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Technology Roadmap for

Semiconductors

Yeaar 18G7 18989 [ 2007 2005 2008 20171 2014
Techndology
hode (nm ) 250 180 130 100 70 50 35
n-chip Tocal
clack ((FHz) 0.75 1.25 2.1 3.5 6.0 10 16.9
MICraprocessar
chip size (mm2) | 300 340 430 520 620 750 601
Microprocessar
transistors /chip 11M 21M TaM 200M 520 M 1.408 3.678
Micrapracessar
cost /transistor 3000 1735 580 255 110 49 22
(x10~8 usD)

- CRAM bits
per chip 256M 15 43 16 640G 2564 1T
Wiring level G 67 T -8 g9 ] 10
asupply voltage

) 1.8-2.5 | 1.5-18 | 1.2-1.5 | 0.5-1.2 | 0.6-0.9 | 0.5-0.6 | 0.37-0.42
r (W) 70 =Tu 130 160 170 175 183




Milestones for IC Industry

m 1947: Bardeen, Brattain & Shockly invented
thetransistor, foundation of the IC industry.

1952: SONY introduced the first transistor-based radio.
1958: Kilby invented integrated circuits (ICs).

1965: Moore’s law.

1968: Noyce and Moore founded Intel.

1970: Intel introduced 1 K DRAM.




Milestones for IC Industry (Cont’'d)

m 1971: Intel announced 4-bit 4004 microprocessors
(2250transistors).

1976/81: Apple II/IBM PC.

1984: Xilinx invented FPGA’s.

1985: Intel began focusing on microprocessor products.
1987: TSMC was founded (fabless IC design).

1991: ARM introduced its first embeddable RISC IP core
(chipless IC design).

o

45,
i

! |

4004 sy
IBM PC

AN e s L

Intel founders




Milestones for IC Industry (Cont’d)

m 1996: Samsung introduced IG DRAM.

m 1998: IBM announces1GHz experimental
MICroprocessor.

m 1999/earlier: System-on-Chip (SOC) applications.
m 2002/earlier: System-in-Package (SIP) technology.

®  An Intel P4 processor contains 42 million transistors
(1 billion by 2005)

m Today, we produce > 30 million transistors per person
(1billion/person by 2008).

= Blue tooth
Scanner-on-chip technology

4GB DRAM (2001) Pentium 4
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Core Power Measurements

H Intel Atom multi-Vt
A45nm 800MHZ=

m ARM Cortex-A8
A45LP 800MM=z

2]
=
<
=
=

Average

Life from a 1400mAh Battery

Processor Core Only

~Sicep | Average |
0.5 days
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2G/2.5G Cell Phone
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Phone
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uP + Memory

DSP + Analog

1980 1990 2000 2010 2020
e P ——C ommunication=—p

Moore’s Law Scaling
70% every 2-3 years

Moore's Law >

SOC Integration >

Transistor scaling will continue to be an important
technology driver. But it will no longer be the sole driver —
SOC integration will accelerate in the Internet age.
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Moore’s Law Is predicted
to stagnate toward the end
of the decade ...




Moore’s Law is predicted
to stagnate toward the end
of the decade ...

... but SOC Integration has
the potential to continue
|C cost reduction and to
perpetuate growth of
Personal Internet
Products.




