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7KH�PDLQ�KDQGLFDS�\HW�KLQGHULQJ�WKH�HYHQWXDO�H[SORLWDWLRQ�RI�RUJDQRPHWDO�KDOLGH�SHURYVNLWH�

EDVHG�VRODU�FHOOV�RQ�D�UHDO�VFHQDULR�EDVLV�LV�WKHLU�SRRU�VWDELOLW\�XQGHU�SURORQJHG�LOOXPLQDWLRQ��

DPELHQW�FRQGLWLRQV�DQG�LQFUHDVHG�WHPSHUDWXUHV��7KLV�DUWLFOH�VKRZV�IRU�WKH�ILUVW�WLPH�WKH�

YDFXXP�SURFHVVLQJ�RI�WKH�PRVW�ZLGHO\�XVHG�VROLG�VWDWH�KROH�FRQGXFWRU��66+&���L�H��WKH�6SLUR�

20H7$'��DQG�KRZ�LWV�GRSDQW�IUHH�FU\VWDOOLQH�IRUPDWLRQ�XQSUHFHGHQWO\�LPSURYHV�WKH�

SHURYVNLWH�VRODU�FHOO��36&��VWDELOLW\�XQGHU�FRQWLQXRXV�LOOXPLQDWLRQ�DERXW�WZR�RUGHUV�RI�

PDJQLWXGH�ZLWK�UHVSHFW�WR�WKH�VROXWLRQ�SURFHVVHG�UHIHUHQFH�DQG�DIWHU�DQQHDOLQJ�LQ�DLU�XS�WR�

�����&����

:H�GHPRQVWUDWH�WKDW�WKH�FRQWURO�RYHU�WKH�WHPSHUDWXUH�RI�WKH�VDPSOHV�GXULQJ�WKH�YDFXXP�

GHSRVLWLRQ�HQKDQFHV�WKH�FU\VWDOOLQLW\�RI�WKH�66+&��REWDLQLQJ�D�SUHIHUHQWLDO�RULHQWDWLRQ�DORQJ�
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WKH�ʌ�ʌ�VWDFNLQJ�GLUHFWLRQ��7KHVH�UHVXOWV�PD\�VHWWOH�D�PLOHVWRQH�WRZDUGV�WKH�IXOO�YDFXXP�

SURFHVVLQJ�RI�K\EULG�RUJDQLF�KDOLGH�SHURYVNLWH�VRODU�FHOOV�DV�ZHOO�DV�OLJKW�HPLWWLQJ�GLRGHV�

�/('V���ZLWK�SURPLVLQJ�LPSDFWV�RQ�WKH�GHYHORSPHQW�RI�GXUDEOH�GHYLFHV��7KH�PLFURVWUXFWXUH��

SXULW\��DQG�FU\VWDOOLQLW\�RI�WKH�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�OD\HUV�DUH�IXOO\�HOXFLGDWHG�

E\�DSSO\LQJ�DQ�XQSDUDOOHOHG�VHW�RI�FRPSOHPHQWDU\�FKDUDFWHUL]DWLRQ�WHFKQLTXHV��LQFOXGLQJ�

6(0��;5'��*,6$;6�DQG�*,:$;6��;36�DQG�5%6���

�

2UJDQRPHWDO�KDOLGH�SHURYVNLWHV�KDYH�HPHUJHG�DV�RQH�RI�WKH�PRVW�SURPLVLQJ�SKRWRDEVRUEHQW�

PDWHULDOV�IRU�HIILFLHQW�DQG�FKHDS�VRODU�FHOOV�>�±�@�7KH�FXUUHQWO\�UHSRUWHG�FHUWLILHG�SRZHU�

FRQYHUVLRQ�HIILFLHQF\��3&(��IRU�WKLV�W\SH�RI�FHOO�KDV�UHFHQWO\�UHDFKHG�������>�@�DQG�LW�KDV�EHHQ�

PDGH�SRVVLEOH�GXH�WR�DGYDQFHV�LQ�WKH�V\QWKHVLV�PHWKRGV��PDWHULDO�GHVLJQ��DQG�GHYLFH�

HQJLQHHULQJ�>�±��@�7KH�UHVHDUFK�LQ�WKLV�ILHOG�XQGHUZHQW�DQ�LQIOH[LRQ�SRLQW�ZKHQ�WKH�JURXS�RI�

0L\DVDND�ILUVW>��@�DQG�3DUN�ODWHU>��@�UHSODFHG�WKH�OLTXLG�HOHFWURO\WH�E\�VROLG�VWDWH�KROH�

FRQGXFWRUV��66+&���ZKLFK�LQFUHDVHG�VLJQLILFDQWO\�WKH�3&(�DQG�VWDELOLW\�RI�WKH�GHYLFHV��)URP�

WKLV�PRPHQW�RQ��PRVW�RI�WKH�UHVHDUFK�RQ�SHURYVNLWH�VRODU�FHOOV��36&V��LPSOHPHQW�66+&�LQ�WKH�

GHYLFHV��7KH�ILUVW�DQG�VWLOO�PRVW�XVHG�66+&�LV�WKH�RUJDQLF�PROHFXOH�6SLUR�20H7$'�

>���ƍ����ƍ�WHWUDNLV��N�N�GL�p�PHWKR[\SKHQ\O�DPLQH�����ƍ�VSLURELIOXRUHQH@��$PRQJ�WKH�

SURSHUWLHV�RI�WKLV�PDWHULDO�WKDW�KDYH�OHG�WR�LWV�H[WHQGHG�XVH�DUH�WKH�KLJK�JODVV�WUDQVLWLRQ�

WHPSHUDWXUH��FD������&���WKH�DPRUSKRXV�JODVV\�QDWXUH�WKDW�SURYLGHV�WKH�PDWHULDO�ZLWK�RSWLPDO�

PRUSKRORJLFDO�VWDELOLW\�DQG�LWV�IDFLOH�SURFHVVDELOLW\�>��@�

:KHUHDV�WKH�XVH�RI�6SLUR�20H7$'�LV�ZLGHO\�VSUHDG��WKH�XQGRSHG�IRUP�RI�WKLV�PDWHULDO�LV�

UHSRUWHG�WR�KDYH�YHU\�SRRU�LQWULQVLF�KROH�PRELOLW\�DQG�FRQGXFWLYLW\��OHDGLQJ�WR�KLJK�VHULHV�

UHVLVWDQFH�LQ�WKH�GHYLFHV�>��±��@�7KH�SRRU�FKDUJH�WUDQVSRUW�SURSHUWLHV�RI�6SLUR�20H7$'�DUH�

VROYHG�LQ�WKH�OLWHUDWXUH�E\�PHDQV�RI�GRSDQWV��7KH�PRVW�FRPPRQ�DGGLWLYH�IRU�6SLUR�20H7$'�

LV�OLWKLXP�ELV�WULIOXRURPHWKDQHVXOIRQ\O��LPLGH��/L7)6,���ZKLFK�GRSHV�WKH�V\VWHP�ZLWK�/L��
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FDWLRQV��LPSURYLQJ�KROH�PRELOLW\�XS�WR���RUGHUV�RI�PDJQLWXGH�>��@�%DVHG�RQ�SUHYLRXV�

SXEOLFDWLRQV�DERXW�LRQLF�GRSDQWV�LQ�GLVRUGHUHG�VHPLFRQGXFWRUV�>�����@�VRPH�DXWKRUV�FODLP�D�

KRSSLQJ�PHFKDQLVP�LQ�WKH�6SLUR�20H7$'�OD\HU�IRU�WKH�FKDUJH�WUDQVSRUW�EHWZHHQ�WKH�

DYDLODEOH�VLWHV�DV�ZHOO�DV�WKH�LQFUHDVH�RI�WKH�KROH�GHQVLW\�SURYLGHG�E\�WKH�S�GRSLQJ�>�����@��

$QRWKHU�FRPPRQ�GRSDQW�WKDW�LV�XVXDOO\�FRPELQHG�ZLWK�/L7)6,�LV���WHUW�EXW\OS\ULGLQH��7%3���

7%3�LV�UHSRUWHG�WR�LPSURYH�VHYHUDO�DVSHFWV�RI�WKH�6SLUR�20H7$'�OD\HUV�VXFK�DV�WKH�

KRPRJHQHLW\�DQG�WKH�LQFUHDVH�LQ�WKH�VROXELOLW\�RI�/L7)6,�DV�ZHOO�DV�SUHYHQWLQJ�WKHLU�

DFFXPXODWLRQ�DQG�VHJUHJDWLRQ�>��������@�2WKHU�GRSDQWV�VXFK�DV�WKH�&R�FRPSOH[�).�����WULV���

��+�S\UD]RO���\O����WHUW�EXW\OS\ULGLQH�FREDOW�,,,��WUL>ELV�WULIOXRURPHWKDQH��VXOIRQLPLGH@���

IXUWKHU�LQFUHDVHV�WKH�SKRWRYROWDLF�SDUDPHWHUV�ZKHQ�DUH�GRSLQJ�WKH�6SLUR�20H7$'�OD\HU�LQ�

FRPELQDWLRQ�ZLWK�/L7)6,�DQG�7%3��DOWKRXJK�WKH�PHFKDQLVP�IRU�WKLV�HQKDQFHG�SHUIRUPDQFH�LV�

VWLOO�XQGHU�GHEDWH�>��@��

,W�LV�FOHDU�IURP�WKH�OLWHUDWXUH�WKDW�D�FRPPRQ�VWUDWHJ\�WR�HQKDQFH�WKH�FKDUJH�WUDQVSRUW�

SURSHUWLHV�RI�VRPH�66+&�LV�WKH�DGGLWLRQ�RI�GRSDQWV�LQ�GLIIHUHQW�UHODWLYH�FRQFHQWUDWLRQV��

8QIRUWXQDWHO\��RQH�RI�WKH�PDLQ�FKDOOHQJHV�RI�SHURYVNLWH�EDVHG�VRODU�FHOOV�LV�WKHLU�VWDELOLW\�DQG�

UHSURGXFLELOLW\��ZKLFK�LV�SDUWLDOO\�KLQGHUHG�E\�WKH�XVH�RI�GRSDQWV�RU�DGGLWLYHV�>�����@�7KH�PRVW�

FRPPRQ�LVVXH�LV�WKDW�LRQLF�DGGLWLYHV�FDQ�FRQWULEXWH�WR�WKH�GHJUDGDWLRQ�RI�WKH�SHURYVNLWH�ILOP��

)RU�LQVWDQFH��/L��FDWLRQV�DUH�KLJKO\�K\JURVFRSLF�DQG�LQGXFH�PRLVWXUH�DEVRUSWLRQ�>�����@�7KH�

LVVXH�LV�VR�VHYHUH�WKDW�VHYHUDO�DXWKRUV�KDYH�DLPHG�DW�WKH�GHYHORSPHQW�RI�36&V�LQ�D�KROH�

WUDQVSRUW�OD\HU�IUHH�FRQILJXUDWLRQ�>�����@���

+RZHYHU��DQG�UHJDUGOHVV�RI�WKH�VLJQLILFDQW�QXPEHU�RI�H[DPSOHV�WKDW�FDQ�EH�IRXQG�LQ�OLWHUDWXUH�

DERXW�6SLUR�20H7$'�OD\HUV�DV�66+&��QHJOLJLEOH�DWWHQWLRQ�KDV�EHHQ�SDLG�WR�WKH�HIIHFW�RI�LWV�

FU\VWDOOLQH�VWUXFWXUH��7KLV�FDQ�EH�XQGHUVWRRG�GXH�WR�WKH�KLJKO\�GLVRUGHUHG�QDWXUH�RI�VROXWLRQ�

SURFHVVHG�ILOPV��WKH�PRVW�ZLGHO\�VSUHDG��DQG�WR�LWV�DPRUSKRXV�JURZLQJ�WHQGHQF\�UHODWHG�WR�

WKH�VSLUR�FHQWUH�>�����@�'HVSLWH�WKH�ORZ�LQWULQVLF�KROH�PRELOLW\�UHSRUWHG�IRU�GRSDQW�IUHH�6SLUR�

20H7$'�OD\HUV�IDEULFDWHG�E\�ZHW�DSSURDFKHV��WKH�JURXS�RI�%DNU�KDV�UHFHQWO\�UHSRUWHG�
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VLJQLILFDQWO\�LPSURYHG�KROH�WUDQVSRUWLQJ�SURSHUWLHV�RI�SULVWLQH�6SLUR�20H7$'�VLQJOH�

FU\VWDOV�>��@�7KHLU�UHVXOWV�DUH�VXSSRUWHG�E\�WKHRUHWLFDO�FDOFXODWLRQV�SHUIRUPHG�E\�%UpGDV�DQG�

+RXN�>�����@�ZKR�UHSRUWHG�D�YHU\�KLJK�LQWULQVLF�KROH�FRQGXFWLRQ�RI�FU\VWDOOLQH�6SLUR�20H7$'�

OD\HUV�DORQJ�WKH� � �VWDFNLQJ�GLUHFWLRQ�RI�WKH�FU\VWDO��7KHLU�ILQGLQJV�GHPRQVWUDWHG�WZR�NH\�

DVSHFWV��L��WKH�FU\VWDOOLQH�RUGHU�RI�WKH�66+&�LV�FUXFLDO�WR�SURPRWH�QHZ�FKDUJH�WUDQVSRUW�

SDWKZD\V�DQG�LL��WKH�QHJOLJLEOH�HIIHFW�RI�WKH�OLWKLXP�VDOWV�RQ�WKH�KROH�PRELOLW\�RI�WKH�EXON�

6SLUR�20H7$'�>��@�(YHQ�WKRXJK�WKHVH�UHVXOWV�VKRZ�WKH�SRWHQWLDO�RI�FU\VWDOOLQH�6SLUR�

20H7$'�OD\HUV�WR�HQKDQFH�WKH�SKRWRYROWDLF�SURSHUWLHV�RI�SHURYVNLWH�EDVHG�VRODU�FHOOV��WKHLU�

LPSOHPHQWDWLRQ�LV�QRW�VWUDLJKWIRUZDUG�GXH�WR�WKH�DQWLVROYHQW�H[SHULPHQWDO�VWUDWHJ\�XVHG�WR�

JURZ�WKLV�RUJDQLF�PROHFXOH�LQ�LWV�FU\VWDOOLQH�IRUP�>��@��

:LWKLQ�VXFK�D�JHQHUDO�IUDPHZRUN��WKH�DLP�RI�WKLV�ZRUN�LV�WZRIROG��ILUVWO\��ZH�UHSRUW�WKH�

XQSUHFHGHQWHG�VXEOLPDWLRQ�XQGHU�YDFXXP�FRQGLWLRQV�RI�WKH�PRVW�ZLGHO\�XVHG�66+&�LQ�

SHURYVNLWH�VRODU�FHOOV��WKH�6SLUR�20H7$'��LQ�WKH�IRUP�RI�GRSDQW�IUHH�FU\VWDOOLQH�OD\HUV�DQG�

VHFRQGO\��ZH�GHPRQVWUDWH�WKH�HQKDQFHG�VWDELOLW\�RI�WKH�GRSDQW�IUHH�6SLUR�20H7$'�OD\HUV�

DFWLQJ�DV�66+&�LQ�36&V�LQ�FRPSDULVRQ�ZLWK�WKH�VROXWLRQ�SURFHVVHG�FRXQWHUSDUW��2XU�UHVXOWV�

UHYHDO�RQ�RQH�KDQG�WKDW�WKH�VXEVWUDWH�WHPSHUDWXUH�LV�D�FULWLFDO�SDUDPHWHU�FRQWUROOLQJ�WKH�

PLFURVWUXFWXUH�DQG�FU\VWDOOLQLW\�RI�WKH�OD\HUV��2Q�WKH�RWKHU�KDQG��WKH�LPSOHPHQWDWLRQ�RI�WKHVH�

YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�OD\HUV�RQ�SHURYVNLWH�EDVHG�VRODU�FHOOV�KDYH�GHPRQVWUDWHG�

WZR�NH\�DVSHFWV��L��D�FRQVLGHUDEO\�LQFUHDVHG�SRZHU�FRQYHUVLRQ�HIILFLHQF\�LQ�FRPSDULVRQ�WR�WKH�

GRSDQW�IUHH�6SLUR�20H7$'�OD\HUV�IDEULFDWHG�E\�D�VWDQGDUG�ZHW�DSSURDFK�DQG�LL��D�VLJQLILFDQW�

HQKDQFHPHQW�RI�WKH�VWDELOLW\�RI�WKH�FHOOV��ZKLFK�KDYH�EHHQ�WHVWHG�XQGHU�FRQWLQXRXV�

LOOXPLQDWLRQ�GXULQJ����KRXUV�DQG�DIWHU�DQQHDOLQJ�LQ�DLU�XS�WR������&���

�

6SLUR�20H7$'�PROHFXOHV�ZHUH�VXEOLPHG�XQGHU�KLJK�YDFXXP�RQ�VXEVWUDWHV�DW�GLIIHUHQW�

WHPSHUDWXUHV��QDPHO\��URRP�WHPSHUDWXUH��FD�����&������DQG������&��)LJXUH���D�F��VKRZV�WKH�
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FURVV�VHFWLRQ�6(0�YLHZV�RI�6SLUR�20H7$'�WKLQ�ILOPV�GHSRVLWHG�RQ�VLOLFRQ�ZDIHUV��7KH�URRP�

WHPSHUDWXUH�VDPSOH��D��SUHVHQWV�D�PLFURVWUXFWXUH�FRQVLVWLQJ�RI�D����QP�FRPSDFW�OD\HU�

IROORZHG�E\�FROXPQV�RI�FD�����QP�ZLGH�DQG�����QP�ORQJ��%\�FRQWUDVW��VDPSOHV�GHSRVLWHG�DW�

KLJKHU�WHPSHUDWXUHV�����DQG������&��H[KLELW�D�GHQVH�DQG�FRQWLQXRXV�FRPSDFW�PLFURVWUXFWXUH��

,W�LV�ZRUWK\�WR�QRWH�WKDW�IRU�DOO�WKH�WKUHH�GLIIHUHQW�WHPSHUDWXUHV�ZH�REWDLQHG�KLJKO\�

KRPRJHQHRXV�WKLQ�ILOPV��ZLWK�WROHUDQFH�LQ�WKH�WKLFNQHVV�RI�ORZHU�WKDQ������IRU�FRYHUDJH�DUHD�

ODUJHU�WKDQ����FP���:LWK�WKH�QDNHG�H\H��LW�FDQ�EH�REVHUYHG�WKDW�WKHVH�ILOPV�SUHVHQWHG�QR�

FUDFNV�RU�GHIHFWV�DQG�ILQH�DGKHVLRQ�WR�UHIHUHQFH�VXEVWUDWHV��DV�IXVHG�VLOLFD�DQG�6L�������DV�ZHOO�

WR�WKH�SHURYVNLWH�OD\HU��7KHVH�FKDUDFWHULVWLFV�DORQJ�WR�WKH�GHQVH�PLFURVWUXFWXUH�VKRZQ�LQ�

)LJXUH���E�F��DUH�YHU\�FRQYHQLHQW�UHVXOWV�IURP�WKH�SRLQW�RI�YLHZ�RI�WKHLU�H[SHFWHG�SHUIRUPDQFH�

LQ�WKH�ILQDO�GHYLFHV��

7KH�6SLUR�20H7$'�OD\HU�DFWV�DV�ERWK�WKH�KROH�WUDQVSRUW�OD\HU�DQG�WKH�LQWHUIDFH�EHWZHHQ�WKH�

SHURYVNLWH�DQG�JROG�HOHFWURGH�DQG�HQYLURQPHQW��7KXV��LW�LV�H[SHFWHG�IRU�KLJKHU�FRPSDFWQHVV�RI�

WKH�6SLUR�20H7$'�OD\HU�DQ�HQKDQFHG�SHUIRUPDQFH�LQ�WKH�SURWHFWLRQ�RI�WKH�SHURYVNLWH�WR�WKH�

DWPRVSKHULF�R[\JHQ�DQG�PRLVWXUH��2Q�WKH�RWKHU�KDQG��%DNU�HW�DO�>��@�KDYH�UHSRUWHG�WKH�

LPSURYHPHQW�LQ�WKH�KROH�PRELOLW\�RI�FU\VWDOOLQH�6SLUR�20H7$'�OD\HUV��7KH�HOXFLGDWLRQ�RI�WKH�

FU\VWDOOLQH�VWUXFWXUH�RI�RUJDQLF�QDQRFRPSRVLWHV�DQG�FRDWLQJV�LV�QRW�VWUDLJKWIRUZDUG�E\�PHDQV�

RI�;�5D\�'LIIUDFWLRQ��;5'��>��@�7KLV�LV�GXH�WR�VHYHUDO�IDFWRUV��L��WKH�FKDUDFWHULVWLFV�XQLW�FHOOV�

DQG�SODQDU�GLVWDQFHV�DUH�ORQJHU��LQ�WKH�UDQJH�RI�QDQRPHWHUV��WKDQ�WKRVH�FRUUHVSRQGLQJ�WR�WKH�

LQRUJDQLF�FRPSRXQGV�DQG�LL��WKH�ORZ�VWUXFWXUH�IDFWRU�RI�FDUERQ�IRU�;�5D\V�>��@�,Q�DGGLWLRQ��

WKHVH�PDWHULDOV�XVXDOO\�EHFRPH�DPRUSKRXV�XQGHU�WKH�DFWLRQ�RI�WKH�HOHFWURQ�EHDP��KDPSHULQJ�

WKHLU�FKDUDFWHUL]DWLRQ�E\�HOHFWURQ�GLIIUDFWLRQ��6$('�RU�(%6'��>��@�7KXV��DV�LW�LV�H[SHFWHG�IRU�

VXFK�DQ�RUJDQLF�PROHFXOH��WKH�JUD]LQJ�LQFLGHQFH�;5'�RI�WKH�6SLUR�20H7$'�VDPSOH�

GHSRVLWHG�DW�����&�VKRZV�QR�SHDNV�LQ�WKH�H[SHFWHG�UDQJH��DW�VPDOO�DQJOHV��������DV�LW�LV�VKRZQ�

LQ�)LJXUH�6��LQ�6XSSRUWLQJ�,QIRUPDWLRQ��
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:H�KDYH�WULHG�WR�FLUFXPYHQW�VXFK�D�KDQGLFDS�E\�D�FRPELQDWLRQ�RI�5DPDQ�VSHFWURVFRS\�DQG�

*UD]LQJ�,QFLGHQFH�6PDOO��:LGH��$QJOH�;�5D\�6FDWWHULQJ�*,6$;6��*,:$;6��DQDO\VHV��)RU�

D�ILUVW�DVVHVVPHQW��)LJXUH���G��JDWKHUV�WKH�5DPDQ�VSHFWUD�IRU�OD\HUV�GHSRVLWHG�DW�WKH�WKUHH�

GLIIHUHQW�WHPSHUDWXUHV�DQG�WKH�FRUUHVSRQGLQJ�WR�WKH�6SLUR�PROHFXOHV�LQ�WKH�IRUP�RI�SRZGHU�IRU�

WKH�VDNH�RI�FRPSDULVRQ��,W�FDQ�EH�QRWHG�WKDW�WKH�VSHFWUXP�RI�6SLUR�20H7$'�GHSRVLWHG�DW�

URRP�WHPSHUDWXUH��57��EODFN�OLQH��GRHV�QRW�VKRZ�DQ\�5DPDQ�IHDWXUH��LQGLFDWLQJ�WKH�

DPRUSKRXV�QDWXUH�RI�WKH�ILOP��,QWHUHVWLQJO\��WKH�VXEVWUDWH�WHPSHUDWXUH�LQFUHDVH�LQGXFHV�WKH�

FU\VWDOOL]DWLRQ�RI�WKH�OD\HUV��VXSSRUWHG�E\�WKH�DSSHDUDQFH�RI�5DPDQ�EDQGV�LQ�WKH�VDPH�

SRVLWLRQV�WKDQ�WKH�6SLUR�20H7$'�PROHFXOHV�LQ�WKHLU�FU\VWDOOLQH�SRZGHU�IRUP��EOXH�OLQH����

7U\LQJ�WR�XQUDYHO�WKH�HIIHFW�RI�WKH�GHSRVLWLRQ�WHPSHUDWXUH�RQ�WKH�PLFURVWUXFWXUH�DQG�

FU\VWDOOLQLW\�RI�WKH�6SLUR�20H7$'�OD\HUV��*,6$;6�DQG�*,:$;6�DQDO\VHV�ZHUH�SHUIRUPHG�

�VHH�([SHULPHQWDO�0HWKRGV���7R�RXU�NQRZOHGJH��WKLV�W\SH�RI�DQDO\VLV�KDV�QRW�EHHQ�SHUIRUPHG�

EHIRUH��OLNHO\�GXH�WR�WKH�DPRUSKRXV�QDWXUH�RI�6SLUR�20H7$'�OD\HUV�SUHSDUHG�E\�ZHW�

DSSURDFKHV��*,6$;6�SDWWHUQV�LQ�)LJXUH���D��VKRZ�D�ODUJHU�GLVSHUVLRQ�ZLGWK�IRU�WKH�57�6SLUR�

20H7$'�OD\HU�LQGLFDWLQJ�D�PRUH�GLVRUGHUHG�VWUXFWXUH��%\�FRQWUDVW��WKH�VDPSOH�GHSRVLWHG�DW�

�����&�SUHVHQWV��EHVLGHV�WKH�W\SLFDO�<RQHGD�SHDN�PD[LPXP�DW�FD������QP����D�T]�SURILOH�DORQJ�

WKH�UHIOHFWLRQ�SODQH�FRPSRVHG�E\�D�YHUWLFDO�RVFLOODWRU\�LQWHQVLW\�GLVWULEXWLRQ��7KH�RVFLOODWLRQV�

DUH�FDXVHG�E\�D�UHVRQDQW�GLIIXVH�VFDWWHULQJ�WKDW�LV�OLQNHG�WR�WKH�WKLFNQHVV�RI�D�OD\HU�ZLWK�

FRUUHODWHG�LQWHUIDFHV�>��@�,Q�RXU�FDVH��WKH�OD\HUV�DUH�GHSRVLWHG�RQ�IODW�6L�ZDIHUV��LQGLFDWLQJ�WKDW�

WKH�URXJKQHVV�LV�YHU\�ORZ��LQ�DJUHHPHQW�ZLWK�WKH�6(0�REVHUYDWLRQ��,Q�IDFW��WKH�VHSDUDWLRQ�

EHWZHHQ�WKH�PD[LPD�RI�WKH�RVFLOODWLRQV�IDU�IURP�WKH�<RQHGD�SHDN�LV�UHODWHG�WR�WKH�OD\HU�

WKLFNQHVV�WKURXJK�WKH�H[SUHVVLRQ�G � � T]�>��@�WKDW�UHVXOWV�LQ�D�YDOXH�RI�G ����QP��DOVR�LQ�

DJUHHPHQW�ZLWK�WKH�WKLFNQHVV�REVHUYHG�E\�6(0��FD������QP���7KH�*,:$;6�PHDVXUHPHQWV�LQ�

)LJXUH��F��VKRZ�ULQJ�SDWWHUQV�UHVXOWLQJ�IURP�D�UDQGRPO\�RULHQWHG�GRPDLQV�GLVWULEXWLRQ�UHODWLYH�

WR�WKH�SODQH�RI�WKH�VXEVWUDWH��+RZHYHU��ZKHQ�WKH�GHSRVLWLRQ�WHPSHUDWXUH�LQFUHDVHV�WR������&��

WKH�DSSHDUDQFH�RI�D�ZHOO�GHILQHG�VFDWWHUHG�SHDN�DORQJ�WKH�RXW�RI�SODQH�GLUHFWLRQ�ORFDOL]HG�DW�
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T]� �����QP���LQGLFDWHV�WKDW�FU\VWDOOLQH�GRPDLQV�DUH�KLJKO\�RULHQWHG�DORQJ�WKH�VXUIDFH�QRUPDO�

ZLWK�DQ�LQWHUSODQDU�VHSDUDWLRQ�RI�' � �T] ������QP��$FFRUGLQJ�WR�WKH�ZRUN�RI�%DNU�et al�>��@�

ZKR�UHSRUWHG�WKH�GLIIUDFWLRQ�RI�D�SULVWLQH�6SLUR�20H7$'�VLQJOH�FU\VWDO��WKH�VWUXFWXUH�LV�

7ULFOLQLQLF�3���ZLWK�FHOO�OHQJWKV�RI�D ������QP��E ������QP��DQG�F �������QP��$OWKRXJK�WKH�

SUHFLVLRQ�RI�WKH�*,:$;6�WHFKQLTXH�LV�QRW�KLJK�HQRXJK�WR�GLVWLQJXLVK�EHWZHHQ�D�DQG�E�

VHSDUDWLRQV��ZLWK�FD����$QJVWURP�GLIIHUHQFH���ZH�DWWULEXWH�WKHVH�GRPDLQV�WR�DQ�RULHQWHG� � �

VWDFNLQJ��D�D[LV��RI�WKH�FU\VWDO�VWUXFWXUH�RI�6SLUR�20H7$'�PROHFXOHV��$FFRUGLQJ�WR�

OLWHUDWXUH��ERWK�IURP�WKH�H[SHULPHQWDO>��@�RU�FDOFXODWLRQ>�����@��D�FORVHO\�SDFNHG� � �V\VWHP�

SURYLGHV�VLJQLILFDQW�HOHFWURQLF�FRXSOLQJ�EHWZHHQ�VWDFNHG�FRQMXJDWHG�IUDJPHQWV��7KHUHIRUH��LQ�

JRRG�DJUHHPHQW�ZLWK�WKHVH�ZRUNV��WKH�REVHUYHG�LQFUHDVH�LQ�WKH�6SLUR�20H7$'�FU\VWDOOLQLW\�

DQG�WKH�SDUWLFXODU�RULHQWDWLRQ�DORQJ�WKH�D�D[LV�REVHUYHG�KHUH�ZLOO�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�

WKH�KROH�FRQGXFWLRQ�SURSHUWLHV�RI�WKH�6SLUR�20H7$'�OD\HUV�DQG�FRQVHTXHQWO\�RQ�WKH�

SKRWRYROWDLF�SHUIRUPDQFH�RI�WKH�VRODU�FHOOV��

7KH�FU\VWDOOLQH�JURZWK�RI�6SLUR�20H7$'�OD\HUV�LQGXFHG�E\�GHSRVLWLRQ�WHPSHUDWXUH�LV�IXUWKHU�

VXSSRUWHG�E\�WKH�SKRWROXPLQHVFHQFH�SURSHUWLHV�VKRZQ�LQ�)LJXUH���D���7KH�VDPSOHV�GHSRVLWHG�

DW�57�SUHVHQW�WKH�PDLQ�EDQG�DW�����QP��ZLWK�D�UHODWLYH�LQWHQVH�VKRXOGHU�DURXQG�����QP��7KH�

UHODWLYH�LQWHQVLW\�EHWZHHQ�WKHVH�WZR�SHDNV�LV�UHYHUVHG�IRU�WKH�6SLUR�20H7$'�VDPSOHV�

SUHSDUHG�DW�����&��ZKLOH�DW������&�D�VLQJOH�EDQG�DW�����QP�LV�REVHUYHG��&KORUREHQ]HQH�

VROXWLRQV�RI�6SLUR�20H7$'�PROHFXOHV�H[KLELW�D�VLQJOH�OXPLQHVFHQFH�EDQG�DW�FD������QP��VHH�

JUH\�GDVKHG�OLQH�LQ�)LJXUH���D���$�VLPLODU�OXPLQHVFHQFH�UHGVKLIW�KDV�EHHQ�SUHYLRXVO\�REVHUYHG�

IRU�VSLUR���SRO\��DQG�ROLJR�IOXRUHQHV�WKDW�KDV�EHHQ�DVFULEHG�WR�WKH�IRUPDWLRQ�RI�+��DQG�-�

DJJUHJDWHV�WKURXJK�VWURQJ� � �LQWHUDFWLRQ�EHWZHHQ�WKH�IOXRUHQH�EDFNERQH�ULQJV�>�����@�7KH�

FRPSDUDEOH�OXPLQHVFHQFH�UHG�VKLIW�REVHUYHG�IRU�RXU�6SLUR�20H7$'�OD\HUV�SUHSDUHG�DW�����

DQG������&�IXUWKHU�VXSSRUWV�WKH�*,:$;6�LQWHUSUHWDWLRQ�DERXW�WKH�FU\VWDOOL]DWLRQ�DORQJ�WKH� �

�VWDFNLQJ�GLUHFWLRQ����
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2QH�RI�WKH�NH\�DVSHFWV�RI�WKH�6SLUR�20H7$'�OD\HUV�SUHSDUHG�LQ�WKLV�ZRUN�LV�WKHLU�SXULW\��

LQKHUHQW�WR�WKH�YDFXXP�VXEOLPDWLRQ�PHWKRGRORJ\�HPSOR\HG��7KH�VXUIDFH�FRPSRVLWLRQ�RI�WKH�

6SLUR�20H7$'�VDPSOHV�ZDV�PHDVXUHG�E\�;�5D\�3KRWRHOHFWURQ�6SHFWURVFRS\��;36��DV�

GHWDLOHG�LQ�WKH�([SHULPHQWDO�6HFWLRQ��$IWHU�WKHLU�IDEULFDWLRQ��WKH�VDPSOHV�ZHUH�WUDQVIHUUHG�WR�D�

JORYHER[�DQG�WUDQVSRUWHG�WR�WKH�;36�DQDO\VLV�FKDPEHU�XQGHU�D�1��DWPRVSKHUH��HQVXULQJ�WKDW�

WKH�VXUIDFH�VWDWH�RI�WKH�ILOP�LV�QRW�DOWHUHG�XQGHU�URRP�FRQGLWLRQV��7KH�;36�VSHFWUD�VKRZ�WKDW�

WKH�RQO\�HOHPHQWV�SUHVHQW�LQ�WKH�VDPSOH�FRUUHVSRQG�WR�2��&�DQG�1��VHH�)LJXUH�6����2QO\�D�

VPDOO�FRQWULEXWLRQ�UHODWHG�WR�LRGLQH�FDQ�EH�IRXQG�LQ�WKH�6SLUR�20H7$'�VDPSOH�SUHSDUHG�DW�

5RRP�7HPSHUDWXUH��ZKHUHDV�WKH�VDPSOH�SUHSDUHG�DW�����&�GRHV�QRW�SUHVHQW�DQ\�WUDFH�RI�WKLV�

HOHPHQW��7KLV�VPDOO�LRGLQH�FRQWHQW�LQ�WKH�57�GHSRVLWHG�ILOPV�LV�OLNHO\�DULVLQJ�IURP�WKH�UHVLGXDO�

PHWK\ODPPRQLXP�LRGLGH�SUHFXUVRU�XVHG�LQ�WKH�VDPH�YDFXXP�V\VWHP��7KH�TXDQWLILFDWLRQ��VHH�

([SHULPHQWDO�GHWDLOV��LV�VKRZQ�LQ�7DEOH���DQG�UHYHDOV�WKH�VDPH�VXUIDFH�FRPSRVLWLRQ�

UHJDUGOHVV�RI�WKH�GHSRVLWLRQ�WHPSHUDWXUH�DQG�D�YHU\�VLPLODU�WR�WKDW�H[SHFWHG�IURP�WKH�FKHPLFDO�

IRUPXOD�RI�WKH�6SLUR�20H7$'�PROHFXOH��7KHUH�LV�D�VPDOO�GLIIHUHQFH�LQ�WKH�DPRXQW�RI�

R[\JHQ��OLNHO\�GXH�WR�VOLJKW�R[LGDWLRQ�RI�WKH�VXUIDFH��7KLV�R[LGDWLRQ�GRHV�QRW�LQFUHDVH�DIWHU�

H[SRVLQJ�WKH�OD\HUV�WR�WKH�DLU��LQ�GDUN��IRU����K��VHH�)LJXUH�6����,Q�DGGLWLRQ��WKH�FKHPLFDO�VWDWH�

RI�WKH�PROHFXOH�UHPDLQV�XQDOWHUHG�IRU�KLJK�GHSRVLWLRQ�WHPSHUDWXUH��L�H�������&��DV�LW�FDQ�EH�

QRWHG�IURP�WKH�GHWDLOHG�;36�VSHFWUD�RI�&��1��DQG�2�VKRZQ�LQ�)LJXUH�6���HYHQ�DIWHU�H[SRVLQJ�

WKH�VDPSOH�WR�WKH�DWPRVSKHUH�GXULQJ����K���

,Q�RUGHU�WR�UHYHDO�WKH�HOHPHQWDO�FRPSRVLWLRQ�RI�WKH�6SLUR�20H7$'�OD\HUV�DORQJ�WKH�HQWLUH�

WKLFNQHVV��5XWKHUIRUG�%DFNVFDWWHUHG�6SHFWURVFRS\��5%6��ZDV�SHUIRUPHG��IRU�VDPSOHV�

H[SRVHG�WR�WKH�DWPRVSKHUH�LQ�GDUN�GXULQJ����K���VLQFH�;36�WHFKQLTXH�LV�UHVWULFWHG�WR�WKH�

VXUIDFH��(YHQ�LI�QR�+�VLJQDO�LV�SURGXFHG�LQ�WKH�5%6�VSHFWUD��D����DWRPLF�SHU�FHQW�RI�+�ZDV�

QHHGHG�WR�ILW�WKH�VLPXODWLRQ�WR�WKH�H[SHULPHQWDO�UHVXOWV��7KLV�YDOXH�LV�FORVH�WR�WKH�WKHRUHWLFDO�

YDOXH�IRU�WKH�6SLUR�20H7$'��)RU�WKH�UHVW�RI�WKH�HOHPHQWV��DJDLQ��LW�FDQ�EH�REVHUYHG�D�YHU\�

VLPLODU�FRPSRVLWLRQ�WR�WKDW�REWDLQHG�E\�;36��WKHUHIRUH�YHU\�VLPLODU�WR�WKDW�H[SHFWHG�IURP�WKH�
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IRUPXOD��IRU�ERWK�57�DQG�����&�VDPSOHV��7KH�PDLQ�GLIIHUHQFH�LV�WKH�DPRXQW�RI�QLWURJHQ��

ZKLFK�LV�VOLJKWO\�KLJKHU�WKDQ�H[SHFWHG��SUREDEO\�FDXVHG�E\�WKH�ORZ�DPRXQW�RI�WKLV�HOHPHQW�

KLQGHULQJ�WKH�H[WUDFWLRQ�RI�DQ�H[DFW�YDOXH�IURP�WKH�VSHFWUDO�ILWWLQJ��6HH�VSHFWUD�LQ�6XSSRUWLQJ�

,QIRUPDWLRQ�)LJ��6����,Q�DGGLWLRQ��WKH�DPRXQW�RI�2[\JHQ�H[WUDFWHG�IURP�5%6�LV�ORZHU�WKDQ�E\�

;36��WKLV�ODWWHU�OLNHO\�GXH�WR�VOLJKW�R[LGDWLRQ�RI�WKH�VXUIDFH��EXW�YHU\�VLPLODU�WR�WKH�H[SHFWHG�

WKHRUHWLFDO�YDOXH��7KLV�LQGLFDWHV�QHJOLJLEOH�RU�YHU\�ORZ�R[LGDWLRQ�RI�WKH�OD\HUV�DORQJ�WKH�

WKLFNQHVV��ERWK�57�DQG�����&���ZKLFK�LV�H[SHFWHG�IRU�YDFXXP�VXEOLPDWLRQ��7KLV�LV�H[WUHPHO\�

LPSRUWDQW�IRU�WKH�VRODU�FHOOV�VLQFH�LW�ZLOO�GHPRQVWUDWH�WKDW�WKH�HQKDQFHG�SHUIRUPDQFH�RI�WKH�

GRSDQW�IUHH�OD\HUV�LV�LQWULQVLF�WR�WKH�FU\VWDOOLQH�QDWXUH�RI�WKH�6SLUR�20H7$'�OD\HU�DQG�QRW�

GXH�WR�WKH�R[LGDWLRQ�RI�WKH�RUJDQLF�PROHFXOHV�LQ�WKH�SUHVHQFH�RI�R[\JHQ��

7R�XQUDYHO�WKH�SURSHUWLHV�RI�WKH�YDFXXP�VXEOLPDWHG�FU\VWDOOLQH�6SLUR�20H7$'�WKLQ�ILOPV��

WKH\�ZHUH�GHSRVLWHG�RQWR�VROXWLRQ�SURFHVVHG�SHURYVNLWH�VRODU�FHOOV�FRQVLVWLQJ�RI�D�PXOWLOD\HU�

)72�7L2��FRPSDFW�7L2��PHVRSRURXV��3HURYVNLWH�IDEULFDWHG�DV�GHWDLOHG�LQ�WKH�H[SHULPHQWDO�

VHFWLRQ��,W�LV�ZRUWK�WR�UHPDUN�WKDW�IURP�QRZ�RQ��WKH�UHVXOWV�UHIHU�WR�WKH�FRPSOHWH�VRODU�FHOO��$�

SKRWRJUDSK�RI�WKH�FRPSOHWH�GHYLFH��LQFOXGLQJ�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�OD\HU�DQG�

WKH�WRS�JROG�HOHFWURGH��LV�SUHVHQWHG�LQ�WKH�LQVHW�RI�)LJXUH���E���7KH�SKRWROXPLQHVFHQFH�VSHFWUD�

FRUUHVSRQGLQJ�WR�WKH�SHURYVNLWH�OD\HU��EDQG�DW�����QP��FRYHUHG�E\�YDFXXP�VXEOLPDWHG�6SLUR�

20H7$'�ILOPV�DW�WKH�GLIIHUHQW�WHPSHUDWXUHV�VWXGLHG�LV�VKRZQ�LQ�)LJXUH���E���7KH�VSHFWUD�

KDYH�EHHQ�REWDLQHG�E\�LOOXPLQDWLRQ�IURP�WKH�JODVV�VLGH��WKHUHIRUH�PLQLPL]LQJ�WKH�SRVVLEOH�

H[FLWDWLRQ�RI�6SLUR��DQG�DYHUDJLQJ�IURP�WZR�GLIIHUHQW�VDPSOHV�DW�IRXU�GLIIHUHQW�SRVLWLRQV��HLJKW�

VSHFWUD�LQ�WRWDO���,W�FDQ�EH�VHHQ�KRZ�WKH�SHURYVNLWH�OXPLQHVFHQFH�GHFUHDVHV�IRU�VDPSOHV�

FRQWDLQLQJ�VXEOLPDWHG�6SLUR�20H7$'�OD\HUV�DW����DQG������&��7KH�OXPLQHVFHQFH�VWHPV�IURP�

ELPROHFXODU�UDGLDWLYH�HOHFWURQ�KROH�UHFRPELQDWLRQ�ZLWKLQ�WKH�SHURYVNLWH�ILOP�>��@�WKHUHIRUH�D�

IDVWHU�KROH�H[WUDFWLRQ�E\�WKH�66+&�OD\HU�ZLOO�UHVXOW�LQ�D�GHFUHDVH�RI�WKH�OXPLQHVFHQFH��DV�LW�LV�

REVHUYHG�IRU�WKH�VDPSOHV�GHSRVLWHG�DW����DQG�����&�>��@��
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7KH�SKRWRFXUUHQW�GHQVLW\�YROWDJH�FKDUDFWHULVWLFV�RI�WKH�FKDPSLRQ�VRODU�FHOOV�DUH�SUHVHQWHG�LQ�

)LJXUH���DQG�WKH�DYHUDJH�RI�SKRWRYROWDLF�SDUDPHWHUV��VKRUW�FLUFXLW�SKRWRFXUUHQW��-6&���RSHQ�

FLUFXLW�SKRWRYROWDJH��92&���)LOO�)DFWRU��))��DQG�3RZHU�&RQYHUVLRQ�(IILFLHQF\��3&(����DUH�

VKRZQ�LQ�)LJXUH���DQG�7DEOH����,W�FDQ�EH�QRWHG�DQ�RYHUDOO�LQFUHDVH�IRU�DOO�WKH�SKRWRYROWDLF�

SDUDPHWHUV�ZLWK�WKH�GHSRVLWLRQ�WHPSHUDWXUH�RI�WKH�YDFXXP�VXEOLPDWHG�OD\HUV��DV�FDQ�EH�HDVLO\�

REVHUYHG�LQ�)LJXUH����)XOO�VROXWLRQ�SURFHVVHG�FHOOV�LQFRUSRUDWLQJ�GRSDQW�IUHH�6SLUR�20H7$'�

OD\HUV�DUH�DOVR�VKRZQ�LQ�ERWK�)LJXUH���DQG�7DEOH����SUHVHQWLQJ�D�YHU\�SRRU�SKRWRYROWDLF�

EHKDYLRXU��DV�H[SHFWHG�>�����@��7KHVH�GRSDQW�IUHH�OD\HUV�SURFHVVHG�E\�VROXWLRQ�DUH�RQO\�

FRPSDUDEOH�WR�WKH�FHOOV�ZLWK�WKH�6SLUR�20H7$'�GHSRVLWHG�E\�YDFXXP�DW�57��7KLV�FDQ�EH�

XQGHUVWRRG�GXH�WR�WKH�DPRUSKRXV�QDWXUH�RI�WKH�6SLUR�20H7$'�OD\HUV�LQ�WKHVH�WZR�FDVHV�DQG�

WKH�FRQVHTXHQW�ORZ�KROH�PRELOLW\�H[SHFWHG�>��@�,Q�SDUWLFXODU��WKH�LQFUHDVH�LQ�WKH�GHSRVLWLRQ�

WHPSHUDWXUH�IURP�57�WR����&�RI�WKH�YDFXXP�VXEOLPDWHG�ILOPV�SURGXFHV�DQ�LQFUHDVH�LQ�WKH�ILOO�

IDFWRU��IURP������WR�������LQ�WKH�92&��IURP�����WR�����P9�DQG�LQ�WKH�-6&��IURP������WR�������

7KLV�FKDQJH�LQ�WKH�GHSRVLWLRQ�WHPSHUDWXUH�LV�WKHUHIRUH�UHIOHFWHG�LQ�D�3&(�LQFUHPHQW�IURP�����

WR��������7KH�IXUWKHU�LQFUHDVH�LQ�WKH�GHSRVLWLRQ�WHPSHUDWXUH�WR�����&�GRHV�QRW�DOWHU�

VLJQLILFDQWO\�WKH�RSHQ�FLUFXLW�YROWDJH�EXW�LPSURYHV�WKH�VKRUW�FLUFXLW�SKRWRFXUUHQW��WKH�ILOO�

IDFWRU�DQG�FRQVHTXHQWO\�WKH�SRZHU�FRQYHUVLRQ�HIILFLHQF\��UHDFKLQJ��������D�VLJQLILFDQWO\�KLJK�

YDOXH�WDNLQJ�LQWR�DFFRXQW�WKDW�WKH�6SLUR�20H7$'�OD\HU�LV�XQGRSHG��7KH�LPSURYHPHQW�LQ�WKH�

SKRWRYROWDLF�EHKDYLRXU�LV�FRQVLVWHQW�ZLWK�DQ�LPSURYHG�LQWHUIDFH�ZLWK�WKH�SHURYVNLWH�OD\HU�>����@�

DQG�LV�OLNHO\�GXH�WR�LQFUHDVHG�KROH�PRELOLW\�LQGXFHG�E\�WHPSHUDWXUH�LQ�RXU�6SLUR�20H7$'�

YDFXXP�VXEOLPDWHG�OD\HUV�>��@��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�LQ�FRQWUDVW�ZLWK�RWKHU�ZRUNV�>�����@�

RXU�UHVXOWV�VKRZ�WKDW�WKH�GLUHFW�GHSRVLWLRQ�RI�WKH�PHWDOOLF�HOHFWURGH�RQWR�WKH�SHURYVNLWH�OD\HU�

UHVXOWV�LQ�D�YHU\�SRRU�DQG�XQVWDEOH�SKRWRYROWDLF�EHKDYLRXU��VHH�6XSSRUWLQJ�,QIRUPDWLRQ�6����

)LJXUH�6��LQ�WKH�6XSSRUWLQJ�,QIRUPDWLRQ�VKRZV�WKH�3KRWRFXUUHQW�GHQVLW\�±�9ROWDJH�FXUYHV�LQ�

IRUZDUG�DQG�UHYHUVH�VFDQV�QRUPDOL]HG�WR�WKH�PD[LPXP�FXUUHQW�DW������9��D�G��DQG�ZLWKRXW�

QRUPDOL]DWLRQ��H�K���7KH�IXOO�VROXWLRQ�SURFHVVHG�FHOOV�PDGH�ZLWK�WKH�GRSHG�6SLUR�20H7$'�
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VKRZ�WKH�W\SLFDO�K\VWHUHVLV�FXUYH�RI�D�0$3,�EDVHG�SHURYVNLWH�VRODU�FHOO�ZLWK�D�KLJKHU�

SKRWRFXUUHQW�LQ�WKH�YLFLQLW\�RI�WKH�PD[LPXP�SRZHU�SRLQW�>��@�,Q�FRQWUDVW��YDFXXP�VXEOLPDWHG�

6SLUR�20H7$'�OHDGV�WR�D�PXFK�KLJKHU�K\VWHUHVLV�LQGH[��7KLV�FDQ�EH�H[SODLQHG�E\�WKH�ORZHU�

FDSDELOLW\�RI�WKH�GRSDQW�IUHH�6SLUR�20H7$'�WR�H[WUDFW�KROHV��7KLV�ORZHU�FDSDELOLW\�LQGXFHV�D�

PRUH�DFXWH�DFFXPXODWLRQ�RI�FKDUJH�DW�WKH�3HURYVNLWH�6SLUR�20H7$'�LQWHUIDFH�ZKLFK�OHDGV�WR�

HQKDQFHG�VXUIDFH�UHFRPELQDWLRQ�ORVV�DQG�PRUH�K\VWHUHVLV�>��@�

,Q�DGGLWLRQ��,QFLGHQW�3KRWRQ�WR�&XUUHQW�(IILFLHQF\��,3&(��FXUYHV�DUH�SUHVHQWHG�LQ�)LJXUH�6���

,3&(�VSHFWUD�VKRZ�ORZHU�YDOXHV�IRU�WKH�YDFXXP�VXEOLPDWHG�GRSDQW�IUHH�6SLUR�20H7$'�LQ�

WKH�UHJLRQ�ZKHQ�WKH�SHURYVNLWH�PRUH�FRQWULEXWHV�WR�WKH�WRWDO�SKRWRFXUUHQW��L�H�����������QP��

7KLV�HIIHFW�LV�D�FRQVHTXHQFH�RI�WKH�DIRUH�PHQWLRQHG�ORZHU�KROH�H[WUDFWLRQ�HIILFLHQF\�RI�WKH�

VXEOLPDWHG�6SLUR�DW�WKH�SHURYVNLWH�6SLUR�20H7$'�LQWHUIDFH��2Q�WKH�RWKHU�KDQG��WKH�6SLUR�

20H7$'�LV�QRW�H[SHFWHG�WR�DOWHU�WKH�SKRWRQ�KDUYHVWLQJ�HIILFLHQF\�RI�WKH�GHYLFH��ZKLFK�\LHOGV�

EDVLFDOO\�WKH�VDPH�UHVSRQVH�LQ�WKH���������QP�UDQJH��+RZHYHU��FHUWDLQ�YDULDELOLW\�LV�REVHUYHG�

EHORZ�����QP��ZKLFK�LV�PRVW�SUREDEO\�GXH�WR�SDUWLDO�GHJUDGDWLRQ�RI�WKH�SHURYVNLWH�LWVHOI��

7DNLQJ�LQWR�DFFRXQW�WKDW�WKH�FRPSRVLWLRQ�RI�WKH�6SLUR�20H7$'�OD\HU�LV�WKH�VDPH�IRU�DOO�WKH�

VDPSOHV��ZH�FDQ�FRQFOXGH�WKDW�WKH�SKRWRYROWDLF�SHUIRUPDQFH�LV�JRYHUQHG�E\�WKH�FU\VWDOOLQLW\�

RI�WKH�VDPSOHV��7KHVH�UHVXOWV�DUH�LQ�DJUHHPHQW�ZLWK�WKH�H[SHULPHQWDO�ZRUN�RI�%DNU>��@�DQG�

IURP�WKH�FDOFXODWLRQV�SHUIRUPHG�E\�%UpGDV�RU�+RXN�>�����@�DERXW�WKH�FU\VWDOOLQH�LQGXFHG�

LQWULQVLF�KROH�FRQGXFWLRQ�RI�6SLUR�20H7$'�OD\HUV���

7R�XQUDYHO�ZKHWKHU�WKH�SKRWRYROWDLF�LPSURYHPHQW�FDQ�EH�LQGXFHG�DIWHU�WKH�YDFXXP�

VXEOLPDWLRQ�RI�6SLUR�20H7$'�OD\HUV�DW�D�FHUWDLQ�WHPSHUDWXUH�RQ�WKH�SHURYVNLWH�

SKRWRDEVRUEHQW��ZH�KDYH�DQQHDOHG�WR�����&�LQ�KLJK�YDFXXP�D�VRODU�FHOO�LQFRUSRUDWLQJ�6SLUR�

20H7$'�VXEOLPDWHG�DW�57�GXULQJ���KRXUV��WKH�WLPH�QHHGHG�IRU�WKH�GHSRVLWLRQ���)LJXUH�6��

VKRZV�WKH�WRS�YLHZV��D�F��DQG�FURVV�VHFWLRQV��E�G��PLFURJUDSKV�RI�WKH�6SLUR�20H7$'�OD\HUV�

VXEOLPDWHG�RQWR�D�VLOLFRQ�ZDIHU�SLHFH�DW�57��D�E��DQG�SRVW�DQQHDOHG�DW�����&�GXULQJ���KRXUV�

LQ�YDFXXP��F�G���,W�FDQ�EH�REVHUYHG�WKDW�WKH�FROXPQDU�PLFURVWUXFWXUH�LV�SUHVHUYHG�WKRXJK�WKH�
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FROXPQV�DSSHDU�PRUH�FRQQHFWHG��DV�WKH\�ZHUH�SDUWLDOO\�IXVHG�DV�D�FRQVHTXHQFH�RI�WKH�

DQQHDOLQJ��,Q�DGGLWLRQ��WKH�LQWHUPHGLDWH�GHQVH�OD\HU��VHH�)LJXUH�6��E�G��LQFUHDVH�LQ�WKLFNQHVV�

IURP�DURXQG����WR�����QP��7KXV��IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�PRUSKRORJ\��WKH�SRVW�DQQHDOHG�

6SLUR�20H7$'�OD\HU�ORRNV�OLNH�DV�DQ�LQWHUPHGLDWH�VWDJH�LQ�WKH�HYROXWLRQ�IURP�WKH�FROXPQDU�

57�IRUPDWLRQ�DQG�WKH�GHQVH�DQG�KRPRJHQHRXV�OD\HUV�IRUPHG�DW�KLJKHU�VXEVWUDWH�WHPSHUDWXUHV��

)LJXUH�6��FRPSDUHV�WKH�3KRWRFXUUHQW�GHQVLW\���9ROWDJH�FXUYHV�RI�VRODU�FHOOV�LQFRUSRUDWLQJ�WKH�

6SLUR�20H7$'�YDFXXP�VXEOLPDWHG�OD\HU�DW�57��EODFN�FXUYH��DQG�SRVW�DQQHDOHG�LQ�YDFXXP�

DW�����&��UHG�FXUYH���7KH�PRVW�LPSRUWDQW�FKDQJH�RFFXUV�LQ�WKH�)LOO�)DFWRU��ZKLFK�LQFUHDVHV�

VLJQLILFDQWO\�IURP����WR������7KH�SKRWRYROWDJH�DOVR�LQFUHDVHV����P9�ZKLOH�WKH�SKRWRFXUUHQW�

LV�UHGXFHG�LQ���P$�FP����SURGXFLQJ�DQ�RYHUDOO�LQFUHDVH�LQ�WKH�SRZHU�FRQYHUVLRQ�HIILFLHQF\�

IURP�����WR�������7KH�SKRWRYROWDLF�HQKDQFHPHQW�FDQ�EH�XQGHUVWRRG�LI�ZH�WDNH�LQWR�DFFRXQW�

WKH�PLFURVWUXFWXUDO�FKDQJHV�REVHUYHG�LQ�)LJXUH�6���1HYHUWKHOHVV��ZH�FDQQRW�UHODWH�WKH�

SKRWRYROWDLF�LPSURYHPHQW�RQO\�WR�WKLV�DVSHFW��VLQFH�LW�FDQ�EH�DOVR�GXH�WR�FKDQJHV�LQ�WKH�

SHURYVNLWH�LWVHOI�RU�RXW�GLIIXVLRQ�RI�LRQV�LQWR�WKH�6SLUR�20H7$'�OD\HU��,Q�DQ\�FDVH��WKH�

SKRWRYROWDLF�EHKDYLRXU�RI�WKHVH�YDFXXP�DQQHDOHG�VRODU�FHOOV�LV�PXFK�ORZHU�WKDQ�WKH�FHOOV�

LQFRUSRUDWLQJ�WKH�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�OD\HU�DW�����&��ZLWK�3&(�RI��������

$V�LQWURGXFHG�DERYH��WKH�$FKLOOHV¶�+HHO�RI�WKH�SHURYVNLWH�VRODU�FHOOV�WHFKQRORJ\�LV�WKH�

VWDELOLW\�XQGHU�DPELHQW�FRQGLWLRQV��/RRNLQJ�IRUZDUG�WR�GHPRQVWUDWLQJ�WKH�HQKDQFHG�

SHUIRUPDQFH�RI�YDFXXP�SURFHVVHG�KROH�WUDQVSRUW�OD\HUV�IURP�VXFK�DSSHDOLQJ�SRLQW�RI�YLHZ��

ZH�KDYH�VWXGLHG�WKH�VWDELOLW\�RI�SHURYVNLWH�VRODU�FHOOV�LQFRUSRUDWLQJ�VROXWLRQ�SURFHVVHG�6SLUR�

20H7$'�OD\HUV��ZLWK�7%3�DQG�/L7)6,�GRSDQWV��DQG�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�

ILOPV��)LJXUH���VKRZV�WKH�HYROXWLRQ�RI�-6&��D���92&��E���)LOO�)DFWRU��F��DQG�3RZHU�&RQYHUVLRQ�

(IILFLHQF\��G��XQGHU�FRQWLQXRXV�LOOXPLQDWLRQ�DW�ODERUDWRU\�DPELHQW�FRQGLWLRQV��FRQWUROOLQJ�WKH�

WHPSHUDWXUH�DQG�KXPLGLW\�LQ�WKH�UDQJHV�EHWZHHQ��������&�DQG���������UHVSHFWLYHO\���:KLOH�

WKH�3&(�RI�VRODU�FHOOV�LQFRUSRUDWLQJ�VROXWLRQ�SURFHVVHG�6SLUR�20H7$'�OD\HUV��GRSHG��LV�

GHFUHDVHG�IURP�������WR�D�YDOXH�EHORZ����LQ�WKUHH�KRXUV�RI�LOOXPLQDWLRQ��WKH�FHOOV�FRQWDLQLQJ�
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YDFXXP�GHSRVLWHG�6SLUR�20H7$'�OD\HUV�SUHVHQW�D�VLJQLILFDQWO\�LQFUHDVHG�VWDELOLW\�LQ�DOO�WKH�

SKRWRYROWDLF�SDUDPHWHUV��7KXV��IRU�DOO�WKH�FHOOV�LQFRUSRUDWLQJ�VXEOLPDWHG�6SLUR�20H7$'��WKH�

3&(�LQFUHDVHV�GXULQJ�WKH�ILUVW�����KRXUV�DQG�WKHQ�GHFUHDVHV�VORZO\�GXULQJ�WKH����KRXUV�XQGHU�

FRQWLQXRXV�LOOXPLQDWLRQ��,Q�SDUWLFXODU��WKH�VRODU�FHOOV�ZLWK�6SLUR�20H7$'�VXEOLPDWHG�DW�

����&��WKH�3&(��)LJXUH���G��GHFUHDVHV�IURP�����WR��������WKH����&�IURP���WR�������DQG�WKH�

57�IURP�����WR�������LQ����K�RI�LOOXPLQDWLRQ��6LPLODU�EHKDYLRXU�FDQ�EH�REVHUYHG�IRU�WKH�

SKRWRFXUUHQW�GHQVLW\��D���1HYHUWKHOHVV��WKH�ILOO�IDFWRU��F��DQG�WKH�RSHQ�FLUFXLW�YROWDJH��E��

SUHVHQW�D�GLIIHUHQW�WUHQG��:KLOH�WKH�92&�GHFUHDVHV�FRQWLQXRXVO\�IRU�WKH�6SLUR�20H7$'�

VXEOLPDWHG�DW�����&��IRU�WKH�57�DQG����&�VDPSOHV�WKH�RSHQ�FLUFXLW�YROWDJH�LQFUHDVHV��,Q�

DGGLWLRQ��WKH�)LOO�)DFWRU�LQFUHDVHV�VLJQLILFDQWO\�IRU�WKH�6SLUR�20H7$'�VXEOLPDWHG�DW�57��

ZKLOH�LV�FRQVWDQW�IRU�WKH����DQG�����&�FDVHV��7KHVH�UHVXOWV�IXUWKHU�VXSSRUW�WKH�DGYDQWDJHV�RI�

WKH�DSSOLFDWLRQ�RI�YDFXXP�SURFHVVHG�66+&�ZLWK�FRQWUROOHG�PLFURVWUXFWXUH�DQG�FU\VWDOOLQLW\��

,Q�IDFW��ZH�WUXVW�WKDW�WKH�HQKDQFHG�VWDELOLW\�RI�WKH�36&�ZLWK�WKH�6SLUR�20H7$'�SURFHVVHG�DW�

�����&��WKH�UHGXFWLRQ�UDWH�RI�3&(�LV�WZR�RUGHUV�RI�PDJQLWXGH�ORZHU�WKDQ�VROXWLRQ�SURFHVVHG��

GLUHFWO\�UHVSRQG�WR�LWV�LQWULQVLF�IHDWXUHV��L�H��WKLV�OD\HU�VKRZV�WKH�KLJKHVW�FU\VWDOOLQLW\��

FRPSDFLW\��ORZ�SRURVLW\��DQG�KRPRJHQHLW\�RI�WKH�VWXGLHG�VHW��:H�EHOLHYH�WKDW�VXFK�

FKDUDFWHULVWLFV�LPSURYH�WKH�TXDOLW\�RI�ERWK��WKH�FRQWDFW�EHWZHHQ�WKH�SHURYVNLWH�DQG�66+&�

OD\HU�DQG�EHWZHHQ�WKH�66+&�DQG�WKH�JROG�OD\HU��DW�WKH�VDPH�WLPH�WKDW�SURYLGHV�EHWWHU�

LQVXODWLRQ�RI�WKH�SHURYVNLWH�OD\HU�IURP�WKH�HQYLURQPHQW��GHOD\LQJ�LWV�GHJUDGDWLRQ���

7KH�WKHUPDO�VWDELOLW\�RI�WKH�SHURYVNLWH�VRODU�FHOOV�LV�DOVR�LPSURYHG�E\�LPSOHPHQWLQJ�YDFXXP�

VXEOLPDWHG�6SLUR�20H7$'�ILOPV��)LJXUH�6��D�F��VKRZ�WKH�SKRWRFXUUHQW�GHQVLW\�YROWDJH�

FXUYHV�DIWHU�DQQHDOLQJ�LQ�DLU�IRU����PLQ�DW�WKH�LQGLFDWHG�WHPSHUDWXUHV��IURP����WR�����&���

)LJXUH�6��D��VKRZV�WKH�WKHUPDO�HYROXWLRQ�RI�SHURYVNLWH�VRODU�FHOOV�LQFOXGLQJ�VROXWLRQ�

SURFHVVHG�6SLUR�20H7$'��GRSHG�ZLWK�/L7)6,�DQG�7%3��DQG�)LJXUH�6��E�F��WKH�FHOOV�

LQFRUSRUDWLQJ�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�DW�57��E��DQG����&��F���)LJXUH�6��H�J��

VKRZ�WKH�HYROXWLRQ�RI�WKH�SKRWRYROWDLF�SDUDPHWHUV��SKRWRFXUUHQW��H���SKRWRYROWDJH��I���ILOO�
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IDFWRU��J��DQG�3&(��K���RI�WKH�-�9�FXUYHV�SUHVHQWHG�LQ�D�F���:KLOH�WKH�IXOO�VROXWLRQ�SURFHVVHG�

VRODU�FHOOV�GHSLFW�DQ�REYLRXV�JUDGXDO�GHWHULRUDWLRQ�LQ�WKH�-�9�FXUYHV�ZLWK�WHPSHUDWXUH��WKH�

FHOOV�ZLWK�YDFXXP�VXEOLPDWHG�66+&�SUHVHQW�LPSURYHG�VWDELOLW\�DORQJ�ZLWK�D�PRUH�FRPSOH[�

EHKDYLRXU��7KLV�HIIHFW�FDQ�DQVZHU�WR�WZR�IDFWRUV��QDPHO\�WKH�R[LGDWLRQ�RI�WKH�66+&�RU�WKH�

FU\VWDOOLQH�JURZWK�RI�6SLUR�20H7$'��7KH�SLFWXUH�LQ�)LJXUH�6���DOORZV�WKH�QDNHG�H\H�

DSSUHFLDWLRQ�RI�WKH�SUHGRPLQDQW�UROH�RI�WKH�ODWHU�IDFWRU�DV�LW�FOHDUO\�VKRZV�WKH�ODUJH�FU\VWDOOLQH�

JURZWK�FRUUHVSRQGLQJ�WR�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�DW�����&�DIWHU�WKH�DQQHDOLQJ�

VWDELOLW\�WHVW�FDUULHG�RXW�LQ�DLU�XS�WR�����&���

7R�IXOO\�XQGHUVWDQG�WKH�SK\VLFDO�SKHQRPHQD�RFFXUULQJ�WR�WKH�VRODU�FHOOV�LQFRUSRUDWLQJ�YDFXXP�

VXEOLPDWHG�6SLUR�20H7$'�OD\HUV��ZKLFK�LQGXFHV�LPSRUWDQW�PRGLILFDWLRQV�LQ�WKH�SKRWRYROWDLF�

EHKDYLRXU��LV�QHFHVVDU\�D�PRUH�GHWDLOHG�DQG�IXQGDPHQWDO�VWXG\��+RZHYHU��RXU�UHVXOWV�FOHDUO\�

VKRZ�HQKDQFHG�WKHUPDO�VWDELOLW\�IRU�SHURYVNLWH�VRODU�FHOOV�LQFRUSRUDWLQJ�YDFXXP�VXEOLPDWHG�

6SLUR�20H7$'�OD\HUV��7KLV�FDQ�EH�FOHDUO\�VHHQ�LQ�WKH�HYROXWLRQ�RI�WKH�SKRWRYROWDLF�

SDUDPHWHUV��HVSHFLDOO\�LQ�WKH�3&(��)LJXUH�6��K���:KLOH�WKH�3&(�LV�GUDVWLFDOO\�GHFUHDVHG�IRU�

IXOO�VROXWLRQ�SURFHVVHG�VRODU�FHOOV�DQQHDOHG�DW�����&����������WKH�RQHV�LQFRUSRUDWLQJ�YDFXXP�

VXEOLPDWHG�6SLUR�20H7$'�ILOPV�LV�VLJQLILFDQWO\�KLJKHU������DQG������IRU�6SLUR�20H7$'�

V\QWKHVL]HG�DW�57�DQG�����&��UHVSHFWLYHO\���0RUHRYHU��WKH�DQQHDOLQJ�DW�����&�FRPSOHWHO\�

GHJUDGHV�WKH�IXOO�VROXWLRQ�SURFHVVHG�FHOOV��ZKLOH�WKH�YDFXXP�VXEOLPDWHG�DUH�VWLOO�ZRUNLQJ�

�DOWKRXJK�ZLWK�D�YHU\�ORZ�3&(�RI�����DQG�������IRU�6SLUR�20H7$'�V\QWKHVL]HG�DW�57�DQG�

����&��FRUUHVSRQGHQWO\���7KH�WKHUPDO�GHJUDGDWLRQ�FDQ�EH�FOHDUO\�VHHQ�LQ�WKH�SKRWRJUDSK�RI�

)LJXUH�6��G��WKDW�FRPSDUHV�WKH�DSSHDUDQFH�RI�WKH�WKUHH�FHOOV�DIWHU�DQQHDOLQJ�DW�����&�LQ�DLU�IRU�

���PLQXWHV��7KH�IXOO�VROXWLRQ�SURFHVVHG�FHOO�DSSHDUV�FRPSOHWHO\�GHJUDGHG�ZLWK�WKH�

FKDUDFWHULVWLF�\HOORZLVK�WUDQVSDUHQW�FRORXU�FRUUHVSRQGLQJ�WR�WKH�GHFRPSRVLWLRQ�RI�WKH�0$3,�

WR�3E,���7KH�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�V\QWKHVL]HG�DW�57�LV�VWLOO�EURZQLVK�DOWKRXJK�

VKRZV�D�SDUWLDO�FRQYHUVLRQ�WR�\HOORZ��PHDQZKLOH��WKH�FRORXU�RI�WKH�FHOO�ZLWK�WKH�YDFXXP�

SURFHVVHG�DW������&�66+&�LQGLFDWHV�WKDW�WKH�GHFRPSRVLWLRQ�RI�WKH�SHURYVNLWH�KDV�EHHQ�
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GHOD\HG��:H�DWWULEXWH�WKLV�HIIHFW�WR�WKH�FRPSDFLW\�RI�WKH�YDFXXP�VXEOLPDWHG�66+&�OD\HU��WKDW�

UHGXFHV�VLJQLILFDQWO\�WKH�R[\JHQ�DQG�PRLVWXUH�PHGLDWHG�GHJUDGDWLRQ�PHFKDQLVPV�>��@��

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�DOWKRXJK�WKH�SKRWRYROWDLF�EHKDYLRXU�LV�IDU�IURP�WKH�YDOXHV�WKDW�FDQ�

EH�UHDFKHG�E\�XVLQJ�/L7)6,�DQG�7%3�GRSDQWV��VHH�)LJXUH���DQG�WKH�ODVW�OLQH�RI�7DEOH�����WKLV�

LV�WKH�ILUVW�H[DPSOH�LQ�WKH�OLWHUDWXUH�RI�SHURYVNLWH�VRODU�FHOOV�LPSOHPHQWLQJ�D�YDFXXP�

VXEOLPDWHG�GRSDQW�IUHH�6SLUR�20H7$'�WKLQ�ILOP��ZKLFK�LV�WKH�PRVW�ZLGHO\�XVHG�66+&�LQ�

WKLV�W\SH�RI�GHYLFHV��:H�KDYH�GHPRQVWUDWHG�WKDW�WKH�VRODU�FHOOV�LQFRUSRUDWLQJ�YDFXXP�

VXEOLPDWHG�6SLUR�20H7$'�OD\HUV�SUHVHQW�PXFK�KLJKHU�VWDELOLW\�WKDQ�WKH�VROXWLRQ�SURFHVVHG�

RQHV��7KH�UHVXOWV�SURYLGHG�KHUH�GHPRQVWUDWH�IRU�WKH�ILUVW�WLPH�WKDW�WKH�WHPSHUDWXUH�FRQWURO�

GXULQJ�WKH�YDFXXP�VXEOLPDWLRQ�RI�6SLUR�20H7$'�PROHFXOHV�FDQ�EH�XVHG�WR�FRQWURO�WKH�

FU\VWDOOL]DWLRQ�RI�WKH�OD\HUV�WKDW�RWKHUZLVH�JURZ�DV�DPRUSKRXV�ILOPV��7KLV�FU\VWDOOL]DWLRQ�

LQGXFHG�JURZWK�LQFUHDVHV�WKH�KROH�WUDQVSRUWLQJ�SURSHUWLHV�RI�WKLV�66+&��ZKLFK�DUH�UHIOHFWHG�LQ�

D�KLJKO\�LPSURYHG�VWDELOLW\��,W�LV�ZRUWK�WR�QRWH�WKDW�WKH�PHWKRGRORJ\�SURSRVHG�LV�FRPSDWLEOH�

ZLWK�WKH�XVH�RI�HQFDSVXODWLQJ�OD\HUV�HLWKHU�E\�YDFXXP>��@�RU�VROXWLRQ�PHWKRGV�>��@�WKDW�DUH�

IRUHVHHQ�WR�IXUWKHU�HQKDQFH�WKH�VWDELOLW\�RI�GHYLFHV��

�

,Q�VXPPDU\��ZH�KDYH�IDEULFDWHG�6SLUR�20H7$'�OD\HUV�E\�YDFXXP�VXEOLPDWLRQ�RQ�VDPSOHV�DW�

GLIIHUHQW�WHPSHUDWXUHV��IURP�57�WR�����&��7KH�OD\HUV�SUHVHQW�GLIIHUHQW�PLFURVWUXFWXUHV��D�

SRURXV�FROXPQDU�DW�57�DQG�D�IODW��GHQVH�DQG�FRPSDFW�PLFURVWUXFWXUH�DW����DQG�����&��,Q�

DGGLWLRQ��WKH�VDPSOHV�GHSRVLWHG�DW�KLJKHU�WHPSHUDWXUHV�����DQG�����&��DUH�FU\VWDOOLQH�DV�

VXSSRUWHG�E\�5DPDQ��SKRWROXPLQHVFHQFH��DQG�*,:$;6��,Q�SDUWLFXODU��WKLV�ODWWHU�

FKDUDFWHUL]DWLRQ�WHFKQLTXH�UHYHDOHG�DQ�RULHQWHG�FU\VWDOOLQH�JURZWK�DORQJ�WKH�VXEVWUDWH�QRUPDO��

FRQVLVWHQW�ZLWK� � �VWDFNLQJ�RI�WKH�FU\VWDO��:H�KDYH�FKDUDFWHUL]HG�WKH�HOHPHQWDO�FRPSRVLWLRQ�

RI�WKH�VDPSOHV�E\�;36�DQG�5%6��VKRZLQJ�D�KLJK�SXULW\�RI�WKH�6SLUR�20H7$'�ILOPV�WKDW�
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VKRZHG�WKH�VDPH�HOHPHQWDO�FRPSRVLWLRQ�WKDQ�H[SHFWHG�IURP�WKH�FKHPLFDO�IRUPXOD�RI�WKH�

PROHFXOH���

:H�KDYH�LPSOHPHQWHG�WKHVH�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�OD\HUV�RQWR�SHURYVNLWH�

EDVHG�VRODU�FHOOV�SURFHVVHG�E\�VROXWLRQ��7KH�VRODU�FHOOV�SUHVHQWHG�YHU\�JRRG�SKRWRYROWDLF�

EHKDYLRXU��EHDULQJ�LQ�PLQG�ZH�GHDO�ZLWK�D�GRSDQW�IUHH�V\VWHP��0RUHRYHU��ZH�KDYH�

GHPRQVWUDWHG�IRU�WKH�ILUVW�WLPH��WZR�RUGHUV�RI�PDJQLWXGH�VWDELOLW\�LPSURYHPHQW�ZLWK�UHVSHFW�WR�

WKH�VROXWLRQ�SURFHVVHG�RQH�DQG�IXQFWLRQDO�FHOOV�DIWHU�DQQHDOLQJ�WUHDWPHQWV�XS�WR����������&��

E\�XVLQJ�WKH�PRVW�ZLGHO\�XVHG�66+&�LQ�WKH�OLWHUDWXUH��,Q�IDFW��WKH�FRPSDULVRQ�ZLWK�WKH�

VWDQGDUG�ZHW�SURFHVVHG�GRSDQW�IUHH�6SLUR�20H7$'�OD\HUV�GHPRQVWUDWHV�IRU�WKH�ILUVW�WLPH�WKH�

SRWHQWLDO�RI�YDFXXP�HYDSRUDWHG�OD\HUV�RI�6SLUR�20H7$'�DV�KLJKO\�VWDEOH�66+&���

�

2XU�UHVXOWV�VXJJHVW�WKDW�WKH�LQFRUSRUDWLRQ�RI�DGGLWLYHV�RU�GRSDQWV�WR�WKH�6SLUR�20H7$'�

OD\HUV�LV�QRW�VWULFWO\�QHFHVVDU\�WR�REWDLQ�HIILFLHQW�66+&�DQG�FRQVHTXHQWO\�HIILFLHQW�SHURYVNLWH�

VRODU�FHOOV��:H�WUXVW�RXU�UHVXOWV�ZLOO�LQFUHDVH�WKH�SRWHQWLDO�RI�WKH�GHYHORSPHQW�RI�IXOO�YDFXXP�

GHSRVLWHG�SHURYVNLWH�VRODU�FHOOV�>��@�ZLWK�DFNQRZOHGJLQJ�DGYDQWDJHV�VXFK�DV�HQYLURQPHQWDO�

IULHQGO\�GHSRVLWLRQ��ORZ�SURFHVVLQJ�WHPSHUDWXUHV�DQG�VROYHQWOHVV�SURFHVVHV���IDEULFDWLRQ�RI�

SHURYVNLWH�VRODU�FHOOV�LQ�ODUJH�DUHDV�ZLWK�LPSURYHG�UHSURGXFLELOLW\�DQG�VWDELOLW\��DQG�

VWUDLJKWIRUZDUG�FRPSDWLELOLW\�ZLWK�LQGXVWULDOO\�VFDODEOH�SURFHVVHV��

�
�

Deposition of vacuum sublimated Spiro-OMeTAD thin films��7KH�GHSRVLWLRQ�ZDV�SHUIRUPHG�

LQ�D�KLJK�YDFXXP�V\VWHP��SXPSHG�GRZQ�WR�D�EDVH�SUHVVXUH�RI������7RUU��7KH�GHSRVLWLRQ�

V\VWHP�FRQVLVWV�RI�D�.QXGVHQ�W\SH�HIIXVLRQ�FHOO��6SLUR�20H7$'�PROHFXOHV�ZHUH�DFTXLUHG�

IURP�6LJPD�$OGULFK�DQG�XVHG�ZLWKRXW�IXUWKHU�SXULILFDWLRQ��7KH�PROHFXOHV�LQ�SRZGHU�IRUP�

ZHUH�SODFHG�LQVLGH�WKH�.QXGVHQ�FHOO�DQG�KHDWHG�WR�D�WHPSHUDWXUH�RI�FD�������&��WR�REWDLQ�D�

VWDEOH�GHSRVLWLRQ�UDWH�RI���c�V�DV�PRQLWRUHG�E\�D�4XDUW]�&U\VWDO�0RQLWRU��4&0���7KH�
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VXEVWUDWHV�XVHG�ZHUH�IXVHG�VLOLFD�VOLGHV��VLOLFRQ�������VLQJOH�FU\VWDO�ZDIHUV�DQG�SHURYVNLWH�

VRODU�FHOOV�IDEULFDWHG�DV�GHWDLOHG�LQ�WKH�QH[W�VHFWLRQ��7KH�VDPSOHV�ZHUH�DQQHDOHG�ZKLOH�WKH�

6SLUR�20H7$'�GHSRVLWLRQ�ZDV�WDNLQJ�SODFH�E\�PHDQV�RI�D�KRPH�PDGH�KHDWHU�DW����DQG�

����&���

Fabrication of perovskite solar cells: 3HURYVNLWH�VRODU�FHOOV�ZHUH�IDEULFDWHG�RQ�)72�FRDWHG�

JODVV��3LONLQJWRQ±7(&����SDWWHUQHG�E\�ODVHU�HWFKLQJ��7KH\�ZHUH�ILUVW�FOHDQHG�XVLQJ�

+HOOPDQH[��VROXWLRQ�DQG�ULQVHG�ZLWK�GHLRQL]HG�ZDWHU�DQG�HWKDQRO��6XEVHTXHQWO\��WKH\�ZHUH�

XOWUDVRQLFDWHG�LQ���SURSDQRO�DQG�GULHG�E\�XVLQJ�D�QLWURJHQ�IORZ��7KH�7L2��EORFNLQJ�OD\HU�ZDV�

GHSRVLWHG�RQWR�WKH�VXEVWUDWHV�E\�VSUD\�S\URO\VLV�DW������&��XVLQJ�D�WLWDQLXP�GLLVRSURSR[LGH�

ELV�DFHW\ODFHWRQDWH��VROXWLRQ������LQ���SURSDQRO��6LJPD�$OGULFK��GLOXWHG�LQ�HWKDQRO���������

Y�Y���ZLWK�R[\JHQ�DV�D�FDUULHU�JDV��7KH�7L2��FRPSDFW�OD\HU�ZDV�WKHQ�NHSW�DW������&�IRU����PLQ�

IRU�WKH�IRUPDWLRQ�RI�WKH�DQDWDVH�SKDVH��2QFH�WKH�VDPSOHV�DFKLHYH�URRP�WHPSHUDWXUH��D�7L2��

PHVRSRURXV�OD\HU�ZDV�GHSRVLWHG�E\�VSLQ�FRDWLQJ�DW������USP�GXULQJ����V�XVLQJ�D�FRPPHUFLDO�

7L2��SDVWH��'\HVRO����15'��GLOXWHG�LQ�HWKDQRO�������ZHLJKW�UDWLR���$IWHU�GU\LQJ�DW������&�IRU�

���PLQ��WKH�7L2��PHVRSRURXV�OD\HU�ZDV�KHDWHG�DW������&�IRU����PLQ�DQG�ODWHU�FRROHG�WR�URRP�

WHPSHUDWXUH��6XEVHTXHQWO\��D�SXUH�PHWK\ODPPRQLXP�OHDG�,RGLGH��0$3E,���VROXWLRQ�ZDV�

SUHSDUHG�WR�EH�GHSRVLWHG�E\�VSLQ�FRDWLQJ�XVLQJ�D�PHWKRGRORJ\�UHFHQWO\�UHSRUWHG�>��@��

7KH�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�OD\HUV�ZHUH�GHSRVLWHG�RQWR�WKHVH�VROXWLRQ�SURFHVVHG�

OD\HUV��)RU�FRPSDUDWLYH�SXUSRVHV��FHOOV�ZLWK�GRSHG�DQG�XQGRSHG�6SLUR�20H7$'�OD\HU�ZHUH�

SUHSDUHG�E\�VROXWLRQ�SURFHVV��6SLUR�20H7$'�ZDV�GHSRVLWHG�E\�GLVVROYLQJ������PJ�LQ���P/�

RI�FKORUREHQ]HQH�DV�ZHOO�DV������ȝ/�RI�D�OLWKLXP�ELV��WULIOXRURPHWK\OVXOSKRQ\O�LPLGH�

�/L7)6,��VWRFN�VROXWLRQ������PJ�RI�/L7)6,�LQ��P/�RI�DFHWRQLWULOH���DQG������ȝ/�RI���WHUW�

EXW\OS\ULGLQH��7%3���7KH�6SLUR�20H7$'�VROXWLRQ�ZDV�VSLQ�FRDWHG�DW������USP�IRU����V���

)LQDOO\�����QP�RI�JROG�ZDV�GHSRVLWHG�DV�D�PHWDOOLF�FRQWDFW�E\�WKHUPDO�HYDSRUDWLRQ�XQGHU�D�

YDFXXP�OHYHO�EHWZHHQ��ā�����DQG��ā�����7RUU��$OO�WKH�GHSRVLWLRQ�SURFHVVHV��H[FHSW�YDFXXP�

SURFHVVHV��ZHUH�FDUULHG�RXW�RXWVLGH�WKH�JORYHER[�XQGHU�HQYLURQPHQWDO�FRQGLWLRQV���
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Characterization of films and devices: 6(0�PLFURJUDSKV�ZHUH�DFTXLUHG�LQ�D�+LWDFKL�6�����

ZRUNLQJ�DW���N9��7KH�VDPSOHV�ZHUH�GHSRVLWHG�RQ�6L������ZDIHUV�IRU�D�FRUUHFW�FOHDYDJH�WR�

REVHUYH�WKH�FURVV�VHFWLRQ�LPDJHV���

5DPDQ�VSHFWUD�ZHUH�PHDVXUHG�LQ�D�/DE5$0�+RULED�-RELQ�<YRQ�+5����FRQIRFDO�PLFURVFRSH�

ZLWK�D�+H�1H�ODVHU������QP��ZRUNLQJ�DW����P:�DV�WKH�H[FLWDWLRQ�VRXUFH��7KH�VSHFWUD�ZHUH�

UHFRUGHG�WKURXJK�D�����JURRYHV�PP�JUDWLQJ�E\�PHDQV�RI�D����[�2EMHFWLYH��7KH�5DPDQ�

VSHFWUD�ZHUH�FDOLEUDWHG�ZLWK�D�6L������ZDIHU��

*,6$;6�SDWWHUQV�ZHUH�UHFRUGHG�DW�WKH�3���0L1D;6�EHDPOLQH�RI�WKH�3(75$�,,,�VWRUDJH�ULQJ�

DW�'(6<��+DPEXUJ��*HUPDQ\���$Q�LQFLGHQW�SKRWRQ�HQHUJ\�RI������NH9�ZLWK�D�EHDP�VL]H�RI�

�����î������ȝP��DW�WKH�VDPSOH�SRVLWLRQ�ZDV�XVHG�IRU�WKH�DQDO\VLV��'LUHFW�DQG�UHIOHFWHG�EHDP�

SRVLWLRQV�KDYH�EHHQ�GHWHUPLQHG�ZLWK�D�SKRWRGLRGH�DQG�D�FDOLEUDWLRQ�VWDQGDUG�RI�VLOYHU�

EHKHQDWH��7KH�VDPSOH�WR�GHWHFWRU�GLVWDQFH�ZDV�VHW�DW������PP�DQG�D�3,/$786�����.�V\VWHP�

�'HFWULV�/WG���6ZLW]HUODQG��ZLWK�D�SL[HO�VL]H�RI�����î�����ȝP��ZDV�XVHG�DV��'�GHWHFWRU��7KH�

EHDP�LPSLQJHG�DW�DQ�LQFLGHQW�DQJOH�RI������ZLWK�UHVSHFW�WR�WKH�VXEVWUDWH�VXUIDFH��

*,:$;6�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DW�WKH�$XVWULDQ�6$;6�%HDPOLQH����/�RI�WKH�HOHFWURQ�

VWRUDJH�ULQJ�(/(775$��,WDO\���)RU�GHWHFWLRQ�RI�WKH�*,:$;6�VLJQDO��D�WZR�GLPHQVLRQDO�

3LODWXV���0�GHWHFWRU�V\VWHP��'HFWULV�/WG���6ZLW]HUODQG��ZDV�XVHG��;�UD\�HQHUJ\�DQG�LQFLGHQW�

DQJOH�ZHUH�Ȝ� �������QP�DQG������UHVSHFWLYHO\��7KH�VDPSOHV�ZHUH�PHDVXUHG�DW�D�VDPSOH�WR�

GHWHFWRU�GLVWDQFH�RI�������PP��6LOYHU�EHKHQDWH�DQG�SDUD�%URPR�EHQ]RLF�DFLG�VWDQGDUG�ZHUH�

XVHG�WR�FDOLEUDWH�WKH�VHW�XS��'DWD�ZHUH�SURFHVVHG�XVLQJ�WKH�'3'$.�VRIWZDUH�WR�H[WUDFW��'�

FXUYHV�IURP�WKH��'�VFDWWHULQJ�LPDJHV�>��@�*,6$;6�DQG�*,:$;6�SDWWHUQV��DV�ZHOO�DV�WKHLU�

UHVSHFWLYH�FXWV��DUH�SUHVHQWHG�ZLWK�DQ�LQWHQVLW\�QRUPDOL]DWLRQ�RI�WKH�FRORXU�VFDOH�

UHSUHVHQWDWLRQ��

)OXRUHVFHQFH�VSHFWUD�ZHUH�UHFRUGHG�LQ�D�-RELQ�<YRQ�)OXRURORJ���VSHFWURIOXRURPHWHU�XVLQJ�WKH�

IURQW�IDFH�FRQILJXUDWLRQ�DQG�JULGV�RI���DQG���QP�IRU�WKH�H[FLWDWLRQ�DQG�HPLVVLRQ�

PRQRFKURPDWRUV��UHVSHFWLYHO\��
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&XUUHQW�YROWDJH�FXUYHV�ZHUH�PHDVXUHG�XQGHU�D�VRODU�VLPXODWRU��$%(7�6XQ������ZLWK�DQ�$0�

���*�ILOWHU��7KH�OLJKW�LQWHQVLW\�ZDV�FDOLEUDWHG�DW�����P:āFP���XVLQJ�UHIHUHQFH�PRQR�

FU\VWDOOLQH�VLOLFRQ�VRODU�FHOO�ZLWK�WHPSHUDWXUH�RXWSXW��25,(/����������$�PHWDO�PDVN�ZDV�XVHG�

WR�GHILQH�DQ�DFWLYH�DUHD�RI������FP���7KH�FXUUHQW�YROWDJH�FXUYHV�ZHUH�REWDLQHG�LQ�UHYHUVH�VFDQ�

XVLQJ�D�VFDQ�UDWH�RI�����P9āV���DQG�VZHHS�GHOD\�RI����PV��7ZHOYH�FHOOV����VDPSOHV����VXE�

FHOOV��VHH�LQVHW�RI�)LJXUH��E��FRQWDLQLQJ�WKH�YDFXXP�VXEOLPDWHG�6SLUR�20H7$'�OD\HUV�

GHSRVLWHG�DW�WKH�GLIIHUHQW�WHPSHUDWXUHV�ZHUH�PHDVXUHG���

)RU�VWUXFWXUDO�FKDUDFWHUL]DWLRQ��;�UD\�GLIIUDFWRJUDPV�ZHUH�DFTXLUHG�LQ�D�3DQDO\WLFDO�;¶3(57�

352�LQVWUXPHQW�LQ�D�JUD]LQJ�LQFLGHQFH�FRQILJXUDWLRQ��������XVLQJ�WKH�&X�.Į���������c��

UDGLDWLRQ�DV�WKH�H[FLWDWLRQ�VRXUFH��

7KH�VWDELOLW\�FXUYHV�ZHUH�PHDVXUHG�LQ�XQGHU�D�VRODU�VLPXODWRU��$%(7�6XQ������ZLWK�DQ�$0�

���*�ILOWHU��XVLQJ�UHIHUHQFH�PRQR�FU\VWDOOLQH�VLOLFRQ�VRODU�FHOO��$�PHWDO�PDVN�ZDV�XVHG�WR�

GHILQH�DQ�DFWLYH�DUHD�RI������FP���&XUUHQW�YROWDJH�FXUYHV�ZHUH�REWDLQHG�HYHU\�WZR�PLQXWHV��

XVLQJ�.HLWKOH\������YROWPHWHU�FRQWUROOHG�E\�VRIWZDUH���

,QFLGHQW�SKRWRQ�WR�HOHFWURQ�FRQYHUVLRQ�HIILFLHQFLHV��,3&(��ZHUH�PHDVXUHG�E\�PHDQV�RI�DQ�

2ULHO�;HQRQ�ODPS�FRXSOHG�WR�D�����P�PRQRFKURPDWRU��0F3KHUVRQ���7KH�OLJKW�LQWHQVLW\�ZDV�

GHWHUPLQHG�DV�D�IXQFWLRQ�RI�WKH�ZDYHOHQJWK�XVLQJ�D�FDOLEUDWHG�VLOLFRQ�SKRWRGLRGH��3+�����6L��

*(17(&(����

7KH�DQQHDOLQJ�RI�WKH�VRODU�FHOOV�IRU�WKH�WKHUPDO�VWDELOLW\�VWXG\�ZDV�SHUIRUPHG�LQ�DLU��ZLWK�

FRQVHFXWLYH�WUHDWPHQWV�DW�LQFUHDVLQJ�WHPSHUDWXUHV�ZLWK�D�GXUDWLRQ�RI����PLQ�HDFK���

;36�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�LQ�D�3KRLERV�����'/'�;�UD\�VSHFWURPHWHU�IURP�63(&6��

7KH�VSHFWUD�ZHUH�FROOHFWHG�LQ�WKH�SDVV�HQHUJ\�FRQVWDQW�PRGH�DW�D�YDOXH�RI����H9��$�0J�.Į�

XQPRQRFKURPDWL]HG�OLJKW�ZDV�XVHG�DV�;�UD\�H[FLWDWLRQ�VRXUFH��1�V�VLJQDO�DW�������H9�ZDV�

XVHG�WR�FDOLEUDWH�WKH�ELQGLQJ�HQHUJ\�VFDOH���

6KLUOH\�W\SH�EDFNJURXQGV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�DUHD�XQGHU�WKH�SKRWRHPLVVLRQ�SHDNV��

/DWHU�RQ��WKHVH�UDZ�DUHDV�ZHUH�FRUUHFWHG�IRU�WKH�WUDQVPLVVLRQ�IXQFWLRQ�RI�WKH�DQDO\VHU��WKH�
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SKRWRLRQL]DWLRQ�FURVV�VHFWLRQV�RI�HDFK�HOHFWURQLF�OHYHO�DQG��ILQDOO\��WKH�HVFDSH�GHSWK�RI�

SKRWRHOHFWURQV��LQ�RUGHU�WR�GHWHUPLQH�WKH�VXUIDFH�DWRPLF�FRPSRVLWLRQ�>��@�

5XWKHUIRUG�EDFNVFDWWHULQJ�VSHFWURVFRS\��5%6��ZDV�SHUIRUPHG�DW�WKH���09�WDQGHP�DFFHOHUDWRU�

RI�WKH�1DWLRQDO�&HQWHU�IRU�$FFHOHUDWRUV��6HYLOOD��6SDLQ��ZLWK�DQ�DOSKD�EHDP�RI�����0H9�DQG�D�

SDVVLYDWHG�LPSODQWHG�SODQDU�VLOLFRQ��3,36��GHWHFWRU�DW�D������VFDWWHULQJ�DQJOH��7KH�5%6�

VSHFWUD�ZHUH�DQDO\]HG�XVLQJ�WKH�6,015$�VRIWZDUH�>��@�6DPSOHV�IRU�WKHVH�PHDVXUHPHQWV�ZHUH�

GHSRVLWHG�RYHU�D�JODVV\�FDUERQ�VXEVWUDWH�SURYLGHG�E\�*RRGIHOORZ��$�WKLQ�$X�LQWHUOD\HU�����

QP��ZDV�JURZQ�E\�WKHUPDO�HYDSRUDWLRQ�EHWZHHQ�WKH�VXEVWUDWH�DQG�WKH�6SLUR�20H7$'�OD\HU�

WR�VHSDUDWH�VLJQDOV�RI�&�IURP�WKH�VXEVWUDWH�DQG�IURP�WKH�6SLUR�20H7$'�OD\HU�LQ�WKH�5%6�

VSHFWUD��

�

  

6XSSRUWLQJ�,QIRUPDWLRQ�LV�DYDLODEOH�IURP�WKH�:LOH\�2QOLQH�/LEUDU\��

�

:H�WKDQN�WKH�$(,��³&RQVHUMHUtD�GH�(FRQRPtD�\�&RQRFLPLHQWR�GH�OD�-XQWD�GH�$QGDOXFtD´��

0,1(&2��0$7�����������5��0$7�����������3��)3$�����������&����5�DQG�

0$7�����������&����5��WKH�(8�WKURXJK�FRKHVLRQ�IXQG�DQG�)('(5�����������SURJUDPV�

IRU�ILQDQFLDO�VXSSRUW��-�5�6��9��DQG�$�%D��DFNQRZOHGJH�WKH�(8�SURMHFW�3ODVPD3HURY6RO�DQG�

IXQGLQJ�IURP�WKH�(XURSHDQ�8QLRQ¶V�+RUL]RQ������UHVHDUFK�DQG�LQQRYDWLRQ�SURJUDPPH�XQGHU�

WKH�0DULH�6NáRGRZVND�&XULH�JUDQW�DJUHHPHQW�,'���������-�5�6�9�WKDQNV�WKH�8QLYHUVLW\�RI�

6HYLOOH�WKURXJK�WKH�9,�33,7�86���

%HDP�WLPHV�DW�'(6<��+DPEXUJ��*HUPDQ\��DQG�DW�WKH�(OHWWUD�ULQJ��7ULHVWH��,WDO\��DUH�

DFNQRZOHGJHG��UHVSHFWLYHO\��:H�DFNQRZOHGJH�'(6<��+DPEXUJ��*HUPDQ\���D�PHPEHU�RI�WKH�

+HOPKROW]�$VVRFLDWLRQ�+*)��IRU�WKH�SURYLVLRQ�RI�H[SHULPHQWDO�IDFLOLWLHV��3DUWV�RI�WKLV�UHVHDUFK�

ZHUH�FDUULHG�RXW�DW�3(75$�,,,��DW�WKH�3���0LQD;6�EHDPOLQH�DQG�ZH�ZRXOG�OLNH�WR�WKDQN�'U��
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%M|UQ�%H\HUVGRUII�IRU�DVVLVWDQFH�GXULQJ�*,6$;6�PHDVXUHPHQWV��7KLV�UHVHDUFK�KDV�UHFHLYHG�

IXQGLQJ�IURP�WKH�(8�+�����UHVHDUFK�DQG�LQQRYDWLRQ�SURJUDPPH�XQGHU�JUDQW�DJUHHPHQW�1R�

�������KDYLQJ�EHQHILWWHG�IURP�WKH�DFFHVV�SURYLGHG�E\�7HFKQLVFKH�8QLYHUVLWlW�*UD]�DW�(OHWWUD�

±�78*�LQ�7ULHVWH��,7��ZLWKLQ�WKH�IUDPHZRUN�RQ�WKH�1))$�(XURSH�7UDQVQDWLRQDO�$FFHVV�

$FWLYLW\��:H�WKDQN�3URI��'U�+HLQ]�$PHQLWVFK�IRU�WKH�WHFKQLFDO�VXSSRUW�GXULQJ�*,:$;6�

PHDVXUHPHQWV��)�-�$�DQG�-�5�6�9�DFNQRZOHGJH�WKH�³-XDQ�GH�OD�&LHUYD´�DQG�³5DPRQ�\�&DMDO´�

QDWLRQDO�SURJUDPV��UHVSHFWLYHO\��:H�DOVR�WKDQN�³6HUYLFLR�GH�0LFURVFRSLD�(OHFWURғQLFD�GH�OD�

8QLYHUVLGDG�3DEOR�GH�2ODYLGH´��

�
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