
6RPH�SK\VLFDO�SURSHUWLHV�DQG�FU\VWDOOL]DWLRQRI�)H�EDVHG�PHWDOOLF�JODVVHV�XQGHUWKHUPRPHFKDQLFDO�WUHDWPHQW
0�*�%DELFK��2�3�%UXG�NR��0�3�6HPHQ�NR��0�,�=DNKDUHQNR

'HSDUWPHQW�RI�3K\VLFV��7��6KHYFKHQNR�.\LY�8QLYHUVLW\����9RORG\P\UVND�VW����������.\LY��8NUDLQH
5HFHLYHG�'HFHPEHU���������

0DJQHWLF� VXVFHSWLELOLW\� DQG� HOHFWULF� UHVLVWDQFH� RI� WKH� )H�EDVHG� PHWDOOLF� JODVVHV� ZHUHVWXGLHG� LQ����Ü����.� WHPSHUDWXUH� UDQJH�XQGHU� WKH� DFWLRQ� RI�XQLD[LDO�PHFKDQLFDO� VWUHVV
σ  ��Ü����*3D��$V�D�UHVXOW�RI�WKHUPRPHFKDQLFDO�WUHDWPHQW�RI�WKH�VWXGLHG�0*V�WKH�&XULHWHPSHUDWXUH� LQFUHDVHV�E\��Ü��.��WKLV�HIIHFW�EHLQJ�GHWHUPLQHG�PDLQO\�E\�WKH�WHPSHUDWXUHRI�WUHDWPHQW�UDWKHU�WKDQ�WKH�SUHVHQFH�RI�WKH�H[WHUQDO�PHFKDQLFDO�VWUHVV��$W�WKH�VDPH�WLPHFU\VWDOOL]DWLRQ�WHPSHUDWXUH�7[ VLJQLILFDQWO\�FKDQJHV�XQGHU�WKH�DFWLRQ�RI�GHIRUPDWLRQ��7KLVHIIHFW�H[KLELWV�D�QRQ�PRQRWRQRXV�EHKDYLRU��7KH�LQFUHDVH�RI�7[�DW�ORZ�VWUHVV�LV�FRQGLWLRQHG�SUHVXPDEO\��E\�WKH�GHFUHDVH�RI�VSHFLILF�YROXPH�XSRQ�WKH�GHIRUPDWLRQ�RI�ULEERQV��7HPSHUD �WXUH�GHSHQGHQFHV�RI�WKH�UHVLVWLYLW\�IRU�WKH�VWXGLHG�JODVVHV�FRXOG�EH�ZHOO�GHVFULEHG�E\�WKHHTXDWLRQ�RI�(YDQV�*UHHQZRRG�/OR\G��7KH�GHSHQGHQFH�RI�UHVLVWDQFH�RQ�WKH�OHYHO�RI�PHFKDQL �FDO�VWUHVV�LV�FRQWUROOHG�QRW�RQO\�E\�WKH�FKDQJHV�RI�WKH�VDPSOH�V�JHRPHWU\�XQGHU�GHIRUPD �WLRQ�EXW�DOVR�E\�WKH�FKDQJHV�RI�VWUXFWXUH�IDFWRU�RI�JODVVHV��7KH�ODWWHU�PD\�EH�H[SUHVVHG�LQD�IRUP�VLPLODU�WR�WKH�VWDWLF�'HE\H�:DOOHU�IDFWRU�

lÈ�ÓÒ�ÓÈ«�mº°¹¯ÒÒä�Òmº°�	 Ò�ªãË}�¯Ò�Ë°}ºË�°º¹¯º�ÒmãËÓÒË�äË�ÈããÒ�Ë°}Ò²�°�Ë}ºãÓÈ�º°ÓºmË�)H Ò°°ãË�ºmÈÓ©�m��Ëä¹Ë¯È��¯Óºä�ÒÓ�Ë¯mÈãË����Ü����z�¹¯Ò��Ë®°�mÒÒ�º�Óºº°�Óº�º� äË²ÈÓÒ�Ë°}º�º� ÓÈ¹¯«ÎËÓÒ«� σ  � �Ü���� ��È�� �¯Ò� �Ë¯äºäË²ÈÓÒ�Ë°}º®� º­¯È­º�}ËÒ°°ãË�ºmÈÓÓ©²� °�Ë}ºã�ÓÈ­ã
�ÈË�°«� mºÏ¯È°�ÈÓÒË� �Ëä¹Ë¯È��¯©�z
¯Ò�ÓÈ��Ü��z��¹¯Ò�Ëäª�º�mºÏ¯È°�ÈÓÒË�º¹¯Ë�Ëã«Ë�°«���ãÈmÓ©ä�º­¯ÈÏºä���Ëä¹Ë¯È��¯º®�º­¯È­º�}Ò��È�ÓË�ÓÈãÒ�Ò�Ëä�mÓË�ÓÒ²�äË²ÈÓÒ�Ë°}Ò²�ÓÈ¹¯«ÎËÓÒ®��{äË°�Ë�°��Ëä���Ëä¹Ë¯È��¯È�}¯Ò°�ÈããÒÏÈ�ÒÒ�7[ÏÈäË�Óº� ÒÏäËÓ«Ë�°«� ¹º� mãÒ«ÓÒËä� �ËÁº¯äÈ�ÒÒ�� w�º� ÒÏäËÓËÓÒË� ÒäËË�� ÓËäºÓº�ºÓÓ©®²È¯È}�Ë¯��{ºÏ¯È°�ÈÓÒË�7[ ¹¯Ò�äÈã©²�ÓÈ�¯�Ï}È²�º­�°ãºmãËÓº��¹º�mÒ�Òäºä����äËÓ	�ËÓÒ�Ëä���Ëã	Óº�º�º­�ËäÈ�¹¯Ò��ËÁº¯äÈ�ÒÒ�ãËÓ�©���Ëä¹Ë¯È��¯Ó©Ë�ÏÈmÒ°Òäº°�Ò�°º¹¯º�ÒmãË�ÓÒ«�Ò°°ãË�ºmÈÓÓ©²�°¹ãÈmºm�äº����­©�	 ²º¯º�º�º¹Ò°ÈÓ©��¯ÈmÓËÓÒËä�wmÈÓ°È��¯ÒÓm��È��ãº®�È��~ÈmÒ°Òäº°�	 °º¹¯º�ÒmãËÓÒ«�º���¯ºmÓ«�äË²ÈÓÒ�Ë°}Ò²�ÓÈ¹¯«ÎËÓÒ®�º¹¯Ë�Ëã«Ë��°«� ÓË� �ºã	}º� ÒÏäËÓËÓÒËä� ¹¯Ò� �ËÁº¯äÈ�ÒÒ� �ËºäË�¯ÒÒ� º­¯ÈÏ�È�� Óº� Ò� mãÒ«ÓÒËäÓÈ¹¯«ÎËÓÒ®� ÓÈ� °�¯�}��¯Ó©®�ÁÈ}�º¯� °�Ë}ºã�� }º�º¯ºË�äºÎË�� ­©�	 m©¯ÈÎËÓº�m�Áº¯äË�ÈÓÈãº�Ò�Óº®�°�È�Ò�Ë°}ºä��ÁÈ}�º¯��iË­È«�{ÈããË¯È�
$PRUSKRXV� PHWDOOLF� DOOR\V� RQ� WKH� EDVH� RILURQ�DUH�NQRZQ�WR�EH�ZLGHO\�FRQVLGHUHG�DV�SUR �VSHFWLYH� PDWHULDOV� IRU� PDJQHWLF� FLUFXLWV�� EH �FDXVH� RI� XQLTXH� FRPELQDWLRQ� RI� WKHLU� VHUYLFHFKDUDFWHULVWLFV�� ,Q� SDUWLFXODU�� WKH� )H��6L�%���EDVHG�PHWDOOLF� JODVVHV� �0*�� KDYH� LQLWLDO�PDJ�QHWLF� SHUPHDELOLW\� µ� ≥ ���� DW� �� N+]� IUH�TXHQF\�� PDJQHWLF� ORVVHV� 3≤ ��� :�NJ�� KLJKHQRXJK VDWXUDWLRQ� LQGXFWLRQ� ����� 7�� >�@� WKDW

PDNH� WKHP� DSSOLFDEOH� IRU� ����Ü��� N+] IUH�TXHQF\� UHJLRQ�� ,W� LV� DOVR� NQRZQ� WKDW� WKHKLJK�OHYHO�RI�NH\�VHUYLFH�FKDUDFWHULVWLFV��IRULQVWDQFH�� VDWXUDWLRQ� PDJQHWL]DWLRQ�� LQLWLDOSHUPHDELOLW\��PDJQHWLF�ORVV��RI� )H�6L�% 0*VSURYLGHV�WKH�SRVVLELOLWLHV�WR�XVH�WKHP�LQ�GLI �IHUHQW�HOHFWURQLF�GHYLFHV�>����@�0HDQZKLOH��0*V� DUH� QRQ�VWDEOH� E\� WKHLUQDWXUH�� 7KH� H[WHQW� RI� WKHLU� LQVWDELOLW\� GH �

)XQFWLRQDO�0DWHULDOV����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������ ���


