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2 Motivation for Power Tools

0 Low-Power Design Methodology
Q Principles for Power Reduction
a Principles for Power Estimation

a Conclusion
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Motivation for Power Tools

—m

Deep-Submicron Technologies

[ |

DR

Higher Density and Performance Capabilities

(FPGAs: 100 000 Gates; 100 MHz Clock rates)

| S—

Power Dissipation Problem

Nizar Ahdallah
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50’9! Motivation for Power Tools

4 times / 3 Years Increase for the last 20 Years

2 PowerPC / Motorola
Q Pentium / Intel

0 Alpha / Dec

Q Alpha 300 Mhz / Dec

8.5 Watts
16 Watts
30 Watts

50 Woatts

Nizar Abdadlah
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l Motivation for Power Tools

Power = Cost
For Major Applications Today

0 Battery Lifetime (Cellular, Medical, ...)
0 Packaging Cost
0 Reliability (Time to Failure)

a Green PC program (< 30 Watts)

Nizar Abdullah

o
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Cfe! Motivation for Power Tools

Power = Less Performance

a Clock Frequency
Q0 Temperature Increase

0 Electromigration

Nizar Abdallah
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Motivation for Power Tools

Packaging Cost is an Issue

Chip Power Dissipation (W)

40 I~

[ [

NPt — — o i e = Limit for ceramic package
——————————— 1 Limit for plastic package

1993 1997 2001

Nizar Abdallah
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Cfe! Motivation for Power Tools

Today...
Design Win = f(performance, cost)

Tomorrow...

Performance = f(Power, ...)
cost = f(Power, ...)

————

| BN

Design Win will also be low-power dependent

Nizar Ahdallaly
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_§Cfe! Motivation for Power Tools -

We Need...

v Low Power Design Methodology
v Power Estimation Tools

v Power Optimization Tools

Nizar Abdallah
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Analogous to Timing Methodologies

v All Levels of Abstraction

v’ Back-Annotation from physical Design

Nizar Ahdallah
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Power Reduction

Sources of Power Consumption

0 Dynamic Power (70-90%) Vdd
(Switching activity) Ao

0 Short-Circuit Power (10-30%) O ....... ,

0 Leakage Power (<5%) R
(Important for battery lifetime) 5

Nizar Abdaltah
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Cfe. Power Reduction

Expression for CMOS Power

0 Gate Generating a Simple Clock Signal with Frequency f

P

average

0 In general, a signal with a transition density D

average —

Nirar Abdallah
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' Power Reduction

F)average =1/2C Vdd2 D

a Reducing Switching Activity
Prevent glitches (Architecture, Synthesis, ...)
20% of power increase due to glitches

0 Reducing Load Capacitance
Gate sizing, Low-Power cell library
Circuit techniques (Pass-Transistor, ...)

A Reducing Supply Voltage
Drawback: Circuit delay increases

Nizar Ahdallal
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Cfe! Power Estimation

Two Problems

o Design Dependent
Tools Should be Available to the Customer

2 Input Pattern Dependent (more Central Problem)
Difficult when the application is not known
A good vector set may be very long

Nizar Ahdallah
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'- Power Estimation

High-Level Power Estimation

a0 FPGA: Block Macromodels Available
Problem to estimate net consumption

0 Models for Logical Level, RTL Level, Behavioral Level
Need for a power cost function

Nizar Abdallah
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Cf e! Power Estimation

What About Accuracy and Improvements?

Assuming we Have a represetative Vector Set,

a Low-Level Timing Simulation 10% from Spice

0 Low-Level Static Technique 20-60% from Spice
a Low-Level Dynamic Technique 10-20% from Spice
Improvement

Q At the Logical Level is About 5%

0 At the RTL Level May Reach 90%

Nizar Ahdallah
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Conclusion

0 Power Consumption Issues Can no Longer be Ignored for
High Density FPGA Design

a Timing / Power : The same challenge
* Input pattern dependency
* All abstraction levels
* Power and timing constraints
* Net consumption is becoming very significant

o DPCS IEEE 1481 is also for Power

a A Balance between Power, Area, and Delay

o Absolute Accuracy is not a Critical Issue

Nizar Ahdallah
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FPGA Solutions

Nizar Abdalbih
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" Motivation

—Acte

0 Cost (Small Series, New Designs, ...)
0O Rapid Prototyping

a Emulators

3 Development Time

Q Test Time

Nizar Ahdallah
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a Relatively High Density (100 000 Gates)

a Relatively High Performance Capabilities
(100MH2z)

Nizar Ahdatlah
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Motivation

a Market in 1993 : $539M
0 I\/Iarket in 1998 : $2124M

0 Annual Growth Rate of 32%

Nizur Ahdallah

4 November 1998, ICTP - VL.SI Course




56’9[ Sales
=

a Actel $151.3M
O Altera $639.0M

Q Xilinx $610.6M

Nizar Alhdatlah

5 November 1998, ICTP - VLSI] Course



. Design Methodology

Typical ASIC

Logic Design Test Pattern Generation Water Fai)rication
Logic Simulation Fault Simulation Testing
Prototype Debu
Place & Route yp <

Timing Simulation

Production

Nizar Ahdallah
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Design Methodology

FPGA

Logic Design

Place & Route

Configure

Prototype Debug

Nizar Abdaliah
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Performance

PO b RS

a Relatively High Density (100 000 Gates)

a Relatively High Performance Capabilities
(100MHz)

Nizar Ahdallah
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QCfe! Memory Based Architecture

Can be ...
a Changed During the Development
Q Updated after Delivery to the Customer
Q Purchased in Larger Quantities
a Reused (No Inventory if not Sold)

A Fully Tested Prior to Delivery

Nizar Ahdallah
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Y One-Time Architecture
’ (Antifuse)

it P R Ll P ", -

Have ...

a1 Higher Speed (Less RC Delays on the
Interconnections)

0 High Reliability

a No Time-Delay to Reload the Interconnection
Information (Available Immediately on Power-Up)

Nizar Abdallah
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Actel Antifuse

Programmed

antfuse ‘*

Horizon tal
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Actel PLICE Antifuse

. i a A Al A 2 e it

Programmable Low Impedance Circuit Element

|_ms/junction

~ 18V Metal

«—— n+ Polysilicon
<«——— ONO Dielectric

«—— n+ Diffusion

|e——— Substrate

Open Resistance = 10s of MOhms
Short Resistance = 500 Ohms

Nizar Abhdallah
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SX Family

a2 Global Clocks
a PCI Compliant I/O

Features

a Mixed Voltage Operation

0 Built-In JTAG

3 More Routing Resources

a New Antifuse
a New Architecture

Nirar Ahdallah

13
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Routing Interconnects are Above Logic Modules

SX Family

Bl Bt

Pre-SX Architecture

}%ﬁ
Srdles| g

%

i} e

SX Architecture

A 0.6 Micron Technology

Nizar Abdallah
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50’9! SX Routing Resources

Direct Connects

a Connects Combinatorial Cell (C-Cell) to its Adjacent
Sequential Cell (R-Cell)

O No Antifuses

2 0.1 ns Routing Delay

Nizar Ahd:sdiah
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"‘ SX Routing Resources
=

Fast Connects

0 Every Cell Output Connects to One

QA Accessible by Cells in the Same Cluster or the One Below
by One Antifuse

a 0.4 ns Routing Delay

Nirar Ahdatkih
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SX Parts

Part# | SX08 | SX16 | SX16P) SX32 | SX64

Gates | 8,000 | 16,000{ 16000 | 32,000| 64,000

MaxiO| 129 177 177 246 340

Rcells | 256 528 528 1080 | 2160

CCells| 512 924 924 1800 | 3600

Availb.| 98 98 98 98 99

17 B November 1998, ICTP - VL:|”::::::“
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=Actel

Good Luck...

Nizar Ahdallah
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