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Introduction

LTPS Product

LTPS LCD for Mobile LTPS LCD for Note PC LTPS OLED for Mobile
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71& B AL

LTPS(Low Temperature Poly-Si) TFT-LCD 2| =

D = QA HEAL (212D ] Y
1970~81) Poly=Si TFT Z&AHIDI)» Geis, Reif et al» MIT, Self-Implantation, ZMR)
1982) ELA poly-Si TFTs) T.Matsumoto) S.Epson, = x2| ELA JI= 200D
19850 LH&E LTPS Driver IC Xt Morozumi) Ol=2 2= N=23cl 22D
1996.10) NIAH = = LTPS Line) Sanyo(Kifu) 370x400 Line, DSC/DVC & HIE)

1997.12) Toshiba 12.1”7 LTPS 2F&t) 400%x500, Fukaya 2F&tetQl 1217 XGA 24D
1999.4) ST-LCD LTPS 2t2! Jtsh Sony2l Jl=1t Toyotall A2 JV, Mobile IS & AlD
2000.11) Sharp CGS AIMIZ &+ H2) CGS Hg=EF &8, 2.07, 7.0” 200ppi Ol & MBS
2001.1) SK Display 22 =) Sanyo, Kodak & & AF, 20023 AMOLED & HIE 2D
2001.2) AL TEDEC &2 g;elére) T;Og:lbfafdréHOL§D4DD||-|U}\FI-D|I-§§'§|F§PEI Z2tSIAL =R HAFINY HIOb=
2001.2) Sony 13” TV& OLED 4 H) LTPS Jl= Base, Top—Emission)
2001.5) Hitachi V3 LTPS Line &) | 730x920 M ZICH LTPS Line)
2002.5) TOP-Poly LTPS M3 2H4t) Mobile Display 012l Note-PC= 2t4&H(14.17))
2002.4) Toshiba, Matsushita &%) TMD Et& 4NICH Singapore LTPS 22l Jt=D)
e = = gt
2004.5) AMFTL, LG.Philips LCD) fﬁ&';iﬁﬁéfﬁgwﬁ =5
2004.10) Seiko Epson, Sanyo &g, SEID(Sanyo Epson Imaging Device) & 44 b
& SDI 177 2 2.2” LTPS Base AMOLED &AlD
20072 &4 SDI LTPS TFT OLED & ALD
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Amorphose SiZl polycrystalline Si TFT

=Y a-Si poly-Si c-Si
Amorphous Poly-crystal Single Crystal
Grain Size | Small Crystal Siz¢ | Medium Crystal Siz¢ Single Crysta}
Amorphog Discontinuous Graip High—Quality St
u® E P.
© e L0
Phase o © HO
H ® ©
() ® () H
ik
H @ J’ ®
@ H
Phase Stabili Meta—Stablg Stablé Stabl¢
ty
Mobility ~ 0.5 cm?/V-se@ 50~150 cm?2/V-sed >600 cm?2/V-sed

A-Si, poly-Si, & & Si 2




Amorphose SiZl polycrystalline Si TFT

Amorphos Si

Pros
1. 2K Hl&el 2t et
2. st EM)D
Cons
1. 2SS ME>IFUHM L= &= — backlight 2 Xt ERD
2. <2 &5t 0l= E (Poly Si2| 1/100 =&F)
R 1/a _3 C, b ,
at 248nm | At2agnmy | oK [ oleem ey | owem-tkep | WY
a- S 0.62 5.7 1418+~50 |  2.26 1.3 1.3x10°2 | 1282470
B c- S 0.67 5.5 168 2.3} 1.0 0.23 1800
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Amorphose Siz} polycrystalline Si TFT

LTPS ?

Glass J| &t

10
o

HEAIIIX &= 500CO[ot2 2 0UA a-Sis Z2E S A9 = &Y

é Integrated Driver

<a-Si TFT-LCD> <LTPS TFT-LCD>

LTPS TFT-LCDS| Z&A)
>

a. Higher Pannel Reliability
b. Higher Resolution)

c.  Smaller Form Factor

d. Smaller Power Consumption)
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Amorphose Siz} polycrystalline Si TFT

H Driver(Integrated)

Reference
Driver
(Integrated)

Timing
Controller
(Integrated)

Ingerface
Circuit
(Integrated)

CHEE TFT-LCD Bl 1 : (a) @& 2| & ICIt &

(b) = ICJ} LIRS LT

DC-DC
Converter
(Integrated)

V Driver
(Integrated)

H Driver
(Integrated)



Amorphose Sizl polycrystalline Si TFT

Higher Performance TFTs

Ll .
Smaller TFTs Faster TFTs
Ll Ll
1l 1l
Higher Aperture Ratio Driver IC Integration
L Ll
Less Power Cost Reduction
Ll
Z et A Compactness

LTPS TFT-LCD2| & &
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igh Temperature Poly-Si(HTPS) TFT-LCD

a-Si TFT, HTPS TFT, LTPS TFT2| =2 X0l & |

a-Si TFP [ HTPSTFP | LIPS TFD
=D < 3500 <450 O
DIRD Glas$ Glas$
CHel 2p 7NICH Ol &b =t 4~5NICH It
Driver W& | A (Gate Driver2t Jts) O O
Ols® ~ 0.5 cm?/V$ 10~50 cm2/V$ | 50~200 cm?/V3
Photo MasR 4~5 OH(NMOS) | 7~11 DH(CMOS) | 7~9 OH(CMOS)
Device 7 2p Bottom gate Top gate Top gate
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Al2|Z2(LTPS) TFT 72X & =23

n
@)
—l
Y

(@)

n
Q

(2

>
S
o




LTPS TFTQ| 31

2 UHA Ol LTPS TFT2| &t X (a) top gate 2t (b) bottom gate

Top Gate Bottom Gate

Pixel switching TFT Storage Capacitor Pixel switching TFT Storage Capacitor

) <— Pixel electrode)—> L
/1 \
1

/—\7‘—Passivation layerp®

. = A e
- Substrate "™ Blocking layer) LDD Substrate
(a) (b)
Advantage Advantage
1. Self-aligned gate process 1. Easy to control Si/SiO2 interface

2. Easier crystallization process 2. Resistant to glass impurities

.- Top-Gate structure

is generally used

Disadvantage Disadvantage

1. Hard to control Si/SiO2 interface 1. Hard to achieve self-aligned gate

2. Require blocking layer 2. Harder crystallization process
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LTPS TFT2| Process Flow

Huffer-oxide—“

-
a-Si (500A)
Bl <€——Dchydrogenation)

.

I—Gate-Gxide—l

'

Activation : = E 0|25 9| activelll 2 diffusion
€ Thermal annealing )

a-Sip
Si02)

Glass)

Gate Oxide)

ELA

|—Gate-Meta|—|

lon Doping (n-, n+, p+)

'

h

Activation

.

|—|nsulator-(SiNx‘)—| ; F '

" | - Channel

|—Gontact-and-MetaI-(A\I)-|

2 BFXM Ol L TPS TFT Process flow

(72}
@)
—
Y—

(@]

n
Q

(7))

>
N
o




580< Ol 4, 0.1~0.2 torr 2= 6t0I A p-Si
Glass §E0| 0{HRH quartz AtZ0liOF &
ThroughputO| &3

AS Deposited Poly p—Si (or microcrystalline Si))

SPC(Solide Phase Crystalization))

RTA(Rapid Thermal Annealing))

Low Temp Poly-Si) Furnace Anneal) —_—

CGS(continuous Grain Si))

MILC(Metal Induced Lateral Crystalization))

ELA(Eximer Laser Annealing))

Laser Anneal)

SLS(Sequential Lateral Solidification))
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SPC
(Solid Ph Crvst Adding metallic Impurity
oli ase Crysta )
llization) Thermal annealing
Temp. 2 600°C Anneal
time 2 20hrs M|C

(Metal Induced Crys
tallization)

Temp. ~ 500°C Anneal
time < 10hrs

Using XeCl Excimer Laser

= Low Temp. Crystallization
= Short annealing time < 2min .

High Grain Quality




LTPS2| =2 = : Metal Induced (Lateral) Crystallization

) )
a-Si a-Si j
L~ | '« 1L |
Glass Glass Glass
Deposition of Catalyst SPC~500T) MILC)

MILCS| 23 Flow X JHE &)

MIC or MILC
: SPC2 2 E.NiS2 metalS F0Z MESIH a-Sitl A poly-Si2Z 2| THZ2ESHE WHE Al2F LHO
22 2% 0lAM X2ldie &Y

Advantage Disadvantage
- 1. Fast Crystallization 1. High Cost
- 2. Less Damages for substrates 2. Low Uniformity

i
Physics of LCs




LTPS?S| =2 2H : Continuous Grain Si

Metal
b b =
pSi CGS
|
Glass Glass Glass
Deposition of Catalyst SPC~500T) ELA ~90% P/L)

ELAS| 23 Flow ¥ HETH

A YA
: SharpAtOll A JHESH D=2 MIC JI=1 laser 233 D=2 25 AIS.

=2 -
5

MILC JI£S SUSIH A8S A, ‘ ‘
- = 'MILC| + | ELA SHARP GX20

= Main : 2.4" 240x320 CGS (65K)
- Camera : 310K 84 CCD

- GPRS (2.5G)

- 20031 98 &A|
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3 : Rapid Thermal Annealing

2= 700CT~1100TOIH IJtE AlI2t2 =0 AN =
JlZ22 M 2 CH= dehydrogenation & & 0|L} activation S &0 A 0| EE

Advantage
1. High throughput

2. Less defects in grain

Disadvantage
1. Damages on substrates

2. Panel?| =% 3! WFO| [I}E la
rge misalignment
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LTPSS| =2 373 : Excimer Laser Annealing

ELA
: LTPSE 0I&5dt= M2 2 SN U A ALEdtE 2D
Linear Eximer laserE 0|E36t0 90%0| 2 S & AIZ)D
diolde ot8 L So=z 2l X 22L& S JH0| ERED)
Pulsed Laser (XeCl:308nm / KrF:248nm / ArF:193nm)
Laser = AtA|2t0| 30~200 nano second £ H Ot RelJ| & &4 &)
> Laser22H ZAME flUX= 82 J|HEHNMN S

Pulsed Laser

poly-Si
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AN, IR EAINGIAS gi = il

20 shot ELAE! poly-Si2l SEMAFE&! 1t n-TFT)H

500 nm

2= At=l EnergyOil ([ € Grain Size




,

Before processing, al A pulsed, rectangular UV |

ayer of amorphous Si aser scans the substrate,

is deposited on the g rapidly melting and recrys

lass substrate. tallizing the amorphous la
yer into polysilicon at low
temperature.

8shot 64shot
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LTPSS| =2 373 : Excimer Laser Annealing

Since almost all the e
nergy is absorbed by
the surface amorpho
us Si layer, the glass
substrate is unaffect
ed.

128shot



LTPSS| =2 373 : Excimer Laser Annealing

140~250 mJ/cm?
Partial Melting Vertical Regrowth Small Grains

YHR—— .

Super lateral growth 250~280 mJ/cm?

Near Complete Melting Lateral Growth Large Grains

= (D g | e (N

280~400 mJ/cm??

Complete Melting Nucleation Fine Grains
. © YSNCN=gSII e
Y | V=) (ot To o\ o) (TSR (R
- q—_' ¥
w O £
n nergy
w O Appl. Phys. Lett. 63, 1969, (1993 ”
2 ppl. Phy (1993) density
>
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When Seeds are close

>

LTPSS| &2 &3 : Excimer Laser Annealing

- =
F@J»

Lateral growth proceeds untll impingement occurs)

When Seeds are far apart

>

» Continuous large-Grained Poly-Si

|

Lateral growth proceeds until copious nucleation of solids)
occurs in the completely molten region)

» Isolated Single Crystalline Disk Structure
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LTPSS| =2 373 : Excimer Laser Annealing

= Sl - g ' '
% 300 |- l
% i —Ilh ) Near Melting
g ok ‘*#‘ il v, =i
50 150 250 350 450

Energy Density (mJ/cm?)

L, .

Partial Melting \ I,
e

o F 3 o IV AT I T e O IR

Complege Melting

A MM

Laser energy density (a.u.)

Single pulse ELA = poly-Si grain size2| energy density 2

n
@)
—l
Y

@)

n
Q

(7]

>
e
o



LTPS2| 2 &3 : Excimer Laser Annealing

Partial Melting Regime

: Laser energy density)t S 2 X| 20tA a-Si thin filmE 8% =0[X| 26} Solid/Liquid interfaceJt 22| =2t p
Substrate®?t U SIH & A E[H cooling Al vertical regrowth?f 2O L. a-Si & Ei = OFLI X[ 8t DI At grainOl)
gddE.

Incidence energy = 350mJ/cm?/pulse
Large grain

l Bedai oo (~800 A)

T 480A
1500A

<«—— Melted
region

Fine grain
Solid phase
Crystallized

region
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LTPS2| 2 &3 : Excimer Laser Annealing

Complete Melting Regime

| 226] Z0tA a-Si2 88 =2. =2 E O Z melting 220 EMN =2

A1, phaseE &S| A& Si2lll melting 220 M 2 2Z0AH EMNE = US)
HHC S =2t O 2 nucleation & growth0ll 2 A & Size2l)

: Laser energy density )} =
“Superheating”?| &
“supercooling” 0| &

Poly-Si2 Z HHH.

Temperature (E)

B

Racolescence

I

copious Nuclection
dand Growih

Complete melting &) = temperature and time profile
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LTPSS| =2 373 : Excimer Laser Annealing

Near - Complete Melting Regime
: Laser energy densityJ} Si 2t S 280| 52 5= UI| A energy density
0L A & O seedE Al X2 Z lateralStHl grainE 0| growth & £ U= K

E & B 2 Size2| grainE0| L& D& &

2 e =X %2

|[:|' EE Si t”-ﬁ'-

crystal seed”
SHED

B

Temperatine (k)

(a) solidificationA| liquid/solid interface response function,
(b) a-Sidt crystal Si(x-Si)2| growth rate(Vg),
(c) steady stage Al nucleation rate(log I)




LTPSS| &2 &3 : Excimer Laser Annealing

Laser Irradiation

ol

Absorpttion and Heating

Jul

Surface Layer Melting

Jol

Explosive Crystallization

Jul

Primary Melting
Q o 4
Partial Near-Complete Complete
Melting Melting Melting
Vertical Super-Lateral Nucleation
- Regrowth Growth and Growth
- Energy Density

v

Single pulse ELAA| 224 Gt= phase transformation & & 2 2F)

Physics of LCs




LTPSS| =2 373 : Excimer Laser Annealing

Various Studies

Appl.Phys.Lett.68, 1513(1996) — H.J Kim and James S.Im )
: Si 858} 20l bandgap0| &2 & HYUZ anti-reflective(AR) coating layer2 A2 8L a-Si2t 2| selective meling &

Solidification= S A2 H2, & AIGH= laser energy 2| effectiveSt E4+8 CIE2H & = UL

500A Si02
\ iOz Si02 Gate
y a-Si
1000A LPCVD/
a-Si Film Si0, On — . -
Si Substrate =

CarrierS01) | Drain |
AXIBBEO| ) | Source

grain boundary S )
HXX %S

C-SLG2| Sample # L2 Z& st = SEM Z 1) RGrain boundary2| ?|/X|Jt X&
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LTPSS| =2 373 : Excimer Laser Annealing

Various Studies

AMLCD’99. 255(1999) — C.H.Oh and M.Matsumura
: Phase Shift maskE AI26}0{ incident 5} = laser beam®| intensityS CI2 | & 2. 0|0l WetAD

patterm | X| &2 Sample2| Si= complete meltingt & X| &2 FH0| L5t OI&IXIZ C-SLGIH 4§,

Excimer-Laser Light

Phase-Shift Mask

Starting Position of
Lateral Grain Growth

, N
-~
' !
|

-V

1S .08kY X15.0K .00

Phase-shift mask sample # &2t 283 = SEM Z 1t

Physics of LCs



LTPSS| &2 &3 : Excimer Laser Annealing

Various Studies

IEEE Electron Device Lett. 22, 429(2001) — J.H.Jeon, M.C.Lee, K.C.Park

Si 8r2tO| Ol Ofl sacrificail metal pattern=2 SOl “air-gap”’S
thermal—conductwlty_l XtOI0ll 2I5H lateral growth)t R & &

———p» Grain Growth Direction
MI E . arl |'| Iiﬂﬁon s | cat Flow Direction

1 A
I e F T \—

- ////)@‘l‘ﬁ}de//)\ -
Buffer Oxide
: A B: Floating Active Region A
=sendp Gra fin Growt Random e = :—L: —— > Random
# Fbat FIW Nucleation Lateral Grain Growth Nucleation

Air-gap= 0/ E &t sample L2 Z2& 3t & SEM &
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LTPSS| =2 373 : Excimer Laser Annealing

Various Studies

Appl.Phys.Lett.79, 1819(2001) — P.C. van der Wilt et al)
: Si2t ot 22 EHYO0| trenchE patternct Z2 &St Al lateral growthE 78 C-SLGO| &8 &4

Source (Al) [
H‘{ "]f Gate(Al)
LUl = Gate oxnde il 1

et e b -E;.':f':
%% NCE NN R NN BT T AR AR R N R B T AccV Spot Magn  Det WD I—i I()||r

150kV 3.0 2999x St 203 wicm?2. fomd. Tum. Gum
_ » g . v .

Embedded-seed grain-location control =+ 2 2t SEM Z Ut)
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LTPS2| 2 &3 : Grain Boundary Effect

Grain Boundary : Si band gap W 0l X Sl= trapping siteS = 216D
Actice channel2| electrical propertyES Z3tAIH US i 22 device performanceES 23t Al 21)

Threshold Voltage(Vth) =0t
Field-effect mobility 2 A)
Subthreshold slope 2t )
Leakate current = J})

Grain boundary0|l = trapping siteS 2 Si 2 & & 2| “dangling bond”L} “strain bond” 0i|.>
J|21ot=0l dangling bondet Si A S))|2| Z2EHA REBLEMN EHGl= empty siteS 2 g,

CH 24 : Hydrogen atom2 £ passivation ol= J|=)
— =380l | 220 2 = QlS.

>
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LTPS TFTC| 2 &H : Gate Insulator

LTPS2

= "oigy

: Si0,(a-Si2 Z 2 SiNx)

- Gate metaldt S/D metaldt2| coupling0fl 2|8t parastic capacitance| 2/ S E delayOl 25Ok
- SiNxOl| HIGH dielectric constant)} 2Ct HE Si0,Jt & &
- SiO,= energy band gapO| 53 01 Al Laser UV light0il CHoll E =71t

(=14
=

bS

—

o =

Si0, 84 Y : LPCVD, PECVD, APCVD, ECR-CVD, Sputter. )| M0l A= HEE PECVDE AME)
1E-3 1E-3
1E-4 (a) 1E-4 (b)
1E-5 1E-5
1E-6 1E-6
< 1E7 < |7
2 &8 ﬁ 2 &8
1E-9 — 1E-9
1E-10 1E-10
1E1 1E-11
N ISP, . BT s b
-20 -10 0 10 20 -20 -10 0 10 20 -2 -10 0 10 20
Vg (V) Vg (V) Vg (V)

MI| A E4 "l (a) CVD, (b) gate
= PS-SOG (i.e., CVD-Free LTPS TFT). TFT2| mobility= (W/L=10/10 J| &)

©
(a) 143 cm2/V-s, (b) 33 cm2/V-s, (¢) 13 cm2/V:s

4L T =

OS= X ofor

X Of OFO}

= - T

—/

PS(Poly-Silazane)-SOG
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LTPS TFT|

Gate

A -

X Of OF

Gate Insulator

= L— T

AV, (BTS)

4.0

<5.0x 100

<0.1\W

HZE 20 (2 oxidel EH Hl WD)
Method) Process Temp) Large Area) Step Coverage) Eliesc;it(r:ljc):al Clidtact
Sputtering) Excellent) Excellent) Poor) Good)
LPCVD) Poor) Poor) Good) Poor)
APCVD) Poor) Good) Good) Poor)
ECR-CVD) Excellent) Poor) Poor) Excellent)
PECVD(SiH,, N,0)) Excellent) Excellent) Good) Good)
PECVD (TEOCS, 0,) , Excellent) Excellent) Excellent) Good)




LTPS2| 2 33 : lon Doping2} Activation

High Energy Doping : 8 =2 AM&0%6t= L4EH2Z gate insulator)t A= I phospine doping2| Z <)
80~100KeV2} 22 =2 d S JlolE&Lt. Ol M ofF glass= ion beam energy0ll 2|0l 2=Jt at=0ol=
CHEO| JUCH I Ho W20 e X2l Al2H0| dopingll 222 0|0 PRE MaskZ AE5t=0 JND

SHILE = UAS.

r
H

=J

Low Energy Doping : gate oxideS 22 etcholl LH11 %2 acceleration & &1} high ion beam currentS AIE

Current)} X282 80| EQAC= SEHO| US.

Actication : 2X2|E S50 Doping & 0|2=0| active channel L{ 0| A diffusionO] 20 LIH S+0 EH2H0(D

HNEH2 YTE 243 AlIHZT= &Y. Laser activation, furnace annealing, RTA(Rapid Thermal annealing)

S2| HEOl US.

Gate Oxide
C | Gweoxa O
I .
— £|S/D|n-| In-IS/DILI.'"JS/DIn- I
: (a) High Energy Doping (b) Low Energy Doping

Ton doping Al2| S JtXI 2| TFT /£ X

Physics of LCs




3. M2 &2 3E & 2lE(TPS) TFT

ARS8 L 24D

-

(72}
@)
—
Y—

(@]

n
Q

(7))

>
N
o



(72}
@)
—
Y—

(@]

n
Q

(7))

>
N
o

LTPS TFT S42 fIst Key Processes

LTPSS S84 23X =30 224D

o
(1) Poly-Si layer : 28 4, Grain defectS =& S.

o0

(3) MOS Interface : SiZt 1} gate E HEF A0S HH £ 4.

(2) Gate Insulator : RC delay0ll CH8t 85, UV light0l T &+ &

2 540

rk

X

Poly-Si

Insulator

N

i

¥ I f
/ Channel

Glass

MOS Interface /

LTPS TFTS SHHP X2 EH
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LTPS TFT E4

LTPS TFT)
S S8

=1
=

—

Mobility &athp

u>200cm/Vs

Gate Oxide H&D

$let Key Processes

Grain Size U

-

In-Grain Z2& 24D

o

>

G. Ox X gtal

Short Channel &)

L<2pm

LTPS TFT2

o=

o
12
U

Poly-Si HEISI)

-

Va8 U5

0

Drain L& k&)

LOD-less3hp

OlAIJEED

IHEAIZID] 218t Al

Low Depo Rate)

Particle Free CVD)

& CVD)

S AHSHaD

233 T2

Pre—cursor&t

Ex> Ta203p

Channel Dope)

%N gate)

Dry Etch)




P

FMHMF(Leakage current) BZ 7|&

ety 10
E-2 ; ; - v ——
1 r WiL= 20/7 ] N lon 1a
1E-3! Vds = 10V ‘ : »
1E-4 | e | E -
1E_5i l : Ton/Toff T B
| ¥
i 1E-6 | i g : d6 %
%; 1E-7 » 3 E : > As ;
-] 3 “ [ ]
= BF LDD Length : ‘g : -__‘— 1 %
— NO LDD : i '3
ko ) 1E 10 H \
1E-10 | 1.0 UM . 1-
1E-11 Preposamcac — 1.5um 1E-11 : )
| 20um l - o.  loff
B e & 6. & 0 E o s 1E-12 i k. SR T To
5 . 10 2.0 3.0
Yot LDD length (um)
LDD, Dual Gate AFE Al S4 H|l Wb
S4NE . LTPSTFTY SH&E S olLUE LCD S22 NotE =di.
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SMHME(Leakage current) &

Gate electrode ove;y)s LDD
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Gate overlap LDD £ 2t J|&
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JFE3|2 M)

Data driver : data line0fl video datag writing ol = S &

(1) Point & (2) Block &  (3) De-multiplexing 7 S )

Gate driver : gate linelil =X & 22 pulseE ClJIGIH S2lHE diF= HE.

Hoyne —— . o [i]
Heypock Shift Register Gate
1 Q1L B Shift register
[ ] [} [ ] e o
Level Shifter
1 QLB Y |scan direction |
[} [ ] o o o g . ]
15t Data 2nd Data 3rd Data 4th Data
— _Shift register  Shift register  Shift register  Shift register
Output Buffer S e SN
Q1 Q1 B I ]
B . o o o o Left FPC PAD Riaht FPC PAD
G I
- R \

Point addressingS ?l & data driver2| : Block addressing2| 0l )

Physics of LCs




7322 g7

.I Charge sharing circuit | _ _I Charge sharing circuit | _
PMOS Pixel Arrays | | PMOS Pixel Arays ||
240(H)X3X320(V) g ago(Hxaxea0(v)  |[=
© &
& £ Block & (a)2t Demux(TG) & (b)2 0OlD
I Anzlog slampling circuit I :F | Level sh.ifters + DeMux | ]:
& R
DAC+AmMp DAC+Amp
Teon Gamma Level Teon Gamma Level
Vcom Sifler Veom i
(@) (b} Summary
“S&E)| HESHSD IC) | LDoi&=h ZM&/8111)p
Point *&)| Analog) | DVC, DSCH =cl) TFT Sd &abh
HED
Block #=)| Digitald PDA) tsh Block2t H XtD
. Demux : C , - =
= a=) Hybrid) HHPD =Ry tsd | a-Si Uil MHEH Mob
- o

LTPS TFT-LCD2| =22 H|lwh
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AMOLEDE ¢gt LTPS 7|=

roII

LTPS J|=)
|

TFT-LCD AMOLED
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AMOLEDS #lgt LTPS 7|=

r

Cost ,——- Mobile Market

Power Cons

——————

om EEm Em o o o,

Brightness ‘Contrast

a-S1 TFT-LCD : &—— P-SiTFT-LCD: «<——> P-SiTFT-OLED : &——

TFT-LCD 2} AMOLED &= Hl 1 0D
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ol

AMOLEDS #let LTPS 7|=

r

AMOLED = 2| &l & 220042 & J|=)

s k= HENSD Backplang S| ED
Sonyp & b PDA LTPS(600x720) NEX, S5
SR & 2heb DSC, SUI& | LTPS(550x670,SEID) | MEX, &2
Pioneep = 2o DSC, SUi= | LTPS(600x720,Eldish | MEX, &3P
AUQ = b S LTPS(600x 720) N=A, &2
Seiko—Epson R&D TV LTPS(400x500) DEK, Inkjek
™MD R&D Mobil@ LTPS(550%x670) MKt &2
Philip$ R&D Mobilg LTPD J=At Inkjeh
Hitach? R&D Mobilg LTPS(730x920) NEX, S5

* SK : Sanyo + Kodak, SEID : Sanyo+Epson, TMD: Toshiba + Matsushita,
Eldis: Pioneer + SEL + Sharp
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6. System-On-Glass Jl= 2| 4l LTPS J|
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Sequential Lateral Solidification(SLS) 7|&

) Breakthrough Technology for LTPS
< First Shot >
~100% Higher LTPS TFT Device Performance &

R

NS
i
NN
I””;

Throughput

T
Now
[ ([

3
N

s
R

More than 50% Reduction of Process Cost

Flexibility for Crystallization

Complete melting & Lateral Growth

(@)

< Second Shot >

SRS
.:’:1,,/
L

o or™

smmannn

il

il
AN\
b/

(4

Stage Translation — Extended Lateral Growth

(b)

(a)Masking St beamOfl 2|dl selective somplete melting

Z = poly-Si2l D
= sf &l =

schematic

Schematic, (b) micro-translation & & HI Z& st 8t &

Physics of LCs



Sequential Lateral Solidification(SLS) 7|&

SLS requirements :

1. Spatially confined complete melting of the film
- Leads to controlled lateral growth

2. Micro-translation and re-irradation

- Leads to epitaxial lateral growth

1 L1

L B <« Mask pattern

- I Intensity profile

Liq“;id S(ili Lateral growth
- D mr T D
Liquid \\ Solidi Lateral growth

I 23 R D e e R O
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Sequential Lateral Solidification(SLS) 7|&

TS-SLS Technology

» Only two shots of laser irradiation completes the crystallization

-High throughput, High crystallinity, Uniform crystallization

RYAVTAITAITAY, AYALTAV YA 1TV
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Laser shot
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Thin laser beam crystallization(TBC)=
(a) Laser® beam profiledt Z & 3t

(b) Directionalot H Z & stA| 2]

AZ3HHD
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MLTPS 23 7|=

Temperature
Surface direction

a-Si E; Melting 4 Poly-Si
-

Oxidation film See% crystal

K. Morikawa et al, SID’04 Symp. Digest, 1088 (2004)

e e

Solidification =— ﬂ

a-Si %@ 1 Poly-Si
«—>

Oxidation film ~1 pm

Penetration depth = 70 nm

30/ 2 MIC (a) 2 MICC (b) 2| Hl )

Conventional MIC New MICC
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System-On-Glass(SOG) / System-On-Panel(SOP) 7|&

SOG LCD TFT LCD

Circuit area in this new system Circuit area

Circuit area in this new system Circuit a A
ireuit area
Circuit area i system

- o Circuit area Horizontal ditection driver IC
Circuit area in this new system

ImplementedAn Chip-on-Glass technology
£
-
=

Timing generator DC-DC converter
- LCD Contoller
- Reference voltage generator.)

Flexible connector

Flexible connector

Printed Circuit

SOG M2 13t (a), 2Bt LTPS LCD M S 2| (b) schematic Hl 1.
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SOG :Integration Technology( LDI on glass etc)

Low Cost : Driver IC Integration, Less Module — 15% Lower cost

Min. Development Lead Time : No time needed for Driver IC(S —1min)




System-On-Glass(SOG) / System-On-Panel(SOP) 7|&

S b SOG-LCD of & 5 Hl1p
ST PSPN 2.05 QVGA SLS 200pp?
- 3.8) HVGA
LG Philips LCD CMOS 70p
3.5) QVGA
Sharp 2.65 VGA 300pph
T™MD 3.5) QVGA Input O
SID 0401l 2JH= SOG MZ 2| 0l & Spec
Sony . KDDI AU
CLIE NX80V SonyTir;Cosson iszio4$ NTT DOCOMO
] = — W SO505iS
v e
! | _ L
| 1.94°(128x160) 1 \ 3
.5 05ppi Qj .
? 3.8”hVGA(151ppi) 2.3"aVGA(174ppi)
.2 03/08 03/10 03/11 03/12
e
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System-On-Glass(SOG) / System-On-Panel(SOP) 7|&

CPU On Glass

.ll -'
Audio circuitu‘_'

Audio ROM+

LCD ==

Voltage
Generator /L :

Block layout " T——
Sharp, Takuya Matsuo et al SID(2004)
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System-On-Glass(SOG) / System-On-Panel(SOP) 7|&

| Horizontal Driver |

Vertical Driver

VCOM

Driver | REF Driver || VVS3 GENJ

Display Area

Interface Block | [Timing Generator

|

Horizontal Driver |

VSS2 GEN)D VDD2 GEN)
A .4
Klex Cable Input terminals

Iterh

Specification

Number of pixel®

240xRGBx 320

34.56mmx46.08mm

Display Siz8 (2.3 inch diogonaly
Pixel Pitct 144um x 144um
Liquid Crystal Mod¢ Transflective
Interface RGB 18bit
Number of Color$ 262144
Dot Frequency 5MH2
Power Supply Voltagge 2.9y

Completely Integrated RGB Interface
Scan Inversion
Partial Mode(Changeable Area)

Functions 8—color Modg
VCOM Adjustment DAQ
Fully Integrated DCDC Convertep
Upped 7.6mm(including PADs)
. Loweb 4.0mm
Frame Widtth Lo 2 Omm
Right 2.0mm

&S et=l 2.3 QVGA SOG2| schematic diagram 1t specification




System-On-Glass(SOG) / System-On-Panel(SOP) 7|&

Importance of Design Rule

+E:m‘: Pitch = 255um

;_ '— L!-.—; _I_:—'_l.h1 ). = —'—;_
OO ¢
-- L} : 1 ) n

1 L] & J
; .Ii-:- L B8 B2 K
. - '

Design ruleO| (a) 4um Z 22 (b) 1.5um¥ [ DAC layout H| 1w )
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Key Issue of LTPS

Simple Processg

SOG Technology
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1. LC Mode
- Point Care Sphere
- LC mode
- ZAOKZ D=
2. Flexible Display
- RLAI)=2?
- J|IEo FEH
- TFT 2& =2 issue
2} model| &HCHH
3.a-Si TFT
SiZ23° 58 ¥ §4
- TFT s & 32|
- TFT EAHAl LHAME
- TFT-LCD SZ& 2|
- TFT x=2&a 24y
- e EusE e Y
4.p-Si TFT
- p-SiZ2&ES <Y
- a-Si CHH| p-Sie & &

-
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