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*KHRUJKH�6HPHQHVFX��
)DFXOW\ RI 6FLHQFH� 8QLYHUVLW\ RI 3LWHVWL� 5RPDQLD

&RQVWDQWLQ�&LRDFD��%RJGDQ�,RUJD��*DEULHOD�*XJKHD�
'HSDUWPHQW RI 3K\VLFV� )DFXOW\ RI &KHPLVWU\� 8QLYHUVLW\ RI %XFKDUHVW�

5HJLQD (OLVDEHWD $YHQXH� 1R� � ± ��� ����� ± %XFKDUHVW� 5RPDQLD

5HFHLYHG������������

$EVWUDFW��
7KH PRGHO ³GRXEOH PL[HG HOHFWULF OD\HU´ SUHVHQWV DQ LQWHUSUHWDWLRQ YDULDQW IRU WKH F\FOLF

YROWDPPRJUDP DQG IRU WKH SRODURJUDSK\ PHFKDQLVP� IURP WKH SRLQW RI YLHZ RI WKH LQWHUIDFH

FKDUJH WUDQVIHU SKHQRPHQD� PHGLDWHG E\ WKH VROXWLRQ GRQRU�DFFHSWRU ³LPSXULWLHV´� :H

DVVLJQ D FRQFUHWH SK\VLFDO VLJQLILFDQFH IRU WKH FXUUHQW VWHSV DQG SHDNV� ZKLFK DUH

FKDUDFWHULVWLF WR WKH F\FOLF YROWDPPRJUDPV�

7KH SDSHU DFFUHGLWV WKH LGHD RI WKH IUHH HOHFWURQ SDLUV RI WKH QLWURJHQ� IURP WKH DPLQR

JURXSV� ZKLFK DUH LQYROYHG LQ FKDUJH WUDQVIHU SKHQRPHQD� DV D VXSSRUW IRU WKH HOHFWURQ

FRQGXFWLRQ WKURXJK ELR�VWUXFWXUHG V\VWHPV� 7KH GLVFXVVLRQV DUH IRFXVHG RQ WKH F\FOLF

YROWDPPRJUDPV DVVRFLDWHG WR VRPH HOHFWURFKHPLFDO DFWLYH RUJDQLF FRPSRXQGV�

,QWURGXFWLRQ��

,Q� WKLV� SDSHU�� ZH� WU\� WR� H[SODLQ� WKH� HOHFWURFKHPLFDO� PHFKDQLVP� DW� WKH�

HOHFWURGH�HOHFWURO\WH�LQWHUIDFH�LQ�WKH�SRODURJUDSK\�WHFKQLTXH��DV�D�VSHFLDO�FDVH��DQG�LQ�WKH�

YROWDPPHWU\�WHFKQLTXH��DV�D�JHQHUDO�FDVH��SURFHHGLQJ�IURP�FKDUJH�WUDQVIHU�SKHQRPHQD��

6RPH�HOHFWURO\WH�VROXWLRQ�LPSXULWLHV��ZKLFK�DUH�FDSDEOH�WR�GHFUHDVH�WKH�DFWLYDWLRQ�HQHUJ\�

QHFHVVDU\� IRU� WKH� HOHFWURQV� WUDQVIHU� SURFHVV� RQ� LQWHUIDFH�� SOD\� DQ� HVVHQWLDO� UROH� LQ� WKH�

LQWHUIDFLDO� SKHQRPHQRQ�� DQG� WKHLU� HIIHFW� FDQ� EH� TXDQWLWDWLYHO\� HYDOXDWHG��:H� VXSSRVH�

WKDW�WKH�S�HOHFWURQV�RU�WKH�XQSDUWLFLSDQW�HOHFWURQ�SDLUV�IURP�WKH�IXQFWLRQDO�JURXSV���1+��

RU��6+��RI�VRPH�ELRORJLFDO�VXEVWDQFHV�FDQ�EH�LQYROYHG�LQ�WKH�FKDUJH�WUDQVIHU�SKHQRPHQD��

,Q�DGGLWLRQ��ZH�SXUVXH�WKH�SRVVLELOLWLHV�WR�PHDVXUH�WKH�GRVH�RI�WKH�RUJDQLF�³LPSXULWLHV´�

IURP�VROXWLRQ�DQG�WKH�H[SODQDWLRQ�RI�VRPH�HOHFWURV\QWKHVLV�SURFHVVHV�DV�D�VXSSRUW�IRU�WKH�

HOHFWURQ� FRQGXFWLRQ� WKURXJK� WKH� ELR�VWUXFWXUHG� V\VWHPV�� )LQDOO\��ZH� WU\� WR� FODVVLI\� WKH�

SKHQRPHQD� WKDW� LQYROYH� WKH� FKDUJH� WUDQVIHU� DW� WKH� LQWHUIDFH� OHYHO�� 3W�HOHFWURO\WH� DQG�

+J�HOHFWURO\WH��LQ�RXU�GHVLUH�WR�KDYH�D�XQLWDU\�WUHDWPHQW��

�
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([SHULPHQWDO�

7KH� PHDVXUHPHQWV� KDYH� EHHQ� PDGH� ZLWK� WKH� ³3ULQFHWRQ� $SSOLHG� 5HVHDUFK´�

HOHFWURFKHPLFDO�V\VWHP��D�SRWHQWLRVWDW����$�PRGHO�DQG�DQ�DFTXLVLWLRQ�V\VWHP���:H�XVHG�

WKH� F\FOLF� YROWDPPHWU\� WHFKQLTXH� DW� VWDWLRQDU\� FRQGLWLRQV� RQ� 3W�3W� V\VWHP��$�PLQLFHOO�

����PO��ZLWK�DQ�$J�$J&O�UHIHUHQFH�HOHFWURGH�ZDV�XVHG��7KH�ZRUNLQJ�HOHFWURGH�DQG�WKH�

FRXQWHU� HOHFWURGH� DUH� LGHQWLFDOO\� PDQXIDFWXUHG� IURP� WZR� 3W�ZLUHV� ����� FP
�
� HDFK�

HOHFWURGH���

:H� WHVWHG� DHUDWHG� VROXWLRQV� ZLWK� GLIIHUHQW� FRQFHQWUDWLRQ� RI� DQWLS\ULQH� DQG� LWV�

GHULYDWLYHV� ���DPLQRDQWLS\ULQH�� 1����GLQLWURSKHQ\O���DPLQRDQWLS\ULQH�� 1�SLFU\O�

�DPLQRDQWLS\ULQH�� 1����GLR[LPHW\OHQ� EHQ]DOLGLQ��DPLQRDQWLS\ULQH��� DQLOLQH� DQG� WZR�

DPLQR� DFLGV� �YDOLQH� DQG� DVSDUDJLQH�� LQ� DFHWRQLWULOH� RQ� WKH� HOHFWURO\WLF� VXSSRUW� OLNH�

SRWDVVLXP�WHWUDSKHQ\OERURQ��WHWUDHWK\ODPRQLXP�FKORULGH�RU�OLWKLXP�SHUFKORUDWH��:H�XVH�

DQWLS\ULQH� DQG� LWV� GHULYDWLYHV� EHFDXVH� WKHVH� RUJDQLF� VXEVWDQFHV� KDYH� SDLQNLOOHU� DQG�

DQWLS\UHWLF�TXDOLW\�
�
�

�

5HVXOWV�

)LJXUH���VKRZV�WKH�F\FOLF�YROWDPPRJUDP�RI�WKH�DQWLS\ULQH�LQ�DFHWRQLWULOH�VROXWLRQ�

LQ���
��
0�WHWUDSKHQ\OERURQ�SRWDVVLXP�HOHFWURO\WH�VROXWLRQ��,W�REVHUYHV�D�OLQHDU�JURZWK�RI�

WKH�HOHFWULFDO�FXUUHQW�IURP����9�WR����9�SRWHQWLDO�UDQJH���

�

)LJXUH �� 7KH F\FOLF YROWDPPRJUDP RI DQWLS\ULQH LQ DFHWRQLWULOH VROXWLRQ LQ ��
��
0 WHWUDSKHQ\OERURQ

SRWDVVLXP HOHFWURO\WH GUDZQ IRU �� P9�V VFDQQLQJ UDWH RI WKH SRWHQWLDO�

�
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7KH� SHUIRUPHG� WHVWV� LQ� WKH� VDPH� FRQGLWLRQV� RI� WKH� DQWLS\ULQH� LQ� DFHWRQLWULOH�

VROXWLRQV�DQG�LWV�GHULYDWLYHV�ZHUH�GLVWXUEHG�RI�VRPH�GHSRVLWLRQV�RI�WKH�HOHFWURV\QWKHVLV�

SURGXFWV� RQ� WKH� HOHFWURGHV�� ,Q� ��DPLQRDQWLS\ULQH� VROXWLRQV�� RQH� SLQN� HOHFWURV\QWKHVLV�

SURGXFW�DSSHDUV�RQ�WKH�DQRGH�DQG�SHUSHQGLFXODUO\�RQ�WKH�LQWHUHOHFWURGLF�DUHD��7KHUHIRUH��

WKH� LQWHUHOHFWURGLF� DUHD�KDV� D�SDUWLFXODU� VWDWXV� IURP� WKH�YLHZSRLQW�RI� VWUXFWXULQJ�RI� WKH�

HOHFWURO\WH�ZKHQ�WKH�HOHFWULFDO�FLUFXLW�LV�FORVHG��

�

)LJXUH �� 7KH F\FOLF YROWDPPRJUDP RI DQWLS\ULQH LQ DFHWRQLWULOH VROXWLRQ LQ ��
��
0 WHWUDHWK\ODPRQLXP

FKORULGH HOHFWURO\WH GUDZQ IRU �� P9�V VFDQQLQJ UDWH RI WKH SRWHQWLDO�

�

)LJXUH���VKRZV�WKH�F\FOLF�YROWDPPRJUDP�RI�WKH�DQWLS\ULQH�LQ�DFHWRQLWULOH�VROXWLRQ�

LQ���
��
0�DPPRQLXP�WHWUDHWK\O�FKORULGH��

�

)LJXUH �� 7KH F\FOLF YROWDPPRJUDP RI WKH DQWLS\ULQH �D����DPLQRDQWLS\ULQH �E�� 1�����GLQLWURSKHQ\O���

DPLQRDQWLS\ULQH �F�� 1�SLFU\O���DPLQRDQWLS\ULQH �G� LQ DFHWRQLWULOH VROXWLRQ LQ ��
��
0 WHWUDHWK\ODPRQLXP

FKORULGH GUDZQ IRU �� P9�V VFDQQLQJ UDWH RI WKH SRWHQWLDO�
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�

,Q� )LJXUH� �� DUH� FRPSDUDWLYHO\� SORWWHG� WKH� F\FOLF� YROWDPPRJUDPV� RI� ��
��
0�

DQWLS\ULQH� LQ� DFHWRQLWULOH� VROXWLRQ� �D�� DQG� LWV� GHULYDWLYHV� DV�� ��DPLQRDQWLS\ULQH� �E���1�

���GLQLWURSKHQ\O��DPLQRDQWLS\ULQH� �F��� 1�SLFU\O��DPLQRDQWLS\ULQH� �G��� LQ� ��
��
0�

DPPRQLXP� HWK\O� FKORULGH� HOHFWURO\WH�� 6LPLODU� H[SHULPHQWV� ZHUH� SHUIRUPHG� ZLWK� ��

PHUFDSWREHQ]LPLGD]ROH� �D��� 6����GLQLWURSKHQ\O��PHUFDSWREHQ]LPLGD]ROH� �E�� DQG� 6�

SLFU\O��PHUFDSWREHQ]LPLGD]ROH� �F��� 7KH� DGHTXDWH� F\FOLF� YROWDPPRJUDPV� DUH� VKRZQ� LQ�

)LJXUH����

�

)LJXUH �� 7KH F\FOLF YROWDPPRJUDP RI ��PHUFDSWREHQ]WLD]RO �D�� 6���� GLQLWURSKHQ\O���

PHUFDSWREHQ]WLD]RO �E�� 6�SLFU\O���PHUFDSWREHQ]WLD]RO �F��

�

)LJXUH �� 7KH F\FOLF YROWDPPRJUDP RI ��
��
0 VROXWLRQV RI 1�����GLQLWURSKHQ\O���DPLQRDQWLS\ULQH �E�� 1�

SLFU\O���DPLQRDQWLS\ULQH �F�� 1�����GLR[LEHQ]LOLGHQ���DPLQRDQWLS\ULQH �G� LQ DFHWRQLWULOH RQ ��
��
0 /L&O2�

DV EDFNJURXQG HOHFWURO\WH� GUDZQ IRU �� P9�V VFDQQLQJ UDWH RI WKH SRWHQWLDO�
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�

)LJXUH �� 7KH F\FOLF YROWDPPRJUDP RI ����� 0 ��DPLQRDQWLS\ULQH VROXWLRQ LQ DFHWRQLWULOH RQ ��
��
0

/L&O2� DV EDFNJURXQG HOHFWURO\WH�

�

,Q� )LJXUH� �� DUH� FRPSDUDWLYHO\� SORWWHG� WKH� F\FOLF� YROWDPPRJUDPV� RI� WKH� ��

DPLQRDQWLS\ULQH� LQ� DFHWRQLWULOH� VROXWLRQ� DQG� LWV� GHULYDWLYHV� �E�� F�� G�� LQ� ��
��
0�/L&O2��

EDFNJURXQG� HOHFWURO\WH� ZLWK� WKH� F\FOLF� YROWDPPRJUDPV� RI� WKH� /L&O2�� HOHFWURO\WH� �D���

7KLV� YROWDPPRJUDPV� PD\� EH� FRPSDUHG� ZLWK� WKH� YROWDPPRJUDP� RI� WKH� �����0� ��

DPLQRDQWLS\ULQH� LQ� DFHWRQLWULOH� VROXWLRQ� LQ� ��
��
0� /L&O2�� EDFNJURXQG� HOHFWURO\WH� LQ�

)LJXUH����

�

)LJXUH �� 7KH GLUHFW YROWDPPRJUDP GUDZQ RQ ��
��
0 /L&O2� DV EDFNJURXQG HOHFWURO\WH RI WKH DQWLS\ULQH LQ

DFHWRQLWULOH VROXWLRQ IRU �� P9�V VFDQQLQJ UDWH RI WKH SRWHQWLDO�



$FWD�&KLP��6ORY���������������������

*K� 6HPHQHVFX� &� &LRDFD� %� ,RUJD� *� *XJKHD� 0HGLDWRU UROH RI VRPH RUJDQLF VXEVWDQFHV LQ«

����

�

)LJXUH �� 7KH GLUHFW YROWDPPRJUDP GUDZQ RQ ��
��
0 /L&O2� DV EDFNJURXQG HOHFWURO\WH RI WKH PL[WXUH RI

DQWLS\ULQH DQG ��DPLQRDQWLS\ULQH LQ DFHWRQLWULOH VROXWLRQ IRU �� P9�V VFDQQLQJ UDWH RI WKH SRWHQWLDO�

�

,Q� )LJXUHV� �� DQG� ��� WKH� REYLRXV� VLPLOLWXGH� EHWZHHQ� WKH� F\FOLF� YROWDPPHWU\� DQG�

SRODURJUDSK\�LV�HPSKDVL]HG��7KH�ILJXUHV�VKRZ�³WKH�SRODURJUDSKLF�VWHSV´�REWDLQHG�LQ�WKH�

DQRGLF�VHQVH�SORWWHG�YROWDPPRJUDPV�IRU�DQWLS\ULQH�VROXWLRQV�DQG��UHVSHFWLYHO\��PL[HG���

DPLQRDQWLS\ULQH� DQG� DQWLS\ULQH� VROXWLRQV� RQ� 3W�3W� HOHFWURGHV
� V\VWHP��7KH� EDFNJURXQG�

HOHFWURO\WH�LV���
��
0�/L&O2���DQG�WKH�SRWHQWLDO�VFDQQLQJ�UDWH�LV���P9�V��

�

)LJXUH �� 7KH LQIOXHQFH RI WKH VFDQQLQJ UDWH RI WKH SRWHQWLDO RQ WKH YROWDPPRJUDP VKDSH GUDZQ LQ ��

DPLQRDQWLS\ULQH LQ DFHWRQLWULOH VROXWLRQ RQ ��
��
0 /L&O2� DV EDFNJURXQG HOHFWURO\WH ��� P9�V �D�� ���P9�V

�E�� ���P9�V �F�� ����P9�V �G���

�



$FWD�&KLP��6ORY���������������������

*K� 6HPHQHVFX� &� &LRDFD� %� ,RUJD� *� *XJKHD� 0HGLDWRU UROH RI VRPH RUJDQLF VXEVWDQFHV LQ«

����

�

)LJXUH ��� 7KH F\FOLF YROWDPPRJUDP RI D .�>)H�&1��@ VROXWLRQ IRU 3W�3W HOHFWURGHV V\VWHP LQ ��
��
0

.12� DV EDFNJURXQG HOHFWURO\WH IRU � P9�V VFDQQLQJ UDWH RI WKH SRWHQWLDO�

�

7KH� LQIOXHQFH� RI� WKH� VFDQQLQJ� UDWH� XSRQ� WKH� UHFRUGHG� HOHFWULFDO� FXUUHQW� IRU� ��

DPLQRDQWLS\ULQH�VROXWLRQ�LV�VKRZQ�LQ�)LJXUH����2QH�REVHUYHV�D�SURSRUWLRQDO�LQFUHDVH�RI�

WKH�HOHFWULFDO�FXUUHQW�ZLWK�WKH�VTXDUH�URRW�RI�WKH�SRWHQWLDO�VFDQQLQJ�UDWH�IURP���P9�V��D��

WR����P9�V��E������P9�V��F��DQG��UHVSHFWLYHO\������P9�V��G���,Q�WKH�LQFLSLHQW�SKDVH��WKH�

OLPLWLQJ�FXUUHQW�LV�DIIHFWHG�E\�WKH�DSSHDUDQFH�RI�D�PD[LPXP�FXUUHQW�WKDW�LQFUHDVHV�ZLWK�

WKH�SRWHQWLDO�VFDQQLQJ�UDWH�JURZWK��6XFK�FXUUHQW�SHDNV�DUH�D�JHQHUDO�FKDUDFWHULVWLF�RI�WKH�

F\FOLF�YROWDPPRJUDPV�SORWWHG�DW�KLJK�SRWHQWLDO� VFDQQLQJ� UDWH�RQ� V\VWHPV� WKDW� LQYROYHV�

WKH� LQWHUIDFLDO� FKDUJH� WUDQVIHU� SKHQRPHQD�� ,Q� )LJXUH� ���� LW� LV� VKRZQ� WKH� F\FOLF�

YROWDPPRJUDP�RI� D�.�>)H�&1��@� DTXHRXV� VROXWLRQ� LQ���
��
0�.12�� HOHFWURO\WH��SORWWHG�

IRU�3W�3W�HOHFWURGH
V� V\VWHP�DW��P9�V� VFDQQLQJ� UDWH��7KLV�YROWDPPRJUDP�HPSKDVLVHV�D�

W\SLFDO�UHYHUVLEOH�HOHFWURFKHPLFDO�SURFHVV��,W�PXVW�EH�PHQWLRQHG�WKDW�WKH�FXUUHQW�SHDNV�DW�

���P9�V�VFDQQLQJ�UDWH�DUH�PLVVLQJ��

7KH�F\FOLF�YROWDPPRJUDPV�RI�DQWLS\ULQH�DQG� LWV�GHULYDWLYH
V�VROXWLRQV�DW���P9�V�

VFDQQLQJ�UDWH�DUH�OLNH�WKRVH�SUHVHQWHG�LQ�)LJXUH�����

,Q� )LJXUH� ��� WKH� YROWDPPRJUDP� RI� WKH� 1����GLQLWURSKHQ\O��DPLQRDQWLS\ULQH� LQ�

DFHWRQLWULOH�VROXWLRQ�LQ���
��
0�/L&O2��HOHFWURO\WH�LV�VKRZQ��7KH�F\FOLF�YROWDPPRJUDPV�RI�

YDOLQH� DQG� DVSDUDJLQH� LQ� DFHWRQLWULOH� VROXWLRQV� LQ� ��
��
0� /L&O2�� HOHFWURO\WH� VROXWLRQ�

HPSKDVL]H�D�VWURQJ�HOHFWURFKHPLFDO�DFWLYLW\�RI�WKH�DPLQR�DFLGV��7KLV�DFWLYLW\�LV�UHPDUNHG�

E\� WKH� GHFUHDVH� RI� WKH�KF� YDOXH��KF� LV� WKH� FULWLFDO� SRWHQWLDO� DVVRFLDWHG�ZLWK� WKH� FKDUJH�
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WUDQVIHU�DFKLHYHG�E\��&O2��
��
�DQLRQ�RI�WKH�HOHFWURO\WH��7KH�WHVWV�DUH�VWURQJO\�GLVWXUEHG�E\�

WKH�HOHFWURV\QWKHVLV�SURGXFWV�RQ�DQRGH��ZKLFK�DUH�FRORXUHG�GDUN�UHG�WR�EODFN��,W�LV�KDUG�

WR�VD\�ZKHWKHU�WKH�KDOI�ZDYH�SRWHQWLDO�UHODWLYH�WR�WKH�3W�DQRGH�LV�UHDO�RU�QRW��EHFDXVH�RI�

WKH�DGKHUHQW�GHSRVLWLRQV��

�

)LJXUH ��� 7KH F\FOLF YROWDPPRJUDP RI ��
��
0 1�����GLQLWURSKHQ\O���DPLQRDQWLS\ULQH LQ DFHWRQLWULOH

VROXWLRQV RQ ��
��
0 /L&O2� DV EDFNJURXQG HOHFWURO\WH� GUDZQ IRU PRUH WKDQ �� P9�V VFDQQLQJ UDWH RI WKH

SRWHQWLDO�

�

)LJXUH ��� 7KH F\FOLF YROWDPPRJUDP RI WKH ��
��
0 /L&O2� VROXWLRQ �D�� DQG RI ��DPLQRDQWLS\ULQH IRU ��

��
��
0 �E�� DQG ��

��
0 �F� FRQFHQWUDWLRQV LQ DFHWRQLWULOH RQ ��

��
0 /L&O2� DV EDFNJURXQG HOHFWURO\WH�

�

� ,W�ZDV� REWDLQHG� WKDW� ��DPLQRDQWLS\ULQH� LV� DFWLYH� RQO\� LQ� DQRGLF� VSDFH� XVLQJ� DQ�

HOHFWURFKHPLFDO� FHOO� ZLWK� WZR� FRPSDUWPHQWV� MRLQHG� E\� /L&O2�� HOHFWURO\WH� EULGJH�� 7KH�

F\FOLF� YROWDPPRJUDPV� RI� WKH� ��DPLQRDQWLS\ULQH� LQ� DQRGLF� VSDFH�� WKHQ� RI� WKH� ��
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DPLQRDQWLS\ULQH� LQ� ERWK� VSDFHV�� KDYH� EHHQ� REWDLQHG�� 7KH� OLPLWLQJ� FXUUHQW�� ZKLFK� LV� D�

FKDUDFWHULVWLF�RI�WKH���DPLQRDQWLS\ULQH��ZDV�REWDLQHG�RQO\�LQ�WKH�FDVH�LQ�ZKLFK�WKHUH�ZDV�

WKH�³LPSXULW\´�LQ�WKH�DQRGLF�VSDFH��

7KH� )LJXUH� ��� FRPSDUDWLYHO\� VKRZV� WKH� F\FOLF� YROWDPPRJUDPV� IRU� GLIIHUHQW�

FRQFHQWUDWLRQV�� �
�
��

��
0� �E�� DQG� ��

��
0� �F��� RI� WKH� ��DPLQRDQWLS\ULQH� VROXWLRQ� LQ�

DFHWRQLWULOH�RQ�/L&O2��HOHFWURO\WH��ZLWK�DQ�1L±1L�HOHFWURGH�V\VWHP��7KH�DGGLWLRQ�RI�WKH�

��DPLQRDQWLS\ULQH�GHWHUPLQHV�D�GHFUHDVH�RI�WKH�OLPLWLQJ�FXUUHQW���

�

�

'LVFXVVLRQV�

7KH�VLJQLILFDQW�HOHPHQW�RI�WKH�YROWDPPRJUDPV�LQ�)LJXUHV�������DQG���LV�WKH�OLQHDU�

FXUUHQW� MXPS�ZKLFK�FRUUHVSRQGV�WR�D�FULWLFDO�YDOXH�RI� WKH�DSSOLHG�RYHUSRWHQWLDO��KFULWLFDO��

7KLV�LV�PXFK�ORZHU�IRU�WKH�YROWDPPRJUDPV��E��LQ�)LJXUH���DQG��D��LQ�)LJXUH����DQG�FDQ�

EH�DVVRFLDWHG� WR�DQ�DEUXSW�FKDQJH�RI� WKH�HOHFWULF� UHVLVWDQFH�RI� WKH�FLUFXLW� LQ� WKH�PHWDO±

R[LGH�LQWHUIDFH��7KHVH�GLIIHUHQFHV�LQYROYH�WKH�VXSSRVLWLRQ�WKDW��DW�D�WKUHVKROG�YDOXH��WKH�

1� DQG� 6� XQSDUWLFLSDQW� HOHFWURQ� SDLUV� LQ� IXQFWLRQDO� JURXSV� ±1+�� DQG� ±6+� ZRXOG� EH�

SRVVLEO\�LQYROYHG�LQ�WKH�LQWHUIDFLDO�FKDUJH�WUDQVIHU�SKHQRPHQD�EHFDXVH�WKH�SODWLQXP�FDQ�

GLUHFWO\�DGVRUE�VXFK�PROHFXOHV��$OVR�DQ�DGHTXDWH�SRODUL]DWLRQ�RI�WKH�HOHFWURGH�ZRXOG�EH�

SRVVLEOH�WR�IDYRXU�WKHVH�SKHQRPHQD��7KH�GLUHFW�DGVRUSWLRQ�RI�WKH�RUJDQLF�³LPSXULWLHV´�RQ�

WKH� HOHFWURO\WH� VXUIDFH� LV� SURSRUWLRQDO� WR� WKHLU� FRQFHQWUDWLRQ� LQ� VROXWLRQ� DQG� WKH�

HOHFWURO\WH�VWUXFWXULQJ�DURXQG�WKH�DQRGH�LV�VWURQJO\�DIIHFWHG�LQ�WKH�]RQHV�ZLWK�LPSXULWLHV��

$ERXW�WKH�EHKDYLRXU�RI�WKH�VXEVWLWXWHG�GHULYDWLYHV�RI�WKH���DPLQRDQWLS\ULQH�DQG���

PHUFDSWREHQ]WLD]ROH��VHH�)LJXUH���DQG�)LJXUH�����WKHUH�DUH�WZR�SRVVLELOLWLHV��

,�� 7KH� VXEVWLWXWH� VWDELOLVHV� WKH�XQSDUWLFLSDQW� HOHFWURQ�SDLUV� RI� WKH�±1+�� DQG�±6+�

JURXSV��ZKLFK� EHFRPH�XQDYDLODEOH� IRU� WKH� LQWHUIDFLDO� FKDUJH� WUDQVIHU��7KH� HIIHFW� LV� WKH�

LQFUHDVLQJ�RI�WKH�KFULWLFDO�YDOXH��

,,�� 7KH� VWHULF� KLQGUDQFHV� GHWHUPLQH� WKDW� WKH� !1+� DQG� ±6±� IXQFWLRQDO� JURXSV�

EHFRPH�LQDFFHVVLEOH�IRU�WKH�DQRGH�VXUIDFH�WR�DVVXUH�WKH�LQWHUIDFLDO�FKDUJH�WUDQVIHU��

,Q� WKH� ��DPLQRDQWLS\ULQH� FDVH�� LW� IRUPV� LQ� WKH� DQRGH� ]RQH� D� UHG� HOHFWURV\QWKHVLV�

VROXEOH�SURGXFW�ILUVW�LQ�WKH�LQWHUHOHFWURGLF�SODQH��DQG�DIWHU�WKH�³OLPLW�FXUUHQW´�LV�DWWDLQHG��

LQ�WKH�RSSRVLWH�VSDFH�RI�WKH�LQWHUHOHFWURGLF�SODQH��$SSDUHQWO\��ZH�KDYH�D�GLIIXVLRQ�RI�WKH�
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FRORXUHG�SURGXFW�LQ�WKH�EXON�VROXWLRQ��EXW�LW�LV�SRVVLEOH�WR�KDYH�HYHQ�GLIIXVLRQ�LQ�FHUWDLQ�

GLUHFWLRQV� LQ� WKH� HOHFWURO\WH�� ,Q� DFLG� HQYLURQPHQWV� �+&O�� +�62���� ��DPLQRDQWLS\ULQH�

EHFRPHV�ZHDNO\�UHG�FRORXUHG�DQG�WKH�DFFHSWRU�QDWXUH�RI�WKH�SURWRQ�VKRXOG�FRQVWLWXWH�WKH�

FDXVH�RI�WKH�DSSHDUDQFH�RI�VRPH�VSHFLHV�ZLWK�FKURPRSKRUH�JURXSV��7KHUHIRUH��ZH�FDQQRW�

H[FOXGH� WKH� DSSHDUDQFH� RI� WKH� VDPH� FKURPRSKRUH� JURXSV� GXULQJ� WKH� FKDUJH� WUDQVIHU�

SURFHVVHV�LQ�WKH�DQRGH�]RQH��

$� FULWLFDO� SRWHQWLDO� LV� REWDLQHG� IRU� HDFK� VXEVWDQFH� LQ� )LJXUHV� �� DQG� ��� ,Q�

FRPSDULVRQ�ZLWK�WKH�YROWDPPRJUDP��E��LQ�)LJXUH����KHUH�ZH�VHH�D�GHFUHDVH�RI�WKH�FULWLFDO�

SRWHQWLDO�� DV� DQ� HIIHFW� RI� WKH� EDFNJURXQG� HOHFWURO\WH�� 7KH� WZR� LQRUJDQLF� LRQV� SOD\� DQ�

LPSRUWDQW� UROH� LQ� SURYLGLQJ� WKH� LQWHUIDFH� FKDUJH� WUDQVIHU�� LQ� WKH� FDVH� RI� /L&O2�� DV�

EDFNJURXQG�HOHFWURO\WH��&RQVHTXHQWO\��LW�LV�SUREDEOH�WKDW�RQO\�WKH�UHDVRQV�RI�VWHULF�RUGHU�

EUDNH� WKLV� SURFHVV� IRU� RWKHU� EDFNJURXQG� HOHFWURO\WHV� �SRWDVVLXP� WHWUDSKHQ\OERURQ� RU�

WHWUDSKHQ\ODPRQLXP�FKORULGH��KDYLQJ�DV�D�UHVXOW� WKH�LQFUHDVH�RI�WKH�KFULWLFDO��7KH�FXUUHQW�

MXPS�KDV�D�OLQHDU�GHSHQGHQFH�RI�WKH�FRQFHQWUDWLRQ�RI�RUJDQLF�³LPSXULWLHV´�LQ�HOHFWURO\WH�

LQ�D�YHU\�EURDG�UDQJH��IURP��0�WR���
��
0���

�

)LJXUH ��� 7KH YDOXHV RI WKH OLPLWLQJ FXUUHQW DV D IXQFWLRQ RI WKH FRQFHQWUDWLRQ RI D ��

DPLQRDQWLS\ULQH VROXWLRQ LQ DFHWRQLWULOH DW ��
��
0 /L&O2� DV EDFNJURXQG HOHFWURO\WH

�

7KH� JUDSK� LQ� )LJXUH� ��� VKRZV� WKLV� IRU� VROXWLRQV� RI� GLIIHUHQW� ��DPLQRDQWLS\ULQH�

FRQFHQWUDWLRQV��/LNH�LQ�WKH�SRODURJUDSK\�FDVH��WKH�KDOI�ZDYH�SRWHQWLDO�LV�D�FKDUDFWHULVWLF�

RI� WKH�PHDVXUHG� VXEVWDQFH��7KH� UHVXOW� HPSKDVLVHV� WKH�SRVVLELOLW\�RI���DPLQRDQWLS\ULQH�

GRVLQJ�E\�GLUHFW�YROWDPPHWU\�ZLWK�WZR�3W�HOHFWURGHV��
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)URP�WKH�H[SHULPHQWV�DFKLHYHG��ZH�REWDLQ�WKDW�WKH�EDFNJURXQG�HOHFWURO\WH�SOD\�DQ�

LPSRUWDQW�UROH�LQ�WKH�HOHFWURGH�SURFHVV��7KLV�FDQ�SDUWLFLSDWH�DV�UHDFWDQW�LQ�IRUPLQJ�RI�WKH�

HOHFWURV\QWKHVLV� SURGXFWV�� 7KH� LQWHUHOHFWURGLF� ]RQH� KDV� D� GLVWLQFW� UROH� LQ� DSSURSULDWH�

VWUXFWXULQJ�RI�WKH�HOHFWURO\WH�ZKHQ�WKH�HOHFWULF�FLUFXLW�LV�FORVHG��$OVR��RQH�FRQFOXGHV�WKH�

SRVVLELOLW\� WKDW� WKH� XQSDUWLFLSDQW� HOHFWURQ� SDLUV� RI� 1�� 6� �HYHQWXDO� RI� R[\JHQ� DQG�

SKRVSKRURXV��IURP�±1+��DQG�±6+�RU�S�HOHFWURQV�IURP�GRXEOH�ERQGV�WR�EH�LQYROYHG�LQ�

LQWHUIDFH�FKDUJH�WUDQVIHU�SKHQRPHQD��7KH�XQORDGLQJ�RI�VRPH�RUJDQLF�³LPSXULWLHV´��ZLWK�

VXFK� JURXSV�� RQ� 3W�HOHFWURGH� KDV� SODFH� IRU� FHUWDLQ� FULWLFDO� SRWHQWLDO� YDOXHV�� ZKLFK�

FRUUHVSRQG� WR� WKH� VXEVWDQFH�� 7KH� HOHFWULF� FXUUHQW� REWDLQHG� LV� SURSRUWLRQDO� WR� WKH�

FRQFHQWUDWLRQ�RI�WKHVH�LQ�VROXWLRQ��DV�LQ�FDVH�RI�SRODURJUDSK\���7KHVH�FULWLFDO�SRWHQWLDOV�

DUH� UHODWHG� WR� WKH� DYDLODELOLW\� IRU� WUDQVIHU� RI� WKH� GLIIHUHQW� ERXQGHG� HOHFWURQV� RU� WR� WKH�

UHDVRQV� RI� VWHULF� RUGHU�� ZKLFK� FDQ� DIIHFW� WKH� SURFHVV� RI� VWUXFWXULQJ� LQ� VROXWLRQ�� 7KH�

FULWLFDO�SRWHQWLDOV�REVHUYHG�LQ�WKH�YROWDPPRJUDPV�RI�WKHVH�FRPSRXQGV�YDU\�LQ�WKH�VDPH�

ZD\�ZLWK�WKH�HQHUJ\�RI�WKH�ODVW�RUELWDO�RFFXSLHG�ZLWK�HOHFWURQV�DQG�REWDLQHG�E\�HPSLULFDO�

TXDQWXP� PHWKRGV�� ,W� LV� VXSSRVHG� WKDW� WKH� ��DPLQRDQWLS\ULQH� PROHFXOH� OLHV� DW� WKH�

LQWHUIDFH�3W�HOHFWURO\WH� LQ� WKH�PRPHQW�RI� DSSO\LQJ�DQ� LQFUHDVLQJ�RYHUSRWHQWLDO��$V� LW� LV�

NQRZQ����DPLQRDQWLS\ULQH�LV�QHXWUDO�PROHFXOH��ZLWK�D�SURQRXQFHG�DPSKLSKLOLF�FKDUDFWHU��

DQG� OLDEOH� WR� WKH� DGVRUSWLRQ�RQ� VROLGV��)RU�D�FULWLFDO�SRWHQWLDO�K ��KFULWLFDO� �KFULWLFDO� LV� WKH�

FULWLFDO� SRWHQWLDO� DVVLJQHG� WR� WKH� FKDUJH� WUDQVIHU� PHGLDWHG� E\� WKH� &O2�
±
� DQLRQ� LQ�

HOHFWURO\WH�VXSSRUW�� WKH� FKDUJH� WUDQVIHU�PHGLDWHG� E\� WKH� XQSDUWLFLSDQW� HOHFWURQV�SDLU� RI�

QLWURJHQ� LQ���DPLQRDQWLS\ULQH�PROHFXOH� LV� SRVVLEOH��7KH� HOHFWURQ�GHILFLW� RI� WKH� IRUPHG�

UDGLFDO��WKDW�EHFDPH�DFFHSWRU�RQ�WKH�HOHFWURGH�VXUIDFH��FDQ�IDVW�EH�VHWV�RII�E\�WKH�WUDQVIHU�

RI�RQH�HOHFWURQ�IURP�WKH�&O2�
±
�GRQRU�DQLRQ��6R��ZH�KDYH�DQ�LQFUHDVLQJ�RI�FXUUHQW��ZKLFK�

LV�SURSRUWLRQDO�WR�WKH�RUJDQLF�³LPSXULW\´�FRQFHQWUDWLRQ�DW�WKH�HOHFWURO\WH�3W�LQWHUIDFH��

,Q� )LJXUH� ��±,�� ZH� VKRZ� D� WUDQVYHUVH� VHFWLRQ� WKURXJK� FHOO� LQ� WKH� LQWHUHOHFWURGLF�

]RQH��ZKHUH�ZH�GHQRWH�E\�³D´�WKH�GLDPHWHU�RI�WKH�3W�DQRGH�DQG�FDWKRGH��E\�³E´�WKH�ZLGWK�

RI� WKH� VXSSRVHG� VWUXFWXUHG� ]RQH� DURXQG� WKH� HOHFWURGHV�� E\� ³F´� WKH� UHVWUXFWXUHG�

LQWHUHOHFWURGLF�]RQH��E\�³G´�WKH�JDS�LQ�WKH�]RQH�RI�ZLGWK�³E´��
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� �

)LJXUH ���,� 3W�HOHFWURO\WH LQWHUIDFH

VWUXFWXUH�

)LJXUH ���,,� /RFDO UHVWUXFWXULQJ RI WKH ³E´ ]RQH DV D

UHVXOW RI WKH ³LPSXULWLHV´ LQYROYHG LQ WKH FKDUJH WUDQVIHU

SKHQRPHQRQ� ³E´ LV WKH VWUXFWXUHG ]RQH LQ DFFRUGDQFH ZLWK

)LJXUH ��� ³G´ LV WKH VWUXFWXUHG ]RQH SURFHHGLQJ IURP WKH E

FRQGXFWLRQ >�@�

�

,Q�)LJXUH���±,,��ZH�KDYH�GUDZQ�WKH�SRVVLEOH�ORFDO�UHVWUXFWXUH�RI�³G´�]RQH�XQGHU�WKH�

LQIOXHQFH� RI� DGVRUEHG� ³LPSXULWLHV´� LQYROYHG� LQ� WKH� FKDUJH� WUDQVIHU� SKHQRPHQRQ�� )RU�

VLPSOLFLW\��ZH�KDYH�QHJOHFWHG�WKH�VROYHQW�PROHFXOHV�LQ�VROYDWLRQ�OD\HUV��

7KH� KLJK� HOHFWULFDO� UHVLVWDQFH� LPSRVHG� E\� WKH� HOHFWURO\WH� VWUXFWXULQJ� LQ� ]RQH� ´E´�

�)LJ���±,�� FDQ� EH� GHFUHDVHG� RQO\� E\� WKH� UHVWUXFWXULQJ�� HYHQ� SDUWLDOO\�� DV� LQ� ]RQH� ³G´��

ZKHUH� WKH� ³LPSXULWLHV´� ZKLFK� FDQ� DUULYH� DW� LQWHUIDFH� FRQWULEXWH�� E\� GHFUHDVLQJ� WKH�

DFWLYDWLRQ� HQHUJ\�� WR� WKH� LQWHUIDFLDO� FKDUJH� WUDQVIHU�� 6R�� WKH� VWUXFWXUH� LQ� ]RQH� ³E´� LV�

GLVWXUEHG�DW�ORFDO�OHYHO�ZLWK�SUHGLOHFWLRQ�RQ�WKH�PLQLPXP�LQWHUHOHFWURGLF�GLVWDQFH�³F´��

7KH� JOREDO� SURFHVV� RI� VWUXFWXULQJ� RI� WKH� HOHFWURO\WH� LQ� WKH� DGMDFHQW� ]RQH� RI� WKH�

HOHFWURGHV�FRQWLQXHV�LQ�WZR�ZD\V��)LJ�������WKH�DOWHUQDWLYH�³E´�²�RI�D�PDMRULW\�DQG�WKH�

DOWHUQDWLYH� ³G´�²� ORFDO��ZKLFK� LQ� IXQFWLRQ� RI� WKH� FRQFHQWUDWLRQ� RI� WKH� ³LPSXULWLHV´� LQ�

VROXWLRQ�DQG�RI�WKH�SRWHQWLDO�VFDQQLQJ�UDWH��LQYROYHV�WZR�DVSHFWV��

D�� ,Q� WKH� FDVH� RI� D� VORZ� YDULDWLRQ� RI� WKH� RYHUSRWHQWLDO�� FRPSDUDEOH� ZLWK� WKH�

PLJUDWLRQ� VSHHG�RI� WKH� LRQV� LQ� VROXWLRQ�� WKH�DGVRUEHG�³LPSXULWLHV´�RQ� WKH�3W�DQRGH�DUH�

LQYROYHG�VWHS�E\�VWHS�LQ�WKH�LQWHUIDFLDO�FKDUJH�WUDQVIHU�EHJLQQLQJ�ZLWK�WKH�]RQH�LQ�WKDW�WKH�

GLVWDQFH�EHWZHHQ�HOHFWURGHV� LV�PLQLPXP��DQG�ILQLVKLQJ�ZLWK� WKH�RWKHU�]RQHV��ZKLFK�OLH�

RQ� WKH� UHPDLQLQJ� DFWLYH� VXUIDFH��7KH� GHFUHDVH� RI� WKH� HOHFWULF� UHVLVWDQFH� LV� REVHUYHG� LQ�

YDULDWLRQ� RI� WKH� FXUUHQW� DV� D� IXQFWLRQ� RI� SRWHQWLDO� ,�  � ,� �K��� LQ� GRPDLQ� �D�� RI� WKH�

YROWDPPRJUDP� LQ� )LJXUH� ��� $V� ORQJ� DV� WKH� RYHUSRWHQWLDO� GHFUHDVHV�� WKH� SURFHVV� RI�
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VWUXFWXULQJ� RI� WKH� HOHFWURO\WH� JRHV� RQ�� DQG� WKHUHIRUH� HOHFWULF� UHVLVWDQFH� LQFUHDVHV�� 7KLV�

IDFW�LV�REVHUYHG�LQ�GRPDLQ��E��RI�WKH�YROWDPPRJUDP��+HUH�VWDELOLVDWLRQ�WDNHV�SODFH�DW�WKH�

YDOXH�RI��³OLPLW´�FXUUHQW��,Q�WKH�GRPDLQ��F���WKH�FXUUHQW�YDULHV�OLQHDUO\�ZLWK�WKH�SRWHQWLDO��

(OHFWULF� UHVLVWDQFH� LQ� WKLV� GRPDLQ�RI� LQWHUPHGLDWH�SRWHQWLDO� YDULHV� LQVLJQLILFDQW�ZLWK�K��

)RU� ORZ�VFDQQLQJ� UDWH�� LW�HOLPLQDWHV� WKH�SRVVLELOLW\�RI�VSRQWDQHRXV�DSSHDUDQFH�RI�VRPH�

FKDUJHG�FXUUHQWV�RI�WKH�LPSXULWLHV�JHQHUDWHG�E\�FROOHFWLYH�DGVRUSWLRQ�RI�WKH�LRQLF�VSHFLHV�

RI�WKH�EDFNJURXQG�HOHFWURO\WH��

E�� ,I� WKH� VFDQQLQJ� UDWH� LV� KLJK� LQ� FRPSDULVRQ�ZLWK� WKH�PLJUDWLRQ� VSHHG� RI� LRQLF�

VSHFLHV�� WKHQ� ZLOO� H[LVW� PRUH� ³LPSHUIHFWLRQV´� LQ� WKLV� SURFHVV�� 7KHUHIRUH�� WKH� HOHFWULF�

UHVLVWDQFH�RI� WKH� HOHFWURO\WH�ZLOO� GHFUHDVH� LQ� WKH� UHVWUXFWXUHG� ]RQH�³G´� �)LJ���±,,��� DQG�

FRQVHTXHQWO\�� WKH� ³OLPLW´� FXUUHQW� ZLOO� EH� PDJQLILHG�� :H� KDYH�� LQ� WKLV� FDVH�� DOO� WKH�

VXSHUILFLDO� ³LPSXULWLHV´� LQYROYHG� LQ� WKH� FKDUJH� WUDQVIHU�SURFHVV�� LQGLIIHUHQW�ZKHUH� WKH\�

DUH�RQ�WKH�HOHFWURGH�VXUIDFH��

7KH� FROOHFWLYH� HIIRUW� RI� WKH� DQLRQLF� GRQRU� VSHFLHV� RI� WKH� EDFNJURXQG� HOHFWURO\WH��

ZKLFK� LPSOLHV� WKH� DSSHDUDQFH� RI� D� ³ORDGLQJ� FXUUHQW´� DW� WKH� DQRGH�� PDNHV� WKH�

FRPSHQVDWLRQ� RI� WKH� HOHFWURQ� GHILFLW� RI� WKH� IUHH� UDGLFDOV� VSRQWDQHRXVO\� IRUPHG� DW� WKH�

LQWHUIDFH��&RQVHTXHQWO\��WKH�³OLPLW´�FXUUHQW�ZLOO�EH�WHPSRUDULO\�PDJQLILHG�DQG�D�SHDN�RI�

WKH� FXUUHQW�ZLOO� DSSHDU� �IRU� LQVWDQFH�� WKH� SHDN�$� LQ�)LJXUH� �����7KH� ³ORDGLQJ� FXUUHQW´�

LQFUHDVHV�ZLWK�WKH�VFDQQLQJ�UDWH��OLNH�WKH�³OLPLW�FXUUHQW´�GRHV��7KH�SURFHVV�LV�UHYHUVLEOH�

DQG�DV�ORQJ�DV�WKH�VXSHUILFLDO�³LPSXULWLHV´�DUH�UHIRUPHG��ZH�KDYH�D�WHPSRUDU\�³ORDGLQJ�

FXUUHQW´��DV�D�UHVXOW�RI�WKH�FROOHFWLYH�DGVRUSWLRQ�RI�WKH�FDWLRQLF�VSHFLHV�RI�WKH�EDFNJURXQG�

HOHFWURO\WH��WKH�SHDN�%�LQ�)LJXUH������

)RU� QHXWUDO� RUJDQLF� ³LPSXULWLHV´�� WKH�SKHQRPHQRQ� LV� OHVV�SUREDEOH��7KH� HYHQWXDO�

DV\PPHWULHV� FDQ� EH� FRUUHODWHG� ZLWK� WKH� PRELOLW\� GLIIHUHQFHV� RI� WKH� LRQV� RI� WKH�

EDFNJURXQG�HOHFWURO\WH��7KH�GLIIHUHQFHV� LQ� WKH�PDJQLWXGH�RI� WKH�SHDNV�$�DQG�%�FDQ�EH�

FRUUHODWHG�ZLWK�WKH�GHJUHH�RI�VROYDWDWLRQ�RI�WKHVH�LRQV��

7KH�YLVFRVLW\�RI� WKH�HQYLURQPHQW�SOD\V�DQ� LPSRUWDQW� UROH��7KXV��RQH�FDQ�H[SODLQ�

ZK\�WKH�DGGLWLRQ�RI�JHODWLQH�\LHOGV�VPDOOHU�SRODURJUDSKLF�PD[LPD��

7KH�PHDQ� OLIHWLPH� �W�� RI� WKH� WUDQVLHQW� RUJDQLF� UDGLFDO� LV� YHU\� VKRUW�� HVSHFLDOO\� LQ�

]RQH�³F´��)LJXUH���±,��EHFDXVH�RI�WKH�IDVW�XQLGLUHFWLRQDO�FKDUJH�WUDQVIHU��$IWHU�WKH�³OLPLW�
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FXUUHQW´�LV�DWWDLQHG��WKH�LQFUHDVH�RI�WKH�RYHUSRWHQWLDO�GHWHUPLQHV�D�SURJUHVVLYH�VWUXFWXULQJ�

RI�WKH�]RQH�³F´��DQG�DQ�LQFUHDVH�RI�WKH�HOHFWULF�UHVLVWDQFH��5G��

,W�IROORZV�D�IOXFWXDWLRQ�SHULRG�RI�5G��EHFDXVH�WKH�V\VWHP�UHDFWV�E\�GLIIHUHQW�ZD\V�WR�

FORVH� WKH�HOHFWULF�FLUFXLW�DQG�WKH�RWKHU�SDUDOOHO�ZD\V�PRUH�IDYRXUDEOH�IURP�WKH�SRLQW�RI�

YLHZ�RI�WKH�HOHFWULF�UHVLVWDQFH��

0DQ\� RI� WKHVH� ZD\V� UHVW� XQHQGHG� EXW� WKH\� DUH� DQ� HIILFLHQW� VRXUFH� RI� FUHDWLQJ�

RUJDQLF� UDGLFDOV� ZLWK� D� PHDQ� OLIHWLPH� ELJJHU� DQG� D� VWDELOLVHU� OLNH� WKH� DFHWRQLWULOH�

HQFRXUDJHV�WKLV��7KXV�LW�FDQ�DSSHDUV�VRPH�HOHFWURV\QWKHVLV�RUJDQLF�SURGXFWV��IRU�LQVWDQFH�

WKH�UHG�FRORXUHG�SURGXFW�LQ�WKH�FDVH�RI���DPLQRDQWLS\ULQH�VROXWLRQ�LQ�WKH�RXWHU�VSDFH�RI�

WKH�LQWHUHOHFWURGLF�DUHD��

7KH�SUHYLRXV�FRPPHQWV�UHIHU�WR�WKH�DV\PPHWULF�F\FOLF�YROWDPPRJUDPV�DVVLJQHG�WR�

VRPH� HOHFWURFKHPLFDO� SURFHVVHV� ZLWK� FKDUJH� WUDQVIHU�� 7KH� UHYHUVLEOH� HOHFWURFKHPLFDO�

SURFHVVHV�ZLWK�PDVV�WUDQVIHU�FDQ�GHWHUPLQH�WKH�FKDQJH�RI�WKH�VWDWH�RI�HOHFWURGH�VXUIDFH��

,Q� WKH� FDVH�RI� WKH� UHYHUVLEOH� HOHFWURFKHPLFDO� SURFHVVHV� LQ� FODVVLFDO� UHGR[� V\VWHPV�� OLNH�

IHUUR�IHUULF\DQLGH��WKH�FXUUHQW�SHDNV�DUH�V\PPHWULFDO�
�
�

/HW¶V�QRZ�H[SODLQ�WKH�WKHRUHWLFDO�FRQVLGHUDWLRQV��ZKLFK�DUH�LQ�DJUHHPHQW�ZLWK�WKH�

SUHYLRXV�FRPPHQWV��7KH�VROYHQW�SOD\V�DQ�LPSRUWDQW�UROH�LQ�SKHQRPHQD�FRUUHVSRQGLQJ�WR�

WKH� LQWHUHOHFWURGLF� VSDFH� LQ� FORVHG� FLUFXLW�� 2QO\� IRU� WKH� VDNH� RI� VLPSOLFLW\�� ZH� KDYH�

QHJOHFWHG�RI� WKH� LRQV�VROYDWDWLRQ�SKHQRPHQD��)XUWKHU�RQ��ZH�GHSLFW� WKH�³GRXEOH�PL[HG�

HOHFWULF�OD\HU´�VWUXFWXUH�WKDW�ZH�VXJJHVW�IRU�WKH�HOHFWURO\WH�HOHFWURGH�LQWHUIDFH�
�� �
�

$��&DVH�RI�WKH�RSHQ�HOHFWULF�FLUFXLW��

�)RU�WKH�KHWHURJHQHRXV�VROLG�HOHFWURO\WH�LQWHUIDFH��WKH�³GRXEOH�PL[HG�HOHFWULF�OD\HU´�

PRGHO�LV�RQ�EDVLV�RI�WKH�IROORZLQJ�UHTXLVLWHV��VHH�)LJXUH������
�
�

x� 7KH�PHWDO�HOHFWURO\WH�LQWHUIDFH�LV�KHWHURJHQHRXV�DW�D�PLFURVFRSLF�VFDOH��

x� 7KH�R[LGH�VXUIDFH�LV�K\GUDWHG�LQ�FDVH�RI�WKH�DTXHRXV�VROXWLRQV��

x� 7KH�LRQV�LQ�VROXWLRQ�DUH�PRUH�RU�OHVV�K\GUDWHG��LQ�IXQFWLRQ�RI�WKHLU�W\SH��HOHFWULF�

FKDUJH�DQG�YROXPH��

x� $W� HTXLOLEULXP�� WKH� DQLRQV� �$�� DQG� FDWLRQV� �&�� FDQ� EH� DGVRUEHG� RQ� WKH�

VXSHUILFLDO�DFWLYH�FHQWUHV�RI�WKH�DQRGH��

x� 7KH� VSHFLILF� DGVRUEHG� LRQV� �$6� DQG� &6�� DUH� WRWDOO\� LQWHJUDWHG� LQ� WKH� VROLG�
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VXUIDFH� DQG�PRGLI\� LWV� VXSHUILFLDO� VWUXFWXUH� �LQ� IDFW�� ZH� FDQ� FRQVLGHU� D� QHZ� LQWHUIDFH��

GHQRWHG�E\�,�LQ�)LJXUH����IRU�WKH�VSHFLILF�DGVRUSWLRQ�RI�WKH�DQLRQV���

x� 7KH� LRQV�ZKLFK�KDYH� DQ� LQFUHDVHG� FKHPLFDO� DIILQLW\� IRU� WKH�DFWLYH� VXSHUILFLDO�

FHQWUHV� HOLPLQDWH� WKH� VROYHQW� PROHFXOH� IURP� WKH� K\GUDWLRQ� OD\HU� DQG� LQWHUDFW� ZLWK� WKH�

VXEVWUDWH� WKURXJK� D� VLQJOH� +�2� PROHFXOH� ZKLFK� LV� VWURQJO\� SRODULVHG�� 7KH� SODQH� RI�

FHQWUHV�RI�WKHVH�LRQV�LV�,+3��WKH�,QQHU�+HOPKROW]�3ODQH���)LJXUH����,,���

x� 7KH�LRQV��ZKLFK�KDYH�D�GHFUHDVHG�FKHPLFDO�DIILQLW\�IRU�WKH�DFWLYH�VXSHUILFLDO�RI�

WKH�VXEVWUDWH��ZLOO�LQWHUDFW�ZLWK�WKH�HOHFWURGH�VXUIDFH�E\�PHDQV�RI�WZR�GLSRODU��VWDELOLVHG�

+�2�PROHFXOHV��WKRVH�IURP�WKH�K\GUDWLRQ�VSKHUHV�RI�WKH�VXEVWUDWH�DQG�WKH�LRQ���7KH�SODQH�

RI�WKH�FHQWUHV�RI�WKHVH�LRQV�LV�2+3��WKH�2XWHU�+HOPKROW]�3ODQH���)LJXUH����,,,��
�
�

� �

)LJXUH ��� +HWHURJHQHRXV VWUXFWXUH RI WKH PHWDO�

R[LGH�HOHFWURO\WH LQWHUIDFH IRU GRXEOH PL[HG OD\HU

RI HOHFWURGH�

)LJXUH ��� +RPRJHQHRXV VWUXFWXUH RI WKH

+J�HOHFWURO\WH LQWHUIDFH�

�

,I� WKH� DFWLYH� VXSHUILFLDO� DFFHSWRU� FHQWUHV� RI� WKH� VXUIDFH� DUH� EORFNHG� E\� WKH�

DGVRUSWLRQ�RI�WKH�DQLRQV�$6��WKHQ�WKH�VXUIDFH�SDVVHV�IURP�WKH�PL[HG�VHOHFWLYH�VWDWH�LQ�WKH�

FDWLRQV�VHOHFWLYH�VWDWH��)LJXUH����,���,Q�WKH�FDVH�RI�WKH�DGVRUSWLRQ�RI�WKH�FDWLRQV�&6��WKH�

SKHQRPHQD�SURGXFH�FRQYHUVHO\�� ,I� WKHUH� LV�QR�VSHFLILF�DGVRUSWLRQ�DQG� WKH� WZR� W\SHV�RI�

LRQV�DUH�DFWLYH�DW�WKH�,+3�OHYHO��)LJXUH����,,���D�PL[HG�HOHFWURGH�SRWHQWLDO�FKDUDFWHUL]HV�
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WKH�LQWHUIDFH�
�
�,Q�WKLV�FDVH��RQH�DSSOLHV�6WHUQ¶V�PRGHO��,I�WKHUH�LV�VSHFLILF�DGVRUSWLRQ�DQG�

QR�LQWHUDFWLRQV�DW�,+3�OHYHO��EXW�RQO\�DW�2+3�OHYHO��WKHQ�RQH�DSSOLHV�WKH�*RX\�&KDSPDQ�

PRGHO��7KH�VDPH�PRGHO� LV� DSSOLHG�ZKHQ� LQ�2+3� OHYHOV� WKH�FDWLRQV�DQG� WKH�DQLRQV�DUH�

GRPLQDQWV��)LJXUH����,,,���

)RU� WKH� KRPRJHQHRXV� +J�HOHFWURO\WH� LQWHUIDFH� DQG� WDNLQJ� LQWR� DFFRXQW� WKH�

PROHFXOHV�LQ�WKH�VROYDWDWLRQ�VSKHUH��WKH�UHTXLVLWHV�RI�WKLV�PRGHO�DUH�DV�IROORZV��

x� 7KHUH�DUH�PHWDOOLF�DWRPV�0�ZKLFK�KDYH�D�JUHDW�FKHPLFDO�DIILQLW\�IRU�DQLRQV�RQ�

WKH�KRPRJHQHRXV�VXUIDFH�RI�+J��

x� 7KH�+J�VXUIDFH�LV�K\GUDWHG��

x� 7KH�K\GUDWHG�LRQV�FDQ�LQWHUDFW�ZLWK�WKH�PHWDOOLF�VXUIDFH��

7KH� DGVRUEHG� DQLRQV� LQWHUDFW�ZLWK� WKH�PHWDOOLF� VXUIDFH� HLWKHU� E\� WKH�PHDQV� RI� D�

+�2� ELPROHFXODU� OD\HU� WKDW� LV� GLSRODU� VWDELOLVHG� �2+3� LQ� )LJXUH� ���,,��� RU� WKURXJK�

LQWHUDFWLRQV�DW�,+3�OHYHO��)LJXUH����,���

7KH�FDWLRQV�DUULYH�WRJHWKHU�DW�WKH�LQWHUIDFH�IRUP�DOWHUQDWLQJ�OD\HUV��ZKLFK�LQWHUDFW�

ZLWK� WKH� DQLRQV� IURP� ,+3� RU� 2+3�� PRVW� SUREDEOH� WKURXJK� GLSRODU� VWDELOLVHG� +�2�

ELPROHFXODU� OD\HUV�� 3DVVLQJ� RI� WKH� FDWLRQV� IURP�2+3� WR� ,+3� LPSOLHV� D�KLJK� DFWLYDWLRQ�

HQHUJ\�� GHWHUPLQHG� E\� WKH� GHK\GUDWLRQ� VWDJH�� E\� WKH� VWURQJ� LRQLF� LQWHUDFWLRQ� ZLWK� WKH�

DQLRQLF�OD\HU�IURP�WKH�WKLUG�OD\HU�DQG�E\�QHFHVVLW\�RI�WKH�OD\HU�LQYHUVLRQ��

%��&DVH�RI�WKH�FORVHG�HOHFWULF�FLUFXLW��

)RU� WKH� VROLG�HOHFWURO\WH� LQWHUIDFH� �)LJXUH� ���� DQG� IRU� KLJK� RYHUSRWHQWLDO�� LQ� WKH�

DGMDFHQW�]RQH�RI�WKH�HOHFWURGH��DSSHDU�ILUVW�WKH�VSHFLILF�LQWHUDFWLRQV�EHWZHHQ�WKH�RSSRVLWH�

FKDUJHG�LRQV�PHGLDWHG�E\�D�+�2�PROHFXOH�DQG�WKHQ�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�HTXDOO\�

FKDUJHG�LRQV��7KH�HIIHFW�FRQVLVWV�RI�WKH�³LQWHUPROHFXODU´�GHVWUXFWLRQ�RI�WKH�R[LGH�OD\HU��

)RU� WKH� +J�HOHFWURO\WH� LQWHUIDFH� �)LJXUH� ����� WKHUH� DUH� WZR� SRVVLELOLWLHV� DV� D�

IXQFWLRQ�RI�WKH�VLJQ�RI�WKH�DSSOLHG�RYHUSRWHQWLDO��7KH�DFWLYDWLRQ�RI�WKH�LRQV�LQ�VROXWLRQ�DW�

,+3� OHYHO� UHTXLUHV� D� KLJK� QHJDWLYH� RYHUSRWHQWLDO� ZKLFK� FRUUHVSRQGV� WR� DQ� DFWLYDWLRQ�

HQHUJ\� QHHGHG� IRU� WKH� LQYHUVLRQ� RI� WKH�ZDWHU� OD\HUV� DQG� IRU� WKH� LQYHUVLRQ� RI� WKH� LRQLF�

DOWHUQDWLQJ� OD\HUV� LQ� WKH� DGMDFHQW� DQG� VWUXFWXUHG� ]RQHV� RI� WKH� LQWHUIDFH�� 2QO\� WKXV� WKH�

FDWLRQV�FDQ�SDUWLFLSDWH�LQ�WKH�FKDUJH�WUDQVIHU�WKURXJK�WKH�LQWHUIDFH��7KH�H[LVWHQFH�RI�VRPH�

LPSXULWLHV�ZLWK�D� VWURQJHU�DFFHSWRU�FKDUDFWHU� LQ� VROXWLRQ�FRXOG�GLPLQLVK� WKLV�DFWLYDWLRQ�
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HQHUJ\� DV� PXFK� PRUH� DV� WKHLU� FRQFHQWUDWLRQ� LV� KLJKHU�� 7KH� DFWLYDWLRQ� RI� WKH� LRQV� LQ�

VROXWLRQ� LV�PDGH�E\� WKH�SXWWLQJ�RQ�D�SRVLWLYH�VPDOO�RYHUSRWHQWLDO� WKDW�FRUUHVSRQGV� WR�D�

VPDOO�DFWLYDWLRQ�HQHUJ\�UHTXLUHG�RQO\�IRU�WKH�LQYHUVLRQ�DQG�UHMHFWLRQ�RI�RQH�RI�WKH�ZDWHU�

PROHFXOHV��LQ�VXFK�D�ZD\�DV�WKH�LQWHUDFWLRQ�ZLWK�WKH�+J�WR�EH�DW�,+3�OHYHO��)LJ������7KH�

VDPH�LPSRUWDQFH�KDV� WKH�UROH�RI� WKH�GRQRU�³LPSXULWLHV´�LQ�VROXWLRQ�ZKLFK��SURSRUWLRQDO�

WR�WKHLU�FRQFHQWUDWLRQ��HQFRXUDJH�WKH�FKDUJH�WUDQVIHU�DQG�WKH�LQFUHDVH�RI�WKH�FXUUHQW�WR�WKH�

³OLPLW�FXUUHQW´�YDOXH��7KHUHIRUH��IRU�WKH�DFKLHYHPHQW�RI�WKH�LQWHUIDFLDO�FKDUJH�WUDQVIHU�LW�

LV�QHFHVVDU\�WKDW�WKH�LRQLF�VSHFLHV��ZLWK�DFFHSWRU�RU�GRQRU�FKDUDFWHU��LQWHUDFW�ZLWK�WKH�+J�

VXUIDFH��DW�OHDVW�DW�,+3�OHYHO��

,Q�WKH�FDVH�RI�GRVLQJ�WKH�FDWLRQLF�³LPSXULWLHV´��WKH�FKDUJH�WUDQVIHU�SURFHVVHV�DW�,+3�

OHYHO� GRHV� QRW� VXSSRVH� WKH� GLVFKDUJH� RI� WKH�PHWDOOLF� FDWLRQV� RQ� WKH� HOHFWURGH�ZLWK� WKH�

IRUPLQJ� RI� WKH� PL[WXUH�� 7KH� PL[WXUH� LV� SRVVLEOH� WR� EH� REWDLQHG� ZLWK� LQFUHDVLQJ�

RYHUSRWHQWLDO�FRUUHVSRQGLQJ�WR�WKH�GLUHFW�LQWHUDFWLRQ�RI�D�FHUWDLQ�FDWLRQ�ZLWK�WKH�PHWDOOLF�

+J��

7KH�SRODURJUDSKLF�SKHQRPHQRQ�WKDW�SHUPLWV�WKH�GRVLQJ�RI�³LPSXULWLHV´��RUJDQLF�RU�

LQRUJDQLF�� LQ� VROXWLRQ� LV� IDFLOLWDWHG�E\� WKH�VWUXFWXUDO� LQWHUIDFLDO�DUUDQJHPHQWV� OLNH� WKRVH�

IURP�)LJXUH�����%HFDXVH�RI�WKH�UHVXOW�REWDLQHG�XSRQ�WKH�1L�HOHFWURGH�V\VWHP��)LJXUH�����

ZH�WKLQN�WKDW�VXFK�LPDJH�LV�FRUUHFW�DW�PLFURVFRSLF�OHYHO��7KXV��WKH�LPDJH�RIIHUHG�E\�WKH�

³GRXEOH� PL[HG� HOHFWURGH� OD\HU´� IRU� WKH� PHWDO�R[LGH�HOHFWURO\WH� �)LJ�� ���� LV� FRUUHFW�� ,W�

LPSRVHV� PDMRU� UHVWULFWLRQV� LQ� WKH� SKHQRPHQRORJLFDO� H[WUDSRODWLRQ� IURP� WKH�

+J�HOHFWURO\WH�LQWHUIDFH�WR�WKDW�RI�WKH�VROLG�HOHFWURO\WH��

2XU�SDSHU�WULHV�WR�DFFUHGLW�WKH�LGHD�WKDW�FRPPRQ�IRU�+J�DQG�3W��QDPHO\�WKH�DEVHQFH�

RI� WKH� VXSHUILFLDO� OD\HU� RI� WKH�KHWHURJHQHRXV�R[LGH� LV� WKH� HVVHQFH�RI� WKH�SRODURJUDSKLF�

SKHQRPHQRQ��2QO\� LQ� WKLV�FDVH� WKH�VWUXFWXUDO�DUUDQJHPHQW� LQ� WKH�)LJXUH���� LV�SRVVLEOH��

7KLV�DUUDQJHPHQW�LV�LQ�DJUHHPHQW�ZLWK�WKH�DFKLHYHPHQW�RI�FKDUJH�LQWHUIDFLDO�WUDQVIHU��LQ�

WKH�DQRGH�]RQH�DQG�LQ�WKH�FDWKRGH�]RQH��WRR��

�

&RQFOXVLRQV�

,Q�WKLV�SDSHU�ZH�SURSRVH�DQ�LQWHUSUHWDWLRQ�PRGH�RI�WKH�YROWDPPRJUDPV�DQG�RI�WKH�

SRODURJUDSK\� PHFKDQLVP� WKURXJK� WKH� YLHZSRLQW� RI� WKH� LQWHUIDFLDO� FKDUJH� WUDQVIHU��

PHGLDWHG�E\�WKH�GRQRU±DFFHSWRU�³LPSXULWLHV´�LQ�VROXWLRQ��:H�DVVLJQ�D�SK\VLFDO�FRQFUHWH�
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VLJQLILFDQFH�WR�WKH�FXUUHQW�³SHDNV´��IHDWXUHV�RI�WKH�F\FOLF�YROWDPPRJUDPV��LQ�DFFRUGDQFH�

ZLWK� WKH� VFDQQLQJ� UDWH�� :H� EHOLHYH� WKDW� LQ� LQWHUIDFLDO� FKDUJH� WUDQVIHU� SKHQRPHQD� DUH�

LQYROYHG� WKH� SDLUV� RI� IUHH� HOHFWURQV� RI� WKH� QLWURJHQ� DQG� VXOSKXU�� DV� D� VXSSRUW� RI� WKH�

HOHFWURQLF�FRQGXFWLRQ�DW�ELR�VWUXFWXUHG�V\VWHPV¶�OHYHO�
�
�7DNLQJ�LQWR�DFFRXQW�WKH�G\QDPLF�

FKDUDFWHU�RI�WKLV�SKHQRPHQRQ��RXU�LQWHUSUHWDWLRQ�LV�D�SKHQRPHQRORJLFDO�RQH��

�
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YROWDPHWULMH LQ SRODURJUDILMH V VWDOLãþD IHQRPHQRY QD ID]QL PHML� 3UHGODJDPR UD]ODJR ]D
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