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&]HFK�5HSXEOLF�
�

,QWURGXFWLRQ�

7HFKQRORJLFDO� GHYHORSPHQW� LQ� HOHFWULF�PHOWLQJ�RI� WDEOHZDUH� JODVV� FRQFHQWUDWHV� RQ�
UHDFKLQJ�WKUHH�EDVLF�WDVNV�ZKLFK�FDQ�EH�GHILQHG�DV��

D�� LQFUHDVH�RI�HFRQRP\�RI�PHOWLQJ�IXUQDFH�SHUIRUPDQFH�

E�� GHFUHDVH�RI�HPLVVLRQV�IURP�PHOWLQJ�IXUQDFHV�

F�� UHDFKLQJ�RI�GHVLUHG�TXDOLW\�RI�SURGXFHG�JODVV�

$OO�WKHVH�WKUHH�WDVNV�DUH�YHU\�FORVHO\�FRQQHFWHG�DQG�WR�UHDFK�WKHP��D�ZLGH�UDQJH�RI�
WHFKQRORJLFDO�PHDVXUHV�FDQ�EH�DSSOLHG��7KH�ILUVW�JURXS�DUH�JHQHUDO�PHDVXUHV�WKDW�GR�QRW�
GHSHQG� RQ� WKH� FRQVWUXFWLRQ� RI� DOO�HOHFWULF� PHOWLQJ� IXUQDFHV�� ZKLOH� WKH� VHFRQG� JURXS�
LQFOXGHV� WKH� WHFKQRORJLFDO� PHDVXUHV� UHODWHG� WR� SDUWLFXODU� FRQVWUXFWLRQ� RI� WKH� PHOWLQJ�
IXUQDFH��7KH�JHQHUDO�WHFKQRORJLFDO�PHDVXUHV�LQYROYH��

D�� DSSOLFDWLRQ�RI�VXLWDEOH�UHIUDFWRU\�PDWHULDOV�IRU�EXLOGLQJ�IXUQDFHV�

E�� DSSOLFDWLRQ�RI�SHUIHFW�PHDVXULQJ�DQG�FRQWUROOLQJ�V\VWHPV�RQ�IXUQDFHV�

F�� VXEVWLWXWLRQ�RI�PRO\EGHQXP�HOHFWURGHV�E\�6Q2��RQHV�RQ�IXUQDFHV�PHOWLQJ�OHDG�
FU\VWDO�JODVV�ZLWK�WKH�3E2�FRQWHQW�KLJKHU�WKDQ�����

$OO�HOHFWULF�PHOWLQJ�IXUQDFHV�KDYH�JRQH�WKURXJK�D�ORQJ�WLPH�GHYHORSPHQW��DV�ZHOO�DV�
WKH� IXUQDFHV�PHOWLQJ� OHDG� FU\VWDOV�� ,W�ZDV� IRXQG� YHU\� HDUO\� WKDW� LQ� DOO�HOHFWULF� IXUQDFHV�
ZLWK�PRO\EGHQXP�HOHFWURGHV�WKHUH�LV�QRW�SRVVLEOH�WR�PHOW�SHUIHFW�JODVV��GXH�WR�H[FHVVLYH�
FRUURVLRQ� RI� PRO\EGHQXP� HOHFWURGHV�� DV� FRUURVLRQ� SURGXFWV� PDGH� WKH� JODVV� TXDOLW\�
ZRUVH��7KLV�SUREOHP�ZDV�VROYHG�LQ�WZR�ZD\V��7KH�ILUVW�ZD\�ZDV�DLPHG�WR�WKH�SURWHFWLRQ�
RI� PRO\EGHQXP� HOHFWURGHV� IURP� FRUURVLRQ� FDXVHG� E\� OHDG� FU\VWDO�� ,W� ZDV� GHYHORSHG�
TXLWH� VXFFHVVIXOO\�� 7KHUH� DUH� WKUHH� PHWKRGV� RI� PRO\EGHQXP� HOHFWURGH� FRUURVLRQ�
SURWHFWLRQ�ZKLFK�KDYH�EHHQ�WHVWHG�LQ�RSHUDWLRQ��

D�� DQRGLF�SDVVLYDWLRQ��

E�� PHOWLQJ�E\�ORZ�IUHTXHQF\�FXUUHQW�

F�� FDWKRGLF�SDVVLYDWLRQ�

7KH� VHFRQG� ZD\� FRQFHQWUDWHG� RQ� ORRNLQJ� IRU� QHZ� HOHFWURGH�PDWHULDO� WKDW� ZRXOG�
VXEVWLWXWH�PRO\EGHQXP�LQ�PHOWLQJ�OHDG�FU\VWDOV��6HYHUDO�PHWDO�PDWHULDOV�KDYH�EHHQ�WHVWHG�
�3W��:�HWF���ZKLFK�DSSHDUHG�WR�EH�VXLWDEOH�IURP�WKH�DVSHFW�RI�FRUURVLRQ��EXW�FRPSOHWHO\�
XQXVDEOH�EHFDXVH�RI�WKHLU�KLJK�SULFH��7KH�RQO\�RQH�PDWHULDO�ZKLFK�FRUUHVSRQGV�ERWK�WR�
WKH�UHTXLUH�RI�LWV�HIIHFWV�DQG�WKDW�RI�WKH�SULFH�LV�6Q2���

,Q�VRPH�FRXQWULHV��OHDG�FU\VWDOV�DUH�PHOWHG�LQ�IXUQDFHV�ZLWK�PRO\EGHQXP�HOHFWURGHV�
ZKLFK� DUH� SURWHFWHG� IURP� FRUURVLRQ� E\� SDVVLYDWLRQ�PHWKRGV� RU� E\� WKH� ORZ�IUHTXHQF\�



FXUUHQW� PHOWLQJ� PHWKRG� ������� (YHQ� LI� LQ� DOO�HOHFWULF� IXUQDFHV� DSSO\LQJ� WKHVH� SURWHFWLYH�
PHWKRGV� WKH� JODVV� RI� D� KLJK� TXDOLW\� ZDV� PHOWHG�� FHUWDLQ� FRUURVLRQ� RI� PRO\EGHQXP�
HOHFWURGHV� DOZD\V� DSSHDUHG�� 7KHVH� YHU\� VPDOO� FRQFHQWUDWLRQV� RI� FRUURVLRQ� SURGXFWV�
PDGH� WKH�TXDOLW\�RI�JODVV�ZRUVH� IURP�WKH�SRLQW�RI�YLHZ�RI� LWV�FRORXU�� DQG� WKHUHIRUH� LW�
ZDV�QHFHVVDU\�WR�DGG�YDULRXV�GHFRORXUDQWV��7KLV�PHWKRG�KDV�SURGXFHG�FU\VWDO�JODVV�ZLWK�
D� FHUWDLQ� FRORXU� WRQH� ZKLFK� FDQ� EH� VHHQ� HVSHFLDOO\� LQ� FDVH� RI� WKLFN�ZDOOHG� SURGXFWV��
7KHVH� SUREOHPV� GR� QRW� DSSHDU� LQ� DOO�HOHFWULF� IXUQDFHV� XVLQJ� 6Q2�� HOHFWURGHV� IRU�
LQWURGXFLQJ�HOHFWULFDO�HQHUJ\�LQWR�JODVV�PHOW��

2Q�WKH�EDVLV�RI�OLWHUDWXUH��������SHUVRQDO�FRQWDFWV�DQG�H[SHULHQFHV��WKHUH�ZDV�FDUULHG�
RXW� D� VXUYH\� RI� XVHG�DOO�HOHFWULF� JODVV�PHOWLQJ� IXUQDFHV�ZLWK� 6Q2�� HOHFWURGHV�� DQG� WKLV�
VXUYH\�ZDV�XVHG�WR�GHVLJQ�DQ�DOO�HOHFWULF�IXUQDFH�ZKLFK�ZDV�WKHQ�LQYHVWLJDWHG�E\�PHDQV�
RI�PDWKHPDWLFDO�PRGHOOLQJ��7KLV� FRQWULEXWLRQ�SUHVHQWV� WKH� UHVXOWV�RI�RQH�SKDVH�RI� WKH�
UHVHDUFK� WKDW� KDV� GHDOW� ZLWK� WKH� LQIOXHQFH� RI� SRVLWLRQLQJ� DQG� WKH� QXPEHU� RI� 6Q2��
HOHFWURGHV� RQ� RSHUDWLRQ� FKDUDFWHULVWLFV� RI� WKH� IXUQDFH�� 7KLV� FKDUDFWHULVWLFV� ZDV�
UHSUHVHQWHG�E\�HOHFWULF�SDUDPHWHUV��WHPSHUDWXUHV��VKDSH��DQG�IORZ�YHORFLWLHV�RI�JODVV�PHOW�
FXUUHQW�LQ�WKH�IXUQDFH��

7KH� LQIOXHQFH� RI� WKH� QXPEHU� DQG� SRVLWLRQ� RI� 6Q2�� HOHFWURGHV� RQ� RSHUDWLRQ�
FKDUDFWHULVWLFV�RI�WKH�IXUQDFH�KDV�EHHQ�HYDOXDWHG�ERWK�RQ�WKH�EDVLV�RI�WKH�IROORZLQJ�VL[�
FULWHULD��
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ZKHUH� Q«� QXPEHU�RI�HOHFWURGHV�

� O«� FXUUHQW�SDVVLQJ�WKURXJK�HOHFWURGH�>$@�

� $«� HOHFWURGH�VXUIDFH�>P�@�

� 3«� SRZHU�LQSXW�LQWR�IXUQDFH�>:@�

� 7«� WHPSHUDWXUH�>�&@�

� 5«� HOHFWULF�UHVLVWDQFH�>Ω@�
�
O
PD[«PD[LPXP�GLIIHUHQFH�EHWZHHQ�FXUUHQW�SDVVLQJ�WKURXJK�HOHFWURGH�DQG�

PHDQ�FXUUHQW�SDVVLQJ�WKURXJK�DOO�HOHFWURGHV�>$@�

� 8«� YROWDJH�EHWZHHQ�HOHFWURGHV�>9@�

� 9«� YROXPH�RI�PHOWLQJ�DQG�FRQGLWLRQLQJ�]RQHV�RI�IXUQDFH�>P�@�

DQG�RQ�WKH�EDVLV�RI�GLVWULEXWLRQ�RI�WHPSHUDWXUH�DQG�YHORFLW\�ILHOGV�LQ�VHOHFWHG�VSRWV�DQG�
FURVV�VHFWLRQV�RI�WKH�PHOWLQJ�WDQN��

�

0DWKHPDWLFDO�PRGHO�RI�DOO�HOHFWULF�IXUQDFH�

0DWKHPDWLFDO�PRGHO�KDV�EHHQ�FDUULHG�RXW�IRU�D�7�VKDSH�DOO�HOHFWULF�PHOWLQJ�
IXUQDFH�ZLWK�WKH�IROORZLQJ�VHOHFWHG�SDUDPHWHUV��

•�SXOO� � � � � � ���W�GD\�

•�QXPEHU�RI�6Q2��HOHFWURGHV� � � ��������SFV�

•�GLDPHWHU�RI�HOHFWURGHV� � � ����PP�

•�OHQJWK�RI�HOHFWURGHV� � � � ����PP�

• �RULHQWDWLRQ�RI�HOHFWURGH�SRVLWLRQ� � YHUWLFDO��KRUL]RQWDO���VHH�)LJ���
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5HVXOWV�

7KH�PHWKRG�RI�PDWKHPDWLFDO�PRGHOOLQJ�KDV�EHHQ�XVHG�WR�LQYHVWLJDWH���YDULDQWV�GLIIHULQJ�
LQ� WKH� QXPEHU� DQG� SRVLWLRQ� RI� WKH� HOHFWURGHV� LQ� WKH� PHOWLQJ� WDQN� RI� WKH� IXUQDFH�� 7KH�
VXUYH\�RI�WKH�LQYHVWLJDWHG�YDULDQWV�LV�JLYHQ�LQ�7DEOH����

7DEOH���6XUYH\�RI�WKH�LQYHVWLJDWHG�YDULDQWV�

9DULDQW�
1XPEHU�RI�
HOHFWURGHV�

3RVLWLRQ�RI�
HOHFWURGHV
��

�� ��� $�'�

�� ��� $�%�&�'�

�� ��� (�*�

�� ��� $�'�)�+�


��VHH�)LJ����

)RU�LQGLYLGXDO�YDULDQWV��WKHUH�ZHUH�FDOFXODWHG�YDOXHV�RI�FULWHULD������������WKH\�DUH�LQWURGXFHG�
LQ�7DEOH����

7R� LQYHVWLJDWH� WKH� LQIOXHQFH�RI�SRVLWLRQ� DQG�QXPEHU�RI� 6Q2�� HOHFWURGHV�RQ�RSHUDWLRQ�
FKDUDFWHULVWLFV�RI�WKH�IXUQDFH��DOVR�WKH�GLVWULEXWLRQ�RI�WHPSHUDWXUHV�DQG�JODVV�FXUUHQWV�LQ�WKH�
WDQN�RI�WKH�IXUQDFH�KDYH�EHHQ�XVHG���LQ�D�YHUWLFDO�FURVV�VHFWLRQ��VHFWLRQ�;��DW�WKH�GLVWDQFH�RI�
����P�IURP�WKH�EDFN�ZDOO�RI�WKH�IXUQDFH��DQG�LQ���YHUWLFDO�JUDGLHQWV�LQ�D�KRUL]RQWDO�D[LV�RI�WKH�
IXUQDFH�� D�� LQ� WKH�PLGGOH�RI� WKH� WDQN� �JUDGLHQW�*0���E�� DW� WKH�GLVWDQFH� RI� ����P� IURP� WKH�
KHDG�ZDOO�RI�WKH�WDQN��JUDGLHQW�*������

7DEOH�����9DOXHV�RI�FULWHULD�����������

9DULDQW�
1R�
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(YDOXDWLRQ�RI�UHVXOWV�

%\�HYDOXDWLRQ�RI�FULWHULD���������WKH�PRGHO�FULWHULD�FDQ�EH�GLYLGHG�LQWR�WZR�JURXSV��
7KH�ILUVW�RQH�LQFOXGHV�YDULDQWV���DQG���� L�H��YDULDQWV�ZLWK�YHUWLFDO�HOHFWURGHV��DQG�LQ�WKH�
VHFRQG� JURXS� WKHUH� DUH� YDULDQWV��� DQG� ��� L�H�� YDULDQWV� ZLWK� KRUL]RQWDO� RU� FRPELQHG�
SRVLWLRQV�RI� HOHFWURGHV�� UHVSHFWLYHO\��)URP�WKH�DVSHFW�RI�FULWHULD��EHWWHU�SDUDPHWHUV� DUH�



UHDFKHG� E\� YDULDQWV��� DQG� ��� ,I� WKH� VWUHVV� LV� SXW� RQ� WKH� XQLIRUPLW\� RI� FXUUHQW� ORDG� RI�
HOHFWURGHV�DQG�RQ�WKH�GLVWULEXWLRQ�RI�WHPSHUDWXUH�DORQJ�HOHFWURGH�VXUIDFH��WKHQ�WKH�EHVW�
YDOXHV�RI�WKH�FULWHULD�DUH�VKRZQ�E\�WKH�YDULDQW����$V�IDU�DV�WKH�WHPSHUDWXUH�ILHOGV�LQ�WKH�
WDQN�RI�WKH�IXUQDFH�DUH�FRQFHUQHG��WKH�FKDQJH�RI�HOHFWURGH�FRQILJXUDWLRQ�FDXVHV�D�VKLIW�
RI�WKH�DUHDV�ZLWK�WKH�KRWWHVW�JODVV�PHOW��DV�WKH\�DOZD\V�RFFXU�DERYH�WKH�HOHFWURGHV��,Q�WKH�
PLGGOH� RI� WKH� IXUQDFH� DERYH� � WKH� WKHUPDO� EDUULHU� WKHUH� RFFXU� QR� FKDQJHV� RI� JODVV�
WHPSHUDWXUH�� DV� WKH� IRXQG� WHPSHUDWXUH� GLIIHUHQFHV� EHWZHHQ� LQGLYLGXDO� YDULDQWV� DUH�

VPDOOHU� WKDQ� ���°&��$QRWKHU� VLWXDWLRQ� LV� LQ� WKH� DUHD� XQGHU� WKH� WKHUPDO� EDUULHU�� ZKHUH�
FRROHU�JODVV�PHOW�FRPHV�LQWR�D�WKURDW�LQ�YDULDQWV���DQG����

7KH�FKDQJH�RI�WKH�QXPEHU�DQG�SRVLWLRQ�RI�HOHFWURGHV�LQIOXHQFHV�PRUH�FRQVLGHUDEO\�
WKH�JODVV�FXUUHQW�DERYH�WKH�WKHUPDO�EDUULHU�WKDQ�WKH�WHPSHUDWXUH�ILHOGV�LQ�WKH�IXUQDFH��,Q�
FDVH� RI� YHUWLFDO� HOHFWURGHV�� WKH� JODVV� PHOW� IORZV� DFURVV� WKH� WDQN� LQ� IRXU� F\FOHV�� IURP�
ZKLFK� WKH� F\FOHV� E\� WKH� ZDOOV� VKRZ� ORZHU� YHORFLWLHV� WKDQ� WKH�PLGGOH� RQHV�� LQ� FDVH� RI�
YDULDQW��� WKH� JODVV� IORZV� RQO\� LQ� WZR� F\FOHV��7KDW�PHDQV� WKDW�� LQ� FRPSDULVRQ�ZLWK� WKH�
RWKHU�YDULDQWV��LQ�YDULDQW���WKH�JODVV�PHOW�E\�WKH�ZDOOV�IORZV�PRUH�LQWHQVLYHO\��2Q�DGGLQJ�
YHUWLFDO�HOHFWURGHV�WR�WKH�KRUL]RQWDO�RQHV��YDULDQW����DJDLQ�IRXU�F\FOHV�RI�WKH�FXUUHQW�ZLWK�
ORZ� YHORFLWLHV� QHDU� WKH� WDQN� ZDOOV� DUH� IRUPHG�� $OVR� WKH� H[WHQW� RI� LQGLYLGXDO� FXUUHQW�
F\FOHV�LQ�WKH�WDQN�LV�YHU\�LPSRUWDQW��

(OHFWURGH�SRVLWLRQLQJ�DOVR�FRQVLGHUDEO\�LQIOXHQFHV�FXUUHQW�YHORFLW\�LQ�WKH�PLGGOH�RI�
WKH�WDQN��EHFDXVH�LQ�YDULDQWV�ZLWK�KRUL]RQWDO�HOHFWURGHV�WKUHHIROG��YDULDQW����RU�IRXUIROG�
�YDULDQW����GHFUHDVH�RI�JODVV�FXUUHQW�YHORFLW\���

7KH�JODVV�PHOW�FXUUHQW�XQGHU�WKH�WKHUPDO�EDUULHU�LV�LQ�DOO�YDULDQWV�HTXDO�WR�YHU\�VPDOO�
DEVROXWH�YDOXHV�RI�YHORFLW\��

&RQFOXVLRQ�

7KH� PRGHO� UHVHDUFK� RI� WKH� DOO�HOHFWULF� PHOWLQJ� IXUQDFH� ZLWK� 6Q2�� HOHFWURGHV�
UHVXOWV� LQ� WKH� IDFW� WKDW� WKH� LQIOXHQFH� RI� SRVLWLRQ� DQG� QXPEHU� RI� HOHFWURGHV� RQ� LWV�
RSHUDWLRQ�FKDUDFWHULVWLFV�KDV�LWV�LPSRUWDQFH��,W�LV�HVSHFLDOO\�LPSRUWDQW�LQ�FDVH�RI�HOHFWULF�
SDUDPHWHUV� �FXUUHQW� ORDG�RI� HOHFWURGHV� DQG� LWV�XQLIRUPLW\��GLVWULEXWLRQ�RI� WHPSHUDWXUHV�
DORQJ�HOHFWURGH�VXUIDFH��DQG�LQ�FDVH�RI�JODVV�PHOW�FXUUHQW�LQ�WKH�WDQN�ZKHUH�WKH�VKDSH�RI�
WKH�FXUUHQW�DQG�DOVR�WKH�DEVROXWH�YDOXHV�RI�JODVV�PHOW�YHORFLW\�DUH�LQIOXHQFHG�E\�LW���

7RWDO� HYDOXDWLRQ� RI� WKH� IRXU� LQYHVWLJDWHG� YDULDQWV� VKRZV� WKDW� WKH� EHVW� UHVXOWV�
KDYH� EHHQ� UHDFKHG� LQ� YDULDQW���� L�H�� WKH� YDULDQW�ZLWK� FRPELQHG� YHUWLFDO� DQG� KRUL]RQWDO�
HOHFWURGHV��

�7KLV� SDSHU� KDV� EHHQ� ZRUNHG� RXW� DV� D� SDUW� RI� WKH� UHVHDUFK� SURMHFW� 060�����������
�3UHSDUDWLRQ�DQG�SURSHUWLHV�RI�DGYDQFHG�PDWHULDOV���PRGHOOLQJ��FKDUDFWHULVDWLRQ��WHFKQRORJ\��

��
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��âSDþHN�0���6�VVHU�9��LQ��WK�FRQIHUHQFH�RQ�HOHFWULF�PHOWLQJ�RI�JODVV��������HGLWHG�E\�-�6PUÿHN��
�&]HFKRVORYDN�*ODVV�6RFLHW\��3UDJXH���������S���������
��0DW�M�-��DQG�6WDQ�N�-���*ODVWHFKQ�%HU��*ODVV�6FL��7HFKQRO������S��������������
��)OHLFKPDQQ�%��DQG�0HUJOHU�.�:���*ODVWHFKQ��%HU��*ODVV�6FL��7HFKQRO������S������������������
��5HEHU�$���*ODV�,QJHQLHXU����S����������������
��%DQGLQL�$��DQG�6DQWLQL�*���6NOi��D�NHUDPLN�����S����������������
��'XYLHUUH�*���6HUWDLQ�(��DQG�5HEHU�$���*ODVV�7HFKQRORJ\�����S������������������
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