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|IC Manufacturing History

==~ What is VLSI ?

n VLSI% Very Large Scale Integrationz & &
s 44 (integration) 4 7
o $45F 85 (circuits)
o fF AR
o L (transistors ) o 4 8 & (wires)
= 2 (resistors) - § % (capacitors)fo & 5, (inductors)
n [C & VLS

o #i i € 5 (Integrated circuits-ICs) - 3 2 €& - 2 AR RS LA —WA R
(chip) -

o 42 kA 48 @k (Very Large Scale Integration-VLSI) @ dF % $ S48 - £ 84
REMarh—MLhL

s BB EERICRY S EF ik
= Printed a circuit, like you print a picture
. Create components in parallel, cost no longer dependent on # of devices

o RAGME A - IRAFRRIRA b R
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IC introduction-
Why Si ?

€ Single Crystal Structure
-Periodic and predictable

€ Semiconductor- all electronic components but inductor
-Diode (Asymmetric resistor), Transistor (Switch), Resistor,
Cpactor

€ Abundant and cheap- made of sand

€ Easy to transform to other materials
-conductor (doping and anneal)
- insulator by oxidation (SiO2)
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— |IC value:
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|IC Manufacturing History

® The beginning of the information age:
invention of integrated circuit or IC about 40
years ago.

I'hl- =1 thu:uurrugn[llma state=nfste=am 105 manndscnined in e eark 196 r| [-Ht mcl in lmrurh il]II ||mhu [T
1900 G contans foor hipolas raesstors and severil resstors. The 199980k chip contsi meilErey MO% shen
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The first electronic computer (1946)
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First transistor Bell Labs, 1948

// m 194? the point contact transistor on polycrystalline Ge invented at Bell

v

Lab by Bardeen, Brattain, and Shockley

m 1953: Bardeen and Brattain found the surface properties of
semiconductors could be controlled by exposing them to oxygen, water,
or ozone.

Single crystal (controllable, stable, and reproducible) and S10, are the two
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The First Integrated Circuits
D BE Bipolar logic 1960’s

ECL 3-input Gate
Motorola 1966
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1971
1000 transistors
1 MHz operation
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Intel Pentium (IV) microprocessor
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201 Al b A T Al V 1C 555

nSS| (Small-Scaled Integrated Circuits)
o AL AR E B — 4 2 T (1970s)
aMS| (Medium-Scaled IC)

P AURBREHE > HB BTt
n S| (Large-Scaled IC)

= KA AR E 25— 3 2T 8 o+ (1980s)
/LS| (Very Large Scaled IC)

= A2 KA A5 48 E 3B— 3 20E 18 T 1+ (1990s)
qh nS0C (System on a Chip)

m ﬁ- T H %‘ iﬁ,_’“’%‘ﬁ'ﬁ -% 1 7T ’H" (20005}
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Moore’s Law

In 1965, Gordon Moore noted that the
number of transistors on a chip doubled
every 18 to 24 months.

He made a prediction that semiconductor
technology will double its effectiveness

' every 18 months
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= Evolution in Complexity

-~ f 0.08um

101!]
10° 4Ghits f o 15um
1 Gbits o/ 15 0 2pm
108
n_ -
£ 256 Mbits 0.25.0.3um
T
Q
j= B
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[ 256 Kbits
64 Kbits
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\ Year
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Moore’s Law

Doubling of the number of
transistors on a chip roughly every two years.

100 pm - Integrated Circuit

/ History

10 pm —

I pm
025pm in 1997

Feature Siza

1960 1980 2000 2020 20440

Year
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Moore’s Law

¥ 1965 Actual Data
M MOS Arrays A MOS Logic 1975 Actual Data

1875 Projection

il ! Pantivm? I
& Microprocessor Pantiurm® |

Fentium®

1860 1965 1870 1875 1880 1985 1950 1885 2000 2005 20
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Moore’s Law

transistors
FPontium § Processor 100,000,000

MOORE'S LAW Ea—

1970 1875 1880 1285 1890 1985 2000
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Roadmap of IC

Table 11 Future projections for iicon technalogy taken from the SIA NTRS [1.3]
Year of first DRAM shipment 1997 1999 2003 2006 2009 2012

Minimum Feature Size 250nm  180nm  130nm - 100nm 70nm  S0nm
DRAM Bits/Chip 256M 16 4G 16G - 64G 2560
DRAM Chip Size (mm’) 280400 560 ™90 1120 1580
Microprocessor Transistors/chip ~ 1IM 2IM - 76M  200M  520M  140B
Maximum Wiring Levels b 61 8 89 9
Minimum Mask Count 2 2-4 . U 426 2628 2B

Minimum Supply Voltage (volts) 1825 1518 12-15 09-12 0609 0508
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Silicon Story
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DRAM _
1.4 Times/Year
1TB )
64GB (2023) —
(2015)
Neuron Number
in Brain |
35
25 18
Increasing Technology difficul'[y~ T ~d
1989 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023

\ year
3

2020

1015
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1 10°
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1 1068
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Roadmap of IC

Table 11 Future projections for iicon technalogy taken from the SIA NTRS [1.3]
Year of first DRAM shipment 1997 1999 2003 2006 2009 2012

Minimum Feature Size 250nm  180nm  130nm - 100nm 70nm  S0nm
DRAM Bits/Chip 256M 16 4G 16G - 64G 2560
DRAM Chip Size (mm’) 280400 560 ™90 1120 1580
Microprocessor Transistors/chip ~ 1IM 2IM - 76M  200M  520M  140B
Maximum Wiring Levels b 61 8 89 9
Minimum Mask Count 2 2-4 . U 426 2628 2B
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Moore’s law In Microprocessors

386
0.1 | 286

1000
100 | 2X growth in 1.96 years!
=
e <
% 1 296 entium® proc
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W : :
— Die Size Growth
E 100
A
=
£ P6
o I 4a8ePentium ® proc
510 [ 386
[J) 286
- 2008 ~7% growth per year
| ?4004 ~2X growth in 10 years
‘ 1 B e L A
| 1970 1980 1990 2000 2010
ol ) Year
\ |Die sz grows by 149% o satisty Moore's Law |
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Frequency

10000

Doubles every
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Power will be a major problem

100000
10000

Power (Watts)
H
= o
o o
o o

=
L O

O
=

1971 1974 1978 1985 1992 2000 2004 2008
Year

P e
\ Ppwer delivery and dissipation wil be prohibit
k
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Power density
10000
= Rocket
= Nozzle —p ,
<1000 /F
2 Nuclear »
@ o
S 100 Reactor ’/
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Integration level

Abbreviation

Number of devices on a chip

Small Scale Integration
Medium Scale Integration
Large Scale Integration
Very Large Scale Integration

Ultra Large Scale Integration

Super Large Scale Integration

SSI

MSI

LSI
VLSI
ULSI

SLSI

2to 50
50 to 5,000
5,000 to 100,000
100,000 to 10,000,000
10.000,000 to 1,000,000.000

over 1,000,000,000
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201 At s A i el Y 1C J8 3T Al ey

= 1958 : Single transistor 1

= 1962+: SS| 10

= 1967 : MSI (Medium) 100

1972 : LS| 1000
| = 1978 : VLSI 10°-10°
l =1990 : ULSI (Ultra) >106
ﬂ{ = 2000 : SoC (System on Chip)
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Source: Intel
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Why Scaling?

Technology shrinks by 0.7/generation

With every generation can integrate 2x more functions per
chip; chip cost does not increase significantly

Cost of a function decreases by 2x
But ...
How to design chips with more and more functions?

Design engineering population does not double every
two years...

A Hence, a need for more efficient design methods
X
"

Exploit different levels of abstraction
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% Why Scaling?

Chip made with 0.35 pm
technology

with 0.25 pm
technology
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The trend of Semiconductor

—0.25um 1F5M

Cost ($) / gate

— 0. 18um 1FEM N —

— 0.13um 1FEM

S0nm 1P9

» = = GEnm 1PEM Tt

187 1998 1980 2000 2004 2002 2003 2Oo0d4 2005 2006 2007 zDDA 2009 2010
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Why Scaling?

rapid advancement in technology

1

miniaturization, low cost

!

cheaper, smaller, faster systems

|

greater market needs

Moore’s Law



