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7KH�GHWHFWRUV�IRU�LRQL]LQJ�UDGLDWLRQ�UDGL�
RPHWU\�VKRXOG�SURYLGH�D�PD[LPXP�VHQVLWLY�
LW\�WR�WKH��PL[HG�UDGLDWLRQ�ILHOG�FRPSRQHQW
WR�EH�PHDVXUHG��D�PLQLPXP�RQH�WR�WKH�EDFN�
JURXQG�FRPSRQHQW�RI�WKH�PL[HG�UHJLRQ��DQG
D�PD[LPXP� GLIIHUHQFH� RI� VLJQDOV� IURP� WKH
H[FLWHG� FRPSRQHQW� WR� EH� PHDVXUHG� DQG� WKH
EDFNJURXQG�RQH�>����@��7KH�DERYH�FRQGLWLRQV
DUH� VDWLVILHG� VLPXOWDQHRXVO\� RQO\� VHOGRP�
+RZHYHU�� LW� LV� NQRZQ� WR� VROYH� WKH� SUREOHP
E\� XVLQJ� LQ� WKH� GHWHFWLQJ� V\VWHPV� VHYHUDO
VFLQWLOODWRUV� EHLQJ� LQ� RSWLFDO� FRQQHFWLRQ� WR
HDFK�RWKHU�� WKDW� LV�� FRPELQHG�GHWHFWRUV� >�@�
6XFK�GHWHFWRUV�SURYLGH�D�VHOHFWLYH�GHWHFWLRQ
QRW�RQO\�E\�PHDQV�RI�DPSOLWXGH�GLVFULPLQD�
WLRQ� EXW� DOVR� E\� WKH� VLJQDO� UHVROXWLRQ� DF�
FRUGLQJ�WR�WKH�SXOVH�VKDSH�
7KH� ILUVW� FRQGLWLRQ� RI� WKH� KLJK�TXDOLW\

RSHUDWLRQ� RI� D� GHWHFWLQJ� GHYLFH� LV� VDWLVILHG
E\�PHDQV�RI�D� ORZHUHG�UHFRUGLQJ�WKUHVKROG�
D�KLJK� OLJKW�\LHOG�RI�WKH�VFLQWLOODWRUV�DQG�D
KLJK�HQRXJK�HQHUJ\�UHVROXWLRQ��DQG� WKH�DE�
VHQFH�RI�SXOVH�PLVFRXQWLQJ�XQGHU�KLJK�ORDG�

LQJV��7KH�VHFRQG�FRQGLWLRQ�IRU�WKH�HIILFLHQW
RSHUDWLRQ� RI� D� GHWHFWLQJ� GHYLFHV� LQ� PL[HG
LRQL]LQJ�UDGLDWLRQ�ILHOGV�FDQ�EH�SURYLGHG�E\
ORZHULQJ�WKH�EDFNJURXQG�UDGLDWLRQ�GHWHFWLRQ
HIILFLHQF\� RI� WKH� ILUVW� VFLQWLOODWRU�� 7KLV� LV
DWWDLQHG� E\� XVLQJ� WKLQ� VFLQWLOODWRUV� DV� WKH
ILUVW�RQHV�LQ�D�FRPELQHG�GHWHFWRU��7KH�WKLUG
FRQGLWLRQ� LV� IXOILOOHG� E\� XVLQJ� VFLQWLOODWRUV
ZLWK� FRQVLGHUDEO\� GLIIHULQJ� GHFD\� WLPH� YDO�
XHV��:KHQ� FRQVLGHULQJ� D� �IDVW�� VFLQWLOODWRU
DQG� D� �VORZ�� RQH�� WKH� UDWLR� RI� FXUUHQW
SXOVHV�FRUUHVSRQGLQJ�WR�WKH�VFLQWLOODWLRQ�LQ�
WHQVLWLHV�WKHUHLQ�LV

/� �,I,V� �
WV
WI
�

ZKHUH� WO�� WE� DUH� WKH� GHFD\� WLPH� YDOXHV� IRUWKH�VORZ�DQG�IDVW�VFLQWLOODWRU��UHVSHFWLYHO\�
5HFHQWO\�� VRPH� GHVLJQHUV� KDYH� SURSRVHG

WKH� XVH� RI� FRPELQHG� GHWHFWRUV� LQ� UDGLRPH�
WHUV�>����@��6R�LQ�>�@��WKH�1(�����VFLQWLOODWRU
LV� XVHG� DV� D� E� UDGLDWLRQ� UHFHLYHU� DQG� D
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1D,�7O�� RQH� WR� UHFRUG� J� UDGLDWLRQ�� 7KH� +DU�
VKDZ�&R��KDV�DGYHUWLVHG�D�FRPELQHG�GHWHFWRU
ZKHUH�D�&D)��(X��VFLQWLOODWRU�LV�MRLQHG�ZLWKD�1D,�7O�� RQH� WKURXJK� D� TXDUW]�ZLQGRZ� >�@�
7KH� D� DQG� E� UDGLDWLRQ� FRPSRQHQWV� DUH� UH�
VROYHG� LQ� WKDW� GHWHFWRU� E\� DPSOLWXGH� GLV�
FULPLQDWLRQ�ZLWK�VHOHFWLRQ�RI� FRUUHVSRQGLQJ
ZLQGRZV��,Q�>�@��WKH�LQYHQWRUV�KDYH�XVHG�DQ
$,,%9,�VHPLFRQGXFWRU�VFLQWLOODWRU�DV�WKH�ILUVW
RQH� DQG� DQ� R[LGH� VFLQWLOODWRU� DV� WKH� VHFRQG
RQH��$�FRPPRQ�GUDZEDFN�RI�VXFK�FRPELQHG
GHWHFWRUV�FRQVLVWV�LQ�WKDW�WKH�ILUVW�VFLQWLOOD�
WRU� GHWHFWV� WR� D� FRQVLGHUDEOH� H[WHQW� WKH
PRUH�KDUG�UDGLDWLRQ�WKDW� LV�GHWHFWHG�E\�WKH
VHFRQG� VFLQWLOODWRU�� &RQVLGHUDWLRQ� RI� WKH
NQRZQ�GHVLJQV�HYLGHQFHV�WKDW�LW�LV�QHFHVVDU\
WR� LPSURYH� WKH� GHWHFWLQJ� GHYLFHV� EDVHG� RQ
FRPELQHG�VFLQWLOODWRUV�E\�VHOHFWLQJ�WKLFNQHVV
RI� WKH� VFLQWLOODWRUV�� LPSURYLQJ� WKH� MRLQLQJ
PHWKRGV� WKHUHRI�� DQG� LQFUHDVLQJ� WKH� DFWLYH
VXUIDFH�DUHD�RI�WKH�VFLQWLOODWRUV�
7ZR� W\SHV� RI� FRPELQHG� GHWHFWRUV� ZHUH

PDQXIDFWXUHG�IRU�H[SHULPHQWV�LQ�WKLV�ZRUN�
7KH�,�W\SH�GHWHFWRU� LV�D�SRO\VW\UHQH�VFLQWLO�
ODWLRQ�SODVWLF�GLVN�RI���PP�WKLFNQHVV�ZLWK�D
WKLQ�����WR����PP��&V,�7O��ILOP�DSSOLHG�RQWR
LWV�VXUIDFH��7KH�,,�W\SH�GHWHFWRU�FRQVLVWV�RI
D����PP�WKLFN�GRXEOH�ZLQGRZ�1D,�7O��GHWHF�
WRU� DQG� D� S�WHUSKHQ\O� ILOP� ����Ü���� PP��
%RWK� GHWHFWRUV� ZHUH� ���� PP� LQ� GLDPHWHU�
7KH� ILUVW� FRPELQHG�GHWHFWRU� LV� LQWHQGHG�IRU
VLPXOWDQHRXV� DQG� VHSDUDWHG� GHWHFWLRQ� RI� D
DQG� E� UDGLDWLRQ�� WKH� VHFRQG� RQH�� IRU�E� DQG
J�UDGLDWLRQ�GHWHFWLRQ�
7KH� W\SH� ,� FRPELQHG� GHWHFWRU� SURYLGHV

WKH�GHWHFWLRQ�RI�D�UDGLDWLRQ�WKURXJK�WKH�DF�
FRPSDQ\LQJ�;�UD\�DQG�VRIW�J�RQHV��6R�ZKHQ
���3X� UDGLRQXFOLGH� LV� GHFRPSRVHG�� WKH�PRVW
LQWHQVH� UDGLDWLRQ� �!�� �� SHU� GHFD\�� LV� WKH
;�UD\� RQH� ZLWK� WKH� DYHUDJH� HQHUJ\� RI
������NH9�ZKLOH�DW�GHFRPSRVLWLRQ�RI����$P�
WKH�������NH9�;�UD\V��������SHU�GHFD\��DUH
RI� LQWHUHVW�� 7KRVH� UDGLDWLRQ� W\SHV� DFFRPSD�
Q\LQJ� WKH� D� GHFD\� ZHUH� XVHG� WR� GHWHFW� WKH
���3X� DQG� ���$P� UDGLRQXFOLGH� UDGLDWLRQ� LQ
�WKLFN�� VDPSOHV� �ZKHUH� WKH� D� SDUWLFOH� IUHH
SDWK�LV�OHVV�WKDQ�WKH�VDPSOH�WKLFNQHVV��
7R�VWXG\�WKH�VSHFWURPHWULF�DQG�UDGLRPHW�

ULF�SDUDPHWHUV��WKH�FRPELQHG�GHWHFWRUV�ZHUH
LQFOXGHG� LQWR�GHWHFWLQJ�EORFNV�FRPSULVLQJ�D
GHWHFWRU�� D� 307�� WKH� 307� SRZHU� VXSSO\�
WKH� RXWSXW� VLJQDO� IRUPDWLRQ�� DPSOLILFDWLRQ�
DQG�PDWFKLQJ�GHYLFHV��7KH�PLQLPXP�GHWHFW�
DEOH�DFWLYLW\��0'$��DW������FRQILGHQFH�OHYHO
ZDV�GHWHUPLQHG�DV�l'k� ��eK�CCCC1IeW �ZKHUH�K�LV
WKH� GHWHFWLQJ� V\VWHP� VHQVLWLYLW\� GHILQHG� DV
WKH� UDWLRQ� RI� WKH� SXOVH� QXPEHU� GHWHFWHG

IURP� D� NQRZQ� DFWLYLW\� VRXUFH� ZLWKLQ� WKH
SUHVSHFLILHG� HQHUJ\� ZLQGRZ� WR� WKH� VRXUFH
DFWLYLW\��1I�� WKH�FRXQWLQJ�UDWH�RI� WKH�EDFN�JURXQG� UDGLDWLRQ� ZLWKLQ� WKH� FRUUHVSRQGLQJ
ZLQGRZV� RI� WKH� DPSOXWLGH� VSHFWUXP�� W�� WKH
PHDVXUHPHQW�GXUDWLRQ�
7KH� VSHFLILF� VHQVLWLYLW\� K�6� ZDV� GHWHU�

PLQHG� DV� K� �1�$� �SXOVHV��V�%N���� ZKHUH�1
LV� WKH� FRXQW� UDWH� LQ� WKH� FRUUHVSRQGLQJ� HQ�
HUJ\� UHJLRQ�� $�� WKH� UDGLRQXFOLGH� DFWLYLW\�
7KH�EORFN�SURSHU�EDFNJURXQG�ZDV�PHDVXUHG
IRU�EORFNV�EHLQJ�ERWK�LQVLGH�DQG�RXWVLGH�WKH
SURWHFWLYH� VKHOO�� 7KH� VLJQDO�WR�QRLVH� UDWLR
�3��ZDV�GHWHUPLQHG�DV�3� �1�1��ZKHUH�1�LVWKH� SXOVH� QXPEHU� FRUUHVSRQGLQJ� WR� WKH
PD[LPXP� RI� WKH� DPSOLWXGH� GLVWULEXWLRQ�
1��� WKDW� IRU� WKH� DPSOLWXGH� GLVWULEXWLRQPLQLPXP�� 7KH� PHDVXUHPHQWV� ZHUH� GRQH
XVLQJ� D� ���&V� FRQYHUVLRQ� HOHFWURQ� VRXUFH
IURP�WKH�26,.(�NLW�
7R� GHWHUPLQH� WKH� RSWLPXP� WKLFNQHVV� RI

WKH�S�WHUSKHQ\O�ILOP��WKH�VSHFLILF�VHQVLWLYLW\
�K�6��DV�D�IXQFWLRQ�RI�WKH�ILOP�WKLFNQHVV��G�
ZDV� PHDVXUHG� ZKHQ� GHWHFWLQJ� WKH� E� UDGLD�
WLRQ� RI� ��6U�����<� UDGLRQXFOLGH� ZLWKLQ� D
IL[HG� HQHUJ\� ZLQGRZ�� $V� LV� VHHQ� IURP
)LJ�� ��� WKH� PD[LPXP� VHQVLWLYLW\� RI� ���� WR
�����SXOVH��%N�V�� LV� DWWDLQHG� DW� WKH� ILOP
WKLFNQHVV�FRUUHVSRQGLQJ�WR����PJ�FP��
6LQFH�WKH�FRPELQHG�GHWHFWRUV�LQWHQGHG�WR

GHWHFW�WKH�LRQL]LQJ�UDGLDWLRQ�VLPXOWDQHRXVO\
DQG� VHSDUDWHO\�� WKH� FRXQW� FKDUDFWHULVWLFV
�&&�� WKHUHRI�ZHUH� WR� EH� VWXGLHG��7KH�GHWHF�
WRU�FRXQW�FKDUDFWHULVWLF�LV�WKH�GHSHQGHQFH�RI
LWV� FRXQWLQJ� UDWH� �9�� RQ� WKH� 307� VXSSO\
YROWDJH��(���WKH�RWKHU�SDUDPHWHUV��WKH�VLJQDO
FROOHFWLRQ�� IRUPDWLRQ�� DQG� DPSOLILFDWLRQ
WLPH�� WKH� 307� QRLVH� OHYHO��� 7KH� PDLQ� &&
SDUDPHWHUV� DUH� WKH� SODWHDX� OHQJWK�� VORSH�

)LJ����� 'HSHQGHQFH� RI� WKH� S�WHUSKHQ\O� ILOP
VSHFLILF�VHQVLWLYLW\��K�6��RQ�WKH�WKLFNQHVV��G�
DW�GHWHFWLRQ�RI�E�UDGLDWLRQ�IURP���6U���<�UD�
GLRQXFOLGH�
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DQG�OHYHO��)LJ����SUHVHQWV�WKH�&&�IRU�&V,�7O�
ILOP� DQG� S�WHUSKHQ\O� RQH�� 7KH� GHWHFWRUV
ZHUH� LUUDGLDUHG� ZLWK� J� UDGLDWLRQ� RI� ���$P
�(�� ���� NH9� DQG�(�� ���� NH9��� ���3X� DQG
E� RQH� RI� ��6U�����<�� 7KH� WZR� VWHSV� IRU� WKH
&V,�7O�� ILOP� DUH� GXH� WR� GHWHFWLRQ� RI� UDGLD�
WLRQV� GLIIHULQJ� LQ� HQHUJ\�� 7KH� 307� VXSSO\
YROWDJH� IRU� VXFK� D� V\VWHP� LV� WR� EH� VHOHFWHG

ZLWKLQ� WKH� &&� GLDSDVRQ� LQWHQGHG� WR� GHWHFW
WKH����NH9�UDGLDWLRQ��KRZHYHU��LQ�WKDW�FDVH�
WKH�RSHUDWLRQ�FRQGLWLRQV�DUH�ZLWKLQ�WKH�KLJK
QRLVH� ]RQH� GXH� WR� KLJK� YROWDJH�� ,Q� VXFK
FDVHV��VSHFLDO�DPSOLILHUV�DUH�WR�EH�XVHG�SUR�
YLGLQJ�ORZHU�307�YROWDJHV�DQG�WKH�&&�VKLIW
WRZDUGV�ORZHU�YROWDJHV��

7DEOH����5DGLRPHWULF�SDUDPHWHUV�RI�WKH�7\SH�,�EORFN
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)LJ����� &RXQWLQJ� FKDUDFWHULVWLFV� RI� D� FRP�
ELQHG�GHWHFWRU�EDVHG�RQ�&V,�7O��ILOP�DQG�VFLQ�
WLOODWLRQ� SODVWLF� DW� GHWHFWLRQ� RI� D� UDGLDWLRQ
IURP����3X������E�UDGLDWLRQ�IURP���6U���<����
DQG�UDGLDWLRQ�IURP����$P�����

)LJ����� &RXQWLQJ� FKDUDFWHULVWLFV� RI� D� FRP�
ELQHG�GHWHFWRU�RQ�WKH�EDVLV�RI�D�1D,�7O��VLQJOH
FU\VWDO� DQG� D� S�WHUSKHQ\O� ILOP� IRU� GHWHFWLRQ
RI� E� UDGLDWLRQ� IURP� ��6U�����<� VRXUFH� DQG� J
RQH�IURP����&V

9�$�7DUDVRY�HW�DO����5DGLRPHWULF�FKDUDFWHULVWLFV�RI����

��� )XQFWLRQDO�PDWHULDOV�������������



)LJ����VKRZV�WKH�&&�RI�D�FRPELQHG�GHWHF�
WRU� RQ� WKH� EDVLV� RI� D�1D,�7O�� VLQJOH� FU\VWDO
DQG� D� S�WHUSKHQ\O� ILOP� IRU� GHWHFWLRQ� RI� E
UDGLDWLRQ� IURP� ��6U�����<� VRXUFH� DQG� J� RQH
IURP����&V�
&RQVLGHUDWLRQ� RI� WKH� FRXQW� FKDUDF�

WHULVWLFV�IRU�WKH�FRPELQHG�GHWHFWRUV�PDGH�LW
SRVVLEOH� WR� VHOHFW� WKH� RSHUDWLQJ� YROWDJH� IRU
WKH�GHWHFWLQJ�EORFNV�SURYLGLQJ�WKH�RSWLPXP
UDGLRPHWULF� FKDUDFWHULVWLFV�� 7KH� FKDUDF�
WHULVWLFV� REWDLQHG� IRU� WKH� EORFNV� DUH� SUH�
VHQWHG�LQ�7DEOHV�������DQG���
7R� FRQFOXGH�� WKH� FRPSRVLWLRQ� DQG�GHVLJQ

RI� FRPELQHG� GHWHFWRUV� KDYH� EHHQ� RSWLPL]HG
WR�SURYLGH�WKH�QHFHVVDU\�UDGLRPHWULF�FKDUDF�
WHULVWLFV��$�FRUUHODWLRQ�KDV�EHHQ�HVWDEOLVKHG
EHWZHHQ� RSWLFDO� DQG� VFLQWLOODWLRQ� FKDUDF�
WHULVWLFV� RI� VFLQWLOODWLRQ� HOHPHQWV� LQFOXGHG
LQ� WKH� FRPELQHG� GHWHFWRUV�� 7KH� FRXQW� FKDU�
DFWHULVWLFV� RI� WKH� GHWHFWRUV� KDYH� EHHQ� VWXG�
LHG�WR�RSWLPL]H�WKH�VHQVLWLYLW\�WKHUHRI�DW�WKH
GHWHFWLRQ� RI� LRQL]LQJ� UDGLDWLRQ�� %DVLQJ� RQ
WKH� FRPELQHG� GHWHFWRUV� GHVLJQHG�� GHWHFWLQJ
EORFNV� KDYH� EHHQ�PDQXIDFWXUHG� LQWHQGHG� WR
GHWHFW�WKH�UDGLDWLRQ�IURP����3X�����$P����.�
DQG� ���&V� LQ� WKH� ILUVW� EORFN�� DQG� IURP

���&V�� ��.�� ���5D�� ���7K�� DQG� ��6U� LQ� WKH
VHFRQG� RQH�� 7KH� UDGLRPHWULF� FKDUDFWHULVWLFV
RI� WKH� EORFNV�PDNH� LW� SRVVLEOH� WR� XVH� WKRVH
LQ� UDGLRPHWHUV� IRU� MRLQW� DQG� VHSDUDWHG� GH�
WHFWLRQ�RI�D�E�DQG�E�J�UDGLDWLRQ�

5HIHUHQFHV
� ���/�6�*RUQ��%�,�.KD]DQRY��0RGHUQ�,QVWUXPHQWV

IRU�,RQL]LQJ�5DGLDWLRQ�0HDVXUHPHQW��(QHUJRD�
WRPL]GDW��0RVFRZ��������>LQ�5XVVLDQ@�

� ���9�(�/HYLQ��/�3�.KDP\DQRY��0HDVXUHPHQWV�RI
1XFOHDU�5DGLDWLRQ��$WRPL]GDW��0RVFRZ�������
>LQ�5XVVLDQ@�

� ���<X�7�9LGD\�� $�$�$QDQHQNR�� /�%�=DJDULM�
)XQFWLRQDO�0DWHULDOV����������������

� ���8�6�3DWHQW�1R�������������
� ���+DUVKDZ�&DWDORJ��������
� ���8665�$XWKRUV��&HUW������������
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