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Electronic Display

CRT FPD Projection
|
H| 22 ek
LCD POP SI|EL FED

CRT: Cathode Ray Tube

FPD: Flat Panel Display
AM PM LCD: Liguid Crystal Display
| PDP: Plasma Display Panel

= J|EL: Organic Electro Luminescence
FED: Field Emission Display
TFT: Thin Film Transistor

A(P)M: Active (Passive) Matrix
TFT TN STN POLC (S)TN: (Super) Twisted Nematic
PDLC: Polymer Dispersed Liquid Crystal
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FPD Process Overview TFT LCD

Glass GATE Electrode Insulator & a—si  DATA Electrode Passivation Pixel Electrode
— /e
= gL R p—
I—
Pattern- Pattern- Pattern- Pattern- Pattern-
ing ing ing ing ing

Deposition & Patterning Process in Detail

Cleaning Deposition Cleaning PR Coating Exposure Develop Etching PR Strip Inspect ion

Wet Etch

TARGET
SUBSTRATE
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FPD Cleamng Process Process Sequence
BRUSH UDG
Loading UV or Og Scrub | SHOWER » >BUBBLE JET F/RINSE Uit Unloading
ra dry Gate)
(W/Detergent)
Organic Removal Large Particle Small Particle Small Particle  Preventing Particle
Re—adhesion
[ >
[0)] _ = =
Option ﬂ @ @
* Organic Removal : » BUBBLE JET, » Heated Air
O Water (Better Wet ability) , « CAVITATION JET, « Hot DIW Dry
uv * HIGH PRESSURE JET, « Air Knife Dry
» MEGA SONIC SHOWER, » Marangoni Dry
» PULSE JET » Spin Dry
* |PA Dry
» Vacuum Dry
« UDG
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FPD Cleaning Technology Trend=*
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Cleaning Trend
Target
Method '94~96 '97~99 "00 ~
Chemical One
Cleaning Brush Bubble Jet Pulse jet Chamber /
u/8 High Pressure Jet HPM/SJ Multi
M/S Cavitation Jet Vv I i
DI Shower ) Cleaning
Function Water o = Floor-Space-effective
~ Os Water : Oxidative = Environment-friendly
- Hz water : Reductive - Perf Enh t
— Elctrolyzed Water ) ér ormance Enhancemen
- » Yield-up
Dry Cleaning g N = Scalability
UV Cleaner : | | LASER, = Running-cost-effective
Excimer, Plasma .
DUV » Investment-cost-effective
N J
CO, Cleaning
Ice Particle Cleaning
Dry system ), Ai> Hot DI> spin Dry> IPA Dry> Air knife> UDG>
* g, LY EE
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Example of Semiconductor Cleaning Process

H,SO./H,0, (SPM) 4:1

NH,OH/H,0./H,O
(APM)

0.05:1:5

SIS

120~150 ° C

>
Mo

Chemical Oxide

[
o

2P\,
80~90 ° C

[
o

80~90 ° C

A
[l

80~90 ° C

Chemical Oxide
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Conventional Wet Cleaning Process

Cleaning Methods

APM, SC-1
(NH,OH/H,0,/H,0)
75~90 °C

HPM, SC-2
(HCI/H,0,/H,0)
75~85 °C

SPM
(H,S0,/H,0,/H,0)
90~130°C

Dilute HF
(HF/H,0)

BOE
(HF/NH,CI/H,0/
HHE S )

Cleaning =& % Mechanism

> Light Organics, I/1l = Metals, Particle Xl

»2H,0, + C --> CO, +2H,0

»M + H,0, -->MO +H,0, MO+4NH,OH
-->M(NH,)*

>Metal(€ 22| Ol=2, S=5) Al A

»lon Exchange : Na* +HCI --> NaCl + H*

»Complex : M + H,0,--> MO + H,0
MO +2HCI -->MCI,+H,0

»Heavy Organic, Metal X H

»H,S0, +H,0, --> H,S0,(CARO'S ACID) +
H,O

»H,SO, + Hydrocarbon --> CO, + H,0 +H,S0O,

» Natural Oxide Film, Metal Xl A
»6HF +SiO, --> H,SiF, + 2H,0
»3HF + M --> MF3 +3H*

»Oxide Film Xl H

Comments

Metal Re-Adsorption (Alkali H|
Metal) due to low Redox potential

Si- wafer micro-roughness

Formation of thin hydrophilic
chemical oxide film

Difficult in maintenance of
hardware due to high
corrosiveness

Formation of thin hydrophilic
chemical oxide film

Generation of SO,> Residue on
the substrate

Removal of surface oxide and
metal in the metal oxide film by
dilute HF solution

Removal of noble metal by H,O,

Buffered oxide etchant
HF/NH,F=1:7
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FPD<} Semiconductorg] A& H]ulx

Classification

Semiconductor Process

Flat Panel Display Process

A7 e W

. A A

+ HYsl, adsDI

Wafer. — 300 mm dia.

SC1, SC 2, SPM.. RCA cleaning..
Acid & Base Mixture

Organics, Metal, Particle, Oxide

ok 25 vl /lot, Carrier

Dip, Bath

about 10 min/each bath

' Clean process & product lab

300%400mm(1%t G)
Glass, — 1870*%2200 mm (7™ G)
1000(3G) =12,000mP/day(6G)
Detergent, THAM**, FEf#ZK

Organics, Particle, Water Marks,

Metal, Oxide
10, A whg

Shower, Spray
Below 1 min /1 9, chamber

FLHEE 1000 — 8000 mm./min
d & (Water Marks)

** tetra methyl ammonium hydroxide
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Mechanism of Organic Removal

1. PRINCIPLE

Remove an electron from organic molecules to oxidize and decompose them
to CO,, H,0, and etc.

2. HOW TO REMOVE AN ELECTRON?
To remove an electron by high ORP solutions such as H,SO,, HCI, HNOjg,
etc. have been used.

3. WHY OZONIZED WATER?
ORP of ozonized water(DIW with a few ppm of ozone) is higher than those of

H,S0,, HCI, HNOs.

4. O5 and OH~(hydroxyl ion) in water generates OH*(hydroxyl radical) which promotes
oxidation of organics.

5. Initiators such as high pH or UV radiation may be necessary for OH* reaction.
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Mechanism of Particle Removal

1. 15T Step....lift off

O

Substrate

1. 2ND Step....Prevention of re—adhesion

Substrate

—

* Mechanical lift off
Q — Ultra sonic (MHz)
- Brush scrub
Substrate » Chemical lift off
— Substrate etching with alkaline and HF
— Use of H, Water : H radical generation
= inactivation of soil or detachment of soil
— Particles are dissolved with HF or

decomposed with Og

» Change of surface potential charge of particle and substrate
— Alkaline pH
— Negative potential may help the enhancement of negative charge.
= Same polarity of Zeta potential between particle and substrate
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Mechanism of Metal Removal

1. Metals in SiO, film ’
SiO,
_m SiO, :> @

Substrate

Substrate

* Metals are removed together with SiO, by etching with HF.

Substrate : Substrate

* Metals are ionized by acidic and oxidative solutions.

2. Metals on bare Si

acidic and oxidative solutions.
Conventional : Acid & oxidizer at Hot temp & High conc.

Activated UPW : Diluted acidic oxidative solutions(HF/O, or HCI/ O, solution)
— ORP of Ozonized water is higher than those of H,SO,, HCI, HNO,
etc.
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Cleaning Principles

Contaminants Necessary Methods Cleaning
to be removed Conditions to be done solutions
Organic R To dbeecg?r:dg:g dand : Iniltleeazglaii of Ozonized Water
Contaminants Pos , (O; Water)
Into solution than organics
Particle | Separate particles ,| Equalize Zeta potential | AIkaIIic\:/,vl—iydrogen
Contaminants from surface of particle and substrate (NH4+—a—H26\;Vater)

Metallic Metals to be ionized Increase ORP of Acidic Ozonized
Contaminants and decomposed [ the solution — Water
into solution than metal (HCI-0O, Water)

' Clean process & product lab



Functional Water

Indirect DIW
Electrolysis
(Separation of
Gas / liquid)

Ultra pure
Water(DIW)

A 4

Direct DIW
Electrolysis
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Y

O, Water pH ORP(mV)
> Oz Wat
Generator g water | v +1.350
> 7 -350
| Hp Water H. Water
Generator
pH ORP(mV)
Anode Water R 57 +400
lon Water tHel 1~5 +1,100
Generator
Cathode Water R 68 _350
PSR, | gq3 | -750




Z=ICHSrm

THE UMIVERSITY OF SLIWOMN

Electrolyzed water (EW)

The controlled water in terms of pH and oxidation-reduction
potential (ORP) by the electrolysis

Easy to control pH/ORP in wide range with only current
/voltage changes

Oxidation-reduction potential (ORP, E)

C)x tne= Red (1)

E= Eo B RT/(nF) Iog (Cred/Cox) (2)
ORP Is negative value (reductive water)
ORP is positive value (oxidative water)

>C
<C

at C
at C

red ox!

red ox!
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Principle of EW Generation

{ Electrode fy 7"} Membrane : { Electrode iy 77"} Membrane :
CW b I aw| |cw ik I AW
H | | OH- Ht | | OH-
OH- | | H* OH- | | H*
H | || ©O:oros H> | | O, or O3
H+<"I—’H+ OH;_I_ » OH- NH4+<'-I— NH4* OH—I-'V OH-
I T I I T I
H.O NH4sOH
{ Berode 1 "] Menbrare : Electrode i 7 Membrane
CcW b I Aaw| [cw v I AW
H || I OH H _ | I OH
OH | | H* OH- | | < H*
| || Ooros R 1| ooros
H 4 H Crp O NH:* €= NH* CI-—> CF
I I
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Procedure for Generating Electrolyzed Water

Supply electrolyte

L

Supply electrolysis power

L

Anode water, Cathode water

L L

Measurement of EW properties

L L

Surface cleaning

' Clean process & product lab

Such as UPW, NH,OH, HCI, and NH,CI

7.0~9.0 A, 10~12V

Anode and cathode water generation

ORP, pH and lifetime, FT-IR

Particle counter, TRXFA, AFM



e

EW Properties

A : Anode water with electrolyte
B : Anode water by UPW

~ Effective for removal of metal ions

Oxidative water, High H* Conc.
Similar to properties of O, water
C : Cathode water by UPW
D : Cathode water with electrolyte

~ Effective for removal of particles

Reductive water, High OH- Conc.
Similar to properties of H, water

Normally used with NH,OH

' Clean process & product lab
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1. 003 2¥3 (http://www.micro— bank co.kr ; 031-905-3420)
e MATIAZO HEMAMII=UH =H(Hynix2t 2= 4=8l)
« BFEXI/LCD MAE 3XA! MlEX HEDl= Y & S5

25292, RJI2, Si0, 0I& X, SO,2 0l2H AH)

—~

* RedoxE 0|28 AIHBH AL LEIHIFE IS WY L S8
(St=CIA3, PCB, Yt = 5)
« Dol A0l QT AR AS AIAEY Y
- SE 0120 MY @S2 HtAEN 23ty 0l24)| B2
2. A AAE (02-716-6883~4)
« 2 ERA0 25t At/ L2teld Holl=(pH 2.0~12.0, ORP£1000mVO0l &)
- SE :BIZHl, LCO L PCB I & NIE
- 215 Hi 2200 MIE L AR

3. ®AM 00|00l (http://www.seoyang.co.kr ; 02-488-8444)
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1. REIKEN, INC. (http://www.reikeninc.co.ip)

— Dynakleen.D

« D=TH30~34 kHz) &J|=dH

PERAMY Y AANY MA, SHE

=4 0IALE

« 3 AAEI(+, -, earth)

o120l &0
RSN,

>.
1>

Ut

_|
o

ol of
=<

DI —-&d=2 SASE0l, A ME &
FMAH, AHIHE (ROl = 1~1.5 year)

2. Nissin seiki Co., Ltd. (http://www.nissin—seiki.co.jp)
- 2222 0|2 MES MAEAAE(NEWSEW-01-RO)
s UU22| 0|24 MA(pH 12~12.5)

s NIE XD UN LRE|LQ} =SR2 HE
- M A2 CaCO, Al
cTMESO Agl U

3. NITTO KOSHIN CO.

- Mol MA unit
s ZH0 =5

E% —/
XS ERTEE

—

«c SE Ml

N

_-— J—=

2 MADbs

=

SALSN, % K Y AT B

, Ltd.

& CIZGH0l Q40 22eld Mola Aa(NHE ALE)
SN

i) HE =elo =S ME

o TT

i) Al ISR ME0AM Etat=200 MM A
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Applications of Functional Water
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Classification

FPD

Semicon

Wafer

1. Pre—Cleaning

1. Post—SPM Rinse

1. Growth of

Water

Metal & Particle

03, Water 2. Pre—Deposition 2. Pre/Post—-CMP Protective Oxide
Organic Removal 3. Post—-Deposition | 3. Post—Ashing
4. P/R Strip 4. P/R Strip
1.Rinse after
H, Water 1. Clean bare glass | 1. Post-CMP Chemical Bath
Particle Removal | 2. Rinse after etching
1.Removal of Metal,
Electrolyzed Removal of 1. Post—-CMP Particle & Organics

2. SO,2~ removal
after SPM cleaning
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Bubble Jet Technology#*
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1) Principle

Liquid + Gas

2) Performance

Uniform Flow

Higher Velocity

Flow W/Higher Energy

Jet Nozzle
—_— >

Remove Fine Particle

Nozzle

Gas

g ] — Liquid >
e e
S S
€3 g3 U
o & o &
S § -
SML T | /\ A
High Pressure Jet Bubble Jet
SML T (Initial Particle : 1000-3000ea
. S=1~3um, M=3~5um, L=5um, T==1/m)
3) TEST : BM Pre—deposition
NO| Item |Os Water| Roll Brush |Bubble Jet| Shower(M/S) | Di Shower| Aqua knife | Air knife |Avg. Particle Residue
1| W e ° ° ° ° ° ° 66EA R
W/0 o
2 By o o o o o [ ) 170.3EA =
a
Note : 1. Avg. Initial Particle : 2166EA ?
2. Sample Size(N) : 3Pcs, Each §
3. Particle Counter : 21um (Hitachi : GI-4700)
4. Glass Size : 590 * 670 x BloIs EHBIUBMERE
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Dry Systems*
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Heated Air

Hot DI

p
= Heated @ 80 ~ 200C
= Water mark
= Surface Oxidation
= Cleaning Performance Degradation
= Higher Running cost

= Heated @ 80C

= Water mark

= Surface Oxidation

= Cleaning Performance Degradation
= Higher Running cost

Spin Dry

-

= Room Temp.

= Mechanical Damage
= Poor Scalability

= L ower Running cost

N\ N\
IPA Dry Air knife UDG(Ultra Dry Gate)
e ( h e
» Heated @ 250C . @%?2: rTanrnkp' = CDA (Room Temp.)
" Fire ISSL.Je . = Additional De—humidifier necessary ) 17 Al .
= Fire Extinguisher necessary = Cleaning Performance Degradation (Water content : <0.5ppm)
= Single Process impossible = Lower Running cost = Evaporation of surface water trace
= Higher Running cost = Lowest Running cost
N - / N
A —
« e, EfIUHMERE
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