
/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

6WXG\�RI�H[WUHPHO\�ORZ�IUHTXHQF\�HOHFWURPDJQHWLF�ZDYH�HIIHFWV�RQ�WKH�DFHW\OFKROLQH�DQG��DFKLHYHPHQWV�RQ�WKH�$O]KHLPHU�GLVHDVH��
$�0ROODL�� =�(PDPL�� +�'DPVD]��$�+DJKSHLPD��%�+DJKLJKL�

�'HSDUWPHQW�RI�SK\VLFV��)DFXOW\��RI�6FLHQFHV��0DVKKDG�%UDQFK���,VODPLF�$]DG�8QLYHUVLW\�0DVKKDG�%UDQFK��,UDQ�&RUUHVSRQGLQJ�DXWKRU��=DKUD�HPDPL��'HSDUWPHQW�RI�SK\VLFV��)DFXOW\��RI�6FLHQFHV���0DVKKDG�%UDQFK���,VODPLF�$]DG�8QLYHUVLW\�0DVKKDG�%UDQFK��,UDQ��(�PDLO����]DKUDBVKBHPDPL#\DKRR�FRP�3KRQH���������������������������)D[�������������������
�

$EVWUDFW�� 7KHUH� DUH� GLIIHUHQW� DFKLHYHPHQWV� DERXW� WKH� (OHFWURPDJQHWLF� ZDYHV� LQWHUDFWLRQ� ZLWK� DFHW\OFKROLQH� DQG� WKH�UHVXOWDQW�VWXGLHV�RQ�WKH�$O]KHLPHU�SDWLHQWV��%HFDXVH�WKH�DFHW\OFKROLQH�LQWHUPHGLDWH�HQ]\PH�LV�UHGXFHG�LQ�WKH�EUDLQ�RI�WKHVH�SDWLHQWV��EDVHG�XSRQ�VRPH�UHVHDUFK�ZRUNV�LW�LV�EHOLHYHG�WKDW�WKH�DEVRUSWLRQ�RI�HOHFWURPDJQHWLF�ILHOG�LQ�DFHW\OFKROLQH�PD\�WHQG�WR���LQFUHDVHG�WKLV�HQ]\PH�DPRXQWV�LQ�WKH�EUDLQ�RI�WKHVH�SDWLHQWV��WKHQ�LQ�WKLV�UHVHDUFK�ZH�VWXGLHG�WKH�H[FLWDWLRQ�DQG�WKH�UDGLDWLRQ�DEVRUSWLRQ�SURFHVV�HIIHFWV�RI�WKH�H[WUHPHO\�ORZ�IUHTXHQF\��(/)��HOHFWURPDJQHWLF�ZDYHV�LQ�WKH�DFHW\OFKROLQH�IURP� WKLV�PDJQHWLF� ILHOG��7KH� DEVRUSWLRQ� SURFHVV� FDOFXODWHG�ZLWK� WKH� DLG� RI� ,5� �,QIUD�5HG���89� �8OWUD� YLROHW��� DQG� WKH�9LVLEOH�VSHFWURVFRSH�GHYLFHV��>$�0ROODL��=�(PDPL��+�'DPVD]�$�+DJKSHLPD�DQG�%�+DJKLJKL��6WXG\�RI�H[WUHPHO\�ORZ�IUHTXHQF\�HOHFWURPDJQHWLF�
ZDYH� HIIHFWV� RQ� WKH� DFHW\OFKROLQH� DQG�� DFKLHYHPHQWV� RQ� WKH�$O]KHLPHU� GLVHDVH�� /LIH� 6FL� -� �����������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� �����
.H\�ZRUGV���$JLQJ�GLVHDVH��$O]KHLPHU�GLVHDVH��$FHW\OFKROLQH��89�YLVLEOH�VSHFWURVFRS\�3DFV�������&G����������;U�
�,QWURGXFWLRQ�7KH� IDVW� SURJUHVV� LQ� WHFKQRORJ\� RI� PDQNLQG� OLIH¶V� LV� QRW�WRJHWKHU�ZLWK�KLV�SK\VLFDO�	�SV\FKRORJLFDO�KHDOWKIXOQHVV>���@�2QH�SUREOHP�RI� LQGXVWULDOL]HG�DQG�GHYHORSLQJ�VRFLHWLHV�LV� WKH� QHXURSDWKLF�GLVRUGHUV� DQG�DQRPDO\�RI�EUDLQ�� WKDW� LV�WRJHWKHU� � ZLWK� � XQNQRZQ� FDXVDOLWLHV>�@�2QH� RI� WKLV�DQRPDO\	� EUDLQ� � GLVRUGHU� � LV� $O]KHLPHU� GLVHDVH�� 7KLV�GLVHDVH� LV� RQH� RI� WKH� PRVW� FRPSOLFDWHG� PHQWDOO\� GLVHDVH�WKDW�RQO\� DIWHU� GHDWK� RI� WKH� SDWLHQW� LW¶V FUXFLDO� GLDJQRVWLFV�WKURXJK� WKH� EUDLQ� DXWRSV\� LV� UDWKHU� SRVVLEOH� >�@�7KH�SURJUHVV� RI� WKH� GLVHDVH� LQ� WKH� SDWLHQWV� LV� VORZ� DQG� DW� ODVW�VWHSV� LW� UHDFKHG� WR� WKH� HQG� VWDJH� ZLWK� SDWLHQWV�GHDWK��VRPHWLPH�DOVR� WKH� V\PSWRP�RI� GLVHDVH��PLVWDNHV�ZLWK� WKH�SDWLHQWV�VHQLOLW\�EHFDXVH�ERDW�DUH�WKH�DJHG�GLVHDVHV��,W� LV� NQRZQ� WKDW� WKLV� GLVHDVH�� LQYROYHG���� ���RI� WKH� DJHG�SHRSOH� DQG� LV� EHFDXVH� RI� WKH� K\SR� FDPS� UHJLRQ� FHOOV�GHVWUXFWLRQ� DQG� SUHYHQW� WR� SURGXFHG� DFHW\OFKROLQH� PRUH��7KH� HOHFWURPDJQHWLF� UDGLDWLRQ� DEVRUSWLRQ� HIIHFWV� RQ� WKH�KXPDQ� ERG\� ILUVW� GLVFRYHUHG� LQ� WKH����V� GHFDGH�� 7KLV�ZDYH�LQ�ORQJ�WHUPV�WHQG�WR�YLVLRQ�GLVRUGHUHG�OLNH�FDWDUDFW��EORRG� FKDQJHQHVV� DQG� WKH� EUDLQ� V\VWHPV� GLVWXUEDQFHV�>�@�+LJK� GRHV� HOHFWURPDJQHWLF� UDGLDWLRQ� H[SRVXUH� HIIHFWV�RQ�PDQNLQG�DUH�LQFOXGHG�DV�IROORZV��6SRQWDQHRXV�PLVDERUWLRQ�0HQVWUXDO�LUUHJXODULW\�6XGGHQ�HSLOHSV\�6SHHFK�LQDELOLW\�6RPH�FDQFHUV�LQYROYLQJ�(YHQ�WKH�SRVVLELOLW\�RI�RFFXUUHQFHV�RI�EUDLQ�GLVWXUEDQFHV�IURP� ORQJ� WHUP� H[SRVXUH� RI� UDGLDWLRQ� FRXOG� EH�VFKL]RSKUHQLD��0�6� HWF��(DUO\� DW� WKH�EHJLQQLQJ�RI� WKH� ��WK�FHQWXU\�WKH�ILUVW�$O]KHLPHU�GLVHDVH�V\PSWRPV�ZHUH�NQRZQ���

IURP� WKRVH� RQH� FDQ� PHQWLRQHG� ZHDNQHVV� PHPRU\� DQG�DPQHVLD� WKDW� DUH� FDXVHG� IURP� WKH� ODFN� RI� DFHW\OFKROLQH�LQWHUPHGLDWH� HQ]\PH� LQ� EUDLQ� FHOOV� WKDW� WUDQVIHU� WKH�PHVVDJHV� �7KHQ�UHGXFWLRQ�RI� � � DFHW\OFKROLQH� LQ�EUDLQ�FHOOV�LV�D�V\PSWRP�RI�WKH�SURJUHVV�RI�$O]KHLPHU�GLVHDVH�>�@�7KLV�LV�ZK\�ZH�VWXGLHG�WKH�VKRUW�WHUP�HOHFWURPDJQHWLF�UDGLDWLRQ�DEVRUSWLRQ� DV� D� V\PSWRP� RI� LQFUHDVLQJ� WKLV� HQ]\PH� LQ�EUDLQ��7KH�H[SRVXUH� RI� UDGLDWLRQ� LQ� WKLV� UHVHDUFK� VWXGLHG,��E\�D�KRPHPDGH�GHYLFH�DQG�WKH�UDGLDWLRQ�DEVRUSWLRQ�VWXGLHG�E\��� DQ� VSHFWURVFRSH� LQ� WKH� ,5��89��DQG� YLVLEOH� UDQJH� RI�HOHFWURPDJQHWLF�UDGLDWLRQ��
�0DWHULDO�PHWKRG���� :LWK� SXUH�ZDWHU� DV� EXIIHU� DYDLO� RI� DFHW\OFKROLQH�WUDQVIRUP�WR�OLTXLG����� :H� XVHG� RXU� � KRPHPDGH� GHYLFH� IRU� SURGXFLQJ�HOHFWURPDJQHWLF�ZDYHV�DQG�PDJQHWLF�ILHOG�)LJ������� 7KLV� GHYLFH� DOVR� HTXLSSHG� ZLWK� D� XQLWH� IRU�WHPSHUDWXUH�FRQWURO����� 6SHFWURSKRWRPHWHU� LQ� WKH� ,5� 89� DQG� 9LVLEOH�5DQJ�IRU�DEVRUSWLRQ�FDOFXODWLRQ����� $ �FF�VDPSOHU�ZLWK������SSP����� 7KH� HOHFWURPDJQHWLF� ZDYHV� UDQJHV� IURP� �+]��.+]�
�



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJ���+RPH�PDGH�GHYLFH�IRU�HOHFWURPDJQHWLF�UDGLDWLRQ�SURGXFWLRQ�DQG�WHPSHUDWXUH�XQLWH�FRQWURO�7R�IL[�WKH�WHPSHUDWXUH�RI�WKH�DFHW\OFKROLQH�ZH�SXW�LW�LQWR�UHIULJHUDWRU�IRU�D�WLPH�SHULRG�DERXW���KRXUV�EHIRUH�WKH�H[SRVXUH��DW�WKH�WLPH�RI�H[SHULPHQW�ZH�SXW�LW�LQWR�WKH�WHPSHUDWXUH�XQLWH�FRQWURO�RYHQ�WR�UHDFK�WKH��� � 7KLV�SURFHVV�LV�IRU�IL[LQJ�WKH�HQ]\PH� WHPSHUDWXUHDERXW�� � WKHQ� ZH� VHOHFWHG� �PP� VDPSOHU�� WR� H[SRVH� WR� �(/)�� HOHFWURPDJQHWLF� UDGLDWLRQ� IRU� WLPH�UDQJHV�DERXW������������ DQG��PLQXWHV� UHVSHFWLYHO\�� WKH� VSHFWURSKRWRPHWHU� DUH�ZRUNLQJ� LQ� ,5�� YLVLEOH� DQG�89� UDQJH�RI�HOHFWURPDJQHWLF� DQG� WKH� FDOFXODWHG� VSHFWHU� WDNHQ� GXULQJ� WLPH� GLYLVLRQV� DV� PHQWLRQHG� DERYH��ZKLOH� WKH� IUHTXHQF\� RI�H[SRVXUH�DOVR�DUH�VHOHFWHG�LQ�(/)�UDQJHV��,W�VKRXOG�EH�PHQWLRQHG�WKDW�RQH�VDPSOH�DOVR�SXW�LQWR�WKH�VSHFWURVFRSH�LQVWUXPHQW�ZLWKRXW�HOHFWURPDJQHWLF�H[SRVXUH�WKDW���FRXOG�EH�DFW�DV�DQ�HYLGHQFH�LQ�WKH�VSHFWURVFRSLF�PHDVXUHPHQWV��$OO�DFKLHYHPHQWV�DUH�VHHQ�LQ�WKH�WDEOH���$OO�H[SHULPHQWDO�UHVXOWDQWV�DUH�VHHQ�LQ�)LJV����

)LJ����)DU�89�YLVLEOH�$FHW\OFKROLQH�DEVRUSWLRQ�LQ�WKH�DEVHQW�RI�HOHFWURPDJQHWLF�ILHOG��

)LJ���89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH���+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP�WKH�WLPH�RI�H[SRVXUH�LV���PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH���



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJ���89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH���+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP�WKH�WLPH�RI�H[SRVXUH�LV����PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH��

)LJ���89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH���+=��IUHTXHQF\������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV���PLQ�DQG�HQ]\PH�WHPSHUDWXUH�� �

)LJ���89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH���+=��IUHTXHQF\������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUHLV���PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH�� �

)LJ���89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH���+=��IUHTXHQF\������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV���PLQ�DQG�WKH�
HQ]\PH�WHPSHUDWXUH�� �



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJ���89�YLVLEOH� $EVRUSWLRQ�VSHFWHUV�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH���+=�IUHTXHQF\�DQG������7�PDJQHWLF�ILHOG��:LWK�WKH�WLPH�UDQJHV������PLQ�IRU�FRPSDULVRQ��WKH�HQ]\PH�WHPSHUDWXUH�DJDLQ�LV���

)LJ���89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH����+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH�� �

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH����+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH��� �

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH����+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH���



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH����+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUHLV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH�� �

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH����+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUHLV��PLQ�DQG�WKH�
HQ]\PH�WHPSHUDWXUH�� �

)LJ����89�YLVLEOH��$EVRUSWLRQ�VSHFWHUV�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH����+=�IUHTXHQF\�DQG�������7�PDJQHWLF�ILHOG��:LWK�WKH�WLPH�RI�H[SRVXUHV�UDQJHV������PLQ�IRU�FRPSDULVRQ��WKH�HQ]\PH�WHPSHUDWXUH�DJDLQ��� �



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH�� �

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUHLV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH�� �

)LJ���89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV���PLQ�DQG�WKH�
HQ]\PH�WHPSHUDWXUH�� �



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUHLV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH�� �

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH��

)LJ����89�YLVLEOH� $EVRUSWLRQ�VSHFWHUV�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=�IUHTXHQF\�DQG�������7�PDJQHWLF�ILHOG��:LWK�WKH�WLPH�UDQJHV������PLQ�IRU�FRPSDULVRQ��WKH�HQ]\PH�WHPSHUDWXUH�DJDLQ��� �



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV�PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH���

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH��

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH�� �



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJXUH���89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH�� �

)LJ����89�YLVLEOH�$EVRUSWLRQ�VSHFWUD�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=��IUHTXHQF\�������7�PDJQHWLF�ILHOG��7KH�PD[LPXP�DEVRUSWLRQ�ZDYH�OHQJWK�LV���QP��WKH�WLPH�RI�H[SRVXUH�LV��PLQ�DQG�WKH�HQ]\PH�WHPSHUDWXUH���

)LJ����89�YLVLEOH� $EVRUSWLRQ�VSHFWHUV�RI�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�HOHFWURPDJQHWLF�ZDYH��.+=�IUHTXHQF\�DQG�������7�PDJQHWLF�ILHOG��:LWK�WKH�WLPH�UDQJHV������PLQ�IRU�FRPSDULVRQ��WKH�HQ]\PH�WHPSHUDWXUH�DJDLQ��� �



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP���

�

)LJ����,5DEVRUSWLRQ�VSHFWHU�IRU�$FHW\OFKROLQH�LQ�WKH�DEVHQW�RI�(OHFWURPDJQHWLF�ILHOG�DW�WKH�WHPSHUDWXUH��� �

)LJ����,5�5HODWLYH�DEVRUSWLRQ�RI�WKH�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�(OHFWURPDJQHWLF�ILHOG��IUHTXHQF\����+]��DQG�0DJQHWLF�ILHOG����� 7��DW�WKH�WHPSHUDWXUH��

)LJ���,5�5HODWLYH�DEVRUSWLRQ�RI�WKH�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�(OHFWURPDJQHWLF�ILHOG��IUHTXHQF\�����+]��DQG�0DJQHWLF�ILHOG������ 7��DW�WKH�WHPSHUDWXUH��
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&RQFOXVLRQ�5HPDUNV�([WUHPHO\� /RZ� )UHTXHQF\� �(/)�HOHFWURPDJQHWLF� ILHOG�LQGXFHG� FXUUHQWV	� HOHFWURPDJQHWLF� ILHOG� LQ� ELRORJLFDO�V\VWHPV�GHSHQGLQJ�WR�WKH�ZDYHV�LQWHQVLW\�WKDW�PD\�EH�YHU\�VPDOO� DQG� VRPHWLPHV� UHJDUGOHVV�>�@� LQ� D� VSHFLDO� UDQJH� RI�WKH�ZDYHV� �,I� IUHTXHQF\� LQ� WKH�(/)� UDQJH� LQFUHDVHG�PRUH�WKH�QRWLFHDEO\�DEVRUSWLRQ�RI�ZDYHV�SUHVHQWHG>�@��0ROHFXODU�H[FLWDWLRQ� GXULQJ�KLJK� DPRXQWV� DEVRUSWLRQ�RI� UDGLDWLRQ� LQ�SK\VLFDO�ZRUGV� LV�D�SURRI�RI� LQFUHDVHG�RI�HQWURS\�DQG� WKH�LQFUHDVLQJ�RI�PROHFXODU�LPSDFWV�>�@��$OWKRXJK�KLJK�DPRXQW�RI�UDGLDWLRQ�DEVRUSWLRQ�PD\�WHQG�WR�VWUHVV��WLUHGQHVV�LQ�RQH�KDQG��LW�PD\�LQ�WXUQ�WHQG�WR�LQFUHDVHG�DFHW\OFKROLQH�DPRXQW��LQ� WKH� EUDLQ� RI� SDWLHQWV� LQ� RWKHU� KDQG�� LQFUHDVLQJ�$FHW\OFKROLQH� LQ� WKH� EUDLQ� FHOOV� RI� $O]KHLPHU� SDWLHQWV�FRXOG�WHQG�WR�UHODWLYH��UHOLHI��RI�WKH�$O]KHLPHU�GLVHDVH��2XU�VWXGLHV� VKRZV� � WKDW� WKH� EHVW� DEVRUSWLRQ� RFFXUUHG� LQ� WKH�ZDYH� OHQJWK�VHH� SOHDVH� )LJV�����RI���QP����QP� RQ� WKH�VSHFWURVFRSLF�VWXGLHV� WKDW�EHORQJV� � WR� WKH�ZDYH� IUHTXHQF\��.+]���ZLWK�������7�PDJQHWLF�ILHOG�DQG�WKH���PLQXWH�WLPH�RI� H[SRVXUH� �� :H� DJUHHG� WKDW� VRPH� ELRORJLFDO� DFWLRQ��UHDFWLRQ� PD\� EH� EHFDXVH� RI� HOHFWURPDJQHWLF� ZDYH�DEVRUSWLRQ�DW�WKH�WLPH�RI�H[SRVXUH�ZKLFK�WHQGV�WR�LQFUHDVHG�RI� WKH� DFHW\OFKROLQH� LQ� WKH� EUDLQ� FHOOV� RI� WKH� SDWLHQWV� WKDW�DUH� XQNQRZQ� \HW�� 7KH� ORZHU� OLPLW� RI� (/)� ZDYHV� DQG�H[FHHGLQJ� WLPH� RI� H[SRVXUH� GLG� QRW� WHQG� WR� LQFUHDVH�QRWLFHDEOH�DPRXQWV�RI�WKH�DFHW\OFKROLQH��$OVR�RXU�UHVHDUFK�VKRZHG�WKDW�WKH�ZDYHV�DEVRUSWLRQ�LQ�WKH�YLVLEOH�UDQJH�LV�QRW�VR�PDQ\�LPSRUWDQW��DV�DOO�)LJV�VKRZHG��EHFDXVH�LQ�DOO�(/)�ZDYH� OHQJWK� YHU\� ORZ� DPRXQWV� RI� WKH� DEVRUSWLRQ� RI�UDGLDWLRQ�LQ�WKH�ZDYHOHQJWK�JUHDWHU�WKDQ�WKH�89�RFFXUUHG���
5HIHUHQFHV����>�@��3ULFH��'�/���6LVRGLD��6�6���DQG�%RUFKHOW��'�5�� ���������*HQHWLF�1HXURGHJHQHUDWLYH�'LVHDVHV�� �7KH�+XPDQ� ,OOQHVV�DQG�7UDQVJHQLF�0RGHOV���6FLHQFH�����������������

>�@�� 9DVVDU�� 5��� DQG� %HQQHW�� %�'�� � ������� %HWD�VHFUHWDVH�FOHDYDJH� RI� DO]KHLPHU¶V� DP\ORLG� SUHFXUVRU� SURWHLQ� E\� WKH�WUDQVPHPEUDQH� DVSDUWLF� SURWHDVH� %$&(�6FLHQFH� ���������������>�@�� � /D)HUOD�� )�0�� � ������� &DOFLXP� G\VKRPHRVWDVLV� DQG�LQWUDFHOOXODU� VLJQDOOLQJ� LQ� DO]KHLPHU¶V� GLVHDVH�� 1DWXUH�5HYLHZV�1HXURVFLHQFH�������������>�@���*UHJHUVHQ��1���%URVV��3���DQG�$QGUHVHQ��%�6�����������WKH� UROH� RI� FKDSHURQH�DVVLVWHG� IROGLQJ� DQG�TXDOLW\� FRQWURO�LQ� LQERUQ�HUURUV�RI�PHWDEROLVP��3URWHLQ� IROGLQJ�GLVRUGHUV���-RXUQDO�RI�,QKHULWHG�0HWDEROLF�'LVRUGHUV��������������>�@�� 0DF&DOPDQ� &�� %ODVFKXN� 2:� ������� HIIHFW�HOHFWURPDJQHWLF�ZDYH�RQ�KXPDQ��(QGRFULQRORJ\��������������>�@��3ULFH��'�/���6LVRGLD��6�6���DQG�%RUFKHOW��'�5�����������*HQHWLF�1HXURGHJHQHUDWLYH�'LVHDVHV�� �7KH�+XPDQ� ,OOQHVV�DQG�7UDQVJHQLF�0RGHOV���6FLHQFH������������������>�@�� 9HUWHVV\� *�� 6]ROORV\� -� ������� +LJK� VHQVLWLYLW\�PDJQHWLF� ILHOG� PHWHU�� ,Q� 6LPXQLF� '� HG��� 0RELOH�FRPPXQLFDWLRQ� DQG� H[WUHPHO\� ORZ� IUHTXHQF\ILHOGV	�LQVWUXPHQWDWLRQ� DQG� PHDVXUHPHQWV� LQ� ELRHOHFWURPDJQHWLF�UHVHDUFK�>�@�5�3�� /LEXUG\�� '�(��&DOODKDQ�� -��+DUODQG�� (��'XQKDP��7�5��6ORPD�� 3�<DVZHQ��([SHULPHQWDO� HYLGHQFH� IRU� ���+]�PDJQHWLF� ILHOGV� RSHUDWLQJ� WKURXJK� WKH� VLJQDO� WUDQVGXFWLRQ�FDVFDGH��(IIHFWV�RQ�$32(/HWW����������������±������>�@��'H�6H]H�5��/DKLWWH�$��0RUHDX� -0��9H\UHW�%� �������*HQHUDWLRQ� RI� H[WUHPHO\� ORZ� IUHTXHQF\� PDJQHWLF� ILHOGV�ZLWK� VWDQGDUG� DYDLODEOH� FRPPHUFLDO� HTXLSPHQW��,PSOLFDWLRQV� IRU� H[SHULPHQWDO�ELRHOHFWURPDJQHWLFZRUN�%LRHOHFWURFKHP%LRHQHUJ� ������������
������������


