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$FNQRZOHGJHPHQW

)LUVW� DQG� IRUHPRVW�� , ZRXOG� OLNH� WR� H[SUHVV�P\� VLQFHUH JUDWLWXGH� WRZDUGV�P\�PDVWHU¶V�

WKHVLV�JXLGH� 'U��$QVKX�3DQGH\�IRU JLYLQJ�PH�DQ�RSSRUWXQLW\�WR�FDUU\�RXW�WKH SURMHFW�XQGHU�

KLV�VXSHUYLVLRQ DQG KLV VXSSRUW�WKURXJKRXW�WKH�\HDU� +H�VWHHUHG�PH�LQ�WKH�ULJKW�GLUHFWLRQ�

ZKHQHYHU�,�QHHGHG�LW��:RUNLQJ�XQGHU�KLV�JXLGDQFH�KDV�EHHQ�DQ�DEVROXWH�KRQRU�

,¶G� DOVR� OLNH WR� WKDQN�P\� WKHVLV� DGYLVHU� FRPPLWWHH�PHPEHU�� 'U�� 3UDPRG�3LOODL� IRU� KLV�

VXSSRUW�WKURXJKRXW P\�SURMHFW�DQG�P\�VWD\�DW ,,6(5�

,�ZRXOG OLNH�WR�WKDQN�'U��%LVZDMLW�%KDWWDFKDU\D IRU�JXLGLQJ PH�WKURXJKRXW�WKH�SURMHFW�DQG�

KHOSLQJ�PH�LQ�VSHFWURVFRSLF�PHDVXUHPHQWV��,�ZRXOG DOVR�OLNH�WR�WKDQN�P\�ODE�PHPEHUV

'U��5HNKD� $USLWD��'U��1LKLW��6XEKDP��%LPDQ��3ULWKD��$QXPRO��3UDQDE��'HY��*XUX DQG�1LWLQ�

IRU�WKHLU�YDOXDEOH�DVVLVWDQFH�DQG�PRWLYDWLRQ�WKURXJKRXW�WKH�FRXUVH�RI�,,6F�VWD\��,W�ZDV�WUXO\�

D SOHDVXUH�ZRUNLQJ�DORQJVLGH WKHP�

/DVW�EXW�QRW� WKH OHDVW�� ,�ZRXOG OLNH� WR� WKDQN�P\�PRP��GDG��P\�IDPLO\��P\ GHDU IULHQGV�

.RPDO��6XSUL\D��6XNQ\D��6KDUGKD��6XUDM�DQG�6KXEKDP�IRU�EHLQJ�D�SDUW�RI�P\�,,6(5�OLIH

DQG�JLYLQJ�PH�HQFRXUDJHPHQW�LQ�P\�KDUG�WLPH��,�DP�UHDOO\�WKDQNIXO�WR�P\�FORVHVW�IULHQG�

$PLW� IRU� KLV� XQFRQGLWLRQDO� ORYH� DQG� VXSSRUW� WKURXJKRXW� P\� ,,6(5� MRXUQH\� ,� RZH� P\�

GHHSHVW�JUDWLWXGH�WR HDFK�RI�\RX�
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ϭϬ

$EVWUDFW

,�,,,�9,� VHPLFRQGXFWRUV DUH� EHLQJ� ZLGHO\� LQYHVWLJDWHG� GXH� WR� WKHLU� YDULRXV� SRVVLEOH�

DSSOLFDWLRQV� LQ� SKRWRYROWDLFV�� /('V�� ELR�LPDJLQJ� HWF� 7KHVH WHUQDU\� VHPLFRQGXFWRUV�

H[KLELW�XQLTXH�RSWLFDO�DQG�SKRWR�SK\VLFDO�SURSHUWLHV�GHSHQGLQJ�RQ�WKHLU�FRPSRVLWLRQ��VL]H�

DQG�WKHLU�ODUJH�QRQ�VWRLFKLRPHWULF�VWUXFWXUDO�WROHUDQFH��+RZHYHU��PRVWO\�VWXGLHG�WHUQDU\�

TXDQWXP�GRWV�DUH�EDVHG�RQ�,Q��*D��6H��7H DQG�&G��FRQIURQWV�PDMRU�LVVXHV LQ�SUDFWLFDO�

DSSOLFDWLRQV�EHFDXVH�RI�WKHLU�WR[LF�FRPSRVLWLRQ�RU�XVH�RI�UDUH�HDUWK�HOHPHQWV� ,Q�UHFHQW�

GHYHORSPHQW�� WKHVH� UDUH� RU� WR[LF� HOHPHQWV� DUH� EHLQJ� VXEVWLWXWHG�ZLWK� D QRQ�WR[LF� DQG�

HDUWK� SURIXVH HOHPHQWV DV LURQ�� DOXPLQXP� HWF� WR� RYHUFRPH� WKH� DERYH� PHQWLRQHG�

SUREOHP� +HUH� ZH KDYH� VWXGLHG� V\QWKHVLV�� VWUXFWXUDO� DQG� RSWLFDO� FKDUDFWHUL]DWLRQV RI�

WHUQDU\ VHPLFRQGXFWRU 4'V�ZKLFK� FRQWDLQ�HDUWK�DEXQGDQW�DQG�QRQWR[LF� FRPSRVLWLRQV��

$OOR\LQJ�LURQ�LQWR�&X$O6� TXDQWXP�GRWV�UHYHDOV�D�VKLIW�LQ�EDQG�JDS�RI�WKH�PDWHULDO�IURP�

89�WR�QHDU� ,5�UHJLRQ� ,W�ZDV�REVHUYHG�WKDW�D�ZLGH�EDQG�JDS�,,�9,�VHPLFRQGXFWRU�VKHOO�

FRDWLQJ�RYHU�WKH�DOOR\HG�FRUH�&X$O[)H��[6� HQKDQFHG WKH�SKRWROXPLQHVFHQFH�ZKLFK�UDQJH

IURP����QP�����QP�ZLWK�WKH�FKDQJH�LQ�UDWLR RI�LURQ�DQG�DOXPLQXP��3/�GHFD\�IRU�DOOR\HG

VDPSOHV� UHYHDOHG�D�GHIHFW�PHGLDWHG� ORQJ� OLIHWLPH�VLPLODU�DV�H[SHFWHG� IRU� WKLV�FODVV�RI�

PDWHULDO�� 7KH�REVHUYHG�3/4<� LV�PRUH� WKDQ���� LQ� VRPH� FDVHV��$� ODUJH� VWRNH� VKLIW� LV�

REVHUYHG� WKURXJKRXW� DOO� WKH� FRPSRVLWLRQV� RI� &X$O[)H��[6��=Q6� 'XH� WR� LWV� QRQWR[LF�

FRPSRVLWLRQV DQG� HPLVVLRQ� LQ� 1,5� UHJLRQ�� WKH� VWXGLHG PDWHULDO� FRXOG� EH� D� SRWHQWLDO�

FDQGLGDWH�IRU�ELR�LPDJLQJ�DQG�ELR�GHWHFWLRQ�



ϭϭ

&KDSWHU��

,QWURGXFWLRQ



ϭϮ

,QWURGXFWLRQ

7KH GHYHORSPHQW�RI�KLJK�HIILFLHQF\�DQG�ORZ�FRVW�SKRWRYROWDLFV�LV�GULYHQ�E\�WKH�FRQWLQXRXV�

GHPDQG�RI�HQHUJ\�� 7KHUH�DUH�JOREDO�QHHG� IRU HQYLURQPHQW�IULHQGO\�� FKHDS�� FOHDQ�DQG�

UHQHZDEOH� HQHUJ\� VRXUFHV DV DOWHUQDWLYHV IRU WUDGLWLRQDO� HQHUJ\� VRXUFHV����� 7KH�PDLQ�

SUREOHP�ZLWK�IRVVLO�IXHOV LV�WKDW�WKH\�DUH�QRQ�UHQHZDEOH�DQG�DUH�LQ�D�OLPLWHG�DPRXQW��7KHUH�

LV� KLJK� XVH� RI� IRVVLO� IXHOV� LQ� UHFHQW� GHFDGHV� ZKLFK FDXVH� VHULRXV� GDPDJH WR WKH

HQYLURQPHQW��7KHUHIRUH��REWDLQDEOH�UHVRXUFHV�DUH XUJHQWO\�QHHGHG��,Q�WKLV�UHJDUG��VRODU�

HQHUJ\�LV�D�PRUH�IHDVLEOH�DQG�HIIHFWLYH�RSWLRQ� 7R�XVH�WKH�VRODU�HQHUJ\� ZH QHHG�WR�GHVLJQ�

PDWHULDOV�ZLWK� VXLWDEOH� SURSHUWLHV�DQG�SHUIRUPDQFH���� 2QH�RI� WKH�PDMRU� FRQFHUQV�KDV�

EHHQ�VXVWDLQDELOLW\�DQG�FRPSRVLWLRQV�RI�WKHVH�PDWHULDOV��������(DUWK�DEXQGDQW�DQG EHQLJQ�

FRPSRVLWLRQ�RI�PDWHULDO�ZLWK�ODUJH�VFDOH�XS�V\QWKHWLF�DSSURDFK�LV�RXU�XOWLPDWH�JRDO�IRU�WKLV�

SXUSRVH�

1DQRSDUWLFOH� VHPLFRQGXFWRU� PDWHULDOV KDYH� YHU\� LQWHUHVWLQJ� SURSHUWLHV� ZKLFK� DUH�

VLJQLILFDQWO\� GLIIHUHQW� IURP� WKHLU� EXON� PDWHULDOV�� ,Q� WKH� UHJDUG� RI� VWUXFWXUH� DQG� VL]H��

QDQRSDUWLFOHV DFW� DV� D� EULGJH� EHWZHHQ�EXON� DQG�DWRPV�� KRZHYHU� WKHLU� SURSHUWLHV� DUH�

GLVWLQFW� IURP�HLWKHU�� 7KH� UHGXFWLRQ� LQ�VL]H� OHDGV� WR�TXDQWXP�FRQILQHPHQW���7KLV�HIIHFW�

FDXVHV� FKDQJH� LQ� WKH RSWR�HOHFWURQLF DQG� SKRWR�SK\VLFDO� SURSHUWLHV� RI� WKH� PDWHULDO�

GHSHQGLQJ�RQ�LWV�VL]H��

��� 4XDQWXP 'RWV

4XDQWXP�GRWV �4'V���DOVR�NQRZQ�DV�DUWLILFLDO�DWRPV�DUH�VHPLFRQGXFWRU�QDQRFU\VWDOV�LQ�

ZKLFK�HOHFWURQV�DUH�VSHFLDOO\�FRQILQHG�LQ�DOO�WKUHH�GLUHFWLRQV�ZLWKLQ D�SRWHQWLDO�EDUULHU��7KLV�

FRQILQHPHQW�RFFXUV�ZKHQ�VL]H�RI�D�SDUWLFOH�EHFRPH�OHVV WKDQ LWV %RKU¶V�GLDPHWHU� 7KLV�

TXDQWXP FRQILQHPHQW HIIHFW FDQ� EH UHDOL]HG� E\� D� SDUWLFOH� LQ� D� ER[� H[DPSOH�� 7KHVH�

VHPLFRQGXFWRU�TXDQWXP�GRWV�H[KLELW�GLVFUHWH�HQHUJ\�OHYHOV�WKDW FDQ EH FRQWUROOHG��7KH�

HQHUJ\�EDQG�JDS��(J��RI 4'V FDQ�EH�WXQHG�ZLWK�VL]H EHFDXVH�RI�WKH�TXDQWXP�FRQILQHPHQW�

SKHQRPHQRQ��$ VPDOOHU� VL]H� TXDQWXP�GRW�KDV VWURQJHU� FRQILQHPHQW�HIIHFW�PDNLQJ� LWV�

HQHUJ\�JDS�EURDGHU��6LPLODUO\��ODUJHU�VL]H�TXDQWXP�GRWV�VKRZ QDUURZ�EDQG�JDS�



ϭϯ

8QOLNH�PDQ\�RUJDQLF�G\HV��TXDQWXP�GRWV�KDYH�D�FRQWLQXRXV�DQG�EURDG�DEVRUSWLRQ�VSHFWUD�

ZLWK�D QDUURZHU�DQG�PRUH�V\PPHWULF�HPLVVLRQ�VSHFWUD��7KHUHIRUH��TXDQWXP�GRWV�DUH�PRUH�

VHQVLWLYH� LQ� GHWHFWLRQ� WKDQ� IRU� RUJDQLF� G\HV� )LJXUH� �� H[HPSOLI\� VL]H� GHSHQGHQW�

3KRWROXPLQHVFHQFH� VSHFWUXP RI� FRUH� VKHOO� &G6H� 4'V� $V� VKRZQ� LQ� WKH� ILJXUH� ���

OXPLQHVFHQFH LV�VLIWHG�WRZDUGV�ORZHU�HQHUJ\�DV�VL]H�RI WKH�TXDQWXP�GRWV�DUH�LQFUHDVHG�

)LJXUH��� 7XQDEOH�SKRWROXPLQHVFHQFH�RI�&G6H�=Q6�4GV���

����&RUH�6KHOO�VWUXFWXUH�EDVHG�TXDQWXP�GRWV

*HQHUDOO\��RUJDQLF�VXUIDFWDQWV�DUH�XVHG�WR�HQYHORS�WKH�TXDQWXP�GRWV��7KH�GDQJOLQJ�ERQG�

RI� WKH RUJDQLF�VXUIDFWDQW�FUHDWHV�VXUIDFH� WUDSV� OHDGLQJ�QRQ�UDGLDWLYH� UHFRPELQDWLRQ� IRU�

H[FLWRQV�DQG�KHQFH�D�VLJQLILFDQW�UHGXFWLRQ�LQ�SKRWROXPLQHVFHQFH TXDQWXP�\LHOG��3/4<����

7R�RYHUFRPH�WKLV��D XVHIXO�VWUDWHJ\�FRXOG�EH�HQFDSVXODWLRQ�RI�FRUH�TXDQWXP�GRWV�ZLWK�

LQRUJDQLF�PDWHULDO��7KHVH�W\SHV�RI�TXDQWXP�GRWV�DUH�NQRZQ�DV�FRUH�VKHOO�TXDQWXP�GRWV

�&64'V���



ϭϰ

7KHUH� DUH� GLIIHUHQW� W\SHV� RI� &64'V H[LVW GHSHQGLQJ� XSRQ� WKHLU� YDODQFH� EDQG DQG�

FRQGXFWLRQ�EDQG�SRVLWLRQ�VXFK�DV�W\SH����LQYHUVH�W\SH���W\SH���DQG�LQYHUVH�W\SH����,Q�W\SH�

���FRUH�PDWHULDO�KDV�D�ORZHU�EDQG�JDS�WKDQ�VKHOO�PDWHULDO��)LJXUH�� SURYLGHV�D�VFKHPDWLF�

UHSUHVHQWDWLRQ�RI�GLIIHUHQW W\SH�RI�&64'V� 'HSHQGLQJ�RQ�WKH UHTXLUHPHQW��DEVRUEDQFH�RI�

WKH�&64'V FDQ�EH� WXQHG�E\�FKDQJLQJ�VL]H� RI� WKH� FRUH�RU� WKH� VKHOO� RU�ERWK�� ,W� LV�DOVR�

REVHUYHG�WKDW�WKH�VKHOO�JURZWK�LQFUHDVHV�RYHUDOO�SKRWR�VWDELOLW\�RI�TXDQWXP�GRWV�LQ�VRPH�

FDVHV�

)LJXUH����'LIIHUHQW�W\SHV�RI�FRUH�VKHOO�VWUXFWXUH�EDVHG�4'V�

0DLQO\�FRUH�VKHOO�DUH�FRPSRVHG�RI�W\SH�,,±9,��,±,,,±9,� DQG ,,,±9�VHPLFRQGXFWRU�PDWHULDOV��

)RU� H[DPSOH� &G6�=Q6�� &X*D6��=Q6�� &G6H�&G6�� &X,Q6��&G6 HWF�� 7KHUH� DUH� PDQ\�

OLWHUDWXUHV�DYDLODEOH ZKLFK�SURYLGH�DQ�LQVLJKW�RI�YDULRXV�DSSOLFDWLRQV�RI�&64'V��VXFK�DV�

LQ�SKRWRYROWDLFV��ELR�LPDJLQJ�DQG�/('V������



ϭϱ

��� ,±,,,±9,� WHUQDU\�TXDQWXP�GRWV

,±,,,±9,� 4'V�GHQRWH�VSHFLILF�HOHPHQWDO�FRPSRVLWLRQV�EHORQJLQJ�WR�JURXS�,�VXFK�DV�FRSSHU�

�&X���JROG��$X���VLOYHU��$J���,,,��DQ\�WULYDOHQW�FDWLRQ�DV�LQGLXP��,Q���*DOOLXP��*D���$OXPLQLXP�

�$O��DQG�9,�FRQVLVWV�VXOSKXU� �6��� WHOOXULXP� �7H���VHOHQLXP� �6H���7KLV�FODVV�RI�PDWHULDOV�

VKRZ�ZLGH� WXQDELOLW\� RI� RSWLFDO� EDQG�JDSV� VWDUWLQJ� IURP� WKH�XOWUDYLROHW� WR� QHDU� LQIUDUHG�

UHJLRQV�RI�WKH�HOHFWURPDJQHWLF�VSHFWUXP��GHSHQGLQJ�RQ�WKHLU�HOHPHQWDU\�FRPSRVLWLRQ�DQG�

FU\VWDO�VWUXFWXUH��7KLV�FODVV�RI�4'V�RIIHUV�D�SRWHQWLDOO\�OHVV�WR[LF�DOWHUQDWLYH�IRU�UHSODFLQJ�

WUDGLWLRQDO�WR[LF�PHWDO�EDVHG�PDWHULDOV��

6LQFH SDVW�GHFDGHV��WKHUH�KDYH�EHHQ�PDQ\�UHSRUWV�RQ�,±,,,±9,� 4'V��7KH\�DUH�JDLQLQJ�

KXJH� DWWHQWLRQ� EHFDXVH� RI� WKHLU DSSOLFDWLRQV� LQ� SKRWRYROWDLFV���� /('V�� DQG� ELR�

LPDJLQJ����������0RVW�VWXGLHG�WHUQDU\�PDWHULDOV�DUH�LQGLXP��,Q��EDVHG�VXFK�DV�&X,Q6� DQG�

&X,Q*D6H� DV�WKLQ�ILOP�SKRWRYROWDLFV���������

����0RWLYDWLRQ

:LGHO\� VWXGLHG�PDWHULDOV� RI� ,±,,,±9,� 4'V� DUH�PDLQO\� FRPSRVHG� RI� ,QGLXP�� 6HOHQLXP��

*DOOLXP�DQG�7HOOXULXP�ZKLFK�DUH�UDUH�DQG�YHU\�H[SHQVLYH�������7KLV�VHULRXVO\�OLPLWV�WKHLU

SUDFWLFDO�DSSOLFDWLRQV��,Q�WKLV�UHJDUGV��WHUQDU\�4'V ZKLFK�DUH EDVHG�RQ�OLJKW�PHWDOV�VXFK�

DV� LURQ� �)H�� DQG� DOXPLQXP� �$O�� DUH� SRWHQWLDO� FDQGLGDWHV� EHFDXVH� RI� QRW� RQO\� WKHLU�

HQYLURQPHQW� IULHQGO\� FRPSRVLWLRQ� EXW� DOVR� WKHLU� HDUWK� DEXQGDQFH��&X)H6� LV� WKH� RQO\�

NQRZQ�QRQ�WR[LF�PDWHULDO�FRPSRVHG�RI�HDUWK�DEXQGDQW�HOHPHQWV�ZLWK�D�QDUURZ�EDQG�JDS�

�DURXQG� ���� H9��� ZKLFK� VKRZV� SKRWROXPLQHVFHQFH� LQ� ,5������ $QRWKHU� WHUQDU\� FODVV� RI�

PDWHULDO��&X$O6� LV�D�ZLGH�EDQG�JDS�PDWHULDO�ZLWK�D�EXON�EDQG�JDS�RI������H9�VKRZV�D�

ZLGH� UDQJH� RI� DSSOLFDWLRQ� VXFK� DV� LQ� RSWLFDO� WUDQVSDUHQF\�� DQG� SKRWR� FDWDO\VLV������

GHSHQGLQJ� RQ� WKHLU� FRUH� VKHOO� W\SH VWUXFWXUH�� 7KHUHIRUH�� LQ� WKLV� WKHVLV�� ,� KDYH� WULHG� WR�

H[SORUH� FRUH VKHOO� VWUXFWXUH� EDVHG� ,±,,,±9,� TXDQWXP�GRWV�ZKLFK� FRQWDLQ QRQWR[LF� DQG�

HDUWK� DEXQGDQW� HOHPHQWV�� )XUWKHU�� ,� KDYH� H[DPLQHG� WKHLU� RSWLFDO� DQG� SKRWR�SK\VLFDO�

SURSHUWLHV�

,Q�FKDSWHU����,�KDYH�H[SORUHG�)H�DQG�$O�EDVHG�DOOR\�VHPLFRQGXFWRU�PDWHULDO�ZKLFK�FRXOG�

EH�D�SRWHQWLDO�FDQGLGDWH�LQ�ELR�LPDJLQJ��7R�REWDLQ�WXQDEOH�OLJKW�HPLVVLRQ�IURP�89�WR�,5��,



ϭϲ

KDYH� DOOR\HG� )H� LQWR� &X$O6� DQG� KDYH� FRDWHG� WKH� FRUH� PDWHULDO� ZLWK� ]LQF� VXOILGH� WR

LPSURYH�3/�TXDQWXP�\LHOG�

,Q� FKDSWHU� ��� ,� KDYH� SUHSDUHG� &X$O6��*D�6� WKURXJK� FROORLGDO� URXWH� DQG� VWXGLHG� LWV�

VWUXFWXUDO�DQG�RSWLFDO�SURSHUWLHV��,Q�D�IHZ�SUHYLRXV�VWXGLHV��*D�6� KDV�EHHQ�XVHG�DV�D�

VKHOO�PDWHULDOV��,W�IRUPV�DPRUSKRXV�VKHOO�ZKLFK�LPSURYH�RYHUDOO�VWDELOLW\�RI�FRUH�PDWHULDO�

DQG�VXSSUHVV�WKH�VXUIDFH�GHIHFW�

�



ϭϳ

&KDSWHU��

6\QWKHVLV�DQG�&KDUDFWHUL]DWLRQ�RI�&RUH�6KHOO�

VWUXFWXUH�EDVHG�&X$O[)H��[6��DOOR\HG�4XDQWXP�

'RWV



ϭϴ

��� ,QWURGXFWLRQ

,±,,,±9,� 4'V�DUH�JDLQLQJ�KXJH�DWWHQWLRQ�DV�D� UHSODFHPHQW�RI� WUDGLWLRQDO� WR[LF�HOHPHQW�

EDVHG�TXDQWXP�GRWV������7KLV�FODVV�RI�PDWHULDOV VKRZV D�ZLGH�UDQJH RI WXQDELOLW\�LQ�RSWLFDO�

EDQG�JDSV����7HUQDU\�4'V�OLNH�&X)H6� DQG�&X$O6� DUH�SRWHQWLDO�FDQGLGDWH�EHFDXVH�RI�

WKHLU� HQYLURQPHQW� IULHQGO\� FRPSRVLWLRQ�� &X)H6� �EXON� EDQG� JDS� DURXQG� ���� H9�� DQG�

&X$O6� �EXON�EDQG�JDS�RI������H9��DUH UHSRUWHG�UHFHQWO\�DQG�ERWK PDWHULDOV UHYHDO XQLTXH�

DQG�LQWHUHVWLQJ�SURSHUWLHV��,Q�UHFHQW�VWXGLHV��LW�ZDV�IRXQG�WKDW GHSHQGLQJ�RQ�WKHLU�VL]H�DQG�

VKHOO W\SH��ERWK�WHUQDU\�PDWHULDOV VKRZ�WKHLU SRWHQWLDO�LQ�YDULRXV�DSSOLFDWLRQV��

,Q�WKLV�UHSRUW��ZH�KDYH�GHVFULEHG�WKH�V\QWKHVLV�RI�&X$O[)H��[6� DQG�&X$O[)H��[6��=Q6��7R�

REWDLQ WXQDEOH�OLJKW�HPLVVLRQ�IURP�89�WR�,5��ZH�KDYH�DOOR\HG�)H�LQWR�&X$O6��DQG�KDYH�

FRDWHG�WKH FRUH�PDWHULDO�ZLWK�]LQF�VXOILGH�WR�LPSURYH�3/�TXDQWXP�\LHOG�DV�FRUH�PDWHULDO�

GRHVQ¶W� VKRZ� DQ\� VLJQLILFDQW� OXPLQHVFHQFH�� +HUH� ZH� SUHVHQW� D� EHWWHU� XQGHUVWDQGLQJ�

DERXW�VWUXFWXUDO�DQG�RSWLFDO�SURSHUWLHV�RI�WHUQDU\�DOOR\HG�&X$O[)H��[6� &64'V�ZKLFK FDQ�

EH�XVHIXO�LQ�GLIIHUHQW�DSSOLFDWLRQV�LQ�IXWXUH�

��� ([SHULPHQWDO 6HFWLRQ

������0DWHULDOV

&RSSHU� FKORULGH� �&X&O�� ������ ,URQ� �,,,�� DFHW\ODFHWRQDWH� ^)H�DFDF���� ���`�� $OXPLQXP�

DFHW\ODFHWRQDWH� ^$O�DFDF�������`��HOHPHQWDO�6XOSKXU� �6���=LQF�DFHWDWH� ^=Q�&+�&22����

���`�� ��2FWDGHFHQH� �2'(�� WHFKQLFDO� JUDGH� ������2OHLF� DFLG� �2$�� ������2OH\ODPLQH�

�WHFKQLFDO�JUDGH��������'RGHFDQHWKLRO��''7�������ZHUH�ERXJKW IURP�6LJPD�$OGULFK��$OO�

WKH�FKHPLFDOV�ZHUH�XVHG�DV�WKH\�DUH�UHFHLYHG�

����� 6\QWKHVLV�

7KH�V\QWKHVLV RI�WKH�DOOR\HG�4'V ZDV�FDUULHG�RXW�XVLQJ�VOHQNOLQH�VHWXS��,W�FRQVLVWHG�WKUHH�

VWHSV�



ϭϵ

,Q�ILUVW�VWHS��DQLRQ�SUHFXUVRU��6XOSKXU�LQ�2OH\ODPLQH����0��DQG�=LQF�ROHDWH�����0��ZDV�

SUHSDUHG�� ,Q� D� ��P/� WKUHH�QHFNHG� IODVN�� HOHPHQWDO� 6XOSKXU� ����� PJ�� ���P0��� � P/�

2OH\ODPLQH�DQG�� P/�RI���RFWDGHFHQH�ZDV�WDNHQ��7KLV�UHDFWLRQ�PL[WXUH�ZDV�KHDWHG�DW�

�����&�XQGHU�DUJRQ�IRU��� PLQXWHV��,Q�DQRWKHU����P/�IODVN���������PJ�RI�]LQF�DFHWDWH�LQ�

ROHLF�DFLG�����P/��DQG�2FWDGHFHQH�����P/��ZDV�DGGHG� DQG�NHSW�DW������&�IRU����PLQXWHV�

XQGHU�LQHUW�DWPRVSKHUH�IRU�WKH�SUHSDUDWLRQ�RI�]LQF�ROHDWH������0��

,Q�VHFRQG�6WHS�ZH�SUHSDUHG�WHUQDU\�DOOR\HG�4'V�ZLWK�GLIIHUHQW�UDWLRQ�RI�$OXPLQXP�DQG�

,URQ��)RU�D�W\SLFDO�V\QWKHVLV�RI�&X$O���)H���6���,URQ�DFHW\ODFHWRQDWH�������PJ������P0���

FRSSHU�FKORULGH������PJ������P0��DQG DOXPLQXP�DFHW\ODFHWRQDWH������PJ�����P0��ZHUH�

DGGHG�WR�D����P/�WKUHH�QHFNHG�IODVN�FRQWDLQLQJ���P/�2'(�DV�VROYHQW�DQG���P/�ROHLF�DFLG�

DV� OLJDQG� 7KH�PL[WXUH�ZDV�NHSW�DW������&�IRU����PLQ�WR�UHPRYH�ZDWHU XQGHU�YDFXXP��

)XUWKHU��WKH�PHWDO�SUHFXUVRUV�ZHUH�KHDWHG�XQGHU�DUJRQ�DWPRVSKHUH�DW������&�IRU����PLQ�

WR�GLVVROYH�WKH�PHWDO�SUHFXUVRUV��)LUVW��LW�IRUPHG D�GHHS�UHG�FRORU�VROXWLRQ�DQG�DIWHU�VRPH�

WLPH�WKH� LURQ�VWDUWV�GLVVROYLQJ�DQG�WKH�FRORU�FKDQJHV�IURP�UHG�WR�EURZQ�FRORU�VROXWLRQ��

$GGLWLRQ�RI���PO�''7�DW�����R&�WXUQHG UHDFWLRQ�PL[WXUH�FRORU�IURP�EURZQ�WR�OLJKW�\HOORZ��

LQLWLDWLQJ�QXFOHDWLRQ�ZKLFK�LV�IROORZHG�E\�JURZWK��:H�REVHUYHG�WKDW�WKHUH�LV�FRORU�FKDQJH�

IURP�OLJKW�\HOORZ�WR�GHHS�UHG�ZKLFK�LV�DVVRFLDWHG�ZLWK�WKH�JURZWK�RI�WKH�FRUH�PDWHULDO�

,Q� WKH� WKLUG�VWHS� VKHOO�FRDWLQJ�ZDV�GRQH� $W�GHHS�UHG�FRORU�� UHDFWLRQ� WHPSHUDWXUH�ZDV�

LQFUHDVHG�WR����R&��6LPXOWDQHRXVO\���PO RI�DV�SUHSDUHG�]LQF�ROHDWH�DQG���PO�RI�6�LQ�2/0�

ZDV� DGGHG� GURSZLVH� �GXUDWLRQ� ���PLQ��� 7KH� VROXWLRQ� ZDV� DQQHDOHG� IRU� ���PLQV� WKHQ

TXHQFKHG�LQ�ZDWHU�EDWK�

7KH�SUHSDUHG�4'V�ZHUH�FOHDQHG�VHYHUDO�WLPHV�ZLWK�H[FHVV�RI�PHWKDQRO�DQG�HWKDQRO�WR�

UHPRYH�H[FHVV�OLJDQG�DQG XQUHDFWHG�SUHFXUVRUV��)XUWKHU�FOHDQHG�4'V�ZHUH�FHQWULIXJHG�

DW������530�WR�UHPRYH�ODUJH�SDUWLFOHV��7KHVH�FOHDQHG�4'V�ZHUH�XQLIRUPO\�GLVVROYHG�LQ�

WHWUDFKORURHWK\OHQH��VSHFWURVFRSLF�JUDGH��IRU�VSHFWURVFRSLF�PHDVXUHPHQWV�
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��� ,QVWUXPHQWDO�FKDUDFWHUL]DWLRQ

������89�9LV $EVRUSWLRQ

7KH� IXQGDPHQWDO� SULQFLSOHV� RI� 89�9LV VSHFWURVFRS\� IRU� RSWLFDO� FKDUDFWHUL]DWLRQ� RI�

SUHSDUHG� 4'V� DQG� LQVWUXPHQWDO� VHW� XS� KDV� EHHQ� GHVFULEHG KHUH�� 7KH� 89�9LVLEOH�

VSHFWURVFRS\�LV�WKH�PRVW�XVHIXO�WHFKQLTXH�WR�ILQG�RXW�WKH�SURSHUWLHV�RI�4'�OLNH�EDQG�JDS��

VL]H�GLVWULEXWLRQ�SUHFLVHO\� 7KH�RSWLFDO�DEVRUSWLRQ�PHDVXUHPHQW�RI�SUHSDUHG�VDPSOHV�KDV�

EHHQ� SHUIRUPHG� LQ� WKH� VSHFWUDO� UDQJH� RI� ���� WR� ����� QP�� (OHFWURPDJQHWLF� UDGLDWLRQ�

JHQHUDWHG�IURP�WKH�VRXUFH�HQWHUV�WR�WKH�PRQRFKURPDWLF�DQG�WKHQ�EHDP�VSOLWV� LQWR�WZR�

HTXDO�KDOYHV��RQH�KDOI�SDVVHV�WKURXJK�WKH�UHIHUHQFH�DQG�RWKHU�KDOI�WKURXJK�WKH�VDPSOH��

7KH�EHDP�LQWHQVLW\�SDVVHV�WKURXJK�WKH�UHIHUHQFHV�WDNHQ�DV������WUDQVPLVVLRQ�RU����

DEVRUSWLRQ��7KH�GHWHFWRU� LV�V\QFKURQL]HG�ZLWK�ERWK� WKH�EHDPV�DQG� LW�GLVSOD\V� WKH�UDWLR�

EHWZHHQ�WKH�WZR�EHDP�LQWHQVLWLHV��7KH�GHWHFWRU�VFDQV�WKH�LQFLGHQW�SKRWRQ�HQHUJ\�DFURVV�

WKH�GHVLUHG�UDQJH�RI�WKH�89�9LVLEOH�VSHFWUXP��4'V�DEVRUE�WKH�ZDYH�OHQJWK�RI�WKH�OLJKW�

FRUUHVSRQGLQJ� WR� LWV� EDQG� JDS�� � 7KHUH� DUH� WZR� DEVRUSWLRQ� VSHFWURPHWHUV� DUH� XVHG� WR�

FKDUDFWHUL]H�WKH�VDPSOHV�LQ�WKLV�WKHVLV��2FHDQ�2SWLFV�DQG�3HUNLQ�(OPHU¶V�/DPEGD����89�

9LVLEOH�VSHFWURPHWHU�

����� 3KRWROXPLQHVFHQFH�6WXG\

(GLQEXUJ� ,QVWUXPHQWV� )/6���� 6HULHV� )OXRUHVFHQFH� 6SHFWURPHWHU� ZLWK� D� ���:�

FRQWLQXRXV� ;H� DUF� ODPS� DV� DQ� H[FLWDWLRQ� VRXUFH� ZDV� XVHG� IRU� VWHDG\� VWDWH�

SKRWROXPLQHVFHQFH��3/��PHDVXUHPHQWV�

����� ;� 5D\�'LIIUDFWLRQ�

;� UD\� GLIIUDFWLRQ� �;5'� SURYLGHV� LPSRUWDQW� LQIRUPDWLRQ� DERXW� WKH� VWUXFWXUH�� ODWWLFH�

SDUDPHWHU�� FRPSRVLWLRQ� DQG� SKDVH� RI� D� FU\VWDO� V\VWHP�� 7KH� WKHRU\� EHKLQG ;5'� LV�

H[SODLQHG�E\�%UDJJ¶V�HTXDWLRQ�



Ϯϭ

,I�[�UD\�GLIIUDFWLRQ�VDWLVILHV�WKH�DERYH�FRQGLWLRQ�WKHQ�LW OHDGV�WR�D�FRQVWUXFWLYH�LQWHUIHUHQFH��

7KH�;5'�SDWWHUQ�LV UHFRUGHG�DIWHU�VFDQQLQJ�D UDQJH�RIڧ���DQJOHV�

&OHDQHG�TXDQWXP�GRWV�ZHUH�GLVVROYHG�LQ�KH[DQH��VSHFWURVFRSLF�JUDGH��DQG�GURS�FDVWHG�

RQ�D�JODVV�VXEVWUDWH�� ,W� IRUPHG�D�KRPRJHQRXV�ILOP��)XUWKHU�� WKH�ILOP�ZDV�ZDVKHG�ZLWK�

PHWKDQRO�DQG�DFHWRQH�WZR�WLPHV���$�������QP�&X�.Į�[�UD\�VRXUFH�ZDV XVHG�WR�FROOHFW�

WKH�GDWD͘

����� 7UDQVPLVVLRQ�(OHFWURQ�0LFURVFRS\ DQG�6FDQQLQJ�7UDQVPLVVLRQ�

(OHFWURQ�0LFURVFRS\

7UDQVPLVVLRQ� HOHFWURQ�PLFURVFRS\� �7(0�� LV� D� WHFKQLTXH� LQ�ZKLFK HOHFWURQ� EHDPV� DUH

WUDQVPLWWHG�WKURXJK�D�YHU\� WKLQ VSHFLPHQ� 7KH�LQWHUDFWLRQ�RI� WKH�HOHFWURQV ZLWK�VDPSOH

IRUP�DQ�LPDJH�ZKLFK�LV�PDJQLILHG�RQ�LPDJLQJ�GHYLFH�DQG�GHWHFWHG�E\�D�VHQVRU� ,I�WKHVH�

LPDJHV�DUH�RSHUDWHG�DW�WKH�OLPLW�RI�UHVROXWLRQ�RI�WKH�XVHG�LQVWUXPHQW�WKHQ�LW�LV�NQRZQ�DV�D�

KLJK�UHVROXWLRQ�7(0��+57(0���

7KH VFDQQLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH �67(0��ZRUNV�VLPLODU�DV�7(0�EXW�D�YHU\�

VPDOO�EHDP�RI�HOHFWURQV�LV�XVHG�WR�FUHDWH�DQ�LPDJH�

&OHDQHG�VDPSOH�ZDV�GLVVROYHG� LQ� WROXHQH�DQG�GURS�FDVWHG�RQ�FRRSHU�7(0�JULGV��+5�

7(0�LPDJHV�ZHUH�REWDLQHG�RQ�D�-(2/�-(0������WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH������

N9��� $Q� DEHUUDWLRQ� FRUUHFWHG� ���� N9�7,7$1�7(0�PLFURVFRSH�ZDV� XVHG� IRU� REWDLQLQJ�

67(0�
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����� (QHUJ\�GLVSHUVLYH�;�UD\�$QDO\VLV

(QHUJ\�GLVSHUVLYH�;�UD\�DQDO\VLV��(';$��LV�XVHG�IRU�DQDO\VLV�RI�WKH�HOHPHQWV�RU�FKHPLFDO�

FRPSRVLWLRQ�RI�D�VSHFLPHQ� ,Q�WKLV�WHFKQLTXH��;�UD\�LV�XVHG�DV�VRXUFH�RI�H[FLWDWLRQ��(DFK�

HOHPHQW� KDV� D� XQLTXH� DWRPLF� VWUXFWXUH� ZKLFK� JLYHV D� XQLTXH� VHW� RI� SHDNV� RQ� LWV�

HOHFWURPDJQHWLF�HPLVVLRQ�VSHFWUXP�

$Q�DEHUUDWLRQ�FRUUHFWHG�����N9�7,7$1�7(0�PLFURVFRSH�ZDV�XVHG�IRU�REWDLQLQJ�67(0�

(';�HOHPHQWDO�PDSSLQJ�

����� 4XDQWXP�<LHOG�DQG�OLIH�WLPH�PHDVXUHPHQWV��

$� VSHFWUDO� FRDWHG� LQWHJUDWLQJ� VSKHUH� RQ� DQ� (GLQEXUJK� ,QVWUXPHQWV�� )/6� ����

VSHFWURIOXRULPHWHU� ZDV� XVHG� WR� PHDVXUH� WKH� DEVROXWH� TXDQWXP� \LHOG� LQ� WKH� 9,6�1,5�

UHJLRQ��%HIRUHKDQG��WKH�VSKHUH�ZDV�FDOLEUDWHG�ZLWK�D�VWDQGDUG�89�9,6�1,5�OLJKW�VRXUFH�

WR�FRUUHFW�IRU�DQ\�UHIOHFWLYLW\�DUWLIDFWV��6DPSOHV�ZHUH�FOHDQHG�RI�DOO�H[FHVV�OLJDQGV�DQG�

GLVVROYHG�LQWR�DQ�LQIUDUHG�FRPSDWLEOH�VROYHQW��WHWUDFKORUR�HWK\OHQH��7&(���$Q�89�9,6�,5�

WUDQVSDUHQW�TXDUW]�FXYHWWH�FRQWDLQLQJ�7&(�ZDV�LQWURGXFHG�LQWR�WKH�LQWHJUDWLQJ�VSKHUH�WR�

GHWHUPLQH� ODPS� LQWHQVLW\�DQG�VFDWWHULQJ�FKDUDFWHULVWLFV�RI� WKH�VSKHUH�DW�H[FLWDWLRQ�DQG�

HPLVVLRQ�ZDYHOHQJWKV��$Q�LGHQWLFDO�YROXPH�RI�WKH�VDPSOH�LQ�7&(�ZDV�VXEVHTXHQWO\�SXW�

LQWR�WKH�VDPH�FXYHWWH�DQG�LQWURGXFHG�LQWR�WKH�VSKHUH��7KH�OLJKW�DEVRUEHG�DQG�HPLWWHG�LV�

PHDVXUHG� GLUHFWO\� DQG� WKH� TXDQWXP� \LHOG� LV� HVWLPDWHG� DV� WKH� OLJKW� HPLWWHG� WR� OLJKW�

DEVRUEHG��7LPH�UHVROYHG�3/�GDWD�ZHUH�FROOHFWHG�LQ�WKH�VHOI�VDPH�LQVWUXPHQW��7KH�VDPSOH�

HPLVVLRQ�ZDV�UHFRUGHG�XVLQJ�D�ODVHU�GLRGH�H[FLWDWLRQ�LQ�ULJKW�DQJOH�JHRPHWU\�

����� ;�UD\�SKRWRHOHFWURQ�VSHFWURVFRS\

;�UD\�3KRWRHOHFWURQ VSHFWURVFRS\��;36�� LV�D� WHFKQLTXH�IRU�VXUIDFH�FKDUDFWHUL]DWLRQ��$�

KLJK HQHUJ\�[�UD\�VRXUFH�LV�XVHG�WR�H[FLWH�HOHFWURQV�LQ�VSHFLILF�ERXQG�VWDWH��'HSHQGLQJ�

XSRQ�WKH�WUDQVLWLRQ�HQHUJ\��D�VSHFLILF�ELQGLQJ�HQHUJ\�FDQ�EH�FDOFXODWHG�WKDW�FDQ�XQLTXHO\�

LGHQWLI\�WKH�HOHPHQW�

6XEVWUDWHV�ZHUH�FOHDQHG�ZLWK���SURSDQRO�DQG�DFHWRQH�DW�����&�WKRURXJKO\�ILYH�WLPHV�WR�

DYRLG� DQ\� PHWDO� LRQ� FRQWDPLQDWLRQ�� 7KHQ� SXULILHG� 4'V� ZHUH� GURS� FDVWHG� RQ� WR� WKH�



Ϯϯ

VXEVWUDWH��;36�VSHFWUD�ZHUH�PHDVXUHG�E\�.UDWRV�$[LV�8OWUD�3KRWR�(OHFWURQ�6SHFWURVFRS\�

V\VWHP�ZLWK�HIIHFWLYH�EHDP�DUHD�RI����PLFURQ�

����� ,QGXFWLYHO\�&RXSOHG�3ODVPD�$WRPLF�(PLVVLRQ�6SHFWURVFRS\ �,&3�

$(6�

7KLV�WHFKQLTXH LV�ZLGHO\�XVHG�LQ GHOHFWDWLRQ�RI�FKHPLFDO�FRPSRVLWLRQ�RI�D�VDPSOH��,W�LV�DQ�

HPLVVLRQ�VSHFWURVFRSLF�WHFKQLTXH�LQ�ZKLFK�D�KLJK�WHPSHUDWXUH�DUJRQ�SODVPD�LV�XVHG�WR�

SXPS HOHFWURQV�IURP�WKH�JURXQG�VWDWH�WR�H[FLWHG�VWDWHV���,Q�SURFHVV�RI�UHWXUQLQJ EDFN� WKH\

HPLWV�HOHFWURPDJQHWLF�UDGLDWLRQV�DW�YHU\�VSHFLILF�ZDYHOHQJWK��$�FDOLEUDWLRQ�SORW�LV�XVHG�WR�

GHWHUPLQH�XQNQRZQ HOHPHQWDO�FRQFHQWUDWLRQV���

$5&26� VLPXOWDQHRXV� ,&3� VSHFWURPHWHU�� 63(&752� $QDO\WLFDO� ,QVWUXPHQWV� *PE+��

*HUPDQ\�LV�XVHG�IRU�WKH�,&3� $(6�DQDO\VLV�RI�WKH�DOOR\HG�TXDQWXP GRWV��$OO�VDPSOHV�ZHUH�

SUHSDUHG�DURXQG����SDUW�SHU�ELOOLRQ��33%� RI����

��� 5HVXOWV DQG�'LVFXVVLRQ

������6WUXFWXUDO�FKDUDFWHUL]DWLRQ

)LJXUH�� H[HPSOLI\�WKH�;5' SDWWHUQ�RI�&X$O[)H��[6� 4'V�DORQJ�ZLWK�WKH VWDQGDUG�SDWWHUQ�

RI�&X$O6��DQG�&X)H6�� 7KH LQWHUPHGLDWH�SHDN�SRVLWLRQV�RI�[�UD\�GLIIUDFWLRQ�FRQILUPV�WKDW�

WKH�FRUH�PDWHULDO�LV�DQ�DOOR\�DV�SHU�9HJDUG¶V�ODZ��;5'�SHDNV�DUH�EURDGHQHG�GXH�WR�WKH�

QDQR�VFDOH� VL]H�� ,W� LV� REVHUYHG� WKDW� LQWHU�SODQHU� GLVWDQFHV�DUH �����DQG������ZKLFK� LV�

FRUUHVSRQGLQJ�WR�WKH�������DQG�������SODQHV�RI�D�FKDOFRS\ULWH�FU\VWDO�VWUXFWXUH�

7KH� FRUH� VKHOO� DOOR\HG� 4'V� VKRZ� VLPLODU� SDWWHUQ� DV� VKHOO� PDWHULDO� =Q6� �]LQF� EOHQG�

VWUXFWXUH���7KH�DEVHQFH�RI�DQ\�VHFRQGDU\�SKDVHV�LQGLFDWH�WKH�KLJK�VWUXFWXUDO�SXULW\�RI�WKH�

4'V��7ZR�]LQF�EOHQG�XQLW�FHOOV�ZKLFK�DUH�VWDFNHG�DQG�FRPSUHVVHG�ORQJ�WKH�F�D[LV�IRUP�D�

FKDOFRS\ULWH�XQLW�FHOO��,Q�WHUQDU\�V\VWHP��WZR�FDWLRQV�DUH�LQ�DOWHUQDWLQJ�SRVLWLRQV�DORQJ�WKH�

F�D[LV�UHSODFLQJ�WKH�FDWLRQV�RI�WKH�FRUUHVSRQGLQJ�,,,�9�FRPSRXQG�



Ϯϰ

)LJXUH��D�;�UD\�SDWWHUQ�RI�&X$O���)H���6� 4'V��EODFN� DQG�&X$O���)H���6��=Q6�4'V��UHG���

VWDQGDUG� SDWWHUQ� RI� &X$O6� �%OXH��� VWDQGDUG� SDWWHUQ� RI� &X)H6� �JUHHQ�� DQG� VWDQGDUG�

SDWWHUQ� RI� =Q6� ]LQF� EOHQG� VWUXFWXUH� �SLQN�� 8QLW� FHOO� RI� ,±,,,±9,� FKDOFRS\ULWH� FU\VWDO

VWUXFWXUH ��E��DQG�D�VFKHPDWLF RI LWV�HQHUJ\�EDQG�GLDJUDP���F��

)LJXUH��D DQG��E�VKRZ�WUDQVPLVVLRQ�HOHFWURQ�PLFURJUDSKV��7(0��RI�DOOR\HG�TXDQWXP�GRWV�

ZKLFK�VXJJHVW� WKDW� WKH�4'V�DUH�QHDUO\�PRQRGLVSHUVH��+LJK� UHVROXWLRQ�7(0��+57(0��

VKRZQ�LQ�ILJXUH��F�DQG��G��+57(0�H[HPSOLI\�D�KLJK�TXDOLW\�VLQJOH�FU\VWDOOLQH�4'V��)LJXUH�

�H�VXJJHVW�WKDW�WKH�DYHUDJH�VL]H�RI�DOOR\HG�4'V�LV������������IRU�DOO�GLIIHUHQW�FRPSRVLWLRQV�

RI�LURQ�DQG�DOXPLQXP�



Ϯϱ

)LJXUH��� 7(0�LPDJHV��D��E���+57(0�LPDJHV��F��G��DQG�+LVWRJUDP�RI�WKH�SDUWLFOH�VL]H�

GLVWULEXWLRQ��H� RI�&X$O���)H���6��=Q6�4'V�

������&RPSRVLWLRQDO�DQDO\VLV

('$; VSHFWURVFRS\�GDWD�RI�DOOR\HG�FRUH�TXDQWXP�GRWV�DV�ZHOO�DV�FRDWHG�ZLWK�]LQF�VXOILGH�

RQH�DUH�VKRZQ�LQ�ILJXUH��D�DQG��E UHVSHFWLYHO\��67(0�HOHPHQWDO�PDSSLQJ VKRZQ�LQ�ILJXUH�

�F� UHYHDOV� D� KRPRJHQRXV� GLVWULEXWLRQ� RI� &X�� $O�� )H� DQG� 6� LQ� DOOR\HG� TXDQWXP� GRWV͘

&RPSRVLWLRQ�ZDV�FRQILUPHG�IURP�,&3��$�VOLJKW�GHYLDWLRQ�ZDV�REVHUYHG�LQ�FRPSRVLWLRQ�LQ�

4'V�WKDW�DFWXDO�FRPSRVLWLRQ�



Ϯϲ

)LJXUH�� ('$;�VSHFWUXP�RI�DOOR\HG�&X$O���)H���6� 4'V��D�� &X$O���)H���6��=Q6 4'V �E��

DQG�67(0�(OHPHQWDO�PDSSLQJ�RI�&X$O���)H���6� 4'V�

������2SWLFDO�3URSHUWLHV

7KH�FRUH�PDWHULDO�VDPSOHV�ZLWK�GLIIHUHQW�FRPSRVLWLRQV�RI�$O�DQG�)H�ZHUH SUHSDUHG�E\�

VLPLODU�SURFHGXUH�DV�GHVFULEHG�DERYH��%\�FKDQJLQJ� WKH�FRPSRVLWLRQ�RI�DOXPLQXP�DQG�

LURQ�� LW� LV� SRVVLEOH� WR�SUHSDUH�&X$O[)H��[6� TXDQWXP�GRWV� WKDW� VKRZ�DEVRUSWLRQ� HGJHV�

VSDQQLQJ�IURP����H9��EXON�EDQG�JDS�RI�&X$O6���WR�����H9��EXON�EDQG�JDS�RI�&X)H6���

7KH�GLUHFW�EDQG�JDS�ZDV�FDOFXODWHG�XVLQJ� WDXF�SORW� )LJXUH��D�VKRZV� WKH�DEVRUEDQFH�

VSHFWUD�RI�&X$O[)H��[6��TXDQWXP�GRWV��,W�ZDV�REVHUYHG�WKDW�ZLWK�WKH�LQFUHDVH�LQ�DPRXQW�

RI�)H��EDQG�JDS�RI�DOOR\HG�TXDQWXP�GRWV�VKLIWHG�WRZDUGV�ORZHU�HQHUJ\� 7KH�EDQG�JDS�RI�

DOOR\HG�4'V� LV� GHFUHDVHG� EHFDXVH� RI� WKH� ORZHULQJ� RI� WKH� FRQGXFWLRQ� EDQG�PLQLPXP�

FRPSRVHG� RI� K\EULG� RUELWDOV� RI� LURQ�� DOXPLQXP� DQG� VXOIXU������� 'XULQJ� WKH� FKDQJH� LQ�

FRPSRVLWLRQ�WKH�VL]H�RI�WKH�TXDQWXP�GRWV�LV�NHSW�FRQVWDQW��:H�KDYH�DOVR�REVHUYHG�VL]H�

GHSHQGHQW�WXQDELOLW\�LQ�DEVRUEDQFH�DW�SDUWLFXODU�FKHPLFDO�FRPSRVLWLRQ�ZLWK�)H� �)H�$O��

UDWLR�������)LJXUH��E� RI�DOOR\HG�4'V�ZKLFK�FRQILUPV VL]H�FRQILQHPHQW HIIHFW�



Ϯϳ

)LJXUH� �D�� DEVRUEDQFH� VSHFWUXP� RI� &X$O[)H��[6� ZKHUH� ��[� LV� FKDQJHV� DV� �� �EOXH���

����JUHHQ�������RUDQJH�������UHG�������SLQN��DQG����EODFN����E��$EVRUEDQFH�VSHFWUXP�RI�

&X$O[)H��[6� ZLWK�JURZWK�WLPH�DW�SDUWLFXODU�FRPSRVLWLRQ�RI�)H���)H�$O��UDWLR������

6XUIDFH�FRDWLQJ�RI�D�FRUH�VHPLFRQGXFWRU�ZLWK�ODUJHU�HQHUJ\�EDQG�JDS�VHPLFRQGXFWRU�LV�D�

ZHOO�NQRZQ� WHFKQLTXH� WR� UHPRYH� VXUIDFH� GHIHFWV�� ,Q� SUHYLRXV� VWXGLHV�� LW� LV� VHHQ� WKDW�

HOLPLQDWLRQ�RI�WKH�UHFRPELQDWLRQ�VLWHV�RQ�SDUWLFOH�VXUIDFH�HQKDQFH�WKH�SKRWROXPLQHVFHQFH�

GUDVWLFDOO\��,W�ZDV�REVHUYHG�WKDW�DV�SUHSDUHG�&X$O[)H��[6� DOOR\HG�TXDQWXP�GRWV�GR�QRW�

VKRZ� DQ\� VLJQLILFDQW� SKRWROXPLQHVFHQFH�� KRZHYHU� VKHOO� FRDWLQJ� RI� =Q6� OHDG� WR�

PHDVXUHDEOH�HPLVVLRQ�UDQJLQJ�YLVLEOH�WR�QHDU�LQIUDUHG��+LJKHU�FRPSRVLWLRQ�RI�)H��!�����

LQ�DOOR\�GLV�VWDELOL]HV�WKH�TXDQWXP�GRWV�ZKLOH�VXUIDFH�FRDWLQJ��DQG�VWDUWV�OHDFKLQJ LURQ RXW�

LI�WKH�UHDFWLRQ�PL[WXUH�DQQHDOHG�IRU�D�ORQJ�WLPH� ,W�LV�REVHUYHG�DQG�DOVR�UHSRUWHG�LQ�UHFHQW�

VWXGLHV� WKDW�&X$O�)H�6��=Q6�GRHVQ¶W�VKRZ�DQ\� OXPLQHVFHQFH�GXH� WR� HOHFWURQ� WUDQVIHU�

IURP�FRUH�WR�]LQF�VXOILGH�VKHOO�OHDGLQJ�D�QRQ�UDGLDWLYH�UHFRPELQDWLRQ��7KH�LQFRUSRUDWLRQ�RI�

LURQ�ORZHUV�WKH�YDODQFH�EDQG�RI�FRUH�DQG�SUHYHQW�WKH�QRQ�UDGLDWLYH�UHFRPELQDWLRQ���



Ϯϴ

)LJXUH� �D�$EVRUEDQFH�VSHFWUXP�RI�&X$O[)H��[6���=Q6�ZLWK�GLIIHUHQW�FRPSRVLWLRQ�RI�LURQ�

DQG� DOXPLQXP� )H��$O�)H� � ���� �EOXH��� ����� �JUHHQ��� ����UHG��� ����� SXUSOH� DQG�

3KRWROXPLQHVFHQFH�VSHFWUXP�RI�FRUH�VKHOO�4'V UHVSHFWLYHO\ �ILJXUH��E��

)LJXUH��D�DQG��E H[HPSOLILHV�WKH�DEVRUSWLRQ�DQG�HPLVVLRQ�VSHFWUD�RI�&X$O[)H��[6��=Q6

4'V UHVSHFWLYHO\�� 7KH� PDWHULDOV� LV� HPLVVLYH� RYHU� WKH� ��������� QP� ����������� H9��

ZLQGRZ��ZLWK�KLJKHVW�4<V�RI����DW�����QP�HPLVVLRQ��7KH�/XPLQHVFHQFH�RI�WKLV�PDWHULDO�

LQ�WKLV�QHDU�,5�UHJLRQ�VXJJHVW�SRVVLEOH�DSSOLFDWLRQ�LQ�ELR�LPDJLQJ�

/LNH�RWKHU�,�,,,�9,� FRUH�VKHOOV�VXFK�DV�&X,Q6��=Q6��WKH�&X$O[)H��[6��=Q64'V�DOVR�H[KLELW�

VWURQJ VWRNHV�VKLIW UHODWLYH�WR�WKH�EDQG�HGJH��,Q�WKH�FDVH�RI�&X,Q6� 4'V��WKLV�VWRNHV�VKLIW�

KDV�EHHQ�DWWULEXWHG�WR�WKH�RFFXUUHQFH�RI�VXE�JDS�VWDWHV�DVVRFLDWHG�ZLWK�FRSSHU��:H ILQG�

WKDW� WKH� EHKDYLRU� RI� &X$O[)H��[6��=Q6 4'V� LV� UDWKHU� VLPLODU� WR� WKDW� RI� &X,Q6�� 7KH�

HPLVVLRQ�NLQHWLFV�RI� WKHVH�PDWHULDOV�H[KLELW�D� UDWKHU�XQXVXDO�EDQG�JDS�GHSHQGHQFH����

)LJXUH��E�VKRZV�WKH�HPLVVLRQ�GHFD\�SURILOH�RI�D�W\SLFDO�VDPSOH�RI�&X$O[)H��[6��=Q6 4'V��

7KH�REVHUYHG�HPLVVLRQ�LV�EURDG�ZLWK�OLQHZLGWK������QP������H9��DQG�WKH�GHFD\�SURILOH�LV�

KRPRJHQRXV� DQG� EL�H[SRQHQWLDO�� )LJXUH� �E� VKRZV� WKH� HPLVVLRQ� GHFD\ DW� YDULRXV�

FRPSRVLWLRQ�RI�LURQ�DQG�DOXPLQLXP��



Ϯϵ

)LJXUH� �D�([DPSOH�RI�WDXF�SORW�ZKLFK�LV�XVHG�LQ�FDOFXODWLRQ�RI�GLUHFW�EDQG�JDS�RI�������

&X$O[)H��[6� 4'V�DQG�&X$O[)H��[6��=Q6�4'V��)LJXUH��E�VKRZV�GHFD\�SURILOH�RI��

&X$O[)H��[6��=Q6�4'V��%OXH�����QP�HPLVVLRQ���JUHHQ����� QP�HPLVVLRQ���UHG���

����QP�HPLVVLRQ�

7KHVH�GDWD�UHIOHFW� WKH�KRPRJHQHLW\�RI� WKH�GHFD\�NLQHWLFV�RI� WKLV�PDWHULDO��$V�WKH�PRUH�

DPRXQW�RI� LURQ� LV� LQFRUSRUDWHG��ZH�REVHUYH� WKDW� WKH�HPLVVLRQ� OLIHWLPHV�EHFRPH� ORQJHU�

VXJJHVWLQJ�LQYROYHPHQW�RI�GHIHFW�VWDWHV��

,Q�WKH�SUHYLRXV�VWXGLHV��D�GHIHFW�UHODWHG�HPLVVLRQ�PHFKDQLVP�KDV�RIWHQ�EHHQ�LQYRNHG�IRU�

WKH� HPLVVLRQ� EHKDYLRXU� RI� ,�,,,�9,� V\VWHPV����� 7KLV� KDV� EHHQ� XVHG� WR� H[SODLQ� WKHLU�

XQXVXDOO\�ORQJ�HPLVVLRQ�OLIHWLPHV��DQG�KDV�EHHQ�LQGHSHQGHQWO\�YHULILHG�E\�PHDVXUHPHQWV��

7KH�HPLVVLYH�SURSHUWLHV�RI�&X$O[)H��[6��=Q6�4'V�DUH�WKXV�EURDGO\�VLPLODU�WR�RWKHU�,�,,,�

9,� PDWHULDOV��WKH�VWDUWLQJ�4'V�VKRZ�ZHDN�RU�QHJOLJLEOH�4<V��ZKLOH�WKH�SUHVHQFH�RI�HYHQ�

D�WKLQ�=Q6�VKHOO�FDXVHV�DQ LQFUHDVH�LQ�3/�HPLVVLRQ�4<V��7KH�LQFUHDVH�LQ�VDPSOH�OLIHWLPH�

FRXOG�SRVVLEO\�DULVH�IURP�WZR�GLIIHUHQW�VRXUFHV��7KH�LQFUHDVH�LQ�ZDYHOHQJWK�RI�HPLVVLRQ�

OHDGV�WR�D�GHFUHDVH�LQ�WKH�DYDLODEOH�SKRWRQLF�GHQVLW\�RI�VWDWHV��SDUWLDOO\�DFFRXQWLQJ�IRU�WKH�

OHQJWKHQHG� OLIHWLPHV��$�VHFRQG�SRWHQWLDO� VRXUFH� LV� WKH� LQYROYHPHQW�RI�D� YDOHQFH�EDQG�

GHIHFW�LQ�WKH &X$O[)H��[6��=Q6��



ϯϬ

����&RQFOXVLRQ

,Q FRQFOXVLRQ�� ,�KDYH�VXFFHVVIXOO\�V\QWKHVL]HG�WKH�DOOR\HG�&X)H[$O��[6��=Q6�FRUH�VKHOO�

VWUXFWXUH�EDVHG�TXDQWXP�GRWV��7KH�WHWUDJRQDO�FKDOFRS\ULWH�DOOR\�VWUXFWXUH�ZDV�FRQILUPHG�

E\�;5'�DQG�7(0�DQDO\VLV� 67(0�HOHPHQWDO�PDSSLQJ�UHYHDOV�D KRPRJHQRXV�GLVWULEXWLRQ�

RI�HOHPHQWV� ,W�ZDV�IRXQG�WKDW�WKH�EDQG�JDS�FDQ�EH�WXQH�IURP�YLVLEOH�WR�LQIUDUHG�PDNLQJ�

GLIIHUHQW� FRPSRVLWLRQ� DQG� VL]H� $V� SUHSDUHG� FRUH� PDWHULDO� GRHVQ¶W� VKRZ� DQ\�

OXPLQHVFHQFH��KRZHYHU��]LQF�VXOILGH�VXUIDFH�FRDWLQJ�HQKDQFH�WKH�3/�TXDQWXP�\LHOG ZKLFK�

LV� WXQDEOH� IURP� 9LVLEOH� WR� QHDU�,5� 7KH� PD[LPXP� REVHUYHG� TXDQWXP� \LHOG� LV� ����

,QFRUSRUDWLRQ�RI�PRUH�LURQ�OHDGV�WRZDUGV�ORQJHU�OLIH�WLPH�VXJJHVWLQJ�WKH�LQYROYHPHQW�RI�

GHIHFW� VWDWHV� 7KH FRPSRVLWLRQ� RI� TXDQWXP� GRWV� DUH� HDUWK� DEXQGDQW� DQG� QRQWR[LF�

HOHPHQWV�PDNLQJ�LW�VXLWDEOH�IRU�YDULRXV�DSSOLFDWLRQV�VXFK�DV�ELR�LPDJLQJ�DQG�ELR�GHWHFWRU�



ϯϭ

&KDSWHU� �

6\QWKHVLV�DQG�&KDUDFWHUL]DWLRQ�RI�&X$O6��*D�6�

4XDQWXP�'RWV



ϯϮ

����,QWURGXFWLRQ

&DGPLXP�EDVHG�TXDQWXP�GRWV�KDYH�EHHQ�ZLGHO\�LQYHVWLJDWHG GXH�WR�WKHLU�QDUURZ�EDQG�

HGJH�HPLVVLRQ���������$OWKRXJK &G6��&G6H�DQG�RWKHU�&G�DOOR\HG�,,±9,�VHPLFRQGXFWRU�4'V�

KDYH�EHHQ�FHQWUH�RI�LQGXVWULDO�UHVHDUFK��KLJK�WR[LFLW\�RI�FDGPLXP�LV�D�PDMRU�FRQFHUQ�ZLWK�

LWV�DSSOLFDWLRQV����7KH�UHSODFHPHQW�IRU�WKH�FDGPLXP�EDVHG�4'V�ZLWK�QRQWR[LF�PDWHULDO�

ZKLFK� KDYH� FRPSDUDEOH� SURSHUWLHV� VXFK� DV� VWDELOLW\�� VPDOO� VL]H� GLVWULEXWLRQ� KLJK�

SKRWROXPLQHVFHQFH� TXDQWXP� \LHOG� �3/4<��� VPDOO� OLQHZLGWK� HPLVVLRQ� LV� PDLQ� IRFXV� RI�

UHFHQW�UHVHDUFKV���������,Q�WKLV�UHJDUG��,±,,,±9,� WHUQDU\�VHPLFRQGXFWRUV UHYHDOV�D�SRWHQWLDO�

UHSODFHPHQW� IRU� FDGPLXP����� +RZHYHU�� WKH� EURDG� 3/� VSHFWUD� KDV� EHHQ� DV� D� PDMRU�

SUREOHP���7KH�SRVVLEOH�UHDVRQV�IRU�WKLV�EURDGQHVV�LQ�3O�VSHFWUXP�LV GHIHFWV����

7KLV�FKDSWHU�GHVFULEHV�V\QWKHVLV�RI�&X$O6� 4'V�DQG�&X$O6��*D�6� FRUH�VKHOO�VWUXFWXUHV�

7KH�QDUURZ�EDQG�HGJH�HPLVVLRQ�ZDV�DFKLHYHG�E\�FRDWLQJ�DPRUSKRXV�JDOOLXP�VXOSKLGH�

VKHOO�� :KLOH� &X$O6� LV� DQ� DWWUDFWLYH� PHPEHU� RI� WKH� ,�,,,�9,� IDPLO\� GXH� WR� WKH� HDUWK�

DEXQGDQFH� DQG� EHQLJQ� QDWXUH� RI� LWV� FRQVWLWXHQW� HOHPHQWV�� LWV� FKHPLFDO� DQG VWUXFWXUDO�

LQVWDELOLW\�PDNH�LWV�V\QWKHVLV�H[WUHPHO\�GLIILFXOW�������$OWKRXJK�EXON�&X$O6� LV�D�ZLGH�JDS�

VHPLFRQGXFWRU����LW�IRUPV�W\SH�,,�KHWHURMXQFWLRQV�� ZLWK�*D�6� ZKHUH�WKH�HOHFWURQ�UHVLGHV�

ODUJHO\�LQ�WKH�ODWWHU�VHPLFRQGXFWRU� 7KLV�W\SH�,,�FKDUDFWHU�HVVHQWLDOO\�SHUPLWV�WKH�WXQLQJ�RI�

WKH�EDQG�JDS�RI�&X$O6���*D�6��

����([SHULPHQWDO�6HFWLRQ

������0DWHULDOV

&RSSHU� FKORULGH� �&X&O�� ������ *DOOLXP� DFHW\ODFHWRQDWH� ^*D��DFDF���� ���`�� $OXPLQXP�

DFHW\ODFHWRQDWH�^$O�DFDF�������`��7KLRXUHD�����2FWDGHFHQH��2'(��WHFKQLFDO�JUDGH�������

2OHLF�DFLG� �2$��������2OH\ODPLQH� �WHFKQLFDO� JUDGH��������'RGHFDQHWKLRO� �''7�������

ZHUH�SXUFKDVHG�IURP�6LJPD�$OGULFK��$OO�WKH�FKHPLFDOV�ZHUH�XVHG�ZLWKRXW�DQ\�SXULILFDWLRQ�



ϯϯ

������6\QWKHVLV

7KH�V\QWKHVLV�ZDV�FDUULHG�RXW�LQ�WZR�VWHSV��,Q�ILUVW�VWHS��&X$O6��ZDV�SUHSDUHG�DQG�LQ WKH

VHFRQG�VWHS� VKHOO�FRDWLQJ�ZLWK�JDOOLXP�VXOILGH�ZDV�GRQH��$OO�VDPSOHV�ZHUH�SUHSDUHG�XVLQJ�

VOHQNOLQH�WHFKQLTXH�

,Q� D� ��� P/� WKUHH� QHFNHG� IODVN�� FRSSHU� FKORULGH� ����� PJ�� ���� P0�� DQG� DOXPLQXP�

DFHW\ODFHWRQDWH������PJ�����P0��ZHUH�DGGHG�DORQJ�ZLWK ��P/�2'(�DV�VROYHQW�DQG���P/�
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