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� $EVWUDFW�� ,Q� WKLV� SDSHU�� WKH� [�� UD\� GLIIUDFWLRQ� ZHUH� WDNHQ� IRU� GLIIHUHQW� UDWLRV� RI�)HUURHOHFWULF�/HDG�=LUFRQDWH�7LWDQDWH��3=7��WKLQ�ILOPV��)URP�WKLV�PHWKRG��WKH��3=7��ORFDWLRQV�ZHUH�GHILQHG�DQG�WKH�������RULHQWDWLRQV�ZHUH�IRXQG�IRU�HDFK�ILOP���
�,QWURGXFWLRQ��/HDG��=LUFRQDWH��7LWDQDWH��3=7��FHUDPLFV�DQG�LWV�GRSHG�YDULDQWV�VKRZ�YHU\�LQWHUHVWLQJ�DQG�XVHIXO�IHUURHOHFWULF��HOHFWUR��RSWLF�DQG�SLH]RHOHFWULF�SURSHUWLHV�>���@��3=7�ILOPV�KDYH�PDQ\�DSSOLFDWLRQV�GXH�WR�WKHLU�KLJK�HOHFWURPHFKDQLFDO�FRXSOLQJ�FEHIILFLHQWV�.���DQG�KLJK�UHODWLYH�GLHOHFWULF�FRQVWDQWV�� �U���5HFHQWO\��WKLQ� ILOPV� RIIHUURHOHFWULF�PDWHULDOV� KDYH� EHFRPH� RI� JUHDW� LQWHUHVW� LQ� GHYLFH�DSSOLFDWLRQV� VXFK� DV� SLH]RHOHFWULF� YLEUDWRUV� >�@�� VXUIDFH� DFRXVWLF� ZDYH��6$:��GHYLFHV�>�@��S\UR�OFWULF�GHWHFWRUV�>�@��DQG�QRQYRODWLOH�UDQGRP�DFFHVV�PHPRULHV� >�@�� )HUURHOHFWULF� PDWHULDOV� H[KLELW� VSRQWDQHRXV� HOHFWULF�SRODUL]DWLRQ�� WKH�GLUHFWLRQ�PD\�EH�VZLWFKHG�E\�DSSO\LQJ�D� VXIILFLHQWO\� ODUJH�HOHFWULF� ILHOG�� -XVW� DV� IHUURPDJQHWLF� DV�ZHOO� H[KLELW� K\VWHULFV� LQ� WKH� UHODWLRQ�EHWZHHQ� PDJQHWLVP� DQG� DSSOLHG� PDJQHWLF� ILHOG�� IHUURHOHFWULF� PDWHULDOV�H[KLELW� K\VWHUHVLV� LQ� WKH� UHODWLRQVKLS� EHWZHHQ� SRODUL]DWLRQ� �3��� DQG� WKH�DSSOLHG� HOHFWULF� ILHOG� �(��� >� �����@�� $� VHFRQG� SURSHUW\� RI� IHUURHOHFWULF�PDWHULDOV� LV� WKDW� DV� WKH� WHPSHUDWXUH� LQFUHDVHV�� WKH� PDJQLWXGH� RI� WKH�VSRQWDQHRXV� SRODUL]DWLRQ� GHFUHDVHV�� DQG� ILQDOO\� GLVDSSHDUV� DW� D� FULWLFDO�WHPSHUDWXUH�� FDOOHG� WKH� &XULH� WHPSHUDWXUH� �7F��� 7KH� FKDQJH� LQ� HOHFWULFDO�SURSHUWLHV�� IURP� IHUURHOHFWULF� WR� SDUDHOHFWULF�� LV� W\SLFDOO\� WKH� UHVXOW� RID�VWUXFWXUDO�SKDVH�FKDQJH�WKDW�RFFXUV�DW�7F >�����@��)HUURHOFWULF�FHUDPLFV�DUH�RI�SDUWLFXODU� LQWHUHVW� EHFDXVH� WKH\� DUH� FKHPLFDOO\� DQG� PHFKDQLFDOO\� VWDEOH� DW�
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URRP� WHPSHUDWXUH�� DQG� UHODWLYHO\� HDV\� WR� SUHSDUH� LQ� WKH� IRUP� RI�SRO\FU\VWDOOLQH� VDPSOHV� >�����@�� 7KH� PRVW� LPSRUWDQW� FHUDPLF� IHUURHOHFWULFV�FU\VWDOOL]HV�����LQ�WKH�SHURYVNLWH�VWUXFWXUH��ZKLFK�FDQ�EH�GHVFULEHG�DV�D�VLPSOH�FXELF�XQLW�FHOO�ZLWK�D�3E���FDWLRQ�DW�WKH�FRUQHUV��D�7L����RU�=U����FDWLRQ�LQ�WKH�ERG\� FHQWHU� DQG� 2� ��� DQLRQV� DW� WKH� IDFH� �� FHQWHU� >�����@�� 7KH� VWUXFWXUH�RIIHUURHOOHFWULF� FHUDPLFV� EHORZ� WKH� &XULH� WHPSHUDWXUH� EHFRPHV� VOLJKWO\�GLVWRUWHG� �W\SLFDOO\�DORQJ�D�SULQFLSDO�D[LV�RU� WKH�ERG\�GLDJRQDO��GXH�WR�WKDW��WKH� FHQWHU� FDWLRQ� LV� QRW� VWDEOH� DW� WKH� FHQWHU� RI� WKH� XQLW� FHOO�� ,W� KDV� HQHUJ\�PLQLPD�LQ�WZR�GLVWLQFW�SRVLWLRQV����[��IURP�WKH�FHQWHU�DORQJ�WKH�GLUHFWLRQ�RI�GLVWRUWLRQ� >�@�� 7KH� FHQWHU� FDWLRQ� PD\� EH� PRYHG� WR� HLWKHU� PLQLPXP��VZLWFKHG�� E\� DSSO\LQJ� DQ� HOHFWULF� ILHOG� LQ� WKDW� GLUHFWLRQ�� 7KH� IHUURHOHFWULF�SURSHUWLHV�RI� WKHVH�FU\VWDOV�DULVH�IURP�WKH�VZLWFKDEOH�GLSROHV�IRUPHG�E\�WKH�GLVSODFHPHQW� RI� WKH� FHQWHU� FDWLRQ� ZLWK� UHVSHFW� WR� WKH� QHJDWLYHO\� FKDUJHG�R[\JHQ�RFWDKHGURQ�>����@���7KH�ILOPV�ZHUH�SUHSDUHG�E\�WKH�SXOVH�ODVHU�GHSRVLWLRQ��3/'��WHFKQLTXH��WKH�PRVW� SURPLVLQJ� FKDUDFWHULVWLFV� RI� WKH� ODVHU� DEODWLRQ� PHWKRG� DUH� WKH�IROORZLQJ��,�� WKHUH� LV� LQVLJQLILFDQFH� GLIIHUHQFH� LQ� WKH� FRPSRVLWLRQ� EHWZHHQ�WKH� WDUJHW� PDWHULDO� DQG� WKH� GHSRVLWHG� ILOP�� ���� 6PDOO� WDUJHWV� FDQ� EH� XVHG�ZKLFK� PD\� EH� PDGH� UHODWLYHO\� HDVLO\�� ���� 'HSRVLWLRQ� LQ� D� KLJK� R[\JHQ�SUHVVXUH� LV� SRVVLEOH� EHFDXVH� RI� WKH� DEVHQFH� RI� HQHUJ\� VRXUFHV� VXFK� DV�ILODPHQWV�IRU�WKH�HOHFWURQ�HPLVVLRQ��KHDWHUV�IRU�WKH�HYDSRUDWLRQ��RU�GLVFKDUJH�HOHFWURGHV�LQ�WKH�V\VWHP������7KH�YDFXXP�V\VWHP�DQG�FRQWUROOHG�DWPRVSKHUH�DUH�LQGHSHQGHQW�RI�WKH��ODVHU�DSSDUDWXV�� ����(YHQ�PDWHULDOV�ZLWK�D�KLJK�PHOWLQJ�SRLQW�FDQ�EH� HDVLO\�GHSRVLWHG�LI�WKH�PDWHULDO�VWURQJO\�DEVRUEV�WKH�ODVHU�OLJKW��>���@���([SHULPHQWDO��7KH� ILOPV� ZHUH� SUHSDUHG� E\� WKH� SXOVH� ODVHU� GHSRVLWLRQ� �3/'�� WHFKQLTXH��'XULQJ� WKH� 3/'� SURFHVV� D� VKRUW� SXOVH� OLJKW� HQWHUV� WKH� GHSRVLWLRQ� FKDPEHU�WKURXJK�D�ZLQGRZ�DQG�LPSLQJHV�RQ�D�WDUJHW�RI�WKH�PDWHULDO�WR�EH�GHSRVLWHG��$ IHZ�KXQGUHG�DQJVWURPV�RI� WKH�WDUJHW�VXUIDFH� LV�YDSRUL]HG�LQWR�D�FORXG�RI�PDWHULDO� �SOXPH��� ZKLFK� H[SDQGV� LQ� WKH� FKDPEHU� DQG� LV� GHSRVLWHG� RQWR� D�VXEVWUDWH�SODFHG�LQ�IURQW�RI� WKH�WDUJHW��$�IUHTXHQF\�WULSOHG��4�VZLWFKHG�1G��<$*�ODVHU�SURGXFHV��QV�SXOVHV�RI���QP��89��OLJKW�DW��D�IUHTXHQF\�RI����+]��7KH� HQHUJ\� RXWSXW� LV� ���� P-�SXOVH� \LHOGLQJ� DQ� HQHUJ\� RI� a� ���� -�FP� SHU�SXOVH�ZKHQ� WKH�EHDP�UHDFKHV� WKH� WDUJHW��7KH�EHDP�SDVVHV� WKURXJK�D�TXDUW]�OHQV� �I�  ���FP�� DQG� LV� UHIOHFWHG� E\� D� GLHOHFWULF� PLUURU� SRVLWLRQHG� DW� ���
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GHJUHHV�WR�WKH�EHDP��)LQDOO\�WKH�EHDP�SDVVHV�WKURXJK�D�TXDUW]�ZLQGRZ�LQWR�WKH�FKDPEHU�DQG�RQWR�WKH�WDUJHW��7KH�PLUURU�LV�PRXQWHG�RQ�D�SURJUDPPDEOH�SRVLWLRQ�FRQWUROOHU�WKDW�URWDWHV�DERXW� WZR�����SHUSHQGLFXODU�D[HV��7KLV�DOORZV�WKH� EHDP� WR� EH� DLPHG� DW� YDULRXV� SRVLWLRQV� RQ� WKH� WDUJHW�� W\SLFDOO\� LW� UDVWHU�DFURVV� WKH� WDUJHW�� 7KH� WDUJHW� LV� PRXQWHG� RQ� URW� WDEOH� SRVW�� ZKLFK� DOORZV�VHYHUDO�WDUJHWV�WR�EH�PRXQWHG�VLPXOWDQHRXVO\��7KH�VXEVWUDWH�LV�PRXQWHG�RQ�D�URW� WDEOH� - KHDWHU� EORFN� SODFHG� LQ� IURQW� RI� WKH� WDUJHW�� 7KH� VXEVWUDWH�WHPSHUDWXUH�PD\� EH� VHW� IURP� URRP� WHPSHUDWXUH� XS� WR� ���� �&�� 7KH� R[\JHQ�SDUWLDO�SUHVVXUH��S2� � RU�DWPRVSKHUHV�LQ�WKH�FKDPEHU�GXULQJ�GHSRVLWLRQ�PD\�EH�FRQWUROOHG�XVLQJ�JDV�IORZ�UHJXODWRUV���$ VPDOO�VHFWLRQ�RI� WKH�VXEVWUDWH�ZDV�PDVNHG�RII�GXULQJ�GHSRVLWLRQ�WR�DOORZ�DQ� �� DFFHVV� WR� WKH� ERWWRP� 3W�HOHFWURGH�� $Q� DUUD\� RI� ��[��� �XP� WRS� 3W�HOHFWURGHV�ZDV�IRUPHG�XVLQJ�SKRWROLWKRJUDSK\�DQG�'&�VSXWWHULQJ�GHVFULEHG�LQ�HOVHZKHUH�>�����@���3/'�PHWKRG�XVHG�WR�JURZ�GLIIHUHQW�ILOPV�RI�DSSUR[LPDWHO\�����-�XP�WKLFN�RI�3E=UR���� 7LR���2� �3=7� ��������� 3E=U2��6� 7L����� �3=7�� �������� 3E=U2��6�7LR��V2�� �S=7� ���������� DQG�3E=U2��6�7LR��62�� �S=7����������7KHVH� ILOPV�ZHUH� GHSRVLWHG� XVLQJ� WDUJHWV� ZLWK� ���� H[FHVV� 3E2�� RQ� 3W� �7L� �6L2� �6L�VXEVWUDWHV�KHOG�DW�����&2 LQ�����P7RUU�RI��� ZLWK�WDUJHW��VXEVWUDWH�GLVWDQFH�RI�a���FP�EHWZHHQ�WKH�WZR�VXUIDFHV��7KH�=U�7L�UDWLR�ZDV�DFKLHYHG�E\�PHDQV�RI� D� QRYHO� WHFKQLTXH� IRU� GHSRVLWLQJ� FRPSRVLWLRQDOO\� YDULHG� PXOWL� �� OD\HU�VWUXFWXUHV�>�����@���7KH�ILOP
�V�GLPHQVLRQ�DUH�DSSUR[LPDWHO\���E\���FP��7KH�ILOPV�ZHUH�SODFHG�RQ� WKH� WRS� RI� � FOD\� IL[HG� RQ� D� SODVWLF� KROGHU�� WKHQ� WKH\� ZHUH� PRXQWHG�KRUL]RQWDOO\�LQ�WKH�UDGLDWLRQ�SURWHFWLRQ�KRXVLQJ�LQWR�WKH�'����'LIIUDFWPHWHU��HTXLSSHG�ZLWK�D�PHFKDQLFDOO\�FRXSOHG��� DQG� GULYH��7KLV�'LIIUDFWRPHWHU�FDQ�EH�XVHG�IRU�DOPRVW�DOO�DSSOLFDWLRQV�RI[��UD\�GLIIUDFWLRQ�WHFKQLTXHV��VXFK�DV� VWUXFWXUH� UHVHDUFK�� SKDVH� DQDO\VLV�� DQG� VWUHVV�� 7KH� 'LIIUDFWRPHWHU� ZDV�XVHG�WR�GHWHUPLQH�SUHIHUUHG�RULHQWDWLRQV��WH[WXUHV����7KH�UDGLDWLRQ�HPDQDWLQJ�IURP�WKH�OLQH�IRFXV�RI�WKH�[��UD\�WXEH�LV�GLIIUDFWHG�DW�WKH� VSHFLPHQ� �3=7� ILOP��� DQG� UHFRUGHG� E\� D� VROLG� GHWHFWRU� RI�ZKLFK� KDV� D�ZLQGRZ�RI�������PP��UHVROXWLRQ�OHVV�WKDQ�����H9�DW����9��DUHD�RI��[���PP�VTXDUH��DQG�LW�LV�ELDV�DW�������9ROWV��7KH�ILOP�LV�URWDWHG�DW�D�FRQVWDQW�DQJXODU�VSHHG��ZKHUHDV�WKH�GHWHFWRU�PRYHV����
�,�DERXW�WKH�ILOP�DW�GRXEOH�WKH�DQJXODU�VSHHG�� 7KH� GLIIUDFWLRQ� DQJOH� �� � LV� WKXV� DOZD\V� HTXDOV� WR� GRXEOH� WKH�
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JODQFLQJ� DQJOH� � ���:KHQHYHU� WKH� %UDJJ� FRQGLWLRQ� LV�IXOILOOHG�� WKH� SULPDU\�EHDP�LV�UHIOHFWHG�DW�WKH�ILOP�WR�WKH�GHWHFWRU��7KH�LQWHQVLW\�RI�WKH�UHIOHFWHG��UDGLDWLRQ�LV�PHDVXUHG�E\�PHDQV�RI�WKH�GHWHFWRU�DQG�WKH�FRQQHFWHG�HOHFWURQLF�PHDVXULQJ�V\VWHP��ZKLOH� WKH�DQJXODU�SRVLWLRQ�RI� WKH� UHIOHFWLRQV� LV� LQGLFDWHG�DW� WKH� JRQLRPHWHU�� 7KH� .��� UHIOHFWLRQV� FDQ� EH� VXSSUHVVHG� E\� PHDQV� RI� D�ILOWHU�RU�WKH�GLIIUDFWHG�EHDP�PRQRFKURPDWRU��,Q�RUGHU�WR�GHILQH�WKH�LUUDGLDWHG�ILOP� DUHD�� WZR� DSHUWXUHV� DUH� DUUDQJHG� EHWZHHQ� WKH� WXEH� DQG� WKH� ILOP�� 7KH�VHFRQG�DSHUWXUH�VKLHOGV�WKH�VWURQJ�VFDWWHUHG�UDGLDWLRQ�RI�WKH�ILUVW�DSHUWXUH��$�WKLUG� DSHUWXUH� XVHG� WR� VXSSUHVV� XQGHVLUHG� VFDWWHUHG� UDGLDWLRQ� IURP� WKH�3=7�ILOP����5HVXOWV�7KH�GHSRVLWLRQ�RIKLJK�TXDOLW\�3=7�ILOPV�UHTXLUHG�WKH�RSWLPL]DWLRQ�RI�YDULRXV��SDUDPHWHUV� WKURXJK� WKH�V\VWHPDWLF�DGMXVWPHQW�RI�GHSRVLWLRQ�SDUDPHWHUV� >�@��$Q� LGHDO� 3=7� � ILOP� LV� SKDVH� �SXUH�� ������ �RULHQWHG��ZKLFK� LV� WKH� VZLWFKLQJ�GLUHFWLRQ�IRU�UKRPERKHGUDO�- ��SKDVH��H[KLELWV�3��(�K\VWHUHVLV�ORRSV�RI�KLJK�HOHFWULFDO� UHVLVWDQFH� �!��� ���� 7KH� SULPDU\� DGMXVWDEOH� SDUDPHWHUV� LQFOXGH�3E2� FRQWHQW� RI� WKH� WDUJHW�� VXEVWUDWH� WHPSHUDWXUH�� R[\JHQ� SDUWLDO� SUHVVXUH�S2���GLVWDQFH�IURP�WKH�WDUJHW�WR�WKH�VXEVWUDWH��DQG�W\SH�RI�VXEVWUDWH�>����@��,Q�JHQHUDO� HDFK� RI� WKHVH� SDUDPHWHUV� DIIHFWHG� WKH� FKHPLFDO� FRPSRVLWLRQ� DQG�SKDVH�� FU\VWDOORJUDSKLF�RULHQWDWLRQ�� WKLFNQHVV��3� �(�K\VWHUHVLV� ORRS��DQG� WKH�UHVLVWLYLW\�RI�WKH�ILOPV�WR�YDU\LQJ�GHJUHHV�>�������@���)LJXUH� ��� VKRZV� WKH� UHVXOW� RI� WKH� [�� UD\� GLIIUDFWLRQ� SDWWHUQ� RI� 3=7� �������ILOP�� ZKLFK� LV� GHYLDWHG� IURP� DQ� LGHDO� 3=7� ILOP� RI� SKDVH� ��SXUH�� ������ �RULHQWDWLRQ�� 7KH� ORFDWLRQV� DQG� - WKH� OLQHV� DUH� DVVLJQHG� E\� FRPSDULQJ� WKH�UHVXOWV� WR� VWDQGDUG� DQG� WR� WKH� WDEOHV�� ,Q� WKLV� ILOP�� WKH� IRUPDWLRQV� RI� D� 3E�FDXVH�D�S\URFKORUH�SKDVH�GXH� WR� WKH� W\SH�RI� VXEVWU� WH��7KH�PRVW� LQIOXHQWLDO�SDUDPHWHU�LGHQWLILHG�RQ�WKH�IRUPDWLRQ�RI�WKLV�SKDVH�ZDV�WKH�W\SH�RI�VXEVWUDWH�XVHG� >�����@�� 7KH� VXEVWUDWHV� FRQVLVWHG� RI�OOO�� 3W�� FRDWHG� 6L� ZDIHUV� �VRPH�FRQWDLQLQJ�D�7L� OD\HU� WR� IDFLOLWDWH�DGKHVLRQ�RI� WKH�3W�DV� WKH�VDPSOHV�XVHG� LQ�ILJXUHV������DQG����,W�ZDV�IRXQG�WKDW�XVH�RI�VXEVWUDWHV�QRW�FRQWDLQLQJ�WKH�7L�DGKHVLRQ� OD\HU�DOZD\V� UHVXOWHG� LQ� ILOPV�RI� WKH�S\URFKORUH�SKDVH��6XEVWUDWHV�FRQWDLQLQJ� WKH� 7L� DGKHVLRQ� OD\HU� ZHUH� OHVV� OLNHO\� WR� IRUP� WKH� S\URFKORUH�SKDVH�>����@���7KH� H[FHVV� 3E2� FRQWHQW� RI� WKH� WDUJHW� DOVR� LQIOXHQFHG� ZKHWKHU� RU� QRW� WKH�S\URFKORUH� ZDV� IRUPHG� >�@�� 7DUJHWV� IDEULFDWHG� YLD� WUDGLWLRQDO� SRZGHU�
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SURFHVVLQJ� URXWHV� LQLWLDOO\� FRQWDLQLQJ� DV� PXFK� DV� ���� PRODU� H[FHVV� 3E2�ZHUH� UHTXLUHG� WR� DYRLG� S\URFKORUH�� DOWKRXJK� VRPH� RI� WKH� H[FHVV� 3E2�ZDV�XQGRXEWHGO\� ORVW� WKURXJK� YRODWLOL]DWLRQ� GXULQJ� WDUJHW� SURFHVVLQJ�� 7KLV� ILOP�ZDV�JURZQ�DW�����P7RUU�DQG�DW� WHPSHUDWXUH�RI�����&2� ZKLFK� LDUH�RXW� WKH�UDQJH�RI�VXEVWUDWH�WHPSHUDWXUHV�DQG�R[\JHQ�SDUWLDO�SUHVVXUHV�QHHGHG�WR�JURZ�DQ��LGHDO�ILOP�>�@���)LJXUH����VKRZV�WKH�[��UD\�GLIIUDFWLRQ�SDWWHUQ�RI�3=7��������WKLQ�ILOP��DV�WKH�LQWHQVLW\� ����-� -�FRXQWV�SHU�VHFRQG��&36��YHUVXV� WKH���� �GHJUHHV���RQH�FDQ�VHH�IURP�WKH�ILJXUH�WKDW�WKH�3=7�RULHQWDWLRQ�������LV�VR�ODUJH�FRPSDUHG�WR�WKH�RWKHU�3=7�RULHQWDWLRQV� DQG� DOVR� WKH�S\UFKORUH� LV� VR� VPDOO��7KH�RWKHU�SHDNV�DOVR� GHWHUPLQHG� WKH� 3W� ORFDWLRQV�� )LJXUH� �� VKRZV� WKH� [� �UD\� GLIIUDFWLRQ�SDWWHUQ� RI� 3=7� ������� ILOP�� ZKLFK� LV� JURZQ� RQ� DQRWKHU� VXEVWUDWH� ZKLFK�FRQWDLQV�7L�DGKHVLRQ�OD\HU��DJDLQ�WKH�SHDNV�DQG�WKH�ORFDWLRQV�DUH�ZHOO�GHILQHG�IRU�WKH�3=7�DQG�3W�EHFDXVH�WKH�DEODWLRQ�SDUDPHWHUV�DUH�VXLWDEOH�IRU�WKLV�UDWLR���)URP�ILJXUH����ZKLFK�LV�WKH�[��UD\�SDWWHUQ�RI�3=7��������ILOP��JURZQ�LQ�WKH�VDPH� VXEVWUDWH� DV� WKH� 3=7� �������� ,Q� ILJ�� ��� WKHUH� LV� VPDOO� S\URFKORUH�FRPSDUH� WR� WKH� 3=7�� � ������ RULHQWDWLRQ�� WKLV� LV� PD\� EH� GXH� WR� FKHPLFDO�FRPSRVLWLRQ� DQG� FU\VWDOORJUDSKLF� RULHQWDWLRQ� ZKLFK� UHVXOWV� IURP� WKH� SXOVH�ODVHU�GHSRVLWLRQ���)LJXUH� �� LV� WKH� [� �UD\� GLIIUDFWLRQ� SDWWHUQ� RI� WKH� 3=7� ������� ILOP�� ZLWK� QR�S\URFKORUH� DW� � DOO� LQ� WKLV� ILOP�� WKLV� LV� GXH� WR� WKH�SURSHU� DEODWLRQ� FRQGLWLRQV�WKDW�DUH�XVHG�WR�JURZ�WKH�ILOP��$V�PHQWLRQHG�EHIRUH��WKH�ILOPV�DUH�JURZQ�DW�����&2 DQG�R[\JHQ�SUHVVXUH�RI�����P7RUU���7KH�[��UD\�EHDP�SHQHWUDWHG�WKH�ZKROH�ILOP�DQG�LQWR�WKH�VXEVWUDWH��,W�FDQ�EH�VHHQ�WKDW� WKH�UHODWLYH�LQWHQVLW\�RI� WKH�SHURYVNLWH�������SHDN�LV�VR�ODUJH�ZLWK�UHVSHFW�WR�WKDW�RI�WKH�S\URFKORUH�SHDN�LQ�DOO�ILJXUHV�H[FHSW�IRU�ILJ�O��7KLV�LV�DQ�LQGLFDWLRQ� WKDW� WKH� WUDQVIRUPDWLRQ� RI� WKH� SHURYVNLWH� SKDVH� VWDUWV� DW� WKH�VXEVWUDWH��ILOP�LQWHUIDFH�DQG�SURSDJDWHV�WKURXJK�WKH�ILOP�WR�WKH�VXUIDFH���7KH�;5'�SURILOH�RI� WKH� ILOPV� UHYHDOHG� WKH�SUHIHUUHG�RULHQWDWLRQ�RI� VLQJOH� �SKDVH� 3=7� ILOP� WR� ������ DV� VKRZQ� LQ� )LJXUHV� �� WR� ��� +RZHYHU�� RQO\�S\URFKORUH�RI�ORZ�FU\VWDOOLQLW\�ZDV�IRUPHG�DV�VKRZQ�LQ�)LJXUHV�����DQG�����
�&RQFOXVLRQ��; �UD\�GLIIUDFWLRQ�WHFKQLTXH�LV�D�SURSHU�ZD\�WR�ILQG�WKH�LPSXULWLHV�DQG�ORFDWH�WKH� H[DFW� SRVLWLRQ� RI� WKH� RULHQWDWLRQV� LQ� WKH� JURZQ� 3=7� WKLQ� ILOPV� ZLWK�GLIIHUHQW�UDWLRV�RI�=U�7L��7KH��������RULHQWHG�3=7�WKLQ�ILOPV��ZHUH�IRXQG�WKDW�
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WKH� EHVW� DEODWLRQ� FRQGLWLRQV� DUH� RI� VXEVWUDWH� WHPSHUDWXUHV� RI���� &R DQG�R[\JHQ�SUHVVXUH�RI�����P7RUU���
5HIHUHQFHV�����$�2NDGH��-�$SSO�3K\V���������������������� &KL.�� .ZRN� � 6HVKX� %�� 'HVX� DQG� /HH� .DPPHUGLQHU��0DW�5HV�6RF�6\PS�3URF��9RO��������������������9��.XVKLGD�DQG�+��7DNHXFKL��$SSO�3K\V�/HWW�����������������������.�6UHHQLYDV�DQG�0�6D\HU��-�$SSO�3K\V�����������������������.��,LMLPD��<��<RPLWD��5��7DND\DPD��DQG�,��9HGD��-��$SSO��3K\V����������������������-��)��6FRWW��-��$SSO��3K\V�����������������������+��.LGRK��7��2JDZD��$��0RULPRWR�DQG�7��6KLPL]X��$SSO��3K\V��/HWW����������������������6��0��0XVDPHK�DFFHSWHG�DW�1DMDK�5HVHDUFK�-RXUQDO������ %�(�� :DWWV�� )�� /HFFDEXH�� *�� %RFHO�L�� *�� &DOHVWDQL�� )�� &DOGHURQ�� ��� GH�0HOR��3�3��*RQ]DOH]��/��9LGDO�DQG�'��&DUULOOR��0DWHULDOV�/HWW��9RO������1R�������������������������-�)��6FRWW��)HUURHOHFWULFV�UHYLHZ�����������������'�0��6P\WK��)HUURHOHFWULFV�����������������������,�.�<RR��6�%��'HVX��DQG�-��;LQJ��0DW��5HV��6RF��V\PS�SURF������������������������0��%UD]LHU��0��0F(OIUHVK��DQG�6��0DQVRXU��$SSO��3K\V��/HWW���D������������������������5��'DW�� -��.��/HH�����$XFLHOOR�� DQG�$�� ,��.LQJRQ��$SSO��3K\V��/HWW�����������������������0��%UD]LHU��0��0F(OIUHVK��DQG�6��0DQVRXU��$SSO��3K\V��/HWW������D�����������������
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