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Abstract

Improvement of Low Temperature
Solution -processed Oxide Thin Film
Transistors by O 2 plasma, UV radiation
and Biased-H>O annealing

JeongSoo Lee
Department of Electrical Engineering and Computer Science
College of Engineering

Seoul National University

Solution-processedoxide thin film transistors (TFT9) with zinc-tin-oxide (ZTO)
and indium-gallium-zinc-oxide (IGZQ have attracted corsiderable attention for
the driving elements of active matrix display instead of Sibased TFTs and
organic TFTs, because of high mobilityyisible light transparency, flexibility ,
wide range of materials and antrollability of electrical properties by abmic
composition. Solution-processed oxide TFTs show superior performance for
active matrix liquid crystal display (AMLCD and active matrix organic light
emitting diode (AMOLED display backplanes, compared with solution
processed Si and organic TFTs which have a number of issues. Furthermore,
solution-processed oxide TFTs are compatible with large area due to good
uniformity and high throughput, so that could be a method for adgéving low cost

fabrication contrary to vacuum processes

Among various ZnGbased oxide semiconductorsZTO TFTs employing tin (Sn)
material maybe promising candidates forachievinglow cost processes because

Sn is aquite low cost material compared with widely used indium (In).



Solution-processed ZTO TFTaeed to be fabricated on inexpensive and flexible
substrates such as glass and plastic for additional cost reduction and application
extension to a flexible display. Fosolution-processed ZTO TFTfabrication with
these flexible substrates, low temperature processes are necessary because
these substrates are easilydamaged at highannealing temperatures. At low
annealing temperature however, solution-processed ZTO TFTshave poor
performance such as low a-current, high threshold voltage and low mobility, so
a rather high annealing temperature exceeding 500 °C is required in solutien
processedZTOTFTs.Toimprove the device characteristics of solutiorprocessed
oxide TFTs even at low annealing temperaturen an active layer, astudy of the
effects of annealing temperatureon the electrical characteristics of solution-
processedoxide TFTs and the efforts © achieve high device baracteristics of
solution-processed oxide TFTs even at low annealing temperatureon active
layer are desired.There were some efforts to investigate the effects of annealing
temperature on solution-processedoxide TFTs, but the electrical and chemical
mechanisirs of annealing temperature on solutionprocessedoxide TFTs have

beenscarcely studied

The purpose of this thesis is tdabricate oxide TFTsemploying solution-process
for an oxide semiconductoractive layer with various annealing temperatures to
investigate the effects of annealing temperatureon the electrical characteristics
of solution-processedoxide TFTs such as threshold voltagesaturation mobility,
and reliability, and to improve the electrical characteristics of bw temperature
solution-processed oxide TFTs for low cost, stable, and flgible active matrix

display backplane

The effects of annealing temperature on thdonding structure of ZTOactive
layer in solution-processed ZTO TFTswere investigated and the chemical

formation equation of the ZTO active layer with regard to the annealg



temperature was established

To improve the electrical characteristics of bw temperature solution-processed
oxide TFTs according to the investigationof effects of annealing temperaturein
regard of the chemical formation of ZTO active layerO; plasma treatment, UV
radiation treatment, and the biasedH.O annealingwere proposed to achieve
high device taracteristics of solution-processed oxide TFTs even at low
annealing temperature Moreover, the effects on electrical andchemical
characteristics of solution-processedoxide TFTs with proposed methods were
investigated in detail. These proposed methods to improve the electrical
characteristics of low temperature solutionprocessed oxide TFTs would be

suitable for the low cost, stable, and flexiblactive matrix display backplane.

Keywords: Oxide thin film transistor,  Solution -process, Annealing
temperature , O plasma, Ultra-Violet radiation, Biased-H,O

annealing

Student Number: 200 8-20944



Contents

PAY 0 15 (= (o1 TR PRPRUPRURPRT P

(O0] 0] (=] 11 £ TP T TR UTETRURRRURURN |V SR

LISt Of TADIES.....ceieiiieeee et eemmmmme e e ML

LiSt Of FIQUIES ....cuviiieieeii e e e s DK

Chapter 1 INntroduction...............ccovvvvtimmmmmm e e e eeeeeene e emmmad

1.1 Recent flatpanel display technology..........c.cccoovviiiiicccceeeeneennn. 2

1.2 Device parameter extraCtion...............uuuiiieeeeeevemmeeeeiiieeeeeeeies 12..

1.3 Dissertation organization..................ccceoemmmmcciiieeeeeeeevvvneennnn 14

Chapter 2 Review of solutiomprocessd oxide TFTs.....16
2.1 Overview of oxide TFTS.......cccieeeiiiiiceeeemceie e evvmmeeen LT

2.2 Advantages Of SOIUtIOFPIOCESS............uuvvvuuiinimmcccmeeeeeiiinnes 25...

2.3 Solutionprocessed oxide TFTS........covieerieeiiiiceeeer e e e eeeeeennn 30...

Chapter 3 Optimization of the fabrication process of

solution-processed oxide TFTS......ccccceveeevvvvr vummmmmmneen. . 36.

Bl OVOIVIBW. .. eeeeeei e e eeeemem e e e e e e e s mmmmemmme e eeaneeaensenenneneed T

3.2 Structure of solutionprocessed oxide TFTS.........ccvvvvvvnnnnnne. 38.

3.3 Stirring time on solution-processed oxide TFTS.................... 41...

3.4 Active layer thickness on solutiorprocessed oxide TFTs....... 56

3.5 Effects of passivation on solutiosprocessed oxide TFTs....... 60



3.6 Electrical characteristics of solutiorprocessed oxide TFTs...63

3.6.1 Transfer CharacteriStiCs..........cvviiiiiiies emmmmmnme e e eeeevi s s 02 O3
3.6.2 Reliability characteriStiCS..........uvviivveresmemmmmmme e e . 08

Chapter 4 Effects of Annealing Temperature on Solutien

processed oxide TFTS......cccoiiievieivin v e e e s e d D,
Nt Y/ o] 1) V7= L4 [0 o IR 4 o
4.2 Fabrication of solutionprocessed ZTO TFTs with various
annealing temperature..............ccuuviiisceeeeeremee e e s eeeemmmmmeeennn s A B
4.3 Electrical characteristics with the increase in annealing
(0] 0] 01T = LU OPPPPRPPPRE o 0
4.4 Dechlorination on threshold voltage with the increase in
annealing temperature................ueeuiiicccccceeeeeeeeeii e B3,
4.5 Dechlorination and crystallization o saturation mobility with
the increase in annealing temperature.................uiiicccccceeeeeeennns 89.
4.6 Reliability characteristics with the increase in annealing
TEMPEIALUIE ... e e eeeeee e DD
4.7 Chemical formation equations with the increase in annealing
TEMPEIALUIE ... rmmreee e ereeee e DD
4.8 CONCIUSION.....ccoiiiiiiiiee e eeeee 9D

Chapter 5 Improvement of low temperature solution

processed oxide TFTS......cccoeoeevvivinnvmmmmmmm e e eeeeeevne el 00

5.1 Improvement of low temperature solutionprocessed oxide

TFTs empoying O plasma treatment...........ccoooevveiiiiccceceenne. 101

5.1.1 MOtivatioN ..ot e L O L
5.1.2 Fabrication of solutiorprocessed ZTO TFTs employing.®lasma



L2211 0 PR 10
5.1.3 Electrical characteristics with @plasma treatment.................. 108
5.1.4 Preferental dissociation of Cl on threshold voltage by £plasma
treatment .. PP OTPRPPP i
5.1.5 Increase of electron concentration on saturation mobility by @
Plasma treatMENT..........c.ueeieiiuris e e et e s e e cmmmmnnl L6
5.1.6 Reliability characteristics with Q plasma treatment................ 119
5.1.7 Conclusion... PSSP 122

5.2 Improvement of Iow temperature solutronprocessed oxide

TFTs employing UltraViolet radiation treatment ...................... 123.

5.2.1 Motivation.. . e e L 23
5.2.2 Fabication of solution- processed ZTO TFTs employing UV
radiation treatment .. OO PP OUPPPPPPPPPPR %) o
5.2.3 Electrical characteristics with UV radiation tratment.............. 130
5.2.4 Effects of UV radiation treatment on oxide active layer
semiconductors... SO G X
5.2.5Generation of hydroxrdeeOH) bondrng by UV radiation treatment
on oxide active layer semiconductors..........c.cccoevueevcmmcmmmmesevevvenennnn L3710
5.2.6 Conclusion... PO UUPRN v %

5.3 Improvement of Iow temperature solutron processed oxide

TFTs employing biaedH20 annealing..........ccoooovvvvviiceeeeee. 142

5.3.1 Motivation.. N V- 922
5.3.2 Effets of various annealrng [o70] 0o 11 1o o O 145
5.3.3 Effects of HO wet annealing according to the annealing
TEIMPEIALUIE ...t s e s s s 00 LD
5.3.4 Proposed biaseeH,O annealing to improve low temperature
solution-processed oxide TFTS......ccoiiiiiiiiicmmmnmmeieeeee e s . 154
5.3.5 CONCIUSION.....ccciiiiiiiieee s commmmmer e e e e e e e e e s e e e« smmmmmnned O L

Chapter 6SUMMArY...........uuvuiiiiies e enmee B2

Bibliography ......eeciiiiieiiiieee s ememmmmms e oo e e e e e L L

Vi



List of Tables

Table 21. Comparison of TFTs with various active layers....................comeenes. 22
Table 2-2. Comparison of various soltbn-processed semiconductor TFTs.....32

Table 2-3. The electrical characteristics of solutiorprocessed ZTO TFTs with

various annealing teMpPerature.............ccovvveesvmmmecmmereeeessnveees cmenmmmeveees 34

Table 31. The property of solute as zinc chloride (ZnG) and Tin (ll) chloride
(SnC}h) powders and solvent asAcetonitrile (CHsCN) for the ynthesis of
(7o) 011 0] o o ] 740 O NP PPUP ST POY” o

Table 32. Thickness of spircoated ZTO active layer before and aftdRTA 500 °C

annealing according to the variation of rpm and time of spitoating.....58

Table 3-3. Materials including the thicknessand processes for each layer of

solution-processed ZTO TFTs on-8iafer substrate.......................ccueuene@5

Table 41. Electrical characteristics of saltion-processed ZTO TFTs with the
annealing temperature of 300-v mnn 0# xEOE 7 ¥ ,ps=E

Table 51. Electrical characteristics of solutiorprocessed ZTO TFTs with an
annealing temperature of 350 °C by employing ®plasma treatment of

100 W and 300 W with W /L =100/ 10pumand Vbs= 10 V................. 110

Table 52. Electrical characteristics of solutiorprocessed ZTO TFTs with an
annealing temperature of 350 °C employing UV radiation treatment for 30

min and 1 hour with W /L = 3000/ 500 umand Wbs= 10 V................. 131

Table 53. Electrical characteristics of solutiorprocessed IGZO TFTs with an

annealing temperature of 350 € employing UV radiation treatment for 30

Vi

pnn ¥

p



min and 1 hour with W/ L = 3000 /500 umand VWbs= 10 V................. 132

Table 54. [O(hydroxide)] / [O(total)] of (a) ZTO and (b) IGZO active layers with

UV radiation treatMeNnt...........eeiiiiiieves cmmmmmsmms e ceevri e e s s s e e s e e e vevenon L3 DL

Table 55. Electron concentration of solutionprocessed ZTO and IGZO active

layers according to UV radiation treatment by Hall measurement......140

Table 56. Electrical characterstics of solutionprocessed ZTO TFTs with various

annealing condition with W /L =100 / 10pmand Vbs= 10 V.............. 147

Table 57. Electical characteristics of solutionprocessed ZTO TFTs with 350 °C

of annealing temperature according to HO flow rate..........ccccccoeeviiiemn 153

Table 58. Electrical characteristic of solutionprocessed ZTO TFTs with various

H2O wet annealing condition including biaseeH>0O annealing............. 159

Table 61. Summary of improved electrical characteristics of solutioqprocessed

ZTO TFTs with various annealing condition...................c.eemecmnvveeeen. 170

viii



List of Figures

Figure 1-1. Desired development of display and active matrix TFT backplane

TECNNOIOGY ... eeeiiiiiiiii et et s e e D e
Figure 1-2. Evolution of display technology...............cc.eeesvmmmmmmeveeeeseiveee s smmnnnnnl O

Figure 1-3. Desired development of active matrix TFT backplanes to achieve high

performance of AMLCD and/or AMOLED.............cccuvtsmmmmmveeeee 100

Figure 2-1. Schematic orbital structure of the conductiorband minimum in
crystalline and amorphous phase in (a) covalent bond as Si and (b) ionic

bond as oxide SEMICONAUCTOL..............coiuveeicmmmmmmmiieee e e e 20
Figure 2-2. Progress of oxide TFT technology (Ref. Displaybank)................... 21..

Figure 2-3. The advantages of oxide semiconductors compared with& and

18] S OO PP PPPPRD I
Figure 2-4. Transparentand flexible displays............ccccoovvit e ccvveee e ceeeni2d

Figure 2-5. The deposition types of solutiorprocess as (a) spircoating, (b) dip-

coating, and (CiNK-JEL PrINtING ......cooeeiiieieee e s s s 0 28
Figure 2-6. The comparison of solutiorprocessible semiconductor materials..29

Figure 2-7. Transfer characteristics of solutionprocessed ZTO TFTs with various

annealing teMPEIAtUIE............oiiiuuuiei et st a1 a3 s

Figure 2-8. Previous report to investigate the effect of annealing temperature on

SOIUtION-ProCeSSEA ZTO TETS....uuiiiiiieeiiiet e sttt s a2 200 23D

Figure 3-1. Typical structure of TFT : (a) top gate cplanar, (b)bottom gate co

planar, (c) top gate staggered, and (d) bottom gate staggered............. 41.

Figure 3-2. Inverted staggered structure of solutionprocessed ZTO TFTs.......42



Figure 3-3. Crosssectional view of ZTO active layer, SiQyate insulator, and Si

Ve (T TV 0 1] £ = (< Y 7 §

Figure 3-4. Plane view of the patterned solutiomprocessed ZTO TFTs with ZTO

active layer and 1ZO source/drain electrodes............cceeveeecmmmememreeeeeenn 45..

Figure 3-5. Sequence of the fabrication process of solutigorocessed ZTO TFTs

ON SEWATEI SUDSITALE. ......uiiivviieiiet e e e s et s s s e e s sane e s smmmenn DO

Figure 3-6. Transfer characteristics of solutionprocessed ZTO TFTs according to
various stirring time of ZTO solution with an annealing temperature of

vmnm J# xEOE 7 AndMWws=FHO0v.mm...I...p.0I...f.051

Figure 3-7. Thermogavimetry analysis (TGA) and differential thermal analysis
(DTA) results of ZTO solution withthe increase in temperature according

to various stirring time of ZTO SOIUtION.............eveiiiii e e D20

Figure 3-8. Transmittance of ZTO active layer obare glass with the increase in

temperature according to various stirring time of ZTO solution............. 53

Figure 3-9. Transfer characterstics of solution-processed ZTO TFTs with stirring
time of 15 and 30 min, and their postannealed results at 200 °C for 120

Figure 3-10. Transfer characteristics of solutionprocessed ZTO TFTs with
stirring time of 30 min according to various postannealing time at 200 °C

Figure 3-11. Transfer characteristics of solutionprocessed ZTO TFTs according
to multi-coating with an annealing temperature of 500 °C with W / L =

pmm T pTosEIOVALLA. .6 e BO.

Figure 3-12. Stability for time of transfer characteristics of solutionprocessed

ZTO TFTs (a) without passivation and (b) with PMMA passivation with an



anneding temperature of 500 °C With \bs= 10 V.........occveevveeevmmmnnem . 62

Figure 3-13. Transfer characteristics of solutionprocessed ZTO TFTs with an
annealing temperature of 500 °C with \bs= 10 V (&) according to various

channel width (W) and length (L) and (b) normalized curves with W/L 66

Figure 3-14. Output characteristics of solutionprocessed ZTO TFTs with an
annealing temperature of 500 °C with ¥s= 10 V of channel width of 100
ti ATA 1ATCOE | & j.AQ vt i AlA.  j6RQ

Figure 3-15. Reliability characteristics of solutionprocessed ZTO TFTs with
annealing temperature of 500 °C under (a) positive gatdias stress of 10

V for 5000 sec and (b) that oenlarged CUrVe...............covvvvrccmmmmme e 70..

Figure 3-16. Reliability characteristics of solutionprocessed ZTO TFTs with
annealing temperature of 500 °C unér (a) negative gatebias stress of-

10 V for 5000 sec and (b) that of enlarged curve................oovcemmeeeme . 21

Figure 3-17. Threshold voltage (Vth) shit of solution-processed ZTO TFTs with
annealing temperature of 500 °C under positive gatdias stress and

negative gatebias SIrESS......c.uuiiiiiiiiie et e e e Lo

Figure 3-18. Reliability under positive gatebias stress, recovery under ambient
condition, and postannealed characteristics of solutiorprocessed ZTO

TFTs with annealing temperature of 500 °C............ccceiiiiiicmmmmeee e 73..

Figure 3-19. Reliability under negative gatebias stress, recovery under ambient
condition, and postannealed characteristics of solutiorprocessed ZTO
TFTs with annealingtemperature of 500 °C as (a) transfer curve and (b)

Figure 4-1. (a) Sequence of fabrication process and (b) structerof solution

ProCeSSEd ZTO TFTS. ccciii ettt e e e st emmmmmnnd D

Xi

p T

i



Figure 4-2. Transfer characteristics of solutiorprocessed ZTO TFTs with the
annealing temperdure of 300-v tnmn 0# xEOE 7 T ,ps=E pnm T p

Figure 4-3. Threshold voltage and electron concentration of solutin-processed

ZTO TFTs with the annealing temperature of 200v Tt 1T....0.#............ 85...

Figure 4-4. Crosssectional image of ZTO active layer on Si@ate insulator and

wafer obtained by TEM and thickness of the ZTO active layer............. 86.

Figure 45. Atomic concentration of O, Cl, Zn, Sn, and C atoms of ZTO active layer

with the annealing temperature obtained by RBS analysis................... 87...

Figure 4-6. Modeling of dechlorination of ZTO active layer with the increase in

aNNEaling tEMPEIAtUIE. .........ccciiuviiie e e ettt e eeen DO

Figure 4-7. Saturation mobility of solutionprocessed ZTO TFTs and Cl atomic
concentration with the annealing temperature..............c.eeeesveememmmeeenn. 91
Figure 498 j AQ S$EAEEOAAOEIT DAOOAOT O AAT T x toum D
AAOE EEAIT A Ei ACAO AAT OA tuvm o#.9/& : 4/ AA«
Figure 4-9. (a) Threshold voltage shift with positive gate bias stress and (b)

threshold voltage shift for 10,000 s of solutiorprocessed ZTO TFTs with

the annealing temperature.................eeeiiiimmmeeeeeee e oo e 94

Figure 4-10. TGA and DTA results of ZTO solution with the annealing

TEIMPEIALUIE ... .ttt s et e et ssmmmms s e e 55555 s 5555555550, n et

Figure 4-11. Chemical mechanism of solutioprocessed ZTO active layer
according to the increase in annealing temperature ake formation of the
metal-oxide thin film from metal-halide thin film with H>O in the air by

dechlorination PrOCESS.......cuiiiiiiiiiiiei ettt s e DB

Xii



Figure 51. Plasma treatment effects on (a) the transfer characteristics and (b)
carrier density and hall mobility of sputtered oxide TFTs in previous work

Figure 5-2. Inverted staggered structure of low temperature solutiorprocessed

ZTO TFTs employing ©plasma treatment..............c.coeeve e vommemmmmeeeeeeeennns 105

Figure 53. Crosssectional view of ZTO active film, SiOgate insulator, and Si

WATEE SUDSTIATE .. ..ccvviiiieeiiei et s e e e e e e s s e e e s e s smmmmmnm + 0 LO O

Figure 54. Sequence of the fabrication process of low temperature solutien

processed ZTO TFTs employingz@lasma treatment.........cccccoeeevivienn 107

Figure 55. Transfer characteristics of solutionprocessed ZTO TFTs with an
annealing temperature of 350 °C by employing ©plasma treatment of

100 W and 300 W with W /L =100/ 10pmand Vbs=10 V................. 109

Figure 56. Threshold voltage and electron concentration of solutiofprocessed
ZTO TFTs with an annealing temperature of 350 °C according te flasma

POWET ...t eeieiitte et cmmmmmmms ettt e 1 s 41 ¢ st 5222221 mme LD

Figure 57. Atomic concentration of ZTO films in AES annealed at 350 °C

according to Q plasma power for (a) Cl atoms and (b) O atoms......... 114

Figure 58. Atomic concentration of ZTO films in AES annealed at 350 °C

according to Q plasma power for C atom..............cceeruvrmmmmmemmeeesvveeen. 115,

Figure 59. Cl atomic concentration and saturation mobility of solution
processed ZTO TFTs with an annealing temperature of 350 °C according

10 Op PlaSMaA POWE .......covvieeeiirees s reee e e st emmmmmmms s ee e e s nenee e smmmnnnak LT

Figure 510. ZTO active layer with amorphous phase regardless of. Plasma

power with (a) XRD results and (b) TEM images............ccceeeeriommmnee. 118

Xiii



Figure 511. Reliability characteristics of solutiorprocessed ZTO TFTs with the

positive gate biasstress of 10 V for 3600 se as transfer curve (a) without

Figure 5-12. Threshold voltageshift without Oz plasma treatment and with Q

plasma treatment of 300 W..........ooeeiieeiiiiicommmmmmme e e e e e cmmmmmmmme e eeeee e A2

Figure 513. UV exposure measurement on sputtered ae TFTs in previous

WWOTK ©eeieeet ettt e s e e e et s s £ 55 e 222212 s st 5 s e 2210 s e s smmmmn L2 D)

Figure 514. Inverted staggered structure of low temperature solutiorprocessed

oxide TFTs employing UV radiation treatment.....................cccvmeeee..... 128

Figure 515. Sequence of the fabrication process of low temperature solutien

processed oxide TFTs employing UV radiation treatment.................. 129.

Figure 516. Transfer characteristics of solutionprocessed ZTO TFTs with an
annealing temperature of 350 °C employing UV radiation treatment for 30

min and 1 hour with W /L = 3000/ 500 pmand Wbs= 10 V................. 131

Figure 517. Transfer characteristics of solutionprocessed 1GZO TFTs with an
annealing temperature of 350 °C employing UV radiation treatment for 30

min and 1 hour with W /L = 3000/ 500 umand Wbs= 10 V................. 132

Figure 5-18. Atomic concentration of solutionrprocessed (a) ZTO and (b) 1GZO

active layers with UV radiation treatment by XPS..............cc..v v eeeeeee 134
Figure 519. XPS spectra of O 1s core level of solutipnocessed.................... 135

Figure 520. [O(hydroxide)] / [O(total)] of (a) ZTO and (b) IGZO active layers

with UV radiation treatMent..............iiiivvn s immmmnme e eeeven e sommmmmme e o220 L3O

Figure 5-21. Schematic diagram of generation of hydroxide @QH) bonding by UV

radiation treatment on oxide active layer semiconductors.................. 139

Xiv



Figure 522. Electron concentration of solutionprocessed ZTO and IGZO active

layers according to UV radiation treatment by Hall measurement......140

Figure 5-23. Improvement of solution-processed oxide TFTs employing #D wet

= =T 111 o SOOI v 7

Figure 524. Transfer characteristics of solutiorprocessed ZTO TFTs with

various annealing condition with W /L = 100/ 10pmand \bs= 10 V..147

Figure 525. Inverted staggered structure of low temperature solutiorprocessed

oxide TFTs employing HO wet annealing.............ccccoee et cmmmeeemeeee oo 181

Figure 5-26. Transfer characteristic of solutionprocessed ZTO TFTs with 350 °C

of HO wet annealing temperature according to kD flow rate.............. 152

Figure 527. Electrical characteristics of solutioaprocessed ZTO TFTs with

350 °C of annealing temperature according to O fow rate................. 153

Figure 528. Inverted staggered structure of low temperature solutiorprocessed

oxide TFTs employing biaseeH2O ann&ling...........ccccvvvee e icoeeenee e 156

Figure 529. Schematic diagram of various #D annealing condition with regard

to the annealing temperature..........co.c.eeeeevieccmmmeeceeesiveeee s emcmmmen e 157

Figure 5-30. Transfer characteristic of solutionprocessed ZTO TFTs with various

H-O wet annealing condition including biaseeH.O annealing.............. 158

Figure 531. Schematic diagram of the adsorption of # on ZTO active layer by
the biasedH20 annealing with (a)-10V and (b)-20 V.........ccccceevivnenn 160.

Figure 6-1. Chemical diagram of metabxide formation from precursors with the

increase in annealing temMpPerfure............cccuveeees e ceeeeeeee e e cennnnnnaa 165

Figure 6-2. Chemical diagram of metabxide formation from precursors with the

increase in annealing temperatureemploying & plasma treatment.....166

XV



Figure 6-3. Chemical diagram of metabxide formation from precursors with the

increase in anneding temperature employing UV radiation................. 167

Figure 6-4. Chemical diagram of metabxide formation from precursors with the

increase in annealing temperature employing biaseeH>O annealing...168

Figure 6-5. Diagram of improvement of low temperature solutiorprocessed

(03[0 LI I = =TT X o 12

XVi



Chapter 1 Introduction

Recently,high performance,large size, low costtransparent and flexible active
matrix displays have attracted considerable attention in the emerging electronic
device industry. Solution-processed oxide thin film transistors (TFTs) are
promising candidates for next generatiorhigh performance, large size, low cost,
transparent and flexible dsplay backplane due tchigh mobility, good uniformity,
high throughput and visible light transparency. The only issue of solution
processed oxide TFTs is the fabrication temperature, so thahe efforts to
achieve high device baracteristics of solution-processed zinc-tin-oxide (ZTO)

TFTseven at low annealing temperatureon active layer are desired



1.1 Recent flat panel display technology

Display technology has been desired to achieve high resolution, no motion blur,
large size, cost reduction, transparency and flexibilityAs a result,to keep pace
with the development of display technologythe TFT backplanetechnology for
active matrix display has been alsodeveloped as device minimizing, high
mobility, good uniformity, non-vacuum process, large bandiap materials and

low temperature processas demonstrated inFigure 1-1.

In development of display technology, lat panel displays (FPDs) have been
remarkably encompassed a growing number of electronic visual display
technologieswith replacing the cathode ray tube (CRTS) in display industries in
the last decadeas shown inFigure 1-2 [1]. FPDsare far lighter, thinner, usually
less than 10 centimeers (3.9 in) thick, and more power efficientthan traditio nal
cathode ray tubes (CRTsyvhich was a dominant display for decadesThey have
many advantages such athe light and thin display, highresolution images, and
low-power consumption with low voltage driving so that they have been
prevailed in many display applications such as monitor, television, and
specifically modern portable devices as laptops, mobile phones, digital cameras

and camcorders

FPDs could be divided by various types of materials andethod to display into
liquid crystal display (LCD), organic light emitting diode (OLED, plasma display
panel (PDP)and field emission display (FED) 2-6].

Amongvarious FPDs | CDshave beenused in most display technologies because
they are thin, light-weight, bright and costeffective due to the lowtemperature
process on glass substrated.CDs arecommon in a wide range of applications

including computer monitors, televisions, instrument panels, aircraft cockpti



displays, signagewatches, calculators, anaellular phones. [7]. LCDs have been
emerged by large size TVs and monitors over 40 inch so that theylarge their
portion over PDPs and projedbn TVs in home display applications [8].
Moreover, its low electrical power consumption enables it to be used in battery
powered electronic equipment so that they could be employed for diverse

portable applications.

Although LCD displayis the most widely commercialized FPD, it is relatively
slow response time (~several msec), and narrow viewing angle OLED
technology could be another candidate for thealternative to LCDwith regard to
TFT backplane.In 1987, C.W. Tang and S. AVanSlykereported luminescence
from an organic material [9-11]. Small molecules were deposited to form a
layered structure in a vacuumand the layered structure is sandwiched between
an anode and cathodeA high electric field at low voltagecould be achieved by
the thin (<1t 1 Q T OCAT EFherdfoleOdAIQHE Admahin film organic
materials could be produced at low voltage. OLED displays exhibit superb
electro-optical properties such as a fast response (severaltf OAAQ O1 OEA EIi A<
addressing and a wide viewing anglalue to selfemissive characteristics.New
organic materials and new configurations of devices to improve efficiency and
stability of OLED displayshave been investigagéd by many research groupg12-
15]. Thus, OLED displays have the potential for new technologyompared with
the LCDs.

The development of bothactive matrix LCDs AMLCD$ and active matrix OLED
(AMOLED for high resolution and full-color display has been fulfilled by the
development of TFT backplanes [16]. The active matrix display employing the
TFT as a pixel switch has enhanced the capability of high quality image
processing, so that the importance of LCDs in commerciaélds increases. The

electro-optical performance of AMOLED is very sensitive to the characteristics of



TFT. A small variation of the OLED current in the each pixel may cause a critical
problem because the OLED luminance is emitted by the current drivingaéh
TFT pixel in AMOLED panel requires a constant current source with a desired
image data during the whole emission time. Therefore, TFT with high electrical
capability as well as reliability is key issue for achieving high performance active

matrix display.

In terms of the active matrix backplaneTFTsto achieve high performance of
AMLCD and/or AMOLEDthe TFTs need to have been developed as the aspect of

material as well as férication processas demonstrated inFigure 1-3.

In material development of TFTs for the active matrix backplanes, TFTs have
been investigated with the issues of semiconductor, gate dielectric, electrode,
and passivation materials. Especially, semiconductor materials have been mostly

investigated to achéve high performanceTFTsof active matrix display.

Hydrogenated amorphous silicon thin film transistors (aSi TFTs) have been
widely used for AMLCDs due to their productivity on a large area glass
substrates by low temperature process below 300°C [17]. The &Si TFT can
represent the gray scale by switchig the voltage data and charging the
capacitors of each pixel elementHowever, the low field effect mobility (~ 0.5
cm?/V 3ec) is the critical limitation for achievement of the high resolution
display in AMLCD,results in the poor current driving characteristics of aSi TFT
[18]. Moreover, a-Si TFTshould meetadequaterequirements for current-driving
device in AMOLED,which luminance emitting is closely related wih electrical

capability of TFT.

The aSi technology is consideredo be appliedfor large area AMOLED displays
due to its low fabrication cost and &cellent uniformity as widely used in

AMLCDs However,a long-term device degradation wouldbe the fatal problem



for adequaterequirements of AMOLED so thatthe degradation of the aSi:H TFT
should be compensated by the pixel circuit and the new drivingcheme should
be investigated to suppress the degradation of &i TFTs itself. This would
require a rather complicated compensation circuit compared with the polSi
TFT based pixel design. Howevetp fabricate the compensation circuit in every
pixel is limited by the dimension of a-Si:H TFT components andther signallines

of the circuit.

Polycrystalline silicon (poly-Si) film as an active layercould be employed to solve
the problem of low carrier mobility of &Si TFTs[19, 20]. Poly-Si TFTs have
attracted considerable attentions due to its high electron mobility (30~ 500
cm?/V 3ec) and current driving capability [21, 22]. Generally, PolySi film is
fabricated by recrystallization of the aSi:H film deposited at low temperature
below 400 0 #The superior electrical characteristics of polySi TFT allows a fast
switching required for high-resolution image with reduced device size&ompared
with a-Si TFT In addition, poly-Si TFTs enable the ability to implement the
complementary metatoxide-semiconductor (CMOS) process and to integrate the
peripheral driver circuits and pixel switching devices simultaneously on a glass

substrate forscA AT 1 AA -o®3IUDOAB T} 3/ [2384.0AAAT O1 U

Excimer laser annealing (ELA) technologies have been extensivetwestigated
to fabricated high mobility poly-Si thin film on a large area glass substrattor a
reliable current driving in AMOLED The low temperature (< 400 °C)
crystallization of a-Si film on a glass can be obtained by ELA withoahy thermal

damage to the glas§25].

Although the low temperature poly-Si (LTPS)technology could achieve high
electrical performances, the uniformity should be improved caused bygrain-

boundaries induced by the fluctuation of ELA energyln poly-Si film, the grain



boundaries are inherently incorporated by a lot of disconnected or mismatched
silicon bonds which male a high density of trap states[26]. The random
distribution of grain boundaries would cause the noruniformity of the field
effect mobility and the threshold voltage of the polySi TFT. The anomalous large
off-state leakagecurrent is also attributed to the enhanced electrorhole pair
generation in the grain boundary near the drain junction[27]. Additionally, the
hot-carriers induced by the high drain field accelerate the kink current, resulting
in the deterioration of reliability [28]. Therefore, the bLep compensation pixel
circuits, which can @mpensate the nonuniform characteristics of poly-Si TFTs,
are required for the uniform luminance in the display panel [29, 30].
Furthermore, the LTPS technologyequires high fabrication cost of poly-Si TFTs
due to the additionalprocess steps than &i TFT, reducing the process yield[31].

Therefore, the advanced tebinology are desired to achievethe high performance
active matrix display, instead ofconventional TFT deviceswhich poor reliability
and low electrical capability of aSi TFT and severe nowniformity and

complicated fabrication process of LTPS TET

nc-S TFTs which has small grains of crystalline silicon within the amorphous
phase may be promising devices to fabricate various flat displays, due to a
superior performance and stability compared with aSi and organic TFTs
becauseof the uniformity of crystalline grains formed during the depositionand
arather simple process and good uniformitycompared with a poly-Si TFT[32].
Although it currently cannot attain the mobility that poly-Si can, it has the
advantage for both AMLCD and AMOLED applications over peli that it is
easier to fabricate, as it can be deposited using conventional low temperature a
Si deposition techniques, such aplasma enhanced chemicalapor deposition
(PECVD, as opposed to laser annealingrdhigh temperature CVD processes, in

the case of polySi.



Another candidate for advanced TFTwould be amorphous oxide (a-oxide)
semiconductor TFTfor next generation display of AMLCD and/or AMOLEDa-
oxide TFTs have attracted considerable attention with a high mobility of > 10
cm?/V |seceven in the amorphous phaséor an good alternative to aSi TFT33].
The high mobility in the aoxide material is attributed to the electron transport
by the conduction band, whose features are completely different from those of
the covalent semiconductors[34]. In addition, oxide semiconductor materials
have anamorphous pha, which shows uniform electricalproperties even with
a largesize display [35-37]. Therefore, high resolution, such asultra-high
definition (UD : 3840 2160), a high frame rate (> 240 Hz), andlarge size
display (more than 70 inches) could be achieved bythe high electrical

performance of a-oxide TFTs[38-40].

Transparency with the visible light of oxide semiconductorscould be aother
advantage of the oxide TFTs ovethe silicon-based TFTs Zinc oxide based
semiconductor, such as indiurrgallium-zinc-oxide, exhibits large optical band
gap (> 2.8 eV) compared tailicon-based semiconductor[41, 42]. Due to large

band gap characteristics, the oxide semiconductor exhibits low leakage current.

In fabrication processdevelopment of semiconductor materials of TFTs for the
active matrix backplanes, the deposition method of semiconductor materials
could be divided into vacuum process and nowacuum process. Nofrvacuum
solution-processes such as spheoating, dip-coating, and ink-jet printing could
achieve lowcost fabrication because vacuundeposition processs, such as rf
magnetron sputtering and pulsed laser depositioprequire a highmanufacturing
cost. Solution-processes arealso suitable for large-area, highthroughput, and

direct patterning [43, 44].

Therefore, the solution-processed oxide TFTs are employed in this study to



achieve low-cost fabrication as well as high mobility and high throughput for

active matrix display.

For additional cost reduction and application extension to a flexible displayhe
solution-processedoxide TFTsneed to be fabricated on inexpensive and flexible
substrates such as glass and plastich@se substrates are easilgamaged at high
annealing temperatures, so lowtemperature processes are essential for
solution-processedoxide TFTs fabrication with flexible substrates.However, a
high annealing temperatureon an active layerexceeding 500 °C is required to
obtain high device performance such atow threshold voltage and high mobility
in solution-processedoxide TFTs from previous reports [45-49]. To improve the
device characteristics of solutionprocessedoxide TFTs even at low annealing
temperature on an active layer, sstudy of the effects of anealing temperature
on the electrical characteristics of solution-processedoxide TFTs and the efforts
to achieve high device baracteristics of solution-processedoxide TFTs even at
low annealing temperatureon active layer are desiredThere were some &orts
to investigate the effects of annealing temperature on solutioprocessedoxide
TFTs,but the electrical and chemical mechaisms of annealing temperature on

solution-processedoxide TFTshave beenscarcely studied[50, 51].

The purpose of thisthesisis to fabricate oxide TFTsemploying solution-process
for an oxide semiconductoractive layer with various annealing temperature to
investigate the effects of annealing temperature on the electricatharacteristics
of solution-processedoxide TFTssuch as threshold voltageand mobility, and to
improve the electrical characteristics of bw temperature solution-processed

oxide TFTs for active matrix display.
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1.2 Device parameter extraction

In this section, the methods forpreparing solution of oxide semiconductor

precursors anddevice parameters extractionin this thesis are introduced.

The solution of oxide semiconductor is prepared with measuring by its weight.
The solute, that is precursor, is measured by weight to confirm its molar ratio

with a quantity of 3 ml as following equation
FW[g/mol] x3 mlxM][mol/L] = W g]
(FW : Formula weight[g/mol], M : Molarity(Molar ratio) [mol/L] , W : weight [g])

The solvent is also measured by weight to be matched with a quantity of 3 ml as

following equation.
dg/ml] x3ml=W [g]
(d : density [g/ml], W : weight [g])

Basically, the measurement was carred out in the dark state and at room
temperature. The device parameter originated by from the conventional MOS

field effect transistor (MOSFET) is adopted in TFT analysis.

-6 OA1 AGEI T OEED 1 &£ A 4&4 AAT AA AAOEOAA AU
) —t # 6 6 — 6 @

where { ,1 ,# and Wy are the field effect mobility for the linear region

and the saturation region, gate insulator capacitor per unit area and the

threshold voltage, respectively. W and L are channel width and length of the TFT,

respectively.

(1) is the standard linear regime equation. When &p=Vs-Vru§ the channel

becomes pinchoff, which means no longer potential difference between the gate

12



and the drain terminal, leading the drain region depletion of free carrier. By

substituting ®s=Ve-Vrubinto (1) yields,
) —t # 6 6 (2)

The saturation mobility (f ) in the saturation region can be extracted from 2)

with unit of cm?/V 3ec

The i was defined by the gate voltage, which induced a drain current @/W x

10 nA x VpdH

The aubthreshold swing (S slopg describes how effectively the device switches

between on and off state, with unit of V/dec or mV/dec.

3 — 4)
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1.3 Dissertation organization

The purpose of this thesis is tdabricate oxide TFTsemploying solution-process
for an oxide semiconductoractive layer with various annealing temperatures to
investigate the effects of annealing temperature on the electricatharacteristics
of solution-processedoxide TFTs such as threshold voltagesaturation mobiity,
and reliability, and to improve the electrical characteristics of dbw temperature

solution-processedoxide TFTs for inexpensive and flexible active matrix display.

Chapter 2 gives a brief introduction to the solutiorprocessed oxide TFTs. The
advantages of oxide TFTs and solutioqprocess are reviewed, and accordingly
the merits and the only issue that is the fabrication temperature, of solution-

processed oxide TFTare also reviewed.

Chapter 3 indicates theoptimization of the fabrication process of oxide TFTs
employing solution-processfor an oxide semiconductoractive layer with various
condition of the stirring time of oxide semiconductor solution, the active layer
thickness, the effects of passivationto investigate the effects of fabrication
process condition on the electrical characteristics of solutionprocessed oxide

TFTs such as threshold voltagesaturation mobility, and reliability .

Chapter 4 focuses on thévestigation of the effects of annealing temperature on
the electrical characteristics of solutionprocessedoxide TFTs such as threshold
voltage, saturation mobility, and reliability. The effects of annealing temperature
on the bonding structure of ZTOactive layer in solution-processed ZTO TFTs
were investigated and the chemical formathn equation of the ZTO active layer

with regard to the annealing temperaturewas established

Chapter 5 concentrates orthe methods to improve the electrical characteristics

of low temperature solution -processedoxide TFTs according to the investigation

14



of effects of annealing temperature. In regard ofhe chemical formation of ZTO
active layer according to the annealing temperature O, plasma treatment UV
radiation treatment, and the biasedH.O annealingwere proposed to achieve
high device taracteristics of solution-processed oxide TFTs even at low
annealing temperature Moreover, the effects on electrical and chemical
characteristics of solution-processedoxide TFTs with proposed methods were

investigated in detail.

Finally, the investigation of the effects of annealing temperatureon solution-
processed oxide TFTs and the proposed methods to improvethe electrical
characteristics of bw temperature solution-processed oxide TFTs for the low
cost, stable, and flexibleactive matrix display backplanewere summarized in

chapter 6.
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Chapter 2 Review of solution -processed
oxide TFTs

Solution-processed oxide TFTs are promising candidates for advanced high
performance, large size, low cost, and flexiblactive matrix display backplane
due to high mobility, visible light transparency, and good uniformity.
Furthermore, solution-process could be a method for achieving low cost
fabrication contrary to vacuum processes and suitable for large area artdgh
throughput. The only issue of solutiorprocessed oxide TFTs is the fabrication
temperature, so that the efforts b improve electrical characteristics of solution-
processed ZTO TFB such as threshold voltage saturation mobility, and

reliability even at low annealing temperatureon active layer aredesired.
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2.1 Overview of o xide TFTs

Oxide semiconductos with polycrystalline phase such as ZnOn»0z, SnG, and
ITO, have beenintroduced for the application of transparent conductive oxides
(TCOs)for solar cells and conductive transparent electrodes because ofhigh
conductivity and wide-bandgap.Furthermore, oxide semiconductor TFTs (oxide
TFTs) have beenntensively studied as promising alternatives to conventional a
Si TFTshy a requirement for high-resolution, large size and high frame rate

operation, from early 2000s.

Oxide TFT employing ZnQusing radio frequency (RF) magnetron sputtering or
pulsed laser deposition PLD) was reported by various groups since early 2000s.
Hoffman et al. fabricated ZnO TFT employing ion beam sputtering, and mobility
of 2.5 cn?/V -s with a drain current on-to-off ratio >10° were obtained[52] Elvira

et al. developed fully transparent ZnO TFTs, with a room temperature process,

exhibiting high mobility near 20 cm?/V 3ec[53].

Higher electrical conductivity (102 njt cm to 1 nj! cm?) of oxide semiconductor

is attributed to the existence of native defects, such as oxygen vacancies, cation
interstitials, and substitutional/interstitial hydrogen, that act as shallow donars
[54]. Because of these donors, the TCOs have a high carrier concentration o010

cm3to 102 cms.

However, polycrystalline oxide TFTs have its own drawback, which is the
formation of grain boundary, causing noruniform TFT performance at different
locations. Another problem is the difficulty of fabrication, which originates from
the low chemical durability of pure ZnO against acidic tehants. They also

require relatively high gatevoltages to turn-on as enhancement mode.
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Oxide TFTs with amorphous phasevere firstly reported in 2004, Nomura et al.

with a new class ofa-oxide semiconductors based onGZOdeposited at room

temperature, and demonstrated highb A O £ O AT AA BEBAIOBOOT OO0 |t
[55, 56]. Despite the amorphous state, the origin of the high mobility was

attrib uted to the electronic orbital structure of the material.

Figure 2-1 shows <hematic orbital structure of the conductionband minimum
for the carrier transport paths in crystalline and amorphous phasen covalent
bond asSi andalsoionic bond asoxide semiconductor. Covalent semiconductors
have carrier transport paths composed of strongly directive sp orbitals, so
structural randomness greatly degrades the magnitudef bond overlap and
carrier mobility [57]. However, aoxide semiconductorsare composed ¢ post-
transition -metal cationswhich exhibit isotropic properties, wherethe overlap of
the In 5s orbitals is mainly formedand the contribution of oxygen 2p orbitals is
small. Direct overlapbetween neighbaing metal s orbitals is rather large, and is
not significantly affected even in a distorted amorphous structure [58].
Therefore, aoxide semiconductor is insensitive to structural deformation, so

that could exhibits highmobility even in an amorphous phase.

While Simaterial undergoesa significant reduction in mobility from 1000 (single
crystal) to 1 (amorphous) cn?/V 3ec, aoxide semiconductoris not degraded in
mobility even in amorphous phase so thah promising material for switching or

driving elements in future high resolution and large sizedisplay.

The development of oxide TFTs technology has beeremergeddrastically in the
last decadeby a number of advantages of oxide semiconductorsaemonstrated

in Figure 2-2 of the prototypes AMLCD or AMOLERmploying oxide TFTs

The progress of oxide TFTs could be achieved by their any advantages such as

high mobility, good uniformity, low cost process transparency, and flexibility ,
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compared with conventional ones.Comparison of TFTs with various active
layers was described inTable 2-1. Although currently widely used aSi TFTs
show a good uniformity, their low mobility is not suitablefor high resolution and
high speed driving devices. Pohsi TFTs have high mobility and good reliability,
but their bad uniformity would be the issue for large size display panelc-Si
TFTs show no particular advantages compared with-8i and polySi TFTs so
that they seems not to be good candidates for stataf-the-art display needs.
However, oxide TFTs show better mobility and reliability than that of &5i TFTs
and better uniformity than that of poly-Si TFTsas demonstrated inFigure 2-3, so
that oxide TFTs have attracted considerable attention for high resolution, high
speed driving, and large size displayMoreover, a number ofresearch groups
such as Hosono have investigated the effective improvement of electrical
characteristics of ZnGbased oxide semiconductors by addinghdium, gallium, or
tin, to be applied to advanced display technologid$9-61]. Especially,indium-
gallium-zinc-oxide (IGZO), indiumzinc-oxide (1ZO), and zinc-tin-oxide (ZTO)
have been reported in the last decade and recentlyafnium-indium-zinc-oxide
(H1ZO) and aluminum-zinc-oxide (AZO) have been investigatedigorously [62-

67].

Furthermore, the oxide TFTs hae merits of high transparencydue to their wid-
bandgap as well as flexibility due to their stability against bending stress.
Therefore, oxide TFTs may be the promising candidate for the active matrix
backplanes to the next generation transparent and flexible displags shown in

Figure 2-4 [68, 69].

19



Crystalline

k

sp3-orbital

. Assymetric sp orbitals

S orbitals: Full symmetry

(b)

Figure 2-1. Schematic orbital structure of the conductiorband minimum in
crystalline and amorphous phasein (a) covalent bond asSi and(b) ionic bond as

oxide semiconductor

20



Prototype

14" AMLCD
Casio

IGZO TFT

Hosono Gr
Nature
-paper
Toppan
Wb
2.2 T-AMOLED
ETRI

wil

357 AMOLED
LGE 11.77 AMOLED
Sony {qFHD)

65" F-AMOLED
Samsung SDI

- 19.1° AMOLED
W< 15" AMLCD Samsung SMD
& SEC {aFHD)
=

35" FAMOLED
LGE — :
@ I ‘ % 32° AMLCD

41" TAMOLED 12d-nmoLn AUO

Samsung SDI 9

Figure 2-2. Progress of oxide TFT technologfRef. Displaybank)

21



Table2-1. Comparison of TFTs with variousactive layers

a-Si TFB Poly-Si TFTs nc-Si TFTS Oxide TFTs
Mobility
0.4~0.8 30~400 0.5~250 5~100
(cm2¥ 6 0O
Uniformity Good Medium Good Good
Reliablility Bad Good Good Good
Cost Low High Medium Low
Yield High Low Medium High

22




Oxide
Semiconductor

uniformity

mobility

v

Figure 2-3. The advantages of oxide semiconductors compared withSi and

poly-Si
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Figure 2-4. Transparent andflexible displays
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2.2 Advantages of solution -process

The deposition method of semiconductor materials for the active matrix
backplane TFTscould be divided into vacuum process and nofracuum process.
Deposition methods basedon non-vacuum olution-processes such as spin
coating, dip-coating, and ink-jet printing require no pumping down time and are
not limited by the size of the vacuum chamberTherefore, they are compatible
with low production cost for manufacturing devices and large-area thin film
fabrication, while vacuum procesgssuch as rf magnetron sputtering and pulsed
laser deposition require a high manufacturing costand have poor uniformity.
Solution-processes arealso suitable for high-throughput and direct patterning,
so that they have attracted considerableattention for low cost, large size, and

high-throughput display fabrication method [70, 71].

Solution-processes are thesimple deposition method with the solution from the
solute of precursors or nano-particle and the solventon the substrate, afterward

apply the annealing process to the solution for solid thin film.

There are two representativesynthesismethod of solution, employing the solute
of precursors or nanoparticle. The solution could be synthesized from
precursors,a compound that participates in the chemical reaction that produces
another compound or nano-particle, semiconductor materials as themselves

which approachto the nano-scale[72-75].

Lower fabrication temperature could be achieved employing nangarticle than
precursors, but the thin film deposited by naneparticle has grain boundary
because naneparticle thin film is the bonding combination of semiconductor
paricles, which causes mobility degradatior76]. On the other hand, the thin film

deposited by prearsors has fine amorphous film quality in spite of higher

25



fabrication temperature.

Various deposition types of solutionprocessesare described inFigure 2-5. Spirn+
coaing is a procedure used to deposit uniform thin films to flat substratesand
usually a small amount of coating material is applied on the center of the
substrate, then rotate at high speed in order to spread the coating material
uniformly by centrifugal force [77]. Dip-coating is amethod of depositing thin
films by immersing the substrate in the solution of the coating material at a
constant speed Ink-jet printing is a deposition type by propelling droplets of ink

onto substrate in order to make the pattern formation[78-80].

Si, organic semiconductors, and oxide semiconductors have been vigorously
investigated in solution-processes aong various semiconductor materials.
Figure 2-6 shows the comparison of solutiorprocessible semiconductor
materials [81-85]. The solution types of all semiconductos, Si, organic, and oxide,
could be precursors or naneparticle. Solutionprocessed Si hs merits of the
mature fabrication industry and the feasibility material for both ptype and n
type, but also hasdemerits of oxidation of Si and process complexitin case of
laser application. Solution-processed organic semiconductors could be
fabricated with low process temperatureand have suitability for transparency,
flexibility, and mechanical stability, but their relatively low electrical
performance is issue Solution-processed oxide semiconductors have advantages
of high electrical performance, ransparency, flexibility , wide range of materials
control lability of electrical properties by atomic composition but also hae

disadvantages ohigh process temperature and improving reliability[86] .

Among these various semiconductor materials solution-processed oxide
semiconductors have superior electrical and chemical characteristics, so that

may be the promising candidate for the next generation active matrix backplane
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TFTs tohigh-resolution, high frame rate operation large size transparent, and

flexible display [87].
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