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&RUUHODWLYH 0LFURELDOO\�$VVLVWHG ,PDJLQJ�RI &HOOXORVH 'HFRQVWUXFWLRQ ZLWK�(OHFWURQ�
0LFURVFRS\�

$OHMDQGUD�/RQGRQR�&DOGHURQ�� :DQ�6XQ�� =HQJ\L 6KDR�����'DDQ +HLQ�$OVHP�� DQG�7DQ\D�3UR]RURY�

� 86�'2(�$PHV�/DERUDWRU\��'LYLVLRQ�RI�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ��$PHV��,$ �������86$�
� ,RZD�6WDWH�8QLYHUVLW\��'HSDUWPHQW�RI�&KHPLFDO�DQG�%LRORJLFDO�(QJLQHHULQJ��$PHV��,$��������86$�
� +XPPLQJELUG�6FLHQWLILF��/DFH\��:$��86$

0LFURVFRS\� DLGHG� LQ�PDQ\� LPSRUWDQW� GLVFRYHULHV� LQ� OLIH� VFLHQFHV� E\� SURYLGLQJ� VWUXFWXUDO� LQIRUPDWLRQ�
DERXW� FHOOXODU� FRPSDUWPHQWV��$PRQJ� WKH�PDQ\� W\SHV� RI� DQDO\WLFDO�PLFURVFRS\�� WUDQVPLVVLRQ� HOHFWURQ�
PLFURVFRS\��7(0��LV�D�ZLGHO\�XVHG�WHFKQLTXH�WR�FKDUDFWHUL]H�PDWWHU�DW�KLJK�VSDWLDO�UHVROXWLRQ��+RZHYHU��
HOHFWURQ�PLFURVFRS\�DQDO\VLV�RI�ELRORJLFDO VDPSOHV LV�WUDGLWLRQDOO\�UHVWULFWHG�WR�ZRUNLQJ�ZLWK�GULHG�DQG�
SUHSDUHG�VSHFLPHQV�GHYRLG�RI�WKHLU�QDWXUDO�HQYLURQPHQW��WR�FRPSO\�ZLWK�WKH�VWULFW�YDFXXP�UHTXLUHPHQWV�
RI� WKH�LQVWUXPHQWV��:LWK�WKH�UHFHQW�GHYHORSPHQWV� LQ�WKH�ILHOG�RI� LQ�VLWX HOHFWURQ�PLFURVFRS\�ZLWK IOXLG�
FHOO�� LW� LV� ILQDOO\� SRVVLEOH� WR� LPDJH� SURWHLQV�� PDFURPROHFXODU� FRPSOH[HV�� YLDEOH� EDFWHULDO� FHOOV� DQG�
FHOOXODU�FRPSDUWPHQWV�LQ�WKHLU�QDWXUDO��IXOO\�K\GUDWHG�VWDWH >�@��7KLV�SURYLGHV�DQ�RSSRUWXQLW\�WR�SUREH�WKH�
LQWDFW� PLFURRUJDQLVPV�� PDS� WKH� VSHFLILF� FKHPLFDO� FRPSRVLWLRQ�� DQG� PRQLWRU� PXOWLSOH� PHWDEROLF�
SURFHVVHV�ZLWKLQ�DQG�EHWZHHQ�LQWDFW�FHOOV�LQ�WKHLU�QDWLYH�HQYLURQPHQW��(IILFLHQW�ELRPDVV�GHJUDGDWLRQ�LQ�
QDWXUH�UHTXLUHV�V\QHUJLVWLF�HIIRUWV�RI�DQ�HQVHPEOH�RI�PLFUREHV�WKDW�VHFUHWH�RU�VXUIDFH�GLVSOD\�FHOOXORO\WLF�
DQG� OLJQRO\WLF� HQ]\PHV�ZLWK� DSSURSULDWH� UDWLRV� DQG� VSDWLDO� DUUDQJHPHQW��8VLQJ� WDUJHWHG�PLFUREHV� DQG�
HQ]\PHV SURGXFHG� E\� DQ DUWLILFLDO�PLFURELDO� FRPPXQLW\�PLPLFNLQJ WKLV� QDWXUDO� SKHQRPHQRQ��ZH� DUH�
DEOH�WR�REWDLQ ILUVW�LQVLJKW�RQ�FHOOXORVH GHFRQVWUXFWLRQ LQ�D�PRGHO�V\VWHP�

,Q� WKLV� ZRUN�� ZH� XVHG FRUUHODWLYH KLJK� DQJOH� DQQXODU� GDUN� ILHOG� VFDQQLQJ� WUDQVPLVVLRQ� HOHFWURQ�
PLFURVFRS\� ± VFDQQLQJ� HOHFWURQ� PLFURVFRS\� ± IOXRUHVFHQW� PLFURVFRS\� +$$')�67(0�6(0�)0�
LPDJLQJ�WR IROORZ�PLFURELDOO\�DVVLVWHG�GHFRQVWUXFWLRQ RI�FHOOXORVH��:H�XVH�D FRQWLQXRXV�IORZ�IOXLG�FHOO�
SODWIRUP� WKDW� LV FRPSDWLEOH ZLWK� ERWK )(,� 7HFQDL� �6�7(0� DQG� )(,� 7HQHR� 6(0� LQVWUXPHQWV�� $IWHU�
SHUIRUPLQJ�D�QXPEHU�RI�FDOLEUDWLRQ� WHVWV�� WKH� IOXLG�FHOO�SODWIRUP� LV�EHLQJ�XVHG� IRU� WKH�YLVXDOL]DWLRQ�RI�
FRPSOH[� ELRPDVV� IHDWXUHV� DQG� PLFURELDO� FHOOV LQ� D� IXOO\� K\GUDWHG� VWDWH�� ZKLOH� SURYLGLQJ� VWUXFWXUDO�
LQIRUPDWLRQ�DFURVV�D�ZLGH�UDQJH�RI�VFDOHV��,QLWLDO�H[SHULPHQWV�ZHUH�FDUULHG�RXW�XVLQJ FHOOV�RI�PRGLILHG�
VXUIDFH� FHOOXODVH�H[SUHVVLQJ� 6DFFKDURP\FHV� FHUHYLVLDH JURZQ� WR� GLIIHUHQW� RSWLFDO� GHQVLWLHV� DQG� OHIW�
LQFXEDWLQJ ZLWK�FDUER[\PHWK\O�FHOOXORVH �&0&��DW�����&�RYHUQLJKW�XQGHU�JHQWOH�VKDNLQJ >���@�

)LJXUH� � VKRZV�'16�ELRFKHPLFDO� DVVD\� DQG� WKH� JOXFRVH� VWDQGDUG� IRU�6�� FHUHYLVLDH ZLWK� DQG�ZLWKRXW�
&0&��7KH�GLVSOD\HG�HQ]\PH�GHJUDGHG &0&�WR�VXJDU�PRQRPHUV� DQ�LQFUHDVH�LQ�ELRPDVV�K\GURO\VLV LV�
REVHUYHG� DV� D� FRQVHTXHQFH� RI� KLJKHU� RSWLFDO� FHOO� GHQVLW\��)LJXUH� ��D�E� VKRZ�SRVW�PRUWHP +$$')�
67(0� LPDJHV RI��2'�FHOOV� LQFXEDWHG�ZLWK� DQG�ZLWKRXW�&0&�RQ�D&�&X�JULG��7KH� UHG DUURZV�RQ� �E��
PDUNHG�K\GURO\]HG�&0&�RQ�WKH�\HDVW�VXUIDFH��)XOO\�K\GUDWHG�FHOOV�DQG�IUDJPHQWV�RI�SDUWLDOO\�GHJUDGHG�
ELRPDVV�ZHUH� DQDO\]HG�E\� WKH�XVH�RI� WKH� IOXLG� FHOO� SODWIRUP DV�REVHUYHG�RQ� �F�� 2XU� DSSURDFK�DOORZV�
LPDJLQJ�RI� FHOOXORVH�GHFRQVWUXFWLRQ�XQGHU�PLOG� FRQGLWLRQV��:H�HQYLVLRQ� WKDW�RXU� UHVXOWV�ZLOO� EULQJ�XV�
FORVHU�WR�XQGHUVWDQGLQJ�RI�WKLV�WHFKQRORJLFDOO\�LPSRUWDQW�SURFHVV��

&XUUHQW�H[SHULPHQWV�LQYROYH�LPPRELOL]DWLRQ�RI�&0&�RQ�WKH�VXUIDFH�RI�6L1�ZLQGRZV DQG LQFXEDWLQJ�WKH�
LPPRELOL]HG� FHOOXORVHG� RYHUQLJKW�ZLWK� D� VPDOO QXPEHU� RI�6� FHUHYLVLDH FHOOV�� IROORZHG� E\� WKH� LQ� VLWX
LPDJLQJ� LQ� OLTXLG� SKDVH� :H� SD\� DWWHQWLRQ� WR� FRQWUROOLQJ� WKH� HOHFWURQ� GRVH� WR WKH� VSHFLPHQ� LQ� ERWK�
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HOHFWURQ�PLFURVFRSHV�DQG�FDUHIXO�DVVHVVPHQW�RI�PLFURELDO�FHOO�YLDELOLW\�H[SRVHG�WR�HOHFWURQ�EHDP�XQGHU�
WKH� WZR� VHWV� RI� RSHUDWLQJ� YROWDJHV�� 8VH� RI� WKH� IOXLG� FHOO� SODWIRUP� HQDEOHV� FRUUHODWLYH� PXOWLPRGDO�
TXDQWLWDWLYH� LPDJLQJ� DSSURDFK� DQG� DOORZV� XWLOL]DWLRQ� RI� ODWHVW� DGYDQFHV� LQ� FKHPLFDO� FRPSRVLWLRQ�
PDSSLQJ� DQG� KLJK�UHVROXWLRQ� PLFURVFRS\� RI� FHOOXORVH GHFRQVWUXFWLRQ� E\� WKH� PLFURELDO� FHOOV LQ� WKHLU�
QDWLYH�HQYLURQPHQW�>�@�
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)LJXUH�����/HIW� 5HGXFLQJ�VXJDU�TXDQWLILFDWLRQ��'16�DVVD\��RI�PRGLILHG 6DFFKDURP\FHV�FHUHYLVLDH FHOOV�
ZLWK�&0&�LQ�VRGLXP�DFHWDWH���5LJKW� *OXFRVH�VWDQGDUG�

)LJXUH��� 6PDOO�FRORQ\�RI�\HDVW��D� EHIRUH�DQG��E��DIWHU�LQFXEDWLRQ�ZLWK�&0&��&HOOV�RQ�SDUW��E��H[KLELWV�
D� ³GHFRUDWLRQ´� LQ� FORVH� SUR[LPLW\� WR� WKHLU� VXUIDFH �PDUNHG�ZLWK� UHG� DUURZV��� WKH�PDUNHG� IHDWXUHV� DUH�
OLNHO\�K\GURO\]HG�IUDJPHQWV�RI�ELRPDVV��F� 6� FHUHYLVLDH�FHOOV�LQ�OLTXLG�SKDVH�DSSHDU�LQWDFW��0DUNHG�ZLWK�
UHG�DUURZV�DUH�VPDOO�IUDJPHQWV�FRUUHVSRQGLQJ�WR�WKH�³GHFRUDWLRQ´�LQ�E��
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