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303"Ukvwcvkqp"cpf"fgxgnqrogpv"qh"uqnct"

egnnu""
Rjqvqxqnvckeu." vjg"fktgev"eqpxgtukqp"qh"uwpnkijv" vq"gngevtkekv{"wukpi"uqnct"egnnu." ku"

tgeqipkugf"cu"qpg"qh" vjg"oquv"rtqokukpi"gpgti{"qrvkqpu"hqt"c"uwuvckpcdng"hwvwtg0"

Vjg"rtgugpv"rjqvqxqnvcke"octmgv"ku"fqokpcvgf"d{"uknkeqp."yjkej"ku"vjg"qnfguv"cpf"

oquv" ykfgn{" wugf" ugokeqpfwevqt" ocvgtkcn0" Et{uvcnnkpg" uknkeqp" *e/Uk+" tgrtgugpvu"

cdqwv";7'"qh"vjg"yjqng"rjqvqxqnvcke"octmgv"]3_0"Vjg"oquv"guvcdnkujgf"vgejpqnqi{"

kp" rjqvqxqnvcke" kpfwuvt{" ku" dcugf" qp" vjku" ocvgtkcn0" e/Uk" uqnct" egnnu" jcxg" dggp"

eqoogtekcnn{" cxckncdng" hqt" {gctu" cpf" ucvkuhcevqt{" rgthqtocpegu" jcxg" dggp"

cejkgxgf0"Vjwu."eqpxgtukqp"ghhkekgpekgu"ctqwpf"47'"kp"ncdqtcvqt{"egnnu"cpf"45'"

kp" eqoogtekcn"oqfwng" ]4_"jcxg"dggp" tgrqtvgf0"Jqygxgt." uknkeqp" tcy"ocvgtkcn" ku"

dgeqokpi"oqtg"cpf"oqtg"gzrgpukxg"cpf" ku"rtgxgpvkpi" hwtvjgt"equv" tgfwevkqp" hqt"

uwej"Ðhktuv"igpgtcvkqpÑ"uqnct"egnnu"cnvjqwij"rtqfwevkqp"ku"itqykpi"tcrkfn{."yjkej"

ngcfu" vq" c" fgetgcug" qh" oqfwngu" equv0" Vjg" Ðugeqpf" igpgtcvkqpÑ" uqnct" egnnu" ctg"

rtqfwegf" d{" wukpi" xgt{" vjkp" ugokeqpfwevqtu" nc{gtu." vjgtghqtg" wukpi" owej" nguu"

cevkxg"ocvgtkcn"]5_0"Vjkp"hkno"egnnu"wug"qpg"qh"vjtgg"oclqt"ugokeqpfwevqt"ocvgtkcnu<"

uknkeqp"*hqt"gzcorng."c/Uk+"]6/7_."ecfokwo"vgnnwtkfg"*EfVg+"]8_."qt"eqrrgt/kpfkwo/

icnnkwo"ugngpkfg"*EKIU+"]9_0""

Coqpi" vjgug" fkhhgtgpv" vgejpqnqikgu." Uknkeqp/dcugf" ocvgtkcnu" ctg" cvvtcevkxg"

dgecwug" qh" vjgkt" cdwpfcpeg" cpf" pqp/vqzkekv{0" Kp" rctvkewnct." uqnct" egnnu" wukpi"

j{ftqigpcvgf" coqtrjqwu" uknkeqp" *c/Uk<J+" ctg" cvvtcevkxg" dgecwug" vjku" ocvgtkcn"

gzjkdkvu" c" xgt{" jkij" cduqtrvkqp" eqghhkekgpv" ]:_0" Jqygxgt." fgurkvg" qh" vjg"

gpeqwtcikpi"tguwnvu"qdvckpgf"ykvj"c/Uk<J"]6/7_."uqog"ftcydcemu."nqygt"cduqtrvkqp"

kp"nqpi"ycxgngpivj"cpf"jkijgt"dwnm"tgeqodkpcvkqp."jcxg"ngf"vq"uvwf{"qh"xctkgv{"qh"

cnvgtpcvkxgu" hqt" uknkeqp" vjkp" hkno" rjqvqxqnvcke" crrnkecvkqpu0" Kp" rctvkewnct." oqpq"

et{uvcnnkpg" uknkeqp" *e/Uk+" ];_." rqn{et{uvcnnkpg" uknkeqp" *rqn{/Uk<J+" ]32/33_."

oketqet{uvcnnkpg" uknkeqp" *たe/Uk<J+" ]34_" qt" pcpqet{uvcnnkpg" uknkeqp" *pe/Uk<J+" ]35_."
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jcxg" dggp" rtqrqugf" cpf" jcxg" tgegkxgf" owej" cvvgpvkqp0" Coqpi" vjgug" fkhhgtgpv"

rquukdknkvkgu." vjg" wug" qh" e/Uk" nc{gtu" gpcdngu" c" uvtqpi" tgfwevkqp" qh" vjg" dwnm"

tgeqodkpcvkqp" cu" eqorctgf" vq" rqn{et{uvcnnkpg" cpf" coqtrjqwu" uknkeqp" nc{gtu0"

Wukpi"vjku"ocvgtkcn"ku"vjwu"xgt{"rtqokukpi"yc{"vq"dwknf"equv/ghhgevkxg"rjqvqxqnvcke"

fgxkegu0" Jqygxgt." vjg" gpgti{" eqpxgtukqp" ghhkekgpe{" qh" uwej" ugeqpf" igpgtcvkqp"

uqnct" egnnu" ku"owej" nqygt" vjcp" hqt" vjg" hktuv" igpgtcvkqp" fgxkegu0"Vjku" ku" fwg" vq" c"

tgfwegf"rjqvqp"rcvj" ngpivj" *qt" nkhgvkog+."yjkej" nkokvu" vjg"cduqtrvkqp"ghhkekgpe{."

cpf" cp" kpetgcugf" ecttkgt" tgeqodkpcvkqp" rtqeguugu0" Kp" rctvkewnct." kp" vjg" ecug" qh"

wnvtc/vjkp"hkno"uqnct"egnnu."vjg"cduqtrvkqp"kp"vjg"tgf"cpf"kphtctgf"ku"pqv"uwhhkekgpv"vq"

ockpvckp"iqqf"eqpxgtukqp"ghhkekgpe{0"Kv"ku"vjgtghqtg"qh"rtkog"korqtvcpeg"vq"eqpvtqn"

nkijv" eqnngevkqp" cpf"cduqtrvkqp." kp"rctvkewnct" vjg" nqpi"ycxgngpivj" tcpig" ]36/37_0"

Vjku" ku" vjg"iqcn"qh" nkijv" vtcrrkpi0"Uwej"c"eqpegrv" kh" guugpvkcn" vq" tgcej"uwhhkekgpv"

eqpxgtukqp" ghhkekgpekgu" rtqxkfgf" vjg" equv" qh" vjg" uqnct" egnnu" ku" pqv" uwduvcpvkcnn{"

kpetgcugf0"

Eqpukfgtkpi" vjg"ocvwtkv{" qh" pcpqrjqvqpkeu." xctkqwu" mkpfu" qh" cfxcpegf" nkijv"

vtcrrkpi"vgejpkswgu"oc{"dg"eqpukfgtgf"]38/3:_0"Vjgug"kpenwfg"rjqvqpke"et{uvcnu."

fkhhtcevkqp"itcvkpiu"cpf"cpvk/tghngevkxg"eqcvkpiu."cu"ygnn"cu"ogvcnnke"pcpquvtwevwtgu0"

"

304"Vjguku"qxgtxkgy""
Kp" vjku" vjguku."yg"yknn" kpxguvkicvg" vjg" korcev"qh"rgtkqfke"rjqvqpke"pcpquvtwevwtgu"

nkmg"rjqvqpke"et{uvcnu"qt"fkhhtcevkqp"itcvkpiu"qp" vjkp" hkno"uqnct"egnnu"dcugf"qp"c/

Uk<J"cpf"e/Uk0"Chvgt"c"dtkgh"kpvtqfwevkqp"qp"vjg"vjkp"hkno"uknkeqp"uqnct"egnnu."cpf"c"

ujqtv"tgxkgy"qh"vjg"tgegpv"nkijv"vtcrrkpi"uvtcvgikgu."kp"Ejcrvgt"4."yg"yknn"kpvtqfweg"

vjg" ogvjqfqnqikgu" fgxgnqrgf" vq" fgukip" cpf" hcdtkecvg" vjg" vctigvgf" rjqvqpke"

pcpquvtwevwtgu" *Ejcrvgt" 5+0" Kp" Ejcrvgt" 6." yg"yknn" rtgugpv" vjg" kpvgitcvkqp" qh" cp"

cduqtdkpi" j{ftqigpcvgf" coqtrjqwu" uknkeqp" *c/Uk<J+" REu" ykvjkp" c" vjkp" hkno"

rjqvqxqnvcke" uqnct" egnn0" Qrvkecn" ukowncvkqpu" rgthqtogf" qp" c" eqorngvg" uqnct" egnn"

tgxgcn"vjcv"rcvvgtpkpi"vjg"c/Uk<J"cevkxg"nc{gt"cu"c"4F"rjqvqpke"et{uvcn"ogodtcpg"
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gpcdngu" vq" kpetgcug" kvu" kpvgitcvgf" cduqtrvkqp" htqo" 522" po" vq" 942" po." kp"

eqorctkuqp" vq" c" ukoknct" dwv" wprcvvgtpgf" uvcem0" Kp" qtfgt" vq" hcdtkecvg" uwej"

rtqokukpi" egnnu." yg" fgxgnqrgf" c" jkij" vjtqwijrwv" rtqeguu" dcugf" qp" ncugt"

jqnqitcrjke"nkvjqitcrj{"*NJN+"cpf"tgcevkxg"kqp"gvejkpi"*TKG+0"Vjg"kphnwgpegu"qh"

vjg" rctcogvgtu" vcmkpi" rctv" kp" vjqug" rtqeguugu" qp" vjg" qdvckpgf" rcvvgtpu" ctg"

fkuewuugf0" Qrvkecn" ogcuwtgogpvu" rgthqtogf" qp" vjg" Ðrjqvqpk¦gfÑ" uqnct" egnn"

uvtwevwtgu" ctg" fkuewuugf" cpf" eqorctgf" vq" vjg" ukowncvgf" cduqtrvkqp" urgevtc0"

Oqtgqxgt." vjg" cpiwnct"fgrgpfgpeg" ghhgev"yknn" dg"ogcuwtgf0"Vjgp." kp"Ejcrvgt"7."

yg"yknn"rtgugpv" vjg" kpvgitcvkqp"qh"cp"cduqtdkpi"rjqvqpke"et{uvcn"ykvjkp"e/Uk" vjkp"

hkno" rjqvqxqnvcke" uvcemu0" Hkpkvg" fkhhgtgpeg" vkog" fqockp" *HFVF+" qrvkecn"

ukowncvkqpu" ctg"rgthqtogf" kp"qtfgt" vq"fgukip"3F"qt"4F"REu" vq" cuukuv" et{uvcnnkpg"

uknkeqp"uqnct"egnnu0"Qrvkocn"fgukipu"tguwnv"htqo"vjg"uecppkpi"qh"ncvvkeg"rctcogvgtu"

qh" gcej" rquukdng" ecpfkfcvg" uvcemu." cpf" vjg" cduqtrvkqp" ghhkekgpe{" ku" ecnewncvgf" kp"

vjg"yjqng"ycxgngpivj"tcpig"dgvyggp"522"po"cpf"3322"po0"Yg"yknn"cnuq"rtgugpv"

vjg" hcdtkecvkqp"qh" uwej"rcvvgtpgf" uvcemu." d{" c" urgekhke" ugv" qh"rtqeguugu"dcugf"qp"

NJN."TKG"cpf" kpfwevkxgn{"eqwrngf"rncuoc" *KER+"gvejkpi0"Qrvkecn"ogcuwtgogpvu"

cpf" ukowncvkqpu" yknn" dg" eqorctgf" kp" vjg" yjqng" ycxgngpivj" tcpig" qh" kpvgtguv0"

Oqtgqxgt." yg" yknn" ujqy" vjcv" ykvjkp" vjku" fgukip." vjg" kphnwgpeg" qh" vjg" cping" qh"

kpekfgpeg"yknn"dg"ogcuwtgf"cpf"fkuewuugf0"Ncuvn{."yg"yknn"rtgugpv"vjg"kpvgitcvkqp"

qh"eqodkpgf"htqpv"cpf"dcem"3F"qt"4F"fkhhtcevkqp"itcvkpiu"ykvj"fkhhgtgpv"rgtkqfu."

ykvjkp" vjkp" hkno"rjqvqxqnvcke" uqnct" egnnu" dcugf" qp" et{uvcnnkpg" uknkeqp" nc{gtu0"Vjg"

itcvkpi"uvtwevwtgu"jcxg"dggp"fgukipgf"eqpukfgtkpi"dqvj"vjg"pggf"hqt"kpekfgpv"nkijv"

cduqtrvkqp" gpjcpegogpv" cpf" vjg" vgejpqnqikecn" hgcukdknkv{0"C" eqorngvg" uqnct" egnn"

ykvj"eqodkpgf"htqpv"cpf"dcem"3F"qt"4F"fkhhtcevkqp"itcvkpiu"ku"vjgp"fgukipgf0"Vjg"

ukowncvgf" cduqtrvkqp" urgevtc" kp" vjg" et{uvcnnkpg" uknkeqp" nc{gt" cpf" vjg" ujqtv" ektewkv"

ewttgpv"yknn"dg"fkuewuugf."cpf"c"rtgnkokpct{" vgejpqnqikecn" hgcukdknkv{" vguv"yknn"dg"

rtgugpvgf0"

"
"
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Tghgtgpegu"cpf"nkpmu"
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rtqitguu"kp"coqtrjqwu"uknkeqp"cnnq{"ngcfkpi"vq"35'"uvcdng"egnn"ghhkekgpe{.Ñ"

Kp"Rjqvqxqnvcke"Urgekcnkuvu"Eqphgtgpeg."3;;9."Eqphgtgpeg"Tgeqtf"qh"vjg"
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":"

403 Kpvtqfwevkqp""
Cv"rtgugpv."oquv"qh"vjg"Rjqvqxqnvckeu"*RX+"uqnct"egnnu"octmgv"ku"dcugf"qp"422"

-o"vjkem"et{uvcnnkpg"uknkeqp"ychgt"]3_0"C"ukipkhkecpv"rctv"qh"vjg"equv"qh"c"uqnct"egnn"

ku" fwg" vq" vjg"Uk"ocvgtkcn" cpf" kvu" rtqeguukpi0"Dcugf" qp" vjku." wnvtc" vjkp" hkno" uqnct"

egnnu" *ykvj" vjkempguugu" kp" vjg" tcpig" 322" po" vq" 4" -o+" jcxg" dggp" kpetgcukpin{"

cvvtcevkxg" ykvj" tgictfu" vq" ocvgtkcnu" eqpuworvkqp0" Kpetgcukpi" vjgkt" cduqtrvkqp"

vjtqwij" nkijv" vtcrrkpi" vgejpkswgu" ku" vjgp" guugpvkcn" vq" cejkgxg" tgcuqpcdng"

eqpxgtukqp"ghhkekgpe{"]4/5_0"

Kp" vjku" ejcrvgt"yg"yknn" rtgugpv" uqnct" egnn" qrgtcvkqp" cpf" fghkpg" vjg"ockp" egnn"

rctcogvgtu0"Fkhhgtgpv"rquukdng"vjkp"hkno"ctejkvgevwtgu"cpf"ocvgtkcnu"hqt"cduqtdkpi"

nc{gtu."cpvktghngevkxg"eqcvkpi."ogvcnnke"okttqtu."gve."yknn"dg"kpvtqfwegf0"Hkpcnn{."yg"

yknn" dtkghn{" fguetkdg" eqpegrvu" cpf" c" ugngevgf" uvcvg" qh" vjg" ctv" qh" nkijv" vtcrrkpi"

vgejpkswgu"kp"uwej"egnnu0""

"

404 Uqnct"egnn"qrgtcvkqp"
Kp" c" rjqvqxqnvcke" fgxkeg." kpekfgpv" rjqvqpu" ctg" cduqtdgf." igpgtcvg" gngevtqp/jqng"

rcktu."yjkej"ctg" vjgp"ugrctcvgf"cpf"eqnngevgf" vq"etgcvg"cp"gngevtkecn"ewttgpv0"Vjg"

rj{ukeu"kp"vjg"cevkxg"rjqvqxqnvcke"tgikqp"ku"vjcv"qh"c"r/p"lwpevkqp."yjkej"hqtou"vjg"

hwpfcogpvcn"qrgtcvkqp"rtkpekrngu"qh"c"xcuv"cttc{"qh"gngevtqpke"cpf"qrvqgngevtqpke"

fgxkegu0"

Cu"kpvtqfwegf"cdqxg."kp"qtfgt"vq"kpetgcug"vjg"ghhkekgpe{"qh"c"uqnct"egnn."qpg"qh"

vjg"oquv"korqtvcpv"ejcnngpig"uvcpfu"kp"nkijv"vtcrrkpi."cpf"oqtg"igpgtcnn{."qrvkecn"

gpikpggtkpi0" Kv" ku" kpfggf"guugpvkcn" vq"tgfweg"vjg"tghngevkqp"cv" vjg"htqpv"uwthceg." vq"

ugngevkxgn{" kpetgcug" vjg" cduqtrvkqp" kp" vjg" cevkxg" nc{gt." d{" kpetgcukpi" vjg" qrvkecn"

rcvj"ngpivj"qh"nkijv"kp"c"ykfg"ycxgngpivj"tcpig0""
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Vjg"kpvgpukv{"qh"nkijv"vtcpuokvvgf"kpvq"vjg"uqnct"fgxkeg"igvu"cvvgpwcvgf"yjgp"kv"

rcuugu" vjtqwij" vjg"rjqvqxqnvcke"ocvgtkcn0"Vjku"cvvgpwcvkqp"*tcvg"qh"cduqtrvkqp+" ku"

rtqrqtvkqpcn" vq" vjg" kpvgpukv{" qh" vjg" nkijv" cv" c" ikxgp" ycxgngpivj0" Vjg" fgec{" kp"

kpvgpukv{."qh"oqpqejtqocvke"nkijv"rcuukpi"vjtqwij"vjg"uqnct"egnn."ku"gzrqpgpvkcn"kp"

pcvwtg"cpf"ecp"dg"fguetkdgf"d{"vjg"Dggt/Ncodgtv"ncy<""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""""K*z+"?Kガg/gz"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*403+"

yjgtg"K"ku"vjg"kpvgpukv{"qh"vtcpuokvvgf"nkijv.""z"ku"vjg"fgrvj"kpvq"vjg"ocvgtkcn"cpf"g"

ku" vjg" cduqtrvkqp" eqghhkekgpv." Kガ"?" Kkpe" *3/T+." kp"yjkej" Kkpe" cpf"T" ctg" kpvgpukv{" qh"

kpekfgpv"nkijv"cpf"tghngevcpeg0"Vjku"ycxgngpivj"fgrgpfgpv"rctcogvgt"ku"vjg"kpxgtug"

qh" vjg" cduqtrvkqp" fgrvj=" kv" fgvgtokpgu" jqy" hct" kpvq" c"ocvgtkcn" c" nkijv"ycxg" ecp"

rgpgvtcvg"dghqtg"dgkpi"cduqtdgf0""""

D{" wukpi" vjku" gswcvkqp." yg" ecp" ecnewncvg" vjg" pwodgt" qh" gngevtqp/jqng" rcktu"

yjkej"ctg"dgkpi"igpgtcvgf"kp"vjg"cevkxg"nc{gt"qh"vjg"fgxkeg0"Uq."vjg"igpgtcvkqp"tcvg"

*I+"kp"c"uqnct"egnn"eqwnf"dg"qdvckpgf"d{"ecnewncvkpi"vjg"ejcpig"kp"nkijv"kpvgpukv{<"

"""""""""""""""""""""""""""""""""""""" 2* + zI z P g cc /? """"""""""""""""""""""""""""""""""""""""""""""""""""""*404+"

yjgtg" P2" ku" vjg" rjqvqp" hnwz" cv" vjg" cduqtdgf" uqnct" egnn" uwthceg" kp" wpkvu" qh"

rjqvqpu1wpkv/ctgc1uge."cpf"z"ku"vjg"fkuvcpeg"kpvq"vjg"uqnct"egnn0""

Yjgp" c" rjqvqp" ykvj" uwhhkekgpv" gpgti{" ku" cduqtdgf." cp" gngevtqp/jqng" rckt" ku"

igpgtcvgf0"Yjgp"ogvcn"gngevtqfgu"ctg"eqppgevgf"vq"vjg"gokvvgt"cpf"dcug"tgikqpu"qh"

vjg"uqnct"egnn."vjg"igpgtcvgf"ecttkgtu"hnqy"kp"vjg"gzvgtpcn"ektewkv"]6_0"Vjg"igpgtcvgf"

ewttgpv" ku"c"okpqtkv{"ecttkgt"ewttgpv"yjkej"hnqyu"qrrqukvg" vq" vjg"fktgevkqp"qh" vjg"

fkqfg"ewttgpv"cpf"vjwu"etgcvgu"tgxgtug"dkcu"qrgtcvkqp0"Vjku"ecp"dg"uggp"d{"nqqmkpi"

cv"vjg"fkqfg"gswcvkqpu"hqt"c"uqnct"egnn"wpfgt"fctm"cpf"knnwokpcvgf"eqpfkvkqpu0"Vjg"

kfgcn"fkqfg"gswcvkqp"hqt"c"uqnct"egnn"kp"vjg"fctm"ku"ikxgp"d{.""

"""""""""""""""""""""""""""""""" 2]gzr* + 3_g XK K
MV

? /฀ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*405+"

yjgp"vjg"uqnct"egnn"ku"knnwokpcvgf"vjg"fkqfg"ewttgpv"dgeqogu.""
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""""""""""""""""""""""""""""""""" 2]gzr* + 3_ nkijv
g XK K K
MV

? / /฀ """"""""""""""""""""""""""""""""""""""""""""""""""*406+""

yjgtg"K"ku"vjg"ewttgpv"hnqykpi"vjtqwij"vjg"fkqfg."Kq"ku"vjg"fctm"ucvwtcvkqp"ewttgpv."

X" ku" vjg" crrnkgf" xqnvcig" cetquu" vjg" fkqfg." m" ku" Dqnv¦ocppÓu" eqpuvcpv." V" ku" vjg"

cduqnwvg"vgorgtcvwtg"cpf"KNkijv"ku"vjg"nkijv"igpgtcvgf"ewttgpv0""

"Wpfgt"fctm"eqpfkvkqp."uqnct"egnn"rtgugpvu"vjg"ucog"ewttgpvÎxqnvcig"ewtxg"*K/X+"

ejctcevgtkuvkeu"cu"c"xgt{"nctig"fkqfg0"Vjg"knnwokpcvkqp"cpf"eqpugswgpv"igpgtcvkqp"

qh"KNkijv"jcu"vjg"ghhgev"qh"ujkhvkpi"vjg"K/X"ewtxg"fqyp"kpvq"vjg"hqwtvj"swcftcpv"cpf"

jgpeg."rqygt"ku"igpgtcvgf0"""

"

Hki0"4030"Ewttgpv"cpf"xqnvcig"ejctcevgtkuvkeu"qh"c"uqnct"egnn"kp"vjg"fctm"cpf"

knnwokpcvg"eqpfkvkqpu""

Vjg"K/X"ewtxg"ecp"dg"wugf"vq"fgvgtokpg"c"pwodgt"qh"korqtvcpv"rctcogvgtu"vjcv"

ejctcevgtk¦g"vjg"rgthqtocpeg"qh"c"uqnct"egnn0"Vjg"hktuv"qh"vjgug"ku"vjg"ujqtv"ektewkv"

ewttgpv" *Kue+." cu" ujqyp" kp" Hki0" 4030" " Vjg" ujqtv" ektewkv" ewttgpv" ku" vjg" oczkowo"

ewttgpv"vjcv"ecp"dg"fgtkxgf"htqo"vjg"uqnct"egnn0"Hqt"kfgcn"uqnct"egnnu."ykvj"pq"jkijn{"

tgukuvkxg" nquugu." vjg" ujqtv" ektewkv" ewttgpv" ku" gswcn" vq" vjg" nkijv" igpgtcvgf" ewttgpv"

*KNkijv"?" Kue+0"Vjg"ujqtv"ektewkv"ewttgpv" ku"fgrgpfgpv"qp"c"pwodgt"qh" hcevqtu"yjkej"

ctg<"vjg"ctgc"qh"vjg"uqnct"egnn."vjg"rqygt"qh"vjg"kpekfgpv"nkijv."vjg"urgevtwo"qh"vjg"
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kpekfgpv" nkijv." vjg" cduqtrvkqp" ejctcevgtkuvkeu" cpf" vjg" eqnngevkqp" rtqdcdknkv{0" Kv" ku"

wuwcnn{"gzrtguugf"cu"c"ewttgpv"fgpukv{."Lue0"Vjg"oquv"etkvkecn"ocvgtkcn"rctcogvgtu"kp"

eqorctkpi" vjg" Lue" qh" uqnct" egnnu" qh" vjg" ucog" ocvgtkcn" v{rg" ctg" vjg" uwthceg"

tgeqodkpcvkqp" xgnqekvkgu" cpf" fkhhwukqp" ngpivj0" Vjg" ecttkgt" fkhhwukqp" ngpivj" ku"

fghkpgf"cu" vjg"fkuvcpeg" kp" vjg"ocvgtkcn" vjcv"c"ecttkgt"yknn"oqxg"htqo"vjg"rqkpv"cv"

yjkej"kv"ku"igpgtcvgf"vq"vjg"rqkpv"cv"yjkej"kv"tgeqodkpgu0""Kh"yg"cuuwog"c"rgthgevn{"

uwthceg" rcuukxcvgf" uqnct" egnn" ykvj" c" wpkhqto" igpgtcvkqp" tcvg." vjg" Lue" ecp" dg"

crrtqzkocvgf"d{.""

"""""""""""""""""""""""""""""""""""""""""Lue"?"g,I*Np"-"Nr+"""""""""""""""""""""""""""""""""""""""""""""""""""""""*407+""

"Yjgtg"I" ku" vjg"igpgtcvkqp"tcvg."Np" ku" vjg"gngevtqp"fkhhwukqp" ngpivj"cpf"Nr" ku" vjg"

jqng"fkhhwukqp"ngpivj0"""

"Cpqvjgt" rctcogvgt" wugf" vq" ejctcevgtk¦g" uqnct" egnn" qwvrwv" ku" vjg" qrgp" ektewkv"

xqnvcig"Xqe0"Vjg"Xqe"ku"vjg"oczkowo"xqnvcig"vjcv"ecp"dg"qdvckpgf"htqo"c"uqnct"egnn."

yjgp" vjg" ewttgpv" ku" gswcn" vq" ¦gtq0" Xqe" ku" fgvgtokpgf" d{" vjg" rtqrgtvkgu" qh" vjg"

ugokeqpfwevqt0"Vjg"gswcvkqp"hqt"Xqe"ku"ikxgp"d{.""

"""""""""""""""""""""""""""""""""""""""
2

np] 3_nkijv
qe

KMVX
g K

? - """""""""""""""""""""""""""""""""""""""""""""""""""*408+"

"Vjg"vjktf"rctcogvgt"wugf"vq"ejctcevgtk¦g"uqnct"egnn"rgthqtocpeg"ku"ecnngf"vjg"

hknn"hcevqt"*HH+0"Vjg"HH"ku"fghkpgf"cu"vjg"tcvkq"qh"vjg"oczkowo"rqygt"vjcv"ecp"dg"

fgtkxgf"htqo"c"uqnct"egnn"vq"vjg"rtqfwev"qh"vjg"Lue"cpf"Xqe0"Cv"vjg"rqkpvu"yjgtg"vjg"

Lue"cpf"Xqe"qeewt."pq"rqygt" ku"igpgtcvgf"dgecwug" vjg"qeewttgpeg"qh"qpg"qh" vjgug"

rctcogvgtu"ogcpu"vjcv"vjg"qvjgt"ku"¦gtq0"Vjg"HH"ku"vjgtghqtg"vjg"ctgc"qh"vjg"nctiguv"

tgevcping"vjcv"ecp"hkv"kpvq"vjg"K/X"ewtxg"cpf"ku"jgpeg."fguetkdgf"cu"c"ogcuwtg"qh"vjg"

uswctgpguu"qh" vjg" K/X" ejctcevgtkuvkeu"qh"c" uqnct"egnn"wpfgt" knnwokpcvkqp0" Kv" ecp"dg"

ecnewncvgf"wukpi.""

"""""""""""""""""""""""""""""""""""""" or or

ue ue

L X
HH

L X
·? · """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*409+""
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Vjg" hkpcn"rctcogvgt"wugf" kp"ejctcevgtk¦kpi" vjg"rgthqtocpeg"qh"c" uqnct" egnn" ku"

vjg"ghhkekgpe{0"Vjg"ghhkekgpe{"ku"fghkpgf"cu"vjg"tcvkq"qh"vjg"gngevtkecn"qwvrwv"rqygt"

xgtuwu"kpekfgpv"qrvkecn"rqygt0"Ghhkekgpe{"ecp"dg"ecnewncvgf"wukpi.""

"""""""""""""""""""""""""""""""""""""""" ue qe

kp

L X HHghh
R

· ·? """""""""""""""""""""""""""""""""""""""""""""""""""""*40:+""

Vjg" ghhkekgpe{" qh" c" uqnct" egnn" ku" chhgevgf" d{" kpvgpukv{" cpf" kpekfgpv" nkijv"

urgevtwo"cu"ygnn"cu"vjg"vgorgtcvwtg"qh"vjg"uqnct"egnn0"Ghhkekgpe{"ogcuwtgogpvu"ctg"

uvcpfctfk¦gf"vq"c"vgorgtcvwtg"qh"47"fgitggu"cpf"CO307I"knnwokpcvkqp"urgevtwo0"

Vjg" CO307I" knnwokpcvkqp" ku" vjg" uvcpfctf" kttcfkcpeg" urgevtwo" cv" vjg" gctvjÓu"

uwthceg=" kv" ceeqwpvu" hqt" nquugu" kp" uqnct" kpvgpukv{" cpf" rqygt" cu" vjg" nkijv" rcuugu"

vjtqwij" vjg" cvoqurjgtg" cpf" igvu" cduqtdgf" d{" ckt" cpf" fwuv0" Vjg"I" kp" CO307I"

uvcpfu"hqt"inqdcn"cpf"kv"ogcpu"vjcv"vjg"urgevtwo"kpenwfgu"fktgev"cpf"fkhhwug"uqnct"

tcfkcvkqp0""

"

405 Ocvgtkcnu"cpf"ctejkvgevwtgu"qh"vjkp"

hkno"uqnct"egnnu"
Vjg"v{rkecn"vjkp"hkno"c/Uk<J"cpf"e/Uk"uqnct"egnnu."yjkej"yknn"dg"cv"vjg"dcuku"qh"qwt"

kpxguvkicvkqp."ctg"ujqyp"qp"Hki0"4040"Vjgug"uvtwevwtgu"htqo"vjg"tgct"vq"vjg"vqr"ctg"

eqorqugf"qh<"



Ejcrvgt"4"Vjkp"hkno"uknkeqp"uqnct"egnnu<"uvcvg"qh"vjg"ctv."dcukeu"cpf"ocvgtkcnu"

" 35"

"

Hki0"4040"C"v{rkecn"uqnct"egnn"fgxkeg"*a+."c"v{rkecn"c/Uk<J"vjkp"hkno"uqnct"egnn"

ku"ujqyp"kp"*b+"cpf"c"encuukecn"e/Uk""uqnct"egnn"ku"fguetkdgf"kp"*c+0"

/ C"nqy/equv"uwduvtcvg"

/ C"vjkp"nc{gt"qh"ogvcn"eqpvcevqt."cnuq"wugf"qp"vjg"dcem"ukfg"qh"uqnct"egnnu"vq"

tghngev"nkijv"kpvq"fgxkeg"cickp0"Vjku"ogvcnnke"nc{gt"ujqwnf"gzjkdkv"nqy"ujggv"

tgukuvcpeg"cpf"jkij"tghngevkqp"eqghhkekgpv0""

/ Vjg" cevkxg" nc{gt." gkvjgt" jwpftgfu" pcpqogvtgu" vjkem" qh" c/Uk<J" qt" hgy"

oketqpu" qh" et{uvcnnkpg" uknkeqp0"Cp" gokvvgt" cpf" dcem" uwthceg" hkgnf"yknn" dg"

qdvckpgf"ykvj"p-"cpf"r-"jkijn{"fqrgf"nc{gtu0"""

/ Cp"cpvk/tghngevkqp"eqcvkpi" *CTE+." fgrqukvgf" qpvq" vjg" vqr" uwthceg" qh"uqnct"

egnnu" kp" qtfgt" vq" tgfweg" tghngevkqp" vjcpmu" vq" kvu" nqy" kpfgz" cpf" eqpvtqnngf"

vjkempguu0"Kp"vjkp"hkno"uqnct"egnnu."vjg"ocvgtkcnu"hqt"vjg"CTE"eqwnf"dg"wnvtc"

vjkp"vtcpurctgpv"eqpfwevkxg"qzkfg"*VEQ+"nc{gt"]7/:_0""

/ Cffkvkqpcnn{." c" dcem" VEQ" nc{gt" ku" pggfgf" kp" c/Uk<J" uqnct" egnnu." cu" cp"

qrvkecn" urcegt." dwv" cnuq" vq" cxqkf" vjg" fkhhwukqp" qh"ogvcnnke" cvqou" kpvq" Uk."

ujqyp"qp"Hki0"404*b+0""
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Vjg"qrvkecn" kpfkegu"qh" vjg"ocvgtkcnu"wugf"kp"qrvkecn"qrvkok¦cvkqp"ctg"kpenwfgf"

kp"vjg"Cppgz0"C0"Cduqtrvkqp"kp"cnn"vjgug"fkhhgtgpv"nc{gtu"ujqwnf"dg"eqpukfgtgf."cpf"

pqv"qpn{"kp"vjg"uknkeqp"cduqtdgt0"

Ocvgtkcnu" ejctcevgtkuvkeu." vjkempguugu." cpf" fgrqukvkqp" vgejpkswgu" yknn" dg"

eqpukfgtgf" cpf" ectghwnn{" ejqugp" kp" vjku" vjguku0" Yg" yknn" cnuq" eqpukfgt" tgcn"

hcdtkecvkqp"hgcukdknkvkgu"qh"vjg"fgxkegu"vjcv"yknn"dg"fgukipgf0"

Kp"vjku"yqtm"yg"rtqrqug"vq"korngogpv"uqnct"egnnu"cu"vjkp"cu"rquukdng"wukpi"c/Uk"

qt" e/Uk" cu" cduqtdkpi" ocvgtkcn<" tgfwekpi" vjg" vjkempguu" qh" c/Uk" fqyp" vq" 322" po"

*kpuvgcf"qh"wuwcnn{"522/622"po+"cpf"qh"e/Uk"fqyp"vq"ctqwpf"3"-o"*kpuvgcf"qh"3:2"

-o" hqt"ychgt" dcugf" uqnct" egnnu+0"Yjgp" fgetgcukpi" vjkempguu." cduqtrvkqp" ecp" dg"

uvtqpin{"tgfwegf."gurgekcnn{"yjgp"eqpukfgtkpi"e/Uk0"e/Uk"ku"uvtqpin{"cduqtdkpi"hqt"

ujqtv"ycxgngpivj."jqygxgt."fwg"vq"kvu"kpfktgev"dcpf"icr."kv"ku"ygcmn{"cduqtdkpi"kp"

vjg"pgct"kphtctgf"tgikog"qh"vjg"uqnct"urgevtwo0"Vjg"cduqtrvkqp"ngpivj"*kpxgtug"qh"

vjg"cduqtrvkqp"eqghhkekgpv+"ku"33"-o"cv":22"po"vq"qxgt"5"oo"cv"3322"po"];_0"Vjku"

ghhgev" ocmgu" kv" fkhhkewnv" vq" cejkgxg" jkij" rgthqtocpeg" vjkp" hkno" fgxkegu" ykvj"

vjkempguugu" kp" vjg" qtfgt" qh" c" hgy"oketqpu0" Vjgtghqtg." vjg" kfgcn" iqcn" ku" vq" igv" c"

vjkppgt" egnn" yjkej" ockpvckpu" vjg" ghhgevkxg" qrvkecn" vjkempguu" qh" c" vjkemgt" egnn0"

Eqpugswgpvn{." vjgtg" ku" c" pggf" hqt" nkijv" vtcrrkpi" ctejkvgevwtgu" vjcv" kpetgcug" vjg"

qrvkecn"rcvj" ngpivj"qh" nkijv"ykvjkp" vjg"uqnct"egnn"cpf" vjgtgd{" kpetgcug" vjg"qxgtcnn"

egnn"ghhkekgpe{0""

Kv"ku"korqtvcpv"vq"pqvg"vjg"fkhhgtgpv"dgjcxkqwt"qh"vjkp"hkno"cpf"ychgt"dcugf"qp"

uqnct" egnnu0" Hqt" tgfwegf" vjkempguugu." vjg" uwthceg" tgeqodkpcvkqp" xgnqekv{" yknn"

dgeqog" c" oqtg" korqtvcpv" rctcogvgt" vjcp" vjg" fkhhwukqp" ngpivj" *hqt" dwnm"

tgeqodkpcvkqp+0"Cevwcnn{."d{"tgfwekpi"vjg"ocvgtkcn"xqnwog."kv"ku"rquukdng"vq"wug"c"

nqygt" swcnkv{" ocvgtkcn0" Vjgtghqtg." nkijv" vtcrrkpi" cu" kpvtqfwegf" ku" gzvtgogn{"

guugpvkcn" vq" eqphkpg" kpekfgpv" nkijv" kpvq" uwej" tgfwegf"ocvgtkcn0" Jqygxgt." fwg" vq"

REu" qt" fkhhtcevkqp" itcvkpi" rcvvgtpkpi." vjgtg" ctg" gzrnqukxgn{" gpjcpegf" fcpinkpi"

dqpfu0" Jgpeg." c" nctig" fgpukv{" qh" fghgevu" kp" rcvvgtpgf" ocvgtkcnu" eqwnf" igpgtcvg"

oqtg"tgeqodkpcvkqp"egpvtgu."yjkej"tgfwegu"vjg"nkhgvkog"qh"ecttkgtu0""
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406 Nkijv"vtcrrkpi"hqt"vjkp"hkno"uqnct"

egnnu""
Yjgp"kpekfgpv"nkijv"ku"ecrvwtgf"kp"c"uqnct"egnn"fgxkeg."c"okpkok¦gf"tghngevkxkv{"ku"

cp" guugpvkcn" kuuwg" vq" cejkgxg" jkij" ghhkekgpe{" uqnct" egnnu0" Kv" ku" cnuq" gzvtgogn{"

korqtvcpv"vjcv"kpekfgpv"nkijv"ecp"dg"ghhkekgpvn{"cduqtdgf"kp"vjg"e/Uk"cevkxg"nc{gt0"Kp"

tgcn"uqnct"egnnu."nkijv"ku"rctvn{"tghngevgf"cv"vjg"htqpv"uwthceg"fgurkvg"qh"vjg"rtgugpeg"

qh"cp"CTE"*Ugg"Hki0"404+0"Uvknn."vjg"ockp"rctv"qh" vjg"kpekfgpv" nkijv" ku" vtcpuokvvgf"

kpvq"vjg"uqnct"egnn"fgxkeg0"Vjku"vtcpuokvvgf"kpekfgpv"nkijv"yknn"dg"rctvn{"cduqtdgf"d{"

vjg"VEQ."uknkeqp"cpf"ogvcn"nc{gtu0"C"htcevkqp"qh"vjg"uqnct"urgevtwo."gurgekcnn{"kp"

vjg" nqpi"ycxgngpivj" tcpig."yknn" pqv"dg" cduqtdgf"d{" vjg" nc{gtu"qh" vjg" uqnct" egnnu"

cpf"yknn"dg"nquv"qwv"qh"vjg"fgxkegu0"

Vq" kpetgcug" vjg" ghhkekgpe{" qh" uqnct" egnnu." kv"yqwnf" dg" dgpghkekcn" vq" tgvckp" vjg"

nkijv"ykvjkp" vjg" cduqtdkpi" nc{gt" hqt" c" nqpigt" vkog." dgecwug" vjg" nqpigt" c" rjqvqp"

uvc{u." vjg"itgcvgt" vjg"ejcpegu"qh"cduqtrvkqp"cpf"etgcvkqp"qh"cp"gngevtqp"jqng"rckt"

cpf"vjgp"kpetgcukpi"vjg"ujqtv"ektewkv"ewttgpv"ejctcevgtkuvkeu"qh"vjg"uqnct"egnn0"Nkijv"

vtcrrkpi"ujqwnf"vjgp"chhqtf"ukoknct"cduqtrvkqp"ejctcevgtkuvkeu"vq"vjkemgt"egnnu0""

Nkijv"vtcrrkpi"ku"eqpegtpgf"ykvj"kpetgcukpi"Lue"ejctcevgtkuvkeu"qh"vjg"uqnct"egnn"

fgxkeg"uvtwevwtg0"Vjku"ku"cejkgxgf"vjtqwij"kpetgcukpi"vjg"cduqtrvkqp"ejctcevgtkuvkeu"

yjkej" ctg" tgncvgf" vq" Lue0"Yg"yknn" vjgp" hqewu" qp" vjg" kortqxgogpv" qh" vjg" ewttgpv"

xgtuwu"cduqtrvkqp."fghkpgf"cu"]32/33_<"

"""""""""""""""
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kp"yjkej."e"vjg"urggf"qh"nkijv"kp"xcewwo."そ"vjg"ycxgngpivj."eqpukfgtkpi"vjg"そ3/"そ4"

tcpig" hqt" cevkxg" uknkeqp."C*そ+" vjg" cduqtrvkqp" kp" uknkeqp." cpf" K" vjg" kpekfgpv" uqnct"

tcfkcvkqp"urgevtwo"ykvj"c"wpkvu"qh"Yáo/4ápo/30"Eqppgevkpi"vq"Gs"*40:+."cp"kpetgcug"

kp" Lue" fktgevn{" kphnwgpegu" vjg" ghhkekgpe{" qh" c" uqnct" egnn" fgxkeg0" Kv" ku" vjgtghqtg."

rgtvkpgpv"vq"oczkok¦g"vjg"ujqtv"ektewkv"ewttgpv"kh"qpg"ykujgu"vq"cejkgxg"xgt{"jkij"
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ghhkekgpe{" uqnct" egnnu0" Kp" vjku" tgurgev." gkvjgt" vjg" cduqtrvkqp" C*そ+" qt" Lue" yknn" dg"

eqpukfgtgf"cu"vjg"mg{"hkiwtg"cpf"vctigv"yjgp"qrvkok¦kpi"fgukip"rctcogvgtu"qh"vjg"

uqnct"egnn"ctejkvgevwtg0""

Vjgtg" jcu" dggp" owej" yqtm" fqpg" qp" nkijv" vtcrrkpi" dcugf" qp" rtkpekrngu" qh"

igqogvtke"qrvkeu"]34_"ykvj"vjg"kpvtqfwevkqp"qh"c"oczkowo"cduqtrvkqp"kpetgcug"qh"

6p*そ+4."yjgtg"p" ku"vjg"tghtcevkxg"kpfgz"qh"vjg"uqnct"egnn"ocvgtkcn+"]35/36_"cvvckpgf"

d{" vjg" kpvgitcvkqp" qh" c" Ncodgtvkcp" uvtwevwtg" kp" c" vjkem" uqnct" egnn." cu" fgtkxgf" d{"

[cdnqpqxkvej"cpf"Eqf{" ]36_0"Jqygxgt." vjku"crrtqcej"ecppqv"dg"fktgevn{"crrnkgf"

vq"vjkp"nc{gtu."yjgtg"fkhhtcevkqp"rtqeguugu"qeewt0"Oqtgqxgt." vjg"qrgp"swguvkqp"ku"

jqy"owej"oqtg"ecp"vjg"cduqtrvkqp"ghhkekgpe{"dg"kortqxgf"d{"wukpi"ycxgngpivj"

uecng" uvtwevwtgu" nkmg" rjqvqpke" et{uvcn" qt" fkhhtcevkqp" itcvkpi." yjkej" eqwnf" dg"

rcvvgtpgf" kp" vjkp" hkno" uqnct" egnnu" ]37/42_0" Ogcpyjkng." oqtg" eqpxgpvkqpcn"

vgzvwtcvkqp"vgejpkswgu"jcxg"dggp"wugf"hqt"vjkp"hkno"uqnct"egnnu0"Uqog"ctg"dcugf"qp"

vjg" eqpvtqn" qh" vjg" uwthceg" rtqrgtvkgu" qh" ogvcnnke" nc{gt" qt" VEQu" nkmg" ¥pQ" *d{"

eqpvtqnnkpi"vjg"fgrqukvkqp"rctcogvgtu"qt"d{"ygv"gvejkpi"chvgt"vjg"fgrqukvkqp."gve+0"

Qvjgtu" ctg" dcugf" qp" vjg" wug" qh" tqwij" incuu" uwduvtcvgu" kp" eqodkpcvkqp" ykvj"

eqphqtocn" fgrqukvkqp0" Cnn" vjgug" ogvjqfu" ngcf" vq" tqwij" uwthcegu" cpf" kpvgthcegu"

yjkej" eqpvtkdwvg" vq" nkijv" vtcrrkpi" ]43/45_0" Jqygxgt." vjgtg" ku" c" xgt{" nkokvgf"

rquukdknkv{" vq" eqpvtqn" vjg" uwthceg" ejctcevgtkuvkeu." cpf" vjgtghqtg" vjg" qrvkecn"

rtqrgtvkgu"qh"uwej"fgxkegu0"

Cduqtrvkqp"gpjcpegogpv"d{"wukpi"rjqvqpke"et{uvcnu"*REu+"jcu"dggp"rtqrqugf"

cu"c"rtqokukpi"crrtqcej"hqt"kortqxkpi"vjg"qrvkecn"rgthqtocpeg"qh"uqnct"egnnu0"Vjg"

qdlgevkxg" ku" vq" wug" qpg." vyq" qt" vjtgg" fkogpukqpcn" *3F." 4F" qt" 5F+" rgtkqfke"

uvtwevwtgu" yjkej" gzjkdkv" c" ykfg" xctkgv{" qh" nkijv" fkhhtcevkqp" ghhgevu0" Kpfggf." c"

Rjqvqpke" Et{uvcn" ]46/47_" ku" c" uvtwevwtg" yjkej" tghtcevkxg" kpfgz" ku" rgtkqfkecnn{"

oqfwncvgf." ykvj" c" ncvvkeg" eqpuvcpv" qp" vjg" qtfgt" qh" vjg" qrgtcvkqp"ycxgngpivj0" Kh"

nc{gtu" qh" fkhhgtgpv" fkgngevtke" eqpuvcpv" oc{" dg" fgrqukvgf" qt" cfjgtgf" vqigvjgt" vq"

hqto"c"dcpf"icr"kp"c"ukping"fktgevkqp."kv"ku"pcogf"3F"REu0"C"Dtcii"itcvkpi"ku"cp"

gzcorng" qh" vjku" v{rg" qh" REu0" Nc{gtu"ykvj" c" rncpct" fkuvtkdwvkqp" qh" vjg" fkgngevtke"

eqpuvcpv."kp"qpg"qt"vyq"fkogpukqpu"ctg"tghgttgf"vq"cu"3F"qt"4F"rncpct"REu0"Oqtg"
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eqorngz"5F"RE"uvtwevwtgu"jcxg"cnuq"dggp" kpxguvkicvgf" vjgqtgvkecnn{" ]48/49_"cpf"

gzrgtkogpvcnn{" ]4:_0" Kv" ycu" tgegpvn{" rtqrqugf" vq" wug" REu" cu" eqorngz" dcem"

tghngevqtu"qt"ghhkekgpv"cpvk/tghngevkqp"eqcvkpiu"]4/5."4;/53_."kp"qtfgt"vq"gpjcpeg"vjg"

cduqtrvkqp"kp"cp"cevkxg"nc{gt0"Yg"cnuq"jcxg"rtqrqugf"c"eqpegrv"vq"rtqfweg"jkijn{"

ghhkekgpv" cduqtdgtu0" Kv" eqpukuvu" kp" rcvvgtpkpi" cp" j{ftqigpcvgf" coqtrjqwu" uknkeqp"

*c/Uk<J+" nc{gt"cu"c"rncpct"RE"kp"qtfgt" vq"eqwrng" kpekfgpv" nkijv" kpvq"Dnqej"oqfgu"

uvcpfkpi"qxgt"vjg"nkijv"nkpg."uq"cu"vq"eqpvtqn"vjg"rjqvqp"nkhgvkogu"]54/57._0"Dcugf"

qp" vjku" eqpegrv." RE/cuukuvgf" c/Uk<J" uqnct" egnnu" ygtg" fgukipgf" ]58_." cpf"

rtgnkokpct{"gzrgtkogpvcn"tguwnvu"jcxg"dggp"qdvckpgf"]37."56_0Ukoknct"crrtqcejgu"

jcxg"dggp"uvwfkgf"hqt"qticpke"uqnct"egnnu."ujqykpi"cnuq"c"nctigt"cduqtrvkqp"]59/5:_0""

Cpqvjgt" cvvtcevkxg" nkijv" vtcrrkpi" uejgog" ku" dcugf" qp" fkhhtcevkqp" itcvkpiu" kp"

vjkp"hkno"uqnct"egnnu0"Fkhhtcevkqp"itcvkpiu"rtgugpv"c"itgcv"rqvgpvkcn"cu" vjg{"ecp"dg"

wugf"gkvjgt" cu" cfxcpegf" dcem" tghngevqtu" vq" kpetgcug"dqvj" vjg"rcvj" ngpivj" cpf" vjg"

urgevtcn"fgpukv{"qh"qrvkecn"oqfgu"cv"nqpi"ycxgngpivju"]45.62/63_"qt"cu"htqpv"cpvk/

tghngevqtu" vq" fgetgcug" vjg" inqdcn" tghngevkqp" cpf" vq" gpjcpeg" vtcpuokvvgf" itcvkpi"

qtfgtu"]64/6;_."qt"cu"rtqrqugf"xgt{"tgegpvn{."cu"eqodkpgf"dcem"tghngevqt"cpf"htqpv"

cpvk/tghngevqt"kp"c"egnn."d{"rcvvgtpkpi"fkhhgtgpv"nc{gtu"]4.5.6;_0"C"fkhhtcevkqp"itcvkpi"

]72_" ku" cp" qrvkecn" eqorqpgpv" ykvj" c" rgtkqfke" uvtwevwtg." yjkej" urnkvu"

cpf"fkhhtcevu"nkijv" kpvq" ugxgtcn" dgcou" vtcxgnnkpi" kp" fkhhgtgpv" fktgevkqpu0" Vjg"

fktgevkqpu"qh"vjgug"dgcou"fgrgpf"qp"vjg"rgtkqf"qh"vjg"itcvkpi"cpf"vjg"ycxgngpivj"

qh"vjg"nkijv"uq"vjcv"vjg"itcvkpi"cevu"cu"vjg"fkurgtukxg"gngogpv0""

Yjgp" vjg" itcvkpi" ku" nqecvgf" qp" vjg" uwthceg" qh" c" vjkp" hkno." kv" gpcdngu" vjg"

eqwrnkpi"qh"vjg"kpekfgpv"nkijv"kpvq"vjg"swcuk/iwkfgf"oqfg"qh"vjg"vjkp"hkno0"Kp"vjcv"

ugpug." vjg" eqpegrv"qh"3F"cpf"4F"fkhhtcevkqp"itcvkpi" kp" vjkp" hknou" ku"enqug" vq" vjg"

eqpegrv"qh"3F"cpf"4F"REu0"

"
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"

Hki0"4050"Nkijv"vtcrrkpi"uejgogu."uwej"rjqvqpke"et{uvcnu"cpf"fkhhtcevkqp"

itcvkpiu."ygtg"eqpukfgtgf"kp"vjkp"hkno"uknkeqp"uqnct"egnnu"

Dcugf"qp"rtgxkqwu" nkijv" vtcrrkpi"uejgogu"cpf" v{rkecn" uqnct"egnnu" uejgocvkeu."

cu"ygnn"cu"cduqtrvkqp"gpjcpegogpv"uvtcvgikgu"kp"c"uknkeqp"cevkxg"nc{gt."vjg"CTE."r/

p"lwpevkqp."dcem"VEQ"cpf"gngevtqfgu"eqwnf"dg"rcvvgtpgf"qt"vgzvwtgf"cu"fkhhtcevkqp"

itcvkpiu" cpf" rjqvqpke" et{uvcnu" ]73/77_." cu" fkurnc{gf" qp" Hki0" 4050" Uwej" nkijv"

vtcrrkpi"crrtqcejgu"yknn"dg"fgxgnqrgf"kp"vjku"vjguku0"""

"
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Tghgtgpegu"cpf"nkpmu"
]3_ L0"Rqqtvocpu"cpf"X0"Ctmjkrqx."Vjkp"hkno"uqnct"egnnu<"hcdtkecvkqp."

ejctcevgtk¦cvkqp"cpf"crrnkecvkqpu."80"Lqjp"Ykng{"("Uqpu"Kpe."42280"

]4_ L0"I0"Owvkvw."U0"Ujk."E0"Ejgp."V0"Etgc¦¦q."C0"Dctpgvv."E0"Jqpudgti."cpf"F0"

Y0"Rtcvjgt."ÐVjkp"hkno"uqnct"egnn"fgukip"dcugf"qp"rjqvqpke"et{uvcn"cpf"

fkhhtcevkxg"itcvkpi"uvtwevwtgu.Ñ"Qrv0"Gzrtguu"16."3745:Î3746:"*422:+0"

]5_ T0"Fgycp."O0"Octkpmqxke."T0"Pqtkgic."U0"Rjfcfmg."C0"Ucnngq."cpf"F0"Mpkrr."

ÐNkijv"vtcrrkpi"kp"vjkp/hkno"uknkeqp"uqnct"egnnu"ykvj"uwdoketqp"uwthceg"

vgzvwtg.Ñ"Qrv0"Gzrtguu"17."4527:/45287"*422;+0""

]6_ E0"Jqpudgti"cpf"U0"Dqyfgp."Rjqvqxqnvckeu"EFTQO0"

]7_ O0"Dgtikpumk."L0"Jwrmgu."O0"Uejwnvg."I0"Uejqrg."J0"Uvkgdki."D0"Tgej"cpf"

O0"Ywvvki."ÐVjg"ghhgev"qh"htqpv"¥pQ<"Cn"uwthceg"vgzvwtg"cpf"qrvkecn"

vtcpurctgpe{"qp"ghhkekgpv"nkijv"vtcrrkpi"kp"uknkeqp"vjkp/hkno"uqnct"egnnu.Ñ"

L0Crrn0"Rj{u0"101."296;25"*4229+0"

]8_ L0"Dwgpewgtrq."N0G0"Owpkq¦/Ecowpkg¦."O0N0"Fqvqt"cpf"R0C0"Rquvkiq."

ÐQrvkecn"cduqtrvkqp"gpjcpegogpv"kp"c"j{dtkf"u{uvgo"rjqvqpke"et{uvcnÎvjkp"

uwduvtcvg"hqt"rjqvqxqnvcke"crrnkecvkqpu.Ñ"Qrv0"Gzrtguu"20."C674ÎC686"

*4234+0"

]9_ U0"U0"Nq."E0"E0"Ejgp."H0"Ictyg."cpf"V0"Rgtvej."ÐDtqcf/dcpf"cpvk/tghngevkqp"

eqwrngt"hqt"c<Uk"vjkp/hkno"uqnct"egnn.Ñ"L0"Rj{u0"F"Crrn0"Rj{u0"40."976Î97:"

*4229+0"

]:_ Q0"Kucdgnnc."C0"Ecorc."OET"Jgklpc."YL"Uqrrg."CLO"Xcp"Gtxgp."

TJ"Htcpmgp."J0"Dqti."cpf"O0"¥gocp."ÐNkijv"uecvvgtkpi"rtqrgtvkgu"qh"

uwthceg/vgzvwtgf"uwduvtcvgu"hqt"vjkp/hkno"uqnct"egnnu.Ñ"Rtqeggfkpiu"qh"vjg"45tf"

GWRXUGE."Uguukqp"5CX."1."698Î6:30"

];_ O0"C0"Itggp."Uknkeqp"Uqnct"Egnnu."Cfxcpegf"Rtkpekrngu"cpf"Rtcevkeg."

Wpkxgtukv{"qh"Pgy"Uqwvj"Ycngu<"Egpvgt"hqt"Rjqvqxqnvcke"Fgxkegu"cpf"

U{uvgou."Wpkxgtukv{"qh"Pgy"Uqwvj"Ycngu."3;;70"
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]32_ L0"O¯nngt."D0"Tgej."L0"Urtkpigt."cpf"O0"Xcpgegm."ÐVEQ"cpf"nkijv"vtcrrkpi"kp"

uknkeqp"vjkp"hkno"uqnct"egnnu.Ñ"Uqn0"Gpgti{"77.";39/;52"*4226+0"

]33_ C0"Octuj"cpf"L0"Kpmuqp."$Uecvvgtkpi"ocvtkz"vjgqt{"qh"vtcpurqtv"kp"

jgvgtquvtwewvtgu.$"Ugokeqpfwevqt"Uekgpeg"cpf"Vgej0"1."4:7/4;2"*3;:8+0"

]34_ T0"Dtgpfgn"cpf"C0"Iqgv¦dgtigt."Vjkp/hkno"et{uvcnnkpg"uknkeqp"uqnct"egnnu<"

rj{ukeu"cpf"vgejpqnqi{."Ygkpjgko<"Ykng{/XEJ."42250"

]35_ T0"Dkuycu"cpf"E0"Zw."ÐPcpq/et{uvcnnkpg"uknkeqp"uqnct"egnn"ctejkvgevwtg"ykvj"

cduqtrvkqp"cv"vjg"encuukecn"6p4"nkokv.Ñ"Qrv0"Gzrtguu"19."886/894"*4233+0""

]36_ G0"[cdnqpqxkvej"cpf"I0"F0"Eqf{."ÐKpvgpukv{"gpjcpegogpv"kp"vgzvwtgf"qrvkecn"

ujggvu"hqt"uqnct"egnnu.Ñ"KGGG"Vtcpu0"Gngevtqp0"Fgx0"29."522Î527"*3;:4+"

]37_ Z0"Ogpi."I0"Iqoctf."Q0"Gn"Fckh.""G0"Ftqwctf."T0"Qtqdvejqwm."C0"Mcokpumk."

C0"Hcxg."O0"Ngokvk."C0"Cdtcoqx."R0"Tqec"k"Ecdcttqecu."cpf"E0"Ugcuucn."

ÐCduqtdkpi"rjqvqpke"et{uvcnu"hqt"uknkeqp"vjkp/hkno"uqnct"egnnu<"Fgukip."

hcdtkecvkqp"cpf"gzrgtkogpvcn"kpxguvkicvkqp.Ñ"Uqn0"Gp0"Ocv0"Uqn0"Egnnu"95."54Î

5:"*4233+0"

]38_ Z0"Ogpi."X0"Fgrcwy."I0"Iqoctf."Q0GK"Fckh."E0"Vtqorqwmku."G0"Ftqwctf."

E0"Lcoqku."T0"Qtqdvejqwm."C0"Hcxg."H0"Ftquu."K0"Iqtfqp."cpf"E0"Ugcuucn."

ÐCduqtdkpi"rjqvqpke"et{uvcnu"hqt"oqpq/et{uvcnnkpg"uknkeqp"vjkp"hkno"uqnct"

egnnu.Ñ"Rtqeggfkpiu"qh"URKG."8425.":6472T"*4234+0"

]39_ Z0"Ogpi."X0"Fgrcwy."I0"Iqoctf."Q0GK"Fckh."E0"Vtqorqwmku."G0"Ftqwctf."

E0"Lcoqku."T0"Qtqdvejqwm."C0"Hcxg."H0"Ftquu."K0"Iqtfqp."cpf"E0"Ugcuucn."

Fgukip."ÐFgukip."hcdtkecvkqp"cpf"qrvkecn"ejctcevgtk¦cvkqp"qh"rjqvqpke"et{uvcn"

cuukuvgf"vjkp"hkno"oqpqet{uvcnnkpg/uknkeqp"uqnct"egnnu.Ñ"Qrv0"Gzrtguu"20."

C687/C697"*4234+0"

]3:_ Z0"Ogpi."G0"Ftqwctf."I0"Iqoctf."C0"Hcxg."cpf"E0"Ugcuucn."ÐEqodkpgf"

htqpv"cpf"dcem"fkhhtcevkqp"itcvkpiu"hqt"dtqcf"dcpf"nkijv"vtcrrkpi"kp"vjkp"hkno"

uqnct"egnn.Ñ"Qrv0"Gzrtguu"20."C782/793"*4234+0"

]3;_ Z0"Ogpi."X0"Fgrcwy."I0"Iqoctf."Q0"Gn"Fckh."E0"Vtqorqwmku."G0"Ftqwctf."

C0"Hcxg."H0"Ftquu."K0"Iqtfqp."cpf"E0"Ugcuucn."ÐFgukip"cpf"hcdtkecvkqp"qh"
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rjqvqpke"et{uvcnu"kp"grkvcz{/htgg"uknkeqp"hqt"wnvtcvjkp"uqnct"egnnu.Ñ"Rtqe0"URKG."
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503 Kpvtqfwevkqp"

Kp" vjku" ejcrvgt." yg" yknn" kpvtqfweg" fgukip" ogvjqfqnqikgu" wugf" kp" vjku" vjguku" vq"

qdvckp" qrvkok¦gf" cduqtrvkqp" kp" uqnct" egnnu." wukpi" fkhhtcevkqp" itcvkpiu" cpf" REu0"

Dcugf"qp"fgukipu." vjg"ockp"ejcnngpig"hqt"wu"ku"jqy"vq"igpgtcvg"vjgug"rcvvgtpu"kp"

ncdu0"Vjgtghqtg."ugxgtcn"hcdtkecvkqp"vgejpqnqikgu"cpf"rtqeguugu."uwej"cu"fgrqukvkqp"

vgejpqnqikgu." nkvjqitcrjke" cpf" gvejkpi"ogvjqfu."yknn" dg" dtkghn{" fguetkdgf0"Chvgt"

vjg"hcdtkecvkqp"qh"vjgug"rcvvgtpgf"uvcemu."vjg"ogcuwtgogpv"ogvjqfu"ctg"gzvtgogn{"

korqtvcpv" vq" ejctcevgtk¦g" vjgkt" vqrqitcrj{." qrvkecn" rtqrgtvkgu" cu" ygnn" cu" vjgkt"

gngevtkecn"rtqrgtvkgu0"

"""""""""""

504 Fgukip"ogvjqfqnqikgu""
Kp"ogvtqnqi{"cpf"kp"qrvkecn"fgukip"u{uvgou."tkiqtqwu"ukowncvkqpu"ctg"pggfgf"vq"

dg"iwkfgnkpg"hqt"vjg"tgcnk¦cvkqp0"Kh"vjg"uvtwevwtgu"kpenwfg"rcvvgtpu"cv"vjg"uecng"qh"vjg"

ycxgngpivj" qt" uocnngt." urgekhke" ogvjqfu" ctg" tgswktgf0" Cv" vjg" oqogpv." vjg"

Tkiqtqwu" Eqwrngf" Ycxg" Cpcn{uku" *TEYC+" ]3/4_." vjg" Hkpkvg" Fkhhgtgpeg" Vkog"

Fqockp"ogvjqf"*HFVF+"]5_"cpf"vjg"Hkpkvg"Gngogpv"Ogvjqf"*HGO+"]6/7_"ctg"vjtgg"

ockp" ogvjqfu" vq" qdvckp" vjg" qrvkecn" fgukipu" hqt" xctkqwu" crrnkecvkqpu" uwej"

rjqvqxqnvckeu" cuukuvgf" uqnct" egnnu0" Vjg{" ctg" tkiqtqwu" ogvjqfu" wugf" uqnxkpi" vjg"

Oczygnn"gswcvkqpu0""

HFVF" ku" c" pwogtkecn" ogvjqf" vq" uqnxg" vkog/fgrgpfcpv" Oczygnn)u" gswcvkqp"

wukpi"hkpkvg/fkhhgtgpeg"crrtqzkocvkqp"qh"rctvkcn"fgtkxcvkxgu0"Ukpeg"kvu"kpvtqfwevkqp"

d{"[gg"egnn"]3_."HFVF"gxqnxgf"kpvq"xgt{"ghhgevkxg"cpf"ctiwcdn{"vjg"oquv"rqrwnct"

pwogtkecn"vgejpkswg"hqt"gngevtqocipgvke"rtqdngou"]5_0"

""
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"

Hki0"5030"*a+"[gg/egnn"oguj"cpf"*b+"c"[gg/egnnÓu"cniqtkvjo"

TEYC"ku"c"ugok/cpcn{vkecn"ogvjqf"kp"eqorwvcvkqpcn"gngevtqocipgvkeu"vjcv"ku"

oquv"v{rkecnn{"crrnkgf"vq"uqnxg"uecvvgtkpi"htqo"rgtkqfke"fkgngevtke"uvtwevwtgu0""

Vjgug"vyq"ogvjqfu"jcxg"dggp"wugf"kp"vjku"yqtm0"Vjg"ejqkeg"tgnkgu"ockpn{"qp"

vjg" eqorwvcvkqp" vkog" cpf" ogoqt{" tgswktgogpv0" Kpfggf." hqt" c" nkpgct" ogfkwo."

Oczygnn)u" gswcvkqpu" ecp" dg" uqnxgf" gkvjgt" kp" vjg" vkog/fqockp" qt" vjg" htgswgpe{"

fqockp0" Vjg" cfxcpvcig" qh" wukpi" ogvjqfu" kp" vjg" vkog/fqockp" ku" vjcv" kv" ecp"

gzrnkekvn{"uqnxg"vkog"fgrgpfcpv"rjgpqogpc"uwej"cu"dtqcf"dcpf"rwnug"rtqrcicvkqp0"

Ukping"ukowncvkqp"ku"gpqwij"vq"uqnxg"hqt"c"dtqcf"tcpig"qh"htgswgpekgu0"Vjku"ku"uvknn"

vtwg"yjgp"vjg"ocvgtkcn"ejtqocvke"fkurgtukqp"jcu"vq"dg"vcmgp"kpvq"ceeqwpv."gxgp"kh"kv"

ku"oqtg"eqorngz"cpf"tguqwteg"eqpuwokpi<"vjg"kpfkegu"ctg"vkog"fgrgpfcpv."cpf"vjg"

tgurqpug" qh" vjg" uvtwevwtg" dgeqogu" c" eqpxqnwvkqp"Qp" vjg" qvjgt" jcpf." kv" tgockpu"

uvtckijvhqtyctf"wukpi"c" htgswgpe{"fqockp"ogvjqf."dwv" vjg"eqorwvcvkqp"fgrgpfu"

nkpgctn{" qp" vjg" urgevtcn" tguqnwvkqp0" Vjwu." vjg" uvtwevwtgu" ykvj" e/Uk" jcu" dggp"

eqorwvgf"ockpn{"wukpi"HFVF."ukpeg"vjku"nqy"cduqtdkpi"ocvgtkcn"yknn"korn{"ujctr"

tguqpcpegu" kp" vjg" urgevtcn" tgurqpug." uq" pggfu" vq" dg" ecnewncvgf" wukpi" c" nctig"

urgevtcn"tguqnwvkqp0""

Kp" vjku" vjguku." yg" wugf" vjg" HFVF" uqhvyctg" cxckncdng" kp" vjg" eqoogtekcn"

rcemcigu" Nwogtkecn" ]8_0" Vjg" TEYC" ku" eqpfwevgf" d{" wukpi" ECOHT" ]3_." cpf"

oqtg"urgekhkecnn{"kvu"rcemcig"ICTENGF"]4_0"
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"4:"

Vjg"vjgqtgvkecn"uvwf{"kp"cp"j{ftqigpcvgf"coqtrjqwu"uknkeqp"*c/Uk<J+ wnvtc/vjkp"

hkno"uqnct"egnnu"kp"Ejcrvgt06"jcu"dggp"eqpfwevgf"d{"wukpi"ECOHT"1"ICTENGF0"

Vjg"CO307I"uqnct"urgevtcn"kpvgpukv{"fkuvtkdwvkqp"ycu"vcmgp"kpvq"ceeqwpv"qxgt"vjg"

522/942"po"urgevtcn"tcpig"*Ugg"Hki0"504"itggp"tgikqp+0"Vjgug"dqwpfu"tqwijn{"cpf"

tgurgevkxgn{" eqttgurqpf" vq" vjg" nqygt" nkokv" qh" vjg" uqnct" urgevtwo" cpf" vjg" c/Uk<J"

icr0"

"

Hki0"5040"CO307I"uqnct"urgevtwo"kpvgpukv{"fkuvtkdwvkqp"

Cdqwv" vjg" fgukipu" kp" et{uvcnnkpg" uknkeqp" *e/Uk+" vjkp" hkno" uqnct" egnnu" hqt" vjg"

Ejcrvgt07"cpf"8."vjg"qrvkecn"fgukipu"ctg"dcugf"qp"vjg"HFVF"ogvjqf0"Kp"vjku"yqtm."

kv"jcu"dggp"wugf"vq"ecnewncvg"vjg"cduqtrvkqp"qh"eqorngvg"rcvvgtpgf"uqnct"egnnu."cpf"

VEQ." ogvcn" eqpvcevqt" nc{gtu." cu" ygnn" cu" vjg" urgekhke" cduqtrvkqp" kp" vjg" lwpevkqp"

nc{gtu0" Vjg" qrvkecn" rgthqtocpeg" qh" vjg" uvtwevwtgu" yknn" dg" kpfkecvgf" d{" vjgkt"

kpvgitcvgf" cduqtrvkqp." c" rgtegpvcig" fghkpgf" d{" vjg" tcvkq" dgvyggp" vjg" cduqtdgf"

qrvkecn"rqygt"qxgt" vjg"kpekfgpv"qrvkecn"rqygt"kp"vjg"yjqng"qh" kpvgtguvgf"urgevtcn"

tcpig0"Vjg"CO307I"uqnct"urgevtwo"kpvgpukv{"fkuvtkdwvkqp"ycu"vcmgp"kpvq"ceeqwpv"

qxgt" vjg"522/3322"po"urgevtcn" tcpig"wpfgt"pqtocn"kpekfgpeg."ujqyp"kp"vjg"dnwg"

tgikqp"qh"Hki0"5040"Vjgug"dqwpfctkgu" tqwijn{" cpf" tgurgevkxgn{" eqttgurqpf" vq" vjg"
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nqyguv"ycxgngpivj"qh"vjg"uqnct"urgevtwo"cpf"vjg"e/Uk"icr0"Vjg"tghtcevkxg"kpfgzgu"

qh"vjg"ocvgtkcnu."KVQ."cevkxg"nc{gtu."ctg"cnn"htqo"gnnkruqogvtke"ogcuwtgogpv0""

Hqt" c"dgvvgt"wpfgtuvcpfkpi"qh" vjg" kphnwgpeg"qh" vjg"igqogvtkecn" rctcogvgtu"qh"

vjg" uvtwevwtgu." cpf" vjwu" vq" gpcdng" c" tqwij" qrvkok¦cvkqp." Nwogtekcn" cnnqyu" vjg"

cpcn{uku" qh" vjg" tghngevgf" 1" vtcpuokvvgf" nkijv" kp" xctkqwu" qtfgt" qh" fkhhtcevkqpu."

ukoknctn{"vq"wukpi"TEYC0"Kp"vjku"ugevkqp."yg"yknn"hqewu"qp"jqy"vq"fgukip."etgcvg"

cpf"ukowncvg"c"eqorngvg"uqnct"egnn"uvgr"d{"uvgr"d{"HFVF"kp"Nwogtkecn."cpf"vjgp"

jqy"vq"ecnewncvg"cpf"eqnngev"ukowncvgf"fcvc0"Yg"eqpukfgt"c"eqorngvg"uqnct"egnn"kp"

vjg"gzcorng"ujqyp"kp"Hki0"5050"

"

Hki0"5050"Uvtwevwtg"uejgocvke"xkgy"kp"HFVF"uqnwvkqp"ykvj"4"uqnwvkqpu"vq"ecnewncvg"

cduqtrvkqp"kp"e/Uk"cevkxg"nc{gt0"Vjg"uqnct"egnn"uvcem"ku"eqorqugf"qh."htqo"dcem"vq"

htqpv."incuu"uwduvtcvg."Ci."r-"e/Uk."cpf"cevkxg"e/Uk"nc{gt."cu"ygnn"cu"c"p-"c/Uk<J"cpf"

¥pQ"qxgtnckf"qp"vjg"rcvvgtpgf"e/Uk"0"

Kp" qtfgt" vq" igv" vjg" cduqtrvkqp" kp" vjg" yjqng" fgukipgf" uvtwevwtg." c" tghngevkqp"

rqygt"oqpkvqt" *T+" cpf" c" vtcpuokuukqp" rqygt"oqpkvqt" *V+" ctg" ugv" hct" cdqxg" cpf"

dgnqy"vjg"uvtwevwtg0"Vjgtghqtg."vjg"cduqtrvkqp"*Cdu+"kp"vjg"yjqng"uvtwevwtg"eqwnf"
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dg" ecnewncvgf" cu<" Cdu" *そ+" ?" 3" Î" T" *そ+" Î" V" *そ+0" Ogcpyjkng." yg" yqwnf" nkmg" vq"

fgvgtokpg"vjg"cduqtrvkqp"kp"vjg"¥pQ"qt"vq"ecnewncvg"vjg"cduqtrvkqp"kp"vjg"cevkxg"e/

Uk"nc{gt0"

Kp"vjg"hktuv"uqnwvkqp."cu"kpvtqfwegf"kp"Hki0"503."ugxgtcn"rqygt"oqpkvqtu"*V3\V8+"

ctg"ugv"cdqxg"cpf"dgnqy"vjg"e/Uk"nc{gt."vq"ogcuwtg"vjg"hnwz"qh"vjg"Rq{pvkpi"xgevqt"

cetquu"gcej"oqpkvqt0"Vjg"cduqtrvkqp"kp"e/Uk"ku"]*V3-V4-V5-V6-V7+"/"V8_0""""

Vjg" ugeqpf" uqnwvkqp" tgswktgu" oqtg" eqorwvcvkqpcn" tguqwtegu" cpf" vkog" dwv"

crrgctu"vq"dg"oqtg"uvcdng0"Vjg"cduqtrvkqp"Rcdu"ku"ecnewncvgf"cu<"]9_"

""""""""""""""""""""""" 4207 * + 207 ̃ ̃ * +Rcdu tgcn k G F G kocix x g› ›? ? /฀ """""""""""""""""""""""""*3+"

Cv"c"ikxgp"htgswgpe{."vjg"yjqng"cduqtrvkqp"kp"vjg"cevkxg"nc{gt"ku"vjwu"qdvckpgf"

vjtqwij" vjg" kpvgitcvkqp" qh" vjg" rtgxkqwu" gswcvkqp0" Kp" qtfgt" vq" ecnewncvg" vjg"

cduqtrvkqp."yg"pggf"vq"mpqy"vjg"gngevtke"hkgnf"kpvgpukv{"cpf"vjg"kocikpct{"rctv"qh"

vjg" rgtokvvkxkv{."yjkej" eqwnf" dg"ogcuwtgf" kp" vjg"Nwogtkecn" d{" wukpi" c" urgekhke"

uetkrv."yjkej"ku"fguetkdgf"kp"Cppgz0D0""

Hqt"vjg"fkhhtcevkqp"itcvkpi"cpcn{uku"kp"vjg"Nwogtkecn."vjg"itcvkpi"hwpevkqpu"ctg"

wugf" vq" ecnewncvg" vjg" fktgevkqp" cpf" kpvgpukv{" qh" nkijv" tghngevgf" qt" vtcpuokvvgf"

vjtqwij"c"rgtkqfke" uvtwevwtg0" "Vq"ukornkh{."yg"yknn" eqpukfgt"c"3F"itcvkpi" kp" vjku"

ugevkqp"*Hki0"506+0""

"

Hki0"5060"Tghngevkqp"fkhhtcevkqp"itcvkpi"qtfgtu"qh"3F"itcvkpi"uvtwevwtg"
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Vjg"qtfgt"fktgevkqpu"qh"c"3F"itcvkpi"ecp"dg"ecnewncvgf" htqo" vjg"ygnn"mpqyp"

itcvkpi"gswcvkqp0"Hqt"qwt"rwtrqugu."kv"ku"oqtg"eqpxgpkgpv"vq"tg/ytkvg"vjku"gswcvkqp"

kp"vgtou"qh"vjg"ycxg"xgevqt"m<"

""""""""""""""""""""""" ukp ukp 1o k o ps s n- ? - N " 4
o km m o r› ›› ? - N """"""""""""""""""""""""""""""""*4+"

yjgtg"p" ku" vjg" tghtcevkxg" kpfgz."そ" ku" vjg"ycxgngpivj" kp"xcewwo."】" ku" vjg"itcvkpi"

rgtkqf."o" ku"vjg"fkhhtcevkqp"qtfgt"*2."ł3."ł4È+."しk" ku"vjg"kpekfgpv"cping."しo" ku"vjg"

fkhhtcevkqp"cping"hqt"vjg"ovj"qtfgt0""

Vjg"itcvkpi"qtfgt"fktgevkqp"ku"fghkpgf"gpvktgn{"d{"vjg"fgxkeg"rgtkqf."vjg"uqwteg"

ycxgngpivj" cpf" cping" qh" kpekfgpeg." cpf" vjg" dcemitqwpf" tghtcevkxg" kpfgz0" "Vjg"

itcvkpi"qtfgt"fktgevkqp"ecp"dg" ecnewncvgf"ykvjqwv" twppkpi"c" ukowncvkqp="jqygxgt"

vjg" ukowncvkqp"owuv" hktuv" dg" rgthqtogf" kp" qtfgt" vq" qdvckp" pgeguuct{" kphqtocvkqp"

uwej" cu" vjg" fkogpukqpu" cpf" rgtkqf" qh" vjg" uvtwevwtg0" Chvgt" twppkpi" c" HFVF"

ukowncvkqp."vjg"itcvkpi"eqoocpfu"cxckncdng"kp"Nwogtkecn"ecp"dg"wugf"vq"ecnewncvg"

vjg"htcevkqp"qh"rqygt"vjcv"ku"uecvvgtgf"kp"gcej"fktgevkqp0"Vjg{"tgn{"qp"c"vgejpkswg"

ukoknct" vq" c" hct" hkgnf" rtqlgevkqp" vq" ecnewncvg" yjcv" htcevkqp" qh" pgct" hkgnf" rqygt"

rtqrcicvgu" kp" gcej" itcvkpi"qtfgt"fktgevkqp0"Vjg" htcevkqp"qh"rqygt" vtcpuokvvgf" vq"

gcej" itcvkpi" qtfgt" ecp" dg" ecnewncvgf" cv" cnn" htgswgpe{" rqkpvu" tgeqtfgf" d{" vjg"

oqpkvqt0" Ogcpyjkng." vjg" pwodgt" cpf" cping" cpf" vjg" kpvgpukv{" qh" rtqrcicvkpi"

itcvkpi"qtfgtu"ctg"ecnewncvgf"d{"uetkrvu."yjkej"ctg"ytkvvgp"kp"Cppgz0E0"

"

505 Hcdtkecvkqp"vgejpkswgu""
50503 Preparation of absorbing silicon layers "

a. PECVD

Vjg" rncuoc" gpjcpegf" ejgokecn" xcrqt" fgrqukvkqp" *RGEXF+" cv" 422" ̇E"

yknn"dg"wugf" hqt" vjg" hcdtkecvkqp"qh"pcpquvtwevwtgf"c/Uk<J"egnnu" ];_0"Vjku"

kpxqnxgu" vjg" fkuuqekcvkqp" qh" ukncpg" cpf" j{ftqigp" icu" okzvwtgu" hqt" vjg"

qdvckpkpi" qh" kpvtkpuke" hknou." yjkng" r/v{rg" cpf" p/v{rg" fqrkpi" ecp" dg"
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cejkgxgf"d{"cffkpi"fkdqtcpg"qt"rjqurjkpg0"Vjgug"hcdtkecvgf"c/Uk<J"uqnct"

egnn" uvcemu" ygtg" hcdtkecvgf" cv" Ncdqtcvqktg" fg" Rj{ukswg" fgu" Kpvgthcegu" gv"

Eqwejgu"Okpegu"*NRKEO+"cpf"yknn"dg"wugf"kp"Ejcrvgt0"60"

"

b. Epifree c-Si thin film 

Kp"qtfgt" vq"qdvckp" vjkp" hkno"et{uvcnnkpg" uknkeqp"egnnu."xctkqwu"mkpfu"qh" nc{gtu." g0i0"

oqpq/." rqn{/." qt" oketq/et{uvcnnkpg" uknkeqp." eqwnf" dg" igpgtcvgf" d{" ejcpikpi"

fgrqukvkqp" eqpfkvkqpu" *uwduvtcvg." vgorgtcvwtg." rtguuwtg+0" Jqygxgt." ukorng" cpf"

nqy/equv" eqpfkvkqpu"qpn{" ngcf" vq" c" nqygt/swcnkv{"ocvgtkcn" cpf" vjgtghqtg" vq" nqygt"

uqnct/egnn"rgthqtocpegu0"Vjgtghqtg."pqxgn"vgejpkswgu"ygtg"kpvtqfwegf"vq"igpgtcvg"

oqpq/et{uvcnnkpg" uknkeqp" nc{gtu0" Kp" rctvkewnct." vjg" rjqvqxqnvcke" itqwr" kp" KOGE"

*Dgnikwo+"fgxgnqrgf"vjg"uq/ecnngf"Grkhtgg"rtqeguu"]:_0"Vjku"pqxgn"vgejpkswg"yknn"

dg"wugf"vq"qdvckp"oqpq"e/Uk"vjkp"hkno"uqnct"egnn"kp"vjku"vjguku0""

"

Hki0"5070"Vjg"u{pvjgvke"rtqeguu"vq"igpgtcvg"oqpq"et{uvcnnkpg"uknkeqp""
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Kp"vjku"rtqeguu"*Ujqyp"qp"Hki0"507+." vjg"qtkikpcn"uwduvtcvg" ku"r/v{rg"Uk"*322+0"

Chvgt"engcpkpi"vjg"uwduvtcvg."c"722"po"vjkem"UkQ4"ku"fgrqukvgf"cu"c"ocum"nc{gt."cpf"

vjgp" c" 72" po" vjkem" UkQP" ku" qxgtnckf" vq" igpgtcvg" cp" CTE0" Vjku" kortqxgu" vjg"

rtqeguu" tguqnwvkqp" d{" cxqkfkpi" rctcukvke" nkijv" tghngevkqpu0" Vjgp" c" rctvkewnct" WX"

ugpukvkxg"rjqvqtgukuv"ku"urwp"qp"vjg"ychgt"*Uvgr03+0"Chvgt"rcvvgtpkpi"tgukuv"d{"fggr"

WX"nkijv."vjg"UkQP"cpf"UkQ4"ctg"gvejgf"d{"EH6"rncuoc"*Uvgr04+0"Vjg"tgukuv"ku"vjgp"

uvtkrrgf" d{" Q4" rncuoc" *Uvgr05+0" Chvgt" vjcv." UkQP" ku" engcpgf" d{" fkrrkpi" kpvq"

rjqurjqtke"cekf"cpf" vjg"5"-o"Uk" ku"gvejgf"d{"okzgf"icugu" *UH8"cpf"Q4+"rncuoc"

vjtqwij"vjg"rcvvgtpgf"UkQ4"ocum"*Uvgr06+."yjkej"ku"vjgp"uvtkrrgf"d{"ygv"engcpkpi"

*Uvgr07+0" Vjgp" vjg" rcvvgtpgf" Uk" ku" cppgcngf" cdqxg" 3322 倍" vq" igpgtcvg" oq "
et{uvcnnkpg"uknkeqp"*Uvgr08+0"Vjgp"oqpq"e/Uk"hkno"ku"ugrctcvgf"htqo"vjg"Uk"uwduvtcvg"

*Uvgr09+0""Cffkvkqpcnn{."qp"vjku"oqpq"e/Uk."c"vjkp"nc{gt"qh"r--"e/Uk"ku"fgrqukvgf"d{"

jqoq/grkvcz{." yjkej" ngcfu" vq" c" iqqf" tgct" uwthceg" rcuukxcvkqp0" Hkpcnn{." c" ogvcn"

eqpvcevqt" *Cn" qt" Ci+" nc{gt" ku" fgrqukvgf" *Uvgr0:+" cpf" cpqfke" dqpfkpi" vq" incuu"

uwduvtcvg"ku"rgthqtogf"cv"jkij"xqnvcig"*Uvgr0;+0"Uwej"mkpf"qh"ucorngu."rtgrctgf"cv"

KOGE."yknn"dg"wugf"kp"Ejcrvgt070""

3.3.2 Laser holographic lithography

Qdvckpkpi" ygnn" fghkpgf" cpf" wpkhqto" pcpq/uecng" fgukipgf" uvtwevwtgu" qxgt" ykfg"

ctgcu" ku" xgt{" ejcnngpikpi0" Tgegpv" ogvjqfu" uwej" cu" gngevtqp" dgco" nkvjqitcrj{"

*GDN+" ]32/34_." pcpq/kortkpv" nkvjqitcrj{" *PKN+" ]35/37_" cpf" ncugt" jqnqitcrj{"

nkvjqitcrj{" *NJN+" ]38/39_" qt" eqnnqkfcn" nkvjqitcrj{" ]3:_" jcxg" dggp" gzvgpukxgn{"

fgxgnqrgf" cpf" ykfgn{" wugf" hqt" rcvvgtpkpi0" Vjg" GDN" ku" ecrcdng" qh" rtqfwekpi"

ctdkvtctkn{"ujcrgf"rctvkengu"ykvj"iqqf"hgcvwtg"cpf"xctkqwu"uk¦gu"yjkej"ctg"kfgcn"hqt"

rtqvqv{rkpi" cpf" nkvjqitcrj{" tgvkewng" igpgtcvkqp0" Jqygxgt." vjg" equv" qh" vjg"

kpuvtwogpv"cpf"vjg"nqy"vjtqwijrwv"tcvg"qh"GDN"ocmg"vjku"vgejpkswg"kpcrrtqrtkcvg"

hqt"RX"crrnkecvkqpu0"PKN"ogvjqf"ecp"dg"wugf" vq" hcdtkecvg" nctig"ctgcu." tgncvkxgn{"

ukorng"yc{."ykvj"nqy"equv."cpf"gzegnngpv"uecncdknkv{0"Pgxgtvjgnguu."fwg"vq"vjg"equv"

qh" PKN" oqnfu." vjku" ogvjqf" ku" pqv" crrtqrtkcvg" hqt" gzvgpukxg" tgugctej" cpf"
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rtqvqv{rkpi"yjgtg"c"ykfg"tcpig"qh"rjqvqpke"uvtwevwtg"rctcogvgtu"pggf"vq"dg"vguvgf0"

NJN" eqodkpgu" kvu" oqfgtcvg" equv" ykvj" c" jkij" tguqnwvkqp." jkij" vjtqwijrwv" cpf"

fgukip" hngzkdknkv{0" Kvu"ockp" nkokvcvkqp" ku" vjcv" kv" ku"qpn{"uwkvgf" vq"rgtkqfke"rcvvgtpu"

igpgtcvkqp." cpf" vjcv" rjqvqtgukuv" ujqwnf" dg" wugf0" Yg" ugngevgf" vjku" ogvjqf" vq"

igpgtcvg"vjg"REu"cpf"fkhhtcevkqp"itcvkpi"uvtwevwtgu"rtgugpvgf"kp"vjku"vjguku"]36."38/

39_0"

NJN" ycu" hktuv" rtqrqugf" cpf" korngogpvgf" vq" hcdtkecvg" qpg/" qt" vyq/"

fkogpukqpcn" *4F+" jgzciqpcn" rcvvgtpu" kp" c" rjqvqugpukvkxg" rqn{ogt" ]3;_." yjkej"

uwdugswgpvn{"ugtxgf"cu"cp"gvejkpi"ocum"hqt"vtcpuhgt"vq"c"jkij/kpfgz"uwduvtcvg0"Vjku"

vgejpkswg" ycu" gzvgpfgf" d{" Ecordgnn" gv" cn0" ]39_" cpf" Ujqlk" gv" cn0" ]42_." d{"

kpvtqfwekpi"wr"vq"vyq"cffkvkqpcn"ncugt"dgcou"vq"etgcvg"5F"uvtwevwtgu0"

Vjg" igpgtcn" ugswgpeg" qh" uvgru" hqt" c" v{rkecn" NJN" rtqeguu" ku" cu" hqnnqyu<"

uwduvtcvg" rtgrctcvkqp." rjqvqtgukuv" urkp" eqcvkpi." rquv/crrn{/dcmg." gzrquwtg." rquv/

gzrquwtg"dcmg."fgxgnqrogpv."cpf"jctf"dcmg0"C"tgukuv"uvtkr"ku"vjg"hkpcn"qrgtcvkqp"kp"

vjg" hkpcn" qrgtcvkqp" kp" vjg" nkvjqitcrjke" rtqeguu." chvgt" vjg" tgukuv" rcvvgtp" jcu" dggp"

vtcpuhgttgf" kpvq" vjg" wpfgtn{kpi" nc{gt" xkc" gvejkpi" qt" kqp" korncpvcvkqp0" Hqt" gcej"

nc{gt" qh" uvcem" cpf" rcvvgtp" igqogvtkecn" rctcogvgt." urgekhke" rctcogvgtu" ujqwnf" dg"

cflwuvgf0"Vjku"yknn"dg"oqtg"gzvgpukxgn{"fkuewuugf"kp"Ejcrvgtu060""

Kv"ecp"dg"pqvkegf"vjcv"jqnqitcrjke"nkvjqitcrj{"ecp"dg"kortqxgf"vjcpmu"vq"vjg"

wug" qh" rjcug" ocumu." cnnqykpi" vjg" hcdtkecvkqp" qh" oqtg" eqorngz" rcvvgtpu0" Kv" ecp"

gxgp"dg"wugf"hqt"c"eqpvkpwqwu"ytkvkpi."cpf"vjwu"dgeqogu"c"rtqokukpi"vgejpkswg"vq"

ytkvg"xgt{"nctig"ctgc"itcvkpiu"]43_"

"

3.3.3 Reactive ion etching and Inductivity coupled plasma etching 

Tgcevkxg"kqp"gvejkpi"*TKG+"]44/45_"cpf"Kpfwevkxkv{"eqwrngf"rncuoc"*KER+/TKG"ctg"

ykfgn{" wugf" vgejpqnqikgu" hqt" oketq/" cpf" pcpquvtwevwtkpi0" Vjg{" wug" ejgokecnn{"

tgcevkxg"rncuocu" vq"gvej"ocvgtkcnu0"Cu"ujqyp"kp"Hki0"508."c"icu"qt"c"icu"okzvwtg"

hnqyu"kpvq"vjg"tgcevqt"yjgtg"c"TH"xqnvcig"ku"crrnkgf"dgvyggp"vyq"gngevtqfgu0"Vjg"

xqnvcig" ecwugu" htgg" gngevtqpu" vq" queknncvg" cpf" vjg" kpfwegf" fkuuqekcvkqp" qh" icu"
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oqngewngu"igpgtcvgu"vjg"rncuoc0"Chvgt"vjg"rncuoc"ku"etgcvgf."c"ugnh/dkcu"dwknfu"wr"

dgvyggp"vjg"rncuoc"egpvgt"cpf"vjg"gngevtqfgu."yjkej"ceegngtcvgu"kqpu"vqyctfu"vjg"

ucorng"uwthceg"yjgtg"vjg{"cevkxcvg"ejgokecn"gvejkpi"d{"gpgti{"vtcpuhgt"vq"pgwvtcn"

rctvkengu0"

"
Hki0"5080"Uejgocvke"qh"TKG"cpf"KER"gvejkpi"u{uvgo"

Kpfggf." chvgt"rcvvgtpkpi" 3F"qt"4F"qp" tgukuv." kv" ujqwnf"dg" vtcpuhgttgf" kpvq" vjg"

wprcvvgtpgf"uvcem0"C"fgrqukvgf"nc{gt"eqwnf"cnuq"dg"wugf"cu"jctf"ocum"fwtkpi"vjg"

TKG."kh"kv"rtqxkfgu"c"jkij/gpqwij"ugngevkxkv{0"Coqpi"vjg"ykfg"ejqkeg"qh"rquukdng"

ocvgtkcnu" hqt" vjku"rwtrqug."yg"jcxg" ejqugp"c" uknkec"ocum"cu" vjg"fgrqukvgf" nc{gt0"

Vjku"mkpf"qh"jctf"ocum"hqt"uwd/oketqp"rcvvgtpkpi"d{"TKG"jcu"dggp"fgxgnqrgf"kp"

qwt" ncdqtcvqt{0" Vjg" jctf" ocum" *igpgtcnn{" UkQ4+" fqgu" pqv" qpn{" rnc{" c" tqng" qh"

rtqvgevkqp"nc{gt"cickpuv"vjg"tgukuv"rgpgvtcvkqp"kpvq"vjg"rqtgu."dwv"cnuq"rtqxkfgu"vjg"

jqoqigpqwu" uwthceg" pgeguuct{" vq" qdvckp" c" jkij" swcnkv{" tgukuv" ocum" d{" urkp/

eqcvkpi0"Hkpcnn{."TKG"cpf"Kpfwevkxkv{"Eqwrngf"Rncuoc"gvejkpi"*KER+"rtqeguugu"ecp"

dg"wugf"vq"vtcpuhgt" kpvq"vjg"cevkxg"nc{gt"*c/Uk<J"qt"e/Uk+0"Oqtgqxgt." kh"pgeguuct{."

vjg"tgockpkpi"uknkec"ocum"ecp"dg"gcukn{"tgoqxgf"TKG"qt"ygv"gvejkpi0"Vjg"fgvcknu"

qh" gcej" vgejpqnqikecn" uvgr" qh" vjg" rcvvgtpkpi" rtqeguugu" yknn" dg" fguetkdgf" kp" vjg"

Ejcrvgt06"kp"fgvcknu0"

"

"
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506 Ejctcevgtk¦cvkqp"ogvjqfqnqikgu"
3.4.1. Topography methods

Vjg" vqrqitcrj{" cpf" rtqhkng" qh" vjg" rcvvgtpgf" uvtwevwtgu" ku" pqtocnn{" qdugtxgf" d{"

uecppkpi"gngevtqp"oketqueqr{"*UGO+"]46_."Cvqoke"Hqteg"Oketqueqrg"*CHO+"]47_"

cpf"Vtcpuokuukqp"gngevtqp"oketqueqr{"*VGO+"]48/49_0"Vjg"jqoqigpgkv{"cpf"vjg"

ncvvkeg" rctcogvgtu." uwej" cu" rgtkqf." ykfvj" qh" 3F" nkpgu" qt" fkcogvgt" qh" 4F" uswctg"

jqngu"cpf"vjg"gvejkpi"fgrvj"eqwnf"dg"ogcuwtgf"d{"UGO"fktgevn{"cpf"d{"c"rtqhkng"

qdugtxcvkqp" vjtqwij"cp" cping" vknvgf"UGO"qdugtxcvkqp0"Eqodkpgf"ykvj" vjg"UGO."

CHO"eqwnf"cnuq"dg"wugf"vq"igv"vjg"vqrqitcrj{"cpf"ncvvkeg"rctcogvgtu"qh"rcvvgtpkpi."

cu"ygnn"cu"vjg"tqwijpguu"qh"rcvvgtpgf"uvcemu0"Kp"cffkvkqp."vjg"VGO"jcu"dggp"wugf"

kp"urgekhke"ecugu"vq"ejgem"ectghwnn{"etquu"ugevkqp"rtqhkngu0""

"

3.4.2. Optical characterization methodology

Kp"qtfgt"vq"fgvgtokpg"vjg"qrvkecn"rtqrgtvkgu"qh"vjg"rcvvgtpgf"uvcem"rtgugpvgf"uvcemu."

vjg"cduqtrvkqp"ogcuwtgogpvu"ygtg"rgthqtogf"wukpi"cp"kpvgitcvkpi"urjgtg ]4:/4;_0"

Kp" vjgug" gzrgtkogpvu." vjg" ucorng" ku" knnwokpcvgf" d{" wprqnctk¦gf" nkijv." uq" cu" vq"

rgthqto"tghngevcpeg"*T+"cpf"vtcpuokvvcpeg"*V+"ogcuwtgogpvu"ykvj"c"\"3"oo)"urqv"

uk¦g" cpf" ykvj" cp" :̇" cping" qh" kpekfgpeg." cu" korqugf" d{" vjg" kpvgitcvkpi" urjgtg"

ogcuwtgogpv"*Hki0"509+0"Vjg"kpekfgpv"cping"ykvj":̇"ku"kpvgpv"qp"qdvckpkpi"T"cpf"V"

d{" kpvgitcvkpi" urjgtg0" Vjg" cduqtrvkqp" C*n+" ?" 3" /" T*n+" /" V*n+" ku" vjgp" ukorn{"
fgtkxgf0" Vjg" cduqtrvkqp" qh" vjg"yjqng" c/Uk<J" rcvvgtpgf" uvcem" cpf" e/Uk" rcvvgtpgf"

uvcem" ygtg" ogcuwtgf" qxgt" 522/942" po" cpf" 522/3322" po" ykvj" 32" po" uvgr"

tgurgevkxgn{0""

"
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"

Hki0"5090"Uejgocvke"qh"kpvgitcvkpi"urjgtg"

Hqt" vjg" uqnct" egnnu" kpxguvkicvkqp." kv" ku" tgswktgf" vjcv" vjg" cduqtrvkqp" gzjkdkvu" c"

oqfgtcvg" fgrgpfgpeg" qp" vjg" kpekfgpv" nkijv" cping" g0" Vjgtghqtg." vjg" tgncvkqpujkr"

dgvyggp" vjg"cping"qh" kpekfgpeg"cpf" vjg"cduqtrvkqp" kp" vjg"rcvvgtpgf"uvcem"yknn"dg"

cnuq"ogcuwtgf"kp"vjg"kpvgitcvkpi"urjgtg vjtqwij"ejcpikpi"g0"

"

"

"

"

"

"

"

"

"

"

"

"

"

"
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Chapter 4

Hcdtkecvkqp"qh"rjqvqpke"et{uvcn"

cuukuvgf"wnvtc"vjkp"hkno"j{ftqigpcvgf"

coqtrjqwu"uknkeqp"uqnct"egnnu"
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603 Kpvtqfwevkqp"
C" j{ftqigpcvgf" coqtrjqwu" uknkeqp" *c/Uk<J+" " ku" cp" cvvtcevkxg" ocvgtkcn" ukpeg" kv"

gzjkdkvu"c"xgt{"jkij"cduqtrvkqp"eqghhkekgpv"ykvj"tgictfu"vq"e/Uk"]3_0"Jqygxgt."vjg"

cevkxg" nc{gt" vjkempguu" ujqwnf" dg" cu"owej" nkokvgf" cu" rquukdng" kp" qtfgt" vq" tgfweg"

hcdtkecvkqp" equv" cpf" dwnm" pqp" tcfkcvkxg" tgeqodkpcvkqp0" Ykvj" vjku" tgurgev."

kpetgcukpi" vjg" cduqtrvkqp" qh" xgt{" vjkp" c/Uk<J/dcugf" uqnct" egnn" ku" pgeguuct{" vq"

cejkgxg" c" tgcuqpcdng" eqpxgtukqp" ghhkekgpe{0" Kp" 422:." KPN" rtqrqugf" c" nkijv"

vtcrrkpi"uejgog"dcugf"qp"rjqvqpke"et{uvcnu"*REu+"uvtwevwtgu"rcvvgtpgf"ykvjkp"vjg"

cevkxg"c/Uk<J" nc{gt0"Cevkxg" nc{gtu"jcxg" vjkempguugu"qh"ctqwpf"322"po." k0g0" nqygt"

vjcp"vjg"fkhhwukqp"ngpivj"qh"vjg"okpqtkv{"ecttkgtu"*\205"たo+"]4_0"Vjku"crrtqcej"ecp"

ngcf" vq" c" uwduvcpvkcn" kpetgcug" qh" vjg" uqnct" nkijv" cduqtrvkqp" qxgt" c" ykfg" qrvkecn"

urgevtcn" tcpig." vjcpmu" vq" nkijv" eqnngevkqp" kpvq"rncpct"RE"Dnqej"oqfg" tguqpcpegu"

uvcpfkpi"qxgt"vjg"nkijv"nkpg"]5/8_0""

Kp"vjku"ejcrvgt."yg"tgrqtv"qp"rcvvgtpkpi"vjg"c/Uk<J"cevkxg"nc{gt"cu"c"uswctg"4F"

RE"ogodtcpg"wukpi"NJN"cpf"Tgcevkxg"Kqp"Gvejkpi"*TKG+0"Vjg"inqdcn"fgukip"qh"

qwt"$rjqvqpk¦gf$"uqnct"egnn"jcu"dggp"qrvkok¦gf"qrvkecnn{"d{"ukowncvkqp."cu"kv"yknn"

dg"tgecnngf"kp"vjg"pgzv"ugevkqp0"Kvu"qrvkecn"rtqrgtvkgu"cpf"vjg"rctcogvgtu"qh"vjg"REu"

ogodtcpg"yjkej"oczkok¦g"vjg"cduqtrvkqp"kp"vjg"cevkxg"nc{gt"ygtg"cnuq"fkuewuugf0"

Vjku" fghkpgu" vjg" qdlgevkxgu" qh" vjg" uwdugswgpv" gzrgtkogpvcn" fgxgnqrogpvu0"Chvgt"

rtgugpvkpi"vjg"igpgtcn"hcdtkecvkqp"rtqeguu"qh"qwt"rcvvgtpgf"egnnu."vjg"kphnwgpeg"qh"

vjg" ockp" NJN" *cpf" TKG+" rctcogvgtu" ku" uvwfkgf." ykvj" c" xkgy" vq" igpgtcvg" vjg"

vctigvgf"rcvvgtp0"Vjg"qrvkecn"rtqrgtvkgu"qh"vjg"hcdtkecvgf"egnnu"ctg"kpxguvkicvgf"dqvj"

gzrgtkogpvcnn{"cpf"vjgqtgvkecnn{."cpf"eqorctgf"vq"vjqug"qh"cp"wprcvvgtpgf"egnn0""

Qpg"qh"vjg"ftcydcemu"qh"vjgug"RE"cuukuvgf"uqnct"egnnu"okijv"dg"vjg"cffkvkqpcn"

uwthceg" tgeqodkpcvkqp" qp" vjg" gvejgf" ukfgycnnu0" Kp" qtfgt" vq" nkokv" vjgkt" korcev." kv"

yknn"dg"pgeguuct{"vq"rcuucxkvg"ghhkekgpvn{"vjgug"cffkvkxg"uwthcegu0"Cffkvkqpcnn{."vjg"

RE"u{oogvt{"ku"gzrgevgf"vq"rc{"cp"korqtvcpv"tqng"qp"vjku"rtqeguu0"Vjgtghqtg."cu"c"

oqtg" rtqurgevkxg" yqtm." yg" yknn" eqpukfgt" RE" uvtwevwtgu" yjkej" gzjkdkv" fkhhgtgpv"
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ukfgycnn" ctgc" vq" xqnwog" tcvkqu0" Vjgug" kpenwfg" vtkcping." jqpg{eqod" cpf" Ðuswctg"

jqpg{eqodÑ"uvtwevwtgu0"Vjg"eqttgurqpfkpi"4F"RE"rcvvgtpgf"c/Uk<J"vjkp"hkno"uqnct"

egnnu" ctg" fgukipgf" cpf" vjg" qrvkecn" rtqrgtvkgu" ctg" cpcn{¦gf" cpf" eqorctgf" vq" vjg"

encuukecn"uswctg"4F"RE0"""

""

604 Qrvkecn" fgukip" cpf" qrvkok¦cvkqp" qh"

Å"rjqvqpk¦gf"Ç"uqnct"egnnu"
Vjg"rtqrqugf"vjkp/hkno"uqnct"egnnu"ctg"cnn"ocfg"ykvj"vjg"ucog"uvcem"fgrqugf"qp"c"

incuu"uwduvtcvg0"Cu"ujqyp"qp"Hki0"603." kv"eqpukuvu." htqo"dcem" vq" htqpv."qh"c"uknxgt"

*Ci+" nc{gt"yjkej" cevu" cu" c" tghngevqt" cpf" tgct" eqpvcev=" c" ¦kpe" qzkfg" *¥pQ+" nc{gt"

rnc{kpi"vjg"tqng"qh"cp"qrvkecn"urcegt."c"dcttkgt"cickpuv"vjg"fkhhwukqp"qh"uknxgt"cpf"c"

vtcpurctgpv" cpf" eqpfwevkxg" qzkfg" *VEQ+." cp" c/Uk<J" cevkxg" nc{gt" *r/k/p" lwpevkqp+"

cpf" hkpcnn{." c" htqpv" KVQ" nc{gt" yjkej" dgjcxgu" ukownvcpgqwun{" cu" c" VEQ" cpf" cp"

cpvktghngevkxg"nc{gt0"C"ogvcnnke"itkf"fgrqukvgf"qp"vjg"vqr"VEQ"nc{gt"eqpvtkdwvgu"vq"

vjg"eqnngevkqp"qh"vjg"rjqvqigpgtcvgf"ecttkgtu0"

Vjg"cduqtdkpi"RE"ogodtcpg"uvtwevwtgu"ctg"rcvvgtpgf"ykvjkp"vjg"c/Uk<J"nc{gtu0"

Jgtg."yg"yknn" eqpukfgt" c" uswctg" u{oogvt{"4F"RE"ogodtcpg"uvtwevwtg" *ugg"Hki0"

603+."cu"c"dcuku"qh"Ðrjqvqpk¦gfÑ"uqnct"egnnu0"Uwej"c"4F"rcvvgtp"uvtwevwtg"ku"gzrgevgf"

vq" gzjkdkv" c" jkijgt" cduqtrvkqp" vjcp" kvu" wprcvvgtpgf" gswkxcngpv." cpf" dgjcxkqwtu"

kpfgrgpfgpvn{"qh"vjg"rqnctk¦cvkqp"qh"vjg"kpekfgpv"nkijv"]8_0""
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"

Hki0"6030"Uejgocvke"xkgy"qh"c"Ðrjqvqpk¦gfÑ"uqnct"egnn"ykvj"c"4F"rcvvgtp0"

Rjqvqigpgtcvgf"ecttkgtu"qtkikpcvkpi"htqo"vjg"c/Uk<J"cevkxg"nc{gt"ctg"eqnngevgf"

vjtqwij"vjg"vyq"uwttqwpfkpi"VEQ"nc{gtu."dghqtg"dgkpi""vtcpurqtvgf"vq"vjg"

ogvcnnke"eqpvcevu"*pqv"ujqyp+"fkurqugf"qp"vjg"Ci"nc{gt"*hqt"vjg"tgct"eqpvcevu+"cpf"

qp"vjg"KVQ"nc{gt."dgukfg"vjg"rcvvgtpgf"ctgcu"*hqt"vjg"vqr"eqpvcevu+"

Kv"ku"vjgp"rquukdng"vq"cflwuv"vjg"RE"ogodtcpg"rctcogvgtu."k0g0"kvu"rgtkqf"N"cpf"

kvu" hhckt"*?"F1N."yjgtg"F" ku" vjg"fkcogvgt"qh" vjg"jqngu+." kp"qtfgt" vq"oczkok¦g" vjg"

kpvgitcvgf" cduqtrvkqp" kpukfg" vjg" cevkxg" nc{gt0" Vjku" vjgqtgvkecn" uvwf{" jcu" dggp"

eqpfwevgf"d{"wukpi"ECOHT"]9_." cpf"oqtg"urgekhkecnn{" kvu"rcemcig"ICTENGF."

dcugf" qp" vjg" Tkiqtqwu" Eqwrngf" Ycxg" Cpcn{uku" *TEYC+" ogvjqf" ]:_0" Vjg"

CO307I"uqnct"urgevtcn"kpvgpukv{"fkuvtkdwvkqp"ycu"vcmgp"kpvq"ceeqwpv"qxgt"vjg"522/

942"po"urgevtcn"tcpig."yjqug"dqwpfu"tqwijn{"cpf"tgurgevkxgn{"eqttgurqpf"vq"vjg"

nqygt" nkokv" qh" vjg" uqnct" urgevtwo" cpf" vjg" c/Uk<J" icr0" Vjg" vjkempguugu" qh" vjg"

fkhhgtgpv"nc{gtu"ygtg"fghkpgf"vq"gpuwtg"cp"ghhkekgpv"eqnngevkqp"qh"vjg"ecttkgtu"*KVQ."

c/Uk<J"cpf"¥pQ"nc{gtu+."vjg"nqpi/vgto"uvcdknkv{"qh"vjg"egnn"*¥pQ"nc{gt+"cpf"c"jkij"

tghngevkxkv{"qp"vjg"dcem"ukfg"*Ci"nc{gt+0"Vjgp."yg"eqpukfgtgf"xcnwgu"qh"N"cpf"hhckt"

cejkgxcdng" wukpi" vjg" ugngevgf" vgejpqnqikecn" rtqeguugu0" Oqtg" rtgekugn{." vjg"

eqphkiwtcvkqpu"qh"vjg"rcvvgtpgf"egnn"ygtg"kpxguvkicvgf"d{"uecppkpi"ukownvcpgqwun{"
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N"dgvyggp"205"-o"cpf"209"-o."cpf" hhckt"dgvyggp"205"cpf"2090"Vjg" tcpig"qh" vjg"

hhckt" tcvkq" jcu" dggp" korqugf" d{" vjg" nkokvcvkqpu" hcegf" yjgp" wukpi" jqnqitcrjke"

nkvjqitcrj{0""

Vjg" tguwnvu" qh" vjgug" ukowncvkqpu." fkurnc{gf" qp" Hki0" 604." kpfkecvg" c" oczkocn"

xcnwg"hqt"vjg"kpvgitcvgf"cduqtrvkqp"qh"cdqwv":4"'"qxgt"vjg"yjqng"rcvvgtpgf"egnn"hqt"

N"?"205:"-o"cpf"hhckt"?"8407"'0""

"

Hki0"6040"Kpvgitcvgf"cduqtrvkqp"kp"vjg"yjqng"rcvvgtpgf"egnn"kp"hwpevkqp"qh"vjg"

rgtkqf"N"*z/czku."kp"-o+"cpf"vjg"hhckt"tcvkq"*{/czku+"qh"vjg"RE"ogodtcpg"

Nqqmkpi" hqt" vjg" kpvgitcvgf"cduqtrvkqp" kp" vjg" uqng"cevkxg" nc{gt."yg"hqwpf" vjcv"

8709"'"qh" vjg" kpeqokpi" nkijv"eqwnf"dg"cduqtdgf" kp" vjg"c/Uk<J" nc{gt" hqt" vjg"dguv"

eqphkiwtcvkqp"qdvckpgf0"Vjku"xcnwg"tgrtgugpvu"c"4:"'"tgncvkxg" kpetgcug"eqorctgf"

vq"vjg"ecug"qh"c"ukoknct"dwv"wprcvvgtpgf"egnn0"Rtqxkfgf"cp"ghhkekgpv"rcuukxcvkqp"qh"

vjg" rtqeguugf" ukfgycnnu" qh" vjg" jqngu" vjwu" etgcvgf." c" uwdugswgpv" kpetgcug" qh" vjg"

eqpxgtukqp"ghhkekgpe{"ku"gzrgevgf"hqt"qwt"Ðrjqvqpk¦gfÑ"uqnct"egnn0"Kv"ujqwnf"cnuq"dg"

pqvgf"vjcv"vjg"kpvgitcvgf"cduqtrvkqp"qh"vjg"rcvvgtpgf"egnn"ku"tqdwuv"ykvj"tgictfu"vq"

vjg"cping"qh"kpekfgpeg"*c+"ukpeg"cv"c"?"72"̇.qpn{"c"7"'"fgetgcug"kp"cduqnwvg"xcnwg"
ku"gzrgevgf"eqorctgf"vq"kvu"xcnwg"wpfgt"pqtocn"kpekfgpeg"];_0"Gxgpvwcnn{." kv"ecp"
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dg"crrtgekcvgf"qp"Hki0"604"vjcv"jkijn{"kpvgitcvgf"cduqtrvkqpu"ecp"dg"qdvckpgf"hqt"c"

nctig" tcpig" qh" N" cpf" hhckt" xcnwgu" ctqwpf" vjg" dguv" eqphkiwtcvkqp." yjkej" ku" cp"

korqtvcpv"rqkpv"fwg"vq"vjg"kpjgtgpv"vgejpqnqikecn"wpegtvckpvkgu0"Vjwu."kp"rtcevkeg."

cpf"eqpukfgtkpi" vjg" nkokvcvkqpu"qh"qwt"NJN"ugvwr."rgtkqfu"dgvyggp"742" po"cpf"

842"po."cpf"hhckt"tcvkq"dgvyggp"72"'"cpf"82"'"ecp"dg"vctigvgf"hqt"vjg"hqnnqykpi0"

"

605 Hcdtkecvkqp" qh" RE" rcvvgtpu" wukpi"

ncugt" jqnqitcrjke" nkvjqitcrj{" cpf"

tgcevkxg"kqp"gvejkpi""
Kp"vjku"ugevkqp."yg"fkuewuu"qp"vjg"uvgru"ngcfkpi"vq"vjg"rcvvgtpkpi"qh"qwt"egnnu."wukpi"

NJN"cpf"TKG"vgejpkswgu0""

Vjg" uvcemu." dcugf" qp" Ci*72po+" 1¥pQ*322po+" 1c/Uk<J*352po+" 1KVQ*82po+"

1UkQ4*322po+" nc{gtu."yjkej"jcxg"dggp"rtqeguugf"hqt" vjku"uvwf{"ctg"dcugf"qp" vjg"

fgukip" rtgxkqwun{" rtgugpvgf" vjqwij" cevwcn" vjkempguugu" qh" vjgug" nc{gtu" oc{" dg"

unkijvn{"fkhhgtgpv"fwg"vq"vgejpqnqikecn"wpegtvckpvkgu0"Vjg"nc{gtu"ygtg"fgrqukvgf"qp"

c"incuu"uwduvtcvg"wukpi"vjg"rncuoc"gpjcpegf"ejgokecn"xcrqwt"fgrqukvkqp"*RGEXF+"

kp"c"ownvk/rncuoc"fgrqukvkqp"u{uvgo0"Oqtgqxgt." c"322"po" vjkem"uknkec" nc{gt"ycu"

cffgf"qp" vjg" vqr"qh" vjg" uvcem"cpf"cevu"cu"c"jctf"ocum"fwtkpi" vjg"gvejkpi"qh" vjg"

KVQ"cpf"c/Uk<J" nc{gtu0"Uvctvkpi" htqo"uwej"ucorngu." kv" ku"rquukdng" vq" hktuv"rcvvgtp"

vjg" jctf" ocum" cu" c" 4F" RE" ykvj" c" uswctg" u{oogvt{" xkc" ncugt" jqnqitcrjke"

nkvjqitcrj{."cpf" vjgp" vq" vtcpuhgt" vjku"rcvvgtp" kpvq" vjg" vyq"wpfgtn{kpi"nc{gtu"ykvj"

TKG."cu"uejgocvk¦gf"qp"Hki0"6050"

"
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"

Hki0"6050"Ockp"uvgru"qh"vjg"rtqeguugu"gpcdnkpi"vq"rcvvgtp"vjg"cevkxg"nc{gt"cu"c"4F"

RE"vjtqwij"NJN"*a+."*b+"cpf"*c+"cpf"TKG"*d+."*e+"cpf (f+"

C" oqtg" fgvckngf" fguetkrvkqp" qh" vjgug" vgejpkswgu" yknn" dg" fgxgnqrgf" kp" vjg"

hqnnqykpi" ugevkqpu0" Kp" rctvkewnct." yg" yknn" ugg" jqy" vjg" fkhhgtgpv" rctcogvgtu"

kpxqnxgf"kp"vjku"rtqeguu"ecp"dg"vwpgf"kp"qtfgt"vq"tgcej"vjg"vctigvgf"rctcogvgtu"qh"

vjg"4F"RE"*kvu"rgtkqf"N"cpf"kvu"hhckt"tcvkq+"cpf"vq"vtcpuhgt"vjg"qdvckpgf"rcvvgtp"kp"

vjg"fkhhgtgpv"nc{gtu."yjkng"mggrkpi"nqy"tqwijpguu"qh"vjg"gvejgf"ukfgycnnu"cu"nqy"cu"

rquukdng0"

"

"

"
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"6:"

4.3.1 Generation of PC patterns by laser holographic lithography   

Kp"qtfgt"vq"igpgtcvg"uwej"3F"qt"4F"REu"rcvvgtpgf"uqnct"egnn"uvcem."vjg"rtqeguukpi"

ugswgpeg"cuuqekcvgf"vq"NJN"kpenwfgu<"

‚ ucorng"engcpkpi"cpf"rtgrctcvkqp"

‚ jgzcogvj{nfkuknk¦cpg" *JOFU+" cfjgukqp" rtqoqvgt" cpf" tgukuv" urkppkpi"

eqcvkpi"

‚ Rquv"Crrn{"Dcmkpi"*RCD+"

‚ WX"gzrquwtg"

‚ Rquv"Gzrquwtg"Dcmkpi"*RGD+"

‚ tgukuv"fgxgnqrogpv"

‚ fguewo"gvej"uvgr"]32_"

Ucorng" engcpkpi" cpf" rtgrctcvkqp" ku" kpvgpfgf" vq" kortqxg" vjg" cfjgukqp" qh" vjg"

rjqvqtgukuv" vq" c" uwduvtcvg0" Vjku" ku" ceeqornkujgf" d{" qpg" qt" oqtg" qh" hqnnqykpi"

rtqeguugu<"uwduvtcvg"engcpkpi"*wukpi"wnvtcuqpke+"vq"tgoqxg"uwthceg"eqpvcokpcvkqp."

dcmkpi" vq" tgoqxg"ycvgt0"Eqpvcokpcvkqp" ecp" vcmg" vjg" hqto"qh"rctvkengu"qt" c" hkno"

cpf"ecp"dg"gkvjgt"qticpke"qt"kpqticpke0"Rctvkengu"tguwnv"kp"fghgevu"kp"vjg"hkpcn"tgukuv"

rcvvgtp."yjgtgcu"hkno"eqpvcokpcvkqp"ecp"ecwug"rqqt"cfjgukqp"cpf"uwdugswgpv"nquu"

qh"nkpgykfvj"eqpvtqn0"Qpg"v{rg"qh"eqpvcokpcpv."cfuqtdgf"ycvgt."ku"gcukn{"tgoqxgf"

d{"c"jkij/vgorgtcvwtg"rtqeguu"ecnn"c"fgj{ftcvkqp"dcmg."cv"332̇E." v{rkecnn{" hqt"4"

okp0""

C"JOFU" rtqoqvgt" ku" urwp" kp" qtfgt" vq" qdvckp" iqqf" cfjgukqp"ykvj" tgukuv0" C"

pgicvkxg"WX"nkijv"ugpukvkxg"tgukuv"ku"wugf"vjcpmu"vq"kvu"ygnn/uwkvgf"vq"vjg"igpgtcvkqp"

qh"c"jqngu"rcvvgtp" kp" vjg" tgukuv0" Kp" vjg" ucog" vkog."jkij"ugpukvkxkv{"cpf" tguqnwvkqp"

oc{" dg" cejkgxgf" wukpi" uwej" c" Ejgokecnn{" Cornkhkgf" Tgukuv" *ECT+" tgukuv" ]33_0"

Vjgp"vjg"rjqvqtgukuv"yjkej"ku"PGD/44"kp"vjku"vjguku"ku"urwp"eqcvkpi"qp"JOFU0""

C"RCD"rtqeguu" ku"rgthqtogf."uq"cu" vq"ft{" vjg"rjqvqtgukuv"cpf" vq" tgoqxg" vjg"

uqnxgpvu0""

Vjku" vgejpkswg" eqpukuvu" kp" kttcfkcvkpi" c" rjqvqugpukvkxg" tgukuv" wukpi" cp"

kpvgthgtgpeg" rcvvgtp0" C" ukorng" yc{" vq" etgcvg" uwej" rcvvgtpu" ku" vq" wug" vjg" u{uvgo"
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fguetkdgf"kp"Hki0"606*a+0"Vjg"ucorng."eqxgtgf"ykvj"c"WX"ugpukvkxg"tgukuv."ku"rncegf"

qp" c" ucorng" jqnfgt." cuuqekcvgf" vq" c" okttqt" rncegf" cv" ;2̇" qh" vjg" ucorng0" Vjku"

u{uvgo" ku" knnwokpcvgf"d{"c" ncugt"dgco=" vjku"igpgtcvgu" htkpigu"yjkej" kttcfkcvg" vjg"

tgukuv."ykvj" cp" kpvgt/htkpig"fkuvcpeg"N" fktgevn{" tgncvgf" vq" vjg" cping"し" vjtqwij" vjg"

tgncvkqp" N" ?" nncugt1*4ukpし+0" Kp" qtfgt" vq" igpgtcvg" c" 4F" rcvvgtp" ykvj" c" uswctg"
u{oogvt{"cv" vjg"uwthceg"qh" vjg"ucorng." vjg" kttcfkcvkqp"pggfu" vq"dg"tgrgcvgf"chvgt"

vknvkpi"vjg"ucorng"d{";2̇0"Vjg"tgukuv"ku"vjgp"gzrqugf"cu"uejgocvkecnn{"ujqyp"kp"Hki0"

606*b+0"Yg"korngogpvgf"vjku"igpgtke"rtqeguu"wukpi"c"ncugt"uqwteg"cv"488"po."ykvj"

c"rqygt"ctqwpf"706"oY."cpf"c"PGD"44"pgicvkxg" vqpg"ECT0"Yjkng" vjg" ugngevgf"

ycxgngpivj"gpcdngu"vjg"rcvvgtpkpi"qh"uvtwevwtgu"ykvj"ncvvkeg"rctcogvgtu"ctqwpf"722"

po."wukpi"pgicvkxg"tgukuv"ku"ygnn/uwkvgf"vq"vjg"igpgtcvkqp"qh"c"jqngu"rcvvgtp"kp"vjg"

tgukuv." cu" kp" vjg" ecug" qh" qwt" fgukip0" Kp" vjg" ucog" vkog." jkij" ugpukvkxkv{" cpf"

tguqnwvkqp"oc{"dg"cejkgxgf"wukpi"uwej"c"ECT"tgukuv"]33_0"

Hki0"6060"*a+"Qwv"qh"vjg"urcvkcn"hknvgt."vjg"dgcou"gkvjgt"korkpig"fktgevn{"qp"vjg"

ucorngÓu"uwthceg"qt"ctg"tghngevgf"d{"vjg"okttqt."ngcfkpi"vq"kpvgthgtgpeg"htkpigu"kp"

vjg"rjqvqtgukuv0"Chvgt"c";2"̇"vknv"qh"vjg"ucorng."*b+"vjg"ugeqpf"gzrquwtg"gpcdngu"vq"

etgcvg"c"uswctg"cttc{"qh"wpgzrqugf"ctgcu""

RGD" ku" cp" guugpvkcn" uvgr" kp"ECT<" kv" ku" wugf" vq" ecvcn{ug" nkpmkpi" tgcevkqpu." vq"

oqfkh{" vjg" uqnwdknkv{" qh" vjg" rqn{ogt"ocvtkz." cpf" vq" jqoqigpk¦g" vjg" rjqvq/cekf"

eqpegpvtcvkqp"cu"igpgtcvgf"fwtkpi"vjg"gzrquwtg"uvgr0"

Vjg"gzrqugf"rjqvqtgukuv"ku"fgxgnqrgf"kp"fgxgnqrgt"uqnwvkqp"d{"c"uwkvcdng"vkog0""

Vjg" hkpcn" fguewo" gvej" uvgr" ku" guugpvkcn" uvgr" vq" tgoqxg" vjg" tgockpkpi" tgukuv" kp"

rcvvgtpgf"tgikqp"yjkej"chhgevu"uk¦g"cpf"ujcrgu"qh"vjg"hkpcn"igpgtcvgf"rcvvgtpkpi0"""
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coqtrjqwu"uknkeqp"uqnct"egnnu""

"

"72"

Yjkng"vjgug"uvgru"ctg"ygnn"guvcdnkujgf"hqt"uvcpfctf"uknkeqp"ucorngu."wukpi"WX"

nkvjqitcrj{"cv"46:"po"]34_."vjg"rtqeguu"rctcogvgtu"ujqwnf"dg"cfcrvgf"vq"rgthqto"

NJN"qxgt"qwt"uvcemgf"nc{gtu"fgrqukvgf"qp"incuu0"Kpfggf."jgcv"vtcpuhgt"cpf"uvcpfkpi"

ycxg" ghhgevu" ]35_" ctg" gzrgevgf" vq" dg" fkhhgtgpv" kp" vjg" ecug" qh" qwt" uvtwevwtgu" cpf"

wukpi" c" rgtkqfke" kpvgthgtgpeg" rcvvgtp" oc{" kpfweg" urgekhke" eqpuvtckpvu0" Qwt"

ogvjqfqnqi{" vjgtghqtg" eqpukuvgf" kp" uecppkpi" rtqeguu" vgorgtcvwtgu" cpf" vkogu."

uvctvkpi" htqo" rctcogvgtu" uwkvgf" vq" encuukecn" WX" nkvjqitcrj{0" Vjg"PGD" tgukuv" ku"

urwp"cv"5222"tro"hqt"52u."hqnnqygf"d{"c"RCD"cv"c"vgorgtcvwtg"qh"332̇E0"Dghqtg"

vjgug"uvgru." kv" ku"gzvtgogn{" korqtvcpv" vjcv"ucorngu"ctg"engcpgf" vykeg"d{"cegvqpg."

cneqjqn"cpf"FK"ycvgt" kp"wnvtcuqpke"dcvej"cpf"ftkgf"ykvj"P40" "Chvgt"gzrquwtg"cpf"

RGD" *cv" ;4̇E+." vjg" fgxgnqrogpv" ku" rgthqtogf" kp"OH924" uqnwvkqp" *uwrrnkgf" d{"

Ujkrng{" Eq+." hqnnqygf" d{" c" fguewo" uvgr" kp" qz{igp" rncuoc0" Vjg" hqnnqykpi"

rctcogvgtu."cu"RCD."gzrquwtg."RGD."fgxgnqrogpv"cpf"fguewo"gvej"vkogu."ctg"vjgp"

kpxguvkicvgf" cpf" fkuewuugf" kp" vjg" tgockpfgt" qh" vjku" ugevkqp0" Uwej" gzrgtkogpvu"

ygtg"rgthqtogf"qp"vjg"uvcem"fguetkdgf"kp"ugevkqp"6070""

a. Influence of PAB time

Vjg"RCD"uvgr"ku"ckogf"vq"tgoqxg"vjg"gzeguu"qh"uqnxgpv"kpukfg"vjg"rjqvqtgukuv0"

Kv"ycu"cflwuvgf"d{"xct{kpi"kvu"fwtcvkqp"*342u."372u"cpf"3:2u+."cnn"qvjgt"rctcogvgtu"

dgkpi"hkzgf"*RCD"vgorgtcvwtg"?"332" 倍."Gzrquwtg"vkog"?" " " " "
;4" 倍."RGD" vkog"?"342u."Fgxgnqrogpv" vkog"?"3 "4" gvejkpi" hqt" 32u+0"Cu" vjg"

uqnxgpv" eqpvgpv" ku" mpqyp" vq" chhgev" vjg" RGD" cpf" fgxgnqrogpv" rtqrgtvkgu" ]36_."

fkhhgtgpv"rcvvgtpu" eqwnf" dg" igpgtcvgf"d{" rnc{kpi"qp" vjg"RCD" vkog0"Jqygxgt." cu"

ecp" dg" ejgemgf" qp" Hki0" 607." kv" uggou" vjku" rctcogvgt" fqgu" pqv" jcxg" c" oclqt"

kphnwgpeg" kp"qwt"ecug."ukpeg"cnn" vjg"rcvvgtpu"rtgugpv" vjg"ucog"RE"rctcogvgtu"cpf"

eqorctcdng"ujcrgu"qh"vjg"jqngu0"Kv"ogcpu"vjcv"cp{"qh"vjgug"vjtgg"RCD"vkogu"yknn"

dg"uwkvcdng"hqt"qwt"rtqeguu0""

Htqo" Hki0" 607."yg" ecp" eqorctg" fkcogvgtu" cpf" ujcrgu" qh" tgukuv" rknnctu" hqt" 5"

fkhhgtgpv"RCD"vkog0"Cu"vjg{"ctg"cnoquv"vjg"ucog."yg"ecp"eqpenwfg"vjcv"vjg"vkog"qh"

RCD"dcmkpi"jcu"pq"qdxkqwu"kphnwgpeg"hqt"hcdtkecvkpi"4F"rcvvgtpu0"
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" 73"

"

Hki0"6070"UGO"kocigu"qh"vjg"rcvvgtpgf"rjqvqtgukuv"hqt"fkhhgtgpv"RCD"vkogu

b. Influence of exposure time

C" hktuv" ugv" qh" gzrgtkogpvu" ycu" rgthqtogf" ykvj" c" fqwdng" WX" gzrquwtg"

rgthqtogf"ykvj" cp" gzrquwtg" vkog" tcpikpi" dgvyggp" 72" cpf" 352u0" Vjg" RCD" cpf"

RGD" rctcogvgtu"ygtg" hkzgf" cv" 332̇E" hqt" 342u" cpf" ;4̇E" hqt" 462u" tgurgevkxgn{."

ykvj"32u"fgxgnqrogpv"vkog"cpf":u"Q4"rncuoc0"

Cu"ujqyp"kp"vjg"UGO"kocigu"htqo"Hki0"608."vjg"jqngu"crrgct"ektewnct."ykvj"c"

uvtqpi"korcev"qh"vjg"gzrquwtg"vkog"qp"vjg"fkcogvgt0"Cu"gzrgevgf"kp"vjg"ecug"qh"c"

pgicvkxg" tgukuv." vjg" fkcogvgt" ku" fgetgcugf"yjkng" vjg" gzrquwtg" vkog" ku" kpetgcugf0"

Vjku"fgrgpfgpeg"ecp"dg"wugf"vq"eqpvtqn"vjg"hhckt"tcvkq"qh"vjg"rcvvgtpu."yjkej"uvcpfu"

htqo"2057" vq"2087" kp" vjg"yjqng"gzrquwtg" vkog" tcpig." cpf" hqt"c" ncvvkeg"rctcogvgt"

dgvyggp"742"cpf"842"po0"Vjgtghqtg."vjg"vctigvgf"hhckt"tcvkqu"*72"'"vq"82"'+."cu"

ecnewncvgf" kp" ugevkqp" 604." uvcpf" ygnn" ykvjkp" vjg" cejkgxcdng" tcpig0" Jqygxgt."

rctcukvke"ghhgevu"uwej"cu"vjg"rtgugpeg"qh"cp"kppgt"tgukuv"tkpi"hqt"cp"gzrquwtg"vkog"

qh";2u."qt"c" ugeqpfct{" tgukuv"rcvvgtp" hqt" nqy"gzrquwtg" vkogu" engctn{" crrgct0"Vjg"

hqtogt"oc{"tgfweg"vjg"hhckt"tcvkq0"Vjg"ncvvgt."yjkej"ku"fwg"vq"vjg"encuukecn"qrvkecn"

uvcpfkpi"ycxg"ghhgevu"]35_."fqgu"pqv"korcev"vjg"hkpcn"ujcrg"qh"vjg"jqngu0"Jqygxgt."

kv" ujqwnf"dg"gnkokpcvgf"dghqtg"rcvvgtp" vtcpuhgt" kpvq" vjg"wpfgtn{kpi" nc{gtu" ukpeg" kv"

eqwnf"ejcpig"vjg"jqngu"fkcogvgt="vjku"ku"vjg"tqng"qh"vjg"fguewo"uvgr."yjkej"yknn"dg"

fkuewuugf"cv"vjg"gpf"qh"vjku"ugevkqp0""
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"

Hki0"6080"Kphnwgpeg"qh"vjg"gzrquwtg"vkog"qp"vjg"fkcogvgt"qh"vjg"jqngu"

c. Influence of PEB time

RGD"ku"cp"guugpvkcn"uvgr"kp"ECT"tgukuvu0"Kv"ku"wugf"vq"ecvcn{ug"nkpmkpi"tgcevkqpu."

vq"oqfkh{"vjg"uqnwdknkv{"qh"vjg"rqn{ogt"ocvtkz."cpf"vq"jqoqigpk¦g"vjg"rjqvq/cekf"

eqpegpvtcvkqp"igpgtcvgf"fwtkpi" vjg"gzrquwtg"uvgr0" Kp" vjku"ugpug." kv" ku"gzrgevgf" vq"

jcxg"c"uvtqpi"korcev"qp"vjg"rcvvgtp"ujcrg"cpf"qp"vjg"tgfwevkqp"qh"uvcpfkpi"ycxg"

ghhgevu0"Kp"c"ugeqpf"ugv"qh"gzrgtkogpvu."RGD"vkog"ycu"vwpgf"kp"c"342/462u"tcpig."

ykvj" c" 342u" RCD." c" 72u" gzrquwtg." c" 32u" fgxgnqrogpv" cpf" c" :u" fguewo0"

Eqttgurqpfkpi"UGO"kocigu"ctg"ujqyp"kp"Hki0"6090"
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Hki0"6090"UGO"kocigu"qh"rcvvgtpgf"rjqvqtgukuv"hqt"RGD"vkogu"htqo"342u"vq"462u"

*ykvj"c"52u"uvgr+"cv";4̇E"

Cnvjqwij"c"342u"RGD"vkog"ku"igpgtcnn{"uwhhkekgpv"kp"vjg"ecug"qh"uknkeqp"ucorngu."

kv"ku"pgeguuct{"vq"rgthqto"c"nqpigt"dcmkpi"kp"vjg"ecug"qh"qwt"ucorngu0"Vjku"oc{"dg"

ceeqwpvgf" hqt"d{" vjg" nqygt" vjgtocn" eqpfwevkxkv{" qh" vjg" incuu"ychgtu0"RGD" vkog."

yjkej"ujqwnf"dg"qxgt"3:2u."cnuq"crrgctu"cu"c"ugeqpf"yc{"vq"eqpvtqn"vjg"uk¦g"qh"vjg"

jqngu"hqt"c"ikxgp"ncvvkeg"rctcogvgt0""

d. Influence of development time

Chvgt" fgxgnqrogpv." pqp/ugpukvkxg" ctgcu" qh" PGD/44" nc{gt" ctg" fkuuqnxgf" kp"

OH924" fgxgnqrgt." rqvgpvkcn" itcrjkeu" qh" rcvvgtpu" ctg" crrctgpv" kp" vjg" rjqvqtgukuv"

nc{gt."dwv"vjg"fgxgnqrogpv"vkog"ku"c"xgt{"korqtvcpv"rctcogvgt"hqt"vjku"uvgr."c"itgcv"

fgcn"qh"tgugctej"ghhqtvu"ctg"pggfgf"vq"fkueqxgt"vjg"korcev"qh"fgxgnqrogpv"vkog."cu"

wuwcn."yg"hkzgf"qvjgt"rctcogvgtu"cu"RCD"ku"332 倍"hqt"342u="gzrquw " " " "
RGD" ku" ;4 倍" hqt"372u="Q4" rncuoc" ku" kpetgcugf" vq" :u=" cpf" ejcpigf" fgxgnqrogpv"

vkog"ejcpigf"htqo":u"vq"32u."cu"ujqyp"qp"Hki0"60:0"
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"

Hki0"60:0"UGO"kocigu"qh"rcvvgtpkpi"rjqvqtgukuv"hqt"fgxgnqrogpv"vkog"qh":u"cpf"32u"

Vjg" vyq" uvwfkgu" yg" jcxg" rgthqtogf" jcxg" fgoqpuvtcvgf" vjg" kphnwgpeg" qh"

fgxgnqrogpv" vkog0" Eqorctkpi" vjg" ujcrgu" qh" :uÓ" cpf" 32uÓ" fgxgnqrogpv" vkog."

qdxkqwun{." qpn{" vjg" :uÓ" ecp" igpgtcvg" c" 4F" rcvvgtpu" yjgp" RGD" vkog" ku" 372u."

cnvjqwij"vjg"tgockpkpi"rjqvqtgukuv"qh"kppgt"jqngu"ecpÓv"dg"tgoqxgf"d{"fgxgnqrgt"

uqnwvkqp"fktgevn{0""

e. Role of final descum etch

Cu"ogpvkqpgf"cdqxg."rjqvqtgukuv"oc{"tgockp"ykvjkp"vjg"rcvvgtpgf"jqngu0"Cu"kv"

chhgevu"uk¦g"cpf"ujcrg"qh"vjg"hkpcn"4F"RE"uvtwevwtg."chvgt"KVQ"cpf"c/Uk<J"gvejkpi."

vjku"tgukuv"ocvgtkcn"ujqwnf"dg"tgoqxgf="vjku"ku"vjg"tqng"qh"vjg"hkpcn"fguewo"uvgr0"Kv"

eqpukuvu"qh"c"tgcevkxg"kqp"gvejkpi"uvgr."ykvj"c"42ueeo"Q4"hnqy."cv"322"Y."wpfgt"c"

rtguuwtg"qh"322"oVqtt0"Vjg"kphnwgpeg"qh"vjku":u"fguewo"uvgr"ku"knnwuvtcvgf"kp"Hki0"

60;" kp" vjg" ecug" qh" c" 342u" RCD." c" 72u" gzrquwtg" vkog." c" 432u" RGD." cpf" c" 32u"

fgxgnqrogpv"vkog0"Cu"c"tguwnv"qh" vjku"hkpcn"uvgr."vjg"kppgt"tgukuv"tkpi"ku"tgoqxgf."

cpf" vjg" rcvvgtp" tqwijpguu" vgpfu" vq" dg" fgetgcugf0" Hwtvjgtoqtg." vjg" hhckt" tcvkq" ku"

kpetgcugf"htqo"20:;"vq"20;5"chvgt"vjg"fguewo"uvgr0"Vjku"igqogvtkecn"ejcpig"ujqwnf"

dg"cpvkekrcvgf"yjgp"vjg"RGD"cpf"gzrquwtg"vkog"ctg"ugngevgf."kp"qtfgt"vq"tgcej"vjg"

vctigvgf"F"cpf"N"xcnwgu0""
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"""""""""""""""""""""""Hki0"60;0"4F"rcvvgtpkpi"ykvjqwv"cpf"ykvj"vjg":u"Q4"rncuoc"

Cu"c"eqpenwukqp"htqo"vjku"kpxguvkicvkqp."rtqeguu"rctcogvgtu"ecp"dg"cflwuvgf"kp"

qtfgt" vq" cejkgxg" vjg" vctigvgf" 4F" rcvvgtp0"Yjkng" vjg" RCD" vkog"oc{" dg" hkzgf" cv"

342u." vjg"gzrquwtg"cpf"RGD" vkogu"oc{"dg" lqkpvn{" cflwuvgf" kp"qtfgt" vq" tgcej" vjg"

vctigvgf"xcnwg"qh"vjg"hhckt"tcvkq0"Cp"crrtqrtkcvg"ugv"qh"rctcogvgtu"eqpukuvu"qh"c"82u"

gzrquwtg." ykvj" c" RGD" vkog" qh" 3:2u0" Hkpcnn{." vq" vcmg" hwnn" rtqhkv" qh" vjg" NJN"

rcvvgtpkpiu."c":u"hkpcn"fguewo"uvgr"ujqwnf"dg"rgthqtogf0""

"

4.3.2 Transfer of the patterns by reactive ion etching

Vjg" rjqvqpke" et{uvcn" rcvvgtp" fghkpgf" d{" NJN" ku" hktuv" vtcpuhgttgf" kpvq" c" 322" po"

vjkem"UkQ4"jctf"ocum."cpf"vjgp"kpvq"vjg"wpfgtn{kpi"KVQ"cpf"c/Uk<J"nc{gtu."wukpi"

TKG"rtqeguugu0"Vtcpuhgt"kpvq"vjg"UkQ4"jctf"ocum"ku"cejkgxgf"wukpi"EJH5"rncuoc"

*ykvj" c" 38ueeo" hnqy." cv" 37oV." ykvj" c" rqygt" qh" 322Y." hqt" ;22u+0" Chvgt" tgukuv"

tgoqxcn" d{" Q4" rncuoc." vjg" rcvvgtpu" ctg" vtcpuhgttgf" vq" vjg" KVQ" nc{gt." wukpi" c"

EJ6<J4"rncuoc."ykvj"hnqyu"qh"tgurgevkxgn{"32ueeo"cpf"52ueeo."cv"c"422Y"rqygt."

hqt" 352u0" Vjku" uvgr" ku" rgthqtogf" cv" nqy" rtguuwtg" *52oVqtt+" kp" qtfgt" vq" cejkgxg"

jkij" ukfgycnn" xgtvkecnkv{0" Hkpcnn{." vjg" c/Uk<J" nc{gt" ycu" gvejgf" ykvj" c" UH8<Ct"

rncuoc" *7ueeo" hqt" gcej" icu." cv" 72Y" fwtkpi" 3:2u." ykvj" tgfwegf" rtguuwtg" qh"

37oVqtt+0"Hki0"6032"ujqyu"vjcv"jqngu"ykvj"c"tgcuqpcdng"tgiwnctkv{"cpf"tqwijpguu"

eqwnf"dg"vtcpuhgttgf="vjg"cejkgxgf"rgtkqf"cpf"hhckt"tcvkq"ctg"tgurgevkxgn{"7:7"po."
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"
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kp"vjg"vctigvgf"tcpig."cpf"69'."lwuv"c"nkvvng"dkv"dgnqy"vjg"tcpig"eqttgurqpfkpi"vq"

vjg"qrvkowo"eqphkiwtcvkqp"*72"'/82"'+0"""

"

Hki0"60320"UGO"rtqhkng"kocigu"qh"vjg"gvejgf"UkQ4"jctf"ocum."KVQ"cpf"c/Uk<J""

nc{gtu0"*a+"Igpgtcn"xkgy"qh"vjg"uwthceg"*b+"Enqug/wr"qh"vjg"jqngu"

"

606 "Qrvkecn" ejctcevgtk¦cvkqp" qh" vjg"

rcvvgtpgf"uqnct"egnn"uvcem"
Kp" qtfgt" vq" fgvgtokpg" vjg" qrvkecn" rtqrgtvkgu" qh" vjg" rcvvgtpgf" uqnct" egnn" uvcmg"

rtgugpvgf"kp"vjg"rtgxkqwu"ugevkqp."cduqtrvkqp"ogcuwtgogpvu"ygtg"rgthqtogf"wukpi"

cp" kpvgitcvgf" urjgtg0" Kp" vjgug" gzrgtkogpvu." vjg" ucorng" ku" knnwokpcvgf" d{"

wprqnctk¦gf" nkijv." uq" cu" vq" rgthqto" tghngevcpeg" *T+" cpf" vtcpuokvvcpeg" *V+"

ogcuwtgogpvu."ykvj"c"\3"oo)"urcvkcn"tguqnwvkqp"cpf"c":̇"cping"qh"kpekfgpeg0"Vjg"

cduqtrvkqp"C*n+"?"3/"T*n+"/V*n+"ku"vjgp"ukorn{"fgtkxgf0"Vjg"cduqtrvkqp"ykvjkp"vjg"
yjqng"rcvvgtpgf" uvcem"ycu"ogcuwtgf"dgvyggp"522"po"cpf"942"po"ykvj"c"7"po"

uvgr" cpf"cp" gzrgtkogpvcn" wpegtvckpv{"qh" cdqwv"7"'0"Vjg"cduqtrvkqp" urgevtwo"qh"

vjg" wprcvvgtpgf" uvcem" ycu" cnuq" ogcuwtgf" cu" c" tghgtgpeg0" Vjg" eqttgurqpfkpi"
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urgevtc"ctg"tgrqtvgf"kp"Hki0"6033*a+0"Cduqtrvkqp"urgevtc"ukowncvgf"d{"TEYC"ctg"

fkurnc{gf" kp" Hki0" 33*b+" hqt" eqorctkuqp0" Ucog" uvcemu" cu" vjg" qpgu" wugf" hqt" vjg"

hcdtkecvkqp" qh" vjg" egnnu" jcxg" dggp" eqpukfgtgf" hqt" vjcv" rwtrqug." dwv" vjg" vqr"UkQ4"

jctf"ocum"ycu" pqv" vcmgp" kpvq" ceeqwpv" hqt" vjg" ukowncvkqpu0"Fwg" vq" cp" wpegtvckp"

fgvgtokpcvkqp"qh"igqogvtkecn"rctcogvgtu."kp"rctvkewnct"vjg"KVQ"nc{gt"vjkempguu."dwv"

cnuq" vjg" kpjqoqigpgkv{" qh" vjg" hhckt" tcvkq." ecnewncvgf" cpf" ogcuwtgf" cduqtrvkqp"

urgevtc"gzjkdkv"fkhhgtgpv"hgcvwtgu0"Jqygxgt."uvtqpi"ukoknctkvkgu"ctg"pqvkegcdng"cpf"

vjg"ucog"igpgtcn"vtgpfu"ecp"dg"fgfwegf0"""

Cnn" urgevtc" gzjkdkv" jkij" cduqtrvkqp" hqt" n>" 772" po." vjqwij" unkijvn{" oqtg"
korqtvcpv" kp" vjg" ecug" qh" vjg" rcvvgtpgf" uvcem0" Kpfggf." vjg" jkij" xcnwgu" qh" vjg"

gzvkpevkqp"eqghhkekgpv"qh"c/Uk<J"*mc/Uk<J+"ctg"uwhhkekgpv" vq"gpuwtg" vjg"cduqtrvkqp"qh"

vjg"kpeqokpi"nkijv"kp"qpg"rcuu"ykvjkp"vjg"cevkxg"nc{gt0"Dgukfgu."rcvvgtpkpi"vjg"egnn"

uvtwevwtg"fgetgcugu"vjg"ogcp"tghtcevkxg"kpfgz"kp"vjg"htqpv"qh"vjg"egnn."ngcfkpi"vq"cp"

cpvktghngevkxg"ghhgev="cduqtrvkqp"ku"vjgp"jkijgt"kp"vjg"ecug"qh"vjg"rcvvgtpgf"egnn0"Vjg"

ukvwcvkqp"fkhhgtu"cdqxg"772"po="c"ujctr"fgetgcug"qh"vjg"cduqtrvkqp"ku"qdugtxgf"hqt"

vjg"wprcvvgtpgf"egnn"fwg"vq"vjg"nqy"xcnwgu"qh"mc/Uk<J"kp"vjku"urgevtcn"tcpig."yjgtgcu"

vjg"4F"RE"rcvvgtpkpi"qh"vjg"cevkxg"nc{gt"ngcfu"vq"cffkvkqpcn"cduqtrvkqp"rgcmu."cpf"

hkpcnn{"vq"c"jkijgt"cduqtrvkqp"vjcp"kp"vjg"ecug"qh" vjg"tghgtgpeg0"Vjgug"cduqtrvkqp"

rgcmu" ctg" cvvtkdwvgf" vq" tguqpcpv" Dnqej" oqfgu" qh" vjg" cduqtdkpi" RE" ogodtcpg0"

Vjcpmu" vq" c" iqqf" Ðkorgfcpeg" ocvejkpiÑ" ykvj" tgictfu" vq" vjg" kpekfgpv" nkijv."

oczkokukpi" vjg" cduqtrvkqp" ku" rquukdng" ]5_0" Oqtgqxgt." fwg" vq" vjg" ownvkoqfg"

ejctcevgt"qh"vjku"RE"ogodtcpg"uvtwevwtg"cpf"vjgtghqtg"vjg"pwodgt"qh"tguqpcpegu."

vjg" cduqtrvkqp" kpvgitcvgf" kp" vjg" yjqng" tcpig" dgvyggp" 772" cpf" 942" po" ku"

ukipkhkecpvn{"kpetgcugf"kp"vjg"ecug"qh"vjg"Ðrjqvqpk¦gfÑ"uqnct"egnnu0"""""""
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"

"7:"

"

Hki0"60330"Eqorctkuqp"dgvyggp"vjg"ecnewncvkqp"*a)"cpf"vjg"ogcuwtgogpv"*b)"

cduqtrvkqp"urgevtc"qh"vjg"rcvvgtpgf"cpf"vjg"wprcvvgtpgf"uvcemu"*cping"qh"kpekfgpeg"

hkzgf"cv":̇+"

Kp"cffkvkqp."vjg"rqnctk¦cvkqp"kpfgrgpfgpeg"qh"vjg"hcdtkecvgf"rcvvgtpgf"egnn"ycu"

cnuq" kpxguvkicvgf" d{" ujkhvkpi" vjg" ucorng" d{" ;2̇." yjkng" mggrkpi" cnn" vjg" qvjgt"

rctcogvgtu" hkzgf0"Cu" ecp"dg" uggp"qp"Hki0" 6032." vjg" urgevtc" eqttgurqpfkpi" vq" vjg"

vyq"eqphkiwtcvkqpu"*pqp"ujkhvgf"qt"ujkhvgf"d{";2̇."ykvj"cp"cping"qh"kpekfgpeg"qh":̇+"

pgctn{" uwrgtkorqug" vjtqwijqwv" vjg" eqpukfgtgf"ycxgngpivj" tcpig0" Vjku" kpfkecvgu"

vjcv"vjg"ujcrg"qh"vjg"RE"ogodtcpg"jqngu"ku"cnoquv"kuqvtqrke0""

Hki0"60340"Kphnwgpeg"qh"vjg"rqnctk¦cvkqp"cpf"qh"vjg"cping"qh"kpekfgpeg"qp"vjg"

ogcuwtgf"cduqtrvkqp"urgevtwo"qh"vjg"rcvvgtpgf"egnn"
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" 7;"

Ncuvn{."vjg"kphnwgpeg"qh"vjg"cping"qh"kpekfgpeg"ycu"vguvgf"d{"fqwdnkpi"kvu"xcnwg."

htqo" :̇" vq" 38̇0" " Kh" kpetgcukpi" vjg" cping" qh" kpekfgpeg" gpigpfgtu" c" dnwg/ujkhv" qh"

egtvckp" cduqtrvkqp" rgcmu." hqt" kpuvcpeg" ctqwpf" 8;2" po" qp" Hki0" 6034." kv" inqdcnn{"

ngcxgu"vjg"kpvgitcvgf"cduqtrvkqp"qh"vjg"uvtwevwtg"wpejcpigf0"Vjku"ecp"dg"ceeqwpvgf"

hqt"d{"vjg"ownvkoqfg"pcvwtg"qh"vjg"RE"uvtwevwtg."ukpeg"c"ygcm"oqfkhkecvkqp"qh"vjg"

tguqpcpv" oqfg" rtqrgtvkgu" yknn" pqv" dg" xkukdng" kp" vjg" ykfg" urgevtcn" tcpig" yg"

eqpukfgt"];_0"

"

607 Qwvnqqm"
4.5.1 Optical design for 2D PC solar cell stacks on ultra thin film 

a-Si:H to increase optical harvesting

Kp" RE" qt" fkhhtcevkqp" itcvkpi" rcvvgtpgf" uvcemu." vjg" uwthceg" tgeqodkpcvkqp" ku"

gzvtgogn{"korqtvcpv"vq"qdvckp"c"jkijgt"ujqtv"ektewkv"ewttgpv"fgpukv{"Lue0"Vjg"tcvkq"

Uwthceg1Xqnwog" *U1X+" dgvyggp" vjg" ctgc" qeewrkgf" d{" vjg" jqng" ukfgycnnu" cpf" vjg"

Uknkeqp" xqnwog" ku" cp" kpfkecvkqp" qh" vjg" rqvgpvkcn" korcev" qh" vjg" uwthceg"

tgeqodkpcvkqp." ykvj" tgictfu" vq" dwnm" tgeqodkpcvkqp0" Oqtg" igpgtcnn{." wukpi"

fkhhgtgpv" RE" u{oogvtkgu." qpg" eqwnf" qdvckp" fkhhgtgpv" xcnwgu" qh" eqpxgtukqp"

ghhkekgpekgu" hqt" ukoknct" kpvgitcvgf" cduqtrvkqpu0" Vjgtghqtg." eqpukfgtkpi" vjg"

gngevtkecn" ]37_" cpf" qrvkecn" fgukip" ];." 38/39_" qh" vjg" wnvtc" vjkp" c/Uk<J" uqnct" egnnu."

rquukdng" cnvgtpcvkxg" u{oogvtkgu" kpenwfg" vtkcpiwnct." jqpg{eqod." qt" Ðuswctg"

jqpg{eqodÑ" uvtwevwtgu" rcvvgtpgf" kp" c/Uk<J" vjkp" hkno" uqnct" egnnu" *ujqyp" qp" Hki0"

6035*a)/*d++0"

"

"
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"

Hki0"60350"Vqrqitcrj{"qh"vjg"*a+"uswctg."*b+"vtkcpiwnct."*c+"jqpg{eqod"cpf"*d+"

uswctg"jqpg{eqod"Ðrjqvqpk¦gfÑ"c/Uk<J"vjkp"hkno"uqnct"egnnu."cu"ygnn"cu"*e+"c"

rtqhkng"xkgy"qh"uwej"fgxkeg"

Vjg" ncvvkeg"rgtkqf"*N+"cpf"tcfkwu" *t+"cu"fghkpgf" kp"Hki0"6035"ctg"uecppgf" kp"c"

nctig" tcpig" vq"qrvkok¦g" vjg" kpvgitcvgf" cduqtrvkqp" kp" vjg"c/Uk<J" nc{gt" hqt" gcej"qh"

vjgug" uvtwevwtgu0" Vjg"CO307I" uqnct" kttcfkcpeg"ycu" vcmgp" kpvq" ceeqwpv" qxgt" vjg"

ucog"522/942"po"urgevtcn"tcpig."cu"kp"vjg"ecug"qh"vjg"uswctg"ncvvkeg"kpvtqfwegf"kp"

vjg"dgikppkpi"qh"vjku"ejcrvgt0"Vjku"vjgqtgvkecn"eqorwvcvkqp"jcu"dggp"eqpfwevgf"d{"

wukpi" hkpkvg" fkhhgtgpeg" vkog" fqockp" *HFVF+" ]3:_." cpf" oqtg" urgekhkecnn{" kvu"

rcemcig"Nwogtkecn"]3;_0"Rgtkqfke"dqwpfct{"eqpfkvkqpu"ctg"eqpukfgtgf"cnqpi"vjg"Z"

cpf" [" czku." yjkng" Rgthgev" Ocvej" Nc{gt" *RON+" ctg" wugf" kp" vjg" ¥" fktgevkqp0"

Cffkvkqpcnn{." vjg" tcfkwu" tcpig" ku" nkokvgf" kp"qtfgt" vq" cxqkf" vyq"jqngu" eqppgevkpi"

gcej"qvjgt."cpf"uecppkpi"uvgr"ku"42"po0"N"ku"uecppgf"htqo"522"po"vq"922"po"rgt"

42"po"uvgr0"Oqtgqxgt."yg"eqpegpvtcvg"qp"VO"rqnctk¦cvkqp"*kv"yqwnf"dg"vjg"ucog"

cu"vjg"ecug"kp"VG"kp"c"4F"itcvkpi"wpfgt"pqtocn"kpekfgpeg+0"Vjg"qrvkok¦gf"ncvvkeg"

rctcogvgtu."uwthceg1xqnwog"*U1X+"cpf"kpvgitcvgf"cduqtrvkqp"cu"ygnn"cu"vjg"tgncvkxg"

cduqtrvkqp" kp" vjg" yjqng" uvcem" cpf" vjg" c/Uk<J" nc{gt" ctg" eqorctgf" kp" Vcdng030"

Eqttgurqpfkpi"urgevtc"ctg"ujqyp"kp"Hki0"60360"

"
"
"
"
"
"
"
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Vcdng03"Qrvkok¦gf"kpvgitcvgf"cduqtrvkqp"kp"vjg"cevkxg"c/Uk<J"nc{gt"cpf"yjqng"

uvcem"qh"vjg"fkhhgtgpv"rcvvgtpgf"uvcemu."cu"ygnn"cu"U1X"tcvkq0"Vjg"tghgtgpeg"ku"c"

rncpct"wprcvvgtpgf"uvcem0"

Stack (optimized lattice parameters) S/V Integrated absorption

whole stack a-Si :H

Uvtwevwtg a+<"uswctg"*N"?"5:2"po"."t"?"33;"po+" 202297" 20:4" 2088"

Uvtwevwtg b+<"vtkcping"*N"?"572"po"."t"?"322"po+" 20234" 2095" 2082"

Uvtwevwtg c+0"jqpg{eqod"*N"?"542"po."t"?"342"po+" 2022:8" 20:4" 2087"

Uvtwevwtg d+<"uswctg"jqpg{eqod"*N"?"762"po."t"?"352"po"+" 2023:"
20::" 2086"

tghgtgpeg"" 2"
2086" 2074"

"

Eqorctkpi"vjg"kpvgitcvgf"cduqtrvkqp"kp"vjg"c/Uk<J"nc{gt."kv"engctn{"crrgctu"vjcv"

vjg"RE"u{oogvt{"jcu"c"nqy"korcev."gzegrv"kp"vjg"ecug"qh"vjg"vtkcpiwnct"uvtwevwtg."

yjkej"ngcf"vq"vjg"nqyguv"xcnwg0"Vjg"U1X" kp"vjg"uswctg"cpf"jqpg{eqod"uvcemu"ctg"

ukoknct"*\"2022:+"dwv"nqygt"vjcp"vtkcping"cpf"Ðuswctg"jqpg{eqodÑ"u{oogvtkgu""

"

Hki0"60360"Vjg"cduqtrvkqp"urgevtc"kp"*a+"vjg"yjqng"uvcem"ykvj"fkhhgtgpv"rcvvgtpkpi"

cpf"kp"*b+"vjg"c/Uk<J"cevkxg"nc{gt"qp"vjg"VO"rqnctk¦cvkqp"

Htqo" vjg" cdqxg" eqorwvcvkqpu." yg" eqpenwfg" vjcv" vjg" fkhhgtgpv" igqogvtke"

rcvvgtpkpi" eqwnf" ngcf" vq" ukoknct" cduqtrvkqp" kp" vjg" c/Uk<J" nc{gt0" D{" eqpukfgtkpi"

kpvgitcvgf" cduqtrvkqp" kp" cevkxg" nc{gt" cpf" U1X" tcvkq." vtkcping." jqpg{eqod" cpf"
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jqpg{eqod" uvtwevwtg" fqpÓv" ujqy" qdxkqwu" cfxcpvcigu" eqorctgf" vq" vjg" uswctg"

uvtwevwtg0" Vq" fghkpkvkxgn{" eqpenwfg" qp" vjg" korcev" qh" vjg" RE" u{oogvt{" qp" vjg"

ghhkekgpe{" qh" vjg" fgxkeg." cffkvkqpcn" ukowncvkqp" ujqwnf" dg" rgthqtogf" kpenwfkpi"

gngevtkecn"cpf"qrvkecn"oqfgnnkpi0""

""

4.5.2 Technological route to generate triangular lattice by laser 

holographic lithography

Kp" cffkvkqp" vq" vjg" uswctg" ncvvkeg"4F"RE"cpf"dkpct{" 3F"RE." vjg" vtkcpiwnct" ncvvkeg"

eqwnf" dg" igpgtcvgf" ykvj" vjg" nqy" equv" NJN" vgejpkswg" ]42_0" Vjgqtgvkecnn{." vjg"

ucorng"jcu"vq"dg"tqvcvgf"d{"82̇"chvgt"vjg"hktuv"gzrquwtg."vjgp"gzrqugf"ykvj"ukoknct"

gzrquwtg"vkog"cpf"rqygt"kpvgpukv{0"Chvgt"fgxgnqrogpv."vjg"vtkcpiwnct"ncvvkeg"eqwnf"

dg"qdugtxgf."cu"ujqyp"qp"Hki0"60370"

"

Hki0"60370"UGO"kocigu"qh"vjg"rcvvgtpgf"tgukuv"qp"c"egnn"uvcem."*a+"Igpgtcn"xkgy"qh"

vjg"uwthceg"cpf"*b+"enqug/wr"qh"vjg"jqngu"

Rgtkqf" cpf" tcfkwu" eqwnf" dg" eqpvtqnngf" vq" tgcej" vjg" vjgqtgvkecnn{" guvcdnkujgf"

fgukip" d{"oqfkh{kpi" vjg"okttqt" cping." gzrquwtg" vkog" cpf" fgxgnqrogpv" vkog" cu"

kpvtqfwegf"kp"ugevkqp"6050"Dwv"4F"jqngu"ctg"pqv"gzcevn{"ektewnct0"Jqygxgt."yjgp"

vjg"ncvvkeg"rctcogvgtu"hnqcv"kp"c"tgncvkxg"nctig"tcpig."kp"yjkej"qrvkecn"qt"gngevtkecn"

rtqrgtvkgu"qh"uvtwevwtg"eqwnf"dg"tqdwuv."vjg"kphnwgpeg"qh"vjg"ujcrgu"yknn"pqv"dg"uq"

korqtvcpv0""
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Tgegpvn{."cnoquv"rgthgevn{"ektewnct"jqngu"eqwnf"cnuq"dg"igpgtcvgf"d{"NJN"d{"

vtkrng"gzrquwtgu0"Kv"ku"hwnhknngf"d{"tqvcvkpi"vjg"ucorng"vq"-82̇"cpf"/82̇"fwtkpi"vjg"

ugeqpf"cpf"vjg"vjktf"gzrquwtgu0"Hkpcnn{."uwej"mkpf"qh"ektewnct"jqngu"kp"vtkcpiwnct"

ncvvkegu" jcxg" dggp" igpgtcvgf." cu" fkurnc{gf" kp" Hki0" 6038*a+0" Dwv" kv" ku" etwekcn" vq"

eqpvtqn"vjg"tqvcvkqp"cping"qh"ucorng"cu"gzcevn{"cu"-82̇"cpf"/82̇"hqt"vjg"ugeqpf"cpf"

vjg"vjktf"gzrquwtg0"Kh"vjgtg"ku"c"qpg"qt"vyq"fgitggu"fkhhgtgpeg."vjg"hkpcn"rcvvgtpgf"

ujcrgu" eqwnf" dg" hct" cyc{" htqo" vjg" fgukip." cu" ujqyp" kp" Hki0" 6038*b+." yjkej" ku"

uejgocvk¦gf" kp"Hki0" 6038*c+"ykvj" fkhhgtgpv" tqvcvkqp" cping" hqt" vjg" ugeqpf" cpf" vjg"

vjktf"gzrquwtg"*/84̇."2."82̇+0""

"

Hki0"60380"UGO"kocigu"qh"vjg"vtkrng"gzrquwtg"qp"vjg"tgukuv"hqt"vtkcpiwnct"ncvvkeg"

ykvj"*a+"eqttgev"rctcogvgtu"*b+"ytqpi"tqvcvkpi"cping"*/84̇."2."82̇+"."cpf"*c+"

uejgocvke"xkgy"eqttgurqpfkpi"vq"*b+0"

"

"

"

"

"

"

"

"

"
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Conclusion

Vjkp/hkno"rjqvqxqnvcke"egnnu"uvtwevwtgu"kpvgitcvkpi"c"4F"RE"ogodtcpg"jcxg"dggp"

fgukipgf" cpf" hcdtkecvgf" cpf" qrvkecnn{" ejctcevgtk¦gf0"Yg" urgekhkecnn{" hqewugf" qp"

vjg"fgxgnqrogpv"qh"c"rtqeguu"dcugf"qp"NJN"cpf"TKG."gpcdnkpi"vjg"igpgtcvkqp"qh"

4F"RE"ogodtcpg"qp"c"4,4"eo4"uwthceg."ykvj"c"jkij"vjtqwijrwv0""

‚ D{" cp" crrtqrtkcvg" vwpkpi" qh" gzrquwtg" cpf" RGD" vkogu" qh" nkvjqitcrjke"

rtqeguu." vjg" fguktgf" eqphkiwtcvkqpu" fgtkxgf" htqo" qrvkecn" ukowncvkqpu"

eqwnf"dg"hcdtkecvgf0""

‚ Kp"qtfgt" vq"nkokv"tqwijpguu"qh"ukfgycnnu"cpf"vq"cejkgxg"c"dgvvgt"eqpvtqn"

qh" vjg" igqogvtkecn" rctcogvgtu." cp" cffkvkqpcn" fguewo" gvej" uvgr" ycu"

pgeguuct{"cpf"qrvkok¦gf0""

‚ Cduqtrvkqp" urgevtc" ygtg" fgvgtokpgf" gzrgtkogpvcnn{" d{" qrvkecn"

ogcuwtgogpvu" wukpi" cp" kpvgitcvkpi" urjgtg0" Ogcuwtgogpvu" ygtg"

rgthqtogf" qp" vjg" rcvvgtpgf" cpf" wprcvvgtpgf" tghgtgpeg" egnn" uvtwevwtgu."

cpf" eqorctgf" vq" urgevtc" ecnewncvgf" d{" vjg"TEYC"ogvjqf0"Ogcuwtgf"

cpf"ecnewncvgf"cduqtrvkqp"urgevtc"gzjkdkv"c"xgt{"ukoknct"dgjcxkqwt0"Vjg"

cduqtrvkqp."kpvgitcvgf"qxgt"vjg"522/942"po"tcpig."ku"kpetgcugf"d{"4:"'"

kp" vjg" ecug" qh" c" uqnct" egnn" uvcem" rcvvgtpgf" cu" c" RE" ogodtcpg0" Vjku"

kpetgcug" ku" ockpn{" cvvtkdwvgf" vq" vjg" rqukvkxg" tqng" qh" Dnqej" oqfg"

tguqpcpegu"kp"vjg"RE"ogodtcpg"cdqxg"772"po0""

‚ Vjgug"$rjqvqpk¦gf$"egnnu"ctg"kpfgrgpfgpv"vq"vjg"rqnctk¦cvkqp"qh"vjg"nkijv"

cpf"rtgugpv"c"iqqf"vqngtcpeg"vqyctfu"vjg"cping"qh"kpekfgpeg0""

"

"""
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Tghgtgpegu"cpf"nkpmu"
]3_ T0"G0"K0"Uejtqrr."cpf"O0"¥gocp."Coqtrjqwu"cpf"oketqet{uvcnnkpg"uknkeqp"

uqnct"egnnu<"oqfgnkpi."ocvgtkcnu."cpf"fgxkeg"vgejpqnqi{."*Mnwygt"Cecfgoke"

Rwdnkujgtu."Pqtygnn."Ocuu"*3;;:+0"

]4_ L0"Ftgupgt."F0"L0"U¦quvcm."cpf"D0"Iqnfuvgkp."ÐFkhhwukqp"ngpivj"qh"jqngu"kp"c橡

Uk<J"d{"vjg"uwthceg"rjqvqxqnvcig"ogvjqf.Ñ"Crrn0"Rj{u0"Ngvv0"38.";;:"*3;:3+"

]5_ [0"Rctm."G0"Ftqwctf."Q0"Gn0"Fckh."Z0"Ngvctvtg."R0"Xkmvqtqxkvej."C0"Hcxg."O0"

Ngokvk."cpf"E0"Ugcuucn."ÐCduqtrvkqp"gpjcpegogpv"wukpi"rjqvqpke"et{uvcnu"

hqt"uknkeqp"vjkp"hkno"uqnct"egnnu.Ñ"Qrv0"Gzrtguu"17."36534/36543"*422;+0"

]6_ Q0"Gn"Fckh."G0"Ftqwctf."I0"Iqoctf."C0"Hcxg."C0"Mcokpumk."O0"Ngokvk."[0"

Rctm."Z0"Ngvctvtg."R0"Xkmvqtqxkvej."U0"Cjp."J0"Lgqp."cpf"E0"Ugcuucn."

ÐRjqvqpke"Et{uvcn"Gpjcpegf"Cduqtrvkqp"qh"Coqtrjqwu"Uknkeqp"hqt"Uqnct"

Egnnu.Ñ"Rtqe046vj"Gwtqrgcp"Rjqvqxqnvcke"Uqnct"Gpgti{"Eqphgtgpeg."76:/774"

*422;+0"

]7_ N0"Hgttkgt."Q0"Gn0"Fckh."Z0"Ngvctvtg."R0"Tqlq"Tqogq."E0"Ugcuucn."T0"
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Chapter 5

Cduqtdkpi"rjqvqpke"et{uvcnu"hqt"

et{uvcnnkpg"uknkeqp"wnvtc"vjkp/hkno"

uqnct"egnnu<"fgukip."hcdtkecvkqp"cpf"

gzrgtkogpvcn"kpxguvkicvkqp"
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703 Kpvtqfwevkqp"
Kp" vjku"ejcrvgt."yg"yknn" eqpukfgt" uqnct"egnn"fgxkegu"dcugf"qp"xgt{" vjkp"oqpq"

et{uvcnnkpg"uknkeqp"*e/Uk+"nc{gtu0"Ykvj"uwej"cduqtdkpi"nc{gtu."dwnm"tgeqodkpcvkqp"qh"

ecttkgtu" ku" gzrgevgf" vq"dg" uvtqpin{"fgetgcugf"ykvj" tgictfu" vq"rqn{et{uvcnnkpg" cpf"

coqtrjqwu" uknkeqp" nc{gtu0" Kpfggf." hgy" vgejpqnqikgu" ctg" cxckncdng" vq" qdvckp" vjkp"

oqpq" et{uvcnnkpg" Uk" vjkp" hkno" qp" incuu0" Fktgev" fgrqukvkqp" d{" EXF" ngcfu" vq"

rqn{et{uvcnnkpg" Uk" ocvgtkcnu" ykvj" nqy" itckp" uk¦g" cpf" vjgtghqtg" c" nqy" ghhkekgpe{"

rqvgpvkcn0"Vjgtghqtg."ugxgtcn"vtcpuhgt"vgejpkswgu"ygtg"eqpukfgtgf"wuwcnn{"dcugf"qp"

c"rqtqwu"ucetkhkekcn"nc{gt"]3/4_0"Coqpi"vjgo."vjg"uq"ecnngf"Grkhtgg"vgejpqnqi{"]5_."

fgxgnqrgf"d{"KOGE"RX"itqwr."ku"qh"rctvkewnct"kpvgtguv<"yjkej"cnnqyu"hcdtkecvkpi"

et{uvcnnkpg/Uk" nc{gtu"ykvj" c" vjkempguu" fqyp" vq" 3-o0" Uwej" nc{gtu" ctg" vtcpuhgttgf"

qpvq"incuu"d{"cpqfke"dqpfkpi"qp"cp"Cn"nc{gt."cu"dtkghn{"kpvtqfwegf"kp"Ejcrvgt050"""

Cu"kp"vjg"ecug"qh"wnvtc/vjkp"nc{gt"c/Uk"uqnct"egnnu."RX"fgxkegu"dcugf"qp"c"3-o"

vjkem"nc{gt"pggf"cp"ghhkekgpv"nkijv"vtcrrkpi"uvtwevwtg"vq"tgcej"c"jkij"ghhkekgpekgu0"Kp"

rctvkewnct."kv"ujqwnf"dg"jkijnkijvgf"vjcv"vjg"rjqvqpke"uvtwevwtg"ecppqv"dg"qdvckpgf"

lwuv"d{"c"eqphqtocn"fgrqukvkqp"qh"vjg"cduqtdkpi"nc{gt"*nkmg"kp"vjg"ecug"qh"c/Uk<J+"

qp" c" rtg/rcvvgtpgf" ychgt0" Kpfggf." e/Uk" nc{gt" ctg" kpjgtgpvn{" hncv" cpf" rjqvqpke"

uvtwevwtgu" nkmg" rgtkqfke" itcvkpi" qt" rjqvqpke" et{uvcnu" *REu+" ujqwnf" dg" fktgevn{"

gvejgf"qp"vjg"e/Uk"nc{gt"]6/7_0"

Kp" vjku" ejcrvgt." yg" tgrqtv" qp" vjg" fgukip" cpf" vjg" hcdtkecvkqp" qh" Grkhtgg" e/Uk"

vjkp/hkno"uqnct"egnn"uvcemu"rtgrctgf"cv"KOGE"qp"yjkej"yg"kpvgitcvg"3F"cpf"uswctg"

ncvvkeg"4F"RE"rcvvgtpu"qp" vjg"htqpv"Î" lwpevkqp"/" ukfg0"Vjg"inqdcn"fgukip"qh" vjgug"

egnnu"jcu"dggp"qrvkok¦gf"qrvkecnn{"d{"hkpkvg"fkhhgtgpeg"vkog"fqockp"*HFVF+"]8/9_"

ukowncvkqpu0" Vjg" qrvkok¦gf" fgxkegu" ctg" fgukipgf" d{" uecppkpi" vjg" vqrqitcrjkecn"

rctcogvgtu." cpf" ecnewncvkpi" vjg" kpvgitcvgf" cduqtrvkqp" hqt" gcej" ecug0" Chvgt"

rtgugpvkpi"vjg"igpgtcn"hcdtkecvkqp"rtqeguu"qh"vjg"rcvvgtpgf"egnnu."yg"ujqy"qpg"qh"

vjg"rquukdng"tqwvgu"vq"kpvgitcvg"3F"cpf"4F"rjqvqpke"uvtwevwtgu"kp"vjg"cevkxg"nc{gt."

d{"cuuqekcvkpi"ncugt"jqnqitcrjke"nkvjqitcrj{"*NJN+"ykvj"tgcevkxg"kqp"gvejkpi"*TKG+"

cpf" kpfwevkxgn{" eqwrngf" rncuoc" *KER+" gvejkpi0" Vjg" qrvkecn" rtqrgtvkgu" qh" vjg"
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hcdtkecvgf" fgxkegu" ctg" vjgp" fkuewuugf" cpf" eqorctgf" vq" ukowncvkqp" tguwnvu0" Kp"

eqpenwukqp."yg"yknn"dtkghn{"ogpvkqp"uqnct"egnn"tguwnvu"yjkej"ygtg"qdvckpgf"tgegpvn{0"""

"

704 Cduqtrvkqp"gpjcpegogpv"

ogejcpkuou"kp"c"3F"cpf"4F"RE"

rcvvgtpgf"e/Uk"nc{gt"
Dghqtg"eqpukfgtkpi"c"eqorngvg"uqnct"egnn."yg"hktuv"kpvtqfweg"vjg"ghhgev"qh"c"3F"qt"

4F"RE"rcvvgtpkpi"kp"c"3-o"vjkem"e/Uk"nc{gt0"Yg"yknn"eqpukfgt"kvu"ncvvkeg"rctcogvgt."

qt"rgtkqf"*N+."kvu"uwthceke"ckt"hknnkpi"hcevqt"*hhckt"?"*ctgc"qh"ckt+1*ctgc"qh"ocvgtkcn+"

?f1N"kp"vjg"ecug"qh"c"3F"RE."cu"ujqyp"qp"Hki0"704*a+"cpf"vjg"gvejkpi"fgrvj"qh"Uk"

*j+0" Kpfggf." yjgtgcu" kp" vjg" ecug" qh" c/Uk" cduqtdgtu." yg" yknn" eqpukfgt" rctvkcnn{"

gvejgf" e/Uk" nc{gtu0" Kp" vjku" ugevkqp." yg" yknn" fkuewuu" qp" vjg" korcev" qh" vjgug"

vqrqitcrjkecn"rctcogvgtu"qp"vjg"cduqtrvkqp"ghhkekgpe{"kp"vjg"e/Uk"nc{gt0""

Vjg"cduqtrvkqp"urgevtc"ctg"eqorwvgf"d{"HFVF."cpf" vjg"cduqtrvkqp"ghhkekgpe{" ku"

ecnewncvgf"eqpukfgtkpi"cp"CO307I"uqnct"urgevtwo"kpvgpukv{"fkuvtkdwvkqp."qxgt"vjg"

522/3322po" urgevtcn" tcpig." cv" pqtocn" kpekfgpeg0"Vjgug" dqwpfctkgu" tqwijn{" cpf"

tgurgevkxgn{"eqttgurqpf"vq"vjg"nqyguv"ycxgngpivj"qh"vjg"uqnct"urgevtwo"cpf"vjg"e/

Uk"icr0"Hqt"3F"REu."yg"eqpukfgt" vjg"cxgtcig"dgvyggp"c"VG"cpf"c"VO"rqnctk¦gf"

kpekfgpv"dgco0"Vjg"ukowncvkqp"ogvjqfqnqi{"ycu"gzvgpukxgn{"kpvtqfwegf"kp"ugevkqp"

5030"

"

5.2.1 Optimization of the topographical parameters in the case of 

a 1D PC

Yg"hktuv"ukowncvg"vjg"cduqtrvkqp"ghhkekgpe{"hqt"c"ykfg"tcpig"qh"xcnwgu"qh"N." hhckt"

cpf"j0""

"
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Hkiwtg" 703*a+" fkurnc{u" vjg" kpvgitcvgf" cduqtrvkqp." cu" ecnewncvgf" hqt" c" hhckt"

ctdkvtctkn{" hkzgf" cv" 72'." cpf" hqt" rgtkqf" kp" vjg" ]322." 3222_" po" tcpig." cpf" hqt"

gvejkpi"fgrvju"kp"vjg"]2."722_"po"tcpig0""Hkiwtg"703*b+"ku"c"ukoknct"eqpvqwt"rnqv."

ecnewncvgf" hqt" c" rgtkqf" ugv" cv" 722" po." cpf" hqt" c" xctkcdng" xcnwg" qh" hhckt" cpf" j."

tgurgevkxgn{"kp"vjg"]42.":2_'"tcpig"cpf"kp"vjg"]2."722_"po"tcpig0"Vjgug"tcpigu"qh"

rctcogvgtu"jcxg"dggp"ugngevgf"dgecwug"vjg{"eqttgurqpf"vq"vgejpqnqikecnn{"hgcukdng"

uvtwevwtgu0" Vcmgp" qwv" c" itqwr" qh" hkzgf" rgtkqf" cpf" hhckt" cv" 722" po" cpf" 72'"

tgurgevkxgn{." vjgp" eqorctgf" vq" vjg" kpvgitcvgf" cduqtrvkqp" qp" VG" cpf" VO"

rqnctk¦cvkqpu."cu"ujqyp"qp"Hki0"704*b+""

"

Hki0"7030"vjg"kpvgitcvgf"cduqtrvkqp"eqorctkuqp"*a+"d{"uecppkpi"vjg"rgtkqf"cpf"

gvejkpi"fgrvj"cv"hkzgf""hhckt"72'"cpf"*b+"d{"uecppkpi"vjg"hhckt"cpf"gvejkpi"fgrvj"cv"

ikxgp"rgtkqf"722"po"qp"vjg"3F"rcvvgtpgf"3"-o"vjkem"e/Uk"nc{gt"

Yg"yknn" eqpukfgt" vjgug" vyq" eqpvqwt" rnqvu." vqigvjgt" ykvj" Hki0" 704*b+." yjkej"

fkurnc{u" vjg"cduqtrvkqp"cu"c" hwpevkqp"qh"j." hqt"N"?"722"po"cpf" hhckt"?"72'0"Yg"

hktuv"fgfweg"vjcv"vjg"kpvgitcvgf"cduqtrvkqp"ku"qrvkok¦gf"hqt"cp"gvejkpi"fgrvj"gkvjgt"

ctqwpf" 362po." qt" ctqwpf" 682" po0" Eqpukfgtkpi" vjcv" kv" yknn" cnyc{u" dg" gcukgt" vq"

rcvvgtp"ujcnnqygt"ckt"jqngu"qt"unkvu."yg"yknn"vctigv"c"xcnwg"qh"j"?"362"po0"Oqtgqxgt."

hqt" c" ykfg" tcpig" qh" xcnwgu" qh" N" cpf" hhckt." vjg" cduqtrvkqp" kp" vjg" e/Uk" nc{gt" ku"

kortqxgf"wr"vq"73'."yjkej"eqttgurqpfu"vq"c"87'"tgncvkxg"kpetgcug"eqorctgf"vq"

cp"wprcvvgtpgf"3-o"vjkem"nc{gt"qh"e/Uk0"C"ugeqpf"korqtvcpv"eqpenwukqp"ku"vjcv"vjku"

qrvkok¦gf" cduqtrvkqp" ku" cejkgxgf" hqt" c" ykfg" tcpig" qh" N" cpf" hhckt0" Kpfggf." vjg"

kpvgitcvgf"cduqtrvkqp"ku"oczkok¦gf"hqt"cp"gvejkpi"fgrvj"fggrgt"vjcp"cv" ngcuv"322"

po."hqt"hhckt"kp"vjg"57'/87'"tcpig."cpf"hqt"c"rgtkqf"kp"vjg"522/872"po"tcpig0""
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Hki0"7040"*a+"vjg"uejgocvke"xkgy"qh"vjg"htqpv"3F"rcvvgtpgf"ukping"e/Uk"nc{gt."*b+"vjg"

kpvgitcvgf"cduqtrvkqpu"dcugf"qp"VG"cpf"VO"rqnctk¦cvkqpu"eqorctg"vq"vjg"cxgtcig"

kpvgitcvgf"cduqtrvkqp0"Vjg"ncvvkeg"rctcogvgtu"ctg"*N"?"722"po"cpf"hhckt"?"72'+"

d{"uecppkpi"j"htqo"2"vq"722"po"tcpig"qp"c"3"-o"vjkem"e/Uk"nc{gt"

"

5.2.2 Absorption mechanisms in a 1D and 2D PC patterned c-Si 

layer 

Hkiwtg"705"ujqyu"vjg"cduqtrvkqp"urgevtc"hqt"3-o"vjkem"e/Uk"nc{gtu"rcvvgtpgf"cu"3F"

qt"4F"REu."wpfgt"knnwokpcvkqp"cv"pqtocn"kpekfgpeg0"Kp"vjg"ecug"qh"3F"RE"nc{gtu."

vjg"cduqtrvkqp"tguwnvu"htqo"cp"cxgtcig"qh"VG"cpf"VO"rqnctk¦cvkqpu0"Vjgug"urgevtc"

ygtg" ukowncvgf" eqpukfgtkpi"N" ?" 2083"-o." hhckt" ?" 57'"cpf"j" ?" 2036"-o0"Vjgug"

xcnwgu."yjkej"uvcpf"ykvjkp"vjg"tcpig"kpfkecvgf"kp"ugevkqp"70403."yknn"dg"lwuvkhkgf"kp"

vjg"pgzv"ugevkqpu0"Vjg{"ygtg"ejqugp"eqpukfgtkpi"vjg"pgeguukv{"vq"kpvgitcvg"vjg"e/Uk"

nc{gt"ykvj"vjg"eqnngevkqp"gngevtqfgu0"""

Hqt" vjg" 3F" cpf" 4F" RE" rcvvgtpgf" nc{gtu." vjg" kpvgitcvgf" cduqtrvkqp" dgvyggp"

522"cpf"3322"po"ku" tgurgevkxgn{"6:'"cpf"79'."0"Vjgug"xcnwgu"ctg"owej"jkijgt"

vjcp" vjg" 53'"xcnwg" qdvckpgf" hqt" vjg" rncpct" e/Uk" nc{gt0"Oqtgqxgt." wpfgt" pqtocn"

kpekfgpeg."yg" qdugtxg" vjcv" vjg" cduqtrvkqp" ghhkekgpe{" qh" c" 4F"RE" nc{gt" fqgu" pqv"

fgrgpf" qp" vjg" rqnctk¦cvkqp" qh" vjg" kpekfgpv" nkijv0" Kp" vjg" wprcvvgtpgf" e/Uk" nc{gt."

htqo" cdqwv" 672" po" vq" 3322" po." vjg" engctn{" xkukdng" cduqtrvkqp" tguqpcpegu"
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eqttgurqpf"vq"Hcdt{/Rgtqv"oqfgu"fwg"vq"vjg"nctig"kpfgz"eqpvtcuv"dgvyggp"ckt"cpf"

vjg"e/Uk" nc{gt0"Vjgug"tguqpcpegu"ecp"ngcf"vq"cduqtrvkqp"oczkoc."dwv" vjg"urgevtcn"

fgpukv{" qh"oqfgu" ku" nkokvgf" d{" vjg" nqy" vjkempguu" qh" vjg" nc{gt." ngcfkpi" vq" c" nqy"

kpvgitcvgf" cduqtrvkqp" qxgt" vjg" yjqng" urgevtcn" tcpig0"Oqtgqxgt." vjg" nctig" kpfgz"

eqpvtcuv" ngcfkpi" vq" c" jkij" tghngevkqp" ku" cnuq" tgurqpukdng" hqt" vjg" nqy" cduqtrvkqp"

*\72'+" dgnqy" 672" po0" Qp" vjg" eqpvtct{." vjg" cduqtrvkqp" ku" jkijgt" cv" nqy"

ycxgngpivj"hqt"dqvj"3F"cpf"4F"rcvvgtpgf"nc{gtu0"Cv"jkij"ycxgngpivj."cffkvkqpcn"

cduqtrvkqp"rgcmu"crrgct."yjkej"ctg"cvvtkdwvgf" vq"Dnqej"oqfgu" tguqpcpegu"qh" vjg"

RE"uvtwevwtgu0"Vjwu."vjg"tqngu"qh"vjg"RE"ctg"vyqhqnf<""

‚ Vq"tgfweg"tghngevkqp"hqt"cnn"uqnct"urgevtc"522"po"/3322"po"tcpig"

‚ Vq" kpetgcug" vjg" urgevtcn" fgpukv{" qh" tguqpcpv" oqfgu" cv" nctig"

ycxgngpivju."ngcfkpi"vq"cp"kpetgcugf"cduqtrvkqp"

"

Hki0"7050"Ukowncvgf"cduqtrvkqp"urgevtc"qh"vjg"rcvvgtpgf"4F"cpf"3F"RE"rcvvgtpgf"

e/Uk"nc{gt"ykvj"vjg"ucog"rgtkqf."hhckt"cpf"gvejkpi"fgrvj"*N"?"2083"-o."hhckt"?"57'"

cpf"j"?"2036"-o+"eqorctgf"vq"vjg"qpg"qh""c"rncpct"e/Uk"nc{gt"qh"vjg"ucog"

vjkempguu"*3"-o+0"
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705 Qrvkecn"fgukip"qh"3F"RE"rcvvgtpgf"e/

Uk"wnvtc"vjkp"hkno"uqnct"egnnu"
5.3.1 Structure description

Vjg"vctigvgf"RX"uqnct"egnn"ku"dcugf"qp"c"vjkp"nc{gt"uvcem"eqorqugf."htqo"vjg"dcem"

vq"vjg"htqpv."qh"c"incuu"uwduvtcvg."c"322"po"ogvcnnke"dcem/eqpvcev"cpf"tghngevqt."c"

42"po"jkijn{/dqtqp/fqrgf"e/Uk" nc{gt" cevkpi" cu"dcem/uwthceg" hkgnf." c"3"-o" vjkem"

grkvcz{" htgg" e/Uk" cevkxg" nc{gt" qxgtnckf" d{" c" 32" po" k1p-" fqrgf" c/Uk<J" nc{gt" cpf"

hkpcnn{"c"vtcpurctgpv"cpf"eqpfwevkxg"qzkfg"*VEQ+"nc{gt0""

Vjg" dcem"ogvcnnke" gngevtqfg" eqwnf" dg"ocfg" qh" cnwokpkwo" *Cn+." uknxgt" *Ci+."

iqnf"*Cw+"cpf"rncvkpwo"*Rv+"nc{gtu0"Tgictfkpi"qrvkecn"cpf"gngevtke"rtqrgtvkgu."Ci"

ku" vjg" oquv" crrtqrtkcvg" ecpfkfcvg0" Jqygxgt." yg" yknn" cnuq" eqpukfgt" Cn" nc{gtu0"

Kpfggf."cnvjqwij"vjku"ocvgtkcn"yknn"ngcf"vq"c"jkijgt"rctcukvke"cduqtrvkqp."kvu"equv"ku"

nqygt"equv."cpf"kv"ku"pgeguuct{"vq"cejkgxg"cpqfke"dqpfkpi"dgvyggp"Uk"cpf"incuu"]5_0"

Vjg" htqpv" VEQ" nc{gt" cevu" cu" cp" cpvk/tghngevkqp" eqcvkpi" *CTE+" ]:/;_" ykvj"

cfgswcvg" vjkempguu" uq" vjcv" kpvgthgtgpeg" ghhgevu" fgetgcug" tghngevkxkv{" cv" vjg" vqr"

uwthceg"]32/33_."kp"rctvkewnct"kp"vjg"ecug"qh"cp"wprcvvgtpgf"fgxkeg0"Kv"ujqwnf"jcxg"c"

ujggv"tgukuvcpeg"nqy"gpqwij"vq"gpcdng"ukownvcpgqwun{"nqy"ncvgtcn"ecttkgtu"vtcpurqtv"

nquugu"qxgt"jwpftgfu"qh"oketqogvgtu"vq"ncvgtcn"ogvcnnke"eqpvcevu"cpf"c"nqy"qrvkecn"

cduqtrvkqp0" Coqpi" vjg" oquv" eqooqpn{" wugf" VEQ"ocvgtkcnu" ctg" cp" kpfkwo" vkp"

qzkfg" *KVQ+." c" ¦kpe" qzkfg" *¥pQ+." vkp" qzkfg" *UpQ4+." kpfkwo" qzkfg" *Kp4Q5+." qt"

¥pQ<Cn"cpf"uq"qp"]34/35_0"Eqpukfgtkpi"vjg"rtgxkqwu"eqpfkvkqpu."KVQ"qt"¥pQ"ctg"

vjg"dguv"ecpfkfcvgu0"Vjgkt"vjkempguu"qh"vjg"VEQ"ujqwnf"dg"cflwuvgf"fgrgpfkpi"qh"

vjg"ugngevgf"ocvgtkcn."cpf"yknn"tguwnv"htqo"c"eqortqokug"dgvyggp"nqy"cduqtrvkqp"

cpf"jkij"eqpfwevkxkv{0""

Qp"vjg"vqr"qh"vjgug"e/Uk"uqnct"egnn"uvcemu."yg"kpvgitcvg"c"RE"uvtwevwtg."g0i0"d{"

rgthqtokpi"c"rctvkcn"gvejkpi"qh"vjg"vjtgg"nc{gtu"rqukvkqpgf"qp"vjg"vqr<"e/Uk."c/Uk<J."

cpf"vjg"VEQ0""Vjg"vctigvgf"eqphkiwtcvkqp"ku"uejgocvkecnn{"ujqyp"qp"Hki0"706*a+/
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*b+"hqt"3F"cpf"4F"rgtkqfke"uvtwevwtgu0"Kp"vjg"pgzv"ugevkqp."yg"kpxguvkicvg"vjg"tqng"

qh"gcej"mg{"gngogpv"qh"vjku"fgxkeg0""

"

Hki0"7060"Uejgocvke"xkgy"qh"vjg"kpxguvkicvgf"*a+"3F"cpf"*b+"4F"rcvvgtpgf"uvcem0"

Rjqvqigpgtcvgf"ecttkgtu"qtkikpcvkpi"htqo"vjg"e/Uk"cevkxg"nc{gt"ctg"eqnngevgf"

vjtqwij"vjg"VEQ"cpf"vjg"ogvcn"nc{gtu0"

"

5.3.2 Design of the back metallic contact 

Kp" vjku" uwdugevkqp." yg" kpxguvkicvg" vjg" tqng" qh" vjg" pcvwtg" qh" vjg" dcem" ogvcnnke"

eqpvcev."yjkej"eqwnf"dg"eqpuvkvwvgf"qh"Cn."Ci."qt"d{"c"eqodkpcvkqp"qh" vjgug"vyq"

ocvgtkcnu0""

Kpfggf." cu" ogpvkqpgf" cdqxg." Cn" ]36_" cpf" Ci" ]37_" eqwnf" dg" wugf" cu" dcem"

tghngevqt"cpf"gngevtqfg"dgecwug"qh"vjgkt"nqygt"equv."cpf"vjgkt"ygnn"cfcrvgf"gngevtke"

cpf"qrvkecn"rtqrgtvkgu0""

Kp"qtfgt"vq"fgvgtokpg"vjg"qrvkowo"vjkempguu"qh"Ci"qt"Cn"kp"vjg"hwvwtg"fgukipu."

yg"hktuv"gzjkdkv"c"ukorng"ukowncvkqp"qh"vjg"kpvgitcvgf"cduqtrvkqp"kp"uwej"c"ogvcnnke"

nc{gt" cu" c" hwpevkqp" qh" kvu" vjkempguu0" Dqvj"Cn" *Hki0" 707*a++" cpf"Ci" *Hki0" 707*b++"

nc{gtu"fgrqukvgf"qp"incuu"ctg"uvwfkgf."ykvj"vjkempguugu"kp"vjg"32/3222po"tcpig0"""
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"

Hki0"7070"Kpvgitcvgf"cduqtrvkqp"eqorctkuqp"xgtuwu"vjkempguu"qh"*a+"Ci"cpf"*b+"Cn"

kp"]32."3222_"po"tcpig"ykvj"32"po"uvgr"qp"c"ogvcn1incuu"uvcem"

Kpvgitcvgf" cduqtrvkqp" kp" Ci" nc{gt" ku" cnyc{u" nqygt" vjcp" kp" Cn." hqt" cnn" vjg"

kpxguvkicvgf"vjkempguugu0"Kv"cnuq"engctn{"crrgctu"vjcv"kp"vjg"ecug"qh"cp"Ci"nc{gt."vjg"

vjkempguu" jcu" pq" kphnwgpeg" qp" vjg" kpvgitcvgf" cduqtrvkqp0" Kp" vjg" ecug" qh" C3." vjg"

kpvgitcvgf" cduqtrvkqp" ku" itgcvn{" kpetgcugf" hqt" vjkempguugu" nqygt" vjcp" 62po." cpf"

tgockpu"eqpuvcpv"cdqxg"vjku"nkokv0"Eqpukfgtkpi"vjg"pgeguukv{"vq"fgetgcug"dqvj"vjg"

ocvgtkcn" eqpuworvkqp" cpf" vjg" cduqtrvkqp" nquugu" kp" vjg" dqvvqo" eqpvcev" nc{gt."yg"

vjgtghqtg"ejqqug"vq"fgrqukv"ogvcnnke"nc{gtu"kp"vjg"72/322po"tcpig0""

Yg"yknn" pqy"eqpukfgt" vjtgg"rquukdng"fgukipu"qh"RE/cuukuvgf" e/Uk" uqnct" egnnu."

ykvj"vjtgg"fkhhgtgpv"dcem"eqpvcev"uvtwevwtgu<"*3+"c"322"po"vjkem"Ci"nc{gt."*4+"c"322"

po"vjkem"Cn"nc{gt."cpf"*5+"c"Ci"*72"po+1Cn"*72"po+"dk/nc{gt0"Yg"yknn"eqpukfgt"vjg"

urgekhke"eqphkiwtcvkqp"ujqyp"kp"Hki0"708."hqt"vjg"vqr"nc{gt"cpf"rcvvgtp"ujcrg."ykvj"

c/Uk"cpf"¥pQ"nc{gtu"fgrqukvgf"qp"vqr"qh"vjg"rcvvgtpu0"Hqt"ektewouvcpvkcn"tgcuqpu."

vjku"uvcem"ku"unkijvn{"fkhhgtgpv"htqo"vjg"igpgtcn"fgukip"fkurnc{gf"kp"vjg"Hki0"706="yg"

yknn"eqog"dcem"ncvgt"qp"vjg"xctkqwu"rquukdng"fgukipu"qh"vjg"vqr"uvtwevwtg."cpf"vjgkt"

tgurgevkxg"cfxcpvcigu"cpf"ftcydcemu0""

Cu" kp" vjg" ecug" qh" vjg" uqng" e/Uk" nc{gt." yg" rgthqtogf" cp" qrvkok¦cvkqp" qh" vjg"

vqrqitcrjkecn"rctcogvgtu0"Vjg"gzrnqtcvkqp"qh" vjg"ncvvkeg"rctcogvgtu" ku"rgthqtogf"

qxgt"vjg"]672"po."772"po_"tcpig."ykvj"42"po"uvgr."yjkng"hhckt"ku"uecppgf"dgvyggp"

62"cpf"82'"rgt"uvgr"qh"7'."cpf"j"ku"uecppgf"kp"vjg"]42"po."432"po_"tcpig."rgt"42"

po"uvgr0""
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"

Hki0"7080"Uejgocvke"xkgy"qh"vjg"eqorngvg"3F"rcvvgtpgf"uvcem"ykvj"fkhhgtgpv"ogvcn"

eqpvcevqt"

Hqt"vjg"uvcem"ykvj"cp"Ci"qt"Ci1Cn"dcem"gngevtqfg."vjg"qrvkok¦gf"vqrqitcrjkecn"

rctcogvgtu"ctg"vjg"ucog<"N"?"6;2"po."hhckt"?"72'"cpf"j"?"322"po0"Jqygxgt."hqt"

vjg"uvcem"ykvj"Cn"nc{gt."vjg"qrvkok¦gf"rctcogvgtu"ctg"N"?"772"po."hhckt"?"77'"cpf"

j" ?" 342" po." yjkej" ku" fkhhgtgpv" ykvj" qvjgt" vyq" uvcemu0" Dwv" vjgtg" ku" qpn{" 205'"

fkhhgtgpeg"vjcv"vjg"kpvgitcvgf"cduqtrvkqp"htqo"vjg"qrvkok¦gf"rctcogvgtu"*N"?"772"

po."hhckt"?"77'"cpf"j"?"342+"vq"vjg"qpg"ykvj"*N"?"6;2"po."hhckt"?"72'"cpf"j"?"

322" po+."yjkej"yknn" dg" eqpukfgtgf" kp" vjg" tgockpfgt" qh" vjku" ugevkqp0" Vjgtghqtg."

ucog" ncvvkeg" rctcogvgtu" *N" ?" 6;2" po." hhckt" ?" 72'." j" ?" 322" po+" ctg" wugf" cpf"

tguwnvu" ku"fkurnc{gf." kp"qtfgt" vq"eqorctg" vjg" kpvgitcvgf"cduqtrvkqp" kp" vjgug" vjtgg"

fkhhgtgpv"uvcemu"kp"Vcdng07030""

"

"

"

"

"
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Vcdng0703"Kpvgitcvgf"cduqtrvkqp"eqorctkuqp"kp"gcej"nc{gt"qh"uvcemu"ykvj"fkhhgtgpv"

ogvcn"nc{gt"wpfgt"ucog"ncvvkeg"rctcogvgtu"*N"?"6;2"po."hhckt"?"72'."j"?"322"po+."

vjgp"eqorctgf"vq"vjgkt"tghgtgpeg"uvcemu0"

Stack Integrated absorption

whole stack metal layer P
+

c-Si n
+

a-Si :H c-Si ZnO

a0"Uvcem"*Ag+" 208;;" 20259" 20232" 202:7" 0.477 202::"

b0"Uvcem"*Al+" 20979" 2037;" 20229" 202:5" 0.426 2029:"

c0"Uvcem"*Ag-Al+" 208;;" 2025:" 20232" 202:7" 0.477 202:6"

Tghgtgpeg"*Ag+" 206;5" 20249" 2022:" 20276" 0.339 20276"

Tghgtgpeg"*Al+" 20786" 20348" 20228" 20275" 0.318 20272"

"

Vcdng"703"ujqyu"vjcv"kpvgitcvgf"cduqtrvkqp"qh"gcej"nc{gt"kp"vjg"uvcem"ykvj"Ci"

cpf"ykvj"Ci1Cn"ctg"vjg"ucog0"Vjgtghqtg."yg"hqewu"ockpn{"qp"vjg"uvcem"ykvj"Cn"qt"

Ci0"Ykvj"Ci."kpvgitcvgf"cduqtrvkqp"kp"vjg"e/Uk"nc{gt"cpf"kp"vjg"eqorngvg"uvcem"ctg"

wr"vq"6:'"cpf"92'"tgurgevkxgn{."dwv"vjg"rctv"qh"cduqtrvkqp"nkijv"ku"eqpuwogf"d{"

qvjgt" nc{gtu0"Ogcpyjkng." 52'"qh" vjg" kpeqokpi" nkijv" ku" fktgevn{" tghngevgf" d{" vjg"

htqpv"kpvgthceg"qh"ckt1¥pQ0"Cnvjqwij"vjg"uvcem"ykvj"Cn"jcu"jkijgt"cduqtrvkqp"dqvj"

kp"rcvvgtpgf"uvcem"cpf"tghgtgpeg"*Cn+."cduqtrvkqp"kp"vjg"cevkxg"e/Uk"nc{gt"*6408'+."

ku"nqygt"vjcp"ykvj"Ci0"Chvgt"cpcn{uku"qh"vjg"cduqtrvkqp"nquugu."kv"ku"hqwpf"vjcv"vjg"

322"po"vjkem"Cn"jcu"cduqtdgf"370;'"qh" vjg" kpeqokpi" nkijv"eqorctgf"ykvj"qpn{"

6'"hqt"Ci0""

D{" eqorctkpi" cduqtrvkqp" urgevtc" kp" vjg" uqng" cevkxg" nc{gt" qh" e/Uk" cpf" kp" vjg"

ogvcn" nc{gtu" *Hki0" 709*a)" cpf" *b)+."yg"ecp" kortqxg" vjg" ecnewncvkqpu"fkurnc{gf" kp"

Vcdng07030""Cduqtrvkqp"urgevtc"fkhhgtgpeg"kp"vjg"cevkxg"e/Uk"nc{gt"ku"uvctvu"htqo"722"

po"ycxgngpivj"yjkej"ku"fwg"vq"jkijgt"cduqtrvkqp"kp"Cn"*Ugg"Hki0"709*b++0""
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"

Hki0"7090"Cxgtcig"cduqtrvkqp"urgevtc"qh"VG"cpf"VO"rqnctk¦cvkqp"kp"*a+"vjg"e/Uk"

cevkxg"nc{gt"cpf"*b+"vjg"ogvcn"nc{gt"qh"vjg"uvcem"ykvj"fkhhgtgpv"ogvcn"nc{gt"

Vq"uwo"wr"vjku"uwdugevkqp."vjg"uvcem"ykvj"Ci"*322"po+"cpf"vjg"uvcem"ykvj"Ci"

*72"po+1Cn"*72"po+"ngcf"vq"ukoknct"dwv"jkijgt"kpvgitcvgf"cduqtrvkqp"kp"cevkxg"e/Uk"

nc{gt<" 6:'0" Yjgp" wukpi" Cn." wughwn" cduqtrvkqp" kp" vjg" e/Uk" ku" nqygt" fwg" vq" vjg"

cduqtrvkqp" ykvjkp" Cn" nc{gt0" Ogcpyjkng." cnn" rcvvgtpgf" uvcemu" ujqy" jkijgt"

kpvgitcvgf"cduqtrvkqp"vjcp"vjgkt"tghgtgpeg"uvcemu0""

"

5.3.3 Design of the top transparent conductive oxide layer

Kp"vjku"ugevkqp."yg"yknn"eqpukfgt"VEQ"nc{gtu"dcugf"qp"KVQ"qt"¥pQ0"Kpfggf."vjg{"

eqttgurqpf" vq" vjg"oquv" htgswgpvn{" wugf"VEQu."ykvj" cntgcf{"ygnn" mpqyp"qrvkecn"

cpf"gngevtkecn"ejctcevgtkuvkeu0""

Cflwuvkpi" vjg" vjkempguu" qh" vjg" VEQ" ku" pgeguuct{" vq" cejkgxg" c" vtcfg/qhh"

dgvyggp" vjg" eqpfwevkxkv{" cpf" vjg" cduqtrvkqp" eqghhkekgpv" qh" vjg" vqr" nc{gt0" Vjg"

qrvkowo" VEQ" vjkempguu" ku" gswcn" vq" :2" po." tgswktgu" cp" cffkvkqpcn" ewttgpv"

eqnngevkpi"ogvcn"itkf"dgecwug"vjg"ujggv"tgukuvcpeg"qh"uwej"vjkp"hknou"ku"vqq"jkij0"C"

ukoknct" rgthqtocpeg" ecp" dg" cejkgxgf"ykvj" KVQ" cpf" ¥pQ" qt" ¥pQ<Cn" hknou" ]38_"

¥pQ"ku"c"owej"oqtg"cdwpfcpv"ocvgtkcn"cpf"rtqokugu"equv"tgfwevkqp"kp"nqpi"vgto"

fwg" vq" vjg" vctigv"equv0"Yjkng."ugxgtcn"jwpftgfu"pcpqogvtgu" hkno"vjkempguu"qh" vqr"

¥pQ" ctg" tgswktgf" vq" hwnhkn" vjg" tgswktgogpv" qh" c" nqy"VEQ" ujggv" tgukuvcpeg" ]39_0"

Jqygxgt." kp" qtfgt" vq" rgthqto" gngevtqocipgvke" ukowncvkqpu" ykvjkp" c" tgcuqpcdng"
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vkog." yg" yknn" nkokv" qwt" kpxguvkicvkqp" vq" VEQ" vjkempguugu" qrvkok¦gf" hqt"

wprcvvgtpgf"uqnct"egnnu0"Yg"yknn"vjgtghqtg"eqpukfgt"vyq"ockp"fgxkegu."qpg"ykvj"c"

:2"po"vqr"KVQ"nc{gt."cpf"cpqvjgt"qpg"ykvj"c"462"po"¥pQ"nc{gt0"Cffkvkqpcnn{."hqt"

vjg"ucmg"qh"eqorctkuqp."yg"yknn"eqpukfgt"vjg"wptgcnkuvke"ecug"qh"c":2po"¥pQ"nc{gt0""

Cu"kp"vjg"hqtogt"ugevkqpu."yg"yknn"eqpukfgt"c"uvtwevwtg"ukoknct"vq"vjcv"gzjkdkvgf"

kp"Hki0"708."ykvj"c"322"po"vjkem"dcem"Cn"nc{gt."cpf"vjg"fkhhgtgpv"VEQ"ocvgtkcn"cpf"

vjkempguugu." cu" kpvtqfwegf"cdqxg0"HFVF"ukowncvkqpu" ctg" vjgp"rgthqtogf." cpf"N."

hhckt" cpf" j" ctg" uecppgf" kp" qtfgt" vq" qrvkok¦g" vjg" kpvgitcvgf" cduqtrvkqp" hqt" gcej"

eqphkiwtcvkqp"qh"VEQ"nc{gt0"Vjg"tguwnvu"ctg"uwooctk¦gf"kp"Vcdng07040"

Vcdng0704"Qrvkok¦gf"kpvgitcvgf"cduqtrvkqp"eqorctkuqp"kp"gcej"nc{gt"qh"uvcemu"

ykvj"fkhhgtgpv"VEQ"nc{gt"qt"ykvj"fkhhgtgpv"vjkempguugu"qh"VEQ"nc{gt0"Tghgtgpegu"

ctg"rncpct"uvcem"ykvj"VEQ0"

Lattice parameters of the stack

with different TCO layer"

Integrated absorption

whole stack Al n
-
c-Si p

+
a-Si:H c-Si TCO

KVQ"*:2"po+<"

N"?"6;2"po."hh"?"72'."j"?"322"po"

209:6" 2035;" 20228" 202:7" 0.390 20376"

Tghgtgpeg"*KVQ<"80 po+" 20826" 20334" 20228" 2028" 0.318 20322"

¥pQ"*462"po+<"

N"?"672"po."hh"?"77'."j"?";2"po"

209;7" 20326" 20226" 2029" 0.290 20544"

Tghgtgpeg"*¥pQ<"240"po+" 20884" 202:;" 20226" 2027" 0.245 2048;"

¥pQ"*:2"po+<"

N"?"762"po."hh"?"77'."j"?"342"po"

20985" 20372" 20228" 202;" 0.435 20299"

Tghgtgpeg"*¥pQ<"80"po+" 20786" 20348" 20228" 20275" 0.318 20272"

"

C" hktuv" tgoctm" ku" vjcv" RE" rcvvgtpkpi" kpetgcugu" vjg" inqdcn" cduqtrvkqp" kp" vjg"

yjqng"uvcem"wr"vq"cdqwv"vjg"ucog"xcnwg"hqt"cnn"vjg"vjtgg"eqphkiwtcvkqpu0"Kpfggf."vjg"

kpvgitcvgf" cduqtrvkqp"xctkgu" htqo"9805" vq"9;07'"fgrgpfkpi"qp" vjg"ejqkeg"qh" vjg"

VEQ"nc{gt0"Qp"vjg"eqpvtct{."vjg"wughwn"rctv"qh"vjg"cduqtrvkqp"ghhkekgpe{"Î"kp"vjg"e/

Uk"nc{gt"Î"gzjkdkv"uvtqpi"xctkcvkqpu"fgrgpfkpi"qp"vjg"eqphkiwtcvkqp<"htqo"4;"vq""vq"
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":2"

6507'0"Vjku"ku"guugpvkcnn{"fwg"vq"vjg"cduqtrvkqp"kp"vjg"VEQ"nc{gt<"kv"ku"cu"nqy"cu"

909'" hqt" c" nqy" cduqtrvkqp" eqghhkekgpv" nqy" vjkempguu" nc{gt" *:2" po" qh" ¥pQ+0"

Kpetgcukpi" vjg" ¥pQ" vjkempguu" vq" tgcej" cp" gngevtkecnn{" hwpevkqpcn" nc{gt" {kgnfu" c"

rtqjkdkvkxg"5404'"cduqtrvkqp" nquu0" Kp" vjg" ecug"qh" vjg":2po" vjkem" KVQ" nc{gt." vjg"

VEQ"cduqtrvkqp"nquugu"ctg"nkokvgf"vq"3706'0"Eqpukfgtkpi"vjcv"vjg"qvjgt"uqwtegu"qh"

qrvkecn" nquugu." kp" Cn." cpf" kp" vjg" fqrgf" Uk" nc{gtu." ctg" swkvg" uvcdng" ykvj" vjg"

eqphkiwtcvkqp." kv" engctn{" crrgctu" vjcv" vjg"oquv" crrtqrtkcvg" ku" vq"fgrqukv" c":2"po"

vjkem"KVQ"nc{gt0""

Crctv" htqo" vjg" ejqkeg" qh" vjg" nc{gt" pcvwtg" cpf" vjkempguu." cpqvjgt" fgitgg" qh"

htggfqo"uvcpfu"kp"vjg"ejqkeg"qh"vjg"rcvvgtpkpi"cpf"fgrqukvkqp"vgejpkswgu0"Kpfggf."

fgrgpfkpi"qp"vjg"eqphqtocnkv{"qh"vjg"fgrqukvkqp."cpf"qp"vjg"ejqkeg"vq"rgthqto"vjg"

KVQ"fgrqukvkqp"dghqtg"qt"chvgt"rcvvgtpkpi."vjg"vjtgg"eqphkiwtcvkqpu"uejgocvk¦gf"kp"

Hki0"70:"oc{"dg"qdvckpgf0"Kp"Hki0"70:*a+"cpf"*b+."vjg"Cn*322po+1r-"e/Uk*42po+1e/

Uk*3-o+"uvcem"ku"gvejgf."cpf"vjgp"p-"c/Uk"nc{gt"ku"fgrqukvgf"d{"RGEXF0"KVQ"eqwnf"

vjgp"dg"fgrqukvgf" kp"c"oqtg"qt" nguu"eqphqtocn"yc{." ngcfkpi" vq" vjg"eqphkiwtcvkqp"

fgrkevgf"kp"Hki0"70:*a+"cpf"*b+0"Kp"vjg"ecug"qh"vjg"uvtwevwtg"fkurnc{gf"kp"Hki0"70:*c+."

rjqvqpke"et{uvcn" uvtwevwtg" ku" tgcnkugf"chvgt"fgrqukvkqp"qh"cnn" vjg" nc{gtu0" Kv" ku"engct"

vjcv"rjqvqp"eqphkpgogpv" kp" vjgug" vjtgg"fkhhgtgpv" uvtwevwtgu"oc{"dg"fkhhgtgpv0"Hqt"

gcej" eqphkiwtcvkqp." vjg" igqogvtkecn" rctcogvgtu" ctg" qrvkok¦gf" kp" qtfgt" vq"

oczkok¦g"vjg"kpvgitcvgf"cduqtrvkqp"kp"vjg"wpfqrgf"e/Uk."ugg"Vcdng"7050"

"

"



Ejcrvgt"7"Cduqtdkpi"rjqvqpke"et{uvcnu"hqt"et{uvcnnkpg"uknkeqp"wnvtc"vjkp/hkno"uqnct"
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" :3"

"

Hki0"70:0"Uejgocvke"xkgy"qh"vjg"eqorngvg"rcvvgtpgf"uvcem"hqnnqykpi"fkhhgtgpv"

fgrqukvkqp"vgejpkswgu"*a/b+"cpf"fgrqukvkqp"qtfgt"*c+"

"

Vcdng0705"Qrvkok¦gf"igqogvtkecn"rctcogvgtu"cpf"vjgkt"kpvgitcvgf"cduqtrvkqp"kp"

gcej"nc{gt"qh"vjtgg"uvcemu"d{"eqorctkpi"vjg"wprcvvgtpgf"uvcem."cu"ujqyp"qp"Hki0"

70:"

Lattice parameters of the stack Integrated absorption

whole 

stack

Al n
-

c-Si

p
+

a-Si:H

c-Si ITO

a+<"N"?"6;2"po."hh"?"72'."j"?"322"po" 209:6" 2035;" 20228" 202;" 0.390 20376"

b+<"N"?"762"po."hh"?"82'."j"?"342"po" 20982" 2036:" 20228" 202:6" 0.400 20332"

c+<"N"?"832"po."hh"?"87'."j"?"362"po" 2096;" 20375" 20228" 2028" 0.435 202:4"

Tghgtgpeg" 20826" 20334" 20228" 2028" 0.318 20322"

"

Cu" ujqyp" kp"Vcdng0705." vjg" kpvgitcvgf"cduqtrvkqp" kp" vjg"rcvvgtpgf"uvcemu" cpf"

vjg" uqng" cevkxg" e/Uk" nc{gtu" ctg" cnn" jkijgt" vjcp" kp" vjg" tghgtgpeg." vjku" ku" c" pgy"

gxkfgpeg"qh"vjg"rqukvkxg"korcev"qh"vjg"kpvgitcvkqp"qh"c"rjqvqpke"et{uvcn"kp"vjg"uqnct"

egnn0" Kp" vjg" ecug" qh" uvtwevwtg" *c+." nkijv" vtcrrkpi" cpf" eqphkpgogpv" kp" e/Uk" ku"

ukipkhkecpvn{" oqtg" ghhkekgpv" vjcp" hqt" vjg" qvjgt" vyq" uvtwevwtgu0" Kpfggf." vjg"

cduqtrvkqp" kp" KVQ" nc{gt" cpf" r-" c/Uk<J" ctg" nqygt0" Cffkvkqpcnn{." vjg" cduqtrvkqp"
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":4"

eqpvtkdwvkqp" kp" e/Uk" nc{gt" hqt" uvtwevwtg" *a+" cpf" *b+" fqgu" pqv" rtgugpv" qdxkqwu"

fkhhgtgpegu0"Kv"ogcpu"vjcv"vjgtg"ku"pq"pggf"vq"ectghwnn{"eqpvtqn"vjg"KVQ"fgrqukvkqp"

rtqeguu0""Hkpcnn{"kv"ecp"dg"eqpenwfgf"vjcv"eqphkiwtcvkqp"*e+"ku"gzrgevgf"vq"dg"oqtg"

ghhkekgpv" kp" vgtou" qh" nkijv" vtcrrkpi0"Jqygxgt." uwej" c" rtqeguukpi" tqwvg" fqgu" pqv"

kpenwfg"c"fktgev"yc{" vq"rcuukxcvg" vjg"gvejgf"Uk" ukfgycnnu0"Cv" vjku"rqkpv." kv" ku"pqv"

rquukdng"vq"eqpenwfg"qp"vjg"oquv"crrtqrtkcvg"eqphkiwtcvkqp."ukpeg"cnn"yknn"fgrgpf"

qp"vjg"korcev"qh"vjg"uwthceg"tgeqodkpcvkqp"qh"vjg"ecttkgtu0""""

Kp"eqpenwukqp"qh"vjku"ugevkqp"705.""

3+ 322" po"Ci" qt"Ci" *72" po+1Cn" *72" po+" dcem" gngevtqfg" tghngev" cnoquv" cnn"

kpekfgpv"nkijv"kpvq"vjg"cevkxg"e/Uk"nc{gt."cpf"jcu"xgt{"nqy"cduqtrvkqp"kp"vjg"

ogvcn" nc{gt0" Uvknn." eqpukfgtkpi" vjg" pggf" vq" rgthqto" cpqfke" dqpfkpi." vjg"

eqphkiwtcvkqp"dcugf"qp"c"322po"Cn"nc{gt"yknn"dg"rtghgttgf"vq"rgthqto"vjg"

hktuv"vguvu0""

4+ Eqpukfgtkpi" dqvj" qrvkecn" cpf" gngevtkecn" rtqrgtvkgu." vjg" VEQ" ujqwnf" dg"

dcugf"qp"cp"KVQ"nc{gt"ykvj"c"vjkempguu"ctqwpf":2"po0""

5+ Vjg"jkijguv" cduqtrvkqp" kp" e/Uk" nc{gt" ku" qdvckpgf"yjgp"gvejkpi" ku" tgcnkugf"

chvgt" fgrqukvkqp" qh" vjg" eqorngvg" uvcem0" Jqygxgt." kp" qtfgt" vq" tgfweg" vjg"

uwthceg" tgeqodkpcvkqpu." yg" yknn" cnuq" eqpukfgt" vjg" qvjgt" rquukdng"

eqphkiwtcvkqpu."yjkej" ngcf" vq" c/Uk<J" cpf" KVQ"fgrqukvkqp" chvgt" vjg" cevkxg"

nc{gt"rcvvgtpkpi0""

"

706 Cduqtrvkqp"ogejcpkuou"kp"3F"cpf"

4F"rcvvgtpgf"uqnct"egnnu"
Kp" vjku" ugevkqp." yg" yknn" eqpukfgt" c" RE" rcvvgtpgf" uqnct" egnn" uvtwevwtg" cu"

qrvkok¦gf" kp" ugevkqp" 7050" Vjg" uvcem" kpenwfgu" c" 322" Cn" nc{gt." vjg" e/Uk" cevkxg"

uvtwevwtg."cpf"vjg"fgrqukvgf"c/Uk"cpf"KVQ"nc{gtu0"Yg"yknn"eqpukfgt"c"vqr"uvtwevwtg"

fgukipgf" vq" qrvkok¦g" vjg" cduqtrvkqp" kp" vjg" wpfqrgf" e/Uk" nc{gt." k0g0" ykvj" gvejgf"

KVQ."c/Uk"cpf"e/Uk" nc{gtu0"Hqt" vjg"3F"RE"uvtwevwtgu." vjg"igqogvtkecn"rctcogvgtu"



Ejcrvgt"7"Cduqtdkpi"rjqvqpke"et{uvcnu"hqt"et{uvcnnkpg"uknkeqp"wnvtc"vjkp/hkno"uqnct"
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" :5"

ctg" vjqug" qrvkok¦gf" kp" ugevkqp" 705<"N" ?" 832" po." hhckt" ?" 87'." j" ?" 362" po0"Cu"

fkuewuugf" kp" uwdugevkqp" 70503" kp" vjg" ecug" qh" ukorng" e/Uk" nc{gtu." vjg" cduqtrvkqp"

ghhkekgpe{"qh"4F"RE"ku"gzrgevgf"vq"ngcf"vq"jkijgt"ickpu"vjcp"vjgkt"3F"eqwpvgtrctv0"

Kp"vjcv"ecug."pq"u{uvgocvke"vqrqitcrjkecn"rctcogvgt"uecppkpi"ycu"rgthqtogf."ykvj"

tgurgev" qh" vjg" pggfgf" eqorwvkpi" tguqwtegu0" Hqt" uwej" 4F" RE" uvtwevwtgu." yg"

eqpukfgtgf" vjg" ucog" ncvvkeg"rctcogvgt." uwthceke" hhckt" cpf" gvejkpi"fgrvj" cu" kp" vjg"

ecug"qh"3F"REu0""

Hkiwtg" 70;" fkurnc{u" vjg" ycxgngpivj" kpvgitcvgf" cduqtrvkqp" kp" cnn" vjg" nc{gtu."

vqigvjgt"ykvj"vjg"tghngzkqp"nquugu0"3F"cpf"4F"rcvvgtpgf"uvtwevwtgu"ctg"eqpukfgtgf"

vqigvjgt"ykvj"vjg"wprcvvgtpgf"tghgtgpeg0"Cu"fkuewuugf"cdqxg"hqt"3F"REu."kv"engctn{"

crrgctu" vjcv" cduqtrvkqp" nquugu" ctg" ockpn{" nqecvgf" kp" vjg" Cn" cpf" KVQ" nc{gtu="

tghkpkpi" vjg" vqrqitcrjkecn" rctcogvgtu" hqt" vjg" 4F" uvtwevwtg" ujqwnf" tgfweg" vjgug"

eqpvtkdwvkqpu0" Cffkvkqpcnn{." yg" ecp" pqvkeg" vjcv" vjg" qrvkecn" nquugu" ctg" oqtg"

korqtvcpv" kp" vjg" ecug"qh"4F"REu" vjcp" kp" vjg" ecug"qh" vjg" tghgtgpeg." cnvjqwij" vjg"

xqnwog"qh" KVQ"ku" nqygt0"Vjku" knnwuvtcvgu" vjcv"qrvkecn"tguqpcpegu"cnuq"uvcpf"kp"vjg"

KVQ"nc{gt."cpf"pqv"qpn{"kp"vjg"jkij"kpfgz"e/Uk"cevkxg"nc{gt0"

"

Hki0"70;0"Inqdcn"tghngevkqp"*a+"cpf"kpvgitcvgf"cduqtrvkqp"kp"gcej"nc{gt"*b+"qh"vjg"

4F"RE"cpf"3F"RE"rcvvgtpgf"uvcemu"*N."hhckt"cpf"j"ugv"vq"2083"-o."57"'"cpf"2036"

-o"tgurgevkxgn{+"d{"eqorctkpi"vq"vjg"tghgtgpeg"uvcem"*cxgtcig"xcnwg"qp"dqvj"VG"

cpf"VO"rqnctk¦cvkqpu+"



Ejcrvgt"7"Cduqtdkpi"rjqvqpke"et{uvcnu"hqt"et{uvcnnkpg"uknkeqp"wnvtc"vjkp/hkno"uqnct"
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":6"

Kp"qtfgt"vq"fkuewuu"vjg"cduqtrvkqp"cpf"nkijv"eqphkpgogpv"ogejcpkuou"kp"oqtg"

fgvcknu." vjg" cduqtrvkqp" urgevtc" kp" vjg" 3F" cpf" 4F" rcvvgtpgf" eqorngvg" uvcemu." vjg"

cevkxg"e/Uk"nc{gt"cpf"qvjgt"nc{gtu"ctg"ukowncvgf"cpf"eqorctgf"kp"vjg"Hki0"70320"

"

Hki0"70320"Cxgtcig"cduqtrvkqp"urgevtc"qp"dqvj"VG"cpf"VO"rqnctk¦cvkqpu"kp"*a+"vjg"

yjqng"uvcem."*b+"vjg"uqng"e/Uk"nc{gt."*c+"vjg"KVQ"cpf"*d+"vjg"Cn"nc{gt"hqt"vjg"3F"cpf"

4F"RE"rcvvgtpgf"uvcemu"*N."hhckt"cpf"j"ugv"vq"2083"-o."57"'"cpf"2036"-o"

tgurgevkxgn{+"qdvckpgf"d{"ukowncvkqp"

Hktuv." yg" ecp" pqvg" htqo" Hki0" 7032*a+" cpf" *b+" vjcv" kp" vjg" ecug" qh" vjg" 4F"

uvtwevwtgu."vjg"cduqtrvkqp"nquugu"kp"KVQ"ockpn{"qeewt"cv"nqy"ycxgngpivj."yjkng"Cn"

kpfweg" kpekfgpv" nkijv" cduqtrvkqp" hqt" ycxgngpivju" qxgt" 722po0" Vjku" kv" nkvvng"

uwtrtkukpi"ukpeg"kpekfgpv"nkijv"cv"nqy"ycxgngpivj"ku"cduqtdgf"kp"vjg"hktuv"jwpftgfu"

qh"pcpqogvtgu"qh"uknkeqp0"Yg"cnuq"pqvkeg"vjcv."cu"cntgcf{"ujqyp"qp"Hki0"70;."nkijv"

ku"oqtg" ghhkekgpvn{" cduqtdgf" kp" vjg" e/Uk" nc{gt" hqt" 4F" REu0"Oqtg" rtgekugn{." vjku"

cduqtrvkqp" kpetgcug" urgekhkecnn{" crrgctu" cv" ycxgngpivju" cdqxg" 822po0" C" oqtg"

ectghwn"cpcn{uku"qh"Hki0"7032"*b+"ngcfu"wu"vq"urnkv"vjg"cduqtrvkqp"urgevtwo"kp"vjtgg"

fkuvkpev" tcpigu0"Dgnqy"672po." vjg"cduqtrvkqp" ku"eqpvkpwqwun{" kpetgcugf"ykvj" vjg"
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" :7"

ycxgngpivj."ykvj"pq"engct"rgcm0"Kp"vjku"hktuv"tcpig."vjg"cduqtrvkqp"eqghhkekgpv"ku"uq"

jkij"vjcv"vjg"kpekfgpv"nkijv"fqgu"pqv"nkxg"nqpi"gpqwij"kp"vjg"uvtwevwtg"vq"igpgtcvg"

cp" qrvkecn" oqfg0" Vjg" engct" kpetgcug" qh" vjg" cduqtrvkqp" ykvj" tgictfu" vq" vjg"

wprcvvgtpgf" uvcem" ku" vjgp" tgncvgf" vq" cp" cpvktghngevkxg" ghhgev0" Dgvyggp" 672" cpf"

822po."c"tgiwnct"ugtkgu"qh"rgcmu"crrgct"kp"vjg"ecug"qh"vjg"3F"cpf"4F"uvtwevwtgu."

dwv" cnuq" hqt" vjg" wprcvvgtpgf" uvcem0"Vjgug" rgcmu" ctg" cvvtkdwvgf" vq" xgtvkecn" Hcdt{/

Rgtqv" tguqpcpegu." yjkej" ctg" ejctcevgtk¦gf" d{" c" ujqtv" rjqvqp" nkhgvkog0" Qxgt."

822po." vjg" cduqtrvkqp" urgevtc" qh" vjg" RE" uvtwevwtgu" gzjkdkv" c" eqorngz" ujcrg."

kpenwfkpi"rgcmu"yjkej"ctg"pqv"cu"tgiwnctn{"urcegf"cu"vjg"Hcdt{/Rgtqv"tguqpcpegu"

qh" vjg" wprcvvgtpgf" uvtwevwtgu0" Vjgug" rgcmu" ctg" cvvtkdwvgf" vq" vjg" Dnqej" oqfg"

tguqpcpeg"qh"vjg"REu0"Vjgug"cffkvkqpcn"rgcmu"engctn{"eqpvtkdwvg"vq"vjg"cduqtrvkqp"

gpjcpegogpv"kp"vjg"nqpi"ycxgngpivj"tcpig0""

Hkiwtg"7033"fgrkevu"eqpvqwt"rnqvu"qh" vjg" kpvgitcvgf"cduqtrvkqp."eqttgurqpfkpi"

vq"vjg"igqogvtkecn"rctcogvgtu"yjkej"ygtg"uecppgf"kp"vjg"qrvkok¦cvkqp"rjcug."hqt"c"

3F"RE"uvtwevwtg0"Kp"vjg"yjqng"uvcem"cpf"e/Uk"nc{gt."vjg"kpvgitcvgf"cduqtrvkqp"kp"vjg"

eqorngvg"uvcem"cpf"vjg"e/Uk"nc{gt"ctg"eqorctgf"d{"c"ikxgp"N"?"832"po"*ujqyp"qp"

Hki0"7033*a)"cpf"*b)"cpf"c"hkzgf"j"?"362"po."knnwokpcvgf"kp"vjg"Hki0"7033*c)"cpf"

*d)0""
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"

Hki0"70330"Eqpvqwt"ocr"qh"vjg"kpvgitcvgf"cduqtrvkqp"kp"vjg"*a."c+"3F"rcvvgtpgf"

uvcem"cpf"*b."d+"e/Uk"nc{gt"wpfgt"*a. b+"hkzgf"rgtkqf"cv"832"po."cpf"*c. d+"hkzgf"j"cv"

362"po"qp"vjg"cxgtcig"qh"dqvj"VG"cpf"VO"rqnctk¦cvkqpu""

Hkiwtg" 7033*a)" cpf" *b)" ujqy" vjcv." c"oczkocn" kpvgitcvgf" cduqtrvkqp" qh" cdqwv"

97"'"ku"tgcejgf"hqt"c"342\382"po"gvejkpi"fgrvj"cpf"c"52\57'"hhckt"ykvj"c"xgt{"

nkvvng" korcev" qh" vjg" rgtkqf." *722/842" po+0" Vjg" qrvkowo" xcnwg" qh" vjg" kpvgitcvgf"

cduqtrvkqp" kp" vjg" e/Uk" nc{gt." ctqwpf" 65'." qeewtu" hqt" N" ?" 207\208" -o." hhckt" ?"

57\67'."cpf"j\362"po0"Cp" korqtvcpv"eqpenwukqp" ku" vjcv" vjg"cduqtrvkqp" ku"swkvg"

tqdwuv"yjgp"vjg"vqrqitcrjkecn"rctcogvgtu"hnwevwcvg"*N."hhckt"cpf"j+<"c"7'"xctkcvkqp"

eqwnf"ngcf"vq"nguu"vjcp"3'"kpvgitcvgf"cduqtrvkqp"hnqcvkpi"kp"vjg"e/Uk"nc{gt0""

"

"

"
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707 Hcdtkecvkqp"cpf"qrvkecn"cuuguuogpv"qh"

3F"cpf"4F"RE"rcvvgtpgf"uqnct"egnn"

uvcemu"
5.5.1 Fabrication of the PC patterned c-Si solar cell stack 

Kp" qtfgt" vq" eqphkto" vjg" rqukvkxg" korcev" qh" vjg" Rjqvqpke" Et{uvcn" qp" cp" Grk/htgg"

uqnct" egnn" uvcem." yg" hcdtkecvgf" rtgnkokpct{" fgoqpuvtcvqtu" fgxqvgf" vq" cduqtrvkqp"

ghhkekgpe{" cuuguuogpv0" Vjg" hcdtkecvgf" uvtwevwtgu" kpenwfg" cnn" vjg" nc{gtu" vjcv" ctg"

pggfgf" hqt" vjg" hkpcn" uqnct" egnnu." k0g0" vjg" e/Uk." vjg" Cn" cpf" vjg" KVQ" nc{gtu0" Cu" c"

uvctvkpi"rqkpv."vjg"Grkhtgg"uvcem"ku"eqpuvkvwvgf"qh"incuu1Cn*3-o+1e/Uk*3-o+."ugg"Hki0"

7034*a+0""

"
Hki0"70340"Ockp"uvgru"qh"vjg"rtqeguugu"gpcdnkpi"vq"igpgtcvg"vjg"rcvvgtpgf"uvcem"cu"

c"3F"cpf"4F"RE"vjtqwij"NJN"*a."b+."TKG*c."e+"cpf"KER"*d+"eqodkpgf"ykvj"*f+"

hkpcn"urwvvgtkpi0"
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"::"

C"203"-o"vjkem"UkQ4"nc{gt"ku"fgrqukvgf"d{"rncuoc/gpjcpegf"ejgokecn"xcrqwt"

fgrqukvkqp" *RGEXF+" qp" vjg" vqr" qh" vjku" uvcem" vq" cev" cu" c" jctf"ocum" fwtkpi" vjg"

gvejkpi"qh"vjg"e/Uk"nc{gt."cpf"ku"hwtvjgt"tgoqxgf0"Vjku"uvcem"ku"vjgp"rcvvgtpgf"wukpi"

NJN" *Hki0" 7034*b++." eqodkpgf" ykvj" TKG" cpf" KER" vgejpkswgu" ]7.3:_0" Vjg" NJN"

rtqeguu"rctcogvgtu"]3:_"ygtg"cfcrvgf"kp"qtfgt"vq"tgcej"vjg"vctigvgf"rctcogvgtu"qh"

vjg"RE"*ncvvkeg"rctcogvgt"N."hhckt"cpf"j+0""Chvgt"NJN."fgxgnqrogpv."cpf"c"fguewo"

uvgru."vjg"rcvvgtpu"ctg"vtcpuhgttgf"kpvq"vjg"UkQ4"jctf"ocum"*Ugg"Hki0"7034*c++"wukpi"

TKG"rtqeguu"ykvj"c"38"ueeo"EJH5"hnqy."cv"37"oVqtt."cpf"ykvj"c"rqygt"qh"322"Y"

hqt";22u0"Vjg"e/Uk"nc{gt"ku"hkpcnn{"gvejgf"vjtqwij"vjg"UkQ4"ocum"d{"KER"wukpi"72"

ueeo"hqt"En4."ykvj"cp"KER"rqygt"qh"722"Y"cpf"c"TH"rqygt"qh"322"Y."hqt"422u"

*ugg" Hki0" 706*d++0" Cu" c" tguwnv" qh" vjku" eqodkpcvkqp" qh" TKG" cpf" KER." xgtvkecn"

ukfgycnnu"ctg"qdvckpgf."cu"ujqyp"qp"vjg"UGO"rtqhkng"xkgyu."Hki0"7035*b+"cpf"*d+0"

Vjgp." vjg"tgukuv"cpf"UkQ4"ctg" tgoqxgf"cickp"d{"TKG"*Hki0"7034*e++0"Cu"ujqyp"kp"

Hki0"7035*a+"cpf"*c+."vjg"nkpgu"cpf"jqngu"ctg"rcvvgtpgf"ykvj"c"tgcuqpcdng"tgiwnctkv{"

cpf"tqwijpguu0"Vjg"cejkgxgf"rgtkqf"qh"3F"cpf"4F"uvcemu"ctg"kp"vjg"vctigvgf"tcpig"

qh" 2077/2087" -o=" vjg" hhckt" ku" lwuv" kp" vjg" tcpig" eqttgurqpfkpi" vq" vjg" qrvkocn"

eqphkiwtcvkqp" *57'/82'+." cpf"gvejkpi"fgrvj" ku" lwuv" qxgt" vjg"qrvkok¦gf"203/2036"

-o" tcpig0"C"97"po" vjkem" KVQ" nc{gt" ku" hkpcnn{"fgrqukvgf" cv" KOGE"qp" vqr"qh" vjg"

ucorngu"d{"urwvvgtkpi"*ugg"Hki0"7034*f++0"Qp"vjgug"hktuv"ucorngu." vjg"c/Uk<J"nc{gt"

ycu"pqv"fgrqukvgf"ukpeg"pq"uqnct"egnn"rtqeguugu"ygtg"rgthqtogf."cpf"dgecwug" kvu"

rtgugpeg"fqgu"pqv"ukipkhkecpvn{"chhgevu"vjg"cduqtrvkqp"ghhkekgpekgu0"
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"

Hki0"70350"Vqr"*a."c+"cpf"rtqhkng"*b."d+"xkgy"qh"c"e/Uk"nc{gt"rcvvgtpgf"cu"c"3F"

pgvyqtm"*N"Ã"2077"-o."F"Ã"204:"-o+"cpf"c"4F"pgvyqtm"qh"tqwpf"jqngu"*N"Ã"2077"

-o."F"Ã"2057"-o+"kpvq"c"203:Î2047"-o"fgrvj0"Rkevwtgu"qdvckpgf"d{"UGO"chvgt"

tgoqxkpi"vjg"jctf"ocum"nc{gt"

"

5.5.2 Absorption measurement of these 1D and 2D PC patterned 

c-Si ultra thin film solar cell stacks 

Kp"qtfgt"vq"fgvgtokpg"vjg"qrvkecn"rtqrgtvkgu"qh"vjg"rcvvgtpgf"uvcem"rtgugpvgf"kp"Hki0"

7035*a)" cpf" *b)." cduqtrvkqp" ogcuwtgogpvu" ygtg" rgthqtogf" wukpi" cp" kpvgitcvkpi"

urjgtg"cv" KOGE0" Kp" vjgug"gzrgtkogpvu." vjg" ucorng" ku" knnwokpcvgf"d{"wprqnctk¦gf"

nkijv."uq"cu"vq"rgthqto"tghngevcpeg"*T+"cpf"vtcpuokvvcpeg"*V+"ogcuwtgogpvu"ykvj"c"
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\"3"oo)"urqv"uk¦g"cpf"ykvj"cp":̇"cping"qh"kpekfgpeg."cu"korqugf"d{"vjg"kpvgitcvkpi"

urjgtg"ogcuwtgogpv0"Vjg"cduqtrvkqp"C*n+"?"3"/"T*n+"/"V*n+"ku"vjgp"ukorn{"fgtkxgf0"
Vjg"cduqtrvkqp"qh" vjg"yjqng"rcvvgtpgf"uvcem"ycu"ogcuwtgf"dgvyggp"522"po"cpf"

3322"po"ykvj"c"32"po"uvgr0"Vjg"cduqtrvkqp"urgevtwo"qh"vjg"wprcvvgtpgf"uvcem"ycu"

cnuq"ogcuwtgf"cu"c"tghgtgpeg0"Vjg"eqttgurqpfkpi"urgevtc"qh"3F"cpf"4F"rcvvgtpgf"

uvcemu" ctg" ukowncvgf" d{" HFVF0"Ogcuwtgf" cpf" eqorwvgf" urgevtc" ctg" tgrqtvgf" kp"

Hki0"7036"*a+"cpf"*b+0""

"

Hki0"70360"Vjg"ukowncvgf"cpf"vjg"ogcuwtgf"kpvgitcvgf"cduqtrvkqp"urgevtc"

eqorctkuqp"qh"vjg"*a+"3F"cpf"*b+"4F"rcvvgtpgf"uvcem"vq"vjg"ogcuwtgf"cpf"

ukowncvgf"wprcvvgtpgf"uvcem""

Vjg" uvcemu"yjkej" ctg" tgcnn{" hcdtkecvgf" jcxg" dggp" eqpukfgtgf" cpf" ecnewncvgf" hqt"

vjcv" rwtrqug0" Fwg" vq" cp" wpegtvckp" fgvgtokpcvkqp" qh" vjg" igqogvtkecn" rctcogvgtu."

cpf" vjg" kpjqoqigpgkv{" qh" vjg" hhckt" cpf"ogcuwtgogpv" uvgr" ngpivj." cu"ygnn" cu" vjg"

tqwijpguu" qh" vjg" rcvvgtpgf" egnnu." ecnewncvgf" cpf" ogcuwtgf" cduqtrvkqp" urgevtc"

gzjkdkv"unkijvn{"fkhhgtgpv"hgcvwtgu0"Jqygxgt."uvtqpi"ukoknctkvkgu"ctg"pqvkegcdng"cpf"

vjg"ucog"igpgtcn" vtgpfu"ecp"dg"fgfwegf"dqvj"kp"3F"cpf"4F"rcvvgtpgf"uvcemu0"Cu"

gzrgevgf." vjg" ogcuwtgf" cpf" ukowncvgf" cduqtrvkqp" urgevtc" eqttgurqpfkpi" vq"

rcvvgtpgf"uvcemu"fkurnc{"ukipkhkecpvn{"jkijgt"xcnwgu"vjcp"hqt"vjg"wprcvvgtpgf"ecug0"

Oqtgqxgt." vjg" ogcuwtgf" kpvgitcvgf" cduqtrvkqp" kp" vjg" 4F" cpf" vjg" 3F" rcvvgtpgf"

uvcemu"ctg"9;'"cpf"93'"tgurgevkxgn{."yjkej"ctg"jkijgt"vjcp"vjg"72'"tghgtgpeg0"

Kp" cffkvkqp." vjg"qrvkecn" korcev"qh"c"97"po" vjkem" KVQ" nc{gt"ycu" cpcn{¦gf" hqt"

dqvj" vjg" 3F" cpf" 4F" rcvvgtpgf" uvcemu0" Vjg" ogcuwtgf" cduqtrvkqp" urgevtc" ctg"
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fkurnc{gf"kp"Hki0"70370"""

"

Hki0"70370"Vjg"ogcuwtgf"cduqtrvkqp"urgevtc"eqorctkuqp"dgvyggp"vjg"*a+"3F"cpf"

*b+"4F"rcvvgtpgf"cpf"vjg"wprcvvgtpgf"uvcemu"ykvj"cpf"ykvjqwv"htqpv"KVQ"nc{gt""

Hkiwtg" 7037" ujqyu" vjcv" ucorngu" ykvj" KVQ." gkvjgt" rcvvgtpgf" qt" wprcvvgtpgf."

jcxg"c"jkijgt"cduqtrvkqp"vjcp"vjg"qpgu"ykvjqwv"KVQ0"Ikxgp"kvu"vjkempguu"qh"97"po."

vjg"cpvk/tghngevkqp"ghhgev"vcmgu"rnceg"ctqwpf"c"tguqpcpeg"ycxgngpivj"qh"\772/822"

po0"Kv"kpfkecvgu"vjcv"vjg"KVQ"nc{gt"hwnhknu"kvu"tqng"qh"dgkpi"cp"cpvk/tghngevqt"nc{gt"kp"

vjg" ujqtv" ycxgngpivj" tcpig0" Kv" ujqwnf" cnuq" dg" ogpvkqpgf" vjcv" dgnqy" 572po." c"

uwduvcpvkcn"rctv"qh"vjg"kpekfgpv"nkijv"ku"cduqtdgf"kp"vjg"KVQ"nc{gt0"Vjku"ycu"cntgcf{"

rtgfkevgf"kp"vjg"ukowncvgf"urgevtc"fkurnc{gf"kp"Hki0"70320"

Cffkvkqpcnn{." vjg" kphnwgpeg" qh" vjg" cping" qh" kpekfgpeg" *c+" qp" vjg" kpvgitcvgf"
cduqtrvkqp"qh"vjg"3F"cpf"4F"rcvvgtpgf"uvcemu"ycu"vjgp"kpxguvkicvgf"cpf"eqorctgf"

vq"vjg"tghgtgpeg"uvcem."cu"fkurnc{gf"qp"Hki0"7038*a+0"Vjku"eqttgurqpfu"vq"uvtwevwtgu"

rcvvgtpgf"ykvj"qrvkokugf"rctcogvgtu."kpenwfkpi"vjg"20297"-o"vjkem"KVQ"nc{gt0"Vjg"

kpvgitcvgf"cduqtrvkqp"ku"eqorctgf"d{"xct{kpi"vjg"c"kp"ukowncvkqpu"]2̇/:8̇_."cpf"kp"
ogcuwtgogpvu"]8̇/68̇_"cpf"]8̇/48̇_"hqt"rcvvgtpgf"3F"cpf"4F"uvcem."tgurgevkxgn{0"

Vjg" cping" qh" kpekfgpeg" tcpig" ku" tgfwegf" kp" vjg" ogcuwtgogpvu" fwg" vq" vjg"

ogcuwtgogpv" ugvwr" cpf" ucorng" uk¦g" nkokvcvkqpu0" Vjg" eqttgurqpfkpi" cduqtrvkqp"

urgevtc"cv"c"?"48̇."dqvj"ukowncvgf"cpf"ogcuwtgf."ctg"fkurnc{gf"kp"Hki0"7038*b+"cpf"
*c+."kp"vjg"ecug"qh"3F"cpf"4F"rcvvgtpgf"uvcemu."tgurgevkxgn{0""
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"

Hki0"70380"*a+"vjg"kpekfgpv"cping"fgrgpfgpeg"eqorctkuqp"dgvyggp"ukowncvkqp"cpf"

ogcuwtgogpv"qh"vjg"3F"cpf"4F"rcvvgtpgf"uvcemu."cu"ygnn"cu"c"tghgtgpeg"uvcem."vjg"

cduqtrvkqp"urgevtc"eqorctkuqp"cv"48̇"kpekfgpv"cping"kp"vjg"*b+"3F"rcvvgtpgf"uvcem"

cpf"*c+"4F"rcvvgtpgf"uvcem0"

Hkiwtg"7038" hktuv" knnwuvtcvgu" vjcv"rcvvgtpgf"ucorngu"gzjkdkv"c"jkijgt" kpvgitcvgf"

cduqtrvkqp"cv"cp{"cping"qh" kpekfgpeg0"Oqtgqxgt." cnvjqwij"qrvkecn" tguqpcpegu"ctg"

wugf"vq"kpetgcug"vjg"cduqtrvkqp"ghhkekgpe{."vjg"dgjcxkqwt"ku"nkvvng"fgrgpfgpv"qp"vjg"

cping"qh"kpekfgpeg0"Cv"c"?"88̇."qpn{"c":'"cpf"c"8'"fgetgcug"kp"cduqnwvg"xcnwg"ku"
qdugtxgf"eqorctgf"vq"vjg"xcnwg"cv"c"?"8̇"hqt"vjg"ukowncvgf"3F"cpf"4F"rcvvgtpgf"
uvcem." tgurgevkxgn{0" Dgukfgu." qrvkecn" ogcuwtgogpvu" tgxgcn" vjcv" vjgtg" ku" c" 9'"

fgetgcug"qh"vjg"kpvgitcvgf"cduqtrvkqp"cv"c"?"68̇"hqt"vjg"3F"rcvvgtpgf"uvcemu"cpf"c"
4'"fgetgcug" qh" vjg" kpvgitcvgf" cduqtrvkqp" cv"c" ?" 48̇" hqt" vjg" 4F"rcvvgtpgf" qpgu0"
Uwej" dgjcxkqwt" ku" qh" rctvkewnct" korqtvcpeg" hqt" uqnct" egnnu"ykvjqwv" uqnct" vtcemgt0"

Hkiwtg" 7038*b+" cpf" *c+" knnwuvtcvg" vjcv" vjg" ujcrg" qh" vjg" cduqtrvkqp" urgevtc" ctg"

gzvtgogn{"ukoknct"vq"vjqug"eqttgurqpfkpi"vq"pqtocn"kpekfgpeg0"Jqygxgt."kv"ujqwnf"

dg"jkijnkijv"vjcv"vjg"ukowncvgf"kpvgitcvgf"cduqtrvkqp"ku"jkijgt"cv"ctqwpf"32̇"vjcp"

cv"pqtocn" kpekfgpeg0"Vjku" ku"gzrnckpgf"d{" vjg"rquukdknkv{" vq"eqwrng" kpekfgpv" nkijv"



Ejcrvgt"7"Cduqtdkpi"rjqvqpke"et{uvcnu"hqt"et{uvcnnkpg"uknkeqp"wnvtc"vjkp/hkno"uqnct"
egnnu<"fgukip."hcdtkecvkqp"cpf"gzrgtkogpvcn"kpxguvkicvkqp"

" ;5"

kpvq" tguqpcpegu" ykvj" c" jkijgt" u{oogvt{" fkxgtukv{" cv" qdnkswg" kpekfgpeg" vjcp" cv"

pqtocn" kpekfgpeg" ]3;_0"Hkpcnn{." kv" crrgctu" vjcv" vjg"cduqtrvkqp" ku" cnyc{u" nqygt" kp"

vjg"vjgqtgvkecn"ecug"vjcp"yjgp"fgvgtokpgf"d{"ogcuwtgogpvu0"Rquukdng"tgcuqpu"hqt"

vjku" swcpvkvcvkxg" fkuetgrcpe{" ctg" vjg" fkhhgtgpegu" dgvyggp" vjg" fgukipgf" cpf" vjg"

hcdtkecvgf" uvtwevwtgu." hqt" gzcorng" vjg" kpjqoqigpgqwu" ncvvkeg" rctcogvgtu." vjg"

gvejgf"rtqhkng"unqrgu"cpf"tqwijpguu0"

"

5.5.3 Electrical characterization of 2D PC patterned c-Si ultra 

thin film solar cell 

Hkpcnn{." gngevtkecn" rtqrgtvkgu" qh" rcvvgtpgf" cpf" wprcvvgtpgf" uqnct" egnnu" ygtg"

ogcuwtgf"kp"KOGE0"Vjg"ujqtv"ektewkv"ewttgpv"fgpukv{"Lue"hqt"4F"RE"rcvvgtpgf"cpf"

tghgtgpeg"uvcemu"ctg"eqorctgf"qp"Hki0"70390""

Kv"ku"pqvgf"vjcv"vjg"ogcuwtgf"uqnct"egnnu"ctg"unkijvn{"fkhhgtgpv"ykvj"vjg"rtgxkqwu"

qrvkok¦gf"uvcem0"Kp"vjgug"ogcuwtgf"uqnct"egnnu."vjg"dcem"r-"fqrgf"e/Uk"ku"472"po"

vjkem"kpuvgcf"qh"42"po"vjkem"hqt"vjg"ukowncvgf"uvcem."cpf"vjg"htqpv"p-"c/Uk<J"ku"47"

po"kpuvgcf"qh"32"po"vjkem"hqt"vjg"qrvkok¦gf"uvcem0"Cnuq."p-"c/Uk<J"cpf"KVQ"ygtg"

eqphqtocnn{"fgrqukvgf"chvgt"RE"tgcnkucvkqp."ujqyp"qp"Hki0"703:"*d+0"

"
Hki0"70390"Eqorctkuqp"qh"K*X+"ejctcevgtkuvkeu"wpfgt"knnwokpcvkqp"hqt"vjg"

hcdtkecvgf"4F"RE"rcvvgtpgf"uqnct"egnn"*nghv+"cpf"wprcvvgtpgf"uqnct"egnn"tghgtgpeg"

*tkijv+"
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Vjg"ogcuwtgf" ujqtv" ektewkv" ewttgpv" fgpukv{" kp" 4F" RE" rcvvgtpgf" uqnct" egnn" ku"

37065"oC1eo40"Vjg"kortqxgogpv"ku"wr"vq"42'"yjgp"eqorctkpi"vq"c"ukoknct"dwv"

wprcvvgtpgf"rncpct"uqnct"egnn"tghgtgpeg"*340:5"oC1eo4+0"Jqygxgt."hknn"hcevqt"*HH+"

cpf" Qrgp" Ektewkv" Xqnvcig" *Xqe+." vjgtghqtg" hkpcn" ghhkekgpe{" *さ+" ctg" fgvgtkqtcvgf."

tgurgevkxgn{"htqo"88"vq"78'."htqo"7690:"vq"62506"oX"cpf"htqo"608"vq"507'0"Yg"

vjkpm"kv" ku"ockpn{"fwg"vq"cp"kpghhgevkxg"rcuukxcvkqp"qh" vjg"gvejgf"uknkeqp"uwthcegu"

*Ugg"Hki0"7039+0"

Vjgp" vjg" cpcn{¦gf" tghngevcpeg" cpf" gzvgtpcn" swcpvwo" ghhkekgpe{" *GSG+" ctg"

eqorctgf"kp"fgvckn"cpf"ujqyp"qp"Hki0"703:0"

"
Hki0"703:0"Eqorctkuqp"qh"*a+"tghngevcpeg"cpf"*c+"gzvgtpcn"swcpvwo"ghhkekgpe{"

hqt"vjg"4F"RE"rcvvgtpgf"uqnct"egnn"cpf"wprcvvgtpgf"uqnct"egnn"tghgtgpeg0"Vjg"vqr"

xkgy"*UGO+"cpf"rtqhkng"xkgy"*VGO+"uwej"4F"RE"rcvvgtpgf"uqnct"egnn0"

Hkiwtg" 703:*a+" ujqyu" vjg" tghngevcpeg" qh" vjg" uvtwevwtg" xgtuwu" ycxgngpivj0"

Tghngevkqp" ku" nqygt" vjcp" vjg" tghgtgpeg" uqnct" egnn" kp" vjg" yjqng" kpvgtguvgf"
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" ;7"

ycxgngpivj" tcpig." gurgekcnn{" kp" nqpi" ycxgngpivj0" Kv" ku" fwg" vq" vjg" rtgugpeg" qh"

rjqvqpke"et{uvcn"cpf"kvu"tguqpcpv"oqfgu0""

Vjg" gzvgtpcn" swcpvwo" ghhkekgpe{" *GSG+" kp" RE" rcvvgtpgf" uqnct" egnn" ku" qpn{"

kortqxgf"kp"nqpi"ycxgngpivj"*772/3322"po+"tcpig."cdqxg"772"po"*Hki0"703:*c++0"

Vjg" nqygt" GSG" kp" ujqtv" ycxgngpivj" *522/772" po+" ku" cvvtkdwvgf" vq" vjg" jkijgt"

cduqtrvkqp"nquugu"kp"eqphqtocn"fgrqukvgf"KVQ"cpf"p-"c/Uk<J"nc{gtu"*Hki0"703:*d++0"

Pgxgtvjgnguu." vjg" kortqxgogpv" kp" nqpi" ycxgngpivj" ku" oqtg" korqtvcpv" vjcp" vjg"

nquugu"kp"ujqtv"ycxgngpivj"tcpig0"Vjku"ku"yj{"vjg"Lue"hqt"c"RE"rcvvgtpgf"uqnct"egnn"

ku"jkijgt"vjcp"kvu"tghgtgpeg"uqnct"egnn"kp"yjqng"qh"kpvgtguvgf"ycxgngpivj"tcpig0""

D{"eqorctkpi"vjg"qrvkok¦gf"qrvkecn"cduqtrvkqp"gpjcpegogpv"qh"72'"ykvj"vjg"

ewttgpv"fgpukv{"gpjcpegogpv"qh"42'."vjku"fkhhgtgpeg"ku"ockpn{"fwg"vq"c"vqq"nctig"

cduqtrvkqp" kp" vjg" eqphqtocn" KVQ" cpf" p-" c/Uk<J" nc{gtu." c" pqp" qrvkocn" uwthceg"

rcuukxcvkqp"cpf"cnuq"fwg" vq" vjg"fkhhgtgpv"fqrkpi"rtqhkngu" *dcem"eqpvcev+"cpf"cnuq"

fwg"vq"c"vqq"nctig"vjkempguu"qh"r-"e/Uk"DUH0"Vjgtghqtg."vjgug"gzrgtkogpvcn"tguwnvu"

ujqwnf" dg" kortqxgf" kp" vjg" hwvwtg" yjgp" vgejpqnqi{" yknn" dg" cdng" vq" hqnnqy" vjg"

tgswktgogpvu"qh"vjgqtgvkecn"qrvkokucvkqp0"

"

"

"

"

"

"

"

"

"

"
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"
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";8"

Eqpenwukqp"cpf"qwvnqqm"
Vjkp/hkno"e/Uk"rjqvqxqnvcke"uqnct"egnnu"uvcemu"kpvgitcvkpi"3F"qt"4F"REu"jcxg"dggp"

fgukipgf."hcdtkecvgf"cpf"qrvkecnn{"ejctcevgtk¦gf0""

‚ C" rjqvqpke" et{uvcn" cuukuvgf" oketqogvgt/vjkem" uvtwevwtg" ujqyu" cp"

kpetgcugf"cduqtrvkqp" kp" vjg" cevkxg" nc{gt"ykvj"rtqrgt"pcpq/rcvvgtpkpi"

rctcogvgtu"d{"wr"vq"5:"'"hqt"vjg"3F"cpf"72"'"hqt"vjg"4F"rcvvgtpkpi."

cu" eqorctgf" vq" vjg" wprcvvgtpgf" uvcem." htqo" 522" po" vq" 3322" po."

vcmkpi"kpvq"ceeqwpv"vjg"CO307I"uqnct"kttcfkcpeg0"

‚ C"rtqeguu"dcugf"qp"NJN."TKG"cpf"KER"gvejkpi."jcu"dggp"fgxgnqrgf"

vq"gpcdng"vjg"igpgtcvkqp"qh"uwej"3F"cpf"4F"RE"qp"c"ykfg"uwthceg0"

‚ Cduqtrvkqp"urgevtc"ygtg"ogcuwtgf"wukpi"cp"kpvgitcvkpi"urjgtg0"Dqvj"

vjg"rcvvgtpgf"cpf"wprcvvgtpgf"tghgtgpeg"egnn"uvtwevwtgu"ygtg"ogcuwtgf"

cpf" eqorctgf" vq" urgevtc" ecnewncvgf" d{" HFVF0" Fgurkvg" uqog"

fkuetgrcpekgu" fwg" vq" kpceewtcekgu" kp" igqogvtkecn" rctcogvgtu."

ogcuwtgf" cpf" ecnewncvgf" cduqtrvkqp" urgevtc" gzjkdkv" c" xgt{" ukoknct"

dgjcxkqwt0"

‚ Vjg" hcdtkecvgf" uvcem" gzjkdkvu" c" oqfgtcvg" fgrgpfgpeg" qp" vjg" nkijv"

cping"qh"kpekfgpeg."nguu"vjcp"32'"cduqnwvg"cduqtrvkqp"fgetgcug"htqo"

pqtocn"kpekfgpv"nkijv"wpvkn"88̇0

‚ Vjg"hktuv"4F"RE"rcvvgtpgf"uqnct"egnn"ujqyu"jkijgt"ujqtv"ektewkv"ewttgpv"

fgpukv{" 37065" oC1eo4" vjcp" c" rncpct" tghgtgpeg" uvcem" ykvj" c" 42'"

kortqxgogpv0"""

‚ Eqpukfgtkpi" vjg" qrvkecn" eqpuworvkqp" kp" qvjgt" eqorqpgpv" qh" uqnct"

egnnu." qvjgt" uejgogu." uwej" cu" fkhhtcevkqp" itcvkpi" ]42/46_" cpf"

rncuoqpkeu" ]42.47_." eqwnf" dg" wugf" vq" gpjcpeg" vjg" kpvgitcvgf"

cduqtrvkqp" kp" uqnct" egnnu0" Kp" vjg" hqnnqykpi"ejcrvgt."yg"yknn" hqewu"qp"

fkhhtcevkqp"itcvkpi"hqt"c"vjkp"hkno"uqnct"egnn0"
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" ;9"

Tghgtgpegu"cpf"nkpmu"
]3_ T0"Dtgpfgn."ÐC"pqxgn"rtqeguu"hqt"wnvtcvjkp"oqpq/et{uvcnnkpg"uknkeqp"uqnct"

egnnu"qp"incuu.Ñ"Kp"Rtqe0"36vj"Gwtqrgcp"Rjqvqxqnvcke"Uqnct"Gpgti{"Eqph."

3576"*3;;9+0"

]4_ C0"Hcxg."U0"Swqk¦qnc."L0"Mtckgo."C0"Mcokpumk."O0"Ngokvk."cpf"C0"Ncwikgt."

ÐEqorctcvkxg"uvwf{"qh"nrg"cpf"xrg"uknkeqp"vjkp"hkno"qp"rqtqwu"ucetkhkekcn"

nc{gt.Ñ"Vjkp"uqnkf"hknou"451."52:Î533"*4226+0"

]5_ X0"Fgrcwy."[0"Skw."M0"Xcp"Pkgwygpjw{ugp."K0"Iqtfqp."cpf"L0"Rqqtvocpu."

ÐGrkvcz{/htgg"oqpqet{uvcnnkpg"uknkeqp"vjkp"hkno<"hktuv"uvgru"dg{qpf"rtqqh/qh/

eqpegrv"uqnct"egnnu.Ñ"Rtqitguu"kp"Rjqvqxqnvckeu<"Tgugctej"cpf"Crrnkecvkqpu"

19.":66/:72"*4232+0"

]6_ Z0"Ogpi."X0"Fgrcwy."I0"Iqoctf."Q0"Gn"Fckh."E0"Vtqorqwmku."G0"Ftqwctf."

C0"Hcxg."H0"Ftquu."K0"Iqtfqp."cpf"E0"Ugcuucn."ÐFgukip"cpf"hcdtkecvkqp"qh"

rjqvqpke"et{uvcnu"kp"grkvcz{/htgg"uknkeqp"hqt"wnvtcvjkp"uqnct"egnnu.Ñ"Rtqe0"URKG."

:534.":53429"*4233+0"

]7_ Z0"Ogpi."X0"Fgrcwy."I0"Iqoctf."Q0GK"Fckh."E0"Vtqorqwmku."G0"Ftqwctf."

E0"Lcoqku."T0"Qtqdvejqwm."C0"Hcxg."H0"Ftquu."K0"Iqtfqp."cpf"E0"Ugcuucn."

ÐCduqtdkpi"rjqvqpke"et{uvcnu"hqt"oqpq/et{uvcnnkpg"uknkeqp"vjkp"hkno"uqnct"

egnnu.Ñ"Rtqeggfkpiu"qh"URKG.":647.":6472T"*2012+0"

]8_ C0"Vchnqxg."U0"Jcipguu."Eqorwvcvkqpcn"Gngevtqf{pcokeu<"Vjg"Hkpkvg/

Fkhhgtgpeg"Vkog/Fqockp"Ogvjqf"*Ctvgej."4227+0""

]9_ jvvr<11yyy0nwogtkecn0eqo1"

]:_ J0N0"Jctvpcign."C0N0"Fcyct."C0M0"Lckp."E0"Lcicfkuj."ÐUgokeqpfwevkpi"

Vtcpurctgpv"Vjkp"Hknou.Ñ"Kpuvkvwvg"qh"Rj{ukeu"Rwdnkujkpi"Dtkuvqn"cpf"

Rjkncfgnrjkc."356"cpf"43;"*3;;7+0"

];_ T0"Dgn"Jcfl"Vcjct."V0"Dcp."[0"Qj{c."[0"Vcmcjcujk."ÐVkp"fqrgf"kpfkwo"

qzkfg"vjkp"hknou<"Gngevtkecn"rtqrgtvkgu.Ñ"L0"Crrn0"Rj{u0"83."4853*3;;:+0"

]32_ L0"Rnc."O0"Vcocuk."T0"Tk¦¦qnk."O0"Nquwtfq."G0"Egpvwtkqpk."E0"Uwooqpvg."cpf"

H0"Twdkpgnnk."ÐQrvkok¦cvkqp"qh"kvq"nc{gtu"hqt"crrnkecvkqpu"kp"c/uk1e/uk"

jgvgtqlwpevkqp"uqnct"egnnu.Ñ"Vjkp"Uqnkf"Hknou"425."3:7/3;4"*4225+0"
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";:"

]33_ I0"I0"Itcpsxkuv"cpf"C0"Jwknvcmgt."ÐVtcpurctgpv"cpf"eqpfwevkpi"KVQ"hknou<"

pgy"fgxgnqrogpvu"cpf"crrnkecvkqpu.Ñ"Vjkp"Uqnkf"Hkno"411."3/7"*4224+0"

]34_ Y0"Dg{gt."L0"Jwrmgu."cpf"J0"Uvkgdki."ÐVtcpurctgpv"eqpfwevkpi"qzkfg"hknou"

hqt"vjkp"hkno"uknkeqp"rjqvqxqnvckeu.Ñ"Vjkp"Uqnkf"Hknou."516."369/376"*4229+0"

]35_ O0"Dgtikpumk."L0"Jwrmgu."O0"Uejwnvg."I0"Uejqrg."J0"Uvkgdki."D0"Tgej."cpf"

O0"Ywvvki.""ÐVjg"ghhgev"qh"htqpv"¥pQ<"Cn"uwthceg"vgzvwtg"cpf"qrvkecn"

vtcpurctgpe{"qp"ghhkekgpv"nkijv"vtcrrkpi"kp"uknkeqp"vjkp/hkno"uqnct"egnnu.Ñ"L0"

Crrn0"Rj{u0"101."296;25"*4229+0"

]36_ Qnkxgt"Pcuv."Uvgrjcp"Dtgjog."Uvgrjgp"Rtkvejctf."Ctokp"I"Cdgtng."cpf"

Uvwctv"T"Ygpjco."ÐCnwokpkwo/kpfwegf"et{uvcnnkucvkqp"qh"uknkeqp"qp"incuu"

hqt"vjkp/hkno"uqnct"egnnu.Ñ"Uqn0"Gp0"Ocv0"Uqn0"Egnnu"65."5:7/5;4"*4223+0"

]37_ Oqjcogf"O0"Jkncnk."Oqychcm"O0"Cn/Lcuuko."Dqdd{"Vq."Jgnkq"Oqwvkpjq."

Clggv"Tqjcvik."cpf"Ucnn{"Cujgt."ÐWpfgtuvcpfkpi"vjg"hqtocvkqp"cpf"

vgorgtcvwtg"fgrgpfgpeg"qh"vjkem/hkno"Ci"eqpvcevu"qp"jkij/ujggv/tgukuvcpeg"

Uk"gokvvgtu"hqt"uqnct"egnnu.Ñ"L0"Gnge0"Uqe0."152."I964ÎI96;"*4227+0"

]38_ Q0"Mnwvj."C0"Nqhhn."U0"Ykgfgt."E0"Dgpgmkpi."Y0"Crrgp¦gnngt."N0"Jqwdgp."

D0"Tgej."J0"Ycipgt."U0"Jqhhocpp."T0"Ycugt."gv"cn."ÐVgzvwtg"gvejgf"cn/

fqrgf"¦pq<"c"pgy"ocvgtkcn"hqt"gpjcpegf"nkijv"vtcrrkpi"kp"vjkp"hkno"uqnct"

egnnu.Ñ"Kp"Rjqvqxqnvcke"Urgekcnkuvu"Eqphgtgpeg."3;;90."Eqphgtgpeg"Tgeqtf"qh"

vjg"Vygpv{/Ukzvj"KGGG."937Î93:"*3;;9+0"

]39_ D0"Tgej"cpf"J0"Ycipgt."ÐRqvgpvkcn"qh"coqtrjqwu"uknkeqp"hqt"uqnct"egnnu.Ñ"

Crrn0"Rj{u0"C0"Ocvgtkcnu"Uekgpeg"(cor="Rtqeguukpi"69."377Î389"*3;;;+0""

]3:_ Z"Ogpi."I0"Iqoctf."Q0"Gn"Fckh.""G0"Ftqwctf."T0"Qtqdvejqwm."C0"Mcokpumk."

C0"Hcxg."O0"Ngokvk."C0"Cdtcoqx."R0"Tqec"k"Ecdcttqecu"cpf"E0"Ugcuucn."

ÐCduqtdkpi"rjqvqpke"et{uvcnu"hqt"uknkeqp"vjkp/hkno"uqnct"egnnu<"Fgukip."

hcdtkecvkqp"cpf"gzrgtkogpvcn"kpxguvkicvkqp.Ñ"Uqn0"Gp0"Ocv0"Uqn0"Egnnu"95."54Î

5:"*4233+0"

]3;_ Q0"Gn"Fckh."G0"Ftqwctf."I0"Iqoctf."C0"Mcokpumk."C0"Hcxg."O0"Ngokvk."U0"

Cjp."U0"Mko."R0"Tqec"k"Ecdcttqecu."J0"Lgqp."cpf"E0"Ugcuucn."ÐCduqtdkpi"

qpg/fkogpukqpcn"rncpct"rjqvqpke"et{uvcn"hqt"coqtrjqwu"uknkeqp"uqnct"

egnn.Ñ"Qrv0"Gzrtguu"18."C4;5/C4;;"*4232+0""
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Egnnu"72."453/468"*4224+0"

]43_ Encwu"Jgkpg"cpf"Twfqnh"J0"Oqth."ÐUwdoketqogvgt"itcvkpiu"hqt"uqnct"gpgti{"

crrnkecvkqpu.Ñ"Crrn0"Qrv0"34."4698Î46:4"*3;;7+0"

]44_ Fgppku"O0"Ecnncjcp."Lgtgo{"P0"Owpfc{."cpf"Jctt{"C0"Cvycvgt."ÐUqnct"egnn"

nkijv"vtcrrkpi"dg{qpf"vjg"tc{"qrvke"nkokv.Ñ"Pcpq"Ngvv0"12."436Î43:"*4234+0"

]45_ L0Mte."O.¥gocp"gv"cn."ÐOqfwncvgf"rjqvqpke/et{uvcn"uvtwevwtgu"cu"dtqcfdcpf"

dcem"tghngevqt"kp"vjkp/hkno"uqnct"egnnu.Ñ"Crrn0"Rj{u0"Ngvv0""94."375723"*422;+0"

]46_ O0Dgtikpumk."L0Jwrmgu."gv"cn."Vjg"ghhgev"qh"htqpv"¥pQ<Cn"uwthceg"vgzvwtg"cpf"

qrvkecn"vtcpurctgpe{"qp"ghhkekgpv"nkijv"vtcrrkpi"kp"Uknkeqp"vjkp"hkno"uqnct"egnnu."

L0"Crrn0"Rj{u0"101."296;25"*4229+0""

]47_ U0"Rknnck."M0"T0"Ecvejrqng."V0"Vtwrmg."cpf"O0"C0"Itggp."ÐUwthceg"rncuoqp"

gpjcpegf"uknkeqp"uqnct"egnnu.Ñ"L0"Crrn0"Rj{u0"101."2;5327"*4229+0"
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Chapter 6

Fgukip"cpf"hcdtkecvkqp"qh"wnvtc"vjkp"

hkno"e/Uk"uqnct"egnnu"ykvj"htqpv"cpf"

dcem"fkhhtcevkqp"itcvkpi"
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803 Kpvtqfwevkqp"
Kp" vjku" ejcrvgt." yg" rtqrqug" cp" qtkikpcn" fgukip" vq" dqquv" vjg" cduqtrvkqp"

gpjcpegogpv"qdvckpgf"wukpi"c"ukping"fkhhtcevkqp"itcvkpi0"Vjku"fgukip"kpxqnxgu"vyq"

itcvkpiu" jcxkpi" fkhhgtgpv" rgtkqfu" cv" vjg" htqpv" cpf" cv" vjg" dcem" kpvgthcegu" qh" vjg"

cevkxg"nc{gt0"Gcej"itcvkpi"ku"kpvgpfgf"vq"rnc{"c"urgekhke"tqng<"

‚ Vjg" htqpv" itcvkpi" jcu" vq" gpjcpeg" vjg" nkijv" eqwrnkpi" kpvq" vjg" cevkxg." kp" c"

urgevtcn"tcpig"cu"dtqcf"cu"rquukdng."uq"vq"tgfweg"vjg"tghngevcpeg="

‚ Vjg"dcem"itcvkpi"jcu" vq"fkhhtcev" vjg" nkijv" vjcv"jcu"pqv"dggp"cduqtdgf" kp"c"

ukping"rcuu"dcem"kpvq"vjg"cevkxg"nc{gt0""

Wr"vq"pqy."vjgug"eqpegrvu"jcxg"dggp"rtqrqugf"ugrctcvgn{0"]3/4_"Hqt"kpuvcpeg."

itcvkpiu"cu"dcem"tghngevqtu"ecp"dg"rcvvgtpgf"qp"vtcpurctgpv"cpf"eqpfwevkxg"qzkfgu"

*VEQ+" ]32/36_" qt" qp" ogvcnnke" nc{gtu" ]5/7_0" Qvjgt" itqwru" rtqrqugf" vq" wug" uwej"

itcvkpiu" cu" htqpv" cpvk/tghngevkqp" nc{gtu" ]8_" vq" tgfweg" vjg" tghngevkqp" cv" vjg" ujqtv"

ycxgngpivju"qp"e/Uk"]9_0""

Tgegpvn{."Owvkvw"cpf"cn0"]4_."Fgycp"cpf"cn0"]:_"cpf"M0"Ycpi"cpf"cn0"];_"jcxg"

fgxgnqrgf" pgy" fgukipu" dcugf" qp" ownvkrng" itcvkpi" uvtwevwtgu" cpf" tgrqtvgf" cp"

kpetgcug"qh"vjg"qrvkecn"rcvj"ngpivj"d{"ukowncvkqp."vqigvjgt"ykvj"cp"gpjcpegogpv"qh"

vjg" ujqtv" ektewkv" ewttgpv" ]4." 7/8." :/34_0" Jqygxgt." pgkvjgt" vjg" ghhgev" qh" itcvkpi"

jgkijv." pqt" vjg" kphnwgpeg" qh" vjg" rgtkqf." hknnkpi" hcevqt" hqt" vjg" htqpv" cpf" vjg" dcem"

fkhhtcevkqp" itcvkpiu" ygtg" kpxguvkicvgf" dcugf" qp" vjg" tgcn" hcdtkecvkqp" hgcukdknkv{0"

Vjku" tgockpu" qpg" qh" vjg"oquv" korqtvcpv"ogcpkpihwn" kpxguvkicvkqpu" hqt" vjg" htqpv"

cpf"dcem"itcvkpiu"uqnct"egnnu0""

Kp" vjku"ejcrvgt."yg" kpxguvkicvg"cpf"qrvkok¦g"qpg/"qt" vyq"fkogpukqpcn" *3F"qt"

4F+" dcem/ukfg" cpf" htqpv/ukfg" fkhhtcevkqp" itcvkpi" uqnct" egnnu0" Yg" rtqrqug" vq"

korngogpv"ukownvcpgqwun{"vjg"htqpv"itcvkpi"d{"rcvvgtpkpi"fktgevn{"vjg"cduqtdkpi"e/

Uk"nc{gt."cpf"vjg"dcem"itcvkpi"d{"rcvvgtpkpi"vjg"dcem"gngevtqfg."vjtqwij"kvu"VEQ"qt"

kvu"ogvcnnke"nc{gt"kp"c"eqorngvg"uqnct"egnn0"
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Vjg" hkpkvg" fkhhgtgpeg" vkog" fqockp" *HFVF+" ogvjqf" ku" wugf" vq" qrvkok¦g" vjg"

itcvkpiu"rctcogvgtu"kp"qtfgt"vq"cejkgxg"c"oczkowo"kpetgcug"qh"vjg"cduqtrvkqp"kp"

vjg"e/Uk"nc{gt0"Vjg"qrvkecn"ukowncvkqp"dcugf"qp"304"-o"vjkem"e/Uk"nc{gt"ykvj"dcem"

qt"htqpv"3F"itcvkpiu"ku" kpvtqfwegf0"Vjg"kphnwgpeg"qh" vjg"jgkijv"cpf"vjg"rgtkqf"qh"

fkhhgtgpv" dcem" kpvgthcegu" ctg" uvwfkgf" dcugf" qp" ugok/kphkpkvg" e/Uk" cv" e/Uk1¥pQ"

kpvgthceg"cpf"cv" vjg"¥pQ1Ci" kpvgthceg0"Cpf" vjgp" vjg" kphnwgpeg"qh" vjg"rgtkqf"cpf"

hknnkpi" hcevqt" qh" vjg" htqpv" itcvkpi" ku" kpvtqfwegf0" Dcugf" qp" vjg" kpxguvkicvkqp" qh"

fgxkegu" kpenwfkpi" c" dcem" qt" c" htqpv" itcvkpi." xctkqwu" fqwdng" 3F" itcvkpi"

eqphkiwtcvkqpu"ctg"vjgp"rtqrqugf"cpf"fkuewuugf0"Ceeqtfkpi"vq"vjg"ukowncvkqpu"qp"

3F" dcem" cpf" htqpv" itcvkpiu." vjg" vctigvgf" eqorngvg" uqnct" egnnu" ctg" ukowncvgf" cpf"

eqorctgf0" Cffkvkqpcnn{." vjg" qrvkecn" rtqrgtvkgu" cpf" ujqtv" ektewkv" ewttgpv" qh" vjg"

qrvkok¦gf" uvtwevwtg" ctg" kpxguvkicvgf" d{" uvwf{kpi" kvu" cduqtrvkqp" urgevtc" cpf" vjg"

gngevtke"hkgnf"ocrrkpiu0"Oqtgqxgt."vjg"htqpv"cpf"dcem"4F"itcvkpiu"uvcem"ku"uvwfkgf"

d{"cpcn{¦kpi"vjg"cduqtrvkqp"urgevtc"cpf"rjqvqewttgpv0"Hkpcnn{."c"hcdtkecvkqp"tqwvg"

vq"igpgtcvg"uwej"mkpf"qh"fqwdng"3F"cpf"4F"itcvkpiu"uvtwevwtgu"ctg"rtqrqugf<""vjg"

fqwdng" 3F" cpf" 4F" itcvkpiu" fgxkegu" ykvj" fkhhgtgpv" rgtkqfu" ctg" igpgtcvgf" d{"

cuuqekcvkpi" ncugt"jqnqitcrjke" nkvjqitcrj{" *NJN+"ykvj" tgcevkxg" kqp"gvejkpi" *TKG+"

cpf" kpfwevkxgn{" eqwrngf" rncuoc" *KER+" gvejkpi" uvgru" eqodkpgf" ykvj" ugxgtcn"

fgrqukvkqp" vgejpkswgu0"Cv" vjg" gpf" qh" vjku" ejcrvgt." vjg" qrvkecn" rtqrgtvkgu" qh" uwej"

fqwdng"itcvkpi"uqnct"egnn"fgxkegu"ctg"ejctcevgtk¦gf0""

"

804 Cduqtrvkqp"qh"htqpv"cpf"dcem"3F"

itcvkpiu"qp"ukping"e/Uk"nc{gt""
Vjg" oquv" korqtvcpv" rtqrgtv{" qh" vjg" itcvkpi" ku" vq" kpetgcug" vjg" rcvj" ngpivj" qh"

rjqvqpu" kpukfg" vjg" cduqtdkpi" nc{gt" d{" eqwrnkpi" vjg" nkijv" vq" pqp/¦gtq" fkhhtcevkqp"

qtfgtu0"Rtgnkokpct{" kpxguvkicvkqpu" ctg" eqpfwevgf"qp"c"3"-o" vjkem" e/Uk."yjkej" ku"

3F"rcvvgtpgf."cu"ujqyp"kp"Hki0"803*a)/*d+0"Vjg"htqpv"rgtkqf."422"po."cpf"vjg"dcem"
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rgtkqf." :22" po." ctg" ctdkvtct{" ejqugp" hqt" vjgug" ukowncvkqp" vguvu0" Hqt" cnn" vjg"

itcvkpiu."vjg"ckt"hknnkpi"hcevqt"*hhckt"?"ykfvj1rgtkqf+"ku"fghkpgf"cu"vjg"ykfvj"qh"vjg"

jkij"kpfgz"ocvgtkcn"unkegu"fkxkfgf"d{"vjg"rgtkqf"C"itcvkpi"hknnkpi"htcevkqp"*hhckt+"qh"

72'"yknn"dg"eqpukfgtgf."c"xcnwg"gcukn{"cejkgxcdng"d{"oquv"qh"vjg"pcpqrcvvgtpkpi"

vgejpqnqikgu" *jqnqitcrjke" nkvjqitcrj{." qt" pcpq/kortkpv" cpf" uq" qp+0" Vjg" itqqxg"

jgkijv" *fgrvj+" ku" ugv" cu" 322" po" hqt" vjg" htqpv" cpf" dcem" itcvkpi0" "Oqtgqxgt." yg"

eqpegpvtcvg" qp" VO" rqnctk¦cvkqp" *cnqpi" vjg" {" czku" *Hki0" 804+." k0" g0" gngevtke" hkgnf"

qtvjqiqpcn"vq"vjg"unkvu0""

"

Hki0"8030"*a+"Rncpct"*b+"dcem"rcvvgtpgf"*c+"htqpv"rcvvgtpgf"cpf"*d+"htqpv"cpf"dcem"

rcvvgtpgf"eqphkiwtcvkqpu"qp"c"3-o"vjkem"e/Uk"nc{gt"*e+"Qrvkecn"cduqtrvkqp"urgevtc"

eqorctkuqp"qh"vjqug"6"eqphkiwtcvkqpu."dcugf"qp"VO"rqnctk¦cvkqp"

Cu"ujqyp"qp"Hki0"803*e+."hqt"vjg"rncpct"e/Uk"nc{gt."htqo"cdqwv"672"po"vq"3322"

po." vjg" engctn{" xkukdng" cduqtrvkqp" tguqpcpegu" eqttgurqpf" vq" Hcdt{/Rgtqv"oqfgu"

vjcpmu"vq"vjg"nctig"kpfgz"eqpvtcuv"dgvyggp"ckt"cpf"e/Uk"nc{gt0"Kh"vjgug"tguqpcpegu"

ecp" ngcf" vq" c" eqorngvg" cduqtrvkqp" qh" vjg" kpekfgpv" nkijv." vjg" urgevtcn" fgpukv{" qh"

oqfgu" ku" nkokvgf" d{" vjg" nqy" vjkempguu" qh" vjg" nc{gt." ngcfkpi" vq" nqy" kpvgitcvgf"

cduqtrvkqp"qp"vjg"yjqng"urgevtcn"tcpig0"Oqtgqxgt."vjg"nctig"kpfgz"eqpvtcuv"ku"cnuq"

tgurqpukdng"qh" vjg" nqy"*\72'+"cduqtrvkqp" hqt" vjg" ujqtvgt"ycxgngpivju." ukpeg" vjg"

tghngzkqp"ku"vqq"jkij0"Vjgp."vjg"gpxkucigf"tqngu"qh"vjg"vgzvwtcvkqpu"ctg"vyqhqnf<""
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‚ vq"tgfweg"vjg"tghngzkqp"kp"yjqng"qh"kpvgtguvgf"ycxgngpivj"tcpig.""

‚ vq"kpetgcug"vjg"urgevtcn"fgpukv{"qh"oqfgu"cv"nctig"ycxgngpivj"tcpig0""

Ceeqtfkpi"vq"vjg"urgevtc"qh"Hki0"803*e+."vjg"ncuv"kuuwg"ecp"dg"cfftguugf"wukpi"c"

dcem"vgzvwtcvkqp="vjg"cduqtrvkqp"rgcmu"ctg"pqv"qpn{"fwg"vq"Hcdt{/Rgtqv"tguqpcpegu"

cnqpi" vjg" xgtvkecn" fktgevkqp" dwv" cnuq" htqo" vjg" Hcdt{/Rgtqv" tguqpcpegu" cnqpi"

fktgevkqpu"qh"fkhhtcevkqp."cu"ecp"dg"engctn{"uggp"cdqxg":22"po0""

Eqpegtpkpi"vjg"hktuv"kuuwg."kv"ecp"gxgp"dg"cfftguugf"wukpi"c"htqpv"itcvkpi<"vjg"

cduqtrvkqp" ku" uvtqpin{" kortqxgf"cv" ujqtvgt"ycxgngpivj."dwv" kv" vjgp" tgockpu"swkvg"

nqy"cv"vjg"nqpigt"ycxgngpivj0""

Hkpcnn{."dqvj" kuuwgu"ctg" cfftguugf"wukpi"dqvj" htqpv"cpf"dcem"3F"itcvkpi"e/Uk"

nc{gt"cpf"ngcf"vq"c"77'"cduqtrvkqp"kp"vjg"cevkxg"nc{gt0"Vjku"kortqxgogpv"ku"wr"vq"

97'"eqorctgf"vq"vjg"cduqtrvkqp"kp"vjg"rncpct"3"-o"vjkem"e/Uk"nc{gt0"Ogcpyjkng."

vjg"kpvgitcvgf"cduqtrvkqp"qh"vjg"dcem"itcvkpi"uvcem"cpf"vjg"htqpv"itcvkpi"uvcem"ctg"

uvknn"jkijgt"vjcp"vjg"rncpct"e/Uk"nc{gt"d{"7'"cpf"8:'"tgurgevkxgn{0""

"

805 Htqpv"cpf"dcem"itcvkpi"uqnct"egnn"

fgukip"
6.3.1 Structure description

Vjg"yjqng"uqnct"egnn"uvtwevwtg"kpxguvkicvgf"kp"vjku"yqtm"ku"c"uvcem"eqorqugf."htqo"

vjg" dcem" vq" vjg" htqpv." qh" c" 322" po" vjkem" uknxgt" *Ci+" nc{gt." c" 342" po" vjkem" ¦kpe"

qzkfg"*¥pQ+"nc{gt."c"e/Uk"nc{gt"ykvj"c"vjkempguu"kp"vjg"822"po/4"-o"tcpig."wugf"

cu" vjg"cevkxg"ocvgtkcn" *r-/k/"p-" lwpevkqp+."qxgtnckf"d{"cp":2"po"vjkem" kpfkwo"vkp"

qzkfg"*KVQ+"nc{gt"*ugg"Hki0"804*a++0""

Qp" vjg" dcem" ukfg." vjg" e/Uk1¥pQ" kpvgthceg" ku" rcvvgtpgf" cu" c" 3F" 1" 4F" itcvkpi."

yjgtgcu"qp" vjg" vqr." vjg" e/Uk" cpf" KVQ" nc{gtu" ctg" rcvvgtpgf" cu" c"3F" 1" 4F"itcvkpi"



Ejcrvgt08"Fgukip."hcdtkecvkqp"cpf"ejctcevgtk¦cvkqp"htqpv"cpf"dcem"itcvkpi"vjkp"hkno"
e/Uk"uqnct"egnnu"

"328"

ykvj"c"fkhhgtgpv"rgtkqf"*Hki0"804*b++0"Vjg"qrvkecn"kpfkegu"qh"vjg"ocvgtkcnu"*KVQ."e/

Uk."¥pQ"]35_"cpf"Ci"]35_+"ctg"kpenwfgf"kp"vjg"Cppgz0"C0"

"

"

Hki0"8040"Uejgocvke"xkgyu"qh"vjg"kpxguvkicvgf"eqorngvg"*a+"wprcvvgtpgf"uvcem"

*tghgtgpeg+"cpf"*b+"rcvvgtpgf"uvcem"ykvj"vjg"htqpv"cpf"dcem"3F"fkhhtcevkqp"itcvkpi"

ykvj"fkhhgtgpv"rgtkqfu"

Vjg"vjkempguu"qh":2"po"hqt"vjg"KVQ"nc{gt"ku"jkij"gpqwij"vq"gpcdng"c"nqy"ujggv"

tgukuvcpeg."uq"nqy"ncvgtcn"vtcpurqtv"nquugu"qh"vjg"ecttkgtu"qxgt"jwpftgfu"qh"oketqpu"

vq" ncvgtcn" ogvcnnke" eqpvcevu0" Kp" vjg" ucog" vkog." vjku" xcnwg" {kgnfu" c" nqy" qrvkecn"

cduqtrvkqp0" Kp"cp"wprcvvgtpgf"uqnct"egnn." vjku" KVQ" nc{gt."ykvj" kvu" tghtcevkxg" kpfgz"

ctqwpf"4."cnuq"rnc{u"vjg"tqng"qh"cp"cpvk/tghngevkqp"eqcvkpi"hqt"tgf"nkijv0"Kp"vjg"ecug"

qh"rcvvgtpgf"uqnct"egnnu." vjku"ocvgtkcn"yknn" hwtvjgt"eqpvtkdwvg" vq" vjg"cpvk/tghngevkxg"

ghhgev"qh" vjg"htqpv"itcvkpi0"Qp" vjg"dcem"ukfg"qh" vjg"egnn." vjg"uknxgt"gngevtqfg"cnuq"

cevu"cu"cp"cnoquv"rgthgev"tghngevqt0"Kv"ku"cuukuvgf"d{"vjg"¥pQ"qt"VEQ"nc{gt"yjkej"

rtgxgpvu"htqo"vjg"fkhhwukqp"qh"Ci"kpvq"e/Uk"]36_."cpf"yjkej"gzjkdkvu"c"rctvkewnctn{"

nqy" qrvkecn" cduqtrvkqp" *ugg" crrgpfkz+0" Kpekfgpv" nkijv" ku" vjgp" gzrgevgf" vq" dg"

rtghgtgpvkcnn{" cduqtdgf" kp" vjg" e/Uk" nc{gt." yjkng" vjg" rjqvqigpgtcvgf" ecttkgtu" ctg"

eqnngevgf" d{" vjg" KVQ" cpf" ¥pQ1Ci" nc{gtu0" C" itcvkpi" hhckt" qh" 72'" yknn" dg"

eqpukfgtgf."c"xcnwg"gcukn{"cejkgxcdng"d{"oquv"qh"vjg"pcpqrcvvgtpkpi"vgejpqnqikgu"

]:."37_0""

"
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6.3.2 Design rules for 1D front and back gratings 

Kp"vjku"ugevkqp."yg"fkuewuu"qp"vjg"tgurgevkxg"tqngu"qh"vjg"htqpv"cpf"dcem"itcvkpiu0"

Hqt"vjg"ucmg"qh"ukornkekv{."cpf"vq"rtqxkfg"ukorng"iwkfgnkpgu"hqt"vjg"fgukip"qh"vjgug"

uvtwevwtgu."pqp"fkurgtukxg"ocvgtkcnu"yknn"dg"eqpukfgtgf."ykvj"p"?"6"cpf"m"?"2"hqt"e/

Uk="p"?"4"cpf"m"?"2" hqt"¥pQ"cpf" KVQ0"Yg"eqpukfgt"3F"itcvkpiu"cpf"cp" kpekfgpv"

rncpg"ycxg"ykvj"c"VO"rqnctk¦cvkqp"*cnqpi"vjg"{"czku."k0g0"gngevtke"hkgnf"qtvjqiqpcn"

vq"vjg"unkvu+0""

a. Design of the back grating

Vjg" gzrgevgf" tqng" qh" vjg" dcem" fkhhtcevkqp" itcvkpi" ku" vq" vtcr" vjg" kpekfgpv" nkijv" cv"

nqpi"ycxgngpivju"kpvq"iwkfgf"oqfgu."kp"uwej"c"yc{"vq"kpetgcug"rjqvqp"nkhgvkog"kp"

vjg"cevkxg"ogfkwo0"Vq"tgcej" vjku"iqcn." c"rgtkqfke"itcvkpi" ku" korngogpvgf"qp" vjg"

¥pQ"nc{gt."qp"vqr"qh"vjg"Ci"gngevtqfg"*ugg"Hki0"804+."kp"qtfgt"vq"fkhhtcev"dcem"vjg"

kpekfgpv"nkijv"kpvq"e/Uk0""

Kp" vjg" ecug" qh" c" ukorng" 3F" fkhhtcevkqp" itcvkpi." vjg" cpingu" qh" vjg" fkhhtcevgf"

qtfgtu"ctg"ecnewncvgf"wukpi"vjg"itcvkpi"gswcvkqp<""

""""""""""""""""" ukp ukp 1o k d fo ps s n- ? - N """""""""""""""""""""""""""""""""""""""""""""""" *4+"

yjgtg"pf"ku"vjg"tghtcevkxg"kpfgz."そ"ku"vjg"ycxgngpivj"kp"xcewwo."】d"ku"vjg"itcvkpi"

rgtkqf."o" ku"vjg"fkhhtcevkqp"qtfgt"*2."ł3."ł4È+."しk" ku"vjg"kpekfgpv"cping."しo" ku"vjg"

fkhhtcevkqp"cping"hqt"vjg"ovj"qtfgt0"Cu"vjg"ockp"rwtrqug"qh"vjg"dcem"itcvkpi"ku"vq"

kpetgcug" vjg" cduqtrvkqp" cv" nqpigt"ycxgngpivju" *htqo"922/3322"po" hqt" e/Uk+." vjg"

urgewnct"tghngevkqp"kp"vjg"qtfgt"2"ujqwnf"dg"cvvgpwcvgf"hqt"vjg"rtqhkv"qh"fkhhtcevgf"

qtfgtu"ykvj0" Kpekfgpv" nkijv"yknn" vjgp"dg"tghngevgf"ykvj"c" nctigt"rtqrcicvkpi"cping"

しo." vjgtgd{" kpetgcukpi" vjg" qrvkecn" rcvj" ngpivj." cpf" rqvgpvkcnn{" vtcrrkpi" rjqvqpu"

kpvq"iwkfgf"oqfgu" kp" vjg"e/Uk" nc{gt0"Hqnnqykpi" vjgug"eqpukfgtcvkqpu."c" tgncvkxgn{"

nctig"ncvvkeg"rctcogvgt"ujqwnf"dg"ugngevgf"kp"qtfgt"vq"igpgtcvg"pqp"¦gtq"fkhhtcevkqp"

qtfgtu"]38_0"

Kp" qtfgt" vq" fgvgtokpg" kp" c" oqtg" swcpvkvcvkxg" yc{" vjg" qrvq/igqogvtkecn"

rctcogvgtu" qh" vjg" dcem" itcvkpi." yg" pqy" eqpukfgt" vjg" uvtwevwtg" fkurnc{gf" Hki0"
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805*a+." cpf" eqodkpkpi" vjg" rcvvgtpgf" 342" po" ¥pQ" nc{gt." vjg" 322" po" vjkem" Ci"

tghngevqt"cpf"vjg"e/Uk"ogfkwo."jgtg"eqpukfgtgf"cu"ugok/kphkpkvg0"Vjku"uvtwevwtg"ku"

ukowncvgf" d{" HFVF." ykvj" c" xkgy" vq" kpxguvkicvg" vjg" korcev" qh" vjg" eqttwicvkqp"

fgrvj"*jd+"cpf"qh"vjg"ncvvkeg"rctcogvgt"qh"vjg"itcvkpi0"

Hkiwtg" 805*b+" knnwuvtcvgu" vjg" kphnwgpeg" qh" jd." eqpukfgtkpi" c" 722" po" rgtkqf0"

Ukpeg"vjku"fgrvj"ujqwnf"dg"nkokvgf"eqpukfgtkpi"vjg"rtqeguukpi"vkog"cpf"hgcukdknkv{."

c"xcnwg"qh"322"po"crrgctu"cu"cp"qrvkowo"ukpeg"vjg"2vj"qtfgt"ku"vjgp"okpkok¦gf."

yjkng"cnn"vjg"nkijv"ku"cnoquv"hwnn{"fkhhtcevgf"qp"vjg"-1/3"qtfgtu0""

"

Hki0"8050"Uejgocvke"xkgy"qh"vjg"dcem"itcvkpi"uvtwevwtg"*a+="kphnwgpeg"qh"vjg"itcvkpi"

fgrvj"*b+"cpf"rgtkqf"*c+"qp"vjg"nkijv"kpvgpukv{"fkuvtkdwvkqp"qp"vjg"fkhhtcevgf"qtfgtu."

hqt"c"VO"rqnctk¦cvkqp0"

Vjg"korcev"qh"vjg"itcvkpi"rgtkqf"ku"vjgp"gxcnwcvgf"*ugg"Hki0"805*c++."hqt"c"322"

po"eqttwicvkqp"fgrvj0"Cu"gzrgevgf."cffkvkqpcn"qtfgtu"crrgct"hqt"kpetgcugf"rgtkqfu."

dwv"vjg"kpvgpukvkgu"eqttgurqpfkpi"vq"qtfgtu"nctigt"vjcp"3"tgockpu"xgt{"nkokvgf."gxgp"

hqt"c"3-o"rgtkqf0"Eqpukfgtkpi"vjgug"tguwnvu."vqigvjgt"ykvj"vjg"vgpfgpekgu"gzrgevgf"

htqo" vjg" itcvkpi" gswcvkqp" *4+." vjg" ejqkeg" qh" vjg" rgtkqf" ku" vjwu" c" eqortqokug"

dgvyggp"c"nctig"rgtkqf"vq"kpetgcug"vjg"pwodgt"qh"fkhhtcevkqp"qtfgtu."cpf"vq"tgfweg"

vjg"kpvgpukv{"qp"vjg"qtfgt"2."cpf"c"uocnn"rgtkqf."vq"mggr"c"nctig"gpqwij"fkhhtcevgf"

cping"hqt"vjg"hktuv"qtfgt"oqfg0"Vjg"itcvkpi"rgtkqf"yknn"vjgtghqtg"dg"ugv"vq"972"po0""

"
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b. Design of the front grating 

Cu"hqt"vjg"ecug"hqt"vjg"dcem"itcvkpi."vjg"rgtkqf"*】h+"ku"cnuq"c"mg{"rctcogvgt"hqt"vjg"

fgukip"qh" vjg" htqpv"itcvkpi0" Kp" vjku" ugevkqp."yg"yknn" eqpukfgt"c"rgtkqfke" uvtwevwtg"

eqorqugf"qh" KVQ1e/Uk"rcvvgtpu." cu"fgrkevgf" kp"Hki0" 806*a+0" Kvu" dgjcxkqwt"yknn" dg"

gzrnqtgf" kp" vjg"522/3322"po"ycxgngpivj" tcpig."eqpukfgtkpi"c"ugok/kphkpkvg"e/Uk"

ogfkwo0"Vjg"ockp"qdlgevkxg"ku"vq"tgfweg"vjg"tghngevkqp"cv"vjg"htqpv"uwthceg."yjkng"

eqpukfgtkpi" vgejpqnqikecnn{" hgcukdng" igqogvtkecn" rctcogvgtu0" Hqt" vjgug" tgcuqpu."

yg"yknn"eqpukfgt"rcvvgtpu"ykvj"cp"KVQ"ugevkqp"qh":2"po"vjkem"cpf"c"e/Uk"ugevkqp"qh"

322"po"fggr0"Hki0" 806*b+" ujqyu" vjg" kphnwgpeg"qh" vjg" htqpv"itcvkpi"rgtkqf." vwpgf"

htqo"322"po"vq"972"po."qp"vjg"coqwpv"qh"nkijv"tghngevgf"cv"vjg"htqpv"uwthceg0""

"

Hki0"8060"Uejgocvke"xkgy"qh"vjg"htqpv"itcvkpi"*a+."cpf"tghngevgf"kpvgpukv{"xgtuwu"vjg"

ycxgngpivj."hqt"xctkqwu"itcvkpi"rgtkqfu"cpf"eqpukfgtkpi"c"VO"rqnctk¦cvkqp."cpf"c"

72'"hhckt="vjg"tghgtgpeg"eqttgurqpfu"vq"c"rncpct"Uk"uwthceg"eqxgtgf"d{"c":2po"

vjkem"KVQ"nc{gt"*b+0"

Yjkng"vjg"KVQ"nc{gt"qh"vjg"rncpct"KVQ1e/Uk"tghgtgpeg"cevu"cu"cp"ghhkekgpv"cpvk/

tghngevqt"ctqwpf"822"po."kv"ku"owej"nguu"vjg"ecug"hqt"vjg"nqygt"ycxgngpivj"tcpig."

k0g0"dgnqy"722"po0"Qp"vjg"eqpvtct{."vjg"ukowncvgf"urgevtc"ujqy"vjcv"vjg"rcvvgtpgf"

uvtwevwtgu"gzjkdkv" c" nqygt"inqdcn" tghngevkqp"eqorctgf" vq" vjg" tghgtgpeg" hqt"cnn" vjg"

eqpukfgtgf"rgtkqfu."kp"vjg"yjqng"522/672"po"ycxgngpivj"tcpig0"Kv"ogcpu"vjcv"vjg"
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rcvvgtpgf" KVQ1e/Uk" cevu" cu" cp" ghhkekgpv" cpvk/tghngevqt" vq" fgetgcug" vjg" inqdcn"

tghngevkqp" kp" vjku" ujqtv" ycxgngpivj" tcpig0" Vjku" ecp" dg" cvvtkdwvgf" vq" c" dgvvgt"

korgfcpeg"ocvejkpi"dgvyggp"ckt"cpf"uknkeqp."dwv"cnuq"vq"fkhhtcevkqp"rtqeguugu0"Kp"

rctvkewnct." hqt" rgtkqfu" uocnngt" vjcp" vjg" ycxgngpivj." nkijv" ku" pqv" tghngevgf" kp"

fkhhtcevkqp"qtfgtu" vjcp"2" kp" ckt."yjgtgcu" vtcpuokuukqp" kpvq" e/Uk" ku"ocfg"rquukdng"

vjtqwij"oqtg"fkhhtcevkqp"qtfgtu"*2"cpf"-1/"3+0"Kp"vjg"urgekhke"ecug"qh"vjg"rcvvgtpgf"

kpvgthceg"ykvj"c"472"po"rgtkqf."vjg"ukowncvgf"urgevtwo"fgoqpuvtcvgu"c"nqy"inqdcn"

tghngevkqp"kp"vjg"ujqtv"*522/672"po+."okf"*672/922po+"cpf"nqpi/ycxgngpivj"*922/

3322"po+" tcpigu0"Vjku"rgtkqf"yknn" vjgtghqtg"dg" ugngevgf" hqt" vjg" htqpv"itcvkpi." kp"

qtfgt"vq"vtcr"oquv"qh"vjg"kpekfgpv"nkijv"kpvq"vjg"e/Uk"cevkxg"nc{gt0"

"

806 Eqodkpgf"htqpv"cpf"dcem"itcvkpi"

uqnct"egnn<"inqdcn"fgukip"cpf"cpcn{uku""
Uq" hct." vjg" htqpv" cpf" vjg" dcem" itcvkpiu" jcxg" dggp" kpvtqfwegf" cpf" qrvkok¦gf"

ugrctcvgn{."ykvj"c"xkgy"vq"ugngev"vjgkt"igqogvtkecn"rctcogvgtu0"Kp"vjku"ugevkqp."yg"

rtqrqug"vq"korngogpv"c"fqwdng"itcvkpi"uvtwevwtg"htqo"vjg"fgukip"twngu"rtgxkqwun{"

fgtkxgf0"Vjg"tqng"qh"gcej"itcvkpi"ecp"dg"wpfgtuvqqf"htqo"vjg"rtgxkqwu"uvwfkgu0"Qp"

qpg"jcpf." vjg" ujqtv" rgtkqf" htqpv" itcvkpi" ku" kpvgpfgf" vq" tgfweg" vjg" tghngevkqp" cpf"

vjwu" vq"fkhhtcev" vjg" kpekfgpv" nkijv" kp" vjg"yjqng"urgevtcn" tcpig"kpvq" vjg"cevkxg"e/Uk"

nc{gt0"Qp"vjg"qvjgt"jcpf."vjg"nctig"rgtkqf"dcem"itcvkpi"ku"kpvgpfgf"vq"fkhhtcev"dcem"

vjg"kpekfgpv"nkijv"kpvq"vjg"cevkxg"nc{gt."ockpn{"kp"vjg"tgf"vq"pgct"kphtctgf"tcpigu"qh"

vjg"urgevtwo"*922/3322"po+0"Kp"vjku"ugevkqp."yg"eqpukfgt"vjg"eqorngz"kpfkegu"cpf"

fkurgtukqp"ejctcevgtkuvkeu"qh"cnn"vjg"tgcn"ocvgtkcnu"wugf0"Vjg"qrvkecn"kpfkegu"qh"KVQ"

]htqo" gnnkruqogvtke" ogcuwtgogpv_" cpf" e/Uk" ]htqo" gnnkruqogvtke" ogcuwtgogpv_."

¥pQ" ]35_" cpf" Ci" ]35_" ctg" kpenwfgf" kp" Cppgz0" C0" Yg" fgtkxg" vjg" rjqvqewttgpv"

cnqpi"ykvj"vjg"ogvjqfqnqi{"kpvtqfwegf"kp"ugevkqp"4030""

"
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6.4.1 Analysis of the 1D double grating solar cell 

Yg"hktuv"cpcn{¦g"vjg"urgevtcn"dgjcxkqwt"qh"vjg"fqwdng"itcvkpi"uqnct"egnn"uvtwevwtgu."

eqpukfgtkpi" vjg" fgukip" rctcogvgtu" fgtkxgf" htqo" ugevkqp" 4." kpenwfkpi" c" 472" po"

rgtkqf" htqpv"itcvkpi."c"972"po"rgtkqf"dcem"itcvkpi." cpf"72'"hknnkpi" htcevkqp" hqt"

dqvj"itcvkpiu0"Vjku"ugv"qh"rctcogvgtu"cnuq"gpcdngu"vjg"wug"qh"c"ukorng"wpkv"egnn"hqt"

vjg"HFVF"ukowncvkqp0"C"304"-o"vjkem"e/Uk"nc{gt"ku"eqpukfgtgf."kpenwfkpi"vjg"322"

po"vjkem"eqttwicvgf"ugevkqpu"qp"vjg"vqr"cpf"qp"vjg"dqvvqo"rctvu"qh"vjg"nc{gt0"Hki0"

806" ujqyu" vjg" cduqtrvkqp" urgevtc" hqt" uwej" c" fgxkeg." eqpukfgtkpi" qpn{" vjg" wughwn"

rctv" qh" vjg" cduqtrvkqp." k0g0" kp" vjg" e/Uk" nc{gt0" Vjg" fqwdng" itcvkpi" uvtwevwtg" ku"

eqorctgf" vq" uvtwevwtgu" kpenwfkpi" qpn{" vjg" htqpv" qt" vjg" dcem" itcvkpi0" Hki0" 807*a+"

gzjkdkvu"vjg"urgevtc"eqttgurqpfkpi"vq"c"VO"rqnctk¦gf"kpekfgpv"nkijv."cu"kp"vjg"ecug"

qh"ugevkqp"4."yjkng"Hki0"807*b+"eqttgurqpf"vq"c"VG"rqnctk¦gf"nkijv0"Dgnqy"722"po."

vjg"cduqtrvkqp"ku"cnyc{u"jkijgt"yjgp"c"htqpv"itcvkpi"ku"kpvgitcvgf."cu"eqorctgf"vq"

vjg" fgxkeg" kpenwfkpi" qpn{" vjg" dcem" itcvkpi0" Vjku" eqphktou" vjcv" vjg" htqpv" itcvkpi"

cevu" cu" cp" ghhkekgpv" cpvk/tghngevkpi" uvtwevwtg." hqt" dqvj" rqnctk¦cvkqpu0" Qpg" ujqwnf"

pqvg" vjcv" kp" vjku" ujqtv"ycxgngpivj" tcpig." pq" cduqtrvkqp" rgcmu" crrgct." ukpeg" vjg"

cduqtrvkqp" ngpivj" qh" e/Uk" ku" nqygt" vjcp" vjg" nc{gt" vjkempguu0" Kp" vjg" kpvgtogfkcvg"

ycxgngpivj"tcpig."k0g0"dgvyggp"722"cpf"922"po."oquv"qh"vjg"cduqtrvkqp"rgcmu"ctg"

tgiwnctn{" urcegf." cpf" cvvtkdwvgf" vq" Hcdt{/Rgtqv/nkmg" tguqpcpegu0" Crctv" htqo" c"

unkijvn{"jkijgt"ogcp"cduqtrvkqp"kp"vjg"ecug"qh"vjg"fqwdng"itcvkpi"uvtwevwtgu."cnn"vjg"

fgxkegu" gzjkdkv" c" swcnkvcvkxgn{" ukoknct" dgjcxkqwt0" Cdqxg" 922" po." vjg" urgevtc"

gzjkdkv"c"xgt{"fgpug"cpf"kttgiwnct"ugtkgu"qh"kpvgpug"cduqtrvkqp"rgcmu0"Hki0"807*c+"ku"

c" enqug/wr" qh" vjg" urgevtwo"eqttgurqpfkpi" vq" vjg"VG"rqnctk¦cvkqp." cnuq" kpenwfkpi"

vjg" tghgtgpeg" urgevtwo" eqttgurqpfkpi" vq" vjg" hncv" fgxkeg."ykvjqwv" cp{" itcvkpi0"C"

hktuv" qdugtxcvkqp" ku" vjcv" vjg" jkijguv" cduqtrvkqp" ku" cejkgxgf" hqt" vjg" fgxkegu"

kpenwfkpi"c"dcem"itcvkpi."yjkej"urgevtwo"cnuq"gzjkdkvu"c"jkijgt"urgevtcn"fgpukv{"qh"

tguqpcpv" oqfgu0" Vjku" ku" rctvkewnctn{" knnwuvtcvgf" cdqxg" ;22" po." yjgtg" qpn{" qpg"

dtqcf"rgcm"crrgctu"kp"vjg"ecug"qh"vjg"tghgtgpeg"cpf"htqpv"itcvkpi"fgxkegu."yjgtgcu"

vjg" uvtwevwtgu" kpenwfkpi" c" dcem" itcvkpi" gzjkdkv" 6" tguqpcpegu." ykvj" c" tgfwegf"

nkpgykfvj" cpf" c" jkijgt" cduqtrvkqp" oczkowo0" Kpfggf." kp" vjku" nqpi" ycxgngpivj"
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tcpig." cpf" eqpukfgtkpi" vjg" nqy" cduqtrvkqp" eqghhkekgpv" qh" e/Uk." c" nqpigt" rjqvqp"

nkhgvkog"ku"pgeguuct{"vq"vcmg"hwnn"rtqhkv"qh" vjg"qrvkecn"tguqpcpegu"qh" vjg"uvtwevwtg."

cpf"vq"igv"enqugt"vq"vjg"etkvkecn"eqwrnkpi"eqpfkvkqpu"]37_0"Uwej"rtqrgtvkgu"ctg"qpn{"

qhhgtgf"rtqxkfgf"cp"ghhkekgpv"nkijv"vtcrrkpi"uejgog."yjkej"ku"cejkgxgf"jgtg"vjcpmu"

vq"vjg"dcem"itcvkpi"fkhhtcevkqp"rtqeguu0""
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"
Hki0"8070"Cduqtrvkqp"urgevtc"qh"vjg"e/Uk"nc{gt"hqt"vjg"htqpv"itcvkpi."vjg"dcem"

itcvkpi"cpf"vjg"fqwdng"itcvkpi"qrvkok¦gf"uvtwevwtgu."hqt"*a+"VO"cpf"*b+"VG"

rqnctk¦gf"kpekfgpv"nkijv."*c+"ykvj"c"enqug/wr"qh"vjg"urgevtc"hqt"VG"rqnctk¦gf"nkijv"

dgvyggp":22"cpf"3222"po0"
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Kp"qtfgt"vq"hwtvjgt"cpcn{¦g"vjg"qtkikp"qh"vjg"cduqtrvkqp"rgcmu"yjkej"crrgct"kp"

vjg" nqpi"ycxgngpivj" tcpig." vjg" gngevtqocipgvke" hkgnf"ocru"qh" vjg" eqttgurqpfkpi"

oqfgu"jcxg"dggp"ukowncvgf"d{"HFVF"hqt"VG"rqnctk¦gf"nkijv."cpf"hqt"cnn"vjg"hqwt"

kpxguvkicvgf"uvtwevwtg"eqphkiwtcvkqpu."ugg"Hki"8080""

"
Hki0"8080"̃G̃4"hkgnf"ocru."hqt"VG"rqnctk¦gf"kpekfgpv"nkijv"kp"vjg"fqwdng"itcvkpi"

uvtwevwtgu"*rgcmu"3/4+."kp"vjg"htqpv"itcvkpi"uvtwevwtgu"*rgcmu"5/6+."kp"vjg"dcem"

itcvkpi"uvtwevwtgu"*rgcmu"7/8+."cpf"kp"vjg"rncpct"fgxkeg"*rgcmu"9/:+"qh"Hki0"807*c+"

Hqt"vjg"rncpct"uvtwevwtg." vjg"oqfg"rtqhkngu"ctg"v{rkecn"qh"xgtvkecn"Hcdt{/Rgtqv"

tguqpcpegu0"Qp"vjg"eqpvtct{."oquv"qh"vjg"oqfgu"eqttgurqpfkpi"vq"cduqtrvkqp"rgcmu"

qdugtxgf" kp" ukorng" cpf" fqwdng" itcvkpi" uvtwevwtg" gzjkdkv" c" Dnqej" oqfg/nkmg"

fkhhtcevkqp" rcvvgtp." ykvj" c" rgtkqfkekv{" kp" vjg" jqtk¦qpvcn" z/fktgevkqp0" Vjg" jkijgt"

xcnwg" qh" vjg" oczkowo" qh" ̃G̃)." vqigvjgt" ykvj" vjg" tgfwegf" nkpgykfvj" qh" vjg"

eqttgurqpfkpi" cduqtrvkqp" rgcmu." knnwuvtcvg" vjg" nqpigt" nkhgvkog" qh" vjg" rjqvqpu"

vtcrrgf" kp" vjg" e/Uk" nc{gt0"Qpn{" vjg"oqfg" eqttgurqpfkpi" vq" rgcm" 6." hqt" vjg" htqpv"

itcvkpi"fgxkeg."gzjkdkvu"c"hkgnf"rcvvgtp"yjkej"ku"ejctcevgtkuvke"qh"c"xgtvkecn"Hcdt{/

Rgtqv/nkmg" tguqpcpeg." vqigvjgt" ykvj" c" nctigt" cpf" nguu" kpvgpug" cduqtrvkqp" rgcm0"

Hkpcnn{."vjg"jkijgt"cduqtrvkqp"ghhkekgpekgu"qh"vjg"itcvkpi"uvtwevwtgu"ctg"cvvtkdwvgf"vq"

vjg"nctig"pwodgt"qh"kp/rncpg"Dnqej"oqfg/nkmg"tguqpcpegu."yjkej"swcnkv{"hcevqt"ku"

ukipkhkecpvn{"jkijgt"vjcp"vjcv"qh"xgtvkecn"Hcdt{/Rgtqv"oqfgu0""
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6.4.2 Performance of 1D and 2D double grating solar cells 

Eqpukfgtkpi"vjg"fgukip"rctcogvgtu"kpvtqfwegf"cdqxg."cpf"ikxgp"vjg"rtqrgtvkgu"qh"

vjg"rjqvqpke"itcvkpiu"hqt"nkijv"vtcrrkpi"cpf"cduqtrvkqp"eqpvtqn."yg"pqy"fkuewuu"qp"

vjg"rgthqtocpeg"qh"uwej"uqnct"egnnu0"Kp"vjku"ugevkqp."yg"yknn"hktuv"eqorctg"vjg"hqwt"

eqphkiwtcvkqpu" kpvtqfwegf" cdqxg."ykvj" cp" cffkvkqpcn" fgxkeg" kpenwfkpi" 4F" rncpct"

itcvkpiu0" Kpfggf." kv" jcu" dggp" ujqyp" vjcv" vjg" gzrgevgf" ghhkekgpe{" qh" uqnct" egnnu"

kpenwfkpi"4F"rcvvgtpu"ukipkhkecpvn{"gzeggfu"vjcv"qh"c"3F"rcvvgtpgf"fgxkeg"]37/3:_0"

Yg"eqpukfgt"vjg"ucog"ncvvkeg"rctcogvgtu."nc{gt"vjkempguugu"cpf"eqttwicvkqp"fgrvju"

cu" kp" vjg" ecug" qh" 3F" itcvkpi" uvtwevwtgu0" Fkhhgtgpv" eqphkiwtcvkqpu" jcxg" dggp"

eqpukfgtgf" kp" vgtou" qh" ckt/uwthceg" hknnkpi" hcevkqp" *hhckt+" hqt" vjg" htqpv" cpf" dcem"

itcvkpiu." kp" vjg" 54/97'" tcpig." yjkej" tgockpu" ceeguukdng" ykvj" cxckncdng"

nkvjqitcrj{"cpf"gvejkpi"rtqeguugu0"Vjg"uejgocvke"etquu"ugevkqp"cpf"vqr"xkgyu"qh"

vjg"3F"cpf"4F"rcvvgtpgf"fgxkegu"ctg"ujqyp"kp"Hki0"809*a)/*c+0""

"

Hki0"8090"Uejgocvke"xkgy"qh"vjg"fqwdng"ukfg"uvtwevwtg"*a+."vjg"vqr"xkgy"qh"vjg"

rcvvgtpgf"uvtwevwtg"ykvj"3F"*b+"cpf"4F"*c+"fkhhtcevkqp"itcvkpiu"

Hkiwtg"80:*a+"fkurnc{u"vjg"urgevtc"ecnewncvgf"hqt"vjg"hncv"wprcvvgtpgf"tghgtgpeg."

vqigvjgt"ykvj"rcvvgtpgf"uvtwevwtgu"kpenwfkpi"3F"cpf"4F"htqpv"cpf"dcem"itcvkpiu0"C"

hktuv"eqpenwukqp"ku" vjcv" vjg"fgxkegu"yjkej"kpvgitcvg"3F"cpf"4F"itcvkpiu"gzjkdkv"c"

jkijgt"cduqtrvkqp"qxgt"vjg"yjqng"ycxgngpivj"tcpig."htqo"522"vq"3322"po0"Kp"vjg"

ecug"qh" vjg"4F"uvtwevwtg." vjg"kpetgcug"ku"rctvkewnctn{"jkij"kp"vjg"ujqtv"cpf"nqpigt"

ycxgngpivj"tcpigu"ykvj."tgurgevkxgn{."c"dtqcf"cduqtrvkqp"rncvgcw"ctqwpf"672"po."
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cpf" ocp{" ujctr" cpf" kpvgpug" cduqtrvkqp" rgcmu" kp" vjg" pgct/kphtctgf0" Oqtgqxgt."

eqpukfgtkpi"vjg"ujcrg"qh"vjg"cduqtrvkqp"urgevtc."qpg"ecp"eqpenwfg"vjcv"vjg"pcvwtg"

qh" vjg" tguqpcpv" oqfgu" ku" ukoknct" hqt" vjg" fgxkegu" kpenwfkpi" 3F" qt" 4F" rcvvgtpu0"

Hkiwtg"80:*b+"ujqyu"vjg"ujqtv"ektewkv"rjqvqewttgpv"fgpukv{"hqt"cnn"vjg"kpxguvkicvgf"

uvtwevwtgu0"Yjkng"c"ukping"3F"fkhhtcevkqp"itcvkpi"gpcdngu"c"47'"tgncvkxg" kpetgcug"

qh" vjg" rjqvqewttgpv" fgpukv{" ykvj" tgictfu" vq" vjg" hncv" wprcvvgtpgf" tghgtgpeg." vjg"

kpvgitcvkqp" qh" dqvj" c" htqpv" cpf" c" dcem" itcvkpi" {kgnfu" c" 65'" kpetgcug0" Pqy"

eqpukfgtkpi"uwej"c"fqwdng"ukfg"itcvkpi"fgxkegu."dwv"ykvj"4F"rcvvgtpu."vjg"kpetgcug"

ku"wr"vq"87'."ykvj"c"ewttgpv"fgpukv{"qh"5205"oC1eo)0"Vjgtghqtg."eqorctgf"vq"vjg"

ecug"qh"qrvkok¦gf"fgxkegu"kpenwfkpi"3F"itcvkpiu." vjg"tguwnvu"qdvckpgf"ykvj"c"hgy"

eqphkiwtcvkqpu" kpenwfkpi" 4F" itcvkpiu" engctn{" knnwuvtcvg" vjgkt" jkijgt" rqvgpvkcn" hqt"

rjqvqewttgpv" gpjcpegogpv0"Eqorctgf" vq" tguwnvu" qdvckpgf"d{"qvjgt" itqwru" c" hgy"

{gctu" ciq" ]4." :_" qt" xgt{" tgegpvn{" ];_." yg" cejkgxg" jkijgt" ewttgpv" fgpukv{" hqt" c"

ukoknct"e/Uk"vjkempguu"]:_."qt"c"ukoknct"xcnwg"dwv"hqt"c"vjkppgt"cevkxg"nc{gt."qt"oqtg"

ukorng"cpf"vgejpqnqikecnn{"hgcukdng"rcvvgtpu"]4.";_0""

"
Hki0"80:0"Cduqtrvkqp"urgevtc"hqt"vjg"hncv"wprcvvgtpgf"tghgtgpeg."eqorctgf"vq"vjg"

3F"fqwdng"itcvkpi"uvtwevwtg."eqpukfgtkpi"vjg"cxgtcig"qh"urgevtc"eqttgurqpfkpi"vq"

VG"cpf"VO"rqnctk¦gf"kpekfgpv"nkijv."cpf"vjg"4F"fqwdng"itcvkpi"uvtwevwtg"*a+."cpf"

ujqtv"ektewkv"ewttgpv"fgpukv{"hqt"cnn"vjg"uvtwevwtgu"kpxguvkicvgf."ykvj"c"vqvcn"e/Uk"

nc{gt"vjkempguu"qh"304"-o"*b+0"Cu"c"eqorctkuqp."c"hwnn"cduqtrvkqp"qh"vjg"kpekfgpv"

nkijv"yqwnf"ngcf"vq"c"6507"oC1eo4"ewttgpv"fgpukv{"*fqvvgf"nkpg+0"
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Ncuvn{."vjg"ghhgev"qh"vjg"vjkempguu"qh"vjg"e/Uk"nc{gt"ku"kpxguvkicvgf"kp"vjg"ecug"qh"

vjg" fqwdng" itcvkpi" uvtwevwtg" dcugf" qp" 3F" itcvkpiu." ykvj" vjg" igqogvtkecn"

rctcogvgtu" ogpvkqpgf" kp" Hki0" 80;" *a+0" Yjkng" vjg" Ci." ¥pQ" cpf" KVQ" nc{gt"

vjkempguugu" cpf" itcvkpi" fgrvju" ctg" mgrv" eqpuvcpv." vjg" vqvcn" e/Uk" vjkempguu" *j+" ku"

vwpgf" htqo" 822" po" vq" 4222" po" ykvj" uvgru" qh" 422" po." cpf" vjg" eqnngevgf"

rjqvqewttgpv"ku"vjgp"fgtkxgf."ugg"Hki0"80;"*b+0""

"

Hki0"80;0"Uejgocvke"etquu"ugevkqp"xkgy"qh"vjg"qrvkok¦gf"htqpv"cpf"dcem"itcvkpiu"

uqnct"egnn"uvcem"*a+."cpf"rjqvqewttgpv"xgtuwu"vjg"e/Uk"nc{gt"vjkempguu."hqt"c"VO"

rqnctk¦gf"kpekfgpv"nkijv"*b+"

Cu"qpg"eqwnf"gzrgev."vjg"ujqtv"ektewkv"ewttgpv"ku"kpetgcugf"ykvj"vjg"e/Uk"nc{gt"

vjkempguu0"Vjku"kpetgcug"ku"pqv"rgthgevn{"tgiwnct"ukpeg"kv"fgrgpfu"qp"vjg"pwodgt"qh"

tguqpcpv"oqfgu"yjkej"ctg"igpgtcvgf"kp"vjg"522/3322"po"ycxgngpivj"tcpig0"Uvknn."

vjg"rjqvqewttgpv"xctkcvkqp"ku"oqpqvqpg="vjku"vgpfu"vq"rtqxg"vjcv"vjg"htqpv"cpf"dcem"

3F"itcvkpiu"ctg"pqv"hwnn{"eqwrngf0"Kpfggf."c"uvtqpi"eqwrnkpi"dgvyggp"vjg"itcvkpiu"

ujqwnf" ngcf" vq" c"oqtg" eqorngz" xctkcvkqp" qh" vjg" ujqtv" ektewkv" ewttgpv" xgtuwu" vjg"

vjkempguu0"Vjku"vtgpf"ycu"cnuq"qdugtxgf"d{"Dq¦¦qnc"gv"cn."hqt"3F"cpf"4F"rcvvgtpgf"

e/Uk"egnn" cpf"c/Uk."ykvj" c" ukping" ukfg"itcvkpi."cpf" vjgtghqtg" c" nqygt" ujqtv"ektewkv"

ewttgpv"]3;_0"Kp"vjg"ecug"qh"qwt"fqwdng"ukfg"3F"rcvvgtpgf"fgxkeg."c"52064"oC1eo4"

rjqvqewttgpv"eqwnf"dg"cejkgxgf"ykvj"4"-o"vjkem"e/Uk"nc{gt0""
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807 Vjg"hcdtkecvkqp"tqwvg"hqt"vjg"htqpv"

cpf"dcem"3F"cpf"4F"itcvkpi"e/Uk"

uqnct"egnnu"
Ikxgp" vjg" rtgxkqwu" ukowncvkqp" tguwnvu." fqwdng" htqpv" cpf" dcem" itcvkpi" uvtwevwtgu"

crrgct"vq"dg"c"rtqokukpi"crrtqcej"vq"dqquv"vjkp"hkno"uqnct"egnn"ghhkekgpe{0"

Jqygxgt." eqorctgf" vq" ukping" itcvkpi" uvtwevwtgu." vjgkt" hcdtkecvkqp" wukpi" vjg"

vgejpkswgu" fgxgnqrgf" kp" ejcrvgt" *jqnqitcrjke" nkvjqitcrj{." TKG000+" tgockpu"

ejcnngpikpi."ockpn{" dgecwug" vjg" htqpv" cpf" dcem" jcxg" fkhhgtgpv" rgtkqfu" cpf" vjwu"

pggf" vq" dg" ytkvvgp" ugrctcvgn{0" Jqrghwnn{." kv" jcu" vq" dg" pqvkegf" vjcv" cffkvkqpcn"

ecnewncvkqpu"jcxg"ujqyp"vjcv"vjg"rquukdng"okucnkipogpv"dgvyggp"vjg"vyq"itcvkpiu"

jcu"c"pginkikdng"ghhgev"qp"vjg"cduqtrvkqp0"

Ugxgtcn"uqnwvkqpu"ecp"dg"gpxkucigf<"

‚ Wukpi" fgrqukvkqp" qh" vjg" cevkxg" ocvgtkcn" qp" c" rcvvgtpgf" dcem" eqpvcev."

rtqxkfgf"vjg"fgrqukvkqp"vjkempguu"ku"nctig"gpqwij"vq"rtqxkfg"cp"cnoquv"hncv"

htqpv"uwthceg."hqt"cp"gcukgt"hqnnqykpi"rcvvgtpkpi="

‚ Wukpi"jgvgtqigpgqwu"dqpfkpi"vgejpkswgu."vq"kpvgitcvg"vjg"cevkxg"nc{gt"qp"c"

rncpctk¦gf"dcem"itcvkpi."vjgp"uwduvtcvg"tgoqxcn"cpf"rcvvgtpkpi"qh"vjg"htqpv"

itcvkpi0"

Ikxgp" vjg" ceeguukdng" rtqeguugu" fwtkpi" vjku" yqtm." hktuv" uqnwvkqp" jcu" dggp"

ugngevgf"cpf" ku"fguetkdgf" kp" vjg"hqnnqykpi0" Kv" ku"cnuq"pqvkegcdng" vjcv"fwg" vq"uqog"

vgejpqnqikecn"eqpuvtckpvu." vjg" hcdtkecvgf"uvtwevwtgu"okijv"fkhhgt" htqo" vjg"qrvkocn"

qpg"ukowncvgf"kp"vjg"rtgxkqwu"ugevkqp0"

Kp" vjg" hqnnqykpi." c" rquukdng" rtqeguu" wukpi" fgrqukvkqp" ku" fguetkdgf." vjgp"

knnwuvtcvgf."dwv"wukpi"UkQ4"kpuvgcf"qh"Uk."cnnqykpi"vjg"xcnkfcvkqp"qh"c"4"jqnqitcrjke"

nkvjqitcrj{"uvgru"rtqeguu0"
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6.5.1 General designed processes for the front and back 1D or 2D 

grating c-Si solar cell stack

Kp"vjku"uwdugevkqp."yg"fkuewuu"qp"vjg"uvgru"ngcfkpi"vq"vjg"rcvvgtpkpi"qh"fqwdng"3F"

cpf"4F"itcvkpi"uqnct"egnn"uvcemu."wukpi"jqnqitcrjke"nkvjqitcrj{"cpf"TKG"cu"ygnn"cu"

KER" vgejpkswgu"eqodkpgf"ykvj" vjg"rncuoc"gpjcpegf"ejgokecn"xcrqwt"fgrqukvkqp"

*RGEXF+." tgcevkxg" htgswgpe{" *TH+" fgrqukvkqp." urwvvgtkpi" fgrqukvkqp" vgejpkswgu"

cpf"xgt{"jkij/htgswgpe{"inqy"fkuejctigf"vgejpkswg"*XJH/IF+"]42/43_0""

"

Hki0"80320"Ockp"uvgru"qh"vjg"rtqeguugu"gpcdnkpi"vq"hcdtkecvg"cpf"rcvvgtp"c"htqpv"

cpf"dcem"3F"qt"4F"itcvkpi"uqnct"uvcem"d{"wukpi"ncugt"jqnqitcrjke"nkvjqitcrj{"*c."

i"+."TKG"*d."e."i+"cpf"KER"*i+"gvejkpi"uvgru"eqodkpgf"ykvj"ugxgtcn"fgrqukvkqp"

vgejpkswgu"*f."g."h+"

Hqt"ukornkhkecvkqp"tgcuqp."vjg"vctigv"qh"hcdtkecvkqp"rtqeguugu"ku"vjg"fqwdng"3F"

itcvkpi" uvtwevwtg0"Vjg" rtqeguugu" vq" igpgtcvg" vjg" fqwdng" 4F" itcvkpi" uvtwevwtg" ctg"

ukoknct" vq" vjg" fqwdng" 3F" uvcem." vjg" fkhhgtgpeg" ku" ockpn{" qp" vjg" nkvjqitcrj{"

ogvjqfu0"Vjg"uvcemu."dcugf"qp"Uk"uwduvtcvg."c"203"-o"vjkem"UkQ4"ku"fgrqukvgf"d{"

RGEXF."ujqyp"kp"Hki0"8032*a+0"C"hktuv"ncugt"jqnqitcrjke"nkvjqitcrj{"uvgr"ku"wugf"

vq" rcvvgtp" vjg" dcem" itcvkpi0" Vjg" RE" rcvvgtp" fghkpgf" d{" ncugt" jqnqitcrjke"
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nkvjqitcrj{" ku" hktuv" vtcpuhgttgf" kpvq"c"203"-o"vjkem"UkQ4"jctf"ocum"*cu"ujqyp"kp"

Hki0"8032*d++"d{"icugu"rncuoc." vjgp"vjg"rjqvqtgukuv" ku"tgoqxgf"d{"TKG"*Ugg"Hki0"

8032*e++0" Vjgp" vjg" dcem" eqpvcevqt" 203" -o"Ci" ku" fgrqukvgf" d{" rj{ukecn" xcewwo"

fgrqukvkqp"*RXF+."c"vjkp"dwhhgt"nc{gt"Ejtqokwo"*Et+"ku"pggfgf"dgvyggp"incuu"cpf"

Ci." fkurnc{gf" kp" Hki0" 8032*f+0" Vjgp" vjg" dcem" itcvkpi" ku" igpgtcvgf"ykvj" c" nctigt"

rgtkqf0" Vjg" fqrgf" r-/k/p-" rqn{" e/Uk" ku" fgrqukvgf" d{" XJH/IF" ujqyp" cu" Hki0"

8032*g+0"Vjg" vqr" KVQ" *202:"-o+"cpf" vjg"203"-o" vjkem"UkQ4"ocum" nc{gtu"yknn" dg"

fgrqukvgf"d{" urwvvgtkpi" *Ugg"Hki0" 8032*h++0"Vjg" hqnnqykpi"yqtmu" ctg" hqewugf"qp"

jqy" vq" igpgtcvg" vjg" htqpv" itcvkpi0" Cu" fkuewuugf." vjg" htqpv" itcvkpi" eqwnf" dg"

cejkgxgf"d{" ncugt"jqnqitcrjke" nkvjqitcrj{."TKG"cpf" KER0"Chvgt" urkppkpi"eqcvkpi"

vjg"tgukuv"cpf"igpgtcvkpi"vjg"itcvkpiu." vjg"ocum"nc{gt"cpf" KVQ"yknn"dg"gvejgf"d{"

TKG"hqnnqykpi"vjg"tgukuv"ocum0"Kp"qtfgt"vq"qdvckp"xgtvkecn"gvejgf"ukfgycnnu."KER"ku"

wugf"vq"vtcpuhgt"vjg"rcvvgtp"kp"vjg"e/Uk"nc{gt"vjcpmu"vq"kvu"jkij"gvej"tcvgu"d{"jkij"

kqp"fgpukv{"cpf"jkij"tcfkecn"fgpukv{.""cu"fkurnc{gf"qp"Hki08032*i+="hkpcnn{."vjg"tgukuv"

cpf"ocum" ctg" tgoqxgf" d{"TKG" *ujqyp" kp" Hki0" 8032*j++0" Htqo"pqy"qp." vjg" hkpcn"

eqorngvg"fqwdng"itcvkpi"uvcem"ykvj"fkhhgtgpv"rgtkqfu"jcu"dggp"igpgtcvgf"d{"ncugt"

jqnqitcrjke" nkvjqitcrj{." TKG" cpf" KER" eqodkpgf" ykvj" ugxgtcn" fgrqukvkqp"

vgejpkswgu0"

"

6.5.2 The first fabrication tests 

Kp" qwt" hktuv" fqwdng" itcvkpi" hcdtkecvkqp" vguv." vjg" cevwcn" vjkempguugu" qh" gcej" nc{gt."

ujqyp" qp" Hki0" 8032." oc{" dg" unkijvn{" fkhhgtgpv" htqo" vjg" vctigvgf" qpgu" fwg" vq"

vgejpqnqikecn"wpegtvckpvkgu0"Cu"c" hktuv"uvgr." tgukuv"jcu"dggp"rcvvgtpgf"cu"c"3F"RE"

xkc"ncugt"jqnqitcrjke"nkvjqitcrj{."cpf"vjgp"rcvvgtpu"ctg"vtcpuhgttgf"kpvq"vjg"UkQ4"

jctf"ocum"nc{gt"d{"TKG"ykvj"c"EJH5"rncuoc"wukpi"c"38ueeo"hnqy."cv"37oV."cpf"

ykvj"c"rqygt"qh"322Y"hqt"3222u0"Vjg"dcem"rgtkqf"ku"972"po"cpf"itqqxg"ku"ctqwpf"

332"po."ugg"Hki0"8033*c+0"Vjgp"vjg"203"-o"Ci"cpf"3"-o"vjkem"UkQ4"*tgrncegf"vjg"

tgcn"Uk" kp" vjku" hktuv" hcdtkecvkqp"rtqeguu+" ctg"fgrqukvgf"d{"RXF"cpf"RGEXF0"Vjg"

htqpv" itcvkpi" ku" etgcvgf" d{" ncugt" jqnqitcrjke" nkvjqitcrj{" cpf"TKG"ykvj" c" nctigt"
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rgtkqf0"Rgtkqf"cpf"fgrvj"qh"vjg"htqpv"itcvkpi"ctg"472"po"cpf"352"po."cu"fgrkevgf"

qp"Hki0"8033*b+"cpf"*a+0"Vjg"rtqhkng"xkgy"qh"vjg"hkpcn"hktuv"fqwdng"3F"itcvkpi"uvcem"

ku"ujqyp"kp"vjg"Hki0"8033*a+0"

"

Hki0"80330"UGO"kocig"qh"vjg"fqwdng"3F"rcvvgtpgf"oqfwng"ykvj"fkhhgtgpv"htqpv"cpf"

dcem"rgtkqfu"*vjg"htqpv"rgtkqf"ctqwpf"2097"-o."vjg"dcem"rgtkqf"2047"-o+0"*a+"vjg"

rtqhkng"xkgy."cpf"vjg"vqr"xkgy"qh"*b+"vjg"htqpv"itcvkpi."cu"ygnn"cu"*c+"vjg"dcem"

itcvkpi0"

Vjku"hktuv"hcdtkecvkqp"rtqeguu"rtqxgf"vjcv"fqwdng"vgzvwtgf"3F"itcvkpi"eqwnf"dg"

rcvvgtpgf"d{"vjg"ncugt"jqnqitcrjke"nkvjqitcrj{"cpf"TKG0" Kpfggf." vjg"ujcrg"qh" vjg"

htqpv"itcvkpi"cnoquv"eqttgurqpfu"vq"c"dkpct{"itcvkpi0"Jqygxgt."rquukdng"etcemu"kp"

vjg"UkQ4"jcxg"vq"dg"kpxguvkicvgf0"

"

"

"

"

"

"

"
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Eqpenwukqp"cpf"qwvnqqm"
Vjkp/hkno" rjqvqxqnvcke" uqnct" egnnu" uvtwevwtgu" dcugf" qp" e/Uk." cpf" kpvgitcvkpi"

ukownvcpgqwun{" c" htqpv" cpf" c" dcem" 3F" cpf" 4F" fkhhtcevkqp" itcvkpi"ykvj" fkhhgtgpv"

rgtkqfu" jcxg" dggp" fgukipgf" cpf" cpcn{¦gf0" Vjg" igqogvtkecn" rctcogvgtu" qh" dqvj"

itcvkpiu"jcxg"dggp"fgukipgf"ugrctcvgn{."eqpukfgtkpi" vjg"pggf" vq" kpetgcug"rjqvqp"

nkhgvkog"kp"e/Uk."ghhkekgpv"cpvk/tghngevkqp"cv"vjg"htqpv"uwthceg."cpf"vjg"eqorcvkdknkv{"

ykvj"uvcpfctf"rtqeguukpi"vgejpkswgu0""

‚ Vjgug" eqpukfgtcvkqpu" ngf" vq" c" dcem" itcvkpi" nqecvgf" cv" vjg" e/Uk1¥pQ"

kpvgthceg."ykvj"c"rgtkqf"qh"972"po."cpf"c"htqpv"itcvkpi"ocfg"qh"KVQ"cpf"

e/Uk."ykvj"c"rgtkqf"qh"472"po0"Kp"dqvj"ecugu." tgevcpiwnct"rcvvgtp"ujcrgu"

cpf"72'"uwthceg"hknnkpi"htcevkqp"ygtg"ugngevgf"vq"gpuwtg"vjg"vgejpqnqikecn"

hgcukdknkv{" qh" vjg" rjqvqpke" uvtwevwtgu" ykvj" cntgcf{" guvcdnkujgf"

vgejpqnqikecn"rtqeguugu0""

‚ Vjg" urgevtcn" rtqrgtvkgu" cpf" tguqpcpv" oqfg" pcvwtg" ygtg" vjgp" cpcn{¦gf."

cpf" vjg" rgthqtocpeg" qh" vjg" fqwdng" itcvkpi" uqnct" egnn" fgxkeg" ygtg"

ukowncvgf"cpf"eqorctgf"vq"hncv"qt"ukping"itcvkpi"tghgtgpegu0"Cu"c" tguwnv."

hqt"qpn{"c"304"-o"vjkem"e/Uk"nc{gt."c"rjqvqewttgpv"fgpukv{"qh"4807"oC1eo)"

ku" cejkgxgf" hqt" c" 3F" rcvvgtpgf" fqwdng" itcvkpi" uvtwevwtg." yjkej" ku"

qdxkqwun{" jkijgt" vjcp" vjg" hncv" tghgtgpeg" ykvj" 3:06" oC1eo)0" Vjg"

rjqvqewttgpv"fgpukv{"ecp"dg"hwtvjgt"kpetgcugf"eqpukfgtkpi"vjg"fgitggu"qh"

htggfqo" eqttgurqpfkpi" vq" vjg" rjqvqpke" rcvvgtp" fkogpukqpcnkv{" cpf" vjg"

cevkxg"nc{gt"vjkempguu."cpf"ykvjqwv"chhgevkpi"vjg"vgejpqnqikecn"hgcukdknkv{"

qh" vjg" fgxkeg0" Kp" rctvkewnct." c" xcnwg" qh" 5205"oC1eo)" ku" gzrgevgf" kp" vjg"

ecug"qh"ukoknct"uvtwevwtgu"ykvj"4F"rcvvgtpu0"

‚ "Vjg"rquukdng" tqwvg" vq" hcdtkecvg" uwej" htqpv"cpf"dcem"3F"cpf"4F"itcvkpi"

uvcemu" ycu" kpxguvkicvgf." wukpi" NJN." TKG" cpf" KER" gvejkpiu" eqodkpgf"

ykvj" ugxgtcn" fgrqukvkqp" vgejpkswgu0" Kp" vjg" pgzv" oqpvju." yg" rncp" vq"

hcdtkecvg"c"tgcn"uqnct"egnn"kpenwfkpi"fqwdng"3F"qt"4F"itcvkpiu0"
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‚ Kp" cffkvkqp." oqtg" eqorngz" itcvkpi" rtqhkngu" eqwnf" dg" cfftguugf" cpf"

kpxguvkicvgf"vq"gpjcpeg"vjg"kpvgitcvgf"cduqtrvkqp"cpf"gngevtkecn"rtqrgtvkgu"

]48/49_0" Ogcpyjkng." fkhhtcevkqp" itcvkpiu" jcxg" cnuq" dggp" eqpukfgtgf" vq"

etgcvg"dcem"tghngevqtu"gkvjgt"kp"VEQ"]36."4:/52_."kp"ogvcn"]6_."qt"kpvq"e/Uk"

]9_" hqt" uqnct" egnnu" vq" tgfweg" vjg" vtcpuokuukqp" cpf" gpjcpeg" cduqtrvkqp0"

Dcugf" qp" vjku" kfgc." vjgtg" ctg" jwpftgfu" qh" rquukdng" fgukipu" hqt" fqwdng"

vgzvwtcvkqp" uvtwevwtgu" vq" kortqxg" ghhkekgpe{" qh" uqnct" egnnu" kp" qwt" hwvwtg"

yqtmu"

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



Ejcrvgt08"Fgukip."hcdtkecvkqp"cpf"ejctcevgtk¦cvkqp"htqpv"cpf"dcem"itcvkpi"vjkp"hkno"
e/Uk"uqnct"egnnu"

"346"

Tghgtgpeg"cpf"nkpmu"
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]6_ L0"Ejgp."S0M0"Ycpi"cpf"J0J"Nk."ÐOketquvtwevwtgf"fgukip"qh"ogvcnnke"

fkhhtcevkqp"itcvkpiu"hqt"nkijv"vtcrrkpi"kp"vjkp/hkno"uknkeqp"uqnct"egnnu.Ñ"Qrv0"

Eqo0"283."7458/7466"*4232+0"
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Conclusions 

Vjg"ockp" iqcn" qh" vjku" vjguku" ku" vq" fgxgnqr" rjqvqpke" et{uvcn" *RE+" qt" fkhhtcevkqp"

itcvkpi"cuukuvgf"vjkp"hkno"uknkeqp"uqnct"egnn"uvcemu"vq"gpjcpeg"vjg"qrvkecn"cduqtrvkqp"

cpf"vjgp"vjg"ujqtv"ektewkv"ewttgpv"fgpukv{."cu"ygnn"cu"vq"ockpvckp"vjg"ghhkekgpe{"qh"

jkij"ngxgn0"

Yg" jcxg" hktuv" fgukipgf." hcdtkecvgf" cpf" qrvkecnn{" ejctcevgtk¦gf" c" 4F" RE"

j{ftqigpcvgf" coqtrjqwu" uknkeqp" *c/Uk<J+" vjkp" hkno" uqnct" egnn" uvcem0" Vjg"

hcdtkecvkqp"rtqeguugu"dcugf"qp" ncugt"jqnqitcrjke" nkvjqitcrj{"*NJN+"cpf"tgcevkxg"

kqp" gvejkpi" *TKG+" ctg" hqewu" qp" cpf"ockpn{" fgxgnqrgf" vq" igpgtcvg" uwej" 4F" RE"

rcvvgtpgf" uvcemu0" Kp" vjku" kpxguvkicvkqp." yg" hqwpf" vjcv" gzrquwtg." rquv/gzrquwtg"

dcemkpi" *RGD+" cpf" fgxgnqrogpv" vkog" qh" nkvjqitcrjke" rtqeguu" ygtg" vjg" ockp"

korcev" hcevqtu" vq" igpgtcvg" fguktgf" eqphkiwtcvkqpu0" Ogcpyjkng." cp" cffkvkqpcn"

fguewo"gvej"uvgr"ycu"pgeguuct{"cpf"qrvkok¦gf"vq"cejkgxg"c"dgvvgt"eqpvtqn"qh" vjg"

igqogvtkecn" rctcogvgtu" ykvj" nqygt" tqwijpguu" qh" ukfgycnnu0" Ogcuwtgf" cpf"

ecnewncvgf" cduqtrvkqp" urgevtc" gzjkdkv" c" xgt{" ukoknct" dgjcxkqwt0" Vjg" cduqtrvkqp."

kpvgitcvgf"qxgt"vjg"522/942"po"tcpig."ku"kpetgcugf"d{"4:"'"kp"vjg"ecug"qh"c"uqnct"

egnn"uvcem"rcvvgtpgf"cu"c"RE"ogodtcpg0"Vjku" kpetgcug" ku"ockpn{"cvvtkdwvgf" vq" vjg"

rqukvkxg" tqng" qh" Dnqej" oqfg" tguqpcpeg" qh" vjg" RE" ogodtcpg" cdqxg" 772" po0"

Cffkvkqpcnn{."vjgug"$rjqvqpk¦gf$"egnnu"ygtg"kpfgrgpfgpv"vq"vjg"rqnctk¦cvkqp"qh"vjg"

nkijv"cpf"rtgugpvgf"c"iqqf"vqngtcpeg"vqyctfu"vjg"cping"qh"kpekfgpeg0""

Vjg" vjkp/hkno" et{uvcnnkpg" uknkeqp" *e/Uk+" rjqvqxqnvcke" uqnct" egnnu" uvcemu"

kpvgitcvkpi" REu" jcxg" dggp" vjgp" fgukipgf." hcdtkecvgf" cpf" ejctcevgtk¦gf0" Vjg"

pwogtkecnn{"qrvkok¦gf"3F"cpf"4F"RE"cuukuvgf"3"-o"vjkem"uvtwevwtgu"ujqy"5:"'"

cpf"72"'"kpetgcugf"cduqtrvkqp"kp"vjg"cevkxg"nc{gt."cu"eqorctgf"vq"vjg"wprcvvgtpgf"

uvcem."htqo"522"po"vq"3322"po"ycxgngpivj"tcpig0"C"hcdtkecvkqp"rtqeguu"dcugf"qp"

NJN."TKG"cpf" kpfwevkxgn{" eqwrngf"rncuoc" *KER+" gvejkpi"jcu"dggp"fgxgnqrgf" vq"

gpcdng" vjg" igpgtcvkqp" qh" vjgug" 3F" cpf" 4F" RE" qp" c" ykfg" uwthceg0" Dqvj" vjg"

rcvvgtpgf"cpf"wprcvvgtpgf" tghgtgpeg"egnn" uvcemu"ygtg"ogcuwtgf" cpf"eqorctgf" vq"

vjg" ecnewncvgf" urgevtc0" Fgurkvg" uqog" fkuetgrcpekgu" fwg" vq" kpceewtcekgu" kp"
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igqogvtkecn"rctcogvgtu."ogcuwtgf"cpf"ecnewncvgf"cduqtrvkqp"urgevtc"gzjkdkv"c"xgt{"

ukoknct" dgjcxkqwt0" Ogcpyjkng." vjg" hcdtkecvgf" uvcem" gzjkdkvu" c" oqfgtcvg"

fgrgpfgpeg"qp"vjg"nkijv"cping"qh"kpekfgpeg0"

Cv"vjg"ucog"vkog."vjkp"hkno"rjqvqxqnvcke"e/Uk"uqnct"egnnu"uvtwevwtgu"kpvgitcvkpi"

ukownvcpgqwun{" c" htqpv" cpf" c" dcem" 3F" cpf" 4F" fkhhtcevkqp" itcvkpi"ykvj" fkhhgtgpv"

rgtkqfu" jcxg" dggp" fgukipgf" cpf" cpcn{¦gf0" Vjg" igqogvtkecn" rctcogvgtu" qh" dqvj"

itcvkpiu" jcxg" dggp" fgukipgf" cpf" qrvkok¦gf" ugrctcvgn{." eqpukfgtkpi" vjg" pggf" vq"

kpetgcug"rjqvqp" nkhgvkog"kp"e/Uk."ghhkekgpv"cpvk/tghngevkqp"cv" vjg"htqpv"uwthceg."cpf"

vjg"eqorcvkdknkv{"ykvj"uvcpfctf"rtqeguukpi"vgejpkswgu0"Vjgug"eqpukfgtcvkqpu"ngf"vq"

c"972"po"dcem"itcvkpi"rgtkqf"cpf"c"472"po"htqpv"itcvkpi"rgtkqf0"D{"eqpukfgtkpi"

vjg" vgejpqnqikecn" hgcukdknkv{" qh" vjg" rjqvqpke" uvtwevwtgu"ykvj"NJN."TKG" cpf" KER."

tgevcpiwnct"rcvvgtp"ujcrgu"cpf"72'"uwthceg"hknnkpi"hcevqt"ygtg"ugngevgf"vq"igpgtcvg"

vjgug" qrvkok¦gf" rctcogvgtu0" Vjg" urgevtcn" rtqrgtvkgu" cpf" tguqpcpv" oqfg" pcvwtg"

ygtg" vjgp"cpcn{¦gf."cpf" vjg"rgthqtocpeg"qh" vjg"fqwdng"itcvkpi"uqnct"egnn"fgxkeg"

ygtg"ukowncvgf"cpf"eqorctgf"vq"hncv"qt"ukping"itcvkpi"tghgtgpegu0"Cu"c"tguwnv."hqt"c"

304"-o"vjkem"e/Uk"nc{gt."c"rjqvqewttgpv"fgpukv{"qh"4807"oC1eo)"ku"cejkgxgf"hqt"c"

3F"rcvvgtpgf"fqwdng"itcvkpi"uvtwevwtg."k0g0"c"65'"kpetgcug"ykvj"tgictfu"vq"vjg"hncv"

tghgtgpeg0" Vjg" rjqvqewttgpv" fgpukv{" ecp" dg" hwtvjgt" kpetgcugf" eqpukfgtkpi" vjg"

fgitggu"qh"htggfqo"eqttgurqpfkpi"vq"vjg"rjqvqpke"rcvvgtp"fkogpukqpcnkv{"cpf"vjg"

cevkxg" nc{gt" vjkempguu." cpf"ykvjqwv" chhgevkpi" vjg" vgejpqnqikecn" hgcukdknkv{" qh" vjg"

fgxkeg0" Kp" rctvkewnct." c" xcnwg" qh" 5205"oC1eo)" ku" gzrgevgf" kp" vjg" ecug" qh" ukoknct"

uvtwevwtgu"ykvj"4F"rcvvgtpu0"Vjg"rquukdng"tqwvg"vq"hcdtkecvg"uwej"htqpv"cpf"dcem"3F"

cpf"4F"itcvkpi"uvcemu"ku"fgukipgf"vjtqwij"NJN."TKG"cpf"KER"gvejkpiu"eqodkpgf"

ykvj"ugxgtcn"fgrqukvkqp"vgejpkswgu0""""

"

"

"

"
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Qwvnqqm"

Vjg" hktuv" 4F" rcvvgtpgf" e/Uk" vjkp" hkno" uqnct" egnn" uvcem" ujqyu" 42'" jkijgt" ujqtv"

ektewkv" ewttgpv" fgpukv{" *37065"oC1eo4+" vjcp" hqt" c" ukoknct" dwv" rncpct" tghgtgpeg"

uqnct" egnn0" Vjku" gpeqwtcikpi" tguwnv" ecp" dg" kortqxgf" kp" vjg" ujqtv" vgto" d{"

hqnnqykpi" oqtg" rtgekugn{" vjg" vctigvgf" qrvkecn" fgukipu" cpf" d{" wukpi" dgvvgt"

rcuukxcvkqp"qh"gvejgf"uwthcegu0""
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Design and fabrication of photonic crystals and 

diffraction gratings for ultra thin film Si solar cells
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