
2UJDQLF�6HPLFRQGXFWRUV�DQG�'HYLFHV ((�'HSW��7HFKQLRQ�������

�

&KDUJH�([FLWDWLRQV
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H[FLWRQV��:H�QRZ�PRYH�WR�GLVFXVV�WKH�HOHFWURQ��QHJDWLYHO\�FKDUJHG��RU�KROH��SRVLWLYHO\

FKDUJHG��H[FLWDWLRQ��$IWHU�UHPLQGLQJ�RXUVHOYHV�RI�WKH�FKDUJH�SRODURQ�FRQFHSW�ZH�ZLOO�ILUVW

GLVFXVV�WKH�H[FLWDWLRQ�SDWKV�WKDW�UHVXOW�LQ�FKDUJHV�DQG�VHFRQG�WKH�PRWLRQ�RI�WKHVH�FKDUJHV

DQG�SURFHVVHV�WKH\�XQGHUJR��DV�UHFRPELQDWLRQ��

&KDUJH�3RODURQV

$W�WKLV�VWDJH�ZH�VKRXOG�UHPLQG�RXUVHOYHV�WKDW�WKH�PROHFXOHV��SRO\PHUV�HWF��WHQG

WR�UHDFW�WR�WKH�SUHVHQFH�RI�DQ�H[FLWHG�VWDWH�E\�FKDQJLQJ�LWV��FR�RUGLQDWH��FRQILJXUDWLRQ��,Q

WKLV�ILHOG�ZH�HQFRXQWHU�WHUPV�RI�KROH�HOHFWURQ��LRQLVHG�PROHFXOH��VSHFLH���SRODURQ��$OO�RI

WKHVH�DUH�FRUUHFW�JLYHQ�WKH�ULJKW�FRQWH[W�

:KHQ�ZH�KDYH�D�FKDUJH��HOHFWURQ�KROH��LQ�WKH�V\VWHP�LWV�ORFDOLVHG�QDWXUH�GLFWDWHV

WKDW�LW�KDV�WR�UHVLGH�RQ�D�JLYHQ�FKDLQ��PROHFXOH�D��,Q�WKLV�FDVH�ZH�KDYH�D�PROHFXOH

FRQWDLQLQJ�WKH�FKDUJH�DQG�KHQFH�ZH�FDQ�UHIHU�WR�LW�DV�DQ�LRQLF�VSHFLH��:H�DOVR�NQRZ�WKDW

WKH�FKDUJH�ZLOO�FRXSOH�WR��VRPHWLPHV�GLVWRUW��WKH�SK\VLFDO�VKDSH�RI�WKH�PROHFXOH��DQG

FKDQJH�LWV�HOHFWURQLF�VWDWHV��DQG�KHQFH�ZH�FDQ�DOVR�UHIHU�WR�LW�DV�D�FKDUJH�SRODURQ�RU

SRODURQ��UHPHPEHU�WKDW�SRODURQ� �FKDUJH���ODWWLFH�GLVWRUWLRQ���7KH�GLVWRUWLRQ�GXH�WR�WKH

SUHVHQFH�RI�D�FKDUJH�VRPHWLPHV�WHQGV�WR�FKDQJH�WKH�HOHFWURQLF�VWDWHV�LQ�WKH�FKDUJH

YLFLQLW\�VR�WKDW�WKH�KLJKHVW�RFFXSLHG�PROHFXODU�OHYHO��+202��VKLIWV�XSZDUG�DQG�WKH

ORZHVW�XQRFFXSLHG�OHYHO��/802��VKLIWV�GRZQZDUG�LQ�WKDW�UHJLRQ��1DPHO\�WKH�GLVWRUWLRQ

UHVXOWV�LQ�D�UHGXFWLRQ�LQ�WKH�LRQLVDWLRQ�SRWHQWLDO��7KLV�LV�YHU\�GLIIHUHQW�WR�WKH�FDVH�RI

LQRUJDQLF�VHPLFRQGXFWRUV�DV�GHSLFWHG�LQ�)LJXUH����6RPHWLPHV��DQG�HVSHFLDOO\�LQ

FKHPLVWU\�RULJLQDWLQJ�WH[WV��WKH�SRODURQ�LV�VLPSO\�D�FKDUJH�FRXSOHG�WR�WKH�PROHFXODU

YLEUDWLRQV�VR�WKDW�WKH\�DUH�RQH�HQWLW\��WKHUH�LV�QR�H[SOLFLW�QHHG�IRU�DQ\�FKDQJH�LQ�WKH

FRQILJXUDWLRQ�FR�RUGLQDWHV�SLFWXUH��
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,Q�)LJXUH���WKH�OHYHOV�LQ�WKH�PLGJDS�DUH�WKH�QHZ�OHYHOV�RI�WKH�GLVWRUWHG�UHJLRQ�DV

GHVFULEHG�DERYH��7KH\�DUH�HIIHFWLYHO\�DGGHG�WR�WKH�XQGLVWRUWHG�VWDWHV�GHVFULEHG�KHUH�DV�WKH

+202�DQG�/802��7KH�IRUPDWLRQ�RI�WKHVH�GLVWRUWHG�OHYHOV�LV�IDYRXUDEOH�VLQFH�LW�JLYHV

ULVH�WR�DQ�RYHUDOO�UHGXFWLRQ�LQ�HQHUJ\�RU�LQ�RWKHU�ZRUGV�WKHUH�LV�D��ELQGLQJ�HQHUJ\�

DVVRFLDWHG�ZLWK�WKH�IRUPDWLRQ�RI�D�SRODURQ��$W�WKLV�VWDJH�LW�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW

WKHUH�FRXOG�DOVR�EH�D�EL�SRODURQ�EHLQJ�IRUPHG��$JDLQ�LW�LV�D�UDGLFDO�LRQ��EXW�GRXEO\

FKDUJHG���6LQFH�LW�FRQVLVWV�RI�WZR�RSSRVLWH�VSLQV�WKH�WRWDO�VSLQ�LV�]HUR��,W�LV�QRW�FOHDU�LI

WKHVH�VSHFLHV�DUH�VWDEOH�DW�QRUPDO�RSHUDWLRQ�FRQGLWLRQV�RU�DUH�HIIHFWLYHO\�VWDELOLVHG�E\

GHIHFWV��ZKHQ�WKHVH�DUH�SUHVHQW��

$V�D�UHPLQGHU�ZH�VKRZ�LQ�)LJXUH���D�GLVWRUWLRQ�DVVRFLDWHG�ZLWK�WKH�IRUPDWLRQ�RI

HLWKHU�SRODURQ�RU�EL�SRODURQ�
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)LJXUH����6FKHPDWLF�GHVFULSWLRQ�RI�WKH�H[FLWRQ�GLVVRFLDWLRQ�LQWR�D�SRVLWLYH�DQG

QHJDWLYH�H[FLWDWLRQV�
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7KLV�SURFHVV�RI�FKDUJH�JHQHUDWLRQ�YLD�H[FLWRQ�GLVVRFLDWLRQ�LV�RIWHQ�UHIHUUHG�WR�LQ

WKH�FRQWH[W�RI�SKRWR�FHOOV��1DPHO\��ZKHQ�DQ�H[FLWRQ�LV�JHQHUDWHG�E\�RSWLFDO�PHDQV�DQG

WKHQ�LV�EURNHQ�E\�WKH�SK\VLFDO�VWUXFWXUH�LQWR�FKDUJHV�WR�JHQHUDWH�FXUUHQW�RU�YROWDJH��7KH

VHFRQG�FRQWH[W�LV�LQ�OLJKW�HPLWWLQJ�GHYLFHV�ZKHQ�RQH�LV�FRQFHUQHG�ZKHWKHU�WKH�YROWDJH

�ILHOG��XVHG�WR�LQMHFW�FKDUJHV�DQG�FUHDWH�H[FLWRQV�ZLOO�DFWXDOO\�GLVVRFLDWH�WKH�H[FLWRQV�DQG

HIIHFWLYHO\�SUHYHQW�WKHLU�IRUPDWLRQ�DQG�OLJKW�HPLVVLRQ��ILHOG�LQGXFHG�TXHQFKLQJ���7KH

WKLUG�FRQWH[W�LV�WKH�GHEDWH�RYHU�ZKDW�LV�UHDOO\�FUHDWHG�RQFH�D�SKRWRQ�LV�DEVRUEHG��'R�ZH

FUHDWH�H[FLWRQV��FKDUJHV��D�PL[WXUH�RI�WKH�WZR�HWF�

�6SRQWDQHRXV��RU�6WUXFWXUDO�'LVVRFLDWLRQ

%\�VSRQWDQHRXV�ZH�PHDQ�WKDW�QR�H[WHUQDO�IRUFH�LV�LPSRVHG�XSRQ�WKH�RUJDQLF

PDWHULDO��RU�PDWHULDOV��WR�SURPRWH�GLVVRFLDWLRQ��,I�LW�LV�D�VSRQWDQHRXV�SURFHVV�WKHQ�LW�LV

FOHDU�WKDW�WKH�ILQDO�VWDWH�RI�WZR�VHSDUDWHG�FKDUJHV�VKRXOG�EH�HQHUJHWLFDOO\�IDYRXUHG�ZLWK

UHVSHFW�WR�WKH�H[FLWRQ�VWDWH��7R�GLVFXVV�WKLV�WRSLF�ZH�QHHG�WR�VWHS�WKURXJK�D��PLQHILHOG��RI

DUJXPHQWV�UHJDUGLQJ�WKH�H[FLWRQ�HQHUJHWLFV��LWV�VR�FDOOHG�ELQGLQJ�HQHUJ\�HWF��,�KRSH�WR

ILQG�WKH�ULJKW�SDWK�KHUH�EXW�LI�\RX�DUH�HQWKXVLDVWLF�WKHQ�E\�UXQQLQJ�D�VHDUFK�IRU��H[FLWRQ�

DQG�DXWKRU�QDPHV�RI��5�+��)ULHQG��DQG��$�-��+HHJHU��\RX�DUH�ERXQG�WR�ILQG�UHOHYDQW

GLVFXVVLRQV�DQG�UHIHUHQFHV�WR�RWKHUV��QRWH�WKDW�WKH�GHILQLWLRQ�RI�DQ�H[FLWRQ�DQG�LWV�VR

FDOOHG�ELQGLQJ�HQHUJ\�PD\�YDU\�EHWZHHQ�SDSHUV�DXWKRUV���,�ZLVK�WR�UHPLQG�\RX�WKDW�WKH

GHILQLWLRQ�IRU�DQ�H[FLWRQ��DV�ZH�XVHG�LQ�WKH�SUHYLRXV�OHFWXUHV��IROORZLQJ�)H\QPDQ���GRHV

QRW�UHJDUG�WKH�LVVXH�RI�ELQGLQJ�HQHUJ\�WR�EH�VR�LPSRUWDQW�IRU�WKH�H[FLWRQ�WR�EH�SURXG�RI�LWV

QDPH�

/HW�XV�ILUVW�FRQVLGHU�D�UHOD[HG�H[FLWRQ�RU�WKH�ILUVW�H[FLWHG�VWDWH��2QFH�DQ�H[FLWRQ�LV

IRUPHG�LW�PD\�GLIIXVH�WRZDUGV�DQ�LQWHUIDFH�ZHUH�LW�PD\�EH�EORFNHG�>����@��WUDQVIHUUHG�WR

WKH�QH[W�OD\HU�>�@��RU�HYHQ�EH�GLVVRFLDWHG�>���@��7KH�SDUDPHWHU�JRYHUQLQJ�WKH�RXWFRPH�LV

WKH�IRUPDWLRQ�HQHUJ\�RI�DQ�H[FLWRQ�RQ�WKH�WZR�VLGHV�RI�WKH�LQWHUIDFH�DV�ZHOO�DV�WKH�HQHUJ\

OHYHOV�DOLJQPHQW�DW�WKH�LQWHUIDFH��7KH�FRQFHSWXDO�GHVFULSWLRQ�RI�WKH�IRUPDWLRQ�HQHUJ\��LQ�D

PROHFXODU�SLFWXUH��LV�VKRZQ�LQ�)LJXUH���>�@�
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)LJXUH����6FKHPDWLF�GHVFULSWLRQ�RI�WKH�HQHUJ\�RI�D�PROHFXOH�LQ�LWV�QHXWUDO�VWDWH�DQG�ILUVW

SRVLWLYH��KROH���QHJDWLYH��HOHFWURQ���DQG�H[FLWRQ�VWDWHV��7KH�IRUPDWLRQ�HQHUJ\�LV�VKRZQ�DV�WKH�GHFUHDVH

LQ�WKH�PROHFXOH�HQHUJ\�DIWHU�FRUUHODWLQJ�VHSDUDWHG�HOHFWURQ�DQG�KROH�WR�IRUP�DQ�H[FLWRQ

$QRWKHU�ZD\�RI�GHILQLQJ�WKH�IRUPDWLRQ�HQHUJ\��VRPHWLPHV�ORRVHO\�FDOOHG

�ELQGLQJ���LV�WR�FRPSDUH�WKH�LQWUDFKDLQ�H[FLWRQ��WKH�RQH�ZH�GLVFXVVHG�VR�IDU��WR�DQ

LQWHUFKDLQ�H[FLWRQ��7KH�LQWHUFKDLQ�H[FLWRQ�FRQVLVWV�RI�WZR�FKDUJHV�UHVLGLQJ�RQ�GLIIHUHQW

FKDLQV�EXW�VWLOO�DUH�FRUUHODWHG��FDQ�PRYH�WRJHWKHU�Å�H[FLWRQ���7KH�PRWLYDWLRQ�WR�XVH�VXFK

D�FULWHULD�LV�WKH�DVVXPSWLRQ��RIWHQ�MXVWLILHG��WKDW�WKH�LQWHUFKDLQ�H[FLWRQ�FDQ�HDVLO\

GLVVRFLDWH�LQWR�QRQ�FRUUHODWHG�FKDUJH�SRODURQ��2U�LQ�RWKHU�ZRUGV��WKH�IRUPDWLRQ�HQHUJ\�RI

WKH�LQWHUFKDLQ�H[FLWRQ�LV�RQ�WKH�RUGHU�RI�N7��KRZHYHU�5RWKEHUJ�KDV�UHSRUWHG�VWDEOH

LQWHUFKDLQ�SRODURQ�SDLUV�>��@��

$V�ZH�ZLOO�VHH��LW�LV�SRVVLEOH�WR�SUHGLFW�LI�DQ�H[FLWRQ�ZLOO�GLVVRFLDWH�EDVHG�RQ�WKH

HQHUJ\�OHYHOV��+202�/802��LQ�WKH�WZR�UHOHYDQW�FKDLQV�DV�ZHOO�DV�WKH�HQHUJ\�RI�WKH

ILUVW�H[FLWHG�LQWUDFKDLQ�H[FLWRQ�VWDWH�>�@��7R�GR�VR�RQH�QHHGV�WR�LQYRNH�D��PDJLF��QXPEHU

ZKLFK�VWDWHV�WKH�HQHUJ\�SHQDOW\�QHHGHG�WR�JR�IURP�LQWUDFKDLQ�WR�LQWHUFKDLQ�H[FLWRQ�ZKHUH

DOO�FKDLQV�DUH�LGHQWLFDO��7KLV�QXPEHU�ZDV�WDNHQ�WR�EH�����H9�DQG�LV�UHDVRQDEO\�FORVH�WR

WKH�H[SHULPHQWDOO\�HVWLPDWHG�IRUPDWLRQ�HQHUJ\�RI�WKH�LQWUDFKDLQ�H[FLWRQ�
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)LJXUH����6FKHPDWLF�GHVFULSWLRQ�RI�WKH�HQHUJ\�OHYHOV��+202�/802�E�DW�WKH
LQWHUIDFH�EHWZHHQ�WZR�PDWHULDOV�DQG�WKH�SRVVLEOH�IRUPDWLRQ�RI�WKH�LQWHUFKDLQ
H[FLWRQ�

,I�ZH�GHILQH�D/ /��/��DQG�D+ +��+��DQG�ERWK�DUH�SRVLWLYH�WKHQ�D�FKDUJH�WUDQVIHU

DQG�D�IRUPDWLRQ�RI�LQWHUFKDLQ�H[FLWRQ�LV�SRVVLEOH��,I�WKH�H[FLWRQ�LV�SURGXFHG�RQ�FKDLQ��

WKHQ�WKH�LQWHUFKDLQ�H[FLWRQ�OHYHO�ZLOO�EH�VWDELOLVHG�E\�D/�GXH�WR�WKH�WUDQVIHU�RI�WKH

HOHFWURQ�WR�D�ORZHU�VWDWH��,I�ZH�DOVR�DFFRXQW�IRU�WKH�HQHUJ\�QHHGHG�WR�JHW�WKHUH�WKHQ�WKH

SRVLWLRQ�RI�WKH�LQWHUFKDLQ�H[FLWRQ�OHYHO�ZLWK�UHVSHFW�WR�WKH�LQWUDFKDLQ�H[FLWRQ�LQ�FKDLQ���LV

�D/
�  D/�����H9��EHORZ�LW��,I�ZH�VWDUW�RQ�FKDLQ���WKHQ�LW�ZLOO�EH��D+
� D+�����H9�

EHORZ�WKH�LQWUDFKDLQ�H[FLWRQ�LQ�FKDLQ����7KH�ILQDO�VLWXDWLRQ�FDQ�EH�HLWKHU�RI�WKH�WZR

GHSLFWHG�LQ�)LJXUH����7KH�OHIW�VLGH�UHSUHVHQWV�H[FLWRQ�GLVVRFLDWLRQ�VFHQDULR�DQG�WKH�ULJKW

VLGH�DQ�HQHUJ\�WUDQVIHU�VFHQDULR�

,QWUD��
,QWUD��
,QWHU����

,QWUD��

,QWUD��
,QWHU����D/¶ D/¶

)LJXUH����6FKHPHV�RI�HQHUJ\�OHYHO�DOLJQPHQW��/HIW��IRUPDWLRQ�RI�LQWHUFKDLQ
H[FLWRQ�LV�IDYRXUDEOH��5LJKW��HQHUJ\�WUDQVIHU�WR�WKH�RWKHU�PDWHULDO�LV�IDYRXUDEOH�

������������������������������������������������
E�+RZ�ZRXOG�\RX�GHGXFH�WKH�SRVLWLRQ�H[SHULPHQWDOO\"�&\FOLF9ROWDPHWU\��&9�DEVRUSWLRQ�

&9�HPLVVLRQ��/('�/(&�FRQILJXUDWLRQ��VWP�PHDV«�
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&RPPHQW��7KH�LVVXH�RI��ELQGLQJ��HQHUJ\�LV�RIWHQ�FRQIXVLQJ�LQ�WKH�PROHFXODU�HOHFWURQLF�ILHOG

VLPSO\�EHFDXVH�PRVW�SHRSOH�WKLQN�RI�DQ�H[FLWRQ�DV�WKH�VSHFLH�IRXQG�LQ�EDVLF��LQRUJDQLF�

VHPLFRQGXFWRU�WH[WERRNV��7KH�H[FLWRQ�LQ�EXON�LQRUJDQLF�VHPLFRQGXFWRU�ZKHUH�WKH�RQO\�IRUFH�WKDW

FDQ�NHHS�HOHFWURQ�DQG�KROH�FORVH�WR�HDFK�RWKHU�LV�WKHLU�PXWXDO�FRXORPE�DWWUDFWLRQ��,Q�PROHFXODU

PDWHULDOV��LQFO��LQRUJDQLF�TXDQWXP�GRWV��WKH�HOHFWURQ�DQG�KROH�DUH�FRQILQHG�LQ�VSDFH�ODUJHO\�GXH

WR�WKH�SRWHQWLDO�LPSRVHG�E\�WKH�PROHFXOH��ZDOOV�RI�WKH�GRW�LI�\RX�OLNH���7KH�VDIHVW�ZD\�WR�DYRLG�WKH

FRQIXVLRQ�LQ�WKLV�FDVH�PLJKW�EH�WR�QDPH�WKHP�HOHFWURQ�KROH�SDLUV�>��@�DQG�WKXV�GLIIHUHQWLDWH�WKHP

IURP�WKH��WH[WERRN��EXON�H[FLWRQV�

)RU�H[DPSOH��LQ�UHI�>��@�WKH\�UHSRUW�DQ�H[SHULPHQW�ZKHUH�WKH�VL]H�RI�WKH�HOHFWURQ�KROH�SDLU�LV

PHDVXUHG�DV�D�IXQFWLRQ�RI�WKH�PROHFXOH�VL]H��DV�GRW�VL]H���7KH\�IRXQG�WKDW�WKH�VL]H�RI�WKH�SDLU

VFDOHV�ZLWK�WKH�PROHFXODU�VL]H�DQG�KHQFH�WKH��ELQGLQJ��LQ�LWV�FRPPRQ�GHILQLWLRQ��FRXORPE

ELQGLQJ��KDV�QHJOLJLEOH�HIIHFW�RQ�LWV�VL]H��7KLV�RI�FRXUVH�GRHV�QRW�PHDQ�WKDW�WR�GLVVRFLDWH�WKH�SDLU

�H[WUDFW�D�FKDUJH�IURP�WKH�GRW��ZRQ
W�FRVW�HQHUJ\��1DPHO\��RQH�FDQ�KDYH�GLVVRFLDWLRQ�HQHUJ\�ZLWK

QHJOLJLEOH��FRXORPE���ELQGLQJ���,I�\RX�DUH�SODQQLQJ�WR�UHDG�WKLV�SDSHU�QRWH�WKDW�WKH�VL]H�PHDVXUHG

LV�SUREDEO\�EHIRUH�VWUXFWXUDO�UHOD[DWLRQ��EHIRUH�WKH�H[FLWRQ�EHFRPHV�H[FLWRQ�SRODURQ���6XFK

UHOD[DWLRQ�PD\�UHGXFH�LWV�VL]H�DQG�HQKDQFH�WKH�GLVVRFLDWLRQ�HQHUJ\�EXW�WKHVH�ILQH�GHWDLOV��DV�ZHOO

DV�WKH�SRVVLELOLW\�WKDW�IRU�ODUJH�HQRXJK�PROHFXOHV��RU�FRQMXJDWLRQ�OHQJWKV��WKHUH�ZRQ
W�EH�H[FLWRQV

ZLWKRXW�VWUXFWXUDO�UHOD[DWLRQ��DUH�EH\RQG�WKLV��WRR�ORQJ��FRPPHQW�

&KDUJH�*HQHUDWLRQ�YLD�KLJK�HQHUJ\�H[FLWDWLRQ

,W�KDV�EHHQ�VKRZQ�E\�.|KOHU�HW��DO��WKDW�WKH�KLJKHU�H[FLWHG�VWDWH�RI�WKH�H[FLWRQ�KDV

D�VLJQLILFDQW�GHORFDOLVHG�FKDUDFWHU��KLJK�VHSDUDWLRQ�EHWZHHQ�HOHFWURQV�DQG�KROHV���1DPHO\

ZKHQ�RQH�H[FLWHV�WKH�SRO\PHU�ZLWK�D�KLJK�HQHUJ\�SKRWRQ�WKH�UHVXOW�PD\�EH�WKDW�RI�FKDUJHV

ZKLFK�GLVVRFLDWHG�IURP�WKH�KLJK�HQHUJ\�H[FLWRQ�VWDWH��1DWXUDOO\��WKH�GLVVRFLDWLRQ�QHHGV�WR

EH�IDVW�EHIRUH�WKH�H[FLWHG�VWDWH�UHOD[HV�WR�WKH�JURXQG�H[FLWRQ�VWDWH��,Q�WKLV�FDVH�LW�LV�D�ELW

VHPDQWLF�ZKHWKHU�WKH�RSWLFDO�EHDP�KDV�IRUPHG�FKDUJHV�GLUHFWO\�RU�LW�ZDV�YLD��H[WUHPHO\�

VKRUW�OLYHG�H[FLWRQ�VWDWH��5HVRQDQFH�WR�RWKHU�H[FLWDWLRQ�PDQLIROGV��WULSOHW��LQWHUFKDLQ�����

PD\�EH�LPSRUWDQW�DV�ZHOO�
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&KDUJH�*HQHUDWLRQ�YLD�WKHUPDO�SURFHVVHV

7KH�W\SLFDO�EDQGJDS�RI�WKH�SRO\PHUV�ZH�DUH�FRQFHUHQHG�ZLWK�KHUH�DUH�RI��H9�RU

PRUH��,Q�PRVW�FDVHV�ZH�GHDO�ZLWK�XQGRSHG�SRO\PHUV�DQG�KHQFH�WKH�)HUPL�OHYHO�LV�DERXW

�H9�IURP�WKH�+202�/802�DQG�KHQFH�QR�WKHUPDO�JHQHUDWLRQ�LV�H[SHFWHG��6RPHWLPH

RQH�PD\�ILQG�XQLQWHQWLRQDO�GRSLQJ�DQG�WKH�UHODWHG�WKHUPDOO\�UHOHDVHG�FKDUJHV��7KH

GHQVLW\�ZRXOG�GHSHQG�RQ�WKH�PDWHULDO�DQG�LQ�ZHOO�SUHSDUHG�SRO\PHUV�RQH�ZRXOG�H[SHFW�LW

WR�EH�EHORZ��H��FP���

&KDUJH�*HQHUDWLRQ�YLD�FXUUHQW�LQMHFWLRQ

$V�ZH�KDYH�VHHQ�LQ�WKH�ILUVW�OHFWXUH��WKH�SRVLWLRQ�RI�WKH�HQHUJ\�OHYHOV�RI�HLWKHU�WKH

+202�RU�WKH�/802�PD\�YDU\�VLJQLILFDQWO\�DQG�KHQFH�WKH�HQHUJ\�GLIIHUHQFH�EHWZHHQ

HLWKHU�WKH�+202�RU�WKH�/802�DQG�WKH�ZRUN�IXQFWLRQ�RI�D�JLYHQ�FRQWDFW�PDWHULDO�PD\

YDU\�DV�ZHOO��+HQFH��LQ�JHQHUDO�WKHUH�H[LVWV�D�EDUULHU�WR�FKDUJH�LQMHFWLRQ�DV�LV

VFKHPDWLFDOO\�VKRZQ�LQ�)LJXUH���

�
(J

+202

/802
)LJXUH����&RQFHSWXDO�GHVFULSWLRQ�RI�WKH�EDUULHU�EHWZHHQ�DQ�LQMHFWLQJ�PDWHULDO

DQG�D�VHPLFRQGXFWLQJ�SRO\PHU�

:KHQ�WKH�FRQWDFW�PDWHULDO�LV�RI�PHWDOOLF�QDWXUH�RQH�RIWHQ�ILQGV�WKH�NQRZQ

5LFKDUGVRQ�6FKRWWN\�EDUULHU�IRUPDOLVP�DQG�WKH�LPDJH�IRUFH�HIIHFW��ZKLFK�LV�LQGXFHG�E\

DQ�LPDJH�FKDUJH�LQ�WKH�PHWDO�
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)LJXUH����6FKHPDWLF�HQHUJ\�GLDJUDP�WR�LOOXVWUDWH�WKHUPDOO\�DVVLVWHG�FDUULHU
LQMHFWLRQ�RI�DQ�HOHFWURQ�LQWR�WKH�RYHU�DQ�LPDJH�ORZHUHG�HQHUJ\�EDUULHU��DQG�LQWR�WKH
/802�RI�DQ�RUJDQLF�VHPLFRQGXFWRU���fSRO\PHU�LV�WKH�/802�OHYHO�RI�WKH�SRO\PHU��c�LV
WKH�ZRUNIXQFWLRQ�RI�WKH�PHWDO��[�LV�WKH�GLVWDQFH�LQWR�WKH�RUJDQLF�PDWHULDO�IURP�WKH
PHWDO�VHPLFRQGXFWRU�LQWHUIDFH��e��LV�WKH�SHUPLWLYLW\�RI�IUHH�VSDFH��eU�LV�WKH�UHODWLYH
SHUPLWLYLW\�RI�WKH�VHPLFRQGXFWRU��H�LV�WKH�XQLW�RI�HOHFWULFDO�FKDUJH��)�LV�WKH�DSSOLHG
ILHOG��DQG�8�LV�WKH�SRWHQWLDO���[R�LV�WKH�GLVWDQFH�IURP�WKH�PHWDO��DW�ZKLFK�WKH�EDUULHU
KHLJKW�LV�D�PD[LPXP��DHII��PD[�

:H�ZLOO�UHWXUQ�WR�WKH�LVVXH�RI�FRQWDFW�LQMHFWLRQ�LQ�PRUH�GHWDLOV�DQG�ZH�ZLOO�RQO\

PHQWLRQ�KHUH�WKDW�WKH�IRUPDOLVP�WKDW�GHULYHV�IURP�)LJXUH���KDV�VRPH�DVVXPSWLRQV�DQG

OLPLWDWLRQV�EXW�LV�QHYHUWKHOHVV�ZLGHO\�XVHG�DQG�SURYHV�XVHIXO��,Q�WKH�FRQWH[W�RI�RUJDQLF

VHPLFRQGXFWRU�ZH�PHQWLRQ�WZR�SRVVLEOH�OLPLWDWLRQV�WKDW�ZH�ZLOO�H[SDQG�XSRQ�DW�D�ODWHU

VWDJH��D��WKH�FRQWDFW�PDWHULDO�PD\�EH�D�VHPLFRQGXFWRU�RU�D�OLJKWO\�GRSHG�SRO\PHU�ZKLFK

DUH�QRW�RI�PHWDOOLF�QDWXUH���LPDJH�IRUFH�LV�QRW�DSSOLFDEOH��E��7KH�GHYLFH�VL]H�LV�W\SLFDOO\

���QP�RU�OHVV�VR�WKDW�[R�LQ�)LJXUH���PLJKW�QRW�EH�QHJOLJLEOH�
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7UDQVSRUW�DQG�FXUUHQW�YROWDJH�UHODWLRQ

7KHUH�DUH�PDQ\�OHYHOV�WKURXJK�ZKLFK�RQH�FDQ�DSSURDFK�WUDQVSRUW�LQ�RUJDQLF

PDWHULDOV��7KLV�LV�PDLQO\�GHSHQGHQW�XSRQ�WKH�GHSWK�RI�WKH�SK\VLFDO�SLFWXUH�RQH�HPSOR\V�

,Q�WKH�ILUVW�DSSUR[LPDWLRQ�WKHVH�DUH�ZLGH�EDQGJDS�XQGRSHG�VHPLFRQGXFWRUV��,Q�WKLV�FDVH

RQH�H[SHFWV�WR�EH�DEOH�WR�DSSO\�WKH�IRUPDOLVP�RI�VSDFH�FKDUJH�OLPLWHG�FXUUHQW�WKDW�ZDV

GHYHORSHG�IRU�VHPL�LQVXODWLQJ�PDWHULDOV��,Q�WKLV�FDVH�ZH�DVVXPH�WKDW�LW�LV�SRVVLEOH�WR�LQMHFW

FKDUJH�FDUULHUV�DW�D�GHQVLW\�KLJKHU�WKHQ�WKH�WKHUPDOO\�JHQHUDWHG�RQHV��7KLV�LV�UHODWLYHO\

HDV\�LQ�XQGRSHG�ZLGHJDS�PDWHULDOV�EXW�FDQ�DOVR�RFFXU�LQ�LQWULQVLF�,Q*D$V�DW�KLJK�FXUUHQW

LQMHFWLRQ�OHYHOV�IRXQG�LQ�3,1�ODVHU�VWUXFWXUHV��:H�DOVR�DVVXPH�VLQJOH�FDUULHU�LQMHFWLRQ

�KRPH�RQO\�RU�HOHFWURQ�RQO\�GHYLFH��DQG�WKDW�WKH�PRELOLW\�QHLWKHU�ILHOG�QRU�GHQVLW\

GHSHQGHQW�

7KH�SK\VLFDO�SLFWXUH�LV�DV�IROORZV��$W�ORZ�LQMHFWLRQ�OHYHOV�WKH�H[LVWLQJ�FKDUJH

FDUULHUV��GXH�WR�LRQLVHG�LPSXULWLHV��DUH�VXIILFLHQW�WR�FDUU\�WKH�FXUUHQW�DQG�WKHUH�LV�QR�QHHG

WR�HQKDQFH�WKH�FKDUJH�GHQVLW\�LQ�WKH�GHYLFH�WR�VXSSRUW�VXFK�FXUUHQWV��,Q�WKLV�FDVH�WKH

FXUUHQW�IORZ�LV�RKPLF�LQ�QDWXUH��$W�KLJKHU�LQMHFWLRQ�OHYHOV�WKH�H[LVWLQJ�FKDUJH�GHQVLW\

�ZKLFK�LV�FRPSHQVDWHG�E\�WKH�UHOHYDQW�LRQ��LV�QRW�VXIILFLHQW�DQG�WKH�FKDUJH�GHQVLW\�LQ�WKH

GHYLFH�ULVHV�DERYH�WKH�WKHUPDO�YDOXH��6LQFH�WKH�H[WUD�LQMHFWHG�FKDUJHV�DUH�QRW

FRPSHQVDWHG�E\�LRQV��RU�RWKHU�RSSRVLWH�FKDUJH��DQ�DEVROXWH�FKDUJH�GHQVLW\�LV�FUHDWHG�

1DPHO\�WKH�GHYLFH�LV�FKDUJHG�DQG�D�VSDFH�FKDUJH�LV�IRUPHG��7KH�UHOHYDQW�HTXDWLRQV�DUH

VXPPDULVHG�EHORZ�
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