WEE b0 oO<W

FEATURE : MONODZUKURI (Art of Design and Manufacturing)

(i 30)

PITSHIFEEETINA A I a2 —a itk 3B{tpEE

ATFT D4R

TFT Characteristic Analysis by PITS Measurement and Device Simulation
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Amorphous oxide semiconductors (AOS) have been attracting attention as high mobility materials
because of the demand for fast response in thin film transistors (TFTs) using flat panel display.
Stability under stress is important for AOS-TFTs. This study discusses the ways in which the defect
states in the channel region of amorphous In-Ga-Zn-O (a-IGZO) TFTs influence their stress stability.
The results of analysis carried out by photoinduced transient spectroscopy (PITS) measurement and
device simulation suggested that the increase in shallow defect states in a-IGZO was a possible cause
of the appearance of the hump shape in the /;-¥, characteristics of a-IGZO TFTs.
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Fig. 1 Fabrication flow and cross-sectional schematics of TFTs
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Fig. 2 Setup of PITS measurements for TFT evaluation
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Fig. 3 PITS spectra of TFTs before LNBTS test
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Fig. 4 PITS spectra of TFTs before and after LNBTS test
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Fig. 5 Comparison of /-7, characteristics of TFTs before and after
LNBTS test
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Table 1 Parameters of a-IGZO used for device simulation

Calculation Condition A B C
Electron affinity: @ 4.16 4.16 4.16
Permittivity: ¢ 10 10 10
Band gap: £, (eV) 3.05 3.05 3.05
Effective conduction band DOS: N, (cm™ 5.0x 10" 50x 10" 5.0x10"
Effective valence band DOS: NV, (em™) 5.0x 10" 5.0x10" 5.0x10"

Peak of Gaussian state . o7 1 -
aceeptor trap density: Nga (em™ -eV'™") 5 x10 B x10
Peak of Gaussian state

15x10"7

16 17 17
donor trap density: Ngp (em eV 65%x10"° 1.0x10"7 3.0x10

Half band width of Gaussian sate

donor trap density: Wep (eV) 0.1 0.1 02
Half band width of Gaussian sate

acceptor trap density: Wgy (eV) 03 0.3 0.3
Energy of Ny Ega (€V) 0.35 0.35 0.35
Energy of Ngp: Egp V) 2.85 2.8 2.75
Density of tail state at £ Npa m™® -eV?) 155 % 10* 1.55 x 10*" 1.55 x 10*
Density of tail state at Z,: Nyp em™ -eV')  1.55 x 10% 1.55 x 10* 155 x 10*
Decay energy for the tail distribution of

ar.'oepytm"liliystatesi Wra (€V) 0.013 0.013 0.013
Decay energy for the tail distribution of

donorlike states: Wop (eV) 012 0.12 0.12
electron mobility: g, (cm®(V-s)) 15 15 15
hole mobility: uy, (em(V-5) 0.1 0.1 0.1
Conduction band effective mass: m, 0.34 0.34 0.34
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Fig. 7 Results of /,-V, characteristics obtained by device simulation

RTEMEAD X HIZEE L. FICH LT, LNBTS
REEBEOZODOTEFTICX T APITSHIZEICB VT, €0
C— 7 BENBEELLI L, BIUOHBLHEZ LD
TFTICBWTHEBO = i ELCT7u— i ¥ —
7l%oTwbIEEEELT, £MHB COLkHITK
F—F A TRMBORE, IE, WEEELIE, ¥Ia
L—ya il Z0moDOSn /85 x—%, BX
UOPHEEZE L IZHDbETRT,

K712, &MA B, CCOTFNA AT Ialb—Va
KBV RO R R AR T SMEATIRL-V R
PN TIZBN T RWDS, 6B, COLV FEIC
BNV THENT VD, T2, REGHEN OB Z mEE
VARGE L7256 CO B DIN Y T2 X B L S WEEBEEDZE
EBKREL o TS, TDX DT, (FEHFE T EIHAAE
TLHLRF—=F A4 TREOWIMIZE Y, H5IZRT
LNBTSEERTI 2 T O I 1V 5V & RERIC N 2 T h358
BT B ENbrolze L7203 -> T, LNBTSHEERHI £
DOPITSHIE T & N7 AZER VIS 5 P —%
A T REGHERLOBEIMASTET D 1V A5 v 758
RERTHLEEZLNS, ZOMEFIE, LNBTSiE
\2 & %aIGZO# R C DAREF T 0 & AL O B
DTETO IV ZELDRRTH 2 L 0F 0™ % L
THLDTH b,

CITO=AFTIZ, PEAREREDERE O 2 T 7E
%PITSIE#TFTIC# A L, aIGZO-TFT®OF ¥ A VI
OBTIREOERLMZ AR, ZO/RKE, IhFETH
il & BRI R E AT N O R W HEAL I e 3 5 100K~
200K DRI D ¥ — 2 L 200K A E O ERIC BT 5 7
O— FR¥—27OfFEXBIL, ZTERICERT 25
T2l REGDFEA % RIE T 2 45 R & 1472,

%72, LNBTSREBEOTFTZEHEMET S 2 L I2 &
D, AREF T OECEMSHIML TWE I L2 W5,
L7z CORCENOEEZEBELTT NS AT Il
— Y a VRERT S L TPITSIETHEI S ki
W DOWIMABTET D IV AR N v T % 58 S & 5 W B
Wi b Z Enibhoiz,

ZD—)T, LNBTSHEDTFTTPITSA~X% hIVIZH
NRVEMORFICOWT, T2, KFEEVIEIENE
DIEF 2 WVIZRETH LN LTy FIHE L2
ZAHMEI DR EIZOVWTIEHEIC R > TR WD,
SHBIFSPIZLTWLS LEDR D B,

E 512, LNBTSHIH OMlE THL L EEDO ¥ — 2
DOEPFR, NS DHEMATFTIMEIC & D X ) HigE
5250000V THHEICT 2LEDND 5,

RIGHEAL D S RB LD FHIM DWW Tid 4%, #lZ
PITSf##T # > TV <, E 512, PITSHE#II LD LT
HEEAGHIC X B EIREOFMAMZED S Z & T
alGZOMBE O BT IREOE T VAL L, Tak A
ALY OB FIREICE 2 2B LR 5N TFTH
HEOBREHEHS LT L,

A TRAR72 &L 912, ML L8k 754 AR
VB8 FH T BE 20 AT AT B & B %S - L35 2 & T,
FPD#EIZ B 5 7 1 AekEHESE & MR B %S & 3647
LCHOND L%, alGZOZ I LD ETHTE
V7 7 ALY AR OFPD S B~ 0 I 3k K12 & 5
T5LEEZTND,

2 Z X ®

1) KW#HziEd. AR5 14 271 4.2013, Vol.19, No.l, p.42-47.

2) MEH% v — 7 HEk 2012, Vol.104, p.13-17.

3) K. Nomura et al. Nature. 2004, Vol.432, p.488-492.

4) MHFFIEH HBE 71 A 7L 4. 2013, Vol.19, No.10, p.1-8.

5) H. Oh et al. SID 2013 Digest. Canada, 2013-5-21/24, 2013,
p.239-242.

6) J. K. Jeong et al. Applied Physics Letters. 2008, Vol.93,
No.12, 123508.

7) Ch. Hurtes et al. Applied Physics Letters. 1978, Vol.32, p.821.

8) K. H. Lee et al. Applied Physics Letters. 2009, Vol.95, No.23,
232106.

9) W. T. Chen et al. Electrochemical and Solid-State Letters.
2011, Vol.14, No.7, p.H297.

10) C. H. Oh et al. Applied Physics Letters. 2010, Vol.97, No.18,
183502.

11) K. M. Yu et al. Japanese Journal of Applied Physics. 2012,
Vol51, No.9, 09OMF11.

12) Y. Kim et al. IEEE Transactions on Electron Devices. 2012,
Vol.59, No.10, p.2699-2706.

13) H.J. Kim et al. Journal of Physics D: Applied Physics. 2013,
Vol46, No.5, 055104.

14) K. Nomura et al. Applied Physics Letters. 2008, Vol.92,
No.20, 202117.

15) M. Kimura et al. Applied Physics Letters. 2008, Vol.92,
No.13, 133512.

16) Y. Ueoka et al. Material Research Society Symposium
Proceeding. 2012-12-25/30, 2012, p.1436.

17) K. Hayashi et al. MRS Proceedings. 2014, Vo0l.1633, p.55-60.

18) A. Hino et al. Journal of Vacuum Science and Technology
B. 2014, Vol.32, No.3, 031210.

19) D. V. Lang. Journal of Applied Physics. 1974, Vol.45, No.8,
p.3023.

20) ATLAS User's Mannual Device Simulation software.
Silvaco, Inc., 2014, p.798-799.

21) T. C. Fung et al. Journal of Applied Physics, 2009, Vol.106,
No.8, 084511.

22) M. Fujii et al. Japanese Journal of Applied Physics. 2009,
Vol48, No.13, 04C091.

114 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 64 No. 2 (Oct. 2014)



