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Abstract: 1GZO thin films have been prepared by RF magnetron sputtering. The structural, electrical and
optical properties of the IGZO thin films have been investigated as a function of deposition condition. XRD

analysis of 1GZO thin films showed a typical

crystallographic orientation with c-axis perpendicular

regardless of deposition conditions. The carrier mobility, carrier concentration and resistivity of the IGZO
films sputtered at 200 W, ImTorr and 300C were 285 em”/V-sec, 2.6x10° em®, 88x10 " Q-cm respectively.

The optical transmittance were higher than 80% at visible region regardless of the deposition conditions
under the experiments above, and specifically higher than 90% at wave length over 500 nm. The absorption

edge was shifted to shorter wavelength with increase of carrier concentration.
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Table 1. Deposition condition.

Deposition parameters Deposition conditions

Base pressure 5= 10% Tomr
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RF power 100 W ~ 250 W
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Fig. 1. Deposition rate of IGZO thin films as a function
of (a) RF power, (b) working pressure, and (¢) substrate

temperature.
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Fig. 2. XRD patterns of 1GZO thin films prepared at REF
powers (Ts= 300C, Py= 1 mTorr).
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Table 2. Variation of IGZO thin films with RF powers
(Ts= 300C, Pw= 1 mTorr).

Table 3. Variation of IGZO thin films with working
pressures (Ts= 3000C, Pre= 200 W),
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Fig. 3. XRD patterns of IGZO thin films prepared at
different RF powers (Ts=300T, Pw=1 mTorr).
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Fig. 4. XRD patterns of 1GZO thin films prepared at diff
crent temperatures (Pw= 1 mTorr, Pre= 200 W),
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Table 4. Variation of IGZ0 thin films with substrate
temperatures (Pw= 1 mTorr, Pye= 200 W).
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Fig. 5. Variations of resistivity, carrier concentration and
carrier mobility of 1GZO thin films with RF powers (Ts=

300C, Pw= 1 mTorr).
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Fig. 6. Varations of resistivity, carrier concentration and

carrier mobility of 1GZO thin films with working
pressures (Ts= 300°C, Pre= 200 W).

RF #¥o| F7tgel wat sejo] Uie 7o
o]y ZF7kE 250 WelAd = edel #dasiich
e)o] WAL} Alelo] o] ke RF &¢o] F713tel

w2} adatom®| oA 7 F7bete] Znf A7t Ga, In
Qapz ghrs] 2 ghx|o] Aelo] Wevt FdEeE Ao
2 wekdc) [10]. % 29 X-4 314 sigle] A4 4
ol A wizo] wA AAYe =77 Frheel el
grain boundary scattering®] ZFA¥ej#] il o] & 13|
AMele] olEw7t S/ & Aow ket [11] 250
W ool Me] AggEe] F7h= whE FEEo 7]
3 Agte 71 ¢ vA AAYe] 2V Fam A%
Aoz Agkec), Aol AR, AEe] olFre F7t
% RF #&%o] 200 WellA 7H vt v 43S e}
Wt

2y 6 97199 wstel oiF IGZOve] A
#lo] o]l 59} A2l “.J‘f- g on| A gke] WatE et
Jl #olr}, o] w) RF &8, 7|¥-&%s 200 W, 300T
Ak #27%tel F 7!-’5}"1] e Aol UEE Fa
e pold, ol EA7ZIgel F7Hel wet 1GZO
oto] AA7|et chFAde F7HR QA vel FHA o
Z7tst 7] WiE-o.8 #ekEch ol ZnO¥tel #4W
o] s}etxow #4Helmz w g ALUARE

F 28}o) 4| 3 conduction bandZ € A AH§E g} 7|
glo] MwE ZaA77] wiolh [12]. =& &917]
Stol -9-7]-‘?}011 ube} sje)o] ol FEI} PFATS 5'.01
g o)l ¥ 39 X-4 34 e EA AN !
o]Z%o] ulal AAYL Ao ZAR As grain
boundary scattering®] F7hetl7] wiwo® ek
ot vl &e] F7hs Aelo] olF kst selol W



A7 A2 g 8h8] =], 2126¢] A1& pp. 56-63, 20134 146

1U‘L__RHM 4n—40
e — Carrier Concentration J "’g :
[ M)blhty ==
= I : 43% 30
é T — PAYRE g
,,3,? [ -2 —20“%
2 - =
g F & |, _10§
f op————————— - g
10“- n 1 i | i 1 8_0
0 100 200 300 4‘]’?

Substarate temperature(°C)

Fig. 7. Variations of resistivity, carrier concentration and
1GZ0 with
temperatures (Pw= 1 mTorr, Ppp= 200 W),

carrier mobility of thin films

2ol 7)el 3k}

g 78 7|Ebre| Wl
2lo] o]k 7lele] WE P wAge] WEE e
A otk o] W RF %%, ES7I1%4E 200 W, 1
mTorrt}. 7|57 F71§ el ule} 7)2o] Uxe}
olFy T7FE U 350TCelM = 238 ZAastgc
7|7t d5ghol ubel adatomel oYy A 7} ZE7}st
o Zn¥A7t Ga, In#2 23] x)$EAEA 7l e o
W7t Frbsold Ao svrgich [13] Azlo] o

FX=2| ZF7F= grain boundary

& IGZOuee] 7)

scattering®] 743}

A7) wiiolt), 7| @&t 50T A v A gke] F}
T olFEe] st el Wk o] 7|QlEE
Ao 19 49 X-4 A EA A} s A
o= laolt} Z1H2E7 300CY | Ao WEE
2.6x10% em’, 7jele] o] FEi= 285 cm?/V-sec, WA &

S 88x10" Q-emo.Z 1Y 5% M)A EHS n
Atk

==

3.4 23y BA

> RF &% wise] gk 1GZOuvte] 35
W SANEE veld Zlo)n)

W 1 mTorr, 7]#-&%+= 300T =
FASA e, gto] £ of 3000 AR 17@6}9&1
th 500 nm o]’delAe] 7kA|3} e 2= RF &
st s 90% ol el % FIEd neon S
200 Woll M= 400~500 nmel| A & 85% o] 4e]lc}

¥ F49S RF 99 Hslo) dnpgxon ok

she A% & 4 Atk ¥ FAE SHoA B8 4

substrate

Ay 5 6l

100
80
g 60
8
o
£ 40
g —— 100 W
5 I —— 150 W
= 0y ——200 W
—— 250 W
0.I.i-l»l,l|ll||l‘
350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
Fig. 8. Dependence of the transmittance of IGZO thin

films at different RFF powers (Ts= 300T, Pw= 1 mTorr).

40
30
3
(&)
S 20
=
10

I 1 il
32 33 34 35 36
Photon Energy (eV)

Fig. 9. Dependence of the optical band gap of 1GZO thin
films at different RF powers (Ts= 300°C, Py

0
30 341

= 1 mTorr).

(2)E o] &slo] 1GZOuute] A F5ALE Falar
Ao 2o} FEFEFAFe] BAFHAE 19 99 1}
ehl L.
4 = je o (2)
A 2A = F3E #de] ZE, e A

Bl BE, atz FEASY, = 1GZO¥ e §
IGZOM & A% Fold WEdoluz #§

H

2ok ou]A] MERIte] AAANL A ()3} 2

7l o] T},

A5
o o (hy— E_:;}”"’ (3)
hi Planck %<,

ve AEF, Ege Az Mese



62 J. KIEEME, Vol. 26, No. 1, pp. 56-63, January 2013: H. M.

100
= 80
8
3
2
m
~ 40
—=— 1 mTorr
—e— 5 mTorr
20 : | | —— 10 mTorr
i i I 1 i
400 500 600 700 800
Wavelength(nm)

Fig. 10. Dependence of the transmittance of IGZO thin films

at different working pressures (Ts= 300°C, Pu= 200 W).

ojulgr}, a’o] FAtel LA a’= 0

AgHseg

ojAtste] 8t MEYE 78 ¢ vk RF &30l
F7hgbel whel Fetd W=l 3] {EHULG

Burstein [14]2 7lglo] W% F7tel up
LA el zelA w=Ae]l walel sfelo] W Ale]g
A5 ol A (4} 7ol HE HYr)

_xl _:] x| 1‘1_

AE, = h"(_-_}_)w':i_”e.f:; (4)
i 8m T

of AdlA AE= #d wmege Ws, hi

Planck 4%, m's Axe fFad%, ne 7o

=5 Yepdd. 38 a=3e g3 a§ 59 A
glo] Wrxel Wzt dA et (18] 18 1032 1
3 12 & -‘?1” el W3 wE 3 Fik
3} photon energyﬂ--‘—’] PAGAAA QAHE F Eﬂ
A W= e] Wk s veldl o)) o] o RE e
e 200 W, 7IHEEE 300CR fAson,
= 3,000 A 5% st shedrh

Iy 10904 ®9171se] wstkel i’*?ll%’i*‘-’] 7HA] %3
gl 80% ole ¥ FHeE udehilewn
500 nme] ol A= 90% °l*‘f94 F ks e
Ack. F Frae B971%el S wet Fubg
%330%-‘:&Q‘ﬂﬂ% oAk =3 a9 11
M BFH W=go] &4 fl"Jc*] Z7Hel we}
Zasol e g9 4 ok o= 1% 69 Hall &
anqqﬂprrmﬂq”leﬂfﬂ%ﬂ%ﬂ.

19 129 1§ 138 7|#A2 0] Wiste] wE F F
Y %'@Fﬂ R ERE RS

5 LPERY Zlojt)

54 9o
B

#r B4

Kim et al.

o (x10°cm’)

30 31 32 33 34 35 386
Photon Energy(eV)

Fig. 11. Dependence of the optical band gap of 1GZ0
thin films at different (Ts= 3007,
Pri= 200 W),

working pressures

100
£ 80
8
]
= 60
w
=
[u]
= 40
20|
1 " 1 L 1 L 1
400 500 600 700 800
Wavelength(nm)

Fig. 12. Dependence of the transmittance of 1GZO thin
films at different substrate temperatures (Pw= 1 mTorr,

Prie= 200 W).

o (x10%m)

30 31 32 33 34 35 36
Photon Energy (eV)

Fig. 13. Dependence of the optical band gap of IGZO
thin films at different
Pue= 200 W),

substrate temperatures (Pw= 1

mTorr,



A7) A Ap A 528 8] e B, 4269 )15 pp. 56-63, 20134 141

Zlgexe] wsteh F@stA 500 nm ool 7hA
% dejol A 90% ol4el ¥ FEE ek

9 130 AR el wek Paky wey
o] st BOTAAE 518 F2HS ¢ 4 ck ol
& slele] Wie] Wajsh Axsh: AskE MolFu ek

4. 2

RF mlavEE ~HEgyS ALE3le] IGZOYHEHE
ZARstl o, =43 Zn0i gl Ga:Osmt 2 InOs
g 7H7h 3 wt%st 2 wt%2 H7kste] Ble Az
sk Fal 1GZOMERe X-4 84 dde) ¥4 A
2 F3 27 #AIgle]l (002)He2e] 32 st
o % Wi¥gAHE KA. RF &8 7189&%7F 4
S8 wel X-4 31d Fae FErt Frksiden &
718kl F7tols Q88 Pastch E§ vjA 4AA
Hel Z7]% RF £33 719-&x7t 45l wet 371
atlent #91718tel 71l m}d}fﬂ‘—* 288 @At
2t Hall 3} 5% A3} RF 39| 57}, 7|92k e]
e 2 B9t gaddA nAGE PastEd os
adatom®] U A7} F71ebe] ZnA7F Ga, InfiAbE &
ubs] A &AM ghele] WxsE Frhskar, viA AAY
o] Z7}& 213 grain boundary scattering®] 7a3dleiA
Neje] ol s =7t Frlely] yiiow dvtgch 1GZOu=}
o FFe 54 A3 S 239 #ARlel 7% 9
ool A 80% ool BFEH}EH o Ba 50
nm o]l A E 90% olae) BEIEE vehhich A
2ol W7t Fritel weh F FHue g Fow
olgatglom, ety WS sHgE Atk RF 2ol
20 W, BSPIE 1 i, 71957} 30T, o] 27k 3000
AY uf Flele] Wwrt 260" af, AMEle] olEw: R5
art/V-seelom, H)HEo] 88x10" Qemi 71 Al vekdck
7P GeellA] &% olde] # T vERIT) 3k 338
eVel FepA mes JehiIE) Gaslt Ing] #H71ake- WAl
= 50 dE Bole] FusAuto g 3-go] 7|fE o}

LRI

63

#Ar2| 2

o] =& 20129 A A FAYAAAT

H] (RPP—2012—000)9’r 20108 5= 75"% (&3} 8} 7] &)
o] Aor FAAFAcke] =9 (No. 2010-0007697)
& o} -?33%1 JESE0)

REFERENCES

[1]1 J. Hamberg and C. G. Granqvist, J. Appl Phys.,

60, R123 (1986).

K. L. Chopla, S. Major, and D. K.

Solid Films, 102, 1 (1983).

[3] J. Y. Tseng, Y. T. Chen, M. Y. Yang, C. Y. Yang,
P. C. Li, W. C. Yu, Y. F Hsu, and S. F. Wang, Thin
Solid Films, 517, 6310 (2009).

[4] Sim, K. U. Shin, S. W. Moholkar, A. V. Yun, J. H.
Moon, J. H. Kim, and J. H, J. Appl. Phys., 10, 1016
(2010).

[5] K .C. Park, D. Y. Ma, and K. H. Kim, Thin Solid
Films, 81, 7764 (1997).

[6] H. G. Lee, Master Thesis,

University, Jinju (1996).

[7] K. C. Park, H. K. Lee, T. Y. Ma, and K. H. Kim,
Ungvong Mulli, 9, 450 (1996).

[8] B. H. Choi, HB. Im, J. S. Song, and K. H. Yoon,
Thin Solid Films, 193, 712 (1990).

[9] R. F. Bunshah, Deposition Technologies for Films
and Coating (Noyes Publications, 1982) p. 129,

[10] X. Yu, J. Ma, F. Ji, Y. Wang, X. Zhang. C. Cheng,
and H. Ma, J. Crystal. Growth, 274, 474 (2005).

[11]1 J. Y. W. Seto, J. Appl. Phys., 46, 5247 (1975).

[12] Y. Igasaki and H. Saito, J. Appl Phvs, 70, 3613
(1991).

[13] J. K. Sheu, K. W. Shu, M. L. Lee, C. J.
C. Chic, J. Ele. Soc, 154 (1991).

[14] E. Burstein, Phys. Reuv., 93, 632 (1981),

[2]

Pandva, Thin

Gveongsang  National

Tun, and G,





