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0RXQWLQJ� DQ� LQWHUQDO� UHDGRXW� DQRGH� LQVLGH� DQ� LQWHQVLILHU� WXEH� ERG\� UHTXLUHV� WKDW� LW� LV� 8+9� FRPSDWLEOH� DQG� FDSDEOH� RI�VXUYLYLQJ�D�KLJK�WHPSHUDWXUH�EDNH�RXW��7KLV�FDQ�SRVH�SUREOHPV�ZKHUH�WKLQ�ILOP�WHFKQLTXHV�DUH�XVHG�GXH�WR�PDWHULDO�GLIIXVLRQ�DQG� VXUIDFH� FKHPLVWU\� HIIHFWV� DOWHULQJ�LWV� HOHFWULFDO� SURSHUWLHV�� (OHFWURQLF� UHDGRXWV� UHTXLUH� D�PLQLPXP� RI� WKHUH� HOHFWULFDO�IHHGWKURXJKV��7KHVH�FDQQRW�EH�PDGH�DV�DQ�LQWHJUDO�SDUW�RI�WKH�LQWHQVLILHU�ERG\��DV�IRU� WKH�PLFURFKDQQHO�SODWH�FRQWDFWV��DQG�WKH�LQFOXVLRQ�RI�H[WUD�IHHGWKURXJKV�SRVHV�LWV�RZQ�GHVLJQ�SUREOHPV�SOXV�WKH�DGGHG�SRVVLELOLW\�RI�OHDNV��0DQ\�RI�WKHVH�GHYLFHV�



UHTXLUH� DQ� H[WHQGHG� FKDUJH� IRRWSULQW�� ZKLFK� LV� QRUPDOO\� DFKLHYHG� E\� DOORZLQJ� FKDUJH� FORXG� H[SDQVLRQ� WR� RFFXU� LQ� DQ�H[WHQGHG�GULIW� UHJLRQ��7KLV�RIWHQ�QHFHVVLWDWHV� DQG�HQODUJHG� LQWHQVLILHU�ERG\�DW� WKH�EDFN�HQG�SUHVHQWLQJ� IXUWKHU�PHFKDQLFDO�GLIILFXOWLHV��7KH�H[WUD�WXEH�FRPSRQHQWV�LQFUHDVH�WKH�FKDQFH�RI�D�SURFHVVLQJ�VWDJH�RU�FRPSRQHQW�IDLOXUH��UHVXOWLQJ�LQ�WKH�ORVV�RI�WKH�WXEH��
$� WHFKQLTXH� NQRZQ� DV� LPDJH� FKDUJH��� KDV� EHHQ� SUHYLRXVO\ GHVFULEHG� ZKLFK� RYHUFRPHV� YLUWXDOO\� DOO� RI� WKH� SUREOHPV�DVVRFLDWHG� ZLWK� LQFRUSRUDWLQJ� HOHFWURQLF� UHDGRXWV� LQWR� LQWHQVLILHU� WXEHV�� ,W� DOVR� SURYLGHV� VLJQLILFDQW� EHQHILWV� LQ� WHUPV� RI�PDQXIDFWXUH��GHYLFH�SHUIRUPDQFH��DQG�RSHUDWLRQDO�IOH[LELOLW\��$Q�LPDJH�LQWHQVLILHU�EXLOW�XVLQJ�WKH�LPDJH�FKDUJH�WHFKQLTXH�LV�DV�VLPSOH�WR�FRQVWUXFW�DV�RQH�XVLQJ�D�SKRVSKRU�RXWSXW�DQG�FRQWDLQV�QR�H[WUD�FRPSRQHQWV��$�UHVLVWLYH�OD\HU��FRPPRQO\�PDGH�RI�*HUPDQLXP�� UHSODFHV� WKH�SKRVSKRU�DQG� ORFDOL]HV� WKH� VLJQDO� FKDUJH�ZKLOVW� LW� LV�PHDVXUHG�XVLQJ� WKH�FKDUJH� LQGXFHG�RQ�D�UHPRWH�UHDGRXW��2QO\�RQH�HOHFWULFDO�FRQWDFW�LV�UHTXLUHG�ZLWKLQ�WKH�LQWHQVLILHU��DQG�WKLV�LV�SURYLGHG�E\�DQ�LQWHJUDO�FRPSRQHQW�RI� WKH� LQWHQVLILHU�ERG\� LQ� WKH�QRUPDO�PHWKRG��7KH�HQODUJHG�FKDUJH�IRRWSULQW�FRPPRQO\�UHTXLUHG�IRU�HOHFWURQLF�UHDGRXWV� LV�DFFRPSOLVKHG� E\� WKH� JHRPHWULF� VSUHDG� RI� WKH� LQGXFHG� FKDUJH� WKURXJK� WKH� VXEVWUDWH� DQG� FDQ� EH� WXQHG� E\� FKDQJLQJ� WKH�JHRPHWU\��7KH� LQWHQVLILHU� GRHV� QRW� DFFRPPRGDWH� WKH� UHDGRXW� DQG� WKXV� GRHV� QRW� VXIIHU� IURP� GLIILFXOWLHV� HQFRXQWHUHG�ZLWK�FROOHFWHG� FKDUJH� UHDGRXWV� DV�GHVFULEHG�SUHYLRXVO\��$�JHQHULF� LQWHQVLILHU�GHVLJQ�FDQ�EH�PDQXIDFWXUHG�ZKLFK� LV� VXLWDEOH� IRU�XVH�ZLWK�D�YDULHW\�RI�UHDGRXWV VXFK�DV�GLVFUHWH�SL[HO�DQRGHV��ZHGJH�DQG�VWULS�DQRGH��9HUQLHU�DQRGH��),5(�HWF�7KH�UHDGRXW�VXEVWUDWH FDQ�EH�SK\VLFDOO\�VHSDUDWHG�IURP�WKH�LQWHQVLILHU�ERG\��7KLV�LQ�EXLOW�IOH[LELOLW\�DOORZV�D�VLQJOH�LQWHQVLILHU�WXEH�WR�EH�XVHG� ZLWK� GLIIHUHQW� UHDGRXWV�RSWLPL]HG� IRU� GLIIHUHQW� DSSOLFDWLRQV�� 6LQFH� WKH� FKDUJH� FDQ� EH� SUR[LPLW\� IRFXVHG� RQ� WR� WKH�UHVLVWLYH�OD\HU� WKH�HYHQW�FKDUJH�FDQ�EH�SUR[LPLW\�IRFXVHG�RQ�WR�WKH�UHVLVWLYH�OD\HU��LPSURYLQJ�KLJK�UHVROXWLRQ�SHUIRUPDQFH�E\�HOLPLQDWLQJ�PDJQLILFDWLRQ�RI�0&3�FKDUJH�FHQWURLG�HUURUV�ZKLFK�OLPLW�XOWLPDWH�UHVROXWLRQ�
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7KH�*HUPDQLXP�OD\HU�UHVLVWDQFH�LV�FKRVHQ�VR�WKDW�WKH�WLPH�FRQVWDQW�IRU�HYHQW�FKDUJH�GLVVLSDWLRQ�LV�VLJQLILFDQWO\�ORQJHU�WKDQ�WKH� WLPH� FRQVWDQW� RI� WKH� FKDUJH� PHDVXUHPHQW� HOHFWURQLFV�� 7KH� FKDUJH� EHJLQV� WR� VSUHDG� DV� VRRQ� DV� LW� DUULYHV� RQ� WKH�*HUPDQLXP�� DQG� ZH� KDYH� PHDVXUHG� WKH� LQFUHDVH� LQ� VL]H� RI� WKH� FKDUJH� IRRWSULQW� DV� D� IXQFWLRQ� RI� WLPH� E\� YDU\LQJ� WKH�HOHFWURQLF�VKDSLQJ�WLPH�FRQVWDQWV��,Q�SUDFWLFH��WKH�GHWHFWRU�JHRPHWU\�LV�DUUDQJHG�VR�WKDW�WKH�IRRWSULQW�RI�WKH�FROOHFWHG�FKDUJH�LV� VPDOO�� L�H�� WKH� DQRGH� LV� SUR[LPLW\� IRFXVHG�� DQG� WKH�*HUPDQLXP� WLPH� FRQVWDQW� LV� VLJQLILFDQWO\� ORQJHU� WKDQ� WKH� HOHFWURQLF�VKDSLQJ� WLPH� FRQVWDQWV�� 7KXV� WKH�PDMRU� IDFWRU� GHWHUPLQLQJ� LQGXFHG� FKDUJH� IRRWSULQW� VL]H� LV� WKH� WKLFNQHVV� RI� WKH� VXEVWUDWH�EHWZHHQ� WKH�*HUPDQLXP� DQRGH� DQG� WKH� SRVLWLRQ� UHDGRXW�� 7KH� FKDUJH� OHDNDJH� IURP� WKH�*HUPDQLXP� WR� JURXQG� HIIHFWLYHO\�UHVHPEOHV�D�VORZ�EDVHOLQH�VKLIW��ZKLFK�LV�ILOWHUHG�RXW�E\�WKH�IDVWHU�PHDVXUHPHQW�HOHFWURQLFV�
,PDJH�FKDUJH�UHPRYHV�WKH�QHHG�IRU�HOHFWULFDO�FRQWDFWV�WKURXJK�WKH�YDFXXP�FKDPEHU�WR�WKH�DQRGH��DQG�WKH�UHVLVWLYH�OD\HU�RQO\�QHHGV�D�VLQJOH�FRQWDFW��7KLV�FRQWDFW�GRHV�QRW�FDUU\�WKH�VLJQDO�DQG�WKHUHIRUH�GRHV�QRW�QHHG� WKH�QRUPDO�SUHFDXWLRQV�IRU�KLJK�IUHTXHQF\� FKDUJH� SXOVHV�� $QRWKHU� DGYDQWDJH� LV� WKDW� WKH� DQRGH� FDQ� EH�PDGH� ODUJHU� WKDQ� WKH� LPDJH� DUHD� VR� WKDW� GLVWRUWLRQ�HIIHFWV�DW�WKH�HGJH�RI�WKH�DQRGH�DUH�PLQLPL]HG��ZLWKRXW�LPSDFWLQJ�RQ�WKH�WXEH�GHVLJQ�
6LQFH�WKH�FKDUJH�LV�VSDWLDOO\�ORFDOL]HG�E\�WKH�UHVLVWLYH�VKHHW�GXULQJ�WKH�WLPH�LW�LV�PHDVXUHG��DQG�WKH�IRRWSULQW�UHVXOWV�IURP�WKH�JHRPHWU\�RI�WKH�FRXSOLQJ�GLHOHFWULF��D�FKDUJH�GLYLVLRQ�DQRGH�GHWHFWV�WKH�WUXH�FDSDFLWDQFH�UDWLR�DV�GHWHUPLQHG�E\�WKH�HOHFWURGH�JHRPHWU\��7KLV� LV�KRZ� WKH�FKDUJH�GLYLVLRQ� WHFKQLTXH� LV�PHDQW� WR�ZRUN��0DQ\�RI� WKH�HIIHFWV�GHJUDGLQJ�WKH�SHUIRUPDQFH�RI�FKDUJH�GLYLVLRQ�UHDGRXWV�DUH�DEVHQW�ZLWK�LPDJH�FKDUJH��
�� 7KH�HOHFWURGH�UDWLR�GLVWRUWLRQV�FDXVHG�ZKHQ�VHFRQGDU\�HOHFWURQV�DUH�SURGXFHG�GXULQJ�FKDUJH�FROOHFWLRQ���DQG�JLYLQJ�ULVH�WR�LPDJH�LQVWDELOLW\�DQG�QRQOLQHDULW\��DUH�QRW�SUHVHQW���� 7KH�FKDUJH�GLYLVLRQ�UHDGRXW�LV�QRW�GHJUDGHG�E\�SDUWLWLRQ�QRLVH�FDXVHG�E\�WKH�UDQGRP�GLVWULEXWLRQ�RI�WKH�FROOHFWHG�FKDUJH�FORXG���� 7KH�PDJQLILFDWLRQ� RI� WKH� FKDUJH� FHQWURLG� HUURU� �UHVXOWLQJ� IURP� DQ� LQKRPRJHQHRXV� FKDUJH�GLVWULEXWLRQ���ZKLFK� RFFXUV�ZKHQ�D�FKDUJH�FORXG�LV�DOORZHG�WR�H[SDQG�WR�VXLW�D�FKDUJH�GLYLVLRQ�DQRGH�XVHG�LQ�FROOHFWLRQ�PRGH�LV�QRW�SUHVHQW�$Q�DQRGH�GHVLJQ� OLNH� WKH�:HGJH�DQG�6WULS� UHTXLUHV�D�PLQLPXP�VL]H�RI�FKDUJH�IRRWSULQW� WR�RYHUFRPH�PRGXODWLRQ�HIIHFWV���7KLV�LV�DFKLHYHG�E\�DOORZLQJ�WKH�FKDUJH�FORXG�WR�VSUHDG�DIWHU�H[LWLQJ�WKH�PLFURFKDQQHO�SODWH��)RU�D�JLYHQ�0&3�FRQILJXUDWLRQ�WKHUH� LV�D�PLQLPXP�GLVWDQFH�EHWZHHQ�0&3�DQG�DQRGH�UHTXLUHG�WR�DOORZ�WKH�HOHFWURQ�FORXG�WR�H[SDQG�WR�WKH�UHTXLUHG�VL]H��SODFLQJ�UHVWULFWLRQV�RQ�WKH�PHFKDQLFDO�GHVLJQ�RI�WKH�GHWHFWRU��+RZHYHU�LQ�WKH�FDVH�RI�WKH�LPDJH�FKDUJH�WHFKQLTXH��WKH�FKDUJH�FORXG�GRHV�QRW�QHHG�WR�H[SDQG�LQ�WKH�JDS�EHWZHHQ�0&3�DQG�DQRGH��VLQFH�DQ�HQODUJHG�FKDUJH�IRRWSULQW�LV�QDWXUDOO\�SURGXFHG�E\� WKH� JHRPHWU\� RI� WKH� GLHOHFWULF� FRXSOLQJ� VXEVWUDWH�� +HQFH� WKH� WXEH� GHVLJQ� FDQ� EH� PRUH� FRPSDFW�� )LJXUH� �� VKRZV� D�VLPSOLILHG�GLDJUDP�RI�WKH�SURFHVV�DQG�WKH�DGYDQWDJH�RI�WKH�LPDJH�FKDUJH�WHFKQLTXH�
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)LJXUH����(OHFWURQ�VSUHDGLQJ�LQ�D�VWDQGDUG�GHWHFWRU�DQG�DQ�LPDJH�FKDUJH�GHWHFWRU�
7KH� LPDJH� FKDUJH� WHFKQLTXH� GRHV� KDYH� IHDWXUHV�� ZKLFK� UHVWULFW� LWV� RSHUDWLRQ��$� VPDOO� IUDFWLRQ� RI� WKH� FROOHFWHG� FKDUJH� LV�LQGXFHG� RQ� WR� HOHFWURGHV� LQ� WKH� GHWHFWRU� L�H�� WKH�0&3� RXWSXW� FRQWDFW�� HWF�� 7KLV� OHDGV� WR� D� VPDOO� GHFUHDVH� LQ� WKH� UHDGRXW�FKDUJH��ZKLFK� LV� W\SLFDOO\� ����RI� WKH� FROOHFWHG� FKDUJH�� UHVXOWLQJ� LQ� D� VPDOO� GHJUDGDWLRQ� RI� WKH� VLJQDOWR� QRLVH� UDWLR�� 7KH�UHVLVWDQFH�RI�WKH�*HUPDQLXP�PXVW�EH�VXIILFLHQWO\�KLJK�WR�ORFDOL]H�WKH�FKDUJH�GXULQJ�PHDVXUHPHQW��EXW�QRW�DOORZ�FKDUJH�XS�DW�KLJK�FRXQW�UDWHV��5HDGRXWV�GHVLJQHG�IRU�KLJK�UDWH�DSSOLFDWLRQV�ZLOO�UHTXLUH�D�ORZHU�*HUPDQLXP�UHVLVWDQFH�WKDQ�WKRVH�XVLQJ�ORQJHU�VKDSLQJ�WLPHV��+RZHYHU��WKHVH�OLPLWDWLRQV�DUH�LQVLJQLILFDQW�FRPSDUHG�ZLWK�WKH�DGYDQWDJHV�RIIHUHG�

�� ,0$*,1*�7(&+12/2*<�237,216
:H�KDYH� GHPRQVWUDWHG� WKH� RSHUDWLRQ� RI� WKH� LPDJH� FKDUJH� WHFKQLTXH�ZLWK� VHYHUDO� W\SHV� RI� FKDUJH� GLYLVLRQ� GHYLFHV�� ,Q� DOO�FDVHV�SHUIRUPDQFH�LV�HTXDO�RU�EHWWHU� WKDQ�WKDW�DFKLHYHG�XVLQJ�GLUHFW�HOHFWURQ�FROOHFWLRQ��7KH�PDQXIDFWXUH�DQG�RSHUDWLRQ�RI�RXU�ILUVW�LPDJH�FKDUJH�:6$�KDV�SURYHQ�WR�EH�UHDVRQDEO\�VWUDLJKWIRUZDUG��:H�REWDLQHG�WKH�GDWD�VKRZQ�LQ�ILJXUH���XVLQJ�DQ�H[LVWLQJ�:6$�SDWWHUQ��PDQXIDFWXUHG�ZLWK�RXU�ODVHU�PDFKLQLQJ�SURFHVV��DQG�FRQVLVWLQJ�RI�FRSSHU�FRQGXFWRUV�RQ�D���PP�WKLFN�IXVHG�VLOLFD�VXEVWUDWH��7KH�:6$�SDWWHUQ�KDG�D�SLWFK�RI������P�DQG�DFWLYH�DUHD�RI����PP�GLDPHWHU��7KH�UHVLVWLYH�OD\HU�ZDV�PDQXIDFWXUHG� E\� VSXWWHU� FRDWLQJ� ZLWK� JHUPDQLXP�� $� SRVLWLRQ� UHVROXWLRQ� RI� ����P� ):+0� ZLWKRXW� SLQKROH� LPDJH�GHFRQYROXWLRQ�UHSUHVHQWV�EHWWHU�WKDQ������u �����SL[HO�IRUPDW��DQ�H[FHOOHQW�UHVXOW�IRU�D�:6$�HYHQ�DW�WKH�UHODWLYHO\�ORZ�JDLQ�RI� ���HOHFWURQV�� (YHQ� PRUH� SOHDVLQJ� ZDV� WKH� REYLRXV� LPSURYHPHQW� LQ� OLQHDULW\�� GHVSLWH� QRQ�RSWLPL]HG� UHVLVWDQFH� DQG�VXEVWUDWH�JHRPHWU\�FDXVLQJ�DQ�RYHUVL]HG�FKDUJH�IRRWSULQW�DQG�HGJH�GLVWRUWLRQV��$QDO\VLV�RI�WKH�GDWD�VKRZHG�WKH�SRVLWLRQ�VKLIW�ZLWK�FRXQW�UDWH�WR�EH�r ��P�XS�WR���u ��� FWV����LQVLJQLILFDQW�ZLWK�UHVSHFW�WR�WKH�SRVLWLRQ�UHVROXWLRQ��DQG�OLNHO\�WR�EH�D�UHVXOW�RI�HOHFWURQLF�HIIHFWV�ZKLFK�FDQ�EH�RYHUFRPH�
9HUQLHU�DQRGH�KDV�EHHQ�VKRZQ�WR�EH�FDSDEOH�RI�H[FHHGLQJ�WKH�UHVROXWLRQ�SURYLGHG�E\�WKH�PLFURFKDQQHO�SODWHV�WKHPVHOYHV��ZLWK�����P�):+0�UHVROXWLRQ��:H�KDYH�UHFHQWO\�FRQILUPHG�WKDW�WKLV�OHYHO�RI�UHVROXWLRQ�LV�DOVR�DYDLODEOH�XVLQJ�LPDJH�FKDUJH�PRGH�� )LJXUH� �� VKRZV�DQ� LPDJH�RI� D� IRFXVHG� VSRW� RI�89� LOOXPLQDWLRQ� SURMHFWHG�RQ� WR� DQ�RSHQ� IDFHG�PLFURFKDQQHO� SODWH�GHWHFWRU� XVLQJ� D� 9HUQLHU� SRVLWLRQ� UHDGRXW�� DV� \HW� XQRSWLPL]HG� WR� VXLW� WKH� LPDJH� FKDUJH� JHRPHWU\�� 7KH� GHWHFWRU� XVHV� D�FKHYURQ�SDLU�RI�3KRWRQLV�PLFURFKDQQHO�SODWHV�ZLWK�������P�GLDPHWHU�SRUHV��7KH�89�VSRW�GLDPHWHU�LV�a����PP��DQG�ZLWKLQ�WKLV�DUHD��WKH�SRUH�VWUXFWXUH�RI�WKH�IURQW�0&3�LV�FOHDUO\�YLVLEOH��7KXV�WKH�9HUQLHU�DQRGH�SURYLGHV�PLFURFKDQQHO�SODWH�OLPLWHG�LPDJLQJ�UHVROXWLRQ�LQ�ERWK�FROOHFW�FKDUJH�DQG�LPDJH�FKDUJH�PRGHV�



6R�IDU�ZH�KDYH�GHPRQVWUDWHG�WKH�SHUIRUPDQFH�RI�WKH�UHDGRXW�GHYLFHV�SUHYLRXVO\�PHQWLRQHG�LQ�WKH�LPDJH�FKDUJH�PRGH��,Q�WKH�IXWXUH� ZH� LQWHQG� WR� LQYHVWLJDWH� WKH� RSHUDWLRQ� RI� ERWK� WKH� KLJK� VSHHG� ),5(� UHDGRXW�� DQG� GLVFUHWH� SL[HO� GHYLFHV�� DQG�GHPRQVWUDWH�WKH�DSSOLFDWLRQ�RI�DOO�GHYLFHV�WR�D�JHQHULF�GHVLJQ�RI�LQWHQVLILHU�XVLQJ�LPDJH�FKDUJH�FRXSOLQJ�
�� (/(&7521,&�'(6,*1

�� &KDUJH�0HDVXUHPHQW�(OHFWURQLF�'HVLJQ7KH�HOHFWURQLFV�RI�WKH�V\VWHP�DUH�VHSDUDWHG�LQWR�IRXU�GLVWLQFW�VHFWLRQV�DV�VKRZQ�LQ�ILJXUH���

&KDUJH�VHQVLWLYHDPSOLILHU 3XOVH�VKDSLQJHOHFWURQLFV %DVHOLQHUHVWRUHU $�'�FRQYHUVLRQDQG�SURFHVVLQJ 3&
7LPLQJ�VLJQDO

$QRGHVLJQDO

)LJXUH����$�IXQFWLRQDO�GLDJUDP�RI�WKH�HOHFWURQLFV�V\VWHP�IRU�ZHGJH�DQG�VWULS�W\SH�UHDGRXWV

)LJXUH����$�9HUQLHU�DQRGH�LPDJH��XVLQJ�LPDJH�FKDUJH��RI�D���PP�GLDPHWHU�LOOXPLQDWHG�DUHD��7KH�9HUQLHU� UHDGRXW�HDVLO\�UHVROYHV�WKH�SRUHV�LQ�WKH�WRS�0&3�
)LJXUH���VKRZV�DQ�LPDJH�IURP�WKH�ILUVW�LQGXFHG�FKDUJH�:6$�� 7KH� SLQKROH� PDVN� LPDJH� GHPRQVWUDWHV� D�UHVROXWLRQ�RI�����P�):+0�EHIRUH�GHFRQYROXWLRQ�



7KH�HOHFWURQLFV�KDYH�EHHQ�GHVLJQHG�ZLWK�WKH�FRUH�SHUIRUPDQFH�DLPV�RI�WKH�V\VWHP�LQ�PLQG��UHVROXWLRQ��FRXQW�UDWH��UHVSRQVH�WLPH�DQG�G\QDPLF�FDSDFLWDQFH��'HWDLOHG�DQDO\VLV�UHYHDOV�WKDW�DQ�RYHUDOO�FRPSURPLVH�KDV�WR�EH�UHDFKHG��EHFDXVH�LI�D�IDFWRU�LV�LPSURYHG�LW�LV�WR�WKH�GHWULPHQW�RI�RQH�RU�PRUH�RI�WKH�RWKHUV�
7KH� UHVROXWLRQ� RI� WKH� LPDJH� GHSHQGV� LQ� SDUW� RQ� WKH� SUHFLVLRQ�ZLWK� ZKLFK� LW� LV� SRVVLEOH� WR�PHDVXUH� WKH�PDJQLWXGH� RI� WKH�FKDUJH�SXOVHV�JHQHUDWHG�DW�WKH�DQRGH��,Q�WHUPV�RI�WKH�HOHFWURQLFV��WKH�PDLQ�FRQWULEXWLQJ�IDFWRUV�DUH�WKH�HOHFWURQLF�QRLVH�DQG�WKH� OLQHDULW\�RI� WKH�UHVSRQVH�ZLWK� LQFUHDVLQJ�SXOVH�KHLJKW��1RLVH� LQ�HOHFWURQLF�FLUFXLWV�FDQ�EHFRPH�H[WUHPHO\�FRPSOH[��EXW�ZH�KDYH�DWWHPSWHG�WR�LGHQWLI\�WKH�PDLQ�VRXUFHV�RI�QRLVH�LQ�WKH�FLUFXLW�DQGWKHLU�PDJQLWXGH��$Q�LPSRUWDQW�IDFWRU�WR�FRQVLGHU�LV�DW�WKH�HQG�RI�WKH�DQDORJXH�HOHFWURQLFV�ZKHUH�GLJLWDO�FRQYHUVLRQ�WDNHV�SODFH��)RU�H[DPSOH��LI�D����ELW�FRQYHUWHU�LV�XVHG����ELW�UHSUHVHQWV�DERXW��������RI� WKH�PHDQ� VLJQDO��7KHUHIRUH�DQ\�DWWHPSW� WR� UHGXFH�WKH�QRLVH� WR�D�YDOXH�EHORZ�WKLV� OHYHO�ZRXOG�VHUYH�QR�SXUSRVH�DQG�FRXOG�UHGXFH�RWKHU�SHUIRUPDQFH�SDUDPHWHUV��H�J��WKH�DELOLW\�WKH�KDQGOH�YROWDJH�EXLOGLQJ�XS�DW�WKH�LQSXW�DW� D� KLJK� FRXQW� UDWH�� :LWK� WKLV� LQ� PLQG�� WKH� QRLVH� JHQHUDWHG� �SDUWLFXODUO\� LQ� WKH� FKDUJH� VHQVLWLYH� DPSOLILHU�� IURP� HDFK�FRPSRQHQW�ZDV�EDODQFHG�ZLWK�WKH�RWKHU�SHUIRUPDQFH�WDUJHWV�RI�WKH�FLUFXLW�
7KH�FRXQW�UDWH�GHSHQGV�RQ�WKH�WRWDO�SXOVH�ZLGWK�DQG�PRUH�VSHFLILFDOO\���GHSHQGLQJ�RQ�WKH�DFFXUDF\�UHTXLUHPHQWV��WKH�WLPH�WDNHQ� IRU� WKH� SXOVH� WDLO� WR�UHWXUQ� WR� WKH� EDVHOLQH�� :H� KDYH� FKRVHQ� D� XQLSRODU� SVHXGR�*DXVVLDQ� SXOVH� VKDSLQJ� FLUFXLW� DV�GHVFULEHG�E\�0RVKHU�� WR�PLQLPL]H� WKH�GHDG� WLPH�RI� WKH�SXOVH��ZKLFK� UHTXLUHV� WKH�DGGLWLRQDO�FLUFXLW�RI� WKH�DFWLYH�EDVHOLQH�UHVWRUHU�� ,QLWLDO� H[SHULPHQWV� KDYH� FRQILUPHG� WKDW� DQ\� QRQ�OLQHDULW\� FDXVHG� E\� WKLV� FLUFXLW� LV�ZLWKLQ� DFFHSWDEOH� OLPLWV�� 7KH�SUREOHP�RI� VWUD\� FDSDFLWDQFH�FDQQRW� EH� LJQRUHG�� KRZHYHU�� DQG� IRU� WKLV� UHDVRQ� WKH�GHVLJQ�KDV�DOVR�FRQVLGHUHG� WKH�SK\VLFDO�GLPHQVLRQV� RI� WKH� HOHFWURQLFV� DQG� RQO\� VXUIDFH� PRXQW� FRPSRQHQWV� KDYH� EHHQ� XVHG�� :H� KDYH� DOVR� GHVLJQHG� IRU� WKH�HOHFWURQLFV�WR�EH�DV�FORVH�WR�WKH�DQRGH�DV�SRVVLEOH�
7KH�UHVSRQVH�WLPH�RI�WKH�FLUFXLW�LV�GHWHUPLQHG�E\�WKH�ULVH�WLPH�RI�WKH�IURQW�HQG�RI�WKH�DPSOLI\LQJ�HOHFWURQLFV�ZKHUH�D�GRXEOH�)(7� V\VWHP� LV� EHLQJ� XVHG� WR� LPSURYH� WKH� UHVSRQVH�� 7KH� G\QDPLF� FDSDFLWDQFH� LV� JHQHUDWHG� E\� D� IHHGEDFN� ORRS� LQ� WKH�DPSOLI\LQJ�FLUFXLW�DQG�LV�UHTXLUHG�WR�GRPLQDWH� WKH�FDSWXUH�RI� WKH�DQRGH�FKDUJH�SXOVH�RYHU�VWUD\�FDSDFLWDQFH�WKDW�PD\�H[LVW�DURXQG�WKH�DQRGH��LQ�WKH�FRQQHFWLQJ�FDEOHV��HWF��
7KH�GLJLWDO�SURFHVVLQJ�VFKHPH�LV�VXPPDUL]HG� LQ� ILJXUH����7KH�DPSOLILHG�SXOVH� LV�FRQYHUWHG� LQ�D����ELW�DQDORJXH�WR�GLJLWDO�FRQYHUWHU� �$�'��DQG�WKHQ�SDVVHG� LQWR� WKH�PXOWLSOH[HU��$� WLPLQJ�VLJQDO� LV� WDNHQ�IURP�IXUWKHU�XSVWUHDP�LQ�WKH�SXOVH�VKDSLQJ�HOHFWURQLFV� DQG� LV� ODWFKHG� LQ� WKH� WLPLQJ� FRXQWHU�� $OO� WKH� LQIRUPDWLRQ� LV� WKHQ� SDVVHG� WR� WKH� FRQWUROOLQJ� ORJLF� ZKHUH�SDUDOOHO�VHULDO�FRQYHUVLRQ�WDNHV�SODFH�DQG�LW�LV�VHQW�WKURXJK�D����0ELW�V�ILEUH�RSWLF�OLQN�WR�D�FDUG�LQ�WKH�3&�

3&

$QDORJXH�HOHFWURQLFV�FKDQQHO

7LPLQJ�VLJQDO

'LJLWDO0XOWLSOH[HU

7LPLQJ�&RXQWHU

&RQWURO�/RJLF

3&�&DUG
)LEUH�RSWLF�OLQN$�'

)LJXUH����$�VFKHPDWLF�VKRZLQJ�WKH�IXQFWLRQDO�OD\RXW�RI�WKH�GLJLWDO�SURFHVVLQJ�HOHFWURQLFV



7KH� FXUUHQW� GHVLJQ� LV� IRU� IRXU� LQSXW� FKDQQHOV� WR� DOORZ� IRU� UHVLVWLYH�DQRGH�RU�:HGJH�	�6WULS�GHVLJQV��EXW� LW�FDQ�EH�HDVLO\�DGDSWHG�XS�WR�QLQH�FKDQQHOV�WR�HQDEOH�ZRUNLQJ�ZLWK�DQRGH�GHVLJQV�VXFK�DV�WKH�9HUQLHU�
�� +LJK�6SHHG�&KDUJH�&RPSDULVRQ�(OHFWURQLFV7KH� EDQGZLGWK� RI� FKDUJH� GLYLVLRQ� UHDGRXW� DQRGHV� XVHG� ZLWK� 0&3V� LV� XVXDOO\� OLPLWHG� E\� WKH� VSHHG� RI� WKH� DFTXLVLWLRQ�HOHFWURQLFV��:H�DUH�GHVLJQLQJ�D�QRYHO�FKDUJH�GLYLVLRQ�DQRGH�WKDW�GRHV�QRW�UHTXLUH�DQDORJXH�WR�GLJLWDO�FRQYHUVLRQ��7KH�)DVW�,PDJLQJ�5HDGRXW�DQG�(OHFWURQLFV��),5(���D�QHZ�FRQFHSW�LQ�KLJK�VSHHG�LPDJLQJ��7KH�V\VWHP�FRPSULVHV�D�PLFURFKDQQHO�SODWH�LQWHQVLILHU�FRXSOHG�WR�D�FKDUJH�GLYLVLRQ�LPDJH�UHDGRXW�XVLQJ�KLJK�VSHHG��PXOWLFKDQQHO�HOHFWURQLFV��,W�KDV�D�SURMHFWHG�VSDWLDO�UHVROXWLRQ�RI�XS� WR�����[�����SL[HOV�� WKRXJK� WKH� LPDJH�IRUPDW� LV� LQKHUHQWO\� IOH[LEOH��DQG�WKH�SRWHQWLDO� IRU� UDWHV�XS� WR�����PLOOLRQ�HYHQWV�SHU�VHFRQG�ZLWK�QDQRVHFRQG�WLPLQJ�UHVROXWLRQ��
7KH�UHDGRXW�SDWWHUQ�KDV�D�SODQDU�HOHFWURGH�VWUXFWXUH�DQG�FROOHFWHG�FKDUJH�IURP�HDFK�HYHQW�LV�VKDUHG�DPRQJVW�DOO�HOHFWURGHV��JURXSHG�LQ�SDLUV��7KH�XQLTXH�GHVLJQ�RI�WKH�UHDGRXW�REYLDWHV�WKH�QHHG�IRU�FKDUJH�PHDVXUHPHQW��XVXDOO\�WKH�GRPLQDQW�SURFHVV�GHWHUPLQLQJ� WKH�HYHQW�SURFHVVLQJ�GHDGWLPH�� ,QVWHDG��KLJK� VSHHG� VLJQDO� FRPSDUDWRUV�DUH�XVHG� WR�GHILQH�D�ELQDU\�FRGH� IURP�ZKLFK�WKH�SRVLWLRQ�FR�RUGLQDWH�LV�GLUHFWO\�PDSSHG��
7KH�VLJQDOV�IURP�WKH�DQRGH�DUH�QRW�KLJK�HQRXJK�WR�GULYH�FRPSDUDWRUV�GLUHFWO\�DQG��LQ�FRQVHTXHQFH��DQ�DPSOLILHU�LV�UHTXLUHG�IRU� HDFK�HOHFWURGH��7KLV�HTXDWHV�WR�D�SDLU�RI�DPSOLILHUV�SHU�ELW�RI�UHVROXWLRQ��L�H�����DPSOLILHUV�DUH�UHTXLUHG�IRU�D�����[����SL[HO� UHDGRXW�� $PRQJVW� WKH� VROXWLRQV� EHLQJ� LQYHVWLJDWHG� IRU� KLJK� VSHHG� DPSOLILFDWLRQ� DUH� VLOLFRQ� 00,&� DPSOLILHUV��0RQROLWKLF�0LFURZDYH�,QWHJUDWHG�&LUFXLW���ZKLFK�KDYH�WKH�QHFHVVDU\�ZLGH�EDQGZLGWK��ORZ�QRLVH�DQG�KLJK�JDLQ��
7KH�VLJQDOV�IURP�WKH�DPSOLILHUV�FDQ�EH�DV�VKRUW�DV��QV��,I�WKH�FRPSDUDWRUV�VDPSOH�WKH�LQFRPLQJ�SXOVHV�GLUHFWO\��SURSDJDWLRQ�GHOD\� VNHZ� RI� DV� OLWWOH�DV� ���SV� EHWZHHQ� WKH� VLJQDOV� FRXOG� JLYH� DQ� HUURQHRXV� SRVLWLRQ�� 7KXV� SHDN� DQG� KROG� FLUFXLWV� DUH��UHTXLUHG�� 7KH�(&/� ORJLF� JDWH� RXWSXW�FLUFXLW�ZDV� LQYHVWLJDWHG� DV� D� QRYHO� VROXWLRQ� WR� WKLV� SUREOHP���7KH�JDWHV� XVHG� LQ� WKLV�FLUFXLW�DUH�RSHUDWLQJ�LQ�WKHLU�OLQHDU�UHJLRQ��D�PRGH�LQ�ZKLFK�WKH\�DUH�QRW�FKDUDFWHUL]HG��7KH�SHDN�DQG�KROG�LV�UHVHW�E\�D�KLJK�VSHHG� WUDQVLVWRU� RQFH� WKH� GDWD� IURP� WKH� FRPSDUDWRUV� KDYH� EHHQ� ODWFKHG�� 7KH� VLJQDOV� IURP� WKH� SHDN� DQG� KROG� FLUFXLWV� DUH�VDPSOHG�E\�ODWFKLQJ�FRPSDUDWRUV��W\SH�0RWRUROD���(������ZKLFK�KDYH�(&/�ORJLF�OHYHO�RXWSXWV��D�SURSDJDWLRQ�GHOD\�RI���QV�DQG�SURJUDPPDEOH�K\VWHUHVLV��
7KH�DFTXLVLWLRQ�FRQWUROOHU�ODWFKHV�WKH�FRPSDUDWRUV
�VWDWHV��VWRUHV�WKH�UHVXOW�LQ�D�UHJLVWHU��FOHDUV�WKH�SHDN�DQG�KROG�FLUFXLWV�DQG�WKHQ�ZULWHV� WKH�UHJLVWHUV
�RXWSXW� WR�D�EDQN�RI�),)2V��7KH�GDWD�IURP�WKH�),)2V�LV�KLVWRJUDPPHG�WR�EXLOG�XS�DQ�LPDJH��7KH�FRQWUROOHU� LQWHUOHDYHV�RFFDVLRQDO�UHDGV�IURP�WKH�KLVWRJUDP�5$0�DQG�VHQGV�GDWD�WR�WKH�KRVW�FRPSXWHU�ZKLFK�XVHV�D�ORRNXS�WDEOH�WR�JLYH�UHDO�;�<�FRRUGLQDWHV�
$� SURWRW\SH� DQRGH� ZLWK� D� ��[��� SDWWHUQ� KDV� EHHQ� PDQXIDFWXUHG� RQ� D� IXVHG� VLOLFD� VXEVWUDWH� DQG� PRXQWHG� ZLWKLQ� D�PLFURFKDQQHO�SODWH�GHWHFWRU�XVLQJ�GLUHFW�FKDUJH�FROOHFWLRQ�PRGH��7HVWV�XVLQJ�FKDUJH�VHQVLWLYH�DPSOLILHUV�KDYH�LQGLFDWHG�WKDW�WKH�SDWWHUQ�LV�RSHUDWLQJ�DV�H[SHFWHG��+RZHYHU�H[SHULPHQWV�XVLQJ����FKDQQHOV�RI�WKH�KLJK�VSHHG�00,&�DPSOLILHU�GHVLJQ�KDYH�LQGLFDWHG�WKDW�FURVVWDON�EHWZHHQ�HOHFWURGHV�LV�OLPLWLQJ�WKH�VLJQDO�G\QDPLF�UDQJH��DQG�D�UHGHVLJQ�RI�WKH�IURQW�HQG�DPSOLILHUV�LV�EHLQJ� LQYHVWLJDWHG�� +RZHYHU�� ZH� DUH� FRQILGHQW� WKDW� ZH� ZLOO� RQO\� PDUJLQDOO\� VDFULILFH� RXU� VSHHG� VSHFLILFDWLRQ� E\� WKLV�UHGHVLJQ�
:H� KDYH� GHPRQVWUDWHG� WKH� IHDVLELOLW\� RI� D� YHU\� KLJK� SHUIRUPDQFH� DQRGH� SDWWHUQ�� ZKLFK� REWDLQV� LWV� VSHHG� DGYDQWDJH� E\�DYRLGLQJ� DQ� DQDORJXH� WR� GLJLWDO� FRQYHUVLRQ� VWDJH�� 3URWRW\SH� YHU\� KLJK� VSHHG� VXSSRUW� HOHFWURQLFV� KDYH� EHHQ� GHVLJQHG� DQG�QRYHO� XVH� RI�5)�DQG�(&/�FLUFXLWV� KDYH�EHHQ�GHPRQVWUDWHG��7KH� HOHFWURQLFV� UHTXLUH� QR� FKDQJHV� WR�DOORZ�GLIIHUHQW�SDWWHUQ�VKDSHV�DQG�UHVROXWLRQV��7KH�HOHFWURQLFV�FDQ�EH�RSWLPL]HG�LQ�D�SRZHU�FRQVXPSWLRQ�VSHHG�FRVW�WUDGH�RII��PDNLQJ�LW�VXLWDEOH�IRU�JURXQG�XVH�DW�KLJK�VSHHG�DQG�IRU�VSDFH�IOLJKW�LQ�D�VORZHU��ORZHU�SRZHU�IRUP�
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7KH�LPDJLQJ�SHUIRUPDQFH�GHPRQVWUDWHG�LQ�WKLV�SDSHU��ZDV�REWDLQHG�XVLQJ�DQ�RSHQ�IDFHG�PLFURFKDQQHO�SODWH�GHWHFWRU�KDYLQJ�JDLQ�� FRQILJXUDWLRQ� DQG� JHRPHWU\� VLPLODU� WR� VHDOHG� WXEH� LQWHQVLILHUV��:H� DQWLFLSDWH� WKDW� UHDGRXW� SHUIRUPDQFH�ZLOO� QRW� EH�FRPSULVHG� LQ� VHDOHG� WXEH� GHYLFHV�� DSDUW� IURP� SRVVLEOH� ZDYHOHQJWK� GHSHQGHQW� GHJUDGDWLRQ� DV� D� UHVXOW� RI� SKRWRFDWKRGH�SUR[LPLW\� IRFXVLQJ��7DEOH��� VKRZV� WKH� DQWLFLSDWHG�SHUIRUPDQFH�RI� VHDOHG� LQWHQVLILHUV� XQGHU�GHYHORSPHQW� IRU� WKH�GLIIHUHQW�UHDGRXW�W\SHV�DYDLODEOH��
&RXQW�UDWH 6SDWLDO UHVROXWLRQ:HGJH�DQG�VWULS�DQRGH ����N+] 8S�WR�����î����9HUQLHU�DQRGH ��������N+] ����î����),5( ���0+] ���î���

7DEOH����7KH�DQWLFLSDWHG�SHUIRUPDQFH�VSHFLILFDWLRQV�RI�LQWHQVLILHUV�XQGHU�GHYHORSPHQW�



�� &21&/86,216
$�VWURQJ�V\QHUJ\�H[LVWV�EHWZHHQ�WKH�RQJRLQJ�SRVLWLRQ�UHDGRXW�GHYHORSPHQWV�DW�066/��DV�W\SLILHG�E\�WKH�9HUQLHU�DQRGH�DQG�),5(��DQG�WKH�LPDJH�FKDUJH�WHFKQLTXH��7KH�IRUPHU�SURYLGH�WKH�SRWHQWLDO�IRU�YHU\�KLJK�UHVROXWLRQ�DQG�OLQHDULW\�RU�KLJK�FRXQW�UDWH��WKHLU�SHUIRUPDQFH�RQO\�EHLQJ�FRQVWUDLQHG�E\�WKH�GHWHFWRU�SURFHVVHV��SDUWLFXODUO\�DQRGH�VHFRQGDU\�HOHFWURQ�SURGXFWLRQ��7KH� LPDJH� FKDUJH� WHFKQLTXH� DOORZV� WKH� IXOO� SRWHQWLDO� RI� WKHVH� DQG� RWKHU� FKDUJH� GLYLVLRQ� DQRGHV� WR� EH� UHDOL]HG�� 7KH�DSSOLFDWLRQ� RI� ERWK� KLJK� WHFKQRORJ\� UHDGRXWV�� WKH� LPDJH� FKDUJH� WHFKQLTXH�� DQG� WKH� GHYHORSPHQW� RI� D� QHZ� FKDUJH�PHDVXUHPHQW� V\VWHP�� WR�DQ� LQWHQVLILHU�GHVLJQ� IURP�3KRWHN��RIIHUV�H[FLWLQJ�SRWHQWLDO� IRU�QHZ�GHWHFWRU� V\VWHPV�� ,Q�DGGLWLRQ��WKH� PDQXIDFWXUH� RI� D� JHQHULF� LQWHQVLILHU� FDSDEOH� RI� RSHUDWLQJ� ZLWK� D� YDULHW\� RI� LPDJH� UHDGRXWV� RIIHUV� D� QHZ� OHYHO� RI�IOH[LELOLW\�IRU�WKHVH�GHYLFHV�

�� $&.12:/('*(0(176
7KH�DXWKRUV�ZRXOG� OLNH�WR�WKDQN�-DVRQ�7DQG\�DQG�3KLO�7KRPDV�IURP�066/�IRU�YDOXDEOH�FRQWULEXWLRQV�LQ�HOHFWURQLF�GHVLJQ�H[SHUWLVH��'U�� -DPHV�0LOQHV� LV� DQ�$VVRFLDWH� RI� WKH� 7HDFKLQJ�&RPSDQ\� 6FKHPH� IXQGHG� E\� WKH�'HSDUWPHQW� RI� 7UDGH� DQG�,QGXVWU\��7KLV�ZRUN�ZDV�SDUW�IXQGHG�E\�33$5&�XQGHU�DQ�LQGXVWULDO�SURJUDPPH�VXSSRUW�VFKHPH�

�� 5()(5(1&(6
�� &��0DUWLQ��3��-HOLQVN\��0��/DPSWRQ��5��)��0DOLQH��DQG�+��2��$QJHU��5HY��6FL�,QVWUXP������������������� -�6�/DSLQJWRQ��%�6DQGHUVRQ�DQG�/�%�&�:RUWK��³,PDJLQJ�DFKLHYHPHQWV�ZLWK�WKH�9HUQLHU�UHDGRXW´��������1,0�3URFHHGLQJV�RI�/RQGRQ�&RQIHUHQFH�RQ�3RVLWLRQ�6HQVLWLYH�'HWHFWRUV�� VXEPLWWHG�� -�6�/DSLQJWRQ��.�5HHV��³),5(�� D�QRYHO�KLJK�VSHHG�LPDJLQJ�V\VWHP��IRU�0&3V´��������1,0�3URFHHGLQJV�RI�/RQGRQ�&RQIHUHQFH�RQ�3RVLWLRQ�6HQVLWLYH�'HWHFWRUV�� VXEPLWWHG�� *��%DWWLVWRQL��3��&DPSDQD��9��&KLDUHOOD��8��'HQQL��(��,DURFFL��DQG�*��1LFROHWWL��1,0���� ������������ 2��-DJXW]NL��-�6��/DSLQJWRQ��/�%�&�:RUWK��9��0HUJHO��+��6FKPLGW�%|FNLQJ� ³3RVLWLRQ�VHQVLWLYH�DQRGHV�IRU�0&3�UHDG�RXW�YLD�LPDJH�FKDUJH�GHWHFWLRQ´��������1,0�3URFHHGLQJV�RI�/RQGRQ�&RQIHUHQFH�RQ�3RVLWLRQ�6HQVLWLYH�'HWHFWRUV�±VXEPLWWHG�� KWWS���ZZZ�SKRWHN�FRP�LFFG����KWP�� 2��+��:��6LHJPXQG��0��$��*XPPLQ��-��6WRFN��'��0DUVK��LQ�3URF�RI�DQ�(6$�6\PS��RQ�3KRWRQ�'HWHFWRUV�IRU�6SDFH�,QVWUXPHQWDWLRQ��KHOG�DV�(6$�(67(&��1RRUGZLMN��7KH�1HWKHUODQGV��������1RYHPEHU��������(6$63������'HF������� /DSLQJWRQ��-�6���³7KH�HIIHFWV�RI�VHFRQGDU\�HOHFWURQ�HPLVVLRQ�RQ�WKH�RSHUDWLRQ�RI�SRVLWLRQ�VHQVLWLYH�DQRGHV´��������1,0�3URFHHGLQJV�RI�/RQGRQ�&RQIHUHQFH�RQ�3RVLWLRQ�6HQVLWLYH�'HWHFWRUV��YRO��$�����S�������� $��6PLWK��5��.HVVHO��-�6��/DSLQJWRQ�DQG�'�0��:DOWRQ��5HY��6FL��,QVWUXP���� ������������������������� &�+��0RVKHU��,(((�7UDQV��1XF��6FL��16�����1R�������������������
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