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Abstract 

Aluminium nitride thin films were deposited on glass slides and silicon wafers by reactive 

DC magnetron sputtering method. The effects of deposition parameter such as N2 gas flow 

rate and thickness have been investigated. The properties of the as-deposited AlN thin 

film such as crystal structure, surface morphology, thickness and transmittance were 

characterized by X-ray diffraction (XRD), Atomic Force Microscopy (AFM), and 

spectrophotometer, respectively. Optical constant and energy band gap of the as­

deposited films were calculated from transmission spectra. The results showed that AlN 

thin films with hexagonal phase were successfully deposited on substrates. The N2 flow 

rate and thickness were effected on the crystal structure and surface morphology of films. 

The refractive index (n) and extinction coefficient (k) at wavelength 600 nm were 1.97 and 

0.007, respectively, while energy band gap (Eg) was approximately 4.24 eV. 

Keywords: Aluminium nitride thin film/ Reactive DC magnetron sputtering/ 

Optical constant 
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Vl1'1nfl~ :Wfl11&-J~1'WVl1'W1vJ-w1~ 'W1fl11&-J{B'U~ Vl'W\,1Bn71b'U'W?l'W:W Vl'W\,1Bn71BBn;1,~i'W 1,li11c.J:W11'l~ 

BillV!.fliJV!B'1 J,:idvJJ:w~?l&-J'UMvl'1n~11d1Ji'1,1,n BfllJbtfo:w1u11il';i~ (Aluminum Nitride; AlN) l,~B'1'<il1n 
' 'U 'U 

Bfli'.Jl,'Wc.J&-11 'W 11i11~:w?1:wuM~?11AruflB 1, 'U'WvlJ:w 1?1 :wrn1&-11,1, ~'1?1'1 bbflt ?11m1mlil1c.J&-1 M~BruVl.fli'.Jvf B'1 
'U V 'U 'l 'U 

1 tJ•th'1nm~~1'WmvlJmn,:iB~fa 'Wc.J&-J 1 'W 11i11~1Ji'1\Jm1:w?1'W h'<iJ1nn~&-11~cJ(,11,:i 1 1 ·1.m11fim111~c.J 

bbfltvl'\9l,J'W1J'11 t!Ji'1'W~mi1'Ubbfltn7TU';itc.Jnli11 m 'U'11'U(il1'U\,11'1 <) b~B'1'<il1nb 'U'UvlJmn,:i~:w?l&-J'UMtl1?1'U h 
.., ' I 

Vlmm.htm1 i,'ti'W :wri1m1m1,~'1~'1 '\.J1tmru 2 x 10
3 

kgf·mm 
2 

:WA1?1.fl1'W'W11vJ-w1~11,1,flt :WA1?1.fl1'W 

tl1m1&-1{B'W?l'1 '\.J1tmru 260 W m.
1 

K.
1 

(Dimitrova et al., 1998) vi'11vfBfllJb'WcJ&-J1'W11i11~1,V1mt 
'U 'U 

?11Vl1U 1 m 'W'11'W\,11'1 I b'li'W n1';i bfl~BUb ~B'U1U'U1'1?1&-J'IJM(il1'U 11il';i 1u fa~ (T ribological Property) 'lJB'1 

1?1~ vi'11vfVl'W\,1Bn1';i'U~~bbfltfl~n'iB'W Vl1B H\u'U.ff'W1~01,~nlil1n (Dielectric Layer) 'lJB'1~'\.Jmru1m1'U 

l'l1'W0b~ nV11B-DnJ BB'UblilB 1,~ n-v11B-D nJ 1,1,flt~?11AruvJJ&-1u1'1BflD 1, 'Wc.J&-11 'W 11i11~cJ'1 b 'U'W~1 b~Bn~tl1?1'W 1 '<il 
V 'IJ 

?11Vlfo1mm1mfl~BuvlJ&-1U1'1bb?l'1 (Optical Thin Film) 1,~B'1'<il1n:Wl;1n'jjrut1?1?t'1~1'U1,b?l'111'l~ :Wfl1 

1,1,riu'Wl;1'1'17'W (Energy Band Gap) n-~1'1mn'\.J1tmru 6.2 eV bbfltvl'IJ'W'!XrnVl:wri1'\.J1tmru 1.8 - 2.1 

n71bli11c.J&-1vlJ&-1'\.J7'1B~fa'WcJ&-J1'W11i11~vi'11Ji'VlmcJ16 b'li'W 16 Chemical Vapor Deposition (CVD) 

(Dobrynin, 1999) Vl1B16 Molecular Beam Epitaxy (MBE) (Tanakaet et al., 1996) bb(>ln71bfl~BU 

J'1?1B'116~B'11 im1&-1{B'U 1 'W m~'\.J1'Wn1';ibfl~BU~BruVliliJ?l'1b~B 1 vf1Ji'vJJ&-1U1'1~:W?l&-J'UMli11&-J~B'1n1';i ~'1 
' 'U 'U 

bb&-Jn'Wli11B'W?l'Ulili,li1B1'1 (Reactive Magnetron Sputtering) b~B'1'<il1n?11:w11mfl~BuvlJ&-1'\.J7'11Ji'~ 

BillV!.fl:WV!B'1 ri11 i-.ti1c.J 1 'Wm~U1'Wn1';ibfl~BU 1:w?i,:imm1 n ?11&-Jl';ififl1Ufl&-Je)l)l';i11,fl~BU bbflt?l&-J'UM'lJB'1vlJ&-J 
'l 'U '\.I 'l 

'\.JnM1,l,~1'U'<il'ilcJ~:Wt:-Jfl(,lB?f:W'UM'lJB'1vli:wflB l,~B'U 1'un11Lfl~B'\.J I, 'lit! fl11:Wvl'U fl11:WV!'W1 fl1~'11 vJvh 

e)lil';i11 Vlfl bbfl?I "11;1 "1 J'1dn7';il,fl~B'\.J~1cJ161LbBfl~'W?f'Ulil blilB1'11Tt!eJlil';i11 Vlfl bbfl?fvfl m 'Wm~U1'Un7';i bfl~ BU 

flb 'U'W'U'<il~c.J?17Aru~:Wt:-ll;l \,1Be.MA'U';i~nB'\.J1511ilVl1'1 bfl:W'lJB'1vli&-J~ bfl~ BU 1Ji' I, 'W';i1~V!1n bbfl?fffi m 'Wn1';ibfl~B'\.J 
V ' 

mnVl1B'UBcJ bfl'W 1 unBl'<il'Vll 1 vf1:w1Ji'vli&-J~:w1fl ';j,:J?f {l'11i11:W~B'1n1';i '11'W11ilc.Jdb'Ut!n7';ifln'jj7n1';i bli11c.J:W 

vlJ&-JU1'1Bl;l:W I, 'Wc.J&-J 1 'W 11il';i~ I'll c.J16~bb Bfl~vJ~;?l'U 1)1 bli1B1'1'\.J'W m~'<il n?f 11;1 ~ 1,1,l;l ~ 1,1,~'W;~ nB'W~B illVl.fl:WV!B'1 
'U ' 'U 

'<iJ1n1TtJ'l11vlJ&-1~1Ji'l '\.J li111'<il?IB'\.J tr11,:i?1{1'1t:-i~ n~1m Vlfl'Wfl XRD fln'jj11;1 n'\jru~~'We'.11 r111&-1Vl'W11'11 cJ 

bVlfl'Ufl AFM 1~rhm1~,:i~1'Ubb?l'11'11c.Jbfl~B'1?lb'Ufl bli11b 'i"lh1fa1i1B1 A1vl'IJ'U'!Xm Vl (n) 1,1,1;1~r11G1&-1'\.J1~~V1i 

nl';ivlU~qj (k) 'lJB'1vlJ&-1U1'1~bfl~BU 11'lfl1'W1illl'l1c.J16 Envelope '<il1nm 'Ufl(,11&-Jn7';i?f'1~1'U1,b?l'1 b~B 1 off 

b 'U'W'Uel:Wl;l~'U,i1'W 1 'W n711~ cJ lill;leWl'<iJ'W1.J1fl11:Wf bbl;l~'U';i~?IU n11ru~1~{1ci1 c.JVIB~ bbfl'W~\,l bbl;l~~?l'W 1 '<il\91B 1 '\.J 
'U o..9 'U 'U 

2 



cl 

1. 3 "l.l BU b •1.w1 n ,arl m~n 

b 'U 1~1~ 1 'Uci1'Um11 br111::::viVJ1~mJ-t"W:t:bu'W1:t:'UeJ-::ivJ~:u~1~\!'U1 'libVlfl'Ufl XRD byje.Jfifl't:n 1r11-::i1:1{1-::it;.J~n 

b'Vlfl'UA AFM byje.Jfim11~fl'\:Hll:t:~'U~l fl11:UVltl1U~1 fl11:UVl'U1 bb~:t:bfl~eJ-!li:1b'Un1m1vJ1~ih~eJ{ 

b ~e.Jfi m111:1:u'UMV11-:i bbi:1-:J'UeJ-:ivJ~:uu1-:i eJ~ih -ut1:u L 'U 1m~ bbJ1r11'U1 ruVJ1r11r1-:i~vi1-::i bbi:1-:i bb~ ::::r11 bbtlU'W~-:i-::i1'U 
" 
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., 

I 
Ci 

tJ'Vl'VI 2 

f111Lfl~0tJvJJ:w'lJ7-:J (Thin Film) 11.J?truru1ml"fr1f-:iLL1nvh1~EJ Bunsen LLi;,t Grove 11.Jtl fll"f.1852 
' V V 

(Fabricated) 1~EJfl7Wlf1Lfl~0'lJ (Deposition) 'LJ0-:J?l71Lfl~0ll 1 m1 fftHJ.Jt0t\l10:!JL~EJ1ll'I.J1?1~10'11'lJ 

(Substrate) '<ilmn~LtJ'I.Ji'I.J'LJ0-:JvJJ:w~'lJ7-:J:lJ7f1 1 'I.J1t{i1lJ'I.J7 forn\l11ti-:i 1:w 1mL:W\l11 ~'107'<ilf1~711~--h 

"vJJ:wu1-:i (Thin Film) A0 i'I.J'LJ0-:Je)t\l10:WVtfonzj:w'LJ0'10t\l10:W~~ll11:lJfl'I.JLtJ'I.Ji'I.Jll7-:J , " 0~1-:ihn~f11';j 

1t'lJ17vJJ:w1~ L tJ'I.J "vJJ:W'lJ7-:J" 1!'1.J07'<il~'<il71tlJ71\9l'<il7 f161 fftH1Jt n111-b'-:J7'1.J171 'U?l:W'IJ&i \911'1.J 1~'LJ0-:JvJJ:w 
' 

f1r;l71A0 li'1LtJ1.Jm11-u?t:w'U&iL611-:i~1 (Surface Properties) '<iltL1EJnvJJ:w111.J11 "vJJ:wm-:i" LL~tl7LtJ'I.J 

m11-U?l:W'IJ&iL61J-:itJ1m\l11 (Bulk Properties) '<il~L1EJnvJJ:wt!'I.J17 "vJJ:wvm1" '<iltL~tl17 vJJ:wL~EJ1nm!t1 

07'<il L tJmr-:i "vJJ:w'lJ7-:J" Vl10 "vJJ:WVitll" n1\9lt'I.Jfl'lJ61f1'\'.frutn111 -u-:i1mtJm'11Aqj (Bunshah, 1994) 

f171Lfl~0'lJvJJ:w 1 t1?jtl]tl]1f171"f LL'U-:J 1~Lllt! 2 tl1~LJ,'Vl (Wasa & Hayakawa, 1992) (m'W~ 2-1) 1~LLri 

1. f171Lfl~0'lJvJJ:wtJ7-:J\911 EJ f11~'lJ1tlf171'Vl7'1Lfli1 (Chemical Process) L tJt1fl71Lfl~0'lJ~07f\EJ 

f171LL\l1f1i1'LJ0-:J?l71Lflffi tl?l.fl7'W'LJ0-:J LLfl?!LLiA'1 Ln~tJBn1EJ1Lfli1f1i;,7m tJt1?1111 mJ (New Species) (,)f) 

Lfl~0'Ulltl1?1~10-:i-rll L-dt! 15 Plasma CVD LLi;,~ 15 Laser CVD Lllt!~tl 
' 

2. f111Lfl~ 0'lJvJJ:wu1-:J\911EJf11~'lJ1tlf111'Vl7-:JvJ~ncl (Physical Process) L tJt1m1Lr1~0'lJ~0l~EJ 

f171'Vl71 ~0~\l10:JJ'LJ0'1?!71 Lfl~0'lJVli;,~00 f1'<il7f1~1 LLi1-W-:J f11t'<il 1 EJVl10~ '1 L <if 11 U~'lJ LLi;, t ~ ~&\ ~fl'lJ~1'LJ0'1 
' ' 

1?1~10-:i1tJ L'Utl 151tLVIEJ?l71 (Evaporation) LLi;,t 15?!U\l1L\l101-:J (Sputterin~) L'Utlt?1tl 

Thin film 
process 

U 
Thermal 
process 

Physical 
process --------

Sputtering 
I 

Ion 1 
--1 

process 1 
I 

Vac. EV. 

Laser 

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

ICBO 

-Q
I Plasma CVD 

Chemical 
process L~;e-;.-;v~-----------

m-w~ 2-1 tb~Ul'V16U€l-:Jn1~'\.J1'1.Jf111Lfl~€l'\.JvJJmn-:i1 'I.J~qjqj7fl71"! (Wasa & Hayakawa, 1992) 
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' 

• 

11 

fl 1'H fl ~ e) 'U 1 u ?f UHU 1 fll 1"1 ti) 1 tJ mt 'U 1 'l.J fl1 "Pll1 '1 l'l ~ mfo 1 fl tJ fll 1 Vll 1 vf e) t Me) :l.J '1.1 e)'1 ?f 11 b fl~ mrvm \91''il1 fl 
'I V V '\ 

LLU'11#i'L'U'l.J 2 15Vl~fl 1 (viL'll'tt] i:l.J61111ill LLG'lt51.J?!m 1M'Ut, 2547; Wasa & Hayakawa, 1992) AeJ 

1. fl11bfl~ eJ'Uti11 cJ151t b'VlcJ?f71 (Evaporation) b Du fl1'H'leJfl~'l.J'l.leJ--'.l.ff tJl'lJ:l.J'U7--'.l'UeJ--'.1?!1'Hfl~eJ'U~ 

v'h 1 Vl1tb'VlcJ 1 tJ?fUHU1fl11"1 b(?)cJfl111Vlfl17:l.J-!i'eJ'l.J~lJ1fl'V'leJ~"iltV111 Vl?f11bfl~eJ'UflG'11cJL 'OtJ 1e:i LLJ1vfomt"illcJ 
'\ V V 'I 

1 u fl'Jt'Vl'U fl'U1?f (?)1eJ--'.11'U~:UeJillVl.fliJ L VllJlt?!:l.J fl"ilt bf1(?) fll'Jfll'U Lb 'U'l.J'l.l eJ--'.l?f l'Jbfl~e)'U bbG'lt'V'le) fl'V'l'l.J bM L tJu.ff u 
'I 'I 'ti 'U 

(;17'U'Vl7'l.J (Resistive Heating) fl111tb'VlcJLL'U'U17'Ubb?f--'.l (Flash Evaporation) fl111tb'VlcJti11mm"lleJ1 

(Laser Evaporation) fl1'J'JtLVlcJti11m'l1BL~flM1eJ'l.J (Electron Beam Evaporation) fl1'J'J~b'VlcJti11cJ 

m1m{r1 (Arc Evaporation) m11vfr111:1J-!i'e:iutii'1c1r1~'l.JA17:l.J~1Vl~ (Radiofrequency Heating) 

2. fl11 LA~ eJ'Uti11 cJ15?f'UM bMeJ1 --'.I (Sputtering) b 'U'l.J fl11'V'le) fl'V'l'l.J'l.l eJ--'.l.ff tJl'lJ:l.J'Ul--'.1'1.1 e),-'.j ?11 'J LA~ e)'\J ~1tii' 
" 

"ill fl fl'J t'Ul'l.J fl 71?\'UM bM eJ1 '1 fll'J bfl~eJ'U till tJ15-d'Ln(?)t'l.Jb~eJ eJtM eJ:l.J'l.l eJ--'.l?f 11bfl~ eJ'U~1ti1"il1 fl fl1~'U1'l.J fl11 

?!'UM LMeJ1'1~--'.IL -U7'1ltJ1?f (?)1eJ--'.lfo LLG'lt:Ufl11'V'leJfl'V'l'l.Jb 'Oul'lJ:1Ju1'11 tJ~?f (?) mt'Ul'l.J fl11?f'U M LMeJ1 --'.!AeJfllTV111 vf 
' " ' 

eJtMeJ:l.JVIG'l(?)"iJlfl~b'l.leJ--'.11?1(?) b(?) cJfl11'1l'l.J'LJe),-'.Je)'l.J.fl1fl'V'l~--'.1'11'U?f--'.l b(?)cJ:Ufl11 bbG'l fl b ,J~ cJ'U'V'l~--'.1'11'1.J bbG'lt b:l.J b:l.J'l.J(,):l.J 
'I 'I 'I 'U 

'JtV111--'.leJ'l.J.fl1fl~~--'.l b 6U7'1l'l.J fl'UeJtM eJ:l.J~~1?171 bfl~ eJ'U b ~ eJ--'.l"ill fl 1eJeJeJ'l.J~1ti1"il1 flfl'Jt'Ul'l.J fll'J?f'UM bMeJ1 --'.l"il~ 
' 

d d21 ~ 1 .::,,q Q./ t d al ~ iJ 1 

bflG'l eJ'l.JVl(?)l cJ fll 1:l.J b 11 ?f --'.I fl1115 fl111t b VI cl ?111:l.Jl fl (?1--'.ltJ'l.J b:l.J eJ eJ tM eJ:l.J'l.l eJ--'.l ?11 'J bflG'l eJ'Ul --'.I b '1.11 fl 'Jt'Vl'U Lb~ tJ 
" 

l'lJ:i.JU1'1:U,rr'l.JMeJ'l.JG17At1J 3 .rruMeJ'l.J (Smith, 1995) v1--'.ldfie:i 

1. fl11?f-!i'7'1?111bfl~e)'U (Source) b(?)cJ~11uLLJ1m1LA~eJ'UeJ1"ileJcJ1tJ'JU'l.leJ--'.l '1.leJ--'.lbb~--'.l '1.leJ--'.ILVlm 1e:i 
" " 

Vl~mLn?f 171#1 LL(,] ?111Lr1~mJ'l.lrutV11m1 LA~eJ'Ul!ui1 L 'U'l.Jlil eJ--'.leJ c11 tJ'JU'l.leJ'11eJ1t L Vim vi1l!u zj--'.!1Tim1~V11 
" " 

1 vfm1Lr1~e:iuflmm Du 1mtL V1c1?11m1t1V111tii'V1mc115 L-dtJ m11 vf r111:i.J-!ieJtJV1~e:im11t(?):l.J~--'.ltii'1 c1e:iumr1~ 
' 

2. fl11 LA~ e)'l.J tJ 1 cJ?f11 LA~ e)'LJ:l.Jl cl--'.11 ?I \9j'JeJ--'.11'U (Transport) 1 'l.J.fl11t61'1J'1J1 fl71"11mt b VlcJ'l.leJ--'.1?111 

bfl~e)'UeJ1"il"ilt:Ufl11bfl~e)tJ~ L tJmitJm--'.11 Ucl--'.11?f (?)';je),-'.j1'LJ Vl~e)e)l"i)"i)t bfl~e)'l.J~L u1 'l.J~ fl'ttill~'UeJ--'.l L VIG'l zj--'.l"ilt 
' 

v'h 1 mmt b VlcJ'l.1€1'16111bfl~ €J'U:Ufl1'J'LJ'l.J fl'Ue)tJ.fl1fl~'U.fl1 cJ 1 'Ll.fl1'1l'Ut61ruru1 fl1Pl 'UeJfl"il1fld1mt b V!cJeJl"il"ilt 
'\ <I V V 

3. fl1161t61:l.J'V'leJfl'V'l'l.J (Deposition) L 'O'U.ff 'U\91eJ'Ufl11'V'leJfl'V'l'l.J'l.leJ--'.1611'Jbfl~ eJ'U LLG'lt b\91t'U"il'Wf1GllcJ L 'O'U 
" " 

.ff 'U'l.leJ--'.l:W J:i.J'U1--'.l'U'W161 me) --'.I {u .ff 'U \91 eJ'U-d'"iltt'U fl'U L1eJ'U 1 'U'l.l eJ--'.1161 m e),-'.j {'UV!~€) n 11v\'1,J f1 n~ cJl'UeJ--'.16111 
' ' .,J 
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fl71Lf1(?ltM:wm-r'il7flm~'U1'Ufl71Lfl~m.Jvh-i:wm-:i 1 "U61tlJtlJ7fl7f'l Chapman ( 1980) 1~eJfi'U1c.J 11v1-:i-d 
I I I I 

Lij eJ?\7';i Lfl~ e:imn fl LL Vl~-:Jfl7 L ,J (?l?\7';i Lfl~e)'U Lfl~eJ'UV1J.J1ti-:i1?1 me:i-:i1''U ?\7';i LA~ eJ'UVl m~'Vl'U ~ 11 ?I (?l ';j€) ,:j -r'l.J6'11'U 
' ' 

1 vtaj"iJ~eJ~b 'U]'U'lleJ-:JeJ~vie:i:wvt1e:i 1m1;1~1;1 (ml'l~ 2-2 (a)) 1(?lc.Jl'l~-:J-:J7'U~'U5~ (Bonding Energy) 1~vt11-:i 

eJ~ vl eJ:W'lleJ-:J?\11 Lfl~ eJ'U fl'U1 ?\(?l ';i€J-:Jfo LLi;'l ~€J f:t!Vl.fliJ'1JeJ-:J1 ?\(?l';ieJ-:J,r'U "il ~ L 'U'U ~1 n 1Vl'U(?lfl11:W?\1J.J71fl 1 'U fl11 
'I 'I 'U "I 

\911 Lb vtu-:i~ b1cJ fll 7\917 LL Vl'U-:Jfl1';i~(?l~'U (Adsorption Site) v\'11 vf Lf1(?lfl11Lfl7~&'\(?lvt1m11:wl'l~-:J-:J7'UJ.Jlfll'leJll 

m"ilm~ 1(?1(?16V7:wn1Lb l'l-:Jl'l~-:J-:J7'U 1 'lJcY-:iu1nru~mJ&'\(?ln"Uvt1e:ivt1;1(?leJeJfl"il7fl\917LL vtu-:it!"U 1 'lJ (ml'l~ 2-2 (b)) 
" ' 

1 "U·th-:i L 1 mvt~-:i e:i~ 1,rn:w?111 Lfl~e:ium "il Lf1(?1 m11~ L vtcJ fl~U LLi;'l~ Lf1(?1 m111:w~1 n"U1~vt11-:i e:i~ (,l e:i:w~:w m 1 bL l'l ~ 

~1c.Jfl'U L~eJeJ~(,leJJ.J'1JeJ-:J?\71Lfl~eJ'U11:W~1fl'U81"ilLf1(?1L'U'UeJ~vie:i:wA (.fl7l'l~ 2-2 (c)) -i1-:i:wm1:wL?!~cJ1 
" 

J.J7flfl17eJ~ (,leJJ.JL~ c.J1 (Single Atom) -i1-:im111J.J(,11 fl'U'lleJ-:ieJ~vi e:i:wt!'U "il~t'Ue:i~ num1:wvtm LL U'U'lleN 

e:i~vie:im~cJ1LL1;1~eJm7Lfl~eJ'U (Deposition Rate) eJ~(,leJJ.J~m"il11J.J(,11fl'UeJ~(,leJJ.JL~m~mLi1fl1;11mtl'U 
' ' ., 

?17:WeJ~(,leJJ.J (Triplets) vt1e:i ~eJ~(,leJJ.J (Quadruplets) vt1eJB'U 61 ~fl~ru~L'ti'U'UL1cJfl17 ?!.fl71~fl11bf1(?1 

tJ1Lfl~cJ?! (ml'l~ 2-2 (d)) v\'11vt'1~fl~:WeJ~v1e:i:wM-:iL?!~cJ1 (Quasi-Stable Islands) "il7flt!'Ufl~:WeJ~(,leJJ.J"il~ 
' ' 

L~:W1\,ltm1cJfl17 fl711\,lL'U'Ufl~:WfleJ'U (Island Growth) '1J'U7(?1'1JeJ-:Jfl~:WeJ~(,leJJ.J"il~1vtrut'U 1(?lc.J:W~7'U1'U 
S S V 

e:i~vie:imvi1L~:w vt1m~:wtm~fl'UeJcJ (ml'l~ 2-2 (e) LLi;'l~ 2-2 (f)) fl711(,l'1JeJ-:ifl~:WeJ~(,leJJ.J-d"il~bn(?lt'Ue:ici1-:i 
' 

(Agglomeration vt1e:i Coalescense) (.fl7l'l~ 2-2 (g)) "il1flfl11Pifl~7~1m'VlfltJfl Transmission 

Electron Microscopy (TEM) l'l'U17'1Jru~~flzj:we:i~vi mn1:w nm 'U'U fleJ'UeJ ~vleJ:W"il ~:Wl'lfl~ m1:w1-1i1 cJ 

'lleJ-:Jb vtm (Liquid-Like Behaviour) Lbi;1~:Wfl71~(?1L1c1-:ivlra1V11-:i 1 'Ub~-:J~~ fll'VlcJ1 (Crystallographic 

Orientation) ~1 cJ m111:wnm U'U n eJ'U'll eJ-:Jfl~:WeJ~(,l eJ:W"il~ bn (?lt'U "il'U m~vi'-:i b zjeJ:Wl?l eJ fl'UeJ 87-:Jl?l eJ b te:i-:i 
' 

(.fl1l'l~ 2-2 (h)) LL\,l b 'U'U7-:Jff:inJfl71L zjeJ:Wl?leJfl'UeJ87-:Jl?leJL te:i-:i"iJ~ Lf1(?lt'U 1~e:i 81-:J?\J.J'U';iill L~eJvJ~:W:Wfl17:WVl'U1 
" 

L'1J7LLi;'l~Vl'UL'1J7 
' 

L~eJ'V'l"iJ11ru1m1Lf1(?lvJ~:w 1 'U?!.fl71~~ b U'Ufl~:WeJ~(,leJJ.J (Island) l'l'U1781"il L 'U'U fl~:W'lleJ-:J~~ fl L~cJ1vt1e:i 
' ' 

fl61:W'll e:i-:i ~~ flAvt1e:imfl fl11t!"U -i1-:ifl61:WeJ~vi e:i:w b vt~ 1-d"il~vi fl bfl~ e:iu1;1-:iu"U1?1 (?l ';jeJ-:J,r u~ L U'U1 ?\(?lvt1;11 cJ ~~ fl 
'I 'U 't 'I "I 

'VJf'l'V17-:J fl7';i~(?lb1EM~1 ( Orientation) 'UeJ-:Jbbl?li;'l~fl61:WeJ~vleJ:Wt!'U"il~ b 'U'Ubb 'U'U61:W (Random) v\'11 vf1~vJ~:w 
' ' 

u1-:i~ffi1-11-:i?1{1,:i b 'U'UVli;'llc.J ~~ fl~1 cJ bb\?ltll fl~J_Je)~\,l e)J_J b Vl~ 1t!'U(,l flbfl~eJ'U'U'U1?\(?l'Je)-:J'fo~ b 'U'U~~ fl b~ m 
' ' 

fll'J~ (?] b1 cJ,:j \911'UeJ-:JvJ ~:Wfl"il~n~ fl~rut b D'U~~ fl b~ cJ1 bbi;'l~ L1cJ fl fl1'J bfl(?lvl~:w bb 'U'U ~~ fl b~ cJ1'U';i~ b.fl'Vld17 

beJ'V'ibb'Vlfl"IJ (Epitaxy) 
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• 

t:11B~\,lB:W~ ~1'1Je:i-:i11:1~1e:i-:ifoiJ'V'l~-:i-:i1m YicM'V'IB B~(,l e:i:w b V1~1i1ti"ll~ bfl~ Btl~ b ~B b~ mwih 1 'lJB ~1 ti 
' '\J 

\i11bb Vl'U-.'.l~JJ'V'l~-Nltl~7n17bi:l:WB i-.:i-d'r111:Wi:1l:1Jl';itl 1 tlfn';ibfl~Btl~ (Mobility) 'LJB-:JB~(,le):IJ"\J~b~:Wttl t:11 

e:iruV1niJ~~111:1~1e:i-:i-r'lrn-:itt1 t1Bn"ll1n-d' rn1~v1eJ(,l17bfl~B'U c'T-.:i1:11m1t1-d1c.11 vf rn11(,l'1JB-:Jt;.J~ n bnvi 1J\'~~-.:itti 
'I 'U 'I 'U 

JJ'1Jtl1~'1JB-:Jbn1tl 1 mlJtti JJ'LJB'U n'V'l·fa-.:i 1 'Ubn1tl'WBt.l~-:J bb~~ 1vi'vM:w~iJi'n1:WVltl7:IJln'V'IBG'11Vl1'Uf11';ib zjB:W\/10 

ntiB~l-:Ji:l:W'U';iill 1 tl'\/l1-.'.ln~'Untlt:17BruVl.fliJ1i:f ~';je)-:)1tJ~1 bb\/10\,l';ilbfl~B'Ui:l-:Jfl"\l~ 1 Vlt;,J~~n~ru~b~t.llntl 
'U "I '\J '\ 'IJ 

(al Single Atom Arrives 

' Substrat• 

{bJ Migration Ae~vaporation 

• \ / 
0 

(c) Collision & Combination 
of Single Atoms 

td) Nucleation 

~ "Islands•• o1 
~ Atoms 

l'e 
~ 
~ 

.fl1'V'l'Vl 2-2 n71flBbn~vJi:w'U1-:J (Chapman, 1980) 

(I) Island Shape 

Crou-Saction 

11lend1 

.,mm, sim1iiii!~ :i!l~:i; 

---~~~" '-' 
Substrat"e 

lh) Continuity 
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rn1 i,f\~ B'Uli11 EJ15l:1'U (,l 1,(,1 B1..:J 1, U'U m:::'U1t1 fl11Yi B n'Vit1'LJB..:iit1~th.J'U1..:i~ d'i 1>Pil 1nl:171 i,f\ ~ B'U ~11ii''il 1 n 
" 

m :::'U1t1 m 16'1i'.1 (,l 1,(,18 { n11 i,f\~ B'U lii'1 EJ15{11, n\'lt'U djBB::: (,l m.J'LJB..:J l:11j 1,f\ ~ B'U ~11ii''il 1 n n 1:::'U1t1 m 1 

l:1'U (,11,(,l Bi~..:i1, .tf 16llt116'1 \'11B..:i·fo 1,1,1;1:::jj fl71YiB fl'Vi'U 1,1,1;1::: 1(,11, Ut1~~:1.m1..:i 1 'LI~l:1\91 m:::'U1t1 m16'1i'.1 (,11,(,l B1..:JflB 
' " ' 

1 vJ'V11V11Bi1'll1:::'iJ n11ii' 1,1,1;1::; I,~ B..:J'i:17 n 1BBB'Uv111ii''il7fl n1:::'U1t1n116'l'U\,ll,\,lB{1 'U fl71 l,f\~B'U~~:U'U7-:J<ll1 EJ 
' 

fllj l,f\~ B'U li11 EJ156'1'U (,11,(,l B1 ..:J'il :::'Yll 1vifl71 ~\')I, n7::; 1:::V117..:Jl:171 l,f\ ~ B'U n'Ul (,l mB ..:i·fo ~ fl17151::: I, VI EJ 6171 
' ., 

f1B'U6U1..:imn (~1,'LJ~~ ~:U~1j1t\J 1,1,1;1:::6'U61!:n f(,l'U:::, 2547; Chapman, 1980) 

~1V1-!'Ui,i,'U1A\'ll,dB..:J~'Ul,~EJ1n'Um:::'U1'Ufl716'l'U\,ll,\,lB1..:J (mv-lv1 2-3) B5'U7EJ 1Ji'~..:id 

1. eJ'U(,l1n1EJ11:::V111..:i 1BBBm1,1;1:::~11, 1.J16'1111,fl~B'U 1,~B~..:i'LJt1~1V11.!11611'l'il::: 1,n\'l'll11n{] rnw1~..:id 

1.1 rn16'1:::'VIB'U'V1~1Vl'U7'LJB-:J1BBB'U (Reflected Ion and Neutral) 1BBB'UB1'ill:1:::'VIB'UnJ'U 

'ill n~1V1if 1zj..:i?11t11 Vlill'il :::6'1:::'VI B'U BB nm 1 t11'll'LJB..:J8:::(,l8:l.J~ I, U'U n1;11..:J'V17-:J 1 vJ'V11 e)'Ul,fl\'l'ill n fl7111:U~1 n'U 
V " 

01,~ fl(,l18'U~~1 i, 1J 76'1711,fl~ B'U 

1.2 rn1'll1;1\'l'llciBEJBl,~fl\,l1B'U~\'l~l:1B..:J (Secondary Electron Emission) 'il1flfl71'1J'U'LJB..:J 

1BBB'U m'ilvh 1 vi 1,n\'l rn1'll 1;1 \'l'llci B EJ a 1,~ n\,l18'U'LJ\'l~l:1B -:J'illfl 1, 1.J76'11j 1,r1~B'U '171 BB Bmlt1i1YiJ..:i..:i1t16'1..:i'Vi B 
' " 

1.3 fl71~-:J~16tl8..:J1BBB'U (Ion Implantation) 1BBB'Uv1~..:i'LJm1.J16'1711,fl~B'Utl'UB1'il~..:J~11;l..:J 

1t16'171i,fl~B'U 1\'lE.Jfl17:U~n6tJB<lfl71~-:J~1'iJ:::i,1,'lJ1ert1faEJ(,lj..:Jn'UYiJ-:J-:J7'U1BBB'U zj..:ijjfi7 10 eJ..:Jl:1mB:U/ 

YiJ..:i..:i1t11BBB'U 1 keV ~1wfo1BBB'U'LJB..:Jl,i,fll:1B1inB'U~~..:i~11t1'Vl8..:Jl,l,\'l-:J 

1.4 fl7ji,'U~EJ'U1m..:il:1{1..:i'LJB-:J~1V1ii11,1.J16'1111,r1~B'U (Target Material Structural 

Rearran'5ements) fl71'1J'U'LJB..:J 1BBB'U'U 'U~16'1711,fl~ B'U'Vl11 vi1,n\'l fl711,1 EJ..:J~1'LJ€l..:J€J::;(,l €l:U~~16'17'Hfl~€l'U 

1 V1:Ui,i,l;l::;1,n\'lfl17:U'Ufl'Vi1€l..:J'LJ€l..:J~~fl (Lattice Defect) 1\'lm1E.Jflfl71~\'1~11 Vl:U'LJ€l..:J 1m..:il:1{1..:i~1V1if 1-Q17 

Altered Surface Layer 

1.5 fl716'l'U\,li,(,l€J1 (Sputter) fl11'1J'U'LJB..:J1€JBB'U€l7'il'Vl71vi1,n\'lfl1:::'U1'Ufl71'1l'Ufl'U 

1,1, 'U'U Iii e:i 1, ~ e:i..:i 1:::V111..:i e:i::: (,l B:l.J6tl e:i ..:i 1, u 1 eYt1v\'11 vi 1,n l'l m 1'll 1;1 \91 U ci e:i EJB ::;(,l e:i:u 'il 1n1,u1l:1111,r1~ e:i 'Uzj ..:i 1,1EJn11 

m:::'U1'Urn16'1i'.J(,l 1,(,le:i1..:i 

2. m:::'U1'Llm1ffu(,l1,\9Je:i1..:i 1, llt1m:::'U1t1rn1v1e:i:::\9leJ:U~'h'Vlii'1'lleJ-:J16'1l'lt1nv\'11 viV11;1\'le:i e:i nmJ\'1 E.Jrn1 
'" ' 

'LJ'U'UeJ-:JeJ'U.n 1r1YiJ..:i..:i 1t16'1..:i 11'1 E.Jiirn1 m, n 1, 1.J~ E.Jt1YiJ..:i..:i1mu=i::: hi 1,:u'U ~m:::vd 1..:ie:i'Umr1v1~..:i 1, -if 1'LJt1 fl'U e:i::: \91 e:i:u 
' " ' 
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2.2 eJ'UJl 7fl'V'lJ-:J-:J7'U?l-:J zj,:i~-:J'lJ'Ub 'IJ7?17'Hfl~e)'IJ bb~1V171 ~eJ:t:\?leJ:l.J"lleJ-:Jb 'IJ7?17'Hfl~eJUVl6'1\YI 
' " ' 

BeJm..11 'IJn&ieJ'4Jl7rmJ-:i-:i1'U~-:i-dm-:uLU'Wmn-:ivn-:i1vNh L'li'W iJ11?11eJ'W Vl1eJeJ~\•leJ:W"lleJ-:J571iJ~7-:i 61 b\Yltln7':i 

b 1-:i 1eJeJe)'W"lJeJ-:Jbbn?l1 'W?1'W1:w 1 vJvh b 'U'W eJ'Umr1~-:i'1Jm u1m1Lr1~ eJu;-:i 1 ~eY1?111n11u'1~u~ e)tJ b 'U1?111 bfl~eJu 
' 

?1-:J b ~ tl-:J'V'leJ nu fl17:W~ eJ-:J n7':i 
" 

2.3 

eJ~7-:J~eJ b ~eJ-:J b '1'1eJ 1 ~m~U1'Wn7':ibfl~eJULn~t'U 1Ji'eJ~7-:J~ eJ b ~eJ-:J-:U'W 1Ji'fl17:WVl'U7V'l~:WU7-11?17:W~ eJ-:J n7':i zj,:i9117 

1Ji'Vlm tJ15 L 'LJ'W 1 'dG'17eJ'Wm r1-:u 1ntJ'U 1BB eJ'U~iJ'IJ~m ru m1 e-.J ~ 1?11eJBeJ'W 1 mJ 1?111?1-:i Vl1eJ-:U 1 n m~u1'U m1 
' " 

bn6'11~?1'1571'<il b ~ eJ-:J-:U 7 ntJ'W 1eJeJeJ'WlJ'J7 fl7 f1 eJ'U'LJ7-:J?l-:J bb6'1~ 1 m eJ eJeJ'U 1 'W~'U~ bbflU m~U 1'W n7'J?l'U\?\ b(,1 e)~ -1 

Incident Reflected Ions 
Ion & Neutrals 

\ I Secondary 

/

Electro::uttered 

Atoms 

Surface 

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

{Sputtering) 

Jl7'V'l~ 2-3 eJ'W\?\'Jfl~tl1'J~Vl17-:J1eJeJeJ'WflU 

~'We'.iT!?l~ (Chapman, 1980) 

" 

TARGET(-) 

✓; ~ 00 0 
PLASMA Q Q 0 

0 POWER 

~ 
SUPPLY 

I SUBSTRATE I 

\ 
VACUUM 
CHAMBER 

VACUUM AT PARTIAL 
PUMP VACUUM 

m'V'l~ 2-4 ~m.':lru~6lJmLr11eJ-:iLr1~m.Jm1H1J1mf'1 
S V V 
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" 

2.4 'a~'U'Ubfl~el'Ubb'U'U ~~ 6'f'Um\9lel~-'.l 

bbr!t5'U?lt11 -r\,l'Ut, 254 7; Bunshah, 1994; Smith, 1995) 'U1tflB'U~1tJrn 1vw1 AB bb~'Ub'U1?111bfl~e:J'U 

bbr1tm 1 'LI\91 AB ~11--:11?1\911B-:ifuvt1Biwn'U~1>1e:i-:im1br1~B'U 'tJntbtt1t'atvt11-:ir111 'Vl\91bbrlt1?1\911e:J-:J1'\J~t 
' ' 

mhtvt11-:i 4 cm - 10 cm b~B'UB-:Jll'Uf111?1illb~tJBt\,le:J:U?l11bfl~B'U~e.J'U-:J'lJB-:JJl1'/J'Ut?ltlH1J1fl11'1 
'U '\J V 'l V V 

'\fl 1-:J 1 'U ~ t B cJ1 'U 'tl 1 -:J bb B 'U 'U B { :U B r11 fl J 1 ~ ?I '/J 1 { ~ 
'\J 

hM1un f)~tJ1 ll'U?l11 brl~B'U ('U n~1 .rr bbll?lmin e:J'U) 'lJrut bn\911nJ1~?1'1J1{~~rl11:U~'Url1V!'l1-:i fl'at'U1'U fl11 

1e:iBB 1 m 'IJ-ti''U~tf n'l'f1?1J11Y11nJ1~?1'1J1{~ 11\,l11u~1tt1t\911{r1m 'tJ'IJhlm nn111tt1t1tvt11-:ir111 'Vl\91bLrlt 

m 1 'LI\91 b~Br111:w~'Ur1 \91r1-:ivt1B bb 1-:i~'U 1 '!Al~11tV111-:iB b~ n 1\,11\91?1-:it'U 1t tJt'Ur!B\91fl11'/J'U'lJB-:JB b~fl(,l'JffU~t 

ION INDUCED 

GROUND 
SHIELD ..___ 

SECONDARY EMISSION 

PRIMARY 
ELECTRONS 

LOST IONS 

SUBSTRATES 

'\J 

CATHODE DARK 
SPACE ICDSl 

SPUTTERED ATOMS 

NEGATIVE GLOW ING) 

·. . · . ELECTRON INDUCED 
e- .. · .• ·.·•·. • SECOi\DARY EMISSION 

•••• • • • A~JODE SHEATH 

mwvi 2-5 "at'U'Ubfl~B'Ubb'U'U ~611 ?l'U\,lb\,lB~-:J (Bunshah, 1994) 
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(] -----I /, •• Cu, 
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/
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3CXXJ V • 

4C . 
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• 1.0 
I!! 

0.9 ~ 
i5 

• 0.1 ,= 
;;; 
0 . o., e 
0 

0.6 ~ 
~ 

0. 5 ~ 
0 

. 0.4 :i 
0 
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0.. 
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!,RGON PR£SSUR( lmTorrl 

JlTYrvi 2-6 e-J1;1'lJe)-:Jf"l11J.J\?l'U 1 'U':i~'U'U~:We-Jl;'i~e)e)(,)';i1lAfieJ'U r11~1;1(?1 lll;'i~f)':i~ll?lb vJvh 1 'W 

':i~'U'U?l1J(,)l(,)eJ1-:J'lJB-:Jfon1;1m 6Ull ':i-:J\?l'U 1 vJvh 3,000 V ':i~Vl11-:J.fr1fa~fl 1(,\':J~ 

'Vl11-:ivi1-:in'U 4.5 cm (Vossen & Kerns, 1978) 

'lJ ru~~ fl17J.J \?l'U?I -:it'U ':i ~ tJ ~ ~1ir1 ?I l U'lJ'1 ~Vl~ J'U 1;1-:iu1 l 1 ru fl7':ie-J ~ (,\ 1 BBB'UiJtJ1J.J1 (,) ':i ?t-:it'U 
'U 'U 

m~ ll?I 1 vJvh~1 Vl1;11 'U1-:J'1':i b ~J.Jt'Ull1;1~f1':i~'U1'U fl1':i?l1J (,\ l(,)eJ1-:J ln~t'U 1 'W e)(,)';i1?{-:J(,)1J.Jfl11J.J\?l'U ~,:) ll?l~-:J 1 'W 
'U 

1;1 ~1;1-:i B~ (,)eJJ.Ji:17':i lAfi e:iu~V11;1 ~Be:i fl'17 m 'U7'1~?1-:i ~7'U lA~ e:J'U'U'Ul i:l~':ie:i-:ifu 1~ tJ7fl'17 fl fl1':i'lJ'Ull'U 1m1;1 f11;1 
' ' ' 

'lJB-:J llfl i:l lll;'i~i:l~'VI B'U mfo?i l 'U7i:17';i lAfi B'UVl~ e:ii:I ru l~tJ?l e-.1-u-:in 7'lJ'U~ i:I ruru1 fl71"1'Vl71 vf fi1'll B-:i ~1;1 (?1'17 fl fl1 ':i 
'\J '\J V \I 'I V V 

ll';i-:J\?l'Ub°t"Jvh 3,000 V ';i~V111-:i.fr1fa~fl1M';i~~11-:ivi1-:in'U 4.5 cm 1mln?tm1flB'U fl1';ilAfiB'U'1~VltJ~~ 
' 

A11J.J\?l'U:Wf17~1fl11 2.6x10.
4 

mbar ll1;'1~~fl11J.J~'Ui:l-:Jf111 l.6x10·
5 

mbar 1~tJeJM';i1lAfim.J'1~:Wf17i:l-:J?I~ 
'U 'U ' 

lAfi B'Ui:1-:J lll;'i ~tJ ';i~~Vl5 Jl1'\!'l~~i:I ~ '11 f1Jl1'\!'l~ 2-10 '\!'l'U11fl11J.J\?l'U~lVlJ.J1~i:IJ..l611Vl1'U fl1':ilAfieJ'U~B 
'U ' 

1.0xl0 
5 

mbar A11J.JVl'U1ll'U'Ufl';i~lli:l'l.b~mru 1.0 mN cm 
2 

~1tJ8(,)';i1lA~B'U 0.036 µm/ min 

zj-:Jl'U'UeJ(,)':i1lA~B'U~r1B'U'U1-:J~11 'U'llru~m .ff bb ';j-:J\?J'U 1 vJ~7fleJ'U'U1-:Ji:l-:J (fo 'lJ\'}'1 iJ.Ji:11':i':iru bb1;1~5'Ui:ll:11 
'U ~ ' 
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e)\,111 fl71 bn\9l?f'U \,l b\,l el 1 si1!'1.J'<iltt'l.l fltJC-J fl flill1tV111si ~fl 111 bbflttl1m ru 10 elel'I.J~~si61J'l.l b D 7?111 bfl~ el'U 
" 

\91si1!'1.J fl11b yj;w e)(,111 fl11?f'U (,1 b(,l 0i1!'1.J'l.l el fl'<il lfl'<il t'Vll 1m\9l cl fl11 b yj;w ~ 6'1111 bbrA' 1 cJsi'Vl71m\9l cl fl11 b yj;wtJ~m ru 

1000'1.J~~siL'LJ161Jmtl1?t11Lr1~mJ zjsi 1 '1.J1tt1tJ ~6/1 ?f'U(,lb(,leJ1si tln~,!u 'Vl71~L'~clsifl11LyjmL 1si\91u 1 ~vh 

1tV111sifa~n b\,11\91 Vl~m yj:Wfl17:W\91'l.l zjsi'<iltlJ'LJ\91~7f7\9l?fsJ?f\9l~ fl17:WVl'l.l7LL t!'I.Jfl1tbb?f'U1tmru 1 mA/ cm 
2 

" ' 
Lbfltfl17:W\91'l.l'U1tmru 1.33 x10 

5 
mbar 'l.lelfl'<illfftfos1V1u111u1ttJtJ ~.g ?f'U(,lb(,leJ~si vf1hleJt(,leJ:1J'tlm 

LLfl?f~'<iltLn\9lm110001 ui:iJri11J0cln11 1 % u0n'<iJ1ni1c'Ts1:iJoifm~m~0r111:w\o1u?1s1:ff u'<ilt'Vl11 vftl1mruLLn?f~ 
" 

\910m:iJ fl71~ ~'l.l 11ttJtJ 1 VllJ b~ cl fll 1 1ttJtJ~6il bb:W fl'W (,1101..l ?f'U(,l b(,101 sl (~ b 611~\i i:w?1111ru .., ' 

Lbfltu1!?fm 1(,11..lt, 254 7; Bunshan, 1994; Smith, 1995) zjsib 'U'l.lfl111 -U?f'l.ll:wLLlJL Vl~fl'lhcl b\9lcl~78 

?f'l.ll:wLblJ b VI~ n 1 vf:iJYil"161J'l.l1'l.l fltJ ~1Vli.J 1 b 'lJ 1?111 bfl~elUbbfl tlJ'Vll"lisiul n nu ?11..ll:W 1 ~'Wlzjsl'<il t'1h cl b ~mt clt 

'\/17-.'.I L~'l.l61J0si a L~ fl(,1101..l 1 vf cJ11tu b\91 cleJ7'l.l7'<il'1JeJsi?fm:w LLlJ L VI~ n'<iltv\'11 vfa L~ n (,11eJ'l.lLfl~eJ'l.l~ L U'l.l'\/l7si 1r'i'si 

(m'V1~ 2-7) 'Vll 1vfm110001 uiL ~elsi'<il1flfl1161J'l.l'"JtVl11s!Bb~ fl(,1101..l fltJeJt(,le):IJ bbn?fb5eJ8lJA1?f sl:ff 'l.lzjsl'<ilt'Vl1 

Target 
Material 

Inner 
Magnet 

N 

Magnetic 
Field Lines 

Outer 
Magnet Ring 

" 

.fl1'V1o/l 2-7 fl71Lfl~ffl.J~61JelsieJ~.fl1flBL~fl~mnAw?l'l.l1:Wbb&-JLVl~fl (Rickerby & Matthews, 1991) 
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m~v1 2-8 flTHfl~eJ'Uv1'1JeJ•reJ1i.f11fl1'U?ltn:JJLL'U'U~7-'.l 61 (Bunshah, 1994) 

1~'U'U ?l'U\91 b\91 eJ ~ -'.Jvft 'll?l'U 1:!J LLJJ b Vl~ fl'U1 t.1 b ~:JJ1.Hm ru 1 eJ eJ eJ'U t!'U t11?l'U 1:!J bbJ_I b Vl~ fliJ'Vll"IVl7-'.J'U'U1tJ f1 'U 

?l'Ul:JJ 1 'l"lvl1~~ L~t.1 n11 ?l'Ul:JJ\917:JJ t.111~~v111 vf'lh~~viBm~m1L ~:JJ 1eJeJeJ'U 1JJ?1-'.lt1 n Lt.\911:i.hll 1 Vlt.t. m m11,n~ 
'IJ 

1flJ 1~ ?l'U1{~ b 'U ~ t.l'Ul,b 'Ul;'l-'.J 1 '\.J bbl;'l~ fJ-'.J ?l 1:!J11tl'fo~1fl17:JJ?ltl1 b?l:JJ eJ'UeJ-'.l~J:JJ'U 1-'.J1 ,jl~~ flJ ru'lleJ-'.J 

?l'Ul:!Jbl,l-lb Vl~fl~-'.Ju1flfl'U?l'U1:!J 1 'l"lvl11.~t.1fl11 ?l'U1:!J\911:!J'U11-'.J 1~t.1m~u1'Ufl1J b ~:!J'U~mru 1eJeJeJ'Ubn~t'U\il-'.Jd 

Vll;l-'.1~1 nvfteJeJeJ'U'U1 fl'U'U nub 'U 7?11 J bfl~ eJ'U bbl;'l ~'U l;1 ~'U i;1eJt.1Bb~fl\911eJ'U'U ~v1?l e)-'.J eJ eJ nm B b~ fl \911eJ'U'1J ~v1 ?l e)-'.j 
' ' 

~~bfl~eJ'Llffi 'UJn~run~mnu.n1~v1 2-8 (d) vh 1 V1BL~nmeJ'Llt1flflfleJt.1'1 'U'U~nru?lm:JJLbl-lbVl~fl1rn\'m 1 vi~ 
'IJ 'IJ 

Lbl;'l~Lr1~eJ'Uv1LLUu1;1eJm~eJ'U\917mm1~hV1u1'1JeJ~m 1 vi~ (.n1~v1 2-9) Vll 1 vffa~n\911eJ'Ui1leJm?1'1J'Llnu 

1:JJ bl;'l fll;j bbf1?l'U~ I, 1 ru~1Vl'U1 I, 'U1?l11 bfl~ eJ'U:lJ1 nt'U~'Llb ~:!J'U~tnru 1eJ e)e)'U?f-'.Jj.]1 fl 1mi~1 b 'U1?l11 bfl~ eJ'U 
' 'IJ 

fa~ fl\911eJtJ(,111~vftii'1J'U 1:JJ bl;'l fll;j'l]e)-'.j bl.fl?!~~ b~tJVl1-'.lb 'U'U1-'.J 1fl-'.J b 'Ul'UtJL 'U1?f 11bfl~e)'U bbl;'l ~{;-.J~\91B b~ nmeJtJ'U~ 
' ' 

v1?le:i-'.lmntm 'U'Ui;..JffVJ71 vf1e:ie:ie:itJt1fl i;..J~ \911 'W'\.J~mru?l-'.lm m1,1;1~ 1,n~ 1rni'~1 m 1 vi~ Vll 1 VI Ln~m 'U61l'1J71~~1 n 
'IJ 'IJ 

'U ru~ 1~ii?l'U7jj LLl-l 1, Vl~ nm nvh 1 Vlfl17jj\91 eJ-'.l m11,1, 1-'.l\il'U 1 'l"lvl11~V111-'.li1S L~ n 1\911~'U eJ-'.l1~'U'U LL:i.J fl'U\911eJ'U 

?lU\91L\9leJ~-'.l ~w11;1-'.lv1'1 hJi1r11'lh~mru 300 - soo v 
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'IJ1~~Vlfi.flTVmTJL ~:u 1eJeJeJ'U~?f-nn n 1 'W1~'\J'\J LL:U ffU\9l1eJ'WLL~~'V'lm?fm~ Ln\11:fim1~L i:u mn'\J~L 1 ru 
'IJ 

L u1?111Lri~eJuvh 1 vf e1\9l11 m1?f'U\9l L\9leJ1'1.leJ--:J1~'U'Ut1iJfi1?1-:1 'l.lru~~r111lliltl 1 'W1~'\J'\J'1~iJfi1~1 LL 1-:1\9ltl 1 'l"lv11 
" 

~11'1JiJe1\9l11n71?f'U\9lL\9lel1?1'1ff"J1 LO µm/ min LL~~lJeJ\9l11Lfl~el'\J?f-:lff"J1 0.2 µm/ min fl11:UVl'U1LL'W'U 
" " 

m~LL?f~~1r111Vl\91 'IJ1~mru 20.0 mN cm
2 

LL1'119l'W1'1"lv111~V111-:ifa~n1\9l1\91iJfl11~vi11-:i 300 - 800 V ~ 

fl17:U\9l'U'U1~mru 5.33 x10·
5 

mbar 'IJ1~~Vlfi.fl7'V'ln71Lfl~ff\.J?f'1:fi'UffJ7 10 LV17~1 'UeJmnnt1~--:i?f7:l-l11fl 
'IJ 

'/Jc.11 c.J?fbn~ 1 i fl'\J1~'\J'\J ?f'U(,l L\9l el ~'1'/J'Ul\911 viaj1vi'~1 cJ L~elelelnLL '\J'\J 1 'ti'11'U -:/1:un'\J 1(911 bel\91?f'U\9l L\9l el~--:J 1~'\J'\J 

?11m1mr1~eJ'\J 1vi'~fl17:U\9l'U~7i'i-:i 10 
5 

m bar 

MJgnet Poles 
Area of 
Erosion 

.fll'V'lvi 2-9 n11~\91?f'U1:U LL:l-lL Vl~rnL~~ LL 'U1 n11fl\91n-:ieJ'U'/Jel'1L 'U1?111Lfl~el'\J 1 'U1:.-;'\J'L)'\"li;11'U11 

LL:UffU\9l1el'U ?f'U\9ll\9lel~'1 (Chapman, 1980) 
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2.6 'a~'U'Ubfl~e)'Ubb'U'U el'U'U1~1'U~ bba.Jn'U'9l'ael'U ~'U'9lb'9Je)~~ 

1 'U f11':l bfl~ el'U~~lJ'VflJ11'11':l~\9llJ ~..:i 1eJeJel'U ':J~Vl11..:Jf11':J bf1\9l~~ml~b 'U'U f11':J b 'U~ cJ'ULb 'Ui;l..:J~~lJVli;l 1c.J 

el~7WU'U 'VHl~n':l':llJfl1'Hn\9l'Ll1bfl~fo~ (Nucleation Behaviour) i1ru-'l7'U1'Vlc.J7 (Morphology) 

el..:Jfl'lh~ f1el'U (Composition) 'Vll"l'Vl1..:J f11';j~\9) b~c.J..:J\911 bbi;l~~lJtJ~ b ;a.,:i f1i;l b 'U'UfX'U 1 'WmillbblJf1'U(,l ':JeJ'U 

~'U(,l b\,l el1..:J leleleJ'Uift m 'U f11';j';j~\9llJ8..:J1~\9l';jeJ..:Jfo'<i! ~lJ1'<i11f1'U';j~'<i) 1 vJvh~eJ~';je)'lJ1~\9l':leJ..:J{u •1hv11 lm\91 cJ 
'I q <u 'I 

~7':lbfl~eJU bb~f1111i..:i7'U'<il1..:JfXv..:i:wri1~..:in11d (Rohde & Munz, 1991) 
" 

6'11V1{urn1Lfl~el'U bb~..:i (Hard coating) ~~JJu1..:i~rXeJ..:irn1tl'U'<ii~rXv..:i:w'1ieJ..:i11..:i (Voids) 1 mdv~~lJ 

'Llelc.J~~\91 zj.,:i-;;J~V111 vf:W~lJ'U7..:J~1~11'U:Wfl17lJ'Vl'U\91elf11':lfl\9l n';/eJ'U ( Corrosion) bbi;l~'Vl'U~el f11':l'LJ\9l~ (Wear 
' 

Resistance) mn t..:i:ff 'U fac.J f11';ji;l\9l'Uel..:J11..:J1 m d BYl~lJd~1m':lbl'V17 lm\9lcJ f11':lb ~lJ fl11lJ~1..:J l'lf1c.J1 'U bbe)~ 

1vfn'U')~\9l';Jel..:J{'U bb\91ih~vh1vfLn\9lfl11lJb~'ULbi;l~fl11lJ'Uf1~';/m (Defects) [l1c.J1mm'U (Grain) 'lJe)..:)~~lJ 
' 

';jeJ..:J{Ui;l\9li;l..:J 'UtlJVl1d~1m1mLmm\9lcJ f11':lb ~:Wfl11lJVl'U1 bb tJ'U'lJe)..:) m~ bb~lelelel'U (eJ\,l';j1~1'W'lJel..:J lelelel'W/ 

e)~\,l e)lJ~1':l bfl~ el'U) zj.,:i~1m ';j bl'\/11 lm\91 cJ 1 'U':l~'U'U bfl~ el'Ubb 'U'U eJ'U'U1i;ll'U6/J bblJ f1'U(,l';Je)'U ~u (,1 b\,l 81..:J 

(Unbalanced Magnetron Sputtering) (Rohde & Munz, 1991; Sproul, 1992) 

(a) (b) 

(Rickerby & Matthews, 1991) 

SOFT IRON 

ANNULAR 
MAGNET 

(c) 
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1t'lJ'UeJ'U'lJ7m'U61l m.mu1,11e:i'U ?f'U(,1L1,1e:i1-:i 1~fom1A\?lA'Ubb6'lt~VjlJ~bt:·.J!'Jbb'j,'j"Jb\?ll'J Window LL6'lt 

Sa wides r1{-:ibb 1n 1 'UtJ r1. f'l.1986 1\?ll'JJ-:i?teJ-:J'j,'j'lJ'J1fl11~\?li-:iLb:Wb Vl~nv1r111 'Vl\?l'Ue)-:J'Jt'U'U?f'U(,1 b\,le)1-:J 

tln~l!'U ii'7Vl1n'Yl11 Vlr111:W b 'LJ:W'UeJ-:J?l'U1:wbb:W b Vl~ n~7'U 1\71~1'UVli!-:imnVl1eJ'UeJl'Jn110 n~7'UVli1-:i bb~1 

?l'U7:Wbb:WbVl~nv1r111 'Vl\?l'<iltilir n'tl'rut 1:w?1:wm1,11 V111 V1tl1mru 1e:ie:iei'Uv1~-:i b 'LJ7'1l'UVl1eJ1t\?l:W8-:J1?1\711€M1ul!'U , 

bb'U-:Jb'U'U 3 bb'U'U ~eJr111:wb'LJ:W?l'U1:W61JeJ-:Jbb:WbVl~nv1~1'Ub'U:wlnn11~1'U'UeJn (m'j,'jv1 2-10 (a)) Vl~eirni'un'U 

(m'j,'jv1 2-10 (c)) Vl1eJ 1n~LAl'J-:Jtl'U (m'j,'jv1 2-10 (b)) 

if 1~\?lbb:WL Vl~n1,11:wm'j,'jv1 2-1 0 (a) 1e:ie:ie:i'Uv11t\?l:W8-:J1?1\711eJ-:J1'lJ'<iltilfi1~1 (e11,111ci1'U 1eiml'U/ , 

eit1,1e:i:w?111Lr1~fo'Utl1tmru 0.25 : 1) ci1'Ufl11~\?lLL:WLVl~nmmn'j,'jv1 2-10 (c) 1e:ie:ie:i'Uv11t\?l:W8-:J 

1?1\?11e:i-:ifo'<iltilfi1L ~:wmnt'U'Vl71 V151,111ci-m 1e:ie:iei'U/ e:it1,10:w?111 br1~e:i'Uilfi1?1-:it'U~eitl1tmru 2 : 1 , " 
(bte:i 1-ff m1:w ~1-:i¥1nl'J1 'lJ LbeJ?I ~1) iJ '<il'<ilU'Llilii'ni~ l'JVlm l'J mi:wv1t11 LL 'U1 A\7111'1 tltl1tl'J n1,11 off e:i ~1-:i bb 'j,'j'JVlm l'J , , , 

zj,:iiJJ-:im-ifo:wbVl~nbb'lJ'Ut:1111bb6'ltbbd-!bVl~n1Yl'Y11 '<iJ7nfl11Aff\11'UeJ-:J Musil bb6'lt Kadlec v11t'lJ'Ubr1~eJ'Uti 

eJ'U'lJ16'll'U6/l'j,'j6'J1'U1'fa:Wn'U1,11e:i'Ub~ l'J1 bb6'1 t'LJ\716'11\?l bbd-1 b Vl~ n 1 vJyJ7 2 'LJ\71 br1~el'U 1 'Vl'Vl1 b 'Ul'J:W 1 'Ll 11,11~v11tl'Jt 

b'\J7?171Lr1~eJ'lJLL6'lt1?1\711eJ-:J1'Utl1tmru 200.0 mm 1\711'.J 1 -ff m1:w~1-:i¥1nl'J1 'UbbeJ?lb 'U'U1-:J -5 ii-:i -100 V , 

eJ(,1?f7Vln11:W (Munz, 1991) , 

Vl7n'Vj'<iJ71ru1b tl~l'J'Ub vil'J'lJ"Jt'lJ'lJ?fU\,1L1,1e:i1-:iJ-:i 3 "Jt'lJ'lJ'<iJt'j,'j'lJ'J71 'Llmrihtuu?1u1,1 L1,1e:i1-:itln~l!'U 

fa~nmei'Uv1Ln\?l'<\l7nfl111e:ie:ie:i 1 'Ll61l'<ilt~-:J 1 tl~uv1m 1 'Ll\711\711'.J 1:wbMmoif ei-:inumt'lJ1'Ufl11?f'U(,1b(,1eJ1b6'll'J \?1-:Jl!'U 

L ~ e:i 1 Vl"J tu u?tiJ 1,1 L\,leJ 1-:iiltl 1 t ~'Vlfi .n 7 'j,'j:W 1 nt 'U ~ -:iii LL 'U1 fi \?lv1'<il ttJ 1 a L~ n 1,11e:i'U L V11;11 -d L -if 1:w 1-tl1 l'J 1 'Ll 

mt'U1'Ufl11?f'U(,1 b(,1eJ1zj-:J'Vl71m\?ll'J m11 off ?t'U1:W bbd-!b Vl~ n-tl1 l'J~-:J bfl\?l'Jt'U'U bb:WffW(,l'Je)'U ?f'U(,1 b(,1eJ1-:J zj,:ib 'U'Uv1 

1 off ?!'LI 1mLil b Vl~n-tl1 l'J'Vl71 VI Lfl\?lB L~ n1,11e:i'U'U1L 1 ruV1'U1r111 'Vl\?l L ~:wt'Ub ~m'<il1 n a L~ n 1,11ei'UL V16l1-d''<iltilci1'U 

-tl1 l'JV111 V1mtu1'U m1?1'U 1,1 L1,1e:i1-:ir1-:ie:i~e:i~1-:i~e:i L ~m '<il7ffeJ7'U7'<il'UeJ-:J?l'U7mL:w L Vl~ n'<ilt'Vl7 b VIB L~ n me:i'U 
" 

br1 ~ ei'Uv1 b 'U 'U'Vl1-:J 1 A-:J'Vl 11 VI bfl \71 n 1 d 1 e)e) e)'U 1 'Ll61lel t(,1 el:W bb n?I b~ el l'J?l-:Jt'U 'U e) n'<il 1 n-d ?l'U 1:W bbd-1 b Vl~ n bb6'1 t 
" 

?l'u1:w 1 Yl'Yl1tJ-:i'Vl11 V1m1 Lri~ ei'Llv1'Uei-:i BL~ n(9] 1e:i'Uv1~-:i L 'LJ7'1l'Ub u1?11'JLr1~ ei'Uili n~rut L 'U'U fl1'J'1l'UbL 'UuG/11 61 

~m ~e:i-:it1'UV111 VILfl\?lBb~ n1,11e:i'U'1l\?lv1?10-:ie:ieinm b 'Utl~mrumnt'Uzj-:J'Vl71 Vlbfl\?lfl11?f'U(,1 L1,1ei{:w1 n1,11:w 1 tl~1 l'J , 

LL~ n tJ-:i ii a L~ n 1,11e:i'U'U 1-:i ci1'U v1ii'j,'j ~ -:i-:i 11..! ?1-:izj ,:i ?11m 1ri '<il tVl6'1 \?leJ e:i n '<il1 n rl1'U 7 '<il'LJ e:i-:i?tt.!1:W Lbil L Vl~ n-d'1~zj -:J'<il t 
'U , 

~-:iL·ihV11-tr1m 1'U\?l 1\?ll'JVJ'Uvi cl'1V11u1 'U"JtU'UeJ'UU16'11'U61l LL:wnu1,11e:i'U ?1u1,1L1,101-:i l!'Ufa~n1,11e:i'U'j,'jir-:i-:i1'U~-:J 

v1Vl6'1\?leJeJn'<iJ1n?1'U1:WLbilb Vl~n'<iltrinfil'\7111~11'.J L61'ULL 1-:Jbbilb Vl~ nci1'Ubn'U'UeJ-:J"Jt'lJ'lJ wK1 Lri~e:i'Uv1L 'U'U'Vl7-:J 1fi'-:i 1 tl 
, 'U 

~1V11J11?1mei-:i-ru'Vl11 V1r111:wV1'U1Lb 'U'UmtLb?tv11?1me:i-:ifoilfi1?1-:im n n111 'U1tuu LL:wnu1,11ei'U ?f'U(,1 L\,leJ~-:i , , " 
tln~mn (tl1tmru 5.0 - 10.0 mN cm 

2 
tln~ilA11JeJl'JffJ1 1.0 mN cm 

2
) 1{7ll'J'j,'j6'J1?f:w7v1Ln\?lt'U-d'<iltil 

ci1'U~11'J 1 'Ufl11br1~eJ'UvJ~:wv1L~l'Jn11 Ion-Assisted Deposition ;-:i'<ilt 1 V1vJ~:wu1-:iv11~11'Uilr111:wVl'U1 Lb 'U'U 

?1-:Jbb6'ltiln11fil'1n~(9l~lJ1n (Munz, 1991) 
'U 
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617Vl1'Umt'U1'Ufl111bbe:JA~'l"J ?l'U\9lb\9le:J1-:J (Reactive Sputtering) :w~ v1Bt.htVJ:W (2548) 1\91e:JTI'U1c.J 

H11 b 'U'Ufl';it'U1'Ufl11?l'U\9lb\9le)1-:J~i1fl11'\Je:J'Ubbfl?tbtl5n1m (Reactive Gas) b'LJ1~1t'U'U b ~e) 1 Vlbn~ 

?111'\.htfle)'U'/J e:i-:ivM':W(,lfl bfl~e)'U'U'Ui'U-:J1'UVl;ff)?l~1e.M1'U fl11?l'U\91 b(,le:J1~i1 b 'U1?111bfl~ e)'lJ b U'U hrnt 
' 

'U1~'Vlt fac.Jfl11'\Je:J'Ubbfl?tbtli)n1c.J1 '.ilt'Vl11vfbn~?t11'lhtfle)'U~1-:J 61 '/Je:J-:Jhm~1191 b'U'U fl11'\Je:J'Ubbn?l 

1'W1ffH'.il'Ue:J1'.il'Vl11vfLn~favit1'W1\9111:11'\Je:i'Ubbn?te:itb6"/l'Vl~~'U (c2H2) vi;e:i i1b'Vl'U (cHl)) m'.iJLn~b'U'U 

?17':itl1tfle)'U'1J'e)-:) favitmTI 'U\?1 b 'U'Ulil'U 1~c.Jtlfl~fl17:IJ~'Ubbfl?t11ui]n1c.J1m-ur1e:i'U'LJ1-:J~1'.il'U 1:w b~c.J-:J'\"le)~e) 

fl1':ibn~U!Jfl1c.J11 'WM111t'Ufl~ 0~1-:J L 1n\911:Wf11~fl'U11~b~fl\911e:J'U 1 'W'l"ll;l1?1:W1~i1611'U 1 'Wfl1':imt~'UVl;e:J 1e:i 

e) e) 1 'Wsii bbn?t11 u D n1 cJ 11 vf i:1 A11:W?l 1:W 111:11 'W fl 11'V11tl!] n1 cJ 1 nu 11;,vi t L\91 ~ -:i fll 1 ?I fl 11 t'U fl~ 1~ cJ bbfl?IL 1 

ui)n1c.J1 b'U'U bbn?t1'U1\911b'.il'U (N2) e)1'.iJ11:IW11fl'Ufl'UfaVlt b'U'U 1'Vl'Vl1b'Llc.J:W (Ti) bbi1bf1~b'U'U?l11'U1tfle)'U 

L'Vl'V17b'Llc.J:W1'W1\9111?1 (TiN) 1191b'U'U 3 JmmJt ~-:id 

1. bbn?t11u5 n1m b -1imLrfo1 'U 1\911b '.il'UY11u5 n1mnue:it\9le:i:w 1 'Vl'Vl1b i1c.J:w~~1viu1 b '\J1'1Je:i-:i?111 bri~e:iu 

flmm 'U'U?111'\.J1tfle:iu L 'Vl'V17L 'Llc.J:W L 'U L\9111?1bbi11:1fl?l'U\9lb\9le:JTI vfvi1;,~e:ie:i mbi1\91 mr1~e:iu1;,-:iumL~'W1?1~1e:i-:i1u 
" ' ' 

u5n1c.J1G11'U'1bn~t'U~-:ib~e:im1:w~'U~e:icJ'1Je:i-:iLbn?111tJ5n1m 1 'W1tuui1fi1~-:i '\"lu11 1 'Um1br1~e:iu 1 'Vl'V11 

b'Llc.J:W 1 'W L\911\?l'U'U~~:w bfl~ e)'LJ~ b 'U1?111bfl~e)'LJ 611'U~i15\9111 fl11?l'U (,1 b(,le:Ji~1'.ilttl11 fl!J~~lJ'/]e),:J~'V]e),:j 1 'Vl'Vl1 

b'Llc.J:W'U1b1f1n1'U 'U11fl!]fl11ru'1L1c.Jfl11 Target Poisoning i:1e-Jl;,'V111 Vle1\9111fl11bfl~e)'Ui;,~~,:j 

2. bbfl?IL1UD fl1c.J1b 'U'Ubbfl?IL 'U 1\911b'.il'U11:W\911fl'Ue)t\9le):W L 'Vl'V11b 'Llc.J:W~l:lfl?l'U\91 b\9le:J11 'U1tVl11-:J'Vl1-:J~-:J61 
~ " " 

bb~'U1 ?l ~1 e)-:J 1'\J bbi1 (,1 fl bfl~ el'U'U'U bb~'U1 ?I ~1 e:i-:i-!u fl1t'U1'U fl11'11 'U'Vl1-:J'Vlt)~5~ e:l11Ln ~ L\911.l e) c.J:W 1 fl 

b ~eJ-:J'.il7fl?lfl11t'1l e:i-:i n11Y11tli) n1c.J1 hi b Vl:w7t?l:W\917:Wfl~e:i11-!fl~'l"IJ-:i-:i1mb1;,t 1:w b:W'U(ll:W bb~ b 'U'U 1 UL\91~ m 1 

11:w(l11'1Jm?111u1 tfle:iu'.il t bn~ 1 'W-1i1-:id 

3. bbfl?IL 1tli) f11c.J1 b 'U'Ubbfl?IL 'U 1\911b'.il'U11:W(l11 fl'U L 'Vl'V11 b 'Llc.J:W'U'U~11?1~1e:J-:J'!'UVl;e)i'U-:i1'U fl11'Vl11 

bbe)fl~'l"J ?l'U\91 b\9101-:J 1~c.Jvf 11 'llA11:W~'Ubbfl?IL 1'U!)f11cJ1~b VllJ1t?l:W~elfl11Ln~?l11'U1tfle)'LJ~lil e),:j m1i1fi1~1 

fl11'li1-:Jv1Ln~6tl'U1'Wfl111fli;,1~?1'1J11'.il b'Wfl1~'\.J1'W~-:J b 6tibbfl?t11tJ5rPfo 1/l'lJ bbfl?lb5eJcJVl11 vf-!fl~1?1.fl11~ 1fl~1 

~ ?1'1171'.il 1 ll\911 m 11;,1 L~ c.J1 fl'U -d1 cJ 1 vf 5 wa1 LA~ B'U ?t-:i:ff 'W 1'Wm1Y111 Lb e:i A ~vJ ?l'U \91 b\91 ei1-:i fY-:ii1 ~ -:i~ Iii' e:i-:i 
" 

f11'U-:Jii-:i ~eJl-111:W~'U~el c.J'/J m bbfl ?IL 1 '\.Ji) n1c.J11i1 ei-:ii1A1'\"I eJ b Vl:W 1::: fl'U fl11 bn~~~:w ?111'\.J1::: fl eJ'U~ lil e),:j fl 11 b 'U'U 

fl11bA~e:J'U?l71tl1tfleJ'U Ferroferric Oxide (Fe3O4) A11:W~'Ubbfl?leleJfl621b'.il'Wm m 'U1bbeJfl~'l"J ?l'U\9lb\9leJ1-:J 

t:1ffil1fl~ 1 'W'U1-:JA11:W~'UbbA'UlJ1fl l:11A11:W~'U~m.J'1le:J-:J bbfl?leJeJfl"ilb'.il'UlJ1fl 1 u'.il::: bn~?111'\.J1::: fle:J'U6tleJ-:J Ferric 
" 
Oxide (Fe2O3) il1ue:imn'UL'U'.iltbn~?111'U1tflel'U Ferrous Oxide (FeO) Vl~eJ~~:W'/JeJ-:JbVl~fl (Fe) 
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01;1fa -umAu 1\911v1 (AlN) L 'U'U?111th:;n0tJvh.h:; n0u:fi'Ulil 1nu1\91 2 '1.f'U~ 1~ LLriu1 \9101;1fa -uti:w (Al) 
'U q 'I 'U 

bbl;'l:;61\911 'U 1\911blil'U (N) iJLUl'U'V'l~-:J-:J1'Ufl11-:J 'Vl11 vi'?t7l.J1';ibl~~?f1';jtJ';j:;fl€)'U'1.f'U~ffi Vlb'U'U?l1'JM-:i1,11tl1'1.f'U~~i1 
' 

'1i1A1-d0-:i11-:ibbbl'U'V'l~-:i-:i1m'U'U 6.2 eV~ 300 K L~m'U'W1fl1-:Jt:-J~flLL'U'ULe!fl61l:;1n'W01;1 'UeJnlil1n'1tJ-:i?11m1bl 

~~ 1 vf erniJ L 'Utl:W 1 'W 1(9l';j(,l L 'U'Uu'Ul'U 1 vJ-W7bbl;1:; 1 -if L 'U'U?f1';i 1~0 b~fl(9l~fl Lb 'W11 Vl:W G17Vl'f'U n11tJ·rncJ mi1 '1f-:i1'U 
~ ' 

1 'WVl1-:JB b~ flVl';ieJ'U nl:i~1 '1f-:i1'ULL 'U'U el ill VI .niJ bbl;!:; f11~-:J 1 vJ-w1?1-:J L ~ €),:j"i) 1 ni1 L?I~ cJ';j.fl1'V'I L :a -:Jfl11:W-r€l'U?I ~ 
'I 'll 'U 'U 

?111M-:i1,11tl1'1.f'U~~'U 1 ~n~1 cJ 1,11081-:JL 6/l'U m1tJ~n?111LLn1;1 L~cJ:w 1 'W 1mvi ( GaN) 'V'lu-ifo~1:iJ Lu'V'l1:; 1 m~B~ 

m1Ln~tJ11fl!]fl11ru1:iJLi11fo1~L:a-:it:-J~n ( Lattice Mismatch ) ~'UBtimmL6'11tJ~'V'l'U17tJ-:JLn~.ff'U 

L zjB:W 1tl~1:;V111-:i t:-J~ m:;V111-:i GaN LL1;1:; AlN '<il7'U1'U:w7 n~1 cJ ?!:WU~ n11 L 'U'U?111M-:i 1,11,11vi11'U~6U'U 

'1.f'U~611B-:i11-:i LW'U'V'l~-:i-:i1'U\911 -:J6UeJ-:J B:;1;1iJ L 'UcJ:W 1 'W 11911v1Y111 Vlblfl L~B n 1-if L 'U'U?111G11V1fo n11tJ1:; cJ n 1911-if L 'lJ'U 
~ ~ ' 

1?1~BBtJ1191fo~flV]';ie)'Ufl?11 'U81'Ufl11:W~e)l;1(9l';i7111m~Vl (UV) bbl;1:;tJ,:J'V'l'lJ11?11:w7'JbltJ'J:;cJ n\911 '1f?111'11 'W 
' ' 

m1?1-r1-:i"ilmL?l~-:Jt:-Jl;1'1.f'U~LL 'lf'l';j?f'\..!1:W 1 'U87'Ufl17:W~~~~1cJ (T ungasmita, 2001) 

?!11th:; fleJ'UeJ:; 1;1fa 'U cJ:l.J 1 'U 1mv1bl fl'V'l'U11i11fl'J ~ ?l,r7-:Jt:-J ~ fleJ 81-:J'U eJ cJ 3 1tJ LL 'U'U 1~ LL fl 1fl 1 ~?I -r1 ~ 
~ ~ ~ 

LL 'U'U Lt1n61ldmlmL 'U'Ub 1 B1\91161l~ (Wurtzite) ~'V'l'U'<il7'U1'Wm n fa1-:i?1-r1~1;1 nu11"1n LL 'U'U6/l~flb'Ul;'l'Uvl 
~ 

(Zinc Blende) LL1;1:; 1fl1-:J?l,r1,:i1;1 flll11'1fl LL 'U'U 1Bfl6/l€ll;1~ (Rock Salt) \91-:J.fl1'V'I~ 2-11 fl11:wLL\9lfl~1-:Jfl'U 1 'U 
~ 

1fl1-:i?1-r1-:ie-.i~n~-:i 3 1tJLLtJ'U ?i-:it:-J1;11 VJLfl~fl17:wLL\9ln~1-:i 1 'U?1:wu~vi1-:i1 vJ-w1 LL1;1:;fl11mL~-:iL:a-:in1;1 1m-:i?1-r1-:i 
~ 

LL'U'U6/l-:Jflb'Ul;'l'Uvl L'U'U?111~i1-d0d1-:iLLbl'U'V'l~-:i~1'ULL'U'U indirect iJA1~1tJ1:;mru 5.1 eV LL~i1fl17:wLL~~?I~ 
~ 

1fl ';j ,:j ?1-r 1-:J Lb 'U'U 1B fl6/J e) l;1 ~ L 'U 'U 1fl ';j ,:j ?1-r1 -:i~i1 fl11 :W \91'U ?I ,:j ?11'U 1fl ';j ,:j ?1-r1-:i Lb 'U'U 61),:j fl L 'U l;'l 'U vi bl n 'V'l'U 1~ cJ 1 n 
~ ~ 

(a) (b) (c) 

(a) Wurtzite AlN (b) Zinc Blende AlN (c) Rock Salt AlN 
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Oliveira, Massi, Santos, Otani, Maciel, and Mansano (2001) l(9lb\i'l~eJ'UeJrdkwm.Au11911iiu'U 
" 

Lb~ 'U; ~ f1 eJ'U ( P-T ypesilicon) fa cJ 15~ Lb eJ f1 ~h'l ~; bb:W f1 'W 191 ':i eJ'U ?IU 191 b\91 eJ 1-:i 1 'W 'U ':i ':i cl 7 f11 l"l'U eJ -:i Lb fl ?I e-J ?I :w 

';i~Vl11-:J l 'U 1(,lWiJ'Ubb'1~eJ11f1eJ'U b ~e)fjf1'\.oJ1e-J'1'Ue:J-:Jf11'j1 vfr111:w½'eJ'Ubbflbb~'U;~f1e)'U bb'1~ e)(,l';i1611'U'UeJ-:Jbbfl?I 

e-J?f:W lil7f1f11'J1bf1':i1~~(911cJ XRD ~'U11'Ulil~mr-:i?leJ-:J:We-J'11?1eJ 1r11-:1?1½'1-.:i'UeJ-:Jvl6'1:W f11'jbf1~e)'U 1\718 l:W 1 Vlf111:W 

1eJ'U 1(9lvl6'1:w~i11r11-:1?111-:i e)~ ill:01'U bb'1 ~e-J ~ f1 b~e)1 bf1':i1~~vl6'i":w~1r11-:1?111-:i b U'Ue-J~ f11711 cl XRD ~'U11 ,,., 

1-:i~LimLumoif:wmn~:w:w 20 = 33° zj-:ie:i11i!LU'U1-:i~Lic11Lu'Wli!1m~'U1u (loo) ~i11~c1~':i~Vl11-:i1~mu 
' 

d 100= 2.69 x 1 o 
10 

1-:i~Lim Lum oif:wmn~:w:wi1LL?l\71-:J 1vfL~'U111r11-:1?1½'1-:ii1r111mU'U':i~L'UcJU?l-:1 1,11-:i1i11n 
' " 

vJi;i:w~bU'U e)~illJj1'Uzj-:J~'U1-:J~b'LJ:W~e) I fl'U~Vlmm-j:W f11'jbf1~eJ'U1\71cJ1.lfl'U1(,l';ibli!'U 60% ~½'e:i:wnu1vf 

0 ' ' 

r111:w1e:imLnLL~'U;~ ne:i'U (e:iru'Vl.nil 200 C) 1(9lvli;i:wvi1r11-:1?1½'1-:i L U'U':i~L ti c1u?1-:i LL'1~ L U'Ue-J~ nmnn11vl6'i":wvi 
' " " 

l\711i!1f1f11'jbf1~e)'U 1\7181:w 1 Vlf111:W1e)'U~e)(,l';i1611'U'Ue)-:J 1 'U 1(,l';ibli!'Ub~cl'Jfl'U 

Zhans et al. (2005) ?l'U11i!f11':iD';i~~f1(,l1'Ue:i~fa'WcJ:Wl'Ul\,l';iiibU'U.fr'U';ie)-:J:'U1'Uf11';ii;'\½'1-:i~tlmru 

l'vJ'V11 n1J-:i bb'1 ~f111:W~ ?1-:J bb'1 ~ 1J\"l 'U15 ~ bbeJA~'\Al ~; bb:W f1'W(,l':ieJ'U?l'U \,l b\91 eJ1-:J bf1~eJ'UeJ6'lfa 'WcJ:W'U'U6/J~ f1eJ'U 
" " 

1~mu (111) LL'1~ ':i~'Ul'U ( 100) 1\71cJ Hr\'1J-:im1r11c1tl1~1i11?11-:in'W li!7f1'LJeJ:W"1 XRD ~u11V16'1:W'U'U6/J~f1eJ'U 
' " 

(111) tl':i1f1!]cJeJ\71'UeJ-:11-:J~bicJ1b'U'Uli!lf1';i~'U1'U (002) cJeJ\71i1:Wf11 FWHM 'UeJcJf111cJeJ\71~l\711i!7f1';i~'U1'U 

b~cl1fl'U'UeJ-:J~i;i:w'U'U6/J~f1eJ'U (100) b~eJ1bf1':i7~~Jm.'.:lru~m':ii'Wl711cJ FTIR (Fourier Transform Infrared 

Spectroscopy) ~u11r111mfl'U'UeJ-:i~i;i:w~ LA~ eJ'U'U'U6/J~ f1eJ'U'J~'U7'U (111) i1fi1if eJcJ n11vli;i:w'U'U6/J~ f1eJ'U 

( 1 oo) fi1r111:w Lfl'Wi1L U'Ue-J "11il 1 n r111m oif 1n'U 1~1171':i~Vl11-:i 1r11-:ie-J~ n'Ue:i-:ivli;imL"1~1 ?I \71':ieJ-:J fo LL"1~ ~'U11 
' 

Venkataraj, Severin, Drese, Koerfer, and Wuttis (2006) 1J\"li1B ~Lrnr1~'\Al ~; bb:Wf1'W\91':ieJ'U 

?fU\9lb\,leJ1-:J Lf1~eJ'UeJ"1fa'Wm.J 1 'W 1(,l1iiu'U6/J~ne:i'U':i~'U1u ( 100) LL'1~LLn1 1\71mLtl1fi1eYm11 VlmLn?l1 'W 1(,1':iblil'U 
" 

1 'U6/h-:i o ii-:i 8 seem LL'1~ 1n~1r111:wv1'U'Uill~Lr1~e:iu H~ 8 x 10·
3 

mbar 1\71cJtJcie:imLn?lm1ne:imoif11 tJ 

'U\71 b 'UcJ\711cJeJ\9l'j11 Vl'1~ b'Vl:w1~?fil lil1f1b '\llf1'Uf1 RBS ~'U11~6'1:!J~l(911iJ1 f1 f11'jbf1~e)'\J~e)(,l'j1f11':il Vl(l'Ue)-:J 

1 'U 1mLli!'U 4. 7 5 sccm:W~\71611'W'UeJ-:Ju1\9lbU'U Al1 N1 LL'1~1il7f1'LJeJil'1 XRD ~u11vl6'i"m~iiLU'We-J~f1~eJ\91':i7 l Vl"1 
' " 

~-:Jbb\?l 4.75 sccm~'U1tl lil1f1f11':i1bf1':i1~~ ?lb'LJf1(,l1:!Jf11'j61-:J~1'Ubb?l-:J bb'1~15 Ellipsomtry ~'U11 

~~ileJ"1fa 'WcJiJ 1 'U 11911~i1fi1~'U'Llim Vl'UeJ-:J Lb?f-:J~r111iic111r1~t! 533 nm tJ1~mru 1. 9 
" 
Fi1:;ueroa, Salas, and Osesuera (2005) 1i1B~bbeJr1~'VJ~;bbilf1'LlmeJ'U?IU\,lb\91eJ1-:Jbf1~eJ'U 

eJ'1:U b 'WcJil1 t11\,l ':i ~'Ut! eJ '1 :U b 'LI !'Ji! eJ '1 '1 eW (7076-T6) ~';i eJ-:1:t! 1711 !'J~~ ii~ bb\91f11?11-:J flt! ?f 7:!J'U'U\71 ~ eJ 
" " 

~~ii 1mL:WcJil ~~ii 1 'Vl'\111 b 'W!'Jil bb'1~~6'1:!JeJ6'1fa 'WcJ:!J b ~eJf1f1'l.oJ1e-J'1'UeJ-:Jf111il~'U'Uill~bf1~eJ'Ubb'1~'U'U\71'UeJ-:J 
" 

~~me:i-:i:t!lil1f1f17':i~-:Jbf1\,l\711 cJ \,llb Uci1~'U11f17':i':ie:J-:J:'U\711 !'J 1 'Vl'\111 b 'W!'Jil bb'1~eJ6'liJ b 'W!'Jil'l/111 Vl~~ileJ6'liJ b 'W!'Jil 
" " 

l 'U l\91 ';iV)~V) bf11~ 1~~ f111'HFl:'U~1 cJ bf11 b:U c.J:W fll~ \!1\?l'U11-:J'LJ€l-:Ivrtl~1'LJ€l-:IVkh.JufllJL 'Llc.J:l.J 1 'Ll 1(,l 'j(,lvi1~'il7 n 
'U 
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'I 

SEM bb?ll?l-:J 1 ~\ ih.J11~6"1:w~1~ffifl1-:i?111-:i dJ'UfleJJirutJeJl?lbL Vl6'1:WfliK1tJ 11?1m1tJ-:J(,11 tl'U?lm LL uufh:i z 1 LLl;'lt 

ZT ~6"1:w~1 'ti'Jel-:J:'Un(;.Jl;'I \,le) fl11L1c.J-:J(,11d fleJJ:W'LI'Uel-:J~f1:Well;'lfa 'Wc.J:W 1 'U 1\911~~Lfl~el'\JU'UYlf1meJ-:i:'U 
'IJ 

eJl;'jfa utJm~tJ-:i (111V!'U7 LL 'Ll'U (1fl1-:i?111-:i LL 'UU ZT) n11fleJJ:w1.1'UeJ-:JYlf1:w~ Lfl~ eJ'U'U'UYlf1:w1m:'U 1m dfo:w 
'IJ 

LLl;'lt 1 'Vl'Vl7L utJ:w (1fl1-:i?111-:iLL 'UU Zl) LL6'lt tJ-:J'WU17fl11Lfl~eJ'UU'UYlf1mm:m mh<Qlh7n!] bfl1-:i?111-:1.ff 'U 

'UB-:JfleJJ:wtl ( Columnar-Layered) zj,:i L 'U'U 1fl1-:J?l11-:J~1:iJu11 f1!) Lnel Lfl~ el'\J'\J'UflJt':il n LL6'lti'U'Uel-:JfleJJ:wtl 

d.ff 'U?ll?l'Vl7c.JV!'U7~?11?1 n1"Wci1tJ~7'UU'U':il7n SEM LL?ll?l-:J 1 VIL ~'UJ m~rute'.hii1eJ tJ'U'U1U fl~-:i1-:inl;'l:wzj,:i Lfl1?1':i11n 
't 't 'lJ 'lJ 

fl eJ J:w 'LI'U 1-:i fl eJ J:w tl n 11 L 1 c.J-:J (1111 'U1 t'U 7'U ( 002) 'U'U 7 l?l'UeJ-:i 1 eJ tJ'U 'U dL vi:w \917 :w fl 11:w (ii''U'U rut Lfl ~ eJu 
'IJ 

L1c.J'\Jf117Lfl~el'U~fl11:W(i\''U?l-:J ?ILUfl\911:W XRD 
'IJ 

?leJ(Ylfl~el-:Jtl'U bfl1-:J?l17-:Je.J~ mL U'U Wurtzite LL6'lt LL?ll?l-:J 1 VIL ~'U17L 'U'Ue.J~ n~ L~c.J-:J(,11 LL U'\Je.J?l:WAeJL~cJ-:Jel c.Jb 'U 
'IJ 

1t'U1'\J (101) ( 100) LLl;'lt (002) ';it'U1'\JLV!i;l1diii1?1?11'U'Wel I tl'U 1:wii1t'U1'\J 11?1L\91'U'lil?l i1?1?11'U'Uel-:11t'U7'U 

L V11;11<QL u ~ c.J'U \917:W fl17:W (i\''U'U rut Lfl~el'U m Ufl \911il XRD 'UeJ-:JYlf1:w~ Lfl~ eJU ~1 tJ fl17:W (i\''U?l-:J ( 0.8x 10-
3 

'IJ 

Moreira, Doi, Souza, and Diniz (2010) 1Ji'Lfl~el'Uell;'lfoUtJ:W1'U1\911~'\J'U61l~f1el'U1t'U7'\J (100) bl?lc.J 
'IJ 

1i'15 ~LLeJfl~'V'J ~; LL:Wf1U\911eJ'U ?l'U\91L\91eJ~-:i1'U'U11cJ1fl1f'l'UeJ-:JLLf1?1e.J?l:W1tV!17-:J 1'Ub\911L':il'U n'UmineJ'U 

'W'\Jl 1 ?11:w7';itl Lfl~ mJ1 VI Lfl\?1~6"1:Well;'l:W L 'Uc.J:!J';it'U 1'U ( 002) ~n~1Vlc.J 1'\JU e) cJ fa cJ fl1'\Jfl:Wfl11:W L "LJ:W'Ue)-:J LLtl ?I 
'IJ ' 

1 'U b\911L ':il'ULLl;'ltfl7~-:J~L 'U1LL6'lt?17m1mfl~B'U~f1:w~ii~ n1srut L 'li'U<Q1Ji' L ~1 ~-:i 70 nm/min 'UBf1':il7 ndt1-:i'Wu 

B n11 n11 L vi:w n1~-:i~ L u1'V111VIn111 'U 1\911~e1~:D Lu c.J:w 1:w?l:w\l 1ru (u11 nn L vJ?1'UeJ-:ie1~:D L utJ:w 1 'U?I Lu fl\911:w 

XRD 'UB-:Jvlf1:W) 

Auger, Vazquez, Jergel, Sanchez, and Albella (2006) 1m-if15 1LLBfl~'V'J ~61! LL:Wf1U\911B'U 

?l'U\91L\91eJ~-:i Lfl~BUB6'lfa Uc.J:W 1 'U 1\911~l;'l-:J'\J'U615~ f1B'U1t'U1'U (100) ~B\91J1fl11Lfl~eJ'U 5 nm/min b(Ylc.J 1 'ti 
'IJ 

nmLfl~Bum'U 1:wL'Vl7fl'U m Ufl\911:w XRD LL?11?1-:i1 V1L~'U11Ylf1:wJ-:iV1:w1?1~1~'11nrn1Lfl~eJuL 'U'Ue.J~nVlmtJ 

';it'U1'\J (Polycrystalline) Lnm17fl1fl11:WV!c.J7'\J (J" ':iJ7f)"LJe):W6'1 AFM LLl;'\~ nm 1 'Uf111Lfl~e)'\J:lJ11Lfl11~~ 
'IJ 

"Wu11 fl17:WV! tJ7'Uiifl11:wi1':wvl'U nu L 16'17?1eJ-:JbL uu AB 1 'U'1i1-:i nmL~mfl~eJ'U ':iltltl-:J'U TVl~ 40 m1:wV1mu 

LL u1eY'U\911-:Jfl'\J nm m Ufl\911:W XRD 'Ue)-:J~f1:w~1~':i11f1 f11'j Lfl~ e}'\J 1'U'li1-:i nmdLL?l\?1-:J 1 VIL ~'U11 L~:wn1~'U1'U 

(002) 11.J'li1-:inl;'l1V1~-:i 40 'UTVJ':il'U~-:imvi~ 200 fl17:WV!cJ1u~1i:w'YT'U5tl'UL1m1mLu'U~hlLtl'ULii-:iLi'UAeJ 

crat 
O 37 

mufl\91-r:w XRD 'UeJ-:JYlf1:w~1~':il7f1fl11Lfl~BU 1'U'li1-:inmdLL?l1?1-:i1 VIL ~'U171~'U7'U (002) Lvi:wmn~'U 

(< 40 'U7Vl) LD'Ufl11b\91LL'UU1:WL?!~c.J';j fl11:WV!c.J1'UL~:W~'UL~1f1111'U'li1-:JL1611Vl~-:J (> 40 'U7Vl) zj-:JLD'Ufl11b\91 

LL uu L?I~ m ~ n'tfru~'UeJ-:im 11 \91~ n1;111:wTdiifl11:w L zje1:w 1tJ-:inu m 1:w Ltl'Ue..J~ f1'UeJ-:J~ ~:w 

Khoshman and Kordesch (2005) ~f1'tf7f1111(Y1LL6'l~fl111Lfl17~~fl7fl-:J~'Vl7-:JLL?!-:JLL6'1~1"Wmhi 

'Ue)-:J~f)lJ'\J7-:Je)6'li:Jb 'Wc.J:W 1 'W 1m~~n1fl1-:J6'!{1-:i LL '\J'UBiru~7'U (a-AlN) ~Lfl~eJ'UJi'1cJ15 mirn'V'J 1 LLe)fl~'V'J 
'IJ "' 
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I 

' ' 
Ellipsometric spectra vim1:wm1r1~'U 300 - 1400 nm hmHf Cauchy-Urbach Model '<il7nfl1".i 

'Yl\91'1eJ-:J'v'lU\91'1l'W'Vlmvtbb'1:::~m_b:::~Y1im1l'l'lJ?lru'Ue1-:i1AlJ:wiiri1e1cJ1'U-ii1-:i 1.80 - 2.11 bb'1::: 8.6 x 10-
3 

- 1.5 
"., " 

bb'1U'v'li-:i-:i1'U'UeJ-:J1AlJ:wu1-:i~J'.i1m-:i?117-:Jbb'lJ'lJ a-AlN JJf11b'V!1fl'lJ 5.84 ± 0.05 eV '<il7n:W:Wfl1".i?l:::'VleJ'Ubb?l-:J 
' 

'UeJ-:i P-Polarized B'Um'U:W:W Brewster b vi1nu 61 ° bb'1::::w:wvtJ m vi1nu 64 ° n7".i1 \91flru?l:wu~1 'v'll;17 bi 
'I q 'I 'I 

'v'l'lJ11JJf11 n 1 ".i61-:Jt-l1'U bb?l-:J ?1-:J bbl;1 :::\911'1 n~'U bb?l-:J~1:W1 n 1 'U6ll1-:J bb?l-:J~\911:We)-:J b ~'U bbl;1::: B'U'VJ 1 b ".il'l 1ni1 i1Vlf 'lJ 
" " 

1AlJ:w~fimn 

Lee, Placido, Cochran, and Kirk (2002) f1n't'f11AlJ:wU1-:JeJ'1fo 'WcJ:W 1 'U 1\91".i~~bfl~eJ'lJ'lJ'Un".i:::'<iln~ 
" 

b'U'U1?1l'l".ieJ-:Jfo(,11cJ15 m1Le:i'VJ bb:wn-wme:i'U ?l'U\91b\91eJ~-:i zj,:iJ:i".i:::'U1u (002) ?1-:J '<iJ1nn111Lm1:::~(,11cJ XRD 
' " 

bb?l\91-:J 1vi\~'U111AlJ:wu1-:ie:i6jfo 'WcJ:W1 'U 1\91".i~".i:::'Ul'lJ (002) Preferred Orientation 6'11'U".i:::mut'U I b~:W 

bnl'l(t!b~e)1AlJ:w~bfl~e)'lJ1(,1JJfl11:WV!'U1b~:W('U rh~:wii1:::'U1ut'U I bnl'l('U Jn't'fru:::Y1'U~1'Ue)-:J c-axis 

Texture 'UeJ-:i1AlJ:w'lJ7-:JeJl;1i3b'WcJ:W 1 'U 1\91".i~lbfl".i7:::~(,11cJ SEM ri1~mb:::~'Vli'Ue:i-:i d33 1AlJ:wu1-:ie:il;1fo 'WcJ:W 1 'U 
" " 

1m~1\91Ll'lcJ1.ff Piezoresponse Microscopy Ll'lcJJJf17b'Vl7fl'lJ 15 : 08 pm/V 

Joo, Kim, Kim, and Kim (2000) 1AlJ:wm-:ie:il;1fo'WcJ:W1'U1\91".i~~bfl~eJUU'U SiO2/Si ~b'U'Ul?l\91 
" ' 

".ieJ-:Jf'lJ(,11cJ15 m1Le:i'VJ bb:Wn'W\91".ieJ'U ?l'U\91b\91eJ~-:i ~nf1n't'f7(,11cJbfl~eJ-:i Spectroscopic Ellipsometry (SE) 
.., 

\91'1l'W'VlnL V!bbl;1:::fl17:WV!'U7 bb\916'1:::'tl'U~ n1 bfl".i7:::~'<il7n Spectroscopic Ellipsometry (,11 cJ Multi-Layer 

Model bbl;1::: Effective Medium Approximation zj,:ib 'U'Un7".ilbfl".i7:::~bb uu 1jj'Vl7mcJi'U1AlJ:w'Ue:i-:i1AlJ:w~ 

JJV!6l1cJi'U ~JJf111:WV!'U1".i11lbbi1mnn,:i 2.5 µm \91'1l'W'Vlnb W1.leJ-:J1AlJ:wu1-:JeJ'1fo 'WcJ:W 1 'U 1\91".i~eJcJ'1 'U6ll1-:J'Ue)-:J 
" " 

1. 98 - 2.15 zj,:ib 'U'Ur11i1vtf'lJ1AlJ:we:i6jfo'WcJ:W 1'lJ 1\91".i~~J'.i1fl".i-:J?l17-:Jbb 'lJ'lJ Polycrystalline 'VeJ~".i:::V!17-:Ji:-J'1 

'UeJ-:J Spectroscopic Ellipsometry nu XRD, AFM, bb6'l::: SEM b~cJ1fl'lJ Lfl".i-:J?1{1-:i r111:WV!cJ7'lJ~1 bbl;1::: 

fl17:WV!t!1"tm-:i1AlJ:w ~n~t!tJ'U(,11cJbfl~eJ-:i Spectroscopic Ellipsometry 

Shukla and Khare (2008) fin't'f7fl17:W~:W~t!15'UeJ-:Jfl17:W\9l'U'UeJ-:Jbbfl?l1 'U L\91".ib'<il'U\>leJ 1r11-:i?1{1-:ii:-J~n 

bb'1 :::iu~1'U e:i-:i1AlJ:wu 7-:JeJ'1i3b'Wm.11 'U 1\91 ".i~~ bf!~ eJ'lJ(,11 cJ15 Pulsed Laser fa cJ 1-ff b U7 eJ l;1D b 'WcJ:W 1 'U 
" " 

'lJ".i".icJ1n71"1bbfl?l1'UL\91".ib'<il'U ~e:iruvt.niJvfo-:i 1AlJ:w~bfl~B'lJ1(,11bfl".i7:::~(,11cJ AFM, SEM, XRD, bb'1::: FTIR 
' " 

i1vtfofin't'f1 fa1-:i?1{ 7-:Jbbl;1:::J n't'fru:::i'U~1'UeJ-:i1AlJ:w '<il7ni:-J6'ln7".i1~ cJ'v'lu11~r111:wl'l'Ubbn?11 'U L\91".ib'<il'U~-:i 1 

1AlJ:wu1-:i B6jfo 'W cJ:w 1 'U 1\91 ".i~'lleJ'lJ~'<il::: Ln\91".i:::'U 1u (1 o 1) 1 'U'Uru:::~m1:wl'lmLn?11 'U L\91 ".i b '<il'Ll ~1 1 1AlJ:wm-:i 

eJ6'lfo'WcJ:W 1 'Ll 1\91".i~'lle)'lJ~'<il:::bn\91".i:::'Ul'lJ (002) e)~l-:ibn\917:W PL Spectra 'UeJ-:J1AlJ:wu1-:ie:i6'lfo 'WcJ:w 1 'U 1\91".i~~ 
" " 

bfl~eJ'lJ~1cJ15 Pulsed 

1'LlL\91'Jb'<il'UiJi:-J6'l\918 FTIR Spectra "l.leJ-:iyj~:w'lJ7-:J8~fo'WcJ:W1'U1\91".i~ "l.leJ-:Jbb~-:Jbb'lJ'lJ single-phase ~eJ\91".i11Vl6'l 

bbn?l1'UL\91".ib'<il'U1'U6ll1-:J 2-7 seem bb'1:::bfl\91b'VJ?I i:-J?l:W"/Je)-:J (Ti,Zr) bbl;'l::: TiZr ~eJ\91".i11vtmbf1?11'UL\91".ib'<il'U 

b'V!lfl'lJ 1 seem "l.l'Ull'l"l.leJ-:Jbn".i'U1.JeJcJn11 20 nm r111mb~-:Jb~:wt'Ll1mh-:i 35.5 n-:i 37.5 GPa bb'1:::bb?l\91-:J 

Preferred Orientation ~".i:::'Ul'lJ (111) 
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I 
Cl 

'U'Vl'VI 3 

elG'lfo 'UtJJJ 1 'W hr;i\?1 (2) 611'Wm11 lr111:;~l n'l'.1ru::;mvn:;6LJel-:ivJ~m.J1-:ielG'lfouvJJ 1 'W 11,11\?1 i111vG'l:;lBtJ~l'1-:id 
~ ~ 

1. 6'11'Wf111l1,11tJJJvJ~mn-:ielG'lfauvJJ 1 'W 11,11\?1 
~ 

el el f1 ll 'U'U ll6'1:; ~ ½' 1-:it'W 1~ tJ ,x el-:i,J ii '\J~ f1111 ~ tJ 'V'-J G'l 1 ~ JJ 1 G'l 1Vl,r'U l'VI tJ 11'11 ~ 1,1 {:'W ~ 1 il 1 fll'/J 1vJ ~ f1 J 
r1ru::;1 'VI v 1P11 ~ 1,1 { JJVl71'VI ml tJ'U 1m 

~ 

1.2.1 l1.J7~11lfl~el'Ul'U'Wl'U1el6'1fo'UtJJJ 5Jfl11JJ'U~~'Vlt 99.99 % 
~ ' 

1.2.2 -fo~1el-:J,r'U (Substrate) i1 2 '/J'U~flel 
' 

- fl';i:;li:Jml~'Wl1tJ'U 6'11Vlfo'Vl~~el'Uf111lfl~el'U 

- ll~'W6/l~ f1el'W 6'11V1fo 1 -UV11ln'l'.1ru:;luV-J1:;6LJel-:ivJ~JJ'U1-:i 

1.2.3 llfl~ (Gas) th:;f1el'Ul>l1mln~ 2 '/J'U~flel 

- llll~el11f1el'Wfl11JJ'U~~'Vli 99 .999% 1il'U'Wllll~~'U\91l\91eJ{ (Sputtered Gas) 

- lln~1'W11,11llil'Wfl11JJ'U~~'Vli 99.995% lil'U'Wllll~bi.JlJn~m (Reactive Gas) 

2. 611'Wm11 lr111::;~l n'l'.1ru:;luV-J1::;,0-:ivJ~JJ'U1-:Jel6'1fo 'UtJJJ 1 'W 11,11\?1 
~ 

2.1 X-Ray Diffractrometer 6'11Vl,r'UPin'l'.111r11-:i?111-:i~~rnrn-:ivJ~JJ'U1-:ieJ~fatim..11'W1m~~ 

lfl~eJ'U 11>1 -:J1'W1~c.Jffi-Ulfl~B-:J X-Ray Diffractrometer i'W Rint 2000 (Rigaku Corporation) 

2.2 Atomic Force Microscope 6'11Vl,r'UPin'l'.11ln'l'.1ru:;:'W~1ll6'1:;r111JJV1'W76LJeJ-:ivJ~JJ'U1-:i 

B~:wl'UtJJJ1'W11,11\?1~lfl~B'U11>1 -:i1'U1~v-Q1ilfl~B-:i Atomic Force Microscope i'W Nanoscope IV 

(Veeco Instruments Inc.) 

2.3 Spectrophotometer 6'11Vl,r'U'r~r11m1ci-:i~1'Wll?f,!11'W"1h-:i 200-2500 nm ,!11'W1~c.Jdli]::;1-u 

lfl~B-:i Spectrophotometer 1'W UV-VIS-NIR 3100 (Shimadzu Co., Ltd) 
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611l1nvm~:u~ :UVl11'VIV1~V'U':i'W1, 
q ~ 

cj r.:I 

~.bb~'W56l.l eJ.b:Uel~ v.~6't'U1 20131 
3.2 bfl~e).:jbfl~e)'U:W~ll'U1.:i1~'U'U ~bbBfl~'W ~~ 61U\?lb\?le:Ji.:i 

vJ ~ :W eJ 6'1 iJ b 'W El :W 1 'W 1\>11 \911 'W -:J 1 'W 1 ~ El ,Q b\>11 El :W '<il 1 fl bfl 1 eJ -:J b fl~ eJ'U 1 ~ 'U'U ~ 6li f5 'W 'U 16'11'W eij bb:W fl 'W l>l 1 eJ'W 
'\J 

ffU\>lb\>leJ~-:i (.fl7'V-l~ 3-1 bb6'1~ 3-2) Ji'1mV1r1ur1 1bbeJfl~'V'l ?l'U\>lb\>le:i~-:i "8-:ibtl'Wm~'U1'WflTH\>11c.1:w.fl1c.11111 

?1m1~?1ruru1mf'l ~-:i,!'W b ~e:i 1 vfvl~:w'U1-:i~1Ji'i1flrum'V-l bb6'1~?1:wu~\>11:w~111e:i-:im1 '<il~\11e:i-:i6'1~m1:w~'Wmt.11 'W 
<j V V <j 

' ~ 

(Coating Parts) 'IJ-:ii111t.16'1~bBEl~~,:i{1 

1. i1'W'ilei-:i1~uu?1ruru1mf'l 'lh~ne:i'UJi'1c.1 vfe:i-:ibfl~e:iuV11-:im~ue:in'Vl7'<il1fl ?fb(,)'Wb6'1?1 i1'1lm~bi'W 
S V V 

eJ1'Wf'l'W~nm-:i 310.0 mm ?1-:J 370.0 mm 1~UUbfl1e1-:i?1u?1ruru1mf'l'ileJ-:Jbfl1e:i-:ibfl~e:lUl.b~ne:iu~hc.1 
'\f 'U '\J 't V V 

bfl 1 e:l-:J ?IU bb U U bb 'V-l 11 e:l bb U 'U 1~'\J 1 El fl11:W1 e:l'W Ji'1 t.1tl 1 bb6'1 ~ jj bfl 1 eJ-:J ?l'U fl6'1 L 1(,) 11 b 'U'W bfl1 e:l-:J ?IU'Vl1 El 6'11V!1U 
'\J '\J '\J 

bb'UUVh1'W 1'W TPR010 bb6'1~Vl11~bb'U'Ub'V-l'W'U-:J1'W IKR0S0 
' ' 

2. i1'W'1Je),:j'j~'\J'Ubfl~e)'U b 'U'Wi1'W 1 'Wfl11(,)1EJ:wvl~:WU1-:Je)6'1iJb'WEJ:W 1 'W 1(,)1(91 tb~ne:iuJi'1c.1 bb:Wfl'U(,) 
'\J 

1e:l'Wfl11'v1~ 2 vf1 'U'W7~bi'WeJ7f'l'W~n1;n-:i 54.0 mm 1~'U1c.1r111:w1e:i'UJi'1c.1J1~~~-:Jbth1'Vl'Vl7b'WEIJJ 
'\J 

(99. 97%) ~fl1 L 'VI~ 'V-l1eJJJ.fl7fl~1c.11 'V'l-w1bb 1 -:i?l-:im~ bb?lm-:i .fl7fl~1c.1r111:w~1-:ifi'nc.11 'Ubbe:l?I 1-ubbn?1m1ne:i'W 
'\J 

fl11:wu~?1'Vli?1-:i (99. 999%) b 'U'Wbbfl?l?f'U(,) b(,) 011-ubbn?le:ie:i n61l b '<il'Wr111:wu~?1'VIB?1-:i (99. 999%) b 'U'W bbn?f 11 
'I 'U 'I 'U 

1.JlJn~t.11 6'11V!1Ufl11~1EI bbfl?le:l11fle:l'Wbb6'1~bbfl?leJeJfl61Jb'<il'W 1 'Wm~U1'Wfl11bfl~e:l'U'<il~fl1Uffl.JJi'1 El Mass Flow 

Controller 'Ue:l-:J MKS type24 7D 

t<l V.:\cuum purnp system 

L1r1ba=am::ed r,lagnetron 
Cuthode 

.... Tmg,:H 

.-· Substrnte 

.. __ Subs fl ol~ I 1older 

.fl1'V-lvi 3-1 br1ie:i-:ibfl~eJ'U1'.J?1ruru1n1f'lJ~'U'U ~; .fl1'1/-l~ 3-2 1~e:i~bbflJ:WbflieJ-:ibfl~elU1'W?1ruru1fl1f'1 
qvv civv 

bb:Wfl'U(,)1eJ'W ?f'U(,)b(,)eJ~-:J mm 'W-:JTU1~EI 1~'\JU?f'U(,)b(,)eJ~-:Jm 'Ub 'Ll-'.11'W1~EI 

1530. l/-t¥r 

~ j'.r+ r, 

(D. 1 
338307 
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fl11bfl~8uyjJ:w 1 'Wil1'1J'U:::?1ruru1m¥1~1 cl15?1'U\?l b\?18~-:i -.J1b 'U'U~1e.J-:i1;w1r111:w\?l'U 1 'Wvf 8-:i bfl~8'U 1 vf 8 clb 'U 
'l V V 'U 

d v v -3 -5 d 
?1m1:::~t1jt1)1fl1¥1'Vl1:::t,1'U~t1)t1)1fl1¥1~-:i (High Vacuum) fl11:Wt,1'Uth:::mru 10 - 10 mbar b'W86'lt,1 

fl11'U'Ub~8'U"U8-:iyjJ:w~ bfl~ 8'U 1~ b ~ 8,:J'<i]1 fl m1r1-:ifi'1-:i"U8-:i bbn?11 'Wm'1J'U:::?1ruru1rn¥1 (Residual Gas) bt,1cl 
S V V 

Pump) Vl'4'UV1~-:i~1mr1~€l-:i~'Ufl6'1 b1\?171 (Rotary Pump) ~~m 'U7fl'Uil1'1l'U:::~qiqi 7fl7¥11?11clV1€lbbf1~:W 

11J1r11ur1:wfl11ut,1-b1Jt,1\?1,:i bb?!t,1-:i 11.Jm'W~ 3-3 bt,1 cl 1 'U\?JB'U~'U'<i]::: 1 if bfl~8-:i?lu flf111m1b ~Bfi t,1 m1:w\?l'U 1 'U 
' ~ 

Jl1'1l'U:::?1ruru1rn¥1'.i)7flfl11:W\91'U'U11cl1fl7m 'U'Ur111:W\?l'U~1,J1:::mru 10 
2 

m bar '<i]7m!'U~-:i 1 if bfl~B-:i?lu bb uu 
'l V V \I 

bb'W11B6'lt,1fl17:W\91'U~mnfl 10-
2 

mbar 1vf8clb'U·th-:im1:w\?l'U 10-
5 

mbar 
~ 

,_, ,_, 

J 1Vl1'u 6/J'U \?l 8'U fl 11?1 { 1-:i n 11::: ?I ru ru 1 fl 1 ¥1i1 \91 -:i-u 
S V V 

1. \?111'.i)b~m1J1mnu (Vlmmfi"l.l 9) 

(Vl:lJ1clb6'l"U 10) 1vfeJclb'U?!Jl1'W1Jt,!i,:)'jlj:lJt,j 

' ,_, 
176'l'J'Vl1cl (Vl:lJ1clb6'l"U 11) bbfi :::11 J1 ?I ru ru1 fl1¥1?1 -:i 

q CU V 'lJ 

~ 

2. bUt,1?11'Vl"ll'\ll~fl b~e)~1cl1~vh1vfbbn1:::uu~1,:i I "Ue)-:)bfl~e),:) b6t1'U 1:::'U'lJ')t,)fl17:W\91'Ubbl;'l::: 

1:::uumu~iim1v'i1-:i1'U"UeJ-:i1:::uubr1~eJ-:i~'U~t1Jt1J7fl1¥1 b'U'U~'U Vl~-:i'<i]1m!mut,1?11'Vl"ll Rotary b~B 1 vf 

bfl~8-:i?luflf1 h\?111 (Vli11m1;,"U 7) v'i1-:i1'U 
~ 

bfl~e),:J?l'Uflfi bd\?111?1'Ue.l1fl7¥188fl'<i)1flbfl~8,:J?l'Ubb 'U'Ubb'W118 ('\ll:!J1clb6'l"U 6) '<i)'Ufl11:W\91'U 1 'l.Jbfl~e),:J?l'U bb 'U'U bb 'W1 
'U 'IJ 'U 'U 

1B b~Bel7'U'<i)1flvl11-ubfl'<i) (V!ii1m1;,"U 4) :Wf1TW8clfl17 10-
2 

mbar zj,:ibU'Ufl11:W\91'U~bfl~B-:i?l'Ubb'U'Ubb'W11B 
~ 

?11:w11riv'i1-:i1'U 1~ 'W{8:wi-:i b1Jt,1?11'Vl"ll Diffusion b ~81 Vl\i11Vl1fl11:W{8'U"U8-:i bfl~B-:i?l'Ubb 'U'Ubb 'W11Bv'i1-:i11.J 
~ 

b'U'Ufl71b~:W~:wt11~'U 1itJ1:::mru 20 'UTvi 

4. 1:::V!17,:Jfl71~:!Jl11~'U'W1'1?lt,!1e),:)11J~~8-:)fl71bfl~e)'U11-:i 1 'Wil1'1l'U:::?1ruru1 fl7¥1 bt,!cl nB'U17,:J1?lt,1 
'I '\ V V 'l 

18-:i ~u ~ 8-:i\?111 '.\) r111:w \?l'U 1 'W n 7'1J'U::: ?I ru ru1 fl 1 ¥1 ff-:ir1-:i B ~1 'W ?1.n11::: b 'U'U ?I ru ru1 fl1 ¥1V!~81ii l11 ff -:i b U'U 
'l V V \I 'I V V 

?IUJUJ1fl7¥1r1V11fl7'jbtJt,1'.l1J1tJl;'imJ b ~81 Vle.J1fllmi1?1Jl16/J'U:::?1ruru1fl1¥1 '<i)'Ufl17:Wtii''U 1 'Llil16/J'U:::?1ruru1 fl7¥1 
,vv 'U ,vv ,vv 

b vh nu m1:W\91'U'lJ1'j cl 1 fl7¥1 V!~-:i'<i]1 rn}'Uv\'1 fll'j b t)t,1~1r118U.fl16/J'U:::?1ruru1rn¥18 8 fl tl 11 ?I \91'j8-:i~u~ ~ 8-:i m d 
'IV V 'I 

bfl~8'U 1 'U11,:) 1Jt,!~1fld8'Ubbi;,:::Dm1J1u6'l8cl 1 Vl?l'U'Vl 

5. ?1{1-:i?1.n11 :::?I ruru1rn¥1·~\.1~'U 1 'L!Jl16/J'U:::?1ruru1 fl7¥1 bt,1 cl 1 ibr1~8-:i?1u flfi b 1\?171 bt,1clfl11Ut,111J1 
'I V V "IV V 'U 

-vi'1 cl bb~l b Dm1J1m.11rn vi81 Vlbfl~8-:i?lu fl6'l 11m~?1u 81 fl1¥188fl'<i]1 flil 16/J'U:::?I ru ru1 rn¥1 '<i)'Llfl11:W\?l'U 1 'W 
'lJ \J 'I V V 

~ . -2 d , v v v , v 

.n16/J'U:::?1 ruru1 m\31 :wmtJ 1:::inru 1 0 mbar b:W8 81'Ufl11:Wt,1'U'<i]1 fl:lJ1\?J'j1 t,1m1:w 1'1'Ubb 'U'U6/J1-:i m1-:i 
S V V 

(V!:lJ1clbi;,"U 3) 
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' ., 
6. biJeJ~:W'U1iJ'U'1'Url'f\J 20 'UTvi Vl7n1'H'!{1-:i?t.fl11~?1UHU1f11f"l?f-:J 1'Ll.fl1'1l'U~?IQJUJ1f11f"1 \?l'W 

"I V V 'U q V IV 

bfl~el-:J?!Ubb'IJ'Ubb'W11ei 1~1:.JtJm1J1vm1u bblK1btJ~11J1vh1:.J Vl'1-:J'11m!mtJm1~1?1ruUJ1f11f'l?f,:j b~ei1 vf 
'U "I V V \I 

bfl~e],:j~'IJ bb 'IJ'IJ bb -w-:i1ei~'Uel1f11f"leleln'17n.fl1'1J'U~~qjqj1f11f"lb ~eJV11fl11:W\9l'U 1 'Ll.fl1'1l'U~~qjqj1f11f'l1 vf 0~'1 'U 

1~~u?tm1~?1ruru1n1f"l?f-:i Vl~eJeJ!:.Jb 'U'li1-:i 10 
5 

- 1 o 6 
mbar 

'I V V '\J '\J 

b lJ 
13,}-----+!< « » > 

Water cooling system 

1. J71'1l'W~~(1!(1!1fl11'1 (Vacuum Chamber) 

3. :!J1()1'J'1vlfl11:IJ~'WLL'U'UL'l"l'Wi1~ (Penning Gauge) 

5. :!J1()111vlfl11:1Jlil'WLL'U'U~1TW (Pirani Gauge) 

7. Lfl~el~?l'UflG'l b()17~ (Rotary Pump) 
'U 

9. 11~1VlcJ1'U (Roughing Valve) 

11. 11~TVl1!:J (Backing Valve) 

13. LL'U\'1LvJG'l (Baffle) 

.c=J . 

.,:o CJ 6 

TPG 300 Pressure Gauge 

2. Vl'W7~1~ (Window) 

Control pump system 

\ Rotary Diffusion Cooling\ 
: Switch Switch Switch l 

1_.o·········o········o···! 

4. mmi'v1m1:1J~'WLL'U'UVhTw (Pirani Gauge) 

6. Lfl~€1~~'ULL'U'ULL'l"l~1B (Diffusion Pump) 

8. 11J1tJ~BcJ (Vent Valve) 

10. 11~1~(1!(1!1fl11'1~~ (High Vacuum Valve) 

12. 11J1tJ~BcJ (Vent Valve) 
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., 
3.4 "ll'W~e1imTHfl~eJu~i=h.1u1.:i 

' .., ' 
1. fl1';i?1{1~?1.f11'lt~qJ1fl1f'l : b~lJ'<il1mhr?!~':ieN'~\J (substrage) Vl1el~'l.!~1'Wvi~el~fl1':ibfl~€1U 

b i1vf0~ bfl~fflJ 1~c.111~u'l.!bb viu11~tm1uzj~?11m':it1tlfu':it!'.ltvh~'tlel~1?1~':iel~fo 1 vfvi1~':iJ1 flVl'U1 b u1 
' 

?17':ibfl~elU (d 5 t) 1Ji'M1:l.J~el~fl1':i b~€l'l.!6lJM bM€11:l.J1tJ~':itVl11~1?1~':i€1~fu bb6'1~b 'U7?11':ibfl~€1U ':iJ1fl1.!'l.!b 'U'W 
' 

fl1':i?l~7~?1ml~~qjqJ1fl1f'lb~c.l 6'1~fl11:l.J(el'W.f11c.11'Llvfmbfl~elU1mJi'fl11:l.J(el'U~'W (Pb) b'Vl1flU SxlO 
5 

mbar 

2. fl7'J'Yl1fl17:l.J?l~€17~Vl'U7 b 'U1 .ff 'W'i:h~ b'U'W fl1':i'Yl7 pre-sputtering Vl'U7 b 'U7?f 7'Jbfl~€1U 1 'W 

U':i':icJ1fl1f'lbbn?tm1fl€1'l.! b ~0'Yl1m1:J.J?1~€11~Vl'U1 b u1n€l'Wfl1':ibfl~€1U':iJ ~~ 1~ c.11 'W.ff ud':iJ~tJ~iM bMelTI 1 b ~€1 

1:J.J 1 Vl?ll':ibfl~€1u~ml~elelfl':iJ1flVl'U1b 'U1'tlt\Jt'Vl1 pre-sputtering 1ib1mtl':itmru 5 mvi 

3. fl1':ibfl~ elUvl1fou1~ : .ff 'W'l1b 'U'l.!fl1':ibfl~€1Ut'l.!~1'l.!M1:l.J~~ €1~fl1';j m cJVltr~ fl1'J'Yl1fl11:l.J?lt €11~ 

Vl'U1b 'U11~!'.lfll':i pre-sputtering bbil 1~m~:J.J':iJ1 fl fl1':izj1!'.lbbfl?f€111flel'l.!bb6'1~ bbn?l 1 'W bM':ib ':iJ'Wb 'LJ1Vl€1~ bfl~€1U 

b ~eJ'Vl1fl1 'Jbfl~ e)'l.J 1 u.ff ui1Vl1 fl~ el~ fl1';jfll'l.J fJ:l.Jfl11:l.J(el'U';i1:l.J'tlt\Jt bf!~ €JU (Pt) ?11:l.J1':itl'Vl11J\1~ c.l fll':itlfu 

11J1?1tlJilllfllf'l?l~'t1€1~ bfl~el~ bfl~el'l.J b ~el b ~:l.JVl1€1'1~eJM'J1 fl1':i?IU't1€1~ bfl~el~?IU b ~€11 mJ\'m1:J.J(el'U Ml:l.J 
't V V '\J '\J <tJ 

~€1~fl1'J (tlfl~fl1Vl'W~ 1 Vlb'Vl1flU Sxl 0·
3 

mbar) ':iJ1m!'U~~zj1c.1 h1-l~1 bb ':i~?l~fl':itbb?IM':i~ 1Vlbbf1fl11 'Vl~ b ~€1 
" 

fl';j~'l.Jl'W fl1':ibfl~ elU 1~ !'.I fl1':i bb tl':if11 fl';jt bb?!Vl1elfl11:l.J~1~fl flc.11 'W~1~zj 1 c.11 vf bbf1fl1 b 'Vl ~ zj~?f1:l.J1':itlfl1Ufl:l.J 
' 

m~bb?f 1 'W~11 Vlfl~~ Vl1€1flflcJ1 'W~11 Vlfl~~n1J\'tunrn10u 16111 'l.!fl1':i'Vl~'1€1~) b~€1fl11:l.J~1~fl flffi 'W~1~zj1c.1 

1 vf m 1 'Vl~ bb'1~mtbb?lfl1 b 'Vl~~-r~ hi11h tl~ c.1mbtl6'1~ ~~ b~:J.Jfll':ibfl~€1uvlJ:J.Ju1~ famtJ~iM bMel1~tJ~V1-u1 

b 'U1?11':i bfl~elU elel fl b ~m~:J.J fl':it'l.Jl'l.! fl1';j bfl~ mJ1'Jl;l:l.J'1~U'W1?1~':iel~-r u -w{ el:l.JU'l.!vi flf11fl':it bb?t1 'W~1 (I) 
' 

A1flflcJ1'W~1 (V) bb'1~f11fl11:l.J(el'l.!'J1:l.J (Pt) 6Vt\Jtbfl~€1U Vltr~b?f1':iJi'Wm~Ul'l.!fl1':ibfl~elUvl~:J.JM1:l.J 

':i~ c.lt b 16'11~fl1Vl'W~ (t) tJ\91 bb Vl'1~zj1c.1 \ '\l'l~1 bb ':i~?f ~fl'J~bb?IM'J~ 1Jl9lfl1T'il1!'.lbbfl?fm 'tibfl~elU bbiltl'1 el!'.lel1fl1f'l 
" 

b 'LJ1Jl1'11'l.!t?f ruru1 mf'l b 'Wel'W71 ?f \91 ':iel~fo€1€1fl 
't V V '\ 

4. fl1 ':i1 bfl':i1~Vlvl~:l.J U1 ~ b n el~ ~'l.! : .frudb 'U'W'W 1i'W~ 1'l.!~ bfl~ eJUbbii'l el el fl':i} 1 flbfl ~el~ bfl~ eltJ bbii'l 

~ ':iJ 1 ':i ru 1 f( fl 'l:<J-t\J t '\111 ~ fl 1 !'.I .171 'W bb 6'1 t ~ 'ti €1 ~ vJ J :l.J ~ b fl~ eJ U \ Ji' Ji' 1 !'.IM 1 b 'lJ '11 f1 el 'l.! 6'l ~ \ 'lJ 1 b fl ':i 1 t '!ti b ~ el Vl 1 

trmtru~bu-W1~J\'1u~u1 ~el1tl 
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3.5 bb'U'J'Vl1.:JnTi'Vl~6'leJ.:J 

fl1cJ 1\9i\imi 1 "1)~1-'.I 1 ~11 rn!t1°t11vJJ:wa~:ikumJ 1 ti 1M1\?l~ I.A~B'U 1~ 'U1 l.r111~v1~ fl~ru~l.u'Vfl~'Vl1-'.lfl7cJfl1'\i'j 

1.1.fl~Pi fl~1?1:wu&i'Vl1-:i1.1.?1-:i"1JeJ-:ivJJ:w'U1-:ieJfl:iJ 1. ilcJ:w 1 ti 1mii'l1-:i~i~ cJ 1~1.1. tl-:im1'Vl~fla-:iaafl 1. tJti 3 m1'Vl~fla-:i 
" " 

fl7'a'Vlfl'1eJ-:J~ 1 fl71f'ifl~1e-.Jfl"1Jel~eJM171 Vlfll.l.f1'f1 ti1MWil'LI 

11Pltl'I.J'a~6'1-:Jfl I. ~BVl1eJM111 Vlfl 1.1.fl?l1 'LI 1M1 I. '\l'U~I. Vl:w1~?1:Wi:11Vl'fo l.r1~B'UvJJ:w'U1~Bfl:lJL 'UcJ:W 1 'U 1M1\?7 
' " 

1. m11.\e11cJ:wvJJ:w'lJ1~eJ~failcJ:w 1 'Ll 1\911\?l~eJ\91':il 1 Vlm1.n?11 'Ll 1\9111.'ll'U~l~ 1 .fr'U\e1eJ'Ud1.1Jt1m11.r1~eJ'lJ 

vJ J :W'I.J 7~ elf! :iJ I. 'LI cJ:W 1 ti 1M 1\?l'U'LI fl1~ '\l fl?l1fl \?l I.I.fl~ 1.1.~'U"ll~ fl B'U 1~ cJ fl 11 I.I. 'lJ 1 fl 1 eJ M 111 Vlfl I.I. fl?l1 'LI 1\911 I. '\l'U 1 'Ll 
" 

'11~ih1cJf1~1.BcJ~~~\,1111~~ 3-1 

2. m111.m1 ~v,~ fl~ru~ l.u'Vj1~'Vl1~ mcJfl 1TI"1leJ~vlJ:w'lJ 1~a fl fa ii t.1:w 1 'Ll 1\911il.fr'U \91 eJ'Ud1. 'U'U m1tT1 

1.'IJ1?1111.r1~B'U 

1?1meJ~·fo 
' ., 

\-111:W~'Ll~'U (mbar) 

n1~~1vJvh (watt) 

1~cJ~1~V111~1.u1?1111.r1~eJ'Ut1~1?1~1a~-r'lJ (cm) 
' 

8\91111 Vlfll.1.fl?IB11flB'U (seem) 

eJ\91111 Vlfl 1.1.n?11 'LI 1\9111.'ll'U (seem) 

1.1m1.r1iiB'U (min) 

" 

Bfl:lJL'UcJ:W (99.97%) 
" 

m~'llrn:11r;1efi 1.1.r;1~1.1.~'U'll~flelt1 

5.0 X 10-S 

125 

10 

15 

5, 10, 15 

120 
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n11'V1~6le1.:ivi 2 m1~mrn-Jl;'l'Vel-:Jr111:wV1tn 

11P1ot.h~1;1.:ifi b Yiel~fl1j7t:-.Jl;'l'Vel-:im1:wV1tn\?lel 1r1J-:i61{1-:i'Vel-:ivJ~:w'U1-:1ell;'lfa'Ucm 1 'W 1(,]'j~ . ~ 

1. fn'jb(,]~c.J:wvJ~:wu1-:im1:ih-uc.J:w 1 'U 1(,]'j~~ nm\?11-:1 ., .fr'U(,] el'Udvu'Um'jbf1~el'UvJ~:w'U1-:ie:il;'lih -uv:w 
~ I ~ 

1 'W 1(,]'j~'lJ'Um~'<il n611l;'I~ bbl;'!~ bb~'U-5~ nel'U 1vi cJ fn'j bb thri1m1:wV1'U1'<i11n b 1m bf1~ el'U b vi el~ fl1j7A17:WVltn\?l el 

1f1'j-:J61{1-:i bbl;'! ~?l:W1.J~Vl1-:J bb?l-:J'V el-:!Vi~:W'U 1-:Jell;'lfa 'Uc.J:W b 'U b(,] J~zj,:ilj'j1 c.)l;'I ~ b B t.l vi#i'-:i (,]1'j1-:J~ 3-2 
~ 

2. n1 J1 bf1'j7 ~viJ n'trru~ bu'V-11 ~V11-:i n1 c.J.n 7'\'-l'Vel-:JVi~ :W'U 7-:Jell;'I ii b -u c.J:W 1 'W 1(,1 J~.fj'U (,] e:i'U db tl'U n 1 J'U 1 
~ 

yj~:w'U1-:i ell;'lii b 'Uc.J:W 1 'U b(,]'j ~~ bf1~ el'U 1JJ:w1~ n'tr11A'j-:J?f {1-:it:-.1~ n 'V'U7 vi t:-.1~ nri1r1-:i~ bbl;'!(,] viGIJ r111:wV1'U1 bbl;'!~ 
~ 

b 'IJ1?11'j bf1~el'U 

1?f\91'jel-:J1'U 
' 

r111:w#i''U~'U (mbar) 

n1~-:i1vlvh (watt) 

J~ c.)~'j~Vl11-:J b '\J1?17J bf)~ elU fi-:11?1 \91 'jel-:Jfo ( cm) 

Bm11 V1mbn?tm1 nel'U (seem) 

eJ(,]'j71 Vlmbn?t1 'U 1(,]'jb'<iJ'U (seem) 

b1l;'l1bf1~elU (min) 

' 

ell;'lfa'Uc.J:W(99.99%) 
~ 

m~'<iln?t1i;'!~ bbl;'l~bb~'U-E~nel'U 

5.0 X 10-S 

145 

10 

15 

5 

30, 60, 90, 120 

m1~ n'tr7?1:W'\J~'\ll1-:i bb~-:i bbl;'!~ bbfl'\J'V-1~ -:i-:i7'U'UtJ-:ivJ~m.n-:ie:il;'lil b -uc.1:w 1 'Ll 1(,11~ .fr'U(,] e:i'Ud1u ~ b 'U'U m1tl1 
~ 

Vii:w'U1-:iel1;1i1 b "Uc.J:W 1 'U 1(,]'j~~ bf1~ el'U'U m~'1 n?l1l;'I~ '17 nmw1v1l;'lel-:J~ 2 hJ1viri1mJ~-:i~1mb?t-:iJJ'1 mri~el-:i 
~ 
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I .c:I 
UVIVI 4 

Bt,111~TU'lleNLLfl'1v11mJ'Ufl-:J~L vi1nu 15 seem LLi;l~LL'thr110t,1111 vmLLn'11 'U 1mL~'UL vi1nu 5 seem, 

10 seem LLi;l~ 15 seem ml.l~1#i'u ~rnn11Pin~1~1'Ui1,.h~nau~1cJ 1m-:i1;1{1-:i~ifo 6U'U1~~~n fl1fl-:J~ 

LLi;lt,1'Vl61l fl11lJVl'U1 LLi;l~~n~ru~~'U~16Uv-:i~JlJu1-:ivi;lfa 'UcJlJ 1 'U 1t,11~ zj,:ii,~i;l#i'-:id 
" 

1. ~m;ru::V11•-rn1v111-w"tla.:ivhh.1u1.:im~ihilm.Jl-u1vi';i~ ., 
~JlJ'lJ1.:leJ'jfa'UcJlJ 1 'U 1\,l';i~~Lfl~eJ'U 1~~1flfl11LL U1fl10t,1111 VlmLn'11 'U 1\,l1L~'U~1.:I 1 b~eJG1.:lbfl\,l 

~1cJt,11b tJ~1~u11il~n~ru~ 1'1tJ'U~tl1mmiv'LI '1.:J~1'ULL'1.:J 1~~ #i'-:iLL'1~.:i 1 'LI111~~ 4-1 

m~vi 4-1 ~n~ru~6Ua.:ivhfou1.:iai;lfa'UcJlJ 1 'LI 1m~u'Um~~na1'1~~Jt,1111 Vl'1LLn'11 'LI1t,11b~'U~1.:i 1 
" 

(a) 5 seem, (b) 10 seem, LLi;l~ (e) 15 seem 
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~bfl~el'U'U1Jbbe-hi8~rn:l'Ll bvl clbb thf11e)\91j11tlJ6'1 bbn?t1 'Ll 11il'H'<il'Ll ~1-:J 1 l"l'U11l'lJ:w~ bfl~el'U~l cJe)(,lj1 hrn 

bbn?t1'Ll11il1b'<il'LlbVl111'U 5 seem ihubb'U'Un11bicJ1b'U'Ll,r.:J~beJn6/l~:W:W 33.24°, 37.96° bb6'1t 59.39° zj.:l\il1.:I 
'IJ ' 

f1'lJj'LJbb 'U'U n11 bi ell b'U'Ll-r.:i~beJn6/l'/.JeJ.:1?11Tl.htneJ'UelillJb 'UITTJ 1 'Ll 11ilj\?1 (mlil 1:01'Ll JCPDS 66'1'/.J~ 65-3409) 
" 'IJ "' 

~mr11.:i?1{1.:ie-.i~mb'U'Ubem"1Jdn'UeJ6'1 (Hexagonal) ~jt'Ll1'U (100), (101), bb6'1t (110) \il1:WJ1ii'u 1~cl~ 

1tmu ( 1 oo) :01'Ll~r1:uJn~rut bbfl'U bb6'1t:wr111:w b 'V:W'/.JB.:im1bi ell b'U'Ll-r.:i~ bBn6/l?l.:J?I~ ~.:idb~BeJ\il111 vm 
"' 'IJ ' 

bbn?t1 'Ll 11il1b'<il'Llb ~mD'Ll 10 seem r111mDt1e-.i~n'I.Jml'l~:w6'1~6'1.:J bb6'1tb'U~cJ'Llb'lJ'Ll 1r11.:i?1{1.:Jbb 'U'UeJ~ru:01'U 
"' 

(Amorphous) bljeJe)\ilj11 Vlmbn?t1 'Ll 1\911b'<il'LlbV1111'U 15 seem l"l'U17l'lJ:w~bfl~el'U 1~mm.:i?1{1.:ie-.i~mb 'U'U 

el~ill:01'Ll ?!eJ~flieJ.:inu.:i1t11'<ilcJ'/.Jel.:J Moreira et al. (2010) zj.:Jbfl~eJ'UYlJ:wrn.:ieJ6'1:wb'LlcJ:W1'Ll11il11?1b~eJ1-1i' 
"' 'IJ 

eJ\il 111 Vl6'1 bbn ?11 'Ll 11il 1 b '<il'Ll ~ 1.:1 1 bbi1l"l'U11eJ\il111 Vl6'1 bbfl?f 1'Ll1\911 b '<il'Ll:Ue-J 6'1 ~ el 1r11.:i ?111.:le-J ~ n 1~ cl Khanna 

and Bhat (2007) bb6'1t Clement et al. (2003) B5'U1cJ171r11.:i?111.:ie-J~n'l.lml'lJ:wm.:iB6'1:wb'LlcJ:W1'Ll1\9111?1 
'IJ 

'LleJn'<iJ1nt'Lln'Ub1eJ'Ll 1 'I.J~1 m 'Lln11bfl~el'Ubbi1cJ.:lt'Lln'Ul"l1111Jb\ilel{611Aqj 3 'LJjtn11 AB ( 1) tJ1mrubbn?! 

1 'Ll 1\911b'<il'Ll 1 'Llmt'U1'Lln11bfl~el'U (2) 1tcJt'Vl1.:J1tVl11.:11?!~1el.:11'Utl'U b 'U1?111bfl~el'U bb6'1t (3) l"l~.:J.:11'Llbb6'1t 
' 

tJ1m ru'/.JB.:J?!U lil blil B~BB B'Ll 

£' 
U) 
C 
<I) -C 

20 

(100) (101) 

25 30 35 40 45 50 55 

2 Theta (deg.) 

(110) (112) 

N2 flow rate 

5sccm 

10 seem 

15 seem 

Si 

60 65 70 75 80 
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e-.i~ mL 'U'U rnfl'llt bfltl BG'l r11A-:i~ LLG'l \9l'Vl'116/J e:i-:ivJ6'1:wu1-:ie:iG'lii d1 m.J 1 tl 1mlY1 vn 1(,1~ 7 fl?tm fl7j r11tJ1 ruV11 
~ ~ 

jtc.Jtv11-:J1tVl11-:JjttJ1'U t:-J~ fl 1 tJjt'IJ'U t:-J~ fl~ffiflj-:J?f{1-:i Lb 'U'U bflfl6/lt 1flt!e)l;'l L~mJ1mmr11f1-:J~ bbG'l\9l'Vl'IJ'V'l'U 

11vJ6'1:W'U1-:Je) G'lli b'tfo:w 1 'U 1\91 j\Y) ~ bfl~ B'UJh cJ e)(,) j11 Vil;, bbn?f 1 'U b\91 j b ~m V11 fl'U 5 seem iJ r11fl-:JVl bbl;l (,)'V]'IJ 
~ 

' ' 
LV17fl'U a = 3.112 A LLG'lt e = 5.103 A 6/l-:J\9lj-:J\917:W:lJ1\9lj~7tl JCPDS LG'l6/J'Vl 65-3409 'IIB-:JvJ6'1:W'U7-:J ... 

e:i1;1fa1fo:w 1 'U 1mlY1 ~bfl~e)'IJ(,l'Jc.Je)(,)j71 Vil;, bbn?t1 'U b\9ljb~'U~ 10 seem bbl;'lt 15 seem hJ?t7:lJ1jtlfl1'U1tUVl1 
~ 

r11A-:i~ LLG'l\9l'Vl'111\97L ~m~1 flvJ6'1:wm-:i e:i1;1fa uc.J:w 1 tl 1\9ljlY1ffiflj-:J?f { 1-:ie-.i~mL uue:ilru~1tl (\917j7-:J~ 4-1) 
~ ... 

?11V11''U'1Jtl 7(Ylt:-J~ fl6/J e:i-:ivJ6'1:W'U7-:J BG'lfa Uc.J:W 1 tl 1mlY1 "li-:ir11tJ1 ru~7fl?f:W fl1j'1J€J-:J Seherrer 'V'l'U17 
~ 

vJ6'1:W'U 1-:J em fa u c.J:1.J 1 'U 1\91 j\Yl ~ bfl ~ e)'IJ(,11 cJ B \91 j11 V!l;'1 bbfl ?t1 'U bm b ~'U b VI 1 fl'U 5 seem lJ'1Jtl1 (Yl t:-J ~ fl 
~ 

b V11 fl'U 34 nm ~1'UvJ6'1:W'U1-:J€lG'lfa Uc.J:W 1 'U 1(,)j(Y) ~ bfl~ e)'IJ(,11 c.)e)(,)j11 V!Glbbn?t1 'U b\911 b ~'U~ 10 seem bbl;'l t 
~ 

15seem hJ ?f 1:W 1 jt) fl 1'U1 tUVl16/J'U 1 (Yjt:-J ~ fl 1(,1 b ~ €)-:)~ 1 flvJ 6'1 :W'U 1-:J e) G1 ii bu c.J:W 1 'U 1\91 j(Y)mfl j-:J ?f ¥1-:i t:-J ~ fl 
~ 

Lb 'U'UBlru311tJ v1-:Jbb?f (Yl-:J1 'U\911j1-:J~ 4-2 b~€l-:J~1fl b~e)B\91111 VIG'l bbn?t1 'U 1(,)jb~tlb Y1:wtm111ihtc.Jt'Ul;le)(Yl 

fl1j'1JtJLu~cJ (Mean Free Path) mc.J1t!1t'U'IJG'l(Y]G'l-:J "li-:i~-:ie-.iG'l1'1X'V'l~-:J-:J7tl6/J€l-:J€lt\91€l:W6/J€l-:J?f7jbf1~€l'IJG'l(Y]G'l-:J 

L ~e:i-:i~ 1 fl Ln (Yl fl1j'1JtJ flt! rie:itJ \91 fl Lfl~ e:i'U vh 1 'IX'V'I ~-:i-:i1tJ6/J€l-:J e:i t \91 e:i:w'1J e:i-:i ?f 7j LA~ e:iu~mi'i-:i1 ?t (Ylj€J-:J foG'l (Y]G'l-:J ~ tl 

JCPDS (65-3409) 

5 seem 

10 seem 

15 seem 

eYm11 'Vliudfo1 'U b9l';ib~'U (seem) 

5 

10 

15 

a <A> 

3.110 

3.112 

0.245 

6ll'U1~t:-J~fl (nm) 

e (A) 

4.975 

5.103 

' 

Crystallite size (nm) 

34 
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3. f111:wviu1bbl;l~liln'liw~~uth6Ue:i,,!J~i:wtJ1,,!Je:ir;1ih ilEJ:w 1 u 1vi-a~ 
'IJ 

[11'\l'I~ 4-3 bb?l~-:J~fi'ljtl.Jt:'U~1bb'\J'U 2 iJ~ bbl;'lt 3 iJ~ 'Ue.J-:Jl'Ji:wernfoifo:w1'W1\ilj\?lbA~e.l'\J~ 
" 

e)\il'J11 V!6'lbbf1?11 'W 11'1Wil'U~1-:J 1 1u1m VlA'Ufl AFM 'W'U17l'Ji:wu1-:ie.16Jfo'WfJ:J.J 1 'W 11'1j\>1~bA~e.l'Uvl1t.Je)\ilj11 m, 

bbn?l 1 'U 1\il'Jblil'Ub 'Vl1fl'\J 5 seem bm'UiJ~ fi'ljtl.Jtrle.l'U'U1-:Jbb Vl6'l:W'Ut'U'Ufl'U'Ue.l-:Jbm'U'U'U1~ b~ nbb6'lt 1 Vlt1Jf1';itlil1 tJ 

vi'1 ~1Vl'U7l'Ji:w 1~ t.JiJ'U1-:J 611'!.Jj'J:J.Jb 'U'U n~:w Ae.l'U'U1-:J 1 V!ill brie.Je)\ilj11 Vlmbn?l1 'U 1\iljb lil'Ub yj;w b 'U'U 10 seem 
q V 

bn 1'Uil~ f1'ljtl.Jt n6'l :W:W'U'U'U 1 ~ b~ n 1n i1 bA tJ -:i n'U n 'Jt 1u 1 t.Jv1'1 ~1Vlif 1l'Ji:w G11V!-ru m 1:wV1'U 1 bb6'l t r111:wV1 tJ 1u e11 

'Ue.J-:Jl'J~:!J'\J1-:Je.J6'lfa 'Llt.J:W 1 'U 11'1'J\?l 'W'U11 brie.JeJ\il'J11 Vl6lbbf1?11 'U 11'1'Jblil'Ub ~:!Jt'U1u1n 5 seem b'U'U 15 seem 
'\J 

W~:W~bA~e.l'U 1v1ilr111:1JV!'U7 bb6'ltA17:!JVltJ7'Ue'.116'l~6'l-:Jlil7n 610 nm L U'U 485 nm LL6'lt 2.5 nm L U'U 1.1 

nm \i17:!J1;'17(il'IJ (il-:JLL?l~-:J 1 'W\i17'J7-:J~ 4-3 

A11:!JV!'U1bbl;'lt~ fi'ljtl.Jt:'U~1'Ue.J-:Jl'Ji:w 1u1m VlA'UA AFM 'Ue.J-:Jl'Ji:wu1-:ie.16'lfo 'Llt.J:W 1 'W 1\ilj\?] bA~e.l'\J 
'\J 

~eJ\il'J11 Vl6lbbf1?11 'U 1\il'Jblil'U\911-:J 1 'W'U11Lrie.JeJ\i1111 Vl6lbbf1?11 'U 11'1jbliJ'Ubyj:Wt'Ulil7n 5 seem b'U'U 15 seem 

l'Ji:w~1v1ilm1:1JV!'U7 LL6'ltA17:W'VltJ7'\J~16'l~lil7f1 610 nm L'U'U 485 nm LL6'lt 2.5 nm b'U'U 1.1 nm 

\i11:W1;'11(91'\J zj-:J?le.l~Afle.l-:Jfl'U-:11'Ul~t.J'Ue.l-:J Moreira et al. (2010) zj-:J'W'U11Lrimyj:weYm11 VlmLn?lh.J 1\iljbliJ'U 

?l-:Je11'Ue:Ml'J~:w~ LA~ e.l'\J 1v1il~ f1'ljtl.Jtb1t.J'\Jt'U b ~e.l-:Jlil1 ne'.11'Ue.J-:JW~:wilr111:1JV!t.J 1'U ~1m f1 Ii) t Ln~ bri e) 1 'tleJ\il'J1 
'\J 

1 Vl6'l Lbn?l1 'U 1\il'Jblil'Uif e.Jt.J b 'W'J1t?l'U\ilb\ile.J1e.Jt\ile.l:W'/J'Ufl'U'Ue.lt.J6'l-:J 

6'11'U~eJ\ilj71 mrnlfo1 'U 11Pl'Jblil'Ub'Vl7fl'U 5 seem l'Ji:wilri1m1:WV!'U7bb6'ltA17:!JV!t.J1'U~1mn~?I~ 
' 

b ~e.l-:Jlil1 n Lrie.1 bbn?l1 'U 1\iljb lil'U 1 'W jt'LJ'\J b ~:wt'U\i11:W fi1j b yj:!J e)\?] 'J11 V!l;'l Lbn?l1!'U b U'Ut:.J 6'l 1 vf eJ\ilj1 n11?1'U \i1 b\il e) 1 

'Ue.1-:ib u1?11';ibr1~e.1u6'l~6'l-:izj-:i61-:it:.J 611 vf r111:wV1'U 1wi:w6'l~6'l-:im:w 1 u v11 tJ 'Urut b~ 81 n'U m1:wV1mu e11'1Je.1-:i~i:w 

6'l~6'l-:J\i11:We1\il'J11 Vll;'l bbn?l1 'U 1\il'Jblil'U~byj:!Jt'U b~e.l-:Jlil7mrie.11'tleJ\i1111 Vll;'l bbrl?l1 'U 11'1'Jblil'U 1 'Wmt'U1'Un7'JbA~e.l'\J 

~11utilt:.JffV111vf51'111bA~e.l'\J (Deposition Rate) ilri1?1-:it'U zj,:i61,:Jt:.Jl;'l1vf?l7'JbA~e.l'U (AlN) ~-:J'/J'U~1Vl'U11?1~ 
'\J ' 

'Je.1-:1-ru LL6'lt'V'ld:w1,11b 'U'Ui'W'Ue.J-:Jl'Ji:wu1-:1V1'U'Vl b 'U'Ut:.J6'l 1 vf~1Vlif 1~i:wilm1:wV1t.J1'U~1?1-:i (Ra = 2.5 nm) 
'\J 

bb\91 brie.J 1 'tleJ \?l 'J11 Vl61bbrl?l1 'U mt'U1'Un7'Jbfl~e.l'U?l-:Jt'U Iii t'Vl11 vf J \?l j1 bfl~ e.J'UiJ r11 ~ 1 b 'U'Ut:.J 6'l 1 vf ?11'J bfl~ e.l'\J 
" 

(AlN) ~bn~t'ULrie:i 1 '\Jfi-:ie11V1if 11?1~'JeJ-:JfoiJL 1~111'Wf11'Jv-Je:i1:w1,111~tJ~~'W~·N1mMeJ~7-:i'tl71 ?1-:it:-rn 1 vf m1:w 

Vlt.J1'Ue11~~~-:i zj,:i?je)~flfle)-:jfl'\J-:j1'\.Jl~t.J'Ue.l-:i Moreira et al. (2010) zj-:j'\J'l'lJ11Lrimyj:wJ1?1111VlmLn?I 

1 'W 1mb lil'U?l-:it'U'Vl11 VleJ\ilj1bfl~e.l'U~7~-:i bb6'ltiJt:.J6'l'Vl11 vfwi:wilfl11:!JV!'U16'l~~-:jv]'Jt.J 
'\J 

Ii) 1 n t:.J 61 n 1 jV] ~ 61 e),:j 1 'W n1 jl ~ t.J-d ?I j'\J1v111l'Ji:wu 1-:J e.J 6'lil b 'Ll t.J:W 1 'W 11?1 j ii b fl~ e.l'U ~ e) \i1 j11 Vil;, bb n ?I 
' '\J 

1'W1\il'JLlil'Ub'Vl7fl'U 5 seem il1m-:i?1{1-:it:.J~mb'U'ULem61lt1n'We.J6'l~'Jt'U7'\J (100) ~ilm1mU'Ut:.J~n?1-:1?1~ 
'\J ' 

(il-:Jt!'U~-:Jb~einl'Ji:W'U1-:Je.J6'lfo 'LlEJ:w 1 'U 1mvl~bA~e.l'Uvl1t.JeJ\ilj11 Vl6'l bbn?l1 'U 11'1'Jb~'Ub'Vl1fl'U 5 seem 1 tJ1-b1 'U 
" 
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(c) 

(a) eJvl'n 1 'V!mLn'11 'lJ LmL'1'UL 'Vl111'U 5 seem 

(b) eYv1·n1mtLLn'11'WLvl';iL'1'UL'Vl111'U 10 seem 

(e) e)vl';i11mmn'11tJLmL'1'UL'Vl111'U 15 seem 
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191111.:J~ 4-3 fl11lJVl'U1LLfl~fl11:WVl!:J7'Ue'.1161Je:l.:JYhh.J'U1.:Jtl~JJL ifo:w 1 'LI 11911~~5m11 Vlfl LLn?f 1 'U L\911L '.il'U\i11.:J I 

ellWi11 Vi6'1Lbfl6'11 'U b~'Wil'W fl11:!JVl'W1 fl11:!J'Vif.11'U~1 

E 
..s 
ti) 
ti) 
Cl) 
C: 

.I<: 
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4.2 ~1;l"tlel-1b11;l1 b 'UnT:ibfl~el'U 

~1'UdL iJw:-1f! f111Pln~11m.:i?1{1.:J'IJB.:JYhhJ'U1.:JBf!lJL 'Wt!~ 1 'U 1m~~Lrl~B'U'U'ULL~'U~rn flB'U~'J t)j~'IJU 
'U 

1LLBfl~'V'J ~; LL~ffU\;11B'U ?l'LJ\;lL\;lB~.:J 11iltifl1V!'Ulil 1 VleJm1'11'U'IJB.:JLLf1?1B11nel'U\,leJLLfl?l1 'U 1\;11 L'<il'Url.:J~ 

L'Y11fl'U 15 seem : 5 seem j~tJ~Vl1.:Jj~Vf11.:JL1J1?111Lfl~B'Ufl'U1?1mB.:i-rrnvi1nu 10 cm LLfl~LL'l.h , 

i'l1nm1'Un11Lfl~BUL'Y11nu 30 min, 60 min, 90 min LLfl~ 120 min mm11(;]U t:-Jf!fl11P1mnci1'Ud 

th~nau~1ti 1r11.:i?1i1.:it:-J~fl 'IJ'U11ilt:-J~n i'l1M~LLfl{;lvi61! m1~V1'U1 LLfl~~n~rud{u~1'1Ja.:iyJ~~u1.:i 

a~failti~1u1{;11(;1 ~.:iiit:-Jfl(;J.:Jd 
'U 

yJ~~m..:ie:i~failti~11..J1{;11(;1~Lrl~BU1~'<il1flfl1jLLU1i'l1L1~111..Jfl11Lrl~BU\,11.:J 1 L~m,..:iLn{;l~'Jtim 

LiJ~1'V'lu11ii~n~ru~1mJu~t11mmJB1..J ci..:i~11..JLL?1.:i1~~ (;J.:JLL?llil..:i1wn'V'l~ 4-5 

,.. 
\lN Burapha University AIN Burapha University AIN Burapha Univer 

fl1'V'l~ 4-5 ~fl~(\J~'IJe).:JyJ~~'U1.:JBf!lJL'UtJ~1u1m~~Lrl~B'UU'UnW'oJn?l1~~~L1mLfl~B'IJ\,11.:J I 
'U 

(a) 30 min, (b) 60 min, (c) 90 min, LLfl~ (d) 120 min 
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2. lr1-a.:ir;1i1.:i,it1.:ivhh.1u1.:it1~il dla:u 1 'LI 1~-a~ 

fl1Yl~ 4-6 LL'1vi-:i1lJLLtJ'Urn1LimL u'Lif-:ii'ht1ni'11nb'v1r1-ur1 XRD 'llt1-:ivl~l.ltJ1-:ie:i'1iJLiJcJlJ hi 
u u 

1(,)1v1 ~Lfl~eJ'U'U'\.JLL~'LlsB~ ne:i'U 1~mL u1fi1m1l.lvt'U1'11m 1m Lfl~eJ\J(,11-:J 1 Yl'U11l'J~lJ~ Lfl~eJ'U~ L 1m 

L 'Vl1fl'U 30 min LL'1~ 60 min mm-:i'1{1-:ii;,i~mL 'U'UeJJtu\11'\.J L tit1-:i'11rn~t11-ffnmLfl~e)lJlJe)cJVl11 ~ii ... 
Yl~-:J-:iTu 1lJL'WcJ-:JYleJ 1 'Urn1l'J~lJ 111vJe:i{lJi1L\Jtm~n ~Tuvl~lJ~Lfl~eJ\J~L1mL vi1nu 90 min ffir11-:i'1;1-:i 

i;,i~rnL'U'UL,rn"1!~1n'UeJ'1~1~'U1'U (100) LL'1~Yl~lJ~Lfl~eJ'U~L1mLvi1ntJ 120 minihlJLL'U'Uf111LimL'U'U 
u 

f-:ilhe:ini~mJ 33.24°, 37.96° LL'1~ 59.39° zj,:i1,11-:inu1lJLL'U'Uf111LicJ1L'U'U{-:i~Lt1ni'llt1-:J'111lJ1~nt1u , u 

eJ'1iJL tJcJlJ 1 'LI 1(,)1v1 (,)1lJlJ1m\11'U JCPDS L'1'll~ 65-3409 ~inm-:i'1;1,:ii;,i~mL 'U'U L~m"ll~ ln'UeJ'1~1~'U7'U 
u ... 

(100), (101), LL'1~ (110) (,)1lJ~1#i'lJ facJ~';i~'U1'U (100) iir111m'LJlJ'l]e),:Jf)1';iLicJ1L'U'U{-:J~LeJn61!'1-:J'1~ u , 

LtieJ-:J'11nL~el 1 -ff L1"1Lfl~el'U'U1'Ut'U vr11 ~ii'l"l~-:J-:JTl.llJ7n'l"leJ vr11 ~Yl~lJii f)1';j'iij~ L~cJ-:J(;l'J L \J'U';i~ L 'UcJ'UlJ1 nt'U 

~-:J(;,!'11 ~Yl~lJiifl11lJ L 'VlJ f)1';i"Li cJ1 L uuf-:i~rnni'1-:i zj-:JLL'1~-:iti-:ir111lJ L \J'U(;,!~ nlJ1nt'U '1el~flit1-:inu-:i1'U1-.5' cl 
u 

'llel-:J Lee et al. (2002) ~Lfl~vlJYl~lJ\J1-:JeJ~faiJcJlJ1 'U 11,11v1~nmLF1~eJ'U(,)1-:J 1 LLi1Yl'U11L~m1mLF1~eJ'U 

'UTUt'UvJ~lJ~ Lfl~ el'U 1~iifl11lJL 'VlJfn';i"Lim L 'U'U{-:J~ be) ni'1-:it'U 

::::J 

~ 
~ 
"iii 
C 
Cl) -C 

20 

(100) 

25 30 35 

u 

(101) 

I 

40 45 50 55 

2 Theta (deg.) 

(110) 
I 
I 

deposition time 

120min 

90min 

60mln 

30mln 

SI 

60 65 70 75 80 
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t-.1~ flbb 'U'U belfl61l~ bfl'Utl67 b~e)'U7J.J1fl7'U1 ill'Vl7fl7fl.:J~ bb1.7 \.l'vi61l 'Y'l'U17vJJ:wu1.:i~ bfl~ e)'U 1vi mb 'll1fl7fl17:WVl'U1 

~b11.77LV17fl'U 30 min, 60 min bb6'1~ 90 min 1:w?t7J.J11tifl7'U1illfl7fl.:JVhL6'11Wvi6111~\~e:i-r~:nnvJ~:wm.:i 

e)1.'llJbUtJ:w1'U1(,l';jiimfl';j.:J?f{1.:it-.1~flbb'U'UeJ~ru,nu ~1'UvJJ:wu1.:J~bfl~e)'U~b11.'l1b'Vl1fl'U 120 min ljfl7fl.:J~ " ~ 

bb1.'l(,l'V16/lb'Vl7fl'U a = 3.123 A Lb1.'l~ c = 5.029A (,l7:WJ.J1(,l'Hi7'U JCPDS b6'1'lJvi 65-3409 'lJe:i.:ivJJ:wm.:i 
~ 

e11.1fout.1:w1'U1(,l';jii ~mfl';j.:J?f17.:Jt-.J~flbb'U'Ub~fl61ldfl'Ue)i;1 (a = 3,110 A bb1.7~ C = 5.103 A) (\,17';i7.:J~ 4-4) 
" 

6'17Vlfo'lJ'U7vlt:-i~ fl'lJe:i.:ivJJ:wu1.:ie11.1fo ut.1:w b 'U b(,l1ii1!'WVl7 b~'<il7fl?f:Wfl71'lJB.:J Seherrer 1vit.1 mil t.1 
" 

1'llLL uum1Li en L U'U'5.:J~ LB ni'lJe:i.:ivJJ:wu1.:i~H1 'Y'lu11vJ~:wm.:i~Lfl~ e:iu 1vi mL tJ1ri1F111:wV1m ~ L 1m L vi1 nu 
'U 

b16'17bfl~el'U (min) 

JCPDS (65-3409) 

30 

60 

90 

120 min 

a (A) C (A) 

3.110 4,975 

3.123 5.029 

(,l1';i7,:J~ 4-5 'lJ'Ulvlt:-l~fl'lJeJ,:JvJJmJ7.:JeJ~fout.1:w1'U1(,l';jii~L11.77bfl~e)'U~7.:J I 

b16'11bfl~el'U (min) 

30 

60 

90 

120 

f3 (el-:Jf11) 

0.280 

"ll'U1~~~n (nm) 

Crystallite size (nm) 

30 
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"' J/c, ~ 1" "'"" 11 ,t 3. rl11a.I'Vi'U1bb6':::6'mrn.J:::'VfU~1"!JeJ.:jn6'la.I'U1.:jeJ1;13.Jb'L!tla.l 'LI l9l'a\91 
" 

.fl7'\AI~ 4-7 bb~\91--:iJmm.i~v1'Ut'.ilbb'\J'\J 2 i]~ bb6l~ 3 i]~ '1Je)--:J~J:we:rnfa-uEJ:W1t.11l911#i'br1~eJ'\J~bb'l.h 
'\J 

fl1fl11:WV!'U7'<il1flb 16llbfl~el'U\>11--:J 61 '<illflbVlfl'Wfl AFM '\Al'U17vl~mJ7--:JeJ~fa 'UE.l:W 1 u1t,11(;l~bfl~e)'U~ b 1611 

b'Vllfl'\J 30 min LL6l~ 60 min t'.iTv'l~7'1JeJ--:J~J:wi11;1rn~ru~b~E.l'\J ~1'U~b16l7Lfl~eJ'Ub'Vllfl'\J 90 min 'V'l'U17 

Lmui11;1 fl'tlt\.!~b ti'UbJJVlfl6l:W:W'U'1J'U1Vl b~ fl 61 m~~l E.Je) ~~1v1'Ut'.i1'1JeN~J:w bb6l ~vi b16l7 b 'Vllfl'\J 120 min 

'\l\j'lJ'J 1 Lm'Uill;l fl'tlru~ b ti'U bJJVl'U m E.I Lb Vl6l:WeJ ~~1v1ut'.11'1J m~J:w 
'\J 

bfl~e)'U 1vtmb 'U'afl1fl11:WV!'U1~1flb 1(11bfl~e)'U\>17-:J 61 '\l\l'U17~J:wu1-:i0~fa 'UE.l:W 1 'U 11911ii~ bf\~ e)'\J~ rn=rn 'Vil fl'\J 

30 min bb(l~ 60 min t'.11V!~l'1JeJ-:J~J:wi11;1n'tlru~b~E.l'U 611'U'Vlb1mbfl~eJ'Ub'Vl7fl'U 90 min '\l\l'U17Lm'Lli1 

l;1 fl'tlt\.!~ b ti'UbJJV!fl(l:W:W'U'IJ'Ulvtb~n 1m~~7E.Je)~~lv1'Ut'.i1'1Je)-:J~J:w bb(l~~b 1m b 'Vllfl'\J 120 min '\Al'U17 bm'UiJ 

l;1 fl'tlt\.!~ b ti'U bJJ vt'LJ(l7 E.1 bb V!(l:WeJ ~~1v1'Ut'.i1'1JeJ-:J~J:w 611'Ufl17:WV!'U7 bb(l~ fl17:WV!E.11'Ut'.i1'1JeJ-:J~J:W'l'l'U11 bri el 
'\J 

bl(llbfl~e)'\Jb~:W:ff'U~lfl 30 min Lti'U 120 min ~J:w~bfl~e)'\J1~ilm1:WV!'Ul bb(l~f\11:WV!E.17'\Jb~:W:ff'U~lfl 

121 nm L'li'U 656 nm bb(l~ 0.2 nm L'li'U 2.1 nm m:wi;\'7~'\J zj,:ibtit.11tJl917&-1Vlt]'tt{]fl11bflvt~J:w ~mrie:i1-ff 

Llm 1 un11br1~0u~J:wmt.1:ff uvh 1 vfo~1910&-1'1J0-:i~11br1~0u (AlN) \9Jfl(l-:J'\J'Ul~vt1m-ru b~:wmn:ff u 'Vl71 vi' 
' 

'IJeJ--:J Lee et al. (2002) 'l'l'U17bdm1mbfl~eJ'\Jb~:w:ffu~J:w~Lfl~eJ'U1~ilr111&-1V!'U7b~:W:ff'U 

~1 nm1~ fl't/7 t:.rn'1J 0-:im1:wV1u1~1 m 1 m bfl~ eJ'\J 1>11--:i 61 '\l\l'\J11r111:wmn:w e-J(l 1>101m--:i~~1-:i LL(l ~ 

Jn'tlru~v1ut'.11'1J0-:i~J:wu1-:i0(lfa'UE.1:W1'Ll11911#i zj,:i~0v1r1~0-:inunu1~E.1'1JeJ-:J Lee et al. (2002) Vl'l'l'\J17 
'\J 
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(d) 
.,; ., 

flTV'ffl 4-7 Jn~ru~Yl'U~1LL'U'U 2 mi Lb"'~ 3 m, '(JeJ-:lYMl.la"'fa'UcJlJ1'U1(;1~~'11flLYlfl'Wfl AFM 
" 

(b) b1"'1bfl~8'.JLV1111'U 60 min 

(c) b1"'1bfl~8'Ub'V1111'U 90 min (d) L1"'1bfl~8'Ub'V1111'U 120 min 
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d 
1,1111-:J'Vl 4-6 m1lJV1'U1 LL'1~rn1lJV1En'Utb"1Je:J-:ivMmn-:ie:J~ii d'.1EJlJ 1 'LI 11,11~~ nm Lfl~ e:J'\J 1,)1-:J 1 . 

di 

L1mbfuteltJ fl113.J'Vl'U1 fl113.J'Vlll1'U~1 

. (min) (nm) (nm) 

30 121 0.2 

60 272 0.3 

90 425 1.5 

120 656 2.1 

. 
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d 
.f11YfV1 4-8 fl11lJVl'U1LL'1~fl11lJVIEJ1'\J~1'1J€l-:J~~l.J€l~iiL 'UlllJ 1 'U 1m~~ L1 m Lfl~ e)'\Jl,)1-:J 1 

• 
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m~'1n"11"1~ ~1cJ16 ~bbBfl~'W ~; bb:Wniimm.i 61'Ul,)bl,1B~-:J b~cJf11Vl'U~1~am7~1'Ubbf1"1B11flmJMBbbf161 

1'LIL1,1'.ib'il'Ufl-:J~b'V11fl'U 15 seem : 5 seem '.i~cJ~~7-:J'.i~Vl17-:Jb'IJ7~7'.ibfl~B'UflU161~'.iB-:Jf'UbVl7fl'U 10 cm , 

bb"1~bbthf'i1m1:WVl'U7'il7flb1"17bfl~B'UbVl7fl'U 30 min, 60 min, 90 min bb"1~ 120 min m:w~1~u b~B 

?i fl~1~ "''UB-:im 7:W'Vl'U7M 0~:wu~vn-:i bb61-:J'UB-:Jvl~:wu1-:imcifa ticJ:w 1 'LI 11,11t,1 ~1Vlf u~:wi:mvn-:i bb61-:J'U 0-:ivJ~ :wm-:i 
" 

B"1ih ticJ:w 1 'LI 1mt,1~?in~1th~flB'U~1 cJ ~'1lii-Xm Vl i1:wtl'.i~~'VlBm1~umu bb"'~ bbt:l'U'V'l~-:i-:i1'U " "., 
1. fi1n1"acl,u-hubb6'1.:i"1Je:i.:iw,h.1u1.:ie1~fa iiE.1111 u 1\;l"a~ 

'II 

vJ~:wu1-:i0~iJb ticJ:w 1 'LI 11,11t,1~bfl~Bu 1~mb tJ1f'i1m1:wV1'U1'il1m 1"'1 bfl~B'U 1 mh-:i1,11-:i I i1f'i 1 

fl1'.ici-:J~7'Ubb61-:J 1~~J-:i 1 'U-d1-:i1,11:w0-:ibi1'Ubb"'~0'U'W'.i7b '.i~ 1fl~ (fl17:WcJ11fl~'U1 'U'lf1-:J 300 nm - 2500 nm) 

1~cJi1f'i1m1~-:i~1'Ubb61-:J61..:itJ1~:w1ru 85% 1,1"'0~r111:wcJ11r1~'U~~'il11ru1 J-:ii1V11fl~'111ru1mtJF11,1f:wm1 
" 

I I.I I I I 
I d "lll I oQ ~ V V d d.c:i. .di 

fl"'11flB:Wfl1 b 'V'l:W'U'Ubb"1 ~"' ~m-:i61"''U fl'U 1,1"'0~ m 1:w cJ11 fl"1'Ubb~-:J'Vl'V'l 'il 1 '.ifi.!1 b 'U eM'il1 fl fl1'.i bb 'Vl'.ifl ~B ~'U B-:J bb~-:J 

~1'Ui'U'UB-:Jvl~:W'U1..:JB"'lJ b ticJ:w 1 'LI 1m~~ bfl~ B'U'U'U bb~'U m~'il fl~ 1"'~t!'UbB-:J 
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'11V!1'Ufl7~'1f'lhrmvi (n) LLi;j~'1l.J'lh~~'VlBn1'j~'lJ~qj (k) vi11~'11n1TI Swanepoel '11n 

mt.Jn(,]1l.Jn1'j'1.:J~11..1LL?1.:Jmfl1t.nru 'Y'l'U11~m1mn1r1~1..1LL?l.:J LV11nu 600 nm Yl,h.Ju1.:i~rniJL 'UEJlJ 11..11m~ 
" 

;.:imr1'j.:J?f{1.:iLL'U'U'Y'l'\-lt:-J~n (Polycrystalline) ~'1f'Uif1L'Vlilfh11..1'1i1.:i 1.94 - 1.97 ?fe)~f1iKeJ.:ifl'U.:J11.J1~EJ 

-ueJ.:i Meng (1994) 1~eJ5u1mMEJ1num1:1.J'1:1.Ji1..1t5-ueJ.:i 1m.:i?111.:it:-J~ nnuri1~'1f'Uim 'V!'1JeJ.:Jvli:1.Ju1.:i 

eJi;jiJL'UEJl.J 11..11(,]'j~ H~.:id~e) mruvli:1.J~ii1r1'j.:J?f17.:JLL 'U'Uel'1'1J'511.J~'1f'Uif1L viilri1t.J'j~l.J1ru 1.8 - 1. 9 '111.J " ~ 

Yli:1.J~ffim.:ii;1{1.:iLL'U'U'Y'l'V!t:-J~nilri1tJ'j~:1.J1ru 1. 9 - 2.1 (m'Y'l~ 4-10) 
' 

ci11..1 fl1'1l.Jtl 'j~~'VlBm'j~'lJ?f f11"1JeJ.:ivli:1.Ju1.:ieJi;jiJ L 'UEJl.J 11..11(,]'j~'11 n n1'j'Vl~i;j eJ.:J'Y'l'U17lJ fl1i;j ~i;j.:J 
""ll " 

'11n 0.018 LU'l.J 0.007 ?fe)~f1iKeJ.:inrn11..11~EJ'1Je),:j Khoshman et al. (2005) zj.:J'Y'l'U11'1l.J'U'j~~'VlBn7'j~'lJ 

?f!ll'1Je).:Jflil.J'U1.:Je)i;jiJL'UEJl.J 11..11(,]'j~ilri111..1'1i1.:i 0.0002 ().:] 0.0086 (.fl7'Y'l~ 4-11) 
""ll " 
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.nTvfvi 4-12 LL'1'U'V'l~-:i,nu (Eg) "Ua-:ivJJlJ'U1.:Ja~iidlm.11 u 1m~~m~n 1v1EJtl1vJJlJ'U1.:J~Lfl~eJ'U'U 

m~-:un'11flv11tl1v1fi1m1G1-:i~1'ULL'1.:J~1mfl~mmtln 1(,l·al vft(,liiL(,leJ~ fl1'U1ru-:u1n a(,1_) = A~ hv- Eg I hv 

djeJ p = 2 (direct optical band gap) 'V'l'U11LW'U'V'l~.:J.:J1'U'UeJ.:JfJJlJ'U1.:JeJ~iiL-uErn1'LI1(,l1~ 1m1'Ui~EJ-d'i1 

fi11 'U'lh-:i 4.19 - 4.24 eV 1v1EJvi'11 tlLL~1 LL'1'U'V'l~-:i-:i1'U'UeJ.:JvJJlJ'U1.:JeJfliiL 'UEJlJ 1 'LI 1(,11ilfi1tl1~lJ1ru 6.2 eV ,, 
(Brunner et al., 1997; Meng, 1994) zj.:JLL'1'U'V'l~.:J.:J1'Um~ilfi1-umm11 f11lJ1(911~1'U (fg = 6.2 eV) 

L~a-:i-:u1nvMlJ~Lfl~el'U 1~iHi'a'Ufl'V'l~8.:J'U8.:J 11-11-:i'1{1-:i (Structural Defects) Lbft~~~L~fflJ'U (Impurities) 

1'UvJJlJ (Bauer, Biste, & Bolze, 1977; Tominaga, Imai, & Sueyoshi, 1993; Kim & Kim, 1994; 

Loughin & French, 1994) LLl-i'11flfl11'Vlv1flel~'V'l'U11Lb'1'U'V'l~~~1'Uilf11 L ~lJ:fi'UL~fl'UeJEJ(,11lJA11lJ'\ll'U1fJJlJ 

Lv1EJ~L1"1Lfl~el'Ub'Yl1fl'U 120 min vJJlJ~Lfl~eJ'U1~ilLL'1'U'V'l~~~1'UL'Vl1fl'U 4.24 eV 
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I 
.c:t 

UVIVI 5 

1. (;..11;,'i)e)-:Je)IW.il 1 Vlmbn?!lu 1(,)'Jb-:VU 

1.1 vJJ:wU7-:Jel~:wb'WcJ:W 1 U 1\s1'J\9l~bfl~el'\J 119l-:V7flfl1'm'lhf11eJ\s1':i11 Vlmbn?!1 u1\s1'H-:VU~1'1 1 bnel 

61-:Jbfl(,1\911 cJ(,11 b U~Tl'fl.J17l1Jfl~ru~ 1?tuu~tl7\s11ffe)e)1.J ?f-:Je-J11.Jbb?!-:J 1Ji'~ 

1.2 eJ(,1111 Vlmbn?t1u 1\s1':ib-:VU1 um~'IJ1Ufl1'Jbfl~el'\JlJi;.J1;l~el 1r11-:i?1-!7-:J'ileJ-:JvJJ:w~bfl~el'IJ 119l 11YlcJ~ 

e)(,1';j11 Vli;'lbbf1?!1 u 1(,1'Jb-:VUbVl1fl'IJ 5 seem vM:w~bfl~el'IJ 119lllifl'J-:J?!-!1-:ii;.J~flbb'IJ'\Jb®Wll~ 1nueJ6'!~':i~Ul'IJ ( 100) 

lJfl17:J.Jb'UUi;.J~fl?!'1?!1Yl bb1;l~lJ'LJU11Yli;.J~flbVl1fl'IJ 34 nm ~-:idbne)e)(,1';i11 Vlf;'lbbf1?!1 u 1(,1';j\,':i)1.Jb ~:w:ffmru11vJJ:w:i'J 
'IJ ' 

1.3 fl11:WV!U1 bb6'! ~fl11:WVlcJ1'\J~1'ilel-:JV1J:W~ bfl~ el'\J 119l fa mneJe)\,1'.il 1 Vli;'lbbf1?!1 U 1\,1':i b '11.Jb ~:w:ff u 

'V'l'\J17l'JJ:w~ bfl~el'\J 1Ji':i'Jm7:WVlU1bb6'!~fl11:WVlcJ1'\J~1 1;,IY]i;l-:J':il1fl 610 nm \, 'UU 485 nm bbi;l~ 2.5 nm 

b'UU 1.1 nm \s17:W617\9l'IJ 

2. i;.J6'!'LJB-:Jb1m1um1br1~B'IJ 

2.1 vJJ:W'\J1'1el'J:wb 'WcJ:W 1 U 1\s1'J\9l~bfl~el'\J 119l-:V1 flfl1':ibb U':ifl1b 1m 1 Ufl1':ibfl~el'\J~1-:J 1 b~el61-:Jbfl\s1 

\911cJ\s11b U~1'V'l'\J17lJJ n~ru~ 1?tuu~tl7\s116'!Bel1.J ?f-:Je-J71.Jbb?!-:J 1\91~ 

2.2 b16'!11 U fl1'Jbfl~ el'\JlJi;.Ji;l~el 1m-:i?t-!7-:J'ileJ-:JvJJ:w~bfl~el'IJ 119l 11YlcJV1J:W~1 -ff b 16'!1bfl~el'\J'UelcJlJ 

1r11-:i?1-!1-:i i;.J~ n bb 1J'\JB61ru~1u L~B b 1mm11.r1~ B'\J:ff uvJJ:w b~:w:i'Jm1:w 1, 'UUi;.J~ nmn n:ff u 11YlcJ~ 1, 1m 1,r1~ B'\J .. 
LVl7fl'U 120 min 'V'l'U17 vJJ:w~Lr1~e:iu119lffir11..:i?1{1..:ii;.Ji'\'m1,uu Le:Jfl61J~ 1flue:i1;1~1~u11J (100), (101), Lbf!~ 

( 110) \s11:W611\9l'U 11YlcJ~'J~U1'\J (100) lJf111:J.Jb-U:W'ilel-:Jfl1':ibicJ1 b 'UU1-.'.l~belfl6/l?l-:J?IIY1 
'IJ ' 

2.3 fl11:WV!U1 bbf!~fl11:WVlcJ1'U~1'ilel-:JvJJ:w'V'l'\J11bnm1m1um':ibfl~el'Ub~:W:ffu-:v1n 30 min 

b'UU 120 min vJJ:w~1,r1~e:i1J1Ji':i'Jr111:wviu1 bbf!~WJ7:WVlcJ1'\Jb~:W:ffu-:v1n 121 nm LUU 656 nm 1,1,1;,~ 

0.2 nm b'UU 2.1 nm \s11:W617\91'\J 
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3.1 rJiA':wu1-:ieJ~fo1fo:w 11..11\?l';J~~bfl~B'u 1~mbtbr11m1:wV1m'<il1m1mbfl~eJu 1mh-:i(911.:J I ilr11 

fl1';J~-:J~11.Jbb?l-:J1#i'~J-:i11..1-d1-:i\?l1:WeJ-:Jb~1.Jbb~~B'Wvi';J1b';J~1flJ (fl11:WcJ11fl~'W11..1-d1-:i 300 nm - 2500 nm) 

1~clilr11m';J~-:i~1mb?l-:J?l-:ith~mru 85% \?l~eJ~fl11:wm1fl~'W~vl'<iJ1';Jru1 J-:i-d'V11flvl'<i11';Jru1m'!Jfl~f:wm';J 
'U 

bfl~eJu1Ji' b~eJbb'U';Jf11fl11:WVl'W1'<il1flb1'11bfl~eJ'U 120 mvi ilf11b'Vl1fl'U 1.97 bb~~ 0.007 \911:WJ7\?l'U 

b~eJrJiA':wVlm b 'V11fl'U 502 nm bb~TW'U11fl11:WVl1.J1iJe-J~(,leJ?l:W'U&iVJ7-:Jbb?l-:J'IJe)-:JrJiA':wu1-:ieJ~fo 'Ucl:W 1 'W 1\,l';i~ 
'U 

3.3 bbfl'U'\AI ~-:J-:J 1'W (Er;) 'IJ eJ-:irJiA' :W'U 1-:J eJ~i'J b 'U cl:W 1 'W 1\?l';i \?l~ bfl ~ eJ'U 1~ cl bb 'U ';i 1°11 fl 11:WVl'W 1 '<il 1 fl 

b1'11bfl~el'U 120 min iJbbfl'U'\Al~-:J-:J1'W?l-:J?l~b'V11fl'U 4.24 eV bbJ1'\Al'U11fl11:WVl'W11:wilm,(91eJbbfl'U'\Al~-:J-:J1'W 
'U ' 

ii, 

5.2 "l.lelb6'l'Welbb'W~ 

1. -:J1'W1~cldbU'WPlfl'1j1e-J~'IJe)-:Je)\,l';i11 Vlmbfl?l bb~~ b 1'17fl1';Jbfl~e)'U (,le) 1m-:J?l11-:Je-J~flbb~~?l:W'U&iV11-:J 

mw11'\AI '1JeJ-:irJiA':wu1-:ieJ~foucl:w 1 'W 1\?l';J~ zj-:Jb'U'W~VJ';J7'U~11 '\.J1 m11..11~clJi'1'WrJiA':wu1-:i--.h~ fl~ru~bu'V'l7~Vl1eJ 
'U 

?l:W'U&i'IJeJ-:JrJiA'm!'U:fi'W fl'U b1eJ'W 1 'll fl1';J b\911 cl:WVl1eJ fl 1';Jbfl ~el'U rJiA':wJi'1 cl \71-:Jt!'U:.\i-:J fll ';JiJ fl1';Jf'l fl~1 \>11 bb 'U';it'W 

b ~m&i:w b 6/l'W fl1';j 11Xm1:W1eJ'W fl1';j 1 'Ubbel?l fl1';Jf'lfl~1e-J~'IJe)-:Jfl11:W\?l'W~eJcl b 'U'Wl9l'W 

2. fll';Jilfl1';Jf'l n~11 ~ cl 1 m :S-:i~ flfl';JeJ'U fl~:wJ-:iJhm Vlfl'Llflfl11 b~1cl:w \?l~eJ~ lil'W?l:wu&i Ji'1'W (917-:J 1 'IJeJ-:J 

rJiA':wu1-:ie:i~foucl:w 1 'W 1\911~ 
'U 
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., 
'Wb'lJ~io ~:wm11ru bb~~ui!m;n ,r(,rw~. (254 7). m11~mb~~~\9l,J'Ll7fl11bfl~hru~1 faVl~1>11tJ1ITffum1we:i~..:i 

"' ' 

nvm1.milw:rutmr/J-J'c1f:mnviJ7iln-:nwPJ-r'&~1f vv0mvtn1w (Vl-u1 163-166). m..:i b'VlY-r1: 
'I 'l "'9 'f 'I 

UJJn'U/91 wu ff'U/9/L/9/ eJ 'if -J. i'Vl tJ1'LI'W'Ll5'U~fl! fl!11'Vl tl1 f'11~\911:W'Vl7'U ru6Vi\91, ~1'1J1yj~n~, 

flfll~1'Vltl1f'11~\91{ :W'\ll11'Vltl1~tl b 'Vlfl 1 'Ll 1~8'W'J~~el:Wbfl~15'WU1. 
' 
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'\J 
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Utll\(IIUO 

yJ~'111.n.JEl~ihfiu;.i1ui~n'fl (AIN) Lfl~DlJ1Jun1~tn~'1.6'f~Ui~:: 

u f-hi,"n~ n awti1 uiti) uuflih~~-iu11 n i1i1, at.utilvn ~ a11 ~ ,~ ofln 1:::t1 

f.HfiJtl.3f\')'UJV,\.t'i'tiUlfli.Jtii'1JU~::~1lW!Yl1,1Uft,l rl,h.1u1-lYirnGouivr 
1h1'tJ~n1:::t,itm:Htc::lUt'n::r,hu Grazmg~incidence X-ray diffraction 

(GIXRO), Atomic force microscopy (AFM) U{'.:: t-ht1Ti~-Jf..11umo 

11'1uN·w'fu fiCnn1ftt11:n)'i1J11l"hfll~rnitJu1iihrrrt:tn1.:1N ~..:iHT'.-tLHf,] 

1h,1t11110,l~~\4~,1 hnJITT'1,1~Nn\J'HH-rn XRD Y-11rhWi.ii.rrimN01/lffiil 

1 tl 'l,l ttf1 JU lJU Ott r~31uti:D ~ ~·" i'.it1'll lJYiW1.Xt1 u u,~:: L~lJ Ltl¼f.J~ fl 

L~<)ll')'llJl',111W J~ l l'AJ.Jif\l h,t, ~lm JH1'JJ~iln~1Jnu AIN(100) 

AIN{101) AIN(110) ua: AIN(004) ;ir,lJV\tl'HLi1:<n-1mw-,ui;,~-ir1 

f-Hi AFM ihh1u:!i'J~ 121 nm tlJ 656 nm UN!: 0.2 nm tiJ 2.1 nm 

UH: il'l1Jihtl'11 t-i·1+1J~ri·1J~H<,llYl'uri ~1vl-oilintll\ (n} tiii: 

fhiliah::«n~·rn1~l11~ig {k) :.1.J~)·1u1nr\l1n,n-tltw11~n1,JJi.h~l~NJ 

lu1i·1.nn11a,1ly;u.i·1uii Envelope ~f(ni.Jrrntl~'l-t 600 nm ~trh 

,h nm,: ,i1 k jj,hu~1wii1J 1.85-1.97 ,rn: 0.018-0.007 ,niJ~1iu 

A1<h~iy: tilllJfiu,w iMiJU'lJu~iiLilm,h'..,1i1 i.i<B.il~,~"'i:J 

Abstract 

Aluminum nitride (AIN) thin films have been deposited on 

glass slide and S1-wafer by reactive DC magnetron sputtering 

method. Effect of film's thickness on structure and optical 

properties was investigated. The as-deposi1ed fllms have been 

characterized by grazing-inc,dence X-ray diffraction (GIXRD), 

atomic force microscopy (AFM) and optical transmittance. 

respectively. The results show that the as-deposited films were 

transparent and have high transmittance m visible regions. The 

crystal structure from XRD results show that the as-deposited 

films 1s amorphous with low thicknesses and tum to be crystal 

• Corresponding author 

structure when increases thickness, which corresponding to the 

AIN(100), AIN(10t), AIN(110) and AIN(004) The films thickness 

and the roughness from AFM was varied from 121 nm to 656 nm 

and 0.2 nm to 2,1 nm, respectively. The optical constanls namely 

refractive index n and extinction coefficient k, were delermmed 

from transmittance spectrum in the visible regions by using 

envelope method, For 600 nm. n and k. were m the range of 

1.85-l.97 and 0.018-0.007. respectively. 

Keyword: Optical constant/ AIN thin films/ DC sputtering 

1.umh 

n11 lli' 1J tl! .1N-J-) ~,.;~ u \4 'illl J'I" ,rtslyj ii-1 a 11<il'i'u fl') 'llJ ~'"l ·~t) 8 

n11 lfl~ ou ~ J'ii1 o tn·1iflfit11Jf1iJ a1J!Th ~'1.t'i'1::11-\J nh'rn~~ rluu1-J tiij 

m1~v,11-,1:,1mnl11 l.imha,,fi1i'l,h11invl,'ium,v~il,ilu,.,\111;i1,, 

Li~i' ut'l'J1).Jait.1~,nn n~l/li!nh.J fJ 1t4n1,~m.-t"l~imtR:'~tn1\I.Ttf J 

f"ltt~U!1Uua~n7'lth.::~n"11i1u,nu?1u'vl1-3 ~, ~uEl.J~tfHil1-4~thJU~l-J 

l{iitt1JlJ9iY11._in1t1n'1\~ ~i~:: ~fli1ri,..;-1~ul~ll l ii~ iJfi·1y1·l'l uu"U.J ~ .J 

tJ1::1n{l4 2x10'.J kgf mm-
2 

ihh~'fll1Yili 11ti!Yhl1 u~:: ih-i1~lTTtt~-1 

wnufa1-1.~-J 1.h:::inru 260 W m·
1 

K·
1 

(Oimitrova et al., 1998) rhli 

vitl111J'Hll~ihiiu11lv.'1~1io1~v.i.n::orhJri-JliH·d\.1li11H'lWihJiJ rriu 

!Y1''Hfl~ 81JL)~ mJ1ut11,lf11JlJf!,r1u L'i11 tu h1 u (tribological) -Vthl'r Kl¼~ 

'11 t~rnu.i,i i:l fl'l1°Jlt1iua:: r,'~ni OU ~)o 1·f LiJu.if'U 'fl il ~~ fl~~ fl 

{dielectric layer) 11tJ1~t.1n,nl.1unuvhuihih1rrrniinif ~otJlil 

aLl\nmoiinJ UN:~J1~-IV'>•tilJUJ,il~~lilU1Jit1'1.si,,\u~LtlMl1Laam1 

li·rn11hii1v,~uh'111J1\l\fJUil\JWaU\Jl,llL,O (optical thm film) 

L i1a1,i·1n~ fl..iu1-J a~iil itu 11lt-lr;i-sr,) ij~nM tu:: 1~J J::.il~!.LK J\w'~ 

nti7~!1UY1tl~,-ltl (energy band gap) n i-1 Jl.Jlfllh:mn, 6.2 eV llo: 

jj,h,,',ihZmV!Ji:"H\11.8-2.1 (Strite & Morkoc. 1992) 
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n11LfliiJ1J;;:~uu1.:io~£irilu11lu,t\1ila1111,-nvh\iViinuLnfl'4fl 

ifn·mm:U1\ln'11l'll .. flU (CVD) u":n1:U1\ln7rn,,vlwmf (PVO) 

1iit. 'iii chemical vapor deposition (CVD) (Dobrynin, 1999) 1'110 

'lii molecular beam epitaxy (MBE) (Tanaka el al., 1996) u,i 

n111flP01J!tJKOJ'liiu,ihia·~1n>1u1,1h:rn1 i'ia iifi1l,N1u1i• 

~ nJ, u, .;-o, l ifl•n ui'ot.~ 11111 IJ ij ~• l 1-n 1:u11-m11 fl iiou 1 ~ o l l'lii 
~A11~ij,nJUfiR111tla,1n1"J ~,111-iLVi11'1::~1Vilt11A~10.J'J1.Jfl't~nu 

fl1 ·u.rfou. {thermal sensitive substrate) 1~tn-Ul'f1:llth.Jil-l1«~ 

l"-J1ufl1"B1.Nnn1oilnl uri1-11 ,n;O:JUn11Ltlio1J ~fl11u1-1il n 

'liil'lli,tiii1h:ih1'n111wun:n1BJ\,l'1u at.l H,nn~lJ'Jiu,i1, 1 

1~J.J~U Ra 1i1uet1~Y~UlJnilfl1il\Ufi:fflLiHl'°i-l (reactive magnetron 

sputtering) I do J 'i1nn1 71 fl TI OU 1 iiil°H, 1!110 lfl A ou.i SlJUl J \" 

f1atu1111ii.;'0J 1hl,N1ul1-m:u11-rn1111ilou\tiaJ1J1nun ua: . . . 
riil·11i'IJ!K1lJ110111U~1Jo.,11111l\ouuaealJuo\,ruJ>ith1u,Jri1flnau 

1lfio14,i'1,~1 u'ttiti,u1m.J1min iinti'JtiJa11111t11h: unli tl<i . . . 
nl7lflAOU'ii\4J11<,r1-1t1\1'1qj1:.ruq91n,;n~'llJhamhu 

1ilutf1\tluthil,fuiiiiuatioftlJUfi'IIOJi1111lJu1Jri1fliiouM~1n 

'liinilfl1fla1, tio t-'io1-hmm1Rou 1,i14 rhiAl'iih om,hau.nn 

m11J1111:u 1111lJl1'1-,r111:1t1aou ~a~ !i'JU1iluilm,un"iih 

n~llun'iiuti11-llltfuu1Ji11fl1JK11J lini,;cu.:i{uih $lflO!l\l\4NlJmi 

ua: OJ fi'tl,: n O U'll O Jlli ll lJU1J vi L flli OU lti o,. U '° n 9i1 J nu l Ullii,: 

1t1ilou.,n1fl1aJ1fliioul~tnri1- n1H1'So1-'liiua:'iin111flliou;:\ 

u~ n,ho riu rl1lin11lini,;1 ~J,rn'!laJ1iat. hl'l1a,i1utl-r~Hh 

m:u1i.m11flilaui'lci'lJu1n1n'liailt11r.o'iou,11,«1fi''l!uA:411ilt. 

li1wi'un11'iiu~1".iti'11u1,,ioltl unm,i;it1ili.11unt.unn11 

19l1UlJi'l{<lJU1JO~ii1iluul1-lt11~· .. 1u'in,iofliiW;'UftU~ lfl01JU\4 

m: 'i nw'tN,1UR~ll,h1-ian 01' ~~ tlll'IIJii1'0 JI~ Offnl,1114R1l OJ 

m1lJl'lll1fio lm ,ni1Jua:wuUfln1oua,,roJvla 1J u1,f11t1 i\oul.i 

1,ium111l'l\11i'l11lJu1oii.J1t.'iiuil'rnuf)1Jl.1um,utl1th11a1riH 

1"0111t1iiou .i1111,tJl'l>1Mm1,«ault1nwf1rnl1mhuinflilt1 XRD 

fl11lJ1'\tJ'llJ~;un::fl'l1lJYi"1fln1:r1i1uLnfli"ifl AFM fi·1n11S.JU1u 

llRJMn~-i ~.r 1u11110,a1tlfl 1 .. 11 vl1fl ~ ltl of I~ 0'1l11J1fl1\l 1111,hi'lli'i 

l\lHl'I (n) u.a: fi1tilJ1.h:iinin11.iU~IJ! (kl l1uiii Envelope 

(Swanepoel, 1963) 'illlt'LUflil1Un11tiJ<i111uKJ l~OIUW!JOIJa 
.,. , -~ . 'tl • 
"l<J11'11'0111'iU"O I 

2. 'liin11 

l= 'll),!.l,1~uao~.r-'! c:'I 
c.,, w:ws. 

~ ~1, ,J 
!., l \.j 

i'I 1h,u10 i t.J111'ii uU1t11u 1J1h u'i iH110 fliiw ii-iiu. llnil,,, vu 
Hil1111111a'io .,nm10JLflliau1:uuo11u1a·1w11u1Jnil,i101-ai1'11111a'lJ 

<?llri 1) 1'11UJtl~ 2 Uif'I\J'\,.o:un,u,;aJ1t1'ioJ1flaou\14J111Wu-i,ii 

1'0JlflROU'11Jm:uan 1ii.<i1\lfl\11lna1J 353.0 mm tN 370.0 mm 

9'~LihoAndiulJfl171Jt1'tanf 9~.97% uf,uh,ituj°nR,,T:J 50 .0 mm 

Amtm; "4iOIJnlf1~11Jlwrl1uHvJn1rnftill~. i,fontto1foat1 

(99.999%) 1il11u./ia11ilt11t1of un: H11nif'ti.l911-i11- (99.995%) ,ili. 

uri11'1tl£iii;a, 1:uu1f11oJeU'llJ!'l/1nlflU1:nou.i1a1flia,cu 

UtJUU ,.-;\o h1uil1fl~OJ~unA 11.i111i'.h11fl~uJ~111u 1flm1 uti1-.r1 v 

IJ1fl1'lflfl11lJ9\ll'IIB• balzers 1'11 TPG300 lfluH'ii11f11LUUfi11ii 

iu TPR010 ua: i11+111uu,wi.U•i" IKR050 rn1~1UUOKmu•i1J 

fi°'lUlfl~DJf11Ufll/ilYl11,l'IAlJ1Nll081JOJ MKS fo lype2470 

illl'liui1-:0111m1fliiau1'tJJ,1mt1-iKIJ1D••nilli11rim:11n11\ati' 

(il·rniu-im1HJ) ua:u<iwiiinot. (ii111-l'u.,11,11au1m,wf1,~iin 

nni,;111:'il°t.u, fll1J;l'IU1Ui'.i1ua:m11Jl\t.l) iirllfl11UK:Oli!IIN1 

1,i'1iam1ilou t.iu{,1hl'>i·1J11,nl'l1i1dh«1m1i1eurrhnu 10 cm 

Aflfl'llUfit.huiaJLflUOU il'li+it1·n111i t.~111rhnu 5.0x10·' mbar 

~1 n if \l tf ft OU Llfi ~u1-f n t) UUAt ufia 'U 1fl 1L lUl ,i1ia .1 l fli OU ~1U 

1,14o,f11Ut)lltlfl'l7ll'lau1nu.nft t .. urhl'lt.tl 1i,o.,n l11a111i1rn1fno11 

ua:uria\11l~1111umiill'i1nu 15 seem u.a : 5 seem MllJfl1•1'u 

Mll'ITIJlhN•lYli-hiititt1m11f1HOU11ll'lt.fl1it1Jii1thnu 144 w R11' 

m1\Jl'l\l111a,wn11fiii11-fi1uu1l1-n ·11;in1;1t11u•1ut.1un1111tl1th 

nn1~1i111iiou11--61, 30 min iiJ 120 min 

1h'ihillfl\..rltJii n1<1 lm, d1J~!i nli1u I m1il♦1ni 11if u1 LU\I 

i:,ii1an'll'ti1mfl'ioJ X-ray Diffractometer 'IIOJ Rigaku 1" Rini 2000 

il11'i'lflUUU 20-scan ti11J1llltlnn1:nu (Grazing incidenl angle) 

flJiiLrhnu 3° ffUnt. 20 ,1n 20° OJ 80° '11'111tiU!in (Crystal size) 

ti1i.1t119111Jftlln11'IIOJ Scherrer 11nrtluuun111ihmut.i'JRioni 

ri111nni,;111:/14~1 m11J11u,uil1 (R.) :a:m1lJl'lt.1.ilf11 iim11111a 

lfl1o• Atomic Force Microscope R11'1TIJftlUflt11IJ01111J~1\lllllJ 

'IIOJi11illJ\JlJtl11•1fl511lJlfl1o~ UV-VIS-NIR spectrophotometer 

lJOJ Shimadzu 111 MPC-31000 ii1<fl111JIJ11flg\41:lll'i1J 200 nm 

no 2000 nm 1Mfi1ii,rillinm (n) ua:fi1ii1Jtl1:ir1\l'.n11.ru~ry (k) 

1JOJYl11u.i'rnu~1tl1i.·,r~>i1u'li Envelope (Swanepoel, 1983) .,n 

fllUflili'lim11i,i:i1\IUNJfim1.1f!tfi 
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3 ... ,uu1:aiitl-nu 

rl111Jo~ii1iiuu\11'l,m,i'!111i1ou'hi11mio11h1llJ111%'uif 1ilo 

HJ1n~thu,r,11tl1h\'j1rhrl111Jiin11m:~1uiTllilJll'11lflileunlhift1JD 

i\"1ihv.u1110~·181pOJfo 11rn\:l,fu;:\191"iinnlfric:1RriJ~1\IUftJfl uvi iJ 

1,u,iii'1fl·1aoo,uiinuou1hv.fo\:lii"ufiilm11Jv.111uou •J (1J1Ju1n) 

ua:1iu{milem1uv.111rlia1Jiifi11Yi1Ju1rJ-u ,iJfi 31~uvltl'uii1;.t11 

~-1ui tudiifl, 111~u·l otjl'41i'J.J 121 nm OJ .,656 nm \1 1 Yti'tHifl•n 

~tttleu11 o.a~Rirn ai'.hilulJ ,~ '•ni ~~DLfl°aou~vH~'mTHfl~o1nh-.1 ci 

:,jJ,11 in oi~, n•i·,; ·n ""' 111\14 ,f uv.11,i' 1 m 1 a1fil i,"l II rn 11 t1 i'I auW ,i'u 

nu·hih-i1fl o"'lf1.al11.h:1rHU 4.0 nm/min fi -.1 5.5 nmimin 

(100) (1011 

,. 25 ,. 
" .. .. so S5 

2:llltta(deg.) 

{110) 

' I 
I 
I 

' 

.. .. 

656nm 

425nm 

272 rvn 

12l nm 

Si 

JO 

100•1 
I 
I 

I 

15 •• 

J tlf, 4 liluuurm,llu1,u11fJii1ani,JaJlilii"in11Jil~ii1iluu1llh11~· 
... . 
llfl11lJl'l\!1fl1J ~ 

"am,i\n 1,1·1 lfl1 Js11J;, ii n'!loJvl ai.;a R th iiull \ 111fl ,Ml1ti' 

,nnn11iu1 ·n::"1.-i1 uLnfl-nt1 XRD litit11.L1Ju~111Ju11.tJll°l-3iuJni 

1i~Jilfi 4 -.f1dl'lui1mniw.f.,~iim11Jv.111uau, iJ1:ll1111 121 nm 

ua: in nm (ntt1111l'lou 11'i1nu 30 min UH: 60 min) \1iyj1Jftfl'!IDJ 

~iJuuum1,il'u11ui.1,iirnn'6 Uttl<;ii1wtf11~'\ti'J;i 2 'l!'il iiLmJtti'11 

ll811UlJ!JOffllljl li 11tililowil1JU'1111JV.\11l~IJ4\i1U\i 425 nm (l'li 

l1A1lflHillJ 11ilnu 90 min) ii1JUT1l1!)JUU!J!Jn17li1U1l!J\!1Jiirnn'll' 

1Uu'rit1LinCJ fi'-!11 33.24'' t11~n'u31.lu111JnTniftJ1tu'41.Jihon'lf11a~ 
,isihiiuu\u1<1111 ..iiitmJKi101iilnuuu,un'D:lnuoa1:111u (100) 

~~IJ3llliOllfl JCPOS rn'D;:\ 65-3409 ua:fl.il17Ul~Otl11lJllli1rllilJ 

,Yi114ll,1'i1~U 656 nm li11a11flROUll'i~nu 120 min wuiiJuuu 

,J' ~,<f .- ..; 0 0 0 0 
rn ,urn·HU\.L"J"Jiillln'U'f'llP,J 33 .24 . 37 .96 , 59.39 I.LA: 76.54 'ill''l -.l 

lfuz11MJU01'1Ltu1UJ'41~ilHlf'li110.ao~iiLCu:Jl"'ff'1;~i'jh1·Htti"1~ 

1<~nuumnn,d nirna1:111u (100). (101 ). (110) Uff: (004) fl71J 

;p11iai;a JCPDS ,a11i'! 65-34091.,u,rn,u (100) ii,n-11ai1J110, 

ltJutJ1J nTnfu1lul4i'.Jtflan"U~,Hf~ 1hu1t1uuwrnttfu·auu'l,3ffwn"ll 
~~" 56.50° ,iJ11'11uv.'LiJ'llo,i~nauf1,il11-1"a"110Jfo lun11%"uif 

,f.Jdf1111H\tnu.a: lfi,Jaf1.)~;n,, ElJ Wa°·1n..1TJOe ih \40111 "1~ 1r,) 

~111i\01J\.rl11,1i.if,u~u11uiJa , m1J1101~l,ht1i\ ou wu11ii, 1 a·, 

nTHflilou 30 min 1L~: 60 min f117lll1'4'l~tlu~i~1'hh Uauc,lJ 'It!~ 3 

t i'iDJ'i1na:tto11 o c ihituJJti ~ na-il fi 1~o ➔""i1 nW ·l~'lt1 l ih ;n11~a ou 
(target) 1JJli-l1u·iuil'ou n1\,frm ,11Ji 111 ow~n1i'lulJL.i\thh,1·rn 

1i:iowoilltfotluo~ihi.m,,11\i1,~-ua11t1aou1J\i<J1l1,l'11c«poJfoiJ 

\i.imnun t1·111'fl'l1lJV.li1VhllJii111aou1tiii1h uou liOM l nilwalJ~ 

,.rcr,,1i1iJ11~iin utiilnmHll:lU\!OOOl.'!"l\i i,Jilii 4 uoi,iiona1n,1 

lflff01Jl~1.tli'.h+ 90 min u.a: 120 min ~if11~li1"fl111:YiUlll°4"-J'" 

lu\!\iJm1Jnq1;~n,11nt1vlRlJ +10l~Ol"lA1fi1-niflQOU\11lli1'0:~ DlJ 

'IIOJR111fliiou (AIN) iilon1«tmR<ft1Jun:wofoi1d'.lwil'ui,0Jwil'1J 

maou1J11<J1v.u1111t110-Jfu1A1Jil'lln11111'Na'.,~1iilfl11lJv.11,.,1nil'u 

(JU~ J) uon11ndw~•11f1'hiv,ih111u ,iJ•~t-11imil1J{limlll7B1"1i 

111l1ou (Jilli 4) dio, ,11n.iioo:'ll01JR11111iiou (AIN) t1mflllo1Jl11 

ftl)l,IOl:1:IIIJUJ (bombard) il1111u1w~•11fi,115o!JlJ\!1ff'~10JfoilU1J 

ti o I iio, >11 \ \i1ii~m11Ji' 011«:fl1J1J1.1i<1llu1i'l 11"1Jr\\ ti'•1 so .. 1-, R"1 

1hlmllii"u~iflilau\<i1'iim11J1iJ11,ii\n1nnifu.,,,1Jd1ti'u i10<111iioanu 

flli'iiu'!IOJ Lee et al. (2002) fi1flAil1JW.1'1Jul JORiJ1iiuu111\,mf 

l11ut'linR11fliloulli1Ji un1wui1m·11J1i1J110 J1ilu:umnilu111111 

-i'J~lOn'llihh1fi1Jil',unm1a1fili111rn iu,iioUlJ1Jil'11 

iiJ~ 5 UffilJan1,11u:,f11£l1110,W.fuii1flaou\ti'11nn-nft f1\fl 

i1UlYlfl\4fl AFM ~JUft'ilJan1tti.::lf11ii1uuu 2 nii ll«: J ii~ '!JU • 

wii' 11r\1ti'di au tl1fi1m1llllu1\:l ;1' u 1'11 u n·111l " ' 1 p1r\1 -at um 1 rn i\ ou 

l'iu·h t~olina1Lf1iiau\4cw Lri1f11.J 30 min uR: 60 min U1rn4·1 -rrnJ 

WNl.lUa'n1::tt-cL7utJ Ln-sui'.jRmtr:~mrn,Rn 11u·ltu~J1urn vrn:·~·wa~ 

J·1i'.hVi1hthf:u Ld ona, ,fl°Aau,~iJ'f,.uthri'u 90 min Yfu·hur1uO 

an1t01:lU~ilJM llfl1JIJ llii'!lll1M \ 111ajif li'il1 lJl 1Q1~lt11i ilU m :,1mi'1 

ihv.u1vl,l,, :i1v.i'uvla1Jfilirnrnt1tta1Jni1nu 120 min wui1mrn 

,iJ111ii11iJ«1Ulll'la1J1hii1llu1\llil'1J H1li•1T1lJV.U11Jih11u•wN1!1'i1J'h 

ilfi11~1Jill11n 0.2 nm LU\i 2 .1 nm >1 11Jl1 R1lf1N81J~L;;iuil'u 

Ldt:i..1;nnu: flD1J;{m:fn.1u\lW'lVt11'1110 ~1K~,a,171J\r;)luf111"i'o\la:i11J 

ri,nt1li.m:m11n1,1t11lou,htli'o:t10llfflntla01Jiinwn1JA11llllU\I 

n~1Jno1.1mnil'11,hllll"'vlil°uiim1llv.u·1uii1,YiiA." ti'·iu 

na1tflio1.1 fl1"1lJll\!"1 ff'll lJl/\U1u~1lu Su R. 

(min) (nm) (nm) 

30 121 0.2 

60 272 0.3 

90 425 1.5 

120 656 2.1 ' ' 
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- '"" 

(c) 

(d) 

Jli~ 5 An1ttll::tuFh~1nn1TIL11i,::t('il1mt1fl'4f1 AFM 11a~Wi!1Jm~o~ih.iluutu'lt11il~v>A"llflftau1i1-J ~ 
(a) 30 min, (b) 60 min, (c) 90 min. ua: (d) 120 min 

-glass 

..... 30min 
-+-60 min 

+tOmin 
...,120 min 

•¥.~-----------------.... 

111J1JtimJu.11.110JYli1"1Ju1.oaii,i'.iu11tu1omh~i1urn~Lt1nil1J 

1il'411i1iitm1nc:l11iifi1n1,11.,huu:Jfiou111J~J l rui,iiuJm:~nfi 

11it11rn1'ouiolii1J'i!Jiifi1n110Jll1u,u1Jfiaui1J~Jll1:1J1cu. 90% 

diou1ni:~mt1i1ouwa1Jo~iiLilu1Jtu1'11.i11li~1hn-1,liJ"1uu11-J 

.i1m,1~0J111tJ11l'11hH,iii1<aof°L•11nll11'111Jn1100,huu.11, ,io,tJ;i 6 

-wtrhW1.{11J'J~,J~ri.JtJ1"ua.Ji~1u,h..t~"UJth1~'MuuA:iiu"·nl~•11na' 

(t1T11Ju1·,11i\i.lw1hi 300 nm oi 2500 nm) l.iuilti1n1,aoli1,mai 

11Jotilu-!i1J1h:1111u. 75% iiJ 65% ,f,d1'11n'iil111i.,n1tlt1t1fo 

~,,;.~1uu11 J'll aJiol ft 11u1J oaih ilu ll1u 1 mti'fi1t1i1 ou1111i'n11J., 

l'IUi1ih1r,1,1cu.:mi1um1n,:1iolJ'IIOJflau iioiiti·u,i11{uua:R~NJ 

RNUl1UflHOflfl11~U71fl;\IUft~~;;~,1tu1 ,rto~~1n011umnROil 

11 OJ uft Jlh uiwu o~ill ft 111J1J o ~jj, ilu ~ 1 u hnti' ~ .. , ii ou1Juu liu 

n1:Qr.~1~,hl\110J 

2SO SOO 750 1000 1250 1500 17$0 !000 2250 250tl 
Wn'91fflglh(nffl) 

JU~ 6 fflUM11l!m1ii•~1UUflJ'IIOJOW,m,a:Yls1JU1~o~illilu1J 

\u1¥111i,t1R1Lfl601J>i1J ') 
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2.10 ,------------------~ 

2.05 

1 95 

115 

...,..30 min 

-+-60 min 

-♦-90 mm 

~~·<===:~-
"'"'-~ ------ .. ·-·• 

1 aa +--~-...,...-...... -......-----,.--.---.---.----! 

"" - = - = - - - ™ -W.i~ieength {nm) 

OC,JC• y-------------------, 
.._JC mfo 

-~omm 
, 9Cmm 

• .. , ... 120 rnin 

~ _ ..... -,,,..... 

~ 

.~-1----...--...------..--.--..... -1 
"" ..., $00 ~$0 6iXI &50 100 150 $OU 

Wa¥fiengrtl{1'1mj 

1t1ri a ~i11h:ari~·nTiil1.J~{l!'btHvlG1..;u1,1o~iJ~Um.1'1~1~1·hl 

flt'l(•Pif1flti1l\'11J ~ 

~~n,~1 .. w1:i,,h11,firrn1,ff,110,w~·um,o~jj1{lullli<l'a~vf 

1~·uri fi1,1..-ui·mY1 (n) ,1~: fi,~i11h:ih-1'ilm1li'u~'l! (k) /i1;~11.11ru 
,~·,nnfl 'ii'( uJn•;d·)Jf;")"S ff,,i.h lUl.~-,l'll o~w ,h.nruo ~ih i'.itu.1\ ~1!~(f11 ~­

fi1 t1a 0111 ~hf-llU.Jl-li~nt'.i $ Envelope (Swanepoe1, 1983) Y-n.rh 

,i,,i',rili'nm,io, w~·,;u,~o~ll, ilu1J 11.11.i1.f firn~ au 1lu1h,i1m" 

ffrl;JUYJfla"kaaJ ~!,331.J~ 71~tJ~ft11lJEJ11flfi~Lli'1J'11J 600 nm 

l~fhnn-Jo~i1t.¾ui/l\:."l11·al~i:flT1lJ~u1Uao9 1..h::tnni 121 nm us: 

272 nm (1i.l"Hnln~mJ lihrl1J 30 min ~Lr1:: 60 min) lJfi'1i1-niiimv. 

LJ~h1,'J1'Jj 1 85-1.88 ii'JU'W~!J1.n-1tJ~ijlUu).J'lu\l,;i•Hl~nY1).J'V',\n 

l~lltuvt+irhJ 425 nm U~l::: 656 nm (hln~ntn~tJ'lJ lthrlu 90 min 

Ui~:-; 120 min) i1tl'1o/l'?lav.·rnVit1~lwrhJ 1.94•1 .97 (ftJ~HHtu.Jrru 

.,·m1·fo110, Meng (1994) ;J,'l,foi1mu,~u1nmn·1""IJW\lf1rn, 

l,111wf-1rn5n11mhi,iuin,1111a-,illN"1J'HU01JlULJIJ1\l'l911.f,1 

~1.,,f4tlt1 n, rU ~ tJJU1-3~iltffIJH'l1-3M~n~tlJ1Jai(l43°lU i-nitt1ru 1-"\fi 

~tn.h::i.rnu 1.8•1 9 ,h~WJ11111,1~ijlrn-JHi'1Jw~n1uJurt~~Nn ~l,iil 

~-m~ijY111h::J..nru 1.9-2.1 ff1utha'lJtl~-:Rr1fni-nlu~tlJ"ll0-3°t~N11u-1,1 

u~ijdit11.J 1 u'l1i1Hi~1nn·11n'l'liHl."Jl1u-hiitilfl~)fil ru1n 0.01 a ~nu 
0.007 a'iJil~u;o.Jf1u,n~1i't.11rn-, Khoshman et al. (2005) ~,rrrni1 

a'aJtJ1:; iiriin 11~lu~ cy11aJ~ a"u1J1,1e~ n\ ito;.il½1v11ftl~ti11 n'lf1,1 

0.0002 iii o.oos6 ,r,111vl a 

4, 1111~1.J 

tift.JU1-3 fl ett~nolJ1 \.I, t~·Hi'hH1u1;r ud~ '1l)·uii~1 c{jf) U.dl~Y'i 

1l•i:humitv11t1uffil~v,101-l 11~n1::1nn"ln~i"uu::lbti"i~nou ~t;.iiil~iiJ 
NntHtt::1a-lllfJu~.:i t-Hl1lfl11::½~-1m11fiitfl XRD ~ui~1~1r1t11--nn 

UNtl1~11.v1Rat1i'hH-11tioh11~~1,-,'-lRn,ttJJViJ1JU'1Jo~iJLiiuu1~h!1';11 

lfl~t1ui'l11~a-Wa'uiih1~-li'fi1,H.llJtlOa°n4jlll.~ouv11111V.\.nl~~: hh 'Hll 

m'am..1UE1u 1 u~di1H1.JRi)<JUUUYH~~nrn~o1intrHt1fiolJU'lUi1n 

it1uuurn1Lttnlul.4 tJriu) ni1J t1 -3;Jth1~l~11J1"i-J riuv~i'JL ~vL>1 "i.~ 1,A 

'il'llJf11.l"iltl¼!H JCPOS 1~i,~ 65-3409 lmrn11J1,1J1HUn'!l:lnllOU 

fi101.1·1u (100). (101). (110) 01<: (004} 11'1Y\11Hlll>Hl4;:11\lfrl ,;:j0l{ 

ncnLt1°ueu1it1u fhVit!' .. itiJ;.JiJRn Ht'\4:::L~uu i.i'ii L·Ja'1LH~it1 uu .. 11JiJH 

lTnuih~m~uu:LiJ\.\~ii~11.li.-nou.1-•1trnri'->.;{u.fh"llJJ~Nl.l N·;u~n UH-'! u, 

u~:ffl-n..rnrnuf.4·1-vu-JWct'JJwt.rhL£c1n~1Lflri<luL~lJ~u·,nn 30 mm 

l'Ut.t 120 mm WJ"rl1t1~t1ulii1r1111.;v,u.·1 ~L~~:::n-1-11J~•,u·rnn~";ju,nn 

121 nm 1.Uu 656 nm L~~:: 0.2 nm i.i.lu 2.1 nm G1·11J~'H1°i"1J ~tiw1·1w1 

H) tie u i l;..i~ 1.a1-r1"v, ,n LL«:: t1 ~ ·1..1V1 u·1u "tl u ."JYJ Juil frH ~ ~-ff u 

"""~Lfliiu1J1'nith,hil1Zmll (n) u,: •i·H,mh:lh,ii1m,11J~1y (kl 

-i1Jti-nnm"·rn~lilflfli"11n-1·a~JfJ1uua-1 ihulfi Envelope wi.rh 

~ftTl~UTH1~11 11111111 600 nm lhi1 n 0tjlw1hJ 1.85-1 97 CL•: 

fr1 k atjh.,h~ 0.018-0.001 

i'ii1iin'f°iJJt.h:::n1« 

ut1t1-rrn1iad"\cti1urpt~+w11t1,4nT11-rmnn "~1J.tqv1 vi~,un1~'iu 

~uu,:,nm,Jtffrn1,, (LJ1.lil~Y\1.l1.lll1fl1,U1Cl) IJV\'11Y,u 11fo1J1>,1" 

rhht.nuituif'1"·1d~~-Jlii1~~ fl

4

ru.::~"1-iu"1J0"lJflu~rul·r rn lo~rni: 
'lJ 011 ou ~ru i iJ-ltJ!ju"1in-1 "l 1i ut nn 1 n 1 ~ U ~ ry cy1n~1 f'lu,1: ,~ i{tiu··: J 

t11f/hnYrnnff fl~:~t1trH11Wil1 ,;v.-,~j11u'niu~·Jw1 ;;n1nn1Y; 
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