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Abstract: In order to reduce the off-state leakage current and increase the on/off current ratio in
ZnO thin-film transistor (ZnO-TFT) , Si-doped ZnO thin-film transistors (SZO-TFTs) and TFT with
S70/7Zn0 acted as dual-active-layer were fabricated by magnetron sputtering method. Effects of sili-
con concentration on optical transmittance of Si-doped ZnO thin film and electrical properties of
SZO-TFT were investigated. Moreover, the electrical characteristics of the TFT with SZ0/Zn0O acted
as dual-active-layer were compared with those of the TFTs with ZnO and Si-doped ZnO acted as sin-
gle-active-layer. The experimental results indicated that, compared with undoped ZnO-TFT, the off-
state leakage current of SZO-TFT reduces by more than two orders of magnitude, down to 1.5 X
107" A, and the on/off current ratio increases by more than two orders of magnitude with a maxi-
mum value up to 7. 97 x 10°; The SZO/ZnO dual-active-layer architecture used in the ZnO-based
TFT could increase the on/off current ratio by about two orders of magnitude with no reduction in

carrier mobility, and thus optimize the performance of the ZnO-based TFT.
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Fig.1  Cross-section views of TFT devices. (a) ZnO-TFT.
(b) SZO-TFT. (c¢) SZO/ZnO-TFT.

Si0, M = AT )2 R R FHFE [ Ocean

Optics 23 8] G S S R S A & A5 3, X
PARAT YR R LE R 2L, ZnO Fl SZO JH i JEL R 43 5]



552 3]

SORUY, A WU IR S5 B 1k S A B v I A vl 215

730 nm A1 31 nm; X} FXCH IR 2S5/ #5F, SZ20
F1 ZnO IR FEYIN 15 nm, A IRJZTER] WG
Fl 32 PR ] Agilent Cary 60 5241-1] WOGOE
THEATIN R . SZO i Si i 5 & 72 E Bruker
/5] D8 Advance XPS JUaSGMR T4 B A5 2] , 1
F% R 60,30,20 W FTXT A Si 9B 2R 43 053 5)
H7.9% 3.8% 2.3% . TFT g 441 B R 1R FH
Agilent 4156 C P AR S HOE %M F1 CASCAD
FBE G AR R g A T

3 R5H®

3.1 #SiHy ZnO HERMBENRE

N T AR St SZO W AE Al WOGHE
BRI 1 328 O 1, F AT DDA TRT A 82 I8
Si0,/Si - AL HE 3L R[] I B AR I RS L
A RA ZnO BB HE ZnO WA RS2 A0 T 5
Hh-AT DG, 1B 2 25t TR TE] Si BRI 34
[ SZO JRE AR5 Sh- ] WOLTE I A B S5 . 3
Fift SZO JHEREAE AT DL EE ] (29 400 ~800 nm) Y57
I RAES T 85% , P HYBE IR N 90% , Wi
TARBIH Zn0 WE, 5550, WK 2 i& kB, Si
B A ZnO SRR IR ACHT 11 DTS 5%, ELRE S
Si i 4G, WA Ok Ok, KBRS K
ZnO VIR RERT SEIE (E, ) Bl fek 35 2 A9 38 i i

3.0x10°
(a) ZnO-TFT V=30V
2.0x107°F
=
~ 1.0x107
OF 7
7 V=0 V
L L L L L
0 10 20 30 40
Vis/V
1.2x107
(¢) 3.8% SZO-TFT V=30 V
8.0x10°%-
=
= 4.0x10% V=20 V
V=10V
O;
V=0 V
L L L L 1
0 10 20 30 40

Vis/ V

Iy/A

I/ A

AR GE o ARE ZnO A SZO S 4 I AT 11 1)
KRR (A) i E, =1.24/) AIAGE B E AT RERR
e RN, AN 2 AR E BT R . XS S
ZnO Wi, BEBRTERE S 3.29 eV MMIXS T8 Si FE/R
GECR 7. 9% 11 SZO FWERR, REFR T8 B G 22 3. 86
eV, SZO FEREAE AT UL Rl PN 75 6 3 1 48 o 1 2
B T ZnO #EEH Si fy48 A5 R REKE 58 T3

100 LT
F Ta19% S70)
. 80 A —e3.8% SZ0
& ” —+2.3% SZ0|
g ool & | —5-0% Zn0
g
£ a0l o=
% ,%mm. ~~
; |
20f+
02 46
2(Si)/%
0 1 | |
400 600 300
A/nm

K2 ANIA] St BEJR G HR) ZnO SEEIRE Y 58 5h-1] UL OIiss G 1%
Fig.2  Optical transmission spectra of ZnO thin films with

different Si mole fraction

3.2 5 Si B ZnO-TFT gYEE451E

K345 174 S BERSEN0.7. 9%,
3.8% \2.3% ) SZO-TFT (i th AR PE 4. mI LA
B, T HE R R AR R (Ves) F77 4
(1, I RBILAIE Si (19 TFT &4 n {3H 3 550 7Y

(b) 7.9% SZO-TFT

V=30V

1.0x10%
5.0x107F
O,
| | 1 | |
0 10 20 30 40
Vis! V

4.0x10° (d) 2.3% SZO-TFT

-6
2.0x10 V=20V
V=10V
% ! | ! ! Ves=0 ‘\T
0 10 20 30 40

Vis/V

&3 AN Si BEIRG3E00 SZO-TRT fyf th R4, (a) 05(b) 7.9% ;(c¢) 3.8% ;(d) 2.3%,
Fig.3 Output characteristics of SZO-TFTs with different Si mole fraction. (a) 0. (b) 7.9%. (c¢) 3.8%. (d) 2.3%.



216 b3 b

EE ¢

5536 &

G i s, 5 4 Rt i 2 B0 I R At A T
Mo TEAAF I (Ves =30 V) FTR i 5 (Vi =
30 V)T, K45 Si i d 1 5 A 3R % 1R N I R I
(I,=2.45x107" A) 115 Si 19 TFT #a{F 290 H
AEXTRAR B AR FEL I, ELRE S SZO s Si
TIN5 /N . R Y Si BEJR 3 8K
R 2. 3% B, TET 544 0 1 1T R U0 AF X358 5, 3k
FT3.8x107°A,

&l 4 AR St 1) SZO-TFT iy 5% #5 E bk
Mgk, w4 al A, BT A A S B0 B B I
KA, 45 Si 1y SZO-TFT RO I I AT A&
£ Si 1Y ZnO-TFT, H A Fe ) 17 J7 ] 38, 5G38
L IF AR I BBENE S . X T TFT 1 & , 4 T

10 0.007
() V=30V -7
10 I pe ._..-.'. 0006
-6| fmr 4
10 7720.005
107 o
= 100 0.004 %
< 10°k 710.003 %,
1079k 0.002
10" -=40.001
(U N R v A ]
30 -20 -10 0 10 20 30 40
V!V
10° R
10757<}1) V|7>:3(3{V=’,4"
—2.3% SZ0 I
100 -~ ZnO-TFT Y
107 ;
< o4
~ 1
105 mmm et
loflll,
107”7
10 | | 1 | |
=30 -20 -10 0 10 20 30 40
Vt;s/V
K4 (a) AN[E SiBEIR 0N SZO-TFT [9 5% FL 554 i

2. (b) 2.3% SZO-TFT §1 ZnO-TFT {4 543 14 31

HLRZS I AR AN AR LI 1, 38 ] R
ID,sat = %"‘(’Ci(vcﬁ} - V{h)2,(vns > Vs = V{h) ,
(1)
K, € S B AR A B R B2, w g TFT
a4 TR AR ZS I 1A 5RO TR 32,V
B . (D) i, AT 12 5 Vi AR
R FRAG

o= we,” (2)

Vil Iy? 5 Ve e R MR 2 M XX ETR A Vs 2k
br LR . FFOCH TR E (1,,/ 1 ) 385 5 S AE
7 P DA e v P T B L 5 B AR P T A F T 2 L
L) H kA I 5 Ve KR MR X R,
FPHECCL) F1(2) AT 4 (a) $2ECH 2571
FEMERESE R | PR, M T ZnO-TFT, £
ZnO )2 B A — % |y Si a] ffi SZO-
TFT SCASHL R T B 8 9, AR B 241
5.5x107" A FFEZR 1.49 x 107" A, Si EE/R A
BR 2.3% ) SZO-TFT [FF R LRk 7. 97 x
10°, LR BALAY ZnO-TFT #5138 50 94
T340, St B A A AR T BE R, SR, Si
B B IRIL TR iR R, T
18 St TFT 54 i AR5 1 22 A iy Tt A
4(b) 451 T ZnO-TFT #12.3% SZO-TFT f)#4#445
PEIRH M 2. X T ZnO-TFT g3, R LR A
3.4 Vi X T SZO-TFT #% 4, 8 Wi i e 3 K 2
5.2 V X ULHITE SZO-TFT &5 rh , #4723 5 2
AR Z (R Y ST B A A = T ZnO-TFT 8844, A
PR 2B RN, 75 —J7ii, 8 Sio 5l
ZnO FRERREFRIA W AR K, i REA A X AR S, 5
ST L YA AR B, R S B T RS
I/ FIAN, GE B TE B (3G K Ad 0 F -l i
PRI BXERRAT 28 J2 s T B B Rl FL -, SZ0

Fig.4 (a) Transfer characteristics of SZO-TFTs with differ-
ent Si mole fraction. (b) Hysteresis curves of trans- JIES H 28 U TR A BT s/ 0N , ELBEL SR, DT
fer characteristics of 2.3% SZO-TFT and ZnO-TFT. T G 2 HRL U R R0 L R DR /N o
*1 SZO-TFT HjEEMHEESH
Table 1 ~Main performance parameters of SZO-TFTs
#H l/A 1,/ 1 Va/V SS/(V - Dec™) w/ (em> - V7'es™h
ZnO-TFT 5.5x107" 8.69 x10* 17.5 4 0.88

7.9% SZO-TFT 3.40 x 1012 9.39 x 10° 2 10 1.03 x10 ~*
3.8%SZO-TFT 4.53 x10 " 2.10 x 10° 1.5 4 3.50 x107?
2.3%SZO-TFT 1.49 x10 12 7.97 x10° 12 3 0.10
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Table 2 Main performance parameters of TFTs with single- and dual-active-layer structure

s I/ A 1./ Ty Vo’V SS/(V + Dec™") w (em® = V7'esTh)
2.3% SZO-TFT 1.49 x10 12 7.95 x10° 12 3 0.1
ZnO-TFT 5.5x10°1° 8.69 x 10* 17.5 4 0.878
SZ0/7Zn0O-TFT 1.27 x10° " 3.99 x 10° 17.5 3.5 1
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