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RI� WKH� VFLQWLOODWRU�� ,W� LV� WR� QRWH�� KRZHYHU�WKDW�VXFK�D�UHIOHFWRU� LV� LQFRQYHQLHQW�WR�XVHLQ�ORQJ�OHQJWK�FRXQWHUV��$�QRYHO�FRDWLQJ�RE�WDLQHG�E\�FKHPLFDO�PRGLILFDWLRQ�RI�WKH�VXU�IDFH� LV�GHVFULEHG� LQ� >�@�� ,W� LV� MXVW� WKH�SRO\�PHU�EDVHG� FRDWLQJV� DSSOLHG� E\� FR�H[WUXVLRQWHFKQLTXH�LPPHGLDWHO\�LQ�WKH�VWULS�PDQXIDF�WXULQJ� SURFHVV� WKDW� DUH� EHOLHYHG� WKH� PRVWSUDFWLFDOO\�IHDVLEOH��7KLV�PHWKRG�SURYLGHV�DUHGXFHG� ODERULRXVQHVV� DQG� D� IDYRUDEOH� SUR�GXFWLRQ�FRVW�7KH� OLJKW� FROOHFWLRQ� FDOFXODWLRQV� LQ� VFLQ�WLOODWLRQ�VWULSV�>�@�KDYH�VKRZQ�WKDW�WKH�OLJKW\LHOG� LV� LQIOXHQFHG� WR� WKH� JUHDWHVW� H[WHQWE\� WKH� VFLQWLOODWRU� PDWHULDO� WUDQVSDUHQF\DQG� WKH� FRDWLQJ� UHIOHFWLRQ� IDFWRU� �5��� 7KHODWWHU�GHSHQGHQFH�LV�H[SRQHQWLDO��DQG�D�FRQ�VLGHUDEOH� OLJKW� \LHOG� LQFUHDVH� LV� DWWDLQHG� DW5 !������ ,Q� WKLV� ZRUN�� WKH� IROORZLQJ� IDF�WRUV� LQIOXHQFLQJ� WKH� FRDWLQJ� UHIOHFWLRQ� IDF�WRU�ZHUH�VWXGLHG���,��WKH�SLJPHQW�W\SH��7L2��0J2��=Q2��%D62���$O�2���� �,,�� WKH�SLJPHQWFRQFHQWUDWLRQ�� �,,,�� WKH� FRDWLQJ� WKLFNQHVV�DQG��,9��WKH�FRDWLQJ�REWDLQLQJ�WHFKQLTXH�,Q�FRQWUDVW�WR�FRORUHG�SLJPHQWV�WKDW�SUR�YLGH� WKH� OLJKW�WLJKWQHVV� GXH� WR� WKH� YLVLEOHOLJKW� DEVRUSWLRQ�� WLWDQLD� DQG� RWKHU� ZKLWHSLJPHQWV�SURYLGH�WKH� OLJKW�WLJKWQHVV�GXH�WR

WKH� OLJKW� VFDWWHULQJ�� 7DEOH��� SUHVHQWV� WKHUHIUDFWLYH� LQGLFHV� IRU� WKH�PRVW�ZLGHO\�XVHGZKLWH� SLJPHQWV� DQG� SRO\PHUV�� ,W� LV� VHHQIURP�WKH�7DEOH� WKDW� LW� LV� MXVW�7L2��� LQ�SDU�WLFXODU�� LWV� UXWLOH� IRUP�� WKDW� VKRZV� WKHKLJKHVW� UHIUDFWLYH� LQGH[�DQG�� WKHUHIRUH�� RI�IHUV�DQ�DGYDQWDJH�LQ�WKH�UHIOHFWLRQ�,Q� WKLV� FRQQHFWLRQ�� WKH� UXWLOH� 7L2� ZDVVHOHFWHG� DV� WKH� SLJPHQW�� 7KH� FRPPHUFLDO7L2� LV� SURGXFHG� DV� SRZGHUV� RI� GLIIHUHQWSXULW\�DQG�GLVSHUVLW\�JUDGHV�DV�ZHOO�DV�FRQ�FHQWUDWHV� EDVHG� RQ� YDULRXV� SRO\PHUV�� 7KHIROORZLQJ�WLWDQLD�SURGXFWV�ZHUH�XVHG� LQ�WKHVWXGLHV��,�� 7L2� SRZGHU� RI� 5���� DQG� 5���EUDQGV�SURGXFHG�E\�'X3RQW��,,�� 7L2� SRZGHU� RI� $��� EUDQG� IURP6XP\�&KHPLFDO�:RUNV��,,,�� 7L2� VXSHU� FRQFHQWUDWH� RQ� SRO\VW\�UHQH�EDVLV� IURP�'X3RQW��6&3'�EUDQG� �7L2�FRQWHQW�LQ�WKH�JUDQXOHV��������,9��7L2� VXSHU�FRQFHQWUDWH�RQ�SRO\HWK\O�HQH� EDVLV� IURP� 6FKXOPDQQ�� 6&3(� EUDQG�7L2� FRQWHQW�LQ�WKH�JUDQXOHV�������7KH�FRDWLQJ�PDWHULDO�ZDV�SUHSDUHG�RQ�WKH36�EDVLV�E\�DGGLQJ�WLWDQLD�DQG�EOHQGLQJ�LQ�DZRUP�H[WUXGHU��7KH� FRDWLQJ�ZDV�DSSOLHG� LQ
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WKH� FRXUVH� RI� PDQXIDFWXULQJ� E\� FR�H[WUX�VLRQ�� 7KH� UHIOHFWLYH� FRDWLQJ� WKLFNQHVV� ZDV����µP�DV�GHILQHG�E\�WKH�GHWHFWRU�VSHFLILFD�WLRQV�� 7R� LQFUHDVH� WKH� FRDWLQJ� WKLFNQHVV� LVXQGHVLUDEOH� EHFDXVH� WKLV� UHVXOWV� LQ� DQ� LQ�FUHDVHG�GHDG�]RQH�RI�WKH�GHWHFWRU�$W�WKH�ILUVW�VWHS��WKH�GHSHQGHQFHV�RI�UH�IOHFWLRQ� IDFWRU� DQG� OLJKW� \LHOG� RQ� WKH�7L2�NLQG�� 7R� WKDW� HQG�� VWULSV� ZHUH� PDGH� ZLWKFRDWLQJV� FRQWDLQLQJ� WKH� VDPH� FRQFHQWUDWLRQ�������RI�GLIIHUHQW�WLWDQLD�NLQGV��7KH�VWULSOLJKW�\LHOG�DQG�WKH�FRDWLQJ�UHIOHFWLRQ�IDFWRUYDOXHV� DUH� VKRZQ� LQ� )LJV����� ��� ,W� LV� VHHQWKDW� LW� LV� MXVW� WKH� VWULSV� ZLWK� D� FRDWLQJFRQWDLQLQJ�7L2� SRZGHU�RI�5����EUDQG�SUR�GXFHG�E\�'X3RQW�WKDW�VKRZ�WKH�KLJKHVW�UH�IOHFWLRQ� IDFWRU� DQG� OLJKW� \LHOG�� ZKLOH� 5���EUDQG�SURYLGHV�YHU\�VLPLODU�UHVXOWV��7KH�DG�YDQWDJH� RI� WKRVH� WZR� W\SHV� LV� GXH�� ILUVW� RIDOO�� WR� WKH�PDWHULDO� KLJK� SXULW\� ���Ü�����DV� ZHOO� DV� WR� WKH� KLJK� GLVSHUVLW\� �SDUWLFOHVL]H� DERXW� ����µP��� ,Q� )LJV���� DQG� ��� SUH�VHQWHG� DUH� PHDVXUHG� WKH� UHIOHFWLRQ� IDFWRUDQG�OLJKW�\LHOG�YDOXHV�IRU�WKH�VWULSV�FRQWDLQ�LQJ�������������DQG������RI�5����7L2� DVWKH� EHVW� UHIOHFWLYH� PDWHULDO� IRXQG� LQ� SUH�OLPLQDU\� H[SHULPHQWV��7KH� UHIOHFWLRQ� IDFWRUDQG� OLJKW� \LHOG� DUH� VHHQ� WR� LQFUHDVH� DV� WKH7L2� FRQFHQWUDWLRQ�ULVHV�7KH�UHIOHFWLRQ�IDFWRU� �DQG�WKXV�WKH� OLJKW\LHOG��LV�NQRZQ�WR�EH�DIIHFWHG�E\�WKH�UHIOHF�WLYH�PDWHULDO�GLVSHUVLW\� LQ�WKH�SRO\PHU�PD�WUL[�� 7KLV� LQVWDQFH� EHFRPHV� HVSHFLDOO\� LP�SRUWDQW� DW� KLJK� SLJPHQW� FRQFHQWUDWLRQVZKHQ�WKH�DJJORPHUDWLRQ�RI�WKH�SLJPHQW�SDU�WLFOHV� LV� IDYRUHG�� 7KH� LQWURGXFWLRQ� RI�7L2�LQ� KLJK� FRQFHQWUDWLRQV� E\� XVLQJ� WKH� VXSHU�FRQFHQWUDWHV�LV�D�UDWKHU�HDV\�VROXWLRQ��KRZ�HYHU��DV�LW�LV�VHHQ�IURP�)LJV����DQG����VXFKFRDWLQJ�DUH�QRW� WKH�EHVW�RQHV��:H�KDYH�GH�YHORSHG� DQG� UHDOL]HG� WKH�7L2� LQWURGXFWLRQWHFKQLTXH�LQWR�WKH�LQLWLDO�PRQRPHU�IROORZHGE\� WKH� SRO\PHUL]DWLRQ�� 7KDW� WHFKQLTXH� SUR�YLGHV�WKH�XVH�RI�D�SRZGHU�DW�KLJK�FRQFHQWUD�

WLRQV� DQG� WKH� PD[LPXP� GLVSHUVLW\� RI� WKHPDWHULDO�$OO�H[SHULPHQWDO�UHVXOWV�DUH�VXPPDUL]HGLQ�7DEOH����,W�LV�WR�QRWH�WKDW�WKH�DGYDQWDJHVRI�6DPSOHV�1RV���DQG���DUH�GXH�WR�D�VXSHU�KLJK� WLWDQLD� FRQFHQWUDWLRQ� LQ� WKH� FRDWLQJ���� ���� ,Q� WKLV� FDVH�� VRPH� SUREOHPV� ZLWKFR�H[WUXVLRQ� DULVH� FRQQHFWHG� ZLWK� WKH� LQ�FUHDVHG�YLVFRVLW\�RI�WKH�FRDWLQJ�UHVXOWLQJ�LQWKH� QRQ�XQLIRUP� DSSOLFDWLRQ�� 7KDW� LV� ZK\WKH�6DPSOH�1R���LV�PRUH�SUHIHUDEOH��,W�FRQ�WDLQV� ����� RI�7L2� DQG� VKRZV� D� OLWWOH� GLI�IHUHQFH�RQO\�IURP�WKH�6DPSOHV�1RV���DQG��LQ� OLJKW� \LHOG�� ZKLOH� FDXVLQJ� QR� SUREOHPVZLWK�XQLIRUP�DSSOLFDWLRQ�RQ�WKH�VFLQWLOODWRU�7KXV�� LQ� WKH� ZRUN�� SUHVHQWHG� DUH� WKHPHDVXUHPHQW�GDWD� RI� WKH� FRDWLQJ� UHIOHFWLRQIDFWRU�DQG�WKH�VFLQWLOODWLQJ�VWULS�OLJKW�\LHOGIRU� YDULRXV� UHIOHFWLYH� PDWHULDOV�� 7KH� OLJKWFROOHFWLRQ�LQ�WKH�VWULSV�LV�UHDOL]HG�XVLQJ�WKHILEURXV� VSHFWUXP� VKLIWHUV�� 7KH� OLJKW� \LHOGGHSHQGHQFH�RQ�WKH�SLJPHQW�W\SH�DQG�LWV�FRQ�FHQWUDWLRQ� LQ� WKH� FRDWLQJ�KDV� EHHQ� VWXGLHG�$� QRYHO� WHFKQLTXH� KDV� EHHQ� SURSRVHG� DQGUHDOL]HG�XVLQJ�WKH�SLJPHQW�LQWURGXFWLRQ�QRWLQWR�SRO\PHU�EXW�LQWR�PRQRPHU�IROORZHG�E\WKH�SRO\PHUL]DWLRQ��7KLV� SURYLGHG� WKH� VFLQ�WLOODWLQJ� VWULSV� FRDWHG� E\� FR�H[WUXVLRQ�� WKHFRDWLQJ�KDYLQJ�KLJK�OLJKW�UHIOHFWLRQ�SURSHU�WLHV� DQG� SURYLGLQJ� D� KLJK� OLJKW� \LHOG�� 7KHVDPSOHV� REWDLQHG� H[KLELW� D� OLJKW� \LHOG� DW�WDLQLQJ� ���� SK�HO��� L�H�� KLJKHU� E\� ����� DVFRPSDUHG� WR� WKH� VWULSV�ZLWK�7<9(.�UHIOHF�WRUV�DQG�QRW�OHVV�WKDQ�WKRVH�ZLWK�FKHPLFDOO\PRGLILHG� VXUIDFH�� 7KH� FR�H[WUXGHG� FRDWLQJVHHPV�WR�EH�WKH�PRVW�IHDVLEOH�SUDFWLFDOO\� LQWKH�PDVV�SURGXFWLRQ�5HIHUHQFHV���$�3OD�'DOPDX�� $�'�%URVV�� .�/� 0HOORW�� ([�WUXGHG�3ODVWLF�6FLQWLOODWLRQ�'HWHFWRUV��LQ��'3)3URF���-DQXDU\�������)HUPLODE�&RQI�������������7KH� 0,126� 'HWHFWRUV�� 7HFKQLFDO� 'HVLJQ� 5H�SRUW��1X0,�/�������������
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7DEOH����(IIHFW�RI�WKH�UHIOHFWLYH�FRDWLQJ�W\SH�RQ�WKH�UHIOHFWLRQ�IDFWRU��5��DQG�OLJKW�\LHOG RI�WKH�VWULSV0DQXIDFWXUHU 6DPSOH1R� 5HIOHFWLYH�PDWHULDO &RDWLQJ�WHFKQLTXH 5��� /LJKW�\LHOG7R�0,126 WR�SK�HO�,60$ � 7L2� 6.3(����� &R�H[WUXVLRQ �� ���� Ü�� 7L2� 6.3(����� &R�H[WUXVLRQ �� ���� ���� 7L2� 6.3(����� &R�H[WUXVLRQ �� ���� Ü� 7L2� 6.3'����� &R�H[WUXVLRQ �� ���� Ü� 7L2� 6.3'����� &R�H[WUXVLRQ �� ���� Ü� 7L2� 6.3'����� &R�H[WUXVLRQ �� ���� ����� 7L2� 5�������� &R�H[WUXVLRQ �� ���� Ü� 7L2� 5�������� &R�H[WUXVLRQ �� ���� ����� 7L2� 5�������� &R�H[WUXVLRQ �� ���� ������ 7<9(. (QYHORSLQJ �� ���� Ü�� 0RGLILHG�VXUIDFH &KHPLFDOPRGLILFDWLRQ �� ���� Ü
0,126 �� 7L2� ���� &R�H[WUXVLRQ �� ���� ����&KHPR�7HFKQLTXH �� 7L2� 5�������� &R�H[WUXVLRQ �� ���� ����3RO�+L�7HFK �� 7<9(. 5UHYHUVDO �� ���� ������ 7L2� 5��������� &R�H[WUXVLRQ �� ���� ������ 9/�����SDLQW 3DLQWLQJ �� ���� Ü
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