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Photolithography

http://lwww.youtube.com/watch?v=aCO

Uses light radiation to expose a coating of photoresist on
the surface of the wafer

= Common light source in wafer
processing is ultraviolet light,
due to its short wavelength

A mask containing the required
geometric pattern for each layer

separates the light source from N “—%—4_“ 1311
the wafer, so that only the portions | %™ i, CT
of the photoresist not blocked k\““‘ ol Epee
by the mask are exposed mam e
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Photolithography Mask

= Flat plate of transparent glass onto which a thin film of an
opague substance has been deposited in certain areas to
form the desired pattern

= The mask itself is fabricated by lithography, the pattern being

based on circuit design data, usually in the form of digital
output from the CAD system used by circuit designer
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Photoresist

Organic polymer that is sensitive to light radiation in a
certain wavelength range

Sensitivity causes either increase or decrease in
solubility of the polymer to certain chemicals

Typical practice in semiconductor processing is to
use photoresists sensitive to UV light

= UV light has a short wavelength compared to
visible light, permitting sharper imaging of circuit
details on wafer surface

Also permits fabrication areas in plant to be
illuminated at low light levels outside UV band

‘E‘ Department of Mechanical Engineering
c# Chung-Ang University



Photoresist Spin Coating

Wafer is held on a spinner chuck by vacuum and resist is
coated to uniform thickness by spin coating.

Typically 3000-6000 rpm for 15-30 seconds.

Resist thickness is set by:
— primarily resist viscosity
— secondarily spinner rotational speed
Resist thickness is given by t = kp?/w'2, where
— k = spinner constant, typically 80-100
— p = resist solids content in percent
— W = spinner rotational speed in rpm/1000

Most resist thicknesses are 1-2 ym for commercial
Si processes
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Photoresist Spin Coating

resist dispenser

photoresist

excess resist flies
off during rotation

wafer to be coated
vacuum chuck

speed
level out

spin
down

slow
coat

> time

@ Department of Mechanical Engineering
c‘” Chung-Ang University



Stages of Resist Coating

g eyl
1. EQUILIBRIUM STAGE 2. WAVE-FORMATION STAGE
(stopped) (~ 2 revolutions)
/ Edge Bead
A M ae—————hA A
3. CORONA STAGE 4. SPIRAL STAGE
(~ 30 revolutions) (~ 1000 revolutions)
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Prebake (Soft Bake)

Used to evaporate the coating solvent and to densify the
resist after spin coating.

Typical thermal cycles:
— 90-100°C for 20 min. in a convection oven
— 75-85°C for 45 sec. on a hot plate

Commercially, microwave heating or IR lamps are also
used in production lines.

Hot plating the resist is usually faster, more controllable,
and does not trap solvent like convection oven baking.

| 4 coating solvent
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Overview of Align/Expose/Develop Steps

(x,y,0) alignment of uniform UV exposure illumination
mask to substrate PLLLLBIBLILNLILLLY

Pr— I ~ ;___A chrome on glass photomask
111 111

F photoresist (PR)
latent image created in substrate wafer

photoresist after exposure

o

wet chemical development

N\

I/ /Y ] ] ]
NEGATIVE PHOTORESIST POSITIVE PHOTORESIST
Photoresist is photopolymerized where Exposure decomposes a development
exposed and rendered insoluble to the inhibitor and developer solution only
developer solution. dissolves photoresist in the exposed areas.
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Alignment and Exposure Hardware

CONTACT ALIGNER PROXIMITY ALIGNER PROJECTION ALIGNER

UV lamp
/ ) lens
Y Y Y Y Y A 4 A 4 A 4 A 4

O r— ]

]
substrate wafer
2 operating modes:
contact for expose; less wear on mask, but
separate for align. poorer image than from
]

Examples: a contact aligner.
Kaspar 17A Examples:
Oriel Kaspar-Cobilt

Karl Suss MJB3 Examples:

Perkin-Elmer Micralign

Projection systems use imaging optics
in between the mask and the wafer
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Postbake (Hard Bake)

Used to stabilize and harden the developed photoresist prior
to processing steps that the resist will mask.

Main parameter is the plastic flow or glass transition
temperature.

Postbake removes any remaining traces of the coating
solvent or developer.

This eliminates the solvent burst effects in vacuum
processing.

Postbake introduces some stress into the photoresist.
Some shrinkage of the photoresist may occuir.
Longer or hotter postbake makes resist removal much more

difficult. http://www.youtube.com/watch?v=9x3Lh1ZfggM
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Photoresist Removal (Stripping)

Want to remove the photoresist and any of its residues.

Simple solvents are generally sufficient for non-
postbaked photoresists:
— Positive photoresists:

e acetone

e trichloroethylene (TCE)

* phenol-based strippers (Indus-Ri-Chem J-100)
— Negative photoresists:

» methyl ethyl ketone (MEK), CH3COC2H5

* methyl isobutyl ketone (MIBK), CH3COC4H9

Plasma etching with O2 (ashing) is also effective for
removing organic polymer debris.
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Basics of Photolithography for Processing
= Microfabrication processes:

— Additive - deposition

— Subtractive = etching

— Modifying = doping, annealing, or curing

= Two primary techniques for patterning additive and
subtractive processes:

— Etch-back:

 photoresist is applied overtop of the layer to be patterned
« unwanted material is etched away

— Lift-off:

* patterned layer is deposited over top of the photoresist

« unwanted material is lifted off when resist is removed
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Etch-back

1 2

deposit thin film of desired material coat and pattern photoresist
3 4

etch film using photoresist as mask remove photoresist
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Lift-off

1 2
coat and pattern photoresist deposit thin film of desired material
3 4
swell photoresist with a solvent remove photoresist and thin film above it
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Photolithography process and limitation

Clean substrate
PR Spin Coating

UV EXposure

E e A S

Development

Etching

Remove PR

UV Exposure

Ideal case of photolithography

<L

UV Exposure

: (Image blur & 4&F 2A4)
Real case of photolithography piffraction effect

(ultra small pattern size) b@
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Limitation of Photolitho. In Display

= |ncrease of demands for nano/micro scale patterns with large pattern area

= Large-size substrate in digital display
[ 100" LCD ]

[ Glass size 1950 X 2250mm ]

» Accomplishment of 7th generation display above 40”

- Requirement for replication of large area pattern

« Limitation in conventional micro/nano technology
- Expensive lithography system for large area pattering
- Expensive process
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Nano-replication

2= x| -+ 2t (ML)

e L
Ll Lty T S, ;g

Mold preparation SAM Surface Material coating Curing Releasing

(Photolitho. Etching, treatment
Electroforming, etc)
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Thermal nano-imprinting

® Procedures

Heating of )
Substrate and Mold
to above Tg

%)
J L 1. Press mold with

Application of > M_ Mold

Molding Pressure

[ — Resist
J L = Substrate
Cooling of
Substrate and Mold
to below Tg )
J L 2. Remove mold
Mold
Demolding ' |
— Resist
= — Substrate
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UV nano-imprinting

UV nano-imprinting , B
Material: UV-curable photopolymer \{
Processing condition: room temp. & \i‘ 30
low pressure
No fluidity problem . ¢)Lattice pattern

Procedures

Photopolymer UV-transparent mold
substate BT
T —— —
. . ]
Photopolymer dispensation Covering the mold Aligning
on substrate l
UV-light
. « T
] L ]
Releasing the mold Pressum
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Continuous UV nano-imprinting

F Design and construction of continuous UV nano imprinting system

tension

For flexible substrate control

dispensing
system

photopolymel‘

system ’

roll stamper

releasing roller

exposure unit

material
flattening

ro‘ler

H
; gap (:ontn:ul’ll
substrate film system

contact roller

For rigid substrate

Dispensing
system

v

Photo '

polymer
N

Material Roll stamper
flattening
roller

1
® “or. . . .

A

Glass substrate

‘ Gap controlfl + &%
system w0

Contact roller uv lig ht-

m Continuous UV nano-imprinting system

11 II% im el | FIB image
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Pattern roll stamper

1um,‘l
- T

| 1um |
15.0 kV X10.0K 3.00um

|
Roll imprinted pattern

1. Can replicate nano patterns of large area with high precision

2. Can replace conventional lithography process
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Nano-Imprinting J| =2 S & =0F 1.
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Arrays of Setae
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With Motheye Anti-reflective film

1 Without Motheye

Anti -reflective area
(5 mm square)

Before After Motheye
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Electronics
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Photonic IC

mory-layer
Processor layer

Photodetector

World's Fastest Optical Chip Concept of photonic IC
wavelength division multiplexing (WDM)
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Patterned Media

Conventonal

Multigrain Modia \ Patterned Media
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Bio Application

Department of Mechanical Engineering
c ng UnlveréHMr{\@eglp@nml\,g@weermg



Lab on a chip & Bio sensor

Micro-Cantilever biosensor
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Scaffold tissue engineering
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