
,QIUDUHG�VSHFWURVFRS\�DQG�HOHFWURUHIOHFWDQFHLQ�WKH�UHJLRQ�RI�IXQGDPHQWDO�RSWLFDOWUDQVLWLRQ�(� RI�KHDYLO\�GRSHG�Q�*D$V �����
3�2�*HQWVDU��2�,�9ODVHQNR��0�9�9XLFK\N��2�9�6WURQVNL

9�/DVKNDU\RY�,QVWLWXWH�RI�6HPLFRQGXFWRU�3K\VLFV��1DWLRQDO�$FDGHP\�RI
6FLHQFHV�RI�8NUDLQH�����1DXNL�$YH���������.\LY��8NUDLQH

5HFHLYHG�2FWREHU��������
6WXGLHG� ZHUH� WKH� UHIOHFWLRQ� VSHFWUD� RI� G\QDPLFDOO\� FKHPLFDOO\� HWFKHG� Q�*D$V� �����

VLQJOH�FU\VWDOV�ZLWK�HOHFWURQ�FRQFHQWUDWLRQ�RI������WR��������FPÜ��LQ�WKH����Ü���PP�UDQJH
DV�ZHOO� DV� WKH� HOHFWURUHIOHFWLRQ� RQHV� LQ� ���Ü���� H9� UDQJH� XVLQJ� HOHFWURO\WLF�PHWKRG�� 7KH
YDOXHV� RI� SK\VLFDO� SDUDPHWHUV� DQG� SDUDPHWHUV� LQ� WKH� VSDFH� FKDUJH� UHJLRQ� RI� VXEVXUIDFH
OD\HU� RI� WKH� LQYHVWLJDWHG�PDWHULDO� KDYH� EHHQ� REWDLQHG�� HOHFWURQ� FRQFHQWUDWLRQ�1�� SODVPD
IUHTXHQF\� ZS�� UHOD[DWLRQ� WLPH� RI� IUHH� FDUULHUV� RYHU� WKH� SXOVH� WS�� HQHUJLHV� RI� RSWLFDO
WUDQVLWLRQV�p���*�YÜ*�°���HOHFWURRSWLFDO�HQHUJ\�K�T��VXUIDFH�HOHFWULF�ILHOG�)6��SKHQRPHQRORJL�FDO�EURDGHQLQJ�SDUDPHWHU�*��HQHUJ\�UHOD[DWLRQ�WLPH�W��WKH�ZDYH�IXQFWLRQ�RVFLOODWLRQ�GXUD�
ELOLW\� RI� TXDQWXP�PHFKDQLFDO� SDUWLFOH� O.)� ZLWK� WKH� UHGXFHG� HIIHFWLYH�PDVV� P� DW� D� JLYHQVXUIDFH� HOHFWULF� ILHOG�)6�� 7KH� HQHUJ\� GLDJUDP� RI� WKH� FKHPLFR�G\QDPLFDOO\� HWFKHG�Q�*D$V������ VXUIDFH� KDV� EHHQ� IRXQG� WR� LQFOXGH� DQ� H[WUHPH�� 7KH� SUHVHQFH� RI� VXFK� H[WUHPH� LV
H[SODLQHG�E\�]HUR�YDOXH�RI�WKH�HOHFWURQ�ZDYH�IXQFWLRQ�RQ�WKH�VXUIDFH�DQG�RU�WKH�VWUXFWXUH
JHWWHULQJ�RI�WKH�IUHH�FDUULHUV�
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ÓÒ«� °� Ò°¹ºã	ÏºmÈÓÒËä� ªãË}�¯ºãÒ�Ò�Ë°}º®� äË�º�Ò}Ò� m� °¹Ë}�¯Èã	Óºä� �ÒÈ¹ÈÏºÓË� ���Ü
���� ª{� äºÓº}¯Ò°�Èããºm� Q�*D$V� ������ °� }ºÓ�ËÓ�¯È�ÒË®� ªãË}�¯ºÓºm� ����Ü�������°äÜ�
¹º°ãË�²ÒäÒ}º��ÒÓÈäÒ�Ë°}º�º��¯ÈmãËÓÒ«���ºã��ËÓ©�ÏÓÈ�ËÓÒ«�ÁÒÏÒ�Ë°}Ò²�¹È¯ÈäË�¯ºm�Ò
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�¯Ëä�ä���º«mãËÓÒË� �È}º�º� ª}°�¯Ëä�äÈ� º�«°ÓËÓº� Ó�ãËm©ä� ÏÓÈ�ËÓÒËä� mºãÓºmº®�Á�Ó}�
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Óº°Ò�ËãË®�

)RU� WKH� LQYHVWLJDWLRQ� RI� KHDYLO\�GRSHG
IXQFWLRQDO�PDWHULDOV�� LW� LV�UHDVRQDEOH�WR�XVH
D�FRPSOH[�RI�PHWKRGV��,Q�KHDYLO\�GRSHG�PD�
WHULDOV�� VXFK� SK\VLFDO� PHFKDQLVPV� DUH� SUH�
VHQW� DV� EURDGHQLQJ� RI� WKH� LPSXULW\� EDQG�
FKDQJH� RI� WKH� VWDWH� GHQVLW\�� VFDWWHULQJ� RI
FKDUJH� FDUULHUV� RQ� WKH� FKDUJHG� LPSXULWLHV�

RQ� WKH� LQKRPRJHQHLWLHV� RI� GRSLQJ� RYHU� WKH
VDPSOH�YROXPH��HWF���WKDW�FRPSOLFDWH�WKH�H[�
SODQDWLRQ� RI� H[SHULPHQWDO� UHVXOWV�� +HDYLO\
GRSHG� JDOOLXP� DUVHQLGH� LV� D� VXEVWDQFH� RI
LPSRUWDQFH� IRU� SUDFWLFDO� XVH� LQ� HOHFWURQLFV
DV� D� VXEVWUDWH� IRU� WKH� SURGXFWLRQ� RI� WKH
PRGHUQ� KLJK�IUHTXHQF\� HOHFWURQLF� GHYLFHV�

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

)XQFWLRQDO�PDWHULDOV������������� ��



QDQRVWUXFWXUHV�� UDGLDWLRQ� GHWHFWRUV�� /('V�
SKRWRGLRGHV�� HWF��� GXH� WR� LWV� RSWLFDO� DQG
HOHFWURSK\VLFDO� SURSHUWLHV�� ,Q� WKLV� ZRUN�� LQ
RUGHU� WR� REWDLQ� WKH� YDOXHV� RI� WKH� SK\VLFDO
SDUDPHWHUV� IRU� WKH� VXEVXUIDFH� OD\HU� RI� WKH
KHDYLO\� GRSHG�*D$V� ������ FU\VWDOV�� WKH� UH�
IOHFWLRQ� VSHFWUD� LQ� WKH� ���Ü��� PP� ZDYH�
OHQJWK� UDQJH� �D� )RXULHU� VSHFWURPHWHU�� DQG
HOHFWURUHIOHFWLRQ�VSHFWUD�LQ�WKH�UHJLRQ�RI�WKH
IXQGDPHQWDO� RSWLFDO� WUDQVLWLRQ� p�� LQ� ���Ü����H9�HQHUJ\�UDQJH��GRXEOH�PRQRFKURPDWRU
'05����ZHUH�VWXGLHG��
,Q� )LJ����� WKH� UHIOHFWLRQ� VSHFWUXP� RI� D

Q�*D$V� ������ VLQJOH� FU\VWDO� RI� ���� PP
WKLFNQHVV�DIWHU�G\QDPLF�FKHPLFDO�HWFKLQJ�LV
VKRZQ�� %DVLQJ� RQ� TXDQWLWDWLYH� DQDO\VLV� RI
WKH� UHIOHFWDQFH� VSHFWUXP� LQ� WKH� VSHFLILHG
ZDYHOHQJWK�UDQJH��XVLQJ�WKH�SRVLWLRQ�RI�WKH
UHIOHFWLRQ�PLQLPXP�>�@�WKH�HOHFWURQ�FRQFHQ�
WUDWLRQ�1�ZDV�REWDLQHG�WR�EH����������FPÜ��
DQG� IURP� WKLV� YDOXH�� WKH� SODVPD� IUHTXHQF\
ZDV�HYDOXDWHG��ZS� ��CCCCCC1H�

HfH�PRSW ��Hf� ����>�@�
H�� ���������Ü���)�P��WR�EH������������VÜ���$FFRUGLQJ� WR�WKH�'UXGH�PRGHO� >����@��GL�
HOHFWULF� IXQFWLRQ� H� LQ� JHQHUDO� FDVH� FDQ� EH
ZULWWHQ�DV
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ZKHUH� W¯� LV� WKH�UHOD[DWLRQ�WLPH�RI� IUHH�FDU�ULHUV�RYHU�WKH�SXOVH�
+DYLQJ�WKH�FDOFXODWHG�YDOXHV�RI�DFWXDO�H�DQG�LPDJLQDU\�H��SDUWV�RI�WKH�GLHOHFWULF�SHU�PHDELOLW\� DQG� WDNLQJ� LQWR� DFFRXQW� FRQQHF�

WLRQ�EHWZHHQ�RSWLFDO�FRQVWDQWV�H���H���Q��F��
H�� �Q����F�� ���

H�� ��QF� ���
WKH�UHIOHFWLRQ�LQGH[�5�LV�JRW�

5�Q�F�� ��Q���������F��Q���������F��
���

7KH� WKHRUHWLFDO� FXUYH� LV� VKRZQ� LQ� )LJ���
QHDU�DQ�H[SHULPHQWDO�FXUYH��DV�FDOFXODWHG�EDV�
LQJ� RQ� WKH� 'UXGH�PRGHO� DW� SDUDPHWHUV� HLQI� ����ZS� ������������VÜ���W¯� ��������Ü���V�7KXV��IURP�WKH�UHIOHFWLRQ�VSHFWUXP�LQ�LQ�
IUDUHG�UHJLRQ��WKH�IUHH�FDUULHU�FRQFHQWUDWLRQ
1�� SODVPD� IUHTXHQF\� ZS�� DQG� UHOD[DWLRQ

WLPH�RI�IUHH�FDUULHUV�RYHU�WKH�SXOVH�WS�KDYHEHHQ�GHWHUPLQHG�
$V� WKH� HOHFWURQ� FRQFHQWUDWLRQ� LQ� WKH� LQ�

YHVWLJDWHG� VDPSOHV� RI� Q�*D$V� ������ VLQJOH
FU\VWDOV� LV� ZLWKLQ� WKH� ����y�������FPÜ�
UDQJH�� WKH� PDLQ�PHFKDQLVP� RI� IUHH� FKDUJH
FDUULHU� VFDWWHULQJ� LV� VFDWWHULQJ� RQ� FKDUJHG
LPSXULWLHV�� )RU� Q�*D$V� ������ VDPSOH� ZLWK
WKH�HOHFWURQ�FRQFHQWUDWLRQ�RI����������FPÜ��
WKH�VFDWWHULQJ�WLPH�RI�RQ�WKH�FKDUJHG�LPSX�
ULWLHV� WL� �PHPH�e�H� KDV� EHHQ� HVWLPDWHG� WR� EH
RI��������Ü���V��PH� ������FP��9�F�>�@��PH� 
�����P��>�@��,W� LV� NQRZQ� WKDW� WKH� VXEVXUIDFH� OD\HU
WKLFNQHVV� ZKLFK� IRUPV� WKH� HOHFWURUHIOHFWLRQ
VLJQDO� WKDW� LV� REVHUYHG� LQ� SDUWLFXODU� SRLQWV
RI�%ULOORXLQ�]RQH�LV�GHILQHG�E\�WKH�SHQHWUD�
WLRQ�GHSWK�RI�HOHFWULF�ILHOG��VFUHHQLQJ�GHSWK
/'�RU�/7)��DQG�OLJKW��G���7KH�UDWLR�RI�WKRVHIDFWRUV� LV� RI� GHFLVLYH� LPSRUWDQFH� IRU� WKH� RE�
WDLQLQJ�RI�LQIRUPDWLRQ�RQ�WKH�PDWHULDO�XQGHU
VWXG\�IURP�WKH�UHIOHFWLRQ�VSHFWUD� >����@��7KH
HOHFWURUHIOHFWLRQ� PRGXODWLRQ� VSHFWURVFRS\
PDNHV� LW� SRVVLEOH� WR� GHWHUPLQH� HQHUJ\� RI
RSWLFDO� WUDQVLWLRQV� IRU� WKH� GLUHFW� LQWHUEDQG
WUDQVLWLRQV� �FRQQHFWHG� ZLWK� WKH� FKDQJH� RI
WKH� PDWHULDO� GLHOHFWULF� SHUPHDELOLW\� H� �(� 
K�Z��)��� LQ� WKH� FRQGLWLRQV� ZKHQ� WKH� DEVRUS�
WLRQ� FRHIILFLHQW� D� LV� WRR� KLJK� WR� EH� GHWHU�
PLQDEOH� LQ� WKH� UHJLRQ� RI� SKRWRQ� HQHUJLHV
VXEVWDQWLDOO\� H[FHHGLQJ� WKDW� FRUUHVSRQGLQJ
WR�WKH�DEVRUSWLRQ�HGJH��7R�PHDVXUH�WKH�UHOD�
WLYH� FKDQJH� RI� WKH� PDWHULDO� UHIOHFWDQFH
'5�5�LQ�WKH�HOHFWULF�ILHOG�)��ZKHUH�5�LV�WKH
UHIOHFWLRQ�FRHIILFLHQW��LW�LV�HQRXJK�WR�FUHDWH
WKH� HOHFWULFDO� ILHOG� LQ� WKH� VXEVXUIDFH� OD\HU
RI� VHPLFRQGXFWRU�� (OHFWURO\WLF� PHWKRG� HQ�

)LJ����� ,5� UHIOHFWDQFH� VSHFWUXP� RI� Q�*D$V
������� 6ROLG� FXUYH�� H[SHULPHQW�� GRWWHG� OLQH�
WKHRUHWLFDO�FXUYH�

3�2�*HQWVDU�HW�DO����,QIUDUHG�VSHFWURVFRS\�DQG����

�� )XQFWLRQDO�PDWHULDOV�������������



DEOHV� WR� PRGXODWH� WKH� VXUIDFH� EDUULHU� ILHOG
RI�WKH�VDPSOH�E\�DSSO\LQJ�DF�YROWDJH��ZKLOH
DSSO\LQJ� LQ� DGGLWLRQ� D� FRQVWDQW� ELDV�� LW� LV
SRVVLEOH� WR� FKDQJH� WKH� DYHUDJH� ILHOG� YDOXH�
7KH�XVH� RI� WKH�PRGXODWLRQ� HOHFWURUHIOHFWLRQ
VSHFWURVFRS\� HQDEOHV� WR� PDNH� FRQFOXVLRQV
DERXW� WKH� VXEVXUIDFH� OD\HU� VWUXFWXUDO� SHU�
IHFWLRQ�RI�HOHFWURQLF�PDWHULDOV�DQG�WR�UHYHDO
WKH�LQIOXHQFH�RI�SK\VLFRFKHPLFDO�WUHDWPHQWV
RQ� WKH� VXUIDFH� VWDWH�� 7KH� JHRPHWULFDO� VL]HV
RI�WKH�HOHPHQWV�RI�PRGHUQ�HOHFWURQLF�GHYLFHV
DUH� VXFK� WKDW� VXUIDFH� �VXEVXUIDFH� OD\HU�� LV
GHFLVLYH�LQ�WKHLU�RSHUDWLRQ�
,Q� )LJ����� HOHFWURUHIOHFWLRQ� VSHFWUXP� RI

Q�*D$V�������VLQJOH�FU\VWDO�ZLWK�WKH�FRQFHQWUDWLRQ
RI� IUHH� HOHFWURQV�1� ���������� FPÜ�� LV� VKRZQ�
7KH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�DW�URRP
WHPSHUDWXUH� XVLQJ� QRQ�SRODUL]HG� OLJKW� LQ
WKH� ���Ü���� H9� HQHUJ\� UDQJH�XVLQJ� HOHFWUR�
O\WLF�PHWKRG� ���1��DTXHRXV�.&O� DV�WKH�HOHF�
WURO\WH���7KH�SRODULW\� RI� WKH�HOHFWURUHIOHFWLRQ
H[WUHPHV� DQG� WKH� GHSHQGHQFH� RI� WKHLU� DPSOL�
WXGH� RQ� WKH� DSSOLHG� YROWDJH� VKRZ� WKDW� D� GH�
SOHWHG�OD\HU�LV�UHDOL]HG�RQ�WKH�VXUIDFH��7KH�YDO�
XHV� RI� IODW� EDQG� SRWHQWLDO�� DFFRUGLQJ� WR� WKH
HOHFWURUHIOHFWLRQ�GDWD��LV�MIE� �Ü�����9��)LJ�����:LWKLQ� WKH� VLQJOH� HOHFWURQ� WKHRU\�� WKH
FKDQJH� RI� WKH� UHDO� GLHOHFWULF� SHUPHDELOLW\
SDUW�LV�

'H��(�)�� �H��(�)����H��(���� ���

ZKLFK�LV�GHILQHG�E\�WKH�HOHFWULF�ILHOG�)��IRU
WKUHH�GLPHQVLRQDO� FULWLFDO� SRLQW� RI� �'0�W\SH��LW�LV�

'H��(�)�� �&�K
�T���e��
(� �*�K�� ���

ZKHUH�&� LV� D� FRQVWDQW��(� �K�Z�� WKH� SKRWRQ
HQHUJ\��*�K��� WKH� HOHFWURRSWLFDO� IXQFWLRQ� RI
�QG� W\SH� ZKLFK� LV� H[SUHVVHG� WKURXJK� $LU\
IXQFWLRQ� GHVFULELQJ� RQH�GLPHQVLRQDO�PRWLRQ
RI� IUHH� FKDUJH� FDUULHUV� LQ� D� KRPRJHQHRXV
H[WHUQDO�HOHFWULFDO�ILHOG�

K� �(����K�Z���L*
K�T �

���

ZKHUH�(��LV�WKH�RSWLFDO�WUDQVLWLRQ�HQHUJ\��*�SKHQRPHQRORJLFDO� SDUDPHWHU� RI� EURDGHQLQJ�
K�T� ��H�)�K���e��P���e���� FKDUDFWHULVWLF� SDUDPH�
WHU�RI�WKH�)UDQ]�.HOG\VK�HIIHFW�WKHRU\��HOHF�
WURRSWLFDO� HQHUJ\��� P��� ��PH�������PS����� UH�
YHUVH�UHGXFHG�HIIHFWLYH�PDVV���PH��DQG��PS��
HIIHFWLYH�PDVVHV� RI� HOHFWURQV� DQG�KROHV�� UH�

VSHFWLYHO\�� LQYROYHG� LQ� WKH� FRQVLGHUHG� RSWL�
FDO�WUDQVLWLRQ�
$VVXPLQJ� WKDW� DOO� GRQRU� LPSXULWLHV� DUH

LRQL]HG�� WKH� VXUIDFH� HOHFWULF� ILHOG� )6� LVJLYHQ�E\�>�@

)6� � H1H�Hf
/7)�� ���

ZKHUH�H�LV�GLHOHFWULF�SHUPHDELOLW\�RI�WKH�PD�
WHULDO�� /7)�� WKH� HOHFWULF� ILHOG� SHQHWUDWLRQGHSWK��VFUHHQLQJ�GHSWK

)LJ�����(OHFWURUHIOHFWDQFH�VSHFWUXP�RI�Q�*D$V
������ VLQJOH� FU\VWDO� ZLWK� WKH� IUHH� HOHFWURQ
FRQFHQWUDWLRQ�1� ���������FPÜ��� 6ROLG� FXUYH�
H[SHULPHQW��'RWWHG�OLQH��WKHRUHWLFDO�FXUYH�IRU
p�� �������H9��K�T� �������H9��*� �������H9�

)LJ����� 'HSHQGHQFH� RI� WKH� HOHFWURUHIOHFWDQFH
VLJQDO�'5�e�5�RQ�SRWHQWLDO�9�HQULFKLQJ�WKH�VXU�
IDFH� RI� Q�*D$V� ������ ZLWK� HOHFWURQV� DW� WKH
GRPLQDWLQJ� H[WUHPH� HQHUJ\� p� �������H9
�)HUPL� OHYHO�p)� LV� SRVLWLRQHG� LQ� WKH� FRQGXF�WDQFH�EDQG���N7�DERYH�WKH�ERWWRP��

3�2�*HQWVDU�HW�DO����,QIUDUHG�VSHFWURVFRS\�DQG����

)XQFWLRQDO�PDWHULDOV������������� ��
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GHVLJQDWLRQV� DUH� JHQHUDOO\� DFFHSWHG��� )RU
P§©P� �()�e�N7·¹� ����1� ����������FPÜ���Hf� 
���� ZH� KDYH� /7)� ������� QP�� )6� 
���������9�FP�

$FFRUGLQJ� WR� WKH� DERYH�� WKH� FKDUDF�
WHULVWLF� SDUDPHWHU� RI� )UDQ]�.HOG\VK� HIIHFW
K�T�IRU�PH� ������P���PS� ����P��>�@�HTXDOV
������H9�
7KH� UHOD[DWLRQ� HIIHFWV� LQ� WKH� OLJKW� DE�

VRUSWLRQ� E\� D� FU\VWDO� DUH� GHVFULEHG� E\� WKH
SKHQRPHQRORJLFDO� SDUDPHWHU� RI� EURDGHQLQJ
*�FRQQHFWHG�ZLWK�WKH�HQHUJ\�UHOD[DWLRQ�WLPH
RI� WKH� SKRWRJHQHUDWHG� FKDUJH� FDUULHUV� E\
WKH� UHODWLRQ� *� �K��e�W�� 7KLV� HQDEOHV� WR� HVWL�
PDWH� W� YDOXHV� IRU� WKH� UHVSHFWLYH� RSWLFDO
WUDQVLWLRQV� XVLQJ� RSWLFDO� HOHFWURUHIOHFWDQFH
PHWKRG��7KH�W�YDOXH�LV�GHILQHG�E\�WKH�LQWHU�
DFWLRQ� RI� HOHFWURQV� ZLWK� WKH� ODWWLFH� YLEUD�
WLRQV�� LPSXULWLHV�� VXUIDFH� GHIHFWV� �EHFDXVH
WKH� HOHFWURUHIOHFWDQFH� VLJQDO� LV� IRUPHG� LQ
WKH�VSDFH�FKDUJH�UHJLRQ��
2XU� H[SHULPHQWV� KDYH� VKRZQ� WKDW� WKH

HOHFWURUHIOHFWDQFH� VSHFWUXP� VKDSH� LV� YDULHG
GHSHQGLQJ� RQ� WKH� YROWDJH� DSSOLHG� WR� WKH
VDPSOH�� 7KH� GLVWDQFH� EHWZHHQ� ]HURV� LV� LQ�
FUHDVHG� DV� WKH� GHSOHWLRQ� ULVHV� DQG� WKH
)UDQ]�.HOG\VK�RVFLOODWLRQV�DUH�DEVHQW�LQ�WKH
KLJK�HQHUJ\� SDUW� RI� VSHFWUXP�� 7KLV� PHDQV
WKDW� WKH� LQWHUPHGLDWH� FDVH� LV� UHDOL]HG�ZKHQ
WKH� DGGLWLRQDO� HQHUJ\� REWDLQHG� E\� D� TXDQ�
WXP�PHFKDQLFDO� SDUWLFOH� ZLWK� WKH� UHGXFHG
PDVV�P�LQ�WKH�FRQVLGHUHG�RSWLFDO�WUDQVLWLRQ�K�T
DQG� WKH� EURDGHQLQJ� SDUDPHWHU� *� RI� WKH� HOHF�
WURQ� WUDQVLWLRQ� Ë�� DUH� FRPSDUDEOH� �WKH� ZHDNILHOG�FRQGLWLRQ�RI�PHDVXUHPHQW�PRGH�IRU�KHDY�
LO\�GRSHG�Q�*D$V�������LV�QRW�UHDOL]HG��
,Q� WKH� LQWHUPHGLDWH� ILHOG� UHJLRQ�� WKH

FKDQJH� RI� WKH� GLHOHFWULF� SHUPHDELOLW\
'H� �H�(� �K�Z�)����H�(����DV�D�IXQFWLRQ�RI�WKH
HOHFWULF� ILHOG� )� LV� DSSUR[LPDWHO\� OLQHDU�
0RUHRYHU�� WKH� WKLFNQHVV� RI� WKH� GHSOHWHG
OD\HU� QHDU� WKH� VHPLFRQGXFWRU� VXUIDFH� LV
PXFK� VPDOOHU� WKDQ� WKH� OLJKW� SHQHWUDWLRQ
GHSWK�G� �O�e��SQ�DW�ZDYHOHQJWK�O��8QGHU�WKH
SKHQRPHQRORJLFDO� DSSURDFK� >����@�� WKH
EURDGHQLQJ�SDUDPHWHU�*�HVWLPDWHG�IURP�WKH
KDOIZLGWK�RI�WKH�GRPLQDWLQJ�H[WUHPH�LQ�WKH
HOHFWURUHIOHFWDQFH� VSHFWUXP� �)LJ������ LV
������ H9�� ,Q� )LJ����� EHVLGHV� RI� WKH� H[SHUL�
PHQWDO� HOHFWURUHIOHFWDQFH� FXUYH� �VROLG
FXUYH��� WKHRUHWLFDO� FXUYH� �GRWWHG� OLQH�� IRU

SDUDPHWHUV� p�� ������� H9�� K�T� �������H9�*� �������H9�LV�SUHVHQWHG�
/HW� XV� GHWHUPLQH� WKH� HQHUJ\� UHOD[DWLRQ

WLPH� W� RI� WKH� SKRWRJHQHUDWHG� FKDUJH� FDUUL�
HUV�� 7DNLQJ� LQWR� DFFRXQW� WKDW� WKH� EURDGHQ�
LQJ�SDUDPHWHU�*� �������H9��)LJ������ZH�RE�
WDLQ�W� �K��e�*� ���������Ü���V�
7KH�SDUDPHWHU�O.)�FKDUDFWHULVWLF�IRU�WKH)UDQ]�.HOG\VK� HIIHFW�ZKLFK� GHILQHV� WKH� H[�

WHQW�RI�ZDYHIXQFWLRQ�RVFLOODWLRQV�RI�D�TXDQ�
WXP�PHFKDQLFDO� SDUWLFOH� ZLWK� WKH� UHGXFHG
PDVV� P� LQ� HOHFWULF� ILHOG� � )6�� WKDW� LV�� WKH
ZDYHOHQJWK�RI�HOHFWURQ�ZLWK�HQHUJ\�K�T��FDQ
EH� IRXQG� XVLQJ� H[SUHVVLRQ� O.)� �K�T�H)6�7KH� SDUDPHWHU� O.)� LV� �� QP�� ,W� LV� WR� QRWHWKDW� WKH� FODVVLFDO� WKLFNQHVV� RI� WKH� HQULFKHG
OD\HU�/� ��N7�H)6�LQ�RXU�FDVH�LV�����QP�7KH�OLJKW�SHQHWUDWLRQ�GHSWK�LQ�WKH�HQHUJ\
UDQJH� ���� WR� ���� H9� LV� FKDQJHG� IURP� G� 
������ QP� �IRU� p� ����� H9�� XS� WR� G� 
������QP��IRU�p� �����H9���,W�LV�NQRZQ�WKDW
WKH�LQIRUPDWLRQ�GHSWK�RI�WKH�PDWHULDO�XQGHU
VWXG\� LV� GHILQHG� E\� WKH� VPDOOHVW� IURP� WZR
TXDQWLWLHV��OLJKW�SHQHWUDWLRQ�GHSWK�DQG�HOHF�
WULF� ILHOG�SHQHWUDWLRQ�GHSWK��7KXV��WKH�FRQ�
FOXVLRQ�FDQ�EH�PDGH�WKDW�WKH��LQIRUPDWLRQ�
GHSWK�IRU�Q�*D$V� ������VLQJOH�FU\VWDO� LV�GH�
ILQHG�E\�WKH�VFUHHQLQJ�GHSWK��/7)�

)LJ�����(QHUJ\�GLDJUDP�RI�WKH�UHDO� �FKHPLFR�
G\QDPLFDOO\�HWFKHG��VXUIDFH�RI�Q�*D$V�������

3�2�*HQWVDU�HW�DO����,QIUDUHG�VSHFWURVFRS\�DQG����

�� )XQFWLRQDO�PDWHULDOV�������������



([SHULPHQWDO�UHVXOWV�KDYH�VKRZQ��)LJ����
D� QRQ�PRQRWRQRXV� GHSHQGHQFH� RI� WKH� VHPL�
FRQGXFWRU� HOHFWURVWDWLF� SRWHQWLDO� RQ� WKH� FR�
RUGLQDWH� ]�� 7KDW� LV�� HQHUJ\� GLDJUDP� RI� WKH
UHDO�VXUIDFH�RI�Q�*D$V��������SUH�WUHDWHG�E\
FKHPLFDO�G\QDPLF� HWFKLQJ�� KDV� DQ� H[WUHPH
�)LJ������ 7KH� REWDLQHG� HOHFWURUHIOHFWDQFH
VSHFWUD� RI�Q�*D$V� ������ WHVWLI\� WKDW�ZLWKLQ
WKH� RUGHU� RI� H[WUHPH� DOWHUQDWLRQ� LQ� WKH
VSHFWUXP�� HQHUJ\� EHQGV� DUH� LQFOLQHG� XS� LQ
WKH� GLUHFWLRQ� WRZDUGV� VXUIDFH�� %HFDXVH� WKH
VXUIDFH� LV� HWFKHG� �QR� VXUIDFH� FKDUJHV��� WKH
DSSHDUDQFH� RI� VXFK� H[WUHPH� FDQ� EH� FRQ�
QHFWHG� ZLWK� WKH� IDFW� WKDW� HOHFWURQ� ZDYH
IXQFWLRQ� \�]�� RQ� WKH� VXUIDFH� LV� ]HUR�� :H
ZRUN�LQ�WKH�HQULFKLQJ�UHJLRQ��VR�WKH�GH�%UR�
JOLH�ZDYHOHQJWK� �§©OG%� �

�S�CCCC�PHN7
K��

·¹� IRU�*D$V

LV�PH� ������P���WKXV�OG%� �������QP��RI�D
TXDQWXP�PHFKDQLFDO�SDUWLFOH�LQYROYHG�LQ�RS�
WLFDO� WUDQVLWLRQ� LV� KLJKHU� WKDW� WKH� VSDFH
FKDUJH�UHJLRQ���
,Q� RXU� FDVH�� FKDQJHG� LV� WKH� FRPSOH[� UH�

IUDFWLYH� LQGH[�1� �Q���LF� RI� WKH� VXEVXUIDFH
OD\HU��ZKLFK�LV�UHVSRQVLEOH�IRU�WKH�HOHFWURUH�
IOHFWLRQ�VLJQDO�ZKLFK�LV�GHILQHG�E\�WKH�QRQ�
HTXLOLEULXP� FRQFHQWUDWLRQ� RI� FKDUJH� FDUUL�
HUV��=HUR�YDOXH�RI�HOHFWURQ�ZDYHIXQFWLRQ�RQ
WKH� VXUIDFH� �DFFRUGLQJ� WR� WKH� TXDQWXP�PH�
FKDQLFV�� WKH� FRQFHQWUDWLRQ� RI� FKDUJH� FDUUL�
HUV� LV� GHILQHG� E\� VTXDUH� RI� HOHFWURQ� ZDYH
IXQFWLRQ�\�]���UHVXOWV�LQ�WKDW�WKH�HQHUJ\�GLD�
JUDP� RI� WKH� UHDO� VXUIDFH� �SUHOLPLQDU\
FKHPLFR�G\QDPLFDOO\� HWFKHG�� KDV� DQ� H[�
WUHPH�� 2WKHU� UHDVRQ� IRU� WKH� DSSHDUDQFH� RI
VXFK� H[WUHPH� PD\� EH� FRQQHFWHG� ZLWK� WKH
VWUXFWXUH�JHWWHULQJ��WKDW�LV�DEVRUSWLRQ��WKDW
LV� FDXVHG� E\� WKH� SUHVHQFH� RI� WKH� DUHDV� RI
*D$V� ������ZLWK�GHIHFW�VWUXFWXUH�ZKLFK�DUH
DEOH�WR�DEVRUE�DFWLYHO\�WKH�SRLQW�GHIHFWV�DQG
ELQG�LPSXULWLHV��
7KXV�� EDVLQJ� RQ� TXDQWLWDWLYH� DQDO\VLV� RI

WKH� HOHFWURUHIOHFWDQFH� VSHFWUXP�� WKH� SK\VL�
FDO�SDUDPHWHUV�DQG�SDUDPHWHUV�RI�WKH�VSDFH
FKDUJH�UHJLRQ�RI�WKH�VXEVXUIDFH�OD\HU��OLJKW
SHQHWUDWLRQ� GHSWK�G� �O��SQ�� KDYH�EHHQ�GH�
WHUPLQHG�LQ�WKH�UHJLRQ�RI�IXQGDPHQWDO�RSWL�
FDO� WUDQVLWLRQ�p��� HQHUJ\� RI� RSWLFDO� WUDQVL�
WLRQ� p��� HOHFWURRSWLFDO� HQHUJ\� K�T�� SKHQR�PHQRORJLFDO� SDUDPHWHU� RI� EURDGHQLQJ� *�

VXUIDFH� HOHFWULFDO� ILHOG� )6�� UHOD[DWLRQ� WLPHRI� FKDUJH� FDUULHUV� W��)UDQ]�.HOG\VK�FKDUDF�
WHULVWLF�SDUDPHWHU�O.)��&RQVLGHUDWLRQ�RI�WKHQ�*D$V� ������ HOHFWURUHIOHFWDQFH� VSHFWUXP
�)LJ�����KDV�VKRZQ�D�QRQ�PRQRWRQRXV�EHKDY�
LRU�RI�WKH�VHPLFRQGXFWRU�HOHFWURVWDWLF�SRWHQ�
WLDO�DV�D�IXQFWLRQ�RI�FRRUGLQDWH�]��GH�%URJOLH
ZDYHOHQJWK� RI� TXDQWXP�PHFKDQLFDO� SDUWLFOH
LV�H[FHHGV�WKH�WKLFNQHVV�RI�WKH�VSDFH�FKDUJH
UHJLRQ��
7KXV�� RSWLFDO� LQYHVWLJDWLRQ� UHVXOWV� RI

KHDYLO\� GRSHG� Q�*D$V������� QDPHO\�� UHIOHF�
WDQFH�VSHFWUD�LQ�WKH�ZDYHOHQJWK�UHJLRQ����Ü
���PP��DQG�HOHFWURUHIOHFWDQFH�VSHFWUD�LQ�WKH
HQHUJ\� UDQJH� ���Ü���� H9� HQDEOH� WR� REWDLQ
SK\VLFDO� SDUDPHWHUV� RI� WKH� LQYHVWLJDWHG
VDPSOHV�� HOHFWURQ� FRQFHQWUDWLRQ� 1�� SODVPD
IUHTXHQF\�ZS��UHOD[DWLRQ�WLPH�RI�IUHH�FDUUL�HUV� RYHU� WKH� SXOVH� WS�� HQHUJLHV� RI� HOHFWURQRSWLFDO�WUDQVLWLRQV�p��DQG�SDUDPHWHUV�RI�WKH
VSDFH� FKDUJH� UHJLRQ� K�T��*��)6�� W�� O.)�� DQGXVLQJ� WKRVH� GDWD�� WR� DQDO\]H� WKH� SK\VLFDO
SURFHVVHV�� PHFKDQLVPV�� DQG� QDWXUH� RI� WKH
HOHFWURQ� DQG� RSWLFDO� SKHQRPHQD� LQ� WKH� VXE�
VXUIDFH� OD\HUV� DQG� LQ� WKH� YROXPH� RI� WKH
KHDYLO\�GRSHG�PDWHULDO�

5HIHUHQFHV
� ���9�9�%DWDYLQ�� <X�$�.RQWVHYRL�� <X�9�)H�

GRURYLWFK��0HDVXUHPHQW�RI�WKH�3DUDPHWHUV�RI
6HPLFRQGXFWRU� 0DWHULDOV� DQG� 6WUXFWXUHV�
5DGLR� DQG� 6Y\D]��� 0RVFRZ� ������� >LQ� 5XV�
VLDQ@�

� ���z�9�6KDOLPRYD��6HPLFRQGXFWRU�3K\VLFV��(QHU�
JRDWRPL]GDW���0RVFRZ��������>LQ�5XVVLDQ@�

� ���9�k�7\DJDL�� 2�9�6QLWNR�� /LJKW� (OHFWURUHIOHF�
WDQFH� LQ� 6HPLFRQGXFWRUV�� 1DXNRYD� 'XPND�
.\LY��������>LQ�5XVVLDQ@�

� ���3�<X��0�&DUGRQD�� )XQGDPHQWDOV� RI� 6HPLFRQ�
GXFWRUV���UG�(G���6SULQJHU�9HUODJ��1HZ�<RUN
�������

� ���&�6]H�� 3K\VLFV� RI� 6HPLFRQGXFWRU� 'HYLFHV�
:LOH\��1HZ�<RUN��������

� ���3K\VLFRFKHPLFDO�3URSHUWLHV�RI�6HPLFRQGXFWRU
6XEVWDQFHV�� 5HIHUHQFH� %RRN�� (GV�� $�9�1R�
YRVHORYD��9�%�/D]DUHY��1DXND��0RVFRZ�������
>LQ�5XVVLDQ@��

� ���3�2�*HQWVDU�� 2�,�9ODVHQNR�� /�$�'HPFKLQD�
)L]��.KLP��7YHUG��7HOD����������������

� ���3�2�*HQWVDU�� 2�,�9ODVHQNR�� )L]��7HNK��3ROXSURY��
����������������

� ���3�2�*HQWVDU��2�,�9ODVHQNR��2�9�6WURQVNL��)L]�
.KLP��7YHUG��7HOD����������������
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