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7KH�HOHFWURQ�WUDSSLQJ�DQG�GHWUDSSLQJ�SURFHVVHV�LQ�WKH�VHPL�LQVXODWLQJ�&G7H�9�FU\VWDOV

KDYH�EHHQ�VWXGLHG�XVLQJ�D�QHZ�WLPH�UHVROYHG�SKRWRHOHFWULF�VSHFWURVFRS\� WHFKQLTXH�� ,W�KDV
EHHQ�VKRZQ�WKDW�WKH�HOHFWURQ�SURFHVVHV�LQ�VXFK�FU\VWDOV�LQYROYLQJ�WKH�LPSXULW\�FHQWHUV�DQG
LQWULQVLF� GHIHFWV� DUH� IDVW� DQG� RFFXU� LQ� WKH� QDQRVHFRQG� UDQJH�� 7KH� LQIRUPDWLRQ� RQ� WKH
QDWXUH� DQG� HQHUJ\� VWUXFWXUH� RI� WKH� DQLVRWURSLF� LPSXULW\� FHQWHUV� KDV� EHHQ� REWDLQHG�� 7ZR
GLIIHUHQW� SKRWRJHQHUDWLRQ� PHFKDQLVPV� RI� IUHH� HOHFWURQV� KDYH� EHHQ� UHYHDOHG�� WKH� GLUHFW
SKRWRLRQL]DWLRQ�RI�HOHFWURQV�IURP�WKH�JURXQG�LPSXULW\�VWDWHV�DQG�WKHLU�VHOI�LRQL]DWLRQ�IURP
WKH�H[FLWHG�LPSXULW\�VWDWHV�ZKLFK�DUH�LQ�UHVRQDQFH�ZLWK�WKH�FRQGXFWLRQ�EDQG��,W�ZDV�IRXQG
WKDW� WKH� SKRWRVHQVLWLYLW\� UHJLRQ� IRU�&G�±[+J[7H� FU\VWDOV� �[� �������� DW� ����.� LV� LQ� WKHUDQJH�IURP�����WR�����PP��
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2QH�RI� WKH�PRVW�XUJHQW� WDVNV�RI�PRGHUQ
RSWRHOHFWURQLFV� LV� WKH� GHYHORSPHQW� RI� IDVW
VHPLFRQGXFWRUV�� LQFOXGLQJ� WKH� SKRWRUHIUDF�
WLYH� ,5�PDWHULDOV� ����Ü���� PP�� >�Ü�@�
7RGD\�� YDULRXV�PDWHULDOV� DUH� XVHG� IRU� SKR�
WRGHWHFWRUV�LQ�WKH�QHDU�,5�UHJLRQ��*H��3E6�
,Q*D$V��3E6H��&G+J7H��HWF����7KH�SKRWRVHQ�
VLWLYLW\� VSHFWUDO� UHJLRQ� LQ� VXFK�PDWHULDOV� LV
GHILQHG�E\� WKH�EDQG�JDS�ZLGWK�RI� WKH�FU\V�

WDOV�� $� GUDZEDFN� RI� WKRVH� PDWHULDOV� LV� WKH
QHFHVVLW\� IRU� WKHLU� FRROLQJ� �FU\RJHQLF� RU
WKHUPRHOHFWULF��� ,Q� WKH� FDVH� RI�&G7H�9� DQG
&G�±[+J[7H�9� FU\VWDOV�� WKH� SKRWRVHQVLWLYLW\LV� GHILQHG� E\� WKH� LPSXULW\� SKRWRFRQGXFWLY�
LW\�>����@��7KHUHIRUH��WKHVH�PDWHULDOV�FDQ�EH
XVHG� WR� GHYHORS� D� QHZ� W\SH� RI� QRQ�FRROHG
,5�SKRWRGHWHFWRUV��7KH�PDWHULDOV�DUH�DOVR�RI
JRRG� SURPLVH� IRU� QRYHO� HIIHFWLYH� DGDSWLYH
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SKRWRGHWHFWRUV� >�@�� ,W� VKRXOG� EH� QRWHG� WKDW
WKH�GRSHG�&G�±[+J[7H�DOOR\V�� LQ�FRQWUDVW�WRFRPPRQO\� XVHG� SKRWRUHIUDFWLYH� &G7H�9
FU\VWDOV�� PDNH� LW� SRVVLEOH� WR� WXQH� WKH� SKR�
WRLRQL]DWLRQ� HQHUJ\� DQG� H[SDQG� WKH� SKRWR�
VHQVLWLYLW\� UHJLRQ� XS� WR� ���� PP� >�@�� 6LQFH
WKH� &G7H�9� DQG� &G�±[+J[7H�9� FU\VWDOV� DUHVHPL�LQVXODWLQJ� PDWHULDOV� �U� ����Ü
����:�FP���WKH\�FDQ�EH�FRQVLGHUHG�DV�SURP�
LVLQJ�PDWHULDOV�IRU�WKH�QRQ�FRROHG�GHWHFWRUV
RI�;��DQG� J�UD\V�� ,W� LV�ZHOO�NQRZQ�WKDW� WKH
LQFRUSRUDWLRQ�RI��G�HOHPHQWV�LQ�$,,%9,�VHPL�
FRQGXFWRUV� UHVXOWV� LQ� IRUPDWLRQ� RI� WKH
VWURQJ� ORFDOL]HG� HOHFWURQLF� VWDWHV� DQG�� UH�
VSHFWLYHO\��WR�WKH�DSSHDUDQFH�RI�GHHS�LPSX�
ULW\� VWDWHV� >�Ü�@��7KH�$,,%9,�VHPLFRQGXFWRUV
GRSHG�ZLWK�YDQDGLXP�� LQ�SDUWLFXODU�� RI� WKH
&G7H� DQG� =Q7H� FU\VWDOV� DV� ZHOO� DV� WKHLU
&G�±[=Q[7H� VROLG� VROXWLRQ� ZHUH� VWXGLHG� LQ>�Ü�@��%DVLQJ�RQ�(35�PHDVXUHPHQW�UHVXOWV�
LW�ZDV�VKRZQ�>�Ü��@�WKDW�LQ�WKH�&G�±[=Q[7HFU\VWDOV��DQLVRWURSLF�LPSXULW\�FHQWHUV�FDQ�EH
IRUPHG� LQ� FRQWUDVW� WR� WKH� ELQDU\� FRP�
SRXQGV�
,Q� WKLV� ZRUN�� WKH� FRPSOH[� RSWLFDO� DQG

SKRWRHOHFWULF� VWXGLHV� RI� VHPL�LQVXODWLQJ
&G7H�9�DQG�&G�±[+J[7H�9�FU\VWDOV�KDYH�EHHQFDUULHG� RXW� ZLWK� WKH� DLP� WR� GHILQH� WKH� QD�
WXUH�DQG�HQHUJ\�VWUXFWXUH�RI�WKH�GHHS�LPSX�
ULW\�FHQWHUV��LQFOXGLQJ�WKH�DQLVRWURSLF�LPSX�
ULW\� FHQWHUV�� DV� ZHOO� DV� WKHLU� UROH� LQ� WKH
HOHFWURQLF� SURFHVVHV� LQ� WKH� QDQRVHFRQG
UDQJH�� 7KH� YDQDGLXP� GRSHG� &G7H� DQG
&G�±[+J[7H� FU\VWDOV� ZHUH� JURZQ� E\� WKHYHUWLFDO� %ULGJPDQ� WHFKQLTXH�� 'RSLQJ� ZDV
SURYLGHG� E\� YDQDGLXP� DGGLWLYH� LQWR� WKH
PHOW��7KH�LQLWLDO�FRQFHQWUDWLRQ�RI�WKH�LPSX�
ULW\�DWRPV�ZDV�DERXW������FPÜ���$OO�VWXGLHG
VDPSOHV�KDG�Q�W\SH� FRQGXFWLYLW\��7KH� WLPH�
UHVROYHG� SKRWRHOHFWULF� VSHFWURVFRS\� PHDV�
XUHPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�WKH�DSSDUD�

WXV�DQG�WHFKQLTXH�SUHVHQWHG� LQ� >�@��7KH�DE�
VRUSWLRQ� DQG� SKRWRGLIIXVLRQ� FXUUHQW� �3'&�
VSHFWUD� ZHUH� PHDVXUHG� XVLQJ� D� .698���
VSHFWURSKRWRPHWHU�
,Q�D�&G7H�9�FU\VWDO�H[FLWHG�E\�D�QLWURJHQ

ODVHU� �O� ������� QP�� W� ��� QV�� 3� ���N:��
IUHH� FKDUJH� FDUULHUV� DUH� SKRWRJHQHUDWHG� LQ
WKH� QHDU�VXUIDFH� OD\HU�� 7KH� VWDWLRQDU\� LOOX�
PLQDWLRQ�RI�WKH�FU\VWDO�VXUIDFH�ZLWK�WKH�GLI�
IHUHQW�ZDYHOHQJWKV�ZDV�FDUULHG�RXW�XVLQJ�D
KLJK�DSHUWXUH� 0'5���� PRQRFKURPDWRU�
7KLV�PDNHV� LW� SRVVLEOH� WR�PHDVXUH� WKH� SKR�
WRFXUUHQW� VSHFWUD� FDXVHG� E\� DQ� LQFUHDVH� LQ
WKH�FXUUHQW�SXOVH�FRPSRQHQW�GXH�WR�GHWUDS�
SLQJ�RI� WKH�FKDUJH�FDUULHUV� IURP�WKH�WUDSV�
,I�WKH�LOOXPLQDWHG�HOHFWURGH�KDV�QHJDWLYH�SR�
ODULW\�� PRVWO\� HOHFWURQV� PRYH� WKURXJK� WKH
FU\VWDO��,Q�WKLV�ZRUN��WKH�HOHFWURQLF�FRQGXF�
WLYLW\�RI�FU\VWDOV�LV�LQYHVWLJDWHG�
)LJ���� VKRZV� WKH� VKDSH� RI� SKRWRFXUUHQW

SXOVH� �33&��PHDVXUHG�ZLWK� WKH�����QV� WLPH
UHVROXWLRQ� LQ�WKH�DEVHQFH�RI�DGGLWLRQDO� LOOX�
PLQDWLRQ�� ,Q� WKLV� FDVH�� WKH� 33&� KDV� WKH
VDPH�VKDSH�DV�WKH�ODVHU�SXOVH��)LJ����VKRZV
WKH�LQWHQVLW\�RI�WKH�SKRWRFXUUHQW�SXOVH�FRU�
UHVSRQGLQJ� WR�WKH� ODVHU�SXOVH�PD[LPXP�IRU
WKH�GHOD\�WLPH�WG� ���QV��DV�D�IXQFWLRQRI� WKH� VWDWLRQDU\� PRQRFK±±URPDWLF� LOOXPL�
QDWLRQ� HQHUJ\�� 7KH� VSHFWUDO� GHSHQGHQFH� DW
GLIIHUHQW�YDOXHV�RI�HOHFWULF�ILHOG�VWUHQJWK
�)� ������ WR� ��������� 9�FP�� ZDV� PHDVXUHG�
7KH�ZLGH�EDQG�ZLWK�D�PD[LPXP�DW������H9
LV�GXH�WR�WKH�SKRWRLRQL]DWLRQ�WUDQVLWLRQV�LQ�
YROYLQJ� WKH� SKRWRLQGXFHG� 9��LQG� LPSXULW\FHQWHUV� DV� D� UHVXOW� RI� WKH� VHOI�LRQL]DWLRQ�RI
HOHFWURQV� IURP� WKH� H[FLWHG� �7��3�� VWDWHEHLQJ� LQ� UHVRQDQFH� ZLWK� WKH� FRQGXFWLRQ
EDQG��7KLV�PHFKDQLVP�RI�SKRWRLRQL]DWLRQ�RI

)LJ�����7KH� VKDSH� RI�SXOVH�SKRWRFXUUHQW�QRU�
PDOL]HG� WR� WKH�PD[LPXP�RI� SXOVH� DPSOLWXGH
IRU�&G7H�9��19� ������FPÜ�� DW�����.�DW� WKH
HOHFWULF�ILHOG�VWUHQJWK�����N9�FP��

)LJ�����6SHFWUDO�GHSHQGHQFHV�RI�WKH�SXOVH�SKR�
WRFXUUHQW� LQWHQVLW\� DW� WG� ��� QV� XQGHU� DGGL�WLRQDO�VWDWLRQDU\�PRQRFKURPDWLF�LOOXPLQDWLRQ
IRU�&G7H�9�FU\VWDO��19� ������FPÜ��DW�����.�
&XUYHV� �Ü�� FRUUHVSRQG� WR� WKH� HOHFWULF� ILHOG
VWUHQJWK�����N9�FP������N9�FP������N9�FP�
���� N9�FP�� ���� N9�FP� DQG� ���� N9�FP�� UH�
VSHFWLYHO\�
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WUDSSHG� HOHFWURQV� LV� WKH� PDLQ� RQH�� 7KH� GL�
UHFW� SKRWRLRQL]DWLRQ� RI� HOHFWURQV� IURP� WKH�7��)�� VWDWH� LV� OHVV� HIIHFWLYH�� ,W� VKRXOG� EHQRWHG�WKDW�ZKHQ�WKH�ODVHU�SXOVH�ZDV�RII��WKH
33&�LV�FDXVHG�E\�WKH�SKRWRLRQL]DWLRQ�RI�9���
FHQWHUV�ZDV�HTXDO�WR�]HUR��DV�WKH�VWDWLRQDU\
SKRWRFXUUHQW�LWVHOI�ZDV�QRW�UHYHDOHG�
7KH� VSHFWUXP� VWUXFWXUH� LQ� LWV� VKRUW�

ZDYHOHQJWK�ZLQJ�LV�DVVRFLDWHG�ZLWK�WKH�SKR�
WRLRQL]DWLRQ� WUDQVLWLRQV� RI� HOHFWURQV� IURP
WKH� WUDSV� RI� WKH� LQWULQVLF� GHIHFWV�� 7KH� UH�
VXOWV� REWDLQHG� LQGLFDWH� WKH� SUHVHQFH� RI�9��
LRQV�� QHXWUDO� FDGPLXP� YDFDQFLHV� DQG� DF�
FHSWRU� FRPSOH[HV� LQ�&G7H�9� FU\VWDOV��ZKLFK
DUH� WKH� WUDSV� IRU� WKH� HOHFWURQV� SKRWRJHQHU�
DWHG� E\� D� QLWURJHQ� ODVHU� SXOVH�� 7KH� PD[L�
PXP�RI�WKH�EURDG�EDQG�DW������H9�LV�GXH�WR
WKH� SKRWRLRQL]DWLRQ� WUDQVLWLRQV� RI� 9��� LRQV
FDXVHG� E\� WKH� VHOI�LRQL]DWLRQ� RI� HOHFWURQV
IURP�WKH��7��3��H[FLWHG�VWDWH�WR�WKH�FRQGXF�WLRQ� EDQG�� 7KH� WUDSSLQJ� DQG� GHWUDSSLQJ� RI
HOHFWURQV�SKRWRJHQHUDWHG�E\�D�QLWURJHQ�ODVHU
SXOVH�PD\�EH�SUHVHQWHG�DV�

9�����HFE�o�9��LQG�� ���

�9�&G���'������HFE�o��9��&G���'����LQG�� ���

9�&G���HFE�o��9�&G�LQG�� ���
ZKHUH�9��LQG�� �9�±&G���'��ÜLQG� DQG� �9±&G�LQGÈUH�WKH�SKRWRLQGXFHG�LPSXULW\�DQG�LQWULQVLF
GHIHFWV� DSSHDULQJ� GXH� WR� WUDSSLQJ� RI� IUHH
HOHFWURQV��7KH�SURFHVVHV�RI�WKH�HOHFWURQ�SKR�
WRUHOHDVH� IURP� WKH� WUDSV� GXH� WR� VWDWLRQDU\
PRQRFKURPDWLF� LOOXPLQDWLRQ� FDQ� EH� SUH�
VHQWHG�DV�

9��LQG���KQ����������H9��o�9�����HFE� ���

�9��&G���'����LQG���KQ�����H9��o
o��9�&G���'������HFE�

���

�9�&G�LQG���KQ�����H9��o�9�&G���HFE� ���
&RQVLGHUDWLRQ� RI� WKH� 33&� VSHFWUD� VKDSH�

LQWHQVLW\��DQG� WKH�HQHUJ\�SRVLWLRQ� LQGLFDWHV
WKDW� WKH� HOHFWURQ� WUDSSLQJ� HIILFLHQF\� GH�
SHQGV� RQ� WKH� HOHFWULF� ILHOG� VWUHQJWK�� )RU
)!����N9�FPÜ��� WKH� EURDG� LPSXULW\� 33&
EDQG� SUDFWLFDOO\� GLVDSSHDUV�� ,Q� WKLV� FDVH�
WKH�HOHFWURQ�WUDSSLQJ�LV�DEVHQW�
$V� VKRZQ� DERYH� �)LJ����� WKH� 33&� VKDSH

DQG� LQWHQVLW\� LV� YHU\� VHQVLWLYH� WR� WKH� ,5
LOOXPLQDWLRQ�E\�WKH�SXOVH�1G�<$O*� ODVHU� �QR
DGGLWLRQDO� LQIUDUHG� LOOXPLQDWLRQ� WDNLQJ
SODFH���7KH�H[FLWDWLRQ�HQHUJ\� ������H9��FRU�

UHVSRQGV� WR� WKDW� WKH� WUDQVLWLRQV� IURP� WKH
JURXQG� WR� WKH� �7��3�� H[FLWHG� VWDWH� RI� 9��LRQV�
,Q�)LJ�����FXUYH���FRUUHVSRQGV�WR�WKH�33&

LQWHQVLW\�YDULDWLRQ�DV�D�IXQFWLRQ�RI�WKH�HOHF�
WULF�ILHOG�VWUHQJWK�LQ�WKH�DEVHQFH�RI�WKH�DG�
GLWLRQDO��LOOXPLQDWLRQ��7KH�LOOXPLQDWLRQ�E\�D
SXOVH�1G�<$O*�ODVHU�IRU�ORZ�)�YDOXHV�UHVXOWV
LQ� D� VKDUS� LQFUHDVH� RI� 33&� DV� LV� SUHVHQWHG
E\� FXUYH� ��� )RU� )� ����� N9�FP�� WKH� 33&
LQWHQVLW\� LV� DOPRVW� LQGHSHQGHQW� RI� WKH� WKH
HOHFWULF� ILHOG� VWUHQJWK�� )LJ���� �FXUYH� ��
VKRZV� WKH� GLIIHUHQFH� EHWZHHQ� WKH� LQWHQVLW\
SUHVHQWHG� E\� FXUYH� �� DQG� WKH� FXUYH� �� DQG
SUHVHQWV� WR� D� FHUWDLQ� GHJUHH� WKH� FKDQJH� RI
WKH�HOHFWURQ�FDSWXULQJ�HIILFLHQF\�LQ�WKH�GHHS
LPSXULW\� WUDSV�� L�H�� 9��� LRQV� DV� D� IXQFWLRQ
RI�WKH�DSSOLHG�HOHFWULF�ILHOG�VWUHQJWK�
,W� LV� REYLRXV� WKDW� WKH� 33&� LQWHQVLW\� LQ�

FUHDVH�XQGHU�SXOVH�LOOXPLQDWLRQ�ZLWK�WKH�HQ�
HUJ\������H9�LV�FDXVHG�E\�WKH�GHWUDSSLQJ�RI
HOHFWURQV�IURP�WKH�GHHS�LPSXULW\�9��LQG�FHQ�WHUV��&XUYH���FRUUHVSRQGV�WR�WKH�SXOVH�SKR�
WRFXUUHQW�RULJLQDWHG� IURP� WZR� VRXUFHV��7KH
ILUVW� VRXUFH� LV� WKH� H[FLWDWLRQ� RI� IUHH� HOHF�
WURQV��7KH�VHFRQG�RQH�LV�WKH�HOHFWURQ�H[FLWD�
WLRQ�IURP�WKH�JURXQG�VWDWH� � WR��WKH�H[FLWHG
RQH�DQG� WKHLU� VHOI�LRQL]DWLRQ� WR� WKH�FRQGXF�
WLRQ�EDQG��7KH�FRQVLGHUDWLRQ�RI�WKH�GHSHQG�
HQFHV� PHQWLRQHG� DERYH� HYLGHQFHV� WKDW� WKH
SXOVH� SKRWRFXUUHQW� FDXVHG� E\� WKH� HOHFWURQ
GHWUDSSLQJ�)!����H9�FP��7KLV� LV�FDXVHG�E\
WKH� GHFUHDVH� RI� WKH� HOHFWURQ� FDSWXULQJ� HIIL�
FLHQF\�LQ�WKH�GHHS�LPSXULW\�WUDSV��9���LRQV�
XQGHU� VXFK� DSSOLHG� HOHFWULF� ILHOG�� ,Q� WKLV
FDVH��WKH�FRQFHQWUDWLRQ�RI�9��LQG�FHQWHUV�GH�

)LJ����� 'HSHQGHQFHV� RI� WKH� SXOVH� SKRWRFXU�
UHQW� LQWHQVLW\� DW� WG� ��� QV� RQ� WKH� HOHFWULFILHOG�VWUHQJWK�IRU�&G7H�9��19� ������FPÜ��DW
���� .�� &XUYH� �� DQG� FXUYH� �� FRUUHVSRQG� WR
WKH�H[FLWDWLRQ�E\�1��SXOVH�ODVHU�RQO\�DQG�WKHDGGLWLRQDO� LOOXPLQDWLRQ�E\�WKH�1G�<$O*� ODVHU�
UHVSHFWLYHO\��&XUYH��� FRUUHVSRQGV� WKH�GLIIHU�
HQFH�EHWZHHQ�WKH�33&�YDOXHV��',SSF��SUHVHQWHGE\�WKH�FXUYH���DQG�FXUYH���

<X�3�*QDWHQNR�HW�DO����7KH�HIIHFW�RI�LPSXULW\�DQG����
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FUHDVHV�� WKXV� UHVXOWLQJ� LQ� WKH� GHFUHDVH� RI
WKH�33&�LQWHQVLW\�FDXVHG�E\�WKH�GHWUDSSLQJ
RI� HOHFWURQV� IURP� WKHVH� FHQWHUV�� )UHH� HOHF�
WURQV�DUH�QRW� FDSWXUHG�VXEVWDQWLDOO\�E\�9��
LRQV�DW�)t����N9�FP�DQG�WKH�9��LQG�FHQWHUVDUH�QRW�IRUPHG����
)LJ����VKRZV�WKH�VSHFWUDO�GHSHQGHQFHV�RI

WKH�SXOVH�SKRWRFXUUHQW�LQWHQVLW\�IRU�&G7H�9
FU\VWDO�DW� WG� ���QV��&XUYHV��Ü��FRUUHVSRQGWR�GLIIHUHQW� LQWHQVLW\�YDOXHV�RI�WKH�VWDWLRQ�
DU\� LOOXPLQDWLRQ�� $W� WKH� ORZHVW� LQWHQVLW\�
WKH� EURDG� LPSXULW\� EDQG� LV� YHU\� ZHDN� DQG
WKH� EDQG� FRUUHVSRQGLQJ� WR� WKH� SKRWRLRQL]D�
WLRQ� RI� �9±&G�LQG� FHQWHUV� EHFRPHV� WKH� PRVWLQWHQVH��7KH� LQFUHDVH� RI� WKH� OLJKW� LOOXPLQD�
WLRQ� LQWHQVLW\� �FXUYHV� �Ü��� UHVXOWV� LQ� GH�
FUHDVH�RI�33&�EDQG�DW������H9�DV�ZHOO�DV�LWV
VKDUS�GURS�WR������H9�
7KHVH� UHVXOWV� LQGLFDWH� WKDW� WKH� HOHFWURQ

GHWUDSSLQJ�HIILFLHQF\�IURP�WKH�WUDSV�GLIIHU�
LQJ� LQ� HQHUJ\� GHSHQGV� RQ� WKH� LOOXPLQDWLRQ
LQWHQVLW\�� $W� ORZ� LQWHQVLW\� �FXUYH� �� DQG
FXUYH� ���� WKH� HOHFWURQV� DUH� WUDSSHG� LQ� WKH
WUDSV� ZLWK� HQHUJLHV�(Y�������� H9�DQG�(Y������� H9�� 7KHVH� HQHUJLHV� FRUUHVSRQG� WR� WKH
VLQJO\�FKDUJHG�FDGPLXP�YDFDQFLHV�DQG�SRV�
VLEO\�WR�WKH�FKDUJHG�DFFHSWRU�FHQWHUV�FDXVHG
E\� WKH� SUHVHQFH� RI� WKH� UHVLGXDO� DWRPV� VXFK
DV�1D� RU�/L�� UHVSHFWLYHO\�� LQ�&G7H�9� FU\VWDO
>��@��7KH� LQFUHDVLQJ� OLJKW� LQWHQVLW\��FXUYH���
UHVXOWV� WR� WKH� HIIHFWLYH� GH�WUDSSLQJ� RI� WKH
HOHFWURQV� IURP� WKH� VLQJO\� FKDUJHG� DFFHSWRU
�9�±&G���'��ÜLQG� FRPSOH[HV� ZLWK� WKH� HQHUJ\(Y��������H9��,Q�WKLV�FDVH��WKH�EURDG�LPSX�ULW\� EDQG� EHFRPHV� WKH� PRVW� LQWHQVH�� 7KLV
PD\� EH� FDXVHG� E\� WKH� KLJKHU� FRQFHQWUDWLRQ
RI�WKH�GHHS�LPSXULW\�WUDSV��L�H��9���LRQV��LQ

FRPSDULVRQ� ZLWK� RWKHU� HOHFWURQ� WUDSV�
QDPHO\��WKH�QHXWUDO�FDGPLXP�YDFDQFLHV�DQG
WKH�QHXWUDO�DFFHSWRU�FRPSOH[HV��7KH�9���LRQ
FRQFHQWUDWLRQ� LQ�&G7H�9� FU\VWDOV� XVXDOO\� LV
DERXW������FPÜ�� >�@��7KHUHIRUH��WKH�FRQFHQ�
WUDWLRQ� RI� WKH� QHXWUDO� � DFFHSWRUV� LQ� WKH
&G7H�9� FU\VWDOV� PXVW� EH� ORZHU� WKDQ
�����FPÜ������
7KH� DEVRUSWLRQ� VSHFWUD� RI� &G�±[+J[7HFU\VWDOV� GRSHG� ZLWK� YDQDGLXP� DV� ZHOO� DV

SXUH� &G7H� DUH� VKRZQ� LQ� )LJ����� $� ORQJ�
ZDYHOHQJWK� VKLIW� RI� WKH� DEVRUSWLRQ� HGJH� LV
REVHUYHG� ZLWK� JURZLQJ�+J� DWRP� FRQFHQWUD�
WLRQ�� ,Q� WKLV� FDVH�� WKH� EDQG� JDS� RI� VROLG
VROXWLRQ� LV� QDUURZHU� WKDQ� LQ� &G7H�� 7KHUH�
IRUH�� WKH�SKRWRLRQL]DWLRQ� HQHUJ\�RI�9��� LP�
SXULW\� FHQWHUV� ZLOO� LQFUHDVH� IRU� WKH� VROLG
VROXWLRQ�DV�FRPSDUHG�WR�&G7H�FU\VWDO�GXH�WR
GHFUHDVLQJ�FRQGXFWLRQ�EDQG�ERWWRP��7KH�SR�
VLWLRQ� RI� WKH� DEVRUSWLRQ� EDQGV� FRUUHVSRQGV
WR�WKH�LQWUDFHQWHU�DEVRUSWLRQ�RI�WKH�9�LPSX�
ULW\�LRQV�LQ�YDULRXV�FKDUJH�VWDWHV�DV�ZHOO�DV
WR� WKH� SKRWRLRQL]DWLRQ� VSHFWUD�� 7KH� LQ�
WUDFHQWHU� DEVRUSWLRQ� QHDU� ���� H9� LV� GXH� WR
WUDQVLWLRQV�EHWZHHQ��7��)��DQG��$��)��VWDWHVRI�9��� LRQV� >��@�� 7KH� DGGLWLRQDO� DEVRUSWLRQ
EDQGV� DW������ DQG������ H9� LQGLFDWH� WKH� H[�
LVWHQFH� RI� 9��� DQG� 9��� LRQV� >�@�� 7KH� ZLGH
DEVRUSWLRQ�EDQG�QHDU������H9�LV�GXH�WR�ERWK
WKH� LQWUDFHQWHU� WUDQVLWLRQV� EHWZHHQ� WKH
�7��)�� DQG� �7��3�� VWDWHV� RI� 9��� LPSXULW\LRQV�DQG�WKHLU�RYHUODS�ZLWK�WKH�SKRWRLRQL]D�
WLRQ�DEVRUSWLRQ�
,QIRUPDWLRQ�RQ�WKH�HQHUJ\�SRVLWLRQ�RI�WKH

OHYHOV�RI�GHHS�LPSXULW\�FHQWHUV�DQG�LQWULQVLF
GHIHFWV�UHODWLYH�WR�WKH�FU\VWDO�HQHUJ\�EDQGV
FDQ�EH�REWDLQHG�E\�PHDVXULQJ�WKH�3'&�VSHF�
WUD�>����@��,Q�WKH�3'&�VSHFWUD�RI�WKHVH�FU\V�
WDOV� �)LJ������ WKH� SRVLWLYH� EDQGV� DUH� FDXVHG
E\� SKRWRLRQL]DWLRQ� WUDQVLWLRQV� RI� HOHFWURQV
IURP� LPSXULW\� RU� GHIHFW� OHYHOV� WR� WKH� FRQ�
GXFWLRQ�EDQG��ZKLOH� WKH�QHJDWLYH� EDQGV� DUH

)LJ����� 6SHFWUDO� GHSHQGHQFHV� RI� WKH� LQWHQVLW\
RI�SXOVH�SKRWRFXUUHQW�DW� WG� ���QV�XQGHU�WKHGLIIHUHQW� LQWHQVLWLHV� RI� DGGLWLRQDO� VWDWLRQDU\
PRQRFKURPDWLF�LOOXPLQDWLRQ�IRU�&G7H�9�FU\V�
WDO�� 19� ������FPÜ�� DW� ���� .�� &XUYHV� �Ü�
FRUUHVSRQG� WR� WKH� GLIIHUHQW� OLJKW� LQWHQVLW\
YDOXHV� HTXDO� WR� ,��� �,��� �,��� ��,�� DQG� ��,��UHVSHFWLYHO\��

)LJ�����$EVRUSWLRQ�VSHFWUD�RI�&G7H��FXUYH����
&G7H�9� �FXUYH� ��� DQG� &G�±[+J[7H�9� �[� �������FXUYH����DW����.�
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DWWULEXWHG�WR�WKH�H[FLWDWLRQ�RI�YDOHQFH�EDQG
HOHFWURQV�WR�GLVFUHWH�OHYHOV�SRVLWLRQHG�LQ�WKH
FU\VWDO�EDQG�JDS�>�@��,Q�)LJ�����WKHUH�DUH�WKH
3'&� VSHFWUD� FRUUHVSRQGLQJ� WR� WKH� OLJKW
SURSDJDWLRQ�DORQJ�WKH�����!�DQG�����!�GL�
UHFWLRQV�LQ�&G�±[+J[7H�FU\VWDOV��FXUYHV������UHVSHFWLYHO\�� DV� ZHOO� DV� WKH� 3'&� VSHF�
WUXP�RI�&G7H�9�FU\VWDO�IRU�����!�GLUHFWLRQ
�)LJ����� FXUYH� ���� 7KH� PRVW� LQWHQVH� EDQG
QHDU�������H9�LV�FDXVHG�E\�LQWULQVLF�GHIHFWV
RI� DFFHSWRU� W\SH� LQ� WKH� LQYHVWLJDWHG� FU\V�
WDOV�� 6XFK� DFFHSWRUV� DUH� WKH� VLQJO\� FKDUJHG
FHQWHUV� FRQVLVWLQJ� RI� GRXEO\� FKDUJHG� FDG�
PLXP� YDFDQF\� �9�±&G�� DQG� VLQJO\� LRQL]HGGRQRU� �'���� L�H�� WKH� �9�±&G���'���FHQWHUV�
7KHLU� HQHUJ\� LV� LQ� WKH� UDQJH�(9��������� WR����� H9�� >��@�� ,Q� >��@�� WKH� FRPSOH[� FHQWHUV
ZKLFK� LQFOXGH� WKH� FDGPLXP� YDFDQF\� DQG
GRQRU� DVVRFLDWHG� ZLWK� WKH� &O� LPSXULW\� DW
DQLRQLF�VLWHV�ZHUH�GHWHFWHG��,Q�RXU�FDVH��WKH

LRQL]HG� GRQRUV� PLJKW� EH� DFFLGHQWDO� LPSXUL�
WLHV�RI�*URXS�,,,�DWRPV��*D�� ,Q��RU�$O��SRVL�
WLRQHG�DW� FDWLRQLF� VLWHV� LQ� WKH�����!�GLUHF�
WLRQ��7KH�QHJDWLYH�EDQG�DW�������H9�LV�SURE�
DEO\� FDXVHG� E\� WKH� WUDQVLWLRQ� IURP� WKH
YDOHQFH� EDQG� WR� WKH� GRQRU� OHYHO� DW� (FÜ������ H9� IRUPHG� E\� WKH� VLQJO\� LRQL]HG
GRQRU��YDFDQF\�RI�7H�DWRP��>��@�
:KHQ�OLJKW�SURSDJDWHV�LQ�WKH�����!�GLUHF�

WLRQ��WKH�3'&�VSHFWUXP�FRQVLVWV�RI�WZR�SRVL�
WLYH� EDQGV� QHDU� ������ DQG� ������ H9�� 7KH
KLJK�HQHUJ\� EDQG� DW� ������ H9� LV� SUREDEO\
FDXVHG� E\� HOHFWURQ� WUDQVLWLRQ� IURP� WKH� DF�
FHSWRU�OHYHO�(9���������H9�>��@�FRUUHVSRQGLQJWR� D� VLQJO\� FKDUJHG�1D� DWRP� �UHVLGXDO� LPSX�
ULW\�� SRVLWLRQHG� DW� D� FDWLRQLF� VLWH� �1D±&G�� WRWKH� FRQGXFWLRQ� EDQG�� 7KH� RWKHU� EDQG� DW
������ H9� LV� FDXVHG� E\� SKRWRLRQL]DWLRQ� RI� D
VLQJO\�FKDUJHG�DFFHSWRU� �9�±&G���'��Ü��:KHQ
OLJKW�SURSDJDWHV�LQ�WKH�����!�GLUHFWLRQ��WKH
LQWHQVH� ������ H9� EDQG� LV� REVHUYHG� LQ� WKH
3'&� VSHFWUXP� �FXUYH�����ZKLFK� LV� REVHUYHG
LQ�WKH�WKHUPRVWLPXODWLRQ�FRQGXFWLYLW\�VSHF�
WUD� RI� WKH� ,Q� GRSHG� &G7H� FU\VWDOV� ZLWK
DWRPV� >��@�� 7KH� 3'&� VSHFWUXP� RI� WKH
&G7H�9�FU\VWDOV�DOVR�H[KLELWV�D�EURDG�VWUXF�
WXUHG� EDQG� LQ� WKH� ORQJ�ZDYHOHQJWK� VSHFWUDO
UDQJH�� 7KH� ORQJ�ZDYHOHQJWK� ZLQJ� RI� WKH
3'&�EDQG�UHYHDOV�DQ�LQIOH[LRQ�QHDU������H9
ZKLFK� LV� GXH� WR� WKH� GLUHFW� SKRWRLRQL]DWLRQ
HQHUJ\� RI�9��� FHQWHUV�� 7KLV� HQHUJ\� LV� FORVH
WR�WKH�YDOXH��a����H9��REWDLQHG�E\�SKRWRFRQ�
GXFWLYLW\� PHDVXUHPHQWV� >�@�� 7KH� REVHUYHG
PD[LPD� RI� WKH� 3'&� EDQGV� DW� ����� DQG
����� H9� FRLQFLGH� ZLWK� WKH� HQHUJ\� SRVLWLRQV
RI� WKH� EURDG� DEVRUSWLRQ� EDQG� LQ� &G7H�9
�)LJ����� FXUYH� ���� 7KLV� VXJJHVWV� WKDW� WKH
3'&� EDQGV� DUH� FDXVHG� E\� WKH� H[FLWDWLRQ� RI

)LJ�����3'&�VSHFWUD�RI�WKH�&G�����+J�����7H�9FU\VWDO� �FXUYHV��� DQG���� WKH� OLJKW�SURSDJDWLRQ
LQ� WKH� ����!� DQG� ����!� GLUHFWLRQV�� UHVSHF�
WLYHO\��DQG�&G7H�9��FXUYH��������!�GLUHFWLRQ��

)LJ�����&RPELQHG�HQHUJ\�OHYHO�GLDJUDP�VKRZLQJ�GÜG
�LQWUDFHQWHU�WUDQVLWLRQV�DQG�LRQL]DWLRQ�OHYHOV�RI
LPSXULW\�FHQWHUV�DQG�LQWULQVLF�GHIHFWV�LQ�&G7H�9�DQG�&G�����+J�����7H�9�FU\VWDOV�
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9��� LRQV� LQWR� WKH� �7��3�� VWDWH�� ZKLFK� LV� LQUHVRQDQFH� ZLWK� WKH� FRQGXFWLRQ� EDQG�� 7KH
GRXEOH�SHDNHG�EDQGV�QHDU������H9�DUH�SURE�
DEO\� FDXVHG� E\� DQLVRWURSLF� 9��� FHQWHUV� RI
WULJRQDO�DQG�RUWKRUKRPELF�V\PPHWU\�LQ�WKH
&G�±[+J[7H� FU\VWDOV�� 7KRVH� FHQWHUV� RI� &�YV\PPHWU\� PD\� EH� FDXVHG� E\� IRUPDWLRQ� RI
WKH�FRPSOH[��9��&G���=&G��FHQWHUV�ZLWK�D[LVRULHQWHG�DORQJ�RQH�RI�WKH�����!�GLUHFWLRQV�
,Q� )LJ����� WKH� FRPELQHG� HQHUJ\�OHYHO� GLD�

JUDP� LV� SUHVHQWHG� VKRZLQJ� GÜG
� LQWUDFHQWHU
WUDQVLWLRQV� DQG� LRQL]DWLRQ� OHYHOV� RI� 9� LPSX�
ULW\� FHQWUHV� DQG� LQWULQVLF� GHIHFWV� LQ� WKHVH
FU\VWDOV��,W�VKRXOG�EH�QRWHG�WKDW�VXFK�VFKHPH
ZDV� FRQVWUXFWHG� EDVLQJ� RQ� WKH� H[SHULPHQWDO
UHVXOWV�REWDLQHG�DW�OLTXLG�QLWURJHQ�WHPSHUDWXUH�
,Q�RXU�FDVH��WKH�33&�PHDVXUHPHQWV�ZHUH�FDU�
ULHG� RXW� DW� 7� �����.�� 7KH� GLIIHUHQFH� EH�
WZHHQ�WKH�EDQG�JDS�HQHUJ\�RI�&G7H�FU\VWDOV
DW� ��� .� DQG� ���� .� HTXDOV� WR� ����� H9�
7KHUHIRUH�� LQ� LQYHVWLJDWHG� &G�±[+J[7H�9�[� �������� FU\VWDOV�� WKH� LPSXULW\� SKR�
WRLRQL]DWLRQ�HQHUJ\�IRU�WKH�WULJRQDO�DQG�RU�
WKRUKRPELF� FHQWHUV� ZLOO� EH� ����� H9� DQG
�����H9��UHVSHFWLYHO\��)LJ����VKRZV�WKDW�WKH
HQHUJ\�RI� LQWUDFHQWHU�WUDQVLWLRQV� WR�WKH�H[�
FLWHG��$��)��VWDWH�LV������H9��L�H��VRPHZKDWORZHU� WKDQ� WKH� GLUHFW� SKRWRLRQL]DWLRQ� HQ�
HUJ\� IRU� WKH� RUWKRUKRPELF� FHQWHUV
������ H9��� 7KHUHIRUH�� LQ� WKLV� FDVH�� WKH� H[�
FLWHG� �$��)�� VWDWH� LV� VWLOO� ZLWKLQ� WKH� EDQGJDS�� +RZHYHU�� IRU� VRPHZKDW� KLJKHU� PHU�
FXU\�FRQFHQWUDWLRQV��WKLV�VWDWH�ZLOO�EH�LQ�WKH
UHVRQDQFH�ZLWK�WKH�FRQGXFWLRQ�EDQG��,Q�WKLV
FDVH�� ERWK� WKH� GLUHFW� SKRWRLRQL]DWLRQ� DQG
WKH� VHOI�LRQL]DWLRQ� IURP� WKH� �7��3�� DQG�$��)��VWDWHV�WR� WKH�FRQGXFWLRQ�EDQG�RFFXU�7KLV�PDNHV�LW�SRVVLEO\�WR�LQFUHDVH�WKH�FU\V�
WDO�SKRWRVHQVLWLYLW\�DQG�WR�WXQH�WKH�VSHFWUDO
UDQJH��7R� WKDW�HQG��WKH�33&�VSHFWUD�RI�WKH
&G�±[+J[7H�9��[� ��������FU\VWDOV�KDYH�EHHQVWXGLHG�LQ�WKLV�ZRUN�������
)LJ���� VKRZV� WKH� VSHFWUDO� GHSHQGHQFH� RI

SXOVH� SKRWRFXUUHQW� IRU� &G�±[+J[7H�9� �[� �������� FU\VWDO� DW� GLIIHUHQW� GHOD\� WLPHV
�FXUYHV��Ü��IRU�����������DQG�����QV��UHVSHF�
WLYHO\���$W�WG� �����QV�DQG�����QV��WKH�VKDSHRI�33&� VSHFWUD� LV� WKH� VDPH��7KH�PD[LPXP
RI�33&�VSHFWUD�FRUUHVSRQGV�WR�O� ������QP
������ H9��� VLPLODU� WR� WKH� &G7H�9� FU\VWDOV�
WKDW� LV� DVVRFLDWHG� ZLWK� WKH� HOHFWURQ� VHOI�
LRQL]DWLRQ�IURP�WKH�H[FLWHG��7��3��VWDWHV�RIERWK�WKH�RUWKRUKRPELF�DQG�WULJRQDO�FHQWHUV�
,Q� WKH� VKRUW�ZDYHOHQJWK� ZLQJ�� WZR� VSHFLILF
IHDWXUHV�DUH�UHYHDOHG�DV�LQIOH[LRQV��O� �����QP
DQG�����QP���7KH�ILUVW�EDQG�FRUUHVSRQGV�WR
WKH� SKRWRLRQL]DWLRQ� RI� VLQJO\� FKDUJHG� FDG�
PLXP�YDFDQFLHV� �9±&G��ZKLOH�WKH�RWKHU�RQH�WR�WKDW�RI�DFFHSWRU�FRPSOH[HV��9�±&G���'��Ü�

L�H�� WKH� QDWXUH� RI� WKH� LQWULQVLF� GHIHFWV� LV
WKH� VDPH� IRU� ERWK� WKH� &G7H�9� DQG� WKH
&G�±[+J[7H�9� FU\VWDOV�� 7KH� ORQJ�ZDYHOHQJWKZLQJ� LV� H[WHQGHG� XS� WR� O� ������QP
������H9���7KLV�ZLQJ�DOVR�UHYHDOV�WKH�VWUXF�
WXUH� RI� 33&� VSHFWUXP� DW� ����� QP� DQG
����� QP� ZDYHOHQJWKV�� 7KLV� VWUXFWXUH� LV
FDXVHG� E\� WKH� UHVRQDQFH� RI� WKH� H[FLWHG
�$��)��VWDWH� ZLWK� WKH� FRQGXFWLRQ� EDQG�� $WWKH�GHOD\�WLPH�WG� ���QV��WKH�33&�VSHFWUXPVWUXFWXUH� �)LJ����� FXUYH� ��� LV� OHVV� SUR�
QRXQFHG�� 7KLV� VLWXDWLRQ� LV� FDXVHG�� LQ� SDU�
WLFXODU��E\�WKH�GHFUHDVHG�LQWHQVLW\�RI�EDQGV
DV� D� UHVXOW� RI� WKH� ORZHUHG� LQWHQVLW\� RI� WKH
SXOVH� SKRWRFXUUHQW� DW� WG� ��� QV�� ,Q� WKLVFDVH��WKH�VHOI�LRQL]DWLRQ�RI�HOHFWURQ�IURP�WKH
H[FLWHG� �$��)�� VWDWH� WDNHV� SODFH� IRU� WKH� RU�WKRUKRPELF� FHQWHUV� RQO\�� $V� WR� WKH� WULJRQDO
FHQWHUV��VXFK�H[FLWHG�VWDWH�LV�LQ�WKH�EDQG�JDS�
7KHUHIRUH�� WKH� RSWLFDO� WUDQVLWLRQV� IURP� WKH�$��)�� VWDWH� ZLOO� RFFXU� LQYROYLQJ� VHYHUDO/2�SKRQRQV�RQO\��DQG�WKH�SUREDELOLW\�RI�VXFK
SKRWRLRQL]DWLRQ�WUDQVLWLRQV�LV�YHU\�ORZ��
,W� KDV� EHHQ� VKRZQ� WKDW� WKH� HOHFWURQLF

SURFHVVHV�LQ�WKH�VHPL�LQVXODWLQJ��Ua���:�FP�
&G7H�9�FU\VWDOV�LQYROYLQJ�WKH�LPSXULW\�FHQ�
WHUV�DQG�LQWULQVLF�GHIHFWV�DUH�IDVW�DQG�RFFXU
LQ� WKH� QDQRVHFRQG� UDQJH�� 7KH� QDWXUH� DQG
WKH� HQHUJ\�SRVLWLRQV� RI�GHIHFWV� LQ� WKH�EDQG
JDS�� ZKLFK� DFW� DV� WUDSV� IRU� IUHH� HOHFWURQV
SKRWRJHQHUDWHG�E\�WKH�ODVHU�SXOVH�KDYH�EHHQ
HVWDEOLVKHG��7KH�UHODWLRQV�GHVFULELQJ�WKH�HOHFWURQ
WUDSSLQJ� DQG� GHWUDSSLQJ� PHFKDQLVPV� LQ� WKH
WUDSV� DUH� SUHVHQWHG�� ,Q� SDUWLFXODU�� LW� KDV� EHHQ
VKRZQ�WKDW�WKH�HOHFWURQ�WUDSSLQJ�FDXVHV�WKH�IRU�
PDWLRQ�RI�WKH�SKRWRLQGXFHG�LPSXULW\�9���DQG�WKH
DFFHSWRU� �9±&G�LQG� DV� ZHOO� DV� �9�±&G���'��ÜLQG�7KH�HOHFWURQ�WUDSSLQJ�HIILFLHQF\�E\�WKH�GHHS
LPSXULW\� FHQWHUV� DQG� LQWULQVLF� GHIHFWV� GH�

)LJ����� 6SHFWUDO� GHSHQGHQFHV� RI� WKH�SXOVH�SKR�
WRFXUUHQW� LQWHQVLW\� DW� WG� �����QV�� ����QV� DQG��QV��FXUYHV��Ü���UHVSHFWLYHO\��XQGHU�DGGLWLRQDO
VWDWLRQDU\� PRQRFKURPDWLF� LOOXPLQDWLRQ� IRU
&G�±[+J[7H�9� �[� ��������� 19� ������FPÜ��
FU\VWDO�DW�7� �����.��
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