Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

—MEfR InGaZnO R R A E L M X PEMZS IR BN &

IR BRE  WeEA

A technique for extracting the density of states of the linear region in an amorphous InGaZnO thin film
transistor

Xu Piao-Rong Qiang Lei Yao Ruo-He

5| {8 & Citation: Acta Physica Sinica, 64, 137101 (2015) DOI: 10.7498/aps.64.137101
TEZ 7132 View online:  http://dx.doi.org/10.7498/aps.64.137101
AP 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/113

AT RE RSB E A L&
Articles you may be interested in

MAZ Si n B Ja A AR 0N A FE A A Y
Charge model of strained Si NMOSFET
YyE % 4.2014, 63(1): 017101 http://dx.doi.org/10.7498/aps.63.017101

[A% Si NMOSFET J Hi it fife A 1 78
Analytical modeling for drain current of strained Si NMOSFET
PP 2EH%.2013, 62(23): 237103 http://dx.doi.org/10.7498/aps.62.237103

BAE SiGe p B4 J& FALA - TR BB M FE AR R AT 9T
Study on gate capacitance-voltage characteristics of strained-SiGe pMOSFET
PP 2EH%.2013, 62(12): 127102  http://dx.doi.org/10.7498/aps.62.127102

NiAZ Si NMOSFET [ {i F & A2 494 BEAR 1Y
Physical compact modeling for threshold voltage of strained Si NMOSFET
YR 22 H%.2013, 62(7): 077103  http://dx.doi.org/10.7498/aps.62.077103

IZ. 100 nm % 4% Si/SiGe nMOSFET [ B H = - 4 g b A 7Y
Two-dimensional threshold voltage model of sub-100 nm strained-Si/SiGe nMOSFET
Y= 4.2011, 60(7): 077106  http://dx.doi.org/10.7498/aps.60.077106


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.137101
http://dx.doi.org/10.7498/aps.64.137101
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I13
http://wulixb.iphy.ac.cn/CN/abstract/abstract57313.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57313.shtml
http://dx.doi.org/10.7498/aps.63.017101
http://wulixb.iphy.ac.cn/CN/abstract/abstract57177.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57177.shtml
http://dx.doi.org/10.7498/aps.62.237103
http://wulixb.iphy.ac.cn/CN/abstract/abstract54207.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54207.shtml
http://dx.doi.org/10.7498/aps.62.127102
http://wulixb.iphy.ac.cn/CN/abstract/abstract52975.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract52975.shtml
http://dx.doi.org/10.7498/aps.62.077103
http://wulixb.iphy.ac.cn/CN/abstract/abstract18665.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract18665.shtml
http://dx.doi.org/10.7498/aps.60.077106

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 13 (2015) 137101

— N ERInGaZnOE & &

B M XPEMA TSR

REVE"

®wHR BE A

(BT REET5EE%5, TN 510640)

(2014 4F 11 A 12 HYKE); 2015 4F 1 A 29 HREMESHR )

3E & InGaZnO (a-1GZO) FHEAE ] 48 1 72 71 B AR s e A 55 8 DA RE Bk 28 71 30 39 53 20 A 4E - IGZO Y
R A, XSSP S 2 AR IR 5 3 Y AT, B2 a-TGZO I 1A AP XD 6 L V3l IR AR, T
SOMZRIE X B HL AR RE . A SO 2R ME X VA TEE RS R 590 TE A 1 B el LT 5 8 B ) BB E B, 7 B
HY AT AR BB A . FR R RS AR VR P P R A 28 ) o by DA B I S R e SR T 4 (o, 208
B IR E ARSI, @I X TE R S 2= St s FaAa Jr FE DL R i B, 58 1 VA TE R 5
St AR SRR R, 15 0 B IR DR B BES IR 5 RIS G R, Fon il il B SR E S R T

RGN LA DO B A H L

KA AEF InGaZnO, W GAE, S, T %

PACS: 71.23.An, 73.20.At, 72.20.Fr

1 5 =

Ik & InGaZnO I & 75 5 (a-1GZO TFT)
3 B mE R 2 AR AT R T AR ) 2% S A s )
2 N T AMLCD PL K& AMOLED. T4 T2
VRS, R AR P AR A R e DL 55 B
ek XA LB BES R S A TE AR
MBI AR, 5 a-Si: HAML0-0, a IGZO # R
AR KR APPSR fE PRS2 7 3R E
PSR EAT, M a-I1GZO TFT &1k X T B %R, 1
T LTI P S 3R S M 2R X 1) L P R

a-IGZO TFT £tk X & % B (I $E B vl 5] H
MOS &5 4 ) 37 20087 5 P R0 FE 2% oL R R 1,
SR AT FE B 25 9 P50 2 T R o ok R EC AR
L E) (A5 2 B A3 A (7)) th R B T e 2 e P
P A AT LA B IR $R H a-IGZO TFT 1974

« [EZRAARREEE S (HHES: 61274085) BEHURML.
t #{E/E# . BE-mail: phrhyao@scut.edu.cn
© 2015 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.64.137101

R BYBE #E A H TR B
BIFZI. SR1T 24 a-IGZO TFT TAELE LR 1 X I,
a-IGZO "I B L IR EEAR R, E AT DL 5 [P
BIRFEHILERL, H A BE b 2. Lee 2 1) % &
T B R B I s R P 22 0 H A F R R AR
T a-IGZO TFT V1B ZA% 5, (H IR TR
ZAIER T A B R R, 1M ED IR 2.

A SCE T 4 A e B R PR R L 2 e TR R
FEMZRME X AR, FIAAEIT RS H B+
PAKFABEAS G 2R, 40 0 B H LA A R B B S H
fof. B RS R PEAT F 2R R AR 1S 2 B el e DA &
Fea S LT 0 R T A A, 0 B HH R
FRE B A . I8 XA 8 = S5 A 2 = 51 is
AR J7 2 DA K v 37 B, % R VA T 2 1T 35 M 1)
IR R, 3 B IR DL GBS IR
HRMAMKR, ol EUSRE S RmHR
AT B LR 1 XN B A 5

http://wulizb.iphy.ac.cn

137101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.137101
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 13 (2015) 137101

2 & A
a-IGZO TFT &5t W 1, £ a-1GZO

18 )2 546 2 2 L s F AR 5 R A i i e HE
p(x) g (

8302 % Nfree + ntrap)a (1)

deuced

ox VGS - VFB - QOS)

\/265(]/ nfree + ntrap)d‘p' (2)
(1‘ Td)

Horr, () 955 Wil 48 2 2 AH 122 ik 1 90 3 )2 38 10 1)
LS o O TR BV TE R 5 M4 2 )7 5 AR AR
T AR B 7 100, mpree A& H B FIKEE, ngrap 22 P
B, ¢ N T HATE, es NIGZO M HH 2L,
Qinduced M E 75 F 1S HAf, Coyx R 4122 H
2%, Vas IMHE T (M), Veg & Fa B, Wl
Bl 1 PR, IGZO WWiEJZ 542 )2 5t (x = 0)
AR N ps, LNIFEKEL, Tq AAIEZENFE
RIZTERE, p(x =Ty) =0 V.

L

3 itk

a-IGZO

A=
x

L AR
y

1 a-IGZO TFT & &

Fig. 1. Structure illustration of the a-IGZO TFT.
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Table 1. Parameters used to calculate the DOS model.
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Fig. 2. Energy band diagram of the a-IGZO TFT.
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Fig. 3. The nonlinear relation between g and Vggs.
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Abstract

Defects and weak bonds generated in the fabricating process of amorphous InGaZnO(a-IGZO) films distribute non-
uniformly in the band gap of the a-IGZO film in the form of traps. These traps would capture the charges induced by
gate voltage, and affect the linear region mobility, channel carrier density and so on, then the electrical properties in the
linear region of a-IGZO thin film transistor. The model used is based on the mobility in linear region which is in direct
proportion to the ratio of the free charge to the total induced charge in the channel, and then the free charge and the
trapped charge are separated. From the ratio of the density of free carriers to that of the trapped, a direct relationship
with the derivative of the free charge with respect to surface potential, and the derivative of the trapped charge with
respect to surface potential is calculated by bringing in the gate voltage that serves as an intermediate variable between
the linear region mobility and the total induced charge. In this way, the free carrier density and the trapped carrier
density can be separated by using the transfer characteristic and capacitor-voltage characteristic. Poisson’s equation
and Gauss theorem are applied to the interface between the channel layer and the insulating layer. In consideration
of the non-uniform characteristic between the surface potential and the gate voltage, the relationship between the free
carrier density and the surface potential, the trapped carrier density and the surface potential are obtained. Finally, the
density of states in the linear region could be gained by differentiating the trapped carrier density with respect to surface

potential.

Keywords: amorphous InGaZnO, thin film transistor, density of states, mobility
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