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Effects of Negative Charge Layer on The Threshold Voltage of a-IGZO TFT
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Abstract: TFT device with In-Ga-Zn-O (IGZO) film as the active layer deposited by pulse DC
sputtering was fabricated. An Al,O, film which was also deposited by sputtering was sandwiched be-
tween the active layer and an insulating layer. The Al,O, acted as a negative charge layer for thresh-
old voltage modulation (V, ). It raised the V, from —3.8 V to —0.3 V, enhancing the formation of
a depletion mode device. The application of Al,O, as a negative layer can effectively control V,,

around O V and enhance the stability of the device. Improved device characteristics such as; on/off

current ratio (1, /I,,) >10”, sub-threshold slope(SS) of 0.2 V/dec, V, of —0.3 V, and mobility

on

(m) of 9.2 em*/(V + s) were therefore achieved.
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Table 1  Parameters of two kinds of TFT devices
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Fig. 3

3.3 SHHEMEERN aIGZO TFT SHH4EE M
ST

Bl 4 hERtE B g Ah 26, | 5 s SO E

52 h HiJ5 A9 A PR T L RS il e il ol X

FelErh EFHRTT B 2, T LUE 1 TFT 23 4F 1%

EMEARRAE L, E 4 FIE S A, X T A T

T2 AY a-1GZO TFT #ai4, H i<k v,

FEFEG 0.7 V,SS EFF 1 V/dec,u EFF1 em®/
(V- s); MESSHE 52 h )5, s ik
fEFm 0.4 V,SS A4, u EFF2.6 em®/(V -
), SEIRZERIFEW BN T ALO, 2R a-
IGZO TFT #3FBAT R AT A 2= Fe e 1

gigmi e, AT v, A1k, & i HA K
LI AL O, BRJZAR Y T sE i s 2

102 = LI}
104 —_—7 ‘Fﬁ% - SR
105 V=Sl V 57
10 W/L=0.5 mm/0.] mm &
§
= 107
3 os L AV=07 Y
10° };
10710 |
107" i
107 oo LJ,\P’ETI)?T\‘;“T&&(E i 1 |
20 10 0 10 20
VeIV

Bl 4 fF B 4 EI 2

Fig.4 Hysteresis curve of device B



11 T &, %. s 2% a-1GZO TFT B{E R 52 1323

AR A3 X aR AR v, BEAT T IR BT LA F

107 —o— 8 — Y4 7 S ) a 4 g
O i 2 i HIR8PF V,, FE I 161 58, 28 1 1 46 /R0 1 59 38 0
V=51V & i
10° BAg
107 W/L=0.5 mm/0.1 mm f
§= 10 ’ iﬁ AV,=04 V 4 % @’
10° !
10" 4 SR PR b B3 5K, 7R R IR IR A T I
18 e | WIS R S5 (Y a-1GZO TRT g4, I A W52 A
-20 -10 0 10 20 Y2 72 Z RGN T BA A Y AL O, AR
VeIV R, LRAB, AR RESE% )2
E5  ZSHCE 52 h UG AT B RS 4 (] 3G N LA 2 , AT LA 255 Ml (380 i i PR A 1F 7

Fig.5 Transfer characteristics before and after aging of 52 h R 4 s R s e 5 30 T 1 o 2 e
in the air ambience of device B ' 9 N ' . N )
I./1,>10 ,SSj\]O.z V/dec,Vlhj\] -0.3 V,,LLj\]

BEPFT I TAE(E ALO, BUZR— BT R, M 9.2 em?/(V - 5).
24 R PN R 7E 8800 V,, P B T 3 — -

£ F X #:

[ 1 ] Kamiya T, Nomura K, Hosono H. Present status of amorphous In-Ga-Zn-O thin-film transistors [ J]. Sei. Technol. Adp.
Mater. , 2010, 11(4) .044305-1-6.

[ 2] Park SJ, Maen W J, Kim H S, et al. Review of recent developments in amorphous oxide semiconductor thin film tran-
sistor devices [ J]. Thin Solid Films, 2012, 520(6) :1679-1693.

[ 3 ] Conley J F. Instabilities in amorphous oxide semiconductor thin-film transistors [ J]. IEEE Trans. Dev. Mater. Reliab. ,
2010, 10.460-476.

[ 4 ] Kikuchi Y, Nomura K, Yanayi H, et al. Device characteristics improvement of a-In-Ga-Zn-0O TFTs by low-temperature an-
nealing [ J]. Thin Solid Films, 2010, 518(11) ;3017-3021.

[ 5] Dao VA, Trinh TT, Jang K S, et al. Trapping time characteristics of carriers in a-InGaZnO thin-film transistors fabricate
[J]. J. Electron. Mater. , 2013, 42(4) :711-715.

[ 6 ] Kilic C, Zunger A. N-type doping of oxides by hydrogen [J]. Appl. Phys. Let. , 2002, 81(1) .73-75.

[ 7 ] Trinh T T, Van Nguyen D, Ryu K, et al. Improvement in the performance of an InGaZnO thin-film transistor by control-
ling interface trap densities between the insulator and active layer [ J]. Semicond. Seci. Technol. , 2011, 26(8) :085012-
1-6.

[ 8 ] Park S, Bang S, Lee S, et al. The effect of annealing ambient on the characteristics of an indium-gallium-zinc oxide thin
film transistor [J]. J. Nanosci. Nanotechnol. , 2011, 11 :6029-6033.

[ 9 ] Tsujimura T. V,, compensation circuit for AMOLED displays composed of two TFTs and one capacity [ J]. IEEE Xplore,
2007, 54(3) :462-467.

[10] Jankovic N D, Brajovic V. V, compensated AMOLED pixel employing dual-gate TFT driver [J]. Electron. Lett. , 2011,
47(7) :456-457.

[11] Dong HK, Ji UH, Mallory M, et al. Threshold voltage dependence on channel length in amorphous-indium-gallium-zinc-
oxide thin-film transistors [ J]. Appl. Phys. Lett. , 2013, 102(8) ;083508-1-3.

[12] Aoi T, Oka N, Sato Y, et al. DC sputter deposition of amorphous indium-gallium-zinc-oxide (a-IGZO) films with H,0 in-
troduction [ J]. Thin Solid Films, 2010, 518 (11) ;3004-3007.

[13] Seo D, Shin S, Cho H, et al. Drastic improvement of oxide thermoelectric performance using thermaland plasma treatments
of the InGaZnO thin films grown by sputtering [ J]. Acta Materialia, 2011, 59:6743-6750.

[14] Jung C H, Kim D J, Kang Y K, et al. Transparent amorphous In-Ga-Zn-O thin film as function of various gas flows for
TFT applications [ J]. Thin Solid Films, 2009, 517(14) :4078-4081.

[15] Chiu C J, Pei Z W, Chang ST, et al. Effect of oxygen partial pressure on electrical characteristics of amorphous indium



1324 b3 ot 2 i %36 &

gallium zinc oxide thin-film transistors fabricated by thermal annealing [ J]. Vacuum, 2011, 86(3) :246-249.

[16] Chiang H Q, McFarlane B, Hong D, et al. Processing effects on the stability of amorphous indium gallium zinc oxide thin-
film transistors [J]. J. Non-Cryst. Solids, 2008, 354 :2826-2830.

[17] LiuS, YuM, Lin C, et al. Influence of passivation layers on characteristics of a-InGaZnO thin-film transistors [ J]. IEEE
Electron Dev. Lett. , 2011, 32.161-163.

[ 18] Antonis O, Pedro B. Insight on the SU-8 resist as passivation layer for transparent Ga,0,In,0, ZnO thin-filmtransistors
[J]. J. Appl. Phys. , 2010, 108(6) :064505-1-6.

[19] Zhang G, Wang J, Xiang G H. Effect of various sputtering gas on the characteristics of a-GZO TFT [J]. Chin. J. Elec-
tron Dev. (% F 354F), 2012, 35(2) :125-129 (in Chinese).

TE(1985 -), 5, mdbfs K A, 14
&, B0, 2015 4F T 5 M K4 FUN-
SOM HIF5E BE 3k A5 W 425 A, LA
HA WL BRI GEHE ATFSE .

E-mail ; dinglei@ sust. edu. cn

MILIT ) 2016 £ A TREZFIR)Y
—FEl s A (£ L MHAFEE)

(NT R (ISSN 1000-985X, CN11-2637/07 ) J2: B HAF A T SR BIF 53 B A BR 28 ) 0, 2 1
PIPE—— AL [ TP T AR B — B B AR ST 9 0 %) B Bt )40

(N TR 2R ) LI SO T4 5508 SR B TR R AR M kL . 2 SRR RL B S 4R 205 B &
FEAPEL BTBEVR A RE (R BHAE L st bR AR B - H bR} | A S AL P BRRE L A R ) AHOK AL R A A
REFURN i B AR B A BRI A 5E AR KB PEREZRAE i T DA R AE K5 4 55 J T B e BT BRI SR, , E2
TS T i 3 FE N A AT RHIE S A E 2808 1, (N AR AR ) S vh SR BT b SORME A 0
Tl E TRRES (EDZOIT, 230 F R hEFM” EL 3 B2 30) (CA) SRR

(N TR B H I AR, K755, A: 124 300 12,2016 4F A2 4 100 JT, 445 i 1200
JC, VT B FIE H S IR

X RAE R I ER AR AT 5] 1

Moo bk JES TR X ARIMLIAA R 1 5N TR 2E ) i il 4 . 100018
B 3% 010-65491290

E-mail ; jixbbjb@ 126. com

™ Hik. www. jixb. cn





