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Abstract 

Titanium aluminium nitride (TiALN) thin films were deposited by reactive DC co­

unbalanced magnetron sputtering technique. The effect of Al sputtering current (IAL) on 

crystal structure, chemical compositions, surface morphology, thickness, microstructure 

and cross-section of as-deposited films was investigated. The crystal structure was 

characterized by XRD. The crystal size was calculated by Scherrer' s equation. The 

chemical compositions were analyzed by EDX. The surface morphology and thickness 

were evaluated by AFM. The microstructure and cross-section were studied by FE-SEM. 

The results showed that the crystal structure, surface morphologies and film's thickness 

are strongly dependent on the Al sputtering current. All the films are composed of TiAlN 

with (111), (200) and (220) planes. The crystallinity of the films was enhanced and crystal 

sizes were increased with Al sputtering current and deposition times. Moreover, 

the roughness, average thickness, grain size, chemical compositions and microstructure of 

the fims were depended on deposition parameters. 

Keywords: thin film, Titanium aluminium nitride, reactive sputtering, DC magnetron 

sputtering 
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LL~lJ15Vli!-i~ii'IJ 1~~'Vl5.fl1'\f'l?I-JAel fl11 Lflfl el'U M1 t.115?\'U(,l L(llel1-l fl 1~'U1'Ufl11ilLnv1i'Um t.l 1(;1 fl11l-J~'U~1 
" 

'U1~mru 10-
3
-10-

1 
mbar LLfl~el11"lcJfl11~?1'1J1{'11 °l'J~1'/Jel-JLLf1?1'Vl11 VlLL(llfl\o11L 'U'U 1elelel'U LLi1'1flL ci-i 1 vf~-i 

" 
L 'LJ1'1J'ULLt-l'UL U1?111 Lflfl el'U (target) zj-lvlelel~ n'U.ff 1fl'U'/Jel-l LL Vl~-l r\'1 L 'Llvl 1 vJ~1 el~.fl1fl'/Je)-J L U1?111 Lfl~el'U~ 

11 fl'1J 'U (i) 1 cJ 1el el el 'U '/J el-i LL n ?l'\f'l fl-i-i 1 'U ?1-i '<ii ~VI fl v1 '<ii 1 fl Lu 1 ?111 rn fl el 'U M1 cJ fl11 l-J L ~1 ?1-i L .rr1 '1J'U LL fl~ '\f'l e) fl '\f'l'U 
'U 'U 'I 'U 'U 

(deposition) L U'U.ff 'U'/Jel-JYlil-l'U1-JLflflel'Ufl-l'U'U1?1\?)1el-J,r'U (substrate) LL fl~ L ~ eJ-J'<il1 fl'V'lfl-J-J1'U'/JeJ-JeJ~.fl1fl 

?111 Lfl~ e)'U~Vlfl vl el e) fll-11 '11 fl m~'U1'U fl11?1'U (,1 L(,l el1-Jil?l-im fl v\'11 vf L~el(,l fl fl 1~'Vl'U'U'U1 ?I v11m-r '\J '<ii~ ~-l\911 '1-l 
' " ' 

1 m d eJ'/J eJ-ii' ?I v11el-i1uv\'11 vf m1 ~ v1 Lm~'/J e:i-iYlil-lu 1-i~ Lflfl el'U 1M~m fl 'LJel~ ?\'1r1ru'/J eJ-i m1 Lfl fl el'\J Ji'1 cJ15 
' V 

?l'U (,1 L(ll el 1-JA el1 ?I vl1el-J1'\JVl~el1 ?lvl~ (;l e)-J fl11 Lfl~ eJ'Ut!'U el1'1 L 'U'U bflVI ~Vl~elel fa VI~ n1Ji' '/J ru~ L~ en fl'U?\11~ 
' ' 

1,1mm1Lflfle)'Uel1'1 L 'U'U lflVl~Vl~elel 1flVI~ n11i1L imtii cJ1n'Ll 'U'<il'<ilU'Umflel(ll?\1Vlm1l-Jn m1tl1115m1Lfl~ el'U 
' ' 

LL 'U'U?l'Ul'1L(llel1-ll-Jl 1-ilt 'Ufld~'U1'Ufl11~~(,l~'Ufl1ill Lfl~eJ-iiJeJLLfl~1?l~v11'11 l-Jlfll-JlcJ facJ Y!&lJ'U1-l~Lflflel'U 

1Ji't!'Um'1 L tlmL uuim~ cJ1Vl~mL uuV1m t.1i'U m'1 L 'U'UYlil-l'IJeJ-J?111'1J'Ll \Y1 L~ m Bflfl elcJ \?lVl~eJ?111'\.J1~ fleJ'U 

Lbfl~i1~fl~ru~Vl1€l'/J'U1\Yl bb(,l fl!?l1-Jfl'U 1 'IJ i'Uel8fl'\J~ fl~ru~m11 oif-i1'Llb 'U'U?11r1ru 
" V 

ci'1V11uYl~mL ~-i~'LlcJl-11-u-i1mfl~e:iu f:l1 Lfl~el-iile:i1o1v1 L '<il1~vi1-i 1 ~ fl'LlcJl-11-il'l 'Lli'U'/JeJ-J?l1TLh~fleJ'U 

1'Ll1m\?l Vl~eJ A111uu L'll'Ll TiN, ZrN, TiC ifli 1\Ylt.11'Llfl~l-1Yl~mL~-it!'UYlil-1 TiN 1Ji'fufl11l-l'Llm.m1fl~?I\Yl 
' ' 

L ~el-lfl11l-J?l~\?11 fl LLfl~(il'U'Vl'U 1 'Ll fl11~~(,l 1v1 cJ L~cJ flY!~l-J~Lfl\?1'11 fl?l11'U 1~ flel'U'/Jel-J 51 (ll?\el-J'/J'Ll\?111 binary 
' ' 

coating LLvlel81-J 11ntii binary coating t!'U:W'Vel'.il1fl\Yl'U1-J'U1~fl11(,11l-J?ll-JU&iLu'\f'l1~\o11'/Jel-l~~l-Jt!'U 1 vi'-it!'U 

~-iiim1~\9ll'U1 LL fl ~1i cJYl~l-1'/J'Ll\?1'1J'Ll v11 Vll1Vl'l.h~ fleJ'U 1 'IJM1 cJ51 I,) ?11l-J'/J'Ll\Yli'Um L~ cJ fl11 ternary nitride 

L'll'Ll TiAlN, TiZrN LLfl~ TiCN zj-i ternary coatings LV1~1ilmm1mLt1'Ut1)Vl1LLfl~'VlvlLLVl'Llfl11l-J(;lel-Jfl111'U 

-J1'L!Lu'\f'l1~Vl1-J'\J1-Jel81-J 1\i1~ BflJ-i~fliim~m11-u-i1'U~t.111'Ll1'Ufl11fl~l-J binary coatings L~el 1-u-i1'U 1 'Ll 

tb~L.flVlb~cJ1fl'U 

1 



, 

• 

• 

J-::i1?11':i~b'Vl:!J1~i;11Vl1''U 1 .ff Lfl~hru Lb~~ AeJ ll;'IVl~t:Ji:l:W TiAl b Y'l';i1~iJi:11:!J1':itifl~fl11:!JLb ~~Lb ';i~ 1\ii'm u~~ 
iJmuVlnili:!~ '<ilU fll;'l7 c.1m L 'UU ll;'IV1~~1;11r1ru1ufll':ii:111~c.11ue.11 ml'! '<ill fli:l:wu~lii'~ flci11i5~iJmT1~'\lllm 1 'l½e.1~ 

, 'IJ 'U V 'U 

1t1~tJyj~fo TiAlN '<ilt!L'Uuyj1;1:w~i1m1:w1;11r1qi1;11V1'fo1.ff~1t11ii'1t1 high speed machining L~eJ~'<il1fl'Vl1~1U 

11ii'mu•1h~e.1ruV1.flil 600 - 800 eJ~l'l1L'1li;'lb61fc.li:I zj~b'Utl'll1~~J~ TiN bbl;'l~ TiCN 11ii'i:!rub~c.lfl11:Wi:11:!J1':it11u 
, 'U 'U V 

fl1':i'\111~1Ul;'l~ 1 tl lvlc.l 1 tlfl1':i 1 .rr~1u TiN b~eJ\,lvlb'<il1~~1~ 1 Ju Ti 'U1~?11U'<il~Lnvitlfin~c.11n'UeJeJfl'lib'<iltl 1 ti 

u11c.11ml'!Lnv1L -uu Tio zj~~1c.1~0m1Lbc.1 flt,)1VIG'jv100fl 1 tl'<i11m de.1yj1;1:wL10c.1 61 1 tJ\911m 1l;'l1 bbl;'l~fl11:wf e.1u~ 

Lnvitu v\'11 '!½e.11c.1fl1':i 1.ff~1U'lJeJ~yj1;1:wl;'lvJl;'l~ i5~ 1\ii'iJfl7':it:Ji:l:WeJ~l;'lfo 'Uc.1:W b -if 11 tJ1 tl':i~Vl11~ n':i~'U1Ufl1':ib\911c.l:W 
' '\J 

yj1;\':w tvicJ 1 'l½e.1~\91 eJ:W'lleJ~ Al L -if 11 tl LL Vl':iflt,110c.1'1 'Ut:J~fl'lleJ~ TiN vh 1 'l½yj1;\':wiJfl11mL ~~i:I~ \,l1U'Vl7t1fl11:w10u 
'\J '\J 

1\ii'~ \,llU'\!l 1U fl1':i bflvleJ eJ fl'li bvl'tiU 1\ii'~ bbl;'l~ b Yi:wtJ':i~ ~'\!15 .fl1Y'l 1 U fl1 ':i'Vl1~1Ut,1 vl b '11 ~ lvl c.1v\'11 tJ bb~1Y'l'U11 

TiAlN iJm1:Wbb~~tJ':i~mru 2,700 n~ 3,000 HV iJfl11:W'\!lUVl1U1Ufl1':i'Vl1~1'U1t1~1u~iJm1:wfe.1ui:1~ bbl;'l~ 
'\J 

iJmcJfl1-:i1'5~1t1~c.l11'1.l1tlfl11 TiN J~i1~'lleJ~ TiAlN 1!uiJJ~bb~~ih~'<iJU 1 tln~~vi1tt1minutl1mru'lJeJ~ Al 
' '\J 

~i;.Ji:l:!Je:m'1mde.1yj1;1:w 1'Umru~yj1;\':wi1 Al bf1Ufl11 50% 'U1~flt~tlflL1c.lfl11 Aluminium Titanium nitride 
'\J '\J 

(AlTiN) [1] 

yj1;1:wu1~ 1 Vl'Vl1b'Uc.ilJ8~l;'lfa 'Llc.l:W 1 'W 1mv1 b'Ut1yj1;1:wu1~flci:w1 'U 1\91':iv1~b1c.ifl11 ternary nitride zj~jj 
'\J ' 

fl1':i b\911 cJ :W 1\ii'Vll;'l 1 c.l1fii;11Vl1'\J fl1 ':ib\911cJ:Wyj1;1 :W'U1~ 1 'Vl'Vl1 b 'Uc.l:WB~l;'lfa 'LI c.l:W 1 'U 1mv1\ii'1 cJ b 'Vlfl'U fl i:l'U \91b\9101 ~ 
'\J 

i:17m':imb 'U~ b 'Uli:11':ibfl~ eJ'Um m um~'U1 fll';j bfl~eJ'UeJeJflL 'UU 2 tl-:i~b.fl'VlAeJ AeJ ( 1) b 'Uli:11':ibfl~eJ'U~b 'UU 

ll;'IVl~t:Ji:1:W'lJeJ~1'Vl'Vl1b'Uc.l:lJLbl;'l~e)~~faucJ:W Vl~eJL1c.lfl11 "alloy target" bbl;'l~ (2) b'U1i:11':ibfl~eJ'U1'Vl'Vl1b'Uc.l:W 

bLc.lfl'<il1flL'U1i:11':ibfl~eJ'UB~~fa 'Uc.l:W Vl~eJL1c.lfl11 "co-target" lvl cJL 'U1 bb~l;'l ~'lJ'Uvl'<il~iJ'LJeJLb\91 fl~1~ntl 1 tJ \911:W 

f( fl~tlJ~'lJ eJ ~ b 'U 1 bbl;'l ~ yj i;1 :w 'U 1~ ~ b\911 c.l :w 1\ii' i;11VI 1'\J b 'U 1 i:11':i bfl ~ eJ'U~ b 'U'U ll;'l VI~ (;.J i:!:W1! un-rr 8 ~ A 8 i:11 :W1 ';i ti 

fl1VIU v111Xe.1~r1tl1~ fl eJ'U'lJe.1~61 \911 uyj1;1:wu1~ 1 'Vl'Vl1 b 'Uc.l:W eJ ~i;jfa 'Uc.l:W 1 u 1\,) ';j(/1 b 'UU 1 tl\911:W~\,l eJ~ fl1 ';j 1\ii' \911:W 
' '\J 

~v1?11U'lJeJ~ 1 'Vl'Vl1 b 'LI cJ:!JLbl;'l~eJ~l;'lfa 'LI c.l:W~t:Ji:l:WeJ ~1 'l.JL 'Uli:11':ibfl~eJ'U bb~iJ':i1fl1fl8U'LJ1~i:I~ bbi:l~ 1 umru~ 
'\J '\J '\J 

lil 8~ fll';jyji;j:!J'lJ 1~~jji vl?l1tl ~ 1~ 6'] nu \,l eJ~ 1 -ff L 'U 1?11 ':i bfl~ eJ'U'11tl1tl:!J1 fl 'lJtlJ~~b 'U1 i:11':i bfl~ eJ'ULb 'U'ULbc.l fliJ 

':i1fl1tlflfl11 bb~iJ'UB'11nvl b~cJ1n'Ufl1':ifl1'\Jfl:WeJ~fltl':i~fleJ'Ufi1\911 t1~1;1:W'\J1~ 1 'Vl'Vllb 'Uc.l:WeJ~l;'lfa 'UcJ:W1 'U 1mv1'1\ii' 
'U , 'I 'U 

fl8'U'LJ1~~ 1'\J1 n b ~ e.1~'11 fl flli:l'U \,) b\91 e.1{8l;'l (11'/JeJ~ 1 'Vl'Vl1 b 'LI c.l:W bbi:l ~ eJ~i;ji) b i:lc.1:w hJ b 'Vl1 nu v\'11 mu fl1 ':i b\911c.l:W 
'\J 

yj~:w 1,Xifo~fltl':i~ fleJ'U'lJe.1~61\911 uyj1;1:w 1 'l½L Vl:!J1~i:l:WfleJ'U'LJ1~c.11fl 
' 

~1U1~cJi1dJu fl1':iPifl~1.fr'U\9leJUfl1':ib\911c.l:W~i;1:W'\J1~ 1 'Vl'\/l1L 'Uc.l:WeJ~i;jfa uc.1:w1 u 1\,)';i(/1 (TiAlN) fa c.l 
'\J 

1151 Lb 8 fl ~'VJ bb:W fl'U \91':ieJ'Ui:l'U\91 b\91 eJ 1 ~ Lb 'U'U 1 -ff b 'U1 ~1:W ( co-target) ~ L10u 1 'll fl1 ';j bfl~ eJ'U~ 1~ 1 nm~ BPI fl'l,'.}1 

bi e.1u 1 'IJ'17Vl'fo b\91 ~ c.1:wyj 1;1:W'U1~ 1 Vl'Vl1 b i1 c.1:W eJ ~l;'li] b 'LI c.l:W 1t11\,) ';j(/1 lii'1 c.11151 bbeJ fl~'W bb:W flti \,) ';ie)U i:l'U \,) b\91 eJ~ ~ 
'\J 

':i1:Wn~Pl fl~lf( fl~ru~ bQY'll~'lJeJ~yj~:w'U 1~ 1 Vl'Vl 1 b tic.1:WeJ ~l;'li] b ti cJ:W1 u 1\91 ':iv1 b ~eJ b 'UU'LJeJ:Wi:l~mi1tli;11Vl1'\J 
'\J '\J ~ 

fl1-:i1-.5' cl \ii' 1U fl1 ':i b fl~ eJ'U Lb ~~'IJ eJ~i:11 ':itl ':i ~ fl eJ'U i:11:W'lJ'U v1 J~,Q fl ru~ ~1-.5' c.l b zj 011 i;.J l;'l'IJ e.1~~1U1 ~ c.1i1 '<ii~ b 'UU 
'\J 

bb 'U1'Vl1~VI~~ 1 u fl1 ':i-vr \llJU 1 eJ~fl fl11:W 1 ':i1:W n~ b 'UU'LJ e.1:Wl;'l~U ~1'U1 'U fl1 ':i'U 11 tl-:i~ c.l fl~1 m 'U fl1 ':i b ~:W;v1 
'U 'U ~ , 

fl11:Wi.'11:w1':im ~~Lb 'LJ~'ti'U'lJeJ~.fl1fleJ\,)i,'l1Vln':i':i:W 1 utl':i~ b Vll'l lvlc.l~1tl1~ cJi1'1~ b 'Utl fll';j 1-ff e.1,J mrubbi:l~ bfl~eJ~lJeJ 
' ' 

~ffi Utl':i~ b Vll'lb 'U'UVlf( nzj~'<il~b 'Utl'<ilv1 b~:W'llmfl1':i~\lll'l.l1b '\!lfl l ti li;'l8ttl 1 -ff LB~.fllc.l 1 t1tl':i~ b Vll'l~eJ 1 tJ 
' 

2 



1.2 'J{9lf;'l'U';i~G'l{lf1°lJe){lfi1';i1~fl 
• 

1. L v1v~\,ll'Ulb Vlfl'Uflf11'.ibfl~e)U~~JJU1~ 1 VlV11 L 'UcJlJe)~rJilb 'Utlll 1 t.! 1m~Ji'1t.J b Vlfl'Ufl~lbe)fl~'VJ 
" 

bbllfl'U\?l'.ie:Jt.! ?lU\?l b\?1€l1~Lb UU~11J 

2. L v1vPim~1~ mi-ru~mvn~61Je:J~~~1JU1~ 1 V1V11 L'Llt.Jlle:J~rifo 'Llt.Jll 1t.111?1'.i~~bfl~e:Ju 1Ji' 
" , 

"""" 1.3 °llel'Ub°ll\91fi1';i1'<\lfl 

~ 1 t.! 1 ~ tJ 'i1 b tJ t.! fl 1 '.i Pi fl '111 b Vl fl 'LI fl fl 1 '.i b \?l ~ tl 1J ~ ~ 1J U 1 ~ 1 Vl Vl 1 b 'U tl 1J €l ~ r1 iJ b 'U tl 1J 1 t.! 1 \?l '.i ~ Ji' 1 tl b Vl fl 'LI fl 
" 

~Lb e:Jfl~'VJ bbllfl'Ll \?l'.ie:Jt.! ?lU\?l b\?l €l1~ ,11 fl'.i~UUbfl~ e:JULL UU?lU l?l b\?l e:J 1 ~~1:il (co-sputtering) Ut.11 ?l ~'.ie:J~f u 

(substrate) 2 6/.f'U(i11Ji'w-i fl'.i~,)fl1ri~bbrl~bbe-lt.!~~fle)t.! 1vit.Jti11bb'1.h~H1t.1m'.iPimn1Ji'Lbfl fl'.i~bb?lhil'vh61Je:J~ 

e:J~rifo 'U tlllfl11 Vlvl bbrl ~ b1 rl 1 f11'.i bfl~ €JU ~ fl'\1ru~ bu~1 ~6(Je)~~~1JU1 ~ 1 Vl Vl1 b 'U t.JlJe)~rJfo 'U t.Jll 1 t.! 11?1 '.i~ ~ 
" " 

bfl~e)U 1Ji' Afl111Ji'1m Vlfl'Ufl XRD AFM FE-SEM bbrl~ EDX J1V1fUAfl'1111fl'.i~?lf1~e-J~fl ~fl'\1ru~~t.1th 

LLri~r1111JV1'U1~~1J m flti1 v161J11~ Lbri~ 1fl'.i ~?lf 1~,iri m fl LLri ~mritJ'.i~ fl vu Lflil61J e:J~~~1J1?11mh{7lu , 

,, 

, 
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• 

, 

• 

I 
<=I 

'U'Vl'Vl 2 

2.1 nTHfl~hiutuaruru1n1r1 
q "' "' 

L'Vlfl'Uflfll'Hfl~eJU(i)'HJm:::u1'Ufll''J PVD (physical vapor deposition) L'U'UL'Vlfl'UflVlt!-:J'UeJ-:J 

fl1'Hfl~eJu1mrnHU1fl11"1 i'WLfl~eJU~1(i)'oJ1flfl';i:::U1'Ufl1';i PVD t!'UL1c.Jfl11 "vJilJU1-:J Thin Film" 
' V V 

L ~eJ-:J'oJ 1 rn 'U'Ui'WLfl~ eJU~i1m1lJV1'U1'U eJ c.Jmn fl1'JLfl~ eJuvJilJU1-:J 1 'WG'lru ru1fl1l"lflf-:i LL 1nvi11111 cJ Bunsen 
' V V 

LL'1::: Grove 1 'Wu fll"l.1852 Llilc.JLL 'Ulfllil~m'i1'ULLJ1 fl1'JLfl~eJuvJilJU1-:Jf1f1e) fl1'JL1c.J-:JA1 (fabricated) 
"' 

LIil cJ fl1'J'1:::'1lJ (deposition) 'UeJ-:i?l1'JLfl~eJU 1 'U~fl~ru:::'UmeJ:::MeJlJL~c.J1U'U1'1t?j';ieJ-:iru (substrate) 'oJ'ULf11il 

L 'U'Ui'U'UeJ-:JvJilJU1-:J~U1-:imn ( ';j::;(?JU 1l-lmeJ'U) u-;;iyu'Wi1fl1TU'J:::~nM1 offvJilJU1-:J 1 m1'U(i)1'U\911-:J I m nm cJ 

L61l'U eJ'Umru'Vl1-:JBL~fl'V]';jeJ'Urn'1 L61l'U ?11'J~-:JATU1 vJilJA1U1LL'1:::vJilJA11,11'U'Vl1'U Vl~e) ffUmru'Vl1-:JLL'1-:J 
' ' ' V 

L'll'U L'1'Ui m:::-;;irnm'1m1 m:::-;;inG'l:::'VleJ'ULL'1-:i m:::-;;inmeJ-:JLL'1,m:rvn:::u1-:i-d1-:ifl11lJ~ L'U'U\,l'U 'UeJm1nutJ-:i 

?11lJ 1 'Jtl 1-ff L 'Vl fl'U fl fl1 'J Lfl ~ eJuvJilJU 1-:ii11 'U fl 1 'J LM1 c.JlJ?l 1 'JA 1 eJ ~ 1-:J ~ L 'U'U vJ i lJU1 -:J LL'1::: fl11lJ L 'U'U 'J::: L 'Uc.JU 

~1V1ru 1-ff~n~1?llJD&l'V11-:JvJ~nl."1'UeJ-:J1'11il\911-:J 61 1 mU'UeJ-:JvJilJU1-:J stl-:i?1lJ1J&lu1-:i,J1:::m1hJ?11mw11111(i) L~e) 
' I 'll 

e)c.J 1 'W'1.fn'WL 'U'UfleJ'U 'LJeJlJm V1~1di1u1::: Lc.J61lUlJ1 fl 1 'W fl1';j~w..J'U11'11il L ~eJtl11 u1 m 'U'Vl1-.'.leJM'11Vlfl';i';ilJ [2] 
'U 'U 'I 'I 

fl1'JLfl~eJuvJilJ1'U?1ruru1fl11"\U1-.'.leJ1'oJLL'U..:J1ti1L'U'U 2 'U'J:::LJ7'Vl[3] ('J'U~ 2-1) 1(i)LLf1 
'\ V V '\J 

1. fl1'J Lfl~eJuvJilJu1..:i(i)lc.J m:::u1'U fl1'J'Vl1..:JLfli1 (chemical process) L 'U'Ufl1'J Lfl~ 0u~e:nAc.J 

fl1'JLLMflA1'UeJ-:i'11'JLfllli'U?l.fn'W'U8..:JLLfl?ILL'1:::Lnlil'UDf1~cJ1Lfl:LJfl'11c.JL 'U'U?l1'J 1 Vil! (new species) MflLfl~BU 

U'U1?ltij'JB..:Jfo L'll'U 15 plasma CVD LL'1::: 15 laser CVD L'U'U\,l'U 

2. fl1'JLfl~8uvJilJu1..:i(i)1 c.Jm:::u1'Ufl1'J'Vl1..:JvJ~ncl' (physical process) L 'U'Ufl1'J Lfl~8U~€l1A cJ 

fl1'J'Vl 11 ~8:::M 8lJ'U8-.'.l'11'J Lfl~ 8UVl'11il 88 fl'oJ 1 fl ~1 LLJ1'VJ..:i fl'J :::-;;i1 c.JVl~8~-.'.l L 'V11 'U ~U LL'1::: 8 lil&l lil flU ~1'U8-.'.l 
' ' 

1Mp8-:ifo L'll'U 15'J:::LV1c.J?l1'J (evaporation) LL'1::: 15'1'UMLM8~-:J (sputtering) L'U'U\,l'U 

Thin film 
process U 

Thermal 

1 
process 

Physica 
process --------

Sputtering 
I 
I Ion --1 process 1 
I 

Vac. EV. 

Laser 

MBE 
fo-;;----, 
plating 
ARE 

ICBD 

-Q
I Plasma CVD 

~~~~!~!l L-- ----- -------- --
Laser CVD 
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• 

fl 1'H fl~ tl 'IJ ~ 1 cl fl 1 ~ 'IJ 1 'U n7 1 PVD VI~ tl f\11 b fl~ tl 'IJ ~ 1 cl fl 1 ~ 'IJ 1 'U f\11 VI 7 -:J vJ ~ mhr 'U [2] [3] 

tl71'lcJVI~ f\f\1TVl11 'ifo~!?le):lJ'1Je)-:J?l71bfl~e)'IJVIG'l~e)e)f\':i)1f\~h bbii'1vJ-:im~~7cJ~,:j b i11 iJ~'UbbG'l~ ~~~~ nuth'Utl-:J 
' ' 

1m,pe:i-:ifo1.1.fi'1vrnn~m tJt1.ff 'U'1Jt1-:ivlJ:i.Ju1-:izj,:i 1.n~twncJ 11,1m1~~t1Jt1J7fl11'l mJ-:i1. 'U'U 2 16'\ll~Wl AB 

1. m1bfl~uu~18161 ~ b VI cJ ?111 b tJt1m ~u1t1 f\11'\l'ltl fl'V'lt1'1Je:i-:i.ff t1 Yl~:i.J'IJ7-:J'1JB-:J?l71 bfl~tl'Uvlvh 1 ,if 
'IJ 

1::;1.V1cJzj,:i1,n~tt11t1?1ruru1ml'l (fl17:l.Jtil'U'\.J1::;mru 10-
6 

mbar) v\'111il't~cJfl711Vlfl17:lJ{e:it1vlmfl'\l'ltl~~::;v11 '.,., 
1 Vl?l 71 bfl~e)'IJ nm cl b 'U'U 1e:i zj,:i 1e:i'1Jtl-:J?l71l.fl~ e:iud~::;vJ-:i 1 iJm~Vl'IJ fl'IJ1?1 ~1e:i-:i·fo~:we:iruV1.ni1 b Vl:l.J7~?1:l.J n~~ 

'I. 'I , 'U 

bf)~ f\71fl1'\J bb 'U'U'1Je)-:J?f 71 bfl~ e)'IJ bbG'l::;'\l'le) f\'\l'l'U 11,1 b tlt1it1'1J e:i-:ivJJ:i.J'IJ7-:J~e) 1 iJ f\711 Vlfl17:l.J{e)'U 1 t1 n111::; b VI cl 
'IJ 

?171bfl~e)'IJV171~VIG'llcl16 bb~16'YltJcJ:lJ 1 'llbbG'l~ 1l-1~-:icl7f\Atlf\111Vlfl17:l.J{e)'Ubbfl.fl1'll'U::;'IJ11':i1?171bfl~e)'IJ~1815 
' ' 

vi1-:i1 'V'Jvl1t1e:in~1ni1ET-:i:w15~'U b'ti'U m11 vfm1:i.Jft1t1~7f\\>l11il7'UVl7'U (resistive heating) m11::;1. Vlmb 'IJ'IJ 

17'\J (flash evaporation) m11::;1.V1cJ~1mG'l1.•1rn{ (laser evaporation) m11::;l.VlcJ~1m-i'1i11.~nme:it1 

(electron beam evaporation) m11::;1.V1cJ~1cJf\71tl7{fl (arc evaporation) m11vtfl17:i.Jfe:it1~1cJfl~'U 

fl17:l.J~1Vl~ (radiofrequency heating) f\11bfl~tl'UvlJ:i.J'IJ7-:J~1cJ16i1UcJ:lJ1'libfl~tl'U?l711~foG'lfll,11f\ 

(dielectric) b'ti'U bb:i.Jni'.h~m.J 1~'V'J~e:ie:i b~ (MgF2) Vl~tl tltlfl 161!~ (oxide) 6/Jtl-:J LG'lVl::;~:w?l:lJU~1 ,J1-:i 1?1'\J'U 

11,ltl~liltl-:Jf\11bfl~e)'IJ b'ti'U bG'l'U61flit1-:ici1m,J bl.'J'Ul,17bbG'l::;m::;~mm61le:i{ iff1 617Vlfo'Um~cJ'1Je)-:Jf\11bfl~e)'IJ 
' 'IJ 

vJJ:i.Ju1-:i~1 cJ15i1 AB bb 1-:i ~ ~~ ~1::;w-:h-:i?111bfl~tl'Ul.bG'l ::;1\?l me:i-:if u~::; 1l-1?1-:iir n~-:i1,1 e:i-:im~ cJ m::;u1t1 f\1 ';ieJ'\J 
' 'IJ 

~1cJm1:i.Jfe:it1V1~t116~t1-d1cJ1vfm1~~bf\1~'1Jt1-:i?1111.fl~e:iu~tt1 t1eJn~1ni1vJJ:i.Ju1-:i~1~m~:wm1,Jm~eJt1 

'1Jt1-:i?111vl1 iv\'1m'llt1~u11':iJG111 bfl~ e:iu 1~ '17.fl7'llt1::;'IJ1';i~?1111.fl~e:iu:w':il~VIG'l e:i:i.J b V1m~1V1~tl 1ni1.ficJ-:i nu 
' ' ' 

?171bfl~el'U 

2. m1rn~ eJ'IJ~1 cJ15G'IU!?l b!?l e:i1-:i b 'U'U m::;u1t1 f\11'\l'ltl f\'\l'lt1'1Je:i-:i.ff t1vJJ:i.Ju1-:i'1Jt1-:i?1111.fl~e:iu~1~~1 n 
'IJ 

m::;u1t1m1?1u1,11.!?le:i1-:i (m1:i.Jti1'U'IJ1~mru 10-
3 

fi-:i 10-
1 

mbar) f\11bfl~tl'U~1cJ15i1di~tm~e:ieJ::;v1e:i:i.J 

'1Jel-:J?l71bfl~ e)'IJ~1~ ~1f\f\';i~'IJ1'U f\11i;'IUl,l bl,le)1-:J~,:j b 'U7'll'U1?1~1tl-:Jfo bbG'l~:Wf\11'\l'ltl f\'\l'l'U b 'U'Uvl~:l.J'U7-:J 1 t1~?1 ~ 
' 'IJ ' 

m::;u1t1 m1 ?lU!?l b1?1t11-:iAe:i m 1v\'11 ,if e:i::;1?1 B:i.JVIG'l ~':il7 n~1"Ue:i-:i1?1 ~ 1~ cJ f\1 ';i'll'U'1Jt1-:ie:i'Um fl'V'l~-:i-:i1t1 ?1-:i 1~ cJ:W 
'I. .. , 'U 

f\11bbG'l m ,J~ cJ'U'\l'l~-:i-:i1t11.rn::; 1:i.J b:l.J'U \>lm::;wi 7-:JeJ'U.fl1fl~~-:i b 'U7'll'U nue:i::;!?l t1:i.J~~1G11 ';i bfl~ eJ'IJ m::;uTu f\1 ';i.j 
' 

tl'U .fl7 fl~~ -:J b 'U 1'1l'U tl 7 ~ b 'U'U f1 G'l 7-:JVl 7-:J 1 'V'JvJ 7 VI~ tl :w,J 1::; ':il n1~ bbG'l::; b ~ el-:J ~ 7 fl 1 tl tl tl'U vl1~ ~ 7f1m~'IJ1'Uf171 
' ' 

?IU\?1 b\?le)1-:J 1 'LI f\11 bfl~ tl'Uvl~:!J'IJ7-:J Ji'1 cJ15G'IU l,l bl,le)1-:J':il~ bfl~ tl'U~Ji'1 cl fl17:l.J b 11?1-:J f\1715f\111::; b Viel ?171:l.J7 fl 
'IJ 

(il,:J,!'Ul,~e)e)::;{?l el:l.J'/Je)-:J?f71 bfl~e)'IJ~-:J b i1m::;viu bb~'U1?1~1eJ-:Jfun~ ::;~,:J\,11 bb 'U'UG'l-:J 1 t1 b deJ1 l,ltl~lil e),:j f\1';i bfl~ e)'IJ 
' ' 

:l.J7f\f\17151::; b VI cl ?171 (il-:J,i'U f\11 bfl~ el'U~1 cJ15?1U vi b\?l el1-:J ~~v\'11 Vlf\ 71~~ bf\1~1::;V117-:J?l71bfl~e)'IJ fl'IJ1 vi tl 
' 
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• 

• 

fl11 bfl ~ eJ'U ~ 1 cJ15?l'U \91 b\9\ eJ ~-.:J b ti 'LI fl 1t 'U 1'W fl 11'W eJ fl 'W'W 'U eJ -.:J i'W vJ i :W'U 1-.:J -;;J 1 fl ?111 b fl~ eJ 'U ~1~ -;;J 1 fl 
'\J 

mt'U1'W m 1?1U\9\ l\9\ e:i{ fl11 lfl~ e:i'UvJ i:w'U1-.:i~1 cJ1ii'i1d'\{;l-l!'W Ld e:ie:i t \9\ e:i:w'U e:i-.:i?l 11 lfl ~ e:i u~1~-;;i1 fl fl 1t'U1'W 

fl1';il;'f'U\9\ b\9\e)~-.:Ji -.:i b 'LJ16ll'W1?l{;lje)-.:J1'U bbfltilfl1j'V'je) fl'W'Wbbfl t L\91 b tl'WvJi:w'U1-.:J 1 'W~?l {;'I 
, '\J , 

mt'U1'W m1?1U\9\ l\9\eJ~-.:i fie:i mt'U1'W m 1'Vl11 '!Xe:it \91 eJ:WVlfl{;l-;;J 1 fle''.h'UeJ-.:J1?1 {;'I facJ fl116ll'W'UeJ-.:JeJ'W.fl1 fl 
, ' ' 

'WJ-.:i-.:i1'W?1-.:i L{;l cJiJ fl11llfl m tl~ cJ'W'WJ-.:i-.:i1'Wbbflt 1:w l:W'Wv1mtV111-.:ieJ'Wfl1 fl~i-.:i l 'LJ16ll'W n'U eJt\9\eJ:W~t'.i11?1{;lzj.,:i 
'\J ' , 

e)'l.Jfl1fl~i-.:i b 'LJ16ll'WeJ1-;;] b U'W flfll-.:JV11-.:J 1'vh~1Vl1eJil'lht-;;i n1~ IK-.:i bb?l(;l-.:J 1 'l.J';i'U~ 2-2 mh-.:i hn~bde:i 1e:ieJeJ'W 
, ' '\J 

'WJ-.:J-.:J1'W~-.:ii-.:i b 'LJ16ll'l.Jt'.i1Vl'LJ1 b 'U1?11 ';i bfl~e)'l.J-;;Jt bf1{;l'Uj1 fl!) fl1j(W(,l1-.:J 1 IK-.:id A eJ [ 4 ][5] 

1. fl11?lt'VleJ'W~N1Vl'LJ1'UeJ-.:J 1eJeJeJ'W (reflected ions and neutrals) 1eJeJeJ'l.JeJ1-;;J?lt'VleJ'W flJ'U-;;i1 fl 

~'l.Jt'.i 1Vl'lJ1'UeJ-.:J1?1 {;'I zj -.:J6'11'W 1 VI ru'1 t?lt'Vl e)'l.J e) e) flm 1 'W1'U'U e)-,:je) t\9\eJ:W~ b U'W flfl1-.:JV11-.:J 1 yj~ 1 e)'l.Jbf){;l-;;]1 fl fl1 j 
' u '\J 

Q./ v .,,,. d d.,,,. v 

11:W\9\1 fl'U eJ bfl fl \91 ';ieJ'WVl t:-J11?1~ 

2. fl11'Ufl{;l'U~eJcJBb~fl\9\1eJ'W6q{;l~?lm (secondary electron emission) '11flfl1';i'U'W'UeJ-.:J1eJeJeJ'W 

eJ1-;;J'Vl11 '1X bf){;l fl1jU fl {;l'U~ e) cJBb~ fl(,\je)'l.J6lj(;l~l;'je)-.:J-;;)1 flN11 ?I {;'I ~11eJeJeJ'l.Jl!'Wil'WJ-.:i-.:i1'W?l-.:J'W e) 
' ' '\J 

3. fl1';ie-l-.:iv11'Ue:i-.:i1e:ie:ieJ'W (ion implantation) 1e:ie:ieJ'W~i-.:i'IJ'W~'WN11?l~eJ1-;;Je-l-.:iv11f1-.:i 1 'l.Jt'.i11?1~ ~1cJ 

m1:w~fl'U';itmru 1 O A (,leJ 'WJ-.:i-.:i1'W 1e:ieJeJ'W 1 keV ~1wfo 1e:ie:ieJ'W'UeJ-.:Jblfl?leJ1ifleJ'W~e-l-.:iv111 'Wlb~'WVleJ-.:Jlb(;l-.:J 

4. fl1 j b tl~ cJ'Wlb 'Ufl-.:J Lfl ';i-.:J?l11-.:J'UeJ-.:J t'.i1V1'LJ 1 b 'IJ1?11';i lfl~ eJ'U (target material structural 

rearrangements) 'U1-.:Jflf-.:J fl1j'IJ'l.J'UeJ-.:J 1eJeJeJ'W'U'l.Jt'.i1 b '\J1?11';ibfl~ eJ'UeJ1'1'Vl11 'tXbn{;l fl1jb1 cJ-.:Jvl1'UeJ-.:JeJt\9\eJ:W~ 

N1b U1?11';ilfl~eJ'U 1 mJ lbfltbf1{;lfl11:W'Ufl'W';\eJ-.:J'UeJ-.:J Lfl';i-.:J?l11-.:Jt:-J~fl (lattice defect) l ';i1b1cJflfl1j~(;lvJ11 VI~ 

'UeJ-.:J 1m-.:i?111-.:it'.i1V1tl'1'i111 altered surface layers 

5. fl1';i?l'U\9\ b\9\eJ{ (sputter) 'U1-.:Jflf-.:i fl1j'IJ'l.J'UeJ-.:J 1e:ie:ieJ'WeJ1-;;J'Vl11 'IX bf1{;1 mtU1'W fl11'1J'Wbl U'U (,leJb ~ e:i-.:i 

1tVl11-.:JeJt\9\eJ:W'LJeJ-.:Jb 'IJ1?11';ibfl~eJ'U 'Vl11 '\Xln{;l fl1jUfl{;l'U~eJcJeJt\9\eJ:W-;;J1fl b 'IJ1?11';ibfl~ eJ'U zj.,:imt'U1'Wfl1';i'i111 

"?l'U\9\b\9\eJ~-.:J" 

Incident 
Ion 

\ 
Reflected Ions 
& Neutrals 

I 
Secondary 
Electrons 

/ 

Sputtered 
Atoms 

Collision May Terminate or Result In The Ejection 
Sequence: Within The Target Of A Target Atom 

(Sputtering) 
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• 

TARGET 

VACUUM 
PUMPS 

,111 
I 

--c::::::::3-WORK ING 
GAS 

POWER 
SUPPLY 

VACUUM 
CHAMBER 

i-.'.!dm~u1'Uf111'1'U\i1l\i1B1-r'11Ltl'U\91B-.'.!iieJ-.'.!Au1:meJ'lJ:'Ut1'UeJ87-.'.!UBcJ 3 eJ87-.'.!~eJ ... 
1. i:111Lfl~el'lJ '\111VliJ1~L'U'UL1J1 (taroet) 1vfeJ'U.fl1fl'V'JJ-.'.!-.'.!1'U'1-.'.!~-.'.!L'tJ16lJ'U ~'Lliif111'U~W1'U~elc.J 

~ ' ~ 

el~ \i1 Bii'LJ el-.'.!i:111 lfl~ e)Ui;M lfl~ elUU'Ul i:l \711el-.'.!1U 
' 

2. B'U.fl1fl'V'JJ-.'.!-.'.!7'Ui:l-.'.!zj-.'.!~~~-.'.!l 'LJ76lJ'UL 1J7'111Lfl~Bu Lli1v\'11 vf B~\i1Bii'LJB-.'.! l 1J7i:171lfl~eJUVln \71 eJeJflm 
' ~ ' 

'Ufl&i el'4.fl1fl'V'JJ-.'.!-.'.!1'U~-.'.!del1~ l 'U'U fln1-.'.!V11-.'.! 1 'l'Jvh b 'll'U 'tJ'"J\i11el'UVl1Bel~\i1elii'LJeJ-.'.!51(9) \9l1-.'.! 1 bL\9l fl11'V111 Vi 
eJ'U.fl1fl~L 'U'U fln7-.'.!ii'V'JJ-.'.!-.'.!1'U'1-.'.! Lfl'U 1 O eV l ~el 1'ii1 'LI m~u1'U f111'1'U \i1 L\i1 eJ1-.'.!'V1711?1r1B'U'LJ1-.'.! l:J1 fl 1fifl11Vl~-.'.! ' ~ 

~'Uc.Jii~elfl11L ~-.'.!el'U.fl1fl'U1~~mc.J 1\91'1'U1ii 1 'l'Jvhzj-.'.!i:11iJ71flfl1Ufljj';j~(ilU'V'JJ-.'.!-.'.!1'U'LJel-.'.! 1BBel'U 11?1\i11ii\91 el-.'.! fl11 
' ' ' 

Bl~fl(,l 1el'UL 'U'U el'U.fl1fl~iiu1~~6lJ'U\71Vl~-.'.!~t:-J~(,l 11?1~1 cJ LLn~i:11m1m ~-.'.! 1 vfii'V'JJ-.'.!-.'.!1'Ui:l-.'.!.fl1 cJ 1\91i:l'U7ii 1 'l'Jvh 11?1 
' ' ~ 

lL\9lB L~ fl\i11B'Lliiii1r1ii'eJcJ fl17eJ~\i1Bii'LJeJ-.'.!'171Lfl~B'lJm fl v\'11 vf m1ci1 cJ L V1'V'JJ-.'.!-.'.!7'ULLn~ 1ii Lii'Llli1ii\9l eJeJ~(,l eJii 

'111 Lfl~ BU L 'U'U 1 ueJ 81-.'.! 1:iJ:i1 'U1 ~~V16 .fl1'V'J Lln ~ 1:ili:11m1 fl'\1111 vf m ~U1'U f111i:l'U (,) L\i1eJ{ Ln\71t'U 11?1 \i11iiV1~'tJD 

V11-.'.!vl~ fl61f111'lJ'U 1~Vl11-.'.! 2 el'U.fl 1 fl~ii f111?1-.'.!ci1 c.J'V'JJ-.'.!-.'.!1'U Lln ~ 1rnii'U \i1ii~~'1 (71 ~ ~ ln\71tmd eJmn'LJel-.'.! 
' ' 

el'Umfli-.'.!'1el-.'.!:wr11 L vi1n'U {il-.'.Jt!'U~-.'.!'Uc.Jrn~ e)flfl11L ~-.'.! 1BeJel'U'LJel-.'.!lLrfo1 'U'1'U1ii 1 vJvh L 'U'UeJ'Umfl~-.'.!'lJm 1J1?111 
' ' 

Lfl~el'lJzj-.'.! 1 VleJ\i111 fl11'Un\71'U~elc.J L 1J1'111Lfl~elU'1-.'.!L ~ cJ-.'.!'V'Jelfl'lJfl11ii(;)eJ-.'.!fl11 
~ 

3. m 1e-i ~ \i1 B'Ll.n 1 fl'V'J~-.'.!-.'.! 1 'U '1-.'.! eJ 81-.'.! \9l m ~ eJ-.'.! i-.'.!d B'Llm fl'V'J~ -.'.!-.'.!7'U i:1-.'.! 1 'Ll 1~'lJ u i:l'U \i1 L\i1 eJ 1-.'.! \91 B-.'.! t1 fl 
, 'U , 'U 'U 

t:-1 ~ \i1 t 'U el 81-.'.! \9l el b ~ el-.'.! L ~ el 1 Vi fl 1 ~ U 1 'U fl 11 L fl~ el U '111 b fl \71 t 'U 1 \?l el 81-.'.! \9l el L ~el-.'.!~ 'U 1 \?lvJ ~ii~ ii fl 11 ii Vl 'U 1 

\i11ii(;)eJ-.'.jfl11 zj-.'.!'11ii11fl'\11111i1Vln1c.J16 L 'll'U fl1';j 1 'li~1el'4.fl1fl~1 flU'U 1Belel'U (ion gun) ~iiu1m ru fl11t:-l~ (,l 

1BBB'U 1'LIB\i111~-.'.! Vl1ele-J~\i1~7flm~u1t1m11flr11~i:16lJ1{~ (glow discharge) lL\9lL~el-.'.!~1flU'U1Bml'Llii 

11fl1f1el'U'LJ1-.'.!i:l-.'.! Lln~ 1 vi1eJeJB'U 1 'U:'U~bLflU (il-.'.Jt!'U 1 um~'lJ1'U fl11'1'U\i1 L\i181-.'.! 1 t11~{ilU e)(,li;11Vl m1ii~-.'.!'U c.Jii 1 i 
~ ' 

7 



" 

" 

• 

L ~ eJ-:J'oJ7 n hi e:Je:J'U~1;;-.;i1 n f1 j~'IJ1'U f11j?l'U\?l L\?leJ{1 'U f11j Lfl~e:J'IJ ;;1 tl15?1'U \?l L\?l eJ1-:iJ'U-.;i ~ LA~ e:J'U~t,11 tJ 

fl11ll b ~1?1-:J f11115 f11jj~ b Vltl?l1jlJ1 f1 Li1B B~\?1Bll'lJB-:J?l1j bfl~ B'IJ~-:J b 'V1 m~'\/lU bb~'U1 ?I mB-:ifo fl'oJ ~ ~-:Jli11 
~ ' 

LL llmi-:i 1 m i1B1\?lfl~\91 B-:Jf11 jLfl~ B'\Jll1 n n1115j~ L vttJ?l1j vi'-:iJ'U f11jbfl~e:J'IJ ;;1 tl15?1'U \?l L\?le:J1'1'oJ~'Vl11 vf 
' 

f11 j8~ bf11 ~j~Vf11-:J?l1j bfl~ B'IJ f1U1\?lfl~\91 e:J-:1 f11 j bfl~ e:J'IJ~f111 f11jbfl~ B'IJ ~1 tl15?i'U\?l b\?l B1 -:ii1 ifo bb 'U-:J l~Vlfl 1 tl 
' 

LbU'IJ b'1l'U 1tlm{Le:ivl?1'U\?lb\?1B1-:J (rf sputtering) b'U'Uf11j1'Uj~'IJUlvl~7fl17ll~fl~'U1'\/l~1'Uf11jVJ11vt'1BBe:J'U 

'lJe:J'1?11jbfl~BUVl')~'oJ1nfl1'lJB'1b'\J1?17jbfl~B'IJ Vl~B15lBBB'U'Ull ?l'U\?lb\?le:J1-:J (ion beam sputtering) 

b 'U'Uj~'IJ'IJ~1 'U15fl1 b 'U~ le:JBB'U 1 'U'Vle:J-:J lBe:Je:J'Ubb6l1b "i-:i1 V1'1J'Un'IJ.ff 1r11 L '\/l~zj-:Jb 'U'U?l1jbfl~B'IJ;;1m'lmJ?l-:i 1 'Ll 
~ 

?lru ru1 n1 f'l '<ill nJ'Ll1B B B'U~vtfl ~ '<il 1 n.ff 1 A1 L '\/l~ '<il~~ -:i 1 tJ Lf11 ~-r \?l fl~ 1,1 B-:J f11jEJf1~ Bvti1-:i 1tln1 ji1 '<il ~ 1~ 
'I Q.J V 'I 'I 

?l7jbfl~e:J'Ufl1~'\J1?1'\/1Blll n J-:i-d'<il~b i1'U11~l;l11u1-:i~1;;'<il1 nf11jbfl~ B'UJ'U:fi'U e:iv n'\Jvtm tlli11 Lb ,Jj zj-:Jj111fi-:i ' ~ 

m~U1'U f11j bfl~ e:J'IJ ;;1 tl 

1. j~'IJ'\Jbfl~B'\Jbb'IJU ~; ?l'U\?lb\?1B1-:J[3][5][7-8] bbU'IJ~1tl~?l~?l1ll1jflbb?l~-:Jl~vl-:JjtJ~ 2-4 zj-:i ' ~ 

,Jj~ ne:iu~1 tlfll L '\/l~Amb~'U b tl1?17jbfl~ e:J'IJ LLfl~m 1 'Ll~ 1 iL 'U'U~11-:i1?1 ~pB-:ifovt~Bim1'U~\>1 e:i-:i f11j LA~ BU 

tJn~h~tJ~j~Vl11-:Jfl1 l '\/l~LL'1~1?1~jB-:Jf'Ulil~BVj~Vf11-:J 4.0-10.0 cm b ~e:J'\JB-:Jfl'Uf11j?lflJL?f tle:J~\?1Bll?l1j 
'I '\.I \I V 

bfl~B'IJ'V7-:ivt~e:Jt:-J'Ll-:J'Ve:J'1.!71'1J'U~?lruru1mf'l L~tJvl'11 tJj~tJ~~1{r1m tJ6/lBVj~vt11-:i 1.0-4.0 cm L~tJm fo~ 
'I V V 'U 

'<il~BV'IJ1b1illb 'Uf11vivl1nfl1 611'UBUmill'Vl1-:J1'Ue:JtlL 'U'1l1-:JbbBU'UB{lle:J'1 lf1'1l bbfl?lm 'Ub 'U'U bbfl?ib~e)tlzj-:J 1 vf 
~ ' ~ 

8fl\11~-:Jbb'1~ hM1ulJn1mnrn '\J1?11jbfl~BU ( ,J n~n 'Ubbfl?le:J1{nB'U) 'lJill~bn~ 1nr;:i1~?1'1J1{'<il~fl11llvl'UA1Vli1-:i 

m~u1'U mj 1e:ie:iB 1 'Llilil ~f rnj1?1.n1'V-J 1nfl1~?1'1J1{1il 11\?Jjl'IJ~j~ tJ~~1{r1m u'll1:wm n n11j~ tJ~j~vt1'1-:i 

fl7 L '\/l~ bL'1~B7 L 'U~ Li1Bfl11llvl'Un~'1-:ivt~mL j-:JvJ'U 1 vl~1j~vt11-:iBL~ n L\?Jj~?l-:i:fi'U j~tJ~tJnB ~f11j'1J'U'VB-:J 
~ 

BL~ nl?l je:J'U'oJ~?l-:i:fi'U '\1171 V!j~ tl~~1{r1?1 L U'lJ'lJ tl7 tJ li11 BB n Lbfl~ LL vt6'1-:i t:-J ~\?l lBB B'Ll1 'U j~'IJu:wtJ~111\?lj1J e:i tJ 
~ 

m~ bb?l l vl~1'<il ~r;:J~fl-:J bb'1~B~\?1Bll~flf1?i'U \?l b\?lB{iltJ1m rur;:i ~fl-:! \?l 1llU1ll1ill'lJe)-:J le:JBe)'U bb'1 ~m~ bb?ll vlvh 1 u 
~ 

j~'IJU ~fl11llvl'U~1f111 10-
2 

mbar j~tJ~~1{r1m U'1J'<il~tl11f111j~tJ~j~Vf11-:JBb~f1 l\?lj~ bb'1~m~ bb?ll vlvh 

'1 ~fl-:J?I v'l'LltJ vh 1 Vif11 jt:-J~ \?l 1B e:JB'Ll iu?I ~ fl-:! bbr;'l ~ 1:iJilB ~ \?l Bl!Vln~ Be) n-.;i 1 n b '\Jl ?lljbfl~ BU b ~ e)-:J'<i) 1 n f11 j 
'U 'U '!. '!. 

ION INDUCED 
SECONDARY EMISSION 

PRIMARY 
ELECTRONS 

LOST IONS 

SUBSTRATES 

CATHODE DARK 
SPACE ICDSI 

SPUTTERED ATOMS 

NEGATIVE GLOW (NGI 

. . . ELECTRON INDUCED 
• • • SECONDARYEMISSION 

r-'7'"~,4;.~~~~-~~· 
7
• .?"'.:. ~----A~JODE SHEATH 

/~0 
, / 1/,-0>,½ 

. . . // / ,-:;:,.;,;1/>/ 
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• 

• 

• 

• 

160 • 

140 

4C • 

20 . 

NON· MAGNETRON SPUT TC RING 

TYf'ICAl 
SPUTTtRINC 
CON0ITI ~S 

trt :::· ... :::::: .. ,;:·:--::r ~.:-::- •::~?r~-1; 
~~- • • 1.0 

~ 

0.' ~ 
. i5 

• o.a E .,, 
0 

• 0.1 :!; 
0 

0.6 ~ 
:s 

0.5 ~ 
0 

• 0.4 :i 
~ 

• 0.J ;: 
be 

o.z I= 
f 

0.1 "' 

o..-_.__.___._ ....... _._~_,_.__._...._._..._~_.__.__._.o 
o zo 40 60 ~o 100 120 140 160 160 200 

ARGON PR£SSUR£ fmlorrl 

1\J~ 2-5 ~n'Vel-:ifl'.l1:l-J(i1U 1 u1t'\J'U~il~eJe)(,l11Lfl~el'lJ fl1EJnli1LLntmtLLl:11 ~vh 1 U1t'\J'\JffLJ(,l L(,leJ1-:I 
" 

'Vmfannvh i\L 1-:J(i)U 1 ~vh 3,000 V 1t'\'111-:!.ff1fa~11 l(,l1~vl-;n-:ivi1-:inu 4.5 cm[10] 

'VrutvlA11:w (i\'ul:1-:i:fiu 1 t c.1 t ~1 {Am \J '/Vil t'\'1 ~ Ju n-:i '\J1 L 1 rum 1~ ~ {,\ 1 eJ 00uil\J1m (,l <al:1-:i:fiu 
" " 

1l1t LLl:11 ~vJ1v11 '1'1n 1u1,:i'11 L vJ:w:fiULLn t 1l'at'\J1U 1l11l:l'U (,l L(,l el1-:i Lf1 ~:fiu 1 u B {,111 l:1-:J {,11 :Wfl11:l-J(i1 'lJ ( 1\Jvl 2-5 
" " 

L?!Um7~ A) 'Vrutvlfn7:W{i1'\.J.fl1c.11 'Ll1t'\J'\Jl:l-:J:fi'l.J<at t.ltDnel~f111'1l'l.J'at'\'111-:i l:Wrnlln'Uel-:!LLnl:liJr11n~n-:i 
" ' 

e)t(,leJ:Wl:111Lfl~ eJ'Uv1'1'1n~elelf1'111l L '\J1'1t61-:Jr.i7'l.J LA~ el'\J'U'\.Jl l:l~'ael-:11'\J 1(77 t.l11l'111l 1l11'1l'l.J fl'\J 1:w Ln lln'Vel-:1 LLnl:l , , ' 
LLn t l:lt'VleJ'lJ n~'\J!i1 Lu 1 l:111 LA~ eJ'U'1'11eJl:l ru L~ c.161i;..itT-:in 7'1l'Lltl:l ruru 1 m 1"1V111 vf fi1 EJn lii'-;;i 111 m <al:l'U(,l L(,l 0{ilfi1 

'\J 'I.J V '\J '\ V V 

n~n-:i LL~Ld0m1:w(i\'ul:lsJ:fiu (1\Jvl 2-5 L?!um1~ B) i;..im1m~'lt117'1EJnli1LLntmtLLl:11000'\.J-;;i~V111vfeY(,l<a7 
" " 

Lfl~el'Uilfl7l:l-:Jl:l~vlfl17:l-J(i)'l.Jfl1'\'1~-:J ~-:ii1~'U111l11l:l'U~L(,leJfi'hnn LdeJ 1 'ctLL 'a-:!(i)'l.J1 ~vh 3,000 V 1t'\'117-:J.ff1 
" ' 

BL~f1l(,l'a~vl11-:ivi1-:inu 4.5 cm 1mLnl:lm{neJ'l.J 1l11Lfl~el'\J'1t'\'1t.l~vlfl11:W(i)'l.Jilfl1~11l11 2.6x10·
4 

mbar , 

LLn~~A11:w(i\'ul:lsJ1111 1.6x10·
5 

m bar 1~ c.18{,117 LA~ 0uilr11l:l-:il:l~ Lbn tn ~n-:iLdeJA17:Wl1l'Lll:l-:J Ln'l.Jr11i1 11l-:J1Y'Ll 
'U 'U 'I 'U 

'\J1blruvlrnm~l:l:Wn'IJm~'\J1'l.J 1l11l:l'LJ(,l L(,leJ1 '1 flel 'IJ1 b1 ruv11 VIB{,111 Lfl~ el'IJl:1'1 LLn ~\J<a~i°1'Vl6Jl1~~~l:l~ '1111 " , 
d I Q../ d O QJ di d -5 I 2 

1\J'Vl 2-5 ~'\J17fl17:W~'l.J'Vlb'\'1:l-.l1~l:17'1'11'\Jbflnel'IJflel 1.0x10 mbar fl17:W'lt1'l.J7LL'Ll'Llm~Lbl:l 1.0 mNcm 
" 
(771 cJB{,117 LA~el'\J 0.036 µm/min zj,:i b 'U'l.JB{,117Lfl~eJ'IJ'V1r1eJ'Ll'U7-:!~71 'l.J'Vrutvfl 'ctbb 1-:1\11'\.J 1 ~vhAeJ'lJ'U7-:J~-:i 

1~'\J'\Jl:lU~b(,leJ1sJv\'11 \J~0m fo~n-:im111ii'11:wnum'll'Lltl:lruru1mf'l All 'Vl~ii~nc.11 ~vJ1n'\J 1~mLc.111 
, V V 

.fr1rn1'Vl~Lbn~~1'Vel-:!Jl7'1l'l.Jt~qiqi1mf'1v11c.1au1'\.J L~c.11111 m111ii';nl'l (ground shield) \91-:J1'Ll ~\Jvl 2-4 
'"' ' "' .., f1 .., '1 " '1 '1 " .., ' '1 m11~'1ln~'1~:Wn ll't}rut L u'l.J~m 1,n'\'1~'\ljmeJ'IJ 'l 'Vffl.J'Vel-:JA71, 'Vl~ 1,~c.1-;;i~(,leJ'1'1~1tcJt1~'1'117'1A71, 'Vl~Lbn ~ 

n'a111'l;n l'l1 vf i'Ll 1l111t t.l~~1{Am D'll \91-:J1Y'l.JbLJJ17131 flt.ll ~'Wl'Vel-:1 1l1111'l;nl'l'1~ b vh n'UeJ1 l 'lJ~ 1l71 lllnl 

~l:1'1l11'1 Lbn ~ l:l'U {,\ L(,l el1-:!'1t hii:11:l-Jl <amn ~ fl'\J fl 11 'Vl~ 1 'Ll'U1 b 1 ruvl:w n'a111'l;n l'lVl:Wel ~'Vl11 Vi l:11:l-Jl 'a fl fll'\JA:W , " , 
'\J1L 1ruvl~ 0-:im1l:l'LJ(,l L(,l eJTI(il 
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.. 

♦ 

.. 

2. ':l~'\J'ULA~B'ULb'U'U ~.g bbj.Jf1'UM':l8'U ?IUMbM81~[3][5][9J[11J eJM':l7f11':lbnv1?1uMbM81~1Tmi~ 

tu fl'U t:-J i:lfltU':l~'\1!11~ Vi:l~ bbi:l~tfim ru 18 88'\.J~~~'ll'U b U1?11 ':lbfl~ 8'U i~1!'U f11 ';j b vh.JeJ\?l ':l1 f11':l?l'U \,I bvl 811Tt1 
" 

'U8f1'17 mi ~vh 1~vi tJ f11':lL ~l.lVi:l ~LLi1 cJ~V111~vi cl rn':l L ~mfimru 1888'\.J~~~ b -u1'llm u1?11':lbA~ 8'\.J zj ~ 1 u 

';l~'U'U ~.g ?l'U\?lbl?l81~ ,Jn~1!'U vi'11Ji'b'i~tl~f11':lbvll.lbb':l~it11vh~1':l~'\1!11~Bb~f11vi':lvi '\1!1mvliim1iiit1 zj~'1~n 

~vi'<ii'1nv1?1~?1v1~ A11l.l'\l!'U1bb'lJ'Uf1':l~bb?l'U':l~mru 1 mNcm
2 

Lbi:l~m1iiimh~mru 1.33 xl0-
5 

mbar " , 
'U8f1'17f1'tfowm11 fo':l~'\.J'U~.g ?l'UMLM81~ i11 tJ8~M8l.l'U8~bbtl?1~'1~ Lnvirn':l 18881 m1i11-11u8tin11 1 % 

'U8f1'11 n,fo~n-if m~ md 8fl11l.Ji'U?l~t'U'1~'Vl11 i1tJ1m ru bbtl?I~ bb 'Vl':l n M11 'U~l;'ll.J'U1~~1Ji'i11-11?1 ~Ji'1 tl 
" " 

~ 8ii11Ji'ii n1 ':l~ \,),J u1 ':l~tJtJ1 mJ~ b~ tJ n11 ':l~'Uu ~; bbl.l nu M':l 8'\.J ?l'U M bM 81 ~ zj~ b tlu n1 ':l1 off 

?l'U 1l.J bbiJ b '\I!~ f1'111 cl bvl cl 'oJ 1 cl ?l'U 1l.J bLiJ b '\I!~ n 1 i1iJvi l"l'U'U 1 'U fl'U e'.11 V!'U 1 b U 1 ?11 ':l bfl ~ 8U bbi:l ~lJ'Vl l"1 Jf ~ Q 1 f1 fl'\.J 

?l'U1l.J 1 vlvhzj~'1~'111 m ~l.J';j~ cl~'Vl1~b~'U'U8~fa~ f1\?l':l8'U1 i1cJ11t'U bvlclel1'U1'1'U8~?l'U1l.lbbilb '\l!~f1'1~V111 i1 

fa~f1\?l':l8'Ubfl~8'U~b U'U'Vl1~ 1ri'~ (':l'U~ 2-6) vi'11i1f11':l18881 'U61lb ~8~'11 f1f11':l'll'U':l~'\1!17~fa~ f1\?l':l8'U nu 
" 

8~vi 8l.l bbtl?I b58 cliiA1?1~t'Uzj~'1~V111 i1eJv1':l1 f11':l?1Uvi bv18{?1~tuJi'1 cl 
" " 

Target 
Material 

Magnet 

N 

Magnetic 
FieW Lines 

Outer 
Magnet Ring 

':l'U~ 2-6 f11':lbfl~8'U~'U8~8'UJl1A0b~f1\?l':l8'U1'U " , 
?l'U1l.1bLilb V!~ f1[12] 

l'M,C:Nll!Crt(tO 
IJl'WAIIOS 

a 

MAGNtfl C f HI D 
0 Uf'\'IAROS, 

~~1 ~.;,·, v ~__.! 

d 

IUCIMOI~ 
llAHIINC 
Al M{!il 

b 0 

"'"GflfltCrl(lO 

Ul'l'/AIIOS I 
0 r 

°l'U~ 2-7 f11':lbfl~8'U~'Um8~Jl1A1'U?l'U1l.l~1~1 
1 ~ d d 
bvlcl a , b , c b'U'Uf11':lbflffel'U'Vl'U8~'U':l~'1 , 
1t1?1'U1llbbilbV!~nmh~L~m ?i1u d bbi:l~ 

~ d d 1 
e b'U'Uf11':lbfli:18'U'Vl'U8~8'UJl1A'U':l~'1 'U , , 

?l'U1llbbilb '\l!~f1 bbi:l~?l'U1ll 1 vlvhhlln'U 1 u 

Jm1-ru~~1~1[13] 

10 



• 

• 

i-:i-d '11 fl m 1 Pi mn fl 11 Lfl ~ e:iu~'U e:i-:i a L~ fl (,l "J e:iu 1 u ?l'U 1 :1.J LLl-1 L vi~ fl vnJ11 ti' 1 a L~ fl (,l"J el uilvi fl vi1-:i 

fl11Lfl~el'Ll~i-:im flfl'U?l'U7:l.J LLl-1 L vi~ fl BV15'V-l1;1'UeJ-:J?l'U7lJLLl-1L vi~ fl'1::;vi'11 Vtel'U.f11 fl'lh::!'1Ju Lfl~e:iu~1 'LILL u1 
' ' 

1-:ifl1;1:1.J (1tlV1 2-7(a)) ~1c.J1l'lil 
'\J 

r= 
3.37 ( W )I, 

....... (2-1) 
B 

L~eJ W Ael'V-l61-:J-:J7'U'UeJ-:JBL~fl(,l'JeJ'Ll1'UVlU1c.J eV 

B fie:ifl11lJL'LJlJ?l'U7lJLLl-1LVl~fl1'WVlU1c.J gauss Vll.-l'U~1c.Jfl17lJ~161f1fl1;1(,l"JeJ'U V = 2.8x10
6 

Hz 

I cl .:::,II i.J' IQ.I Q,.I .:::,I CIII IV i,I d 
?l'U1:l.J LL:l.J L Vli;'l fl:l.Jfl1fl11:l.JL 'UlJL Vl1fl'U 100 gauss 11'llJfl11Vll.-l'UlJfl1 L Vl1 fl'U 0.1 cm \7\1c.Jfl11:l.Jt:1fl11Vll.-l'U 

LV11tl'U 2.8x10
8 

Hz 'J'U~ 2-7(b) LL?l\7\-:JBL~fl(,l'Jel'Llilm1m 11'11'WVli1-:i 1 'LILL 'U1'U'U1'Utl'U?l'U1lJLLl-1LVl~fl 
'\J 

0:::::. cl _d d I d 51.1 0 i,I d I .J I J-'2.1 

el Li;'l fl(,l 'Je)'U '1 ::! Lfl l;'le)'UVlVll.-l'U fll-:J 'JeJ'U LL 'Ul ?l'U1:l.J LL:l.J L Vli;'l fl\7\1 c.J'11'U1'U L?l'U LL 1-:Jfl-:JVlfl1Vl'U-:J 1::!Vl11-:J 'U t:11 

BL~flmel'U'll'Utl'UeJ::!(,leJlJLLfl?l 1tl~ 2-7(c) LL 'U1fl11VllJ'Ufl1-:J1eJ'U?l'U7lJLLl-1L Vl~ fl'1::; L tl~ c.J'U 1 tl tl7B L~ fl(,l'Jel'U 
'\J ' 

Lfl~e)'U~.f11c.J 1 'Llc'l'U1lJLLl-1L Vl~ flLL1;1::!?l'U7lJ 1-wY11zj,:iiJvil'lV11-:Ji-:imfltl'U B1'U1'1'UeJ-:Ji:'l'U1m~-:ii:'leJ-:J'Uelfl"-il1fl'1 ::!Vl1 

1 VIBL~ fl(,l'Je)'ULfl~e)'Um 'LILL 'U11fl-:JLLi1 ir-:imm1t:1vi'11 V!Ln\7\fl11Lfl~ el'Uffi 'LILL u1i-:im fl tl'Ui:'l'U1:l.JLL:UL Vl~ fl LLi;'l::; 

i:'l'U1:l.J 1-wvhL1c.Jfl11 fl11Lfl~e)'U~LL 'U'Ul;'leJm~eJ'U (drift motion) ilr11Lvi1nu 

10
8

E 
V =--

E 

B 

L~el E AeJi:'l'U1lJ1-Wv11viu1m'U'U V/cm 

B Aelr117lJL'LJ:l.Ji:'l'U1lJLLl-1LVl~fl1'WVlU1c.J gauss 

....... (2-2) 

mrui:'l'U1lJ1-Wvhu1rn;u(7171flmtl61fiJA1tl1::;mru 1,000 V/cm LLi;'l~?l'U1lJLL:ULVl~fl 100 gauss '1::!1VI 

A1r111:l.JL 111;1elm~eJ'UL vi1nu 10 
7 

m/s zj,:i L 'U'UA1~Ael'U'LJ7-:J?l-:J mruv,iJ-:i-:i7'UL~lJ~'U'Ue)-:JB L~ rnwrnuiJATWelc.J 
'\J 

L~m V1 c.J'\.J nuv,iJ-:i-:i1u~1~1'U'11 fli:'l'U7:l.J 1-wv11 fl11Lfl~e)'U~'Ue)-:JB L~fl(,l'Jel'U'1::! L 'U'U~tl161ffl1;1elc.J{?l (cycloid) 

~-:i1tl~ 2-7(d) ti' 1a L~ fl(,l "JeJ'Llilv,iJ-:i-:i1u L~lJ~'U?l~ fl11v,iJ~~1u~1~1u"-i11 fli:'l'U 1:1.J 1-wv11 fl71 Lfl~ el'U~ 
'\J '\J 

LLL U'Ui;'l el cJ L~ el'lN::!el~1 mL 'U11~ fll;'llJ"lie)'Ufl'U~~ LLi:'1\7\-:J 1 'W~'U~ 2-7(e) 'V-l~~ fl11:l.J~'U11fl{l~ elBL~fl(,l'Jel'Ui1'1~ 

L~'U'il\7\m fl ~~ LLJJ"-il::! 1'ifo'U7:l.JLL:U L Vl~flilr11-w elc.J 1 1::;vi11~ 50-500 gauss LL~"-il::;iJe,m 1 'Ufl11L ~c.J~L'U'U 

LL 'U1V11~ L~'U'Ue)~ 1e:ieJeJ'U (zj~iJm1;1~-:Jfl11 fa~ fl(,l'Je)'UlJ1fl) el~1~ 1:uL~'U'il\7\ 

1::!UU i:'l'U \,l L\,le)1-:J~1 'tii:'l'U1:l.J LL:U L Vl~ fl'lll cJ L ~lJ'U1lJ1 ru 1e:iele:i'UJ'U tl1i:'l'U 1:1.J LL:U L Vl~ fliJ'Vll'lV11~'U'U1'U nu 
i:'l'U7:l.J 1-wv17'1::!L 18 fl17 i:'l'U7:l.Jm:1.Jm1 (longitudinal field) '1::!V171 vf tl1 ::!~V15.fl7'V-l fl11 L ~lJ 1elelel'U 1:u~~'U fl 

LL~1:uvh 1 VtLL 'U1fl11Ln\7\ 1n1;11~i:'l·1.ni"-ilL tl~ c.J'ULL '\.J1;1~ 1 '\.J LL1;1::; ir~c'11m1t:1f fl~1 r111:1.Ji:1J1 L?l:1.Je:J'Ue:i~vJ;;\":1.Ju1~ 1 '11~ 

~ mru'Ue:J~i:1'U7:l.JLL:ULVl~fli~u7flnUi:1'W1lJ1-Wv17L1c.Jfl17 i:1'U7lJ(,17lJ'U17~ (transverse field) 1\7\c.J 

fld::!'U1 'U f111 L ~lJ'U1lJ1 ru hi el el'U Ln\7\t 'U~~d Vl J~ "-ii 1 fl 1 el elel 'U'\.Jl fl'll'U nu L tJ 1 i:'111 LA~ el'U LLi;'l::; L f1(7\ fl1 'J 

'Ul;'l\7\'U~elc.J0L~fl(,l'Jel'UVl~c.J.flile:JelfllJ1 BL~fl(,l'Jel'UVl~c.J.flil'1::!Lfl~e)'U~1 'UJfl~l1!::!L~c.J1nu1'\.J~ 2-7(d) vh 1 VI 
, 'lJ , 'lJ 'U 

fa~fl\911e:J'Utiflflfle:Jc.JL 'UU1L1rui:1u1mL:UL Vl~fl 1flim 1 Vl\7\Lrn::!Lfl~el'U~LLuu1;1e:ic.J L~e:J'U 1 '\.JmmL u1~1vi-w1'Ue:i~ 
'\J '\J 

A1 l Vl\7\ ( 1'\.J~ 2-8) 'Vl11vffa~fl\9l'Je:J'U:wle:Jfl1i:1'll'Ufl'U 1:i.JLi;'lfli;JLLfli:1U1L1!1!~1Vl'W1L tJ1i:'111Lfl~el'UlJ1flt'U'1'UL ~lJ 
'\J ' 
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• 

1.fhnru hie:ifftH'l-:im fl 1flie'.h b u1?111 bfl~ ffU 0 b~ flmm.1 !?111(7)~1:w'1l'U hi bl;lfll;l'IJe:J-:J bbtl'1~t b~'U'Vl7-:Jb tlm-:i 1r1-:i 
'U ' 

b'V761l'Ub u1'11".ibfl~ ffU bbl;ltt:-J~ \?'IB b~ fl\?l".ie:J'U'Vl&i cl.nfonfltm 'U'Ut:-JffV111 vi1e:ie:ie:i'Uflflt:-J~\?l 1 'Ut.fiin ru'1-:immbflt 
'I 'U \I 'U 

bf1(7) 1fli~hfl7 l 'Vl(7) 'Vl71vf bf1(7)'1bU'll61l71~ (space charge) ~7fl 1e:ie:ie:J'U'\J1fl'1-:J~e'.11A1 l 'Vl(7) zj,:im~i'Ufl17".itclt 
'U 

ufle:J(7)fl1".i61l'U'IJe:i-:i1tuu ~611 '1U\?l b\?le:i1-:i~m1ii~'U 1 -u-:i1mnfl bb 1-:ibfl~e:i'U1 v-l-w1bne:iuJ-:ivi:w(7\~t\?I flflim.J 

'\J1b 1rud bbl;ltilr11'1'U1:1J 1 v-l-w1~-:ifl11u1nru(7\11Am tl'll1 'LI ~611 '1U\?l b\?le:J1-:J'IJrut 1:wil'1'LI7:!Jbb:W b vi~ fl:lJ1fl'Vl71 vf 

m1:wvi' e:i-:i fl1".i bb 1-:i~'U 1 v-l-w1 ".itV111-:i.ff 1fo~ fl l\?l ".i(7)'1J e:i-:i".it'\J'\J bb:lJ fl'W\?l".ie:J'U '1U\?l b\?l e:i1-:i l;l (7\l;l-:J ilr11tl1tmru 

300-800 V ii'11'U'1'U1:!Jbb:WbVl~flfl'\Jbb:lJfl'U \?l".ie:J'U'Vl".i-:Jfl".it'\Je)fl~tb~clfl11 bb:lJfl'U\?l".ie)'U '1U\?lb\?le)1-:J 

'Vl".i-:Jfl".it'\Je:Jfl (cylindrical magetron sputtering) bbl;ltii'11-u'1'U1:!Jbb:WbVl~flfl'\J".it'\J'\J~611 '1U\?lb\?le:J1-:Jffi'U 

b'IJ7bb'\J'\Jbbe-i'U".i7'\J~tb~clfl17 vm7'U71bb:!Jfl'U\?l".ie:J'U '1U\?lb\?le:J1-:J (planar magnetron sputtering) 

1 'LI ".it'\J'\J bb:lJ fl'U\?l".ie:J'U '1U\?l b\?l e:i 1-:i 1e:i e:i e:J'Ubbl;l t'l"lm '1iiTvi bf1(7)t'Uil m1:w b i:w '1-:im fl'\J 1 b 1 rub u1 '17 ".i 
'U 

bfl~e)'\J'Vl11 VleJ\?l".i1 fl1".i'1U\?l b\?le:J1ilfl1'1-:J 'IJrut~1 'Ufl11:lJ~'U~1bbflt bb ".i-:J~'U 1 'l'-l-W1".itVl11-:JB b~ fl l\?l ".i(7)ilfl1 bne:J'\J 
'U 

fl-:J~ bb:!Jfl'U\?l".ie:J'U'1U\?lb\?le:J1-:J'Vl".i-:Jfl".it'\Je:Jflvl'11 tlileJ\?l".i7fl1".i'1U\?lb\?le:J1~-:Jfl11 1.0 µm/min bbl;ltilel\?l".i1 

bfl~e)'\J~-:Jfl11 0.2 µm/min fl11:lJVl'U1bb1J'Ufl".itbb'1~e'.11ml'V1(7) U".itmru 20.0 mNcm
2 

U".i-:J~'U1v-lvh 

".itVl17-:JBb~fllm(7)ilfl1tl1tmru 300-800 V ~fl17:lJ~'UU".it:lJ1ru 5.3x10-
5 

mbar zj-:Jbb'1(7)-:J(1-:Jfl1".ib'Vi:w 

U".i~~'Vl6.f11'1"lfl1".ibfl~e)'\J'1-:Jt'Ufl11 10 b 'Vl1\?11 'Ue)fl~1fldcJ-:i'17:lJ1".ifl'IJcl1 cl 1-unu ".it'\J'\J'1U \?I b\?le:J1-:J'IJ'U1(7) 1 Vlill 
'\J V 

1~~1 cl ~1'U'Ve:Jb~ cl'IJe:J-:J".it'\J'\J bb:lJ fl'U\?l".ie)'U '1U \?I b\?le:J1-:J Ae:Jbb ".i-:J~'U 1 'l'-l-W7".itVl11-:J B b~ fl l\,l ".i(7)ilfl1~1 ~-:iil 

'Vff-il1fl(7) 1 'Ufl1".ibfl~e:J'\J1'1(7)'\J1-:J61l'Ll(7)~(/j'e:i,:im".ibb ".i-:J~'U 1 'V-l-W7'1-:Jb vle:Jfl1'\Jfl:lJflill.f11'1"l~iA':lJ bbvJiJ'Ue:J 1~b U~cl'\J~ 
'I 'U 'I i:i 

'17:lJ1".iflfl:lJBb~ fl\?l".ie:J'U~1'U 1 viru '1 vf mJm cl 1 'LI me:iu'1'U1:1Jbb:W b vi~ fl~-:iil0 b~ fl\?l ".ie:J'U~Vll;l(7) e:ie:iflm bbflt~-:i b i1~ 
'I Q.J 'U 'I 'U 

1'1 me:i-:ifotl1m rutl' e:i clzj-:i-d1 cll;l {7\tJ ruvi1m 1:w{e:i'Uu'U1'1 (71".ie:J-:ifo b ~ m~1 fl fl1".i61l'U'IJB-:J 0 b~ fl\?l ".ie:J'Ul;l-:J 1~m fl 
' V ' 

Area of 
M.1gnet Poles Erosion 

Hopping 
Electrons 
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3. 1~urnr1~e:irnbuu B'UU76'11'U61i bb:wn-ume:i'L! ?1i1\ilb\ileJ1-:i[15-18J 1'Llm~u1'L!n11br1~e:iu~Jm!'L! 

'Y'-lu11V11 fl m11~~:w 8-:J 1e:ie:ie:i'L!':l~VJ11-:i~?111 bA~ auil f11':l\i1 fl bA~ e:iu bb~~m 1rie:i(li'1 b U'U~Jm!m1 ~ b 'U'U n11 

b tJ~ c.J'U bb tJ~-:i?l:W'U~'U 0-:i~J:wVJm cJ eJ ell-:! b 'U'U 'Y'-ltj~ m1:w f11 ':lbf1~'U1 bf1~ c.J?l (nucleation behaviour) 

ir ru~7'U1'Vl c.J7 (morphology) B-:Jfl'l.b~ fl BU (composition) vil"l'Vl7-:Jf111i~ b ~ c.J-:J(fll bb~~?l:W'U~ b ~-:i fl~ 

bU'U~'U b'U'U 1'Wfl'Jru bb:Wflt!(i)';le)'U ?liJ\ilb\ileJ1-:J 1000'U~1-li1'Uf11';)';j~~:W8-:J1?l~'Je)-:JfU'oil~:W1'oil1fl'U'J~'oil1~vh , ' 
~e)c]';le)U1?l~'Je)-:Jfu zj-:ivh11il'l~c.Jf11'J'il1c.Jl'lflc.J1~vh~u'l.b~mru -1 ci-:i -500 V 1vtflU1?l~'Je)-:Jfu i-:id 

" ' ' 
f111:WVl'U1 bb tim~ bb?l~~J:wV11e:ii'.hVl'IJ1'UeJ-:J1?lme:i-:if u 6'11Vlfu 'J~UU~; bb:JJflt((i) 'Je)'U tJ fl~'oil ~:i1fi1 ~1 

' 
'U'J~mru 0.05-0.10 1e:ie:i8'U/8~\i18:W?ll'Jbf1~e)U bb~f11'J1'U-:J1'U'oil1-:J~e)-:J:iJfl7?1-:Jfl11i1 

" 
?17VlfUf11'Jbf1~8Ubb~-:J (hard coating) ~J:w~~e:i-:im1,!'U'oil~~e:i-:i:i1-d0-:i11-:i (voids) 1mt10~Jm'.fe:ic.J 

~?l~ zj-:J'oil~'Vl71 vt~J:wu1-:i~1~,!'U:wm1:w'Vl'U~ eJ f11':lfl~ fl18'U (corrosion) bb~~'Vl'U~Bf11'J'LJ~~ (wear 
' 

resistance) mflt'U fll'J~~'Utl-:!11-:J 1 'Ub da~J:wdvh 1m~c.Jf11'Jb ~:Wf111:W~1-:Jl'lflc.J1 Ubb8?11 VltlU 1?l~'JeJ-:Jfo 
' 

bb~fl'oil~'Vl71 vtbn~r111rnA'Ubb~~m1:wuflvde:i-:i (defects) .f17c.J 1 'U bfl'J'U (grain) 'UB-:i~J:wmfltmd0m1:w 

~1-:Jl'l flc.J1 u bb eJ?l b ~:wt'U~l c.J'Vl11 VIA t1.!.f11'Y'-l'U8-:J~Jrnb~~fl1'JtJ~~ ~'U 0-:i~J :w flU1?1 ~ 'Je)-:J fo ~ ~ ~ -:itl ruVJ 1i1bbm~ 
, ' V 

1~m ~:wm1:wVJ'U1 bb U'U'Ue:i-:im~bb?l1e:ie:ie:i'U~1 'ti zj-:ii111il'l~c.J1 i1~uu bA~e:iu bb uueJ'UU7~7'U61i bb:Wflt!\il'JB'U 

?1i11,ib\i181-:J (unbalanced magnetron sputtering) 

':l~UUB'UU76'11'U61i bb:Wflt!mB'U ?liJ\ilb\i1B1-:J 1~fon11fi~A'Ubb~~&i~m{br;.Jc.Jbb'Y'-l1b~c.J Window bb~~ 

Sawides rif-:ibb 'Jfl 1 'WU A.l"l.1986 b~c.Ji-:i?leJ-:J'Y'-lU17fl1'J~~~-:ibb:l.lb'vt~fl~f171 Vl~ 'UeJ-:J'J~Uu?liJ\ilb\i181-:J'Ufl~ 

Vl7 fl'Vl71 vtm1rn 'LJ:W'UB-:J?l'U7:W bbth Vl~ fl~ 7'U 1~Ji' 1'UVJ'l1-:im flVl1Bt! e:i cJ fl17 €i fl Ji' 7'UVJt1-:i bb~l ?l'U 1:w bbj.J b Vl~ fl~ 

m 1 vi~:iJ~fl~ru~ 1jj?l:wm \il'J i11 vttHmru 1e:ie:ia'U~~-:i b 'LJ7'1l'UVJ1m~~:w8-:i1?1~1e:i-:ifu (~J:wu1-:i) t!'U:iJ 
' 

'l.J1m rum fl fl11'U fl~ zj-:J'oil ~:W r;.J~ ~ BA t1.!.f11'Y'-l'Utl-:J~J:wu1-:i~ bf1~ 8U 1m~ c.J\il'J-:J f11 'Ji~ bbj_J b Vl~ fl'U tl-:J'J~UUi181 'oil 
' 

bbU-:JbU'U 3 bbUU fie:ir111rn-v:w?l'Ul:W'U8-:Jbbj.JbVl~fl~~1'U1'Wmflfl17~7'U'UeJfl (Tt.l~ 2-9 (a)) Vl1Bfl~Ufl'U 
" 

('J'U~ 2-9 (c)) Vl1B1fl~bflc.J-:Jfl'U ('JU~ 2-9 (b)) 
" " 

Wl 
(a) 

CYLINDRICAL 
MAGNET--...J 

m w 
(b) 

IRON 

ANNULAR 
MAGNET 

(c) 
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• 

nTr'il,{;lbbl-lb'Vl~n1,11:1.1Tt.Jvi 2-9(a) 1vv0uvi1~{;1:1.J~-:i1?1{;1'HJ-:ifu'1~i1fi1~1 (eJ(,l'J7?11'W1vv0'U/v~(,lv:i.J 
'lJ ' 

?l1'Hfl~ 0'\J'U ';j~:IJ1 ru 0.25: 1) ?ll'U n71i (?) bbl-lb Vi~ n(,17:IJ':i'Uvi 2-9(c) 1vvv'Uvi';i~(?):IJ ~-:J1 Ml':iv-:Jf 'U 
'lJ ' 

'1~iJfi1b 'Yl:1.1;ff u v\'11 VleJ(,l'J7?11'U 1vvv'U/v~(,lv:i.J?l7':ibfl~vuilfi1?1-:i;ff ufiv1J1~m ru 2: 1 (d1v 1-ff A11:1.1~1-:i~nfl 
'lJ 

1rnrn?l~7) i-:id-<innn11Pin1'}7'1Jv-:J Musil bbi;l~ Kadlec zj-:i1-il'1~'U'Ubfl~v'Ubb'U'UB'UU11;11mi Vffl1'W11 

bb:1.Jn'U(,l';iv'Ub~ 81 bbfl~'lJ(?)i;ll{;lbbl-lb Vi~ n 1 t"Jvh 2 'lJ(?) bfl~0'U~~:IJ 1 'VlVrn tJV:IJ 1 'U 1(,l';j~vi';i~V~b U1?l1':ibfl~v'\Jbbi;\~ 

1?l{;l'Jv-:ifu1J1~mru 200.0 mm 1-il'A11:1.1~1-:i~nv1rnbv?l1'LI'lh-:i -5 fi-:i -100 V 'V'l'U17fl17:i.JVl'U1bb'U'U 
' 

m~bb?l?l-:ifi-:i 6.0 mNcm 
2 

zj-:imn'V'lv6'11V1fo 1-ul m1'Uvt,i?l1V1m1:1.1 
'lJ ' 

V11 m 1.J~vrn v1vu1~uu?lu(,l bt,iv~-:ii-:i 3 1~uu 'V'IU111 u1~uu?lu(,l bt,iv~-:i'\Jn&hTt!Bb~nt,i':iv'Wvi1~ 

'11nn111vvv 1 ui'1~~-:i11Jfuv1 L 'U(?) fav1l-lbMcn-vv-:inum~u1un11?lu(,lb(,lv~-:ib1;1v ~-:ilT'Ub~v 1 vf1~uu 

?lU(,l b(,l ti ~-:ii11J1~~'Vlfi m'V'lm n;ff 'U~ -:iiJ bb u1 f1{;1vi'1 ~111 ab~ n(,l':iv'U b V1ci1db -v1m'li1 v 1 'U m~u1u m 1?lu (,l b(,l v ~-:i 

L{;lV n1116U?l'U1:I.Jbbl-lb Vi~ n'li1 V ~-:i bf1(?) ';j~'\J'Ubb:IJ ffU(,l';iv'U i;'{U(,l b(,lv~-:J zj-:i16U?l'U1:IJ bbl-I b Vi~ n'li18'Vl11 ~\nvl 

fa~ nt,i':iv'W'U~b 1 ruVl'U7fl7 L 'Vl{;l b Yl:w;ff u (b ~ v-:J'17 nfa~ nt,i ':iv'Ub V1ci1di1?i1'U'li1 vv\'11 vf m~u1'Un11?lU(,l b(,lv~ -:i 

A-:imfa~1-:i~v b ~v-:i) B7'W1'1'1Jv-:J?l'U7:i.Jbbl-lb VI~ mi~v\'11 vffa~nt,i':iv'Wbfl~v'Uvib 'U'U'Vl7-:J 1r1-:iv\'11vfm11vvv'U 1 'Lli 
'lJ 

bbfl?l b508?l-:J;ff 'U 'UV n'.il 7 nd?t'U1:IJ bbl-I b Vi~ n bbi;l~?l'U1:IJ 1 t"Jvh cY-:iv\'11 Vi n7':i bfl~ v'Wvi'lJv-:JBb~ n(,l 'Jv'U~~-:J'll'Ub U1 
'lJ 

?l7':ibfl~vui1Jnl'}ru~b 'U'U m':i'll'Ubb uu.J'1 61 ~m ~v-:inuv\'11 Vibf1{;1Bb~n(,l':iv'U'Vl&iti.n131J~mrudmn;ff u zj-:iv\'11 vf 
I ' " 

bnvl m1?lU(,l b(,l v{m n(,17:i.J 11J~1 v bb~ ncY-:iiJa b~ n(,l':iv'Uu1-:i?i1uvii1'V'IJ-:i-:i1u?1-:i?l1m1t1V11;1{;1'11 nei'1'U7'1'1J0-:J 
'lJ ' 

?l'U7:wbbl-l b VI~ nd~ -:i b -v 1V11.ff 1v11 'W {;l'Vl'U v1 G11V1f u 1 'U':i ~uu B'Uu11;11 ui brnnu (,l 'J v'U ?l'U(,l b(,l v ~-:i tTu 

ab~ n mvu'V'I J-:i-:i1u?l-:iviV11;1 (?) '17 n?l'U7:I.Jbbl-lb VI~ nd'.il ~fin~ {;111 ~1 m?i'mb 1-:i bbj_J b Vi~ n?i1mn'W'1Jv-:J 1~urnb~1 
'lJ ' 'lJ 

bfl~v'Uvi b 'U'U'Vl1-:J Lfl-:J 11.J (,11:J.Jb?l'Ubb ':i-:J bbl-lb Vi~ flb 6U7'll'Ull'U 0~(,lv:IJ'llv-:J bbtl?lb5v8 bbi;l~ bf1{;1 n7':i1vv 01 'U6llb 'U'U 

vm 1 ?lmu~ b 1 ruthV1u11?l (?) 1v-:ifov\' 11 vf r111:1.JV1'U 1 bb 'Ll'U m~ bb?lvi1?l{;l':i v-:if uiJfi 1?1-:i n111~uu bb:i.J ffU(,l 'Jv'W 
' ' 'lJ 

."1 = • I 2 • I =<> ' ,., ' 2 
?lu(,lb(,10':i-:J mn (u':i~mru 5.0-10.0 mNcm ufl(,l:Wfl7'Uv8n17 1.0 mNcm ) 

MAGNETRON 
COH'H NTIOHAL UNi!AlANCEO 

sub st rate substrate 
rss,sss,_ 

11.J~ 2-10 b 'U~V'Ub v1vuJ nl'}ru~'V'lm?lm'llv-:i1~uuu1m'U6ll bbi;l~ B'Uu1m'U6llbb:wnu(,l'Jv'U ?lU(,lb(,l v~-:i[l 6] 
'lJ 
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' ' A. 0., .c:::I .c:::I ii 

2.4 .:11'W1:U~'Vlbm.11"llel.:I 

~~hrn1.:i1 VlVl1l'Llm.J€l~~ihucJ:u1 u1(711\?ldJu~i:u'ln:in~:u ternary coating ~l Vl:U1~?t:u1 'U 

n1'J'U1:U1 H'lbVl'U~imn.:in~:u binary nitride b'11'U ~im.n:i 1 VlVl1b'UcJ:U 1 'U 1(711\?l 6'11Vl'r'\.Jn1'Jbfl~€1Ubb ~.:J'U'U 

tooling Vl1€l .:J1'Ulil1'U high speed machining bl?lcJn11e-J?l:U€l~~fatlcJm'LJ11 tl1~V111.:im1L(711cJ:u~i:uu1.:i 

v111V1'1Ji'~i:u~iiA11mL~.:i?1.:i v11.:i1u1Ji'~1u'li1.:iA11:u1t1u?1.:iJ.:ill\91 600 - 800 °c 1,11uvi1un11Ln~ 
~ ~ 

€1€ln;l~'U'Ubb'1~n1';itl~n'fo'U iii:utl1~~viBn11l~cJ~Vl1'U~1 B nJ.:i v.:i b ~:UU';i~~Vlfi.fl1'V'l 1 'U n1';i!,1~ b~1~ 1 ~~ 
~.:i:ff uJi'1 cJ 'Vl11 ~,r n1~ cJ?f'U h m~u1u m 'Jl(711cJ:u~i:um.:i 1 vivi1 l 'UcJ:UB~~fa 'UcJ:U 1 u 1m\?llil1 cJ15\911.:J 61 l -du 

n1';ibfl~B'Ulil1cJ16 CVD (20] 16fl1bVl~fl mifl [21] bb'1~ 161llelfl~'V'l bb:Un'U(?l';ie)'U ?f'U(?lb(?le)1.:J mh:ihn 

(711:U n1';il(?l 1cJ:u~i:u~ m111m1Yui1-if a~ bb'1~'LJe)b~cJbb(?l n\911.:Jtl'U 1 tl bb\91161ll€lfl~'V'l bb:U n'U(?l';itl'U ?\U(?l b(?l B1.:i 

11ui1-if a 1Ji'Ltl1cJ'Ub vicJ'l.Je)c)Vl'11cJU';i~n1';i b '11'U 1 iaru'Vl.nm 'U n1';ibfl~ au{m1u~1 b'U'Un'J~'U1'Un1';i bfl~tl'U~ 
~ ' ~ 

hic1.:icJ1 n bb'1~ ?11:!J1';itl'U11 tltl1~ cJnv11inun11bfl~e)'l.J{m1mJ'U1~ 1 mu1Ji' 6'11Vl'fo n1';i1~cJbb'1~l(711cJ:u 
' ' ., 

~i:um.:i 1 vivi1L'UcJ:Ut1~'1fat1cJ:u1 u1(711\?l iiim.m 1~cJ?!'Jtlli1.:ii1 
~ ~ ' 

Liu bb'1~ flru~ (2004) 11ilbfl~€l'U~i:uu1.:i1vivi1b'UcJ:U B~'1lJb'UcJ:U 1u1(7l';i(,l'l.J'U;'1nB'Ub1b'V'lB{';i~'U1'U 
~ 

100 Ji'1cJ 151LLBfl~'V'l 0uu1mui bL:Un'U(?l'JeJ'U ?\U(?ll(?lv1.:i 1~cJ1im~ll?f'llt1.:ibu1a~~faucJ:u r11\911-:i1 

b ~aPimn hardening mechanism '1Jt1.:i~i:urn.:i 1 'Un11lfl~€l'U~i:uu1.:i~~ Hh u11 VlVl1 l 'UcJ:!Jbl'1~ l u1 

B~'1fa 'UcJ:U'11'U1'U 3 bb'1~ 1 b U1 m:uci'11i1'U 1 ~1'1ncJ1 'Ubbel?ltl'U1?1mt1.:if'Ub vhnu -60 V 1-vnm 1 'Un1';i 
~ ' 

bfl~arnvhnu 60 mvi 1~cJ~i:um.:iiilfl~BU1Ji'iim1:UVl'U1BV'J~Vl11.:i 700 - 800 nm 'V'l1B:Utl'UVl:J.J'UblVl'U 
~ ' 

11.:i1?1~1a.:ifuJi'1 cJA11m 11 1 o 'JB'U\91B'U1vill'1~n1Vl'U~ 1 ~m~Ll61~1 ~n'Ub u11 vivi1 L 'UcJ:Ufl.:J~l vi1nu 5 A 
' 

(71'1B~ n11 lfl~B'U ~1 rn!t1tl1~i:uu1.:i~1'9ll tlPi n'tl11A1.:i?111.:ie-.i~ nJi'1 m Vlfl'Llfl XRD 1 lfl11~~tl1m ru 

a.:ir1tl1~n eJ'U'lJB-:J61 (711 t1~i:uJi'1m Vlfl'Ufl XPS bl'1~1~fl11:!Jbb ~.:iJi'1 m Vlfl'Ufl nanoindentation ~1 n 
' 

n11P1n'tl1'V'l'U11~i:um-:i~bfl~e)'l.J 1vi'l'U'U~i:uu1.:i 1 VlVl1b 'UcJ:U B~'1fa 'UcJ:U 1 ti 1(7l';i\91';i~'U1'U ( 111) bb'1~ii?f(?l';j 
~ ~ 

1A1.:i?111-:ivi1-:ibfliil'Ut1 Ti 1 xAxN (0 _::;;_ x _::;;_ 4 )1~cJ x ABtl1mruo1~a~~faucJ:u~e-.i?1:ua~1t1~i:um-:i 

"b-:JA1 X ~~b yj:u:ff m~m yj:um~lb?t1'V'l~11 l½n'UbU1B~'1lJL 'UcJ:U bb'1~V.:J'V111 ~:uml cJ1 b uuf-:i~b€ln6ll'LJB.:J 
~ ' 

bfl';i.:i?\11.:Jt-J~ n~-r ~ 1vi'iir11 b yj:u:ff m '11'Utl'U t1€ln~1ni1b~Bm~ bl?t1 'V'l~1 b ~:u:ff uvi'11~bmt1ii'llt11~ b~ n'1.:Jbb\91 

~i:um.:iiim1ml~.:Jbyj:umn:fft1 [22] 

Wuhrer lrn~ Yeung (2004) 1vi'vi'1n11bfl~eJ'U~i:uu1.:i1vivi1b'UcJ:U B~~fa'UcJ:U 1t11(711\?l lil1cJ 

151bbelfl~'V'l bb:Un'U(?l';ie)tlbfl?\U(?lb(?le)1.:J b~BP1n'tl1t-J'1'LJeJ-:J discharge power ~1~n'UbU1B~~faucJ:U\91B 

n11 b tl~ cJtl Lb tl '1.:J 1A 1 .:i ?111-:i e-.i~ n Ll'1 ~ ?t:u'lr&l'll a.:i~i:uu 1.:i~ Lfli1 au1vi' f11Vl'U~ 1 ~1~ cJ ~vi1-:i1~ V111.:i 

bU1?111lfl~B'Utl'U1?1~1B.:Jf'Ubvi1nu 65 mm 1~m1:u1at1nu1?1~1a.:ifub'Ut1 240 °c bb'1~1'1ncJ1ULlB?I 
' ' 

bVl1tl'U -100 V vi'1n11bfl~€l'U~i:uJi'1cJ discharge power J.:ilb\91 1.5 - 6.0 W/cm
2 

~i:uu1.:i~1vi'~~ 

Pin'tl11m-:i?111.:it-J~ n Jn'tlru~~t1e'.h 1A1.:i?111.:i~'1mfl a-:ir1tl1~nBU'VB.:J51(711 t1Yli:u ll'1~ fl11:Ubl ~.:ivi'1 cJ 
' ' 

b'Vlfl'Ufl XRD, AFM, SEM lb'1~ nanoindentation (711:J.Jci'1ti1U e-J'1n11P1n'tl1'V'lU11Yli:u~1vi'mfl':i-:J6117-:J 

e-.i~n'LJa.:i1'Vl'Vl1l'UcJ:U €1~'1faifo:u 1t11m\?lll'1~€1~'1fa'UcJ:U1t11(711\?l iim1:uV1m1mh.:i 1.5 - 2.0 µm l~m~:u 
~ ~ 

n1J.:i 1 'V'l~1 'V'lU11 TUbbUUn1".ibltl1b'Utl{.:J~beJn6ll'lJB.:J bflj.:J?\11.:it-J~n 1 Vl'Vl1 b 'Utl:J.J €1~'1fa 'Utl:U 1 ti 1(7lj(,l ';i~'U1'U 
~ ~ 

200 b~Btl 1 uu.:i:J.J:u~iir11mn:ff t1 Yl~:uiieJ(?l".i1bfl~Bu r111mb ~.:Jbb'1~fl17:UVl'U1bb tlt1mn:ff t1 1 t1'Vru~~'V'U1~ 
' 

'LJ e).:J bmtl bb'1~A1fl11:!J'lJj'LJj ~~ ~nr11'1 ~'1.:J ti el n~ 1 n-d V.:J'V'l'U11 €1.:J f1Uj ~ nvU'lJB.:J B~'153 b 'U tl:J.J 1 ti Yli :J.J?t .:J:ff t1 bb \91 
' ~ ~ 

e)-:Jf1'\.J-'a:::f1eJ'\J'VeJ-:J 1 V1Vl1 b Um.J~Wl~N b~eJf11~-:J 1 vJ'V'l7b vl:i/iJ-u[23] 
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t 

Chu LLi;l~ r1rut (2006) Plf1~1e-Ji;l'VB-:Jflrn.i1ULLB?fti1B?flJU&iL:U.m1;1LL1;1t1(?11l'lJfa~ (tribology) 'VB-:J 

vlillrn-:i 1 VIVl1LUt.11JBt1;1faut.11J 1u 1(?111i1~Lr1~m.J~1c.115 1LLBfl~'IAl 5uu11;11ui LLllf1U(,)1e:Jt! ?fiJ(,)L(,le:J1-:J uu 
'IJ 

LL~'\.J6/j~f1B'\.JL1L '\Ale:i1LLi;ltU'\.JL Vl~f1 AISI M42 ~e)nJVlJlih½e:i-:i fat.1H'L 'U11 VIVl1 L Ut.1:lJLLi;l~L 'lJ1e)~i;jfa Ut.llJB~1-:J 
' 'IJ 'IJ 

i;lt 2 L'U1 LLi;lt1~m11J{Bt1'1?l\?1';iB-:JfU'VnJ~Lfl~BULVl1flU 250°C V'l{BlJVlll'\.JLLVl'\.J11-:J1?f\?11B-:JfU~1t.l 
' ' ' 

fl111JL 11 20 1BU\i1B'\.J1'Vl 1tt.lt'M1-:J';itVl11-:JL'U1?f11Lfl~BUflU1?f\?11B-:JfoL Vl1flU 60 mm fl1Vlt!l?11 ~mtLL?f 
' 

L'U11VIVl1LUt.llJLLi;ltL'U1B~i;lfaUt.11Jfl-:J~Lvi1nu 6 LLi;lt 3 A (,)11JiA'1vi'u LLi;lt1'UL'Vlfl'Ufl XPS 1Lm1ni 
'IJ 

e:i-:ir1tbtf1BU'VB-:J51(?l~e:Jt.1lt1vl1fou1-:i HLVlfl'Ufl AFM, TEM LLi;l~ nanoindentation Pin~1Jn~rut~t1th 
' 'IJ 

1r11-:i?f {1-:J\Ji;jJl1flLLi;ltfl11lJ LL ~-:J(,)11Jcl'1vi'u e-Ji;j f11';jflf1~1V'lU11vlillU1-:J~Lfl~e)U 1~ L tluvlillU1-:J 1 VIVl1 L 'Ut.lll 
' 

e:it1;1fa ut.11J 1 ti 1(?111i11~'\.JTU ( 111) (200) LLi;lt (220) m1Jcl'1vi'u i1r1111JV1t11e:i~1 mh-:i 0. 75 - 1.06 µm 
'IJ 'IJ 

vlillu 1-:ii1r1111JV1t11 LL ilum n:ff mL1;1 ti1ri1 m 1mL ~-:i?f-:i:ff md Bfl n v1 ULLB?fi1ri1 L t11J:ff t1 1 u'V rut~e:i-:i A'lh ~ n e:iu 
'IJ 

'V e)-:J51 (,)e)ti;l:W L Ut.llJ';i11Jti-:iri1 fl111J'V';i'V';it\lti;l\?1 i;l,:J Lde:i L vlllfl f1 t.11 u LLB?f nui' i;'f me:i-:ifo [24] , \I , , 

Subramanian LLi;l~ r1ru~ (2008) 1~Pin~1?f1JU&iV11-:i 1m-:i?f{1-:i'Ve:i-:ivli1Ju1-:i1 VIVl1L Ut.lll mm:wL 'Ut.lll 
'IJ 

1t11(,)1\i1~Lfl~BUU'\.J mild steel ~1t.115 ~; LLllnume:iu 1r1?f'\J(,)L(?lB1-:J 11?1m1e:iu1'Vf111Lfl~BU AB 

';i~t.l~'M1-:J';itVl11-:JL'U1?f11Lfl~BUfl'U1?f\?1LV11fl'U 60 mm n1J-:i1'\Alvhr1-:i~LV11fl'U 250 w e)(,)';i11Vli;l'Ve)-:JLLfli;'f 
' 

m1ne:iuli1mLn?f1u 1mL\lt!L tlu 1: 1 LL1;1t1~V111-:im1Lfl~B'U 1 ~r1111J{e:it1n'U1?f1?11e:i-:ifo L vi1n'U 400 ° c 

\11m!ml1vli1J~Lr1~e:i'U1~me:iueie:it1~e:iruV1n:w 500, 600, 700 LLi;lt 800 °c (,)1~1A"1v1'U ?f1?1V11c.11Lr111t'M 
' 'IJ ' 

1m-:i?f'r1-:ie-.i~ f1~1t.l L Vlfl'Ufl XRD 1 t1?\1'1.J'VB-:Jvlill'U1-:J~1:J1~'1'11 f111BU eJ B'\.J\1~'1'11 f111Pl f1~1Jl1flc;J\?1'V11-:l~1 t.l 

L Vlfl'Ufl SEM Lli;l ~Pi n~1J n~rut~t1i'.l1111Ji-:iri1m11J'V1'V1~~1 m Vlfl'Ufl AFM \11 nm1Pin~1V'lu11vli1J 
' 

'U1-:J~e)'l.JeJB'\.J~1ffQn.!VlJJ:W~7-:J 1 fifl';j-:J?l{1-:ie-.i~ f1'VB-:J 1 VIVl1l, Ut.llle)t~fa{jt.11] 1 ti 1(,l';j{i)';jt'\.J1U (111) (200) 

LLn~ (220) (,)71Jcl'1v1'U (,)1-:Jnum(,)1f61'\.J JCPDS No: 37-1140 1,de:ie:iruV1n:wm1e:i'Ue1e:imvlmtlt1 800 °c 
.... ' 'IJ 

l]l]l,lt.111, 'Ut11'-:i?lLBf161J'VB-:J 1r11-:J?f11-:Je-J~f11 VIVl1 L Ut.ll..Je)ti;lfaUt.1J..J 1 ti 1(,l';j{i) ';it'\.J1'U (200) l,~e)'\.J 1 'UcJ-:Jl..JJ..J~i1 
' 'IJ ' 

rhmn:ffu J1V11''UJ11fl(1)1?1'V17-:J'VB-:Jvlill~1~\11m'Vlfl'Ufl SEM ffir11-:i?f11-:i1,tiuJn~rut columnar ?i1ue-.i1;1 

f171Af1~7~1t.lLVlfl'Ufl AFM V'l'U11 vliJ..J'U1-:i:uJn~ru~btlt1 columnar fat.1i1'1ie:i-:i11-:i1~V111-:i1,mmbnti1 

'V'\.J1\?1bf1';i'\.JB~1tVl11-:J 200 - 250 nm fl1fl17:W'V';i'V';i~bu~t.lLV17fl'U 8.6 nm [25] 
'IJ ' 

Chen bbnt r1rut (2009) 1~Lfl~B'UvliJ..J'U1-:J1VIVl1bUt.1:W e:it1;1faut.1J..J 1u1(,)11i1 umb~t!6/5~f1Bt! ~1t.1 
'IJ 

15 1Lbe)fl~'rl bbl..Jf1U(,l';ie)'\.J 1fl?f'\J(,)b(,)e){ ~e)(,)';i11Vlmbfl?le.l11f1Bt!~mbn?f1t11(,l';jb\J'\.J\i11-:J1 ~-:Jbb~ 10% ri-:i 

100% rie:ium11,r1~e:i'U1 ~r111:w1e:it1n'U1?f1?11e:i-:if'U1, vi1n'U 200 ° C 1,1,lK1rn~e:iuvli:w'U1-:i 11?1t.1VlJ..Jt1LLvit111-:i 
' ' 

1?l\?1';ie)-:Jfo~1 t.1m1:w b 11 20 ';je)'l.J\,)e.J'\.J1Vl'Vru~ bfl~e.l'U fl1Vlt!1?11 ~n1J-:i 1 '1Alvh~1 ~nm 'U11 VIVl7 b Ut.l:lJLl,i;l~ 
' 

1,1,:wnu(,)1e:Jt1 ?f'U(,ll,(,le:J1-:J ?i1mu1e:it1;1faut.1:W\lt1.ffm11,r1~e:iu~1mV1r1ur1 m1 1,e:ivJ LlJ..Jf1U(,)1e:Jt! ?l'\J(,)l,(,le:J1-:J 
'IJ 

,l1vli:w~ 1,r1~ B'U 1~ 'I.Ji 1,r111 tV1'1r11-:i?f11-:ie-.i~ n~1 v 1, Vlfl'Ufl XRD Pi n~1J n~rut~ui'.111,1,1;1tri1r111J..JV1t.11'Ui'.l1 

'Ve.J-:Jvli:w~1 t.11, Vlfl'Ufl AFM e-Jnf171Af1~1V'l'U11~0(,) 111 Vln'Ve.J-:Jl,Lfl?fe.J1{f1e.J'\.J\i1BLlfl?f1 ti 1\,l';il, \lt!~1\lt'l"lU 

Lu'l"l7~ 1 V1V111, uv:w e.J~1;1:w1, ut.1:w 1 u 1(,)11i11~'U7'U 111 1, vi11!t1 1 t1'Vru~~0(?1111 Vln'Va-:i1,1,n?fe.J11ne.Jt1~m1,n?f 
'IJ 

1u1m1,\lmvi1n'U 100 % V'l'U11:uJ-:i1m-:i?111-:ie-.i~ne.J~1;1faut.1m~t11'U 101 1,1,n~ 1r11-:i?f11-:ie-.i~n'Ve.J-:J1V1V11 
'IJ 

l,'Ut.l:W B~nfa 'Ut.l:W 1 ti 1(,l';j{i) BnJ-:icJ-:Jfifl';j-:J?f{1-:ie-.i~f1'VB-:l 1 VIVl1b 'Ut.lll e.l~nfout.1:w 1 ti 1(,l';j(i)';j~'\.J1'U 220 u11nn 
'IJ 'IJ ;,,J 

:ff u~1 t.1 J1vifoJ n~ru~~t1i'.l1'VmYl~:W\l~:Um1:wvim 1,1, ilumn:ff u 1,1,1;1~r11m1:wvi t.11'Ui'.l11;11?1n-:J\17f1 4. 0 nm 

Luu 1. 9 nm 1,de.J0(,)111 vimLn?fm{ne.Jt1~m1,n?f1 ti 1(,111,\lt!L ~:w:ffu [26] 
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'U'Vl'VI 3 

LA~e:i.:iiia 1?1~LL1;1~e.1tlmru'1tJ.:i1'U1~cJdmJ.:idJtJ 2 l.'11'l..! fie:i (1) l.'11'l..!fl11L(?)1m..1l'J~:w,.n.:i1vivi1L'UcJ:W 
' ' 

1 'U 11,)';i\?le.)~i;,fa 'UcJ:W 1 'U 11,)';i\?l bbl;,~ (2) l.'11'l..!fl1';i'Vi1J tl't}f;U~bt.l'l"l1~'1Je.1.:Jl'J~:U'U1.:J 1 V1Vl1 b 'UcJ:W 1 'l..! 11,)';i~e.)~i;,fa 'UcJ:W 
" " 

1tJ1ml?l zj,:iih1cJ1;1~LBcJ~(,].:id 

1. l.'11'l..!fl1';ib(?)1cJ:WvJ~lJ'\J1.:J 1 V1Vl1 b 'UcJ:W 1 'l..! 1(,)';i\?le.)~i;,iJb 'UcJ:W 1 'l..! 11,)';i\?l 
" 

1.1 bA~a.:i LA~ au?! (11 (111 m fl 1~uu ~~ bb:w tl'U(,) 1e.1'U ?tu(,) bl,) e:i~ .:i 'IJ e:i.:iiX e.1.:iu5u~ n111~ cJ 

b VIA l'l..! fa~?truru1fl11'1bbl;1~vJ~:wu1.:i .fl1A1'1J1l'J~nci' Aru~1VlcJ11'11?f M1 lJVi11VlcJ1JcJ'\J';i'\"l1 ( ';iU~ 3-1) 
'I V V 'IJ 'IJ 

1.2 1?1~vfl 'ITT 'l..!fl11Vl~i;,eJ.:J 
' 

1.2.1 b'\J1?111LA~B'\J (target) 'IJ'U1~u.fo~1'U~'l..!Jnm.:i 3 D1 iJ 2 'IJ'Ll~ AB 

- 1VlV11b'UcJ:W A11:W'\J~?IV1B 99.97 % 
' .c::,,, .c:,I .:::,, .£ 

- e.)~i;,lJb'UcJ:W A11:W'\J';i?IV15 99.97 % 
" ' 

1.2.2 1?1~1mfo (Substrate) iJ 2 'IJ'Ll~Av 
' 

- m~'1flbb~'Ub1cJ'\J 611VifoVl~?feJ'\Jfl1';ibA~e.1'\J 

- bb~'Usfi~fleJ'U 6'11Vi1'U 1-iJ'V11Jf1't}f;U~bQ'\"l1~'1JeJ.:JvJ~:W'\J1.:J 

1.2.3 bbf1?1 (Gas) 'U1~fle.1'\J~1cJbbf1?1 2 'IJ'U~Ae.1 

- LLn?te.111ne.1'l..! b'U'l..!bbf1?1?1UMLMB1 (Sputtered Gas) 

- bbn?t1 'U lM';ib\l'U b'U'Ubbn?lbtl5n~cJ1 (Reactive Gas) 

2. lm m11LA11~~Jn't}ru~ Lt.1'\"l1~'1Je.1.:ivJ~:wU1.:i 1 vivi1 L 'UcJ:W 1 'LI 1M11?1 

2.1 X-Ray Diffractrometer (XRD) 611V11'uPifl't}1lA1.:J?l{1.:it-J~fl'lJeJ.:JvJ~:w .:J1'U1~cJi11-il' 

LA~m X-Ray Diffractrometer i'l..! Rint 2000 (Rigaku Corporation) (iu~ 3-2) V 

2.2 Atomic Force Microscope (AFM) 6'11Vi1'UPifl't}1Jfl't}ru~~'l..!~hbbl;1~A11:WVi'l..!1 

l'tlbA~v.:i Atomic Force Microscope i'U Nanoscope IV (Veeco Instruments Inc.) (iu~ 3-3) 

2.3 Field Emission Scanning Electron Microscopy (FE-SEM) 6'11VlfoPimnmAi~'IJ11.:J 

bbf\~Jfl't}ru~~'l..!~16!.lv.:JvJ~:w 1-if bA~v.:i FE-SEM 'IJe.1-:J Hitachi ~'LI S-4700 (1tl~ 3-4) 
' " 

2.4 Energy Dispersive X-ray Spectroscopy 6'11Vi1'UPifl't}1e.1.:Jfl'U1~fleJ'UbAiJ'IJv.:J5111!1mde:i 

l'J~:Ul'tlbA~m Energy Dispersive X-ray Spectroscopy i'l..! LEO 1450VP (iu~ 3-5) 
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itJ~ 3-2 bfl~e:J~ X-Ray Diffractrometer 

, 
TUyj 3-3 bf1~e.l-:l Atomic Force M icroscope 
'\J 
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... 

~tl~ 3-4 Lfl~eN Field Emission Scannin's Electron Microscopy (FE- SEM) 
• 

' 

~'U'Vl 3-5 Lfl~eN Scannin's Electron Microscopy : Ener'sy Dispersive X-ray Spectroscopy 

19 



" 

.. 

., 

I 

f11'H\?1~tJ:WvJ i;-llJ'l.J1,:J 1 'Vl'\/11 L 'Lltl:We.l~ fllJL 'Ll tl:W 1 'Ll1!?11~1 W!1'U1 it.Jilt 'ti L '\/lfl'Ufl~ LL e.Jfl&i'V'J ?l'U (,l L\?1e.l1'1 
" 

LL 'U'U'i1:w (reactive co-sputtering) ;--1 L 'U'U m~'U1'Uf111L(,l ~c.J:wvhn\?l;ff 'U 1 u~tl:Jt1)1f111"1 '11Vlfrnf rn.':fru:; 

LL fl:; 11 cl fl:; L 5 cJ \?l'LJ e.J--1 Lfl ~ e.J--1 Lfl ~ e.J'U~1 i1 'LI --11 'U1 i tlzj--1 L 'U'U Lfl ~ eJ --1 Lfl~ e.J'U~~ llll'U 1;ff 'U L\?l tJ fl ru:;tT n1 i cl 

61i--1LL'U'1L'U'U 2 ?11'Ufle.l ?11'U'LJe.l'1';i:;'l.J'l.J~tl:]tl:J7f111"\ (vacuum part system) LLfl:;?11'U'LJe.J-:J';i:;'l.J'Uf111Lfl~e.l'U 
., 

(coating part system) :ih1m=t:;LBtl\?lv1-:J'Ll 

1. ?11'U'LJB-:J1:;'U'UG'jt\JQJ1f111"1 (vacuum part system) tb:;ne.J'U\i11tl'Vle.l-:JLfl~e.J'UiJ~n'l.':lru:;L'U'U 

'\/l1-:Jm:;'l.Je.Jf1Vh-il7f1 ?fL(,l'ULfl?I iJ'LJ'U7\?lL~'Uc.J1'Ul"\'UEJf1fl1'1 310.0 mm ?1'1 370.0 mm ~1Vlfm:;'U'U 
" " 

Lfl~e.J'1?1'U?I ru ru 1 ml"l'LJe.J-:J Lfl~e.J-:i Lfl~ e.J'U'lh:; ne.J'U\i11 tJ Lfl~e.J-:J?l'U LL 'U'U LL vd1mL 'U'U1:;'U1 tJ wn:w{e.J'U \i11 ml1 LL fl:; 
\I 'l Cl/ V '\J 

iJ Lfl~e.J-:J?l'U nfl L 1(,17~ L 'U'ULfl~e.J-:J?l'U'Vl7 tJ 1 'Ll?l1'U'LJ e.J-:J m 11 \?l m 1:wv1'U.n1 t.J 1 'U.n 76tf'U:; ?I ru ru 1 m 1"11 im !?111 \?l 
'\J 'U , u u 

fl17:Wv1'U'Utl-:J balzers 'i'U TPG300 L\?ltJ1'UVl11\?lLL'U'U~17'Ll 'i'Ll TPR010 LLfl:;Vl11\?lLL'U'Ubl"l'Uil-:J'i'U IKR0S0 
' ' ' 

~ n'l.':lru:; fa tJ.fl7l"l11:W'LJe.J-:J Lfl~e.J--1 Lfl~ e.J'Uv1-:JLL?l\?l-:J 1 'UTU~ 3-1 L\?l tl1U~ 3-6 L 'U'Uc'.l'-:i1:;'l.J'l.J?1ruru1 f171"1'Ue.J'1 
'U '\J 'l V V 

Lfl ~e.l--1 bfl ~ e.l'U ?11'U ';iU ~ 3-7 LL fl:; ';iU~ 3-8 L 'U 'U 1(?1 e):; LL f)';ilJ'LJ e),:J Lfl ~e),:J Lfl~ e.l'U~1 'Ul 'U Lfl';i,:J f11 ';j \11 f1 f11 ';j 
" " 

Vl\?l?I e.J'U L d e.J-:J\?l'U\i17'U?I ru ru 1 m l"ll"l'U111:;'U'U ?I ru ru1 m l"l'LJ e.J-:J Lfl ~ e.J-:i Lfl~ e.J'U ?11:w 11t1fl \?l f111:w vi''U 1 'Llm'tf u ~ 
'I Cl/ V 'l V V 

?1ruru1n11"11\i1~7?1\?l 8x10-
6 

mbar 45 'UT~ zj,:iL~ml"le.J~e.Jf111'1'17'17'U 
q V V '\ 

Cold cathode 

Gauge control 

v lllilllJi-----t 

Backing vent 
valve 

Vacuum 
chamber 

Air admittance valve 

Backing valve 

High vacuum 
pump 
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Unbalance 
catl 

DC powe_i--_____ __, 
supply 

Unbalance magnetron 
cathode 

DC power 
gipp~ 1-.-;11:::=:zz=:z=:7 

Window 

Substrate 

[ Substrate 
holder 

I 
\Vindow 

-Window 

To vacuum systen 

'HJ~ 3-8 ti'mtru~6UB-:Jbfl~B-:Jbfl~eJuvflil u 1m-mT~b~eJ:iJtl'1'117nJ111.1il'1-:i (side view) 
" 
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• 

• 

' 

• ,, 

" 

2. ~1'U'1Je:J-:J'J::;'\J'\Jn7'Hfl~1el'\J (coating part system) L'U'U~1'Ui;11'Vl1'ULl?1~c.J:W~-a:w'U7-:J l(?lt.1 

rn-aLr1~e:J'U'U'U1?1vpe:i-:ifo'lJ'U(71(,17-:J 1 '\J-a::; ne:i1JIK1 t.1 LL:W n-u1?1-ae:ium 1 VJ(?) LL 'U1J-a::;1J1 t.1r111:w1e:iulK1 t.1tl1 '1J'U1(71 
' ,., 

L?l'U~7'Ul'l'UJmn-:ivvhn'U 75.0 mm -.51u1u 2 'lJ(?l 'Vl~(?l\?1-:JIK1ui1-:i'1JeNV1e:J-:JLfl~tl'IJ 'l"l1e:JW11r1~1t.1 " , 
1V'lvhLL'J-:J?l-:Jm::;LL?l1?1'J-:J'LJ'U1(71 1000 V 3 A i;11Vl1'\Jfl1'J~7mLn?l~1mum::;'\J1'Ufl1'JLfl~e)U (LLfl?ltl11ne:J'U 

" 
LL6'1::;LLn?l1'Ll11?1Wil'U) fl1'Ufl:WIK1mfl~e)-:Jfl1'Ufl:WBl?1'J11Vl6'1'1Je)-:JLLn?I (mass flow controller) ('J'U~ 3-9) , , " 
;;11vifo-atl~ 3-1 o LL?l(?l-:J~ n'jjru::;m t.11 uvf e:i-:iLr1~e:i'UilLL vim1-:iim1u~ n6'11-:ivf e:i-:iLr1~e:iu'lf-:i?11m-at:lV1:W'U LL6'1~ " , 
tlfo-a::;t.1::;"M1-:J\17 nvi11 L {h?11-aLr1~ e:iu 11K LL6'1::; ~ n'jjru~'1Jm'l"lm?lm'1Jru::;v\'1rn-a Lfl~e:J'U 

Shutter 
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shutter 

' 
., . 

uvim1<1~"U-:nwvi 

'Vl:IJ'Ubl61:: 
' 

tli'tr"a::1,d~ 

,, 

" 
369321 

f11 l'VI~ 

r;~(J.!J.£15 
'ro'B(f n 

q,4 
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.. 

n1'Hfl~eJ'UvJ~:u 1 t1.fl1'1l'U~?1ruru1n1f'\!,11816?1'Ul>lbl>leJ~..:i '<il1b 'U'Ul)le:J-.:ii.'l~fl11:IJ~'U 1 t1'1Xe:i..:ibfl~e)'U 1 'l½e:i 8'1 'U 
'IV V \I 

d ov v -3 -5 ~ 
?l.f1T.l~?\t1-Jt1-J1f11f'l'Vl'J~~'U?jt1-Jt1-J1fl1f'l~..:i (High Vacuum) m1:u~t1·th~mru 10 - 10 mbar bWeJi.'l~ 

n11tJm ~e:imm..:ivJ~:u~rn~ e:iu 11,lb ~e:i..:i,nnn11r1..:ir71..:i'/Je:i..:ibu1?11 'U.fl1'1l'U~?lruru1 fl1f'l (Residual Gas) 1~cJ '.,., 

n11?1{1..:i?1m1~?1ruru1 fl1f'l'il ~ 1 ·h~uu br11e:i..:i?1u?lruru1mf'l tJ1~neJ'U!,118 br11e:i..:i?lu bb uu bb w11e:i (Diffusion 
'\ V V '\J , V V 'U 

Pump) Vl~'UV!J..:i!,71 mr11e:i..:i~u ni.'l h1,111 (Rotary Pump) ~(,)e)b 6V1!1'U.fl1'1l'U~?jt1-Jt1-J1f11f'l(,718'VleJbbi.'l~i1 

11J1r11ur1:un11tl~-btl~~..:ibb?1~..:i1 'UTU~ 3-11 1~81 'Ul>leJ'Ul)l'U'il~1.ff br11e:i..:i?1uni.'l hm1b~eJi.'l~ m1:u~t11 'LI 
' " " 

.fl1'1l'U~?lruru1 f11f'l'il1flfl11:IJ~'U'U'J'Jtl1fl1f'lb 'U'Ufl11:1J~'UJ1tb~mru 10-
2 

mbar 'il1rn!t1~..:i 16tlbr11e:i..:i?!u bb uu 
'I V V '\.I 

bbW'J1eJi.'l~fl11:IJ~'U())eJ'il1n 10-
2 

mbar 1'1Xe:i8'1mh:ir111:1J~'U 10-
5 

mbar 
" V V 

'11Vl'fo'LJ'Ul>leJ'Ufl1'J?lf1..:i.n11~?1ruru1fl1f'li1~..:i-u '.,., 
1. 1,111'ilb~r111~1V1mu (Vlmmi.'l'/J 9) 11~TV118 (Vlmmi.'l'/J 11) bbi.'l~11~1?1ruru1mf'l?1..:i (Vlmmi.'l'/J 

'IV V \I 

10) 1 '!Xe:i8'1 'U?l.fl1Wtl~J..:i'Vl:IJ~ 
" 

2. btl~?11Vl61lV!Jn b~e)~1cJ1~vh1'!Xbbfl'J~'U'U())1,:j 'l '/Je),:jbfl1e:i..:i b6U'U 'J~'U'U'r~r111:1J~'Ubbi.'l~ 

1~uumuri:un11v\'1..:i1'U'/JeJ..:i1~urnr11e:i..:i~u?jt1-Jt1-J1fl1f'l b'U'LJl)l'U V1J..:i'i11ntlmtJ~?11w& Rotary b~eJ 1 'l½ 

br11e:i..:i?1uni.'l h1,111 (Vlmmi.'l'/J 7) v\'1..:i1t1 
" 
3. ?1ummf'le:ie:in'il1mr11e:i..:i?!rnb 'UUbb w11e:i 1~816tlbr11e:i..:i?!'Ufli.'l hm1 1~mtl~11~1v11cJ b~eJ 1 'l½ 

" " " 
bfl1e:i-:i?l'Ufli.'l 111,111?1'UeJ1fl1f'\e)eJn'i11mr11e:i..:i?l'Ubb 'U'Ubb w11e:i (Vim mi.'l'/J 6) 'il'Ufl11:IJ~'U 1 mr11e:i..:i?IUbb 'U'U bb W1 

'U " 'U • 'U 

1e:i bde:ie11'U'il1ffW'J1'Ubfl'il (Vlmmi.'l'/J 4) i1fi1'WeJtlfl11 10-
2 

mbar 611..:ib'U'Wfl11:IJ~'U~bfl1e:i-:i?lrnb'UUbbw11e:i 
" 

?11:IJ1'Jfl'Y11..:i1'U L!,7 w{e:i:ui..:ibu~?l1Vl61l Diffusion b~e) 1'1Xl911'Y11fl11:IJfeJ'U'/Je)-:J bfl1e:i..:i?IUbb 'UUbb W1LeJ'Y11-:J1'U 
" 

b'U'Uf11'Jb~:IJl)l:1JJ1l!'U 1i'lh~mru 20 'UTvi 

4. 1 'W 1~V111-:i m 'Jl)l:1JJ1l!'Ut111?1 ~1e:i-:ifu~l)l e:i-:i n11 bfl~ e:iu11-:i 1 t1m6/J'W~?lru ru1 mf'l 1~ cJ n eJ'U 11..:i1 ?I~ 
'I 'IV V 'I 

':i e:i-:i f u 1)1 e:i-:11,111'iir111:u~t11 'W .f11'1l'U ~?I ru ru 1 fl7f'l EJ-:i r1..:ie:i ~1 'LI ?1.n 11~ b 'U'U ?I ru ru1 fl1 f'\Vl~eJ hi r11 EY-:i b 'U'U 
'I U V \J 'i U V 

?1ruru1 mf'lnv\'1 fl1':ib tl~11~1tJ'1e:icJ b ~e:i 1 'l½mmm <LJ7i,'f .f1161J'U~?lruru1mf'l 'il'Ur111:u~t11 'Wm'll'W~?lruru1 mf'l 
,vv 'U ,vv ,vv 

b vi1 nu r111:u ~'U'U ':i':itl1 m f'l V1J..:i'i11 fltl'Uv\'1 n11 b tJ~t:J1 me:ium6/J'W~?I ru ru1 m f'l e:i e:i fl t111 ?I~ 1e:i..:i f u~ 1)1 e:i-:i m1 
'\ V V '\ 

bfl~eJ'U 1 tJ11..:i tJ~t:J7fl':ie:JUbbi.'l~Um7J1tJ'1eJtl 1 '!X?l'U'Vl 

5. ?1{1-:i?1m1~?1ruru1mf'l.ff 'LJl)l'LJ 1 'Wm'll'W~?1ruru1mf'l1~cJ1 'libr11e:i..:i?lun1.'l 11m1 1~cJn7':itlm1~1 
'I CU V 'IV V '\J 

vi'18 bbi--n ti ~11J1V1 cJ 1u b ~e:i 1 'l½ bfl~e:i-:i?lu ni.'l 11 m1?1u m mf'l eJeJfl'il1 n.n 76/J'U~?! ru ru1 fl 11"\ 'il'U r111:1-J~'U 1 u 
'U 'lJ 'I V V 

.n161J'U~?1ruru1mf'l i1ri1tJ1~mru 10-
2 

mbar bde:iei1ur111:1-J~'U'il1fl:IJ11>l':i1~r111:1-J~'Ubb uu-d1-:ifl11-:i '.,., 
(Vlmmi.'l'/J 3) 

6. bdeJl)l:1J,l1l!u'il'Ufl':i'U 20 t11v1 v\'1n11?1{1-:i?1m1~?1ruru1mf'l?1-:i 1t1m6/Jt1~?1ruru1mf'l !,11mr11e:i-:i 
'I V V 'tJ 'I V V 

?l'Ubb'UUbb'l"l11e:i 1~cJtlm1J1V1cJ1u bbi1btlm1~1vi'1cJ V1J..:i'i11ntlmtl~11J1?1ruru1mf'\?1..:i b~e:i 1 '!Xbr11e:i..:i?lu 
'U '\ V V 'lf \I 

bb 'U'Ubb w 11e:i?1u mm f'\e:ie:i n'il 1 nm6/J'W~?I ruru1 m f'l b ~ e:iv\'1 m1:u~u 1 t1m6/J'W~?I ru ru 1 m f'l 1 'l½ e:i cJ '1 m ~~ u ?1 m1 ~ 
'lJ 'IV V 'IV V '\J 

?1ruru1n1f'\?1..:i Vl~e:JeJcJ"l'W-d1..:i 10-
5 

- 10-
6 

mbar 
'IV V '\J '\J 

7. ~'Ub1i.'l1bbi.'l~':ie:l'il'Wfl11:IJ~'U1'W.f116/J'U~?lruru1fl1f'liJA1'U':i~:IJ1ru 3 x 10-
5 

mbar 611-:in7Vl'W~1'!Xb'U'U '.,., 

fl1fl11:IJ~'LJ't'LJ (Pb) fle)'l.Jb~:IJn':i~'U1'Wfl1':ibfl~e)'UvJ~:IJ'l.J1-:J(,)e) 1 tJ 
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• 

• 

TPG 300 Pressure Gauge 

Control pump system 
---············-·--------------.----· 
Rotary Diffusion Cooling i 
Switch Switch Switch j 

G> 0 0i 
i---;---1---__j 

Water cooling system 

• TU~ 3-11 11?1eJ~bLmm~1JUbfl~e).:J?l1J?lillilllfl11"1 'UEM'J~1JUbfl~e)1J?l'LJ(,]b(,]e)~,:j 
'\J \J 'I; V V 

1. Jll'lfU~?lruru1ml"1 (Vacuum Chamber) 
'V V 

2. VIU7M7.:J (Window) 

3. :IJ7(,]'J1\?1fl17lJ\'l'Ubb 1J1Jb 'Wt1il.:i (Penning Gauge) 

4. lJ7(,]'J1\?1fl17lJ\'l'Ubb1J1JVbTu (Pirani Gauge) 

5. mm11?1A17:!J\'l'Ubb 1J1J~'J7'U (Pirani Gauge) 

6. bfl~e).:J~Ubb 1JUbb 'W~1e:i (Diffusion Pump) 

7. Lfl~eJ.:!~1Jm1 l 'J(,171 (Rotary Pump) 

8. 11chtJ~m.J (Vent Valve) 

9. 11i1w.nu (Roughing Valve) . 10 . 11i1~qjq]7fl11"1~.:J (High Vacuum Valve) 
ti 

11. 11iTVlltl (Backing Valve) 

12. 11iTtJ~e:icJ (Vent Valve) 

13 . bbUVJbvJe1 (Baffle) 

• 
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• 

" 

• 

., 
3.4 -U'Wl9le1'WnTHfl~e1uw~:uu1.:i 

f11'Hfl~e:iul'JJ:u,.n'111..1.n 1'1l'U~61ru ru1 n1161v11 c11TI ~ LLB fl&i'V'J ~'Ii 61-u (,) L(,)eJ~'1 ii11 cJZ'i ~LEJ8(71'1'feJ'1-:itl1(il 
'IV V 'I 

\9l'1.j' bb Vli;1'1~181 vJvh m~Lb'1(,)':i'1tlf1~Vli'1L-il'1 fl'U':i~'U'Ulfl~e)'U l(718vleJl"lf181 'V'J~1Z'i'Ul-if 1nu.fr1fl11 Vl(71bbZ'l~vlel 
'IJ 

l"lf181'1'l~1'U1f1 (Ground) fl'U.fl1'1l'U~61ruru1n1161 b'lh 1 VlVl1L 'lfom1~t1f1~Vli'1n'U.fr1f11 l VlVI l(718v711..!'U'l..!'llel'1 
'IV V '\J 

fl7 l VJ(71'<iJ~v1e:inu1~uu 1 V1m1c1'L!J1L~m ~el 1 i1~u1c1m1:uf el'U~ Ln(71i1..1u~L 1ruf11 L VJ(71'<i!7 nm':iffU(,) L(,)el1'llv-:J 

1e:ie:i el'!..! ell 1 f1 e)'U~'U ~ b 1 rue'.i1V1'U 1b'IJ1611 ':i bfl~ e)'l.J '111..11'1 '9l':iel'11''U (J f111 '1'U'l..!lbe-i'l..! ':iel'11''U~~ (71 i'1'U'l..!lb vim 1-:i~ 

'11m':imfl~eJ'l..!~i1..1Z'i-:i 1v1 l(71cJ'U(,)b(,)eJ1 (Shutter) 1 'li611Vlf'U~'l..!':i~Vl11'1161mv'11''Ufl'Ub 'IJ1611':ibfl~eJ'U b ~el 
' 

'\Je)'1fl'l..!f11':ibfl~e)'Ue'.J1161'9l':iel-:J1''U 11..!':i~Vl11'1f1':i~'U11..!f11':i'Vl1fl11:U61~e)1VIVl'U1 b 'IJ1 (Pre Sputtering) bbZ'l~ 

e:itlmru Control Unit ~bzjv:uvie:inu Mass Flow Controller (MFC) 1'li'lJ-:Jfl'U f11':i'Vl1'111..!'lleJ-:Jbfl~el-:J 
' 

fl1'U fl:U f11 ':i'Ur:1 e) 8 bbf161 el 81'1(1 ~ bB8VI b ~ elfl1'Ufl:UeJ(,)';i1 f11';j 1 VIZ'1'1Je)'1 bbf161 ell 1f1 e)'UlbZ'i ~ 11..1 l(,)':i b '<il'l..!~ L .if 1'1 
' ' 'IJ 

.fl1'1l'l..!~~t1Jt1J1f11161 lV18A1eJ(,)':i1f11':i 1 VIZ'i'IJB-:Jbbn61'<il~:UVl'U1m 'U'U Standard Cubic Centimeter per 

Minute at STP (seem) 

617'\llfo.fr'U(,)e)'U f11':ibfl~eJ'Ul'JJ:u'U1-:Jbb U-:Jb 'U'l..! 4 .fr'U(,)e)'l..!zj'1iJ':i78i;,~ LB8(71\9l'1.j' 
' ., ' 

1. m161{1-:i61m1~'1ru1ml61 : L~:U'<il1f1'Ll7161~':iel-:Jfu (substrage) V11e:i:zim11..1vi(;)eJ-:Jf11':ibfl~el'U L-if1 

,½ el-:J bfl~ el'U fa m 1'1'U'Ulb vi1..111'1i'U -:J11..!zj'1611:IJ1 ':itl'U fo 1~ 8 ~Vil -:J'IJ e)-:J161 Vl':iv'1 f 'U 1 i½vi1'1'<il1 f1Vl'U 1b'IJ1611':i 
' 

bfl~el'U (ds-t) 1vl(,)1:U(;)fl'1f11';j b~e)'U'U(,)b(,)e)1:IJ1tl(71':i~Vl11'1161'9l':ieJ'1f'Ulrn~L'IJ1611':ibfl~e)'U '<ill mlm 'U1..!f11':i 

'1f1-:J61.f111~~t1Jt1J1f11161LV18 l;,Vlfl11:U\9l'l..!.f11811..1i½e:i'1Lfl~e)'U1Vl1vlfl11:U\911..!vr'l..! (Pb) bV11fl'U 5x10-
5 

mbar 

2. f11':i'Vl1fl17:U61~eJ1(71Vl'U1b'IJ1 : .fru-d''<il~b'U'l..!f11':i'Vl1 pre-sputtering Vl'U1b'U7617':ibfl~el'U11..1 

'l.J';i';i81f11161lbf161ell1f1e)'l..! b ~el'Vl1fl11:U'1~v1VIVl'U1 b '\Jlf)e)'l..! f11';j bfl~e)'l.J'<i)~-:J 1(71811..1.fr1..1-n'<i!~tl(?1'U(,) b(,)eJ1l 1 b ~el 

1:u11½'11':ibfl~m.JviVl6'jVIBelf11il1f1Vl'U1b 'IJ7'llru~v\'1 pre-sputtering 1 'liL1mtl1~mru 5 mvi 

3. f11 ';j bfl~ e:iuyJJ:u'U1'1 : .ff 1..1-d'b 'U'l..! f11 ';i bfl~ eluim11..1 (,)1:Uvi(;) e)'1 f11 ';i .f118Vl~-:J f11':i'Vl1 fl11:U61 ~ ell VIVl'U 1 

b'IJ1 LV18f11':i pre-sputtering Lbi1 LVlm~:Ulil1f1f11':i~1mLn'1v11f1e)'Ull(l~bbf1611 'U l(,)':iblil'l..!l .if1i½e:i-:ibfl~e)'l.Jl ~el 

v\'1 f11';j bfl~ e)'l.J 1 'U.fr'U.j''\111 f1(;1 e)-:Jf11':ifl1'U f):Ufl11:U\9l'l..!':i1:U'llru~bfl~e)'U (Pt) 611:u7':itl'Vl11v7LVI 8f11':i'Uf m1J1 

61 ru ru1 f1116161-:J'IJeJ'1 bfl~eJ-:J bfl~ eJ'Ub ~m ~:UV11eJZ'1(71eJ m1 f11':i'1'U'llel-:J bfl~eJ'1'1'U b ~fl 1 mv1 fl11:U\9l'U(,)1:!J(;1 el-:J f11 ':i 
, V V '\J 'lJ '\J 

(tln~fl1Vl'UVI 1 i½LV11fl'U 5x10-
3 

mbar) lil7mlu~'1~181 'V'J~1bb ':i-:J61'1f1':i~bb'1(,)':i-:J1 i½LLnfll l Vl(71 b ~eJ'111'1'11':i 
'IJ 

b fl ~ el 'lJ Ii] 1 f1 f1 ';i ~ 'lJ 11..! f11 ';i 1 f1 i;, l ~ '1 'll 1 { Ii] ('ti(,) b (,) el { cJ '1 ti VI e) ci .fr 1..1 .j' 611 :u 1 ':i tl fl 1 VI 'U VI fl 1 ~ '11 vJ ~ 1 ~1 i'l 1..1 
" 

n1~u11..1 n11 Lfl~ e:iu LVI c1 n11LL tl1r11 n1~ Lb61Vl1Bfl17:Uv17-:J 1"1 nc11 vJ~1vl~1 c11 i½ bbf1fl7 l VJ(71 zj-:i'11:u11t1f11u fl:U 
' 

m~LL611 vJvh 1 i½fl-:ivl Vl1eJl"l nc11vJ~11 i½fl-:i~nlvliunu L1vu 1 'll 1 'Uf11';iV](71i;,el-:J) b~elfl11:Uvl1'11"lf181 vJ~1vl~1 c11 i½ 

fl7 L VJ(71 LLi;,~ m~ LL61 fl7 l VlV1~1(711v71l.i L tl~c1mL ,Ji;,-:i ~-:i L~:um ':iLfl~e:iuyJJ:uu 1-:i LVI m ti Vl'U(,) L(,) el1~tlV1V1'U1 L u1 

'11':ibfl~v'l.Jelvn L ~m~:um~u11..1n11Lfl~e:iuyJJ:ui;,-:iu'U161V1':iv'1fu -wf e:i:u'lJ1..1vinfi1 m~u611 vJ~1 (I) Al 
' 

v'i'nc11 vJ~1 (V) bbi;,~f11fl11:U\9l'U':i1:U (Pt) 'llt\J~bfl~el'l.J '\11~'1 b'1~1ilitJm~'l.J1'U f11':ibfl~ eluyJJ:umm~ 8~b 1m~ 

fl1Vl'UVI (t) t!VI bl Vlr:1-:J~l 81 'V'J~7 bl ':i'1'1'1 m~ bb61(,) ':i'1 tl(71f11':i~18lbf1'1.yj1 'libfl~eJ'l.J bbiTUr:1 el8v1 f11161l -if 1m'll'l..!~ 
" d O Q,/ V 

61ruru1ml61 L 'WBtJ7161Vl':ieN':i'Uvvn 
'I V QJ 'I 

4. n111Lm1~vil'J~:uu1'1 L -de:i'1(;1tJ : .frudL uutl1iu-:i1uvl Lfl~vu LLi1e:ie:i f11il7 rnfl~B'1 Lfl~el'U LLi1 

~"<ill ';i ru1 ~ f1'1'.fru ~Vl1-:J f118.f11'W bbl;,~ ~'IJ el-:JyJJ:u~ bfl~ B'l.J1t11 vl 18 (,) 1 b ,J r:11 f)e)tJ i;1-:J 1 tli bfl ':i1 ~vi b ~e)'\111 

~n'l'.fru~Lu-w1~v11u5u I vie:i hJ 
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• 

• 

'lJ'UA ternary nitride n~11fim 'U'UYl'1:W'\J1-:J'lJ€l-:J~nahtn€l'\J?f1:W'lJ'UA (t vrv11 b UcJ:W-€lt~fa iicJ:w-1 'U 1\?l';ib '.il'U) 

J -:id b 'U uvi' Vl';i 1 '\J ~11 ?f :W ·1.rn 'Vl1 €) 1A ';i ,:i ?f { 1-:J'lJ €) ,:i yJ i:w '\J 1-:J'U €) fl '11 fl'1 t (u fl'\J b VI A'U A fl1 ';i bfl ~ €1'\J bbil 1 

b1€l'U 1 'lJ/(,11 bb '1.h~1-:i 1 v11 m 'U fl';it'\Jl'U fll';j bfl~tl'\J n b 'U'UB nu '1icJwd-:iv1i1ri't11 i1wfofl1';j bfl~ €l'UYli:wu 1-:J 

1 V1V11 b iicJ:wBtG'lfa iicJ:w 1 u 1\?l';iAL u LA';i-:Jfll';jd 1 -u b VIA'UAfll';ibA~B'\Jbb uu1 bb€JA~'V'l(i11 m ,'.11?11';i LA~Bu 2 b ,'.11 
" 

1(i)bbf1b1J11 VIVl1 b UcJ:W bbG'lt b 1J1€lt~fa iicJ:w 'V1b1cJn17fl1';ibA~€l'\Jbb '\J'\J?f'U\?lb\?l€l~-:i';/1:w (Co-sputtering) 

mrud'.il tiJA11:W ~,:jcJ1 fl 1 u fl1';jfl1'\JA:W€l-:JA'\.htn €l'\J'lJ€l-:Jfi1\?l 1 'UYl'1:W'\J1-:Jv1bA~€l'\J 1(i) b ~€1-:1'11 flfll?f'U {?l b\?l€l1 
' ' ' 

~G'j(;l'lJ€),:j 1 VIVl1 b iicJ:w bbG'lttl tG'lfa iicJ:wiJr11 hh vi1 fl'U Vll 1 m 'Ufll ';i b\?l1c.JlJYl'1:w1 vfiJB-:JAtht fl€l'\J'lJ€l-:Jfi1 {?l 
" ' 

\?l1:W\?1€l-:Jfl1';ib 'U'U 1 tJ1(i)fl€)'U6LJ1-:JcJ1 fl ~-:it!u1 'U-:J1'U1it1d'1tb tl'Ufl1';jflfl'l.'}1t:-JG'J'lJ€),:Jfl';itbb?t1 'V'lvhv1~1cJ 1 vf nu 

b 1J1?f 1';ibfl~€)'\J bbG'lt b 1mv11 ,ff bfl~ €1'\J i1wf '\J mrui1bb 'U';ifl1 mt bb?t1 'V'lvhv1~1cJ 1 Vlfl'\J b ,'.111 VIVl1 b iicJ:w b ~€1-:1'11 fl 

?fU\?lb\?l€11~'1i;i''lJ€l-:J1VIV17biicJ:w ('1.htmru 0.5) iir11~1fl17'lJ€l-:J€ltG'lilbiicJ:w ('\.J';itmru 1.0) r1Bui1-:imfl 
" 

( bb?f A-:i11?1u\?l b~ m"l V1V11 b ii tJ:W 1(i)m fl n11€l~G'lfa ut1:w) 
" 

~1wrrnb 'U1V11-:in1';iVIAG'l€l-:J'lJ€l-:i-:i1u1i t1dmit11(i)bb u-:i€l€lrnu'U 2 ~1u zj-:in';i1tJG'lt bBtJA~-:id 
" 

1. fl 1 ';i VI A '1 €l -:J b A ~ €l '\J yJ i lJ '\J 1-:J 1 VI VI 1 b ii tJ lJ €l t '1 iJ b 'U tJ lJ 1 u 1 ~ ';i \;lL A tJ bb 'U ';i A 1 fl ';i t bb ?f 1 'V'J -w 1 
" 

'lJ€l-:J€ltG'!fa 'UtJ:WA11 VIA bbG'lt b1'1lfl1';ibfl~€)'\J .ff 'Udb 'U'Ufl1';iVIAG'l€l-:Jb ~€)fl fl'l.'}1t:-JG'J'lJ€),:Jfl';itbb?t1 'V'l-w1vi'~1tJ 1 Vlfl'U 
" 

b 1J7€ltG'lfa ii tJmbG'l t nmfll';ibA~ Bu11iJt:-JG'l~ €l lm-:1?111-:it:-J~ fl J fl'l.'}rut~u~1 A17:W'Vl'U7 bbG'ltB-:JA'l.ht flB'\J 
" 

u1~'lJB-:1Yli:wu1-:ivi' bA~B'\J 1(i) LAtJflfl'l.'}7J fl'l.'}UJtV11-:in1 tJ.fl1V'l'lJB-:JYl'1:wu1-:iv1bA~B'\J 1(i)'I.J'U mt'.il n?t1'1i;i' ~1u 
' 

lm-:1?111-:it:-J ~ fl J fl'l.'}rut~u~1 m 1:wV1'U 1 bbG'l t €1-:J A'l.ht nau 57 ~'lJB-:iYli :w Pi fl'l.'}7'11 nYli:wvi' LA~ au 11i1 U'Ubbe-!'W 
' 

61.j~flB'U 

2. fl7';ifl fl'l.'}7J fl'l.'}rut bu'Y'l7 t'lJB-:JYl i:wu 1-:i 1 V1V11 b utJ:w BtG'lil b utJ:w 1 u 1~ ';i(;l .ff udb u u fl1';i'Ll7 Yli:wvi' 
" 

bA~au11i1mflfl'l.'}7 LA';i-:J?t11-:it:-J~n Jn'l.'}rut'u~1 m1:wV1'U1 bbG'ltB-:iri'\.J';itflB'\Jfil~'lJB-:iYli:w LAtJii 
' .., 

';iltJG'ltbBcJA~-:J'U 

2.1 fl1 ';i1 bm1t'vi'LA';i -:1?111-:it:-J ~ n 1A t1tl1 bbe-i'U61.)~ natJv11-ff b uui'?tma-:if uzj -:i bA~ au bbil1 m 
' 

1bfl';i1t'v1\i11cJbA~B-:J X-Ray Diffractrometer b ~B'Vl11m-:i?t11-:Jt:-J~fl'lJ€J-:JYl'1:Wv1bnA('U LAtJ'.ilt 1-ff Cu-ka 

b'U'Ubb'Vl~-:Jfl1b'UA1-:J~bBfl61l 1u Mode Low Angle fl1'Vl'WAijl11A€l!;J1'U'lh-:i 20 ° - 70 ° mtJfl~{:wv11AHi' 

'.ilt'I.J'Uvi fl€) tJ 1 'U';i'U bb '\J'\J fll';j bi tJ1 b '\J'U1-:J~ b Bfl61lb 'U1 cJ'\J b Yl cJ'\J A1:W:W 20 vi' vi 1 bb 'Vl'W-:J fll 1:wb 6LJ:W?f ,:j?f A f1'\J:IJ1 {?l ';i\il'U 
'\J 'IJ , \.I , d-5 

eJ1-:J0-:J'lJB-:Jbb'W:W JCPDS b~B'Vll';i'Ubb'\J'\J LA';i-:J?t{1-:it:-J~fl'lJB-:JYli:w'U1-:i'V1bA~B'\J 11i1~B 1 tJ 
" 

2.2 fl1';iflfl'l.'}7Jfl'l.'}illt~'U~1 .fllfl\,l A'lJ11-:J bbG'ltA11:W'Vl'U1'lJB-:JYli:wv1bA~B'\J'\J'Ubbe-!'U6/j~ flB'U (ill cJ 

bVIA'UA SEM '11flbA~B-:J Field Emission Scanning Electron Microscopy (FE-SEM) LAcJ'Y4'11';iill1 

';/1:wn'UbVIA'UA AFM (Atomic Force Microscope) 1-ff~uffi'Ufl1';i1bA';i1t'v1bV11f1'\J lxl µm 
2 

V'lfB:W1AA1 

= 
fll 1 :W VI cJ1 '\J t:-J1 

2.3 fl1';i'V17€l-:JA'U';itflB'\Jfi7~'lJB-:JYli:wv1LA~B'\J'\J'Ubbe-!'U"ll~na'U (i)'JcJbVIA'UA EDX b ~Bml'.ilb ~A11 
' 

Yli:wv11(i)iJ€J-:Jfl'U';itflB'\Jfi1~~fl\?lB-:J~7:W'V11?lB-:Jfl1';i'V11B1~ 
'" 
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' c:t 
'U'Vl'VI 4 

'11'Ui1'1:: L 'U'U n11 Li;'l'U eJC-J" n11fimn 1r11,rn·h:i'UeJ-:ivJJiJ'U1-:i 1 V1V11 L 'Ul:.l:WeJ::"1ilL um.J 1 'U 1(,11(;)~ Lfl~ mJ 
" 

vlll:.115 ~LLeJr1&ivJ~'liLL:Wn'U()l1eJ'UffU(,lb(,leJ~-:i LMt.1f17Vl'UM 1 '1½1-11m:: LLl;'!1 V1V17 L ut.1:wm 1 VlMfl-:J~ 0.6 A LL"1:: LL tb 

1-11m::Lbl;'feJ::"1ilb'Ut.1:wr111V1MLvi1nu 0.2, 0.4 Lb"1:: 0.6 A ()17:W~l~'U iJ1;rn~-:i-d' 
" 

1. inl'}ru::V11-'.ln7!:.1Jl1'V-l"llel-:wJa:uu1-:i 1 V1V11 b ifo:ue:i::6'1iJ b 'Ul:.1:1..1 b 'U 1~1!?i 
" 

vJJ:wu1-:i 1 vivi1 L ifo:weJ::"1ilL ut.1:w 1 'U 1m(;)~bfl~eJ'U'U'Um::'1nl;'!1"1 (;)Vin L~eJ'U 1 'll LdeJi-:iLn~v11 tJ(,17 " , 
b Ul;11i'f\J11~1'\ll'U7vJJ:wiJJ nl'}ru::b~t.l'Ub 'Ut.l'U '1-'.lt-l1'Ubbi;'f-:J 1vl'IJ1-'.1'11'U 'UeJn'11ni1cJ-:J~'U11~'UeJ-:JvJ~:Wbb i.J11 tJ 

m:w1-11m::LLl;'feJ::"1faut.1:wm 1 VIM (I At) ~-:i1,J~ 4-1 LdeJ H'm:: Lbi;'f'UeJ-:JeJ::"1fo -ut.1:wm 1 VlML vi1 nu 0.2 A 
" " " 

vJ~:w'1-:Jt-J7'U LL?f-'.11v1u1-:i'11'U ~'UeJ-:ivJJ:wiJJ nl'}ru:: t:..J ?f:W'UeJ-:itl1()17"1 eJeJ'ULL"1::J1()17"1 L i:w 1M t.1~'UeJ-:ivJJ:w'1:: L i:w 

611'UbdeJm:: bbi;'f1vJ~1m•fo~:w-l1'U'1'Ui;'IMV\1t.llJ~J1()11'1b'LJ:WC-Ji;'flJ(?l1 ( IAt = 0.6 A) (()1111-:J~ 4-1) 
' 

" 
• IAt (A) 

., 
"1nl'}ru::V11-:imwn~ 

0.2 vJ~:wiJJnl'}ru:: b~t.l'U b 'Ut.l'U '1-:Jt-J1'Ubbi;'f-:J 1vl'U1-:J'11'U iJ~,11(,11"1b 'LJ:W 

0.4 vJ~:wiJJnl'}ru:: b~t.l'l.JI, 'Ut.l'U '1-:Jt-Jl'Ubb?f-:J 1vl'U1-:J'11'U iJ~,11()11"1eJeJ'U 

0.6 vJ~:wiJJ nl'}ru::b~t.l'IJ b 'Ut.l'U '1-:Jt-Jl'Ubbi;'f-:J 1vl'U1-:J'11'U iJ~,11(,11"1 

• 

0.2 A 0.4 A 0.6 A 
.. 

• 1,J~ 4-1 Jnl'}ru::LL"1::~'UeJ-:ivJ~:wu1-:i 1 V1Vllb'Ut.1:WeJ::l;'1fa 'Ut.1:W L 'U 1m(;)U'Um::'1 rn:t1l;'1\;l 
" " 

Lfl~eJu~m:: LL?f eJ::~fa tJc.1:wr111 V1\?lv11-:i 1 
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.. 

.. 

• 

• 

• 

2. 1r1'J•rn{1.:i"llv.:ivJ6h.1u1.:i 1 'Vl'Vl1L 'UEJl.leJ::6'1ilL um.11 u 1m~ 
" 

e-.J" n11Pi n'l311r11 .:i ?I {1 ,rn ~ n'll B.:ivhhiu 1.:i 1 V1V11 L ii m.rn :rn ii L ilcm 1 'LI 1m v1 ~LA~ Bu 1vi' vi' 1 cJ 
" 

L'Vlfl'Ufl XRD 'V'l'\J'J'ULL'\J'\Jn1'JLicJ1L'\J'l.,l'r.:i~Leln61Jlil.:J'J'U~ 4-2 zj,:iijJn'l3ru~LVliim.Jn'U'VlnL1eJ'U1'1Jn1'JLfl~eJ1.J " " , 
(,11.:Jfl'UL~cJ.:Jfl11l.JL 'Vl.l'llel.:J'J'U LL '\J'\Jn1'JLicJ1L '\J'U1.:J~Leln"IJLV1111'U 1vicJ'V'l'\JTULL '\J'\J n1'JLi cJ1L '\J'U1.:J~Leln"IJ~l.ll.l " " , 

o o o,,; ., .,~1' 1 "" ="" 11 ' ( )( ) 37.05 , 43.50 LL'1~ 62.65 '1!.:J?felvlfl'1eJ.:Jnur~'1l.l'\J1.:J 'VIV11L'UcJl.leJ~'1l.JL'UcJl.l 'U vi'Jvi'J~'U1'\J 111 , 200 
" 

LLi;"l~ (220) ml.lci'11il'\J ?!TU'J'ULL'\J'\Jn1'JLicJ1L'\J'U1.:J~Leln"IJ~l.ll.l 56.50° L'U'U\,11LLVl'U.:J~fl'1Jel.:J-8~neJ'Uvft'U " , 
L tl'U1?1meJ.:ifo '11nmrn1'JV1vl'1eJ.:iv,iu111m.:i?1{1.:ie-.J~ n'lleJ.:iyJci°iJu1.:i 1 V1V11 L 'UcJl.leJ~'1fa 'WcJl.11'U1mv1iim11vi 

, " 
Vl1eli~ 'U1 n1 'j 1 'U'J~'\1111.:J n1 wJ el 1W'11'1J e).:JyJci°lJ zj .:J~l.li'Lllifl'\J'V'lJ.:i.:i 1'U'1J e),:j el~ vi ell.I?! 1 'J Lfl~ el'\J~ vi n Lfl ~ e)'\J 

'1.:J'\J'U~11 ?I vl'Jel.:J1'\J~ L ~l.l:fi'U vi 1l.l m~ LL?f e)~i;"llJL 'U cJl.lfl 11 'VI vi~ L ~l.l:fi'U'Vl11 ~el~ vi ell.I ?11'J Lfl~ eJ'Uii'V'lJ.:i.:i1'Ul.11 n , " 
'\"le) 1 'Un1TWeJ1l.11'11 L 'U'U.ff 'U'1Je).:JyJci°lJ'U1.:J 1 'U~?lvl , 

'\111 ff~'11'Jru1 itJ LL uu m 'a Li v1 L '\J'U 1.:i~ LeJ n"IJ'lleJ.:J 1 V1V11 L i1 vii 1 'U 1vi 'Jvlzj.:i 1-u L 'U'U{,11 LL Vl'U.:J h'1 .:i B.:J 

'11n,i1'U'Vell.1'1 JCPDS Li;"l'LJ~ 381420 ;.:iiifl1fl.:J~LL'1vivi'1!L'Vl1fl'\J 4.24 A ('Jtl~ 4-2) L~mtl~tl'\JL'Vltl'\J 
~ " " 

n1'JLfiviyjci°lJ'U1.:J 1 'VIV11L 'UcJl.lel~i;"llJL 'UcJl.l 1 'U 1mv1~Lfl~el'\J 1~ 'U.:J1'U1itl 'V'l'\J11yJci°l.lmvlii'JtJ LL '\J'\J n1'JLi cJ1 L '\J'U 
" " 

1.:i?irnn"IJ'lJe).:Jyjci°lJmvlL~el'U 1 tlV11.:J'lJ11 Ldm 'Vltl'\Jfl'\J'J'ULL '\J'\Jn1'JLit11L '\J'U1.:i?i rnn61Jl.11v1'J,i1'U'1Je).:J 1 'VIV11 L 'Utll.l " ~ 

1'LI1mv1 ?felvlfl~eJ.:inu.:i1'U1it1'llel.:J G.T. Liu, J.G. Duha, K.H. Chung, J.H. Wang (2005) zj.:J'V'l'\J11l.11 

'11 nri1 fl.:J~ LLi;"l vivi'1!'1Je).:Jyjci°lJ'U1.:J 1 'VIV11 L 'Utll.11 'VIV11 L 'Utll.le)~i;"llJL 'Utll.11 'U 1mv1~ Lfl~ e)'\J 1vi'ii'll'U1vl L~ n n11'1Je),:j 
" 

yjJlJ 1 'VIV11 L 'U tll.11 'U 1vi'J v1 L ~el.:J'11 nLnvl n1'J LL Vl'U~'llel.:J el ~vi ell.lel~i;"l lJL 'Utll.11 'U 1m .:J ?If 1.:J e-.J~ n'll el.:J 1 'VIV11 L 'Utll.l 
" 

1 'U1mv1vh 1 'Mfl1fl.:J~LL'1vivi'1!'1Je).:JyjJlJ~Lfl~e)'\J 1vi'iifl11Jeltln11'1Jel.:J 1 'VIV11L 'Utll.11 'U 1vi1~ ( 4.24 A) vh 1 'M 

'J'U LL '\J'\J n1'J Li tl1 L '\J'U1.:J?i LeJn"IJ'1Je).:JyjJlJ~1vi' L~ el'U 1 tl'Vl1.:J'1J11 L ~ e).:J'11 n A 1fl.:J~ LLi;"l vivi'1lii'll'U1vl L~ nueJ cJ [27] 
" 

~ 

~ 8 8 -- - 0 0 - - N ~ 
• (Ti,Al)N 

~ z 
~ ~ 

I= ~ . IAL(A) . 
~ 

cu .._, 

20 25 30 35 40 45 50 55 60 

2 Theta (deg.) 

'Jtl~ 4-2 1tl LL uu m'JLic.11 L u'U1.:i~LeJn'/1'1JeJ.:iYlJiJu1.:i 1 V1V11 L 'WcJl.leJ~'1iJ L 'Utll.11 'U 1vi'Jv1 
" " " 

LA~e:i'\Jvim::: Lb?te:i:::~fa um.Jr111 V1v1v11-.:i 1 

8 
N 

~ 
z 
I= 

65 

8 
N 

~ 
z 
~ . . . . . . . . 

70 
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b~eJl11vM:w~bfl~e)'U 1vi':w11bfl11~l.fo~ri'th::meJ'U'51vlv11 cJ b Vlfl'Ufl EDX 'l"l'U11YlihJ'U1~~bfl~ e)'U 1Ji' 
' 

vr~vt:W\7li11VlVl1b'UcJ:W (Ti) e)~~fa'UcJ:W (Al) bb~~ 1t11v11b~'U (N) bU'UeJ~A'lh~fleJ'U1m1'\71'11'U~1~1 zj~ij 

t m1 b tl~ cJ'Ubb tl~~v11:wr11 m~ bba 0~~fa ucJ:w~1 'lit t1m~u1t1 n11bfl~ 0u ~~ bbl;'l\71~1 t11tl~ 4-3 L\7lcJ'l"l'U11 
~ ~ 

b~eJnWbba0~~failtim~:w:iJt1~1n 0.2 A bU'U 0.6 A eJ~r1tl1~neJuu1v1'1J0~Yl~:wi1m1b'U~tl'Ubb'U~~~~dA0 
~ ' 

0~~foilcJm~:w:iJt1~1n 10.42% bU'U 20.45% '1Jru~~1vivi1b'UcJ:W~\71~~~1n 23.23% bU'U 12.18% '11'U , 
1 'U Lvl1b~'Ui1r11AeJ'U'Ul~fl~~1~b tl~ cJ'Ubb tl~~ L\71 cJilA1eJci1 t1·th~ 66.35% fi~ 66. 99% bbi;'l\71~11~1'U1~ cJd 

~ 

a1:w11mfl~ vuvJ~:wu1~ 1 vivi 1 b i1 cJ:WeJ~~fa i1cJ:W1t11m\9l~0ruvtriil~0~ L\71 cJ 1~ ~ eJ~ b ~:w b10t11 '1lvt~eJ(il1 bb tl 1 
~ , ~ 

80 

70 4-Ti 
.---.. 
::.R 60 

...,.Al 0 -._.... 

C -:il-N 0 50 :;; 
ro :.... 
+,I 40 C 
(lJ 
u 

30 C 
0 u 

20 
• 

10 

0 

0.2 0.4 0.6 

Al current (A) 

1tl~ 4-3 eJ~Atl1~nvuo1vi~1mvifl'Ufl EDX '1leJ~vJ~:w1VJVl1b'UcJ:WeJ~~ilb'uti:w 1t11v11\9l 
~ , ~ 

bfl~eJU~fl1~bbi;'l0~Gjfa 'UcJlJfl1 L Vl\71~1~ 1 

• 
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• 

• 

3. fl 113.JVl'U 1bb~~irn~ru~~'Uehm:,.:ivl1fou1.:i 1 'Vl'Vl1 b i1cJ3.Je)~~ii b i1cJ3.J 1 'U hi';ii 
'J'U~ 4-4 bbi;'f (,l .,:if( n~ru~~'U~1'lJeJ-.:JlAJi:uu1-.:i 1 VlVl1 b 'U cJ:IJ €1~'1:iJ b 'U cJ:IJ1 'U 1(,l';j~~ bfl~ e)'\J 1~ lil1 fl 
" " 

fl11Pifl~1~1cJLVlfl'Ufl AFM 1mb'U'\J 2 :ij~ bbi;'l~ 3 :ij~ 'V'l'\J11lAJi:uu1-.:i1VlVl1b'UcJ:1Je)~i;'lfa'UcJ:IJ1'U1(,l';j~~ 
" 

Lfl~eJu~1cJm~bLi;'feJ~'1fa-um-1r111 Vl(,lb vi1nu 0.2 A Lm'U'lle:i-.:iYli:ujjf{fl~ru~L tlt11'\Jvi1-.:ii;'f 1:1JL Vl~cJ:u m~lil1 cJ 
" " 

rt1 ~1Vl'U1'lleJ-.:ilAJi:u LL'1~ L~:u btl1~ n'1:u ntiu 1-.:iu1 L 1ru'lJ0-.:i ~1V1u1Yli:u '11t1Yli:u~Lfl~ eJu~1 cJ m~ LLi;'f 
' 

eJ~'1fa'UcJ:IJfl11 Vl(,lb Vl1f1'\J 0.4 A Lm'Ujj'lJ'U1(,l 1Vltu;ff 'U bbi;'l~b~:IJbfl1~fl'1:IJf1'U'U1-.:J'\J1b1ru'lJeJ-.:1~1Vl'U1Yii:IJ 
\J V ' 

LL'1~Yli:u~Lfl~e:iu~--rnm~Lbi;'feJ~'1:iJb'UcJ:1Jfl11 Vl(,]L vi1nu 0.6 A Lm'Ujj'll'U1(,l 1 mu~i;'f(,ljjf(n~ru~L tlm'\Jvi1-.:i 
\.I V , 'U 

i;'f1:1Jb Vl~cJ:IJ bbi;'l~b~:1Jbfl1~fl'1:IJ bf1eJ'Uvi'1u1b 1ru~1Vl'U1lAJi:u i-.:iif Yli:u~ bfl~e)'\J 1~i-.:iVl:IJ(,l jjr11m1:1J'\llcJ1'\J~1 
' 

(Rrms) 1 mh-.:i 3.862 nm ()-.:J 5.855 nm bljeJm~Lbi;'feJ~\):iJL 'UcJ:IJfl11 Vl(,lb ~:IJ;ff 'Ufl11:IJVl'U1 bu~cJ'lJeJ-.:JlAJi:u 

L~:1Jlil1fl 265.6 nm b'U'U 284.6 nm 1;11wtu'lJ'U1(,l'lJeJ-.:Jbm'U (grain size) jjr11eJ~1mh-.:i 9.2 - 15.4 nm 

~-.:Ji;'f'J'U1'U(,l1';i1-.:1~ 4-2 
' ., 

lil1flfl1';jfifl~1~1cJbVlfl'Ufl AFM 'V'l'\J11trfl~ru~'W'U~1 fl11:IJVlcJ1'\J~1 fl11:IJVl'U1 (,li;'le)(,lliJ'U'lJ'U1(,l 

'lJ e)-.:J bfl';i'Ui'.1 fl 11 b 'lJ~ cJ'U bb 'U'1-.:J Lde:i b ~:IJ fl ';j~ bbi;'f e)~i;'lii b 'U cJ :IJ fl11 Vl (,lzj .,:i 61-.:Je-J '11 i b 'U'U fl1';i b ~:IJ 'V'ltr-.:i-.:i1'U'lJe)-.:Ji;'f 1 ';i 
" 

bfl~eJ'\Jlil'UV111 iLm'U'\J'U~1Vl'U1lAJi:u bfl1~ fl'1ml'Ui'.1'lJ'U1(,l 1 Vlru;ff 'Ubb'1~Vl11 iLf1(,l fl11i(,l b~cJ-.:1~11 VilJ'lJeJ-.:Jbn'J'U 
' V 

li!'Ui'.1'll'U1(,l Lrn~r111:uV1cJ1'\Jb ~:u;ff 'U(,11:IJ 1 'lJ~1cJ 5ni-.:iLdm ~:um~LLi;'feJ~'1fa -ucJ:ur111 Vl(,]VJ11 ii1eJ~(,leJ:1Ji;'f11 
" 

bfl~ €1'\JVI '1 (,l eJ eJ fl:IJ1 Iii 1 fl b '\J 1 i;'f 1 ';i b fl~ €1'\J :IJ1 nt'U jj fl1 ';i 11 :IJ ~1'lJ €1-.:J eJ ~ (,l eJ :IJ i;'f 1 ';i b fl~ eJ '\J'\J'U1 i;'f (,l ';i €1-.:J 1'\J:IJ1 flt 'U 
' ' 

1iJ'UlAJi:ui1m1:1JV1'U1b~:1Jt'U(,l1:IJ~1~'\J 

(,l1';i1-.:J~ 4-2 fl11:IJVl'U1 fl11:IJVlcJ1'\J~1bb'1~'lJ'U1(,l bn'J'U'lJeJ-.:JlAJi:U'U1-.:J 1 VlVl1 b 'UcJ:IJeJ~'1fa 'UcJ:IJ 1 'U 1(,l'J~ 
" 

'lJeJ-.:JlAJi:u~bfl~eJ'\J~'JcJ m~bbi;'f1 vl'W1'lJeJ-.:Jb U11 VlVl1 b 'UcJ:IJ!?11-.:I 1 
IAL (A) Film thickness (nm) RMS roughness (nm) Grain size (nm) 

0.2 265.2 3.862 10.1 

0.4 279.0 3.054 15.4 

0.6 284.6 5.855 9.2 
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.. 

• 

f 

0.25 0.50 0 . 75 

"' 

1.00 

0.15 

0. 50 

0.2S 

"' 

□100~ 

I" 0 •m 

0.0 nm 

□100-

1 210-

0 .0 nm 

(a) 

(b) 

1
10.0-

2S.O nm 

0.0 rvn 

(c) 

TU~ 4-4 ~m1ru~~\.,1~1'11rn Vlfl'Llfl AFM 'lJe)'1V1i:W'U1'11 VlVl1L 'Ut'J:IJe)~i:llJl'Utl:W 1u 1m~ 
~ ~ 

Lfl~e)'U~m~LL?feJ~~fa'UtJ:Wfl11 Vl\Yl\?11'11 

(a) 0.2 A, (b) 0.4 A, (c) 0.6 A 
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.. ~Tt..rt1'1::: l 'U'Ll n1 'J l?l'Ll e:ie..i'1 t111~ n~11r11-:i?1'57-:J'IJ e:i-:iyj"1:wu1-:i 1 V1V11 l ueme:i:::'1:Dl uEJ:w 1 u 1mlil~ lfl~ eru 
" 

~1 E.115 1 ll e:ir1~'\"l~; ll:W nU(,)'Je:J'Ll?fiJ(,) l\,l e:i~-:i 1(;1 EJ n1V1'Ll(;'l 1 ~r11 n1::: ll?l1 V1Vl7 l uEJ:w r111 Vl(;'l ll'1::: r11 n1 ~ ~l?t 

4 
e:i:::'1fauEJ:wm1Vl(;)fl-:Jvi 0 .6 A ll'1:::ll'U'Jf17l1m~H1ut111lr1~e:irnvhnu 15, 30, 45 ll'1::: 60 uTvi 

" ., 
(,)1:w~1~u ile..i'1~-:iu 

1. im~ru~V11.:in11:1.n1-w'IJei.:ivJihm1.:i 1 VlV17 l 'Ul:.ltrn~6lii l 'Ul:.l:W 1 'W 1m111 
"' 

yj'1:W'U1'11 VlV11l ifo:we:i:::'1:wl ifo:w 1 u 1m(,1vilfl~e)'IJ'IJ'Un'J:::\I n?l1'1\,1Vlnl1m.J 1 'IJ l~e:ii-:i ln\,l~lt.1(,)1 " , 
l 't.l~1'V-lu11~1V1u1yj"1:wiJJn~ru::: l1E.Ju l uc.1u ~-:icJ1ml?1-:i1~'U1-:i~1u 1.rnn'11ndfY-:i'V-lu11~'1Je:i-:iyj"1ml u11 tJ 

(,)7m1m1um1lr1~e:iu~1 ~-:Jll?f(;)-:J1u1uvi 4-5 l~e:i1inm1ut111lr1~e:iu~1 (t = 15 min) yj"1:w~-:icJ1ml?l-:J 
" 

1~'U1'1~1'U ~'IJe)-:Jyj"1:wiJJ n~ru::: [:.J ?l:W'IJ e:i-:iJ 1 (,) 1'1 e)e)'Ulll;'l :::J 1 (,)1l;'l l 'V:W 1(;1 l:J~'IJ e)-:Jyj'1:W\I::: l 'V:W;ff 'Ul~e)lfl~ e)'IJ 

mu:ff'Ll'1'Ll?f(;'l'Vl71:JiJ~J1(,)7'1l'V:We.J?l:W~7 (t = 60 min) (m11-:ivl 4-3) 
' 

(,)711-:ivl 4-3 J n~ru:::m-:im cJ.fl1'V-l'IJe:J-:Jyj"1:wu1-:i 1 V1Vl7 l 'lfo:we:i:::~fa ifo:w 1 u 1m(,1ffi 'tll 1m 1 'Lltl11lfl~e:J'IJ(,)7-:J 1 

Time (min) Jn~ru:::vi1-:imc.1m'V-l 

15 

30 

45 

60 
't 

15 min 30 min 45 min 60 min 

1uvi 4-5 ~n~ru~lli;1:::~'1Je:J-:Jyj~:w'U1-:J 1 VlV11b'UEJ:We):::;;ifo ifo:w 1 'U 1\,11\,1 
" " 

uum~'<il n?l1;;ilil b~mr1~e:iuvl b 1m1Yh-:i 1 

,, 
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• 

• 

• 

2. tR ".i .:i1;1~1.:i"ll e:i.:ivl,h.1u1.:i 1 'Vl'Vrn ifo:we:i::"il L ilm.11 u 1i;i".i~ 
" 

e.rn f11".i~ mn tm-:i?f {1-:it-.1~ f1'1Je.J-:ivJillu1-:i 1 'Vl'Vl1 L 'Utllle.J::l;'lfa u i:m 1 'U 1vi".ivJ~Lfl~ie.Ju 11i1 li11 m 'VlflUfl 
" 

XRD 'Y'l'IJ".i'ULL'IJ'\Jf11".iLit11 L'IJ'tJ't-:ii'1Le.Jf1'1lli1-:J".i'U~ 4-6 611-:iii~mJ-ru:m,'lifo'Utl'U'Vlf1L1m.i 1 'llf11".iLfl~e.l'IJ vl1-:Jtl'\.J 
" " ' 

L vl tl-:Jfl11ll L 'LJll'lJ e.l-:J ".i'U LL 'IJ 'IJ f11 ".i Li tl1 L 'IJ 'U f ,:i i'1Le.lf1'1lLVl11!'1.J b~ ti 'Y'l'IJ ".i'U LL 'IJ 'IJ f11 ".i Li tl1 L 'IJ 'U f-:i ~ L e.l f1'1l~llll 
" " ' 

37.05°, 43.50° LLi;'l:: 62.65° 611-:i?fe.J~fl~e.l-:Jtl'I.JvJill'IJ1-:J1'Vl'V11L'Utllle.J::~fa'Ut1ll1'1.J1mv11::'U1'\J (111), (200) 

LLi;'l:: (220) \911ll~11i1'U '11'\.J".i'ULL'U'Uf11".iLit.11L'U'Uf-:J~Le.lf1'1l~llll 56.50° L'U'U\111LL'Vl'U-:J~fl'1Je.l-:J;a~f1e.J'I.Jvfl'U 
" ' 

L 'U'U1?f me.J-:ifo '11f1t-Jl;'l f11')'Vl~i;'le.J-:J'Y'l'U11 lfl')-:J?f{1-:it-.1~ f1'1Je.J-:ivJill'U1-:J 1 'Vl'V11 L 'Utlllel::l;'lfa 'Utlll 1 u 1mv1iin1".i tvi 
' " 

'Vl~e.l~w.J 'U1 f11') 1 u ')::'Vl'J 1-:J f11 ')yj e.l 1ll vl1'1J e.J-:JvJill 611-:i '1ll~'\.J 6tl'U'Y'l~-:J-:J1'\.J'1J e.l-:J e.l ::vi e.lll?f 1 ".i Lfl~ e.l'U ~vi f1 Lfl ~ e.l'IJ 

1;'1-:J'U't.!~h1?f v) ".ie.J-:Jf'U~ L ~ll.ff u mll L 11;'111 u f11')Lfl~e.J'U vi1-:i 1~ L ~ll.ff uv111 ~e.J::vi e.Jll?f1')Lfl~ e.J'I.Jii'Y'l~-:i-:i1um n 

'Y'le.J 1 '1.Jf11')vle.J1ll~1L 'U'Ui'U'lle.J-:J¥Jill'U1-:J 1 u~'i~ 

V11 n~ '11 ') ru1 ')'U LL 'U u f11 ') Li t11 L 'U 'LI 1'-:i~ Le.J n'll'lle.J-:J 1 'Vl'V11 Lu till 1 'LI 1vi ')v,611-:i 1 i L tl'Ui 1 LL V1u-:i -51-:i B-:J 
" 

'11f1~1'\.J'LJe.llli;'l JCPDS Li;'l'lJ~ 381420 611-:iiir11r1-:i~LL1;'lvivi61!LV11tl'U 4.24 A (')'U~ 4-6) L~e.JL'U~tl'IJLvitl'U 
"' " " 

f11".iLn~vJill'IJ1-:J 1 'Vl'V11 L 'Utllle.J::i;'lfa 'Utlll 1 'tJ 1vi1v1~Lfl~e.l'U 1m '\.J-:J1'1.J1itl 'Y'l'IJ11vJillmli1ihtl LL 'IJ'Uf11".iLim L 'IJ'U 
" " 

1'-:i~Le.Jf1'1l'lle.J-:ivJill~11i1L~e.J'U 1 'IJV11-:i'1J11 Ldmvit1'Ut1'\J".i'ULL uun11Li tl1 L'Uu1'-:ii'1 Le.Jf161Jll1vi')~1'U'lle.J-:J 1 'Vl'Vl1 L 'Utlll 
" "' 

1u1vi1v1 ?fe.J~fl~e.J-:Jtl'U-:i1'1.J1it1'lle.J-:J G.T. Liu, J.G. Duha, K.H. Chung, J.H. Wang (2005) 611-:in~1111 

fl1 fl-:J~LLl;'lvivi61!'1Je.J-:JvJill'U1-:J 1 'Vl'V11 L 'Utlll 1 'Vl'V11 L 'U tllle.J::l;'liJ L 'U till 1 'U 1mv1~ Lfl~ e.l'U 11i1ii'll'U1~ L~ f1f111'1Je.J-:JvJill 
" 

1 'Vl'V11 L 'Utlll 1 u 1mv1 L ~e.l-:J'11 f1 Ln~f11".i LL 'Vl'U~'lle.l-:Je.J::vie.Jlle.J::i;'lfa 'Utlll 1 'U tm-:i?f{1-:it-.1~ f1'1Je.l-:J 1 'Vl'V11 L 'Utlll 1 'U 1vi ".ivl 
" 

Vl11 ~fl1fl-:J~LLi;'l vivi61!'1Je.J-:JvJill~ Lfl~e.l'U 11i1iifl1'Ue.l ti f111'1J e.),:j 1 'Vl'Vl1 L 'Utlll 1 'tJ 1vi1v1 ( 4.24 A) Vl11 ~".i'U LL 'IJ'U f11 ".i 
" 

Li t11L 'U'I.Jf-:J~Le.lf1'2!'1Je.J-:JvJill~11i1L~e.l'U 1 'IJ'V11-:J'll11 L ~e.l-:J'11f1fl1fl-:J~LLi;'lvivi61!ii'lJ'U1~ L~ f1'Ue.ltl [27] 

~ 

~ 8 8 -- ..... 0 0 - - N ~ 
A (Ti,Al)N ~ 

l z s z 
~ ~ ~ . . . . time 

20 25 30 35 40 45 50 55 60 65 70 

2 Theta (de~.) 

')'U~ 4-6 ".i'U LL 'IJ'\Jf11".iLim L 'U'tJ1'-:ii'1Le.Jf161J'1Je.J-:JvJill'IJ1-:J 1 'Vl'V11 L 'Utllle.J::i;'lih 'Utlll 1 u 1vi1v1 
'\J '\JI I \I 

Lii m r1 ~ e.J 'U vi nm vi 1-:i 1 
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l~e) U1W ~lJ~ lfl~ e)'LJ 1JJii71 lfl'j 1 ~,,, e)-'.Jfltl 'j ~ f) e)'LJ61 (,1 (171 cJ l Yl fl'U fl EDX 'W'U'J 1 W~lJ'U1-'.IJ-'.!VllJ ~~ 
' 

lfl~eJ'U 1(1lii1 YlYl1 l 'UcJlJ (Ti) eJ~~fa 'UcJlJ (Al) ll6'l~ 1 'W 1(,1 Wil'W (N) l D'WeJ-:Jfltl1~ fleJ'U 1 'W61~?11'W(il1-'.J I ll tl1r11 

.. l 1 l;l 1 f111 lfl~ e)'LJ i-:i ll?I ~ -:I 1 'W 1tl~ 4-7 fa cJ'W'U'J 1 l~ e) 1 .-rr l16'l1 f111 lfl~ e)'LJ t>Y-:i ll(il 15 'W1'Vl ii-:i 60 'W 1 Vl 
'U 

e:i-:ir1tl1~ne:i'U57(9l'lleJ-:JWf1lJ:Wf111 l tl~ cJ'W ll tl6'l-:ii-:ii1fie:i 1 YlYl7 l 'UcJlJ ll6'l~eJ~6'li1 l 'UcJii:wri1e:icJ 1 mh-:i 15% ii-:i 
' 'U '\J 

• 18% ll6'l~ 16% ii-:i 20% mm\'1i'U 'llru~~1'W1(,11l'1'W:wr11e:icJ"l'W-d1-:i 65% ii-:i 68% ll?1~-:111-:i1'W1icJi1 
'U 

?11ii11e1 lfl~ e:iuvJ~ii'U1-:i 1 YlVl7 l 'LI cJlJeJ~6'liJ l 'LicJii 1 'W 1(,11\>l~ e:iruVlfliJ~ e:i-:i 1~ cJhJ~ e:i-:i l ~ii l1e:i'W 1 'llVl~eJ\9l1 ll tl 1 
'U ' '\J 

~'W, 1(17~1 l 1'1 

80 

70 
----~ 

60 0 ..._.., 
-

C 
0 50 :;; 
ro I... 
+' 40 C 
(]) 
V 

30 C 
0 u 

20 

10 

0 

15 30 45 60 

Deposition time (min) 

1tl~ 4-7 e)-:Jfltl1~f)e)'LJ61(,1'11fllYlfl'Ufl EDX 'lleJ-'.IW~lJ1YlYl1l'UcJlJe)~l;'l:wl'UcJlJ1'W1(,l'j~ 
'\J ' '\J 

' ' 
li'.Jmr1~ eJ'U'Vl l'J 611 (,11-'.J 1 
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• 

3. fl11~'Vl'U1Ul;lt~ n~ru::t-uth"lla.:ivlih.1u1.:i 1 'Vl'Vl1 b il1:1~e1::1;1il b il1:1~ 1-u 1(,1-a~ 
'IJ 

"jU ~ 4-8 bb6'1 vi -:i 1A' fl'\:H1.1::: 'Ui'.l 1 'U e:i-:i vJ i :i-ru 1 -:i 1 VIVI 1 bu cJll e:i:: 1;1:ij L'U c.1 lJ 1 u 1m vi'~ Lfl~ e:i u 11il '<ii 1 n 
'IJ " 

f11"jfl m111i11 m VlfliJfl AFM 1 t!bL uu 2 :iJM Lrn:: 3 :iJ M 'V'lu11vJiiiu1-:i 1 V1V11 L uc.Jirn::1;1fo 'Llc.JlJ 1 'LI 1(,\ "jv)~ 
" 

bfl~ eJ'\J~b1fl1b'Vl111'\J 15 min Lm'U'UeJ-:JvJilJJ'.iJ fl~ru:: b~ nflfllllJt!'U'U1v16'1tl1 b6'1lJeJ 1niKL~c.J-:Jf1t!m::'<il1c.Jv\'1 

e'.l1'Vi'U1'UeJ-:JvJiii ,huvJiii~Lfl~e)'\J\il1t.lb 1mLvi1nu 30 min Lmt1ii'U'U1vl 1'V1tffit1 iirA'n~ru::nfllJlJt! bbfl:: 

b~lJbf11::rn'1llf1t!U1'1'\J1b1tU'UeJ-:Ji'.l1Vl'U1vJiii 'Uru::~nm 1 'I.Jf11"jbfl~e)Ub vi1nu 45 min Lm'Uii'U'U1vl 1 m1HJt1 
' V 

bbfl::iiJn~ru::L'LJ'U"jUVl"j~i;'l1lJL Vl~t.llJ J1wfo~n1;111 t!f11"jbfl~e)Ub'\fl1fl'\J 60 min Lmt!ii'U'U1vl 1 Vlill~6'1v1ii 
\J V ' 

1A' n~ru:: L tlu "jUVl"j -:i6'11ii L VI~ c.JlJ fl"j::'<iJ 1 c.Jv\'1e'.l1V1-u1vJill J-:i-dvJiii~Lfl~ e:iu 1~J-:iV1iivi ii r11 r111i1V1 c.J1ue'.l1 

(Rrms) 1mh-:i" 2.163 nm (1~ 5.901 nm Lde:inm1t1f11"jbfl~e)'\Jb~lJ:fit1m1lJVl'U1LO~c.J'UeJ-:JvJiiid~lJ:fit1 '<il1f1 

107.0 nm L'Ut! 433.4 nm J1wfo'U'U1vl'UeJ-:JLmt1 (grain size) iir11L~lJ:fit1'<il1fl 17.6 nm b'U'U 37.3 nm 

~-:J6'1"ju1t1(,)1"j1-:J~ 4-4 
' ., 

'<il1flf11"jflf1~1\i11cJLVlfliJfl AFM 'V'l'\J111A'n~ru::~t1e'.l1 fl11lJVlt.l1Ue'.l1 fl11lJVl'U1 (,\i;le)vl'<ilt!'U'U1vl 

'Ue)-:J Lm'Uiif11"jb u~ c.J'Ubb Ufl-:J Ldm ~m 1m 1 'Uf11"j bfl~e)'\J zj,:iG'1-:itm 1 iX b 'Ut! f11"ji;'l::6'1lJfl11llf eJt1'UeJ-:J6'11"jbfl~e)'\J 

'<il'UV1111XLmt!U'Ui'.l1Vl1.J 1l'Jimn1:: milJ'<il'Uii'Ut!1 vl 1 VltU:fi'Ubrn ::vi'11 iX btlvl f11 "j~v] b~ t.l~\?111 Vll-!'Ue)-:J Lmt!'<ilt!ii 
' V 

'U'U1vl LLfl::r111i1V1mu b ~ii:fit1(,)1lJ 1 u~1 cJ BnJ-:iLdm ~ii L 1m 1 u f11"j Lfl~e:iu vi'11 iXiie:i::(,l eJll6'11"jbfl~e:iu6'1::6'1ii 

ut116'1v1"jeJ-:Jf'\Jmn:fiu '<ilt1vJiiiiir111lJV1'U1L~ii:fiumm11~u 
' 

' ' 
b:IJeJbfl~eJ'\J'vi b11;11\?11-:J 1 

Time (min) Film thickness (nm) RMS roughness (nm) Grain size (nm) 

15 107.0 2.163 17.6 

30 215.6 3.303 20.6 

45 306.4 5.111 24.8 

60 433.4 5.901 37.3 
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(a) 

.. 

(b) 

• 

• 

(c) 

• 

(d) 

'rt.J~ 4-8 
'IJ 

d d d I 

b:wmr16'1 BU'Vl b 1mm-:i 1 

.. (a) 15 min, (b) 30 min, (c) 45 min, (d) 60 min 
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, 

4. Lfl'a..:i1;1{1..:1'1l;lfl1fl"l.leJ..:i~i:wu1..:i 1 'Vl'Vl1 t ifo:we1 ~"ij t ifo:w 1 u 1~'a~ 
• 'U 

'fU~ 4-9 bbMl -:i Lfl'H'111 -:Jlilfl .n 1 fl'll ei-:i¥lil-lu 1-:i 1 VlVl 1 bu tJ l-1 ei ~ r1ih u tJl-11 'U 1m~ ~ bfl~ mJ 11'1 
~ ' ~ 

1il1nm1flrn11l'l1m Vlfl'Ufl FE-SEM h.nb uu .n1flii'~'IJ11-:i bbfl~ 2 ii~ i;rnn11flm:n'V'lu11¥lil-lu1-:i 

1 'Vl'Vl1b 'UtJl-Jel~fllJb'UtJl-11 U 1~'a\?1~bfl~el'Ul'l1tJb 1r\1b 'Vl1n'U 15 min bn'JU'IJeJ-:J¥Jil-JiJ6lmmJ~ b~n b ~tJ-:J'll~~~ nu 
~ 

i°J'IJ'U 1 ~ 1nJ bfi tJ-:J nu n'J~lil 1 tJ ~1 ~ 1 Vl'W 1'1JeJ-:J¥Ji l-1 6l n'tfru ~.fl1 fl \,1 ~ 'IJ11-:J'IJeJ-:J¥J i l-J'\Al'U'J 1 bfl'JU lil::; iJ 
fl11l-JVl'U1bbt!'U'J1l-Jlil1b'U'Ub-dm~tJ1flU ~1u¥Jil-l~bfl~el'Ul'l1tJb1r\1b'Vl1n'U 30 min '\Al'U11bn'JUi°J'IJ'U1~1vtaj 

t'U i1'liei-:i11-:i (void) 'J~Vl11-:Jbmu bdeivilil11ru1mflii'~'IJ11-:J'V'l'U11bmui1'1J'U1~ 1 vtaj;ffu i1fl11l-1Vl'U1bbt!U 

'Jll-J\,11b'U'Ub-dm~mn'U ~l'U~blr\1 45 min bn'J'UL~t'Ubbfl~b~'U'l!el-:J11-:J'J~Vl11-:Jbn'J'U'll~blil'U .fl1fllil~'IJ11-:Ji1 

Jn"tJru~b 'U'Ubb uufleJ6ll-l'U1 bdm 1mbfl~eirn vil-ltm 'U'U 60 u1V1 'V'lU11 bm'Llii'll'Ll1~ 1 vtru~'1~ iJJ n'tfru~b 'U'U ., ' 
bfl~ ~ bbf\~'l!el-:J11-:J'J~Vl11-:J bn'J'U:iJ'IJ'U1 ~ 1 vtajt'U .fl 1 fl\,)~'IJ11-:J b 'U'U flel6ll-J'U1 bbrl ~i°J'l!el-:J11-:J'J~Vl11-:J bn'J'Um nt1.1 

'U ei n lil 1 ndbd eivi lil 11 ru 1 fl11l-lvt'U 1'1J ei-:i¥1 il-lu 1-:i~bfl ~ eiu 11'1 lil 1 n « n'tfru~ .n 1 fl ii' ~'IJ11-:i 'V'lu11 ¥1 i l-l'U1-:J iJ 

fl11l-JVl'U1mn;ffmdmfl~el'U'U1'U;ff'U '1el~flJe1-:inu-:i1'U1itJ'llel-:J Adisorn et. al (2011) ~'\Al'U11bdei 

b vil-1 b 1m 1 'U n1';i bfl~el'U lil~V111 '!Xbm'U bbr1~« n'tfru~.fl1fl\,)~'IJ11-:J'IJel-:J¥lil-l'U1-:J~1 bfl';i1~vt11'1 ii'll'U1~ 1 'VI ajt'U 

bbfl~i°JJ n'tfru~ b 'U'U bb 'U'Uflel6ll-J'U1~1m{ 1v1'U [28] 

'11 nm 1fin"tJ11'11 m Vlfl'Ufl FE-SEM '\Al'U11J n"tJru~~'U~l bbfl ~« fl'tfru~m fllil~'IJ11-:J'IJeJ-:J¥lil-l~ 

bfl~eiu 11'li1m1b 'I.J~tJ'Ubb '\Jr1-:i bdei b 1m 1 'U 1111bfl~eiu fa m 'U'U 1111'1~'1l-l'V'l6l-:J-:J1'U'lleJ-:J'111bfl~ eJ'Ulil'U bn~m1l-l 

1el'U'U'U161~';iel-:Jf'U lil'U'Vl11 '1Xbm'U'U'U~1Vl'W1¥lil-lbfl1~fl'1l-llil'Ui°J'IJ'U1~ 1 vtrut'Ubbfl~i~ b~tJ-:J\,111 mJ ~flel~ ' ' ., 
1111fin"tJ1.n1 fl\,) ~'IJ11-:J'IJeJ-:J¥lil-l '\Al'U11ii fl1'j b '\J~ tJU bb 'I.Jfl-:Jlil 1 n« n"tJru~ bn'J'U~ b~tJ-:J \,11 n'UVl'U 1 bb t!'Ub 'llulil 'U 

b'U'Ubb'U'UfleJJl-J'U1 l~tJ6ln"tJru~d~1-:Jn'Ubb'U'U"il1flel-:Jfl1'jbfl~¥lil-l Zone 2 'IJel-:J Thornton's structure­

zone diagram 611-:i zone ~bfl~;ff'U'1el~flAei-:inu'\Al«-:i-:i1'U'IJel-:J'11';ibfl~el'U~bvirndeim~bb'11vh~1'1Jel-:J 

b{h1'VlVl1b'UtJrnvil-l;ff'Ub'l!'Ub~mnu '1el~flJei-:inrn1'U1~tJ'IJel-:J Chen et. al (2009) ~'Vl1fl1';ibfl~el'U~i;)l-J 

u1-:i ternary nitride 1'11 m Vlfl'U fl m 1 bfl~ eiu bb urn~ tJ1 nmbJ1'\Alu11m fl ii' ~'IJ11-:J'lleJ-:i¥li l-l'U 1-:i~1 bfl':i1 ~vt11'1 

i1« n'tfru~ b 'U'U flel6ll-J'U1 b 'l!'U b~ tJ1 n'U[29] 
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Ir 

(a) 

" 

(b) 

' 

(c) 

TMEC 1001<V 11.9mmx100kSE(M) 10/22/201013·06 500n;,, 

(d) 

1'U~ 4-9 
" d ,di d I 

, blle:Jbfl'1 e)'\JVI b 1'11(111~ 1 
(a) 15 min, (b) 30 min, (c) 45 min, (d) 60 min 
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# 

I 
d 

'U'Vl'VI 5 

,!11.J1 ~ cJi1L 'U'U f111 P1 n'tf1 LL'1 ~~~'U 7LVlfl'Uflf171Lfl~eJuvJJ:w 1 V1Vl1 L 'U cJ:WeJ~'1ll L 'UcJ:W 1 'U 1(,11(,) (TiAlN) 
" 

(il1cJ L Vlfl'Ufl~LLBfl~WLL:wn-ume:im'l'U\,lL(,leJ~'11vrn1'u\ th LL uu11:w (co-target) ~L1e:it11 'Uf111Lfl~eJ'UM1'11 

L ~e)pj n'tf1e-J'1'UeJ'1 m~ LL?leJ~'1:W L 'UcJl.ibL'1~L1'11f171 Lfl~ eJ'U~iJ~ e) 1fl1'1?1{ 1'1 r;,J ~ n i n'tfru~~'I.Jc:i1 fl11:WVl'I.J 1vJ i:w 
" 

eJ'1r1tl1~ ne:iu51(,l LL'1 ~J n't}ru~'<il'1.f11fl'UeJ'1vJJ:w hrn Lfl~e:iuvJi:wuum~'<il n?l1'1(9) LL'1~ LL~'W'li~ ne:iu tvi cJ LL th 
' ' 

rhm~LL?leJ~'1:wL'LlcJ:W1mh'1 0.2 A (1'1 0.6 A LL'1~1inmLfl~e:iu1mh'1 15 t11'Vi (1'1 60 t11'Vi 1m'l1'1.J'lJeJ'1 
" 

n11Pi n'tf1J n'tfru~m'V'l1~-ue:i'1vJi:w~Lfl~ e:iu 1(ili!t1 Pin'tf11m'1?117'1e-J~ n(il1 m Vlfl'Ufl XRD 'lJ'U1vle-J~ nr11t11ru 

'<il1f1?1:Wf171'lJB'1 Scherrer eJ'1rlth~neJU57(,l1 Lfl17~\.1(il1 m Vlfl'Ufl EDX J f1'tfru~~'I.Jc:i1 LL'1~fl17:WV!'U1P1f1'tf7 
' 

(il1 m Vlfl'Ufl AFM ?lvl'Vl7cJP1n'tf71m'1?117'1'<il'1.f11flLL'1~.fl7fl~vl'lJ17'1(il1cJL Vlfl'Ufl FE-SEM l]e-J'1?1TUv1'1i1 
' ' ' 

1. e-J'1'lJeJ'1n1~LL?leJ~'1:wb'UcJ:IJ 
" 

1.1 vJJ:w1 vivi1 L 'UcJ:WeJ~'1:wL 'UcJ:w 1 u 1(,11(,) ~m~LL?leJ~'1fa 'UcJ:WM7'1 ., iitfl1'1?111'1e-J~ rnL uu 
" " I 
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The Structure and Morphology of Titanium Aluminium Nitride 
Thin Film Deposited by Reactive Co-Magnetron Sputtering 
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2
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2,Surasing Chaiyakun 1'

2 

1 Plasma for Surface Sciences Research Laboratory (PSS), Department of Physics, Faculty of Science, 
Burapha University, Chonburi 20131, Thailand 
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Education, Bangkok l 0400, Thailand 

Abstract 
Titanium aluminium nitride thin films (TiAlN) were deposited by 

DC co-magnetron sputtering technique. The effect of Ti sputtering current 
on crystal stmcture, surface morphology and thickness were studied. The 
films were deposited on glass slide and silicon wafer substrates by varying 
Ti sputtering current of 0.6 A, 0.8 A and 1.0 A, respectively, at deposition 
time for 60 minute. The crystal structure was characterized by XRD (X­
ray diffraction). The crystal size was calculated by Scherrer's equation. 
Surface morphology and thickness were evaluated by AFM (atomic force 
microscopy). The results showed that the crystal stmcture was TiAlN with 
(l 11), (220) and (222) planes, respectively. The crystallinity of the films 
was enhanced and crystal sizes were increased with in the range of 28 nm 
to 35 nm by varying Ti sputtering current. Moreover, the roughness of 
films varied in the range of 9 nm to 1 7 nm whereas 

the thicknesses of films were increased from 582 nm to 1598 nm 
when increased Ti sputtering current. 

Keywords: TiAlN, reactive co-magnetron sputtering, hard coating, thin 
film 
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