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dimZevghighfje fu

GZgbgzZy k 1ihke_"gbo " _kylbe Ibc ;; \ dZ fb
jZa\b\zZ _dk¥cg\ukhdbfb | _fizfb nzdlbg_kdb i_j_c”y d
\j_ f gb \ h[eZklv gZghjzaf_jh\ KIj fbl _evguc jhkl hkg
we _dljhgghc | _ogbdb ijhbkoh”~bl '\ agZqgbl_evghc

kh\ _jr_gkl\h\Zgby bgkljmf_glZjby nhhbbihghgoghle uiZ g
we f _glhf dhlhjh]h yley Iky nhlhrZ[ehg N R
lhiheh]bg_kdbc jbkmghd h”gh]l]h beb g_kdhevdbo ek
ijhba\h”~bfhbogl ]jZevghc ko _fu BK Eblh]jZnbqg_kd:
ijhba\h”~bl ijh_dpbhgguc i_j ghk wlh]h jbkmgdZ k nt
nhlhj _abklzZ gZ ihemijh\h~*gbdh\hc ieZklbg_  nhjfbjm)
fZkdm NJF \ k\hx hg_j_"v yleyxsmxky hkgh\hc ~*
ZdIb\guo “bwe_dljbg_kdbo beb dhffmlZpkkhggufuu keh _\
Hk\h_gb_ gh\uo ijh_dlguo ghjf fbdjhwe_dljhggh]
l[j [m_I mf_gvr_gby jZaf_jZ ihemi_jbh”"Z kljmdImj
ihemijh\h~*gbdh\mx ieZklbgm WIh ~hklb]Z_Iky ijbf_g_
f gvr_c "ebghc \hegu kh\_jr_gkl\h\Zgb ofZjlZdlg blgk IKd
ijh_dpbhgguo h[t_dlb\h\ Z 1zZd _ jy~hf |_ogheh]b«
gZijZ\e _gguo gZ ih\ur_gb_ jZaj_r_gby kms_kl\mxsbo
mklzZgh\hd |_j\u_ "\A _kinfkzh[azljblgp "klZ\eyx|l kh[hc
kmlb kha”zZgb_ gh\uo ihdhe _lgyoc fiZ[lhjjmZbBbfglbc kihkh]
khklhblkhg_I1Zdlgbhk_\h]h hk\_s _gby nhlhhf$ehgkZemqgqz
nZah\hknhihegbl evghc dhgj dipbheh]bb “ey ihemqg_g
ieZklbg_ NJF g_h[ohMMbffhigbhWIlhihal\hey | fbgbfbabjh\
\ebygb_ iZjZablgudbdpbhmguo hilbg_kdbo wnn_dlh\
©wnn_dlh\ hilbg_kdhc J[ebahklb?2 b |Zzdbf h[jZahf
j_Zebah\Zlv ihl_gpbZe kms_klI\mxs_]J]h h[hjm~h\Zgby
eblh]jZznbx kljmdImj k jdedmijZibhw& f glh\ f g@bgu
\hegpZ[hqg_Bhhemqg_gby ohly b k jy*hf h]jZgbq_gbc gZ I
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[ \)
Jbk <CdZg PAS5500/1150C(ASML) (8 j_Zebamxsbc ijhp
ijh_dpbhgghc nhlhebh]j&mpbibdhf mevijZnbhe I|h\hf b:
= gf. <g_rgbc \H” blhiheh]by Ibih\h]h nhlhrZ[ehc

bkihevam_fh]lh \ ijhba\h?klI\_ K;BK
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NhlhrZ[ehgu ijbf_gy_ fu_ \ kh\j_f gguo mklZgh\dZ
nhlheblh]jZn@lbk< ) yleyxlky Ij_pbabhggufb hilbq
we f glBfbdzd ijZz\beh kh” _j°ZI djZcg_ keh ' guc jbkmg
AN _kyldh\ fbeebhgh\ we f glZjguo Ihiheh]bg_kdbo k
kljhlbfb Ij _[h\Zgbyfb d jZaf_jm b lhgqghklb jZaf_s _gby

>ey ijhba\hZ2kdgl ]jZevguo ko f k ijh_dlguf5@hfZz
gf g_h[oh”bf dhfie_dl bahlhrZ[ehgh\ jZaebgguo deZk
©]jmii dZg_klI\Zz2 \ujZ Zxsbo | _ogbq_kdb_ Ij_[h\Zgby
NR \ gZklb Ihgghklb \hkijhba\_~ gby jbkmgdz fzZI_
fZkdimxsbo keh_\ 2~ n_dlghklb b I~ < kemqgZ_ [h
ijh_dlguo ghjf dhebqg_kl\h bkihevam_fuo rZ[ehgh\ h[u
\gZklghkdB kgn\l_ebqg_gby dh&xdgbkbdgZ kdbo? eblh]jZnbc
keh_\ k gzZb[he__ kljh]bfb Ij_[h\ZgbydblH]jizid§_Ilkdh]
ijhp_kkzZ b khhiI\_NijZgghgby \ dh[fhie_dIl keh MRk
\ukhdbfb ]jmiizfb dz@_KkI\dr_ ]jmiizZz dZzq_kI\Z rZ[ehgZ
"_klidb_ Ij_[h\Zgby ij_~"tyleyxlky d ijhp_kkm _]h
Khhi\_IkI\_gghf \ur_ _JhgZp_LzZdbf h[jZzahf k dzZ "uf
mjh\g _f | _ogheh]bb p_gZ dhfie_dlZ m\_ebqgb\Zjd&y¥ \
"hklb]Zy \ _ebgbg ihjy~rdZz feg "hee "ey ijh_dlg
JZajzZ[hldZ dhjj_dlghc ki_pbnbdZpbb gZ NR ij_"klZ\e
mkeh\b_f “hkkbijbghfe fh]h dzZq_kI\Z eblh]jZnbg_kdbo
fghlhf iha\heg[ | Blv "hihegbl_evguo jZkoh”h\

| j_oh”™ gZ [he__ ijh™\bgmlu_ ijh_dlgu_ ghjft
khijh\h"~"Z IkR¥evg_crbhikeh g _gb_f ijhp_kkZ ijh_dlb
nhlhrZ[ehgh\ dZd fbgbfmfg _ihijbjfogb gihyuo ihdhe gb
OPGj r_gbcbf xsbo agZgbl _evgh [he_  keh gu_ \oh”g
NZggu_ b khhi\_lTkiN\eyglsbokiyhe 1j [h\ZIfbevdu

1 OPC +OpticalProximity Correctionbeb dhjj dpby hilbg_kdhc PGahklb 1h~

j_r_gb_f ih~jZzamf_\Z _|ky kh\hdmighklv fib"ijb]j&fideai]d jlojl f AkI\

"ey bo ijbf_g_gby ihal\heyxsbo j Zebah\u\Zlv dhjj_dpbx hilbqg_
8



\ugbkebl _evguf j_kmjkzf WIlh \e_qgq_I| aZ kh[hc ihy\e_
ijhp_"mj \_jbnbdZpbb Ihiheh]l]bb gh\uo hi_jZpbc \uc
mijZ\eyxs_c¢ bgnhjfZpbb MB b kidd_jklampegHZIm~ hjh"™
ijhp_kkzZ ijh_dlbjhNRybHkh[h_  \ebygb_ gZ wnn_dl
\u[jZggh2BKj_r_gby hdZau\zZx!| hifbh¢ _ledozZjzdbhmxsb _
hkh[ _gghklb eblh]jZnbg_kdh]h Hphjmebth\Zglhybjh\Zghb
nhlhj abklb\ghc fZQE®| b il hij_ ~ eyxsbc njz]f_gl
lhiheh]bb Zelhjblf kf_s_gby njzZ]f_glh\ b ihjy~hc
dhgljhevguo |hg_d ey hp_gdbliime hd blm\ géhtkfiibd pb b

Hrb[db Ahims_ggu_ ijb ijh_dlbjh\Zgbb N R
kdZau\zZxlky gZ jZ[hlhkihkh[ghklb ba]hlZ\eb\Z _ fh]h |
itheghc __ ihl_jb b \e_dml aZ kh[hc g_[eZ]hijbylg

ihke ~klI\by ih ijbgbg_ \ukhdhc klhbfhklb ijhe&\h Kkl
p_ehf b wlzZiZz balhlh\e_gby dhfie_dIZ nhlhrZ[ehgh\ \
\hijhk ih\ur_gby wnn_dlb\ghklb ijhp_kkZ ijh_dlbjh\zZgkt
i_j_oh~Z gZ gh\u_ mjh\gb |_ogheh]bb bf__I i_j\hhqg_j_
j_r_gb_ e _Vblhf gbke_h[ezklb ffhidaZpbb f_ITh~h\ dhjj_d
hilbg_kdhc [ebahklb

Djmig_crb_ fbjh\u _ ijhba\h”~bl_eb ki_pbZel
ijh]jzffghlh h[_ki_q_gby [1Zdb_ dZzZdCadérgat &t 6 \QORSSKL
ijhba\h”~yl ijh]jzffgu_ ijh"mdlu hjb_glbjh\Zggu_ gZ
jZaebqguo klZ”~bc ijhp_kkzZ ijh_dlbjh\Zgby NR \ gZklg
f_ ITh~h\ dhjj_dpbb wnn_dlh\ hilbg_kdhc [ebahklb
aZdhgqg _ggu_ | Z@HajZpbobcijbf _gw g4dZkdrhiZlb
ij_"ijbylbyo azZgbfZxsboky ijhba\h”~kl\hf fbdjhwe dlIjl
aZdjulhc dhff_jg_kdhc bgnhKidmZ pdo y "hihegbl ¢
hkeh gy Iky hlkmlkl\b_f \ Jhkkbb kh[kI\_gguo dhfi_I_
f ITh~"bd jZajzZ[hldbb ijbf_g_gb®PGj_rgbc KbevgZy
dhff_jpbZebazpby wlhc kn_ju \ fbjh\hf khh[s_KkI\_

ki_pbZebabjh\Zgguo K:IJ b ihklZ\sbdh\ | _ogheh]bb ijb
9



bgnhjfZphhb amevzZlidkke "h\Zgbc \ h[eZklb jZajZ[hldb w
Zelhjblfh\ b f_Iltthjgddpbb hillbg [kedbahklib[s_ ~hkIimighc
ebl_jZImj_  WIb nZdlhju djZcg_ g9g_]1Zlb\gh kdZau\Z
hl _qg_kI\_ggh]h fbdjhwe dljhggh]h ijhba\h~kI\Z dgBh\ur.
ijh_dlbjh\ZgbhlhrZ[ehgh\ \ jZfdZo | _dmsbo |_ogheh]bc
hk\h_gb_ gh\uo I|kbkhhmphhfbjm Iky aZzZ\kgkbfhikévidh
ijhba\h”~bl_feZlcjbzZeh\ b h[hjmgmh\Zgbhy ihklzZ\sbldhm] \
hfeZklb jZzajZ[hldb | _ogheh]bg_kdbo j r _gbc

lhwlhfenz”Zlglkke ~h\Zgby wnn _dlh\ hilbg_kdhc [eb
jZajZ[hlddhilbfbazZppdbh~hho dhjj_dy\ely Iky \ gZklhys__ \
ZdlmZevghc b k\h_\j f _gghc

P _et¢bkk jlZpbb

P _ev "bkk_jlZpbhggh]h bkke_ ~h\Zgby khklhbl \
| ogbg_kdbo hkgh\ b f _Ih*h\ gZoh ~ _gby hilbfZevgu
dhjj_dpbb wnn_dlh\ hilbg_ktagjbdbghkidbo eblh]jZnbqg.
keh_\ | _ogheh]bb ijhKaBK kW diguo ghjf gzZgfjbf_j_
aZl\hjgh]h.kehy

Hkgh\gu_azZ”~Zqgb bkke "~h\Zghb
>ey "hklb™ _gby mdzZaZgghc p_eb g _h[oh”~bfh j_
azZ™"Zqb
1. 1jh\_klb ZgZeba kh\j_f ggh]lh khklhygby f_Ih"
jZaj_rzZxs_c kihkh[ghklb ijh_dpbhgghc nhlheblh]jZz
hkgh\guo K:IJ bkihevadmgdho h[eZklb
2. GZ hkgh\_ fh”"_ebjh\Zgby ijhp_kkZ ijh_dpbhggh
"ey aZl\hjgh]h kehyoipmjfilgugf
X ijhba\_klb hilbfbazZzpbx gZzZkljh_d ijh_dpbhgc
eblh]jZnbqg_kdhc mklZgh\db
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X hij_"~_eblv 1j_™"\Zjbl_evgu _ 1ZjZf _lju bki
g_ijhi_qZlu\Z_fuo \kihfh]Zl_evguo klinsddm )]
Resolution Assist Features)

X bkke_ "~h\zZlv \dezZ” IngdhcZ[lehklZ\eyxs ¢ \ h]
eblh]jZnbqg_kdmx ih]j_rghklv b gZ hkgh\_
bkke_ ~h\Zgby jZajZ[hlZlv Ibih\mx hp_ghqggmx
nhlhrZ[ehg aZl\hjgh]h kehy ijh_dlguo ghjf g

3.JZajZ[hlZNR Ij_"gZagZqg_gguc “~ey wdki_jbf
mlhqgg_glbkgh\guo iZjZf_Ijh\ bkih&RaAm _fao 1Zd _ "ey
dZeb[jh\db dhfiZzdlguo fh”_e_c¢ nhjfbjh\Zgby dhglmjZz
fZkddZI\hhghkenijh _dliguo ghjf. gf

4. 1jh\ _klbwdki_jbfZg¥gu_ bkke_ "~h\Zgby dZqg_KklI\Z
kljmdImj dzZ\éelg[ghmo | _klh\fizd jb.p

5. GZ hkgh\j _amevIZIlhj\h\_~ gguo wdkiZgwggd
bkke_ "h\zZigbba\_klb mlhqg_gb_ izZjzf_Ijh\ ®FKARebam_
jZajZ[hlzZlv [Zah\mx ijhp_"mjm bo jZaf_s _gby

6. GZ hkgh\j _amevlZlh\ Ijh\_~ wdkio jbf_glZevglu
bkke_ "h\Zighlba\_klb dZeb[jh\dmhdhi{Zklghjfbjh\Zgby
dhglmjzZz NJF "ey aZ”~Zgguo | _ogheh]bg_kdbo mkeh\bc

7.JZajZ[hlZIM™ hilbfZeg@ke¢jhcdb iZjZOPGh\p _ilZ
ij_"gZagZq_gghlhijhpeymju dhjj_dpbb hilbg_kdhc
aZl\hjgh]h kehy Iboiglmedldpuo ghjf gf

F_Ih~u bkke_"f\Zghb

ljib j_r_gbb ihklZ\e _gguo aZ”~Zq [ueb bkiheva
kljmdImjgh]lh ijh]jzZzffbjh\Zg&Zeb]ljb\d_ fh~_e_c nhjfbjh
nhlhj_abklb\ghc fzZzkdb bkihevah\Zebkv f_Ih~*bdb jZKkl
fbdjhkdhibb >ey h[jZ[hldb j_amevlZlh\ ZwdXd jpb_gl
j_r_gbb az" "hAgltbfZevghc gZkljhcdb iZQRPGjljp\ilZ
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ijbf_gyeky ZiiZjZl| ijbkéZNgddbdb b hilbfbaZpbb L _hj_
bkke ~h\Zgby ijh\h*"bebkv gZ [Za_f_|h~h\ fZIl fZlbqg_|
k bkihevah\Zgb f \ugbkebl _evguo wdki_jbf _glh\ b wdk

GZmqgZy ghj\bladd

< "bkk_jlZpbb ihemqgq_gu ke "mx®Z|jZdlapmawmZbb
gZmqgghc gh\baghc

1. <i_j\u_ "ey mkh\_jr_gkl\h\Zgby ijhp_kkZz
dhfizdlghc fh”_eb dhglmjz NJF ijbf_gzg deZkl
nhjfbjh\Zgby \u[hjhd dZeb[jh\hgguo KljmdImj b
wnn_dlb\ghklv hldZeb[jh\Zgghc 1Zdbf h[jZahf fh” _eb

2. <i_j\u_ ij_"eh” _g w\jbklbg_kdbc Zelhjblf
iZjzf_ljh\ j_p_ilz dhjj_dpbb hilbg_kdhc [ebahklb g
Abnn_j _gpbZevghc w\hexpbb h[_ki_gb\Zxsbc \ kjZ\c
j_p_ilhf mf_gvr_gb_ mkj_"g_ggh]h agZq_gby hrb[db k
djZy jZkqzlghc nhlhj_abklb\ghc fZkdb hlghkbl _evgh ¢
kf s gby fh*_ebjm_fh]h dhglmjzZz [he__ q_f gZ b
< dZg_kI\_ bkoh”gh]h bkihevah\Zeky_ ibihjbht_@wB&fuc
| ogheh]bb mjh\gy gf JZaebgbya¥lpegoluidhemaiZgg
ihfhsvx mgb\ _jkZevgh]h b ki_pbnbgguo ”“ey dhgdj
j_p_ilh\ g_  ij_\urzxl glh ih?\_j"~Z | p_e_k
ijbf _g_gby ihemqg_ggh]lh j_r_gby ~ey dhjj_dpbb lhiheh
dhgnb]jmjZpb_c

3. <i_Jj\u_ gZ hkgh\ *"hbk&kley \deZ”Z nhlhrZ[e
khklZ\eyxs ¢ \ h[smx eblh]jZnbq_kdmx ih]j_rghk
mgb\_jkZevguc f_Ih” khklzZ\e_gby rZ[ehgghc ki_pbnbd

12



4, <i_j\u_ jZajz[hlZgZ b j_Zebah\ZgzZ f_|Ih"heh]b
J_r_gby khojZgyxsZy h[smx ihke_"hhX|]2aghkihd bwliZb
i_j_oh”_ d ke_"mxsbf ijh_dlguf ghjfZf | _ogheh]bb ijhb

5. K ijbf_g gb_f fh”~ _jgbabjh\Zgghc f_Ih”"bdb
dhfiZzdlguo fh”_e ¢ ijh\_~ gZ dZeb[jh\dZ dhfiZdlguo
NJF “ey aZl\hjgh]h kehy gZ jZaedbglglyb\gdfujZéd ZdQyguo
ihal\hebeh hij_~ eblv hilbfZevguc jZaf-j \bfjdb
dZeb[jh\hgqguo kljmdImj ijb mkeh\bb deZkl jbazZpl
NZgguo f_Th™Mkj_"Ngbo ljb  wlhf kj_"~g_d\zZ”*jZlbqggZ
fhr _ebjh\Zgby khklz\bez f_g khklz\gfy [lh hl ghfbg
djblbg_kdh]h ebg _cgh]lh jzaf _jZ “ey | _ogheh]bb ijh_dl

6. <i_j\u_ jZajzZ[hlzgh ijh]jzffgh_ kj_~kl\h ©23¢&
ithal\heyxs__ \uihegylv gZkljhxdimZ 2B & fhsvx ij_"eh g
Zelhjblfz z 1zd _ j_¥YZlv h*fmMbaZpbhggu_ azZ”~Zgb
jZajZ[hldb-23&gby

ljZzdlbq_kdZy agZgbfhklv jZ[hlu

1. GZ hkgh\_ jzajz[hlZggh]h f_Ih~Z k ijbf_g_g
fh" _ebjh\Zgby eblh]jZznbg_kdh]h ijhp_kkZ ijh\_"~_g Zg-
gZ iZjZf_lju Ne®Ih]jZnbg_kdmx ih]j_rghklv qglh iha\hetk
hp_ghggmx ki_pbnbdZpbx gZ NR aZl\hjgh]h kehy | _«
ghjf gf

2. JZajZ[hlzg b balhhhgb\ gikZevglZe b[jh\hgguc
nhlhrZ[ehg ©/,7+2 \dexgZxsbc \ k\hc khklZ\ jy” lhihe
fh me ¢ Ij_"gZagZgq_gguo "“ey dZeb[jh\db hilbqg_k
nhlhj_abklb\ghc fh~_eb 97 Z 1zd _ "ey ijh\_jdb 1ijz
kljmdImj 65%) gZ h”bghqguo b i_jbh”bg_kdbo we_
MdZaZgguc NR fh | [ulv bkihevah\Zg ijWZeb\dbb a
dhfiZzdlguo fh”_e_c¢ nhjfbjh\Zgby dYegl mljZogh&m]bq_k

ijhp_kkh\ ijh_dlgu’hghgf
13



3. < p_eyo wdhghfbb \ugbkebl_ eNegupZkgkmZkhAjZf ||
ijh_dpbhgghc kbkl_fu kdzZg_jz $60/ 3%6 & |
eblh]jZnbb azZl\hgguo ikh_dlguo ghjf gf Z 1zZd _ iZ
kljmdImj 65%) [ueh ij_"eh  _gh bkihevah\Zgb_ fh™ _eb
ijhp_kkZ hkgh\Zgghc gZ ZgZeba_ \hamrgh]h bah[jZ
]jmiih\uo ebgbc bkihevam_ fuo \ aZl\hjguo kehyo mc
ghjf b dZeb[jmxs_cky gZ wdki_jbf_glZevgh mklZgh\e_
hljz[Zlu\Z_fuc ihemi_jbh” jbkmgdzZ \ j_abkl_ | g ydh

GZ hkgh\_ ij_"eh” _gghc fh*_eb k mqg_Ilhf mkeh\k
ijhp_kkzZ :H Fbdjhg jZkkqgblZgu izZjzf_lju fluillbbdZ & djhzc
$60/ 3$6 & 1% in 1 ol : f
hilbfZevgu_ ijb eblh]jZnbb azZl\hjgh]l]h kehy | _ogheh]t

gf Z 1zZzd"_ ij_"\Zjbl _evgh hij_~ e gu iZjzZf _lju g_i
\kihfh]Zl_evguo Ilhiheh]bqg_kéb&)klynidkmljz[_ ieZklbgu

X Z gf jZkiheh _gb_ \ p_gljZo ijhf_"ml¢
hkgh\gufb ebgdieffbi _jbh”~h\ ebgbc hl gf *h

X Z gf Vv +t7gly i_jbh”~h\ ebgbc hl gf b [h
ljbf _g _gb_ mdZaZgguo \kihfh]Zl _evguobkdjewduoj
gZkljhcdzZo hilbqgq_kdhc kbkl_fu kdzZg_jzZ iha\hey_ 1| kh
fhr _eb ~hklbgv Jem[bgu nhdmkZ ijh_dpbhgghc nhlhe
gf "ey azZl\hjgh]h kehy k bkdexq_gb_f \hafh ghklb ijh
65%) J_ameviZlu fh~_ebjh\thgbky kikh]ewZdki jbf_glZev

NZggufb

4. JZajZ[hlZghh]jZffgh _ kj_ "~kIY@PC Optimizer?d
ihal\heyxs_ _ \uihegylv hilbfZevgmx -gZljihZ dkn i B B8s v x
Zelhjblfh\ hilbfbazZpbb \ Ihf qgbke_ wljbklbqg_ ke

Abnn_j _gpbZevghc w\hexpbbrzZv I|Zjg]b_ hilbfbaZpbh
azZ™"Zgb \ jzZfdZo jZajZ[hldkpgb9¥38& ijh]jZffguc ijh"mc
@PC Optimizer2 ithemgKgb” | _evklI\h JN h[ hnbpbZevghc j

ijh]jzffu "ey WKBeh  gd._
14



>hklh\_jghklv j_ameviZlh\

>hklh\_jghklv ij_"klzZ\e _ggadhl _\ | _hj Ibg_kdbo
wdki_jbf _glZzevguo j_ameviZlh\ \u\h”h\ b j dhf _g~Z
kljhlhc fzl _fZlbq_kdhc h[hkgh\Zgghklvx b dhjj_dlghk
ihroh~h\ b f _ITh~h\ Z IZd _ bkihevah\Zgb _ f ijbagZgg!
ijhljzffguo ieZlnhjf ~eafhjldd ki_pbZebabjh\Zgguo ijbe
ith~\ _j°~Z |ky ijh\_jdzZfb gz Zz~_d\Zlghklv ih wdki_jbf_
f Ijheh]bg_kdhc ih\_jdhc \ukImie gbyfb b h[kr
dhgn_j gpbyo b k _fbgzZjzZzo ZzZ 1zd _ g _ihkj_"~kl\_ggh
j_amevlzZlh\ jZhhiekb dh\Zggufb j ameviZIZfb bkke_ 7h
Z\lhjh\ Wdki_jbf_glu ijh\h~*bebkv gZ kh\j_f gghf
>hklh\_jghklv jzZajzZ[hlZgguo f_Ih~bd ih”I\_j°~ gZ i
j_amevlzZlzZfb bkiulzZgbc Z 1zd _ wdki_jlbahc ijh\
Khhi\_lklI\mxsfibfgb kl_jkI\Zfb b \_~hfkI\Zfb

Bkihevah\Zgb_j _amevlZIh\ jZ[hlu

L _hj_Ibg_kdb_ b ijZdlbg_kdb_ j_amevlZlu jZ[h
ijhba\h~klI\_gguc ijhp_lkKisBBHEW b :H O©OFbdjhg¥jueb
bkihevah\Zgu ijb ijh\_"~ _gbb jy"Z GBHDJ Z 1Zd _ bkih
ijhp_kk GHM >|HEPHJID GBB¥FW qlh itha\_j"rZ 1K
khhi\_IklI\mxsbfb Zidbzftb® _g8).

Hkgh\gu_ iheh  _gby \ughkbfu_gZ aZsblm

1. Fh* _ev eblh]jZznbg_kdh]h ijhp_kkzZ ?"ey jZkq
ijh_dpbhgghc kbkl_fu kdzZg_jz b izjzf_Iljh\ g_ij
\kihfh]zZl_evguo |lhiheh]bg_kdbo we_f _glh\ 65%) hkg
\ha“mrgh]lh bah[jZ _gby hkgh\guo Ibih\ Jjmiih\uo ebgh
aZl\hjguo kehyo |j [m_fuo gmfdlduodZeb[jm_ fZy
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wdki_jbf_glZzevgh mklzZgh\e_gghf fbgbfzZzévghkmiljZdBAMu
jbkmgdz \ | _®fkilhjghc kljmdImj_2

2. 1ZjZf_1lju hilbg_kdhc kbkl_fASMldRAS B500/1150C
(NA = inl= ok = = [ hilbfZevgu_ ijb eblh]jZ
aZl\hjgh]h kehy I _ogheh]bb ijh_dlguo ghjf gf

J ameviglaueb\a2z~Z ~himkdh\ gZ izZjzZf_lju nhl

NR \ eblh]jZznbg_kdmx ihihangebl\wbhklZ\blv hp _ghqg
ki_pbnbdZpbx gZ NR azZl\hjgh]h kehy | _ogheh]bb ijh_c

4. Mkh\_jr_gkl\h\ZggzZy f _Ih~*bdZ dZeb[jh\db dhfiZ
dhglmjdFN\ gZklb ijbf_g_gby deZkl_jgh]l]h ZgZebaZz ij
\u[hjhdlZeb[jh\hgguo kljmdImj iha\heyxsZy hij_"*_ebl

jZzaf_j \u[hjdb- ba dZeb[jh\hgguo klIjmdImj ijb
deZkl _jbazZpbb dZeb[jh\hgguo &kZKggtgbfo [h~hf
5. Hkglgu _ 1j_[h\Zgby d [Zah\hc ijhp_"mj_ jZkklZq

65%) “ey aZl\hjgh]h kehy | _ogheh]bb ijh_dlguo ghijf

6 J_ameviZlu wdki_jbf_glh\ ih dzZeb[jh\d_ dhfi:
dhglmjz MIFRij_~_e_gbx ijhp_KkISRAB hdhg

7 :elhjblf hilbfbazZpbb i¥ZjZfpljhz dhjj_dpbb hilbqg.
[ebahklb gZ hkgh\_f IhA"Z “"bnn_j _gpbZevghc w\hexpb

8. Ijh]jzffguc ijh"mdl iha\heyxsbc \uihegblv-gZkl
j_p_ilZz k ihfhsvx ij_~eh’ _gghlh Zelhjblfz Z 1zZd" _
hilbfbaZpbhggu_ azZ”"Zqb \ jZfdZoejjZapbhhldb 23&

ijh[Zpby jZ[hlu
Hkgh\gu_ j_ameviZliu “bkk_jlZpbhgghc jZ[hlu ~*
h[km ~"Zebkv gZ ke _"mXANslbghgZrkidgb dhgnb jk gfblgyZg Z o
X F_""mgZjh”rguc nhjmf ©Fbdjhwe 2dlHqhgbdZmgZjh~rgZ
gZmqggZy dhgn_j_gpby © Wceh fdhjdh gglgy¥ vy [ZaZ
fbdjhwe _dljhggu_ fh*meb? :emrlZz ]
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X

6l-y <k_jhkkbckdZy g9gZmqgZy dhgn_j gpby FNLB

nhlhgbdZ b fhe_dmeyjgZy nbabdZ2 Fhkd\Z ]

Xx GZmqguc k_fbgZj] ©Dhjj_dpby wnn_dlh\ hilbg_Kk
eblh]jZznbb?& Fhkd\Z ]

XXV, F_""mgZjh~gZy dhgn_j gpby ih Jheh]jZnbb
hilbg_kdbf | _ogheBgllyfl K[mj] ]

Xx F_""mgZjh”"guc nhjmf O©OFbdjhwe 8I|jRgh&Z fheh”u
mQg_guo =mjamn ]

Xx F_""mgZjh”guc nhjmf ©Fbdjhwe 2dlHqhgbdZmgZjh~rgZ
gZmqgZghgn_j _gpby ©We _dljhggZy dhfihg_glgZ
fbdjhwe _dljhggu_ fh*meb?2 :emrlZ ]

X, F_""mgZjh~rgZy dhgn_j gpby O©OFZI_fZlbq_kdh_

fZl _jbZeh\_~ gbb we dljhgguo dhfihg _glh\® Fhkd\Z

62-y <k _jhkkbckdZy g9gZmqgZy dhgn_j gpblygbERLB

nhlhgbdZ b fhe_dmeyjgZy nbabdzZ?2 Fhkd\Z ]

X ,; F_""mgZjh~rgZy dhgn_j _gpby ih nhlhgbd_ b bgnhj
Fhkd\Z GBYM FBNB ]

Xx F_""mgZjh~"guc nhjmf ©Fbdjhwe adl{fyhgbhdZmgZjh~rgZ
gZmqgZy dhgn_j _gpby ©We dljhggZy[Zadhfihlg
fbdjhwe dljhggu_ fh"meb? YelZ ]

X ;,,, F_""mgZjh~gZy dhgn_j gpby 20D _fgbcRdheZ
fheh”uo mqgq_guo b Kki_pbZebklh\ ih ZdimZevguf ij
fZzl _jbzZeh\_~ _gby | _ogheh]bb b ~bZ]ghklbdb dj_f¢
kljmdImj b ijb[hjh\ lgkZghy_ =mjamn ]

X ; F_""mgZjh~gZy dhgn_j gpby ih nhlhgbd_b bgnhjf

Fhkd\Z GBYM FBN|B

X

Im[ebdZpjZhhlu
lh I _f_ ~"bkk_jlZpbb himZ&dpdm\gzgguho jZ[hl \ I qbk
jZ[hl him[ebdh\Zgu \ "mjgZeZo \oh?*ysbo \ i_j_
17



j_dhf_g”h\Zgguo <:D Fbgh[jgZmdb JN 7“ey him[ebd!
gZmqguo j_amevlzZlih\ "bkk_jlZpbc gZ khbkdZgb_ mqg.
dZg”~"b”~ZI1Z gZmd

KljmdIimjzZ b hjZ[Hlu

>bkk jlZpby khkIhbl”™ bab4 ]JeZ\ aZdexq glkybkdZ
bkihevah\Zgguo bklh\gbdxdpAxs JH2 gZbf_gh\Zglbc
ijbeh” _gbH[sbc h[t_f j20BlkljZgbma dhlhjhkgh\gZy qZk
khklz\eM6 lkljZgbp \deMdEe xkljZzpRblB[ep ijbeh” ygb
19 kljZzgbp dm~Z aphd¢ypbby nblaftbdgh kdbo iZzjzf_Ijh\ j_a
bkihevah\Zggu_ ijb ©iheghf2 fhhhgbjph¥hdlby NJIF
Ijbf_ju dhgnb]lmjZpbhgguo nZceh\ b kdjbil [Zah\
JZkklZghSBAF "ey K:I1Mentor GraphicsCalibre Z 1Zd Zdluh[
bkihevah\ZgblmevlizZIh\ jzpbhlw\lhjkdh_ k\b"_I_evkl\
ijh]ljZffguc ijh™ @ECCPtimizerd

KhdjZs_gby bkihevah\Zggu_ \ "bkk_jlZpbb
NRznhlhrZ[ehg
NJF+tnhlhj_abklb\gzZy fZzkdZz
MBxmijZ\eyxsZy bgnhjfZpby
SRAF tSubResolutionAssistFeature g _ijhjZ[Zlu\Z _fuc \ j_abkl_ we
Ilhiheh]bb h[_ki_gb\Zxsbc m\_ebq_gb_ rbjbgu hdgzZ ijl
"ey h"bghgguo b djZ _\uo kIjmdImj
RBSRAF tRule BasedSubResolutionAssistFeature kljmdIBRAF nhjfZ
b ijZ\bezZ jzaf_s_gby dhlhjulkyhigZ*hlegk\_ jZg__ jZajZ]|
ijZ\be
MBSRAF tModel BasedSub-ResolutionAssistFeature kljmd | iBRAF
nhjfZ b ijZ\beZ jZzaf_s_gby dhlhjuo hij_~_eyxlky gZ hk
fhr _ebjh\Zgby
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EPE tEdgePlacemenError hrb[dZ kf_s_gby iheh  _gby djZy jZk
NJF hlghkbl _evgh ghfbgzZeZ

=MMNO]em[hdbc mevljZnbhe 128 dZd ijZ\beh \ nhlhebltl
bkihevam |ky baemqg_gb_k “ebgZfb \heg gf b g1
WMBMOwdkIl] _fZevguc mevljZnbhe |12 baemqg_gb_ ~bZiZ
5. gf \ihemijh\h*gbdh\hc I _ogheh]bb bkihevamxlky i
bklhggbdb k "ebghxl13h@du

POR tProces®fRecord ijhp_kku bkihevam_fu_ \ IjZ"bpbhggh
hljZ[hlZgghc gZ "Zgguc fhf_gl | _ogheh]bb ba]Jhlh\e_ gt
themijh\h~gbdh\uo ba”_ebc

SMO zSaurceMaskOptimisation kh\f_klgZy k Ihiheh]bg_kdhc dhj
hilbfbaZpby nhjfu bklhggbdZ baemq_gby

OPC £OpticalProximity Correction dhjj _dpby hilbg_kdhec [ebahklb
lhiheh]bqg_kdZy dhjj_dpby dhfi_gkbjmxsZy “bnjZdpbhi
ij_1_ji_\Z_fu_gokMmijb i_j ghk_ k NR \ kehc j_abklz gZ
ithemijh\h~gbdh\hc ieZklbg_\ ijhp_kk_ijh_dpbhgghc n
MBOPC +Model BasedOpticalProximity Correction dhjj_dpby hilbg_kdh
[ebahklb gZ hkgh\_ fh~_ebjh\Zgby

RBOPC zRule BasedOptical Proximity Correction dhjj _dpby hilbg_kdhc
[ebahklb gZ hkgh\_jZg__ jZajZ[hlZgguo ijZ\be

ILT zInverseLithographyTechnique dhfi_gkbjmxsZy ~bnjZdpbhggu
bkdZ  _gby dhjj_dpby Ihiheh]bb nhlhrZ[ehgZ ijhba\h”y
j_r_gby h[jZlghc az”*Zqgqb nhjfbjh\gdgyy bah[jZ _

>SHW " "bnjZdpbhgguc hilbg_kdbc we f gl

EL tExposurelattitude jZa[jhk “hau

DOF tDepthof Focus Jem[bgZ nhdmkbjh\db

ILS dntensityLog-Slope eh]Zjbnfbq_kdZy djmlbagZ bgl _gkb\grl
NILS +NormalizedimagelLog-Slope ghjfbjh\ZggZy eh]Zjbnfbq_kdZ
dimlbagZ bgl_gkb\ghklb

BIM zBinary Intensive Mask[[bgZjgwmdhlhrZ[ghg
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AAPSM tAlternating aperture phase shift masklflhrZ[ekg_j_ _~h\Zgb _f
nZa;u

EAPSM tEmbedded attenuated phase shift mask € Z[ey x ailZa h\uc
nHhrZ[ehg

MEEF £Mask Error Enhancement FactonZ dlhmpkbe Qgbly[d g 2N R);
DEXDjblbg_kdbc ebg cguc jZaf |
FLLtMeanto-TargetxjZaghklv mkj_~g_ggh]h agdbdhgby dZdh
\ _ ebqgqbgu baf_ j gghc \ g kdhevdbo lhgdZo b ghfbgZe
DP/MP zDoubldMultiple Patterning *\hcgh_ fgh]hdjZlgh_ \i_qZlu\Z
SOCS tSumof CoherenSourses f _|h” kmffu dh]_j glguo bklhgghb
MRC *MaskRuleCheck ijh\_jdZ lhiheh]bb NR gZ m”~h\e I\hj_
ijZ\beZzZf jZaf_s_gby we_ _f _glh\ jbkmgdZ gZ nhlhrZ[ehg
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=eZ\Z KH<J?F?GGH? KHKLHYGB? B L?G>?GPBB J:.
F?LH>H< DHJJ?DPBB WNN?DLH< HILBQ?KDHC ;EBAF
I IJH?DPBHGGHC NHLHEBLH=J:NBB

11 Ih”oh”u d ih\ur_gbx jZaj_rzZxs_c kihkh[ghklb ijh_«c
nhlheblh]jZnbb

JZaj _rZxsZy kihkhjgphdiwhgghkheblh]jZznbb \ ~Zg
kemqgzZ_ bf__Iky \ \bm fbgbfZevguc jZaf_j ithemi_
kljmdlInbj "hkimigZy Jem[bgpjd_ mibddxkityihdh ba\_ kddbaf
| _hjbb nhjfbjh\Zgby bathhBIghbydHthl]:

k, C

F L=
NA

(1.1)

o 2 C
fo) 2
nsin? =sin * Lsin 7 R NA
2 @ i

DOF Kk,

(1.2)

] x"ebgZ \hegu wdkihgbjmxs_ ]|NAbasm/gtglbkeh\Zy
Zi_jlmjZ h[t_dIbXZ jlmjguc mpkibdZaZl _ev ij_ehfe gby
+ kf Jbkl1l). Iljb[eb _ggZy qZklv khhlghr_gby i h
ij_~iheh  _gbynglh bNA< 0,8 ©kmohc? h[t_dlb\ izZjzZdkt
ijb[eb” _gb < dezZkkbq_kdhc j e _\kdhc nhjfme_ "ey
kihkh[ghklb hilbgbktdbfodhwnnlkpjz\glg [2]. < g_dhlhjuo
kemgZyo ”“ey hp_gdb ij_~ eh\ “bnjZdpbhggh]h jZa
kbkl_f ijbgbfZ dky 0,5.

GZ ijZdlbd_ jZaj_rZxsZy kihkh[ghklv b Jem
hij ~ eyxlky g_ |hevdh ijh_dpbhgghc kbkl _fhc gh
nhlheblh]jZznbq_kdh]h ijhp_kkzZ Z 1Zd _ hkh[_gghkly
themijh\h*gbdh\mx ieZkld$m ljokimgudZzagZqg_gby dhwnni
ki, kx bks \ "ZgghdkemqgZ_hlebggu hl delZ kkd\p kkydjlyld Z
| _ogheh]bgq_kdbo.nZdlhjh\
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Dzd \b~gh ba khhl@gHh)y_gmy gvr_&bfh | Julv
"hklib]Jgnmdhf[bgZpbljo jZagukihki[\[4] = bkihevah\Zgb f
baemqgzl & gvk _¢ebghc \hemu ebqg _gb dhdhk Zi_ jlmju
ijh_dpbhgguo h[t_dlIg\hvzdiml_f ijb\_~_gby d \hafh gt
fobgbfmfm agZqg_gby dhwrkpnbgblhghijb ijbf_g _gbb jy”~.
f Ih~h\ fh™ | [ulv “h\_"3 glh 23" f gohly g kdhlhjufb
hljZgbq _gbyfb gzZdezgu\Z Hafbjbx i _j ~Z\Z fhlh jbkm

ljb bkihevah\Zgbb i_j\uo "\mo kihkh[h\ \ub]jur \
kihkh[ghklb \kih|*"&jZcg_c flh \ _jgh @lemobo? h[t_dlb\|

\e_g_|I| ijhb]ljur \ Jem[bg_ nhdmkZ Lj_Ibc kikkhfiZzdbg
ijZ\behjb\h~"bd h~gh\j_ f gghfm \ubJjurm ih h[hb[b],iZ|Zf
ghijb wlhij ~tyley | [he__ kljh]b_ I¢g [bkZmgdwam fu

nhlhrZ[ehglZzfbo dhgljhéxkdhevdm k ihgkh jZll i | g
©nzZdlhj mkbe _gby hrb[db JdEER RFfaskh Eror Enhancement
Facto) [6] <_ebgMEEF \ujZ Zlgm\kl\bl_evghklv ijhp_kkZ d
jbkmgdZ gZ nhihrzighg_eb_IkyCBZdask7CDrzied) 17_
CD thljz[ZIlu\Z_fijblbq_kdbc ebgZafucwe f bgdd DEJ
M+ dhwnnbpb_gl fZkrlZ[bjh\Zgby eblh]jZnbqg >kKdehc n
mdZazZggu_ |ljb kihkh[Z memqr_gby jZaj_rZxs_c¢ kihkh]
nhlheblh]jZnbb [m~ml hibikZghudhe

11.1. Bkihevah\Zgb_jzZzhhgm]dh_gby k f_gvr_c “ebghc \h
< g9gZklhys_ _ \jJ_fy \ ih~Z\eyxs_f [hevrbgkl\_
ijh_dpbhgghtheblh]jZznbb bkihevam _ Iky jZ[hq__ baem
\heg
365 gfti-ebgby ki_dljZ jImlb bkihevam_ fZy gZ g_c
eblh]jZznbb eb[hhehllbagg kdbo ijhpF k20Dagfk \ dZq_KkI\_
bklhggbdZ baemq_gby fhlml bkihevah\ZIlvky fhsgu_ *r
beb ZjlJhgh\u_eZa ju
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248 gf = |Zd gZaul\Z_fleen[l®dbc mevIjZ (Ve |
ijbf _gyxIKfF wdkbf jgu_ eZa_ ju

+193gf+t=MN ijbf_gyAkwdkbf_jgu_ eZa_ju

| j_oh” d baemqZl_eyf k f_gvrbfb ~"ebgZfb \t
bklhggbdb baemqg _gby gZ ~gbgZagfihegf b gf[7])
yley |ky kzZfuf ~hjh]lhklhysbf f Ih*hfF mLZgMr_ gbylh”t
khijy' _gu k mkeh g _gb_f dhgkljmdpbb h[t_dlb\h\ bkl
fZl_jbzZeh\ jZajZ[hldhc gh\uo | _ogheh]bg_kdbo ijh
gh\h]h ij _pbabhggh]h h[hjm~h\Zgby < hilbg_Mdhc e
baemq_gbb k Ij_fy ©hkgh\gufbgd\ "ébgZKb\ \hf&Zl _jbzZeZz
bkihevamd\M&jyp \h_ kIl _deh Gh mg4djpbfejbg_\hegaf
baemq_gb_ wdkhbf_ eduwo jh)\ hgh g_ h[ezZ”"Z_ | ijb
ijhimkdzZgb f IThwlhfm ijb jZajz[hld_ eblh]jZnbqg_kdt
jZ[hlZxs _]1h gZ "ebd57gfelgkigh\gu_ jZ[hlu ijbrebkv gZ
20000 ]] hkgh\ghc mihj [ue kiybéZg gHexhjb”"Z dZevpby
dZq_kI\_fzZl jbZeZ ebga qlh ijb\_eh d agZqgbl _evguf
k ba]lhlh\e_gb_f ~hklZlhggh]l]h dhebqg_kI\Z Aukbhdhc
ij_h~hgeb f wnn_dlZ ~\hcgh]h emq_ij_ehfe_gby k\hc
fZl_jbZem < blh]_ \BB]kuZ\y gl bff_jkbhgghc eblh]jZr

gZ "ebg_ \hegd kf ~Ze_  [ue ijbagZg g _ByZdbl
jZ[hlu [ueb ij_djZs _gu
ljbf_jgh \ wlh ~_ \j_ fy gZgi&hkdbjh[hjm~h\Zghb

| _ogheh]bb ijh_dpbhgghc nhlheblh]ljZznbb \ 1 g
mevljZnbhe(EUV beb WMMNey wlh]h baemgl3bygf
ijhajZqguo fZl _jbZeh\ g_ kms_klI\m_| ihwlhfm \k_ w
kbkl_WMNbIh]jZnbqg_k&bdgh\hdghhlhrZ[ehgu fh]lml Ju
lhevdh hljZ Zxsbfb b "HE&kghezZ]zZIvky \Zdmmf_
lhemijh\h~gbdh\dklbigu gZ dhlhju_ i_j_ghkblky ba
"he gu gZoh”blvky Zf al\uqzZdph”~"h_fdhc azZ”~Zq_c y\

kharZ&hZ[bevghkhhqggbdZ baevwmilglinygghc fhsghklb Z
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khhi\_Ikl\mxjskadk[8\10, 11] Ba]l]hlh\e _gb_ hilbg_kdbo we_
nhlhrZ[ehgh\ *ey 1Zdbo kbkl_f \_kvfzZ aZljZlgh >hklZ
[u IThnZdlqglh hljZz Zxs__ ihdjulb_ "ey WK Nelbgdmq helyy

135gf ij_"klzZ\ey | kh[hc [jw]]h\kdh- aiZdZledidba keh_
f 1Zeebqg_kdh]h fheb[® _gZ FhgflbeZblgijimgh]lh dj _fgby
lhesbghgf gZg_k _gguo gZ kl_dehd&kbZdeghkadxmxih®*eh”
azZz”"Zgghc djb\bagu k bkdexqgbl _evgh \ukhdbf dZqg
©R _jhoh\Zlhklv2 ih\ _joghklb [Zdhc ih”eh db g_ “h
02gf 1 Ijb wilbo mkeh\byo hljZ ZxsZy kihkh[ghklv a_|
\ _ ebgbgm "ey "ebgu \hegaf[l12] k ijb_fe fuf mjh\g
ki_demfZ13, 14]

L f g f,od gZklhys fm \j_f gb ijh[e_fu klhysb
kharZgby eblh]jZnbg_kdh]h h[hjm~h\Zgby jZ[hlZxs
wdklj_fZevgh]l]h mevljZnbhe_ MMMkiZgb\db \uimkdZx
kK _jbcd¥] b bkihevamxlky \ ijhfure_gghklb \gk tkdhmr ky
klhbfhklv dZd kzZfhc |I_ogbdb 1Zd b __ h[kem b\Zgby

LzZzdbf h[jZzahf hkgh\guf ij_iylkl\b_f ~ey jZa\blby
nhlheblh]jZnbb \ klhjhagmzZ gZ f_gvrb_ "ebgyux\kygeg
klhevdibabg_ _kdb_ ijkdhewvdbgZgkh\dkoh”u k\yaZggu
wlbf i_j_ _oh~hf

1.1 M\ _ebq_gb_ gbkeh\hc Zi_pgbmggujh hfit_dib\h\

M\ _ebqg_gb_ gbkeh\hc djh jldpjmhgghpHt_dIb\Z
nhlheblh]jZznbqg_kdhc mBilzhgfth\sltb "b~*dhklghc bfbejkkb
Jhjza~h f agljzlg@flh~"hf h~gzZdh Ijm~gh i_j_hp_gblv _
Ney ih\ur_gby kIl _i_gb bwgk ]fZgphkk

Kmlv f Ih"Z aZdexqZ |ky \h \\_"~ gbb "b~dhklb
"bArdhklb k \ukhdbf ihdzazl_e f ij_ehfe_gby f_""n

h{t_dIb\hf b ihemijh\h”goZki\thghtbk1Z A~eyhemq_gby
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bff _jkbhgguo h[t:dlb\h\

Jko fiz ZebaZipbbrZb~rdhklIghfd jkbb
[ jZkijhkljZzg_gb_ k\_Ih\hc \hegu \ kehbklhc kj_~_
\ ~"hklb' _gb_\ukhdbdNAagZlh gic brdhklighc bff jkbb
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ijh_dpbhgghc kbki\ fablg gghc gBkehihtc aglhgbl evgl
memqrZ_| jZaj_rZxsmx K[tk b[gdjklfv_ Ihja\lye | \ub]jZIlv
\ Jem[bg_ nhdmkz \ kjZ\g_gbb k ©k@pbfb2 h[t_dIb\Zfb

Khl]eZzkgh aZdhgm [Rg ipehmkizhkljZzg gbb k\ _ITh\hc
q_j_a kehbklmxJbjK.2n \ _ebqgbg8n 7 hklZ lky ihklhygg
Khhi\_1kI\_ggh fZdkbfZevgZzZy \hafh ' gZy gbkeh
NA nh[t_dlbsp 7r:[t_dlb nkj_A§in 7I:j_"u nj_abksp 7j-_abk hij_~_ey_Ilky
fobgbfZevguf ba ihdZaZl_e_c ij_ehfe_gby fZIl_jbZeh\ Kk
kKj 2K abkIPbK.1\ Lzdbf h[jZzahf 2ey ~“hklb  NfbylagZq
p_e _khh[jZzagZ \h"gzZy bMNAjkby ANAey[m I|ky bkihevah\
"brdhkl _c¢ k ihdzZazl_e _§by_ e[lyfevrbf g _f m \h”u
NZevg_cr_]1h m\_NAGhghbgZg _gbc [he lj _[m_Tky ih
balhlz\eb\dlAd fbgb¥uodh"gmx ebgam h[t_dlb\Z ba ly _
k ihdzazlijeehfe_glbmevrbf q_f m d\ZjjpfZ Ih]lh ijbf_g_ gl
bff jkbb ihalhey | m\_ebgblv 1Zd _ Jemfbgma@Zhdm
kjz\g_gbb k ©kmobfb?2 h[t_dlb\zZfb ih ijbgbg_ agZqgbl_
ml]eZ koh » _gby nhjfbjmxsbo hahhigahd] giof khhilghr_ghb_
(1.2)).

<gZqZe_ fh*hi\nezZ]Zehkv qlh \h*"gdynd¥hgjkiby
ijbf _g _gb_ baemqg_gby k ”“ebghc \hegu gf “h m
jZaf_jh\ gf b "Ze__ H b”~Zgby hijz\"Zebkv b bff_jk

ihrez \ k_jbx kjZam ihke_ ij_h”he_gby hkgh\lguo Ijm
h[jZah\Zgb_ f_edbo imaujvdhdbbZdb\upg EHEkIIH kmlb
ijbf _g _gb_ bffo jklwhfie_dk_ k f_Ih*"bdzZfb kbgiZfbabgbb
\hegu=193gf hklzZ\ey | eblh]jZnbb \ wdklj _fZevghf m
kjZ\gbl _evgh g [hevirm®@k\ghoiZeuo? jZaifhegimi_ jbh~Z
ijhjZ[Zlu\Z_fuo we (<20gd h\

Kh\_jr_gkl\h\Zgb_ WMN eblh]jZnbqgq_kdbo mklZg
m\_ebq_gby gbkeh\hdzdi jjimja\h"blky igkdhevdm dZc
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eb[h Dbff _jkby a”_kv g _\hadlE dkKy wlh iml_f mem
0ZjZdl_jbklbd a_jdZevghc ijh_dpdhgghgZkjl jfugbkeh
Zi_jlmjZ ijh_dpbhgguo kbkl_f kh\j_ f gguo mkBZghl\khyd
ithl_gpbZe m\_eNAq"lgbeygZ2q0,6§B[I8] Wdki_jbf _glZevgu_
ijh_dpbhggu_ kbkl_fu kms_kldh§p20@-0 Yhh\ bf _eb
agZq_NA=D0,25.

11.3.L_ogbqgq_kdb_ ijb_fu gZijZ\e_ggu_ gZ fbgbfbaZp
dhwnnbpbkglZ

Lj_Ibc imldexgZxsbc \ k_[y jZaghh[jZagu_ | _o
| _ogheh]bqg_kdb_ ijb_fu gZijihfe gygugkhgzdZd ijZ\beh
bf gm_Iky \ ebl _jzZImj_ REFTBghBHSROXWLRQ (QK
Techniques) F_IhM"R&ED \dexgZ x| \:k_[y

X bkihevah\Zgb_\g _hk _\h]Jh hk\_s gH¥nhlhrz[el

X \\_" gb_nzZah\uo weZhhdhir¥ [ge hB0, 21, 22, 23]

X dhjj_dpbx Ilhiheh]bb nhlhrk[ehgdkhfi_gkZpbb
i1ZjZablguo "bnjZdpbhgguo WwiHhqgdkid\bbl g
©wnn_dlh\ hilbg_kdhc [ebahklb?

Dhjj_dlgh_ ijbf_ogREJb g _\hafh'gh [_a hkms_KkI\
[hevrh]h dhebqg_kI\Z jZkqg_lguo ijhp_"mj b fh”_evgl
\oh?ysbo \ dim)luagdked | _evghc eblH24Z25p26]

DZd m _ hilf_gZehkv ijhp_"mjuk,fbgtzfdaiji@bleh
ijb\h~yl d h~gh\j_f_gghfm \ub]jurm ih jZaj_rZxs_c |
]Jem[bg_ nhdkgB\guf djbl_pMnh_dlb\ghklb ijbfRET gby
yley |Iky m\ _ebqg _gb_ rbjbgu 1Z®&edpdalyznbidp]kdh]h h
ijhp_kkZ2ijyfhm]hevghc beb weebilbg_Rdhdahph{egdZliBc
©r"h&dZnhdmkbjh\dZ®h\e I\hjyxs ¢ mkeh\byf m~h\e I\
ijhi_gzldilb "himklbfhf jZa[jhk_ ~hau

;_a mqg_IlZ ~“himklbfh]lh jZa[¢tzkav maw\e I\hjbl_ev
ijhi_qgzZldbij_~ ey Iky dZd h[eZklv \ dhhj*bgzZtdh@aZ* _hh
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ij_ "~ _eZo dhlhjhc nhjfbjm_fZy \ ijhp_kk_ ijh_dpbhggh
nhlhj_abklb\gzZy fkk\2 I\hjy | jy*m aZ”Zgguo | ]
Kms_klI\m _I Ijb \br"Z 1Zdbo |j_[h\Zgbc

X eblh]jZnbqg_kdbc djblbg_kdbc ebg_cguc
ijhjzZz[Zlu\Zz_fhc nb]lmjukhhd\ kklI\h\Zlv az”~Zgguf dAhdmk
ijZ\beh * hl ghfbgZezZ DEJ

X m]lhe gZdehgZ [hdh\uo ]jAZgkkb\mglhjfZkdb "he
mdezZ”u\Zlvky \ “himkdb hij ~ ey fu_ ijhp_kkhf i
ljZzZ\e _gby q_j_a fZzkdm \ [hevrbgkl\_ kemqgZ_\ m]he g
nhlhj _abklb\ghc fZkdb “he” _g [ulvg_f g _ f

X "himkdzZma&ah” nhlhj _abklb\ghc fZaKkdb\ iiljh\ywkkk _
ihklwdkihabpbhgghc h[jZ[lgldphje abklZ

H[sZy h[eZklv m~h\e I\hjbl _evghc ijhi_qzZldb ij_
j_amevlzl i_j _djulby 1Zdbo h[eZkl_c ”"ey \k_o |Ibih
kljmdImj h~rgh\j_f _ggh I _j_ghkbfuo k nhlhrZ[eh
Dgnb]lmjZpby nhjfbjm_fhc nhlhj_abklb\ghc fZkdb
agZq_gbc ~hau b "~ _nhdmkbjh\db baf_jy Iky wdk
jZkkgblu\Z _Iky \ ijhp_kk_ fHZ7.ebjh\Zgby

>eyihkljh_gbywlgzZz ijhp_kk&h[oh”"b¥hh[smxh[eZklvV
m~h\e _I\hjbl_evghc ijhlibkzZlldb weebik beb [he
ijyfhm]hevgbd jzZaf]hitthhkjiih "haug jZRimklbfhfm jZal[jt
"halbk 24 Eblh]jZnbq_JkedZbgZ nh@d®@ekth of Focus® beb
DOF wd\b\Ze glgZ hhjbd ijhp_ktkkzZzhkb ~ _nhdmkbjh\db
nbdkbjh\Zgghf jZa[]hk@&xpbdbumas Latitude 2 bebEL) [3]. GZ
JbKL2[ 1jb\_~ gu ijbf_ju ijyfhm]Jhevgh]h b weebilbqg
ijhp_kk&hhj*"bgZQREK? ©lem[bgZ-nhamkk "hau?

<h fgh]bo kemqgZyo b \ *Zgghc jZ[hl_\ gZklghklk
hdgZz ijhp_kkZ Ij_[h\Zgby ih gZdehgm [hdh\uo ]jZg_.
\ukhl_ g_ mqgblu\Zxlky glh jZamf_ _|ky kgb zZ |
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eblh]jZnbqg_kdh]h ijhp_kkZ hr"gZdh agZqbl_evgh
\ugbkebl _evgu_ j_kmjku ithal\heyy bkihevah\Zlv |
ihemwfibjbgq_kdb_  fh”_eb nhjfbjh\Zgby nhlhj_abklt
ijhp_kkghf fh™ _eb[2ANZgbb

ljh_dpbhggeblh]jZznbg_kdbc ijhp_kk i_j_ghkZ
bah[jZz  _gby \ kehc j_abklZz o0zZjzdl _jbam_Iky kh!
iZjZf_1jh\ eblh]jZznbP Kkdighjz[ZIlu\Z_fh]h I|hiheh]bqg_
we f glZz baf_jy |ky gZ ieZklbg_ "himkdhf gZ ebll
fogpfZevgudgZqgqg _gb_f Jem[bgu klmhdmkZ gZklhys ¢, jZ[h
hij ~ ey fuf k\hckI\Zfb j_ev_nZ Ahimklibfuf
ihemijh\h~gbdh\hc ieZklbHjjwagHh iij _~ihez]Z |ky qlh |
"hawkhklz\ey | * hl hilbfZevghc “hau ijb hilbfZev
nhdmkzZ dh]j~z ] _hf_ljbg_kdb_ izZjzf _Iju frzkidhlp_ al
Khhi\_Ikl\mx|l ghfbgZem

1.1.3.1.<g_hk_\h_ hk\_s gb_nhlhrZ[ehgZ

Dzd ba\_klgh [bgZjguc nhlhrZ[ehg kKh”™ )2
g _ijhajZqguo iZjZee _evguo i_jbh"bg_kdbo pmpbgpx k
hk\_s gbb ghjfZevgh i1Z72Zxs_c-\helghdchcteb@uhk \h _
lhg_qggh_  hk\_snhgitbjm_ | “~bnjZzdpbhggmx dZjlbgm ~
ihjy*dh\ hlklhysbo *jm] hl *jm]Z \ iehkdhklb ijhkljzZgl
jZkklhygb_ ijhihjpbHiZewgtkbem dhg _qguo jzZaf_jh\
ijhkljZgkl\_ggu_ qZklhlu \ukrbo ihjy*dh\ hlk_dZzZxlky
dZqg_kl\h \hkijhba\h*"hfhAlhgbwgley ebgbc ~hklZlhggh f
i_jbh”rZ gZ[ex"Z _1ky hlk_qgqdzZ \k_o ihjy~rdh\i_¢gymé_ g
(JbK3Z K wlhf kemggfbjh\Zggh_ jzZkij_~ _ e _gb_ b\gl_gl
iehkdhklb bah[jZ  _gby "Z Iky ke "m[&]sbf \ujZz" _gb _f

I (X) % ESCOS(Z K/ p) %cos2 (2 &/ p). (1.3)
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Jbk 3. D h[tykg_bbaxgbtdd hk_\h]h hk\_s _gby nhlhrZ[ehg
Zlhg_qgquc bklhgqgbd hk_\h_ b \g_hk_\h_ hk\_s_gb_ n
[ hk\_s gb_ nhlhrZ[ehgZ ijhly" _gguf bklhgqgbdhf

\'' g _dhlhju_ \b”u izZjzZf_ljbq_kdbo ijhly" _gguo bklhqggbc
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| j\uc qe_g ijZ\hc q@kIbkhhI\_TklI\m_ | jZ\ghf_j
aZk\_Id_  \lhjhc g_kmsbc hkgh\gmx bgnhjfZpbhggr
hljz " ZjlamevlZl bgl_jn_j gpbb i_j\uo ihjy*dh\ k gme _
h[mkeh\e g bgl_jn_j _gpb_c i_j\uo ihjy~dh\ f_"~m Kl
j_amevibjmxs__ bah[didhgpg Kdmx dhfihg_glm ~\hcghc
ih\urZy dhgljzZkl bah[pey gjdwIhjunriheZ]Z Iky qlh djZzl
h[{t_dIb\zZ jz\gZ _“bgbp_

ljhkljZgkI\_ggZy gZklhlZz Rikjyyddh\ “"*bnjZdpb
hfmkeh\e _ggZy dhg_qgufb jZaf_jZfb hijZ\u hjt del\Z
1$ Lzdbf h[jZzahf ijb bkihevah\Zgbb [bgZjgh]h nhlh
ijhkljZgkI\-dgh j _glguf |hg_qgqguf hk\_s gb_f jZaj_rZ.
ebgbc g fh | Julv fL$gihkdhemMdmmf gvr_gbb i_jbh~"Z
wlhlh agZdaddyZz gb_ bkq_azZBKihdvikeh\Zgb_ \ wlhf k
\g_hk_\h]h IThg_qgqgh]h ihke\hseygdy*h[blvky ihiz*Zgby \
\f _klk gme_\uf dZd fbgbfmf h~gh]h ba g_gme_\uo ihj
glh ijb\h~bl d \hkklZgh\le_gbx ihe_agh]h kb]gzZez
\g_hk_\h_ hk\_ihhaghey | \_jgmlv bah[jZ  _gb_ imklv
g_dhlhjhc ihl_jb _]1h dhgljzklz

< kemqZ_ bkihevah\zZgby ijhly"  _ggh]lh hk\_Ibl
ihjy*dh\ ~bnjzdpbiklZjey | kh[hc \ iehkdhklb ijhkljZz
gZklhl dhg_ggmx (hp&zaK)lv qlh ihalheyfbjmizZlv \ keh_
j_abklz bah[gb_ g_dhlhjhl]h dhebq_kI\Z i_jbh~bq_kd
kljmdImj jZaebggh]hg jph&Z rZ fuo eblh]jZnbg_kdhc
\ kemqgZ_Dbkihevah\Zgby hk_\h]h IRXP,28gh]h hk\_ s gby

KzZfhc rbjhdh bkihevam_fhe¢jhhwhjfggh]lh hk\_Ibl_
yley |ky nhjfZ "bkdZ LZdhc hk\_Ibl_eWCdnyamigialdfb gm
o0Zjzdl_jbam_Ilky izjzf_ljhf
nsin 7, "bZf_lpklhgqgbdZ

‘/ ]
NA  Abzf Igi_jlmjbo[t_dIb)

(1.4)
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]*" 7.« tm]he k\_Ih\h]h dhgmkZ ~“bnjZdpBb#@f]h ihjyrdZ

Hkgh\ghc g_"hklZlhd 1Zdh]h hk\_Ibl_ey aZdexq
gZqbgZy k g_dhlhjuo agZq_gbc i_jbh~Z ebgbc i_j_
agZgbl _evgZy qZklv iehsZ”b bklhqgbld.3[ilddZlkdguwZ
p\_Ihf i _j klZ_ | mqgzZklI\h\ZIlv \ nhjfbjh\Zgbb ihe_agh]t
d bah[jZ _gbx ebrv iZjZablgmx azZk\ _Idm b | _f kZfuf
i_j_~Z\Z _fh]lh bah[RB] bbBd ihy\bebkv iZjzf ljbg_kdb _
keh ghc nhjfu ijba\Zggulh \fidZhkigZ\blv wim ijh[e_fm
bklhggbdb dzZd ijZ\beh hibku\Zxlky g _kdhevdbfb iZjz
dhevp_\hc bklhgghAmhuldséb &ZjzdIl_jbam_Iky izZjg4f HjzZfb
hgmij("Ze_= Ly b %) G_dhlhju_ [he__ keh'gu_ izZjzf_
bklhggbdb ijb\_"Jigk3§Zz

=eZ\guc g_"hklZlhd 1Zdbo hk\ _Ibl_e ¢ aZdexqZ_
hilbfbabjmxlky “ey ~hklZlhggh h¢jZdbhda hgalb]lmjZpbc
i_j_™Z\Z _fh]lh jbkmgdz <ijhzZikkghh&viadhhdzZiZzdh]h bklhqgt
]Jem[bgZ nhemk&bgbc g _dhlhjuo i_jbh”~h\ ihdZau\zZ |
agZq_gb_ kjzZ\gbfh_ k Jem[bghc nhdmkZ ~ey h”"bghgg
dhlhjuo \g_hk_\h_ hk\_s_gb_ \hh[s_ g_ hdZau\3. | az
WIlh \ugm ' ~Z | jZajzZ[hlgbdh\ \ghkblv \ ijZ\bezZ ijh_dlI

"hihegbl _evgu_  |j_[h\Zgby 1ih bkdexq_gbx ba "bs
ebg cqgZluo klIjmjdImje hgghlh i_jilZgZaul\Z fEHorbidken
Pitches?

Qlh " dzZkzZ_1ky hbdedhdjiguebgbc b ijyfhm]Jhevgbdl
Ney bwki_rghciijpZldbmkeh\byo hk\_s gby hilbfbabjh\.
Jimiih\uo i_jbh~bqgkkjgbddmj\ Ihiheh]Jbx ko_fu ~h[Z\e)
"hihegbl _evgu_we f glu [|Z®SRAFA tSdbResolutdnAssist
Features g_ ijhjZ[Zlu\Z _fu_ \ j_abkl_\ kbem k\h_]Jh g _|
gh hdZaulZxsb_ \ebygb gZ dZjlbgm ~bnjZdpbb ijb]
"bnjZdpblgdhjlbgu nhjfbjmjbhébqg_kdbf jbkmgdhf
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Keh gu_ ijb[hjgu_ kehb fh]lml Julv knhjfbjh\Zgu
g_kdhevdbo eblh]jZznbc fgh]lhdjzZlgZy wdkihabpby bel
fzkdhxl g ©fghlhdjZligh_ \i_qR0u3Zgd2] @ <wlhf kemqgZ_
[j _[mxIKy kvfg kmjkh_fdb_ ih \ugbkebl _evghc fhsghkl
AN _dhfihabpbb ijb[hjgh]lh kehy gZ g_bdhé&ddlo &bhh]yZr
dZz ~h]lh ba dhlhjuo hI®_evgh ijhba\h”blky hilbfl
iZjZf _ljbg_kdbkhhggbdZ ihke ~gb_ ]h”u ih”h[guc i
klZedb\zZ |ky Wevrlafdq azZljm~g _gbyfb ihkdhevdm "ba
klZzgh\blky [he__ keh guf Z | _ogh&lkjbfhé&db "hijhpbfb

AZ"Zgm ih”~[hjZ hilbfZevghc nhjfukmisklikhggdhglz

hie JgZ_| ijbf_qgibglk evgb&\ Ibl e ¢ ijhbal\hevghc
dhlhjufb \ gzZklhys  \j _fy dhfie_dimxlky mklZgh\d
hilbg_kdhc eblh]jZnbb Ij_"gZagZh gmamludeymjh\g_

| _ogheh]NhjfZih~h[gh]lh hk\_Ibl_ey milbkpeyg] dhlhjh]h
gZ[hjZ i_jbh”bq_kdbohmgek]i\djblbqg_kdHilh flkealidp by
nhjfu hk\_Ibl_ey ijhba\h”~blky kh\f_klgh k dhjj_dpb_c |
@&MO?2 £ SourceMask Optimisation ithal\heyy "hl[ddgvZigpp!l evgh]
m\ _ebq_gby Jem[b[@8] nhdkmdKZ

GZJbK4Zbah[jZz g kdZg_ j 7:,16&%$1 1:ASML), &L
kh~ _j"Zsbc kbkl_fm hk\_s_gby ijhba\ReWwaytd34ihgiu ©
hkgh\_ fbdjha_jdZevgh]h 8bhXmd@ylmhiZmeylhj \ukimiz _|
jheb hljz zZl_evgh]lh ~bnjZdpbhggh]h hilbg_kdh]h
nhjfbjmxs_]h '\ h~rghf ba “bnjZdpbhgguo ihjy~dh
ijhkljZzgklI\_ggh_ jZkij_~_e_gb_ bgl_gkb\ghklb ih Zi_
Eblh]jZnbg_kdb_ mklZgh\Nikon nbYfhgb)35] gZijbf_|
bff jkbhggArE kdZg_j 165" 1Zd _ dhfie_dImxlky ih”h]

2F _|h#gh]lhdjZlghc wdkihlaZdpbbfgith]hdjZlgh]lh \i_qZlu\Zgby \ g_c
jZ[hlZo hlghkyl d ihgb BErbpb dfplw ogbRET h~rgZdh ih k\bhhg &kmlb
gbf g_ hlghkblky ihkdhevdm ij_"~klZ\ey | kh[hc gbklh | _ogheh]
m\ _ebqb\Zxsbc jZaj_rZxsmx kihkh[ghklv ijh_dpbhgghc nhlheblf
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Jbk 4 Hk\ _Ibl_eb ijhba\hevghc nhjfu gZ “bnjZdpbhgguc
ZkdZzg_j] 7ZLQVFDQ 1hRgZs&dput Ibl_ejhfbal\hevghc
nhjfuFR@exRay?[34] gZ hkghfbdjha_jdZevgh]h fth*meylhjZ

[ ko_1Bggh_ bah[jZz  _gb_ mkljhckI\Z b ibgphbiZ jZ[hlu
®lexRay?

\ weebilbg_kd®Z ijhp\lddhj*bgZlZo ©Olem[hgd[phkd mk Z
"haupb eblh]jZkblbokihevah\Zgb_f IjZ*bpbhggh]h izZjzZf_1
hk\_Ibl_édw\ Ibl_ey ijhba\hevghc nhjfu hilbfbabjh\Zgg
kh\f_klgh k Ihih[@3]bijlc \k_o0 ijhgbo h*bgZdh\uo mkeh\b
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kbkl _fZfb hk\_s_gby nhlhrZ[l€i gZntelliggnt [@uminator Unit
[36, 37]

Djhf_ Ih]h kms_klI\m _| ijzdlbdZ ijbf_g_gby 7~ey v
gbke_ "ey nhjfbjh\Zgby izZjzZf_ljbg_kdbo Dipdlegggbdr
@QuasaP @uadrupolét b | i iIjhimkdZxsbo nZah\uo >HW \kl
kbkl fm hk\_ s gby kdZg jh\ g_ hkgZs gguo fbdjha_j
nhjfbjh\Zgby ijhba\hevghc nhjfu [38k\ ljmlinmekydZxsb _
nZah\u_ >HW ba]hlZ\eb\Zxlky ba d\ZjpzZ IlyévximxagZ
A"bnjZdpbhggmx wnn_dlb\ghklv bd&jjlzag]dybdv guffb ZgZeh
gh hqg_\bgtghf x| \hafh ghklb hi_jZlb\ghc i_j_kljhcdb

1.1.32. Ijbf_g_gb_ nZahk”\b]Zxsbo nhlhrZ[ehgh\

NhlhrZ[lgu k g_j_~h\Zgb_ AAPSM)

JZkkfhljbf | _i_jv nhlhrdpethgbc gZ bah[jZ  _ggu
JbKL3[ [bgZjguc NBRM z=BinaryIntensiveMask), ghhlebgZxsbcky h
g_JHh_f qlh \ dZ ~uc \lhjhc ijhf_"mlhd f_""m ebgby
ijhajZzqgZy \kIX&dZxsZiyZam baemqgq_gbyJgK5Z fWIh
fh™ | [ulv j_Zebah\Zgh IZd _ aZ kqg_Il “hihegbl_evgh]h
nhlhrZ[ehgZ gZ Jem{bgmZdhcNRigZau\Z_|ky ©nhlhrZJ[e
g_j_"h\Zgb _ f nZAAPSNM @Miternating aperture phase shift mask).

>himklbf wlhrbjbgzZz k\_leh]h ijdZ fmI*m ebgbyfl
>bnjZdpbhggzy ddjlbga&hc j_r fhdbljzkkfzZljb\ZIlvky d.:
kmi_jihabpby dZjlbg hl ~“\mo j_r_IB@ k" \bigorhhhd ~jn
hilghkbl _evgh ~jm]Z gZpjZkklhgghc ba dhlhjuo dhwn
ijhimkdZgby ijhajZzqgh]h mqdkldZ jih\ ZFiebzZ m- Mjirh hc
ijbgbg_ k*\b]Z nZau gZ f

G Ijm~gh azZf _Iblv qglh \ wihf kemqgZ_ q_Ilgu_ ihj
A\mo jZkkfzljb\z _fuo j_r_Ihd ]Zkyl “~jm] “~jm]zZz Z
\ujZz" _gbrey Zfieblm~wmjzZ¥pbhgghc dZjlbgu \ ieh]
ijhkljZgkl\_gguo gZklhl [m”_| \u]Jey”_Iv k[B]:*mxsbf h[j.
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T.(f) ! a G zip), 5

s 0, Ja_lgh,
1~ & S’—@SIn(szlzp)’j g q It

B khhiI\_IkI\_ggh \ kemqzZ_ fZeuo i_jbh”h\ dh]”
bah[jZ _gby mqgZkl\mxl|l \ukrb_ ihjy*db ~bnjZdpbb
ijhkljzgkl\-dgh j_glgh]h lhg_qgh]h hkt\Beghy
j_amevlibjmxsZy bgl _gkb\ghklv '\ \uoh”~ghc lehkd
hij ~ eblky \ujz" _gb_f

Zsin-:g‘j/;
0 201 cosZX . o - GPF o

© ©p i1 S
FbgbfZevguc jZaj_rZ fuc i_jbh”™ ebgbc [m”~_| \ wl
1$ LzZdbf h[jZzahf bkihevah\Zgb_ nhlhrZ[ehgh\ k
ijb\h~bl dzd b ijb \g_hk_\hf hk\_s_gbb d “\moimqgdh
bah[jZ _gby qlh \ k\hx hq_j_"v h~gh\|_©b_phdaj megbq
]Jem[bgm nhdmkzZ Djhf_ Ih]l]h nhjfbjmxsb_ bah[jZ _
h"bgZdh\mx bgl_gkb\ghklv qlh *Z | fZdkbfZevguc dhg
< hlebgb_ hl bkihevah\Zgby \g_hk_\h]h hk\_s g
ihdZau\Z_| \ukhdmx wnn_dlb\ghkbZltey kglmdImj ex]|
i_jbh”~Z b ~Z°_ ~ey h”bghqguo Iljbfgwuld fegbglvcbgl_j kgu
wnn_dl \hagbdzZw hi[dEE*Z Iky \ gmev b klijmdIimjzZ ij_\
iIjhkimx nZah\mx klmi_gvdm < wlhf kemqgzZ_ \ \u

nhjfbjm_Iky | _fgZyrdbhighllkckiheh 1$
GZ wlhf ijbgpbi_ jzZ[hdZxI[_kojhfh\u_ nhlhrzZ[ekl
dhlhju_ ~Zxl \hafh ghklv nhjfbjh\Zgby \ j _abkl_ djZc
HAgZdh \ kbem 1Zd gZaul\Z _fuo ©OnzZ@BholoeJkhghebdl
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Jbk 5. NhlhrZ[ehgu k q_j_“mxs_cky nZahc $$360
Z"\moemg_\h_nhjfbjh\Zgb ; bah[jZ _gby

[ d h[tykg_gbx ijh[e_fu nZah\uo dhgnebdlh\ ijb bkihev
nhlhrZ[ehgfg\ jk *mxs_cky nZahc
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ith*h[gu_ rZ[ehgu dZd b ex[u_ NR k q_j_"h\Zgb_f n
nhjfbjh\Zgby aZfdgmluo ebgbc [_a i_j fuq_d b fh
bkihevah\Zlvky LlheMglad_  kh Kki_pbZevgufb \kihfh]z
[bgZjgufb nhlhrzZ[ehgzZfb azZz”~ZqZ dhlhjuo khklhbl
djmiguo beb m~Ze_ _gbb ebrgbo we ff dhf\ FBKEgd:z
Complementaryhase Shifting MagK21, 39, 40]
GZijZdlbd_ ijbf_gAAPISM klZedb\Z Iky k jy~hf k_jv
[jm~ghkl_c
1) \ kemqZ_ j_Zevghc |hiheh]bb g _bafhgh&bdl ¥
ijb\h~bl d g_h[oh”"bkhkEwah\Zgby ~\hcghc, wdk
glh agZgbl_evgh m\_ebqb\Z_1 \j_fOyZ e@lhZjdnEZx 1
2) bgki_dpby b \hkklZgh\e _gb_ ~ n_dlh\ \he
nZahk”\b]Zxsbo mqzZkldZo djZcg_ g_| _oghe!
ijhba\h”~k[\ha® _n_dlguo nhlhrZ[ehgh\ k q_j_"h\.
keh gh b ~hjh]h
3) dhgljhev nZau gZ nZahk”\b]Zxsbo mqzZkldZo aZ
4) jZkk _ygb_ k\ _|1Z gZ ]ljZgbpZo nZahk”\b]Zxsbo h
N 1jZ"Zpbb bah[jZz _gby
LzZzdbf h[jzahdf_g_gmhlhrZ[ehgh\ k qg_j_"h\Zgb _f
p_e khh[jZagh g¢gZ ijhjulguo gZijZ\e _gbyo ijb jZ
| ogheh]bq_kdbo ijhp_kkh\ beb ey j_ r_gby madhki_p
Djhf_ Ih]h bo bkihevah\zZgb_  hijz\~"Zgh ijb ijh\_:
©djblbg_kdbo? eblhgidpibfc j ijb nhjfbjh\Zgbb azZl\hjgu
< [hevrbgkl\_ kms_kl\mxsbo gZ k_]Jh~gyrgbc " _ g\
| ogheh]bc bkihevamxsbo nZahk”*\b]JZxsb_ rZ[ehgu
lZdh]lh IbiZz djZcg_ g_\_ebdz _~@Rdp4ipd2hp_glh\
HkeZ[eyxsb_ nZah\u_ nhlhEZP8M)gu
>jm]hc ih~oh” d kha”Zgbx | g ©hkeZ[eyxsbo?
nhlhrzZ[ehdr\EAPSM (Embedded attenuated phase shift makkik Ih bl \

nhjfbjh\Zgbb jbkmgdZ ih Ihfm _ ijbgpbim gqlh b \ [
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\f _klh g _ijhajZgqgh]h ojhfZz ~ey kha”Zgby | _fguo we 1
kehc ki_pbZevgh]h nzZahk”\b]Zxs_]h fZl _jbzZez dhll

ijhimkdz 1 k\_I WIlh fh  _| [ulv ihemijhajZqguc Ihgd
jZ[hlZxsbc \ dhf[bgZpbb k nZahk”\b]Zxsbf keh_ f k
gZijbf_j ijb ihfhsb Ihl]h ~_ ehdZevgh]lh ljZ\e _gby d\Z

Bkihevamxlky 1Zd"_ nZahk”\b]Zxsb_kehb blZdpm]daddf
&U2 &U2+ OR6L2 OR6L ORG6L21 Dhwnnbpb_gl ijt
hkgh\_ kbebpb”~Z fheb[* _gZ ijbf_gy_ fuo ijb ijhba\h”k
nhlhrZ[ehgguo aZ]hlh\hd khklZ\ey | dzZd ijZ\beh

ijhr_~r_1h k\_1Z \klj_gzZxlky |zZH"_ -kjghhimkdzZgb f
NZahk”\b]Zxsb_we_ f glu 1Zdh]h IbiZ kqgRLEZ x Itkyg Bkle -
hljhfgh_ ij_bfms_klI\h khklhys _ \ ijhklhl_ jZkqg_1Z &
balj]hlh\e _gby ~ eZ | bo gZb[he__ rbjhdh bkihevam_
dhff_jg_kdbo | _ogheh]byo ijhba\E2kigdo bkgo\Vifih

h[mkeh\e_ghhf_ ITh]Jh hlkmlklI\b_f nZah\luo dhgnebc
ke ~h\Zl _evgh b g _h[oh~bfhklb \ keh guo hi_jZpbyo
gZ khklZ\eyxsb __ HkeZ[eyxsb __ nZahk”\b]Zxsb _
m\ _ebqgb\Zxl Jem[bgm nhdmkZ b fZdkbfhavgwdkizhalhipl
ihkj_~kI\hf i_j_ jzZkij_~_e_gby wg_j] _Ibg_kdbo o0zZjzdl_

dZjlbg_ “bnjzdpbb kha”z\Z_fhc i_jbh*"bg_kdbfb kljmd
Bkihevah\EARSM ih"I\_j~*beh kdhe khh[jZadyhd&lIvey
gf 1Zd b "ey gf eblh]jZznbb LZdb_ rZ[ehgu b
khhighr_gb_ p_gZ wnn_dlb\ghklv h[ezZz~Zx] \ukhdhc
ohjhrbfithdZazl_eyfb ih h~*ghjh*ghklb djblbg_kdbo jZaf
F_ljbdhc dzZqg_klI\Z \ha”mrgh]lh bah[jZ b gbey\ l«kiyl
lzd gZau\Z_ f@lyjfbjh\ZggZy eh]Zjbnfbqg _kdZy dj
bgl _gkb\ghbkINILS (Normalized Intensity Log-Slope hij ~ ey fZ

. w dl d(in 1)
ILS ——
\ujZ _gb_HW I dx W dx

kljmdImju RakpiwgZy [ _j_|ky gZ _ 1jZgbp_
40
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Jbk 6. KjZ\g_gb_ bgl_gkb\ghklb “bnjZdpbhgguo ihjy*dh
1,/6 hl \_ebgbgu »~_nhdmkZ b ijhnbey ghjfbjh\Zgghc b¢
\ha“mrgh]h bah[jZ _gby ~ey kemqZy [bgZjgh]h nhlhrZ]
hkeZ[eyxs_]h nZahk”\b]Zxs_]h nhlhrZ[ehgZ k \[]Zs_gb_
ijhimkdZgb ]jmiih\Zy ebg_cqZlZy kljmdImjZ k rbjbghc
b i _jbh~hf gf ~ebgZ \hegu gf 1% hk\ _Ibl_e
1
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GZJbK6 ko fzZlbg_kdb bah[jZ  _gZ "bnjZdpbhgg
NZ\NZ fZy Jimiih\ufb | fgufb kljmdImjzZfb g F
nZahk”\b]Zxs_f rZ[ehg_ \ kjZ\g_gbb k [bgZjguf rZ[el
gme_\hc ihjy*hd bf__|I f gvrmx bgl_gkb\ghklv \ kjZ\¢
rZ[ehghf -Z Db-_ + [yevrmX Gihf °~ jbkmgd_ ihdZa
khhi\_IklI\mxpbkij ~ e gby bgl _gkb\ghklb glZ*ghkZkdbhy
NILS \hajzZklz 42 \ kbem ihjh]l]h\h]h ozZjzdl_jz aZzZk\_I
m\_ebgb\Zblkfhimkd gZ jZa[jhkDjhhaulh]khhajZklZgb _
bgl _gkb\ghklb \ukrbo ihjyrdh\ ijYhhjsdplbZgbl _evghfi
m\ _ebq_gbx ]Jem[bd¢al, BdmkZ

GZjy"m k hqg_\b~gufb ~hklhbgklI\Zfb hkeZ[ey
rZ[ehgu bf xI b g _dhlhju_ g<hatkhzldb gZijbimj dl
\hagbdgh\ _gby [hdhluo e _i_kldh\ baemg_gby \ hJe
| fgueve f _glh\ 1Zd dzd ZfiebIm”~Z \ gbo [hevr_ gme
g _dhlhju_ h]jZgbqgq_gby gZ “ham wdkihgbjh\Zgby Dj
hrb[db kh\f_s _gby -kehijhbpZqghkllwZZdg&Ecg_ j_~dh

| j_gbke_ggu_ g_“YhkyAedmxlky djblbd _kdbbhml gb
dzZdlkjzZ\g_gb_ k ijh[e_fzZfb \hagbdzZxsbfb ijb jZ[hl_ k

k g j_"mxs_cky nZahc

1.1.33. Lhiheh]bq_kdZy dhjjhtprizjehgzZ k p_evx

dhfi_gkZpbb iZjZzabdgpudbdpbhgguo wnnwrhh\dlh\

Chilbg_kdhc [ebPrhkIb

Dhjj_dpby lhiheh]bb nhlkrg[emnmgklbqgghdi _gkZpbb
iZjZablguo ~bnjZdpbhgguo wnn_dlh\ beb 1| g ownr
[ebahklbh[s ijbgylZy Zg]JehyauqgZy DHG_Yb@pucalZ
Proximity Correctior) ij_ _"klZ\ey | khiibguc kihkhf\ur_gby
dZzqg_klI\Z bah[jZz  _gby nhjfbjm_fh]l]h \ nhlhj_abklb\gh
ijh_dpbhgghc nhlheblh]jZnbb
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@Nnn_dl [ebahklb jfbg I_j\hgZqZevgh hlghkb\r
we dljhgeogig \hc eblh]j4hblb h[hagZgqZxsbc g ~_eZl_
bkdzZ  gby jbkmgdZzZ \ ijhp_kk_ _]1h i_j ghkZ \ kehc j_a
eblh]jZznbb 1Zdb_ bkdZ _gby \hagbdZxlkkh|[ujgkk Yyqgig
we dljhgh\ \ j _abkl_ b ih?*eh"d_ FZehm]eh\uf jZkk
we dljhgh\ \ j abkl_ h[mkeh\le _gZ ]Zmkkh\Z aZ\bkb:
hfmkeh\e _gghc i_j\bgqgufb wéaldljigkldhbygby ~h p_

1
imquZg exp r?/0  ]n. £7pZf_1j i_j\bggh]lh we _dljhggh]t

ljb jZkk _ygbb \ ih*eh"d_ i _j\bgguo we _dljhgh\ \hag
we dljhgu qgZklv dhlhjuo ih]jJehsD \ghkWhihladgkb|l evguc
\dezZ” ih]Jehs _ggmx Amamjuc |h _ hibku\Z _Iky jZkij_"

K
=Zmk iz exp /B 1n_+jzaf j h[eZklb \ha[m ~_gby \It

we dljhgh\+tElghkbl _evguc \deZ” h[jZlgh jZkk_ygguo
ihlehs_ ggmx(J3tldanh.
1Zjzf_lju b azZ\bklgl mkdhjyxs_]h gZijy _gby b fZ

ih~reh db LZdbf h[jZahf ijhbkoh”~bl h[emqg_gb_
ij_\urZxs_c¢ ih jzZaf_jzZf we _dljhgguc imghd [£DbadEZ |
jZkiheh  _ggubiheh]bq_kdbo wehfizga\zZz_|ky \ur_ (

ij_"iheZ]lZehkv [u [habkw\zlZfth]h wnwnadlzdlZ [eb)ahklb
F_Ih~u dhfi_gkZpbb \ebygby wnn_dlZ [ebahklb \ we
mki_rgh jZa\b\Zxlky m™_ ~"hklZlhqdgh45he]lh_ \j_fy

BkdZ  _gby bah[jZz  _gby nhjfbjm_fh]lh \ j_abkl_ ij
nhlheblh]jZnbb gZklh ijhy\eyxlkyjZzabh pZaulZxlky
wnn_dlZ€&hilbg_kdhc [ebahkl®b§Zeh]bb k weenmbhgoh
eblh]jZnb_c¢ hhrgZdlgrmkbyh*mbnjZdpbhggmx

Hlk_qdz \ukrbo "bnjZdpbhgguo ithjy~dh\ h
hljZgbg_gghklvx Zi_jlmju ijh_dpbhggh]h hit_dlb\Z
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Zwnn_dl [ebahklb \ wemdljhlggreblh]jZznbb 1jZ_dlhjbb
jZkk _b\Z _fuo we_dljhgh\ b bkdz  _gb_ i_j_ ~X\jZafhkh b.

[ \bAru ~_n_dlh\ nhlihj_abklb\ghc fZkdb h[mkeh\e_gguc
hilbgq_kdhc [ebahklb \ ijh_dpbhgghc nhlheblh]jZnbb
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kms_kI\_gghc ~_1jZ~"Zpbb hilbg_kdh]Jh bah[jZ _gb\
oZjZdl_jbklbdZz ijhimkdZgby nhlhrzZ[ehgZz nNZ

jZkij_~ e bggd gkb\ghklb \ iehkdhklb ieZklbgu \ kemq?Z
bah[jZz  _gby "\mfy ~bnjZdpbhggufb thjyrdzZfb Kk
ijhkljzgkl\_gguo jZkklhygbc gh k ihl_j ¢ j_adhklb
jbkmgd@glh g _ba[_"gh ijb\h~bl d bkdzZ  _gbyf nhjfbjm_f

ihjhlh\h]h ozjzdl _jZz _ _ nhjfbjh\Zgby
LZdbodBEk _gbc kms_ _klI\m _ | p_eht wkhkthtjiZiIShgb b
kdjm]Je _gb_ dhgph\ ebgbc bkdZ gby ijb i_j ghk_ &

(JbKL.7[ ;hjv[Z k “bnjZdpbhggufb bkdZ  _gbyfb khklhbl
dhjj_dpbb Rahgiby gz NR Z\IZW[Z\e_gbb \ rZ[ehgg
lhiheh]bx ki_pbZevguo g _ijhi_qZlu\Z _fuo \kihfh]Zl _ e
(SRAF  dhlhju_ \ kbem k\hbo g [hevrbo jZaf_jh\ kZfb
ieZklbgm gh iha\heyxl dhjj_dlgh \hkijhba\_kltlj_ [m_f

Ihr*oh”h\ d j_ZebaZpbb wrnpj dipidbg_kdhc [ebahkl
gZklhys__ \j_fy kms_kI\m_1 Ijb

KZfuf ijhkluf ba gbo ijbf_gy fuf \ kemgZyo g_
"bnjZdpbhgguo bkdZ gbc yl\ey Iky bkihevah\Zgb _
lhiheh]bg_kdhc dhjj_dpbb wd&kihjghglZevguo ~Zggu
j_amevlZlh\ nbabqg_kdh]h faJbldbph\Zgbyhkgh\_ mdZaZz
NZgguo jZajZ[Zlu\Z _|ky g_dhlhjh_ k_f_ckl\h ijzZ\be
ijhba\h”~ylky ~h[Z\e_gb_ \kihfh]zZl_evRBSRAW et Rulg!|h\
Based SulResolution Ay LVW )HDWXUHYV b lhihehRBOPEdZy d
5XOH %DVHG 2SWLFDO 3UR[LPLW\ &RUUHFWLRQ
[ukljuf b fZehaZljZlguf k I|lhgdb ag_gby Ij [m_fuo
fhsghkl _ch”rgzZzdh g_h[oh”~bfh g_dhlhjh_  \fhihevdlgh
ijh"he bl _evgh _ gZ jZajZ[hldmZggZdbeih”®omuqggh
bkihevamgZky djblbgguo eblh]jZnbqgDR&80BCkdghbylky
ijbimkd bias Z 1zd°_ "~hiheg_gb_ Ilhiheh]bb ba”_eby

nblmjzZfb fbgbfbabjmxsbfb wnn_dlu k@fleKghy m]eh\
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GZb[he__ rbjhdh bkihevam_fuc gZ k_]h”gyrghbc
f_Ih~rzZf dhjj_dpbb wnn_dlh\ [rRidbgkkhic\kaZdebaZpb_
bl Zpbhgguo f _Ih*h\ ih”[hjZ ijb_fe fhc nhgfds Hkghah]
ijyfhlh fh”~ _ebjh\Zgby nhjfbjh\Zgby hilbg_kdh]h b
nhlhj_abklb\ghc fZkdb WIh ij_ ~~MBOPC]Mddel iBased
Optical Proximity Correction dhjjdpby hilbg_kdhc [ebahklb g
fhr _ebjh\Zgby h[ezZz"Zxsbc agZgbl_evgh [hevrbfb \h
RBOPC gh \ Ih "~ \j_fy Ij_[mxsbc ~ey k\h_c j_Zeba.
dhebqg klI\Z keh ' guo \ugbke gbc

Lbih\Zy ko fZ jZ[hlu 0%23& ibbklaZga hgheh]by
eblh]jZznbg_kdh]h kehy ~ eblky gZ g _[hevrb_ mq.
bah[jZ  _gby \ dZ "~hf ba mgzZkldh\ k_]f_glbjmxlky k hi
>Ze  "ey dZ ~h]h mqgzZkldzZ Ilhiheh]bb jzZkkgblu\
bah[jZ _gljZkij_~_e _gb_ bgl_gkb\ghKlbjdpetkal klbgu

Ke_"mxsZy klz~by fh”_ebjh\Zgby khkigrbd] i jjZzZkimk
nhlhj abklb\ghc fZkdb ihemqg_gghc ihke_ wdkihgbjh
j_abklz Ihke_ jzZzkq_lZ bah[jzZz _gby \ j_abkl_ \ ij_
mqZkldZ hgh kjz\gb\Z _|ky b I\ kemfqmZ g m~h\e I\hjl
j_amevlzlZ bkoh”gh_ bah[jZz _gb_ dhjj_dlbjm_Ilky im
gZ \_ebgbgm aZ\bkysmx hl \_ebgblgahjZ&boyn {Zlgdylg
liZgbpu NXF bkoh”guf Ilhiheh]bg_kdbf jbEPEgHEdge ! g

Placemenkrror).

>Ze_ _ ijhp_kk fh~_ebjh\Zgby \ ij_"~ eZo \u[jZ
ih\lhjy Iky “h I _o ihj ihdZ g_ [m”~_I ~“hklb]Jgmlh khhl
bah[jZ  _gby \ j_abkl_Ilj_ [m_fhfm >ey ke_"mxs_]h
ijhba\h~ylky |~ kZfu_ ijhp_"mju b | ~Z fHh I[nmo"_ih

ijhkgqblzZgz \ky Ihiheh]by eblh]jZnbqg_kdh]h kehy
OPC-j _p_ildexqZ | \ k_[y
T IbibazZpbx Ihiheh]bg_kdbo kljmdImj
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T hij_~ e gb_ jzaf_jh\ njzZ]f_glh\ dhebqg_KkI\Z \_ji

bo jZzkiheh _gby

T hij_ ~ e gb_ihabpbc dhgljhayfldoglZpo deygzZ

\ugbke _gby agZq _gby (3¢

T aZz*"Zgb_ dhwnnbpb_glZ kf_s _gby njz]f_glh\ ih j

fhr _ebjh\Zgby

T az"Zgb_ dhebq_kI\Z pbdeh\ fh”"_ebjh\Zgby b \_.

njzZ]f_glh\

Lj_Ibc ih”a&k/T (InverselLithographyTechnique ih”*jZamf_\Z
j_r_gb_ h[jZlghc az”~Zqb \ \b~_ bgl_]jZevgh]h mjzZ\
i _j\hlh jh~Z 1biz k\_jldédb[dhZzdef hkgh\Zl _evgh jZa\k
k _1h~rgyrgbc fhf_gl f_Ih~h\ j_ r_gby azZ”Zq j_dhgkljmc
[46] >ey ihemqg_gby kdhjj_dlbjh\Zgghc nhlhrZ[ehg
ijhf_"mlhqguc j_amevliZIl \ \b”_ ihemlhgh\h]h bah[jZ _
gZb[he__ khhilI\ _IklI\mmshlogZjguc Nbk'1. \ Bfimevkguc
hldebd kbkl_fu mqgblu\Z_I| nhjfm bklhggbdZ b bkd.
h[{t_dlIb\hf D \hafh'lghkdiydhkblky \ gZklghklb beexklj
Jbkl. \ ]_g_jZpby azZ\bkysbo hl nhjfu hk\ MBSRAN kefl
(Model BasedSub-ResolutionAssistFeatures[47].

>Zgguc ih”o\h*khqg_ IZgbb k \g_hk _\uf hk\_s_
bkihevah\Zgb_f nZahhadh®&yY | nzZdlbg_kdb bkqg_jiZlv b
ihl_gpbzZe mf_gkir_Kgby~ m_| \ijhg_f hif_Iblv qglh ~ey
ILT Ij_[mxlky agZqblyeewdh fugbkebl _evgu_j _kmjku g
hklZevguo ih*odhHjZodgbb wnn _dlZ [idnalmkho *Zgguc ih”
ijbf_gbf ebrv d g _[hevrbf h[eZklyf djbklZeeZ b bk
ijZ\beh \ gZb[he__ hiZkguo lhgdZo

Hkgh\ghc ijbgpbi dhjj_dpbb wnn_dlZ hilbg_kdh
aZ\bkbfhklb hl ijbf _gy_fh]lh ih”"oh”zZ fh™ _| Julv ijhbe
ijbf_jJbk
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OnTuyeckan PoToOpeIMCTUBHAERA
OFC-peuent pe
Mogent Mogent
i
MexoaHas MparmeHTaLma MonenuposaHme CmelweHne Pezynerar
TONONOrMA bparmeHToR KOpEeKLMK

*

L4

k4

Y

]
]
]
]
S
]
]
]
]
]

4 N urepaumii |

Sigma-in: 0.7
Sigma-out: 0.9
NA: 1.35

{ Sigma-in: 0.5
Sigma-out: 0.8
NA: 1.35

JbKL9. Hkgh\gith”oh”™ij ZebaZpbb dhjj_ dpabidbwmnikddk
[ebahkgB hkgh\_  fh”~ ebjh\Zgby eblh]jZnbg_kdh]h ijhp_
J1lbih\Zy ko _fZ jZ[hlu MMBOP®kf2h[Z\e BBSRAFE

[ nhjfbjh\Zglhiheh]thBhbghggh]h dhglZdlgh]h hdgZ gZ 1
f _ThAhfLT [47] nhjfZ hk\ _Ibkt ejypf "mlhggh_ ihemlhgtl
bah[jZ  _da¢bdhggZl _evgh_ [bgZjbah\ZggbZ b&h[jZ _gb _
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< kemqgZ_ hlkmlkl\by dzZdhc eb[h Ihiheh]bqg_
(Jbk Z ijb nbdkbjh\Zgguo ~ha_ b DEJ gZ NR
ijhi_qZlu\Z_fuo \ j_abkl_ ebgbc gZoh”blky \ kbevghc
i_jbh"Z <Zjvbjh\Zgb_ "hau iha\hey_ | ~h[blvky m
ijhi_qgzldb ebgbc g_dhlhjuo i _jbh~h\ ijb w |
m~h\e _I\hjodhe ijhi_qgqZldb *"ey ebgbc jZaguo i_jbh”h\ ¢
Aim] k Ajm]hf Ijbf_g _gb_ lhiheh]bg_ Kdtkc Phjyj_dBbb
\hafh guf i _j k _q_gb_  h[eZkl_c m”~h\e_I\hjbl _bvgh
nhjfbjh\Zgb_ dhg_qghjihp hidgZz éegbc \WZ&kfZIjb\Z fuo
i_jbh”~h\ AZh[jZah\Zgh _ dhhj*bgZlZo -®madink h[eZkll
m~h\e I\hjbl _evghc ijhijgiAdg_ kidipmdImj g _dhlhjh]h
hi\_qZxl Ibi bkihevam_fh]h nhlhrZ[ehgZ [bgZipgu& be
hk\_Ibl_ey b gZkljhcdb ijh_dpbhgdgas kbekHh fgb_ wlhc |
ith hkb "mkdtjj_dpby jbkmgdZ gZ NR >ey h”"bghqgqguo ¢
Aim]bwe _f_glh\ jbkmgdzZz \hkijhba\h~bfuo k g_"hklZIt
ijbf_gyxlky g_ijhi_qZlu\zZz_fu_ \kihfh]ZIl_evgu_ N
we _f_¢SRAP.

Djhf_hllh kms_klI\_ggh_ h]jZgbqgqb\Zxs__ \ebygb _
ijhp_kkzZ hdzaulZ_| dzq_kl\h kZfh]l]h nhlhrZ[ehgZ
nhlhrZ[ehgghc aZ]hlh\db ~himkdb gZ DEJ gZ N4, b "]
49,50,51] WIhl \hijhk [m”~_1 ih~jh[gh jZkkfhlj_g ~"Ze__ \ ¢
.2.4).

LZzdbf h[jZzahf ijbf_g_gb_ jZaebREJuogZijlhVe dgguc
gZ fbgbfbaZpbx | _ogheh]bq_kdh]h dghexnano pbkigiiZljb\ZI
hljul_ ~jm] hl *jm]Z ihkdhevdmjdiZZ "liZzk\ba gBklv azZ’
ih\ur_gby jZaj _rZxs_c¢ kihkh[ghklb ijh_dpbhgghc nhlhe

Dhf[bgbjh\Zgib | gbke_gguo f_Ihabhkley | ~h[blvk
agzZq_lgbgy beb ~z° f _g__  qglh khhI\_IklI\m_I mjh\g
gf ijb ijbf_g_gbb eblh]jZnbg_kdbo mklZgh\hd jZ[hl

\hegu gf k bff_jkbhguf h[t_dIb\hf k gbkeh\hc Zi_jIm
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JbK.10. BeexkljZpby hkgh\gh]h ijbgpbiZ dhjj_dpbb wnn_
[ebahklb gZ ijbf_j_ ]jmiihNua elbqgbl@ fZkrlZ[pjh\Zgby
Zijhi_qZldZ ebg_cqgZluo kljmdImj jZaebggh]h i_jbh~Z
dhjj_dpbb wnn_dIZ hilbg_kdhc [ebahklb

[ dhjj_dpwygn_dlZ hilbg_kdhc [ebahklb ihalhey | ~h[bl\

hfeZkl _c¢c m~h\e I\hjbl _evghc ijhi_qgZldb "ey ebgbc \k_
i _jbh~h\
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12 Hkgh\gu_ ih”"oh”u d fh”_ebjh\Zgbx ijhp_kkh\ i_j_

bah[jZz  _gby k nhlhrZ[ehgZ \ nhlhj_abkl \ ijh_dpbhgcg

nhlheblh]jZnbb

<Z g_crbf jzZza”_ehf \ugbkebl_evghc eblh]jZn

fhr _ebjh\Zgb_ ijhp_kkZ nhjfbjh\Zgby nhlhj_abkI®¥Aldhc
fh~ _ebjh\Zgb _ l1Zzd beb bgzZq_ \k_]"Z \uihegy_ fh_
i _j_gbke _gguo \ur _ f Ih~bd gZijZ\e _gguo gZ
| ogheh]bg_kdh]h dhwinrjbgkbbghz Iky \ N2mBb2\%3}Z o
|l g ©ihegh_& fh”~ _ebjh\Zgb _ hkgh\ZgglobflggZ kdbab
ijbgpbiZzo lhegh_  fh”_ebjhdKighkevam |ky \ 1Zd gZau
©ijhp_kkgu:d3 (KLA Prolith, GenlSysLab, PanoramicHyperlith b ],
Ij_~"gZagZg_gguo Ney jZajZ[hldb | ogheh]bq_ Kk
nhlheblh]jZ[B4b b mgblu\Z | k Ilhc beb bghc kl_i_gvx
wlZiu nhjfbjh\Zgby¢JbKIR J £+hl gZg_k_gby ie_ghd j_abl
kl_dzZ ~h wdkihgbjh\Zgby b ijhy\e-_lgbiy kflZvkddddhajp pbhgc
| _jfhh[jZ[hlhld*bjhp_kkgu_ K:IJ iha\EZ&kxlblzZzIlv Ij_of jgr
dhgnb]mjzZpbx fzZkdb gZ kjzZ\gbl _evgh g _[hevrbo n
_"bgbpu beb » _kyUdKifidh < ijhp_kk_ihegh]h fh™ _ebj
bkihevamxlky keh'gu_ b j_kmjkh_fdb_ fh”_eb g¢gZ
nhlihmfbb obfbq_kdhc dbg_Ibdb ~bsamafabdhlblvl $Z2kq_
ijhnbey NJF iha\hey_ | ijh]Jghabjh\zZlv \hagbdgh\_gb
ihemqZlv | g ©dhe_[Z| _exgd\bdpdhklp dbdh]hzjzf _|jz
gZijbf_j djblbg_kdh]lh jzaf_jZ beb ~hé&u hhhelihtes badk
nhlhj_abklb\ghc fZkdb k Z\ulghddhc Ihqgghglwb\Zlv hdg
ijhp_ kK25, 56] lhegh_ fh” _ebjhibdbgy Ikyb gZkljhcd_
ijhp_"mju dhjj_dpbb hilbg_kdhc [ebahklb ijb  jZe
jZkklZgh\dWkihfh]Zl _evguo g_ijhi_qZlu\Z fuo lhihe
we f gBRAP[57] ijZ\bé& "~ gby nZah\h]Rlk2\B3 23]
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JbK.11. FhA _ebjh\Zgb_ nhjfbjh\Zgby NJF

Z ijhp_kk nhjfbjh\Zgby nhlhj_abklb\ghc fZkdb
[ jZkg_I Ij_of _jghc dhgnb]lmjZpbb NJF ijb ihfhsb ©ihe
fh” _ebjh\Zgby hkghXZglgablg_kdbo ijbgpbiZzo K:1J ./$
\ jZkq_I| dhglmjzZz NJF ijb ihfhsb dhfiZzdlguo fh®_e_c k
Graphics Calibre)
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< ijhp_kk_ jZajZ[hldb gh\uo fh~bnbdZpbc nhlhj_a

fhr _ebjh\Zgby ihalhey | ij_"kdZau\ZI\dhgdbkjpdpkt
nhfbjm_fhc fZkdb hl dhgp_gljZpbb khklZ\eyxsbo
dhfihabpbb

tZiijhdkbfZpbhgitbjbg_kdh _ fhr _ebjh\Zgdxs__

\hafh ghklv hilghkbl _evgh [ukljh jZkkgblZlv dhgnb]mj.
lhevdh dhglmj ihemqZ fhc fZkdb “ey iheghjBERlfZ¢glZc
ijb ihfhsb jy*"Z mijhs _gguo bgl _jiheypbhgguo fh”"_ e
lzd>_ ©dhfizdIgbbeo] (Jbk1.11\ Wlihl \b~ fh”~ _ebjh\Z
j_Zebah\Zg \ 1Zd gZau\Z_fuo @dlogklg m]dldpj kdt ofi K :1J
kmlb ij_"klzZz\ey | kh[hc jZaebgghc kl_i_gb keh ghklk
j_rzZz fhc azZ”Zqgb ihjhlh\mx h[jZ[hldm "\&dKkgdphilyg
hilbg_kdh]h bah[jZ  _gby nhjfbjm_fh]h \ keh_ | _ab
kbkl_fhc eblh]jZznbqg_kdh¢ bmkbEKghdddm jbkydhjj _dpbb
wnn_dlh\ hilbg_kdhc [ebahklb gZ iheghjzZzaf_jghc ||
ljZ\beZz h[jZ[hldb bah[jZ _gby hij "~ _eyxlky im
wdki_jbf_glZevguo ~Zgguo 1ihemg_gguo \ j _amevlZl_
kljmdImj ijhi_qZlZgguo gZ ieZklbg _vdghihkeaphibgbh}kRA
lzdbf h[jZzahf ijhba\hZz2éblyh\dz fh» <hbafh g \ZjbZg
fh"r _evghlh wdki_jbf_glZz ijhba\h~bfh]h ijb ihfh
fh" _ebjh\Zgby ijhi_qgzZldb dZeb[jh\hgguo kljmdImj]
Hkgh\gu_ kms_kl\mxsb_ gZ g9gZklhysbc fhf_ gl
eblh]ljZznbg_kdb_ K:I1J jZkkfzZijb\NgZxkklgy\s _c jZ[hlu

12 F_Ih”u jZklilbd _kdmbghh[jZ _gby

< Ibih\hc nhlheblh]jZnbg_kdhc mklZgh\d_ hk\_
hkms_kl\ey |ky ihzkojZl [ KDHU LOOXPLU@DWHARQhg”" g
ijh_pbjm_I bah[jZz _gb_ bklhqgbdZz hk\_s _gby gZ
ijh_dpbhggh]lh h[{§2,d8pb®d] F_""m hk\_Ibl_evghc kbkl
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ijh_dpbguf h[t_dlb\hf ihf_sZ |Iky nhlhrZ[ehg gZ we_ f_
ijhoh”rysbc k\_ I ij_ I _ji_\zZz_ | "kfjZzdgZxjbf JbK.3).
>bnjZ]lbjh\Zggh_ ihe_ ij_h[jZam_Ilky ijh_dpbbhggdehg[t_
ih\_joghklieZzklbguwmhjfbjm_ Iklyg @ha”“mrdhbah[jZ _gb_
\ujz zZ_fh_ "\mf_jghc dfXg¥pb ¢

>ey jZkqg_1Z \ha”“mrgh]h bah[jZ _gb¥VyzZ ijinf* ogw 2k
lhroh” :[[_ beb ih”oh” bgl _]jbjh\Zgb[2 3hkbklhgghbdimf
glhbklhggbd ij_"klzZ\ey |ky dzZd kh\hdmighklv Ihq_d
kharz | iheghklvx dh]_j_glgh_ hk\_s gb_ij_ ~f IZ Z
khhi\_Ikl\mxs fm bah[jZ _gbhjhc ih”oh”" OhifRlgkZ
bkihevam_| ~ey fh”"_ebjfto\\A§bgbyphbah[jZz _gby | g \a
dhwnnbpb gl ijhimkddgby gZaul\Z_fuc ©i_j_"Zlhqguf
dhwnnbpb_ glhéthlhjuc g_ aZ\bkbl hl k\hckl\ NR b
hibku\Zz_| \ebygb_ hilbg_kdhc kbkl_fu b hk\_s_gby
bah[jZ _gby <aZbfguc gllhw niptbipbkdZ g by \ugbkey
ihkj_~kI\hf Ijm~h_fdh]lh bgl_]jbjh\Zgdazghf Hogbhdhjdgd | g
bkihevam_ |ky ”"ey fh” _ebjh\Zgby bah[jZ _gbc jZaebc
JZagbpz f_"m ih”oh”~Zfb :[[_ b OhidbgkZ khklhbl i
bgl_]jbjh\Zgby \ujzZz" _gby ~ey ZfiebIm”u we_dljbqg_kdh]

M dZ "h]lh ba h[hagZqg_dgulovhN\bly*h[eZklv ijbf_g_

Lzd gZzZijbf_j ih”oh”~ :[[_ ij_bfms_kI\_ggh bkih
©iheghfa fh”"_ebjhhagigh\Zgby nhlhj_abklb\ghc fZk
hilbfbaZpbb nhjfu bkbhg¢ghto iZjzf_Ijh\ ijbjghfkkkh]h
ijb wlhf \b”~_ fh" _ebjh\Zgby "ey jZkq_I|Z ©kdjulh]
lj [m_Iky agZgb_ I|j_of _jgh]lh jZkij_~ e _gby bgl_gl
\ugbkey Iky gZ hkgh\_ ~\mf_jgh]h k mq_Ihf hljZ  _gby
gZ ]jZgbpZo ie_ghd nhlhj_al&lb\gh]h kIl _dZ
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lh*oh” OhidbgkZ m~h[_g ijb h[jZ[hld_ iheghjZaf_
ba” _ebgZijbfijbj_ ZebaZpbb ijhidBORCbeb \ _jbnbdZpbb
j_amevlZlh\

Dhfie_dkgzZy ZfiebIm”~Z iehkdhc \hegnuhlhZZ exdsqg c
ihr g _dhlhjuf mje\wffz Z _Iky ke ~mxsalhff h[]

GTAs L AR aol® (1.7)

< iehkdhklb ijhkljZzgkl\_gguo qgZklhl hk\_s _gb
wd\b\Ze glgh k*\b]lm “bndZdplbdwggbhZ€ g dhlhjmx \ e
B'L «ced" & IhwlhfimfiebIlm”~Z b bgl_gkb\ghklv gZ ieZklbg
\ujZ" _gu ke_"mxsbf h[jZahf

'TaRh L (7°<6, R FRL2:R; =
+TaRY L ' :Tag’ ©
1,f, dNA/ ¢ \
17 P(R) @\ tnmadpby aikddd FE (oL, ()

(1.8)

+ nmjvh[jZa ijhba\_* gby Zfieblm”~u iZ"Zxs_]h gZ
baemq_gby gZ nmgdpbx ijhimkdZgby nhlhrZ[ehgZ
dhfie_dkgmx kKh[kI\ _ggh b y\leyxsmxky bkoh”~guf b:
ijhklhlu jZkkfhlj_g h”ghf_jguc kemqgZc

ljhklZy azZf_gZ i_j_f \qigbd\djjZz"~ gbx

TN LAY 2B ERYG B VW UG (19
B khhl\_IklI\ _ggh

taco® L1, 6%RB&R 06, (B;60KE o U4 Gp @ (1.10)

A TCO(f,, f)  P(f, fIP (f, fIS(EMf + 1zd gzZau\Z fuc

f
©i_j_""Zlhqguc -dhjwkkbpb gl?2 beb \aZbfguc dhv
ijhimkdZgby aZ\bkysbc Ihevdh hl k\hcklI\ hilbg_kdh

hk\_IbI_&:é(Wx) tghfZebah\ZggZy nmgdpb.y hk\_Ibl_ey
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2kebijbgylv \h \gbfZgb_Gé:@;Ilhi,;”ﬂFg:T;A?@Céé@,T
6’kgoL i), F:T,A® 4¢@T bfimevkguc hidebd  kbkl_fu
we _dljbg_kdhfm ihex

DT; L ij, 2:R; A% Yoy (1.19)
Z I'g ©nmgdpby \aZbfghc dR]T; ) d&lhyreiZibgdh | 44g9f
Pbll_jHEZ_jgbd[2], _klv ij_h[jZzah\Zgb_ Nmjv_ jZKkij

bgl_gkb\ghklb \ iehkdhklbhkklbggbiyed ghjfZebah\Zgq
nmgdpbb hk\ Ibl ey
4T L), SRIAG Ueay (1.12
lh \ujZ  _gb_ OhidbgkzZz “"ey bgllgkblighkibku\Z IKky
ke_"mxsbf h[jZahf
£T, L i, 8:TFTarF TR T Tr@®@'T (1.13
NmgdpWy dhlhjZy azZ\bkbl Ilhevdh hl bklhgghbd
hij_~ ey lky ke_~mxsbf h[jZahf
8:=%; L ,:=F >D=;0>a (1.14)
HgzZ fh _ 1 [ulv jZaeh _gZ \hjigTthgihevghc kbkl

kh[klI\_gguo nnigdpbc
1

8:=&; L | 8,04:=052:>; (1.15)
4@
<ujZ’_gguc 1Zdbf h[jZzahf bgl_]jZe OhidbgkZ ijbh]
T |
#T, LT & p 6 TEFT6LTFTIR TR T @@
4@ [l
T | T
Li &+ 04 TFTHR:T"@® 65T (1.16)
AGE 29 29

1
FT"RB:T"@TLIi & 6, T;éR:T; %a
a@b
BlZd ey aZbvdbghjfu bklhggbdZ b nmgdpbb ajZzqdZ
hij _~ ehglhlhgZevgZy kbhkkl¥ZgguwmgdpbdZzia dhlhjuo
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bljZ_| jhev dh]]h _kighevkgh]h hldebdZ ih ZfiebIlm”~_w
ihey J_amevlzZl k\_jldb dZ ~hc bk nnigdpihbmgdipbicmkd:
nhlhrZz[ehgz ~Z | we _dljbg_kdh_ ihe_ hl dZ ~h]h h
h[jZzahf dh]_j glgh]l]h bklhggbdzZ \ iehkdhklb ieZklb
bgl _gkb\ghklb baemq_gby \ iehkdhklb ieZklbgu hij_*»
kmffhc d\zZz~jzZlh\ ZfiebIm”

>ey kemqgZy Ihgkgghlgby \uihegyxlky ke ~mxsb_
2T Ls&Ls&®;LDT, & LrClalPs NZdlbg_ kdjlmkl _cr__
jZaeh™ _gb_ \ jdgM]ih glguffhggbdiEifiklhbl \ IThfdglhh_Q
khhi\_IklI\m _| Ihgd_ gZ bklhqgdgbd  ijbylwbkib\ gk |
bfimevkguc hldebd kdhkdl\fukl\mmaghzZggihferh™ glkxqgdb
hk\_Ibl_eywZdbf h[jZahf mjZ\@§6 gby\ley Iky \ZjbzZgl
nhjfmebjh\db :[[_ \wZ\ \gg_ k\_jlhd

>ey j_Zevghlh jkkffblih\Zgb_ ~he ' gh [ulv aZdhg
d h g _lyfiN:

T, L1 & 64 TéR:T %4 (1.17)
a@d

M\ _ebqg Nyigb\hbl dh\ur_gbbhgghklb jZzkqg_1Z

HibkZgguc ih”oh” gZau\Z _ |ky f_lhhif | lgrhd tw
bklhqggb dun of CoherentSourses+SOCS [63]. Dexqg_\uf fhf_glhf
a™_ky\ey Iky ihbkd gzZ[hjZz kh[kI\_gguo nmgdpbc dI
fbgbfbabjh\ZIlk khojzZzg_gb_f ijb_fe_fhc Ihgghklb Ihkd
gZ[h] kh[klI\_gguo nmgdpbc b kh[klI\_gguo agZqg_gbc
dZ ~uc jZa ijb baf_g _gbb nmgdpbb bklhgqgbdZ beb ajz
ijZ\beh bkihevam _ I|ky \' I _o kemqZyo dh]bKllngldpdd2 vig
gbkeh\zZy Zi_jlmjz mt hdjbAZe && =eZ\m

Mg_I| Zi[Zpbco \ gZklghklb jZknhdmikédjhtdbkry f
\g k_gWdhwihegbl _evghc nZah\harmghloddx 3£ gdZ

58



Bud BbipaxkeHue 0nsi 80s1Hoeol [Mpocbunb eonHo8020
abeppauuu abeppauuu ¢poHma
AW, [4]
0 Tl
c0R2(p), \ /
fal
PacdoxycupoBka rie Rg(,o) _ sz 1 - \:/ :
AW, [4]
Cdepuueckas R (), \ / /
abeppanus | NG

3-ro nopsaka

rae R{(p)=6p* —6p> +1

\V

Cdepuyeckas
abeppanus
5-ro nopsaka

ceoRg (P)-
rae
RY(p)=20p° =30p* +12p7 -1

viI\W [4]

AL

LY

\/ Y

[Tonepeunoe
CMEIlIEHHE,
IPH pa3JiInuHbIX
3HAUEHHSX 110

c1iR{ (p)eosp,

\é;W (4]

1 _
TIOJTIO e Ry(p)=p
OTNHCKLIBAET +1
"""" & CASHMMaTbHOM CeYenul
HHCTOPCHH} & MEPUINONATHHON CENeHn
W, 4]
1
: Rl / 2
KOMa cyRy(p)cose, ;

3-ro nopsijika

rae Ry(p)=3p> —2p

& CAQIUMMaThHOM CEYennl
i@ _Uﬁ’ﬂﬂdh‘ﬂﬂtﬂhl’fﬂ.u CETENIN

AW, [4]
+1
KoMa cs1R3(p)cosp, = >
5-ro nopsjaka riue R%(,O) = IOpS - 12‘,03 +3p
+-1
L epuduonammon ceven
JbK.12. <ujZ  _gb_ g _dhlhjuo Z[ _jjZpbc g_j_a iB4bghfu
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2kB&B oL 2,kR&3 ol VB 26 (1.18)

1" _Po(ffy)) £ br_ZevgZy nmgdpbyWajEgd@mgdpby \hegh\l
Z[ _jjZpbb dhlhjmx m~h[gh \ujZz ZIlv \ | g ©ihegdpghfz
ke "mxsbf h[jZahf
a a a 4
9:6&; L1 1 2448:6,...540 El 1| Qg42:6;+celb ;a4 (1.19)
a@a @ a@ta @

AN_k4g L RS2R Gpﬁéip“"f?i’;?mééa%b, Z dhhjrbgZliehkdhklb

IjhkljZgkl\_gguo qjKlZIxIky q_j_ _a iheyjgu_ ke _~mxshbf

0# 0#
BL— €?K@DL— €¢O0EAs (1.20
GZJbK. ijb\_~_gu ijbf_ju Ihlh dZd g_dhlhju_
\ujZ Zxlky qg_j_a ihebghfu P_jgbd_ < qZklghkl
jZknhdmkbjh\ddmkeh\e_gghc  k~\b]lhf ieZklbgu hl
hilbfZevghc ihabpbb ,ibfnht\mEiZdkbZevghf ijb[eb > _gbl

Uo #°
A 4 1.21
QiL—7a (1.21)
< kemqgZ_ k'hhrZ[ehgZ
A g0t
Q4|_ Véj6 a (1.22)

AN kv NrkhhI\_TkI\_ggh k~\b] ieZklbgu b nhlhrZ[ehgZ
hilbfZevghc ihabpbb ihMnhdmhkmnbpb gl fzZkrlZ[bjh\
ijh_dpbhggh]lh h[t_dlb\Zz

Ke_"mxsbf wlzihf ykejy "kg _gb_ h[t_fgh]h jZkij_*»
bgl _gkb\ghklb k\ _Ih\h]h baemqg_gby \ ie_gd_ nhlhj_al
jZkkgblZzgh k bkihevah\zZgb_ f jyr"Z ijb[eb _gbc ijhkl.
yley Iky ij_"~klZ\e _gb_ jZkij_~ e _gby bgl _gkb\ghklb \

1(x,2) 1,(¥)1(2), (1.23

1~ _1,(X) % bgl_gkb\ghklv ©\ha“mrghlh2a bah[jZ  _gby

gZijbf_j f_Ih~Hf_ bebOhidbgkZ Is(2 + jZkij_~_e _gb_
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bgl gkb\ghklb ih Ihesbg_ie_gdb jzZkkqgblu\z_fh_ |
khhlighr_dlgcg_ [Ry3]\ ij_~iheh _gbb ghjfZevgh]h iz~ _gb
\hegu gZ 1ih\_joghklv j_abklz Wlh ijhkl_cr__ ijb
bkihevah\Zgh >beehf \ [65]h ™M \u\h”*mjZ\g gbc
hibku\Zxstmdjfbjh\Zgb_ kdjulh]h bah[jZz _gby \ keh_
JZKkkfhlj _ggh_ ijb[eb  _gb_ m~h\e I\hjbl _evgh jZ[hlZ |
gbkeh\uo Zi_jIlmj [he__ Thggu_ f[B)\ _eb hibkZgu \
JZkij_"~_ e _gb_ bgl_gkb\ghklb ih Ihesbg_ ie_gc
hkpbeebjmxsbc o0ZjzZdl_j \ kbem iplgdi_fm_¢ gpblZ _ggh
\heg |Ijbf_g gb_ZglbhljZ ZxBAREC kBdttomn Anti-Reflecting
Coating khl]eZkh\Zgguo ih lhesbgZf b ihdZazZl_eyf ij_el
j_abklz iha\hey | k\_klb d fbgbfmfm hkpbeeypbb bgl_

122 Ijbf_g_gb_©dhfiZzdlguo? fh" _e c ijb jZzkq_|_dh
"ey iheghjzaf_jghc Ilhiheh]bb ba”_eby
Hkgh\gh_ij_"gZagZq_gb_ Ziijhdkwfzapgblggdh]h
fh"r _ebjh\Zgby ijb jZzkg_l_ dhglmjz NJF khklhbl dzd
ithemqg_gbb "\mf_jghc ] _hf_Ijbb nhlhj_abklb\ghc fZkdb
lhiheh]bb eblh]jZznbg_kdh]h kehy \ ijhp_kk_ j_ZebaZ
dhjj_dpbb bkdZ gbc h[mkehle _gguo wnn_dlhf hilbq_|
DZd m _ hlf_qZehkv \ur_ 1Zdh_n#ZdNbeb KodZg bk y
ihjhlh\hc h[jZ[hldhc “"\mf_jgh]h \ha“mrgh]h bah[jZ _g
f_Ih~hf OhidbgkZ
Bgh]~Z klzgh\blky p_e_kbh[gZaduf dhfiZzdlguo fh~
nhjfbjh\Zgby NJFIhf gbRey azZ”~Zq ijhp_kkgh]h fh~_el
LZzdbf h[jzahf gZzZijbf_j fh _| Julv ijhba\_~_gZ hilbf
hk\_Ibl[1®y beb wdkihpkkydZ iehsgd ihhp[66kZhibjZykv
ih kmlb ebrv gZ jZkkgmmfZggthilbg kdh_ bah[jZ  _gb_
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Bf |ky g _kdhevdh Ibih\ dhfiZzdlguo fh"_e_c¢ ij
jZkqg_1Z ~“\mf_jghc dhgnb]lmjZpbb NJF 7“ey iheghjZa
ba” ebya dhlkhjgZb[he  qZklh bkihevam_ fhc "ey | _ogh
ghjf ~h gf \dexqbl_evgh y\eWTbk(yardble Téareshold5),
| _Zebah\Zgk:4yMentorGraphicsCalibre

Fhr _ev 97 vyley I|Iky j_amevlZlhf jZa\blby [he_ _
i _j_f ggh]lh ihjEpdboldzZzd 975 b6A75d nmgdpbhgbjm |
ke "mxs_fm ijbgpbim GZ ]jZgbpZo iheb]Jhgh\ Ihiheh
dhgljhevgu_ f_Idb “ey dhlhjuo hij_"_ eyxlky ghjyf |
fZdkbfZevgZy b fbgbfZevgZy bgl_gkb\ghklv \“hev f_I¢
\Ilhjzy ijhba\h”*gZy bgl_gkb\ghklb ih dhhj*bgzIl_\ Ihqgd
]Z\gZ agZq_gbx gZ2m@hzZhjfdqdf2 ihjh Jreference threshold.
lheh _gb_ kIl _gdb nhlhj_abkldkyijg”_a agZqg_gb_ il
azZ\bkys_ _ \ k\hx hqg_j_"~v hl mklZgh\e_gguo iZjzZf
bah[jZ  _GEYT (Imax lmin dl/dx, dI7dX®) \ dhgljhevghc (Ibd&d3Z.

AN UWmaxt fZdkbfZevgh_ agZg_gb_ bigiingkbbhgbkZlzvgh
agZq_gbgl gkb\ghklb wgZg\lgbb \lhjhcijhba\hdg
bgl_gkb\ghklbhgd_ jZaf_s_gby j_[jZ njzZ]f_glZ \ Ihih
jbkmgdZaulzZxlky khhl\_IHdpe b Gdctor Nmgdpby hij_~ e
ihjh]Z ij_~klz\ey_| kh[hc dzZd ijZ\beh ihebghf h_j\h]
ithjy"dZkh” _j°Zsbc ebg _cgu_ d\Z”jZlbqgu_ de iguy_d
hlghkbl _evgh Zjlmf_glIA\ nmgdpbb

Lhgghklv fh™_ebjh\Zgby iheh  _gby kl_gdb nhlhj
jZkkfzZljb\Z _fhc fh~_eb fh | Julv m\_ebqg_gZ _keb
bah[jZ  _gby bkihevah\zZIlv j _amevizl _]1h k\ _jldb
hij _~ e _gguf gZ[hjhf y» j b m _ dihemqg_gghfmgydkij_
nmgdpbx ihjh]Zz LZdhc ih”oh” ihalhey | mqg_klv w
dhfihg_gl nhlhj_abklZ b wnn _[68Ju |jZ\e_gby

< jZ[hl[B@69] Z |Zd[70]\n[hkgh\u\Z Ikygjlmfb fh"_ e _

k i_j_f_gguf ihjh]lhf 7~ey fh”_ebjh\Zgby dhglmjZ N.
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ih~rjh[gh hibku\Zxlky ijbgpbiu fh” _ebjh\Zgby b ijhp_
IZdbo fh® e _c

DZeb[jh\dZz fh”~_eb k\h”blky d hij_~ e _gbx
ithebghfiZz\ ijhp_kk_ZgZebazZ j_amevliZIlh\ ijhi_qZldb
| klh\hc dZeb[jh\hgghc fZljbpu kh”"1l jkZls\udolgddhm ]
(Jb k3] h[ _ki_gb\Zxsbo fZdkbfZevgh \hafh guc ho\Z
1ZjZf_ljh\ \ha”“mrgh]h bah[jZ _gby

Nmgdpby ihjhgbghfl\ujZz Z |kg_ _"mxsbf h[jZahf

T agn”’ KN

1~a. (. «m tdhwnnbpbilgéebghfdhlhju_|j [m_lky HZcll
ge_gu ihebghfZ dhebqg_kI\h qe_gh\ ih&ebgkvZb AZe
gZklhys f izjzkm@fmfbjh\Zgb_ \_ 7ihWywjpMxsbfky bg”_ dkZf

lhke ijh\_~ gby ijhi_qgZldb |_klh\hon 1Zkjllhpa "e
kljmdImj bf kibkl frm ebg _cguo mjZ\g_gbc hlghk
dhwnnbpb aghhW\eyxsmxky i_j _hij_?ikekdlgdedsd ijZ\beh
n> m):

ag” T, Ko

1~ K «n, ihjhTx hij_~ ey Ikyaba gb#J \ nhlhj_abkl_
kc |_klh\hc kljmdgmjwgu ihebgBfz hij _~ eyxlky ijb
fh~ _ebjh\Zgbb \ha”“mrgh]h bah[jZ  _gbyk-cnHjfbljmhth
kljmdImjhmlegbfbabjmy g \yvadm f_Ih~"hf gzZbf_gvrbo d\Z~"
k k
agd, Tdp K p
beb \ kemqgZ__keb wdki_jbf _glZevgu_ j amevIZlu i
\ujz'Z fufb "bzlhgzZevghdMZIijbp c
K ~k K ~k
aeqtvvkqo TiquD kl q
(q_f [hevr_ ag2s gb_f Ihqg__ ~he gh \uihegylvkylmjz"

_klv _1h g_\yadZ mqheu\d flkykhk f]
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Khhighr_g®26) bf _gm_Iky ghjfZevghc kbkl_fhc
Ze]l [jZbg_kdbo mjz\dlappcb NevyklZ\ey | kh[hc Kkbkl_

d\z~jzlghe fZI1[@p €05 dhihjzy hAgpchrbgkl\_ kemgq
yley |ky iehoh h[mkeh\e _gghc ihwlhfm ”*ey _ j_r
ijbf_gylivIh® khklhysbc \ jZdaeh glgplibkl f_ kh[kI\_ggt
hjlhlhgZevguo \faIppR 5:

ac QQ Kl r

IhaklZ\ey98 \1.26 b ijbgbfzy \h \gbfzQPQ &1@,
themqgbf

T |
a, ——— @ K's

D

A~ K +kh[kI\_gabkeéZIljbpQ.
Dzd \bAgh \ \ujz'_gbb ~ey ddvijbrkmplkl\gnh\jZpby

"_e_g@&kh[kl\_ggqm_keéz glhkemgZ_ bo B4hgezqg ighbhd”~bl

d \hagbdgh\_gbx g_"_edfhéevgudzZd ke _"kl\b_ d g_klZ
fhr _ebey bkdexq_gby wlhc ijh[e_fu 1.3& alekihemvebm x|k
lhevdh |_ kh[kI\_ggu_ \_dlIiQu d¥ljhhd\_|kl\mxsbo dhll

kh[kI\_ggbk €\uihegy Iky mkeh\b_

\/Z‘;!K km |

]’\_é: tgZb[hevr__ kh[kbbkdgE|ljbp@, K £\ _ebgbgZ hJ[jZlg
H-gbkem h[mkeh\e f@gjibklbQ [71] ihke_  bkdexq_gby
jZkkfhlj _gby fbgbfZevguo kdhghkl\eaghkysbo crmifheg gb
mkeh\b¢l.30) ithalhey | ithemqgblv fh™_ev Kk hilb
oZjZdl_jbklbdzfb Ihqghklb b kiZz[bevghklb
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JbKL.14A AZ\bKkDbfIRRMSG e hIK ihkgblZgde¥yfgh _kI\Z ba

| klh\hc kljmékenkjeahy f _"ghiZdeebaZpbb k p_gljZevguf a
DEJ 6] Fh” _ev dhgImiXTBhd¥H-x qe _gZfb ilnfedb g

(124 FbgbfRRMSqijboh”rblkK=g&@ qlh khhI\_IkI\m_|
jZaeh _gbx j_r_gby ghjfZevduré kiliiRdlbfluh[kI\_gguf
\_dlhjzf fZIjQpu
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AgZqg_gb_ djKlI hgy™ ey |ky ke _"mxsbf h[jZahf DZe
fgh™ _kI\h |I_klh\uo kljmdImj jZz\ghf_jgh jZa[b\Z _|ky gZ
ih dZ"~hfm ba dhlhjuo ijhba\h”blky dA@B[jD\dZHh" b &
mdZazZgguo ih~fgh  _kI\ “he gh ih \hafh ghloh\ZI|LAdkWb f
ijhkljZzgkl\h izjzf _1jh\ \ha“mrgh]h bah[jZ _gby >Ze._
\_ jbnbdZpby hldZeb[jh\Zgguo fhi'heang og ik IZdbf h[jZ
ih~rfgh™ _kI\zf | _klh\uo kIthd(IkmjbIh\Z_kayz agZq_gb_ g
ihr"fgh™ kjJ\KDH fh”_eb kf gZi¢lmf _j n hldZeb[jh\Zgg
ih~rfgh™ _ki\ Ihke_ wlh]h \ugbkey Iky agZq _gb_| g ©K
RRMSeq ih khhlghr_gbx
RRMS,., ¢ €|/vI 1 knk

]l tgbkeh ih~Afgh™ _kI\ | kkjiimdd o j

< ijhkl_cr_f kemqgqzZ_ dh]”*Z fgh _klI\h |_klh\uo klj
MZ ihnrfgh' kKRBMS,.., @€ €)? (& €)?. o f f_gvr_
agZq_@RBRMS@ed« |_f [he__ fh~r_ev Z~_d\ZlgZz klZ[bevg

ij "kdzau\Zlv dhglmj NJF gz | _klh\uo kljmdIimjZo
dZeb[jh\hqgh_ fgh" _kI\h ?keb ~ey dZeb[jh\db fh~_

©ebrgb_2 kh[kI\_ggu_ \_dlhju %ﬁb@bzm@j@mnyl glh
ijb\h~bl d m\_ebRRM$¥ GZJIbk1l14 ihdZazZgZ aZ\bkbfl
RRMSeq NIK b §70], ihkqblZgfe&y fgh _kI\Z ba | _klh\hc klj
"ey kehy f _~ghc f_IZeebaZpbb k p_gljZevguf[7@gZq _ gtk
jZ[h1[70] bkihevah\ZeZkvVTh%t 18w qe_gZfb ihehlgHfZz
FogbfmRRMS.s ijboh” blkyKgl®® qlh khhiI\_IklI\m_l jZaeh
j_r_gby ghjfZevghc kb26 fih -Ib kh[kI\ _gguf \ _dlhj
fZ1jbpQ.
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13. Lj_[h\Zgby d izZzjzf _I|jzf eblh]jZnbg_kdbo hi_jZpbc
Ba\_klgh glh gzZb[he__  dhjj_dlguf Kkihkh[hf
| ogheh]bc fzZkkh\h]h ijhba\h~klI\Z fbdjhwe _dljhgbdb
beb ©ijh_dlguf ghjfzfa \ujz zZz fuf \ gf yley Iky
jZkkfzZljb\Zz _fhlh | _ogheh]bg_kdh]h ijhp_kkzZ k jzZaf
j_]meyjghc klIjmdIimju fzZdkbfZevgh \hafh ghc iehlg
\hkijhba\h~bfhc \ ijhp_kk_ ijh_dpbhgghc nhlheblh]j.
mjh\g_ jZa\h~"db >HAM '593[02] <SibwWdé&K‘gb_ ]h~u hdhe
fbjh\h]lh jugdZ fbdjhwe dljhgbdb aZgbfzxl ko_fu ijh_d

f g__ hklz\rzZzyky iheh\bgZ ~ _eblky f_""m ba”_ebyfb
gf b [hE3]_
>ey eblh]jZznbqg_kdbo ijhp_kkh\ ijbf_gy fuo ijb
bgl ]JjZevguo ko f ghjfbjm _Iky jy~ Ij_[h\Zgbc d

iZzjzf_ljzf b \hafh ghklyf eblh]jZznbg_kdh]h h[hjm~h\Z
A"himkdb gZ » _nhdmkbjhWwhnd mkegZmbledZrbjbgZ hdgZ ijhp
baf _jy fuc djblbg_kdbc jZaf_j dhgljhevgh]h we f_ g
kh\f_s gby kéltkg\h\gu_ |j_[h\Zgby d \hafh ghklyf ijh
nhlheblh]jZznbb ~ey djblbg_kdbo keh_\ | _ogheh]bc jZ
ghjf 1bih\u_ aggpdqizjzf_Ijh\ ijhp_kkzZ Z IZd _ h[uqgh
\b M RET[21, 26, 29, 74, 75k\ _~ gl A[ebp _
LZ[ebpZhklZ\e_gZ gZ hkgh\_ITRS bjh BET6\ 77, 78,

791 b kh”~_j bl "Zggu_ dmlhjakofMblvky k izZzjzf_Ijzfb j
| _ogheh]bg_kdbo ijlg_klkli\g_ f_g__ hljzZz Zxl "hklZlhc
l[j [h\Zgby d j_amevlZIm hi_ jZpbb ijh_dpbhgghc
djblbg_kdbo keh_\ Ihc beb bghc | _ogheh]bb
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LZ[ebpZbih\uj I[h\Zgby d hkgh\guf izjzf 1jzf ijhp_kkZ ijh_dpbhgghc nhlheblh]jZnbb
| ogheh]bc jy”rZ ijh_dlguo ghlfR$hbrsEg’g uf

ljh_dlgu_ ghjfu '5¢

S STwWEK ol 250 180 130 90 65 45 32 28
>ebgZ \ Zef gu eblhljj 555 248 248 193 248 193 193 193 193 193 193
Dhwn fzkriZ[bjh\Z 1 7 1 1 1 1 7 7 7 7 7

Lbih\h _agZ&Agb | 0,6 0.55 0.65 06 0.8 0.7 0.8 0.9 12 12 135
Bff jkby - - - 5 - - - n AZ rZ ~Z
oA OAI. OAI. OAI. OAl oAl oAl oAl SMO,
. ' OAl, | MBOPC, MBOPC, | MBOPC, | MBOPC, | MBOPC, | MBOPC, | MBOPC, | MBOPCIILT,
libf_gy_TurRET MSSAPE’ RBOPC | SRAF, | RBOPC| "spar | SRAF. | SRAF, SRAF, SRAF, MBSRAF, MBSRAF,
PSM PSM | (PSM) | PSM PSM PSM PSM PSM
Ilheyjbah\Zgguc N Ay
hk\ Ibl ev
>\hcgZy
wdkihabpby ~\hcg nNZ nNZ nNZ
\i_ gZlu\Zghb
=em[bgZ nhdmkZ il 1559 | 57000 | >650 | >650 | 600 >500 >400 >200 >200 >150 >150
djbklZeez gf
Ghfbgzevguc djblbg g, 250 180 180 150 100 85 65 41 31 28
ebg cguc jZaf j DEH
>himkd gZ DEJ 1 25 25 18 18 11 11 8 65 47 3.3 28
>bZiZahg “ha "¢
bkihevam _ fuo j_ab
f>' KE
EblhljZnbq_kdzy Ih\ 5 71 50 50 40 40 25 18 10 6.4 57
kh\f s gby 1 ¢

3 InternationalTechnologyRoadmagor Semiconductorst F_"~"mgZjh~gucijite]fiha ih jZe\ihiémijh\h~gbdh\uc | _sghlh]bb
i_jbh~bg_kdb \uimkdzZ\rbcky k
Yihgbb X ghc Dhj_b b LZc\Zgy ho\Zlu\Zxsbc bkq_jiu\Zxes jZadhEdyg itké\hijitn\dhZaydldke\hc

]h~Z n2m tepiational B@admgp foe Devdcebald Systems
kms_ kl\mxs_ fékihysw]bAhcfy((( ih g

Ahdmf_glh\
?\jhiu
| ogheh]bb

]

ih

\ Ihf qgbke_ | _ogheh]bb eblh]jZznbb K
+tF_""mgZjhrghfmijikrlJgdram ~ey mkljhcklI\ b kbkl _f
* InternationalSEMATECH Manufacturinglnitiative +~hq_jgyy hjZ] SEMAPEGH +g _dhff _jg_kdh]h dhgkhjpbmfZ \ _"msbo ft
ij_"Nijbylbc ihemijh\h~rgbdh\hc ijhfure -gghKhzZ\o ijh\h”*b\r_]h bkke_~h\Zgby \ h[eZklb ijhba\h”"kI\Z |

BIAKBénfisonkliittofdustiyAsgbhistion ba KR:

fbdjhko f b \g_~jy\r_]h gh\u_ | _ogheh]bb \ ijhba\h~kI\h
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14. Kh\j_f _ggu_ dhff_jg_kdb_ K:1J bkihevam_fu_ “ey
bkke ~h\Zgby b dhjj dpbb wnn_dlh\ hilbg_kdhc [eba
jZajZ[hld_ eblh]jZznbqg_kdbo ijhp_kkh\ b ijh_dlbjh\Zg
nhlhrZ[ehgh\

Eblh]jZznbg_kdh_ fh~_ebjh\Zgb_  h[uggh |j_Zeb
gZijZ\e g[bdjo "ey dZ ~h]h ba dhlhjuo jZajZ[hlZgu kht
K:lJ.

<u[hj b hilbfbazZzpby |_ogheh]bg_kdbo j_"bfh\
lhiheh]bqg_ kidhhjc dpbb ijhba\h”*blky dZdzZgbgzZh k mjh\
| ogheh]bb + yfh[yazl _evghf ihjy~rd_ k bkihevah
gZaul\Z _fuo O©Oijhp_kkguo? KZ[ébpkh j Zebamxsbo ihfb
jZzkg_1Z hilbg_kdh]h bah[jZ  _gby ihegh_ fh” _ebjh\Zg
ijhp_kkh\ ijhbkoh”~ysbo \ keh_ nhlhj_abklzZz WIh agZz
bkke_ "h\Zl_evkdb_ jZ[hlu b kgb Z_1 aZ]jmadm h[hjmA~"t

LZ[ebpZljhp kkgu_ eblh]jZnbg kdb_ K:IJ

K:1J ljhba\h”~bl | URL
Sentaurus Litho Synopsys https://www.synopsys.com/silicamml
Prolith™ KLA -Tencor https://www.kla

tencor.com/products/chip
manufacturing/patterning
simulationhtml

HyperLith™ Panoramic http://panoramictech.com/
Technology
LAB GenlSys https://www.genisyggmbh.com
< ijhp_kkguo K:1J gZ i_j\hf wlzZi_ fh~_ebjmxI}

gZg_k_gby b kmrdb j_abklZ ilgj2hslhgbhf bf k\_[Z b
ihke ~g f wtZdjhp _kk ijhyle _gby j _abklZzZddHjh[wmc |
"hklzZlhqlgehh "gh]lh fzl _fZlbg_kdh]h hibkzZgby LZdb_ 1
"hkdhgZevgh]h ihgbfZgby \k_o khimldkifhxskadb o by\ed y
b yl\eyxlky djZcg_j_kmjkh _fdbfb k lhgdb aj_gby Yuqgbk
azZlh 7~zZx|l \hafh ghklv iZzZkg |fjB\ g _h[oh”~bfuo ”"ey \
dhjj_dlguo |I_ogheh]bqg_kdthdhebbHhj\Znbb
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LZd gZau\Z fu_ ©dhgKljoghbpkély kdb_ 2ij KxkIZ\eyx|

kh[hc keh g_crb_ ijh]jzffgu_ dhfie_dku khklhysb _
fh me_c¢c b hi_jbjmxedfZ djmighffto fZfb bgnhjfZpbb F
ij_"gZagZqZxlky ij_bfms_kI\_ghyhlhlMedbmjZ\eyxs c

bgnhjfZpbb Ney nhlhrZ[ehgh\ \uihegyy h[jZ[hlc
lhiheh]bg_kdbo j_r_gbc aZdZaguo iph_dihh\Zpb\Wde

AlhfZlbqg_kdh]h nhjfbjh\Zgby dhfihgh\db @gHEHr&zfe
lhiheh]bqg_kdhc bgnhjftziprbbd _klile _gbhp_~mj dhjj_dpb
hilbg _ta [ebahklb gZ iheghjZaf_jghc |lhiheh]bb ba”_e
mijZ\eyxs_c¢ bgnhjfZlgbklZpbb b dhgljhey

Lzdb_ kbkt fihgkljbjmxl dhehkkZevguc \ub]jur ih
jZkq _1Z dhglmjz NJF \ k@G4hgp & kbdéfs] h~gzZdh lhqghkl
"Zgghf kemgZ_ gZoh”~blky \ kbevghc aZ\bkbfhklb hl

dZeb[jh\hgguo ~Zgguo dhlhju_ ihfbfh wdki_jbf_glt
kemqgZlipmfl J[ulv ihemqg_gu ijb ihfhsb ijhp_kkguo K:IJ
= _hf_Iljbg_kdb_ ij_h[jZzah\Zgby bkoh”~guo ijh_dlgu

j_r_gbc aZdZaqbdzZ ~ey ih~"Z\e _gby “bnjZdpbhgguo wr
ZIl _klZpbb gZ ~ n_dlghklv b dhgljhev ebg _cguo jZaf
khhi\lkI\mxsbfb hipbyfb ijh]jzffguo ijh mdlh\ 6\QRS
Mentor Graphics Calibre.

<LZ[ebpZo ijbrklZ\e_gh khhI\_IklI\b_ ijh]jZffguo i
hl dhfizgbc 6\QRSV\V b OH@Q@AMBWf *MjbSgylfFY ogheh
Dhfizgby &DGHQFH [1Zd _ \uimjipeZfebg i¢hdrmmdlh\
j_ZebazZpbb dhjj_dpbb wnn_dlh\ hilbg_kdhc [ebahklb
gZbf_gvr__ jZkijhkljZg_gb_ kj_"b jzZajzZ[hlgbdh\ 23&

Kj_~klI\Z 6\QRSV\V &$76 bf_ x| [he__ ]b[db_
hkms_kl\e _gby ijhp_kkZ njz]f_glZpbb ]tblkohihdghlklh\dil
mijZ\eyxs_c¢ bgnhjfZpbb 7~ey ba]lhlh\e_gby nhlhrZJ[e
hlez”~Zxl \hafh ghklvx Z\IhfZlbaZpbb jZaebqguo az

ijbf g _gby kdjbillhX[ebpZo  ij B klZ\e gh djzIdh_ hib
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gZagZq_gby ijh]jZffguo fh*me_t FOH  WMRILE YWD SKQR S\
k\yaZgguo k ih*]hlh\dhc 23&

&DGHQFH

LZ[ebpZH[eZklb ijbf_g_gby fh*me_c¢c OHQWRU *UDSKL

Fhmev K:IJ

Mjh\

v | ogheh]bb

gf

gf

gf

gf

gf

Zah\u_ hi_jZpb

DRC

LVS

Parasitic Extraction

+ |+ |+ |+

++ [+ [+

DFM

[+ |+ |+

LFD

SRAF

+

[+ [+ |+ |+

Multi Patterning

TDOPC rule based

+

+

+

MBOPC sparse

+

MBOPC dense

Post OPC verification

I I o e e e

LZ[ebpZH[eZklb ijbf g gby fh*me ¢ 6\QRSV\V &$76

Fh"mev K:IJ

Mjh\ gv | ogheh]bb

gf

gf

gf

gf

gf

:Zah\u_ hi_jZpbb |+

+

+

+

Proteus Pipeline Framework

+

+

+

Proteus DPT

Proteus MBAF

Proteus LRC

TCAD MS Progen

Proteus MetroKit

+ |+ |+ [+

+ |+ |+ [+

[+ [+ |+ +

72




LZ[eb®ZHibkZgb fh”"me ¢ &DOLEUH “ey ijh\_~ gby 2

Fhmev K:1J | GZagZq_gb _

Bgl_jZzdIb\gZy kj_~Z jZajzZ[hldb fhA
nhiheblh]jZnbb b gZkljhcdb ijhp_kI
Calibre WorkBench | Th”_ebih\Zgby Bf__I \RhamgewbaZ|
lhiheh]bb I1hAr j"b\Z | nmgdpbb d
lhiheh]bb Z 1zd"_ Z\lIhfzZlbq_kdhc
|_klh\hc fZljbpu

Ijh\_jdZ gZ khhi\_Ikl\b_ ijZ\beZf i]
CalibrenmDRC IlhAr j°b\Z | jZ[hIim k b_jZjobq_kdHh
lhiheh]bb

Kbkl fz fh~ _ebjh\Zgby ijhp_kkZ nh
\ebygby _]h hldehg_gbc gZ \uoh” ]
Calibre LED = _g_jbjm_1| bg”_dk \ZjbZIb\dVKl|b ij
ithal\heyy \u”_eblv ijh[e_fgu_ ahgu
dhgnb]mjZpbx h[_ki_gb\Zxsmx fZd
\uoh” ]h~guo

Calibre TDOPC KbklfZ dhjj_dpbb rbjbgu b hdhgqgZcg

_ IlheghnmgdpbhgZevgZy kbkl_fZ hil
Calibre OPCpro dhjj _dpbb “ey m\_ebqg_gby \uoh?Z
lh~A~ _j b\Bpdrsej “bf jZ[hlu

_ IlheghnmgdpbhgZevgZy kbkl_fZ hil
Calibre nmOPC dhjj _dpbb “ey m\_ebq ]gByguaoh”Z
lh~A~ j*b\Z | GH®YHZ[hlu

Calibre PRINTImage KPKI_fZ i@RG\_jbnbdZ psparsej_"bf_
fhr e ¢ MIRIVTRENTS

Caibre OPCverify Kbkl fzZ iOGRC\ jbnbdZpdebsdaj "bf_ "¢
fhr e ¢ AMEZPLM
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LZ[eb®ZHibkZgb

fh*me_c 6\QRSV\V &%$76 "ey j_

Fhmev K:I1J

GZagZqg gb

CATS-Synthesis RBOPC
Module
CATS Manuf. Rules | Ijh\_jdZ nhlhrZ[ehgh\ gZ khhI\_ Ikl

Checking

ijh _dibjh\Zgby k \hafh ghklvx jZKkiZ

Proteus LRC Base

Bgkljmf_gl "ey kjzZ\g_gby dj_fgby
Bkihevam |ky ~ey eblh]jZnbg_kdhg
jZajZ[hldb fZjrjmlZ kbgl_aZ nhlhrZz
hkms_ kl\e _gby ihke_ ijhba\h”ki\_gg
dhgljhey kbgl aZ nhlhrZ[ehgh\

\IhfZlbabjh\ZggZyy|E[hgZ \bamZeb

IC WorkBench Plus | IThiheh]bb nhlhrZ[ehgh\ b eblh]jZn
bgnhjfZpbb
Proteus PipeLine Bgkljmf_gl ey mijZ\e_gby ih”]hlh}\

Framework "Zgguo \ dhg\ _c_jghf j "bf_

Proteus DPT Base Bg_kljmf__gl Aey ih”]lhlh\db nhlhrZzZ[e
multi patterning

Proteus MBAE thA[ZéeEgb_ \kihfh]Zl_evguo nb]mj

TCAD MS Progen, | Ijh]jZffbjm_fh_ yAjh fh~_ebjh\Zgby

OPC Mod Gen g _h[oh~bfh_ "ey kha’\Zgby fh™ e ¢
Bgkljmf_gl “ey ih"™ _j°db baf j gb(
fhr _ebjh\Zgby ijaphitog_kdhc dhjj_

Proteus MetroKit

<dequ_I \hafh ghklb ]_g_jZpbb I_
mijZ\e _gby kdZgbjmxsbf we _dljhggd
fbdjhkdhihf b wdkljZdpBEM*Zgguo

LZ[ebpZHibkZgb

fh*"me ¢ &DGHQFH "ey |

Fhmev K:1J

GZagZqg gb

Ijh]jZffguc fh Athevki_gb\Zxsbc ijh\_

LVS khhi\_Tkl\b_ ijZ\beZf ijh_dlbjh\Zghby
khhi\_Tkl\b_ Ihiheh]bb k we_dljbq_k
ih~"kq | iZjZablguo iZjZf Ijh\

Dhjj_ dpby k ihfhsvx \ugbkebl _evgh

Process Proximity Ih~a™ j°b\Z | jZzkklZghW&@l\leihguo n|

Compensation bg\ jkgmx ebIh]Janx b ijhp_kkgu_

ljZ\e gby

Litho Physical
Analyzer

Ihbkd b bkijz\e _gb_ eblh]jZnbqg_kdl
Ney ih\ur _gby \uoh”™Z ]J]h”*guo
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IHKL:GH<D: A:>:Q BKKE?>H<:GBY
>ey~hklb  _gby pb&ik jlBEgghc jZ[hlu bZ ggh ~ey
jZajzZ[hldb f_Ih~h\ dhjj_dpbb wnn_dlh\ hilbgekdhc
aZl\hjgh]lh kehy | ogheh]bb ijhbaji”#lgd oK gbifg f
g _h[oh”~bfh j _rblv ke _"mxsboghdmkdth azZ~Zgb
-GZ hkgh\_ fh” _ebjh\Zgbiphijdpbhigghc nhlheblh]j.
"ey aZl\hjlgauho \ ijh_dlguo ghjf gf ijhba\_klb
X hilbfbaZpbx gZkljh_d ijh_dpbhgghc kbkl_fu et
mklZgh\db
X ij_™\Zjbl_evghhij ™~ e _gb_ iZjZf _1jh\ bkihev
g_ijhi_qZlu\z_fuo \kihfh]zZl_evdgBR&ARKIjmdIm]
X jZajZ[hldm hleihAp_ghgghc Kki_phbgd dZiplihbZ[ehgu
aZl\hjgh]h kehy ijh_dlguo ghijf gf
-JZajZ[hlzdZeb[jh\hgguc nhlhrZ[ehg ij_"gZagZq
wdki_jbf_glZevgh]h bkkenhhiZig\myhklb bkiheSRAmM bfuo
dZeb[jh\db dhfizdlguo fh~_e_c¢ nhjfbjh\Zgby dhglmjZz
fZkdb azl\hjguo keh_\ ijh_dlguo ghijf gf ijh\_klb
ijhi_qgzld_ dzZeb[jh\hgguo b |I_klh\uo fZljbp
-GZ hkgh\_ ijh\_~ _gguo wdki_jbf_glh\ ijhba\_l
hkgh\giZgzZf jh\ bkihevam_fuo 65%)
- GZ hkgh\_ ZgZebaZ wdki_jbf_glZevguojREglhmpmi|
dZeb[jb\dhfizdhg fh™ MB nhjfbjh\Zgby dhglmjZ NJF
-K mq_Ihf j_amevlzZzlh\ fh”_ebjh\Zgby ijhp_kkZ
nhlheblh]jZnbb j_amevlzZlh\ wdkiijjbf ggdhd_ ith_klh\u
kljmdImj b hp_ghd h]jZgbqg _gbc gZdeZ”Mu\Z _fuo
lhiheh]bx NR jZajZ[hlZIlv [Zah\mx ijhp_"mjm jZkklZgh
"ey aZl\hjgh]h kehy | _ogheh]bb ijh. dlguo ghjf gf
-JZajz[hlzZlv f_Ih™ hilbfZevghc gzZkljh2dg ixZ|dZ Ijt
Ij_~gZagZqg_ggh]h “ey ijhp_"mju dhjj_dpbb hilbg

aZl\hjgh]h kehy I _ogheh]bb ijh_dlguo ghjf gf
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=eZ\Z FH>?EBJH<:GB? I[IJHP?KKH< IJH?GBPBHGGH
NHLHEBLH=J:NBB IJBAJ:;HLDOPC-J?R?GBC B
IJH?DLBJH<:GBNR

J ZebaZpby g _h[oh~bfg@kb§7 dZkZxs cky jZajZ]
NR ijZzdlbg_kdb \k_]*Z gZqbgZ |ky k bo[hgZkIglZbd
ijh_dpbhgghc kbkl fu eblh]jZznbg_kdhc mklZgh\db ¢
nhjfZ hk\_Ibl_eyh[_ki_gb\ZxBhbdfZevgmx ijhjZ[hldm
dijbbg_kdbo klIjmdIimj i_j ghkbfh]Jh \ jZah&d jbkiegdZhl
lj _ [h\Zgbc d bkihevam _ fuf nhGhzrafefgZf wlZi_ hij "~ ¢
g _h[oh”bfhklv bkihevah\Z@ERAFKdjmmdlmp\Zxlky bo hkgt
iZjZf _ljuMdZazZggu_ jZ[hlu ijhba\h*ylkgzZbfh*kghkt\bb
| ogheh]zZfb nhlheblhhjZnpbgbg_  hg_\bdg' glhjomh”bfhklb
wdki_jbf_glZevgh]h ih?I\_j°"~ gby ihemqgZ _fuo j_amevl

Hkgh\ghc p”*&€gghc ]JeZ\u y\ey |ky hij_~ e _gb_ |
gZkljh_d ijh_dpbhgghc kbkl_fu eblh]ljZnbqg_kdh
ij_"™"\Zjbl_evgh_ hij_"~_e_gb_ SRARZf Zjh\zZzd\ujZ[hldZz
lj_[h\Zgbc nhlhrZ[ehgghc Kki_pbaadld & pgib] " &keadgyheh]bb
ijh_dlguo ghjf gf

Bkdhfu_ izjzfghah”yikkj_~kI\hf fh”_ebjh\Zgby ijh
ijh_dpbhgghc nhlheblbkjodmiyla hkh[jZ  _gbc m~hj\eghy
hij ~ ey fuo oZjzZdl _jbklbd eblh]jZnbq_kdHhph Zogebhy(fi zd
| _oghehijhb dlguo ghjf (kfgfLZ]e

Bkoh”gu_ ~"Zggu_

<LZ[eb®ijb\hrylky o0Zjzdl_ pdkbsdbhky \ jZkihjy g
h[hjm~h\Zgby wdkihglhjmRghbgu \bj*ym_fhjbkmgdZz
j _abklbkihevam_ fgiZkNysjZ¢dhl\ dZq_kI\_ bkoh”guo ~Zgg
fhr _ebjh\Zgbb ijhp_kkZ nhlkeblkliEdndbbe gby hilbfZev
gZkljh_d ijh_dpbhgghbikpXxi_ Futh\ g _ijhi_qgZlu\Z_fuo KklIj
SRAF,

76



LZ[ebBZHkgh\gu_ oZjZdl_jbklibdb bkihevam_fh]h h[hjm~
wdkihgbjh\BEighy”*Z\Z_fh]h jbkmgdzZ azZzRNéayglh]hgkehybb
ijh_dlguo ghijf gf

Hkgh\gu o0ZjzZdl_jbklbdb
ASML PAS 5500/1150(( J b.k<1)
ljh_dpbhglglzkyl fz
gf

NA ;
JZaf j dznjZz ff1 ff
Dhwnnbpb gl fZkrlZ[MM¥#Zgby

Hk\ Ibl_ev
@orventional® | @nnulara |
¥ Ul
_ %nin = 0,33 ° 7 1,=0,16-0,64
Bklhevam_f { Joax = 0,88 4 oin 1,.=0,40-0,85
h[hjm~h\Zg

HipbhgZewgiibf g gb_ >HW “ey nhj
hk\_Ibl_keeyh ghc nh(@uipoled @Quasaf b | )}

"hkimigh ey bklQuwpgd*dZz © f . L §
L £l " glhAonulae?
Kh\f s gb_

OLrookoTool = 20 g f,
OLrooktontself = 12 @ f
HipbhgZexghafh ghklv me m@roog s "N
10 gf

\_jlbdZevgu_ b J]hjba
Lbi jbkmgdZ ]jmiih\u_ b bahebj
ebg cgZlu_ kljmdIimju

NJP DEJ 8 gfgZ ieZklbg_

|_jbh” 19 . gfgZ iezklbg
]Jjmiih\uo eb -
=em[bgZ nhy- g fEL=10%, GD E J “10%)
EAPSM dh”bjm_fuc wzl figglodhwn
IjhimkdZtgsly06 m]he k*\b]Z nZau 3

Lbi NR

>1jb\_~ ggu_ a”_k¥dpy[mW\DEJ \ j abkl_ hkeZ[e_ gu ih kjZ\g_gbx
LZ[ebp_ \ kbem ki_pbnbdb jZzkkfzZljb\Zz_fh]h |_oijhp_kkZ Ih w
ih ijbgbg_ bkihevah\zZgby f _Ih~h\ fh*_ebjh\Zgby gZ hkgh\_ZgZ
bah[jZ  _gby 7~Zxsbo hp_gHyggmx[hggtk d Jem[bg nhdmkZ m" _
>Ze _ ijb jZkg_I_izjzZf_ljh\ nhlhrZ[ehgghc ki_pbnbdZpbb [m~r
lj _[h\Zgby LZ[ebpu
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22. 1h~[hj hilbfZevgwkljh_d ijh_dpbhgghc kbkl_fu

J r_gb_ az”"Zgb mthhzLvguoZiZijhijh_dpbhgghc
kbkl_ fu eblh]jZnbqg_kdhc mklZgh\db y\ey Ilky \zZ°
ijbf_g_ogRBT, | Zebam_ fuf dZd ijZ\beh gZ hkgh\_ ZgZ
bah[jZ _gby i_jbh”"bqg_kdbo wee]bbgktlhhjihnbqg_kdh]h k

>ey fh” _ebjh\Zgby nhjfbjh\ZgbhjdhbokmhhXghblbzZkdl
"ey hp_gdb ijhp_kkgwkihretvkage Zkyhkl _crzy fh” _ev
ihklhyggufhjh]lhf ih bgl _gkb\ghklb dhltj\zZye ZkikZ e b [
ijbf _g gb_f 1Zd gZauydhjohihh® Ihiheh]bq_kdh]h we f_ ¢

Kmlv f_Ih*"Z aZdexqgZ _ |ky \ ke _~"mxs_f Ba \k_]h
jbkmgdh\ \u[bjZ _|ky h”bg g_ ih™"\_jl]Zxsbcky-édbjke ~
lhiheh]bqg_kdhc dhjj_dpbb dhlhjuc”?iZb ledZh Jgobd gb _
DEJ \ j _abikl h[yazZl _evgh khhl\_Ikl\mxs__kDmB4g _ bt
fZkrlZ[bjh\Zgblf Jbk ) Z< ~Zgghf kemgzZ_ wlh i_jbh
Jimiih\hc we Ibigl©ebgby?2 | _fgh]lh Ihg32kgrfbpbighbh”hf
76 gf gZ NRKR mqg_Ilhf fZkrlZ[bjh\iZlgbwlhf p_e \hc jZz
kljmdImju \ N86 gf Bkoh”y ba whdbcmkij ~ ey Iky if
\ha“mrgh]h bah[jZ"hgbyfZdkbfZevgh]h agZq_gby bgl
kKhhi\_lklI\mxgihdbgZevghc ~ha_ eblpjjZzalkh_IeZkl_c
m~h\e _I\hjbl_evghc ijhjihma\Wbblky \Zjagdglygbc ihjh]
\ha“mrgh]h bah[jZ _gby \ ~"Zgghf kemqZ_ khhi\_
eblh]jZzntbb » _nhdmkbjhAdp ©Z “hc ba |_klh\uo lhiheh’
kljmdlmh\_jy lkhhI\_IkIYEkkgblZggh]lh \ jZzfdZo ~Zggh
DEJ \ j_abkl_ az~Zgguf ~hinzZ{e®Bf b9kf HeZklb
m~h\e _I\hjbl_evghc ijhijlgZldkgh_ hdggb\Zxlky "ey \}
bkke_ "mKkfijmdImj Ihihe®hZibe mqr&Zjyfzn bklhgqgbdzZ ih~[bjZ
bkoh”y ba |j_ [h\Zgbc d ]Jem[bg_ nhdmkZ beh «kjbg_
bkke_ _"m_fu_ we jbkgdgda&ljhf_©ydhjgh]hih”™\_j]Zxlky
lhiheh]bg_kdhc dh)j_opllyo \u\ _~pgglyjhnh[feZkl ¢ bo
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[Lledokycuposka, MKM

Jb k.1

Jbkihevah\Zgb_ ©ydhjguo? we_f_glh\ |hiheh]bb "ey d.
mijhs _gghc fhdheglhmjzZ NJIkkkhyggihfjh]hf ih bgl _gkb\ghk
\ha”“mrghlh bah[jZ _gby

[ aZ\bkbfHDAW hli, bLy ey hk\_Ibl_eyQudsel (C=30) ey
©ydhjghc? klIjm(dImgbh~bqg_kdbc ]jmiih\hc we_f_gl Ibi:
| _fgh]h IhgZ k rb2bglch_jbh~hf gf gZpN& \hc jZaf_|
kljmdImju \ NJF gf ihemqg_ggZy \ jZfdZo mijhs_ggl
dhgljmjZ NJFRhlklhygguhjh]hf ih bgl_gkb\ghklb \ha”i
bah[jZ _gby

\ aZ\bkbfhKIb& hl ~ nhdmkbjh\ddydtejyghc?2 kljmidbmju
bkihevah\Zgddb Ibl ey I|Qua&sa®ijb 1,=0,60 b L,= Ney
jZaguo agZqg >gdy ij "\Zjbl _evghc hp_gdb rbjbgu ijhp_

fh> | [ulv bkihevah\Zg bgl_]jZewguanigjf |j

Fmax
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m~h\e _I\hjbl_evghc ijhi_qZldph\gfHvhtbghklk Yad klvx
m~h\e I\hjbl _evghc ijhi_qgZldb ©ydhpghhredmwegbyglZd
h[jZzahf fzdkbfz\dwvagh ghlimn[s_]h hdgzZ ijhplbkkzZ |
Jbk ). 1ZjzZf _lju \ugbkebl _evguo wdki_jbf _glh\ ih
hilbfZevguo gZkljh_d ijh_dpbhgghc ckib RIZfebigb\_~

LZ[ebpZ Hkgh\gu_ iZjZf _lju \ugbkebl_evguo wdki_jhb

hilbfZevguo gZkljh_d ijh_dpbhgghc kbkl_fu kdzZg_jZ

ASML PAS5500/115@ ey blh]jZnddbl\hjgh]h lkegypheh]bb

ijh_dlguo ghjf gf

Lbi fh ebjh\Zgby | ZgZeba \ha“maghj]h™ gby

gNA=0,75M = Ibiu hk\_Ibl

@nnulard @Quasaf, 1,=0,16-0,64 1=

ljh _dpbhggZy kbkl]|0,40:0,8; "eyQ@asaP agZq_gby. m]gZ
f b f iheyjbaZpby hk\_Ibl_¢

mqgblu\Z |ky

EAPSM: t=0,06 3 ,Ah~"bjm_fuc

NR we f gl | fgbgeb  gb_ Dbjolhn
\ jIbdZevgu_ b ]JhjbahglZevgu _
Lhiheh]g¥Z NR ebg_cqZlu_ kljmdImju
DEJ gf i_jbh~ - gf
©Ydhjguc? DEJZ NR gf i_jbhZ N:R= 760

lhiheh]bg kdbc we| gf DEJj\abkl_ gf
GhfbgZevguc ihjh]
\ha“mrgh]lh bah[jZ"
"ey ©ydhjgh]h? we|
Hdgh ijhp_ kkZ weebilbqg_ kKdh10%, 0D E J “10%

DzZzd ba\_kigh hk\_IbComeventidma? g© ihalhey | ~hklt
ijb_fe _fHem[bgu nhdmkZ ey kljmdImj f_edbAnnularBh”h)
hdZaul\Z _Iky g _"hklZlhggh wnn_dIb\ _g *ey kljmdImj ki
I _jbh48] ~ fhgkljbjmyoltbglde@itches* hij ~ euggagZq_ghb)
i_jbh”~h\ijb dhlhjuo ebgbb ijhjzZz[ZIlurBklEyhggdm|[bghc
nhdmKZ \ kbem iZjZablghc azZk\_ldkxkINh\Zygoao" \
nhjfbjh\Zgbb ihe_agh]h kb]JgZezZ magtkK|dhk h K hhagldnlh chZ
hkgh\guf \ZjbZigkhflbl gy ~Zgghc aZkX§dljb\ZEKy

@uasar
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Z

Jbk2 Ih~[hj hilbfZevghc mk\yfubl ey

Jj amevlZliu \ugbkebl _evguo wdki_jbf _glh\ ih jZkq_Im
]Jem[bgu nhdmkZ hl i_jbh”*Z ebgbc ~ey jZagybhrthjf hk\
mdZazZg \ fZkrlZ[_);ieZklbgu

[ jZkij_~_e_gb_ bgl_gkb\ghklb hkQudsaP &y igid € Zfb
=060, 1,,:=0,85 .= f
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ljb fZdkbfZevgh \hafh ghc aibklnhjihle _dpbhggh]h
hit dIb\WWA=0,75 "ey ©ydhjghc? I|hiheh]bq_ _kdhg¢uekdjmc
ijbagZgu hilbfZevgg#dy ghy060 b 1,4=085 (JbRI1J.
GZbemqgrbf agZq_ghb. fijm]eBlh]jZzn®gdhjghc? kljmdIm
bf xs_c¢ kzZfuc fZeuc i_jbh™ ba jZkkfZljb\zZ.¥4®f hd.
(JbR1\ A~ _kv ey kjZ\g_gby hdhg ijhikykbkdl| bkihewalh

F

izjzf IA  NILS(f)df [66, 81] bf_xsbizaf_jghklv ~ebgu b

Fin

g _dhlhjhc fkhhlI\_IklI\togsehsZ”b h[eZklb m~h\e_I\hjbl
ijhi_qgZldb ihkdhevdm fzZdkbfzZevgh “hifpZzkljhtkkzZ adAg
ijhihjpbhgZ&iLSH3]).

>Ze  "ey \k_o lhiheh]bg_kdbo kljmdImj b qg_luj_
[ueZ jZkkgblzZzgZ ]Jem[bgZ nhdmkZ hibkZddgbk \urZ f
lhemqg_ggu_ ]jZnbdb iled2AdkbZkB®B hl i_jbh]janiih\uo
ebgbc<b”gh qglh bklhgg®dnuledhdzZ*ZOo1l m~h\e I\hjbl_ev
j_amevliBburvrey ebgbc i_fblghZ gffZkrlZ[_ ieZklbgt
Bklhggbd IWQuasa® k iizjzf |jzfh=0,60 1,=085 .= f
ij_"klZ\ey Iky gZbemqrbf hr"gZdh bkjbhevah\Zgbl
g_m~h\e_I\hjbl_evgh hlh[jZ Zxlky ebgbb k i_jbh~hf
ieZllbgu <k_ jzZKkb\zZ_ fbklhggbdb g_ ~zZxl Ij_[m_fhc
nhdmkzZ gZ i_jbh”"Zo [ld_\ fzZkrlZ[_ ieZkEdbgpbb
jZkiheh  _ggwevkbf i_jbh~hf fh]lml kqgbhdBEwWkh\Zggufb
wlhc ijbgbhglbfZevguf ba jZkkfZljb\Z_fuo pkéhgbplddpiz
@uasaf k iZjzZft_1jZ%=0,60, 1Lx=0,85 .= f(Jbk [). <p_eyo
"hklb™ _gby ijb_fe_fuo agZq_gbc ]efeyghbaméljmkZgg
ebgbczZz 1zZd _ REgwmdimj bf xsbo | _g” _gpbx d ijhj.
g _"hklZlhgghc Jem[bghduelthdnmkZ g*"h\Zgh bkihevah
\kihfh]Zl _evguo k$RAEImM]

®Ke "m_|I| hif _Iblv glh "ey ©ydhjghc? Ihiheh]bg_kdhc kljmdImju
@nnulara"Z | _syevfrmx Jem[bdmkZh Wbk Z
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Jbk3. >ey hk\_Ibl_eWudsa? © iZjZf_ |jZH0,60, Lx=0,85 .= f

JaZ\bkbfhklv Jem[bgu nhdmkZ hI\if4Zlkh"Z] e bgbklbgu

[ kdhjj_dlbjh\ZB&Jcebgbc gZ NR \ aZ\bkbfhkhbfBkrilZjbht&ZkIbgu
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23. 1) _™"\Zjbl_evgh_"h e _gb_iZjZf_ljh\ g_ijhi_qZlu\Z _fu
\kihfh]Zl_evd&ljondimj 6589%)

DzZd [ueh hilf_g_ghklNwrdlm$RAF ij _*gZagZq_gu *
memqr_gby dZqg_KkI\Z ijhi_qgZldly _iij jBth”~hlg JKwoebd glh\
lhiheh]bb gZzZijbf_j h”"bghqguo beb AdjlZdVuodelmdBdIh\
Afim]lbo nblbnhf_ Ih]h g _ijhi_qgqZlu\Z_fu_ \kihfh]ZIl _evg
fhlml kem blv “ey m\_ebqg_gby rbjbgu hdgZ ijhp_k
kljmdImj iha\heykgB\blv we SRAFI \ ijhf_"mlhd f_""m
we f _glZfb kljmdIimju [_a]lhpbpeddyegby gZ j_ameviZl el
kKljmdInsRAF g_ ~“he gu ijhi_qgqzZlu\zZlvky \ j_dbKk[m \fhflk_
"bZiZahg_"ha b »_nhdmkbjh\hd

< jZkkfzZljb\Z_fhc az”~Zq_ "ey ih”[hjZ hilbfZevc
kljmdI®RAF bkihevah\ZeZkvhillzkZggzZy \hjh]hdy fh” _ev
dhglmjZ nhlhj_abklb\ghid kflhkdlyuHjh]hfih bgl_gkb\ghklb
hij_~_ ey fuf ih ©ydhjghc? KljflagbriZevguf i_jbh~hf
LZ[e 9. < jZfdZo bkihevam _ fhc fh™ _eb [ueh
m~h\e _I\hjbl_evguf hlidhghgbl evighl gkb\ghHRAF d
ihjhlm a- (Jbk .

>eybahebjh\Zgguo gaildplgZehf gf \ fZkrlZ[_, ieZk
bf _xsbo ih hrghfm WSRAF lgldZ " "hc klhjlhgb ijhba\_"_ gt
hp_gdb Jem[bgu nhdmkZ b \_ebihdu \hlgh\blgbinklb h
rbjbgu we fSBAEw Z |Zd _ kmffu rbjbgu SRAFfbh glkh
jZkklhygby ~h hkgh\ghc kljmdWnmgut [€kigbdgZzaulZ_ fh]
©i _jbh™"3RAF(Jbk 4). Ba ihemqg_gguo ]jZnbdh\ azZ\bkbfhl
glh ijb_fe_fhc ih adé&ka gbxjbgh8RAF (*ey bahebjh\Zgg
ebgpbh”™ | kgblzw=B¢g gf Z fZdkbfZevgZy Jem[bgZ nhdm
"hklib]zZ ITkyw+sH216 gf \k_ \_ebgbgu \ fZkrlZ[_ ieZklbgu

JZkq_I| ithdZazZe qlh *"ey "Zgghc aZ*"ZqlsRAP h[gh _

"Keh\h ©i_jbh”2 \aylh \ dZ\ugdb ihkdhevdm \SRARGHM it gh]h w
Jh\hjblv h™ _1h i_jbh~_
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DOF, um
B0 ————

Ho SEAF

=00 - — 2 SRAF, 3 mm

400 |

300 -

200 -

100

200 400 600 g00 1000 1200 1400 1600
Mepuog, Hm
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ijb_fe_fh \ ijbf_g_gbb d ebgbyf k 6_jgh*ihf[hé__ >e
"bZiZahgpph”™h\ hi gb "f ijbf_gyebkv wee&RAFgKu
w=28 gf jZkiheh  _ggu_ ih h~ghfr@oljhg_gmhd f_ "~m
hkgh\gufb ebgbyfyp ebgbc k i_jbh*hf f g = SRyFgue f_
bkihevah\ZedkvkVYk jZaf joudZazufzZkrlZ[_ ieZklbgu
KmffzZzjgzZzy azZ\bkbfhklv Jem[bgu nhdmkZ hl i_jbh”~Z h
ijbf_g g®MAFijb\_~ gZligkb.

Lzdbf h[jZzahf jzZkqg_lu ihdZau\zZxl glh hibkz
ijbf_g_oFRAF\ dhfie_dk_ k \g_hk_\uf (®uasaPgh =0,60,
L,=085 .= J ihalhey_ | ~“hklbgv J]Jem[bgu nhdmkZ i
nhlheblh]jZnbb [hegf ~ey \KZ&kfzZljb\Z fuo Ihiheh]bqg._
KljmdImj

24. JZajZ[hldZ ki_pbnlg@dzZNRb

Khar"Zgb_ ki_pbnbdZpbb gzZ dhfie_dIl NR yley |
aZ\ _jrZxs_c klZ" b _c jZajZ[hldb | ogheh]bb
ihemijh\h~"gbdh\uo ba”_ebc | _o beb bguwo hiklyhdludiollk
gZ knhjfmebjh\Zgguo jZg__ 1j_[h\Zgbyo d eblh]jZnb
| _ogheébg_kdh]lh fZjrjmlzZ dhlhju_ \ khhx *hgyxlRy \
ijhp_kk_ 1 _hjwlblkdhjbf_glZevguo bkke_"h\Zgbc ijh\t
jZajZ[hld_ ihemijh\h~rgbdh\uo ijb[hjh\ b | _ogheh]bq_k¢
balhlh\e_gbx

< ~"NZgghf jZahibku\Z |ky f KhRIZ\e_gby Ibih\
ki_pbnbdzZpbb gZ NR k lhqgdb aj_gby m”h\e_I\hj_g
eblh]jZznbg_kdbf hi_jZpbyf

24.1. Hkgh\gu_ |j _[h\Zgby Kkh” _j Zsb_ky \ ki_pbnbdzZp
nhlhrZ[ehg *“ey ijh_dpbhgghc nhlheblh]jZnbb kh\j_ f_
ijh_dlguo ghijf

Ki_pbnbdZpNRrddexqZ | \ kK _[y ke_"mxsb_ \b”u I|j.
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1) I|j_[h\Zgby d nhlhrZ[ehgghc aZlhlh\d_ b
©nhlh[ezgdm2”~_ \k_]h d \_ebgbg_g _iehkdhklghklb ih

2) lj_[h\Zgby d dZqg_klI\m jBkimgkddb gZ Ihqggh
jZaf_s_gby we_f_glh\ Ihiheh]bb bgldjbyhig_jkZdic je

3) lj_[h\Zgby d nZah\hfm kehx \ kemgZ hinlkdipZgZ
dhwnnbpb_ gl ijhimkdZgby b m]Jhe \jZs_gby nZau baem

4) |j_[h\Zgby d » _n_dlghklb nhlhrZ[ehgZ

5 “hihegbl _evgu_ I|j [h\dghy ijZ\beh mdZau\
dhebqg_klI\h Thg_d baf_jg gdyh]dhjbdbg cghlh jzZzaf jZ b i
we f glh\ IThiheh]bb izZjzf_ Ijh\ nZahk”\b]Zxs_]h kehy
fobgbfZevguo | _fgh]l]h b k\_leh]h we f glZ gZ NR dh
kms_ kI\_ggh f _gvr_ dhgljhebjm_fh]h djblbg_kdh]h
bkihevah\Zgbyh~hf\_ | dhjj_dpbb hilbg_kdhc [ebal
g_ijhi_qZlu\Z_fuo \kihfh]Zl_evguo kljmdImj

>Ze__ lj_[h\Zgby d izjzf_I|jzf NR i_j_qbked,ggu_
[m "ml jZkkfhlj_guhPhle[gh

Lj_[h\Zgby d nhihkd2gddm\Zxlky ba Ij_[h\Zgbc d
fZl _jbzeézkdbjmxsbo keh_\ b kzZfhc d\Zjp_\hc ih"eh dl
g_iehkdhklghklb
DeZkkbnbdzZpby ijbf_gy_fuo ih*eh’ _d hibkZgzZ \ k
[82]. Lbih\u_ 1Z[Zjblgu_ jzZaf_ju ih”~eh db [ o ff
SEMI P1) £t*ey bkihevah\Zgby \ [hevrbgkl\_ kh\] f gguo
mklZgh\hd ijh_dpbhgghc nhlheblh]jZznbb $60/ 1LNRQ
lh~ g _iehkdhklghklvx ih”eh db 1Zd _ ghjfbjm_f|
6(0, 3 ihgbflky fZdkbfzZevguc i_j_iz”~ \ukhl ih dhg
h[eZklb ih”eh db DZg_kl\h fzZkdbjmxs_]h ojhfh\h]t
A n_dlzf b hilbg_kdhc iehlghklb b nZahk”\b]Zxs ]
nZah\uo rZ[ehgh\ ghjfbjm _Iky khhl\_IkI\_ggh [B3Zlg"Z ]|l
SEMI P29[84].
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Hluggh \ ki_pbnbdZpbb gZijz\ey fhi¢g_¢i4bfZkdrh
ijhba\h”~bl_ev MR izZjzf Ijh\ dzZkZxsboky ozZjzdl_jbklb
mdZaulZxlky lhevdh mjh\_gv g_iehkdhklghklb \b” dh¢
"ebgZ \hegu jZ[hqglhgbweb Ibi [mMm"ms_]h nhlhrZ[ehgZ
beb nZahk”™\b]¥xsbc

Lj [h\Zgby d dZq_klI\m jbkmgdZ \dexqgZx!|l \ k_]Jy

X lj_[h\Zgby d Ilhgghklb jzZkiheh  _gby we f g
nhlhrZ[eh @&gistration d;

X |lj_[h\Zgby d djblbg_kdhfm ebg _cghfm jZaf
lhiheh]bb nhlhrZ[ehgZ "himkd gZ jZaf_j hibkt
dhfihg_ glAflbLL(Meanto-Target+ mkj_"g_ggh_ agZqg_gb_ b
gZ NR rbjbgu dhgljhevguo - kgmidgdp 1 bhklZlhqgZy
dhfihg_dl&b h~rghjhrghklv

KIjmdImju ~ey dhgljhey dZq_kI\Z jbkmgdZ jZaf_
ihex NR Dhebqg_kl\hvdbglpwhe f_glh\ khklZ\eyrl Béb
[hevr\ azZ\bkbfhklb hl ij_~ty\ley fuo |lj_[h\Zgbc Djhf_
"himkdzZ gz jzZaf_j ih hjgadlfgdhthjiypf fh™ | hkms_klleyly
gZ bahebjh\Zgguo 1Zd b gZ ]jmiih\uo kljmdImjZo Gh
jZzaf_j dhgljhevghc kljmdIimju dzZd ijZ\beh khhI\_
fbgbfZevghlh lhiheh]bq_kdh]h we f _glZz gz
ijhjz[Zlu\Zz _fhlh gZ ieZkjllog_kk\ inhlheblh]jZnbb <
g_\hafh ghklb jzaf_s_gby dhgljhevguo kljmdImj \ it
dhgljhev ijhba\h”blky ih aZjZg__ mdZaZgguf we f glZ

Lji [h\Zgby d nZah\hfm kehx
Lj [h\Zgby ij_"~tyley fu_ d dhwnnbpb_gah\hjhim
kehy b m]Jem k™ \b]JZ nZau "ey ihemlhgh\uo nZahk”"\b]
mdZau\l\Zxlky hl*_evgh hl 1j_[h\Zgbc d nhlh[eZgdm
i1ZjZf_lju nZah\uo keh_\ gZoh”ylky \ I _kghc aZ\bkbfl
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balJhlh\e _gby nhlhrZ[ehgZ b “he \gdivkihg\ljhetbphkk _
ijhba\h”~klI\Z
< [hevrbgkl\_ kemqgZ_\ \ ki_pbnbdZpbb gZ NR md:
x ghfbgZevgh_ agZg_gb_ m]eZ \jZs_gby nZau gZ |
dzd ijZ\beh f
x Fbkl_fZlbg_kdZy dhfihg _glZ “himkdiZ)gZ k~\b] nZ:
X hklZlhqgZy dhfithgm&idZzz”*gZ k"\b] nZau beb h”ghjh
X ijhimkdzZgb_ nZahk”™\b]JZxs_]h kehy 1ih bgl_gkb\
\hegu jZ[hg_]h baemq _gby ghfbgZe dZd ijZ\beh
x kbkl _fZlbg_kdZy dhfihg _glz "himkdZ gZ
nZahk”\b]Zxs_]h kehy ih bgMTHkb\ghklb
x hklZzlhqgZy dhfihg _glZ “himkdZ gZ ijhimkdzZgb _
kehy ih bgl_gkb\ghklb 1
Dhgljhev ijhimkdzZgby b nZah\h]h k”\b]JzZ ijh
balhlh\e_gghf nhlhrZfedgbe\b [hdhqgdBb, 86]

Lj_[h\Zgby d »_n_dlghklb NR

> n_dl nhlhrZ[ehgZ hij_~_ey_ |ky dzd g_dhlh
g_khhilI\_TklI\b_ f_""m mijZ\eyxs_c¢ bgnhjfZpb_c¢c rZ[eh
b knhjfbjh\Zgguf jbkmgdhf NR D2zZd ijZz\beh wlh xuju\
"hiheg glhZkdbjmxs f ihdjulbb < _ebgbgZ djblbggh]h
k\yvazgZ k J]jmiihc dZqgq_klI\Z NR <hafh gu_ \b”u
deZkkbnbpbjmxlky klIZg"ZjlhB76(0s Bi_pbnbdZpbb gz
h[uggh mdzZau\Z_|ky jzZzaf_j g_"himklbfh]lh ~_n_dlZ F
AN n_dlu jzZzaf_jhf [he__ mdZaZggh]h kgblZ ITky g_
hfmkeh\e _ggu_ bf I g ©Oih\lhjyxsb_ky » n_dlu2@ nhlhj_
dhggghf blh]_ ~ eZxl ba”_eb_ g _jZ[hlhkihkh[guf < ~Z
g_"himklbfh]h ~ n_dlZ hij_~_ ey |ky dzZd aDEJ b
dhj gv ba iehsz”b fbgbfZevgh]lh ijhi_qZlu\Z_fh]lh w
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Ihfm dzd wlh k~_eZgh \ ,756 Lzd “leud_olgjfeh] gyt
jZaf_j g_~himklbfh]h ~_n_dIZ gZ NR khklZ\ey | \_ebaqt

24.2. Nhjfbjh\Zgb_ ~himkdh\ gz izZjzZf _Ilju eblh]jZnbqg_Kk
hi_jZpbc <deZ” nhlhrZ[ehgghc khklZ\eyxs_c

>himkdb gz izZjzZf_lju eblh]jZnbg_kdbo hi_jZj
nhjfbjmxlkpa fgh]bo dhfihg_ gl kl\yaZgguo k o0ZjZz
h[hjm~h\Zgby b bkihevam_fuo | _ogheh]bg_kdbo ijhp_
rZ[ehgZ b | ~ Hkgh\ghc b”_ ¢ jzZkkfzZljb\Z _fh]lh f_
ki_pbnbdZpbb gZ nhlhrZ[ehg vy\ey |ky ZgZeba
khklZz\eyxdbeblh]jZznbgq_kdb_ ~himkdb beb [x* _lu Kk
hij_~ e _gb_f nhlhrZ[ehgghc khklZ\eyxs_c¢ \ ij_”"ih
hklZevgu_ dhfihg _glu y\eyxlky ba\_klgufb \ gzZklghkl
ihklZz\sbdzZfb ki_pbnbdZpbc gZ h[hjm~h\Zgb_ fzZIl_jbZe

2421.Lhqghklv kh\f_s gby

Bklhggbdb \hafh ' guo hrb[hd kh\f_s_gby \ ij
nhlheblh]jZnbb ih*jh[gh hibkZ8% 8] j2MdijzZag_ggh hkgh\
khklZ\eyxsb_ ~"himklbfhc kmffZjghc eblh]jZnbqg_kdl
kh\f_s _gby ij_"klz\db#bgHgHAgb ~_eylky gZ ~\_ qZklb \
mkeh\ghc eblh]jZnbqgq_kdhc mklZgh\dhc \dexqgZy 1]
nhlihj_abklb\gmx fzZkdmb ghcdjeigklbg_ b \ualZggu_
jZkiheh™ _gby we f glh\ gZ bkihevam_fuo nhlhrZ[ehgZ
kh\f _s gb_ b wdkihgbjh\Zgb_ nhlhj_abklZ ijhbkoh”bl
fhr _eb \hafh gh kqgblzZlv qglh ih]j_rghklv k\yaZggZy
mklZgihéd jZ\gZ | g ©"*himkdm gZ kh\f_s gb_ hl mklZz
(OLtoottoToo) £ \_ebqgbg _ \dexqgZ _ fhc ijhba\h”bl_eyfb hJ[r
klzg”"Zjlgu_ ki_pbnbdZpbb gZ mklZgh\db ijh_dpbhgg
jZkg_1Z "himklbfhc eblh]jZnbg_kdhdhih]s_ rgdeh)b
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MorpewHocTb
cobCcTBEHHOTO
COBMeLLeHWs
(Tool-to-Itself)
MorpewHocTb
Nutorpadpurueckan CoBMELLEHIS OT
norpelwHocTb YCTaHOBKM K
coBMeLl,eHnA yCTaHoBke
(Tool-to-Tool)
MorpewHocTb
"MaTumHra"
[P —————— }
[}
Il ®otowabnotHas : R
: KOMMOHeHTa | Mpocrtoe cosmeutenmne: OLy, = \2(1-r) H
! norpeLHocTn ]
! COBMELLLeHUA ]
1 |

NcTounuk (A)

R
_________________ | [soiivoe snevatbisanune: OLy, . =2 —F, —Fy, E

Z

MorpewHocTs cucTemsl
No3nLMOHMPOBaHUA

MorpewHocTb
macwTabmposaHma

MorpeLHoCTb CUHXPOHU3aLMKA
CKaHWpPOBaHWA

MorpeluHocTs 06paboTkm
NAACTHHBI

MorpewHocTb, BHOCMMAA
pasHuLen ANCTOPCUn
NpPOeKUMOHHbIX 06beKTVBOB

MorpelHocTb, BHOCMMaRA
pasHuuen macwtabupoBaHua

rlOl'peLLIHOCTb MaTyuHra
cncTeM No3nyMOoHUpoBaHUA

RERN!

doTowabnoH ﬁ
7\8

“\HEMMOCKOCTHOCTb

MpOEKUNOHHbI
06bekTUB
(NA)

owmdka KJTP Ha oL
Ol=MTT+30

i~ KOHTPO/IbHbIN
anemeHT Ha ®LU:

p

Iy

l+0l;

MnacTtuHa

JbR.6.

J hkgh\gu_ khklZ\eyxsb_ ~himklbfhc eblh]jZnbqg_kdhc
kh\f _s_gby

[

hkgh\gu_  \b%u

hldehg_ghbc

Ot — owwmbka 3HaueHusi KOad. NPONycKaHus
TEMHOro anemeHTta gasosoro Pl

O —owwnbka casura asbi

gZz

NR mama0iZgbb

0Zjzdl _jbkibd eblh]jZnbg_kdh]h ijhp_kkZ
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nhlhrZ[ehggZy dhfihg_glZz I h QLG b\ kbem
AN |l _jfbgbjh\Zggh]h o0ZjZdl_jZ ebg_cgh ijb[Z\ey_ Ilky
kh\f _s _gb_ hl mklZzgh\db d mklZgh\d _

< kemqgZ_ ijhklh]h kh\f_s gby ~\mo eblh]jZn
nhlhrZ[ehggZy dhfihg _glZ ih]j_rghklb k[BQ)f s gby jZ\g.
R
OLPhotomask 2(1 r)ﬁy (21)

]*R tlhgghklv jZzkiheh  _gby Ihiheh]l]bgq_kdbo we f glh
nhlhrzZ[ehgZ nblmjbjmxsZy \ nhlhrZ[ehgghc Kki_p
@egistration2 M tdhwnnbpb_gl fZkrlZ[bjh\Zgby \Mg4), f ke
| (R, R)(R2 R2)

\/ | (R ﬁlw | (R2, R2)’

r + (2.2)
ebg _cguc dhwnnbpb_ gl dhjj_eypbb hrb[db jZkiheh _g
we_ f _glh\ nhlhrZ[ehgh\ kh\f_sZ fuo eblh]RnbRY kdbo
khhi\_IklI\_ggh hrb[db jZkiheh ™ _gby lhiheh]bq_kc
jZkkfZljb\Z_fuo nhlhrZifehdgthglphebjm _fhc Ihqgd_

lj ZdlbdZ ihdZau\lZ_| qlh ~ey nhlhrZ[ehgh\ ba]hl
iZjlbb gz fzZkdrhi_ k ohjhrh gZeZ _gguf | _ogheh]bqg.
dhwnnbpbr gilh™ | ~hklb]Zlv agZq- _gby bklZeh Julv
eblh]jZznbg_kdZy ih]j_rghklv kh\f_s _gby \ujZ ZZaky ke

i jbr =0,65):

R

oL | OLTooI to Tool 0’832 . (23)

<ij_~iheh _gbb qlh wdkihgbjh\Zgb_ djblbg_kdbo keh
mklzZgh\d_ \f_klh iD|&fwutiZ bkihevamOlkyomser  qlh

ihal\hey | hkeZ[blv |j_[h\Zgby d \ _ebqbg_ hrb[dl
lhiheh]bg_kdbo we f glh\ gZ nhlhrZ[ehg _
< kemqgZ_ | _ogheh]bg_kdbo ijhp_kkh\ bkihev:

"\hcghlh wdkihgbjh\Zgby beb ~\hcgh]h \i_qZlu\Zgby
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dh]*Z “ey nhjfbyhnZgl]h ijb[hjgh]h kehy bkihevamxlky
nhlheblh]jZznbb \ jZzfdZo dZ ~hc ba dhlhjuo ijhba\h”t
g dh_fm ©gme_\hfm?2& kehx \ujZ _gb_ ey nhlhrZ[e
ih]j_rghklb kh\f_s gby ijbgbfz | \b~"

R
OL 2 Iy fy—, (24)

Photomask

] rig brog xkhhl\_IklI\_ggh ebg _cgu_ dhwnnbpb _glu dhijj
jZkiheh  _gby Ihiheh]bg_kdbo we_ f _glh\ nhlhrZ[ehgt
dhfihabpbhggh_ bah[jZ _gb_ ijb hi_jZpbb "\hcghc
"\hcghlh \i_qgZlu\Zgby hlghkbl _evgh nhlhrZ[ehgZ
©gmecAhkehc 1pb0,65 ry= b \ ij_"~itheh _gbb Ih]h gl

eblh]jznbb ijhba\hAylky gZ hAghc b lhe °_ mklzZ
eblh]jznbq_kdhc ih]j_rghklb kh\f s _gby [mA_I jZ\gZ
R
OLDP | OLTooI to ltself 0’922 (25)

Khhighr_ gy b 25) ihalheyxl agZy \ _ebqgbgm
eblh]jznbg_kdhc ih]j_rghklb kh\f_s _gby b ih]j_rghk
bkihevam_ fhc eblh]jZnbg_kdhc mklZgh\db hp_gblv
jZkiheh™ _gby we_f_glh\ lhiheh]bb nhlhrZ[ehgZz <

| ogheh]bb mjh\gy gf ljadgadgfRbkhklZ\bl gf \
ij_~iheh  _gbb Ih]hOLdgdoa=15gf br= b gf ijb
OLrtookto-Tool = gf b=0.

24 Lj_ [h\Zgby d Jem[bg_ nhdmkZ b “himkdzf g

eblh]jZnbg_kdbc DEJ

GZlbk7[ ihdZaZgu hkgh\gu_\b”u hldehg _gbc gZ
\uaulZxsbo ihl_jx dZqg_kI\Z eblh]jZnbqg_kdh]h ijhp_kkZ
wlh hrb[dZ djblbg_kdh]h ebg _cgh]h jZafdhkhjgZxrZ2d gr
mdZaulZehkv jZg_ _ \ ij_"~iheh  _gbb _ jBAklhjfnm aeZ dgboy
N eyl gz M\ _ dhfihg_glu
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G MTT. 31 (2.6)

1" _

g (2.7)

1y g2
I 1
3V 3\/T . (2.8)

A~ KNvth[s__ dhebq_klI\h dhgljhevgubgkFmddimgljhevgh
kljmdImijly = baf_j gguc jZaf ifjc gdhgljhevghc kljmd]l
nhlhrZ[ehgZghfbgZevguc jZaf_j dhgljhevghc kljmdImju

< ebgbMA,0hljZz"Z | h[smx kbkl_fZlbg_kdmx qZ|
DEJ ih \k_c iehsZ”b NR Ihgqg__ ih \k_f dhgljhevgL
p_glj jZkij_" _eZgkyZjZdl _jbam_| jZa[jhk baf_j ¢gguo
hlghkbl _evgh p_gljZ jZkij_~_e _gby LZdMimdhRaliz dg.
aZ iheh” _gb_ p_gljz kmffZjgh]lh hdgzZ ijhp _/kkZZih Jhkb
iehsz”v dzZd j_amevlZIl i_j_djulby h[elZllvghm/Ahie d¥Hf
\k_o kljmdImj i _j_ghkbfuo \ j_abkl \ ijhp_kk_
nhlheblh]jZdbk. ).

ljb h~gh\j _f gghf mf_gvr_gbb rbjbgu \k_o dhgljhe
bf _Iky g_dhlhjh_ _ fbgbfZevgh_ agZq_gb_ ijb dh
hdgZ ijhp_kikZnk fuf jZa[jhkhf “hau gZijbf_]j ihkc
mf_gvr_gbb jzZaf_jh\ jbkmgdZ gZ NR h[eZklv m~*
ijhi_qgzldb ihfbfh kf_s _gby \gba \“hev hkb “hau ij_I_
nhjfu Jbk 27Z Ebfbl h~gh\} _f ggh]h m\ _ebqg _gby ¢
we _fglh\ NR | _kgh k\yazZzg %k ]jZdgbpg_c¢ ~bZizZzahgZ
bkihevam_ fh]h j_abklZ kf LZJ[e

8 AN kv dZd WAurj gv h jbkmgd_ k | _fguf lhghf dh”bjm_fh]lh we

ijZ\beh wlh Ihiheh]by ZdIb\qud\hjgeZ]kl kehy Zexfbgb_\hc f_lZe

< kemqgZ_ jbkmgdZ kh k\ _leuf Ilhghf dh”bjm_fh]h we f _glZ dhg

hi\_jklby f ~gZy f |IZeebaZpby kbImZpby ijyfh ijhlb\hiheh gz
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fo3a, otH.en. Rosa, oTH.eq. [oza,oTH.eq.

AN 32 E \\\\._a-' --..’/’ 32 \ /
\ / opt \ / 10%E 4y
29 29
Bl = OHm Ol = -4Hm Bl = -8Hm
28 26 286
DOF
\lecbokycupoBka, MKM [edokycuposka, MKA Nedokycuposka
) . 23
08 04 0 04 08 : 3-043 04 0 04 08 0,8 04 ) 0,4
[o3a, oTH.ef.

4,0

Oh = 2MKkm
. [osa, oTH.eq. . 5h
| E oot 'y
mp - NG
DOF
E, \A7
N Y/ 10%E,,,
| [osa, oTH.eq.
* Ol =2HMm
ol - )
opt
8%E
- DOF | Redhokycupoesa, » Z 0L opt
— |8l =-2Hm DOF
-08 0,4 0 0,4 08
[
Jb 7.

Jki_s gb_ h[eZklb m~h\e_I\hjbl_evghc ijhi_qzZldb k h~*
km™ _gb_f ih hkb “hau \ aZ\bkbfhklbfZhkrNZébgZgeh/gZ \ij!
mf_gvr_gbb jZzaf_jZ i _jbh”"bg_kdhc dhgljhevghc kljmdl
gf b rbjbghc | _fghc ebgblb ghfg§Zej [m_ fuc
eblh]jZnbq_kdhc DggJ dhwnnbpb_gl fZkrlZ[bjh\Zgby

[ jZkoh ~_gb_ h[eZWl\ec I\hjbl_evghc ijhi_qgqzZldb h[m
g_iehkdhklghklvx ih*eh"db NR b dhg_qghc,ochhghjdbgh
DEJ gZ NR ey i_jbh”bgq_kdbo dhgljhevguo kIjmdImj k
b rbjbghc | _fghc ebgbbl=ghfbgfZeL) [m_fuc eblh]jZnbqg._
DEJt gf * 0
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G_iehkdhklghklv/hNiRb\h~bl d jZkoh ~ _gbx hfe.
m~h\e _I\hjbl_evghc ijhi_qgZldb ih hkbJbk2Zihdmdkbijhidb
ke "~klI\b_ mf_gvr_gbx rbjbgu hdgZ ijhp_kkZ

>ey khklz\e _gby hp_ghqgghc nhlhrZ[ehgghc ki_p
lj _ [h\Zgbc d g_iehkdhklghklb ih"eh db NR b “himkd:
ebg cguc jzZaf_ j gZueNR ijh\_~ gZ Kghdhnzdlhjguo
\ugbkebl _evguo wdki_jbf _glh\ j _Zebamxsbo
nhjfbjh\Zgbyhj _abklb\ghc fZkdb h”bghgguo b ]jmiih\u
kljmdImj 7~ey g_dhlhjh]lh ~bZiZzahgZ \_ebqgbg "tkau
ZgZebahf rbjgifZjghl]h hdgzZ ijhp_kkZ ijb \Zjvbjm _ft
MTT,0 Ab/h 1h ijbgbg_Ih]Jh qglh kl_i _gv \ebyd&ApSk+b[hd
rZ[ehgh\ gZ dZq_kl\h eblh]jZnbg_kdh]h ijhp_kkm@gadZq
ijhba\h~bkeky evgh

1Zjzf_lju fhr_ebjh\Zgby iji\Z[lepgu \

Dhjj_dlguc ih~[hj izjzf_ljh\ hk\_Ibl_ey b nhlhj_ak
yley |ky kZfhklhyl _evghc az*Zq_c¢c f_|Ih”u j_r_gby dh
ij_~“u”“msbo jZa™_eZo "Zgghc ]JeZlOu5b] k jZ{Zglgdhd kemq.
jZkkfZljb\Zebkv bahebjh\Zggu_ b ]jmiih\u_ ebghb h’
Khhi\_lkl\mxsb_ Ij_[h\Zgpgbdllghkbl _evgh |_ogheh]bqg
ijhp_kkzZ ijh_dlguo ghjf gf ihwlhfm J[ue \u[jZg |
®@ipole2 hilbfbabjh\Zgguc iih® ebgbb jzZkkfzZljb\zZ_fh]
Bkihevah\Zz&ikegh_2 fh"_ebjhhdhh\Zgby NJIJK:IJ
@&-Lithoa 1zZjzf_lju j_abglh[oh~bfigb fh”_ebjh\Zgbb azZk\.
| _jfhh[jZ[hlhd b ijhy\e_gby ijbeh _gbh

<ITRS[79] ij_~itheZ]Z Iky qgqlh h[mkeh\e _gguc nhlhrZ
\ "himkd gZ eblh]jZznbg_kdbc DEJ khklzZ\ey_ | hdheh

bkihew\&ehk&hims_gb_ glh \deZ”u nhlhrzZ[Zdlg\hd b
wdkihgbjh\Zgby b h[jZ[hldb jZ\gu ihwlhfm fhéhleWwjh\z
ij_"~iheh _gbb *“ "~himkdZ gZ eblh]jZnbq_kdbc DEJ
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LZ[eb}0ZIZjZf lju \ugbkebl _evguo wdki_jbf_glh\ ih hij_~ e _gbx Ij [h\Zgbc d ~h
g _iehkdjtkdlv NR djblbgq_kdbo eblh]jZnbgq_kdbo keh \ | _ogheh]bb ijh_dlguo ghj

. . Ijh_dpbhg{ Lj [h\Zgby
L _klh\u_ jbkmaga Nhlhj abklb\guc kIl _ Kbkl fZ mi fZkd
=J'nriih\u_ ebgbbl Fz| jbZ Lhesbd n k
dense
- Nhlhj a gf | 1,75|0,005 gf
P NA = 0,88
e o % kl\\/I :Lll;b |
HAbgh u ebghb H e
r Iisgo qgu_ ebgh BARC gf |1,82| 0,34 =0'-¢ by gp
DOF - gf
'_S_:_H:S-Li I I EL=7%
liso=2809gfw=80gf l\g_rZO,&S;
= = . ) = 0,75;
$=34091s=38091 Dj fgb{ - 0.88| 2,78 Lg_m'T ;

>ey | _fguo we f_ gl
dhwn ijhimkeDd®6y

m]he k™"\b]Z nZau 3
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GZ JBB. bah[jZ _gh kmffZjgh _ hdgh ijhp_
JZkkfZljb\Z fuo h"bghqgguo b ]Jimiih\uo kljmdIm
m~h\e _I\hjyxsZy ijb\_~ dd&yep\10 mkeh\byf h[eZklv
ijhkljzgklI\_ \Zjvbjm_fuo MUZddhji\o h dhlhjzZy \ i_j\h?
ijb[eb” _gbb hibku\zZ _ IkklthfjZz\ g

3V MTT, &

3y MTT, & ’
1™ _MTTy olb /hy xfZdkbfZevgu_  agZgq_gby dZ ~h]h ba
nZdlhjh\ ijb jZ\guo gmex hklZevguo

>ey ijb[eb " _gghc hp_gdb ~himkdh\Z gMRIDEJ
g _iehkdhklghklv “hklZlhggh hij_~ eblv Ijb mdZaZgguc
gZb[he__ ih"oh”ysmx lhgdm \ h[eZklb "MTmk|b¥otb. agZ

Hp _gdZ j_amevlZlh\ ijh\_~ gguo \ugbkebl_evgu
ihdZau\zZ_MTddh § gfo 8859f /hy 8 gf LZdbf h[jZahf
| ogheh]bb ijh_dlguo ghjf gf ijb_fe_ fufb agZq_gby
DEJ b g_iehkdhklghklv NR fh]MTTlk|bIldgflvkg 2,7 gf

(2.9)

h "250 gf glh ~_fhgkljbjm_I g_dhlhjh_ koh”kl\h
ij_~klZ\e ggufRS2007[79] (kf LZ[e Klhev gbadh_ ageZqg_ ¢
h[mkeh\e_gh |_f glh \ khklz\_ | _klh\uo jbkmgdh

h"bghgqgu_ ebgbb

24 Lj_ [h\Zgby d nZah\hfm kehx NR

ljb\_~_ gguTRS |j_[h\Zgby d izZjzf_1jZf nZahk”\b]Zx:
EAPSM rZ[ehghbhZ[# f _gyxlky \ azZ\bkbfhklb hl ijh_dlg
| ogheh]bb hq_gv g_agZgbl_ef{dh 92l<ihjZjmliglo bamq _
f oZgbaf \ebygby ih]j_rghkl_c nZau ilphdr wehad@kBMg | Z
rZ[ehgh\ gz dzq_klI\h eblh]jZnbg_kdh]h ijhp_kkzZ H
\hajzklzZzgbb gbkeh\hc Zi_jlmju \ebygb_ nZah\hc hrb]
ij_"ezZlZxlky |lj_[h\Zgby d nZah\uf kehyf “ey NR ijh_d

gf b gf agZqbl_evglghkeBd[kejZ\g_gbx k |jITRSZgby
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LZ[ebXZ Lj [h\Zgby ,756 d nZah\hfmrEXpehxgbt3360

>himkd gZ d : :

lih_digu| ijhimkdzgby . >himkd gz dh >himkd gz hred vy g ramdn

. ijhimkdZgbl, % k"\b]Z nZauy
ghjfu gf| (MTT p_e_\ 0o e \h]h agZd MTT  f k"\b]Z nzZalu f

agZq_gby - =

180-130 5 4 4

90 5 4 3

65 4 4 3

4528 4 3 3 3

LZ[eb@®Z Lbih\Zy hp_ghqggZy ki_pbnbdZpby gZ NR djblbg_kdbo eblh]jZnbg_kdb
ijh_dlguo ghijf gf khklZ\e_ggZy k bkihevah\ZghZKlhjy s*kd Zj\e[ hg g kF]Hh\"*Z
kjZ\g_gbb k "ZIGRG2007[79]

Lhqghk >himkd gZ DE Li [h\Zgby d nZah\hEAPSM'h x
iZKiheh' Jg‘g‘ff | G ieh ngar]:-i_rJn M]he | Dhwn| >himkd g>;'é“hkm >hg'zm‘
9by | ijmd| FLL| 31 [dPKIOhE i gnyn KM\RIZiGhimke  dhwn ey e
Wg_f_gl Imiju of of ih~eh (¢ , n diz nZau gby_ ijhimkd dZgby kA\b]
lhiheh]k DEJ NR gf NR™ of ghfbgzZ ghfbgZ2gbyMTT), 37 % n7au
NRogfl gy f % ght ght |(MTT
1Zkq 9 5 2,7 250 50
260 180 0,6 4 4 3
ITRS ’
2007 7,8 5,2 2,6(so0) 250 52

9>ey ghjfbjh\Zgby iZjZZahbti]h kehy \ gZklhys_c jZpblk v bjk idiefv agifeZp2007
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L f g_ f_gijb khklZ\e_gbb ki_pbnbEARSHMbD rfH[£2hgu
j_dhf_g"m_ilkevah\ZIv || [iIRSgby*Zevg_cr_f hgb fh]lml
hkeZ[e_gu \ ijhp_kk_kh]eZkh\ZgbiyhlkiaypbYbdd& pb N R

243. Lbih\Zy hp_ghqggZy ki_pbnbdZpby gZ NR djblbq_
eblh]jZnbgq_kdbo keh_\ "ey | _ogheh]bb ijh_dlguo gh
< LZ[e€ k\_"~ _gu hkgh\gu_ iZjzZf_lju ki_pbnbdZp
djblbg_kdbo eblh]jZznbg_kdbo keh_\ ijh_dlguo ghkf
bkihevah\Zigbh"klzZ\e _ggh]h f _|h"Z
Ke “m_| hif_Ibhkv*Zdbhc jZ[hl_ g_ mjybdlwn\Zaeklky h\
\hh[s_ ]h\hjy hdZaulZxsbo g _dhlhjh_ \ebygb
eblh]jZznbg_kdh]h ijhp_kkZ GZijbf_j a”_kv g_ jZkkfz
eblh]jZznbgq_kdb_ “~himkdb g_h”ghjh”rghklb Ihesbgu
i_eebdez [ebdh\ gZ ]jZgyo NR Zhgjghptchlijfhd dp\lk
hrb[hd p_gljbjh\Zgby hk\_Ibl_ey g_jzZ\ghf_jghklb
bgl gkb\ghklb b | ~ L f g f g _ ij_"eh _gguc
ijhba\_klb \iheg_ zZ~ _d\Zlgmx ij_"™\Zjbl _evgmx hp_
nhlhrZ[ehgghc ki_pbnbdZpbb gZ hkgklguaomdajZph\Z ghoa\
eblh]ljZznbg_kdbf ijhp_kkzf
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<u\h?u ih =eZ\ _

1. >ey jZkg_lz izjzf_ljh\ ijh_dpbhgghc kbkl_
ASML PAS5500/115@ lj_[m_fuo ijb eblh]jZznbb aZzZl\hjgu
ijh_dlguo ghjf gf Z 1zd" _ izZzjzf SRAF kderhdilimfeh” gh
bkihvvah\Zgb_mijhs _gghc fh®_eb eblh]jZnbq_kdh]h ijh
gZ ZgZeba_ \ha”“mrgh]lh bah[jZz _gby hkgh\guo Ibih\
bkihevam_fuo \ aZl\hjguo kehyo mdZaZgguo ijh
dZeb[jmxs_cky gZ wdki_jbf_glZevgh mklZgh\e _gg
hljz[la\Z _fuc ihemi_jbh” jbkmgdZg\ jydbkdmx!| kljmdImj]

2. GZ hkgh\_ ij_"eh  _gghc fh” _eb ké&h\lncg_ bhf
hkh[ _gghkl _c ijhd_kkBdjhg jzZkkqgblzZzgu izjzf _Ilju hil
kbkl_fu kdZzZASMEZPAS5500/115@ (NA =0,75; 1,=0,60, %.=0,85,
=  f hilbfZevgu_ ijb eblh]jZznbb azZl\hjgh]h ket
ijh_dlguo ghijf gf

3. K bkihevah\zgb_f ij_~eh _gghi¢_"fE{blelevgh
hij_~_e_gu iZjZf _lju g_ijhi_qZlu\zZz_fuo \kihf
lhiheh]bqg_kdbo ISRAFdANfEZKkrIZ[_ ieZklbgu

X w=28gf Zkiheh _gb_ \ p_gljZzo ijhf_"mldh\

hkgh\gufb ebgdiefifbi _jbh”h\ ebgbgfMh gf
xw=36gfs=180gfx*ey i_jbh”h\ ebgbgfhd [he

| jbf g _gmdZazZgguo \kihfh]Zl _evgiyb kl]mfdewvjguo
gZkljhcddibq_kdhc kbkl_fu kdZg_jXxhifreadkegly Bkihevam
fhr _eBhklbqgv ]Jem[bgu nhdmkZ ijh_dpbhgghc nhlheblf
gf "egZl\hjgh]h kethkdexq _gb_f \hafh ghklb ijhi_qgqZldb
SRAF.

4. |Thkj_~"kI\lfiheghlth® ebjh\Zgby ijhp_kkZ ijh_dy
nhlheblh]jZnbb ijh\_* dd&gZ@&bmkdgX iZjZf_ INR \
eblh]jZnbq_kdmix rghklv glh iha\lhrelk&hbllvp_ghqggmx
ki_pbnbdZpbx gZ NR aZl\hjgh]h kehy I _ogheh]bb ijh_c
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=eZ\ZJ:AJ:;HLD:IJHP?>MJ J:KKL:GH<SBAF B
D:EB;JH<D: DHFI:DLGUO FH>?E?C NHJFBJH<:GBY
DHGLMJ: NHLHJ?ABKLB<GHC F:KDB

< khklz\_ jzZ[hl ih kBRCZgbgby ”~ey djblbqg_kdbo
| ogheh]bb ijh_dlguo glZjdjzZ[lgfdiz ijhp_"mj jZSRA~ZIgh\d|
dZeb[jh\dZ dhfiZzdlguo fh”_e ¢ nhjfbjh\Zgby dhglmj.
\aZbfhk\yaZggufb whEgh\ggufb gZ wdki_jbf_glZo ih
ki_pbZevguo |_klh\uo kljmdImj \ mkeh\byo j Zevgh]
ijhp_kkZ GZ hkgh\_jdbhfmmevdikjim\h*"bfuokwdbf glb\
baf_j gibbgbfzZxlky j_r_gby h ijb]h~ghklb | _o beb bguo
g _ijhi_qZlu\Z _fuo \kihfh]zZl _evgud kdjdndInyjZzkljZb\Zx
dhfiZzdlgu_ fh”~ _eb nhjfbjh\Zgby dhglmjZz NJF ij_*"g
bkihevah\Zgby \ ijhp_kk_dhjj\dpblbgwkeahadlfebahklLk
iheghjZaf_jghc Ilhiheh]bb ba”_eby

< gZklhydeZ\hibku\zZz_Iky jZajzZ[hldZ ijhp_"mju |z
SRAF bdzZeb[jh\dZ hibmd_ kdlhj_ abklb\ghfizdiguo fh”_e
] _Zebah\Zgguo Metor&GraphicsCalibre \ ijbf g gb&®Zd\hjguf
kehyK;BK ijh_dlguo ghjf gf

3.1.JZajzZ[hldZeb[jh\hggtHihhrZ[ehgZba]lhlh\e_gb_ |I_klh\
KljmdImj
< dZq_kldZeb[jh\hggup _d 7*e¥kljhcdizjzf _Ijh\

hilbg_kdbo fh”_dZebpjh\dbhfiZzdlguo fh”_e_c¢ nhjfbjh\
dhglmjz NBEFihevamxlky fZljbpu khejviztsdbhebq kl\h
lhiheh]bg _kdbo hbjlangxsbo hZ[ggagdhgnb]mjZpkhmgdZ
\klj_qZxsb_ky \ j Zevghf;hewvarmexg qZklv wlh]l]h gZ[hjZ
khklz\eyxl 1Zd gZaulzjzZifu ljb@ kdb_ | _klh\u_2 il jg
bf xsb_ ko _fhl _ogbqg_kdhc nmgdpbb ghfbihphhz&lywx s
nmgdpbhgZevgu_ we_f.dlbf*rpaXklglZcr _c¢c | _klh\hc yq
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Ij_~klZ\e_g Jbk [ Kh\j_f _ggu_ K:IJ bf_xI \hafh ¢
] g _jZpbb IZdbo dfiZdjlkp ihfhsvx \gmlj_ggbo kp_gZjb_\
hkgh\_ kdjbilh\h]h hibkZgby ih”]Jhlh\e_ggh]h jZajZ[hl
< p_eyo gZkljhcdb b dzZeb[jh\db hilbg_kdhc b
fhr e ¢ g_h[oh”"bfuo "“ey jZkqg_1Z Ihiheh]dgl\kddl]Hd!
kehyZ 1Zd _ "~ey mlhqg_gby ijZ\be jZkKkIFRAFRNdDekljmn
jZajZ[hlZgeb[jh\hgN Rc®ITHO90-652 \dexqgZxsbk\hc khklz\
jy® lhiheh]bq_ kfdhb'ane _t qZklghkib” nbe @ENSE LINES 2
@ULLBACKS 2 (Jbk1l), \Zeb"Zpbhgguc f@Lroigy (Jbk2) b
fh"me 6RAF TEST2 (Jbk3) ij_"gZagZq _gguh\*edbjZ\be
JZKklZgBRM-gZ h*bghgguo b i_jbh”bg_kdbo we f _glZo
Lhiheh]by fh®®&NSELINES? (Jbk1lZ ij_"klZ\ey | kh[h

fZljbpmkh”~ _j"Zsmx hdheh I _jb@ifchq bk hlatnebjh\Zggu
(@03 ebg _cqZluo kljmdIimj RbjbgZ h”bghgguo ebghb:
"bZiZahg_ - gf k rZl]hf gf Hkgh\gZy fZkkZ baf_jk

fhrmey ij_"klzZ\ey_ | kh[hc gZ[hju i_jbh"bg_kdbo ebgt
gf k rzZ]hf gf |_gebhgbdczZjvbjm_Iky k rZ]lhf bZgzah¢_
gf "ey ebgbc rbjbghag™hdexgbl_evgh >ey hkl:
kKljmdImj i_jbh” \Zjvbjm _Iky |x1®blDiZgtigk rZ]hf (I gf
rbjbgZz ebgbBaf_jbl _evgu_ klijmdIimju Ilgh j\RIEdkdizyfb ~e
[md\_gguo h[hagZg_gbc klhe[pdfb beyZjddZgbjmxs.
we_dljhggh]h fbdjAkdhifh*melkhklZ\ey I fdf <k _
jZaf_ju ijb\_~_gu \ fzZkrlzZ[_ iEZkhedg®ENSE LINES?
ijbkmlkI\m_1 \ khklZITHOBR 2\ ijyfhf b bg\_jlbjh\Zgg
\ZjbZglZo
Lhiheh]by fh@®eyBACKS?2 (Jbk1[ ij_"klz\ey | KkhTl
fZljbpmkh” j"Zs28k kljmdImj I®\klj qgu_ ebgbb k az
(@neend® @enselineendd RbjbgZ ebgbc \Zjvbjm |ky \ *"bZiZ
gf k rZlhf HH~ "mev kh”ijjbh”~bqg_ldd_ jbl _evgu_ kljmd

(denselineend k khhighr_gbyfb ©rbjbgZ aZahj \klj_dRuc aZ
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JbKB1. NR@THO9 2 dZeb[jh\hgqgu_Ihiheh]bg_kdb_ fh~

ij_~"gZagZqg_ggu_ “ey gZkljhcdb b dZeb[jh\db hilbg_kd
fhr e ¢

Z fh”meENSE_LINES?

D fh”meRULLBACKS 2
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1:1:2 b ih ri dzZ ~h]lh \b~rzZ Z 1Zd _ (lineemg bl h\Z
khhighr_gbyfb ©rbjbgZ &Adphgguc b i h ri

Baf_jbl_evgu_ kKljmdImju g k_NaxdkyZfb Ney
kdZgbjmxs_]Jh we _dljhggh]lh §&ZajfhkfdhtideykhklZ\ey |

T fdf <k_ jzaf_ju ijb\_~ gu \ fZkrlZ[_Fhetdrkdlig!

@ULLBACKS 2 ijbkmlkI\m _|I \ khklIZ&ITHOR 2 \ ijyfhf b
bg\ _jlbjh\Zgghf \ZjbZglZo

Fh me@8RAF TEST?2 (Jbk2) ij "~klzZz\e g \ \b"r_ fZljbpl
h"bghgguo b i_jbh”"bg_kdbo lebldh\o#aZlmdlImj Rbjbg.
hkgh\guo ebgbc \k_o klIjmdImj khklzZ\ey | gf 1 _jbh~
\ "bZiza&Kg58 gfk rz]wf gf\ dZ ¢hlfhd_i_ jmh"f _gy.Ilky
H bghqgu_ lidjonld i jbhA"bg_kdb_ kljmdIimju k i_jbh”
kh~ j°zZ1 we fSRAB k dZ ~hc klhjhgu hkgh\ghc kkljm
rbjbgzfb \zZjvbjm_fufb \ *bzZiZzahg_ - OfzZkkinhgb df
"h hkgh\ghc kljmdImju \Zjvbjm_fubo\220bgfiZkahrg]hf
40 gf HklZevgu_ i_jbh~bq_kdb_ kljmdinkjuj Ky j dZ ~h
ijhf_"mldE h~rghWwra_f_&SRAFk rbjbghc \ZjvbjmbfhiZdhg _

gf k rz]lhf . Jdaf fh*meyhklzZ\ey 193 fdf L _klh\u_
kljmimju g_j_"mxlky kh \klZ\dZfb "ey [md\_gguo h[hag
lzd fzZjd_jzftey kdZgbjmxs_]h we_dljhgghkk fbj&jakdhi.

ijb\_~ gu \ fZkrlZ[_ ieZKdAgguc fh mev 1ij_"gZagZq
mlhqg_gby ijZAbllZzgh\db 65%$) dzZd "ey bah2djhbzZg
i_jbh~rbg_kdbo klpmidfimijh]lh fh” mev fh  _| [ulv bkihev.

dZeb[jh\d_ hilbg_kdhc b nhlhj_abklb\ghc fh™_e_c
FhAmeSLATS2(Jbk3) ij _~klzyel kh[hc fZljbpm ~\mf_
\Zeb”"ZpbhgbuwmadImj Ibiz CaZg@Bfj\RbjbgZ rbydjvbjm_Ilky
\ "bzZizahd_ gf k rZ]hf gf RbjbgZ aZahjZ \Zjvbjm _1k
|- I+ gfk rZ]hf gf <k_]lh fh mev kh”_j bl JZafkjfjm
fh*mekhklZ\ey 11 fdf L _klh\u_ dkhjon g_j_ "mxlky |

\klzZ\dZfb ey [md\_gguoch[hagZq_gb
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JbB3. NR @THO90- 2 Ihiheh]bqg_kdbc&lUOT®% v
Ij_"gZagZq "egZeb”rZpbb nhlhj_abklb\ghc fh*_eb
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klhe[ph\ Z Izd _ fZyey jKdZzgbjmxs_]h we_dljhggh]h f
<k_jzZaf_ju ijb\_~ gu \ fZkrlZ[_ ieZklbgu

K bkihevah\ZghwRf @ITHO90- 2 \uiheggh]h ih
khklZz\e gghc \ jZfdZo gZklhys c KkiZ[pbabdiZdbhbkb
ijhba\_"~_gu ijhi_gzdlbg ASML PAS5500/115€ k gZkljhcdZzZfb
hij_~_e_gguwb_  Kkf i Hilbg_kdb_ iZjzZf _lju nhlhj_
kl_dz ijb\_" \guLZ[ebB  Wdkihabpbb ijhba\ly?ebl
ij_™\Zjbl_evgh ih"h[j@pgbtjZevghltd hilbfZevghey
ijhjZz[hldb @ytiha |lhiheh]bgq_kdh]lh we>f iZZ 1Zd _ k
\ZjbZpbthau \ *"bZiZahdg rz]b¥ highkbl_evgh Op JljZe\
agZq_obyY _nhdmkbjh\db \ "bzZiz&hgzZz]Kf Jdfghkbl_evgh
ij_™"\Zjbl _evgh gZkljh_ggh]Bafogngdw® ebg cguo jZa
| _klh\uo kljmdImj ijhba\GDISEM kdtitarhi CS a

LZ[eb@ZHilbgq kdb_iZjZf lju nhlhj abk(igbgh]h kjf dZ

Dhwn ij ehf@| Dhwn ih]Jeh& | LhesbgiZg
Nhlhj al 1,698 0,023 185 g f
BARC 1,82 0,34 75 gf
lh~"eh dZ1,6 3,97 -

3.2.1jh\_jda dhjj_dpjbyhf _g~Zpbc d iZjZSRAFZh
j _amevIZI1Zf ijhi_qgZldb |_kIh\IE|®58)/BTé§72

GZ wlzi_ i_j\hgZgqzZevgh]h ih”[hjZ hilbfZevgu
g _ijhi_qgqZlu\Zz _fuo \kihfh]zZl_ev&RAFkijmddikihevah\Zebk
ijb[eb” _ggu_ fh”_eb nhjfbjh\Zgbhlhjhaglkjib\ghc ihZzkdb
ihklhygghfm ihjhlm \ha”mrgh]h bah[jZ _gby J_ame
lZdbf f_Ih~hf 1j_[mx| wdki_jbf_glZevghc ijh\_jdb b ijl
NZevg_cr_c dhjj_dpbb
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< ijhp_kk_ ijh\_jdb bbjdRAlpj jddhf_g~Zpbc d iZjzZf_
SRAF bk& "“h\Zebkv kljmdI m@RARTESE¢(Jbk2 ihemqg_ggu.
ijb ijhi_gqZldZo®NHRRO90- 2 hibkZgguo \ur ..

GZJbk4-36 ijb\_* gu j_amevlZlu ijh\_~ gguo wdki
\b”_ ijhp_kkguoSRAFhY dhhj*bgZlZo ©~"_nhdmakd? hrdy
g_dhlhjuo kljmdIm SRAFMEST?2

KbimZzZpbiyb dhilhjhikcljmdIm$RAF hklzZ\ey | ke "u i

ijhi_qgzIld_ \ j_abkl_  beb ijhi_ihelghRIMkkqgblZ Iky
g_m~h\e _I\hjbl_evguf j_dmled4ZZlhiffb g_agZgbl _evguo
SRAF \ j _abkl_j_amevlzl fh | kgblzZlvky ijb_fe fuf |
ij_~iheh bl _eyggthevrh]h \ebygby gZ ~Zevg_crbc ijhp_
ihebdj_ f@by

DZd m _ mdZaulZehkv jZg__ \k_ klIjmdImju \ b

ij_~klZ\eykh[hc ebgbb bahebjh\Zggu_ beb i_jbh”bqg_
80 gf ljb ZgZeba_ wdki_jbf _glZevguo |j_ameviZlh\
hi~ _evgh ebgbb k i_jb20"pff b h~rgbf we_ SBRAFhf p_glj_
aZahjlbk4] ebgbb k i_jbh~hf gf b h*"gBbRANeg ZA gl
dZ "mx klhjhgm hkgh\ghc Jolk@mdInZjulZzd _ bahebjh\Z
ebgl{bbké).
ljb ih~[hj_ hilbfZzevguo iZ$RAFIghh[oh”"bfh mqgblu\:
jy® ijhlb\hj_gZsbo ~jm] ~jm]m |j_[h\Zgbc gZoh”y f_ "7
dhfijhfbkk LZd gZijbf_j m\_ebq_gb_ BRMrgb\kkjZzndImj
_\dez™ \ jZkrbj_gb_ ijhp_kkgh]lh hdgzZ [BXghh¢bZ dklj
ijb\h~bl d km™ _gbx ijhp_kkgh]h hdgZSREFhm fk |gmmda mljkuy
"bZiZahg agZq_gbc “hau b ~_nhdmkdjk\dbd SRAE djh |
ijhjZz[Zlu\Zxlky \ j _abkl_~ lThoh Zy kbImZpby \hagbdZ _

YKe ~m_I| hif_Iblv glh gz ~"Zgghc klZ"bb bkke ~h\Zgby wdki_jt
ihebdj fgby g_ ijh\h/kecibhvthjZ abiglh\kl _ZgZghlbtkayZz ©]heu 2
dj _fgb_\u_ ff ieZklbgu
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e v

1 h
3 f
: 3
. s
. 3

!
w =249 fp=3409 f w =329 fp=340g f w =409 fp=340g f
+10%
+5%
AE HOM. . HOM.
-5% - 5%
= -150 |-100 | -50 0 M : -150 1-100 | -50 A ? \ ] -150 1-100 | -50 s (O ) 50 | 100 | 150
AF (Hm) Flrm F (1w
w=249gfp=400g f w=329gfp=400g f w =409 fp=400g f
+10%

+5%

AE Hom.
-5%
<150 1-100 1 -50 | © 50 1100 | 150 50 1100 | 150 - - - 0 50 | 100 | 150

AF (Hm) AF (Hm) AF (Hm)

w=249gfp=4609 f w=329gfp=460¢ f w =409 fp=460g f
+10% +10%
+5% +5%
AE Hom. AE HOM.
5% -5%
-10% -10%
-150 1-100 | -50 o 50 | 100 | 150 -150 1-100 | -50 0 50 | 100 | 150 -150 1-100 | -50 0 50 | 100 | 150
AF (Hm) AF (Hm) AF (Hm)
w =249 fp=5209 f w=32¢g fp=5209 f w=40g fp=5209g f
+10% +10% +10% | |
+5% +5% +5%
AE Hom. AE Hom. AE Hom.
-5% -5% -5%
-150 1-100 | -50 o} 50 1100 | 150 -150 1-100 | -50 o 50 | 100 | 150 -150 1-100 | -50 0 50 | 100 | 150
AF (Hm) AF (Hm) AF (Hm)

D

JbKBA4. J_ameviZlu wdkiihbiffhgl4d _j\hgZgZevguo
j_dhf_g~"Zpbc d iZBRAFIjEKkgh\gZy kljmidljhz2rbqg_kdb _
ebgbb k rbjbghc gf b i_jbh~hf SRAF\ mfglj_ azZahjZ
| g OIiSRAFY:
Zhkgh\gZy kljmedlpbjiz "bqg_ledblgbb k rbjbghc gf b i_jbh

gf SRAFw=40gf \ p_glj_ aZahjZz g_m~h\e I\hjbl _evg
j_amevylEZ3-5% ghf F8100gf ijb_fe fuc j_anmEvwbhighf
UF=-100gf m”™h\e _I\hjbl_evguc (E=a%feyhZ IiF=0q 1);
D wdki_jbf_glZevgh hij_~_ e _ggu_ i9RAF kkgu_ hdgZz
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w=249gfs=100 gf pHb80gf w=32gfs=100gfp=H80gf w=40gfs=100 gf p=>H8gf

+10% +10%
+5% +5%
AE Hom. AE Hom. AE Hom.
-5% -5% K
-150 1-100 | -50 0 50 | 100 | 150 -150 1-100 | -50 0 50 | 100 | 150 N 0
AF (Hm) AF (Hm) AF (Hm)
w=249gfs=140 gf pH80gf w=32gfs=140 gf p=H580gf w=409gfs=140 gf p=H8gf
+10% +10% +10%
+5% +5% +5%
AE HOM. AE Hom. AE Hom.
-5% -5% -5%
“10% A -10% A -10%
-150 1-100 | -50 0 50 | 100 | 150 -150 1-100 | -50 0 50 | 100 | 150 -150 I-100 | -50 0 50 1100 | 150
AF (Hm) AF (Hm) AF (Hm)

w=249gfs=1809gfpH80gf w=32gfs=180¢gfp=H80gf w=40gfs=180gf p=>H80gf

AE Hom.

0
AF (Hm)

50 1100 | 150

0

0
AF (Hm) AF (Hm)

w=249gfs=220gf p5H80gf

AE Hom.

0
AF (Hm)

JbIB5. J ameviZlu wdkiihbiffhdl4d j\hgZgZevguo
j_dhf_g~"Zpbc d iZBRAF(jlZKgh\gZy kljmdlpbjlz*bq_kdb _
ebgbb k rbjbghc gf b580 jdofh NNiMBRAF kdZ ~hc klhjhgu
ebgbb hkgh\ghc Rijwndkdimjbf _glZevgh hij_"*_ e _ggu_ ijhr

h d GSRAF
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w=249gfs=100 gfiso w=32¢gfs=100gfiso w=40gfs=100 gfiso

+10%
+5%
AE HoM. AE
-5% 59
-150 |1-100 | -50 0 50 1100 | 150 - 0 - 0
AF (Hm) AF (Hm) AF (Hm)
w=249gfs=140 g fiso w=32¢gfs=140 gfiso w=40gfs=140 gfiso
+10% +10%
+5% +5%
AE HOM. AE HOM. AE
-5% -5% -5%
-150 |-100 | -50 0 50 1100 | 150 -150 |-100 | -50 0 50 1100 | 150 - 0 50 1100 I 150
AF (Hm) AF (Hm) AF (HMm)
w=249gfs=180gfiso w=32gfs=180gfiso w=40gfs=180gfiso
+10% +10% +10%
+5% +5% +5%
AE Hom. AE Hom. AE Hom.
5% 5% A 5% !
-10% -10% -10%
150 1-1001 50 | o | so | 100 | 150 150 1-200 | -50 | o | so0 | 100 | 150 -150 11001 -s0 | o | 50 1100 | 150
AF (Hm) AF (Hm) AF (Hm)
w=24¢gfs=220¢gfiso w=32¢gfs=220gfiso w=40gfs=220¢gfiso
+10% +10% +10%
+5% +5% +5%
AE HoM. AE HOM. AE Hom.
-5% -5% -5%
-150 |-100 | -50 0 50 1100 | 150 -150 1-100 | -50 0 50 1100 | 150 -150 1-100 | -50 0 50 1100 | 150
AF (Hm) AF (Hm) AF (Hm)

JbIB6.J _ameviZlu wdkiihbiffhdl4d j\hgZgZevguo
j_dhf_g~Zpbc d iZBRRAF(lZKgh\gZy kijmbObhebjh\Zggu _
ebgbb rbjbghc $SRAFK dZ ~"hc klhjhgu ebgbb hkgh\gh
kljmdImjwdki_jbf _glZevgh hij _~ e ggu_ iGRAF kkgu_ hd
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jZkklhygbc hl klj8RARM}h hkgh\lghc kljmdIimju beb jZ
f ""m khk_~gbfb kIl SRAR]pDKS).

'gZeba wdki_jbf_glZevguo j_amevlIZIlh\ ijhi_qZldb
@GRAF TEST2 ihal\hebe kdhjj_dlbjh\Zlv b ~hihegblv knhjf
jZg__ lj_[h\Zgby d izjgfijhgfgZlu\Z_fuo \kihfh]ZIl e
Ilhiheh]bg_kdbo kljmdienj*"éx&)bf h[jZzahf
x w=24¢9gf jzZkiheh  _gb_ \ p_gljZo ijhf_"mldh\ f_ "~n

ebgbythey i _jbh*"Z ebgbgfMh0 gf
x w=32gf jzZkiheh  _gb_ \ p_gljZo ijhf_"mldh\ f_ "~n

ebgbyfbrey i _jbh*"Z ebgbgfMh gf
X w=249gfs=120 gfxt*ey i_jbh”~h\ ebf§bgfhh gf
X w=32¢gfs=140gf+t*eyZkklhygbc f_""m hkgh\gufb kljn

h 1540 ~ 1620 g f
Xx w=369gfs=180gf+t*ey jZkklhygbc f_""m KkphidmiEZfb

hi gf b [he_ Z IZd _ ~ey djZ_\uo kljmdImj
X jZkklhygb _ f_"~m w$8RAF dlhifkgh\ghc kljmddmljhad _

f ""m khk_~gbfb weSRAgHZfb*he gh [ulv f_gf \

gZklghklb ihke_ ijh\_~_ gPQhp_"mju
X fZdkbfZevgZy riwdgfZglZ hkgh\lghc Ihiheh]bb e

klZ\blky 65%) gf

<k_ jzZaf_ju \ i ijb\_"~ gu \ fZkrlZ[_ ieZklbgu

Y\ey |Iky p_e_khh[jZzaguf ih\lhjgh_ ijh\_~_gb_
wdki_jbf_glZ gZ wiblZzdkbZevguo kljmdImjZo bfblbjm>
(ihebdj _fgpZ baheylhy "Zevg _crbf bkke ~h\Zgb f h[jZ
ijhp_kkZ IjZ\e _gby ihebdj _fgby

KIjmdImju | _klh\h]h fBRAFENEST? ithdZau\lZxsb _
m~h\e _I\hjbl_evgu_ j_amewwdZAlb\Zz_fuo ~bZiZahgZo
A nhdmkbjh\db j_dhf_g"m_Iky mq_klv ijb dZeb[jh\d
nhlhj _abklb\ghc VR _eb
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33. GZkljlW&Z hilbg_kdhc b nhlhj_dhRlbghc

331. GZkljhcdZ hilbg_kdhc fh”_eb

>ey fh” _ebjh\Zgby jZkijbgleglgbbyghklbehkdhklb
ieZklbgu ~“he gZ [ulv dhjj_dlghhgzZdnjhibzg kdhc kbk
eblh]jZnbgq_kdhc mkl@gkhkdhcdZ aZdexqZ_ |ky \ mdZzZ
iZjZf _ljh\ ijhp HikZ™" e _gguo jZg__ 9gZ wlZi_ ih"[hjZ
gZkljh_d ijh_dpbhgghc kkbki_fu Z lzd _ izZjzf_ljh\
fhr _eb hl dhlhjuo azZ\bkbl kdhjhklv .b Thqghklv jZkq Iz

1. 1Zjzf_ljuijh_dpbhgdkibkl_fu>Zgguc gZ[hj izZzjzf_I
hilghkblky g _ihkj_~klI\_ggh d ijh_dpbhgghc kbkl_ f_
mklzZgh\db b \dexqgzZ_ | \ k_[y

+ ~ebmhegu wdkihgbjmxs ]h baemqg_gby

T qgbkem¥XzZi_ jlmpklhggbdZ baemq_gby

¥ ihdzazl_ev ij_ehfe_gby kj_~u ”"Zgguc iZjZf_|
ijb gZkljhcd_ hilbg_kdhc fh~_eb mklzZgh\db k bff_jkbh:

2. NhjfZbklhgqgbdZ baemdGglbphe  jZkijhklpZg c
yleyxIKypkdh\Zy dheAnpuldZy~bihevigdyZ”jmih e(Quasay
nhjfu bklhgqgdx ) \ Dhf _ ITh]j]hhe _g J[ulv hij_1beée_g
ij_~klz\e_gby bklhggbdZ baemqg_gby < K:IChlibleHQW
"hkimige "mxdbiuij_ "klZ\e_gby bklhggbdZlbkémqg_gby

+ SHARP + fh”~_ev ij_"klZ\e_gby ©bklhqgbdz \
kilmi_gqgqZlhc nmgdpbb k j_adbfb i_j oh~Zfb f_"~m k\
h[eZklyfb bklhggbdZz

t ERFxfh~_ev \ dhlhjhc bklhggbd ij_"klzZ\ey | kh
ihkl _igguf i_j_oh~hf f_"~m k\_leufb b | _fgubZj&ZZkl"
I _j_oh”Z hibku\l\Z _Iky nmgdeth_ c>eyb[IlEdRF g h[oh”bfh
mdZazgb_izZjzf_ljh\ jZzafulby d{4dbk BkinqgBKIghklb A
bklihggRdasar*hklmigu iZ]jZdélsigmain, dsigma out bdillumangle
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JbB.7. Ij_~klZ\e_gb_ bklhggbdh\ KakJMentog®rgphics
Calibre

JIlbiuij _"klZ\e _gby bklhggbd;Z baemqg_gby
[ kfuke 1ZjzZf_Ijh\ jZafulby djZ_\ bERkrqgbdZ IbiZz
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tr MAP +fh” _ev \ dhlhjhc bklhqgbd ij_"~klZ\ey |
dZjlu k az*"Zggufb agZq_gbyfb bgl_gkb\ghklb

ljb bkihevah\Zgbb \_dlhjghc fh”_eb \ukhdhZi_jIm
kbkl_fdjblbgghb NA>08 g_h[oh”bAdd _ mq_I| iheyjbaZz
bklhggbdZ

3. 1ZjZf_lju k\yaZggu_ k nhdmkH[b\gphc K:I1J
Mentor Graphics Calibre bkihevamxlky 2\Z iZj@bamfpZus b
@ef start? (Jbk8Z 1ZjZf_ljped@nfocu® khhl\_ITklI\m_| iheh” g
iehkdhklb gZbemqr_c nhdmkbjh\db \ha”nhighkth b akpj
ih\_joghklb nhlhj abklb\gh]hJkk8dZ4hd@dzZgZ aZ\bkbft
ijhnbey jzZkij_~ e _gby bgl _gkb\ghklb \ nhlhj_abklb
iheh” _gby iehkdhklb nhdm&bphgdhdh bah[jZZjghyl]j
@efstart* 1Zd"_ hlkgblu\Z _Iky hl ih\_joghklb nhlhj_abkll
Khhi\_Ikl\m_| iehkdhklb nhdmkbjh\db bah[jZ _gt
nhihj_abklb\gh]hl %4jlZfd4)uwe@mfocus b def start® hij_~_ eyxlky
\ ijhp_kk_ dZeb[jh\db hilbg_kdhc fh”~_eb dhlhjZy
j_amevlzI|zZf ijhi_qZlhd dZeb[jh\hqguo fZljbp i g Z
mklZgh\d_ k dhjj_dlgh gZkljh_gguf [@4d me nikealn\dmngk 2
kKhhi\_IlklI\mxeboh]jZnbb ~Zggh]hbkeZeb[jh\d_ hilbg_Kk
fhr_eb jzZzkq_l| dhglmjzZz nhlhj_abklb\ghc fzZkdb i
ihklhygghfm ihjh]m \ha“mrgh]B8&ah[jZ _gby

4, 1ZjzZf_ljuhilbg_kdbo .yHNilpg_kdb_ fh”r_KHJ\
&DOLEUH bkihkefesomxgb_ kndfifu j _glguo bklhggbdh\ ¢
>Zggh_ijb[eb” _gb_ bHKihevagtibkieh y’kfj =e M\ _a@b gb _
gbkeZ y™ j ih\urkEhdghxdwv feb 1Zd b \j fy \ugbke gby

lhfbfh Thgghklb b [ukljh”_ckl\bygbi”® bgEb[he
\Z'guo mkeh\bc \u[hjZ dhebqg_kI\Z og}Zdlyjekbfkyljbl
bklhggbdZ baemqg _gby CalibreKnhdgdpbWHUQV\P \ha\jZs
aZdexqg_gb_ h khklhygbb kbff_Ijbb y~jZ \ \b”_ mihj
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NTARC TARC

Nresist

pesuct

NAOCKOCTb GOpMMPOBaHMA  MNOCKOCTb GopMMPOBaHUA
nsobpaxkeHua s pesucte  "sosgywHoro” nsobpaxkeHus

]

nyuok choryCHMpoBaH Hag Ny4oK CHOKYCHMPOBaH B nyuok choKYCUMpOBaH B
[ NOBEpPXHOCTbIO CTeka - BEPXHEN YacTW CTeKa - HMKHEH Y4acTM CTeKa
——
&/p crex b/p crex

NOOACHHKE NoO0MKa | MOO0MKE \

JbKB. 1ZjZf_Iju nhdmkbjh\db \ hilbq_kdhMdrar_eb K:IJ
GraphicsCalibre

Jd h[jtykg _gbx nbabqg_kdh]h kfukeamhfodisBdef|gtark
[ aZ\bkbfhklv ijhnbey jZkij_*_e _gby bgl_gkb\ghklb \ t
ie_gd_ hl iheh’  _gby iehkdhklb nhdmkbjh\db \ha”“mrgh]
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K10 K11

EPE = -7.2 nm EPE = -3.1 nm

]

Kemels/mage

—kernel Image
. ” 1 i Image Flanes
orce kKernel Symmetr
/ / & 20 - 3D Mo
Mumber of Kernels |50 = A
Cptical Diameter, um 1.6053 Mumber of image planes
Recommend| = Firstimage plane, um
Kernel Grid, um 000670128 !
Distance hetween image
Kernsym... e —
Image Diffusion ;

-=-=- Running: kernsym -autonumkernels -opt Jguasar
--- Result: Optical model is XY¥DIAG symmetrical.

D

JbIBIO. GZkljhcdZ iZjzZf_ 1;ISOC$X K : | IMentorGraphicsCalibre

J\ebygh[mkeh\e gghc dhebqSGCSZikikbdbfjljbgghklb
fhr _ebjm_biKK]ilhggbdZ gZ &FEfeglkljmdIimj jZaghc hjb _g
D\u\h® dhfZyHWUQV\P h kbff_Ijbgghklb bkjhggbdZ baer
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iZ(JbR9 Z IZdjh\_jy | fh~_ev gZ hljzZz" _gb_ ih hkb ; h
hkb < b kbff_Nj&s_gby gZ liZe¢mikh®iheh  glglbh
hilbg_kdzZy kbkl _fz bf_ | wlb kbff ljbb ] _g_jbjm_fz
bf Iv Im ~_ kbff_Iljbx

<uoh”gu_ agZq_gby NHUQV\P hlh[jZ Zxlky \ hc
ithke_~g__ y~jh Zkbff_Ijbggh agZq _dtbebqgjZligh y~_
g_h[oh~bfh m\_ebqgb\Zlv bebimdiZ gunhty NHUQV\P “ey
\ukhdh]lh y~jz g_ [m~_| kbff_ljbqgqguf agKqgldh”jZjZ\¢
hij_~ ey | kl_i_gv " _IZebaZpbb \ugbke _gbc y*jZz

5. AgZq_gb_ 1 g ©Ohilbg_kdh]h IhBZivIh&Za\ _ebqgbc
ihrjZamf \Z _ ljkyaf j h[eZklb ijhkljZgkl\Qegdbdlyldby
lhiheh]bg_kdbo kljmdImj ~jm] gZ *jm]Z <aZbfh”~_ckl\b
j_[iZfb \hadh dh]*Z j_[jZ jZza™_e_gu fZgkthygbibq_kdh
"bzf_1jz

AgZq_gb_ hilbg_kdh]lh ~bzf_|jz fh gh ijb[eb
ke _"“mxsbf h[jZahf < h[sjZakemdBEgbfZevigkhhi_jhh"Z
dhlhjuc fh™ _I Julv hlh[jZ _g hilbg_kdhadhkpkdnild gb
wd\b\Ze gl_D$ T " 3hax £ fZdkbfZevguc ghjfbjh\Zg
jZ"bmk bklhgqgbdZ hk\_s gby k g _gme_ _\hc bgl _gkb
Apbzf_1j fh”_eb 23& kKhrel\_¢gkI\h\ZIlv h[dBEKIpZy ijbf_jgh
ihjy"hd [hevr_ fbgbfZ\ékgpiha\h~*bfh]lhg hkdhc kbkl_ff
hit_dlzZz Lzdbf h[jZahf \&_Imkg \Ih/fh hk\ hp goynebgbgu
hilbg_kdh]h "bzf _1jZz ifhbgeh _klb bkihevamy ke
khhilghr :gb __

1&L sr®@_—#a 3.1
EeaOe’

HIl ijZ\bevgh ih*h[jZggh]h agZq_gby hilbg_kdh]h
lhgghklv b klIZ[bevgh}eDy fh” _eb
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6. Hilbg_kdbZjaz ljukeh nhlhj_abklb\gh]lh kl_dZz
LhqgZy bgnhjfZplby hihhqg_kdbo 1 Z)jZf _Kpho \
nhlhj_abklb\gh]h XxI| _hifZ ggdhgZq_gbwyesbg dhwnnbpb_
ij_ehfe _gbydhwnnbpb idiljehs gbkf LZ[e), agZgbl evgl
memqgrZ_ | JIlhgghklv fihkdélevdm ~Z | \hafh ghklv
jZkkgblzlv jzkij_~_e_gb_ bgl_gkb\ghklba¥\leklgfh kljb &k
iheh” _gby iehkdhklb nhdmkbjh\db \ha“mrghjb ba
bkihevah\Zgbb \ _dlhjghc hilbg_kdhc fh”_eb aZ”~Zg

iZjZf _ljZzo kl_dZ y\eyadkyevguf

>ey 1ihbkdZ hilbfZagygwo gh£jZf |jh\be&@nfocus
@ef start? b "jlueZjh\_"~ _gZ dZeb[jh\dZ hilbq_k&hgyfad2eb
b bg\_jlbjh\Zgdgulolh\uokljmdIimjZo |pitZzhd ©dineend?
@enselineend® <k_]h bkihevahB0BeklfkmdIim)] badgé[jh\dZ
ijh\h"bezg¥400 kljmdImjzZzdo0 ZKljmdImj_~"gZagZqZedykv
\Zeb”"Zpbky fh"_ebjh\Zgby dhglmjZz NJF bkihevah\Zz
ihklhygguf ihjh]lhf khhlI\_Ikl\mxsbf ghfbgZevghfm ag:
gZbemqr_c ijhjZz[hldb ©ydhjgh]l]h?a we_ f_glZ IhiD&R]gz

NRI gf i_jbh” gZ NR S gf IDEJ \gidkfahk .
Ilhbkd hilbfZewgpwog gbc mdZdyhHfiguph\ ijhba\h”be
f_Ih~hf ihegh]h i_j_[hjZ Fbgbfbabjh\ZezZkyv

kj ~g_d\Z”jZlbqgZy hrb[dZ f[68].ebjh\Zgby

| :Vvi,j(CDSim (:DMea:;)2
PCW-
| W,

erRrms,, | ‘ : (3.2
| PCW

]~ kmffbjh\Zgb_ ijhbdghihblikkIh\uf kljmd(m]z8 b ih
mkeh\byf ijhp@)kKkkECW =+ \_kh\hc dhwnnhipd_gikeh\bc
| ogheh]bq_kdh]lh ijhp_kkZ gzZijbf_j “ey | o bet
A nhdmkbjidi\_kh\hc dhwnnjppb_&lh\hc kljmdlimpu ~e
mkeh\bc ijhp_kkZ
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Kms_klI\m _[I jy~ kihkh[h\ ih”"[hjzZz \_kh\u®&CWhkvnnb
Wi;[59] < gZklhys_c jZ[hl_ \_kh\u_ dhwnnbgbnmdumij _
ith [bjZebkv f_Ih~hf wdki_jlguo hp_ghd

FZdkbfZevgh_ agetdRrmgksr \ j_amevlZl_ dZeb]jl
hilbg_kdhc fh” _eb k bkihevah\zZgb f ihklhygd6088ihjh
gf AgZqgemgRrmsgZ \ _jbnbdZpbhgghf fgh  klI13 khkdZ\be
glh [uehbagZgh ijb_fe fuf Hilbfbabjh\Zggu_iZjzf _Iju
fh"_eb ijb\_~_gd[&bp_ Kdjbil hilbg_kdhc fh”_eb "e)
MentorGraphicsCalibreijb\ _* djbeh  _ghb

LZ[eb@Zl ZjZf lju hilbg kdhcilike ebilbfbaZpbb

>ebgZ \hegu 193 gf
DhwhZkrlZ[bjh\Zgby 4
NA 0,75
Hk\ Ibl _ev Quasar
Lg o 0,85
Lgmij 0,60

: f
14 ¢ 0,019
U1gmij 0,012
a. 0,011
NNy 1,698
K3 0,023
tng 185 gf
NBARC 1,82
Kearc 0,34
teArC gf
Nihreh db 1,6
Kihreh db 3,97
<b”™ fh™ _eb \ dlhjgZy
Hilbg kd¥b&Zf | 1,31 fdf
Qbkeh HOCH 11
JZaj r gb_ k_ [80GC8" | 0,007
AgZq gb_iZjbéamjacu® 0,091 fdf
AgZq gb iZjdéf dtpft2© 0,11 fdf
Dhebqg_ klI\h mjh\g ¢ * nh 1
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3.3 K[hj wdki_jbf _glZevguadZ&igghdd2\Zeb”*Zpby
@hfizdlghth”® _egWT5 nhjfbjh\Zgby dhgimjz
nhlhj _abklb\ghc fZkdb

< gZklhys ¢ |j4[hZezZkv azZ”ZqZ ih”"[hjZ dhwni

nhlhj abklb\ghc fh*_eb ij_"klZ\e_gghc \ \b”A_ ihebghf
T(l max’ | min , SlopeFactor)
% a1I max az' min aSSIope a4Factor alll r?;lax a22I r%win 3.3
a338Iope2 a44Factor2 a12I maxl min 313I maxSlOpe ’ .
al4l maXFactor a23I min Slope a24l min Factor a34SIopeFacto

]*T xihjh]l]h\h_ agZq_gb_ bgl_gkb\ghklb hk\_ s Igmhy "ey
fZdkbfZevgh_ agZq_gb_ bdhingkbfgbobkfZevgh_  agZq_
bgl_gkb\glslopetagZqg_gb_ i_j\hc ijhbg\hggbtghkihbgd _
jZaf_s _gby j_[jZ njzZ]f_glZ \ Thihehttbadtat htfapbkgnagb
\Ihjhc ijhba\hbdghcgkb\ghklilvgd _ jZaf_s_gby j_[jZ njZ]1
lhiheh]bqg_kdhf jbdkfrdbgl ), a «ass \k_]h rHdZeb[jm_fu_
dhwnnbpb_glu nhlhj_abklb\Wh& fik\» jedbb g_ bkihevah\Zc«
GZb[he__ "ebl_evguf wlzZihf \ ijhp_"dhjfiZdZgbdjh
fhr _e mchjfbjh\zgttygimjz Ny\ey_ |ky k[hj baf_j _gbc <
g_Z\lhfZlbabjh\Zgguo baf_j gbc k[h] ~“Zgguo fh |
gZkh\ qlh kms_KkI\_ggh az”~_j'b\zZz_ | \j_fy jZajzZ[hldb
j_r_gby \ p_ehf G_h[oh”bfhklv kgb  _gby dhebqg_kl\Z
azZ™"Zgm hij_"hdbgbgvghlh gih[hgZ Zsbo baf_kljbclmj
HilbfZevgZy \u[hjdZ "~he ' gZ fZdkbfZevgh ho\Zlu\Zz
iZjZf_ljh\ hilbg_kdh]lh balggBf_gbnbf dhebqgl kilthfYuo
kljmd]myhklZlhdgrey Z~ _d\Zlghc dzZebfjz\dighc fh"_e
nhjfbjhgby dhgimjZ. RJEvx bkke_ "h\Zgby J[ueh hij_
fbgbfZevgh]lh dhebq_kI\Z kljmdImj h[_ki_qgb\Zxs_]h ij
fh~ _eb dhlhjzy éddpkygjp\@ZmevlZIZfb baf_j _gbc Kl
\_jbnbdzZpbhggh]lh fgh  _kI\Z g_ bkihevah\Z\rboky ijb
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<dzZqg_kI\N _jbnbdZpbhggh]h fgh  _kI\Z \u[bjZehkv

| _klh\uo kljmdIimj b&LUOTSheyey dhlhjSEMblegbfdh\ [ueb
wdkljZ]bjh\Zgu dhglmju k bkiheva®EMQdl Kf: | h¥Mentoy
GraphicsCalibre ihke g~k dZ ~hc kljm&lmjlhgdZo ihemqg_g«
dhglmjZz baf_jyehkvERE/Zqlhftbfh wih]lh 1Zdbf ~_ h[jZat
ijhfh~ _ebjh\Zggh]h dhglmjz NJF |lhc ~_ kljmdImju baf
EPEE™ < wlhf kemqgZ_ \a\_r_ggZy kj _~g_d\Z™jZIlb
fh~r _ebjh\Zgby hijlkikeey*mxsbf h[jZahf

o SWJ?lPV\(,J(EPE’SJ”“ EPEY®9)?
h I pw
errRrms. . 50,-'1 . . (3.4)
| sw
i1

AN kv kmffbjh\Zgb_ ijhba\hkhgdkaf ihaf_j jgbydZ ~hc
kljmdImju Z #hihhfihjy~dh\uf ghf_jzf |_klh\uoa), Kjmd|mj
\_kh\hc dhwnnibebd_KglIh\hc kljmRWmtu_kh\hc dhwnnjbpb_
]h baf_j_ igddy klh\hc kljmdImju

OZjzdl_jbklbhdqaghklb hildZeb[jh\ZggheéZghghekemq:
kem begZ @ ebrRrmspe kK \_kh\ufb dhwnnbpb_glZfb hij_»
f_ Ilh~ hfwdki_plg hp_ghglz \_jbnbdzZpbhgghf fgh _kI\_
KljmdIm]

< oh”_ bkke_"h\Zgby nhjfbjh\Zebkv jZaebqgu_
\dexgZxsb_ hl dizeb[jh\hglglymdImj k rZ]hjfb hi[hj_
lhg_d g_h[oh”~bfh h[_ki_gblv fZdkbfZevguc ho\Zl hJe
iZjzf_ljh\  \ha“mrgh]lh bah[jldh\gbkhh kZdmbevljZpbx
ithal\hey | deZkl_jguc ZgZeba I|hqgdb ijhkljZgkI\Z ]jmii
\ dz ' *"hf ba dhlhjuo ]_hf_Ijbg_kdb \u[bjZpllgyjhtb™gZ
(JbB1 Z [52, 95] khhlI\_YkixsZy dhlhjhc |_klh\Zy kljmc
mqgblu\Z _I|ky ijb dZeb[jh\d_
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JbIB.10. DZeb[jhbdZ jbnbdZpbyems:

J dezkl_jbazZpby Ihg_d \ ijhkljzgkl\_ izjzf_(jhygdiZzah
khhi\_TklI\m _I lh’kghthc kljmdImj_
[ aZ\bkbfdriRmsgpe fh_&@d59gZ \ _jbnbdZpbhgghf fgh _kI\

gbkeZ kljmdImj dZeb[jh\hgguo \u[hjhd knhjfbjh\Zgguo
dezZkl_jbatzggbb kINVZjzf _ljib\ah[jZz _gby f kik}hfgbo
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JbIB1l. DZeb[jhbdX jbnbdZpbyeMms:

J jZaebgb_ f_""m baf_j_ggufb b ijhfh”*ebbjlc\Zwfdui
jZaf_jZfb klh\ukljmdmjdZeb[jh\hggh]h fghCDd}CDyeas
\u[hjdZL kljmdImj

[ ijhfh™ _ebjh\Zgguc dhglmj \ _jbnbdZpbhgghc kljmdImj
gZeh _gguWEMXgbfhd wlhc ~_ kl{soglfs80g 1809 f
dZeb[jh\dZ fh™ _eb ih lehjRnrdsgpZf57 g f

\ ijhfh~_ebjh\Zgguc dhglmj \_jbnbdZpbhgghc kljmdIm]
gZeh _gguWEMXgbfhd wlhc ~_ kljsoglfs80g 1809 f
dZeb[jh\dZ fh"3286IjmdI|ImpfrRrmspe=1,46 g f
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LZ[ebpd. AgZq_gby dhwnnbp® gdlbMT5  hibku\lZ _fhc

ithebghf(33) "ey bkihevah\Zgby \ kdjbil_ nhlhj_abklb
K:1J Mentor GraphicsCalibre DZeb[jh\dZ ih | _klh\uf kljm
(\u[hjdZ ijb ihfhsb deZkl jbaZklkp fghdhf
Dhwnnbpb _d AgZqg_gb_

ay 0,508245

a -0,0978258

ap 0,124958

ag 0,046329

ay 0,00152032

ag; -0,118414

ap 0,0985023

a3 0,00087581

Ay -0,0171112

a0 -0,0712726

a3 0,046749

Ay 0,00238269

az3 -0,0254777

Aoy -0,0182512

Az -0,00156329

>ey dZ ~“h]h ba knhjfbjh\Zgguo gZ[hjh\ *Zgguo [u
fh" _ew7 b bkke_th\zg Ihgghblv klZ[bevghklv f_Ih~

ijb\_~ gguf[70] (kfi ) J_amevizl ij_~klZ\eRI[gE
Jbk 1.

Dzd b h'brZehkv gZ[hju khklhysb_ ba b
hrb[dnjhe _ gBhlhjzy fhghlhggh mf_gvrz Iky k r
dhebq_kd#\Zeb[jh\hqhaé j gb@ZgbgZy k az™ _ckl\h\

dZeb[jh\hgguo klkmaYnhjldehg gby mf_gvrZ |ky b \uoh
ihklhygguc mjhs g@¥ LzZdbf h[jZahf hilbfZevguf \Z]
yley llkkihevah\Zgb_ ~ey dZeb[jh\db hl N h | _klh)
mkeh\bb nhjfbjh\Zgdpiju[ihjffhsdeZkl jgh]h ZdZEHkaZz

ki _~gb[@7, 52, 53, 96]

Kdjbil fhrVvd@b hldzZeb[glght ih | _klh\uf kljmdlIn
ijb\_~ glj\obeh” _gbbAgZq _gby dhwnn&pbagijb\\_~ gu \
LZ[ebp_. AgZq_gb_ fbgbfZevgh]h kh[kI\_ggh]h qgb
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ghjfZevghc kbkl _fu Ze] [jZbg_kdb® mei\ghight e gb
dhwnnbpb_alha, khklZ\bedy= 0000816453 ijb 1-lb ge_gZo
jZaeh  _gbg -Ib \hafh gualh Kkhhl\_IkI\KhdbhZevghfm

agZq_RBRMSeq gf

34 JZajz[hldZh\hgchp_ _"mju jZkklZgh\db g_ijhi_qZlu\Z_
\kihfh]Zl _evguo we f _glh\ 65%)

AZ"NZqZ jZajzZ[hldb ijhp_"mjBSRAFkk I Dbghhdlbah\Zgb_
K:1J Mentor Graphics Calibre (bgkljmf_@PGbar [97]) k\h~blky d
khklZ\e _gbx ijh]jZffgh]h dh/’SX¥R§ GStayraardVerification Rule
Format [98]) kh”_j°Zs _]h iZjZf_lju bkihevam_fuo g _ijhi
kljmdImj b dhfZg”u hibku\Zxsb_ijhp_kk bo jZkklZgh\
] hf Ijbg_kdbo ozZjZdlgZebldmjmhiheh]bq _kdhc bgnhjfz
[57]. Ih kmlb ijhp_kk jZafSRAFRgbi_"klZ\ey | kh[h
lhiheh]bqg_kdmjx_dpbxzZ hkgh\_ ijAbbekydhf ke myey_
jZkkfzZljb\z \fg@klhys_ c jgphldlguo ghjf | _ogheh]bb

1ZjZf _IJuSRAF b ijZ\beZ bo jZaf_s_gby hij_~_ey
j_amevlzlzf fh™ _ebjh\zZgby ijhp_kkZ ijh_dpbhgghc nhl
wdki_jbf_glh\ ih ijhi_qgzld_ |_klh\uo kljmdImj i
MRC (MaskRuleChecR, nhjfmebjm, fy@klghkgbh hkglh\ [h\Zgbc
nhlhrZ[ehgghc ki_pbnbdzpbjhfi IThl]h kms_kI\m_|I \haf
\u® e _gby ijbhjblwgub gl8RAF gZijbf_jhlghkysboky ¢
aZl\guf maezf kot fley wlh]l]h g_h[oh”bf mqg_I"\IMohet
eblh]jZnbqg_kdbo keh_ \ ihebdlbfYgby b[eZlK3Zc hkgh)\ _
mdZaZgghc bgnhjfZpbb jZa[jZzabh\zyZ ifky {aKKIZgh\db
we f gBRAF dhlhjzy \ ~"Zevg cr_f fh | [ulv kdhjj_dl
mq_Ilhf bg”*b\b"mZevguo hkh[_gghkl_c ijhba\h”bfu
bkihevam_fuo \ bo khklZdgu[d[w®hi_ glh\
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ljhp_"mjZ nhjfbjh\Zg8BAKEmMY | [ulv jZa” geZ dib
wlzZiZz
1) aZz~"Zgb _ ] _hf _Iljbg_kdbo i ZjZf _ljh\ g_ijhi
we f glib\ Ihiheh]bb hkgh\guo keh_\ g_h[oh
mki_rghlh jZaf SRAGbkha~Zgb_ )jZ\be
2) jZkklZgh\dzZz we SRAHh\Xkh]ezZkgdknhjfmebjh\Zgguf

1jZ\beZzZf
3) ©hgbkldZz?2 Ihiheh]bq SRWAF hl krejlzyjf _glh\ kihkh[g
g _[eZ]hijbylgh ih\ebylv gZ j_amevlZzZl I

nhlheblh]jZnbb
>Ze mdZaZgjhdy “mjZ hibkulZe [Iky® 1Zevgh
341. Hij_~e _gb_i_j\hgZqgZevguo ijbgpbshiyby
we f gBRAF
Hluggh ih” ijzZz\bezZfb jzZkklZgh\db 65%) ihgbfz_ |
gZ[hj agZq_gbc b ~bziZahgh\ khhl\_|lklI\mxsbc o0ZjZ
dhlhju_ fh gh \klj_Iblv \ |lhiheh]bb < kemqgzZ_ h[jZ]
lhiheh]bb o0zjzdl_jgufb yAa¥yxjXb
X jZaf_ju ijhf_"mldhVm kljmdImjzfb \ dhlhju_
klZ\blvky 6589%)
X rbjbgu kljmdImj ”~ey dhlhjuo “he gu klZ\blvky 65
X rbjbgu we f _glh) 659%)
X itheh _gb_ weSRAR(jZkklhygb_hl djZy hkgh\g.hc klj

| j _ gbke_ggu_ jZaf_ju [ueb hij_ ~ e _gu jZg_
fhr _ebjh\Zgby ijhp _kkZ ijh_dpbhgghc nhlheblh]jZz
wdki_jbf_glh\ ih ijhi_qgzZld_ | _klh\uo kljmdImj i

342. >hihegbl _evgu_I|hiheh]bg_kdb h[mkeh\e _ggu_ h

J Zevgu_ lhiheh]pbeyglky h”ghf_jgudfwlhfm gZ[h

0ZjZdbkjlbd hibkul\Zxsbo JZkkSRAM\dwaexqZ | jy”
"hihegbl _evguo h]jZgbg _gbc
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DzZzd mhif _gZehkv \@%$) “he gu bf_Iv “hklZlhqggh
rbjbgm qlh[iyhg_qZlu\Zl\vkyabkl_ K ~jm]hc klhjhgu q_
rbjbg@e f g6B\$) | wnn dlb\g__ hgb \uihegyxl k\hx nn
jZkrbj_gbx ijhp_kkgh]h hdgZz hkgh\ghcWIkIljmdlan
ijhib\hj _gZsbo “~jm] “~jm]m lijjb)\mVAdbyd g h[oh”~bfh]
wdki_jbf _glZzevgh]h ihbkdzZ hilbfZevguo ]_hf _Ijbqg_
bkihawm f8RAF LZdhc ihbkd dzd ijZ\beh ijhba\h”~blky
ijhi_qgzZlhd h~rghf_jguo |_klh\uo kljmdlznpkig_jiubZgsbc
hi\_ | gZ \hijihkki hgZlu\zZ_fhikllabkte f g3RAF\ "\mf_jghc
lhiheh]bh gzZklghklb ih hbdlgpg gghklb gbkeZ azZdeZ
\ZjbzZglh\ | _klh\uo iZIl_jgh\

Fh” _ebjh\Zgb_ dhglmjzZ nhlhj_abklb\ghc fzZkdb
dhfizdlguo fh?ihem\tbeyk I*hklZlhgghc Ihgghligivabjh\ZIv
ijhi_qgzZlu\z_v¥hijzdlbg_kdb ex[uo dhgnb]lmjZpbc olhih
we_f_glh\ ijb mkeh\bb dhjj_dlghc gZkljhcdb b dZeb][
fhr _e.c

Gb"_ hibkZgu hkgh\gu_ hkh[_gghklb k\yaZggu_
SRAF \ j _Zevguo Ilhiheh]l]byo b ijb\h*ysb_ d g_h[oh”b
"hihegbl _evguo h]jZgbq_gbc gB7ha, 106if Ijbx

1. M]Jeh\u_ b i_j_k_dzZSAr ky

GZJbk 2ZihdZazZzguamevlZlu fh”_ebjh\Zgby nhlhj
fZkdb ~dhiheh]bg_kdbo we_ _f_glh\ kSRAKF] e hbyblgZ
p_gljZevghc klj®dghjuJ_ameviZlu [ueb {tegmgmélu\h
agZq_dbywhdmkbjkidbhsvx K:IJ &DOLEUH finZ2 WHh\
nhjfbjh\Zgby dhglmjZz NJF hldZeb[jh\Zgghc SRAF
khklz\ey | gf Fh”_ev ij_"~kdZaulZ_| ijhjzZ[hldm
I _j_k _g_gbyeladh]h ijbfud@RAFy ihwlhfm ij ~klZ\ey_
p_e_khh[jZaguf aZijjlkgdq_gbijhi_qZlu\Z_fuo kljmdlr
mlhqg_gb_ fbgbfZevgh]h \hafh gh]h jZk khl) g g bly
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IjbfudZxsb®RAF dZd i1ZjzZzf_I|jZz g_h[oh”bfh]h ~epomqg.
jZkklZgh\d _

2. H[jZ[hldd&Zhgph\ ebgbc

Dzd ba\_klgh ijb ijhi_gzZld_ ebgbc \ kbem wn
ijhbkoh”bl mdhjZgb\Zgb_ b kdyjm]e _gb_ bo dhgph\ F
wnn_dl ithal\hey | dhjj_dpby wnn_dlh\ hilbg_kdhc [eba
"ey wlhc hi_jzZpbb fhlml klZlv Thiheh]®BRAFKdbk &fe f (g
>ey bkdexq_gby g _]ZIb\g8RAF\@dbymibyZpbx lIhiheh]bq_
dhjj_dpbb dhgph\ ebgbc ~hklZlhggh \\_klb izZjzf_Ij
hl]jZgbg_gb_ gZ fbgbfZevgh_ jZkklhygb_ hl dhgph
lhiheh]bb "h gZqZe3RWke f glZ

3. H[jZ[hld@Zkdheh\2 f "~m dZkZxsb fb kgl ZSRAF

Hkgh\gZy ijh[e”"fkv aZdexqZ_ |lky \ aZljm”~g_ggh
"Zgghlh mqgzkldz IhoheKKmb klI\m_| ~\Z \ZjbZglZ hJ,
©kdheh\2 f_"Am "M\mfy ijbfudZxsbfb SRAE_(fJ gk ZFW:
kharZgb_ iheghp_ggh]h ©ablaz]z2 eb[h kbff _IljbqggZy
iml_f azZ”~"Zgby fbgbfZevgh]h jZkiSRAygbdyZd \"kemqZ _
mleh\ufb b i_j_ k_dZSRAHbkkjhc kihkh[ [he__ ij_"~ihqlk
b ihal\hey_ | bkdexgblv \hafh ghBRARjhgh g&Aldb ijb\_klb
g _h”rghjhrghklb jZaf_jZ hkgh\ghc kljmdImju

4. Kebygb_ \klj_gguo kh\f SRAgguo

>ey \klj_gqguo kh\f_SRAFgWwdkl Zz fh _| [ulv az”~Z
fbgbfZevgh_ jZkklhygb_ f ""m dhgpZfb we _ f _glh\
jZkklhygb f g = aZ"ZgglsRAF wjg_fbglyuxlky ~jm] k ~jn
?keb wlhl ijhp_kk \j_~ g “ey h[jZ[hldb dhgph\ ebgbc
fh™ | Julv bkihevahYWboE abpbo beb bguo mqgzZkldh\ Ihih

5. H]jZgbq_MRE

Hkgh\gZy ijh\_jdZ hkms_kl\ey MR, Yiijh\p j#K _gZ
fbgbfZevguc jZaf_j b iehszZ”v dh”bjm_fuo we_f_dg
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LINEENDSPACE

Y
JbIB12. Hkh[ _gghklb jZzaf_s gb\SRA& \f| gdbvguo Ihiheh]b:
J m]leh\SRAF ijhjZ[hldZ m]eh\;\ j_abkl_
[ h[jZ[hldZ dhgph\ ebgbc
\' \ZjbzZglu h[jZ[hldb ©kdheh\2 f_""m dZkZxSBABKy w
nhjfbjh\Zgb_ ©ablaz]z?2 b kiff aglggZy
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Ozjzdl_jgu_ jzZaf_ju bkihevam_fu_ ijb ~Zgghc ijh\_jd
ki_pbnbdZpbb gZ nhlhrZ[ehg DzZd ijZ\beh fbghb:
lhiheh]bg_kdh]h we f glZz "he’ g dzZd fbgbfmf gz
\_ebgbgm kmffZjgh]h “himkjidd_ @Z lj\&Zf fih]h we f _glZ ¢
Kfi < |hf ~_  khhlghr_gbb ~he gu gZoh”blv
fbgbfZzevgh]l]h dh”*bjm_fh]lh we f glZ b fZzdkbfZevgh]h
lhiheh]bb LZzdbf h[jZahf ijb jZkklZgh\d_ "he 'gu
] _hf ljbg_kdb_ izZjzf _lju fbgbfZevgh]h \haSRAgk]ith we _
f gvr_c f_j_ _1h déblkgZZ JZamf__|Iky rbjbgZ bkihe
SRAF "he 'gZ k azZizkhf m~h\e_ I\hjylWRIG_[gh\ Z&dfx jm
fobgbfZevgh]h we _f glZ gZ NR

< ijhp_kMRC djhf_ [lhijlnba\h”~blky ijh\_jjded athklv
klhjhg we_ f glh\ Ihiheh]bb ]mjmZ\keZjmZkklZ §RABD
"he ' gu bagZqZevgh mgblu\Zlv wlb |j_[h\Zgby \ kemqz
hrb[hd hgb “he gu mkljiZlgy |l kiky \©hqbkkdb®kI\hf h[j_ad
Ih]BRAF dhg_p dhlhjh]lh \uau\ZJBkh3p[dm

343. Hkgh\gu_ iZjzZf_lju [Zah\hc ijhp_"mju jZkklZgh\c
SRAF "ey "\mf_jghc lhiheh]bb azZl\hjgh]h kehy

K mq_lhbaeh upg khh[jZ  _gbZ 1Zd _ j_amevl:
fhA_ebjh\Zgby ijhp_kkzZ ijh_dpbhgghc nhlhebhh]jzn
wdki_jbf_glh\ ih qZkdi_ | _kdh\kljmdIimj ib hphd

h]jZgbg_gbc gZdeZtd\BeZWMRC [ueb jZajZ[hlZgu hkgh
lj _[h\ZgbjZdh\hc ijhp_jZkklZgh\db kI$RAFItMe)y aZl\hjgh]t
kehy | _ogheh]bb ijh_dlguo ghjfZ[elggm kKdjbil [Zah\h
ijhp_"mju jZkklIBgAKkdgZ yaB¥RF “"ey K:IMentor Graphics
Calibre(bgkljmf O®CSbarijb\_~_djbeh _ghb
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JbIB.13. Hkh[_gghklb jZaf_s_gb\SRAE\f gldmguo lhiheh]by

J kebygb_ \klj _gguo khSRAF gguo
[ m~h\e I\hj _gb_ |j NIRCZgyf &RAF jZkiheh  _gguo [eb
Aim] d *jm]m b d we f glZf hkgh\ghc Ihiheh]bb
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LZ[eb®wZHkgh\gu_ 1]
65%) "éymf_
gf jZajZ[hlZggu _

[h\Zgby d

g Zf hhk @)

nhiheblh]jznbb wdki ipbfijlgilhqZld _

jghc IhihaZ]btjghlh kehy | _
h\Zgby

[Zah\ZKkjlZg hAdbh _kljmd
ogheh]bb ijh_d
ijh_dry
klh\uo kljmdImj

ijhp _kkZ
|

ijh_dlibjh\Zgby K& jwfZkrlZ[ ieZklbgu
ljZ\beh AgZqg_gb_
hkgh\gu_ ijZ\beZ jZkklZgh\db
"ey aZahjZz gf Z gfSRAF\ p_glj
"ey aZahjZz gf Z gfSRAF\ p_glj
"ey aZahjZz gf Z gf Vv g
"ey aZahjZz gf Z gf VvV gf
ey aZahJZ[he _ gf Z gf Vv g
"hihegbl evgu_Ij [h\Zgby d oZjzZd|l_jguf jZg
fbg jzZaf_j jnpjlanjukghiheh]bbey 30 gf
dhlhjhc klZSRAky
fZdk rbjbgZ nb]lmju “ey dhlhjhc gf
SRAF
fbg azahj fm]eBRAFDb j_[jhf nbdm 8 gf
hkg Ihiheh]bb
fbg azZahj f_""BRAHe&hM]ehf nb]m gf
hkg Ihiheh]bb
fbg aZahjf ""m ml]eZfb ij3RAF Z) 9 gf
fbg aZahj f_""m ml]eZfb b j_[jZf 7 gf
ijbfudZxsISBAF
fbg aZahjf ""m iZjZ&RAEvgufb gf
fbg "elBSBAF 140 g f
fbg jZkklhygb_ f_"~m dhgpZfb \ gf
kh\f s g®RAF g_ h[ohAbfh ey kK
i_j_k_q_gby b 8RAM\u aZij_s _gu
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<u\h?u ih =eZ\_

1. JZajzZ[hlZzgZ Ihiheh]lbg_kdZy bghxhgbs ptinltey
nhlhrZ[ehgz ©/;7¥2\dexqZxsXyk\hc khklZ\ jy~ fh"m
Ij_~gZagZg_gguo ey dZeb[jh\db hilbg_kdhc
nhlhj_abklb\ghc fh”_eb 97 Z 1Zzd _ "ey ijh\_jdb ijz
kljmdImj 65%) gZ h”"bghgguo b i_jbh”"bq_kdbo we f gl.

2. K bkihevah\adgbhfZ[eh@IZHO90- 2 ba]hlh\e_ggh
\ khhI\_IklI\bb k khklz\\@fdgdgbcgZklhys ¢ jZ[hlu Kicpbn
gZ kdZg_j_ $60/ 3%6 & [ueb ijhba\_" gu ijhi_qg
| _klh\uo b dZeb[jh\hqguo fh"me_c k gZkljhcdZfb ijh_
hij_~ e _ggufb ¥Y¢zZddklhys_c¢ jZ[hlu k ihke_"mxsbfb b
ebg_cguo jzaf_jh\ I_klh\uo klIjmdIimj Wdkihabpbb
1j_"\Zjbl_evgh ih”h[jZgghc ©p_gljZevghc?® "ha_ I
ijhjZz[hldb ©ydhjgh]lh2 Ihiheh]bg_kdh]h w® fZglZzd _ k
\ZjbZpb*hau \ "bzZiZahg_* k rZ]hf hilghkbl _evgh C
agZq_gby b~ nhdmkbjh\db \ "bZiZahg_ * gf kK rZ]hf
ij_™"\Zjbl _evgh gZkljh_ggh]h ©gmey?

3. :gZeba wdki_jbf_glZevguo Ijhp _kISRAB, h

ihkljh _gguo \ j_amevlzZl_ ijme@slHh)BA(6IVRIhrZ[ehgZ
©/,7+2- 2 iha\helka&hjj_dlbjh\zZlv b ~hihegblv knhjfme
jZg__ lj_[h\zgby d izjzf_ljzf 65%) ke_"rmksbjfZaf{j7atl
ijb\_"~ gu \ fZkrlZ[_ ieZklbgu
X Z gf jzZkiheh  _gb_ \ p_gljZo ijhf_"mldh\ f_"7
ebgbyfbrey i _jbh”Z ebgbc hl gf *h gf
X Z gf jZkiheh  _gb_ \ p_gljZo ijhf_"mldh\ f_ "7
ebgbythley i _jbh*Z ebgbc hl gf *h gf
X Z gf Vv +t"gfy i_jbh”h\ ebgbc hl gf *h g
X Z gf VvV t7efy jZRkgbc f_""m hkgh\gufb kljmd
hi h gf

137



X Z gf VvV t7efy jZkklhygbc f_""m hkgh\gufb klIj
hi gf b [he__ Z 1zZzd _ "ey djZ_\uo kljmdImj
X jZkklhygb f_ "m we _ f _glhf 65%) b hkgh\ghc Kkljr
f ""m khk_~gbfb wlk 658)Z§ ~he gh [ulv f_g__
gZklghklb ihke_ ijh\_~ gby ijhp_"mju 23&
x fZdkbfZevgZy rbjbgZ we_ f_glZ hkgh\ghc Ihiheh]
kl1Z\bIBRAF * gf
4. KljmdImju |_klh\h]h fh”"mey ©65%$)B7(672 il
m~h\le I\hjbl_evgu_ j_amewwZalb\Z _fuo ~bZiZahgZo
A nhdmkbjh\db jh\@hfing~rklv ijb dZeb[jh\d_ ihemwfib
nhlhj abklb\ghc fh? _eb 97
5. K bkihevah\zZgb_ f j ameviZlh\ ijhi_qZlhd
bg\_jlbjh\Zgguo | klh\uo kljmdImj lbiZz ©SLWFK
©OGHQVHBOhMNHeEl GGG E16(B/,1(62 b ©38//%$dh6Z[ehgZ
©/,7+2- & hldZeb[jh\ZgZ hilbg_kdZy fh”_ev >ey
dhglmjZz NJF bkihevah\ZezZkv fh”"_ev k ihklhy
khhi\_TklI\mxsbf ghfbgZevghfm agZg_gbx "hau "ey gZl

©ydhjgh]h2 we_f_glZ Ilhiheh]bb DBd gZjhR
gZ NR S gf DEJ \ j_akklf =e gf Ihbkd hilbfZe\
iZjzf_ljh\ ijhba\h~beky f_Ih~hf ihegh]lh i_j_[hjZ

agZq_gdirRrmgp \ j_amevliZl_ dZeb[jh\db hilbg_kdhc
bkihevah\Zgb_f ihklhygghlh ilhjh]Z khdflZ¥gzq_ gb_ HL
gZ \_jbnbdzZpbhgghf fgh  _kI\_ khklZ\beh gf

6. K bkihevah\zZgb f j amevlZIh\ ijhi_qgZlhd |_Kk
Ibiz ©SLWFK2 O©OOLQHHQG2 b ©OGHQVHBOLQHHQG
©38//%%$&.62 nhlhrZ[ehgzZz ©/37+2dZeb[jh\Zdbzq _KkdZy
fhr _ev 97 bkke ~h\Zgu __ lhgghklv b klZ[bevghkly
j_amevlizlh\ dZeb[jh\db bkihevah\Zebkv |_klh\u_
©6/2762 DZeb[jh\hgqgZy \u[hjdZ nhjfbjh\ZeZkv f_Ih"

ZgZebakj Ngbo \ ijhkljZzgkl\_ iZjzZfgljkdhhil bah[jZ
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bkihevam_ fuo dZeb[jh\hgguo kKljmdImj ljb hilbf
dZeb[jh\hgguo kljmdImj - ernmRemp£gg B _jbnbdZpbhgg
fgh™ _kI\_ khklZ\beh gf AgZq_gb_ fbgbfZevgh]h |
fZljbpu ghjfZevghc kbkl_faq_XdbojhhzZ\g _gbc "ey hij_
dhwnnbpb_glh\ fh*_eb 97 tlghR@AWETE3ijb -Ib ge_gZo
jZaeh _gby dH& \hafh guo glh khhil\_IklI\h\m | fbgl
agZq_ GRBRMSreq gf

7. >ey "\mf_jguo lhiheh]bcj kamegvlihafh\ fh~ _ebjh\
ijhp_kkzZ ijh_dpbhgghc nhlheblh]jZnbb j_amevliZIlh\
ijhi_gzld_ |I_klh\uo Khmdd i j©65%$)BB(BF2ghd h]jZgbq_
gZdezZ”u\Z_fuo ijZ\bezZfb 05& J[ueb jZajzZ[hlZgu hkgh)
[Zah\hc ijhp_"mj_ jZkklZgh\db klIjmdImhjgg®) kedyy
| ogheh]bb ijh_dlguo ghijf gf
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=eZVHILBFBA:PBYPC-J?P?IL:>EYDJBLBQ?KDBO
KEH?K;BK I[IJH?DLGUO GHJF gf
41. Hkgh\gu_ gZkljzZzb\zZz _fu_ iZjzZt]lju PIZ&

J p_il dhjj_dpbb wnn_dlh\ hilbg_kdhc [ebahklb
ex[hfki_pbZebabjh\Zgghf K:IJ j_Zebam _Iky \ \b”_ dh
nZceZ khn j"Zaglhq gby g_kdhevdbo AN kyldh\
hij_~ eyxsbo ko_fm njZ]f_glZpbb Ihiheh]Jbb hkh[_g
kf s gby njz]f_glRhympb_ o0ZjzZdl_jbklbdb ijhp_kkZ
lhiheh]bbLZ{ebp i j gbke_gu hkgh\gu_ iZj4fpjul223&
K:1JMentorGraphicsCalibre dhlhju_ h[uggh ih?\_j]Zxlky gZKklj

LZ[ebpZ Hkgh\gu_ iZjZAPCju p_ilZ \ K Mdntor Graphics
Calibre h”\ j]Zxsb_ky gZkljhcd _

1ZjZf _1j HibkzZgb _ izjzf _1jz
iterations H"bg ba dexqg_\uo izZjzf_Ijh\ j_p_ilZz
dhebg_kl\h pbdeh\ fh”_ebjh\Zgby k ihke_
njZ]f_glh\ ;hevr__ dhebqg_kl\h bl _jZpbc
Z]j_kkb\ghc dhjjhdpedbbg_kdbo kljmdImj ¢
ih\ukblv IThgghklv \hkijhba\_~_gby dhgln
ieZklbg_ < Ih " \j fy f gvr__ agZqg_gb_
\j_f_ggu_ aZzljzlu gz ijh\_~_gb_ dhjj_d
agZqg_ap_eh_ qgbkeh \ "bZBiZahg _

concaecornl | | ZjZf _lju dhgljhebj cencavecon U1

« dhebqg_klI\h b jzZzaf_j k_]

concavecornN | \gmlj_ggbo m]eh\ ijb njz -«
\ h[eZklyo \aZbfghl]h 0.15 |
lhiheh]bg_kdbo k |
>himklbfh _ agzq_gb oy
\ s _kI\ _ggh_ gbkeh \ 1
0,08- fdf

cornedgel | ZjZf _lju dhgljheb]j

« dhebqg_klI\h b jzZzaf_j k_]

cornedgeN \g rgbo mj]eh\ ijb njZ]f_
h[feZklyo \aZbfh'
lhiheh]bg_kdbo k
>himklbfh _ agZq_gb
\_s_klI\_ggh_ qgbkeh \
0,08- fdf
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LZ[eb@Zi

jh~*he” gb

1ZjZf_1j

HibkZgb_ iZjZf _IjZ

inter_ripplelen

| ZzjZf_1j hij_~_eyxsbc ~ebgm h~bghqggh]h
>himklbfh_ agZ#f_\gbs klI\_ggh_ qgbkeh \
0,08- fdf

inter_num

VAVARRY hij_~ eyxsbc dhebq_kl\h 1Ihqg_d
dhlhju_ kha”zZxlky ih h[_ klhjhgu hl dhgp |
gZqbgZy k gme_\hc lhgdb >himkpb&h agy
"bZiZahg_ hl A h AgZq_gb_ B85 nmfhe
inter_ripplelen)

inter_distance

1 ZjZf_1]j hij_~ _eyxsbc fZdkbfZevgmx ”“b
kljmdImjzfb ijb dhlhjhc g_h[oh”bfh \uiheg
>himklbfh_ agzZy_gbkl\_ggh_ gbkeh \ *"bZiZ
fdf AgZq_gb_ih mtheqZgBx

inter_shield

1ZjZf_1j hhj eyxsbc fbgbfZzevgh_ dhebq_klI\
[ebadhjZkiheh  _gguo j [_J ijb gZebqgbb dhl
g_h[oh~bfhklv \uiheg_gby njz]f_glZpbb hlk
>himklbfh agZp_gh_qbkeh \ "bZiZahg

lineEndLength

l1ZjZf_1j azZ~Zxsbc djbl_jbc ijbgzZ”e_"ghklb
dhgp_\hfm mqzZkldm ebgbb J_[jZ IZdh]h Ib
ki_pbnbqg_kdhc njZ]f_glZpbb >himxIbfh_ ag
\ s klI\_ggh_qgbkeh \ "bZiZahg_ . fdf

site_num

1Zjzf _1j hij_~_eyxsbc dhebqg_klI\h dhgljhev(
baf j _gby \ _eEREbgaZz"Zgguoheklvglyo h[eZkly
njz]f_glzZz >himklbfh_+gpg2d _gbbkeh \ "bZiz
AgZqg_gb_ih mfheqZgbx aZ\bkbl hl aZz”~Zgg
hleZklb

site_center

1Zjzf _1j hij_~_eyxsbc izZjzf_lju \ujzZ\gb\Zg
lhg_d hlghkbl_evgh j_[jZ njimklpgfB_ aglZdg
p_eh_ gbkeh \ ~bZiZahg_ - g_ fh _1 ij
site_num)

siteinfo

-num 8
-center 3

stepsize

1ZjZf _|j hij_~ eyxsbc fbgbfZevgmx ~"bklZgp
fh™ | Julv kf_s_gh j_[jh njZ]f_glZ \ jZfdZo K
Bkihevam |ky \ dZzq_kI\_ fgh Bl eeygbjtb \nieb
kf s gby j [jJZ gZ [Za_ ihemqg_ggh]h ih j_ar
fhr_ebjh\Zgby agZq_gby \_ebqgbgu (3( >hi

\ s klI\_ggh_qgbkeh \ "bZiZahg _ . fd
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LZ[ebwZijh"he gb

VAVARRY HibkzZgb_ izjzf ljz
lea | ZjZf 1Ij bkihevam _ fuc “ey hij_~ e _gb
gZ kf_"guo \gmlj _ggbo m]JeZo dhgp _\U
dhlhju _ “he ' gu ih~™\ _j]ZIvky Ki
njzZ]f _glZpbb AZ"Z | jZkklhygb  f |
k _]f_glh\ 7~ey 1Zdbo h[eZkl_c >himk
\ s klgghlmgbkeh \ *bZiZahg - fd
sea 1Zjzf |} bkihevam _ fuc “ey hij_~ e _gb
gZ kf_"guo \g_rgbo m]JeZo dhgp_\uo 1
dhlhju _ “he gu ih™\_jl1ZIvky Ki
njZlf_glZpbb AzZ"Z | jZkklhygb_ f

k _]f_glh\ 2Bdbo h[eZkl_c >himk|bfh£
\ s klI\_ggh_ qgbkeh \ "bZiZahg _

OPC _FEEDBACK 1| IZjZf _1j hij " _eyxsbc agZgq_gb_
« bkihevam_fh]h ijb \ugbke _gbb \ _ebqgbg
OPC_FEEDBACK N gZ [Za_ 1ihemqg_ggh]h ih fhé&mebyiiAlZ
agZqgq_gby \_ebgbgu (3¢ lhalhey | &
agZq_gby fgh bl _ey 7~ey jZaguo bl_]
ih\ukblv klzZ[bevghklv ijhp_kkzZ dhjj_
dhebq_kl\h g_h[oh”bfuo bl_jZpbc kf_s
Dzd ijZ\beh gZqZevgu_ Dbl _ljZpbdvrl]
agZqgq_gby fgh bl _ey g_f aZdexqgbl_evg
agZqgqg_gb_ hrb[db (3( fh™ _I [ulv hg_gv \
dhebq_klI\h i_j f gguo jZ\gy_ I|ky dhel
>himklbfh_ agzZ§_gbkl\ _ggh_ gbkeh \ #
fdf

lh ijbgbg_ [HheviZzaf_jghklb \_dlhjz izjZf_pjhi\2 d&
bo \azZbfhk\yab 7~ey bo gZkljhcdb p_e_khh[jZagh ijl
ZelhjblfhAl_fZlbqg_kdhicfbaz plod, 103, 104]

42. :elhjblf gZkljhcdb iZjzf_1jh\ g38&Z gZ hkgh\_
hilbfbaZpbhgguo f_Ih~h\
421 NhjfZebazZmEyZqb hilbfZevgh]h \u[hjZ iZjzf_Ijh\
i p_ilz
Nhjfmebjh\dZ az~Zqb

DZd mihfbgZehkwPQj_p_ il fh  hlij_~ e gguc gZJ[!
iZjZf_ljh\AgZg_gb_ dZ ~h]h ba gbo az”Z _ Iky \_s_klI\
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gbkehf \ g _dhlhjhf ~bZzZiZahgn izZz4qdf _lgbh®PG| p_ilZ
dhlhju_ [m ml| ih"\_glZkVjlhyed Imklvig £ agZqg_gib]lh
hilbfbabjm_fhlh izjzf _ljz lh]~Z gZ[hj mijzZ\ey_ fu
iIj_~klZ\eyxsbc kh[hc dhf[bgZpbx agZqg_gbc iZjzZf_Ijh\
[ulv aZz~"Zg dZd®L :dJ@§é ary; dhlhjuc \ k\hx hg_j_~v vy
we f glhf fgh™ _kI\Z "himklbfXiag_dhdijh]h ih"fghm _kI\:
f jgh]lh ?\deBhifhtkljZzgkl\Z Bkoh”y ba p_eb az”~Zqgb \
hilbfZevghklb ~ey kjZ\gbl _evghc hp _gdb jZaebgguo «
nmgdpbywkIimiZ | ihdZazl_ev wnn_dlb\ghR®b ;he ilZ
ith jh[gh kihkh[u \ugbke _gby agZqg_gbc wlh]h ihdzZaZzZl_
\br p_e_\hc nmgdpbb [m ml| jZkkfhlj_gu gb™ _

? bgkI\_gguf h]jZgbg_gb_f \ jZfdZo azZ™@R{b hil
j_p_ilZ y\ey Iky hjeZkeév dby agZq_gbc _]h izZjZbljh\
>N = gb gyy b \ _jogyy ]jZgbpZ ~bZiZahgZ "hinjklbfu
iZjzZf_1jz khhI\_IklI\_ggh < wlhf kemqzZ_ fgh _kI\K ~hir
hij _~_ ey |ky kbkl_fhc g_j&AQFgkQ\>x)b"Z

LZdbf h[jZzahf agZ2kiqEcdAPGj_p_ilz fh _1 Julv
ij_"klzZ\e_gZ ke_"mxsbfhfijodahbfh gZclb IZdhc \_dlhj
iZjzZf_ljh\ j_p®ldhlhjuc h[_ki_gb\z_| fbgbfZevgh_ fZ
agZq_gb_nmgdpbb hp_gdb wnn Fibkgmikg dhiiZzghgZ gbc
h[eZklb "himklbfuo X. r_ghbc

(BN IEJ(C:®&\ 1=7) = QTs Q>

— T >
BL AL 4l “_GQéGQ ® (4.1)
®D:,: b'? = QT4 Q>4

1" _ (& £ nmgdpby hp_gdb wnnOBCH\ghklZ& + \_dlhj
hilbfbabjm_fuo iZjZzOPGh\p_ilZ:+ fgh  _klI\h ~himklbfu
agZq_gbc iZjZOPCjh\p _ilZ? #n-f _jgh_ _\deb”h\h ijhkljzZg
T;44 4Ty tagZg_gby khhiI\ _lklI\mxsb ORPZjZp liha & a= *
fbgbfZevgu_ agZqg_gby Khhi\_TklI\mxsb@PGjZpZilZjh\
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>8 &> tfZdkbfZevgu _ agZq_gby khhi\_TklI\mxsbo
OPGj _p_ilZtdhebqg_klI\h hilbfbabjm_fuoOPGEfp ljihX

>ey aZ\_jr_gby nhjfZebaZphtblbfZeNvgddh \ul[hj
iZjZf_1JhOPGj _p_ilZz g_h[oh”bfh hij_" eblvky ek\hdo"}
nmgdpbb

Hp_gdZ whimn\ghk@PC-j p_ilZ gZ hkgh\_ ZgZebaZz
jZkij_~ e _gby \ _ebqgbgu hrb[db jZaf s gby kfh" e
dhglmjzZz NEFE RMS)

GZ wlzi_ njz]f_glZpbb Ihiheh]bb “ey dZ ~h]h nj
dhgljhevgZy 1lhqdZ \ dhlhjhc \ ~Zevg_cr_f ijhbko
agZq_oHPE hij_~ eyxs_]h \_ebgbgm kf_s gby | [jZ
highkbl _evgh bkoh”gh]lh Ihiheh]b® Ilgdh]twlhfhgimgjZk |
Hkh[_gghkjlbaf_s _gby dhgljhevguo |hg_d b f_Ih~"
hij_~_ ey |ky hi*_evgufb i@R&Z{_IZflxZ

ljbf _g_gb_ ki_pbZebabjiiggdgigaoi kj_"~klI\ gZijbf
ijh]jzffguo dhfihg_glh\ ieZlaibifuihal\hey | kms_KkI\_q
mijhklblv ijhp_kk bakkjljgbgguc $dRE b \ugbkebl_evgt
y~jh CalibrenmDRC iha\heyxl ihkljhblv ]bklh]jzZzffm el
JZKij_~ e BBy ihemqg_ggmx \ j_amevlZ|_ @hylelh \£ g
"ey azZ”"Zgghc Ilhiheh]bb kdhjj_dlbjh\Zgghc k ihfl
dhf[bgZpbb agZq_ghbc i 2G| lj;h\ilZ ljbf | |Zdh]
jZkij_~_e_gby ihdb#Zg gZ

Hkgh\gZy azZ~ZqZ ijb ZgZeba_ i1hemgb\ @qlZ]de x4k | |
g_ klhevdh \ hij_* e _gbb ij_~ evguo agZq_gby hldeh¢
dhglmjzZz hl bkoh”gh]h jbkmgdZ kdhevdh \ hp_gd_
agZq_gbc \ _&Pgbdgpb wlhf fzZdkbfZevgZy gZ”_ "ghklv
dhjj_dpbb lhiheh]bb fh hkibgywmrz \ IThf kemqzZ_ dh]"*Z
kf s _gby njz]f_glh\ fZdkbfZevgh [ebadb d gmex
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Bkoh”y ba wlbo khh[jZ _gbc 7~ey hp GP€&H vwnmnlZdlb
ij_~ezZ]Z |Iky bkihevah\zZlv kj _~g _d\Z”*jZlbg_kdHEPEhlIde
hl gmey

[5)

S.
(L& 2" ba (4.2)

uab
] k £dhebg_kI\h njzZ]f_glh\ knhjfbjh\Zgguo gZ wlZi_
lhiheh]BbB®'yxagZqg BRE ey ]h njZ]f_glZ
Hg \b~gh glh ijb ijbf_g _gbb hibkZggh]h ih:
wnn_dlb\gZy dhf[bgZpby agZq_gbc iZjzZf_Ijh\ j_p_i
f gvr_agZgq_gb_p_e _\hc nmgdpbb ke _~h\Zl_evgh hil
ithrjzamf _\Z | __ fbgbfbaZpbx

Hp _gdenn_dlib\glOP®j p_ilgZ hkgh\_ \uqbke _gby

lehszZ”b kf_s dfbgyimNZJF hlghkbl _evgh bkoh”gh]h

lhiheh]bq_kdh]h jbkmgdZ 648%5(

< dZqg_kI\_ Zewb jgplbgd _ wnn_dlb\ghklb_ilZ3&
ihkj_"~kI\hf ZgZebaZzZ jZkij_"~_e_gby \_ebgbgu (3( ij_"¢
hkgh\ _ \ugbke _gby ilehszZ”"b nblmju hibku\Zxs_
kfh" _ebjh\Zggh]h dhglmjzZz highkbl_evgh bkoh”gh]l
jbkmgdZ Iljhp_kk nhjfZjhhZgbbh]rmju ihdXZekzdd. gZ

Bkoh”~gZy I|hiheh]by ih”\_j]Z_Iky dhjj_dpbb k
hilbfbabjh\Zg@R¢h_p_ilZ ihke_ qg_]lh \uihegy |ky fh~

dhglmjz NIXZe_ _ ihkj_"~kI\hf \ugqblZgby bkoh~gh]h Il
kehy ba ihemqg_ggdahreviZI fh* _ebjh\Zgby nhjfbjm_
kf s gby ij_ _"klZ\eyxsZy kh[hc kh\hdmighklueflghdhwm ]

dhlhjuo \uqgbkeky iJky g gb_f nhjfmeu =ZmkkZ nhjfme
beb nhjfmeZ rgmijh0xfgby
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Jbk1 Djbl_jbc hilbfZevghklb i@PZf_Ilph\lZ
JEPERMS ih nmgdpbb jZkijEPEe ]| gbomevIZI_ fh™_ebjh\Zg
[ SQUARE ih nblmj_ kf_s_gby fh” _ebjm_fh]h dhglmjZz
bkoh”gh]h Ihiheh]bg_kdh]h jbkmgdZ
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a Pp?5 p?5
(Lfi N TwWsss ETpUs F 1 Tues Uy F Tis Upra (4.3)
Uab Y@b Y@b
]* n £th[s__ dhebqg_klI\h fgh]hnk]Rehhgeodh\kI\h \ i-jJrtb g
fghlhm]hevdgdig +tdhhj*bgZlu \ijfibdggh]hm]lhevgbdZz
DzZd bjb hp_gdwnn_dIib\ghdR® | _p_ilzZz ihkj_~kI\hf Zgz
jZkij_~_e_gby \_EPEbyuf _Ih?_ gZ hkgh\_ WuighkseZ "gb
kf s gby kfh~ _ebjh\Zggh]h dhglmjZ [hevrZy wnn_dl
"hklib]Z Iky ijb mf_gvr_gbb agZg _gby p_e _\hc nmgdpb

422 <ul[hj f_Ih~Z hilbfbaZpbb

:gZebabjmy ihklZgh\dnb&ZevZghc gZkOPCcdip ilZ
fh gh k~_ezZlv \u\h™ qglh hgZ hlghkd]ky gu a eafdOéhy 13
ljb wlhf hlkmlkl\b-ew[AdbgnhjfZpbb h \b”_ p_e_\hc n
ihal\hey | knhjfbjh\zlv ij_"klzZz\e_gb_ h __ o0zZjzdl_
>hihegbl _evgmx keh ghklv ij_7~klZ\ey | [hevrZy |Za
j_r_gby <\b”m Ih]Jh qlh ijbf_g_gb_ deglkkbd_Idtad
ithbkdz wdklj ihrebZzdklj fZevguo nmgdpbc kh keh guf
ih\_joghkl_c¢c mjh\gy klZgh\blky fZehwnn_dlb\guf
hilbfbaZpbb h]jZzgbq_g dezZkkhf ijb[eb _gguo f_Ih"
hilbfbaZpbb dhlhju_ iha\heyxl gZclb j_r_oggbkl\ZA ukh
ijb_fe_fh_ \j_fy GZb[hevrmx jZkijhkljZzg_gghklv kj_~
f 1Zw\jbklbg_kdb_ f_Ih”u hilbfbaZpbb dhlhju_ hkgh\Z
ih*oh~Zo b ihalheyxim”™gdelbl\hjbl_ evgugby azZ”Zgb |
kljhl]hl]h"hdzZazl_evklI\Z dhjj_dlghklduoijbfihgp _"mj t
hilbfZevghklb ihemqzZ_fh]h[1p7]a méyglxflZzba |Zdbo f_Ih
yley |ky f h™ ~“bnn_j gpbZevghc w\hexpbb \u[jZgc
jZkkfzZljb\Zz _fhc az”Zqb dZd ig&dlihem” h\e I\hjyxsb«
lj _[h\Zgbyf
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F_Ih® ~“bnn_j _gpbZevghc [M8]héxgbbblky d A Ih”
fghlhf_jghc fZl _fZlbgq_kdhc hikbdyadbpbklthoZklbgvikdb
ijyfhc f_Ih”™ hilbfbaZpbb ij_"gZagZg_gguc ”~ey gZoh
fZdkbfmfz g_~bnn_j gpbjm_fuo g_ebg _cguo fmevlb
hl fgh]lbo i_j f gguo :é€]hhbHfjhkl \ j ZebaZpbb b e
thAZ |ky jZkiZjZee _eb\Zgbx ijb j_ ZebaZpbb gZ W<F

< h[s_f \b~_ Ze]hjblf f_Ih~*Z ~bnn_j _gpbZevghc w
ba ke #bnxrzZ]h\

1. BgbpbZebaZpbyZqZevghc ithimeypbb b

ijbkihkh[e _gghklb hkh[_c

2. FmlZphtyl] g jZpby fmlZglguo hkh[_c¢ iml_f dhf[b

lj o jZaebgguo hkh[_c ij_~u”ms_]h ihdhe _gby

3. Kdj_sb\zZgtmlZglghc hkh[b k [Zah\hc iml|_f aZf_s

4. K _e _dpkyhp_gdZ ijh[guo hkh[_c¢c b nhjfbjh\Zg

ithimeypbb ba gZb[he__ ijbkihkh[e_gguo hkh[_c

JZkkfhljbf hkgh\gu_ rZ]b Ze]lhjblfzZz [he__ ih”~jh[gh

BgbpbZebazZpby dZq_klI\_ gZqgZevghc ihimeypbb
kemqgZcguc gR[hjdblmjh\ ba ijhkljZ%gBRAKI|* e gb_bkoh~g
ithimeypbb ~he " gh \u[bjZlvky bkoh”y ba hkh[_gg
hilbfbaZpbhgghc az”~Zgb DZzZd ijZ\beh bkimnévpgh]hky
jZ\ghf_jgh]h beb ghjfZevgh]h jZkij_~ e _gby k aZ”Zgg
h"b~rZgb_f b "bk[l08.b _c

FmlZpby Ki_pbnbdzZ hi_jzZlhjz fmlZpbb y\ey_ Ik
oZjZdl _jguo hkh[_gghkl_c f _Ih"Z >ey:dihviming i p ke
\u[bjZ Iky ljhcdZ hlebgbu®dnh] hl "jm]ZAhBHC clhke _
wlh]lh ihkj_~kI\hf ijbf_g _gby \_dlhjguo hi_jZpbc keh"™
ojhfhkhf \u[jZgguo hkh[_c Z 1Zzd _ k mgqg_Ilhf iEZjzZf_
hij _~ eyxsbf kbem fmlZpbb nhjfbjm_IlkysfmlZglgZy hk

s L#E(:$F % (4.4)
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Lzdbf h[jZzahf ~ey jzZkij_~ e _gghc \ ijhkljzZzgkI\_ i
fmlZpbb [m~ml| agZgbl_evgh [hevr_ q_f dh]~Z Ze]lhjbl
k \ukhdhc ijbkihkh[e_gghklvx Ijbf_j ] g jZpbb fmlzgl
gZJbk2Z LZdhc ih?"oh” ijb\h~bl d\Id#Zqg Iglhh bklhggbdZ
bkihevam_ |ky g_ \g_rgbc ] _g_jZlhj kemqgZcguo qgbk
j_Zebah\Zgguc dzZd jZaghklv f_"m kemqZcgh \uJj
| dms_c ihimeypbb | _ \ _ebgbgZ fmlZpbb azZ\bkbl hl
lhqg_d hkh[_c ihim2ypbdbmsgf rZ]_ b dhjj_dlbjm_Ilky
ehdZebaZpbb ihbkdzZz LZdhc \b™ Z~Zilb\ghc fmlZpbb
"bgzZfbqg_kdb fh™ _ebjh\Zlv hkh[_gghklb j ev_nZ hilbfk
ih~"kljZzb\Zy ih” gbo jZkij_~_e gb_ ©\kljh_ggh]h? bklhg

Kdj_sb\Zgblhke_ azZ\ _jr_gby fmlZpbb \uihegy_ Iky
bkoh~ghc hkh[b ihimeypdBEglghc hkk[mg Ihf \ _jhylghk
kdj_sb\zBgbwgZqg_gb_ dhlhjhc az~Z _|ky \ dZg_KkI\_ izZjz
j_amevlzZl_ nhjfbjm_Iky ijhfgZ¢dZMidv]_g ddlhhh_I
gZke_ _"h\zZIlvky eb[h hl bkoh”ghc eb[h hl fmlZglghc hk
T, O OGP 2,
T80 06Q 22
] Tagxi-uc ] _g bkoh”ghcl;h&hyb ] g fmlZglghcTshkihjilo
] _g ijh[ghc hRh{b_ jhylghklv kdj_sk\Zab¥qg_gb_ kemqgZ
\_ebgbgu k jZ\ghf_jguf jZkij_~ e _gb_f gZ bgl_j\Ze_ >

K_e_dpbyhke_ nhjfbjh\Zgby ijh[ghg ijhkbe[\h*blky
hp_gdzZz __ ijbkihkh[e_gghklb b kjzZ\g_gb_ ihemq_
ihdzZzazl_e_ f ijbkihkh[e_gghklb bkghghhc\nhkhifimeypb
ithiz~Z | hkh[v k gZbemqrbf agZq_gb_f p_e _\hc nmg«
Zelhjblf h]_ki_qgb\Z | g _baf _gghklv jZaf _jZ ihimeypbb

TeoL \ (4.5)

D hkgh\guf izjzf ljzf f Ih~Z >W hlghkylky N Zaf _
kbezZ fmlZyptbb \ jhylghklvsik\&gb® <u[h]j dhf[bgZpbb
agZq_gbc az\bkbl hl hkh[_gghkl _c¢c dhgdj_Ighc hilbfba.
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———n

JbR2 HilbfbaZpby f_Ih~hf “bnn_j gpbZevghc w\hexpbb
J] g _jZpby fmlZglghc hkh[b k bkiheA&hCZgb_ f hkh[_c
[ jZkij_~_e_gb_ lhg_d |_klh\hc nmgdpbb Jha_g[jhdZ
Zelhjblfz [208): 1 + bkoh”gh xihke _ bl _jZpbchke _

bl _jZpbe&ihke _ bl _jZpbc
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g f g _fh 'gh knhjfmebjh\Zlv g _dhlhju_ h[sb_ j_dh
dZeb[jh\d adgiogq _gbc dhlhju_ ihal\hewhnhtdlkbdtaklv jZ[h
Zelhjblfz

JZaf_j ihimeNpgib | [ulv azZz”~Zg p_euf gbkehf \ 2

[4, "’ Gb gyy 1ljZgbpzZz ~bziZahgZ h[mkehle_gZ ki_p
fmlZpbb ljb g_~hklZlhgqgh [hevrhf jZaf_j_ ihime:
gZihfbgzZz | ehdZevguc ihbkd \ Ih ~_ \j fy ijb Nhevr

\hajzklzxl \uqbkebl_evgu_ b \}J_f ggu_ aZljZlu
j_dhf_g"m_|ky \u[bjZIlv0dgZ®@ gt wQ3 Qsr & tjZaf |
] ghlbiz hkh[b | _ dhebqg_kl\h hilbfbabjm_fuo izZjzf_|

KbezZ fmlZzpdb~rZ |ky \_s_ klI\ _gguf gbkehf \ "bZiZ
;he__ \ukhdh_ agZq_gb_ jZkrbjy | h[eZklv ihbkdZz
kemqgZcguf f gvr__ agZg_gb_  h[_ki_gb\Z_|I wnn_
ehdZevgh]h j_ r_gby < [hevrbgkl\_ kemqzZ_ \ v dhf_ ¢
f gvrbo agZg_gbc 1ihkl_i_ggh m\_ebqb\Zy kbem fmlZyg
\ujh ™~ _gby ihimeypbb

< _jhylghklv kdj_sk\fhgby baf_gylvky \ ~"bZiZahg_
AgZqg_gby [ebadb_ d _“bgbp_ ijb[eb Zxl ihbkd d ke
agZq_gby » ezxl _Jh_|[heglguwfthgH[uggh j_dhf_g"m_Ilky
k hlghkbl _evgh [hevrbo agZqg_gbc qlh[u ijh\_jblv \ha
ithemq _gby j_r _gby azZl f ke_"m_I| mf_gvrZlv \_jhyl
fbgbfbabjmy IZdbf h[jZahf baf_gqgb\hklv ihimeypbb

celhjblf ~bnn_j gpbZeYgaéxpbb g lhevdh gZk
deZkkh\u_ ij_bfms_kI\Z f 1Zw\jbklbqg_kdajbffjlh"
] g Ibg_kdbo Ze]lhjblfh\ gh b h[eZ”~Z | bg”*b\b"mZev
dhlihju_ iha\heyxl “h[b\ZIvky \ukhdhc wnn_dlb\ghklb
j_r_gby “ey fgh]bo pblbglgas az”~Zq D hkgh\guf ij_bf
f I1h~Z fh gh hl$09% b
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x hlkmlklI\th]jZgbqg_gbc k\yvaZzgguo k \b~Ahf p_e

Abnn_j_gpbjm_fhklv ebg_cghklv Inghah” Zgehigli k|

\ _dlhjz Zjlmf_glh\

x hlkmlklI\b_ g _h[oh”~bfhklb dh”*bjh\Zgby i _j f gguo

x kihkh[ghklv "bgZfbq_kdb fh” _ebjh\Zlv hkh[_gghkl

nmgdpbb

Xijhklhlz j_ZebazZpbb b \hadh ghBlgBgZee _ebazZphb

\ugbke ghbc

HAgZ bo ]JeZ\guo hkh[_gghkl_c¢c f_Ih*Z Z bf_ggl
[ukljh ijhoh”~blv \ulygmlu_ h\jZ]b jZaebgghc nhjfu
wnn_dlb\ghklv ihbkdzZ ~Z° _ \ kemqZ_itkkeHAgghpgZzjijé¥ jn.
hilbfbaZpbb | _klh\hc nmgdpbb Jha_g[jhdZ hl09}\mo

B:TAS L srrrUF TP E:sFT% r QTAJQt, dhlhjzZy bf__| ]Jeh[ZeV
fogbfmf \ |hBe&; Lr J_amevlZl ijbf_g _gby Zelhjblfz ijl
iZjzf 1jzNk 200,P=0.7,F ijb\_"_ dbg2].

'gZeba o0ZjZdl_jguo hkh[_gghkl_c¢c f_Ih*Z “br
w\hexpbb i1hdZaul\Z | p_e_khh[jZaghklv ijbf_g_gby
g_"hklZlhgghklb bgnhjfZpbb h \b”"_ b k\hcklVBEwlpfm_\
[uehjbgylh j_r_Bbgb ]Jh bkihevahWkgthh\_ Ze]lhjidbffZevghc
gZkljhcdb iZjZOPGh\p _ilZ

423. Ko_fzZ ZelhjblfzZ hilbfZzevgh]lh \u[hjZ iZjzZzf_Ijh\ 2.
j_p_ilz
H[{h[s_ggZy ko _fzZ Ze]lhjblfZ hilbfZzevghp gZiKghicd
ijbf _g _gb_f f Ih*"Z “"bnn_j _gpbZevghc w\hexpbld.3dj "kl
< dZqg_kl\nkh[b ihimeypbb \uklmiz_ | dhf[bgZpt
dZeb[jm_fuo iZjZPGjjh\p_ilZ dzZ ~h_ ba dhlhjuo hij_"_
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ba ]_gh\ hkh[b JZ[hlZ Ze]lhjblfZ ij_julZ _Ilky dh]*Z
azZ”"Zgguo djbl_jb_\ hklZgh\db

X gZoh " _gb_ hilbfZevgh]h agZq_gby k aZz”~Zggh

X 1j_\ur_gb_ ebfblZ gZ dhebq_kl\h ihdhe _gbc

X ij_\ur_gb_ ebfblz gz \j_fy fh*_ebjh\Zgby

X 1j_\ur_gb_ ebfblZz gZ dhebqg_kl\h \ugbke ¢

nmgdpbb
X 1j_\ur_gb_ ebfypZzZ gbkhulhd memqgr_gby agZz
p_e \hc nmgdpbb

X N _1ijZ"Zpby ihimeypbb
lh” hp_gdhc ihimeypbb ih?*jZamf \Z |ky ZgZeltkah|ijlekil
| _ \ugbke _gb_ ihdzZzazl_ey wORG{Ip\ghXkIb "ey
khhl\_Ikl\mxs_c dhf[bgZpbb agZq_gbc 1iZjZf_1Ijh\ K
hp_gdb ijbkihkh[e_gghklb hkh)bWkddZazgz gZ

ce]lhjblf bkihevam _| jZajZ[hlZggu_f _Ih”u hp_gdkt
OPGj_p_ilz "ey j_ZebazZpbb dhlhjuo ijbf_gyxlky Kki_|
ijh]ljZffgu_ fh"meb ieZlnhjfu &DOLEUH \uihegyxsb_
ihAThlh\dm  klZlbklbg_kdbo ~Zgguo b ] _g_jZpbx
lhiheh]bg_kdbo nZceh\ Z lZzd ™ _ ithevah\Zl _ev
h[jZ[Zldxsb_j _amevlZlu byghbaugbke gb_p_e \hc nr

43. Hij_~ e _gb_ hilbfZevguo iZjzZf-jljp\i2B &
khhi\_Ikl\bb k jZajZ[hlZgguf Ze]hjblfhf

F_Ih*bdgzZkljhcd®Gj _p_ilZz k ihfhsvx jZajZ[hlZ
ZelhjblfZza™ ey |ky gZ:ljb wlZiZ

t ih”]hlh\dah~guo "Zgguo

¥ hilbfbaZmgwyq_gbc iZjzZzf_Ijh\ j_p_ilZ

T hp_gdan_dlib\ghklb ihemqg_ggh]h j_p_ilZ
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GZ wlZi_ ih?]Rkohtdpuo “Zgguo [ueZ ijhba\_"* _gZ
hilbg_kdhc b nhlhj_abklb\ghc fh”_e ¢ \ khhI\_Ikl\bb
[ue knpffbjh\Zg dhfie_dl | _klh\uo Ihiheh]bc

L _klh\uc dhfidhdHeh]blwkihevam_ |ky dzZd "ey ih
mgb\ jkZevgh]h hldZeb[jhAZgpghlh 2Z& bh[h&kgh\Zgby
p_e _khh[jZaghklb _]h ijbf_g _gby ~ey lhiheh]bc k jZae
kljmdImj ihwlWfne hg hljZ Zlv jZaghh[jZab_ ijbf_gy_ ft
azZz"Zgghlh | _oijhp_kkZ Ihiheh]bglkdbjdqgbog hgbch]h
jZaghh[jZaby dhgnb]mjZpbc ijbf_gy fuo I|hiheh]bqg_
fZelj _~"kdZam_fh]lh o0zZjzdl_jzZ ihkljh_gby j Zevghc Ih

i _jkidlb\gh \u]ey”bl bkihevah\Zgb_ | _klh\h]h dhfie._
kemqgZcghc dhgn@brigBp.bb

Hkgh\gufb |j _[h\Zgbyfb d Ihiheh]bb kemqgZcghc
y\eyx KO

xtZzdkbfZevgh_ jZaghh[jZab_ kljmdIm]

xX\ZjbzZlb\ghklv iZjzhijljh\ eyxsbo "baZcg kljmdIm]j

xbfblZpby j_Zebklbqgh]h *bazZcgZ Ihiheh]bb

xkhhI\_1klI\b_ ijZz\bezf ijh_dlbjh\Zgby

>ey m~™h\e_I\hj_gby Ij_[h\Zgbyf ij_"tyley fuf
kemgZecghthgnb]mjZpbé khh[jZagh nhjfbhh\2Me f glZjgu
[ehdh\ hljZz Zxsbo hkgh\gu_ kljglgmjguZevdiblh ~ba
[111, 112) Fh gh \u”_ebl~*h\ we Zjgdo [ehdh)\ 45Fbk
DZ "hfm [ehdm KkhhI\_IkI\m_1 izjzf_1j m]JeZ ih\hjhlZ
gZb[he _ ihegh]h gZ[hjZ kljmdImj

JZaf_j [ehdZ hij_"_ey _|kyiidn =nWiptim 8pace ] Width
tfbgbfZevguc jZaf_j we f _glZ \ \u|[PparghfblgbiZezZgh
jZkklhygb f_"m we f _glZfb \ \u[jZgghf keh_ kh
ijh_dlbjh\zZdltgh hij_~ ey | jzZzaf_|j we f _glZjgMWidth[ehd
aZ™"Z | rbjbgm lhiheh]bq_kdhc kljmdImju \gmljb we f_
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D
Jblk5 L_klh\u_ Ihiheh]bb kemqgZcghc dhgnb]mjZpbb

Jwe f glZjgu_[ehdb bkihevam _ fu_ ijb ihkljh _gbb Ih
dhgnb]mjZpbb
[ dfie_dl | _klh\uo Ihiheh]bc ey hilbfbaZpbjp pZjZZ Ijh
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