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FDWKRGLF�SURFHVVHV��$V�SUHYLRXVO\�GHVFULEHG�>�@��WKLV�W\SH�RI�EHKDYLRU�LV�FKDUDFWHULVWLF�RI�WKH�JURZWK�RI�D�OD\HU�XQGHU�RKPLF�UHVLVWDQFH�FRQWURO��7KH�RYHUDOO�HOHFWURIRUPDWLRQ�RI�WKH�SDVVLYDWLQJ�VDOW� OD\HU�RFFXUV�WKURXJK�D�VHTXHQFH�RI�GLIIHUHQW�SURFHVVHV�VWDUWLQJ�ZLWK� WKH�DFWLYH� VLOYHU� GLVVROXWLRQ� �UHJLRQ� ,��� 7KLV� SURGXFHV� D� FRQWLQXRXV� LQFUHDVH� LQ� WKH�FRQFHQWUDWLRQ�RI�VLOYHU�LRQV�QHDU�WKH�HOHFWURGH�VXUIDFH�XQWLO�D�FULWLFDO�YDOXH�LV�UHDFKHG�DQG�WKH�SUHFLSLWDWLRQ�RI�WKH�VDOW�OD\HU�WKDW�SDVVLYDWH�WKH�HOHFWURGH�WDNHV�SODFH��7KH�JURZWK�RI�WKH� VDOW� ILOP� WDNHV� SODFH� XQGHU� RKPLF� UHVLVWDQFH� FRQWURO� XQWLO� WKH� VXUIDFH� LV� DOPRVW�FRPSOHWHO\� FRYHUHG�� $FFRUGLQJ� WR� WKH� /350�� WKH� RKPLF� EHKDYLRU� LV� SURGXFHG� E\� WKH�VSUHDG� RI� WKH� UHDFWLRQ� SURGXFW� RQ� WKH� HOHFWURGH� VXUIDFH�� ZKLFK� DFWV� DV� D� PHFKDQLFDO�EDUULHU�WR�WKH�FXUUHQW�IORZ�XQWLO�RQO\�VPDOO�SRUHV�LQ�WKH�OD\HU�UHPDLQ�>��@�)RU� DQ� LQVXODWLQJ� ILOP�� WKH� UHVLVWDQFH� RI� WKH� RYHUDOO� OD\HU�SRUH� V\VWHP� LV�GHWHUPLQHG� E\� WKH� FRYHUDJH� GHJUHH� RI� WKH� VXUIDFH� ����� WKH� VSHFLILF� FRQGXFWLYLW\� RI� WKH�HOHFWURO\WH�����DQG�WKH�WKLFNQHVV�RI�WKH�OD\HU��GR��DQG�LV�JLYHQ�E\�>��@�
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UHVLVWDQFH� YDOXHV� DWWULEXWHG� WR� WKH� IRUPDWLRQ� RI� ORZ� SRURVLW\� ILOPV� WKDW� UHDFK� JUHDWHU�FRYHUDJH�YDOXHV�>��@��,Q�RUGHU� WR�REWDLQ� WKH�NLQHWLF� UHVSRQVH�RI� WKH�GLIIHUHQW�SKHQRPHQD�DV�ZHOO� DV� WR�GHWHFW�UHDFWLRQ�LQWHUPHGLDWHV��WKH�HOHFWURUHGXFWLRQ�RI�WKH�VLOYHU�FKURPDWH�ILOPV�ZHUH�DOVR�VWXGLHG� HPSOR\LQJ� WKH� 70736� WHFKQLTXH�� )LJXUH� �� VKRZV� WKH� SRWHQWLRG\QDPLF� M�(�UHVSRQVH� REWDLQHG� E\� DSSO\LQJ� D� VORZ� VFDQ� �YE  � ������ 9� V���� PRGXODWHG� ZLWK� D�VXSHULPSRVHG� IDVWHU� WULDQJXODU� VFDQ� �YP  � ������ Y� V����� 'XULQJ� WKH� SRVLWLYH� VFDQ�� D�SRWHQWLDO�UHJLRQ�RI�ORZ�FRQVWDQW�DQRGLF�DQG�FDWKRGLF�FXUUHQW�DVVRFLDWHG�ZLWK�GRXEOH�OD\HU�FKDUJLQJ�LV�REWDLQHG��$W�SRWHQWLDOV�PRUH�SRVLWLYH�WKDQ�FD� ����9��WKH�DQRGLF�DV�ZHOO�DV�WKH�FDWKRGLF�FXUUHQW�LQFUHDVH�DQG�ERWK�DUH�VLPLODU�LQ�YDOXH�LQGLFDWLQJ�WKDW�WKH�FRUUHVSRQGLQJ�IDUDGDLF� SURFHVV� LV� KLJKO\� UHYHUVLEOH�� 7KH� NLQHWLF� FKDUDFWHULVWLFV� DJUHH� ZLWK� SUHYLRXV�UHVXOWV� REWDLQHG�E\� SRWHQWLDO� VWHSV� DQG� ULQJ�GLVN� H[SHULPHQWV� >�@� LQGLFDWLQJ� WKDW� LQ� WKLV�SRWHQWLDO�UHJLRQ�WKH�DFWLYH�VLOYHU�GLVVROXWLRQ�WDNHV�SODFH��2Q�WKH�FRQWUDU\��WKH�M�(�UHVSRQVH�REWDLQHG� DW� SRWHQWLDOV� PRUH� SRVLWLYH� WKDQ� FD�� ���� 9� VKRZV� RQO\� DQ� DQRGLF� FXUUHQW�FRQWULEXWLRQ�DQG�H[KLELWV�DQ�LUUHYHUVLEOH�NLQHWLF�EHKDYLRU�DVVRFLDWHG�ZLWK�WKH�ILOP�JURZWK�XQGHU�RKPLF�FRQWURO�>�@��

)LJXUH����3RWHQWLRVWDWLF�FXUUHQW�WUDQVLHQWV�DW�GLIIHUHQW�SRWHQWLDOV�IRU�HOHFWURUHGXFWLRQ�RI�$J�&U2� ILOPV�JURZQ�RQ�SROLVKHG�VLOYHU�HOHFWURGHV�DW�(I  �������9��WI  ����V�������0�1D�&U2� ������0�ERUD[��S+������'XULQJ� WKH� QHJDWLYH� VFDQ� WKH� FXUUHQW� LV� YHU\� ORZ� XS� WR� FD� ���� 9�� ZKHUH� DQ�LQFUHDVH� RI� WKH� DQRGLF� DQG� FDWKRGLF� FXUUHQW� VKRZLQJ� D� UHYHUVLEOH� NLQHWLF� EHKDYLRU� LV�REWDLQHG��$W�SRWHQWLDOV�ORZHU�WKDQ�FD� ����9�WKH�M�(�SURILOHV�VKRZ�D�FDWKRGLF�FRQWULEXWLRQ�RI� LUUHYHUVLEOH� FKDUDFWHULVWLFV��ZKLFK� LV� DVVRFLDWHG�ZLWK� WKH� ILOP� HOHFWURUHGXFWLRQ� XQGHU�RKPLF�FRQWURO��7KH�UHYHUVLEOH�UHVSRQVH�REWDLQHG�LQ�WKH�����9�WR�����9�FDQ�EH�DVVRFLDWHG�
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ZLWK�WKH�SUHVHQFH�RI�VLOYHU��,��VSHFLHV�LQ�D�JHO�OLNH�VLOYHU�FKURPDWH�PDWUL[��6LPLODU�UHVXOWV�KDYH�EHHQ�UHSRUWHG�IRU�FKHPLFDOO\�SUHFLSLWDWHG�VLOYHU�R[LGH�K\GUR[LGH�OD\HUV�RQ�YLWUHRXV�FDUERQ�>��@��7KH� HOHFWURUHGXFWLRQ� RI� WKH� VLOYHU� FKURPDWH� ILOPV�ZDV� DOVR� VWXGLHG� E\� DSSO\LQJ�SRWHQWLRVWDWLF�PHWKRGV�DFFRUGLQJ�WR�WKH�SURFHGXUH�GHVFULEHG�LQ�WKH�H[SHULPHQWDO�VHFWLRQ��7KH� M�W� UHVSRQVH� LV� QRWLFHDEO\� GHSHQGHQW� RQ� WKH� SUH�WUHDWPHQW� RI� WKH� VLOYHU� VXUIDFH�HPSOR\HG�EHIRUH� JURZLQJ� WKH� DQRGLF� ILOPV��7KH� FXUUHQW� WUDQVLHQWV� REWDLQHG�DW� GLIIHUHQW�SRWHQWLDOV� IRU� WKH� HOHFWURUHGXFWLRQ� RI� $J�&U2� JURZQ� RQ� PHFKDQLFDOO\� SROLVKHG� VLOYHU�VXUIDFHV� DUH� VKRZQ� LQ� )LJXUH� ��� 7KH� M�W� FXUYHV� H[KLELW� WZR� FXUUHQW� PD[LPD� VWURQJO\�GHSHQGHQW� RQ� WKH� DSSOLHG� UHGXFWLRQ� SRWHQWLDO�� LQGLFDWLQJ� WKDW� WKH� ILOP� HOHFWURUHGXFWLRQ�SUHVHQWV� WZR�FRQWULEXWLRQV��)RU� ORZHU�UHGXFWLRQ�SRWHQWLDOV� WKH�FXUUHQW�YDOXHV�DUH�KLJKHU�DQG�WKH�PD[LPD�DSSHDU�DW�VKRUWHU�WLPHV��$OVR��WKH�RYHUDOO�FDWKRGLF�FKDUJH�LV�VLPLODU�WR�WKH�DQRGLF�FKDUJH�DQG�LV�LQGHSHQGHQW�RI�WKH�DSSOLHG�SRWHQWLDO��

)LJXUH����3RWHQWLRVWDWLF�FXUUHQW�WUDQVLHQWV�DW�(U  �������9�IRU�HOHFWURUHGXFWLRQ�RI�$J�&U2� ILOPV�JURZQ�RQ�SROLVKHG�VLOYHU�HOHFWURGHV�DW�GLIIHUHQW�(I YDOXHV��WI  ���V�������0�1D�&U2� ������0�ERUD[��S+������7DNLQJ� LQWR� DFFRXQW� WKH� SRURXV� VWUXFWXUH� RI� WKH� DQRGLF� $J�&U2� ILOP�� WKH�SRVVLELOLW\�RI�WKH�FRQWULEXWLRQ�RI�WKH�UHGXFWLRQ�RI�$J� VROXEOH�VSHFLHV�LQ�WKH�SRURXV�OD\HU�WR� WKH�RYHUDOO�HOHFWURUHGXFWLRQ�SURFHVV�ZDV� FRQVLGHUHG��7KH� HVWLPDWLRQ�RI� WKH� UHGXFWLRQ�FKDUJH�FRUUHVSRQGLQJ�WR�WKH�SURFHVV�$J��DT� ��H� o $J�V� FDQ�EH�PDGH�RQ�WKH�EDVLV�RI�WKH�YROXPH�RI�HOHFWURO\WH�LQ�WKH�SRUHV�DQG�LWV�FRQFHQWUDWLRQ��7KH�YROXPH�RI�HOHFWURO\WH�IRU�D�ILOP�RI�WKLFNQHVV�GR LV�GR$���� ����7DNLQJ�FRQVHUYDWLYH�YDOXHV�RI�GR�a ����QP�DQG�� a ����DQG� FRQVLGHULQJ� D� VLOYHU� LRQ� FRQFHQWUDWLRQ� WHQ� WLPHV� KLJKHU� WKDQ� WKH� VLOYHU� FKURPDWH�VDWXUDWLRQ�FRQFHQWUDWLRQ��D�FKDUJH�YDOXH�RI����&�FP�� LV�REWDLQHG��2Q�WKH�RWKHU�KDQG��WKH�
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WRWDO�UHGXFWLRQ�FKDUJH�REWDLQHG�IURP�WKH�M�W�WUDQVLHQWV�LV�DERXW���P&�FP��� LQGLFDWLQJ�WKDW�WKH� FRQWULEXWLRQ� RI� WKH�$J� VROXEOH� VSHFLHV� LQ� WKH� SRURXV� OD\HU� WR� WKH� RYHUDOO� FDWKRGLF�FXUUHQW�LV�QHJOLJLEOH��,Q�FRQVHTXHQFH��WKH�WZR�FDWKRGLF�FXUUHQW�FRQWULEXWLRQV�REWDLQHG�LQ�WKH� SRWHQWLRVWDWLF� WUDQVLHQWV� FRXOG� EH� UHODWHG� WR� GLIIHUHQW� NLQHWLF� HIIHFWV� DQG�RU� GLVWLQFW�SURSHUWLHV�LQ�GLIIHUHQW�UHJLRQV�RI�WKH�SDVVLYH�ILOP��,Q�WKH�ODVW�FDVH��WKH�WZR�FXUUHQW�SHDNV�ZRXOG�FRUUHVSRQG�WR�WKH�HOHFWURUHGXFWLRQ�RI�D�WZR�OD\HU�ILOP�FRPSRVHG�E\�DQ�LQQHU�OD\HU�DQG�DQ�RXWHU�OD\HU�RI�GLIIHUHQW�SURSHUWLHV�)LJXUH���VKRZV�WKH�HOHFWURUHGXFWLRQ�WUDQVLHQWV�REWDLQHG�DW�(U  �������9�IRU�DQRGLF�$J�&U2� ILOPV�IRUPHG�DW�GLIIHUHQW�SRWHQWLDOV��������9���(I ��������9���'HSHQGLQJ�RQ�WKH�SRWHQWLDO�RI�ILOP�IRUPDWLRQ��WKH�M�W�UHVSRQVH�RQ�SROLVKHG�VLOYHU�VXUIDFHV�H[KLELWV�HLWKHU�RQH�RU�WZR�FDWKRGLF�UHGXFWLRQ�PD[LPD��)RU�ILOPV�HOHFWURIRUPHG�DW�KLJK�SRWHQWLDOV��WKH�FXUUHQW�WUDQVLHQWV� VKRZ� RQO\� WKH� FRQWULEXWLRQ� REWDLQHG� DW� KLJK� WLPH� YDOXHV� �FD� ���� V� LQ� WKH�H[SHULPHQWV�LQ�)LJ������2Q�WKH�FRQWUDU\��IRU�ILOPV�IRUPHG�DW�ORZ�SRWHQWLDOV�DQ�LQFUHDVLQJ�FXUUHQW� FRQWULEXWLRQ� REWDLQHG� DW� VKRUW� WLPH� YDOXHV�� LV� FOHDUO\� VHHQ�� 7KLV� FXUUHQW�FRQWULEXWLRQ� WKDW� LV� DVVRFLDWHG�ZLWK� WKH�HOHFWURUHGXFWLRQ�RI� WKH� LQQHU� OD\HU�ZLWK�JHO�OLNH�VWUXFWXUH��GHFUHDVHV�ZLWK�WKH�LQFUHDVH�RI�WKH�IRUPDWLRQ�SRWHQWLDO RI�WKH�DQRGLF�ILOP�

)LJXUH����3RWHQWLRVWDWLF�FXUUHQW�WUDQVLHQWV�DW�GLIIHUHQW�SRWHQWLDOV�IRU�HOHFWURUHGXFWLRQ�RI�$J�&U2� ILOPV�RQ�F\FOHG�VLOYHU�HOHFWURGHV��(I  �������9��WI  ����V����'��(U  �������9���R��(U  �������9������FDOFXODWHG�ZLWK�WKH�/350������0 1D�&U2� ������0�ERUD[��S+������2Q� WKH� RWKHU� KDQG�� WKH� HOHFWURUHGXFWLRQ� WUDQVLHQWV� REWDLQHG� IRU� $J�&U2� ILOPV�HOHFWURIRUPHG�RQ�VLOYHU�VXEVWUDWHV�XQGHU�VXFFHVVLYH�R[LGDWLRQ�UHGXFWLRQ�F\FOHV�VKRZ�RQO\�RQH�FXUUHQW�FRQWULEXWLRQ��)LJXUH���VKRZV�WKH�HOHFWURUHGXFWLRQ�M�W�SURILOHV�DW�WZR�GLIIHUHQW�YDOXHV� RI�(U�� ,QLWLDOO\�� D� UDSLG� LQFUHDVH� RI� FXUUHQW� XS� WR� UHDFK� D� SRWHQWLDO� UHJLRQ�ZKHUH�FXUUHQW� LV� QHDUO\� FRQVWDQW�� LV� REVHUYHG�� 7KH� FXUUHQW� LQ� WKLV� UHJLRQ� LV� GHSHQGHQW� RQ�
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SRWHQWLDO�DQG�LV�IROORZHG�E\�D�PRUH�RU�OHVV�DEUXSW�FXUUHQW�GHFUHDVH�GXH�WR�WKH�FRPSOHWH�ILOP�HOHFWURUHGXFWLRQ��)RU�ORZ�YDOXHV�RI�(U��WKH�FXUUHQW�YDOXHV�DUH�KLJKHU�DQG�WKH�FXUUHQW�GURS� RFFXUV� DW� VKRUWHU� WLPH� YDOXHV�� )LJXUH� �� DOVR� VKRZV� WKH� SRWHQWLRVWDWLF� M�W� UHVSRQVH�FDOFXODWHG�IURP�WKH�PRGHO�IRU�D�SURFHVV�FRQWUROOHG�E\�WKH�UHVLVWDQFH�RI�HOHFWURO\WH�LQ�WKH�SRUHV� >�����@�� 7KH� YHU\� JRRG� DJUHHPHQW� RI� WKH� H[SHULPHQWDO� DQG� FDOFXODWHG� M�W� FXUYHV�LQGLFDWHV� WKDW� WKH� SURFHVV� WDNHV� SODFH� XQGHU� RKPLF� FRQWURO�� ,Q� FRQFOXVLRQ�� WKH� UHVXOWV�LQGLFDWH�WKDW�ILOPV�REWDLQHG�E\�F\FOLQJ�DUH�PDLQO\�FRQVWLWXWHG�E\�WKH�SRURXV�VWUXFWXUH�DQG�WKH�FRQWULEXWLRQ�RI�WKH�LQQHU�JHO�OLNH�SDUW�LV�QHJOLJLEOH�&RQFOXVLRQV7KH� DQDO\VLV� RI� WKH� SRWHQWLRG\QDPLF� DQG� SRWHQWLRVWDWLF� UHVXOWV� DV� D� ZKROH�LQGLFDWHV�WKDW�WKH�HOHFWURUHGXFWLRQ�RI�$J�&U2� ILOPV�RFFXUV�PDLQO\�XQGHU�RKPLF�FRQWURO��7KH�ILOPV�DUH�SRURXV�ZLWK�VWUXFWXUH�DQG�RU�SURSHUWLHV�WKDW�DUH�GHSHQGHQW�RQ�WKH�IRUPDWLRQ�FRQGLWLRQV��,Q�DGGLWLRQ�WR�WKH�NLQHWLF�FRQWURO�RI�WKH�ILOP�HOHFWURUHGXFWLRQ�E\�WKH�UHVLVWDQFH�RI�WKH�HOHFWURO\WH�LQ�WKH�SRUHV��D�VHFRQG�FRQWULEXWLRQ�RI�UHYHUVLEOH�NLQHWLF�FKDUDFWHULVWLFV�DWWULEXWHG�WR�WKH�UHGXFWLRQ�RI�D�OD\HU�ZLWK�JHO�OLNH�VWUXFWXUH�LV�REWDLQHG��
$FNQRZOHGJHPHQWV)LQDQFLDO� VXSSRUW� IURP� WKH� $JHQFLD� 1DFLRQDO� GH� 3URPRFLyQ� &LHQWtILFD� \�7HFQROyJLFD� �$UJHQWLQD��� WKH� &RQVHMR� 1DFLRQDO� GH� ,QYHVWLJDFLRQHV� &LHQWtILFDV� \�7pFQLFDV��&21,&(7��$UJHQWLQD���WKH�6HFUHWDUtD�GH�&LHQFLD�\�7HFQRORJtD��6(&<7�81&��DQG� WKH�$JHQFLD�&yUGRED�&LHQFLD�6�(�� LV� JUDWHIXOO\� DFNQRZOHGJHG�� 9%�DOVR� WKDQNV� WKH�IHOORZVKLSV�JUDQWHG�E\�&21,&(7�5HIHUHQFHV>�@�GH�0HOH��0�)�/���6DOYDUH]]D��5�&���9D]TXH]�0ROO��0�'���9LGHOD��+�$���$UYLD��$�-��-��(OHFWURFKHP��6RF� ����� ��� ����>�@�%LUVV��9�,���6PLWK��&�.��(OHFWURFKLP��$FWD ��������������>�@�-D\D��6���3UDVDGD�5DR��7���3UDEKDNDUD�5DR��*��-��$SSO��(OHFWURFKHP����������������>�@�%LUVV��9�,���:ULJKW��*�$��(OHFWURFKLP��$FWD ��������� �����>�@�%LUVV��9�,���:ULJKW��*�$��(OHFWURFKLP��$FWD ������������>�@�%LUVV��9�,���:ULJKW��*�$��(OHFWURFKLP��$FWD ���������������>�@�'UXVNRYLFK��'�0���5LWFKLH��,�0���6LQJK��3���+RQJ�JXDQJ��=��(OHFWURFKLP��$FWD ��������������>�@�%UXQHWWL��9���9LOOXOODV��+�0���/ySH]�7HLMHOR��0��(OHFWURFKLP��$FWD ��������������>�@�%UXQHWWL��9���9LOOXOODV��+�0���/ySH]�7HLMHOR��0��(OHFWURFKLP��$FWD ��������������>��@�&DODQGUD��$�-���7DFFRQL��1�5���3HUHLUR��5���$UYLD��$�-��(OHFWURFKLP��$FWD ��������������>��@�'HYLOOLHUV��'���/DQWHOPH��'���&KHPOD��0��(OHFWURFKLP��$FWD ����������������>��@�0�OOHU��:�-��7UDQV��)DUDGD\�6RF� ���������������>��@� 0�OOHU�� :�-�� 'LH� %HGHFNXQJVWKHRULH� GHU� 3DVVYLWlW� GHO� 0HWDOOH� XQG� LKUH�([SHULPHQWHOOH�%HJU�QGXQJ� 9HUODJ�&KHPLH��%HUOLQ�������
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