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7DWP\VKHYVNL�.� 9��&ODVVLILFDWLRQ�DQG�,QIRUPDWLYH�3URSHUWLHV�RI�WKH�
0HFKDQROXPLQHVFHQW�3UHVVXUH�6HQVRUV �������������������������������������������

7KH�SRVVLEOH�FODVVLILFDWLRQ�RI�WKH�PHFKDQROXPLQHVFHQW�SUHVVXUH
VHQVRUV�DUH�FRQVLGHUHG�LQ�WKLV�SDSHU��7KH�SHFXOLDULWLHV�RI�WKH�SURFHVV�
LQJ�VHQVRUV��RXWSXW�RSWLFDO�VLJQDOV�DUH�SURSRVHG�ZLWK�WKH�SXUSRVH�RI
WKH�LPSURYHPHQW�LQIRUPDWLYH�SURSHUWLHV�

=D\WVHY�1� $��0LFURPLUURU�LQ�&KLS ������������������������������������������� ��
,Q�WKLV�DUWLFOH�WKH�PLFURPLUURU�LQ�FKLS�RI�02(06�WHFKQRORJ\�

0DULQLFKHY�9� -X���0HNKDQWVHY�(� %��,QWHJUDO�(OHFWULF�
0LFURSXPS ������������������������������������������������������������������������������

7KH�SURSRVHG�VWUXFWXUH�KDV�ZRUNLQJ�HOHFWURGHV�ZKLFK�DUH�PRQR�
FU\VWDO�ZDIHU�RI�VLOLFRQ�ZLWK�9�VKDSHG�WKURXJK�KROHV�DQG�PHWDO�ILOP�
7KH�HOHFWURGHV�DUH�VHSDUDWHG�E\�WKLQ�GLHOHFWULF�OD\HU��7KH�GHSHQGHQFH
RI�WKH�IRUFHV�ZKLFK�DFW�WR�D�GLSROH�OLTXLG�ZLWK�JHRPHWULF�VL]HV�RI�WKH
VWUXFWXUH�ZDV�HVWLPDWHG�E\�WKH�SURSRVHG�PDWKHPDWLF�PRGHO��7KH�ZD\V
RI�LWV�RSWLPL]DWLRQ�ZHUH�SODQQHG�

$PLURY�,� ,���0RUR]RY�2� 9���,]XPRY�0� 2���.DOQRY�9� $���
2UOLNRYVN\�$��$���9DOLHY�.� $��3ODVPDFKHPLFDO�(WFKLQJ�RI�+LJK�$VSHFW�
5DWLR�'HHS�7UHQFKHV�LQ�WKH�6LOLFRQ�IRU�WKH�&UHDWLRQ�RI�WKH�9DULRXV
(OHPHQWV�RI�PLFURPHFKDQLFV��������������������������������������������������������

5HVXOWV�RI�WKH�LQYHVWLJDWLRQV�RI�HWFK�SURFHVV�IRU�KLJK�DVSHFW�UDWLR
�$ ! ����GHHS�WUHQFKHV�LQ�VLOLFRQ�LQ�6)����&�)��SODVPD�RI�UI�LQGXF�
WLYH� GLVFKDUJH� LQ� FKRSSLQJ� UHJLPHV� RI� 6)�� DUH� SUHVHQWHG�� 3URFHVV
FKDUDFWHULVWLFV� RI� HWFKLQJ� RI� WKLQ� �G  ��PP�� DQG�ZLGWK� ���� PP�
WUHFKHV�LQ�6L�IURP�RI�5)�SRZHU�ELDV��SDVVLYLW\�DQG�HWFKLQJ�WLPHV�DUH
GHWHUPLQHG��7KH�W\SLFDO�GHIHFWV�RI�WKH�GHHS�WUHQFK�HWFKLQJ�DUH�VKRZV�
7KH�RSWLPDO�FRQGLWLRQV�RI�GHHS�WUHQFK�IRUPDWLRQ�ZLWK�YHUWLFDO�ZDOOV
DUH�GHWHUPLQHG�

%XWNR�$� 9���9HVHORY�$� *���9\VRWVN\�6� /���.R]KHYQLNRY�$� 9���
)LOLPRQRY�<X� $��1LNLWRY�6� $��,QYHVWLJDWLRQ�RQ�WKH�6SLQ�:DYH�
([FLWDWLRQV�LQ�$UUD\V�RI�3HUPDOOR\�3DUWLFOHV ����������������������������������

6SLQ�ZDYH�H[FLWDWLRQ�VSHFWUXP�RI�WDQJHQWLDOO\�PDJQHWL]HG�DUUD\V
RI�PLFURQ�VL]H�UHFWDQJXODU�SDUWLFOHV�RI�SHUPDOOR\�ZDV�LQYHVWLJDWHG�XV�
LQJ�IHUURPDJQHWLF�UHVRQDQFH��6RPH�DGGLWLRQDO�WR�WKLQ�ILOP�FDVH�SHDNV
ZHUH�IRXQG��,W�ZDV�VKRZQ�WKDW�WKHLU�DULVLQJ�LV�FRQQHFWHG�ZLWK�WKH�H[�
FLWDWLRQ�RI�QRQ�XQLIRUP�UHVRQDQFHV�RI�EDFNZDUG�YROXPH�PDJQHWR�
VWDWLF�ZDYHV�DQG�GLSROH�H[FKDQJH�PDJQHWRVWDWLF�VXUIDFH�ZDYHV��7KH
LQIOXHQFH�RI�WKH�URWDWLRQP�RI�DUUD\V�LQ�WKH�PDJQHWL]DWLRQ�SODQH�RQ�SR�
VLWLRQ�DQG�LQWHQVLW\�RI�WKH�SHDNV�ZDV�DOVR�VWXGLHG�

6WDUNRY�9� 9���*DYULOLQ�(� <X���9\DWNLQ�$� )��,QYHVWLJDWLRQ�RI�D�1X�
FOHDWLRQ�RI�'HHS�$QRGLF�(WFKLQJ�LQ�VLOLFRQ�������������������������������������

,Q�WKH�SUHVHQW�SDSHU�WKH�SHFXOLDULWLHV�RI�QXFOHDWLRQ�VWDJH�RI�GHHS
DQRGLF�HWFKLJ�RI�VLOLFRQ�DUH�VWXGLHG��7KH�GHSHQGHQFH�RI�WKH�GHSWK�RI
HWFKLQJ�FUDWHU�REOWDLQHG�IRU�VLOLFRQ�VDPSOHV�RI�S�W\SH�FRQGXFWLRQ�ZLWK

GLIIHUHQW�UHVLVWLYLW\�XSRQ�WKH�UHJLPHV�RI�DQRGLF�HWFKLQJ�SURFHVVHV�KDV
EHHQ�GHWHUPLQHG��2Q�WKH�EDVLV�RI�WKH�H[SHULPHQWDO�UHVXOWV�REWDLQHG
WKH��ERRWOHQHFN��HIIHFW�REVHUYHG�ERWK�DW�WKH�ILUVW�DQG�VHFRQG�VWDJHV�RI
SRUH�JURZWK�LV�H[SODLQHG�

1RYLNRY�6� *���&XULQ�1� 7��6FKHPDWLF�$QDORJXHV�RI�6\PPHWULF�
1HJDWURQV ��������������������������������������������������������������������������������

,Q�WKLV�DUWLFOH��PHWKRGV�DQG�SULQFLSOHV�RI�VFKHPDWLF�QHJDWURQ�DQ�
DORJXHV�FRQVWUXFWLRQ�ZHUH�H[DPLQHG��6\PPHWULF�YROW�DPSHUH�FKDU�
DFWHULVWLF�UHDOL]DWLRQ�LQ�H[DPLQHG�DQDORJXHV�ZDV�DFKLHYHG�ZKHUHZLWK
FRQWUDU\�FRQVHFXWLYH��FRQWUDU\�SDUDOOHO�DQG� LQWHJUDWHG� LQFOXGLQJ�RI
XQLSRODU�QHJDWURQV��0RGHOOLQJ�RI�REWDLQHG�VFKHPHV�ZDV�UHDOL]HG�ZLWK
'HVLJQ/DE�(YDO���VRIWZDUH�

%RQGDUHQNR�6� *���9HNVKLQ�0� 0���.XOLVK�2� $���<DFRYHQNR�1� $��
7(�70�:DYH�6SOLWWHU�RQ�0HWDOORGLHOHFWULF�7ZR�%HDP�:DYHJXLGH�
,QWHUIHURPHWHU ���������������������������������������������������������������������������

$�QHZ�LQWHJUDWHG�RSWLF�SRODUL]DWLRQ�VSOLWWHU�RQ�WZR�EHDP�0DFK�
=HKQGHU�LQWHUIHURPHWHU�LV�SURSRVHG�DQG�VLPXODWHG��3ULQFLSOH�RI�RSH�
UDWLRQ�LV�EDVHG�RQ�SRODUL]DWLRQ�VHQVLWLYH�SKDVH�VKLIW�RI�JXLGHG�ZDYHV�
SURSDJDWLQJ�WKURXJK�ERWK�DUPV�RI�LQWHUIHURPHWHU��2QH�DUP�LQFOXGHV
PHWDO�FODG�ZDYHJXLGH�ZLWK�VSHFLDOO\�FKRVHQ�SDUDPHWHUV�

.RELDNRY�,� %���*DPNUHOLG]H�6� $���6SHUDQVNL�$� $��7ULD[LDO�
9HFWRU�9LEURDFFHOHURPHWUV�RI�1HZ�*HQHUDWLRQ�IRU�2SHUDWLYH�'LDJQRVWLF�
RI�3RZHU�$JJUHJDWHV �������������������������������������������������������������������

$�EDVLFDOO\�QRYHO�W\SH�RI�D�PHDVXULQJ�PHDQV�Û�WULD[LDO�ZLWK�D�RQH
VHQVLWLYH�HOHPHQW��YHFWRU��SLH]RHOHFWULF�YLEURDFFHOHURPHWHU��7KLV�GR�
PHVWLF�GHYHORSPHQW�IRU�WKH�ILUVW�WLPH�SURYLGH�SRVVLELOLWLHV�IRU�REWDLQ�
LQJ�FRPSOHWH��WUXH��GDWD�DERXW�YLEUDWLRQ�

6RERURYHU�(� ,���=XENRY�,� /��3ODQDU�:DYHJXLGH�2SWLFDO�
&KHPLFDO�6HQVRU�DV�0XOWLVHQVRU�IRU�0RQLWRULQJ�RI�$WPRVSKHULF
3ROOXWDQWV ��������������������������������������������������������������������������������

7KH�SRVVLELOLW\�RI�XVLQJ�SODQDU�ZDYHJXLGH�RSWLFDO�FKHPLFDO�VHQVRU
ZLWK�D�SRO\PHU�ILOP�RI�SRO\PHWKO\�PHWKDFU\ODWH�DV�D�ZDYHJXLGH�DQG
D�SRO\PHU�ILOP�RI�IXQFWLRQDO�SRO\�GLPHWK\O�VLOR[DQH��DV�D�VHQVLWLYH
OD\HU��DV�PXOWLVHQVRU�IRXU�JDVHV�Û�D�PDLQ�SULRULW\�DWPRVSKHULF�SRO�
OXWDQWV��R[LGH�RI�FDUERQ��&2���DPPRQLD��1+����GLR[LGH�RI�VXOIXU
�62���DQG�K\GURJHQ�VXOILGH��+�6���KDV�EHHQ�GHVFULEHG�

3XJDQRYD�(� $���.RPDURY�$� 9���9DJLQ�0� <X���.DU\DNLQD�(� (���
.DU\DNLQ�$� $��8VH�RI�WKH�0LFURHOHFWURGHV�0RGLILHG�E\�3UXVVLDQ�%OXH�
IRU�+\GURJHQ�3HUR[LGH�'HWHFWLRQ�LQ�3K\VLRORJLFDO�/LTXLGV ����������������

$QDO\WLFDO�SHUIRUPDQFHV�RI�PLFURHOHFWURGHV�PRGLILHG�E\�3UXVVLDQ
%OXH�ZHUH�LQYHVWLJDWHG�LQ�FRPSDULVRQ�ZLWK�GLVN�HOHFWURGHV�WR�K\GUR�
JHQ�SHUR[LGH�GHWHFWLRQ��6HQVLWLY\�RI�K\GURJHQ�SHUR[LGH�GHWHFWLRQ�ZDV
����$��0�VP����ZKLFK�ILYH�WLPHV�KLJKHU�WKDQ�IRU�GLVN�HOHFWURGHV��$S�
SOLFDWLRQV�RI�REWDLQHG�PLFURHOHFWURGHV�PRGLILHG�E\�3UXVVLDQ�%OXH�DUH
VKRZQ�IRU�K\GURJHQ�SHUR[LGH�GHWHFWLRQ�LQ�SK\VLRORJLFDO�OLTXLGV�
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