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5HFHLYHG�$SULO�����������$FFHSWHG�LQ�)LQDO�)RUP�0D\���������'HGLFDWHG�WR�3URIHVVRU�'U��$�-��$UYLD�RQ�RFFDVLRQ�RI�KLV���WK $QQLYHUVDU\$EVWUDFW7KLV� SDSHU� GHVFULEHV� WKH� IDEULFDWLRQ� RI� SDWWHUQHG� SRO\PHULF�PLFURVWUXFWXUHV� E\� D�WUDQVIHU� PROGLQJ� PHWKRG��:H� XVH� DONDQHWKLRODWH�PRGLILHG� PHWDOOLF� PROGV� WKDW� DOORZ�SDWWHUQ�WUDQVIHU�ZLWK�����QP�UHVROXWLRQ��5LJLG�PHWDOOLF�PROGV�DYRLG�WKH�W\SLFDO�SDWWHUQ�GHIRUPDWLRQV�REVHUYHG�ZKHQ�HODVWRPHULF�PROGV�DUH�HPSOR\HG��7KH�DONDQHWKLRODWH�OD\HU�FKDQJHV� WKH� DGKHUHQFH� SURSHUWLHV� RI� PROGV� HQDEOLQJ� DQ� HDV\� UHOHDVH�� HYHQ� IRU� KLJK�DGKHUHQW�SRO\PHULF�PDWHULDOV��5HVXPHQ(O� SUHVHQWH� WUDEDMR� GHVFULEH� OD� IDEULFDFLyQ� GH� PLFURHVWUXFWXUDV� SROLPpULFDV�UHJXODUHV�PHGLDQWH�XQ�PpWRGR�GH�PROGHR�GH�UHOLHYHV�VXSHUILFLDOHV��8WLOL]DPRV�PROGHV�PHWiOLFRV� PRGLILFDGRV� FRQ� PRQRFDSDV� DXWRHQVDPEODGDV� GH� DOFDQRWLRODWRV� TXH�SHUPLWHQ� WUDQVIHULU� SDWURQHV� UHJXODUHV� FRQ� UHVROXFLyQ� SRU� GHEDMR� GH� ORV� ���QP�� /RV�PROGHV�PHWiOLFRV�UtJLGRV�SHUPLWHQ�HYLWDU�ODV�WtSLFDV�GHIRUPDFLRQHV�REVHUYDGDV�FXDQGR�VH�XWLOL]DQ�PROGHV�HODVWRPpULFRV��/D�SHOtFXOD�GH�DOFDQRWLRODWR�FDPELD�ODV�SURSLHGDGHV�GH� DGKHUHQFLD� GH� ORV� PROGHV� SRVLELOLWDQGR� XQ� IiFLO� GHVSHJXH�� D~Q� SDUD� PDWHULDOHV�SROLPpULFRV�DOWDPHQWH�DGKHUHQWHV�,QWURGXFWLRQ7KH� GHYHORSPHQW� RI� QHZ� WHFKQRORJLHV� FDSDEOH� RI� JHQHUDWLQJ� SRO\PHULF� PLFUR�DQG�QDQRVWUXFWXUHV�KDV�KDG�DQ�H[WUHPH�UHOHYDQFH�LQ�WKH�ODVW�\HDUV��7KLV�IDFW�LV�GXH�WR�WKH�JUHDW� XWLOLW\� RI� WKLV� VRUW� RI� V\VWHPV� LQ� VHYHUDO� WHFKQRORJLFDO� DSSOLFDWLRQV� VXFK� DV�PLFURDQDO\WLFDO�WHFKQLTXHV��E\�XVLQJ�SODVWLF�PLFURIOXLGLF�GHYLFHV�>�@��DQG�RSWLFDO�GHYLFHV��FRQVLGHULQJ� WKH� XVH� RI� SRO\PHULF� JUDWLQJV� LQ� RSWRHOHFWURQLF� GHYLFHV� >���@� DQG� IRU�DOLJQPHQW�RI�OLTXLG�FU\VWDOV�>�@�7KH� LGHD� RI� GHVLJQLQJ� QHZ� VWUDWHJLHV�� ZLWK� SRWHQWLDO� DSSOLFDWLRQV� LQ� VHULDO�IDEULFDWLRQ��LV�EDVHG�RQ�GHYHORSLQJ�QRYHO�PHWKRGV��ZKLFK�VDWLVI\�WZR�PDLQ�UHTXLUHPHQWV��KLJK�UHVROXWLRQ�DQG� ORZ�FRVW� IDEULFDWLRQ��*HQHUDOO\�� WKH� WHUP�³UHVROXWLRQ´� LV� UHIHUUHG� WR�WKH� ODWHUDO� GLPHQVLRQ� RI� WKH� VPDOOHVW� IHDWXUH� WKDW� FDQ� EH� JHQHUDWHG� E\� D� GHWHUPLQHG�PHWKRG�>�@��,W� KDV� EHHQ� VKRZQ� WKDW�PROGLQJ� DQG� UHSOLFDWLRQ� RI� D�PDVWHU� LV� RQH� RI� WKH�PRVW�SRZHUIXO�DQG�LQH[SHQVLYH�URXWHV�IRU�WKH�VHULDO�QDQR���PLFURIDEULFDWLRQ��7KLV�VWUDWHJ\�KDYH�
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EHHQ� ZLGHO\� HPSOR\HG� E\� PDQ\� LQIRUPDWLRQ�VWRUDJH�UHODWHG� LQGXVWULHV� >�@� IRU� VHULDO�IDEULFDWLRQ�RI�GLYHUVH�GLVSRVLWLYHV�>�@��VXFK�DV�FRPSDFW�GLVFV��&'V���GLJLWDO�YHUVDWLOH�GLVF��'9'V��� KRORJUDPV�� RSWRHOHFWURQLF� GHYLFHV�� HWF�� 7KH� IDEULFDWLRQ� RI� D� QDQR� �� PLFUR�SDWWHUQHG�PDVWHU�RIWHQ� UHTXLUHV� VRSKLVWLFDWHG�DQG� H[SHQVLYH�SURFHGXUHV�� DQG� WKH�XVH�RI�FRPSOH[� WHFKQLTXHV� VXFK� DV� HOHFWURQ�EHDP� OLWKRJUDSK\� >�@� ��;�UD\� OLWKRJUDSK\� >�@�� LRQ�VSXWWHULQJ� >��@�� FOXVWHU�EHDP�IDEULFDWLRQ� >��@�� VFDQQLQJ�SUREH�DVVLVWHG� OLWKRJUDSK\� >��@�DQG�DWRP�RSWLFV�>��@��&XUUHQWO\��JUHDW�HIIRUWV�DUH�PDGH� LQ�RUGHU�WR� IDEULFDWH�PHWDO� DQG�VHPLFRQGXFWRU�PDGH� WHPSODWHV� E\� D� VLPSOHU� DQG� LQH[SHQVLYH�ZD\��8QGHU� WKLV� IRFXV�� LW�FRXOG� EH� PHQWLRQHG� D� UHFHQW� ZRUN� RQ� SRO\PHU� LPSULQWLQJ� >��@� XVLQJ� WKH� ZHOO�NQRZQ�QDQRVWUXFWXUHG�DOXPLQD� >��@� DV� D� WHPSODWH��7KH� IROORZLQJ� IDEULFDWLRQ� VWHS� LQYROYHV� WKH�PROG�IDEULFDWLRQ�WKDW�LV�XVHG�WR�REWDLQ�PDVWHU�UHSOLFDV��1HZ� IDEULFDWLRQ� PHWKRGV� IRU� SRO\PHU�PDGH� PLFUR� DQG� QDQRVWUXFWXUHG�DUFKLWHFWXUHV�KDYH�EHHQ�H[WHQVLYHO\�UHSRUWHG�LQ�WKH�OLWHUDWXUH�>�����@��7KH�PRVW�FRPPRQ�SURFHGXUHV� LQYROYH� HPERVVLQJ�� LQMHFWLRQ� PROGLQJ�� LPSULQWLQJ�� DQG� VRIW� OLWKRJUDSKLF�WHFKQLTXHV�� 7KH� VRIW� OLWKRJUDSKLF� WHFKQLTXHV� LQFOXGH� UHSOLFD� PROGLQJ�� PLFURWUDQVIHU�PROGLQJ�� PLFURFRQWDFW� SULQWLQJ�� PLFURPROGLQJ� LQ� FDSLOODULHV�� DQG� VROYHQW�DVVLVWHG�PLFURPROGLQJ� >�@�� 0RVW� RI� WKHVH� PHWKRGV� LQYROYH� FRPSOH[� VWHSV� DQG� KLJKO\� VSHFLILF�LQVWUXPHQWDWLRQ��7KHUHIRUH��VLPSOHU�DOWHUQDWLYH�URXWHV�WR�REWDLQ�VXFK�DUFKLWHFWXUHV�VKRXOG�EH�H[SORUHG�� ,Q� IDFW�� LW� LV�GHVLUDEOH� WR�GHYHORS�PHWKRGV� WKDW�DOORZ�GLUHFW�SULQWLQJ�RI� WKH�SRO\PHULF�PDWHULDO�RQWR�WKH�VXEVWUDWH�ZLWKRXW�PDVNV�DQG�LQWHUPHGLDWH�VWHSV��$W�SUHVHQW��RWKHU� SRO\PHU�PROGLQJ� WHFKQLTXHV� VXFK� DV� QDQRLPSULQWLQJ� OLWKRJUDSK\� >��@� �1,/�� DQG�VWHS� DQG� IODVK� LPSULQW� OLWKRJUDSK\� >��@� �6),/�� KDYH� VKRZQ� YHU\� JRRG� SHUIRUPDQFH� LQ�SRO\PHU� PROGLQJ�� EULQJLQJ� QHZ� DOWHUQDWLYHV� IRU� VHULDO� IDEULFDWLRQ�� ,Q� WKHVH� FDVHV�� WKH�PROGV� ZHUH� IDEULFDWHG� E\� KDUG� OLWKRJUDSKLF� WHFKQLTXHV� RQ� 6L�6L2� �1,/�� DQG� TXDUW]��6),/��VXEVWUDWHV��2Q�WKH�RWKHU�KDQG��WKH�PLFURWUDQVIHU�PROGLQJ�>�@��P70��LV�D�UHODWLYHO\�VLPSOH�PHWKRG�WKDW�DOORZV�GLUHFW�SDWWHUQ�WUDQVIHU� WR�D�SRO\PHULF�PDWHULDO��+RZHYHU�� WKH�XVH� RI� HODVWRPHULF� PROGV�� ZKLFK� DOORZV� YHUVDWLOLW\� LQ� WKH� VKDSH� RI� WKH� SDWWHUQV� WR� EH�WUDQVIHUUHG�� L�H��QRQ�SODQDU�VXEVWUDWHV��FRXOG�LQWURGXFH�GHIRUPDWLRQV�DQG�GLVWRUWLRQV�>��@�DQG� OLPLWDWLRQV� LQ� WKH� DUFKLWHFWXUHV� WR�EH� DFKLHYHG� >��@�� ,Q� IDFW�� WKH�SRO\PHULF�PDWHULDO�XVHG� LQ� P70� LV� SRO\�GLPHWK\OVLOR[DQH�� �3'06��� ,W� KDV� EHHQ� SRLQWHG� RXW� WKDW� WKH�HODVWRPHULF�FKDUDFWHU�RI�3'06�OHDGV�WR�VRPH�RI�WKH�PRVW�VHULRXV�SUREOHPV�RI�WKH�PHWKRG�RULJLQDWHG� LQ�DGKHVLRQ�DQG�FDSLOODU\� IRUFHV� WKDW�H[HUW�VWUHVV�RQ� WKH�HODVWRPHULF� IHDWXUHV��7KHVH� HIIHFWV� JHQHUDWH� GHIHFWV� LQ� WKH� IRUPHG� SDWWHUQV� DQG� OLPLW� WKH� DUFKLWHFWXUHV� WR� EH�DFKLHYHG��7KHUHIRUH��DW�SUHVHQW WKH�UHVROXWLRQ�OLPLW�RI�WKLV�WHFKQLTXH�LV�RQO\���PP�>�@�,Q�RUGHU�WR�RYHUFRPH�WKH�DERYH�PHQWLRQHG�SUREOHPV�WKHUH�DUH�RWKHU�DOWHUQDWLYHV��VXFK�DV�XOWUDWKLQ�>��@�DQG�³KDUGHQHG´�3'06�VWDPSV�>��@�RU�HYHQ�FRPSRVLWH�VWDPSV�>��@��,Q�DGGLWLRQ�D�PRGLILHG�PLFURWUDQVIHU�PROGLQJ��0P70��PHWKRG�>��@�HPSOR\LQJ�D�PHWDO�FRYHUHG�PROG�KDV�DOVR�EHHQ�GHYHORSHG�DOORZLQJ�WKH�IRUPDWLRQ�RI�D�FRQWLQXRXV�SDWWHUQHG�ILOP�RI�D�SRO\PHULF�PDWHULDO�ZLWK�FRQVLGHUDEOH�UHVROXWLRQ�����QP���+RZHYHU��LQ�WKLV�FDVH�PROGLQJ�LV�UHVWULFWHG�WR�ORZ�DGKHUHQW�SRO\PHULF�PDWHULDOV�EHFDXVH�WKH�WUDQVIHUUHG�SDWWHUQV�FRXOG�EH�GDPDJHG�GXULQJ�WKH� UHOHDVH�RI� WKH�JROG�PDGH�PROG��7KHUHIRUH�� WKLV�PHWKRG� LV�LQDSSOLFDEOH� IRU�PROGLQJ� D�ZLGH� QXPEHU� RI� SRO\PHULF�PDWHULDOV�ZLWK� LQWHUPHGLDWH� DQG�KLJK�DGKHUHQFH�SURSHUWLHV�
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,Q�WKLV�ZRUN��ZH�SUHVHQW�D�QHZ�URXWH�WKDW�HOLPLQDWHV�WKH�GLVWRUWLRQV�LQWURGXFHG�E\�WKH�HODVWRPHULF�PROGV�LQ�WKH�FRQYHQWLRQDO�P70��DQG�WKDW�HOLPLQDWHV�WKH�UHVWULFWLRQV�RI�WKH�0P70� FRQFHUQLQJ� WKH� DGKHVLYH� SURSHUWLHV� RI� WKH� SRO\PHULF� PDWHULDO�� 2XU� SURFHGXUH�GLIIHUV�IURP�WKH�FRQYHQWLRQDO�P70�LQ�WKH�XVH�RI�D�PHWDOOLF�PROG��DQG�IURP�WKH�0P70�LQ�WKH� XVH� RI� D� VHOI�DVVHPEOHG� DONDQHWKLRODWH�PRQROD\HU� FRYHULQJ� WKH�PHWDOOLF�PROG� >��@��7KH�DONDQHWKLRODWH�OD\HU�PRGLI\LQJ�WKH�PHWDOOLF�PDGH�PROG�HQDEOHV�D�FRPSOHWH�UHOHDVH�RI�WKH� PROG� IURP� WKH� SRO\PHULF� ILOP� SURGXFLQJ� GHIHFW�IUHH� SDWWHUQV� LUUHVSHFWLYH� RI� WKH�DGKHVLYH�SURSHUWLHV�RI�WKH�SRO\PHU��WKXV�HOLPLQDWLQJ�WKH�VHYHUH�UHVWULFWLRQV�SUHVHQW�LQ�WKH�0P70�� 7KH� YHUVDWLOLW\� RI� RXU� PHWKRG� LV� GHPRQVWUDWHG� E\� WKH� IDEULFDWLRQ� RI� JODVV�VXSSRUWHG� JUDWLQJV� RI� SRO\PHU� PDWHULDOV� ZLWK� YHU\� GLIIHUHQW� DGKHVLYH� DQG� PHFKDQLFDO�SURSHUWLHV�>�����@��ZLWK�DUFKLWHFWXUH�VLPLODU�WR�WKRVH�IDEULFDWHG�E\�ODVHU�DEODWLRQ�>��@�([SHULPHQWDO7KH�FRSSHU�PROG�ZDV�SUHSDUHG�E\� FRSSHU�HOHFWURGHSRVLWLRQ�RQ�D�GRGHFDQHWKLRO�FRYHUHG� FRSSHU� JULG� �WKH� WHPSODWH��� 7KH� FRSSHU� HOHFWURGHSRVLWLRQ� ZDV� SHUIRUPHG� LQ� D�FRQYHQWLRQDO�WKUHH�HOHFWURGH�HOHFWURFKHPLFDO�FHOO��7KH�WHPSHUDWXUH�DQG�FXUUHQW�GHQVLWLHV�XVHG�ZHUH����&�DQG����P$�FP����7KH�FRPSRVLWLRQ�RI�WKH�SODWLQJ�EDWK�ZDV� ����0�&X62����+�2����0�+�62�������P0� WKLRXUHD��$OO� FKHPLFDOV�ZHUH� RI� DQDO\WLFDO� JUDGH��+LJK�LPSDFW�SRO\VW\UHQH��������Z�Z��DQG�SRO\VW\UHQH��������Z�Z��VROXWLRQV�ZHUH�SUHSDUHG�E\�GLVVROYLQJ�WKH�SRO\PHU�SHOOHWV�LQ�WROXHQH��$WRPLF�IRUFH�PLFURVFRS\��$)0��LPDJHV�RI�WKH�PHWDOOLF�PDVWHU��PHWDOOLF�PROGV�DQG�SRO\PHU�UHSOLFDV�ZHUH�WDNHQ�XVLQJ�D�1DQRVFRSH�,,,�PLFURVFRSH��'LJLWDO�,QVWUXPHQWV��6DQWD�%DUEDUD�&$��RSHUDWLQJ�LQ�FRQWDFW�PRGH�ZLWK�6L�1� QDQRWLSV�5HVXOWV�DQG�'LVFXVVLRQ7KH� PHWKRG� WR� REWDLQ� WKH� SRO\PHU�PDGH�JUDWLQJ� LQYROYH� IHZ� DQG� YHU\� VLPSOH�VWHSV� DV� VKRZQ� LQ� )LJXUH� ��� $� FRSSHU�PDGH� PROG�� IDEULFDWHG� IURP� DQ� DONDQHWKLRO�PRGLILHG�FRSSHU�PDVWHU�E\�FRSSHU�HOHFWURGHSRVLWLRQ�>��@��ZDV�LPPHUVHG�GXULQJ�RQH�KRXU�LQ�D��P0�GRGHFDQHWKLRO�VROXWLRQ�FRQWDLQLQJ�WROXHQH�DV�VROYHQW�>��@�LQ�RUGHU�WR�FRYHU�WKH�VXUIDFH� ZLWK� D� GRGHFDQHWKLRO� PRQROD\HU�� 7KH� GRGHFDQHWKLRO�PRGLILHG� PROG� LV� SODFHG�DERXW����PLQXWHV�LQ�SXUH�WROXHQH�WR�UHPRYH�SK\VLVRUEHG�PROHFXOHV�IRUPLQJ�PXOWLOD\HUV��7KHQ��WKH�OLTXLG�SRO\PHU�LV�SRXUHG�RQ�WKH�JODVV�VXSSRUW��)LJXUH��F���DQG�LPPHGLDWHO\�WKH�WKLRO�PRGLILHG�FRSSHU�PROG�LV�SUHVVHG�RQ�WKH�JODVV�VXSSRUWHG�OLTXLG�SRO\PHU�ILOP��)LJXUH��G���FRQWUROOLQJ�WKH�DSSOLHG�SUHVVXUH�E\�XVLQJ�D�PLFURPHWHU�VFUHZ��7KH� XVH� RI� PHWDOOLF� PROGV�� LQ� FRQWUDVW� WR� 3'06� PROGV�� DOORZV� DSSO\LQJ� KLJK�SUHVVXUHV�ZLWKRXW� LQWURGXFLQJ� VLJQLILFDQW� GHIRUPDWLRQV��2QFH� WKH� SRO\PHU� LV� FXUHG�� WKH�WKLRO�PRGLILHG�PROG�LV�HDVLO\�UHOHDVHG�IURP�WKH�SRO\PHULF�ILOP��)LJXUH��H���,Q�RXU�PHWKRG�WKH�UHOHDVH�SURFHGXUH�UHTXLUHV�RQO\�D�PLQLPXP�PHFKDQLFDO�HIIRUW�SURGXFLQJ�QR�GDPDJHV�WR�WKH�SRO\PHU�PDGH�JUDWLQJ�RU�WR�WKH�FRSSHU�PDGH�PROG��7KH�ORZ�DGKHUHQFH�SURSHUWLHV�RI� PHWK\O�WHUPLQDWHG� VHOI�DVVHPEOHG� PRQROD\HUV� KDYH� EHHQ� SUHYLRXVO\� H[SORLWHG� IRU�PLFURSDWWHUQLQJ�FRQGXFWLQJ�SRO\PHUV�RQ�JROG�VXUIDFHV�>��@��
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)LJXUH �� 6FKHPDWLF�LOOXVWUDWLRQ�RI�WKH�FRPSOHWH�SURFHGXUH�IRU�IDEULFDWLRQ�RI�SRO\PHULF�QDQRVWUXFWXUHV�E\�WKH�QDQRWUDQVIHU�PROGLQJ�PHWKRG�D� 7KLRO�PRGLILHG�PHWDOOLF�PDVWHU��E�0ROG�IDEULFDWLRQ�E\�WKLRO�DVVLVWHG�WHPSODWHG�HOHFWURGHSRVLWLRQ��IROORZHG�E\�PROG�PRGLILFDWLRQ�E\�WKLRO�DGVRUSWLRQ��F� SRO\PHU�ILOP�RQ�WKH�JODVV�VXEVWUDWH��G� 7KH�WKLRO�PRGLILHG�PROG�LV�SUHVVHG�RQ�WKH�OLTXLG�SRO\PHU�ILOP�VXSSRUWHG�RQ�WKH�JODVV�VXEVWUDWH�H� DIWHU�FDVWLQJ��KLJK�LPSDFW�SRO\VW\UHQH��RU�SRO\PHUL]DWLRQ��SRO\�LVREXW\OF\DQRDFU\ODWH���WKH�PROG�LV�HDVLO\�UHOHDVHG�IURP�WKH�SRO\PHU�PDGH�ILOP��7KH�SRO\PHU�IDFH�LQ�FRQWDFW�ZLWK�WKH�PROG�LV�D�UHSOLFD�RI�WKH�WHPSODWH�
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)LJXUH�����D� 6(0�LPDJH�RI�WKH�&X�PDGH�PDVWHU�VKRZLQJ�WKH�WUDFN�GLPHQVLRQV��7KH�EDU�LQGLFDWHV�����PP���E� IUDFWXUHG�&X�PDVWHU�VKRZLQJ�WKH�WUDFN�VKDSH���F� ���[����PP� WRS�YLHZ�$)0�LPDJHV�RI�WKH�FRSSHU�PDGH�PDVWHU���G� &URVV�VHFWLRQ�VKRZLQJ�WKH�W\SLFDO�GLPHQVLRQ�RI�WUDFN��O���FKDQQHO��Z��DQG�GHSWK��G���G� ����QP��O� �����QP��Z� �����QP�
7KH�ILUVW�VWHS�RI�RXU�PHWKRG�FRQVLVWV RQ�WKH�IDEULFDWLRQ�RI�WKH�PHWDOOLF�PROG�IURP�D� PHWDOOLF� PDVWHU�� &RPELQHG� VFDQQLQJ� HOHFWURQ� PLFURVFRS\� �6(0�� DQG� DWRPLF� IRUFH�PLFURVFRS\� �$)0��LPDJLQJ�ZHUH�HPSOR\HG�WR�FKDUDFWHUL]H� WKH�PDVWHU�VWUXFWXUH�XVHG�LQ�RXU�UHSOLFDWLRQ�SURFHGXUH��6(0�GDWD�VKRZ�WKDW� WKH�PDVWHU�VWUXFWXUH�FRQVLVWV�RI�URXQGHG�WUDFNV��)LJXUH��D������QP�LQ�ZLGWK�VHSDUDWHG�E\�����QP�ZLGH�FKDQQHOV��)LJXUH��E���2Q�
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