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e

> Modern-day electronics
began with the
invention in 1947 of the
bi-polar transistor by
Bardeen et.a/ at Bell
Laboratories




i The evolution of IC

2 HURE R e AR ORI
A. 1956 B. 1958 (C. 1959 D. 1961
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~In 1958 the integrated
circuit was born when
Jack Kilby at Texas ._
Instruments successfully
interconnected, by hand,
several transistors,
resistors and capacitors

on a single substrate
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= Transistor —Bardeen et.a/. (Bell Labs) in 1947
= Bipolar transistor — Schockley in 1948
= First monolithic IC — Jack Kilby in 1958

= First commercial IC logic gates — Fairchild
1960

s [IL— 1962 into the 1990’s
s ECL — 1974 into the 1980’s
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i MOSFET 1.2

= MOSFET transistor - Lilienfeld (Canada) in 1925 and
Heil (England) in 1935

s CMOS - 1960’s, (HZ2H 1R 2 L 20 L[+ &

= PMOS in 1960’s (calculators)

= NMOS in 1970’s (4004, 8080) — for speed

= CMOS in 1980’s — TFEL

= BiCMOS, Gallium-Arsenide, Silicon-Germanium

= SOI, Copper-Low K, strained silicon, High-k gate oxide
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The First Integrated Circuits

i Bipolar logic
— — 1960’

e .1“ ‘l.‘ ey
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ECL 3-input Gate
Motorola 1966

o
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Intel 4004 Micro-Processor

-t 1971
1000 transistors

1 MHz operation:
NMOS T2
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Intel Pentium (IV) microprocessor
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:L Moore’s Law

s 19654, Gordon Moore il B s 2R i)
AR A H &:184 H AT LA hn—£i%
» 2300 transistors, 108 KHz clock (Intel 4004) - 1971
= 16 Million transistors (Ultra Sparc III)- 1998
= 42 Million, 2 GHz clock (Intel P4) - 2001
=« 125 Million, 3.4Ghz (Intel P4 Prescott)- 2004 Feb 02
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Moore’s Law plot (from his
griginal paper)
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Spurce: ISSCC 2003 G. Moore “No exponential is forever, but ‘forever’ can be delayed”
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& MOSFET4g /M43

Scaling Calculator + 2
Node Cycle Time: %
[O7x 07X T Limear Time
250 ->180->130->90->65->45->32->22 - 16
I— 0.5x —r

N N+ N+2
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Year 1999 | 2002 | 2005 | 2008 | 2011 | 2014
Feature size (nm) | 180 130 100 /0 50 35
Chip size (mm?) 170 214 235 | 269 | 308 | 354
Clock rate (GHz) 1.2 1.6 2.2 2.8 3.6 4.4
Power supply V4 1.8 1.5 1.2 0.9 0.7 0.6
(V)

Power (W) 90 130 160 | 170 | 174 | 183

For a Cost-Performance MPU
(L1 on-chip SRAM cache; 32KB in 1999 doubling every two years)

35
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Worldwide Semiconductor Revenue

Spurce: ISSCC 2003 G. Moore “No exponential is forever, but ‘forever’ can be delayed”
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Gate Length Scaling

http://public.itrs.net/

10 10000

Feature size (nanometers)—>

1 1000
0.1 100
0.01 10

L = 6 nm (IBM, 2002)
L = 5 nm (NEC, 2003)

J
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PR B

= 1999 — 1000 electrons to change state
= 2010 — 8 electrons to change state
= 2020 - < 1 electron to change state

Source: California Computer News, 2003

41



thy

Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

‘_L f

o
(=
=
E
F3
-
|
(=]
(=2}
(=}

e * ot a 0,
OO/ 0AR0H 0N
O A OO SORON
O/ 080080
OR0B OO AON
CHOG OGS OGO
O/ 0OH O8O0

0RO O OO
O OO A OO

|

OO0 080805

|

TR kPkiR: TZ2HA

50 nm dense, k, = 0.37

L




Genera ted by Fox tPDFC t ©F tSftW
http://www.foxitsoftwar

T AR Pk - Q_ZP:/JI .%\E




Genera ted by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

i LR, LR

ft A1) AR A i 8 0 1.5 4%

BN L 20 BRAEAURA G 1.3 4%
B 5 I
BT A%

REVR T IS

44



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

R ESEIME T2 T 23

Nmr

i




o
o
=1
raggt
.
—_—
T

I

L
A

Sefe e B e D
7 P = 7<)3E

n 2.1.1 £ERK

m 2.1.2 MOS%E: #4) Fl 432

FEL I I T 2 A R A

= 2.2.1 NFJFCMOS .2
s 2.2.2 RIVHCKCMOS T Z
s 2.3.1 CMOS ICH ) & A R

= 2.3.2 SOI

—~ -
.2

= 2.3.3 CMOS/jx & wc it #i ]

46



Generated by DF C or©F S ftwar
htt p//wwwf ftw Fo valu only.

i 2.1.1 4E X W B e T84 A R34k

w1, FEEE (CEAEE. 24
E:l: o |

I+~

i kU

./

N2
*/
IZ\ )}
2
~,

I3\ :J:Zi

Er
%?f />a~
/\ N
- W=
O —~
H)% g}g
B
o
F o
-17:{: Ihb

7

o

N

47



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

il




Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

B e R

—

The Chip Making Process

Water-Fabrication

T,ﬁg_‘ Materials Mgt., Chermical Dist., Automation, CIM

: Diffusion/
Wafer | B Epi- & Photo- Photo- o
ol Emmm plany

Inspection & M easurement

Hest) Assembly sdPackaging
Materials Mgt., CIM, Automation?

Wafer Die Wire Encap- Test &

Copyright 1999 Infrastructure
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{EEEH (wafer) [FI#ifE

|nfra%tructu re
Making the Wafer

- The Process:

— A seed crystal is suspended
in a molten bath of silicon

— It is slowly pulled up and
grows into an ingot of silicon

— The ingot is removed and
ground down to dameter

— The end is cut off, then thin
silicon wafers are sawn off
(sliced) and polished

Copyright 1999 Infrastructure
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, Tﬁﬂ%ﬁ)ﬁ (mask,reticle) 1)

‘ structure

The Mask Making Process

e The Process

— Start with ultra-pure glass
plates with a surface
deposition of chromium.

— Computer generated layouts of the IC
drive a laser beam or electron beam to
selectively remove chromium and create
the mask or reticle.

e Design Driven:

— increased complexity

Design Schematc Slicon Layout

L

— long write imes
— New Product Acceleration

Copyright 1999 Infrastructure

I
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infra@structure
Epitaxy

The growth of an ultra-
pur layer of crystalline
silicon

Approx 3% of the wafer
thickness

Contaminant-free for the

subsequent construction of
transistors

Copyright 1999 Infrastructure
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%] (photolithography)

rstructure

Photolithography Process

* The wafer is coated with
photoresi st material

15 .u '# 1 * The reticle containing a

g s i

e ,I{BM.,_- '.:,.j layer's image of one or more

e W s die are exposed bya light
LT source through a lens

system onto the wafer

* The wafer is then stepped
over to the next die and the
process repeated until the
wafer 1s completely exposed

e —T

Copyright 1999 Infrastructure
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#% (exposure)

infravstructure
Oxidation and Exposure

The epi-wafer 1s exposed
to high temperature to
grow an oxkle layer

A layer of photoresist is
spunonto the oxide

The stepper exposes the
pattern onto the
photoresist E— e
The photoresist 1s then
developed to leave the
pattern on the wafer

Oxide

Copyright 1898 Infrastructure
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%4 Cetch)

infra@structure
Etch and Srip ”

An etch process (wet y
or dry) is used to
remove the oxide T P
where the photoresist '
pattern 1s absent

The photoresist 1s then
stripped completely Oxide
off the wafer, leaving
the oxide pattern on
the wafer

Copyright 1999 Infrastructure
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Deposition

Using the same oxidation &
photolithography process, an
opening i1s made in the oxide to
build the transistor’ s gate region
A thin gate oxide or silicon
nitride 1s deposited via CVD or
Chermical Vapor Deposition

process to act as an insulator
between the gate and the silicon
This 1sfollowed by Physical
Vapor Deposition (PV D) or
“sputtering” of a conductive
polysilicon layer to form the

transistor’s gate region

Copyright 1998 Infrastructure
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infra”structure
Oxidation

Various oxides are grown or
deposited to insulate or protect
the formed transistors

Deep Field Oxides are grown to
1solate each transistor from its
adjacent partners

Dielectric 1solation oxides are
deposited to insulate the
transistors from the
interconnecting layers which
will be built above

Passivation oxides are later
deposited on top of completed
wafers to protect the surface
from damage

Copyright 1999 Infrastructure
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3. B4 JEUFIEA

infraVstructure
Diffusion and Implant

The oxide acts as a barner when
dopant chemical s are deposited

on the surface and diffused into l l l
Emias 000000 Emmecleeee i eeeeeae oo

Altematively, dopants may be  iiiiiIiiIIiIiIiIIIiIIiIiIIIiIiIIIIII:

Boriibended inEothe SlIoEEL 3z === Seerensensasmnnsmemesens e s s

surface via an 1on implant beam IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiiiiiz

The induced ions create regions  77TTTTUTTTIIIIIIIIIITTTUUUTIIIIIIIL

with different properties of the
silicon semiconductor material

These regions become the

source and drain of the CMOS
transi stor

Copyright 1999 Infrastructure
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infra@structure
Interconnect - Vias

» Usingthe same
photolthography process,
“via” contact holes are
etched down to the three
transistor regions which
need to be connected to
other components on the
chip

Copyright 1999 Infrastructure
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infra?structure
Interconnect - Metalization

e A layer of alurmnum 1s
deposited on the surface and
down into the via holes

e Excess alurminum is etched
away after another
photolithography process,
leaving the desired interconnect
pattern

= Another layer of dielectric
1solation oxide 1s deposited to
insulate the first layer of
aluminum from the next one

e Note how the surface contours
are developing with each ey
process steps

Copyright 1999 Infrastructure
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infra@structure
Chemical Mechanical Planarization

o CMP (Chermical Mechanical
Planarization) 1s an abrasive (@
process using chermical slurries ” .
and a circular (sanding) action ‘

to polish the surface of the
wafer smooth

e The smooth surface is
necessary to maintain
photolithographic depth of
focus for subsequent steps and
also to ensure that aluminum
interconnects are not deformed
over contour steps

Copyright 1999 Infrastructure
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Another s=t of vi1a holes are
etched in the dielectric 1solation
oxide to enable access down to
the layer below

Contact plugs are deposited
(often tungsten) into the vias to
reach down and make contact to
the lower layer

The next layer of alurminum 1s
deposited, patterned and etched

This process 1s repeated for as
many interconnect layers as are
required for the chip design
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