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7KH�VLQWHULQJ�RI�QDQRVFDOHG�JODVV�SRZGHUV�RIIHUV�QHZ�SRVVLELOLWLHV�IRU�WKH�SUHSDUDWLRQ�RI�EXON�JODVVHV�

DQG�JODVV�FRDWLQJV�EHFDXVH�WKH�PD[LPXP�SURFHVVLQJ�WHPSHUDWXUH�FDQ�EH�VLJQLILFDQWO\�UHGXFHG�FRPSDUHG�WR�
WKH� WUDGLWLRQDO� PHOWLQJ� WHFKQLTXH�� 1DQRVFDOHG� JODVV� SDUWLFOHV� DUH� QHFHVVDU\� LI� D� FRPSDFW� VKRXOG� EH�

FRPSOHWHO\� GHQVLILHG� WR� D� WUDQVSDUHQW� JODVV� ERG\� E\� VLQWHULQJ� EHORZ� WKH� FU\VWDOOLVDWLRQ� WHPSHUDWXUH��

$FFRUGLQJ�WR�WKH�RSWLFDO� ILEUH�WHFKQRORJ\�ZKHUH�KLJK�SXULW\�VLOLFD�JODVVHV�DUH�SUHSDUHG�VWDUWLQJ�IURP�JDV�

SKDVH� GHSRVLWHG�� QDQRVFDOHG� VLOLFD� JODVV�SDUWLFOHV�� WKH� IRUPLQJ�PHWKRGV� NQRZQ� IURP� FHUDPLF� WHFKQRORJ\�

ZHUH�DGDSWHG�WR�SXUH�DQG�GRSHG�IXPHG�VLOLFD�SRZGHUV��7KXV�FRPSOH[�VKDSHV�RI�JODVV�ERGLHV�DQG�FRXOG�EH�

SUHSDUHG�ZLWKRXW�PRXOGV���

)RU� WKH� SUHSDUDWLRQ� RI� WKLFN� JODVV� FRDWLQJV� ���� �� ���� �P�� RQ� D� VXEVWUDWH� JODVV� WKH� GHFUHDVH� RI� WKH�

SURFHVVLQJ� WHPSHUDWXUH� LV� RI� JUHDW� LPSRUWDQFH�� 'XH� WR� UHGXFWLRQ� RI� WKH� SURFHVVLQJ� WHPSHUDWXUH� RI�

QDQRVFDOHG� JODVV�� JODVV� FRPSRQHQWV�� ZKLFK� ORZHU� WKH� YLVFRVLW\� �OLNH� OHDG� R[LGH�� FDQ� EH� RPLWWHG� DQG��

FRQVHTXHQWO\��WKH�FKHPLFDO�UHVLVWDQFH�LV�QRW�UHGXFHG��)RU�WKHVH�WKLFN�JODVV�FRDWLQJV�WKH�WKHUPDO�H[SDQVLRQ�

FRHIILFLHQW� KDV� WR� EH� PDWFKHG� WR� WKH� VXEVWUDWH� JODVV�� $V� WKHVH� PXOWLFRPSRQHQW� JODVV� SRZGHUV� DUH�

FRPPHUFLDOO\� QRW� DYDLODEOH�� LW� ZDV� VKRZQ� WKDW� WKHVH� SRZGHUV� FDQ� EH� V\QWKHVLVHG� E\� D� PRGLILHG� IODPH�
K\GURO\VLV��)RU�D�ERURVLOLFDWH�JODVV�SRZGHU�WKH�SURFHVVLQJ�WHPSHUDWXUH�IRU�FRPSOHWH�GHQVLILFDWLRQ�FRXOG�EH�

GHFUHDVHG�WR�DSSUR[�������&��

,QWURGXFWLRQ�

*ODVVHV�DUH�JHQHUDOO\�SUHSDUHG�E\�PHOWLQJ�UDZ�PDWHULDOV�RU�JODVV�SRZGHUV��$Q�DOWHUQDWLYH�
SURFHVV�IRU�DGYDQFHG�PDWHULDOV�LV�VLQWHULQJ�RI�FRPSDFWV�PDGH�IURP�QDQRVL]HG�SRZGHUV��7KLV�
VLQWHULQJ� URXWH� ZDV� SXVKHG� IRUZDUG� IRU� WKH� SUHSDUDWLRQ� RI� KLJK�SXULW\� JODVVHV� IRU� RSWLFDO�
ILEUHV��ZKHUH�QDQRVL]HG�VLOLFD�JODVV�SRZGHUV�ZHUH�XVHG�GXH�WR�WKH�VKRUW�GLIIXVLRQ�SDWK�RI�WKH�
LPSXULWLHV� LQVLGH� WKHVH� VPDOO� SDUWLFOHV��� &RPSDFWV� ZHUH� SUHSDUHG� E\� GLUHFW� JDV� SKDVH� GH�
SRVLWLRQ� RU�� DOWHUQDWLYHO\�� E\� FROORLGDO� SURFHVVLQJ� �����RI� IXPHG� VLOLFD�� DQG� � VRO�JHO�
SURFHVVLQJ���� ,W� ZDV� VKRZQ� WKDW� WKH� SURSHUWLHV� RI� VLQWHUHG� VLOLFD� JODVVHV� FRXOG� EH� ZLGHO\�
FKDQJHG�OHDGLQJ�WR�IXUWKHU�DSSOLFDWLRQV���

%HVLGHV�EXON�JODVVHV�WKH�SUHSDUDWLRQ�RI�WKLFN�JODVV�FRDWLQJV����������P��YLD�VLQWHULQJ�RI�
QDQRVL]HG� JODVV� SRZGHUV� LV� DOVR� RI� LQWHUHVW@����*ODVV� SRZGHUV� IRU� HQDPHOV� DQG� JOD]HV� DUH�
JHQHUDOO\�SUHSDUHG�E\�JULQGLQJ��7KHUHIRUH�WKH�SDUWLFOH�VL]H�LV�W\SLFDOO\�ODUJHU�WKDQ�����P�DQG��
FRQVHTXHQWO\��WKHVH�SRZGHUV�KDYH�WR�EH�GHQVLILHG�E\�PHOWLQJ��ZKLFK�QHHGV�YLVFRVLWLHV�RI�WKH�
FRDWLQJ� JODVV� RI� OHVV� WKDQ� ���� G3DÃV�� $V� IRU� WHFKQLFDO� JODVVHV� WKH� PD[LPXP� SURFHVVLQJ�
WHPSHUDWXUH�LV� OLPLWHG�WR������������&��WKH�YLVFRVLW\�RI�WKH�FRDWLQJ�JODVV�KDV�WR�EH�UHGXFHG�
VLJQLILFDQWO\�FRPSDUHG�WR�WKH�VXEVWUDWH�JODVV��2WKHUZLVH�SUREOHPV�ZLWK�WKH�GLVWRUWLRQ�RI�WKH�
VKDSHG� JODVV� ERG\�PD\� RFFXU�� 7KH� ORZHULQJ� RI� WKH� YLVFRVLW\� LV� DFKLHYHG�ZLWK� D� ÅFKHPLFDO�
FRPSURPLVH´�EHFDXVH�ZLWK�WKHVH�QHWZRUN�PRGLILHUV��ZKLFK�ORZHU�WKH�YLVFRVLW\��WKH�FKHPLFDO�
GXUDELOLW\�RI�WKH�JODVV�LV�DOVR�GHFUHDVHG��)RU�QDQRVL]HG��VLQWHUHG�JODVV�SDUWLFOHV�WKH�SURFHVVLQJ�
WHPSHUDWXUH� FDQ� EH� UHGXFHG� ZLWKRXW� WKLV� ÅFKHPLFDO� FRPSURPLVH´�� )RU� WKLFN� FRDWLQJV� RQ�
VXEVWUDWHV� RI� WHFKQLFDO� JODVVHV� WKH� WKHUPDO� H[SDQVLRQ� FRHIILFLHQW� RI� ERWK� JODVVHV� KDV� WR� EH�
DGMXVWHG��7KHUHIRUH�IXPHG�VLOLFD�SRZGHUV�DUH�QR�ORQJHU�DSSOLFDEOH�DQG�PXOWLFRPSRQHQW�JODVV�
SRZGHUV�KDYH�WR�EH�XVHG��8QIRUWXQDWHO\��QDQRVFDOHG�PXOWLFRPSRQHQW�JODVV�SRZGHUV�DUH�QRW�
\HW�FRPPHUFLDOO\�DYDLODEOH��

,W�LV�WKH�REMHFWLYH�RI�WKLV�SDSHU�WR�UHYLHZ�WKLV�VLQWHULQJ�URXWH�VKRZLQJ�WKH�VSHFLILF�SUREOHPV�
GXULQJ�SURFHVVLQJ�DV�ZHOO�DV�WKH�SHUVSHFWLYHV�IRU�QHZ�DSSOLFDWLRQV�RI�QDQRVL]HG�SRZGHUV��



)XQGDPHQWDOV�RI�SURFHVVLQJ�QDQRSRZGHUV�

,Q� FRQWUDVW� WR� WKH� FRQYHQWLRQDO� PHOWLQJ� RI� JODVV� ZKLFK� QHHGV� KLJK� WHPSHUDWXUHV� GXULQJ�
UHILQLQJ�WR�UHGXFH�WKH�YLVFRVLW\�RI�WKH�JODVV�PHOW�WR��������G3DÃV��WKH�PD[LPXP�SURFHVVLQJ�
WHPSHUDWXUH�GXULQJ�VLQWHULQJ�RI�QDQRVL]HG�JODVV�SRZGHUV�LV�VLJQLILFDQWO\�UHGXFHG��:LWK�WKHVH�
SDUWLFOHV� VLQWHULQJ� WDNHV� SODFH� DW� YLVFRVLWLHV� RI� ����������� G3DÃV�� 7KH� GLIIHUHQFH� EHWZHHQ�
PHOWLQJ� DQG� VLQWHULQJ� LV� VFKHPDWLFDOO\� VKRZQ� LQ� ILJ�� �� DFFRUGLQJ� WR� WKH� YLVFRVLWLHV� RI� ��
WHFKQLFDO� JODVVHV�� $OWKRXJK� DOO� JODVV� SRZGHUV� GHQVLI\� YLD� YLVFRXV� IORZ� DW� HOHYDWHG�
WHPSHUDWXUHV�WKH�WHUP��VLQWHULQJ��LV�XVHG�LQ�WKLV�SDSHU�RQO\�IRU�WKLV�YLVFRVLW\�UDQJH��
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)LJ������'HILQLWLRQ�RI�PHOWLQJ�DQG�VLQWHULQJ�UHJLPH�RI�JODVVHV�DFFRUGLQJ�WR�YLVFRVLW\�

)RU�D�FRPSOHWH�VLQWHULQJ�RI�D�FRPSDFW�WR�WUDQVSDUHQW�JODVV�YLD�YLVFRXV�IORZ��QDQRVFDOHG�JODVV�
SDUWLFOHV�DUH�QHFHVVDU\�EHFDXVH�RWKHUZLVH�WKH�FULWLFDO�FU\VWDOOLVDWLRQ�WHPSHUDWXUH�LV�H[FHHGHG��
+HDW� WUHDWPHQW�GXULQJ�VLQWHULQJ�RI�JODVV�SRZGHUV�GLIIHUV�IURP�WKH�PHOWLQJ�RI�JODVV��'XULQJ�
VLQWHULQJ�WKH�WHPSHUDWXUH�RI�WKH�FRPSDFW�LV�UDLVHG�DIWHU�VKDSLQJ�DW�URRP�WHPSHUDWXUH��ZKLOH�
IRU�WKH�FRQYHQWLRQDO�KRW�ZRUNLQJ�RI�JODVV�WKH�WHPSHUDWXUH�LV�ORZHUHG�IURP�WKH�PROWHQ�JODVV��
&RQVHTXHQWO\��WKH�FULWLFDO�DUHDV�RI�FU\VWDO�JURZWK�DQG�VHHG�IRUPDWLRQ�DUH�SDVVHG�LQ�RSSRVLWH�
GLUHFWLRQV��7KH�VLQWHULQJ�UHJLPH�LV�OLPLWHG�E\�FU\VWDOOLVDWLRQ�WHPSHUDWXUH��7KLV�LV�VFKHPDWLFDOO\�
VKRZQ�LQ�ILJXUH����7KH�FRPSOHWH�GHQVLILFDWLRQ�RI�D�FRPSDFW�WR�WUDQVSDUHQW�JODVV�FDQ�EH�RQO\�
DFKLHYHG� LI� WKH�VLQWHULQJ� WHPSHUDWXUH� LV� ORZHU� WKDQ� WKH�FU\VWDOOLVDWLRQ� WHPSHUDWXUH��)RU� WKDW�
WKH�SDUWLFOH�VL]H�RI�WKH�JODVV�SRZGHUV�KDV�WR�EH�YHU\�VPDOO��,I�WKH�VHHG�IRUPDWLRQ�LV�YHU\�ORZ�
ZKLFK�PLJKW�EH�DFKLHYHG�LQ�KLJK�SXULW\�JODVVHV��OLNH�VLOLFD�JODVV��RU�ZLWK�KLJK�KHDWLQJ�UDWHV�LQ�
WKH�VHHG�IRUPDWLRQ�DUHD��WKH�PD[LPXP�SURFHVVLQJ�WHPSHUDWXUH�FDQ�EH�LQFUHDVHG��7KHUHIRUH�
WKH�WHPSHUDWXUH�WUHDWPHQW�DQG�WKH�SDUWLFOH�VL]H�RI�WKH�FRPSDFW�DUH�GRPLQDWLQJ�IDFWRUV�IRU�WKH�
VLQWHULQJ�EHKDYLRXU� DQG� WKH�SRVVLELOLW\� WR� JHW� D� WUDQVSDUHQW�JODVV�E\� VLQWHULQJ�� ,W� VKRXOG�EH�
NHSW� LQ�PLQG� WKDW� IRU� FRQYHQWLRQDO� KHDWLQJ� LQ� D� IXUQDFH� WKH� WHPSHUDWXUH� LQVLGH� WKH� VDPSOH�
GHSHQGV�RQ�WKH�WKHUPDO�FRQGXFWLYLW\��ZKLFK�LV�UDWKHU�ORZ�LQ�FRPSDFWV�PDGH�IURP�QDQRVL]HG�
SRZGHUV����
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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)LJ������'LIIHUHQW�KHDW�SURJUDP�IRU�VLQWHULQJ�DQG�PHOWLQJ�RI�JODVVHV�



3URFHVVLQJ�RI�QDQRVL]HG�SRZGHUV�

7KH� SURGXFWLRQ� RI� RSWLFDO� ILEUHV� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� H[DPSOHV� IRU� WKH�
SUHSDUDWLRQ� RI� DGYDQFHG� PDWHULDOV� VWDUWLQJ� IURP� QDQRVL]HG� SDUWLFOHV�� $V� WKHVH� DFWLYLWLHV�
VWDUWHG� RQ� UHVHDUFK� OHYHO� DOUHDG\� ������ WKHVH� SURFHVVHV� DUH� PXFK� ROGHU� WKDQ� WKH� WHUP�
�QDQRWHFKQRORJ\���$�EULHI�SUHVHQWDWLRQ�RI�IRXU� LPSRUWDQW�SURGXFWLRQ�SURFHVVHV� LV�JLYHQ� LQ�
ILJ�����:KLOH�LQ�LQVLGH�SURFHVVHV� OLNH�3&9'�DQG�0&9'�WKH�JHQHUDWHG�SDUWLFOHV�DUH�GLUHFWO\�
FRQVROLGDWHG�RQ�WKH�VXEVWUDWH�JODVV��LQ�29'�DQG�9$'�FRPSDFWV�RI�QDQRVL]HG�VLOLFD�SDUWLFOHV�
DUH�IRUPHG��ZKLFK�DUH�ILQDOO\�VLQWHUHG�WR�WUDQVSDUHQW�VLOLFD�JODVV��'XH�WR�WKH�VPDOO�GLIIXVLRQ�
SDWK�LQ�QDQRVL]HG�JODVV�SDUWLFOHV�LQ�D�FRPSDFW�ZLWK�RSHQ�SRUHV��LPSXULWLHV�FDQ�HDVLO\�UHPRYHG�
LQ�D�UHDFWLYH�DWPRVSKHUH�OLNH�FKORULQH�EHIRUH�VLQWHULQJ�OHDGLQJ�WR�D�KLJK�SXULW\�JODVV��LPSXULW\�
OHYHO���SSE���7KLV�ELJ�DGYDQWDJH�OHG�WR�WKH�EUHDN�WKURXJK�RI�WKLV�QHZ�PHWKRG���
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)LJ������6FKHPDWLF�SUHVHQWDWLRQ�RI�WKH�PRVW�LPSRUWDQW�SURFHVVHV�IRU�SURGXFLQJ�RSWLFDO�ILEUHV�IRU�

WHOHFRPPXQLFDWLRQ�

7KH� VHSDUDWLRQ� RI� SRZGHU� V\QWKHVLV� DQG� VKDSLQJ� RI� FRPSDFWV� LQWR� WZR� SURFHVVLQJ� VWHSV�
RIIHUV�D�KLJKHU�IOH[LELOLW\�IRU�WKH�SUHSDUDWLRQ�RI�FRPSDFWV�ZLWK�PRUH�FRPSOH[�VKDSHV�RU�QHZ�
SURSHUWLHV� IRU� IXUWKHU� DSSOLFDWLRQV�� 7KH� SURFHVVLQJ� VFKHPH� LV� VKRZQ� LQ� ILJ�� ��� )RU� WKH�
SUHSDUDWLRQ�RI�VLQWHUHG�JODVVHV�D�KLJK�JUHHQ�GHQVLW\�LV�DGYDQWDJHRXV�WR�UHGXFH�VKULQNDJH�DQG�
WR�UHDFK�QHDU�QHW�VKDSH��,Q�FRQWUDVW�WR�WKLV�IRU�DHURJHOV�D�YHU\�ORZ�JUHHQ�GHQVLW\�VKRXOG�EH�
UHDFKHG�� ,I�PRGLILFDWLRQ� RI� WKH� FRPSDFW� ZLWK� D� JDV�SKDVH� UHDFWLRQ� LV� SODQQHG�� D�PHGLXP�
JUHHQ�GHQVLW\�VKRXOG�EH�IDYRXUHG�EHFDXVH�WKH�JDV�H[FKDQJH�LQ�WKH�VPDOO�SRUHV�FRUUHODWHG�WR�
KLJK�JUHHQ�GHQVLWLHV�LV�YHU\�ORZ��.QXGVHQ�UHJLPH���$�WKLUG�SURFHVV�GLUHFWLRQ�LV�VKRZQ�LQ�WKH�
XSSHU�ULJKW��ZKHUH�IXQFWLRQDO�QDQRSDUWLFOHV�DUH�LQFRUSRUDWHG�LQWR�WKH�JODVV�PDWUL[��,Q�FDVH�RI�



PDNLQJ� KLJK�GHQVLW\� FRPSDFWV� QDQRVL]HG� SDUWLFOHV� DUH� RQO\� XVHG� WR� UHGXFH� SURFHVVLQJ�
WHPSHUDWXUH��$IWHU�VLQWHULQJ�D�KRPRJHQHRXV�JODVV�LV�IRUPHG�DQG��LQ�FRQWUDVW�WR�FHUDPLFV��QR�
JUDLQ�VL]H�FRUUHODWHG�WR�VWDUWLQJ�SRZGHUV�FDQ�EH�GHWHFWHG�DQ\PRUH��

�
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IODPH�K\GURO\VLV
ODVHU�DEODWLRQ
SODVPD�V\QWKHVLV

QDQR�
SRZGHU

UHDFWLYH
OLTXLG

GLVSHUVLQJ

IRUPLQJ

GU\LQJ S\URO\VLV

PRGLILFDWLRQ

VLQWHULQJ WUDQVSDUHQW�JODVV

DHURJHOV
FDWDO\VHUV
ILOWHU��PHPEUDQHV

UHODWLYH�JUHHQ�GHQVLW\

VLQJOH�SDUWLFOHV��
LQ�PDWUL[

�

)LJ������3URFHVVLQJ�VFKHPH�IRU�VLQWHULQJ�JODVVHV�IURP�QDQRSRZGHUV�

�

)RU�SUHSDUDWLRQ�RI�JODVVHV�YLD�WKLV�VLQWHULQJ�URXWH�D�FRQYHQLHQW�QDQRVL]HG�VWDUWLQJ�SRZGHU�LV�
QHHGHG�� 7KHUH� DUH� D� ORW� RI� V\QWKHVLV� URXWHV�� ZKLFK� EHHQ� WHVWHG� IRU� SUHSDULQJ� QDQRVL]HG�
SRZGHUV��

• YDFXXP�GHSRVLWLRQ��HYDSRUDWLRQ��VSXWWHULQJ��QREOH�JDV�FRQGHQVDWLRQ��

• JDV�SKDVH�GHSRVLWLRQ��IODPH�K\GURO\VLV��ODVHU�DEODWLRQ��SODVPD�EXUQHU��

• FKHPLFDO�UHDFWLRQ��VRO�JHO�PHWKRG��HPXOVLRQV�PHWKRG��S\URO\VLV��

• HOHFWURFKHPLFDO�PHWKRGV�

• PHFKDQLFDO�PHWKRGV��EDOO�PLOOV��

,W� LV� LPSRUWDQW� WKDW� WKH� VWDUWLQJ� SRZGHUV� DUH� QRQ�SRURXV�� JODVV\�� DQG� VKRXOG� FRQWDLQ� QR�
RUJDQLF� FRQWDPLQDWLRQV�� 7KLV� LV� D� JHQHUDO� SUREOHP� LQ� ZHW� FKHPLFDO� V\QWKHVLV� PHWKRGV��
)XPHG�VLOLFD�SRZGHU�LV�D�ZHOO�VXLWHG�DQG�LQH[SHQVLYH�VWDUWLQJ�PDWHULDO��ZKLFK�LV�SURGXFHG�LQ�
D� YDULHW\� RI� VSHFLILFDWLRQV� YLD� IODPH� K\GURO\VLV� RQ� DQ� LQGXVWULDO� VFDOH�� )URP� WKHVH�
FRPPHUFLDOO\� DYDLODEOH� SRZGHUV� 'HJXVVD� $HURVLO� 2;��� LV� PRVW� FRQYHQLHQW� GXH� WR� LWV�
UHODWLYHO\�ODUJH�SDUWLFOHV�VL]H�RI����WR�����QP��&RPSDUHG�WR�ILQHU�SRZGHUV�OLNH�$HURVLO�$����
WKH�SUREOHPV�ZLWK�VKULQNDJH�GXULQJ�GU\LQJ�DUH�PXFK�VPDOOHU�ZLWK�$HURVLO�2;�����

&RPSDFWV� RI� $HURVLO� 2;��� FDQ� EH� SUHSDUHG� E\� GLIIHUHQW� PHWKRGV�� &RQYHQLHQW� PHWKRGV�
VKRXOG�VWDUW�IURP�VXVSHQVLRQV�ZLWK�ORZ�YLVFRVLW\�EHFDXVH�LQ�WKLV�FDVH�LW�LV�HDVLHU�WR�VHSDUDWH�
DJJUHJDWHG�SDUWLFOHV��WKLV�LV�YHU\�LPSRUWDQW�WR�DFKLHYH�D�KRPRJHQRXV�FRPSDFW�DIWHU�VKDSLQJ��
6RPH�H[DPSOHV�DUH��



• SDUWLFXODWH�JHOOLQJ��VWDUWLQJ�IURP�QDQRVL]HG�SDUWLFOHV��

• VRO�JHO�PHWKRG��VWDUWLQJ�IURP�VROXWLRQV��

• HOHFWURSKRUHWLF�GHSRVLWLRQ�IURP�VXVSHQVLRQV�

)RUPLQJ�RI�SDUWLFXODWH�JHOV��FRDJXODWLRQ�SURFHVV��LV�D�YHU\�VLPSOH�PHWKRG��ZKHUH������ZW����
1+�)� LV� DGGHG� WR� DQ� DTXHRXV� VXVSHQVLRQ� RI� ���ZW����$HURVLO�2;������'XH� WR� WKH� KLJK�
WKL[RWURS\�RI�WKLV�VXVSHQVLRQ�LW�VKRZV�D�ORZ�YLVFRVLW\�XQGHU�VKHDU�VWUHVV��W\S���������P3DÃV��
DQG�FDQ�EH�SRXUHG�LQWR�D�PRXOG��8QGHU�UHVWLQJ�WKH�VXVSHQVLRQ�FRDJXODWHV�DQG�WKH�VWLIIHQHG�
ERG\� FDQ� EH� UHPRYHG� IURP� WKH�PRXOG� �VFKHPDWLFDOO\� VKRZQ� LQ� ILJ�� ����+HUHE\� DQ\� VKHDU�
VWUHVV�KDV�WR�EH�DYRLGHG��7KHUHIRUH�WKH� LPSURYHPHQW�RI� WKH�PHFKDQLFDO�VWUHQJWK�ZRXOG�EH�
GHVLUDEOH��7KLV�FDQ�EH�DFKLHYHG�E\�DGGLQJ�D�ELQGHU��ZKLFK�SRO\PHULVHV�DIWHU�WKH�VXVSHQVLRQ�
KDG�EHHQ�SRXUHG�LQWR�D�PRXOG��OLNH�WKH�/XFHQW�SURFHVV�DFFRUGLQJ�WR�8�6��SDWHQW�������������
)RU�WKDW����J�'HJXVVD�$HURVLO�2;�������P��J��ZHUH�GLVSHUVHG�LQ����P/�SXUH�ZDWHU���P/�
WHWUDPHWK\ODPPRQLXP� K\GUR[LGH� �70$+�� ��� �� LQ� ZDWHU��� 7KHQ� WKH� ELQGHU� ZDV� DGGHG�
ZKLFK� FRQVLVWHG�RI�����J�SRO\HWK\OR[D]ROLQH������ J�JO\FHULQH�� DQG������P/�PHWK\O� IRUPDWH��
7KLV�VXVSHQVLRQ�ZDV�SRXUHG�LQWR�D�

VKHDU

��UKHRSOH[
��%LQJKDP��ERG\
��WKL[RWURS
��QHZWRQLF
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)LJ������0HFKDQLVP�RI�IRUPLQJ�SDUWLFXODWH�JHOV�YLD�FRDJXODWLRQ�

PRXOG�GLUHFWO\�DIWHU�PL[LQJ�WKH�FRPSRQHQWV��$IWHU�VRPH�PLQXWHV�WKH�VXVSHQVLRQ�JHOOHG�DQG�
WKH� VWLIIHQHG� FRPSDFW� FRXOG�EH� UHPRYHG� IURP� WKH�PRXOG� DIWHU� ���PLQ��7KH� FRPSDFW�ZDV�
GULHG�DW�DPELHQW�DWPRVSKHUHV�DQG�KHDWHG�IRU���K�DW������&�LQ�DLU�WR�UHPRYH�WKH�ELQGHU��7KH�
UHODWLYH�JUHHQ�GHQVLW\�ZDV���������ZKLFK�LV�DSSUR[LPDWHO\�WKH�VDPH�OLNH�WKH�FRPSDFWV�PDGH�
E\�WKH�FRDJXODWLRQ�PHWKRG�ZLWK�1+�)���
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JUHHQ�GHQVLW\ �

)LJ������6KULQNDJH�∆/�/�GXULQJ�VLQWHULQJ��OHIW��DQG�FRUUHODWLRQ�RI�JUHHQ�GHQVLW\�DQG�VKULQNDJH�
�ULJKW���



,Q�ILJ����D�FRPSDFW�ZLWK�FRPSOH[�VKDSH�SUHSDUHG�E\�WKLV�ELQGHU�PHWKRG�LV�VKRZQ�RQ�WKH�OHIW�
VLGH��7KLV�VKDSHG�ERG\�ZDV� LVRWKHUPDOO\�VLQWHUHG�DW�������&�����.�PLQ�� LQ�DLU��(YHQ�ZLWK�
WKLV�VLPSOH�PHWKRG�WUDQVSDUHQW�VLOLFD�JODVV�ZDV�REWDLQHG��$W�WKH�ULJKW�VLGH�RI�WKH�SLFWXUH�LQ�
ILJ�� �� WKH� RZO� LV� VKRZQ� DIWHU� VLQWHULQJ�� 6LQWHULQJ� LQ� KHOLXP�RU� YDFXXP� LPSURYHV� WKH� JODVV�
TXDOLW\��7KH� KLJK� VKULQNDJH� GXULQJ� VLQWHULQJ� FDQ� FOHDUO\� EH� VHHQ��7KLV� VKULQNDJH� LV� GLUHFWO\�
FRUUHODWHG�WR�WKH�JUHHQ�GHQVLW\�RI�WKH�FRPSDFW��7KLV�LV�VKRZQ�LQ�WKH�GLDJUDP�LQ�ILJ����EDVHG�
RQ�D�VLPSOH�FDOFXODWLRQ��

$�VLJQLILFDQW�LQFUHDVH�RI�WKH�JUHHQ�GHQVLW\�FDQ�RQO\�EH�DFKLHYHG�LI�FRDUVHU�SDUWLFOHV�DUH�DGGHG�
WR� WKH� QDQRVL]HG� SRZGHUV� OLNH� $HURVLO� 2;���� ,W� LV� ZHOO� NQRZQ� WKDW� ELPRGDO� RU� WULPRGDO�
SDUWLFOH� VL]H� GLVWULEXWLRQV� FDQ� LQFUHDVH� WKH� JUHHQ� GHQVLW\� HYHQ� DERYH� WKH� KH[DJRQDO� GHQVH�
SDFNLQJ�RI�VSKHUHV���������7KXV�VLOLFD�FRPSDFWV�ZLWK�GHQVLWLHV�RI�������DQG�PRUH��FRXOG�EH�
DFKLHYHG�UHVXOWLQJ�LQ�D�GUDVWLFDOO\�UHGXFHG�VKULQNDJH�GXULQJ�VLQWHULQJ��$Q�H[DPSOH�LV�VKRZQ�
LQ� ILJ�� ��� 7KH� DGGHG� FRDUVHU� SDUWLFOHV� LQFUHDVH� WKH� VLQWHULQJ� WHPSHUDWXUH� QHFHVVDU\� IRU�
WUDQVSDUHQW�JODVV��$V�D�KLJKHU�JUHHQ�GHQVLW\�UHGXFHV�VLQWHULQJ�WHPSHUDWXUH�RQ�WKH�RWKHU�KDQG��
LQ� WRWDO� WKHUH� LV� RQO\� D� VOLJKW� LQFUHDVH� RI� VLQWHULQJ� WHPSHUDWXUH� IRU� WKHVH� KLJK�GHQVLW\�
FRPSDFWV�RI�DSSUR[������&��

�

�

)LJ������3DUURWV�ZLWK�UHGXFHG�VKULQNDJH��*UHHQ�ERG\��OHIW��DQG�VLQWHUHG�JODVV��ULJKW��

�

0RGLI\LQJ�FRPSDFWV�

2QH� ELJ� DGYDQWDJH� RI� WKH� VLQWHULQJ� URXWH� IRU� SUHSDULQJ� JODVVHV� LV� D� ODUJH� YDULHW\� RI�
SRVVLEOLWLHV�IRU�PRGLI\LQJ�WKH�SURSHUWLHV��%HVLGH�WKH�ZHOO�HVWDEOLVKHG�SXULILFDWLRQ�LQ�D�UHDFWLYH�
DWPRVSKHUH��ZKLFK�LV�VWDWH�RI�WKH�DUW�IRU�RSWLFDO�ILEUHV��DOO�NLQGV�RI�GRSLQJV�FDQ�EH�DSSOLHG�YLD�
WKH�RSHQ� SRUH� VWUXFWXUH� RI� WKH� FRPSDFWV��7KLV� LV� VFKHPDWLFDOO\� VKRZQ� LQ� ILJ�� ���:KLOH� IRU�
ZHOO�NQRZQ�UXE\�JODVVHV�RU�UHG�&G6�6H�JODVVHV�WKH�FRORXULQJ�FRPSRQHQW�KDV�WR�EH�VROYHG�LQ�
WKH�PROWHQ�JODVV��IRU�VLQWHUHG�JODVVHV�WKH�VHFRQG�FRPSRQHQW�KDV�RQO\�EH�LQFRUSRUDWHG�YLD�D�
VROXWLRQ�RU�VXVSHQVLRQ�LQWR�WKH�RSHQ�SRUHV��$IWHU�GU\LQJ�RI�WKH�VROYHQW�WKH�SRUH�VL]H�RI�WKH�
FRPSDFW�GHWHUPLQHV�WKH�VL]H�RI�WKH�IXQFWLRQDO�QDQRVL]HG�VHFRQGDU\�SKDVH�LI�QR�SHUFRODWLRQ�
RFFXUV�GXULQJ�GU\LQJ��,W� LV�PXFK�HDVLHU� WR�FRQWURO� WKH�SRUH�VL]H�RI�D�FRPSDFW�FRPSDUHG� WR�
WKH�VHHGLQJ�DQG�FU\VWDO�JURZWK�SURFHVV�LQ�WKH�PHOWLQJ�URXWH��)XUWKHUPRUH��JUDGLHQWV�RU�ORFDO�
VWUXFWXUHV�FDQ�EH�HDVLO\��

�



FRQYHQWLRQHO�SUHFLSLWDWLRQ

VRDNLQJ�RI�FRPSDFWV�PDGH�IURP�QDQRSDUWLFOHV�
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JUHHQ�ERG\
FRQWUROOLQJ�SRUH�VL]H

VRDNLQJ�ZLWK�
VDOW�VROXWLRQ

GU\LQJ�
UHGXFLQJ

VLQWHULQJ

WHPSHULQJ

VHHG�IRUPDWLRQ
FU\VWDO�JURZWK

KRPRJHQHRXV�
VROXWLRQ�LQ�JODVV

�

)LJ������6FKHPDWLF�FRPSDULVRQ�RI�FRQYHQWLRQDO�DQG�SRUH�VL]HG�FRQWUROOHG�SUHSDUDWLRQ�RI�QDQRVL]HG�

VHFRQGDU\�SKDVHV�LQVLGH�D�JODVV�

DFKLHYHG�� 'XH� WR� WKLV� KLJK� QXPEHU� RI� SRVVLELOLWLHV� WR� PRGLI\� D� FRPSDFW� RQO\� D� EULHI�
VXPPDULVH�FDQ�EH�JLYHQ��

• SUHSDUDWLRQ�RI�QDQRFRPSRVLWHV�

• JUDGLHQW�PDWHULDOV�

• JODVV�PHWDO�FRPSRVLWHV��H�J��FRPELQLQJ�HOHFWURSKRUHWLF�GHSRVLWLRQ�DQG�
HOHFWURGHSRVLWLRQ�

�

3UHSDUDWLRQ�RI�FRDWLQJV�RI�QDQRVL]HG�SRZGHUV�

%HVLGHV�WKH�SUHSDUDWLRQ�RI�QHDU�QHW�VKDSHG�JODVVHV�YLD�WKH�GHVFULEHG�VLQWHULQJ�URXWH�WKLFN�
FRDWLQJV��W\SLFDOO\����������P��DUH�RI�JUHDW�LQWHUHVW��,Q�PDQ\�FDVHV�LW�LV�PXFK�HDVLHU�WR�PRGLI\�
WKH� SURSHUWLHV� RI� D� PDWHULDO� E\� FRDWLQJ� LQVWHDG� RI� FKDQJLQJ� WKH� FRPSOHWH� EXON� YROXPH��
HVSHFLDOO\�LI�UDWKHU�H[SHQVLYH�QDQRVL]HG�SRZGHUV�DUH�XVHG��)RU�FRDWLQJV�RI�ILQH�SRZGHUV�RQ�D�
VXEVWUDWH��WKH�PD[LPXP�VLQWHULQJ�WHPSHUDWXUH�PLJKW�EH�DGGLWLRQDOO\�OLPLWHG�E\�WKH�VXEVWUDWH��
$�VXPPDU\�IRU�GLIIHUHQW�VXEVWUDWH�PDWHULDOV�LV�JLYHQ�LQ�ILJ�����7KHUH�DUH�QR�VHYHUH�SUREOHPV�
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JUHDW� LPSRUWDQFH� LQVWHDG� RI� XVLQJ� JODVV� FRPSRQHQW� ZKLFK� UHGXFH� YLVFRVLW\� DQG��
FRQVHTXHQWO\��FKHPLFDO�VWDELOLW\��7KLV�SRLQW�ZDV�DOUHDG\�PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��
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)RU�WKLFN�JODVV�FRDWLQJV�WKH�WKHUPDO�H[SDQVLRQ�FRHIILFLHQW�RI�WKH�FRDWLQJ�JODVV�DQG�VXEVWUDWH�
JODVV� KDV� WR� EH� DGMXVWHG�� 7KHUHIRUH� IXPHG� VLOLFD� SRZGHUV� DUH� QR� ORQJHU� DSSOLFDEOH� DQG�
PHWKRGV� KDG� WR� EH� GHYHORSHG� IRU� WKH� SUHSDUDWLRQ� RI� PXOWLFRPSRQHQW� QDQRVL]HG� JODVV�
SRZGHUV��7KLV�ILHOG�LV�VWLOO�XQGHU�LQYHVWLJDWLRQ�DQG�RQO\�ILUVW�UHVXOWV�FDQ�EH�UHSRUWHG�KHUH��%\�
D� PRGLILFDWLRQ� RI� WKH� IODPH� K\GURO\VLV� SURFHVV� LW� FRXOG� EH� GHPRQVWUDWHG� WKDW� QDQRVL]HG�
SDUWLFOHV� ZLWK� DOO� W\SLFDO� JODVV� FRPSRQHQWV� OLNH� 6L2��� 1D�2�� &D2�� $O�2��� %�2�� FDQ� EH�
JHQHUDWHG� DQG� GHSRVLWHG� GLUHFWO\� RQ� D� VXEVWUDWH�� ,Q� ILJ�� ��� WKH� FKHPLFDO� KRPRJHQHLW\� RI� D�
WKUHH�FRPSRQHQW�JODVV�LV�VKRZQ��
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7KH� SUHSDUDWLRQ� RI� JODVVHV� YLD� WKH� VLQWHULQJ� URXWH� RI� QDQRVL]HG� SDUWLFOHV� RIIHUV� QHZ�
SHUVSHFWLYHV�EHFDXVH� WKH�SURFHVVLQJ� WHPSHUDWXUH� FDQ�EH� VLJQLILFDQWO\� UHGXFHG�FRPSDUHG� WR�
WKH�WUDGLWLRQDO�PHOWLQJ��)RU�VLOLFD�JODVV�D�UHGXFWLRQ�IURP������WR������������&�LV�REVHUYHG��
'XH�WR�WKH�VKDSLQJ�DW�DPELHQW�WHPSHUDWXUHV�QHDU�QHW�IRUP�VKDSLQJ�LV�SRVVLEOH�LQ�FRQWUDVW�WR�
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RI�WKH�FRDWLQJ�JODVV�KDV�EH�DGMXVWHG��7KHUHIRUH�PXOWLFRPSRQHQW�QDQRVL]HG�JODVV�SRZGHUV�DUH�
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