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Birth of Modern Electronics 1947

AT&T Bell Laboratories -- Invention of Point Contact Transistor
William Shockley, Walter Brittain, and John Bardeen
Winners of the 1956 Nobel Prize in Physics
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3D Display Products

30 — 3D display without the need for special glasses
— Switches between 2D and 3D display mode

LC Display
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$3790 | 19%
$1.132 | $1.570 | 8%

$1,465 7%
$347 | $425 | 2%
$353 $390 2%
$313 | $375 2%
$280 | $325 2%
$250 | $310 | 2%
$202 | $300 1%
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+ T 840 :PNP,NPN, BT~

¥ fo 8 (JFET)

Collector + Collector
B Emitter I.

HBT Structure

Collector
(Diode Coupled)

n+GaAs

Isolator
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70nm

70 nm Lgare NMOS Transistor
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Device Technology Trend

B § % (Gordon Moore’s Law )-----1965#&

M2 B(CPU )& # (Chips) pen T3 Sk, #icp > 53 & (L2 21 5187 )
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It extends for technology development trend,

— Develop new technology generation every 2 years
— Feature size 0.7x shrinkage

— Area ~50% scale-down

— >30% device performance improvement
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Intelligent Car
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Introduction to VLS| Processes

Thermal Process
Deposition Process
Lithography Process
Etching Process

Doping Process
CMP Process




Value per Unit Weight

Steel $300/1,000Kg  $0.3/Kg

Cars $30,000/1500Kg $20/Kg $0.02/g
 Notebook PC $2500/2Kg $1250/Kg $1.2/g
- Cellullar Phone $800/200g $4/g

Gold $280/0z  $10/g

Diamond $5,000/carat $15,000/g



Turn Silicon Into Gold

Gold $280/0z ~$10/g
Si raw wafer $70/8"¢ ~$1.3/g
Finished wafer  $1500/8” ¢ ~$28/g

Individual 1.C. chip
64M DRAM $6/ ~$50/g
CPU $200/ ~$800/g




CMOS Profile

Nitride PD?2
Oxide
LY L
ARC
T e . IMDor
. . Metal 1, AlCu . ILD2
\» BPSG I.-.I
= — g ST
Sidewall ( P-well | N-well N
spacer -1 P-epi .
P-wafer CVD




Introduction to VLS| PROCESSES

Deposition Process
Lithography Process
Etching Process
Doping Process
CMP Process
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VLSI PROCESSES

Thermal Process

Lithography Process
Etching Process
Doping Process



Si Si Si

Grown film Bare silicon Deposited film



CVD Processes

« APCVD
« LPCVD

- PECVD



APCVD Reactor

N, Process Gas N,
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Station Exhaust Belt



L PCVD System

Pressure
Sensor Wafers

Loading ,

Door i i
Process Gas Inlet Wafer Boat Tube

1 Center Zone |

Temperature : 5

/ Flat Zone \ |
Distance




Plasma Enhanced CVD System

Process RF power
gases j ™)
Process _ | =
chamber é ; l>
Plasma
Wafer

|
SIS

By-products to the | | Heated plate
pump




Step Coverage

* A measurement of the deposited film

reproducing the slope of a step on the
substrate surface

* One of the most important specifications
— Sidewall step coverage
— Bottom step coverage
— Conformality
— Overhang



Void Formation Process

(

Metal

)ie

Dielectric
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Metal Dielectric
J T~ 3
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Metal Dielectric




Step Coverage of TEOS and Silane Oxide

TEOS
Si(OC2H5)4

SiH4

G [T



Silane Safety

Source: Kelvin




VLSI PROCESSES

Thermal Process
Deposition Process

Etching Process
Doping Process
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Light
Source

Projection
Lens
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Projection
Lens

Wafer

Wafer Stage
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VLSI PROCESSES

Thermal Process
Deposition Process
Lithography Process

Doping Process



« Etching Rate
* Uniformity
« Selectivity
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Substrate

PR

Anisotropic

PR

Substrate

PR

Anisotropic, tapered

=
=

PR PR

I

Substrate

Isotropic

PR PR

Substrate

Anisotropic, Undercut



Loading Effect

PR PR
Substrate




VLSI PROCESSES

Thermal Process
Deposition Process
Lithography Process
Etching Process



Doping Process

 Diffusion
* lon Implantation
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Junction Depth
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G111 665 ol g

Masking Oxide

Masking Oxide

N-Silicon

N-Silicon
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e (5-42-3)

Distance from the wafer surface



lon Implantation
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Gate Mask Alignment
Gate Mask

Y &

Photoresist
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Gate Mask Exposure

pd

Ga/lte Mask

Y

Y

V

I EEEREREE
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Development/Hard Bake/Inspection

y 4

103



Etch Polysilicon

Polysilicon

104



Etch Polysilicon, Continue

Gate Oxide Polysilicon

105



Strip Photoresist

Gate Oxide Polysilicon
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lon Implantation

Dopant I

Gate O)\(ice Polysilicon

e

Source/Drain

107



Rapid Thermal Annealing

Gate Oxide Polysilicon Gate

Source/Drain
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CMP Process

Metal 6

Aspect Ratio | | | Metal 5
(T/W)=1.6/1 i

Metal 4

'IIT: I T11 LI

AR JEE RN Metal2
INEN I W Metal 1

Transistors

Intgl. 6 Layers of Damascene Copper




CMOS Profile

Nitride PD?2
Oxide
LY L
ARC
T e . IMDor
. . Metal 1, AlCu . ILD2
\» BPSG I.-.I
= — g ST
Sidewall ( P-well | N-well N
spacer -1 P-epi .
P-wafer CVD




A mOMHz
1G Hz, 10GHz
BE/TE

DRAM 128M
256M, 512M, 1G




