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2[LGDWLRQ�RI�IRUPLF�DFLG�RQ�EXON�DQG�QDQRVL]HG�3W�&R�DOOR\V

0DMD�'� 
�

3�2��%R[������������%HOJUDGH��6HUELD

)DFXOW\�RI�7HFKQRORJ\�DQG�0HWDOOXUJ\��8QLYHUVLW\�RI�%HOJUDGH��.DUQHJLMHYD���

3�2��%R[�������������%HOJUDGH��6HUELD

,QWURGXFWLRQ
2UJDQLF� OLTXLGV� VXFK� DV� PHWKDQRO� DQG� IRUPLF� DFLG� DUH� FRQVLGHUHG� DV� SRWHQWLDO� IXHOV� LQ� SRO\PHU�
HOHFWURO\WH�PHPEUDQH� IXHO�FHOO� �3(0)&���$GYDQWDJH�RI�+&22+�RYHU�&+�2+� LV� LWV� ORZHU�FURVVRYHU�
WKURXJK� 1D �

�2+�� ,W� LV� JHQHUDOO\�
DFFHSWHG�WKDW�+&22+�R[LGL]HV�WR�&2� YLD�D�GXDO�SDWK�PHFKDQLVP�>�@��'LUHFW�SDWK�LV�GHK\GURJHQDWLRQ�
RI�+&22+

+&22+� � ���+
� ���H±

�@�� ,QGLUHFW� SDWK�
FRPSULVHV�GHK\GUDWLRQ�RI�+&22+�ZLWK�WKH�IRUPDWLRQ�RI�&2DGV DQG�LWV�IXUWKHU�R[LGDWLRQ�WR�&2�

+&22+� DGV ��+�2� � ���+
� ���H±

$W� ORZ� SRWHQWLDOV� &2DGV FDQ� QRW� EH� R[LGL]HG� RQ� 3W� DQG� LW� DFWV� DV� WKH� FDWDO\VW� SRLVRQ�� 6LQFH� ORZ�

&2DGV RQ� WKH�DQRGH� VXUIDFH� LV� WR� EH�DYRLGHG�RU� DW� OHDVW� JUHDWO\� UHGXFHG��7KLV� FDQ�EH�DFKLHYHG�E\�
FRPELQLQJ� 3W� ZLWK� VRPH� RWKHU� PHWDO� SHUIRUPLQJ� LWV� UROH� WKURXJK� �L�
�LL� �ERG\�HIIHFW��%LIXQFWLRQDO�PHFKDQLVP� LV�RSHUDWLYH�ZKHQ�
WKH�VHFRQG�PHWDO�LV�FDSDEOH�WR�DGVRUE�R[\JHQ�
&2DGV IRUPHG�WKURXJK�+&22+�GHK\GUDWLRQ�RQ�3W�VLWHV� LV�R[LGL]HG�E\�R[\JHQ�FRQWDLQLQJ�VSHFLHV�RQ�
WKH�RWKHU�PHWDO�VLWHV��(OHF
JHQHUDOO\� UHVXOWLQJ� LQ� FKDQJH�RI� WKH�DGVRUSWLRQ�DELOLW\� RI�3W�� ,I� WKLV�PRGLI\LFDWLRQ�ZHDNHQV� WKH�ERQG�
EHWZHHQ�3W�DQG�&2DGV VHPEOH�RU�WKLUG�ERG\�HIIHFW�

WKH�GHK\GURJHQDWLRQ�SDWK� UHTXLUHV�DW�PRVW� WZR�3W�DWRPV� >
GHK\GUDWLRQ�SDWK�LV�IDYRUHG�DQG�&2DGV IRUPDWLRQ�LV�VXSSUHVVHG�

+&22+�R[LGDWLRQ�KDV�QRW�EHHQ�VWXGLHG�RQ�3W�PRGLILHG�E\���G
V\VWHPV� GHVHUYH� DWWHQWLRQ� EHFDXVH� � G WUDQVLWLRQ� PHWDOV� SRVVHVV� WZR� FKDUDFWHULVWLFV� WKDW� FDQ EH�

G WUDQVLWLRQ�
PHWDOV�GXH� WR�ERWK� OLJDQG� >�@�DQG�VWUDLQ� >�@�HIIHFW�SURGXFHV� ORZHULQJ�RI�� G EDQG�FHQWHU�RI�3W��7KLV�
UHGXFHV� HOHFWURQ� EDFN�
EHWZHHQ�WKHP��,Q�WKLV�ZRUN�ZH�SUHVHQW�WKH�UHVXOWV�RI�WKH�+&22+�R[LGDWLRQ�RQ�EXON�DQG�QDQRVL]HG�3W�
&R�DOOR\V��7KH
WR�WKH�LQKLELWLRQ�RI�3W�2+DGV IRUPDWLRQ�RQ�3W�VLWHV�HOHFWURQLFDOO\�PRGLILHG�E\�&R�DWRPV�DQG�VXUURXQGHG�
E\�³R[LGH´�FRYHUHG�&R�DWRPV�> PHDVXUHPHQWV�RI�JDVHRXV�&2�RQ�
3W�&R� DOOR\� VKRZHG� WKDW� &2� ELQGV� PRUH� ZHDNO\� WR� WKH� 3W� VLWHV� RI� WKH� DOOR\� WKDQ� WR� SXUH� 3W� >�@��

EH� H[KLELWHG� E\� DQ\� IRUHLJQ� DW
PHFKDQLVP�DQG�WKH�HOHFWURQLF�HIIHFW�

([SHULPHQWDO�
3RO\FU\VWDOOLQH�3W�DQG�WKHUPDOO\�SUHSDUHG�3W�&R�DOOR\�HOHFWURGHV�LQ�WKH�IRUP�RI�GLVF�ZHUH�XVHG�LQ�WKLV�

HVVHG�YLD�;�
&R�� ;�UD\� GLIIUDFWLRQ� VKRZHG� WKH� VSHFLPHQ� WR� EH� VLQJOH�SKDVH� IFF� VROLG� VROXWLRQ� RI� KDYLQJ� WKH�
H[SHFWHG�ODWWLFH�FRQVWDQW�IRU�����3W�>�@��

�&R�DQG�3W
� �7(.��7KH�FDWDO\VWV�ZHUH�DSSOLHG�RQWR�$X�VXEVWUDWH�LQ�

WKH�IRUP�D�WKLQ�OD\HU��&DWDO\VW�SRZGHU�ZDV�VXVSHQGHG�LQ�KLJK�SXULW\�ZDWHU�LQ�WKH�FRQFHQWUDWLRQ�RI���PJ�
FP±���,Q�DOO�FDVH O�RI�WKH�1DILRQ� VROXWLRQ��� ZW� FP�
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O�RI� WKH�VXVSHQVLRQ�ZDV�SODFHG�RQWR�$X�
HOHFWURGH�E\�PLFUR�SLSHWWH�DQG�OHIW�WR�GU\�RYHUQLJKW�
$� FRQYHQWLRQDO� HOHFWURFKHPLFDO� FHOO� ZLWK� D� 3W� FRXQWHU� HOHFWURGH� DQG� D� VDWXUDWHG� FDORPHO� HOHFWURGH�
�6&(��DV�WKH�UHIHUHQFH�HOHFWURGH�ZDV�XVHG��$OO�WKH�SRWHQWLDOV�UHSRUWHG�LQ�WKH�SDSHU�DUH�H[SUHVVHG�YV��

�0� +&O2 ������� �� SXULW\��
ZDV�SUHSDUHG�ZLWK�KLJK�SXULW\�ZDWHU��0LOOLSRUH���7KH�HOHFWURO\WH�ZDV�GHDHUDWHG�E\�WKH�EXEEOLQJ�WKH�1���
(OHFWURFKHPLFDO�R[LGDWLRQ�RI�+&22+�ZDV�LQYHVWLJDWHG�LQ�GHDHUDWHG�VXSSRUWLQJ�HOHFWURO\WH�FRQWDLQLQJ�

0�+&22+��,Q�WKH�SRVLWLYH�
LQWR� WKH� HOHFWURO\WH��$IWHU� � PLQ� WKH� VFDQ�ZDV� FRQWLQXHG�DW� WKH� UDWH� RI� � �V±� �TXDVL� VWHDG\�VWDWH�

�V±� �SRWHQWLRG\QDPLF� PHDVXUHPHQWV��� )RU� WKH� &2�VWULSLQJ� PHDVXUH�

@�� $IWHU� SXUJLQJ� WKH� HOHFWURO\WH� E\� 1�

DGVRUEHG�&2�ZDV�R[LGL]HG� LQ�DQ�DQRGLF�VFDQ�DW �V±���7ZR�VXEVHTXHQW�YROWDPPRJUDPV�ZHUH�
DOVR�UHFRUGHG�WR�YHULI\�WKH�FRPSOHWHQHVV�RI�WKH�&2�R[LGDWLRQ��5HDO�VXUIDFH�DUHD�RI�WKH�3W�WKH�3W�&R�

FP IRU� WKH� &2�
PRQROD\HU��7KH�H[SHULPHQWV�ZHUH�FRQGXFW
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)LJ� ���&\FOLF�YROWDPPRJUDPV�RI�3W�&R�EXON�DOOR\�DQG�3W�HOHFWURGH�LQ�WKH�GLIIHUHQW�SRWHQWLDO�UDQJHV�
D��DQG�F������P9�V±����E��DQG�F��FRUUHVSRQGLQJ�&2�VWULSSLQJ�YROWDPPRJUDPV�LQ������0�+&O2�

5HVXOWV�DQG�GLVFXVVLRQ�
&\FOLF�YROWDPPRJUDPV�RI�3W� �0�+&O2 VROXWLRQ�DUH�JLYHQ�LQ�)LJ���D��DQG�F�� :KHQ�

��
DGVRUSWLRQ�GHVRUSWLRQ�ZDV�REWDLQHG��1R�DQRGLF GLVVROXWLRQ�RI�&R�ZDV�REVHUYHG�ZLWKLQ� WKLV SRWHQWLDO�

�R[LGH� IRUPDWLRQ�DQG�
SRVVLEO\�&R�GLVVROXWLRQ�DURVH�DQG�WKH�SHDNV�IRU�+�DGVRUSWLRQ�GHVRUSWLRQ�RQ�3W�JUDGXDOO\�GHYHORSHG�
6WHDG\�VWDWH� YROWDPPRJUDP� RI� 3W�&R� DOOR\� LQ� WKH� H[WHQGHG� SRWHQWLDO� ZLQGRZ� FRUUHVSRQGV� WR� WKH�
YROWDPPR SWLRQ�
UHJLRQ�DUH�ORZHU��7KHVH�SHDNV�DUH�DVVLJQ�QHG�WR�WKH�ZHDNO\�DGV

�&R�VXUIDFH�FDQ�EH�KHOG�DV� WKH��VNLQ�
VWUXFWXUH��>�@�
7KH�VWULSSLQJ�YROWDPPRJUDPV�RI�&2DGV �&R�DQG�WKH��VNLQ��3W�&R�VXUIDFH�DQG�
WKH�UHVXOWV�DUH�JLYHQ�LQ�)LJ���E�DQG�G���6WULSSLQJ�RI�SUHDGVRUEHG�&2�ZDV�XVHG�IRU�WKH�3W�VXUIDFH�DUHD�

SRVVLEOH� UHDFWLRQ� VWHS� LQ�+&22+�R[LGDWLRQ�� 7KH� FKDUJH� IRU�3W�
WKH�FRUUHVSRQGLQJ�&2�VWULSSLQJ�YROWDPPRJUDP�LV�VKLIWHG�WR OHVV�SRVLWLYH�

SRWHQWLDO�WKDQ�IRU 3W�HOHFWURGH��7KDW�LQGLFDWHV�H[LVWHQFH�RI�WKH�HOHFWURQLF�HIIHFW�LQ�WKH�DOOR\�DQG�ZHDNHU�
ERQG�RI�WKH � �
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3W� FKHG�IURP�WKH�VXUIDFH�DQG�WKDW�
URXJKQHVV�IDFWRU�RI�WKH�VXUIDFH�LV�QRW�HQODUJHG�GXULQJ�WKH�IRUPDWLRQ�RI�WKH�VNLQ�VWUXFWXUH��
3RODUL]DWLRQ�FXUYHV�IRU�WKH�+&22+ R[LGDWLRQ ZHUH�UHFRUGHG�DW�3W�&R�DOOR\�DQG�FRPSDUHG�WR�WKRVH�RQ�
3W�DQG�3W�VNLQ�VWUXFWXUH��)URP�SRWHQWLRG\QDPLF�SURILOHV�DQG�TXDVL�VWHDG\�VWDWH FXUYHV

)LJ����3RWHQWLRG\QDPLF�SRODUL]DWLRQ�FXUYHV��D�DQG�F��
DQG�TXDVL�VWHDG\�VWDWH�FXUYHV�IRU�WKH�R[LGDWLRQ�RI�+&22+��

SUHVHQWHG�DV�WKH�7DIHO�SORWV�� LW�FDQ�EH�VHHQ WKDW�WKH�RQVHW�SRWHQWLDO�LV�VOLJKWO\�OHVV�SRVLWLYH�IRU�
3W�&R�DOOR\�WKDQ�IRU�WKH�RWKHU�WZR�HOHFWURGHV��7KH�FXUUHQW�GHQVLWLHV�DW�3W�&R�DQG�3W�VNLQ�HOHFWURGH�DUH�
KLJKHU�WKDQ�DW�SXUH� G\QDPLF�FXUYHV�UHFRUGHG�LQ�WKH�IRUZDUG�GLUHFWLRQ�GLVSOD\�
WKH� SOD WLHV� LQ� WKH� EDFNZDUG� VZHHS�� ,Q�

7DIHO� VORSHV� DUH� IURP� WR� GHF±� SOLHV� KLJK� VXUIDFH� FRYHUDJH� E\�
&2DGV�> @��7KH�HQKDQFHPHQW�IDFWRU�RI�3W�&R�DOOR\�YHUVXV�SXUH�3W�LV�DERXW�VHYHQ��
6WHDG\�VWDWH F\FOLF�YROWDPPRJUDPV�RI�3W� RI�
SUHDGVRUEHG�&2�DQG�+&22+ �0�+&O2 DUH�SUHVHQWHG�LQ�)LJ�����$V�RQ�EXON�3W�
DQG� 3W� +� DGVRUSWLRQ�GHVRUSWLRQ� SHDNV� DUH� ZHOO�UHVROYHG� RQ� 3W�& EXW� QRW� DW� WKH� DOOR\�
FDWDO\VWV��)RUPDWLRQ�RI�3W�R[LGH�RQ�3W�&R�&�DQG�3W&R�&�FDWDO\VWV�LV�GHOD\HG�ZLWK�UHVSHFW�WR�3W�&��$V�
VHHQ DGV VWDUWV�HDUOLHU�RQ WKH�3W�&R�WKDQ RQ SXUH�3W QDQRSDUWLFOHV��7KLV�UHVXOW DQG�
WKH�GHOD\HG�IRUPDWLRQ�RI�3W�R[LGH�RQ�WKH�3W�&R�DOOR\�SDUWLFOHV�VXJJHVW�WKDW�WKH�ERQGV�EHWZHHQ�&2�DQG�
2+�VSHFLHV�DQG�3W�DWRPV�LQ�DOOR\V�DUH�ZHDNHU�WKDQ�LQ�WKH�FDVH�RI�3W�DWRPV�LQ�WKH�SXUH�3W�SDUWLFOHV�

)LJ� ���D��&\FOLF�YROWDPPRJUDPV�RI�QDQRFDWDO\VW��E��FRUUHVSRQGLQJ�&2�VWULSSLQJ�YROWDPPRJUDPV��
F��DQG�G��DQRGLF�SRWHQWLRG\QDPLF�SRODUL]DWLRQ�FXUYHV�DQG�TXDVL�VWHDG\�VWDWH�FXUYHV�IRU�WKH +&22+�R[LGDWLRQ�
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,Q�WKH�3W�&�FDWDO\VW�ZH�XVHG�LQ�WKH�H[SHULPHQWV WKH�3W�SDUWLFOHV�DUH���� QP�LQ�GLDPHWHU�>��
3W�&R�SDUWLFOHV�DUH�ODUJHU���WKH�GLDPHWHUV�RI�3W�&R�DQG�3W&R�SDUWL
UHVSHFWLYHO\�>�@��7KH�SRVLWLRQ�RI�WKH�&2DGV PH�RUGHU�
DV�WKH�SDUWLFOH�VL]H�EHLQJ�PRUH�SRVLWLYH�IRU�WKH�VPDOOHU�SDUWLFOHV��0RUH DGV VWULSSLQJ�RQ�EXON�
3W�HOHFWURGH�F\FOHG�LQ�WKH�VDPH SRWHQ ZKLFK�FRQILUPV�WKH�
SDUWLFOH�VL]H�HIIHFW� LQ� WKH�DGVRUSWLRQ�RQ�3W�VXUIDFHV��7KLV�HIIHFW�FDQ�EH�H[SODLQHG�E\� WKH�GLIIHUHQW�G�

�EDQG�EHFDXVH�RI� ORZHU�GHJUHH�RI�RYHUODSSLQJ�EHWZHHQ�
WKH� DWRPLF� RUELWDOV�� 7KH� QDUURZLQJ� RI� WKH� G�EDQG� LQFUHDVHV� WKH� HQHUJ\� RI� WKH� G�

3RWHQWLRG\QDPLF� SRODUL]DWLRQ� DQG� TXDVL� VWHDG\�
IR �&R�&� DQG� 3W&R�&� FDWDO\VWV� DUH� FRPSDUHG� WR� 3W�&� LQ� )LJ��F� DQG� )LJ��G
UHVSHFWLYHO\��7KH�FXUYH�IRU�3W�&� LV�FKDUDFWHULVWLF� IRU� WKH�HOHFWURGH�EORFNHG�E\�&2DGV

2DGV E\� WKH�DGVRUEHG�2+��$FFRUGLQJ�WR�
DGV

FDVH�RI�3W&R�&��:KHQ�3W&R�&�ZDV�VXEMHFWHG�WR�WKH�SURORQJHG�SRWHQWLDO�F\FOLQJ�LQ�RUGHU�WR�OHDFK�&R�
IURP� WKH�VXUIDFH�RI
VKDSH�DV� IRU�3W�&��7KLV�H[SHULPHQW� VKRZV� WKDW &R�DWRPV�EHQHDWK�3W� VXUIDFH�KDYH�QR�HIIHFW� RQ�3W�

RQ�3W�&R�VXUIDFHV�
RULJLQDWHV� SUHGRPLQDQWO\� LQ� WKH� HQVHPEOH� HIIHFW�� 7KLV� H[SODLQV� ZK\� 3W&R�&� LV� PRUH� DFWLYH� WKDQ�
3W�&R�&�±�IUDFWLRQ�RI�&R�RQ�WKH�3W�&R�VXUIDFH�LV�WRR�ORZ�WR�SURGXFH�VLJQLILFDQW�HQVHPEOH�HIIHFW�

&RQFOXVLRQ
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