: 100 Q (for T1), 75
Q /120 Q (for E1) and 110 Q (for J1)

+  Supports AMI/B8ZS (for T1/J1) and AMI/HDB3 (for E1) line encod-
ing/decoding

+  Provides T1/E1/J1 short haul pulse templates, long haul LBO (per
ANSI T1.403 and FCC68: 0 dB, -7.5 dB, -15 dB, -22 dB) and user-
programmable arbitrary pulse template

+  Supports G.772 non-intrusive monitoring

«  Supports T1.102 line monitor

«  Transmit line short-circuit detection and protection

«  Separate Transmit and Receive Jitter Attenuators (2 per link)

« Indicates the interval between the write pointer and the read pointer
of the FIFO in JA

+  Loss of signal indication with programmable thresholds according
to ITUT-T G.775, ETS 300 233 (E1) and ANSI T1.403 (T1/J1)

«  Supports Analog Loopback, Digital Loopback and Remote Loop-
back

+  Each receiver and transmitter can be individually powered down

FRAMER
Each link can be configured as T1, E1 or J1

«  Frame alignment/generation for T1 (per ITU-T G.704, TA-TSY-
000278, TR-TSY-000008), E1 (per ITU-T G.704), J1 (per JT G.704)
and un-framed mode

+  Supports T1/J1 Super Frame and Extended Super Frame, T1 Digi-
tal Multiplexer and Switch Line Carrier - 96, E1 CRC Multi-frame
and Signaling Multi-frame

+  Signaling extraction/insertion for CAS and RBS signaling

*  Provides programmable system interface supporting Mitel™ ST-

bus, AT&T™ CHI and MVIP bus, 8.192 Mb/s multiplexed bus and
1.544 Mb/s or 2.048 Mb/s non-multiplexed bus

«  Three HDLC controllers per link with separate 128-byte transmit
and receive FIFOs per controller

+  Programmable bit insertion and bit inversion on per channel/
timeslot basis

«  Provides Bit Oriented Message (BOM) generation and detection

+  Provides Automatic Performance Report Message (APRM) genera-
tion

+  Detects and generates alarms (AlS, RAI)

IDT and the IDT logo are trademarks of Integrated Device Technology, Inc.

© 2009 Integrated Device Technology, Inc.

*  Provides performance monitor to count Bipolar Violation error,
Excess Zero error, CRC error, framing bit error, far end CRC error,
out of frame and change of framing alignment position

+  Supports System Loopback, Payload Loopback, Digital Loopback
and Inband Loopback

+  Detects and generates selectable PRBS and QRSS

«  Transmission and Extraction of Synchronization Supply Message
(SSM) in BITS application

CONTROL INTERFACE

+  Supports Serial Peripheral Interface (SPI) microprocessor and par-
allel Intel/Motorola non-multiplexed microprocessor interface

*  Clobal hardware and software reset

+  One general purpose I/0 pin

+  Perlink power down

GENERAL
Flexible reference clock (N x 1.544 MHz or N x 2.048 MHz)
(0<N<5)

+  JTAG boundary scan

«  3.3VI/Owith 5V tolerant inputs

«  Low power consumption (Typical 270 mW)

« 3.3Vand 1.8V power supply

+  100-pin TQFP package

APPLICATIONS

C.O, PABX, ISDN PRI

+  Wireless Base Stations

«  T1/E1/J1 ATM Gateways, Multiplexer

«  T1/E1/J1 Access Networks

«  LAN/WAN Router

+ Digital Cross Connect

+  SONET/SDH Add/Drop Equipment

¢+ Clock recovery at 1.544 MHz / 2.048 MHz for BITS application with
SSM support
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1 PIN ASSIGNMENT

2]
(1]
[0]
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GPIO ] 1 80 [ ] RSCK[1)/MRSCK
THZ [ » 79 [ RSD[1JMRSD
VDDDC[3] [] 3 78 [ ] RSIG[1)/MRSIG
GNDDC[3] [ 4 77 [ 1 RSFS[1]/MRSFS
GNDAP [ 5 76 [ ] TSCK[1}MTSCK
VDDAP [ ¢ 75 [ TSD[1JMTSD
GNDAB [] 7 74 | ] TSIG[1YMTSIG
VDDAB [ 3 73 | ] TSFS[1]/MTSFS
REFR[] ¢ 72 [ ] RSCK[2]
GNDAR[2] T 10 71 [ RSD[2]
RRING[2] ] 11 70 [1RSIG)]
RTIP[2] ] 12 69 [ ] RSFS[2]
VDDAR[2] [] 13 68 [ 1 TSCK[2]
VDDAT2] ] 14 67 [—1TSD2]
GNDAT[2] ] 15 66 [ 1 TSIG[2]
GNDAX[2] T 16 65 [ TSFS[2]
TRING[2] (] 17 64 [ ] VvDDDIO[2]
TTIPR2] T 18 63 [ A[]
VDDAX(2] | 19 62 [ 1A
VDDAX[1] ] 20 61 [ VvDDDC[2]
TTIP[] T 21 60 [ Alf]
TRING[1] [ 22 59 [] GNDDIO2]
GNDAX[1] [ 23 58 [1 GNDDC[2]
GNDAT[1] [ 24 57 [ A[5]
VDDAT[1] [ 25 56 [ Al4]
VDDAR[1] [—] 26 55 [ A[3]
RTIP[] [ 27 54 1A
RRING[1] [ 28 53 1A
GNDAR[1] [ 29 52 [ A[]
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Pin Assignment

Figure 1. 100-Pin TQFP (Top View)
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2 PIN DESCRIPTION

Name Type Pin No. Description

Line and System Interface

RTIP[1] Input 27  |RTIP[1:2] / RRING[1:2]: Receive Bipolar Tip/Ring for Link 1 ~ 2
RTIP[2] 12 |These pins are the differential line receiver inputs.
RRING[1] 28
RRING[2] 1
TTIP[1] Output 21 |TTIP[1:2] / TRING[1:2]: Transmit Bipolar Tip/Ring for Link 1 ~ 2
TTIP[2] 18  |These pins are the differential line driver outputs and can be set to high impedance state globally or individually. A logic
high on the THZ pin sets all these pins to high impedance state. When the T_HZ bit (b4, T1/J1-023H,... / b4, E1-
TRING[1] 22 |023H,..) *is setto “1’, the TTIPn/TRINGn pins in the corresponding link are set to high impedance state.
TRING[2] 17 |Besides, TTIPn/TRINGn will also be set to high impedance state by other ways (refer to Chapter 3.25 Line Driver for
details).
RSD[1]/ MRSD Output 79  |RSD[1:2]: Receive Side System Data for Link 1 ~ 2
RSD[2] 71 The processed data stream is output on these pins.

In Receive Clock Master mode, the RSDn pins are updated on the active edge of the corresponding RSCKn.

In Receive Clock Slave mode, selected by the RSLVCK bit (b4, T1/J1-010H / b4, E1-010H), the RSDn pins are
updated on the active edge of the corresponding RSCKn or both two RSDn pins are updated on the active edge of
RSCK{1].

MRSD: Multiplexed Receive Side System Data for Link 1 ~ 2

In Receive Multiplexed mode, the MRSD pin is used to output the processed data stream. Using a byte-interleaved
multiplexing scheme, the MRSD pin outputs the data from Link 1 and Link 2. The data on the MRSD pin is updated on
the active edge of the MRSCK.

RSIG[1]/ MRSIG Output 78  |RSIG[1:2]: Receive Side System Signaling for Link 1 ~ 2

RSIG[2] 70 | The extracted signaling bits are output on these pins. They are located in the lower nibble (b5 ~ b8) and are channel/
timeslot-aligned with the data output on the corresponding RSDn pin.
In Receive Clock Master mode, the RSIGn pins are updated on the active edge of the corresponding RSCKn.
In Receive Clock Slave mode, selected by the RSLVCK bit (b4, T1/J1-010H / b4, E1-010H), the RSIGn pins are
updated on the active edge of the corresponding RSCKn or both two RSIGn are updated on the active edge of
RSCK[1].

MRSIG: Multiplexed Receive Side System Signaling for Link 1 ~ 2

In Receive Multiplexed mode, the MRSIG pin is used to output the extracted signaling bits. The signaling bits are
located in the lower nibble (b5 ~ b8) and are channel/timeslot-aligned with the data output on the MRSD pin. Using the
byte-interleaved multiplexing scheme, the MRSIG pin outputs the signaling bits from Link 1 and Link 2. The signaling
bits on the MRSIG pin is updated on the active edge of the MRSCK.

Note:
* The contents in the brackets indicate the position of the preceding bit and the address of the register. After the address, if the punctuation *,..." is followed, this bit is in a per-link control reg-
ister and the listed address belongs to Link 1. Users can find the omitted addresses in Chapter 5. If there is no punctuation followed the address, this bit is in a global control register.
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Name Type Pin No. Description

RSFS[1]/ MRSFS |Output/ Input| 77 |RSFS[1:2]: Receive Side System Frame Pulse for Link 1~ 2

RSFS[2] 69 |InT1/J1 Receive Clock Master mode, RSFSn outputs the pulse to indicate each F-bit, every second F-bit in SF frame,
the first F-bit of every SF/ESF/T1 DM/SLC-96 multi-frame or the first F-bit of every second SF multi-frame.
In T1/J1 Receive Clock Slave mode, RSFSn inputs the pulse at a rate of integer multiple of 125 s to indicate the start
of a frame.
In E1 Receive Clock Master mode, RSFSn outputs the pulse to indicate the Basic frame, CRC Multi-frame, Signaling
Multi-frame, or both the CRC Multi-frame and Signaling Multi-frame, or the TS1 and TS16 overhead.
In E1 Receive Clock Slave mode, RSFSn inputs the pulse at a rate of integer multiple of 125 ps to indicate the start of
a frame.
RSFSn is updated/sampled on the active edge of the corresponding RSCKn. The active polarity of RSFSn is selected
by the FSINV bit (b4, T1/J1-048H,... / b4, E1-048H,...).

MRSFS: Multiplexed Receive Side System Frame Pulse for Link 1~ 2

In Receive Multiplexed mode, MRSFS inputs the pulse at a rate of integer multiple of 125 ps to indicate the start of a
frame on the multiplexed data bus. MRSFS is sampled on the active edge of MRSCK. The active polarity of MRSFS is
selected by the FSINV bit (b4, T1/J1-048H,... / b4, E1-048H,...).

RSFS[1:2)/MRSCK are Schmitt-triggered inputs/outputs with pull-up resistors.

RSCK[1]/ MRSCK|Output / Input| 80  |RSCK[1:2]: Receive Side System Clock for Link 1 ~ 2

RSCK]2] 72 |In Receive Clock Master mode, the RSCKn pins output a (gapped) 1.544 MHz (for T1/J1 mode) / 2.048 MHz (for E1
mode) clock used to update the signal on the corresponding RSDn, RSIGn and RSFSn pins.
In Receive Clock Slave mode, the RSCKn pins input a 1.544 MHz (for T1/J1 mode only), 2.048 MHz or 4.096 MHz
clock used to update the signals on the corresponding RSDn and RSIGn pins and sample the signals on the corre-
sponding RSFSn pins. Selected by the RSLVCK bit (b4, T1/J1-010H / b4, E1-010H), the RSCK{[1] pin can be used for
both two links.

MRSCK: Multiplexed Receive Side System Clock for Link 1 ~ 2
In Receive Multiplexed mode, MRSCK inputs a 8.192 MHz or 16.384 MHz clock used to update the signals on the
MRSD and MRSIG pins and sample the signal on the MRSFS pin.

RSCK[1:2)/MRSCK are Schmitt-triggered inputs/outputs with pull-up resistors.

TSD[1]/ MTSD Input 75 | TSD[1:2]: Transmit Side System Data for Link 1 ~ 2

TSD[2] 67 | The data stream from the system side is input on these pins.
In Transmit Clock Master mode, the TSDn pins are sampled on the active edge of the corresponding TSCKn.
In Transmit Clock Slave mode, selected by the TSLVCK bit (b1, T1/J1-010H / b1, E1-010H), the TSDn pins are sam-
pled on the active edge of the corresponding TSCKn or both two TSDn pins are sampled on the active edge of
TSCK[1].

MTSD: Multiplexed Transmit Side System Data for Link 1 ~ 2

In Transmit Multiplexed mode, the MTSD pin is used to input the data stream. Using a byte-interleaved multiplexing
scheme, the MTSD pin inputs the data for Link 1 and Link 2. The data on the MTSD pin is sampled on the active edge
of MTSCK.

TSD[1YMTSD is a Schmitt-triggered input. TSD[2] is a Schmitt-triggered input with pull-up resistor.
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Name Type Pin No. Description
TSIG[1]/ MTSIG Input 74 |TSIG[1:2]: Transmit Side System Signaling for Link 1 ~ 2
TSIG[2] 66 | The signaling bits are input on these pins. They are located in the lower nibble (b5 ~ b8) and are channel/timeslot-

aligned with the data input on the corresponding TSDn pin.

In Transmit Clock Master mode, TSIGn is sampled on the active edge of the corresponding TSCKn.

In Transmit Clock Slave mode, selected by the TSLVCK bit (b1, T1/J1-010H / b1, E1-010H), TSIGn is sampled on the
active edge of the corresponding TSCKn or both two TSIGn are updated on the active edge of TSCK[1].

MTSIG: Multiplexed Transmit Side System Signaling for Link 1 ~ 2

In Transmit Multiplexed mode, the MTSIG pin is used to input the signaling bits. The signaling bits are located in the
lower nibble (b5 ~ b8) and are channel/timeslot-aligned with the data input on the MTSD pin. Using the byte-interleaved
multiplexing scheme, the MTSIG pin inputs the signaling bits for Link 1 and Link 2. The signaling bits on the MTSIG pin
is sampled on the active edge of MTSCK.

TSIG[1)/MTSIG is a Schmitt-triggered input. TSIG[2] is a Schmitt-triggered input with pull-up resistor.

TSFS[1]/ MTSFS [Output/Input| 73 | TSFS[1:2]: Transmit Side System Frame Pulse for Link 1 ~ 2

TSFS[2] 65  |InT1/J1 Transmit Clock Master mode, TSFSn outputs the pulse to indicate each F-bit or the first F-bit of every SF/ESF/
T1 DM/SLC-96 multi-frame.
In T1/J1 Transmit Clock Slave mode, TSFSn inputs the pulse to indicate each F-bit or the first F-bit of every SF/ESF/T1
DM/SLC-96 multi-frame.
In E1 Transmit Clock Master mode, TSFSn outputs the pulse to indicate the Basic frame, CRC Multi-frame and/or Sig-
naling Multi-frame.
In E1 Transmit Clock Slave mode, TSFSn inputs the pulse to indicate the Basic frame, CRC Multi-frame and/or Signal-
ing Multi-frame.
TSFSn is updated/sampled on the active edge of the corresponding TSCKn. The active polarity of TSFSn is selected
by the FSINV bit (b1, T1/J1-042H,... / b1, E1-042H,...).

MTSFS: Multiplexed Transmit Side System Frame Pulse for Link 1 ~ 2

In T1/J1 Transmit Multiplexed mode, MTSFS inputs the pulse to indicate each F-bit or the first F-bit of every SF/ESF/T1
DM/SLC-96 multi-frame of one link on the multiplexed data bus.

In E1 Transmit Multiplexed mode, MTSFS inputs the pulse to indicate each Basic frame, CRC Multi-frame and/or Sig-
naling Multi-frame of one link on the multiplexed data bus.

MTSFS is sampled on the active edge of MTSCK. The active polarity of MTSFS is selected by the FSINV bit (b1, T1/
J1-042H,... / b1, E1-042H,...).

TSFS[1:2)/MTSFS are Schmitt-triggered inputs/outputs with pull-up resistors.

TSCK[1]/ MTSCK |Output/ Input| 76 | TSCK[1:2]: Transmit Side System Clock for Link 1 ~ 2

TSCK[2] 68 |In Transmit Clock Master mode, TSCKn outputs a (gapped) 1.544 MHz (for T1/J1 mode) / 2.048 MHz (for E1 mode)
clock used to sample the signal on the corresponding TSDn and TSIGn pins and update the signal on the correspond-
ing TSFSn pin.
In Transmit Clock Slave mode, TSCKn inputs a 1.544 MHz (for T1/J1 mode only), 2.048 MHz or 4.096 MHz clock used
to sample the signal on the corresponding TSDn, TSIGn and TSFSn pins. Selected by the TSLVCK bit (b1, T1/J1-010H
/b1, E1-010H), the TSCK[1] can be used for both two links.

MTSCK: Multiplexed Transmit Side System Clock for Link 1 ~ 2
In Transmit Multiplexed mode, MTSCK inputs a 8.192 MHz or 16.384 MHz clock used to sample the signal on the
MTSD, MTSIG and MTSFS pins.

TSCK[1:2)/MTSCK are Schmitt-triggered inputs/outputs with pull-up resistors.

Clock Generator

OSCI Input 95 | OSCI: Crystal Oscillator Input

This pin is connected to an external clock source.

The clock frequency of OSCI is defined by CLK_SEL[2:0]. The clock accuracy should be +32 ppm and duty cycle
should be from 40% to 60%.

Hardware or software reset can only be applied when the clock on this pin is available.
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Name

Type

Pin No.

Description

0sCo

Output

94

0SCO: Crystal Oscillator Output
This pin outputs the inverted, buffered clock input from OSCI.

CLK_SEL[0]
CLK_SEL[1]
CLK_SEL[2]

Input

85
86
87

CLK_SEL[2:0]: Clock Selection

These three pins select the input clock signal:

When the CLK_SEL[2] pin is low, the input clock signal is N X 1.544 MHz;
when the CLK_SEL[2] pin is high, the input clock signal is N X 2.048 MHz.
When the CLK_SEL[1:0] pins are ‘00", the N is 1;

When the CLK_SEL[1:0] pins are ‘01’, the N is 2;

When the CLK_SEL][1:0] pins are ‘10’, the N is 3;

When the CLK_SEL][1:0] pins are ‘11", the N is 4.

CLK_SEL[2:0] are Schmitt-trigger inputs.

CLK_GEN

Output

81

CLK_GEN: Clock Generator
This pin outputs the 1.544/2.048 MHz clock signal generated by the Clock Generator.

REFA_OUT

Output

90

REFA_OUT: Reference Clock Output A

The frequecy is 2.048 MHz (E1) or 1.544 MHz (T1/J1).

When no LOS is detected, this pin outputs a recovered clock from the Clock and Data Recovery function block of one
of the two links. The link is selected by the RO10 bit (b0, T1/J1-007H / b0, E1-007H).

When LOS is detected, this pin outputs MCLK or high level, as selected by the REFH_LOS bit (b0, T1/J1-03EH, b0,
E1-03EH).

Note: MCLK is a clock derived from OSCI using an internal PLL, and the frequency is 2.048 MHz (E1) or 1.544 MHz
(T11).

REFB_OUT

Output

92

REFB_OUT: Reference Clock Output B

The frequecy is 2.048 MHz(E1) or 1.544 MHz(T1/J1).

When no LOS is detected, this pin outputs a recovered clock from the Clock and Data Recovery function block of one
of the two links. The link is selected by the RO20 bit (b3, T1/J1-007H / b3, E1-007H).

When LOS is detected, this pin outputs MCLK or high level, as selected by the REFH_LOS bit (b0, T1/J1-03EH/ b0,
E1-03EH).

Control Interface

RESET

Input

84

RESET: Reset (Active Low)

Alow pulse for more than 100 ns on this pin resets the device. All the registers are accessible 2 ms after the reset.
Reset can only be applied when the clock on the OSCI pin is available.

The RESET pin is a Schmitt-trigger input with a weak pull-up resistor. The OSCI clock must exist when the device is
reset.

GPIO

Output / Input

General Purpose 1/0

This pin can be defined as input pin or output pin by the DIRO bit (b0, T1/J1-006H / b0, E1-006H). When the pin is
input, its polarity is indicated by the LEVELO bit (b2, T1/J1-006H / b2, E1-006H). When the pin is output, its polarity is
controlled by the LEVELQO bit (b2, T1/J1-006H / b2, E1-006H).

GPIO is a Schmitt-trigger input/output with a pull-up resistor.

THZ

Input

THZ: Transmit High-Z
A high level on this pin puts all the TTIPn/TRINGn pins into high impedance state.
THZ is a Schmitt-trigger input.

Output

49

INT: Interrupt (Active Low)
This is the open drain, active low interrupt output. This pin will stay low until all the active unmasked interrupt indication
bits are cleared.

Output

REFR:
This pin should be connected to ground via an external 10K resistor.

Input

48

CS: Chip Select (Active Low)

This pin must be asserted low to enable the microprocessor interface. The signal must be asserted high at least once
after power up to clear the internal test modes. A transition from high to low must occur on this pin for each Read/Write
operation and can not return to high until the operation is completed.

CS is a Schmitt-trigger input.

Pin Description

18 August 20, 2009




DUAL T1/E1/J1 LONG HAUL / SHORT HAUL TRANSCEIVER

Name Type Pin No. Description

A[0] Input 52 |A[8:0]: Address Bus

Al1] 53  |In parallel mode, the signals on these pins select the register for the microprocessor to access.
Al2] 54 In SPI mode, these pins should be connected to the ground.

A[3] 55  |A[8:0] are Schmitt-trigger inputs with pull-down resistor.

Al4] 56

A[5] 57

Al6] 60

Al7] 62

Al8] 63

D[0]/SDO Output/ Input| 34  |D[7:0]: Bi-directional Data Bus

D[1] 35  |In parallel mode, the signals on these pins are the data for Read / Write operation.
D[2] 36 |In SPI mode, the D[7:1] pins should be connected to the ground through a 10 K resistor.
D[3] 37 |D[7:0] are Schmitt-trigger inputs/outputs.
D[4] 38
D[5] 39  |SDO: Serial Data Output
D[6] 41 In SPI mode, the data is serially output on this pin.
D[7] 43

MPM Input 32 |MPM: Micro Controller Mode

In parallel mode, set this pin low for Motorola mode or high for Intel mode.
In SPI mode, set this pin to a fixed level (high or low). This pin is useless in SPI mode.
MPM is a Schmitt-trigger input.

RW/WR/SDI Input 47 |RW: Read / Write Select
In parallel Motorola mode, this pin is active high for read operation and active low for write operation.

WR: Write Strobe (Active Low)
In parallel Intel mode, this pin is active low for write operation.

SDI: Serial Data Input
In SPI mode, the address/control and/or data are serially input on this pin.
RW /WR / SDI is a Schmitt-trigger input.

DS/RD/SCLK Input 46  |DS: Data Strobe (Active Low)
In parallel Motorola mode, this pin is active low.

RD: Read Strobe (Active Low)
In parallel Intel mode, this pin is active low for read operation.

SCLK: Serial Clock
In SPI mode, this pin inputs the timing for the SDO and SDI pins. The signal on the SDO pin is updated on the falling
edge of SCLK, while the signal on the SDI pin is sampled on the rising edge of SCLK.

DS /RD/ SCLK is a Schmitt-trigger input.

SPIEN Input 33 | SPIEN: Serial Microprocessor Interface Enable

When this pin is low, the microprocessor interface is in parallel mode.
When this pin is high, the microprocessor interface is in SPI mode.
SPIEN is a Schmitt-trigger input.

JTAG (per IEEE 1149.1)

TRST Input 97 | TRST: Test Reset (Active Low)
A low signal on this pin resets the JTAG test port. This pin is a Schmitt-triggered input with an internal pull-up resistor. It
must be connected to the RESET pin or ground when JTAG is not used.
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Name Type Pin No. Description
T™MS Input 100 |TMS: Test Mode Select
The signal on this pin controls the JTAG test performance and is sampled on the rising edge of TCK. This pin is a
Schmitt-triggered input with an internal pull-up resistor.
TCK Input 98  |TCK: Test Clock
The clock for the JTAG test is input on this pin. TDI and TMS are sampled on the rising edge of TCK and TDO is
clocked out of the device on the falling edge of TCK. This pin is a Schmitt-triggered input with an internal pull-up resis-
tor.
TDI Input 99 | TDI: Test Input
The test data is sampled at this pin on the rising edge of TCK. This pin has an internal pull-up resistor. This pin is a
Schmitt-triggered input with an internal pull-up resistor.
TDO High-Z 96  |TDO: Test Output
The test data are output on this pin. It is updated on the falling edge of TCK. This pin is High-Z except during the pro-
cess of data scanning.
Power & Ground
VDDDIO[0] Power 93 | vDDDIOJ[2:0]: 3.3 V /0O Power Supply
VDDDIO[1] 40
VDDDIO[2] 64
GNDDIO[0] Ground 89  |GNDDIOJ[2:0]: Digital Pad Ground
GNDDIO[1] 44
GNDDIO[2] 59
VDDDCI0] Power 91 VDDDCI[3:0]: 1.8 V Digital Core Power Supply
VDDDC[1] 42
VDDDCJ2] 61
VDDDCI3] 3
GNDDCI0] Ground 88  |GNDDC[3:0]: Digital Core Ground
GNDDC[1] 45
GNDDCI[2] 58
GNDDC[3] 4
VDDAR([1] Power 26  |VDDAR[2:1]: 3.3 V Power Supply for Receiver
VDDAR[2] 13
GNDAR[1] Ground 29  |GNDAR[2:1]: Analog Ground for Receiver
GNDAR([2] 10
VDDAT[1] Power 25 |VDDAT[2:1]: 3.3 V Power Supply for Transmitter
VDDAT[2] 14
GNDAT[1] Ground 24 |GNDAT[2:1]: Analog Ground for Transmitter
GNDAT[2] 15
VDDAX[1] Power 20  |VDDAX[2:1]: 3.3 V Power Supply for Transmit Driver
VDDAX[2] 19
GNDAX[1] Ground 23 |GNDAX[2:1]: Analog Ground for Transmitter Driver
GNDAX[2] 16
VDDAP Power 6 VDDAP: 3.3 V Power Analog PLL
GNDAP Ground 5 GNDAP: Analog Ground PLL
VDDAB Power 8 VDDAB: 3.3 V Power Analog Bias
GNDAB Ground 7 GNDAB: Analog Ground Bias

TEST

Pin Description
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Name Type Pin No. Description

IC - 31 IC: Internal Connected

50 |These pins are for IDT use only and should be connected to ground.
51
82
83

NC - 30 NC: Not Connected
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3 FUNCTIONAL DESCRIPTION

The IDT82P2282 is a highly featured single device solution for T1/
E1/J1 trunks. Each link of the IDT82P2282 can be independently config-
ured. The configuration is performed through an SPI or parallel micro-
processor interface.

LINE INTERFACE - RECEIVE PATH

In the receive path, the signals from the line side are coupled into
the RTIPn and RRINGn pins and pass through an Impedance Termina-
tor. An Adaptive Equalizer is provided to increase the sensitivity for small
signals. Clock and data are recovered from the digital pulses output from
the slicer. After passing through the Receive Jitter Attenuator (can be
enabled or disabled), the recovered data is decoded using B8ZS (for T1/
J1) / HDB3 (for E1) or AMI line code rules and clocked into the Frame
Processor. Loss of signal, line code violations and excessive zero are
detected.

FRAMER - RECEIVE PATH

In T1/J1 Mode, the recovered data and clock of each link can be
configured in Super Frame (SF), Extended Super Frame (ESF), T1 Digi-
tal Multiplexer (DM) or Switch Line Carrier - 96 (SLC-96) formats. (The
T1 DM and SLC-96 formats only exist in T1 mode). The framing can also
be bypassed (unframed mode). The Framer detects and indicates the
out of SF/ESF/DM/SLC-96 synchronization event, the Yellow, Red and
AIS alarms. The Framer also detects the presence of inband loopback
codes and bit-oriented messages. Frame Alignment Signal errors, CRC-
6 errors, out of SF/ESF/T1 DM/SLC-96 events and Frame Alignment
position changes are counted. Up to three HDLC links (in ESF and T1
DM format) or two HDLC links (in SF and SLC-96 format) are provided
to extract the HDLC message on the DL bit (in ESF format) / D bit in
CH24 (in T1 DM format) or any arbitrary position. In the T1/J1 receive
path, signaling debounce, signaling freeze, idle code substitution, digital
milliwatt code insertion, idle code insertion, data inversion and pattern
generation or detection are supported on a per-channel basis. An Elastic
Store Buffer that supports controlled slip and adaptation to backplane
timing may be enabled. In the Receive System Interface, various operat-
ing modes can be selected to output signals to the system.

In E1 Mode, the recovered data and clock of each link can be con-
figured to frame to Basic Frame, CRC Multi-Frame and Signaling Multi-
Frame. The framing can be bypassed (unframed mode). The Framer
detects and indicates the following event: out of Basic Frame Sync, out
of CRC Multi-Frame, out of Signaling Multi-Frame, Remote Alarm Indi-
cation signal and Remote Signaling Multi-Frame Alarm Indication signal.
The Framer also monitors Red and AIS alarms. Basic Frame Alignment
Signal errors, Far End Block Errors (FEBE) and CRC errors are
counted. Up to three HDLC links are provided to extract the HDLC mes-
sage on TS16, the Sa National bits or any arbitrary timeslot. In the E1
receive path, signaling debounce, signaling freezing, idle code substitu-
tion, digital milliwatt code insertion, trunk conditioning, data inversion
and pattern generation or detection are also supported on a per-timeslot
basis. An Elastic Store Buffer that supports slip buffering and adaptation
to backplane timing may be enabled. In the Receive System Interface,

Functional Description

various operating modes can be selected to output signals to the sys-
tem.

SYSTEM INTERFACE

On the system side, if the device is in T1/J1 mode, the data stream
of 1.544 Mbit/s can be converted to/from the data stream of 2.048 Mbit/s
by software configuration. In addition, the two links can be multiplexed to
or de-multiplexed from a 8.192 Mbit/s bus. If the device is in E1 mode,
the two links can be multiplexed to or de-multiplexed from a 8.192 Mbit/s
bus.

FRAMER - TRANSMIT PATH

In the transmit path, the Transmit System Interface inputs the sig-
nals with various operating modes. In T1/J1 mode, the signals can be
processed by a Transmit Payload Control to execute the signaling inser-
tion, idle code substitution, data insertion, data inversion and test pattern
generation or detection on a per-channel basis. The transmit path of
each transceiver can be configured to generate SF, ESF, T1 DM or SLC-
96. The framer can also be disabled (unframed mode). The Framer can
transmit Yellow alarm and AIS alarm. Inband loopback codes and bit ori-
ented message can be transmitted. Up to three HDLC links (in ESF and
T1 DM format) or two HDLC links (in SF and SLC-96 format) are pro-
vided to insert the HDLC message on the DL bit (in ESF format) / D bit in
CH24 (in T1 DM format) or any arbitrary position. After passing through
a Transmit Buffer, the processed data and clock are input to the
Encoder.

In E1 mode, the signals can be processed by a Transmit Payload
Control to execute the signaling insertion, idle code substitution, data
insertion, data inversion and test pattern generation or detection on a
per-timeslot basis. The transmit path of each transceiver can be config-
ured to generate Basic Frame, CRC Multi-Frame and Signaling Multi-
Frame. The framer can be disabled (unframed mode). The Framer can
transmit Remote Alarm Indication signal, the Remote Signaling Multi-
Frame Alarm Indication signal, AIS alarm and FEBE. Three HDLC links
are provided to insert the HDLC message on TS16, the Sa National bits
or any arbitrary timeslot. The processed data and clock are input to the
Encoder.

LINE INTERFACE - TRANSMIT PATH

The data is encoded using AMI or B8ZS (for T1/J1) and HDB3 (for
E1) line code rules. The Transmit Jitter Attenuator, if enabled, is pro-
vided with a FIFO in the transmit data path. A de-jittered clock is gener-
ated by an integrated digital phase-locked loop and is used to read data
from the FIFO. The shapes of the pulses are user programmable to
ensure that the T1/E1/J1 pulse template is met after the signal passing
through different cable lengths and types. Bipolar violation can be
inserted for diagnostic purposes if AMI line code rule is enabled. The
signal is transmitted on the TTIPn and TRINGn pins through an Imped-
ance Terminator.
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TEST AND DIAGNOSES

To facilitate the testing and diagnostic functions, Analog Loopback,
Remote Digital Loopback, Remote Loopback, Local Digital Loopback,
Payload Loopback and System Loopback are also integrated in the
IDT82P2282. A programmable pseudo random bit sequence can be
generated in receive/transmit direction and detected in the opposite
direction for testing purpose.

The G.772 Non-intrusive monitoring and JTAG are also supported
by the IDT82P2282.
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31 T1/E1/J1 MODE SELECTION ing formats can be selected. When it is in J1 mode, Super Frame (SF)
Each link in the IDT82P2282 can be configured as a duplex T1  and Extended Super Frame (ESF) formats can be selected. All the

transceiver, or a duplex E1 transceiver, or a duplex J1 transceiver. When ~ selections are made by the TEMODE bit, the T1/J1 bit and the FM[1:0]

it is in T1 mode, Super Frame (SF), Extended Super Frame (ESF), T1  bits as shown in Table 1.

Digital Multiplexer (T1 DM) and Switch Line Carrier - 96 (SLC-96) fram-

Table 1: Operating Mode Selection

TEMODE T FM[1:0] Operating Mode
00 T1 mode SF format
0 01 T1 mode ESF format
1 10 T1 mode T1 DM format
11 T1 mode SLC-96 format
1 00 J1 mode SF format
01 J1 mode ESF format
0 X X E1 mode

Table 2: Related Bit / Register In Chapter 3.1

Bit Register Address (Hex)
TEMODE
T111 T1/J1 Or E1 Mode 020, 120
FM[1:0]
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3.2 RECEIVER IMPEDANCE MATCHING
The receiver impedance matching can be realized by using internal
impedance matching circuit or external impedance matching circuit.
When the R_TERM[2] bit is ‘0", the internal impedance matching

Table 3: Impedance Matching Value For The Receiver

Internal Termination

External Termination

circuit is enabled. 100 Q, 110 Q, 75 O or 120 Q internal impedance c ?ablet.
matching circuit can be selected by the R_TERM[1:0] bits. onfiguration | R TERM[2:0] | Rp | R.TERM[2:0] | Rg
When the R_TERMI[2] bit is ‘1’, the internal impedance matching 75Q (E1) 000 75Q
circuit is disabled, and different external resistors should be used to real- 120 O (E1) 001 120 Q
iza di i i 120 Q 1XX
ize different impedance matching. 100 Q2 (T1) 010 1000
Figure 2 shows the appropriate components to connect with the M0 N 077 00
cable for one link. Table 3 lists the recommended matching resistor val-
ues for the receiver.
VDDAR
A o1, 1 RTIP VDDAR 33V
D7 ¥ _ | o'
Rx Line Rr < VDDAR ] 0.1uF —+
D6 % S GNDA 4
'231. Rt = D4 e s
TP 22 yppax 33V
03 % o2 | T 68
«TxLine Cp —~ ) “g 0.1uF 4
VDD s GNDA
Sl PRI -
Rt D1 i

Note: 1. Common decoupling capacitor
2. Cp 0-560 (pF)
3. D1 - D8, Motorola - MBR0540T1;

International Rectifier - 11DQ04 or 10BQ060

Figure 2. Receive / Transmit Line Circuit

3.21 LINE MONITOR

In both T1/J1 and E1 short haul applications, the Protected Non-
Intrusive Monitoring per T1.102 can be performed between two devices.
The monitored link of one device is in normal operation, and the moni-
toring link of the other device taps the monitored one through a high
impedance bridging circuit. Refer to Figure 3&Figure 4 (Twisted Pair)
and Figure 5&Figure 6 (COAX).

After the high resistance bridging circuit, the signal arriving at RTIPn/
RRINGn of the monitoring link is dramatically attenuated. To compen-
sate this bridge resistive attenuation, Monitor Gain can be used to boost
the signal by 22 dB, as selected by the MG[1:0] bits (b1~0, T1/J1-
02AH,...). For normal operation, the Monitor Gain should be set to 0 dB,
i.e., the Monitor Gain of the monitored link should be 0 dB.

The monitoring link can be configured to any of the External or
Partially Internal Impedance Matching mode. Here the external r or
internal IM is used for voltage division, not for impedance matching. That
is, the r (IM) and the R make up of a resistance bridge. The resistive

Functional Description

attenuation of this bridge is 20Ig(r/(2R+r)) dB for Twisted Pair or 20Ig(r/
(R+r)) dB for COAX. The value of resistive attenuation should be consis-
tent with the setting of Monitor Gain (22 dB).

In case of LOS, REFH_LOS bit (b0, T1/J1-03EH) determines the
outputs on the REFA_OUT and REFB_OUT pins. When set to 0, the
output is MCLK; when set to 1, the output is high level.
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DSX cross
t point
connec po:r: RTIPN
monitor gai
—e Re | =08
RRINGn
D R monitored link
[}R RTIPn
monitor gali
' =22dB
RRINGn

monitoring link

Figure 3. Receive Path Monitoring (Twisted Pair)

DSX cross
connect point TTIPn

@
! | %é

U R TRINGn

monitored link
D R RTIPn
monitor gai
r =22dB
RRINGn

monitoring link

Figure 4. Transmit Path Monitoring (Twisted Pair)
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DSX cross connect point

RTIPn
Monitor Gain
Re | =048
RRINGn
Monitored Link
RTIPn
Monitor Gai
r =22 dB
| -
RRINGn
Monitoring Link

Figure 5. Receive Path Monitoring (COAX)

DSX cross connect point

TTIPn

TRINGn
Monitored Link
RTIPn
Monitor Gai
r =22 dB
-

RRINGn

Monitoring Link

Figure 6. Transmit Path Monitoring(COAX)

Table 4: Related Bit / Register In Chapter 3.2

Bit Register Address (Hex)
R_TERM[2:0] Transmit And Receive Termination Configuration 032, 132
MG[1:0] Receive Configuration 2 02A, 12A

August 20, 2009
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3.3  ADAPTIVE EQUALIZER

The Adaptive Equalizer can remove most of the signal distortion
due to intersymbol interference caused by cable attenuation and distor-
tion. Usually, the Adaptive Equalizer is off in short haul applications and
is on in long haul applications, which is configured by the EQ_ON bit.

The peak detector keeps on measuring the peak value of the
incoming signals during a selectable observation period. The observa-
tion period is selected by the UPDW[1:0] bits. A shorter observation
period allows quicker response to pulse amplitude variation, while a
longer observation period can minimize the possible overshoots.

Based on the observed peak value for a period, the equalizer will
be adjusted to achieve a normalized signal. The LATT[4:0] bits indicate
the signal attenuation introduced by the cable in approximately 2 dB per
step.

Table 5: Related Bit / Register In Chapter 3.3 & Chapter 3.4

In short haul application, the receive sensitivity is -10 dB in both T1/
J1 and E1 modes. In long haul application, the receive sensitivity is -36
dB in T1/J1 mode or -43 dB in E1 mode.

34  DATASLICER

The Data Slicer is used to generate a standard amplitude mark or a
space according to the amplitude of the input signals. The criteria of
mark or space generation are based on a selected ratio of the incoming
signal amplitude against the peak value detected during the observation
period. This ratio is selected by the SLICE[1:0] bits. The output of the
Data Slicer is forwarded to the Clock and Data Recovery unit.

Bit Register Address (Hex)
EQ_ON Receive Configuration 1 029, 129
UPDW[1:
SLICE[[1 (())]] Receive Configuration 2 02A, 12A
LATT[4:0] Line Status Register 1 037,137
REFH_LOS Reference Clock Output Control 03E,13E
3.5 CLOCK AND DATA RECOVERY

The Clock and Data Recovery is used to recover the clock signal
from the received data. It is accomplished by Digital Phase Locked Loop
(DPLL). The recovered clock tracks the jitter in the data output from the
Data Slicer and keeps the phase relationship between data and clock
during the absence of the incoming pulse.

SJET provides two reference clock outputs REFA_OUT and
REFB_OUT. These pins output a recovered clock from the Clock and
Data Recovery function block of one of the two links. The link is selected
by the RO1[0] for REFA_OUT and with RO2[0] for REFB_OUT.

When Loss of Signal (LOS) is detected (Chapter 3.7.3 LOS Detec-
tion) on the link selected for REFA_OUT/REFB_OUT, this pin outputs
MCLK (delivered from OSCI input) or a high level signal as selected by
the REFH_LOS bit.

Functional Description

28
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3.6  RECEIVE JITTER ATTENUATOR

The Receive Jitter Attenuator of each link can be chosen to be
used or not. This selection is made by the RJA_E bit.

The Jitter Attenuator consists of a FIFO and a DPLL, as shown in
Figure 7.

Jittered Data FIFO De-jittered Data
> —>
32/64/128
write 4 4 read
' lock pointer ointer De-jittered Clock
Jittered Clock P S oPLL p ] N

Figure 7. Jitter Attenuator

The FIFO is used as a pool to buffer the jittered input data, then the
data is clocked out of the FIFO by a de-jittered clock. The depth of the
FIFO can be 32 bits, 64 bits or 128 bits, as selected by the RIA_DP[1:0]
bits. Accordingly, the constant delay produced by the Jitter Attenuator is
16 bits, 32 bits or 64 bits. The 128-bit FIFO is used when large jitter tol-
erance is expected, while the 32-bit FIFO is used in delay sensitive
applications.

The DPLL is used to generate a de-jittered clock to clock out the
data stored in the FIFO. The DPLL can only attenuate the incoming jitter
whose frequency is above Corner Frequency (CF). The jitter whose fre-
quency is lower than the CF passes through the DPLL without any atten-
uation. In T1/J1 applications, the CF of the DPLL can be 5 Hz or 1.26
Hz, as selected by the RJA_BW bit. In E1 applications, the CF of the
DPLL can be 6.77 Hz or 0.87 Hz, as selected by the RJA_BW bit. The
lower the CF is, the longer time is needed to achieve synchronization.

If the incoming data moves faster than the outgoing data, the FIFO
will overflow. If the incoming data moves slower than the outgoing data,
the FIFO will underflow. The overflow or underflow is captured by the
RJA_IS bit. When the RJA_IS bit is ‘1’, an interrupt will be reported on
the INT pin if enabled by the RJA_IE bit.

To avoid overflow or underflow, the JA-Limit function can be
enabled by setting the RJA_LIMT bit. When the JA-Limit function is
enabled, the speed of the outgoing data will be adjusted automatically if
the FIFO is close to its full or emptiness. The criteria of speed adjust-
ment start are listed in Table 6. Though the JA-Limit function can reduce
the possibility of FIFO overflow and underflow, the quality of jitter attenu-
ation is deteriorated.

Table 6: Criteria Of Speed Adjustment Start

FIFO Depth Criteria Of Speed Adjustment Start
32 bits 2-bit close to full or empty
64 bits 3-bit close to full or empty
128 bits 4-bit close to full or empty

Functional Description

29

Selected by the RJITT_TEST bit, the real time interval between the
read and write pointer of the FIFO or the peak-peak interval between the
read and write pointer of the FIFO can be indicated in the RJITT[6:0]
bits. When the RJITT_TEST bit is ‘0", the current interval between the
read and write pointer of the FIFO will be written into the RJITT[6:0] bits.
When the RJITT_TEST bit is “1’, the current interval will be compared
with the old one in the RJITT[6:0] bits and the larger one will be indi-
cated by the RJITT[6:0] bits.

The performance of Receive Jitter Attenuator meets the ITU-T
1431, G.703, G.736 - 739, G.823, G.824, ETSI 300011, ETSI TBR 12/
13, AT&T TR62411, TR43802, TR-TSY 009, TR-TSY 253, TR-TRY 499
standards. Refer to Chapter 7.10 Jitter Tolerance and Chapter 7.11 Jitter
Transfer for details.

Table 7: Related Bit / Register In Chapter 3.6

Bit Register Address (Hex)
RJA_E
RJA_DP[1:0]
RJA_BW | Receive Jitter Attenuation Configuration 027,127
RJA_LIMT
RJTT_TEST
RJA_IS Interrupt Status 1 03B, 13B
RJA_IE Interrupt Enable Control 1 034,134
RJITT[6:0] | Receive Jitter Measure Value Indication 039,139
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3.7 DECODER
3.71 LINE CODE RULE
3.7141 T1/J1 Mode

In T1/J1 mode, the AMI and B8ZS line code rules are provided. The
selection is made by the R_MD bit.

3.71.2 E1 Mode

In E1 mode, the AMI and HDB3 line code rules are provided. The
selection is made by the R_MD bit.

3.7.2 DECODE ERROR DETECTION
3.7.21 T1/J1 Mode

The decode errors can be divided into three types in T1/J1 mode:

1. Bipolar Violation (BPV) Error: When AMI line code rule is used,
the BPV error will be detected if two consecutive pulses are received
with the same polarity (refer to Figure 8). The event of the Bipolar Viola-
tion (BPV) Error is forwarded to the Performance Monitor.

2. B8ZS Code Violation (CV) Error: When B8ZS line code rule is
used, a CV error is detected when the received code does not match the
standard B8ZS line code pattern (expect the Excessive Zero error).

3. Excessive Zero (EXZ) Error: EXZ error can be detected in both
AMI and B8ZS line code rules. There are two standards defining the
EXZ error: ANSI and FCC. The EXZ_DEF bit chooses a standard for the
corresponding link to judge the EXZ error. Table 8 shows the definition of
EXZ. To count the event of the Excessive Zero (EXZ) Error, the
EXZ_ERR([1:0] bits should be set to ‘01". The Excessive Zero (EXZ)
Error is counted in an internal 16-bit EXZ counter. The content in the
EXZ counter is transferred to the EXZ Error Counter L-Byte & H-Byte
registers in two ways:

a. When the CNT_MD bhit is ‘0', the Manual-Report mode is
selected. The EXZ counter transfers its content to the EXZ Error
Counter L-Byte & H-Byte registers when there is a transition from ‘0’ to
‘1" on the CNT_TREF bit;

b. When the CNT_MD bit is ‘1", the Auto-Report mode is selected.
The EXZ counter transfers its content to the EXZ Error Counter L-Byte &
H-Byte registers every one second automatically.

After the content in the counter is transferred to the EXZ Error
Counter L-Byte & H-Byte registers, the counter will be cleared to ‘0’ and
start a new round counting automatically. No error event is lost during
data transferring.

The overflow of the counter is reflected by the CNTOV_IS bit, and
can trigger an interrupt if the corresponding CNT_IE bit is set.

When the Bipolar Violation (BPV) Error or the B8ZS Code Violation
(CV) Error is detected, it will be indicated by the CV_IS bit. When the
Excessive Zero (EXZ) Error is detected, it will be indicated by the
EXZ_IS bit. When the CV_IS bit or the EXZ_IS bit is “1’, an interrupt will
be reported by the INT pin if enabled by the corresponding CV_IE bit or
the EXZ_IE bit.

Functional Description

3.7.22 E1 Mode

The decode errors can be divided into three types in E1 mode:

1. Bipolar Violation (BPV) Error: When AMI line code rule is used,
the BPV error will be detected if two consecutive pulses are received
with the same polarity (refer to Figure 8). The event of the Bipolar Viola-
tion (BPV) Error is forwarded to the Performance Monitor.

2. HDB3 Code Violation (CV) Error: When HDB3 line code rule is
used, a CV error is detected if two consecutive BPV errors are detected,
and the pulses that have the same polarity as the previous pulse are not
the HDB3 zero substitution pulsed (refer to Figure 10).

3. Excessive Zero (EXZ) Error; EXZ error can be detected in both
AMI and HDB3 line code rules. There are two standards defining the
EXZ error: ANSI and FCC. The EXZ_DEF bit chooses a standard for the
corresponding link to judge the EXZ error. Table 8 shows the definition of
EXZ. To count the event of the Excessive Zero (EXZ) Error, the
EXZ_ERR[1:0] bits should be set to ‘01". The Excessive Zero (EXZ)
Error is counted in an internal 16-bit EXZ counter. The content in the
EXZ counter is transferred to the EXZ Error Counter L-Byte & H-Byte
registers in two ways:

a. When the CNT_MD bit is ‘0’, the Manual-Report mode is
selected. The EXZ counter transfers its content to the EXZ Error
Counter L-Byte & H-Byte registers when there is a transition from ‘0’ to
‘1" on the CNT_TREF bit;

b. When the CNT_MD bit is ‘1", the Auto-Report mode is selected.
The EXZ counter transfers its content to the EXZ Error Counter L-Byte &
H-Byte registers every one second automatically.

After the content in the counter is transferred to the EXZ Error
Counter L-Byte & H-Byte registers, the counter will be cleared to ‘0’ and
start a new round counting automatically. No error event is lost during
data transferring.

The overflow of the counter is reflected by the CNTOV_IS bit, and
can trigger an interrupt if the corresponding CNT_IE bit is set.

When the Bipolar Violation (BPV) Error or the HDB3 Code Violation
(CV) Error is detected, it will be indicated by the CV_IS bit. When the
Excessive Zero (EXZ) Error is detected, it will be indicated by the
EXZ_IS bit. When the CV_IS bit or the EXZ_IS bit is ‘1, an interrupt will
be reported by the INT pin if enabled by the corresponding CV_IE bit or
the EXZ_IE bit.

Table 8: Excessive Zero Error Definition

ANSI FCC

More than 15 consecutive Os are|More than 80 consecutive Os are

AMI detected. detected.

B8ZS

More than 7 consecutive Os are
detected (refer to Figure 9).

More than 7 consecutive Os are
detected (refer to Figure 9).

HDB3

More than 3 consecutive Os are
detected (refer to Figure 10).

More than 3 consecutive Os are
detected (refer to Figure 10).
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RTPn _[{] 3 5| M 7
RRINGn 2] [4] / [o]

Bipolar violation

Figure 8. AMI Bipolar Violation Error

RTIPn [ [4] 6| 8]

«—— 8 consecutive ——
RRINGn _|1] e B

zeros H |§|

Excessive zero

Figure 9. B8ZS Excessive Zero Error

Code violation

clock

RTIPn [ 3 5
i 4 consecutive iq

RRINGn ] | Zeros [4] ﬁ/{ (\H 6]

Excessive zero

Figure 10. HDB3 Code Violation & Excessive Zero Error

373 LOS DETECTION When the LOS is detected, it will be indicated by the LOS_S bit.

The Loss of Signal (LOS) Detector monitors the amplitude and den-
sity of the received signal. When the received signal is below an ampli-
tude for continuous intervals, the LOS is detected. When the received
signal is above the amplitude and the density of marks meets the
requirement, the LOS is cleared.

The different criteria for LOS Declaring/Clearing are illustrated in
Table 9 and Table 10. In T1/J1 mode, the LOS detection supports ANSI
T1.231 and 1.431. In E1 mode, the LOS detection supports ITU-T G.775
and 1.431. The criteria are selected by the LAC bit.

Functional Description

Selected by the LOS_IES bit, a transition from '0' to "1 on the LOS_S bit
or any transition (from ‘0’ to ‘1’ or from ‘1’ to ‘0’) on the LOS_S bit will set
the LOS_IS bit to ‘1. When the LOS_IS bit is “1’, an interrupt will be
reported by the INT pin if enabled by the LOS_IE bit.

During LOS, if the RAISE bit is set to ‘1°, all ‘One’s will be inserted
to the received data stream.
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Table 9: LOS Condition In T1/J1 Mode

caught for checking.

*The Q dB is set in the LOS[4:0] bits.
** A hopping 128-bit window means this: An entire 128 bits is taken from the data stream and is checked. If the criteria are not met, all the 128 bits are thrown and another 128 bits are

Short Haul Application Long Haul Application
Loss of Signal in T1/J1 Mode
ANSI T1.231 1431 ANSI T1.231 1431

LOS Amplitude below 800 mVpp below 800 mVpp below Q dB * below Q dB *

Detected | Continuous Intervals | 175 bits 1544 bits 175 bits 1544 bits
Amplitude above 1 Vpp above 1 Vpp above Q+4dB* above Q+4dB*

LOS 12.5% (16 marks in a hopping|12.5% (16 marks in a hopping [12.5% (16 marks in a hopping|12.5% (16 marks in a hopping

Cleared Mark Density ~ [128-bit window **) with less|128-bit window **) with less|128-bit window **) with less|128-bit window **) with less
than 100 continuous zeros than 100 continuous zeros than 100 continuous zeros than 100 continuous zeros

Note:

Table 10: LOS Condition In E1 Mode
Short Haul Application Long Haul Application
Loss of Signal in E1 Mode
G.775 1.431 G.775 1.431

LOS Amplitude below 800 mVpp below 800 mVpp below Q dB * below QdB *

Detected | Continuous Intervals |32 bits 2048 bits 32 bits 2048 bits
Amplitude above 1 Vpp above 1 Vpp above Q+4dB* above Q+4dB*

LOS 12.5% (4 marks in a hopping|12.5% (4 marks in a hopping|12.5% (4 marks in a hopping|12.5% (4 marks in a hopping

Cleared Mark Density | 32-bit window **) with less than | 32-bit window **) with less than | 32-bit window **) with less than | 32-bit window **) with less than
16 continuous zeros 16 continuous zeros 16 continuous zeros 16 continuous zeros

Note:

for checking.

* The Q dB is set in the LOS[4:0] bits.
** A hopping 32-bit window means this: An entire 32 bits is taken from the data stream and is checked. If the criteria are not met, all the 32 bits are thrown and another 32 bits are caught

Functional Description

32
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Table 11: Related Bit / Register In Chapter 3.7

Bit Register Address (Hex)
R_MD Receive Configuration 0 028, 128
EXZ_ERR
i);ZT’_E;AE; Maintenance Function Control 2 031,131
CNT_TRF
CNTL[7:0] EXZ Error Counter L-Byte 03D, 13D
CNTHI[7:0] EXZ Error Counter H-Byte 03C, 13C
CV_IS
EXZ_IS Interrupt Status 1 03B, 13B
CNTOV_IS
CV_IE
EXZ_IE Interrupt Enable Control 1 034, 134
CNT_IE
R;/-I\;:E Maintenance Function Control 1 02C, 12C
LOS_S Line Status Register 0 036, 136
LOS_IES Interrupt Trigger Edges Select 035, 135
LOS_IS Interrupt Status 0 03A, 13A
LOS_IE Interrupt Enable Control 0 033,133
LOS[4:0] Receive Configuration 1 029, 129

Functional Description 33 August 20, 2009
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3.8 FRAME PROCESSOR

3.8.1 T1/J1 MODE

In T1/J1 mode, the Frame Processor searches for the frame align-
ment patterns in the standard Super-Frame (SF), Extended Super-
Frame (ESF), T1 Digital Multiplexer (DM) or Switch Line Carrier - 96
(SLC-96) framing formats. The T1 DM and SLC-96 formats are only sup-
ported in T1 mode. The Frame Processor acquires frame alignment per
ITU-T requirement.

When frame alignment is achieved, the Framer Processor contin-
ues to monitor the received data stream. The Frame Processor will
declare framing bit errors or bit error events if any. The Frame Processor
can also detect out-of-frame events based on selected criteria.

The Frame Processor can also be bypassed by setting the UNFM
bit.

Table 12: The Structure of SF

3.8.11 Synchronization Searching
3.8.1.1.1 Super Frame (SF) Format

The structure of T1/J1 SF is illustrated in Table 12. The SF is made
up of 12 frames. Each frame consists of one overhead bit (F-bit) and 24
8-bit channels. Its Frame Alignment Pattern is “100011011100 for T1
and “10001101110X’ for J1 located in the F-bit position. The same pat-
tern is a mimic pattern if it is received in the data stream other than F-bit.
The synchronization criteria of SF format is selected by the MIMICC bit.
When the MIMICC bit is set to '1’, the SF synchronization is acquired if
two consecutive Frame Alignment Patterns are received error free in the
data stream without a mimic pattern. When the MIMICC bit is set to ‘0,
the SF synchronization is acquired if two consecutive Frame Alignment
Patterns are received error free in the data stream. In this case, the
existence of mimic patterns is ignored. If a mimic pattern exists during
the frame searching procedure, the MIMICI bit will be set to indicate the
presence of a mimic pattern.

The SF synchronization is indicated by ‘0" in the OOFV bit. The
RMFBI bit is set at the first bit of each SF frame.

F-Bit (Frame Alignment) The Bit In Each Channel
Frame No. In The SF
Ft Fs Data Bit Signaling Bit
1 1 1-8 -
2 0 1-8 -
3 0 1-8 -
4 0 1-8 -
5 1 1-8 -
6 1 1-7 A (bit 8)
7 0 1-8 -
8 1 1-8 -
9 1 1-8 -
10 1 1-8 -
1" 0 1-8 -
12 X 1-7 B (bit 8)
Note:
‘X’ should be logic 0 in T1 FAS.
‘X’ can be logic 0 or 1in J1 FAS because this position is used as Yellow Alarm Indication bit.

Functional Description

34

August 20, 2009



IDT82P2282 DUAL T1/E1/J1 LONG HAUL / SHORT HAUL TRANSCEIVER

38.1.1.2 Extended Super Frame (ESF) Format

The structure of T1/J1 ESF is illustrated in Table 13. The ESF is
made up of 24 frames. Each frame consists of one overhead bit (F-bit)
and 24 8-bit channels. The F-bit in Frame (4n) (0<n<7) is for Frame
Alignment; the F-bit in Frame (2n-1) (0<n<13) is for Data Link; and the
F-bit in Frame (4n-2) (0<n<7) is for CRC checking.

The Frame Alignment Pattern is ‘001011’, which is located in
Frame (4n) (0<n<7). The same pattern is a mimic pattern if it is received
in the data stream other than F-bit. The synchronization criteria of ESF
format is selected by the MIMICC bit. When the MIMICC bit is set to ‘1,
the ESF synchronization is acquired if four consecutive Frame Align-

Table 13: The Structure of ESF

ment Patterns are detected error free in the received data stream with-
out a mimic pattern. When the MIMICC bit is set to ‘0’, the ESF
synchronization is acquired if a single correct Frame Alignment Pattern
and a single correct CRC-6 based on this correct Frame Alignment Pat-
tern are found. In this case, the existence of mimic patterns is ignored. If
a mimic pattern exists during the frame searching procedure, the MIMICI
bit will be set to indicate the presence of a mimic pattern.

The ESF synchronization is indicated by ‘0’ in the OOFV bit. The
RMFBI bit is set at the first bit of each ESF frame.

F-Bit Assignment The Bit In Each Channel
Frame No. In The ESF
Frame Alignment Data Link CRC Data Bit Signaling Bit
1 - DL - 1-8
2 - - C1 1-8
3 - DL 1-8
4 0 - 1-8
5 - DL - 1-8 -
6 - - C2 1-7 A (bit 8)
7 - DL 1-8 -
8 0 - 1-8
9 - DL - 1-8
10 - - C3 1-8
" - DL 1-8 -
12 1 - 1-7 B (bit 8)
13 - DL - 1-8 -
14 - - C4 1-8
15 - DL 1-8
16 0 - 1-8
17 - DL - 1-8 -
18 - - C5 1-7 C (bit 8)
19 - DL 1-8 -
20 1 - 1-8
21 - DL - 1-8
22 - - C6 1-8
23 - DL 1-8 -
24 1 1-7 D (bit 8)
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38.1.1.3 T1 Digital Multiplexer (DM) Format (T1 only)

The structure of T1 DM is illustrated in Table 14. The T1 DM is
made up of 12 frames. Each frame consists of one overhead bit (F-bit)
and 24 8-bit channels. Except for channel 24, all other channels carry
data. Channel 24 should be ‘0DY11101". Its Frame Alignment Pattern is
100011011100 in the F-bit. The fixed 6 bits in channel 24 are called
DDS.

The synchronization criteria of T1 DM format are selected by the
DDSC bit. When the DDSC bit is ‘0’, the T1 DM synchronization is

Table 14: The Structure of T1 DM

acquired if one correct DDS pattern is received before the first F-bit of a
single correct Frame Alignment Pattern. When the DDSC bit is ‘1, the
T1 DM synchronization is acquired if a single correct Frame Alignment
Pattern is received and twelve correct DDS patterns before each F-bit of
the correct Frame Alignment Pattern are all detected.

The T1-DM synchronization is indicated by ‘0" in the OOFV bit. The
RMFBI bit is set at the first bit of each T1 DM frame.

F-Bit (Frame Alignment)
Frame No. In The T1 DM Channel 24
Ft Fs

1 1 0DY11101
2 0 0DY11101
3 0 0DY11101
4 0 0DY11101
5 1 0DY11101
6 1 0DY11101
7 0 0DY11101
8 1 0DY11101
9 1 0DY11101
10 1 0DY11101
1 0 0DY11101
12 0 0DY11101

Note:

In Channel 24, the ‘D’ bit is used for data link, and the Y bit is used for alarm. The other 6 bits are fixed and they are called ‘DDS’ pattern.

Functional Description
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38114 Switch Line Carrier - 96 (SLC-96) Format (T1 only)

The structure of SLC-96 is illustrated in Table 15. The SLC-96 is
made up of 6 SFs, but some F-bit are used as Concentrator Bits, Spoiler
Bits, Maintenance Bits, Alarm Bits and Switch Bits. Each frame consists
of one overhead bit (F-bit) and 24 8-bit channels. Its Frame Alignment
Pattern is ‘001000110111001000110111" in 24 consecutive F-bit posi-
tions. If the Frame Alignment Pattern is found in 24 consecutive F-bit

Table 15: The Structure of SLC-96

positions in the data stream, the SLC-96 synchronization is acquired.
The first frame is numbered from the frame whose F-bit contains the first
‘1" of the Frame Alignment Pattern.

The SLC-96 synchronization is indicated by ‘0’ in the OOFV bit.
The RMFBI bit is set at the first bit of each SLC-96 frame.

The Bit In Each Channel The Bit In Each Channel
Frame No. | F-Bit (Frame Alignment) - Ft Frame No. | F-Bit (Frame Alignment) - Fs
Data Bit Signaling Bit Data Bit Signaling Bit

1 1 1-8 2 0 1-8

3 0 1-8 4 0 1-8 -

5 1 1-8 6 1 1-7 A (bit 8)
7 0 1-8 8 1 1-8 -

9 1 1-8 10 1 1-8 -

1" 0 1-8 - 12 0 1-7 B (bit 8)
13 1 1-8 14 0 1-8 -

15 0 1-8 16 0 1-8 -

17 1 1-8 18 1 1-7 C (bit 8)
19 0 1-8 20 1 1-8 -

21 1 1-8 22 1 1-8 -

23 0 1-8 - 24 C1 (Concentrator Bit) 1-7 D (bit 8)
25 1 1-8 - 26 C2 (Concentrator Bit) 1-8 -

27 0 1-8 - 28 C3 (Concentrator Bit) 1-8 -

29 1 1-8 - 30 C4 (Concentrator Bit) 1-7 A (bit 8)
31 0 1-8 - 32 C5 (Concentrator Bit) 1-8 -

33 1 1-8 - 34 C6 (Concentrator Bit) 1-8 -

35 0 1-8 - 36 C7 (Concentrator Bit) 1-7 B (bit 8)
37 1 1-8 - 38 C8 (Concentrator Bit) 1-8 -

39 0 1-8 - 40 C9 (Concentrator Bit) 1-8 -

41 1 1-8 - 42 C10 (Concentrator Bit) 1-7 C (bit 8)
43 0 1-8 - 44 C11 (Concentrator Bit) 1-8 -

45 1 1-8 46 0 (Spoiler Bit) 1-8 -

47 0 1-8 48 1 (Spoiler Bit) 1-7 D (bit 8)
49 1 1-8 50 0 (Spoiler Bit) 1-8 -

51 0 1-8 52 M1 (Maintenance Bit) 1-8 -

53 1 1-8 54 M2 (Maintenance Bit) 1-7 A (bit 8)
55 0 1-8 56 M3 (Maintenance Bit) 1-8 -

57 1 1-8 - 58 A1 (Alarm Bit) 1-8 -

59 0 1-8 - 60 A2 (Alarm Bit) 1-7 B (bit 8)
61 1 1-8 - 62 S1 (Switch Bit) 1-8 -

63 0 1-8 - 64 S2 (Switch Bit) 1-8 -

65 1 1-8 - 66 S3 (Switch Bit) 1-7 C (bit 8)
67 0 1-8 - 68 S4 (Switch Bit) 1-8 -

69 1 1-8 70 1 (Spoiler Bit) 1-8 -

71 0 1-8 72 0 1-7 D (bit 8)

Functional Description
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3.8.1.2 Error Event And Out Of Synchronization Detection

After the frame is in synchronization, the Frame Processor contin-
ues to monitor the received data stream to detect errors and judge if it is
out of synchronization.

3.8.1.2.1 Super Frame (SF) Format

In SF format, two kinds of errors are detected:

1. Severely Ft Bit Error: Each received Ft bit is compared with the
expected one (refer to Table 12). Each unmatched Ft bit leads to an Ft
bit error event. When 2 or more Ft bit errors are detected in a 6-basic-
frame fixed window, the severely Ft bit error occurs. This error event is
captured by the SFEI bit.

2. F Bit Error: Each received F bit is compared with the expected
one (refer to Table 12). Each unmatched F bit leads to an F bit error
event. This error event is captured by the FERI bit and is forwarded to
the Performance Monitor.

When the F Bit Error number exceeds the ratio set in the M20[1:0]
bits, it is out of synchronization. Then if the REFEN bit is ‘1’, the Frame
Processor will start to search for synchronization again. If the REFEN bit
is ‘0", no error can lead to reframe except for manually setting. The man-
ual reframe is executed by a transition from ‘0’ to ‘1’ on the REFR bit.
During out of synchronization state, the error event detection is sus-
pended.

Once resynchronized, if the new-found F bit position differs from
the previous one, the change of frame alignment event is generated.
This event is captured by the COFAI bit and is forwarded to the Perfor-
mance Monitor.

3.8.1.2.2 Extended Super Frame (ESF) Format

In ESF format, four kinds of errors are detected:

1. Frame Alignment Bit Error: Each received Frame Alignment bit is
compared with the expected one (refer to Table 13). Each unmatched bit
leads to a frame alignment bit error event. This error event is captured
by the FERI bit and is forwarded to the Performance Monitor.

2. CRC-6 Error: When the local calculated CRC-6 of the current
received ESF frame does not match the received CRC-6 of the next
received ESF frame, a single CRC-6 error event is generated. This error
event is captured by the BEEI bit and is forwarded to the Performance
Monitor.

3. Excessive CRC-6 Error: Once the accumulated CRC-6 errors
exceed 319 occasions (> 319) in a 1 second fixed window, an excessive
CRC-6 error event is generated. This error event is captured by the
EXCRCERI bit and is forwarded to the Performance Monitor.

4. Severely Frame Alignment Bit Error: When 2 or more frame
alignment bit errors are detected in a 1-ESF-frame fixed window, the
severely frame alignment bit error occurs. This error event is captured
by the SFEI bit.

When the Frame Alignment Bit Error number exceeds the ratio set
in the M20J[1:0] bits, it is out of synchronization. Then if the REFEN bit is
‘1", the Frame Processor will start to search for synchronization again.
Additionally, the Excessive CRC-6 Error also leads to out of ESF syn-
chronization. In this condition, both the REFEN bit being ‘1" and the
REFCRCE hit being 1’ will allow the Frame Processor to search for syn-
chronization again. If the REFEN bit is ‘0’, no error can lead to reframe

Functional Description

except for manually setting. The manual reframe is executed by a transi-
tion from ‘0’ to ‘1’ on the REFR bit. During out of synchronization state,
the error event detection is suspended.

Once resynchronized, if the new-found F bit position differs from
the previous one, the change of frame alignment event is generated.
This event is captured by the COFAI bit and is forwarded to the Perfor-
mance Monitor.

3.8.1.2.3 T1 Digital Multiplexer (DM) Format (T1 only)

In T1 DM format, three kinds of errors are detected:

1. Severely Ft Bit Error: Each received Ft bit is compared with the
expected one (refer to Table 14). Each unmatched Ft bit leads to an Ft
bit error event. When 2 or more Ft bit errors are detected in a 6-basic-
frame fixed window, the severely Ft bit error occurs. This error event is
captured by the SFEI bit.

2. F Bit Error: Each received F bit is compared with the expected
one (refer to Table 14). Each unmatched F bit leads to an F bit error
event. This error event is captured by the FERI bit and is forwarded to
the Performance Monitor.

3. DDS Pattern Error: The received 6-bit DDS in each CH24 is
compared with the DDS pattern - ‘0XX11101" (MSB left and ‘X’ is not
cared). When one or more bits do not match the DDS pattern, a single
DDS pattern error event is generated. This error event is forwarded to
the Performance Monitor.

The 6-bit DDS pattern and its following F-bit make up a 7-bit pat-
tern. When one or more bits do not match its pattern (refer to Table 14),
a single error is generated. When this error number exceeds the ratio
set in the M20[1:0] bits, it is out of synchronization. Then if the REFEN
bit is ‘1", the Frame Processor will start to search for synchronization
again. If the REFEN bit is ‘0, no error can lead to reframe except for
manually setting. The manual reframe is executed by a transition from
‘0" to ‘1" on the REFR bit. During out of synchronization state, the error
event detection is suspended.

Once resynchronized, if the new-found F bit position differs from
the previous one, the change of frame alignment event is generated.
This event is captured by the COFAI bit and is forwarded to the Perfor-
mance Monitor.

38.1.24 Switch Line Carrier - 96 (SLC-96) Format (T1 only)

In SLC-96 format, only one kind of error is detected:

1. F Bit Error: The Ft bit in each odd frame and the Fs bit in Frame
(2n) (0<n<12 and n=36) is compared with the expected one (refer to
Table 15). Each unmatched bit leads to a F-bit error event. This error
event is captured by the FERI bit and is forwarded to the Performance
Monitor.

Each unmatched Ft bit in the odd frame and each unmatched Fs bit
in Frame (2n) (0<n<12 and n=36) are also counted separately. When the
number of either of them exceeds the ratio set in the M20[1:0] bits, it is
out of synchronization. Then if the REFEN bit is ‘1°, the Frame Proces-
sor will start to search for synchronization again. If the REFEN bit is ‘0",
no error can lead to reframe except for manually setting. The manual
reframe is executed by a transition from ‘0" to ‘1’ on the REFR bit. During
out of synchronization state, the error event detection is suspended.
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Once resynchronized, if the new-found F bit position differs from
the previous one, the change of frame alignment event is generated.
This event is captured by the COFAI bit and is forwarded to the Perfor-
mance Monitor.

3.8.1.3 Overhead Extraction (T1 Mode SLC-96 Format Only)

In SLC-96 format, the Concentrator bits, Maintenance bits, Alarm
bits and Switch bits are all extracted to the RDLO, RDL1 & RDL2 regis-
ters respectively.

All these extractions will be set to de-bounce if the SCDEB bit is set
to ‘1. Thus, the value in the RDLO, RDL1 & RDL2 registers are updated
if the received corresponding code is the same for 2 consecutive SLC-
96 frames. Whether de-bounced or not, a change indication will be set in
the SCCI bit, SCMI bit, SCAI bit and SCSI bit respectively if the corre-
sponding codes in the RDLO, RDL1 & RDL2 registers differ from the pre-
vious ones.

Table 16: Interrupt Source In T1/J1 Frame Processor

The value in the RDLO, RDL1 & RDL2 registers is held during out of
SLC-96 synchronization state.

3.8.1.4 Interrupt Summary

The interrupt sources in this block are summarized in Table 16.
When there are conditions meeting the interrupt sources, the corre-
sponding Status bit will be asserted high. When there is a transition
(from '1” to ‘0" or from ‘0’ to '1’) on the Status bit, the corresponding Sta-
tus Interrupt Indication bit will be set to 1’ (If the Status bit does not
exist, the source will cause its Status Interrupt Indication bit to ‘1’
directly) and the Status Interrupt Indication bit will be cleared by writing
‘. A 1" in the Status Interrupt Indication bit indicates an interrupt
occurred. The interrupt is reported by the INT pin if its Status Interrupt
Enable bit was set to 1".

Sources Status Bit Interrupt Indication Bit | Interrupt Enable Bit
It is out of synchronization. OOFV OOFI OOFE
The first bit of each SF / ESF / T1 DM/ SLC-96 frame is received. - RMFBI RMFBE
The new-found F bit position differs from the previous one. - COFAI COFAE
In SF/T1 DM / SLC-96 format, the F Bit Error occurs. FERI FERE
In ESF format, the Frame Alignment Bit Error occurs.
In ESF format, the CRC-6 Error occurs. BEEI BEEE
(This interrupt does not exist in other formats.)
In SF/ T1 DM format, the Severely Ft Bit Error occurs. SFEI SFEE
In ESF format, the Severely Frame Alignment Bit Error occurs.
(This interrupt does not exist in SLC-96 format.)
In SLC-96 format, the Concentrator bits differ from the previous ones. SCCI SCCE
In SLC-96 format, the Maintenance bits differ from the previous ones. SCMI SCME
In SLC-96 format, the Alarm bits differ from the previous ones. SCAI SCAE
In SLC-96 format, the Switch bits differ from the previous ones. SCSI SCSE

Functional Description
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Bit

Register

T1/J1 Address (Hex)

UNFM

REFEN

REFR

REFCRCE

FRMR Mode 0

04D, 14D

MIMICC

M20[1:0]

DDSC

FRMR Mode 1

04E, 14E

OOFV

FRMR Status

04F, 14F

MIMICI

EXCRCERI

OOFI

FRMR Interrupt Indication 0

052, 152

RMFBI

SFEI

BEEI

FERI

COFAI

FRMR Interrupt Indication 1

053, 153

OOFE

FRMR Interrupt Control 0

050, 150

RMFBE

SFEE

BEEE

FERE

COFAE

FRMR Interrupt Control 1

051, 151

CAtA

RDL1 & RDLO

057, 157 & 056, 156

3]

RDL1

057, 157

AR

S@]

RDL2

058, 158

SCAI

SCsl

SCMI

SCCl

DLB Interrupt Indication

05D, 15D

SCDEB

SCAE

SCSE

SCME

SCCE

DLB Interrupt Control

05C, 15C

Functional Description
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3.8.2 E1 MODE

In E1 mode, the Frame Processor searches for Basic Frame syn-
chronization, CRC Multi-frame synchronization, and Channel Associated
Signaling (CAS) Multi-frame synchronization in the received data
stream. Figure 11 shows the searching process.

Once the frame is synchronized, the Frame Processor keeps on
monitoring the received data stream. If there are any framing bit errors,
CAS Multi-Frame alignment pattern errors, CRC Multi-Frame alignment
pattern errors or CRC errors, the Frame Processor will indicate these
errors. The status of loss of frame, loss of Signaling Multi-Frame and
loss of CRC Multi-Frame can also be detected and declared based on
user-selectable criteria. A software reset can also make the Frame Pro-
cessor reframe.

The Frame Processor can extract the data stream in TS16, and
output the extracted data on a separate pin. The Frame Processor also
extracts the contents of the International bits (from both the FAS and the
NFAS frames), the National bits and the Extra bits (from TS16 in the
frame 0 of the Signaling Multi-Frame), and stores these data in registers.
The CRC Sub Multi-Frame alignment 4 bit codeword in the National bit
positions Sa4 to Sa8 can also be extracted and stored in registers, and
updated every CRC Sub Multi-Frame.

The Framer Processor identifies the Remote Alarm bit (bit 3 of TS0
of NFAS frames) and Remote Signaling Multi-Frame Alarm (bit 6 of
TS16 of the frame 0 of the Signaling Multi-Frame). The ‘de-bounced’
Remote Alarm and Remote Signaling Multi-Frame Alarm can be indi-
cated if the corresponding bit has been a certain logic for 1 or 4 consec-
utive times. The AIS (Alarm Indication Signal) Alarm can also be
detected. The Frame Processor can also declare a Red Alarm if the out-
of-frame condition has persisted for at least 100 ms.

An interrupt output is provided to indicate status changes and the
occurrence of some events. The interrupts may be generated every
Basic Frame, CRC Sub Multi-Frame, CRC Multi-Frame or Signaling
Multi-Frame.

The Frame Processor can also be bypassed by setting the UNFM
bit.
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Figure 11. E1 Frame Searching Process
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3.8.2.1 Synchronization Searching

3.8.2.1.1 Basic Frame

The algorithm used to search for the E1 Basic Frame alignment
pattern (as shown in Figure 12) meets the ITU-T Recommendation
G.706 4.1.2and 4.2.

Generally, it is performed by detecting a successive FAS/NFAS/
FAS sequence. If STEP 2 is not met, a new searching will start after the
following frame is skipped. If STEP 3 is not met, a new searching will
start immediately in the next frame. Once the Basic Frame alignment
pattern is detected in the received PCM data stream, the Basic Frame
synchronization is found and the OOFV bit will be set to ‘0’ for indication.

TEP1: Searc
for 7-bit Frame Alignment
Sequence (FAS) (X0011011)
in the N™ frame
No (skip Yes No (N=N+1)
one frame,
N=N+3)

TEP 2: Find logic 1 in the
2nd bit of TS0 of the (N+1)™ frame to ensure
that this is a non-frame alignment
sequence (NFAS

STEP 3: Search for No
the correct 7-bit FAS (X0011011) - (N=N+3)
in the TS0 in the (N+2)"

frame

Basic Frame
Synchronization Found

Figure 12. Basic Frame Searching Process
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3.8.21.2 CRC Multi-Frame

The CRC Multi-Frame is provided to enhance the ability of verifying
the data stream. The structure of TSO of the CRC Multi-Frame is illus-
trated in Table 18.

A CRC Multi-Frame consists of 16 continuous Basic Frames (No. 0
- 15) which are numbered from a Basic Frame with FAS. Each CRC
Multi-Frame can be divided into two Sub Multi-Frames (SMF | & SMF 1I).

Table 18: The Structure Of TS0 In CRC Multi-Frame

The first bit of TS0 of each frame is called the International (Si) bit.
The Si bit in each even frame is the CRC bit. Thus, there are C1, C2,
C3, C4 in each SMF. The C1 is the most significant bit, while the C4 is
the least significant bit. The Si bit in the first six odd frames is the CRC
Multi-Frame alignment pattern. Its pattern is ‘001011’. The Si bit in
Frame 13 and Frame 15 are E1 and E2 bits. The value of the E bits can
indicate the Far End Block Errors (FEBE).

SV Basic Frame the Eight Bits in Timeslot 0
No./Type | 1 (sibit) 2 3 4 5 6 7 8
0/FAS C1 0 0 1 1 0 1 1
1/NFAS 0 1 A Sa4 Sab Sab Sa7 Sa8
2/ FAS C2 0 0 1 1 0 1 1
SMEI 3/NFAS 0 1 A Sa4 Sab Sab Sa7 Sa8
4/ FAS C3 0 0 1 1 0 1 1
5/NFAS 1 1 A Sa4 Sab Sab Sa7 Sa8
6/FAS C4 0 0 1 1 0 1 1
CRC4 7TNFAS 0 1 A Sad S35 Sa6 Sa7 Sa8
Multi-Frame 8/FAS C1 0 0 1 1 0 1 1
9/NFAS 1 1 A Sa4 Sab Sab Sa7 Sa8
10/ FAS C2 0 0 1 1 0 1 1
SME 11/ NFAS 1 1 A Sa4 Sab Sab Sa7 Sa8
12/ FAS C3 0 0 1 1 0 1 1
13/ NFAS E1 1 A Sa4 Sab Sab Sa7 Sa8
14 | FAS C4 0 0 1 1 0 1 1
15/ NFAS E2 1 A Sa4 Sab Sab Sa7 Sa8

After the Basic Frame has been synchronized, the Frame Proces-
sor initiates an 8 and a 400 ms timer to check the CRC Multi-Frame
alignment signal if the CRCEN bit is 1°. The CRC Multi-Frame synchro-
nization is declared with a ‘0’ in the OOCMFV bit only if at least two CRC
Multi-Frame alignment patterns are found within 8 ms, with the interval
time of each pattern being a multiple of 2 ms. Then if the received CRC
Multi-Frame alignment signal does not meet its pattern, it will be indi-
cated by the CMFERI bit.

If the 2 CRC Multi-Frame alignment patterns can not be found
within 8ms with the interval time being a multiple of 2 ms, an offline
search for the Basic Frame alignment pattern will start which is indicated
in the OOOFV bit. The process is the same as shown in Figure 12. This
offline operation searches in parallel with the pre-found Basic Frame
synchronization searching process. After the new Basic Frame synchro-
nization is found by this offline search, the 8 ms timer is restarted to
check whether the two CRC Multi-Frame alignment patterns are found
within 8 ms, with the interval time of each pattern being a multiple of 2
ms again. If the condition can not be met, the procedure will go on until
the 400 ms timer ends. If the condition still can not be met at that time
and the Basic Frame is still synchronized, the device declares by the
C2NCIWV bit to run under the CRC to non-CRC interworking process. In

Functional Description
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this process, the CRC Multi-Frame alignment pattern can still be

searched if the C2NCIWCK bit is logic 1.
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3.8.2.1.3 CAS Signaling Multi-Frame

After the Basic Frame has been synchronized, the Frame Proces-
sor starts to search for CAS Signaling Multi-Frame alignment signal if
the CASEN bit is 1",

The Signaling Multi-Frame alignment pattern is located in the high
nibble (Bit 1 ~ Bit 4) of TS16. Its pattern is ‘0000’. When the pattern is
found in TS16 and the high nibble of the previous TS16 are not all zeros,
the Signaling Multi-Frame synchronization is acquired and it is indicated
with a ‘0" in the OOSMFYV bit. The frame containing the Signaling Multi-
Frame alignment pattern is Frame 0 of Signaling Multi-Frame. The TS16
structure of the Signaling Multi-Frame is shown in Figure 13. The entire
content in TS16 of Frame 0 of Signaling Multi-Frame is ‘0000XYXX'. Y’
is for remote Signaling Multi-Frame alarm indication and ‘X’s are extra
bits. The codeword ‘ABCD’ are the signaling bits for different timeslots.

TS16 (Bit 1 - Bt 8)

FO 0 0 0 0 | X0 | Y | X1 ] X2

Rin ||

Extra Bits

Signaling Multi-Frame l
alignment pattern

M |A|lB|lCc|D|A]|B|C]|D

for TS18

s | A|B|Cc|D|A]|B]|C|D

for TS15 for TS31

Figure 13. TS16 Structure Of CAS Signaling Multi-
Frame

Functional Description

3.8.2.2 Error Event And Out Of Synchronization Detection

After the frame is in synchronization, the Frame Processor keeps
on monitoring the received data stream to detect errors and judge if it is
out of synchronization.

The following ten kinds of errors are detected:

1. FAS/NFAS Bit/Pattern Error: The criteria of this error are deter-
mined by the WORDERR bit and the CNTNFAS bit (refer to Table 19).
This error event is captured by the FERI bit and is forwarded to the Per-
formance Monitor.

Table 19: FAS/NFAS Bit/Pattern Error Criteria

WORDERR | CNTNFAS Error Generation
0 0 Each bit error in FAS is counted as an error event.
1 0 A FAS pattern error is counted as an error event.
0 1 Each bit error in FAS or NFAS error is counted as an
error event.
1 1 A FAS pattern error or NFAS error is counted as an
error event.

2. CRC Multi-Frame Alignment Pattern Error: The received CRC
Multi-Frame alignment signals are compared with the expected ones
(‘001011’). When one or more bits do not match, a single CRC Multi-
Frame alignment pattern error event is generated. This error event is
captured by the CMFERI bit.

3. CRC-4 Error: When the local calculated CRC-4 of the current
received CRC Sub Multi-Frame does not match the received CRC-4 of
the next received CRC Sub Multi-Frame, a single CRC-4 error event is
generated. This error event is captured by the CRCEI bit and is for-
warded to the Performance Monitor.

4. Excessive CRC-4 Error: Once the accumulated CRC-4 errors
are not less than 915 occasions (915 is included) in a 1 second fixed
window, an excessive CRC-4 error event is generated. This error event
is captured by the EXCRCERI bit.

5. CAS Signaling Multi-Frame Alignment Pattern Error: The
received Signaling Multi-Frame alignment signals are compared with the
expected ones ('0000’). When one or more bits do not match, a single
CAS Signaling Multi-Frame alignment pattern error event is generated.
This error event is captured by the SMFERI bit.

6. Far End Block Error (FEBE): When any of the CRC error indica-
tion (E1 or E2) bits is received as a logic 0, a far end block error event is
generated. This error event is captured by the FEBEI bit and is for-
warded to the Performance Monitor.

7. Continuous RAI & FEBE Error: When a logic 1 is received in the
A bit and a logic 0 is received in any of the E1 or E2 bit for 10 ms, the
RAICRCV bit is set. This bit is cleared if any of the conditions is not met.

8. Continuous FEBE Error: When a logic 0 is received in any of the
E1 or E2 bits on > 990 occasions per second for the latest 5 consecutive
seconds, the CFEBEV bit is set, otherwise this bit will be cleared.

9. NT FEBE Error (per ETS 300 233): If the 4-bit Sa6 codeword of a
CRC Sub Multi-Frame is matched with ‘0001" or ‘0011’, the Network Ter-
minal Far End Block Error event is generated. This error event is cap-
tured by the TFEBEI bit and is forwarded to the Performance Monitor.
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10. NT CRC Error (per ETS 300 233): If the 4-bit Sa6 codeword of
a CRC Sub Multi-Frame is matched with ‘0010’ or ‘0011, the Network
Terminal CRC Error event is generated. This error event is captured by
the TCRCEI bit and is forwarded to the Performance Monitor.

Various errors will lead to out of synchronization:

3.8.2.2.1 Out Of Basic Frame Synchronization

If there is one or more bit errors in a FAS pattern, a FAS pattern
error will occur. If the NFAS bit position is received as zero, a NFAS error
will occur. Determined by the BIT2C bit, if this bit is ‘0", 3 consecutive
FAS pattern errors lead to out of Basic frame synchronization; if this bit
is ‘1", 3 consecutive FAS pattern errors or 3 consecutive NFAS errors
lead to out of Basic frame synchronization. Then if the REFEN bit is ‘1",
the Frame Processor will start to search for synchronization again. Addi-
tionally, Excessive CRC-4 Error also leads to out of Basic frame syn-
chronization. In this condition, both the REFEN bit being ‘1" and the
REFCRCE hit being 1’ will allow the Frame Processor to search for syn-
chronization again. If the REFEN bit is ‘0", no error can lead to reframe
except for manually setting. The manual reframe searches from Basic
frame and is executed by a transition from ‘0’ to ‘1’ on the REFR bit. Dur-
ing out of Basic frame synchronization state, the FAS/NFAS Bit/Pattern
Error detection is suspended.

Once resynchronized, if the new-found Basic frame alignment pat-
tern position differs from the previous one, the change of frame align-
ment event is generated. This event is captured by the COFAI bit and is
forwarded to the Performance Monitor.

3.8.2.2.2 Out Of CRC Multi-Frame Synchronization

The conditions introducing out of Basic frame synchronization will
also cause out of CRC Multi-Frame synchronization. During out of CRC
Multi-Frame synchronization state, the FAS/NFAS Bit/Pattern Error
detection, CRC Multi-Frame Alignment Pattern Error detection, CRC-4
Error detection, Excessive CRC-4 Error detection, Far End Block Error
detection, Continuous RAI & FEBE Error detection, Continuous FEBE
Error detection, NT CRC Error detection and NT FEBE Error detection
are suspended.

3.8.2.23 Out Of CAS Signaling Multi-Frame Synchronization

The conditions introducing out of Basic frame synchronization will
also cause out of CAS Signaling Multi-Frame synchronization.

In addition, determined by the SMFASC bit and the TS16C bit, if the
CAS Signaling Multi-Frame Alignment Pattern Error occurs or all the
contents in TS16 are zeros, it is out of CAS Signaling Multi-Frame syn-
chronization. Then no matter what the value in the REFEN bit is, the
Frame Processor will search for the CAS Signaling Multi-Frame syn-
chronization again only if the Basic frame is in synchronization. During
out of CAS Signaling Multi-Frame synchronization state, the CAS Sig-
naling Multi-Frame Alignment Pattern Error detection is suspended.

Functional Description

3.8.23 Overhead Extraction
3.8.2.3.1 International Bit Extraction

The International bits (Si bits, refer to Table 18) are extracted to the
Si[0:1] bits in the TSO International / National register. The Si[0:1] bits in
the TS0 International / National register are updated on the boundary of
the associated FAS/NFAS frame and are held during out of Basic frame
state.

3.8.2.3.2 Remote Alarm Indication Bit Extraction

The Remote Alarm Indication bit (A bit, refer to Table 18) is
extracted to the A bit in the TS0 International / National register. The A
bit in the TSO International / National register is updated on the bound-
ary of the associated NFAS frame and is held during out of Basic frame
state.

3.8.23.3 National Bit Extraction

The National bits (Sa bits, refer to Table 18) are extracted to the
Sa[4:8] bits in the TSO International / National register. The Sa[4:8] bits
in the TS0 International / National register are updated on the boundary
of the associated NFAS frame and are held during out of Basic frame.

3.8.2.3.4 National Bit Codeword Extraction

The five sets of the National Bit codewords (Sa4[1:4] to Sa8[1:4] in
the CRC Sub Multi-Frame, refer to Table 18) are extracted to the corre-
sponding SaX Codeword register. Here the ‘X is from 4 through 8. The
National Bit codeword extraction will be set to de-bounce if the SaDEB
bit is set to ‘1". Thus, the SaX Codeword registers are updated if the
received National Bit codeword is the same for 2 consecutive CRC Sub
Multi-Frames. Whether de-bounced or not, a change indication will be
setin the SaXl bit (‘X" is from 4 through 8) if the corresponding codeword
in the SaX Codeword register differs from the previous one.

The value in the SaX Codeword registers is held during out of CRC
Multi-Frame synchronization state.

3.8.2.3.5 Extra Bit Extraction

The Extra bits (X bits, refer to Figure 13) are extracted to the X[0:2]
bits in the TS16 Spare register. The X[0:2] bits in the TS16 Spare regis-
ter are updated at the first bit of the next CAS Signaling Multi-Frame and
are held during out of CAS Signaling Multi-Frame state.

3.8.2.3.6
Extraction

The Remote Signaling Multi-Frame Alarm Indication bit (Y bit, refer
to Figure 13) are extracted to the Y bit in the TS16 Spare register. The Y
bit in the TS16 Spare register is updated at the first bit of the next CAS
Signaling Multi-Frame and is held during out of CAS Signaling Multi-
Frame state.

Remote Signaling Multi-Frame Alarm _Indication Bit

3.8.23.7 Sa6 Code Detection Per ETS 300 233

When Basic frame is synchronized, any 12 consecutive Sa6 bits
(MSB is the first received bit) are compared with 0x888, 0xAAA, 0xCCC,
OxEEE and OxFFF. When CRC Multi-Frame is synchronized, any 3 con-
secutive 4-bit Saé codewords in the CRC Sub Multi-Frame are com-
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pared if the Sa6SYN bit is ‘1. If a matched code is detected, the
corresponding indication bit in the Sa6 Code Indication register will be
set.

3.8.24 V5.2 Link

The V5.2 link ID signal, i.e., 2 out of 3 sliding Sa7 bits being logic 0,
is detected with the indication in the V52LINKYV bit. This detection is dis-
abled when the Basic Frame is out of synchronization.

3.8.25 Interrupt Summary
The interrupt sources in this block are summarized in Table 20.
When there are conditions meeting the interrupt sources, the corre-

Table 20: Interrupt Source In E1 Frame Processor

sponding Status bit will be asserted high. When there is a transition
(from '1” to ‘0" or from ‘0’ to '1°) on the Status bit, the corresponding Sta-
tus Interrupt Indication bit will be set to 1’ (If the Status bit does not
exist, the source will cause its Status Interrupt Indication bit to ‘1’
directly) and the Status Interrupt Indication bit will be cleared by a write
signal. A ‘1" in the Status Interrupt Indication bit means an interrupt
occurred. The interrupt will be reported by the INT pin if its Status Inter-
rupt Enable bit is ‘1’

Sources Status Bit Interrupt Indication Bit | Interrupt Enable Bit
In CRC to Non-CRC inter-working. C2NCIWV C2NCIWI C2NCIWE
It is out of Basic frame synchronization. OOFV OOFI OOFE
It is out of CRC multi-frame synchronization. OOCMFV OOCMFI OOCMFE
It is out of CAS Signaling multi-frame synchronization. OOSMFV OOSMFI OOSMFE
The new-found Basic frame alignment pattern position differs from the previous one. COFAI COFAE
FAS/NFAS Bit/Pattern Error occurs. FERI FERE
CRC Multi-Frame Alignment Pattern Error occurs. - CMFERI CMFERE
CAS Signaling Multi-Frame Alignment Pattern Error occurs. - SMFERI SMFERE
CRC-4 Error occurs. - CRCEI CRCEE
Offline Basic frame search indication. OOOFV OOOCFI OOOFE
Far End Block Error occurs. - FEBEI FEBEE
Continuous RAI & FEBE Error occurs. RAICRCV RAICRCI RAICRCE
Continuous FEBE Error occurs. CFEBEV CFEBEI CFEBEE
At the first bit of each CRC Multi-Frame. - ICMFPI ICMFPE
At the first bit of each CRC Sub Multi-Frame. - ICSMFPI ICSMFPE
At the first bit of each CAS Signaling Multi-Frame. - ISMFPI ISMFPE
There is change in the corresponding SaX[1:4] bits. The X' is from 4 through 8. Sadl/Sabl/Sa6l/Sa7l/| SadE/Sa5E / Sa6E /

Sasl Sa7E / Sa8E

Any 12 consecutive Sa6 bits or any 3 consecutive 4-bit Saé codewords are matched - Sa6SCl Sa6SCE
with 0x888, 0xAAA, 0xCCC, OXEEE or OxFFF.
NT FEBE Error occurs. - TFEBEI TFEBEE
NT CRC Error occurs. - TCRCEI TCRCEE
2 out of 3 sliding Sa7 bits are received as logic 0. V52LINKV V52LINKI V52LINKE

Functional Description
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Table 21: Related Bit / Register In Chapter 3.8.2 (Continued)

Table 21: Related Bit / Register In Chapter 3.8.2 Bit Register E1 Address (Hex)
: : RAICRCV
Bit Register E1 Address (Hex) CFEBEV Overhead Error Status 05F, 15F
UNFM V52LINKV
REFEN FRMR Mode 0 04D, 14D FEBEI
REFCRCE TFEBEI
REFR
CRCEN FIEIE(F:{I(E;I Overhead Interrupt Indication 061, 161
C2NCIWCK CFEBEI
CASEN V52LINKI
WORDERR FRMR Mode 1 04E, 14E FEBEE
CNTNFAS TFEBEE
BIT2C
SMFASC FI:IFC{)(I:?I(E)EE Overhead Interrupt Control 060, 160
T816C CFEBEE
OOFV V52LINKE
OOCMFV ST0A]
O00FV FRMR Status 04F, 14F A TS0 Interational / National 054, 154
C2NCIWV Sald 3]
OOSMFV X021
EXCRCERI v TS16 Spare 055, 155
CzoNc?FIYVl o S?ém]t?;)ls Sa4 Codeword ~ Sa8 Codeword | (056 ~ 05A, 156 ~ 15A
FRMR Interrupt Indication 0 052, 152
OOCMFI Saxi (X' is
OOSMFI from4to8) | Sa Codeword Interrupt Indication 05D, 15D
OOOFI Sa6SClI
OOFE SaXE (‘X' is
OOCMFE from 4 to 8)
OOOFE FRMR Interrupt Control 0 050, 150 SaDEB Sa Codeword Interrupt Control 05C, 15C
C2NCIWE SabSYN
OOSMFE SabSCE
CMFERI Sa6-8l
FERI Sa6-Al
CRCEI Sa6-Cl Sab Codeword Indication 05B, 15B
SCM OFFE AFil FRMR Interrupt Indication 1 053, 153 2:2:3:
ICMFPI
ICSMFPI
ISMFPI
CMFERE
FERE
CRCEE
SCMOFFEAITEE FRMR Interrupt Control 1 051, 151
ICMFPE
ICSMFPE
ISMFPE
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3.9 PERFORMANCE MONITOR

3.9.1 T1/J1 MODE
Several internal counters are used to count different events for per-
formance monitoring. For different framing format, the counters are used
differently. The overflow of each counter is reflected by an Overflow Indi-
cation Bit, and can trigger an interrupt if the corresponding Overflow
Interrupt Enable Bit is set. This is shown in Table 22.

The internal counters can be updated in two ways:

2. Manual-Update: Content in the internal counters is transferred to
indirect registers when there is a transition from ‘0’ to “1° on the UPDAT
bit, no matter whether the AUTOUPD bit is ‘1" or ‘0".

All the internal counters will be resetted after the update and will
start a new round of counting. No error event is lost during the update.

The indirect registers are addressed by the LINKSEL and
ADDRJ3:0] bits. The LINKSEL bit selects the link and the ADDR([3:0] bits
select the specific PMON indirect register. Data read from the indirect
register is held in the DAT[7:0] bits.

1. Auto-Update: Content in the internal counters is transferred to
indirect registers every one second automatically if the AUTOUPD bit is
A11;

Table 22: Monitored Events In T1/J1 Mode

Format Event Counter Overflow Interrupt Indication Bit| Overflow Interrupt Enable Bit
Bipolar Violation (BPV) Error (in AMI decoding) or B8ZS Code LCV[15:0] LCvovI LCVOVE
Violation (CV) Error (in B8ZS decoding)
F Bit Error FER[11:0] FEROVI FEROVE
SF The new-found F bit position differs from the previous one COFA[2:0] COFAQVI COFAQVE
Out of SF synchronization OOFI4:0] OOFOVI OOFOVE
PRGD Bit Error PRGD[15:0] PRGDOVI PRGDOVE
Bipolar Violation (BPV) Error (in AMI decoding) or B8ZS Code LCV[15:0] LCVoVvI LCVOVE
Violation (CV) Error (in B8ZS decoding)
Frame Alignment Bit Error FER[11:0] FEROVI FEROVE
ESF |CRC-6 Error CRCE[9:0] CRCOVI CRCOVE
The new-found F bit position differs from the previous one COFA[2:0] COFAQVI COFAQVE
Out of ESF synchronization OOF(4:0] OOFOVI OOFOVE
PRGD Bit Error PRGD[15:0] PRGDOVI PRGDOVE
Bipolar Violation (BPV) Error (in AMI decoding) or B8ZS Code LCV[15:0] LCvovI LCVOVE
Violation (CV) Error (in B8ZS decoding)
T1pm |F BitError FER[11:0] FEROVI FEROVE
DDS Pattern Error DDSE[9:0] DDSOVI DDSOVE
(T1 only) [The new-found F bit position differs from the previous one COFA[2:0] COFAQVI COFAQVE
Out of T1 DM synchronization OOF[4:0] OOFQVI OOFOVE
PRGD Bit Error PRGDI[15:0] PRGDOVI PRGDOVE
Bipolar Violation (BPV) Error (in AMI decoding) or B8ZS Code LCV[15:0] LCvovI LCVOVE
Violation (CV) Error (in B8ZS decoding)
SLC-9 [ Bit Error FER[T10] FEROVI FEROVE
(T1 only) The new-found F bit position differs from the previous one COFA[2:0] COFAQVI COFAQVE
Out of SLC-96 synchronization OOF[4:0] OOFQVI OOFQVE
PRGD Bit Error PRGDI[15:0] PRGDOVI PRGDOVE
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Bit Register T1/J1 Address (Hex)
LCV[15:0] ID* - LCV Counter Mapping 1 & 0 PMON ID - 09 & 08
FER[11:0] ID - FER Counter Mapping 1 & 0 PMON ID - 03 & 02
COFA[2:.0] ID - COFA Counter Mapping PMON ID - 04
OOF[4:0] ID - OOF Counter Mapping PMON ID - 05

PRGD[15:0] ID - PRGD Counter Mapping 1 & 0 PMON ID - 07 & 06
CRCEJ[9:0] ID - CRCE Counter Mapping 1 & 0 PMON ID - 01 & 00
DDSE[9:0] ID - DDSE Counter Mapping 1 &0 PMON ID - 0B & 0A
LCvovI PMON Interrupt 1 0C6, 1C6
FEROVI
COFAQVI
POR%'TDOS/\llI PMON Interrupt 0 0C5, 1C5
CRCOVI
DDSOVI
LCVOVE PMON Interrupt Control 1 0C4,1C4
FEROVE
COFAQVE
poR%ECg/\/EE PMON Interrupt Control 0 0C3, 1C3
CRCOVE
DDSOVE
LINKSEL
ADDR0] PMON Access Port 00E
DATA[7:0] PMON Access Data 00F
AllJJ:ODl/jIID PMON Control 0C2, 1C2
Note:

* D means Indirect Register in the Performance Monitor function block.

Functional Description
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3.9.2 E1 MODE

Several internal counters are used to count different events for per-
formance monitoring. For different framing format, the counters are used
differently. The overflow of each counter is reflected by an Overflow Indi-
cation Bit, and can trigger an interrupt if the corresponding Overflow
Interrupt Enable Bit is set. This is shown in Table 22.

The internal counters can be updated in two ways:

1. Auto-Update: Content in the internal counters is transferred to
indirect registers every one second automatically if the AUTOUPD bit is
o

Table 24: Monitored Events In E1 Mode

2. Manual-Update: Content in the internal counters is transferred to
indirect registers when there is a transition from ‘0’ to “1° on the UPDAT
bit, no matter whether the AUTOUPD bit is ‘1" or ‘0".

All the internal counters will be resetted after the update and will
start a new round of counting. No error event is lost during the update.

The indirect registers are addressed by the LINKSEL and
ADDRJ3:0] bits. The LINKSEL bit selects the link and the ADDR([3:0] bits
select the specific PMON indirect register. Data read from the indirect
register is held in the DAT[7:0] bits.

Event Counter Overflow Interrupt | Overflow Interrupt
Indication Bit Enable Bit
Bipolar Violation (BPV) Error (in AMI decoding) or HDB3 Code Violation (CV) Error (in HDB3 decoding) LCV[15:0] LCVOVI LCVOVE
FAS/NFAS Bit/Pattern Error FER[11:0] FEROVI FEROVE
CRC-4 Error CRCE[9:0] CRCOVI CRCOVE
Far End Block Error FEBE[9:0] FEBEOVI FEBEOVE
The the new-found Basic frame alignment pattern position differs from the previous one COFA[2:0] COFAQVI COFAQVE
Out of Basic frame synchronization OOF[4:0] OOFOVI OOFOVE
PRGD Bit Error PRGDI[15:0] PRGDOVI PRGDOVE
NT FEBE Error TFEBE[9:0] TFEBEOVI TFEBEOVE
NT CRC Error TCRCE[9:0] TCRCOVI TCRCOVE
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Table 25: Related Bit / Register In Chapter 3.9.2

Bit Register E1 Address (Hex)
LCV[15:0] ID* - LCV Counter Mapping 1 &0 PMON ID - 09 & 08
FER[11:0] ID - FER Counter Mapping 1 & 0 PMON ID - 03 & 02
CRCE[9:0] ID - CRCE Counter Mapping 1 & 0 PMON ID - 01 & 00
FEBE[9:0] ID - FEBE Counter Mapping 1 & 0 PMONID - 0D & 0C
COFA[2:0] ID - COFA Counter Mapping PMON ID - 04
OOF[4:0] ID - OOF Counter Mapping PMON ID - 05
PRGD[15:0] ID - PRGD Counter Mapping 1 &0 PMON ID - 07 & 06
TFEBE[9:0] ID - TFEBE Counter Mapping 1 & 0 PMON ID - OF & OE

TCRCE[9:0] ID - TCRCE Counter Mapping 1 & 0 PMON ID - 0B & 0A
LCVOVI PMON Interrupt 1 0C6, 1C6
FEROVI
CRCOVI
FEBEOVI
%%Fﬁ (?\Xl PMON Interrupt 0 0C5, 1C5
PRGDOVI
TFEBEOVI
TCRCOVI
LCVOVE PMON Interrupt Control 1 0C4,1C4
FEROVE
CRCOVE
FEBEOVE
%%F? c())\y; PMON Interrupt Control 0 0C3,1C3
PRGDOVE
TFEBEOVE
TCRCOVE
LINKSEL
ADDR0] PMON Access Port 00E
DATA[7:0] PMON Access Data 00F
AS:C?L/-J\IID PMON Control 0C2,1C2
Note:
* D means Indirect Register in the Performance Monitor function block.
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310 ALARMDETECTOR The status of the RED alarm, Yellow alarm and Blue alarm are indi-
cated by the corresponding Status bit. Any transition (from ‘0" to 1’ or

3.10.1 T1/J1 MODE from ‘1’ to ‘0’) on the Status bit will set the corresponding Interrupt Indi-
The RED alarm, Yellow alarm and Blue alarm are detected in this cation bit to ‘1’ and the Interrupt Indication bit will be cleared by writing a
block (refer to Table 26). 1. A “1" in the Interrupt Indication bit means there is an interrupt. The

interrupt will be reported by the INT pin if its Interrupt Enable bit is ‘1.

Table 26: RED Alarm, Yellow Alarm & Blue Alarm Criteria

Declare Condition Clear Condition Status Bit | Interrupt Indication Bit | Interrupt Enable Bit

RED Alarm  |The out of SF/ESF/T1 DM/SLC-96 syn-|The in SF/ESF/T1 DM/SLC-96 synchro-| RED REDI REDE
(per T1.403, | chronization status persists Nx40 ms. Here | nization status persists Mx120 ms. Here
T1.231) ‘N’ is decided by the REDDTH[7:0] bits. ~ |'M’ is decided by the REDCTH][7:0] bits.

Less than 77 'One’s are detected on the Bit|More than 76 'One’s are detected onthe|  YEL YELI YELE
T1 SF/ |2 of each channel during a 40 ms fixed win-|Bit 2 of each channel during a 40 ms
