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,QWURGXFWLRQ
1DQRSDUWLFOHV� RI� VSLQHO� IHUULWHV� KDYH� DWWUDFWHG�

D� JUHDW� LQWHUHVW� IRU� D� ORQJ� WLPH� LQ� DGGUHVVLQJ� WKH�
IXQGDPHQWDO�UHODWLRQVKLS�EHWZHHQ�PDJQHWLF�SURSHUWLHV�
DQG� WKHLU� FU\VWDO� FKHPLVWU\� DQG� VWUXFWXUH�� 6LQFH�
QDQRSDUWLFOHV� KDYH� RIWHQ� QRYHO� SURSHUWLHV� WKDW� DUH�
GLIIHUHQW�IURP�WKHLU�EXON�SURSHUWLHV�GXH�WR�WKHLU�VPDOO�
VL]H��WKH\�DUH�EHFRPLQJ�D�FRUH�FRPSRQHQW�RI�DGYDQFHG�
PDWHULDOV� WKDW� KDYH� ZLGH� SUDFWLFDO� DSSOLFDWLRQV�
ZLWK�QREOH�RSWLFDO��HOHFWULFDO��PDJQHWLF�DQG�FDWDO\WLF�
SURSHUWLHV�>�@��1LFNHO�]LQF�IHUULWH�LV�WKH�VRIW�PDJQHWLF�
IHUULWH�DQG�LW�KDV�D�ZLGHVSUHDG�DSSOLFDWLRQV��,W�LV�XVHG�LQ�
YDULRXV�FRPSRQHQWV�IRU�DSSOLFDWLRQ�DW�KLJK�IUHTXHQF\�
UDQJH�GXH�WR�WKHLU�KLJK�HOHFWULFDO�UHVLVWLYLW\��FKHPLFDO�
VWDELOLW\� DQG�JRRG� HOHFWURPDJQHWLF�SURSHUWLHV� >��� �@��
,Q�WKLV�VWXG\��ZH�DUH�FRPSDULQJ�WKH�SURSHUWLHV�RI�WKH�
QDQR�ZLWK�WKH�EXON�

([SHULPHQWDO��6\QWKHVLV
6\QWKHVLV� RI� 1L���=Q���)H�2�� ZDV� GRQH� XVLQJ�

FRPEXVWLRQ�PHWKRG��7KH�UHVSHFWLYH�PHWDO�QLWUDWHV�ZHUH�
WDNHQ�DQG�KHDWHG�WLOO�LW�PHOWV��7R�WKLV�PROWHQ�VROXWLRQ�
ZDV�WKHQ�DGGHG�WKH�IXHO��PDOLF�DFLG���7KLV�PL[WXUH�ZDV�
WKHQ�KHDWHG�LQ�D�SUHKHDWHG�IXUQDFH�DW�����&�IRU���PLQ��
7KH�R[LGH�ZKLFK�ZDV�IRUPHG�ZDV�WKHQ�KHDWHG�DW�����&�
IRU��KUV�WR�UHPRYH�DQ\�XQEXUQHG�RUJDQLF�VSHFLHV�DQG�
WKHQ�JURXQG�IRU��KUV��7KLV�R[LGH�IRUPHG�LV�FDOOHG�DV�WKH�
¶DV�SUHSDUHG·�1L���=Q���)H�2���1=)$���7KLV�R[LGH�ZDV�
WKHQ�SUHVLQWHUHG�DW�����&�IRU��KUV�DQG�WKHQ�VLQWHUHG�
DW� �����&� IRU���KUV��7KLV� LV� ¶VLQWHUHG·�R[LGH� �1=)6���
7KH�FKDUDFWHUL]DWLRQ�DQG�VWXGLHV�RI�ERWK�¶DV�SUHSDUHG·�
DQG�¶VLQWHUHG·�R[LGH�ZDV�GRQH�LQ�RUGHU�WR�ÀQG�RXW�WKH�
GLIIHUHQFH�LQ�WKH�GLIIHUHQW�SURSHUWLHV�WKDW�RFFXU�ZKHQ�
WKHUH�LV�D�FKDQJH�LQ�SDUWLFOH�VL]H�

5HVXOW�DQG�'LVFXVVLRQ��;5'�VWXGLHV
7KH�;5'�SDWWHUQV�VKRZQ�LQ�)LJ���FRQÀUPHG�WKH�

IRUPDWLRQ�RI�VLQJOH�SKDVH�FXELF�VSLQHO�IHUULWH��)URP�WKH�

6\QWKHVLV��&KDUDFWHUL]DWLRQ�DQG�0DJQHWLF�6WXG\�RI�1L���=Q���)H�2����&RPSDULVRQ�
RI�WKH�1DQR�ZLWK�WKH�%XON

3UDM\RWL�3��*DXQV�'HVVDLD��DQG�9��0��6��9HUHQNDU

D'HSDUWPHQW�RI�&KHPLVWU\��*RD�8QLYHUVLW\��7DOHLJDR�3ODWHDX��*RD���������,QGLD�


�&RUUHVSRQGLQJ�DXWKRU��7HO������������������ID[����������������
(�PDLO�DGGUHVV��YPVY#UHGLIIPDLO�FRP

$EVWUDFW

7KH�VWUXFWXUDO�DQG�WKH�PDJQHWLF�VWXG\�RI�WKH�¶DV�SUHSDUHG·�DQG�¶VLQWHUHG·�1L���=Q���)H�2��V\QWKHVL]HG�
E\�FRPEXVWLRQ�PHWKRG�XVLQJ�PDOLF�DFLG�DV�WKH�IXHO�ZDV�VWXGLHG��7KH�;5'�DQG�,5�VWXGLHV�UHYHDOHG
WKH�IRUPDWLRQ�RI�WKH�VLQJOH�SKDVH�VSLQHO�R[LGH��7KH�UHVLVWLYLW\�VWXGLHV�RI�WKH�R[LGH�VKRZHG�WKDW�WKH�
¶VLQWHUHG·�R[LGH�KDYH�ORZHU�UHVLVWLYLW\�DV�FRPSDUHG�WR�¶DV�SUHSDUHG·�R[LGH��7KH�&XULH�WHPSHUDWXUH��
VDWXUDWLRQ�PDJQHWL]DWLRQ�DQG�WKH�EORFNLQJ�WHPSHUDWXUH�RI�WKH�¶VLQWHUHG·�R[LGH�LV�IRXQG�WR�EH�KLJKHU�
DV�FRPSDUHG�WR�WKH�¶DV�SUHSDUHG·�R[LGH�

)LJ�����;5'�SDWWHUQV�RI�¶DV�SUHSDUHG·��1=)$��DQG�¶VLQWHUHG·�
�1=)6��1L���=Q���)H�2�

;5'�SDWWHUQ�LW�ZDV�IRXQG�WKDW�WKH�¶VLQWHUHG·�R[LGH�KDV�
VKDUS�SHDNV�DV�FRPSDUHG�WR�WKH�SHDNV�RI��¶DV�SUHSDUHG·�
R[LGH�ZKLFK�DUH� UHODWLYHO\�EURDGHU�DQG�KDV�DYHUDJH�
FU\VWDOOLWH�VL]H�RI����QP�

,5�6WXGLHV
7KH� ,5� VSHFWUD� RI� ¶DV� SUHSDUHG·� DQG� ¶VLQWHUHG·�

R[LGH�FRQÀUP�WKH�IRUPDWLRQ�RI�WKH�VSLQHO�R[LGH�ZLWK�
WZR� EDQGV� DW� DURXQG� ���FP��� DQG� ���FP���� � 7KHVH�
WZR� EDQGV� DUH� DWWULEXWHG� WR� WKH� LQWULQVLF� VWUHWFKLQJ�
YLEUDWLRQV�RI�WKH�PHWDO�DW�RFWDKHGUDO�DQG�WHWUDKHGUDO�
VLWH��UHVSHFWLYHO\�

'&�(OHFWULFDO�UHVLVWLYLW\
)LJ����VKRZV�WKH�SORW�RI�UHVLVWLYLW\�Y�V�WHPSHUDWXUH�

RI�WKH�¶DV�SUHSDUHG·�DQG�¶VLQWHUHG·�R[LGH��,W�FDQ�EH�VHHQ�
IURP� )LJ�� �� WKDW�� WKH� UHVLVWLYLW\� JRHV� RQ� GHFUHDVLQJ�
DV� WHPSHUDWXUH� LQFUHDVHV�� 7KLV� EHKDYLRXU� LQGLFDWHV�
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WKDW� ERWK� ¶VLQWHUHG·� DQG� ¶DV�SUHSDUHG·� R[LGH� VKRZV�
VHPLFRQGXFWLQJ� QDWXUH�� 7KH� UHVLVWLYLW\� RI� ¶VLQWHUHG·�
R[LGH� LV� IRXQG� WR� EH� ORZHU� DV� FRPSDUHG� WR� WKH� ¶DV�
SUHSDUHG·�R[LGH���7KLV�ORZHU�UHVLVWLYLW\�RI�WKH�¶VLQWHUHG·�
R[LGH�FDQ�EH�H[SODLQHG�DV�GHVFULEHG�E\�%��3��5DR�HW�DO�
>�@��$V�WKH�¶VLQWHUHG·�R[LGH�KDV�ORZ�SRURVLW\�LW�ZLOO�FDXVH�
LQGLYLGXDO�JUDLQV�WR�FRPH�FORVH�DQG�DOVR�WKH�LQFUHDVHG�
DYHUDJH�JUDLQ�GLDPHWHU�RI� WKH� ¶� VLQWHUHG·�R[LGH�ZLOO�
UHGXFH�WKH�JUDLQ�ERXQGDU\�GLPHQVLRQV��WKLV�ERWK�ZLOO�
LQFUHDVH�WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�FRQGXFWRU�WKXV�
OHDGLQJ�WR�WKH�GHFUHDVH�LQ�UHVLVWLYLW\�LQ�WKH�¶VLQWHUHG·�
R[LGH��

$&�VXVFHSWLELOLW\�VWXGLHV
)LJ���VKRZHG�WKH�SORW�RI�QRUPDOLVHG�DF�VXVFHSWLELOLW\�

Y�V�WHPSHUDWXUH��,W�FDQ�EH�REVHUYHG�IURP��WKH�QDWXUH�
RI�WKH�SORW�RI�)LJ���WKDW�WKH�¶DV�SUHSDUHG·�R[LGH�VKRZV�

VLQJOH� GRPDLQ�ZKLOH� WKH� ¶VLQWHUHG·� R[LGH� VKRZV�
PXOWLGRPDLQ� QDWXUH� RI� WKH� SDUWLFOHV� ZLWK� &XULH�
WHPSHUDWXUH�RI����.��IRU�¶VLQWHUHG·�VDPSOH�ZKLOH�IRU�¶�
DV�SUHSDUHG·�VDPSOH�LW�LV�ORZHU�L�H�����.��

960�VWXGLHV
)LJ���DQG�)LJ���VKRZHG�WKH�SORW�RI�PDJQHWL]DWLRQ�

Y�V�PDJQHWLF� ILHOG� RI� WKH� R[LGH� DW� ��.� DQG� 57��
UHVSHFWLYHO\��,W�FDQ�EH�VHHQ�IURP�)LJ���DQG���WKDW�WKH�
VDWXUDWLRQ�PDJQHWL]DWLRQ� YDOXH� RI� ¶VLQWHUHG·� R[LGH�
LV�PRUH�DV�FRPSDUHG�WR�WKH�¶DV�SUHSDUHG·�R[LGH��7KH�
ORZHU�YDOXH�RI�0V�LQ�1=)$�FDQ�EH�DWWULEXWHG�WR�WKH�QRQ�
VDWXUDWLRQ�HIIHFWV�EHFDXVH�RI�WKH�UDQGRP�GLVWULEXWLRQ�
RI�WKH�VPDOO�SDUWLFOHV�ZLWK�HQKDQFHG�YDOXHV�RI�PDJQHWR�
FU\VWDOOLQH�DQLVRWURS\�>�@���7KH�R[LGH�VKRZHG�KLJKHU�
PDJQHWL]DWLRQ�YDOXH�DW� ��.�DV� FRPSDUHG� WR�57� WKLV�

)LJ����7KH�SORW�RI�UHVLVWLYLW\�Y�V�WHPSHUDWXUH�RI�¶DV�SUHSDUHG·�DQG�
¶VLQWHUHG·�1L���=Q���)H�2�

)LJ����7KH�SORW�RI�PDJQHWL]DWLRQ�Y�V�ÀHOG�FDUULHG�RXW�DW�57�RI�¶DV�
SUHSDUHG·�DQG�¶VLQWHUHG·�1L���=Q���)H�2�

)LJ����7KH�QRUPDOLVHG�DF�VXVFHSWLELOLW\�Y�V�WHPSHUDWXUH�RI�¶DV�
SUHSDUHG·�DQG�¶VLQWHUHG·�1L���=Q���)H�2�

)LJ����7KH�SORW�RI�PDJQHWL]DWLRQ�Y�V�ÀHOG�FDUULHG�RXW�DW���.�RI�
¶DV�SUHSDUHG·�DQG�¶VLQWHUHG·�1L���=Q���)H�2�
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LV�EHFDXVH�RI�WKH�ORZHU�WKHUPDO�ÁXFWXDWLRQV�DW�ORZHU�
WHPSHUDWXUH�

)LJ���VKRZHG�WKH�=)&�)&�FXUYH�RI�WKH�¶VLQWHUHG·�
DQG�¶DV�SUHSDUHG·�R[LGH�DW�D�FRQVWDQW�DSSOLHG�ÀHOG�RI�
���2H�

,W�FDQ�EH�VHHQ�IURP�)LJ���WKDW�LQFDVH�RI�=)&�FXUYH�
DV�WKH�WHPSHUDWXUH�LQFUHDVHV�WKH�PDJQHWL]DWLRQ�JRHV�RQ�
LQFUHDVLQJ�UHDFKHV�D�PD[LPXP�DQG�WKHQ�DJDLQ�VWDUWV�
GHFUHDVLQJ�� 7KH� SRLQW� DW� ZKLFK� WKH�� PDJQHWL]DWLRQ�
LV�PD[LPXP� LV� FDOOHG� DV� WKH�EORFNLQJ� WHPSHUDWXUH��

)LJ����7KH�=)&�²)&�FXUYHV�RI�¶DV�SUHSDUHG·�DQG�¶VLQWHUHG·�
1L���=Q���)H�2��DW����2H

7KH� EORFNLQJ� WHPSHUDWXUH� LV� FOHDUO\� REVHUYHG� LQ� ¶DV
SUHSDUHG·�R[LGH�ZKLOH�LQ�¶VLQWHUHG·�R[LGH�LW�LV�KLJKHU�
WKDQ� ���.�� 7KH� EURDG�PD[LPXP� DW� WKH� EORFNLQJ�
WHPSHUDWXUH�LV�D�VLJQ�RI�ZLGH�GLVWULEXWLRQ�RI�SDUWLFOH�
VL]H��

&RQFOXVLRQ
:H� ZHUH� DEOH� WR� V\QWKHVL]H� VXFFHVVIXOO\� WKH�

VLQJOH�SKDVH�FXELF��VSLQHO�¶DV�SUHSDUHG·�DQG�¶VLQWHUHG·�
1L���=Q���)H�2��� 7KH� ¶DV� SUHSDUHG·� VDPSOHV� KDYH� ORZ�
GHQVLW\�DQG�FU\VWDOOLWH�VL]H��7KH\�VKRZHG�VLQJOH�GRPDLQ�
SDUWLFOH�ZLWK�ORZHU�&XULH�WHPSHUDWXUH�DV�FRPSDUHG�WR�
¶VLQWHUHG·�VDPSOHV�ZLWK�PXOWLGRPDLQ�SDUWLFOHV��%RWK�WKH�
R[LGH�VKRZHG�VHPLFRQGXFWLQJ�QDWXUH�ZLWK�¶VLQWHUHG·�
VDPSOHV�VKRZLQJ�ORZHU�UHVLVWLYLW\�WKDQ�¶DV�SUHSDUHG·�
VDPSOHV���7KH�PDJQHWL]DWLRQ�VWXGLHV�UHYHDOHG�WKDW�WKH�
R[LGHV�VKRZHG�VRIW�PDJQHWLVP�ZLWK�¶VLQWHUHG·�VDPSOHV�
KDYLQJ�KLJKHU�VDWXUDWLRQ�PDJQHWL]DWLRQ�DQG�EORFNLQJ�
WHPSHUDWXUH�
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