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)LJXUH����([SHULPHQWDO�FURVV�VHFWLRQV RI�WKH�HUELXP�\WWHUELXP�FR�GRSHG�ILEHU� )LJXUH����/�EDQG�(<')$�H[SHULPHQWDO�VHW�XS�
7KH�(<')�LV�XVHG�LQ�D�GRXEOH�SDVV�DPSOLILHU�FRQILJXUDWLRQ��7KH�H[SHULPHQWDO�VHW�XS�LV�VKRZQ�LQ�)LJ� �� ,W�FRQVLVWV�RI�D���� QP�SLJ�WDLOHG PXOWLPRGH�ODVHU�GLRGH�ZLWK���� :�RI�RXWSXW�SRZHU��7KH�SXPS�EHDP�LV�ODXQFKHG�LQWR�WKH�GRSHG�ILEHU YLD�D�SDLU RI�OHQVHV��7KH�GRXEOH�FODG�ILEHU�LV�EXWWHG�DJDLQVW�D�GLFKURLF�PLUURU ZKLFK�LV KLJKO\�UHIOHFWLYHIURP����� QP�WR����� QP�DQG�KLJKO\�WUDQVPLVVLYH�IURP�����WR����� QP��7KH�FRXSOLQJ�HIILFLHQF\�LV�����ZLWK�����:�RI�SXPS�SRZHU�ODXQFKHG LQWR�D���P�ORQJ�GRSHG�ILEHU��7KH�DEVRUEHG SXPS�SRZHU�LV���� P:��7KH�(<')�LV�VSOLFHG WR�VWDQGDUG�VLQJOH�PRGH�ILEHU��7KH�PXOWLPRGH�SXPS�SRZHU�OHDNLQJ�WKURXJK�WKH�(<')�LV�VWULSSHG�DZD\�ZLWK�DQ�LQGH[�PDWFKLQJ JHO� $�FLUFXODWRU�LV�XVHG�WR�ODXQFK�WKH�LQSXW�VLJQDO�DQG�WR�H[WUDFW�WKH�DPSOLILHG�RXWSXW�VLJQDO��7KH�LQVHUWLRQ�ORVV�RI�WKH�FLUFXODWRU�LV�� G%� $�KLJK�SRZHU��VDWXUDWLQJ��DQG�ORZ�SRZHU��SUREH��VLJQDO�FDQ�EH�VLPXOWDQHRXVO\�LQMHFWHG�LQWR�WKH�(<')$�IRU�PHDVXUHPHQWV�RI�VR�FDOOHG�ORFNHG�LQYHUVLRQ��DV�ZHOO�DV�VLQJOH�FKDQQHO��JDLQ�VSHFWUD XQGHU�GLIIHUHQW�VDWXUDWLRQ�FRQGLWLRQV��7KH�RXWSXW�RI�WKH�FLUFXODWRU�LV�FRQQHFWHG�WR�D�FDOLEUDWHG�RSWLFDO�VSHFWUXP�DQDO\]HU�ZKHUH�WKH�DPSOLILHG�RXWSXW�LV�PHDVXUHG����5HVXOWV)LJXUH� �� VKRZV� VLQJOH�FKDQQHO� JDLQ� VSHFWUD� DW� YDULRXV� LQSXW� SRZHUV�� 7KH� VPDOO�VLJQDO� JDLQ� ����� G%P� LQSXW�SRZHU��H[FHHGV����G%�IURP������ WR������QP� )LJXUH��� VKRZV� WKH :'0�JDLQ� VSHFWUD�DQG�QRLVH� ILJXUH�PHDVXUHG�ZLWK�D�VZHSW�ORZ�SRZHU�SUREH�XQGHU�VDWXUDWHG�RSHUDWLRQ��7KHUH�ZDV�D�VDWXUDWLQJ�VLJQDO�DW������QP��ZLWK�LQSXW�DQG�RXWSXW�SRZHU�RI������G%P�DQG������G%P��UHVSHFWLYHO\��7KH�QRLVH�ILJXUH�GHJUDGDWLRQ�DW�VKRUWHU�ZDYHOHQJWKV�LV�GXH�WR�WKH� VWURQJ� DEVRUSWLRQ� LQ� WKH� ILUVW� IHZ� FHQWLPHWHUV� RI� WKH� GRSHG� ILEHU�� ,W� FDQ� EH� LPSURYHG E\� XVLQJ� DOWHUQDWLYH�FODGGLQJ�SXPSLQJ�WHFKQRORJ\�VXFK�DV�*7:DYH >��@��RU�ZLWK�D�SUH�DPSOLILHU�
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)LJXUH����2XWSXW�VSHFWUXP�RI�D�FRPPHUFLDO�DPSOLILHU�FDVFDGHG�ZLWK�WKH�(<')�DPSOLILHU�7KH�LQSXW�SRZHU�RI�WKH�(<')�LV���� G%P�(YHQ XQGHU�VWURQJ�LQSXW�SRZHU������G%P���UHDOL]HG�E\�XVLQJ�D�FRPPHUFLDO�/�EDQG�(')$ DV�D�SUHDPSOLILHU��WKH�(<')$� VKRZV� D� �� G% JDLQ� DQG� KDV� D� VDWXUDWHG� RXWSXW� SRZHU� RI� ��� G%P �)LJ�� ��� 7KH� EDQGZLGWK� LV� UHGXFHG�EHFDXVH�RI� WKH�EDQGZLGWK�OLPLW�RI� WKH�SUH�DPSOLILHU�± LW�ZDV�QRW�SRVVLEOH�WR�RSHUDWH�EH\RQG������QP��6LJQDO�(6$�PD\�EH�D�IDFWRU�DW�ORQJ�ZDYHOHQJWKV��
���&RQFOXVLRQ,Q�WKLV�SDSHU��ZH�SUHVHQWHG�D�VKRUW��VLPSOH�DQG�ORZ�FRVW��FODGGLQJ�SXPSHG�SKRVSKRVLOLFDWH�(<')$��$���P�ORQJ�SLHFH� RI� ILEHU� ZLWK� ����� SSP� (U� �ZW�� SURYLGHG� RYHU� ��� G%� RI� JDLQ� IURP� ����� WR� ����� QP� LQ� D� GRXEOH�SDVVHG�FRQILJXUDWLRQ��ZLWK� XS� WR� ��� G%P�RI� VDWXUDWHG� RXWSXW� SRZHU� 7KLV� FRPELQDWLRQ� RI� SHUIRUPDQFH� DQG� FRVW� DSSHDUV�H[FHSWLRQDOO\ DWWUDFWLYH�
���5HIHUHQFHV�>�@ -� )��0DVVLFRW��-� 5��$UPLWDJH�HW�DO���³+LJK�JDLQ��EURDGEDQG������P�(U�� GRSHG�VLOLFD�ILEUH�DPSOLILHU´��(OHFWURQ��/HWW�������SS������������������>�@ 1�� 6XJLPRWR�� .�� 2FKLDL� HW� DO��� ³+LJKO\� HIILFLHQW� DQG� VKRUW� OHQJWK� /DQWKDQXQ� FR�GRSHG� %L�2��EDVHG� (')� IRU�H[WHQGHG�/�EDQG�DPSOLILFDWLRQ´��2$$¶����SRVW�GHDGOLQH�SDSHU�����>�@ .��$LVR��<��7DVKLUR�HW� DO��� ³(UELXP�/DQWKDQXQ�FR�GRSHG� ILEHU� IRU�/�EDQG�DPSOLILHU�ZLWK� KLJK�HIILFLHQF\�� ORZ�QRQ�OLQHDULW\�DQG�ORZ�1)´��2)&¶����YRO����7X$��7����>�@�*� *��9LHQQH� HW� DO��� ³)DEULFDWLRQ� DQG�&KDUDFWHUL]DWLRQ� RI�<E��� �� (U���3KRVSKRVLOLFDWH� )LEHUV� IRU�/DVHUV´��-��/LJKWZDYH�7HFKQRO�������SS��������������>�@ -��(��7RZQVHQG��HW�DO����<E�� VHQVLWLVHG�(U�� GRSHG�VLOLFD�RSWLFDO�ILEUH�ZLWK�XOWUDKLJK�WUDQVIHU�HIILFLHQF\�DQG�JDLQ���(OHFWURQ��/HWW���YRO������SS��������������������>�@�-��'��0LQHOO\�HW�DO����'LRGH�DUUD\�SXPSLQJ�RI�(U���<E�� FR�GRSHG�ILEHU� ODVHUV�DQG�DPSOLILHUV���,(((�3KRWRQLFV�7HFKQRO��/HWW������SS������������������>�@ 0� 6|GHUOXQG��6� 7DPPHOD��HW�DO���³$PSOLILHG�VSRQWDQHRXV�HPLVVLRQ�LQ�FODGGLQJ�SXPSHG�/�EDQG�HUELXP�GRSHG�ILEHU�DPSOLILHUV´��,(((�3KRWRQLFV�7HFKQRO��/HWW� �����������>�@�-��1LOVVRQ��6��<��6XQ��6��7��+ZDQJ��-��0��.LP��DQG�6��-��.LP��³/RQJ�ZDYHOHQJWK�HUELXP�GRSHG�ILEHU�DPSOLILHU�JDLQ�HQKDQFHPHQW�E\�$6(�HQG�UHIOHFWRU´��,(((�3KRWRQLFV 7HFKQRO��/HWW�� ���������������������>�@�)��'L�3DVTXDOH��*��*UDVVR��HW�DO���³���G%P�RXWSXW�SRZHU�(U�<E�FR�GRSHG�ILEHU�DPSOLILHU�IRU�:'0�VLJQDOV�LQ�WKH������± �����QP�ZDYHOHQJWK�UHJLRQ´�2)&�,22&¶����7HFK��'LJ���������SRVW�GHDGOLQH�SDSHU�:$����>��@�0��.DNXL��6��,VKLNDZD��´/RQJ�ZDYHOHQJWK�EDQG�RSWLFDO�DPSOLILHUV�HPSOR\LQJ�VLOLFD�EDVHG�HUELXP�GRSHG�ILEHUV�GHVLJQHG�IRU�ZDYHOHQJWK�GLYLVLRQ�PXOWHSOH[LQJ�V\VWHPV�DQG�QHWZRUNV´��,(&(�7UDQV��(OHFWURQ�� YRO��(���&����������>��@ &��&RGHPDUG��.��<Ol�-DUNNR��HW�DO���´/RZ�QRLVH��,QWHOOLJHQW�FODGGLQJ�SXPSHG�/�EDQG�(')$´��(&2&¶����SRVW�GHDGOLQH�SDSHU����


