








:H SUHVHQW WKH FRQFHSWXDO GHVLJQ RI DQ DOWHUQDWLYH LQMHFWRU V\VWHP EDVHG RQ ODVHU�SODVPD
DFFHOHUDWRU WHFKQRORJ\� WR GHOLYHU KLJK�TXDOLW\ HOHFWURQ EXQFKHV WR 3(75$ ,9 ŋ WKH IXWXUH
�WK JHQHUDWLRQ V\QFKURWURQ OLJKW VRXUFH DW '(6<� 7KH GHVLJQ FRQVLVWV RI D ODVHU�SODVPD
DFFHOHUDWRU WR SURGXFH HOHFWURQ EXQFKHV DW � *H9 ZLWK VWDWH�RI�WKH�DUW HQHUJ\ VSUHDG
DQG VWDELOLW\ � ���� DQG DQ ;�EDQG HQHUJ\ FRPSUHVVRU EHDPOLQH WR IXUWKHU UHGXFH WKH
RYHUDOO EHDP HQHUJ\ GHYLDWLRQV GRZQ WR D VXE�SHUPLOOH OHYHO� WKXV PD[LPL]LQJ WKH FKDUJH
LQMHFWLRQ WKURXJKSXW LQWR WKH 3(75$ ,9 VWRUDJH ULQJ� 'ULYHQ E\ WKH 3HWDZDWW XSJUDGH RI
'(6<łV QHZ ĠDJVKLS ODVHU .$/'(5$� WKH SODVPD LQMHFWRU V\VWHP FRXOG EH XVHG WR WRS
XS WKH 3(75$ ,9 VWRUDJH ULQJ� VLJQLğFDQWO\ ORZHULQJ WKH ORDG RQ WKH 5) LQMHFWRU FKDLQ�
8OWLPDWHO\� XSRQ IXUWKHU GHYHORSPHQW RI KLJK�HIğFLHQF\� KLJK�SRZHU ODVHU GULYHUV WKDW
RSHUDWH DW KLJK UHSHWLWLRQ UDWHV� WKH SODVPD LQMHFWRU FRXOG UHSODFH WKH 5)�EDVHG V\VWHP LQ
WKH IXWXUH WR UHGXFH WKH VSDWLDO IRRWSULQW DQG HQHUJHWLF FRVW RI WKH ZKROH LQMHFWRU FRPSOH[�
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3(75$ ,9 ZLOO EH WKH IXWXUH ĠDJVKLS V\Q�
FKURWURQ OLJKW VRXUFH DW '(6< >�@� XSJUDGLQJ
WKH EHDP TXDOLW\ RI WKH FXUUHQW 3(75$ ,,, E\
D IDFWRU ��� LQ HPLWWDQFH DQG HQDEOLQJ WKH
SURGXFWLRQ RI SKRWRQ EHDPV ZLWK D VSHFWUDO
EULJKWQHVV EHWZHHQ ��� WR ���� WLPHV KLJKHU
WKDQ DFKLHYDEOH WRGD\� 2SHUDWLQJ DV D XVHU
IDFLOLW\ IRU DERXW ���� KRXUV SHU \HDU� 3(75$
,9 ZLOO DOORZ WKRXVDQGV RI VFLHQWLVWV DQG HQ�
JLQHHUV WR FRQGXFW H[FHSWLRQDO UHVHDUFK LQ
PDQ\ GLYHUVH DUHDV� UDQJLQJ IURP SK\VLFV�
FKHPLVWU\� ELRORJ\ DQG ELRPHGLFLQH WR JH�
RORJLFDO� HQYLURQPHQWDO DQG PDWHULDOV VFL�
HQFHV DV ZHOO DV QDQRVFLHQFH DQG WHFKQRO�
RJ\� 7KH WUDQVIRUPDWLYH SRWHQWLDO RI 3(�
75$ ,9 LV RXWVWDQGLQJ� JXDUDQWHHLQJ ZRUOG�
FODVV DQDO\WLFDO RSSRUWXQLWLHV IRU DQ LQWHU�
GLVFLSOLQDU\ DQG LQWHUQDWLRQDO XVHU FRPPX�
QLW\ >�@� 7KDQNV WR WKH ODUJH FLUFXPIHUHQFH
RI WKH VWRUDJH ULQJ� 3(75$ ,9 LV VHW WR VXU�
SDVV DOO VLPLODU IDFLOLWLHV FXUUHQWO\ SODQQHG
RU LQ RSHUDWLRQ� SODFLQJ LW LQ D SULPH SRVL�
WLRQ WR GULYH VFLHQWLğF SURJUHVV DQG LQQR�
YDWLRQ >�@� 0RUHRYHU� WKH DPELWLRQV RI 3(�
75$ ,9 H[WHQG EH\RQG WHFKQLFDO H[FHOOHQFH�
LW ZLOO DOVR LQWHJUDWH FRPSUHKHQVLYH VXVWDLQ�
DELOLW\ FRQFHSWV DQG IRVWHU WKH GHYHORSPHQW
RI QHZ WHFKQRORJLHV WKDW FDQ IXUWKHU HQ�
KDQFH LWV FDSDELOLWLHV LQ WKH IXWXUH� $V HQ�
YLVLRQHG ZLWK '(6<łV SURSRVDO >�@�
ODVHU�SODVPD DFFHOHUDWRU WHFKQRORJ\ FRXOG
QRWDEO\ GHFUHDVH WKH VSDWLDO IRRWSULQW DQG
WKH SRZHU UHTXLUHPHQWV RI WKH 3(75$ ,9 LQ�
MHFWRU FRPSOH[ DQG FRXOG� E\ GRLQJ VR� FRQ�
WULEXWH WR D PRUH DIIRUGDEOH DQG VXVWDLQDEOH
RSHUDWLRQ RI WKH ZRUOGłV SULPDU\ DQDO\WLFDO
LQVWUXPHQW�
/DVHU�SODVPD DFFHOHUDWRUV XVH KLJKO\ LQ�

WHQVH ODVHU SXOVHV WR JHQHUDWH ODUJH HOHFWULF
ğHOGV LQ SODVPD� VXLWDEOH IRU WKH DFFHOHUD�
WLRQ RI HOHFWURQ EXQFKHV WR PXOWL�*H9 HQHU�
JLHV RYHU GLVWDQFHV RI RQO\ D IHZ FHQWLPH�
WHUV >�@� 7KH ODVHU�SODVPD DFFHOHUDWRU �/3$�
RXWSHUIRUPV UDGLR IUHTXHQF\ �5)� WHFKQRO�
RJ\ LQ DFFHOHUDWLQJ JUDGLHQW E\ VHYHUDO RU�
GHUV RI PDJQLWXGH� DQG LW KDV WKH SRWHQWLDO
WR EHFRPH D UHDGLO\ DFFHVVLEOH DQG DIIRUG�
DEOH VRXUFH RI KLJK�HQHUJ\ HOHFWURQV� 2YHU
WKH SDVW WZR GHFDGHV� /3$V KDYH GHPRQ�

VWUDWHG UHPDUNDEOH SURJUHVV LQ PDQ\ LPSRU�
WDQW DVSHFWV� LQFOXGLQJ DFKLHYLQJ *H9 HQHU�
JLHV >�ŋ�@� QDUURZ HQHUJ\ VSHFWUD >�ŋ��@� DQG
ORZ HPLWWDQFHV >��ŋ��@� )XUWKHUPRUH� WKH
PDUFK WRZDUGV WKHLU SUDFWLFDO XVDELOLW\ KDV
JDLQHG VXEVWDQWLDO PRPHQWXP� ZLWK '(6<
WDNLQJ D OHDGLQJ UROH LQ WKLV HQGHDYRU >��ŋ��@�
7KLV RQJRLQJ DGYDQFHPHQW VWURQJO\ DGYR�
FDWHV FRQVLGHULQJ /3$V DV D SUDFWLFDO DOWHUQD�
WLYH WR 5) SDUWLFOH DFFHOHUDWRUV� SDUWLFXODUO\
IRU DSSOLFDWLRQV LQ IUHH�HOHFWURQ ODVHUV >��ŋ
��@� DQG DV LQMHFWRUV IRU VWRUDJH ULQJV >��� ��@�
7KH GHPDQGV SODFHG RQ D SODVPD LQMHF�

WRU V\VWHP WR PHHW WKH KLJK RSHUDWLRQDO UH�
TXLUHPHQWV RI D ZRUOG�FODVV �WK JHQHUDWLRQ
V\QFKURWURQ OLJKW VRXUFH OLNH 3(75$ ,9 DUH
VLJQLğFDQW� $ FRPSHWLWLYH LQMHFWRU V\VWHP
PXVW EH FDSDEOH RI SURYLGLQJ � *H9 HOHFWURQ
EHDPV ZLWK D QDUURZ EDQGZLGWK ZKLOH HQ�
VXULQJ KLJK UHOLDELOLW\ DQG DYDLODELOLW\� )XU�
WKHUPRUH� LW PXVW RSHUDWH ZLWK KLJK VWDELO�
LW\ DQG DW D UHODWLYHO\ KLJK UHSHWLWLRQ UDWH�
0HHWLQJ WKHVH FKDOOHQJHV SUHVHQWV D XQLTXH
RSSRUWXQLW\ WR OHYHUDJH /3$ WHFKQRORJ\ IRU
FXWWLQJ�HGJH VFLHQWLğF DSSOLFDWLRQV� VXFK DV
RSHUDWLQJ WKH EULJKWHVW V\QFKURWURQ UDGLD�
WLRQ VRXUFH ZRUOGZLGH� ,Q WKLV FRQFHSWXDO
GHVLJQ RI D 3ODVPD ,QMHFWRU IRU 3(75$ ,9
�3,3��� ZH SURSRVH LQQRYDWLYH VROXWLRQV WR
DGGUHVV WKHVH FKDOOHQJHV DQG HQKDQFH WKH
/3$ SHUIRUPDQFH WR WKH QHFHVVDU\ OHYHOV�
7R SURYLGH D KLJK�TXDOLW\ � *H9 EHDP

WKDW FDQ EH LQMHFWHG LQWR WKH 3(75$ ,9 ULQJ�
D VWDWH�RI�WKH�DUW /3$ LV QHHGHG� 6SHFLI�
LFDOO\ WKHUH DUH WZR NH\ WHFKQRORJLHV WKDW
ZLOO EH FRPELQHG WR DFKLHYH WKH UHTXLUHG
EHDP SDUDPHWHUV� FRQWUROOHG EHDP LQMHF�
WLRQ DQG ODVHU JXLGLQJ� 2Q WKH RQH KDQG�
RXU GHVLJQ IRU WKH 3,3� EXLOGV XSRQ VXF�
FHVVIXO /3$ GHYHORSPHQW DW '(6< �/8;� IRU
FRQWUROOHG LQMHFWLRQ� WR DFKLHYH WKH UHTXLUHG
EHDP TXDOLW\ >��� ��@� UHOLDELOLW\ DQG RS�
HUDWLRQDO SHUIRUPDQFH >��@� 2Q WKH RWKHU
KDQG� WR UHDFK � *H9 HQHUJ\� ZH ZLOO JXLGH
WKH GULYH ODVHU SXOVH XVLQJ K\GURG\QDPLF
RSWLFDO�ğHOG�LRQL]HG �+2),� SODVPD FKDQ�
QHOV >��� ��@� 7KLV WHFKQLTXH DOORZV IRU WKH
EHVW ODVHU�WR�EHDP HQHUJ\ WUDQVIHU HIğFLHQ�
FLHV LQ WKH UDQJH RI LQWHUHVW DQG LV LGHDOO\





RSPHQW RI KLJK�HIğFLHQF\� KLJK�SRZHU ODVHU
GULYHUV WKDW RSHUDWH DW KLJK UHSHWLWLRQ UDWHV�
WKH SODVPD LQMHFWRU FRXOG UHSODFH WKH 5) LQ�
MHFWRU V\VWHP LQ WKH IXWXUH WR UHGXFH VLJQLğ�
FDQWO\ WKH VSDWLDO IRRWSULQW DQG WKH HQHUJHWLF
FRVW RI WKH ZKROH LQMHFWRU FRPSOH[�
7KLV GRFXPHQW LV VWUXFWXUHG DV IROORZV�

3(75$ ,9 DQG WKH RSHUDWLRQ UHTXLUHPHQWV RI
WKH LQMHFWRU V\VWHP DUH GHVFULEHG LQ 6HF� ��
7KH FRUH RI WKH FRQFHSWXDO GHVLJQ RI WKH
SODVPD LQMHFWRU LV 6HF� �� ZKHUH D VHOHFWHG
GHVLJQ VROXWLRQ IRU WKH 3,3� LV GHVFULEHG LQ
GHWDLO ZLWK WKH VXSSRUW RI VWDUW�WR�HQG VLP�
XODWLRQV� 7KH H[SHFWHG SHUIRUPDQFH DQG
SRZHU FRQVXPSWLRQ RI WKH SODVPD LQMHFWRU
DUH HYDOXDWHG DQG FRPSDUHG ZLWK WKRVH RI
WKH 5) LQMHFWRU� ,Q 6HF� �� WKH URDGPDS IRU
WKH LPSOHPHQWDWLRQ RI WKH SODVPD LQMHFWRU LV
SUHVHQWHG DQG GLVFXVVHG� ([WHQGHG VLPXOD�
WLRQ GHWDLOV DQG DGGLWLRQDO VXSSRUWLQJ VWXG�
LHV DUH UHSRUWHG LQ $SS[� $� $SSHQGL[ % LV
GHGLFDWHG WR D UHYLHZ RI WKH PRVW UHOHYDQW
DVSHFWV RI WKH SK\VLFV RI /3$V IRU WKH SXU�
SRVH RI WKLV GRFXPHQW�







7KH RSWLPL]HG +�%$ IRFXVLQJ ODWWLFH RI 3(�
75$ ,9 IHDWXUHV D UHPDUNDEO\ ODUJH G\QDPLF
DSHUWXUH DQG PRPHQWXP DFFHSWDQFH� 7KLV
UHVXOWV LQ D ORQJ 7RXVFKHN OLIHWLPH >��@ DQG
KLJK VWDELOLW\ RI WKH VWRUHG HOHFWURQ EHDP�
HQDEOLQJ RSHUDWLRQ ZLWK RII�D[LV LQMHFWLRQ
DQG DFFXPXODWLRQ�

(QHUJ\ � *H9 �
&LUFXPIHUHQFH � P ����
5) IUHTXHQF\ � 0+] ���

(PLWWDQFH �[�\� � SP ���� �����
1XPEHU RI EXQFKHV ���� ��
%XQFK VSDFLQJ � QV � ��
%XQFK FKDUJH � Q& ��� ���
7RWDO FKDUJH � Q& ���� ���
%HDP FXUUHQW � P$ ��� ��
%HDP OLIHWLPH � K �� �

3(75$ ,9 VWRUDJH ULQJ DQG EHDP SDUDPHWHUV�

7KH VWRUDJH ULQJ ZLOO RS�
HUDWH LQ WZR PRGHV� %ULJKWQHVV PRGH ZLWK
���� VWRUHG EXQFKHV �� QV VSDFLQJ� DQG ���
P$ DYHUDJH FXUUHQW� DQG 7LPLQJ PRGH ZLWK
�� EXQFKHV ��� QV VSDFLQJ� DQG �� P$ DY�
HUDJH FXUUHQW >��� ��@� DV VKRZQ LQ 7DE� ��
7KH WRWDO VWRUHG FKDUJH LV ���� Q& DQG ���
Q& IRU %ULJKWQHVV DQG 7LPLQJ PRGHV� UH�
VSHFWLYHO\� 2WKHU� QRQ�EDVHOLQH� RSHUDWLRQ
PRGHV DUH SUHVHQWO\ EHLQJ FRQVLGHUHG� VXFK
DV D ��QV %ULJKWQHVV PRGH RU D ���EXQFK
7LPLQJ PRGH�

3(75$ ,9 ZLOO XWLOL]H DQ RII�D[LV DFFXPXOD�
WLRQ LQMHFWLRQ VFKHPH ERWK IRU WKH LQLWLDO ğOO�
LQJ DQG IRU FRPSHQVDWLQJ EHDP ORVVHV LQ
RSHUDWLRQ� ,Q DQ RII�D[LV LQMHFWLRQ VFKHPH�
WKH EXQFKHV DUH QRW H[FKDQJHG FRPSOHWHO\�
EXW UDWKHU WRSSHG XS E\ DQ DFFXPXODWLRQ
SURFHVV� $V D FRQVHTXHQFH� WKH DPRXQW RI
FKDUJH WKDW KDV WR EH SURYLGHG E\ WKH LQMHF�
WRU SHU VKRW GXULQJ WKH WRS�XS FDQ EH UDWKHU
ORZ �D IUDFWLRQ RI D EXQFK FKDUJH�� $ QRWDEOH
H[FHSWLRQ LV WKH LQLWLDO ğOOLQJ� ZKHQ GHOLYHU�
LQJ WKH IXOO EXQFK FKDUJH LV EHQHğFLDO IRU D
UDSLG ğOOLQJ RI WKH ULQJ� WKXV LQFUHDVLQJ LWV
DYDLODELOLW\ IRU H[SHULPHQWV�

,Q WKH VWDQGDUG RII�D[LV DF�
FXPXODWLRQ LQMHFWLRQ SURFHGXUH� WKH VWRUHG

EHDP LV PRYHG E\ D FORVHG NLFNHU EXPS
QHDU WKH VHSWXP EDU� WKXV PRYLQJ SDUW RI
WKH WUDQVYHUVH DFFHSWDQFH RI WKH ULQJ DFURVV
WKH EDU DQG FUHDWLQJ �SKDVH� VSDFH IRU WKH
QHZO\ LQMHFWHG EXQFK� 7KH LQMHFWHG EXQFK
WKHQ SHUIRUPV RVFLOODWLRQV ZLWKLQ WKH ULQJ
DFFHSWDQFH� ZKLFK GHFD\ ZLWK D FKDUDFWHULV�
WLF GDPSLQJ WLPH RI DERXW G �� PV GXH WR
V\QFKURWURQ UDGLDWLRQ >��� ��@� &RQVLGHULQJ
D WUDQVYHUVH DFFHSWDQFH RI ��� P UDG �7DE�
��� WKH WRWDO SKDVH VSDFH YROXPH DYDLODEOH
IRU WKH �RII�D[LV� LQMHFWHG EHDP ZLOO EH DERXW
�� WLPHV VPDOOHU� �� QPUDG� 7KLV WUDQVODWHV
LQWR D JHRPHWULF �QRUPDOL]HG� UPV HPLWWDQFH
UHTXLUHPHQW RI � QPUDG � �� P� IRU KLJK
LQMHFWLRQ HIğFLHQF\�� 6LQFH WKH WUDQVYHUVH
DFFHSWDQFH GURSV ZLWK PRPHQWXP GHYLD�
WLRQ� WKH HQHUJ\ VSUHDG RI WKH LQMHFWHG EHDP
PXVW VWD\ ZHOO EHORZ WKH ULQJ PRPHQWXP
DFFHSWDQFH� ERWK WKH UPV HQHUJ\ VSUHDG DQG
WKH FHQWUDO HQHUJ\ MLWWHU RI WKH EHDP QHHG WR
EH DW WKH SHU�PLOOH OHYHO� WR HQDEOH DQ HIğ�
FLHQW LQMHFWLRQ LQWR WKH ULQJ�

0RPHQWXP DFF� � �
7UDQVYHUVH DFF� � � P UDG

$YHUDJH HQHUJ\ � *H9
(QHUJ\ VSUHDG ��� �
*HRP� HPLWWDQFH �QPUDG

,QLWLDO ğOOLQJ ��� Q&�V ��� Q&�V
7RS XS �� S&�V �� S&�V
LQFOXGLQJ MLWWHU�

3(75$ ,9 LQMHFWLRQ UHTXLUHPHQWV�

7KH PLQLPXP UHTXLUHG FKDUJH
LQMHFWLRQ UDWH� PLQ

LQM � LV GHWHUPLQHG E\ WKH UD�
WLR RI WKH WRWDO FKDUJH WR VWRUH LQLWLDOO\ LQ WKH
ULQJ� 45 �� RYHU WKH WLPH UHTXLUHG WR ğOO WKH
ULQJ IURP VFUDWFK� 7ILOO�

PLQ
LQM 45 � 7ILOO �����

7\SLFDOO\� RSHUDWLQJ 3(75$ ,9 DW WKH GH�
VLUHG SHUIRUPDQFH SUHVFULEHV ğOOLQJ WLPHV QR
ODUJHU WKDQ �� PLQXWHV� RWKHUZLVH WKH PD�
FKLQH DYDLODELOLW\ ZLOO EH UHGXFHG E\ �� RU
�+LJK LQMHFWLRQ HIğFLHQF\ UHTXLUHV WKDW ERWK WKH UPV
EHDP VL]H DQG GLYHUJHQFH LV � WLPHV VPDOOHU WKDQ WKH
DYDLODEOH JHRPHWULFDO DSHUWXUH� 7KLV FRQGLWLRQ LP�
SOLHV WKDW WKH EHDP UPV JHRPHWULF HPLWWDQFH ZDV ��
WLPHV VPDOOHU WKDW WKH DYDLODEOH SKDVH�VSDFH DUHD�

�7KH UPV VSUHDG LQ EHDP HQHUJ\ LV UHTXLUHG WR EH �
WLPHV VPDOOHU WKDQ WKH DFFHSWDQFH�



PRUH MXVW E\ WKH WLPH WR LQMHFW WKH EHDP
HYHU\ WLPH WKH PDFKLQH KDV WR EH UHğOOHG��
&RQVLGHULQJ WKH %ULJKWQHVV �7LPLQJ� RSHU�
DWLRQ PRGH� ğOOLQJ WKH ULQJ LQ OHVV WKDQ
�� PLQXWHV UHTXLUHV D FKDUJH LQMHFWLRQ UDWH
KLJKHU WKDQ ��� ����� Q&�V �7DE� ���

2QFH WKH ULQJ KDV EHHQ
ğOOHG� QHZ FKDUJH QHHGV WR EH LQMHFWHG WR
FRPSHQVDWH IRU WKH ORVVHV IURP �PDLQO\�
7RXVFKHN VFDWWHULQJ RI WKH VWRUHG EHDP� :H
UHIHU WR WKLV SURFHVV RI LQMHFWLQJ QHZ FKDUJH
DV RSHUDWLRQ� )RU WRS�XS RSHUDWLRQ ZH
QHHG WR FRQVLGHU WKH EHDP OLIHWLPH� E� 7KH
FKDUJH VWRUHG LQ WKH ULQJ GHFD\V RYHU WLPH
DFFRUGLQJ WR

45 W 45 � H[S W E �����

7KXV� DIWHU D WLPH 7� OQ � �� E� WKH LQL�
WLDO EHDP FKDUJH LV UHGXFHG E\ ��� &XUUHQW
VLPXODWLRQV ZLWK WKH QHZ ODWWLFH GHVLJQ IRU
3(75$ ,9 >��� ��@ \LHOG D EHDP OLIHWLPH RI
�� ��� KRXUV LQ WKH %ULJKWQHVV �7LPLQJ� PRGH
RI RSHUDWLRQ �7DE� ��� �� RI WKH FKDUJH LV
ORVW HYHU\ � ��� PLQXWHV LQ %ULJKWQHVV �7LP�
LQJ� PRGH� +HQFH� WKH DYHUDJH FKDUJH LQMHF�
WLRQ UDWH GXULQJ WRS�XS RSHUDWLRQ VKRXOG EH
DW OHDVW �� ���� S&�V LQ %ULJKWQHVV �7LPLQJ�
PRGH �7DE� ���

&RQVLGHULQJ D UHODWLYHO\
ORZ FKDUJH SHU LQMHFWRU VKRW� 4V� LQ FRPSDU�
LVRQ ZLWK WKH WRWDO EXQFK FKDUJH VWRUHG LQ
3(75$ ,9� 4%� WKH GLIIHUHQW 3(75$ ,9 EHDP
PRGHV QHHG WR EH EXLOW XS IROORZLQJ DQ DFFX�
PXODWLRQ SURFHVV� 7KH FLUFXPIHUHQFH RI 3(�
75$ ,9 VSDQV D WRWDO RI 15) ���� 5) EXFN�
HWV �KDUPRQLF QXPEHU�� ,Q SULQFLSOH� LW LV
SRVVLEOH WR JHQHUDWH DV PDQ\ UHJXODU EXQFK
SDWWHUQV DV GLYLVRUV RI 15)� :H FDOO 1% WR WKH
QXPEHU RI VWRUHG EXQFKHV� H�J�� 1%  ����
���� IRU %ULJKWQHVV �7LPLQJ� PRGH� 7R WDUJHW
D VSHFLğF EXQFK ğOOLQJ VHTXHQFH� WKH LQMHF�
WLRQ SHULRG FDQ EH VHW WR

7LQM 1U1% 7%6 �����

+HUH 7%6 LV WKH EXQFK VSDFLQJ LQ WLPH� H�J��
7%6  � ���� QV IRU %ULJKWQHVV �7LPLQJ� PRGH�
1U LV WKH QXPEHU RI FRPSOHWH UHYROXWLRQV EH�
WZHHQ LQMHFWLRQV DQG LV DQ LQWHJHU WKDW FRQ�
WUROV WKH LQMHFWLRQ VHTXHQFH� 7KXV� DIWHU 1U
WXUQV DURXQG WKH ULQJ� D QHZ LQMHFWRU VKRW

�$VVXPLQJ �� K DYHUDJH WLPH LQWHUYDOV EHWZHHQ UHğOOV�

LV LQMHFWHG 5) EXFNHWV EHKLQG WKH SUHYL�
RXV VKRW �WZR FRQVHFXWLYH LQMHFWRU VKRWV DUH
VSDFHG E\ 7%6 LQ WKH ULQJ�� :H ZLOO UHIHU
WR DV WKH EXQFK GHOD\ IDFWRU� ,I ZH HQX�
PHUDWH WKH 5) EXFNHWV WR EH ğOOHG LQ WKH ULQJ
IURP � WR 1% �� WKH �WK HOHPHQW LQ WKH ğOO�
LQJ VHTXHQFH LV JLYHQ E\ PRG 1%� 7R HQ�
VXUH WKDW DOO WKH VHOHFWHG 5) EXFNHWV DUH UH�
SOHQLVKHG GXULQJ WKH ğOOLQJ VHTXHQFH� FDQ
EH HLWKHU � RU DQ\ RWKHU RGG LQWHJHU VPDOOHU
WKDQ 1% WKDW GRHV QRW VKDUH DQ\ GLYLVRU ZLWK
1%� 7KLV VHTXHQFH GRHV D WRWDO RI ğOOLQJ
ORRSV DURXQG WKH ULQJ EHIRUH HYHU\ VHOHFWHG
5) EXFNHW KDV EHHQ KLW�

7KH WLPH WR VZHHS WKH
ZKROH ULQJ ZLWK RQH EXQFK LQ HDFK VHOHFWHG
EXFNHW LV JLYHQ E\ 7VZHHS 1%7LQM� ZKLFK FRU�
UHVSRQG WR H[DFWO\ ğOOLQJ ORRSV� 7KH WRWDO
QXPEHU RI VZHHSV� 1VZHHS� UHTXLUHG WR ğOO WKH
ULQJ IURP VFUDWFK LV JLYHQ E\ WKH LQWHJHU UD�
WLR EHWZHHQ WKH ULQJłV EXQFK FKDUJH� 4%� DQG
WKH LQMHFWRU EXQFK FKDUJH ŋ DOVR FDOOHG VKRW
FKDUJH� 4V� L�H� 1VZHHS URXQG 4% 4V �

$V SUHYLRXVO\ PHQ�
WLRQHG� WKH PLQLPXP FKDUJH LQMHFWLRQ UDWHV
IRU WKH ğOOLQJ DQG WRS�XS RSHUDWLRQV RI WKH
ULQJ DUH HVVHQWLDOO\ GHWHUPLQHG E\ WKH WLPH
UHTXLUHG WR ğOO WKH ULQJ DQG WKH EHDP OLIH�
WLPH� UHVSHFWLYHO\� )RU D FHUWDLQ LQMHFWRU
VKRW FKDUJH� 4V� WKH PLQLPXP LQMHFWLRQ UDWH
LV VLPSO\ REWDLQHG E\ GLYLGLQJ WKH DYHUDJH
FKDUJH LQMHFWLRQ UDWHV E\ 4V�

,Q DQ RII�D[LV LQMHFWLRQ
VFKHPH� LQMHFWLQJ D QHZ EXQFK LQ D FHUWDLQ
5) EXFNHW LV RQO\ SRVVLEOH DIWHU WKH VWRUHG
EXQFK KDV EHHQ GDPSHG� 7KLV VHWV D OLPLW
RQ WKH PLQLPXP VKRRWLQJ SHULRG RQ D SDU�
WLFXODU 5) EXFNHW WR DW OHDVW � G� )RU D FKDU�
DFWHULVWLF GDPSLQJ WLPH RI G �� PV >���
��@� WKH PD[LPXP VKRRWLQJ IUHTXHQF\ LQWR
WKH VDPH 5) EXFNHW LV ���� +]� &RQVLGHULQJ
D ğQLWH NLFNHU GXUDWLRQ� 7NLFNHU� WKLV FRQGL�
WLRQ DOVR DSSOLHV WR RWKHU EXQFKHV VLWWLQJ RQ
QHDUE\ 5) EXFNHWV DW D WLPH GLVWDQFH VPDOOHU
WKDQ 7NLFNHU� ,I WKH NLFNHU GXUDWLRQ LV JUHDWHU
WKDQ WKH EXQFK VSDFLQJ� D YDOXH RI VXFK
WKDW 7%6 7NLFNHU� HQVXUHV WKDW WKH LQMHFWLRQ
NLFNHU WLPH ZLQGRZ ZLOO QRW GLVWXUE D SUHYL�
RXVO\ LQMHFWHG EXQFK EHIRUH D ORRS WLPH� L�H�
7ORRS 7VZHHS � 7KXV� E\ VHTXHQFLQJ DSSUR�
SULDWHO\ WKH 5) EXFNHWV WR ğOO� WKH PD[LPXP



LQMHFWLRQ UDWH FDQ EH LQFUHDVHG VLJQLğFDQWO\
WR

PD[ 1% � G �����

%HFDXVH WKH EXQFK VSDFLQJ LQ %ULJKWQHVV
PRGH LV UDWKHU VKRUW �� QV�� LW PLJKW EH QHF�
HVVDU\ WR XVH  � RU KLJKHU LQ WKH GHğQLWLRQ
RI WKH LQMHFWLRQ SHULRG �(T� ������� )RU  ��

PD[  ���� ����� +] IRU %ULJKWQHVV �7LPLQJ�
PRGH�

7KH H[LVWLQJ 3(75$ ,,, LQMHFWRU FRPSOH[ ŋ
FRQVLVWLQJ RI D ��� 0H9 6�EDQG OLQDF �/,1$&
,,� DQG D IDVW�F\FOLQJ ERRVWHU V\QFKURWURQ
�'(6< ,,� IRU DFFHOHUDWLRQ WR � *H9 ŋ FDQQRW
EH XVHG IRU 3(75$ ,9� VLQFH WKH HPLWWDQFH
RI '(6< ,, LV E\ IDU WRR ODUJH� DQG FDQQRW
UHDVRQDEO\ EH VXIğFLHQWO\ LPSURYHG� 7KHUH�
IRUH� IRU WKH QHZ FRPSOH[� LW LV IRUHVHHQ WR
XVH D VLJQLğFDQWO\ UHIXUELVKHG /,1$& ,, WR�
JHWKHU ZLWK D QHZ ORZ�HPLWWDQFH ERRVWHU
ULQJ� '(6< ,9 >��@ �)LJ� ���
7KH 5) LQMHFWRU FKDLQ ZLOO EH FDSDEOH RI

SURYLGLQJ EXQFKHV RI XS WR � Q& FKDUJH DW D
� +] UHSHWLWLRQ UDWH� 7KLV ZLOO DOORZ IRU ğOO�
LQJ WKH PDFKLQH LQ OHVV WKDQ � PLQ IRU DOO
PRGHV RI RSHUDWLRQ �� PLQ �� VHF DQG � PLQ
� VHF LQ %ULJKWQHVV DQG 7LPLQJ PRGHV� UH�
VSHFWLYHO\�� 7KH HOHFWURQ EXQFKHV ZLOO KDYH
D WUDQVYHUVH JHRPHWULFDO HPLWWDQFH RI �� QP
UDG DQG DQ UPV UHODWLYH HQHUJ\ VSUHDG RI
����� >��@� 'XH WR D OLPLWHG G\QDPLF DSHU�
WXUH RI WKH VWRUDJH ULQJ� VSHFLDO EHDP PD�
QLSXODWLRQ VFKHPHV VXFK DV EXQFK URWDWLRQ
RU DSHUWXUH VKDULQJ DUH UHTXLUHG WR DFKLHYH
KLJK LQMHFWLRQ HIğFLHQF\ >��@� 7DEOH � VXP�
PDUL]HV WKH RSHUDWLRQDO SDUDPHWHUV RI WKH
5) LQMHFWRU LQ %ULJKWQHVV DQG 7LPLQJ PRGHV�

$Q HVWLPDWLRQ RI WKH DYHUDJH SRZHU FRQ�
VXPSWLRQ RI WKH 5) LQMHFWRU LV JLYHQ EDVHG RQ
DFWXDO PHDVXUHPHQWV GRQH DW '(6< GXULQJ
RSHUDWLRQ RI 3(75$ ,,,� 'XULQJ WKH \HDU �����
D WRWDO HQHUJ\ RI ���� *:KZDV FRQVXPHG E\
3(75$ ,,,� ��� *:K E\ /,1$& ,, DQG ��� *:K
E\ '(6< ,, >��@� $VVXPLQJ D WRWDO HIIHFWLYH
UXQQLQJ WLPH RI URXJKO\ ���� KRXUV� RU ���
GD\V D \HDU� ZH HVWLPDWH WKH DYHUDJH SRZHU
FRQVXPSWLRQ RI WKH LQMHFWRU FRPSOH[ �/,1$&

1XPEHU RI EXQFKHV ���� ��
%XQFK FKDUJH � Q& ��� ���
7RWDO FKDUJH � Q& ���� ���

6KRW FKDUJH � S& ��� ����
,QMHFWLRQ IUHTXHQF\ � +] � �
1XPEHU RI VKRWV ���� ���
)LOOLQJ WLPH � V ��� ���

6KRW FKDUJH � S& �� ���
,QMHFWLRQ IUHTXHQF\ � +] � �
1XPEHU RI VKRWV ��� �
7RS�XS WLPH � V �� �
7RS�XS SHULRG � V ��� ���
'XW\ F\FOH ���� ����

2SHUDWLRQDO LQMHFWLRQ SDUDPHWHUV RI WKH 5)
LQMHFWRU LQ %ULJKWQHVV DQG 7LPLQJ PRGHV�

,, � '(6< ,,� WR EH DERXW ���� 0:��
7KH HQHUJ\ FRQVXPSWLRQ RI 3(75$ ,,,

FRXOG EH EURNHQ GRZQ LQWR WKH IROORZLQJ
FRPSRQHQWV >��@� 5) ŋ ���� PDJQHWV ŋ ����
ZDWHU FRROLQJ ŋ ���� DQG ��� IRU RWKHU PLV�
FHOODQHRXV VRXUFHV� 2QH FDQ DVVXPH WKDW
VLPLODU EUHDNGRZQ UDWLRV ZLOO DOVR DSSO\ WR
'(6< ,, DQG /,1$& ,,� 7KH 5) WUDQVPLWWHU LQ
'(6< ,, FRQVXPHV ��� N:DYHUDJH SRZHU >���
��@� $VVXPLQJ WKDW WKH ODWWHU GRPLQDWHV WKH
5) SRZHU FRQVXPSWLRQ DQG WKDW WKLV LQ WXUQ
DPRXQW WR ��� RI WKH WRWDO FRQVXPSWLRQ� ZH
HVWLPDWH DQ DYHUDJH SRZHU FRQVXPSWLRQ RI
DERXW � 0: IRU '(6< ,,� &RQVLGHULQJ WKDW
LQ ���� WKH HQHUJ\ FRQVXPSWLRQ RI /,1$& ,,
ZDV ��� WKDW RI '(6< ,,� ZH UHDFKHG DQRWKHU�
VOLJKWO\ ORZHU HVWLPDWH IRU WKH SRZHU FRQ�
VXPSWLRQ RI WKH LQMHFWRU FRPSOH[ DW DSSUR[L�
PDWHO\ ��� 0:� 7KHUHIRUH� WKH DYDLODEOH GDWD
VXJJHVW WKDW WKH DYHUDJH SRZHU FRQVXPS�
WLRQ RI WKH 5) LQMHFWRU FRPSOH[ RSHUDWLQJ IRU
3(75$ ,,, ZDV DURXQG � 0:� ,W VKRXOG EH
QRWHG WKDW ERWK /,1$& ,, DQG '(6< ,, RSHU�
DWH ZLWK SOHQW\ RI UHGXQGDQFLHV LQ RUGHU WR
JXDUDQWHH KLJK DYDLODELOLW\ LQ ���� XVHU RS�
HUDWLRQ� ZKLFK KDV D VL]HDEOH LPSDFW LQ WKH
WRWDO SRZHU FRQVXPSWLRQ�
)RU 3(75$ ,9� WKH SRZHU FRQVXPSWLRQ

RI /,1$& ,, LV H[SHFWHG WR EH VLJQLğFDQWO\
ORZHU GXH WR VSHFLğF UHIXUELVKPHQW RI YDU�
LRXV FRPSRQHQWV� &XUUHQWO\� /,1$& ,, RSHU�
DWHV DW D UHGXFHG SRZHU RI ��� N:� DQG WKHUH
DUH SURVSHFWV WR IXUWKHU UHGXFH WKH SRZHU

�'XULQJ D VLJQLğFDQW IUDFWLRQ RI WKHLU WRWDO UXQQLQJ
WLPH LQ ����� /,1$& ,, DQG '(6< ,, SURYLGHG WHVW
EHDPV UDWKHU WKDQ GLUHFWO\ LQMHFWLQJ LQWR 3(75$ ,,,�
+RZHYHU� WKH DYHUDJH SRZHU FRQVXPSWLRQ UHPDLQV
FRQVLVWHQW DFURVV GLIIHUHQW DSSOLFDWLRQV�



FRQVXPSWLRQ VXEVWDQWLDOO\ E\ UHIXUELVKLQJ
WKH PDJQHWV� WKH 5) VWDWLRQV� DQG WKH FRRO�
LQJ V\VWHP >��@� 7KHUHIRUH� D PRUH UHDOLV�
WLF HVWLPDWH IRU WKH SRZHU FRQVXPSWLRQ RI
/,1$& ,,� RSHUDWLQJ IRU 3(75$ ,9 LQ WKH IX�
WXUH� ZRXOG EH ��� 0:� 2Q WKH RWKHU KDQG�
WKH QHZ V\QFKURWURQ ERRVWHU� '(6< ,9� LV H[�
SHFWHG WR KDYH KLJKHU SHDN SRZHU FRQVXPS�
WLRQ� 7KLV LV SULPDULO\ GXH WR WKH QHHG WR
SURGXFH ORZHU�HPLWWDQFH EHDPV IRU 3(75$
,9� ZKLFK UHTXLUHV D KLJKHU YROWDJH LQ WKH
5) FDYLWLHV DQG LQFUHDVLQJ WKH QXPEHU DQG
VWUHQJWK RI WKH PDJQHWV RI WKH V\QFKURWURQ
ERRVWHU� %DVHG RQ FXUUHQW SURVSHFWV� WKH
SHDN SRZHU FRQVXPSWLRQ RI WKH IXWXUH '(6<
,9 LV H[SHFWHG WR EH DURXQG ��� 0:� IURP
ZKLFK DSSUR[LPDWHO\ ��� 0: ZRXOG EH FRQ�
VXPHG E\ WKH 5)� ���0:E\ WKHPDJQHWV DQG
��� 0:E\ WKHZDWHU FRROLQJ� ,Q WRWDO� DGGLQJ
WKH FRQVXPSWLRQ RI /,1$& ,,� WKH SURMHFWHG
SHDN SRZHU FRQVXPSWLRQ RI WKH IXWXUH 5) LQ�
MHFWRU V\VWHP IRU 3(75$ ,9 LV HVWLPDWHG WR EH
DURXQG ��� 0:� DSSUR[LPDWHO\ ��� JUHDWHU
WKDQ WKDW RI WKH FXUUHQW LQMHFWRU XVHG IRU 3(�
75$ ,,,�
$ VHSDUDWH DQG VXEVWDQWLDO FRQWULEXWLRQ WR

WKH WRWDO SRZHU FRQVXPSWLRQ RI WKH LQMHF�
WRU FRPSOH[ FRPHV IURP WKH � *H9 WUDQV�
IHU OLQH� ZKLFK WUDQVSRUWV WKH HOHFWURQ EHDP
IURP WKH V\QFKURWURQ ERRVWHU WR WKH VWRUDJH
ULQJ� :LWK DERXW ��� P LQ OHQJWK� WKH H[�
SHFWHG SRZHU GHPDQGV RI WKH WUDQVIHU OLQH
DPRXQWV WR ��� N:� ��� N: IRU WKHPDJQHWV�
�� N: IRU WKH YDFXXP DQG �� N: RQ PLVFHO�
ODQHRXV VRXUFHV >��@�

,W LV LPSRUWDQW WR QRWH
WKDW WKH SRZHU FRQVXPSWLRQ ğJXUHV SUR�
YLGHG KHUH SHUWDLQ WR IXOO�SRZHU RSHUDWLRQ
RI WKH LQMHFWRU� SDUWLFXODUO\ GXULQJ GHPDQG�
LQJ WDVNV VXFK DV ğOOLQJ WKH VWRUDJH ULQJ IURP
VFUDWFK� :H KDYH UHIHUUHG WR WKLV DV SHDN
SRZHU FRQVXPSWLRQ� ,Q WKH WRS�XS RSHUD�
WLRQ PRGH� D QRWDEOH UHGXFWLRQ LQ DYHUDJH
SRZHU FRQVXPSWLRQ LV H[SHFWHG� DV RQO\ D
VPDOO IUDFWLRQ RI WKH VWRUHG FKDUJH QHHGV WR
EH UHSOHQLVKHG� &RQVHTXHQWO\� GXULQJ WRS�
XS RSHUDWLRQ� WKH SHDN SRZHU LV RQO\ QHFHV�
VDU\ IRU D UHGXFHG GXW\ F\FOH� 7KH UHPDLQ�
GHU RI WKH WLPH� WKH LQMHFWRU V\VWHP FDQ EH
LQ VWDQGE\PRGH� SUHSDUHG WR SURYLGH EHDPV
IRU WRS�XS DV QHHGHG� ,W LV \HW WR EH VWXGLHG
ZKLFK HOHPHQWV RI WKH LQMHFWRU V\VWHP FDQ
EH VZLWFKHG RII EHWZHHQ WRS�XSV� ,Q SULQFL�
SOH� SRWHQWLDO VDYLQJV RI XS WR ��� FRXOG EH

DFKLHYHG E\ WXUQLQJ RII WKH PDJQHWV RI WKH
V\QFKURWURQ ERRVWHU� ,Q FDVH RI /,1$& ,,� WKH
ORZ HQHUJ\ DFFXPXODWRU ULQJ 3,$ FRXOG EH
E\SDVVHG GXULQJ WRS�XS RSHUDWLRQ HQWLUHO\�
DV LW LV PDLQO\ XVHG IRU KLJK�EXQFK�FKDUJH
RSHUDWLRQ GXULQJ WKH ULQJłV ğOOLQJV� 6ZLWFK�
LQJ RII 3,$łV PDJQHWV ZRXOG VDYH DURXQG ���
N:� ,W LV QRW FOHDU \HW KRZ PXFK 5) SRZHU
FRXOG EH VDYHG LQ VWDQGE\ PRGH�





6LQFH WKH HDUO\ ����V� /3$V KDYH VKRZQ VLJ�
QLğFDQW H[SHULPHQWDO SURJUHVV RQ VHYHUDO
LPSRUWDQW IURQWV� LQFOXGLQJ WKH GHPRQVWUD�
WLRQ RI HYHU�LQFUHDVLQJ HQHUJLHV LQ WKH *H9
UDQJH >�ŋ�@� QDUURZ HQHUJ\ VSHFWUD >�ŋ��@�
DQG ORZ HPLWWDQFHV >��ŋ��@� 7RGD\� WKH /3$
EHDP TXDOLW\ KDV EHHQ SURYHQ VXIğFLHQW WR
GHPRQVWUDWH IUHH�HOHFWURQ ODVLQJ >��@ DQG
SURJUHVV WRZDUGV WKHLU SUDFWLFDO XVDELOLW\
LV DFFHOHUDWLQJ UDSLGO\ ZLWK '(6< WDNLQJ D
OHDGLQJ UROH� DURXQG ����� IHZ�SHUFHQW OHY�
HOV RI HOHFWURQ EHDP HQHUJ\ VWDELOLW\ ZHUH
GHPRQVWUDWHG GXULQJ D ���KRXU�ORQJ RSHUD�
WLRQ UXQ >��@ DV ZHOO DV PDFKLQH�OHDUQLQJ�
VXSSRUWHG DXWR�DOLJQPHQW DQG EHDP FRQ�
WURO >��� ��� ��� ��@� 7KLV H[FLWLQJ SURJUHVV HQ�
FRXUDJHV FRQVLGHULQJ /3$V DV D SUDFWLFDO DO�
WHUQDWLYH WR 5) SDUWLFOH DFFHOHUDWRUV IRU IUHH�
HOHFWURQ ODVHUV >��ŋ��@ DQG DV LQMHFWRUV IRU
VWRUDJH ULQJV >�� ��� ��@� ,Q SDUWLFXODU� ZH
SURSRVH WR HTXLS 3(75$ ,9 ZLWK D PRGHUQ
SODVPD LQMHFWRU V\VWHP WR ğOO DQG WRS XS WKH
VWRUDJH ULQJ� VLJQLğFDQWO\ UHGXFLQJ WKH VSD�
WLDO IRRWSULQW DQG HQHUJHWLF FRVW RI WKH ZKROH
LQMHFWRU FRPSOH[ �VHH )LJ� ���
$V RI WRGD\� WKH ODVHU�SODVPD WHFKQRORJ\

LV QRW TXLWH UHDG\ \HW IRU WKLV XOWLPDWH VWHS
VLQFH WKH RSHUDWLRQDO VWDELOLW\ LV QRW \HW VXI�
ğFLHQW� DQG WKH GULYH ODVHU WHFKQRORJ\ QHHGV
WR EH PDWXUHG WR DFKLHYH WKH GHVLUHG OHY�
HOV RI UHOLDELOLW\� )RU WKLV UHDVRQ� ZH GLV�
FXVV D VWHS�ZLVH LPSOHPHQWDWLRQ URDGPDS
LQ 6HF� �� 2SWLPDO 3(75$ ,9 RSHUDWLRQ GH�
PDQGV ğOOLQJ WKH HQWLUH 3(75$ ,9 ULQJ IURP
VFUDWFK LQ DQ DFFHSWDEOH WLPH�� SURYLGLQJ DQ
DYHUDJH FKDUJH UDWH RI XS WR ��� Q&�V LQVLGH
WKH ULQJłV DFFHSWDQFH ZLWK D PHDQ WLPH EH�
WZHHQ IDLOXUHV WKDW LV FRPPHQVXUDWHZLWK LWV
H[FHSWLRQDO DYDLODELOLW\ VWDQGDUGV� +RZHYHU�
LW LV H[SHFWHG WKDW WKLV OHYHO RI PDWXULW\ FDQ
EH UHDFKHG GXULQJ WKH PDFKLQHłV OLIHWLPH�
7KXV� 3(75$ ,9 LV FRQFHLYHG DQG SUHSDUHG
QRW RQO\ WR WDNH DGYDQWDJH RI DSSOLFDWLRQ�
UHDG\� KLJK�DYHUDJH�FXUUHQW /3$V� EXW DOVR
WR DFWLYHO\ DFFHOHUDWH WKHLU GHYHORSPHQW E\

�2SHUDWLQJ 3(75$ ,9 DW WKH GHVLUHG SHUIRUPDQFH SUH�
VFULEHV ğOOLQJ WLPHV QR ODUJHU WKDQ �� PLQXWHV�

SURYLGLQJ D SODVPD�EDVHG LQMHFWRU EHDPOLQH
WR ğQHVVH WKH WHFKQRORJ\� ,Q WKLV ZD\� 3(�
75$ ,9 GHPRQVWUDWHV WHFKQRORJLFDO OHDGHU�
VKLS LQ WKH ğHOG DQG� DW WKH VDPH WLPH� DFWV
DV WKH FDWDO\VW IRU SODVPD WHFKQRORJ\ DQG LWV
DSSOLFDWLRQ LQ XVHU IDFLOLWLHV ZLWK DQ LPSDFW
WKDW ZLOO EH IHOW IDU EH\RQG WKH FRQğQHV RI
'(6<�
7KH NH\ FKDOOHQJHV IRU WKH SODVPD LQMHFWRU

DUH RXWOLQHG LQ WKH IROORZLQJ VHFWLRQV EHIRUH
WKH GHVLJQ RI DQ RSHUDWLRQ�UHDG\ SODVPD LQ�
MHFWRU LV SUHVHQWHG� 7KH GHPDQGV RQ D 3(�
75$ ,9 LQMHFWRU WR SURGXFH D KLJK FKDUJH UDWH
ZLWKLQ D QDUURZ HQHUJ\ DFFHSWDQFH ZLQGRZ
DUH VXEVWDQWLDO� ,W LV NH\ IRU WKH /3$ WR HIğ�
FLHQWO\ FRQYHUW HQHUJ\ IURP WKH ODVHU WR WKH
HOHFWURQ EHDP DQG� VLPXOWDQHRXVO\� SURYLGH
D VXIğFLHQW EHDP TXDOLW\ WR HQVXUH D KLJK LQ�
MHFWLRQ WKURXJKSXW� 7R DFKLHYH WKLV WDVN� QRW
RQO\ KDV WKH TXDOLW\ �HPLWWDQFH DQG WKH HQ�
HUJ\ VSUHDG� RI VLQJOH HOHFWURQ EXQFKHV IURP
WKH /3$ WR EH H[FHOOHQW� EXW DOVR WKH DFFHO�
HUDWRU PXVW SHUIRUP VWDEO\� ZLWK KLJK DYDLO�
DELOLW\ DQG ORQJPHDQ WLPH EHWZHHQ IDLOXUHV�
DQG DW D UHODWLYHO\ KLJK UHSHWLWLRQ UDWH� )L�
QDOO\� WKH /3$ PXVW DFFHOHUDWH WKH EHDPV XS
WR WKH IXOO � *H9 DV UHTXLUHG IRU GLUHFW LQMHF�
WLRQ LQWR WKH 3(75$ ,9 ULQJ�

%HDPV XS WR � *H9 LQ HQHUJ\
KDYH EHHQ GHPRQVWUDWHG LQ /3$ H[SHULPHQWV
DW /%1/ E\ JXLGLQJ WKH 7L�6D %(//$ 3HWDZDWW
ODVHU XVLQJ D FDSLOODU\ GLVFKDUJH ZDYHJ�
XLGH LQ FRQMXQFWLRQ ZLWK D ODVHU KHDWHU >�@�
7KH GHSOR\PHQW RI ODVHU JXLGLQJ WHFKQRO�
RJ\ LV HVVHQWLDO LQ /3$V WR DFKLHYH UHOLDEOH
PXOWL�*H9 HQHUJ\ JDLQV� &DSLOODU\ GLVFKDUJH
ZDYHJXLGHV IRU JXLGLQJ KLJK�SRZHU ODVHUV
ZLWK VXIğFLHQWO\ VPDOO VSRW VL]HV WR HQ�
DEOH HQHUJ\�HIğFLHQW DFFHOHUDWLRQ DUH WHFKQL�
FDOO\ FKDOOHQJLQJ� %HVLGHV� RSHUDWLQJ WKHVH
FDSLOODU\�EDVHG V\VWHPV DW KLJK UHSHWLWLRQ
UDWH ZLWKRXW SHUIRUPDQFH GHJUDGDWLRQ LV \HW
DQRWKHU RSHQ FKDOOHQJH�� $Q DOWHUQDWLYH DS�
SURDFK IRU JXLGLQJ KLJK�SRZHU ODVHUV ZLWK

�*HQHUDWLQJ ZDYHJXLGHV RI VXIğFLHQW VWUHQJWK UHTXLUHV
XVLQJ VPDOO GLDPHWHU FDSLOODULHV� ZKLFK PD\ H[SH�
ULHQFH ZDOO�HURVLRQ�GDPDJH GXULQJ RSHUDWLRQ SUH�
YHQWLQJ WKHLU ORQJ�WHUP XWLOL]DWLRQ�



VPDOOHU VSRW VL]HV KDV EHHQ UHFHQWO\ GHYHO�
RSHG >��� ��� ��� ��@� DQG GHPRQVWUDWHG WKH
SURGXFWLRQ RI PXOWL�*H9 HOHFWURQ EHDPV XV�
LQJ ODVHUV RI UHGXFHG HQHUJ\ >��� ��@� 7KHVH
K\GURG\QDPLF RSWLFDO�ğHOG�LRQL]HG �+2),�
SODVPD FKDQQHOV XWLOL]H DQ DX[LOLDU\ ORZ�
HQHUJ\ ODVHU WR LRQL]H DQG KHDW D ORQJ �DQG
WKLQ� FROXPQ RI SODVPD� 7KLV FROXPQ XQ�
GHUJRHV D UDGLDO K\GURG\QDPLF H[SDQVLRQ
RYHU VHYHUDO QDQRVHFRQGV IRUPLQJ D SODVPD
VWUXFWXUH VXLWDEOH IRU ODVHU JXLGLQJ MXVW SULRU
WR WKH DUULYDO RI WKH PDLQ GULYH SXOVH� 7KLV
WHFKQLTXH LV LGHDOO\ VXLWHG WR /3$V ZLWK RS�
HUDWLQJ OHQJWKV RI KXQGUHGV RI PLOOLPHWHUV
LQ SODVPD� DW KLJK UHSHWLWLRQ UDWHV DQG IRU
H[WHQGHG SHULRGV RI WLPH VLQFH ZDOO HURVLRQ
FDQQRW RFFXU �D ZDYHJXLGH LV IRUPHG
LQ IUHH VSDFH RQ HDFK VKRW�� 7KH 3(75$ ,9
SODVPD LQMHFWRU ZLOO EXLOG RQ DQG DGYDQFH
WKLV FRQFHSW�

5HFHQW /3$ H[SHUL�
PHQWV FRQGXFWHG DW /8; �'(6<� KDYH VKRZQ
HQRUPRXV SURJUHVV WRZDUGV HQKDQFHG EHDP
TXDOLW\ DQG DSSOLFDWLRQ UHDGLQHVV� GHPRQ�
VWUDWLQJ IHZ�SHUFHQW�OHYHO HQHUJ\ VSUHDG >��@
DQG RSHUDWLRQDO VWDELOLW\ RYHU �� KRXUV >��@�
$GGLWLRQDOO\� WKHVH H[SHULPHQWV LGHQWLğHG
FRUUHODWLRQV EHWZHHQ HQHUJ\ YDULDWLRQV LQ
WKH /3$ EXQFKHV DQG ODVHU MLWWHU�LQGXFHG
EXQFK FKDUJH ĠXFWXDWLRQV� ([SORLWLQJ WKHVH
FRUUHODWLRQV E\ PHDQV RI DGYDQFHG PDFKLQH
OHDUQLQJ WHFKQLTXHV VXFK DV %D\HVLDQ RSWL�
PL]DWLRQ >��� ��� ��@ DOORZV IRU HQKDQFHG
FRQWURO RYHU WKH SDUDPHWHUV JRYHUQLQJ WKH
/3$� DQG WKXV� IRU IXUWKHU LPSURYLQJ WKH
EXQFK HQHUJ\ VWDELOLW\ GRZQ WR ��� /RRN�
LQJ DKHDG� DV /3$ V\VWHPV HYROYH WR RSHU�
DWH DW KLJKHU UHSHWLWLRQ UDWHV � ��� +]� ZLWK
DXWRPDWHG RSWLPL]DWLRQ DQG $,�EDVHG VWDEL�
OL]DWLRQ� ZH FDQ DQWLFLSDWH DFKLHYLQJ D VXE�
SHUFHQW OHYHO RI HQHUJ\ VSUHDG DQG MLWWHU LQ
WKH ORQJ WHUP� 7KH .$/'(5$SURMHFW DW '(6<
ZLOO EH WKH HSLFHQWHU RI WKHVH WHFKQRORJLFDO
DGYDQFHV ZLWK LWV JRDO RI GHYHORSLQJ D � N+]�
��� 7: ODVHU V\VWHP IRU SODVPD ZDNHğHOG
DFFHOHUDWLRQ ZLWK XOWLPDWH TXDOLW\ DQG VWD�
ELOLW\� <HW� IRU WKH 3,3� FRQFHSWXDO GHVLJQ� ZH
KDYH DGRSWHG DQ HQHUJ\ FRPSUHVVLRQ DQG
VWDELOL]DWLRQ VWUDWHJ\ UHFHQWO\ SURSRVHG IRU
/3$V >��� ��@� ZKLFK SURPLVHV WR GHOLYHU XQ�
SUHFHGHQWHG OHYHOV RI UHODWLYH HQHUJ\ VSUHDG
DQG VWDELOLW\ � �� �� IURP FXUUHQW VWDWH�RI�
WKH�DUW /3$V� WKXV PDNLQJ LW SRVVLEOH WR RS�
HUDWH WKH LQMHFWRU ZLWK WKH UHTXLUHG TXDOLW\

DQG VWDELOLW\ IRU 3(75$ ,9�

)LOOLQJ WKH ULQJ IURP VFUDWFK DW
DQ DYHUDJH LQMHFWLRQ FKDUJH UDWH RI ��� Q&�V
LV WKHPRVW GHPDQGLQJ WDVN IRU WKH 3(75$ ,9
LQMHFWRU� %HVLGHV� WKH SHUIRUPDQFH RI WKH
SODVPD LQMHFWRU QHHGV WR EH RQ SDU ZLWK WKH
H[FHSWLRQDO VWDQGDUG IRUHVHHQ IRU 3(75$ ,9�
HQVXULQJ KLJK DYDLODELOLW\ � �� � DQG ORQJ
PHDQ WLPH EHWZHHQ IDLOXUHV � �� KRXUV��
7KH GHYHORSPHQW RI D ODVHU V\VWHP FDSDEOH
WR RSHUDWH WKH SODVPD LQMHFWRU LQ WKLV UHJLPH
LV D FUXFLDO FKDOOHQJH WR DFKLHYH D FRPSHW�
LWLYH WHFKQRORJ\�UHSODFLQJ SODVPD LQMHFWRU
IRU 3(75$ ,9� 'HVLJQHG WR GHOLYHU XS WR � N:
�� - SXOVHV DW � N+]� RI DYHUDJH RSWLFDO SRZHU�
.$/'(5$ ZLOO EH WKH IRXQGDWLRQ RQ ZKLFK
WKH ODVHU V\VWHP RI WKH 3(75$ ,9 SODVPD LQ�
MHFWRU LV EXLOW�

2XU GHVLJQ IRU WKH SODVPD
LQMHFWRU RI 3(75$ ,9 FRPSULVHV WZR NH\ FRP�
SRQHQWV ŋ )LJ� � �D�� D ODVHU�SODVPD DFFHOHUD�
WRU �/3$� DQG DQ HQHUJ\ FRPSUHVVLRQ EHDP�
OLQH �(&%� >��� ��@� 8WLOL]LQJ DQ XSJUDGHG YHU�
VLRQ RI WKH .$/'(5$ ODVHU� WKH /3$ SURGXFHV
HOHFWURQ EHDPV DW � *H9 HQHUJ\ ZLWK VWDWH�
RI�WKH�DUW EHDP TXDOLW\ DQG VWDELOLW\� ZKLOH
WKH (&% IXUWKHU UHGXFHV WKH EHDP HQHUJ\
ĠXFWXDWLRQV DQG VSUHDG WR WKH VXE�SHUPLOOH
OHYHO� PD[LPL]LQJ WKH QHW FKDUJH LQMHFWLRQ
WKURXJKSXW LQWR WKH 3(75$ ,9 VWRUDJH ULQJ�
,QLWLDOO\� WKLV SODVPD LQMHFWRU FRXOG EH HP�
SOR\HG IRU WRS�XS RSHUDWLRQ RI WKH VWRUDJH
ULQJ� VLJQLğFDQWO\ UHGXFLQJ WKH ORDG RQ WKH
5) LQMHFWRU V\VWHP� ,Q WKH IXWXUH� ZLWK WKH
FRQWLQXHG DGYDQFHPHQW RI KLJK�HIğFLHQF\�
KLJK�SRZHU ODVHU GULYHUV� WKH SODVPD LQMHF�
WRU FRXOG SRWHQWLDOO\ UHSODFH WKH 5) LQMHFWRU
V\VWHP DOWRJHWKHU� HQDEOLQJ D VXEVWDQWLDO UH�
GXFWLRQ RI ERWK WKH VSDWLDO IRRWSULQW DQG HQ�
HUJHWLF FRQVXPSWLRQ RI WKH HQWLUH LQMHFWRU
FRPSOH[�

,Q ZKDW IROORZV� ZH GHVFULEH LQ GHWDLO WKH
GLIIHUHQW SDUWV RI WKH GHVLJQ DQG SURYLGH UH�
VXOWV IURP QXPHULFDO VWDUW�WR�HQG VLPXOD�
WLRQV SHUIRUPHG IRU D SDUWLFXODU RSWLPL]HG
VHWXS �6HFV� ��� DQG ����� ,Q OLJKW RI WKHVH UH�
VXOWV� ZH WKHQ UHSRUW RQ WKH H[SHFWHG SHU�
IRUPDQFH RI WKH SODVPD LQMHFWRU �6HF� ����
DQG GLVFXVV WKH SURVSHFWV RI WKH SRZHU FRQ�
VXPSWLRQ �6HF� �����





DSSOLFDWLRQV� $V VKRZQ LQ H[SHULPHQWV DW
/8; �'(6<� >��� ��@ WKH EXON RI WKH YDULDWLRQV
LQ HOHFWURQ EHDP SURSHUWLHV FDQ EH WUDFHG
WR VKRW�WR�VKRW YDULDWLRQV LQ WKH GULYH ODVHU
SXOVH� ZKLFK LQ WXUQ FDQ EH FRQQHFWHG WR
VKRUW�WHUP YDULDWLRQV LQ WKH SRZHU JULG� DLU
WXUEXOHQFHV� RU YLEUDWLRQV� $ FOHDU SDWK WR�
ZDUGV HQKDQFHG FRQWURO� UHOLDELOLW\ DQG SHU�
IRUPDQFH LV WKH GHSOR\PHQW RI DFWLYH VWDEL�
OL]DWLRQ DQG IHHGEDFN V\VWHPV UXQQLQJ DW D
VXIğFLHQWO\ KLJK UHSHWLWLRQ UDWH� $V ZH ZLOO
VHH LQ 6HF� ���� UXQQLQJ WKH /3$ DW D UHODWLYHO\
KLJK UHSHWLWLRQ UDWH � �� +]� ZLOO EH DOVR
QHFHVVDU\ WR IXOğOO WKH 3(75$ ,9 GHPDQGV
WR ğOO WKH VWRUDJH ULQJ LQ D VHQVLEOH WLPH�
/RZHU ODVHU UHSHWLWLRQ UDWHV DUH SRVVLEOH�
EXW ZRXOG UHTXLUH KLJKHU ODVHU SXOVH HQHU�
JLHV� $ WLPHO\ LPSOHPHQWDWLRQ RI D SODVPD�
LQMHFWRU FRXOG EH EDVHG RQ .$/'(5$ DV D
IURQWHQG LQ FRPELQDWLRQ ZLWK DQ DGGLWLRQDO
IXWXUH 3HWDZDWW DPSOLğHU� ZKLFK ZRXOG EHQ�
HğW IURP WKH YHU\ KLJK UHSHWLWLRQ UDWHV RI
.$/'(5$ WR LPSOHPHQW DFWLYH VWDELOL]DWLRQ
DQG IHHGEDFN WKURXJKRXW WKH ZKROH DPSOLğ�
FDWLRQ FKDLQ� WKXV SURYLGLQJ D VLJQLğFDQWO\
PRUH VWDEOH V\VWHP� %XLOGLQJ WKH SODVPD
LQMHFWRU DV WKH VROH GULYHU RI WKH 3(75$ ,9
V\QFKURWURQZRXOG UHTXLUH GHYHORSPHQW RI D
QHZ� GHGLFDWHG GULYH ODVHU ZKLFK ZRXOG DOVR
LQFOXGH UHGXQGDQFLHV�

2SHUDWLQJ KLJK�HQHUJ\ ODVHU SXOVHV DW
KLJK UHSHWLWLRQ UDWH ZLWK 7L�6D WHFKQRORJ\
SUHVHQWV D FKDOOHQJH GXH WR WKH KLJKHU VWUHVV
RQ WKH WKHUPDO SURSHUWLHV RI WKH FRPSUHV�
VLRQ JUDWLQJV DQG KHDW GLVVLSDWLRQ SUREOHPV
LQ GLIIHUHQW FRPSRQHQWV RI WKH ODVHU V\VWHP�
%HVLGHV� WKH FRPPRQO\ XVHG ĠDVKODPS�
EDVHG SXPS ODVHUV XVHG LQ KLJK�SRZHU DP�
SOLğHUV DW WKH 3HWDZDWW�OHYHO IHDWXUH ORZ
ZDOO�SOXJ HQHUJ\ HIğFLHQF\ RI WKH RUGHU RI
����� ZKLFK LV GHWULPHQWDO IRU WKH HQHU�
JHWLF GHPDQGV RI 3,3� �LQ 6HF� ����� 'LRGH�
SXPSHG ODVHU WHFKQRORJ\� RQ WKH RWKHU
KDQG� XVHV ODVHU GLRGHV WR GLUHFWO\ SXPS
WKH JDLQ PHGLXP �XVXDOO\ D VROLG�VWDWH FU\V�
WDO RU JODVV� RI WKH ODVHU� ZKLFK HOLPLQDWHV
WKH QHHG IRU D VHSDUDWH SXPS ODVHU DQG DO�
ORZV IRU D PXFK KLJKHU HIğFLHQF\ � � � DQG
UHSHWLWLRQ UDWH >��@� 7KHUHIRUH� GLRGH�EDVHG
SXPS ODVHUV DUH FRQVLGHUHG IRU D IXWXUH 3:�
FODVV 3,3� GULYH ODVHU �VHH 6HF� ����� LQ RUGHU
WR GHOLYHU IXOO FKDUJH LQMHFWLRQ UDWH WR ğOO WKH
3(75$ ,9 ULQJ DW D ODUJHO\ UHGXFHG DYHUDJH
SRZHU FRQVXPSWLRQ�

3URYLVLRQ RI D KLJK�TXDOLW\ � *H9 EHDP FRP�
SDWLEOH ZLWK LQMHFWLRQ LQWR WKH 3(75$ ,9 ULQJ
UHTXLUHV D VWDWH�RI�WKH�DUW /3$� 6SHFLğFDOO\
WKHUH DUH WZR NH\ WHFKQRORJLHV ŋ FRQWUROOHG
LQMHFWLRQ DQG ODVHU JXLGLQJ ŋ WKDW ZLOO EH
FRPELQHG WR DFKLHYH WKH UHTXLUHG EHDP SD�
UDPHWHUV� %RWK RI WKHVH WHFKQLTXHV UHO\
RQ FDUHIXO WDLORULQJ RI WKH �' SODVPD GHQ�
VLW\ VWUXFWXUH ZLWKLQ WKH /3$� &RQWUROOHG LQ�
MHFWLRQ UHTXLUHV ORQJLWXGLQDO VWUXFWXULQJ WR
DFFXUDWHO\ ORFDOL]H WKH WUDSSLQJ RI D ORZ�
HPLWWDQFH HOHFWURQ EHDP DW WKH VWDUW RI WKH
DFFHOHUDWRU� ZKLOH SODVPD ZDYHJXLGHV XWL�
OL]H WUDQVYHUVH SODVPD GHQVLW\ WDLORULQJ WR
JXLGH D KLJK�LQWHQVLW\ ODVHU RYHU ORQJ GLV�
WDQFHV FRPPHQVXUDWH ZLWK HIğFLHQW PXOWL�
*H9 DFFHOHUDWLRQ�
$ FUXFLDO DVSHFW IRU WKH GHVLJQ RI WKH /3$

LV WR SURYLGH EHDPV ZLWK VXIğFLHQWO\ ORZ HQ�
HUJ\ VSUHDG DQG KLJK VWDELOLW\ WRJHWKHU ZLWK
SUHFLVH FRQWURO DQG RSHUDWLRQDO UHOLDELOLW\� ,Q
WKLV UHJDUG� WKH /3$ VHWXS GHSOR\HG LQ /8;
DW '(6< KDV GHPRQVWUDWHG LWV VWDWH�RI�WKH�
DUW FDSDELOLWLHV IRU HQHUJ\ VSUHDG RSWLPL]D�
WLRQ >��@ DQG VWDEOH RSHUDWLRQ DURXQG WKH
FORFN >��@� DQG LW LV WKHUHIRUH VHOHFWHG DV WKH
EDVLV RI WKH 3,3� SODVPD WDUJHW GHVLJQ� WKH
SODVPD VRXUFH DW WKH KHDUW RI WKH 3(75$ ,9
SODVPD LQMHFWRU ZLOO LQFRUSRUDWH FRQWUROOHG
LQMHFWLRQ LQ WKH IRUP RI GHQVLW\ GRZQ�UDPS
DVVLVWHG LRQL]DWLRQ LQMHFWLRQ >��@� D UREXVW
WHFKQLTXH SLRQHHUHG LQ /8;� WRJHWKHU ZLWK
+2), ODVHU JXLGLQJ >��@� $ NH\ FRQFHUQ IRU
/3$ UHOLDELOLW\ DQG UREXVWQHVV LV WKH OLIH�
WLPH RI WKH SODVPD VRXUFH� 7KLV LV SDUWLFX�
ODUO\ LPSRUWDQW DV WKH DYHUDJH�SRZHU RI WKH
ODVHU LQFUHDVHV� ,Q WKLV FRQWH[W +2), ZDYHJ�
XLGHV DUH DGYDQWDJHRXV DV WKHLU VWUXFWXUH
LV LPPXQH WR GDPDJH� ZLWK D QHZ ZDYHJ�
XLGH EHLQJ IRUPHG RQ HYHU\ VKRW RI WKH ODVHU�
&ULWLFDOO\� FRPSDUHG WR RWKHU JXLGLQJ WHFK�
QRORJLHV� +2), ZDYHJXLGHV RIIHU WKH DELOLW\
WR JHQHUDWH SODVPD FKDQQHOV ZLWK UHODWLYHO\
VPDOOPDWFKHG VSRW VL]HV DW ORZ SODVPD GHQ�
VLWLHV� FRQVLVWHQW ZLWK WKH UHTXLUHG PXOWL�
*H9 DFFHOHUDWLRQ >��� ��� ��@� 7KLV LV D FULWLFDO
UHTXLUHPHQW IRU LPSURYLQJ WKH HIğFLHQF\ RI
WKH DFFHOHUDWRU�

7KH LQMHFWLRQ DQG VXEVHTXHQW DFFHOHUDWLRQ
RI HOHFWURQV LQ WKH /3$ ZDV H[WHQVLYHO\
PRGHOHG ZLWK WKH SDUWLFOH�LQ�FHOO �3,&� FRGH





PHUFLDO 7L�6D ODVHU V\VWHPV FRPPRQO\ XVHG
IRU ODVHU�SODVPD DFFHOHUDWLRQ >��@� )RU WKH
RSWLPL]DWLRQ� ZH NHSW DSSUR[LPDWHO\ FRQ�
VWDQW WKH ODVHU IRFDO VSRW VL]H� �� P�
DQG WKH ODVHU SHDN SRZHU� ��� 7:�
ZKLFK FRUUHVSRQG WR D SHDN QRUPDOL]HG YHF�
WRU SRWHQWLDO RI � �� DQG YDULHG WKH ODVHU
IRFDO SRVLWLRQ DQG WKH SXOVH GXUDWLRQ �VHH
$SS[� $���� $W WKH RSWLPDO SRLQW� WKH ODVHU
LV IRFXVHG DW � � PP DQG KDV D GXUDWLRQ
RI �� IV �IZKP�� 7KH LQLWLDO SXOVH HQHUJ\ LV
WKHUHIRUH ���� -� ,Q SUDFWLFH� D ODVHU IRFDO VSRW
RI �� P FDQ EH DFKLHYHG XVLQJ D ��� P IR�
FDO OHQJWK RII�D[LV SDUDEROLF �2$3� PLUURU DW
���
)LJXUH ��D� DOVR VKRZV WKH HYROXWLRQ RI

WKH ODVHU VSRW VL]H �IZKP LQ LQWHQVLW\� DORQJ
WKH SURSDJDWLRQ WKURXJK WKH SODVPD� 'H�
VSLWH WKH LQLWLDO RVFLOODWLRQV� WKH ODVHU LV HI�
IHFWLYHO\ JXLGHG WKURXJK WKH SODVPD WDUJHW�
WKH VSRW VL]H XQGHUJRHV GDPSHG RVFLOODWLRQV
ZLWK D SHULRG RI � FP �VHH $SS[� %����
&RQVHTXHQWO\� DQ RVFLOODWLQJ ODVHU LQWHQVLW\
UHVXOWV LQ D RVFLOODWLQJ ZDNHğHOG VWUHQJWK
DORQJ WKH ZLWQHVV EHDP� 2Q WRS RI WKLV�
WKH GHSOHWLRQ DQG GHSKDVLQJ HIIHFWV �VHH
$SS[� %��� FRQWULEXWH WR D YDU\LQJ ZDNHğHOG
VFHQDULR WKURXJK WKH DFFHOHUDWLRQ SURFHVV�
)LJXUH ��E� VKRZV WKH GULYH ODVHU LQWHQVLW\
SURğOH� WKH SODVPD ZDNH DQG WKH LQMHFWHG
EXQFK DURXQG WKH PLGGOH SRLQW RI WKH DF�
FHOHUDWLRQ� $W WKLV SDUWLFXODU SRLQW RI WKH
DFFHOHUDWLRQ� WKH VSDFH�FKDUJH ğHOG RI WKH
HOHFWURQ EHDP DFWV RQ WKH SODVPD HOHFWURQV�
ĠDWWHQLQJ WKH YDULDWLRQ RI WKH DFFHOHUDWLQJ
JUDGLHQW �VHH $SS[� %���� +RZHYHU� GXH WR
WKH HYROXWLRQ RI WKH ZDNHğHOG� WKLV HIIHFW�
NQRZQ DV EHDP ORDGLQJ� YDULHV RYHU WKH HQ�
WLUH SURSDJDWLRQ�

7KH RSWLPL]DWLRQ SURFHVV IRU
:3� IRXQG FRQğJXUDWLRQV ZKHUH WKH ZLW�
QHVV EHDP KDV D QHJOLJLEOH HQHUJ\�SRVLWLRQ
FRUUHODWLRQ �FKLUS� DIWHU DFFHOHUDWLRQ ŋ
)LJ� ��F�� 7KLV LV WKH UHVXOW RI DQ

HIIHFW� $W WKH EHJLQQLQJ RI WKH
SURSDJDWLRQ� ZKHQ WKH ODVHU LV IUHVK DQG
LWV VSRW�VL]H RVFLOODWLRQV DUH VWURQJHU� WKH
ODVHU�GULYHQ SODVPD ZDNHğHOG LV ZHDNHU
RQ DYHUDJH� $W WKLV SRLQW� WKH LQMHFWHG
EHDP RYHUORDGV WKH ZDNHğHOG DQG GHYHORSV
D SRVLWLYH FKLUS� $V WKH ODVHU VSRW VL]H
VWDELOL]HV DQG WKH ODVHU SXOVH FRPSUHVVHV
ORQJLWXGLQDOO\� WKH LQFUHDVH LQ ODVHU LQWHQ�
VLW\ LQWHQVLğHV WKH ZDNHğHOGV >��@� )URP

WKLV SRLQW RQ� WKH ZLWQHVV EHDP XQGHUORDGV
WKH ZDNHğHOG� ZKLFK SURJUHVVLYHO\ FRP�
SHQVDWHV IRU WKH SUHYLRXVO\ DFFXPXODWHG
SRVLWLYH FKLUS ZKLOH IXUWKHU DFFHOHUDWLQJ WKH
EHDP WRZDUGV WKH WDUJHW HQHUJ\ RI � *H9�
7KH HYROXWLRQ RI NH\ EHDP SDUDPHWHUV VXFK
DV LWV DYHUDJH HQHUJ\� HQHUJ\ VSUHDG DQG
FKLUS� WKURXJKRXW WKH DFFHOHUDWLRQ SURFHVV
DUH VKRZQ LQ )LJ� ��� 7KLV RSWLPDO ZRUNLQJ
SRLQW HQDEOHV WKH JHQHUDWLRQ RI D � *H9
HOHFWURQ EXQFK ZLWK �� S& FKDUJH DQG ����
HQHUJ\ VSUHDG �)LJ� ��F��� 7KH HQHUJ\ VSUHDG
LV GHğQHG KHUH DV � �� 0$'� ZLWK
0$' EHLQJ WKH PHGLDQ DEVROXWH GHYLDWLRQ
RI WKH EHDPłV VSHFWUXP�� 7KH QRUPDOL]HG
HPLWWDQFH LQ WKH KRUL]RQWDO SODQH �� � P�
LV VLJQLğFDQWO\ KLJKHU WKDQ LQ WKH YHUWLFDO
SODQH �� � P� GXH WR WKH OLQHDU SRODUL]DWLRQ
RI WKH ODVHU� ZKLFK LQGXFHV D KLJKHU HOHFWURQ
WHPSHUDWXUH LQ WKH KRUL]RQWDO GLUHFWLRQ�
7KH EHDP GLYHUJHQFH LV ���� DQG ���� PUDG
LQ WKH KRUL]RQWDO DQG YHUWLFDO SODQHV� UH�
VSHFWLYHO\� 7KH WRWDO ODVHU�WR�EHDP HQHUJ\
WUDQVIHU HIğFLHQF\ LV ����� 0RUH GHWDLOV
RQ WKH RSWLPL]DWLRQ SURFHVV DUH JLYHQ LQ
$SS[� $�����
2WKHU ZRUNLQJ SRLQWV H[SORUHG LQ

$SS[� $�� GHPRQVWUDWH WKH SURGXFWLRQ
RI EHDPV RI FRPSDUDEOH TXDOLW\ �HQHUJ\
VSUHDG DQG HPLWWDQFH� ZLWK FKDUJHV LQ WKH
��ŋ��� S& UDQJH� HPSOR\LQJ ODVHU SXOVHV
HQHUJLHV EHWZHHQ �� DQG �� -� 7DEOH � VXP�
PDUL]HV WKH SDUDPHWHUV RI D VHW RI VHOHFWHG
ZRUNLQJ SRLQWV� :KLOH WKHVH ZRUNLQJ SRLQWV
VKRZ WKH SRVVLELOLW\ WR RSHUDWH WKH 3,3� ZLWK
ORZHU ODVHU SXOVH HQHUJ\� :3� ZDV FKRVHQ
DV D FRQVHUYDWLYH UHIHUHQFH LQ WKH IROORZLQJ
VHFWLRQV�

,Q H[SHULPHQWDO FRQGLWLRQV� WKH
RSWLPDO ZRUNLQJ SRLQW ZLOO EH DIIHFWHG E\
ĠXFWXDWLRQV LQ ERWK WKH ODVHU DQG WKH SODVPD
SURğOH� $V VKRZQ LQ 5HI� >��@� WKH ODVHU
IRFDO SRVLWLRQ FRUUHODWHV ZLWK WKH DPRXQW
RI LQMHFWHG FKDUJH� DQG WKXV� WKH RSHUD�
WLRQ DW RSWLPDO EHDP ORDGLQJ FRQGLWLRQV�
FRQVHTXHQWO\ OHDGLQJ WR FKDQJHV LQ WKH
EHDP HQHUJ\ VSUHDG DQG ğQDO HQHUJ\ �VHH
$SS[� $������ 9DULDWLRQV LQ WKH SODVPD JXLG�
LQJ FKDQQHO ZLOO DGGLWLRQDOO\ DIIHFW WKH QHW
EHDP ORDGLQJ� 7KLV FRPELQDWLRQ RI GLI�
IHUHQW VRXUFHV RI MLWWHU UHVXOWV LQ D ZLGHU

�1RWH WKDW ZLWK WKLV GHğQLWLRQ WKH HQHUJ\ VSUHDG FRLQ�
FLGHV ZLWK WKH UPV YDOXH LQ FDVH RI D *DXVVLDQ GLVWUL�
EXWLRQ�





DJH DQG UHI WKH SRVLWLRQ RI D YLUWXDO UHIHU�
HQFH SDUWLFOH ZLWK HQHUJ\ UHI� 7KHUHIRUH� E\
DGMXVWLQJ UHI� WKH ğQDO EHDP HQHUJ\
FDQ EH VWDELOL]HG WR WKH GHVLUHG UHIHUHQFH
YDOXH� UHJDUGOHVV DQ LQFRPLQJ HQHUJ\ MLWWHU�
7KXV� WKH DFWLYH GHFKLUSHU FRPSHQVDWHV IRU
ERWK WKH EHDP HQHUJ\ VSUHDG DQG WKH MLWWHU
RI WKH FHQWUDO HQHUJ\� 3URYLGHG WKH QDWX�
UDO PLFURQ�VKRUW OHQJWKV RI WKH /3$ EHDPV
�)LJ� ��F��� LW LV FOHDU IURP (T� ����� WKDW DQ

RI D IHZ FHQWLPHWHUV ZRXOG EH HQRXJK
WR EULQJ WKH ğQDO UHODWLYH HQHUJ\ GHYLDWLRQV
RI WKH EHDPV GRZQ WR D �� � OHYHO� 0RUH�
RYHU� VLQFH WKH KLJK SHDN FXUUHQWV QDWXUDOO\
SURGXFHG E\ /3$V DUH QRW GHVLUDEOH IRU LQMHF�
WLRQ LQWR V\QFKURWURQ OLJKW VRXUFHV DQ\ZD\�
LW LV DOVR FRQYHQLHQW WR LQGXFH D ODUJH ORQJL�
WXGLQDO GHFRPSUHVVLRQ DQG DSSO\ D PDWFK�
LQJ GHFKLUSHU EDVHG RQ 5) WHFKQRORJ\ >��@�
&RQVLGHULQJ WKH VLQXVRLGDO YROWDJH RI DQ 5)
DFFHOHUDWLQJ VWUXFWXUH� 5) 5) VLQ 5)

� ZLWK 5) WKH YROWDJH DPSOLWXGH DQG
5) 5) WKH ZDYHQXPEHU RI WKH 5) VLJ�
QDO� GHFKLUSLQJ WKH EHDP DIWHU GHFRPSUHV�
VLRQ XVLQJ WKH OLQHDU SDUW RI WKH 5) YROWDJH
DURXQG WKH ]HUR FURVVLQJ UHTXLUHV DQ DPSOL�
WXGH RI

5)
UHI

5)
�����

,Q SUDFWLFH� WKH QRQ�OLQHDULW\ RI WKH 5) YROW�
DJH LPSULQWV D UHVLGXDO HQHUJ\�SKDVH PRG�
XODWLRQ LQ WKH EHDP WKDW UHVXOWV LQ D ODUJHU

HQHUJ\ VSUHDG� ZKLFK FDQ EH FDO�
FXODWHG WR OHDGLQJ RUGHU IRU D *DXVVLDQ
EHDP >��@ ZLWK LQLWLDO PHDQ HQHUJ\� UHI� WR
EH

5) �����

7KHUHIRUH� WKH ğQDO SURMHFWHG HQHUJ\ VSUHDG
RI WKH EHDP LV REWDLQHG DV WKH TXDGUDWLF VXP
RI WKH XQFRUUHODWHG �(T� ������ DQG FRUUHODWHG
�(T� ������ FRPSRQHQWV� 7KH FRUUHODWHG FRQ�
WULEXWLRQ WR WKH WRWDO HQHUJ\ VSUHDG LV WKH
GRPLQDQW IDFWRU IRU EHDPVZLWK ODUJHU LQLWLDO
HQHUJ\ VSUHDGV� L�H�� 5) ��

7KH ğQDO PHDQ HQHUJ\ MLWWHU LV DOVR DI�
IHFWHG E\ WKH FRUUHODWHG FRQWULEXWLRQ DULVLQJ
IURP WKH QRQ�OLQHDULW\ RI WKH GHFKLUSHU� $
WLPH�DUULYDO MLWWHU� WM� EHWZHHQ WKH 5) VLJQDO
DQG WKH HOHFWURQ EHDP FDQ IXUWKHU DFFHQWX�
DWH WKLV HIIHFW ZKHQ 5)

WM �� ,Q DGGLWLRQ�
WKH WLPLQJ MLWWHU ZRXOG DOVR UHVXOW LQ D QRQ�
SHUIHFW FRPSHQVDWLRQ RI WKH FHQWUDO HQHUJ\
GHYLDWLRQV RI WKH EHDP� L�H�� WM WM �
7KH SHUIRUPDQFH RI WKLV VFKHPH DSSOLHG WR

D ORZ�HQHUJ\ SODVPD LQMHFWRU SURWRW\SH ZDV
UHFHQWO\ GHPRQVWUDWHG E\ PHDQV RI VWDUW�WR�
HQG VLPXODWLRQV >��@�
7KH VFKHPDWLF RI WKH SURSRVHG HQHUJ\

FRPSUHVVRU EHDPOLQH LV VKRZQ LQ )LJ� ��D��
)LJXUH ��E� VKRZV WKH UHODWLYH VWUHQJWKV
RI WKH GLIIHUHQW HOHPHQWV RI WKH EHDPOLQH
�GLSROHV� TXDGUXSROHV� VH[WXSROHV DQG 5)
VWUXFWXUH� DQG WKH GHVLJQ RSWLF IXQFWLRQV IRU
D UHIHUHQFH EHDP ZLWK WKH VDPH VWDWLVWL�
FDO SDUDPHWHUV DV WKH RQH VKRZQ LQ )LJ� ��
)LUVW� WKH /3$ EHDP LV FDSWXUHG E\ D WULSOHW
RI VWURQJ TXDGUXSROH PDJQHWV VLWXDWHG DV
FORVH DV SRVVLEOH WR WKH SODVPD FHOO WR PLW�
LJDWH WKH FKURPDWLF HPLWWDQFH LQFUHDVH RI
WKH /3$ EHDP� 7KH FDSWXUH WULSOHW LV IRO�
ORZHG E\ D GULIW VSDFH IRU ODVHU EHDP UH�
PRYDO DQG GLDJQRVWLFV� 1H[W� DQ 6�FKLFDQH
ZLWK WZR VH[WXSROHV FRUUHFWV WKH FKURPDWLF
HPLWWDQFH LQFUHDVH LQ WKH KRUL]RQWDO SODQH�
ZKHUH WKH HPLWWDQFH RI WKH EHDP LV KLJKHU
E\ FRQVWUXFWLRQ� 7KH ODUJH �IXQFWLRQ LQ WKH
KRUL]RQWDO SODQH DOORZV IRU DQ HIğFLHQW FKUR�
PDWLF FRUUHFWLRQ E\ D UHODWLYHO\ ZHDN FKL�
FDQH DV WKH UHTXLUHG VH[WXSROH VWUHQJWK� �
GHFUHDVHV ZLWK WKH SURGXFW RI WKH GLVSHU�
VLRQ� � DQG WKH �IXQFWLRQ RI WKH EHDP�
� L�H� � � $W WKH VDPH WLPH� WKH

VPDOO �IXQFWLRQ LQ WKH YHUWLFDO SODQH PLQL�
PL]HV WKH GHWULPHQWDO QRQOLQHDU DEHUUDWLRQ
RI WKH YHUWLFDO HPLWWDQFH �)LJ� � �E��� :LWK
DQ 5�� � PP� WKLV FKLFDQH DOVR VHUYHV
DV D SUH�VWUHWFKHU� LQFUHDVLQJ WKH UPV EXQFK
OHQJWK IURP � WR �� P LQ RUGHU WR PLW�
LJDWH FRKHUHQW V\QFKURWURQ UDGLDWLRQ �&65�
HIIHFWV LQ WKH PDLQ FKLFDQH �VHH $SS[� $����

&DSWXUH TXDGV� �� FP * �� 7 P
2SWLF TXDGV� �� FP * �� 7 P
6�FKLFDQH GLSV� �� FP % � �� 7
0DLQ FKLFDQH GLSV� ��� FP % � �� 7
&KURPDWLF VH[WV� �� FP 6 ��� 7 P�

;�EDQG VWUXFWXUH ��� FP 9 ��� 09

3DUDPHWHUV RI NH\ EHDPOLQH HOHPHQWV�

7KH PDLQ FKLFDQH LV FRPSRVHG RI IRXU
VWURQJ GLSROHV ZLWK D FROOLPDWRU LQ WKH PLG�
GOH� 7KH ODUJH KRUL]RQWDO GLVSHUVLRQ DOORZV
IRU DQ HIğFLHQW PRPHQWXP FROOLPDWLRQ DW
� � L�H� FRO � ��� 7KH RI WKH PDLQ

FKLFDQH LV �� FP� 7KH FRPELQHG HIIHFW RI
ERWK FKLFDQHV UHVXOWV LQ D QHW �� � FP�
ZKLFK LQGXFHV D FKLUS RI �� 0H9�PP RQ
WKH EHDP� 7KHQ DQ ;�EDQG ��� *+]� 5)
GHFKLUSHU FRUUHFWV WKH HQHUJ\ GHYLDWLRQ E\











GLIIHUHQW WLPHV� ,W UHDFKHV LWV PD[LPXP
�PLQLPXP� ZKHQ KDOI �DOO� WKH 3(75$ ,9
EXQFKHV KDYH EHHQ UHğOOHG� :LWK D FKDU�
DFWHULVWLF WLPH JLYHQ E\ WKH EHDP OLIHWLPH�
WKH RVFLOODWLRQ LQ EXQFK FKDUJH YDULDWLRQV
GDPSV WRZDUGV WKH HTXLOLEULXPYDOXH� ZKLFK
IRU D QRQ�ĠXFWXDWLQJ VKRW FKDUJH� \LHOGV
4V 4% � � � � � LQ %ULJKWQHVV PRGH�
7KH FRQWULEXWLRQ IURP D ĠXFWXDWLQJ VKRW
FKDUJH WR WKH WRWDO EXQFK FKDUJH YDULDWLRQV
FDQ EH DGGHG LQ TXDGUDWXUH� )RU ��� UPV
VKRW FKDUJH ĠXFWXDWLRQ� WKH EXQFK FKDUJH
UPV VSUHDG FRQYHUJHV WR ���� �)LJ� ����
,Q FRQFOXVLRQ� DOWKRXJK WKH SODVPD LQMHF�

WRU JHQHUDOO\ RSHUDWHV ZLWK OHVV FKDUJH SHU
VKRW WKDQ WKH 5) LQMHFWRU� WKH UHTXLUHG ğOOLQJ
WLPHV FDQ EH DFKLHYHG ZLWK D KLJKHU UHSHWL�
WLRQ UDWH� ,Q WRS�XS RSHUDWLRQ� DOVR WKH 5)
LQMHFWRU RSHUDWHV ZLWK OHVV FKDUJH SHU VKRW�
DQG WKH SHUIRUPDQFH RI WKH SODVPD LQMHFWRU
GRHV QRW GLIIHU VLJQLğFDQWO\� 'HVSLWH DQ LQ�
WULQVLF VKRW FKDUJH YDULDWLRQ LQ WKH SODVPD
LQMHFWRU� WKH EXQFK�WR�EXQFK FKDUJH YDULD�
WLRQV RI WKH VWRUDJH ULQJ DUH GRPLQDWHG E\
GLIIHUHQFHV LQ WKH WRS�XS WLPH RI GLIIHUHQW
EXQFKHV�

7KH WRWDO HQHUJ\ FRQVXPSWLRQ RI WKH 3(�
75$ ,9 SODVPD LQMHFWRU FDQ EH EURNHQ GRZQ
LQ LWV WZR HVVHQWLDO FRPSRQHQWV� WKH ODVHU
ZLWK WKH SODVPD DFFHOHUDWRU PRGXOH DQG WKH
WUDQVSRUW EHDPOLQH ZLWK WKH HQHUJ\ FRP�
SUHVVRU�

7KH /3$ SURGXFHV WKH UHTXLUHG EHDP FXUUHQW
DW � *H9 HQHUJ\ ZLWKLQ WKH �� HQHUJ\ DFFHS�
WDQFH RI WKH HQHUJ\ FRPSUHVVLRQ EHDPOLQH�
$V UHSRUWHG LQ 6HF� ���� ğOOLQJ WKH 3(75$ ,9
ULQJ LQ �� PLQXWHV LQ %ULJKWQHVV PRGH VHWV
WKH FKDUJH LQMHFWLRQ UDWH DW � � Q& V� )RU
WRS�XS RSHUDWLRQ� DQ LQMHFWLRQ UDWH DV ORZ DV

�� S& V ZRXOG VXIğFH� 7KH WRWDO DYHUDJH
EHDP SRZHU UHTXLUHG WR ğOO �WRS XS� WKH ULQJ
LV WKHQ EHDP � *H9 �� � : � �� : �
7KH DYHUDJH SRZHU FRQVXPSWLRQ RI WKH /3$
FDQ EH H[SUHVVHG WKHQ DV

/3$ EHDP �����

ZKHUH VWDQGV IRU WKH WRWDO HIğFLHQF\ RI WKH
/3$ V\VWHP SURGXFLQJ WKH EHDP� &RQVLGHU�

LQJ WKDW WKH YDVW PDMRULW\ RI WKH HQHUJ\ LQ�
YHVWHG IRU WKH /3$ V\VWHP LV H[SHQGHG RQ WKH
GULYH ODVHU� WKH WRWDO HIğFLHQF\ FDQ EH IXU�
WKHU EURNHQ GRZQ LQ WZR FRQWULEXWLQJ IDF�
WRUV� WKH ODVHU ZDOO�SOXJ HIğFLHQF\ ZS DQG
WKH ODVHU�WR�EHDP HIğFLHQF\ OE� 7KH IRU�
PHU LV WKH PHDVXUH RI KRZ HIğFLHQWO\ D ODVHU
VRXUFH LV FRQYHUWLQJ HOHFWULFDO SRZHU LQWR XV�
DEOH RSWLFDO SRZHU� 7KH ODWWHU UHIHUV WR WKH
SHUFHQWDJH RI WKH ODVHU HQHUJ\ WKDW LV WUDQV�
IHUUHG WR WKH HOHFWURQ EHDP ZKLFK LV ğQDOO\
VWRUHG LQ 3(75$ ,9� .QRZLQJ WKH ODVHU�WR�
EHDP HIğFLHQF\� WKH UHTXLUHG DYHUDJH ODVHU
RSWLFDO SRZHU FDQ EH WKHQ VLPSO\ FDOFXODWHG
DV ODVHU EHDP OE�

6LPXODWLRQV IRU WKH
GHVFULEHG /3$ GHVLJQ KDYH VKRZQ ODVHU�WR�
EHDP HIğFLHQFLHV RI D IHZ SHUFHQW� FRP�
SDUDEOH WR WKH KLJKHVW HQHUJ\ WUDQVIHU HIğ�
FLHQFLHV PHDVXUHG LQ /3$ H[SHULPHQWV >���
��@� ,Q SDUWLFXODU� WKH VWDUW�WR�HQG VLPXOD�
WLRQ VKRZQ WKURXJKRXW 6HFV� ��� DQG ��� IRU
:3� \LHOGHG OE � � � 7KLV FDVH HPSOR\HG
D ODVHU SXOVH HQHUJ\ RI ���� - WR SURGXFH D
��*H9 HOHFWURQ EXQFK ZLWK �� S&� &RQVLGHU�
LQJ D UHDOLVWLF MLWWHU DQG WKH HQHUJ\ FROOLPD�
WLRQ LQ WKH (&%� WKH ğQDO EXQFK FKDUJH LQ�
MHFWHG LQWR 3(75$ ,9 LV ���� S& RQ DYHUDJH
�7DE� ��� ZKLFK UHVXOWV LQ D ğQDO DYHUDJH HI�
ğFLHQF\ RI ����� 2WKHU ZRUNLQJ SRLQWV KDYH
EHHQ H[SORUHG LQ $SS[� $�� FRQVLGHULQJ QDU�
URZHU JXLGLQJ FKDQQHOV� /DVHU�WR�EHDP HIğ�
FLHQFLHV LQ WKH ���ŋ��� � UDQJHZHUH REWDLQHG
LQ VLPXODWLRQV HPSOR\LQJ ODVHU SXOVHV HQHU�
JLHV EHWZHHQ �� DQG �� -� $GGLWLRQDO VLPX�
ODWLRQ VWXGLHV� SHUIRUPHG WR H[SORUH WKH HI�
ğFLHQF\ OLPLWV RI WKH /3$� UHYHDO IXUWKHU RS�
WLPL]DWLRQ SRWHQWLDO� E\ LPSURYLQJ WKH ODVHU
PDWFKLQJ WR WKH SODVPD JXLGLQJ FKDQQHO� LQ�
WURGXFLQJ WKH RSWLRQ RI OLQHDU SODVPD FKDQ�
QHO WDSHULQJ� DQG DOORZLQJ IRU D WXQDELOLW\ RI
WKH FXUUHQW SURğOH RI WKH DFFHOHUDWHG EHDP
E\ PHDQV RI ODVHU DQG SODVPD SDUDPHWHU
FKDQJHV� HIğFLHQFLHV XS WR ��� ZHUH RE�
WDLQHG ZLWK ODVHU HQHUJLHV DV ORZ DV �� - ����
S& EXQFKHV DW � *H9� �VHH $SS[� $����

7KH ODVHU ZDOO�SOXJ
HIğFLHQF\ LV VXEMHFW RI LQWHQVH UHVHDUFK
DQG GHYHORSPHQW >��@� &RQYHQWLRQDO 7L�6D�
ĠDVKODPS�SXPSHG� KLJK�SHDN�SRZHU ODVHUV
W\SLFDO IRU /3$V VXFK DV %(//$ DQG $1*86�
WKH /8; GULYH ODVHU� IHDWXUH D ORZ ZDOO�SOXJ
HIğFLHQF\ RI RUGHU ����� $ SDWK WR KLJKHU HI�



ğFLHQFLHV LV WKH GHSOR\PHQW RI D QHZ JHQHUD�
WLRQ RI GLRGH�SXPSHG ODVHUV LQ 7L�6D V\VWHPV
WKDW DOORZ WR VXUSDVV WKH �� >��@ ZDOO�SOXJ
HIğFLHQF\ WKUHVKROG� 6XFK V\VWHPV DUH LQ
RSHUDWLRQ� H�J�� WKH +LJK�UHSHWLWLRQ�UDWH $G�
YDQFHG 3HWDZDWW /DVHU 6\VWHP �+$3/6� >��@
GHYHORSHG E\ /DZUHQFH /LYHUPRUH 1DWLRQDO
/DERUDWRU\ �//1/� DQG LQVWDOOHG LQ WKH ([�
WUHPH /LJKW ,QIUDVWUXFWXUH �(/,� PDNHV XVH
RI KLJK�SRZHU GLRGH DUUD\ WHFKQRORJ\ WR GH�
OLYHU �� -� �� IV ODVHU SXOVHV DW �� +] ZLWK D
ZDOO�SOXJ HIğFLHQF\ RI �� >��@� $FFRUGLQJ WR
RXU VLPXODWLRQV� WKH SXOVH VSHFLğFDWLRQV RI
+$3/6 VXUSDVV WKH UHTXLUHPHQWV IRU SURGXF�
LQJ � *H9 EXQFKHV ZLWK DERXW �� S& FKDUJH
ZLWKLQ WKH DFFHSWDQFH� KRZHYHU WKH UHSHWL�
WLRQ UDWH ZRXOG EH LQVXIğFLHQW WR ğOO WKH ULQJ
LQ �� PLQXWHV� WKH ODVHU ZRXOG QHHG WR RS�
HUDWH DW �� +] WR DFKLHYH WKH UHTXLUHG FKDUJH
LQMHFWLRQ UDWH� 7R FLUFXPYHQW WKLV OLPLWDWLRQ�
HLWKHU WKH ğOOLQJ WLPH QHHGV WR EH UHOD[HG E\
D IDFWRU � �QHHGLQJ �� PLQXWHV WR ğOO WKH ULQJ
DQG ORZHULQJ WKH DYDLODELOLW\ RI WKH ULQJ E\
��� RU WKH UHSHWLWLRQ UDWH LQFUHDVHG E\ WKH
VDPH IDFWRU� )RU WKH ODWWHU� WKH +$3/6 WHFK�
QRORJ\ FRXOG VWLOO EH XVHG LI WKH QXPEHU RI
DPSOLğHUV LV LQFUHDVHG DFFRUGLQJO\ WR RSHU�
DWH LQ V\QF WR SURYLGH WKH UHTXLUHG UHSHWLWLRQ
UDWH� $ PRUH LQWHUHVWLQJ VROXWLRQ� DGRSWHG
LQ WKH LPSOHPHQWDWLRQ SODQ �6HF� ����� LV
WR GHYHORS QHZ GLRGH�SXPSHG DPSOLğFDWLRQ
VWDJHV IRU .$/'(5$ >��@ WKDW GLUHFWO\ UXQ
DW �� +]� 8VLQJ .$/'(5$ DV D VHHGHU QRW
RQO\ ZLOO EHQHğW IURP LWV H[FHSWLRQDO ODVHU
EHDP TXDOLW\ DQG RSHUDWLRQDO SHUIRUPDQFH�
EXW ZLOO VKDUH FRQVWUXFWLRQ DQG HQHUJ\ FRQ�
VXPSWLRQ FRVWV� RQO\ � HYHU\ �� ODVHU SXOVHV
SURGXFHG E\ .$/'(5$ZLOO EH DPSOLğHG VHS�
DUDWHO\ IRU 3,3��

8VLQJ EHDP �� � : IRU WKH DY�
HUDJH EHDP SRZHU QHHGHG WR ğOO WKH ULQJ LQ
%ULJKWQHVV PRGH LQ �� PLQXWHV� DQG OE
� � IRU WKH FRQVHUYDWLYH ODVHU�WR�EHDP HIğ�
FLHQF\ GHPRQVWUDWHG LQ WKH VLPXODWLRQV IRU
:3�� WKH UHTXLUHG DYHUDJH RSWLFDO SRZHU LV
ODVHU � � N:� 7KH EDVHOLQH GHVLJQ RI

.$/'(5$ DLPV WR GHOLYHU ���7:SHDN SRZHU
�� - LQ �� IV� ODVHU SXOVHV DW UHSHWLWLRQ UDWHV XS
WR WKH N+] OHYHO� L�H�� � N: RI DYHUDJH RSWLFDO
SRZHU� 7KLV LV DERXW � WLPHV KLJKHU WKDQ UH�
TXLUHG WR RSHUDWH WKH SODVPD LQMHFWRU IRU WKH
ULQJłV ğOOLQJV� DOEHLW ZLWK VXEVWDQWLDOO\ ORZHU
HQHUJ\ SHU SXOVH� &RQVLGHULQJ ZS � IRU
WKH ZDOO�SOXJ HIğFLHQF\ RI D GLRGH�SXPSHG

ODVHU V\VWHP� VXFK DV .$/'(5$ RU +$3/6�
ZH REWDLQ IURP (T� ����� /3$ �� N: IRU
WKH DYHUDJH SRZHU FRQVXPSWLRQ RI WKH /3$
ZKLOH ğOOLQJ WKH ULQJ LQ %ULJKWQHVV PRGH� %\
NHHSLQJ WKH VDPH DYHUDJH SRZHU� LQ 7LPLQJ
PRGH� WKH SODVPD LQMHFWRU ZRXOG FRPSOHWH
WKH LQLWLDO ğOOLQJ LQ DERXW � PLQXWHV�

'XULQJ WRS�XS� SURYLGHG
WKDW WKH DYHUDJH EHDP SRZHU WR GHOLYHU GH�
FUHDVHV VXEVWDQWLDOO\ WR RQO\ EHDP � �� :�
WKH DYHUDJH SRZHU FRQVXPSWLRQ RI WKH /3$
FRXOG EH� LQ SULQFLSOH� DV ORZ DV /3$
� � N:� +RZHYHU� DV LQGLFDWHG LQ 6HF� ���� WKH
UHSHWLWLRQ UDWH RI WKH ODVHU LQ WRS�XS PRGH
VKDOO QRW GLIIHU VXEVWDQWLDOO\ IURP WKDW XVHG
GXULQJ WKH ğOOLQJ� LQ RUGHU WR DYRLG VWDELOLW\
LVVXHV� 7KLV LPSOLHV WKDW� GXULQJ WRS�XS RS�
HUDWLRQ� WKH SODVPD LQMHFWRUZRXOG UXQ DW IXOO
SRZHU GXULQJ D VKRUW SHULRG RI WLPH� L�H�� ZLWK
D UHGXFHG GXW\ F\FOH �VHH 7DE� ��� $V IRU WKH
FDVH RI WKH 5) LQMHFWRU LQ 6HF� ������ LW LV \HW
WR EH LQYHVWLJDWHG D ORZ�SRZHU�FRQVXPSWLRQ
VWDQGE\PRGH IRU WKH SODVPD LQMHFWRU� ZKLFK
DOORZHG XV WR VDYH HQHUJ\ EHWZHHQ WRS�XSV�
$QRWKHU SRVVLELOLW\ WR WDNH DGYDQWDJH RI WKH
UHGXFHG GXW\ F\FOH EHWZHHQ WRS�XSV� LV WR
XVH WKH /3$ EHDP WR IHHG DQRWKHU EHDPOLQH
WR UXQ SDUDOOHO DSSOLFDWLRQV�

$SDUW IURP WKH HOHFWULFDO HQ�
HUJ\ UHTXLUHG WR SRZHU WKH ODVHU� D VXE�
VWDQWLDO FRQWULEXWLRQ WR WKH WRWDO SRZHU FRQ�
VXPSWLRQ FRPHV IURP LWV FRROLQJ V\VWHP
�WR RSHUDWH DW D VWDEOH WHPSHUDWXUH��� ,Q
FDVH RI D GLRGH�SXPSHG ODVHU V\VWHP ZLWK
DQ HIğFLHQF\�RSWLPL]HG FRROLQJ VROXWLRQ� WKH
HVWLPDWHG SRZHU FRQVXPSWLRQ IRU FRROLQJ LV
�� N:� DERXW ��� RI WKH WRWDO HOHFWULF SRZHU
HPSOR\HG E\ WKH ODVHU V\VWHP��

$QRWKHU VHSDUDWHG DQG VXE�
VWDQWLDO FRQWULEXWLRQ WR WKH WRWDO SRZHU FRQ�
VXPSWLRQ RI WKH SODVPD LQMHFWRU LV DVVR�
FLDWHG ZLWK WKH ODVHU ODE� 7KLV LQFOXGHV
$& WR VWDELOL]H DLU DQG KXPLGLW\� DQG DOO
WKH V\VWHP�KHOSHU GHYLFHV� VXFK DV UDFNV�
VHUYHUV DQG PRWRUV� %DVHG RQ WKH H[SH�
ULHQFH RSHUDWLQJ WKH $1*86 ODVHU ODE IRU
�7KLV FRQWULEXWLRQ WR WKH WRWDO SRZHU FRQVXPSWLRQ LV
VHSDUDWHG IURP ZKDW LV DFFRXQWHG WKURXJK WKH ZDOO�
SOXJ HIğFLHQF\ LQ (T� ������

�$ VLPLODU UDWLR EHWZHHQ FRROLQJ DQG HOHFWULF SRZHU�
���� ZDV HPSOR\HG GXULQJ /3$ H[SHULPHQWV ZLWK

WKH SHWDZDWW�FODVV� ĠDVKODPS�SXPSHG� %(//$ ODVHU
DW /%1/�





SRZHU GHPDQGV RI WKH WUDQVIHU OLQH IRU WKH
5) LQMHFWRU V\VWHP� ZKLFK DPRXQWV WR ���
N: �6HF� ������� 7KLV YDOXH LV FRPSDUDEOH
WR WKH HVWLPDWHG SRZHU FRQVXPSWLRQ RI WKH
ZKROH SODVPD LQMHFWRU� LQFOXGLQJ WKH ODVHU
V\VWHP� WKH ODVHU ODE� DQG WKH ;�EDQG HQHUJ\
FRPSUHVVLRQ EHDPOLQH�

/DVHU V\VWHP �� N:
/DVHU FRROLQJ �� N:
/DVHU ODE �� N:
0DJQHWV �� N:
5) V\VWHP �� N:
0DJQHWV 	 5) FRROLQJ �� N:
9DFXXP V\VWHP �� N:
0LVFHOODQHRXV �� N:

3RZHU FRQVXPSWLRQ RI WKH SODVPD LQMHFWRU
ZKHQ ğOOLQJ WKH 3(75$ ,9 VWRUDJH ULQJ DW �� +] ZLWK D
GLRGH�SXPSHG ODVHU V\VWHP�

$GGLQJ WKH /3$ DQG EHDPOLQH HVWLPDWHV�
ZH H[SHFW WKH SRZHU FRQVXPSWLRQ RI WKH
SODVPD LQMHFWRU� ZKHQ ğOOLQJ WKH 3(75$ ,9
VWRUDJH ULQJ� WR EH DURXQG ��� N: �7DEOH ���
$SSUR[LPDWHO\ KDOI RI WKLV SRZHU ZRXOG EH
XVHG E\ WKH ODVHU� LQFOXGLQJ WKH ODE DQG
LWV FRROLQJ V\VWHP� 7KLV YDOXH VKRXOG EH
VHHQ DV D ğQDO DWWDLQDEOH JRDO IRU D IXWXUH
3HWDZDWW�FODVV� GLRGH�SXPSHG ODVHU V\VWHP�
ZKLFK HIğFLHQWO\ GHOLYHUV WKH QHFHVVDU\ RS�
WLFDO SRZHU DQG UHSHWLWLRQ UDWH WR ğOO WKH ULQJ
IURP VFUDWFK� ,Q SUDFWLFH� WKH SRZHU FRQ�
VXPSWLRQ ZLOO EH KLJKHU RQFH WKH WUDQVIHU
OLQH H[SHQVHV DQG QHFHVVDU\ UHGXQGDQFLHV
WR HQVXUH KLJK EHDP DYDLODELOLW\ DUH IDFWRUHG
LQ� 1HYHUWKHOHVV� FRQVLGHULQJ WKH ��� 0:
SHDN SRZHU FRQVXPSWLRQ RI WKH 5) LQMHFWRU
V\VWHP IRU 3(75$ ,9 �6HFWLRQ ������� ZH FRQ�
FOXGH WKDW WKH SODVPD LQMHFWRU KDV WKH SR�
WHQWLDO WR EHFRPH DQ HQHUJ\�HIğFLHQW DOWHU�
QDWLYH�







7KH VLPXODWLRQV SHUIRUPHG IRU WKH GHVLJQ
RI 3,3� GHVFULEHG WKURXJKRXW 6HF� � \LHOGHG
SURPLVLQJ UHVXOWV� GHPRQVWUDWLQJ WKDW WKH
SURSRVHG GHVLJQ FDQ EH D FRPSHWLWLYH DQG
FRPSDFW VROXWLRQ IRU WKH IXWXUH� )RU VXFK D
GHVLJQ� ZH UHO\ RQ VKRUW�WHUP SHUVSHFWLYHV
IRU WKH WHFKQRORJLFDO GHYHORSPHQW RI WKH GLI�
IHUHQW FRPSRQHQWV� 7KH GHVLJQ WKXV H[�
WUDSRODWHV IURP ZKDW KDV EHHQ SURYHQ WR�
GD\ WR SURYLGH D SURPLVLQJ VROXWLRQ IRU WKH
IXWXUH� 7R H[SHULPHQWDOO\ GHOLYHU WKH VLP�
XODWHG EHDP SDUDPHWHUV� LW ZLOO EH QHFHV�
VDU\ WR DFWLYHO\ HQJDJH LQ WKH GHYHORSPHQW
RI WKH NH\ HOHPHQWV RI WKH GHVLJQ� DV ZHOO DV
WR SUHSDUH WKH WHUUDLQ IRU WKH LPSOHPHQWD�
WLRQ LQ WKH 3(75$ ,9 LQMHFWLRQ FRPSOH[� ,Q
WKLV FKDSWHU� ZH RXWOLQH WKH URDGPDS IRU WKH
GHYHORSPHQW RI WKH UHTXLUHG WHFKQRORJ\ DQG
WKH LPSOHPHQWDWLRQ RI WKH GLIIHUHQW FRPSR�
QHQWV RI WKH SODVPD LQMHFWRU IRU 3(75$ ,9�

7KH 3,3� LPSOHPHQWDWLRQ URDGPDS LV RUJD�
QL]HG LQWR WKUHH SURJUHVVLYH SKDVHV� HDFK
EXLOGLQJ XSRQ WKH SUHYLRXV RQH DQG LQ�
FUHDVLQJ LQ WHFKQRORJLFDO FRPSOH[LW\� 7KHVH
SKDVHV DUH RXWOLQHG LQ )LJ� �� DQG EULHĠ\ GH�
VFULEHG EHORZ�

,Q WKLV
LQLWLDO SKDVH� WKH NH\ FRPSRQHQWV RI WKH
SODVPD LQMHFWRU ZLOO EH GHPRQVWUDWHG LQGL�
YLGXDOO\� 7KH ğUVW PRGHOV RI WKH SODVPD
WDUJHW� LQWHJUDWLQJ ODVHU JXLGLQJ DQG FRQ�
WUROOHG LQMHFWLRQ� ZLOO EH WHVWHG RQ D ORZ�
HQHUJ\ WHVWEHG V\VWHP� 7KLV VWHS VHUYHV DV
D SUHFXUVRU WR WKH GHYHORSPHQW RI D VFDOHG�
GRZQ YHUVLRQ RI WKH 3,3� WDUJHW� ZKLFK ZLOO
EH GULYHQ E\ WKH .$/'(5$ ODVHU V\VWHP� $G�
GLWLRQDOO\� D ORZ�HQHUJ\ YHUVLRQ RI WKH HQ�
HUJ\ FRPSUHVVLRQ EHDPOLQH� XWLOL]LQJ DQ 6�
EDQG 5) VWUXFWXUH� ZLOO EH LQVWDOOHG LQ WKH
/8; V\VWHP� 7KLV VHWXS DLPV WR UHGXFH WKH
HQHUJ\ VSUHDG DQG MLWWHU RI WKH HOHFWURQ EHDP
E\ PRUH WKDQ D IDFWRU RI ��� DFKLHYLQJ WKH
HQHUJ\ EDQGZLGWK DQG VWDELOLW\ OHYHOV QHFHV�
VDU\ IRU WKH SODVPD LQMHFWRU�

%XLOGLQJ
RQ WKH VXFFHVVHV RI 3KDVH �� WKH LQGLYLG�
XDO WHFKQRORJLHV ZLOO EH LQWHJUDWHG WR IRUP D
FRPSOHWH SODVPD LQMHFWRU SURWRW\SH� GULYHQ
E\ WKH .$/'(5$ ODVHU V\VWHP� $OWKRXJK
WKLV SURWRW\SH ZLOO WDUJHW D ORZHU EHDP HQ�
HUJ\ UDQJH ���� ŋ ��� *H9�� LW ZLOO LQFOXGH DOO
WKH FULWLFDO FRPSRQHQWV RI WKH ğQDO 3,3� GH�
VLJQ� 7KH SODVPD LQMHFWRU SURWRW\SH FRXOG
EH LQVWDOOHG LQ *�:HJ� 7KLV VWUDWHJLF SODFH�
PHQW ZLOO DOORZ LW WR EH FRQQHFWHG WR WKH
PDLQ EHDP WUDQVIHU OLQH IURP /,1$& ,, WR
'(6< ,, LQ /�:HJ �VHH )LJ� ���� HQDEOLQJ WKH
SRVVLELOLW\ RI HDUO\ LQMHFWLRQ H[SHULPHQWV LQ
'(6< ,, �VHH )LJ� ���� $V WKH FRPPLVVLRQLQJ
RI WKH SODVPD LQMHFWRU SURWRW\SH SURJUHVVHV�
RSHUDWLRQDO LQMHFWLRQ WHVWV ZRXOG QDWXUDOO\
IROORZ� LQFOXGLQJ UXQQLQJ LQMHFWLRQ IRU H[�
WHQGHG SHULRGV RI WLPH� 7KHVH RSHUDWLRQDO
WHVWV ZLOO EH NH\ WR SURYLGLQJ IXUWKHU LQVLJKW
WR DVVHVV WKH UHDGLQHVV RI WKH WHFKQRORJ\ IRU
RSHUDWLRQ XQGHU UHDOLVWLF FRQGLWLRQV�

7KH QH[W
VWHS LV WR VHW XS D GHGLFDWHG SODVPD DFFHO�
HUDWRU WR GLUHFWO\ LQMHFW HOHFWURQV LQWR 3(�
75$ ,9 DW � *H9 HQHUJ\� ZLWK WKH XOWLPDWH
JRDO RI DFKLHYLQJ IXOO RSHUDWLRQDO FDSDELOLW\�
7KH SODVPD LQMHFWRU IRU 3(75$ ,9 ZRXOG EH
GULYHQ E\ D QHZ ODVHU V\VWHP FDSDEOH RI GH�
OLYHULQJ WKH UHTXLUHG SXOVH HQHUJ\� UHSHWL�
WLRQ UDWH DQG VWDELOLW\� 7KLV ODVHU V\VWHP� LQ�
FOXGLQJ WKH QHFHVVDU\ UHGXQGDQFLHV WR HQ�
VXUH KLJK DYDLODELOLW\� VKDOO EH ORFDWHG LQ D
GHGLFDWHG QHZ EXLOGLQJ QH[W WR WKH VWRUDJH
ULQJ� DV LQGLFDWHG LQ )LJ� �� WKHUHE\ HOLPLQDW�
LQJ WKH QHHG IRU DQ H[WHQGHG EHDP WUDQV�
SRUW OLQH� 7KH SUHSDUDWRU\ SKDVH IRU WKH GH�
YHORSPHQW RI WKLV ODVHU VKRXOG VWDUW ZHOO LQ
DGYDQFH� UXQQLQJ LQ SDUDOOHO ZLWK 3KDVH �
�VHH )LJ� ���� $OWHUQDWLYHO\� LI PRUH GHYHO�
RSPHQW WLPH LV UHTXLUHG� ZH FRXOG XSJUDGH
.$/'(5$ ZLWK D 3: DPSOLğHU WR PHHW WKH
UHTXLUHPHQWV RI WKH SODVPD LQMHFWRU� 7KLV
SODVPD DFFHOHUDWRU ZRXOG WKHQ EH LQVWDOOHG
LQ *�:HJ� DQG WKH � *H9 EHDPV ZRXOG EH
WUDQVSRUWHG� DV VKRZQ ODWHU LQ )LJ� ��� WR WKH
3(75$ ,9 LQMHFWLRQ SRLQW� ,Q DQ\ FDVH� WKH
SODVPD WDUJHW ZRXOG EH XSJUDGHG WR VXS�





SXOVHV RI XQSUHFHGHQWHG UHOLDELOLW\� UHSUR�
GXFLELOLW\ DQG TXDOLW\� WR GULYH DSSOLFDWLRQ�
UHDG\� QH[W�JHQHUDWLRQ ODVHU�SODVPD DFFHO�
HUDWRUV� ,Q SDUWLFXODU� .$/'(5$ ZLOO EH WKH
GULYHU RI WKH ğUVW GRZQ�VFDOHG YHUVLRQ RI
3,3�� DLPLQJ WR WHVW WKH IXOO�WHFKQRORJ\ FKDLQ
RI WKH SODVPD LQMHFWRU GXULQJ WKH 3KDVH ��
FXOPLQDWLQJ ZLWK WKH ğUVW LQMHFWLRQ SHUIRU�
PDQFH WHVWV LQ '(6< ,,� ZLWK D UHGXFHG HOHF�
WURQ EHDP HQHUJ\ ���� ŋ ���*H9�� )RU WKLV
UHDVRQ� WKH GHYHORSPHQW RI WKH 3,3� SURMHFW
LV FORVHO\ HQWDQJOHG ZLWK WKDW RI .$/'(5$
�VHH )LJ� ���� 'HPRQVWUDWLQJ LQMHFWLRQ LQWR
'(6< ,, ZLOO EH DQ RXWVWDQGLQJ PLOHVWRQH
WKDW ZLOO DOORZ XV WR IXOO\ DVVHVV WKH SHUIRU�
PDQFH RI DOO WKH HVVHQWLDO WHFKQRORJ\ EORFNV
RI WKH 3,3�� $IWHU WKLV� WKH SURMHFW ZLOO EH
UHDG\ WR HQJDJH LQWR WKH 3KDVH �� WKH GHYHO�
RSPHQW RI WKH DFWXDO � *H9 SODVPD LQMHFWRU
IRU 3(75$ ,9�
,GHDOO\� XSRQ VXFFHVVIXO FRPSOHWLRQ RI

SKDVH � DQG �� D GHGLFDWHG ODVHU ZRXOG EH
EXLOW WR GULYH D SODVPD LQMHFWRU FDSDEOH RI
VXSSRUWLQJ IXOO 3(75$ ,9 RSHUDWLRQ� LQFOXG�
LQJ ğOOLQJ DQG WRS XS RI WKH ULQJ� 7R PDNH
WKLV SRVVLEOH� D SUHSDUDWRU\ SKDVH IRU WKH
GHYHORSPHQW RI D IXWXUH KLJK SHDN SRZHU
ODVHU VKRXOG VWDUW ZHOO DKHDG LQ WLPH� DLP�
LQJ DW EHLQJ UHDG\ IRU WKH ğQDO LPSOHPHQ�
WDWLRQ RI WKH SODVPD LQMHFWRU IRU 3(75$ ,9�
7KLV SKDVH ZLOO SXVK WKH ERXQGDULHV RI FXU�
UHQW ODVHU WHFKQRORJ\� IRFXVLQJ RQ DFKLHYLQJ
WKH QHFHVVDU\ SXOVH HQHUJ\� UHSHWLWLRQ UDWH��
DQG VWDELOLW\ UHTXLUHG IRU WKH ğQDO SODVPD LQ�
MHFWRU�
+RZHYHU� LI ZH ğQG WKDW HYHQ PRUH GH�

YHORSPHQW LV UHTXLUHG WR DGGUHVV RSHQ
TXHVWLRQV GLVFRYHUHG LQ HDUOLHU SKDVHV� ZH
FDQ DOVR IRUHVHH WR XSJUDGH WKH H[LVWLQJ
.$/'(5$ ODVHU ZLWK DQ DGGLWLRQDO DPSOL�
ğHU VWDJH RSHUDWLQJ DW D UHGXFHG UHSHWL�
WLRQ UDWH� XVLQJ .$/'(5$ DV D VHHG ODVHU�
7KH 3HWDZDWW�FODVV XSJUDGH RI .$/'(5$
�.$/'(5$�� FRXOG WDNH SODFH LQ DQ H[WHQ�
VLRQ RI WKH FXUUHQW ODE FXUUHQWO\ XQGHU GH�
YHORSPHQW� &RQVLGHULQJ WKDW WKH SODVPD
LQMHFWRU ZLOO QRW QHFHVVLWDWH WKH YHU\ KLJK
UHSHWLWLRQ UDWHV RI .$/'(5$ �� N+]�� RQO\
D UHGXFHG IUDFWLRQ RI WKH .$/'(5$ SXOVHV
ZRXOG EH GLYHUWHG WR WKH .$/'(5$� H[WHQ�
VLRQ ODE IRU IXUWKHU DPSOLğFDWLRQ DW DERXW
�� +]� 1HYHUWKHOHVV� WKH PXFK KLJKHU UHS�
HWLWLRQ UDWHV RI .$/'(5$ DFWLQJ DV IURQWHQG

�)RU H[DPSOH� �� - SXOVH HQHUJ\ DQG �� +] UHSHWLWLRQ
UDWH IRU WKH ZRUNLQJ SRLQW VKRZQ LQ 6HF� ���

ZRXOG DOORZ XV WR LPSOHPHQW DFWLYH VWDEL�
OL]DWLRQ DQG IHHGEDFN WKURXJKRXW WKH ZKROH
DPSOLğFDWLRQ FKDLQ� WKXV SURYLGLQJ D VLJQLI�
LFDQWO\ PRUH VWDEOH V\VWHP� 7KH ODVW ODVHU
SXOVH HQHUJ\ DPSOLğFDWLRQ VWDJH ZRXOG VWLOO
EH EDVHG RQ GLRGH�SXPSLQJ WHFKQRORJ\� LQ
RUGHU WR GHOLYHU WKH UHTXLUHG OHYHOV RI UHSHWL�
WLRQ UDWH DQG ZDOO�SOXJ HIğFLHQF\�

7KH H[SHULPHQWDO UHDOL]DWLRQ RI WKH SODVPD
VRXUFH IRU 3,3� ZLOO UHTXLUH FDUHIXO WDLORULQJ
RI WKH �' SODVPD GHQVLW\ VWUXFWXUH� 6KDS�
LQJ WKH ORQJLWXGLQDO SODVPD GHQVLW\ SURğOH LV
FUXFLDO IRU LQLWLDWLQJ WKH LQMHFWLRQ RI D KLJK�
TXDOLW\ HOHFWURQ EHDP DW WKH VWDUW RI WKH DF�
FHOHUDWRU� ZKLOH FUHDWLQJ DSSURSULDWH SODVPD
ZDYHJXLGHV IRU JXLGLQJ WKH ODVHU LV QHFHV�
VDU\ WR UHDFKPXOWL�*H9 DFFHOHUDWLRQ� $V GLV�
FXVVHG LQ ���� +2), ZDYHJXLGHV >��@ SUR�
YLGH D JRRG IRXQGDWLRQDO WHFKQRORJ\ DURXQG
ZKLFK WR EDVH WKH SODVPD VRXUFH RZLQJ WR
WKHLU DELOLW\ WR JXLGH D VSRW RI D IHZ WHQV RI
PLFURQV RYHU VHYHUDO KXQGUHGPLOOLPHWHUV DW
GHQVLWLHV RI RUGHU ���� FP � >��� ��@� 7KHUH
KDV DOUHDG\ EHHQ SURPLVLQJ UHVXOWV GHPRQ�
VWUDWLQJ WKH DGGLWLRQ RI D FRQWUROOHG LQMHF�
WLRQ VWUXFWXUH LQWR VXFK DQ RSWLFDOO\ IRUPHG
FKDQQHO >��@� +RZHYHU� LQ WKH FDVH RI 3,3��
VLJQLğFDQW IXUWKHU GHYHORSPHQW ZLOO EH UH�
TXLUHG WR LQFUHDVH WKH HOHFWURQ EHDP HQHUJ\�
TXDOLW\� UHOLDELOLW\ DQG VWDELOLW\ ZKLOH DOVR
RSHUDWLQJ ZLWKLQ D VHULHV RI DGGLWLRQDO FRQ�
VWUDLQWV VXFK DV WKH DFFHOHUDWRU YDFXXP HQ�
YLURQPHQW�
7KH SODVPD VRXUFH IRU 3,3� ZLOO XQGHUJR

VWDJHG GHYHORSPHQW� ,QLWLDOO\� D ORZ HQHUJ\
��� 0H9 SURWRW\SH SODVPD VRXUFHZLOO EH GH�
YHORSHG WR WHVW NH\ FRQFHSWV UHODWLQJ WR DFFX�
UDWHO\ SURGXFLQJ WKH SODVPD ZDYHJXLGH DQG
LQMHFWLRQ VWUXFWXUH� 6HYHUDO PHWKRGV RI WXQ�
LQJ WKH SODVPD VRXUFH ZLOO EH LQYHVWLJDWHG
DQG FRPSDUHG EHIRUH GRZQ�VHOHFWLQJ� $W
WKLV VWDJH �3KDVH ��� WKH PHWKRG RI JHQHU�
DWLQJ WKH LQMHFWLRQ VWUXFWXUH ZLOO DOVR EH VH�
OHFWHG� 1H[W� WKH PRVW SURPLVLQJ WHFKQROR�
JLHV ZLOO EH LQFRUSRUDWHG LQWR D VFDOHG�GRZQ
YHUVLRQ RI WKH 3,3� SODVPD VRXUFH DLPLQJ DW
HOHFWURQ HQHUJLHV LQ WKH ���� ŋ ��� *H9� UDQJH�
XVLQJ .$/'(5$ DV WKH GULYH ODVHU �3KDVH
��� )LQDOO\� WKH IXOO HQHUJ\� � *H9� SODVPD
VRXUFH ZLOO EH FRQVWUXFWHG EXLOGLQJ RQ WKH
OHDUQLQJV IURP WKH WZR SURWRW\SHV �3KDVH ���
,Q DOO FDVHV� WKH /3$V DVVRFLDWHG WR WKHVH



SODVPD VRXUFHV ZLOO DLP WR JHQHUDWH HOHFWURQ
EHDPV ZLWK DQ HQHUJ\ VSUHDG RI �� RI WKH
SHDN HQHUJ\� &RPELQLQJ UREXVW RSHUDWLRQ
DW KLJK UHSHWLWLRQ UDWHV DQG GHYHORSLQJ LP�
SURYHG WXQDELOLW\ ZLOO EH D FHQWUDO IRFXV RI
WKHVH HIIRUWV� DV WKLV ZLOO DOORZ XV WR OHYHU�
DJH PDFKLQH�OHDUQLQJ�GULYHQ H[SHULPHQWDO
RSWLPL]DWLRQ WHFKQLTXHV� ZKLFK KDYH VKRZQ
JUHDW SURPLVH IRU FDSLWDOL]LQJ RQ WKH IXOO SR�
WHQWLDO RI /3$V >��� ��@�

7KH HQHUJ\ FRPSUHVVLRQ EHDPOLQH GHVLJQHG
IRU WKH SODVPD LQMHFWRU ZLOO EH WHVWHG SULRU
WR WKH VWDUW RI WKH 3(75$ ,9 SURMHFW GXU�
LQJ WKH WHFKQRORJ\ GHPRQVWUDWLRQ 3KDVH
� �)LJ� ���� LQ DQ LQGHSHQGHQW SURRI�RI�
SULQFLSOH H[SHULPHQW WKDW LV FXUUHQWO\ LQ
SUHSDUDWLRQ DW '(6<� 7KLV GHPRQVWUDWRU H[�
SHULPHQW ZLOO XWLOL]H WKH /8; /3$ >��@ WR
JHQHUDWH ��� 0H9 DYHUDJH HQHUJ\ HOHFWURQ
EHDPV ZLWK D IHZ SHU FHQW HQHUJ\ VSUHDG
DQG VWDELOLW\� 7KH GHPRQVWUDWRU DLPV DW YDO�
LGDWLQJ WKH FRQFHSW RI HQHUJ\ VSUHDG UHGXF�
WLRQ DQG VWDELOL]DWLRQ E\ PHDQV RI DQ DFWLYH
5) GHFKLUSHU� ,W LV H[SHFWHG IURP VLPXOD�
WLRQV WKDW WKH DGGLWLRQ RI D FKLFDQH DQG DQ
5) HQHUJ\ FRPSUHVVRU WR /8; ZLOO UHVXOW LQ
D SHUPLOOH�OHYHO RI HQHUJ\ VSUHDG DQG HQHUJ\
VWDELOLW\� UHGXFLQJ WKH VSHFWUDO EDQGZLGWK RI
WKH /3$ EHDPV E\ DQ RUGHU RIPDJQLWXGH� )RU
FRQYHQLHQFH� ZH SODQ WR XWLOL]H WKH UHDGLO\
DYDLODEOH 6�EDQG �� *+]� WHFKQRORJ\ DW '(6<
IRU WKH 5) VWUXFWXUH� +DUGZDUH LQVWDOODWLRQ
LV H[SHFWHG WR VWDUW LQ VSULQJ ���� ZLWK FRP�
PLVVLRQLQJ DQG GDWD DFTXLVLWLRQ SODQQHG IRU
����� 7KLV 6�EDQG 5) EDVHG HQHUJ\ FRPSUHV�
VLRQ V\VWHP FRXOG EH UHXWLOL]HG LQ WKH ORZ�
HQHUJ\ SODVPD LQMHFWRU SODQHG IRU 3KDVH � RI
WKH SURMHFW �VHH )LJ� ����
)RU WKH ğQDO � *H9 SODVPD LQMHFWRU EHDP�

OLQH �SKDVH ��� ZH ZLOO XVH ;�EDQG WHFK�
QRORJ\ GXH WR LWV VKRUWHU ZDYHOHQJWK DQG
KLJKHU DFFHOHUDWLQJ JUDGLHQW� ZKLFK HQDEOHV
WKH XVH RI D FRPSDUDEO\ VKRUW 5) VWUXFWXUH
�VHH )LJ� ��� '(6< DOUHDG\ KDV H[SHULHQFH RS�
HUDWLQJ ;�EDQG 5) VWUXFWXUHV DW $5(6 DQG
)/$6+ >��@� %HVLGHV� DGGLWLRQDO H[SHULHQFH
FRXOG EH JDLQHG E\ XSJUDGLQJ WKH 5) VWUXF�
WXUH WR ;�EDQG IRU WKH SODVPD LQMHFWRU SUR�
WRW\SH RI 3KDVH �� $ VHWXS XVLQJ DQ ;�EDQG
5) GHFKLUSHU FRXOGPDNH XVH RI D ���FP�ORQJ
FDYLW\ VLPLODU WR WKH &/$5$�W\SH �� *+] DF�
FHOHUDWLQJ VWUXFWXUH >��� ��@� SRZHUHG E\ D

� 0: NO\VWURQ DQG SXOVH FRPSUHVVRU LQ D
VHWXS VLPLODU WR WKH ;�EDQG 7'6 H[SHULPHQW
DW WKH $5(6 DFFHOHUDWRU >��@�
7KH � *H9 SODVPD LQMHFWRU EHDPOLQH ZLOO

VKDUH WKH GHVLJQ RI PDQ\ FRPSRQHQWV� VXFK
DV PDJQHWV� LQVWUXPHQWDWLRQ� NLFNHUV ZLWK
WKH UHVW RI WKH 3(75$ ,9 SURMHFW� 7KLV DS�
SURDFK DOORZV VDYLQJ WKH WLPH DQG HIIRUW RQ
WKH GHVLJQ RI WKH KDUGZDUH�

'HYHORSLQJ DQ HI�
ğFLHQW� KLJK�SHDN�SRZHU� KLJK�UHSHWLWLRQ�
UDWH ODVHU V\VWHP FDSDEOH RI RSHUDWLQJ WKH
SODVPD LQMHFWRU GXULQJ WKH ğOOLQJV RI WKH
VWRUDJH ULQJ LV RQH RI WKH PRVW FKDOOHQJ�
LQJ DVSHFWV RI WKH SURMHFW� $OWKRXJK ODVHU
V\VWHPV ZLWK VLPLODU VSHFLğFDWLRQV DUH EH�
LQJ GHYHORSHG WRGD\ LQ VRPH VHOHFWHG IDFLOL�
WLHV VXFK DV WKH (XURSHDQ ([WUHPH /LJKW ,Q�
IUDVWUXFWXUH �(/,� >��@� WKH WHFKQRORJ\ LV QRW
\HW RQ SDU ZLWK WKH KLJK RSHUDWLQJ GHPDQGV
RI D ZRUOG�FODVV VFLHQWLğF LQVWUXPHQW VXFK
DV WKH SURSRVHG 3(75$ ,9� +RZHYHU� ZLWK
WKH GHYHORSPHQW RI .$/'(5$� '(6< LV WDN�
LQJ D OHDGLQJ SRVLWLRQ WR HQJDJH WKH GHYHO�
RSPHQW RI WKH QH[W JHQHUDWLRQ RI ODVHU V\V�
WHPV IRU SODVPD DFFHOHUDWLRQ� 'HVSLWH WKLV
SURJUHVV� WKHUH UHPDLQV D KLJK ULVN LQ DFKLHY�
LQJ WKH ğQDO ODVHU SHUIRUPDQFH UHTXLUHG WR
FRPSOHWHO\ UHSODFH WKH 5) LQMHFWRU V\VWHP�
&RQVLGHUDEOH HIIRUWV� LQFOXGLQJ FROODERUDWLRQ
ZLWK LQGXVWULDO SDUWQHUV� ZLOO EH QHFHVVDU\ WR
PDWXUH WKH ODVHU V\VWHP WR D UHOLDEOH RSHUD�
WLRQDO VWDWH� )RU WRS�XS RSHUDWLRQ� KRZHYHU�
WKH ULVN LV VLJQLğFDQWO\ ORZHU EHFDXVH WKH UH�
TXLUHPHQWV RQ WKH ODVHU V\VWHP DUH ODUJHO\
UHOD[HG LQ WHUPV RI UHSHWLWLRQ UDWH� DQG ODVHU
V\VWHPV ZLWK WKHVH FKDUDFWHULVWLFV DUH FRP�
PHUFLDOO\ DYDLODEOH�

7KH GHYHORSPHQW RI D WDLORUHG
SODVPD VRXUFH LV FUXFLDO WR IXOğOO WKH PLQ�
LPXP UHTXLUHPHQWV RI D KLJK SHUIRUPDQFH
SODVPD LQMHFWRU� *HQHUDWLQJ D WUDQVYHUVH
SODVPD GHQVLW\ VWUXFWXUH VXLWDEOH IRU JXLG�
LQJ UHODWLYHO\ VPDOO ODVHU VSRW VL]HV ZLOO HQ�
DEOH RSHUDWLRQ RI WKH LQMHFWRU ZLWK ORZHU HQ�
HUJ\ SXOVHV� ZKLFK� LQ WXUQ� ZLOO IDFLOLWDWH
UXQQLQJ WKH ODVHU V\VWHP DW KLJKHU UHSH�
WLWLRQ UDWHV� %HVLGHV� XVLQJ DQ DOO�RSWLFDO
WHFKQLTXH WR JHQHUDWH WKH SODVPD VWUXFWXUH
ZLOO HQDEOH WKH DFFHOHUDWRU WR RSHUDWH IRU



H[WHQGHG SHULRGV RI WLPH� )RU WKHVH UHD�
VRQV WKH SODVPD VRXUFH GHYHORSPHQW ZLOO
EH EDVHG DURXQG D +2), SODVPD FKDQQHO�
DV LW LV WRGD\ WKH RQO\ WHFKQLTXH WKDW KDV
GHPRQVWUDWHG SDUDPHWHUV FRPSDWLEOH ZLWK
WKH QHHGV RI 3,3�� &XUUHQWO\� WKH GHYHORS�
PHQW RI +2), FKDQQHOV LV DGYDQFLQJ DW D KLJK
SDFH DQG HQFRXUDJLQJ PLOHVWRQHV VXFK DV
WKH DFFHOHUDWLRQ RI HOHFWURQV WR � *H9 HQ�
HUJ\ ZLWK �� - HQHUJ\ SXOVHV >��@ KDYH EHHQ
UHFHQWO\ GHPRQVWUDWHG� 7KHUH LV D PRGHU�
DWH ULVN� KRZHYHU� WKDW WKH UHDO ODVHU JXLGLQJ
ZLOO GLIIHU IURP WKH LGHDOL]HG VLPXODWLRQV�
IRU H[DPSOH ZLWK KLJKHU�WKDQ�H[SHFWHG HQ�
HUJ\ ORVV RI WKH SXOVH GXULQJ SURSDJDWLRQ
GXH WR OHDNDJH WKURXJK WKH ZDOOV RI WKH
ZDYHJXLGH VWUXFWXUH� $GGLWLRQDOO\� WKH IUDF�
WLRQ RI HQHUJ\ FRXSOHG LQWR WKH ORZHVW RU�
GHU PRGH PD\ GLIIHU IURP WKDW LQ VLPXOD�
WLRQV� %RWK RI WKHVH RXWFRPHV ZRXOG QH�
FHVVLWDWH D KLJKHU LQLWLDO ODVHU SXOVH HQHUJ\
WR DFKLHYH WKH GHVLUHG HOHFWURQ EHDP SD�
UDPHWHUV� 7KLV HIIHFW KDV D GLUHFW LPSDFW
RQ WKH RYHUDOO HQHUJ\ HIğFLHQF\ RI WKH V\V�
WHP DQG RQ WKH IHDVLELOLW\ RI D SODVPD LQ�
MHFWRU FDSDEOH RI ğOOLQJ WKH VWRUDJH ULQJ DW D
KLJK UHSHWLWLRQ UDWH� $GGLWLRQDOO\� LW LV FUX�
FLDO WR UHDOL]H VSHFLğF ORQJLWXGLQDO SURğOHV
WKDW DOORZ IRU FRQWUROOLQJ WKH SURSHUWLHV RI
WKH HOHFWURQ EHDPV� &RPELQLQJ ERWK WUDQV�
YHUVH DQG ORQJLWXGLQDO SURğOLQJ ZLWK WKH GH�
VLUHG SHUIRUPDQFH LV \HW WR EH GHYHORSHG�
DQG WKHUHIRUH� LW EULQJV DQ DVVRFLDWHG ULVN�
+RZHYHU� ğUVW SURPLVLQJ H[SHULPHQWDO UH�
VXOWV KDYH DOUHDG\ GHPRQVWUDWHG WKH FRQ�
WUROOHG LQMHFWLRQ RI HOHFWURQ EHDPV ZLWKLQ D
+2), SODVPDZDYHJXLGH >��@� :LWK WKH GHYHO�
RSPHQW RI 3,3�� '(6< HQJDJHV D VWURQJ H[�
SHULPHQWDO SURJUDP SXUVXLQJ WKH GHYHORS�
PHQW RI RSWLFDO SODVPD VKDSLQJ WHFKQRORJ\�
LQFOXGLQJ +2), SODVPD FKDQQHOV DQG SURğOH
WDLORULQJ IRU LQMHFWLRQ� ZKLFK LV GHVLJQHG WR
HQVXUH WKDW WKH UHTXLUHG OHYHO RIPDWXULW\ IRU
WKH SODVPD VRXUFHV LV DFKLHYHG�

$FKLHYLQJ VXIğFLHQW
EHDP FKDUJH VWDELOLW\ IURP WKH /3$ LV RI XW�
WHUPRVW LPSRUWDQFH� )RU XS WR IHZ SHUFHQW
HQHUJ\ ĠXFWXDWLRQV� WKH HQHUJ\ FRPSUHVVLRQ
EHDPOLQH �(&%� KDV EHHQ SURYHQ WR EH HIIHF�
WLYH LQ VLPXODWLRQV WR VLJQLğFDQWO\ LQFUHDVH
WKH FKDUJH WKURXJKSXW DQG UHGXFH WKH EXQFK
FKDUJH ĠXFWXDWLRQV� ZKLFK ZRXOG RWKHUZLVH
UHVXOW IURP DQ DJJUHVVLYHPRPHQWXPDFFHS�
WDQFH FXW LQ WKH VWRUDJH ULQJ� 7KH FRQğ�

GHQFH RQ WKH FRQYHQWLRQDO HOHPHQWV RI WKH
EHDPOLQH LV KLJK DQG QR VLJQLğFDQW ULVN LV
H[SHFWHG IRU WKLV FRPSRQHQW RI WKH SODVPD
LQMHFWRU� +RZHYHU� ZKLOH WKH (&% FDQ VLJQLI�
LFDQWO\ UHGXFH WKH HQHUJ\ ĠXFWXDWLRQV RI WKH
EHDP� WKH LQWULQVLF EXQFK FKDUJH YDULDWLRQ
UHVXOWLQJ IURP MLWWHUV RI ODVHU DQG SODVPD SD�
UDPHWHUV FDQQRW EH FRPSHQVDWHG� DQG PLWL�
JDWLRQ FDQ RQO\ EH DSSOLHG XSVWUHDP� 7KXV�
WKHUH LV D PRGHUDWH ULVN WKDW WKH ğQDO SHU�
IRUPDQFH RI WKH /3$ LQ WHUPV RI EXQFK�WR�
EXQFK FKDUJH ĠXFWXDWLRQV FRXOG EH LQVXIğ�
FLHQW WR FRPSO\ ZLWK WKH 3(75$ ,9 UHTXLUH�
PHQWV� 7KH SURPLVLQJ H[SHULPHQWDO UHVXOWV
DFKLHYHG UHFHQWO\ DW /8; IRU HQKDQFHG /3$
EHDP VWDELOLW\ DQG WKH SURVSHFWV IRU \HW
EHWWHU SHUIRUPLQJ /3$V UXQQLQJ DW KLJKHU
UHSHWLWLRQ UDWHV DQG GHSOR\LQJ DFWLYH VWDEL�
OL]DWLRQ DQG IHHGEDFN V\VWHPV� RIIHU JUHDW
SURPLVH IRU D ODUJHO\ LPSURYHG EHDP FKDUJH
VWDELOL]DWLRQ LQ WKH IXWXUH�

$W WKH PRPHQW� '(6<
KDV D OLPLWHG H[SHULHQFH GHVLJQLQJ DQG RS�
HUDWLQJ ;�EDQG DFFHOHUDWLQJ VWUXFWXUHV ZLWK
WKH RQO\ H[FHSWLRQV EHLQJ WKH 7'6 V\VWHPV
DW )/$6+ DQG $5(6� 7KH FDYLWLHV DQG 5)
KDUGZDUH IRU WKHVH V\VWHPV KDYH EHHQ GH�
YHORSHG HOVHZKHUH� L�H� DW &(51 DQG 36,�
7KXV� XVLQJ D UHODWLYHO\ QRYHO �IRU WKH ODERUD�
WRU\� 5) WHFKQRORJ\ SRVHV D PLQRU WHFKQLFDO
ULVN� ,W FDQ EH PLWLJDWHG E\ ğUVW JDLQLQJ H[�
SHULHQFH ZLWK FRPPLVVLRQLQJ DQG RSHUDWLQJ
DQ ;�EDQG FDYLW\ LQ WKH VFRSH RI WKH SODVPD
LQMHFWRU SURWRW\SH IRU '(6< ,,�

$FKLHYLQJ WKH UH�
TXLUHG ��� IV UPV OHYHO RI V\QFKURQL]DWLRQ
EHWZHHQ WKH ODVHU DQG WKH ;�EDQG 5) V\VWHP
FRXOG EH WHFKQLFDOO\ FKDOOHQJLQJ LQ YLHZ RI
WLPLQJ MLWWHUV DQG WHPSHUDWXUH ĠXFWXDWLRQV
LQ WKH WXQQHO >��@� 7KLV SRVHV D PLQRU ULVN WR
WKH RYHUDOO ğQDO EHDP TXDOLW\ DQG LQMHFWLRQ
HIğFLHQF\� $ WHFKQLFDO GHVLJQ RI WKH VXEV\V�
WHP WKDW WDNHV LQWR DFFRXQW WKH SRVLWLRQV RI
WKH ODVHU DQG WKH 5) V\VWHPV� WXQQHO OD\RXW
DQG LQIUDVWUXFWXUH LV QHHGHG WR FRQğUP DW�
WDLQDELOLW\ RI WKH V\QFKURQL]DWLRQ�

6LQFH WKH 3(75$ ,9 EDVHOLQH IRUHVHHV LQMHFW�
LQJ VLQJOH HOHFWURQ EXQFKHV DQG QRW EXQFK





LQVWDOODWLRQ SHULRG� WKH VR�FDOOHG �
GXULQJ ZKLFK WKH ZKROH 3(75$ ,,, ZLOO EH
VKXWGRZQ IRU WKH XSJUDGH �VHH )LJ� ���� 7KH
QHFHVVDU\ PDJQHWV� EHQGLQJ GLSROHV DQG IR�
FXVLQJ TXDGUXSROHV� VKDUH WKH GHVLJQ ZLWK
3(75$ ,9 PDJQHWV WR ORZHU WKH FRVWV� 7KH
VWDQGDUG 3(75$ ,9 GLDJQRVWLFV KDUGZDUH LV
FRPSDWLEOH ZLWK WKH /3$ EHDP SDUDPHWHUV
DQG FDQ EH UHXVHG >��@�





:H KDYH SUHVHQWHG WKH FRQFHSWXDO GHVLJQ
RI D IXWXUH LQMHFWRU IRU 3(75$ ,9� EDVHG RQ
SODVPD DFFHOHUDWLRQ WHFKQRORJ\� 7KH GH�
VLJQ UHOLHV RQ D VWDWH�RI�WKH�DUW ODVHU�SODVPD
DFFHOHUDWRU �/3$� WR SURYLGH HOHFWURQ EHDPV
ZLWK �� S& FKDUJH DW � *H9 DQG ���OHYHO
HQHUJ\ GHYLDWLRQV� FRQVLGHULQJ UHDOLVWLF MLW�
WHUV� 6XFK GHVLJQ IRU WKH /3$ FRPELQHV SUH�
FLVH ORQJLWXGLQDO DQG WUDQVYHUVH WDLORULQJ RI
WKH SODVPD SURğOH WR FRQWURO WKH LQMHFWLRQ RI
VXLWDEOH HOHFWURQ EHDPV DQG JXLGH WKH ODVHU
RYHU H[WHQGHG GLVWDQFHV WR DFKLHYH KLJK HQ�
HUJ\ JDLQ� UHVSHFWLYHO\� 7KH /3$ LV IROORZHG
E\ D QRYHO HQHUJ\ FRPSUHVVLRQ EHDPOLQH
�(&%� EDVHG RQ ;�EDQG 5) WHFKQRORJ\ WR IXU�
WKHU UHGXFH WKH RYHUDOO HQHUJ\ ĠXFWXDWLRQV
DQG WKH HQHUJ\ VSUHDG RI WKH EHDP WR DQ XQ�
SUHFHGHQWHG VXE�SHUPLOOH OHYHO� WKXV PD[L�
PL]LQJ WKH FKDUJH VWDELOLW\ DQG WKURXJKSXW
LQWR WKH VWRUDJH ULQJ� $OWRJHWKHU� WKH SUR�
SRVHG SODVPD LQMHFWRU �/3$ � (&%� WDNHV OHVV
WKDQ �� P DQG FDQ EH LQVWDOOHG� LGHDOO\� LQ
D GHGLFDWHG EXLOGLQJ QH[W WR WKH LQMHFWLRQ
SRLQW RU� DOWHUQDWLYHO\� LQ DQ H[LVWLQJ WXQQHO
DW '(6<� ZKLFK FRQYHQLHQWO\ FRQQHFWV ZLWK
WKH 3(75$ ,9 VWRUDJH ULQJ�
6WDUW�WR�HQG VLPXODWLRQV IRU D SDUWLFXODU

ZRUNLQJ SRLQW �REWDLQHG WKURXJK %D\HVLDQ
RSWLPL]DWLRQ�� HPSOR\LQJ �� - ODVHU SXOVHV
WR GULYH WKH /3$� GHPRQVWUDWH WKH IHDVLELOLW\
DQG WKH SHUIRUPDQFH RI WKH GHVLJQ� :H KDYH
HVWLPDWHG WKH DYHUDJH SRZHU FRQVXPSWLRQ
RI WKH SODVPD LQMHFWRU UXQQLQJ DW �� +] WR
SHUIRUP WKH PRVW GHPDQGLQJ WDVN IRU 3(�
75$ ,9� ğOOLQJ WKH ULQJ IURP VFUDWFK ZLWK
PD[LPXPFKDUJH� &RQVLGHULQJ WKH QHZ JHQ�
HUDWLRQ RI GLRGH�SXPSHG ODVHUV LQ 7L�6D V\V�
WHPV ZLWK D ZDOO�SOXJ HIğFLHQF\ RI ��� ZH
FDOFXODWH �� N: RI DYHUDJH HOHFWULF SRZHU
FRQVXPHG E\ WKH GULYH ODVHU ZKLOH ğOOLQJ WKH
ULQJ� MXVW WKH ��� RI WKH WRWDO ��� N: HVWL�
PDWHG IRU WKH SRZHU FRQVXPSWLRQ RI WKH HQ�
WLUH SODVPD LQMHFWRU FRPSOH[ �/DE FRROLQJ� 5)
RSHUDWLRQ� PDJQHWV� YDFXXP V\VWHP� HWF���
,Q FRPSDULVRQ ZLWK WKH 5) LQMHFWRU V\VWHP
�/,1$& � '(6< ,9�� RXU GHVLJQ IRU WKH SODVPD
LQMHFWRU FRXOG UHGXFH VLJQLğFDQWO\ ERWK WKH
VSDWLDO DQG WKH HQHUJHWLF IRRWSULQW RI WKH LQ�
MHFWRU FRPSOH[� SRWHQWLDOO\ HQDEOLQJ D PRUH

VXVWDLQDEOH DOWHUQDWLYH IRU WKH IXWXUH�

7KH RSHUDWLRQ RI WKH SODVPD LQMHFWRU XQ�
GHU RSWLPDO FRQGLWLRQV UHOLHV RQ DQ HIğFLHQW
ODVHU V\VWHP WR SURYLGH KLJK�HQHUJ\ SXOVHV
DW DQ HOHYDWHG UHSHWLWLRQ UDWH� $OWKRXJK
ODVHU V\VWHPV ZLWK VLPLODU VSHFLğFDWLRQV DO�
UHDG\ H[LVW� WKH\ DUH QRW \HW UHDG\ IRU KLJK�
SHUIRUPDQFH� URXWLQH RSHUDWLRQ DV UHTXLUHG
IRU 3(75$ ,9� )RU WKLV UHDVRQ� ZH ğUVW HQYL�
VLRQ� DV DQ LQWHUPHGLDWH VWHS� WKH GHYHORS�
PHQW RI D SODVPD LQMHFWRU SURWRW\SH ŋ GULYHQ
E\ .$/'(5$ ŋ FDSDEOH RI FRQGXFWLQJ ğUVW LQ�
MHFWLRQ SHUIRUPDQFH WHVWV XVLQJ '(6< ,, DV
WKH WDUJHW VWRUDJH ULQJ� 7KHVH WHVWV ZLOO SUR�
YLGH IXUWKHU LQVLJKW WR DVVHVV WKH UHDGLQHVV
RI WKH WHFKQRORJ\ IRU RSHUDWLRQ XQGHU UHDOLV�
WLF FRQGLWLRQV�

5XQQLQJ WKH SODVPD LQMHFWRU DW D KLJK UHS�
HWLWLRQ UDWH ZLWK ODVHU SXOVHV DURXQG �� -
LV LGHQWLğHG DV WKH PRVW FKDOOHQJLQJ DV�
SHFW RI WKH GHVLJQ� +RZHYHU� WKHUH LV SR�
WHQWLDO IRU LPSURYLQJ WKH /3$ SDUDPHWHUV�
%\ EHWWHU PDWFKLQJ WKH GULYH ODVHU WR QDU�
URZ SODVPD FKDQQHO ZDYHJXLGHV DQG GH�
SOR\LQJ RSWLPL]HG SODVPD GHQVLW\ WDSHUV� ZH
KDYH VLPXODWHG ZRUNLQJ SRLQWV WKDW HQDEOH
VXLWDEOH HOHFWURQ EHDPV ZLWK VLJQLğFDQWO\
LPSURYHG HIğFLHQF\� XVLQJ RQO\ �� - ODVHU
SXOVHV� 7KHVH UHGXFHG ODVHU HQHUJ\ UHTXLUH�
PHQWV ZLOO JUHDWO\ IDFLOLWDWH WKH HIğFLHQW RS�
HUDWLRQ DW KLJK UHSHWLWLRQ UDWHV� $FKLHYLQJ
FRPSHWLWLYH SHUIRUPDQFH ZLWK WKH SODVPD
LQMHFWRU ZLOO� WKHUHIRUH� UHTXLUH IXUWKHU DG�
YDQFHPHQWV LQ KLJK�SRZHU ODVHU WHFKQRORJ\
DQG DGGLWLRQDO RSWLPL]DWLRQ RI WKH /3$� 7R
DGGUHVV WKLV� ZH SODQ WR DFWLYHO\ GHYHORS WKH
NH\ HOHPHQWV RI WKH SODVPD LQMHFWRU WKURXJK
D GHGLFDWHG 5	' SURJUDP IROORZLQJ WKH FRQ�
FHSWXDO GHVLJQ SKDVH�

,Q FRQFOXVLRQ� WKH KHUHE\ SUHVHQWHG
FRQFHSWXDO GHVLJQ RI WKH SODVPD LQMHFWRU
IRU 3(75$ ,9 GHPRQVWUDWHV WKDW KLJK�
DFFHOHUDWLQJ�JUDGLHQW /3$ WHFKQRORJ\ LV
DW D VWDJH ZKHUH LW ZDUUDQWV VHULRXV FRQ�
VLGHUDWLRQ DV D FRPSDFW DQG VXVWDLQDEOH
DOWHUQDWLYH WR 5) WHFKQRORJ\ IRU FXWWLQJ�HGJH
VFLHQWLğF DSSOLFDWLRQV VXFK DV 3(75$ ,9�



7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH
FROODERUDWLRQ RI PDQ\ FROOHDJXHV DW '(6<
FRQWULEXWLQJ ZLWK XVHIXO GLVFXVVLRQV DQG
YDOXDEOH LQIRUPDWLRQ WR WKH FRQFHSWLRQ RI
WKH GHVLJQ� WKH RUJDQL]DWLRQ DQG UHDOL]D�
WLRQ RI WKH &'5� WKH SRZHU FRQVXPSWLRQ
HVWLPDWHV IRU WKH 5) DQG WKH SODVPD LQ�
MHFWRU� WKH FRQVLGHUDWLRQV IRU WKH SUDFWLFDO
LPSOHPHQWDWLRQ RI WKH SODVPD LQMHFWRU DQG
LWV SK\VLFDO OD\RXW� DV ZHOO DV FUXFLDO LQ�
IRUPDWLRQ RQ WKH RSHUDWLRQ RI WKH ;�EDQG
5) V\VWHP DQG WKH ODVHU�WR�5) V\QFKURQL]D�
WLRQ� ,Q SDUWLFXODU DQG LQ DOSKDEHWLFDO RU�
GHU� 5DOSK $ćPDQQ� .DUROLQ %DHY� 5LFFDUGR
%DUWROLQL� )ORULDQ %XUNDUW� <RQJ�&KXO &KDH�
+HLNR (KUOLFKPDQQ� .ODXV )OùWPDQQ� -XDQ
*RQ]ÀOH] 'âD]� 0DWWKLDV +RIIPDQQ� 0DUNXV
+đQLQJ� 6WHSKDQ .OXPSS� :HUQHU .RRN�
*HUR .XEH� &ÒGULF .XOD� *UHJRU /RLVFK� 5đGL�
JHU 2QNHQ� .ULVWMDQ 3øGHU� +DUDOG 5HLFKHUW�
+ROJHU 6FKODUE� .DMD 6FKXEHUW� 6YHQ 6LHY�
HUV� $QGUHDV :DONHU� 5DLQHU :DQ]HQEHUJ
DQG %HQQR =HLWOHU� :H DOVR DFNQRZOHGJH WKH
FROODERUDWLRQ RI :DOWHU :đQVFK DQG $OH[HM
*UXGLHY IURP &(51 ZKR SURYLGHG XVHIXO LQ�
IRUPDWLRQ RQ WKH ;�EDQG 5) V\VWHPV DQG
FDYLWLHV�
7KLV UHVHDUFK ZDV VXSSRUWHG LQ SDUW

WKURXJK WKH 0D[ZHOO FRPSXWDWLRQDO UH�
VRXUFHV RSHUDWHG DW 'HXWVFKHV (OHNWURQHQ�
6\QFKURWURQ '(6<� +DPEXUJ� *HUPDQ\� 7KH
DXWKRUV DFNQRZOHGJH WKH *DXVV &HQWUH
IRU 6XSHUFRPSXWLQJ H�9� >��@ IRU IXQGLQJ
WKLV SURMHFW E\ SURYLGLQJ FRPSXWLQJ WLPH
WKURXJK WKH -RKQ YRQ 1HXPDQQ ,QVWLWXWH IRU
&RPSXWLQJ �1,&� RQ WKH *&6 6XSHUFRPSXWHU
-8:(/6 DW -đOLFK 6XSHUFRPSXWLQJ &HQWUH
�-6&��







7KH VFDOLQJ ODZV IRU /3$V RSHUDWLQJ LQ WKH
EORZRXW UHJLPH UHYLHZHG LQ 6HF� % DUH XVH�
IXO H[SUHVVLRQV IRU TXLFN GHVLJQ FRQVLGHU�
DWLRQV� +RZHYHU� /3$V LQYROYH D UDQJH RI
SK\VLFDO SURFHVVHV� LQFOXGLQJ ODVHU�SODVPD
LQWHUDFWLRQ� LRQL]DWLRQ G\QDPLFV� HOHFWURQ
EHDP LQMHFWLRQ� DFFHOHUDWLRQ DQG WUDQVSRUW�
WKDW DUH KLJKO\ QRQOLQHDU DQG FDQ EH GLIğ�
FXOW WR PRGHO DQDO\WLFDOO\� 1XPHULFDO VLP�
XODWLRQV DUH WKHUHIRUH SRZHUIXO DQG LQGLV�
SHQVDEOH WRROV IRU PRGHOLQJ /3$V DQG XQ�
GHUVWDQGLQJ WKHLU FRPSOH[ SK\VLFV� 6SHFLI�
LFDOO\� SDUWLFOH�LQ�FHOO �3,&� VLPXODWLRQV SUR�
YLGH DQ DGHTXDWH LQVLJKW LQWR WKH XQGHUO\�
LQJPHFKDQLVPV RI /3$V� DOORZLQJ XV WR RSWL�
PL]H ODVHU DQG SODVPD SDUDPHWHUV� DQG SUH�
GLFW WKH SURSHUWLHV RI KLJK�HQHUJ\ HOHFWURQ
EHDPV� 3,& VLPXODWLRQV UHTXLUH KLJK WHP�
SRUDO DQG VSDWLDO UHVROXWLRQ DQG DUH FRP�
SXWDWLRQDOO\ H[SHQVLYH� 2SWLPL]LQJ /3$V
IRU WKH SURGXFWLRQ RI VXLWDEOH EHDPV XQ�
GHU WKH ULJKW FRQGLWLRQV UHTXLUHV D FDUHIXO
EDODQFLQJ RI PXOWLSOH SDUDPHWHUV DQG� LQ
SULQFLSOH� D ODUJH QXPEHU RI FRPSXWDWLRQ�
DOO\ GHPDQGLQJ 3,& VLPXODWLRQ WR FRQYHUJH
WR DQ RSWLPXP� %D\HVLDQ RSWLPL]DWLRQ �%2�
LV D PHWKRG GHVLJQHG WR UHGXFH WKH QXP�
EHU RI VLPXODWLRQV UHTXLUHG WR ğQG WKH EHVW�
SHUIRUPLQJ FRQğJXUDWLRQ DQG WKHUHIRUH LV
ZHOO VXLWHG WR RSWLPL]H WKH FRPSOH[ SDUDP�
HWHU VSDFH RI SDUWLFOH DFFHOHUDWRUV� ,Q UHFHQW
WLPHV� %2 KDV JDLQHG SRSXODULW\ ZLWKLQ WKH
DFFHOHUDWRU FRPPXQLW\ DQG� LQ SDUWLFXODU�
KDV EHHQ SURYHQ WUHPHQGRXVO\ XVHIXO IRU RS�
WLPL]LQJ /3$V ZLWK 3,& VLPXODWLRQV >��@� :H
KDYH IXOO\ DGRSWHG WKLV DSSURDFK IRU WKH VLP�
XODWLRQ VWXGLHV SHUIRUPHG IRU WKH 3,3� FRQ�
FHSWXDO GHVLJQ DQG FRQWULEXWHG LQ WKH SUR�
FHVV WR IXUWKHU VKDUSHQ %2 PHWKRGV IRU WKH
/3$ FRPPXQLW\ >��� ��@�

,Q WKH IROORZLQJ VHFWLRQV� ZH SURYLGH DGGL�
WLRQDO GHWDLOV RQ WKH VLPXODWLRQV SHUIRUPHG
WR DVVHVV WKH GHVLJQ RI WKH 3,3�� ,Q 6HF� $���
ZH GHVFULEH WKH SURFHVV WKDW OHG WR WKH SUR�
FXUHPHQW RI WKH VLPXODWHG ZRUNLQJ SRLQW
GHVFULEHG WKURXJK 6HF� ���� ZKLFK VHUYHV DV
WKH QXPHULFDO EDVLV RI WKLV FRQFHSWXDO GH�
VLJQ� ,Q DGGLWLRQ� ZH UHSRUW LQ 6HF� $��
DERXW DGGLWLRQDO ZRUNLQJ SRLQWV REWDLQHG

ZLWK QDUURZ JXLGLQJ FKDQQHOV FRPSDWLEOH
ZLWK WKH +2), WHFKQLTXH� ZKLFK DOORZ XV
WR LQFUHDVH WKH HQHUJ\ WUDQVIHU HIğFLHQF\ RI
WKH /3$ DQG GHFUHDVH WKH GHPDQGV RQ ODVHU
SXOVH HQHUJ\� ,Q 6HF� $��� ZH IXUWKHU H[�
SORUH WKH OLPLWV RI WKH HQHUJ\ WUDQVIHU HIğ�
FLHQF\ E\ SHUIRUPLQJ H[WHQVLYH RSWLPL]DWLRQ
VFDQV XQGHU TXDVL�LGHDO FRQGLWLRQV� )LQDOO\�
6HF� $�� LQFOXGHV DGGLWLRQDO GHWDLOV DERXW WKH
GHVLJQ RI WKH HQHUJ\ FRPSUHVVLRQ EHDPOLQH�

:RUNLQJ SRLQW RQH �:3�� LV WKH EDVHOLQH
VHWXS IRU WKH /3$ GHVFULEHG WKURXJK 6HF� ����
7KH SURFXUHPHQW RI :3� VWDUWV E\ FRQVLG�
HULQJ WKH VHWXS LPSOHPHQWHG LQ /8; >��@ DV
WKH EHVW VXLWHG UHIHUHQFH IRU WKH VLPXODWLRQ
VWXGLHV IRU WKH 3,3�� ,Q RUGHU WR DFKLHYH
� *H9 EHDPV� WKH /3$ VHWXS QHHGV WR EH
VFDOHG WR ORZHU GHQVLWLHV� DQG ODVHU JXLGLQJ
FDSDELOLWLHV KDYH WR EH DGGHG �6HF� %���� $F�
FRUGLQJ WR (T� �%��E� IRU WKH HOHFWURQ HQHUJ\
JDLQ LQ D GHSOHWLRQ OLPLWHG VFHQDULR� UHDFK�
LQJ � *H9 HQHUJLHV ZRXOG UHTXLUH WR RSHUDWH
DURXQG � � ���� FP � SODVPD GHQVLW\�
'XH WR WKH LQFUHDVH RI WKH SODVPD RVFLOODWLRQ
ZDYHOHQJWK �6HF� %���� WKH ODVHU SXOVH
OHQJWK DQG VSRW VL]H DUH VFDOHG DFFRUGLQJO\�
ZKLOH NHHSLQJ WKH VDPH ODVHU SHDN LQWHQVLW\�

7KH SODVPD WDUJHW VHWXS XVHV
DV D EDVLV WKH GHVLJQ XWLOL]HG DW /8; IRU RS�
WLPDO EHDP�ORDGLQJ GHPRQVWUDWLRQ >��� ��@�
7KLV SODVPD WDUJHW FRQVLVWV RI WZR VHFWLRQV�
ğUVW� D JDV PL[WXUH RI K\GURJHQ DQG QLWUR�
JHQ IRUPV D GHQVLW\ VSLNH ZKHUH HOHFWURQ
EHDP LQMHFWLRQ RFFXUV� DQG VHFRQG� D ORQJHU
DQG XQLIRUP K\GURJHQ JDV VHFWLRQ� ZKLFK
VXVWDLQV WKH SODVPD ZDNHğHOG IRU WKH DFFHO�
HUDWLRQ RI WKH EHDP XS WR WKH GHVLJQ HQ�
HUJ\� $IWHU WKH DFFHOHUDWLRQ� WKH HOHFWURQ
EHDP LV UHOHDVHG WKURXJK D WDLORUHG SODVPD
GHQVLW\ GRZQUDPS WR UHGXFH LWV GLYHUJHQFH
DQG PLWLJDWH WKH FKURPDWLF HPLWWDQFH LQ�
FUHDVH GXULQJ WKH IUHH GULIW WRZDUG WKH EHDP�
OLQH �6HF� %���� $VPHQWLRQHG HDUOLHU� WR UHDFK
� *H9� WKH SODVPD GHQVLW\ LV GRZQVFDOHG E\





ZKHUH LV WKH DYHUDJH VSHF�
WUDO GHQVLW\ RI WKH EHDP� ZLWK WKH FKDUJH
RI WKH EHDP LQ WKH PRPHQWXP LQWHUYDO �
7KH PRPHQWXP LQWHUYDO XVHG LQ WKH
DQDO\VLV LV GHğQHG DV � �� ZLWK

� �� 0$'� DQG 0$' WKH PHGLDQ DE�
VROXWH GHYLDWLRQ RI WKH PRPHQWXP GLVWULEX�
WLRQ� ,W VKDOO EH QRWHG WKDW ZLWK WKLV GHğQL�
WLRQ � � FRLQFLGHV ZLWK WKH UPV �IZKP�
ZKHQ WKH GLVWULEXWLRQ LV *DXVVLDQ� 7KH UHO�
DWLYH DYHUDJH GHYLDWLRQ ZLWK UHVSHFW WR WKH
JRDO PRPHQWXP JRDO � *H9 F LV GHğQHG

DV JRDO � )LQDOO\�

/ LV WKH ODVHU HQHUJ\ UHODWLYH WR WKH EDVH
FDVH� H�J�� / � � PHDQV WKDW WKH ODVHU
SXOVH KDV KDOI WKH HQHUJ\ RI WKH EDVH FDVH�
:LWK WKLV GHğQLWLRQ IRU WKH REMHFWLYH IXQF�
WLRQ �(T� �$����� WKH RSWLPL]HU ZLOO VHDUFK WKH
SDUDPHWHUV WKDW \LHOG EHDPV ZLWK QDUURZ
DQG GHQVH VSHFWUD SHDNHG DW � *H9� IDYRULQJ
D UHGXFHG ODVHU HQHUJ\�

,Q D ğUVW
RSWLPL]DWLRQ SDVV� WKH WRWDO OHQJWK RI WKH
SODVPD SODWHDXZDV VHW WR D VXIğFLHQWO\ ODUJH
YDOXH ��� FP� VR WKDW WKH /3$ EHDP ZRXOG
UHDFK � *H9 EHIRUH WKH HQG RI WKH SODWHDX�
1R H[LW UDPS ZDV VLPXODWHG LQ WKLV FDVH�
DQG WKH VLPXODWLRQV VWRSSHG DW WKH HQG RI
WKH SODVPD SODWHDX� )RU HDFK VLPXODWLRQ�
WKH ZLWQHVV EHDP ZDV DQDO\]HG DW GLIIHU�
HQW ] SRVLWLRQV DORQJ WKH SURSDJDWLRQ WR GH�
WHUPLQH WKH SRLQW DW ZKLFK WKH REMHFWLYH
IXQFWLRQ LV DW LWV PLQLPXP� %\ FRQ�
VWUXFWLRQ� LQ DOO SUDFWLFDO FDVHV� WKLV LV WKH
SRLQW DW ZKLFK WKH EHDP UHDFKHV � *H9� )RU
WKLV RSWLPL]DWLRQ WDVN� ZH FKRVH WR PLQL�
PL]H WKH ODVHU HQHUJ\ E\ DGMXVWLQJ WKH ODVHU
GXUDWLRQ ZKLOH NHHSLQJ WKH SHDN LQWHQVLW\�
7KH ODVHU SHDN LQWHQVLW\ SULPDULO\ JRYHUQV
WKH SODVPD ZDNHğHOG H[FLWDWLRQ UHJLPH DQG�
WR VRPH H[WHQW� WKH SURSHUWLHV RI WKH LQ�
MHFWHG EHDP� $GGLWLRQDOO\� VLQFH WKH ODVHU
GHSOHWLRQ OHQJWK GHSHQGV GLUHFWO\ RQ WKH
ODVHU GXUDWLRQ �VHH 6HF� %���� PLQLPL]LQJ
LV DQ HIIHFWLYH ZD\ WR PDWFK WKH DFFHOHUD�
WLRQ OHQJWK WR WKH GHSOHWLRQ OHQJWK� HQVXU�
LQJ WKDW DOO WKH ODVHU HQHUJ\ DYDLODEOH WR HI�
ğFLHQWO\ GULYH WKH ZDNHğHOG LV H[SORLWHG IRU
WKH DFFHOHUDWLRQ RI WKH ZLWQHVV EHDP� )RU
WKLV SDVV� WKH SDUDPHWHU VSDFHZDV UHODWLYHO\
ZLGH ZLWK � �� � �� ���� FP ��
SHDN � �� � �� � GRS � � �� �
IRF � �� PP DQG �� �� IV � /

�� � �� � -�� $ VXLWDEOH RSWLPXPZDV IRXQG
DIWHU DURXQG ��� VLPXODWLRQV ZLWK WKH IRO�
ORZLQJ SDUDPHWHUV� � �� ���� FP ��
SHDN � �� � GRS � � � IRF � � PP

DQG IZKP �� � IV � / �� � -��

,Q D VHFRQG SDVV�
WKH H[LW UDPS LV DGGHG WR VLPXODWH WKH EHDP
UHOHDVH LQWR YDFXXP� 7KLV UDPS LV LGHQWLFDO
LQ VKDSH WR WKH /8; FDVH� EXW LWV OHQJWK ZDV
LQFUHDVHG SURSRUWLRQDOO\ WR WKH LQFUHDVH LQ
EHWDWURQ ZDYHOHQJWK RI WKH � *H9 EHDP� L�H�

� 7KH OHQJWK RI WKH SODVPD SODWHDX

ZDV DGGHG DV DQ RSWLPL]DWLRQ SDUDPHWHU�
YDU\LQJ DURXQG WKH SUHYLRXVO\ IRXQG RSWL�
PDO YDOXH� WR SURYLGH FHUWDLQ ĠH[LELOLW\ WR
UHDFK WKH JRDO HQHUJ\ DIWHU WKH LQFOXVLRQ
RI WKH UDPS� 7KH UHVW RI NH\ SDUDPH�
WHUV JRYHUQLQJ WKH /3$ EHDP ZHUH IXUWKHU
FRQVWUDLQHG DURXQG WKH RSWLPDO FDVH IRXQG
GXULQJ WKH ğUVW SDVV� WKH ODVHU IRFDO SRVL�
WLRQ IRF � � � � PP� WKH ODVHU HQHUJ\
/ �� �� -� WKH SODVPD GHQVLW\
� �� � �� ���� FP �� WKH SODWHDX OHQJWK
SODW �� � �� � FP DQG WKH GRSDQW FRQ�

FHQWUDWLRQ GRS � � � � � 7KH ODVHU
SXOVH GXUDWLRQ ZDV NHSW ğ[HG WR WKH SUHYL�
RXVO\ IRXQG RSWLPDO YDOXH RI ���� IV �IZKP��
DQG WKXV� WKH ODVHU HQHUJ\ YDULDWLRQV LQ WKLV
RSWLPL]DWLRQ UXQ DUH GLUHFWO\ UHODWHG ZLWK
FKDQJHV LQ WKH ODVHU SHDN LQWHQVLW\� 7KLV
RSWLPL]DWLRQ UXQ SHUIRUPHG D WRWDO RI ���
VLPXODWLRQV XVLQJ WKH VDPH %D\HVLDQ RSWL�
PL]DWLRQ DOJRULWKP DV GXULQJ WKH ğUVW SDVV�
7KH YDOXHV RI WKH SDUDPHWHUV DW WKH RSWL�
PXP DUH� IRF � �� PP� / �� � -�

� �� ���� FP �� SODW �� � FP DQG
GRS � � � )LJXUH �� VKRZV WKH RSWLPDO

SODVPD WDUJHW SURğOH DQG ODVHU IRFDO SRVLWLRQ
IRU WKH ğUVW � FP�

7KH SKDVH VSDFH RI WKH UHVXOW�
LQJ EHDP LV VKRZQ LQ )LJ� ��F�� ,W IHDWXUHV
�� S& RI FKDUJH DQG ���� HQHUJ\ VSUHDG�
,WV QRUPDOL]HG HPLWWDQFH LQ WKH KRUL]RQ�
WDO �YHUWLFDO� SODQH LV � � P �� � P�� 7KH
EHDP GLYHUJHQFH LV ���� DQG ����PUDG LQ WKH
KRUL]RQWDO DQG YHUWLFDO SODQHV� UHVSHFWLYHO\�
7KH WRWDO ODVHU�WR�EHDP HQHUJ\ WUDQVIHU HI�
ğFLHQF\ LV ����� $V GLVFXVVHG LQ 6HF� ����
WKH ORZ HQHUJ\ VSUHDG RI WKH RSWLPDO EHDP
LV WKH UHVXOW RI D QHW LQWHJUDWHG EHDP ORDG�
LQJ HIIHFW DIWHU WKH DFFHOHUDWLRQ� ZKLFK UH�
VXOW LQ D QHJOLJLEOH HQHUJ\�WLPH FRUUHODWLRQ





















,Q ����� 7DMLPD DQG 'DZVRQ ğUVW SURSRVHG
WKH LGHD RI XVLQJ D ODVHU SXOVH WR DFFHO�
HUDWH HOHFWURQV LQ D SODVPD PHGLXP� ,Q
WKHLU VHPLQDO SDSHU >�@� WKH\ VKRZHG WKDW
DQ LQWHQVH HOHFWURPDJQHWLF SXOVH FDQ FUH�
DWH D ZDNH RI SODVPD RVFLOODWLRQV WKURXJK
WKH DFWLRQ RI WKH SRQGHURPRWLYH IRUFH� /DVHU
SXOVHV ZLWK D FHQWUDO ZDYHOHQJWK RI DERXW
� P DQG SHDN LQWHQVLWLHV DERYH ���� : FP�

FRXOG EH XVHG WR JHQHUDWH ODUJH HOHFWULF DP�
SOLWXGH ZDNHV RI �� ��� *9 P LQ SODV�
PDV RI ���� ���� FP � GHQVLW\� VXLWDEOH IRU
WKH DFFHOHUDWLRQ RI HOHFWURQ EXQFKHV XS WR
�� � *H9 HQHUJ\ RYHU �� FP �� FP� GLVWDQFH�
7KLV QHZ W\SH RI ODVHU�SODVPD DFFHOHUDWRU
�/3$� RXWSHUIRUPV WKH DFFHOHUDWLQJ JUDGLHQW
RI 5)�EDVHG WHFKQRORJ\ E\ VHYHUDO RUGHUV RI
PDJQLWXGH� WKXV RSHQLQJ WKH SRVVLELOLW\ IRU
DFFHOHUDWRU IDFLOLWLHV ZLWK D PXFK�UHGXFHG
VL]H DQG FRVW�
/3$V ZHUH SURSRVHG RYHU �� \HDUV DJR� EXW

LW ZDV RQO\ DIWHU WKH LQYHQWLRQ RI FKLUSHG
SXOVH DPSOLğFDWLRQ �&3$� >���@ DQG WKH UDSLG
SURJUHVV LQ KLJK�SRZHU ODVHU WHFKQRORJ\�
WKDW UHOHYDQW H[SHULPHQWDWLRQ ZLWK /3$V
FRXOG SURVSHU� ,Q SDUWLFXODU� WKH XVH RI PRG�
HUQ WLWDQLXP�GRSHG VDSSKLUH �7L�6D� ODVHUV
ZLWK ��� QPZDYHOHQJWK� VKRUW SXOVH GXUD�
WLRQV RI �� IV DQG PRGHUDWH HQHUJ\ DURXQG
� -� OHG WR D VHULHV RI PLOHVWRQH H[SHULPHQWV
GXULQJ WKH HDUO\ ����łV� GHPRQVWUDWLQJ H[�
WUHPH DFFHOHUDWLQJ JUDGLHQWV RI ��� *9 P�
DQG WKH SURGXFWLRQ RI HOHFWURQ EXQFKHV ZLWK
��� 0H9 HQHUJLHV >���@ DQG IHZ�SHUFHQW

HQHUJ\ VSUHDG >�ŋ��@� ,Q WKH VXEVHTXHQW
\HDUV� WKH GHYHORSPHQW RI SODVPD WDUJHWV
HPEHGGHG LQ JDV�ğOOHG FDSLOODULHV HQDEOHG�
RQ WKH RQH KDQG� ODVHU JXLGLQJ FDSDELOL�
WLHV WKURXJK D FDSLOODU\ GLVFKDUJH ZDYHJ�
XLGH IRU WKH JHQHUDWLRQ RI *H9�FODVV HOHFWURQ
EHDPV >�@� DQG RQ WKH RWKHU KDQG� ODUJHO\
LPSURYHG VWDELOLW\ RI WKH SURGXFHG HOHFWURQ
EXQFK SDUDPHWHUV >���@� %HVLGHV� LPSURYHG
FRQWURO RYHU WKH HOHFWURQ EXQFK LQMHFWLRQ
HYHQW ZDV DWWDLQHG WKURXJK QHZO\ GHVLJQHG
WHFKQLTXHV >���ŋ���@� DQG EHDP HPLWWDQFHV
FRPSDUDEOH RU VXSHULRU WR VWDWH�RI�WKH�DUW

5) DFFHOHUDWRUV ZHUH GHPRQVWUDWHG >��ŋ��@�

'XULQJ WKH QH[W GHFDGH �����łV�� QHZ /3$
H[SHULPHQWV SRZHUHG E\ KLJKHU�SRZHU ODVHU
V\VWHPV �VXESHWDZDWW FODVV� ZLWK SXOVH HQ�
HUJLHV LQ WKH WHQV RI MRXOHV UDQJH GHPRQ�
VWUDWHG XS WR � *H9 HQHUJ\ JDLQ LQ WKH VHOI�
JXLGHG UHJLPH >���� ���@� DQG ��� *H9 E\ GH�
SOR\LQJ FDSLOODU\ GLVFKDUJH ZDYHJXLGHV >�@�
7KH FXUUHQW HQHUJ\ JDLQ UHFRUG RI ��� *H9
ZDV GHPRQVWUDWHG ODWHU RQ E\ LQFUHDVLQJ
WKH IRFXVLQJ VWUHQJWK RI WKH ZDYHJXLGH XV�
LQJ D FDSLOODU\ GLVFKDUJH LQ FRQMXQFWLRQ ZLWK
D ODVHU KHDWHU >�@� )HZ \HDUV DJR� D QHZ
WHFKQLTXH XVLQJ K\GURG\QDPLF RSWLFDO�ğHOG�
LRQL]HG �+2),� SODVPD FKDQQHOV IRU JXLG�
LQJ KLJK�SRZHU ODVHUV ZDV SURSRVHG DQG
GHPRQVWUDWHG >��� ��� ��� ��@� )LUVW H[SHU�
LPHQWDO UHVXOWV IRU /3$V XVLQJ +2), FKDQ�
QHOV ZHUH SXEOLVKHG LQ ����� GHPRQVWUDWLQJ
HOHFWURQ EHDPV DW ��� *H9 XVLQJ ��� - ODVHU
SXOVHV >��@ DQG XS WR � *H9 ZLWK �� - >��@�

'HVSLWH WKHVH PDMRU DGYDQFHV� D QXPEHU
RI FKDOOHQJHV VWLOO UHPDLQ ZKLFK SUHYHQW WKH
XVH RI /3$V DV D YLDEOH DOWHUQDWLYH WR 5) WHFK�
QRORJ\� 2QH RI WKH FXUUHQW PRVW SUHVVLQJ
LVVXHV LV DFKLHYLQJ EHDPV ZLWK VXE�SHUFHQW
HQHUJ\ VSUHDG� DV UHTXLUHG E\ DSSOLFDWLRQV
VXFK DV IUHH�HOHFWURQ ODVHUV �)(/V� RU VWRUDJH
ULQJV� 5HFHQWO\� IUHH�HOHFWURQ ODVLQJ E\ DQ
/3$ EHDP KDV EHHQ GHPRQVWUDWHG LQ D ODQG�
PDUN H[SHULPHQW >��@� E\ YLUWXH RI LWV H[FHO�
OHQW EHDP TXDOLW\� DYHUDJH HQHUJ\ ��� 0H9
ZLWK D VSUHDG RI ���� DQG DQ DYHUDJH LQWH�
JUDWHG FKDUJH RI DURXQG �� S&� (TXDOO\ FUX�
FLDO IRU DSSOLFDWLRQV DUH WKH VKRW�WR�VKRW VWD�
ELOLW\ RI WKH /3$ EHDPV� WKH UHSURGXFLELOLW\
RI WKH UHVXOWV DQG WKH FDSDELOLW\ IRU FRQWLQ�
XRXV RSHUDWLRQ� 5HFHQW /3$ H[SHULPHQWV DW
/8; �'(6<� KDYH VKRZQ HQRUPRXV SURJUHVV
WRZDUGV HQKDQFHG EHDP TXDOLW\ DQG SUDFWL�
FDO IXQFWLRQDOLW\� GHPRQVWUDWLQJ �� HQHUJ\
VSUHDG DW ��� 0H9 >��@ DQG D FRQWLQXRXV
HQHUJ\ VWDELOLW\ RI ���� IRU DERXW �� FRQVHF�
XWLYH KRXUV >��@�
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*UDIHQVW� ������ >���@ � �� ��� ���� �� ��

6XPPDU\ RI /3$ H[SHULPHQWV�

,Q D /3$ D KLJK�LQWHQVLW\ ODVHU SXOVH H[FLWHV
ZDNHğHOGV LQ D SODVPD E\ PHDQV RI LWV SRQ�
GHURPRWLYH IRUFH >��� ��@�

�%���

ZKHUH LV WKH QRUPDOL]HG DP�
SOLWXGH RI WKH YHFWRU SRWHQWLDO RI WKH ODVHU��

LV WKH UHODWLYLVWLF IDF�
WRU RI D SODVPD HOHFWURQ ZLWK PRPHQWXP
DQG UHVW PDVV � LV WKH HOHPHQWDU\ FKDUJH
DQG LV WKH VSHHG RI OLJKW LQ YDFXXP� 7KH LQ�
WHQVLW\ RI WKH ODVHU SXOVH LV UHODWHG ZLWK E\

$ � ZLWK WKH ODVHU
ZDYHQXPEHU DQG WKH ODVHU ZDYHOHQJWK�
$ $ *: LV D FRQVWDQW

ZLWK XQLWV RI SRZHU DQG $
�� N$ LV WKH $OIYÑQ FXUUHQW� ZLWK WKH YDF�
XXP SHUPLWWLYLW\� 7KH SRQGHURPRWLYH IRUFH
FDQ EH YLHZHG DV UDGLDWLRQ SUHVVXUH �L�H�� WKH
JUDGLHQW RI WKH HOHFWURPDJQHWLF HQHUJ\ GHQ�
VLW\� �� +HQFH� WKH ODVHU SXVKHV
DZD\ WKH SODVPD HOHFWURQV IURP LWV KLJK�
LQWHQVLW\ FHQWHU DV LW SURSDJDWHV WKURXJK WKH
SODVPD ZLWK D JURXS YHORFLW\ JLYHQ E\

� ZKHUH LV

WKH SODVPD ZDYHQXPEHU DVVRFLDWHG WR �
WKH GHQVLW\ RI WKH XQSHUWXUEHG SODVPD�
$V WKH ODVHU SDVVHV� WKH SXVKHG HOHFWURQV

�7KH YHFWRU SRWHQWLDO RI D OLQHDUO\ SRODUL]HG ODVHU SURS�
DJDWLQJ LQ WKH GLUHFWLRQ FDQ EH GHFRPSRVHG LQWR
D IDVW SKDVH DQG D VORZ HQYHORSH DFFRUGLQJ WR

FRV

DUH DWWUDFWHG EDFN E\ WKH VSDFH�FKDUJH ğHOG
RI WKH SODVPD�LRQ EDFNJURXQG�� JHQHUDWLQJ
LQ WKLV ZD\ D WUDLOLQJ SODVPD ZDNH RI HOHF�
WURQV �VHH )LJ� ��� ZLWK KLJKO\ LQWHQVH DVVR�
FLDWHG ZDNHğHOGV� 7KHVH ZDNHğHOGV SURSD�
JDWH DW WKH YHORFLW\ RI WKH GULYH ODVHU DQG RV�
FLOODWH DW WKH SODVPD IUHTXHQF\� �

7KH ODVHU HQYHORSH LV XVXDOO\
PRGHOHG DV D *DXVVLDQ EHDP

H[S �%���

ZKHUH LV WKH �VSHHG�RI�OLJKW� FR�
PRYLQJ YDULDEOH� LV FRPPRQO\
XVHG DV WKH GHğQLWLRQ RI WKH ODVHU VSRW VL]H�
ZLWK LWV YDOXH DW IRFXV �ZDLVW�� ,Q YDF�
XXP� WKH ODVHU VSRW VL]H HYROYHV DV

� ZLWK NQRZQ
DV WKH 5D\OHLJK OHQJWK Ō WKH GLVWDQFH IURP
WKH EHDP ZDLVW DW ZKLFK WKH ODVHU LQWHQVLW\
KDOYHV� UHIHUV WR WKH ODVHU SXOVH GXUDWLRQ
DQG HTXDOV WR WZR WLPHV WKH UPV SXOVH OHQJWK
RI WKH LQWHQVLW\�� 7KH SHDN SRZHU RI WKH
ODVHU EHDP LV JLYHQ E\

$ DQG WKH WRWDO HQHUJ\ FRQ�
WDLQHG LQ WKH SXOVH E\ �

�7KH LRQV� EHLQJ PXFK PRUH PDVVLYH WKDQ WKH HOHF�
WURQV� FDQ EH FRQVLGHUHG LPPRELOH GXULQJ WKH WLPH
VFDOH RI WKH SODVPD RVFLOODWLRQ SHULRG

�7KH ):+0 RI WKH LQWHQVLW\� IZKP OQ
� �� � LV XVHGPRUH IUHTXHQWO\ DV WKH SXOVH GXUDWLRQ�





,QVLGH WKH EORZQ�RXW UHJLRQ� IUHH
RI SODVPD HOHFWURQV� D FRQVWDQW IRFXVLQJ
VWUHQJWK LV JHQHUDWHG E\ WKH XQLIRUP EDFN�
JURXQG RI LRQV >��@� VXFK WKDW

IRU DOO � 7KHUHIRUH� E\ YLUWXH
RI WKH 3DQRIVN\�:HQ]HO WKHRUHP >���@� LQ�
VLGH WKH FDYLW\� WKH ORQJLWXGLQDO HOHFWULF ğHOG
LV XQLIRUP DORQJ WKH UDGLXV� L�H�  

� 7KH FDOFXODWLRQ RI DV D IXQF�
WLRQ RI LQVLGH WKH FDYLW\ LV QRQ WULYLDO DV
LW GLUHFWO\ GHSHQGV RQ WKH G\QDPLFV RI WKH
SODVPD HOHFWURQ FXUUHQW� � LQ WKH SODVPD
VKHDWK >��@� GU� 6HYHUDO
PRGHOV WR FDOFXODWH LQ WKH EORZRXW H[LVW LQ
OLWHUDWXUH >��� ��� ���� ���@� ,W ZDV VKRZQ LQ
>���@ WKDW IRU VXIğFHQWO\ LQWHQVH ODVHU GULYHUV
� �� DW DSSUR[LPDWHO\ WKH PDWFKHG UD�
GLXV� WKH VKHDWK RI SODVPD HOHFWURQV DSSUR[�
LPDWHV D VSKHUH DURXQG LWV FHQWHU DQG

� ZLWK WKH ORQJLWXGLQDO SR�
VLWLRQ RI WKH FDYLW\ FHQWHU� (YDOXDWLQJ DW
RQH EORZRXW UDGLXV XSVWUHDP WKH FDYLW\ FHQ�
WHU DQG XVLQJ WKHPDWFKLQJ FRQGLWLRQ

� RQH JHWV WKH IROORZLQJ HVWLPD�
WLRQ IRU WKHPD[LPXP DFFHOHUDWLQJ ğHOG WKDW
LV UHDFKHG DW WKH EDFN RI WKH FDYLW\

PD[ �%���

,Q WKH EORZRXW UHJLPH� WKH
SODVPD HOHFWURQV DFTXLUH UHODWLYLVWLF YHORFL�
WLHV� ,Q SDUWLFXODU� WKH\ IHDWXUH KLJKHVW ORQ�
JLWXGLQDO PRPHQWXP DIWHU WKH ğUVW RVFLO�
ODWLRQ� ZKHUH WKH SODVPD HOHFWURQ VKHDWK
FORVHV DW WKH HQG RI WKH LRQ FDYLW\� :KHQ
WKHVH HOHFWURQV EHFRPH IDVWHU WKDQ WKH
ZDNH� WKH\ FDQ EH LQWR WKH FDYLW\
IRUPLQJ D EHDP WKDW FDQ EH IXUWKHU
DFFHOHUDWHG WR KLJK HQHUJLHV� 7KLV SURFHVV
LV UHIHUUHG WR DV >���� ���@ DQG
LW KDV EHHQ WKH PHFKDQLVP EHKLQG WKH SUR�
GXFWLRQ RI ğUVW KLJK HQHUJ\ HOHFWURQ EHDPV
IURP /3$V >�ŋ��� ���@� +RZHYHU� UHO\LQJ
RQ ZDYH�EUHDNLQJ WR FRQWURO WKH SURSHUWLHV
RI WKH ZLWQHVV EHDP LV FXPEHUVRPH DQG
PRUH UHğQHG WHFKQLTXHV WR FRQWURO WKH LQ�
MHFWLRQ RI ZLWQHVV EHDP KDYH EHHQ GHYHO�
RSHG ZLWK WKH \HDUV� $PRQJ WKHVH WHFK�
QLTXHV� ZH KLJKOLJKW GHQVLW\ GRZQUDPS LQ�
MHFWLRQ� ZKLFK FRQğQHV ZDYH�EUHDNLQJ WR D
VKDUS� ORFDOL]HG� GRZQZDUG GHQVLW\ WUDQVL�
WLRQ >���� ���� ���� ���@� DQG LRQL]DWLRQ LQ�
MHFWLRQ� ZKHUH LQMHFWLRQ LV WULJJHUHG E\ LRQ�
L]DWLRQ RI GHHSHU HOHFWURQLF OHYHOV FRQWDLQHG
LQ D GRSDQW VSHFLHV >��� ���� ���@�

7KH VSDFH�FKDUJH ğHOG RI WKH
ZLWQHVV EHDP DFWV RQ WKH SODVPD HOHF�
WURQ FXUUHQW WKXV PRGLI\LQJ � 7KLV HI�
IHFW LV NQRZQ DV � ,Q SULQFL�
SOH� LW LV SRVVLEOH WR ğQG D FHUWDLQ FXUUHQW
SURğOH IRU WKH ZLWQHVV EHDP WKDW ĠDWWHQV

DORQJ LWV OHQJWK� 7KLV RSWLPDO EHDP
ORDGLQJ OHDGV WR DQ XQLIRUP DFFHOHUDWLRQ RI
WKH ZLWQHVV EHDP DQG WKHUHIRUH WR D YLU�
WXDOO\ ]HUR FRUUHODWHG HQHUJ\ VSUHDG� )RU
WKH VWURQJ EORZRXW UHJLPH GHVFULEHG LQ >��@�
VXFK RSWLPDOO\ EHDP ORDGLQJ SURğOH ZDV
FDOFXODWHG >���@ WR EH WUDSH]RLGDO ZLWK WKH
SHDN FXUUHQW �DW WKH IURQW� JLYHQ E\ PD[

$ � ZLWK WKH
DFFHOHUDWLQJ ğHOG DW WKH IURQW RI WKH ZLW�
QHVV EHDP� 7KH WRWDO FKDUJH LQ WKH ZLWQHVV
EXQFK� � ZKLFK RSWLPDOO\ ORDGV WKH ZDNH�
ğHOG LQ WKLV UHJLPH VDWLVğHV WKH IROORZLQJ UH�
ODWLRQ >���@

$ �%���

8VLQJ (T� �%��� IRU DQG PDWFKLQJ FRQGL�
WLRQV IRU WKH ODVHU VSRW VL]H LQ (T� �%���� ZH
JHW WKH IROORZLQJ H[SUHVVLRQ IRU WKH EHDP�
ORDGLQJ FKDUJH� $ �

7KH HQHUJ\ JDLQ RI WKH ZLWQHVV EHDP LV OLP�
LWHG E\ WKH GLVWDQFH DW ZKLFK WKH FRQGLWLRQV
IRU WKH DFFHOHUDWLRQ FDQ EH PDLQWDLQHG�

3ULPDULO\� WKH DFFHOHUDWLRQ GLV�
WDQFH LV OLPLWHG E\ WKH QDWXUDO GLIIUDFWLRQ
RI WKH ODVHU� $OWKRXJK WKH UHODWLYLVWLF VHOI�
IRFXVLQJ HIIHFW FDQ KHOS WR H[WHQG WKH DF�
FHOHUDWLRQ IRU D IHZ 5D\OHLJK OHQJWKV� LW LV
LQHIIHFWLYH IRU VKRUW SXOVHV >��@ �� VXFK DV
WKRVH QHHGHG WR UHVRQDQWO\ GULYHU D ZDNH�
7KH DFFHOHUDWLRQ SURFHVV LQ WKLV FDVH ZLOO EH
VWLOO OLPLWHG E\ GLIIUDFWLRQ WR D FKDUDFWHULV�
WLF OHQJWK JLYHQ E\� GLII �
7R PDLQWDLQ WKH DFFHOHUDWLRQ IDU EH\RQG WKH
GLIIUDFWLRQ OHQJWK� H[WHUQDO JXLGLQJ FKDQQHOV
VKDOO EH GHSOR\HG �VHH 6HF� %���� +RZHYHU�
WKH HYHQWXDO HQHUJ\ JDLQ RI HOHFWURQV E\ WKH
ZDNHğHOG LV OLPLWHG HLWKHU E\ GHSOHWLRQ RU E\
GHSKDVLQJ RI WKH GULYLQJ ODVHU SXOVH�

�7KH GLIIUDFWLRQ RI WKH IURQWDO HGJH ZHDNHQV WKH
VWUHQJWK RI WKH ZDYHJXLGH�





HWHUV RI WKH /3$ WKDW ZLOO EH QHHGHG WR
SURGXFH � *H9 EHDPV IRU 3,3�� ,PSRVLQJ
PDWFKLQJ FRQGLWLRQV IRU WKH ODVHU GULYHU DW
IRFXV � DQG �� D
PRGHUDWHO\ KLJK SHDN LQWHQVLW\ RI
� ���� : FP� � � � DQG D SODVPD
GHQVLW\ RI � ���� FP �� (T� �%��E�
FDQ EH XVHG WR HVWLPDWH DQ HQHUJ\ JDLQ RI
��� *H9� :LWK WKHVH SDUDPHWHUV� WKH HQHUJ\
FRQWHQW RI WKH ODVHU SXOVH ZRXOG EH �� - DQG
LWV SHDN SRZHU ��� 7:� 7KH WRWDO DFFHOHUD�
WLRQ OHQJWK LV OLPLWHG E\ GHSKDVLQJ LQ WKLV
FDVH WR �� FP� 7KH FKDUJH RI DQ RSWLPDOO\
ORDGHG ZLWQHVV EHDP FDQ EH HVWLPDWHG� XV�
LQJ (T� �%��� WR ��� S&� ZKLFK ZRXOG UHVXOW
LQ DQ HQHUJ\ WUDQVIHU HIğFLHQF\ RI ����
$QRWKHU H[DPSOH RI LQWHUHVW WKDW ZH XVH

IRU UHIHUHQFH �VHH 6HF� $��� UHVXOWV IURP UH�
VFDOLQJ WKH ODVHU SDUDPHWHUV RI WKH /8; H[�
SHULPHQW LQ >��@ WR D SODVPD GHQVLW\ RI
� ���� FP �� L�H�� � WLPHV VPDOOHU WKDQ WKH
RULJLQDO� :LWK � �� �� P DQG
�� IV� WKH ODVHU SXOVH HQHUJ\ LV ���� - DQG WKH
SHDN SRZHU ��� 7:� ,Q WKLV FDVH� WKH DFFHOHU�
DWLRQ GLVWDQFH LV OLPLWHG E\ ODVHU GHSOHWLRQ WR
���� FP� 7KH HQHUJ\ JDLQ JLYHQ E\ (T� �%��E�
LV ��� *H9� )LJXUH �� VKRZV WKH VFDOLQJ RI WKH
HQHUJ\ JDLQ ZLWK WKH SHDN SRZHU RI WKH ODVHU
�LQYHUVHO\ SURSRUWLRQDO WR WKH SODVPD GHQ�
VLW\�� WDNLQJ WKLV FDVH DV UHIHUHQFH� DQG XVLQJ
(TV� �%��D� DQG �%��E� IRU D GLIIUDFWLRQ DQG GH�
SOHWLRQ OLPLWHG VFHQDULR� UHVSHFWLYHO\�

,Q RUGHU WR H[WHQG WKH DFFHOHUDWLRQ XS WR
WKH GHSOHWLRQ OHQJWK� WKH ODVHU PXVW UHPDLQ
WLJKWO\ IRFXVHG DQG LQWHQVH RYHU GLVWDQFHV
IDU H[FHHGLQJ WKH 5D\OHLJK OHQJWK� ([WHUQDO
JXLGLQJ LV WKH SUHIHUUHG PHWKRG RI H[WHQG�
LQJ WKH DFFHOHUDWLRQ OHQJWK RZLQJ WR LWV DELO�
LW\ WR SURGXFH PXOWL�*H9 HQHUJ\ JDLQV IURP
/3$V GULYHQ E\ VXE�SHWDZDWWV FODVV ODVHUV
ZLWK SXOVH HQHUJLHV LQ WKH ��ŋ�� - UDQJH �VHH
)LJ� ����
$ SDUDEROLF SODVPD GHQVLW\ SURğOH RI WKH

W\SH P LV VKRZQ WR
RSWLPDOO\ JXLGH *DXVVLDQ EHDPV >���@ �LQ WKH
ORZ LQWHQVLW\ OLPLW� ZKHQ P DQG

P� ZLWK WKH FODVVLFDO HOHF�
WURQ UDGLXV� :KHQ WKLV FRQGLWLRQ LV IXOğOOHG
�7KLV H[SUHVVLRQ IRU WKH EHDP�ORDGHG FKDUJH LV RE�
WDLQHG IRU WKH VWURQJ EORZRXW UHJLPH � �� DQG
LW LV NQRZQ WR RYHUHVWLPDWH WKH FKDUJH DPRXQW IRU
PLOGHU UHJLPHV � ���
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6LPXODWHG HYROXWLRQ RI WKH SODVPD GHQ�
VLW\ SURğOH JHQHUDWHG LQ D K\GURJHQ�ğOOHG FDSLOODU\ RI
UDGLXV ��� P E\ DQ HOHFWULF GLVFKDUJH� �D� 7KH
SODVPD GHQVLW\ SURğOH DV D IXQFWLRQ RI WLPH �FRORUHG
OLQHV� FDOFXODWHG XVLQJ WKH 48(67 PRGHO >���@� 7KH
LGHDO SDUDEROLF SURğOH ZLWK � ���� FP � DQG

P �� P LV DOVR VKRZQ �GDVKHG OLQH� IRU UHIHUHQFH�
�E� (OHFWULF GLVFKDUJH FXUUHQW�

WKH ODVHU SURSDJDWHV DW ZDLVW ZLWK QR WUDQV�
YHUVH RVFLOODWLRQV RI WKH HQYHORSH� WKH ODVHU
EHDP LV VDLG WR EH PDWFKHG WR WKH JXLGLQJ
FKDQQHO� :KHQ WKH ODVHU LV QRW PDWFKHG�
LWV VSRW VL]H RVFLOODWHV EHWZHHQ DQG

P ZLWK D SHULRG JLYHQ
E\ >���@�
7KHUH DUH VHYHUDO PHWKRGV RI JXLGLQJ

KLJK�LQWHQVLW\ ODVHU SXOVHV� DOWKRXJK WZR
JXLGLQJ WHFKQLTXHV VWDQG RXW IRU WKHLU VXLW�
DELOLW\ WR PXOWL�*H9 HOHFWURQ DFFHOHUDWLRQ
DQG KDYH H[SHULPHQWDOO\ GHPRQVWUDWHG WKH
JHQHUDWLRQ RI VXFK EHDPV� &DSLOODU\ GLV�
FKDUJH ZDYHJXLGHV ZHUH WKH EDVLV RI WKH
ğUVW PXOWL�*H9 JDLQ /3$ H[SHULPHQWV DW
/%1/ >�ŋ�@� +\GURG\QDPLF RSWLFDO�ğHOG�
LRQL]HG �+2),� ZDYHJXLGHV KDYH EHHQ GHYHO�
RSHG PRUH UHFHQWO\ IRU /3$V >��� ��@ DQG ğUVW
H[SHULPHQWV GHPRQVWUDWLQJ PXOWL�*H9 DF�
FHOHUDWLRQ KDYH EHHQ SXEOLVKHG >��� ��@�

,Q WKLV PHWKRG� DQ HOHFWULF FXUUHQW RI
IHZ KXQGUHG DPSHUHV GLVFKDUJHV RYHU D
JDV�ğOOHG FDSLOODU\ �W\SLFDOO\ ZLWK K\GUR�
JHQ�� LQGXFLQJ LRQL]DWLRQ DQG 2KPLF KHDW�
LQJ RI WKH SODVPD� DQG WKXV JHQHUDWLQJ D
UDGLDO WHPSHUDWXUH JUDGLHQW EHWZHHQ WKH
RQ�D[LV SODVPD DQG WKH FRROHU FDSLOODU\
ZDOOV� ,Q TXDVLVWDWLF HTXLOLEULXP� WKH EDO�
DQFH EHWZHHQ 2KPLF KHDWLQJ DQG ERXQG�





LQJ WKH LQLWLDO JDV SUHVVXUH DQG WKH GHOD\ DI�
WHU WKH DUULYDO RI WKH FKDQQHO�IRUPLQJ SXOVH�
WKH PDWFKHG VSRW VL]H FDQ EH WXQHG�

7KH PRWLRQ RI D UHODWLYLVWLF HOHFWURQ VXE�
MHFW WR WKH ZDNHğHOGV LQ WKH EORZRXW FDY�
LW\ �VHH 6HF� %��� LV UXOHG E\ WKH HTXDWLRQV

DQG �
ZKLFK GHVFULEH WKH WUDQVYHUVH

RI WKH HOHFWURQ ZLWK ZDYHQXPEHU

�%���

$QDO\WLFDO VROXWLRQV DUH NQRZQ ZKHQ
LV D VORZO\ YDU\LQJ IXQFWLRQ� L�H��

FRV � ZLWK
G � WKH SKDVH DGYDQFH�

7KH DPSOLWXGH RI WKH RVFLOODWLRQ LV JLYHQ E\

� ZLWK DQG
WKH LQLWLDO WUDQVYHUVH SRVLWLRQ DQG YHORFLW\
RI WKH HOHFWURQ� UHVSHFWLYHO\�
7KH G\QDPLFV RI DQ HOHFWURQ EHDP LV XVX�

DOO\ FKDUDFWHUL]HG E\ WKH HYROXWLRQ RI LWV VWD�
WLVWLFDO PRPHQWV� ZKLFK FDQ EH REWDLQHG
IURP WKH RQH�SDUWLFOH VROXWLRQV WR WKH HTXD�
WLRQV RI PRWLRQ >���@� &RQVLGHULQJ D PRQR�
HQHUJHWLF VOLFH RI WKH EHDP� WKH FHQWURLG SR�
VLWLRQ� �ğUVW EHDP PRPHQW�� EHKDYHV
DQDORJRXVO\ WR D VLQJOH SDUWLFOH� GHVFULE�
LQJ WUDQVYHUVH EHWDWURQ RVFLOODWLRQV ZLWK IUH�
TXHQF\ DQG DQ DPSOLWXGH GHğQHG E\ LWV
LQLWLDO RIIVHW� 7KH WUDQVYHUVH VL]H �UPV� RI
WKH VOLFH �VHFRQG EHDPPRPHQW�� �
REH\V WKH VR�FDOOHG EHDP�HQYHORSH HTXD�
WLRQ >���@

�%����

ZLWK� � WKH RI WKH

EHDP DQG � LWV WUDFH�
VSDFH HPLWWDQFH� 3URYLGHG WKDW WKH IRFXV�
LQJ VWUHQJWK� � LV FRQVWDQW
LQ WKH EORZRXW� WKH QRUPDOL]HG HPLWWDQFH�

� RI WKH
PRQR�HQHUJHWLF VOLFH LV SUHVHUYHG WKURXJK
WKH DFFHOHUDWLRQ SURFHVV� ,Q JHQHUDO� WKH
VROXWLRQ WR (T� �%���� GHVFULEHV WKH RVFLOOD�
WLRQ RI WKH EHDP HQYHORSH ZLWK D VSDWLDO SH�
ULRG HTXDO WR KDOI WKH EHWDWURQ ZDYHOHQJWK�

,Q SKDVH�VSDFH� WKH PRWLRQ LV FKDUDFWHUL]HG
E\ WKH �ULJLG� URWDWLRQ RI WKH EHDP GLVWUL�
EXWLRQ DW WKH EHWDWURQ IUHTXHQF\� 6XFK UR�
WDWLRQ LV XVXDOO\ GHVFULEHG E\ WKH &RXUDQW�
6Q\GHU >���@� SDUDPHWHU�
L]HG E\ WKH TXDQWLWLHV �XVXDOO\ UHIHUUHG WR DV

SDUDPHWHUV� �
DQG � ZKLFK VDWLVI\ WKH UHODWLRQ

DQG �

$ UHDO EHDP FDQ EH WKRXJKW DV D FROOHFWLRQ
RI GLIIHUHQWPRQR�HQHUJHWLF VOLFHV� 7KXV� EH�
FDXVH WKH EHWDWURQ IUHTXHQF\

LV HQHUJ\�GHSHQGHQW� EHDPV ZLWK D
VL]HDEOH HQHUJ\ VSUHDG H[SHULHQFH WKH GH�
WXQLQJ RI GLIIHUHQW PRQR�HQHUJHWLF SKDVH�
VSDFH HOOLSVHV� UHVXOWLQJ LQ D SURMHFWHG HPLW�
WDQFH JURZWK >���@� +RZHYHU� IRU D PDWFKHG
EHDP VXFK WKDW�
DQG �RU �� LW FDQ EH VHHQ
IURP (T� �%���� WKDW WKHUH DUH QR RVFLOOD�
WLRQV RI WKH HQYHORSH DQG WKH SURMHFWHG HPLW�
WDQFH JURZWK LV HIIHFWLYHO\ VXSSUHVVHG� HYHQ
IRU D ğQLWH HQHUJ\ VSUHDG� %HVLGHV� LW KDV
EHHQ VKRZQ WKDW DGLDEDWLF FKDQJHV RI WKH
EHWDWURQ IUHTXHQF\ ZLOO QRW DOWHU WKH PDWFK�
LQJ FRQGLWLRQV�� DQG WKXV QRW OHDG WR HPLW�
WDQFH JURZWK WKURXJK WKH DFFHOHUDWLRQ >���@�
,I WKH EHDP LV QRW PDWFKHG� KRZHYHU� WKH
HPLWWDQFH ZLOO LQFUHDVH WR D VDWXUDWLRQ YDOXH
JLYHQ E\ I

� ZKLFK LV UHDFKHG ZKHQ WKH GLIIHU�
HQW PRQR�HQHUJHWLF VOLFHV FRPSOHWHO\ GH�
WXQH �IXOO GHFRKHUHQFH RU IXOO SKDVH PL[LQJ��
7KLV SKDVH PL[LQJ SURFHVV ZLOO HYHQWXDOO\
PDWFK WKH EHDP DW DQG

ZLWK WKH QHZ VDWXUDWHG HPLWWDQFH
YDOXH�

&KURPDWLF HPLWWDQFH JURZWK FDQ DOVR RF�
FXU DIWHU DFFHOHUDWLRQ� ZKHQ WKH EHDP OHDYHV
WKH SODVPD� )RU D EHDP ZLWK ğQLWH UHODWLYH
HQHUJ\ VSUHDG� � WKH QRUPDOL]HG HPLWWDQFH
LV UHODWHG WR WKH WUDFH�VSDFH HPLWWDQFH >����
���@ E\
� 6LQFH LQ D IUHH GULIW�

DQG ZLWK WKH YDOXH RI WKH EHWD�
IXQFWLRQ DW ZDLVW��� ZH KDYH IRU WKH UHODWLYH

��7KLV PHDQV WKDW WKH EHDP HQYHORSH HYROYHV DV

�
��1RWH WKDW � LQYHUVHO\ SURSRUWLRQDO WR WKH

EHDP GLYHUJHQFH VTXDUHG�



QRUPDOL]HG HPLWWDQFH JURZWK

I

�%����
ZLWK WKH IUHH GULIW GLVWDQFH� 7KH DSSUR[�
LPDWLRQ KROGV IRU �� LW UHPDLQV
YDOLG IRU DOO SUDFWLFDO FDVHV ZKHUH � P�
FRQVLGHULQJ �� � DQG � FP� $V�
VXPLQJ WKDW WKH EHDP LV PDWFKHG WR WKH
ORFDO GHQVLW\ ZKHQ LW OHDYHV WKH SODVPD�
ZH FDQ WDNH

LQ (T� �%���� WR HVWLPDWH WKH HPLW�

WDQFH JURZWK� &OHDUO\� LQFUHDVLQJ DW WKH
H[LW RI WKH SODVPD LV NH\ WR PLWLJDWH WKH
FKURPDWLF HPLWWDQFH JURZWK LQ EHDP WUDQV�
SRUW VHFWLRQV WKDW IROORZ� 'HSOR\LQJ SURS�
HUO\ WDLORUHG SODVPD�WR�YDFXXP WUDQVLWLRQV
�RU SODVPD GRZQ�UDPSV� KDV EHHQ VKRZQ WR
EH DQ HIIHFWLYH PHWKRG >��ŋ��@ WR UHGXFH
DQG WKH HPLWWDQFH JURZWK� $QRWKHU RSWLRQ LV
WR LQVWDOO IRFXVLQJ HOHPHQWV WKDW UHGXFH WKH
EHDP GLYHUJHQFH DV FORVH DV SRVVLEOH WR WKH
SODVPD H[LW� 6XFK HOHPHQWV LQFOXGH FRP�
SDFW SHUPDQHQW PDJQHW TXDGUXSROHV >����
���@ DQG SODVPD OHQVHV >���ŋ���@� )LQDOO\�
UHGXFLQJ WKH UHODWLYH HQHUJ\ VSUHDG LV FUX�
FLDO WR PLQLPL]H WKH FKURPDWLF HPLWWDQFH
JURZWK�





>�@ &� *� 6FKURHU HW DO��

�'HXWVFKHV (OHNWURQHQ�6\QFKURWURQ
'(6<� ������

>�@ &� *� 6FKURHU HW DO�� Ń3(75$ ,9� WKH XOWUDORZ�
HPLWWDQFH VRXUFH SURMHFW DW '(6<ń� -RXUQDO RI
6\QFKURWURQ 5DGLDWLRQ � ����ŋ���� �������

>�@ &� *� 6FKURHU HW DO�� Ń7KH V\QFKURWURQ UDGLD�
WLRQ VRXUFH 3(75$ ,,, DQG LWV IXWXUH XOWUD�ORZ�
HPLWWDQFH XSJUDGH 3(75$ ,9ń� (XURSHDQ 3K\VL�
FDO -RXUQDO 3OXV � ���� �������

>�@ :� /HHPDQV� 3UHVHQWDWLRQ DW '(6< 6FLHQWLğF
&RPPLWWHH� 0D\ ��� �����

>�@ 7� 7DMLPD DQG -� 0� 'DZVRQ� Ń/DVHU (OHFWURQ $F�
FHOHUDWRUń� 3K\VLFDO 5HYLHZ /HWWHUV � ���ŋ���
�������

>�@ :� 3� /HHPDQV HW DO�� Ń*H9 HOHFWURQ EHDPV IURP D
FHQWLPHWUH�VFDOH DFFHOHUDWRUń� 1DWXUH 3K\VLFV �
���ŋ��� �������

>�@ :� 3� /HHPDQV HW DO�� Ń0XOWL�*H9 (OHFWURQ %HDPV
IURP &DSLOODU\�'LVFKDUJH�*XLGHG 6XESHWDZDWW
/DVHU 3XOVHV LQ WKH 6HOI�7UDSSLQJ 5HJLPHń� 3K\V�
LFDO 5HYLHZ /HWWHUV � ������ �������
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