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$EVWUDFW�
,QWHUDFWLRQV�EHWZHHQ��3E�/D��=U�7L�2���3/=7��WKLQ�DQG�WKLFN�ILOPV�DQG�VLOLFRQ�RU�DOXPLQD�
VXEVWUDWHV�� UHVSHFWLYHO\��ZHUH� VWXGLHG�� ,Q� WKH� FDVH� RI� WKLQ� ILOPV� WKH� ORZHULQJ�RI� WKH� ILULQJ�
WHPSHUDWXUH�LQKLELWV�WKH�IRUPDWLRQ�RI�VHFRQGDU\�SKDVHV��)RU�WKLFN�ILOPV�WKH�DGGLWLRQDO�OD\HU�
RI�3/=7�EHWZHHQ�WKH�DOXPLQD�VXEVWUDWH�DQG�WKH�3W�HOHFWURGH�LPSURYHV�DGKHVLRQ�ZLWKLQ�WKH�
3/=7� WKLFN�ILOP�KHWHURVWUXFWXUHV�� ,QWHUDFWLRQV�EHWZHHQ�FRQGXFWLYH�R[LGHV�ZKLFK�FRXOG�EH�
XVHG�DV�HOHFWURGHV��LQVWHDG�RI�QREOH�PHWDOV�DQG�3=7�EDVHG�PDWHULDOV�DUH�UHSRUWHG���
.H\�ZRUGV��IHUUROHFWULF�FHUDPLFV��LQWHUDFWLRQV��KHWHURVWUXFWUXUH��ILOPV��FRQGXFWLYH�R[LGHV�

�

,QWURGXFWLRQ�
�

)HUURHOHFWULF��)(��PDWHULDOV�DUH�IUHTXHQWO\�EDVHG�RQ�VROLG�VROXWLRQV�RI�3E�=U�7L�2��

�3=7��RU�/D�GRSHG��3E�/D��=U�7L�2���3/=7���)HUURHOHFWULF�ILOPV�DUH�JRRG�FDQGLGDWHV�IRU�

D� QXPEHU� RI� DSSOLFDWLRQV� LQFOXGLQJ�QRQYRODWLOH�PHPRULHV� �IHUURHOHFWULF� UDQGRP�DFFHVV�

PHPRU\��)5$0���PLFURVHQVRUV��PLFURDFWXDWRUV�DQG�SULQWLQJ�HOHPHQWV�����0RVW�FXUUHQW�

LQYHVWLJDWLRQV� LQ� WKLV� ILHOG� DUH� DLPHG� DW� WKH� GHYHORSPHQW� DQG� FKDUDFWHULVDWLRQ� RI�

IHUURHOHFWULF�WKLQ�ILOPV�ZKHUH�WKH�W\SLFDO�WKLFNQHVVHV�UDQJH�IURP�D�IHZ����WR������QP���

$PRQJ� WKH� YDULRXV� GHSRVLWLRQ� PHWKRGV� IRU� )(� WKLQ� ILOPV�� FKHPLFDO� VROXWLRQ�

GHSRVLWLRQ�PHWKRGV� �&6'��KDYH� UHFHLYHG�FRQVLGHUDEOH�DWWHQWLRQ�EHFDXVH�RI� WKHLU�PDQ\�

DGYDQWDJHV� LQFOXGLQJ� VLPSOH� SURFHVVLQJ�� FRYHUDJH� RI� ODUJH� DUHDV� DQG� JRRG� FRQWURO� RI�

VWRLFKLRPHWU\����� 7KH� ILUVW� VWHS� LQ� &6'� LV� WKH� V\QWKHVLV� RI� D� VWDEOH� PXOWLFRPSRQHQW�

SUHFXUVRU� VROXWLRQ�� 7KH� LQWHJUDWLRQ� RI� IHUURHOHFWULF� WKLQ� ILOPV� LQWR� GHYLFHV� UHTXLUHV�

GHSRVLWLRQ�RI�WKH�SUHFXUVRU�RQWR�DQ�HOHFWURGH��W\SLFDOO\�3W��LQ�FRQWDFW�ZLWK�6L�DQG�D�SRVW�

GHSRVLWLRQDO�KHDW�WUHDWPHQW�DW�HOHYDWHG�WHPSHUDWXUHV��7\SLFDOO\��WKLFNQHVVHV�EHWZHHQ����

DQG�����QP�DUH�REWDLQHG�E\�WKLV�SURFHGXUH��7KH�SHURYVNLWH�FU\VWDOOL]DWLRQ�WHPSHUDWXUHV�
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RI� 3=7� WKLQ� ILOPV� DUH� EHWZHHQ� ���� q&� DQG� ���� q&�� 7KH� KHDW� WUHDWPHQW� RIWHQ� FDXVHV�

LQWHUGLIIXVLRQ��HVSHFLDOO\�RI�6L�DQG�3E��WKURXJK�WKH�FRPPRQO\�XVHG�3W�HOHFWURGH��ZKLFK�

LV� EHWZHHQ� WKH� 3=7� RU� 3/=7� ILOP� DQG� WKH� VXEVWUDWH�
���� � 7KLV� LQWHUGLIIXVLRQ� DQG� OHDG�

R[LGH� HYDSRUDWLRQ� �� GXULQJ� WKH� KHDW� WUHDWPHQW� DUH� GHWULPHQWDO� WR� WKH� IRUPDWLRQ� RI� WKH�

SHURYVNLWH�SKDVH�DQG�OHDGV�WR�WKH�IRUPDWLRQ�RI�D�OHDG�GHILFLHQW�VXUIDFH�S\URFKORUH�W\SH�

SKDVH�� ZKLFK� FULWLFDOO\� GHFUHDVHV� WKH� IXQFWLRQDO� UHVSRQVH� RI� WKH� WKLQ� ILOPV�� %RWK�

SURFHVVHV� PD\� EH� OLPLWHG� E\� ORZHULQJ� WKH� FU\VWDOOL]DWLRQ� WHPSHUDWXUH�� +HDW�WUHDWPHQW�

WHPSHUDWXUHV�QHHGHG�IRU�FRPSOHWH�FU\VWDOOL]DWLRQ�FDQ�EH�VLJQLILFDQWO\�ORZHUHG�E\�WKH�XVH�

RI�QXFOHDWLRQ�OD\HUV��VXFK�DV�3E7L2��LQ�WKH�FDVH�RI�3=7�EDVHG�WKLQ�ILOPV�
�
�

)RU� VRPH� SLH]RHOHFWULF� DSSOLFDWLRQV�� H�J�� PLFUR�DFWXDWRUV� RU� PLFUR�OHYHUV�� DQ�

LQFUHDVHG�WKLFNQHVV�LV�UHTXLUHG���7KLV�FDQ�EH�DFKLHYHG�E\�UHSHDWLQJ�WKH�GHSRVLWLRQ�KHDW�

WUHDWPHQW� VWHSV� DOPRVW� DG� LQILQLWXP� KRZHYHU� ERWK� WKH� UHDFWLRQ� RI� WKH� ILOP� ZLWK� WKH�

VXEVWUDWH� DQG� WKH� OHDG�R[LGH� VXUIDFH� HYDSRUDWLRQ� EHFRPH� PRUH� LPSRUWDQW� ZLWK� DQ�

LQFUHDVHG� QXPEHU� RI� LWHUDWLRQV� DQG� WKHUHIRUH� WKH� IXQFWLRQDO� UHVSRQVH� RI� WKH� ILOP�

GHWHULRUDWHV��+LJK�TXDOLW\�ILOPV�WKLFNHU�WKDQ�D�IHZ�PLFURPHWHUV�KDYH�QRW�EHHQ�DFKLHYHG�

ZLWK�&6'�������

7KLFN�ILOP� WHFKQRORJ\�� L�H�� WKH�GHSRVLWLRQ�RI� WKLFN�ILOP�SDVWHV�E\�VFUHHQ�SULQWLQJ�

PDLQO\�RQ�DOXPLQD�VXEVWUDWHV�� LV�D�UHODWLYHO\�VLPSOH�DQG�FRQYHQLHQW�PHWKRG�WR�SURGXFH�

WKLFNHU� OD\HUV� ZLWK� WKLFNQHVVHV� IURP� D� IHZ�PP� XS� WR� ����PP�� 7KH� FKDUDFWHULVWLFV� RI�

WKLFN�ILOP�IHUURHOHFWULFV�DUH�VLPLODU�WR�WKRVH�RI�EXON�PDWHULDOV��+RZHYHU��WKLFN�ILOPV�DUH�

SURFHVVHG� DW� KLJKHU� WHPSHUDWXUHV� WKDQ� WKLQ� ILOPV�� WKXV� LQFUHDVLQJ� WKH� SRVVLELOLW\� RI�

LQWHUDFWLRQV�HLWKHU�ZLWK�WKH�HOHFWURGHV�RU�VXEVWUDWHV�DQG�D�FRQVHTXHQW�GHJUDGDWLRQ�RI�WKH�

ILOP�FKDUDFWHULVWLFV���

'DWD� LQ� WKH� OLWHUDWXUH� LQGLFDWH� WKDW� VRPH� FKDUDFWHULVWLFV� RI� 3=7� ILOPV� FDQ� EH�

LPSURYHG�ZLWK�WKH�XVH�RI�HLWKHU�/D&R2����/D1L2���RU�5X2��EDVHG�FRQGXFWLYH�R[LGHV�IRU�

HOHFWURGHV� LQVWHDG� RI� 3W� HOHFWURGHV������� 7KH� SXEOLVKHG� UHVXOWV� DUH� UHSRUWHG�PDLQO\� IRU�

WKLQ�ILOP�VWUXFWXUHV��ZKHUH� WKH�KLJKHVW� DQQHDOLQJ� WHPSHUDWXUHV�DUH� OLPLWHG� WR� UHODWLYHO\�

ORZ� YDOXHV�� XS� WR� ���� R&����� R&�� DQG� WKH� SRVVLEOH� LQWHUDFWLRQV� RQ� WKH� FRQGXFWLYH�

R[LGH�3=7�LQWHUIDFH�GR�QRW�SURFHHG�WR�DQ\�VLJQLILFDQW�H[WHQW���
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,Q� WKLV�SDSHU� WKH�VWXGLHV�RI� WKH� LQWHUDFWLRQV�EHWZHHQ� WKLQ�DQG� WKLFN� ILOPV�ZLWK�6L�

DQG� $O�2�� VXEVWUDWHV�� UHVSHFWLYHO\�� DQG� LQWHUDFWLRQV� DPRQJ� FRQGXFWLYH� R[LGHV�

�/D1L���&R���2���6U5X2��DQG�5X2���ZLWK�3=7�EDVHG�PDWHULDOV�ZLOO�EH�SUHVHQWHG���

([SHULPHQWDO�

7KLQ�ILOP�SURFHVVLQJ�

7KH� 3/=7� ���������� FRPSRVLWLRQ� ZDV� VHOHFWHG�� 7KH� JHQHUDOO\� DFFHSWHG�

FRPSRVLWLRQDO�QRWDWLRQ� LV�XVHG��ZKHUH�3/=7�[�\�]�UHSUHVHQWV�FRPSRVLWLRQ�ZLWK�[�DW���

/D�LQVWHDG�RI�3E�DQG�\�]�UHSUHVHQWV�WKH�=U�7L�UDWLR��7KH�FKHPLFDO�FRPSRVLWLRQ�LV�EDVHG�

RQ� FKDUJH� FRPSHQVDWLRQ� E\� LQWURGXFLQJ� YDFDQFLHV� RQ� WKH� $� VLWH�������������������������

�3E���[��/D[=U����7L����2���� ��� �� RI� 3E2� H[FHVV� LV� DGGHG� WR� WKH� VWRLFKLRPHWULF�

FRPSRVLWLRQ� LQ�RUGHU� WR�FRPSHQVDWH� IRU�3E2�HYDSRUDWLRQ�XSRQ� WKHUPDO� WUHDWPHQW��7KH�

3/=7�VROV�ZHUH�SUHSDUHG� IURP�3E�DFHWDWH�K\GUDWH��/D�DFHWDWH�K\GUDWH��7L�Q�SURSR[LGH�

DQG�=U�Q�SURSR[LGH� LQ���PHWKR[\HWKDQRO� �0(2��DV� D� FRPPRQ�VROYHQW��$FHWDWHV�ZHUH�

GULHG�SULRU�XVH��7KH�IORZ�FKDUW�RI�WKH�3/=7�VRO�V\QWKHVHV�YLD�WKH�PHWKR[\HWKDQRO�URXWH��

LV�VKRZQ�LQ�)LJXUH����

'LVVROYH�LQ���PHWKR[\HWKDQRO�DW����R&�
F0� ����

&OHDU�\HOORZ�VROXWLRQ

5HIOX[����R&���K
�'LVWLOODWLRQ������±�����R&��F0� ����

&RRO�WR�5�7�
�$GG���YRO����IRUPDPLGH

6WDEOH�3/=7�VRO

3E�2$F���[��+�2 /D�2$F���[����+�2 7L�2Q3U��

=U�2Q3U��
LQ�Q�SURSDQRO

�+�2 ���R&���R& �+�2

�
)LJ�����7KH�IORZ�FKDUW�RI�WKH�3/=7�VRO�V\QWKHVLV�YLD�WKH�PHWKR[\HWKDQRO�URXWH��

3E7L2��QXFOHDWLRQ�OD\HUV�ZHUH�SUHSDUHG�IURP�DQK\GURXV�OHDG�DFHWDWH�DQG�WLWDQLXP�

Q�SURSR[LGH�LQ���PHWKR[\HWKDQRO�E\�D�VLPLODU�SURFHGXUH�WR�WKDW�VKRZQ�LQ�)LJXUH���DQG�
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GHSRVLWHG� E\� VSLQ� FRDWLQJ� ������ USP� IRU� ��� VHFRQGV�� RQ� 3W�7L2�� VSXWWHUHG� VLOLFRQ�

VXEVWUDWHV�� 6LQJOH� OD\HUV� IURP� VROV� RI� ������0� ZHUH� GHSRVLWHG�� 7KH� GHSRVLWLRQ� ZDV�

IROORZHG�E\�S\URO\VLV� �����R&�� ��� VHF��� DQG�E\� WKHUPDO� WUHDWPHQW� DW� ����R&� WR�REWDLQ�

FU\VWDOOL]HG�3E7L2�� OD\HUV��3/=7�VROV�ZHUH�VXEVHTXHQWO\�GHSRVLWHG�RQ�WKH�DV�SUHSDUHG�

VXEVWUDWHV��7KLQ� ILOPV� FRQVLVWHG�RI� W\SLFDOO\��� OD\HUV� WR�REWDLQ� D� ILQDO� WKLFNQHVV� LQ� WKH�

UDQJH�����������QP��7KH�ILOPV�ZHUH�S\URO\]HG�DW�����R&�IRU����VHF��DQG�WKHQ�KHDW�WUHDWHG�

LQ�DLU�DW�WHPSHUDWXUHV�IURP�����R&�WR�����R&��

7KLFN��ILOP�SURFHVVLQJ�

3/=7� �3E����/D����=U����7L����2��� ZLWK� �� PROH��� H[FHVV� 3E2� DQG� 3=7� ZLWK� WKH�

FRPSRVLWLRQ�3E�7L���=U����2���ZHUH�V\QWKHVLVHG�IURP�3E2��OLWKDUJH���������)OXND���=U2��

������7RVRK���7L2��������)OXND��DQG�/D�2+�����7KH�PL[WXUH�RI�VWDUWLQJ�FKHPLFDOV�ZDV�

ILUHG� WZLFH� IRU���KRXUV�DW�����R&�ZLWK� LQWHUPHGLDWH�JULQGLQJ�DQG�PLOOLQJ� LQ�D�]LUFRQLD�

PLOO�ZLWK� DFHWRQH��$FFRUGLQJ� WR�;�UD\�SRZGHU�GLIIUDFWLRQ� DQDO\VHV� �;5'���3/=7�DQG�

3=7� VROLG�VROXWLRQ� IRUPDWLRQ� ZDV� DFKLHYHG� GXULQJ� V\QWKHVLV�� $� WKLFN�ILOP� SDVWH� ZDV�

SUHSDUHG� IURP� WKH� V\QWKHVLVHG� SRZGHUV� DQG� DQ� RUJDQLF� YHKLFOH� E\� PL[LQJ� WKHP� LQ� D�

WKUHH�UROO� PLOO�� 'HPHWURQ� SODWLQXP� SDVWH� ZLWKRXW� JODVV� SKDVH�� W\SH� ����� ZDV� VFUHHQ�

SULQWHG�DV�D�ERWWRP�HOHFWURGH�RQ�WKH�$O�2��VXEVWUDWHV�DQG�ILUHG�DW������
R&�IRU���KRXUV��

2Q�WKH�ILUHG�3W�HOHFWURGH�D�3/=7�OD\HU�ZDV�VFUHHQ�SULQWHG�DQG�VLQWHUHG�DW�����R&�IRU�XS�

WR� �� KRXUV� LQ� D� 3E2�ULFK� DWPRVSKHUH�ZLWKLQ� D� FORVHG� DOXPLQD� FUXFLEOH��7KH� VRXUFH�RI�

3E2�ZDV�D�3E=U2��3E2�SRZGHU���

,QWHUDFWLRQV�EHWZHHQ�FRQGXFWLYH�R[LGHV�DQG�3=7�EDVHG�SHURYVNLWHV�

0DWHULDO� ZLWK� WKH� QRPLQDO� FRPSRVLWLRQ� /D1L���&R���2�� ZDV� SUHSDUHG� E\�

FRSUHFLSLWDWLRQ�RI�K\GUR[LGHV��$IWHU�ZDVKLQJ�DQG�GU\LQJ�WKH�PDWHULDO�ZDV�FDOFLQDWHG�DW�

���� R&� IRU� ��� KRXUV� �IRU� PRUH� GHWDLOV� VHH� ����� 6U5X2�� ZDV� V\QWKHVL]HG� IURP�

VWRLFKLRPHWULF�PL[WXUHV�RI�6U&2�� �9HQWURQ��������� �DQG�5X2�� �9HQWURQ����������7KH�

R[LGH�DQG�WKH�FDUERQDWH�ZHUH�PL[HG�LQ�LVRSURS\O�DOFRKRO��SUHVVHG�LQWR�SHOOHWV��FDOFLQHG�

DW������R&�DQG�ILUHG�DW������q&�IRU����KRXUV�ZLWK�LQWHUPHGLDWH�JULQGLQJ��'XULQJ�ILULQJ�

WKH� SHOOHWV� ZHUH� SODFHG� RQ� SODWLQXP� IRLOV�� 3RVVLEOH� LQWHUDFWLRQV� EHWZHHQ� FRQGXFWLYH�

R[LGHV�DQG�3=7�EDVHG�PDWHULDOV�ZHUH�VWXGLHG�E\�ILULQJ�SRZGHU�PL[WXUHV�IRU���KRXUV�DW�

GLIIHUHQW�WHPSHUDWXUHV���



$FWD�&KLP��6ORY�������������������

0��.RVHF��%��0DOLþ��-��+ROF��0��+URYDW��0��0DQGHOMF��$��%HQþDQ��=��6DPDUGåLMD��*��'UDåLþ��,QWHUIDFH�����

���

&KDUDFWHUL]DWLRQ�

7KH�VDPSOHV�ZHUH�DQDO\VHG�E\�;5'�ZLWK�D�3KLOLSV�3:������;�UD\�GLIIUDFWRPHWHU�

XVLQJ�&X.D�UDGLDWLRQ��;�UD\�VSHFWUD�ZHUH�FROOHFWHG�IURP��4� ������
R�LQ�VWHSV�RI�����R��

$� -(2/� -06������ VFDQQLQJ� HOHFWURQ�PLFURVFRSH� �6(0�� HTXLSSHG�ZLWK� D�/,1.� ,6,6�

����HQHUJ\�GLVSHUVLYH�;�UD\�DQDO\VHU� �(';��ZDV�XVHG� IRU�RYHUDOO�PLFURVWUXFWXUDO� DQG�

FRPSRVLWLRQDO�DQDO\VLV��3ULRU�WR�DQDO\VLV�LQ�WKH�6(0��WKH�VDPSOH�ZDV�FRDWHG�ZLWK�FDUERQ�

WR�SURYLGH�HOHFWULFDO�FRQGXFWLYLW\�DQG�SUHYHQW�FKDUJLQJ�HIIHFWV��&URVV�VHFWLRQ�VDPSOHV�RI�

WKLQ�ILOPV�ZHUH�FKDUDFWHUL]HG�E\�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��-HRO������);�7(0���

7KH� DGKHVLRQ� EHWZHHQ� WKH� HOHFWURGHV�� VXEVWUDWHV� DQG� WKLFN�ILOP� DFWLYH� OD\HU� ZDV�

HYDOXDWHG�E\�WKH�6FRWFK�WDSH�PHWKRG��6HOI�DGKHVLYH�WDSH�ZDV�IL[HG�RQ�WKH�ILOP�DQG�WKHQ�

VKDUSO\�SHHOHG�RII���

5HVXOWV�DQG�GLVFXVVLRQ�

7KLQ�ILOPV�

7KH�FU\VWDOOL]DWLRQ�RI�3/=7�����������ILOPV�KHDWHG�DW�GLIIHUHQW� WHPSHUDWXUHV�ZDV�

IROORZHG�E\�;5'�DQDO\VLV��7KH�UHVXOWV�DUH�VXPPDULVHG�LQ�7DEOH����7KH�SHURYVNLWH�SKDVH�

LV�IRUPHG�DIWHU����PLQXWHV�DW�����q&��KRZHYHU��DW�WKLV�WHPSHUDWXUH�WKH�SUREOHP�RI�OHDG�

R[LGH�HYDSRUDWLRQ�IURP�WKH�WKLQ�ILOP�VXUIDFH�LV�HQKDQFHG��$W�ORZHU�WHPSHUDWXUHV��ORQJHU�

KHDWLQJ�WLPHV�DUH�UHTXLUHG���

7DEOH����3KDVH�FRPSRVLWLRQ�RI�����������3/=7�ILOPV��GHSRVLWHG�RQ�OD\HU�RI�OHDG��WLWDQDWH�DQG�SODWLQXP��
GHWHUPLQHG�E\�;5'���
3HU��SHURYVNLWH��3\��S\URFKORUH�W\SH�SKDVH�

�
7HPSHUDWXUH�>R&@� 7LPH� 3KDVH�FRPSRVLWLRQ�

���� ���PLQ� 3HU�
���� ���PLQ� 3HU��3\�
���� ���PLQ�� 3HU��3\�
���� ���PLQ� 3HU�
���� ���KRXUV� 3HU�
���� ���KRXUV� 3HU�
���� ���KRXUV� 3HU�

&URVV�VHFWLRQ�7(0�DQDO\VLV�RI�3/=7�����������ILOP�KHDWHG�IRU����KRXUV�DW�����R&�

�)LJ�����UHYHDOHG�WKDW� WKH�SHURYVNLWH�SKDVH�QXFOHDWHV�RQ�D�3E7L2��QXFOHDWLRQ�OD\HU�DQG�

JURZV�ZLWK�D�FROXPQDU�PRUSKRORJ\���
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)LJ�����&URVV�VHFWLRQ�7(0�PLFURJUDSK�RI�3/=7� WKLQ� ILOP�RQ�6L�6L2��7L2��3W� VXEVWUDWH�ZLWK� WKH�3E7L2��
QXFOHDWLRQ�OD\HU�DIWHU�DQQHDOLQJ�DW�����R&�IRU����K��3��SHURYVNLWH��3\��S\URFKORUH�W\SH�SKDVH��

�

7KH� VXUIDFH� RI� WKH� ILOP� LV� D� ILQH�JUDLQHG� S\URFKORUH�� 1RWH�� KRZHYHU� WKDW� WKH�

S\URFKORUH�W\SH�SKDVH�ZDV�QRW�GHWHFWHG�E\�;5'��$Q�DPRUSKRXV� OD\HU�RI� OHDG� VLOLFDWH�

ZDV�IRXQG�EHQHDWK�WKH�SODWLQXP�HOHFWURGH��LQGLFDWLQJ�D�UHDFWLRQ�EHWZHHQ�OHDG�DQG�VLOLFRQ�

R[LGHV��$�SODXVLEOH�H[SODQDWLRQ�IRU�WKH�JODVV\�OD\HU�LV�WKH�SUHVHQFH�RI�GHIHFWV��KROHV��LQ�

WKH� SODWLQXP�� HQDEOLQJ� WKH� UHDFWLRQ� XSRQ� WKHUPDO� WUHDWPHQW��� 7KH� SUHVHQFH� RI� WKH�

S\URFKORUH� LV� HLWKHU� GXH� WR� QRQFRPSOHWH� WUDQVIRUPDWLRQ� RI� WKH� S\URFKORUH� RU� WR� 3E2�

ORVVHV� HLWKHU� SULRU� WR� FU\VWDOOLVDWLRQ�RU� IURP�DOUHDG\�IRUPHG�SHURYVNLWH�E\�HYDSRUDWLRQ�

DQG�RU�GXH�WR�WKH�UHDFWLRQ�ZLWK�WKH�VXEVWUDWH�GXULQJ�WKH�ORQJ�KHDWLQJ�WLPH���

&URVV� VHFWLRQ� 7(0� DQDO\VLV� RI� WKH� 3/=7� ���������� ILOP� KHDWHG� IRU� ��� KRXUV� DW�

���R&� �)LJ�� ��� UHYHDOHG� WKH� FROXPQDU� JURZWK� RI� WKH� SHURYVNLWH� SKDVH� RQ� D� 3E7L2��

QXFOHDWLRQ� OD\HU�� 7KH� UDWKHU� ORZ� KHDW�WUHDWPHQW� WHPSHUDWXUH� ZDV� FKRVHQ� LQ� RUGHU� WR�

PLQLPL]H�OHDG�R[LGH�HYDSRUDWLRQ�DQG�WR�DYRLG�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�ILOP�DQG�WKH�

VXEVWUDWH�� $FFRUGLQJ� WR� WKH� OLWHUDWXUH� GDWD�� OHDG�VLOLFDWH� JODVV\� SKDVH� ZDV� GHWHFWHG� DW�

WHPSHUDWXUHV� DERYH� ���� R&��� 7KH� SUHVHQFH� RI� WKH� S\URFKORUH�W\SH� SKDVH� ZDV� QRW�

GHWHFWHG��
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�

)LJ�����&URVV�VHFWLRQ�7(0�PLFURJUDSK�RI�3/=7�WKLQ�ILOP�RQ�6L�6L2��7L2��3W�VXEVWUDWH�ZLWK�WKH�3E7L2��
QXFOHDWLRQ�OD\HU�DIWHU�DQQHDOLQJ�DW�����R&�IRU����K��

�

,QWHUDFWLRQV�EHWZHHQ�3/=7�WKLFN�ILOP�DQG�DOXPLQD�VXEVWUDWH�

7KH�DGKHVLRQ�RI��WKH�3W�3/=7�OD\HU�DIWHU�ILULQJ�DW������R&��ZDV�YHU\�ORZ��LW�ZDV�

HDVLO\�SHHOHG�RII��WKH�DOXPLQD�VXEVWUDWH�ZLWK�6FRWFK�WDSH��,Q�WKH�UHPDLQGHU�RI�WKH�WH[W�WKH�

VXUIDFH�RI�WKH�VXEVWUDWH�ZKLFK�ZDV�FRYHUHG�E\�WKH�3W�OD\HU�ZLOO�EH�GHQRWHG�³VXUIDFH�$´��

DQG�WKH�ORZHU�VXUIDFH�RI�WKH�SHHOHG�RII�SODWLQXP�OD\HU�DV�³VXUIDFH�%´���

7KH�DGKHVLRQ�RI�WKH�SODWLQXP�OD\HU��ZKLFK�ZDV�QRW�RYHU�SULQWHG�ZLWK�3/=7�ILOP��

ZDV�JRRG��LW�FRXOG�QRW�EH�SHHOHG�RII�ZLWK�WKH�6FRWFK�WDSH�WHVW��7KH�UHVXOWV�LQGLFDWH�WKDW�

WKH�DGKHVLRQ�RI�WKH�SODWLQXP�ILOP�WR�WKH�DOXPLQD�VXEVWUDWH�GHFUHDVHG�VLJQLILFDQWO\�GXH�WR�

ILULQJ�WKH�3/=7�ILOP�RQ�WKH�3W�HOHFWURGH��6XUIDFH�$��DOXPLQD�VXEVWUDWH��IURP�ZKLFK�WKH�

3W�3/=7�OD\HU�ZDV�SHHOHG�RII��LV�VKRZQ�LQ�)LJ�����5HODWLYHO\�ODUJH�FU\VWDOV�RI�VHFRQGDU\�

SKDVH�ZHUH�REVHUYHG�RQ�WKH�VXUIDFH��$FFRUGLQJ�WR�DQ�(';�DQDO\VLV�WKH�PDLQ�HOHPHQWV�

GHWHFWHG�ZHUH�DOXPLQXP�������DW�����OHDG����DW����DQG�ODQWKDQXP������DW�����ZLWK�PLQRU�

FRQFHQWUDWLRQV� RI� WLWDQLXP�� FDOFLXP� DQG� PDJQHVLXP� �OHVV� WKDQ� ���� DW����� /HDG��

ODQWKDQXP�� DQG� WLWDQLXP� ZHUH� LQFRUSRUDWHG� IURP� WKH� 3/=7� OD\HU�� ZKLOH� FDOFLXP� DQG�

PDJQHVLXP�RULJLQDWHG�IURP�WKH�LPSXULWLHV�LQ�WKH�VXEVWUDWH����
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7KH�ORZHU�VXUIDFH�RI�WKH�SHHOHG�RII�SODWLQXP�HOHFWURGH��L�H��VXUIDFH�%��ZKLFK�ZDV�

LQ�FRQWDFW�ZLWK� WKH�DOXPLQD�� LV�VKRZQ�LQ�)LJ�����7KH�3W�ILOP�LV�GHQVHO\�VLQWHUHG�ZLWK�D�

IHZ�VPDOO�SRUHV� WKURXJK�ZKLFK� WKH�3/=7� OD\HU�FDQ�EH�REVHUYHG��7KH�SODWLQXP�LV�DOVR�

FRYHUHG�ZLWK�KH[DJRQDO�FU\VWDOV�RI�VHFRQGDU\�SKDVH��(';�DQDO\VLV�VKRZHG�WKH�SUHVHQFH�

RI�WKH�VDPH�HOHPHQWV�DV�LQ�WKH�VHFRQGDU\�SKDVH�RQ�WKH�DOXPLQD�VXEVWUDWH���

7KH� ;5'� VSHFWUXP� RI� VXUIDFH� %� �WKH� SHHOHG�RII� SODWLQXP� HOHFWURGH�� VKRZV��

EHVLGHV�3W�SHDNV��SHDNV�RI�WKH�KH[DJRQDO�FRPSRXQG�3E$O��2���ZLWK�D�E�$O�2��VWUXFWXUH�

�-&3'6���������� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� 3E$O��2��� FRPSRXQG� FDQQRW� EH�

SUHSDUHG� IURP� ³SXUH´� 3E2� DQG� $O�2��
��� 7KH� UHVXOWV� LQGLFDWH� WKDW� GRSLQJ� ZLWK� /D�2��

IURP� WKH� 3/=7� RU� LPSXULWLHV� IURP� WKH� DOXPLQD� VXEVWUDWH� VWDELOLVHV� WKH� E�$O�2�� W\SH�

FRPSRXQG��7KLV�LV�LQ�DJUHHPHQW�ZLWK�WKH�UHVXOWV�RI�&RPHU�DW�DO������ZKR�UHSRUWHG�WKDW�WKH�

DGGLWLRQ�RI� VPDOO� DPRXQWV�RI� UDUH�HDUWK� DFWLYDWRU� LRQV�PXVW�EH�XVHG� IRU� WKH� VXFFHVVIXO�

V\QWKHVLV�RI�3E$O��2����

�

�

)LJ�����7KH�PLFURVWUXFWXUH�RI�VXUIDFH�$�±�WKH�DOXPLQD�VXEVWUDWH�ZLWK�KH[DJRQDO�3E$O��2���FU\VWDOV��
�
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�
)LJ����7KH�PLFURVWUXFWXUH�RI�VXUIDFH�%�±�SODWLQXP�HOHFWURGH�ZLWK�3E$O��2���FU\VWDOV����

�

7KH� ORZ�DGKHVLRQ�RI� WKH�SODWLQXP�OD\HU� WR� WKH�DOXPLQD�VXEVWUDWH��DIWHU� WKH�3/=7�

OD\HU� LV� ILUHG�� LV� WKHUHIRUH� DWWULEXWHG� WR� WKH� IRUPDWLRQ� RI� FU\VWDOV� RI� D� 3E$O��2���W\SH�

FRPSRXQG��3E2�IRUPV�ORZ�WHPSHUDWXUH�HXWHFWLFV�ZLWK�/D�2��
���DW�����R&�DQG�ZLWK�7L2��

������DW�����R&��'XULQJ�ILULQJ�WKH�3E2�ULFK�OLTXLG�SKDVH�LV� WUDQVSRUWHG�WKURXJK�SRUHV�LQ�

WKH�SODWLQXP�HOHFWURGH�OD\HU�DQG�UHDFWV�ZLWK�$O�2���+RZHYHU��DV�PHQWLRQHG�EHIRUH��VRPH�

RWKHU�R[LGH�PXVW�EH�SUHVHQW�WR�DFWLYDWH�WKH�UHDFWLRQ��7KH�FU\VWDOV�ZHUH�³SXVKHG�RII´�WKH�

SODWLQXP�HOHFWURGH�IURP�WKH�VXEVWUDWH��UHVXOWLQJ�LQ�YHU\�ORZ�DGKHVLRQ��7KH�SUREOHP�ZDV�

VXFFHVVIXOO\�RYHUFRPH�ZLWK�DQ�DGGLWLRQDO�OD\HU�RI�3/=7��SULQWHG�DQG�ILUHG�EHWZHHQ�WKH�

DOXPLQD�VXEVWUDWH�DQG�WKH�3W�HOHFWURGH�������

,QWHUDFWLRQV�EHWZHHQ�FRQGXFWLYH�R[LGHV�DQG�3=7�EDVHG�SHURYVNLWHV�
�
5HVXOWV� RI� WKH� ;�UD\� SRZGHU�GLIIUDFWLRQ� DQDO\VLV� RI� WKH� ILUHG� PL[WXUHV� RI�

FRQGXFWLYH�R[LGHV�DQG�3=7�EDVHG�PDWHULDOV�DUH�VXPPDULVHG�LQ�7DEOH�����

%RWK�FRQGXFWLYH�SHURYVNLWHV��L�H��/D1L���&R���2��DQG�6U5X2���UHDFW�ZLWK�WKH�3/=7��

7KH� TXDQWLW\� RI� UHDFWHG� SURGXFWV� LQFUHDVHV� ZLWK� LQFUHDVLQJ� ILULQJ� WHPSHUDWXUH�� 7KH�

UHDFWLRQV� RI� WKH� SHURYVNLWHV� ZLWK� WKH� 3/=7� UHVXOWHG� LQ� WKH� SHURYVNLWH� VROLG� VROXWLRQV�

LQFRUSRUDWLQJ�LRQV�IURP�WKH�FRQGXFWLQJ�SHURYVNLWHV�LQWR�WKH�3/=7�VWUXFWXUH��,Q�WKH�FDVH�

RI�/D1L���&R���2��HYHQ�DIWHU�ILULQJ�DW������
R&�WKH�FRQGXFWLYH�SHURYVNLWH�³GHFRPSRVHG´�

FRPSOHWHO\� UHVXOWLQJ� LQ� /D�=U�2��� 3/=7� VROLG� VROXWLRQ� DQG� 3E2�� )RU� 6U5X2���
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3E�5X�2���� ZDV� RQH� RI� WKH� UHDFWLRQ� SURGXFWV�� 5X2�� DOVR� UHDFWV� ZLWK� 3=7� IRUPLQJ�

3E�5X�2������

7DEOH����;�UD\�SRZGHU�GLIIUDFWLRQ�DQDO\VLV�RI�SRZGHU�PL[WXUHV��ILUHG�IRU���KRXUV�DW�

GLIIHUHQW�WHPSHUDWXUHV��

�

3RZGHU�PL[WXUH� � 7HPS�>R&@� 3KDVHV�LGHQWLILHG�
����������������������������������������������������������������������������������������������������������
6U5X2����3/=7� � ����� 6U5X2����/D�3E�6U��=U�7L�5X�2��VV��3E�5X�2�����
� � � � ����� 6U5X2����/D�3E�6U��=U�7L�5X�2��VV��3E�5X�2�����
� � � � ����� 6U5X2����/D�3E�6U��=U�7L�5X�2��VV��3E�5X�2�����
/D1L���&R���2����3/=7� ����� /D�=U�2����/D�3E��1L�=U�7L�&R�2��VV��3E2�
� � � � ����� /D�=U�2����/D�3E��1L�=U�7L�&R�2��VV��3E2�
� � � � ����� /D�=U�2����/D�3E��1L�=U�7L�&R�2��VV��3E2�
5X2����3=7� � � ����� 5X2���3=7��3E�5X�2����
����������������������������������������������������������������������������������������������������������
VV���VROLG�VROXWLRQ�
�
�

:KLOH� WKH� GDWD� LQ� WKH� OLWHUDWXUH� VKRZ� WKH� VXFFHVVIXO� DSSOLFDWLRQ� RI� FRQGXFWLYH�

SHURYVNLWHV� DQG� 5X2�� IRU� ERWWRP� HOHFWURGHV� IRU� WKLQ�ILOP� VWUXFWXUHV� WKH� UHVXOWV��

VXPPDULVHG� LQ�7DEOH� ��� LQGLFDWH� WKDW�� GXH� WR� LQWHUDFWLRQV�ZLWK�3=7�EDVHG�SHURYVNLWHV��

WKH\� FDQQRW� EH� XVHG� IRU� WKLFN�ILOP� VWUXFWXUHV�� 7KH� PDLQ� UHDVRQ� LV� WKH� KLJKHU� ILULQJ�

WHPSHUDWXUH� UHTXLUHG� IRU� WKLFN� ILOPV�� +RZHYHU�� WKH� SKDVH� HTXLOLEULD� LQ� WKH� V\VWHPV�

UHOHYDQW� WR� WKH� SRVVLEOH� LQWHUDFWLRQV� EHWZHHQ� 3=7� DQG� 5X2�� LQGLFDWH� WKDW� 3E�5X�2����

�ZKLFK�LV�DOVR�IRUPHG�DV�D�UHVXOW�RI�UHDFWLRQV�EHWZHHQ�5X2��RU�6U5X2��DQG�3=7�EDVHG�

PDWHULDOV��� ZRXOG� EH� D� XVHDEOH� HOHFWURGH� PDWHULDO���� 3UHOLPLQDU\� UHVXOWV� RQ� WKH�

FRPSDWLELOLW\�RI�3E�5X�2����DQG�3=7�FRQILUP�WKHVH�FRQFOXVLRQV���

�

&RQFOXVLRQV�

�
,QWHUDFWLRQV�EHWZHHQ�3/=7�WKLQ�DQG�WKLFN�ILOPV�DQG�VLOLFRQ�RU�DOXPLQD�VXEVWUDWHV��

UHVSHFWLYHO\�ZHUH�VWXGLHG��'LIIXVLRQ�RI�OHDG�R[LGH�LQWR�WKH�VLOLFRQ�VXEVWUDWH�LQ�WKH�FDVH�RI�

WKLQ� ILOPV� LQGXFHV� WKH� IRUPDWLRQ� RI� D� JODVV\� SKDVH� EHORZ� WKH� 3W� HOHFWURGH�� 7KH�

FRQVHTXHQW� ORVV�RI� VWRLFKLRPHWU\�RI� WKH�SHURYVNLWH�SKDVH� UHVXOWV� LQ� WKH� IRUPDWLRQ�RI� D�
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QRQIHUURHOHFWULF�S\URFKORUH�SKDVH��/RZHULQJ�WKH�WHPSHUDWXUH�RI�DQQHDOLQJ�IURP�����R&�

WR�����R&�LQKLELWV�WKH�S\URFKORUH�IRUPDWLRQ��

,Q� WKH�FDVH�RI� WKLFN� ILOPV� WKH� WUDQVSRUW�RI� OHDG�DQG� ODQWKDQXP�R[LGH� WKURXJK� WKH�

SODWLQXP�HOHFWURGH� WR� WKH�DOXPLQD�VXEVWUDWH� LQGXFHV� WKH�IRUPDWLRQ�RI�VHFRQGDU\�SKDVHV�

DQG�FDXVHV�WKH�GHWHULRUDWLRQ�RI�DGKHVLRQ��7KH�SUREOHP�ZDV�RYHUFRPH�ZLWK�DQ�DGGLWLRQDO�

OD\HU�RI�3/=7�EHWZHHQ�WKH�DOXPLQD�VXEVWUDWH�DQG�WKH�3W�HOHFWURGH��

&RQGXFWLYH�R[LGHV�DUH�LQ�VRPH�DSSOLFDWLRQV��SRVVLEOH�UHSODFHPHQWV�IRU�HOHFWURGHV�

EDVHG� RQ� QREOH� PHWDOV�� 7KH� LQWHUDFWLRQV� EHWZHHQ� 3=7�EDVHG� PDWHULDOV� DQG� HOHFWURGH�

FDQGLGDWHV�� VXFK� DV� /D1L���&R���2��� 6U5X2�� RU� 5X2�� ZHUH� LQYHVWLJDWHG�� 3UHOLPLQDU\�

UHVXOWV� VKRZ� WKH� IRUPDWLRQ� RI� VHFRQGDU\� SKDVHV� DIWHU� ILULQJ� LQ� WKH� WHPSHUDWXUH� UDQJH�

IURP� ���� R&� WR� ����� R&� DQG� ZKLFK� LQGLFDWHV� WKH� LQFRPSDWLELOLW\� RI� WKH� FKRVHQ�

FRPELQDWLRQV��/HDG�UXWKDQDWH��IRUPHG�DV�D�UHVXOW�RI�UHDFWLRQV�EHWZHHQ�5X2��RU�6U5X2��

DQG�3=7�EDVHG�PDWHULDOV��ZRXOG�EH�D�XVHDEOH�HOHFWURGH�PDWHULDO��

�

$FNQRZOHGJPHQW��

�
7KH�ZRUN�ZDV�VXSSRUWHG�E\�WKH�0LQLVWU\�RI�6FLHQFH�DQG�7HFKQRORJ\�RI�WKH�5HSXEOLF�RI�

6ORYHQLD�� &23(51,&86� 3URMHFW� �(5%� &,3$&7� ��� ±� ������ DQG� 0$1� 5RODQG�

'UXFNPDVFKLQHQ�� $XJVEXUJ�� *HUPDQ\�� 7KH� DXWKRU� ZLVK� WR� WKDQN� 3URI�� 'U�� .ODXV�

5HLFKPDQQ� IURP� WKH�7HFKQLFDO�8QLYHUVLW\�RI�*UD]� IRU� V\QWKHVLV�RI� WKH�/D1L���&R���2��

FRPSRXQG���

�

5HIHUHQFHV�
�
����5��$��5R\��.��)��(W]ROG��-��-��&XRPH��(��5��0\HUV��$��,��.LQJRQ��(GV����0DW��5HV��6RF��6\PS��3URF���

�����)HUURHOHFWULF�7KLQ�)LOPV�������SS����������
����%��$��7XWWOH��5��:��6FKZDUW]��056�%XOOHWLQ��������������������
����$��+LUW��)HUURHOHFWULFV�������������������
����&��.��.ZRN��6��%��'HVX��-��0DWHU��5HV��������������������
����*��-��:LOOHPV��'��-��:RXWHUV��+��(��0DHV��0LFURHOHFWURQLF�(QJLQHHULQJ��������������������
����*��'UDåLþ��7��%HOWUDP��0��.RVHF��)HUURHOHFWULFV�������������������
����7��7DQL��'��$��3D\QH��-��$P��&HUDP��6RF�����������������������
����3��0XUDOW��0LFURPHFK��0LFURHQJ���������������������
����/��ýDNDUH��%��0DOLþ��0��.RVHF��3URFHVVLQJ��3URF����WK�,QW��&RQI��0LFURHOHFWURQLFV��'HYLFHV�DQG�

0DWHULDOV��0,'(0¶�����(G��0��+URYDW��'��.ULåDM��,��âRUOL���0,'(0��/MXEOMDQD������������±������
����-��+��3DUN��6��7UROOLHU��0F.LQVWU\��0566�����������������±������
����6��'��%HUQVWHLQ��7��<��:RQJ��<��.LVOHU��5��:���7XVWLVRQ�0DWHU��5HV���������������������
����*��-��1RUJD��/��)H��'��-��:RXWHUV��+��(��0DHV��$SSO��3K\V��/HWW������������������������
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����0��6��&KHQ��7��%��:X��-��0��:X��$SSO��3K\V��/HWW����������������������������
����6��$JJDUZDO��$��0��'KRWH��5��5DPHVK��:��/��:DUHQ��*��(��3LNH��'��'LPRV��0��9��5D\PRQG��%��$��

7XWWOH��-��7��(YDQV��$SSO��3K\V��/HWW�����������������������������
����.��$RNL��,��0XUD\DPD��<��)XNXGD��$��1LVKLPXUD��-SQ��-��$SSO��3K\V�������������$���/����/�����
����0��+URYDW��1��.DWVDUDNLV��.��5HLFKPDQQ��6��%HUQLN��'��.XãþHU��-��6ROLG�6WDWH�,RQLFV��������������������
����0��+URYDW��6��%HUQLN��-��+ROF��7��3DGHåQLN��0��.RVHF��-��0DWHU��6FL��/HWW����������������������������
����-��&RPHU��:��-��&URIW��0��.HVWLJLDQ��-�&��&DUWHU��0DWHU��5HV��%XOO��������������������
����3KDVH�'LDJUDPV�IRU�&HUDPLVWV�������6XSSOHPHQW��(GV��(��0��/HYLQ��&��5��5REELQV��+��)��0F0XUGLH��

0��.��5HVHU��7KH�$PHULFDQ�&HUDPLF�6RFLHW\��������)LJ��������S������DIWHU�0��+��:DU]HH��0��0DXULFH��
)��+DOOD��:��5��5XVWRQ��-��$P��&HUDP��6RF����������������������

����3KDVH�'LDJUDPV�IRU�&HUDPLVWV��9RO��,9��(GV��5��6��5RWK��-��'��'HQQLV��+��)��0F0XUGLH��7KH�
$PHULFDQ�&HUDPLF�6RFLHW\��������)LJ��������S�������DIWHU�0��$��(LVD��0��)��$EDGLU��$��0��*DGDOOD��
7UDQV��-��%ULW��&HUDP��6RF� ������������������������

����0��$��$NEDV��0��$��0F&R\��:��(��/HH��-��$P��&HUDP��6RF���������������������������
���-��+ROF��0��.RVHF��6��'UQRYãHN��6,�SDWHQW��1U�����������������
����0��.RVHF��-��+ROF��%��0DOLþ��9��%REQDU�-���(XURSHDQ�&HUDP��6RF� ���������������±�������
����0��+URYDW��$��%HQþDQ��-��+ROF��0��.RVHF���WR�EH�SXEOLVKHG�LQ�-��0DWHU��6FL��/HWW����
�

�

�

�

3RY]HWHN�

âWXGLUDOL� VPR� UHDNFLMH�PHG� WDQNLPL� LQ� GHEHOLPL�3/=7�SODVWPL� QD� VLOLFLMHYLK� LQ� NRUXQGQLK� SRGODJDK��3UL�
WDQNLK�SODVWHK�SUHSUHþLPR�QDVWDQNH�VHNXQGDUQLK�ID]�]�QLåMR�WHPSHUDWXUR�åJDQMD��9�SULPHUX�GHEHOLK�SODVWL�
SD�]�QDQRVRP�YPHVQH�SODVWL�PHG�HOHNWURGR�LQ�SRGODJR�L]EROMãDPR�PHKDQVNH�RSULMHPOMLYRVW�PHG�SODWLQVNR�
HOHNWURGR�LQ�SRGODJR��3UHYRGQH�RNVLGH�ODKNR�XSRUDEOMDPR�QDPHVWR�NRYLQVNLK�HOHNWURG��9�GHOX�SRURþDPR�R�
UHDNFLMDK�PHG�PDWHULDOL�QD�RVQRYL�3=7�LQ�YUVWR�SUHYRGQLK�RNVLGRY��

�

�


