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HUWLHV�RI�&V,�FU\VWDOV�LV�VWXGLHG��,W�LV�VKRZQ�WKH�LPSRUWDQW�UROH�RI�HXURSLXP�DV�D�VFDYHQJHU
DOORZLQJ�WKH�PHOW�SXULILFDWLRQ�EHIRUH�FU\VWDO�JURZWK��,Q�LWV�WXUQ��WKLV�OHDGV�WKH�,5�WUDQV�
SDUHQF\�LPSURYLQJ�RI�FU\VWDOV��DV�ZHOO�DV�VXSSUHVVLQJ�RI�VORZ�VFLQWLOODWLRQ�SXOVHV��5HGXF�
LQJ�WKH�SURORQJHG�HPLVVLRQ�LQ�WKH�UDQJH�RI���������QP�UHVXOWV�LQ�HYLGHQW�LQFUHDVH�RI�WKH
)�7� UDWLR��ZKLFK� LV� LPSRUWDQW� IRU� WKH�&V,� DSSOLFDWLRQ�DV� D� IDVW� VFLQWLOODWRU��$W� WKH� VDPH
WLPH�� WKH� H[FHVV� VFDYHQJHU�V� FRQFHQWUDWLRQ� DERYH� WKH� FUXFLDO� OHDGV� WR� WKH� TXHQFKLQJ� RI
LQWULQVLF�89�HPLVVLRQ�DQG�DSSHDUDQFH�RI�W\SLFDO�IRU�(X���LRQV�OXPLQHVFHQFH�
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���,QWURGXFWLRQ
&V,� FU\VWDOV� DUH� XVHG� DV� IDVW� UDGLDWLRQ

VWDEOH� VFLQWLOODWRUV� >����@�� HOHFWURPDJQHWLF
FDORULPHWHU� >�@�� ,5�WUDQVSDUHQW� RSWLFV� IRU
SRZHU�&2��ODVHUV�>�@��DQG�SKRWRFDWKRGHV�IRUJDVHRXV�GHWHFWRU�>�@��0D[LPDO�FU\VWDO�SXULW\
LV� WKH� JHQHUDO� UHTXLUHPHQW� IRU� DOO� WKHVH
FDVHV��,Q�UHVSHFW�WR�&V,�FU\VWDOV�DV�VFLQWLOOD�
WRUV��KLJK�LQWHQVLW\�RI�WKH�IDVW�89�HPLVVLRQ
�a���� QP�� a��� QV�� DQG� WKH�PLQLPDO� FRQWUL�
EXWLRQ� RI� WKH� VORZ� �PLFURVHFRQGV�� FRPSR�
QHQW�LQ�WKH�UDQJH�RI����Ü����QP�LV�FRQVLG�
HUHG� WR� EH� WKH� TXDOLW\� FULWHULD� >�@�� $W� WKH
VDPH� WLPH�� IRU� VFLQWLOODWRU�� SHUIHFWLRQ� HVWL�
PDWLRQ�WKH�UDWLR�RI�WKH�IDVW�FRPSRQHQW�VLJ�
QDO� �)DVW��� WR� WKH� WRWDO� HPLVVLRQ� �7RWDO��� VR
FDOOHG�)�7� UDWLR�� LV� RIWHQ�XVHG� >�@�� ,GHDOO\�
)�7� UDWLR� VKRXOG� EH� FORVHG� WR� ��� QHYHUWKH�
OHVV�� HYHQ� LQ� WKH� EHVW� VDPSOHV� LW� GRHV� QRW

H[FHHG�a����GXH�WR�WKH�SUHVHQFH�RI�VWUXFWXUH
GHIHFWV�DQG�FRQWDPLQDWLRQV��7KH�OLVW�DQG�WKH
LQIOXHQFH� RI� XQGHVLUDEOH� LPSXULWLHV� LQ� &V,
FU\VWDOV� DUH� YDULHG� >�@�� EXW� LQ�JHQHUDO� WKH\
DUH� UHODWHG� WR� GLIIHUHQW� R[\JHQ�FRQWDLQLQJ
DQLRQV�� 6XFK� NLQG� RI� DGPL[WXUHV� GHWHULR�
UDWHV� IXQFWLRQDO� SDUDPHWHUV� RI� SXUH� DQG� 7O
GRSHG�VFLQWLOODWRUV�FRQVLGHUDEO\��ZKLFK�OHDGV
WR� WKH�UHGXFWLRQ�RI�WKHLU�UDGLDWLRQ�VWDELOLW\
DQG�DIWHUJORZ�LQFUHDVH�>����@�

(OLPLQDWLRQ� RI� WKH� UHVLGXDO� FRQWDPLQD�
WLRQV�LV�D�YHU\�FRPSOLFDWHG�WHFKQRORJLFDO�WDVN�
ZKLFK� LV� XVXDOO\� VROYHG� E\� GHHS� SXULILFDWLRQ
RI�WKH�LQLWLDO�VDOW�DQG�WKH�UHDFWLYH�DWPRVSKHUH
DSSOLFDWLRQ�GXULQJ�JURZLQJ�SURFHVV��,QWURGXF�
WLRQ�RI�HXURSLXP�LV�RQH�RI�WKH�ZD\V�WR�VROYH
WKLV�SUREOHP�DV�DSSOLHG�WR�&V,�7O�VFLQWLOODWRUV
>����@�� ,Q� FR�GRSHG� &V,�7O�� (X�� VFLQWLOODWRUV
WKH�VXSSUHVVLRQ�RI� WKH�XQGHVLUDEOH�PLOOLVHF�
RQG�DIWHUJORZ�ZDV�GLVFRYHUHG��&XUUHQWO\�WZR
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PRGHOV� H[SODLQLQJ� WKLV� SRVLWLYH� HIIHFW�� DUH
GRPLQDWLQJ��7KH� IRUPHU� LV�EDVHG�RQ� WKH� LGHD
WKDW� RI� (X��� LRQV� LQWURGXFH� GHHS� HOHFWURQ
WUDSV�ZKLFK�DOWHU� WKH�GHFD\�NLQHWLFV� >�@��7KH
WKHRUHWLFDO� HVWLPDWLRQV� DOORZ� GHVFULELQJ� VXFK
NLQG�RI�HIIHFW��EXW�WKHUH�LV�QR�GLUHFW�HYLGHQFH
RI�H[DFWO\�WKLV�PHFKDQLVP��7KH�ODWWHU�LGHD�LV
FRQQHFWHG�ZLWK�HXURSLXP�DSSOLFDWLRQ�DV�VFDY�
HQJHU� Û� PHOWLQJ� FOHDQHU� >�@�� ,W� LV� H[SHFWHG
WKDW� HXURSLXP� DGPL[WXUH� OLQNV� R[\JHQ�FRQ�
WDLQLQJ� FRPSRXQGV� ZLWK� KLJK�PHOWLQJ� R[LGHV
�VXFK� DV� (X2� DQG� (X�2��� IRUPDWLRQ�� ZKLFKDUH� QRW� LQFOXGHG� LQWR� WKH� VROLG� VROXWLRQ� DQG
VWLPXODWH�FU\VWDO�SXULILFDWLRQ��7KH�VLPLODU�H[�
SHULPHQWV�ZHUH�FDUULHG�RXW�HDUOLHU�WR�LPSURYH
,5�WUDQVSDUHQF\� RI� RSWLFDO� ZLQGRZV� PDGH
IURP�&V,�FU\VWDOV�>�@�

7KLV�ZRUN�LV�GHYRWHG�WR�GLVFXVV�WKH�UROH�RI
(X��� LRQV� LQWURGXFHG� LQWR�&V,�PHOW� IURP� WKH
SRLQW� RI� GHWHUPLQDWLRQ� RI� WKH� GRPLQDWLQJ
PHFKDQLVPV�IRU�FU\VWDOV�SXULILFDWLRQ�DQG�LP�
SURYHPHQW�RI�WKHLU�IXQFWLRQDO�FKDUDFWHULVWLFV�

���([SHULPHQW
3XUH�DQG�HXURSLXP�DFWLYDWHG�&V,�FU\VWDOV

ZHUH� JURZQ� E\�%ULGJPDQ�PHWKRG� LQ� HYDFX�
DWHG� VHDOHG� TXDUW]� DPSRXOHV�� DQG� E\� &]R�
FKUDOVNL�PHWKRG�LQ�WKH�SODWLQXP�FUXFLEOHV�LQ
DUJRQ�DWPRVSKHUH��,QLWLDO�&V,�VDOW�FRQWDLQHG
a��Ü�� ZW�� �� RI� R[\JHQ�UHODWHG� LPSXULWLHV�
3UHOLPLQDU\� GHK\GUDWLRQ� RI� UDZ� PDWHULDO
ZDV� FDUULHG� RXW� E\� KHDWLQJ� XS� WR� ����&� LQ
YDFXXP��'HK\GUDWHG�(X,��XVHG�DV�DGPL[WXUHZDV� ORDGHG� LQWR� FHVLXP� LRGLGH�ZLWK� FRQFHQ�
WUDWLRQV� LQ� D� UDQJH� RI� ����Ü����� 7KH� FRQ�
WHQW�RI�(X���LQ�REWDLQHG�FU\VWDOV�ZDV�YDULHG
IURP����Ü��WR�����Ü����

2SWLFDO� DEVRUSWLRQ� VSHFWUD� LQ� 89�9,6
UDQJH�ZHUH�UHJLVWHUHG�E\�6SHFRUG�0���VSHF�
WURSKRWRPHWHU�� ,5�DEVRUSWLRQ� VSHFWUD� ZHUH
PHDVXUHG� E\� 6SHFWUXP� 2QH� )7�,5� VSHF�
WURPHWHU��6LQFH�WKH�IOXRUHVFHQW�PHWKRGV�DUH
PRVW�VHQVLWLYH�WR�UHYHDO�WKH�SUHVHQFH�RI�R[\�
JHQ� LPSXULWLHV� LQ� WKH� FU\VWDOV�� LQ� WKLV� UH�
VHDUFK� FU\VWDOV�� SKRWRHPLVVLRQ� FKDUDF�
WHULVWLFV� ZHUH� GHILQHG� XVLQJ� )/6� ���� IOXR�
UHVFHQFH� VSHFWURPHWHU�� 5DGLROXPLQHVFHQFH
VSHFWUD� ZHUH� PHDVXUHG� XVLQJ� ;�UD\� H[FLWD�
WLRQ��&X�����P$�����N9��

7R� HVWLPDWH� WKH� VFLQWLOODWLRQ� VXLWDELOLW\
RI�FU\VWDOV��LQWHJUDO�HPLVVLRQ�RXWSXW�ZDV�GH�
WHUPLQHG� DV� SXULILFDWLRQ� FULWHULD�� LQFOXGLQJ
VORZ� DQG� IDVW� OXPLQHVFHQFH� FRPSRQHQWV�
FRQWULEXWLRQ��5DWLR�)�7� LQ�WKH�VDPSOHV�ZDV
DVFHUWDLQHG� XVLQJ� SXOVH� PHWKRG� ZLWK� WKH
FRVPLF�PXRQV�H[FLWDWLRQ�

���5HVXOWV�DQG�GLVFXVVLRQ
,5� VSHFWUD� RI� XQGRSHG� &V,� FU\VWDOV�

JURZQ� E\� %ULGJPDQ� PHWKRG�� GHPRQVWUDWH
ZHDN�EDQGV�FRUUHVSRQGLQJ�WR�WUDFH�DPRXQWV
RI�&2��±��62��±��2+±��+�2±��&12±�LRQV��$W
WKH�VDPH�WLPH��WKH� LQWHQVLW\�RI�WKHVH�EDQGV
LV�PXFK�KLJKHU�IRU�FU\VWDOV�REWDLQHG�E\�WKH
&]RFKUDOVNL� PHWKRG�� DQG� WKH� WRWDO� FRQWHQW
RI�R[\JHQ�UDGLFDOV�PD\�UHDFK�a�����Ü�����

;�UD\�OXPLQHVFHQFH�VSHFWUD�RI��SXUH��&V,
FU\VWDOV� ZLWK� GLIIHUHQW� WRWDO� FRQWHQWV� RI
R[\JHQ�FRQWDLQLQJ�LPSXULWLHV������Ü�������Ü�
DQG�a����Ü�����DUH�SUHVHQWHG�LQ�)LJ�����7KH
EDQG�ZLWK� WKH�PD[LPXP�DW� ����QP�� FRUUH�
VSRQGLQJ� WR� WKH� LQWULQVLF� IDVW� HPLVVLRQ�� LV
QRWDEOH� IRU� DOO� FU\VWDOV�� 7KH� SUHVHQFH� DQG
FRQWULEXWLRQ� RI� DGGLWLRQDO� EDQGV� LQ� WKH
UDQJH� RI� ���Ü���� QP� ZLWK� VORZ� GHFD\� GH�
ILQHV� FU\VWDOV� FRQWDPLQDWLRQ� OHYHO� E\� R[\�
JHQ�FRQWDLQLQJ�UDGLFDOV��

5DGLROXPLQHVFHQFH�VSHFWUD�RI��SXUH��DQG
(X�GRSHG�FU\VWDOV�DUH�VKRZQ�LQ�)LJ�����7RWDO
LPSXULW\�FRQWHQW�LQ�XQGRSHG�VDPSOH�LV�FORVH
WR�a����Ü�����'RSDQW�FRQFHQWUDWLRQ�LQ�DFWL�
YDWHG� FU\VWDOV� ZDV� ����Ü�� DQG� ����Ü���
(X��� ��� DQG� ���� (X��� LQ� WKH� PHOW�� FRUUH�
VSRQGLQJO\��� 7KH� QRPLQDOO\� SXUH� FU\VWDO� LV
FKDUDFWHUL]HG� E\� DSSUR[LPDWHO\� HTXDO� FRQ�
WULEXWLRQ� RI� 89� DQG� EOXH� OXPLQHVFHQFH�
ZKHUHDV� IRU� (X�GRSHG� VDPSOHV� WKH� UDWLR� RI
WKHVH� EDQGV� �DQG��KHQFH�� WKH�)�7� UDWLR��GH�
SHQGV�RQ� WKH�DFWLYDWRU�FRQWHQW��6PDOO�DGGL�
WLRQV� �d����Ü����(X�� OHDG� WR� D� VLJQLILFDQW
UHGXFWLRQ� LQ� WKH� FRQWULEXWLRQ� RI� WKH� VORZ
HPLVVLRQ�FRPSRQHQW��7KH�UDWLR�RI�)�7�WXUQV
RXW�WR�EH�UDWKHU�KLJK��L�H��FORVH�WR����,W�KDV
WR� EH� QRWHG� WKDW� WKH� W\SLFDO� EDQGV� FRUUH�
VSRQGLQJ� WR� R[\JHQ� UDGLFDOV�� DUH� DEVHQW� LQ
,5�VSHFWUD�RI�WKHVH�VDPSOHV��

)LJ����� ;�UD\� OXPLQHVFHQFH� VSHFWUD� RI� XQ�
GRSHG�&V,�FU\VWDOV�ZLWK�WRWDO�DGPL[WXUHV�FRQ�
WHQWV��a����Ü�����������Ü�����������Ü���������
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7KXV�� JURZWK� RI� WKH� HXURSLXP� FRQWHQW� LQ
FU\VWDOV� OHDGV� WR� D� JUDGXDO� UHGXFWLRQ� RI� WKH
EOXH�HPLVVLRQ�DV�LW�FDQ�EH�VHHQ�IURP�WKH�VSHF�
WUD��SUHVHQWHG� LQ�)LJ�����+RZHYHU�� WKH�HIIHFW
KDV� FRQFHQWUDWLRQ� OLPLW�� DERYH� RI� ZKLFK� WKH
VLWXDWLRQ� FKDQJHV�� &RQFHQWUDWLRQ� LQFUHDVH
KLJKHU�WKDQ�����Ü����(X��������(X��� LQ�WKH
PHOW�� UHVXOWV� LQ� LQWHQVLW\� GHFUHDVH� RI� WKH� LQ�
WULQVLF�89� OXPLQHVFHQFH�� DQG�D�QDUURZ�EDQG
DW� ���� QP� ����� H9�� DSSHDUDQFH�� 7KH� ODWWHU
KDV� HPLVVLRQ� VSHFWUD� DQG� PLFURVHFRQG� GHFD\
NLQHWLFV� W\SLFDO� IRU� �I��G�Ü�I�� WUDQVLWLRQ� LQ
(X���LRQ�>��@��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�DW
DQ\�FRQFHQWUDWLRQ�LQ�FU\VWDOV��HXURSLXP�LV�LQ
WKH�GLYDOHQW�VWDWH��HYHQ�LQ�FDVH�RI�SKDVH�SUH�
FLSLWDWLRQ�(X,��DQG�&V(X,��>��@���&RQFHQWUDWLRQ�GHSHQGHQFH�RI�;�UD\�OXPL�
QHVFHQFH�VSHFWUD�RI�&V,�(X�FDQ�EH�FRQQHFWHG
ZLWK�WKH�IDFW�RI�ORZ�DFWLYDWRU�V�VHJUHJDWLRQ
FRHIILFLHQW� LQ� VROLG� VROXWLRQ� �.�a��������
'XH�WR�WKLV�WKH�LQWHUDFWLRQ�EHWZHHQ�HXURSLXP
DQG� R[\JHQ� UHVLGXDOV� LV� OLPLWHG� DV� IDU� DV
GRSDQW�JUDGXDOO\�DFFXPXODWHV�GLUHFWO\� LQ�WKH
FU\VWDO�DQG�JLYHV�WKH�W\SLFDO�(X���HPLVVLRQ��

,W� VKRXOG� EH� QRWHG� WKH� UROH� RI� WKH� HXUR�
SLXP�LQ�WKH�RWKHU�VWDJHV�RI�FU\VWDO�JURZWK�
7KH� DFWLYH� LQWHUDFWLRQ� RI� HXURSLXP� ZLWK
R[\JHQ�FRQWDLQLQJ� UDGLFDOV�� OHDGLQJ� WR� WKH

IRUPDWLRQ� RI� HXURSLXP� R[LGHV� DQG� R[\�LR�
GLGHV�� WDNHV� SODFH� GXULQJ� SUHOLPLQDU\� KHDW
WUHDWPHQW� RI� WKH� LQLWLDO� UDZ�PDWHULDO�� &RQ�
VLGHULQJ�WKH�SRVVLEOH�HXURSLXP�R[\JHQ�FRP�
SRXQGV�� LW� VKRXOG� EH� QRWHG� WKDW� HXURSLXP
KDV� YDOHQFH� ����� LQ� (X2�� (X�2,��� (X�2,�ZKHUHDV� LQ� (X�2��� (X2,�� (X�2�,� WKH� HXUR�SLXP�YDOHQFH�LV�������$V�LV�ZHOO�NQRZQ�>��@�
WKH� VSHFWUDO�NLQHWLF� OXPLQHVFHQFH� SDUDPH�
WHUV� RI� HXURSLXP� LRQV� ZLWK� GLIIHUHQW� YD�
OHQFHV� DUH� FOHDUO\� GLVWLQJXLVKHG�� 6SLQ�DO�
ORZHG� G� I� WUDQVLWLRQV� ZLWK� VSHFLILF� QDUURZ
HPLVVLRQ� EDQG� LQ� WKH� EOXH� UHJLRQ� ZLWK� PL�
FURVHFRQG� HPLVVLRQ� DUH� W\SLFDO� IRU� (X��
LRQV��ZKHUHDV� VSLQ�IRUELGGHQ� I� I� WUDQVLWLRQV
OLQH�VSHFWUXP�LQ�WKH�UHG�UHJLRQ�DQG�PLOOLVHF�
RQG� GHFD\� DUH� W\SLFDO� IRU� (X��� LRQV�� )URP
WKH� DERYH�PHQWLRQHG� FRPSRXQGV�� RQO\�(X2
DQG�(X�2�� R[LGHV� DUH� UDWKHU� WKHUPDOO\� VWD�EOH�DW�&V,�PHOWLQJ�WHPSHUDWXUH������&���

2QH�PRUH�VWDJH�LV�WKH�LQWHUDFWLRQ�EHWZHHQ
HXURSLXP�DQG� R[\JHQ�DGPL[WXUHV� GLUHFWO\� LQ
WKH� PHOW�� )LJ���� VKRZV� H[FLWDWLRQ� DQG� OXPL�
QHVFHQFH� VSHFWUD� RI� WKH� IUR]HQ� PHOW� ZKLFK
UHPDLQHG� LQ� WKH� SODWLQXP� FUXFLEOHV� ERWWRP
DIWHU� &V,�(X� FU\VWDO� JURZWK� E\� &]RFKUDOVNL
PHWKRG�� ,QWHQVH� OLQH� OXPLQHVFHQFH� LQ�WKH�UHG
UHJLRQ� LV� UHYHDOHG�� ZKLFK� LV� W\SLFDO� IRU� I� I

)LJ�����(X���LRQV�OXPLQHVFHQFH�LQ�WKH�FU\VWDO�
OL]HG�PHOW�RI�&V,�(X��HPLVVLRQ�H[FLWDWLRQ�VSHF�
WUXP� RI� ���� QP� �D�� DQG� HPLVVLRQ� VSHFWUXP
XQGHU�H[FLWDWLRQ�RI�����QP��E��

)LJ����� 5DGLROXPLQHVFHQFH� VSHFWUDO� SDWWHUQV
GHSHQGLQJ�RQ�(X�FRQWHQWV�LQ�&V,�FU\VWDOV��D��
QRUPDOL]HG�VSHFWUD��E��

1�6KLUDQ�HW�DO����$IWHUJORZ�VXSSUHVVLRQ�LQ�&V,����
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WUDQVLWLRQV� LQ� (X��� LRQV�� ZKHUHDV� WKH� EOXH
EDQG�RI�(X���LRQV�LV�DEVHQW��,W�LQGLFDWHV�WKH
SUHFLSLWDWLRQ�IRUPDWLRQ�RI�R[LGH��(X�2���GXU�LQJ� GHFRPSRVLWLRQ� RI� &V,±(X,�� VROLG� VROXWLRQ�7\SLFDO�IRU�R[\JHQ�UDGLFDOV�,5�EDQGV�DUH�SUDF�
WLFDOO\� DEVHQW� IRU� VLQJOH� FU\VWDOV��ZKHUHDV� WKH
FU\VWDOOL]HG� PHOW� GHPRQVWUDWHV� WKH� SHDN� DW
a����FPÜ��FDXVHG�E\�(X�2���7KH�REWDLQHG�GDWDFRQILUP� WKDW� WULYDOHQW� HXURSLXP� FRPSRXQGV
DUH�SURGXFWV� RI� LQWHUDFWLRQ� EHWZHHQ� HXURSLXP
DQG� R[\JHQ� LRQV� LQ� &V,� PHOW�� (OXFLGDWLRQ� RI
WKHLU�QDWXUH�UHTXLUHV�GHWDLOHG�UHVHDUFK��EXW�LQ
SULQFLSOH� QRW� RQO\� HXURSLXP� R[LGHV� EXW� DOVR
R[\�LRGLGHV� �(X2,��(X�2�,�� FDQ�EH� WKH� LQWHUDF�WLRQ�SURGXFWV�

,Q� DQDO\VLV� RI� WKH� VROLG� VROXWLRQ� &V,�(X
SURGXFWLRQ�� LW� VKRXOG�EH�WDNHQ� LQWR�DFFRXQW
WKDW� WKH� SKDVH� GLDJUDP� RI�&V,±(X,�� ELQDU\V\VWHP� EHORQJV� WR� HXWHFWLF� W\SH� >��@�� 7KH
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DQG�IRU�&V,�LV�ERG\�FHQWHUHG�FXELF��(X���DQG
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