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PRYHV�LV�FDOOHG�DQ�H[FLWRQ��,W�EHKDYHV�OLNH�D�QHXWUDO�µSDUWLFOH¶�PRYLQJ�WKURXJK�WKH�FU\VWDO
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)LJXUH����7KH�VSDWLDO�GLVFULPLQDWLRQ�RI�H[FLWRQ�W\SHV��7KH�)UHQNHO�H[FLWRQ�LV�ORDOLVHG
RQ�RU�DURXQG�D�PROHFXOH��VLWH��DQG�WKH�:DQLHU�H[FLWRQ�LV�PRUH�H[WHQGHG�

)LJXUH���VKRZV�VFKHPDWLFDOO\�WKH�VHSDUDWLRQ�RI�WKH�H[FLWRQ�LQWR�WZR�VSDWLDO�W\SHV�

7KH�)UHQNHO�H[FLWRQ�LV�KLJKO\�ORFDOLVHG�DQG�LV�RIWHQ�IRXQG�LQ�PROHFXODU�VROLGV�ZKHUH�WKH

PROHFXOHV�DUH�QRW�GHQVHO\�SDFNHG��:KHQ�WKH�PHGLXP�LV�GHQVH��OLNH�LQ�FU\VWDOV��WKHQ�WKH

DWRPV�VFUHHQ�VRPH�RI�WKH�H�K�DWWUDFWLRQ�DQG�WKH�H[FLWRQ�VL]H�VSUHDG�LQWR�ODUJHU�VSDFH�

7KHVH�DUH�FDOOHG�:DQLHU�H[FLWRQV�

:H�FDQ�FODVVLI\�H[FLWRQV�LQ�DQRWKHU�ZD\�DQG�WKDW�LV�DFFRUGLQJ�WR�WKHLU�VSLQ�RU�WKHLU

RSWLFDO�DFWLYLW\��VHH�PRUH�GLVFXVVLRQ�LQ�VLQJOHW�WULSOHW�EHORZ��
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)LJXUH����6FKHPDWLF�GHVFULSWLRQ�RI�WKH�H[FLWRQ�DV�EHLQJ�WKH�VXP�RI�DQ�HOHFWURQ�DQG�D
KROH�VWDWH��1RWH�WKDW�WKH�UHOHYDQW�VSLQ�VWDWHV�

,Q�WKH�FXUUHQW�SLFWXUH�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKH�ORZHU�DQG�XSSHU�HOHFWURQLF

VWDWH�DQG�ZH�FDQ�QRZ�FRQVLGHU�WZR�H[FLWRQ�VWDWHV��)LJXUH�����2QH�ZKHUH�WKH�HOHFWURQ�LQ

WKH�XSSHU�VWDWH�KDV�WKH�VDPH�VSLQ�DV�WKH�YDFDQW�HOHFWURQ�LQ�WKH�ORZHU�VWDWH��$QG�VHFRQG

ZKHUH�WKH�HOHFWURQ�LQ�WKH�XSSHU�VWDWH�KDV�DQ�RSSRVLWH�VSLQ��7KH�UHOD[DWLRQ�RI�WKH�VHFRQG

FDVH��ULJKW��UHTXLUHV�D�VSLQ�IOLS��PRPHQWXP��DQG�LV�QRW�RSWLFDOO\�DFWLYH��7KH�H[LVWHQFH�RI

WKHVH�WZR�W\SHV�RI�H[FLWRQV�LV�YHU\�LPSRUWDQW�DOVR�IURP�D�SUDFWLFDO�SRLQW�RI�YLHZ��,I�ZH

FRQVLGHU�WKDW�FKDUJH�LQMHFWLRQ�LQWR�OLJKW�HPLWWLQJ�GLRGHV�KDV�QR�VSLQ�FRUUHODWLRQ�WKHQ�WKH

WRWDO�HIILFLHQF\�PD\�EH�OLPLWHG�GXH�WR�FDUULHUV�EHLQJ�³ORVW´�WR�IRUP�WKH�QRQ�HPLVVLYH

WULSOHW�H[FLWRQ��8VLQJ�WKLV�PRWLYDWLRQ�ZH�DGG�D�ELW�PRUH�EDFNJURXQG�EHORZ�

6LQJOHW���7ULSOHW

�3ULRU�WR�H[FLWDWLRQ��WKH�3DXOL�H[FOXVLRQ�SULQFLSOH�VWDWHV�WKDW�WZR�HOHFWURQV

RFFXS\LQJ�WKH�VDPH�RUELWDO�PXVW�EH�µSDLUHG¶�±�WKDW�LV��WKH\�PXVW�KDYH�RSSRVLWH�VSLQV�

$IWHU�H[FLWDWLRQ�WKH�WZR�HOHFWURQV�PD\�KDYH�HLWKHU�SDLUHG�RU�SDUDOOHO�VSLQV��VLQFH�WKH\�QRZ

RFFXS\�GLIIHUHQW�RUELWDOV���7R�IXOO\�XQGHUVWDQG�WKH�QDWXUH�RI�WKH�WULSOHW�VWDWH�DQG�KRZ�LW

PD\�EH�UHDFKHG�LQ�HOHFWURQLF�VSHFWURVFRS\��WKH�HOHFWURQV�RI�WKH�V\VWHP�PXVW�EH

FRQVLGHUHG��$Q�HOHFWURQ�PD\�EH�YLHZHG�DV�DQ�HOHFWULFDOO\�FKDUJHG�SDUWLFOH�ZKLFK

JHQHUDWHV�D�PDJQHWLF�DQJXODU�PRPHQWXP�DV�D�UHVXOW�RI�LWV�VSLQ���7KLV�DQJXODU�PRPHQWXP
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LV�WHUPHG�HOHFWURQLF�VSLQ��6��DQG�UHSUHVHQWHG�DV�D�YHFWRU���7KLV�HOHFWURQLF�VSLQ�PXVW

SUHFHVV�DERXW�DQ�D[LV�VR�WKDW�WKH�XQFHUWDLQW\�SULQFLSOH�LV�QRW�YLRODWHG��DQG�WKLV�D[LV�ZLOO�EH

WKH�GLUHFWLRQ�RI�WKH�VWURQJHVW�PDJQHWLF�ILHOG�WKDW�WKH�HOHFWURQ�H[SHULHQFHV���4XDQWXP

PHFKDQLFV�UHTXLUHV�WKDW�6�LV�TXDQWLVHG��DQG�DV�VXFK��RQO\�WZR�PHDVXUDEOH�RULHQWDWLRQV�RI

WKH�VSLQ�DUH�DOORZHG�WR�RFFXU��VR�WKH�HOHFWURQ�PD\�EH�GHVFULEHG�DV�HLWKHU�µVSLQ�XS¶�RU�µVSLQ

GRZQ¶�ZLWK�UHVSHFW�WR�WKH�]�D[LV�

&RQVLGHU�D�WZR�VSLQ�V\VWHP�GHVFULEHG�E\� L M��ZLWK�DVVRFLDWHG�VSLQV�RI�6L

DQG�6M���7KH�WZR�VSLQV�PD\�QRW�RQO\�EH�HLWKHU�VSLQ�XS�RU�GRZQ��EXW�PD\�DOVR�SUHFHVV

HLWKHU�LQ�RU�RXW�RI�SKDVH���,I�LQ�SKDVH��WKH�WZR�VSLQV�ZLOO�DOZD\V�SRLQW�LQ�WKH�VDPH

GLUHFWLRQ���,I�RXW�RI�SKDVH��WKH\�ZLOO�DOZD\V�SRLQW�LQ�RSSRVLWH�GLUHFWLRQV�LQ�WKH�[\�SODQH�

7KLV�SURYLGHV�IRXU�SRVVLEOH�VSLQ�YHFWRU�UHSUHVHQWDWLRQV�WR�FKDUDFWHULVH�WKH�WZR�VSLQ

V\VWHP��VHH�)LJXUH������7KH�VSLQ�TXDQWXP�QXPEHU��6��PD\�EH�HLWKHU���RU�����,I�]HUR��WKHUH

LV�RQO\�RQH�SRVVLELOLW\�IRU�WKH�PDJQHWLF�TXDQWXP�QXPEHU��0��0 ����DQG�WKH�6 ��VWDWH�LV

WKHUHIRUH�FDOOHG�WKH�µVLQJOHW¶�VWDWH���,I�6 ���WKHUH�DUH�WKUHH�SRVVLEOH�LQWHJHU�YDOXHV�IRU�0

������������JLYLQJ�ULVH�WR�WKUHH�GHJHQHUDWH�VWDWHV��NQRZQ�FROOHFWLYHO\�DV�WKH�µWULSOHW¶�VWDWH�

7KHVH�FRQILJXUDWLRQV�PD\�EH�YLVXDOLVHG�E\�FRQVLGHULQJ�WKH�SUHFHVVLRQ�RI�WKH�FRPSRQHQW

VSLQV�

�D��%RWK�L�DQG�M�DUH�µVSLQ�XS¶��WR�JLYH�D�UHVXOWDQW�VSLQ�YHFWRU��6 ����DQG�D�PDJQHWLF

PRPHQW��0 ���

�E��%RWK�L�DQG�M�DUH�µVSLQ�GRZQ¶��JLYLQJ�D�UHVXOWDQW�VSLQ�YHFWRU��6 ����DQG�D�PDJQHWLF

PRPHQW��0 ������%RWK��D��DQG��E��DUH�WULSOHW�FRQILJXUDWLRQV��VLQFH�6 ��LQ�ERWK�FDVHV�

�F��2QH�VSLQ�LV�µXS¶��DUELWUDULO\�FKRVHQ��DQG�RQH�LV�µGRZQ¶�ZLWK�UHVSHFW�WR�WKH�]�D[LV��VR

WKHUH�LV�QR�UHVXOWDQW�PDJQHWLF�PRPHQW��0 �����+RZHYHU��WKLV�PD\�VWLOO�EH�D�WULSOHW

FRQILJXUDWLRQ�LI�WKH�VSLQ�YHFWRUV�DUH�SUHFHVVLQJ�LQ�SKDVH��ZKLFK�UHVXOWV�LQ�D�VSLQ

YHFWRU�SHUSHQGLFXODU�WR�WKH�]�D[LV��6 ���

�G��,I��DV�LQ��F���WKHUH�LV�RQH�VSLQ�µXS¶�DQG�RQH�µGRZQ¶��0 ����EXW�WKH�VSLQ�YHFWRUV�DUH

SUHFHVVLQJ�RXW�RI�SKDVH��VXFK�WKDW�WKH\�DUH�LQ�RSSRVLWH�GLUHFWLRQV��QR�RYHUDOO�VSLQ

YHFWRU�H[LVWV��6 ����DQG�D�VLQJOHW�VWDWH�UHVXOWV�

7KH�WKUHH�WULSOHW�FRQILJXUDWLRQV�DUH�HIIHFWLYHO\�GHJHQHUDWH��EXW�ZLOO�EH�VHSDUDWHG�LQ

HQHUJ\�LQ�D�PDJQHWLF�ILHOG�
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FRQILJXUDWLRQV�

,Q�WKH�WULSOHW�VWDWH��WKH�3DXOL�H[FOXVLRQ�SULQFLSOH�RSHUDWHV�WR�PDNH�WKH�WZR�SDUDOOHO

VSLQV�DYRLG�RQH�DQRWKHU�PRUH�HIIHFWLYHO\�WKDQ�LQ�WKH�VLQJOHW�VWDWH�ZKHUH�WKH�VSLQV�DUH

SDLUHG���7KLV�LQFUHDVHG�DYRLGDQFH�PLQLPLVHV�HOHFWURQ�HOHFWURQ�UHSXOVLRQV�DQG�FDXVHV�WKH

WULSOHW�VWDWH�RI�DQ\�SDUWLFXODU�HQHUJ\�OHYHO�WR�EH�VWDELOLVHG�ZLWK�UHVSHFW�WR�WKH

FRUUHVSRQGLQJ�VLQJOHW�VWDWH�E\�D�TXDQWLW\�NQRZQ�DV�WKH�H[FKDQJH�HQHUJ\�

*RLQJ�LQWR�WKH�H[DFW�GHVFULSWLRQ�RI�WKH�H[FLWRQV�RQ�D�SRO\PHU�FKDLQ�LV�EH\RQG�WKLV

OHFWXUH�KRZHYHU�WKH�PRWLRQ�RI�WKHVH�H[FLWRQV�LV�WKH�HVVHQFH�RI�WKHUH�EHLQJ��,Q�WKH

IROORZLQJ�ZH�ZLOO�RQO\�PDNH�XVH�WKDW�WKH�VLQJOHW�LV�RSWLFDOO\�DFWLYH�DQG�WKDW�WKH�WULSOHW�LV

QRW�
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H[FLWRQ��WR�YDULRXV�RWKHU�VLWHV�LQ�WKH�EXON�DURXQG�LW��:H�GLVFXVV�EHORZ�WKUHH�IRUPV�RI

HQHUJ\�WUDQVIHU�PHFKDQLVPV�7ULYLDO��)|UVWHU��DQG�'H[WHU�
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)|UVWHU��VLQJOHW��WUDQVIHU

$QRWKHU�ZHOO�GRFXPHQWHG�WUDQVIHU�PHFKDQLVP�LV�WKDW�ILUVW�GLVFXVVHG�E\�)|UVWHU�

7KLV�PHFKDQLVP�GHVFULEHV�D�UDGLDWLRQOHVV�WUDQVIHU�SURFHVV��ZKLFK�WKHUHIRUH�GRHV�QRW

LQYROYH�HPLVVLRQ�RI�WKH�OLJKW�IURP�WKH�GRQRU�PROHFXOH�DW�DQ\�VWDJH���,W�SURFHHGV�LQVWHDG

YLD�D�FRXORPELF�LQWHUDFWLRQ�RI�WKH�GLSROHV�RI�WKH�WZR�PROHFXOHV��'
�DQG�$���7KH

PRYHPHQW�RI�WKH�H[FLWHG�HOHFWURQ�RQ�WKH�GRQRU�PROHFXOH�FUHDWHV�DQ�RVFLOODWLQJ�GLSROH�

ZKLFK�LQ�WXUQ�LQGXFHV�DQ�DOWHUQDWLQJ�HOHFWULF�ILHOG���7KLV�RVFLOODWLQJ�HOHFWULF�ILHOG�LQGXFHV�D

GLSROH�LQ�WKH�DFFHSWRU�PROHFXOH��)RU�WR�EH�HIILFLHQW�WKH�RVFLOODWLQJ�HOHFWULF�ILHOG�QHHGV�WR

EH�LQ�UHVRQDQFH�ZLWK�DQ�HOHFWURQ�LQ�WKH�DFFHSWRU�PROHFXOH��,Q�WKLV�FDVH�WKHUH�ZLOO�EH

HIILFLHQW�FRXSOLQJ�YLD�GLSROH�GLSROH�LQWHUDFWLRQ�DQG��SRVVLEO\�UHVXOWLQJ�LQ�SURPRWLRQ�RI�WKH

HOHFWURQ�WR�DQ�H[FLWHG�VWDWH�RQ�$��DQG�GH�H[FLWDWLRQ�RI�WKH�HOHFWURQ�RQ�'�
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&RXORPE
,QWHUDFWLRQ

,QLWLDO�6WDWH )LQDO�6WDWH

)LJXUH����6FKHPDWLF�GHVFULSWLRQ�RI�)|UVWHU�WUDQVIHU�

8QOLNH�WKH�WULYLDO�WUDQVIHU�WKH�)|UVWHU�WUDQVIHU�LV�DQ�HIIHFWLYH�GHFD\�FKDQQHO�IRU�WKH

'�PROHFXOH�DQG�LW�PRGLILHV�WKH�OLIHWLPH�RI�'����)RU�H[DPSOH��LI�WKH�'�PROHFXOH�KDV�D�QRQ�

UDGLDWLYH�FKDQQHO�FRPSHWLQJ�ZLWK�LWV�UDGLDWLYH�FKDQQHO�LW�LV�SRVVLEOH�WR�E\SDVV�WKH�QRQ�

UDGLDWLYH�FKDQQHO�E\�WUDQVIHUULQJ�WKH�HQHUJ\�IDVW�WR�$�ZKLFK�FDQ�EH�FKRVHQ�WR�EH�DQ

HIILFLHQW�HPLWWHU��)LJXUH���DOVR�VXJJHVWV�WKDW�WKLV�FRXOG�EH�DQ�HIILFLHQW�FRORXU�WXQLQJ

VFKHPH��VHH�)LJXUH����



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

��� ��� ��� ��� ��� ��� ���

:DYHOHQJWK��PQ�

3K
RW
RO
XP

XQ
HV
FH
QF
H�
�Q
RU
P
DO
L]
HG
�

313

�����3W2(3

�����3W2(3

���3W2(3

)LJXUH����7KH�HIIHFW�RI�JUDGXDOO\�DGGLQJ�DFFHSWRU�PROHFXOHV��UHG��WR�D�GRQRU
SRO\PHU�KRVW��JUHHQ��

)|UVWHU�ZDV�WKH�ILUVW�WR�VXJJHVW�WKDW�UHVRQDQFH�FRQGLWLRQV�DUH�UHODWHG�WR�WKH

HPLVVLRQ�DQG�DEVRUSWLRQ�VSHFWUXP�RYHUODS��6LQFH�WKH�LQGXFLQJ�ILOHG�YDULHV�DV�5���WKH

LQGXFHG�GLSROH�YDULHV�DOVR�DV�5���DQG�KHQFH�WKH�GLSROH�GLSROH�LQWHUDFWLRQ�YDULHV�DV�5���
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'H[WHU��7ULSOHW�RU�6LQJOHW��7UDQVIHU

7KH�WKLUG�DQG�ILQDO�HQHUJ\�WUDQVIHU�PHFKDQLVP�WR�EH�GLVFXVVHG�KHUH�LV�'H[WHU

HQHUJ\�WUDQVIHU���7KH�LQWHUDFWLRQ�KHUH�LV�RI�D�FROOLVLRQ�W\SH�DQG�LW�UHTXLUHV�D�VSDWLDO�RYHUODS

EHWZHHQ�WKH�HOHFWURQLF�ZDYHIXQFWLRQ�LQ�'�DQG�$��7KLV�PHFKDQLVP�LV�DQ�HOHFWURQ

H[FKDQJH��WXQQHOOLQJ��SURFHVV��ZKHUH�WKH�H[FLWHG�HOHFWURQ�IURP�WKH�GRQRU�PROHFXOH�LV

H[FKDQJHG�IRU�D�JURXQG�VWDWH�HOHFWURQ�IURP�WKH�DFFHSWRU�PROHFXOH���7KH�WZR�H[FKDQJHV

PD\�HLWKHU�RFFXU�VLPXOWDQHRXVO\��RU�RQH�DIWHU�DQRWKHU���,I�LW�LV�D�VWHSZLVH�SURFHVV��FKDUJHG

VSHFLHV�ZLOO�EH�JHQHUDWHG�DIWHU�VWHS�RQH�
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)LJXUH����'LDJUDPPDWLF�UHSUHVHQWDWLRQ�RI�WULSOHW�WULSOHW��'H[WHU��HQHUJ\�WUDQVIHU�

6LQFH�'H[WHU�HQHUJ\�WUDQVIHU�LQYROYHV�WKH�RYHUODS�RI�HOHFWURQV��ZDYHIXQFWLRQ���

WKH�HOHFWURQLF�VSLQ�LV�LQFRQVHTXHQWLDO�DQG�WKH�PHFKDQLVP�PD\�DOVR�RSHUDWH�IRU�IRUPDOO\

VSLQ�IRUELGGHQ�WUDQVIHUV�EHWZHHQ�WULSOHW�VWDWHV���7KH�UDWH�RI�WKH�WUDQVIHU�YLD�WKLV

PHFKDQLVP�LV�DOVR�H[SRQHQWLDOO\�GHSHQGHQW�RQ�WKH�GLVWDQFH�EHWZHHQ�WKH�GRQRU�DQG
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