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���,QWURGXFWLRQ
0RGHUQ� PHGLFLQH� XVHV� YDULRXV� NLQGV� RI

WRPRJUDSKV��JDPPD�UD\�FKDPEHUV�DQG�RWKHU
GHYLFHV� IRU� GLDJQRVWLFV� DQG� WKHUDS\� RI� GLI�
IHUHQW� GLVHDVHV� RI� KXPDQ� YLVFHUD� DW� WKHLU
HDUO\� VWDJHV�� )RU� WKLV� SXUSRVH�� D� VSHFLDO
SK\VLRORJLFDO�VROXWLRQ�FRQWDLQLQJ�VKRUW�OLYHG
UDGLRLVRWRSHV� LV� LQWURGXFHG� LQ� WKH� FLUFXOD�
WRU\� V\VWHP�� 7KH� XVH� RI� WKH� DERYH�PHQ�
WLRQHG�GHYLFHV�DOORZV�WR�VWXG\�WKH�LQWHQVLW\
RI�EORRG�FLUFXODWLRQ�LQ�GLIIHUHQW�YLVFHUD��IRU
LGHQWLILFDWLRQ�RI�GHYLDWLRQV�IURP�WKH�QRUPDO
VWDWH�� 7KH� DFWLYLW\� RI� WKH� LQWURGXFHG� UD�
GLRQXFOLGH� LV�PHDVXUHG� E\�PHDQV� RI� VSHFLDO
IDFLOLWLHV�Û�GRVH�FDOLEUDWRUV��

7KH� GHWHFWLQJ� GHYLFH� RI� DOO� NQRZQ� GRVH
FDOLEUDWRUV� >�Ü�@� LV� DQ� LRQL]DWLRQ� FKDPEHU�
QRUPDOO\� ILOOHG� ZLWK� LQHUW� JDV� XQGHU� SUHV�
VXUH�� /RFDWHG� DORQJ� WKH� D[LV� RI� ZHOO�W\SH
FKDPEHU�LV�D�FDYLW\�IRU�D�JODVV�WR�SODFH�WKH
DQDO\]HG� VDPSOH� FRQWDLQHG� LQ� D� V\ULQJH� RU
YLDO��

7KH�ZRUN�RI�FDOLEUDWRUV�RI�WKHVH�W\SHV�LV
EDVHG� RQ� WKH� DEVRUSWLRQ� RI� JDPPD�TXDQWD
E\� LQHUW� JDV� LQVLGH� WKH� LRQL]DWLRQ� FKDPEHU
IROORZHG�E\�LRQL]DWLRQ�RI�WKH�JDV��ZKLFK�UH�
VXOWV� LQ� WKH� FUHDWLRQ� RI� D� VKRUW� FXUUHQW
SXOVH�UHJLVWHUHG�E\�D�FRQWURO�DQG�LQGLFDWLRQ
XQLW�� 6LQFH� WKH� DWRPLF� QXPEHU� RI� LQHUW�JDV
LV�ORZ��WKH�HIILFLHQF\�RI�JDPPD�TXDQWD�UHJ�
LVWUDWLRQ� LV� QRW� KLJK� DQG� GRHV� QRW� H[FHHG

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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����� IRU� HQHUJLHV� RI� |����0H9��:LWK� WKH
JURZWK�RI�JDPPD�UDGLDWLRQ�HQHUJ\��WKH�UHJ�
LVWUDWLRQ� HIILFLHQF\� GLPLQLVKHV�� WKDW� LV�ZK\
IRU� UDLVLQJ� WKH� HIILFLHQF\� RI� JDPPD�TXDQWD
UHJLVWUDWLRQ� E\� JDV� FRXQWHUV� RQH� KDV� WR� LQ�
FUHDVH� WKHLU� YROXPH� DQG�� FRUUHVSRQGLQJO\�
WKH� WRWDO� GLPHQVLRQV� RI� WKH� PHDVXULQJ
FKDPEHU� DQG� WKH� OHDG� VKLHOG��7KLV� FDXVHV� D
VLJQLILFDQW�LQFUHDVH�RI�WKH�ZHLJKW�DQG�SULFH
RI�JDV�FRXQWHUV�ZLWK�GRVH�FDOLEUDWRUV��

$W�SUHVHQW��WHFKQLFDO�SURJUHVV�LQ�WKH�DUHD
RI� VFLQWLOODWLRQ� FU\VWDOV� >�@� DQG� SKRWRVHQVL�
WLYH� HOHPHQWV� SUHFRQGLWLRQHG� WKH� GHYHORS�
PHQW�RI�GRVH�FDOLEUDWRUV�EDVHG�RQ�RWKHU�GH�
WHFWLRQ�V\VWHPV��LQ�SDUWLFXODU��WKRVH�RI�VFLQ�
WLOODWRU�Û�SKRWRGLRGH�W\SH�>�Ü�@�

���([SHULPHQWDO
7KH� GHWHFWLQJ� HOHPHQW� RI� WKH� GHYHORSHG

FDOLEUDWRU�RI� LRQL]LQJ�UDGLDWLRQ�GRVHV� LV�WKH
V\VWHP� VFLQWLOODWRU�SKRWRGLRGH�� ,W� LV� � GH�
VLJQHG� LQ� WKH� IRUP� RI� VFLQWLOODWRU� Û� 3,1�
SKRWRGLRGH�DVVHPEO\�EDVHG�RQ�&V,�7O��FU\VWDO
�L�H�� &V,�7O��EDVHG� VSHFWURPHWULF� JDPPD�UD�
GLDWLRQ� GHWHFWRU��� 7KLV� DOORZHG� WR� GHFUHDVH
WKH� GLPHQVLRQV� RI� WKH� GHYLFH� ZKLFK� LQ� LWV
WXUQ�PDGH�LW�SRVVLEOH�WR�UHGXFH�WKH�FDOLEUD�
WRU� ZHLJKW� DQG� FRVW�� 6LQFH� WKH� GHQVLW\� RI
&V,�7O���FU\VWDO�LV�PXFK�KLJKHU�WKDQ�WKH�RQH
RI� LQHUW� JDV�� IRU� a� ��PP� WKLFN� FU\VWDO� WKH
UHJLVWUDWLRQ� HIILFLHQF\� RI� JDPPD�TXDQWD
ZLWK�D�UDGLDWLRQ�HQHUJ\�RI�H�J��a������0H9
�WHFKQHWLXP� Û� ��P� LVRWRSH�� UHDFKHV� a
������0RUHRYHU��XQOLNH�JDV�FRXQWHUV��VSHF�
WURPHWULF�GHWHFWRUV�SHUPLW� WR�GLUHFWO\� LGHQ�
WLI\� WKH� W\SH�RI� LVRWRSH� LQ�SK\VLRORJLFDO� VR�
OXWLRQ� IURP� WKH� UDGLDWLRQ� HQHUJ\�� ZKLFK� LQ
WKH�FDVH�RI�JDV�FRXQWHUV�LV�WR�EH�PDGH�LQGL�
UHFWO\�� +LJK� VSHFWURVFRSLF� FKDUDFWHULVWLFV
DQG�GLUHFW�LGHQWLILFDWLRQ�RI�WKH�LVRWRSH�W\SH
LQFUHDVH� WKH� DFFXUDF\� RI� DFWLYLW\� PHDVXUH�
PHQWV�LQ�FRPSDULVRQ�ZLWK�WKH�DQDORJV��

3UHVHQWHG� LQ� )LJ���� LV� WKH� H[WHUQDO� DS�
SHDUDQFH�RI�WKH�FDOLEUDWRU��,W�FRQVLVWV�RI�WKH
PHDVXULQJ� FKDPEHU� DQG� WKH� XQLW� IRU� UHJLV�
WUDWLRQ� DQG�GLVSOD\� RI� WKH�PHDVXUHPHQW�UH�
VXOWV��

7KH�PDLQ�FRPSRQHQW�RI�WKH�GRVH�FDOLEUD�
WRU� LV� WKH�GHWHFWLQJ�XQLW�ZKLFK� LV�D�SDUW�RI
WKH�PHDVXULQJ� FKDPEHU��7KH� VFKHPH� RI� WKH
GHWHFWLQJ�XQLW�LV�SUHVHQWHG�LQ�)LJ�����

'HWHFWRU��� FRQVLVWV� RI��u�u��PP�&V-�7O�
VFLQWLOODWRU� MRLQHG� ZLWK� VLOLFRQ� S�L�Q� SKRWR�
GLRGH� ZLWK� �u�� PP� SKRWRVHQVLWLYH� DUHD� E\
PHDQV� RI� RSWLFDO� FHPHQW�� 7KH� PHDVXULQJ
FKDPEHU� LV� GHVLJQHG� LQ� WKH� IRUP� RI� UHFWDQ�
JXODU� FDVLQJ� PDGH� RI� VWDLQOHVV� VWHHO� VKHHW
FRQWDLQLQJ� D� PHDVXULQJ� JODVV� ZKHUH� VWDQG�
DUG����� DQG�����PP�YLDOV�RU���PO����PO�
��PO��DQG����PO�PHGLFDO�VLQJOH�XVH�V\ULQJHV
FDQ�EH�SODFHG��7KH�PHDVXULQJ�JODVV�LV�PDGH
RI� VWDLQOHVV� VWHHO� DQG� KDV� a� ��� PP� WKLFN
ZDOOV��:LWK� WKH� ZDOOV� RI� VXFK� D� WKLFNQHVV�
WKH� JODVV� SOD\V� WKH� UROH� RI� SDVVLYH� DWWHQX�
DWRU� RI�JDPPD�UDGLDWLRQ��ZKLFK� LV� UHTXLUHG
GXH� WR� KLJK� VHQVLWLYLW\� RI� WKH� GHWHFWLRQ
EORFN�� 7KH� ZRUNLQJ� UDQJH� RI� JDPPD�UDGLD�
WLRQ� HQHUJLHV� UHJLVWHUHG� E\� WKH� XQLW� OLHV
ZLWKLQ�WKH�OLPLWV�RI������y����0H9��WKHUHDW
WKH� VHQVLWLYLW\� RI� WKH� DVVHPEO\� UDQJHV� EH�
WZHHQ�WKH�QDWXUDO�UDGLDWLRQ�EDFNJURXQG�DQG
a�����%T��

7DEOH���SUHVHQWV�WKH�PDLQ�WHFKQLFDO�FKDU�
DFWHULVWLFV�RI�WKH�GRVH�FDOLEUDWRU����

���5HVXOWV�DQG�GLVFXVVLRQ
3HU�VH��WKH�GHYHORSHG�FDOLEUDWRU�LV�D�VSHF�

WURPHWHU�ZLWK�RQH��ZLQGRZ���:LWK�WKH�KHOS
RI�WKH�FRQWURO�XQLW��WKH�ZLGWK�RI�WKLV��ZLQ�
GRZ��FDQ�EH�VHW�IRU�WKH�ZKROH�RI�WKH�HQHUJ\
UDQJH� RI� �����y���� 0H9�� 7KLV� UHJLPH� LV
XVHIXO�ZKHQ�D�SUHSDUDWLRQ�PD\� FRQWDLQ� WKH
LPSXULW\� RI� DQRWKHU� LVRWRSH�� )RU� H[DPSOH�
GXULQJ�WKH�PDNLQJ�RI�SK\VLRORJLFDO�VROXWLRQ
FRQWDLQLQJ� WHFKQHFLXP���P� LVRWRSH�� WKH� LP�

)LJ�����([WHUQDO�DSSHDUDQFH�RI�WKH�GRVH�FDOLEUDWRU�

)LJ����� 6WUXFWXUDO� GLDJUDP� IRU� WKH� GHWHFWLRQ
DVVHPEO\�����Û�6&�3'�GHWHFWRU����Û�FKDUJH�
VHQVLWLYH�DPSOLILHU����Û�YROWDJH�WUDQVIRUPHU�
��Û�VKDSHU����Û�SRZHU�DPSOLILHU�

<X�$�%RURGHQNR�HW�DO����&DOLEUDWRU�RI�UDGLRDFWLYH����
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SXULW\� RI� PRO\EGHQXP� LVRWRSH�PD\� DSSHDU�
+RZHYHU�� VXFK� D� UHJLPH� OHDGV� WR� D� VLJQLIL�
FDQW� LQFUHDVH� LQ� WKH�QRLVH� OHYHO�ZKLFK� FRP�
SOLFDWHV� WKH� ZRUN� RI� WKH� GRVH� FDOLEUDWRU� DW
ORZ� HQHUJLHV�� ,Q� WKH� RWKHU� UHJLPH� RI� WKH
FDOLEUDWRU�ZRUN�� WKH�FRQWURO�XQLW� LV�XVHG�WR
QDUURZ� WKH� ZLGWK� RI� WKH� �ZLQGRZ��� DQG� WR
VKLIW� LW� VPRRWKO\�E\�KDQG�ZLWKLQ� WKH�ZKROH
RI� WKH� HQHUJ\� UDQJH� IRU� DGMXVWLQJ� WKH� GRVH
FDOLEUDWRU� WR� WKH�UDGLDWLRQ�HQHUJ\�RI�D�SDU�
WLFXODU�LVRWRSH��7KLV�LQIRUPDWLRQ�LV�IHG�LQWR
WKH� PDLQ� PHPRU\�� DQG� WKHQ� WKH� GRVH� FDOL�
EUDWRU� LV� DXWRPDWLFDOO\� WXQHG� IRU� GLVFUHWH
HQHUJLHV� RI� LVRWRSHV� ZKLFK� DUH� PRVW� RIWHQ
XVHG�LQ�PHGLFDO�SUDFWLFH��

3UHVHQWHG�LQ�)LJ�������DQG���DUH�WKH�DP�
SOLWXGH�VSHFWUD�REWDLQHG� IURP�WKH�GHWHFWLQJ
XQLW�RI�WKH�GRVH�FDOLEUDWRU�IRU�GLIIHUHQW�UD�
GLRQXFOLGHV��

$V�VHHQ�IURP�)LJ���Ü���WKH�GHWHFWLQJ�XQLW
RI� WKH� GRVH� FDOLEUDWRU� SRVVHVVHV� D� JRRG� HQ�
HUJ\�UHVROXWLRQ��+LJK�HQHUJ\�UHVROXWLRQ�DQG
VHQVLWLYLW\� ZHUH� DFKLHYHG� GXH� WR� WKRURXJK
HODERUDWLRQ�RI�WKH�FRQVWUXFWLRQ�RI�6&�3'�GH�
WHFWRU�� 7KLV�ZRUN�ZDV� FRQGXFWHG� LQ� VHYHUDO
GLUHFWLRQV�� FKRLFH� DQG� SUHSDUDWLRQ� RI� WKH
VFLQWLOODWLRQ�FU\VWDO��DSSOLFDWLRQ�RI� OLJKW�UH�
IOHFWLQJ� DQG� VSHFWUXP�VKLIWLQJ� FRDWLQJV�
FKRLFH� RI� SKRWRGLRGH� ZLWK� RSWLPXP� HOHFWUL�
FDO�SDUDPHWHUV��GHYHORSPHQW�RI�WKH�GHWHFWRU
DVVHPEO\�DQG�PRXQWLQJ�WHFKQRORJLHV�>�@�

%HVLGHV�WKLV��GHYHORSHG�VSHFLDOO\�IRU�WKLV
GHWHFWLRQ�XQLW�ZDV�D�ORZ�QRLVH�FKDUJH�VHQVL�

WLYH�DPSOLILHU�ZLWK�WKH�LQSXW�FKDUDFWHULVWLFV
RSWLPDOO\� FRUUHVSRQGLQJ� WR� WKH� SKRWRGLRGH
RXWSXW�SDUDPHWHUV�� L�H��GDUN�FXUUHQW�DQG�S�Q
WUDQVLWLRQ� FDSDFLW\� >�@��7KH� RSWLPXP�ZRUN�
LQJ�SRLQW�ZLWK�UHVSHFW�WR�WKH�PLQLPDO�QRLVH
OHYHO�ZDV� HVWDEOLVKHG�E\� FKRRVLQJ� WKH�YDOXH
RI�WKH�YROWDJH�VKLIW�RQ�SKRWRGLRGH��

3UHSDUDWLRQ� RI� &V,�7O�� VFLQWLOODWLRQ� FU\V�
WDO� IRU� PDQXIDFWXUH� RI� WKH� DVVHPEO\� ZDV
PDLQO\�UHGXFHG�WR�WKHUPR�PHFKDQLFDO�WUHDW�
PHQW� ZKLFK� UHPRYHG� LQWHUQDO� VWUHVVHV� DQG
PDGH� WKH� VWRLFKLRPHWULF� FRPSRVLWLRQ� LQ� WKH

7DEOH����0DLQ�WHFKQLFDO�FKDUDFWHULVWLFV�RI�WKH�GRVH�FDOLEUDWRU�
1R� &KDUDFWHULVWLF 9DOXH
�� 'HWHFWLRQ�XQLW�W\SH VFLQWLOODWRU���S�L�Q�SKRWRGLRGH
�� 6FLQWLOODWRU�W\SH�DQG�GLPHQVLRQV��PP &V,�7O���u�u��
�� 5DQJH�RI�UHJLVWHUHG�HQHUJLHV��0H9 �����y����
�� (QHUJ\�UHVROXWLRQ������

Ü�IRU����$P�OLQH ��
Ü�IRU����&V�OLQH �
Ü�IRU���&R�OLQH �

�� 6HQVLWLYLW\�UDQJH��%T IURP�EDFNJURXQG�OHYHO�XS�WR�|���
�� 7LPH�RI�PHDVXUHPHQW��VHF �y��
�� 'LPHQVLRQV�RI�VWDQGDUG�YHVVHOV�IRU

PHDVXUHPHQW�RI�LVRWRSH�DFWLYLW\��
Ü�YLDOV��PP ��������
Ü�V\ULQJHV��PO �����������

� &DOLEUDWRU�FRQWURO Ü�E\�GHWHFWLQJ�XQLW
Ü�E\�FRPSXWHU

�� 2YHUDOO�GLPHQVLRQV��PP
Ü�GHWHFWLQJ�XQLW ���u���u��
Ü�PHDVXULQJ�FKDPEHU ���u���u���

)LJ����� $PSOLWXGH� VSHFWUXP� RI� &V,�7O����3'
DVVHPEO\�DW�UHJLVWUDWLRQ�RI������NH9�J�TXDQWD
ZLWK�IURP����$P�VRXUFH�

<X�$�%RURGHQNR�HW�DO����&DOLEUDWRU�RI�UDGLRDFWLYH����
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FU\VWDO� YROXPH� KRPRJHQHRXV�� 2Q� WKH� RQH
KDQG��WKLV�OHG�WR�WKH�LQFUHDVH�RI�WKH�FU\VWDO
WUDQVSDUHQF\�LQ�WKH�UHJLRQ�RI�LWV�RZQ�UDGLD�
WLRQ�VSHFWUXP�DQG��RQ�WKH�RWKHU�KDQG�� WR�D
FHUWDLQ� ULVH� RI� WKH� WHFKQLFDO� OLJKW� RXWSXW�
7KH� SHUIRUPHG� PHDVXUHPHQWV� GHPRQVWUDWH
WKDW�WKH�WHFKQLFDO�OLJKW�RXWSXW�PD\�LQFUHDVH
XS�WR�a������

6SHFLDO� DWWHQWLRQ� KDV� EHHQ� SDLG� WR� WKH
FKRLFH�RI�WKH�JHRPHWULFDO�VKDSH�RI�WKH�FU\V�
WDO��6LQFH�WKH�SKRWRGLRGH�PXVW�SRVVHVV�PLQL�
PDO� GDUN� FXUUHQW� �57�!������2KP��DQG� ORZ
S�Q�WUDQVLWLRQ�FDSDFLWDQFH������SI�DW�D�VKLIW
WHQVLRQ� RI� a� ��� 9��� RQH�PXVW� XVH� D� SKRWR�
GLRGH� ZLWK� D� PLQLPDO� SKRWRVHQVLWLYH� DUHD�
$W�WKH�VDPH�WLPH��WR�LQFUHDVH�WKH�HIILFLHQF\
RI�JDPPD�UDGLDWLRQ�UHJLVWUDWLRQ�LW� LV�QHFHV�
VDU\�WR�LQFUHDVH�WKH�YROXPH��L�H��GLPHQVLRQV�
RI� WKH� VFLQWLOODWLRQ� FU\VWDO�� 7R� VROYH� WKLV
SUREOHP�� WKHUH�ZDV�PDGH� D� FKDPIHU� RQ�RQH
HQG� RI� WKH� FU\VWDO�� ZKLFK� FURVV�VHFWLRQ�ZDV
ODUJHU� WKDQ� WKH� SKRWRVHQVLWLYH� DUHD�� DW� DQ
DQJOH� HVWDEOLVKHG� H[SHULPHQWDOO\� DQG� PDN�
LQJ� ��y���� ZLWK� WKH� SKRWRGLRGH� VXUIDFH
>��@�� %HVLGHV� WKLV�� WKH� VL]H� RI� WKH� VFLQWLOOD�
WRU�RXWSXW�ZLQGRZ�SUHFLVHO\�FRUUHVSRQGHG�WR
WKDW�RI�WKH�SKRWRGLRGH�SKRWRVHQVLWLYH�DUHD��

7KXV�� DOO� WKH� DERYH�PHQWLRQHG� WHFKQR�
ORJLFDO�PHWKRGV�DOORZ�WR�DFKLHYH�KLJK�VHQVL�
WLYLW\�IRU�WKH�VPDOO�VL]H�GHWHFWLRQ�XQLW��

7KH� GHYHORSHG� GRVH� FDOLEUDWRU� ZDV� SUH�
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