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K\GURJHQ� DEVRUSWLRQ�� FDXVHV� D� GHFUHDVH� LQ� WKH� UDWH� RI� FDSDFLW\� ORVV� GXULQJ� F\FOLF�RSHUDWLRQ�DQG�DQ�LQFUHDVH�LQ�WKH�UDWH�FDSDELOLW\�RI�WKH�DOOR\�HOHFWURGH�DW�KLJK�FXUUHQWV��6XEVWLWXWLRQ� RI� /D� LQ� WKH� /D1L� DOOR\� E\� ORZ� FRVW�PLVFKPHWDO� �0P��ZLWK� D� /D�FRQWHQW� ZLWKLQ� ��� �� FDXVHV� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� HTXLOLEULXP� SUHVVXUH�FRUUHVSRQGLQJ�WR�WKH�DEVRUSWLRQ�SODWHDX�����DWP�DW�URRP�WHPSHUDWXUH��DQG�FRQVHTXHQWO\�DQ�RYHUSRWHQWLDO�LQFUHDVH��ZKLFK�OHDGV�WR�D�FRQVLGHUDEOH�UHGXFWLRQ�LQ�FKDUJLQJ�HIILFLHQF\��,Q� RUGHU� WR� GHFUHDVH� WKH� HTXLOLEULXP� SUHVVXUH� WR� WKH� GHVLUHG� UDQJH� �IURP� ���� WR� �� DWP��SDUWLDO�VXEVWLWXWLRQ�RI�1L�E\�&R��$O�DQG�0Q�LV�HPSOR\HG�>�@�$OOR\V�RI�FRPSRVLWLRQ�0P1L���&R���0Q���$O��� H[KLELW�D�JRRG�SHUIRUPDQFH��VLQFH�D� VLJQLILFDQW� SUHVVXUH� GHFUHDVH� LQ� WKH� DEVRUSWLRQ� SODWHDX� RFFXUV� ZLWK� D� VLPXOWDQHRXV�UHWHQWLRQ�RI� D� UHODWLYHO\� KLJK�K\GURJHQ�VWRUDJH�FDSDFLW\� DQG� D� VOLJKW� HOHFWURGH� FDSDFLW\�GURS�GXULQJ�F\FOLF�RSHUDWLRQ��&RDWLQJ�RI�WKH�SRZGHUHG�DOOR\�ZLWK�D�WKLQ�OD\HU�RI�&X�RU�1L��FDOOHG�PLFURHQFDSVXODWLRQ�� GLPLQLVKHV� DOOR\� SXOYHUL]DWLRQ� GXULQJ� F\FOLF� RSHUDWLRQ�� WKXV�LQFUHDVLQJ�WKH�F\FOH�OLIH�RI�WKH�DOOR\�HOHFWURGH�>���@��7KH�DFWLYDWLRQ�RI� WKH�DOOR\�SOD\V�D�NH\� UROH� LQ� WKH�K\GURJHQ�DEVRUSWLRQ�SURFHVV��VLQFH�LW GHILQHV�WKH�UHDFWLRQ�UDWH�RI�K\GURJHQ�ZLWK�WKH�PHWDO�DQG�WKH�LQFRUSRUDWLRQ�WR�LWV�VWUXFWXUH��'XULQJ�DFWLYDWLRQ��GLIIHUHQW�SURFHVVHV�FDQ�RFFXU�>���@��VXFK�DV��L��WKH�UHGXFWLRQ�RI�PHWDO�VXUIDFH�R[LGHV�WKDW�LQWHUIHUH�ZLWK�K\GURJHQ��LL��UHGXFWLRQ�LQ�SDUWLFOH�VL]H�GXH�WR�FUDFNV� SURGXFHG� E\� WKH� LQFUHDVH� LQ� YROXPH�� LLL�� FKDQJHV� LQ� WKH� FKHPLFDO� FRPSRVLWLRQ�DQG�RU� VXUIDFH� VWUXFWXUH� RI� WKH� PHWDO�� ,W� KDV� EHHQ� IRXQG� WKDW� 1L�� 3G�� DQG� 3W� FRDWLQJV�LQFUHDVH� WKH� UDWH� RI� DFWLYDWLRQ� RI� PLVFKPHWDO±EDVHG� DOOR\� HOHFWURGHV� GXULQJ�FKDUJLQJ�GLVFKDUJLQJ��ZKLFK�KDV�EHHQ�DWWULEXWHG�WR�WKH�LPSURYHG�HOHFWURFDWDO\WLF�DFWLYLW\�IRU� K\GURJHQ� HOHFWURGH� UHDFWLRQ� >���@�� ,W� KDV� DOVR� EHHQ� SRLQWHG� RXW� WKDW� WKH� VXUIDFH�FDWDO\WLF� SURSHUWLHV� RI� WKH� PHWDO� FRDWLQJ� SOD\� D� FUXFLDO� UROH� LQ� WKH� FKDUJH�GLVFKDUJH�NLQHWLFV�>������@�,Q� WKLV� ZRUN�� WKH� HOHFWURFKHPLFDO� EHKDYLRU� RI� XQFRDWHG� DQG� 3G�FRDWHG� DOOR\�SRZGHU� HOHFWURGHV� LQ� ��0�.2+� DW� ��R &�ZDV� LQYHVWLJDWHG� LQ� RUGHU� WR� GHWHUPLQH� WKHLU�SRVVLEOH� DSSOLFDWLRQ� DV� WKH� QHJDWLYH� HOHFWURGH� LQ� QLFNHO�PHWDO� K\GULGH� UHFKDUJHDEOH�EDWWHULHV�� 7KH� GLVFKDUJH� FDSDFLWLHV� DQG� GLVFKDUJH� UDWH� FDSDELOLWLHV� RI� PHWDO�FRDWHG�HOHFWURGHV� ZLWK� GLIIHUHQW� 3G� FRQWHQW� ZHUH� HYDOXDWHG�� )URP� OLQHDU� SRODUL]DWLRQ�PHDVXUHPHQWV�� WKH� GHSHQGHQFH� RI� WKH� H[FKDQJH� FXUUHQW� DVVRFLDWHG� ZLWK� WKH� FKDUJH±WUDQVIHU�SURFHVV�DW�WKH�HOHFWURGH�HOHFWURO\WH�LQWHUIDFH�XSRQ�WKH�3G�FRQWHQW LQ�WKH�DOOR\�ZDV�DOVR�GHWHUPLQHG��([SHULPHQWDO7KH�DOOR\� LQYHVWLJDWHG�ZDV�0Q1L���&R���0Q���$O�����ZKHUH�0Q� LV� �����ZW���/D������ZW���&H�������ZW���3U�DQG������ZW���1G��7KH�DOOR\�SRZGHU�ZLWK�D�SDUWLFOH�VL]H�RI�OHVV� WKDQ�����PP�ZDV�FRDWHG�ZLWK�3G�E\�HOHFWUROHVV�GHSRVLWLRQ�XVLQJ�K\SRSKRVSKLWH�DV�WKH�UHGXFLQJ�DJHQW�>��@��7KH�HOHFWUROHVV�3G�SODWLQJ�ZDV�SHUIRUPHG�E\�XVLQJ�GLIIHUHQW�3G�WR�DOOR\�ZHLJKW�UDWLRV��7KH�ZRUNLQJ�HOHFWURGHV�ZHUH�SUHSDUHG�E\�PL[LQJ����PJ�RI�WKH�3G�FRDWHG�DOOR\�SRZGHU�ZLWK����PJ�RI�WHIORQL]HG�FDUERQ��9XOFDQ�;&����DQG����ZW���37)(��DQG�SUHVVLQJ�WKH�PL[WXUH�RQ�D�FXUUHQW�FROOHFWRU�PDGH�RI�1L�PHVK����FP���7KH�JHRPHWULF�DUHD�RI�WKH�ZRUNLQJ�HOHFWURGHV�ZDV�DERXW���FP���7KH�FRXQWHU�HOHFWURGH�ZDV�PDGH�XS�RI�VLQWHUHG�1L��DQG�WKH�UHIHUHQFH�HOHFWURGH�ZDV�+J�+J2��$OO�SRWHQWLDOV�UHSRUWHG�DUH�UHIHUUHG�
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WR�WKH�+J�+J2�UHIHUHQFH�HOHFWURGH��,Q�WKH�HOHFWURFKHPLFDO�WHVWV��WKH�HOHFWURO\WLF�VROXWLRQ�FRQWDLQHG� �� 0 .2+� DW� ���&�� 7KH� ZRUNLQJ� HOHFWURGHV� ZHUH� VXEMHFWHG� WR� VXFFHVVLYH�FKDUJH�GLVFKDUJH�F\FOHV�DW�D�FXUUHQW�RI����P$��7KH�FKDUJH�F\FOH�GXUDWLRQ�ZDV�����K�DQG�WKH�GLVFKDUJH�FDSDFLW\�ZDV�PHDVXUHG�DW�D�FXW�RII�SRWHQWLDO�RI�±����9�7KH� OLQHDU� SRODUL]DWLRQ� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� XQGHU� SRWHQWLRG\QDPLF�FRQGLWLRQV� DW� �� P9�V� DIWHU� IXOO\ FKDUJLQJ� WKH� DOOR\� HOHFWURGHV� DQG� WKH� RSHQ� FLUFXLW�SRWHQWLDO� KDG� EHHQ� VWDELOL]HG�� )URP� WKH� SRODUL]DWLRQ� FXUYH� VORSHV� IRU� 3G�FRDWHG� DOOR\�HOHFWURGHV�ZLWK�D�GLIIHUHQW�3G�FRQWHQW�� WKH�FRUUHVSRQGLQJ�H[FKDQJH�FXUUHQWV�SHU�XQLW�RI�PDVV�RI�DOOR\�ZHUH�HYDOXDWHG�5HVXOWV�DQG�GLVFXVVLRQ'LVFKDUJH�FKDUDFWHULVWLFV7KH�PHWDO�FRDWHG�DOOR\�HOHFWURGHV�ZLWK�GLIIHUHQW�3G�FRQWHQWV�ZHUH�VXEMHFWHG�WR�DQ�DFWLYDWLRQ�WUHDWPHQW�FRPSULVLQJ�WKHLU�FKDUJH�GLVFKDUJH�F\FOLQJ�LQ���0�.2+�DW�D�FRQVWDQW�FXUUHQW�RI����P$��7KH�HOHFWURGH�SRWHQWLDO�YHUVXV�GLVFKDUJH�FDSDFLW\�SORWV�FRUUHVSRQGLQJ�WR�WKH�ILUVW�F\FOHV��)LJXUH��D���DW�ZKLFK�WKH�DFWLYDWLRQ�SURFHVV�WDNHV�SODFH��VKRZ�WKDW�WKH�GLVFKDUJH�FDSDFLW\� LQFUHDVHV�XSRQ�LQFUHDVLQJ�WKH�3G�FRQWHQW�IURP�����ZW���WR����ZW����$V� WKH� QXPEHU� RI� FKDUJH�GLVFKDUJH� F\FOHV� LQFUHDVHV� WKH� RYHUSRWHQWLDOV� GHFUHDVH� DQG�KLJKHU�GLVFKDUJH�FDSDFLWLHV�DUH�DWWDLQHG��)LJXUH��E���)XUWKHUPRUH��WKH�QXPEHU�RI�F\FOHV�WR�DFWLYDWH�WKH�DOOR\�HOHFWURGHV�DQG�DWWDLQ�IXOO�FDSDFLW\�DOVR�GHFUHDVHV�RQ�LQFUHDVLQJ� WKH�3G�FRQWHQW��)LJXUH�����7KXV��IXOO�FDSDFLW\�ZDV�REWDLQHG�DIWHU�RQO\�D�IHZ�F\FOHV�IRU�WKH�DOOR\�ZLWK�D���ZW���3G�FRQWHQW��$IWHU�IXOO�DFWLYDWLRQ��PHWDO�FRDWHG�HOHFWURGHV�ZLWK���ZW���3G�H[KLELW� WKH�KLJKHVW�GLVFKDUJH�FDSDFLWLHV��ZKHUHDV� IRU� DOOR\� HOHFWURGHV�ZLWK�D�3G�FRQWHQW�KLJKHU�WKDQ�FD�����ZW����WKH�GLVFKDUJH�FDSDFLWLHV�GHFUHDVH�RQ�LQFUHDVLQJ�WKH�3G�FRQWHQW��7KLV� GHFUHDVH� LQ� GLVFKDUJH� FDSDFLW\� KDV� EHHQ� DWWULEXWHG� WR� OLPLWDWLRQV� WR� WKH� K\GURJHQ�DWRP�GLIIXVLRQ�SURFHVV� DULVLQJ�ZKHQ� WKH�3G�FRDWLQJ� WKLFNQHVV�H[FHHGV�D�FHUWDLQ� FULWLFDO�YDOXH�>��@�
'LVFKDUJH�UDWH�FDSDELOLW\7KH� GLVFKDUJH�UDWH� FDSDELOLWLHV� RI� WKH� PHWDO�FRDWHG� DOOR\� HOHFWURGHV� DUH� DOVR�VWURQJO\�GHSHQGDQW�RQ�WKH�3G�FRQWHQW��)LJXUH�����)RU�WKHVH�UXQV��WKH�DOOR\�HOHFWURGHV�ZHUH�FKDUJHG�DW����P$�IRU�����K�DQG�WKHQ�GLVFKDUJHG�DW�D�GLIIHUHQW�UDWH�&��ZKHUH�&�GHQRWHV�WKH�FXUUHQW�WKDW�ZRXOG�FRPSOHWHO\�GLVFKDUJH�WKH�IXOO\�FKDUJHG�HOHFWURGH�LQ���K��0HWDO�FRDWHG�DOOR\�HOHFWURGHV�ZLWK�3G�FRQWHQWV�RI���ZW���DQG����ZW���H[KLELW�KLJK�FDSDFLWLHV�DW�ERWK�ORZ� DQG� KLJK� GLVFKDUJH� UDWHV�� ZKHUHDV� WKH� XQFRDWHG� DOOR\� HOHFWURGHV� GLVSOD\� D� UDSLG�FDSDFLW\�GHFD\�DW�KLJK�GLVFKDUJH�UDWHV��$V�GLVFXVVHG�EHORZ��WKH�LPSURYHG�SHUIRUPDQFH�RI�3G�FRDWHG�HOHFWURGHV�LV�UHODWHG�WR�WKH�HOHFWURFDWDO\WLF�HIIHFW�RI�3G�RQ�WKH�FKDUJH�WUDQVIHU�SURFHVV�DW�WKH�HOHFWURGH�HOHFWURO\WH�LQWHUIDFH�
6(0�(';�DQDO\VLV7KH� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �6(0�� LPDJH� RI� 3G�FRDWHG� DOOR\� SRZGHU� LV�VKRZQ� LQ� )LJXUH� ��� $V� FDQ� EH� VHHQ�� WKH� DPRUSKRXV�3G� ILOP>����@� H[KLELWV� D� JUDQXODU�VWUXFWXUH� WKDW� LV� H[SHFWHG� WR� IDYRU� K\GURJHQ� GLIIXVLRQ� LQWR� WKH� DOOR\�� 1R� DSSUHFLDEOH�FKDQJHV�LQ�PRUSKRORJ\�DQG�URXJKQHVV�RI�WKH�PHWDO�FRDWLQJV�IRU�3G�FRQWHQWV�EHWZHHQ�����ZW��DQG����ZW��FDQ�EH�REVHUYHG� 6(0�HQHUJ\�GLVSHUVLYH�;�UD\��(';��DQDO\VLV�RI�WKH�
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FURVV� VHFWLRQ� RI� SRVW�F\FOHG� 3G�FRDWHG� DOOR\� HOHFWURGHV� UHYHDOV� WKDW� HOHFWURGHV� DUH�FKDUDFWHUL]HG�E\�QRQXQLIRUP�3G�GHSRVLWV��)LJXUH�����7KHQ��QR�GLUHFW�UHODWLRQVKLS�EHWZHHQ��WKH�DYHUDJH�3G�FRDWLQJ�WKLFNQHVV�RI�WKH�DOOR\�SDUWLFOHV�DQG�WKH�3G��DOOR\�ZHLJKW�UDWLR�FDQ�EH�REWDLQHG��+RZHYHU��D�FRQVLGHUDEOH�LQFUHDVH�LQ�WKH�3G�ILOP�WKLFNQHVV�LV�REVHUYHG�ZKHQ�WKH� FRQWHQW� RI� 3G� LV� LQFUHDVHG� IURP� ��ZW�� WR� ���ZW��� 7KH� 6(0� LPDJHV� RI� WKH� SRVW�F\FOHG�HOHFWURGHV�DOVR�LQGLFDWH�WKDW�WKH�JHQHUDWLRQ�RI�QHZ�DOOR\�SDUWLFOHV�RFFXUV�YLD�FUDFN�IRUPDWLRQ�WKDW�DFFRPSDQLHV�WKH�K\GULGLQJ�GHK\GULGLQJ�SURFHVVHV�

)LJXUH����(OHFWURGH�SRWHQWLDO�YHUVXV�GLVFKDUJH�FDSDFLW\�SORWV�IRU�3G�FRDWHG�DOOR\�HOHFWURGHV�ZLWK�GLIIHUHQW�3G�FRQWHQWV��&KDUJH�GLVFKDUJH�FXUUHQW�����P$���D���WK F\FOH���E����WK F\FOH�
/LQHDU�SRODUL]DWLRQ�VWXGLHV(OHFWURFKHPLFDO� FKDUJLQJ� RI� D� PHWDO� K\GULGH� HOHFWURGH� LQ� DONDOLQH� DTXHRXV�VROXWLRQV�FRQVLVWV�RI�WKH�HOHFWURFKHPLFDO�UHGXFWLRQ�RI�ZDWHU�DW�WKH�PHWDO�VXUIDFH��UHVXOWLQJ�LQ�WKH�IRUPDWLRQ�RI�DGVRUEHG�K\GURJHQ�DWRPV��7KHVH�K\GURJHQ�DWRPV�WKHQ�GLIIXVH�LQWR�WKH�EXON� RI� WKH� KRVW� PHWDO� WR� IRUP� D�PHWDO� K\GULGH� YLD� UHFU\VWDOOL]DWLRQ� RI� WKH� FRQGHQVHG�SKDVH�� 'LVFKDUJLQJ� FRQVLVWV� RI� GHK\GULGLQJ�� IROORZHG� E\� R[LGDWLRQ� RI� WKH� UHOHDVHG�K\GURJHQ�DWRPV��7KH�HOHFWURFKHPLFDO�UHDFWLRQV�FDQ�WKHUHIRUH�EH�H[SUHVVHG�DV�IROORZV�+�2���H� l +DG ��2+� ���DQG +DG l +DE ���ZKHUH�+DG� DQG�+DE GHQRWH�WKH�K\GURJHQ�DWRP�RQ�WKH�HOHFWURGH�VXUIDFH�DQG�LQ�WKH�EXON�RI�WKH�DOOR\��UHVSHFWLYHO\��5HDFWLRQ� ���� UHSUHVHQWV� WKH�FKDUJH�WUDQVIHU�SURFHVV��ZKLFK� WDNHV�SODFH�DW�WKH�LQWHUIDFH�EHWZHHQ�WKH�DOOR\�DQG�WKH�HOHFWURO\WH��DQG�UHDFWLRQ�����FRUUHVSRQGV�WR�WKH�GLVVROXWLRQ�DQG�GLIIXVLRQ�RI�K\GURJHQ�LQ�WKH�DOOR\�IURP�WKH�HOHFWURGH�VXUIDFH�WR�WKH�EXON�RI�WKH�DOOR\�



,QIOXHQFH�RI�PHWDO�FRDWLQJV�RQ�FKDUJLQJ�GLVFKDUJLQJ�SURFHVVHV�DW�K\GURJHQ�DEVRUELQJ ���

)LJXUH����'LVFKDUJH�FDSDFLW\�YHUVXV�F\FOH�QXPEHU�SORWV�IRU�3G�FRDWHG�DOOR\�HOHFWURGHV�ZLWK�GLIIHUHQW�3G�FRQWHQWV��&KDUJH�GLVFKDUJH�FXUUHQW�����P$�

)LJXUH����'LVFKDUJH�UDWH�FDSDELOLWLHV�IRU�3G�FRDWHG�DOOR\�HOHFWURGHV�ZLWK�GLIIHUHQW�3G�FRQWHQWV��&KDUJH�FXUUHQW�����P$�
7KH�UDWH�RI� WKH�K\GULGLQJ�GHK\GULGLQJ�SURFHVVHV�LV�GHWHUPLQHG�E\�WKH�NLQHWLFV�RI�RQH�RI�WKHVH�VWHSV��,I�WKH�DOOR\�SDUWLFOHV�DUH�VPDOO��DV�LQ�WKLV�FDVH��WKH�K\GURJHQ�GLIIXVLRQ�SDWK�LV�UDWKHU�VKRUW��DQG�WKHQ�WKH�UDWH�FRQWUROOLQJ�VWHS�LV�WKH�FKDUJH�WUDQVIHU�SURFHVV�>��@��+RZHYHU�� IRU� ODUJH� DOOR\� SDUWLFOHV�� WKH� GLIIXVLRQ� RI� K\GURJHQ� LQVLGH� WKH� DOOR\� SDUWLFOH�
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)LJXUH����([FKDQJH�FXUUHQW�IRU�3G�FRDWHG�DOOR\�HOHFWURGHV�DW�������VWDWH�RI�FKDUJH�DV�D�IXQFWLRQ�RI�3G�FRQWHQW�
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