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7KH� JURZLQJ� LQWHUHVW� WR� WKH� SUREOHP� RI
89�UDGLDWLRQ�GHWHFWLRQ�LQ�YDULRXV�VFLHQWLILF�
WHFKQRORJLFDO� DQG� VRFLDO� ILHOGV�� VXFK� DV
PHGLFLQH��SK\VLRWKHUDS\��EORRG�DXWRWUDQVIX�
VLRQ�� SURWHFWLRQ� IURP� FDUFLQRJHQLF� UDGLD�
WLRQ�� SUHYHQWLRQ� RI� FDWDUUKDO� UHVSLUDWRU\
GLVHDVHV��� PRQLWRULQJ� RI� �R]RQH� KROHV�� IRU�
PDWLRQ�DERYH�WKH�(DUWK��V\QWKHVLV�RI�'��DQG'�� YLWDPLQV�� HWF��� VWLPXODWHV� WKH� GHYHORS�PHQW�RI�QHZ�VHPLFRQGXFWRU�SKRWRFRQYHUWHUV
�63&��IRU�WKH�89�VSHFWUDO�UHJLRQ��5HFHQWO\�
WKH�GHYHORSPHQW�RI�63&�PDLQO\�IROORZHG�WKH
ZD\� WR� FUHDWH� VWUXFWXUHV� ZLWK� D� SRWHQWLDO
EDUULHU��7KRVH�KDYH�KLJK�LPSHGDQFH�DQG�FDQ
IXQFWLRQ�DW�KLJK�IUHTXHQFLHV��DUH�FRPSDWLEOH
ZLWK�PLFURFKLS�WHFKQRORJLHV��KDYH�KLJK�HIIL�
FLHQF\��ORZ�ZHLJKW�DQG�VPDOO�VL]H��DUH�LQVHQ�
VLWLYH� WR� PDJQHWLF� ILHOGV�� VKRZ� WKH� DELOLW\
IRU� FKDUJH� DFFXPXODWLRQ� DQG� WR� LQWHJUDWLRQ
RI�WKH�GHWHFWLRQ�VLJQDO��2I�D�VSHFLDO�LQWHUHVW

IRU�WKH�89�UDQJH�DUH�6FKRWWN\�GLRGHV��VLQFH
WKH� DEVRUELQJ� UHJLRQ� RI� VKRUW�ZDYH� UDGLD�
WLRQ� LV� ORFDWHG� FORVH� WR� VHPLFRQGXFWRU� VXU�
IDFH�� LQ� WKH� VSDFH� FKDUJH� OD\HU�� ZKHUH� D
VWURQJ� HOHFWULF� ILHOG� LV� SUHVHQW� DQG�� FRQVH�
TXHQWO\�� VXUIDFH� UHFRPELQDWLRQ� GRHV� QRW
VXEVWDQWLDOO\� DIIHFW� WKH� SKRWRFRQYHUVLRQ
SURFHVV�>�@�
5HFHQW� VWXGLHV� KDYH� VKRZQ� WKDW� GRSHG

FU\VWDOV� =Q6H�O ��� ZKHUH� O� �7H��2�� FDQ� EH
HIIHFWLYHO\�XVHG�DV�FRPSRQHQWV�RI��VHPLFRQ�
GXFWRU�PHWDO��89� SKRWRVHQVLWLYH� VWUXFWXUHV
ZLWK�D�6FKRWWN\�EDUULHU�>����@��7KH�6FKRWWN\
EDUULHU�KHLJKW�IRU�WKRVH�VWUXFWXUHV�LV�a���Ü
���� H9�DQG� LV�GHILQHG�E\� WKH�GLIIHUHQFH�EH�
WZHHQ� WKH�ZRUN� IXQFWLRQ� RI� WKH�PHWDO� HOHF�
WURQV� )P�a����� H9� DQG� WKH� VHPLFRQGXFWRUHOHFWURQ� DIILQLW\� F�a����� H9��+RZHYHU�� DV� D
UXOH�� WKH� 6FKRWWN\� VWUXFWXUHV� REWDLQHG� LQ
SUDFWLFH�DUH�QRW� LGHDO�DQG�FRQWDLQ�DQ� LQWHU�
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PHGLDU\� GLHOHFWULF� OD\HU�� ,Q� WKLV� FDVH�� WKH
EDUULHU� KHLJKW� ZRXOG� DOVR� GHSHQG� XSRQ� WKH
GHQVLW\�RI�VXUIDFH�VWDWHV�LQ�WKH�VHPLFRQGXF�
WRU�'V��LWV�GLHOHFWULF�FRQVWDQW�HV��WKH�GLHOHF�WULF�OD\HU�WKLFNQHVV�G��HWF�
7KLV�ZRUN�ZDV�DLPHG�DW�VWXGLHV�RI�SULQFL�

SDO� SHFXOLDU� IHDWXUHV� RI� Q=Q6H�2�7H��1L
6FKRWWN\�VWUXFWXUHV��DV�ZHOO�DV�GHWHFWRUV�RQ
WKHLU�EDVH��LQFOXGLQJ�GHYHORSPHQW�RI�RSWLFDO
ILOWHUV�IRU�VHSDUDWLRQ�RI�YDULRXV�ELRORJLFDOO\
UHOHYDQW�UHJLRQV�LQ�WKH�89�VSHFWUXP�
)RU� RXU� VWXGLHV�� ZH� KDYH� SUHSDUHG� VDP�

SOHV� RI� VXUIDFH�EDUULHU� VWUXFWXUHV� LQYROYLQJ
]LQF� VHOHQLGH� FU\VWDOV� DFWLYDWHG� ZLWK� WHOOX�
ULXP� DQG� R[\JHQ� �=Q6H�2�L_��� DV� VHPLFRQ�
GXFWRU� VXEVWUDWH�� DQG� QLFNHO� DV� WKH� PHWDO
OD\HU��7KH�VDPSOH�SUHSDUDWLRQ�SURFHGXUH�LQ�
FOXGHG� WKH� IROORZLQJ� PDLQ� VWDJHV�� SUHSDUD�
WLRQ�RI�FU\VWDOV��LQFOXGLQJ�PHFKDQLFDO�WUHDW�
PHQW�RI�WKH�VXUIDFH�DQG�LWV�FKHPLFDO�SXULIL�
FDWLRQ� E\� HWFKLQJ�� DSSOLFDWLRQ� RI� LQGLXP
RKPLF�FRQWDFWV�E\�PHOWLQJ��DSSOLFDWLRQ�RI�D
UHFWLI\LQJ� FRQWDFW� E\� YDFXXP� GHSRVLWLRQ� RI
D� VHPL�WUDQVSDUHQW�QLFNHO� OD\HU� RI� VSHFLILHG
WKLFNQHVV� ���Ü��� QP��� SUHSDUDWLRQ� RI� WKH
HOHFWULF�FRQWDFW�FLUFXLW��SODFLQJ�WKH�REWDLQHG
VWUXFWXUH�LQ�DQ�DSSURSULDWH�KRXVLQJ��7KH�HI�
IHFWLYH� DUHD� RI� WKH� SKRWRUHFHLYHUV� ZDV
�����FP��� 7KH� VHQVLWLYLW\� GLVWULEXWLRQ� ZDV
PHDVXUHG� XVLQJ� DQ� 0'5���� PRQRFKURPD�
WRU�� ''6���� K\GURJHQ� ODPS� DQG� )(8����
FDOLEUDWHG� SKRWRUHFHLYHU�� $� .HLWKOH\�6&6
�����VHPLFRQGXFWRU�DQDO\]HU�ZLWK� WHPSHUD�
WXUH�FRQWUROOHG�ER[�ZDV�XVHG�WR�PHDVXUH�WKH
FXUUHQW�YROWDJH� FKDUDFWHULVWLF� DW� YDULRXV
WHPSHUDWXUHV�� 7KH� H[SHULPHQWV� RQ� VHQVLWLY�
LW\� PHDVXUHPHQW� RI� 89� GHWHFWRU� EDVHG� RQ
Q=Q6H�2�7H��1L� VWUXFWXUH� DV� D� IXQFWLRQ� RI
WKH� DQJOH� EHWZHHQ� WKH� LQFLGHQW� OLJKW� EHDP
DQG�QRUPDO�WR�WKH�GHWHFWRU�VXUIDFH�ZHUH�FDU�
ULHG� RXW� WR� WHVW� WKH� LQIOXHQFH� RI� OLJKW� VFDW�

WHULQJ�GLUHFWLRQ�ZLWK�UHVSHFW�WR�WKH�GHWHFWRU
VXUIDFHV��FRVLQH�IDFWRU���
,Q� WKHVH� VWUXFWXUHV�� WKH� SUHGRPLQDQW

PHFKDQLVP� LV� IRUPDWLRQ� RI� HOHFWURQ�KROH
SDLU�IROORZHG�E\�LWV�VHSDUDWLRQ�E\�WKH�VSDFH
FKDUJH� ILHOG�� EHLQJ� UHDOL]HG� DW� SKRWRQ� HQ�
HUJ\� KQ�!�(J�� 6XFK� SURFHVV� LV� PRUH� LPSRU�WDQW�DV�FRPSDUHG�WR�JHQHUDWLRQ�RI�HOHFWURQV�LQ
WKH�PHWDO�ZLWK�IROORZHG�E\�WUDQVIHU�WKHUHRI�WR
WKH� VHPLFRQGXFWRU� DW� HQHUJ\� TME���KQ���(J�7KHUHIRUH�� WKH�SKRWRVHQVLWLYLW\� VSHFWUXP�RI
VXFK� WUDQVLWLRQV� LV� ORFDWHG� LQ� WKH� HQHUJ\
UDQJH�DERYH�WKH�EDQG�JDS�ZLGWK�DQG�LV�FKDU�
DFWHUL]HG�E\�D�VKDUS�IDOO�DW�KQ���(J��)LJ�����7KH� WRWDO� RXWSXW� VLJQDO� DV� D� IXQFWLRQ� RI
LOOXPLQDQFH� LV� LQFUHDVHG� OLQHDUO\�� DW� OHDVW�
XS�WR� WKH�YDOXHV�RI���P:�FP���ERWK�XQGHU
DUWLILFLDO� �+J�ODPS�� DQG� QDWXUDO� VRODU� LOOX�
PLQDWLRQ��)LJ�����
7KH� FXUUHQW�YROWDJH� FKDUDFWHULVWLF� �,9&�

IRU� YDULRXV� VDPSOHV� FDQ� EH� GLIIHUHQW�� WKXV
VXJJHVWLQJ�D�FRPSOH[�FKDUDFWHU�RI�WKH�EXLOG�
XS�RI�6FKRWWN\�EDUULHUV�IRUPHG�LQ�VXFK�V\V�
WHPV� XQGHU� UHDO� FRQGLWLRQV�� )LJ���� GHPRQ�
VWUDWHV� � ,9&�IRU�WZR�W\SHV�RI�UHDO�6FKRWWN\
EDUULHUV��7KH�GLIIHUHQFHV� LQ� FXUUHQW�YROWDJH
FKDUDFWHULVWLFV� LQ� WKH� UHJLRQ� RI� WUDQVLWLRQ
EHWZHHQ� WKH� GLUHFW� DQG� FXW�RII� GLUHFWLRQV
FDQ�EH�VXSSRVHG�WR�EH�UHODWHG�ERWK�ZLWK�GLI�
IHUHQW� FDUULHU� FRQFHQWUDWLRQ� LQ� VHPLFRQGXF�
WRU�VXEVWUDWHV�DQG�ZLWK�GLIIHUHQW�GHIHFWQHVV
GHJUHHV�RI�WKHLU�VXUIDFHV�WKDW�FDXVHV�GLIIHU�
HQW� PHFKDQLVPV� RI� GDUN� FXUUHQW� IORZ
WKURXJK�WKH�EDUULHU�
7HPSHUDWXUH� GHSHQGHQFHV� RI� SKRWRFXU�

UHQW�REWDLQHG�DW�GLIIHUHQW�ELDV�YROWDJHV�DQG
GLIIHUHQW� LUUDGLDWLRQ� OHYHOV� �)LJ����� VKRZ
WKDW� WKH� REWDLQHG� 6FKRWWN\� EDUULHUV� KDYH� D
JRRG� WKHUPDO� VWDELOLW\��DW� OHDVW�� LQ�WKH����
WR� ����&� WHPSHUDWXUH� UDQJH�� 2QO\� D� VOLJKW
LQFUHDVH� LQ� SKRWRFXUUHQW� ZLWK� WHPSHUDWXUH

)LJ����� 3KRWRVHQVLWLYLW\� VSHFWUXP� RI
Q=Q6H�2�7H��1L� VWUXFWXUHV� ZLWKRXW� ���� DQG
ZLWK�����DGGLWLRQDO�TXDUW]�ZLQGRZ��

)LJ�����2XWSXW�VLJQDO�RI�WKH�Q=Q6H�2�7H��1L�DV
D� IXQFWLRQ� RI� LOOXPLQDQFH� LQ� ���Ü���� QP
VSHFWUDO�UDQJH�XQGHU�LUUDGLDWLRQ��+J�ODPS�����
QDWXUDO�VRODU�LOOXPLQDWLRQ������
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ZDV� REVHUYHG�� 6XFK� EHKDYLRU� FDQ� EH� H[�
SODLQHG�E\�IOXFWXDWLRQV�RI�WKH�ORZHU�OHYHO�RI
WKH�FRQGXFWLYLW\�EDQG�DQG�WKH�XSSHU�OHYHO�RI
WKH� YDOHQFH� EDQG�� ZKLFK� DUH� UHODWHG� WR� LP�
SHUIHFW�VWUXFWXUH�OD\HU�FORVH�WR�WKH�VHPLFRQ�
GXFWRU� VXUIDFH�� $V� D� UHVXOW�� VXFK� IOXFWXD�
WLRQV�JLYH�ULVH�WR�SRWHQWLDO�ZHOOV�IRU�SKRWR�
FDUULHUV��WUDSV���:LWKRXW�HOHFWULF�ILHOG��VXFK
IOXFWXDWLRQV� UHVXOW� LQ� ORFDOL]DWLRQ� RI� RQH
W\SH� FDUULHUV� RQO\�� ZKLOH� WKH� SUHVHQFH� RI
HOHFWULF�ILHOGV�PD\�VLPXOWDQHRXVO\�FUHDWH�SR�
WHQWLDO� ZHOOV� ERWK� IRU� HOHFWURQV� DQG� KROHV�
7KH� HOHFWURQV� DQG� KROHV� WUDSSHG� LQ� WKLV
PDQQHU�DUH� WKXV� ORFDOL]HG� LQ� VSDFH�DQG�FDQ
UHFRPELQH� ZLWK� WLPH� GXH� WR� WKH� WXQQHOLQJ
HIIHFW�� $W� KLJKHU� WHPSHUDWXUHV�� WKH� UHOHDVH
SUREDELOLW\�RI�WKH�WUDSSHG�FDUULHUV�LQFUHDVHV
GXH�WR�WKHUPDO�GLVVRFLDWLRQ��WKXV�LQFUHDVLQJ
WKH�SKRWRFRQYHUVLRQ�HIILFLHQF\�
7KH�SKRWRVHQVLWLYH�VWUXFWXUHV�ZLWK�6FKRW�

WN\�EDUULHU�RI�Q=Q6H�2�7H��1L�W\SH�KDG�FXU�
UHQW� VHQVLWLYLW\� 6O� ����Ü����� k�:� DW� O� 
���Ü����QP�� DW����Ü����QP�� LW�ZDV� DERXW
����� k�:�� 0RUHRYHU�� WKH� UHVXOWV� RI� SUH�
YLRXV�VWXGLHV�>�@�KDYH�HYLGHQFHG�D�WKUHVKROG
VHQVLWLYLW\� RI� DERXW� ��Ü���:�FPÜ��+]����
DQG� G\QDPLF� UDQJH� RI� WKH� FXUUHQW�YROWDJH
FKDUDFWHULVWLF�QRW�OHVV�WKDQ����G%��7KH�SKR�
WRVHQVLWLYLW\� VSHFWUXP� RI� 6FKRWWN\� GLRGHV
EDVHG�RQ�]LQF�VHOHQLGH�FRYHUV�DOO�WKH�ELRORJL�
FDOO\�UHOHYDQW�89�UDQJHV�89�$��89�%��89�&�
UHPDLQLQJ� �EOLQG�� DW� O�!����� QP�� ZKLFK
VLPSOLILHV� FRQVLGHUDEO\� WKH� GHYHORSPHQW
SUREOHP�RI�89�ILOWHUV��7KH�DEVHQFH�RI�VHQVL�
WLYLW\� LQ� WKH� ORQJ�ZDYHOHQJWK� VSHFWUDO� UH�
JLRQ�RIIHUV�WKH�IROORZLQJ�DGYDQWDJHV�
Û� VHOHFWLRQ� RI� OLJKW� ILOWHUV� LV� VLPSOLILHG

VXEVWDQWLDOO\�� EHFDXVH� PRVW� ILOWHUV�� DORQJ�
VLGH�ZLWK�WUDQVPLVVLRQ�LQ�WKH�89�UDQJH��DUH

DOVR� WUDQVSDUHQW� LQ� WKH�UHG�VSHFWUDO�UHJLRQ�
WR�ZKLFK�WKLV�SKRWRUHFHLYHU�LV�LQVHQVLWLYH�
Û�LW�LV�SRVVLEOH�WR�XVH�LQWHUIHUHQFH�OLJKW

ILOWHUV��EHFDXVH�WKH�VHFRQG�KDUPRQLFV�LV�RXW
RI�WKH�GHWHFWRU�VHQVLWLYLW\�UDQJH�
7R� GHYHORS� 89� GHWHFWRUV� IRU� YDULRXV

UDQJHV� RQ� WKH� EDVLV� RI� WKH� DERYH�GHVFULEHG
VWUXFWXUHV�� OLJKW� ILOWHUV� RI� WZR� W\SHV� KDYH
EHHQ� GHYHORSHG�� JODVV� ILOWHUV� IRU� 89�%� DQG
89�$� UDQJHV�� DQG� LQWHUIHUHQFH� ILOWHUV� IRU
89�&�DQG�89�%�RQHV��)RU� WKH�JODVV�ILOWHUV�
ZH� REWDLQHG� VSHFWUDO� GLVWULEXWLRQ� RI� WUDQV�
PLVVLRQ�FRUUHVSRQGLQJ�WR�WKH�89�%�UDQJH�E\
XVLQJ� D� FRPELQDWLRQ� RI� LQGXVWULDOO\� SUR�
GXFHG� FRORU� JODVVHV� RI� DSSURSULDWH� WKLFN�
QHVV��8)6��� �����PP��DQG�=K6��� �����PP��
)RU� SUHSDUDWLRQ� RI� 89�$� ILOWHUV�� 8)6��
JODVV����PP�WKLFNQHVV��ZDV�XVHG��)LJ�����
$QRWKHU� ZD\� WR� KLJK� TXDOLW\� ILOWHUV� IRU

ELRORJLFDOO\�UHOHYDQW�UDQJHV�RI�89�UDGLDWLRQ
LV� WR�PDNH�XVH� RI�)DEU\�3HURW�PHWDO�GLHOHF�
WULF�PHWDO� ILOWHUV� �0'0��� 7KLV� WHFKQRORJ\

)LJ����� &XUUHQW�YROWDJH� FKDUDFWHULVWLFV� RI
Q=Q6H�2�7H��1L� 6FKRWWN\� EDUULHUV�� 7\SH� ,
ZLWKRXW�����DQG�ZLWK�����LOOXPLQDWLRQ��7\SH�,,
ZLWKRXW�����DQG�ZLWK�����LOOXPLQDWLRQ�

)LJ����� 7UDQVPLVVLRQ� VSHFWUD� RI� JODVV� ILOWHUV�
k� Û� 8)6��� �G� ��� PP��� {�� Û� =K6��� �G� 
����PP���{��Û�8)6����G� �����PP���

)LJ�����3KRWRFXUUHQW�DV�D�IXQFWLRQ�RI�WHPSHUD�
WXUH� LQ� Q=Q6H�2�7H��1L� VWUXFWXUHV� DW� GLIIHUHQW
ELDV�YROWDJHV��IRU�8� �Ü����9�DW�YDULRXV�LOOXPL�
QDWLRQ�OHYHOV���Ü����IRU�8� �����9������
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SURYLGHV� IRUPDWLRQ� RI� ILOWHUV� IRU� WKH� 89�&
UDQJH�� ZKLFK� LV� LPSRVVLEOH� XVLQJ� FRQYHQ�
WLRQDO� FRORUHG� JODVV� ILOWHUV�� $� SUHOLPLQDU\
WKHRUHWLFDO� FDOFXODWLRQ� RI� OD\HU� WKLFNQHVV
DQG� FRPSRVLWLRQ� DQG� DSSURSULDWH� FKRLFH� RI
DSSOLFDWLRQ�SURFHGXUHV�IRU�PHWDO�DQG�GLHOHF�
WULF� OD\HUV� DOORZHG� XV� WR� FUHDWH� ILOWHUV� RI
YDULRXV� VSHFWUDO� FRPSRVLWLRQV�� LQFOXGLQJ
WKRVH� FRUUHVSRQGLQJ� WR� 89�%� DQG� 89�&
VSHFWUDO� UDQJHV� �)LJ������ 7KH� ILOWHUV� FRP�
SULVH�� �È�� TXDUW]� VXEVWUDWH�� �E�� ILUVW� VHPL�
WUDQVSDUHQW�UHIOHFWLQJ�OD\HU���F��QRQ�DEVRUE�
LQJ� GLHOHFWULF� OD\HU�� �G�� VHFRQG� VHPL�WUDQV�
SDUHQW� UHIOHFWLQJ� OD\HU�� DQG� �H�� VHFRQG
GLHOHFWULF� OD\HU� DFWLQJ� DV� ERWK� DQWL�UHIOHFW�
LQJ� DQG� SURWHFWLQJ� RQH�� 7KH� DFWXDOO\� RE�
WDLQHG� SDUDPHWHUV� RI� VXFK� ILOWHUV� LQ� WKH
���Ü����QP�UDQJH�DUH��PD[LPXP�WUDQVPLV�
VLRQ� �O� ���Ü��� �� DW� WKH� FRUUHVSRQGLQJ
ZLGWK�GO�EHIRUH����QP�7R� DFFRXQW� IRU� WKH� �FRVLQH� IDFWRU��� ZH
KDYH�VWXGLHG�WKH�RXWSXW�VLJQDO�DV�D�IXQFWLRQ
RI�WKH�DQJOH�EHWZHHQ�WKH�LQFLGHQW�EHDP�DQG
QRUPDO� WR� WKH� GHWHFWRU� VXUIDFH� �)LJ������ $
VXEVWDQWLDO�GHYLDWLRQ�IURP�WKH�RXWSXW�VLJQDO
PD[LPXP� YDOXH� LV� REVHUYHG� ZKHQ� WKH� LQFL�
GHQFH� DQJOH� LV� LQFUHDVHG�� ZKLFK� VKRXOG� EH
DFFRXQWHG�IRU�LQ�WKH�GHYHORSPHQW�RI�LQVWUX�
PHQWV� RQ� WKH� EDVLV� RI� WKHVH� GHWHFWRUV�� 7KH

XVH� RI� GLIIXVHO\� WUDQVPLWWLQJ� 7HIORQ� ILOPV
ZHDNHQV� WKLV� GHSHQGHQFH� VXEVWDQWLDOO\�� 6H�
OHFWLYH� SKRWRGHWHFWRUV� IRU�89�$��89�%� DQG
89�&�UDQJHV�RQ�WKH�EDVLV�RI�Q=Q6H�2�7H��1L
VWUXFWXUHV� FDQ� EH� XVHG� LQ� YDULRXV� LQVWUX�
PHQWV� IRU� UHFRUGLQJ�89� UDGLDWLRQ� LQWHQVLW\
DQG�SRZHU�LQ�WKH�ELRORJLFDOO\�UHOHYDQW�VSHF�
WUDO�UDQJHV��DV�ZHOO�DV�IRU�UHFRQVWUXFWLRQ�RI
VRODU�UDGLDWLRQ�VSHFWUXP�

$FNQRZOHGJPHQWV�� $XWKRUV� DUH� WKDQNIXO
WR� 3URI�9�5\]KLNRY� ZKR� SURYLGHG� WKH� VDP�
SOHV� DV� ZHOO� DV� WR� 'U�:�*�/HH� IRU� KHOS� LQ
PHDVXUHPHQWV���

5HIHUHQFHV
� ���7�9�%ODQN�� <X�$�*ROGEHUJ�� )L]��7HNKQ��3ROX�

SURY�������������������
� ���9�3�0DNKQL\�� 9�9�0HOQLN�� )L]��7HNKQ��3ROX�

SURY�������������������
� ���%�*U\Q\RY�� 9�5\]KLNRY�� -RQJ� .\XQJ� .LP�

0RRVXQJ�-DH���6FLQWLOODWRU�&U\VWDOV��5DGLDWLRQ
'HWHFWRUV�DQG�,QVWUXPHQWV�RQ�7KHLU�%DVH��,Q�
VWLWXWH�IRU�6LQJOH�&U\VWDOV��.KDUNRY��������

� ���9�'�5\]KLNRY�� /�3�*DO�FKLQHWVNLL�� 1�*�6WDU�
]KLQVNL\� HW� DO��� 7HOHFRPPXQLFDWLRQV� DQG
5DGLR�(QJLQHHULQJ����������������

)LJ�����7UDQVPLVVLRQ� VSHFWUD� RI� H[SHULPHQWDO
VDPSOHV� RI� LQWHUIHUHQFH� ILOWHUV� IRU�89�%�DQG
89�&�UDQJHV��

)LJ����� 6HQVLWLYLW\� RI� 89� GHWHFWRU� EDVHG� RQ
Q=Q6H�2�7H��1L� VWUXFWXUH� DV� IXQFWLRQ� RI� D
�WKH� DQJOH� EHWZHHQ� WKH� LQFLGHQW� OLJKW� EHDP
DQG�QRUPDO� WR� WKH�GHWHFWRU� VXUIDFH���ZLWKRXW
WUDQVSDUHQW�7HIORQ�ILOP������ZLWK���PP�WKLFN
7HIORQ� ILOP� ����� ZLWK� ���� PP� WKLFN� 7HIORQ
ILOP�����

.�.DWUXQRY�HW�DO����6FKRWWN\�VWUXFWXUHV����

)XQFWLRQDO�PDWHULDOV������������� ���
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