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Viper is a complete system-on-a-chip solution
from Philips Semiconductors for next-generation
digital television and digital video applications. It
incorporates Philips’ intellectual-property reuse
methodology in addition to standard hardware

and software building blocks.

M THE DIGITAL SET-TOP BOX receiver is a key
element in the worldwide deployment of digital
television (DTV) and related interactive services.
First-generation set-top boxes were quite simple
with support only for channel-tuning and audio-
video data decoding. Increasingly, however, they
are used as a gateway to the Internet and as a
hub for home networking. Those domains fea-
ture a wide range of consumer broadband mul-
timedia services, such as digital-quality broadcast
television, personal video recording, and high-
speed Internet access. Such services are paving
the way for the set-top box to become not only a
residential entertainment center but also a cen-
tral piece of home computing equipment capa-
ble of handling various advanced applications.
This still-evolving market needs a highly pro-
grammable silicon-and-software solution to
enable a quick convergence in user products.
Philips Semiconductors has provided such a
solution based on the MIPS/TriMedia dual-
processor Nexperia-DVP (Digital Video Plat-
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form) architecture for implementing new sub-
scriber services on top of middleware such as
OpenTV, Microsoft TV, and Canal+ Technolo-
gies’ MediaHighway. Viper, the PNX8500 chip, is
one of the first system-on-a-chip (SOC) solutions
to emerge from the Nexperia-DVP platform.

Viper is a highly integrated, multimedia-
processing core targeted at the advanced set-
top box (ASTB) and DTV markets. Featuring
two on-chip CPUs and a host of autonomous
functional units with direct memory access
(DMA), Viper is a true example of a multi-
processor SOC. The CPU cores, aided by an
array of peripheral devices (multimedia
coprocessors, bus interfaces, and /O units) and
high-performance hierarchical buses, facilitate
concurrent processing of audio, video, graph-
ics, and communication data.

Chip architecture

Viper receives, optionally decrypts, decodes,
converts, and displays multiple media streams
having different data formats. Besides MPEG-2
transport streams, the chip typically handles live
video, audio, and various other stream types, in
compressed or uncompressed formats. Pro-
cessing these media streams requires not only
tremendous computational power but also real-
time system response in scheduling various
decode-and-display functions while simultane-
ously running a standard operating system. Fig-
ure 1 shows the Viper architecture.

Multiprocessor system
Early in the design, we decided to use a
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Figure 1. Simplified block diagram of Viper.

standard 32-bit MIPS RISC core (PR3940) and
a 32-bit very long instruction word (VLIW)
TriMedia core (TM32).! This choice was guid-
ed by Philips’ portfolio of processor cores with
existing applications and standard compilers.
The RISC processor’s three requirements were
high performance; ability to run popular
embedded operating systems; and efficient
control of infrastructure peripherals, such as a
universal asynchronous receiver transmitter
(UART), universal serial bus (USB), and inter-
integrated-circuit bus (I*C).2 The VLIW proces-
sor’s requirements, on the other hand, were
very high performance and a multimedia-
enhanced instruction set suitable for audio
and video processing. Such partitioning bal-
ances the system and distributes tasks and task
domains across the two CPUs.

TriMedia CPU core. The TM32 CPU is a proven
VLIW core, built and used at Philips since 1996.

It has served as the computational heart for a
series of mediaprocessors and supports a small
real-time operating system kernel. The VLIW
core handles Viper's real-time multimedia-
processing tasks. The TM32’s instruction set
architecture (ISA) is optimized for SOC solutions
requiring real-time processing of video, audio,
graphics, and communications data streams.
Besides traditional microprocessor operators,
the ISA includes powerful multimedia-specific
instructions and features five issue slots; up to
five operations can be packed into a single VLIW
instruction and scheduled in parallel. These
operations are optionally guarded and can
simultaneously target any five of 27 pipelined
functional units. Other TM32 features are

m 32-Kbyte instruction cache (I-cache),

m 16-Kbyte dual-ported data cache (D-cache),
and

m up to 200 MHz of operating speed.
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MIPS RISC CPU core. We chose the 150-MHz
PR3940 core as a second on-chip CPU to run the
operating system and handle various control-
processing tasks. Compatible with the MIPS I
and MIPS 16 ISAs, this low-power, high-perfor-
mance processor supports a wide range of oper-
ating systems such as WindRiver, VxWork, and
Linux. It is particularly well suited for applica-
tions based on Windows CE. Key features
include a six-stage pipeline, a 16Kbyte I-cache, a
32-Kbyte D-cache, a multiply-accumulate/divide
unit, a memory management unit, various
timers, and a sophisticated debug support unit.

General peripherals

To facilitate building a baseline ASTB or DTV
system, Viper supports the following general-
purpose, on-chip peripherals: a USB host con-
troller, three UART interfaces, two multimaster
I?C interfaces, one synchronous serial interface
for implementing soft modems, and a general-
purpose /O module with infrared remote-receive
capability (via fast software-read of time-stamped
signal-event sequences). The design incorporates
multiple instances of special peripherals, like the
[SO-standard UARTS, to interact with smart cards
providing conditional access, which lets DTV or
ASTB service subscribers descramble and watch
selected programs.

Enhanced IEEE 1394 link layer

Viper includes an [EEE 1394 link layer con-
troller that provides a physical-link-layer inter-
face to the external world. However, to meet
the requirements of set-top-box applications,
which can send a transport stream to or
receive a time-shifted version from an external
digital VCR, we have enhanced the link to sup-
port the IEC-61883 Digital Interface Standard
and 5C-based copy protection, a well-known
digital copy-protection scheme.

Expansion bus interface

Viper connects through an expansion bus
interface unit to various board-level memory
components and peripherals not located on the
chip. The bus interface allows simultaneous
connection of 32-bit peripheral component
interconnect (PCI) master/slave devices as well
as extended-1/O devices such as 8-bit-wide
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microprocessor slave peripherals, standard or
NAND-type flash memories, and data-over-
cable-service interface specification devices.

Drawing engines

A high-performance 2D-rendering engine
accelerates graphics functions such as bitblt,
line drawings, text fills, window clipping, and
monochrome data expansion. Drawing is sup-
ported at any naturally aligned memory loca-
tion and any naturally aligned image stride.

Transport stream processor

Capable of parsing MPEG-2 transport streams,
the MPEG system processor (MSP) effectively
performs filtering, time stamping, descrambling,
demultiplexing, and section filtering of transport
streams, all based on the packet identifier.
Instantiated three times in the Viper SOC, each
MSP features a dedicated 16-bit RISC engine to
filter the MPEG-2 transport stream packets and
control the decrypting process for different con-
ditional-access providers.

Audio interfaces

The Viper chip contains three audio input
and three audio output modules (grouped as
audio 1/0) that provide two Philips inter-IC
Sound (I%S) stereo input potts, two IS stereo out-
put ports, and a third potrt that can be configured
as either an I%S input or an 8-channel output. The
Sony Philips Digital I/O module provides a Sony
Philips Digital Interface (SPDIF) output with [EC-
1937 capabilities and an SPDIF input to connect
to external sources such as a DVD player.

Video-processing blocks

One of the main design goals of Viper was to
create high-quality audio and video with a res-
olution of 1,920 x 1,080 interlaced pixels. We
designed Viper to simultaneously receive mul-
tiple streams and render, composite, and dis-
play two output streams on separate output
channels (for video and audio). The Viper’s
video-processing units are as follows:

m Advanced image composition processor.
Instantiated twice in the Viper SOC, it com-
bines images from the main memory and
composes the displayed picture.
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m Memory-based scaler. This unit scales and
converts video and filters graphics.

m MPEG-2 video decoder. This slice-level de-
coder decodes up to 133 megapixels/second
and is suitable for high-definition decoding.

m Video input processor. Instantiated twice in
the SOC, it receives standard definition video
in National Television System Committee
(NTSC) and phase-alternating line (PAL)
formats.

Miscellaneous modules

Modules that support the Viper SOC but lack
user-level functionality (and, therefore, are not
necessarily made explicit in Figure 1) include

m one programmable interconnect (PI) bus
controller per Pl segment;

m one programmable interrupt controller per
CPU;

m an enhanced Joint Test Action Group (EJTAG)
module providing MIPS debug ports;

m a JTAG module that implements boundary
scan logic and provides TM32 debug ports;

m a global-register-file module containing soft-
ware-readable and -writable registers not
associated with any particular peripheral
device;

m global clock, reset, and power-down logic;
and

m boot logic supporting autonomous or host-
assisted bootstrapping.

Design considerations

One of Viper's most challenging tasks is con-
trolling all media streams to decode and pro-
duce the right data at the right time. One
stringent requirement on the output (display)
side, for example, is for the audio to match the
timing of the video. Furthermore, depending on
the application and user mode, the different
video-processing blocks might need to be shared
among multiple streams, thereby calling for a
challenging realtime scheduling of operations.
Such complicated processing demands that the
highly interactive Viper respond to events quick-
ly to prevent buffer under- or overflows.

CPU tasks and trade-offs
Scheduling in the Viper SOC usually falls to

4

the CPU with the faster response time: the
TM32. Despite running all the audio decoding
and processing functions, the TriMedia core
has enough extra bandwidth to implement
other nontrivial multimedia algorithms that the
hardware functional units do not directly sup-
port. The MIPS core, on the other hand, runs
the operating system and, on top of it, the ser-
vice provider’s software application. The appli-
cation software handles service accessibility
(conditional access) and general control func-
tions. The MIPS processor also handles all
graphics-related functions.

Sharing system resources

With the two CPUs splitting the multimedia
processing and control processing, each CPU
becomes responsible for the peripherals belong-
ing to its task domain. This leads to the concept
of bus separation (assuming separate processor
buses), in which each CPU generally “owns” all
the devices on its local bus. Not all peripheral
devices, however, can be owned by one CPU in
all user applications, so we kept every periph-
eral accessible from both CPUs but with a pref-
erence. If the CPUs share a peripheral at
runtime, they must negotiate that peripheral’s
availability through the use of semaphores (sig-
nals that help govern access to common system
resources by only one CPU at any time).

Combining both CPUs in one system, from a
SOC standpoint, lowers the overall computing
cost by sharing system resources such as main
memory, disk, and network interfaces. All the
on-chip functional units, or peripherals, are pro-
grammed via CPU writes to their control regis-
ters. Because these control registers are
memory mapped, programmable reads from or
writes to the registers are commonly referred to
as memory-mapped I/O or programmable /0
transactions. Even though both CPUs can
address each peripheral, the peripheral is usu-
ally read or written by the CPU whose local bus
it connects to.

Bus system hierarchy and design

We explored various bus architecture
options before deciding on the bus topology
and implementation and began by carefully
studying the system requirements.
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_______________________________________________________________|
Table 1. Comparison of tristate and point-to-point buses.

regrouping of drivers for large buses

Item Tristate bus Point-to-point bus

Wiring Few, but potentially very long, wires resulting in More wires; depending on the multiplexer tree, this
crosstalk sensitivity and antenna problems; may be a big issue even for a 0.18-micron
comparable routing resources for the two buses technology; wires are generally shorter and not

expected to have antenna problems

Testability Complicated—requires tristate control, at-speed Simple—same as ordinary modules
test due to potentially highly resistive/capacitive
paths, potentially long runtimes for ATPG tools,
and potentially many patterns

Layout Complicated—requires careful decoupling and Simple—assuming few agents; may be unroutable if

number of agents is large

Post-layout timing fixes

Cannot be buffered and will in general result in
poor transition times

Simple—same as ordinary modules

Observability for debugging

Simple—few wires

Difficult

Multiple-master access
to peripherals

Fairly simple—all modules connect to each other
via tristate bus

Potentially more complicated—depending on number
of masters with access to all peripherals

Performance Fairly low—no simultaneous access High—simultaneous access possible

Speed Low—limited by highly capacitive bus High—depends on partitioning of the multiplexer tree
Layout area Solutions comparable Solutions comparable

Modularity Best Not as good as tristate—highly depends on the

number of masters requiring access to multiple

peripherals

Bus system requirements. The following
architectural requirements guided the Viper’s
design and bus topology selection:

m The PR39%40 [-cache and D-cache traffic must
be separate from the DMA paths and TM32-
based programmable I/O transactions. The
PR3940 core must have a high-performance
and low-latency path to memory.

m The TM32 I-cache and D-cache traffic must
be separate from the DMA paths and PR3940-
based programmable I/O transactions. The
TriMedia core must also have a high-perfor-
mance and low-latency path to memory.

m The MIPS core must have low-latency access
on its local bus to the peripherals that the
PR3940 CPU typically accesses.

m The TriMedia core must have low-latency
access on its local bus to the peripherals that
the TM32 CPU typically accesses.

m All registers in the peripherals must be acces-
sible from the PR3940 CPU, the TM32 CPU,
the PCI block, the boot block, and the
EJTAG block.
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m The PR3%40 programmable-l/O traffic should
be separate from that of the TM32 to provide
low-latency interrupt handling.

m Peripherals typically used by the PR3940
core must be able to perform direct memory
accesses on the PCI module. (This require-
ment supports DMA access of an external
processor’s system memoty.)

m System security must suppott access to kernel
area in memory by only trusted peripherals.

With the bus requirements nailed down, our
next step was to choose the bus topology.
However, before exploring different topologies,
we studied both tristate and point-to-point bus
implementations to find out which better suit-
ed our needs.

Tristate versus point-to-point bus design. A
comparative study of tristate versus point-to-point
bus implementations, as Table 1 outlines, shows
that a point-to-point bus architecture is desirable
for designs requiring high performance, simple
testability, and reduced layout. One main prob-
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lem with this architecture, however, is that it
does not easily allow for multiple-master access
to peripherals. For example, if a peripheral
requires access by four masters, the peripheral
must have four slave interfaces; adding an addi-
tional master will require changes to the periph-
eral to support five masters. The point-to-point
bus is not sufficiently modular or scalable.

For Viper, we decided to use a high-perfor-
mance point-to-point, memory management
interface (MMI) bus for bandwidth- and laten-
cy-critical access to the external SDRAM. For
access to modules’ slave (memory-mapped
1/0) registers and for lower-bandwidth DMA
peripherals, the tristate Pl bus seemed more
appropriate. Thus, we designed a point-to-point
64-bit MMI bus for the DMA connection
between the high-bandwidth peripherals and
the main memory. For the DMA connection
between the low-bandwidth peripherals and
the main memory, however, we used a tristat-
ed 32-bit P bus. We designed the PI bus to also
allow for the memory-mapped /O register pro-
gramming of both high- and low-bandwidth
peripheral devices.

Even though there are different ways to con-
vert a tristate bus to a multiplexed or wired-OR
structure, we didn’t explore these options for
Viper. The reason is that Philips has extensively
used the Pl tristate bus and so had a large port-
folio of various intellectual property (IP) mod-
ules already available with the required PI
interface built in.

Comparison of bus topologies. High-band-
width peripherals and peripherals requiring low-
latency access to the external memory clearly
require a direct interface to the point-to-point
memory bus. For those peripherals not requiring
high-bandwidth DMA, we evaluated the follow-
ing architectural options, as Figure 2 illustrates:

m shared programmable I/O (PIO) and DMA
on a common PI bus;

m split PIO and DMA on separate PI buses; and

m split PIO and DMA on the Pl and the MMI
bus, respectively.

For Viper modules that are not bandwidth
hungry, we chose the first option: shared P10
and DMA on a common PI bus. We did this pri-
marily because most of the existing portfolio of
[P modules already supported this topology
and, therefore, this option had the least risk.

Philips, however, is designing its future [P
modules to support all three bus structures, let-
ting the system architect decide which bus
topology to use for a requirement. Separating
PIO and DMA traffic clearly enables simpler
and higher-performance system designs. Table
2 (next page) compares the three different bus
topologies.

Putting it all together. We implemented Viper
with two different bus types: a 64-bit point-to-
point MMI bus (also called the memory or the
DMA bus) and a 32-bit PI bus (specifically, a PI
bus designed in accordance with Peripheral
Interconnect Open Processor Initiative Stan-
dard 324).

The high-performance memory bus provides
high-speed memory access to those on-chip
units requiring high bandwidth and low laten-
cy. The bus connects to the external memory
(SDRAM) via a 64-bit, 143-MHz main-memory
interface that generates the required SDRAM
protocol, but isolates the on-chip resources by
using the proprietary DVP protocol. The mem-
ory interface also controls on-chip component
access to the memory highway via a round-
robin arbitration algorithm with programmable
bandwidths.

Unlike the memory bus, the Pl bus provides
not only memory-mapped [/O (MMIO) reads
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____________________________________________________|
Table 2. Comparison of bus topologies.
Ease of implementation in three bus topologies
Shared PIO Split PIO Split PIO

Parameter DMA and Pl DMA and MMI DMA
Expandability (ease of adding/

subtracting peripherals) Very good Good Average
Low-latency PIO Average Very good Very good
Simplicity

Read/write ordering and coherency Good Good Good

Performance prediction Average Very good Very good

Ease of understanding Average Very good Very good
Implementation of system security Good Very good Very good
DMA

Latency Good Good Very good

Throughput Good Good Very good
Number of buses Very good Average Bad
Layout

Area Very good Good Bad

Floorplanning Good Good Bad

Clock system Good Average Bad

Power routing Average Average Good
Portfolio fit with existing designs Good Bad Bad

and writes to memory-mapped control registers
of the various peripherals but also a medium-
bandwidth DMA path via a bridged gateway
connection to the MMI bus. The PI bus is divid-
ed into three different segments, so the chip fea-
tures four bus segments or bus domains:

m MMI bus. The bus system’s essential back-
bone, this bus connects the external SDRAM
with all the on-chip agents for low-latency,
high-throughput DMA access. There is no
programmable I/O traffic on this bus.

m F-PI (fast PI) bus. The fast PI bus provides
low-latency access to the memory and
selected peripherals by the PR3940 CPU.

m M-PI (MIPS-PI) bus. This bus provides access
to peripherals typically controlled by the
PR3940 CPU.

m T-PI (TriMedia-PI) bus. This bus provides
access to the peripherals typically controlled
by the TM32 CPU.

Five bridges connect the MMI bus and the vari-
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ous PI bus segments, as Figure 1 shows. The
FC-Bridge, the MC-Bridge, and the TC-Bridge act
as gateways providing memory access to the
corresponding Pl segments, whereas the C-
Bridge acts as a crossover Plto-PI MMIO bridge
that lets memory-mapped I/O access from each
processor control or observe the status of all
peripheral modules. The M-Bridge basically
bridges transactions between the fast PI bus
and the slower peripheral PI bus segments on
the MIPS side.

Following an analysis of bus access patterns
and bandwidth requirements, we appropriate-
ly sized the data buffers (memories) in the
peripherals to handle the bus latencies. Large
buffers in the peripherals have two advantages:

m Peripherals will not frequently access the
bus, resulting in lower bus utilization and,
therefore, a higher-performance system.

m Peripherals can handle fairly long latencies
from the time they request the bus until the
transaction is completed.

7
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The Viper's M-PI and T-PI buses have average
utilization rates below 5%, resulting in a high-
performance system with low-latency PIO and
DMA transactions.

VLS| implementation

The Viper design complies with Digital
Video Platform, Philips’ scalable silicon-system
architecture, which supports a wide range of
digital video applications.

RTL design

Not only did we reuse several of Philips’ exist-
ing [P components in Viper, we also designed,
quite early on, various standardized blocks and
templates that would be needed to implement
the peripherals. These blocks included inter-
faces for the MMI bus, PI bus, interrupt, debug,
and test. They were designed such that they
could be easily deployed and would enable lay-
out and timing closure. Reusing predesigned
standard blocks significantly reduced not only
the number of bugs that we found during verifi-
cation but also the top-level integration effort.
We enforced a small set of coding guidelines,
along with strict signal-naming conventions.
Throughout the design, we also followed design
styles recommended by experience—for exam-
ple, no latches or asynchronous resets.

Per our reuse guidelines, we implemented

m high-bandwidth peripherals with a DMA
interface according to the Philips DVP
standard;

m low-bandwidth peripherals with a DMA inter-
face according to the Philips Pl-bus stan-
dard;

m MMIO interfaces according to the Pl-bus
standard;

m miscellaneous interface signals, such as
reset, endianness, and interrupts, according
to the DVP interface standard; and

m interface signals, wherever possible, with
standard modules, such as the MMIO bus
interface module, peripheral reset module,
and peripheral interrupt module.

Verification and emulation
We used both register-transfer- and gate-level
simulations to achieve design verification. We

also developed a regression suite, which we
executed weekly. The runtime for a full regres-
sion was about 72 hours (with roughly 60 CPUs
balancing the load in a load-sharing-facility-
based queue).

We developed a small, block-level verifica-
tion environment for fast test execution and
debugging. Eventually, we transferred all tests
to the system level and executed them in a full-
chip environment. Standardizing the verifica-
tion language let us transfer tests quickly from
the block level to the system level.

To check design integrity over an unbound-
ed number of simulation cycles, we also resort-
ed to emulation: two emulation systems from
IKOS Systems and two from QuickTurn. This
enabled software-hardware codevelopment
and was extremely useful for system-level veri-
fication. To ensure confidence in the design,
we successfully ran all drivers and the required
operating systems on the emulated design
before tapeout.

Design for testability

Viper is fully scan-testable, and its stuck-at-
fault coverage exceeds 99%. We tested some of
the larger CPU memories and caches with built-
in self-test. In addition to the structural tests, we
also planned system-level tests to ensure a high-
quality design and to minimize the number of
customer returns.

We achieved very high test coverage using
testshell isolation of each peripheral. This guar-
anteed that every peripheral in the design was
completely testable in a stand-alone mode; in
most cases, the designer was responsible for
achieving fault coverage above 99%. We
obtained test isolation by ensuring that each IP
core input and output was both controllable and
observable. Controllable inputs and observable
outputs facilitate stand-alone as well as parallel
testing of a core. Observable inputs and con-
trollable outputs, on the other hand, allowed
development of interconnect tests that verified
bus connections between different IP cores. We
tested buses and all interconnectivity between
the on-chip peripherals and the CPUs with inter-
connect tests. These tests were relatively straight-
forward to implement because every peripheral
contained a specially designed test shell.
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Physical design

We approached Viper's design synthesis
from the bottom up, synthesizing the entire
design in approximately eight hours, using mul-
tiple Synopsys licenses to speed up the process.
We conducted chip-level synthesis whenever
design modifications were required. In our
design flow, scan test insertion followed the
synthesis pass; thereafter, the netlist was parti-
tioned and laid out. The design’s high quality
required multiple iterations of the synthesis-
partitioning-layout loop.

During partitioning, we changed the logical
hierarchy and created a new physical hierar-
chy. Partitioning divided the design into man-
ageable-sized blocks, called chiplets. Closely
related to top-level floorplanning, partitioning
followed these guidelines:

m A chiplet’s size should be no more than
200,000 layout instances (of standard cells,
memotries, and hard macros).

m There should be as few synchronous signal
crossings between chiplets as possible; every
attempt must be made to contain each
clock domain in one chiplet.

m Tristate drivers and corresponding logic for
the PI buses must be repartitioned and
grouped to minimize bus loading.

m The clock module must be patrtitioned into
a separate chiplet because of its complexity
and sensitivity to crosstalk.

Viper was partitioned into nine chiplets. In
addition, there were three hard macros: the
TM32 CPU; the PR3940 CPU; and a custom ana-
log block containing the phase-locked loops,
direct digital synthesizers, and clock dividers.

Signals connected between the chiplets via
abutment. There was no top-level routing,
except for the clocks that had to be matched.
We routed interchiplet signals between non-
neighboring chiplets by inserting feed-through
buffers in the chiplets that the signal had to
route through. Following partitioning, the netlist
was formally verified to be identical to the
netlist after design-for-test insertion.

Figure 3 shows a block diagram of the floor
plan. Arrows indicate locations of synchronous
clock-domain crossings. Chiplets M-Pl and T-PI
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Figure 3. Viper (PNX8500) floorplan, showing the nine chiplets.

The plan also shows three hard macros: the TM32 CPU, the
PR3940 CPU, and a custom analog block (CAB).

contain the peripherals that sit on and are
owned by the M-PI and T-PI buses. Floorplan-
ning ensured the following:

m Each chiplet was routable and had the
desired density.

m Top-level connections between chiplets
were possible by abutment (following feed-
through buffer insertion, Viper had approx-
imately 30,000 top-level connections).

m Top-level and inter-chiplet timing closure
could be achieved.

Viper’s timing had to encompass both best-
and worst-case operating conditions. Best-case
conditions included a fast process, a 1.9-V sup-
ply at the package pins, and a 0°C junction tem-
perature. Worst-case conditions included a
slow process, a 1.7-V supply at the package
pins, and a 125°C junction temperature. We
achieved timing closure in two stages:

m Chiplet-level timing analysis included intra-
chiplet timing data and constraints analysis,
and I/0 budget setup.

m Top-level timing analysis included inter-
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Figure 4. Layout of Viper (PNX8500).

Table 3. Design statistics.

Parameter Value

Process technology TSMC 0.18 um, six metal layers

About 35 million

Transistors

Instances 1.2 million instances, or 8 million gates

Memories 243 instances, 750-Kbit memory

CPUs 2 (TriMedia TM32 and MIPS PR3940)

Peripherals 50

Clock domains 82

Clock speed TM32: 200 MHz; PR3940: 150 MHz;
SDRAM: 143 MHz

Power 4.5W

Supply voltage 1.8-V core and 3.3-V I/O

Package BGA456

chiplet timing, clock matching, and I/O tim-
ing analysis.

To achieve timing closure, we made engi-
neering change orders to the netlist after routing.
Following each manipulation step, formal verifi-
cation ensured that the modified netlist was func-
tionally equivalent to the one after test insertion.

We aligned all clock domains having syn-
chronous chiplet crossings. For example, if the
memory interface clock in one chiplet was syn-
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chronously connected to the same clock in
another chiplet, we phase-aligned these clocks
and analyzed the signal paths to meet timing
constraints. We achieved clock alignment by
tweaking the clock insertion delays, using align-
ers in the clock module. Similarly, we made the
clock trees as structurally identical as possible.

As part of the physical design process, we met
design completion and manufacturability goals
by implementing techniques such as design rule
checks, antenna fixes, track filling, and doubling
of vias wherever possible. Figure 4 shows the lay-
out plot for the Viper design’s initial version.

Table 3 summarizes the major design
parameters.

WE HAVE LEARNED much from the Viper design
experience and trust it will guide us in the
future, particularly since the next-generation
SOC designs are significantly more complex,
calling for still higher levels of integration. Some
of our current activities, in addition to regular
chip-development tasks, are investigating more
efficient on-chip bus architectures and better
design-reuse methodologies. |
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