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Market Convergence
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PC vs. Three Big CEs

5 Market in Japan(B$)

2001 2002 2003 2004 2005

Source: JEITA
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Evolution of PC Industry

Revenue($) Shipment (Units)

1000B — pAi I3 IBM Sold PC Business
to Lenovo —1 ,OOOM
Revenue
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Brief History of PC
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1978 Apple li — 10M
1981 IBM PC(MSDOS+i8088)
1985 Windows 1.0
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Source: IDC
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¢
Changing Aspects of Computer Companies

Y Apple’s iPod Opened the New Trends of
Portable Music Players

X Microsoft Started Game Business
v Dell Started Flat Pannel TV Business

% IBM Supplying Game Chips to Three Majors
Y IBM Sold PC Business to Lenevo

(Source: Apple’s web site)
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December 1, 2003 —Start of TDTV--

®Terrestrial Digital Broadcasting to Start
in Tokyo, Osaka and Nagoya, Japan
®100M TVs to be Digitalized by 2011
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Three Big Waves of Electronics

1970 1980 1990 2000 2010
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Brief History of Computer Revolutions
1 E|340 1 9|50 1 9|60 1 9|70 1 E|)80 1 9|90 20|00

ENIAC(1946)

One in a Country
UNIVAC-1(1951)

One in a Company
IMB360(1964)

One in a Group

/VAX-HH 977)

One per Person

/ IBM PC(1981)

Computer
Everywhere
Mobile PC(Today)
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Comparing UNIVAC-1 vs Mobile PC

UNIVAC-1 Mobile PC -
(1951) (Today)
Performance 4
(MIPS) 0.1 2,300 2.3x10
SIZ6 7.4x108 2.0x10* | 2.7x10°
(cc)
Power 6 -5
1.3Ex10 52 4.2x10
(W)
s 9x10° 1,500 1.6x10°3
(%)
&iD)
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Figure of Merit of Electronic Equipment

(Intelligence)
(Size) x (Cost) x (Power)

* Figure of Merit =

* Indicator of the technological
progress in the long range

* Guiding principle for the future
direction of development
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Evolutions of Figure of Merit

(Relative Unit)
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Some Images of Future PC

@® Case 1

Same performance, 1/10 times lower cost,
OLPC

One Laptop

per Child for
$100.

Initiated by

N. Negoroponte

1/10 times smaller size,

1/10 times lower power

@® Case 2

10 times Performance, Same cost,

1/10 times smallersize, 1/10 times lower power

® Case 3

100 times performance, Same cost

1/10 times smallersize, Same Power
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o
Major Events for Chip Innovations

@ Invention of Transistor
Shockley,Bardeen, Brattain (1947)

@ Invention of IC
Kilby (1958), Noyce (1959)

® Moore’s Law
Moore (1965)

@ Introduction of Microprocessor
Intel (1971)
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Origin of Moore’s Law
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= { “Cramming more Components
T into Integrated Circuits”
Electronics (April 15, 1965)
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Evolution of Chips for PS-2
oa

224mm2 110mm?2  73mm?2
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Outline of CELL Processor

* Joint Project of IBM, Toshiba & Sony Started in March, 2001
* Five Papers Presented at 2005 ISSCC pr

* Multi Core Architecture:

- One RISC Type 64bit CPUCore
- & Signal Processor Core

- Operating Frequency : 4GHz
- Performance : 256G FLOPS

* Technology
- 90nm SOI

- Gate Length 46nm
-Low K

-Cu 8Layers

- 234M Transistors

300mm Wafer

T TOoOEvH—RBFYVZI—DORERT—LE(PS—-3)ITELN-EHHNLEMPUTH S,
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Impact of SoC

g f'i.':”lE

5 Chips
rd

X4

Power Dissipation
MPEG4 Decoding X 1/3.5

Performance

PIM (Scheduler) x1/9

Source: M. Nakai et al. IEEE JSSC Vol. 40, No. 1,Jan. 2005
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Major Issues of SoC

% Design Productivity is Lagging
% Process Machines Getting Expensive

% Tooling Cost is Escalating

* Testing is Complex and Expensive

Will SoC be Profitable?
@ Yes in Some Cases, but Not Always

@ SiP Will Supplement SoC
w Field Programmability to Play Important Role

SoCIZFRWWIEIENY THGEBELH D, TDEHEDIE KEEEAEEMDEN. XA IRMUEXEBEOTE. XV—
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Makimoto's Wave

Standardization
A

Field
Program-
mability

4

Standard
Discretes

‘07

57 ustom LSI )‘
for TVs, ASICs
alculator,
Standardized in
Manufacturing
v o but
Customization Customized in
Application

Source:Electronics Weekly, Jan.1991
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Dramatic Change in Product Lifecycle

Field Programmability

A "
is a MUST.
@
= a
= T
© - Q
= 2 E .,
g
11 yea
Development | Shorter time Dramatic

to market end of life

New Digital Consumer
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Wide Spread Applications of FPGA

Medical Imaging High Performance Data Analytics
Computing
» Toshiba « Cray * Netezza
» GE Medical « SGI » Teradata
« Siemens * Mercury * Exegy
* Phillips * Linux NetworX + XtremeData

Many of these are using FPGAs foday:
Cray, SGI, Mercury, LinuxNetworX offer x86 platforms with FPGA accelerators Source: Altera
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Pendulum Swinging to Standardization

B
Customization

Standardization

FEREEXEIZCEVWT. BEEEILLENRILIEDARNANEDLLIONEZEZD-OIC. EHIZTEND
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Pendulum Swinging to Customization

e
Standardization

Customization
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How long is the Semiconductor Pendulum?

A: Less than1 km

B: Betweenl km to 1,000 km

C. Between1,000 km to 1,000,000 km
D:

More than 1,000,000 km

[Suppose classical kinetic model is valid]
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; . . L
Basic Equation T=2n a

g = 9.8 m/s?
T = 20 years
L=10" km

= 10 light years
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Basic Equation T=2n /%

g = 9.8 m/s?
T = 20 years

= 10 light years
Reference

Sirius: 8.6 light years
Procyon: 11.4 light years

SEETIC.HMEIODEHMEIRREDSDRETHS. 6 LE,. NRKEDTOXFAUFETHN11. 4RE
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. p ——
Standardiza t{Qﬂ " ™rend will Continue

PAN
L '97 / Programmability '07 HT
=/ ~._ Automated -’

~._ SoC/SiP -~
A 4 M T
Customization

New Design Methodology for SoC
- ASIC logic with more regularity and predictability

-Address mfg & design cost while providing ASIC- like
performance

Source: CSSl/Carnegie Melon University
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Standard Cell vs. Structured ASIC

Standard Cell ASIC: Structured ASIC:

All Layers Are Custom Customization Through Top Layers

for Standard-Cell ASIC

Structured ASICs Minimize
NRE & Turnaround Times

Source: Altera
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Examples of SiP

Multi-Chip Wire Chip Chip on Chip
Bonding Type Stacked Type Type

G | | e

Package Through Si Via Intersoser Ve
Stacked Type Type P yp
via Si In}erposer

SIPOEHZRT . ELENASREHEBYIZ. T4V RUTAVIOILFFYTR .  FuTEREBE.
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Integration Density of Future Chip

(ITRS2004)
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/1101‘"‘_2_ Men2 77 6.9mm2

ITRSIZCENIEFYTHOEREITS

BBIEMBEHNIZE<HD, II7EDRAMDE YREIEMPUD FSU R 28k

THd. ChEREMIZESZBE. 2005FNDF YT HALX140mm2E20184FIZ1E6. OmmAZHEHT 5, FuTH

AZXAARBRLEREITNEFNSI DO HEH20FI1245. SEBED201F 1 D #

RICRIETEDRIITLHD DT,

BN Fy T




Evolution of Robot Intelligence

Processing Power (MIPS)

1010

Prediction by H. Moravec [jlallutly /

8
10 Mon key
= ‘ i Target of

He 4& Mouse | RoboCup -
Wm—g -

(_\
4

“ﬂ
102 ' — '
1990 2000 2010 2020 2030 2040 2050

Source:H.Moravec of Carnegie Melon University
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Chips & Sensors for Robots

Pipch Detection Sjensor X 18

_ IR distance
sensor x 3

VLSI chips CCD color
64bit CPU x 3 camera x 2
16bit MCU x 29

DRAM 192MB M'C“’p“:';es Speaker x 1
oot oLl Angular rate - Thermo
sensor x 1 sensor x 28

Acceleration /% Touch
sensor x 3 sensor x 8
head,
Force sensor hands,
X 8 (QRIO) shoulders

YZ—0ARyMIEHLNATWALSIEE Y —F Y, BEEORYICEEABRORRZ Y —THRIEL- LT, &
BICHIBTAIENEREINS, COARYITHEEBT7I9BO LY —EAFELA TS,
F.LSIONERENIEFOPCLERIFULTHL, ARYMNIBEBRBED-D, A— /T —{LIXHEAT
HY. oD TH /A0 — RS54\ —IZ1551255,




Diversifying Directions of Chip Technologies

Geometry of Devices
| - Optical Sensors

0/81/9/”36'80/7'[/9/; Deye s B Inertial Sensors
- Force Sensors

- Display Devices
- Actuators

- RF Devices etc.

1990 2000 2010 2020

Source: Analog Devices, UC Berkeley
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* Digitalization of Consumer Electronics Getting
Momentum Resulting in the Market Convergence

Chip Innovation Boosting Figure of Merit;
3 Orders of Magnitude in the Next Decade

Programmability/ Configurability Becoming Key
For Future Architecture

*
*
% Next Cycle of Makimoto’s Wave: Automated
SoC and SiP

*

Robotics to Provide New Opportunities
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