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���,QWURGXFWLRQ
7KH� VLPXOWDQHRXV� GHWHFWLRQ� RI� IDVW� DQG

WKHUPDO�QHXWURQV�IOX[HV�RI� ORZ�LQWHQVLW\� LQ
WKH� SUHVHQFH� RI� EDFNJURXQG� JDPPD� UDGLD�
WLRQ� LV� D� YHU\� LPSRUWDQW� DQG� FRPSOLFDWHG
SUREOHP��:H� KDYH� SURSRVHG� WKH� SURGXFWLRQ
WHFKQRORJ\�RI�D�QHZ�W\SH�RI�RUJDQLF�VFLQWLO�
ODWLRQ� PDWHULDOV� ZKLFK� DUH� HIIHFWLYH� GHWHF�
WRUV� RI� IDVW� QHXWURQV� DQG� KDYH� QR� WHFKQR�
ORJLFDO�OLPLWDWLRQ�LQ�WKH�DUHD�DQG�FRQILJXUD�
WLRQ� RI� WKH� LQSXW� ZLQGRZ�� 7KHVH� DUH� WKH
RUJDQLF� FRPSRVLWH� VFLQWLOODWRUV� FRQWDLQLQJ
VWLOEHQH� �&��+���� RU� S�WHUSKHQ\O� �&��+���FU\VWDO�JUDLQV�L�H��K\GURJHQ�EHDULQJ�PDWHUL�
DOV� >�@�� 8VLQJ� WKH� VDPH� DSSURDFK�� ZH� KDYH
REWDLQHG�QHZ�FRPSRVLWH�GHWHFWRUV�RI�WKHUPDO

QHXWURQV� EDVHG� RQ� JUDLQV� RI�&H�GRSHG� JDG�
ROLQLXP�VLOLFDWH��&H�*62��RU�JDGROLQLXP�S\�
URVLOLFDWH� �&H�*36�� FU\VWDOV� >�@�� ,Q� WKLV
ZRUN��ZH� GHVFULEH� D� QHZ� FRPELQHG� FRPSRV�
LWH� VFLQWLOODWLRQ�GHWHFWRU� IRU� VHSDUDWH�GHWHF�
WLRQ� RI� IDVW� DQG� WKHUPDO� QHXWURQV� LQ� WKH
SUHVHQFH�RI�JDPPD�EDFNJURXQG�

���3UHSDUDWLRQ�RI�FRPSRVLWH
VFLQWLOODWRUV

:H� KDYH� SUHSDUHG� D� FRPELQHG� GHWHFWRU
�)LJ����� FRQVLVWLQJ� RI� D� FRPSRVLWH� GHWHFWRU
FRQWDLQLQJ� VWLOEHQH� FU\VWDO� JUDLQV� ���� D� GH�
WHFWRU�RI�IDVW�QHXWURQV��>�@�DQG�D�WKLQ�FRP�
SRVLWH� GHWHFWRU� ZLWK� LQRUJDQLF� *G�FRQWDLQ�
LQJ�FU\VWDO�JUDLQV� ����D�GHWHFWRU�RI�WKHUPDO

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

)XQFWLRQDO�PDWHULDOV������������� ���



QHXWURQV�� >�@�� ,W� LV� NQRZQ� WKDW�&H�*36�GH�
WHFWRUV�KDYH�KLJKHU�OLJKW�\LHOG�WKDQ�&H�*62
RQHV�>�@��7KH�VFLQWLOODWLRQ�SKRWRQV�JHQHUDWHG
LQ�WKH�LQRUJDQLF�VXEVWDQFH�DQG�GHWHFWHG�E\�D
SKRWRPXOWLSOLHU� WXEH� DUH� DGVRUEHG� LQ� SDUW
ZKHQ� SDVVLQJ� WKURXJK� WKH� RUJDQLF� GHWHFWRU
DFWLQJ� DV� D� OLJKW� JXLGH�� 6R�� WR� REWDLQ� WKH
PD[LPXP�VLJQDO�GHWHFWLQJ�WKHUPDO�QHXWURQV
E\� D� FRPELQHG� GHWHFWRU�� WKH� FRPSRVLWH� GH�
WHFWRU�FRQWDLQLQJ�&H�*36�FU\VWDO�JUDLQV�ZDV
SUHIHUUHG�� :H� KDYH� PDQXIDFWXUHG� WKUHH
FRPELQHG�GHWHFWRUV�XVLQJ�RUJDQLF�JODVV�FRQ�
WDLQHUV� �����PPu��� PP��� 7KH� GHWHFWRU
�)LJ����� FRQVLVWV� RI� DQ� RUJDQLF� FRPSRVLWH
VFLQWLOODWRU� GHWHFWLQJ� IDVW� QHXWURQV� DQG� D
VLQJOH�OD\HU� LQRUJDQLF� FRPSRVLWH� VFLQWLOODWRU
GHWHFWLQJ� WKHUPDO�QHXWURQV��7R�GHWHFW� WKHU�
PDO�QHXWURQV��ZH�XVHG�WKH�FRPSRVLWH�VFLQWLO�
ODWRUV� FRQWDLQLQJ� D� VHOHFWHG� IUDFWLRQ� RI
&H�*36� JUDLQV�� 7KUHH� IUDFWLRQV� ZLWK� JUDLQ
VL]H�/*36������WR����������WR�����DQG�����WR����PP�ZHUH� FKRVHQ��7KH�RUJDQLF� VFLQWLOOD�
WRU� ZDV� DERXW� ��� PP� WKLFN�� ,W� FRQWDLQHG
VWLOEHQH� FU\VWDO� JUDLQV� RI� VL]H� /� ���� WR
���� PP�� 6LOLFRQH� PDWUL[� �6LOJDUG������ ZDV
XVHG� IRU� WKH� ERWK� RUJDQLF� DQG� LQRUJDQLF
FRPSRVLWH� VFLQWLOODWRUV�� 7KH� VFLQWLOODWRUV
ZHUH�VHSDUDWHG�E\�DQ�DGGLWLRQDO���PP�WKLFN
RUJDQLF� JODVV� SODWH� �WKH� VDPH� PDWHULDO� DV
WKH�FRQWDLQHU��

���([SHULPHQWDO�UHVXOWV
7KH� VSDWLDO� VWUXFWXUH� LQYHVWLJDWLRQV� RI

FRPSRVLWH� PDWHULDOV� E\� DQ� $[LRVNRSS� =HLVV
RSWLFDO� PLFURVFRSH� KDYH� VKRZQ� WKDW� WKH
JUDLQV�DUH�TXLWH�HYHQO\�GLVSHUVHG�LQ�WKH�VLQ�
JOH�OD\HU� FRPSRVLWH� VFLQWLOODWRUV� �)LJ�����
0HDVXUHPHQWV�RI�UDGLROXPLQHVFHQFH�NLQHWLFV
HYLGHQFHG� WKDW� WKH� GHFD\� WLPH� RI� VFLQWLOOD�
WLRQ� SXOVH� IDVW� FRPSRQHQW� LQ� WKH� RUJDQLF
FU\VWDO�RU�LQ�FRPSRVLWH�VFLQWLOODWRU�EDVHG�RQ
LWV�JUDLQV� LV�DERXW�QDQRVHFRQGV� ���WR���QV��

7KH� RQVHW� RI� WKH� VFLQWLOODWLRQ� SXOVH� VORZ
FRPSRQHQW�FDQ�EH�GHVFULEHG�FRDUVHO\�E\�H[�
SRQHQWLDO�IXQFWLRQ�ZLWK�FKDUDFWHULVWLF�GHFD\
WLPH�DERXW�KXQGUHGV� RI�QDQRVHFRQGV� �DERXW
���� QV��� 7KLV� DJUHHV�ZLWK� NQRZQ� OLWHUDWXUH
GDWD� >�@��7KH�GHFD\� WLPH�RI�GHWHFWRUV�EDVHG
RQ� JDGROLQLXP� VLOLFDWH� RU� JDGROLQLXP� S\�
URVLOLFDWH� LV� DERXW� VHYHUDO� WHQV�QDQRVHFRQGV
�7DEOH���7KLV�WLPH�LV�ORQJHU�WKDQ�GHFD\�WLPH
RI� VFLQWLOODWLRQ� SXOVH� IDVW� FRPSRQHQW� DQG
VKRUWHU� WKDQ� FKDUDFWHULVWLF� GHFD\� WLPH� RI
VFLQWLOODWLRQ� SXOVH� VORZ� FRPSRQHQW� LQ� RU�
JDQLF� FU\VWDOV� RI� VWLOEHQH� DQG� S�WHUSKHQ\O�
)RU� WKLV� UHDVRQ�� WKH� VWDQGDUG� DSSURDFK
ZKHUH� WKH� �VKRUW�� WLPH� VLJQDO� DQG� �ORQJ�
WLPH�VLJQDO�DUH�XVHG�DV�WKH�VHSDUDWLRQ�FULWH�
ULRQ� IRU� VLJQDOV� RI� WKH� WZR� VFLQWLOODWRUV� � LV
XQVXLWDEOH�LQ�WKLV�FDVH��$�GLIIHUHQW�VROXWLRQ
LV�UHTXLUHG�

,I�ZH� OLPLW� WKH�PHDVXUHPHQWV� WR� WKH� GH�
WHFWLRQ�RI� VFLQWLOODWLRQ�VLJQDOV�JHQHUDWHG�E\
VHFRQGDU\� UDGLDWLRQV� RI� ��� NH9� �FRQYHUVLRQ

)LJ����� 6FKHPDWLF� GLDJUDP� RI� WKH� FRPELQHG
KHWHURJHQHRXV�GHWHFWRU�����IDVW�QHXWURQ�GHWHF�
WRU� FRQWDLQLQJ�VWLOEHQH�JUDLQV�����GHWHFWRU�RI
WKHUPDO�QHXWURQV�ZLWK�&H�*36�JUDLQV�����SDV�
VLYH�SURWHFWLRQ�PDWHULDO� )LJ�����2SWLFDO�SKRWRJUDSK\�RI� WKH�FRPSRVLWH

PDWHULDO� VSDWLDO� VWUXFWXUH� REWDLQHG� XVLQJ� DQ
$[LRVNRSS�=HLVV�RSWLFDO�PLFURVFRSH��u�����

7DEOH��9DOXH�RI�GHFD\�WLPH�SDUDPHWHU�W�IRU
&H�*62�DQG�&H�*36�GHWHFWRUV�

1R� 'HWHFWRU W��QV
� ,QRUJDQLF�VLQJOH�FU\VWDO�&H�*62�

WKLFNQHVV������PP
����

� 6LQJOH�OD\HU�FRPSRVLWH�GHWHFWRU�
&H�*62�JUDLQV������WR�����PP

����

� 6LQJOH�OD\HU�FRPSRVLWH�GHWHFWRU�
&H�*62�JUDLQV�����WR�����PP

����

� ,QRUJDQLF�VLQJOH�FU\VWDO�&H�*36�
WKLFNQHVV������PP

����

� 6LQJOH�OD\HU�FRPSRVLWH�GHWHFWRU
&H�*36��JUDLQV������WR�����PP

����

� 6LQJOH�OD\HU�FRPSRVLWH�GHWHFWRU�
&H�*36�JUDLQV�����WR�����PP
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HOHFWURQV�� DQG� ��� NH9� �WRWDO� VLJQDO� RI� FRQ�
YHUVLRQ�HOHFWURQV�DQG����NH9�RI�;�UD\V��DS�
SHDULQJ� LQ� JDGROLQLXP� XQGHU� WKH� LQIOXHQFH
RI� WKHUPDO� QHXWURQV�� DQG� FRPSDUH� WKH� UH�
VXOWV�ZLWK�VFLQWLOODWLRQ�DPSOLWXGH�VSHFWUD�RI
UHFRLO� SURWRQV� IRU� VWLOEHQH� RU� S�WHUSKHQ\O�
WKHQ� LW� IROORZV� IURP� RXU� PHDVXUHPHQW� UH�
VXOWV� >����@� WKDW� WKH\� DUH� VSDFHG� HQRXJK� DW
WKH� VFLQWLOODWLRQ� DPSOLWXGH� VFDOH�� 7KXV�� LW� LV
SRVVLEOH�WR�XVH�VFLQWLOODWLRQ�DPSOLWXGH�VHSDUD�
WLRQ� DQG� WR�PHDVXUH� LQ� WZR� GLIIHUHQW� HQHUJ\
ZLQGRZV�WR�GHYHORS�D�FRPELQHG�GHWHFWRU�

7KH�VFLQWLOODWLRQ�VSHFWUD�RI�WKHUPDO�QHX�
WURQV� IRU� FRPELQHG� GHWHFWRU� ZHUH� REWDLQHG
E\� FDGPLXP� GLIIHUHQFH� PHWKRG� IRU� WKUHH
DERYH�QDPHG� IUDFWLRQV� RI� &H�*36� JUDLQV�
)LJ���� GHPRQVWUDWHV� WKH� VFLQWLOODWLRQ� VSHF�
WUXP�RI� WKHUPDO�QHXWURQV� IRU�FRPELQHG�GH�
WHFWRU�WKDW�FRQWDLQV�RUJDQLF�FRPSRVLWH�VFLQ�
WLOODWRU� FRQWDLQLQJ� VWLOEHQH�JUDLQV�RI� VL]H�/
���� WR� ���� PP� DQG� VLQJOH�OD\HU� FRPSRVLWH
VFLQWLOODWRU�ZLWK�&H�*36�JUDLQV�RI�VL]H�/*36�����WR�����PP��7KH�YHUWLFDO�OLQHV��Ü��VKRZ
WKH� HQHUJ\� UDQJHV� ZKHUH� WKH� HIILFLHQF\� RI
WKHUPDO� QHXWURQ� GHWHFWLRQ� ZDV� VWXGLHG�
8VLQJ� WKH� UHVXOWV� RI� WKHUPDO� QHXWURQ� VSHF�
WUXP� PHDVXUHPHQWV�� WKH� WKHUPDO� QHXWURQ
GHWHFWLRQ� HIILFLHQF\� HWK� ZDV� FDOFXODWHG� IRUHQHUJ\� UDQJHV� �VHH� )LJ������ ��� WR� ��� NH9
�WKH�UDQJH�RI�WKH�VFLQWLOODWLRQ�SHDN�JHQHUDWHG
E\� ��� NH9� FRQYHUVLRQ� HOHFWURQV��� ��� WR
���� NH9� �WKH� UDQJH� RI� WRWDO� ��� NH9� SHDN��
DQG����WR�����NH9��7KH�WKHUPDO�QHXWURQ�GH�
WHFWLRQ�HIILFLHQF\�ZDV�HVWLPDWHG�DV�IROORZV�

HWK� �
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W���)IDVW���KWK���6�e��S5�
�u������� ���

ZKHUH�16�LV�WKH�QXPEHU�RI�WKHUPDO�QHXWURQGHWHFWLRQ� HYHQWV�� W�� WKH� DFFXPXODWLRQ� WLPH
RI� WKH�HYHQWV� �VSHFWUXP���)IDVW�� WKH�QXPEHURI� IDVW� QHXWURQV� HPLWWHG� E\� WKH� VRXUFH� SHU
VHFRQG�� KWK� ������ LV� WKH� QXPEHU� RI� QHX�WURQV� PRGHUDWHG� LQ� WKH� SDUDIILQ� VSKHUH� WR
WKHUPDO�HQHUJ\�SHU�RQH�IDVW�QHXWURQ��6��WKH
WKHUPDO�QHXWURQ�GHWHFWRU�DUHD��5�LV�WKH�GLV�
WDQFH�EHWZHHQ�WKH�VRXUFH�DQG�WKH�GHWHFWRU�

)LJ����SUHVHQWV�WKH�FDOFXODWLRQ�UHVXOWV�RI
WKH�WKHUPDO�QHXWURQ�GHWHFWLRQ�HIILFLHQF\�HWKIRU�FRPELQHG�GHWHFWRUV�ZLWK�GLIIHUHQW�JUDLQ
VL]H�DW�WKH�FKRVHQ�IUDFWLRQ�/*36��7KH�WKLFN�QHVV� RI� WKH� VLQJOH�OD\HU� FRPSRVLWH� VFLQWLOOD�
WRU�ZDV� FKDUDFWHUL]HG� E\� WKH� DYHUDJH� JUDLQ
VL]H� RI� FKRVHQ� IUDFWLRQ�� 7KH� FDOFXODWLRQV
ZHUH� PDGH� IRU� WKUHH� DERYH� PHQWLRQHG� HQ�
HUJ\�UDQJHV�

7KH� FXUYHV� �� DQG� �� �)LJ����� VKRZ� WKH
VFLQWLOODWLRQ� VSHFWUD� REWDLQHG� XVLQJ� WKH
SXOVH� VKDSH� GLVFULPLQDWLRQ� �D� UHFRLO� SURWRQ
VSHFWUXP��� DQG� ZLWKRXW� SXOVH� VKDSH� GLV�
FULPLQDWLRQ��D�WRWDO�VSHFWUXP���UHVSHFWLYHO\�
)LJ���� VKRZV� WKH� QHXWURQ� VSHFWUXP� RI� WKH
���3X±%H� VRXUFH�UHFRQVWUXFWHG� IURP�WKH�UH�
FRLO�SURWRQ�VSHFWUXP��VHH�)LJ�����WKH�FXUYH����
3HDNV�QXPEHULQJ�IURP��� WR��� LQ�WKH�UHFRQ�
VWUXFWHG� QHXWURQ� VSHFWUXP� FRUUHVSRQGV� WR
WKH�QHXWURQ�HQHUJ\�YDOXHV��������������������
��������������������DQG�����0H9�>�@�

)LJ����� 6FLQWLOODWLRQ� DPSOLWXGH� VSHFWUXP� RI
WKH� FRPELQHG� GHWHFWRU� �VWLOEHQH� FRPSRVLWH
VFLQWLOODWRU� ZLWK� /6� ���� WR� ���� PP� DQG&H�*36� VLQJOH�OD\HU� FRPSRVLWH� VFLQWLOODWRU
ZLWK�/*36������WR�����PP��H[FLWHG�ZLWK�WKHU�PDO�QHXWURQV�

)LJ�����7KH�HWK�YDOXHV�IRU�WKH�FRPELQHG�GHWHF�WRUV�FRQWDLQLQJ�VWLOEHQH�JUDLQV�ZLWK�/�����WR
����PP� DQG� VLQJOH�OD\HU� FRPSRVLWH� VFLQWLOOD�
WRU�ZLWK�&H�*36�JUDLQV� RI� GLIIHUHQW� IUDFWLRQV�
/*36������WR����������WR�����DQG�����WR�����PP���Ü��������NH9����Ü��������NH9����Ü�������NH9�
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7KH� FRPSDULVRQ� RI� WKH� UHVXOWV� SUHVHQWHG
LQ� )LJ���� DQG� VSHFWUD� LQ� )LJ���� HYLGHQFHV
WKDW� � WKH� VFLQWLOODWLRQ� DPSOLWXGHV� REWDLQHG
XQGHU� WKHUPDO� DQG� IDVW� QHXWURQ� H[FLWDWLRQ
FRUUHVSRQG� WR� GLIIHUHQW� G\QDPLF� UDQJHV� RI
VFLQWLOODWLRQ�DPSOLWXGHV�

���&RQFOXVLRQV
7KXV��WKH�FRPELQHG�GHWHFWRU�IRU�IDVW�QHX�

WURQ� VSHFWURPHWU\� DQG� VLPXOWDQHRXV� GHWHF�
WLRQ�RI�WKHUPDO�QHXWURQV�LQ�WKH�SUHVHQFH�RI
JDPPD�EDFNJURXQG�UDGLDWLRQ�KDV�EHHQ�VWXG�
LHG��7DNLQJ� LW� DV� DQ� H[DPSOH�� WKH�PDLQ�RS�
SRUWXQLWLHV� WR� YDU\� FRPSRVLWH� VFLQWLOODWLRQ
PDWHULDO� FKDUDFWHULVWLFV� ZHUH� VWXGLHG� �GXH
WR� VHOHFWLRQ� RI� JUDLQ� VL]H� DQG� WKLFNQHVV� RI
VFLQWLOODWLRQ� PDWHULDO��� 7KH� VHSDUDWLRQ� RI
GLIIHUHQW� VFLQWLOODWLRQ� PDWHULDO� VLJQDOV� FRU�
UHVSRQGLQJ� WR� GLIIHUHQW� UDQJHV� RI� VFLQWLOOD�
WLRQ�DPSOLWXGHV�KDV�EHHQ�XVHG�LQVWHDG�RI�WKH
VWDQGDUG� PHWKRG� RI� VHSDUDWLRQ� E\� GHFD\
WLPH� RI� GLIIHUHQW� VFLQWLOODWLRQ� PDWHULDOV�
7KH�QHZ� VFLQWLOODWLRQ�PDWHULDOV� SUHSDUHG� DV
GHVFULEHG�LQ�>����@�XVHG�LQ�WKH�FRPELQHG�GH�
WHFWRU�DOORZ�WR�UHFRQVWUXFW�WKH�IDVW�QHXWURQ
VSHFWUXP��7KLV�KDV�EHHQ�VKRZQ�WDNLQJ�D�UD�
GLRQXFOLGH� ���3X±%H� VRXUFH� DV� DQ� H[DPSOH�
7KLV�LV�LQ�D�JRRG�DJUHHPHQW�ZLWK�WKH�UHVXOWV
SUHVHQWHG� LQ� >�@�� ,Q� RWKHU� ZRUGV�� WKH� FRP�
SRVLWH�VFLQWLOODWLRQ�PDWHULDO�GRHV�QRW�FKDQJH

LWV� FKDUDFWHULVWLFV� ZKHQ� EHLQJ� D� FRPSRQHQW
SDUW�RI�WKH�FRPELQHG�GHWHFWRU�WKDW�LV�LUUDGL�
DWHG�ZLWK�PL[HG�UDGLDWLRQV��7KH�FDOFXODWLRQ
UHVXOWV�RI�WKH�WKHUPDO�QHXWURQ�GHWHFWLRQ�HI�
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