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7KH� FU\VWDOOL]DWLRQ� DQG� WKH� UHVXOWDQW� GLHOHFWULF� SURSHUWLHV� IRU� WKH�
�&D�6U�%D�2�$O�2��6L2��7D�2�� JODVV� V\VWHPV� ZHUH� H[DPLQHG� WR� GHYHORS� QHZ� JODVV�FHUDPLFV� DV�
GLHOHFWULFV��7KH�VDPSOHV��ZKLFK�FRQWDLQLQJ�7D�2��LQ�WKH�UDQJH�RI ��������PRO���ZHUH�SUHSDUHG�E\�
FRQYHQWLRQDO�PHOW�TXHQFK�PHWKRG��2EWDLQHG� JODVVHV� ZHUH�PLOOHG� XQGHU� ��µP� LQ� VL]H�� SHOOHWHG�
LQWR�GLVNV�DQG�VLQWHUHG�DW������&�IRU��KU�LQ�DLU�DWPRVSKHUH��7KH�URG�OLNH�SDUWLFOHV�RI �D�IHZ�µP�LQ�
OHQJWK��PLFUR�SDUWLFOHV�RI �DERXW��������µP�LQ�VL]H�DQG�QHHGOH�OLNH�SDUWLFOHV�RI �DERXW�����LQ�OHQJWK�
ZHUH�SUHFLSLWDWHG�LQ�WKH�VLQWHUHG�VDPSOHV�DQG�WKH�QXPEHU�RI �WKH�PLFUR�SDUWLFOHV�LQFUHDVHG�DQG�RI �
WKH� URG� OLNH� SDUWLFOHV� GHFUHDVHG� ZLWK� LQFUHDVLQJ� 7D�2�� FRQWHQW�� 7KH�PDMRU� SUHFLSLWDWHG� SKDVHV�
ZHUH� LGHQWLILHG�DV�%D$O�6L�2�V�V���&D7D�2�V�V�DQG�6U7D�2��V�V��E\�;5'�PHWKRG��7KH�DPRXQW�RI �
&D7D�2�V�V�� DQG� 6U7D�2��V�V�� SKDVHV� SUHFLSLWDWHG� LQ� WKH� VLQWHUHG� VDPSOHV� ZHUH� LQFUHDVHG� ZLWK�
LQFUHDVLQJ�7D�2��FRQWHQW��DQG�DOVR�WKH�GLHOHFWULF�FRQVWDQW�LQFUHDVHG�IURP���WR�����DQG�WKH�7&'�
FKDQJHG�IURP�����SSP��&�WR�����SSP��&��

,QWURGXFWLRQ�

7KH� GLHOHFWULF� SURSHUWLHV� RI � JODVV�FHUDPLFV� FDQ� EH� FRQWUROOHG� E\� WKH� FRPSRVLWLRQ� RI �
SUHFLSLWDWHG� FU\VWDOOLQH� SKDVHV�� 7KH� UHODWLRQVKLSV� EHWZHHQ� SUHFLSLWDWHG� SKDVHV� DQG� GLHOHFWULF�
SURSHUWLHV� RQ� JODVV�FHUDPLFV� ZHUH� DOUHDG\� UHSRUWHG� LQ� SUHYLRXV� SDSHUV� DQG� WKH� PRVW� RI �
SUHFLSLWDWHG� SKDVHV� UHSRUWHG� LQ� WKRVH� SDSHUV�ZHUH� WLWDQDWH� FU\VWDOV� ������� ,W� LV� H[SHFWHG� DV� QHZ�
GLHOHFWULFV�� LI � WKH�GLHOHFWULF�SURSHUWLHV�RI �JODVV�FHUDPLFV�DUH�FRQWUROODEOH�E\� WKH�FRPSRVLWLRQ�RI �
SUHFLSLWDWHG� SKDVHV� H[FHSW� WLWDQDWH�� 7KHUHIRUH�� WKH� FU\VWDOOL]DWLRQ� DQG� WKH� UHVXOWDQW� GLHOHFWULF�
SURSHUWLHV� IRU� WKH� �&D�6U�%D�2�$O�2��6L2��7D�2�� JODVV� V\VWHPV�ZHUH� H[DPLQHG� WR� GHYHORS�QHZ�
JODVV�FHUDPLFV�DV�GLHOHFWULFV��

([SHULPHQWDO�SURFHGXUH�

3UHSDUDWLRQ�RI�6DPSOHV�

7KH�VDPSOHV�KDYLQJ�FKHPLFDO�FRPSRVLWLRQ�RI �����&D����6U����%D����2������$O�2���� ����6L2��[7D�2��
DV�VKRZQ�LQ�7DEOH���ZHUH�H[DPLQHG��7KH�[�YDOXH��7D�2��FRQWHQW��ZDV�FKDQJHG�LQ�WKH�UDQJH�RI ���²�
�����PRO�� �

�

�KHUH� DIWHU� 7�²7����� 5DZ� PDWHULDOV� PL[WXUH� ZDV� PHOWHG� LQ� DQ� DOXPLQD� FUXFLEOH� DW� �����&� RU�
�����&�DQG�WKH�PHOW�ZDV�FDVW�RQ�DQ�LURQ�SODWH��&OHDU�JODVV�ZDV�REWDLQHG�IRU�WKH�VDPSOH�7�²7���
DQG�SDUWLDOO\�FU\VWDOOL]DWLRQ�RFFXUUHG�IRU�7����2EWDLQHG�JODVV�VDPSOHV�ZHUH�PLOOHG�XQGHU����µP�LQ�

7DEOH����&KHPLFDO�FRPSRVLWLRQV�IRU�WKH�VDPSOHV�7��7���
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VL]H��7KRVH�JODVV�SRZGHUV�ZHUH�SHOOHWWHG�LQWR�GLVNV�����PP�LQ�GLDPHWHU�DQG���PP�LQ�WKLFNQHVV��
DQG�WKHVH�VSHFLPHQV�ZHUH�VLQWHUHG�DW������&�IRU���KU�LQ�DLU�DWPRVSKHUH��+HDWLQJ�DQG�FRROLQJ�UDWH�
RI �VLQWHULQJ�SURFHVV�ZHUH���&�PLQ��7KH�IUDFWXUHG�VXUIDFH�RI �VLQWHUHG�VSHFLPHQ�ZDV�FKHPLFDOO\�
HWFKHG�ZLWK�����YRO��+)�VROXWLRQ�IRU�REVHUYDWLRQ�RI �PLFURVWUXFWXUHV�� �

&KDUDFWHUL]DWLRQ�RI�VDPSOHV�

*ODVV� WUDQVLWLRQ� WHPSHUDWXUHV� �7J��� WHPSHUDWXUHV� DW� WKH� RQVHW� RI � FU\VWDOOL]DWLRQ� H[R�WKHUP� �7F��
DQG�PHOWLQJ� WHPSHUDWXUH� �7P�� RI � WKH� JODVV� VDPSOHV�ZHUH� H[DPLQHG�ZLWK�'LIIHUHQWLDO� 6FDQQLQJ�
&DORULPHWHU� �'6&�� 6HLNR� ,QV�� ,QF��� '6&����� DW� WKH� KHDWLQJ� UDWH� RI � ����&�PLQ�� 3UHFLSLWDWHG�
FU\VWDOOLQH� SKDVHV� LQ� WKH� VLQWHUHG� VDPSOHV� ZHUH� H[DPLQHG� ZLWK� ;�UD\� GLIIUDFWLRQ�PHWHU� �;5'��
5LJDNX�� 5,17������ DQG� PLFURVWUXFWXUHV� RI � VLQWHUHG� VDPSOHV� ZHUH� REVHUYHG� ZLWK� VFDQQLQJ�
HOHFWURQ� PLFURVFRSH� �6(0�� +LWDFKL�� 6�������� 'LHOHFWULF� SURSHUWLHV� RI � VLQWHUHG� VDPSOHV� ZHUH�
PHDVXUHG�XVLQJ�$J�HOHFWURGH�DQG�/&5�PHWHU��+3������$��DW�WHPSHUDWXUHV�UDQJLQJ�IURP�����&�WR�
�����&��

5HVXOWV�DQG�GLVFXVVLRQ�

&U\VWDOOL]DWLRQ�WHPSHUDWXUH�DQG�SUHFLSLWDWHG�SKDVHV�

7KH� JODVV� WUDQVLWLRQ� WHPSHUDWXUH� �7J�� LQFUHDVHG� IRUP� ����&� WR� ����&� ZLWK� LQFUHDVLQJ� [� YDOXH��
ZKLOH�FU\VWDOOL]DWLRQ� WHPSHUDWXUH� LQFUHDVHG�IURP������&� �7��� WR������&� �7��� WKHQ�GHFUHDVHG� WR�
�����&��7����DV�VKRZQ�LQ�)LJ����� �
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;5'� SDWWHUQV� IRU� WKH� VLQWHUHG� VDPSOHV� 7�²7��� ZHUH� VKRZQ� LQ� )LJ�� ��� %D$O�6L�2�� SKDVH�
SUHFLSLWDWHG� LQ� WKH� ZKROH� VDPSOHV� DV� PDMRU� SKDVH� DQG� &D7D�2�� SKDVH� DQG� 6U7D�2��� SKDVH�
SUHFLSLWDWHG� LQ� WKH� VDPSOH� 7��7��� DQG� SHDN� LQWHQVLW\� RI� GLIIUDFWLRQ� RI� &D7D�2�� DQG� 6U7D�2���
LQFUHDVHG� ZLWK� LQFUHDVLQJ� [� YDOXH�� +RZHYHU�� WKHUH� DUH� GLIIHUHQFHV� EHWZHHQ� REVHUYHG� GDWD� DQG�
WKRVH�RI�-&3'6�FDUGV�IRU�%D$O�6L�2���&D7D�2��DQG�6U7D�2���SKDVHV��7KRVH�GLIIHUHQFHV�SUREDEO\�
VKRZV�WKDW�&D�DQG�6U�VXEVWLWXWHG�IRU�D�SDUW�RI�%D�LQ�%D$O�6L�2��SKDVH��6U�DQG�%D�VXEVWLWXWHG�IRU�D�
SDUW�RI�&D�LQ�&D7D�2��SKDVH�DQG�&D�DQG�%D�VXEVWLWXWHG�IRU�D�SDUW�RI�6U7D�2��SKDVH��7KHVH�IDFWV�
PHDQV� WKDW� WKHVH�SUHFLSLWDWHG�SKDVHV�ZHUH�VROLG�VROXWLRQV�VXFK�DV� �&D�6U�%D�$O�6L�2�� �KDUH�DIWHU�
$6����&D�6U�%D�7D�2���KDUH�DIWHU�&7���DQG��&D�6U�%D�7D�2����KDUH�DIWHU�67����

�
0LFURVWUXFWXUH�RI�VLQWHUHG�VDPSOHV�

7KH�6(0�PLFUR�SKRWRJUDSKV�IRU�WKH�FKHPLFDOO\�HWFKHG�IUDFWXUH�VXUIDFHV�RI�VLQWHUHG�VDPSOHV�7���
7��DQG�7���DUH�VKRZQ�LQ�)LJ����� �
�
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)RU�WKH�VDPSOH�7���QR�VLQWHULQJ�ZDV�RFFXUUHG��EHFDXVH�IRU�WKLV�FRPSRVLWLRQ�JODVV�SKDVH�ZDV�QRW�
REWDLQHG�LQ�WKLV�VWXG\��/DUJHU�QXPEHU�RI�URG�OLNH�SDUWLFOHV�RI�DERXW����µP�LQ�OHQJWK�DQG�DERXW�
���µP�LQ�ZLGWK�DQG�SDUWLFOHV�RI�DERXW�D�IHZ�µP�LQ�VL]H�ZHUH�REVHUYHG�IRU�WKH�VDPSOHV�7���7KRVH�
SDUWLFOHV� DUH� UHJDUGHG� DV� $6� EHFDXVH� $6� SKDVH� ZKLFK� KDYLQJ� WKH� KH[DJRQDO� RU� PRQRFOLQLF�
VWUXFWXUH� SUHFLSLWDWHG� LQ� WKH� VDPSOH�7�� DV�PDMRU� SKDVH� DQG� KH[DJRQDO� %D$O�6L�2�� SKDVH� JURZ�
KDYLQJ�IODNH�VKDSH������1HHGOH�OLNH�SDUWLFOHV�RI�DERXW����µP�LQ�OHQJWK�ZLWK�GHQGULWLF�DUUDQJHPHQW��
VPDOOHU�SDUWLFOHV�RI�DERXW��������µP�LQ�VL]H�DQG�IHZ�QXPEHU�RI�URG�OLNH�SDUWLFOHV�RI�DERXW��µP�LQ�
OHQJWK� DQG� DERXW� ���µP� LQ�ZLGWK�ZHUH� REVHUYHG� IRU� WKH� VDPSOH� 7��� /DUJHU� QXPEHU� RI�PLFUR�
SDUWLFOHV�RI� OHVV� WKDQ����µP�LQ� VL]H�ZLWK� VSKHULFDOO\� DJJORPHUDWHG�ZDV�REVHUYHG� IRU� WKH� VDPSOH�
7����7KH�QXPEHU�RI� WKH�PLFUR�SDUWLFOHV� LQFUHDVHG� DQG�RI� WKH� URG�OLNH�SDUWLFOHV�GHFUHDVHG�ZLWK�
LQFUHDVLQJ�7D�2��FRQWHQW��
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'LHOHFWULF�SURSHUWLHV�

7KH�GLHOHFWULF�FRQVWDQW�DQG�7&'�RI�WKH�VLQWHUHG�VDPSOHV�DUH�VKRZQ�LQ�)LJ����� �
7KH� GLHOHFWULF� FRQVWDQW� VOLJKWO\� LQFUHDVHG� IURP� ���� WR� ����� DQG� 7&'� FKDQJHG� IURP� ��� WR�
����SSP��&� ZLWK� LQFUHDVH� [� YDOXH�� +RZHYHU�� VPDOO� GHYLDWLRQ� EHWZHHQ� WKH� H[SHFWHG� OLQH� DQG�
REVHUYHG� YDOXH� RI� WKH� GLHOHFWULF� FRQVWDQW� DW� WKH� VDPSOH�7���ZDV� REVHUYHG��7KLV� GHYLDWLRQ�ZDV�
RZLQJ� WR�QRQ�GHQVH�PLFURVWUXFWXUH�RI� VDPSOH�KDYLQJ� ODUJH� DPRXQW�RI�SRUHV��)XUWKHUPRUH�� WKH�
GHYLDWLRQ�RI�7&'�DW�WKH�VDPSOHV�7��DQG�7��ZHUH�RZLQJ�WR�WKH�SUHFLSLWDWHG�SKDVH�FKDQJHG�IURP�
KH[DJRQDO��&D�6U�%D�$O�6L�2�� �K�$6��SKDVH�WR�PRQRFOLQLF��&D�6U�%D�$O�6L�2�� �P�$6��SKDVH��7KH�
UHODWLRQVKLS�EHWZHHQ� WKH�GLHOHFWULF�SURSHUWLHV�RI�VDPSOHV�DQG� WKH�GLIIUDFWLRQ�SHDN�DUHD�RI�������
FRUUHVSRQGLQJ�WR�&7��DQG�67��ZDV�VKRZQ�LQ�)LJ�����
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)LJ����6(0�SKRWRJUDSKV�RI�WKH�IUDFWXUHG�DQG�

FKHPLFDOO\�HWFKHG�VDPSOHV��



�
7KH� REVHUYHG� OLQHDU� UHODWLRQVKLSV� ZHUH� SUREDEO\� VKRZV� WKDW� WKH� GLHOHFWULF� SURSHUWLHV� RI� WKH�
FU\VWDOOL]HG�VDPSOHV�GHSHQG�RQ�WKH�YROXPH�RI�SUHFLSLWDWHG�&7��DQG�67��SKDVHV�LQ�WKH�VDPSOHV��

&RQFOXVLRQ�

7KH� FU\VWDOOL]DWLRQ� RI� VDPSOH� JODVVHV� DQG� GLHOHFWULF� SURSHUWLHV� RI� WKRVH� FU\VWDOOL]HG� VDPSOHV�
KDYLQJ� FKHPLFDO� FRPSRVLWLRQ� RI� �&D�6U�%D�2�$O�2��6L2��[7D�2�� ZHUH� VWXGLHG�� 7KH� OLQHDU�
UHODWLRQVKLSV� EHWZHHQ� WKH� GLHOHFWULF� SURSHUWLHV� RI� FU\VWDOOL]HG� VDPSOHV� DQG� WKH� GLIIUDFWLRQ� SHDN�
DUHD� RI� SUHFLSLWDWHG�&7�� DQG� 67�� SKDVHV� LQ� WKH� VDPSOHV�ZHUH� REVHUYHG�� )URP� WKH�PHQWLRQHG�
DERYH�� WKH� GLHOHFWULF� SURSHUWLHV� RI� VDPSOH� LQ�ZKLFK�&7�� DQG� 67��SKDVH� SUHFLSLWDWHG� LV� DEOH� WR�
FRQWURO� RI� WKH� YROXPH� RI� WKRVH� SKDVHV� ZKLFK� GHSHQG� RQ� 7D�2�� FRQWHQW� RI� WKH� VDPSOHV�� 7KH�
FU\VWDOOL]HG�JODVV�FHUDPLFV�SUHFLSLWDWHG�&7��DQG�67��SKDVHV�KDYLQJ�FRPSDUDWLYHO\�KLJK�GLHOHFWULF�
FRQVWDQW�DQG�FRQWUROODEOH�7&'�YDOXH�LQ�ZLGH�UDQJH�ZHUH�DEOH�WR�H[SHFW�DV�WKH�QHZ�GLHOHFWULFV��
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��+DOOL\DO��$���%KDOOD��$��6���1HZQKDP��5��(��DQG�&URVV��/��(���*ODVV�DQG�*ODVV�&HUDPLFV��HG��/HZLV��0��
+���&KDSPDQ�DQG�+DOO��������SS����������

�
�� .RNXER�� 7��� 1DJDR�� +�� DQG� 7DVKLUR�� 0��� &U\VWDOOL]DWLRQ� RI� 3E2�7L2��$O�2��6L2�� *ODVVHV� DQG�
'LHOHFWULF�3URSHUWLHV�RI�WKHLU�&U\VWDOOL]HG�3URGXFWV��<RJ\R�.\RNDL�6KL��������������������

�
��+D\DVKL��+���1LVKLRND��<��DQG�2NDPRWR��<���)DEULFDWLRQ�RI�'LRSVLGH�&HUDPLFV�E\�'HQVLILFDWLRQ�
DQG�&U\VWDOOL]DWLRQ�RI�*OVDVV�&RPSDFWV�DQG�7KHLU�'LHOHFWULF�3URSHUWLHV��-��&HUDP��6RF��-SQ���������
������������
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��7X]XNX��.���7DUXWD��6���7DNXVDJDZD��1��	�.LVKL��+���&U\VWDOOLQH�3KDVHV�DQG�'LHOHFWULF�3URSHUWLHV�
RI�&U\VWDOOL]HG�*ODVVHV�LQ�WKH��&D�6U�%D�2�$O�2��6L2��7L2��6\VWHP��-��&HUDP��6RF��-SQ��������������
�����

�
��7VX]XNX��.���7DUXWD��6���7DNXVDJDZD��1��	�.LVKL��+���'LHOHFWULF�SURSHUWLHV�RI�VLQWHUHG�PDWHULDOV�
SUHSDUHG�IURP�JODVV�=U2��6U7L2��PL[WXUHV��-��0DW��6FL��0DW��LQ�(OHFW������������������

�
��/LX��&���.RPDUQHQL��6��	�5R\��5���&U\VWDOOL]DWLRQ�DQG�6HHGLQJ�(IIHFW�LQ�%D$O�6L�2��*HOV��-��$P��
&HUDP��6RF����������������������
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