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INFEAE (SSI : small scale IC) : ~1001&
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Moore’s Law
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Intel 747575'&‘3'&@%{%@

3 ik —rR | VYO | FSUORAE
1978 | 8086 16-bits ~ 10MHz 29,000
1982 | 80286 16-bits ~ 25MHz 134,000
1985 | 80386 32-bits ~ 40MHz 275,000
1989 | 80486 32-bits ~ 150MHz 1.2M
1993 | Pentium 32-bits ~ 233MH:z 3.1M ~ 4.5M
1995 | Pentium-Pro | 32-bits ~ 200MHz 5.5m M : 10°
1997 | Pentium Il | 32-bits ~ 450MHz 7.5m] G 1 10°
1999 | Pentium Ill | 32-bits 0.4G ~ 1.4GHz 9.5M ~ 21M P
2000 | Pentium4 | 32/64-bits | 1.3G ~3.8GHz| 42M ~ 18AM || g’y
2003 | Pentium M 32-bits 0.9G ~ 2.6GHz 140M 108E L1 E
2006 | Core 2 64-bits 1.0G ~ 3.3GHz | 169M ~ 411M | (&%
2008 | Coreii?7 64-bits ~ 3.2GHz 731M

10




o ERERMEIME. 7 —F &
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—— DRAM M1 1/2 Pitch

o MPU M1 1/2 Pitch
(2.5-year cycle)

—— Flash Poly 1/2 Pitch

—— MPU Gate Length -
Printed

—— MPUGate Length -
Physical

Source: 2007 ITRS
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$HIA A AT L &ESystem-on-Chip

B HAAHRT L
+ WEORAEICHFELI-FIE#I AT L
- EBEER:Tntyy, AE), AASUE—TI—X,
ERANEREE (ARALN—FHTT) . YIrITT
B System-on-Chip (SoC)
o VATLOBEBGROIFLAEZITFVIIZERTR

HReLHw | s Qualcomm Snapdragon 810 = Android A <7k
GPU ;(EEP:j'”: ?“Jjﬁﬁa)67%75§ﬁxalaHW—Glﬁwé

(GPS, Display, Modem, USB, Camera ISP,
audio/video codec)

HARZLHW

http://www.tomshardware.com/reviews/snapdragon-810-benchmarks,4053-2.html
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Cellphone SoC(20044E)

e W-CDMA baseband modem LSI (Mitsubishi)
— CPU + 2 DSPs + AFE(antenna front-end) + HW accelerator
— 0.15um, 112mm?

AEAEY (32MEY b Flash ROM+32ME k PSRAM)

\ _ ;
— e — e, S— i
v B a § . . -
iy L = -
a Y - Tl T
ol . o
1.2 M ikl = 3 Wit =

EREEERICRELIAN—ZNYF
(2004) L LS| LA E

N—ZR N\ REERLSI
e0.15um &) —/¥EH 7O+ X

ROM : Read Only Memory e F v TJHA X 10.6mmX10.6mm
PSRAM : Pseudo Static Random Access Memory

Source: http://www.mitsubishielectric.co.jp/giho/0502/0502106.pdf
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Sony Playstation SoCs

e Sony Playstation 1 (1994)
— CPU: MIPS R3000A (33.8MHz)
— GPU: 150M polygons/sec

e Sony Playstation 2 (2000)

— CPU: Emotion Engine (294.9MHz)  Eg. 240mm2, 25W  GS: 279mm2, 9W

e FPU+2 vector-FPUs: (6.2 GOPS) @0.25um (1999) @0.25um (1999)
e 6600M geometry calculations g \2

— GPU: (147.4MHz)
e 7700M polygons/sec

e Sony Playstation 3 (2006)

— CPU: Cell Engine (3.2GHz)
e Power-PC (64-bit) + 8 SPEs
e 280 GFLOPS

— GPU: 550MHz

e 1.8 TFLOPS

@90nm (2004)

Cell Broadband Engined4

EE+GS: 86mm?, 8.5W

Source: http://pc.watch.impress.co.jp/docs/2003/0604/kaigai01.htm
Source: Wikipedia

Chip area: 1/6
Power: 1/4
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Automotive Electronic Control Systems

e 70 - 80 ECUs (Electronic Control Units)
e < 2M lines of software codes

Engine & Power Train
EFI (Electronic Fuel Injection)
KCS (Knock Control System)

ACC(Active Cruise Control)
HV(Hybrid Vehicle Control)
CVT,Engine Mount

Cooling Fans

ECT (Electronic Controlled Transmission)

Chassis & Safety
Active Control Suspension
Active 4WS (4-wheel Steering)
ABS (Anti-lock Brake System)
TRC (Traction Control)

VSC (Vehicle Stability Control)
VDIM(Vehicle Dynamic Control)
PCS(Pre-Crash System)
Ultra-Sonic Sensing

Displays & Audio \
Electron Multi-Vision
Navigation System
Television

Super Live Sound System
Cellular Mobile Telephone
Digital TV,FMAM

Climate Control
Power Seat

Power Windows
Back Guide Monitor

Door Lock Control
Night View

Immobilizer

Comfort & Convenience

Preset Steering Wheel Position

Liquid Crystal Glare proof Mirror

Keyless,Remote Engine Starter

HUD

Multiplex Communication System
Diagnosis
Starter,Alternator,Battery
VICS,ETC

Source: www.dvlsi.jst.go.jp/topics/071201ws/pdf/02presen.pdf
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B FPGA (Field Programmable Gate Array)

- INEEOREREBENTOTSLARELGHRERIL

(configurable logic block) £ 7045 S LRI RELEC IR B H 2
BEL-UERHEEXRFYT
ERE -HREEIRIVF—FEIL-T—FFPLA XYL B,
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Source: Moore, G.E, “No exponential is forever: but "Forever® can be delayed!”, 1SSCC2003
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e Design-for-Manufacturability Conventional  Sillcon Iuage

(nO ()P() w/o OPC

(HBYRED =6 DEEEER)
— YRV & H: OPC (optical
proximity correction) <

« )V 574:193nm KK >
ERERF DTk (~16nm) H
ﬁE;U%%b\':Ij\éL\ Lnout

« BXOEFHRFEFEL | ¢
Xa l/’f?"b I‘ﬁ'ﬁ‘z orC Ll} out Silicon Image

— %ﬁ'i%jgé%,ﬁbf: LAT™ with OPC

== = == Source: Huang, “Optical Proximity Correction (OPC)-
INEQI?I-I-s Eﬁﬂﬁ&ﬁ-l- Friendly Maze Routing”, DAC’ 04

- EETH /4 XHEK
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o BEDMHMILIRFRER
— 1980: 250nm (7 —MER{EIEF RIILERR)
— 1990: 100nm (BB HDFREDFRFTE)
— 2000: 10nm (BF DK E)
- 3nm CMOS FSU DR ADERE TN S (2008)
> 7nm CMOSD EE R [TRBAFEELIRFEH->TULVS

o ITRS T (F—F & : 20074 2 4))

Silicon *

fin

— 2007: 25nm
— 2010: 18nm
— 2015: 10nm < FAR D & timlE16nm
2020: 5.6nm (4) 3nm CMOS
A Source: Choi, “Silicon Nanowire Device f
° E%&E,J&%E B‘Eﬁ Logic Switch and Non-VoI:{':Ie Me‘:':mryor
— 0.3nm: [RFDiEEE Applications” (2008)
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Potential Design Complexity and Designer Productivity

10,000 100,000
: : Equivalent Added Complexit )
2 1,000 Logic Tr./Chip a plext¥> 10,000 =
S —— Tr/S.M. 2y
< 100 1,000 2 8
o 58%/Yr. compounded o9
:6 10 Complexity growth rate—___ 100 .§ 2
"= * o= ©
2 1 & 10 <
o .
|= . / x/x// 1 <
% : < Z— 2%ivr. compound
o X Productivity growth ratg
| 0.01 = 0.1
0.001 ——t—t—tt——t——+—t+—t—t+—t—t+—+—f+—+—t+——+—+—t+—1F++ 0.01

- ™M 1O N O T M I N OO T M U N~ O

0 (o0] o0 0 0 (o) (o)) (o] (o)) (=) (=] o o o (=

(2] (=2] (=2] (2] (2] (2] o O (=2] (2] o o o o o

™ T T - T Y Y = = (N AN N N «

Source: SEMATECH
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