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)LJXUH�����(TXLYDOHQW�FLUFXLW�RI
SLH]R�ILOP

)LJXUH�����(TXLYDOHQW�FLUFXLW�IRU
SLH]R�ILOP

)LJXUH�����(TXLYDOHQW�FLUFXLW�RI
SLH]R�ILOP�ZLWK�LQSXW�UHVLVWDQFH
RI�HOHFWURQLF�LQWHUIDFH

%$6,&�&,5&8,7�&21&(376

$�SURSHUO\�GHVLJQHG�LQWHUIDFH�FLUFXLW�SOD\V�D�NH\�UROH�LQ�WKH�RSWLPL]DWLRQ�RI�SLH]R�ILOP�VHQVRUV��7KH
DSSOLFDWLRQV�RI�SLH]R�ILOP�VSDQ�IURP�WR\V�WR�PLOLWDU\�VHQVRUV�DQG�LQWHUIDFLQJ�WR�HOHFWURQLFV�LV�KLJKO\
DSSOLFDWLRQ�GHSHQGHQW��,Q�PDQ\�FDVHV��SLH]R�ILOP�FDQ�EH�GLUHFWO\�FRQQHFWHG�WR�HOHFWURQLF�FLUFXLWV
ZLWKRXW�VSHFLDO�LQWHUIDFH�FRQVLGHUDWLRQV��+RZHYHU��IRU�WKRVH�FDVHV�ZKHUH�DQ�LQWHUIDFH�FLUFXLW�LV
UHTXLUHG��WKH�IROORZLQJ���VWHSV�DUH�UHFRPPHQGHG�

�� &RQVLGHU�WKH�IUHTXHQF\�UDQJH�DQG�VLJQDO�DPSOLWXGH�UHTXLUHPHQWV�RYHU�WKH�GHVLUHG�G\QDPLF
UDQJH�

�� &KRRVH�D�SURSHU�ORDG�UHVLVWDQFH�WR�DVVXUH�WKH�ORZ�HQG
RSHUDWLQJ�IUHTXHQF\�DQG�WR�PLQLPL]H�VLJQDO�ORVV�GXH�WR�WKH
ORDGLQJ�HIIHFW�

�� 6HOHFW�D�EXIIHU�FLUFXLW�LI�WKH�VLJQDO�OHYHO�LV�VPDOO��,I�D�KLJK
YDOXH�ORDG�UHVLVWDQFH�LV�QHHGHG��VXFK�DV���0��RU�KLJKHU
YDOXH���D�ORZ�OHDNDJH�KLJK�LPSHGDQFH�EXIIHU�DPSOLILHU�LV
UHFRPPHQGHG��-)(7
V�RU�&026�RSHUDWLRQDO�DPSOLILHUV�DUH
FRPPHUFLDOO\�DYDLODEOH�IRU�D�EXIIHU�

6LPSOLILHG�(TXLYDOHQW�&LUFXLWV

7KH�ILUVW�VWHS�LQ�DQ�LQWHUIDFH�FLUFXLW�GHVLJQ�LV�WR�XQGHUVWDQG�WKH
SLH]R�ILOP�FKDUDFWHULVWLFV�DV�SDUW�RI�DQ�HOHFWULFDO�HTXLYDOHQW
FLUFXLW��)LJXUH����VKRZV�D�VLPSOLILHG�HTXLYDOHQW�FLUFXLW�RI�SLH]R
ILOP��,W�FRQVLVWV�RI�D�VHULHV�FDSDFLWDQFH�ZLWK�D�YROWDJH�VRXUFH�
7KH�VHULHV�FDSDFLWDQFH�&

I
�UHSUHVHQWV�SLH]R�ILOP�FDSDFLWDQFH

ZKLFK�LV�SURSRUWLRQDO�WR�WKH�ILOP�SHUPLWWLYLW\�DQG�DUHD�DQG
LQYHUVHO\�SURSRUWLRQDO�WR�ILOP�WKLFNQHVV��7KH�YROWDJH�VRXUFH
DPSOLWXGH�LV�HTXDO�WR�WKH�RSHQ�FLUFXLW�YROWDJH�RI�SLH]R�ILOP
DQG�YDULHV�IURP�PLFURYROWV�WR����
V�RI�YROWV��GHSHQGLQJ�RQ
WKH�H[FLWDWLRQ�PDJQLWXGH���7KLV�VLPSOLILHG�HTXLYDOHQW�FLUFXLW�LV
VXLWDEOH�IRU�PRVW�DSSOLFDWLRQV�EXW�LV�RI�OLPLWHG�YDOXH�DW�YHU\
KLJK�IUHTXHQFLHV�VXFK�DV�WKDW�XVHG�LQ�XOWUDVRXQG�WUDQVGXFHUV�

)LJXUH����VKRZV�DQ�HTXLYDOHQW�FLUFXLW�DV�D�FKDUJH�JHQHUDWRU�
7KLV�HTXLYDOHQW�FLUFXLW�KDV�ILOP�FDSDFLWDQFH�&

I
��DQG�LQWHUQDO

ILOP�UHVLVWDQFH�5
I
��7KH�LQGXFHG�FKDUJH�4�LV�OLQHDUO\

SURSRUWLRQDO�WR�WKH�DSSOLHG�IRUFH�DV�GHVFULEHG�HDUOLHU��7KH�FDSDFLWDQFH�&
I
�LV�SURSRUWLRQDO�WR�WKH

VXUIDFH�DUHD�RI�ILOP�DQG�LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�ILOP�WKLFNQHVV��,Q�ORZ�IUHTXHQF\�DSSOLFDWLRQV�
WKH�LQWHUQDO�ILOP�UHVLVWDQFH�5

I
�LV�YHU\�KLJK�DQG�FDQ�EH�LJQRUHG��7KH�RSHQ�FLUFXLW�RXWSXW�YROWDJH�FDQ�EH

IRXQG�IURP�WKH�ILOP�FDSDFLWDQFH��L�H���9 4�&
I
�

,QSXW�5HVLVWDQFH

7KH�PRVW�FULWLFDO�SDUW�RI�DQ�LQWHUIDFH�FLUFXLW�LV�WKH�LQSXW
UHVLVWDQFH��7KH�LQSXW�UHVLVWDQFH�DIIHFWV�ORZ�IUHTXHQF\
PHDVXUHPHQW�FDSDELOLW\�DV�ZHOO�DV�VLJQDO�DPSOLWXGH��7KLV�LV
FDOOHG�WKH��ORDGLQJ�HIIHFW��

3LH]R�ILOP�FDSDFLWDQFH�FDQ�EH�UHJDUGHG�DV�DQ�HTXLYDOHQW
VRXUFH�LPSHGDQFH��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKLV�VRXUFH
LPSHGDQFH�LQFUHDVHV�ZLWK�GHFUHDVLQJ�ILOP�FDSDFLWDQFH�DQG
GHFUHDVLQJ�IUHTXHQF\�RI�RSHUDWLRQ��7KLV�VRXUFH�LPSHGDQFH
FRPELQHG�ZLWK�WKH�LQSXW�UHVLVWDQFH�SURGXFHV�D�YROWDJH
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)LJXUH�����7LPH�UHVSRQVH�RI�SLH]R
ILOP

)LJXUH�����+LJK�SDVV�ILOWHU
FKDUDFWHULVWLF�RI�SLH]R�ILOP

GLYLGHU��$V�WKH�UDWLR�RI�LQSXW�UHVLVWDQFH�WR�VRXUFH�LPSHGDQFH�LV�GHFUHDVHG��WKH�RYHUDOO�RXWSXW�YROWDJH
LV�UHGXFHG��7KHUHIRUH��FKRRVLQJ�D�SURSHU�LQSXW�UHVLVWDQFH�IRU�WKH�HOHFWURQLF�LQWHUIDFH�LV�FULWLFDO�LQ
PLQLPL]LQJ�WKH�ORDGLQJ�HIIHFW�

7LPH�&RQVWDQW

,Q�DGGLWLRQ�WR�LQSXW�UHVLVWDQFH��WKH�LQSXW�FDSDFLWDQFH�RI�DQ
LQWHUIDFH�FLUFXLW�FDQ�DOVR�DIIHFW�WKH�RXWSXW��)LJXUH����VKRZV
WKH�HTXLYDOHQW�FLUFXLW�RI�ILOP�ZLWK�LQSXW�UHVLVWDQFH�5

L
�DQG

LQSXW�FDSDFLWDQFH�&
L
��$�W\SLFDO�WLPH�GRPDLQ�UHVSRQVH�RI

SLH]R�ILOP�LV�VKRZQ�LQ�)LJXUH������7KH�FKDUJH�GHYHORSHG
RQ�WKH�ILOP�GXH�WR�DQ�DSSOLHG�IRUFH�GHFD\V�ZLWK�D�WLPH
FRQVWDQW�ZKLFK�LV�GHILQHG�E\�5

L
�&

I
���&

L
���

7KLV�WLPH�FRQVWDQW�UHSUHVHQWV�WKH�WLPH�UHTXLUHG�IRU�D�VLJQDO
WR�GHFD\�WR����������G%��RI�LWV�RULJLQDO�DPSOLWXGH��7KH
VPDOOHU�WKH�WLPH�FRQVWDQW��WKH�TXLFNHU�WKH�VLJQDO�GHFD\V�
%HFDXVH�RI�WKLV�ILQLWH�WLPH�FRQVWDQW��SLH]R�ILOP�LV�VXLWDEOH
IRU��G\QDPLF�PHDVXUHPHQWV�UDWKHU�WKDQ�VWDWLF�PHDVXUHPHQW
�������+]�PLQLPXP��

,I�D�ORQJ�WLPH�FRQVWDQW�LV�GHVLUHG��D�KLJK�LQSXW�UHVLVWDQFH
DQG�ILOP�FDSDFLWDQFH�FDQ�EH�XVHG��,W�VKRXOG�EH�XQGHUVWRRG��KRZHYHU��WKDW�D�KLJK�LQSXW�UHVLVWDQFH�FDQ
DOVR�SURGXFH�KLJKHU�QRLVH��UHTXLULQJ�FRPSHQVDWLRQ�WKURXJK�VKLHOGLQJ��HWF�

)UHTXHQF\�5HVSRQVH

$QRWKHU�LPSRUWDQW�DVSHFW�RI�WKH�WLPH�FRQVWDQW�FDQ�EH�VHHQ
LQ�WKH�IUHTXHQF\�UHVSRQVH�RI�WKH�HTXLYDOHQW�FLUFXLW��7KH
FLUFXLW�H[KLELWV�DQ�5&�KLJK�SDVV�ILOWHU�FKDUDFWHULVWLF�DV�VKRZQ
LQ�)LJXUH�����,Q�WKLV�ILJXUH��WKH�YHUWLFDO�D[LV�LPSOLHV�WKH�UDWLR
RI�REVHUYDEOH�RXWSXW�VLJQDO�WR�WKH�GHYHORSHG�VLJQDO��RSHQ
FLUFXLW�YROWDJH�RI�WKH�SLH]R�ILOP���=HUR�G%�LPSOLHV�QR�ORVV�RI
VLJQDO��7KH�FXWRII�IUHTXHQF\����G%�GRZQ��LV�LQYHUVHO\
SURSRUWLRQDO�WR�WKH�WLPH�FRQVWDQW��:KHQ�D�SLH]R�ILOP�VHQVRU
LV�RSHUDWHG�EHORZ�WKLV�FXW�RII�IUHTXHQF\��WKH�RXWSXW�VLJQDO�LV
VLJQLILFDQWO\�UHGXFHG��)RU�D�ORZ�IUHTXHQF\�PHDVXUHPHQW��DQ
LQSXW�UHVLVWDQFH�QHHGV�WR�EH�KLJK�HQRXJK�VR�WKDW�WKH�FXW�RII
IUHTXHQF\�LV�ZHOO�EHORZ�WKH�GHVLUHG�RSHUDWLQJ�IUHTXHQF\��7KLV
FRQVHTXHQFH�FDQ�EH�YHULILHG�IURP�FRQVLGHUDWLRQ�RI�WKH�WLPH
FRQVWDQW�DV�ZHOO�DV�WKH�ORDGLQJ�HIIHFW�

$V�DQ�H[DPSOH��WKH�IUHTXHQF\�UHVSRQVH�RI�D�VKLHOGHG�SLH]R�ILOP�VHQVRU��PRGHO�6'7���LV�VKRZQ�LQ
)LJXUH������,Q�WKLV�H[DPSOH���WKH�6'7�LV�LQWHUIDFHG�ZLWK�D�FLUFXLW�ZKLFK�FRQWDLQV�D���0��ORDG
UHVLVWRU�DQG�DQ�)(7��7KH�FDSDFLWDQFH�RI�WKH�SLH]R�ILOP�LV�����Q)��:LWK���0��ORDG�UHVLVWDQFH��WKH
WLPH�FRQVWDQW�EHFRPHV����PVHF�DQG�WKXV��WKH�FXW�RII�IUHTXHQF\�LV�����+]��)RU�FRPSDULVRQ��WKH�FXW�
RII�IUHTXHQF\�FDQ�EH�UHGXFHG�WR������+]�LI�D����0��UHVLVWRU�LV�XVHG�LQVWHDG�RI�WKH���0��UHVLVWRU��
7KLV�VHQVRU�FRPSRQHQW�FDQ�EH�XVHG�IRU�DQ\�DSSOLFDWLRQ�RSHUDWLQJ�DERYH�WKH�FXW�RII�IUHTXHQF\
GHWHUPLQHG�E\�WKH�UHVLVWDQFH�YDOXH��

,Q�DSSOLFDWLRQV�ZKHUH�WKH�HOHFWURQLF�FLUFXLW�FDQQRW�EH�SODFHG�QHDU�WKH�VHQVRU��D�EXIIHU�FLUFXLW�LV
UHFRPPHQGHG�FORVH�WR�WKH�VHQVRU��7KH�EXIIHU�FLUFXLW�FRQYHUWV�WKH�KLJK�RXWSXW�LPSHGDQFH�RI�WKH
SLH]R�ILOP�HOHPHQW�LQWR�D�ORZ�RXWSXW�LPSHGDQFH�DQG�WKXV�PLQLPL]HV�WKH�VLJQDO�ORVV�DQG�QRLVH
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)LJXUH�����)UHTXHQF\�UHVSRQVH�RI
6'7��

)LJXUH�����8QLW\�JDLQ�EXIIHU
IRU�SLH]R�ILOP�VHQVRUV

WKURXJK�WKH�FDEOH��)RU�ODUJH�VL]H��L�H���KLJK�FDSDFLWDQFH��SLH]R
ILOP�VHQVRUV�D�EXIIHU�PD\�QRW�EH�UHTXLUHG��HYHQ�ZLWK�VPDOO
VLJQDOV�DQG�ORQJ�FDEOHV�

:KHQ�D�KLJK�SLH]R�ILOP�RXWSXW�LPSHGDQFH�LV�UHTXLUHG��D�ORZ�
OHDNDJH��KLJK�LPSHGDQFH�EXIIHU�LV�QHFHVVDU\��)RU�H[DPSOH�
LQIUDUHG�PRWLRQ�VHQVRU�DQG�DFFHOHURPHWHU�DSSOLFDWLRQV�UHTXLUH
XS�WR���*��RI�LQSXW�UHVLVWDQFH�WR�REWDLQ�D�YHU\�ORZ�IUHTXHQF\
UHVSRQVH��)RU�VXFK�FDVHV��WKH�LQSXW�LPSHGDQFH�RI�WKH�EXIIHU
PXVW�EH�PXFK�KLJKHU�WKDQ�WKH�RXWSXW�UHVLVWDQFH�RI�WKH�SLH]R
ILOP�LQ�RUGHU�WR�PDLQWDLQ�WKH�ORZ�IUHTXHQF\�UHVSRQVH��,Q
DGGLWLRQ��PLQLPXP�OHDNDJH�FXUUHQW�RI�WKH�EXIIHU�LV�FULWLFDO�LQ
RUGHU�WR�PD[LPL]H�WKH�PHDVXUHPHQW�DFFXUDF\��6RPH�H[DPSOHV
RI�ORZ�OHDNDJH�EXIIHU�HOHFWURQLFV�LQFOXGH��-)(7�������
�6LOLFRQL[��6SUDJXH���2SHUDWLRQDO�DPSOLILHUV�³�/0&����
/)�����1DWLRQDO�6HPLFRQGXFWRU���23����30,���DQG�����
�7H[DV�,QVWUXPHQWV��
�
)LJXUH����VKRZV�XQLW\�JDLQ�EXIIHU�FLUFXLW�H[DPSOHV�IRU�JHQHUDO
DSSOLFDWLRQV�

2SHUDWLRQDO�DPSOLILHUV�RIIHU�D�JUHDW�GHDO�RI�YHUVDWLOLW\�DV�ERWK
EXIIHUV�DQG�DPSOLILHUV��7KH\�FDQ�EH�XVHG�DV�HLWKHU�FKDUJH�PRGH
RU�YROWDJH�PRGH�DPSOLILHUV��)LJXUH����VKRZV�EDVLF�FKDUJH�DQG
YROWDJH�DPSOLILHU�FRQILJXUDWLRQV��7KH�YROWDJH�RXWSXW�RI�WKH�FKDUJH�DPSOLILHU�LV�GHWHUPLQHG�E\�4�&

I
�

4�LV�WKH�FKDUJH�GHYHORSHG�RQ�WKH�SLH]R�ILOP�DQG�&
I
�LV�WKH�IHHGEDFN�FDSDFLWDQFH�RI�WKH�FKDUJH

DPSOLILHU��

7KH�RXWSXW�YROWDJH�RI�WKH�FKDUJH�DPSOLILHU�GHSHQGV�RQ�WKH
IHHGEDFN�FDSDFLWDQFH��QRW�WKH�LQSXW�FDSDFLWDQFH��7KLV�LQGLFDWHV
WKDW�WKH�RXWSXW�YROWDJH�RI�D�FKDUJH�DPSOLILHU�LV�LQGHSHQGHQW�RI�WKH
FDEOH�FDSDFLWDQFH��7KH�PDMRU�DGYDQWDJH�RI�D�FKDUJH�DPSOLILHU�FDQ
EH�UHDOL]HG�ZKHQ�D�ORQJ�FDEOH�LV�XVHG�EHWZHHQ�D�SLH]R�ILOP�VHQVRU
DQG�HOHFWURQLFV��,Q�DGGLWLRQ��LW�DOVR�PLQLPL]HV�FKDUJH�OHDNDJH
WKURXJK�WKH�VWUD\�FDSDFLWDQFH�DURXQG�WKH�VHQVRU��2WKHUZLVH�
VLPSOH�YROWDJH�DPSOLILHUV�DUH�VXIILFLHQW�IRU�PRVW�DSSOLFDWLRQV�
,QFOXGHG�LQ�)LJXUH����LV�D�W\SLFDO�QRQ�LQYHUWLQJ�YROWDJH�DPSOLILHU�

7KH�DGYDQWDJH�RI�D�YROWDJH�DPSOLILHU�FDQ�EH�VHHQ�ZKHQ�DPELHQW
WHPSHUDWXUH�LV�FRQVLGHUHG��7KH�YROWDJH�VHQVLWLYLW\��J�FRQVWDQW�
YDULDWLRQ�RYHU�WHPSHUDWXUH�LV�VPDOOHU�WKDQ�WKH�FKDUJH�VHQVLWLYLW\
�G�FRQVWDQW��YDULDWLRQ��&RQVHTXHQWO\��YROWDJH�DPSOLILHUV�ZLWK�SLH]R
ILOP�H[KLELW�OHVV�WHPSHUDWXUH�GHSHQGHQFH��,Q�)LJXUH�����WKH�WLPH
FRQVWDQWV�IRU�WKH�FKDUJH�DPSOLILHU�DQG�YROWDJH�DPSOLILHU�DUH�GHWHUPLQHG�E\�5&

I
�DQG�5&�UHVSHFWLYHO\�
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)LJXUH�����7\SLFDO�DPSOLILHUV�IRU�SLH]R
ILOP�VHQVRUV

)LJXUH�����$Q�LQWHUIDFH�FLUFXLW�RI�D
WUDIILF�VHQVRU

$V�D�GHVLJQ�H[DPSOH��D�WUDIILF�VHQVRU�LQWHUIDFH�LV
GHVFULEHG��%HFDXVH�RI�LWV�IOH[LELOLW\��SLH]R�FDEOH�LV�DQ
LGHDO�VHQVRU�PDWHULDO�IRU�WUDIILF�PHDVXUHPHQW
DSSOLFDWLRQV���06,·V�%/�WUDIILF�VHQVRU�LV�FRQVWUXFWHG
ZLWK�D�SLH]R�FDEOH�VKHDWKHG�LQ�D�FRPSUHVVHG�EUDVV
WXEH��ZLWK�D�YDULHW\�RI�VLJQDO�FDEOH�OHQJWKV�WDLORUHG�WR
WKH�LQVWDOODWLRQ�UHTXLUHPHQWV���7KH�%/�LV��DYDLODEOH�LQ
VHQVLQJ�OHQJWKV�RI�PRUH�WKDQ���PHWHUV���,Q�WKLV�VSHFLILF
H[DPSOH��WKH�%/�VHQVRU�LV���PHWHUV�ORQJ���7KLV
HOHFWULFDOO\�VKLHOGHG�VHQVRU�KDV�����IHHW�RI�FRD[�FDEOH�
7KH�HOHFWULFDO�VSHFLILFDWLRQV�RI�WKLV�VHQVRU�LQFOXGH�

� &DSDFLWDQFH� ����Q)��LQFOXGLQJ�SLH]R�FDEOH�DQG
VLJQDO�FDEOH�FDSDFLWDQFHV�

�2XWSXW������� ���P9��IRU�D�ZKHHO�ORDG�RI����
SRXQGV�DW���PSK�DQG����)�

�6LJQDO���1RLVH� �����

7KH�EDVLF�UHTXLUHPHQWV�RI�DQ�LQWHUIDFH�FLUFXLW�DUH�
/RZ�HQG�IUHTXHQF\� �����+]
&LUFXLW�RXWSXW� �'LJLWDO�SXOVH�FRXQW

$Q�LQWHUIDFH�FLUFXLW�WR�PHHW�WKHVH�UHTXLUHPHQWV�LV
VKRZQ�LQ�)LJXUH�����7KLV�FLUFXLW�ZRUNV�DV�D
FRPSDUDWRU��$���0��LQSXW�UHVLVWDQFH�LV�FKRVHQ�LQ
RUGHU�WR�UHGXFH�WKH�FXW�RII�IUHTXHQF\�WR�DERXW���+]�
7KH�DFWXDO�FXW�RII�IUHTXHQF\�ZLWK�WKLV�UHVLVWRU�FDQ�EH
FDOFXODWHG�DV�����+]��$���0��SRWHQWLRPHWHU�LV�XVHG�WR
DGMXVW�WKH�WKUHVKROG�YROWDJH��9�DQG�WKH�GLRGH�LV
LQFOXGHG�WR�SURWHFW�WKH�HOHFWURQLFV�IURP�KLJK�YROWDJH
GDPDJH��7\SLFDO�SLH]R�ILOP�DQG�LQWHUIDFH�FLUFXLW�RXWSXW
VLJQDOV�IURP�D�SDVVHQJHU�FDU�DW����PSK�DUH�VKRZQ�LQ
)LJXUH����

6LJQDO�&RQGLWLRQLQJ

�%HFDXVH�SLH]R�ILOP�LV�ERWK�SLH]RHOHFWULF�DQG�S\URHOHFWULF�
VRPH�SURYLVLRQ�PXVW�EH�PDGH�WR�HOLPLQDWH³RU�DW�OHDVW
UHGXFH³WKH�HIIHFW�RI�XQZDQWHG�VLJQDOV��7KH�SULPDU\
SULQFLSOHV�RI�VLJQDO�FRQGLWLRQLQJ�LQFOXGH�
���)LOWHULQJ³(OHFWULFDO�ILOWHUV�GHVLJQHG�WR�JLYH�WKH�GHVLUHG
EDQG�SDVV�DQG�EDQG�UHMHFWLRQ�FKDUDFWHULVWLFV�
���$YHUDJLQJ³,I�WKH�GHVLUHG�VLJQDO�H[KLELWV�SHULRGLFLW\�
ZKLOH�WKH�XQGHVLUHG�VLJQDO�LV�UDQGRP��VLJQDO�DYHUDJLQJ�FDQ
LQFUHDVH�WKH�VLJQDO�WR�QRLVH�UDWLR�
���&RPPRQ�0RGH�5HMHFWLRQ³%\�ZLULQJ�WZR�HTXDO�DUHDV�RI
D�SLH]R�ILOP�HOHFWURGH�RXW�RI�SKDVH��XQZDQWHG�FRPPRQ�
PRGH�VLJQDOV�FDQ�EH�PDGH�WR�FDQFHO�
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)LJXUH�����+LJK�IUHTXHQF\�
ORZ�JDLQ�)(7�FLUFXLW�LQWHUIDFH

)LJXUH�����/RZ�IUHTXHQF\�
KLJK�JDLQ�)(7�FLUFXLW�LQWHUIDFH

)LJXUH�����2S�$PS�,QWHUIDFH
FLUFXLW�DFWLQJ�DV�D�FKDUJH
DPSOLILHU

)LJXUH�����/D\RXW�IRU
JXDUGLQJ�LQSXWV

%DVLF�6ZLWFK�&LUFXLWU\

$�YDULHW\�RI�FLUFXLWV�DUH�DYDLODEOH�WR�HOHFWURQLFDOO\�LQWHUIDFH�ZLWK
SLH]R�ILOP�LQFOXGLQJ�ILHOG�HIIHFW�WUDQVLVWRUV��)(7V���RSHUDWLRQDO
DPSOLILHUV��2S�$PSV���DQG�ORZ�FXUUHQW�GLJLWDO�ORJLF��&026��

)(7V�OHQG�WKHPVHOYHV�WR�DSSOLFDWLRQV�RI�VPDOO�VL]H�VLQFH�WKH\�DUH
UHDGLO\�DYDLODEOH�LQ�VXUIDFH�PRXQW�WHFKQRORJ\��,PSRUWDQW
FKDUDFWHULVWLFV�WR�FRQVLGHU�ZKHQ�XVLQJ�)(7V�DUH�VZLWFKLQJ
IUHTXHQF\��SLH]R�ILOP�FDSDFLWDQFH��OHDNDJH�FXUUHQW�RI�WKH�)(7�LQ�WKH
RII�VWDWH��LQSXW�ELDV�UHVLVWDQFH��DQG�VKLHOGLQJ�IURP�HOHFWURPDJQHWLF
LQWHUIHUHQFH��(0,��

)LJXUHV����DQG����VKRZ��W\SLFDO�)(7�FLUFXLW�FRQILJXUDWLRQV�IRU�D
SLH]R�ILOP�VZLWFK��)LJXUH�����WKH�FRPPRQ�GUDLQ�RU�VRXUFH�IROORZHU�
DSSOLHV�ZHOO�LQ�DSSOLFDWLRQV�ZKHUH�VLPSOH�EXIIHULQJ�LV�LPSRUWDQW�
+HUH��WKH�FLUFXLW�YROWDJH�JDLQ�LV�DSSUR[LPDWHO\�RQH�

7KH�FRPPRQ�VRXUFH�FLUFXLW�LQ�)LJXUH����LV�VXLWDEOH�IRU�ORZ
IUHTXHQF\�DSSOLFDWLRQV�ZKHUH�YROWDJH�JDLQ�LV�UHTXLUHG��7KH�JDLQ�LV
GHWHUPLQHG�E\�UHVLVWDQFHV�5

'
�DQG�5

6
��$V�WKH�JDLQ�LQFUHDVHV�

IUHTXHQF\�EDQGZLGWK�GHFUHDVHV�E\�D�IDFWRU�RI�RQH�GHFDGH�SHU���
G%�RI�JDLQ�

2SHUDWLRQDO�DPSOLILHUV�RIIHU�D�JUHDW�GHDO�RI�YHUVDWLOLW\�IRU�SLH]R�ILOP
VZLWFK�DSSOLFDWLRQV��$GDSWDWLRQ�WR�D�SDUWLFXODU�DSSOLFDWLRQ�LV�RIWHQ
DV�VLPSOH�DV�PDNLQJ�D�IHZ�ZLULQJ�FKDQJHV��,PSRUWDQW�RS�DPS
FLUFXLW�FKDUDFWHULVWLFV�LQFOXGH�LQSXW�ELDV�UHVLVWDQFH��ILOP�VZLWFK
FDSDFLWDQFH��DQG�(0,�VKLHOGLQJ�

7KH�RS�DPS�FLUFXLW�RI�)LJXUH�����D�FKDUJH�DPSOLILHU��VXLWV
DSSOLFDWLRQV�ZKHUH�D�GHWHFWHG�YLEUDWLRQ�DFWXDWHV�WKH�VZLWFK��,W�DOVR
ZRUNV�ZHOO�LQ�VPDOO�VLJQDO�DSSOLFDWLRQV��$�FKDUJH�DPSOLILHU
HOLPLQDWHV�WKH�HIIHFWV�RI�WKH�WLPH�FRQVWDQWV�RI�ERWK�WKH�SLH]R�ILOP
DQG�FRQQHFWLQJ�FDEOH��7KH�FKDUJH�DPSOLILHU�LV�D�FXUUHQW�RSHUDWHG
FLUFXLW�ZLWK�]HUR�LQSXW�LPSHGDQFH��ZKLFK�UHVXOWV�LQ�QR�YROWDJH
EHLQJ�JHQHUDWHG�DFURVV�WKH�ILOP��7KH�FKDUJH�DPSOLILHU�TXLFNO\
DEVRUEV�FKDUJHV�GHYHORSHG�E\�WKH�ILOP��:LWK�QR�FKDUJH�OHIW�RQ�LWV
HOHFWURGHV��WKH�ILOP�H[KLELWV�QR�WLPH�FRQVWDQW��

7KH�FDSDFLWDQFH�RI�WKH�ILOP�DQG�FRQQHFWLQJ�FDEOH�KDYH�QR�DGYHUVH
HIIHFW�RQ�WKH�FLUFXLW
V�WUDQVIHU�IXQFWLRQ��7KXV�WROHUDQFHV�RQ�ILOP
VL]H�DQG�FDEOH�OHQJWK�QHHG�QRW�EH�H[FHSWLRQDOO\�WLJKW��7KH�FKDUJH
LV�WUDQVIHUUHG�IURP�WKH�ILOP�WR�WKH�FDSDFLWRU�LQ�WKH�DPSOLILHU
V
IHHGEDFN�ORRS��ZKLFK�GHWHUPLQHV�WKH�RXWSXW�YROWDJH��9� �4�&

I
�

7KH�FKDUJH�DPSOLILHU�UHTXLUHV�DQ�RS�DPS�KDYLQJ�D�KLJK�LQSXW
UHVLVWDQFH�DQG�ORZ�ELDV�FXUUHQW��$�KLJK�LQSXW�UHVLVWDQFH�DYRLGV
EOHHG�RII�RI�WKH�FKDUJH�RQ�WKH�IHHGEDFN�FDSDFLWRU��DQG�ORZ�ELDV
FXUUHQW�SUHYHQWV�WKH�IHHGEDFN�FDSDFLWRU�IURP�FKDUJLQJ�DQG
GLVFKDUJLQJ�DW�H[FHVVLYH�UDWHV��7KH�OD\RXW�RI�WKH�FKDUJH�DPSOLILHU
FLUFXLW�LV�FULWLFDO��7KH�RS�DPS�FDVLQJ�PXVW�EH�ZHOO�JURXQGHG�DQG�WKH
LQSXWV�VKRXOG�EH�JXDUGHG�DQG�FRQQHFWHG�WR�WKH�VDPH�JURXQG�DV�WKH
FDVLQJ��
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)LJXUH�����6LJQDO�OHYHO�GHWHFWRU

)LJXUH�����'LIIHUHQWLDO�2S�$PS
LQWHUIDFH�FLUFXLW

)LJXUH�����&026�FLUFXLW�IRU
GHWHFWLQJ�D�VLQJOH�LPSDFW

$�OD\RXW�ZLWK�JXDUGHG�LQSXWV�LV�VKRZQ�LQ�)LJXUH�����$OVR��WR�SUHYHQW�OHDNDJH�QRLVH�IURP�EHLQJ
DPSOLILHG�E\�WKH�RS�DPS��WKH�LQSXW�FDEOH�VKRXOG�EH�WHUPLQDWHG�XVLQJ�D�ZHOO�LQVXODWHG�VWDQG�RII
FRQQHFWRU�

(YHQ�ZLWK�WKH�DERYH�SUHFDXWLRQV��LW�LV�OLNHO\�WKDW�WKH�RXWSXW�YROWDJH�ZLOO�GULIW��7R�FRPSHQVDWH�IRU
GULIW��D�UHVHW�VZLWFK�LV�JHQHUDOO\�GHVLJQHG�LQWR�WKH�FLUFXLW�WR�PDQXDOO\�UHVHW�WKH�RXWSXW�WR�]HUR�DW
LQWHUYDOV��2QH�WHFKQLTXH�LV�WR�SODFH�D�UHHG�VZLWFK�LQ�VHULHV
ZLWK�D�UHVLVWRU��ZKLFK�LV�LQ�SDUDOOHO�ZLWK�WKH�IHHGEDFN
FDSDFLWRU�&

I
��$FWLYDWLQJ�WKH�UHHG�VZLWFK�FORVHV�WKH�VZLWFK�

GLVFKDUJLQJ�WKH�YROWDJH�VWRUHG�LQ�WKH�IHHGEDFN�FDSDFLWRU�

$QRWKHU�PHWKRG�LV�WR�XVH�D�026)(7�GHYLFH�LQ�ZKLFK�WKH
PD[LPXP�RXWSXW�YROWDJH�DQG�RII�JDWH�YROWDJH�GHWHUPLQH
WKH�PLQLPXP�JDWH�YROWDJH�RI�WKH�)(7��,Q�SUDFWLFH��D�VXSSO\
YROWDJH�JUHDWHU�WKDQ�WKH�DPSOLILHU�YROWDJH�LV�DSSOLHG�WR�WKH
JDWH�RI�WKH�026)(7��WKHUHE\�ORZHULQJ�LWV�GUDLQ�VRXUFH
UHVLVWDQFH�DQG�FUHDWLQJ�D�FXUUHQW�SDWK�IRU�GLVFKDUJH�RI�WKH
IHHGEDFN�FDSDFLWRU�

7KH�WKLUG�DOWHUQDWLYH�LV�WR�SODFH�D�EOHHG�UHVLVWRU�DFURVV�WKH
IHHGEDFN��7KLV�UHVLVWRU�FUHDWHV�D�WLPH�FRQVWDQW��&

I
5

I
��

ZKLFK�LV�LQGHSHQGHQW�RI�WKH�ILOP�FDSDFLWDQFH�DQG�FDQ�EH
DFFXUDWHO\�FRQWUROOHG�

7KH�VLJQDO�OHYHO�GHWHFWRU�RI�)LJXUH����ILWV�DSSOLFDWLRQV
ZKHUH�ODUJH�VLJQDO�WR�QRLVH�UDWLRV�DUH�GHVLUDEOH��7KLV
FLUFXLW�LV�SHUIHFW�IRU�GHWHFWLQJ�DQ�LPSDFW�DPRQJ�ORZ�OHYHO
YLEUDWLRQV��)RU�VLWXDWLRQV�ZKHUH�VLJQDO�WR�QRLVH�UDWLRV�DUH
ORZ�DQG�ZKHUH�LPSDFWV�RU�SUHVVXUHV�PXVW�EH�GLVFHUQHG
IURP�EDFNJURXQG�YLEUDWLRQ��WKH�GLIIHUHQWLDO�DPSOLILHU
FLUFXLW�RI�)LJXUH����LV�DSSURSULDWH��7KLV�FLUFXLW�FRQVLVWV
RI�WZR�VHQVRUV�GULYLQJ�D�GLIIHUHQWLDO�DPSOLILHU�

7KLV�FRQILJXUDWLRQ�XVHV�D�FRPPRQ�PRGH�UHMHFWLRQ
FRQFHSW��7KH�WZR�VZLWFKHV�DUH�PHFKDQLFDOO\�FRXSOHG�WR
FDQFHO�XQZDQWHG�YLEUDWLRQV�WKDW�VWLPXODWH�ERWK��$Q�LQSXW
RU�SUHVVXUH�RQ�RQH�VZLWFK�EXW�QRW�WKH�RWKHU��ZLOO
SURGXFH�DQ�RXWSXW�

&026�ORJLF�RIIHUV�D�ORZ�FRVW�ZD\�WR�LQWHUIDFH�ZLWK�SLH]R
ILOP��$V�PHQWLRQHG�HDUOLHU��ORZ�SRZHU�FLUFXLWV
LPSOHPHQWHG�ZLWK�&026�WHFKQRORJ\�DUH�LGHDOO\�VXLWHG�WR
SLH]R�ILOP�VZLWFKHV��&026�DSSOLFDWLRQV�IRU�SLH]R�ILOP�DUH
JHQHUDOO\�IRU�ORZ�IUHTXHQF\�RSHUDWLRQ��2WKHU
FKDUDFWHULVWLFV�WR�FRQVLGHU�LQFOXGH�GHYLFH�LQSXW�OHDNDJH
FXUUHQW�DQG�LQSXW�LPSHGDQFH��LQSXW�ELDV�UHVLVWDQFH��DQG
WKH�HIIHFW�RI�(0,��$�&026�FLUFXLW�FDQ�EH�XVHG��IRU
H[DPSOH��LQ�DSSOLFDWLRQV�WR�VHQVH�D�VLQJOH�LPSDFW�RU�D
VLQJOH�SUHVVXUH��

7KH�'�)OLS�)ORS�LQ�)LJXUH����LQGLFDWHV�WKH�SUHVHQFH�RI
HLWKHU�WKH�LPSDFW�RU�SUHVVXUH�WR�VHW�RII�DQ�DXGLEOH�DODUP��
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)LJXUH�����&026�LQWHUIDFH�FLUFXLW�IRU
FRXQWLQJ�DSSOLFDWLRQV

7KH�FLUFXLW�LQ�)LJXUH�����VHQVHV�PXOWLSOH�LPSDFWV�RU
SUHVVXUHV�IRU�FRXQWLQJ�DSSOLFDWLRQV�

0DQ\�GLIIHUHQW�&026�FLUFXLW�FRQILJXUDWLRQV�DUH
SRVVLEOH�WR�LQWHUIDFH�ZLWK�SLH]R�ILOP��&RPPRQ�WR�DOO
RI�WKHP�LV�DQ�LQSXW�ELDV�UHVLVWRU�LQ�SDUDOOHO�ZLWK�WKH
SLH]R�ILOP��DQG�DQ�LQSXW�UHVLVWRU�LQ�VHULHV�ZLWK�WKH
ILOP��7KH�ELDV�UHVLVWRU�KDQGOHV�OHDNDJH�FXUUHQW�DQG
WKH�VHULHV�UHVLVWRU�OLPLWV�FXUUHQW�WR�SURWHFW�DJDLQVW
HOHFWURVWDWLF�GLVFKDUJH�

&DEOHV

,Q�DSSOLFDWLRQV�ZKHUH�LW�LV�QRW�SRVVLEOH�WR�SODFH�WKH
DPSOLILFDWLRQ�FLUFXLW�LQ�FORVH�SUR[LPLW\�WR�WKH�SLH]R
ILOP�WUDQVGXFHU��FRQVLGHUDEOH�FDUH�PXVW�EH�H[HUFLVHG
LQ�VHOHFWLQJ�WKH�FRQQHFWLQJ�FDEOH�WKDW�FDUULHV�WKH
KLJK�LPSHGDQFH�VLJQDO�

6KLHOGHG�FRD[LDO�FDEOH��ZKLOH�XVHG�IRU�QRLVH�UHGXFWLRQ��FDQ�DGG�SUREOHPV�DVVRFLDWHG�ZLWK�FDEOH
OHDNDJH�DQG�DGGHG�FDSDFLWDQFH��,Q�PRVW�FDVHV�WKH�FDEOH
V�SULPDU\�LQVXODWLRQ�VKRXOG�FRQVLVW�RI�KLJKO\
UHVLVWDQW��QRQ�SRODU�SODVWLFV�VXFK�DV�KLJK�SXULW\�SRO\HWK\OHQH�RU�7HIORQ���37)(���,W�LV�HTXDOO\
LPSRUWDQW�WR�PDNH�WKH�FDEOH�DV�YLEUDWLRQ�IUHH�DV�SRVVLEOH�VLQFH�FDEOH�PRYHPHQWV�JHQHUDWH�QRLVH�WKDW
LQWHUIHUHV�ZLWK�VLJQDO�WUDQVPLVVLRQ�


