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Study on the Surface Morphology of ITO Thin Films Deposited by Activated Physical Vapor Deposition
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A FA R DYy 7 BRI 0 BEICB VT, fidET
WIIESICETFCTHI->TREY, EERFICETIIFELE
WODT, HEIRRRICIRAEES . NV Ry o TEEONY
FIZE LT, In®" BT 5s BLlA s %, O KT
D 2p EPMEFH 2R L TNWETHA ) LHEEIN
Twa?Y, Ing0s i, VHESRIZET % bixbyite & IFIEH
LIERHEETH Y, ZOBMBENRNL REOED %
BILTLFERAE2 5L LIN S (IngOsx) Z &L
D, ERICTI08~10"em *REDOF v ) THE* O
(F %) 7THEMNL.5X10%em 2 METHBTZY). &
i, L7 In BT 5s §LBE A EERELOME THZ
AT ECEy, BEEIG2HEOETFHRMT A M-
MERERTA AL EHBEN TS [In0s5-x (Vo'
we'axl?. F7:, 5~10%DSn %k F—FF AT ELI2kY
10°~10" em ™ O F v ) THEILELTHLONALZ &
AT fE T [Inz,(sSn ’ 5O3e'5] , 2D X ITO (Indium
Tin Oxide) & MEEN TV EY Y,

ITO K 100 nm F2EE O EE Tld 90% LA Lo #LE
HEEE, 2 X107 Qem LT ORI &b ERDEH
BRIZEBCTH B 720, WHETF, s 7 2%, KEGE
WY EOEREME LTERLLSNTEL EF, 20
ITO HEOBLAE, SLFEME, RHE7+0Y -4
LT, MO TEWKEDEMEDHEREIN TV .
i 21X, STN (Super twisted nematic) 773\ % F > 7z B
Wi MY v 7 AT ET ClOB B RIE ASEAE 5 F S
LWFEBEBmMERQA TV LD, K TRWIEIRRM 21+
B7:9121310~20 QUT O > — MEFIABLETH D,

il

RGO R 45 4 6

COEXEMOMBEIZ X o T T BHOFWIT L AT
FEELEEI 2 ML BRI O0, BHEmROBE L
100~200 nm (IR STV BY . Z stz 4720
12, 1~2 X 1071 Qem BUT & W ) fied TR et
EABRENTHWDLZ LD, E6IZ, HT—iAD
BHEBRIAEI THHH T —7 4V — BT L2
MWE% o3, AIEOEZER TOMMARRED O, K
it e D FEBR R 12 150~200 °C AT ICHIBR S s GEH,
BT A KM FAARARET ITO % i3 A 354, FEMRAL
2400 CREFITEFORTVA). ROEBTE— A
(EB) ZEH&EER A8y ¥FETIE, TNHLDOERIZTZA
CEMNTELZWDIZ, Bk G LR DI S
TE2Y7W. 7, ITO #EE, £ OBAEMEMTH

D, BEHERCHEI ST XA =5 I2X 5> TZFDORFET + 1
Tk E BT AV Y KWK GRS LY
AM (INSDOFREFEMIE T+ M)V T T T4 —12L-T
BN T L i 5w, BiwidRE SEEmME 0
RENCKRE BB RS2 20, KfIE7 +0Y— O
Wray ba— VikEETAI &L, HALRT T T —
A vERNRICT ALODEELRT 775 —D—D2Thhb.
X512, KMET7 + 0T — 3AENEERE 2 s 5
DT, BMALWHERIC B 2iEHL 7 02 2 LR RSIR T &
OBV % R ICIFZE T 5 ) 212V TH, JERITH
BRIEWIIZET —~Th 5.

ASHEIRTIE, HBOO O SEBGRE C© R AN A
T 5% ITO DWEATHFETH 5 7T X< EMALEE EO
Th, HEMMEE2Z RF k2 X 5 LAEE (RE
plasma assisted e-beam evaporation, RFPE) ##:TIE#L
FITOBEOFEME7 + 0 Y —IZB LT, ZOHHPIE
AN XL THET 5.
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ITO #BIL, il O EB R E DN — A & HMR IV
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CFHIZIEv y F IRy 2 A% LT RE EEERANK
L THhY, REEIIIZ200W I THEEIT 72, 7
FEWE LTIE SnO, # 5wt 5 H LT 5H ITOXL v b
RV BLZEF v 2 oN—13 5 X107 Pa LU ICHES L 72
th, 1 X10 'PallZed &) ICHRREE e L.

BAE, TAH YN T =071 50 nm BREDBIED
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ProTIr o7,

ITO #MIOFRME 7 + 0 Y — 13, HHRRGHRLERE T
Witk (A7 FE-SEM, S-800) % AWWTHi% L7z, ITO
FEEE 2 M LT B G AR O BC N, XOBEITE Gl
DO —207:) 12 & o TN,

3. KRER, HTICER

RF BT H7H VT, @HDEBAZFIC L - TERL
72 ITO o> FE-SEM 1% % Fig. 1 1IR3, Z OFRIZHE
AT100~150 nm D HifliZ A5 REETH D Z EWbh 5.
SMIZAE IR DR SRIATA SN D DL, EB I & R
LCW AR O 212 (111) BILTWwb L 0ONH 5
72T A. Fig. 212 RFPE #:i2 & 5T Ts = 150 °C TfE
$ 7 ITO #iEo FE-SEM % /5 3. Z OFkiZ, RFPE

BIIIER M RTE 7+ 2y —2 A LT A, HiL,
AT 200~500 nm DFEKIZ L > THEShTWwWb %
4k

I Cd 5205, FNEFNOHEERIET A X2 10~50 nm
DEBDOHTITLA VIl s TR STV, F72, C
NEDOF 77 LA i CRE AN TIEIER (S 72 K
W) 2ALTHBY, FRHOHMHIFITF—HLTW
LOT, FESHMAIEFIZL o TnH I Edbh b,
DC=7 4 0y 28y 8 )y 7ER 7 — 7 EEFAL
SRS T AT YA M EB AL o THER L 72K
LIAKEDH T ANT 7 F v —%R_RTIENMESINTS
DOIDID = DR, A 2 B R BUBE A
T ENITO FHAEDLDTHAEEZLND. I
PEALZERS B, BVIE 28y 7)) v 7RIS & A ITO iR o
KIMHLE AT EB 25615 & ik L TiiRd TP TH 5 DU,
SO TANT I F v —DEBAGRER L TV 5.

Fig. 3, 4 12, #N#h Ts =200, 300°C T RFPE %2
Lo TR L2 ITO #%o FE-SEM % % /9. [EkIZH
TANT I F v — %) SRS LT A Eb»
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s 500nM
Fig. 1 SEM micrograph of the ITO film deposited by
conventional e-beam evaporation at Ts = 350°C.

The marker represents 500nm.

00nm —— 500NM

Fig. 2 SEM micrographs showing grain-subgrain mic-
rostructure on the surface of the ITO film depo-
sited by rf plasma-assisted e-beam evaporation
(RFPE) at Ts=150°C viewed at (a) lower mag-
nification and (b) at higher magnification. The

markers represent 500nm.
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Fig. 3 SEM micrographs showing clear grain-subgrain
microstructure on the surface of the ITO film
deposited by RFPE at Ts=200°C viewed at (a)
lower magnification and (b) at higher magnifica-
tion. The markers represent 500nm.

m— 500NM
a b
Fig. 4 SEM micrographs showing clear grain-subgrain

500nm

microstructure on the surface of the ITO film
deposited by RFPE at Ts=300TC viewed at (a)
lower magnification and (b) at higher magnifica-
tion. The markers represent 500nm.

LY 77 LA DY A X3 EB 25 W #k Sk 6 & Holig L
TIEBPI/NEL, LD PHARIKREA LTV A, X
AT & 5 &, ?NTWRNTM Fod < (111) mer L
THEH, I, WP ZIEFRERLTWBEY 770 A
yﬁ%@&%né_t&~ﬂtfwéw
EB%%&,MWW&—TvF%@mLtXvauy
71:, RFPE 7 SN2 X AWM B W, RIS AST
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Table 1 (Z/R”F. EB 2535 70 & 2 TR GTE S A R 2556
FT-DA L METIZEAEELT, TR DOEFUS
EBNED U, ZD7:20, ISR T- 0 H) — %
WF =& LTEIN— 2T S NIz A5E R T (In

Table 1 Kinetic energies of gas ions, neutrals and evapo-
rated particles bombarding the substrate during
depositions of the e-beam evaporation, sputtering
using Oxide target, and RF plasma-assisted e-
beam evaporation (RFPE).

Deposition Method Kinetic Energy of Kinetic Energy of

Gas lons and Neutrals Evaporated Species

e-beam evaporation = In (thermally evaporated)

:0.2~0.3eV  (kTv)

sputtering using Ar® (high energy neutrals) In (sputtered)

oxide target : ~several handreds eV 1~3 eV

O- (accererated by Vsp)

: ~400 eV
RFPE 0+,02* (accererated by V,-Vi) In* (ionization ratio:~5%)
1 ~10eV 1 ~10eV

Sn JEHT) 2o Tw5 0.2~0.3eV (kTv) FBEDODL D
P Chb, A9y TOLATIE, =79 hE A%y
FLTWB AT By =4y MRS 5 & &I 2 KET
RIS, BAOREEZITITKBEL, &
WO ISR LT < B bk T (A0) Y %, ¥ —
By FNEBSZEHERABEOBRALF Y (0O7) &
Jr v — RRMELIEE (3 — AF0R) DY TR Mk
SN ER Y, HBEMESIAVE—- (EROKEE, 1
H 2%y FEIEREDO LAV F—) ORT- O & 21T
S B A LCna9 " g 208y ¥ &N In
Kb, EBAEZ 7O AL LTHAEWN]1 ~3eV
NDIFNWF—%F5TWh, RFPE 70X A Tlk, ZA/%y
Y7 ZADEHITH Y = K= ZADOBBRTINAE S NLTW»
BT AV F =R OWEHIAEAE LR \W2S, RF 77 X<
ASIERAITE £ THA L CE TV Az, EBEHE TR T T
ZwRFyvx )l (V) &70=T4 TR RT I x
(V) o (V,—V) OBFEIELTHEY. Zhid, &
fwﬁaﬁﬁtz&mhtfwmfdé< BT OB
BRENLDIZT S AN ICIFICHBE L TWAZ LI
R L5, RFPE 78 +& Z21251F 5 RAEDIEE 7858
K04+ ALRIBBRETHY, 7T—rErFIHL
70D 2 L el L C—HHRWETH BT, b
DA F NI EEBE D (VD—V{) DBEFN & - THEWH
Mizm#E s T 5
KIZ, WSRO AV HEEAT, R I & OR %
WHEGZDDOPIZOVTOERE 2T 12, @%%%ﬁ
T TS5 & B ITO 228y Z DY 77 L A »Hiik
DIFNHFERIC UL, IS0 77 L A vRFIT/IME
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(a) e-beam evaporation (b)RFPE
|
(©) @) sub-grain boundary

Ar°, Art or O bombard grain boundary
(wlth energy more than10-20 eV)

¢¢¢+M

Fig. 5 Schematic images of the closs-sectional micros-
tructure of ITO films deposited by (a) e-beam
evaporation and (b)RFPE. The formation of sub-
grain boundaries due to the bombardment of the

atom attachment template during growth is
shown schematically in (c) and (d).
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I & 7z (Fig 5(c), (d) &ExbNhb. 617, &
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X B 5252 LAY Lf:.
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