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+LJK� SRZHU� DQG� KLJK� LQSXW�RXWSXW� �,�2�EDQGZLGWK� UHTXLUHPHQWV� RI� IXWXUH� FKLSV� ZLOO� SODFHVWULQJHQW� GHPDQGV� RQ� SDFNDJHV�� )RU� H[DPSOH�� WKH����� ,QWHUQDWLRQDO� 7HFKQRORJ\� 5RDGPDS� IRU6HPLFRQGXFWRUV� �,756�� SURMHFWV� WKDW� ��� QPJHQHUDWLRQ� �\HDU� ������ KLJK� SHUIRUPDQFH� DQG� FRVWSHUIRUPDQFH�FKLSV�ZLOO�GLVVLSDWH�����:�DQG�����:�UHVSHFWLYHO\�� IURP� D� ���� YROWDJH� SRZHU� VXSSO\� >�@�7KLV� IDFW� WUDQVODWHV� LQWR� UHTXLULQJ� WKH� SDFNDJH� WRGHOLYHU�����$�DQG�����$�IRU�WKHVH�WZR�JHQHULF�FKLSV�UHVSHFWLYHO\�� ,Q� DGGLWLRQ�� WKH� SDFNDJH� PXVW� VXSSRUWWKH� SURSDJDWLRQ� RI� KLJK� IUHTXHQF\� HOHFWULFDO� VLJQDOV�!��*+]��� ZKLFK� LV� DQ� LPSRUWDQW� UHTXLUHPHQW� VLQFHWKH�RYHUDOO�V\VWHP�SHUIRUPDQFH�ZLOO�EH�D�IXQFWLRQ�RIKRZ� ZHOO� WKH� SDFNDJH� DQG� LQWHUFRQQHFWV� SHUIRUP� DWYHU\� KLJK� IUHTXHQFLHV�� )LQDOO\�� QRW� RQO\� GR� IXWXUHSDFNDJHV�KDYH�WR�EH�KLJK�SHUIRUPDQFH�EXW�WKH\�PXVWDOVR�EH�ORZ�FRVW�6HD� RI� OHDGV� �6R/�� LV� SURSRVHG� DV� DQHQDEOLQJ�SDFNDJLQJ�WHFKQRORJ\�IRU�FXUUHQW�DQG�IXWXUH

VHPLFRQGXFWRU� SDFNDJLQJ� GHPDQGV�� 6R/� LV� DQ� DUUD\RI�[�\�]�FRPSOLDQW�OHDGV��!����SHU�FP���FKDUDFWHUL]HGE\� PLQLPDO� HOHFWULFDO� SDUDVLWLFV� VXLWDEOH� IRU� KLJKIUHTXHQF\�DQG�KLJK�FXUUHQW�WUDQVPLVVLRQ��,Q�DGGLWLRQ�6R/� IDEULFDWLRQ� XWLOL]HV� ZDIHU� OHYHO� SURFHVVLQJ� IRUORZ�FRVW�PDQXIDFWXULQJ��7KLV�SDSHU�ZLOO�DOVR�SUHVHQWD�QRYHO�PHFKDQLFDO�GHVLJQ�PHWKRGRORJ\�WKDW�HQDEOHGWKH�IDEULFDWLRQ�RI�DQ�6R/�ZLWK�������� OHDGV�SHU�FP�

XVLQJ� FRPSOLDQW� ZDIHU� OHYHO� SDFNDJH� �&:/3� >�@�SURFHVVLQJ�� 8VLQJ� 6R/�� WKLV� SDFNDJH� LV� SURMHFWHG� WRIDU� H[FHHG� WKH� ����� ,756� ��� QP� JHQHUDWLRQSURMHFWLRQ� IRU�DQ\�SDFNDJLQJ� WHFKQRORJ\� LQ�ERWK� ,�2GHQVLW\�DQG�FRVW�>�@�7KLV� SDSHU� ZLOO� EHJLQ� E\� GLVFXVVLQJ� WKHIDEULFDWLRQ� DQG� PDQXIDFWXULQJ� RI� 6R/� DV� ZHOO� DVKLJKOLJKW�LWV�FRVW�DGYDQWDJHV�LQ�6HFWLRQ�,,��6HFWLRQ�,,,ZLOO� SUHVHQW� D� GHWDLOHG� GHVFULSWLRQ� RI� WKH� QRYHOPHFKDQLFDO� GHVLJQ� PHWKRGRORJ\� WKDW� HQDEOHGIDEULFDWLRQ�RI�WKH��������OHDGV�SHU�FP��SDFNDJH��7KHVHFWLRQ� ZLOO� DGGUHVV� KRZ� WKH� [�\�]� FRPSOLDQW� OHDGGHQVLW\� ZDV� PD[LPL]HG� EDVHG� RQ� PHFKDQLFDO�FRPSOLDQFH��FRQVWUDLQWV�DV�ZHOO�DV�WKH�RULHQWDWLRQ�RI



WKH� OHDGV� SHUSHQGLFXODU� WR� WKH� GLH¶V� FRQWRXU� RIH[SDQVLRQ� IRU� KLJKHU� GHJUHH� RI� FRPSOLDQFH�� 6HFWLRQ,9� ZLOO� GLVFXVV� WKH� HOHFWULFDO� RSSRUWXQLWLHV� RI� 6R/�)LQDOO\��6HFWLRQ�9�LV�WKH�FRQFOXVLRQ�
,,�� 6R/� DQG� &:/3� 0DQXIDFWXULQJ� DQG)DEULFDWLRQ

(YHU\� &:/3� IDEULFDWLRQ� VWHS� LQYROYHG� LQPDQXIDFWXULQJ�6R/� LV� D�PRQROLWKLF� SURFHVV� VWHS� >�@�7KH� IDEULFDWLRQ� RI� 6R/� SURPSWO\� EHJLQV� IROORZLQJFRQYHQWLRQDO� ZDIHU� OHYHO� IURQW�HQG� DQG� EDFN�HQGSURFHVVLQJ� DV� LV� VFKHPDWLFDOO\� GHSLFWHG� LQ� )LJXUH� ��:LWK�RQO\�WKUHH�PDVNLQJ�VWHSV��6R/�LV�IDEULFDWHG�DQGLV� UHDG\� IRU� ZDIHU� OHYHO� IXQFWLRQDOLW\� WHVWLQJ� DQGEXUQ�LQ� �� $V� D� UHVXOW�� DQ� 6R/� FDQ� EH� PDQXIDFWXUHGDQG� WHVWHG� LQ� WKH� VDPH� IRXQGU\� ZKHUH� WKH� ZDIHU� LVIDEULFDWHG��7KH�ILUVW�VWHS� LQ� WKH�SDFNDJLQJ�SURFHVV� LVWR�VSLQ�FRDW�D�FRPSOLDQW�LQWHUSRVHU�RQ�WKH�ZDIHU�WR�D
W\SLFDO� WKLFNQHVV� RI� ��� mP�� )RU� WKLV� SDFNDJH�%)*RRGULFK¶V� $YDWUHO70� ����3� SKRWRGHILQDEOHSRO\PHU� ZDV� XVHG�� 7KLV� SRO\QRUERUQHQH� W\SHSRO\PHU�SURYLGHV�D�ORZ�VWUHWFK�WHQVLOH�RI�����*3D�DQGD� FRHIILFLHQW� RI� H[SDQVLRQ� �&7(�� RI� ��� SSP�� ,QDGGLWLRQ�� LWV� ORZ� HOHFWULFDO� GLHOHFWULF� FRQVWDQW� RI� ���SHUPLWV� PLQLPDO� VLJQDO� GHJUDGDWLRQ� GXH� WR� PLQLPDOOHDG� SDUDVLWLF� FDSDFLWDQFH�� )ROORZLQJ� WKH� SRO\PHUFXUH��YLDV�DUH�HWFKHG�LQ�WKH�SRO\PHU�WR�H[SRVH�WKH�GLHSDGV� XVLQJ� WKH� ILUVW� PDVNLQJ� VWHS�� 1H[W�� DWLWDQLXP�FRSSHU�WLWDQLXP� �7L�&X�7L�� RU� DWLWDQLXP�JROG�WLWDQLXP� �7L�$X�7L�� VHHG� OD\HU� LVGHSRVLWHG�RQ�WKH�ZDIHU��7KH�WRS�DQG�ERWWRP�7L�OD\HUVSURYLGH� VWURQJ� DGKHVLRQ� EHWZHHQ� WKH� &X� RU� $X� DQGWKH�VXUURXQGLQJ�PDWHULDO��$�WKLFN�SKRWRUHVLVW�OD\HU�LVWKHQ� GHSRVLWHG� RQ� WKH� 7L� OD\HU� WR� SDWWHUQ� WKHFRPSOLDQW� OHDGV��8VLQJ� WKH�VHFRQG�PDVNLQJ� VWHS�� WKHLQ�SODQH� [�\�]� FRPSOLDQW� OHDGV� DUH� PRQROLWKLFDOO\SDWWHUQHG� LQ� WKH� SKRWRUHVLVW� DFURVV� WKH� ZDIHU�� 7KXV�XVLQJ�D�����PP� ���� LQFK��ZDIHU�� IDEULFDWLQJ�������OHDGV� SHU� FP�� WUDQVODWHV� LQWR� IDEULFDWLQJ� PRUH� WKDQ����� PLOOLRQ� OHDGV� LQ� D� PDVVLYHO\� SDUDOOHO� IDVKLRQDFURVV�WKH�ZDIHU�LQ�D�VHULHV�RI�EDWFK�SURFHVVLQJ�VWHSV�7KH� OHDGV�FRXOG�HLWKHU�EH�FRSSHU� �&X��RU� JROG� �$X��
WKH�ODWWHU�EHLQJ�PRUH�GXFWLOH�DQG�UHOLDEOH��7KH����mPWKLFN� OHDGV� DUH� IDEULFDWHG� E\� HOHFWURSODWLQJ� RQ� WKHH[SRVHG� &X� RU� $X� VHHG� OD\HU�� $IWHU� HOHFWURSODWLQJ�WKH�SKRWRUHVLVW�LV�UHPRYHG�DQG�D�QHZ�OD\HU�RI�UHVLVW�LVGHSRVLWHG�DQG�SDWWHUQHG�ZLWK�WKH�VROGHU�EXPS�SDWWHUQXVLQJ� WKH� WKLUG� DQG� ILQDO� PDVNLQJ� VWHS�� 7KH� WLQ�OHDG���6Q���3E�� DOOR\� EXPSV� XVHG� IRU� WKLV� SDFNDJH� DUH
��� mP� LQ� GLDPHWHU� DQG� ��� mP� LQ� WKLFNQHVV�� 7KHVROGHU� EXPSV� DUH� HOHFWURSODWHG� RQ� WKH� ERDUG� VLGH� RIWKH�OHDGV��1H[W�� WKH�ZDIHU�LV�SODFHG�LQ�D�UHIORZ�RYHQWR� ZHW� WKH� VROGHU�� )LQDOO\�� WKH� VDFULILFLDO� OD\HU� LVUHPRYHG�DQG� WKH�H[SRVHG�7L�&X�7L�RU�7L�$X�7L� VHHG

OD\HU� LV� HWFKHG� DZD\��7KLV� FRQFOXGHV� WKH� IDEULFDWLRQRI�6R/��,W�VKRXOG�EH�QRWHG�WKDW�WKH�ILQDO�SDFNDJH�LV�DFKLS�VL]H�SDFNDJH��&63��

)LJXUH� ��� 6R/� IDEULFDWLRQ� XVLQJ� &:/3� SURFHVVLQJ�$IWHU� FRQYHQWLRQDO� ZDIHU� IDEULFDWLRQ� DQG� RQ�FKLSPHWDOL]DWLRQ�� WKH� GLH� SDGV� DUH� H[SRVHG� �D��� 1H[W�� DFRPSOLDQW� SRO\PHU� LQ� VSLQ� FRDWHG� �E�� DQG� HWFKHGXVLQJ�WKH�ILUVW�PDVNLQJ�VWHS��F���7KH�FRPSOLDQW�OHDGVDUH� QH[W� SODWHG� RQ� WKH� ZDIHU� XVLQJ� WKH� VHFRQGPDVNLQJ�VWHS��G���)LQDOO\��WKH�EXPSV�DUH�SODWHG�LQ�WKHOHDGV�XVLQJ�WKH�WKLUG�DQG�ILQDO�PDVNLQJ�VWHS��H��
$W� WKLV� SRLQW�� WKH� ZDIHU� LV� UHDG\� IRU�ZDIHUOHYHO� IXQFWLRQDOLW\� WHVWLQJ�DQG�EXUQ� LQ� >�@� WR� LGHQWLI\WKH� NQRZQ� JRRG� SDFNDJHG� GLH� �.*3'�� ZKLOH� VWLOOLQWDFW� WR� WKH� ZDIHU�� :LWK� D� ORZ� HQRXJK� PRGXOXVSRO\PHU�� WKHUH� LV� HQRXJK� WUDQVYHUVH� FRPSOLDQFH� WRDOORZ� JRRG� HOHFWULFDO� FRQWDFW� EHWZHHQ� WKH� OHDGV� DQGWKH� SDGV� RQ� WKH� WHVWLQJ� ERDUG�� 2QFH� DOO� WHVWLQJ� LVFRPSOHWH�� WKH�ZDIHU� LV� ILQDOO\� UHDG\� IRU� VFULELQJ�DQGWKH� LQGLYLGXDO� &:/3V� DUH� UHDG\� IRU� DVVHPEO\�� 1RXQGHUILOO�LV�QHHGHG�GXULQJ�DVVHPEO\�EHFDXVH�WKH�[�\�]FRPSOLDQW� OHDGV� LQ� 6R/� DUH� GHVLJQHG� WR� VWUHWFK� DQGFRQWUDFW� GXULQJ� WKHUPDO� F\FOLQJ� WR� SURYLGH� WKHQHFHVVDU\� LQ�SODQH� �[�\��FRPSOLDQFH�GXH� WR� WKH�&7(PLVPDWFK� EHWZHHQ� WKH� ,&� DQG� WKH� SULQWHG� FLUFXLWERDUG� �3:%��� 7KH� &7(� RI� WKH� SRO\PHU� FDQ� EHQHJOHFWHG�EHFDXVH�RI�LWV�ORZ�PRGXOXV�
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,,,�� 0HFKDQLFDO� 'HVLJQ� RI� WKH� ������� /HDGVSHU�FP��6R/�3DFNDJH
$V� VWDWHG� HDUOLHU�� 6R/� LV� IDEULFDWHG� ZLWK� RQO\WKUHH� PDVNLQJ� VWHSV� DIWHU� ,&� PDQXIDFWXULQJ�� $V� DUHVXOW�� � WKLV� DOORZV� WKH� IDEULFDWLRQ� RI� XOWUD� KLJK� ,�2GHQVLW\� OHDGV� �!���� SHU� FP��� ZLWK� OLWWOH� FKDQJH� LQPDQXIDFWXULQJ� WLPH�� SURFHVVLQJ�� DQG� FRVW� >�@�� $V� DUHVXOW��PDQXIDFWXULQJ�D�&:/3�ZLWK��������OHDGV�SHUFP��ZLOO�GHPDQG� OLWWOH�PRUH� WKDQ� D�&:/3�ZLWK����OHDGV�SHU� FP���7KLV�SUHVHQWV� D� VWURQJ�PRWLYDWLRQ� IRUGHVLJQLQJ� DQG� IDEULFDWLQJ� XOWUD� KLJK� ,�2� GHQVLW\SDFNDJHV� WR� PHHW� WKH� HOHFWULFDO� GHPDQGV� RI� D� 6R&�+RZHYHU�� WKH� ,�2�GHQVLW\�RI� D�&:/3� LV� FRQVWUDLQHGE\� WKH� LQ�SODQH�PHFKDQLFDO� FRPSOLDQFH� QHFHVVDU\� WRDFFRPPRGDWH�WKH�&7(�PLVPDWFK�SUREOHP�7KLV� VHFWLRQ� ZLOO� EHJLQ� E\� LOOXVWUDWLQJ� KRZ� WKH,�2�GHQVLW\�RI�WKLV�SDFNDJH�ZDV�PD[LPL]HG�EDVHG�RQPHFKDQLFDO� FRQVWUDLQWV� DQG� GLVFXVVLQJ� WKH� EHQHILWVJDLQHG�ZKHQ� WKH� OHDGV� DUH� RULHQWDWHG� DORQJ� WKH� GLH
VGLUHFWLRQV� RI� H[SDQVLRQ��%HIRUH� WKLV� GLVFXVVLRQ�� LW� LVH[SHGLHQW�DW�WKLV�SRLQW�WR�H[DPLQH�WKH�&7(�PLVPDWFKSUREOHP�EHWZHHQ�WKH�FKLS�DQG�3:%�VXEVWUDWH��ZKLFKPD\�EH�PRGHOHG�ZLWK�WKH�IROORZLQJ�HTXDWLRQ

� �SZE VL7 [m a a= D - ��������������������������
ZKHUH�m� LV� WKH�QHW�GLVSODFHPHQW� �FRPSOLDQFH��D� OHDG
ZLOO� IOH[� LQ� PLFURQV�� a� LV� WKH� &7(� RI� WKH� PDWHULDO
QRWHG�LQ�VXEVFULSW��3:%�RU�VLOLFRQ���D7�LV�WKH�FKDQJHRI� WHPSHUDWXUH��DQG�[� LV� WKH� UDGLDO� GLVWDQFH� IURP� WKHFHQWHU�RI�WKH�GLH��1RWLFH�WKDW�WKLV�PRGHO�DVVXPHV�WKDWWKH� ERDUG� DQG� WKH� FKLS� ZLOO� EH� DW� WKH� VDPHWHPSHUDWXUH� DQG� WKXV� DFFRXQWV� IRU� WKH� ZRUVW� FDVHVLWXDWLRQ�� (TXDWLRQ� ���� YLYLGO\� LOOXVWUDWHV� WKDWFRPSOLDQFH�LV�D�OLQHDU�IXQFWLRQ�RI�SRVLWLRQ��ZKLFK�LV�DYHU\� LPSRUWDQW� REVHUYDWLRQ� EHFDXVH� LW� LQGLFDWHV� WKDWOHDGV� SODFHG� RQ� WKH� SHULPHWHU� RI� WKH� SDFNDJH� ZLOOXQGHUJR� PRUH� IOH[LQJ� IURP� WKHUPDO� PLVPDWFK� WKDQOHDGV� SODFHG� DURXQG� WKH� FHQWHU� RI� WKH� SDFNDJH�� 7KHJHQHUDO� OHDG� JHRPHWU\� LV� VKRZQ� LQ� )LJXUH� �� DQG� LWVFRPSOLDQFH� LV� GHWHUPLQHG� E\� /�� OLQHDU� OHQJWK�� U�
UDGLXV�� DQG� q�� WKH� DQJOH� EHWZHHQ� WKH� YLD� DQG� VROGHUEXPS��DQG�LWV�ZLGWK�,Q� JHQHUDO�� ODUJHU� OHDGV� SURYLGH� PRUHFRPSOLDQFH�WKDQ�VPDOOHU�RQHV��:LWK�WKLV�LQ�PLQG��WKHQXPEHU� RI� OHDGV� SODFHG� RQ� D� FKLS� RI� D� VSHFLILF� DUHDFDQ� EH� LQFUHDVHG� E\� SODFLQJ� VPDOOHU� OHVV� FRPSOLDQWOHDGV� DW� WKH� LQQHU� UHJLRQ� RI� WKH� SDFNDJH� DQG� ODUJHUPRUH� FRPSOLDQW� OHDGV� DW� WKH� RXWHU� UHJLRQ� RI� WKHSDFNDJH��7KLV�WDVN�ZDV�DFFRPSOLVKHG�E\�GLYLGLQJ�WKHFKLS�DUHD�LQWR�WKUHH�UHJLRQV�DV�VKRZQ�LQ�)LJXUH���DQGFDOFXODWLQJ�WKH�PD[LPXP�FRPSOLDQFH�QHHGHG�LQ�HDFKUHJLRQ�DV�VKRZQ�LQ�7DEOH����%DVHG�RQ�WKHVH�QXPEHUV�LW�ZDV�GHWHUPLQHG�WKDW�WKH�OHDGV�LQ�UHJLRQV���DQG���RI
)LJXUH� �� FRXOG� EH� GHVLJQHG� WR� EH� ��� mP� LQ� OHQJWK
ZKLOH�WKH�OHDGV�LQ�UHJLRQ���WR�EH�����mP�LQ�OHQJWK�

7KLV�GHVLJQ�SURFHGXUH�PD[LPL]HG�WKH�,�2�GHQVLW\�E\DOORZLQJ� WKH� GHVLJQ� � RI� VPDOOHU� OHDGV� LQ� WKH� LQQHUUHJLRQ� RI� WKH� SDFNDJH� DQG� ODUJHU� OHDGV� QHDU� WKHSHULPHWHU��,I�WKLV�GHVLJQ�SURFHGXUH�ZDV�QRW�IROORZHG�WKH� OHDGV� LQ� UHJLRQ� �� DQG� �� RI� )LJXUH� �� ZRXOG� KDYHRQH� KDOI� WKH� WRWDO� QXPEHU� RI� OHDGV� DQG� WKXV� WKHPD[LPXP�SDFNDJH�GHQVLW\�ZRXOG�EH�������OHDGV�SHUFP�� LQVWHDG� RI� ������� OHDGV� SHU� FP��� )LJXUH� �LOOXVWUDWHV� DQG� 6(0� LPDJH� RI� RQH� TXDGUDQW� ������OHDGV��RI�WKH�IDEULFDWHG�6R/�
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)LJXUH� ��� *HQHUDO� FRPSOLDQW� OHDG� JHRPHWU\�� 5�
UDGLXV��/�� OLQHDU� OHQJWK�� DQG�q�� DQJOH� EHWZHHQ� EXPSDQG�YLD�GLFWDWH�WKH�FRPSOLDQFH�RI�WKH�OHDG�
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)LJXUH����3DWLWLRQLQJ� WKH�SDFNDJH� LQWR� WKUHH� UHJLRQV�5���5���5��� WR�PD[LPL]H� WKH� ,�2�GHQVLW\��$OVR�� WKHDUURZV��SRLQW�DORQJ�GLUHFWLRQV�RI�FKLS�H[SDQVLRQ�DQGOHDG�RULHQWDWLRQ�
$QRWKHU� IHDWXUH� RI� WKLV� SDFNDJH� LVRULHQWDWLRQ� RI� WKH� OHDGV� SHUSHQGLFXODU� WR� WKHGLH¶V�3:%
V� FRQWRXUV� RI� H[SDQVLRQ� WR� DFKLHYH� DKLJKHU�GHJUHH�RI�FRPSOLDQFH�IOH[LQJ�UDGLDOO\�RXWZDUG�)LJXUH� �� GHILQHV� WKH� OHDG� RULHQWDWLRQ� DV� D� YHFWRUSRLQWLQJ�IURP�WKH�YLD� WR� WKH�EXPS��3ODFLQJ� WKH� OHDGVSHUSHQGLFXODU� WR� WKH� FRQWRXUV� RI� H[SDQVLRQ� XWLOL]HVWKH�PRVW� FRPSOLDQFH� RXW� RI� WKH� OHDG�� )LJXUH� �� LV� DQ6(0�LPDJH�VKRZLQJ�KRZ�WKH�OHDGV�DUH�RULHQWHG�DW�WKHFKLS¶V� FHQWHU�� � $OWKRXJK� WKH� SDFNDJH� KDV� GLIIHUHQW



OHDG�VL]HV�DQG�YDULRXV�RULHQWDWLRQV��WKH�ILQDO�SDFNDJH
KDV��������,�2�OHDGV�SHU�FP��RQ����[����mP�VTXDUH
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