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7KH�PDLQ� SDUDPHWHUV� RI� WKH� FDVW� DQG� KRW�PLOOHG� VWHHO� ��� HOHFWULF�VSDUN� DOOR\LQJ�ZLWKHXWHFWLF�1L±&U±$O±< DOOR\�KDYH�EHHQ�VWXGLHG��LQFOXGLQJ�WKH�DQRGH�WRWDO�HURVLRQ��WKH�FDWKRGHPDVV�JDLQ�DQG�WKH�PDWHULDO�WUDQVIHU�PHDQ�FRHIILFLHQW��7KH�SKDVH�FRPSRVLWLRQ�DQG�VWUXFWXUHVWDWH� RI� LQLWLDO� HOHFWURGH�PDWHULDOV� DQG� HOHFWULF�VSDUNHG� FRDWLQJV�PDGH� WKHUHRI�� 7KH� HOHF �WURGH� PDWHULDO� VWUXFWXUH� FKDUDFWHU� KDV� EHHQ� VKRZQ� WR� GHILQH� WKH� NLQHWLF� SDUDPHWHUV� RIVXUIDFH� OD\HU� JURZWK�� 7KH� ZHDU� UHVLVWDQFH� RI� WKH� OD\HUV� REWDLQHG� LV� GHILQHG� DOVR� E\� WKHLQLWLDO�VWUXFWXUH�RI�HOHFWURGHV�
j°°ãË�ºmÈÓ©� � º°ÓºmÓ©Ë� ¹È¯ÈäË�¯©� }ÒÓË�Ò}Ò� ªãË}�¯ºÒ°}¯ºmº�º� ãË�Ò¯ºmÈÓÒ«� °�ÈãÒ��� °¹ãÈmºä�1L±&U±$O±< ªm�Ë}�Ò�Ë°}º�º� °º°�ÈmÈ� m� ãÒ�ºä� Ò� �º¯«�Ë¹¯Ë°°ºmÈÓÓºä� °º°�º«�ÓÒÒ��°�ääÈ¯ÓÈ«�ª¯ºÏÒ«�ÈÓº�È��¹¯ÒmË°�}È�º�È�Ò�°¯Ë�ÓÒ®�}ºªÁÁÒ�ÒËÓ��¹Ë¯ËÓº°È�äÈ�Ë¯ÒÈ�ãÈ��jÏ��ËÓ©�ÁÈÏºm©®�°º°�Èm�Ò�°�¯�}��¯ÓºË�°º°�º«ÓÒË�Ò°²º�Ó©²�äÈ�Ë¯ÒÈãºm�ªãË}�¯º�ÈÒ� ªãË}�¯ºÒ°}¯ºm©²� ¹º}¯©�Ò®� ÒÏ� ÓÒ²���º}ÈÏÈÓº�� ��º� ²È¯È}�Ë¯� °�¯�}��¯©�äÈ�Ë¯ÒÈãºmªãË}�¯º�ºm� m� Ò°²º�Óºä� °º°�º«ÓÒÒ� º¹¯Ë�Ëã«Ë�� ¹È¯ÈäË�¯©� }ÒÓË�Ò}Ò� ÓÈ¯È�ÒmÈÓÒ«� ¹º�mË¯²Óº°�Óº�º�°ãº«��jÏÓº°º°�º®}º°�	 ¹ºã��ËÓÓ©²�°ãºËm��È}ÎË�º¹¯Ë�Ëã«Ë�°«�²È¯È}�Ë¯ºä°�¯�}��¯©�ªãË}�¯º�ºm�m�Ò°²º�Óºä�°º°�º«ÓÒÒ�

7KH�HOHFWULF�VSDUN�DOOR\LQJ��(6$��PHWKRGLV� RQH� RI� HIIHFWLYH� WHFKQLTXHV� IRU� VXUIDFHUHFRYHU\�DQG�KDUGHQLQJ��,W�FRQVLVWV�LQ�D�SUH �GRPLQDWLQJ�HURVLYH�GHVWUXFWLRQ�RI�DQRGH�PD�WHULDO� DQG� WUDQVIHU� RI� WKH� HURVLRQ� SURGXFWVRQWR� WKH�FDWKRGH�VXUIDFH�ZLWK� IRUPDWLRQ�RID�OD\HU�KDYLQJ�PRGLILHG�VWUXFWXUH�DQG�FRP �SRVLWLRQ��7KH� HOHFWULF�VSDUN� FRDWLQJ� ��ZKLWHOD\HU��� VWUXFWXUH� IRUPDWLRQ� XQGHU� ORFDO� DF �WLRQ�RI�KLJK�SUHVVXUHV��� ⋅��� WR��⋅��� 03D��WHPSHUDWXUHV� ������ WR� �����&�� DQG� FRROLQJUDWHV� ���� WR� ��� GHJ�V�� GHILQHV� WKHLU� KLJKSK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV��7KH�VH �OHFWLRQ�RI�HOHFWURGH�PDWHULDO�LV�DVVRFLDWHG�LQILUVW� WXUQ�ZLWK� WKH� FRQVLGHUDWLRQV� RI� SKDVHIRUPDWLRQ�ZLWKLQ�WKH�DOOR\HG�OD\HU�DQG�WKXVGHILQHV�LWV�IXUWKHU�IXQFWLRQDO�DSSOLFDWLRQ�1L±&U±$O DOOR\V�DOOR\HG�ZLWK�\WWULXP�DQGUHIUDFWRU\� PHWDOV� DUH� XVHG� ZLGHO\� LQ� HOHF �

WURQ�EHDP�� SODVPD�� DQG� GHWRQDWLRQ�PDGHFRDWLQJV�>�Ü�@�7KH�FRPPRQ�FDVWLQJ�WHFKQRORJ\�SURYLGHVIRU� OLPLWDWLRQ� RI� FKURPLXP� �PD[�� ��� WR��� �� E\� PDVV��� DOXPLQXP� �PD[�� �� WR������� DQG� UDUH�HDUWK�PHWDOV� �PD[�� ���� WR���� ��� FRQWHQW� LQ� WKRVH� DOOR\V�� +RZHYHU�WKH� QRYHO� WHFKQRORJ\� RI� KLJK�HQHUJ\� KRWSRZGHU� SUHVVLQJ� �LQ� ZKDW� IROORZV�� +3�HODERUDWHG� DW� ,�)UDQWVHYLFK� ,QVWLWXWH� IRU0DWHULDOV�6FLHQFH�3UREOHPV��1DWLRQDO�$FDG �HP\�RI�6FLHQFHV�RI�8NUDLQH�>�@�SURYLGHV�HV �VHQWLDOO\� SRUH�IUHH� PDWHULDOV� ZKHUH� 1L�� &U�DQG�$O FDQ�EH�FRPELQHG�ZLWKLQ�ZLGH�FRQFHQ �WUDWLRQ�UDQJHV��7KLV�PDNHV�LW�SRVVLEOH�WR�XVHWKHVH� DOOR\V� DV� HOHFWURGHV� IRU� HOHFWULF�VSDUNDOOR\LQJ� WR� REWDLQ� FRDWLQJV� ZLWK� SUH�VSHFL �ILHG� SK\VLFDO� DQG� PHFKDQLFDO� SURSHUWLHV�ILUVW� RI� DOO�� ZLWK� KLJK� KHDW� UHVLVWDQFH� DQGZHDU�UHVLVWDQFH�
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,Q�WKLV�ZRUN��VWXGLHG�DUH�NLQHWLF�FKDUDF �WHULVWLFV� RI� 1L±&U±$O±< HOHFWULF�VSDUN� FRDW�LQJ� IRUPDWLRQ�� LWV� SKDVH� FRPSRVLWLRQ� DQGVWUXFWXUH�VWDWH�,W�LV�NQRZQ�>�@�WKDW�D�IRXU�SKDVH�HXWHFWLFWUDQVIRUPDWLRQ� / ↔ α ��γ ��β RFFXUV� LQ� DVHFWLRQ�RI�1L±&U±1L$O WHUQDU\�GLDJUDP��+RZ�HYHU�� WKH� DYDLODEOH� GDWD� RQ� WKH� HXWHFWLFVFKHPLFDO� FRPSRVLWLRQ� >����@� DUH� FRQWUDGLF �WRU\�� %DVLQJ� RQ� LQYHVWLJDWLRQV� GRQH� E\� WKHDXWKRUV�� WKH� DOOR\� FRPSRVLWLRQ� QHDUHVW� WRWKH�HXWHFWLF�KDV�EHHQ�IRXQG��7KLV�DOOR\�FRQ �WDLQLQJ������PDVV��RI�\WWULXP��1L��������&U������� $O�� ����� <�� ����� ZDV� REWDLQHG� XVLQJPHOWLQJ�DQG�+3�7KH� PHOWLQJ� ZDV� FDUULHG� RXW� LQ� DQ� DUFIXUQDFH� ZLWK� SHUPDQHQW� WXQJVWHQ� HOHFWURGHXQGHU�D�SURWHFWLQJ�DWPRVSKHUH��(OHFWURO\WLFQLFNHO� �1±���� UHILQHG� FKURPH� �(5&K�������� �� SXULW\��� KLJK�SXULW\� DOXPLQXP� ������� DQG� PHOWHG� \WWULXP� PHWDO� �,30���ZHUH� XVHG� DV� LQLWLDO� PDWHULDOV�� 7KH� VDPHFRQWHQWV� RI� FRPSRQHQWV� ZHUH� XVHG� DV� SRZ �GHUV� WR� SUHSDUH� WKH� DOOR\� XVLQJ� +3� �7KHJUDLQ�VL]H�YDOXHV�RI� WKH�SRZGHUV� LQ� µP�DUHLQGLFDWHG�LQ�EUDFNHWV���7KH�SRZGHUV�RI�HOHF �WURO\WLF� QLFNHO�� *267� ��������� ����� PP��FKURPH�3&K�0��78�������������������µP��DQG� DOXPLQXP�� 3$5���� ����� µP�� ZHUHXVHG�� <WWULXP� ZDV� LQWURGXFHG� DV� K\GULGH<+� ���WR���µP���7KH�SKDVH�FRPSRVLWLRQ�DQGVWUXFWXUH� RI� WKH� DOOR\V� LQ� WKH� LQLWLDO� VWDWHDQG� DV� HOHFWULF�VSDUN� FRDWLQJV�ZHUH� VWXGLHGXVLQJ� RSWLFDO�PLFURVFRS\�� GLIIHUHQWLDO� WKHU �PDO� DQDO\VLV� �'7$��� DV� ZHOO� DV� ;�UD\� DQGPLFUR�;�UD\�VSHFWUDO�DQDO\VLV�7KH� ��� VWHHO� ZDV� VXEMHFWHG� WR� HOHFWULF�VSDUN� DOOR\LQJ� XVLQJ� FDVW� DQG� KRW�SUHVVHGHOHFWURGHV� PDGH� RI� WKH� DOOR\� PHQWLRQHGDERYH�� 7R� WKDW� HQG�� DQ� (),���$� XQLW� ZDV

XVHG� LQ� WKH� IROORZLQJ� PRGH�� WKH� YLEUDWRUIUHTXHQF\�����+]��WKH�VKRUW�FLUFXLW�FXUUHQW���� $�� WKH� WUHDWPHQW� GXUDWLRQ� IRU� �� FP�DUHD� ��� PLQ�� 7R� REWDLQ� WKH� FRDWLQJV� LQ �WHQGHG�IRU�ZHDU�UHVLVWDQFH�WHVW��DQ�(OLWURQ���ZDV�XVHG�DW�����9�DQG�SXOVH�HQHUJ\�����-�7KH�PDLQ�SDUDPHWHUV�RI�HOHFWULF�VSDUN�DO �OR\LQJ� SURFHVV� ZHUH� GHWHUPLQHG� IURP� WKHWLPH� GHSHQGHQFHV� RI� WKH� DQRGH� HURVLRQ� DQGWKH� FDWKRGH� PDVV� JDLQ�� 7KRVH� LQFOXGH�� WKHVSHFLILF� DQRGH� HURVLRQ�� ∆D�� DQG� WKH� VSHFLILFFDWKRGH� PDVV� JDLQ�� ∆N�� PHDVXUHG� DW� HDFKPLQXWH� RI� WKH� �� FP� DUHD� WUHDWPHQW�� WKHWRWDO� DQRGH� HURVLRQ� DQG� WKH� WRWDO� FDWKRGHPDVV� JDLQ� PHDVXUHG� RYHU� ��� PLQ� RI� WKH��FP� DUHD� WUHDWPHQW�� DQG� WKH�PHDQ�PDWH �ULDO�WUDQVIHU�FRHIILFLHQW�� N′  �∑ ∆N�∑ ∆D�,Q�WKH�FDVW�DOOR\��WKH�WHUQDU\�HXWHFWLF�VWUXF �WXUH�LV�REVHUYHG�FRQVLVWLQJ RI�γ �1L�EDVHG�VROLG

)LJ����� '7$� SDWWHUQV� RI� FDVW� �D�� DQG� KRW�SUHVVHG��E��1L±&U±$O±< DOOR\�XQGHU�KHDWLQJ�

)LJ�����0LFURVWUXFWXUH�RI�1L±&U±$O±< DOOR\��×������FDVW��D��DQG�KRW�SUHVVHG��E��
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VROXWLRQ� ZLWK� I�F�F�� ODWWLFH��� α �&U�EDVHGVROLG� VROXWLRQ� ZLWK� E�F�F�� ODWWLFH��� DQG� β�1L$O LQWHUPHWDO� EDVHG� VROLG� VROXWLRQ� ZLWKE�F�F�� ODWWLFH��� $ORQJ� WKH� ERXQGDULHV� RI� WKHWHUQDU\�HXWHFWLF��α ��γ ��β��FRORQLHV��WKH�EL�QDU\� HXWHFWLF� LV� DUUDQJHG� FRQVLVWLQJ� RI� WKH
γ 1L�EDVHG� VROLG� VROXWLRQ� DQG� WKH� <�1L�� LQ�WHUPHWDO�SKDVH� �VHH�)LJ���D���$V�GHWHUPLQHGE\� '7$�� WKH� PHOWLQJ� SRLQW� RI� WKH� ELQDU\HXWHFWLF�LV������&��WKDW�RI�WKH�WHUQDU\�RQH������&��)LJ���D��,Q� FRQWUDVW� WR� WKH� FDVW� DOOR\�� WKH� KRW�SUHVVHG�RQH�VKRZV�D�VLQJOH�WKHUPDO�HIIHFW�DW�����&� �)LJ���E��� 7KH� SKDVH� FRPSRVLWLRQ� RIWKH� +3� DOOR\� ZDV� IRUPHG� LQ� WKH� FRXUVH� RIVLQWHULQJ� RI� WKH� PL[WXUH� LQFOXGLQJ� QLFNHO�FKURPH�� DOXPLQXP�� DQG� OLWKLXP� K\GULGHSRZGHUV�� 8QGHU� KHDWLQJ� DQG� H[SRVXUH� IRU���PLQ� DW� �����&�� α�� γ�� DQG� β VROLG� VROX�WLRQV� ZHUH� IRUPHG� KDYLQJ� JUDLQ� VWUXFWXUH�)LJ���E��� <WWULXP� K\GULGH� GLVVRFLDWHGXQGHU�KHDW�IRUPLQJ�DWRPLF�\WWULXP��7KH�\W �WULXP��ZKHQ� LQWHUDFWLQJ�ZLWK� LQFOXVLRQ� LP �SXULWLHV� DGVRUEHG� DW� WKH� SRZGHU� SDUWLFOHVIRUPV� FRPSOH[� R[LGHV� DQG� R[\QLWULGHV�� 7KHPLFUR�;�UD\�DQDO\VLV�KDV�VKRZQ�WKDW� LQ�WKHFDVW�DOOR\��\WWULXP�LV�GLVWULEXWHG�QRQ�KRPR �JHQHRXVO\� DV� ODUJH� FRQJORPHUDWHV� IRUPLQJWKH� HXWHFWLF� �)LJ���D��� ,Q� WKH�+3� DOOR\�� WKHR[LGHV�R[\QLWULGHV��DQG�LQWHUPHWDOOLF�SKDVHVFRQWDLQLQJ� \WWULXP� DUH� GLVWULEXWH� KRPRJH �QHRXVO\� RYHU� WKH� ZKROH� VDPSOH� YROXPH� DQGIRUP�D�GLVSHUVLRQ�KDUGHQHG�VWUXFWXUH��)LJ���E��.LQHWLF� FXUYHV� RI� WKH� DQRGH� HURVLRQ�� WKHFDWKRGH�PDVV�JDLQ��DV�ZHOO�DV�YDOXHV�RI�WKHPHDQ�PDWHULDO� WUDQVIHU� FRHIILFLHQW� IRU� FDVW

DQG�KRW�SUHVVHG�HOHFWURGHV�DUH�VKRZQ�LQ�)LJ���� 7KH� FDVW� DQRGH� HURVLRQ� DWWDLQV� D� PD[L �PXP� YDOXH� RI� ���� ⋅��Ü� J�FP��� ,W� LV� ORZHUIRU�WKH�+3�DQRGH�7KH� PDWHULDO� DPRXQW� WKURZQ� RXW� RI� WKHDQRGH� LV� GHWHUPLQHG� >�@� DV� γ  �N(IW�� ZKHUH
γ LV� WKH� WKURZQ� PDWHULDO� PDVV�� J�� (�� WKHVLQJOH� SXOVH� HQHUJ\�� -�� I�� WKH� SXOVH� UHSHWL�WLRQ�IUHTXHQF\��+]��N��D�SURSRUWLRQDOLW\�IDF�WRU� GHSHQGLQJ� RQ� WKH� HOHFWURGH� PDWHULDOSK\VLFDO� FRQVWDQWV�� WKH� PHGLXP� FRPSRVL �WLRQ�� DQG� WKH� SXOVH� GXUDWLRQ�� W�� WKH� WUHDW�PHQW�GXUDWLRQ��VHFRQGV�,W�WKH�FDVH�XQGHU�FRQVLGHUDWLRQ��ERWK�FDVWDQG� KRW�SUHVVHG� DQRGHV� KDYH� WKH� VDPH� HOH �PHQWDO� FRPSRVLWLRQ� DQG� DUH� VXEMHFWHG� WRHOHFWULF� VSDUNLQJ� LQ� WKH� VDPH� FRQGLWLRQV�EXW� DUH� GLIIHUHQW� LQ� WKH� SKDVH� FRPSRVLWLRQGHILQHG�E\�WKH�PDQXIDFWXULQJ�WHFKQRORJ\��,WLV� MXVW� WKH� GLVWLQFWLRQV� LQ� WKH� DQRGH� VWUXF �WXUHV� WKDW�GHILQH�REYLRXVO\� WKH�HURVLRQ�GLI �IHUHQFH�7KH� SUHVHQFH� RI� WHUQDU\� DQG� ELQDU\� HX �WHFWLFV�FRQWDLQLQJ�LQWHUPHWDO�SKDVHV�DV�ODUJHFRORQLHV� �FRQJORPHUDWHV�� IDYRUV� WKH� EULWWOHGHVWUXFWLRQ�RI�WKH�DQRGH�E\�WKH�VSDUN�SXOVH�$V�D�FRQVHTXHQFH��WKH�HURVLRQ�SURGXFWV�FRQ �WDLQ� WKH� VROLG� SKDVH� DORQJ� ZLWK� OLTXLG� DQG

)LJ����� .LQHWLF� FXUYHV� RI� WKH� WRWDO� FDWKRGHPDVV� JDLQ� ∑∆N ���� ���� WRWDO� DQRGH� HURVLRQ
∑∆D ���� ��� DQG� PHDQ� PDVV� WUDQVIHU� N′ DWHOHFWULF�VSDUN� DOOR\LQJ� RI� �� FP� RI� VWHHO� ��ZLWK�1L±&U±$O±< DOOR\�DW�WKH�VSHFLILF�DOOR\LQJGXUDWLRQ� W  �����V�FP� ���� ���� ��� ��� � IRUKRW�SUHVVHG�DOOR\��������� IRU�FDVW�RQH�

)LJ����� <WWULXP� GLVWULEXWLRQ� LQ� FDVW� �D�� DQGKRW�SUHVVHG��E��1L±&U±$O±< DOOR\�
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YDSRU� RQHV�� 7KH� VROLG� SKDVH� KDV� QR� WLPHHQRXJK� WR� PHOW� ZLWKLQ� WKH� VKRUW� SXOVH� DF �WLRQ� SHULRG�� 7KH� VROLG� GHVWUXFWLRQ� SURGXFWVDUH� QR� IL[HG� RQ� WKH� FDWKRGH�� WKXV� FDXVLQJWKH�PDWHULDO�ORVV�>�@�$W�WKH�VDPH�WLPH��WKH�FDWKRGH�PDVV�JDLQLV� DOPRVW� WKH� VDPH� IRU� DOOR\LQJ� ZLWK� FDVWDQG� +3� DQRGHV�� 7KH� PRQRWRQRXV� FDWKRGHPDVV� LQFUHDVH� ZLWK� WKH� DOOR\LQJ� GXUDWLRQHYLGHQFHV� WKDW� WKH� EULWWOH� GHVWUXFWLRQWKUHVKROG� RI� WKH� VXUIDFH� OD\HU� ZDV� QRW� DW �WDLQHG� LQ� ��� PLQ� DOOR\LQJ�� 7KH� REWDLQHGOD\HU� WKLFNQHVV� DWWDLQV� ���� WR� ���� µP�WKXV�� WKLV� DOOR\� VHHPV� WR� EH� VXLWDEOH� LQ� UH �SDLULQJ� ZRUQ� DUWLFOHV�� 7KH� PHDQ� PDWHULDOWUDQVIHU� FRHIILFLHQW� IRU� WKH� DOOR\LQJ� ZLWK+3�HOHFWURGHV�H[FHHGV�WKDW�IRU�WKH�FDVW�HOHF �WURGHV� �N′ LV� ���� WR� ���� DQG� ���� WR� ����� UH �VSHFWLYHO\��7KH�HOHFWULF�VSDUN�FRDWLQJ�PLFURVWUXFWXUH�)LJ����� LV� WKH� KLJK�GHQVLW\� �ZKLWH� OD\HU�WKDW� LV�QRW�HWFKDEOH��7KH�PLFUR�KDUGQHVV�RIHOHFWULF�VSDUN� FRDWLQJV� REWDLQHG� ZLWK� ERWKFDVW� DQG� +3� DQRGHV� LV� ����� WR� ����� *3D�WKXV��LW�H[FHHGV�WKDW�FKDUDFWHULVWLF�IRU�LQGL �YLGXDO� FRPSRQHQWV� RI� WKH� HXWHFWLF� ����� WR����*3D��7KH� ;�UD\� SKDVH� DQDO\VLV� UHYHDOV� WKHQLFNHO� DQG� FKURPH� EDVHG� VROLG� VROXWLRQV� DVZHOO� DV� 1L$O β�SKDVH� LQ� WKH� FRDWLQJV�� %H�VLGHV�� LQWHUPHWDO� SKDVHV� $O�<�� $O1L<�� DQGR[LGH� <�2� DUH� IRXQG�� 7KH� ;�UD\� VSHFWUDOPLFURDQDO\VLV� KDV� FRQILUPHG� WKH� ;�UD\SKDVH� GDWD�� 1LFNHO�� FKURPH�� DQG� DOXPLQXPKDYH� EHHQ� IRXQG� WR� EH� GLVWULEXWHG� KRPRJH �QHRXVO\� LQ� WKH� HOHFWULF�VSDUN� FRDWLQJV�)LJ������ WKXV�HYLGHQFLQJ� WKH� WKLQ�FRQJORP �HUDWH� VWUXFWXUH� RI� WKH� WHUQDU\� HXWHFWLFSKDVH�� ,Q� FRDWLQJV� PDGH� RI� ERWK� FDVW� DQG+3� DOOR\�� \WWULXP� LV� GLVWULEXWHG� LQ� D� GLV �FUHWH� PDQQHU� VLPLODU� WR� WKDW� LQ� WKH� LQLWLDO+3� DOOR\��7KLV�PD\� EH� GXH� WR� \WWULXP�FRQ �WDLQLQJ�R[LGHV�RU�R[\QLWULGHV��

7KH�IRUPDWLRQ�RI�PL[WXUHV�RI�VROLG�VROX �WLRQV� LQ�HOHFWULF�VSDUN�FRDWLQJV�PDGH�RI�HX �WHFWLF� DOOR\V� LV� FRQILUPHG� E\� >��@� ZKHUH� LWKDV�EHHQ�LQGLFDWHG�WKDW�ZKHQ�WKH�DQRGH�PD �WHULDO� FRQWDLQV� HOHPHQWV� �&U�� 1L�� OLPLWOHVVVROXEOH� LQ� WKH� VXEVWUDWH� �)H��� D� FRDWLQJ� LVIRUPHG� FRQVLVWLQJ� RI� VROLG� VROXWLRQV� EDVHGRQ� WKRVH� HOHPHQWV�� 6XFK� OD\HUV� DUH� FKDUDF �WHUL]HG�E\�D�KLJK�VROLGLW\�DQG�JRRG�DGKHVLRQWR�WKH�VXEVWUDWH�7KH� ZHDU� UHVLVWDQFH� RI� HOHFWULF�VSDUNFRDWLQJV�ZDV� WHVWHG� RQ� D�07����XQLW�XVLQJVWHHO� ��� VDPSOHV� ��×�×���PP��� SURYLGHGZLWK� HOHFWULF�VSDUN� FRDWLQJV� PDGH� RI� WKHFDVW� DQG� KRW�SUHVVHG� DOOR\�� 7KH� WHVW� FRQGL �WLRQV�ZHUH�DV�IROORZV��OXEULFDQW�IUHH�IULFWLRQLQ� DLU� DW� URRP� WHPSHUDWXUH�� WKH� ��*� VWHHOEHLQJ�XVHG�DV�WKH�VHFRQG�SDLU�PHPEHU��VOLS �SLQJ�VSHHG�9  ����P�V��ORDGLQJ���03D��7KHIULFWLRQ�FRHIILFLHQW�I�DQG�WKH�ZHDU�LQWHQVLW\LQ� µP�NP�ZHUH�PRQLWRUHG� GXULQJ� WKH� WHVW�$V� D� ZHDU� UHVLVWDQFH� UHIHUHQFH�� D� VWHHO� ��VDPSOH� ZLWK� HOHFWULF�VSDUN� FRDWLQJ�PDGH� RIVLQWHUHG�FKURPLXP�GRSHG�9.��8�KDUG�DOOR\�:&��&R��&U��7KH� IULFWLRQ� FRHIILFLHQW� IRU� FDVW� DOOR\FRDWLQJV�LV�������IRU�WKRVH�RI�+3�RQH�������7KH�ZHDU�RI�FDVW�DOOR\�FRDWLQJV�DWWDLQHG���WR����µP�NP��ZKLOH�IRU�WKRVH�RI�+3�RQH����
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