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This session describes the design of AMCC next
generation Power Architecture processor — Titan.

Titan processor incorporates multiple design
features as a embedded, multi-core processor
platform for AMCC SoC solutions with significant
Increase In performance and lower power at the
same time.
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AMCC’s Growing Role in Embedded Processing

Entered Power Architecture Business in 2004
« Focused investment and sales efforts on 3 product lines
* Have experienced tremendous design win success and revenue growth

 Customer base includes: Cisco, Brocade, Nokia, HP, Siemens, Ericsson,
Panasonic

E-Series

o Targeted at cost sensitive opportunities in the enterprise and in the home
G-Series

« Control plane processors for data and telecom networking equipment
S-series

« Storage processors for I/O & RAID processing in enterprise storage
equipment



Processor Design Trend




Embedded Processor Revolution

Classic design trade-off
o Complexity / Cost
* Power
» Performance
Classic computing processor
» High performance with high power

Performance
Power

Classic embedded/consumer
processor

* Low power with low performance

Titan embedded processor

e High performance with lower
power and lower cost



Process Technology Selection

Factors
e |P Support
* Maturity — Quality — Robustness
* Mainstream — volume
e Cost
* Performance

Non-mainstream technology processes
may result in better performance but,

» Poor or unproven IP support, higher
cost, lack of volume based maturity

TSMC 90GT chosen for first generation Titan
e Good library of proven IP
e Mature robust process — volume — cost
» Performance



Titan Design Considerations




Application Sets the Design Envelope
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Performance, Power & Cost

Performance = F * G.total
Cost = G.total

Power
= Dynamic Power + Leakage Power

= Switch Power + Short Circuit Power + Leakage Power

= (Vdd? * F * C.load * G.switch) + (Vdd * F * l.short * G.switch)
+ (Vdd * l.leak * G.total)

Once Frequency target was set, we kept all other factors low
while still achieving higher performance

G.total = Total # of gates C.load = Avg. cap. load per net
G.switch = # of gates switched |.Short = Avg. short circuit current
l.leak = Avg. leakage current



Design Decisions & Results

Design decisions:
» Achieve target frequency of 2GHz with reduced Vdd of 1.0v instead
of nominal 1.2v for TSMC 90GT node
— Deployment of 1-of-N dynamic logic
» Specialty functional units can achieve higher performance at lower
power than a general purpose processor
— Balanced and efficient microarchitecture
e Full SMP support

AMCC is achieving unprecedented Power, Performance

- Titan consumes only 2.5w at 1.0v at 2GHz per core (typical)
- 4000 DMIPS @ 2GHz per core

- 2 DMIPS/MHz at 2GHz at 90nm GT node
- CMP configurations from single-core to quad-core




How Titan Achieves Low Power

1.0v instead of 1.2v for TSMC 90nm GT node at rated frequency
Efficient microarchitecture

— Less total gate counts
1-of-N Dynamic Logic for timing critical areas

— Fewer transistors per logic function

— No latches in NDL paths

— Null Value Propagation
. Turn off gates when not in use

— Tall n-stack minimizes leakage
— 1-of-n encoding minimizes active devices and discharge capacitance
Static logic in non-timing-critical areas

Pervasive fine-grained clock gating for dynamic and static gates



Titan Out-of order, Superscalar Pipeline
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Titan Processor Pipeline

Factors impact pipeline depth
o Operating frequency
» Branch mis-prediction penalty
* Resources availability and design complexity
The shorter the better, provided it can achieve the frequency
« Eight stage pipeline
— Itis only 1 stage longer than current AMCC 440 core

— Achieve 2 GHz compare to 1 GHz of 440 core at 90nm

— Work well with embedded application codes, typically control code
with many branches

IF IC ID DS SH EX | CMP @ WB




A Better Approach to High Speed Logic
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(Jtrinsity  Fast14® Technology
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Multi-phase Overlapping Clocking

o One gate per phase e Each gate feeds only the next phase
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e e Clock overlap allows delay borrowing from
Gate delay averages 1/4 cycle. adjacent phases

This leaves room for clock
uncertainty.
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Titan Pipeline Design

Titan utilizes arbitrary feedback points allowing for flexibility in
pipeline stage definition
o Stage ID is stretched for the convenience of the dependency checks

» Stage ID is compressed for the instruction decoders and resource
allocation logic

IC ID DS

pl p2 i p3 pO pl p0 p3 pO

gic .

urce :
ation :

: Resource

—D-l Constraints

lllllll
lllllllllllllllllllllllllllllllllllllllllllllllll

DS Stage Logic

IC (iLO) Stage Logic

Insttuctions | flnstrucnon ]_

l Decpde

g *
B e S —————— |} S

dency
arator

; Repame
: Register
! Identifier

* * *
--------------------------------------------------------------------------------------------------




Titan Pipeline diagrams

/ Simple Integer Pipe
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IF = Instruction Fetch ID = Instruction Decode
iTLB = instruction TLB search DS = Instruction Dispatch to reservation station

iLO = LO instruction cache access SH = Schedule
k iL1 = L1 instruction cache access EX = Execution cycle




Titan Pipeline diagrams
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Titan Memory Sub-system (L0 Cache)
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4 KB Level O caches

Separated I- and D- caches

Direct-map for fast access

time

Write-through store policy
Always consistent with L1
contents

Access L1 tag in parallel with LO

data access
No need for separated tag
Shorten LO miss penalty

LO Caches allow maintaining of
low latency at high frequency,
especially in tight loops.
Software transparent.



Titan Memory Sub-system (L1 Cache)

EX Units

() /—\
1-32KB iL1-32KB
iLO-4KB iLO-4KB

EX Units

dLO-4KB
dL1-32KB
N J

A

A 4

dL0-4KB
dL1-32KB
\ %

A

A 4

-

o

0-2 MB
Shared L2/SRAM

/

\_

N

|/

32 KB Level 1 caches

Separated I- and D- caches
64-way set associative to improve
cache utilization.
Features supported:
- Line locking
- Parity checking
- MESI
- Multiple hits under multiple misses
- Transit region
- For cacheable but rarely
reusable data
Write-back store policy



Titan Memory Sub-system (L2 Cache)
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0-2MB Level 2 cache

Dedicated L1-L2 interface
- Supports 16 GB/S bandwidth
per core
8-way set associative
High frequency operation — 1GHz
Design for embedded applications:
- MESI
- Line locking
- Part or all of the cache can be
partition to be SRAM as part of
global memory map (Globally
read/write)
- ECC protection/correction
- Non-inclusive store policy
- Provides snoop filter to all cores



Titan Memory Sub-system (CCF)
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Titan Memory Sub-system Latency
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Latency to LO Cache
- 2 CPU cycles
- Example:

-2 GHz Titan® 1 ns

Latency to L1 Cache
- 5 CPU cycles
- Example:

- 2 GHz Titan® 2.5 ns

Latency to L2 Cache
-7 L2 cycles
- Example:
- 2 GHz Titan
® 1GHz L2® 7 ns

L/S-cache access to register update



Titan Processor Scalability

Scalability:

- Number of processor cores
- Size of L2 cache
- Number of memory controllers




Dual-Core Titan

CCF Interface Ports
400 — 600+ MHz CPU Core at 2GHz
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Titan Dual-core Complex

/Titan Processor Complex
e Two 2 GHz cores with 1MB shared L2

Performance (bhrystone 2.1 - estimated)
e 8000 DMIPS @ 2GHz
- Titan 2-core at 4000 DMIPS per core

Features
* 32-bit Power-Embedded Architecture
» 2-way superscalar, out of order execution
» Double-precision FPU support
» 32-bit EA, 36-bit physical address
e Support 4KB-4GB variable page sizes
* 4K/4K LO caches
e 32K/32K I-cache/D-cache with Parity
* 1MB shared L2 cache with ECC

e Full Multi-core SMP support
— HW cache coherency
— TLBIE, TLBSYNC support

Process Technology
k e TSMC 90nm GT technology node

Compute Complex Fabric (CCF)

)

Power
e 2.5W percore @ 2GHz at 1.0v (Typical)



Summary

AMCC is a leading vendor of Power Architecture
based Embedded Processors

* Growth Engine for AMCC
» Leading Architecture for High Performance Embedded

Embedded Processors focused on

Wired Communication/Wireless Infrastructure
Storage Processing
Enterprise and Home Networking

Investing in the Future

Titan Processor

Best in class Performance, Power, Size
Provides a scalable platform from single-core
to quad-core configurations

Power Architecture Compatibility
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