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1000 x 1200 mm’ 2 (inverted-staggered) aSi:H
TFT LCD (photo
current) (gate
metal)
(source/drain)
LCD aS:HTFT
4 BCE (back
channel etched A-type) CHP (channel
TFT D 3) protect, B-type) aSi:H TFT
2 CHP type
(polysilicon, poly-Si TFT LCD) (SIN,,
etching stopper) BCE type
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Dﬁ\%\llrs Drivers 7 L — e
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2
65" x 6 121" x 2 141"x 2 15" x 4. 141"x 6§ 141" x 6 141" x § ¢ 141" x 9 19" x 6 -
TFT LCD U3 x 2 133" x2 15" x Q.07 x 2. 15" x 4. 13" x§:. 153" x§. 1B x6 0" x B
141" x2 1™ x 113" x 2. 1™ x 4 . 1™ x4 . 1™ x 4. 1™ x6 2" x 6 -
B x 101 x2: B x 2+ 18" x4: 18" x4 -+ 1B x4 24 x4-
17" x 1 20" x1: 19 x 2+ 19" x4 . 19" x 4. 1" x4 2B x 3
20" x 121" x 10 W™ x 2. w0 x 2 W x 4. W x4 4T x 2-
21" x 1- " x 2 21" x 2 " x 2. 1" x 4.
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Normal Inverted ot bt
o Back Channel Etch (BCE) Channel Protect (Tri-layer)
Lo : : * H Drain SourcNleZt:::fcs;if:;r Drain Source
Drain Source Gate Active Layer
2 e l Gate | |n§ue|';$0r | Gate
Coplanar : = . f} | 4.BCE  CHP (or Tri-layer)
Drain Source Gate
3. TFT .
(parasitic
capacitance) (feed-
n" a-Si (ohmic through voltage) TFT
contact) TFT
BCE type BCE type TFT
n aSi:H PECVD Back Channel Etched n aS
CHP type a-Si:H a-Si:H
n' a-Si:H
aSi:H 1000 2000 A
1 500 1000 A aS:H
CHP type TFT BCE type @
TFT array (@) (high photosensitivity)
(4PEP BCE) off
1.BCE CHP (or Tri-layer)
5PEP Tri-layer Type 5PEP BCE Type 4PEP BCE Type
PEP1 1. Gate Metal (Sputter) 1. Gate Metal (Sputter) 1. Gate Metal (Sputter)
2. Photo Line 2. Photo Line 2. Photo Line
3. Dry Etching 3. Dry Etching 3. Dry Etching
PEP2 1. SIN,/aSi/SIN, (PECVD) 1. SiN,/aSi/n" &S (PECVD) | 1. SIN,/aSi/n" aSi (PECVD)
2. Photo Line 2. Photo Line 2. S/D Meta (Spuitter)
3. Wet Etching 3. Dry Etching 3. Photo Line
4. 1dand & S/D Dry Etching
PEP3 1.n" &S (PECVD) 1. S/ID metal (sputter) 1. SN, (PECVD)
2. S/ID metd (sputter) 2. Photo Line 2. Photo Line
3. Photo Line 3. Etching 3. Dry Etching
4. Dry & Wet Etching
PEP4 1. SIN, (PECVD) 1. SIN, (PECVD) 1. ITO (Spuitter)
2. Photo Line 2. Photo Line 2. Photo Line
3. Wet Etching 3. Wet Etching 3. Wet Etching
PEPS 1. ITO (Sputter) 1. ITO (Spuitter)
2. Photo Line 2. Photo Line
3. Wet Etching 3. Wet Etching
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PEP Z Island  PEP3:Channel

PEP4:Contact PEP1:Gate Metal PEPX:Contact

e ’
A |
v
5. > > @
SPEP  4PEPBCE o ., .
2 1. (Clean)
(3 PECVD (etching) array
(tact time) PEP
back
channel ( )
(defect density) back
channel (plasma treatment)
(passivation film)
H, H, (@D} uv
H, @ )
(hot carrier effect) N, (3 (brush)
NH, Si-N (4) (a
Si-H CHP type TFT )
aSi:H 500 A
(spindry IR heating)
aS TFTLCD
aray (cleaner) 6
4PEP 1 5 4PEP (in-line)
5PEP 4PEP
5PEP PEP2  PEP3 680 x 880 mm’
(spin type)
Array »
2. (Deposition)
Array (1) PECVD
a-Si:H
IC (plasma enhanced chemical vapor deposition,
TFT LCD (strain
point) 600 °C
450 °C D 2 gy [Brush | wash | [ ms | Seim | IR (e |:|
6.
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PECVD)
(doping) n'typeaSi

PECVD
( 250 450°C) TFT-LCD
(APCVD)
(LPCVD) TFT-LCD array
PECVD
PECVD
PECVD
(glow discharge) PECVD
CVvD
PECVD
SiO, LPCVD
900 °C PECVD
300 °C PECVD
(internal stress)®
PECVD
TFT-LCD PECVD
(intrinsic &
Si:H) (ohmic contact layer, n” aSi)
(gate insulator SiN,
SiO,N,) (passivation layer,
SiN,) 400 °C
PECVD
(RF power)
TFT
PECVD
(a-Si:H)
(n" aSi:H)

Sputtered a-Si PECVD a-Si:H
Si si Si si _H
Si—s;

H

H

Si— S8i

Si—
e S Si .
B si St si
Si—w Si/”Si) g Si—H si WSi \ g
9:\ Si Sl’\ Si H

Dangling Fassivated b
Bonds Hydrogen AtOI‘I\EIS

Conduction

Valence
Band

7.aS
aSi:H
a-Si:H
TFT-LCD
(active layer)
7 aS
(dangling bond)
(mobility)
(trap)
PECVD aS
SiH, H,
H,
S Si-H
aSi ( P As )
a-Si
(energy barrier)
aSi:H SiH, H,
a-Si:H
PECVD
@) SiH, H,
SH H
(i) SH H bulk
(boundary layer)
(iii) a-Si:H
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(iv)
(pump)

SHg+Hy - a&Sy+H,
SiHg +Hg —» SHy
SHg - SHg
SiH, H,
SH SH, SH, H, H
SiH, SiH
(dangling bond) SiH,/SIH

Si:H (void)

PECVD

SN,
SiN,  array

10 91.2

(diffusion barried against moisture)
(diffusion barrier against alkali)
(against scratch)

(lower process temperature)

(good step converage)
(high dielectric constant)
(high breakdown voltage)
(low pin hole density)
(low stress)
(low hydrogen content)
(good interface properties)

buck

Si
SH H

aSi:H

SiH,
aSi

(breakdown voltage)
a-Si:H
(defect density of state)
SN,

SiNX S|H4 NH3 N2

SN, S N
SH, NH, N,

N, SiN,
Si;N,
PECVD
08 1.2

( )
(a-Si:H) Si-H
SN,
PECVD

0) SH, NH;




(pin hole)

(i) (RI) N/Si( NH./SH, )
N (N-rich
film) 1.85 2.10
(iii) BHF (wet etching rate)
N/Si
(iv)
10" dyne/cm’
10" dyne/cm’
(v) (
)
SION,
SON, array
a-Si:H
SiN, SION,
SiH, N,O N,
SION,
SON, SO, SN,
IC SO,
Si;N,
SION, SiN,
( Mow Ta )
(band gap)
+.
Substrate - 3 » ]
@
¥ MYy e |
! |
8.DC

(density states of bulk traps)

2 (Sputter)

8 DC

(ion bombardment)

(sputtering)®

PVD
(sputtering deposition)
10° Torr
1 10 mTorr
(An)
TFTLCD aray
35:llllllllllllllllllllllllllllllllll:
o XGA 3
7 E SXGA 3
S BESa UXGA
g 20;_ """-.___- mmmmE OXGA ]
3 _E 3
S 15 =
o = =
[ - -
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[e]
o
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Metal Resistivity (uQ cm) Etchant Durability Thermal Taper 15
Film Bulk ITO Al SO, Stability | Etching Etch SA
Method
Ti ~100 50 0 o o o Wet/Dry VGA
MoTa 36 = o o o o Dry o
Cr 25 12.7 ¢ o o 0 Wet SVGA
o-Ta 25 12.6 o o o o Dry o
Mo 12 52 X X o 0 Wet/Dry o XGA
Clad Al 6~20 — o/ o/ o/ o/ Wet o SXGA
AINd 5 — o/ o/ o/ o/ Wet HDTV
MoAl 3 — o/ o/ o/ o/ Wet
Al 3 25 X X X Wet/Dry o
Cu 2 16 o o Wet o
MowW 15 — 0 o o 0o Dry 0o XGA
o Good Posshle x  Bad
Metal Resistivity (u€2 cm) Etchant Durability | Etching 15 4.
Film ITO Al SO, Method SA
ITO ~300 50 o o Wet/Dry —
Ti ~100 — o o Dry VGA
Cr 25 12.7 o o Wet SXGA
o-Ta 25 12.6 o Dry
Mo 12 5.2 o Wet/Dry | HDTV
Al 3 — o Wet
o  Good Posshle x  Bad
(i) Mow Al ITO
Cr Ta AINd (i) Al Cr
AINd (i) ITO (indium tin oxide) Q)
1ZO (Spike)
pulse width 400 °C
@ XGA 75Hz  frame rate 400 °C
20 ms RC delay
spike
(resistivity) 3 4% (barrier layer)
( Mo Ti Cr)
TFT- spike
LCD
TFT-LCD ITO (Splash)

12
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(i)

(arcing) Al H.,O ITO
(i) (target) (defect)
Al ITO (nodules)
In,O,
(iii)
Al
In,O, +2H, - In,O + 2H,0
IO, + Sn - In,O + SnO,
(Hillock)
ITO
Al (stress)
cap metal layer ( (particle)
W Ti Mo TiN)
Al-2%Ta Al-2%Nd 3. (Photolithography)
TFT-LCD
21710
TFT-LCD ITO
(poly-ITO) PEP
panel
poly-ITO (
)
ITO (amorphous ITO) (1) Advanced Scrubber
ITO
( ) nylon
ITO ITO
ITO
ITO (scrubber)
ITO (backside rinse)
5.
solvent issue solvent issue

90.2
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E. Projection mode «

ey

10.
Proximity  projection Proximity Step & repeat. ... Mimor
6. Proximity  Projection
Exposure Proximity Projection
method Step & repeat Scan
Mirror Scan Step
User Color Filter TFT TFT TFT & Color Filter
Advantage 1. machinelow cost. 1. high resolution. 1. high resolution. 1. high resolution.
2. high throughput. 2. low mask cost. 2. high throughput. 2. high throughput.
3. large display size. 3. 1 mask for 1layer. | 3. 1mask for 1 layer.
4. highillumination
power.
Disadvantage 1. low resolution. 1. tiching error (it 1. high mask cost 1. high mask cost
2. high mask cost needs several mask (large mask) (large mask)
(large mask). for 1 layer). 2. display sizeis 2. display sizeis
defined by 1st mask’s |  defined by 1st mask
Light sources i+g+hline g+hline i+g+hline i+g+hline
Magnification 11 1:1.25 11 11
a (static)
(coater) (devel oper)
(hot/cooling plate) (exposure unit) b. (dynamic)
2) C. (pre-wet function)
TFT-LCD array process
(coating)
(dlit and spin) (spin)
Slit and spin dit dide
(spin dry) 5
dit and spin 30%
14 91.2




mura
TFT 680 x 880 mm’

3)
(mask)

TFT LCD

TFT LCD
(proximity) (projection)
step & repeat mirror  scan step
10

proximity
TFT array
projection projection
step & repeat
100 mm 130 mm
lens
6 (panel)
15
TFT LCD 6
( 1
mirror (aligner)

scan step lens
lens

4PEP BCE
PEP2
(island)
half-tone  dit mask
3 12
(plasma ashing)
n aSi
n aS

(D

RTINS T  (JETE T

& & gy PulD

!
i

T T T I |JRTT T FIE T

& & &
\

11. Step & repeat
4. (Etching)

(wet etching)
(dry etching)
)

(@D} (profile) (isotropic)

(anisotropic)
2 (selectivity)
3 (etching rate)

(throughput)
4 (uniformity)

(vield)

90.2
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7.5PEP 4PEP CHP BCE
Step Etched Film 5PEP 5PEP 4PEP Key Point
CHP BCE BCE
PEP1 MowW
AINd
Cr
PEP2 SiN, — —
n'-aSi/a-Si/SIN, — —
MoAIMo or Ti/Al/Ti — —
PR Ashing — —
n'-aSi/a-Si/SIN, —
PEP3 | SiN, — —
Mo/Al/Mo or Ti/Al/Ti —
n-aS —
PEPA SN, —
alTO — —
PEP5 alTO —
a-Si TFTLCD
TFT LCD 35 5PEP
(5th generation) 4PEP
(color filter on array, COA)  AOC (array on color
filter)
(step coverage)
45° 1. K.Takechi et al., Journal of Applied Physics, 84, 3993 (1998).
2. H.Kanoh et al., Japanese Journal of Appl. Phy., 29 (11), 2358 (1990).
a-Si'H TFT 3. H. Miyashita et al., IEEE Trasactions on Electron Devices, 41,
7 499 (1994).
4. B. C. Lim et al., IEEE Trasactions on Electron Devices, 47,
5PEP 4PEP BCE 367 (2000).
PEP2 5. T. Tsukada, LCD addressed by TFT, Hitachi Ltd. (1994).
nnaS aS SN, 6. VLS
. 7. M. Ikeda, SID 95 Digest, 11 (1995).
n a3 8. S. Kawamotaet al., SID 98 Digest, 35 (1), 1 (1998).
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