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1 INTRODUCTION

The S/UNI-IMA-84/TEMUX-84 Development Kit is intended for software
development of several PMC-Sierra devices including:

o SPECTRA-155
e TEMUX-84

e S/UNI-IMA-84
e S/UNI-DUPLEX

1.1 Purpose

The S/UNI-IMA-84/TEMUX-84 Development Kit is intended to assist engineers in
board design and software development using PMC-Sierra’s PM7341 S/UNI-
IMA-84, PM8316 TEMUX-84, PM5342 SPECTRA-155 and PM7350 S/UNI-
DUPLEX.

The S/UNI-IMA-84/TEMUX-84 Development Kit can also be used to generate a
high speed Low Voltage Differential Signal (LVDS) serial link for connection to
other PMC-Sierra devices with an LVDS interface.

1.2 Scope

This document describes the design of the S/UNI-IMA-84/TEMUX-84
Development Kit. A description for each of the functional blocks of the design is
given followed by the detailed design, including physical and mechanical
descriptions, implementation descriptions, layout, bill of materials and CPLD
code.

1.3 Applications

1.3.1 ATM Edge Switch IMA and UNI Port Card

An optimized solution comprising the PM7341 S/UNI-IMA-84 and PM8316
TEMUX-84 devices enables a new generation of high-density port cards for
terminating up to an OC-3s worth of IMA circuits (84 T1 links). The following
Figure shows the S/UNI-IMA-84 connected to a TEMUX-84, SDRAM and an
ATM Layer Device.
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PM8316
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PM7341
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S/UNI-APEX
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Figure 1 ATM Edge Switch IMA and UNI Port Card Example

ATM Multiservice Switch, Any Service Any Port Card

The following Figure shows an ATM Multiservice Switch Any Service, Any Port
card comprising the PM7341 S/UNI-IMA-84, PM7385 FREEDM-84A672, Frame
Relay to ATM Interworking Functions, PM73122 AAL1gator-32, PM8316 TEMUX-
84, PM5342 SPECTRA-155 and a DS3 LIU. Through software configuration of
the devices, any port can be configured to support IMA, User-to-Network
Interfaces (UNI), Frame Relay or Circuit Emulation Service.

DS3
LIV

PM8316

O PM5342
SPECTRA-155

TEMUX-
84

Telecom

Bus

SBI

Frame Relay
PM7385 | toATM
FREEDM-84A672 Interworking
unctions
PM7341
S/UNI-IMA-84
PM73122
|| AAL1gator-32
UTOPIA L2/
Any-PHY

Figure 2 ATM Multiservice Switch, Any Service Any Port Card Example
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2 FEATURES

This Reference Design provides the following features:

e Provides full access to the SPECTRA-155, TEMUX-84, S/UNI-IMA-84,
S/UNI-DUPLEX registers.

e 33 MHz CompactPCI (CPCI) interface.
e On board hot swap controller with power sequencing.

e 3.3 Volt CMOS Telecom bus allowing communication between the
SPECTRA-155 and the TEMUX-84.

e 19.44 MHz SBI bus allowing communication between the TEMUX-84 and the
S/UNI-IMA-84.

e UTOPIA Level 2 bus allowing communication between the S/UNI-IMA-84 and
the S/UNI-DUPLEX.

e Two LVDS serial links provided for applications that need 1:1 protection such
as connection to the DSLAM Core Card (part of the DSLAM Reference
Design) for connection to WAN up-link.

e Front panel status LED’s which display line status and power supply status.
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3 FUNCTIONAL DESCRIPTION
3.1 Data Flow
The S/UNI-IMA-84/TEMUX-84 Development Kit is connected over a
| CompactPCl bus to a host processor and external memory. Figure 3 illustrates
the general data flow.
SONET SBI ATM
SPEs SPEs Cells
SONET OC-3

FRAME

(——

Optical

SPECTRA-
155 SONET

SPEs

Telecom

TEMUX-84

SBI
SPEs

S/UNI-IMA-84

SBI

ATM
Cells

UTOPIA L2

S/UNI-
DUPLEX

LVDS

—

LVDS

Interface ADD/DROP ADD/DROP Receive/Transmit Interface
Bus Bus Bus
Figure 3 S/UNI-IMA-84/TEMUX-84 Development Kit Data Flow
3.1.1 Transmit Direction

In the transmit direction, the S/UNI-DUPLEX receives data via the LVDS

interface. The S/UNI-DUPLEX demultiplexes these ATM cells and routes them
to the appropriate virtual PHY of the S/UNI-IMA-84 via the UTOPIA L2 bus.
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Utopia L2 Bus

LVDS Links
PHY #1 | [PHY#1 | | PHY #1 | | PHY #1
PHY#2 | |PHY#2 | |PHY#2 | | PHY #2 S/UNI
#2| | PHY#3 | | PHY #4
DUPLEX PHY #1 | | PHY
PHY#3 | |PHY#3| |PHY#3| |PHY #3
PHY#4 | |PHY#4 | |PHY#4 | | PHY 14 <
< One Multiplexed ATM Stream

Four Single ATM Streams

Figure 4 S/UNI-DUPLEX Demultiplexing ATM Streams

The S/UNI-IMA-84 performs the IMA protocol on the data recovered from the
UTOPIA L2 bus. The IMA protocol consists of taking a cell stream destined to a
group and distributing the cells in a round-robin fashion to the links within a
group, adding IMA Control Protocol (ICP) cells, filler cells and stuff cells as
needed. The ICP cells convey state information to the far end and are used to
format an IMA frame. The IMA frame is used as a mechanism to synchronize
the links at the far end. Cell rate decoupling is performed at the IMA sub-layer
via filler cells. Filler cells are used instead of physical layer cells for cell rate
decoupling, thus a continuous stream of cells is sent to the TC layer.

By distributing the ATM cell stream to multiple physical links in a round-robin
fashion, an IMA Group appears to the ATM layer devices like a PHY layer device
with a maximum capacity which is determined by the number of links per group
the S/UNI-IMA-84 is configured to support (e.g. nxT1, nxE1, nxG.SHDSL). The
S/UNI-IMA-84 supports up to 42 simultaneous IMA groups and each IMA group
can support 1 to 32 links with the constraint of a maximum of 84 total links.
However, because the S/UNI-IMA-84 is configured in UTOPIA L2 mode (as
opposed to Any-PHY) and because UTOPIA L2 only supports 31 PHYs, only up
to a maximum of 31 virtual PHYs can be addressed within the S/UNI-IMA-84.

An IMA Group is referred to as a virtual PHY because the ATM layer can address
multiple virtual PHYs within one physical PHY device, the S/UNI-IMA-84. In this
design, an IMA link refers to the individual T1 line, down which a portion of the
Group’s ATM traffic travels.

An IMA layer device on the other end of the physical links will reassemble the
ATM cells arriving from the various physical links into a single ATM stream, which
it will pass to the ATM layer.
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Link #1

Single ATM Stream

NWRQNWKQ IMA Group | H&N-I:I

Link #2

|

Link #3

Figure 5 IMA Protocol

In the TC sub-layer, the HEC is calculated and inserted into the cell headers.
The cell stream is then mapped into the DS1 payload with zeros inserted for the
framing and overhead bits.

After a serial to parallel conversion is performed on the 84 links, the data is then
conveyed across the SBI ADD bus to the TEMUX-84.

The EXSBI (Extract Scaleable Bandwidth Interconnect) block of the TEMUX-84
device demaps up to 84 1.544Mb/s links, 63 2.048Mb/s links or three
44.736Mb/s links from the SBI ADD bus. Timing for the links can be slaved to
the arrival rate of data or from link rate adjustments provided by the TEMUX-84.
In this design, the TEMUX-84 is configured in master mode. The TEMUX-84 can
also send link rate adjustment requests to the S/UNI-IMA-84 using the
AJUST_REQ signal. This signal indicates whether the S/UNI-IMA-84 should
send one additional or one fewer byte of data during the next 500 us interval.

Each T1 transmitter frames to SF or ESF DS1 formats, or framing can be
optionally disabled. The TEMUX-84 supports signaling insertion, idle code
substitution, data insertion, line loopback, data inversion and zero-code
suppression on a per-DSO0 basis. PRBS generation or detection is supported on
a framed and unframed T1 basis.

The SPE’s from the TEMUX-84 are transmitted to the SPECTRA-155 devices via
the TELECOM ADD Bus.
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3.1.2

Each TPIP (Transmit Pointer Interpreter) block within the SPECTRA-155 takes
the SPEs from the TELECOM ADD Bus and interprets the H1, H2 pointers,
indicates the J1 byte location, and detects alarm conditions. The TTAL (Transmit
Telecombus Aligner) block then takes the STS-1 SPE from the TPIP, and aligns it
to the frame of the transmit stream. The TPOP (Transmit Path O/H Processor)
block then performs path overhead processing. Following this, both Line and
Section Overhead processing occurs before the complete SONET STS-3 SPE is
transmitted serially over transmit line interface.

The transmitted signal is then converted to optical format by the front panel
Optical Interface unit.

Receive Direction

The S/UNI-IMA-84/TEMUX-84 Development Kit receives SONET/SDH OC-3
(155.52 Mbits\s) frames through the front panel optical interface. The optical
interface converts the optical signals into STS-3 (155.52 Mbits\s) electrical
signals for processing by the SPECTRA-155.

The SPECTRA-155 receives SONET/SDH frames via a bit serial interface,
recovers clock and data, and terminates the SONET/SDH section (regenerator
section), line (multiplexer section), and path. It performs framing (A1, A2),
descrambling, detects alarm conditions, and monitors section and line bit
interleaved parity (BIP) (B1, B2), accumulating error counts at each level for
performance monitoring purposes. B2 errors are also monitored to detect signal
fail and signal degrade threshold crossing alarms (for use with Automatic
Protection Switching). Line remote error indications (M1) are also accumulated.

In addition, the SPECTRA-155 interprets the received payload pointers (H1, H2),
detects path alarm conditions, detects and accumulates path BIPs (B3). The
SPECTRA-155 also monitors and accumulates path Remote Error Indications
(REIs), accumulates and compares the 16 or 64 byte path trace (J1) message
against an expected result, and extracts the Synchronous Payload Envelope
(virtual container).

Figure 6 below depicts the format of an incoming SONET STS-3 Frame using
floating SPE structures. The SPE’s are located using the H1 and H2 pointer
bytes.
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Figure 6 SONET OC-3 Frame Processing by the SPECTRA-155

The extracted SPE is placed on the Telecom DROP bus. The DPL (DROP Bus
Payload Active) and DC1J1V1 (DROP Bus Composite Timing) signals indicate
the location of the path overhead and the tributaries within the SPE.

The TEMUX-84 device receives data placed on the TELECOM DROP Bus. The
TEMUX-84 is configured to use a Telecom Bus (SONET\SDH) Line Side
Interface and the SBI Bus System Side Interface.

The SONET/SDH line side interface provides STS-1 SPE processing and
generation. The payload processor aligns and monitors the performance of
SONET virtual tributaries (VT1.5s). Maintenance functions per tributary include
loss of pointer detection, AIS alarm, tributary path signal label mismatch, and
tributary path signal label unstable alarms. Optionally, interrupts can be
generated due to the assertion and removal of any of the above alarms. Counts
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are accumulated for tributary path BIP-2 errors on a block or bit basis and for
FEBE indications. The synchronous payload envelope generator generates all
tributary pointers and calculates and inserts tributary path BIP-2. The generator
also inserts FEBE, RDI and enhanced RDI in the V5 byte. Software can force
AIS insertion on a per tributary basis.

The TEMUX-84 SONET/SDH VT Payload Processor demaps up to 84 T1s from
the three STS-1 SPEs (AU3 or TUG3). The bit asynchronous demapper
performs maijority vote C-bit decoding to detect stuff requests for T1, E1 and DS3
asynchronous mappings. The VT1.5/VT2/TU-11/TU-12 mapper uses an elastic
store and a jitter attenuator to minimize jitter introduced via bit stuffing.

Figure 7 depicts how the individual STS-1 SPE’s (carried within the STS-3 SPE)
transmitted across the Telecom Drop Bus are processed by the TEMUX-84. The
TEMUX-84 is configured to process three STS-1 SPEs and it utilizes the tributary

| pointers to locate the beginning of each VT1.5. Figure 7 also shows how each
VT1.5 is mapped into the STS-1 SPE.
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Figure 7 VT1.5 Demapping by the TEMUX-84

The S/UNI-IMA-84 implements the Transmission Convergence (TC) layer
function and Inverse Multiplexing for ATM (IMA) protocol for DS1/E1 links.

The TC layer searches for cell delineation as per the procedures outlined in ITU-
T Recommendation 1.432.1. To find the cell delineations, the TC layer computes
the HEC value for all bits received. Once cell delineation is obtained, the

payload is optionally descrambled and the cells are passed to the IMA sub-layer.

The TC layer provides counts of errored headers as well as OCD and LCD error
interrupts.
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The IMA sub-layer performs IMA frame delineation and stuff cell removal. IMA
delineation consists of reassembling a single ATM stream, running at some
multiple of the T1 rate, out of the ATM cells arriving over the multiple physical
links. Based upon the ICP cell information, the S/UNI-IMA-84 determines the
differential delay between the links within a group and applies the link and group
state machine logic to coordinate the activation and deactivation of the groups
and links with the far end. The recovered ATM cells are transmitted across a
Utopia L2 interface running at 25 MHz to the S/UNI-DUPLEX.

The S/UNI-DUPLEX implements the first stage of multiplexing by routing traffic
from the IMA’s virtual PHY's and transmitting the traffic simultaneously over two
high speed serial 4 wire LVDS providing 1:1 protection for possible interface to a
core card for connection to a WAN up-link.
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Figure 8 Block Diagram of S/UNI-IMA-84/ TEMUX-84 Development Kit
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4 BLOCK DESCRIPTION

The following sections describe the function of each hardware block shown in

| Figure 8.
4.1 Optics

Conversion between the optical OC-3 signal and the electrical STS-3 signal is
accomplished using the HP HFCT-5905 optical transceiver.

4.2 PM5342 SPECTRA-155

The PM5342 SONET/SDH PAYLOAD EXTRACTOR/ALIGNER (SPECTRA-155)
terminates the transport and path overhead of STS-1 (STM-0/AU3) and
STS-3/3c (STM-1/AU3/AU4) streams at 51.84 Mbit/s and 155.52 Mbit/s
respectively. The SPECTRA-155 implements significant functions for a
SONET/SDH compliant line interface.

The SPECTRA-155 is implemented in low power, +5 Volt, CMOS technology. It
has TTL and pseudo ECL (PECL) compatible inputs and outputs and is
packaged in a 256-pin SBGA package.

4.3 PM8316 TEMUX-84

The TEMUX-84 is a high density T1/E1 framer with integrated VT/TU Mappers
and M13 Multiplexers. PM8316 provides framing and multiplexing for 84 T1
channels or 63 E1 channels into three channelized DS-3’s or alternatively maps
the T1/E1 channels directly into a SONET/SDH OC-3.

The TEMUX-84 is configured for a Telecom Bus Line Side Interface, and a
Scaleable Bandwidth Interconnect (SBI) Bus System Side Interface. The
Telecom bus is used to transfer SONET Synchronous Payload Envelopes (SPE)
between the SPECTRA-155 and the TEMUX-84. The SBI bus is used to
interface to a link layer device, in this case the S/UNI-IMA-84.

4.4 PM7341 S/UNI-IMA-84

The PM7341 S/UNI-IMA-84 is a monolithic integrated circuit that implements the
Inverse Multiplexing for ATM protocol over up to 84 T1 links or 63 E1 links when
using the high density SBI interface or 32 independent T1/E1 links using the
clock and data interface. The S/UNI-IMA-84 can support up to 42 simultaneous
IMA groups and each IMA group can support 1 to 32 links with a maximum of 84
links in total. Each group can consist of either T1 or E1 links. Alternatively, the
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S/UNI-IMA-84 can be used for cell delineation of up to 84 T1 links, 63 E1 links or
3 DS3 links.

441 SDRAM

Two configurations of external SDRAM are supported, 16Mbit (1Mbit x 16) and
64 Mbit (4Mbit x 16), both of which are single chip devices.

4.5 PM7350 S/UNI-DUPLEX

The PM7350 S/UNI-DUPLEX is a monolithic integrated circuit, typically used with
its sister device, the S/UNI-VORTEX, to implement a point-to-point serial
backplane interconnect architecture. The primary role of the S/UNI-DUPLEX is
to interface to up to 32 devices (typically framers or PHYs) and transfer 52-56
byte data cells in serial format to/from a backplane. Devices interface to the
S/UNI-DUPLEX via an 8 or 16-bit SCI-PHY/UTOPIA/Any-PHY bus, or optionally
via a 16-port clock and data interface.

Each S/UNI-DUPLEX can connect to two 100 to 200 Mb/s Low Voltage
Differential Signal (LVDS) serial links. A microprocessor port provides access to
internal configuration and monitoring registers. The microprocessor port may
also be used to insert and extract cells in support of an embedded
microprocessor communication channel.

4.6 Bus Interfaces

4.6.1 Telecom Bus Interface

The Telecom bus is used to transfer SONET Synchronous Payload Envelopes
(SPE) between the SPECTRA-155 and the TEMUX-84 devices. The
connectivity is as shown in Figure 9.
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