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Study on the deposition rate and vapor distribution of Al films
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Abstract — Al films on cold-rolled steel sheet have been prepared by vacuum evaporation and arc-induced ion
plating, respectively, and the evaporation rate and vapor distribution (thickness distribution over the substrate)
have been investigated according to deposition conditions. The arc-induced ion plating (AIIP) method have
been employed, which makes use of arc-like discharge current induced by ionization electrode located near the
evaporation source. The AIIP takes advantage of high ionization rate compared with conventional ion plating,
and can be carried out at low pressure of less than 107 torr. Very high evaporation rate of more thah 2.0 im/min
could be achieved for Al evaporation using alumina liner by electron beam evaporation. The geometry factor n
for the cos"¢ vapor distribution, which affects the thickness distribution of films at the substrate turned out to be
around 1 for vacuum evaporation, while it features around 2 or higher for ion plating. For the ion plated films, it
has been found that the ionization condition and substrate bias are the main parameters to affect the thickness
distribution of the films.

.M B

R R M R
slat A4k Wslr) e F4el i) 2] Al B4
F Alolant el Fol A4S TRE BE BEA

o] =A9} wkm 2ela ARG e WaA

Baaet Sofl FuA o)A Qi [1,2]. &3 ¢F
BlEE o] F5o] 2 Al SR v, 7R,

207

Wald o G EAe] )02 sl AN S8
o7} w5~ Tlefslct. 2T el AR o] A
A EEmA 4% e 45w IHAE T2
2 WA R J1AA RS s shke 97t
k) A3E T 9le}. o] 24 McDonnell Douglas A
oM wlgrle] AMEE 45 e dFelEe 2
Bate] WA 9l Uk A8 = ARSlR gl (3] &
FES 97 dFulE B AR HER,



208 Al - A -

w714 52 Azl G| o]8HIL glow, ZYefX=
el FnEs XJ%%ZBM ZW%— N A Y
7VAAEA AHB3E 9= S8-2 )% Tk
g, 198491l A& uyﬂsl Nd-Fe-B 372H] (4, 5]
< 53 Aol = B3R W7)F = AR
A QA Fo] LPs] WEe] Yo} ol £
EFe ol A TH m dFReE FAE
A-E FAAIFIL et [6-9].

%}‘“‘Ul > A|xFo FHTY 7§T O Fgo] ¥
of AJakxle] Hex]7] wffol HF-E EFEHYE o
4313 Qlot. £S5l = 2 ﬂ%’%—ﬂr AHEF L
2] o &Eolo[do] glom WA S e FH
2] Afolle gub e o] 2Ew ol whE-& o|-43kL
gleh. o] 2ZH o8& 1963 ©|=e] Mattoxell 23|
AR 225 7led] 432 (10], AF 247100

A 2 2712 SekznlEdelr o] 3AA Hxd
AQ) S5l 7IEAIA AT Y WAoo 3=
Al 3 S ofzt 7k, o] FE A
AL FEBlER FES XEst U UFY ) &
#E 7€ 9l [ ﬂzlfﬂd—f—_ TEE AT

u)E ke A2 e W e sl gl
S ut opE} 7o) WA o] ‘é%& = 714
31 9lenl, olE A sl ATEEY At
7)E LR 7Aoo} 3P o] 2E e o|H o
7|3kl 7kEE AE 7M7Y o] 23148 S
AI717) A8 o w2 e WA JkAE 248 980t
9A et e rjehs 2R sMdE A9 U
Thol] &AM Z3E opE} Z]gte] o] H4F -r*—}
o) Zhasle] A o] AakE, 7)ol THGE

ke W E=R )gel £42 FA 9o, %M
L Shale] o] £24eE Fol7 sl WAt
slotel) &=} Wuhe £AATIA He PAskash

ZLHE GFeFE Aol Algte] dojv} o] Rk
9| aE 2 2t

£ dilMe Adam 209s s ATSE
P o 2FeolFel] osl] Aol dFrlE NS ¥
AR F g 9 Z|EEs *-J?‘M:Li T3 o]
BHOE A aefzele] wwE B8 FVIEEE
A %LZC’IZF Zé_ﬂs}-v-x} ﬁ}aiu} 53], 45|
dFujEg I&oR
22 7§—r4 FApyel W F7)RES T80

B ATellM AR o] 2FH 092 Atk FAlA

s+ s3] A A9 A 35, 2000

£4% - of5Al - W4

S SFspAME WA F WA S A e
o} =} E o] &Zd o] B (Arc-induced Ion Plating;
ATIPHPE [12, 1318 o]83le] 2AFIAM9] o] -Z <]
g Adsigl o, £ dlE o] 43t dFuE F
g g R EE AR =&Y =3 ol F

Azz e 32 AlxEe] AAAAE AT A%
AAARZSY 42 ZE 5 IZHZF FAY
TUAE gHsle] TE2el IH9 74 S AXske
2} 3}

2. HEYy

2.1. AP 22| W B4 [12, 13]

AP Y5 A4 g =g 29 16 v
ehfgleh. dubd e FiA $29] Ay FEEY
Zabgolae] F7]194-2 0.1~1 Torr A =7} S}, 24
3} o] &3 F Ao o] Izl Ae) FHEEE 2AA 9
73S Vel SidelA] HolAlol wlet °JE—3% o
ofzlt}, o]FA FHHES FHAIFIEA, TU] A9
AHedgtk 9jAjol] - 2345 (ionization electrodeyS ¥i*]
el A3 20~100 V] ko] Ak AT
o ZUdel| A wEsle 9Ha T2 23l o) -3}
L———:ng 3kaj o] FsbHA SR} FEsH Hel &
WAL o] 23MAXIYH &, O 1ol Jep blel 2

Blaz, $4

Substrate

AN
® ® @ ® @

0.4-05kV
onization Electrode
%\ y /
/ ,
%

o/F

<EOV 100 A

Filament

1©
Electron Fl'
Beam Gun ﬂ

L

— 10kv, 1A

8 1. Schematic diagram illustrating the principle of arc-
induced ion plating.



ol I Al 3] B 5 S0l B A 209

of FUUAE M — M'+ezhe 2 Eef=n) o]
I AzlE Eelge Aot o, A5d EAS €
e A-olle S TR} ol G3a) WAt
o) HoEE I3 AMAE UL viE Gof 9
AL ALS- el ES AX|etd Bk avpdloR E3
< o] A 4 i

Zef=nile] oleo 2 ¥ FHRalY] SRR 2
$=F 7P wieke] AiAo|x|ut HARES] oY=
WA "o} o]FA o]k FIAE 4% x:
A o] upgko 2 o] F3lmA TA] FuUIRte} FEd}e
ZEl=r} o] &3 AHALE qhEe] W) o|9t e ]
o] HHEEWA W FUIAI} o] 23EE A9
cascade EAYo] A o] 3Tl Y2 ARy} 32
Al "} ARpE o] 23S A sk ke
GHEEE Fxbo] 0.1~1 Torrl 2L o] 23T o]
10°~10™ Torr A E0]7] WEol A= TR} 3
E8Eo] ¥ T o BAEY o]23HFeR
k1] wioll A Aol Sle FEd FEe] o
3 ofo® djd o] 23AF7IY] I ie s
A E I, wepr =4 Afole AT 32
A3} Ze] He] ofzel| 77k wWiAe] AR eojd),
oba vpxle] A 4~ §l& AERE AVRAA| ¢, ot
Aol x&A 02 A8 M SLEAY F
S Alojslof 8} o] 7% dARlS} o|xpAR=
Z2FA S Sl gl Aeln. FHEAC] =AY
73 AR}, o)X AR} Ex o] 23l o] A A
Apo) glol] AHFAA} FHEo] EAfehe FEU o]
AFAol9] FZhS 33| wigol SRR o] &
3} dieds] 37 "o o] HpAL J)EAo R B84
TS AMEA] AL 2 o238 98 T
o oeid WErF £ WAAE 22 A e
e T AT Aoz 7d gy

2.2. 7|2%2| 0|E2X uiH

FEA ez NE P 719 FRE F, 7l
Ao FAREE Hert[14,15] E Mayer [16] 5 23]
o] g AFHeE AR 2 F M2 e
Fdo] AMpiEwAY 5 FEE 9 FEE dgl
AgH < dole7} RS = 319) ot [17], 371827}
7 Fapaol] wizksl Whgsled delx]7] el o
[E HolBE o] BH oz At 2 avA| iR
2] Wit & ERelME Hert 5ol Mgt S F,

Surface Source

3% 2. Evaporation from a surface source.
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H 1. Experimental parameters and values for Al evaporation
and ion plating

2y ZFAS Z449]
Az g 10 kV, 200~600 mA
Zxr913} 7192 A= 25 cm
352 i 200°C
g 0.5~2.5 um/min
Z257 20~40 pm
AP A 10 kV, 200~600 mA
Z13) 7]k A= 25 cm
7|HeE 200°C
g 0.5~2.5 um/min
AIIP 25 10~20 pm
7|shafolol 2 200V, 04~12 A
o235} A= 50V, 10~24 A
BxAasEeHE) 10V, 50 A
o2 A oFH 0~5X 107 Torr
Z3 A 20~40 um
b vlolo] A Ak 200 VE FX51gew, S2F
T 20~40um WHZ AT & 12 £ 97

AR FaEs 9 AY A0S e Aol

Zge A Z2RARE 2.0 pm/min o)) I
& Z9ix W FAuble] BE el
Was A, & F FAE SA3] ST
= ZAAsgd F4 FAY AL XRF(X-ray
Fluorescence)?} M52 77 4715 AM-8le] 24
slgon, $ARFAE o] 88l insitu® FEE &
Hste] 94 T2 sk Pshalc.

3.1. SafuHo| g SiEe] Ml

a8 5= AREa 9 AlPAe] AAp] Mol o}
Zihge) W3S RedFal 9ot adelM AlP(1)
232 7}AE FH8 ASelH, AlIPQY: o2
AT FYEA] @ Ffelnh a7l B FEh
Wel] #Agle] vHlIA P& HHYN T B3 ¢
o g Vel o 4 glotk o’ #ARE ¢
Fo ZRAES ARl 4 A4S FHadEielr)
WEoz Aeridsudd 20y 9 7o =i
RIS AR 734 085 vlashd Y8 A9
ol Al 2ufell A Sl E T Zholvh APl AHFHe]
S5kW o]Ate] Hm o o)A} A FIelA] 4 F
uhgo] T3l o] 5L & At ol A F

rlo ru

o

2.8 ——————————7————
Evaporation A a
244 e AP . " y
< AllP (2) . T
g 2.0 1 4 -
£ . R
~ 1.6 . -
_SJ_‘ A
C .
c 1.2 4 4 -
.9 a L]
2 .
8_ 0.8 a . . -
[
D A a
0.4 4 s
0.0 4—+——r—————— 17—

15 20 25 30 35 40 45 50 55
Electron Beam Power (kW)

1% 5. Al evaporation rate according to the electron beam
power for evaporation and ion plating, respectively. The alu-
mina crucible liner is used for evaporation, and the source to
substrate distance is 25 cm. ATIP (1) means AIIP deposition
at the Ar atmosphere of 4x10™ Torr, and AIIP (2) means
ATIP deposition without introduction of any ionization gas.

7tell whE ZhE-9] spitting WA ot AP o] FHE-
WHEE U5 A Fajsle] SE B s
EE ¥ FLEY oA Ado] E3} Aol o]=
7] WEe) ALz sAE 5 olok [21,22]. o]Hd &
AFe Zabgol ¥ AFZ2e] 79t Bt #@AsH
vepdd 272 HE o 900 ofEF 7RAE 3X
10 Torr 333l AlIP Hpo 2 33} 797} 7}
A Zukgo] Yo e gled, ol FUEo] 7t
2o]] 2)5) Alghs]o] Jeple Aoz dME 4= gl
w3t 7EAE FYUsR] 4T AIIPR F33E 9l =
At S| wjg] e FEE Hol= A FA4 ¥
2ol B3] o] 23k A} w EASE] A3 AR ut
£ Al 83 ¥o 7] dEe) vshd dakes A
g 4 gl

a9 62 AT uh ez 3k 79l APl
HHo] 2.0kWolstE W 790 Fhge] Wsle B
JF3 glet. Fubgo] A9 AAH ez WslshHA 1
718717} wig S8 & 5 ok AApe] Aol
5 Aok vlashd e Syl aet g ¥
3} B gAsce ot} ol UFt FAIE
S o] 83le] 9 SAS WIS dFulFe] vlwA

2 oA Fodte] dopy] WEel HoE FA

Journal of the Korean Vacuum Society, Vol. 9, No. 3, 2000



212 A - A9

0.6 —————

0.4 -

Deposition Rate ( um/min)

0.0 — —r
0.8 1.2 16 2.0 24

Electron Beam Power (kW)

1% 6. Change of Al evaporation rate at low beam power.
4 gl

3.2. SH=0| WE F7|2=9| s}

7120 Wde A e we A}, S
g 22 e W3E Bl d2be] A
e A (5)°] o]&H< AARL F, cos"gellMS] 1o
S HIAA 29 o] EXA Tzl ¥wE B
TEAA ne 3E BASA.

1.0
0.9 ~ -1
o 0.8 -1
g | .
v 4 0.5 pm/min
=° 07 ® 1.2 ym/min
~ N A . -
o 2.4 p1r’121/m|n e
cos 8 .
"""""" cos' 0 N w s
06 [ cos? 0 N
"""""" cos’ 0
0.5 — ————
0.0 0.1 0.2 0.3 0.4 0.5
!/ h Ratio

12 7. Thickness distribution of evaporated Al films depos-
ited at different evaporation rate. The cos" ¢ function of thick-
ness distribution is also plotted for n = 0.5, 1, 2, 3, respectively.

gh=-x) 333 =] A 9H A3, 20004

v

LR

o530 - hy

a8 7 ATFALE GFAw IS A F
ARES T3t 7,&.3; 2428 747F 02, 12, 24/
min® 2 WEAF|HEA 7] —mLi-rEi 0.5cm %
A2 FAE EAsle] 23 2ol FIERY 72
AAZE AAE] Yl cos"¢ Tl ne Fhol A
05, 1, 2, 34 7459 7] £¥ 2HZ5 FAld
efidet. 29 70X vhe] Zhe] 0.2 oAt F, 1%t
FARZHE 27 Hojzl XM F7IEEES v
W, Fgo] W Aol FRIAF 29] Fhell 7t
Al FEE glon, 1 ko] A= 16 7P
FEFHIL US & 4 olth olEdt qFL FEE
Z715tmA] ZulelAlzt Algte 2 olsl 27)e] HA &
Aoz olajdt 4+ 9lvkh e Fihgo] % FolA
2.4 ym/min®] FW 1.2 ymy/min®) A$E} 9388 T+
ZAAke Zel AREH ol AEARGE: & F
s S8 AHE FMIRCE Qg S84 W3
EFE 1 QS 2E 5 i F, ARl Ao
FsiA AR E-57dee] FiEo] 538 o7t
WA 4 Fwie] BHHo] deix| 1 ey 238 3
FrelMe] Fdgo] ol AR FrlshHA At F
zApe] & FA sh= EAE Jehbe Aeld 21).

¥ 8 29 79 2ov} Vhe) kel 02051 7
+ F, 7% SAHT M) SI1RES HojAlA a8l
o]t} 21 82HE 7| FAFINMY FARE

£ AR A, FAEIES} cosmgoe oRE S
1.00 T
0.95 N
il
=
q
[vd 0.5 um/min
©° ® 1.2 um/min
= 4 2.4 pm/min
o
0.90 cos"? @
""""" cos' @
""""""" cos’ o
""""""" cos’ 9
0.85 ~——r————————————
0.00 0.05 0.10 0.15 0.20 0.25 0.30

1/ h Ratio

18 8. Thickness distribution of evaporated Al films at low
I/h ratio from Fig, 7.



Zaipge) e Al Tl 38 )

o.gﬂ
0.8 -
k)
=
v 1
@ 4 0.4 um/min
E 0.7 - ® 1.0 um/min
- " 1.8 um/min
003”29
064 | T cos’ 0 .
~ cos?@ o
............. cos’ o
0.5 —— T
0.0 0.1 0.2 0.3 04 05

I/ h Ratio
3% 9. Thickness distribution of jon plated Al films depos-
ited at different evaporation rate. The AIIP was performed at
the Ar atmosphere of 3x 107 Torr.

Hel3 Ql55 & 5 Ut gl B A9l o
L AE cos"9] AT werl glovt 1 Fe)
Aol cos"poh= AR Ao 2 HolT glow o
o AEEAE Mol §)A] o). o= s FA)E-o
Ao F7EEE cos"¢d HE7} 2 ARlER] %LL
HojFe Zelet. 23]8] 7|83l g 7l7kg 3ol
M A BEo| 7l7be ARE Ho| T g},
39 9% o}BT 7kAF 3X107Tor F95}ed AP
2 &FuE I9E FAAA FAREE 73 o=
ojile] Zg-2 Zz} 03, 1.0, 1.8 um/min® 2. W3}
A7 E2Asle] T T o}, F1FEEe] Hgep=
g2] S Wslel] mE FARES] W) aox) =2
2 S & 4 Al vre] Fhel 02 o)Al o)
A2 cos’pe] FEZ YeZ glt}h AnPlA g
9 Bﬂ}:].o]] a2 EAsl Z48EAL Holx] = e
AlIPS} 734 R334 de] e Su B
o= o] 2EE oY A3t &, o] 23kE% 7]l 7t
g utolojx Hgke] Earl F71 Lol v B AFE
B 5L & fulshs Aele. 7|4 x| Fx)&
AL ATIP HPH M= 208l me) Y3t o235}
A5 Aol o] &3 f7} DeiAlng Fukge) W
31 & o] 2321l Wistel A= Aot} &,
TY SLEING o 23S FElsle el 3l
w2 AglAe Akt flo] ARz RE FE4)

27\ et AT 213

1.00

0.95 1

0.4 um/min
® 1.0 pm/min
" 1.8 pm/min
cos™ @

d/d_Ratio

0.90 4

0.85 4————r——————1———
000 005 010 015 020 025 030

I/ h Ratio
T8 10. Thickness distribution of ion plated Al films at low
U/h ratio from Fig. 9.

B AlPAASY T2} 2352w g2 et
B AL A AP 75 vlelolx H9le] A3} 2
Al 2SI S o]alE 4 ot ol=3t AME
oA Adisls 23 1194 % Yehdd,

% 102 I3 925 7|9 SAY2 TAEE
E vehd a3e2 AF3FFI AR cos"¢9)
AL Helx] 3 glet. vk AFFA w)we

1.0
0.9 4
, oo 4
® ‘\
X 1
<° 0.7 4 1.0 pm/min L
> ® 2.0 ym/min L
12 N, .
cos 6 N
_________ 1 ,
0.6 - COSZQ
””””””” cos'@
""""""" 60339 .
0.5 —
0.0 0.1 0.2 0.3 0.4 0.5
| / h Ratio

%3 11. Thickness distribution of ion plated Al films
deposited at different evaporation rate. The AP was per-
formed without introduction of ionization gas.

Journal of the Korean Vacuum Society, Vol. 9, No. 3, 2000



214 kel - H9A - £odE - ol5A - upg

1.0 —
0.9 - -
° 0.8 W
E=] & » .
c‘r“ ®  Evaporation e :\\ ]
<° ® AP (1) By "
— 0.7+ A AlP(2) NS
© cos'?o \‘\.\ ‘ o~
""""" cos'e et
X [em—— cos%e N
- 608’8 -
05 —
0.0 0.1 0.2 0.3 04 0.5
1/ h Ratio

18 12. Thickness distribution of Al films deposited at dif-
ferent deposition methods. The thickness value was averaged
for each deposition method.

35 T Exe #Hapl 84 =24 e 98-8
£ 5 oloh

I3 112 ATIP HPE o2 ST H o2 JpAE
Q)84 ok wukg A7) Z3Soltt. 2R 116l
LS U A5E% A, ok o2
T 7k ESHA] Yl ATIPE & H$ole g
o] ¥& 7golgt ol whde] A wFolt)
3% 9 F, o} 2 JIAE F9Y3 7 HY F2QAle
el ol ARE & §= 9k oljd AR of2F 7}
27} 918 73§ kel 93t F719) Algr &3} Ao}
AHA 7|5 wholojxe] &5y} 37 9Rv} o] FA)
243151 QE-E 2v|she Aelut Al Lapy nle]o
2 A%to) Q7 7l o2 o] 2315 F7)7) FK&E
aA FFEoR F7)7F E)7] Wil veld @4
22 ofajg 4 9}

o 122 7 FEhe] SAE i shie]
=2 Jepd a3o|vh 23 AlIP (1) o}2
T 7kAE AT APl AP Q) of2T 72E
USR] @& Hfolrt. 28 12288 ZEHZ of
7181 AF52e] 7ol T2} 19 A5k
¥l glen, AP A= 201 7 Vet
cht 7RAE TR g2 97t 2R Fho] &
o =7 vepdo

sFAZ e 5 A A oA A3z, 2000

n
Y
rhu

712 FERIA (mE AR dFniEy &
Wollie AAM] FHAE ARSI, ¢RI ZFAE
£ o]y 2 AR89 on] =8 WAl 20~40
pme] FAZ FFsle Fpe] Tk FAE S5l
o} 2 A7z O3 2L AES o0

1 4o FAEE 2ol ANl gFn)E
< AR 7S e AgME B 2.0 umo] Ak
T FUEE & 5 sl ooy A
ol &3kd F719 AzAgol W Alel B2 UE
o] ki WS el

2. F71EE A ERE AFFEe] A= dAE
TZ2UA Zhol 1o SAHE = ALE vpEen, o)
ElolHe] A 2 B 1 Ho & R FAY
< glsisid

3. AFFHe AT Fkgol we) S718-xe] Wil
TR veRd i ol eEH R A9 IR
£ e vepA] Wi

4. AFZF3e] A kg ¥ AS FEARY
Zhol B} =A) Jeht Fajsk T4 dapl ARE o
4= 9t

5. o] &EH 0| Rl M| FAl BEL o] 234 7fAE
T3] oS 73 TEUAR] Fhel AA A Hapt
2 9 AR BRIET o] 2Zdlolge] FRAP}
AR AMZHE o] &-Fd ool M o] 2348 =
7)%k uteloj A Akl A5yt Fekd]e] Wl uiE
FERT ZI|EX o] FA FIE R AR
vielsitt.

HO28

[1] L.I. Maissel and R. Glang, Handbook of Thin Film
Technology (McGraw-Hill, New York, 1983).

[2] H. K. Pulker, Coatings on Glass (Elsevier, New York,
1984), Chap. 9.

[3] E.R. Fannin and D. E. Muehlberger, 14th Airlines Plat-
ing Forum, Oklahoma (1978), MCAIR 78-006, MCDON-
NELL AIRCRAFT COMPANY.



FApel ME Al 7] 338 9 57T B BT 215

[4] M. Sagawa, S. Fujimura, N. Togawa, H. Yamamoto, and
Y. Matsuura, J. Appl. Phys. 55, 2083 (1984).

[5] J.J. Croat, J.F. Herbst, R. W. Lee, E.F. Pinkerton, J.
Appl. Phys. 55, 2078 (1984).

[6] T. Minowa, H. Yoshikawa, and M. Honshima, IEEE
Trans. Magn. 25, 3776 (1989).

{7] P.Mitchell, IEEE Trans. Magn. 26, 1933 (1990).

[8] K. W. Kang, B. C. Kim, and J. T. Song, J. Mater. Sci.:
Mateccrials in Electronics 6, 4 (1995).

[9] C-D. Qin, A.S.K. Li, and D. H. L. Ng, J. Appl. Phys.
79(8), 4845 (1996).

10. D.M. Mattox, J. Appl. Phys. 34, 2493 (1963).

[11] N. A. G. Ahmed, Ion Plating Technology; Developments
and Applications (John Wiley & Sons Ltd, New York,
1987).

[12] J. I Jeong, J. H. Hong, J. S. Kang, H.J. Shin, and Y. P.
Lee, J. Vac. Sci. Technol. A 9 (5), 2618 (1991).

(131 HA, 25, EAF, A, o9, s=wddst

=] 25(1), 24 (1992).

[14] M. Knudsen, Ann. Physik 28, 75 (1909).

[15] M. Knudsen, Ann. Physik 52, 105 (1917).

[16] H.Mayer, Z. Physik 52, 235 (1929)

[17] Y. Kawasimo, M. Nakasone, and E. Komatsu, J. Vac-
uum Society of Japan 29(5), 341 (1986).

[18] H. K. Pulker, Coatings on Glass (Elsevier, New York,
1984), Chap. 6.

[19] M. Ohring, The Material Science of Thin Films (Aca-
demic Press Inc., San Diego, 1992).

[20] J.1 Jeong, B.M. Lim, J. H. Moon, J. H. Hong, J.S.
Kang, and Y. P. Lee, I. Vac. Sci. Technolo. A 12(3), 873
(1994).

{21] R.J. Hill, Physical Vapor Deposition (The BOC group,
USA, 1986).

[22] D.L. Smith, Thin Film Deposition (McGraw-Hill, Sin-
gapore, 1997), Chap. 8.

Journal of the Korean Vacuum Society, Vol. 9, No. 3, 2000



