{Km R Ay EE i FE]

The Technology of Low Temperature Polysilicon
Thin Film Transistor
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Chih-Chiang Chen
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Low temperature polycrystalline silicon (LTPS) technology has been the most promising method to
manufacture next generation display. Compared to the conventional amorphous silicon TFTs, the
LTPS has higher mobility and smaller design rule. To realize system on panel, the polysilicon
crystallization, gate insulator, ions doping and activation were widely adopted in active matrix array
and integrated peripherals circuit. Using those technologies we can achieve better device
characteristic and more system integrated. In this article we will introduce the technology of low
temperature polysilicon TFTs.
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1888 — » Discover LC material KB BREETREATSE
1981 Hitachi * Low temperature poly-Si TFT J& o
1984 Seiko * High temperature poly-Si TFT
1994 Xerox * a-Si display with poly-Si Driver
1995 | Seiko Epson | - Pixel array and Drivers Separately
1996 Sanyo * 2.5-inch LTPS AMLCD
1997 Toshiba * 12.1-inch LTPS AMLCD
1998 Sharp * 2.6-inch CGS AMLCD

Toshiba * 15-inch LTPS AMLCD

Sanyo * 24 inch LTPS AMOLED

1999 LG-Philips * 12.1 LTPS AMLCD with 5 Mask Process
¢ 0.7-inch SUFTLA Flexible AMLCD
* 2-inch LTPS AMLEP

Seiko Epson

2000 Toshiba ¢ 2.1-inch LTPS AMLCD with SRAM Integrated

Sanyo ¢ 2.1-inch LTPS AMLCD with SRAM Integrated
¢ 2.1-inch LTPS AMLCD with High-Accuracy DA
Toshiba Converter and Amplifier Integrated
2001 * 2.85-inch QCIF AMLEP
Sony * 13-inch LTPS AMOLED
Mitsubishi * 2.1-inch LTPS AMLCD with DRAM Integrated
Sharp * 8-bit Z80 CPU on Glass

* 8.4-inch LTPS Flexible AMLCD

* 17-inch LTPS AMLEP

2002 | Seiko Epson | * 2.1-inch SUFTLA Flexible AMOLED

¢ 3.8-inch LTPS LCD with Integrated Interface
Sony Circuit

* 1.5-inch Flexible AMLCD

Toshiba

Metal | Buffer Layer
SiNx/a-Si/N* a-Si
Metal Il
Passivation Gate Insulator
ITO Metal |

Intertayer

Metal Il

Passivation
ITO

External Driver IC

Irﬁegrated Driver/Systam 2.
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enhanced chemical vapor deposition, PECVD) f& 1
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8—15%) » 75 ZH IR TE 5 Fmsds ji ) S FE e ) 72 2 S
G (ablation) » 5 MUEH N S IR A A PR B RS 26 %
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MIC/MILC Metal Imprint

Lateral
Growth

[ Phase Mask | [ other |
Low Solid-State Laser
Cooling Rate
Joule Heating
PECVD, Sputter
Low
Tisperiiin Kr/O,, Remote Plasma |
Si-OH Reduction
High
Quality

High Density PECVD (ECR,ICP.) |

Low
Resistance

Low
Capacitor

Low K Material
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(catalytic chemical vapor deposition, Cat-CVD) I/
INEARETE (ANSRAR) - BT R GRS Rl B
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Sy WA R E SR 58 HERRE
EHMEEAAECH  EEEE LB R
AT AR R BAZIE H (W15 2 FioR) ©

*2. BUCES ] JEJE (nm) | BUEIRE (°C) ZEEH

Precursor #2347 548 © Cat-CVD | Polysilicon 150 500 R. E. 1. Schropp, MRS 00
PECVD Amorphous-Si 50 380 T. Tamura, MRS 00
PECVD Amorphous-Si 30 110 D. P. Gosain, JJAP 00
Sputtering | Amorphous-Si 100 200 T. Serikawa,EDL 02
Sputtering | Amorphous-Si 90 300 G. K. Giust, ED 00
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Grain Size (um)
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Energy Density (mJ/cm?)
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2w Bl NI | N ) N e S 2 N AT i o0
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phase crystallization, SPC) FY771% » (HEZE/NHE S
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Excimer
Laser

Attenuator Laser

Solid-State

Homogenizer

Laser Beam
Glass Substrate

crystallization) 977 =R B2 IR B REFI =00 - Kk
REUUER RS ASUER « & 7T AR EEEER
Bl D E ARG T > — st P A L 1 by e e
PRV T8 5T > 40 XeCl (308 nm)
KrF (248 nm) & JERAREENREN 2R
HREAREE TR XeCl T E > HATEIRE S HY
BU5E KA Toshiba ~ Sanyo ~ Sony ZF#PE £
XeCl FEEHHEMAY ST © 1 Sharp PR E 5%
A FA1%E & (metal-induced lateral crystallization, MILC)
B0 FEBCHES T ER S B gettering SRR TP HICH AR
7645 (continuous grain silicon, CGS) & » /2
T EEHTESS -
FHRMES TS — TR E NE S - Rk
HIRFIEREANEE S R A B (beam profile) ~ Ff#HY
B KEY (overlap) ~ FEHIRERHE - iEERIRENM
(pulse to pulse stability) EISNEERFAFARE ~ R
HRRIE QIE 4)  #F BRI BRI Y s
mnE o MRy T EERHBOR I E AL RS (grain size) » 58
WAy LY B R AR A 1) B R & (super
lateral growth, SLG) * #X1fl SLG HYBIFZE EE -
K RHERFMOREEEEES - 5350 FH
KA E A A A LFE T RET R - JE
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S e R En S » 590 » BERMES FEN RS
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b i E S
T WEam) | EEAst | s g BB
(ptm) (cm’/V+S)
XeF 351 )54 — 100 C.-D.Kim, ED 96
XeCl 308 %) 15 236 N. Ibaraki, SID 99
KrF 248 i1 — 329 H. Zhang, EDL 92
Nd:YAG 532 Qw) SEAE R 1.5%20 300 A. Hara, IEDM 00
Nd:YAG 532 Qw) ARz 1x2 202 T. Ogawa, EuroDisplay 99
Nd:YVO, (CLC) 532 2w) SEAE R 3%20 566 F. Takeuchi, IDMC 02
Nd:YVO, 532 Qw) AR5z 2% 100 510 Y. Helen, Thin Solid Film 01
Ar' 514 SEAE — 130 K. Masumo, AMLCD 97
Ar + ELA 514 +248 | ki + HAEW 100 — G. Andra, Thin Solid Film 98
MILC + XeF .
(L-MILC) 351 g - 180 D. Murley, AMLCD 00
?ég‘g) +ELA 308 icii SRR 260 N. Makita, AMLCD 00
ELA + Nd:YVO, e
(SELAX) 308 + 532 2w) | MR + HAE P 0.4 x 100 460 M. Hatano, SID 02
é‘icsl; Reticle Mask 308 IR R B 461 M. A. Crowder, EDL 98

aluminum garnet, Nd:YAG) FE & ~ BN
(yttrium ortho vanadate, Nd:YVO,) 75 5 Bl &5 B+
(Ar') RESE S 0% 3 Frr) > HNVEHEES A
HEEEREMAEENFENRE  HRES TEH
HAEWSE ~ i ~ [ERR HAGERAEAEES -

AR EIREE B i AR AGR - EIEEA K
U A Y IR L RS R A IREE - Tk AR
#5 [ REFEHT (diode pumped solid state laser, DPSS)
SR HOEERATE) T EIREEE SRR -
RS T EEERSE - PTG REER R E
SERBREENERETS &A= 52 5 A
e e o A RE R B B A R AR R T - R AN
£ 1060 nm FEAE " REER - BRI INRIGE (532
nm) * FFEE G A E R E N AES] 1%
B DERRRE T - (58 P A s =X S RE R 4
I LAt LGB T RS T B S A S Y (A E
5(b)) » FHEAHE > T F5 BT Bl SR HS B P H TR E
T~ BEREA]SEN: - HETERABMRGE Fujitsu Bl
Hitachi & -

R TS RMB SRS » EERE%
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BRI TR » ([EEE A B R TR A1 HE B A
S 7 2 FIHE Sty i SR B B B B B T R
MRS 2] - By T ANGEAE LY B AL SRRyl
BEIREEE - N —URIERE ST R R Ry B 2%
A EEEG o A E A RV AL SR~ 18 R 1R A 1A RS A
(sequential lateral solidification, SLS) ~ EHAE 7 75 B 1
()% Ee (CW-laser lateral crystallization, CLC) f33&E
T $8 K 3 BT A5 & (selectively enlarging laser
x'tallization, SELAX) $f2% (W15E 3 fR) » AR
PR HE R S R B A RS A SR - [E 6
Fy¥E oy T EE S B [ HE B A PR - PT DI ER [ERS R
SR ] DU S 50T B Y R

Ry TR ERRI R - RIS
Al (super-cooling) HYFFM: » WAKHIRE 2 Al A B2
IEHUAE AR » Bl & dMERIEEEI LR (ADEE) ~ W
TERYRE ARG R ECHIREE (A% 3 Fw) » EER
REFRERSE - AT — TR - TP
B R Y et Rz ST = FHRR HE 951 8 S Y s Rl R ]
(melting time) FJEZ3F » T2 RO IRITHE AL R
B N AR ST (59 0.1— 1.5 um) o 1 [ REE



RS ST AR R R - G REAIRGREE
BRI ok ROT AR S8R (79 1—100 pum) © FE0E
[i] HS B SR A B B Y AR HE 73 B AR » (ST
AR AR G B R TR AR R A0S T 1 B AR AT -
Hitachi FI[F¥E73F55 S ECEREERY Nd:YVO, &F
EHIESS AT 2] 460 cm’/V - S BYREENER © T Fujitsu ££
HEEAE A Nd:YVO, FEHTEREIEZEIE (566
cm’/V - S) KR8 Y H IR EE SL B AN > SRR
SRAM GEMEEGNIEER F - HETZED
& B AREEANR =1 LR R
FRR I ERAHE R » TR EFEREE
BERGRA - KRR EEL -

5~ FEBE( LR

R T EFERIREAE - KEEEESEENE
B (AR LB AR LB B SR B L2 A R
RGN E R A TFT-LCD HYELE AL - AR
(LB RIS R AR - [RIRE R DOZ SRR
ELKTHTERIER  Finl 25 S AENS 5 B 2K
TEMRHYPRER » #EGR 2R (buffer layer) HY SiO, B¢
SiN, ~ [ &AL R EE G # mT R B H it - 2
LCD HifiELE R rl sy as o F RGBS L
fg ] #HH SiH,/N,O 5 TEOS (tetraethy-ortho-
silicate)/O, ZREE: - HHLL TEOS Frpl R iz ]

600
500 @
| Solid-State Laser
& 300 Crystallized LTPS
> Excimer Laser @
5 400 Crystallized LTPS PY
2
% 200 -
=
100 —
0 T T T .
0.1 1 10 100

Grain Size (um)
6. %5 T H 4L B A F AT b -

M L BB Z 1 (step-coverage) BifE: - Hig
EJERTE 4 % 5% -

SR A B A B (L B2 R A H T R T i R L R I
HRERNR=HEREDERERSE - RIRAT
ol 5 ) o i 481 T 5 i LA 8 2% 1) ik P B SR T
BH - FIFEEVERRR SR~ SRR - RS
BORKERBNEEN(E » (U1 RIRR AL SR R Fe e
A INEBEE - R AEER LR TR E - 53
— = R RE R R R LI Y T i e 2 R R AR
HLERAHIE IR » W FEARFEEE A (inductively-
coupled plasma, ICP) E{E FHEHIREESE (electron
cyclotron resonance, ECR) » FJ B EEERR
Frig A RRE & St T AR - ISR
Fmig i I R R e (R (03R4 P © 1Ry T30
Rt E LR E - IR ECR-CVD 1E& A
{LERAEIY M E L - HARRESGHAE
FEAZEIA -

SH—J7H R T EEIRAERERE NEAE
PR [#25(FE AT (remote plasma, RP) {LEZSREAHIIAR
BB S LRI - RILUE R R AR
552 > FIFHERES 5 BERY 7750 BUE excimer
lamp "I S HBE N S FE A Ot L - B EIR
JELE 25—350 °C ZfH] (AR 4 FiR) DO
HEREEIE T U R R LI - R TR m
WS REEBE T/ % (ion bombardment) FTig B Y5
HER AR SRR - R T BEARENFRE.LIN 0 TC
FR A RSB - RERd & (8 BB A (L
BERAHETE T P R = (stacked) ELE > A
EHPLIIEHIRR -

FHREBER R ER N FEFRRErEE > DL
Yy SR AR 5 =R B B8 1 B g th 2 A SR
o HE R TERE SR RMEEERE S EHE AT
HE o RS E R E R B TR
2 o Toshiba ELEKINHEES 80 nm FEMEA L& S
ABREEMT &8 EE R R
RHVEEL — » REEE S/ R R Hy i B
'BRIFER - FERET 2 AHRA Al S5 R E Al N A R
HY o 5946 » BIREALERYENF (cleaning) /2 EE]
Bz — » B H AR IRE S 26 R b RIS
(top gate) » ANMEUI [ Mt v ELAT SEE B DR A ) (3
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k4. WA aACR e s 48 o

BUCSES FEEME | FEom) | EERE CC) | FHIEES MViem) S2HEER
PECVD TEOS-based 100 315 8 M. Watatani, AMLCD 94
PECVD SiH,-based 350 280 — K.-H. Lee, ED 98
PECVD SiN, 350 280 — K.-H. Lee, ED 98
RPCVD SiH,-based 100 350 — K. Yuda, AMLCD 97
ICP SiO, 10 350 93 C.-H. Tseng, EDL 02
ECR SiH,-based — 80 5 R. Rashid, MRS 01
ECR + PECVD SiO, 20 + 80 100 35 Y.-J. Tung, SID 98
Photo + PECVD | TEOS-based 43 +40 300 8 Y. Nakata, IDW 01
Ion Plating SiO, 50 23 9.3 C.-F. Yeh, EDL 96
E-gun Evaporate SiO, 100 100 — C.-H. Kim, MRS 01
Sputtering SiO, 20 200 10 N. Yamauchi, ED 94

B HAEE ZEEES(E - GEY - Bk
BBMES NN K G ORI R e
Rl SR Bl - RIS LR BEAE GBS o R S
AR R I BB EEL - F RiEF i =E
DHF ~ 5N RS ~ T E R LEEERS
T — ARV R F E T > 20 RPSC (remote plasma
source cleaning) REAH H & RER M 2@ H -

N~ SFIE(LERERRESRKE

Ry TEF IR E = AT RN - R T sAmET
— RN B RHERT (seamless tiled) HBH
FHN o FEERGHIRH LB R 5 22 FEHE
PELELE R BB/ B o O R SR L B RR O BA A
WITHIHE - tna e E RAEEEME @ &
TFT-LCD HHEEIZHIREER L - HEnEEE
ERGEEEER % - (YRTFAEEETE (electro-
migration) ~ & JJZEF], (voids) EAHEFE (hillock) S5
’E - AR E R SR RS E TR g A RS
RITEDLERE - SRR SR e BB BB — (S
REIRE - B AR R R AL - 2251
BTN TIIE & W= ARS8 (A ALNd) 2ReE @ BN
JERR AR LCD A BEREHEHED
B o T AR A A8 - SRS R A
KEIPEAE (205% 5 Fr) » BREREIL -&F
(RC) FFfHAEE R BB R e - THEME A
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AR - HESHE Rk - b
TS AT ER i i B 282 (W@ 7 Fr
) © S SR AT PR H R JE B R (LR RS (electro-
chemical plating, ECP) H9J7=URHSRFEEFE > H
HeAl S SRS B KIS AR R A - 0k
RS AR BB ECE R RE ST N L ERLT - AT
TRETPARERR - SRS EEAE RS AT SENE -

FH A S BER E A IR MT 4 (adhesion) 7=
[ FRF Ry T 30 o0 B0 B PR AR B Y A S T 7 b <
JE - H L W LA—FHMEE (A Ta, TiN, ALO,,
ITO..) I B s A EE G IR 14 » B
A& (A Ta, AIN, MgO, Cr,0,-+) » DAFAIE
PRI ZR 55 B 12 A SRR S0 TR S BB R SEAR P i 5 =
(WF= 5 FR) o BR T IRAREAREE YL - R/ R
PR R AR R o RIRE Y NS E
BB FE IR Bl (= AT FE Y B R Y1) - B B S
PREERES -

E LR AE ST = FE i = NP
FCEHR TR TS - EBR GG ~ WL PR B B
FEM B RIRCERAE - EEEEEN B R BT
HALMBHRHE TTO FEREFE M4 A 7T 15 10 78 15 7B iy
HEMTIEAR - > HEA ELEH 0 TFT-LCD K& 5
B ITO Ef ~ SRR - IR SFIH 2 =
[ > DIHRERE A AR EIEYE T (integrated color
filters) ~ #& = A 4AME (integrated black matrix) 5%
oA HIERE (integrated spacer) ~ & SEUH FEZE L
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Resolution x10 (PPI)

Diagonal (inch)

7. AT E AR R AT B -

30

40

TimEERAEY o v B gL RAAE P
AR TR T B R BRSO AR (A benzocylobutene,

BCB) » WILIEUHIE R A EA

KSR

INEMEME - DIER AR o LG-Philips £
ThEHZEH 20.1 I UXGA H2 15 I QUXGA Z HiE

RS KA SR RAZ S

I R VLTI DA AT B R e R
EIRTRETY » BRI (L (S (s G i
ENCENT R

€ BEUIRHVERBERKE

PRI AR AR AR A 7 KOl R (o FH P = iR
BB - FI R IR ALY I S B e AR
TR B R & EE PR AY (B B 0 2 RS O Tl i
(plastic/flexible display) HJ —5E§E (WIE 8 #R) °
H R R R ax B O B B Ry T B il SR B 48
EREE R R (158 6 HER) o 1 Al B h BUFE 5
2 F LRS- — R R A e B A
BERBHN - SR BB ERER IR - 5
B PRI LA B (e e M S S S I B AR A 1
&= (EHMERE S ERRENEE T HEL
[ > EELE AT g OB B AR A T B B S HE R
72 FN R B EAR AT R e B i B
o FEERE FRREEREESTD - BRTERAES
TRE RV EBIBEMRAN - FEHBH 8 BRI IRty -
ALY LR - B & B R AL BT LAY TR

Bl

= UFE Y
S 5 | MR BEER
MoW MoW 300 — 13 Toshiba
Mo Mo/Ta — — 15 —
ALOJAI — — 35 J-H.Kim, SID 97
Al ALNd — — 5 H. Kinoshita, SID 99
TiN/AUTi — — — Sharp
AIN/APC (Ag-Pd-Cu) | 20/100/6 300 34 S.-W. Lee, SID 02
/ALO,
Ag Ag 100 300 2.1 W. H. Lee, J.KPS 02
MgO/Ag-Mg 100 300 42 W. H. Lee, J KPS 02
Ta/Cu/Ta 50/200/50 — 33 M. Ikeda. Japan Display 89
TiN/Cu/TiN 20/— 120 200 2 S.He, IITC 98
AIN/Cu/ ALO, 20/100/6 200 25 S.-W. Lee, EDL 02
Cu Cu 240 — 25 J-H. Lan, EDL 99
Cuw/ITO — — 2 P. M. Fryer, SID 96
MgO/Cu-Mg 15/400 500 3.6 W. H. Lee, APL 01
Cr,0/Cu-Cr 20/160 400 45 H. Sirringhaus, EDL 97
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Electrophoretic

Glass

320 x 240

* Gray Scale =4 Level
* Area Ratio Gray Scale
* Aperture Ratio = 75%
* EP Driven at 18 V

S. Inoue, IEDM 00

Organic Light
Emitting Diode

Glass

13

800 x 600

* Top-emission

* 4-TFT Current Mirror
Programming
Micro-Cavity Structure

T. Sasaoka, SID 01

Light Emitting
Polymer

Glass

2.1

200 x 150

Bottom-Emission

Area Ratio Gray Scale .
T. Shimoda, IEDM 99

Time Ratio Gray Scale
LEP Driven at 3 V

Light Emitting
Polymer

Plastic

2.1

200 x 150

SUFTLA Process

* Panel Thickness = 0.5 mm
* Panel Weight=32¢g

* LEP Driven at 3 V

S. Utsunomiya,
EURODISPLAY 02

Liquid Crystal

Glass

3.82

480 x 320

* 6-Bit Data Driver and Scan

Driver Integrated
T. Maekawa,

* Interface Circuit Integrated
EURODISPLAY 02

(Timing Generator, Reference
Driver, DC-DC Converter)

Liquid Crystal

Plastic
+
Glass

84

800 x 600

Thin Glass and Attaching
Flexible Sheet (0.4 mm)
Normal LTPS Process

Panel Weight =20 g

* Radius of Curvature = 20 cm

Toshiba

Liquid Crystal

Plastic

0.7

428 x 238

* SUFTLA Process

* Frequency of Data
Driver = 1.3 MHz

* Frequency of Scan
Driver =4 KHz

S. Utsunomiya, SID 00

Liquid Crystal

Plastic

1.5

240 x 160

* Back-Etching Glass and
Transfer to Plastic Substrate

* Normal LTPS Process

* Color Filter on Array

* Panel Weight=0.5 g

A. Asano, SID 02

12 ATERHR R R EE T R
{HEHRE R C BRI - ERESEM IR - B
RN BB EA G SR - FIFHERESE R BEE
EtR BRI R AL RS EARE RS - DIGERGE RN
B AT R T Bt i - R B HAR AR H e
MBI - B2 PRENEE 5 70 AR (surface free
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technology by laser ablation/annealing, SUFTLA) > H
THIE B B B LA O (R URLAE A B IR R AL G D Bl 2
HIBFAR AT - A H A E R IR S e
52 (EREIBHEMRE RS AFTERIR - thiE
THERAE » JI7K Seiko Epson [ IHiF] FH Lt filir 28
7 AMLCD Ei AMLEP F2EBTHINR (213 6 FR) »



AN AR BRI GERE A E T > BS
5 F 4B A (polymer dispersed liquid crystal,
PDLC) ~ B#FE 5 " HifE (organic light emitting
diode, OLED) * 227K (E ink) 8Y gyricon ;25
B IR HI RS BT B NERAA R R DA RS
e R R AT o B e BA MR
P EEE - nTERdh B AR - A5 RIR
BRI HEE LS - HARRIER HIRE LS
B8 B R ELER R BB N (79 0.1 pA) » AKEEE)
T P A e T e = Y EE R B KT
o MERIRE SIS ETURE (7 15 pA) IR
B MRS BRI EOR o (R EE R
EHBREIZEE S A RS MiS SR -

R T BEENEREFE S - TRER R SRR,
ZaRE - WS AR K RS B TR 9 ) PR P R BT R R (B R
B ER—-ERPFE_EAEERESE > L
R H A PO Mg E RN R N LR -
P AL S B B R R R TR B A B B
S o DUEIR 8 S by i Na& T HE R B = 3 AT AU E
Bh o AR MRS RIS I A R 5
i > S E eEHEESEENHREAS S E - 5Bk
FHA 25 22 [EI AR R 5 I B FH AR AR B B B 42 RS 22 T AH
[ RIRE AT RS BRI E R M T F P EME
FHHIETRE o BHARRAEELE EANE RS ~ Rk IhRE
MERERIRE S ERME - ARG RERE LR BT
FEAE A E BAE H T (R2R, roll-to-roll process) HYBH
% > tH(E 1 E s BESAEET ) (AE 8 #R) -

N\~ #EEE

DRI R TR L = AT FE 3 - B T R T T
RV R SRR - B TREC S ELE R
mEEAPEIECH - AR e nT B
PR - EERIRHEAHR AR - PR RIS

High Rol-to-Roll  Hyper-Fine High

Voltage Process Process P Erfo_F":n?nce

(T 1N

SYSTEM ON PANEL

Multiplaxar
DC & Amplifier
Shift Resister

T 1
u CPL H DilJthSignaIJ—| Sengor & Antenna y

Low High OLED &
Power Speed EPD...

Value-Added Circuit

Gate
Diriver
Cirewsl

Timing

8.4 @ 4R (system on panel) #9% K °

e AR RS B2 TR S IN(E E - AT
R E EARIRE SR - mERACHT —
M pkEk L H s AR R A AL > A0 {RIBE T
REER TSR E oS \BIE R S R EE 5
TR {5 Bl 5t B S ST AR [T S Bl B S U EL R, |
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1. N.-H. Kung et. al., SID, 908 (2002).
2. AEEEEEE T EMBIEGS, 14 81, 113.
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