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Experimental investigation of crystallization behavior of amorphous 1Z0 &1GZO
films by XAFS
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1. BT (& #ERhz2EDTFEWN)

T, TENLVT 7 2AEEZF O 1IGZO R 120 HE 7 P 2% (TFT) NI A&
NTW5D, IGZO X 1Z0 R K 7 > VA X ZERIT 20, HERIERSKEORERK ST O
BACICHE - T, HERTEAL 7 7 AEEN L ZEREEE LT D, Zh b0 &I
FoT, BREMELELLL, TFT T A ZADMAME R EETFREICRKRELSEEST L, K
FZE Clix. BERRIEE O EH - T, IGZO XX 1Z0 HIEN T L7 7 AREE NS Lk
PRSI BT AL VWO FERL BB DO A D = A A EHWD7-DIC, XAFS 27 kLD
BIENSBERIEE & In, Zn, Ga BV ICEN T 28 FE & OMEAHHEZ 7=, XAFS A2~
I RADOEHELNT-EESMEEORKE., 7T T 7 AREE2F S 120 #EIXHEKLIC X
5T Zn-0 OFAHEERL L O BILOERN AN hoTz, —FH., TENLT 7 AESE
RO IGZO R ITBERIC L > T, F IR+ (BHFE) OV —T OMEDOT T Mirb,
In-0 & Zn-O OFEAHEBEXHE ML, Ga-0 OFESGHBEIXIZIEEL Lo 7o Z E D& M
Wi ode, 5% INOLOERT — X 2 EEMICHN L, EEHEEEOE(LICX D IGZO
DR ML ~DEEZHEBHICHAT 5,

(English)

Recently, amorphous indium-gallium-zinc oxide (a-1GZO) and In,03-Zn0O (a-1Z0) films have
been widely used in the high-quality thin-film transistors for flat-panel displays. Depending on
fabrication methods and annealing conditions, the structure of these films changes from the
amorphous to polycrystalline state, which affects the film electrical properties and thus TFT
performances. In this study, we investigated the effect of annealing temperature on
crystallization behavior of amorphous 1GZO and 1ZO films by using XAFS measurement.
Increasing the annealing temperature to 800 °C does not obviously change Zn-O bond distance
for 1ZO films. Whereas, In-O and Zn-O bond distance increases, and Ga-O almost keeps
constant as the annealing temperature increases for IGZO films. Based on these experimental
observations, we will guantitatively examine the effect of the bond distance change on the
crystallization behavior of amorphous IGZO and 1ZO films.
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BE A~ — N7+ V72 EOWRE/SHKINVTT BNV T 7 AEEEFFOIGZO R 1ZO i~ 7 oA X

(TFT) BEAINTWD (Z 2T, IGZO FE b1 Yo A, BbA U v A, BblishOEEEE L
WT, 120 IZBbA T U A EBILHESROEAIRILM TH D) [1-3], ITFT v — 7 DA & V2
ERBEIEE D 1GZ0 K TFTs 2 W o ilkdh S v &b L7z [4], IGZO R I1ZO R 7 VA X %
VR D IREIC, FERBAERSGAORER S DI - T, IR T E /L7 7 AMEIED D S Ak i £

TET D, TNHOEICL > T, BRFFEDZL L, TFT 731 AD[fAM /e & FFFrEIC R X

WA D [4-5], YHFFE=RIT 2014 RIS RS C, SR ALE FEMBEOBIZIC X v . ERIEE
JE & BERGIRE O BRI ES T TR T 7;<$%Lé»$éfo IGZO X% 1ZO ARG fh & FF Ol s L

SIILAGEEREEIC /B Z L 2 HE Lz, B MEE TEM ORI X » Tt skl 2 3R~ &
A BERRENE L R DI oN T, TENT 7 ARG L £ IGZO AT NZO FEMEA IR dib 23T AL
i, ELITEERERLRERE LTV ZERALNCRo7, L, XRD L TEM 12X - T,
S RS IRLE SO R BIR S & G s D BRI B 2 MR L7222y, 2N T TiEH o CidhneEL o
%o

AWFGECTIE, BERIEE O _EFHIZPE- T, 1IGZ0 XX 120 HFEN T /L7 7 AREE ) b 2 f s 12
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Fig. 1. 1ZO ™ Zn K-edge EXAFS AX7 kL b5 5= B 54 %L, (7 : as-depo. 7R : 600°C
THEAL. #% : 800°C THERL)

Fig.1 |2, as-depo 1ZO &, 600°C & 800°C CHERK L 7= 1ZO LD Zn Jii1-J& © OBV 5341 BIS A 7=
T, B oIEE T (8RR OE—27 OEMIERLTH D, 2. F TR (BF) ov—7(L
BOYT7 Mnb, BERTHZEICE-T, Zn & O BOFAHEEOZL N R S do 7=,
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Fig. 2. IGZO #/o In K-edge EXAFS A7 R b5 678885 #iBa%%k, (7 : as-depo. 77 : 600°C
CTHERK, % : 800°C THERK)
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Fig. 3. 1GZO ## %D Zn K-edge EXAFS A7 ML LIV Zn 18 0 OBk, (5 -
as-depo, % : 600°C CTHERk, #k : 800°C THEMK)

Fig.3 |2, as-depo IGZO ##fiE, 600°C & 800°C THERL L 7= IGZO WD Zn Jii1-J& © OB 5341 B &
R, BERKT D Z &I Ko T BB (R O — 27 R Rolt, TAUTERAT 'L T
7 AEEDLAERET D LI L DB LEZOND, £72, In & O MDA EEO RN & AR,
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M+25 2 Ennhot,
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Fig. 4. IGZO 75D Ga K-edge EXAFS 2-X7 hLinb 5072 GaJFii1-J8 W OBy rEk, (F :
as-depo., 7 : 600°C CRERL, #k : 800°C THERK)

Fig.4 |2, as-depo IGZO 7, 600°C & 800°C CHERL L 7= 1IGZO s o> Ga Jii1-J& v OB /54 B8
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Bepk 35 Z LI2& - T, Ga & O MDA ERENIZIEE DL R o T2,

5. 5% OBE

TN T 7 AEE RO 1Z0 R L 1GZ0 O LIZEE 9% EXAFS ORIEIXIEF IZH H 725
BrTr — 2 33577, 1Z0 D Zn K 30D XAFS 227 ML B LN - B S BEEORR., 7
TV T 7 ANEE R FFO 120 BIEITEERRIC K o T, Zn-0 OFEESIERER X O L OB A S e h»
ST, —H., TENAT 7 AEEE RO IGZ0 ML, F R+ (BFR) Ov—7 OFENL, Bk
BED EFIZfES T, IGZO N T V7 7 AEED GAEET 2 Z R ahoTe, ZHUXHSusE
BB E FRAMEEIC X B R LS L TW5D, £, B—FHR 7+ (BFE) o —7 ONE
D7 hb, In-0 & Zn-0 OFEEHEBEFHIN L, Ga-O OFEEHHEHIIZIEE D LR o722 EMb
Moz, S DOERT —X % EEWNHENT L, A HEEEDZ( & 1GZ0 HIEORE M bilfE &
BRI & BERR AU ARIR 9~ 5,

6. BEE
[1] K. Nomura, H. Ohta, A. Takagi, T. Kamiya, M. Hirano, and H. Hosono, Nature, 432, 488 (2004).

[2] Junjun Jia, et. al, %5 75 [RIS A BE 2 BRI 225006 T Fadk, 18a-A12-8, (2014).

[3] A. Suko, J. Jia, Y. Shigesato et. al, &5 75 [Aliis B = BK R AR i TR 4E, 18a-A12-9,
(2014).

[4] #2RHREk, o v — 7"k, 104 (2012) 13.

[5] D. M. Lynch, B. Z. Barnaby, D. A. Levin, D. A. Muller, D. G. Ast, R. G. Greene, and M. O. Thompson,
Appl. Phys. Let. 105, 262103 (2014).

7. FSCHEE - B (b ARBICEIET 5 S E CORF )

1 Crystallization behavior of amorphous indium-gallium-zinc-oxide films and its effects on thin-film
transistor performance, Ayaka Suko, Junjun Jia, Shin-ichi Nakamura, Emi Kawashima, Futoshi Utsuno,
Koki Yano, Yuzo Shigesato, Japanese Journal of Applied Physics, 55, 035504 (2016).

2  In-situ analyses on negative ions in the indium-gallium-zinc oxide sputtering process, Junjun Jia,
Yoshifumi Torigoshi, Yuzo Shigesato, Applied Physics Letters, 103 (2013) 013501.

3 Amorphous indium-tin-zinc oxide films deposited by magnetron sputtering with various reactive gases:




Spatial distribution of thin film transistor performance, Junjun Jia, Yoshifumi Torigoshi, Emi Kawashima,
Futoshi Utsuno, Koki Yanao, Yuzo Shigesato, Applied Physics Letters, 106 (2015) 023502.

4 Direct observation of the band gap shrinkage in amorphous In,Os-ZnO thin films, Junjun Jia, Nobuto Oka,
Yuzo Shigesato, Journal of Applied Physics, 113 (2013) 163702.

8. F—U—F & : RBROEBRFELBET L HEL2~3)

TENT 7 AERE, AT AREE, 1GZ0 HEE

9. WFERRREABNTOWVT (% ¥ 21Tl LEMREEOABICONTDE@D 5 bty LAV &l LT

7V, FT, fwxX (&R R EMEE U F —~OHRE, ETII AR A~OFRRIRHFF 2 TA L T

SV (2016 4EFEFEERREIL 2018 FEERDWIBR & 720 £97),

W& 1 7T, ZFHOREHORHHREFIC ZHRALTE N,

@ w3 (ERiAh) FEROBE (e . 20174 5 H)




