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* Film deposition
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Introduction

* Semiconductor devices are the foundation of electronic industry,

which is the

in the world.

* The multitrillion dollar electronic industry is fundamentally
dependent on the manufacture of semiconductor integrated circuits

(ICs).

and

’ 7
all rely on semiconductor devices.

* Therefore basic knowledge of semiconductor
is essential to understanding of modern electronic.

Introduction (Cont.)
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Semiconductor Materials

(Ge) > First transistor (1947)

* Ge was rapidly replaced by (Si) in 1960 because:
e Itisthe of ordinary sand = make it very inexpensive
* It can be easily oxidized to form a high quality s (Si02) insulator
- Excellent barrier layer for selective diffusion steps needed in IC
fabrication.
e lthasa than Ge = It can operate at higher temperature

Semiconductor Materials (Cont.)

- It has than Si 2 high speed devices
- Laser & LED

* Major drawbacks:
* Less stability during thermal processing
* Poor native oxide
* Higher cost
* Much higher defect density
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Semiconductor devices

Semiconductor devices

* Semiconductor devices has been studied for more than 130 year.

-> Braun (1874). Resistance between
metal and metal sulfide depended on magnitude and polarity of the
applied voltage.

- Round (1907) - Yellowish light from
Silicon Carbide (SiC) crystal by applying 10 V potential voltage.

- Bardeen, Brattain & Shockley (1947).
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Bipolar transistor

The first point contact transistor
William Shockley, Jolhn Bardeen, and Walter Brattain
Bell Laboratories. Murray Hill, New Jersey (1947)

Fmitter

The Computer Museum |

The first transistor. (Photograph courtesy of Bell Laboratories)

Bipolar transistor (Cont.)
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MOSFET

* The device for advanced integrated circuits is the
(Metal Oxide-Semiconductor Field-Effect Transistor) which
was first reported by Kahng and Atalla in

* Although present day MOSFET have been scaled down to the
regime. the choice of and
used in the first MOSFET remains the most important
combination of materials.

* The MOSFET and related integrated circuits now constitute about
market. An ultra small MOSFET

with n channel length of has been demonstrated recently. This
device can serve as the basis for the most advanced integrated circuit
chips containing over devices.

MOSFET (Cont.)

The first MOSFET.
(Photograph
courtesy of Bell
Laboratories)
20 um gate length
and 100 nm oxide
thickness
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Major Semiconductor devices

1874

1907

1947

1949

1952

1954

1957

1958

1960

Metal semiconductor contact*
Light emitting diode (LED)*
Bipolar transistor (Nobel)

p-n junction*

Thyristor

Solar cell*

Heterojunction bipolar transistor
Tunnel diode*

MOSFET

Braun

Round

Bardeen, Brattain & Shockley
Shockley

Ebers

Chapin, Fuller & Pearson
Kroemer

Esaki

Kahng & Atalla

Major Semiconductor devices

1962

1963

1966

1967

1970

1980

1994

2001

Laser*

Heterostructure laser*
MESFET

Semiconductor memory
Charge coupled-device (Nobel)
MODFET

Room temp. memory cell

15 nm MOSFET

Hall et al.
Kroemer
Mead

Kahng & Sze
Boyle & Smith
Mimura

Yano

Yu
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SEMICONOUCTOR PROCESS
TECHNOLOGY

SEMICONOUCTOR PROCESS TECHNOLOGY

* The growth of metallic crystals in a furnace was pioneered by
Africans living on the western shores of Lake Victoria more than
years ago.

* Milestone of technology =2 - Invented in 1798. In this

process the pattern or image was transferred from a stone plate
(litho).
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SEMICONOUCTOR PROCESS TECHNOLOGY
(Cont.)

technique - liquid-solid mono-component growth

technique - developed for making (1918).
technique = developed for making (1925).
technique = developed for the Si

characteristics (1952).

technique - for the first time used for
(1957). 1ltis a technology for semiconductor
industry. It is currently representing over of IC manufacturing cost.

SEMICONOUCTOR PROCESS TECHNOLOGY
(Cont.)

* The method was developed in 1957. They found that
an oxide layer can prevent most impurity atoms from diffusing
through it.

* In the same year, the based On the chemical
vapor deposition technique was developed.

”

* Epitaxy, derived from the Greek words 1/, meaning "on,” and ,
meaning " ," describes a technique of crystal growth to
form a thin layer of semiconductor materials on the surface of a
crystal that has a lattice structure identical to that of the crystal.

AR
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SEMICONOUCTOR PROCESS TECHNOLOGY
(Cont.)

* In 1959 a rudimentary was made by Kilby. It
contained one bipolar transistor, three resistors, and one capacitor,
all made in germanium and connected by wire bonding.

* Also in 1959, Noyce proposed the all
devices in (monolith means "single

stone") and connecting the devices by aluminum metallization.

SEMICONOUCTOR PROCESS TECHNOLOGY
(Cont.)

The first monolithic integrated
circuit

VY
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SEMICONOUCTOR PROCESS TECHNOLOGY
(Cont.)

(Complementary MOSFET) technology (1963) = NMOQOS and PMOS
transistor together > , minimizing power consumption.

(Dynamic Random Access Memory) technology — two element circuit
(1967) = One transistor and one charge store capacitor > Consume high power.

(1969) > improve device and
reduce

(Metalorganic chemical vapor deposition) technology (1969) =
important technique for compound semiconductors such as

(Molecular beam epitaxy) technology (1971) = Near perfect vertical
down to atomic dimensions. It is responsible
for the creation of numerous photonic devices and quantum-effect devices.

SEMICONOUCTOR PROCESS TECHNOLOGY
(Cont.)

* In 1971 the first was made by Hoff et al. He put the entire
(CPU) of a simple computer on one chip. It was a four
bit microprocessor (Intel-4004). It contained MOSFET .

e It \lNas fabricated by p-channel polysilicon gate process using design
rule .
Currently microprocessors constitute the largest segment of the industry.

* Since the early 1980s many new technologies have been developed to meet
the requirements of over shrinking minimum feature lengths. Three key
technologies are

* Although aluminum has been used since the early 1960s as interconnect
material. it suffers from at high electrical current.
was introduced in 1993

'Y
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SEMICONOUCTOR PROCESS TECHNOLOGY
(Cont.)

The first
Mmicroprocessor.
3mm*4mm -
(Photograph courtesy [ i
of Intel Corp.) :

Technology Trends

V¥
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Technology Trends

* From the beginning of the microelectronics era the smallest
linewidth (or the minimum feature length) of an integrated circuit
has been reduced at a rate of about 13% per year.

* At that rate the minimum feature length will shrink to about 50 nm in
the year 2010. Device miniaturization results in reduced unit cost per
Circuit function. For example the cost per bit of memory chips has
halved every 2 years for successive generations of DRAM circuits.

* As device dimensions decrease, the intrinsic Switching time
decreases. Device speed has improved by four orders of magnitude
since 1959.

Technology Trends (Cont.)

* Higher speeds lead to expanded IC

* In the future digital ICs will be able t0 perform data processing and
numerical

* As devices becomes , they . Therefore
device miniaturization also

AR
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Technology Trends (Cont.)
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Technology Trends (Cont.)
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Technology Trends (Cont.)

Growth curves for
different technology
drivers.

BASIC FABRICATION STEPS

ARY%
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BASIC FABRICATION STEPS

* Today, planar technology is used extensively for fabrication.

* the of a planar process steps

a) A bare n-type Si wafer.

b) An oxidized Si wafer by
oxidation.

c) Application of resist. e—

d) Resist exposure

through the mask. \gré\&;s N

YA
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a) The wafer after the Iy
development. & 1 |
= | \I'se
— N

b) The wafer after SiO, removal. nesi s

¢) The final result after a -
complete lithographic process. m

— == |~ 55
d) A p-n junction is formed in the e S
diffusion or implantation R @
process.

e) The wafer after metallization.

f) A p-njunction after the
complete processes.

Oxidation

* The development of a (Si02) has helped
to establish the dominance of i in the production of

(Fig).

* Oxidation

* Oxidation

14




VY/OX[)FYA

Oxidation

is usually used to form in a device structure
because of its good Si-Si02 characteristics.

is used for because of its

Photolithography

is used to define the geometry of the p-n junction.

* After the of Si02. the wafer is with an ultraviolet
(UV) light-sensitive material called a which is spun on the
wafer surface by high-speed spinner (Fig).

» Afterward the wafer is about 80°C to 100 °C to
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Photolithography (Cont.)

* Next step =2 the wafer through the using a
. The exposed region of the photoresist-coated wafer
under-goes chemical reaction depending on the type of the resist.

* The area becomes
in an etchant process. The polymerized region when
the wafer is placed In a developer. Whereas the
(under the opaque area) (Fig).
Etching
step—> The wafer is again to 120°C to 180 °C for 20
minutes to and to

subsequent etching process.

step=> An etch using (HF) remove the
Si02 surface (Fig).

step = The resist is by a oran
oxygen plasma system.

* After the process the wafer is for
forming the by a

Y
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Diffusion and lon Implantation

Doping technologies:

method = The semiconductor surface not protected by the oxide
is to a source with a high concentration of .
The impurity crystal by solid-state diffusion.

method = the intended impurity is Introduced into the

semiconductor by and
then the ions in the semiconductor. The
to impurity diffusion or ion implantation.

* After the diffusion or implantation process the p-n junction is formed (Fig).

Metallization

- used to form and
(Fig).

* Metal films can be by physical or chemical
vapor deposition.

* The process is again used to define the
. A similar metallization step is performed on the back
contact without using a lithography process.

* Normally, a low-temperature (< 500 C) would also be
performed to promote between the metal
layer and the semiconductor.

Yy
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Transistor fabrication overview

(a) The vertical cross
section through the
transistor.

(b) a composite top
view of the masks
used to fabricate the
transistor in (a).

Polysilicon

gate

nt

P-type substrate

Al Al
$i0, $i0,
Wi J " N\
pt P

(a)

S | Y
g x Drain
DI &Hﬁ

Source

region

Yy
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Cross-Section Wiew

i . Silieon aitride 777777 510

Top View of Masks
ptype silicon
(a) Boron
implant -1 |
W s V) |
_ | —
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by
Polysilicon
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— N m
r
lepbar\:“nr arsenic - 3
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n » P — | | ]
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Cross-Section View
Q22223 Wil 77777,
-_—
2
Top View of Masks
p-type silicon
(a). Boron
implant - "‘:’
—  —
P
)]

a) Silicon wafer covered with silicon nitride over a thin
padding layer of silicon dioxide.

b)Etched wafer after first mask step. A boron implant
Is used to help control field oxide threshold.

Y¥
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Polysilicon

$i0, Sio, r_l
—7 T N—

P

(©) - ~=
Phosphorus or arsenic - «-:I

e GAPAD v =
Si0, Si0,

ﬂ*}’*

nt nt
P

(d)

(c) Structure following nitride removal and polysilicon
deposition.
(d) Wafer after second mask step and etching of
polysilicon.

CvVD IE

Si0,
O O
Si0, sio — |
n+ n+ . pt E] D 4]
» —
(© X
Al ;
Sio, Si0, X (-
nt » nt p* i E _&[":j

® T

(e) The third mask has been used to open contact
windows following silicon dioxide deposition.
(f) Final structure following metal deposition and
patterning with fourth mask.

Yo
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:

i

1 oxidation

CVD nitride
deposition

Active area mask

Boron field implant

Thermal field
oxidation

Remove nitride
and oxide pad

Regrow thin gate

Boron threshold-
adjustment implant -

CVD polysilicon
deposition

Gate definition Mask #2

Source/drain
implantation

Mask #1 Source/drain

diffusion

CVD oxide
depaosition

Contact openings Mask #3
Metal deposition
Pattern metal Mask #4

Etch metal

CVD oxide
passivation layer

Mask #5

Open bonding pads

Cross-sectional views at major steps in
a basic process.

a)
b)

Following p-well diffusion.

Following selective oxidation.

¢) Following gate oxidation and
polysilicon gate definition.

d) PMOS source/drain implantation;

€)

NMOS source/drain implantation;

Structure following contact and
metal mask steps.

a
£
g
g

TR

:

g

<_5i0; >
Al 4 7

(b}

n* polysilicon
£
n P

ic}

Boron implant .
Photdresist

Ry o
A

(d)

. Arsenic implant
Photoresist

PR
m———
(e)

Al Al

Y7
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Base Emitter Collector .
S5i0,

» _C_n;_J Lnt ]
n-epi P
n* buried layer

@

a) The vertical cross BRI
section through the .| | S e
- P n*
transistor. | < | ==
- P g
b)a composite top | i X
. -
view of the masks XL X
used to fabricate - - -
the transistor in
(a). T e o
®)

) Top Views
r‘- '-'_Z—I_ Burled layer mask

(L]
Emitter Base Collector
ri

']

A
P =2 — 7~ A 5
Esmitter Collector

U]

Yv
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Top Views

<5
( 20 ) Buried-layer mask
k p-silicon J ’
(a)
o Si0,
L {
n-epi
- . BYEC Isolation mask
psilicon :{/’WMM’

RN

___u,u—u—ﬂ_"l-
=
ﬂ: |
\\\\\\\\\\\\\\\\\\\\

(©)

(a) Wafer with silicon dioxide layer.

(b) Following buried-layer diffusion using first mask, and subsequent epitaxial
layer growth and oxidation.

(c) Following deep-isolation diffusion using second mask.

Base mask

Z

Base

24

Emitter mask

(e) %
Emitter Base Collector

— S we——we——

/
Pl a\ =2 L—“ P _‘/ LY
Emitter Collector
P

®
(d) Following boron-base diffusion using third mask.

(e) Fourth mask defines emitter and collector contact regions.

(f) Final structure following contact and metal mask steps.
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Thermal oxidation Mask #4
Subcollector mask Mask #1 Emitter diffusion
(P or As)
Antimony diffusion +
and oxidation Mask #5
Epitaxial layer Metal deposition
growth
r——
and oxidation
* CVD oxide
ivation |
i 5 M #7
Boron base Open bonding pads ask
diffusion and
oxidation

Introducing seminars subjects

1.
2.

CMOS technology applications
BiCMOS technology applications

¥4




