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1L2� WKLQ� ILOPV� GRSHG�ZLWK� WKUHH� GLVWLQFW� FRQYHUJHQFHV� RI�$X�QDQRSDUWLFOHV� �$X13V�� DUH� VWRUHG� RQ� WKH�JODVV

VOLGH� VXEVWUDWHV�DW����R&�E\� WKHUPDO�HYDSRUDWLRQ�VWUDWHJ\��7KH� LPSDFW�RI�$X13V�RQ� WKH�RSWLFDO�SURSHUWLHV�RI�1L2� WKLQ�
ILOP�LV�H[DPLQHG�E\�WKH�XOWUDYLROHW�YLVLEOH�VSHFWUD��89�9LVLEOH���$W�WKLV�SRLQW�ZKHQ�$X�GRSLQJ�LV�PDGH��WKH�WUDQVPLWWDQFH�
LV� GLPLQLVKHG�� 7KH� H[SDQGLQJ� RU� GLPLQLVKLQJ� RI� UHIUDFWLYH� LQGH[� DQG� WKH� UHDO� SDUW� RI� WKH� GLHOHFWULF� FRQVWDQW� DV� IRU�
H[SDQGLQJ�WKH�GRSLQJ�IL[DWLRQV�DUH�UHO\LQJ�XSRQ�WKH�ZDYHOHQJWK��
.(<:25'6��1L2��$X�1DQRSDUWLFOHV��7KHUPDO�(YDSRUDWLRQ�	�8OWUDYLROHW�9LVLEOH�6SHFWUD�

5HFHLYHG��-XO�����������$FFHSWHG��$XJ�����������3XEOLVKHG��6HS�����������3DSHU�,G���,-03(5'2&7������
,1752'8&7,21

1LFNHO�R[LGH� LV�D�GLUHFW�FRQGXFWLYH�R[LGH�DQG�S�VRUW�VHPLFRQGXFWLQJ�PDWHULDO� >�@��6LQFH�YDULRXV�XVHV�RI�
1L2��IRU�LQVWDQFH��LQYHQWLRQ�RI�VHQVRUV�>�@��LPSXOVHV�>�@��XQIULHQGO\�WR�IHUURPDJQHWLF�PDWHULDO�>�@��HOHFWURFKURPLF�
GHYLFHV� >�@�� LW� DWWUDFWV� WKH�PDVWHUV
� WKRXJKW� WRZDUGV� LW��$� IHZ� WHFKQLTXHV� IRU�JHWWLQJ� UHDG\� WKH�1LFNHO�R[LGH� WKLQ�
ILOPV�UHOLHG�XSRQ�WKH�DSSOLFDWLRQV��VXEVWDQFH�DQG�SK\VLFDO��IRU�H[DPSOH��VSXWWHULQJ�>�@�DQG�SXOVHG�ODVHU�GHSRVLWLRQ�
>�@�� 7KLV� SDSHU� UHSRUWV� WKH� LPSDFW� RI� $X13V� DV� D� EDVLF� SDUDPHWHU� RQ� WKH� SODQ� RI� 1L2� WKLQ� ILOPV� E\� WKHUPDO�
HYDSRUDWLRQ�V\VWHP��

7KH� VLJQLILFDQW� HQWKXVLDVP� IRU� WKHUPDO� HYDSRUDWLRQ� LV� EHFDXVH� RI� LWV� PLQLPDO� HIIRUW�� ZKLOH� LW� LV�
SURJUHVVLYHO\�EHLQJ�XWLOL]HG�IRU�VRPH�EXVLQHVV�IRUPV��IRU�H[DPSOH��WKH�WHVWLPRQ\�RI�D�VWUDLJKWIRUZDUG�OD\HU�RQ�WKH�
JODVV�>�@�
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7KH�1L2� WKLQ� ILOPV�ZHUH� UHDGLHG� XWLOL]LQJ� WKHUPDO� HYDSRUDWLRQ� WHFKQLTXH�� 7KH�1L2� ������ SRZGHU� IURP�
6LJPD�$OGULFK�&RPSDQ\� LV� XWLOL]HG� WR� VWRUH� ��QP� WKLQ� ILOP� RQ� WKH� JODVV� VXEVWUDWHV� DW� ���R&��7KHQ� DJDLQ�*ROG�
SRZGHU� �QDQRSRZGHU�� ����� QP�PROHFXOH� HVWLPDWH�� ���� IROORZ�PHWDOV� SUHPLVH�$OGULFK��ZDV� EOHQGHG�ZLWK�1L2
SRZGHU�WR�PDNH�GLVWLQFWLYH�GRSLQJ�IRFXVHV���������������DQG�DIWHU�WKDW�WKH�RXWFRPH�SRZGHUV�ZHUH�VDYHG�RQ�WKH�
JODVV�VXEVWUDWHV�DW����R&�E\�D�VLPLODU�VWUDWHJ\��
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)LJXUH� ���� VKRZV� WKH� WUDQVPLWWDQFH� VSHFWUD� RI� 1L2� WKLQ� ¿OPV� GRSHG� ZLWK� GLIIHUHQW� $X13V�� 7KH� WUDQVPLWWDQFH�

GLPLQLVKHV� WKH�H[SDQGLQJ�GRSLQJ� IL[DWLRQ��7KLV�FHDVHOHVV� UHGXFWLRQ� LQ� WUDQVPLWWDQFH� LV� D�GLUHFW� UHVXOW�RI� JULG� VXUUHQGHUV��
7KH�QDQR�$X��PD\�LQFOXGH�LQWHUVWLWLDO�VLWH�RQ�WKH�1L2�JULG�DQG�DEDWHPHQW�WUDQVPLWWDQFH�RI�OLJKW��WKXV��WKH�DEVRUEDQFH�ZLOO�
LQFUHDVH��$GGLWLRQDOO\��LW�FDQ�EH�VHHQ�WKDW�H[SDQGLQJ�GRSLQJ�IRFXV�RYHU�����QHDUO\�KDV�QR�LPSDFW�RQ�WKH�RSWLFDO�SURSHUWLHV�
RI�WKH�WKLQ�ILOPV��

)LJXUH����7UDQVPLWWDQFH�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�3XUH�1L2�DQG�1L2���
$X�)LOPV�ZLWK�'LIIHUHQW�$X�&RQFHQWUDWLRQV��3XUH�1L2���

1L2��$X����1L2��$X���DQG�1L2��$X����
)LJXUHV�����DQG�����H[KLELW� WKH�DEVRUEDQFH�DQG�UHIOHFWDQFH�VSHFWUD�RI�1L2�WKLQ�¿OPV�VHSDUDWHO\��7KH�DEVRUEDQFH�

DQG�UHIOHFWDQFH�ERWK�LQFUHDVH�ZLWK�WKH�H[SDQGLQJ�GRSLQJ�IL[DWLRQV��

�
)LJXUH����$EVRUEDQFH�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�3XUH�1L2�DQG�1L2���

$X�)LOPV�ZLWK�'LIIHUHQW�$X�&RQFHQWUDWLRQV��3XUH�1L2���
1L2��$X�����1L2��$X�����DQG�1L2��$X����
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)LJXUH����5HIOHFWDQFH�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�3XUH�1L2�DQG�1L2��$X��
)LOPV�ZLWK�'LIIHUHQW�$X�&RQFHQWUDWLRQV��3XUH�1L2���

1L2��$X�����1L2��$X����DQG�1L2��$X����
7KH� DEVRUSWLRQ� FRHIILFLHQW� LQFUHDVHV� ZLWK� WKH� H[SDQGLQJ� GRSLQJ� IRFXV� DV� DSSHDUHG� LQ� WKH� ILJXUH� ����� 7KLV� LV�

EHFDXVH�RI�WKH�FRQQHFWLRQ�DPRQJVW�Į�DQG�WKH�DEVRUEDQFH�RQ�WKH�RII�FKDQFH�WKDW�ZH�FRQVLGHU�WKDW�WKH�WKLFNQHVV�LV�WKH�VDPH�
IRU�DOO�WKHVH�WKLQ�ILOPV��

)LJXUH����$EVRUSWLRQ�&RHI¿FLHQW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU��
3XUH�1LR�DQG�1L2��$X�)LOPV�ZLWK�'LIIHUHQW�$X�&RQFHQWUDWLRQV���

3XUH�1L2��1L2��$X�����1L2��$X����DQG�1L2��$X����
5HIUDFWLYH� LQGH[�DQG�JHQXLQH�SLHFH�RI�GLHOHFWULF�FRQVWDQW�DUH�ERWK� UHO\�XSRQ� WKH�ZDYHOHQJWK�DV�DSSHDUHG� LQ� WKH�

ILJXUHV�����DQG������)RU�ZDYHOHQJWKV�VPDOOHU�WKDQ����QP��ERWK�LQFUHDVHV�ZLWK�WKH�H[SDQGLQJ�GRSLQJ�IL[DWLRQV��KRZHYHU��IRU�
ZDYHOHQJWKV�PRUH�SURPLQHQW� WKDQ����QP� WKH\�GLPLQLVK��7HUPLQDWLRQ� FRHIILFLHQW� DQG� LPDJLQDU\�SDUW� RI� WKH�GLHOHFWULF� LV�
FRQVWDQW�ERWK�LQFUHDVH�ZLWK�WKH�H[SDQGLQJ�GRSLQJ�IRFXVHV�DV�DSSHDUHG�LQ�WKH�ILJXUHV�����DQG�����VHSDUDWHO\��

)LJXUH����5HIUDFWLYH�,QGH[�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�3XUH�1LR�DQG�
�1L2��$X�)LOPV�ZLWK�'LIIHUHQW�$X�&RQFHQWUDWLRQV��3XUH�1L2���

1L2��$X�����1L2��$X����DQG�1L2��$X����
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)LJXUH����5HDO�3DUW�RI�'LHOHFWULF�&RQVWDQW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU��
3XUH�1L2�DQG�1L2��$X�)LOPV�ZLWK�'LIIHUHQW�$X�&RQFHQWUDWLRQV���

3XUH�1L2��1L2��$X�����1L2��$X����DQG�1L2��$X����

)LJXUH����([WLQFWLRQ�&RHIILFLHQW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU�3XUH�1L2�DQG��
1L2��$X�)LOPV�ZLWK�'LIIHUHQW�$X�&RQFHQWUDWLRQV��3XUH�1L2���

1L2��$X�����1L2��$X����DQG�1L2��$X����

)LJXUH����,PDJLQDU\�3DUW�RI�'LHOHFWULF�&RQVWDQW�DV�D�)XQFWLRQ�RI�:DYHOHQJWK�IRU��
3XUH�1L2�DQG�1L2��$X�)LOPV�ZLWK�'LIIHUHQW�$X�&RQFHQWUDWLRQV���

SXUH�1L2��1L2��$X�����1L2��$X����DQG�1L2��$X����
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&21&/86,216�
7KH�WUDQVPLWWDQFH�GLPLQLVKHV�ZLWK�WKH�H[SDQGLQJ�GRSLQJ�IL[DWLRQV��7KLV�FHDVHOHVV�GHFOLQH�LQ�WKH�WUDQVPLWWDQFH�LV�

WKH� UHVXOW� RI� FURVV� VHFWLRQ� DEDQGRQV�� 7KH� H[SDQGLQJ� RI� GRSLQJ� IL[DWLRQ� RYHU� ��� QHDUO\� KDV� QR� LPSDFW� RQ� WKH� RSWLFDO�
SURSHUWLHV�RI� WKH� WKLQ� ILOPV��$EVRUEDQFH�� UHIOHFWDQFH�� DEVRUSWLRQ�FRHIILFLHQW�� H[WLQFWLRQ�FRHIILFLHQW�DQG� LPDJLQDU\�SDUW�RI�
GLHOHFWULF�FRQVWDQW�DUH�RQ�WKH�ZKROH�LQFUHDVHV�ZLWK�WKH�H[SDQGLQJ�GRSLQJ�IRFXVHV��%H�WKDW�DV�LW�PD\��WKH�UHIUDFWLYH�LQGH[�
DQG� WKH� UHDO� SDUW� RI� GLHOHFWULF� FRQVWDQW� DUH� ERWK� UHO\� XSRQ� WKH� ZDYHOHQJWK�� )RU� ZDYHOHQJWKV� VPDOOHU� WKDQ� ���QP�� ERWK�
LQFUHPHQW�ZLWK�WKH�H[SDQGLQJ�GRSLQJ�IL[DWLRQV��KRZHYHU��IRU�ZDYHOHQJWKV�PRUH�QRWHZRUWK\�WKDQ����QP�WKH\�GLPLQLVK�
5()(5(1&(6�
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�� : $]HOHH��: $EX�%DNDU��0 <XVXI�2WKPDQ��5 $OL��& <RQJ�DQG�6 7RHPHQ 0RGHUQ�$SSOLHG�6FLHQFH �����������
�� 3 0DOOLFN�DQG�1�& 0LVKUD $PHULFDQ�-RXUQDO�RI�0DWHULDOV�6FLHQFH ������������
�� + .DPDO��(�. (OPDJKUDE\��6�$ $OL��DQG�. $EGHO�+DG\ 7KLQ�6ROLG�)LOPV ��������������
�� $ 0HQGR]D�*DOYiQ��0�$�9LGDOHV�+XUWDGR�DQG�$�0 /ySH]�%HOWUiQ 7KLQ�6ROLG�)LOPV �������������
�� ,�9DO\XNK��6 *UHHQ��+ $UZLQ��*�$ 1LNODVVRQ��(�:lFNHOJnUG�DQG�&�* *UDQTYLVW 6RODU�(QHUJ\�0DWHULDOV�	�6RODU�&HOOV ������
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