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]QN!WJWX%RVY[RW]![N\R\]&!
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VJ]N[RJU!JO]N[!MNYX\R]RWP!]QN!XY]RLJU!VJ]N[RJU!X_N[!]QN!\^K\][J]N!JWM!KNOX[N!

\YRW!LXJ]RWP!]QN!WJWX%RVY[RW]![N\R\]!X_N[!]QN!XY]RLJU!VJ]N[RJU&!
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KN]`NNW!]QN!XY]RLJU!VJ]N[RJU!JWM!]QN!KJLT!Y[X]NL]R_N!UJbN[&!
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MR\YX\JKUN!YXUbVN[!\]JVY&!
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`QRLQ! RWLU^MN\!J!YU^[JUR]b!XO!LR[L^UJ[!LbURWM[RLJU!VN]J! UNW\N\!\YJLNM!JYJ[]!

O[XV!NJLQ!X]QN[$!`QN[NRW!JW! RWLU^MNM! JWPUN!KN]`NNW!J! \RMN`JUU!XO!XWN!XO!

]QN!LR[L^UJ[!LbURWM[RLJU!VN]J!UNW\N\!JWM!J!KX]]XV!\^[OJLN!XO!]QN!XWN!XO!]QN!

LR[L^UJ[! LbURWM[RLJU! VN]J! UNW\N\! R\! RW! J! [JWPN! XO! O[XV! /,! MNP[NN\! ]X! //!

MNP[NN\!X[!RW!J![JWPN!XO!O[XV!0)!MNP[NN\!]X!0,!MNP[NN\&!

+!!"&, <W! \XVN! NVKXMRVNW]\! XO! ]QN! Y[N\NW]! MR\LUX\^[N$! J! [J]RX! XO! J!

QNRPQ]! XO! ]QN! XWN! XO! ]QN! LR[L^UJ[! LbURWM[RLJU! VN]J! UNW\N\! ]X! J! VJaRV^V!

MRJVN]N[!XO!]QN!XWN!XO!]QN!LR[L^UJ[!LbURWM[RLJU!VN]J!UNW\N\!R\! RW!J![JWPN!XO!

O[XV!(&),!]X!*&,&!

+!!"', <W!\XVN!NVKXMRVNW]\!XO!]QN!Y[N\NW]!MR\LUX\^[N$!J!QNRPQ]!XO!]QN!

XWN!XO!]QN!LR[L^UJ[!LbURWM[RLJU!VN]J!UNW\N\!R\!RW!J![JWPN!XO!O[XV!),'!WV!]X!

*,'! WV$! JWM! J! VJaRV^V! MRJVN]N[! XO! ]QN! XWN! XO! ]QN! LR[L^UJ[! LbURWM[RLJU!

VN]J!UNW\N\!R\!RW!J![JWPN!XO!O[XV!(''!WV!]X!)''!WV&!

+!!"(, <W! \XVN! NVKXMRVNW]\! XO! ]QN! Y[N\NW]! MR\LUX\^[N$! J! VRWRV^V!
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\]NY\! XO! J! WJWX%RVY[RW]! UR]QXP[JYQb! Y[XLN\\! JLLX[MRWP! ]X! \XVN!

NVKXMRVNW]\!XO!]QN!Y[N\NW]!MR\LUX\^[N&!
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\]NY\! XO! J! WJWX%RVY[RW]! UR]QXP[JYQb! Y[XLN\\! JLLX[MRWP! ]X! \XVN!

NVKXMRVNW]\!XO!]QN!Y[N\NW]!MR\LUX\^[N&!

+!!#", 8<9&! +! R\! J! L[X\\%\NL]RXWJU! _RN`! XO! J! VN]J! UNW\! \][^L]^[N!

JLLX[MRWP!]X!\XVN!NVKXMRVNW]\!XO!]QN!Y[N\NW]!MR\LUX\^[N&!
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+!!#$, <W!X[MN[!]X!VJTN!]QN!MN\L[RY]RXW!XO!]QN!Y[N\NW]!MR\LUX\^[N!VX[N!

MN]JRUNM!JWM!LXVYUN]N$!]QN!OXUUX`RWP!Y[X_RMN\!JW!RUU^\][J]R_N!MN\L[RY]RXW!OX[!

]QN!RVYUNVNW]J]RXW!XO!]QN!Y[N\NW]!MR\LUX\^[N!JWM!\YNLRORL!NVKXMRVNW]\2!K^]!

]QR\! R\!WX]! ]QN!XWUb!`Jb! ]X! RVYUNVNW]!X[!^\N! ]QN!\YNLRORL! NVKXMRVNW]\!XO!

]QN!Y[N\NW]!MR\LUX\^[N&!EQN!NVKXMRVNW]\!MR\LUX\NM!KNUX`!LJW!KN!LXVKRWNM!

X[! \^K\]R]^]NM! `R]Q! NJLQ! X]QN[! ^WMN[! KNWNORLRJU! LR[L^V\]JWLN\$! JWM! X]QN[!

NVKXMRVNW]\! LJW! JU\X! KN! JMMNM! ]X! JW! NVKXMRVNW]! `R]QX^]! O^[]QN[!

MN\L[RY]RXW&!

+!!#%, EQN!\YJ]RJUUb![NUJ]R_N!]N[V\!RW!]QN!]Na]$!\^LQ!J\!dKNWNJ]Qe!JWM!

dX_N[e$! J[N! ^\NM! ]X! OJLRUR]J]N! ]QN! MN\L[RY]RXW! XO! ]QN! [NUJ]R_N! [NUJ]RXW\QRY!

KN]`NNW! XWN! NUNVNW]! X[! ONJ]^[N! JWM! JWX]QN[! NUNVNW]! X[! ONJ]^[N! RW! ]QN!

M[J`RWP\&! EQN! ][^N!VNJWRWP! XO! ]QN! \YJ]RJUUb! [NUJ]R_N! ]N[V\! RWLU^MN\! X]QN[!

X[RNW]J]RXW\&!8X[!NaJVYUN$!`QNW!]QN!M[J`RWP!R\!OURYYNM!^Y!JWM!MX`W!Kb!(/'!



! ,

MNP[NN\$! ]QN! [NUJ]RXW\QRY! KN]`NNW! ]QN! XWN! NUNVNW]! JWM! ]QN! X]QN[! NUNVNW]!

VJb! LQJWPN! O[XV! dKNWNJ]Qe! ]X! dX_N[&e! <W! JMMR]RXW$! ]QN! \YJ]RJUUb! [NUJ]R_N!

MN\L[RY]RXW\!^\NM!QN[NRW!\QX^UM!KN!RW]N[Y[N]NM!]QN!\JVN&!

+!!#&, ?JWb!MN_NUXYN[\!J[N!MN_NUXYRWP!VN]QXM\!OX[!VJ\\!Y[XM^L]RXW!

XO! VN]J! UNW\N\&! 8X[! NaJVYUN$! L^[[NW]Ub$! NUNL][XW! KNJV! UR]QXP[JYQb!

]NLQWXUXPb!LJW!KN!^\NM!]X!VJW^OJL]^[N!VN]J!UNW\N\$!K^]!]QN!Y[XLN\\!LX\]!R\!

Na][NVNUb!QRPQ$!`QRLQ!R\!WX]!LXWM^LR_N!]X!VJ\\!Y[XM^L]RXW&!EQN[NOX[N$!]QN!

Y[N\NW]!MR\LUX\^[N!Y[X_RMN\!J!VN]QXM!XO!VJW^OJL]^[RWP!VN]J!UNW\N\$!`QRLQ!

QJ\! UX`! VJW^OJL]^[RWP! LX\]! JWM! NaQRKR]\! QRPQ! bRNUM$! JWM! ]Q^\! LJW! KN!

NOONL]R_NUb! JYYURNM! ]X! VJ\\! Y[XM^L]RXW! XO! VN]J! UNW\N\&! GJ[RX^\!

NVKXMRVNW]\! XO! ]QN! VN]QXM! XO! VJW^OJL]^[RWP! VN]J! UNW\N\! XO! ]QN! Y[N\NW]!

MR\LUX\^[N!`RUU!KN!MN\L[RKNM!RW!MN]JRU!KNUX`&!

+!!#', 8<9D&! (3$! (4$! (5$! (6$! (7$! JWM! (8! J[N! YN[\YNL]R_N! _RN`\! XO!

_J[RX^\! \]NY\! XO! J! VN]QXM! XO! VJW^OJL]^[RWP! VN]J! UNW\N\! ^\RWP! J!

WJWX%RVY[RW]! UR]QXP[JYQb! Y[XLN\\! JLLX[MRWP! ]X! \XVN! NVKXMRVNW]\! XO! ]QN!

Y[N\NW]! MR\LUX\^[N&! 3\! \QX`W! RW! 8<9&! (3$! JW! XY]RLJU! VJ]N[RJU! ()'! R\!

MR\YX\NM!"N&P&$!MNYX\R]NM#!X_N[!J!\^K\][J]N!(('&!<W!\XVN!NVKXMRVNW]\$! ]QN!

XY]RLJU! VJ]N[RJU! ()'! RWLU^MN\! JVX[YQX^\! \RURLXW$! ]R]JWR^V!MRXaRMN! "ERA)#$!

X[! J! LXVKRWJ]RXW! ]QN[NXO$! `R]Q! J! [NOUNL]R_N! RWMNa! P[NJ]N[! ]QJW! *&+! JWM! JW!

JK\X[Y]RXW!UN\\!]QJW!('
%*
&!<W!\XVN!NVKXMRVNW]\$!]QN!\^K\][J]N!(('!R\!J!PUJ\\!

\^K\][J]N$!J!Z^J[]c!\^K\][J]N$!X[!J!\JYYQR[N!\^K\][J]N&!<W!\XVN!NVKXMRVNW]\$!

]QN! XY]RLJU! VJ]N[RJU! ()'! R\! MNYX\R]NM! XW! ]QN! \^K\][J]N! (('! Kb! ^\RWP! JW!

RWM^L]R_NUb!LX^YUNM!YUJ\VJ!LQNVRLJU!_JYX[!MNYX\R]RXW!"<5B%5G6#!Y[XLN\\&!

+!!#(, 3\!\QX`W!RW!8<9&!(3!JWM!8<9&!(4$!J!WJWX%RVY[RW]![N\R\]!(*'!

R\! MR\YX\NM! "N&P&$! \YRW! LXJ]NM#! X_N[! ]QN! XY]RLJU! VJ]N[RJU! ()'&! <W! \XVN!

NVKXMRVNW]\$!]QN!WJWX%RVY[RW]![N\R\]!(*'!R\!LXJ]NM!XW!]QN!XY]RLJU!VJ]N[RJU!

()'!Kb!^\RWP!J!\YRW!LXJ]RWP!Y[XLN\\&!<W!\XVN!NVKXMRVNW]\$!JO]N[!]QN!XY]RLJU!

VJ]N[RJU! ()'! R\! MNYX\R]NM! X_N[! ]QN! \^K\][J]N! (('! JWM! KNOX[N! ]QN!
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WJWX%RVY[RW]![N\R\]!(*'!R\!\YRW!LXJ]NM!X_N[!]QN!XY]RLJU!VJ]N[RJU!()'$!J!KJLT!

Y[X]NL]R_N!UJbN[!((,!R\!OX[VNM!KNWNJ]Q!]QN!\^K\][J]N!(('$!JWM!]QN!\^K\][J]N!

(('!R\!KN]`NNW!]QN!XY]RLJU!VJ]N[RJU!()'!JWM!]QN!KJLT!Y[X]NL]R_N!UJbN[!((,&!

+!!#), <W! \XVN! NVKXMRVNW]\$! JO]N[! ]QN! XY]RLJU! VJ]N[RJU! ()'! R\!

MNYX\R]NM!X_N[! ]QN!\^K\][J]N!(('!JWM!KNOX[N!]QN!WJWX%RVY[RW]![N\R\]!(*'!R\!

\YRW!LXJ]NM!X_N[!]QN!XY]RLJU!VJ]N[RJU!()'$!J!LQ[XVR^V%LXW]JRWRWP!UJbN[!"WX]!

\QX`W#!R\!OX[VNM!X_N[!]QN!XY]RLJU!VJ]N[RJU!()'&!EQN!LQ[XVR^V%LXW]JRWRWP!

UJbN[! LJW! KN! ^\NM! ]X! Y[X]NL]! ]QN! LR[L^UJ[! LbURWM[RLJU! VN]J! UNW\N\! ]QJ]! J[N!

\^K\NZ^NW]Ub! OX[VNM! "N&P&$! LR[L^UJ[! LbURWM[RLJU! VN]J! UNW\N\! ())! \QX`W! RW!
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+!!#*, 3\!\QX`W!RW!8<9&!(4!JWM!8<9&!(5$!J!VXUM!(+'!R\!K[X^PQ]!RW]X!

LXW]JL]! `R]Q! ]QN! WJWX%RVY[RW]! [N\R\]! (*'$! RW! `QRLQ! ]QN! VXUM! (+'! QJ\! J!

YU^[JUR]b!XO! LR[L^UJ[! LbURWM[RLJU! [NLN\\N\! JWM!J!Y[X][^MRWP!YX[]RXW$! JWM! ]QN!

LR[L^UJ[!LbURWM[RLJU![NLN\\N\!J[N!\YJLNM!JYJ[]!O[XV!NJLQ!X]QN[!"WX]!\QX`W!RW!

8<9&! (5#&! <W! \XVN! NVKXMRVNW]\$! ]QN! VXUM! (+'! R\! VJMN! O[XV! J! VJ\]N[!

\]JVY!"WX]!\QX`W#&!8X[!NaJVYUN$!]QN!VJ\]N[!\]JVY!R\!VJMN!XO!\RURLXW$!JWM!

]Q^\!R]!R\!JU\X!LJUUNM!J\!J!\RURLXW!\]JVY&!<W!\XVN!NVKXMRVNW]\$!]QN!VXUM!(+'!

R\!J!MR\YX\JKUN!YXUbVN[!\]JVY&!<W!\XVN!NVKXMRVNW]\$!J!YXUbVN[!VJ]N[RJU!

"WX]! \QX`W#! R\! MNYX\R]NM! XW! ]QN! VJ\]N[! \]JVY$! JWM! ]QNW! LXXURWP! JWM!

MNVXUMRWP!]X!XK]JRW!]QN!VXUM!(+'&!

+!!$!, 3\! \QX`W! RW!8<9&! (5! JWM! 8<9&!(6$! J! \N[RN\! XO! WJWX%RVY[RW]!

UR]QXP[JYQb!Y[XLN\\!\]NY\!J[N!YN[OX[VNM!XW! ]QN!WJWX%RVY[RW]! [N\R\]!(*'! ]X!

OX[V! J! YU^[JUR]b! XO! LR[L^UJ[! LbURWM[RLJU! ]QRLT! YX[]RXW\! (*)]&! EQN! LR[L^UJ[!

LbURWM[RLJU! ]QRLT! YX[]RXW\! (*)]! J[N! JL]NM! J\! J! VJ\T! OX[! \^K\NZ^NW]Ub!

YJ]]N[WRWP!]QN!XY]RLJU!VJ]N[RJU!()'!"N&P&$!^\RWP!RWM^L]R_NUb!LX^YUNM!YUJ\VJ!

[NJL]R_N!RXW!N]LQRWP!"<5B%C<7##&!GJ[RX^\!NVKXMRVNW]\!XO!]QN!WJWX%RVY[RW]!

UR]QXP[JYQb!Y[XLN\\!\]NY\!`RUU!KN!MN]JRUNM!KNUX`&!



! .

+!!$", 8<9D&!)3$!)4$!)5$!JWM!)6!J[N!L[X\\%\NL]RXWJU!_RN`\!XO!_J[RX^\!

\]NY\! XO! J! WJWX%RVY[RW]! UR]QXP[JYQb! Y[XLN\\! JLLX[MRWP! ]X! \XVN!

NVKXMRVNW]\!XO!]QN!Y[N\NW]!MR\LUX\^[N&!8<9&!)3!R\!J!YJ[]RJU!L[X\\%\NL]RXWJU!

_RN`!XO!8<9&!(5&!8<9&!)6!R\!J!YJ[]RJU!L[X\\%\NL]RXWJU!_RN`!XO!8<9&!(6&!

+!!$#, CNON[[RWP! ]X! 8<9&! (5! JWM! 8<9&! )3$! ]QN! VXUM! (+'! QJ\! J!

YU^[JUR]b!XO!LR[L^UJ[!LbURWM[RLJU![NLN\\N\!(+'[!JWM!J!Y[X][^MRWP!YX[]RXW!(+'L$!

JWM!]QN!LR[L^UJ[!LbURWM[RLJU![NLN\\N\!(+'[!J[N!\YJLNM!JYJ[]!O[XV!NJLQ!X]QN[&!

<W! \XVN! NVKXMRVNW]\$! ]QN! \]NY! XO! LXW]JL]RWP! ]QN! VXUM! (+'! `R]Q! ]QN!

WJWX%RVY[RW]! [N\R\]! (*'! RWLU^MN\! ORUURWP! ]QN! LR[L^UJ[! LbURWM[RLJU! [NLN\\N\!

(+'[! XO! ]QN! VXUM! (+'! `R]Q! ]QN! WJWX%RVY[RW]! [N\R\]! (*'$! JWM! ]QN! \]NY! XO!

ORUURWP! ]QN! LR[L^UJ[! LbURWM[RLJU! [NLN\\N\! (+'[! XO! ]QN! VXUM! (+'! `R]Q! ]QN!

WJWX%RVY[RW]![N\R\]!(*'!RWLU^MN\!VX_RWP!]QN!VXUM!(+'!MX`W`J[M$!QNJ]RWP!

]QN! WJWX%RVY[RW]! [N\R\]! (*'$! X[! J! LXVKRWJ]RXW! ]QN[NXO&! <W! \XVN!

NVKXMRVNW]\$!J\!\QX`W!RW!8<9&!)3$!]QN!WJWX%RVY[RW]![N\R\]!(*'!R\!QNJ]NM!]X!

VJTN!R]!RW]X!J!OUX`!\]J]N$!JWM!]QN!VXUM!(+'!R\!VX_NM!MX`W`J[M!]X!ORUU!]QN!

LR[L^UJ[! LbURWM[RLJU! [NLN\\N\! (+'[! XO! ]QN! VXUM! (+'! `R]Q! ]QN! OUX`RWP!

WJWX%RVY[RW]! [N\R\]! (*'&! <W! \XVN! NVKXMRVNW]\$! ]QN! VXUM! (+'! QJ\! JW!

JW]R%\]RLT!UJbN[!(+(!MR\YX\NM!X_N[!]QN!LR[L^UJ[!LbURWM[RLJU![NLN\\N\!(+'[!JWM!

]QN! Y[X][^MRWP! YX[]RXW! (+'L! XO! ]QN! VXUM! (+'&! EQN[NOX[N$! RW! ]QN! \]NY! XO!

LXW]JL]RWP! ]QN! VXUM! (+'! `R]Q! ]QN! WJWX%RVY[RW]! [N\R\]! (*'$! ]QN! JW]R%\]RLT!

UJbN[!(+(!R\!MR[NL]Ub!RW!LXW]JL]!`R]Q!]QN!WJWX%RVY[RW]![N\R\]!(*'&!

+!!$$, 3\!\QX`W!RW!8<9D&!)3!JWM!)4$!JO]N[!]QN!VXUM!(+'!R\!K[X^PQ]!

RW]X! LXW]JL]! `R]Q! ]QN! WJWX%RVY[RW]! [N\R\]! (*'! JWM! ]QN! LR[L^UJ[! LbURWM[RLJU!

[NLN\\N\!(+'[!XO! ]QN!VXUM!(+'!J[N! ORUUNM!`R]Q! ]QN!WJWX%RVY[RW]! [N\R\]!(*'$!

]QN!WJWX%RVY[RW]! [N\R\]! (*'! R\! L^[NM! ]X! OX[V! J! WJWX%RVY[RW]! [N\R\]! YJ]]N[W!

(*)&! 3\! \QX`W! RW! 8<9&! )4$! ]QN! WJWX%RVY[RW]! [N\R\]! YJ]]N[W! (*)! QJ\! J!

YU^[JUR]b!XO!LR[L^UJ[!LbURWM[RLJU!]QRLT!YX[]RXW\!(*)]!JWM!J!]QRW!YX[]RXW!(*)`&!

EQN! LR[L^UJ[! LbURWM[RLJU! ]QRLT! YX[]RXW\! (*)]! LX[[N\YXWM! ]X! ]QN! LR[L^UJ[!



! /

LbURWM[RLJU![NLN\\N\!(+'[!XO!]QN!VXUM!(+'$![N\YNL]R_NUb$!JWM!]QN!]QRW!YX[]RXW!

(*)`!LX[[N\YXWM\!]X!]QN!Y[X][^MRWP!YX[]RXW!(+'L!XO!]QN!VXUM!(+'&!<W!\XVN!

NVKXMRVNW]\$! ]QN! \]NY! XO! L^[RWP! ]QN! WJWX%RVY[RW]! [N\R\]! (*'! RWLU^MN\!

YN[OX[VRWP!J!LXXURWP!][NJ]VNW]$!JWM!]QN!WJWX%RVY[RW]![N\R\]!(*'!R\!VJMN!XO!

J!]QN[VXYUJ\]RL!VJ]N[RJU&!

+!!$%, 3\!\QX`W!RW!8<9D&!)4!JWM!)5$!]QN!VXUM!(+'!R\!VX_NM!^Y`J[M!

]X!\NYJ[J]N!O[XV!]QN!WJWX%RVY[RW]![N\R\]!YJ]]N[W!(*)&!<W!\XVN!NVKXMRVNW]\$!

\RWLN!]QN!VXUM!(+'!QJ\!]QN!JW]R%\]RLT!UJbN[!(+($!]QN!VXUM!(+'!LJW!KN!NJ\RUb!

\NYJ[J]NM! O[XV! ]QN! WJWX%RVY[RW]! [N\R\]! YJ]]N[W! (*)! M^[RWP! ]QN! ^Y`J[M!

VX_NVNW]! XO! ]QN! VXUM! (+'$! \X! ]QN! \][^L]^[N! XO! ]QN! WJWX%RVY[RW]! [N\R\]!

YJ]]N[W!(*)!R\!WX]!MJVJPNM&!

+!!$&, 3\!\QX`W! RW!8<9&!)5!JWM!8<9&!)6$! ]QN! ]QRW!YX[]RXW!(*)`!XO!

]QN!WJWX%RVY[RW]![N\R\]!YJ]]N[W!(*)!R\![NVX_NM$!JWM!]QN!LR[L^UJ[!LbURWM[RLJU!

]QRLT! YX[]RXW\! (*)]! J[N! [NVJRWNM&! EQN! LR[L^UJ[! LbURWM[RLJU! ]QRLT! YX[]RXW\!

(*)]!J[N!JL]NM!J\!]QN!VJ\T!OX[!\^K\NZ^NW]Ub!YJ]]N[WRWP!]QN!XY]RLJU!VJ]N[RJU!

()'&!<W!\XVN!NVKXMRVNW]\$!]QN!]QRW!YX[]RXW!(*)`!XO!]QN!WJWX%RVY[RW]![N\R\]!

YJ]]N[W!(*)!R\![NVX_NM!Kb!^\RWP!J!YUJ\VJ!LUNJWRWP!Y[XLN\\&!

+!!$', 8<9D&!*3$!*4$!*5$!JWM!*6!J[N!L[X\\%\NL]RXWJU!_RN`\!XO!_J[RX^\!

\]NY\! XO! J! WJWX%RVY[RW]! UR]QXP[JYQb! Y[XLN\\! JLLX[MRWP! ]X! \XVN!

NVKXMRVNW]\!XO!]QN!Y[N\NW]!MR\LUX\^[N&!8<9&!*3!R\!J!YJ[]RJU!L[X\\%\NL]RXWJU!

_RN`!XO!8<9&!(5&!8<9&!*6!R\!J!YJ[]RJU!L[X\\%\NL]RXWJU!_RN`!XO!8<9&!(6&!

+!!$(, 3\! \QX`W! RW! 8<9&! (5! JWM! 8<9&! *3$! ]QN! VXUM! (+'! QJ\! J!

YU^[JUR]b!XO!LR[L^UJ[!LbURWM[RLJU![NLN\\N\!(+'[!JWM!J!Y[X][^MRWP!YX[]RXW!(+'L$!

JWM!]QN!LR[L^UJ[!LbURWM[RLJU![NLN\\N\!(+'[!J[N!\YJLNM!JYJ[]!O[XV!NJLQ!X]QN[&!

<W! \XVN! NVKXMRVNW]\$! J\! \QX`W! RW! 8<9&! *3$! ]QN! VXUM! (+'! R\! VX_NM!

MX`W`J[M!]X!ORUU!]QN!LR[L^UJ[!LbURWM[RLJU![NLN\\N\!(+'[!XO!]QN!VXUM!(+'!`R]Q!

]QN! URZ^RM! \]J]N! WJWX%RVY[RW]! [N\R\]! (*'&! <W! \XVN! NVKXMRVNW]\$! ]QN! VXUM!

(+'! QJ\! JW! JW]R%\]RLT! UJbN[! (+(! MR\YX\NM! X_N[! ]QN! LR[L^UJ[! LbURWM[RLJU!



! 0

[NLN\\N\!(+'[!JWM!]QN!Y[X][^MRWP!YX[]RXW!(+'L!XO!]QN!VXUM!(+'&!EQN[NOX[N$!

RW!]QN!\]NY!XO!LXW]JL]RWP!]QN!VXUM!(+'!`R]Q!]QN!WJWX%RVY[RW]![N\R\]!(*'$!]QN!

JW]R%\]RLT!UJbN[!(+(!R\!MR[NL]Ub!RW!LXW]JL]!`R]Q!]QN!WJWX%RVY[RW]![N\R\]!(*'&!

+!!$), 3\!\QX`W!RW!8<9D&!*3!JWM!*4$!JO]N[!]QN!VXUM!(+'!R\!K[X^PQ]!

RW]X! LXW]JL]! `R]Q! ]QN! WJWX%RVY[RW]! [N\R\]! (*'! JWM! ]QN! LR[L^UJ[! LbURWM[RLJU!

[NLN\\N\!(+'[!XO! ]QN!VXUM!(+'!J[N! ORUUNM!`R]Q! ]QN!WJWX%RVY[RW]! [N\R\]!(*'$!

]QN!WJWX%RVY[RW]! [N\R\]! (*'! R\! L^[NM! ]X! OX[V! J! WJWX%RVY[RW]! [N\R\]! YJ]]N[W!

(*)&! 3\! \QX`W! RW! 8<9&! *4$! ]QN! WJWX%RVY[RW]! [N\R\]! YJ]]N[W! (*)! QJ\! J!

YU^[JUR]b!XO!LR[L^UJ[!LbURWM[RLJU!]QRLT!YX[]RXW\!(*)]!JWM!J!]QRW!YX[]RXW!(*)`&!

EQN! LR[L^UJ[! LbURWM[RLJU! ]QRLT! YX[]RXW\! (*)]! LX[[N\YXWM! ]X! ]QN! LR[L^UJ[!

LbURWM[RLJU! [NLN\\N\! (+'[! XO! ]QN! VXUM! (+'$! [N\YNL]R_NUb$! JWM! ]QN! ]QRW!

YX[]RXW\!(*)`!LX[[N\YXWM\!]X!]QN!Y[X][^MRWP!YX[]RXW!(+'L!XO!]QN!VXUM!(+'&!

<W! \XVN! NVKXMRVNW]\$! ]QN! \]NY! XO! L^[RWP! ]QN! WJWX%RVY[RW]! [N\R\]! (*'!

RWLU^MN\! YN[OX[VRWP! JW! ^U][J_RXUN]! URPQ]! R[[JMRJ]RXW! ][NJ]VNW]$! JWM! ]QN!

WJWX%RVY[RW]! [N\R\]! "N&P&$! J! YQX]X[N\R\]#! (*'! R\! JW! ^U][J_RXUN]! URPQ]! L^[JKUN!

[N\RW!VJ]N[RJU$!JWM!]QN!VXUM!(+'!R\!J!][JW\YJ[NW]!VXUM$!`QRLQ!LJW!KN!VJMN!

XO!J!][JW\YJ[NW]!YXUbVN[!VJ]N[RJU!X[!X]QN[!\^R]JKUN!][JW\YJ[NW]!VJ]N[RJU&! !

+!!$*, 3\!\QX`W!RW!8<9D&!*4!JWM!*5$!]QN!VXUM!(+'!R\!VX_NM!^Y`J[M!

]X!\NYJ[J]N!O[XV!]QN!WJWX%RVY[RW]![N\R\]!YJ]]N[W!(*)&!<W!\XVN!NVKXMRVNW]\$!

\RWLN!]QN!VXUM!(+'!QJ\!]QN!JW]R%\]RLT!UJbN[!(+($!]QN!VXUM!(+'!LJW!KN!NJ\RUb!

\NYJ[J]NM! O[XV! ]QN! WJWX%RVY[RW]! [N\R\]! YJ]]N[W! (*)! M^[RWP! ]QN! ^Y`J[M!

VX_NVNW]! XO! ]QN! VXUM! (+'$! \X! ]QN! \][^L]^[N! XO! ]QN! WJWX%RVY[RW]! [N\R\]!

YJ]]N[W!(*)!R\!WX]!MJVJPNM&!

+!!%!, 3\!\QX`W! RW!8<9&!*5!JWM!8<9&!*6$! ]QN! ]QRW!YX[]RXW!(*)`!XO!

]QN!WJWX%RVY[RW]![N\R\]!YJ]]N[W!(*)!R\![NVX_NM$!JWM!]QN!LR[L^UJ[!LbURWM[RLJU!

]QRLT! YX[]RXW\! (*)]! J[N! [NVJRWNM&! EQN! LR[L^UJ[! LbURWM[RLJU! ]QRLT! YX[]RXW\!

(*)]!J[N!JL]NM!J\!]QN!VJ\T!OX[!\^K\NZ^NW]Ub!YJ]]N[WRWP!]QN!XY]RLJU!VJ]N[RJU!



! ('

()'&!<W!\XVN!NVKXMRVNW]\$!]QN!]QRW!YX[]RXW!(*)`!XO!]QN!WJWX%RVY[RW]![N\R\]!

YJ]]N[W!(*)!R\![NVX_NM!Kb!^\RWP!J!YUJ\VJ!LUNJWRWP!Y[XLN\\&!

+!!%", 3\!\QX`W!RW!8<9&!(6!JWM!8<9&!(7$!]QN!XY]RLJU!VJ]N[RJU!()'!R\!

YJ]]N[WNM!JLLX[MRWP!]X!]QN![NVJRWRWP!LR[L^UJ[!LbURWM[RLJU!]QRLT!YX[]RXW\!(*)]!

]X! OX[V! J! YU^[JUR]b! XO! LR[L^UJ[! LbURWM[RLJU! VN]J! UNW\N\! ())&! <W! \XVN!

NVKXMRVNW]\$! ]QN! XY]RLJU! VJ]N[RJU! ()'! R\! YJ]]N[WNM! Kb! ^\RWP! JW! N]LQRWP!

Y[XLN\\$! \^LQ! J\! JW! RWM^L]R_NUb! LX^YUNM! YUJ\VJ! [NJL]R_N! RXW! N]LQRWP!

"<5B%C<7#!Y[XLN\\&!

+!!%#, 3\! \QX`W! RW! 8<9D&! (7! JWM! (8$! JO]N[! ]QN! LR[L^UJ[! LbURWM[RLJU!

VN]J!UNW\N\!())!J[N!OX[VNM$!]QN!LR[L^UJ[!LbURWM[RLJU!]QRLT!YX[]RXW\!(*)]!J[N!

[NVX_NM!]X!NaYX\N!]XY!\^[OJLN\!XO!]QN!LR[L^UJ[!LbURWM[RLJU!VN]J!UNW\N\!())&!

<W!\XVN!NVKXMRVNW]\$!JO]N[!]QN!LR[L^UJ[!LbURWM[RLJU!]QRLT!YX[]RXW\!(*)]!J[N!

[NVX_NM$!]QN!KJLT!Y[X]NL]R_N!UJbN[!((,!R\![NVX_NM&!<W!\XVN!NVKXMRVNW]\$!

JO]N[! ]QN! KJLT! Y[X]NL]R_N! UJbN[! ((,! R\! [NVX_NM$! J! ]JYN! "WX]! \QX`W#! R\!

J]]JLQNM!XW!J!KX]]XV!\^[OJLN!]QN!\^K\][J]N!(('$!JWM!]QNW!MRLNM$!JWM!ORWJUUb!

]QN!]JYN!R\![NVX_NM&!3O]N[!\RWP^UJ]RWP!]QN!MRN$!]QN!LR[L^UJ[!LbURWM[RLJU!VN]J!

UNW\N\!())!LJW!KN!]N\]NM!OX[!O^WL]RXW!JWM!XY]RLJU!RW\YNL]RXW!OX[!MNONL]\&!

+!!%$, <]! R\! `X[]Q! WX]RWP! ]QJ]! ]QN! VN]QXM! XO! VJW^OJL]^[RWP! ]QN!

LR[L^UJ[! LbURWM[RLJU! VN]J! UNW\N\! ())! XO! ]QN! Y[N\NW]! MR\LUX\^[N! R\! NJ\b! ]X!

RVYUNVNW]$!JWM!]QN!Y[XLN\\!bRNUM!R\!QRPQ&!<W!LXW][J\]$!R]!R\!V^LQ!MROORL^U]!]X!

Y[XM^LN!^WROX[V!\][RY%\QJYNM!P[J]RWP\$!JWM!R]\!Y[XLN\\!bRNUM!R\!V^LQ!UX`N[&!

+!!%%, EQN! Y[N\NW]! MR\LUX\^[N! JU\X! Y[X_RMN\! J! VN]J! UNW\! \][^L]^[N$!

`QRLQ! RWLU^MN\! J! YU^[JUR]b! XO! LR[L^UJ[! LbURWM[RLJU! VN]J! UNW\N\! ())! \YJLNM!

JYJ[]!O[XV!NJLQ!X]QN[$!J\!\QX`W!RW!8<9&!(8&!8<9&!+!R\!J!L[X\\%\NL]RXWJU!_RN`!

XO! J! VN]J! UNW\! \][^L]^[N! JLLX[MRWP! ]X! \XVN! NVKXMRVNW]\! XO! ]QN! Y[N\NW]!

MR\LUX\^[N&! 3\! \QX`W! RW! 8<9&! +$! JW! RWLU^MNM! JWPUN! J! KN]`NNW! J! \RMN`JUU!

())\!XO!XWN!XO!]QN!LR[L^UJ[!LbURWM[RLJU!VN]J!UNW\N\!())!JWM!J!KX]]XV!\^[OJLN!

())K!XO!]QN!XWN!XO!]QN!LR[L^UJ[!LbURWM[RLJU!VN]J!UNW\N\!())!R\!RW!J![JWPN!XO!



! ((

O[XV!/,!MNP[NN\!]X!//!MNP[NN\$!\^LQ!J\!/-!MNP[NN\$!/.!MNP[NN\$!X[!JWb!_JU^N!

KN]`NNW!JWb!]`X!XO!]QN\N!_JU^N\&!<W!\XVN!NVKXMRVNW]\$!]QN!RWLU^MNM!JWPUN!

J!R\!P[NJ]N[!]QJW!X[!NZ^JU!]X!/,!MNP[NN\!JWM!UN\\!]QJW!//!MNP[NN\&!

+!!%&, <W! \XVN! NVKXMRVNW]\$! J! [J]RX! XO! J! QNRPQ]! ;(! XO! ]QN! LR[L^UJ[!

LbURWM[RLJU!VN]J!UNW\!())!]X!J!VJaRV^V!MRJVN]N[!H(!]QN[NXO!R\!RW!J![JWPN!

XO!O[XV!(&),!]X!*&,$!\^LQ!J\!(&,$!)&'$!)&,$!*&'$!X[!JWb!_JU^N!KN]`NNW!JWb!]`X!

XO!]QN\N!_JU^N\&! !

+!!%', <W!\XVN!NVKXMRVNW]\$!]QN!QNRPQ]!;(!XO!]QN!LR[L^UJ[!LbURWM[RLJU!

VN]J!UNW\!())!R\!RW!J![JWPN!XO!O[XV!),'!WV!]X!*,'!WV$!OX[!NaJVYUN$!)-'!WV$!
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WHAT IS CLAIMED IS: 

1. A method of manufacturing meta lenses, comprising: 

depositing an optical material over a substrate; 

spin coating a nano-imprint resist over the optical material; 

contacting a mold with the nano-imprint resist, wherein the mold has a 

plurality of circular cylindrical recesses and a protruding portion, and the 

circular cylindrical recesses are spaced apart from each other, wherein the 

mold has an anti-stick layer applied over the circular cylindrical recesses 

and the protruding portion of the mold, so that in the step of contacting the 

mold with the nano-imprint resist, the anti-stick layer is directly in contact 

with the nano-imprint resist; wherein the mold is a disposable polymer 

stamp; 

curing the nano-imprint resist after the mold is in contact with the 

nano-imprint resist to form a nano-imprint resist pattern, wherein the 

nano-imprint resist pattern has a plurality of circular cylindrical thick 

portions and a thin portion, and the circular cylindrical thick portions 

respectively correspond to the circular cylindrical recesses of the mold, and 

the thin portion corresponds to the protruding portion of the mold; 

moving the mold upward to separate from the nano-imprint resist 

pattern; 

removing the thin portion and remaining the circular cylindrical thick 

portions; and 

patterning the optical material according to the remaining circular 

cylindrical thick portions to form a plurality of circular cylindrical meta 

lenses; 

wherein the circular cylindrical meta lenses spaced apart from each 

other, and an included angle between a sidewall of one of the circular 

cylindrical meta lenses and a bottom surface of the one of the circular 
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cylindrical meta lenses is in a range of from 85 degrees to 88 degrees or in 

a range of from 92 degrees to 95 degrees;  

wherein a minimum distance between adjacent two of the circular 

cylindrical meta lenses is in a range of from 75 nm to 125 nm. 

2. The method of manufacturing the meta lenses of claim 1, further 

comprising: 

removing the circular cylindrical thick portions after forming the 

circular cylindrical meta lenses. 

3. The method of manufacturing the meta lenses of claim 1, wherein the 

step of contacting the mold with the nano-imprint resist comprises filling 

the circular cylindrical recesses of the mold with the nano-imprint resist, 

and the step of filling the circular cylindrical recesses of the mold with the 

nano-imprint resist comprises moving the mold downward, heating the 

nano-imprint resist, or a combination thereof. 

4. The method of manufacturing the meta lenses of claim 1, wherein the 

step of curing the nano-imprint resist comprises performing an ultraviolet 

light irradiation treatment. 

5. The method of manufacturing the meta lenses of claim 1, wherein the 

step of curing the nano-imprint resist comprises performing a cooling 

treatment, and the nano-imprint resist is made of a thermoplastic material. 

6. The method of manufacturing the meta lenses of claim 1, further 

comprising: 

forming a chromium-containing layer over the optical material after 
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depositing the optical material over the substrate and before spin coating 

the nano-imprint resist over the optical material. 

7. The method of manufacturing the meta lenses of claim 1, wherein the 

optical material comprises amorphous silicon, titanium dioxide or a 

combination thereof. 

8. The method of manufacturing the meta lenses of claim 1, further 

comprising: 

forming a back protective layer beneath the substrate after depositing 

the optical material over the substrate and before spin coating the 

nano-imprint resist over the optical material, and the substrate is between 

the optical material and the back protective layer. 

9. The method of manufacturing the meta lenses of claim 1, wherein the 

mold is made from a master stamp. 

10. The method of manufacturing the meta lenses of claim 1, wherein a 

ratio of a height of the one of the circular cylindrical meta lenses to a 

maximum diameter of the one of the circular cylindrical meta lenses is in a 

range of from 1.25 to 3.5. 

11. The method of manufacturing the meta lenses of claim 1, wherein a 

height of the one of the circular cylindrical meta lenses is in a range of 

from 250 nm to 350 nm, and a maximum diameter of the one of the circular 

cylindrical meta lenses is in a range of from 100 nm to 200 nm. 


