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Transparent Oxide Semiconductor and Its Solution
Processes for Thin Film Transistor
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( Printable Electronics Research Centre, Suzhou Institute of Nano-Tech and Nano-Bionics,
Chinese Academy of Sciences, Suzhou 215123, China)

Abstract: Transparent oxide is one of the most important transparent electronic materials. The nature of transparent ox-
ide materials is a type of semiconductor with wide band gap and high charge mobility. Their charge carrier concentrations
can be adjusted in wide range by controlling the composition and structure of oxide, making them as either semiconductors
or conductors. Transparent conductive oxides in particular have been extensively studied for many years and been widely
applied in commercial products. The low temperature processed transparent oxide semiconductor ( TOS) appeared in high
performance thin film transistors ten years ago, since then TOSs have gained extensive attention as the new generation sem-
iconductor. Owing to considerable advances in the last few years, thin film transistors based on transparent oxide semicon-
ductors are approaching the commercial market. Particularly, the solution processed transparent oxide is among the most
promising printable semiconductor materials due to its good electronic performance, low processed temperature and high
stability in ambient atmosphere. In this paper, transparent conducting oxide including three basic oxide compounds was
briefly reviewed. Then, the development history of transparent oxide semiconductor was introduced. Emphasis was placed
on the latest research on solution-processed TOSs for printable thin-film transistors ( TFT) , which have demonstrated mob-
ility up to 10 cm*V ~'s ™' and on/off ratio more than 10° even when processed temperature as low as 200 °C.

Key words : transparent conducting oxide; transparent oxide film transistor; solution-processes; printed electronics
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Wi At 20 REIR- S MBI G, A8 Y 7 20t
FERNA S A5 R REFROR 107 BU S REAS LA AR 1, LT
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B3 LAY (TCO) — B2 fAT JT 48 242 1 2l B
SRAEA, BT REEN, EE 2R 5
JB—AER SIS, FEJR A In, Sn, Zn 1 Cd 4
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PR 2R TCO WA n T (FEF78Y) il p Y
(7782 25, n B TCO (n-TCO) MR MER, C°F
100 ZAEMW T . 5 1 4> n-TCO J& Bakdeker J- 1907 4F
WA CdO JEES), BEJE, ik ROR R R, bR
BRERANIESETF & B T LA Sn0, |, In,0, Fl ZnO K157k
TRHY n-TCO MR, 140, 1950 4§ )5 B SnO, HEFI
In, O, L3 B sy I, 20 {20 80 AFAR H B ZnO 3
B R, XYY RSB AR, SE IR
T, HESH SRR — R T 3 eV, FEBEZH 40 A R T A5 1k,
BT R B T 4 1) SRS DA B 3B 2% R Y
PRI, — e BT 00 PR (107 ~10% em ™) |
BB H Al 3k 107" Q - em B %, 0] W& B KA
80% ~90% ",

HHGT A0 n-TCO HE, G453 4 1) 1TO J
(# Sn 1y n,0,, B In,0,: Sn), FTO W (& F 1y
Sn0,, B SnO,: F) fl AZO # £ (¥ Al By ZnO, ]
Zn0: Al) , EAT15 F il 5 B 5 v Bl 3 w2 1 e
B, HOSEH T b ik, gk 1 fos, HAm

x1 BRI MHERENSEHBAR AFIEATE
Table 1 Characteristics and applications of three mainstream transparent conductive glasses

Oxide Advantages Drawbacks Main application areas

(1) Better transparency, low resistivity, easy The ingredient indium is a rare Liquid crystal display panels,

to etch earth metal and its known mineral touch panels, organic light
ITO (2) Low temperature process, simple to manufacture  reserve is limited. The price of in-  emitting diodes, solar cells.

(3)Deal problems in transparency and conductivity — dium is rising fast because of the

high demand

(1) Electrical and optical properties are close Preparation process for large scale Ideal alternatives to ITO and

to ITO manufacturing  is  complicated FTO, already finding some uses

(2) Stable in plasma and difficult in flat panel display and thin-
AZO (3) Non-toxic, easy to dope and etch Formation of uniform film is still  film solar cells.

(4) Abundant raw materials and low process cost.  an issue

(5) Easy to roughen the surface. With certain haze it

can meet the requirement for thin-film solar cells.

(1) Good thermal stability (1) Conductivity is not as good as  Low radiation building glass, thin-

(2) Good chemical stability ITO and AZO film solar cells, particularly ad-

(3) Appropriate transparency (2) Difficult to roughen the surface  vantageous in large area energy-
FTO (4) Easy to pattern by laser (3) Poor stability in plasma saving windows for buildings.

(5) High hardness, Mohs’ scale of hardness at 7 ~8
(6)Low cost in raw materials, simple equipment

and low manufacturing cost

(4) High temperature inline CVD
process is only used for large

scale manufacturing
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2.2.1 7ZnO

ZnO J&— o B 1 - VIR B He B Ak & 90 6 KL,
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IRo EPRR AR AR, RO E W, MAERIRT,
ZnO §HIRJE TS 07 b R LA BUZE S . @ 2k 76 57 77 b
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SRR AR S AR AR R i DU TR S5, 3% 02
PEALE W) B B A TUAR 4540 o BR T 21 B RN B 1 25
¥, ZnO RETE 100 14 Pa & & T B i NaCl =i /\ i 14
gk, B FTR, SRR RIS Zn0 fnik, kg S
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t, O 572 Zn J5 7 )20 B U F 2 U & (001 ] JF
mHER, 7EEMR T, iy BN, fFEhEit e
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Wz eR .

BI1 ZnO 2 Rl EZM ML . () NTTEFRERT 451, (D)oL
T7 INBEI 454
Fig. 1~ Two principal crystal structures of ZnO: ( a) hexagonal

wurtzite structure and (b) cubic zine blende structure.

2.2.2 In,0,

IO, B HFRBET W, BEHEEA =
1.011 8 nm, XFPEEHG TG AT AN O B 12 HEH
ZEKY, In BT RO AT, TR T o I 1 A
BROLE A 3/4 0 O &1 i, 174 =%, WA 2 fix,
HE AR 3.75 eV, TEEEA O 25 Flla
B In 7, g n B GpR

B2 Iny0, .37 7454

Fig. 2 Body centred cubic structure of In, 0,

I8 FH #5338 ) 1TO R AE Tn, Oy AFHB AR Sn i
TICHE, BRI N 3.75 ~4.0 eV, 7E In,0; FEA
PR Sn TR JE, Fy ' RIEZM g, U Sn't
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2.2.3 Sn0O,
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AR HE MR A St i, SR e =
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BRI E R0 1 ~0.2 my, FEiR T2 FHEEN
107 ~10" em ™, TR N 5~30 em® V's™', Gl
& BAR, BlNeE FIE Sn0, . F iR, al ™ EqR
YFRCHURRE, BRI E 107 ~107° Q - em™
FTO JERA X AT WG E e dr . SAMRICRECR. W
FHAAIG . flsi MR AR e DA A S TR N PRI R ) 5 S50 A5
IeAh, FTO WERSRFE m o SR AR (R, AT S AR M 2k
77, AEEWIHROPRL . AR R B . R PHBE R . TR
WoR . G FE O BRSBTS R Iz W
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K3 SnO, SLLAEH (M dhAR)

Fig. 3 Rutile structure of SnO, ( tetragonal system )
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TR 5L /AR 4% ( Thin Film Transistor, TFT) £33 2
10 42 B2 BN - AR 2 s AT M A% O i 1, AR SE ) Ak
fmfif TET 2 2 &k TFT . sl 2 6k TFT 2GR 2 &
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ER AR, T TET (% 46 T 1962 4, Weimer 1E RCA 52
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2, H Si0, MR 52, WA HIVE S T & R 25
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Sn0, E ALYy . AL Pl FOANE A AR, DA % 28k PR S Ak Ak
B AL O, #iF A BT 25 th AL TFT, 1968 4, Boes-
en Fll Jacobs #R1& T I Li 8421 ZnO H G f AR LA K 7%
K SiOx H A BRI AL FL AR HIAE T TFT, {HiZ 4814 i dt
L VG el 75 20 A9 P I v i AR /), i HL A WL ¢ 3] 95
TR AL o JaoR I B T TR S (o - SitH) 1)
TET FEE T AL AR BOR Y TET, BT PERE4F T
I AR AR TET, S ALY E R R 2 3 OCTE
JEFE 2003 4, Hoffman A1 Carcia B K4k 8 T 4% W 1Y
TET( £ 5 5T TCO LMK ) , HAEREAE S LE 7 A n]
IR HL 2l ) T AR dh RERTUA AL TRT, 8% ] ik
2.5em’ V'™ IR A 107, BUARIX SR A A N
T B R Kb B AT SR L 3 5 (450 ~ 600 °C), H 2
BJ5 , Carcia 55 SCAGHE 1% T 4% DS ORI ZnO 3 i
S, AR E) AL HL PR L 2 Bk 2 F 5T A
AR T ZnO | In, 0, SnO, X#: 1) LA LY. Nomura
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HiIt, KRExRTZ2H0840Y TFT BGEIH G, £
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AL R AR L K ] il JBE AT S5 A0 A O B 5 1 AT

RETREY
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Table 2 Properties comparison between oxide semi — conductor TFT and other types of TFTs

Semi-conductor type Amorphous Si

Low temp polycrystal Si

Organic semi-conductor Oxide semi-conductor

-1

Current carrier mobility/cm?V ~!'s <1 50 ~100 0.1~10 1~100
Consersion voltage/Vdec ™! 0.4-0.5 0.2-0.3 0.1~10 0.1~0.6
Leakage current/A -10" -10" -10" -10"
Manufacture cost Low Low Low
Long-time stability Low Low(in air) High ( predict)
Good-product rate High High High
Work temperature/°C —-250 <500 room-temp. room-temp. ~ 350

4 BEEHEERENDERREE

4.1 BBEREIE

FIHT, 3 TCHL 5 Y vk J2 Ak T X2 A
FURFNL G AR R E XA i 2L 2 R TR L G2 A
PRI, PRI T A o o VA M A B AR N I
DURRIE B S AL A JC LA R, mT LA AR A H 1
BRI AR T LA A Pk R S IR AR 10 3B
WAL SR TFT, 0] LASE B AR TFT (51 1) )
B OB R R O AR e v A L SR E R L K Ak
247K ¥ 1 ( Chemical Water-Bath Deposition, CBD) 4, 40
Bl 4 st o Wk A AR AR B OK AT gk 43 L I R o
FIRY 44 K AU 55 T 5 1) D S0K AR T o T 27 U4 A 53 N
Jo, HTHTSRAATE A A AR 25 5 2k B, TE R —
AT, I R i L AR AR R A
Hrg k4 (g S BN ), BT [ A5 4 R A Ak
R

Type

@ Nano particle

@ Molecular
precursor

Types of active-lager materials

@ Organic materials
(small molecule,polymer)

[ @ Maxture(mixing of organic with
inorgenic substance)

‘ I .Inorganic materials(silicon,

sulphide,oxile semi-
Coating process
. Rotary coating

conductor)
T () Printing(Inkjet printing, micro—contacting etc.)

@ Chemical water-bath deposition(CBD)

P4 A I ] 20 26

Fig. 4  Brief classification of solution-process technologies
Ao P 5 EVRRY 549 7535 ] 95 HL e AR R R B A T 2 A0

P BRI, AT EEE; R
T, A ST A TR R, 1 H e R — R

* Solvent evaporating

Liquid film <—— Rotary coating or printing

Substrate

I

Water supply Subsidiary products

M(Zn,In,Sn,Ga) - ligand+H,0

— M - Oxide+by-product T
Metallic oxide

Substrate
S 3 Wk 4 5 SR AL 2 5 A B AR L )
Fig. 5 Forming mechanism of metallic oxide semi-conductor by solu-

tion-process
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HIBEFE R Ui LB D . B HECY Ik, HA R
HITCHL AL TR R RE 2 Bl S5 AT BN, 3 2R AE T AR M
£ T WEER AT ELAG  HLTBR KT Y G ML B A R BY ER R
XF T ARAT R 0 AR RE AR R Rk U 2 — > A B
WP AR, R T TRT,
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CdS: CdSes /K (4 T A, 3 T4k R 15 52 14y FiL A 5044
PLR LT He: InfAR P B M MR o B ARG A R A 2 R
R, HIX 8 AR ) DLA HOR BT R T R R PR
mEe,
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Kim 45 2% T 2009 45 ff 15 5 B il ] 4 1 A1k 0
NRER RS o 8T Zn — Sn — O 5 I B I T SR A4 Dy B2 0K
BEEATED T — 2 AR 2 o FTENIT S & 10 10 PR RE B i
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W2 ATED SRR, N T IRAE AR IR R . R AR IX
AT S E R A A PR BN R AR AE , (HE R T
SRy eEbEae, X TAUNA T E KERPAR Rgs, A
HARK A VEAE R o

Han %" F 2010 4E0f FH 7 i 75 0 10 42 )8 v 1L )
InCly £ 0y A B 44, 3 2 € 7 il B In, O5 1) TFTs, 3 i
WM 2 R 2 1 45 48— B, BT IR B T AN
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(1200 ~300 °C) & 0,70, 58 Bl Wi k&, AT452) &k fE
) In, 0, f{) TFTs,

2008 4F, Meyers 2 {ifi Ff] 43 J& R 4% A K IS WiAE N
LT R OK, SEA YR RN R B4 7 4 T ZnO I AR
B, ERPR AR 150 CFRHST 1.8 em® V' s
IR RS A 10T o [ HL 38 E T B0 5 A7
FE150 CRAB AT, BT 0.4 e’ V' s i
BE,

Banger 2577 15 2011 4E4R I8 T FI9 W 215 3 3 8400
FEZEEEXEI0em™ V' s FFEBEERTHA OV
Il 4B B AW (120 1 IGZO) I b A%, 13
JiE AT R 28 230 °C o AT T A A% 4 4 S T £ AR S T K
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MR

Kim 25 76 2011 45 [ KGR Bl 07, 8 T 1%
IR T2 5 e e R O W R R N I S TTO
200 CH T LIRE TR TIEEE 0.8 em™ V' s Fl
FFIEHN 10° 1) In, O B S IRGY ; [RIEE ITO A 15 1k 16 BE
I ZE 200 C 24 o 7L S — A SRS T T 2 Fh
SRITE,

2012 4, [ Bl 5 R 2 I 6 Ak 25 3 Ak ke 1k
A0 4 JE R HT R R R, ZEARTE T A T = R aE ]
AALY SRS, 1620 BT HR AL 10 em® Vs 7P
BEAN, AT IR A 1 375 B SR A 0 2 S5 A Rt AR
ST 340 KHz FRE AR 68 .

Song % T 2011 A LN T IT & 18 R A1
ITO, St 3544 Sn A& 5 LA BAAb B1 4 77 12 R PR 355
1530 5 S v P 0 T R 2 A v W 33 R T 99 AR 1O
BBV OO 3 T 52 4235 W % 2 AL w i TFT |
FLIXAS TFT A/ 5/ T ri A 0 e i P i o 4 1 0 3
TURFFEUE W T T A A i o 46 52 42 B W i v T
W,

Kim 2551 2012 4£JF K 26T Zn0 H 85 B e
TFT, fhfi1f f—Fh & AARE P, AZEEMSET,
W A TR RE Y2, 82 #ERES TFT
J2Z B LR o R AR E B TFT 3R 0 LUK 2I11R 2

ORISR b, At SRS AR o X R AR IR,
FEAE N SCEE ARSI, BUREEE HA 13 um,

Lee 2 F 2013 47 { Advance Materials) $ 38 T 3%
T B 4 WA 5/ M P AR 1) 37 WY TR 4 9 I U7 i
5T R TET B3 b s, WEH T ERR TFT 75Kk %
BN ERTETER T o AL AT T BT A 3ok b i 9 B ¥ T
PABEAT SN T

HBHBE 5 N A KB AR S KA A= 5 B BRI H - vh
O BRAESE A BE ST T AT W AT EDAY In, 0, 2 R4k, FE
200 ~300 C iRk, FTENRY In, O, WG R4 HYIE
S, JF HAE 250 CiR AN WoR T A U2 i PERe . il
BE IO 32 58 ke, 7E 200 C 9 hn TR B R 3K T R
0.5 em’/V™"'s™ g5k N LIRS K

H HT 8 A s H s s W S kB C B
BRI R MR IF G, TRk 1 RN i R
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i WAL F SR R A R T 3 — 2 W R R 5 58
e, NI A B R H 1 FE AR Z—

5 # &

EIZ W] S AR AE W AR P J7 T, A% 5877 5 1 4 10
BV AL R T R R PE BT S R A o AR Y
0L T s PR BARWINIEE 2, (RO 2 WU TARKR
PEE, R T SEPRB T S M, &SR
P W T2 D e, T B R AR i~ S AR 2
S TR, A BT AR T
i 5 i W A AL R A B — 1 RRSE R, AT 1) 52
M.
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