B s B EEE =
MATERIALS AND
VYOLUME 2: POLYCRYSTALLI
THIN FILM TRANSI
1

edited by

YUE KUO



Table of Contents

List of Contributors ...t e X
PrefacCe. oottt et bbbt e e e ea Xi
CHAPTER 1 Introduction ............ccccoooiiiiiiiiii e 1
Yue Kuo
1. The Increase in Poly-Si TFT AcCtivities ......ccccoeceivvevvvvieeceiie e 1
2. Scientific and Technology Issues on Poly-Si TFTSs..........c..coceenenne... 2
3. Chapter Flow in the BOOK .....ccccoovviiiiiiv e, 4
CHAPTER 2 Poly-Si Thin Film and Substrate Materials ..................... 8
Oliver Bonnaud, Taveb Mohammed-Brahim, and Dieter G. Ast
1. INtrodUCHION ...ccoii et e 8
2. Poly-Si Basic Material Properties for TFT Applications................... 9
3. Dielectric Material Properties for Poly-Si TFT Applications.......... 52
R F Lo Tt 1 = S U 66
5. SUIMIMIATY «eeeveiiiciee e er e ettt e e e et e e anse e e e e s snneeeeeeessnbe s 82
REFEIEICES .oocvvivitiie et ettt et eee e e as 84
List of SYMDBOIS ..o e 92
CHAPTER 3 Physics and Modeling of Poly-, Micro-, and Nano-8i TFTs
...................................................................................................................... 95
Benjamin Ifiiguez, Trond Ytterdal, Tor A. Fjeldy, and Michael S. Shur
L. INIrOQUELION ... .ooieiieieeercet et e s saa b en 95
2. Physics of Poly-81 TFTS oo 96
3. Poly-Si TFT Device Models ......cc.oovviieeininveeecenicence e 103
4. Micro- and Nano-Crystalline Silicon TFTs «...ccooooveeceiiinicnrnn, 120
5. Circuit Simulation Examples ......c..ocoeevvcevvce v ienee e 133
6. SUITMYIATY cveeeeeeeitrecieeiinessrrrissreesesssnssssnesstessnessoessossessensanssssnesssssnnes 137
REfRreNCES .ottt et e e e e et e r et e 138
List 0f SYmMDOLS ..ottt 142
CHAPTER 4 Poly-Si TFT Structures.........ccc.ooceveennncnncenncnnecnneen 145
Ryoichi Ishihara
FORN 17 0T L1 Ui 5 () U 145

2. Basic TET StrUCTUTES ...vvevrvrieeeriiieerrrmnnrrrrrsresirseiessressssssrnssseseressenes 146



vi Poly-5i TFTs

3. Drain EngiNeering........cccooimininirninniniininie s saseseniannise e 158
4, NOVEl TFT SIUCLUIES ..vovevvieieeerveirrereeireniieieettean s seseressiennssresseeneaes 165
5. SUIMMATY ..everriiiieiiitiirieeesierreribesbsese e et errare s b e serassnes seessaressmesssrrens 170
References .......ccovecmnivrerninnnnn. ettt e e b e et be bt 171
List 0f SYMDBOLS ..ocvoiviiiin i 175
CHAPTER 5 Poly-Si TFTs by Laser Crystallization Methods ........... 176
Toshiyuki Sameshima
1. INtrodUCHiON....ccoiiiiiiiciiieees e e e et eee e s s s en e e 176
2. HISTOTY (et e e 176
3. Pulsed Laser Heating and Rapid Crystallization...........cccccee e 177
4. Structural and Electrical Properties.........occvvvccniiennenvecicniiceninnen. 184
5. Poly-Si TFT Fabrication and its Characteristics ...........ccceeiaeenecns 206
6. Large Crystalline Graifl......c.cccceonmvinivininiieici e, 210
7. CW Laser Crystallization.......c.ccoocovvvireeervernrerecniiie e 211
8. SUIMMIATY .eveeeeriieeret et see st bs sttt e bbb e 212
RETEICIICES ...ovivvecieeiiii ittt e et ot soe e e rs st b 214
List 0f SYMDBOLS ..oooiiiii e st 219
CHAPTER 6 Poly-Si TFTs by Non-Laser Crystallization Methods ... 220
Jin Jang
1. IrOQUCHION. c..c ettt st 220
2. Solid Phase Crystallization (SPC) by Thermal Methods.............. 221
3. Metal Induced Crystallization of a-Si....ccovvvviiieicni 230
4. Non-Metal Induced Crystallization...........c..ccccccoonnniinicinninne 254
5. SUIMIMATY ..oeveeeereereereeiresvee st sieeree s sis s sms st s e st s ssmars e s s et s snsesmsssieens 260
RETETEIICES ..ttt ettt e e b e r e e ebt b e st b s 261
List 0f SYMDbOLS .....ccvviireereeiisiiics e s 270
CHAPTER 7 Poly-Si TFTs by Direct Deposition Methods................. 274
Jin Jang
I, INTOQUCLION  .ertreiiesre v verreseerecrnescr e tssrne s e erbann e e e semesr st anee 274
2. Plasma Enhanced Chemical Vapor Deposition of Poly-Si............ 276
3. SPUHETINE .. vovereerrerresreereenrstsiaictie e esr e se s s et 282
4, Low Pressure Chemical Vapor Deposition............cccviiiiecnnennne, 283
5. SUIMIMIATY .creiiiiiietiiieiieecsmreeasaesasssae et re s betsonnes sarasassasnsesrsaeansrsbenan 286
RETETEIICES .oeiirvrereeiirrerrestiesires e e e emeerer e s seneeamr e s nas s san s e rs s nae s sb b e eabees 288



Table of Contents vii

CHAPTER 8 Doping Techniques for Poly-Si TFTs........................... 293
Shuichi Uchikoga
L. INrOdUCHION.....cciiviciir ettt e e e e 293
2. Impact of Doping Techniques........ccocveeverieievierecieieieece e, 294
3. Doping Methods.........cocccniriiiieniieiiice e e 297
4. Activation of Dopant Methods.........cccoceeevenviiiiiiinice e 300
5. BUMIMATY oot ceeesie st ert e e eneeeve s et et e e e r e ean e et eeesaeeeenes 302
RELETENCES ....oivvevirieretiee et er et e ene e 304
List of Symbols ..o e 305
CHAPTER 9 Gate Insulators for Poly-Si TFTs........................cc......... 307
Shuichi Uchikoga
1. INFOQUCTION. .cccitrtierriaeiet e ce e err e e s e sbe st e s e eenrene e e s ree s 307
2. Required Features for Low Temperature Gate Insulators.............. 308
3. Oxide FOrmation ........cccceiieviineee et 310
4. Electrical Properties..........ccccceiviceiiecr v et 315
5. SUIMITIBIY 11eviiiiie e s e s s e e santsete e e es e e eeneeeeresaeeerenens 318
RefCrenCes ..o e 320
List of SYMbols .....covoiiriiee e 322
CHAFPFTER 10 ©Process Integration Issues for Poly-Si TFT
Fabrication...........oo i 324

Seiichiro Higashi

1. INtroduction.....c.ccoieeeiiiieie e e e 324
2. Key Process Integration IsSues ..........cccocvecveiviniciiiiciieee e 326
3. Poly-Si TFT Performances .........c.ccocooviciniviniconnc e 345
G, SUIMIMATY «.ecevecreeerreeeecastrrertsrrrrareertaesseseassestas sssansesesnrsrsarerssrsesses 354
ReEfEIENCES ....cvvcriviiiccin ettt st s 355
List of Symbols .....cccoiieoiiiiiiiiiiniciniee e 358
CHAPTER 11 Poly-Si TFT DIivers .........cccccoeieeiieieciiininrrenise i 360
Byong-Deok Choi, Inhwan Lee, and Oh-Kong Kwon
1. INtrodUCHION. ..ot ettt nr et e ee s 360
Poly-Si TFT Device Characteristics for High Performance Display
DITIVELS oottt e e e e 366
3. Poly-Si TFT LCD Data DIivers ........cccoeeeiinieeieeienererrsreesressrannens 372
4. Low Power Consumption Driving Techniques and Circuit Design
USINg Poly-S1 TET ..o e vvrssee s et 401

5. Fauit-tolerant Poly-8i TFT Circuits .....ccooccevcevievverceiirecineiierenan, 407



viii

Poly-Si TFTs

6. Poly-Si TFT for Organic EL Display: Pixel Desigh...........cc..c.... 409
7. Comparison of Poly-Si TFT Driver Circuits and a-Si:H TFT Driver
L CUIES c1 et ceeirear e et ecms e bb s st bbb s e e s s e e enn et on 416

8. SUMMATY ...c.veirieceriinriiresie it e e 420
RETEIENCES vvnnvieiieeiiirerricieet e rre e bt sis s s b et s b e e e bbbt 421
List 0f SYMDBOLS .ooeiiiirieceniicinicsn s 424

CHAPTER 12 Approaches to Poly-Si TFTs on Flexible Substrates ... 426

Youngchul Lee and Stephen J. Fonash

1. TIrOAUCHION....eeicrieieictinit s esre e ieee e s ssab st e e e m gy 426
2. Substrate Materials........cccovvvr i 428
3. Direct Fabrication on Flexible Substrates.........c.cccovvirniiicininnn 431
4. Separation and Transfer Approaches ...........cceeeiiciiiiiiinnninn, 447
5. Reliability of Poly-Si TFTs on Flexible Substrates ............c....c.... 453
6. SUMIMIAIY ...ooiviiiarieircrrer e seseecetbsae et sresresae s b e bt bbb e 458
RETETEIICES evvvvvivviiceieersirren e eemente e resen et r e srsse e et n e et a s r s er e s 459
List of SYmMDBOIS ..ot 462
CHAPTER 13 Poly-Si TFTs for non-LCD Applications...................... 464
Yue Kuo
1. TALEOAUCHION .. ccveerisreriecteettesreesieesenresres s ssnesse s senanrasanrams e asbesibens 464
2. Applications in VLSIC ... 465
3. Non-VLSIC Applications ......cccocivvvrimnsiiimneiseeinn 477
4. SUMIMIALY 1.vevverierisiiieries st et s 492
RCHCIEIICES . oeiieeercrvicrineirnrrreseeass e teiata s b b s s e s e s b nsarn e s e st sen e anb b baasbe 493
List 0f SYMDBOLS ...evvviciitiiiniiineti s 496



