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WKHVH� HIIHFWV� FRXOG� EH� UHODWHG� WR� WKH� RUGHULQJ� RI� WKH� G\H� PROHFXOH� GLPHUV� ZLWK� SRVVLEOH
DJJUHJDWH� IRUPDWLRQ� LQ� ILOPV� LQGXFHG�E\� LQWHUDFWLRQ�ZLWK�JLOGHG�VXEVWUDWH��7KH� REVHUYHG
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PROHFXODU�SKRWRYROWDLF�HOHPHQWV�IRU�QDQRHOHFWURQLFV�DQG�QDQRSKRWRQLFV�

j°°ãË�ºmÈÓ©� º¹�Ò�Ë°}ÒË�� �ËäÓºm©Ë� Ò� Áº�ºªãË}�¯Ò�Ë°}ÒË� °mº®°�mÈ� º¯�ÈÓÒ�Ë°}º�º
}¯È°Ò�Ëã«����ÒÈÓº�������ÒäË�ÒãÈäÒÓºÁËÓÒã����¹¯º¹ËÓ�ÒºÈäÒ���¯È°�mº¯©�m�¯ÈÏÓ©²�¯È°�
�mº¯Ò�Ëã«²� Ò� ¹ãËÓ}Ò�� ÓÈÓË°ËÓÓ©Ë� äË�º�ºä� mÈ}��äÓº�º� Ò°¹È¯ËÓÒ«� }È}� ÓÈ� }mÈ¯�Ëm©Ë�
�È}�Ò�ÓÈ�¹ºÏºãº�ËÓÓ©Ë�}mÈ¯�Ëm©Ë�¹º�ãºÎ}Ò���{�°ã��ÈË�¹ãËÓº}�}¯È°Ò�Ëã«��ÓÈÓË°ËÓÓº�º
ÓÈ� ¹ºÏºãº�ËÓÓ�
� ¹º�ãºÎ}��� ¹º«mã«
�°«� Óºm©Ë� ªÁÁË}�©� ¹º� °¯ÈmÓËÓÒ
� °� ¯È°�mº¯ÈäÒ
}¯È°Ò�Ëã«� ÒãÒ� ¹ãËÓ}ÈäÒ�� ÓÈÓË°ËÓÓ©äÒ� ÓÈ� °�Ë}ãº�� �¯Ë�¹ºãÈ�ÈË�°«�� ��º� ª�Ò� ªÁÁË}�©
°m«ÏÈÓ©�°�º¹¯Ë�ËãËÓÓ©ä�¹¯º°�¯ÈÓ°�mËÓÓ©ä��¹º¯«�º�ËÓÒËä��ÒäË¯ºm�äºãË}�ã�}¯È°Ò�Ëã«
Ò��mºÏäºÎÓº��º¯ÈÏºmÈÓÒËä�È�¯Ë�È�ºm��m©ÏmÈÓÓ©ä�mÏÈÒäº�Ë®°�mÒËä�°�¹ºÏºãº�ËÓÓº®�¹º��
ãºÎ}º®�� sÈã
�ÈËä©Ë� ªÁÁË}�©� äº���� ©�	� Ò°¹ºã	ÏºmÈÓ©� }È}� �ã«� °ºÏ�ÈÓÒ«� Óºmº�º
�Ò¹È�ªãËäËÓ�ºm�°ºãÓË�Ó©²�È�È¯Ë®���È}�Ò��ã«��ÒÏÈ®ÓÈ�äºãË}�ã«¯Ó©²�Áº�ºmºã	�ÈÒ�Ë°�
}Ò²�ªãËäËÓ�ºm��ã«�ÓÈÓºªãË}�¯ºÓÒ}Ò�Ò�ÓÈÓºÁº�ºÓÒ}Ò�

���,QWURGXFWLRQ
2QH�RI�WKH�PDLQ�SUREOHPV�RI�WKH�FUHDWLRQ

RI�SKRWRYROWDLF�HOHPHQWV�LV�WKH�VSDWLDO�VHSD�
UDWLRQ�RI�HOHFWULF�FKDUJHV�DQG�WKH�REWDLQLQJ
RI� WKHLU� XQEDODQFHG� GLVWULEXWLRQ� DW� WKH� H[�
SHQVH�RI�WKH�SKRWRQV�DEVRUSWLRQ�E\�WKH�V\V�
WHP��7KH�PDMRULW\� RI� SKRWRYROWDLF� HOHPHQWV
WKDW�DUH�XVHG�LQ�FUHDWHG�IRU�VRODU�HQHUJHWLFV

XVH� WKH� HIIHFW� RI� YLRODWLRQ� RI� EDODQFHG� GLV�
WULEXWLRQ� RI� HOHFWURQV� DQG� KROHV� �FDXVHG� E\
DEVRUSWLRQ�RI�SKRWRQV��LQ�WKH�UHJLRQ�RI�SÜQ�
WUDQVLWLRQ� LQ� VHPLFRQGXFWRUV� >�@�� 2WKHU
SULQFLSOHV� RI� REWDLQLQJ� WKH� SKRWRFXUUHQW� LQ
PDFURVFRSLF� K\EULG� V\VWHPV�ZHUH� DOVR� UHDO�
L]HG��H�J���*UDHW]HO�FHOO�>�@��

,Q� WKH� SUHVHQW� SDSHU�� UHVXOWV� DUH� SUH�
VHQWHG� VKRZQ� WKDW� SURYH� WKH� DSSHDUDQFH� RI
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SKRWRYROWDLF� HIIHFW� RQ� WKH� PROHFXODU� OHYHO�
7R� RXU� RSLQLRQ�� WKLV� HIIHFW� FDQ� EH� XVHG� RQ
PDFURVFRSLF�OHYHO�IRU�WKH�RUJDQLF�VRODU�FHOOV
GHVLJQ�DQG�IDEULFDWLRQ��DV�ZHOO�DV�LQ�PROHFX�
ODU� SKRWRYROWDLF� HQHUJ\� VRXUFHV� IRU
QDQRHOHFWURQLF�GHYLFHV�

���([SHULPHQWDO�SURFHGXUH
)RU� WKH� RSWLFDO� DQG� SKRWRYROWDLF� LQYHVWL�

JDWLRQV�� RUJDQLF� G\H� ���F\DQR������GLPHWK\�
ODPLQRSKHQ\O����SURSHQWLRDPLGH�� VDPSOHV
ZHUH�XVHG��WKH�FKHPLFDO�IRUPXOD�LV�VKRZQ�LQ
)LJ������ ZKLFK� FRQVLVWHG� RI� WKH� G\H� OD\HU
GHSRVLWHG� RQ� ERWK� TXDUW]� VXEVWUDWH� DQG
JLOGHG�TXDUW]�VXEVWUDWH��7KH�G\H�DQG�$X�OD\�
HUV� ZHUH� WKHUPR�GHSRVLWHG� LQ� D� YDFXXP
FKDPEHU��7KH� WKLFNQHVV� RI� WKH�G\H� ILOP� �/�
ZDV� PHDVXUHG� E\� $)0� DQG� ZDV� HTXDO� WR
���y����QP��7KH�RSWLFDO�DEVRUSWLRQ�LQYHVWL�
JDWLRQV�RI�WKH�ILOPV�DQG�VROXWLRQV�RI�WKH�G\H
ZHUH� SHUIRUPHG� XVLQJ� D� 6SHFRUG� 89� 9LV
VSHFWURSKRWRPHWHU�� 7KH� OXPLQHVFHQFH� VWXG�
LHV� ZHUH� FDUULHG� RXW� XVLQJ� D� &DUU\� (FOLSVH
VSHFWURPHWHU�DQG�WKH�H[SHULPHQWDO�VHW�PDGH
LQ�RXU�ODERUDWRU\�

)RU�WKH�LQYHVWLJDWHG�G\H�ILOP�VDPSOHV�WKH
FKDQJHV� LQ� WKH�YDOXH�RI� VXUIDFH�HOHFWULF�SR�
WHQWLDO� �M�� ZHUH� PHDVXUHG� E\� .HOYLQ�V
PHWKRG� >����@� EHIRUH� DQG� XQGHU� LUUDGLDWLRQ
E\� OLJKW�� $OVR� WKH� FKDQJHV� LQ� WKH� YDOXH� RI
VXUIDFH� HOHFWULF� SRWHQWLDO� ZHUH� PHDVXUHG
DIWHU� WKH� G\H� ILOP� FKDUJLQJ� LQ� FRURQD� GLV�
FKDUJH� XQGHU� VXEVHTXHQW� LUUDGLDWLRQ� E\
OLJKW� XVLQJ� D� GHYLFH� WKDW� JDYH� WKH�SRVVLELO�
LW\� WR� FKDQJH� WKH� HOHFWULFDO� SRODULW\� RI� WKH
LQYHVWLJDWHG�VDPSOH�$X�HOHFWURGH��7KH�OLJKW�
HPLWWLQJ� GLRGHV� �/('�� ZLWK� ZDYHOHQJWKV
OPD[� ����� QP� �EOXH��� ���� QP� �JUHHQ������ QP� �\HOORZ��� ���� QP� �UHG�� DV� ZHOO� DV
�ZKLWH�� /('� ZHUH� XVHG� IRU� LUUDGLDWLRQ� RI
WKH�G\H�ILOP�VDPSOHV�

���5HVXOWV�DQG�GLVFXVVLRQ
2SWLFDO� SURSHUWLHV��7KH� DEVRUSWLRQ� VSHFWUD

RI� WKH� VROXWLRQV� LQ� WKH� UHJLRQ� RI� WKH� ILUVW
HOHFWURQLF� WUDQVLWLRQ� FRQVLVW� RI� WZR� EDQGV
ZLWK� PD[LPD� DW� ���� DQG� ���� QP�� 7KH
����QP�PD[LPXP� LV�PDQLIHVWHG� DW� ORZ� FRQ�
FHQWUDWLRQ� &� �������Ü��PROH�O� DQG�� WR� RXU
RSLQLRQ�� EHORQJ� WR� WKH� PRQRPHU� PROHFXOH
WUDQVLWLRQ��$W�&� �����Ü��PROH�O��WKH�VHFRQG
ORQJ�ZDYH�EDQG�����QP�DSSHDUHG��WKH�LQWHQ�
VLW\� RI�ZKLFK� LQFUHDVHG�ZLWK� FRQFHQWUDWLRQ�
7KLV�EHKDYLRU�RI�ORQJ�ZDYH�DEVRUSWLRQ�EDQGV
DOORZV�XV�WR�FRQFOXGH�WKDW�GLPHUV�RI�WKH�G\H
DSSHDU� LQ� VROXWLRQV�� 6R�� WKH� EDQG� ZLWK
����QP�PD[LPXP�LV�SUREDEO\�UHODWHG�WR�WKH
GLPHUV�� 7KH� VKRUW�ZDYH� EDQG� ZLWK� ���� QP
PD[LPXP��LQ�RXU�RSLQLRQ��LV�GXH�WR�WKH�VHF�
RQG�PROHFXODU�HOHFWURQLF�WUDQVLWLRQ��7KH�DE�
VRUSWLRQ� VSHFWUD� RI� G\HV� GHSRVLWHG� RQ� JODVV
DUH� YHU\� FORVH� WR� WKH� VSHFWUD� RI� VROXWLRQV�
7KLV� IDFW� SURYHV� WKDW�PDLQO\�G\H�PROHFXOHV
RU�WKHLU�GLPHUV�DUH�WKH�DEVRUSWLRQ�FHQWHUV�LQ
WKH� G\H� ILOPV� RQ� WKH� JODVV� VXEVWUDWH� LQ� WKH
VDPH�ZD\�DV�LQ�VROXWLRQV�

7KH� IOXRUHVFHQFH� VSHFWUD� RI� VROXWLRQV
RYHUODS� ZLWK� WKHLU� ORQJ�ZDYH� DEVRUSWLRQ
�����QP�PD[LPXP���DQG�WKH�VKDSHV�RI�WKHLU
EDQGV� DUH� V\PPHWULFDO�� ,W� SURYHV� WKDW� LQ
IOXRUHVFHQFH�RI�VROXWLRQV�WKH�GLPHU�HPLVVLRQ
GRPLQDWHV�� 3RVVLEO\�� WKH� TXDQWXP� \LHOG� RI
PRQRPHU� IOXRUHVFHQFH� LV� QRW� VLJQLILFDQW�
7KH�IOXRUHVFHQFH�VSHFWUD�RI�G\H�ILOPV�GHSRV�
LWHG� RQ� TXDUW]� VXEVWUDWH� DUH� YHU\� FORVH� WR
WKH�VSHFWUD�RI�WKH�G\H�VROXWLRQV�SRLQWLQJ�RXW
WKDW�WKH�PDLQ�IOXRUHVFHQFH�HPLWWHUV�LQ�VXFK
W\SH� RI� ILOPV� DUH� VLQJOH� PROHFXOHV� �PRQR�
PHUV��� 7KH� GUDPDWLF� FKDQJHV� LQ� WKH� RSWLFDO
SURSHUWLHV�RI�WKHVH�G\H�ILOPV�ZKHQ�WKH\�DUH
GHSRVLWHG� RQ� JLOGHG� TXDUW]� VXEVWUDWH� ZHUH
REVHUYHG�� WKH�VKRUW�ZDYH�PROHFXODU�EDQG�RI
DEVRUSWLRQ� UHODWHG� WR� WKH� VHFRQG� HOHFWURQLF
WUDQVLWLRQ�HVVHQWLDOO\�GHFUHDVHG��ZKLFK�FRXOG
EH� GXH� WR� RULHQWDWLRQ� DORQJ� WKH� D[LV� RI� WKH
PROHFXOH��ZKLFK�LV�URXJKO\�SHUSHQGLFXODU�WR

)LJ�����7KH�RSWLFDO�DEVRUSWLRQ�DQG�IOXRUHVFHQFH�VSHFWUD�DQG�WKH�FKHPLFDO�IRUPXOD�RI�LQYHVWLJDWHG�G\H�
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WKH� VXEVWUDWH� SODQH��� 6XFK� RULHQWDWLRQ�ZLWK
WKH� IROORZLQJ� VHOI�DVVHPEOLQJ�� LQ� RXU� RSLQ�
LRQ�� LV� LQGXFHG� E\� WKH� ELQGLQJ� RI� WKH� G\H
PROHFXOHV�WR�JROG�DWRPV�E\�WKHLU�VXOIXU�FRQ�
WDLQLQJ� JURXSV�� %HVLGHV�� LQ� WKLV� W\SH� RI
ILOPV�WKH�ORQJ�ZDYH�VKLIWHG��FRPSDULQJ�ZLWK
WKH� GLPHU� EDQG�� DEVRUSWLRQ� EDQG� �SRVVLEO\�
RI�DJJUHJDWH�RULJLQ��DSSHDUHG�

� 7KH� GDUN� HOHFWULFDO� DQG� SKRWRHOHFWULFDO
SURSHUWLHV��3KRWRYROWDLF�HIIHFWV��7KH�YDOXH�RI
VXUIDFH�HOHFWULF�SRWHQWLDO� �M�� LQ� WKH� LQYHVWL�
JDWHG�G\H�VDPSOHV�WKDW�KDYH�EHHQ�XQGHU�SUR�
ORQJHG�GDUN�VWRUDJH�LV�QRW�HTXDO�WR�]HUR��EXW
KDV� SRVLWLYH� VLJQ� ZLWK� UHVSHFW� WR� $X�HOHF�
WURGH�DQG�LV�HTXDO�WR������r����P9�IRU�/�!
���� QP�� 1R� LQFUHDVH� LQ� M� LQ� WKH� LQYHVWL�
JDWHG� /� UDQJH� ZDV� QRWHG�� )LJ���� VKRZV� D
SORW�RI�WKH�GUDPDWLF�FKDQJHV�RI�M�DIWHU�LOOX�
PLQDWLRQ�DQG�WXUQLQJ�WKH�OLJKW�RII��7KH�UDWH
RI�WKH�M�LQFUHDVH�DIWHU�WKH�VWDUW�RI�LOOXPLQD�
WLRQ�LV�PXFK�ODUJHU�WKDQ�WKH�UHOD[DWLRQ�UDWH
DIWHU� VZLWFKLQJ� RII� WKH� OLJKW�� 7KH� NLQHWLFV
RI� WKH� M� FKDQJHV� GRHV� QRW� GHSHQG� RQ� WKH
ZDYHOHQJWK� RI� WKH� LUUDGLDWLQJ� OLJKW� OPD[�7KH�ODWWHU�PD\�EH�DVVRFLDWHG�QRW�RQO\�ZLWK�D
FKDQJH� LQ� WKH� GLSROH� PRPHQWV� RI� WKH� G\H
PROHFXOHV� H[FLWHG� E\� OLJKW�� ZKLFK� VKRXOG
WDNH� SODFH� DQG� UHOD[� IRU� WKH� WLPH� ���Ü��V�
EXW� DOVR� ZLWK� WKH� IRUPDWLRQ� RI� ORQJ�OLYHG
FKDUJH� FDUULHUV�� 7KHVH� FDUULHUV� FDQ� EH
IRUPHG�DV�D�UHVXOW�RI�WKH�LQWHUQDO�SKRWRHOHF�
WULF��SKRWRYROWDLF��HIIHFW�

2XU�DGGLWLRQDO�LQYHVWLJDWLRQV�OHDG�XV�WR�D
FRQFOXVLRQ� DERXW� WKH� KROH� W\SH� RI� WKH� FRQ�
GXFWLYLW\� RI� WKH� LQYHVWLJDWHG� GHSRVLWHG� G\H
ILOPV�

7KH� UHFRUGHG� HOHFWULF� SRWHQWLDO� M� �ZKLFK
ZDV�KLJK�HQRXJK��RI�WKH�VXUIDFH�RI�WKH�G\H

ILOPV�GHSRVLWHG� RQ�$X�OD\HUV� FDQ�EH� DQ� HYL�
GHQFH� RI� WKH� IRUPDWLRQ� RI� JHRPHWULFDOO\
ZHOO�RUGHUHG� GLSROH� PRPHQWV� �c�� LQ� WKHVH
ILOPV�LQ�WKH�JURXQG�VWDWH�DV�LW�ZDV�REVHUYHG
LQ� >�@�� 7KH� ODWWHU� SURYHV� RXU� SUHYLRXV� VXJ�
JHVWLRQV� WKDW� GLSROH� PRPHQWV� DUH� RULHQWHG
PDLQO\�YHUWLFDOO\�WR�WKH�$X�OD\HU�SODQH��DV�LW
LV� VKRZQ� LQ� )LJ������ 7KH� KXJH� QRQ�W\SLFDO
LQFUHDVH� LQ� M� XQGHU� WKH� LQIOXHQFH� RI� OLJKW
FDQ� EH� DWWULEXWHG� WR� WKH� LQFUHDVLQJ� RI� WKH
GLSROH� PRPHQWV� RI� WKH� G\H� PROHFXOHV� DV� D
UHVXOW� RI� WKHLU� HOHFWURQ� GHQVLW\� UHGLVWULEX�
WLRQ�GXH�WR�OLJKW�DEVRUSWLRQ�

���&RQFOXVLRQV
7KH� UHVXOWV� REWDLQHG�� WR� RXU� RSLQLRQ�

VKRZ�WKH�IROORZLQJ�
��� 7KH�PROHFXODU� DVVHPEOLQJ� LQGXFHG� E\

D� JLOGHG� VXEVWUDWH�RFFXUV��DW� OHDVW� LQ� WKH� LQ�
WHUQDO�PROHFXODU�OD\HUV�RI�WKH�G\H�ILOPV��7KLV
DVVHPEOLQJ� OHDGV� WR� RULHQWDWLRQ� RI� G\H�PROH�
FXOHV�� WKHLU� GLPHUV� DQG� DJJUHJDWHV�� PDLQO\
SHUSHQGLFXODUO\�WR�WKH�VXEVWUDWH�SODQH�

���7KH�GRPLQDQW�RULHQWDWLRQ�RI�PROHFXOHV
DQG�DJJUHJDWHV�RQ�WKH�JLOGHG�VXEVWUDWH�OHDGV
WR� WKH� REVHUYHG� SKRWRYROWDLF� HIIHFW� DQG� SR�
ODUL]DWLRQ�RI� WKH� ILOPV� LQ� WKH�JURXQG�VWDWH�
7KHVH�SKHQRPHQD�DUH�SURPLVLQJ�IRU�WKH�GH�
YHORSPHQW� RI� VRODU� FHOOV� RI� D� QHZ� W\SH�� DV
ZHOO� IRU� DSSOLFDWLRQ� LQ� QDQRHOHFWURQLFV� IRU
IDEULFDWLRQ� RI� WKH� PROHFXODU� SKRWRYROWDLF
HOHPHQWV�

7KH� SUHVHQW� ZRUN� ZDV� VXSSRUWHG� E\
67&8�3URMHFW�1R������

5HIHUHQFHV
� ���$�9�6DFKHQNR�� 2�9�6QLWNR�� 3KRWRHIIHFWV� LQ

6XUIDFH� /D\HUV� RI� 6HPLFRQGXFWRUV�� .LHY�
1DXNRYD�'XPND��������>LQ�5XVVLDQ@�

� ���$�<HOOD�� +��:�/HH�� +�1RN� 7VDR� HW� DO��� 6FL�
HQFH������������������

� ���0�1RQQHQPDFKHU�� 0�3�2�%R\OH�� +�.�:LFN�
UDPDVLQJKH��$SSO��3K\V��/HWW�������������������

� ���$�/�=KDULQ��$SSO��6FDQ��3UREH�0HWK����������
�������

� ���(�,WR�� <�:DVKL]X�� +�,VKLL� HW� DO��� -��$SSO�
3K\V�������������������

)LJ�����9DULDWLRQ�RI�VXUIDFH�HOHFWULF�SRWHQWLDO
�M�� RI� WKH� GHSRVLWHG� G\H� ILOP� VDPSOHV� ZLWK
WLPH�XQGHU�WKHLU�LOOXPLQDWLRQ�E\�WKH�OLJKW�RI
�ZKLWH�� /('�� 7KH� PRPHQWV� RI� WKH� OLJKW
VZLWFKLQJ���RQ��DQG��RII��DUH�PDUNHG�E\�WKH
YHUWLFDO�DUURZV�

)LJ�����7KH�PRGHO�RI� WKH�DUUDQJHPHQW�RI� WKH
GLSROH�PRPHQWV�RI�G\H�DVVRFLDWHV�RQ�$X�OD\HU�
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