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WHAT'S NEW IN THIS DATA SHEET?

This revision history documents the changes that occur from one data sheet version to the next version.

From Version

To Version

Major Changes

Issue 2

Issue 3

Corrected the Function descriptionsiection 7.8.12
“R_OAM_QUEUE", on page 163

Removed “Preliminary” from the headers.

Removed the “P” suffix from the part numberAppendix 29,
“Ordering Information”, on page 205

Changed the following timing parameters:

Interrupt Timing: PROC_INTR Tq(max) from 16.5 ns to
ns.

Microprocessor RAM Read Cycle: IMEM_CS Tq(max)
from 17.7 ns to 18 ns.

Microprocessor RAM Read Cycle: Tgqmoe(max) from 24.

ns to 25 ns.
Microprocessor RAM Write Cycle: /PROC_ACK Tqg(max
from 17.5 ns to 18 ns.

Microprocessor RAM Write Cycle: /IMEM_CS Tqg(max)
from 17.7 ns to 18 ns.

Microprocessor Write Command Register: /PROC_ACK
Tg(max) from 17.5 ns to 18 ns.

Transmit Side Interface: RL_SER Th(min) from 1.2 ns t
ns.

Transmit Side High-Speed Interface: RL_SER Th(min) fi
1.2nsto 2ns.

Transmit UTOPIA ATM Timing: TATM_DATA Tq(max)
from 12.7 ns to 13 ns.

TUTOPIA SPHY Timing: RPHY_DATA Tq(max) from
12.7 nsto 13 ns.

TUTOPIA MPHY Timing: RPHY_DATA Tq(max) from

12.7 nsto 13 ns.
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From Version To Version Major Changes

Issue 1

Issue 2

Removed Pin 237, P_OUT, from Pinout Table.

In T_QUEUE_TBL, added clarifications to QUEUE_CREDIT

and AVG_SUB_VALU fields for single DSO no pointer mode,

Changed ItypE3 to ItypDS3 in DC Operating Conditions Tab

Changed the following timing parameters:

¢ Interrupt Timing: PROC_INTR Tqg(max) from 16 ns to 14
ns.

¢ Microprocessor RAM Read Cycle: IMEM_CS Tqg(max)
from 15 ns to 17.7 ns.

« Microprocessor RAM Read Cycle: Tgqmoe(max) from 22
to 24.7 ns.

e Tzsu, Tded, and Tzen are now specified as typical, inst
of minimum and maximum.

« Microprocessor RAM Write Cycle: /PROC_ACK Tq(max
from 15 ns to 17.5 ns.

« Microprocessor RAM Write Cycle: /IMEM_CS Tg(max)
from 15 ns to 17.7 ns.

« Microprocessor Write Command Register: /PROC_ACK
Tq(max) from 15 to 17.5 ns.

*« RAM Write Cycle: IMEM_WE Twp(min) from Tch - 1 to
Tch - 1.3, and Twp(max) from Tch to Tch +0.3.

« Receive Side Low Speed Interface: TL_SER, TL_SIG
Tq(max) from 12 ns to 14 ns.

¢ Transmit Side Interface: RL_SER Th(min) from 1.0 to 1
ns.

¢ Transmit Side High-Speed Interface: RL_SER Th(min) fi
1.0to 1.2 ns.

¢ Transmit UTOPIA ATM Timing: TATM_DATA Tg(max)
from 12 ns to 12.7 ns.

¢ TUTOPIA SPHY Timing: RPHY_DATA Tq(max) from 12
nsto 12.7 ns.

¢ TUTOPIA MPHY Timing: RPHY_DATA Tq(max) from 12

ns to 12.7 ns.
Added DC Operating Conditionsi/be;(max)=420mA and
ltyposs(Max)=482mA.

In Absolute Maximum Ratings section, removed undersho
overshoot specification, and replaced with absolute maxin
voltage range for TTL inputs.

Moved all timing requirements on external logic for RAM a

192}

5.5

ns

ead

ot/
um

nd

Microprocessor interface from section 6.5 to section 8.11.
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From Version

To Version

Major Changes

04/17/98

Issue 1

Changed from WAC-121-A to PM73121.

Changed from User’s Manual to Long Form Data Sheet.
Deleted references to the BT_Mode and default mode.
Added PMC part numbers Egure 5 on page 1Figure 6 on
page 12Figure 7 on page 1&andFigure 86 on page 168
Under the'/R_LINE_STATE Word Format” section on page 156
added “Not used in UDF-HS mode.” for the R_UNDERRUN

R_RESUME field descriptions.
Undersection 7.11 “Activating a New Queue on an Active Line”,

on page 16/changed from “CMD_REG_ATTN" to

“CSD_REG_ATTN bhit".

and

01/21/98

04/17/98

» Changed references from SRTS_PORT to SRTS_LINE

throughout the manual.
Added the sixth bullet on page 6.

Under“Potential System Impacts” on pageadded “Hardware

Considerations”.

Deleted the first paragraph on page 65.

Replaced section 3.7.1 “SRTS for the Receive Side” starting
page 66 wittsection 3.7.1 “Generation of TL_CLK” starting o

page 68

Addedsection 3.7.1.1 “Recovered Mode” starting on page 69
section 3.7.1.2 “Synthesize a Nominal E1 or T1 Clock” startin

gon

page 69andsection 3.7.1.3 “Synthesize an E1 or T1 Clock based
on SRTS” starting on page .70

In Table 9 on page 8&hanged the last sentence of the
“SYS_CLK” description to read “The maximum frequency is

40 MHz.

In Table 10 on page 8@dded the note to the description of “/

SCAN_TRST” on page 89.

Under section 6.5 “RAM and Microprocessor Timing” starting on
page 104, changed the first sentence of the third paragraph from

“running at 38.88 MHz" to “running near maximum speed”.
The first sentence of the fourth paragraph changed from

“(38.88 MHz)” to “(40.00 MHz)".

In Figure 69 on page 105, changed SYS_CLK from “38.88 M

to “40.00 MHz".

In Table 21 on page 105, changed the maximum value of Nu

12 from “8” to “7".

Hz"

mber
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From Version

To Version

Major Changes

01/21/98

04/17/98

Undersection 6.5.1 “RAM Timing” starting on page 1@hanged
from “12 ns or 15 ns SRAMSs” to “12 ns SRAMSs”, changed frg
“data setup time of 8 ns” to “data setup time of 7 ns”, and chal
from “SYS_CLK is 38.88 MHz" to “SYS_CLK is 40 MHz".

In the table afteFigure 80 on page 118hanged the Fc maximum

value from “38.89” to “40.00".
Under“QUEUE_CONFIG Word Format” section starting on

page 135added the second and third bullet to the note for the

“FRAMES_PER_CELL" description and the note for the
“BYTES_PER_CELL" description.

Undersection 7.8.6 “R_CH_TO_QUEUE_TBL", on page 148
added the sixth sentence to the Function description.
Undersection 8.6 “Board Requirements for the SRAM Interfa
starting on page 174¢hanged the third paragraph from “SRAN
must be 15 ns or faster” to “SRAMS must be 12 ns or faster”
changed from “data setup of 8 ns” to “data setup of 7 ns” and
deleted the following four sentences.

Addedsection 8.7 “UDF-HS Mode SRTS-Based Clock Reco
Application for DS3” starting on page 18ction 8.8
“Interfacing with the Mitel MT8980 Digital Switch”, on page 18
section 8.9 “Interfacing with the ATM Cell Multiplexer (WAC-
185-B-X)”, on page 183andsection 8.10 “Jitter Characteristic
of Clock Synthesis Logic” on page 185.

m
nged

ce”
s

ery

10/17/97

(first version of the
WAC-121-A
User’s Manual)

01/21/98

In the first sentence under “Description” on page 1, added H
the list of lines supported.

Under section 2.2 “Circuit Interface Features” starting on pag
added the Dallas Semiconductor part DS2152 to the second
added the Dallas Semiconductor part DS2154 to the third bu
deleted the IgT DS3 Framer (TAC-030-A), and deleted the D
part number DS2180A.

Under section 2.4 “Receive Interface Features” on page 18,
changed the fourth bullet text from “0 to 48 ms” to “0 to 24 m
Under section 2.5 “Statistics” starting on page 19, deleted te
from the fourth bullet and added the fourth sentence in the fi
paragraph opage 20

Under section 2.7 “SRTS and Transmit Line Interface Clock
Configurations” on page 21, and section 3.1. “SRTS for the
Transmit Side” added the NOTE regarding Bellcore’s SRTS
patent.

3 to

e 16,
pullet,
let,
allas

-
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From Version To Version Major Changes
10/17/97 01/21/98 * Undesection 2.8.3 “Peak Cell Rates and Partial Cells”, on
(first version of the page 22 changed the formula for TCGJy-
WAC-121-A .

User’s Manual)

Undersection 3.1.2 “Transmit Signaling Freezing”, on page 3
added the Dallas Semiconductor part numbers DS2152 and
DS2154.

Changed the signal name text in the parenthedéigjime 23 on
page 35

Addedstep 8 on page 25tep 9 on page 2%&ndstep 10 on

page 25

Deleted the NOTE aftestep 10 on page 3nd added ten more
paragraphs.

Addedsection 3.2.1 “Transmit CDV” starting on page 37
Undersection 3.3.2.1 “Header Construction”, on pagger@9ised
the fourth sentence.

Undersection 3.4 “Transmit UTOPIA Interface Block
(TUTOPIA)” starting on page 4Bdded the last two sentences
the first paragraph opage 43

Undersection 3.6 “Receive Adaptation Layer Processor (RAL

starting on page 4&hanged the last sentence of the third
paragraph opage 47 added text to the second, sixth, and eig
bullets onpage 50

Undersection 3.6.2 “Underrun” starting on page 68ded text tq
the third paragraph gpage 60

Undersection 3.6.3 “Pointer Processing”, on pageddded to
text to the third paragraph.

Undersection 3.6.4 “Overrun” starting on page @#ded text to
the first and third paragraphs.

Added step 6 to the NOTES Figure 47 on page 64
Undersection 3.6.5 “Counters and Sticky Bits”, on page 65
revised the first paragraph.

Undersection 3.7 “Receive Frame Transfer Controller (RFTQ
starting on page 65

Undersection 3.7.1 “SRTS for the Receive Side” starting on
page 66revised the first and second paragraphpamge 69

In the headings of the first columnsTiable 3 on page 7&nd in
Table 4 on page 72Zhanged “SRTS_PORT(3:0)” to
“SRTS_LINE(3:0)".

Undersection 3.8 “Memory Interface and Arbitration Controllg
(MIAC)” starting on page 74added the last sentence to the th
paragraph.

to
P)H

ht

~

h

=

Addedsection 3.9 “Configuration”, on page .75
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From Version To Version Major Changes
10/17/97 01/21/98 « InTable 6, starting on page &deleted the last two sentences from
(first version of the the description ofRPHY_CLAV” on page 82and the description
WAC-121-A of “TPHY_CLAV” on page 83

User’s Manual)

UnderFigure 62 on page 9€hanged the Maximum value of Tq
from “12" to “13".

Undersection 6.4.1 “RUTOPIA as the ATM Layer Device”, o
page 100added the second paragraph.

In Table 21 on page 105, changed the Maximum value of number

16 from “2” to “1” and number 18 from “7” to “6".
UnderFigure 69 on page 104hanged the Minimum value of
Twc from “Tp-1"to “Tp-2”, Twsu from “2” to “1”, and added te
to the second bullet under NOTES.

Revisedrigure 70 on page 10&nd the corresponding table.
UnderFigure 71 on page 10¢hanged the Maximum value of
Tded from “24” to “25” and Taed from “19” to “20".
UnderFigure 72 on page 108hanged the Maximum value of
Taed from “19” to “20".

UnderFigure 73 on page 112hanged the Maximum value of
Tded from “24” to “25”".

UnderFigure 76 on page 11¢hanged the Maximum value of Tq
from “12” to “16”.

Deleted section 7 “Boundary Scan” starting on page 119 and
renumbered the remaining sections.

Under*QUE_CREDITS Word Format” section on page 137
changed from “Reserved” to “FRAME_REMAINDER” and
added description.

Under th CMDREG Word Format” section on page 1886vised
the description fofCSD_ATTN".

Added the second bullet to NOTES jpage 166

Undersection 7.11 “Activating a New Queue on an Active Lin
on page 167added the third bullet to NOTES.

Addedsection 8.4 “External FIFO Application” starting on
page 171

Undersection 8.5 “External SRTS-Based Clock Recovery
Application”, on page 172added the last two paragraphs.

-

D
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Description

The AAL1 Segmentation And Reassembly (SAR) Processor (AAL1gator II™) provides DS1, E1,
E3, or DS3 line interface access to an ATM Adaptation Layer One (AAL1) Constant Bit Rate
(CBR) ATM network. It arbitrates access to an external SRAM for storage of the configuration,
the user data, and the statistics. The device provides a microprocessor interface for configuration,
management, and statistics gathering. PMC-Sierra also offers a software device control package
for the AAL1gator Il device.

FEATURES
Circuit Interface Features

* Provides AAL1 segmentation and reassembly of eight 2 Mbit/s data streams or one
45 Mbit/s or less data stream.
Supports 256 Virtual Channels (VCs) (32 per line).
Supports nx 64 structured data format.
Supports arbitrary timeslot-to-VC mappings, including alternating timeslots.
Provides Common Channel Signaling (CCS) and Channel Associated Signaling (CAS)
configuration options.
Provides per-VC data and signaling conditioning in both the transmit and the receive
directions.
Arbitrates a 16-bit microprocessor interface to a 128k6 (12 ns) SRAM.
Supports multicast connections, ATM Monitoring (AMON), Remote Monitoring
(RMON), and ATM Circuit Steering (ACS).
Supports adaptive clocking in Structured Data Format, Frame-based (SDF-FR),
Structured Data Format, Multiframe-based (SDF-MF), and Unstructured Data Format,
Multiple Line (UDF-ML) modes.
Transmit Cell Interface Features

* Provides an ATM-layer or PHY-layer 33 MHz UTOPIA interface. Both Single PHY
(SPHY) and Multi-PHY (MPHY) modes are supported.
Provides per-VC transmit queueing.
Provides a calendar queue service algorithm that produces minimal Cell Delay Variation
(CDV).
Provides a supervisory transmit buffer for Operations, Administration, and Maintenance
(OAM), and for ATM signaling.
Generates pointers for structured data transmission.
Provides sequence number and sequence number protection generation.
Provides partially filled cell generation with the length configurable on a per-VC basis.
Generates and transmits Synchronous Residual Time Stamp (SRTS) values for
unstructured modes.
Built-in transmit line clock generation based on received SRTS values, receive line clock,
or a nominal frequency.
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Receive Cell Interface Features

Provides an ATM-layer or PHY-layer 33 MHz UTOPIA interface. Both SPHY and
MPHY modes are supported.

Provides per-VC queues.

Provides per-VC CDV tolerance settings.

Provides per-VC partially filled cell length settings.

Provides a supervisory receive queue for OAM cells.

Verifies and corrects sequence numbers in accordance with ITU-T Recommendation
1.363.1.

Processes sequence numbers in accordance with the “Fast SN Algorithm”, as specified in
the ITU-T Recommendation 1.363.1.

Maintains bit integrity through individual errored cells or up to six lost cells. Takes into
account pointer bytes.

During underruns, can output fixed, pseudorandom, or old data.

Provides processor interrupts for OAM cell receptions.

Provides a multiplexed interface to external receive Phase-Locked Loops (PLLS) for
SRTS clock recovery for unstructured modes or adaptive clock recovery.

Statistics Features

Counts invalid Cyclic Redundancy Check (CRC) values for sequence numbers.
Counts OAM cells and dropped OAM cells.

Counts data cells transmitted per VC.

Counts conditioned data cells transmitted per VC.

Counts cells not transmitted due to line resynchronization per VC.

Counts cells received, dropped, lost, or misinserted per VC.

Counts cells with incorrect Sequence Number (SN) or incorrect Sequence Number
Protection (SNP).

Counts underrun occurrences per VC.

Counts overrun occurrences per VC.

Counts pointer reframes and pointer parity errors per VC.
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Figure 1 shows asimple block diagram of the AAL 1gator I1.

’—> Cell Service Decision (CSD) j

Transmit Frame Transfer Transmit Adaptation Layer Transmit UTOPIA Interface
—P ’—> P >
Input from Controller (TFTC) Processor (TALP) Block (TUTOPIA) Output to
DS Line UTOPIA
Memory Interface and
ot >
Arbitration Controller (MIAC) To External Memory
Receive Frame Transfer ‘J t Receive Adaptation Layer Receive UTOPIA Interface
Output to Controller (RFTC) Processor (RALP) ¢ Block (RUTOPIA) Input from
DS Line UTOPIA

Microprocessor Control Bus

Figure 1. AALlgator Il Block Diagram

Figure 2 shows a system block diagram of the AAL1gator Il connected to eight 2 Mbit/s data
streams.

o UTOPIA Interface
: l
= SRAM
= AAL1gator Il i
<—» TUE1LFramer 2 Mbit/s | (PM73121) ¢ Address/Data

A 4
Buffers

Buffer Control

Microprocessor Strobes Microprocessor Address and Data

Figure 2. Block Diagram of the AAL1gator Il Connected to Eight 2 Mbit/s Data Streams

Figure 3 shows a system block diagram of the AAL1gator Il connected to one 45 Mbit/s data
stream.

o UTOPIA Interface .
al L
SRAM
i AAL1lgator Il A
<—p| DS3/E3Framer |g 45 Mb|tls; (pM793121) < Address/Data
A 4
Buffer Control Buffers

Microprocessor Strobes Microprocessor Address and Data

Figure 3. Block Diagram of the AAL1gator Il Connected to One 45 Mbit/s Data Stream
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NEW FEATURES

Changesin the AAL 1gator || (PM73121) version from the WAC-021-C-X version are as fol-
lows:

« After power-up, setting the CMD_REG_ATTN register bit (refepage 16% causes the
device revision register to be loaded with code 121A

» Supports the “Fast Algorithm” method for processing SNs, as specified in the ITU-T
Recommendation 1.363.1.

* This method maintains bit integrity through any single corrupted cell, single misin-
serted cell, or up to six missing cells as determined by the value of the SN and SNP
field. However, bit integrity cannot be maintained if an underrun occurs.

« If structured cells are used, adjustments for missing or errored pointer cells are consid-
ered. Pointer cells will be predicted to be in the cells that should contain pointers as
determined by the ITU-T Recommendation 1.363.1.

* The value of the inserted cells can bg, lBlid data, one byte of conditioned data, or
pseudorandom data that uses the conditioned data and replaces the MSB with a pseu-
dorandom patterns x’+ 1. The pseudorandom option is not available for UDF-HS
mode. The pattern used is selectable on a per-VC basis.

e The maximum number of cells, (MAX_INSERT) in the R_SN_CONFIG word (up to
six) inserted per queue is programmable on a per-queue basis (refer to
“R_SN_CONFIG Word Format” on page 160

* There is a bit, DISABLE_SN in the R_SN_CONFIG register (refer to
“R_SN_CONFIG Word Format” on page 6@ optionally disable SN processing
for a queue.

« A bit has been added to disable the automatic dropping of the first cell received, as
would be normally required by ITU-T Recommendation 1.363.1 (refer to
“NODROP_IN_START” on page 161

« The UTOPIA interface can operate as an SPHY or MPHY device, in addition to its current
ATM mode.

 When a queue underruns, old data, one byte of conditioned data, or pseudorandom data
that uses the conditioned data and replaces the MSB with a pseudorandom pattern (x
+ 1) will be automatically inserted. The choice is selectable per DS0. Pseudorandom
options are not available for UDF-HS mode.

« Added the following seven new counters per queue:
e number of dropped cells
* number of lost cells
e number of pointer reframes
* number of underruns
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*« number of overruns
e number of pointer parity errors
* number of misinserted cells

* A SUPPRESS_TRANSMISSION bit has been added (refer to seétiibk_ CONFIG
Word Format” on page 13%o temporarily disable transmission while continuing to
schedule cells.

* Two new control bits have been added to allow queues on an SDF-MF line to be
configured in SDF-FR mode. One bit (refeffo CHAN_NO_SIG” on page 136@s for
the transmit direction, and one bit (refefio CHAN _NO_SIG” on page 157s for the
receive direction. This is the same as setting up individual queues in SDF-FR mode.

* A new E1 mode has been added to allow a 24-frame multiframe instead of a 16-frame
multiframe. In this mode, signaling is updated every 24 frames. When processing cells,
the signaling data will appear afterd\24 bytes of data, where N is the number of DSOs in
the queue.

* The SRTS code from the Field Programmable Gate Array (FPGA) has been incorporated
into the chip for each line. There is also a clock multiplexer that enables the AAL1gator Il
to generate the TL_CLK based on either the RL_CLK, a nominal E1 or T1 clock, or a
synthesized clock based on the received SRTS.

* The R_INCORRECT_SNP counter (refer'l® INCORRECT_SNP Word Format” on
page 158has been changed to conform to the Circuit Emulation Service (CES) MIB. That
is, all cells with an incorrect SNP will be counted, regardless of whether or not the SN was
corrected.

» The R_SEQUENCE_ERR counter (refef'ito SEQUENCE_ERR Word Format” on
page 15Y has been changed to conform to the CES MIB. That is, only transitions from the
SYNC state to the OUT_OF_SEQUENCE state are counted, as specified in ITU-T
Recommendation 1.363.1.

* Both E1 and T1 lines can be supported at the same time.
* The scan string for the current scan order has changed.
» The following four pins have been added:
« PHY_ENABLE (refer topage 8}
« TPHY_ADDR (refer topage 83
« RPHY_ADDR (refer tqpage 83
e TLCLK OUTPUT_EN (refer tqpage 87
* The following software fields have been added or expanded:

* Inthe COMP_LIN_REG (refer teection 7.4.2 “COMP_LIN_REG” starting on
page 12%, added the following fields:
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« MIXED_MODE_EN
« SPHY_EN

* Inthe LIN_STR_MODE word (refer teection 7.4.3 “LIN_STR_MODE?” starting on
page 12§, added the following fields:

- TL_MODE
« R1_WITH_T1_SIG
« CLK_SOURCE

e In the QUEUE_CONFIG word (refer tQUEUE_CONFIG Word Format” starting
on page 13| added the following field:

« T _CHAN_NO_SIG

* Inthe CH_TO_QUEUE word (refer t&€H_TO_ QUEUE Word Format” starting on
page 148, expanded the following fields:

« RX_COND_H
« RX_COND L

e Inthe R_MAX_ BUF word (refer toR_MAX_ BUF Word Format” on page 15,7
added the following field:

« R_CHAN_NO_SIG
* Added the following nine registers per queue:

* IDLE_CONFIG (refer td'IDLE_CONFIG Word Format” on page 139
R_SN_CONFIG (refer ttR_SN_CONFIG Word Format” on page 160
R_DROPPED_CELLS (refer ttR_DROPPED_CELLS Word Format” on page 161
R_UNDERRUNS (refer t6R_UNDERRUNS Word Format” on page 162
R_LOST_CELLS (refer toR_LOST_ CELLS Word Format” on page 162
R_OVERRUNS (refer t6R_OVERRUNS Word Format” on page 162

R_POINTER_REFRAMES (refer tt_POINTER_REFRAMES Word Format” on
page 162

R_PTR_PAR_ERR (refer tR_PTR_PAR_ERR Word Format” on page 162
R_MISINSERTED (refer t6R_MISINSERTED Word Format” on page 163
* The maximum system clock frequency is now 40 MHz.
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POTENTIAL SYSTEM IMPACTS

Hardware Considerations

The AAL1lgator Il device is pin-for-pin compatible with the WAC-021-CX. However, the
following hardware issues are items to consider.

* The DS3 mode requires a 40 MHz system clock to maintain throughput.

* Power consumption for the AAL1gator Il is about 300 mW higher than for the WAC-021-
CX device.

Software Considerations

The first two issues are addressed by PMC-Sierra’s AALlgator Il software Device Control
Package.

« The math table was modified to support E1 and T1 lines at the same time. This was
required since the WAC-021-CX has a different math table for E1 lines than for T1 lines.
The PM73121 can configure some lines in E1 mode and some lines in T1 mode. As a
result, only one math table is required and anyone using E1 SDF-MF mode needs to use
the new math table.

* New counters have to been added to support the CES MIB. These count values will
automatically be written into memory at previously unused locations.

* The PM73121 calculates buffer overflow as data is written into memory. The WAC-021-
CX calculates buffer overflow only at the start of a cell being written into memory.
Because of this difference in calculating buffer overflow, it is possible that a queue
configured with a certain MAX_BUF size with the WAC-021-CX may show an overflow
with the PM73121.

« The SNP algorithm has been changed to conform with the “Fast Algorithm”, as specified
in the ITU-T Recommendation 1.363.1. The new algorithm is more tolerant to single
errors and lost cells and has a slightly different behavior. Typically this is transparent to
users, unless they are injecting errors. However, one side effect of the new algorithm is
that the first cell received for any queue is always dropped. This is not an issue for most
applications since there is always a start-up period before any real data is contained in the
cells. However, if an application exists that is sensitive to the loss of the first cell, a new
control bit has been added to disable dropping the first cell (refer to
“NODROP_IN_START” on page 16§1This bit defaults to off.

* The INCORRECT_SNP counter (refer‘t® INCORRECT_SNP Word Format” on page
158 has been changed to conform to the CES Management Information Base (MIB). That
is, all cells with an incorrect SNP field will be counted, regardless of whether or not the
SN was corrected. (In the WAC-021-CX only non-correctable SNPs were counted.)
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e The R_SEQUENCE_ERR counter (refef'ito SEQUENCE_ERR Word Format” on
page 15Y has been changed to conform to the CES MIB. That is, only transitions from
SYNC to OUT_OF_SEQUENCE are counted, as specified in ITU-T Recommendation
1.363.1.

* The revision code of the chip has been changed to “121A".

When using the AALlgator Il, you will have to make software updates to take advantage of
the new features (refer tblew Features” starting on pagg A hese new features require set-
ting control bits or writing fields that are not used in the WAC-021-CX. The default for these
bits is off.

PM73121 Required Board Modifications

The PM73121 is pin-for-pin backward compatible with the WAC-021-CX. To allow the
AALlgator Il to drop into a board developed for the WAC-021-CX, the following hooks
need to be implemented for you to take advantage of internal clock synthesis or UTOPIA
PHY mode.

To Use Internal Clock Synthesis
* Provide a means to tristate TL_CLK to the PM73121.

* Provide pads to terminate TL_CLK correctly when sourced by the PM73121. You may
need to remove the termination used when the AAL1gator Il does not source TL_CLK.

* Be aware of any skew issues that may arise when the AAL1gator Il sources the TL_CLK
instead of being externally generated, such as an external clock multiplexer.

NOTE: With respectto TL_CLK, the AAL1gator Il timing remains the same whether it
sources the clock or not.

 Pin79is the TLCLK_OUTPUT_EN pin. The AAL1gator Il can synthesize a nominal
clock, loop the RL_CLK, or use the SRTS to generate the TL_CLK. To select the clock
type, configure the LIN_STR_MODE register (refefitéN_STR_MODE” starting on
page 12%. Since there is a period of time between reset and when this register is read,
there may not be a TL_CLK. To account for this, tie the TLCLK_OUTPUT_EN high.
This will cause the RL_CLK to be looped to the TL_CLK pins until the value has been
read. Then each line TL_CLK will switch to the proper value. (Each line can be different).
If you do not want a clock to drive between reset and when this register is read, tie
TLCLK_OUTPUT_EN low. In summary, provide a means to pull up or pull down pin 79.
It will default to pull down via an internal pull-down resistor.
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To Use UTOPIA PHY Mode
* Provide a means to pull pin 56 (PHY_EN) high. (It will default to low via an internal pull-
down resistor).
e If using MPHY mode, pin 18 will be /TPHY_ADDR and pin 14 will be /RPHY_ADDR.
These address pins work like an active low chip select but follow the MPHY timing.
* In PHY mode, all TATM signals will become RPHY signals (/TATM_EN becomes

RPHY_CLAV and /TATM_FULL becomes /RPHY_EN). All RATM signals will become
TPHY signals (/RATM_EN becomes TPHY_CLAV and /RATM_EMPTY becomes /

TPHY_EN).
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1 SYSTEM APPLICATIONS

An essentia function for ATM switches is to emulate existing Time Division Multiplexing
(TDM) circuits. Since most voice and data services are currently provided by TDM circuits,
seamless interworking between TDM and ATM has become a system requirement. The ATM
Forum has standardized an internetworking function that satisfies this requirement in the Circuit
Emulation Service (CES) Specification. The AAL1gator 11 is adirect implementation of that ser-
vice specification in silicon, including the complex N x 64 channelized service and support of
CAS.

1.1 Replacing a TDM Digital Access Cross-connect System (DACS) with an ATM System

In one public network application, a TDM DACS isreplaced with an ATM system containing an
AAL1gator II. When the backbone trunk of a network is changed from TDM to ATM, the TDM
DACSs will probably be converted from TDM to ATM. The existing leased line services pro-
vided by the DACSs must then be provisioned with the ATM DACS. In this manner, TDM, frame
relay, and ATM circuits can be provided in a single network, as shown in Figure 4.

T1 Service
Fractional T1 Service TDM Backbone
> TDM DACS >
Digital Data Service
T1 Service
Circuit Emulation
Card
Fractional T1 Service ATM Backbone

N ATM DACS

AALlgator Il
(PM73121)
DDS Service I

Figure 4. Using the AALlgator Il as Part of a TDM DACS Replacement

v

A 4
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1.2 Replacing a Multiplexer Level 1 to Level 3 (M13) with an ATM System

In a second public network application, an M13 is replaced with an ATM system containing an
AALlgator Il. M13s are often used to provide DS1 services. As Figure 5 shows, these DSL1 cir-
cuits must be emulated by an ATM DACS or an ATM M13 when the backbone is converted to
ATM.

T1 Line

T1 Line M13 PDH DS3 Line

Ay

A
v

U

I i M ATM DS3

1 |y n M ATM Cell .
QDSX TQUAD AAL1gator Il \ S/UNI-PDH LU el _Line

(PM4314) (PM4344) | (PM73121) [€ 7] Multiplexer (PM7345) (€ < >

(WAC-185-X)
' e —
| |

A

A

Figure 5. Using the AAL1lgator Il as Part of an M13 Replacement
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1.3 Access Multiplexer Application

An access multiplexer must alow voice circuits to be made across a single ATM service inter-
face. A circuit emulation interface card supports circuit connection to a Private Branch Exchange
(PBX). As Figure 6 shows, CAS signaling is needed to support awide variety of legacy PBXs.

Private c IClr_cunC .
Branch T mulation Car
Exchange <
(PBX)
AAL1lgator II
(PM73121)
i SONET ocC-3 ATM Access S/UNI-LITE ATM Service
Workstation < Interface Muliploxer UNLLIT AT Senvice

Figure 6. Using the AALlgator Il in an ATM Access Multiplexer Application
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1.4 Using the AALlgator Il in an Enterprise ATM Switch Application
Circuit emulation has become a requirement of enterprise switches. Figure 7 shows a complete
solution for ATM switches.

LAN Interface

ATM
Routing
Table
(WAC-187-X)

S/UNI-
ULTRA
(PM5350)

° ATM
T S/UNI-LITE RCMP-200 Routing
OC-3_ I (PM5346) | | (PM7323) [ | Table
g (WAC-187-X)
ATM Switch H ATM Switch FH{ATM Switch
Element Element Element
ATM (WAC-188-X)| [(WAC-188-X)| |(WAC-188-X)
DS3 S/UNIPDH RCMP-200 Routing
E3 “[|LIU[T] (PM7345) [| (PM7323) [| Table
ATM Switch | |ATM Switch | [ATM Switch
Element Element Element
(WAC-188-X)| [(WAC-188-X)| |(WAC-188-X)
S
ATM
— QDSX TQUAD AALlgator Il l\//;\uTlt,:/l Iiigr Routing
T1 — ||| (PM4314) [ [I| (PM4344) (PM73121) | | (WAC?185-X) | Table
— (WAC-187-X)
Figure 7. Using the AAL1gator Il in an Enterprise ATM Switch Application

UTP-PHY
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2 SYSTEM FEATURES

The AALlgator Il provides DSL, E1, DS3, E3, or other high-speed line interface access to an
AAL1CBR ATM network. It uses an external SRAM for temporary storage of data and statistical
data. The device provides a microprocessor interface for configuration, management, and statis-
tics gathering.

ATM technology can handle different types of traffic, including voice and video, within the same
network structure. Voice traffic and some kinds of video traffic are classified as CBR traffic.
AALL1isdefined for carrying CBR traffic.

2.1 Data Formats
The AAL1gator |l supports the data formats described in Table 1.

Table 1. Data Formats and AAL1gator Il Modes to Support Them

Corresponding
Format AAL1lgator Il | Channelization . CAS. N”".‘ber of
Signaling Lines
Mode
Unstructured Data Format, Multiple Line UDF-ML No No 8
Unstructured Data Format, High-Speed UDF-HS No No 1
Structured Data Format, Multiframe-based SDF-MF Yes Yes 8
Structured Data Format, Frame-based SDF-FR Yes No 8

These modes are selectable on a per-line basis. In structured mode, each line can support either T1
or E1 interfaces. Line O can also support a high-speed UDF that is compatible with the specified
T3 or E3 framer.

UDFs are more appropriate for services that require no framing structure to transport data across

the network. Unframed point-to-point E1 and T1 and clear channel T1 and E1 are examples of

such services. The AALlgator Il uses simplified algorithms for unstructured data, placing data

into the appropriate line buffers without regard to frames. All byte locations are used. The Cell
Service Decision (CSD) credit assigning algorithm (refer to section 3.2 “Cell Service Decision
(CSD) Circuit” starting on page 38 also simplified. Since there can be only eight queues, the
algorithm needs to identify only which line requires service. When UDF-HS is used for line 0O,
only line O is monitored for activity.

Many installed networks, however, look for a framing structure and octet alignment to transport
data streams. Carriers have large installed bases of fractional T1 and Digital Data Service (DDS)
leased line services that must still be supported when the backbone is cut over to ATM. Many pri-
vate networks have the same support issue; the backbone is either ATM or circuit-switched, but
not both. If it is ATM, then all existing switched circuits must be migrated onto the ATM back-
bone through circuit emulation. Because of its extensive support of Digital Signal Level Os
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(DS0s), which are 64 Kbhit/s channels, the AALlgator 11 is an ideal vehicle for constructing
ATM-based DACS and other circuit emulation devices. Structured data format is suited for these
types of networks and underlying services. The SDF-MF mode is primarily used for applications
that need to pass CAS, which carries the ABCD signaling bits. CAS is till common in many
TDM networks. The SDF-FR mode, which transfers no signaling, is aso supported.

In SDF-MF mode, individual gqueues can be configured to transfer no signaling. Thisis the equiv-
aent to SDF-FR mode for a given queue.

2.1.1 Structured Cell Formats
Figure 8 shows examples of four structured cell formats. In the partially filled cell examples, the

partialy filled level has been set to 42 payload bytes.

GFCIVPI VPI GFC/IVPI VPI GFC/VPI VPI GFCIVPI VPI
VPI Vel VPI Vel VPI VCl VPI Vel
Vel VCl Vel Vel

vel | pm | cp vel | pmi | cp vet | pm | cp vel | pmi | cp
HEC HEC HEC HEC
csl [ sN | snp csl | sN | snp csi | sN | snp csi [ sn | snp
Pointer Payload 1 Pointer Payload 1
Payload 1 Payload 2 Payload 1 Payload 2
Payléad 42 Payldad 42
Payload 46 Payload 47

Cell with Pointer
46 Payload Bytes

Cell without Pointer
47 Payload Bytes

Partially Filled Cell with Pointer
42 Payload Bytes

Figure 8. Examples of Structured Cell Formats

Partially Filled Cell without Pointer

42 Payload Bytes
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2.1.2 Unstructured Cell Formats

Figure 9 shows two unstructured cell formats. In the partially filled cell, the partialy filled level
has been set to 42 payload bytes.

GFC/VPI VPI GFC/VPI VPI
VPI VCI VPI VCI
VCI VCI
vet | pmi | cp vel | pmi | cp
HEC HEC

csi [ sN | snp cst [ sNn | s
Payload 1 Payload 1
Payload 2 Payload 2

Payload 42
Payload 47
Cell without Pointer Partial Cell without Pointer

Figure 9. Examples of Unstructured Cell Formats

2.2 Circuit Interface Features
* Provides a convenient interface to all of the following line circuit types:

* Upto eight T1 framers (PMC-Sierra part number PM4341A T1XC or Base-2™ part
number UGA-360).

e Up to eight E1 framers (PMC part number PM6341 E1XC or Base-2 part number
UGA-510).

 Uptotwo T1 PMC quad framers (PMC part number PM4344 TQUAD).
* Uptotwo E1 PMC quad framers (PMC part number PM6344 EQUAD).
* One E3 Framer (EAC-030-X)-compatible device (clear channel).

» Supports the following VCs:

» Upto 256 VCs for channelized T1/E1 (Up to 32 VCs per line for E1, up to 24 VCs per
line for T1).

» Up to eight VCs for multiple-line unstructured data format (UDF-ML mode).
* One VC for DS3.
* One VC for ES.

» Compatible with the ATM Forum Circuit Emulation Service (CES) standard (refer to
Appendix B, “References”, on page 303

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 16



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor

Allows the outgoing Virtual Path Identifier (VPI)/Virtual Channel Identifier (VCI) to be
set to any value for each VC.

Maps a selectable 8-bit field of the VCI into 256 possible receive queues.
Provides bit count integrity by replacing lost AAL Service Data Units (SDUS).
Allows any combination of timeslots within one T1/E1 line to be mapped to a VCI.
Supports UDF at arbitrary bit rates up to 20 Mbit/s aggregate throughput.
Provides a per-line CCS/CAS configuration option.

Individual lines can be configured as E1 or T1.

E1 lines can be configured to use T1 signaling rates.

Provides transmit data and signaling conditioning per VC.

Provides receive signaling freezing on underrun, overrun, and pointer mismatch and
errored cells.

Provides receive data and signaling conditioning per VC.

Provides SRTS bit generation and collection for an internal clock synthesizer to drive
external receive PLLs for unstructured data formats.

Provides a 16-bit microprocessor interface to a 1286 SRAM external to the device.
Provides statistics and interrupts for the microprocessor.

2.3 Transmit Interface Features

The AALlgator Il accepts deframed data as a serial bit stream from multiple external deframer
devices. The AALlgator Il then stores the data in an external SRAM, and creates AAL1 ATM
cells from the data. The AALlgator Il allows configurations of up to 256 VCs (32 per line) that
can transmit from 1 to 32 DSOs (64 Kbit/s channels) within any one T1 or E1 line with arbitrary
sequential mapping (including alternating timeslots). The VC queues are serviced with a calendar
scheduling mechanism. The transmit side transmit queue controller also supports the transmission
of cells generated by the microprocessor. In addition, a variety of statistics are maintained in
16-bit counters. Other transmit interface features include:

Provides per-VC transmit queuing.
Provides a calendar queue service algorithm that produces minimal CDV.

Provides a 33 MHz ATM or PHY layer UTOPIA interface. The PHY side can be either
SPHY or MPHY.

Provides a supervisory transmit buffer for OAM/signaling with Cyclic Redundancy
Check-10 (CRC-10) generation.

Generates sequence numbers and sequence number protection bits.
Provides partially filled cells with lengths configured on a per-VC basis.
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Supports Synchronous Residual Time Stamp (SRTS) for unstructured data formats. The
transmit interface generates the 4-bit SRTS code that reflects the difference between the
network clock and the transmitting service clock. If enabled, this SRTS code is inserted
into the Convergence Sublayer Indication (CSI) bit of cells with odd sequence numbers.

Provides data and signaling conditioning on a per-VC basis.
Provides a 2-cell UTOPIA First-In, First-Out (FIFO).

Transmit delay is defined by the following three components: the time to schedule a cell,
the time to build a cell, and the time to transmit a cell. The time to schedule a cell is from
0 to 125 ps for structured data and from 0 to 256 bit times for unstructured data. The time
(in seconds) to build a cell with a full payload is approximately 376 divided by the CBR

(in bps). The time to send a cell depends on the number of cells queued for transmission,
the amount of OAM traffic being inserted by the microprocessor, and the speed at which
cells are accepted by the device connected to the UTOPIA transmitter. Once the payload is
available, each cell takes about Ato prepare.

Provides optionally generated transmit line clock based on received SRTS values, looped
RL_CLK, or synthesized nominal clock.

2.4 Receive Interface Features

When cells arrive, the AAL1gator Il places them in a multiframe buffer based on the channel allo-
cation. The cells are then transmitted to the line interface at the proper time. Other receive inter-
face features include:

Provides a 33 MHz ATM or PHY layer UTOPIA interface. The PHY side can be either
SPHY or MPHY.

Provides per-VC queues.

Provides a 0 to 64 ms receive buffer for E1 (0 to 48 ms if using T1 signaling), a 0 to 48 ms
receive buffer for T1, a 0 to 4 ms receive buffer for E3, and a 0 to 2.9 ms receive buffer for
DS3.

Provides a 0 to 32 ms per-VC Cell Delay Variation Tolerance (CDVT) setting for E1 (O to
24 ms if using T1 signaling); provides a 0 to 24 ms per-VC CDVT setting for T1 in
increments of 12§is.

Provides a 0 to 2 ms CDVT setting for E3 and a 0 to 1.5 ms CDVT setting for DS3.
Provides overrun and underrun protection.
Provides pointer misalignment protection.

Receives, verifies, and corrects sequence numbers in accordance with ITU-T
Recommendation 1.363.1. (referAppendix B, “References”, on page 303

Processes sequence numbers in accordance with 1.363.1 “Fast SN Algorithm” (refer to
Appendix B, “References”, on page 308equence number processing can optionally be
disabled on a per queue basis.
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Provides a 256-cell OAM receive queue.
Provides processor interrupt for OAM cell reception.
Provides a 0 to 31 sample SRTS CDVT setting.

Supports SRTS by collecting and queueing SRTS values, calculating a local SRTS value
derived from the local transmit clock and the local network reference clock, and driving
the difference between the incoming value and the local value out of a multiplexed
interface. This difference can then be used to drive eight external digital or analog PLLs.
Application support is available for an 8-line SRTS/adaptive digital frequency
synthesizer, which can be added externally. Clock synthesis logic, internal to the chip, can
optionally be configured to synthesize the TL_CLK based on the received SRTS values.

In all modes except UDF-HS, supports adaptive clocking by calculating the receive frame
difference and providing it to the external adaptive digital frequency synthesizer.

Provides a 2-cell UTOPIA FIFO.

Defines receive delay primarily by the following two components: buffering to handle
CDV and the internal cell processing time. The internal cell processing time is less than 20

Us.

2.5 Statistics

The AAL1lgator Il gathers statistical information on all transmitted and received cells. These sta-
tistics are maintained in 16-bit counters (which are implemented as rollover counters and are
never cleared) in the external memory. Table 2 lists the provided statistics counters.

Table 2. Statistics Counters

Counter Name Number of Counter Description
Counters

R_OAM_CELL_CNT 1 Count of OAM cédllsreceived.

R DROPPED OAM_CELL_CNT 1 Count of OAM cellsreceived and dropped dueto lack of spacein the
receive OAM FIFO.

R_INCORRECT_SNP 256 Count of number of occurrences when the SN CRC and/or parity
was not correct. Both correctable and noncorrectable errors are
reported.

R_SEQUENCE_ERR 256 Count of SN errors. Counts transitions from SYNC to OUT_OF _
SEQUENCE.

R CELL_CNT 256 Count of billable data cells received from the UTOPIA interface.

R_DROPPED_CELLS 256 Count of cellsthat were received but dropped.

R_UNDERRUNS 256 Count of the number of underruns on this queue to account for lost
cells.

R_LOST_CELLS 256 Count of cells detected lost for this queue.

R_OVERRUNS 256 Count of overruns on this queue.
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Table 2. Statistics Counters (Continued)

Counter Name Number of Counter Description
Counters

R _POINTER_REFRAMES 256 Count of pointer reframes.

R_PTR_PAR_ERR 256 Count of pointer parity errors.

R_MISINSERTED 256 Count of misinserted cells.

T_CELL_CNT 256 Count of billable data cells transmitted to the UTOPIA interface.

T_COND_CELL_CNT 256 Counts data conditioned cells transmitted to the UTOPIA interface.

T SUPPRESSED CELL CNT 256 Counts cells not sent because of aline resynchronization, or, if the
device wasin UDF-HS mode, because TX_ACTIVE isset. Also if
SUPPRESS_TRANSMISSION is set, any cells not sent will
increment this counter.

Sticky bits for the following events are also maintained on a per-queue basis in memory (refer to
“R_ERROR_STKY Word Format” on page 158

* A cell was received while the queue was in underrun.

* Receive overrun: a cell was received, causing the maximum buffer depth to be exceeded.
This event causes a forced underrun condition.

* A resume function has occurred: a cell was received and placed in the receive buffer
causing an end to the underrun condition.

» A cell was dropped in accordance with Recommendation 1.363.1 “Fast SN Algorithm”.
This event causes a forced underrun condition.

* A cell was dropped because of a forced underrun.
» A cell was dropped because of a blank allocation table or disabled receiver.
* A cell was received.

» A cell was dropped because a valid pointer was not found while the queue was in the
underrun condition.

* Avalid pointer was received.

* An errored pointer was received (parity check failed).

* An SRTS resume occurred.

* A cell was received while the SRTS queue was in underrun.

« A cell was dropped because a pointer mismatch occurred causing a forced underrun
condition.

The AAL1lgator Il sets the status bits every time it detects one of the events listed previously. The
microprocessor clears the status bits after it recognizes the event. Because these bits will be polled
at a low rate, relative to their occurrence, it is not possible to determine the exact number of
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occurrences of each type of event. If acount is required, the counters should be used instead. The
status bits for the receive error conditions on each queue are maintained in a single-data word.
When a set bit is detected, this single-data word should be cleared immediately.

NOTE: Asnew events can occur between the read of the status bits and the write to clear the
status bits, the status bits should be used for statistics gathering only.

2.6 Interrupts

The AAL1gator Il asserts the interrupt line whenever an OAM cell arrives and the interrupt mask
Is deasserted. The interrupt can be cleared by asserting OAM_INT_MASK or by asserting CLR_
RX_OAM_LATCH. Refer to section 7.9 “CMDREG (Command Register)” on page. 165

2.7 SRTS and Transmit Line Interface Clock Configurations
The AALlgator Il provides the following transmit line interface clock configurations on a
per-line basis:

» Drives TL_CLK(i) with the looped-back RL_CLK(i).

e Drives TL_CLK(i) with the SRTS-derived clock.

* Drives TL_CLK(i) with a nominal T1/E1 clock of 1.544 MHz or 2.048 MHz.
* Accepts TL_CLK(i) as an input.

NOTE: The AAL1lgator Il uses Bellcore’s patented SRTS clock recovery technique. Refer to
the NOTE ompage 17Zor additional information regarding Bellcore’s SRTS patent.

The AALlgator Il also provides the following external TL_CLK generation options through the
multiplexed SRTS output port. These options can be used when the AALlgator Il accepts TL_
CLK(i) as an input:

e The AAL1lgator Il drives SRTS information out of the SRTS port. An external circuit can
use this information to synthesize an SRTS-based TL_CLK. (Provided for backward
compatibility with the WAC-021-C-X.)

« The AALlgator Il drives adaptive clocking information out of the SRTS port. An external
circuit can use this information to synthesize an adaptive (based on
receive-buffer-centering) TL_CLK.

2.8 Peak Cell Rates (PCRs)
For purposes of discussion, the following PCR information is assumed:

* Full cells are used,
e The PCR numbers are per line, and
» The SYS_CLK is 38.88 MHz.

2.8.1 Peak Cell Rates (PCRs) for Structured Cell Formats
e PCR< 176x n cells per second where<in < 32 (assuming completely filled cells).
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Each AALL1 cell is either 46 or 47 bytes, depending upon whether or not the cell contains a
structure pointer.

2.8.2 Peak Cell Rates (PCRs) for Unstructured Cell Formats

« PCR< 4,107 cells per second for T1 (assuming 47 bytes for each AAL1 cell).

e PCR< 5,447 cells per second for E1 (assuming 47 bytes for each AAL1 cell).

e PCR< 118,980 cells per second for T3 (assuming 47 bytes for each AAL1 cell).
« PCR< 91,405 cells per second for E3 (assuming 47 bytes for each AAL1 cell).

« If all lines are at the same rate, the aggregate £&ER191 cells per second for
multiple-line unstructured data format (assuming 47 bytes for each AALL1 cell). If all lines
are not at the same rate, the aggregate a5:542.

« PCR< 1,000 cells per second for OAM cells. This rate of OAM cells is calculated on the
basis of up to four cells per second per VC. Transmitting and receiving OAM cells at this
rate consumes 20% of the microprocessor accesses.

2.8.3 Peak Cell Rates and Partial Cells

Partial Cells can be used to minimize the amount of delay required to assemble a cell. However,
the amount of overhead required for the same amount of TDM data increases when partial cells
are used. This overhead increases as the number of data bytes per cell decreases. The following
equations can be used to determine the PCR when partial cells are used.

First, the maximum average cell generation time (MACGT) is calculated. The MACGT value is
equal to the maximum average number of cycles to generate a cell, times the length of the clock
cycle. Second, the maximum average cell generation time is multiplied by the number of cells
required per second to give the total cell generation time (TCGT).

The following equations are given for different modes of operation. Each equation is calculated
on a per-queue basis. If all the queues are configured the same, then the total for a queue can be
multiplied by the number of queues. Otherwise, the sum of the calculations for each queue needs
to be totaled. The sum must be less than one. The following variables are used:

K = # of data bytes per cell
N = number of timeslots assigned to queue
L = length of clock cycle

NOTE: If OAM cells are used, add the following equation for the OAM cells:

TCGToam = 212x L x (maximum number of OAM cells per second)
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2.8.3.1 SDF-MF Mode

MACGTgppmE = [208 + (8 x K)] x L

2.8.3.1.1 For E1 Mode
TCGTprmee1 = MACGT gppmE X (8000 x N x 33+ 32) + K

If al queues are E1 SDF-MF and the same size, al timeslots are used, and SYS CLK= 38.88
MHz, then the minimum number of bytes per cell is 20.

2.8.3.1.2 For T1 Mode
TCGT SDFEMFT1 = MACGTSDFMF X (8000 x N x 49 + 48) +K

If all queues are T1 SDF_MF the same size, all timeslots are used, and SYS CLK= 38.88 MHz,
then the minimum number of bytes per cell is 13.

2.8.3.2 SDF-FR Mode

MACGTSDFFR = [202 + (8 X K)] x L
TCGTSDFFR = MACGTSDFFR X (8000 X N) +K

For E1 mode, if al queues are the same size, all timeslots are used, and SYS CLK= 38.88 MHz,
then the minimum number of bytes per cell is 19.

For T1 mode, if al queues are the same size and all timeslots are used and SYS CLK= 38.88
MHz, then the minimum number of bytes per cell is 12.

2.8.3.3 UDF-ML Mode
MACGTUDFML = [202 + (4 X K)] x L
TCGTUDFML = MACGTUDFML X (8000 X 32) +K

If all queues are unstructured and al lines are used and SYS_CLK= 38.88 MHz, then the mini-
mum number of bytes per cell is 14.

The sum of TCGTgprmee1 + TCGT spemper1 + TCGTgprer + TCGTyppm for al queues +
TCGTpapm Must be less than 1 second.
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3 THEORY OF OPERATIONS
The AAL1gator 1l is divided into the following major blocks, al of which are explained in this
section:

* Transmit Frame Transfer Controller (TFTC) block

» Cell Service Decision (CSD) block

» Transmit Adaptation Layer Processor (TALP) block

e Transmit UTOPIA Interface (TUTOPIA) block

* Memory Interface and Arbitration Controller (MIAC) block
* Receive Frame Transfer Controller (RFTC) block

* Receive Adaptation Layer Processor (RALP) block

* Receive UTOPIA Interface (RUTOPIA) block

Figure 10 shows a block diagram of the AAL1gator Il and the sequence of events used to segment
and reassemble the CBR data.

AALlgator Il
Cell Service (PM73121)
» Decision 4
2 (CSD)
. 3 ’
Transmit Transmit Transmit
Frame Adaptation UTOPIA
> Transfer > Interf >
Input from Line | Controller d Prtigg;or nBeicr):Ife Output to UTOPIA
(TFTC) (TALP) (TUTOPIA)
4
1 5 6
Memory
Interface and
10 Arbitration
Controller ~ [€&——— > To External Memory
(MIAC)
. y . .
Receive Receive Receive
Frame Adaptation UTOPIA
d
< Output to Line Transfer < Layer < Interface b Input from UTOPIA
Controller Processor Block
(RFTC) (RALP) (RUTOPIA)
9 8 ’

v Microprocessor
Control Bus

Figure 10. AAL1lgator Il Block Diagram

1. TFTC stores line data into the memory, 16 bits at a time.

2. When the TFTC finishes writing a complete frame into the memory, it notifies the CSD of a
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frame completion by writing the line and frame number into a FIFO.

3. The CSD checks aframe-based table for queues having sufficient data to generate a cell. For
each queue with enough datato generate a cell, the CSD schedules the next cell generation
occurrence in the table.

4. The CSD commandsthe TALP to generate a cell from the available data for each of the ready
queues identified in step 3.

5. The TALP generatesthe cell from the data and signaling buffers and writes the cell into the
UTOPIA FIFO.

6. The TUTOPIA interface transmits the cells out of the UTOPIA port.
7. The RUTOPIA interface receives the cell from the UTOPIA port.

8. TheRALP performs pointer searches, checksfor overrun and underrun conditions, detects SN
mismatches, checks for OAM cells, and extracts the line data from the cells, and places the
datainto the receive buffer.

9. The RFTC playsthe receiver buffer data onto the lines.

10. The MIAC provides arbitration for all memory transaction requests by the various processes.

3.1 Transmit Frame Transfer Controller (TFTC)

The TFTC accepts deframed data from the external T1 or E1 framer device. For structured data,
the TFTC uses the synchronization signals (RL_FSYNC and RL_MSYNC) supplied by the
framer to perform a serial-to-parallel conversion on the incoming data and then places this data
into a multiframe buffer in the order in which it arrives.

A rising edge on RL_FSYNC indicates the beginning of a frame, and a rising edge on RL__
MSY NC indicates the beginning of amultiframe. The TFTC will realign when an edge is seen on
these signals. It is not necessary to provide an edge at the beginning of every frame or multiframe.
The AAL1gator |1 reads signaling during the last frame of every multiframe. For T1 mode, the
AALlgator Il reads signaling on the 24th frame of the multiframe. For E1 mode, the
AAL1gator |l reads signaling on the 16th frame of the multiframe.

A specia case of E1 mode exists that permits the use of T1 signaling with E1 framing. Normally
an E1 multiframe consists of 16 frames of 32 timeslots, where signaling changes on multiframe
boundaries. When E1L. WITH_T1 SIGissetinLIN_STR_MODE and the lineisin E1 mode, the
TFTC will use a multiframe consisting of 24 frames in 32 timeslots. In this mode, the
AAL1gator |l reads signaling on the 24th frame of the multiframe.

The AAL1gator Il reads the signaling nibble for each channel when it reads the last nibble of each
channel's data. Sdagure 11 on page Z6r an example of a T1 frame. Ségure 12 on page 26
for an example of an E1 frame.
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<+ Line Signals During the Last Frame of a Multiframe —»
RL_SER
(timeslots) 0 1 2 21 22 23
ABCD
RL_SIG | XXXX | ABCD OO ABCR X |ABCD] | oo BER xxxx ABED hoood ABCD)

XXXX - indicates signaling is ignored

Figure 11. Capture of T1 Signaling Bits

A

Line Signals During the Last Frame of a Multiframe

v

RL_SER
(timeslots) 0 1 2 29 30 31
ABCD
RL_SIG XXXX é?n?el?g XXXX Channel 1 XXXX é\g\nCePZ KXXX Cﬁa?ng,llz% XXXX CéaBnn(e:llgo XXXX CﬁaBnnCellgl

XXXX - indicates signaling is ignored

Figure 12. Capture of E1 Signaling Bits

NOTE: The AALlgator Il treatsall 32 timedotsidentically. Although E1 data streams con-
tain 30 timeslots of channel data and 2 timedots of control (timeslots 0 and 16), data

and signaling for all 32 timeslots are stored in memory and can be sent and received
incells.
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Unstructured data is received without regard to the byte alignment of data within aframe and is
placed in the frame buffer in the order in which it arrives. Figure 13 shows the basic components
of the TFTC.

Line O Line O
ATTNO N
External .| Receive Line R 3 .
Framer "I Interface DATAO » |ine Encoder >
Line Number
ANY
4
16
> Channel Pair Number
. ) Line-to-Memory
Line 7 Line 7 Interface
) ) ATTN7
External Receive Line 16
Framer Interface DATA7 |
L
16 Data

Figure 13. Transmit Frame Transfer Controller

The receive line interface is primarily a serial-to-parallel converter. Seria data, which is derived
fromthe RL_SER pin, is supplied to a shift register. The shift register clock isthe RL_CLK input
from the external framer. When the data has been properly shifted in, it is transferred to a 2-byte
holding register by an internally derived channel clock. This clock is derived from the line clock
and the framing information.

The channel clock also informs the line-to-memory interface that two data bytes are available
from the line. When the two bytes are available, aline attention signal is sent to the line encoder
block. However, because the channel clock is an asynchronous input to the line-to-memory inter-
face, it is passed through a synchronizer before it is supplied to the line encoder. Since there are
eight potential lines and each of them provides its own channel clock, they are synchronized
before being submitted to the line encoder.

The TFTC accommodates the T1 Super Frame (SF) mode by treating it like the Extended Super
Frame (ESF) format. The TFTC ignores every other frame pulse and captures signaling data only

on the last frame of odd SF multiframes. The formatting of data in the signaling buffersis highly
dependent on the operating mode. Refer to section 7.6.6 “RESERVED (Transmit Signaling
Buffer)” on page 132or more information on the transmit signaling buffer.
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Figure 14 shows the format of the transmit data buffer for ESF-formatted T1 datafor linesthat are

in the SDF-MF mode.

Frame Buffer Number

0

23
32

55
64

87
96

119

127

DSO0s
23 31

MFO

MF1

MF2

MF3

Figure 14. T1 ESF SDF-MF Format of the T_DATA_BUFFER

Figure 15 shows the format of the transmit data buffer for SF-formatted T1 data for lines that are

in the SDF-MF mode.

Frame Buffer Number

0
11
12
23

32
43
44
55

64
75
76
87

96

107
108

119

DS0s 23 31

MFO

MF1

MF2

MF3

MF4

MF5

MF6

MF7

Figure 15. T1 SF SDF-MF Format of the T_DATA_BUFFER
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Figure 16 shows the format of the transmit data buffer for T1 datafor linesthat are in the SDF-FR

mode.

Frame Buffer Number
0

32

64

96

127

Figure 16. T1 SDF-FR Format of the T_DATA_BUFFER

0

DSO0s

31

Frame 0

Frame 1

Frame 23

Frame 24

Frame 25

Frame 47

Frame 48

Frame 49

Frame 71

Frame 72

Frame 73

Frame 95
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Figure 17 shows the format of the transmit data buffer for E1 data for lines that are in the

SDF-MF mode.

Frame Buffer Number
0

15
16

31
32

48
64
80
96

112

127

DSO0s

31

MFO

MF1

MF2

MF3

MF4

MF5

MF6

MF7

Figure 17. E1 SDF-MF Format of the T_DATA_BUFFER

Figure 18 shows the format of the transmit data buffer for E1 data using T1 signaling, for lines

that arein SDF-MF mode.

Frame Buffer Number
0

23
32

55
64

87
96

119
127

DSO0s

31

MFO

MF1

MF2

MF3

Figure 18. E1 SDF-MF with T1 Signaling Format of T_DATA_BUFFER

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 30



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor

Figure 19 shows the format of the transmit data buffer for E1 datafor linesthat are in the SDF-FR
mode.

Frame Buffer Number o DS0s 31
0 Frame 0
Frame 1
Frame 2
127 Frame 127

Figure 19. E1 SDF-FR Format of the T_DATA_BUFFER

Figure 20 shows the format of the transmit data buffer for linesthat are in UDF-ML mode.

Data Bits
Frame Buffer Number 0 255

0 256-Bit Internal Frame 0

256-Bit Internal Frame 1

256-Bit Internal Frame 127

127

Figure 20. Unstructured Format of the T_DATA_BUFFER
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and Figure 21 shows the contents of the transmit signaling buffer for the different signaling
modes.

15 Bit 0
Word 0 I cH1 I cHo
1 | 3 | 2
2 | 5 | 4
3 I 7 [ 6
4 [ 9 | 8
5 [ 11 [ 10
6 I 13 [ 12
7 [ 15 [ 14
8 I 17 I 16
9 [ 19 I 18
10 P I 20
11 [ 23 [ 22
12 | 25 I 24
13 [ o7 I 26
14 [ 29 [ 28
15 | CHa1 [ cHao

NOTE: The upper nibble of each byte is 0.
T1 format uses word addresses 0 to 11.

Figure 21. SDF-MF Format of the T_SIGNALING_BUFFER (T1 and E1 Modes)

3.1.1 Transmit Conditioning

The T_COND_DATA structure allows conditional data to be defined on a per-DS0 basis. The
structure T_COND_SIG allows conditioned signaling to be defined on a per-DS0 basis. The TX _
COND hitinthe T_QUEUE_TBL alowsthe cell building logic (described in section 3.3 “Trans-
mit Adaptation Layer Processor (TALP)” on page &8be directed to build cells from the condi-
tioned data and signaling. The TX_COND bit can be set on a per-queue basis.

3.1.2 Transmit Signaling Freezing

Signaling freezing is a required function when transporting CAS. This function holds the signal-
ing unchanged when the incoming line fails. The PMC-Sierra framers provide this function. If a
framer is used that does not support signaling freezing, this function must be provided externally.

3.1.3 SRTS for the Transmit Side

NOTE: The AAL1lgator Il uses Bellcore’s patented SRTS clock recovery technique. Refer to
the NOTE ompage 17Zor additional information regarding Bellcore’s SRTS patent.
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The transmit side supports SRTS only for unstructured data formats on a per-line basis. SRTS
support requires an input reference clock, N_CLK. The input reference frequency is defined as
155.52/2"n MHz, where n is chosen such that the reference clock frequency is greater than the
frequency being transmitted, but less than twice the frequency being transmitted (2 x RL_CLK >
N_CLK > RL_CLK). For T1 or E1 implementation, the input reference clock frequency must be
2.43 MHz. The transmit side can accept a reference clock speed of up to 78 MHz, which is
required for T3 applications. Figure 22 on page 33 shows the process implemented for each UDF
line enabled for SRTS, regardless of the reference frequency. The resulting 4-bit SRTS code is
then inserted into the CSI bit of the odd numbered cells for that line. If the line does not supply
SRTS, then all odd CSI bits are set to 0. The 3008 divider is the number of data bitsin eight cells
(8 x 8 x 47). The divider isaigned on the first cell generation after areset or a resynchronization
to the cell generation process.

Server Clock Frequency 4-bit SRTS Code
RLCLK Divide By 3008 Latch 4-Bit Latch | ——Ap—>
b
Reset Am y
Cell Generation 4 Bits
W} I'\Tpgiﬁeference Clock Frequency
(For T1/E1, 2.43 MHz. For T3, 77.76 MHz.) 4-Bit Counter

Figure 22. Transmit Side SRTS Support

3.2 Cell Service Decision (CSD) Circuit

The CSD circuit determines which cells are to be sent and when. It determines this by implement-
ing Transmit Calendar bit tables. When the TALP builds a cell, the CSD circuit performs a com-
plex calculation using credits to determine the frame in which the next cell from that queue should
be sent. The CSD circuit schedules a cell only when a cell is built by the TALP. If SUPPRESS _
TRANSMISSION bit inthe IDLE_CONFIG word is set, then the cell is scheduled, however, the
cell isnot transmitted.

The following steps (as well as Figure 23 on page 35) describe how the CSD circuit schedules
cellsfor the TALP to build.

1. Oncethe TFTC writes a complete frame into externa memory, it writes the line number and
frame number of thisframe into the FR_ADVANCE_FIFO. The CSD circuit reads the
line-frame number pair from the FR_ADVANCE_FIFO and usesit as an index into the Trans-
mit Calendar. The Transmit Calendar is composed of eight-bit tables, one per line. Each bit
table consists of 128 entries, one per frame buffer. Each entry consists of 32 bits, one per
queue. For each bit set in the indexed entry in the Transmit Calendar, the CSD will schedule
the frame in which the next cell can be built for the corresponding queue, and notify the TALP
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that enough datais available to build a cell for that queue.

2. The CSD circuit processes al queues from the Transmit Calendar entry starting with the low-
est queue number and proceeding to the highest. The processing steps are as follows:

a

€.

The CSD circuit obtains the QUE_CREDITS, and subtracts the average number of credits
per cell from it. The average number of credits, AVG_SUB VALU, is the number of
credits that will be spent sending the current cell. For structured lines, the average number
of credits per cell is 46-7/8. For unstructured lines, the average number of credits per cell
IS47.

Next, the CSD circuit computes the frame location for the next service by subtracting the
remaining credits from 47. It divides the result by the number of channels, NUM_CHAN,
dedicated to that queue. The result is aframe differential.

The CSD then adds this frame differential to the present frame location to determine the
frame number of the next frame in which the TALP can build acell. The CSD circuit then
sets a bit in the corresponding entry in the Transmit Calendar and writes to the QUEUE _
CREDITS.

The CSD circuit then adds the new credits back to the credit total for the frame increment
number. The number of new credits is equal to the frame differential computed earlier,
multiplied by the number of channels for that queue. Once a queue isidentified as requir-
ing service, itsidentity iswritten to the NEXT_SERV location.

The CSD circuit obtains the next queue for that frame and repeats steps a. through d. The
CSD circuit continues this process until there are no more active queues for that frame.

After servicing all the queues for that frame, the CSD circuit advances to the next active line

located in the line queue. If there are no activelines, the CSD circuit returnsto the idle state to
wait for the next line to request service.
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Figure 23 shows how the CSD assigns credits to determine in which frames cells should be sent.

Frame Boundaries

TFTC
} \\
RL_SER(0) ‘ ‘ I ‘ ‘ Csb
- | = - P 'F'R_#DVANEE_F”:O
f N7 -»The CSD reads — >
RL_FSYNC(0) ! The TETC sees ~>frame advances |- Set
. - P and determines " | NEXT_
, frame advance and ] SERV
records this in the - cells to be sent
FR_ADVANCE_FIFO |5
> e
RL_SER(1) ‘ ‘ ‘ | ‘ o P
— ~
N
j
RL_FSYNC(1)

Figure 23. Frame Advance FIFO Operation

The following is an example of the calculations the CSD circuit performs. This example assumes
astructured line with four channels allocated to one queue.

1. The TFTC writesLine 3 and Frame 4 to the FR_ADVANCE_FIFO.

2. The CSD circuit determines the queue for which a cell isready by finding a set bit in the
Transmit Calendar. In this example, it is queue number 100.

3. The CSD circuit reads the number of credits for queue number 100. The number of creditsis
always greater than 47 because it is ready for service. In this example, QUE_CREDITS =
59.375.

4. The CSD circuit subtracts AVG_SUB_VALU, the average number of credits spent per cell.
(Remember: For structured lines, the average number of credits per cell is46-7/8. For unstruc-
tured lines, the average number of credits per cell is47.)

Credits = 59.375 - 46.875
Credits=12.5

5. Theframe differential for the next service is computed from the number of credits needed to
exceed 47 and NUM_CHAN, the number of channels alocated per frame.
47-125=345
345+ 4=8.625
Round 8.625 up, so the frame differential is 9.
6. Therefore, the next cell will be sent nine frames ahead of the current cell.
Next frame = present frame number + 9
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7.

10.

The CSD circuit computes the number of credits for those nine frames and adds the result to
the total.

New credits=9x 4 =36

QUE_CREDITS=36+125=485
If the queue ison alinein SDF-MF mode, the CSD makes a signaling adjustment to the
QUE_CREDITS before writing this value to memory. (If the queueis not in SDF-MF mode,
the signaling adjustment is not made and the QUE_CREDITS calculated in Step 7 iswritten
to memory.)

The calculation determines the number of signaling bytes in the structure, then generates an
average number of signaling bytes inserted into cells per frame, and finally multiplies this
average number by the frame differential to adjust the QUE_CREDITS.
The CSD converts the frame differential from units of frames to units of one-eighth of multi-
frames.
In performing this calculation, the CSD also uses the FRAME_REMAINDER value from the
QUE_CREDITS locationinthe T_QUEUE_TBL. This example assumes that FRAME _
REMAINDER = 1 from the previous calculation on this queue.

El. Frame differentia (in eighths of a multiframe) = (frame differential + FRAME _
REMAINDER) + 2

T1: Frame differential (in eighths of a multiframe) = (frame differential + FRAME _
REMAINDER) + 3

Frame differential = (9 + 1) + 3 = 10, or three-eighths of a multiframe, remainder 1.

The CSD writes the remainder of this division into the FRAME_REMAINDER location for
use in the next calculation on this queue.

The CSD calculates the signaling credit adjustment by multiplying the frame differential
expressed in eighths of a multiframe by the number of signaling bytesin a structure.

Number of signaling bytes in the structure = 4 channels x 0.5 bytes per channel = 2 bytes
per multiframe

Signaling adjustment = three eighths x 2 = 0.75 bytes
Then the CSD adds the signaling credit adjustment to the total and writes the result to mem-
ory, in preparation for the next service on this queue.

QUEUE_CREDITS=48.5+ 0.75 = 49.25 bytes

Unstructured lines use the same procedure. In the case of unstructured lines, the number of chan-
nels allocated to the queue is 32. Because there is never a pointer, the average number of credits
spent per cell isaways 47.
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3.2.1 Transmit CDV
The following items affect transmit CDV:
* Cell scheduling,
» Contention with other cells scheduled at same time,
» Actual cell build time, and
* UTOPIA contention.

1. The scheduler has a resolution of 125 us. In other words, it works off a frame-based clock to
determine whether or not a cell should be sent during the current frame. Therefore, if the ideal
rate of cell transmission is not a multiple of 125 us, there will be 125 us of CDV. The sched-
uler will never add more than 125 us of CDV.

For example, a single DSO queue with no signaling and using full cells, will need to build a
cell every 47 frames. Therefore, a cell will be scheduled every 47 frames, and the scheduler
will add no CDV.

However, if signaling were added to the single DSO queue, the extra byte that occurs every 24
bytes (assuming T1 mode) requires compensation. In this case, a cell will be sent every 46 or
47 frames. Therefore, there will be 125 ps of CDV due to the scheduler.

2. Only one cell can be built at a time. Thus if multiple queues are scheduled to send cells during
the same frame, additional CDV will be incurred. Since it takes approximately 8 us to build a
cell, each cell that is waited for adds 8 us of delay. When multiple queues are scheduled to
send cells at the same time, the cells will be built in sequential order, starting with 0 and going
to 256. Therefore, in a system that will be adding and dropping queues, the higher number
queues will experience more CDV than the lower number queues, depending on how many
queues are active at the time, and are scheduled within the same frame. Theoretically, it is
possible to have all 256 queues scheduled at the same time, however, this will not occur if
adequate steps are taken.

Minimize CDV due to clumping by the following actions:

Add queues one at a time (PMC-Sierra’s driver does this automatically). When queues are
added at the same time with the same configuration, they are clumped together. By adding
queues one at a time, clumping can be avoided and cell scheduling points can be evenly dis-
tributed. Also, queues are only added in frame 0. Since the transmit buffer is 128 frames (for
E1) or 96 frames (for T1), this equates to 16 ms (for E1) or 12 ms (for T1). Queues should be
added more than 16 ms apart (for E1) or 12 ms (for T1) to prevent them from being clumped
together.

Avoid configurations that will require sending a cell evefyames whera is an integer divi-

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 37



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor

sor of 128 (for E1) or 96 (for T1). For these configurations the queues will always be sched-
uled in the same frame. Therefore, even if these queues are added at different times they will
still be scheduled at the same time.

Staggering clocks of the different lines can also help. Since cells are scheduled when aframe
completes, staggering lines can offset the frame completion point for the different lines with
respect to each other.

3. Theactual build time of a cell depends on microprocessor activity and contention with other
internal state machinesfor the AAL1gator |1 memory bus. Therefore there will be some minor
CDV that is added on a per cell basis, based on current microprocessor/memory traffic. This
CDV is usually less than 4 ps and is not very noticeable.

4. Ifthere is backpressure on the UTOPIA bus, cells will not be able to be sent which also causes
CDV.

3.3 Transmit Adaptation Layer Processor (TALP)

3.3.1 OAM Cell Generation

When an OAM cell transmission is requested, it is sent at the first available opportunity. Transmit
OAM cells have higher priority than cells scheduled by the CSD circuit. Because of this, care
should be taken to ensure that OAM cells do not overwhelm the transmitter to such an extent that
data cells are starved of adequate opportunities. The rate of OAM cells must be limited for the
AAL1lgator Il to maintain its maximum CSD data rate.

To send an OAM cell, the Supervisory Processor (SP) writes supervisory cells into one of two
dedicated cell buffers located in external memory. When the cell is assembled in the buffer, the
SP must set the appropriate bit in the command register (redection 7.9 “CMDREG (Com-

mand Register)” on page 165The TALP sends the cell as soon as possible, then clears the
appropriate attention bit to indicate the requested cell has been sent. If requests for both OAM
cells are active at the time the command register is read by the AALlgator II, OAM cell 0 will
always be sent because it is assigned a higher priority. Therefore, to control the order of OAM cell
transmission, the SP should set only one OAM attention bit at a time and wait until it is cleared
before setting the other attention bit.

OAM cells can optionally have the 48-byte OAM payload CRC-10 protected. This is accom-
plished by a CRC circuit that monitors the OAM cell as it is sent to the TUTOPIA and computes
the CRC on the fly. It then substitutes the 10-bit resultant CRC, preceded by six 0Os, for the last
two bytes of the cell.
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3.3.2 Data Cell Generation

If the TALP receives a request to send a CSD-scheduled data cell and there are no OAM cell

requests pending, it will do so as soon asiit is free. It will look up the predefined ATM header

from the T_QUEUE _TBL (refer to section 7.6.8 “T_QUEUE_TBL” on page 134t will then

obtain a sequence number for that queue from memory, and a structure pointer if necessary. After
these bytes are written to the TUTOPIA interface, the TALP will then go to the data and the sig-
naling frame buffers, locate the data bytes for the correct channels, and write them in the correct
order to the UTOPIA interface. This cell building process is described in more detail in the fol-
lowing section.

3.3.2.1 Header Construction

The entire header is fixed per queue. Headers are maintained in the memory, one per queue. These
headers include a Header Error Check (HEC) character for the fifth byte. The queue should be
deactivated during header replacement to prevent cells from being constructed with incorrect
header values. A queue can be paused by setting the SUPPRESS_TRANSMISSION bit in IDLE_
CONFIG register. Emissions are still scheduled, just the transmissions are suppressed. For any
cells that are suppressed, the T_SUPPRESSED_CELL_CNT is incremented.

3.3.2.2 Payload Construction

Payload construction is the most complex task the TALP circuit performs. The signaling require-
ments define much of the process, which is as follows:

1. The first byte of the payload is provided by a lookup into the T_QUEUE_TBL. This first byte
consists of the CSI bit, a 3-bit sequence number, and a 4-bit sequence number protection field.
The CSI bit is set depending on SRTS and pointer requirements. The sequence number is
incremented every time a new cell is sent for the same VPI/VCI.

2. If the line is in one of the two structured modes, a structure pointer is needed in one of the
even-numbered cells. The TALP inserts structure pointers according to the following rules:

* Only one pointer is inserted in each 8-cell sequence.
* A pointer is inserted in the first possible even-numbered cell of every 8-cell sequence.

* A pointer value of 0 is inserted when the structure starts in the byte directly after the
pointer itself.

« A pointer value of 93 is inserted when the end of the structure coincides with the end of
the 93-octet block of AAL-user information.

e A dummy pointer value of 127 is inserted in cell number six if no start-of-structure or
end-of-structure occurs within the 8-cell sequence.

3. This algorithm supplies a constant number of structure pointers and, therefore, data bytes,
regardless of the structure size. The pointer is inserted in the seventh byte location of the cell.
To force the TALP to build a structure consisting of a single DSO with no signaling nibble and
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no pointer, set T_ CHAN_UNSTRUCT = 1inthe QUEUE_CONFIG word of the T_QUEUE _
TBL.
4. The TALPfillstherest of the cell payload with data and/or signaling information. The T_
CHAN_ALLOC table (refer to section 7.6.8 “T_QUEUE_TBL” on page l)3determines
which channels are dedicated to which queue. If a bit is set, the channel represented by that bit
Is assigned to that queue. The TALP successively writes the data from the marked channels
into the UTOPIA interface. A queue-based parameter, BYTES PER_CELL, decides when
enough payload bytes have been obtained. If this number is fewer than 47, then the remaining
bytes for the cell are loaded with P_FILL_CHAR. This implies that because of the presence of
the structure pointer, the number of fill bytes will not be constant for structured data queues.
5. The structure used for signaling is determined by the mode of the line and the value of
E1 WITH_T1 SIG. Normally the signaling structure will follow the mode of the line.
However, if the line is in E1 mode and E1_WITH_T1_SIG is set, then a T1 signaling
structure is used. This means that for a single DSO, signaling is inserted after 24 data
bytes instead of after 16 data bytes. If data is to be sent from the data queue, this process
continues byte-by-byte while updating pointers and counters until one of the following
OCCurs:

e The cell is complete.
* The last data byte for the last frame of the multiframe has been set.

6. When signaling information is to be sent, data is obtained from the signaling locations of the
multiframe, with the help of the channel allocation table (T_CHAN_ALLOC). This process
proceeds byte-by-byte until one of the following occurs:

* The cell is complete.
» All signaling nibbles for all channels assigned to the queue have been sent.
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Figure 24 shows an example of the payload generation process.

TALP builds (segments) cell

<4—— Channel] —M» from T_DATA_BUFFER. In
0 6 7 31 this case from DSOs 6 and 7.

TFTC writes the bytes in
pairs into T_DATA_BUFFER

T_DATA_BUFFER

RL_SER o
\A 4

I5le|7]8]9]0]

Frames ' A

\|‘<‘<"< ]

v127

Figure 24. Payload Generation

3.4 Transmit UTOPIA Interface Block (TUTOPIA)

The TUTOPIA block (shown in Figure 10 on page 24) conveys the cells emitted by the TALP to

the UTOPIA interface. Depending on the value of PHY_ENABLE input pin (refer to “PHY _
ENABLE” on page 8}, the UTOPIA interface will either act as an ATM side (controls the write
enable signal) or as a PHY side (controls the cell available signal). As a PHY-side device, the
TUTOPIA block can also act as an SPHY device or a MPHY device (refgrgendix B, “Ref-
erences”, on page 238r the UTOPIA Level 2 specification version), depending on the value of
the SPHY_EN bit in COMP_LIN_REG. The SPHY_EN bit will default to off, so if the UTOPIA
interface is being used in an MPHY environment, there will be no contention while the device is
in software reset.

In ATM mode, the TUTOPIA block sources TATM_DATA(7:0), TATM_SOC, and /TATM_EN
while receiving /TATM_FULL. The Start-Of-Cell (SOC) indication is generated coincident with
the first byte of each cell that is transmitted on TATM_DATA. TATM_DATA and TATM_SOC
are driven at all times. The write enable signal indicates which clock cycles contain valid data for
the UTOPIA bus. The device will not assert the /TATM_EN signal until it has a full cell to send.
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The TUTOPIA respondsto the/TATM_FULL signal. If the signal is not asserted, and the TUTO-
PIA hasdatato send, it will do so by asserting /TATM_EN. If /TATM_FULL is asserted, then the
data flow will be paused in exactly two clock cycles, until the /TATM_FULL signal allows the
cell to be completed. See the timing diagram in Figure 25 on page 42.

TATM_CLK(i)
ITATM_FULL()

ITATM_EN(o) 7 \

TATM_SOC(0) J |

TATM_DATA(0) 01 02 03 04 05 06 07

Figure 25. Transmit UTOPIA Timing (ATM Mode)

In PHY mode, the TUTOPIA block sources RPHY _DATA(7:0), RPHY_SOC, and RPHY _
CLAV, while receiving /RPHY _EN. The SOC indication is generated coincident with the first
byte of each cell that is transmitted on RPHY_DATA. In PHY mode, the RATM_DATA and
RATM_SOC signals are driven only when valid data is being sent; otherwise they are tristated.
/RPHY_ADDR isaninput and is used only in MPHY mode.

The cell available (RPHY _CLAV) signal indicates when the device has a complete cell to send.
In SPHY mode, RPHY _CLAYV isawaysdriven. If in MPHY mode, the output enable for thissig-
nal isthe /RPHY _ADDR input delayed by one cycle. In MPHY mode, /RPHY_ADDR istied to
one of the address signals so RPHY _CLAYV isdriven only when polled.

The UTOPIA standard defines a 5-bit address. Since the AAL 1gator Il has only a single active

low address bit, multiple AAL 1gator 11 devices can be connected in paralel to the same MPHY
interface by connecting each one to a separate address bit. In this manner, five AAL 1gator |1s can

be connected to an MPHY interface using the following addresses; “QF.”, “1B,”, “1D,”,

and “1E” with no additional logic. If other addresses are needed or additional devices are to be
connected to the same interface, additional logic may be required.

If a cell is being read in SPHY mode, or is being read from a channel that is being polled in
MPHY mode, the value of RPHY_CLAV will be 1 until the cell has been read out of the FIFO
and there are no more cells to send. In PHY mode, the TUTOPIA block is dependent on the ATM
device to read the data by asserting the /RPHY_EN input. In SPHY mode, data is placed on
RPHY_DATA any cycle following one in which /RPHY_EN was asserted. In MPHY mode, in
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order to output data, the TUTOPIA block also has to be selected, which is done when /RPHY _
ADDR is low on the falling edge of /RPHY_EN. See Figure 26 on page 43 and Figure 27 on
page 43 for the TUTOPIA transfer timing diagrams.

RPHY_CLK() [\ 7 7 7 7 7 7 7 i g

RPHY_ADDR()* \ 7 \ 7 \ 7

RPHY_CLAV/(0)***

RPHY_CLAV(0)** v

RPHY_SOC(0) \ 3

RPHY_DATA(0) v v q X DI X D2 X D3 Y|
JRPHY_EN(i) \ 7 \

* Used only in MPHY mode
** For MPHY mode
*** For SPHY mode

Figure 26. TUTOPIA Start-of-Transfer Timing (PHY Mode)

RPHY_CLK() | 7 7 7 7

RPHY_ADDR(i)* \

RPHY_CLAV(0)** —

RPHY_CLAV/(0)***

RPHY_SOC(o)

RPHY_DATA(0)

D48 D49 D50 ¢ D51 D52 D53

JRPHY_EN(i)

* Used only in MPHY mode
** For MPHY mode
*** For SPHY mode

Figure 27. TUTOPIA End-of-Transfer Timing (PHY Mode)

The AAL1gator Il can tolerate temporary deassertions of /TATM_FULL(/RPHY_EN), but it is
assumed that enough UTOPIA bandwidth is present to accept the cells that the AAL 1gator Il can
produce in a timely manner. The AALIlgator Il can tolerate a deassertion of /TATM_
FULL(/RPHY_EN) for up to 128 line interface frames, but this would cause excessive CDV. The
TALP circuit writes cells one byte at atime into the FIFO. The SOC is also placed into the FIFO.
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Clocking for the read side is derived from the system clock. If the FIFO is full, the cell building
process stalls until space becomes available. If the FIFO remains full, additional queues will not
be able to be added. This will be indicated to the processor by the CSD_ATTN bit not being
cleared after setting that bit.

The TUTOPIA circuit controls when a cell is transmitted from the FIFO. Since the UTOPIA can
transmit cells at higher speeds than the TALP, and since it is expected to see applications in a
shared UTOPIA environment, cell transmission from the TUTOPIA commences only when there
isafull cell worth of data available to transmit. The cell is then transmitted to the interface at the
UTOPIA TATM_CLK rate, in accordance with the/TATM_FULL (/RPHY_EN) input. The max-
imum supported clock rate is 33 MHz.

3.5 Receive UTOPIA Interface Block (RUTOPIA)

The RUTOPIA block receives cells from the UTOPIA interface and sends them to the RALP
interface. Depending on the value of the PHY ENABLE input pin, the UTOPIA interface acts

either asan ATM side (controls the read enable signal) or as a PHY side (controls the cell avail-

able signal). AsaPHY -side device, the RUTOPIA block can also act asan SPHY device or asan

MPHY device (refer to the UTOPIA Level 2 specification in Appendix B, “References”, on
page 203 depending on the value of SPHY_EN in COMP_LIN_REG. The SPHY_EN bit
defaults to MPHY mode, so if the device is in an MPHY environment, there will not be any con-
tention while the chip is in software reset.

In ATM mode, the RUTOPIA block receives RATM_DATA(7:0), RATM_SOC, and /RATM_
EMPTY while driving /RATM_EN. At reset the RUTOPIA block activates /RATM_EN to pre-
vent excessive queueing in the system. After the end of reset, if the /RATM_EMPTY input signal
Is not asserted, the RUTOPIA block waits for an RATM_SOC signal from the PHY layer. Once
the RATM_SOC signal arrives, the cell is accepted as soon as possible. A small intermediate
FIFO allows the interface to accept data at the maximum rate. If the FIFO fills, the /RATM_EN
signal will not be asserted again until the device is ready to accept an entire cell. The /RATM_EN
signal depends only on the cell space and is independent of the state of the /RATM_EMPTY sig-
nal. See Figure 28 for the RUTOPIA timing diagram.

RATMCLKG() 7~ \__ / \__ / \__ / \_/ \_/ /S

IRATM_EMPTY (i)

RATM_DATA(i) | 1 2 3 4 5 6 7]

RATM_SOC(i)

/RATM_EN(0)

Figure 28. Receive UTOPIA Timing (ATM Mode)

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 44



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor

The RUTOPIA block waitsfor an SOC. When an RATM_SOC signal arrives, a counter is started,
and 53 bytes are received. If a new RATM_SOC occurs within a cell, the counter reinitializes.
This means that the corrupted cell will be dropped and the good cell will be received. The RUTO-
PIA block stores the ATM cell in the receive FIFO. If the receive FIFO becomes full, it stops
receiving ATM cellsfrom the PHY layer. The/RATM_EMPTY signal can also turn on or off any
time, even if the /RATM_EN signal is on. As a result, an incoming byte is valid only when
/RATM_EN is active and /RATM_EMPTY is inactive. The bytes are written to the FIFO with
RATM_CLK. RATM_CLK isaninput to the AAL1gator Il. The maximum supported clock rate
iSs33 MHz.

In PHY mode, the RUTOPIA block receives TPHY_DATA(7:0), TPHY_SOC, and /TPHY_EN
while driving TPHY _CLAV. The cell available (TPHY _CLAYV) signal indicates when the device
Is ready to receive a complete cell. In SPHY mode, TPHY _CLAV is adways driven. In MPHY
mode, the output enable for this signal is the /TPHY_ADDR input delayed by one cycle. In
MPHY mode, /TPHY_ADDR istied to one of the address signals so that TPHY _CLAYV isdriven
only when polled.

The UTOPIA standard defines a 5-bit address. Since the AAL 1gator Il has only a single active

low address bit, multiple AAL 1gator |1 devices can be connected in paralel to the same MPHY
interface by connecting each one to a separate address bit. In this manner, five AAL 1gator |1s can

be connected to an MPHY interface using the following addresses; “QF."”, “1B,”, “1D,”,

and “1E” with no additional logic. If other addresses are needed or additional devices are to be
connected to the same interface, additional logic may be required.

At reset, the RUTOPIA block tristates TPHY_CLAV. After the end of reset, the RUTOPIA block
waits for /TPHY_EN to be asserted, and in SPHY mode, will accept data as long as /TPHY_EN is
asserted. In MPHY mode, /TPHY_ADDR must be low on the falling edge of /TPHY_EN in order
for the RUTOPIA block to accept the data. When SOC is detected, a counter is started and
53 bytes are received. If a new TPHY_SOC occurs within a cell, the counter reinitializes. This
means that the corrupted cell will be dropped and the good cell will be received. A small interme-
diate FIFO allows the interface to accept data at the maximum rate. If the FIFO fills, the TPHY _
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CLAYV signa will not be asserted again until the device is ready to accept an entire cell. If the
FIFO isfilling, TPHY _CLAV will be deasserted when there is room for only four more bytes of
data. See Figure 29 and Figure 30 for the RUTOPIA transfer timing diagrams.

TPHY_CLK() [\ 7 7 7 ] i / ] 7

TPHY_ADDR()* \ 7 \ / A ]

TPHY_CLAV(0)*

TPHY_CLAV*** 7
TPHY_DATA() X X 4 C b1 D2 D3 X4 KO
TPHY_SOC(i) 7 \
ITPHY_EN(i) \ 7 \

* Only used in MPHY mode
** For MPHY mode
*** For SPHY mode

Figure 29. RUTOPIA Start-of-Transfer Timing

TPHY_CLK() [\ 7 7 7 T 7 7 7 7

TPHY_ADDR(i)* 7

TPHY_CLAV(0)* \

TPHY_CLAV*** \

TPHY_SOC

TPHY_DATA()

D47 (D48 D49 (D50 (D51 D52 D53

ITPHY_EN(i) 7 \

* Only used in MPHY mode
** For MPHY mode
*** For SPHY mode

Figure 30. RUTOPIA End-of-Transfer Timing

3.6 Receive Adaptation Layer Processor (RALP)

The RALP moves data from the receive FIFO ATM cellsin the RUTOPIA interface block to the
external memory. The RALP does not verify the HEC because it expects a PHY layer device to
verify the HEC before presenting the cell to the AAL 1gator 1.

If SHIFT_VCI = 0, cells received with VCI(8) = 0 or Payload Type Indicator (PTl) = 4to 7 are
sent to the OAM queue and are stored using the pointers located in the OAM receive queue table.
The head pointer is the address to the first cell received for each queue, and is usually maintained
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by the microprocessor. The tail pointer is the address of the last cell of the queue, and is main-
tained by the RALP. The RALP updates the tail pointer upon each OAM cell arrival. Figure 31
shows the interpretation of the incoming cell header.

VPI 11 10 9 8 7 6 5 4 3 2 1 0
Ignored
SHIFT_VCI =0
- Vel 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Ignored Data Line Queue MOD 32
11 10 9 8 7 6 5 4 3 2 1 0
VPI d
SHIFT_VCI =1 Ignore
Vel 15 14 13 |12 |11 10 9 8 7 6 5 4 3 2 1 0

Ignored Data Line Queue MOD 32 Ignored

Figure 31. Cell Header Interpretation

If SHIFT_VCI =0, cells received with VCI(8) = 1 and PTI = 0 to 3 are interpreted as data cells
and are sent to the queue with VCI(7:0). Bits 7:5 determine the line, and bits 4.0 determine the
queue. The receiver ignores VCI(15:9) and VPI(11:0). If SHIFT_VCI = 1, the interpretation of
the VCI bitsis shifted by four bits.

When the cell is a data cell, the RALP verifies the SN CRC. If the SN CRC does not verify, the
RALP attempts to correct it as specified in ITU-T Recommendation 1.363.1 and increments the
R_INCORRECT_SNP counter (refer to “R_INCORRECT_SNP Word Format” on page )58
the RALP cannot correct the cell, it identifies the cell as invalid.

If the DISABLE_SN bit (refer tdDISABLE_SN” on page 16Phas not been set for this queue,

then sequence number processing is done in accordance with the “Fast SN Algorithm” described

in ITU-T Recommendation 1.363.1. Based on the value of the current SN and SNP and the previ-

ous SN and SNP, the RALP either accepts the current cell, drops the current cell, or accepts the
current cell and inserts cells. Inserted cells have the following properties:

e If the queue is in an unstructured mode or if the queue is in structured mode and the
inserted cell should not contain a pointer, each inserted cell contains the number of
payload bytes as determined by R_BYTES_CELL in R_MP_CONFIG (refé& tolP_
CONFIG Word Format” on page 1p5

» If the queue is in a structured mode and the inserted cell should contain a pointer and R_
BYTES_CELL is equal to 47, then the inserted cell contains 46 payload bytes.

* If the queue is in a structured mode and the inserted cell should contain a pointer and R_
BYTES_CELL is less than 47, then the inserted cell contains R_BYTES_CELL payload
bytes.
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* The determination on whether or not the inserted cell should contain a pointer is based on
the pointer generation rules defined by ITU-T Recommendation 1.363.1. A pointer will be
assumed if the queue is structured and the following conditions are met:

* The SN is even AND there has been no other pointer in the group of eight cells so far
AND (the sequence number = 6 OR the structure ends within the current inserted cell
or next cell).

« If the queue is in SDF-MF mode and the inserted cell should contain signaling data, the
number of payload bytes is adjusted but no signaling information is written to the
signaling buffer. Therefore, the old signaling information will be played out.

NOTE: In SDF-FR mode, the CES specification states that if the queue contains data for
only one DSO, no pointer is used. If a queue is configured in this manner, set R_
CHAN_UNSTRUCT in the R_MAX_BUF word (refer tlR_MAX_BUF Word
Format” on page 157

* The value of the payload data depends on the value of INSERT_DATA in R_SN _
CONFIG (refer to'R_SN_CONFIG Word Format” on page 160 he default is to load
the value of OxFF. Other options are to use conditioned data as defined by R_CONDQ _
DATA, old data, or pseudorandom data. If old data is chosen, no data will be written and
the old data in the receive buffer will be used. The receive buffer write pointer will be
adjusted to the correct location. If the pseudorandom data option is chosen, the data played
out will be the value of R_CONDQ_DATA with the MSB replaced by the current value of
the pseudorandom number generatétx’ + 1.

NOTES: « All DSOs within the replaced cell will use the same algorithm. To minimize the
overhead of generating the inserted cells, use the old data option whenever possi-
ble. The old data option still needs to do internal processing on a byte-by-byte
basis, but since it does not have to write any data, it is about twice as fast as the
other options.

* The “Fast SN Algorithm” will, under certain situations, allow bad cells to pass
through. When this occurs the cells are marked as potentially bad. Any cells
marked as bad will not have pointer verification done on them and any signaling
data or SRTS information they contain will not be written. However, if these cells
should contain pointers or signaling data, adjustments are made to the amount of
payload data written so bit integrity is maintained.

* The pseudorandom option is not available for UDF-HS mode.

The RALP will maintain bit integrity if there is no more than one consecutive errored cells, or if
there are up to six lost cells and the queue does not underrun. To maximize the tolerance of the
RALP to errored cells, the R_CDVT and R_MAX_BUF values should be increased a little to
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guarantee that the queue does not underrun in situations that could be handled by the sequence
number processing algorithm. If bit integrity is lost, then the queue will be forced into an under-
run condition and realign with the structure if one exists.

NOTE: SN processing takes place independent of whether or not a queue isin underrun. If
cells are detected lost while transitioning through an underrun state, or into aforced
underrun state, no cellswill be inserted.

MAX_INSERT controls the maximum number of cells that will be inserted when cells arelost. If

more cellsthan MAX _INSERT are lost, then the queue will be forced into an underrun condition.

The default value of MAX_INSERT, “000”, is equivalent to “111” which means that up to seven
cells will be inserted. MAX_INSERT is in the R_SN_CONFIG register and can be specified on a
per-queue basis.

If seven cells are lost, this will appear as a misinserted cell and will not be handled correctly.
Likewise, if more than seven cells are lost, it will appear as if fewer than seven cells were lost
because the SN repeats every eight cells. If seven or more cells were lost, there is high probability
that the queue will underrun. If the queue has not underrun, the RALP takes the following steps to
minimize the impact:

1. Anytime cells are inserted, if the next received pointer mismatches, it will immediately create
a forced underrun to realign to the structure instead of waiting for two consecutive mis-
matches.

2. No signaling information will be updated until a valid and correct pointer is received.

If DISABLE_SN (refer to'DISABLE_SN” on page 16Qis set, no SN or SNP processing occurs.
That is, no cells will be inserted or dropped but statistics will be kept.

The RALP begins in the START state. Once a cell is received with a valid SN, the OUT_OF _
SYNC state is entered. Any cells received while in the START state, including one with a valid
SN are dropped, unless NODROP_IN_START (reféNODROP_IN_START” on page 1§1is

set. If this bit is set and the cell has a valid SN, the cell will be accepted.

NOTE: Ifitis important to not dump the first cell received, make sure NODROP_IN__
START is set.

While in the OUT_OF_SYNC state, if another cell is received with a valid SN and in the correct
sequence, then the SYNC state is entered and the cell is accepted. Otherwise, if a cell with an
invalid SN is received, then the START state is re-entered and the cell is dropped. Otherwise, if
the cell has a valid SN but is in the incorrect sequence, then the cell is dropped and the RALP
remains in the OUT_OF_SYNC state.
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While in the SYNC state, if another cell is received with a valid and correct SN, the RALP
remains in the SYNC state. Otherwise, if an invalid SN is received, the RALP goes to the
INVALID state; or if avalid but incorrect SN is received, the OUT_OF SEQUENCE state is

entered. All cellsreceived whilein the SYNC state are accepted.

Whileinthe INVALID state, four possibilities can occur.

If the cell received has an invalid SN, the START state is re-entered and the cell is
dropped.

If the cell received has a valid SN and is in sequence with the last valid SN, then a
misinserted cell is detected and RALP returns to the SYNC state, but the cell is dropped to
keep SN integrity because the previous cell has already been sent.

If the cell received has a valid SN and is equal to SN + 2 with respect to the last valid SN,
then the RALP returns to the SYNC state and the cell is accepted.

Otherwise, if the SN is valid but does not meet any of the previous criteria, then the cell is
dropped and the OUT_OF_SYNC state is entered.

While in the OUT_OF_SEQUENCE state, five possibilities can occur.

If the cell received has an invalid SN, the START state is re-entered and the cell is
dropped.

If the SN is valid and in sequence with the last valid, in sequence SN, then a misinserted
cell is detected and RALP returns to the SYNC state, but the cell is dropped to keep SN
integrity because the previous cell has already been sent.

If the SN is valid and the SN is in sequence with the SN of the previous cell, the RALP
assumes cells were lost; it inserts a number of dummy cells identical to the number of lost
cells, accepts the cell and returns to SYNC. If the number of lost cells is greater than
MAX _INSERT, then no cells are inserted and a forced underrun occurs. If an underrun
occurred when cells were lost, no cells are inserted.

If the received SN is valid and the SN has a value equal to SN + 2 with respect to the last
SN received in sequence, then the cell is accepted and the RALP returns to the SYNC
state.

And finally, if the SN is valid but does not meet any of the previous criteria, then the cell
is dropped and the RALP enters the OUT_OF_SYNC state.

SeeFigure 32 on page Sr the flow of the “Fast SN Algorithm”.

Anytime a cell is dropped, the R_DROPPED_CELLS counter (reftR toROPPED_CELLS
Word Format” on page 1$1s incremented and the SN_CELL_DROP sticky bit (reféiSid_
CELL_DROP” on page 158s set. Anytime a cell is detected lost, the R_LOST_CELLS counter
(refer to“R_LOST_CELLS Word Format” on page 168 incremented by the number of lost
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cells. Anytime the SN state machine transitions from the SYNC state to the OUT_OF _
SEQUENCE state, the R_SEQUENCE_ERR counter (refer to “R_SEQUENCE_ERR Word For-
mat” on page 1597is incremented. Anytime a misinserted cell is detected the R_MISINSERTED
counter (refer t6R_SEQUENCE_ERR Word Format” on page 1&incremented.

invalid SN/discard

» START |«
) ) valid SN/discard (unless
invalid NODROP_IN_START is set) o
invalid SN/discard invalid
SN/discard, SN/discard,
force out of force
underrun seq/discard underrun
out of out of
seg/discard, seg/discard,
force underrun force underrun
in seg/accept
out of seg/accept ‘ .
in seq-1+1/accept 7 |nvgl|d SN/ac_cept o~
in seg/insert cells/accept =( SYNC \4 In seg-1/discard il INVALID
> D in seq-1+1/accept \

in seg-1/discard

AN <
wn seq/accept

Figure 32. Fast SN Algorithm

All cells received while in the SYNC state are accepted whether or not they are good. Any errored
cells received while in the SYNC state are marked as potentially bad cells. These marked cells
will not have their pointers checked, if they contain one; or if they contain signaling data, the sig-

naling data will not be written to memory.
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If the cell is accepted, the RALP then transfers the cell to the external memory using the R _
CHAN_ALLOC fields in the R_QUEUE_TBL. Figure 32 shows this receive cell process. If a
valid cell is not received in time, the queue may enter an underrun condition.

Wait for a cell in the
receive UTOPIA FIFO.
Is the cell a

data cell?

Yes

Is SNP
correct?

Able to correct
< | ¢ Unable to correct

Accept/drop cell as specified
in ITU-T Recommendation
1.363.1 “Fast SN Algorithm”

(refer to Appendix B

“References” on page 203).

Check CRC-10 and place
cell in OAM queue.

Correct SN/SNP as specified
in ITU-T Recommendation
1.363.1 (refer to Appendix B
“References” on page 203).

Drop

Is SN
correct?

Yes

A

Accept

v

Place data and signaling in
appropriate timeslots and
update write pointers.

Figure 33. Receive Cell Processing

The CDVT value alows the receiver to be configured to store a variable amount of data for that
gueue before data is emitted. This storage permits the cells to arrive with variable delays without
causing errors on the line outputs. ThisCDVT value is used when thefirst cell isreceived after an
underrun. The AAL 1gator |1 also provides protection from buffer overrun and pointer misalign-
ment.

The RALP reads the ATM cell from the RUTOPIA FIFO, verifies the header, and determines the
gueue to which the cell belongs. It then locates the data bytes of the cell and writes them into
frame buffers provided for that line. Receive queues exist in the external memory, and 128 kBytes
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of external memory are alocated for receive queues. Since there are eight lines, each lineis alo-
cated 16 kBytes of memory. This provides for 32 multiframes of E1 data (16 multiframes if T1
signaling is used) or 16 multiframes of T1 data. The queues are used in a wrap-around fashion.
Read and write pointers are used at the frame and multiframe level to access the receive queue.

Figure 34 on page 53 shows cell reception. Read and write pointers are used at the frame and mul-
tiframe level to access the correct data byte location. The RALP writes sequential cell data bytes
into successive DSO |ocations assigned to that queue.

When the RALP encounters signaling bytes, it places them in the receive signaling buffer. The
buffers are organized in a multiframe format. There is one signaling nibble per multiframe alo-
cated to each DSO channel. Therefore, 32 bytes of signaling storage are alocated for each multi-
frame worth of data buffer.

Figure 34 and the figures that follow illustrate these points and identify how different dataformats
are stored in the data and signaling buffers.

R_DATA_BUFFER

0 17 21 31
A0
=T LT~ R
o~ ~ R R N
yad \\ \)\//// I3 RFTC
~
// AR Yy
17 NN ... |17|18]19]20]21]22|
T I )
Rl \?ﬂ;‘ i
Frames — PN R S s
N [— ~
— ~ | - . _— - s s
AN 7 - — - _ - -
~. ~ pe — -~ == =
\\\\ ‘/ . = 1
RALP reassembles bytes from
the cell. In this case, into DS0s | ]
17 and 21. - ]
511 T
v

Figure 34. Cell Reception

The RALP determines channels by reading from the R_ CHAN_ALLOC table and then storing
the data in the corresponding timeslots of successive frame buffersinthe R_DATA_BUFFER.
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Figure 35 shows the contents of the receive data buffer for ESF-formatted T1 datafor linesin the
SDF-MF mode. Only thefirst 24 bytes of each frame buffer and the first 24 frame buffers of every
32 are used. This provides storage for 384 frames or 16 multiframes of T1 data.

Frame Buffer Number 0 DS0 23 31

0 MFO |
23

" MF1 |

256

MF15

511

Figure 35. T1 ESF SDF-MF Format of the R_DATA_BUFFER

Figure 36 shows the contents of the receive data buffer for SF-formatted T1 data for linesin the
SDF-MF mode. Only the first 24 bytes of each frame buffer and the first 24 frame buffers of every
32 are used. This provides storage for 384 frames of T1 data.

Frame Buffer Number g bSO 23 31

0 MF 0
12 MF 1

24 MF 2
32 MF 3

MF 4
MF 5

MF 30
MF 31

480

511

Figure 36. T1 SF SDF-MF Format of R_DATA_BUFFER
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Figure 37 shows the contents of the receive buffer with T1 data for lines in the SDF-FR mode.
Only the first 24 bytes of each frame buffer and the first 24 frame buffers of every 32 are used.
This provides storage for 384 frames of T1 data.

Frame Buffer Number g DS0 31

0 Frame 0
Frame 1

23 Frame 23

32 Frame 24

Frame 47

Frame 360

Frame 383

511

Figure 37. T1 SDF-FR Format of the R_DATA_BUFFER

Figure 38 shows the contents of the receive buffer with E1 data for linesin the SDF-MF mode.

DSO

Frame Buffer Number 31
0 MF O
16 MF 1
32 MF 2
496 MF 31
511

Figure 38. E1 SDF-MF Format of the R_DATA_BUFFER

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 55



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3

AAL1 SAR Processor

Figure 39 shows the contents of the receive data buffer for E1 SDF-MF data using T1 signaling.

In this case a 24 frame multiframeis used.

Frame Buffer Number 0

DSO

31

0
23

MFO

32

MF1

256

511

MF15

Figure 39. E1 SDF-MF with T1 Signaling Format of the R_DATA_BUFFER

Figure 40 shows the contents of the receive data buffers with E1 data for lines in the SDF-FR

mode.

Frame Buffer Number o

DSO

31

0

Frame 0

Frame 1

Frame 2

511

Frame 511

Figure 40. E1 SDF-FR Format of the R_DATA_BUFFER

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 56



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor

Figure 41 shows the contents of the receive data buffer for lines in the UDF-ML or UDF-HS
mode, including T1 unstructured mode. In unstructured modes, each frame buffer contains 256
bits. In the case of unstructured T1, each frame of T1 data consists of 192 bits. Therefore, each
frame buffer contains 1.33 frames of T1 data. This must be considered when determining CDVT
numbers.

Data Bits
Frame Buffer Number 0 255
0 256 bits
1 256 bits
2 256 bits
256 bits
511

Figure 41. Unstructured Format of the R_DATA_BUFFER

Figure 42 shows the contents of the receive signaling buffer with an ESF-formatted T1 line in the
SDF-MF mode. Even channel bytes are stored in the low-byte end of the data words.

0 Byte Address 31
Channel 0 Channel 1 Channel 22 Channel 23 | Channel 24 Channel 31
0 ABCD ABCD e o ABCD ABCD Not Used e o Not Used

Multiframe

15

Figure 42. T1 ESF SDF-MF Format of the R_SIG_BUFFER
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Figure 43 shows the contents of the receive signaling buffer with an SF-formatted T1 line in the
SDF-MF mode. Even channel bytes are stored in the low-byte end of the data words.

0 Byte Address 31
Channel 0 | Channel 1 Channel 23 | Channel24 Channel 31
* o ABAB NotUsed |® ® ® | NotUsed

ABAB ABAB °

o

Multiframe + 2

15

Figure 43. T1 SF SDF-MF Format of the R_SIG_BUFFER

Figure 44 shows the contents of the receive signaling buffer with an E1 line in the SDF-MF mode.
Even channel bytes are stored in the low-byte end of the data words.

Byte Address

Multiframe
Channel 0 Channel 1 Channel 30 | Channel 31
0 ABCD ABCD o o ABCD ABCD
31

Figure 44. E1 SDF-MF Format of the R_SIG_BUFFER

58

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor

Figure 45 shows the contents of the receive signaling buffer with an E1 line in the SDF-MF mode
with T1 signaling. Even channel bytes are stored in the low-byte end of the data words.

Byte Address

Multiframe
Channel 0 Channel 1 Channel 30 | Channel 31

0 ABCD ABCD e o ABCD ABCD

15

Figure 45. E1 SDF-MF Mode with T1 Signaling Format of the R_SIG_BUFFER

3.6.1 Handling Data and Signaling Bytes in a Structure

A data structure consists of al of the data bytes for that structure, followed by all of the signaling
bytes for that structure, if any. In order to locate the data and signaling bytes, the following mem-
ory structures are used:

* The R_TOT_SIZE structure provides the number of data and signaling bytes in a
structure. An element can be a data byte or a signaling nibble. This value is initialized by
the microprocessor.

« The R_TOT_LEFT structure provides the running count of the number of bytes remaining
in the structure.

» The R_DATA_LAST structure identifies the last byte of the data struchsréne data
bytes are stored in memory, the R_TOT_LEFT structure is decremented by one. When R_
TOT_LEFT is equal to R_DATA_LAST, it indicates the end of the data structure. The
remaining bytes are stored in the R_SIG_QUEUE. The signaling nibbles are written to the
memory until the R_TOT_LEFT equals zero. Once R_TOT_LEFT is zero, R_TOT_SIZE
is copied to R_TOT_LEFT and the storing of data and signaling structures is reReated.
TOT_SIZE and R_DAT_LAST are initialized by the microprocessor.

» The structure used for signaling is determined by the mode of the line and the value of E1__
WITH_T1_SIG (refer tdE1_WITH_T1_SIG” on page 196Normally the signaling
structure will follow the mode of the line. However if the line is in E1 mode and E1__
WITH_T1_SIG is set, then a T1 signaling structure is used. This means that for a single
DSO0, signaling is updated after 24 data bytes instead of after 16 data bytes.

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 59



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor

* Ifthe line is in SDF-MF mode and R_CHAN_NO_SIG =1 in the R_MAX_BUF word
(refer to"R_MAX_BUF Word Format” on page 19,/then the queue is handled as if it is
in SDF-FR mode. The structure should be adjusted from a multiframe structure to a frame
structure. For example, a channel with two DSOs would have a structure size of two bytes
when R_CHAN_NO_SIG is set and a structure size of 49 bytes (include two signaling
nibbles) if in T1 mode when R_CHAN_NO_SIG is off.

3.6.2 Underrun

The AALlgator Il declares an underrun condition for a VC when no data is present in the VC
receive buffer. When this situation occurs, the AAL1gator Il plays out conditioned data and old
signaling from multiframe 0 onto the timeslots assigned to the VC experiencing underrun.
Timeslots generated by other VCs are unaffected. Each time a cell is received after a queue has
entered an underrun condition, the UNDERRUN sticky bit is set. RALP does not know about an
underrun until a cell is received for the queue that underflowed. To make sure that each underrun
is counted only once, RALP will increment the R_UNDERRUN counter when exiting the under-
run state and entering the resume state. The initial underrun caused by reset is not counted. Forced
underruns due to other errors are not counted by the underrun counter. If the underrun counter is
read and the queue is currently in underrun, the present underrun condition will not be accounted
for until the queue exits underrun. To determine if the queue is in wmjarneck the level of

the R_UNDERRUN bit in the R_LINE_STATE register. When not in UDF-HS mode, the
choice of conditioning data and signaling while in underrun depends on the value of RX_COND
inthe R_CH_QUEUE_TBL. Three choices exist:

* Play out the data from R_COND_DATA and the signaling from multiframe 0 (Default).

* Play out pseudorandom data and the signaling from multiframe 0. (For applications that
are sensitive to constant data.) The pseudorandom data option uses the data from R_
COND_DATA and then replaces the most significant bit with the result of an 18th order
polynomial, specifically # + x + 1.

« Play out old data and the signaling from multiframe 0. (Also for applications that are
sensitive to constant data.) The old data option replays out the contents of the data in the
receive buffer for that channel. Data is played out from the location of the read pointer.
Therefore, the oldest data is played out first.

Ifin UDF-HS mode and in underrun, the data played out is the conditioned data defined for line 0,
channel 0. There is no old data or pseudorandom data options available for UDF-HS mode.

If the data is structured, the RALP searches for a new pointer, and finds the start of the structure.
In all cases the RALP queues up data for one CDVT worth of time before exiting the underrun
condition. The R_UNDERRUN bitin R_LINE_STATE word of R_QUEUE_TBL indicates if the
queue is in an underrun state. The UNDERRUN sticky bit is set each time a cell is received during
the underrun condition. Cells received while the pointer and start of structure are being located are
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dropped and the POINTER_SEARCH sticky bit is set. The DROPPED_CELL counter is also
incremented. If the underrun condition persists, the microprocessor should set the conditioned bits
to derive both the data and the signaling from the conditioned areas.

Refer to line items 5 and 6 in Figure 47 on page 64 that show how a start up after an underrun
occurs.

3.6.3 Pointer Processing

When an incoming cell has a cell pointer, the cell pointer is checked against the local pointer
value maintained by the RALP. A single pointer mismatch causes no corrective actions. The
pointer isignored and the cell isused asif it contained valid data. If two consecutive pointer mis-
matches occur, then the RALP forces an underrun condition that causes the receiver to realign to
the next incoming pointer. The proper R_ COND_DATA and signaling from multiframe O are
played out until the new pointer is found and one CDVT worth of time has passed. The PTR_
MISMATCH sticky bit is set when the pointer mismatch occurs. The FORCED _UNDERRUN
sticky bit is set each time a cell is received and dropped during the forced underrun condition.
Then, the underrun and pointer search bits are set, as described previoudy in section 3.6.2
“Underrun” on page 60

If the received cell is potentially bad as determined by SN processing, but should contain a
pointer, the pointer is not checked against the local pointer. However, in this situation, and when
cells are inserted, if the next received pointer mismatches, then a PTR_MISMATCH error is
reported and a forced underrun occurs. By not waiting for the second pointer mismatch in these
situations where bit integrity may have been lost, a quicker detection and recovery will result.

When a PTR_MISMATCH error occurs, the R_POINTER_REFRAMES counter is incremented.
Also, when a single pointer mismatch occurs, signaling information will not be updated until a
valid pointer is received to prevent corruption of the signaling information.

Parity checking is also performed on pointers if R_CHK_PARITY is setin R_MP_CONFIG. If a
parity error is detected the PTR_PARITY_ERR sticky bit will be set and the R_PTR_PAR_ERR
counter will increment. If two consecutive pointer parity errors occur, then the RALP forces an
underrun condition and resynchronizes. This resynchronization will cause R_POINTER
REFRAMES to increment.
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Figure 46 shows the state machine that checks for valid pointers and structures.

No pointer
found

Non-dummy pointer
found and parity
good (or not
checking parity)

Pointer Found

Structure
found

Underrun or
force-underrun

Pointer does not
match prediction or
underrun or
force-underrun (or
checking parity and

Underrun or
force-underrun

Pointer does not
match prediction
(or parity bad and
checking parity) or
out-of-sequence or
invalid cell received

Pointer matches
prediction and parity
good (or not
checking parity)

Structure Found

One Mismatch

) 4

(Signaling is not
updated)

Pointer matches prediction
and parity good (or not
checking parity)

Figure 46. Pointer/Structure State Machine

3.6.4 Overrun

Overrun occurs when the data in the buffer is removed at a slower rate than it is filled. However,
because the AAL 1gator |11 buffers are quite large, 16 kBytes per line, by the time this happens, all
data in the buffer can be quite old. Therefore, the buffer size is adjustable, which regulates how
much data can be stored in the buffer before an overrun occurs. TheR_MAX BUFfieldintheR_
MAX_BUF register controls the maximum size of the receive buffer. Thevalueof R MAX_ BUF
should be equal to or greater than two times CDVT, or two times the number of frames required
per cell, whichever is greater.

The overrun condition is declared when the datain the receive buffer exceeds the maximum spec-

ified buffer size (refer to “R_MAX_BUF Word Format” on page 137When a cell is received

that causes the maximum buffer depth to be exceeded, the OVERRUN sticky bit is set and the
AAL1lgator Il enters the forced underrun condition. The incoming cells for the queue are dropped

until underrun occurs. Each time a cell is received and dropped in the forced underrun condition,
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the FORCED_UNDERRUN sticky bit is set. Once underrun occurs, the overrun flag is cleared
and the same algorithm used in underrun is followed. Figure 47 on page 64 describes overrun
detection, the underrun and recovery process.

Anytime an overflow occurs, the R_OVERRUNS counter (refer to “R_UNDERRUNS Word For-
mat” on page 16@is incremented.

NOTE: Inserting cells can cause an overrun. The threshold is checked as each byte is written
into memory. If an overflow occurs in the middle of a cell, the remainder of the cell

will be dropped.
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Write Pointer

- >
R_MAX_BUF
< >
1 4 >
R 2
Read Pointer Write Pointer
R_MAX_BUF s
< >
2 4 >
l >
Read Pointer Write Pointer
R_MAX_BUF (fixed)
4 — — »
3 >
l_ o Write Pointer
Read Pointer i
4 >
R
Read Pointer Write Pointer
R_MAX BUF[ %
< >
<+—>
R_CDVT
5 A >
REE 4
Read Pointer
Underrun End Pointer (fixed)
Write Pointer
-
R_MAX_BUF
< >
6 , >

Old Location of Read Pointer ;R CDVT |- P»

NOTES:

1. Normal operation.

2. If an overrun occurs, then the OVERRUN sticky bit is set and a forced underrun condition is set.

3. During the forced underrun condition, the write pointer is fixed, new data is dropped, and data in the buffer is played out, causing
the read pointer to increment. Each time a cell is received and dropped, the FORCED_UNDERRUN sticky bit is set.

4. The read pointer catches up to the write pointer, indicating a forced underrun condition, and the underrun condition is set.

Both pointers are advanced for each frame that the queue remains in the underrun condition. Conditioned underrun data is played

out.

5. When the first valid cell comes in, the RESUME sticky bit is set. The write pointer and the underrun end pointer are set to the
proper frame that is one R_CDVT ahead of the read pointer. Conditioned underrun data is played out.

6. Once the read pointer is equal to the underrun end pointer, then RESUME is complete and real data is now played out. Normal
operation now takes place.

Read Pointer = Underrun End Pointer

Figure 47. Overrun Detection
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3.6.5 Counters and Sticky Bits

The RALP sets sticky bits for overrun, underrun, pointer mismatch, resume, SRTS underrun,
SRTSresume, and other conditions. Aswith all registers, the sticky bits are located in the external
RAM. They are set by the AAL1gator |1 and must be cleared by the microprocessor. Sticky bits
provide a history of events that have occurred. Since these bits can be set with every cell, it is bet-
ter to use the counters for statistics gathering purposes. The AAL 1gator Il increments the counters
for incorrect SNs, incorrect SNPs, cells received, underflows, overflows, dropped cells, misin-
serted cells, lost cells, pointer parity errors, and pointer mismatches. The transfer status bits can
be used to detect that a clear was overwritten by toggling transfer bit 15 with each clear of the sta-
tus bits and then reading the value immediately thereafter. Refer to “R_ERROR_STKY Word
Format” on page 158r a description of sticky bits.

3.6.6 OAM Cells

When an OAM cell arrives, the RALP stores it in the OAM queue. The RALP notifies the micro-
processor of the arrival of OAM cells by generating an interrupt. The interrupt is cleared when the
CLR_RX_OAM_LATCH (refer to “CMDREG Word Format” on page 1p%s set. The micro-
processor reads the OAM cells from the OAM queue. The microprocessor maintains the OAM _
HEAD value. The RALP maintains the OAM_TAIL value. The AALlgator Il also checks the
CRC-10 of the cell and records the results in the receive buffer in the CRC_10_PASS parameter
(refer to"R_OAM_CELL_n Format” on page 163

3.6.7 Interrupt Handling
The AAL1lgator Il uses the following algorithm to handle interrupts:

1. Aninternal register called the command register (refee¢tion 7.9 “CMDREG (Command
Register)” on page 19handles interrupts. This command register has an OAM_INT_MASK
bit. The microprocessor can access the command register by asserting the ADDR17 pin, the
/PROC_CS signal, and either the /PROC_RD or the /PROC_WR signal.

2. Atthe end of an OAM cell, the RALP generates an interrupt to the microprocessor. If the
mask bit is set, the RALP does not present the interrupt to the interrupt pin.

3. Atthe end of any cell (either an OAM or data cell), the head and tail pointers of the OAM
queue table are compared. If they do not match (that is, if there are cells in the OAM FIFO),
the RALP sets the interrupt latch.

3.7 Receive Frame Transfer Controller (RFTC)

The RFTC moves data bytes from the receive frame buffer to the appropriate timeslot of the
appropriate line. It must perform a timeslot-to-queue translation for each timeslot by reading the
receive channel-to-queue table (refes¢ation 7.8.6 “R_CH_TO_QUEUE_TBL” on page 148

The RFTC outputs data to the external T1 or E1 framer device. For structured data, the RFTC
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uses the synchronization signals (TL_FSYNC and TL_MSYNC) supplied by the framer to per-
form a parallel-to-serial conversion on the outgoing data that it reads from a multiframe buffer in
the order in which it is needed.

A rising edge on TL_FSYNC indicates the beginning of a frame, and a rising edge on TL _
MSYNC indicates the beginning of a multiframe. The RFTC realigns when an edge is seen on
these signals. It is not necessary to provide an edge every frame or multiframe. Signaling datais
driven for all frames of any multiframe and will change only on multiframe boundaries. For T1
mode, signaling data may change every 24th frame. For E1 mode, signaling may change every
16th frame.

A specia case of E1 mode exists that permits the use of T1 signaling with E1 framing. Normally
an E1 multiframe consists of 16 frames of 32 timeslots, where signaling changes on multiframe
boundaries. When E1L. WITH_T1 SIGissetin LIN_STR_MODE and the lineisin E1 mode, the
TFTC will use a multiframe consisting of 24 frames in 32 timeslots. In this mode, the
AAL1gator |l reads signaling on the 24th frame of the multiframe.

The signaling nibble is valid for each channel when the last nibble of each channel’'s data is being
driven. See Figure 48 for an example of signaling bits in a T1 frame. See Figure 49 for an exam-
ple of signaling bits in the E1 mode.

<+ Line Output Signals During Every Frame —»
TL_SER
(timeslots) 0 1 2 21 22 23
ABCD ABCD
TL_SIG | XXXX | ABED IXXXX | ABE 0| XXXX ABCD| e [ XXXXIABED | xxxx IABCD | xxxx | ABCD)

XXXX - indicates signaling is invalid

Figure 48. Output of T1 Signaling Bits

< Line Output Signals During Every Frame —»
TL_SER
(timeslots) 0 1 2 29 30 31
ABCD ABCD
TL_SIG XXXX Channel 0 XXXX Channel 1 XXXX éwi(n:epz XXXX Cﬁa?n%?&? XXXX (:Ahe\BnnSIEO KXXX Cﬁ\aBan-etllgl

XXXX - indicates signaling is invalid
Figure 49. Output of E1 Signaling Bits

NOTE: The AALlgator Il treats all 32 timeslots identically. Although E1 data streams con-
tain 30 timeslots of channel data and 2 timeslots of control (timeslots 0 and 16), data
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and signaling for all 32 timeslots are stored in memory and can be sent and received
incells.

Each line request is serviced by the main RFTC state machine using a priority encoder (line O has
the highest priority). The line requests two bytes at a time. This means two channels have to be
serviced by the RFTC state machine. When the RFTC state machine receives an attention request
from aline, it services the request according to the following psuedocode (please note that the bits
discussed are maintained in R_LINE_STATE in the queue tables and should not be confused with
the externally accessible sticky bits):

If the RX_ COND_H (or RX_COND_L) = “10”, play out the data from the R_
COND_DATA area and the signaling from the R_COND_SIG area. This is the
conditioned state.

Else if either the R_UNDERRUN bit or the R_RESUME bit is set in R_LINE__
STATE, then play out the data and signaling as determined by the value of RX _
COND_H (or RX_COND_L). This is the frozen signaling state. The data played
out can either be constant, pseudorandom, or old data.

Else play out the data from the R_DATA_ BUF and the signaling from the R_SIG_
BUFFER. This is the normal operating state.

When there is no data in the frame buffer, the RFTC sets an underrun bit R_
UNDERRUN bit is cleared, and R_ RD_ FR_PTR = R_WR_FR_PTR. The RALP
clears R_UNDERRUN and sets R_RESUME when it encounters the first valid
cell in the receive buffer.

If the R_RESUME bit is set and the R_RD_FR_PTR = R_END_UNDERRUN_
PTR, then RFTC clears the R_RESUME bit. This occurs one CDVT time after the
first valid cell arrives. If the line is in SDF_MF mode, then R_SIG_RESUME is
set to indicate that signaling is not yet available. Once a multiframe has completed
and signaling data is available, R_SIG_RESUME will be cleared.
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Figure 50 shows the channel-to-queue table operation.

R_CH_TO_QUEUE

20 10
R_QUEUE_TBL (Note 2)
RFTC
(Note 3)

Note 4
(Note 4) o DATA_BUFFER (Note 1)

(Note 5)
R_COND_DATA

‘ (Note 6)

NOTES:
RFTC fetches R_CH_TO_QUEUE entry for DSOs 6 and 7 for line 2.

DSO 6 is being serviced by Queue MOD 32 = 10
Queue =line2x32+10=74

DSO0 7 is being serviced by Queue MOD 32 = 20
Queue =line 2x32+20=284

RFTC fetches the queue status and write pointer for queue 74. The queue is not in underrun.
RFTC fetches the queue status and write pointer for queue 84. The queue is in underrun.
RFTC fetches the data for DSO 6 from the R_DATA_BUFFER.

RFTC fetches the data for DSO 7 from R_COND_DATA.

o0k w

Figure 50. Channel-to-Queue Table Operation

3.7.1 Generation of TL_CLK

The Transmit Line Clock (TL_CLK) can be generated in four different ways. It can be sourced
externally when TL_CLK isan input. Or the AAL 1gator Il can generate it either by looping RL
CLK, synthesizing anominal T1 or E1 clock, or synthesizing an E1 or T1 clock based on received
SRTS values.
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The AAL 1gator Il will generate the TL_CLK based on the value of CLK_SOURCE bitsin LIN_
STR_MODE (refer to section 7.4.3 “LIN_STR_MODE” on page 12680nce the LIN_STR_
MODE and line mode information is read, the TL_CLK switches to the desired clock. The four
clock choices are: looped RL_CLK, synthesized nominal E1 or T1 clock, a synthesized clock
based on the SRTS received values, or an externally generated clock.

For the period of time after the AAL1gator Il receives a hardware reset and before the LIN_STR _
MODE is read, the TL_CLK operation is dependent on TLCLK_OUTPUT_EN. If the TLCLK _
OUTPUT_EN input is tied low, then the TL_CLK pins are inputs and the clock is externally gen-
erated. And if TLCK_OUTPUT_EN is high, then TL_CLK defaults to the looped RL_CLK.

NOTES: « The TLCLK_OUTPUT_EN input controls all lines. Therefore TL_CLK will be
generated for all lines or for no lines upon power up. Once the LIN_STR_MODE
information is read, each individual TL_CLK may be generated differently
according to the CLK_SOURCE bits for that queue. There will be a discontinuity
in the clock when switching from one source to another.

» If a synthesized clock is selected but SW_RESET (refé8\t6 RESET” on
page 16%is set, the output clock will be “0”. To maintain a continuous clock,
define the CLK_SOURCE bits equal to the default value the first time the CMD _
REG_ATTN bit is written (SW_RESET = “1"). Then when clearing SW_RESET,
set the CLK_SOURCE bits to the desired value and set the CMD_REG_ATTN
bit again. This will read the old configuration values, but with the new CLK _
SOURCE values.

3.7.1.1 Recovered Mode

Set the CLK_SOURCE bits in the LIN_STR_MODE register for that line to “01”, to generate a
clock based on the received RL_CLK. This will put the line into recovered mode. This change
will not take affect until the CMD_REG_ATTN bit is set.

3.7.1.2 Synthesize a Nominal E1 or T1 Clock

To generate a nominal E1 or T1 clock, set the CLK_SOURCE bits in the LIN_STR_MODE reg-
ister for that line to “10”. This change will not take affect until the CMD_REG_ATTN bit is set.

The AALlgator Il can synthesize a nominal E1 clock or T1 clock that is derived from SYS_CLK.
For this mode, SYS_CLK must be 38.88 MHz. The accuracy of the synthesized clock is depen-
dent on the accuracy of SYS_CLK. Therefore, if a 50 ppm T1 clock is desired, SYS CLK needs
to be a 38.88 MHz clock signal with 50 ppm accuracy. To lock the synthesized clock to a network
clock, be sure SYS_CLK is derived from the network clock.
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Refer to section 8.10.1 “Nominal T1 Clock” on page 1&%dsection 8.10.2 “Nominal E1 Clock”

on page 18Tor jitter characteristics of a synthesized clock. It is recommended that a Line Inter-
face Unit (LIU) with a built in jitter attenuator, such as the Level One LXT305A, be used to
obtain improved jitter characteristics.

3.7.1.3 Synthesize an E1 or T1 Clock based on SRTS

NOTE: The AAL1lgator Il uses Bellcore’s patented SRTS clock recovery technique. Refer to
the NOTE orpage 17Zor additional information regarding Bellcore’s SRTS patent.

Set the CLK_SOURCE bits in the LIN_STR_MODE register for that line to “11” to generate an
E1 clock or T1 clock based on received SRTS values. This change will not take affect until the
CMD_REG_ATTN bit is set.

For this mode, SYS_CLK must be 38.88 MHz. For SRTS, it is recommended that SYS_CLK has
an accuracy of £ 100 ppm. Since a network derived N_CLK is used, SYS_CLK does not have to
be derived from the network clock.

The AAL1lgator Il supports SRTS for unstructured data formats on a per-line basis. SRTS support
requires an input reference clock (N_CLK). The input reference frequency is defined as+155.52
2™"n MHz, wheren is chosen so the reference clock frequency is greater than the frequency being
transmitted, but less than twice the frequency being transmitted (2 CLK > N_CLK > TL _

CLK). For T1 or E1 implementations, the input reference clock frequency is 2.43 MHz and must
be synchronized to the ATM networkigure 51 on page 7dhows the process implemented for
each UDF line enabled for SRTS. The RFTC also generates a local SRTS value from the network
clock (N_CLK) and the local TL_CLK. It queues the incoming SRTS values, and, at the appropri-
ate time, generates a 4-bit two’s complement code that indicates the difference between the
locally generated SRTS value and the incoming SRTS value. The value of this code ranges from
-8 (1000) to +7 (0111). A higher value than had been output previously indicates the remote clock
is running faster than the local clock. A lower value than had been output previously indicates the
remote clock is running slower than the local clock. The RFTC uses this value internally to syn-
thesize the TL_CLK.

The RFTC supports SRTS only for unstructured data formats on a per-line basis. The SRTS_
CDVT value in R_SRTS_CONFIG register must be configured correctly so the time delay value
of the SRTS data matches the time delay value of the signal data. The RFTC queues the SRTS
nibbles and then fetches it before it is needed. If the SRTS queue overruns or underruns, a value
of 0000 is used.

The RFTC also outputs the SRTS difference through a multiplexed interface. This value can be
used by external logic to synthesize the TL_CLK. Refegettion 6.7 “SRTS Timing” on page
118for timing of this interface. This interface is needed for high speed mode (E3 or DS3) SRTS
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which requires an external Voltage Controlled Crystal Oscillator (VCXO) to generate the clock.
Refer to section 8.7 “UDF-HS Mode SRTS-Based Clock Recovery Application for DS3” on page
180for an application note on high speed SRTS.

The E1 SRTS synthesizer can generate an E1 clock over a + 90 ppm range, while the T1 SRTS
synthesizer can generate a T1 clock over a £ 200 ppm range to accommodate older T1 equipment.
Due to the T1 synthesizer’'s wider range, it has a more jitter than the E1 synthesizer. While the E1
synthesizer falls well within the G.823 jitter mask, the T1 synthesizer has a spike at 8 kHz that
exceeds the mask. However, in both cases using an LIU with a built-in jitter attenuator, such as
the Level One LXT305A, eliminates most of the jitter and is recommended when using SRTS.

Refer to section 8.10.3 “SRTS T1 Clock” on page l&@&section 8.10.4 “SRTS E1 Clock” on

page 191for the jitter characteristics of the SRTS synthesizer both with and without the external
jitter attenuator.

R_SRTS_CDVT

Cell Reception SRTS Bit .| SRTS Remote 4-Bit

— » N

Extraction Queue SRTS-Code FIFO Difference Between

Remote SRTS Code and

Local SRTS Code.

Server Clock Frequency
TLCK ] Divide By 3008 Latch 4-Bit Latch
Local 4-Bit SRTS Code

A
4 Bits

Input Reference Clock Frequency

N_CLK

(For T1/E1, 2.43 MHz. For T3, 77.76 MHz.) o
L

4-Bit Counter

Figure 51. Receive Side SRTS Support

3.7.2 Adaptive Clock Operation

The adaptive clock provides a queue depth difference for control of an external clock. If the depth
is low, then the clock frequency should be reduced. If the depth is high, then the clock frequency
should be increased. If no data is received, the channel status specifies to either freeze the external
clock or to set it to a nominal rate.

The AAL1lgator Il supports adaptive clocking in SDF-FR, SDF-MF, and UDF-ML modes. It sup-
ports adaptive clocking for all connection types within these three modes, including those with
partially filled cells or only a single DSO. The device does not support adaptive clocking in
UDF-HS mode.
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The adaptive clocking mechanism shares the SRTS port with the SRTS mechanism. It operates
according to the following psuedocode:

If an SRTS difference value is ready, it is played out with SRTS STRB asserted and
ADAP_STRB deasserted. The SRTS values have higher priority than the adaptive clock

values.

Elseif achannel pair is being serviced, start a state machine to play out the channel status,
as shown in Table 3 on page 72, asserting ADAP_STRB as each state is played out.

Else if a cell is received and a valid frame difference can be computed, start a state

machine to play out the frame difference and queue number, as shown in Table4 on
page 72, asserting ADAP_STRB as each state is played out.

The playout of the channel status may interrupt the playout of the frame difference at any point.

Table 3. Channel Status

ad

P:0)

SRTS_LINE(3:0) SRTS_DOUT(3:0) Value
Value 3 2 1 0
15 0 line(2) line(1) ling(0)
14 channel (4) channel(3) channel(2) channel (1)
13 underrun_h resume_h underrun_1 resume_1
NOTES:

e The underrun bit goes high when underrun occurs and will stay high until the underru
condition is cleared.

* Resume goes high when the underrun condition is cleared and goes low when the re
pointer equals the underrun_end pointer.

* The status is played out once for every 16 receive line clocks.

*  The channel values (4:1) identify 16 channel pairs. The odd and even numbered channels of
each pair are carried by the high and low bits, respectively.

*  For UDF-ML mode, the values in channel (4:1) and underrun_| can be ignored. Line (|
indicate the line number and underrun_h represents the queue status.

Table 4. Frame Difference
SRTS_LINE(3:0) SRTS_DOUT(3:0) Value
Value 3 2 1 0

5 cell_vci(7) cell_vci(6) cell_vci(5) cell_vci(4)
4 cell_vci(3) cell_vci(2) cell_vci(1) cell_vci(0)
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Table 4. Frame Difference (Continued)

SRTS_LINE(3:0) SRTS_DOUT(3:0) Value
Value 3 > 1 0
3 0 0 frame_diff(8) frame_diff(7)
2 frame_diff(6) frame_diff(5) frame_diff(4) frame_diff(3)
1 frame_diff(2) frame_diff(1) frame_diff(0) 0
0 0 0 0 0
NOTES:

*  The 9-bit frame_diff value gives the number of frames currently stored in the rx frame buffer.
For UDF-ML mode, frame_diff is expressed in 256-bit increments.

e The cell_vci(7:5) identifies the eight line numbers.
e The cell_vci(4:0) bits can be ignored in UDF-ML mode.

«  The frame difference values for each queue are played out in sequence 5 to 0 every {ime a
cell is received and a valid frame difference can be calculated.

The AAL1gator Il provides the receive buffer frame difference for an external circuit to generate

an adaptive TL_CLK signal. The general mechanism is often termed “buffer centering”. A clock
delta value is determined externally by subtracting the nominal frame difference (value of R_
CDVT) from the actual receive buffer frame difference. This delta value is then transformed into
the frequency selection for an external TL_CLK frequency syntheSizerclosed-loop action of

this circuit causes the delta value to find a center point. When the delta is above the center point,
there is too much data buffered and the TL_CLK frequency must be increased. When the delta is
below the center point, there is too little data buffered and the TL_CLK frequency must be
decreased.

As mentioned in the ATM Forum CES Standard Specification (refépfendix B, “Refer-
ences”, on page 203the adaptive clock recovery algorithm does not meet the T1/E1 clock wan-
der requirements. See Figure 52, which shows a direct adaptive clocking implementation.
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Adaptive clocking, in general, is not well-suited for voice applications since low frequency or DC
changes of the CDV will pass through most filters and cause frame dlips. The mechanism shown
in Figure 52 can be enhanced for voice applications by adding a low pass filter with a time con-
stant greater than the CDV, along with afine-granularity frequency synthesizer.

TL SER Line Interface
TL_SIG | Framer with Transmit § ;

Jitter Attenuator
TL_CLK (¢ I !

Frame
Difference

AAL1 SAR Processor
(AAL1gator 1) Gain

A 4
A\ 4

A 4

\4

Frequency
Synthesizer
L
Nominal Frame Difference Use Nominal
Frequency
Channel Status Underrun

Figure 52. Direct Adaptive Clock Operation

3.8 Memory Interface and Arbitration Controller (MIAC)

The MIAC is the central arbiter for all memory accesses. It provides a priority mechanism that
incorporates fairness to satisfy all real-time requirements of the various blocks. All blocks
requesting a data transfer with the common memory supply the address, control signals, and the
data, if the requested data transfer is a write, to the MIAC. When the MIAC actually grants the
transfer, it provides a grant signal to the requesting block, indicating that the transfer has been
performed. The memory is arbitrated on a cycle-by-cycle basis. No device is granted the bus for
an indefinite time.

The AAL1gator Il requires externa memory address buffers and data transceivers. The MIAC

provides control signals and transceiver enables when a microprocessor cycle is to be performed.

The device can directly control external 646-type registered transceivers on the data bus between

the memory data interface and the microprocessor’s data bus. The SP_DATA_CLK signal con-
trols the writing of data from the memory into the 646 transceiver. The SP_DATA_DIR signal
and SP_DATA_EN signal should be used to direct the data through the 646s devices properly.
The /SP_ADD_EN signal should be used as a tristate enable for the external address buffers. The
AAL1lgator Il controls the tristating of its own address and data bus drivers so no conflicts occur
with the microprocessor external buffers.
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To operate at the specified maximum SYS_CLK rate of 38.88 MHz, the external buffers must be
of the Fast CMOS TTL (FCT) or Fast (F) family, or of comparable speed. These outputs must be
supplied directly to the external devices and no buffering of the signalsis allowed. Refer to Figure
108 on page 195 for an example of how to interface memory to the AAL 1gator I1. Also refer to
Table 26 on page 195 for recommended timing parameters.

The microprocessor accesses the device by means of the /PROC_CS, /PROC_RD, and /PROC _
WR lines. To perform a write cycle, the /PROC_CS and /PROC_WR lines are asserted. The
AAL lgator |1 then enables the address and data lines at the proper moments and, when complete,
the device signals the microprocessor with the /PROC_ACK line. To perform aread, the micro-
processor asserts/PROC_CS and /PROC_RD and waitsfor /PROC_ACK before reading the data.

To prevent the microprocessor from obtaining too many memory cycles and interfering with nor-
mal AAL1gator Il activity, a holdoff circuit is used. This circuit denies the microprocessor an
additional access until 20 SYS CLK cycles have expired since the last microprocessor access.
The HOLDOFF output is asserted whenever this denial period is in effect. The microprocessor
can poll this output to determine when it will be allowed an access that is not subjected to HOLD-
OFF. See timing diagrams starting with Figure 55 on page 92. Refer to section 8 “Application
Notes” starting on page 168r a block diagram of the interface.

3.9 Configuration

To transfer TDM data into cells or to transfer cells into TDM data, the PM73121 and each line
needs to be configured, and the queues need to be configured and added to determine how the data
should be mapped.

To configure the AAL1gator Il and each line, initialize the COMP_LIN_REG and the LIN_STR_
MODE register for each line. To have these values take affect, the CMD_ATTN bit must be set
and the SW_RESET bit in the CMDREG must be cleared. Since no queues are defined at this
time, all timeslots in the R_CH_TD_QUEUE_TBL should be initialized to play out conditioned
data and the R_COND_DATA field for each timeslot should be initialized to the desired play out
value. If signaling is used, then R_COND_SIG should also be initialized.

Once the line is configured, queues can be added as descrimdiam 7.11 “Activating a New
Queue on an Active Line” on page 167
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4 PIN DESCRIPTIONS

4.1 Package Diagram
Figure 53 (parts 1 and 2) shows the physical dimensions for the 240-pin quad flat pack (with
square/gullwing leads) used for the AAL 1gator 1. The package measurements are in millimeters.
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Figure 53. 240-Pin Physical Dimensions Diagram (Part 1 of 2)
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Measurements are shown in
millimeters. Not drawn to scale.
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4 0 Base
Datum Plane / \ o Plane
EJ \ (NOTE 6)
__________________ - -C-

0.50 + 0.20 T

e Seating

Plane

> 5005
0.23

(lead width)
(NOTE 5)

Cross Section
of Lead

(lead height)

NOTES:

1. Datum plane -E- is located at the mold parting line and is coincident with the bottom of the leads where the leads
exit the plastic body.

2. Datums -A-, -B-, and -D- to be determined at datum plane -E-.

3. To be determined at seating plane -C-.

4. These dimensions do not include mold protrusion. Allowable protrusion is 0.25 mm per side. These dimensions do
not include mold mismatch and are determined at datum plane -E-.

5. This dimension does not include Dambar protrusion. Allowable Dambar protrusion shall be 0.08 mm total in excess
of this dimension at maximum material condition. Dambar cannot be located on the lower radius or the foot.
Minimum spacing between adjacent leads to be 0.07 mm.

6. Coplanarity = 0.08 mm and is the difference between the highest lead and the seating plane, -C-.

7. Controlling dimension = millimeter.

8. If you need a measurement not shown in this figure, please contact PMC-Sierra.

Figure 53. 240-Pin Physical Dimensions Diagram (Part 2 of 2)
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4.2 Pinout

4.2.1 Pinout Diagram
Figure 54 shows a pinout diagram of the AAL1gator II.
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—
SRTS_STRB JRESET
ADAP_STRB | N_CLK |¢——

SP_DATA_DIR

/PROC_ACK
ISP_DATA_EN

—p| ADDR17
— | /IPROC_CS
— »{ /IPROC_RD
— | /IPROC_WR
<4——— PROC_INT
<4—— /SP_ADD_EN
<4—— SP_DATA CLK
«4— HOLDOFF

Figure 54. AAL1lgator Il Pinout Diagram
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4.2.2 Pinout Table
Table 5 shows the pinout for the AAL 1gator 1.

Table 5. AALZlgator Il Pinout

Pin Name Pin Name Pin Name Pin Name
1 VDD 39 | SRTS LINE(2) 77 | RL_SER(1) 115 | TL_CLK(4)

2 VDD 40 | SRTS LINE(1) 78 | RL_SIG(1) 116 | GND

3 RATM_DATA(7)* 41 | SRTS_LINE() 79 | TLCLK_OUTPUT_EN 117 | RL_CLK(4)

4 RATM_DATA(6)* 42 | SRTS STRB 80 | TL_SIG(2) 118 | RL_FSYNC(4)
5 RATM_DATA(5)* 43 | ADAP_STRB 81 | TL_SER(2 119 | GND

6 RATM_DATA(4)* 44 | GND 82 | TL_MSYNC(2) 120 | GND

7 RATM_DATA(3)* 45 | N_CLK 83 | TL_FSYNC(2) 121 | VDD

RATM_DATA(2)* 46 | GND 84 | TL_CLK(2) 122 | VDD

9 RATM_DATA(1)* 47 | SRTS_LINE(3) 85 | GND 123 | RL_MSYNC(4)
10 | RATM_DATA(0)* 48 | vDD 86 | RL_CLK(2) 124 | RL_SER(4)

11 | RATM_SOC* 49 | TL_SIG(0) 87 | GND 125 | RL_SIG(4)

12 | /RATM_EMPTY* 50 | TL_SER(0) 88 | GND 126 | NC

13 | /RATM_EN* 51 | TL_MSYNC(0) 89 | SYSCLK 127 | TL_SIG(5)

14 | /RPHY_ADDR 52 | TL_FSYNC(0) 90 | GND 128 | TL_SER(5)

15 | GND 53 | GND 91 | NC 129 | TL_MSYNC(5)
16 | RATM_CLK* 54 | TL_CLK(0) 92 | vDD 130 | TL_FSYNC(5)
17 | GND 55 | GND 93 | VDD 131 | TL_CLK(5)
18 | /TPHY_ADDR 56 | PHY_ENABLE 94 | RL_FSYNC(2) 132 | GND

19 | vbD 57 | VDD 95 | RL_MSYNC(2) 133 | RL_CLK(5)
20 | TATM_CLK* 58 | RL_CLK(0) 9% | RL_SER(2) 134 | RL_FSYNC(5)
21 | GND 59 | GND 97 | RL_SIG(2) 135 | RL_MSYNC(5)
22 | ITATM_EN* 60 | GND 98 | NC 136 | RL_SER(5)

23 | [TATM_FULL* 61 | vDD 99 | TL_SIG(3) 137 | RL_SIG(5)

24 | TATM_SOC* 62 | VDD 100 | TL_SER(3) 138 | NC (Must be left disconnected)
25 | TATM_DATA(7)* 63 | RL_FSYNC(0) 101 | TL_MSYNC(3) 139 | TL_SIG(6)

26 | TATM_DATA(6)* 64 | RL_MSYNC(0) 102 | TL_FSYNC(3) 140 | TL_SER(6)

27 | TATM_DATA(5)* 65 | RL_SER(0) 103 | TL_CLK(3) 141 | TL_MSYNC(6)
28 | TATM_DATA(4)* 66 | RL_SIG(0) 104 | GND 142 | TL_FSYNC(6)
29 | GND 67 | NC 105 | RL_CLK(3) 143 | TL_CLK(6)
30 | TATM_DATA(3)* 68 | TL_SIG(1) 106 | RL_FSYNC(3) 144 | GND

31 | VDD 69 | TL_SER(1) 107 | RL_MSYNC(3) 145 | RL_CLK(6)
32 | TATM_DATA(2)* 70 | TL_MSYNC(1) 108 | RL_SER(3) 146 | RL_FSYNC(6)
33 | TATM_DATA(1)* 71 | TL_FSYNC(1) 109 | RL_SIG(3) 147 | RL_MSYNC(6)
34 | TATM_DATA(0)* 72 | TL_CLK(1) 110 | NC 148 | RL_SER(6)

35 | SRTS DOUT(3) 73 | GND 111 | TL_SIG(4) 149 | RL_SIG(6)
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Table 5. AAL1lgator Il Pinout (Continued)

Pin Name Pin Name Pin Name Pin Name
36 | SRTS_DOUT(2) 74 | RL_CLK(1) 112 | TL_SER(4) 150 | NC (Must be left disconnected)
37 | SRTS_DOUT(1) 75 | RL_FSYNC(1) 113 | TL_MSYNC(4) 151 | VDD

38 | SRTS_DOUT(0) 76 | RL_MSYNC(1) 114 | TL_FSYNC(4) 152 | TL_SIG(7)

153 | TL_SER(7) 175 | /PROC_CS 197 | MEM_ADDR(3) 219 | MEM_DATA()
154 | TL_MSYNC(7) 176 | /PROC_WR 198 | MEM_ADDR(4) 220 | MEM_DATA(2)
155 | TL_FSYNC(7) 177 | /PROC_RD 199 | MEM_ADDR(5) 221 | MEM_DATA(3)
156 | TL_CLK(7) 178 | SP_DATA_CLK 200 | MEM_ADDR(6) 222 | GND

157 | GND 179 | GND 201 | MEM_ADDR(7) 223 | MEM_DATA(4)
158 | RL_CLK(7) 180 | GND 202 | GND 224 | MEM_DATA(5)
159 | RL_FSYNC(7) 181 | VDD 203 | MEM_ADDR(8) 225 | MEM_DATA(6)
160 | RL_MSYNC(7) 182 | VDD 204 | MEM_ADDR(9) 226 | MEM_DATA(7)
161 | RL_SER(7) 183 | /RESET 205 | MEM_ADDR(10) 227 | MEM_DATA(8)
162 | RL_SIG(7) 184 | JOE 206 | MEM_ADDR(11) 228 | MEM_DATA(9)
163 | NC 185 | SP_DATA_DIR 207 | MEM_ADDR(12) 229 | GND

164 | GND 186 | /SP_ADD_EN 208 | MEM_ADDR(13) 230 | MEM_DATA(10)
165 | SCAN_TDI 187 | /SP_DATA_EN 209 | GND 231 | MEM_DATA(11)
166 | SCAN_TMS 188 | /MEM_WE(0) 210 | GND 232 | MEM_DATA(12)
167 | /SCAN_TRST 189 | GND 211 | MEM_ADDR(14) 233 | MEM_DATA(13)
168 | SCAN_TDO 190 | /MEM_WE(1) 212 | VDD 234 | MEM_DATA(14)
169 | SCAN_TCLK 191 | /MEM_OE 213 | VDD 235 | MEM_DATA(15)
170 | P_TEST 192 | /MEM_CS 214 | MEM_ADDR(15) 236 | NC

171 | GND 193 | GND 215 | MEM_ADDR(16) 237 | NC

172 | HOLDOFF 194 | MEM_ADDR(0) 216 | ADDRI17 238 | PULLUP_DISABLE
173 | PROC_INT 195 | MEM_ADDR(1) 217 | NC 239 | GND

174 | IPROC_ACK 196 | MEM_ADDR(2) 218 | MEM_DATA(0) 240 | GND

* Refer to Table 6 on page 81 for alternative signal names when PHY_ENABLE isin PHY mode.
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4.3 Pin Descriptions

4.3.1 UTOPIA Interface Signals

NOTE: Unless stated otherwise, the maximum output current (ly.x) iS4 MA.

Table 6.

UTOPIA Interface Signals

ATM Mode
Signal

PHY Mode
Signal

Pin #

Type

Reset
Value*

Description

PHY_ENABLE

PHY_ENABLE

56

In

NA

PHY _ENABLE determineswhich UTOPIA modethe
UTOPIA interface is configured. When 0, the chip is
configured with an ATM layer UTOPIA interface and
when 1, the chip is configured with a PHY layer
UTOPIA interface. Aninternal pulldown resistor will
default the chip to the ATM layer mode if |eft
unconnected.

TATM_CLK

RPHY_CLK

20

NA

ATM: Transmit UTOPIA ATM Layer Clock isthe
synchronization clock input for synchronizing data
output on TATM_DATA.

PHY: Receive UTOPIA PHY Layer Clock isthe
synchronization clock input for synchronizing data
output on RPHY_DATA.

Maximum frequency is 33 MHz.

TATM_SOC

RPHY_SOC

24

Out

0(ATM)
Z(PHY)

ATM: Transmit UTOPIA ATM Layer Sart-Of-Cell is
an active high signal asserted by the AAL1gator |1
when TATM_DATA contains the first valid byte of
the cell.

PHY: Receive UTOPIA PHY Layer Sart-Of-Cell is
an active high signal asserted by the AAL1gator |1
when RPHY _DATA contains the first valid byte of
the cell. In SPHY mode, the AAL 1gator |1 drivesthis
signal only in cyclesfollowing thosewith/RPHY _EN
asserted. In MPHY mode, the AAL1gator Il drives
this signal only when the ATM layer has selected it
for acell transfer.

Maximum output current (l,,,x) = 8 mA.

TATM_DATA(7:4)
TATM_DATA(3)
TATM_DATA(2:0)

RPHY DATA(7:4)
RPHY DATA(3)
RPHY DATA(2:0)

25-28
30
32-34

Out

O(ATM)
Z(PHY)

ATM: Transmit UTOPIA ATM Layer Data Bits7to O
form the byte-wide datadrivento the PHY layer. Bit O
isthe Least Significant Bit (LSB). Bit 7 isthe Most
Significant Bit (MSB) and should be transmitted first.
PHY: Receive UTOPIA PHY Layer Data Bits 7to O
form the byte-wide data driven to the ATM layer. In
SPHY mode, the AAL 1gator |1 drivesthisbusonly in
cyclesfollowing those with /RPHY _EN asserted. In
MPHY mode, the AAL1gator Il drivesthis bus only
when the ATM layer has selected it for acell transfer.
Bit Oisthe LSB. Bit 7 isthe MSB and should be
transmitted first.

Maximum output current (ly,,x) = 8 mA.
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Table 6. UTOPIA Interface Signals (Continued)

ATM Mode PHY Mode pin# | Tvpe Reset Description
Signal Signal yp Value* P
ITATM_EN RPHY_CLAV 22 Out |1(ATM)|ATM: Transmit UTOPIA ATM Layer Enableisan

Z(PHY) | active low signal asserted by the AAL 1gator I during
cycleswhen TATM_DATA containsvalid data. It is
not asserted until the AAL 1gator |1 isready to send a
full cell.

PHY: Receive UTOPIA PHY Layer Cell Availableis
an active high signal asserted by the AAL 1gator |1 to
indicateit is ready to deliver acomplete cell. In
MPHY mode, thissignal isdriven only when /RPHY _
ADDR islow in the previous cycle.

Maximum output current (ly,,x) = 8 mA.

ITATM_FULL /RPHY_EN 23 In NA | ATM: Transmit UTOPIA ATM Layer Full isan active
low signal from the PHY layer device to indicate that
amaximum of four additional transmit data writes
will be accepted.

PHY: Receive UTOPIA PHY Layer Enableisan
active low signal asserted by the ATM layer to
indicate RPHY_DATA and RPHY _SOC will be
sampled at the end of the next cycle. In MPHY mode,
the AAL1gator Il will drive dataonly if /RPHY_
ADDR waslow on the falling edge of /RPHY_EN.

RATM_CLK TPHY_CLK 16 In NA | ATM: Receive UTOPIA ATM Layer Clock isthe
synchronization clock input for synchronizing data
input on RATM_DATA.

PHY: Transmit UTOPIA PHY Layer Clock isthe
synchronization clock input for synchronizing data
input on TPHY_DATA.

Maximum frequency is 33 MHz.

RATM_SOC TPHY_SOC 11 In NA |ATM: Receive UTOPIA ATM Layer Sart-Of-Cdll is
an active high signal asserted by the PHY layer when
RATM_DATA contains the first valid byte of acell.
PHY: Transmit UTOPIA PHY Layer Sart-Of-Cell is
an active high signal asserted by the ATM layer when
TPHY_DATA containsthefirst valid byte of acell.

RATM_DATA(7:0) | TPHY_DATA(7:.0) | 3-10 In NA |ATM: Receive UTOPIA ATM Layer Data Bits 7to O
form the byte-wide data from the PHY layer device.
Bit 0 isthe LSB. Bit 7 isthe MSB and should be
received first.

PHY: Transmit UTOPIA PHY Layer Data Bits 7 to O
form the byte-wide data from the ATM layer device.
Bit 0 isthe LSB. Bit 7 isthe MSB and should be
received first.
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Table 6. UTOPIA Interface Signals (Continued)

ATM Mode PHY Mode pin# | Tvpe Reset Description
Signal Signal yp Value* P
/RATM_EN TPHY_CLAV 13 Out |O(ATM)|ATM: Receive UTOPIA ATM Layer Enableisan

Z(PHY) | active low signal asserted by the AAL 1gator Il to

> indicate RATM_DATA and RATM_SOC will be
sampled at the end of the next cycle. It will not be
asserted until the AAL1gator Il isready to receivea
full cell.
PHY: Receive UTOPIA PHY Layer Cell Availableis
an active high signal asserted by the AAL 1gator |1 to
indicate there is a cell-space available. In MPHY
mode, the AAL 1gator |1 drivesthissignal only when
/ITPHY_ADDR islow in the previous cycle.
Maximum output current (lIy;ax) = 8 mA.

IRATM_EMPTY /TPHY_EN 12 In NA |ATM: Receive UTOPIA ATM Layer Empty isan
active low signal asserted by the PHY layer to
indicate that thereis no valid datain the current cycle.
PHY: Transmit UTOPIA PHY Layer Enablel isan
active low signal asserted by the ATM layer device
during cycleswhen TPHY_DATA contains valid
data. In MPHY mode, the AAL1gator Il will accept
dataonly if /TTPHY_ADDR was low on the falling
edge of /TPHY_EN.

/ITPHY_ADDR 18 In NA |ATM: Thissigna isnot used in ATM mode.

PHY: Transmit UTOPIA PHY Layer Addressisan
active low address input that is tied to one of the five
possible ATM layer MPHY address signals. This
input is used as an output enable for TPHY_CLAV
and to validate the activation of /TPHY_EN. In SPHY
mode, thisinput is not used. Thereis an interna
pull-down resistor.

/RPHY_ADDR 14 In NA |ATM: Thissigna isnot used in ATM mode.

PHY: Receive UTOPIA PHY Layer Addressisan
active low address input that is tied to one of thefive
possible ATM layer MPHY address signals. This
input is used as an output enable for RPHY _CLAV
and to validate the activation of /RPHY _EN. In SPHY
mode thisinput is not used. Thereis an internal
pull-down resistor.

*  Present when /RESET is asserted and both TATM_CLK and RATM_CLK and SYS_CLK are being clocked.

**  JRATM_EN isasserted during reset to prevent excessive queueing in systems that use the AAL 1gator I1. Thisvalueis
asserted when /RESET is asserted and both RATM_CLK and SYS_CLK are being clocked. In PHY mode this signal can be
pulled to desired value asiit is tristated.
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4.3.2 Memory Interface Signals

Table 7. Memory Interface Signals

. . Reset N
*
Signal Pin # Type Value* Description

MEM_DATA(15:10) 235-230 Bi 4 Memory Data Bits 15 to 0 form the 16-bit wide data bus to external

MEM_DATA(9:4) 228-223 memory.

MEM_DATA(3:0) 221-218

MEM_ADDR(16:15) 215-214 Out 4 Memory Address Data Bits 16 to 0 form the 17-bit wide address bus

MEM_ADDR(14) 211 to external memory. Pulled up with aninterna resistor.

MEM_ADDR(13:8) 208-203

MEM_ADDR(7:0) 201-194

IMEM_OE 191 Out 1 Memory Output Enableis an active low signal that enables the
SRAM to drive data. Maximum output current (Iy,ax) = 8 mA.

IMEM_WE(0) 188 Out 1 Memory Write Enable Zero is an active low signal for the low-byte
write. Maximum output current (l,4x) = 8 mA.

IMEM_WE(1) 190 Out 1 Memory Write Enable One is an active low signal for the high-byte
write. Maximum output current (Iyax) =8 mA.

IMEM_CS 192 Out 1 Memory Chip Select is an active low chip-select signal for external
memory. Maximum output current (Iy,ax) = 8 mA.

*Present when /RESET is asserted and SYS_CLK isbeing clocked.

4.3.3 T1/E1 Interface Signals

Table 8. T1/E1 Interface Signals

Signals Pin # Type 5;“5;1 Description
TL_FSYNC(7) 155 In NA Transmit Line Frame Synchronization Bits 7 to O are the
TL_FSYNC(6) 142 transmit frame synchronization indications from the framer
TL_FSYNC(5) 130 devicesin SDF-MF and SDF-FR modes. The lines originate
TL_FSYNC(4) 114 from the corresponding framer devices0to 7.
TL_FSYNC(3) 102
TL_FSYNC(2) 83
TL_FSYNC(1) 71
TL_FSYNC(0) 52
TL_CLK(7) 156 Bi NA* | Transmit Line Channel Clock Bits 7 to O are the clock lines for
TL_CLK(6) 143 the eight TI/EL lines. The bits clock the data from the
TL_CLK(5) 131 AAL 1gator | to the corresponding framer devices. Inthe
TL_CLK(4) 115 UDF-HS mode, only line 0 is active. Depending on the value of
TL_CLK(3) 103 TLCLK_OUTPUT_EN and the CLK_SOURCE hits, these pins
TL_CLK(2) 84 are either outputs or inputs. If TLCLK_OUTPUT_EN is high,
TL_CLK(1) 72 these pins are outputs and the clock is sourced internally at
TL_CLK(0) 54 power up. This can later be changed by the CLK_SOURCE
bits.
Maximum output current (Iyax) = 8 MA.

* |f TLCLK_OUTPUT_EN ishigh, the pins output the RL_CLK during reset.
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Table 8. T1/E1 Interface Signals (Continued)

Signals Pin # Type \Zﬁzit* Description
TL_SIG(7) 152 Out 0 Transmit Line Sgnal Bits 7 to 0 are the CAS signaling outputs
TL_SIG(6) 139 to the corresponding framer devices in the SDF-MF mode.
TL_SIG(5) 127 Maximum output current (Iyax) = 8 mA.
TL_SIG(4) 111
TL_SIG(3) 99
TL_SIG(2) 80
TL_SIG(D) 68
TL_SIG(0) 49
TL_MSYNC(7) 154 In NA Transmit Line Multiframe Synchronization Bits 7 to O carry
TL_MSYNC(6) 141 multiframe timing information from the corresponding framer
TL_MSYNC(5) 129 devices. These signals do not need to indicate the start of each
TL_MSYNC(4) 113 and every multiframe. They can occur infrequently. Each time
TL_MSYNC(3) 101 one of these signals has an edge to indicate the start of a
TL_MSYNC(2) 82 multiframe, the AAL1gator Il re-aligns the multiframe
TL_MSYNC(2) 70 according to where the edge occurred. Tieto ground if not used.
TL_MSYNC(0) 51
TL_SER(7) 153 Out 0 Transmit Line Serial Data Bits 7 to O carry the received datato
TL_SER(6) 140 the corresponding framer devices. In the UDF-HS mode, only
TL_SER(5) 128 lineOisactive.
TL_SER(4) 112 Maximum output current (lIyax) = 8 mA.
TL_SER(3) 100
TL_SER(2) 81
TL_SER(1) 69
TL_SER(0) 50
RL_SIG(7) 162 In NA Receive Line Sgnal Bits 7 to O carry the CAS signaling
RL_SIG(6) 149 information from the corresponding framer devicesin SDF-MF
RL_SIG(5) 137 mode. In UDF-HS mode, only line 0 is active.
RL_SIG(4) 125
RL_SIG(3) 109
RL_SIG(2) 97
RL_SIG(1) 78
RL_SIG(0) 66
RL_SER(7) 161 In NA Receive Line Serial Data Bits 7 to O carry the receive data from
RL_SER(6) 148 the corresponding framer devices.
RL_SER(5) 136
RL_SER(4) 124
RL_SER(3) 108
RL_SER(2) 9%
RL_SER(1) 77
RL_SER(0) 65
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Table 8. T1/E1 Interface Signals (Continued)

Signals Pin # Type Reset Description
g yp Value* p

RL_MSYNC(7) 160 In NA Receive Line Multiframe Synchronization Bits 7 to O carry the

RL_MSYNC(6) 147 multiframe timing information from the corresponding framer

RL_MSYNC(5) 135 device. These signals do not need to indicate the start of each

RL_MSYNC(4) 123 and every multiframe - they can occur infrequently. Each time

RL_MSYNC(3) 107 one of these signals has an edge to indicate the start of a

RL_MSYNC(2) 95 multiframe, the AAL 1gator Il re-aligns the multiframe

RL_MSYNC(1) 76 according to where the edge occurred. Tieto ground if not used.

RL_MSYNC(0) 64

RL_FSYNC(7) 159 In NA Receive Line Frame Synchronization Bits 7 to O carry the

RL_FSYNC(6) 146 receive frame information from the corresponding framer

RL_FSYNC(5) 134 devicesin the SDF-MF and SDF-FR modes. The bits originate

RL_FSYNC(4) 118 from the corresponding framer hits.

RL_FSYNC(3) 106

RL_FSYNC(2) %

RL_FSYNC(1) 75

RL_FSYNC(0) 63

RL_CLK(7) 158 In NA Receive Clock Bits 7 to 0 form an 8-hit bus. The bits originate

RL_CLK(6) 145 from the corresponding framer bits 0 to 7. In the UDF-HS

RL_CLK(5) 133 mode, only line O is active.

RL_CLK(4) 117

RL_CLK(3) 105

RL_CLK(2) 86

RL_CLK(1) 74

RL_CLK(0) 58

SRTS DOUT(3:0) 35-38 Out 0 SRTSData Out Bits 3 to 0 form the SRTS correction code when
SRTS STRB isasserted; otherwise SRTS DOUT bitsform the
channd status and frame difference when ADAP_STRB is
asserted.

SRTS LINE(3) 47 Out 0 SRTSLineBits3to 0indicate the TI/EL linethat SRTS DOUT

SRTS LINE(2:0) 39-41 corresponds to when SRTS_STRB is asserted; otherwise
SRTS_LINE hits form the adaptive state machine index when
ADAP_STRB is asserted.

SRTS STRB 42 Out 0 SRTS Srobe indicates that an SRTS valueis present on SRTS
DOUT(3:0) and SRTS_LINE(2:0). Thistransfer is made
synchronousto SYS_CLK.

ADAP_STRB 43 Out 0 Adaptive Srobe indicates that the channel status and frame
difference are being played out on the SRTS _DOUT. The
nibbles are identified by the values on SRTS_LINE.

N_CLK 45 In NA Network Clock is the network-derived clock for SRTS.
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Table 8. T1/E1 Interface Signals (Continued)

. . Reset —
Signals Pin # Type Value* Description
TLCLK_OUTPUT_EN 79 In NA Transmit Line Clock Output Enable controls whether or not the

TL_CLK lines are inputs or outputs between the time of
hardware reset and when the CLK_SOURCE hits are read. If
high, all TL_CLK pinsareoutputs. If low, al TL_CLK pinsare
inputs. Thereisan internal pull-down resistor, so al TL_CLK
pins are inputsif the pin is not connected. The value of this
input is overwritten by the CLK_SOURCE bitsinthe LIN_
STR_MODE register (refer to section 7.4.3 “LIN_STR_
MODE” starting on page 136

*Present when /RESET is assertawl SYS_CLK is being clocked.
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4.3.4 Microprocessor Interface Signals

Table 9. Microprocessor Interface Signals

. . Reset N
**
Signal Pin# | Type Value* Description

ADDR17 216 In NA Address Bit 17 is bit 17 of the address bus directly connected to the
AALlgator II. Thisbit is set to access the CMD_REG word.

HOLDOFF 172 Out 0 When Holdoff is asserted, the microprocessor cycle is delayed.
Implementations that have fast microprocessors may want to poll this
signal before accessing the device.

/PROC_RD 177 In NA Processor Read is an active low read signal from the microprocessor.

/PROC_WR 176 In NA Processor Writeis an active low write signal from the microprocessor.

/PROC_CS 175 In NA Processor Chip Select isamemory reguest from the microprocessor.

/PROC_ACK 174 Out 1 Processor Acknowledgeisan activelow signal acknowledgment to the
Mi Croprocessor.

PROC_INT 173 Out 0 Processor Interrupt is an active high interrupt to the microprocessor.

SP_DATA_CLK 178 Out 1 Supervisory Processor (microprocessor) Read Clockisasignal with a
rising edge that causes memory or register read datato be written into
a 646-type external data buffer from which it isread by the
MiCroprocessor.

Maximum output current (l,,,x) = 8 mA.

SP_DATA_DIR 185 Out 1 Supervisory Processor (microprocessor) Data Direction controls the
direction of datain a 646-type external data buffer. Thissigna is
driven low when data is directed toward the device and high when
datais directed toward the microprocessor.

Maximum output current (lIy,ax) = 8 mA.

/SP_ADD_EN 186 Out 1 Supervisory Processor (microprocessor) Address Enableis an active
low buffer enable strobe to enable a 244-type address external buffer.
Maximum output current (l,,,x) = 8 mA.

/SP_DATA_EN 187 Out 1 Supervisory Processor (microprocessor) Data Enableisan active low
buffer enable signal to enable a 646-type external data buffer.
Maximum output current (l,,,x) = 8 mA.

SYS CLK 89 In NA System Clock isthe local clock used by the state machines within the
device. For SRTS TV/E1 clock recovery applications using the digital
synthesizer (refer to section 8 “Application Notes” on page )6&his
clock should be 38.88 MHz (155.52 MHZ7), but need not
necessarily be derived from the network. The maximum frequengy is
40 MHz.

/RESET 183 In NA |Resetis an active low hardware reset.

/OE 184 In NA | Output Enableis an active low signal that enables outputs of the
device. It allows outputs to be disabled for in-circuit testing. Tie this
signal to ground for normal operation.

*Present when /RESET is assertettl SYS_CLK is being clocked.

**All input (In) and bidirectional (Bi) signals are pulled up through a large, internal pull-up resistor.
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4.3.5 JTAG and Process Test Signals

Table 10. JTAG and Process Test Signals

. . Reset .
**
Signal Pin # | Type Value* Description

ISCAN_TRST 167 In NA Scan Test Reset is an active low signal for boundary scan logic.
NOTE: When not using boundary scan, connect this pin to

ground. /SCAN_TRST has an internal pull-up resistor.

SCAN_TMS 166 In NA Scan Test Mode Select is the mode select signal for boundary scan
logic.

SCAN_TDI 165 In NA Scan Test Data In isthe serial datainput signal for boundary scan.

SCAN_TDO 168 Out 4 Scan Test Data Out isthe serial data output signal for boundary scan.

SCAN_TCLK 169 In NA Scan Test Clock isthe clock for boundary scan logic.

P_TEST 170 Out 1 Process Test is an output to measure process test parameters only
during device manufacture. Leave unconnected during normal
operation.

PULLUP_DISABLE 238 In NA Pullup Disableis used to disable internal pullup resistors during
manufacturing tests. Connect directly to ground.

*Present when /RESET is asserted and SYS_CLK is being clocked.
** All input (In) and bidirectional (Bi) signals are pulled up through alarge, internal pull-up resistor.
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5 PHYSICAL CHARACTERISTICS

Table 11. Absolute Maximum Ratings

Symbol Parameter Conditions Min | Max | Unit
Voo Supply voltage With respect to GND (see NOTE below). -03 | 65 \%
lout DC output current, per pin -12 12 mA
Ters Storage temperature -65 | 150 | °C

NOTE: Minimum DC input is-0.3 V. The absolute maximum voltage range for TTL inputsis-1.0 V to Vp+0.3 V.

Table 12. Recommended Operating Conditions

Symbol Parameter Conditions Min | Max | Unit

Voo Supply voltage 475 | 5.25 \%
V, Input voltage 0 Voo \%
Vo Output voltage 0 Voo \%
Ta Operating temperature -40 85 °c
tr Input rise time 10 ns
te Input fall time 10 ns

Table 13. DC Operating Conditions

Symbol Parameter Conditions Min Typ Max Unit
Viu High-level input voltage All TTL inputs 2.0 \%
V. Low-level input voltage All TTL inputs .8 \%
Von High-level output voltage lon = -lyax™ 24 \%
VoL Low-level output voltage lo = lyax® 0.4 \%
| p— Typical operating current E1 | al lines active, 350 420 mA

generating TL_CLK
ltvposs Typical operating current DS3 | includes SRTSwith 430 482 mA
77.76 MHz N_CLK
I Input leakage current All inputs -35 -115 -214 LA
NOTES: eTypical values are,T= 25°C.
*Vpp =5V +5%.
**Refer toTable 6 on page 8throughTable 10 on page 8fr the different .« values.
PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS' INTERNAL USE 90



Data Sheet Pr\A 4 PMC-Sierra, Inc. PM73121 AAL 1gator I
PMC-980620 Issue 3 AAL1 SAR Processor
Table 14. Capacitance
Symbol Parameter Conditions Min | Max Unit

Ci Input capacitance 10 pF
Cour Output capacitance 6 pF

Cext External loading To meet timing 50* pF/pin
NOTES: «Capacitance measured at@5

Sample tested only.

**RAM interface has different loading. Refergection 6.5 “RAM and Microprocessor Timing” on page.103
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6 TIMING DIAGRAMS

6.1 Transmit Side Line Interface Timing

Figure 55, Figure 56 on page 93, Figure 57 on page 94, and Figure 58 on page 94 show how the
transmitter receives data from the line interface. These lines typicaly interface with the receive
output portion of the corresponding framer. The timing parameters are explained in the table fol-
lowing Figure 55.

RL_FSYNC and RL_MSYNC are used in structured modes to align the frame and multiframe of
the incoming data. These inputs are ignored in unstructured modes.

The AAL1gator Il expectsal signalsto be asserted from the rising edge of RL_CLK, and samples
al signals on the falling edge of RL_CLK, as shown in the following figures.

Tsuﬁ ThT—>#CP—>|<—TCP—>|

RL_CLK(i)
RL_FSYNC() [ X Y]
RL_MSYNC() [ X X X X
RL_SIG() [ X % % X
RL_SER() [ X X X X
Figure 55. Transmit Side Interface Bit Timing
Symbol Parameter Signals Min Max Unit
Fc Clock frequency RL_CLK 15 MHz
Tcp Clock pulse width RL_CLK 10 ns
Tsu Clock setup RL_MSYNC, RL_FSYNC, 5 ns
RL_SIG, RL_SER
Th Clock hold RL_MSYNC, RL_FSYNC, 1 ns
RL_SIG
Th Clock hold RL_SER 2 ns
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When operating in T1 mode, the AAL 1gator Il expects signaling only on the lower four bits of
each timeslot as shown in Table 15 and Figure 56. Signaling data is accepted from the RL_SIG
pin only during the last frame of each multiframe.

Therising edge of RL_FSY NC should only occur during the frame (F) bit of the T1 data stream.
The rising edge of RL_MSYNC should only occur during the F bit which starts each 12-frame
(SF) or 24-frame (ESF) multiframe. If a sync input occurs when it is not expected, the
AAL1gator Il will resync to the new framing. The sync pulses do not have to be driven every
frame or multiframe.

RL_CLKO) N\ _/ 1\ U

RL_FSYNC(iy* | |

RL_MSYNC() | |

je—————CHAN 24, FRAME 24 —] je———CHAN1, FRAME1 ——»]

RL_SER()

I Rasary | | | @eveseaaey | | | | Swvehesers
*T1 mode

Figure 56. Transmit Side T1 Interface Frame Timing

Table 15. Signaling Format for T1 Mode

1234 5678
PCM Channel Number

XXXX | ABCD
1 X 1
2 X 2
X
23 X 23
24 X 24

In E1 mode, signaling data is expected only on the lower four bits of each timeslot as shown in
Table 16 on page 94. Signaling data is only accepted from the RL_SIG pin in the last frame of
each multiframe. The AAL1gator |l treats all 32 timeslots the same. Although E1 data streams
contain 30 timeslots of channel data and 2 timeslots of control, data and signaling for all 32
timeslots are stored in memory.

Therising edge of RL_FSY NC should only occur during the first bit of each frame of the E1 data
stream. The rising edge of RL_MSYNC should only occur during the first bit of each 16 frame
multiframe. If EL. WITH_T1 SIG is set, then the rising edge of RL_MSY NC should only occur
during the first bit of each 24 frame multiframe. If a sync input occurs when it is not expected, the
AALlgator 11 will resync to the new structure. The sync pulses do not have to be driven every
frame or multiframe.
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S ORAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

RL_FSYNC() | / |

RL_MSYNC() | / |

}«—TS31, FRAME 15—>}«——TS0, FRAME 0—>+«——TS1, FRAME 0—>]
RL_SER() K7 X_8X 1X_2X 3X 4)X 85X 6X 7X 8X 1) 2X 3X_4X 5X 6 X 7X_8X 1X_2X 3X 4X 5X 6 X 7X 8

RL_SIG(i) K cX o) { AX BX X D) (AXBXCXD) (A BX (D)

Figure 57. Transmit Side E1 Interface Frame Timing

Table 16. Signaling Format for E1 Mode

1234 | 5678
PCM Channel Number

XXXX | ABCD
0 X 0
1 X 1
X
30 X 30
31 X 31

In UDF-HS mode there is no structure and the data is sampled using RL_CLK(0) as shown in
Figure 58.

Th——>
) I‘ Fc *I Tsu Id—»Tcp —*—Tcp —>|
RL_CLK(i) S

RLSER() [ X

Figure 58. Transmit Side High-Speed Interface Timing

Symbol Parameter Signals Min Max Unit

Fc Clock frequency RL_CLK(0) 45 MHz
Tcp Clock pulse width RL_CLK(0) 10 ns
Tsu Clock setup RL_SER(0) 5 ns
Th Clock hold RL_SER(0) 2 ns
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6.2 Receive Side Line Interface Timing

Figure 59, Figure 60, Figure 61 on page 96, and Figure 62 on page 96 show the receiver transmits
datato the lines for low-speed applications. These lines typically interface with the transmit input
portion of the corresponding framer. The AAL1gator Il drives the same signaling dataonto TL__
SIG during each frame of a multiframe. Data is output off the rising edge of TL_CLK, and TL__
FSYNC and TL_MSYNC are sampled using the falling edge of TL_CLK. The timing parameters
are explained in the tables following the figures.

e e e Ay e
TL_FSYNC() [ ¥ X
TL_MSYNC() [ ¥ = I XJ

TL_SIG(0) [ Y e

TL_SER(0) [ X Bl ]
Figure 59. Receive Side Low-Speed Interface Bit Timing

Symbol Parameter Signals Min Max Unit

Fc Clock frequency TL_CLK 15 MHz
Tcp Clock pulse width TL_CLK 10 ns
Tsu Clock setup TL_MSYNC, TL_FSYNC 5 ns
Th Clock hold TL_MSYNC, TL_FSYNC 1 ns
Tq Clock-to-output delay TL_SIG, TL_SER 2 14 ns

The format of signaling data on the TL_SIG output is dependent on the framer operating mode.
When operating in T1 mode, the AAL 1gator |1 drives signaling only on the lower four bits of each
timeslot as shown in Table 15 on page 93 and Figure 60. In all cases, signaling datais driven on
the TL_SIG pin for al frames of each multiframe.

Therising edge of TL_FSYNC should occur only during the frame (F) bit of the T1 data stream.
Therising edge of TL_MSY NC should occur only during the F bit that starts each 12-frame (SF)
or 24-frame (ESF) multiframe. If a sync input occurs when it is not expected, the AAL 1gator 11
will resync to the new structure. The sync pulses do not have to be driven every frame or multi-
frame.
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TL_CLK()
TL_FSYNC()) | \
TL_MSYNC() | |
je—————CHAN 24, FRAME 24 —_—] je————CHAN1, FRAME1T ——«»]
TL_SER(0)
TLSIGE) ¢ X p IEIDERE_ » s X _c X p INDEEERE » )X c)X bpX]

Figure 60. Receive Side T1 Interface Frame Timing

In E1 mode, data is driven on the lower four bits of each timeslot as shown in Table 16 on
page 94. Signaling data is driven on the TL_SIG pin for all frames of each multiframe. The
AALlgator Il treats all 32 timeslots the same. Although E1 data streams contain 30 timeslots of
channel data and 2 timesots of control, data and signaling for all 32 timeslots are stored in mem-

ory.

TLek \ /NSNS NSNS\

TL_FSYNC

TL_MSYNC

TL_SER |

TL_SIG }

Figure 61.

(AX BX c X P)

Receive Side E1 Interface Timing

(_AX B X cX DX A

In UDF-HS mode there is no structure and the data is driven using TL_CLK(0) as shown in

Figure 62.

Fc

fe——Tcp ——fa——Top ——]

TL_CLK() m

TL_SER(0) [ X X ]
Figure 62. Receive Side High-Speed Interface Timing
Symbol Parameter Signals Min Max Unit
Fc Clock frequency TL_CLK(0) 45 MHz
Tcp Clock pulse width TL_CLK(0) 45 55 %
Tq Clock-to-output delay TL_SER(0) 2 13 ns
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6.3 Transmit UTOPIA Timing

6.3.1 TUTOPIA as the ATM Layer Device

The transmit ATM UTOPIA timing signals are compatible with the ATM Forum UTOPIA Level

1 byte-by-byte specification (refer to Appendix B, “References”, on page 308able 17 indicates

the transmit UTOPIA signal names and their corresponding UTOPIA designations. The interface
will not assert /TATM_EN at the beginning of a cell unless it has a full cell to send. After the
AALlgator Il detects /TATM_FULL asserted, it deasserts /TATM_EN two TATM_CLK cycles
later. Refer teection 3.4 “Transmit UTOPIA Interface Block (TUTOPIA)” on pagefdrladdi-

tional information.

Table 17. Transmit Signhal Names and Corresponding UTOPIA Designations

Signal Name UTOPIA Name
TATM_DATA TXDATA
TATM_SOC TxSOC
/ITATM_EN TXEnb*
ITATM_FULL TxFull*
TATM_CLK TxClk
Figure 63 illustrates the transmit ATM UTOPIA timing.
.l Th
fe—Fc—»| {Tde e Tsu -]
TATM_CLK()
ITATM_FULL() [
L
ITATM_EN(0) T \
TATM_SOC(0) 7 \
TATM_DATA() {53 /(I o1 {02 XX 03 X o0a X 05 X 06 X o7
Figure 63. Transmit UTOPIA ATM Timing
Symbol Parameter Signals Min Max Unit
Fc Clock frequency TATM_CLK 33 MHz
Tdc Clock duty cycle TATM_CLK 45 55 %
Tsu Clock setup ITATM_FULL 5 ns
Th Clock hold /ITATM_FULL 1 ns
Tq Clock-to-output delay TATM_SOC, ITATM_EN 2 12 ns
Tq Clock-to-output delay TATM_DATA 2 13 ns
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6.3.2 TUTOPIA as the PHY Layer Device in Single PHY (SPHY) Mode

The TUTOPIA block functions as a receive UTOPIA block when in SPHY mode. The receive

SPHY UTOPIA timing signals are compatible with the ATM Forum UTOPIA Levd 1 cell-level
hand-shaking specification (refer to Appendix B, “References”, on page 303able 18 indicates

the AAL1lgator Il receive SPHY UTOPIA signal names and their corresponding UTOPIA desig-
nations. The AALlgator Il will not assert RPHY_CLAV unless it has a complete cell to send.
RPHY_ DATA and RPHY_SOC are tristate, except for the cycles following ones in which
/RPHY_EN is active. RPHY_CLAV goes inactive one cycle after the last data byte has been out-
put. Figure 64 shows the data output timing for the TUTOPIA block in SPHY mode. The timing
parameters used in Figure 64 are defined in the table following the figure. All output timing
delays assume a loading of 50 pF. Refesdotion 3.4 “Transmit UTOPIA Interface Block
(TUTOPIA)” on page 4Xor additional information.

Table 18. Receive Signal Names and Corresponding UTOPIA Designations

Signal Name UTOPIA Name
/RPHY_ADDR RxAddr
RPHY DATA RxData
RPHY_ SOC RxSOC
RPHY_CLAV RxClav
/RPHY_EN RxEnb*
RPHY_CLK RxClk
[« Thd
»| Tdc |e leTsu —»]
RPHY_CLK() [\, 7 7 7 /i
Lairq
RPHY_CLAV(0) i
] Ta
RPHY_SOC(0) \
—{Tq
RPHY_DATA(0) D1 ( D2 (D3
IRPHY_EN() \ A\

Figure 64. TUTOPIA SPHY Timing
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Symbol Parameter Signal Min Max Unit
RPHY_CLK frequency 33 MHz

Tdc RPHY _CLK duty cycle 45 55 %

Thd RPHY_CLK hold time /RPHY _EN 1 ns

Tq RPHY _CLK-to-output delay RPHY_CLAV, RPHY_SOC 2 12 ns

Tsu RPHY _CLK setup time /RPHY_EN 5 ns

Tq RPHY _CLK-to-output delay RPHY_DATA 2 13 ns

6.3.3 TUTOPIA as the PHY Layer Device in Multi-PHY (MPHY) Mode

The TUTOPIA block functions as a receive UTOPIA block when in MPHY mode. The receive
MPHY UTOPIA timing signals are compatible with the ATM Forum UTOPIA Level 2 MPHY
specification. Table 18 on page 98 indicates the AAL 1gator 11 receive MPHY UTOPIA signa
names and their corresponding UTOPIA designations. The AAL 1gator 11 will not drive RPHY _
CLAV unless /RPHY_ADDR was low the previous cycle. The value driven is dependent on
whether or not the AAL 1gator |1 has a complete cell to send. RPHY _DATA and RPHY _SOC are
tristate, except for the cycles following onesin which /RPHY _EN is active and the AAL 1gator ||
was selected. The AAL1gator Il is selected only if on the falling edge of /RPHY _EN, /RPHY _
ADDR is low. RPHY_SOC indicates the start of a new cell. RPHY _CLAV goes inactive one
cycle after the last data byte has been output if /RPHY _ADDR islow at the time. Figure 65 shows
the data output timing for the TUTOPIA block in MPHY mode. The timing parameters used in
Figure 65 are defined in the table following the figure. All output timing delays assume a capaci-
tive loading of 50 pF. Refer to section 3.4 “Transmit UTOPIA Interface Block (TUTOPIA)” on
page 4Ifor additional information.

& Thd
-}Tdck <—Tsu—>f
RPHY_CLK() [ J
/RPHY_ADDR(i)
Tq
RPHY_CLAV(0) a7
—{Tq
RPHY_SOC(0) Va
—1{Tq
RPHY_DATA(0) ( b1 X D2 X D3 )

IRPHY_EN(i)

Figure 65. TUTOPIA MPHY Timing
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Symbol Parameter Signal Min Max Unit

RPHY_CLK frequency 33 MHz
Tdc RPHY_CLK duty cycle 45 55 %
Thd RPHY_CLK hold time /RPHY_ADDR, /RPHY_EN 1 ns
Tq RPHY _CLK-to-output RPHY_CLAV, RPHY_SOC 2 12 ns
delay
Tsu RPHY_CLK setup time /RPHY_ADDR, /RPHY_EN 5 ns
Tq RPHY_CLK-to-output RPHY_DATA 2 13 ns
delay

6.4 Receive UTOPIA Timing

6.4.1 RUTOPIA as the ATM Layer Device

Thereceive ATM UTOPIA timing signals are compatible with the UTOPIA Level 1 byte-by-byte
specification (refer to Appendix B, “References”, on page 303 able 19 indicates the receive
UTOPIA signal names and their corresponding UTOPIA designations. The device will not assert
/RATM_EN unless it can receive an entire cell without needing to deassert the /RATM_EN sig-
nal. Refer tosection 3.5 “Receive UTOPIA Interface Block (RUTOPIA)” on pagefetdaddi-

tional information.

If the receive FIFO will become full after the AAL1gator Il reads the current cell, and /RATM_
EMPTY is asserted during byte 51 through byte 53 of that cell, the AAL1gator Il will toggle its
/RATM_EN until those bytes become available from the external device, or the other cell in the
external receive FIFO is read. Since the read data is pipelined, this action ensures the internal
receive FIFO will not overflow.

Table 19. Receive Signal Names and Corresponding UTOPIA Designations

Signal Name UTOPIA Name
RATM_DATA RxData
RATM_SOC RxSOC
/RATM_EN RXEnb*
IRATM_EMPTY RXEmpty*
RATM_CLK RxClk
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Figure 66 illustrates the receive ATM UTOPIA timing.

1 d e i o o]
RATM_CLK() /7 \__/ \__/ [\ /]
IRATM_EMPTY(i)
RATM_DATA() [ | 1 2 3 4 5 6 7 X
RATM_SOC(j)
—={Tq
/RATM_EN(0)
Figure 66. Receive UTOPIA ATM Timing
Symbol Parameter Signals Min Max Unit
Fc Clock frequency RATM_CLK 33 MHz
Tdc Clock duty cycle RATM_CLK 45 55 %
Tsu Clock setup /RATM_EMPTY, RATM_DATA, RATM_SOC 5 ns
Th Clock hold /RATM_EMPTY, RATM_DATA, RATM_SOC 1 ns
Tq Clock-to-output delay /RATM_EN 2 12 ns

6.4.2 RUTOPIA as the PHY Layer Device in Single-PHY (SPHY) Mode

The RUTOPIA block functions as a transmit UTOPIA block when in SPHY mode. The transmit

SPHY UTOPIA timing signals are compatible with the UTOPIA Level 1 cell-level hand-shaking
specification (refer to Appendix B, “References”, on page 303 able 20 indicates the transmit
UTOPIA signal names and their corresponding UTOPIA designations. The device will not assert
TPHY_CLAV unless it can receive an entire cell. When ready, the device will accept data for any
cycle that /TPHY_EN is active. If the current cell will fill the internal FIFO, then TPHY_CLAV

will be deactivated the same cycle it is receiving the 49th byte of data. Figure 67 shows the data
input timing for the RUTOPIA block in SPHY mode. The timing parameters used in Figure 67
are defined in the table following the figure. Refection 3.5 “Receive UTOPIA Interface Block
(RUTOPIA)” starting on page 4#r additional information.

Table 20. Transmit Signal Names and Corresponding UTOPIA Designations

Signal Name

UTOPIA Name

/TPHY_ADDR TxAddr
TPHY_DATA TxData
TPHY_SOC TxSOC
TPHY_CLAV TxClav
/TPHY_EN TXEnb*
TPHY_CLK TxClk
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l@ Thd
-—| Tdc Id- le-Tsu ——Tl
TPHY_CLK(Q) 4\ g\ 7 7 v 7 7 /RN
Lojrg

TPHY_CLAV(0) 7
TPHY_DATA() DI (D2 (B3
TPHY_SOC(i) \

TPHY_EN() \

Figure 67. RUTOPIA SPHY Timing

Symbol Parameter Signal Min Max Unit
TPHY_CLK frequency 33 MHz
Tdc TPHY_CLK duty cycle 45 55 %
Thd TPHY_CLK hold time TPHY_DATA, 1 ns
TPHY_SOC, /TPHY_EN
Tq TPHY _CLK-to-output TPHY_CLAV 12 ns
delay
Tsu TPHY_CLK setup time TPHY_DATA, TPHY_SOC, /TPHY_EN 5 ns

6.4.3 RUTOPIA as the PHY Layer Device in Multi-PHY (MPHY) Mode

The RUTOPIA block functions as a transmit UTOPIA block when in MPHY mode. The transmit
MPHY UTOPIA timing signals are compatible with the UTOPIA Level 2 MPHY specification

(refer to Appendix B, “References”, on page 303able 20 on page 10hdicates the transmit
UTOPIA signal names and their corresponding UTOPIA designations. The AAL1gator Il will not
drive TPHY_CLAYV unless /TPHY_ADDR was low the previous cycle. The value driven will be
dependent on whether or not it has room for a complete cell. TPHY_DATA and TPHY_SOC are
captured when /TPHY_EN is active and the AALlgator Il was selected. The AALlgator Il is
selected only if  TPHY_ADDR is low and /TPHY_EN is high during one clock cyle, and /TPHY _
EN is asserted low in the following clock cycle. TPHY_SOC indicates the start of a new cell. If
the current cell will fill the internal FIFO, then TPHY_CLAV will be deactivated the same cycle
it is receiving the 49th byte of data if /TPHY_ADDR is low on the previous cycle. Figure 68
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shows the data input timing for the RUTOPIA block in MPHY mode. The timing parameters used
in Figure 68 are defined in the table following the figure. Refer to section 3.5 “Receive UTOPIA
Interface Block (RUTOPIA)” starting on page ¥ additional information.

TPHY CLKD) / \_ /7 \_ /7 \_ /7 \_J/ |

+| Tdc |

[TPHY_ADDR(i)

TPHY_CLAV(0)

< Thd
» Tsu |e

Tq

TPHY_DATA(i) DI X D2 X ¢ { D4 |
TPHY_SOC(i)
[TPHY_EN(i)
Figure 68. RUTOPIA MPHY Timing
Symbol Parameter Signal Min Max Unit
TPHY_CLK frequency 33 MHz
Tdc TPHY_CLK duty cycle 45 55 %
Thd TPHY_CLK hold time /ITPHY_ADDR, TPHY_DATA, 1 ns
TPHY_SOC, /TPHY_EN
Tq TPHY_CLK-to-output TPHY_CLAV 12 ns
delay
Tsu TPHY_CLK setup time /TPHY_ADDR, TPHY_DATA, TPHY _ 5 ns
SOC, /TPHY_EN

6.5 RAM and Microprocessor Timing

6.5.1 RAM Timing

The RAM interface is designed to work with 12 ns SRAMSs, which have a write data setup time of
7 ns or less, when SYS_CLK is 40 MHz (the maximum frequency). This interface is asynchro-
nous and the timing parameters are given in this section. If the interface is used at a lower fre-
guency, equations have been provided to calculate the RAM interface timing parameters. The
timing is very dependent on the pulse width of SYS_CLK. The /IMEM_WE signals are derived
from the high pulse width of the SYS_CLK input. The high pulse width affects the pulse width of
/IMEM_WE and the setup and hold time of MEM_DATA to the rising edge of / MEM_WE.

Refer to section 8.6 “Board Requirements for the SRAM Interface” on page 17#br impor-

tant information about interfacing to different speed SRAMS.
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Figure 69 shows the timing information for all AAL1gator Il-initiated RAM write cycles.

«Twh—hl
MEM_ADDR(o) [ .
Two »|
TWSU —|
IMEM_CS(0)
je——TWwp———>
IMEM_WE(o)
|<-TWdSU—+—TWdh—D|
MEM_DATA(i0)
Figure 69. RAM Write Cycle Timing
Symbol Parameter Signals Min Max Unit
Twc Write cycle /IMEM_CS Tp-2 ns
Twdh Write data hold MEM_DATA Tp-Tch-10 ns
Twdsu | Write data setup MEM_DATA Tch-4.3 ns
Twh Write hold /IMEM_CS, MEM_ADDR, | Tp-Tch-10 ns
IMEM_WE
Twsu Write setup MEM_ADDR, /MEM_CS 1 ns
Twp Write pulse width /MEM_WE Tch-1.3 Tch+0.3 ns
NOTES: « Tch and Tp are the clock high time and clock period as measured at 1.5 Mg8ee80 on
page 11%nd refer tesection 8.6 “Board Requirements for the SRAM Interface” on page 174
Test conditions are: /MEM_WE(0) and /MEM_WE(1) at 15 pF; and MEM_DATA, SP_|
DATA_EN, SP_DATA_CLK, SP_DATA_DIR, and /MEM_CS at 30 pF; MEM_ADDR apd
SP_ADDR_EN at 40 pF.
All outputs are measured at 1.5V, -40 td854.75-5.25 V.
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Figure 70 shows the timing information for all RAM read cycles.

Trc |
le——Trdacc —— |
IMEM_CS(0)
fe—Toe —»
IMEM_OE(0)
MEM_ADDR(o) [ ]
fe—Trdacc —|
MEM_DATA(i0) L -
IMEM_WE(0)
Figure 70. RAM Read Cycle Timing
Symbol Parameter Signals Min Max Unit
Toe RAM output enable delay MEM_DATA 0 7 ns
Trc Read cycle IMEM_CS Tp-2 ns
Trdacc | Read accesstime MEM_DATA, /MEM_CS, /IMEM _ 16 + Tsc ns
ADDR

NOTES: « Tsc = (1+ Fc) - (1+ 38.87 MHz). For Fc and Tp values, gégure 80 on page 119

¢ Test conditions are: /IMEM_WE(0) and /IMEM_WE(1) at 15 pF; and MEM_DATA, SP_DATA_EN, SP
DATA_CLK, SP_DATA_DIR, and /MEM_CS at 30 pF; MEM_ADDR and SP_ADDR_EN at 40 pF.

« All outputs are measured at 1.5V, -40 td854.75-5.25 V.

6.5.2 Microprocessor Timing

Microprocessor accesses are controlled by the AALl1gator 1l. To properly access the
AALlgator Il and the external memory, the AAL1gator 11 must be supported with a tristatable
address buffer and a bidirectional tristatable data latch.

6.5.2.1 Microprocessor RAM Write Cycle Timing

Figure 71 on page 107 shows the timing for a microprocessor-initiated write cycle. It shows the
2-cycle write operation occurring immediately after a non-processor read cycle. RAM writing is
not honored if higher priority internal functions request the memory, or the holdoff from a previ-
ous microprocessor transfer has not expired. /PROC_CS and /PROC_WR are double sampled (1
and 2) with therising edge of SYS CLK, and at (3) ADDR17 is sampled to distinguish between a
command register write and aRAM write.
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Aslong asHOLDOFF isnot high, /SP_ADD_EN, /SP_DATA_EN, and SP_DATA_DIR are acti-
vated at the next clock cycle (3) alowing the microprocessor address and data to pass through the
address and data buffer to the RAM. To minimize bus conflicts when the microprocessor access
follows an AAL1gator Il-initiated access, /SP_ADD_EN and /SP_DATA_EN signals are
delayed.

At the next rising edge of SYS CLK (4),  MEM_CS and /MEM_WE are activated. The /MEM _
WE is delayed to provide sufficient setup time for / MEM_CSand MEM_DATA.

At the following clock cycle (5), /PROC_ACK is activated and /SP_DATA_EN, /SP_ADD_EN,
and /MEM_CS are deactivated. The relative skew of these signals guarantees sufficient hold time.
To eliminate bus contention, a recovery cycle is inserted between the microprocessor access and
any subsequent access. /PROC_ACK is held active until /PROC_CSis deactivated.

Cycles (1) and (2) are grouped together in Figure 71 for the sake of convenience. These are nor-
mally two separate clock cycles.

NOTE: Thetiming characteristics (indicated by asterisksin the table following Figure 71)
are based on external component requirements.
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1,2 3 4 5
SYS_CLK /I/
PROC_ADD X | | | >
PROC_DATA X ' ' — X |
IPROC_CS(j)
/PROC_WR(@) —
je——Tasu17  ——
ADDR17() — |
MEM_ADDR() _:T '
IMEM_CS(®) — | . | e
Tah —f
Tdsu
—:I Twd dh —=
—Tasu l——|TI';.VL
IMEM_WE(0) Yo
IMEM_OE(®) — | _______ | S
e
Taa | -—| Tcea
IPROC_ACK(i) )
——| Tded ——| Tded
/SP_DATA_EN(0)
L] Taed L T;ed
ISP_ADD_EN(0) L
Tddh |
SP_DATA_DIR(0)
NON_PROC READ CYCLE PROC WRITE CYCLE RECOVERY CYCLE NON_PROC CYCLE
Figure 71. Microprocessor RAM Write Cycle Timing
Symbol Parameter Signals Min Max Unit
Taa Acknowledge assertion after /PROC_ | /PROC_ACK 5 29 SYS CLK
(Seenote | CSor /PROC_WR; whichever comes periods
bel ow) last
Tasu Address setup to write pulse* MEM_ADDR, /MEM_WE 10 ns
Tcea /PROC_CSdeassertionto/PROC_ACK | /PROC_ACK 2 15 ns
deassertion
Twd Write pulse delay IMEM_WE 8 25 ns
Tdsu Data setup to write pulse off* MEM_DATA 15 ns
Tded Data enable delay /SP_DATA_EN 7 25 ns
Taed Address enable delay /SP_ADD_EN 5 20 ns
Tq Clock-to-output delay SP_DATA_DIR 2 15 ns
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Symbol Parameter Signals Min Max Unit
Tq Clock-to-output delay IMEM_CS 2 18 ns
Tq Clock-to-output delay /PROC_ACK 2 18 ns
Tah Address hold time* MEM_ADDR, /SP_ ADD_EN 5 ns
Tdh Data hold time* MEM_DATA, /SP_DATA_EN 5 ns
Tddh Data direction delay hold time /SP_DATA_EN, SP DATA DIR 10 ns
Tasul7? | Addresssetupto SYS CLK ADDR17 2 ns
* These parameters are dependent on external components and assume that the requirements from Table 26 on page 195 are
met.

NOTE: Taais dependent on the HOLDOFF signal. If HOLDOFF is not asserted when the
access begins, Taawill be amaximum of five SYS_CLK periods. If the access
occurs immediately after another access, then Taawill be 231029 SYS CLK peri-
ods. Refer to section 6.5.3 “Microprocessor Holdoff Timing” on page fd6a
description of the HOLDOFF activity.

6.5.2.2 Microprocessor RAM Read Cycle Timing

Figure 72 on page 10$hows the timing for a microprocessor-initiated read cycle. It shows the
two-cycle read operation occurring immediately after a non-microprocessor write cycle. RAM
reading is not honored if higher priority internal functions request the memory, or the holdoff
from a previous microprocessor transfer has not expired. For processor read operations, /SP_
DATA_EN goes active when both /PROC_CS and /PROC_RD are active. /PROC_CS and
/PROC_RD are double sampled (1 and 2) at the rising edge of SYS_CLK; and at (3) ADDR17 is
sampled to distinguish between a command register read and a RAM read.

The /SP_ADD_EN is activated at the next clock cycle (3), as long as HOLDOFF is not high, to
allow the microprocessor address to pass through to the RAM. Also /MEM_CS and /MEM_OE
are activated to enable the RAM. In this case, /IMEM_CS was already active due to the access
from the previous cycle. SP_DATA_DIR remains high, allowing RAM data to pass through to the
processor. At this time, SP_DATA CLK also goes low in preparation of going high in a few
cycles to latch the RAM data into the data latch. The /SP_ADD_EN is delayed to minimize bus
conflicts when the microprocessor access follows a non-microprocessor access. The control sig-
nals remain constant through the next clock cycle (4) allowing the read data to stabilize.

In the following clock cycle (5), /SP_ADD_EN is deactivated and SP_DATA_CLK goes high,
which clocks the RAM data into the data latch. The skew of /SP_ADD_EN guarantees sufficient
hold time for the data to be latched. In the following clock cycle (6), MEM_CS and /MEM_OE
are deactivated and /PROC_ACK is activated.
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To eliminate conflicts for this access sequence, arecovery cycleisinserted between the micropro-
cessor access and any subsequent access. /PROC_ACK isdriven until /PROC_CS is deactivated.
/SP_DATA_EN isdriven until either /PROC_CS or /PROC_OE are deactivated.

Cycles (1) and (2) are grouped together in Figure 72 for the sake of convenience. These are nor-
mally two separate clock cycles.

NOTE: Thetiming characteristics (indicated by asterisksin the table following Figure 72)
are based on external component requirements.

/SP_DATA_EN(0)

SP_DATA_DIR(0)

12

SYS_CLK w
|

3 4

5

PROC_ADD [

PROCOATA .

IPROC_CS(i)

IPROC_RD(i)i)

ADDR17(j)

|——Tasul7 —

-Taa

IPROC_ACK(0)

l{ Tded

| Tcea

L | Tded

| Taed

/SP_ADD_EN(0)

<——| Tcaen

SP_DATA_CLK(0)

[e—Tdsu ——

= |=Tq

= Tah |=

I -Tasu

MEM_ADDR() [}

MEM_DATA(0) {g—’

IMEM_CS(0)

Tzen
Tgmoe

IMEM_OE(0)

=Tq

f=Tq

IMEM_WE(o)

NON_PROC WR CYCLE

PROC RD CYCLE

RECOVERY CYCLE NON-PROC CYCLE

Figure 72. Microprocessor RAM Read Cycle Timing

Symbol Parameter Signals Min Max Unit
Taa Acknowledge assertion after /PROC_ACK 5 29 SYS CLK
(Refer to /PROC_CS or /PROC_RD; periods
NOTE below) | whichever comeslast
Tzen Time from z state to enable MEM_DATA, /MEM_OE 1x* ns
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Symbol Parameter Signals Min Max Unit
Tq Clock-to-output delay SP_DATA_CLK,/MEM_OE 2 15 ns
(deactivate)
Tq Clock-to-output delay /IMEM_CS 2 18 ns
Tgmoe Clock-to-output delay for activation | MEM_OE (activate) 2 25 ns
of MEM_OE
Tasul? Address setupto SYS _CLK ADDR17 2 ns
Taed Address enable delay /SP_ADD_EN 5 20 ns
Tasu Address setup to SP_DATA_CLK* | MEM_ADDR, SP_DATA_CLK 26 ns
Tded Data enable delay from /PROC_CS | /SP_DATA_EN, /PROC_CS, 2x* 15** ns
and /PROC_RD /PROC_RD
Tcea /PROC_CS deassertionto /PROC_ | /PROC_ACK 2 15 ns
ACK deassertion
Tdsu Data setup to SP_DATA_CLK* MEM_DATA 11 ns
Tdh Data hold from SP_DATA_CLK* MEM_DATA, SP_DATA_CLK 3 ns
Tcaen SP_DATA_CLK highto SP_DATA_CLK, /SP_ADD_EN 0 ns
/SP_ADD_EN high
Tah MEM_ADDR holdtimefromSP_ | MEM_ADD, SP_ DATA_CLK 1 ns
DATA_CLK*
Tzsu Z state setup-to-clock MEM_ADDR 3x* ns
* These parameters are dependent on external components and assume that the requirements from Table 26 on page 195 are
met.
** These parameters are typical only.

NOTE: Taais dependent on the HOLDOFF signal. If HOLDOFF is not asserted when the
access begins, Taawill beamaximum of six SYS CLK periods. If the access occurs
immediately after another access, then Taawill be 2410 30 SYS_CLK periods. Refer
to section 6.5.3 “Microprocessor Holdoff Timing” on page fd6a description of
the HOLDOFF activity.

6.5.2.3 Microprocessor Write Command Register Timing

Figure 73 on page 11ghows the write command register timing. Writing to the internal com-
mand register is not honored if higher priority internal functions request the memory, or if the
holdoff from a previous microprocessor transfer has not expired.

/PROC_CS and /PROC_WR are double sampled (1 and 2) at the rising edge of SYS_CLK, and at
(3) ADDR17 is sampled to distinguish between a command register write and a RAM write.

As long as HOLDOFF is not high, /SP_ADD_EN, /SP_DATA_EN, and SP_DATA_DIR are acti-
vated at the next clock cycle (3), allowing the microprocessor address and data to pass through the
address and data buffer to the AAL1gator Il. The /SP_ADD_EN and the /SP_DATA_EN signals
are delayed to minimize bus conflicts when the microprocessor access follows an
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AAL1gator Il-initiated access. Since all address bits, except ADDR17, are ignored for command
register write operations (unless PROC_TEST_ACCESS is set (refer to “(Reserved)” on page
165), the timing of the lower 16 address bits is not critical for this operation and is not shown.

Internally, a delayed version of SYS_CLK is used to latch the data. Since this internal clock is not
visible on the outside, no setup or hold times are given. As long as the output enable and output
disable delay of the external data buffer meet the parameters in the following table, the setup and
hold time of the internal clock will be met.

At the following clock cycle (4), /PROC_ACK is activated and /SP_DATA_EN and /SP_ADD _

EN are deactivated. The relative skew of these signals guarantees sufficient hold time. To elimi-
nate bus contention, a recovery cycle is inserted between the microprocessor access and any sub-
sequent access. /PROC_ACK is held active until /PROC_CS is deactivated.

Cycles (1) and (2) are grouped together in Figure 73 for the sake of convenience. These are nor-
mally two separate clock cycles.

NOTE: The timing characteristics (indicated by asterisks in the table following Figure 73)
are based on external component requirements.
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SYS_CLK
PROC_ADD
PROC_DATA
IPROC_CS())
/PROC_WR())
MEM_ADDR()

MEM_DATA(io)

ADDR17(i)

IPROC_ACK())

/SP_DATA_EN(0)

/SP_ADD_EN(0)

SP_DATA_DIR(0)
IMEM_CS(0)
IMEM_WE(0)

IMEM_OE(0)

|<7Tasul7

Taa

=

—C|:—

}= Tded

NON-PROC
RD CYCLE

Figure 73.

CMDREG
WR CYCLE

RECOVERY
CYCLE

Microprocessor Write Command Register Timing

NON_PROC

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 112



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor
Symbol Parameter Signals Min Max Unit
Taa Acknowledge assertion after /PROC_ | /PROC_ACK 5 29 SYS CLK
(Refer to CSor /PROC_WR; whichever occurs periods
NOTE below) | last
Tasul? Address setupto SYS CLK ADDR17 2 ns
Tcea /PROC_CS deassertion to /PROC _ /PROC_ACK, /PROC_CS 2 15 ns
ACK deassertion
Tded Data enable delay from SYS_CLK /ISP_DATA_EN, SYS CLK 7 25 ns
Tq Clock-to-output delay SP_DATA_DIR 2 15 ns
Tq Clock-to-output delay /PROC_ACK 2 18 ns

NOTE: Taais dependent on the HOLDOFF signal. If HOLDOFF is not asserted when the
access begins, Taawill be amaximum of four SYS CLK periods. If the access
occurs immediately after another access, then Taawill be 23t0 29 SYS CLK peri-
ods. Refer to section 6.5.3 “Microprocessor Holdoff Timing” on page d6a
description of the HOLDOFF activity.

6.5.2.4 Microprocessor Read Command Register Timing

Figure 74 on page 115hows the read command register timing. Four SYS_CLK cycles are
required to read the internal command register. However, the read operation is not honored if
higher priority internal functions request the memory, or the holdoff from a previous micropro-
cessor transfer has not expired.

The /PROC_CS and /PROC_RD signals are double sampled (1 and 2) at the rising edge of SYS_
CLK, and at (3) ADDR17 is sampled to distinguish between a command register read and a RAM
read. For microprocessor read operations, /SP_DATA_EN goes active when both /PROC_CS and
/PROC_RD are active, allowing data to pass through the data buffer to the microprocessor.

As long as HOLDOFF is not high, /SP_ADD_EN is activated at the next clock cycle (3) allowing
the microprocessor address to pass through the address buffer to the AALlgator Il and SP_
DATA_CLK is also driven low. /SP_ADD_EN is delayed to minimize bus conflicts when the
microprocessor access follows an AAL1gator ll-initiated access. Since all address bits, except for
ADDR17 are ignored for command register read operations (unless PROC_TEST_ACCESS is
set), the timing of the lower 16 address bits is not critical for this operation and is not shown.

At the following clock cycle (4), /SP_ADD_EN is deactivated but /SP_DATA_EN remains
active. At clock cycle (5) the AALlgator Il begins driving valid data that is latched into the data
latch in cycle (6) when SP_DATA_CLK is driven high.
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At the following clock cycle (7), /PROC_ACK is activated and MEM_DATA is deactivated. A
recovery cycleisinserted between the microprocessor access and any subsequent accessto elimi-
nate bus contention. /PROC_ACK is held active until /PROC_CS s deactivated. /SP_ DATA_EN
is held active until /PROC_CS or /PROC_RD is deactivated to ensure the microprocessor reads
the data.

Cycles (1) and (2) are grouped together in Figure 74 for the sake of convenience. These are nor-
mally two separate clock cycles.

NOTE: Thetiming characteristics (indicated by asterisks in the table following Figure 74)
are based on external component requirements.
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Figure 74. Microprocessor Read Command Register Timing
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Symbol Parameter Signals Min Max Unit
Taa Acknowledge assertion after /CS | /PROC_ACK 5 29 SYS CLK
(Refer to or /RD, whichever comes last periods
NOTE below)
Tasul? Address setup time MEM_ADDR 2 ns
Trd Read operation time 4 4 SYS CLK
periods
Tq Clock-to-output delay SP_DATA_CLK 2 15 ns
Tded Data enable delay from /MEM_ /SP_DATA_EN,/MEM_CS, 2 15 ns
CSand/MEM_RD /MEM_RD
Tdsu Datasetup to SP_DATA_CLK MEM_DATA 15 ns
Tdhid Data hold from SP_DATA_CLK | MEM_DATA 15 ns
Tcea /PROC_CS deassertion to /PROC_ACK 2 15 ns
/PROC_ACK deassertion

NOTE: Taais dependent on the HOLDOFF signal. If HOLDOFF is not asserted when the
access begins, Taawill be amaximum of seven SYS _CLK periods. If the access
occurs immediately after another access, then Taawill be 231029 SYS CLK peri-
ods. Refer to section 6.5.3 “Microprocessor Holdoff Timing” for a description of
HOLDOFF activity.

6.5.3 Microprocessor Holdoff Timing

Figure 75 on page 1168hows the microprocessor holdoff timing. After the microprocessor
accesses the AALlgator II, the holdoff circuit prevents the microprocessor from obtaining
another back-to-back access for 20 SYS_CLK cycles. However, holdoff does not apply while
SW_RESET, in the command register is set. The AAL1gator Il holdoff counter is activated after
every processor access that occurs while the device is not in the RESET state. The holdoff counter
counts up to 20 and then freezes at that count. Microprocessor accesses are not honored unless
this count has completed.

JPROC_CS())

I —

HOLDOFF(0)

Figure 75. Microprocessor Holdoff Timing
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SYS_CLK

Loyra

HOLDOFF
Figure 76. Microprocessor Output Delay Timing
Symbol Parameter Signals Min Max Unit
Thoff Holdoff time HOLDOFF 20 20 SYS _CLK periods
Tq Clock-to-output delay HOLDOFF 2 16 ns

6.6 Interrupt Timing

The PROC_INT goes high when an OAM cell has been received and the OAM_INT_MASK bit
in CMDREG is cleared. PROC_INT goes inactive when the CLR_RX_OAM_LATCH bit is set
in CMDREG or the mask bit is set. See Figure 77 for interrupt timing.

SYS_CLK
IPROC_CS
IPROC_WR
> TQ |
la———Tmsk ———»
Tclr =||
PROC_INTR
Figure 77. Interrupt Timing
Symbol Parameter Signals Min Max Unit
Tq Clock-to-output delay SYS CLK, PROC_INTR 2 17 ns
Tmsk Clear intr due to mask PROC_CS, PROC_INTR 1 1 SYS CLK
cycles
Tclr Clear intr due to clear latch bit PROC_CS, PROC_INTR 2 2 SYS CLK
cycles
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6.7 SRTS Timing
The SRTS interface timing requirements for the low-speed and high-speed interfaces are shown
respectively in Figure 78 and Figure 79. Low-speed SRTS timing is for UDF-ML, SDF-FR, and

SDF-MF modes; and high-speed SRTStiming is used for UDF-HS mode.

SYS_CLK /N
SRTS_STRB ‘
e
ADAP_STRB \
*Tq
SRTS_LINE | X X X X X X ]
1o
SRTS_DOUT | X X X X X X ]
Figure 78. Low-Speed SRTS Timing
Symbol Parameter Signals Min Max Unit
Tq Clock-to-output delay SRTS_LINE, SRTS DOUT, 2 19 ns
SRTS STRB, ADAP_SRTB
N_CLK
Layrq
SRTS_DOUT |
} hid
LiTsu 4_:1 b -—l Tq T I
SRTS_STRB
Figure 79. High-Speed SRTS Timing
Symbol Parameter Signals Min Max Unit
Tq Clock-to-output delay SRTS DOUT, SRTS_STRB 18 ns
Tsu Data setup SRTS_DOUT 1 1 N_CLK
cycle
Thid Data hold SRTS DOUT 1 1 N_CLK
cycle
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6.8 Miscellaneous Timing
6.8.1 SYS_CLK Timing
Figure 80 showsthe timing for the SYS CLK signal.

j¢———— Ttob——— p————— FC——————————»

le—Tdc—»] —  Tp——— fe——Tc—sle—Tch—»]
SYS_CLK
Figure 80. SYS_CLK Timing

Symbol Parameter Signals Min Max Unit
Fc SYS CLK frequency SYS CLK 40.00 MHz
Tch SYS CLK hightime SYS CLK *x ns
Tcl SYS CLK low time SYS CLK *k ns
Tp SYS CLK period SYS CLK 25.7 ns
Tdc SYS CLK duty cycle SYS CLK *x *x %
Ttol SYS_CLK tolerance SYS CLK* 50 ppm

minimum frequency can be decreased by 4.5 MHz, if SRTS is not used.
« *If TL_CLK synthesis is not used, this value can be relaxed to 200 ppm.

requirements.

NOTES: ¢ The 8-line throughput is guaranteed only at Fc minimum of 38.87 MHz. For each line that is not usgd, the

« ** The SYS_CLK pulse width and duty cycle is dependent on frequency, and external component selection.
Refer tosection 8.6 “Board Requirements for the SRAM Interface” on pagdat#ore detailed

6.8.2 RESET Timing
Figure 81 shows the timing for the RESET signal.

je—Tres———

IRESET(i)

| -Trec:

vy

IPROC_CS

Figure 81. Reset Timing
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Symbol Parameter Signals Min Max Unit
Tres Reset assertion time | /RESET Minimum /RESET pulse width must be more
than three clock times of the slowest active
RL_CLK, active TL_CLK, or SYS_CLK.
Trec Reset recovery time | /RESET Minimum /RESET recovery time must be more
than three clock times of the slowest active
RL_CLK, active TL_CLK, or SYS_CLK.
6.8.3 JTAG Timing
Figure 82 provides timing information regarding the JTAG port.
fe——Tjres——»]
SCAN_TRSTN(i)
<—Tch—lb|\l Tisu—wta—Tjh—» To——»
SCAN_TCLK(i)
SCAN_TMS(i) |
SCAN_TDI(i) |
Toj—»| Toj—s
SCAN_TDO() | | G
Figure 82. JTAG Timing
Symbol Parameter Signals Min Max Unit
Fc SCAN_TCLK frequency SCAN_TCLK 5 MHz
Tch SCAN_TCLK high period SCAN_TCLK 80 ns
Tcl SCAN_TCLK low period SCAN_TCLK 80 ns
Tjh SCAN_TCLK hold time SCAN_TMS, SCAN_TDI 40 ns
Tjres /SCAN_TRST low /SCAN_TRST 80 ns
Tjsu SCAN_TCLK setup time SCAN_TMS, SCAN_TDI 40 ns
Tqj SCAN_TCLK-to-output delay SCAN_TDO 2 40 ns
/SCAN_TRST-to-output delay
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7 CONTROL REGISTERS AND DATA STRUCTURES

7.1 General

Theinitial programming for the AAL 1gator 11 is performed by loading the external memory with

specified information while a SW_RESET (refer to “SW_RESET” on page 165s applied. The
SW_RESET state is entered after a hardware reset is removed, or it can be asserted by writing the
command register. After the memory is initialized, the CMD_REG_ATTN bit (refeCkéD __
REG_ATTN” on page 166should be set so the configuration data can be read. Then SW_
RESET can be removed. The device then reads the data structures from memory and enters the
correct operating mode.

Word data structures have the first byte located at the low-byte end of the bus, which is also the
location of the even data bytes (little endian implementation). Since there are 128K words of
memory and the memory itself is only 16 bits, complete byte pointers cannot be stored in 1-word
memory locations. To achieve 1-word pointers, all structures except the receive multiframe
buffers are stored in the first half of the memory. The receive buffers, which occupy 64K words,
are the only structures located in the second half of the memory.

Figure 83 on page 12hows the distribution of the data structures within the AAL1gator II. All
registers except CMDREG are stored in the SRAM and all are readable.
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Control Registers T_QUEUE_TBL
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Figure 83. Transmit and Receive Data Structures
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7.2 Initialization
The memory must be initialized to 0 (unless otherwise indicated) before the software reset is
released. The number of data structures used by the device in reserved areas depends on this
initialization.
7.3 Control Registers Summary

Table 21. Control Register Summary

Address Name R/W | Organization Amount of Description
Memory

00000, DEVICE_REV R/W | 1word 2 bytes The Device Revision register indicates the
revision of the device.

00001, COMP_LIN_REG R/W | 1 word 2 bytes The Composite Line Register provides overall
mode information.

00010, LIN_STR_MODE_O R/W | 1word 2 bytes The Line Structure Mode register identifies

00011, LIN STR MODE 1 RW | 1 word 2 bytes which data structure type will be supported

- — for each line. Thisisselectable on aline basis.

00012, LIN_STR_MODE_2 R/W | 1 word 2 bytes

00013, LIN_STR_MODE_3 R/W | 1 word 2 bytes

00014, LIN_STR_MODE_4 R/W | 1 word 2 bytes

00015, LIN_STR_MODE_5 R/W | 1 word 2 bytes

00016, LIN_STR_MODE_6 R/W | 1 word 2 bytes

00017, LIN_STR_MODE_7 R/W | 1 word 2 bytes

7.4 Control Register Descriptions
NOTES:

« All ports marked as “Reserved” must be initialized to 0 at initial setup. Software mod-
ifications to these locations after setup will cause incorrect operation.

* All read/write port bits marked “Not used” must be written with the value 0 to main-
tain software compatibility with future versions.
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« All read-only port bits marked “Not used” are driven with a 0 and should be masked
off by the software to maintain compatibility with future versions.

7.4.1 DEVICE_REV

Organization: 1 word

Base address; 0

Type: Read/Write

Hardware Reset Value: Undefined.
Function: Stores the device revision.
Format: Refer to the following table.

Field (Bits) Description
DEVICE_REV Thisregister is undefined until the microprocessor asserts CMD_REG_ATTN, at which
(15:0) timethe AAL1gator Il writesit with 121A,.. The revision of the device. Thisfield
should beinitialized to 0.
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7.4.2 COMP_LIN_REG

Organization: 1 word

Base address: 1,

Type: Read/Write

Function: Stores the global configuration.
Format: Refer to the following table.

Field (Bits) Description
Reserved Initiglizeto 0.
(15:14)
SHIFT_VCI Selects the VCI address range.
(23) 0  Will use VCI(7:0) as the queue number if VCI(8) = 1.
1  Will use VCI(11:4) as the queue number if VCI(12) = 1.
Reserved(CT) Write with a 0 to maintain future software compatibility.
12
Not used Write with a 0 to maintain future software compatibility.
(11:7)

MIXED_MODE_EN
(6)

Enables each line to operate in a different mode.
0  All lines use the mode defined by T1_MODE.
1 Deviceisin mixed mode. LINE_MODE bitsare enabled in LIN_STR__
MODE register.
Initialize to the proper value.

Not used Write with a 0 to maintain future software compatibility.
)
SPHY_EN An active high signal that enables single PHY UTOPIA mode. This signa isvalid only
(4) when PHY_ENABLE input istied high.
Not used Write with a 0 to maintain future software compatibility.
©)
UDF_HS LineQisinthe UDF-HS mode.
@) 0 Disablesthe UDF-HS (T3/E3) mode.
1 Enablesthe UDF-HS (T3/E3) mode. If this mode is selected, the T_
QUEUE_TBL and R_QUEUE_TBL entry index 0 are used.
Initialize to the proper value.
Reserved Initializeto 0.
1)
T1 MODE The deviceisinthe T1 mode.
0) 0 Deviceisin E1 mode.

1 Deviceisin T1 mode.
Initialize to the proper value.

NOTE: To operate linesin the devicein UDF-ML mode, set the TL_MODE bit of thisregis-
ter to O or to 1 as appropriate. Thiswill allow other linesto operatein the desired T1
or E1 mode. Then, inthe LIN_STR_MODE register (refer to section 7.4.3 “LIN_
STR_MODE” on page 1J6set the FR_STRUCT field of each line to 10.
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7.4.3 LIN_STR_MODE

Organization: Eight words.

Base address: 10,

Index: 1,

Type: Read/Write

Function: Stores the per-line configuration.
Format: Refer to the following table.

Offset Name Description
0, LIN_STR_MODE_0 Line structure mode for line 0.
1, LIN_STR_MODE 1 Line structure mode for line 1.
2y LIN_STR_MODE_2 Line structure mode for line 2.
3, LIN_STR_MODE 3 Line structure mode for line 3.
4, LIN_STR_MODE_4 Line structure mode for line 4.
5, LIN_STR_MODE 5 Line structure mode for line 5.
6y, LIN_STR_MODE_6 Line structure mode for line 6.
Th LIN_STR_MODE 7 Line structure mode for line 7.
Field (Bits) Description
HS TX_COND Send cellswith all 1swhen in high-speed mode (line O only).
(15
HS RX_COND Fetch receive conditioning datafrom the R_COND_DATA buffer for line O, channels 0
(19 and 1. High-speed mode (line 0 only).
T1 MODE Determines mode of theline. Thisbit isvalid only if the MIXED_MODE_EN bit in the
(13) COMP_LIN_REG is set.

1 LineisinT1 mode.
0 Lineisin E1 mode.

E1l WITH_T1 SIG Enables T1 signaling whilein E1 mode for thisline. Signaling is updated every
12 24 frames instead of every 16 frames. This bit isvalid only when the lineisin E1

SDF-MF mode. AAL1 cell structures contain a signaling nibble every 25 bytes instead
of every 17 bytes per single DSO.

1 UseT1lsignaing.

0 UseElsignaing.

Not used Write with a 0 to maintain future software compatibility.
(11:6)
CLK_SOURCE Selects TL_CLK source. Thisvalue will override the setting defined by the TLCLK _
(5:4) OUTPUT_EN input. If switching from an external to an internal clock or visaversa,
make sure there are not two clocks driving simultaneously.
00 Useexternal clock. (TL_CLK isan input).
01 LOOPED - Use RL_CLK asthe clock source.
10 NOMINAL - Generate aclock of the nominal (T1 or E1) frequency from
SYS CLK.
11 SRTS- Generate aclock frequency based on the received SRTS values.
Not used Write with a 0 to maintain future software compatibility.

©)
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Field (Bits) Description
SRTS EN Enable SRTSfor thisline. (Assert only for UDF-ML or UDF-HS).
2 1 Theinsertion of the transmit SRTS bitsis enabled for thisline.
0 The CSl bits of the odd transmit AAL1 cells are set to O.
FR_STRUCT Frame structure mode.
(.0 11 Enables SDF-MF. Signaling information is preserved.
01 Enables SDF-FR. No signaling information is preserved.
10 Enables UDF, clear channel, no channelization, no signaling. If this mode
(UDF-ML) is selected, the T_QUEUE_TBL and R_QUEUE_TBL entries
used are found at index = 32 x line. For example, line 3 uses T_QUEUE _
TBL and R_QUEUE_TBL entry 96.
00 Not used.
Initialize to the proper value.

7.5 Transmit Data Structures Summary
Table 22. Transmit Data Structures Summary

Amount
Name R/W | Organization of Address Description
Memory

P_FILL_CHAR R/W | 1 word 2 bytes 00004, The empty bytesin apartiadly filled cell
arefilled with P_FILL_CHAR.

T_ADD_QUEUE R/W | 16 words 32 bytes 00030, - 0003F;, | Bit table of queuesto be added to the
calendar queue after aCSD_ATTN
assertion.

T_SEQNUM_TBL | R/W | 16 words 32 bytes 00020, - 0002F;, | The Transmit Sequence Number Tableis
initialized according to atable.

T_COND_SIG R/W | 32 bytes x 8 lines| 256 bytes | 0 0400, - 0047F, | Thistable stores the signaling to be used
whenthe TX_COND bitinthe T _
QUEUE_TBL isset.

T_COND_DATA R/W | 32 bytes x 8 lines| 256 bytes | 0 0480, - 0 04FF,, | Thistable storesthe datato be used when
the TX_COND hitinthe T_QUEUE_TBL
isset.

Reserved R/W | 256 words 512 bytes | 00700, - 007FF, | Reserved (Frame Advance FIFO).

Reserved R/W | 8x 128 % 2 4 kBytes 00800, - 00FFF,, | Reserved (Transmit Calendar).

words

Reserved R/W | 8 x 256 bytes 2 kBytes 01000,- 0 13FF, | Reserved (Transmit Signaling Buffer).

T _OAM_QUEUE R/W | 2 x 32 words 128 bytes | 01400, - 0 143F,, | The Transmit OAM Queue contains the
OAM cellsto be transmitted.

T QUEUE TBL R/W | 256 x 32 words | 16 kBytes | 02000, - 0 3FFF, | The Transmit Queue Table contains all
pointers and variables that are
queue-dependent.

Reserved R/W | 8 x 2K words 32kBytes | 04000, - 0 7FFF, | Reserved (Transmit Data Buffer).

MATH_TBL R/W | 8 K words 16 kBytes | 0 C000,, - 0 DFFF,, | The math tableisinitialized from
formulas.
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7.6 Transmit Data Structures Descriptions
NOTE:

« All ports marked as “Reserved” must be initialized to 0 at initial setup. Software mod-
ifications to these locations after setup will cause incorrect operation.

* All read/write port bits marked “Not used” must be written with the value 0 to main-
tain software compatibility with future versions.

« All read-only port bits marked “Not used” are driven with a 0 and should be masked
off by the software to maintain compatibility with future versions.

7.6.1 P_FILL_CHAR
Organization: One word
Base address; 4
Type: Read/Write
Function: Contains the fill character for partially filled cells.
Format: Refer to the following table.

Field (Bits) Description
Not used Write with a 0 to maintain future software compatibility.
(15:8)
P_FILL_CHAR Character used in partially filled cells.
(7:0) Initialize to the desired value.

7.6.2 T_ADD_QUEUE

Organization: 16 words

Base address: 30

Index: 2,

Type: Read/Write

Function: Bit table of queues to be added to the calendar queue. To add queues, set the
proper bits in this table to 1. Ensure all other bits in this table are set to 0, then assert
CSD_ATTN in the CMDREG. This table will be scanned in its entirety after the CSD _
ATTN is detected. Bits left asserted from earlier add activities will be added back in
with undesirable results.

Initialization: Initialize to O.

Offset Description
0, Queues 15:0 (line 0)
1, Queues 31:16 (line 0)
2, Queues 47:32 (line 1)
3. Queues 63:48 (line 1)
4, Queues 79:64 (line 2)
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Offset Description

5, Queues 95:80 (line 2)

6y, Queues 111:96 (line 3)

7n Queues 127:112 (line 3)

8, Queues 143:128 (line 4)

9, Queues 159:144 (line 4)

A, Queues 175:160 (line 5)

B, Queues 191:176 (line 5)

G, Queues 207:192 (line 6)

D, Queues 223:208 (line 6)

E, Queues 239:224 (line 7)

F, Queues 255:240 (line 7)

7.6.3 T_SEQNUM_TBL

Organization: 16 words
Base address: 20,

Index: 1,

Type: Read/Write
Function: Stores all possible first bytesin the payload: CSI, SN, and SNP. This table must
be loaded into the SRAM on every power cycling.

Initialization: Initialize to the values in the following table:

Offset Data Value
0, 0000,
1, 0017,
2, 002D,
3, 003A,,
4, 004E,
5, 0059,
6, 0063,
7, 0074,
8, 008B,
9% 009C;,
A, 00A6,
B, 00B1,
C, 00C5;,
D, 00D2,
E, 0OES,
F OOFF,
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7.6.4 T_COND_SIG

Organization: 32 bytes x 8 lines
Base address:. 400,

Index: 10,

Type: Read/Write

Function: Stores the transmit conditioned signaling.

Initialization: Initialize to the conditioned signaling value for the channel. This value typi-
cally depends on the type of channel unit that is connected. For example, a Foreign
Exchange Office (FXO) needs a different conditioning value than a Foreign Exchange
Subscriber (FXS).

Format: One nibble per byte, two bytes per word, 16 words per line. Refer to the following

table.

Offset Name Description

00000, T_COND_SIG 0 Transmit conditioned signaling for line 0.
00010, T COND _SIG 1 Transmit conditioned signaling for line 1.
00020, T_COND_SIG 2 Transmit conditioned signaling for line 2.
00030, T COND_SIG 3 Transmit conditioned signaling for line 3.
00040, T_COND_SIG 4 Transmit conditioned signaling for line 4.
00050, T COND_SIG 5 Transmit conditioned signaling for line 5.
00060, T_COND_SIG_6 Transmit conditioned signaling for line 6.
00070, T COND_SIG 7 Transmit conditioned signaling for line 7.

T COND_SIG_n Word Format

Field (Bits) Description
Not used Write with a 0 to maintain future software compatibility.
(15:12)
T_COND_SIG_ A H Transmit conditioned A bit for:
1y Offset = ((channel -1) + 2) + line x 16.
T_COND_SIG B H Transmit conditioned B hit for:
(20 Offset = ((channel -1) = 2) + line x 16.
T_COND_SIG C H Transmit conditioned C bit or A bit if T1 SFfor:
9) Offset = ((channel -1) = 2) + line x 16.
T COND_SIG D H Transmit conditioned D bit or B bit if T1 SFfor:
(8) Offset = ((channel -1) = 2) + line x 16.
Not used Write with a 0 to maintain future software compatibility.
(7:9)
T COND_SIG A L Transmit conditioned A bit for:
(3) Offset = (channel + 2) + line x 16.
T _COND_SIG B L Transmit conditioned B hit for:
2 Offset = (channel + 2) + line x 16.
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Field (Bits) Description
T COND_SIG C L Transmit conditioned C bit or A bitif T1 SFfor:
Q) Offset = (channel + 2) + line x 16.
T COND_SIG D L Transmit conditioned D bit or B bit if T1 SFfor:
(0) Offset = (channel + 2) + line x 16.

7.6.5 T_COND_DATA

Organization: 32 bytes x 8 lines
Base address: 480,

Index: 10,

Type: Read/Write

Function: Stores the transmit conditioned data.

Initialization: Initialize to the conditioned data appropriate for the channel, which typi-
cally depends on the type of channel connected to the device. For example, data usu-
ally needs an FF,value and voice needs a small Pulse Coded Modulation (PCM) value.

Format: Two bytes per word, 16 words per line. Refer to the following table.

Offset Name Description

00000, T COND_DATA O Transmit conditioned data for line O.
00010, T_COND_DATA_ 1 Transmit conditioned data for line 1.
00020, T COND_DATA 2 Transmit conditioned data for line 2.
00030, T_COND_DATA_3 Transmit conditioned data for line 3.
00040, T COND_DATA 4 Transmit conditioned data for line 4.
00050, T_COND_DATA 5 Transmit conditioned data for line 5.
00060, T COND_DATA 6 Transmit conditioned data for line 6.
00070, T_COND_DATA 7 Transmit conditioned data for line 7.

T _COND_DATA _n Word Format

Field (Bits) Description
T_COND_DATA_H Transmit conditioned data offset = ((channel + 2) + 1) + line x 16.
(15:8)
T_COND_DATA_ L Transmit conditioned data offset = (channel + 2) + line x 16.
(7:0)
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7.6.6 RESERVED (Transmit Signaling Buffer)

NOTE: Thisstructureisreserved and need not be initialized to 0. Software modifications to

this structure after setup will cause incorrect operation.

Organization: Eight multiframes x 32 DS0s x 8 lines. Each of the eight lines are allocated
a separate signaling buffer. Each DSO generates one new nibble of signaling per multi-
frame. The data is stored in the buffer in the order it is received from the framer
device. Different framers provide the signaling information in different formats, as the
following illustration shows, for one multiframe worth of signaling data.

Base address: 01000,
Index: 80,
Type: Read/Write

Function: Stores the outgoing signaling data.
Figure 84 displays the contents of the transmit signaling buffer.

T_SIG_BUF_n Word Format

Word 0

o o ~A W N

© 0

10
11

12
13

14
15

29

15 Bit

I )
3 I
I 5 [ a
I 7 I 6
) [ g
T [ 10
I 13 12
[ 15 [V
17 I 16
[ 19 I 18
21 I 20
[ 23 [ 22
| |

[ |

| |

| |

31

NOTE: The upper nibble of each byte is 0.

T1 format uses word addresses 0 to 11.

Figure 84. SDF-MF Format of T_SIGNALING_BUFFER
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7.6.7 T_OAM_QUEUE

Organization: 2 cells x 32 words
Base address: 01400,

Index: 20,

Type: Read/Write
Function: Stores two transmit OAM cells.
Initialization: An optimization is to initialize to the body of an OAM cell so only the

header must be modified before sending.

Format: Refer to the following table.

Offset Name Description
01400, T OAM_CELL_1 Transmit OAM cell 1.
01420, T OAM_CELL_2 Transmit OAM cell 2.

T_OAM_CELL_n Format

Offset Bits 15:8 Bits 7:0
Word 0 Header 1 Header 2
Word 1 Header 3 Header 4
Word 2 Header 5 (HEC) Bits7:1  Not used. Setto 0.
(Pre-calculated by software) Bit 0
0 Disables CRC-10 insertion.
1 Enables CRC-10 insertion.
Word 3 Payload 1 Payload 2
Payload 47 Payload 48
Word 26 If CRC-10 is enabled in Word 2, set datato 0 in Word 26. Word 26 will be replaced by
the computed CRC-10 result as the cell is transmitted.
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7.6.8 T_QUEUE_TBL

Organization: 256 x 32 words

Base address. 2000,
Index: 20,
Type: Read/Write

Function: Configuresthe VCs.
Format: Each queue will be allocated 32 consecutive words.

Offset Name Description

0, Reserved (Data pointer.) Initialize to FFFF each time this queueisinitialized.

1, Not used Initialize to 0 each time this queue isinitialized to maintain future software
compatibility.

2, T_COND_CELL_CNT A 16-bit rollover count of conditioned cells transmitted.

3. T_SUPPRESSED _CELL_CNT | A 16-bit rollover count of cells not sent because of aline resynchronization. Or,
if in UDF-HS mode, a 16-bit rollover count of cells not sent because TX
ACTIVE isnot set. This counter also counts when cells are not sent because
SUPPRESS_TRANSMISSION is set.

4, Not used Initialize to 0 each time this queue isinitialized to maintain future software
compatibility.

5, Reserved (Sequence number.) Initialize to 0 each time this queueisinitialized.

6, QUEUE_CONFIG The configuration of the current queue. Initialize to the proper value.

7n T _CELL_CNT A 16-bit count of the cells transmitted.

8, TX_HEAD(2:1) Header byte 1 in bits 15:8, header byte 2 in bits 7:0.

9, TX_HEAD(4:3) Header byte 3 in bits 15:8, header byte 4 in bits 7:0.

A, TX_HEAD(5) Header byte 5 (pre-calculated HEC) in bits 15:8.

B, QUE_CREDITS A 10-bit quantity representing the number of byte credits accumulated for the
queue.

C, CSD_CONFIG Stores the average number of bytesin each cell, and carries the number of DSOs
for this queue.

D, Not used Initialize to 0 each time this queue isinitialized to maintain future software
compatibility.

E, T_CHAN_ALLOC(15:0) A bit table with abit set per DSO allocated to this queue for DS0s 15:0 on theline
defined by queue + 32.

F, T_CHAN_ALLOC(31:16) A bit table with a bit set per DSO allocated to this queue for DSOs 31:16 on the
line defined by queue + 32.

10, T_CHAN_LEFT(15:0) Initialize to the samevalueas T_CHAN_ALLOC(15:0).

11, T_CHAN_LEFT(31:16) Initialize to the samevalueas T_CHAN_ALLOC(31:16).

12, IDLE_CONFIG Controls transmission of data.

13,-1F, | Not used Initialize to 0 each time this queue isinitialized.

NOTE: All registers areright justified, with any unused bits set to O.
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T COND_CELL_CNT Word Format

Field (Bits) Description
T COND_CELL_CNT A 16-bit rollover count of conditioned cells transmitted.
(15:0)

T _SUPPRESSED_CELL_CNT Word Format

Field (Bits) Description
T_SUPPRESSED_CELL_CNT A 16-bit rollover count of cells not sent because of aline resynchronization.
(15:0) Or, if in UDF-HS mode, a 16-hit rollover count of cells not sent because TX_ACTIVE

isnot set. This counter also counts when cells are not sent because SUPPRESS
TRANSMISSION (refer to “SUPPRESS_TRANSMISSION” on page )38 set.

QUEUE_CONFIG Word Format

AAL1 SAR Processor

Field (Bits) Description
TX_COND Sends data and signaling from the transmit conditioned data area. Initialize to the
(15) value.
TX_ACTIVE Enables this queue. To enable sending cells on a UDF-HS connection, assert thig
(14) enable non-UDF-HS connections:

1. Assert this bit.

2. Set the bit corresponding to this queue in the T_ADD_QUEUE table (ref
section 7.6.2 “T_ADD_QUEUE" on page 128

3. Assert the CSD_ATTN bit in the CMD_REG (refer®MDREG Word For-
mat” on page 166

proper

bit. To

er to

To disable non-UDF_HS connections, clear this bit. This queue is then removed from
the calendar queue the next time a cell would have been sent. This queue must not be
returned to the calendar queue until enough time has elapsed for this to have oc¢urred.

NOTE: When reactivating a previously active queue, be sure to reinitialize all the
ters in the queue table for that queue.
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Field (Bits) Description
FRAMES PER_CELL A 6-bit integer specifying the maximum number of frames required to have enough data
(13:8) to construct a cell (round up of BY TE_PER_CEL L/number of DSOs assigned) plus 1.

For example, for aT1 linein SDF-FR mode with five DSOs, initialize thisfield to 11. In
T1 SDF-MF, T1 SDF-FR, and E1L._ WITH_T1_SIG modes, the FRAMES PER_CELL
is encoded as the number of 24-frame multiframes required in bit 13 and the number of
framesmod 24 in bits 12:8. In al other modes, including unstructured T1 mode, encode
this value as the maximum number of 256 bit increments required to create a cell. For
unstructured mode with full cells, set thisvalue to 3.

NOTES: « For channels with a single DSO, encode the value 48 as one multiframn
24 frames.

¢ When calculating the FRAMES_PER_CELL value, do not subtract the

bytes used by signaling nibbles from the value. For example, for an

e and

14

SDF-MF, single DSO, full cell connection, use the value 47 + 1 = 48 and

not 46 + 1 = 47.

* For SDF-MF connections using partial cells, set FRAMES_PER_CEL
(round up of BYTE_PER_CELL/number of DS0s assigned) plus 2. Th
prevents scheduling more than one cell per frame.

T_CHAN_NO_SIG
(1)

L to
s

Set to 1 to send cells with no signaling when in SDF-MF mode. This is the same as

using this queue in SDF-FR mode, which means the structure forms on frame
boundaries instead of multiframe boundaries.

T_CHAN_UNSTRUCT
(6)

Set to 1 only when sending cells with a single DSO without a pointer in the SDF-F

mode. To conform to the CES standard V 2.0 (reféypendix B, “References”, on
page 203when using a single DSO in SDF-FR mode, no pointer should be used.

BYTES_PER_CELL
(5:0)

R

A 6-bit integer specifying how many bytes per cell are required if no structure pointers

are used. For UDF_HS mode, this value must be 47. This number must be set sg

the cell

generation rate per queue is slower than once per frame. For unstructured lines, [this

means between 33 and 47. For structured applications, the BYTES_PER_CELL 1

umber

must exceed the number of DSO channels allocated to the queue. For example, a two

channel queue may have the number set from 3 to 47.

NOTE: For SDF-MF connections with more than 16 channels allocated, the BYT|
PER_CELL number must exceed the number of DSO channels allocated
queue by two. For example, a 17 channel SDF-MF queue may have the n
set from 19 to 47.

T _CELL_CNT Word Format

Field (Bits) Description
T_CELL_CNT A 16-bit count of the data cells transmitted. Rolls to 0 from FFFiialize to 0. After
(15:0) initialization, do not write to this word.
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TX_HEAD(1:2) Word Format

Field (Bits) Description

TX_HEAD(1) First header bytein bits 15:8. Initialize to the proper value.
(15:8)

TX_HEAD(2) Second header bytein bits 7:0. Initialize to the proper value.
(7:0)

TX_HEAD(3:4) Word Format

Field (Bits) Description

TX_HEAD(3) Third header byte in bits 15:8. Initialize to the proper value.
(15:8)

TX_HEAD(4) Fourth header bytein bits 7:0. Initialize to the proper value.
(7:0)

TX_HEAD(5) Word Format

Field (Bits) Description
TX_HEAD(5) Fifth header byte that contains the precal culated HEC word. Initialize to the proper
(15:8) value.
Not used Write with a 0 to maintain compatibility with future software versions.
(7:0)

QUE_CREDITS Word Format

Field (Bits) Description
FRAME_REMAINDER A 2-bit quantity representing the remainder of the division operation the CSD performs
(15:14) when converting the frame differential (expressed in frames) to the frame differential
(expressed in eighths of multiframes). This quantity is maintained by the CSD. Initialize
to 00,.
Not used Write with a 0 to maintain compatibility with future software versions.
(13:10)
QUEUE_CREDITS A 10-bit quantity representing the number of credits(bytes) accumulated for the queue.
(9:0) It is measured in eighths (three LSBs are fractiona hits). Initidize to 47 x 8 (178,) for

UDF modes full cells and Single-DS0-no-pointer mode full cells, 46.875 x 8 (177,) for
SDF modes full cells, or to the partialy filled cell length x 8.
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CSD_CONFIG Word Format

Field (Bits) Description
NUM_CHAN A 6-bit integer specifying the number of DSOs carried by this queue. If a queue serves
(15:10) seven DSOs, initialize thisfield to 7. It is not used in UDF-ML and UDF-HS modes.
AVG_SUB_VALU A 10-bit integer representing the average number of data bytes per cell measured in
(9:0) eighths. The three L SBs represent bits after the fixed decimal point. Initialize to 46.875

(0101110.111) for full cellswhen in SDF-FR or SDF-MF mode. Initialize to 47
(0101111.000) for full cellswhenin UDF-ML mode or Single-DS0-no-pointer mode.
For partial cells, this valueis the same as the partialy filled value x 8. Thisfield is not
used in UDF-HS mode.

T _CHANNEL_ALLOC(15:0) Word Format

Field (Bits) Description
T_CHANNEL_ALLOC A bit table with a bit set per DS0 allocated to this queue for DS0s 15 to 0 on the line
(15:0) defined by queue + 32. Initialize to the proper value for SDF-MF and SDF-FR modes

and to FFFF, for UDF-ML and UDF-HS modes.

T_CHANNEL_ALLOC(31:16) Word Format

Field (Bits) Description
T_CHANNEL_ALLOC A bit table with a bit set per DS0 allocated to this queue for DS0s 31 to 16 on theline
(31:16) defined by queue + 32. Initialize to the proper value. Initialize to the proper value for

SDF-MF and SDF-FR modes and to FFFF, for UDF-ML and UDF-HS modes.

T_CHANNEL_LEFT(15:0) Word Format

Field (Bits) Description
T _CHANNEL_LEFT Initialize to the same value as T_CHAN_ALLOC(15:0).
(15:0)

T_CHANNEL_LEFT(31:16) Word Format

Field (Bits) Description
T_CHANNEL_LEFT Initialize to the same value as T_CHAN_ALLOC(31:16).
(31:16)
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IDLE_CONFIG Word Format

Field (Bits) Description

SUPPRESS TRANSMISSION Set to 1 to suppress the generation of cells for this queue. Cells continue to be

(25) scheduled, but are not built. This bit can be used to temporarily stop the generation of
cells while aqueueis reconfigured, if the line configuration and number of timeslots
assigned to the queue do not change.

Not used Write with a 0 to maintain future software compatibility.
(14:0

7.6.9 RESERVED (Transmit Data Buffer)

NOTE: Thisstructureisreserved and must be initialized to O at initial setup. Software modi-
fications to this location after setup will cause incorrect operation.

Organization: 4 kBytes x 8 lines - Each lineis allocated a separate 128 frame buffer mem-
ory. For E1 applications, thisis large enough to store eight multiframes (32 DSO0s x 16
frames x 8 multiframes = 4096 bytes). In T1 mode, 96 frames or four multiframes are
stored (24 x 24 x 4 = 2880 bytes). T1 storage uses 32 bytes per frame and 32 frames
per multiframe to simplify address generation. Every data byte is stored in the multi-
frame line buffersin the order in which it arrives.

NOTE: If E1 with T1 SIGisset (refer to bit 12 in section 7.4.3 “LIN_STR_MODE”" start-
ing on page 126 data is arranged as if in T1 mode.

Base address: 04000

Index(line): 800Q

Type: Read/Write

Function: Stores the outgoing data.

Format: Two data bytes per word, 16 words per frame.

T DATA BUFFER_n Word Format

Field (Bits) Description
T_DATA_H Transmit data for:
(15:8) Channel = (offset mod 16) x 2 + 1.

E1 offset = line x 2048 + multiframe x 256 + frame x 16 + (channel - 1) + 2.
T1 offset = line x 2048 + multiframe x 512 + frame x 16 + (channel - 1) + 2.

T _DATA_L Transmit data for:

(7:0 Channel = (offset mod 16) x 2.
E1 offset = line x 2048 + multiframe x 256 + frame x 16 + channel + 2.
T1 offset = line x 2048 + multiframe x 512 + frame x 16 + channel + 2.
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7.6.10 MATH_TBL

Organization: 8 K words

Base address. 0C000,

Index: 1,

Type: Read/Write

Function: The math table must be loaded into SRAM on every power cycling, except in
UDF-HS mode, in which case the math table is not used. The math table stores the
results of five different mathematical operations.

* DIV_OP performs the integer divide and roundup-to-next integer operation. The num-
ber of integer credits (six bits) is divided by the number of channels (five bits). These
two fields are concatenated to form an 11-bit address into the table. The result is an
8-bit integer.

e MOD_ADD_OP adds the results of the frame location to the frame offset. In the case
of T1 structured data, the mod is 120. All others use a module 128. The result is a 7-bit
integer. A 7-bit frame value is concatenated with a 6-bit frame increment value to form
a 13-bit address.

* MULT_OP determines the number of earned integer credits for next service time. It is
obtained by multiplying the number of channels by the frame increment value. A 6-bit
frame value is concatenated with a 5-bit channel count to create an 11-bit address.

« T1_MF_DIV_OP determines the number of 1/8 multiframes and the remainder of the
division given a frame count for the T1 mode of operation.

e E1 MF_DIV_OP determines the number of 1/8 multiframes and the remainder of the
division given a frame count for the E1 mode of operation.

Format: The four values resulting from the math operations are stored in the same table, as
shown in Figure 85.

Field (Bits) Description

Thistableis available in the Software Driver available at http://mww.pmc-sierra.com.

NOTE: The AALlgator Il uses a different math table than previous versions of the chip. The
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same tableis used for both E1 and T1 modes.

Bits

15 8 7 0
C000
DIV_OP
C8000
MULT_OP
D000
MOD_ADD_OP | T1_MF_DIV_OP
D200
E1_MF_DIV_OP
D400
Not Used
DFFF

Figure 85. Math Operation Results

7.7 Receive Data Structures Summary
Table 23 lists the data structures unique to the receive side of the AAL1gator Il.

Table 23. Receive Data Structures Summary

Address

Amount
Data Structure Description | Organization of Address Description
Memory
R OAM_QUEUE TBL 2 words 4 bytes 08000, - 08001;, | Receive OAM head and tail pointers.
R_OAM_CELL_CNT 1 word 2 bytes 08002, Count of received OAM cells.
R DROPPED OAM_CELL _CNT | 1word 2 bytes 08003, Count of dropped OAM cells.
Reserved 16 words 32 bytes 08020, - 0 802F,, | Reserved (SRTS Queue Pointers).
R_SRTS CONFIG 2bytesx 8lines | 16 bytes 08038, - 0 803F,, | Receive SRTS configuration.
R_CRC_SYNDROME 128 words 256 bytes | 08080, - 0 80FF,, | Mask of hits. Initialized from atable.
R CH _TO QUEUE TBL 128 words 256 bytes | 08200, - 0 827F,, | Receive channel to queue table.
R_COND_SIG 16 x 8 bytes 256 bytes | 08400, - 0 847F,, | Receive signaling conditioning
values.
R_COND_DATA 32 x 8 bytes 256 bytes | 08480, - 0 84FF, | Receive data conditioning val ues.
Reserved 8 x 256 words 4 kBytes 08800, - 0 8FFF,, | Reserved (Receive SRTS Queue).
Reserved 8x 32 x 16 words| 8 kBytes 09000, - 0 9FFF, | Reserved (Receive Signaling
Buffer).
R _QUEUE TBL 256 x 32words | 16 kBytes | 0 A000,, - O Receive queue table.
BFFF,
R_OAM_QUEUE 256 x 64 bytes 16 kBytes | 0 EQQ0,, - 0 FFFF,,| Receive OAM queue.
Reserved 8 x 512 x 32 bytes| 128 kBytes | 1 0000, - 1 FFFF,, | Reserved (Receive Data Buffer).
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7.8 Receive Data Structures Descriptions

This section describes the structures used by the receive side of the AAL1gator Il. For structures
that are common to both receive and transmit, refer to section 7.5 “Transmit Data Structures
Summary” on page 127

NOTES:

» All ports marked as “Reserved” must be initialized to O at initial setup. Software mod-
ifications to these locations after setup will cause incorrect operation.

* All read/write port bits marked “Not used” must be written with the value 0 to main-
tain software compatibility with future versions.

« All read-only port bits marked “Not used” are driven with a 0 and should be masked
off by the software to maintain compatibility with future versions.
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7.8.1 R_OAM_QUEUE_TBL

Organization: 2 words

Base address. 0 8000,

Index: 1,

Type: Read/Write

Function: OAM cellsreceived from the ATM side are stored in a FIFO queue in the mem-
ory. Head and tail pointers are used to keep track of the read and write locations of the
OAM cdll buffers. There are 256 cell buffersin the OAM receive queue. Of these 256
cell buffers, 255 are usable. The 256th buffer is used to detect afull queue asfollows:

When the queue is empty, OAM_HEAD = OAM_TAIL = N. When acell isreceived,
the cell is written into the buffer at index (OAM_TAIL + 1) mod 256, and OAM _
TAIL is replaced with (OAM_TAIL + 1) mod 256. When the processor receives an
interrupt, it reads the cell at the buffer index (OAM_HEAD + 1) mod 256. After com-
pleting the read, it sets OAM_HEAD to (OAM_HEAD + 1) mod 256. This processis
continued until OAM_HEAD = OAM_TAIL, at which time the OAM receive queueis
empty. The receive OAM interrupt can be cleared by asserting the CLR_RX_OAM _
LATCH bitinthe CMD_REG (refer to “CMDREG Word Format” on page 185

If an OAM cell arrived between the time the OAM_TAIL was last read and CLR_RX_
OAM_LATCH was asserted, this OAM cell’s arrival can be detected within the inter-
rupt service routine by re-reading OAM_TAIL after CLR_RX_OAM_LATCH was

asserted.
Format:
Offset Name Description
0 OAM_HEAD Head pointer.
1 OAM_TAIL Tail pointer.

OAM_HEAD Word Format

Field (Bits) Description
OAM_HEAD The microprocessor should increment to the next cell location when it reads a
(7:0) cell. Initializeto 0.

OAM_TAIL Word Format

Field (Bits) Description
OAM_TAIL Incremented by the RALP &fter it writes acell to the OAM cell queue.
(7:0 Initializeto 0.
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7.8.2 R_OAM_CELL_CNT

Organization: 1 word

Base address: 0 8002,

Index: 1,

Type: Read/Write

Function: 16-bit rollover counter that counts the number of OAM cells received. The soft-
ware must initialize this counter to O during reset.

R_OAM_CELLCNT Word Format

Field (Bits) Description
R_OAM_CELLCNT 16-hit rollover counter that counts the number of OAM cellsreceived. The
(15:0) software must initialize this counter to O during reset. After initialization, do
not write to this word.

7.8.3 R_DROPPED_OAM_CELL_CNT

Organization: 1 word

Base address: 0 8003,

Index: 1,

Type: Read/Write

Function: 16-bit rollover counter that counts the number of dropped OAM cells. The soft-
ware should initialize this counter to O during reset.

R_DROPPED_OAM_CELLCNT Word Format

Field (Bits) Description

R_DROPPED_OAM_CELLCNT | 16-hit rollover counter that counts the number of OAM cells dropped. OAM

(15:0) cells are dropped when more than 255 are present in the receive queue. The
software must initialize this counter to O during reset. After initialization, do
not write to this word.
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7.8.4 R_SRTS_CONFIG
Organization: 2 bytes x 8
Base address: 0 8038,
Index: 1,

Type: Read/Write

lines

Function: This table stores the CDVT for the SRTS channel, expressed in the number of

queued SRTS nibbles.

Initialization: Initialize to the number of SRTS nibbles equivalent to the CDVT for the
data by rounding up. Each frame of CDVT for unstructured applications represent 256
bits. Each SRTS nibble represents 3008 bits, which is the number of data bitsin eight
cells. Therefore, the number of SRTS nibbles that corresponds to the CDVT can be
determined by dividing the CDVT number in frames by 3008 + 256, or 11.75, and
rounding up to the next higher integer.

Format: One byte per line. Refer to the following table.

Offset Name

Description

0, R_SRTS CDVT 0

Receive SRTS CDVT for line 0.

1, R SRTS CDVT 1

Receive SRTS CDVT for line 1.

2, R_SRTS CDVT 2

Receive SRTS CDVT for line 2.

3, R_SRTS CDVT_3

Receive SRTS CDVT for line 3.

4, R_SRTS CDVT 4

Receive SRTS CDVT for line 4.

5, R SRTS CDVT 5

Receive SRTS CDVT for line 5.

6, R_SRTS CDVT 6

Receive SRTSCDVT for line 6.

7. R_SRTS CDVT 7

Receive SRTS CDVT for line 7.

R_SRTS _CDVT_n Word Format

Field (Bits) Description
Not used Write with 0 to maintain compatibility with future software versions.
(15:5)
R_SRTS CDVT Receive SRTSCDVT.
(4.0
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7.8.5 R_CRC_SYNDROME
Organization: 128 words
Base address: 0 8080,
Index: 1,
Type: Read/Write
Function: This table identifies which bit of the SN/SNP byte has been corrupted, if any.
L oad after each power cycle. Used internally to perform CRC correction.

R_CRC_SYNDROME Word Format

Field (Bits) Description

RX_CRC_SYNDROME Mask of hitsto change.
(4.0

Mask Bit Table

SAR-PDU Data SAR-PDU Data
Header Offset (Hex) Header Offset (Hex)
00 00 00 40 08
01 10 41 10
02 10 42 04
03 01 43 02
04 10 44 10
05 08 8B 45 00
06 02 46 01
07 04 47 10
08 01 48 02
09 10 49 04
0A 10 4A 10

17 0B 00 4B 08
oC 04 4C 10
oD 02 4D 01
OE 08 9C 4E 00
OF 10 aF 10
10 02 50 01
11 04 51 10
12 10 52 10
13 08 A6 53 00
14 10 54 04
15 01 55 02
2D 16 00 56 08
17 10 57 10
18 08 Bl 58 00
19 10 59 10
1A 04 5A 10
1B 02 5B 01
1C 10 5C 10
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SAR-PDU Data SAR-PDU Data
Header Offset (Hex) Header Offset (Hex)
3A 1D 00 5D 08
1E 01 5E 02
1F 10 5F 04
20 04 60 10
21 02 61 01
22 08 C5 62 00
23 10 63 10
24 01 64 02
25 10 65 04
26 10 66 10
4E 27 00 67 08
28 10 68 10
29 08 D2 69 00
2A 02 6A 01
2B 04 6B 10
59 2C 00 6C 08
2D 10 6D 10
2E 10 6E 04
2F 01 6F 02
30 10 70 10
63 31 00 71 08
32 01 72 02
33 10 73 04
34 08 E8 74 00
35 10 75 10
36 04 76 10
37 02 7 01
38 10 78 04
39 01 79 02
74 3A 00 TA 08
3B 10 7B 10
3C 02 7C 01
3D 04 7D 10
3E 10 TE 10
3F 08 FF TF 00
LEGEND
00 No errors
01 Correct bit 0
02 Correctbit 1
04 Correct bit 2
08 Correct bit 3
10 SNP error (no need to
correct SN field)
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7.8.6 R_CH_TO_QUEUE_TBL

Organization: 128 words (8 lines x 32 DS0s)

Base address. 08200,
Index: 1,
Type: Read/Write

Function: This table associates the DSO with the queue. It allows the transmit line inter-
face to determine the status of the receive queue supplying bytes for the DSOs being
processed. Initialize to the proper values. The AAL 1gator Il processes two bytes at a
time, so the values in the following table are in pairs. For unstructured lines, set all of
the queue values to the receive queue number mod 32. In UDF-HS mode, thistable is
not used. When this queue is in underrun, the AAL1gator |1 reads data for the line
from the first word of the R_ COND_DATA 0 table (refer to section 7.8.8 “R_
COND_DATA” on page 1511

Format: Refer to the following table.

Offset Name Description
N CH_TO_QUEUE Queue numbers and condition bits associated with this pair of
channelswhere:
Line=N + 16.

Low channel = (N mod 16) x 2.
High channel = (N mod 16) x 2 + 1.

CH_TO_QUEUE Word Format

Field (Bits)

Description

(15:14)

00

01

10

11

RX_COND_H Determines the type of datato be played out:

NOTE: Options “00”, “01”, and “11” are executed only when t

gueue is in an underrun or resume state.

When the queue is in underrun, read signaling for this ch
from multiframe 0 and the data for this channel from the
COND_DATA table (refer tsection 7.8.8 “R_COND_
DATA” on page 15).

When the queue is in underrun, read signaling for this ch
from multiframe 0 and play out pseudorandom data, whig
inserted data from R_COND_DATA, with the MSB con-
trolled by the pseudorandom number algorithifrxx’ + 1
(not valid for UDF-HS).

Read signaling for this channel from the R_COND_SIG t
(refer tosection 7.8.7 “R_COND_SIG” on page )5hd the
data for this channel from the R_COND_DATA table.
When the queue is in underrun, read the signaling from 1
frame 0 and play out the contents of the buffer.

annel
R

annel
his

able

nulti-

(13)

Not used Write with a 0 to maintain future software compatibility.
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Field (Bits) Description
QUEUE_H Five LSBs of the queue index associated with this DS0. The three MSBs
(12:8) areimplicitly those of the line number.

Offset = (channel - 1) + 2 + line x 16.
For unstructured lines, set to the receive queue number mod 32.

RX_COND_L Determines the type of datato be played out:
(7:6)

NOTE: Options “00”, “01", and “11" are executed only when the
gueue is in an underrun or resume state.

00, When the queue is in underrun, read signaling for this channel
from multiframe 0 and the data for this channel from the R
COND_DATA table (refer tsection 7.8.8 “R_COND_
DATA" on page 15}.

01, When the queue is in underrun, read signaling for this channel
from multiframe 0 and play out pseudorandom data, whigh is
inserted data from R_COND_DATA, with the MSB con-
trolled by the pseudorandom number algorithifrxx’ + 1
(not valid for UDF-HS).

10, Read signaling for this channel from the R_COND_SIG table
(refer tosection 7.8.7 “R_COND_SIG” on page )3nhd the
data for this channel from the R_COND_DATA table.

11, When the queue is in underrun, read the signaling from multi-
frame 0 and play out the contents of the buffer.

Not used Write with a 0 to maintain future software compatibility.
5)
QUEUE_L Five LSBs of the queue index associated with this DS0O. The three MSBs
(4:0) are implicitly those of the line number.

Offset = channet 2 + linex 16.
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7.8.7 R_COND_SIG

Organization: 16 words x 8

Base address. 08400,
Index: 10,
Type: Read/Write

Function: This table stores the signaling to be used when RX_COND_H or RX_COND L
equals “10” inthe R_CH_TO_QUEUE_TBL.

Initialization: Initialize to the conditioned signaling value for the channel. This value typi-
cally depends on the type of channel unit that is connected. For example, an FXO
channel unit needs a different conditioning value than an FXS channel unit.

Format: One nibble per byte, two bytes per word, 16 words per line. Refer to the following

table.
Offset Name Description
00000, |R_COND_SIG 0 Receive conditioned signaling for line 0.
00010, |R_COND_SIG 1 Receive conditioned signaling for line 1.
00020, |R_COND_SIG 2 Receive conditioned signaling for line 2.
00030, |R_COND_SIG 3 Receive conditioned signaling for line 3.
00040, |R_COND_SIG 4 Receive conditioned signaling for line 4.
00050, |R_COND_SIG 5 Receive conditioned signaling for line 5.
00060, |R_COND_SIG 6 Receive conditioned signaling for line 6.
00070, |R_COND_SIG 7 Receive conditioned signaling for line 7.

R_COND_SIG_n Word Format

Field (Bits) Description
Not used Write with a0 to maintain future software compatibility.
(15:12)
R _COND_A_H Receive conditioned A signaling bit for:
(1) Offset = (channel - 1) + 2 + line x 16.
R COND B H Receive conditioned B signaling bit for:
(20) Offset = (channel - 1) + 2 + line x 16.
R _COND_C H Receive conditioned C signaling bit or A bit if T1 SFfor:
9) Offset = (channel - 1) + 2 + line x 16.
R_COND_D H Receive conditioned D signaling bit or B bit if T1 SFfor:
8) Offset = (channel - 1) + 2 + line x 16.
Not used Write with a 0 to maintain future software compatibility.
(7:4)
R COND_A L Receive conditioned A signaling bit for:
3 Offset = channel + 2 + line x 16.
R _COND B L Receive conditioned B signaling bit for:
()] Offset = channel +~ 2 + line x 16.
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Field (Bits) Description
R COND C L Receive conditioned C signaling bit or A bit if T1 SFfor:
(0] Offset = channel + 2 + line x 16.
R_COND_D_L Receive conditioned D signaling bit or B bit if T1 SFfor:
©) Offset = channel + 2 + line x 16.

7.8.8 R_COND_DATA

Organization: 16 words x 8

Base address: 08480,

Index: 10,

Type: Read/Write

Function: This table stores the data to be used when RX_COND in the R CH _TO
QUEUE_TBL equals “0@, “01,”, or “10,”.

Initialization: Initialize to the conditioned data appropriate for the channel. This typically
depends on the type of channel connected to the device. For example, data usually
needs an FF value and voice needs a small PCM value.

Format: Two bytes per word, 16 words per line. Refer to the following table.

Offset Name Description
00000, R _COND_DATA 0 Receive conditioned datafor line O.
00010, R_COND_DATA_1 Receive conditioned datafor line 1.
00020, R _COND_DATA 2 Receive conditioned datafor line 2.
00030, R_COND_DATA_3 Receive conditioned datafor line 3.
00040, R _COND_DATA 4 Receive conditioned datafor line 4.
00050, R_COND_DATA_5 Receive conditioned datafor line 5.
00060, R _COND_DATA 6 Receive conditioned datafor line 6.
00070, R_COND_DATA_7 Receive conditioned datafor line 7.

R_COND_DATA_n Word Format

Field (Bits) Description
R COND_DATA H Recelve conditioned data for:
(15:8) Offset = (channel - 1) + 2 + line x 16.
R_COND_DATA L Receive conditioned data for:
(7:0) Offset = channel + 2 + line x 16.
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7.8.9 RESERVED (Receive SRTS Queue)

NOTE: This structure is reserved. Software modifications to this structure after setup will
cause incorrect operation.

Organization: 64 words x 8 lines. Each line is allocated a separate 64-entry queue to store
the SRTSreceive nibbles.

Base address. 8800,

Index: 100,

Type: Read/Write

Function: The receive SRTS queue stores the SRTS bits received from the UTOPIA inter-
face.

Initialization: It is not necessary to initialize this structure.

Format: One SRTS nibble per word.

R_SRTS _QUEUE_n Word Format

Field (Bits) Description
Not used Write with a 0 to maintain future software compatibility.
(15:4)
R _SRTS Recelve SRTS datafor line = offset + 64.
(3:0
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7.8.10 RESERVED (Receive Signaling Buffer)

NOTE: Thisstructureisreserved. Software modifications to this structure after setup will
cause incorrect operation.

Organization: 32 x 32 DS0s x 8 lines. Each line is allocated a separate 32 x 32 byte mem-
ory. For E1, this allows storage of signaling information for 32 multiframes, unless
E1l WITH_T1 SIGis set. T1 applications use only the first 24 bytes of every 32 to
store signaling data. In addition, since the transmit data buffer is only 16 multiframes
in size, this structure also needs to store only 16 multiframes. Successive multiframes
are stored in every other 32-byte buffer. When signaling is frozen due to an underrun,
the value in multiframe O is used.

Base address. 09000,

Index (line): 200,

Type: Read/Write

Function: The receive signaling queue stores the signaling that is received from the UTO-

PIA interface.

Initialization: The signaling buffer should be initialized to “0”. Also, if R_CHAN_NO_
SIG is set for some queues and a specific signaling value is desired to be driven for
these queues, then the DSOs in those queues must be initialized to the desired value for
all multiframes.

Format: Two signaling nibbles per word.

R_SIG_BUFFER_n Word Format

Field (Bits) Description
Not used Write with a 0 to maintain compatibility with future software versions.
(15:12)
R SIG H Receive signaling datafor:
(11:8) Channel = (offset mod 16) x 2 + 1.

Multiframe = (offset mod 512) + 16.
Line = offset + 512.
Offset = line x 512 + multiframe x 16 + (channel - 1) + 2.

Not used Write with a 0 to maintain compatibility with future software versions.
(7:4)

R SIG L Receive signaing data for:
(3.0 Channel = (offset mod 16) x 2.

Multiframe = (offset mod 512) + 16.
Line = offset + 512.
Offset = line x 512 + multiframe x 16 + channd + 2.
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7.8.11 R_QUEUE_TBL

Organization: 256 x 32 words

Base address; 0A000,

Index: 20,

Type: Read/Write

Function: Receive Queue Table contains all the structures and pointers specific to aqueue.
The RALP and RFTC blocks both use the R_ QUEUE_TBL. Some of the words are
read by both the blocks but written by only one of the blocks.

Format: Each queue is alocated 32 consecutive words. Each word is 16-bits wide. The
organization of the wordsis as follows.

Offset Name Description

0, R_STATE O Cell receiver state 0.

1, R_MP_CONFIG Bytes per cell and CDVT constant.

2, R_STATE 1 Cell receiver state 1.

3, R_LINE_STATE Line state.

4, R_MAX_BUF Receive maximum buffer size.

5, R _SEQUENCE ERR 16-bit rollover count of SN errors.

6, R_INCORRECT_SNP 16-bit rollover count of cells with incorrect SNP.

7s R_CELL_CNT 16-bit rollover count of played out cells.

8, R_ERROR_STKY Receive sticky bits.

9% R_TOT_SIZE Total bytesin structure.

Ay R_DATA_LAST Number of signaling bytesin structure.

B, R _TOT_LEFT Number of bytes remaining in the structure. Initialize to 0 each time this queueis
initialized.

G, Not used Initialize to 0 each time this queue is initialized.

D, R_SN_CONFIG Configures sequence number processing algorithm.

E, R_CHAN_ALLOC(15:0) A bit table with a bit set per DSO alocated to this queue for DS0s 15 to 0 on the line
defined by queue + 32.

F, R_CHAN_ALLOC(31:16) A bit table with a bit set per DSO allocated to this queue for DS0s 31 to 16 on the line
defined by queue + 32.

10, Reserved (CHNLEFTL) Initialize to 0 each time this queue is initialized.

11, Reserved (CHNLEFTH) Initialize to 0 each time this queue is initialized.

12, R_DROPPED_CELLS 16-bit rollover count of cells that were received but dropped. Initialize to 0.

13, R_UNDERRUNS 16-bit rollover count of the occurrences of underrun on this queue. Initialize to 0.

14, R _LOST_CELLS 16-bit rollover count of the number of lost cells for this queue. Initialize to 0.

15, R_OVERRUNS 16-bit rollover count of the occurrences of overrun on this queue. Initialize to 0.

16, R_PTR_REFRAMES 16-bit rollover count of the occurrences of pointer reframes. Initialize to 0.

17, R_PTR_PAR_ERR 16-bit rollover count of the occurrences of pointer parity errors. Initialize to 0.

18, R_MISINSERTED 16-bit rollover count of the occurrences of misinserted cells. Initialize to 0.
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Offset Name Description
19,-1F, | Not used Initialize to 0 each time this queueisinitialized.
NOTE: All of these locations must be initialized whenever the queueis initialized.

R_STATE_O Word Format

NOTE: Thisword isread-only and is maintained by the RALP.

Field (Bits) Description
Not used Initialize to 0 to maintain future software compatibility.
(15)
R_STRUCT_FOUND Indicates that the receiver structure was found. Initialize to 0.
(14)
Reserved(OLDUNDRN_N) Initialize to 0 to maintain future software compatibility.
(13)
Reserved(UNDRN_2AGO) Initialize to 0 to maintain future software compatibility.
(12)
Reserved(ACTSN) Initialize to 0 to maintain future software compatibility.
(11:9)
SN_STATE Specifies the state of the SN state machine. Initialize to 0.
(8:6)
2ND_LAST_SN Specifies the SN that was received two cells ago. Initialize to 0.
(5:3)
LAST_SN Specifies the last SN that was received. Initialize to 0.
(2.0

R_MP_CONFIG Word Format

NOTE: Thisword is maintained by the microprocessor.

Field (Bits) Description
R_CHK_PARITY If set, check the parity on the incoming structure pointer.
(15)
R BYTES CELL A 6-hit integer specifying how many bytes per cell are required if no structure
(14:9) pointers are used. For UDF-HS mode, this must be set to 47. In other modes,
set thisto the partially filled length. If cells are not partialy filled, set thisto
47.
Not used Write with a 0 to maintain future software compatibility.
(8)
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Field (Bits) Description
R _CDVT Receive Cell Delay Variation Tolerance (R_CDVT) isaconstant and is
(7:0) programmed by the microprocessor during initialization. It is used by the

RFTC after the receipt of the first cell after an underrun. In T1 SDF-MF, E1_
WITH_T1_SIG, or SDF-FR mode, the R_CDVT is expressed as the number
of multiframes in bits 7:5 and the number of framesin bits 4:0. In E1 and all
other T1 modes, R_CDVT isthe number of frames. In unstructured
applications, the number of frames refers to the number of 256-bit increments.
For T1 unstructured modes, thisis equivalent to the number of 165.8 s

periods.

R_STATE_1 Word Format

NOTE: Thisword isread-only and is maintained by the RALP.

Field (Bits) Description
Reserved (FRC_UNDRN) Initialize to 0 to maintain future software compatibility.
(15)
Reserved (SNCRCST) Initialize to 0 to maintain future software compatibility.
(14)
Reserved (P TRMMST) Initialize to 0 to maintain future software compatibility.
(13)
Reserved (FNDPTR) Initialize to 0 to maintain future software compatibility.
(12)
Reserved (FNDFRSTPTR) Initialize to 0 to maintain future software compatibility.
(11)
Not used Driven with a 0. Mask on reads to maintain future software compatibility.
(10:9)
R_WRITE_PTR Pointer to the frame to which the cell receiver is writing.
(8:0)

R_LINE_STATE Word Format

NOTE: Thisword isread-only after initialization and is maintained by the RALP and

RFTC.
Field (Bits) Description
R_UNDERRUN Indicates that this queue is currently in underrun. Initialize to 1. Not used
(15) in UDF-HS mode.
R_RESUME Indicates that this queue is currently in resume state. Initialize to 0. Not
(29 used in UDF-HS mode.
R_SIG_RESUME Indicates that this queue is currently in signal resume state. Initialize to 0.
(13) Not used in UDF-HS mode.
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Field (Bits) Description
Reserved Initialize to 0 to maintain future software compatibility.
(12:9)
R_END_UNDERRUN_PTR L ocation read pointer needs to reach after an underrun to begin playing out
(8.0 new data. Initialize to 0 to maintain future software compatibility.

R_MAX_ BUF Word Format

NOTE: Thisword is maintained by the microprocessor.

Field (Bits) Description
R_CHAN_UNSTRUCT Set to 1 only when receiving cells with a single DS0O without a pointer in the SDF-FR
(15 mode. Thisbit isvalid only in SDF-FR mode. To conform to the CES standard V 2.0

mode, no pointer should be used.

R_CHAN_NO_SIG
(14)

Set to 1 to receive cells without signaling when the line is in SDF-MF mode. Thig

(refer to Appendix B, “References”, on page 3@@hen using a single DSO in SDF-FR

is the

same as using this queue in SDF-FR mode, which means that the structure forms on
frame boundaries instead of multiframe boundaries. The R_SIG_BUFFER will never
be updated for this queue. However, the TL_SIG output will drive the value that \was

initialized into this timeslot in T_SIG_BUFFER.

R_CHAN_DISABLE

Set to 1 to drop all cells for this queue. Set to 0 for normal operation. Cells dropped

the number of 256-bit increments. If the amount of data in the receive buffer exg
R_MAX_BUF, no more data will be written, an overflow will be reported, and the
queue will be forced into underrun. The maximum value of R_MAX_BUF ig.IRE
MAX_BUF should be set to at least 2 * R_CDVT, or R_CDVT + 2 * (number of
frames per cell), whichever is greater.

R_SEQUENCE_ERR Word Format

Field (Bits) Description
R_SEQUENCE_ERR 16-hit rollover count of SN errors. This counter counts transitions from the
(15:0) SYNC state to the OUT_OF_SEQUENCE state. This is the

atmfCESAallSeqErrors count from the CES specification.

Note that if SN processing is disabled, this counter will count all
out-of-sequence cells. Initialize to 0. Once initialized, do not write to this
word.

(13) because of this bit are recorded in the ALLOC_TBL_BLANK sticky bit.
Not used Write with 0 to maintain future software compatibility.
(12:9)
R_MAX_BUF Receiver maximum buffer size. The R_MAX_BUF is coded as the number of frames.
(8:0) In all structured modes, this is the number of frames. In all unstructured modes,

this is
eeds
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R_INCORRECT_SNP Word Format

Field (Bits)

Description

R_INCORRECT_SNP

(15:0)

16-bit rollover count of cellswith SNP errors. Thisis the aamfCESHdrErrors
counter from the CES specification. Initialize to 0. Once initialized, do not
write to thisword.

R_CELL_CNT Word Format

Field (Bits) Description
R_CELL_CNT 16-hit rollover count of received cells. Thisis the atmfCESReassCells counter
(15:0) from the CES specification. Initialize to 0. Onceinitialized, do not writeto this

word.

R_ERROR_STKY Word Format

NOTE: Receive sticky bits should be used for statistics gathering purposes only asthereisno
means of clearing them without the possibility of missing an occurrence. Initializeto

0.
Field (Bits) Description
TRANSFER This bit isread then written with the same value each time the AAL 1gator |1 receives a
(15) cell. This feature allows the processor to determine if the AAL 1gator |l wasin the

middle of aread then write cycle when the processor cleared the other sticky bits. To
accomplish this each time the processor wantsto clear sticky bits, it should complement
this bit. Then, if an additional read of this bit showed it to be the wrong value, then the
AAL1gator Il has had its sticky word update interrupted.

CELL_RECEIVED

A cell was received.

(14
Not used Write with a 0 to maintain future software compatibility.
(13:12)
ALLOC TBL_BLANK A cell was dropped because of ablank allocation table or because R_CHAN_DISABLE
(11 (refer to “R_MAX_BUF Word Format” on page 13%as asserted.
POINTER_SEARCH A cell was dropped because a valid pointer has not yet been found.
(10)
FORCED_UNDERRUN A cell was dropped because a forced underrun condition exists. A forced underry
9) condition can be caused by overruns and pointer mismatches.
SN_CELL_DROP A cell was dropped in accordance with the “Fast SN Algorithm” (as specified in IT
(8) Recommendation 1.363.1).
POINTER_RECEIVED A valid pointer was received.
(7)
PTR_PARITY_ERR A cell was received with a pointer parity error.
(6)
SRTS_RESUME An SRTS resume has occurred. A valid SRTS value was received and stored in
5) SRTS FIFO.

U-T
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Field (Bits) Description
SRTS UNDERRUN A cell was received while the SRTS queue was in underrun.
4
RESUME A resume has occurred: avalid cell was received and stored into the buffer. This cell will
(©)] be played out after 1 CDVT.
PTR_MISMATCH A cell was dropped because of a pointer mismatch. This event causes a forced underrun
2 condition.
OVERRUN A cell was dropped due to overrun. The receive buffer exceeded the maximum allowed
(0] depth. This event causes aforced underrun condition.
UNDERRUN A cell was received while the queue was in underrun.
O

R_TOT_SIZE Word Format

NOTE: Thisword is maintained by the microprocessor.

Field (Bits) Description
Not used Write with a 0 to maintain future software compatibility.
(15:10)
R _TOT_SIZE Total number of bytesin the structure, minus one (for example, for an E1 SDF-MFVC
(9:0 withtwo DSOs, R_TOT_SIZE is set to 32). Thisfield isnot used in UDF-ML or

UDF-HS mode.

Threeformulasfor R_TOT_SIZE are:
For TI/E1 SDF-FR:
R_TOT_SIZE = no. of DSOs — 1
For T1 SDF-MF and E1 W_T1_SIG:
R TOT SIZE= (24 x no. of DSOs) + w -1

For E1 SDF-MF:
R TOT SIZE= (16 x o, of DSOs) + (M- DZSOS *1) 4

R_DATA_LAST Word Format

NOTE: Thisword is maintained by the microprocessor.

Field (Bits) Description
Not used Write with a 0 to maintain future software compatibility.
(15:13)
LAST_CHAN Channel number (0 to 31) of the last DSO with abit set inthe R_CHAN_ALLOC bit
(12:8) table (refer to “R_CHAN_ALLOC(15:0) Word Formatand“R_CHAN_
ALLOC(31:16) Word Format” on page 15MNot used in UDF-ML or UDF-HS modes.
Not used Write with a 0 to maintain future software compatibility.
(7:6)
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Field (Bits) Description
Reserved Write with a 0 to maintain future software compatibility.
(5:9)
R _DATA_LAST Number of signaling bytes in the structure, minus one (for example, for an E1 SDF-MF

(3.0 VCwithsix DSOs, R_DATA_LAST issetto 2). AnE1-SDF-MF VC with seven DSOs is
set to 3 as one signaling nibbleis unused. Not used in UDF-ML or UDF-HS mode.
R_DATA_LAST = (00.01DS0s +1) DZSOS D,

R_TOT_LEFT Word Format

NOTE: Thisword isread-only and is maintained by RALP.

Field (Bits) Description
Not used Driven with a 0. Mask on reads to maintain future software compatibility.
(15:10)
R _TOT_LEFT Total bytes minus one remaining in the structure. Not used in UDF-ML or
(9:0) UDF-HS mode.

R_SN_CONFIG Word Format

Thisword is maintained by the microprocessor.

Field (Bits) Description
R _CONDQ DATA Value of conditioned data inserted into lost cells depending on the value of
(15:8) INSERT_DATA.
Not used Write with a 0 to maintain future software compatibility.
()
INSERT_DATA Controls the format of the datainserted for lost cells:
(6:5) 00, Insert FF,.
01, Insert datafrom R_CONDQ_DATA.
10, Insert old data from receive buffer.
11, Insert datafrom R_CONDQ_DATA with the MSB controlled by
the pseudorandom number algorithm x*&+ x” + 1 (not valid for
UDF-HS).
DISABLE_SN If set, sequence number processing is disabled. Statistics will still be kept
4 but no cells will be dropped due to SN errors.
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Field (Bits) Description
NODROP_IN_START In the “Fast SN Algorithm” for SN processing, the first cell received will
3 always be dropped because a sequence has not been established yet. [This bit
disables the automatic dropping of cells while in the START state. Refef to
section 3.6 “Receive Adaptation Layer Processor (RALP)” starting on page 46
for more information.
0 When SN_STATE (refer tt6N_STATE” on page 156equals
“000,", any received cell will be dropped.
1 When SN_STATE (refer tt5N_STATE” on page 155equals
“000,", any received cell with valid SNP will be accepted.
MAX_INSERT The maximum number of cells that will be inserted when cells are lost. If the
(2:0) number of cells lost exceeds MAX_INSERT, then the queue will be forced
into underrun. If this value is set to QO is interpreted the same as 111
which means that up to seven cells will be inserted.

R_CHAN_ALLOC(15:0) Word Format

R_CHAN_ALLOC(31:16) Word Format

R_DROPPED_CELLS Word Format

Field (Bits) Description
R_DROPPED_CELLS 16-bit rollover count of dropped non-OAM cells. Initialize to 0. Once
(15:0) initialized, do not write to this word. Cells may be dropped due to:

¢ Pointer mismatch.

¢ Overrun.

< Blank allocation table (refer tiR_CHAN_ALLOC(15:0) Word For-
mat” on page 16)1

* SN processing.

¢ Structured cell received while in underrun but structure start hag
been found yet.

Field (Bits) Description
R_CHAN_ALLOC A bit table with a bit set per DSO0 allocated to this queue for DS0s 15 to D on
(15:0) the line defined by queue32. In UDF-ML and UDF-HS modes, initialize
FFFR, (DSO 15 is in bit 15).

(o]

Field (Bits) Description
R_CHAN_ALLOC A bit table with a bit set per DSO0 allocated to this queue for DSOs 31 to L6 on
(15:0) the line defined by queue32. In UDF-ML and UDF-HS modes, initialize t
FFFR, (DSO 31 is in bit 15).

not
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R_UNDERRUNS Word Format
Field (Bits) Description
R_UNDERRUNS 16-bit rollover count of the occurrences of an underrun on this queue. Thisis
(15:0) the atmf CESBufUnderflows counter. Initialize to 0. Once initialized, do not

write to this word. Underruns are counted by the RALP, which does not know
an underrun occurred until acell is received whilein underrun. To ensure the
underrun count is correct, the counter is not incremented until the queue exits
the underrun state and enters the resume state underrun condition. To
determineif the queueisin underrun, check the level of the R_UNDERRUN
bitin R_LINE_STATE register (refer to “R_LINE_STATE Word Format” or
page 15& If this bit is set, then increment the underrun count by one to g
current count.

et the

R_LOST_CELLS Word Format
Field (Bits) Description
R _LOST_CELLS 16-bit rollover count of cells that were detected as lost. This is the
(15:0) atmfCESLostCells counter in the CES specification. Initialize to 0. Once
initialized, do not write to this word.

R_OVERRUNS Word Format
Field (Bits) Description
R_OVERRUNS 16-hit rollover count of the occurrences of an overrun on this queue. Th
(15:0) the atmfCESBufOverflows counter in the CES specification. Initialize to
Once initialized, do not write to this word.

s is

R_POINTER_REFRAMES Word Format

Field (Bits) Description
R_POINTER_REFRAMES | 16-bit rollover count of the occurrences of pointer reframes on this queue. This
(15:0) is the atmfCESPointerReframes counter in the CES specification. Initialjze to
0. Once initialized, do not write to this word.
R_PTR_PAR_ERR Word Format
Field (Bits) Description
R_PTR_PAR_ERR 16-bit rollover count of the occurrences of pointer parity errors on this queue.
(15:0) This is the atmfCESPointerParityErrors counter in the CES specification.
Initialize to 0. Once initialized, do not write to this word.
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R_MISINSERTED Word Format

Field (Bits) Description
R_MISINSERTED 16-bit rollover count of the occurrences of misinserted cells on this queue.
(15:0) Thisisthe amfCESMisinsertedCells counter in the CES specification.
Initialize to 0. Onceinitialized, do not write to thisword.

7.8.12 R_OAM_QUEUE

Organization: 256 cells x 64 bytes

Base address. 0EOQQ,
Index: 20,
Type: Read/Write

Function: The receive OAM queue stores the OAM cells and non-data cells received from

the UTOPIA interface. Refer to section 3.6, “Receive Adaptation Layer Processor
(RALP)”, on page 46or the definitions of OAM and non-data cells.

Initialization: It is not necessary to initialize this structure.
Format: Two data bytes per word.

Offset Name Description
00000, R_OAM_CELL_O Receive OAM cell 0
00020, R OAM_CELL_1 Receive OAM cdll 1
01FFF, R_OAM_CELL_255 Receive OAM cell 255

R_OAM_CELL_n Format

Offset Bits 15:8 Bits 7:0
Word 0 Header 1 Header 2
Word 1 Header 3 Header 4
Word 2 Header 5 (HEC) Blank
Word 3 Payload 1 Payload 2
Word 26 Payload 47 Payload 48
Word 27 CRC_10_PASS
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CRC_10_PASS Word Format

Field (Bits) Description
CRC 10 PASS The CRC_10 PASS bit is set if the cell passes the CRC-10 check.
(15)
Not used
(24:0)

7.8.13 RESERVED (Receive Data Buffer)

NOTE: Thisstructureisreserved and must be initialized to O at initial setup. If RX_COND
for some channels is set to “11” (insert old data during underrun), then those chan-
nels may need to be initialized to some other value if “0” data is unacceptable, since
all the queues will reset to the underrun state. Software modifications to this location
after setup will cause incorrect operation.

Organization:Each line has a separate receive data buffer consisting of 512 frame buffers.
Each frame buffer can store 32 bytes. For E1 structured data applications, this allows
storage of 512 frames or 32 multiframes of data. Structured T1 applications use only
the first 24 bytes of each frame buffer for data storage. Also, only the first 24 frame
buffers of every 32 are used to store T1 structured data frames. This provides 384
frames of storage, or 16 multiframes. Unstructured applications store 256 bits of data
in every frame buffer. For E1 with T1 signaling, use T1 structure but with 32 channels.

Base address: 10000
Index (line): 2000
Type: Read/Write

Function: The data buffers store receive data information. The data is stored in the buffers
in the order that they will be played out to the lines.

Initialization: It is not necessary to initialize this structure.

Format: Two data bytes per word.
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R_DATA_BUFFER_n Word Format

Field (Bits) Description
R DATA H Receive data for:
(15:8) Channel = (offset mod 16) x 2 + 1.

E1 frame = (offset mod 256) + 16.

T1 frame = (offset mod 512) + 16.

E1 multiframe = (offset mod 8192) + 256.

T1 multiframe = (offset mod 8192) + 512.

Line = offset + 8192.

E1 offset = line x 8192 + multiframe(E1) x 256 + frame(E1) x 16 + (chan-1) + 2.
T1 offset = line x 8192 + multiframe(T1) x 512 + frame(T1) x 16 + (chan-1) + 2.

R DATA L Receive data for:
(7:0) Channel = (offset mod 16) x 2.
E1 frame = (offset mod 256) + 16.
T1 frame = (offset mod 512) + 16.
E1 multiframe = (offset mod 8192) + 256.
T1 multiframe = (offset mod 8192) + 512.
Line = offset + 8192.
E1 offset = line x 8192 + multiframe(E1) x 256 + frame(E1) x 16 + channel + 2.
T1 offset = line x 8192 + multiframe(T1) x 512 + frame(T1) x 16 + channel + 2.

7.9 CMDREG (Command Register)
Organization: 1 register
Base address. 20000,
Index: 1,
Type: Read/Write
Hardware Reset Vaue: xx21,,
Function: Allows the microprocessor to signal eventsto the AAL 1gator I1.
Format: Refer to the following table.

CMDREG Word Format

Field (Bits) Description
Not used Write with a 0 to maintain compatibility with future software versions.
(15:8)
(Reserved) Initializeto O.
PROC_TEST_ACCESS When set, destructively allows access to the internal FIFOs for testing purposes. The
@) device should be reset with either the /RESET pin or the SW_RESET register after this

operation is performed. For production test use only.

CLR_RX_OAM_LATCH When set, causes the receive OAM interrupt latch to be cleared. On read:
(6) 1 means an OAM interrupt is present.
0 means an OAM interrupt is not present.

SW_RESET When set, causes all of the device except the microprocessor interface to be held in reset.
5) While set, the external SRAM may be accessed. When switching to or from UDF-HS
mode, this bit must be asserted. Resetsto 1.
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Field (Bits) Description
CSD_ATTN When written with a 1, causes the device to “OR” the T_ADD_QUEUE table with|the
4 first entry in the calendar queue, thereby starting up VCs. Resets to 0. Reads as|0 when

the operation is complete. This operation normally takes up to 3 ms, but is blocked if the
TALP is not allowed to build new cells. In the presence of severe backpressure gt the
transmit UTOPIA port, the CSD_ATTN bit may not clear.

CMD_REG_ATTN When written with a 1, causes the device to write the device revision code into the
3) DEVICE_REV location, read the COMP_LIN_REG location, and finally read the eight
LIN_STR_MODE locations. Reads as a 0 when the operation is complete. Resets to 0.
SEND_OAM_1 A write of 1 causes the cell in the TX OAM buffer 1 to be sent. Reads as a 0 when the
2) cell has been sent. Resets to 0.
SEND_OAM_0 A write of 1 causes the cell in the TX OAM buffer 0 to be sent. Reads as a 0 when the
Q) cell has been sent. Resets to 0.
OAM_INT_MASK When set, disables the OAM receive interrupt. Resets to 1.
(0)
NOTES:

« SEND_OAM _0 has a higher priority than SEND_OAM __1. Therefore, if the correct
order of OAM cell transmission is important, both bits should not be set at the same
time. After SEND_OAM_O0 is requested to be sent, the software can build the second
cell in memory, but should not set the SEND_OAM _1 bit until it has detected that the
SEND_OAM _ 0 bit has been cleared.

« Both attention bits (CSD_ATTN and CMD_REG_ATTN) cannot be set simulta-
neously.
Dual port RAM testing is enabled when the PROC_TEST_ACCESS bit is asserted. All processor
accesses will then be directed to the internal RAMs. Address bits 6:0 are used to provide the
address for the write port and bits 13:7 are used to provide the address for the read port. Bit 15 and
14 select the respective RAM based upon the following code.

Bits (15:14) Description
00 Not used.
01 Signal data FIFO.
10 Receive FIFO.
11 Transmit FIFO.

7.10 Activating a New Line After Reset

The microprocessor can activate or deactivate a new line at any time without affecting lines
already in service. The microprocessor should change the line and then set the line CMD_REG _
ATTN bit in the microprocessor attention register, informing the AALlgator Il that it must
interrogate the memory for line status changes. After the requested change has been performed,
the AALlgator Il clears the attention bit. The microprocessor must not request another change
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until it recognizes the attention bit is no longer set. Failure to observe this requirement can result
in loss of attention requests. All parameters must be set up before CMD_REG_ATTN is asserted.

7.11 Activating a New Queue on an Active Line

Before a new gqueue on an active line can be activated, all transmit queue table structures must be
properly set up. Refer to section 7.6.8 “T_QUEUE_TBL” on page 13%he proper bit in the T_
ADD_QUEUE table is then set, followed by an assertion of the CSD_ATTN bit.

NOTES:

e Only bits for new queues in the T_ADD_QUEUE table should be set when the CSD _
ATTN bit is set. If bits are left set from previous add queue operations, the cell genera-
tion process will be corrupted.

« Before reactivating a previously active queue, be sure to reinitialize all the registers in
the queue table for that queue.

« If backpressure on the transmit UTOPIA port is severe enough to prevent the TALP
from building cells when they are scheduled, the CSD_ATTN bit will not clear until
the TALP has a chance to build those cells. Under this condition, the CSD_ATTN bit
may not clear until the backpressure stops. Note that a VC is not considered to be
started until the CSD clears the CSD_ATTN bit.

In UDF-HS mode, the CSD_ATTN bit is not used. Simply being in UDF-HS mode and not in
software reset and having the TX_ACTIVE bit set for queue 0 will activate the queue.

7.12 Making Changes to an Active Queue

Before reconfiguration, a queue should be deactivated by clearing the ACTIVE bit in the transmit
queue table (refer tsection 7.6.8 “T_QUEUE_TBL" on page 134The queue will not be
deactivated until the next entry in the calendar is encountered. The time for the next calendar
entry to be encountered is:

(FRAMES_PER_CELL + 1% the frame rate

NOTES:

* The frame rate is typically 13%s. Refer tFRAMES PER_CELL” on page 136

» Before reactivating a previously active queue, be sure to reinitialize all the registers in
the queue table for that queue.
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8 APPLICATION NOTES

8.1 DS1 Application

Figure 86 shows atypical application of the AAL1gator Il in anetwork. Datais received from the
DS3 network and microprocessor and split into 28 DS1 lines. The AAL1gator 11 segments this
data into ATM cells and transmits it to the UTOPIA. The ATM Routing Table (WAC-187-X)
appends a 6-byte routing tag and transmits the data to an ATM switch fabric as 118 nibbles.

In the transmit to DS3 direction, the ATM Routing Table (WAC-187-X) strips the 6-byte routing
tag and presents the data to the AAL 1gator 11 in a 53-byte cell format. The AAL1gator 11 then
tranglates the VPI/VCI information into the logical channel numbers for the T1 line and plays the
data out at the appropriate time.

[ 0s11-8) [ Switch

DS3, B3ZS | DS3 Line ) e
Module € .. ., [@P| DSIMX 4P TQUAD DS1(9-16) AALigator Il | 100, ATMraRg)Igtmg abric
PM73121 >
(ATT) PM8318 PM4344 DS1(17-24) ( ) e b wAC e

| DS1(25-28) |
l

A A A p—— — 2
A y
4 4
< A A A y A A N
l Ll

!

Microprocessor

Figure 86. Typical DS1 Application
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8.2 Interface Circuit with Typical Framer

The AAL lgator |1 can interface with avariety of T1 and E1 framers. A typical T1 Quad PMC
interface is shown in Figure 87

ﬁl; BTCLK
TCLK o W4L TCLKI y o
4/ | sTep BTPCM |¢ 4 TL_SER
BTSIG |4 4 TL_SIG
— 103 4 p TL_FSYNC
TL_MSYNC
Quad T1 Framer f
(PMC 4344) AAL1gator Il
(PM73121)
BRPCM 4 »| RL_SER
BRFPI BRSIG 4 » RL_SIG
i BRFPO 4 p| RL_FSYNC
r RL_MSYNC
RCLKO 74 RL_CLK
RCLK ﬁ‘lL RCLKI

Figure 87. Typical PMC Quad Framer Interface
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8.3 DS3 Application
For DS3 applications, the AAL1gator Il can handle one DS3 or E3 line with one VCI in an
unstructured data format. Figure 88 shows the AAL1gator Il in a DS3 application.

DS3 Line ATM Routing | To Switch
DS3,B3ZS .| Module |¢_p| DS3 Framer |  0s3 | /'t/l;\'|\-/|1793afg;)” UTOPIA Table ¢Fabric_
. ! (WAC-187-X)
y y
< y v v A >

¢

Microprocessor

Figure 88. Typical DS3 Application
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8.4 External FIFO Application

Figure 89 shows how to connect the AAL1gator Il to two 9-bit Integrated Device Technology
SyncFIFOs™. On the RATM interface, a D-type flip-flop is required on the /RATM_EMPTY
signal since the SyncFIFO /EF signal does not conform to UTOPIA timing. On the TATM
interface, the SyncFIFO must be able to accept four more data bytes after it asserts the /TATM_
FULL signal. This is accomplished by using the SyncFIFO /PAF flag and its full-7 bytes default
offset.

<4+——F—Q®80) 9 8
D(8:0) |¢ TATM_DATA(7:0)
L TATM_SOC
RCLK External IPAF Pp{ /TATM_FULL
Transmit /WENL1 |¢ ITATM_EN
——— pI/RENL FIFO
WCLK (¢ p{ TATM_CLK
(IDT SyncFIFO¥)
<4———{EF
TATM_CLK_Source AALlgator Il
(PM73121)
8 9 8
Q(8:0) P RATM_DATA(7:0)
———~ P D(8:0) p| RATM_SOC
/IRATM_EMPTY
»| weLk External IEF D Q¥ -
: | CLK
Receive P
o /REN1 (¢ /RATM_EN
— P /WEN1 FIF |OE ——‘
*
<4—IPAF (IDT SyncFIFO™) RCLK |« J7 ‘ » RATM_CLK
*NOTE: Manufacturer’'s data sheets are subject to change. RATM_CLK_Source

Please confirm specifications before using this part.

Figure 89. Typical External FIFO Application
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8.5 External SRTS-Based Clock Recovery Application

While the AAL1gator Il has built-in SRTS, to remain backward compatible with previous
versions of the device, external based SRTS is dtill supported. Externa SRTS-based clock
recovery can be accomplished with the circuitry shown in Figure 90 on page 173. The circuit
produces a clock around the nomina T1 or E1 frequency derived from the network clock. This
clock frequency is then increased or decreased based on the SRTS difference produced by the
AAL lgator II.

The following requirements apply to the 38.88 MHz clock:

« If SRTS is being used, the clock generation logic and AAL1gator Il must use the same 38.88 MHz clock.
The SRTS information passes from the AAL1gator Il to the clock generator logic across a synchronous
boundary.

< Ifanominal frequency clock is generated and the generated clock needs to be locked to a network clock, the
clock generation logic must use a network-derived 38.88 MHz clock only.

« Ifalocally generated 38.88 MHz clock is used, the clock must be within the tolerance of the network clock
requirements. For E1, this is 50 ppm (G.703) and for T1, it is 130 ppm (T1.403). Other specifications exist
for different modes of operation. ReferAppendix B, “References”, on page 2fa8 a list of references.

PMC-Sierra, Inc. has secured an agreement with Bellcore which allows PMC-Sierra to freely
market and sell components that contain the SRTS function, such as the AAL1gator 11 product.
However, the Bellcore-PMC-Sierra agreement does not provide any patent infringement
protection to any users (that is, equipment manufacturers) of AALlgator Il products. Any
equipment manufacturer which makes use of the SRTS function (by using an AALlgator Il
product or via some other implementation) needs to determine if it may be necessary to establish
a separate licensing agreement with Bellcore.

NOTE: AsPMC-Serraunderstandsit, Bellcore will not license the SRTS patent to silicon
manufacturers. Instead, it is Bellcore’s desire to license the SRTS patent under a roy-
alty arrangement only to equipment manufacturers. The ATM Forum states that
Bellcore must make this patent available under fair and equitable conditions.
Bellcore believes they are satisfying this requirement by offering the license to the
equipment manufacturers rather than to the silicon manufacturers.
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TL CLK T7690
| — —
—
1
~
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/
Clock Generation Logic: /
r— - — — — Y a
| |
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| DIV_18 |
| 7y |
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TL_CLK_SRC = 38.88 x (64 - SRTS) + (18 + 19 x (63 - SRTS)) = 2.048 if SRTS = 0

Figure 90. SRTS-Based Clock Recovery Circuitry
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8.6 Board Requirements for the SRAM Interface

The AAL1gator 11 can use industry-standard asynchronous SRAMs for its external memory. The
AAL lgator Il provides control signalsthat control all data accesses to the SRAM. Figure 91 isan
example of how the SRAM should be incorporated into the AAL 1gator Il system design.

Table 26 on page 195 lists the recommended worst-case parameters for each component. Parts

must meet these requirements to run thisinterface at full speed.

IMEM_WE(0) —AAA P /WE(0)
IMEM_WE(L) A, » IWE(L) (2) 128K x 8
SRAMs
IMEM_CS A, p /CS
IMEM_OE JOE  A(0:16) D(0:15)
16 7 A
MEM_DATA(0:15) (¢
h 17
MEM_ADDR(0:16)
AAL1lgator Il
(PM73121)
/SP_DATA_EN 16
SYS_CLK SP_DATA_DIR
SP_DATA_CLK
N N Vce
/SP_ADD_EN
[ I W
! A(0:15)
s Y(0:16)
_ Octal Bus
Octal Buffers with G Transceivers and  >"C [
2 X Tristate Outputs q ; CBA I
2838 & - p DIR Registers sea L
o o J 9 5 (FCT244) alcaB (FCT646)
£eEeQ 3 g _
L & & aqa I < A(0:16) B(0:15) L
A A4 4 A
Gnd
PROC_ADD (17)
=
5 PROC_DATA (0:15) |, 16
k- PROC_ADD (0:16)
S 17
VYV
Microprocessor
NOTES: Series terminating resistors are 33 Q to 100 Q. See this application note for requirements for  MEM_WE resistors.

*Manufacturer's data sheets are subject to change. Please confirm specifications before using this part.

Figure 91. Suggested AAL1lgator Il Memory Interface

SRAMsmust be 12 nsor faster and must have a write data setup of 7 nsor faster to operate
at the maximum system clock rate.
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The following section details how to ensure the SRAM interface will work over all commercia
environmental conditions. Examples are also provided for a few different scenarios. The generic
equations are provided so other scenarios can be eval uated.

Due to its tight requirements, the write data setup and write data hold are the most critical
parameters for SRAM selection. Both of these parameters are derived from the high pulse width
of the SYS CLK input.

The setup and hold times of the SRAM are based on:
e The high time of SYS_CLK
e The series termination resistor value for MEM_WE

Adding a series resistor will increase the rise/fall time due to an increase in the RC constant.
Based on the dlew rate output of the driver, the value of the resistor, and a 15 pF load, the delay at
1.5V will be increased by the amount shown in Table 24.

Table 24. Delay Values for Different Resistors

Resistor (Q) Delay (ns)
33 0.3
50 0.4
75 0.6
100 0.7

Using aresistor value greater than 100 Q is not recommended, since thiswill cause rise/fall times
that are too slow and will not match the board impedance close enough, which can cause
reflections.

The high pulse width of SYS_CLK, plusthe delay through the resistor must ensure the rising edge
of /MEM_WE is slow enough to provide sufficient setup time, but fast enough to provide enough
hold time.

The generic equations for determining the SRAM setup and hold requirements are:

SRAM write setup = Tchi, - 4.3 + Rs
SRAM write data hold = Tp - Tgh, - Rs -10

where: Tch is the high pulse width of SYS CLK at 1.5V,
Tp is the clock period, and
Rs is the delay through the resistor.
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To determine Tchyy,i, and Tchya, the minimum and maximum duty cycle must be defined. Also if

aCMOSdriver isbeing used, the minimum and maximum rise and fall times of the driver must be
defined.

Since high-speed SRAMS use TTL input thresholds, all output timing parameters are measured at
1.5V. The SYS CLK input, like all the AAL1gator 11 inputs, uses TTL input levels. Due to tight
timing requirements on the minimum pulse width required for SYS _CLK, a CMOS driver can be
used to generate SYS CLK to improve the pulse width. The rise/fall time of the signal will cause
the high pulse width measured at 1.5 V to be larger then the pulse width measured at 2.5 V.

The following sections provide four case examples:
e Using an SRAM with 7 ns write data setup and a TTL clock.
e Using an SRAM with 7 ns write data setup and a CMOS clock.
e Using an SRAM with 8 ns write data setup and a TTL clock.
* Using an SRAM with 8 ns write data setup and a CMOS clock.

8.6.1 SRAM with 7 ns Write Data Setup and a TTL Clock
Referring back to the setup and hold equations:

SRAM write setup = Tchy,in - 4.3+ RS
SRAM write data hold = Tp - Tchyy,a - RS-10

Assuming we want to have a 0.5 ns margin on both setup and hold time, the requirements to meet
are;
Tchyin-43+Rs2>7.5ns

Tp - Tchya - RS-10= 0.5 ns

A 5% duty cycle TTL clock source at 38.88 MHz has a Tch,j,, of 11.6 ns and a Tchy,g, of 14.1 ns
al5V.

Replacing Tchy,i, and Tchyy,a in the equations above gives:
Rs>75+43-11.6=20.2ns
Rs<25.7-141-10-05<11ns

Referring to Table24 on page 175, selecting a 50 Q resistor would meet both of these
requirements.

In summary, one possible solution when using an SRAM with 7 ns setup isto use a 5% duty cycle
TTL clock source and a 50 Q series resistor. To increase the margin, the tolerance on the clock
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could be tightened, or a CMOS clock driver could be used. The rise/fall time of the clock should
be lessthan 1.5 ns.

8.6.2 SRAM with 7 ns Write Data Setup and a CMOS Clock

When using a CMOS clock, the rise and fall time of the clock needs to be taken into account to
determine what the pulse width will beat a TTL level. The benefit of usng a CMOS clock is that
the pulse width will be wider at the TTL level then it will be at the CMOS level. Rise/fall times
for CMOS outputs are usually given from the 20% to the 80% level or across a 3 V range.
Dividing this number by 3 gives the approximate delay between the 1.5 V level and the 2.5V
level. Since the delay occurs at both rising and falling edges, this value is doubled to give the
increase in setup time. The hold time is usually the critical factor with a CMOS clock driver.

For instance, if the rise/fall timeis 3 ns, there will be a1 nsdelay from atransition at 1.5V to the
transition at 2.5V and, a2 nsincrease in setup time.

Thistime we will have 1 ns margin on setup and 0.5 ns margin on hold. The requirements to meet
are;
Tchyjn - 4.3+ Rs>8.0ns

Tp - Tchype - Rs-10=0.5ns

A 2.5% duty cycle CMOS clock source at 38.88 MHz has a Tchyy,, of 12.2 ns and a Tchy5 Of

135nsat25V.
A riseffall time of 0.5 ns (from 20-80%) resultsin again of 0.33 nsat 1.5 V and would change
Tchyin t0 12.53 ns.

A rise/fall time of 2 ns (from 20-80%) results in a gain of 1.33 ns at 1.5 V and would change
Tchyax 10 14.83 ns.

Replacing Tchyy,i, and Tchyy, in the equations above gives:
Rs>8.0+4.3-1253>-0.23ns
Rs<25.7-14.83-10-05<0.37ns

Referring to Table24 on page 175 shows that selecting a 33 Q resistor would meet both
requirements. Note that the negative resistance value in the first equation indicates additional
margin. In this situation, the hold time is more critical and is dependent on the clock duty cycle.
Selecting a 5% clock would create a hold time problem unless either the required margin was
reduced or the maximum rise time was reduced.

In summary, one possible solution when using an SRAM with 7 ns setup is to use a 2.5% duty
cycle CMOS clock (with aminimum rise/fall time of 0.5 ns and a maximum rise/fall time of 2 ns)
and a33 Q seriesresistor.
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8.6.3 SRAM with 8 ns Write Data Setup and a TTL Clock

When using a TTL clock with an SRAM with a 8 ns setup requirement, the clock duty cycle
requirement is very tight. One way to tighten up the duty cycle of a clock is to derive the clock
from a higher frequency. Since each edge will be evenly spaced, the only way to affect symmetry
isto adjust the differencein therise and fall timeat 1.5 V.

Assuming we want to have a 0.5 ns margin on both setup and hold time, the requirements to meet
are;
Tchyin-4.3+Rs>85ns

Tp - Tchya - RS-10= 0.5 ns
A 1% duty cycle TTL clock source at 38.88 MHz has a Tchyy,;,, of 12.6 nsand a Tchyy,, of 13.1 ns.

Replacing Tchy,i, and Tchyy,a in the equations above gives:
Rs>85+4.3-126=>0.2ns
Rs<25.7-131-10-05<21ns

Referring to Table24 on page 175 shows that selecting a 50 Q resistor would meet both
requirements.

In summary, one possible solution when using an SRAM with 8 ns setup isto use a 1% duty cycle
TTL clock source and a 50 Q series resistor. To increase the margin, a higher value resistor or a
CMOS clock driver could be used. A resistor value greater than 100 Q should not be used since
this will cause rise/fall times that are too slow and will not match the board impedance close
enough. The risef/fall time of the clock should be lessthan 1.5 ns.

8.6.4 SRAM with 8 ns Write Data Setup and a CMOS Clock

When using a CMOS clock, the rise and fall time of the clock needs to be considered to determine
the pulse width at a TTL level. The benefit of using a CMOS clock is that the pulse width will be
wider at the TTL level than at the CMOS level. Riseffall times for CMOS outputs are usually
given from the 20% to the 80% level, or across a 3 V range. Dividing this number by 3 gives the
approximate delay between the 1.5 V level and the 2.5V level. Since the delay occurs at both
rising and falling edges, this value is doubled to give the increase in setup time. Usually the
critical factor with a CMOS clock driver isthe hold time.

For example, if the rise/fall timeis 3 ns, there will be al nsdelay from atransition at 1.5V to the
transition at 2.5V, and a2 nsincrease in setup time.

Assuming we want a 0.5 ns margin on both setup and hold time, the requirements to meet are:
Tchyin-4.3+Rs>85ns
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Tp - Tchype - Rs-10=0.5ns

A 2.5% duty cycle CMOS clock source at 38.88 MHz has a Tchyy,, of 12.2 ns and a Tchyy5, Of
135nsat2.5V.

A riseffall time of 0.5 ns (from 20-80%) resultsin again of 0.33 nsat 1.5 V and would change
Tchyin to 12.53 ns.

A rise/fall time of 2 ns (from 20-80%) results in a gain of 1.33 ns at 1.5 V and would change
Tchyax 10 14.83 ns.

Replacing Tchy,i, and Tchyy,a in the equations above gives:
Rs>85+4.3-1253>0.27 ns
Rs<25.7-14.83-10-05<0.37ns

Referring to Table24 on page 175, selecting a 33 Q resistor would meet both of these
requirements.

In summary, a possible solution when using an SRAM with 8 ns setup is to use a 2.5% duty cycle
CMOS clock (with aminimum rise/fall time of 0.5 nsand a maximum rise/fall time of 2 ns) and a
33 Q series resistor. To improve margin, either the duty cycle needs to be tightened or the
maximum rise time needs to be reduced, which would alow a larger resistor.

8.6.5 Layout

The delay information provided assumes a 15 pF load on the /MEM_WE signals that have one
load and a 30 pf load on the MEM_DATA outputs that have two loads. The trace capacitance is
approximately 2 pF per inch and the input pin capacitance is about 7 pF. Therefore, the SRAM
trace lengths should be approximately four inches long.

Also, the series resistor should be placed as close as possible to the source pin.
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8.7 UDF-HS Mode SRTS-Based Clock Recovery Application for DS3

While the AAL1gator Il has built-in SRTS clock recovery for T1/E1 rates, externa circuitry is
required for DS3/E3 rates in UDF-HS mode. SRTS-based clock recovery can be accomplished
with the circuitry shown in Figure 92. The circuit generates a clock at the 44.736 MHz DS3
frequency.

Network-
Derived
77.76 MHz vce
' j
N_CLK
Ref In
< »D0-D7
AALlgator Il SRTS DAC
(PM73121) EPLD (AD7801)*
SRTS_STRB >
SRTS_DOUT
4
TL_CLK(0) vout
4
VCO
TollU < <
< (EC3125)* ™

*NOTE: Manufacturer’s data sheets are subject to change.
Please confirm specifications before using this part.

Figure 92. SRTS-Based Clock Recovery Circuit

This circuit functions as follows. The AAL 1gator |1 asserts SRTS STRB indicating a new SRTS
nibble is available on SRTS DOUT. In UDF-HS mode, the SRTS STRB and SRTS DOUT
signals are driven from the rising edge of N_CLK, thus SRTS_STRB should be used to clock the
SRTS DOUT nibble in D-type flip flops. Once latched, a lookup table (refer to Table 25) is used

to convert the SRTS_DOUT nibble into an 8-bit code to drive an Analog Devices’ AD7801 8-bit
Digital-to-Analog Converter (DAC). The DAC output voltage then controls the ECLIPTEK

EC3125 Voltage Controlled Oscillator (VCO), which has a 44.736 MHz center frequency. The
resulting DS3 clock rate is then fed to the AAL1gator || TL_CLK(O) input and the LIU. The N_
CLK must be network derived, but the SYS CLK does not need to be network derived.

Table 25. Memory Interface System Clock Operating Conditions

SRTS_DOUT 8-Bit DAC Code
(Binary) (Hex)
0111 E7
0110 CD
0101 CO
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Table 25. Memory Interface System Clock Operating Conditions (Continued)

SRTS_DOUT 8-Bit DAC Code
(Binary) (Hex)
0100 B3
0011 A6
0010 9A
0001 8D
0000 80
1111 73
1110 66
1101 5A
1100 4D
1011 40
1010 33
1001 26
1000 19
XXXX 80

Typically, SRTS nibbles delivered by the AAL1gator Il oscillate between two values, such as
1100, and 1011,. To smooth out the resulting clock jitter, a more sophisticated mapping from
SRTS nibbles to 8-hit DAC codes can be used. Some examples of such mappings are averages
and running averages that access a lookup table with finer resolution than that provided by the

SRTS nibbles.

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS’ INTERNAL USE 181



1
Data Sheet P r\ A PMC.-Sierra, Inc. PM73121 AAL 1gator Il

PMC-980620 Issue 3 AAL1 SAR Processor

8.8 Interfacing with the Mitel MT8980 Digital Switch

Figure 93 shows the AAL1gator Il interface to the MITEL® MT8980 Digital Switch and
Figure 94 shows the required relationship among the timing signals that should be generated in
the EPLD.

STo0 »{RL_SER (0)
STol »|RL_SIG (0)
STiO|«¢ TL_SER (0)
STil ¢ TL_SIG (0)
AAL1gator Il
MT8980 (PM73121)
’—y RL_FSYNC
FOi FOi FSYNC TL_FSYNC (0)
Cai 4.096 MHz ~ 2.048 MHz RL_CLK (0)
EPLD \_y TL_CLK (0)
RL_MSYNC (0)
E TL_MSYNC (0)
*NOTE: Manufacturer’s data sheets are subject to change.
Please confirm specifications before using this part.
Figure 93. Interfacing with the Mitel MT8980
Icaa) \ | \ | \ | \ |
TL_CLK, RL_CLK \ /] \ /] \ /]
/FO(i) |
FSYNC |\ -—
STo(0:7) | Channel31 bit 0 ChannelO bit 7 |
STi(0:7) | Channel31 bit, last ChannelO bit, 1st |

Figure 94. Interfacing Timing with the Mitel MT8980
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8.9 Interfacing with the ATM Cell Multiplexer (WAC-185-B-X)

Figure 95 shows the interface for connecting eight AAL1gator IIs (as PHY layer devices) to the
ATM Cell Multiplexer (WAC-185-B-X), an ATM layer device. Configure the AAL 1gator lIsin
Multi-PHY UTOPIA mode by connecting the PHY _ENABLE input pin to V¢, and setting the

SPHY_EN bit to “0” in the COMP_LIN_REG memory word (referdsection 7.4.2 “COMP_
LIN_REG” on page 126 Configure the WAC-185-B-X in Multi-PHY UTOPIA mode by setting

the ATM_MPHY_EN bit to “1” in the GEN_5 microprocessor port. In this mode, the
WAC-185-B-X will drive the eight addresses x00, x01, x02, x03, x04, x05, x06, and x07, and the
null address x1F onto the RATM_ADDR/TATM_ADDR busses. The decoding logic shown in
Figure 95 should decode each of these addresses to an active low enable signal for each of the
AALlgator llIs.

If only four, or fewer, AALlgator lls are to be connected to the WAC-185-B-X, the external
decode logic can be eliminated by implementing a single-PHY UTOPIA bus instead of a
Multi-PHY UTOPIA bus. In this case, configure the AALlgator lls in single-PHY UTOPIA
mode by connecting the PHY_ENABLE input pin tgd/and setting the SPHY_EN bit to “1” in

the COMP_LIN_REG memory word. Configure the WAC-185-B-X in single-PHY UTOPIA
mode by setting the ATM_MPHY_EN bit to “0” and the ATM_CELL_EN bit to “1” in the GEN_

5 microprocessor port. (The ATM_CELL_EN is set because the AALlgator Il implements
cell-level handshaking due to its cell-based internal FIFOs.) In this mode the WAC-185-B-X does
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not drive addresses, so the RATM_ADDR/TATM_ADDR should be left unconnected, and each
AALlgator Il isessentially connected to its own single-PHY UTOPIA bus.

Active Low

= +Vce
=8 Decode of
: j Address
PHY_ENABLE Assigned to
/RPHY_ADDR|«¢ AAL lgator |l /5/
RPHY_CLAV
/RPHY_EN <«
RPHY_SOC
RPHY_DATA
RPHY_CLK«¢ <25 MHz
AALlgator li Active Low
(PM73121) Decode of
Address
Assigned to
/TPHY_ADDR'4 AAL1gator |l /5/
TPHY_CLAV|
ITPHY_ENI<
TPHY_SOC <
U TPHY_DATA<
_’-_ TPHY_CLK/¢ < 25 MHz

RATM_ADDR
RATM_CLAV
IRATM_READ_EN
RATM_SOC
RATM_DATA
RATM_CLK

WAC-185-B-X

TATM_ADDR
TATM_CLAV
ITATM_WRITE_EN
TATM_SOC
TATM_DATA
TATM_CLK

*NOTE: Manufacturer’s data sheets are subject to change.
Please confirm specifications before using this part.

Figure 95. Connecting Eight AAL1gator lIs to a WAC-185-B-X
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8.10 Jitter Characteristics of Clock Synthesis Logic

This section shows the results of jitter analysis of the clock synthesis circuitry built into the
AAL lgator 1. Jitter was measured using a FIREBERD 6000A with the E1 or T1 jitter analyzer
option and the jitter spectrum analysis option added. The clock synthesis logic is intended to be
used with an external jitter attenuator. Results are shown with and without the jitter attenuator in a
Level One LXT305A LIU enabled.

8.10.1 Nominal T1 Clock
The nominal T1 clock jitter was measured using a 22-1 Pseudorandom Bit Sequence (PRBS)
pattern in unstructured mode. The total maximum jitter without the jitter attenuator was 0.40 Unit
Interval (Ul). With a jitter attenuator the maximum jitter was 0.08 Ul. See Figure 96 and
Figure 97 for the jitter spectrum versus the G.824 mask.

10
1
— i
2 * m G.824 Mask
5 0.1 Ll EEEEes )
b= S & Jitter
= o
90
0.01 —69%%0 6969909909
0.001 \ 4 G0N —
1 10 100 1000 10000 100000

Frequency(Hz)

Figure 96. Nominal T1 Clock with no Jitter Attenuator
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Figure 97. Nominal T1 Clock with Jitter Attenuator
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8.10.2 Nominal E1 Clock

The nominal E1 clock jitter was measured using a 215-1 PRBS pattern in unstructured mode. The
total maximum jitter without the jitter attenuator was 0.11 Ul. With a jitter attenuator the
maximum jitter was 0.065 Ul. See Figure 98 and Figure 99 for the jitter spectrum versus the
G.823 mask.

10

W G.823 Mask
& Jitter

Jitter(Ul)
o
[E=N

0.01 \, [

\ \
\

0.001 22 +& L

o o

1 10 100 1000 10000 100000

~L
[
——

Frequency(Hz)

Figure 98. Nominal E1 Clock with no Jitter Attenuator

10

W G.823 Mask
¢ Jitter

Jitter(Ul)
o
[N

0.01

|-

0.001 909 ¢ %
1 10 100 1000 10000 100000

Frequency(Hz)

Figure 99. Nominal E1 Clock with Jitter Attenuator
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8.10.3 SRTS T1 Clock
The T1 SRTS clock jitter was measured using a 22-1 PRBS pattern in unstructured mode.

Two AAL1gator IIs were connected to each other across a point to point ATM connection. One

AAL lgator Il was used to generate SRTS values, and the other AAL 1gator Il was used to receive

the values. The source AAL 1gator |1 was connected to a FIREBERD, which used an externd

signal generator as its clock source. The clock source was stepped across the entire £ 200 ppm
range and the jitter was measured at the FIREBERD connected to the AALlgator Il at the
receiving end. A jitter spectrum was then taken at the frequency that exhibited the worst jitter.

The total maximum jitter without the jitter attenuator was 1.91 Ul. With a jitter attenuator the
maximum jitter was 0.26 Ul, other than a spike at - 200 ppm. See Figure 100 tRigugh103
on page 19@or jitter versus frequency and the jitter spectrum versus the G.824 mask.

25
2 4
_ 15+
g
5 —e— SRTS
3
s 14
05 +
0

1543600 1543800 1544000 1544200 1544400
Frequency +/- 200 ppm

Figure 100. Maximum T1 SRTS Jitter with no Jitter Attenuator
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Figure 101. Maximum T1 SRTS Jitter with Jitter Attenuator
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Figure 102. T1 SRTS Clock with no Jitter Attenuator
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Figure 103. T1 SRTS Clock with Jitter Attenuator
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8.10.4 SRTS E1 Clock
The E1 SRTS clock jitter was measured using a 2:5-1 PRBS pattern in unstructured mode.

Two AAL1gator |Is were connected to each other across a point-to-point ATM connection. One

AAL lgator Il was used to generate SRTS values, and the other AAL 1gator Il was used to receive

the values. The source AAL 1gator |1 was connected to a FIREBERD, which used an externd

signal generator as its clock source. The clock source was stepped across the entire £ 90 ppm
range and the jitter was measured at the FIREBERD connected to the AALlgator Il at the
receiving end. A jitter spectrum was then taken at the frequency that exhibited the worst jitter.

The total maximum jitter without the jitter attenuator was 0.845 Ul. With a jitter attenuator the

maximum jitter was 0.42 Ul. See Figure 104 throdgdure 107 on page 198r jitter versus
frequency and the jitter spectrum versus the G.824 mask.
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Figure 104. Maximum E1 SRTS Jitter with no Jitter Attenuator
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Figure 105. Maximum E1 SRTS Jitter with Jitter Attenuator
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Figure 106. E1 SRTS Clock with no Jitter Attenuator
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Figure 107. E1 SRTS Clock with Jitter Attenuator
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8.11 Timing Requirements On External Logic for RAM and Microprocessor Interface
Microprocessor accesses are controlled by the AALlgator Il. To properly access the
AALlgator Il and the external memory, the AAL1gator 11 must be supported with a tristatable
address buffer and a bidirectional, tristatable data latch.

The RAM and microprocessor interface has been optimized to work with a pair of 128K x 16
SRAMS, apair of FCT646s, and afew FCT244s, as shown in Figure 108 on page 195. Due to the
asynchronous timing of these parts, the speed of the interface, and the interleaving of different
types of read and write operations, the address, data, and control signals are skewed with respect
to each other to provide the delicate balance that is required.

It is strongly recommended that the architecture shown in Figure 108 on page 195 is followed,
especidly if thisinterface is running near maximum speed. The components should also be placed
near each other. If lower speeds or faster parts are used, alternative architectures can be used, as
long as all timing parameters are met. Note that the capacitance for the timings given assumes the
architecture shown. Other configurations may have different loadings. Refer to section 8.6
“Board Requirements for the SRAM Interface” on page 174for important timing informa-
tion regarding this interface.
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If using the architecture shown in Figure 108 at maximum frequency (40.00 MHz), the recom-
mended worst-case parameters for each part are listed in Table 26 on page 195. At lower speeds
these numbers can be adjusted.

IMEM_WE(0) |—AAA P /WE(0)
IMEM_WE(2) [N, » IWE(L) (2) 128K x 8
IMEM_CS 4\/\/\, » /CS SRAMs
/IMEM_OE p| /OE  A(0:16) D(0:15)
16
MEM_DATA(0:15) («¢ 7 A A
MEM_ADDR(0:16)
AALlgator Il
(PM73121)
40.00 MHz /SP_DATA_EN 16
SYS_CLK SP_DATA_DIR
SP_DATA_CLK
/SP_ADD_EN Vee
I W
I A(0:15)
s Y(0:16)
_ Octal Bus
Octal Buffers with G Transceivers and SAB
. . CBA
9 g9 é Eou Tristate Outriuts »{DIR Registers osa U
00 oy o 5 (FCT244) p|CAB (FCT646)*
66 06898 9§ x i
G 2 A©:16) B(0:15) |
Y 2
ADDRESS BUS (17) Gnd
=
S PROC_DATA (0:15) |, 16
= PROC_ADD (0:16)
v vy
Microprocessor
NOTES: Series terminating resistors are 33Q to 100Q. See application notes for guidelines regarding /MEM_WE resistor.
* Manufacturer’s data sheets are subject to change. Please confirm specifications before using this part.
Figure 108. Suggested AALlgator Il Memory Interface
Table 26. Recommended Worst-Case Parameters for Suggested Memory Interface
Number Parameter Min Max Unit
1 maximum tristatable address buffer output enable time (FCT244) 1 8 ns
2 maximum tristatable address buffer output disable time (FCT244) 1 8 ns
3 maximum tristatable address buffer propagation delay (FCT244) 1 8 ns
4 maximum bidirectional tristatable data latch output enable time (FCT646) 10 ns
5 maximum bidirectional tristatable data latch output disable time (FCT646) 10 ns
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Table 26. Recommended Worst-Case Parameters for Suggested Memory Interface (Continued)

Number Parameter Min Max Unit
6 minimum bidirectional tristatable data latch data setup to clock (FCT646) 5 ns
7 minimum bidirectional tristatable data latch data hold to clock (FCT646) 3 ns
8 maximum bidirectional tristatable data latch propagation delay (FCT646) 10 ns
9 maximum RAM access delay from address stable and chip select active 15 ns
10 minimum RAM data hold from address change 2 ns
10 minimum RAM data hold from /OE or /CS high 0 ns
11 maximum RAM output enable delay 7 ns
12 minimum RAM data setup to write clock 7 ns
13 minimum RAM data hold to write clock 0 ns
14 minimum RAM address hold to write clock 0 ns
15 minimum RAM write enable minimum pulse width 10 ns
16 minimum RAM address setup to write start 1 ns
17 minimum RAM address setup to write end 12 ns
18 maximum RAM output disable delay 6 ns

The numbersin Table 26 are used in Figure 109 to Figure 112 on page 197 to show the suggested
memory interface timing relationships.

fe—1— fe——2—

FCT244 /G

Y

—

A

Figure 109. Address Buffer (FCT244) Timing
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Figure 110. Bidirectional Data Latch (FCT646) Timing
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Figure 111. RAM Read Timing
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Figure 112. RAM Write Timing
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APPENDIX A NOMENCLATURE

A.1 Definitions

Transmit Signals: all signals related to processing the data heading towards the optical/elec-
trical layer.
Receive Signals: all signals related to processing the data heading towards the ATM layer.

A.2 Signal Name Prefixes

All pins and alarm names in the AAL1gator 11 have prefixes indicating the functional layer
they implement (refer to Table 27).

Table 27. Prefixes and Associated Functional Layers

Pin Name Prefix Associated Functional Layer

TATM Transmit UTOPIA ATM Layer.
These signals should be connected to the PHY layer.

RATM Receive UTOPIA ATM Layer.
These signals should be connected to the PHY layer.

TPHY Transmit UTOPIA ATM Layer.
These signals should be connected to the ATM layer.

RPHY Receive UTOPIA ATM Layer.
These signals should be connected to the ATM layer.

A.3 Numbers

Hexadecimal numbers are followed by the suffixdhd binary numbers are followed by the suf-
fix “,". For example: 10)lor 2G,. Decimal numbers appear without a suffix.
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A.4 Glossary of Abbreviation

Table 28. Standard Abbreviations

Abbreviation Description
AAL1 ATM Adaptation Layer 1
ACS ATM Circuit Steering
AMON ATM Monitoring
AMS Audio/Visual Multimedia Service
ANS American National Standards Institute
ATM Asynchronous Transfer Mode
CAS Channel Associated Signaling
CBR Constant Bit Rate
CCs Common Channel Signaling
Ccbv Cell Delay Variation
CDVT Cell Delay Variation Tolerance
CES Circuit Emulation Service
CLP Cell Loss Priority
CRC Cyclic Redundancy Check
CRC-10 10-bit Cyclic Redundancy Check
CsD Cell Service Decision
Ccsl Convergence Sublayer Indication
DAC Digital-to-Analog Converter
DACS Digital Access Cross-connect System
DDS Digital Data Service
DSO Digital Signal Level 0
DS1 Digital Signal Level 1
DS3 Digital Signal Level 3
E1l European Digital Signal Level 1
E3 European Digital Signal Level 3
E4 European Digital Signal Level 4
ESF Extended Super Frame
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Table 28. Standard Abbreviations (Continued)
Abbreviation Description
FCT Fairchild TTL Compatible
FIFO First-In, First-Out
FPGA Field Programmable Gate Array
FXO Foreign Exchange Office
FXS Foreign Exchange Subscriber
GFC Generic Flow Control
HEC Header Error Check
LI Line Interface
LIU Line Interface Unit
LSB Least Significant Bit
M13 Multiplexer Level 1to Level 3
MIAC Memory Interface and Arbitration Controller
MIB Management Information Base
mod Modulo
MPEG2 Motion Picture Experts Group 2
MPHY Multi-PHY
MSB Most Significant Bit
MULDEM Multiplexer/Demultiplexer
OAM Operations, Administration, and Maintenance
OC-1 Optical Carrier Level 1
0oC-3 Optical Carrier Level 3
PBX Private Branch Exchange
PCR Peak Cell Rate
PDU Protocol Data Unit
PDH Plesiochronous Digital Hierarchy
PHY Physical
PLL Phase-Locked Loop
PCM Pulse Coded Modulation
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Table 28. Standard Abbreviations (Continued)
Abbreviation Description
PRBS Pseudorandom Bit Sequence
PTI Payload Type Indicator
RALP Receive Adaptation Layer Processor
RATM Receive UTOPIA ATM Layer
RFTC Receive Frame Transfer Controller
RL Receive Line
RMON Remote Monitoring
RUTOPIA Receive UTOPIA
RX Receive
SAR Segmentation And Reassembly
SDF-FR Structured Data Format, Frame-based
SDF-MF Structured Data Format, Multiframe-based
Sbu Service Data Unit
SF Super Frame
SN Sequence Number
SNP Sequence Number Protection
SOC Start-Of -Cell
SONET Synchronous Optical Network
SP Supervisory Processor
SPHY Single PHY
SRAM Static Random Access Memory
SRTS Synchronous Residua Time Stamp
TALP Transmit Adaptation Layer Processor
TATM Transmit UTOPIA ATM Layer
TDM Time Division Multiplexing
TFTC Transmit Frame Transfer Controller
TL Transmit Line
TLIP Transmit Line Interface Processor
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Table 28. Standard Abbreviations (Continued)

Abbreviation Description
TTL Transistor-to-Transistor Logic
TUTOPIA Transmit UTOPIA
X Transmit
UDF Unstructured Data Format
UDF-HS Unstructured Data Format, High Speed
UDF-ML Unstructured Data Format, Multiple Line
ul Unit Intervals
UNI User Network Interface
UPC Usage Parameter Control
UTOPIA Universal Test and Operations Physical Interface for ATM
VvC Virtua Circuit
VCI Virtua Circuit Identifier
VCO Voltage Controlled Oscillator
VCXO Voltage Controlled Crystal Oscillator
VHDL VHSIC Hardware Description Language
VHSIC Very High Speed Integrated Circuit
VP Virtual Path
VP Virtua Path Identifier
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APPENDIX B REFERENCES

« ANSI T1 Recommendation T1.40Rgetwork-to-Customer Installation - DS1 Metallic Interface, NY,
NY, 1995.

e« ANSI T1 Recommendation T1.63Broadband ISDN-ATM Adaption Layer for Constant Bit Rate
Services, Functionality and Specification, NY, NY, 1993.

e« ATM Forum, ATM User Network Interface (UNI) Specification, V 3.1, Foster City, CA USA,
September 1994.

e ATM Forum, Circuit Emulation Service - Interoperability Specification (CES1S), V. 2.0, Foster City,
CA USA, August 1996.

e ATM Forum,UTOPIA, an ATM-PHY Layer Specification, Level 1, V. 2.01, Foster City, CA USA,
March 1994.

e ATM Forum,UTOPIA, an ATM-PHY Layer Specification, Level 2, V. 1.0, Foster City, CA USA, June
1995.

« E3 Framer (EAC-030) User’s Manual

e ITU-T Recommendation G.70®hysical/Electrical Characteristics of Hierarchical Digital Interfaces,
April 1991.

e ITU-T Recommendation 1.363.B-ISDN ATM Adaptation Layer (AAL) Specification, July 1995.
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NOTES
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ORDERING INFORMATION

Ordering Information
Table 29 lists the ordering information.

Table 29. Ordering Information

Part Number

Description

PM73121-RI

240-pin Quad Flat Pack
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CONTACT INFORMATION

Contacting PMC-Sierra, Inc.

PMC-Sierra, Inc.
105-8555 Baxter Place

Burnaby B.C. Canada V5A 4V7

Tel: (604) 415-6000
Fax: (604) 415-6200
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Web Site:

document@pmc-sierra.com
info@pmc-sierra.com
apps@pmc-sierra.com
(604) 415-4533
http://www.pmc-sierra.com
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