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TFT-LCD Manufacturing Process &
Equipment

A. ARRAY PROCESS CYCLE & EQUIPMENTS
B. C/F PROCESS EQUIPMENTS
C. CELL PROCESS & EQUIPMENTS
D. MODULE PROCESS & EQUIPMENTS
. TCP PROCESS

. COG PROCESS |
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=
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TFT-LCD Process

P L P
Array Process — Cell Process — Module Process
——— — ———

P

C/F Process

———

BEE
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Array Manufacturing Process &
Equcments

leaner PECVD : Semiconductor / Irsulator
MPS Inspector Cleanmg — Sputter : Metal Layer
PTN Inspector, Deposition
Stress Gauge ISR wer
Short Tester Inspect TFV Cleaning
Particle Layer

K Stripper

4 Polrt Proger

PR Coating

Laser Regalr Removing m N /
ven

i\ﬂ:;l;r:lowo 1l with Stripper Wet Etcher:Metal Layer
Micro e DIY, Etcher:Semiconductor/Insulator Pre Baking
Inspeciion Etching Exposure—/
CD l=zasire Etching the I\ oven
Deposited =TT Developer Exposure
RoBOT Layer by Baking IR =
T e " =
Cesoelie Etchant ~ Hand Baking DeVEIopIng T L |
Station Removing Chemically |
AGVIMGV . changed PR f \'__‘J
A F L U >e i o )
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C/F Manufacturing Process &
G swsra Equipments

BM Cleaning —> Deposition

—>  Cleaning — PR Coating —> _Pre-Baking ﬁm
Cleaner Sputter Cleaner Coater Oven Exposer
Developing
Oven Developer \l,
/ Color Cure ‘\ PR Cure
RGB Coater Oven \L
Color Color PR I S
Exposure | Coating Etching
Cycle
Alignerl, y T Etcher\L

Developing Cleaning <— PR Strip

ITO-Film DeVeloper™ weemy 7 Cleaner Stripper
- - - Baking .
C/F <« _Inspection <— Deposition < Coating ~ Oven ! L__
Inspector Sputter Coater -
-
2005.12.28. 9

Cell Manufacturing Process™ ™
Equipments

Cleaner PI Printer Oven Rubbing M/C Cleaner Sealant Printer

C/F ’ Cleaning ‘—>’ Pl Printing P’ Baking ‘—>’ Rubbing ‘—>’ Cleaning ‘—>’ Seal Printing |~
Removing ~ Alignment Layer Alignment Alignment Layer Particle Seal Printing
Particle

Printing on Glass LaYyer Rubbing with ~ REMOVING  with Seal Mask
Dry Baking roller

TET | Cleaning ‘—# P! Printing ‘9’ Baking ‘—)’ Rubbing ‘_>’ Cleaning |- Spacer

Scattering
Cleaner PI Printer Oven Rubbing Cleaner Dispenser
m/C
Panel END L/C Scribe & Laser Gap -
Cleaning Sealing < Injection < Breaking Marking Forming

Cleaner l END Sealing MCL/C Filling M/C_ Scriber & ~ Laser Marker Hot Presser  Aligner
Breaker

Edge Cullet : POL Light-on ini
e cl S g
Grinding > Remover —| Cleaning > —> Cell Finished to quule

Attach Testing —

Edge Grinder Cullet Cleaner Polarizer Prober Light- | L il
(Beveling M/C) ~ Remover Applicator o, Tester
=
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Cell Manufacturing Process

INITIAL AALIGN \ RUBBING
CLEANING PRINTING Rubbing the alignment

Prlnnng allgnment layer
layer with rubbing roller. SPACER
SCATTERING

N/ ﬂ @ » g‘ 'fsgzﬁi:zzzf;;p
g B @
T

Removing particle
from the glass

FINAL LIQUID CRYSTAL SCRIBE & GAP FORMING
INSPECTION INJECTION BREAKING PUt TFT glass & C/F
Inspecting the TFT panel while  Seal the panel with sealant  cutting the combined glass (E5s Eaaiiar
regular display signal is applied after inject L/C into the panel into screen units 9 9 -
2005.12.28. 11
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Cell Process

In-lined processes from TFT glass & C/F glass input process to

gap forming process to manufacture desired panel. C/F : Color Filter
Pl : Polyimide

Pi PRINTING

RUBBING

il

eTaed SPACER SPRAY

il

GAP FORMING

mmmm

2005.12.28. 12




R R A

Cell Equipment

Polyimide Printer

Rubbing Equipment

Spacer Scattering Equipment

Gap Forming & Hot Pressing

Scribe & Break

L/C Injection and End Sealing Machine
Panel Edge Checking System

Edge Grinder (Beveling M/C)

LCD Testing

Laser Short-ring Cutting System l L
Block Controller

@ o o o o oo @ 0o 0 o0

|
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Module Manufacturing Process &
Equipments

o [
i ——— | Design Dispensin
Process TCB Bonding Auto Clave gn Disp g l
Burn-in
-
< L&mﬂ

Visual
Inspection

(—’ PCB Bonding

Packing | <

<" B/L Assy

Inspection

- ’ FPC Bonding

—>’ Design Dispensing ‘

COG
Process COG Bonding |[—>

Inspection

A&

—
—
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MODULE MANUFACTURING
PROCESS

L/ i'l'i-
Zecloxsd o

Cleal
@ Auto Clav ©TABB ndin Assembly .

ﬁ ‘
/ i \ Visual / . \ ’ \
PCB Bondinb ® Back Light In®spection ® Burn-in ® Packing

Assembly
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Construction of LCM

LCD cell

T T

Backlight

2005.12.28. 16




T B

Tape Automated Bonding(TCP)

Drive IC
Eutectic
ACF

Solder/ACF
TCP

LCD cell

2005.12.28. 17
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Chip on Glass(COG)

Drive IC
ACF FPC PCB

/ |

LCD cell ACF

2005.12.28. 18
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Chip on FiIlm(COF)

Passive devices
Drive IC

2005.12.28.

ACF/NCF

Film

L LCD cell

i
I
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Array Equipments

& Cleaning Equipment

@ Deposition Equipment

©® Photoresistor Coater

& Oven

© Exposurer

©® Developer

® Etching System

@ Photoresistor Stripper

© Inspection Zone

® Glass Substrate Handling (
® Cassette :

i
I

20
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Cleaning Equipment

Application : Before Deposition Process (A, CF) e
Before PR Coating Process (A,CF) == %\
After PR Stripping Process (A, CF‘; 2 D
Before PI Printing Process (C) @
Before Seal Printing Process (C/CF)
Before Spacer Scattering Process (C/TFTi /

After End Sealing Process (C)
After Edge Grinding Process (C)
Purpose: Raise the Yield by removing Particles, Foreign Material &
Pollution by Operator, Environment, Equipment and works
etc., and to avoid the film Delamination, Pin Hole, Particle
Bump etc.

IR IR IR IR
NRN NRN NRN ERN
SN SN SN Sy
R P IR P
[0 + + 1

o (=) o o (=] l\.
71N 7T 7N 7N 7 l
/’I\ \\\ -
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Working Method

. Ph)]isical Method : US Wave(10KHz to MHz), Brush, Cavitation, Air
Knife

¢ Chemical Method : Organic Solution, Neutral Solution etc.

« Dry Method : UV Light, EUV Light, Ozone, Plasma, Al-Plasma, US
Wave Air Knife

e Combined Method : From above Methods
Dring Method after Wet Cleaning
« Air Knife Dring

* Spin Dring : High Performance, Longer Processing Time, Safety
Problem

¢ Mild Temperature Watering Dring
< |PA Vapor dring

I

2005.12.28. 22
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Equipment Type
Batch Type (4 #+34)
Single Type (#c # ;%)
Brushing Cleaning : for big particle,higher cleaning
effect,contact problem,cleaning uniformity problem
Cavitation Cleaning : for medium size particle,applying the
bubble breaking in solution, controllability
US Wave Cleaning : to remove micro particle / sub-micron
particle especially for pattern surface,

difficulty to monitor
UV Light Cleaning : to remove the organic contamination O3
happen organic resolve safety problem

US-Wave Air Knife : for medium size particle ESD problem =71
-
2005.12.28. 23
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## 1 42 (Cleaning)

#;,;;\::)ﬁ,ljfk‘ﬁ"g‘/‘ﬁv F—gl—ﬁ]\
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Fo58 UV sha
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Deposition Equipments
A. Sputter : Deposit a Metal Layer onto Glass Substrate
Application : For C/F
ITO Film & Black Matrix
For TFT
Gate Pattern Electrode (Al,Cr,Mo,ITO)

Source / Drain Pattern Electrode (Al,Cr,Mo,TI)

ITO Pixel Electrode

Working Principle : Strip off metal elements from Metal Target by

activated argon gas.
Raw Material : Metal Targets (Al,Cr,Mo,ITO...etc)

Argon, O2

i

o 6@

o[

TARGET

SUBSTRATI

2005.12.28.
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Equipment Type :
® In-Line Type : High Throughput
® {2 F ;% : High Yield, Small Footprint
Requirements of Equipment
High Throughput
High Quality Performance
No Thin Film Delamination
No Particle Pollution
ESD
uality Performance Issues
Thin Film Thickness
Thin Film Thickness Uniformity
Film Material Uniformity
Adhesive Between Film and Film, Film and Substrate
Low Stress between Film and Film, Film and Substrate
Target Material
@ Low Electric Resistance
@ Corrosion Resistance
& Heat Resistance

o000 Qo000 00O

2005.12.28.
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Deposition Equipments

B. PECVD (Plasma Enhanced Chemical Vapour Deposition)

Purpose : Deposit the Insulator, Semi-Conductor Layer onto Glass
Substrate

Application : Gate Insulation Film (SiNx, SiOx)
Amorphous-Silicon Layer (a-Si)
Source / Drain Contact Layer (N*a-Si, N* iz C-Si)
Protection Film (SiNx)

Working Principle : Decompose the reactant gas into plasma state with
radio frequency(RF), then deposit the Layer onto glass by

chemical reaction in a vacuum chamber

Raw Material : NH3, SiH4, H2, N2, PH3 |_”_ R
e o
® @
0®0-‘®
2005.12.28. 27
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Equipment Type :

® In-Line Type :

® Cluster Tool & ;\:
Requirements of Equipments
® Same as sputter

Quality Performance Issues
® Same as sputter

I

2005.12.28. 28
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Photolithographic Area

Photolithographic process to form a desired pattern on the glass.

2005.12.28. 29
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Photoresistor Coater

Purpose : Coating Photoresistor onto the Glass Substrate,
usually by Spin
Coating Method
Application : For C/F (Black Matrix, RGB & ITO Process)
For TFT (Gate, Source/Drain, ITO Pixel)
Requirements of Equipment
® High Throughput
@ PR Film Thickness
® PR Film Thickness Uniformity
©® Reduce the PR Consume
@ Avoid PR Pollution/Contamination

Reduce the PR Consume !“'@
& Slit & Spin Method | E -
2005.12.28. . T
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Purpose : Dring or Pre-Baking Oven or Baking Glass Substrate or Panel
Application : Dring after Cleaning Process
Pre-Baking after PR-Coating
Baking after Developing
Baking & Pre-Baking after PI-Printing
Requirements of Equipment
High Throughput
ESD
Temperature Distribution Uniformity in Oven
Temperature Profile
No Particle & Contamination
Avoid Crack Glass Substrate
Equipment Type:
& Batch Type : Higher Throughput, Smaller Footprint, Worse Temperature
Distribution, More Particle Contamination o
® {2 ;' : Better Temperature Distribution, Less Particle Contamir]atioe,:' |
but Bigger Footprint y

o o000

== =suiregihe ]

-

—,

2005.12.28. 32
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Exposure

Purpose : Expose the mask pattern on the glass substrate to change the
structure of PR

Application : For C/F
For TFT Array
Working Principle for TFT-Array
& By Stepping Method or Mirror Projection Method
Stepping Exposure(by moving glass substrate)
@ Higher Yield(No contact between Mask & Glass Substrate)
® Higher Precision(Resolution 3 1 m, repeatibility 0.5 ¢ m)
® Smaller Mask & Cost Down

Mirror Projection Exposure(Projection moving with same speed as glass
substrate)

Higher Throughput

Bigger Mask & Seamless o
Higher Yield (No contact between Mask & Glass Substrate) 1 L_
Bigger Mask but Higher MasK Cost -
Higher Precision (Resolution 3 1z m, Repeatibility 1 ¢z m) .
2005.12.28. 34
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Working Principle for C/F

by Proximity Exposure Method

@& Higher throughput

® Equipment cost not high

& One stop exposure

® Easily defected in Mask & Glass Substrate

® Worse precision (Resolution : 8 ¢ m, Repeatability : £ 1 ¢ m)
Horizontal Type:

& Contact between Mask & substrate for bigger size, cause by self-
weight bending defection

Vertical Type :
© Reduce the particle contamination =
© Reduce the Mask/Substrate contact w7, @

I

2005.12.28. 35!
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Developer

Purpose : to remove the unnecessary PR after
Exposure

Application : For all Post-Exposure Process

Working Method:

© Dipping Method

® Shower Method

©® Puddle Method

Main Engineering Issues:

® Reduce the required quantity of developing solution
& Avoid the contamination from developing solution

©® Assure the developing uniformity

® Precision control the temperature and concentrat‘iork""
of developing solution .

® Raise the throughput —

2005.12.28. 36
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Etching System

Purpose : To remove the unnecessary part of the metal Layer to obtain the desired
pattern

Application : Gate Electrode Film
Source/Drain Electrode Film
ITO & Insulator Film

Type of Etched : Wet & Dry

Wet Etch

Working Principle

® Removing unnecessary metal layer by chemical reaction between metal &
etchant

Etchant
For Al Layer
Phosphoric acid + Acetic acid + Nitric acid

A A A
For Cr Layer
C.A.N.+Nitric acid

For ITO Layer

Hydrochloric acid + Nitric acid i L
Target Layer _
Al, Mo, Cr, ITO Layer —

2005.12.28. 37
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Equipment Type

@ Dipping Type

@ Shower Type

Main Engineering Issues:
® Etching Speed : Faster
® Side Etching : Bigger
® Ascent Forming : Difficulty
©® Aspect Ration : Bigger
® Uniformity : Medium

® Throughput : Big

& Etchant Consume : Big
© Footprint : Big

® Price : Lower

2005.12.28. 38

19



R R A

Dry Etch
Working Principle

® Decompose the deposited layer into plasma state with radio
frequency, then remove the deposit layer from the glass by
chemical reaction in a vacuum chamber

Raw Material s
& SF6, 02, He, Hcl, CI2 Gas

Target Layer " NN >
® Semiconductor Layer : a-Si, n+a-Si

& Insulation Layer : SiNx
Equipment Type

& Batch Type

& Single Type

Coupling Method

& Anode Coupling (by plasma etching)

& Cathode Coupling (by plasma etching or microwave plasma (&
etching) :

-

|

2005.12.28. 39

- I I
Main Engineering Issues

® Etching Speed : Slow

® Side Etching : Small

® Ascent Forming : Easy

® Aspect Ratio : Small

® Uniformity : Better

® Throughput : Small

® Etchant Consume : Less

® Footprint : Small

® Price : Higher &

|

2005.12.28. 40
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Photoresistor Stripper

Purpose :To remove the unnecessary hardened photoresisitor after the
etching process

Working Principle

& Remove the hardened PR by chemical reaction between PR & Stripper
Type of PR Stripper
® Wet & Dry R R R R R
Wet Stripper //‘\\ /& /& /& //‘\\
Equipment Type . .

e Batch Type (S (S (S (S

® 1z ;% Dipping Method, Dipping + US Method, Shower Method
Equipment Structure

®& Stripper Tank, Water Cleaning Tank, Air Knife Dryer or IPA Dryer
Engineering Issues

& Reduce the Stripper consume

& Keep the stripping uniformity i
® Higher Throughput e &

2005.12.28. 41
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Dry Stripper
@ Working Principle:

©® Apply Ozone Gas & Plasma to oxidize & remove the
reacted PR — Ashing (* i* ;2 ) method

Currently Method
® First by dry stripping, then wet stripping

2005.12.28. 42

21



L R B

Glass Substrate Handling

Internal

1.Through Belt Conveyor
- Lower Cost

2. Through Roller Conveyor
- Higher Transfer Speed
- Lower Cost

3. Through Walking Beam
- Reliable
- Higher Cleanness

4. Through Robot

- Reliable
- Higher Cleanness
Between Process Equipments -
1. AGV / MGV B {Cﬂ
2. MGV / RGV / STOCKER B
.\
2005.12.28. 43
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Roller Conveyor
y « J #— = ! =
]
.\
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LCD handling Robot for Cell and
Array Process

~—
&
——
2005.12.28. 45
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Array-use Robot

Features

1) With payload of 20 Kg/arm, able to transfer large size LCD panel
of up to 1,250 x 1,200 mm by high speed

2) Wide operating range, small rotating radius makes robot layout
easye

3) Compact design by articulated arm assures the high repeatability
and rigidity.

2005.12.28. 46




Array-use Robot

R R A

Ll
-y
.\
2005.12.28. 47
R A
Terms Specification
Robot type Articulated type robot
Number of controlled axes Up to 5 axes including traverse axis
Z axis (Up/Down) 900 mm
© axis ( Rotation ) 340 deg
Working range -
R axis ( Fwd/Bwd ) 2,360 mm
S axis ( Traverse) 2,000 mm
Z axis (Up/Down) 950 mm/sec

© axis ( Rotation )

230 deg/sec

Max speed R axis ( Fwd/ Bwd ) 2,700 mm/sec
S axis ( Traverse ) 2,300 mm/sec

Max. payload 20 Kg/arm including hand
Glass passing line 1,100 mm from the floor
Min. rotation radius 960 mm
Allowable glass 1,250 x 1,100 mm |
Cleanliness Class 10 '\V
Hand positioning repeatability 0.1 mm —

2005.12.28.

48

24



Robot Controller

R R A

Type code TS1000 TS2000 SRT7000 SR-5500
Target Robot TH series | SR-HSP | SR-HSP SR-HS
Target Servo motor [ MAX300W | MAX900W | MAX900W | MAX900W
Dimension (WxHxD)|170x 290 x 280|290 x 230 x 280430 x 230 x 330| 430 x 300 x 600
Volume ratio 17-8% [ 24-1% |42 -2% 100%
FAN No FAN No FAN No FAN with FAN
Controlled axis (Max) 4(5) 4(5) 4(5) 4(5)
Embeded PLC with PLC with PLC no PLC no PLE1
Comment for small robot | newest model | 2nd generation |initial ger’@r’ation
i _—*__r\—'—
2005.12.28. 49
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Communication between Host PLC

Robot controller(TS2000) and Host PLC communicate each other through parallel
I/O signals to exchange commands, sensor signals etc. to operate robot .

Built-in robot program is provided to support necessary LCD transfer operation.

Command(Load, Unload etc.)

Station No.
Cassette slot No.
Work Type
Host TS2000
PLC Hand sensor signals

Alarm signals,

Interlock signals

S — T

2005.12.28. 50
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TS2000 & TP

2005.12.28.

T IR R

T IR R

Robot Programming Supporting Tool : TSPC

PEET T
) 3B )

_iolxil

o 1 TS2000
Tl

2005.12.28.

Function
* Robot status monitoring
» Robot motion 3D display
* Programming simulation
» Control robot motion
* Programming edition

Effect
+ Can spare time by enabling off
line debugging until robot is
actuary used.
+ Reduce lead time till line

operation is started, /”ﬂ
(&

T\

52
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Repeatability of Positioning Accuracy

Measure repeatability of each axis’ positioning accuracy ( one way )

Each axis data is measured 15 times continuously using data logger
Motion pattern: SPEED=100%

P1( Start point) -> Dwell( 3 sec) -> P2( Measured point ) -> Dwell( 3 sec)

Jig for measurement

]

X axis measurement point é
-« ~|

q Z axis measurement point

6 axis measurement point

RR,RL axis measurement point ‘ L )

2005.12.28. 53
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Straightness of Arm Motion

* Measure the straightness of arm motion in the direction of RR, RL axis

» Amplitude of vibration in the horizontal and vertical direction is measured by laser
displacement sensor mounted on top of the fork.

« Line between P1-P2, P3-P4 is used as a reference line and maximum amplitude of vibration
is recorded in the data logger

RR: P1( Start point) -> Dwell( 3 sec) -> P2( End point ) -> Dwell( 3 sec ) -> P1
RL: P3 ( Start point) -> Dwell( 3 sec) -> P4( End point ) -> Dwell( 3 sec ) -> P3

Fork . g q
Horizontal Direction

Jig for
origin
setting
RR axis 0.9 mm
Laser
Displacement .
sensor RL axis 0.9 mm

Arm
Move at SPEED=100%

2005.12.28. 54
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Straightness of Arm Motion

Vertical Direction

Laser
Displacement
Move at SPEED=100% Fork Sensor
——
|
-/
] ‘ ]
[
|
|
i ’ ‘
|
RR axis 0.6 mm
RL axis 0.6 mm
e &
.
2005.12.28. 55
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Particle Test

Cleanliness is measured by particle counter while robot is operating.

Measurement condition:

e Sampling time per measurement : 1 min. * Measurement number: 10 times

» Measured particles: Count the particles with diameter of more than ¢0.3um
included within 1ft3( 28.3 L).

* Measured points: 5 points as shown below. @
400 260 —

200

= |
O/ 229 229 ‘\:1:‘
S11000mm ST1000mm
VIEW A-A
2005.12.28. 56
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Example of 3D Analysis for glass
deflection

CONDITIONS OF GLASS DEFLECTION ANALYSIS

Constraint Condition

PAD X 3/1FORK dia 19

PIN X 5/1FORK dia 8

Each Fork is Symmetric
Load Condition

Glass Weight Density 2.5
Analysis Method

FEM by Pro/Mechanica

Offset from hand center to glass

Glass
< dl
Fork pad Hand 1= 5
=
2005.12.28. 57
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Array Use Cassette

%+ Plastic

% HiPC
< PEEK
< Feature

¢+ High temperature resistant

¢ High hardness
%+ Static resistant

+» Cassette Size:

L R B

==
o ——
= F:
E

L]

A B C D E
(wide) (long) (high) (distance side plate) | (range RIB)
Dimension | 653+1.5 | 755+1.5 655+1.5 627+1.0 510+£1.0
(mm)
F G H Verticality Electric
(glass max. dimension) | (first slot) (pitch) resisfance - 1
Dimension 617+1.0 65+0.4 532+0.8 +2.0mm 1OE'4;10E'§:
(mm) " _-u-.-a.J
2005.12.28. 59
G6 C 7
g——
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G6 Cassette

2005.12.28.

L R B

G6 Cassette Station

31
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G6 Cassette Station

2005.12.28. 63
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Floating Unit Module

Floating without Lock Floating with Locks “G
i
1B\

2005.12.28. 64
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Floating Unit Module With CST Clamp

o
[N

2005.12.28.

R bR 5 R

L R bR 5 R

System Diagram (BM Loader)

NET/H
m
tocker
Ro bot
2005.12.28.

anaer

Stream

S €
e
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S/W Block Diagram

Logging
Server

Event Handler Center

2005.12.28.

i I i I

Built-in
Simulator

Built-in
Simulator

Built-in
Simulator

2005.12.28.
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23LCDA AR A P HRT(GKA )
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Hitachi: G14830 Glass Plate
Inspection

High throughput
»approx.: 180sec/730mm x 920mm
High inspection sensitivity
» ® 0.3 xm particle.
> ® 3.0 w m pinhole.
Front surface / back surface separate
detection.

Possible to particle observation by TV o
monitor. &

== ﬁ\__!-‘
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Hitachi: GI6100 Glass Plate

® Glass size InSpeCthﬂ SyStem

» 1200mm x 1350mm (5th generation)
High speed inspection

» 80 seconds (1100mm x 1250mm
substrate)

High inspection sensitivity
» @ 0.3 m: bare glass
» @ 3.0 £ m : patterned glass

Front surface / back surface separate
detection.

TV monitor for high-magnification particle
review L€

Thin glass application and cleanness by

vertical inspection
2005.12.28. 81
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CIF ehagge & 3

Defects

—— Macro defects
unevenness of color IRO-MURA)

stain (SIMI)

—— misalignment of color cells
(IRO-ZURE)

—— Micro defects

— black martix hole

color area shortage in filter cell i &

particle B -
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Black Matsix
Color Area Shortage
In Filter Cal

Black Matrix Hole

Particle
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Color Filterp & 4~k & 18 % # Bl
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High speed scanning

L CCD camera * 6
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PC-based Vision Engine\

(Multi camera+Multi Processor;

k% f@sﬂlﬁ[JPC

(ogrammable lighting S e e
motion controller
Processing speed
132M pixels/sec T
e
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Kubotek: LCD inspection

B&O>Z -1k Emi

©® Max. workpiece size (mm)
730 x 920.

® Tact time
& Approx. 45 sec.

S HESSOLARE -

I A Ed

XESFOBRAEE
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V-Technology: Capricorn
inspection CF series

©® Model : Capricorn XXXX-
RGB/BM/F/SL/SP/PI

© Max. workpiece size (mm) : 1500 x
1850.

® Inspection resolution : 7 zm.
©® Tacttime : Approx. 25 sec.

® Detected defects : Lack of color,
pattern defect, spacer defect etc.

© Detected area : CF substrate, cell

process substrate. ]
o |

e
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Lasertec: LCD inspection system
(CF series)

©® Automatic inspection of LCD color filter and TFT defects.

® High speed inspection at one time, for clear defect, opaque
defect, and protrusion defect, etc.

2005.12.28. 90
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Orbotech: InVision-8000 series

@ High-Speed In-Line Inspection
For 5th generation glass sizes

Layers inspection
» TFT multi layer arrays
Inspection method

R R A

» Periodic area : comparison of pixel with neighboring pixels

Defect resolution
»5umorl1l0um
TACT time
» under 55 sec/glass

Unique contactless transport mechanism

—

T

> Nozzle air system floats the glass at a stable height on a_lqg;_‘

of air above the table.

2005.12.28.
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Orbotech: FPI-6000 series

Inspection Methods

Perodic area Comparison of TFT pixel with
neighboring pixels

Defect Resolution

Normal resolution - 3u and High resolution - 2

Inspection Time (sec.)

Defect Detection Inspection
resolution sensitivity (1) time”
Normal 3 127
High 2 440

+ Options

.

Critical Dimension and Overlay Measurement (CD/Overlay)
Peripheral Circuit Inspection
EYES-2020™

System Output

Defect files
Color video images

2005.12.28.
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® Provides faster, more reliable modulator

® Improves spatial resolution to 60 microns

® Tests 14-inch arrays in 24 seconds each, or

- I I
Photon Dynamics:
Array Checker 3000

& Supports 1,200 mm x 1,250 mm substrate

with precision air-bearing stage.

gapping via an air bearing on the electro-
optical Voltage Imaging sensor for
improved defect detection, throughput,
system stability and reduced operating costs.

with improvement targeted for sub-60 micron
support.

& Offers a 20 percent increase in camera

frame rate allowing high throughput on large .
glass. s &

6.2 minutes for a 16-up substrate.

2005.12.28. 101
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Photon Dynamics:
Array Checker 3500

Improve TACT time by up to 40 percent

The AC-3500 features a number of enhancements
designed to improve both total average cycle time
(TACT), or throughput, and system sensitivity.

Larger Voltage Imaging Optical Sensor (VIOS)

Our fifth-generation non-contact, electro-optical
modulator features a 131-mm-square sensor, four
times as large as the previous generation sensor.

Advanced Optical System

A new 16.7 mega-pixel digital camera - the first
industrial use of such an advanced camera
supports both high-resolution images and a large
field of view. -

Automatic Bright/Dark Classification for Repair &

The system can automatically determine if array

defects will result in either a bright or dark pixel.

2005.12.28. 102
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® There are two important )
functional  inspection for Structure of TFT Glass substrate (Figure 1)
LCD panel: the array tester
and lighting inspection. Scanning Line

® The array tester is the final
inspection of the array
process, this is the
functional inspection of TFT

Date Line

circuit which was

manufactured on the glass

substrate and

OPEN/SHORT test of the PixellTO

WIres. (Transparent electode for LCD driver)

® The array tester and the
array prober are used for : _
these inspections. &
== D 5 |
=R SH Micronicsm\-
2005.12.28. 103
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Micronics: Array inspection

Fully-automatic prober
Model LP-4800

Fully-automatic prober for handling 5th
generation

glass size (1300cm x 1300cm).

Fully-automatic prober
Model LP-4500/LP-4600
Fully-automatic prober for Array inspection

LP-4500 can handle a 550 X 650mm glass
substrate

LP-4610 can handle a 600 X 720mm qlasé'? 5
substrate ‘

Probe Unit for T.E.G. testing can be inteﬁé@ed on.

2005.12.28. 104
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Polyimide Printer

Polyimide(Pl) is a Alignment Layer for Liquid Crystal Molecule

& Heat Resistance, Chemical Stability, Easy Printing & Alignment

Purpose : Printing the PI onto substrate & C/F for LC Alignment

Equipment Type

® Spin Coating Type : Pl Material consume

® Printing Type

Equipment Layout(In-line Type)

® Loader, Cleaning, Buffer Area, Dispensing, Pre-Baking(70° ~80° C),
Buffer Area, Baking Oven(180° ~190° C), Unloader

Engineering Concerns:

PI Layer Thickness(40~80 ¢ m)

PI Layer Thickness Uniformity

Temperature Uniformity

Printing Speed

Pl Concentration L

Engraving Roller n

2005.12.28. -
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Rubbing Equipment
Purpose : Apply force to the polyimide layer to let the LC molecule keep in definitely direction
Working Principle:

® Roller enveloped by cloth, and rolling on the surface of C/F or Glass substrate, through
the rolling friction force to make LC alignment layer

Cloth : Rayon, Nylon

Engineering Concerns:

® Rotation precision of roller rotation shaft
Moving precision of roller shaft
ESD (through the friction)
Equipment rigidity

Duct(from PI & cloth)

ESD

® Cloth against induced ESD

® Deionizer

® Ceramic stage

& Vacuum holding

Rubbing Direction

Roller Direction Changeable

® Roller Moving ]

® Stage Moving i L;

Stage Direction Changeable L

® Roller Moving g

® Stage Moving =
2005.12.28. 108
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Kubotek: PI-4100

® Glass size
1000X1200 mm
e ¥ 1'CCD
Line CCD X 8
© defect size

10um
& TACT time
40 sec
® Load/Unload
€
=
2005.12.28. 112

56



R R A

B 4Macrot &

® fh
LA PR IR R ) R AT 2 B B 8 2
T a b HT PP ARk G o
© % kRS o BoRF PP kR DIk R T Y
2B SINL Hepie | AIER B ) o
ERHTARY FUIRE LR f ERTPBRT
v EKD o
H] v A KR
BELk s H R G R ATk S E T kBT
o HEARH
® %R~ EFS - £10,000 Luxk R T 5 il féﬁ‘:
® 24~ pLdp - 31,500 Luxsk kBT 5 mi*]fl M‘é C

® 1 7 $(inclusion) - 100 y mr4 = -
2005.12.28. 113

R A

B LMacro# & -

© LRI
® 5 btkchs ik

- B feR g R R b

R o L E b AR

F7|Jo
PR B oA 5 f R
EAF 0 FAEHEDLE G oo

© i 5k ok
PRIRG R AT R
Em?&;éiﬁ%%ﬁ’
Brgrdmadeks ot
I ER e :
AR BERR F b BB DD R ‘ Lf
w2 5] o ¥

2005.12.28.



L R B

® # Macro Inspectionik #

% Lt %
‘ ,JAE ,.f‘/l‘.aﬂ‘tz ’Eﬁ_

54 5 AR kR
B AN TR
Ly

AEHKRARIEP C

o A/ F DY BR
o B4R/ A LR

o R4 SRR

AR
2 pd R =
-#5 4 it Bt SR - L
-p BRI R/ A R i e
e
115

2005.12.28.

TR I*f%;'ﬁ A P
V Technology : Macro review
station

@ Macro review station - Asteroid series
@ Typical applications
Oblique lighting visual inspection
@ Specifications
Max. workpiece size (mm)
» 400 x 500 - 1100 x 1300
Observation part

» Visual observation by oblique lighting
/diffusion light

Functions =

> Inspection and judging for irregular A& |

layer forming, dust, scratches on glass — |
D\
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Control: Macro Inspection
System MA-100

@ Application i the maximal 680mmx 880mm Glass

@ Three light types [or observalion flaw |
@ Simplification 1o teaching point mode

@ High Luminous Back-Light

© Adaptable 1o large sized Glass...........s <Cilass inpulioutput by robots

® Precision Alignment

© The equipment employs dinct glass viewing method [or observalion

® Suage have speediness of change

Specification

Applicable Glass Size 620mm X750mm & G80mm X §80mm

Alignment Time 2.5 Minutes or less

Power 220V, 1P, SV60Hz

Air 0.5Mpa. Skgfiem?, 70-80psi |

Nacuum -66.5kPa

Dimension 1.SMIW) X2 002M (D) X 2.5M(H} Contrel MA-100
Weight 1500kg approx.

Light Type Na light (2#90%W). <mura inspection=

PL light (3*96W) e Slransmission inspection>

Manual PL light (18%W) <seraleh ins pections ."’?“I
Sliding green Light (AC 100V S0660H 7)...... <Option> ‘ L
Change Key Type Type A © 550mm X6T0mm
Type B 1 620mm X 750mm e = _;J
Type € ¢ 680mm X§50mm | )
2005.12.28. 117
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2005.12.28. 118

59



R R A

Micro# & #

® il
XY# T 5
Microscope
»5X, 10X, 25X, 50X, 100X
Zh b T #e
» Auto Focus
GRES T D
» Remoteds 1] & /% 53 33 22 RGBg % +
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V Technology - Satellite Series

@ Micro/macro review station - Satellite Series
Array substrate visual inspection
Macro inspection
CF visual inspection
line width measurement
@ Specifications
Max. workpiece size (mm)
» 400 x 500 - 1100 x 1300
Observation part

» metal microscope with electric revolver and color 3 CCD
camera

Functions

{
» Detailed observation and judgment of defect part on LCD
glass substrate —

2005.12.28. 120

60



T B

A e ARTREKA

a“n
Y trrasm
LEa "
T AEELPEP
T =risw
TETHEPEP
Lo
TLiME v

Lot LI

5
i

6 S

S ] -

(LRSS RS 1]

*

CLE LR

A

BAIRL - W
L b

e MNRE

(TABIC)

ACFEE®

=l

LB
(71 b B

EEEEE

LLLL LT

&da—am) —
o —,\

2005.12.28.

R A

LCD Testing

Array Prober

® Array Test

® Open / Short Test

® TEG Test

Cell Prober

® Lighting Test (Visual)
® Lighting Test (CCD Camera)
Probe Unit &

& |
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(probe unit) (drive PCB) (pattern generator)

E

LCD panel Probe unit
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LCD Testing

Engineering Concerns

® Automatic Vision Check
® Finer Pitch Capability

® Probe Unit Cost Down
® Probing Stability

® Contact Resistance

® Alignment Accuracy

@ Tact Time & Testing Time 1

= s asrcdec |
"
—
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Micronics Japan: LCD Cell Prober

Semi-automatic Prober

Model LFP-330

Semi-automatic Prober for CELL lighting

VISUAL inspection; LFP-330 has auto-alignment
function. This Prober is for 12"-24"WIDE,QXGA Panel.

Semi-automatic Prober (High speed type)
Model LFP-1600

LFP-1600 is high speed type of LFP-330.
Tact time is 9.9sec.

Full-automatic Cell Test System
Model LFP-2000 Series
Full-automatic CELL test system LFP-2000 series is
designed for mass-products, is adapted to dot/line_
defect inspection and color irregularity inspection.‘ (‘h |
These system can record the fail bits address for use in~
repair process. E
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Tokyo Cathode: LCD Cell Prober

LCD/a-Si TFT Array Test

Model 9100

B4 A+ 1 850mmx1000mm
% K| 1#XYZ 0 stage
FEArTayRliE T 1k

¥ i & 2 pload/Unload

CIM ~ AGV ~ BCR ~ VCRe ¥ &

LCD Lighting Test
Model 1541
B fhgm % ) : 218 ‘”"Cﬂ

B YA B 2
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Contrel : Light On Tester

Model LOT-100
Semi-automatic inspection prober
for TFT-LCD.

i educe TACT TIME (TACT Time messs the fime

TACT Time | 13 soccents
Power 220V, 1P, S080H
Adr | USMpa, Skylicm? 70 ~ Hipsi
w2 | M
acuum | #6skn
Dimensit n AM{W) LI} KM
Widgh | 13s0kg spprn
Wnk Slage | Stk %3 0omm, ¥ &3 00, Z:1 17 0, B : L
Resoletion X300 m, ¥: 30, m, 230 m, § Dse"
Microscope Arm | Stroke X-axis=40mm, Y-axis7 17mm
Magnificatioar|2 6 - &1
Haw Plake Tnstallatde PAT Type AS" wnder 147
Type B:147 under 167
Type €167 10 247 or less
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Laseriz &
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NEC: LCD Laser Repair SL455E2

® Overview

The SL455E2 is an LCD laser repair used
in a production line to repair short-circuit
defects on the wiring of LCD panels with
high accuracy and in a wide area.

® Features

Newly integrates 650 x 550 mm X-Y stage
with positioning accuracy of 2.5 ym

High-accuracy, stable and thermal-
deterioration-less repairing enabled with a
tried-and-true laser oscillator and imaging
optical system

Equipped with the high-speed line cutting
function with a high repeatability laser as
standard

Can be used as review eqU|menf , |

Equipped with size measuring Soﬂﬂqr§ as

standard g
T,
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LCD Laser Repair SL455E2

L R B

NTN: /% & Laser Repair

[ mm QAL ¥ FHYAGL—4 (EO-QF- T&/(y % 7Q5 1 FOFEH)
[ P - Ex#(1.064nm). B2RRR(532nm) HIMMBE(SSSnmBRICHGTER
HATRILF 40mJpulsebll (BFE EO-QF 1 JOHE)
JULAR 10nsecklF (A4, E0-Q¥4 JDMHE)
%z ~O—y | T, 340x240mm, 400X 400mm, 500x500mm, 700 700mm
XYAF—T (CNED YA ZDBOETHERICELEY)
AF—I8 | ) P 1umpulse ()
ST BRAROD—2 | 100mm (i) S . — =1
i BE 04um./pulse (EH)
17— HO-NAZg b BAE | 0.25%~100%. ND7 < LFEBEDERT N
AUy FIZyh | AU MIAX | OX0O~16x16mm M®)
HER AL EREWPHRIOY—F @ET5x, 10x, 20X, 50xX04%
R LI | SRR
L] | sEumER, SHAREA (£ 7>3>), HA EXRA
| L um E0-QAA ¥ FHYAGL—Y
| REZR 1.084nm (532, 35Snma 728>
= e e A0, pulseliE
et | 10nSecklF
SEHER 3
;e !
ARAEt | weum wn ‘ 30, 650, 370, #100um
[y MBU=F72Fa I—FKEDZMABEN
i !
=R N PER | EERoNE~omEn | 10sTHT
“-AMER | ~-2rEE | Skl R
| memes | 1@ ocE-FiLomsmmT .
S | | 8 xr—memrcsaes — "'_/‘_!1'
xyzs_s | AMAND=7 | 340X290~1650% 1050mm | 1
o S 1 um./putse '
AF-UH ! | |
za3—y | TBAMO=Z | S0mm |
' i i} SN | 0034 um-puse —
2005.12.28. 134

67



R R A

Control: LCD/CELL Laser Repalr

Applicable Panel Size
8 32" 14.1" ~ 32" Cell (214.9x286.5mm ~ 490x720mn
® 50.1": 14" ~ 50.1" Cell (220x290mm ~ 647.5x1132.6
Applicable Panel Thickness
8 1.0 ~2.2mm(w/ or w/o polarizer)
Laser System
® Repair function: cut by dot, line, area
® Laser type: Nd: YAG Laser with Q-Switch
® Slit size: Minimum 2x2 ¢ m and Maximum 50x50 ¢ m at 50X
8 Minimum 2x2 ¢ m and Maximum 125x125 ¢ m at 20X
Microscope and Vision System
® CCD type: Color camera (640x480 pixels) -
® Auto focusing: by manual or auto (depends on user's reqwremen’t)
® Alignment: +1 um i |

® Direct light source, Back light source, Spot light -\
2005.12.28. 135
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Laser repair 2 X 3548

© { # smpatternersk Kaig 4
BRI M T hT T A
S e 5 oS 48 pattern

o f & it i

5 1R BBk O ik A A A
P IR B2 AT 1S SRR
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» Nanometrics : Flat Panel Display Film Analysis
System

NanoSpec 6500
Size : 1100mmx1250mm
ZERRFP N T AR R KR
» Toray : Film Thickness Measurement System
OP-50L
Non-contact and Non-destructive Measurement
BPR --- Advanced Measurement Technique
Multi-parameter, Multi-layer Measurement

Up to 3 parameters (thickness(t), index(n), and extinction
coefficient(k)) can be measured simultaneously for
structures consisting of up to 3 layers of films.

Small Spot Size: 0.9 micron spot size can realize fine

' a pattern construction measurement. i L . |

.
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Otsuka Electronics: LCD Evaluation System

Maximum sample size
410x256x60 mm(LCD-7000)
250x220x50 mm(LCD-5100)

Measurement items

V-T, Contrast ratio, Response time, Spectra,
Chromaticity/ brightness/color difference,
and 3D measurement (option)

Variable parameters
Temperature/humidity (option), XY
measuring point coordinates, Light
projecting/receiving angles, Rotational angle
and LCD drive waveform W&

78



= o o

R

2005.12.28. 157
A AR fg’ﬁ‘?ﬁﬁ
» 2 3 —r
FPD & Pl 48 %‘r)i LR
¥t (3% $-ofF (B3 F| ¥ f ey S
Er e
(Glass) | p = Deco| , . Hugle o | B EBEL
At 4 2] 4% | Ejectonics| % | 2 e o
7| Photon Micronic
(Array)# | dynamics | 28% | Orbotech | 23 % | s Japan | 21%
LKA (1] 3]
Fid gk
i (Color Takano 45% | Kubotek | 23 % Lasertec T LR
filter) #& ° (Laser) s
LR A
b -
ITIS, 2002/1070 -
2005.12.28.

158

79



L R B

Key technology

® Imaging optics
Hybrid light sources design
Polarized optics module
Opto-mechanics integration
& High speed electronics and interface
8 High speed imaging
8 Calibration of multi-line CCD camer
B New control architecture motion controller
& Image processing
Defect inspection algorithm
Multi-CPU parallel processing
Automatic defect classification
& High speed positioning and driving
Integration of vision and motion system . ]
[, d el |
- i?\_u
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A : Image Optics
B : Image Processing
C : High speed electronics and interface (imaging)
D : High speed positioning and driving
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1.CCD Camera
*6K % :# CCD

2.
R &
Rtk )
CRENE

3. oL
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& SuARLFR

¥ P ¥t % © Color filter, glass substrates
Pl = <1 1 1250x1100mm, t = 0.6 mm
& & fEs 115 um
Frpy 4 fEi 100rl5um
#Fp# & 50 or 75 mm/sec
P> LEE -
TACT time : 40 sec (for 15 ¢ m scan resolution)
BPHFR D 94K 15um
23K 30um

I
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Auto inspection screen
Inspection date
Kind of defect with comment
Number of inspections
Number of OK
Number of NG
Defect number
Classification display in defect map
size, common defect

2005.12.28.
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(defect position) by
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CCD Camera

Specification CT-P4
Resolution

Pixel Pitch

Max. Line Rate

6144 15.6kHz
8192 11.8kHz
Data Bits

Data Rate 4@25MHz
Data Format

CE-compliant

2005.12.28.

R A

CL-P4
6144 and 8192
Tpm x 7gm

71.9kHz
6.0kHz
8 per channel
2@25MHz
EIA-644 (LVDS)
Yes

&

FYRI Y3 DALSA L
166
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CCD Camera$t 7|

1§ $4CCD Camera || _'

F #CCD Camera
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8§t Line CCD (6 ch) 58 Line
CCD (6¢h)
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1. 2 & £k

2. Remote Control

3. F R GERR R
Fr#1(256FF) > & B
& 7 :ON/OFFi: 4]
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Technology trends

® High speed (High throughput).
Multi-CCD cameras.
Multi-CPU processing.
IEEE1394, DSP, etc.
Dedicated defect inspection algorithm.

® High accuracy (High sensitivity).
Using line CCD cameras.
Dedicated defect inspection algorithm.

. ﬂ__./f;‘"
® Intelligent software. T4
A=
.\
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CIM Infrastructure Overview

Cluster Tools
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GPM Available Interface Protocol

Cluster Tools

SE - F
SECS/HSMS Mi

Communication, (SECSﬂlemorry,MQ)
MQ

(PM CIM Interface / Mechanism
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Sample For Cell Cut Inspection
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Block Controller for CIM

S ENE oS T

HIEITY

—
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Block Controller for CIM

Function:

1. System Startup
1.1 To start all necessary processes

/ programs for Block /Controller working
1.2 System shutdown

Product management
3.2 Message Output
3.3 Host Communication
4. GUI Functions
4.1 Instruction
4.2 Line Monitor
4.3 WIP Monitor

4.4 WIP Management
4.5 EQP Monitor

2. Equipment Working Managements
2.1 Port status management
2.2 Port status / recipe / error/ alarm report
2.3 Process data report

3. In-Line WIP Management
3.1 WIP management
Lot start / complete management
Lot start / end management

5.  Client Communication Functions
To communicate with slave system

6. Host Report Function
@3 To communicate with Host
J!Q HSMS/SECSII T

In-Line Controller

Host Internal or TCP/IP

7. Log View / Record
7.1 Log View / Record Types
WEvents
InLine #3 Process ‘Trace —

InLine #2 Process.

‘ | 'WSECS transactions & Events 1 L . |
nterconnectnaggigna %ﬁﬁﬁ% | WAlarm -

e ine £ Proce | WWarning —

=2 =cuire o]

Share Data Network]
Link

—\
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