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Effect of oxygen partial pressure on the performance of
indium gallium zinc oxide thin film transistor

SUN Jian-ming” , ZHOU Ting-ting, REN Qing-rong, HU He-he, CHEN Ning,
NING Ce, WANG Lu, LIU Weng-qu., LI Dong-seng
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Abstract: Indium gallium zinc oxide thin film transistors (IGZO-TFT) were fabricated with the stand-
ard process of TFT-LCD arrays substrate. The effects of different oxygen partial pressure on IGZO-
TFT performance were investigated by adjusting the oxygen partial pressure in IGZO film process. All
devices showed good electrical properties. The threshold voltage of TFT was increased from 0.5 V to
2.2 V as the oxygen partial pressure was increased from 10% to 50% , whereas the sub-threshold
swing had not changed. Applying a positive gate bias of 30 V for 3 600 s, with the increase of the oxy-
gen partial pressure, the positive shift of threshold voltage of IGZO-TFT was increased from 1 V to 9
V. The carrier concentration in TFT with higher oxygen partial pressure is lower. So it requires high-
er gate voltage for building the channel with the same conductive capability, and therefore the thresh-
old voltage will be higher. In the Metal-Insulator-Semiconductor (MIS) structure, the lower carrier
concentration leads electron accumulation layer to be thicker. There will be more energy states in band

bending part of active layer which are the same as electron traps of gate insulator (GI). Consequently,
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it is possible that more electrons are captured by GI, and shift of threshold voltage will be greater.

Key words: indium gallium zinc oxide thin film transistor;oxygen partial pressure;shift of threshold

voltage;electron accumulation layer

nu\l

1 7]

H Al 76 1% 40 Won 4 sk TET A )2 M ok £
BR a-Si, LTPS,IGZO, a-Si #1 B F A T 25 il 72
AEXT 187 B AR 200 T RN, 5 = B &
I HE R I E (0 V8 A s % B R b e i 2k 2 5%
i, BHELIAE OLED H . LTPS ##i 1
R AR S A TS T HOGR X T2 R,
Hag Halm A F /R SHiE AR . i IGZO AMUE R
R EY LM AR S T2 oSt TEERM. B4
BN 2] TET-LCD #1 K RS OLED &7 465
B IGZO-TFT Myt f H & GOA(Gate Driv-
er On Array) X TFT faEtE—HE R &by
T AR AT o7 R O I 2R, 2 4 Ik AT X
TS T RIS . A A S AR AT DL 25
il & LA B AT R STEM A BT (GD )2 5] Ak
BARESL ", Kb 5 T Ak B B X B 17 3K 1 A
B EUSORIUK 53 F A7 L6 W BRI A B ok AR PR
SEALYEIE T 2 & X TFT 8 Stk A &
BRGSO S IR 1 A L T TR TR AR
Iy IR 46 T4 A IGZO-TFT 2% ¥ BE 5% mi 19
MLHE,

2 % B

DR 1) 35 A 1 25 T 20wl & 2 ol BEL Y 2
(ESLYZ5M 1) TFT e, #x fFny a5ty &l 1 fir
NGB TER L W/L=18 pm/12 pm, BN
SFoR 370 mm X 470 mm, DL B 7 K 5 & Mo
(220 nm) /£ N Gate )2, LA PECVD il % SiN,/
Si0, € 60 nm/250 nm)fEN GI 2, DLE R Ik S T
2l a-1IGZO (40 nmDfEA TFT A ¥H)Z . 1GZO
MBI, Oy ¢ Ga, O5 2 ZnO=1:1: 1,
Rl T A A R 10%,15%,20%,25% ,
30%,40%,50% . L PECVD T. 24 SiO, (100
nm) 1 i ESL JZ, B LA Sputter T. Z #l 4 Mo/
AINd/Mo (30 nm/300 nm/80 nm){E & 5 I L #z
(SD) JZ ., H th Gate, Active, SD JZ ZI| i 3% F 18

ZIM T Z 1 GLJZ2 M ESL 2R T2 T2, il
FAEAE 300 °C LA AURIB A 1 b,

fili 2 5 A AL Agilent4156C 3t 25 14
IV e, 7218 KLU 7 20347 I, 7 A4 1 3%
RSEN 5 d LLJG #EAT stress PR, DA 2 T 4R 00 32
1 AgilentB1500A MK #5 419 stress HEfE. MR
TEI 5 v e E I3 B 0 2 BB 3 0 1 ()
— LR . BT E A P R A I AR DR IE TR
B E IR T AT

B sp
B Esv
Active
| Kei
- Gate
. Glass

1 1GZO-TFT #FHy &5 H 7w =
Fig. 1 Sketch map of IGZO-TFT structure

3 4&R5H#%

2 AR S [ {5 LR Vo, B0 3R 3 S A T TR
W HL R Vo /N B TR (D T -V 2R
R AMEE R D7 A S, T M IRIRA R . Ve h
MR LR S o A BT THT RN AR P25 e A 3RO T
TR, AR BN S RS R — 1
X R Vo RE SCH V.

2

&l 2 it B A R A5 il & T2 %4 N i
TFT 8 F 5 R Rt i 26 R W Z R L R V=
15 Vi i L R AR LS 2l . — 30 V~30 V., M
Bl 2Ca) Hal LU B BT A 4 1840 R 30 R 4P
HLAEREME . BT A 1R (R 1R I SS WA BT RO
[Flo & XAE In=1>X10°A I X5 64 H 4 v
R BE R Vo, A2 B 2 ke IR A 53 TR A
Vo BT KA 10 20 58050 R IR {E L R 0.5V,
S50% RN BE B EiAF 2.2 V, T SSE&A
RAARA AT LA [F) A8 o3 A 25 5 | R 0 T 2 % B
SR A S B M SR 3 )N o R i a1
B2k, Suresh APIZEM 7 1IGZO HIEBEE

In=

HCL (Ve= V=5V (D



560 Win S R %31 %
1E-3 |
1E-4 3]‘6=2NQ . (6)
1E-5 ‘ C°+2/e(iTQ
< A C6) AT L, B0 /N T 0, 7 B0 72 7 4 il
ol _ W R TREE NS, V. HBENg @, 4
o £33 AT th Q 47K 1B 3 7 L3k 50 4
1o IR Q 4 o £ T ¥l FE e 0 S8 1R 9 7 1 V7,
B0 "0 0 10 20 30 S/h L.
v Vel 3 S 2 M0 150 T AR S 0 26 T o — 2 I
o T 5 s R 2 76 B R 0 T S 30
N ® VL I Vo 15 V. 3 3 Ca) B R ]
] 3 600 st 20N 10% (9 TET 2848 V., R (H
16} s > AVl 1V ZE AT, B 3Ch) BRTE 500 f &F R
‘fa 1E g 1o AV H 9V AL, PR SRR SS e &4
1E-8 [ ARk, R stress J5 76 B B A 7 A B B A
IE9y A T A R 2 A Bl B 18 SN A 1T AR H
1E-10{ T, K 3R LA H LB stress B [E] Y 14

1E-11 ! 1 L 1 1 L \ L \
S5 4 -3 -2 -1 0 1 2 3 4 5
Vel V
K 2 RESESE TFT 5685 i 4
Fig. 2 Transfer characteristic curves of TFT with

different oxygen partial pressure

S B 3G I B0 1R E S BRI, IGZO-
TFT TAEfE TR B2, 138 1) 5 i gE  Anie e
P HE fr 2 Q A O, Q Bk K I T HL B )
5L, 7E TET 19 MIS 258 b Q B F L (2)H
Hrp g AHFRBE MR, NCVERFHRE, VR
AR R T B Ko B2 IR 262 W 8 e IGZO
FEXT A LR B e LS A AW B T R .
Ve,

Q:N;% (*ee0 K, T)%exp(ZkoT

qV,
—ZkOT) s (2)

MV A Ve Z B RN (3
V(;7Q+V5 ’ (3)

7C(J
AR WAWNE BN EOL &
qV. )

N?Aexp(
Vo= C 2k T JFV\ . 4
W 301 [ B SR 34 45

—%NTI Nz Aexp(

N%Aexp(

qV, )
2k, T
qV. |’

2% T

v,
IN,

5

\ q 1
C, +7Zk0 TN.Z Aexp(

Ty AV, 271G, Qian S50 W R HE L B E
i i i) 22 Ak a7
AV =AV o {l—exp[—/D%]} , (D)
r=roexp(E,/kyT) , (8)
Horr s AV 4o o JC BR8] 19 150 H e I % i, « S I
W H BB AL E N PR 2.0 R
I 0E B ] R0, A0 FBRAIR BB/ i
BoEAE GLZE B R g R 3o i,

1E-3
——() s a
1E-4F ——10s
1E-5 —+—100 s
——1000 s
IE-6 F —3600s

Ip/A

Vsl V



5% 6 0 INERI L 46 40 P B 0 ORI A T R B 561
25 1 i 23 8k BT 9 25 R ROKC L 76 1GZO
o % A RS 0 E S 2 /DN L R A 5 3 43 T
LA RS A A
> e 4 s, 8R4 R IGZO R 25 i
1 Sy E TR A N B BT A O REAS B A L RE

OO==INNWWARNUNNNINK000N0
SuouhoULoULDUDULOULDUOULSWL
Rt S NAARARAREE RS EaES o) T

0 500 1000 1500 2000 2500 3000 3500
Ves/V

3 MR 30 V HLE 10 5,100 s,1 000 5,3 600 s
JE BRI 2. () 10% 43 ., (b)50% 4
Fe s (O RS TFT #3845 AV, B BT IO

I 8] 42 Ak T 22
Fig. 3 Gate bias is 30 V, the TFT transfer charac-
teristic curves after 10 s, 100 s, 1 000 s, 3
600 s, (a) 10% oxygen partial pressure, (b)
50% oxygen partial pressure. (c¢) Shift of
threshold voltage of TFT device with differ-

ent partial pressure and stress time.

TR R B[] stress J& B & 00 R 3G N AV, %
W AP T IA R REZ IS

AV AR 0 5 i T A R R R AR AR G . n
4 frn IGZO-TFT TAEBF 51 (4 Be s B, 24
R HL . Vo B T B B AR R 2 AR A 2 il Y
43 i XoF o7 1) RE S #R A T RE B HR o B 40 R g
A5 G2 Hy 7B Bk e A A0 6 5847 7T g & 2L b%
RN, QAR RR Ao A S T 2 M RE SR
MEWRES Gl ZH FHRUFHFIRERESHSE L,
SHEZH B FA T RER k. 7 IGZO b, iz
)t 32 1 F 0 2 2S£ ok R b B AR R
(018 T 28R 3T T R 4 TR T R AR i A AR i
Vg s IGZO 175 (8] Ha faf 2 Hh i o 34 2 0l 2 T
i

dV_ e 9
dx €rs€0

Horp:p(a) Ry s (8] L fif 5 2, IGZO 2 n B9 AT LA
K o) =N, N, K & AR5k, R 2t
Giit oy .o SRR V, o S EEH TR
AedrR L LA IGZO 5 G % fil i 5 i . W N, h .

qV.
ko T

4545 30 m] LAFR H 00 1 e J3E g T g

N,,.:N;exp( ) . (10)

0 e Az % T8 0N A R T B BT R S . B AR
FE R i AR

Electron traps

Gate GI 1IGZO

Kl 4 IGZO-TFT TARR H MBI REH . E 0 58
BELE, W T, Ev O 28 0K B 2 B 88 & 4%
WP LB R P .V, kR
R HLV, o G Z B HB A, Ve Mk
N

Fig. 4  Energy band of IGZO-TFT interface when

the device is working. E. is the conduction
band minimum, and E,is the valence band
maximum. E; is the Fermi level ( theblack
curve is E; at high carrier concentration,and
the red curve is E; at low carrier concentra-
tion) ,Vis surface potential,V,is the change

of GI potential,V is Gate voltage.

A LATIUI 25 7606 IR 25 00 T R R 2 o R 3
ULV JEE 3 T G XE i TR S ) AV G AT TS
JEIZRME N 2 A W R > A

DAAR T 9 3 B ) 45 T 25 ) 4 ESL 25 M Y
TFT #4383 % 1GZO #1517 b &4 6 A i
Ll R FE R AEERE Y TFT #84F. R & A 0
TR B0, 8 R S W, oA A R T A
Bt vl FEE 28 It TR FEAIC, 38 3 ) 45 5 HL BB T BT Y
s N A SRS L= <9 1 = i N T SR T A o
Wit 2 24 s P D 0 (P, e P VAR i 2 4 K, T R
TR R 23N G 23K i A4 .



GRESRTZN H 31 %

562
& % X #:
[1] NOMURA K., HIROMICHI O, AKIHIRO T, etal. Room-temperature fabrication of transparent flexible thin-film
transistors using amorphous oxide semiconductors [J]. Nature, 2004, 432(7016) ; 488-492.
[2] TSUBUKU M, WATANABE R, ISHIHARA N, etal. 16.1: Negative-Bias photo degradation mechanism in In-
GaZnO TFT [J]. Sid Symposium Digest of Technical Papers, 2013, 44(1): 166-169.
[3] KAMIYA T, NOMURA K, HOSONO H. TOPICAL REVIEW: Present status of amorphous In-Ga-Zn-O thin-
film transistors [J]. Science and Technology of Advanced Materials, 2010, 11(4): 044305,
[4] KANG D H, LIM H, KIM C, et al. Amorphous gallium indium zinc oxide thin film transistors: Sensitive to oxy-
gen molecules [J]. Applied Physics Letters, 2007, 90(19): 192101.
[5] PARK ] S, JEONG J K, CHUNG H J, etal. Electronic transport properties of amorphous indium-gallium-zinc ox-
ide semiconductor upon exposure to water [ J]. Applied Physics Letters, 2008, 92(7): 072104,
[6] JEONG J K, YANG H W, JEONG J H, et al. Origin of threshold voltage instability in indium-gallium-zinc oxide
thin film transistors [J]. Applied Physics Letters, 2008, 93(12):123508.
[7] NOMURA K, KAMIYA T, OHTA H, etal. Defect passivation and homogenization of amorphous oxide thin-film
transistor by wet O, annealing [J]. Applied Physics Letters, 2008, 93(19): 192107.
[8] ##, mEZE. FFAREHHEIM] B, SKEE 28 0% . 79400 R IR, 2008 238-239.
SZE S M, NG K K. Physics of Semiconductor Devices [M]. GENG L, ZHANG R Z, trans. Xi’an: Xi’an Jiao-
tong University Press, 2008: 238-239. (in Chinese)
[9] SURESH A, GOLLAKOTA P, WELLENIUS P, ez al. Transparent, high mobility InGaZnO thin films deposited
by PLD [J]. Thin Solid Films, 2008, 516(7): 1326-1329.
[10] x)&A. F Fh4pmE[M] JLnT. T Tk k. 2011 213-214.
LIU E K. The Physics of Semiconductors [ M]. Beijing: Publishing House of Electronics Industry, 2011: 213-
214. (in Chinese)
[11] SURESH A, MUTH ] F. Bias stress stability of indium gallium zinc oxide channel based transparent thin film
transistors [J1. Applied Physics Letters, 2008, 92(3): 033502.
[12] QIAN H M, YU, LU H, etal. Temperature-dependent bias-stress-induced electrical instability of amorphous in-

dium-gallium-zinc-oxide thin-film transistors [J]. Chinese Physics B, 2015, 24(7): 077307.

TEHEB A AVEI989—) I3 il db AR FE AL A - L AF 5T B3 L 5 2 N S5 A Ak W o I R R 7 TR UF Y . E-mail: sunjianming

@boe. com. cn



