
/LJKW�FROOHFWLRQ�SHFXOLDULWLHV�LQ�;�UD\�VFLQWLOODWLRQ�GHWHFWRUV
7�(�*RUEDFKHYD��9�$�7DUDVRY��<X�7�9LGD\M�$�$�$QDQHQNR��9�3�*DYU\O\XN

,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV���1DWLRQDO
$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�����/HQLQ�$YH���������.KDUNLY��8NUDLQH�

5HFHLYHG�1RYHPEHU���������
7KH�;�UD\� HQHUJ\� WKDW� FDQ� EH� GHWHFWHG� XVLQJ�1D,�7O�� VFLQWLOODWRUV� LV� UDWKHU� ORZ� ��� WR

���NH9���WKXV��LW�LV�HVSHFLDOO\�LPSRUWDQW�WR�DFKLHYH�WKH�PD[LPXP�OLJKW�FROOHFWLRQ��,Q�WKLV
ZRUN��WKH�IDFWRUV�IDYRULQJ�HQKDQFHG�OLJKW�FROOHFWLRQ� LQ�VXFK�GHWHFWRUV�KDYH�EHHQ�VWXGLHG�
7R� WKDW� HQG�� WKH� OLJKW� FROOHFWLRQ� SURFHVV� KDV� EHHQ� VLPXODWHG� DQG� VWXGLHG� LQ� H[SHULPHQWV
XVLQJ�YDULRXV�WHFKQRORJ\�DQG�GHVLJQ�IHDWXUHV�RI�WKH�GHWHFWRU�PDQXIDFWXULQJ��7KH�H[SHULPHQWDO
UHVXOWV�KDYH�EHHQ�VKRZQ�WR�FRQILUP�WKH�FDOFXODWLRQ�GDWD�REWDLQHG�XVLQJ�WKH�VLPXODWLRQ�

wÓË¯�Ò«� ¯Ë�Ò°�¯Ò¯�Ëäº�º� ¯ËÓ��ËÓºm°}º�º� ÒÏã��ËÓÒ«� �Ë�Ë}�º¯ÈäÒ� ÓÈ� º°ÓºmË�1D,�7O�
ÓËmËãÒ}È� ��Ü���}ª{���¹ºª�ºä�� ÏÈ�È�È�¹ºã��ËÓÒ«�äÈ}°ÒäÈã	Óº�º�°mË�ºmº�º� m©²º�È�º°º�
ËÓÓº�mÈÎÓÈ��{�¯Èº�Ë�Ò°°ãË�ºmÈãÒ°	�ÁÈ}�º¯©��°¹º°º°�m�
�ÒË��mËãÒ�ËÓÒ
�°mË�º°ºÒ�
¯ÈÓÒ«� m� �È}Ò²��Ë�Ë}�º¯È²��iã«� ª�º�º� ¹¯ºmË�ËÓº�äº�ËãÒ¯ºmÈÓÒË� ¹¯º�Ë°°È� °mË�º°ºÒ¯È�
ÓÒ«�Ò�ª}°¹Ë¯ÒäËÓ�Èã	ÓºË�Ò°°ãË�ºmÈÓÒË�¹¯Ò�¯ÈÏãÒ�Ó©²��Ë²Óºãº�Ò�Ë°}Ò²�Ò�}ºÓ°�¯�}�Ò�
ºÓÓ©²�º°ºËÓÓº°�«²�ÒÏ�º�ºmãËÓÒ«��È}Ò²��Ë�Ë}�º¯ºm���º}ÈÏÈÓº����º�ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë
¯ËÏ�ã	�È�©�¹º��mË¯Î�È
���ÈÓÓ©Ë�¯È°�Ë�È��¹¯ºmË�ËÓÓº�º�°�¹ºäº�	
�äº�ËãÒ¯ºmÈÓÒ«�

'HWHFWRUV�RQ�WKH�EDVLV�RI�WKLQ�1D,�7O��VLQ�
JOH� FU\VWDOV� >����@� DUH� XVHG� PRVW� RIWHQ� LQ
;�UD\� GLIIUDFWLRQ� DSSDUDWXV� DQG� LQ� ;�UD\
VSHFWUDO�DQDO\VLV��7KH�VFLQWLOODWLRQ�SHUIRUP�
DQFH�RI�VXFK�GHWHFWRUV�DUH�NQRZQ�WR�GHSHQG
RQ�QXPHURXV�IDFWRUV��PDLQO\�RQ�WKH�TXDOLW\
RI�VLQJOH�FU\VWDO�DQG�UHIOHFWRUV�DV�ZHOO�DV�RQ
WKH� GHWHFWRU� GHVLJQ�� 7DNLQJ� LQWR� DFFRXQW
WKDW� WKH� HQHUJ\� RI� UDGLDWLRQ� PRQLWRUHG� E\
VXFK� GHWHFWRUV� LV� UDWKHU� ORZ� ��� WR� ���NH9��
WKH�SUREOHP�RI�PD[LPXP�OLJKW�FROOHFWLRQ� LV
HVSHFLDOO\� LPSRUWDQW�� ,I� WKH� VFLQWLOODWRU� LV
VHOHFWHG�SURSHUO\��WKH�OLJKW�\LHOG�GHSHQGV�RQ
WKH� GHWHFWRU� VXUIDFH� WUHDWPHQW� DQG� GHVLJQ
RI�WKH�GHWHFWRU�DFFRXQWLQJ�IRU�WKH�UHIOHFWRUV
XVHG�� ,Q� WKLV� ZRUN�� WKH� LQIOXHQFH� RI� WKHVH
IDFWRUV� RQ� WKH� OLJKW� FROOHFWLRQ� SDUDPHWHU� W
EHLQJ� LQ�SURSRUWLRQ�WR� OLJKW�RXWSXW�9� >����@
KDV� EHHQ� VWXGLHG�� 7R� WKDW� HQG�� WKH� OLJKW
FROOHFWLRQ�LQ�WKH�GHWHFWRU�KDV�EHHQ�ILUVW�FDO�
FXODWHG�� WKHQ� WKH� VFLQWLOODWLRQ� FKDUDF�
WHULVWLFV� KDYH� EHHQ� VWXGLHG� LQ� H[SHULPHQW

GHSHQGLQJ� RQ� VHYHUDO� SDUDPHWHUV� DFFHSWHG
IRU�WKH�GHWHFWRU�PRGHO�FDOFXODWLRQ�
7KH� OLJKW� FROOHFWLRQ�SURFHVV� LQ� WKH�VSHFL�

ILHG� GHWHFWRUV� ZDV� VLPXODWHG� XVLQJ� WKH
0RQWH�&DUOR� PHWKRG� EDVHG� RQ� WKH� &)ODVK
���� DOJRULWKP�� 7KH� IROORZLQJ� IDFWRUV� ZHUH
FRQVLGHUHG�LQ�WKH�FDOFXODWLRQ�
Û� GHQVLW\� GLVWULEXWLRQ� RI� VFLQWLOODWLRQ

IODVKHV� LQ� WKH� FU\VWDO� YROXPH� FDOFXODWHG
XQGHU�DFFRXQW�IRU�SHQHWUDWLRQ�RI�WKH�UDGLD�
WLRQ�EHLQJ�PRQLWRUHG�
Û�OLJKW�DEVRUSWLRQ�LQ�WKH�FU\VWDO�YROXPH�
Û�UHODWLYH�UHIUDFWLYH�LQGH[�DW�WKH�PHGLD

ERXQGDULHV�
Û� OLJKW� VFDWWHULQJ� LQGLFDWULFH� RQ� WKH

URXJK� FU\VWDO� DQG� UHIOHFWRU� VXUIDFHV
ZLWK�ZLWKRXW�RSWLFDO�FRQWDFW��|&��
Û� SUHVHQFH� RI� D� JDS� EHWZHHQ� WKH� LQSXW

FU\VWDO�VXUIDFH�DQG�UHIOHFWLQJ�FRDWLQJ�
)DFWRUV�QRW�FRQVLGHUHG�LQ�FDOFXODWLRQ�
Û� OLJKW� GLVSHUVLRQ� DW� LWV� SURSDJDWLRQ

ZLWKLQ�WKH�FU\VWDO�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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Û�VSHFWUDO�FKDUDFWHULVWLFV�RI�UDGLROXPLQHV�
FHQFH�DQG�VHQVLWLYLW\�RI�WKH�SKRWRGHWHFWRU�
Û�OLJKW�UD\�SURSDJDWLRQ�IURP�WKH�VFLQWLO�

ODWRU� WKURXJK� LPPHUVLRQ� OXEULFDQW� LQWR� WKH
SKRWRGHWHFWRU�
/LJKW�SURSDJDWLRQ�LQ�D�1D,�7O��FU\VWDO�ZDV

VLPXODWHG�ZLWK�WKH�UHIUDFWLYH�LQGH[������DQG
WUDQVSDUHQF\�P� �������FPÜ���7KH�FU\VWDO�KDG
WKH� F\OLQGHU� VKDSH� RI� ��� PP� GLDPHWHU� DQG
��PP� WKLFNQHVV� �)LJ������ 7KH� LUUDGLDWLRQ� JH�
RPHWU\� FRUUHVSRQGHG� WR� LQILQLWHO\� GLVWDQW
VRXUFH�VLWXDWHG�RQ�WKH�F\OLQGHU�D[LV�LQ�VXFK�D
PDQQHU�WKDW�RQH�RI�WKH�F\OLQGHU�EXWWV�ZDV�WKH
LQSXW� VXUIDFH� IRU� UDGLDWLRQ�� ZKLOH� DQRWKHU
RQH��WKH�RXWSXW�VXUIDFH��7KH�UHIUDFWLYH�LQGH[
MXPS�DW�WKH�WUDQVIHU�IURP�WKH�VFLQWLOODWRU�WR
WKH� JODVV� LV� ����������$� WKLQ� GLVN�ZKLFK� GL�
DPHWHU� FRUUHVSRQGV� WR� FU\VWDO� GLDPHWHU� ZDV
XVHG� DV� WKH� PLUURU� UHIOHFWLQJ� FRDWLQJ�� 7KH
UHIOHFWLRQ�LQGH[�ZDV�DVVXPHG�WR�EH�HTXDO�����
0LFURVFRSLF� H[DPLQDWLRQ� RI� VFLQWLOODWLRQ

FU\VWDO� VXUIDFH� DIWHU� ODSSLQJ� DQG� SROLVKLQJ
KDG� VKRZQ� WKDW� WKH� VXUIDFH� LV� FRYHUHG� E\
VFUDWFKHV��JURRYHV��YDU\LQJ�LQ�GHSWK�DQG�GL�
UHFWLRQ��7R�VLPSOLI\�PDWKHPDWLFDO�PRGHO�RI
VXFK�VXUIDFH�� WKH� VFUDWFKHV�FDQ�EH�DVVXPHG
WR� KDYH� F\OLQGULFDO� VKDSH� DQG� D� FRQVWDQW
GHSWK� FRPSDUDWLYH� WR� WKH� UDGLXV�� 7KH� SD�
UDPHWHU� .� LV� WKH� IUDFWLRQ� RI� WKH� VXUIDFH
RFFXSLHG� E\� JURRYHV�� 7KHQ� WKH� DEVROXWHO\
VPRRWK�VXUIDFH�KDV�.� ���DQG�IRU�WKH�PRVW
URXJK� VXUIDFH�� .� ���� %\� YDU\LQJ� WKH� SD�
UDPHWHU�.�LQ�WKH�UDQJH���Ü����WKH�VXUIDFH�RI
DQ\�URXJKQHVV�FDQ�EH�GHVFULEHG��RI�FRXUVH�LQ
WKH� UDQJH� RI� DSSOLFDWLRQ� RI� WKLV� SDUWLFXODU
PRGHO��� )LUVW�� ZH� KDYH� FDOFXODWHG� WKH� OLJKW

FROOHFWLRQ� FRHIILFLHQWV� LQ�GHSHQGHQFH�RQ� WKH
URXJKQHVV� GHJUHH� RI� WKH� LQSXW� DQG� RXWSXW
VXUIDFHV�� 7KH� ODWHUDO� UHIOHFWRU� ZLWK� 3UHI� �����DQG�D�UHIOHFWRU�VLWXDWHG�������FP�DERYH
WKH�LQSXW�VXUIDFH�ZHUH�DVVXPHG��7KH�FDOFXOD�
WLRQ�UHVXOWV�DUH�VKRZQ�LQ�7DEOH���
,W� FDQ� EH� VHHQ� IURP� WKH� 7DEOH� WKDW� OLJKW

FROOHFWLRQ� FRHIILFLHQW� LQFUHDVHV� ZLWK� RXWSXW
VXUIDFH�URXJKQHVV��7KH�SHDN�ORVVHV�RI�OLJKW�DUH
REVHUYHG� DW�ZHDN� URXJKQHVV� RI� WKH� LQSXW� DQG
RXWSXW�VXUIDFHV��$W�D�VXEVWDQWLDO�URXJKQHVV�RI
LQSXW�VXUIDFH��D�FRQVLGHUDEOH�IUDFWLRQ�RI�OLJKW
JHWV� RXW� WRZDUGV� WKH� XSSHU� UHIOHFWRU� DQG� LWV
SUHVHQFH�SURYLGHV�D�KLJK�OLJKW�FROOHFWLRQ�FRHI�
ILFLHQW��7KH�OLJKW�FROOHFWLRQ�FRHIILFLHQW�LQ�;�
UD\�GHWHFWRUV�LQ�SUHVHQFH�DQG�DEVHQFH�RI�VLGH
DQG� XSSHU� UHIOHFWRUV�� DQG� DW� PDWWHG� EXWW
VXUIDFH� RI� WKH� FU\VWDO� DGMDFHQW� WR� 30� ZDV
FDOFXODWHG�XVLQJ�WKH�DERYH�PRGHO�
7KH� FDOFXODWLRQ� UHVXOWV� IRU� WKH� FDVH� RI

SUHVHQFH� RU� DEVHQFH� RI� DQ� RSWLFDO� FRQWDFW
�2&��EHWZHHQ�WKH�FU\VWDO�DQG�WDUJHW�ZLQGRZ
DUH� JLYHQ� LQ� 7DEOH��� ZKHUH� W�� LV� WKH� OLJKWFROOHFWLRQ� FRHIILFLHQW�ZLWKRXW� UHIOHFWRUV�� W��WKH�VDPH�ZLWK�UHIOHFWRUV��W��� WKH�VDPH�ZLWKUHIOHFWRUV� DQG� PDWWHG� VXUIDFH�� ,W� IROORZV

)LJ�����7KH�6NHWFK�RI�WKH�GHWHFWRU�GHVLJQ����
UHIOHFWRU�����FU\VWDO�����VLGH�UHIOHFWRU�����RSWL�
FDO�JODVV�

7DEOH����&DOFXODWHG�GHSHQGHQF\�RI� OLJKW�FROOHFWLRQ�� OLJKW� ORVVHV�DQG�DPRXQW�RI� OLJKW�ZKLFK�JRHV
WRZDUG�WKH�WRS�UHIOHFWRU�RQ�URXJKQHVV�RI�HQWU\�DQG�H[LW�IDFHWV�RI�VFLQWLOODWLRQ�FU\VWDO�

&DOFXODWLRQ
SDUDPHWHUV

7KH�URXJKQHVV�GHJUHH��z
,QSXW�z� ����� ,QSXW�z� ���� ,QSXW�z� ����� ,QSXW�z� �����
2XWSXW�z� ����� 2XWSXW�z� ���� 2XWSXW�z� ���� 2XWSXW�z� �����

/LJKW�FROOHFWLRQ�
FRHIILFLHQW��D�X

����� ����� ����� �����

/LJKW�ORVVHV��D�X� ����� ����� ����� �����
$PRXQW�RI�RXWSXW�WR�WKH
WRS�UHIOHFWRU�VLGH���

�� �� � ��

7DEOH����&DOFXODWHG�GHSHQGHQF\�RI�OLJKW�FROOHFWLRQ�RQ�SUHVHQFH�RI�RSWLFDO�FRQWDFW�EHWZHHQ�FU\VWDO
DQG�H[LW�ZLQGRZ�RI�WKH�GHWHFWRU�

3UHVHQFH�RI�RSWLFDO�FRQ�
WDFW

/LJKW�FROOHFWLRQ�FRHIILFLHQW
W� W� W�

|& ���� ���� ����
:LWKRXW�|& ���� ���� ����
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IURP�WKRVH�GDWD�WKDW�HYHQ�LQ�WKH�SUHVHQFH�RI
VLGH� DQG� XSSHU� UHIOHFWRUV� ZKLFK� UHGXFH� HV�
VHQWLDOO\�WKH�OLJKW�ORVVHV�LQ�WKH�GHWHFWRU��WKH
OLJKW� FROOHFWLRQ� FRHIILFLHQW� GRHV� QRW� H[FHHG
������7KH�PDWWLQJ�RI�D�EXWW�VXUIDFH�UHVXOWV
LQ�HQKDQFHG�OLJKW�FROOHFWLRQ�FRHIILFLHQW��DQG
DQ� HVSHFLDOO\� HVVHQWLDO� FRQWULEXWLRQ� IURP
WKLV� HIIHFW� LQ� FDVH� RI� WKH� |&� DEVHQFH� �WKH
LQFUHDVH�E\�D�IDFWRU�DERXW������
7KH�OLJKW�FROOHFWLRQ�FRHIILFLHQW�ZDV�GHWHU�

PLQHG�DV�D�IXQFWLRQ�RI�WKH�GLVWDQFH�EHWZHHQ
WKH� IODVK� VLWH� DQG� WKH� FU\VWDO� FHQWHU�� 7KH
URXJKQHVV� GHJUHH� RI� WKH� LQSXW� DQG� RXWSXW
VXUIDFH�ZDV�DVVXPHG�WR�EH������WKH�UHIOHFWRU
EHLQJ�ORFDWHG�DW�WKH�KHLJKW�RI�������FP��WKH
ODWHUDO� VXUIDFH�EHLQJ� LQ�|&�ZLWK�WKH�UHIOHF�
WRU��)LJ����SUHVHQWV�WKH�GHSHQGHQFH�RI�OLJKW
FROOHFWLRQ� FRHIILFLHQW�RQ� WKH�GLVWDQFH� �O�� EH�
WZHHQ� WKH� IODVK�VLWH�DQG� WKH�FU\VWDO� FHQWHU�
$� VXEVWDQWLDO� GHWHULRUDWLRQ� RI� W� LV� VHHQ�QHDU
WKH�FU\VWDO�HGJH��7KH�GHSHQGHQFH�RI�OLJKW�FRO�
OHFWLRQ� FRHIILFLHQW� RQ� O� ZDV� IRXQG� DW� WKH
URXJKQHVV� GHJUHH� RI� WKH� LQSXW� DQG� RXWSXW
VXUIDFH������7KH�FDOFXODWLRQ�UHVXOWV�DUH�JLYHQ
LQ�7DEOH����7KH�OLJKW�FROOHFWLRQ�FRHIILFLHQW�GH�
FUHDVHV�LQVLJQLILFDQWO\�������DW�D�FRQVLGHUDEOH
LQFUHDVH�RI�WKH�JDS�EHWZHHQ�WKH�UHIOHFWRU�DQG
WKH� FU\VWDO� LQSXW� VXUIDFH�� $EVROXWH� OLJKW� ORVV
DPRXQWV�DERXW������LQ�WKLV�FDVH�

'HSHQGHQFH�RI�OLJKW�FROOHFWLRQ�FRHIILFLHQW
YV�� WKH� FU\VWDO� VLGH� VXUIDFH� WUHDWPHQW� DQG
SURSHUWLHV� RI� WKH� VLGH� UHIOHFWRU� ZDV� FDOFX�
ODWHG��WRR��7KH�IROORZLQJ�SDUDPHWHUV�IRU�FDO�
FXODWLRQ� ZHUH� DFFHSWHG�� WKH� GLVWDQFH� IURP
WKH�UHIOHFWRU�WR�WKH�FU\VWDO�LQSXW�������FP�
WKH� LQSXW� DQG� RXWSXW� FU\VWDO� VXUIDFHV
URXJKQHVV� GHJUHH� ����� ,W� IROORZV� IURP� WKH
FDOFXODWLRQ� WKDW� DEVHQFH� RI� RSWLFDO� FRQWDFW
EHWZHHQ� WKH� VLGH� UHIOHFWRU� DQG� FU\VWDO� LQ�
FUHDVHV�WKH�OLJKW�FROOHFWLRQ�FRHIILFLHQW�E\��Ü
�����1R�GHSHQGHQFH�RI� W� RQ� WKH� URXJKQHVV
GHJUHH� �ZKHWKHU� WKH� VLGH� FRDWLQJ� UHIOHFWLRQ
LV�PLUURU�OLNH�RU�GLIIXVH��LV�UHYHDOHG�
7KH� OLJKW� RXWSXW� DQG� HQHUJ\� UHVROXWLRQ

RI� WKH� GHWHFWRUV� DW� LRQL]LQJ� UDGLDWLRQ� GH�
WHFWLRQ� ZHUH� VWXGLHG� LQ� H[SHULPHQW�� ,W� LV
NQRZQ� WKDW� WKH� SK\VLFDO� OLJKW� RXWSXW� LV
GHWHUPLQHG� DV� 9� �K���W�� ZKHUH� K� LV� WKH
FRQYHUVLRQ� HIILFLHQF\� RI� D� VFLQWLOODWRU�� W�
WKH�OLJKW�FROOHFWLRQ�FRHIILFLHQW��+HQFH��DW�D
JLYHQ� VFLQWLOODWRU�� WKH� OLJKW� RXWSXW� LV� LQ
SURSRUWLRQ� WR� W�� 7KH� HQHUJ\� UHVROXWLRQ� LV
FRQQHFWHG�ZLWK� WKH� OLJKW�RXWSXW�KRPRJHQH�
LW\�RYHU�WKH�GHWHFWRU��7DEOH���VKRZV�UHVXOWV
RI� WKH� HQHUJ\� UHVROXWLRQ� �5�� DQG� D� OLJKW
RXWSXW� �9�� PHDVXUHPHQWV� IRU� D� GHWHFWRU
FRXSOHG� ZLWK� D� )(8����30�XQGHU� H[FLWDWLRQ
ZLWK�;�UD\V�IURP���)H�UDGLRQXFOLGH�DV�D�IXQF�

)LJ�����'HSHQGHQFH� RI� OLJKW� FROOHFWLRQ� FRHIIL�
FLHQW��W��RQ�WKH�GLVWDQFH��O��EHWZHHQ�WKH�IODVK
VLWH�DQG�FHQWHU�FU\VWDO�

)LJ�����3XOVH�KHLJKW�VSHFWUD�RI�GHWHFWRUV�1R��
���� DQG� 1R��� ���� DW� GHWHFWLRQ� RI� UDGLDWLRQ
IURP���)H��p� �����NH9��

7DEOH���� &DOFXODWHG� GHSHQGHQF\� RI� OLJKW� FROOHFWLRQ� DQG� OLJKW� ORVVHV� RQ� WKH� JDS� EHWZHHQ� WRS
UHIOHFWRU�DQG�VFLQWLOODWLRQ�FU\VWDO�
&DOFXODWLRQ
SDUDPHWHUV

*DS�ZLGWK��O���FP
����� � ��� ���

/LJKW�FROOHFWLRQ
FRHIILFLHQW

����� ��� ����� �����

/LJKW�ORVVHV ����� � ����� �����
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WLRQ� RI� GLVWDQFH� EHWZHHQ� WKH� FU\VWDO� DQG
XSSHU� UHIOHFWRU�� $� 7HIORQ� SOXJ� ZDV� XVHG� DV
WKH� VLGH� UHIOHFWRU�� ,W� IROORZV� IURP� WKH� 7DEOH
WKDW�WKH�OLJKW�RXWSXW�DQG�HQHUJ\�UHVROXWLRQ�RI
WKH�GHWHFWRUV�DUH�HVVHQWLDOO\�LQGHSHQGHQW�RI�WKH
GLVWDQFH� EHWZHHQ� WKH� FU\VWDO� DQG� UHIOHFWRU
ZLWKLQ�WKH�UDQJH�VWXGLHG�XQWLO�WKHLU�PHFKDQLFDO
WRXFK� XQGHU� FRQGLWLRQ� RI� |&� DEVHQFH� EHWZHHQ
WKHP��,Q�WKH�SUHVHQFH�RI�|&�EHWZHHQ�WKH��FU\VWDO
DQG�WKH�XSSHU�UHIOHFWRU��WKH�VFLQWLOODWLRQ�FKDUDF�
WHULVWLFV�DUH�GHWHULRUDWHG�HVVHQWLDOO\�
7KH�PHDVXUHG�OLJKW�RXWSXW�DQG�WKH�HQHUJ\

UHVROXWLRQ� RI� GHWHFWRUV� ZLWK� SROLVKHG� DQG
JURXQG� VXUIDFHV� QHDU� WKH� 30� DUH� JLYHQ� LQ
7DEOH��� IRU� WKH� FDVHV� RI� SUHVHQFH� RU� DEVHQFH
RI� |&� EHWZHHQ� WKH� FU\VWDO� DQG� WKH� GHWHFWRU
RXWSXW�ZLQGRZ��,W�LV�VHHQ�WKDW�WKH�JULQGLQJ�RI
WKH� FU\VWDO� ORZHU� VXUIDFH� DOORZV� WR� LQFUHDVH
WKH� OLJKW� RXWSXW� E\� D� IDFWRU� H[FHHGLQJ� ���
WLPHV� DQG� WR� LPSURYH� WKH� HQHUJ\� UHVROXWLRQ
DEVROXWH�YDOXH�E\��Ü���RQ�WKH�DYHUDJH�
7KH�SHDN�WR�YDOOH\�UDWLR��L�H��WKH�UDWLR�RI

QXPEHU�RI�SXOVHV�LQ�WKH�PD[LPXP�RI�DPSOL�
WXGH� VSHFWUXP� 1PD[� WR� WKDW� LQ� PLQLPXP1PLQ� �)LJ����� LV� D� SDUDPHWHU� RI� LPSRUWDQFHIRU� RI�;�UD\� DQG� VRIW� JDPPD� UDGLDWLRQ� GH�
WHFWRUV�� S�Y� �1PD[�1PLQ�� 7KLV� SDUDPHWHU

GHSHQGV� RQ� OLJKW� \LHOG� KRPRJHQHLW\� RYHU� D
VFLQWLOODWLRQ�FU\VWDO�VXUIDFH��7KH�PRGHO�FDO�
FXODWLRQ�VKRZV�WKDW�WKLV�FDQ�EH�DFKLHYHG�E\
URXJKLQJ� RI� WKH� FU\VWDO� XSSHU� VXUIDFH�� ,Q
)LJ����� WKH� DPSOLWXGH� VSHFWUD� RI� WZR� GHWHF�
WRUV� DUH� SUHVHQWHG� DW� UHFRUGLQJ� UDGLDWLRQ
IURP���)H�ZLWK�p� �����NH9��,Q�WKH�GHWHFWRU
1R���� WKH� FU\VWDO� LQSXW� VXUIDFH� LV� SROLVKHG
E\� D� VWDQGDUG� PHDQV�� ZKLOH� LQ� 1R��� RQH�
JURXQG� E\� PHDQV� RI� $O�2�� SRZGHU� ZLWKJUDLQ� VL]H� RI� ���� PP�� $V� IRU� WKH� UHVW�� WKH
GHWHFWRUV� DUH� PDGH� VLPLODUO\� XVLQJ� WKH
VWDQGDUG� SURFHGXUH�� 7KH� VFLQWLOODWLRQ� SHU�
IRUPDQFHV� RI� WKH� GHWHFWRUV� DUH� JLYHQ� LQ
7DEOH����+HQFH��VXFK�JULQGLQJ�RI�WKH�VXUIDFH
RULHQWHG�WRZDUGV�WKH�RULJLQ�SURYLGHV�LQFUHDVH
RI� SHDN�YDOOH\� SDUDPHWHU� E\� ��� �� DQG� LP�
SURYHPHQW�RI�5�DEVROXWH�YDOXH�E\�����
7KH�FKDUDFWHU�RI�OLJKW�SURSDJDWLRQ�LQ�WKH

FU\VWDO� DW� YDULRXV� LUUDGLDWHG� DUHD� YDOXHV
ZDV� VWXGLHG�� $� VHULHV� RI� OHDG� GLDSKUDJPV
ZLWK� ��PP�� ���PP�� ���PP� RULILFH� GLDPH�
WHUV� ZDV� XVHG� LQ� WKH� H[SHULPHQW�� 7KH� $O
ILOP�GHSRVLWHG�RQWR� WKH�FU\VWDO�DQG�'DNURQ
GLVSRVHG�RQ�WKH�FU\VWDO�ZHUH�XVHG�DV�UHIOHF�
WRUV� IRU� 1R��� DQG� 1R��� FU\VWDOV�� UHVSHF�
WLYHO\��7KH�GHSHQGHQFH�RI�WKH�HQHUJ\�UHVROX�

7DEOH����([SHULPHQWDO�GHSHQGHQF\�RI�HQHUJ\�UHVROXWLRQ�DQG�OLJKW�RXWSXW�RQ�WKH�JDS�EHWZHHQ�WRS
UHIOHFWRU�DQG�VFLQWLOODWLRQ�FU\VWDO

6FLQWLOODWLRQ�SDUDPHWHUV 7KH�JDS�EHWZHHQ�WKH�FU\VWDO�DQG�WKH�XSSHU�UHIOHFWRU��PP
� � ��� ���ZLWKRXW�|&� ���ZLWK�|&�

(QHUJ\�UHVROXWLRQ��� ���� ���� ���� ���� ����
/LJKW�\LHOG��D�X� ��� ��� ��� ��� ���

7DEOH����([SHULPHQWDO�GHSHQGHQF\�RI�HQHUJ\�UHVROXWLRQ�DQG�OLJKW�RXWSXW�RQ�WKH�WUHDWPHQW�RI�WRS
VXUIDFH�RI�VFLQWLOODWLRQ�FU\VWDO

6FLQWLOODWLRQ�
SDUDPHWHUV

6XUIDFH�WUHDWPHQW
3ROLVKLQJ *ULQGLQJ

|& ZLWKRXW�|& 2& ZLWKRXW�|&
/LJKW�\LHOG��D�X� ��� ��� ��� ���

(QHUJ\�UHVROXWLRQ��� ���� ���� ���� ����
7DEOH���� ([SHULPHQWDO� VFLQWLOODWLRQ� FKDUDFWHULVWLFV�ZLWK� GLIIHUHQW� WUHDWPHQW� RI� HQWUDQFH� VXUIDFH
RI�VFLQWLOODWLRQ�FU\VWDO�

5HIOHFWRU 5��� 9��D�X�
%HU\OOLXP�GLVN �� ����
$OXPLQL]HG�ILOP �� �����

$OXPLQXP�ILOP�GHSRVLWHG�RQ�WKH�FU\VWDO �� ����
7DEOH�������([SHULPHQWDO�VFLQWLOODWLRQ�FKDUDFWHULVWLFV�REWDLQHG�ZLWK�GLIIHUHQW�WRS�UHIOHFWRUV�

'HWHFWRU�1R� /LJKW�\LHOG��D�X 5��� 3HDN�YDOOH\��D�X
� � �� ����
� ��� �� ����
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WLRQ� RQ� WKH� LUUDGLDWHG� DUHD� GLDPHWHU� DW
PRQLWRULQJ�;�UD\V�ZLWK�p� �����NH9�LV�VKRZQ
LQ�)LJ�����$�VKDUS� LPSURYHPHQW�RI�WKH�UHVROX�
WLRQ� ZLWK� GHFUHDVH� RI� WKH� RULILFH� GLDPHWHU
WKURXJK�ZKLFK�WKH�FU\VWDO�LV�LUUDGLDWHG�IRU�WKH
GHWHFWRU� �1R����ZLWK� GHSRVLWHG�PLUURU� LV� REYL�
RXVO\�UHODWHG�WR�WKH�IDFW�WKDW�WKH�OLJKW�LQ�VXFK
GHWHFWRUV� LV� FRQFHQWUDWHG� RQ� WKH� FU\VWDO� HGJHV
ZKHUH�LW�LV�SDUWLDOO\�DEVRUEHG��)RU�WKH�GHWHFWRU
1R����D�VPDOOHU�DPRXQW�RI�OLJKW�LV�DEVRUEHG�LQ
D�FU\VWDO�GXH�WR�WRWDO�LQWHUQDO�UHIOHFWLRQ�DQG�WKH
OLJKW�JHWV�30�DW�VXFK�UHIOHFWRU�DUUDQJHPHQW��
,QIOXHQFH� RI� WKH� XSSHU� UHIOHFWRU� W\SH� RQ

VFLQWLOODWLRQ� SDUDPHWHUV� RI� GHWHFWRUV� ZDV
VWXGLHG��$V�WKH�UHIOHFWRUV��XVHG�ZHUH�����EH�
U\OOLXP� GLVN�� ��� DOXPLQL]HG� 'DNURQ� ILOP
JOXHG� WR� EHU\OOLXP�GLVN�����DOXPLQLXP� ILOP
GHSRVLWHG�RQWR�WKH�FU\VWDO��7KH�DYHUDJH�YDO�
XHV� RI� WKH� HQHUJ\� UHVROXWLRQ� DQG� D� OLJKW
RXWSXW�DUH�SUHVHQWHG�LQ�7DEOH���DW�GHWHFWLRQ
RI� UDGLDWLRQ� IURP� ��)H� �p� ����� NH9�� IRU
VHYHUDO�JURXSV�RI�GHWHFWRUV�ZLWK�WKH�1D,�7O�
FU\VWDO�VL]H�RI�����PP�u���PP��,W�IROORZV�IURP
7DEOH��� WKDW� WKH� XVH� RI� DOXPLQL]HG� 'DNURQ

ILOP�RU�EHU\OOLXP�LQSXW�ZLQGRZ�DV�UHIOHFWRU
UHVXOWV� LQ� D� VLJQLILFDQW� LPSURYHPHQW� RI�GH�
WHFWRU�VFLQWLOODWLRQ�SHUIRUPDQFH� LQ�FRPSDUL�
VRQ� ZLWK� GHWHFWRUV� ZKHUH� GHSRVLWHG� DOX�
PLQLXP� ILOP� LV� XVHG� DV� WKH� UHIOHFWRU�� 7KLV
IDFW� LV� UHODWHG� WR� LPSURYHPHQW�RI� OLJKW�FRO�
OHFWLRQ� FRQGLWLRQV� LQ� WKH�SUHVHQFH� RI� DQ� DLU
JDS�EHWZHHQ�WKH�FU\VWDO�DQG�UHIOHFWRU�
,Q� FRQFOXVLRQ�� WKH� H[SHULPHQWDO� UHVXOWV

FRQILUP� WKH� GDWD� REWDLQHG� E\� PHDQV� RI
PRGHO� FDOFXODWLRQV�� 7R� REWDLQ� WKH� RSWLPXP
VFLQWLOODWLRQ� SDUDPHWHUV�� WKH� GHWHFWRUV
VKRXOG�KDYH�D�PLUURU�OLNH�XSSHU�UHIOHFWRU�DQG
D� GLIIXVH� VLGH� UHIOHFWRU�� 7KH� XSSHU� UHIOHFWRU
VKRXOG� EH� DUUDQJHG� WKH� GLVWDQFH� QR�PRUH� WKDQ
���� PP� IURP� WKH� FU\VWDO� LQSXW� VXUIDFH� DQG
VKRXOG� QRW� KDYH� RSWLFDO� FRQWDFW� ZLWK� WKDW� VXU�
IDFH��,W�LV�GHVLUDEOH�WR�PDWWH�WKH�VFLQWLOODWRU�VXU�
IDFHV� WKDW� IRUP� WKH� UDGLDWLRQ� LQSXW� DQG� OLJKW
RXWSXW��,Q�WKLV�FDVH��VXFK�GLIIXVH�UHIOHFWLRQ�SUR�
YLGHV�PRUH�OLJKW�WR�JHW�WKH�30��$OXPLQXP�GHSR�
VLWLRQ� RQ� WKH� FU\VWDO� LQSXW� VXUIDFH� JLYHV� ZRUV�
HQHG� UHVXOWV� DV� FRPSDUHG� WR� WKH� UHIOHFWRU� DU�
UDQJHG� DW� VRPH� GLVWDQFH� IURP� WKH� FU\VWDO
VXUIDFH�� ,PSURYHPHQW� RI� VFLQWLOODWLRQ� SHUIRUP�
DQFH� LV� REVHUYHG� DW� D� UHOLDEOH� RSWLFDO� FRQWDFW
EHWZHHQ�ORZHU�FU\VWDO�IDFH�DQG�JODVV�RI�WKH�FRQ�
WDLQHU��,QFUHDVH�RI�WKH�LUUDGLDWHG�FU\VWDO�VXUIDFH
E\�D�IDFWRU�RI���UHVXOWV�LQ�WKH�UHVROXWLRQ�GURS�E\
�����IRU�FU\VWDO�RI����PP�GLDPHWHU�
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¢�� ���� DQG� ¢�� ���� DW� p� ����� NH9�;�UD\V
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