
Macalester Journal of Physics and Astronomy
Volume 1
Issue 1 Spring 2013 Article 6

1-23-2014

Growth Kinetics of ZnO by Magnetron Sputtering
for Solar Cell Application
Nadia Foo Kune
Macalester College, nadia.fookune@gmail.com

Follow this and additional works at: http://digitalcommons.macalester.edu/mjpa
Part of the Astrophysics and Astronomy Commons, and the Physics Commons

This Capstone is brought to you for free and open access by
DigitalCommons@Macalester College. It has been accepted for inclusion
in Macalester Journal of Physics and Astronomy by an authorized
administrator of DigitalCommons@Macalester College. For more
information, please contact scholarpub@macalester.edu.

Recommended Citation
Foo Kune, Nadia (2013) "Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application," Macalester Journal of Physics
and Astronomy: Vol. 1: Iss. 1, Article 6.
Available at: http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by DigitalCommons@Macalester College

https://core.ac.uk/display/46723326?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://digitalcommons.macalester.edu/mjpa?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.macalester.edu/mjpa/vol1?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.macalester.edu/mjpa/vol1/iss1?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.macalester.edu/mjpa?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/123?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/193?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarpub@macalester.edu
http://www.macalester.edu/?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.macalester.edu/?utm_source=digitalcommons.macalester.edu%2Fmjpa%2Fvol1%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages


!"
"

"
"
"
"
"
"
"
!"#$%&'()*+%),-'#.'/*0'12'345*+%"#*'678%%+")*5'.#"'6#94"':+99'

;779),4%)#*'
"
"
"

#$%&$"'((")*+,"
"

-./0&10"$+%"2034(+(5/"6,7$435,+38"9$1$:,03,4";(::,<,"
"
"
"

2%=&0(4>"-4(?,00(4"@&5"6(/:,"
"
"
"
"
"

;1-%"4,%"
A.," <($:" (?" 3.&0" B(4C" &0" 03*%/" 3.," 5,1.$+&05" (?" D+E" 3.&+" ?&:5" %,7(0&3&(+" F/" 4?"
5$<+,34(+"07*33,4&+<"B&3."$+"$4<(+"7:$05$G"A.&0"4,0,$41."B&::".,:7"*+%,403$+%"3.,"
<4(B3."C&+,3&10"(?" 3.,"D+E" :$/,4" &+"4,:$3&(+"3(" 3.,"<4(B3."1(+%&3&(+0" ?(4"0(:$4"1,::"
$77:&1$3&(+G" H," 03*%/" 3.," 4$3," (?" <4(B3.8" 3.," ,:,134&1$:" 74(7,43&,08" 3.," (73&1$:"
34$+05&00&(+" $+%" 3.," I&+1" 3(" (J/<,+" 4$3&(" (?" ,$1." 0$57:," $0" $" ?*+13&(+" (?" <4(B3."
3,57,4$3*4,G"H," 1(+1:*%," 3.$3" D+" ,=$7(4$3&(+" 1(57,3,0" B&3." &+1(47(4$3&(+" &+3("
3.,"?&:5"F/"1(5F&+&+<"B&3."$+"$44&=&+<"E"$3(5G"
"
"
"
"
"
"
"
"
"
"
"
"

1

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



K"
"

<*%"#=8,%)#*"

D&+1" EJ&%," LD+EM" &0" $" A4$+07$4,+3N;(+%*13&+<" EJ&%," LA;EM" 3.$3" .$0" F,,+"

?(*+%"3("F,"=,4/"*0,?*:"?(4"$"+*5F,4"(?"$77:&1$3&(+0"&+1:*%&+<"0(:$4"1,::0"%*,"3("&30"

,1(+(5&1$::/" ,??,13&=," <4(B3." 74(1,008" *+&O*," (73&1$:" $+%" ,:,134&1$:" 74(7,43&,08"

4,74(%*1&F&:&3/8"B&%,"$=$&:$F&:&3/8"$+%"+(+N3(J&1"+$3*4,"P!QG"D+E"1$+"F,"*0,%"$0"3.,"

3(7" 1(+3$13" :$/,4" (?" 3.," 1,::G" A.," 74(7,43&,0" (?" D+E" %,7,+%" (+" 3.," 1(+%&3&(+0" (?"

<4(B3."(?"3.,"?&:50"PKQG"'(4"0(:$4"1,::"$77:&1$3&(+0"B,"$4,",07,1&$::/"&+3,4,03,%"&+"3B("

(?"3.,0,"74(7,43&,0>"34$+07$4,+1/"$+%",:,134&1$:"1(+%*13&=&3/"PRQG"A.,"?&:50"+,,%"3("

F,"$0"34$+07$4,+3"$0"7(00&F:,"&+"(4%,4"?(4"3.,"$13&=,":$/,4"(?"3.,"1,::"3("4,1,&=,"3.,"

5$J&5*5" $5(*+3" (?" 0*+:&<.38" B.&:," F,&+<" 0*??&1&,+3:/" 1(+%*13&=," 3(" 5$C," <((%"

,:,134&1$:"1(+3$13G"A.,/"1$+"F,"<4(B+"F/"0,=,4$:"5,3.(%08"&+1:*%&+<"*0&+<"$"3.,45$:"

,:,134(+"(4"5(:,1*:$4"F,$5",=$7(4$3(48" $" 7*:0,%" :$0,48" 07*33,4&+<" 0/03,58" (4" 07&+"

1($3&+<"0/03,5G"

S+%,403$+%&+<"3.,"<4(B3."5,1.$+&05"(?"D+E8"3.$3"&08".(B"3.,"%,7(0&3&(+"(?"

I&+1"$+%"(J/<,+"$3(50"(+3("3.,"0*F034$3,".$77,+08"&0"C,/"3("F,&+<"$F:,"3("(73&5&I,"

&30" 74(7,43&,0" $+%" 74(%*1," <((%" O*$:&3/" 1,::0G" T,38" :&33:," B(4C" .$0" F,,+" %(+," 3("

*+%,403$+%" 3.,"F,.$=&(*4"(?" I&+1" $+%"(J/<,+"$3(50"%*4&+<" 3.,"%,7(0&3&(+"(?"D+E"

3.&+"?&:50G"9$<+,34(+"07*33,4&+<"&0"(+,"(?"3.,"5(03"1(55(+"$+%"1(03N,??,13&=,"B$/0"

3("%,7(0&3"3.&+"?&:50"(+3("0(:$4"1,::0G"A.*08"3.,"<($:"(?"3.&0"4,0,$41."B$0"3("03*%/"3.,"

4,:$3&(+0.&7"F,3B,,+"3.,"<4(B3."1(+%&3&(+0"$+%"3.,"74(7,43&,0"(?"3.,"3.&+"?&:5"$+%"

%,=,:(7"$"7:$*0&F:,"5(%,:"%,014&F&+<"3.,"?(45$3&(+"(?"3.,"D+E":$/,4"F/"5$<+,34(+"

07*33,4&+<"&+"(4%,4"3("?*::/"(73&5&I,"3.,"?&:50"?(4"$77:&1$3&(+0G"A("%("0(8"&+"3.&0"B(4C"

B," %,7(0&3,%" 3.," D+E" 3.&+" ?&:50" (+" <:$00" $+%" 0&:&1(+" 0$57:,0" $3" =$4/&+<"

2

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



R"
"

3,57,4$3*4,0"$+%"$+$:/0,%"3.,"74(7,43&,0"(?",$1." ?&:5"$0"$" ?*+13&(+"(?" 3.,"<4(B3."

3,57,4$3*4,G""

"

>?7+")@+*%49'A"#,+=8"+"

D+E"3.&+"?&:50"B,4,"<4(B+"(+"KGUV"15"J"KGUV"15"0O*$4,"<:$00"0*F034$3,0"F/"4?"

5$<+,34(+"07*33,4&+<"B&3."$"=(:3$<,"(?"KWW"X"*0&+<"$+"$:*5&+&*5N%(7,%"D+E"L2DEM"

3$4<,3" LKGU"$3G"YMG"6(7&+<"D+E"B&3."2:" &+14,$0,0" 3.,"%(+(4N:&C,"%,?,130" &+" 3.," ?&:5G"

A.&0"5,$+0"3.$3"3.,"5$3,4&$:"1(+3$&+0"5(4,",:,134(+"34$70"0.(43,+&+<"3.,"%&03$+1,0"

,:,134(+0".$=,"3("5(=,"3("1(5F&+,"B&3."$+(3.,4".(:,G"A.&0"$::(B0",:,134(+"3("5(=,"

5(4,",$0&:/8"5$C&+<"3.,"?&:5"5(4,"1(+%*13&=,"PVQG"Z?"5$<+,34(+"07*33,4&+<"&+=(:=,0"

14,$3&+<"$"7:$05$"?4(5"$4<(+"<$0"*0&+<"4$%&("?4,O*,+1/"L!RGU["\IM"7(B,4"(?"!WW"HG"

'&<*4,"!"&::*034$3,0"3.,"%,7(0&3&(+"74(1,00G"A.,"%&03$+1,"F,3B,,+"3.,"0*F034$3,"$+%"

3.," 3$4<,3"B$0" !W" 15G" A.," %,7(0&3&(+" 3&5,"B$0" KW"5&+0"B&3." U"5&+0" 74,N07*33,4"

%*4&+<"B.&1."3.,"0*F034$3,"B$0"1(=,4,%"F/"$"0.*33,4G"A.,"0*F034$3,0"B,4,".,$3,%"3("

%&??,4,+3" 3,57,4$3*4,0" 4$+<&+<" ?4(5" 4((5" 3,57,4$3*4," 3(" RWW" ];8" 3.," 5$J&5*5"

$33$&+$F:," 3,57,4$3*4," &+" 3.," 0/03,5G" A.," F$0," 74,00*4," &+" 3.," =$1**5" 1.$5F,4"

B$0"!"^"!WN_"A(44G"A.,"$4<(+"74,00*4,"%*4&+<"%,7(0&3&(+"B$0"`"5A(44G"a(5,"(?"3.,"

?&:50"B,4,"<4(B+"B&3."!5A(44"(?"EK"<$0"3("3.,"7:$05$"&+"$%%&3&(+"3("3.,"$4<(+G"

"

B+-89%-"

a,=,4$:"5,$0*4,5,+30"B,4," 1(+%*13,%" 3(" 1.$4$13,4&I," ,$1." ?&:58" &+1:*%&+<"

1(+%*13&=&3/" 5,$0*4,5,+308" 3.&1C+,00" 5,$0*4,5,+308" (73&1$:" 34$+05&00&(+"

5,$0*4,5,+308" $+%" D+" 3(" E" 4$3&(" 5,$0*4,5,+30" *0&+<" ,+,4</" %&07,40&=,"

3

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



V"
"

07,134(01(7/" Lb6aMG" A.,0," $4," F$0&18" 1(55(+:/" *0,%" 3,1.+&10" (?" ?&:5"

1.$4$13,4&0$3&(+"?(4"3.&+"?&:50G"

A.,"1(+%*13&=&3/"5,$0*4,5,+30"B,4,"5$%,"*0&+<"$"?(*4N7(&+3"74(F,G"c+"3.&0"

5,3.(%8"?(*4"74(F,0"$4,"$:&<+,%"$+%",O*$::/"07$1,%"(+"3.,"0$57:,"F/"$"%&03$+1,"!G"

A.," 4,0&03&=&3/""#(?" 3.," ?&:5" &0" %,3,45&+,%" F/" ,O*$3&(+" L!M"B.,4," $" &0" 3.," 1*44,+3"

F,3B,,+"3.,"3B("(*3,4"74(F,0"$+%"%"&0"3.,"=(:3$<,"F,3B,,+"3B("(3.,4"PUQG"

! ! !!! ! !""""""""""""""""""""""""""""""""""""""""""""""""""""""""" "L!M"

A.,"1(+%*13&=&3/"&"&0"3.,"&+=,40,"(?"3.,"4,0&03&=&3/G"

&#d"!e"""""""""""" """"""""""""""""""""""""""""""""""""""""""""""""""" LKM"

A.&0"5,$0*4,5,+3"&0"&57(43$+3"F,1$*0,"3.,0,"D+E"3.&+"?&:50"$4,"&+3,+%,%"?(4"0(:$4"

1,::"$77:&1$3&(+8"$+%"&3" &0" &57(43$+3"3(",+0*4,".&<.",+(*<."1(+%*13&=&3/"0("3.$3"3.,"

0(:$4"1,::0"$4,"(73&5&I,%G"'&<*4,"K"0.(B0":(B"4,0&03&=&3/"?(4"$::"?&:50"<4(B+"B&3."+("

0/03,5$3&1" 3,57,4$3*4," %,7,+%,+1,G" A.,4," 5$/" F," $" 0:&<.3" (=,4$::" &+14,$0," $0"

0.(B+"F/"3.,"?&38"F*3"3.,"01$33,4"&+"3.,"%$3$"B$0".&<."0("B,"%("+(3"0,,"$+/"4,$:"34,+%G"

A.,"$=,4$<,"4,0&03&=&3/"(?"(*4"?&:50"B$0"(?"3.,"(4%,4"(?"!WNR"fG15"$+%"03*%&,0".$=,"

0.(B+" ?&:50"B&3." 4,0&03&=&3&,0" :(B,4" 3.$+"!WNR"fG15"$4,"(?" $11,73$F:," 1(+%*13&=&3/"

:,=,:" ?(4"7.(3(=(:3$&1" 0(:$4" 1,::" $77:&1$3&(+G"A.," ?&:5"B&3." 3.," :(B,03" 4,0&03&=&3/" (?"

!GWU"^"!WNR"fG15"B$0"<4(B+"$3"!RW];G"

A.," 3.&1C+,00,0"(?" 3.," ?&:50"B,4,"5,$0*4,%"*0&+<" $"A,+1(4"2:7.$a3,7"KWW"

5(%,:" 03/:*0"74(?&:(5,3,4G"A.&0" $77$4$3*0"5,$0*4,0" 3.,"%4(7"(?" $"+,,%:,"%4$<<,%"

$14(00"3.,",%<,"(?"3.,"?&:508"<&=&+<"3.,"%&??,4,+1,"&+".,&<.3"F,3B,,+"3.,"3.&+"?&:5"$+%"

3.,"<:$00"0*F034$3,"3.,"?&:5"&0"(+G"A.,"$=,4$<,"3.&1C+,00,0"4$+<,%"?4(5"K[K[Gg"h"$3"

4

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



U"
"

KKWi;"3("VKVRG`"h"$3"UWi;G"H,"?(*+%"3.$3"3.,"%,7(0&3&(+"4$3,"%,14,$0,%":&+,$4:/"B&3."

&+14,$0&+<"3,57,4$3*4,"$0"0.(B+"&+"'&<*4,"RG"

2" j,1C5$+" %&(%," $44$/" 07,134(5,3,4" B$0" *0,%" 3(" 3$C," 34$+05&00&(+"

5,$0*4,5,+30"$0"$" ?*+13&(+"(?"B$=,:,+<3.G"'(4"0(:$4"1,::"$77:&1$3&(+8"B,"B$+3"3.,"

?&:50"3("F,"$0"34$+07$4,+3"$0"7(00&F:,"&+"3.,"=&0&F:,"7$43"(?"3.,"07,134*5"&+"(4%,4"3("

5$J&5&I," 3.," :&<.3" $F0(473&(+" &+" 3.," $F0(4F,4" :$/,4" (?" 3.," 1,::G" '&<*4," V" 0.(B0"

,J$57:,0"(?"34$+05&00&(+"<4$7.0"?(4"$"?,B"?&:50G"'(4"3.&+"?&:50"<4(B+"$F(=,"!WW];8"

3.," =$4&$3&(+" &+" 3.," $=,4$<," 34$+05&00&(+" &0" 0*F3:,8" F*3" 3.," 34$+05&00&(+" &+" 3.,"

=&0&F:,8"F,3B,,+"VWW"+5"$+%"_WW"+58"0.(B"$"0/03,5$3&1" &+14,$0," &+" 34$+07$4,+1/"

B&3."0*F034$3,"3,57,4$3*4,"L'&<*4,"UM8"&+%&1$3&+<"$774($1."3("03(&1.&(5,34&1"LD+>E"

d"!>!MG"

'&+$::/8" 3.," I&+1" 3(" (J/<,+" 4$3&(" B$0" %,3,45&+,%" F/" $" 01$++&+<" ,:,134(+"

5&14(01(7," Lab9M" B&3." $+" ,+,4</" %&07,40&=," 07,134(5,3,4" $33$1.5,+3G" A.&0"

3,1.+&O*," *0,0" $" F,$5" (?" ,:,134(+0" 3.$3" &+3,4$13" B&3." $+" ,:,134&1$::/" 1(+%*13&=,"

0$57:,"3("%,3,13"3.,"?,$3*4,0"(?"&30"3(7(<4$7./"$0"B,::"$0"&30"1(57(0&3&(+"F/"5,$+0"

(?"3.,"JN4$/0",5&33,%G"A.,"JN4$/"5,$0*4,5,+3"B$0"1$:&F4$3,%"B&3."$"0$57:,"3.$3"B,"

<4,B" B&3." $+" (=,474,00*4," (?" EK" $3" .&<." 3,57,4$3*4," $+%" $00*5,%" 3(" F,"

03(&1.&(5,34&1G" '&<*4," [" 0.(B0" 3.," 4,0*:30" (?" 3.,0," 5,$0*4,5,+30" ?(4" 3.&+" ?&:50"

<4(B+"$3"`"5A(44"(?"$4<(+"(+:/"$+%" ?(4" ?&:50"<4(B+"B&3."!"5A(44"(?"EK"$%%,%G"2"

7,4?,13"D+E"14/03$:"B(*:%".$=,"$"!>!"4$3&("P[QG"A.,"4,0*:30"?(4"F(3."<4(B3."74,00*4,0"

&+%&1$3," 3.$3" 3.," D+" 3("E" 4$3&(" 1(+=,4<,0" 3(" !" $3" .&<." 3,57,4$3*4,0" F*3" &0" $:B$/0"

<4,$3,4" 3.$+" !G" A.&0" 5,$+0" 3.$3" 3.,4," $4," $:B$/0" 5(4," I&+1" $3(50" 3.$+" (J/<,+"

$3(50" $+%" 3.&0" &0" 1(+0&03,+3" B&3." 3.," $=,4$<," 34$+05&00&(+" %$3$8" 0&+1,"

5

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



["
"

03(&1.&(5,34&1"D+E".$0"$"F$+%"<$7"(?"RGR",X"$+%"0.(*:%"F,"7,4?,13:/"34$+07$4,+3"&+"

3.,"=&0&F:,"L,J1,73" ?(4" ?&:5"&+3,4?,4,+1,",??,13MG" c+" 3.,"%&01*00&(+"0,13&(+"F,:(B"B,"

B&::" 74,0,+3" $" 0&57:,"5(%,:" 3.$3" $11(*+30" ?(4" 3.," %,7(0&3&(+" 4$3," $+%" D+eE" 4$3&("

%,7,+%,+1,"(+"0*F034$3,"3,57,4$3*4,G"

"

C)-,8--)#*""

H," (F0,4=,%" 3.$3" 3.," ?&:50" B,4," 3.&++,4" B.,+" <4(B+" $3" .&<.,4" 0*F034$3,"

3,57,4$3*4,G"'&<*4,"R"0.(B0"3.$3"3.,4,"&0"$F(*3"[WW"h"(?"%&??,4,+1,"F,3B,,+"?&:50"

<4(B+" $3" RWW];" $+%" 3.(0," <4(B+" $3" 4((5" 3,57,4$3*4,G" 2" 7(00&F:," ,J7:$+$3&(+" (?"

3.&0" F,.$=&(*4" 0,,50" 3(" F," :&+C,%" 3(" ,=$7(4$3&(+" (?" 3.," $%0(4F,%" I&+1" $3(50G" 23"

.&<.,4"3,57,4$3*4,08"3.,"I&+1"$3(50",=$7(4$3,"?4(5"3.,"0*F034$3,"$3"&+14,$0&+<"4$3,8"

$+%" 3.&0" :&5&30" 3.,"<4(B3." 4$3,G"A.&0" &0" 0*77(43,%"F/" 3.,".&<.,4"D+eE"4$3&("$3" :(B"

3,57,4$3*4,08" &+%&1$3&+<" 3.$3" 3.," D+" 07,+%0" 5(4," 3&5," (+" 3.," 0*F034$3," F,?(4,"

,=$7(4$3&+<8" &+14,$0&+<" &30" 74(F$F&:&3/" 3(" 1(5F&+," B&3." $+" E" $3(58" $+%" 3.*0"

&+1(47(4$3,"&+3("3.,"?&:5G"'*43.,45(4,8"3.,"$=,4$<,"D+"3("E"4$3&("(?"3.,"?&:50"<4(B+"

$3".&<.,4"EK"74,00*4,"&0"1:(0,4"3("!>!G"A.&0"4,0*:3"$<4,,0"B&3."3.,",=$7(4$3&(+"5(%,:>"

B&3." 3.," $*<5,+3$3&(+" (?" 3.," E" 1(+1,+34$3&(+" &+" 3.," 1.$5F,48" 3.," 1.$+1,0" (?"

F(+%&+<"F,?(4,"3.,"0*4?$1,"D+",=$7(4$3,0"$4,".&<.,4G"'&<*4,"U"0*77(430"3.,"?$13"3.$3"

3.,4," &0" :,00" D+" &+" 3.," 0$57:," $0" 3.," 3,57,4$3*4," &0" &+14,$0,%" F,1$*0," 3.," D+"

4,+%,40"3.,"?&:5":,00"34$+07$4,+3"$+%"B,"+(3&1,%"3.$3"3.,"34$+05&00&(+"%,14,$0,%"$3"

:(B,4"3,57,4$3*4,0G""

'&<*4,"[" &::*034$3,0"$"0&57:,"<4(B3."5,1.$+&05"(?" 3.,"D+E"3.&+" ?&:5"%*4&+<"

%,7(0&3&(+G" c+" 03,7" DEF8" 3.," 24" $3(5" ?4(5" 3.," 7:$05$" .&30" 3.," 2DE" 3$4<,3G" A.,"

6

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



_"
"

1(::&0&(+"?4,,0"$"D+"(4"$+"E"$3(58"B.&1."3.,+":$+%0"(+"3.,"0*F034$3,"0*4?$1,G"E+1,"$"

D+"$3(5"4,$1.,0"3.,"0*F034$3,8"3.,4,"$4,"3B("7(00&F&:&3&,0>",&3.,4"3.,"D+"$3(5"F(+%0"

B&3."$+"E"$3(5"DGF"$+%"&0"$%0(4F,%"&+3("3.,"?&:5k"(4"&3",=$7(4$3,0"(??"(?"3.,"0*F034$3,"

DHFG"

A.,"1(57(0&3&(+"(?"3.,"?&:50"&0",J7:$&+,%"01.,5$3&1$::/"&+",O*$3&(+0"LRM"$+%"

LVM8"0.(B&+<"3.,"%,=,:(75,+3"F,3B,,+"<$0,(*0"D+8"$%0(4F,%"D+8"(J/<,+8"$+%"0(:&%"

D+E>"

!"! ! ! !"!!!"!" " " " " LRM"

!"! !" ! !! ! ! !"#!!!!" " "" " LVM"

6*4&+<" 3.," %,7(0&3&(+8" D+" &+" &30" <$0" ?(45" &0" 1(+=,43,%" 3(" $%0(4F,%" D+" L(+" 3.,"

01$0*4?$1,MG"20"0.(B+"&+"'&<*4,"_8"3.&0"D+"L$%M"1$+",=$7(4$3,"$0"D+"L<M"(4"7$&4"B&3."E"

3("?(45"D+E"L0M8"B.&1."&0"&+1(47(4$3,%"3("3.,"?&:5G"H.,+"3.,"3,57,4$3*4,"&+14,$0,08"

D+"L$%M"1(+=,430"F$1C" &+3("D+"L<M"$3"$" ?$03,4"4$3,"3.,4,?(4,"3.,4," &0" :,00"D+"L$%M"3("

4,$13" B&3." 3.," E" $+%" 14,$3," D+E" L0M8" 4,0*:3&+<" &+" $" 3.&++,4" D+E" :$/,4" (+" 3.,"

0*F034$3,G"

2%%&3&(+$:"4,1,+3"4,0,$41."?4(5"3.,"0$5,":$F8"%(+,"$0"$"1(+3&+*$3&(+"(?"3.,"

74(l,138".$0"74(=&%,%"5(4,",=&%,+1," ?(4" 3.&0"F,.$=&(*4G"D+N(+:/" ?&:50"B,4,"<4(B+"

*0&+<" $" 7*4," D+" 3$4<,3" $0" $" ?*+13&(+" (?" 0*F034$3," 3,57,4$3*4,G" c+03,$%" (?" 3.," ?&:5"

3.&1C+,008"3.,"%,7(0&3&(+"4$3,"B$0",=$:*$3,%"*0&+<"$3(5&1"$F0(473&(+"07,134(5,34/"

F,1$*0," 3.," ?&:50" B,4," 3((" 4(*<." 3(" 5,$0*4," *0&+<" 3.," 03/:*0" 74(?&:(5,3,4G" A.,"

4,0*:30" $4," 0.(B+" &+"'&<*4,"`G" c+%,,%8"B&3."+("E8" &3" &0"5(4,"%&??&1*:3" ?(4" 3.,"D+" 3("

$%.,4," 3(" 3.," 0*F034$3,8" 4,0*:3&+<" &+" $"%,14,$0," &+"%,7(0&3&(+" 4$3,"B&3." &+14,$0&+<"

0*F034$3,"3,57,4$3*4,G"

7

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



`"
"

"

:#*,98-)#*'

" j/" 03*%/&+<" 3.," ,??,130" (?" 0*F034$3," 3,57,4$3*4," %*4&+<" %,7(0&3&(+" (+" 3.,"

(73&1$:" $+%" ,:,134&1$:" 74(7,43&,08" B," .$=," %,=,:(7,%" $" 0&57:," 5(%,:" 3.$3" .,:70"

,J7:$&+" 3.," <4(B3." C&+,3&10" (?" D+E" 3.&+" ?&:5" F/" 4?" 5$<+,34(+" 07*33,4&+<G" A.,"

4,0&03&=&3&,0" 5,$0*4,5,+30" .,:7,%" ,+0*4," 3.$3" 3.," ?&:50" .$%" <((%" ,:,134&1$:"

1(+%*13&=&3/" ?(4" 0(:$4" 1,::" $77:&1$3&(+G" A.," %,7(0&3&(+" 4$3,8" %,3,45&+,%" F/" 3.,"

3.&1C+,00" 5,$0*4,5,+308" ,03$F:&0.,%" 3.$3" 3.," ?&:50" B,4," 3.&++,4" B.,+" <4(B+" $3"

.&<.,4" 3,57,4$3*4,0G" A.," 34$+05&00&(+"5,$0*4,5,+30" $:0(" ,+0*4,%" 3.$3" 3.," ?&:50"

B,4,"34$+07$4,+3",+(*<."?(4"0(:$4"1,::"$77:&1$3&(+G"A.,"34$+05&00&(+"5,$0*4,5,+30"

$+%" 3.,"D+eE"4$3&("(?" 3.," ?&:50"0.(B,%"3.$3" 3.,"7,41,+3$<,"(?"D+"%,14,$0,%"B.,+"

3.," 0*F034$3," 3,57,4$3*4," B$0" &+14,$0,%G" c3" &0" 74(7(0,%" 3.$3" 0,=,4$:" ?$13(40"

&+?:*,+1,"3.,"<4(B3."5,1.$+&05"(?"$"D+E"3.&+"?&:5>"3.,"$5(*+3"(?"D+"$%0(4F,%"(+3("

3.," 0*4?$1," (?" 3.," 0*F034$3,8" 3.," $5(*+3" (?" 0*4?$1," D+" ,=$7(4$3&+<" ?4(5" 3.,"

0*F034$3,8"$+%"$5(*+3"(?"E"&+1&%,+3"(+"3.,"0*4?$1,"1(5F&+&+<"B&3."3.,"0*4?$1,"D+"3("

74(%*1,"D+EG"20"3.,"3,57,4$3*4,"&+14,$0,08"3.,4,"&0" :,00"D+"L$%M"?(4"3.,"E"3("4,$13"

B&3.8"4,0*:3&+<"&+"F(3."$"3.&++,4"?&:5"$0"B,::"$0"$":(B,4"D+"3("E"4$3&(G"

" A.&0" &0"$"03*%/"(?"(+,"=$4&$F:," 3.$3"$??,130" 3.,"<4(B3."(?" 3.,"D+E" :$/,4>" 3.,"

0*F034$3," 3,57,4$3*4,G" '(4" $" 5(4," 1(574,.,+0&=," $+%" &+N%,73." $+$:/0&0" (?" 3.,"

<4(B3."5,1.$+&058"0,=,4$:"(3.,4"?$13(40"+,,%"3("F,"1(+0&%,4,%8"0*1."$0"74,00*4,"(?"

%(7&+<G" A.,4,?(4,8" ?*3*4,"B(4C"5$/" &+1:*%," $" 03*%/" (?" 3.," ,??,13" (?" $%%&3&(+$:" EK"

74,00*4,"3("<,3"$"5(4,"03(&1.&(5,34&1"0$57:,G"c3"B(*:%"$:0("F,"&+3,4,03&+<"3(":((C"$3"

3.,",??,13"(?"$4<(+"74,00*4,"&+"3.,"1.$5F,4"(+"3.,"%,7(0&3&(+"4$3,G"2:3.(*<."3.,"2:"

8

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



g"
"

%(7&+<"1(+1,+34$3&(+" &0"=,4/" :(B8" &3"5&<.3"F," &+?(45$3&=," 3("1(57$4," ?&:50"<4(B+"

*0&+<"$"7*4,"D+E"3$4<,3"$+%"3.(0,"<4(B3."B&3."$+"2:N%(7,%"D+E"3$4<,3G"

"

;,I*#$9+=5+@+*%-'

A.,"$*3.(4"<4$3,?*::/"$1C+(B:,%<,0"3.,"3,1.+&1$:"$00&03$+1,"(?"),+"9(??,3"$+%"@,??"

A.(:,G" '*43.,4" <4$3&3*%," &0" ,J74,00,%" 3(B$4%0" -4(?G" @&5" 6(/:," ?(4" $%=&0&+<" $+%"

<&=&+<"5,"3.,"(77(43*+&3/"3("B(4C"(+"3.,"74(l,13G"A.&0"B(4C"B$0"0*77(43,%"F/"3.,"

j,:35$++"'*+%G"

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

9

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



!W"
"

!
!
!
!
!
!
!
B+.+"+*,+-"

P!Q"6$0"'(#)*G8"@$7$+,0,"@(*4+$:"(?"277:&,%"-./0&108"JK"R"LKWW`M"

PKQ"m,,"'(#)*+8"@(*4+$:"(?"-./0&10"6>"277:&,%"-./0&108"JE"WgURWR"LKWW`M"

PRQ")G"b::5,48"ZG"H,+%38"a*4?$1,"$+%";($3&+<0"A,1.+(:(</"LH"K!NK["L!gg_M"

PVQ"m&C(=&1."'(#)*+8"-./0&1$:"Z,=&,B"j8"MH"W_UVRW"LKW!!M"

PUQ".337>eeBBBG?(*47(&+374(F,0G1(5e?77G.35:"

P[Q"9&4$F,::$"'(#)*+8"@(*4+$:"(?"277:&,%"-./0&108"ENM"WgRUW_"LKW!WM"

"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"

10

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



!!"
"

!
!
!
!
!
!
!
O)58"+':47%)#*-"
"
'&<*4,"!G"aC,31."(?"=$1**5"1.$5F,4"%*4&+<"%,7(0&3&(+G"A.,",44(4"F$40"4,74,0,+3"3.,"
03$+%$4%"%,=&$3&(+"(?"3.,"5,$+G"
"
'&<*4,"KG"n4$7."(?"$=,4$<,"4,0&03&=&3/"$0"$"?*+13&(+"(?"0*F034$3,"3,57,4$3*4,G"A.,"
,44(4"F$40"4,74,0,+3"3.,"03$+%$4%"%,=&$3&(+"(?"3.,"5,$+G"
"
'&<*4,"RG"n4$7."(?"$=,4$<,"3.&1C+,00"$0"$"?*+13&(+"(?"0*F034$3,"3,57,4$3*4,"
"
'&<*4,"VG"A4$+05&00&(+"<4$7.0"?(4"?&:50"<4(B+"$3"UW"i;8"!RWi;8"KKWi;8"$+%"K[Wi;"
"
'&<*4,"UG"n4$7."(?"$=,4$<,"34$+05&00&(+"?(4"B$=,:,+<3.0"?4(5"VWW"+5"3("_WW"+5"$0"
$"?*+13&(+"(?"0*F034$3,"3,57,4$3*4,"
"
'&<*4,"[G"n4$7."(?"D+eE"4$3&("$0"$"?*+13&(+"(?"0*F034$3,"3,57,4$3*4,"
"
'&<*4,"_G"aC,31."(?"5(%,:"(?"D+E"3.&+"?&:5"<4(B3."C&+,3&10"L,J7:$&+,%"&+"3.,"
%&01*00&(+M"
"
'&<*4,"`G"n4$7."(?"D+N(+:/"%,7(0&3&(+"$0"$"?*+13&(+"(?"0*F034$3,"3,57,4$3*4,"
"
"
"
"
"
"
"
"
"
"
"
"

11

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



!K"
"

"
"
'&<*4,"!G"
"
"
"
"
"
"

12

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



!R"
"

"
"
'&<*4,"KG"
"
"
"
"
"
"

"#""$%""!

&#""$'"(!

)#""$'"*!

)#&"$'"*!

+#""$'"*!

+#&"$'"*!

"! &"! )""! )&"! +""! +&"! *""!

!"
#$
%&

'(
&
)"

*+&,+-./0-+"#12)"

3+454675/8".4"."90:(6;:";9"40<4/-./+"/+&,+-./0-+"

 
 
 

13

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



!V"
"

"
"
'&<*4,"RG"
"
"
"
"
"

+,""#""!

*)""#""!

**""#""!

*&""#""!

*-""#""!

*,""#""!

"! &"! )""! )&"! +""! +&"! *""!

*%
5(
=:

+4
4"#
>)
"

*+&,+-./0-+"#12)"

*%5(=:+44".4"."90:(6;:";9"40<4/-./+"/+&,+-./0-+"

 
 
 

14

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



!U"
"

"
"
'&<*4,"VG"
"
"
"
"
"
"

"!

)"!

+"!

*"!

("!

&"!

."!

-"!

/"!

,"!

)""!

+""! *""! (""! &""! .""! -""! /""!

*-
.:

4&
54
45
;:

"#?
)"

@.7+A+:B/%"#:&)"

$,6(.A"/-.:4&5445;:".4"."90:(6;:";9"C.7+A+:B/%""

+."01!

++"01!

)*"01!

&"01!

15

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



!["
"

"
"
'&<*4,"UG"
"
"
"
"
"
"
"

60 

65 

70 

75 

80 

85 

90 

95 

100 

0 50 100 150 200 250 300 

A
ve

ra
ge

 T
ra

ns
m

is
si

on
 fr

om
 4

00
 to

 7
00

 n
m

 
(%

) 

substrate temperature (˚C) 

D7+-.B+"/-.:4&5445;:".4"."90:(/5;:";9"40<4/-./+"/+&,+-./0-+"

16

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



!_"
"

""
'&<*4,"[G"
"
"
"
"
"
"
"
"
"
"
"
"
"
"

"#,!
"#,&!

)!
)#"&!
)#)!

)#)&!
)#+!

)#+&!
)#*!

)#*&!
)#(!

"! &"! )""! )&"! +""! +&"! *""!

E:
F$

"-.
6;

"

G0<4/-./+"*+&,+/./0-+"#12)"

E:"/;"$"-.6;:".4"."90:(6;:";9"40<4/-./+"/+&,+-./0-+"

"!23455!6+!

)!23455!6+!

17

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013



!`"
"

"
"
'&<*4,"_G"
"

L!M"

LRM"

LKM"

18

Macalester Journal of Physics and Astronomy, Vol. 1, Iss. 1 [2013], Art. 6

http://digitalcommons.macalester.edu/mjpa/vol1/iss1/6



!g"
"

"
"
'&<*4,"`G""

0 

0.0005 

0.001 

0.0015 

0.002 

0 50 100 150 200 250 300 

ne
t d

ep
os

iti
on

 (m
g)

 

substrate temperature (˚C) 

H+/"I+,;45/5;:".4"."90:(/5;:";9"40<4/-./+"/+&,+-./0-+"

19

Foo Kune: Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application

Published by DigitalCommons@Macalester College, 2013


	Macalester Journal of Physics and Astronomy
	1-23-2014

	Growth Kinetics of ZnO by Magnetron Sputtering for Solar Cell Application
	Nadia Foo Kune
	Recommended Citation



