
&KDUDFWHULVDWLRQ�RI�VXVSHQVLRQV�RI�QDQRVL]HG�JODVV�SRZGHUV�

5ROI�&ODVHQ�DQG�0DUNXV�+RUQIHFN�
6DDUODQG�8QLYHUVLW\��'HSDUWPHQW�RI�3RZGHU�7HFKQRORJ\��,P�6WDGWZDOG��*HE�����'�������6DDUEU�FNHQ��

*HUPDQ\�
�

�

8VLQJ� QDQRVL]HG� SRZGHUV�� VLOLFD� DQG�PXOWL�FRPSRQHQW� JODVVHV� FDQ� EH�PDQXIDFWXUHG� DW� VLJQLILFDQWO\�

UHGXFHG� WHPSHUDWXUHV�� 6WDUWLQJ� SRLQW� IRU� WKH� SRZGHUWHFKQRORJLFDO� SURGXFWLRQ� URXWH� LQ� PRVW� FDVHV� LV� D�

FROORLGDO��SDUWLFXODWH��JHO�GHULYHG�IURP�D�VXVSHQVLRQ�RI�QDQRVL]HG�SDUWLFOHV��7KHUHIRUH�D�JUHDW�LQWHUHVW�LV�DV�

ZHOO� WKH� SULPDU\� LQYHVWLJDWLYH� LQVSHFWLRQ� RI� WKH� VXVSHQVLRQ� XQGHU� FRQVLGHUDWLRQ� DV� ZHOO� DV� ±� LQ� ODWHU�
SURGXFWLRQ�SURFHVV�±�WKH�SURFHVV�FRQWURO�ZKHQ�KDYLQJ� WR�SURGXFH�D�VXVSHQVLRQ�ZLWK�LGHQWLFDO�SRURSHUWLHV�

UHSHDWHGO\�� $WWHQXDWHG� WRWDO� UHIOHFWDQFH� LQIUDUHG� VSHFWURVFRS\� �$75�� LV� RQH� RI� WKH� DSSURSULDWH� WRROV� IRU�

VROYLQJ�VXFK�SUREOHPV�LQ�PDQ\�UHJDUGV��&RPSOHPHQWDU\� WR�$75��&U\R�6(0�PLFURJUDSKV�RI�FRPSDUDEOH�

VXVSHQVLRQV�DUH�LQWURGXFHG��

�

,QWURGXFWLRQ�

$SDUW� IURP� WUDGLWLRQDO� PHOWLQJ�� JODVVHV� FDQ� EH� SUHSDUHG� YLD� VLQWHULQJ� RI� QDQRVL]HG�
SRZGHUV�DW�VLJQLILFDQWO\�UHGXFHG�SURFHVVLQJ�WHPSHUDWXUHV��)RU�WKLV�SXUSRVH��WKHVH�QDQRVL]HG�
SRZGHUV�KDYH�WR�EH�GLVSHUVHG�DQG�D�KRPRJHQHRXV�FRPSDFW�ZLWK�KLJK�JUHHQ�GHQVLW\�KDV�WR�
EH� IRUPHG��� � 6KDSLQJ� RI� WKH� JUHHQERGLHV� LV� SHUIRUPHG� ZLWK� JUHDW� DGYDQWDJH� DW� URRP�
WHPSHUDWXUH�IURP�WKH�VXVSHQVLRQV�ZLWK�FHUDPLF�WHFKQLTXHV���$IWHU�GU\LQJ�DQG�FDOFLQDWLRQ�WR�
UHPRYH� UHVLGXDO� RUJDQLF� LPSXULWLHV�� WKH� SRURXV� JUHHQERGLHV� FDQ� EH� VLQWHUHG� WR� GHQVH��
WUDQVSDUHQW�JODVVERGLHV��3URFHVV�SHUIRUPDQFH�DQG�UHOLDELOLW\�GHSHQGV�WR�D�YHU\� ODUJH�H[WHQG�
RQ� WKH� VXVSHQVLRQ� SURSHUWLHV�� 3DUWLFOH� VL]H� DQG� DJJORPHUDWLRQ�� VSDWLDO� GLVWULEXWLRQ� RI� WKH�
QDQRVL]HG�SDUWLFOHV�LQ�HDFK�EDWFK�DQG�VXVSHQVLRQ�YLVFRVLW\�DUH�VWURQO\�FRUUHODWHG�DQG�KDYH�WR�
EH�FRQWUROOHG�WKHUHIRUH�FRQWLQXRXVO\��

7KH� IROORZLQJ� WH[W� JLYHV� H[DPSOHV� RI� VXFK� FRQWURO� E\� XVLQJ� WKH� LQIUDUHG� VSHFWURVFRSLFDO�
WHFKQLTXH�RI�DWWDQXDWHG�WRWDO�UHIOHFWDQFH��$75����7KLV�PHWKRG�LV�IDYRXUHG�IRU�PDQ\�FKHPLFDO�
DSSOLFDWLRQV� VLQFH� VDPSOH�SUHSDUDWLRQ� LV�DV�HDV\� D�SRVVLEOH�� OLTXLGV�RU�JHOV�� VRPHWLPHV�HYHQ�
HODVWLF�VDPSOHV�DUH�EURXJKW�LQWR�FRQWDFW�ZLWK�WKH�VXUIDFH�RI�DQ�$75�FU\VWDO��W\SLFDOO\�XVHG�DUH�
JHUPDQLXP�RU�]LQF�VHOHQLGH��7KH� LQIUDUHG� OLJKW� LV�JXLGHG� LQWR�WKH�FU\VWDOO�DQG�²�ZLWKRXW�DQ�
DEVRUELQJ�PHGLXP�²�UHIOHFWHG�WRWDOO\�LQVLGH�DW�WKH�RXWHU�VXUIDFHV��VHH�)LJ�����6R�²�LGHDOO\�DQG�
ZLWKRXW�D�VDPSOH�²�WKH�IXOO�LQWHQVLW\�RI�WKH�LQFLGHQW�OLJKW�LV�JXLGHG�WR�WKH�GHWHFWRU���6DPSOHV�
RQ�WKH�VXUIDFH�RI�WKH�FU\VWDO�FDXVH�OLJKW�DEVRUSWLRQ�LQ�FHUWDLQ�VSHFWUDO�UHJLRQV��7KLV�KDSSHQV�
E\� GDPSLQJ� RI� WKH� ´HYDQHVFHQWµ� HOHFWULF� ILHOG� RI� WKH� OLJKW� ZDYH� SHQHWUDWLQJ� WKURXJK� WKH�
FU\VWDO�VXUIDFH�LQWR�WKH��W\SLFDOO\��ILUVW�PLFURQV�RI�WKH�VDPSOH��7KH�VKDSH�DQG�LQWHQVLW\�RI�WKH�
DEVRUSWLRQ�EDQGV�UHFRUGHG�LV�FKDUDFWHULVWLFDO�IRU�WKH�PDWHULDO��WKH�FKHPLFDO�FRPSRXQGV��DQG�
HYHQ�WKH�SDUWLFOH�VL]H�RI�WKH�QDQR�SRZGHUV�LQ�WKH�VXVSHQVLRQV���

�

([SHULPHQWDO�VHW�XS�

$TXHRXV�VXVSHQVLRQV�RI�ERWK�QDQRVL]HG�DQG�FRDUVHU�VLOLFD�SRZGHUV�ZHUH�SUHSDUHG��7KH�
QDQRVL]HG�IXPHG�VLOLFD�SRZGHUV�XVHG�ZHUH�'HJXVVD�$HURVLO�2;����DQG�$����ZLWK�D�PHDQ�
SDUWLFOH� VL]H� RI� ��� DQG� ��QP� UHVSHFWLYHO\��7KH� DYHUDJH� VL]H� RI� FRDUVHU� VLOLFD� SDUWLFOHV� IURP�
VHYHUDO�RULJLQ�ZDV�VRPH�PLFURQV��)RU�LQIUDUHG�VSHFWURVFRS\��D�%UXNHU�,)6��Y�ZDV�XVHG��WKH�



VDPSOH� FKDPEHU�ZDV� SXUJHG�ZLWK� GU\� QLWURJHQ� SHUPDQHQWO\� WR� UHPRYH�ZDWHU� EDQGV� IURP�
DPELHQW� DLU��7KH�$75�HTXLSPHQW�XVHG�KHUH� LV� D� VWDQGDUG�RQH�� LW� FRQVLVWV� RI� D� JHUPDQLXP�
FU\VWDO�LQ�D�VPDOO�PRXOG��WKH�DQJOH�RI�LQFLGHQW�OLJKW�LV������

��

5HVXOWV�DQG�'LVFXVVLRQ�

6XVSHQVLRQV�ZLWK�GLIIHUHQW�DPRXQWV�RI�D�QDQRVL]HG�IXPHG�VLOLFD�SRZGHUV�ZHUH�SUHSDUHG�
DQG�$75�PHDVXUHPHQW�ZDV�FDUULHG�RXW�OLNH�GHVFULEHG��7\SLFDOO\��VSHFWUD�VKRZ�PDQ\�GHWDLOV�
RI�JUHDWHU�RU�PLQRU�LQWHUHVW��ZKLFK�KDYH�WR�EH�LGHQWLILHG���

�

)LJXUH����7\SLFDO�DUUDQJHPHQW�IRU�DWWHQXDWHG�WRWDO�UHIOHFWDQFH�PHDVXUHPHQW��7KH�

DVVHPEO\�LV�PRXQWHG�ZLWKLQ�WKH�VDPSOH�FKDPEHU�RI�DQ�LQIUDUHG�VSHFWURPHWHU���
�

7KH�VSHFWUD�VKRZQ�LQ�)LJ����DUH�DOUHDG\�UHGXFHG� LQ�VSHFWUDO�UHJLRQ�WR�VKRZ�WKH�DEVRUSWLRQ�
EDQG�W\SLFDO�IRU�WKH�VLOLFD�SDUWLFOHV�LQ�WKH�VXVSHQVLRQ��7UDQVPLWWDQFH�RQH��IXOO�WUDQVPLWWDQFH��
ZRXOG�PHDQ�QR�DEVRUSWLRQ�RI�WKH�VDPSOH��7KH�UHGXFWLRQ� LQ�WUDQVPLWWDQFH�UHVXOWV� IURP�WKH�
FRPELQDWLRQ�RI�ZDWHU�EDQGV�DQG�WKH�DEVRUSWLRQ�GXH�WR�VLOLFD�SDUWLFOHV���

$75�FU\VWDO�,QFLGHQW�OLJKW� /LJKW�WR�GHWHFWRU�

6DPSOH��OLTXLG�RU�JHO��
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)LJXUH����$75�LQIUDUHG�VSHFWUXP�RI�DTXHRXV�VXVSHQVLRQV�ZLWK�GLIIHUHQW�IXVHG�VLOLFD�

SDUWLFOH�FRQFHQWUDWLRQ��7KH�VSHFWUDO�SRVLWLRQ�RI�WKH�DEVRUSWLRQ�EDQG�FDQ�EH�FRUUHODWHG�ZLWK�

EXON�IXVHG�VLOLFD���

7KH� VSHFWUDO� SRVLWLRQ� RI� WKH� DEVRUSWLRQ� EDQGV� LQ� WKH� ILJ�� �� FDQ� EH� FRUUHODWHG� WR� QHWZRUN�
YLEUDWLRQV�RI�EXON�VLOLFD��&OHDUO\�WR�EH�VHHQ�LV�WKH�FRUUHODWLRQ�EHWZHHQ�FRQFHQWUDWLRQ�RI�VLOLFD�
SDUWLFOHV�LQ�WKH�VXVSHQVLRQ�DQG�WKH�LQWHQVLW\�DEVRUEHG��7KLV�HQDEOHV�WKH�PHWKRG�WR�EH�XVHG�
IRU�FRQFHQWUDWLRQ�PHDVXUHPHQW�ZLWKLQ�D�ZHOO�NQRZQ�VHW�RI�VXVSHQVLRQV��

:KHQ�SUHSDULQJ�FROORLGDO�RU�SDUWLFXODWH�JHOV��IRU�VRPH�DSSOLFDWLRQV�KLJKO\�ILOOHG�VXVSHQVLRQV�
ZLWK� ODUJHU� SDUWLFOHV� DUH� RI� LQWHUHVW�� )LJ�� �� VKRZV� VSHFWUD� RI� VXFK� ODUJHU� SDUWLFOHV� LQ�
VXVSHQVLRQV�� � &OHDUO\� WR� EH� QRWHG� LV� WKH� GLIIHUHQW� VKDSH� RI� WKH� DEVRUSWLRQ� EDQGV�� :LWK�
DSSURSULDWH� QXPHULFDO�PHWKRGV�� HYHQ� WKLV� VKDSH� RI� WKH� DEVRUSWLRQ� EDQGV� FDQ� EH� GHGXFHG�
IURP�EXON� VLOLFD�GLHOHFWULFDO� SURSHUWLHV��� �1XPHULFDO� DQDO\VLV� IROORZLQJ� WKH� ´HIIHFWLYH�PHGLD�
PRGHOµ� ZLOO� EH� UHSRUWHG� HOVHZKHUH�� +DYLQJ� RQO\� PROHFXODU� $75�VSHFWUD� RI� HYHU\GD\�V�
FKHPLFDO�DQDO\VLV� LQ�PLQG�� WKH�FKDQJHV� LQ� VKDSH�PLJKW� HDVLO\�PLVOHDG� WR� WKH� DVVXPSWLRQ�RI�
GLIIHUHQW� ´FKHPLFDOµ� FRPSRVLWLRQ�� � ,Q� IDFW�� DOO� WKH� VSHFWUD� LQ� ILJ�� �� UHVXOW� IURP� IXVHG� VLOLFD�
SDUWLFOHV�VXVSHQGHG�LQ�ZDWHU��
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)LJXUH����'LIIHUHQW�SDUWLFOHV�VL]HV�LQ�VXVSHQVLRQV�OHDG�WR�GLIIHQW�VKDSHV�RI�WKH�DEVRUSWLRQ�

EDQGV�DURXQG��������FP���

2QH�RI�WKH�IHZ�VXVSHQVLRQ�SURSHUWLHV�$75�VSHFWURVFRS\�SURYHV�WR�EH�TXLWH�LQVHQVLWLYH�WR�LV�
WKH�GHJUHH� RI� VWDELOLVDWLRQ�ZLWKLQ� WKH� VXVSHQVLRQ��7KLV� LV� FHUWDLQO\�GXH� WR� WKH� IDFW� WKDW� WKH�
ZDYHOHQJWK�RI� LQIUDUHG� OLJKW� LV�PXFK� ORQJHU�WR�W\SLFDO�SDUWLFOH�GLPHQVLRQV��7KHUHIRUH��$75�
´DYHUDJHVµ� RYHU� VXVSHQVLRQV�ZDWHU� DQG� SDUWLFOH� FRQWHQW�� 6R�$75�VSHFWUD� RI�ZHOO�VWDELOL]HG�
2;���VXVSHQVLRQV�DW�S+ ��GR�QRW�GLIIHU�IURP�VSHFWUD�WDNHQ�DW�S+ ���ZKHUH�SDUWLFOHV�VKRZ�
VWURQJ�DJJORPHUDWLRQ��%RWK�VSHFWUD�DUH�YHU\�VLPLODU� WR� WKRVH� LQ� ILJ����� � ,Q� WKLV� FDVH�� IUHH]H�
GU\LQJ� WKH� VXVSHQVLRQV� DQG� LQYHVWLJDWLQJ� PLFURVWUXFWXUH� E\� FU\R�6(0� LV� WKH� DSSURSULDWH�
PHWKRG��VHH�ILJ����
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�
)LJXUH����&U\R�6(0�PLFURJUDSKV�RI�DTXHRXV�VXVSHQVLRQV�ZLWK�DQG�ZLWKRXW�VWDELOLVDWLRQ��

2;�������ZW���DW�S+���VOLJKWO\�DJJORPHUDWHG��OHIW��DQG�VWDELOLVHG��ULJKW��DW�S+����

$V� WKH� FU\R�6(0�PLFURJUDSKV� VKRZ�� VWDELOLVHG� VXVSHQVLRQ� �ULJKW�� DSSHDU� WR� EH� VPRRWKHU�
FRPSDUHG� WR� WKH�XQVWDELOLVHG� �OHIW���7KH�DJJORPHUDWHG�SDUWLFOHV�RQ� WKH� OHIW� VLGH�KDYH�PXFK�
PRUH�IUHH�VSDFH�DYDLODEOH�IRU�VKHDU�PRYHPHQW�²�VR�YLVFRVLW\�LV�PXFK�ORZHU�KHUH��

&RQFOXVLRQV�

6XVSHQVLRQV� IRU� FROORLGDO� JHO� SURFHVVLQJ� RI� QDQRVFDOHG� SRZGHUV� FDQ� EH� FKDUDFWHUL]HG�
ZLWK� DGYDQWDJH� E\�$75� LQIUDUHG�VSHFWURVFRS\��$V� NQRZQ� IURP�EURDG� DSSOLFDWLRQ��$75� LV�
VHQVLWLYH� WR� DEVRUSWLRQ� EDQGV� LGHQWLI\LQJ� FKHPLFDO� FRPSRXQGV�� ,Q� DGGLWLRQ�� WKH� WHFKQLTXH�
SURYHV�WR�EH�VHQVLWLYH�WR�FRQFHQWUDWLRQ�RI�WKH�SDUWLFOHV�LQ�WKH�VXVSHQVLRQ�DQG�WR�VRPH�H[WHQG�
DOVR� WR� WKH� SDUWLFOH� VL]H�� 7KLV� PDQLIHVWV� LQ� GLIIHUHQW� VKDSHV� RI� WKH� VSHFWUD� DQG� ZLOO� EH�
LQYHVWLJDWHG� IXUWKHU��7R� REVHUYH� WKH� GHJUHH� RI� VWDELOLVDWLRQ�� GLIIHUHQW� WHFKQLTXHV� OLNH� FU\R�
6(0�FDQ�EH�DSSOLHG�ZLWK�DGYDQWDJH���

������������������������������ �������������������

��5��&ODVHQ��-��1RQ�&U\VW��6ROLGV�����SS������������������
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