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$&�LPSHGDQFH�WUDFNLQJ�RI�JODVV\�FDUERQ�DFWLYDWLRQ

0��

,&70�±�'HSDUWPHQW RI�(OHFWURFKHPLVWU\��8QLYHUVLW\�RI�%HOJUDGH
1MHJRVHYD�����3�2�%R[������������%HOJUDGH��6HUELD

2ZLQJ� WR� LWV� SK\VLFR� H[WHQVLYHO\� XVHG� LQ� D� YDULHW\� RI� IRUPV� DV� DQ�
HOHFWURGH�PDWHULDO�LQ�GLIIHUHQW�HOHFWURFKHPLFDO�V\VWHPV��'LIIHUHQW�FDUERQ�PDWHULDOV�DUH�RIWHQO\�XVHG�DV�
VXEVWUDWHV�IRU�VXSHUFDSDFLWRUV
KDYH

VXFFHVVIXOO\�XVHG�DV�D�PRGHO�IRU�VWXGGLQJ�WKH�SURFHVV�RI�DFWLYDWLRQ��

PLFURVFRS\��*ODVV\�FDUERQ�ZDV�R[LGL]HG IRU�IL[HG�WLPH�DW���GLIIHUHQW�SRWHQWLDOV�
7KH� *&� �6LJUDGXU� ±�
PHFKDQLFDOO\�DQG�RU�HOHFWURFKHPLFDOO\�WUHDWHG��7KH�PHFKDQLFDO�WUHDWPHQW�ZDV�SHUIRUPHG�EHIRUH�HDFK�
H[SHULPHQW�E\�DEUDVLRQ�ZLWK�HPHU\�SDSHUV�RI�GHFUHDVLQJ�JUDLQ�VL]H�IROORZHG�E\�SROLVKLQJ�ZLWK�DOXPLQD�

P�SDUWLFOH�VL]H��7KH�ILQDO�FOHDQLQJ�RI�WKH�HOHFWURGHV�ZDV�SHUIRUPHG�LQ�KLJK�SXULW\�
�� LQ�DQ�XOWUDVRQLF�EDWK��7KH�HOHFWURFKHPLFDO� WUHDWPHQW�RI�SROLVKHG�HOHFWURGHV�

�62

*&�±�,��SROLVKHG�DQG�F\FOHG�LQ�WKH�SRWHQWLDO�UDQJH�� YV�6&(���

*&�±�,,��SROLVKHG�DQG�F\FOHG�LQ�WKH�SRWHQWLDO�UDQJH�� YV�6&(��

*&R[�±� YV��6&(�

*&R[�±� YV��6&(�

*&R[�±� YV��6&(��

*&R[�±� �SROLVKHG�DQG�R[ YV��6&(�

*&R[�±� YV��6&(��

*&� DQG� *&2; HOHFWURGHV� ZHUH� LQYHVWLJDWHG� E\� HOHFWURFKHPLFDO� LPSHGDQFH� VSHFWURVFRS\� �(,6�� LQ�
0�+�62 YV��6&(��7KH�(,6�UHVSRQVHV� WR� WKH� LQSXW�VLQXVRLGDO�

7KH�JODVV\�FDUERQ�HOHFWURGHV�ZHUH�H[DPLQHG�DOVR�E\�F\FOLF�YROWDPPHWU\��FY 0�+�62 DW�WKH�
�� LQ� WKH� SRWHQWLDO� UDQJH� EHWZHHQ� K\GURJHQ� DQG� R[\JHQ�

HYROXWLRQ � ��
$OO� H[SHULPHQWV� ZHUH� GRQH� DW� URRP� WHPSHUDWXUH� ZLWK� 3W� ZLUH� DV� FRXQWHU� HOHFWURGH� DQG� EULGJHG�
VDWXUDWHG� FDORPHO� HOHFWURGH� �6&(�� DV� WKH� UHIHUHQFH� HOHFWURGH�� $OO� WKH� SRWHQWLDOV� DUH� JLYHQ� YHUVXV
6&(��7KH�HOHFWURO\WHV�ZHUH�SXUJHG�ZLWK�SXULILHG�QLWURJHQ�SULRU�WR�HDFK�H[SHULPHQW�
$OO� *&� HOHFWURGHV� ZHUH� H[DPLQHG� E\� $)0� LQ� DLU� DW� URRP� WHPSHUDWXUH� DV� ZHOO�� 7KH� VWUXFWXUDO�
FKDUDFWHUL]DWLRQ�ZDV�SHUIRUPHG�ZLWK�D�1DQR PLFURVFRSH��
$)0�REVHUYDWLRQV�ZHUH�FDUULHG�RXW� LQ� WKH�KHLJKW�PRGH�XVLQJ�1DQR3UREHV�VLOLFRQ�QLWULGH�FDQWLOHYHUV�

GLIIHUHQW�SDUWV�RI�WKH�VDPSOHV�LQ�RUGHU�WR�ILQG�RXW�W\SLFDO�DSSHDUDQFH�
(OHFWURFKHPLFDO�R[LGDWLRQ�RI�JODVV\�FDUERQ�OHDGV�WR�DQ�LQFUHDVH�LQ�YROWDPPHWULF�FKDUJH��7KLV�LQFUHDVH�

L�H
LQ�FKDUJH��7KH�YROWDPPHWULF�

FKDUJH� GHFUHDVHV� ZLWK� WKH� LQFUHDVH� LQ� VZHHS� UDWH�� 7KLV� NLQG� RI� WKH� GHSHQGHQFH� RI� YROWDPPHWULF�
FKDUJH� RQ� WKH� VZHHS� UDWH� LV� FRPPRQO\� H[SODLQHG� E\� WKH� H[LVWHQFH� RI� WKH� OHVV� DFFHVVLEOH� VXUIDFH�
�DFWLYH�VLWHV��LQ�WKH�SRURXV�HOHFWURGHV��6LQFH�JODVV\�FDUERQ�LV�SRURXV�PDWHULDO�WKLV�LQFUHDVH�LQ�FKDUJH�

R[LGL]HG�DW�PRUH�SRVLWLYH�SRWHQWLDOV��7KXV
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)LJ�����9ROWDPPHWULF�FKDUJH�IRU�GLIIHUHQWO\�WUHDWHG�*&�LQ�����0�+�62��
$)0� DQDO\VLV� RI� WKH� SROLVKHG� DQG� R[LGL]HG�*&� HOHFWURGHV� FRQILUPHG� GLVWLQFW� H[SDQVLRQ� RI� VXUIDFH�
DUHD�DQG�SRURVLW\�RI�WKH�HOHFWURGHV�R[LGL]HG�DW�PRUH�SRVLWLYH�SRWHQWLDOV��)LJ����SUHVHQWV�WKH�LPDJHV�RI�
VRPH�RI�WKRVH�HOHFWURGHV�

*&SROLVKHG�
5PV� �����QP

*&R[� *&R[�

5PV� �����QP

)LJ�����$)0�LPDJHV���

�62
6&( 6&( DUH�JLYHQ� LQ�)LJ� �D��5HJLVWHUHG�FDSDFLWLYH� ORRSV�

LQGLFDWH� FDSDFLWRU�OLNH� EHKDYLRU� RI� WKH� HOHFWURGHV�� 7KH� ORRS� IRU� DFWLYDWHG� *&� LV� RI� PXFK� ODUJHU�

$

%�

)LJ���� &DSDFLWDQFH�FRPSOH[�SODQH�SORWV�IRU�*&�
DQG�*&2; �$��DQG�HTXLYDOHQW�HOHFWULFDO�FLUFXLW�XVHG�
WR�ILW�WKH�H[SHULPHQWDO�(,6�GDWD��%���((&�GDWD�DUH�
JLYHQ�E\�OLQHV�



^ĞĐŽŶĚ�ZĞŐŝŽŶĂů�^ǇŵƉŽƐŝƵŵ�ŽŶ��ůĞĐƚƌŽĐŚĞŵŝƐƚƌǇ ͗�͗�^ŽƵƚŚͲ�ĂƐƚ��ƵƌŽƉĞ͕��ĞůŐƌĂĚĞ͕�^ĞƌďŝĂ͕�:ƵŶĞ�ϲͲϭϬ͕�ϮϬϭϬ͘ &^WͲWͲϬϮ�

ϭϱϲ

�)*V��DUH�SUHVHQW�PRVWO\�DW�WKLV�KLJKO\�DFWLYH�SODQH��7KH�UDWLR�EHWZHHQ�EDVDO�DQG�HGJH�SODQHV�DV�ZHOO�
L�H�

+DYLQJ� LQ�PLQG�WKHVH�SURSHUWLHV�RI�*&�DQG�(,6�FKDUDFWHULVWLFV��)LJ�
LQYHVWLJDWHG�*&�HOHFWURGHV�FDQ�EH�ILWWHG�E\�HTXLYDOHQW�HOHFWULFDO�FLUFXLW��((&��VKRZQ�LQ�)LJ� �E��7KH�
FLUFXLW�SURSRVHV�FDSDFLWLYH�UHVSRQVH�RI�EDVDO��FDSDFLWRU�&E��DQG�HGJH�SODQH��FRQVWDQW�SKDVH�HOHPHQW�
&3(H�� LQ� SDUDOOHO� VLPLODU� WR� WKH� DSSURDFK� E\� +HLGXVKND� HW� DO�� >�@�� 7KH� UHVLVWDQFH� UHODWHG� WR� WKH�
SUHVHQFH� RI� )*V� DW� UHDFWLYH� HGJH� SODQHV� LV� UHSUHVHQWHG� E\� UHVLVWRU� 5)*�� 7KH� LPSHGDQFH�
FKDUDFWHULVWLFV�RI�((&V�DUH�JLYHQ�E\�OLQHV�LQ�)LJ���D�
7KH�YDOXHV�RI�WKH�((&�SDUDPHWHUV�DV�REWDLQHG�E\�ILWWLQJ�WKH�H[SHULPHQWDO�(,6�GDW

YDOXHV� LQFUHDVH� IRU� DOPRVW� WKUHH� RUGHUV� RI� PDJQLWXGH�� 7KH� UHODWLYH� LQFUHDVH� LV� VLPLODU� IRU� WKH�
FDSDFLWDQFHV�RI�EDVDO�DQG�HGJH�SODQHV��7KLV�LQGLFDWHV�WKDW�DFWLYDWLRQ�E\�DQRGL]DWLRQ�RI�*&�OHDG�WR�WKH�
VXUIDFH�IXQFWLRQDOL]DWLRQ��PDLQO\�LQYROYLQJ�HGJH�SODQHV��DQG�URXJKHQLQJ��UHODWHG�WR�WKH�EDVDO�SODQHV���
:KLOH�EHLQJ�URXJKHQHG WKH�EDVDO�SDOQHV�EHFRPH�PRUH�DFWLYH�GXH�WR�WKH�IRUPDWLRQ�RI�VXUI
DQG�KHQFH�DOVR�VXEMHFWHG�WR�WKH�IRUPDWLRQ�RI�)*V
2QFH�WKH�EDVDO SODQHV�DUH�URXJKHQHG
WKH�YDOXH�RI�5)* LQFUHDVHV�ZLWK�DFWLYDWLRQ��7KLV�LQGLFDWHV�WKDW�WKH�R[LGDWLRQ�SURYRNHV�WKH�IRUPDWLRQ�RI�
)*V� DQG� FRXOG� LQGXFH� SURQRXQFHG� SVHXGRFDSDFLWLYH� EHKDYLRU�� 7KLV� LV� DOVR� VHHQ� LQ� F\FOLF�

DQG�KLJKHU�YROWDPPHWULF�FXUUHQWV�LQ�WKH�FDVH�RI�DFWLYDWHG�HOHFWURGHV�>�@�
±�

5)* LV�FRQVLGHUDEO\�ORZHU�WKDQ�DW�ORZHU�DFWLYDWLRQ�SRWHQWLDOV��7KH�5)*
±� LV�

VLPLODU� WR� WKH�YDOXH�REWDLQHG� IRU�SROLVKHG�HOHFWURGH�RI�� ±� P&�FP±���7KHVH� ILQGLQJV� LQGLFDWH� WKDW�
)* GHFUHDVHV�ZLWK�WKH�DFWLYD�

WLRQ�SRWHQWLDO� LQ� WKDW� UDQJH��7KH�UHPRYDO�FRXOG�EH�FDXVHG�E\�PHFKDQLFDO�GHSOHWLRQ�RI� IXQFWLRQDOL]HG�
VXUIDFH�OD\HU�RU�SRVVLEO\�HYHQ�E\�IXUWKHU�HOHFWURFKHPLFDO�R[LGDWLRQ�RI�)*V�WR�&2� RU�ERWK��

)LJ����&DSDFLWDQFH�DQG�UHVLVWDQFH��(,6�GDWD��RI�GLIIHUHQWO\�WUHDWHG�*&�YV��GRXEOH�OD\HU�FKDUJH

$OO�RI�WKHVH�UHVXOWV�DUH�LQ�YHU\�JRRG�DJUHHPHQW�ZLWK�RXU�SUHYLRXV�ZRUN�RQ�HOHFWURFKHPLFDO�R[LGDWLRQ�RI�
JODVV\�FDUERQ�>� ]

HOHFWURFKHPLFDO� DFWLYDWLRQ� SURFHVV�� ,W� VWDUWV� ZLWK� R[LGDWLRQ� RI� VXUIDFH� DFWLYH� VLWHV� ZKLFK� DUH�
SUHVXPDEO\�GHIHFWV�RI�JUDSKLWH�VWUXFWXUH��GLVFRQWLQXLWLHV�LQ�EDVDO�SODQH��DQG�IXQFWLRQDO�JURXSV�IRUPHG��
:KHQ�DOO�RI�VXUIDFH�DFWLYH�VLWHV�DUH�R[LGL] URXJK�WKH�GRPDLQV�RI�JUDSKLWLF�
VWUXFWXUH� RI� *&� EHFRPHV� PRUH� LQWHQVLYH� DQG� OHDGV� WR� WKH� JURZWK� RI� JUDSKLWH�R[LGH� OD\HU� ZKDW� LV�
IROORZHG�E\�WKH�GHVWUXFWLRQ�RI�WKH�VXUIDFH DQG�HYHQWXDOO\�ZKHQ�JUDSKLWH�R[LGH�OD\HU�ILOOV�XS�WKH�VSDFH�
EHWZHHQ�WKH�JUDSKLWLF�PROHFXOHV�WR�H[IROLDWLRQ�RI�WKH�PDWHULDO��
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