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5HFHLYHG�6HSWHPEHU���������
�$�QHZ�GHVLJQ�KDV�EHHQ�SURSRVHG�IRU�WKH� OLTXLG�FU\VWDO�GLVSOD\LQJ�HOHPHQW�WR�HQKDQFH

WKH�YLHZ�DQJOH� DQG� WKH� FRQWUDVW� OHYHO��7KH� ODVHU� UDGLDWLRQ� VFDWWHULQJ�SURFHVV� LQ�QHPDWLF�
FKROHVWHULF� PL[WXUHV� KDV� EHHQ� VLPXODWHG� PDWKHPDWLFDOO\�� 7KH� GHSHQGHQFHV� RI� VFDWWHULQJ
LQWHQVLW\� RQ� WKH� VFDWWHU� DQJOH� KDYH� EHHQ� VWXGLHG� LQ� H[SHULPHQW� WDNLQJ� LQWR� DFFRXQW� WKH
ODVHU� UDGLDWLRQ� LQFLGHQFH� DQJOH� RQ� WKH� VFDWWHULQJ� VWUXFWXUH�� 7KH� FRQWUDVW� YDOXH� DV� D
IXQFWLRQ� RI� WKH� RSWLFDOO\� DFWLYH� GRSDQW� FRQFHQWUDWLRQ� LQ� WKH� QHPDWLF� PDWUL[� KDV� EHHQ
GHWHUPLQHG�
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7KH� FKROHVWHULF�QHPDWLF� WUDQVLWLRQ� �&17�
HIIHFW� LV� RI� D� WHFKQLFDO� LQWHUHVW� GHILQHG� E\
WKH� SUHVHQFH� RI� ERWK� WH[WXUH� DQG� ILHOG�K\V�
WHUHVLV� DV�ZHOO� DV� E\� SRVVLEOH� VLPSOH�GHVLJQ
RI� RSWRHOHFWURQLF� GHYLFHV� EDVHG� WKHUHRQ�
7KLV� OLTXLG� FU\VWDO� �/&�� HIIHFW� H[SDQGV� WKH
VSKHUH� RI� RSWRHOHFWURQLF� GHYLFH� DSSOLFDWLRQV
EHFDXVH� RI� FKDQJLQJ� WKH� PDLQ� ODVHU� UDGLD�
WLRQ�SDUDPHWHUV��7KH�PRVW�LPSRUWDQW�ZD\�WR
LPDJLQJ�GHYLFHV�EDVHG�RQ�OLTXLG�FU\VWDO�PD�
WHULDOV� ZLWK� KHOLFDO� VXSUDPROHFXODU� VWUXF�
WXUH� LV� WR� PDNH� XVH� RI� VHOHFWLYH� UHIOHFWLRQ
HIIHFW�� 7KH� SODQDU� ZDYHJXLGH� VWUXFWXUHV
ZLWK�OLTXLG�FU\VWDO�RSWLFDOO\�DFWLYH�FRUH�LV�RI
JRRG� SURPLVH�� WRR� >�@�� 7KH� VFDWWHULQJ� HOHF�
WURRSWLFDO�HIIHFWV� LQ� OLTXLG�FU\VWDOV�DUH�XVH�
IXO� LQ�VXFK�GHYLFHV��SURYLGHG�WKDW�WKH�PDLQ
SUREOHP� WKHUHRI�� WKH� ORZ� FRQWUDVW� OHYHO�� LV
HOLPLQDWHG�
7KH� FKROHVWHULF�QHPDWLF� WUDQVLWLRQ� HV�

VHQFH� FRQVLVWV� LQ� GHJUDGDWLRQ� RI� VXSUD�
PROHFXODU� VSLUDO� VWUXFWXUH� GXH� WR� DQ� H[WHU�

QDO� HOHFWULF� ILHOG�� 7KLV� HIIHFW� FKDQJHV� WKH
WUDQVSDUHQF\� RI� WKH� OLTXLG� FU\VWDO� OD\HU�� $
W\SLFDO� GHSHQGHQFH� RI� WKH� OLTXLG� FU\VWDO
OD\HU�WUDQVSDUHQF\�RQ�WKH�DSSOLHG�YROWDJH�LV
VKRZQ� LQ�)LJ����� ,Q� WKH�HOHFWULFDO� ILHOG�� WKH
UHRULHQWDWLRQ� RI� D[LV� VSLUDO� RFFXUV� ZLWKLQ
WKH�UDQJH�H[WHQGLQJ�IURP�]HUR�WR�IRFDO�FRQLF
VWUDLQLQJ�YROWDJH��8NG���7KH�IXUWKHU�HOHFWUL�FDO�ILHOG�LQFUHDVH�XS�WR�WKH�8FQ�YDOXH�FDXVHVGHJUDGDWLRQ� RI� WKH� VXSUDPROHFXODU� VSLUDO
VWUXFWXUH� IRUPDWLRQ� RI� WKH� KRPHRWURSLFDOO\
RULHQWHG� QHPDWLF� SKDVH�� 7KH� 8FQ� YDOXH� LVWKH� WKUHVKROG� RI� FKROHVWHULF�QHPDWLF� WUDQVL�
WLRQ��7KH�QHPDWLF�SKDVH� UHPDLQV� DW� WKH�GH�
FUHDVH� RI� HOHFWULFDO� ILHOG� YDOXH� GRZQ� WR� WKH
LQYHUVH� &17� YROWDJH� �8QF�� VDYHV�� 7KLV� UH�VXOWV�LQ�D�K\VWHUHVLV�RI�WKH�&17�HOHFWURRSWL�
FDO�SURSHUWLHV�
,Q� WKLV� ZRUN�� WKH� .DZDFKL�.RJXUH� WKHR�

UHWLFDO� PRGHO� KDV� EHHQ� XVHG� WR� GHWHUPLQH
WKH�FULWLFDO�YROWDJHV�RI�&17�HIIHFW�>����@�
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ZKHUH�z����z���DUH�)UDQN�HODVWLF�FRQVWDQWV�)VFc��)VF��)VQ��WKH�VXUIDFH�IUHH�HQHUJ\�GHQVL�WLHV��LQ�SODQDU��FRQIRFDO��DQG�QHPDWLF�VWDWH�
UHVSHFWLYHO\�� G�� WKLFNQHVV� RI� /&� OD\HU�� c��IUHH�LQGXFHG�KHOL[�SLWFK�

7KH�VWXG\�RI�VFDWWHULQJ�HIIHFW�LQ�LQGXFHG
FKROHVWHULFV�LV�DVVRFLDWHG�ZLWK�QXPHURXV�DV�
SHFWV� RI� ODVHU� UDGLDWLRQ� VFDWWHULQJ�� :KHQ
WKH� ODVHU� UDGLDWLRQ� LQFLGHV� WKH� LQGXFHG
FKROHVWHULF� OD\HU�� WKH� UHVXOWLQJ� VFDWWHULQJ
GLDJUDP� ZLOO� EH� GHILQHG� E\� VFDWWHULQJ� RQ
FRQIRFDO� GRPDLQV�� VHOHFWLYH� VFDWWHULQJ� RQ
WKH� FKROHVWHULF� VSLUDO� DQG� DQLWKRWURSLF� PR�
OHFXODU� VFDWWHULQJ�� 7KH� JHQHUDO� PRGHO� RI
ODVHU� UDGLDWLRQ� VFDWWHULQJ� LQ� LQGXFHG
FKROHVWHULFV� LV� EDVHG� RQ� VHYHUDO� DSSUR[LPD�
WLRQV�� 6RPH� RI� WKRVH� KDYH� FRQVLGHUHG� RQO\
WKH� VHOHFWLYH� VFDWWHULQJ� FRPSRQHQW�� ZKLOH
RWKHU� WRRN� LQWR� DFFRXQW� WKH� VFDWWHULQJ� LQ
FRQIRFDO� GRPDLQV� EXW� QRW� WKH� DQLVRWURSLF
VFDWWHULQJ�� 2XU� PRGHO� RI� ODVHU� UDGLDWLRQ
VFDWWHULQJ�LQ�D�SODQDU�ZDYHJXLGH�LV�EDVHG�RQ
WKH� 5D\OHLJK�*DQV� VFDWWHULQJ� LQ� VLQJOH� DS�
SUR[LPDWLRQ�� WKH� IXOO� LQWHUQDO� UHIOHFWLRQ
FRQGLWLRQV�EHLQJ�WDNHQ�LQWR�DFFRXQW��)LJ�����
7KH� DQJXODU� GLVWULEXWLRQ� RI� WKH� VFDWWHUHG
OLJKW� LQWHQVLW\� EDVHG� RQ� 5D\OHLJK�*DQV� DS�
SUR[LPDWLRQ�LV�GHVFULEHG�DV
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� 7KH� OLJKW� VFDWWHULQJ�ZKHQ� WKH� UDGLDWLRQ� LV
LQWURGXFHG� GLUHFWO\� LQWR� D� OLTXLG� FU\VWDO
OD\HU� XQGHU� VLQJOH� DSSUR[LPDWLRQ� IRU� WKH
EHDP� LQFLGHQFH� IURP� WZR� VLGHV� DW� YDULRXV
SDUWLFOH�UDGLXV�DQG�YDULRXV�LQFLGHQFH�DQJOHV
ZDV� VLPXODWHG� DFFRUGLQJ� WR� WKH� VFKHPH
VKRZQ� LQ� )LJ����� 7KH�PDWKHPDWLFDO� VLPXOD�
WLRQ�UHVXOWV�RI�ODVHU�EHDP�VFDWWHULQJ�SURFHVV
DUH�VKRZQ�LQ�)LJ����

7KH� LQFUHDVLQJ� WKH� UDGLDWLRQ� LQFLGHQFH
DQJOH� RQ� OLTXLG� FU\VWDO� OD\HU� UHVXOWV� LQ� LQ�
FUHDVLQJ�HIIHFWLYH�FURVV�VHFWLRQ�RI�WKH�DFWLYH
PHGLXP� VFDWWHULQJ� OD\HU� DQG�� FRUUHVSRQG�
LQJO\��LQ�LQFUHDVLQJ�VFDWWHULQJ�RQ�WKH�FRQIR�
FDO�GRPDLQV��+RZHYHU��WKH�PD[LPXP�UDGLD�
WLRQ�LQFLGHQFH�DQJOH�LV�GHILQHG�E\�WKH�LQWHU�
QDO� UHIOHFWLRQ� DQJOH��7KH�GHFUHDVLQJ� VL]H�RI
VFDWWHULQJ� SDUWLFOHV� FDXVHV� LQFUHDVLQJ� XQL�
IRUPLW\� RI� WKH� UDGLDWLRQ� LQWHQVLW\��7KH�XVH
RI�SODQDU�ZDYH�JXLGH�PRGH�PDNHV�LW�SRVVLEOH
WR� LQFUHDVH� FRQVLGHUDEO\� QRW� RQO\� WKH� FRQ�
WUDVW�YDOXH�>�@�EXW�DOVR�WKH�YLHZ�DQJOH��VLQFH
WKLV� LV� FDXVHG� E\� FKDQJHV� LQ� WKH� OLJKW� IORZ
VSUHDGLQJ�GLUHFWLRQ�ZLWK�UHVSHFW�WR�WKH�YLHZ
SRLQW�
:H� KDYH� VWXGLHG� LQ� H[SHULPHQW� DOVR� WKH

VFDWWHULQJ� LQWHQVLW\� GHSHQGHQFHV� RQ� WKH
YLHZ� DQJOH� DW� WKH� ODVHU� EHDP� QRUPDO� LQFL�
GHQFH� WR� HVWDEOLVK� WKH� FRUUHODWLRQ� EHWZHHQ
WKH� ODVHU� EHDP� VFDWWHULQJ�� SK\VLFDO� SURSHU�

)LJ�����$�W\SLFDO�GHSHQGHQFH�RI�OLTXLG�FU\VWDO
OD\HU�WUDQVSDUHQF\�RQ�WKH�DSSOLHG�YROWDJH�GXH
WR�&17�

)LJ����� 0DWKHPDWLFDO� VLPXODWLRQ� VFKHPH� RI
ODVHU�EHDP�VFDWWHULQJ�DW�WKH�WZR�ZD\V�RI�WKH
EHDP� LQFLGHQFH�� ��� JODVV� VXUIDFH�� ��� LQGXFHG
FKROHVWHULF�OD\HU�����+H±1H�ODVHU�GLUHFWLQJ�WKH
EHDP� WR� LQGXFHG� FKROHVWHULF� �SODQDU
ZDYHJXLGH� PRGH��� ��� WKH� GLVWULEXWLRQ� GLUHF�
WLRQV�RI�VFDWWHUHG�UDGLDWLRQ�
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WLHV� RI� OLTXLG� FU\VWDO� OD\HU� DQG� SDUDPHWHUV
RI�FRQWURO�VLJQDO�
7KH� LQGXFHG� FKROHVWHULF�PHVRSKDVHV� FRQ�

VLVWHG�RI�D�QHPDWLF�PDWUL[�ZLWK�ORZ�FRQFHQ�
WUDWLRQV� �IURP� �Ü��� ��� RI� RSWLFDO� DFWLYH
GRSDQWV��2$'���0L[WXUHV�RI�VWURQJ�SRODU�F\�
DQRELSKHQ\OV� DUH� FKDUDFWHUL]HG� E\� KLJK
YDOXH� RI� GLHOHFWULFDO� DQLVRWURS\� 'H� ������
�DW� ���� .��� 'Q� ������� WKH� WHPSHUDWXUH
UDQJH� RI� PHVRSKDVH� H[LVWHQFH� LV� ���� WR
���� z�� 7R� LQGXFH� WKH� VSLUDO� VWUXFWXUH�� WKH
QRQ�PHVRPRUSKLF� RSWLFDOO\� DFWLYH� GRSDQW
�{,ts����ZDV�XVHG��7KH�HOHFWURRSWLFDO�LQYHV�
WLJDWLRQV�ZHUH�FDUULHG�RXW�LQ�VDQGZLFK�FHOOV
ZLWK� SODQDU� ERXQGDU\� FRQGLWLRQV� DW� URRP
WHPSHUDWXUH��WKH�/&�OD\HU�ZDV����PP�WKLFN�
7KH�VFDWWHULQJ�FKDUDFWHU�RI�&17�HIIHFW�ZDV
WDNHQ� LQWR� DFFRXQW��$�+H±1H� ODVHU� �WKH� UD�
GLDWLRQ� ZDYHOHQJWK� ����� PP�� ZDV� XVHG� DV

WKH� UDGLDWLRQ� VRXUFH�� 7KH� RSWLFDO� WUDQVSDU�
HQF\� FKDUDFWHULVWLFV� RI�/&� FHOO� DV� IXQFWLRQV
RI� WKH� DSSOLHG� YROWDJH� DW� WKH� QRUPDO� LQFL�
GHQFH� RI� ODVHU� EHDP� DQG� SODQDU� ZDYHJXLGH
VWUXFWXUH�DUH�VKRZQ�LQ�)LJV����DQG���
7KH� LQFUHDVLQJ�DSSOLHV�YROWDJH� LV� VHHQ� WR

QDUURZ�WKH�GLUHFWLRQDO�GLDJUDPV�RQ�FRQIRFDO
QHPDWLF� WH[WXUHV� DQG� LQFUHDVH� WKH� FHQWUDO
SHDN�LQWHQVLW\��7KLV�LV�FDXVHG�E\�LQFUHDVLQJ
VL]H�RI�VFDWWHULQJ�FRQIRFDO�GRPDLQV�>�@��7KH
LQFUHDVLQJ�2$'�FRQFHQWUDWLRQ�UHVXOWV� LQ�LQ�
FUHDVLQJ� LQWHQVLW\� RI� UDGLDWLRQ� SDVVLQJ
WKURXJK� WKH� OLTXLG� FU\VWDO� FHOO� GXH� WR� GH�
FUHDVLQJ� VL]H� RI� FRQIRFDO� GRPDLQV�� 7KH� H[�
SHULPHQWDO�UHVXOWV�DJUHH�ZHOO�ZLWK�WKHRUHWL�
FDO�UHODWLRQVKLSV�
7KXV��WKH�XVH�RI�WKH�SURSRVHG�VWUXFWXUHV

PDNHV� LW� SRVVLEOH� WR� YDU\� WKH� GLUHFWLRQDO
GLDJUDPV� ZLWKLQ� D� ZLGH� UDQJH� E\� YDU\LQJ
WKH�DSSOLHG�YROWDJH�DQG�FRQFHQWUDWLRQ�RI�RS�

)LJ����� ([SHULPHQWDO� GHSHQGHQFHV� RI� WKH� /&
FHOO�VFDWWHULQJ�LQWHQVLW\�RQ�WKH�YLHZ�DQJOH�IRU
vyzÜ������ �� {,ts��� PL[WXUH� DW� DW� YDUL�
RXV� DSSOLHG� YROWDJH�YDOXHV�� �����9� ��������9
���������9��������9�����

)LJ����� ([SHULPHQWDO� GHSHQGHQFHV� RI� WKH� /&
FHOO�VFDWWHULQJ�LQWHQVLW\�RQ�WKH�YLHZ�DQJOH�IRU
vyzÜ�������{,ts���PL[WXUH�DW�DW�YDULRXV
DSSOLHG� YROWDJH� YDOXHV�� ��� 9� ����� ��� 9� ����
���9��������9��������9�����

)LJ�����/LJKW�VFDWWHULQJ�RQ�FRQIRFDO�GRPDLQV�DW�FKROHVWHULF�QHPDWLF�WUDQVLWLRQ�DW�WKH�LQFLGHQFH�DQJOH
RI�ODVHU�EHDP�����D��������E��������F��DQG�SDUWLFOH�VL]H�������������������DQG������PP�����

=�0\N\W\XN�HW�DO����7KH�DFWLYH�PHGLXP�VFDWWHULQJ����

)XQFWLRQDO�PDWHULDOV������������� ���



WLFDOO\DFWLYH� GRSDQW� DW� UHWDLQLQJ� KLJK� FRQ�
WUDVW� OHYHO�� 7KH� LQFUHDVLQJ� OLJKW� LQFLGHQFH
DQJOH� RQ� WKH� OLTXLG� FU\VWDO� OD\HU� UHVXOWV� LQ
LQFUHDVLQJ� HIIHFWLYH� FURVV�VHFWLRQ� RI� WKH
VFDWWHULQJ� OD\HU� DFWLYH� PHGLXP� DQG�� FRUUH�
VSRQGLQJO\�� LQ� LQFUHDVLQJ� VFDWWHULQJ� RQ� WKH
FRQIRFDO� GRPDLQV�� WKDW� LV�� LQ� HQODUJLQJ� GL�
UHFWLRQDO� GLDJUDP� ZLGWK�� +RZHYHU�� WKH
PD[LPXP�OLJKW�LQFLGHQFH�DQJOH�LV�OLPLWHG�WR
WKH�LQWHUQDO�UHIOHFWLRQ�DQJOH��7KH�LQFUHDVLQJ
DSSOLHG� YROWDJH� FDXVHV� D�QDUURZLQJ� VFDWWHU�
LQJ� GLUHFWLRQDO� GLDJUDPV� RQ� FRQIRFDO� QH�
PDWLF� WH[WXUHV� DQG� LQFUHDVLQJ� LQWHQVLW\� RI

WKH�FHQWUDO�SHDN��7KLV� LV�FDXVHG�E\�LQFUHDV�
LQJ�VL]H�RI�VFDWWHULQJ�FRQIRFDO�GRPDLQV�
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