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Nano Technology

1nm 10nm 100nm 1um
I |

Development of material

’ Scale down form bulk
s state by the control of
ultra miniature process

/device from the facile
manipulation of materials
in the atomic/molecular
level

Materials Structure

©
Top-Down B
.

Etching Development

-

Bottom -Up

Structuring & establishment of Nano Technology
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Nano Technology

The creation of functional materials, devices and
systems through control of matter at the scale of 1
to 100 nm, and the exploitation of novel properties
and phenomena at the same scale.

eSelf-assembling highly functional molecular
machines aimed at performing specific tasks. Often
highly ordered repeated patterns of a single

functional unit.
1 nm = 0.0000000001 m or 0.00000001 mm !

: =E3a L-Igm| : :
@ = L e Prof. Jin-Heong Yim



Nano Patterned Structure

Forms of
carbon

Crystal
structures
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ITRS Roadmap

2002 ITRS Roadmap

Year af Production 2001 2002 26003 2004 2005 20006 2007 2in 2013 206
MPU 1.2 Metal One Pitch ~
(nm) 150 130 107 =1 a0 70 65 45 a2 22
Interlevel metal insuator
(minimum expected) —bulk <27 <27
dielectric constant (k)
Interlevel metal insuator -
affective dielectric constant 3.0-3.6 30-36
(k)

Dense OSG
Dense
Organic

Porous hybrid' OSG
Porous organics
Structured porous OSG
CVD OSG7?

CVD organic?

Porous hybrid/QSG
Porous organics
CVD OS5G

15t use at 130nm
Mot as easy as expectad
Mot widely implementad until 90nm

Manry users will want to extend to
B5nm node

Most current materials are
extensions of k = 2.2 versions

Many material candidates

Many new problems encountered
pore sealing, lower mechanical

strength, etc.

Outlook for k ~ 2.0 uncertain

Some consider the roadmap unrealistic
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Moore’'s Law

42.000.000transistors

Pentium® 4 Processor 100,000,000
Peantium® Il Processor

MOORE'S LAW

. s Pentium® Il Processor 10,000,000
PmtliumB F'r:h:n“nr ,
. 4BE™ DX Processor e
4 1 4 1,000,000
3BE™ Processor
288
4 4 100,000
8086
120.000
I | 10,000
8008
4004
1000
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‘ Nanometer Scale

1m
(Meter)

1000
X

Imm =103m

(Millimeter)
1000
X
lum =10°%m
(Micrometer)
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X
Mag= 825X 10pm . EHT= 500KV  Signal A= SE2 Signal = 0.6600 Inm =10°m
— WD= 19 mm Signal B=InLens  Date :13 Feb 2002
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Transistor
gate

I~
Trench
capacitor
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Viewpoint of Nano Materials

Design & Synthesis

B Functional polymers

B Organic/inorganic hybrid Materi
B Nanoporous materials

Bl Nano dot, wire

Process Technology Applications

Bl Electronics
B Miniature process control (Top-down) B Energy/Catalyst

B Atom/Molecule control (Bottom-up) W Display
B Characterization Technique
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Nano patterning

Transferring geometrical shapes and patterns on a mask to the surface of
a silicon wafer.

\;1 -coated

“Chemically” cleaned Silicon oxide “barrier”
silicon wafer layer

Photoresis
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‘ Type of Photoresist (PR)
/7 WV

Positive photoresist

—p Light causes photoresist
‘ to become more “soluble”

in the developer

The mask contains an exact copy of the pattern
which Is to remain on the wafer.

/

Negatlve phOtO resist Remove mask

=

UV “polymerization” .
Rinse

Mask contains the “inverse” of the
pattern to be transferred.
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Real Semiconductor Device
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Basics for
Semiconductor Theory
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Silicon Lattice

Transistors are built on a silicon substrate
Silicon is a Group IV material

Forms crystal lattice with bonds to four neighbors

Si Si
Si Si
Si

Si
[
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Dopants

Silicon 1s a semiconductor

Pure silicon has no free carriers and conducts poorly
Adding dopants increases the conductivity

Group V: extra electron (n-type)

Group I11: missing electron, called hole (p-type)

Si Si_ Si Si Si+ Si
Si=—As=—Ssi Si Eif Si
Si Si Si Si Si Si
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Semiconductor

Sit IV H

As:V =
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p-n Junctions

A junction between p-type and n-type semiconductor
forms a diode.

Current flows only in one direction

p-type n-type

anode  cathode
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NMOS Transistor

Four terminals: gate, source, drain, body

Gate — oxide — body stack looks like a capacitor
o Gate and body are conductors

o SiO, (oxide) is a very good insulator

o Called metal — oxide — semiconductor (MOS)

capacitor
2 Even though gate is 8T 8" poysiicon
no longer made of metal S0,
[
n+ n+ %
P bulk Si
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Basics for
Semiconductor Process

J_,:-_’." -'-_"'x. — == o . .
@ eIk Prof. Jin-Heong Yim



Wafer Fabrication

Materials gt., Chemical Dist, f-‘autmatic:ﬂ, Y

Inspection & Measurement

Test, Assembly & Packaging

Materials Mgt CIM, Automation?

Water L | Die Wire Encap- Test &
=
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1.Silicon Manufacturing

a) Czochralski method. e .
b) Wafer Manufacturing
c) Crystal structure !

2.Photolithography
a) Photoresists
b) Photomask and Reticles

1M Epitaxial

A

1!
o O

Palysilicon
Creation

._J

Lapping &
Polishing

s

.

&% /8 Frocessing

c) Patterning

Photoresist Coatin

-

g
» [ L ayering

Eme

il . || Pattern
Sivimermiar Prlplrﬂlul'l

J
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Stepper Exposure
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3.0xide Growth & Removal
a) Oxide Growth & Deposition
b) Oxide Removal
c) Other effects
d) Local Oxidation

=4 el
wn W Deposition +—

'i. a A
A Chemical '
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I', | lon Implant [ ﬁfrl.:.
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4. Diffusion & lon

Dry
Implantation -
a) Diffusion f—-anmcut
b) Other effects .
c) lon Implantation iEmw

.__:{'.' “'i"... - U
@ TE"u_' I:.I Prof. Jin-Heong Yim



~ Crystal Growth and Wafer
Manufacturing

= Czochralski Process is a Technique in

Making Single-Crystal Silicon
= A Solid Seed Crystal is Rotated and
Slowly Extracted from a Pool of Molten Si

= Requires Careful Control to Give Crystals
Desired Purity and Dimensions
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‘CYLINDER OF MONOCRYSTALLINE

= The Silicon Cylinder is
Known as an Ingot

= Typical Ingot is About 1 or
2 Meters in Length

= Can be Sliced into
Hundreds of Smaller
Circular Pieces Called
Wafers

= Each Wafer Yields
Hundreds or Thousands of
Integrated Circuits
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WAFER MANUFACTURING

The Silicon Crystal is Sliced by Using a Diamond-Tipped Saw
iInto Thin Wafers

Sorted by Thickness
Damaged Wafers Removed During Lapping

Etch Wafers in Chemical to Remove any Remaining Crystal
Damage

Polishing Smoothes Uneven Surface Left by Sawing Process

Slicing Lapping Etch Polish
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‘Architecture of Chips
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Photolithography is a
technique that Is
used to define the
shape of micro-
machined structures
on a wafer.

Fabrication Process |
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Fabrication Process |l

| 5t
(Oxidation)
& (Diffusion)
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Photolithography

*The first step in the photolithography process is to
develop a mask, which will be typically be a chromium
pattern on a glass plate.

eNext, the wafer is then coated with a polymer which is
sensitive to ultraviolet light called a photoresist.

eAfterward, the photoresist is then developed which
transfers the pattern on the mask to the photoresist layer.
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Photo Patterning Process

Lithography: 2L HGIH Jote 2Lz 2 =L,
Photolithographie: 2= 0|=otH LEGHH |ote 2Lo2 2L
Photoresist: Material, 2 0| 2 Sot= =&
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Prof. Jin-Heong Yim



Photo Patterning Process |
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Photo Patterning Process Il

Exposed
nexposed

Stripping

———-
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Photolithography Photoresist

Figure 1a shows a thin film of

some material (eg, silicon —
dioxide) on a substrate of some & 7
other material (eg, a silicon ;
wafer).
y I
Fozittre Megative
. . resist. i e giat.
Photoresist layer (Figure 1b) -~

() 7
Ultraviolet light is then shone
through the mask onto the 7 7
photoresist (figure 1c).

] ! I::f:l [ 1
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Photolithography Photoresist

The photoresist is then )
developed which transfers the

pattern on the mask to the I
photoresist layer (figure 1d).

A chemical (or some other
method) is then used to Positive (o) Megative
remove the oxide where it is » A
exposed through the openings ==

INn the resist (figure 1e). Z

(d) 7

ie) ;ﬁ-”j

LB

Finally the resist is removed
leaving the patterned oxide
(figure 17).

J
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Photomask

Examples of Photomask

3
!
o
2
:

iluminator Q
E condenser

photamask
{reticle)

B reduction

lens

silicon

wafer
R ONE EXPOSURE O

OMTO & W AFER
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‘Oxidation of Silicon

The simplest method of producing an oxide layer consists of
heating a silicon wafer in an oxidizing atmosphere.

+ Heat wafers in an Si+ 0, — Si0,
atmosphere containing an Si+2H,0 — SiO, +2H,

oxidant, usually O,, steam, Si+2N.O = SiO. +IN
or N,O. ’ ’ :

Quartz Heater Wafers

Tube ™ . S e

Quartz Boat | Heater |
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Etching Process

Etching iIs the process where unwanted areas of films are
removed by either dissolving them in a wet chemical
solution (Wet Etching) or by reacting them with gases in
a plasma to form volatile products (Dry Etching).

Resist protects areas which are to remain. In some cases
a hard mask, usually patterned layers of SiO, or Si;N,, are
used when the etch selectivity to photoresist is low or the
etching environment causes resist to delaminate. This is
part of lithography - pattern transfer.
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Etching Process

Terminology
Resist
« Isotropic etch etched film—___ 3"
— a process that etches o
at the same rate in all Substrate

directions.

« Anisotropic etch ;.
— a process that etches
P Substrate P

only in one direction.

o = e
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Wet Chemical Etching

Wet etches:

- are in general 1Isotropic
(not used to etch features less than = 3 um)

- achieve high selectivities for most film
combinations

- capable of high throughputs

- use comparably cheap equipment

- can have resist adhesion problems

- can etch just about anything

== Konaiu National Un iversiy Prof. Jin-Heong Yim



Wet Chemical Etching

For SiO, etching

- HF + NH,F+H,0 (buffered oxide etch or BOE)
For SizN,

- Hot phosphoric acid: H;PO, at 180 °C

- need to use oxide hard mask

Silicon

- Nitric, HF, acetic acids

- HNO; + HF + CH;COOH + H,0

Aluminum

- Acetic, nitric, phosphoric acids at 35-45 °C
- CH;COOH+HNO;+H;PO,

N uTFUXL
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What Is a plasma ?

A plasma is a partially ionized gas made up of equal parts
positively and negatively charged particles.

Plasmas are generated by flowing gases through an
electric or magnetic field.

These fields remove electrons from some of the gas

molecules. The liberated electrons are accelerated, or
energized, by the fields.

The energetic electrons slam into other gas molecules,
liberating more electrons, which are accelerated and
liberate more electrons from gas molecules, thus
sustaining the plasma.
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Dry or Plasma Process

* Three different mechanisms
— Purely physical (sputtering)

* Can be anisotropic Physical Fiching
* All materials have sputter yields Sonieron matans
within a factor of about 3, material

L] - L] - . "ﬂ"
therefore selectivities will be low  peaciive “ions Ci(j o
&

« nonvolatile species can redeposit "V e

on surfaces O i‘ i

* ex. lon Milling process

Anisotropic etch

Semiconductor Manufacturing Technology,
Quirk and Serda, Prentice Hall 2001
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Dry or Plasma Process

* Purely chemical
* isotropic
* can have high selectivities
* similar to wet etching

* ¢x. Hich Pressure Plasma process

| Chemical Eiching |

O&% Desorplion of

hy-products

Surface reaclions ol @
rathcals + surface ilm \ O

O 'z<i-/

Isotropic etch . )
".. Semiconductor Manufacturing Technology,
Quirk and Serda, Prentice Hall, 2001
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Dry or Plasma Process

Combination of chemical and physical etching —
Reactive lon Etching (RIE)
Directional etching due to ion assistance.

In RIE processes the wafers sit on the powered

electrode. This placement sets up a negative bias on the
wafer which accelerates positively charge ions toward the
surface. These ions enhance the chemical etching

mechanisms and allow aniSOtropic etching.

Wet etches are simpler, but dry etches provide better line
width control since it is anisotropic.
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Diffusion and lon Implantation

Diffusion lon Implantation

A uniformly doped ingot is
sliced into wafers.

An oxide film is then grown
on the wafers.

The film is patterned and
etched using
photolithography exposing

specific sections of the silicon.

The wafers are then spun
with an opposite polarity
doping source adhering only
to the exposed areas.

The wafers are then heated
in a furnace (800-1250
deg.C) to drive the doping
atoms into the silicon.

& wTFUUD

Konglu Hatlonal Unkversliy

A particle accelerator is used
to accelerate a doping atom
so that it can penetrate a
silicon crystal to a depth of
several microns

Lattice damage to the crystal
Is then repaired by heating
the wafer at a moderate
temperature for a few
minutes. This process is
called annealing.
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‘Diffusion and lon Implantation

Diffusion Furnace ACCELERATION
—_— . WMALE LT} TLEE
AM
Nz + 02 CONTROL VERTICAL
otk =7 (TARGET)
|

ANALYZER HORIZONTAL
MAGNET SCANNER
|ON SOURCE

i D= or
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% Konolu Naional Universty Prof. Jin-Heong Yim



Inspection

m  HE OIHLHO SHSE 2 AXC MIDSS FEHZ ALY
; I0IH XS &Y (Testing & Sorting)
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‘Chlp Cutting

= AL RIOIHUWS &= Colot=2E E2HIIZ2 =22l &ttt HO0IH & S(Sieving)

o & I (Die Bonding) : €2 2l & Jt20 JHI U=z &=ote XA2= Lead
Frame? 0l =ctli0 =d==CF = 22808 22X uA AUlZEHSE
Li=2 Ohel 20 et=XdIt &4 MBS0l 225 = 4302 24 = sl =&
CF ¥ M2 A=s22 Mel=Ct

¥ 2w = [pedym . .
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