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���,QWURGXFWLRQ
7KH� JODVV�IRUPLQJ� PDWHULDOV� DUH� XVHG

ZLGHO\� LQ� PDQ\� ILHOGV� RI� VFLHQFH� DQG� HQJL�
QHHULQJ��7KRVH�DUH�D�SURVSHFWLYH�DOWHUQDWLYH
IRU� VLQJOH� FU\VWDOV� VFLQWLOODWLRQ� PDWHULDOV�
7KH�JODVVHV�VKRZ�QXPHURXV�DGYDQWDJHV�VXFK
DV� D� ORZ� V\QWKHVLV� FRVW� DQG�PDQXIDFWXULQJ
VLPSOLFLW\�RI�DUELWUDU\�VKDSHG�ODUJH�VL]H�DU�
WLFOHV��7KH� R[LGH�JODVVHV� DUH�SURPLVLQJ�PD�
WHULDOV� WR�SURYLGH� DQ� HIILFLHQW� OXPLQHVFHQFH
RI�UDUH�HDUWK�LRQV��'XH�WR�WKLV�IHDWXUH��WKH\
DUH�ZLGHO\�XVHG� LQ� LQIRUPDWLRQ�GLVSOD\� DQG
WUDQVIHU� WHFKQRORJLHV� �SODVPD� GLVSOD\� SDQ�
HOV�� RSWLFDO� ILEHUV� DQG� DPSOLILHUV��� DV� ODVHU
PDWHULDOV�� LQ� UDGLDWLRQ� VSHFWURPHWU\� DQG
GRVLPHWU\�>�Ü�@�

*ODVVHV� GRSHG� ZLWK� KLJK� FRQFHQWUDWLRQV
RI� OLWKLXP��ERURQ��JDGROLQLXP�UHYHDO�DQ�HI�
IHFWLYH� OXPLQHVFHQFH��7KRVH� DUH�SURVSHFWLYH
PDWHULDOV� IRU� WKH� GHYHORSPHQW� RI� GHWHFWRUV
DV� ZHOO� DV� SKRWR�� DQG� WKHUPROXPLQHVFHQFH
GRVLPHWHUV� IRU� WKHUPDO�QHXWURQV� >�Ü�@��7KH
PXOWLFRPSRQHQW� SKRVSKDWH�ERUDWH�IOXRULGH
JODVVHV� DUH� YHU\� DWWUDFWLYH� IRU� WKHVH� SXU�
SRVHV��6XFK�JODVVHV�DUH�FKDUDFWHUL]HG�E\�ORZ
PHOWLQJ� WHPSHUDWXUH�� KLJK� VROYDELOLW\� RI
UDUH� HDUWK� FRPSRXQGV�� WUDQVSDUHQF\� DQG
PRLVWXUH�UHVLVWDQFH�

7KLV� ZRUN� LV� DLPHG� DW� GHYHORSPHQW� RI
SUHSDUDWLRQ�PHWKRG� IRU�QHZ�PDWHULDOV�ZLWK
KLJK� OXPLQHVFHQFH� HIILFLHQF\� ��PXOWLFRPSR�
QHQW� JODVVHV� RI� JHQHUDO� FRPSRVLWLRQ� /L�2±3�2�±%�2�±&D)�±5(� �5(� �&H��(U��(X�� /X�1G��3U�DQG�7E����
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���([SHULPHQWDO�
7R�V\QWKHVL]H�WKH�JODVVHV��/L32���+�%2��&D)��� &H2��� (U�12�����+�2�� (X�2��/X�12�����+�2��1G&O���3U�2���*G�2���7E�2�ZHUH�XVHG��$OO�FKHPLFDOV�ZHUH�RI�H[WUD�SXUH

JUDGH�DQG�ZHUH�XVHG�ZLWKRXW�IXUWKHU�SXULIL�
FDWLRQ�� /L32�� ZDV� SUHSDUHG� E\� PHOWLQJ/L+�32��LQ�D�SODWLQXP�FUXFLEOH�DW�����&�IRU��� PLQ�� 7KH� FRPSRVLWLRQV� RI� V\QWKHVL]HG
JODVV\�PDWHULDOV� DUH�SUHVHQWHG� LQ� WKH�7DEOH
EHORZ�� 7KH� UHTXLUHG� DPRXQWV� RI� UHDJHQWV
ZHUH� FDOFXODWHG� IRU� SHU� ��� J� RI� WKH� LQLWLDO
PL[WXUH�

7KH�JODVV�VDPSOHV�ZHUH�SUHSDUHG�E\�PHOW�
LQJ�WKH�UHTXLUHG�DPRXQWV�RI�FRPSRXQGV�LQ�D
SODWLQXP� FUXFLEOH� DQG� DQQHDOLQJ� LQ� JODVV�
FDUERQ� FUXFLEOH� XVLQJ� D� 612/� ��������
PXIIOH�IXUQDFH��7KH�SODWLQXP�FUXFLEOH�ZLWK
WKH�IXVLRQ�PL[WXUH�ZDV�SODFHG� LQ�D�PXIIOHU
KHDWHG� WR� FD�� ����&�� 7KHQ� WKH� WHPSHUDWXUH
ZDV�UDLVHG�XS�WR����Ü�����&��GHSHQGLQJ�RQ
WKH� JODVV� FRPSRVLWLRQ�� DQG� WKH� PHOW� ZDV
KROG� DW� WKLV� WHPSHUDWXUH� IRU� ���PLQ� EHLQJ
PL[HG�HYHU\����PLQ�IRU�KRPRJHQL]DWLRQ��7R
SUHYHQW� WKH� JODVV� GHYLWULILFDWLRQ�� WKH� RE�
WDLQHG� KRPRJHQLRXV� PHOW� ZDV� SRXUHG� LQ� D
JODVV�FDUERQ� FUXFLEOH� KHDWHG� WR� ����&�� DQG
FRROHG�GRZQ�WR�URRP�WHPSHUDWXUH�VSRQWDQH�
RXVO\�� 7KH� JODVV� VDPSOHV� ZHUH� DQQHDOHG� DW
����&�GXULQJ���K�

7KH� HOHPHQWDO� FRPSRVLWLRQ� RI� REWDLQHG
JODVVHV� ZDV� FRQWUROOHG� XVLQJ� D� -HRO� -60�
����/9�VFDQQLQJ�PLFURVFRSH�ZLWK�;�UD\�GH�
WHFWRU� ,1&$� ���� �-HRO�� -DSDQ��� 7KH� JODVV
SKDVH�FRPSRVLWLRQ�ZDV�VWXGLHG�E\�WKH�;�UD\
VWUXFWXUH� DQDO\VLV� XVLQJ� D� 6LHPHQV� '���
SRZGHU� GLIIUDFWRPHWHU�� 7R� VWXG\� WKH� LQWHU�
QDO�VWUHVVHV��WKH�RSWLFDO�SRODUL]DWLRQ�PHWKRG
ZDV�XVHG��D�3.5�����XQLW���

7R�VWXG\�WKH�JODVV�RSWLFDO�SURSHUWLHV��WKH
VDPSOHV�ZHUH�FXW�DQG�SROLVKHG�ZLWK�$&0���
�� GLDPRQG� SRZGHU�� 7KH� VDPSOH� WKLFNQHVV
ZDV���PP��7KH�DEVRUSWLRQ�VSHFWUD�ZHUH�UH�
FRUGHG� EHWZHHQ� ���� DQG� �����QP�RQ� D� 6)�
����� VSHFWURSKRWRPHWHU� ��6SHNWU�� FRUSRUD�
WLRQ�� 6W�� 3HWHUVEXUJ��� 7KH� OXPLQHVFHQFH
VSHFWUD�RI�WKH�JODVVHV�ZHUH�UHFRUGHG�XVLQJ�D
9DULDQ�&DU\�(FO\SVH��86$��VSHFWURIOXRULPH�
WHU�DW����&�

���5HVXOWV�DQG�GLVFXVVLRQ
7KH� SDUDPHWHUV� WR� EH� RSWLPL]HG� DUH� WKH

V\QWKHVLV�WHPSHUDWXUH��WKH�GXUDWLRQ�RI�PHOW�
LQJ� DQG� WKH�PHOW�KRPRJHQL]DWLRQ� VWDJHV�� ,W
KDV�EHHQ�VKRZQ�WKDW�WKH�LQWLPDWH�PL[LQJ�RI
DOO� LQLWLDO� UHDJHQWV� ZDV� DWWDLQHG� DW� ���Ü
�����&�� GHSHQGLQJ� RQ� WKH� UDUH� HDUWK� HOH�
PHQW�FRQFHQWUDWLRQ�LQ�WKH�PL[WXUH��7KH�V\Q�

WKHVLV� WHPSHUDWXUH� RI� ����&� DOORZV� WKH
PD[LPDO� FRQFHQWUDWLRQ� RI� ODQWKDQLGHV� LQ� D
JODVV�RI���ZW����WR�EH�DGGHG��,QFUHDVLQJ�WKH
V\QWKHVLV� WHPSHUDWXUH� XS� WR� �����&�� WKH
PD[LPDO� FRQFHQWUDWLRQ� RI� UDUH� HDUWK� HOH�
PHQWV� RI� �� ZW�� �� ZDV� UHDFKHG�� 7KH� WKRU�
RXJK�VWLUULQJ�RI�FRPSRXQGV�ZDV�FDUULHG�RXW
HYHU\� ��� PLQ� IRU� KRPRJHQL]DWLRQ�� ,Q� DOO
FDVHV�� WKH� PHOWLQJ� ZDV� FRQWLQXHG� GXULQJ
���PLQ�WKDW�ZDV�HQRXJK�WR�REWDLQ�D�YLVXDOO\
KRPRJHQHRXV�PHOW�

9DU\LQJ� WKH� LQLWLDO� WHPSHUDWXUH� RI� WKH
JODVV�FDUERQ� FUXFLEOH� ZKHUH� WKH� JODVV� LV
IRUPHG�� WKH� RSWLPDO� FRROLQJ� FRQGLWLRQ� IRU
WKH� IXVHG� PL[WXUH� KDV� EHHQ� GHWHUPLQHG�� ,W
KDV� EHHQ� IRXQG� WKDW� WR� SUHYHQW� WKH� JODVV
GHYLWULILFDWLRQ��WKH�IXVHG�PL[WXUH�VKRXOG�EH
SRXUHG�LQWR�WKH�FUXFLEOH�KHDWHG�XS�WR�����&�
7KHQ�WKH�IXVHG�PL[WXUH�LV�WR�EH�DOORZHG�WR�FRRO
VSRQWDQHRXVO\�GRZQ�WR�URRP�WHPSHUDWXUH�

7KH� KRPRJHQHLW\� RI� WKH� JODVV� FRPSRVL�
WLRQ� ZDV� YHULILHG� E\� WKH� �SRLQW�WR�SRLQW�
HOHPHQWDO� DQDO\VLV� XVLQJ� DQ� HOHFWURQ� VFDQ�
QLQJ�PLFURVFRSH��3HUIHFWLRQ�RI�WKH�REWDLQHG
JODVVHV�ZDV�PRQLWRUHG�E\�WKH�RSWLFDO�SRODUL�
]DWLRQ�PHWKRG�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKH
V\QWKHVL]HG�JODVVHV�DUH�FKDUDFWHUL]HG�E\�ORZ
LQWHUQDO� VWUHVV� YDOXHV� �)LJ���� D��� 7KH� JODVV
DQQHDOLQJ� DW� ����&� UHVXOWV� LQ� D� GHWHULRUD�

)LJ����� 3KRWR� RI� JODVV� VDPSOH� �6HULHV� ��� LQ
SRODUL]HG�OLJKW��D��XQDQQHDOHG��E��DQQHDOHG�

7DEOH�� ,QLWLDO� PL[WXUHV� FRPSRVLWLRQ� IRU
V\QWKHVLV�RI�JODVVHV
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WLRQ�RI� WKH�JODVV�SURSHUWLHV� �)LJ�����E���7KH
JODVV� VDPSOH� VWUXFWXUH� ZDV� VWXGLHG� E\� WKH
;�UD\� VWUXFWXUH� DQDO\VLV� WKDW� KDV� VKRZQ
WKDW�WKH�DQQHDOHG�JODVV�VDPSOHV�GR�QRW�FRQ�
WDLQ�DQ\�FU\VWDO�SKDVH�

7KH� DEVRUSWLRQ� VSHFWUD� RI� REWDLQHG
JODVVHV� �VHH� 7DEOH�� DUH� SUHVHQWHG� LQ� )LJ����
$OO� WKH� VSHFWUD� H[KLELW� D� ZLGH� EDQG� LQ� WKH
QHDU� 89� VSHFWUDO� UHJLRQ� ZLWK�PD[LPXP� DW
���Ü���� QP�� 7KDW� FDQ� EH� DVFULEHG� WR� WKH
LQWULQVLF� DEVRUSWLRQ� RI� SKRVSKDWH� PDWUL[
SUHGRPLQDQW� LQ� WKH� JODVVHV�� :KHQ� WKH
JODVVHV� FRQWDLQ� FDOFLXP� IOXRULGH�� D� KLJKHU
RSWLFDO� WUDQVPLVVLRQ� LQ� 89� UHJLRQ� ZDV� RE�
WDLQHG�� :KHQ� WKH� LQLWLDO� PL[WXUH� ZDV
IRUPHG�E\����ZW����RI�+�%2���WKH�REWDLQHGJODVVHV�UHYHDOHG�D�ODUJH�DPRXQW�RI�GLIIHUHQW
GHIHFWV�� ZKLFK� LPSDLU� WKH� JODVV� WUDQ�
VSDUHQFH�� 7KH� RSWLPDO� FRQWHQW� RI� +�%2�� IRUIXUWKHU� V\QWKHVLV� ZDV� IRXQG� WR� EH� RI� ��� ZW�
��

,Q�WKH�JODVVHV�GRSHG�ZLWK�UDUH�HDUWK�HOH�
PHQWV� �)LJ������ WKH� IROORZLQJ� DEVRUEDQFH
EDQGV� DUH� REVUHYHG� DJUHHLQJ� ZHOO� ZLWK� WKH
GDWD� >�Ü��@��&H�,,,���Û� ���Ü���� QP��3U�,,,�
Û����������������DQG�����QP��1G�,,,������Ü

��������Ü��������������������DQG�����QP�
(U�,,,��� ����� ���Ü����� ����� DQG� ���� QP�
(X�,,,�������QP��

7KH� OXPLQHVFHQFH� VSHFWUD� �6HULHV� ��� VHH
7DEOH��ZHUH�UHFRUGHG�LQ�VSHFWUDO�UDQJH�XS�WR
����� QP�� ,QWHQVH� OXPLQHVFHQFH� EDQGV�ZHUH
REWDLQHG� RQO\� IRU� JODVVHV� GRSHG� ZLWK� &H�
(X��DQG�3U� LRQV� �)LJ������7KH�SKRWROXPLQHV�
FHQFH� H[FLWDWLRQ� ZDYHOHQJWKV� ZHUH� GHWHU�
PLQHG�IURP�WKH�DEVRUSWLRQ�GDWD������QP�IRU
JODVVHV� GRSHG� ZLWK� &H�� ���� QP�� IRU� 3U
GRSHG� RQHV�� DQG� ���� QP�� IRU� WKRVH� GRSHG
ZLWK� (X�� 7KH� OXPLQHVFHQFH� EDQGV� RI� &H
GRSHG�JODVVHV��PD[LPXP�DW�����QP��DUH�DV�
VRFLDWHG� ZLWK� WKH� HOHFWURQ� WUDQVLWLRQ� IURP
�I� WR� �G� VKHOO� >��Ü��@�� ,Q� OXPLQHVFHQFH
VSHFWUD� RI�(X� GRSHG� JODVVHV�� WKH� EDQGV� DUH
ORFDWHG�DW���������������QP�DQG�DUH�FRQGL�
WLRQHG� E\� WUDQVLWLRQV� �'��o��)���������� LQ(X�,,,��>������@��7KH�OXPLQHVFHQFH�VSHFWUD�RI
JODVVHV� GRSHG� ZLWK� 3U� H[KLELW� WZR� LQWHQVH
EDQGV� WKDW� FRUUHVSRQG� WR� WKH� EDVLF� WUDQVL�
WLRQV��WKH�EDQG�DW�����QP���3��o��+��WUDQ�

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� JODVVHV� �6HULHV
�Ü��� )LJ����� $EVRUSWLRQ� VSHFWUD� RI� JODVVHV� GRSHG

ZLWK�UDUH�HDUWK�HOHPHQWV��6HULHV�������Ü�&H�
��Ü�3U����Ü�1G����Ü�(P����Ü�7E����Ü�(U����Ü�/X�

)LJ�����3KRWROXPLQHVFHQFH�VSHFWUD�RI�JODVVHV�GRSHG�ZLWK�&H��(X��3U��6HULHV����
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VLWLRQ�� DQG� RQH� FHQWHUHG� DW� ���� QP
��3��o��+��WUDQVLWLRQ��>������@�7R�VWXG\�WKH� LQIOXHQFH�RI�UDUH�HDUWK�HOH�
PHQW�FRQFHQWUDWLRQ�RQ� WKH�PDLQ�SKRWROXPL�
QHVFHQFH� EDQG� LQWHQVLW\�� WKH� 6HULHV� �� VDP�
SOHV� �VHH� 7DEOH��ZHUH� XVHG�� 7KH� LQFUHDVH� RI
&H� LRQ� FRQFHQWUDWLRQ� FDXVHV� D� VLJQLILFDQW
GHFUHDVH� RI� OXPLQHVFHQFH� LQWHQVLW\� LQ� WKH
JODVVHV� �)LJ������ ,W� VHHPV� WR� EH� DVVRFLDWHG
ZLWK� WKH� HIIHFW� RI� OXPLQHVFHQFH� FRQFHQWUD�
WLRQ�TXHQFKLQJ��

���&RQFOXVLRQV�
$Q� HIILFLHQW� WHFKQLTXH� KDV� EHHQ� GHYHO�

RSHG�WR�REWDLQ�WKH�SKRVSKDWH�ERUDWH�IOXRULGH
JODVVHV�GRSHG�ZLWK�UDUH�HDUWK�HOHPHQWV��7KH
JODVV� VDPSOHV� SUHSDUHG� KDYH� KRPRJHQHRXV
HOHPHQWDO�FRPSRVLWLRQ�DQG�GR�QRW�UHYHDO�VLJ�
QLILFDQW� PHFKDQLFDO� VWUHVVHV�� 7KH� RSWLFDO
SURSHUWLHV�RI�JODVVHV�GRSHG�ZLWK�&H��(X��3U
KDYH�EHHQ�VWXGLHG�LQ�WKH�UHJLRQ�IURP�����WR

����� QP�� $OO� DEVRUSWLRQ� EDQGV� DUH� W\SLFDO
RI� WKH� WULYDOHQW� UDUH� HDUWK� HOHPHQWV�� )RU
JODVVHV� GRSHG�ZLWK�&H��(X�� DQG�3U�� WKH� LQ�
WHQVH� SKRWROXPLQHVFHQFH� EDQGV� KDYH� EHHQ
REWDLQHG�� 7KH� FRQFHQWUDWLRQ� TXHQFKLQJ� RI
OXPLQHVFHQFH� IRU� &H� GRSHG� JODVVHV� �EDQG
����QP��KDV�EHHQ�REVHUYHG��

$FNQRZOHGJHPHQWV�� :H� ZLVK� WR� WKDQN
3�9�0DWH\FKHQNR� IRU� DVVLVWDQFH� LQ� WKH
FKHPLFDO� FKDUDFWHUL]DWLRQ� RI� V\QWKHVL]HG
JODVVHV�

5HIHUHQFHV
� ���0�-�+ROPHV��)�3�3D\QH��'�0�6SLULW��(OHFWURQ�

/HWW�������������������
� ���:�-�0LQLVFDOFR��-��/LJKWZDYH�7HFKQRO���������

�������
� ���&�+RQQLQJHU�� )�0RULHU�*HQRXG�� 0�0RVHU� HW

DO���2SW��/HWW������������������
� ���0�1DIWDO\�� $�-KD�� -��$SSO��3K\V��� ���� ����

�������
� ���%�*�3RWWHU� -U��� .�6LPPRQV�3RWWHU�� 1XFO�

,QVWU���0HWK���3K\V��5HV��%�����Ü����������������
� ���0�,VKLL��<�.XZDQR��7�$VDL�HW�DO���1XFO��,QVWU�

DQG�0HWK��$������������������
� ���*�$�$SSOHE\D�� $�(GJDU�� *�9�0�:LOOLDPV� HW

DO���1XFO��,QVWU��0HWK��3K\V��5HV��$������������������
� ���6�0�+VX�� 6�+�<HK�� 0�6�/LQ� HW� DO��� 5DGLDW�

3URW��'RVLPHWU\������������������
� ���+�(EHQGRUII�+HLGHSULHP��'�(KUW��2SW��0DWHU��

������������
����.�%LQQHPDQV�� 5�9DQ� 'HXQ�� &�*RUOOHU�:DOUDQG

HW�DO���-��1RQ�&U\VW��6ROLGV�����������������
����6�%DFFDUR��5�'DOO�,JQD��3�)DEHQL�HW�DO���-��/X�
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