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ENIAC - The first electronic computer
(1946)

Moore School, Univ. of
Pennsylvania
18,000 Transistors

Size: 24mX6mX2.5m
Speed: 5000times/sec;
Weight: 3OT;

Power: 14OKW;
Average run time: 7min
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Plate (anode)
Filament (cathode)

Glass envelope

Plate (anode)
Grid
Filament (cathode)
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Wiliam Schokley
(1910—1989 )
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E R A A : 2008/2007 13.8%4

Worldwide Semiconductor Market History and Source: IC Insights
Forecast (1983-2009)

330
1983-1993 CAGR = 16% zm
1994-2004 CAGR = 8% T
2004-2009* CAGR ~9% :
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Global Economic Growth Drives Semiconductor Demand

Global GDP Semi Rev Growth
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2008 FEJREBR125E~F =2k ( 705k, SEH)

X | AF = il X NG| = il
RZX3 SoC. FPGA. NAND ‘ ST/NXP/Freescale | R&D
Fii = SoC I%;Kg Qimonda X 2 DRAM
NEC SoC IMEC R&D
T Logic % ] =E X6 DRAM/NAND. Logic
H#& | g+mx2 | soc 9 % W+ X3 DRAM/NAND
16 & | BjE X3 CCD. CMOS. Logic B X3 Foundry
ROHM Logic BRHEL X 2 Foundry
ElpidaxX2 | DRAM TRAE X 4 DRAM
Seiko TFT £ HHR DRAM
B TFT Hh X R4 DRAM
HERXT | MPU 19% Inotera X 2 DRAM
TIX2 DSP JTEm X3 DRAM
e AMD MPU Rexchip X 2 DRAM
SpansionX2 | R&D. NOR P DRAM
18 % | Micron X2 | DRAM wind | s Foundry
IMFlashX2 | DRAM/NAND FE3% | sMICX3 Foundry
IBM SoC xHE Albany R&D




5

/ $# 1 --3

= SHBBHIGEE




[y

HIEZE 0] @ H 7 )™ E
o B EIER G F FHAT
=AI-SiO, # %4.~0.25um
=Cu-lowk % %.~0.13um

35— Total_ delay
Al, 5i02 Interconnect
30 ¢ AlSio2
25—
& 20—
>
L
2 15+ Total delay
= Cu, low k
10+ » Interconnect
Cu, low k
5_
= e Gate delay
O_F: 1 1 I 1 1 1
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Feature size generation, micron



Th#e =R

Power Density
Will Get Even Worse

10,000

1,000

Power Density 4qq
(W/cm2)

Pentium®
processors

Need to Keep the Junctions Cool
* Performance (Higher Frequency)
» Lower leakage (Exponential)

« Better reliability (Exponential)
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IC Cost by Process Node

$110

$100 - Yield Ramp-up
i Mask Cost
izg W Design Cost
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300mm Fab Costs: 45-nm = $3B
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