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:H UHSRUW WUDYHOLQJ ZDYH DPSOLpHUV ZLWK �����
*+] ��G% EDQGZLGWK� � G% JDLQ� 7KHVH DP�
SOLpHUV ZHUH IDEULFDWHG LQ D ��� zP JDWH OHQJWK
,Q*D$V�,Q$O$V +(07 00,& WHFKQRORJ\� 7KH
XVH RI JDWH�OLQH FDSDFLWLYH�GLYLVLRQ DQG ORZ�ORVV
HOHYDWHG FRSODQDU ZDYHJXLGH OLQHV KDYH \LHOGHG
UHFRUG EDQGZLGWK EURDGEDQG DPSOLpHUV�
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%URDGEDQG DPSOLpHUV DUH NH\ FRPSRQHQWV LQ
PXOWL�JLJDELW pEHU�RSWLF FRPPXQLFDWLRQ V\VWHPV
DQG DV SUHPDSOLpHUV LQ EURDGEDQG LQVWUXPHQWD�
WLRQ� )XWXUH ��� DQG ��� *ELW�V RSWLFDO WUDQV�
PLVVLRQ V\VWHPV ZLOO UHTXLUH JDLQ EORFNV ZLWK
YHU\ KLJK EDQGZLGWKV� +(07 WUDYHOLQJ ZDYH
DPSOLpHUV �7:$V� ZLWK 
��� *+] EDQGZLGWKV
KDYH EHHQ GHPRQVWUDWHG >�� �� �@� 3XVO HW
DO� >�@ XVHG FDSDFLWLYH YROWDJH GLYLVLRQ >�@ RQ
WKH JDWH V\QWKHWLF OLQH WR REWDLQ YHU\ ZLGH�
EDQG 7:$V� &DSDFLWLYH GLYLVLRQ GHFUHDVHV WKH
IUHTXHQF\�GHSHQGHQW ORVVHV RQ WKH JDWH V\QWKHWLF
WUDQVPLVVLRQ OLQH� :LWK WKHVH ORVVHV UHGXFHG� WKH
QXPEHU RI 7:$ FHOOV FDQ EH LQFUHDVHG WR LQ�
FUHDVH 7:$ JDLQ� ,Q WKLV PDQQHU� WKH IHDVLEOH
JDLQ IRU D JLYHQ GHVLJQ EDQGZLGWK LV LQFUHDVHG�
:LWK YHU\ VPDOO FDSDFLWLYH GLYLVLRQ UDWLRV� ORVVHV
DVVRFLDWHG ZLWK WKH +(07 LQSXW UHVLVWDQFH DUH
UHGXFHG WR WKH SRLQW ZKHUH RWKHU ORVV PHFKD�
QLVPV DUH VLJQLpFDQW� ,I WKH GRPLQDQW ORVV PHFK�
DQLVPV DUH WKH +(07 VHULHV LQSXW UHVLVWDQFH DQG

WKH VKXQW RXWSXW FRQGXFWDQFH� WKH FDSDFLWLYH GL�
YLVLRQ 7:$V FDQ REWDLQ JDLQ�EDQGZLGWK SURG�
XFWV FORVH WR WKH WUDQVLVWRU IPD[� )RU GHVLJQ
EDQGZLGWKV DERYH ��� *+]� 7:$ GHVLJQ LV DOVR
VWURQJO\ LPSDFWHG E\ ERWK WKH ORVVHV DQG SK\VL�
FDO GLPHQVLRQV RI WKH JDWH V\QWKHWLF WUDQVPLVVLRQ
OLQH� :LWK VPDOO FDSDFLWLYH GLYLVLRQ UDWLRV DQG
GHVLJQ EDQGZLGWKV DERYH ��� *+]� WUDQVPLVVLRQ�
OLQH VNLQ�HoHFW ORVVHV EHFRPH WKH GRPLQDQW IDF�
WRU OLPLWLQJ WKH DPSOLpHU EDQGZLGWK� DQG WKH UH�
TXLUHG WUDQVPLVVLRQ�OLQH OHQJWKV EHFRPH VKRUWHU
WKDQ WKH SK\VLFDO GLPHQVLRQV RI WKH +(07V� %\
XVLQJ D FRSODQDU ZDYHJXLGH ZLWK D UDLVHG FHQWHU
FRQGXFWRU IRU WKH JDWH DQG GUDLQ OLQHV� WKH OLQH
VNLQ�HoHFW ORVVHV DUH UHGXFHG >�� �@� DQG WKH ZDYH
YHORFLW\ LV LQFUHDVHG GXH WR UHGXFHG HoHFWLYH SHU�
PLWWLYLW\ RI WKH FRSODQDU ZDYHJXLGH� $ LQFUHDVHG
ZDYH YHORFLW\ LPSOLHV ORQJHU WUDQVPLVVLRQ OLQHV IRU
D JLYHQ HOHFWULFDO GHOD\� 7KH DPSOLpHU FDQ WKHQ
EH ODLG RXW� :LWK WKLV WHFKQLTXH� ZH KDYH IDEUL�
FDWHG 7:$V ZLWK D UHFRUG ��� *+] EDQGZLGWK�
� G% JDLQ�
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)LJXUH � VKRZV D FLUFXLW GLDJUDP RI WKH FDSDFL�
WLYH GLYLVLRQ 7:$� &DVFRGH FRQQHFWHG +(07V
DUH XVHG WR UHGXFH GUDLQ OLQH ORVVHV� &GLY LV WKH
GLYLVLRQ FDSDFLWRU DW WKH LQSXW RI WKH FRPPRQ�
VRXUFH WUDQVLVWRU� 5J LV D VPDOO GDPSLQJ UHVLV�
WRU LQ WKH JDWH RI WKH FRPPRQ�JDWH WUDQVLVWRU WR
SUHYHQW RVFLOODWLRQV� 5JWHUP LV WKH �� n JDWH WHU�
PLQDWLRQ UHVLVWRU� 5GWHUP� WKH GUDLQ WHUPLQDWLRQ
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)LJXUH �� 6FKHPDWLF FLUFXLW GLDJUDP RI WKH
FDSDFLWLYH�GLYLVLRQ WUDYHOLQJ�ZDYH DPSOLpHU�

UHVLVWRU DQG WKH GUDLQ ELDV DUH FRQQHFWHG WKURXJK
DQ Ro�FKLS ELDV WHH� 7KH WZR JDWH ELDVHV DUH DOVR
VKRZQ� 7KH DPSOLpHU KDG �� FDVFRGH FHOOV ZLWK
D FDSDFLWLYH GLYLVLRQ UDWLR RI ���� � �� 7KH VLPX�
ODWHG JDLQ DQG EDQGZLGWK DUH � G% DQG ��� *+]
UHVSHFWLYHO\�
7KH GHVLJQV ZHUH LPSOHPHQWHG LQ D ��� zP JDWH

OHQJWK ,Q*D$V�,Q$O$V +(07 00,& WHFKQRO�
RJ\ >�@� 7\SLFDOO\� WKHVH +(07V KDYH IPD[  
��� *+] DQG I�  ��� *+]� )LJXUH � VKRZV D
SKRWRPLFURJUDSK RI WKH IDEULFDWHG FKLS� 7KH GLH
VL]H LV DERXW ��� PP d � PP�

5(68/76

7KH DPSOLpHU ZHUH WHVWHG RQ�ZDIHU XVLQJ FRP�
PHUFLDO QHWZRUN DQDO\]HUV IURP �� 0+] � �� *+]
DQG ������ *+]� %H\RQG ��� *+]� ZH XVHG LQ�
KRXVH RQ�ZDIHU QHWZRUN DQDO\VLV EDVHG XSRQ DF�
WLYH SUREHV >�@� )LJXUH � VKRZV WKH PHDVXUHG IRU�
ZDUG JDLQ V�� RI WKH DPSOLpHU� 7KH ��G% EDQG�

)LJXUH �� 3KRWRPLFURJUDSK RI WKH IDEULFDWHG DP�
SOLpHU ,&�
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)LJXUH �� 0HDVXUHG UHWXUQ ORVVHV DQG UHYHUVH LVR�
ODWLRQ RI WKH DPSOLpHU�

ZLGWK LV ��� *+] DQG WKH JDLQ LV 
 � G%� 7R
RXU NQRZOHGJH� WKLV LV WKH KLJKHVW UHSRUWHG EDQG�
ZLGWK IRU D EURDGEDQG DPSOLpHU LQ DQ\ WHFKQRO�
RJ\� %RWK WKH JDLQ DQG WKH EDQGZLGWK DUH ORZHU
WKDQ WKH GHVLJQ YDOXHV EHFDXVH RI ORZ YDOXHV RI
I� �
��� *+]� RQ WKLV ZDIHU� 7KH ORZ IUHTXHQF\
FXW�Ro LV DERXW � *+] DQG LV GHWHUPLQHG E\ WKH
JDWH ELDV QHWZRUNV DQG WKH RXWSXW FDSDFLWRU DQG
+(07 RXWSXW FRQGXFWDQFH� )LJXUH � VKRZV WKH
LQSXW UHWXUQ ORVV V��� WKH RXWSXW UHWXUQ ORVV V��
DQG WKH UHYHUVH LVRODWLRQ V�� RI WKH DPSOLpHU� 7KH
DPSOLpHU RXWSXW UHWXUQ ORVV V�� VKRZV PDQ\ UHV�
RQDQFHV EHFDXVH RI WKH Ro�FKLS GUDLQ OLQH WHUPL�
QDWLRQ�

&21&/86,216

,Q VXPPDU\� ZH KDYH GHVLJQHG DQG IDEULFDWHG
7:$V ZLWK ����� *+] EDQGZLGWK DQG � G% JDLQ�



2o�ZDIHU ELDV FLUFXLWV FDQ EH XVHG WR UHGXFH WKH
ORZHU FXW�Ro IUHTXHQF\ WR WKH .+] UDQJH� 7KHVH
DPSOLpHUV FDQ EH XVHG LQ YHU\ KLJK ELW�UDWH pEHU�
RSWLF V\VWHPV�

$&.12:/('*(0(176

7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH VXS�
SRUW RI 3DXO *UHLOLQJ RI +XJKHV 5HVHDUFK /DEV�
DQG 0LNH 'HODQH\ RI +XJKHV 6SDFH DQG &RPPX�
QLFDWLRQV &RPSDQ\ IRU WKLV ZRUN� :H ZRXOG OLNH
WR WKDQN 5� 3XOOHOD RI 8&6% IRU KHOSLQJ ZLWK RQ�
ZDIHU QHWZRUN PHDVXUHPHQWV ZLWK DFWLYH SUREHV�

7KLV ZRUN ZDV VXSSRUWHG E\ '$53$ XQGHU WKH
7KXQGHU 	 /LJKWQLQJ SURJUDP DQG D &DOLIRUQLD
+XJKHV 0DWFK QR� ��������

5HIHU HQFHV

>�@ 3XVO -�� HW DO�� ?&DSDFLWLYH GLYLVLRQ WUDY�
HOLQJ ZDYH DPSOLpHU ZLWK ��� *+] JDLQ�
EDQGZLGWK SURGXFW�� ,((( 0LFURZDYH DQG
0LOOLPHWHU�:DYH 0RQROLWKLF &LUFXLWV 6\P�
SRVLXP 'LJHVW� ����� SS� ��������

>�@ 0DMLGL�$K\ 5�� HW DO�� ?����� *+] ,Q3 FRSOD�
QDU ZDYHJXLGH 00,& GLVWULEXWHG DPSOLpHU��
,((( 7UDQVDFWLRQV RQ 077� YRO� ��� QR� ���
SS� ���������� �����

>�@ .LPXUD 6�� HW DO��
?���� *+] ,Q$O$V�,Q*D$V�,Q3 +(07 GLV�
WULEXWHG EDVHEDQG DPSOLpHU ,&�� (OHFWURQLFV
/HWWHUV� YRO� ��� QR� ��� SS� ���������� �����

>�@ $\DVOL <�� HW DO�� ?&DSDFLWLYHO\ FRXSOHG
WUDYHOLQJ�ZDYH SRZHU DPSOLpHU�� ,((( 0L�
FURZDYH DQG 0LOOLPHWHU�:DYH 0RQROLWKLF
&LUFXLWV 6\PSRVLXP 'LJHVW� ����� SS� ����

>�@ 6KDNRXUL 0� 6�� HW DO�� ?���*+] *D$V
00,& VDPSOLQJ ZDIHU SUREH�� (OHFWURQLFV
/HWWHUV� YRO� ��� QR� �� SS� �������� �����

>�@ %KDWWDFKDU\D 8�� HW DO�� ?'&���� *+] VDP�
SOLQJ FLUFXLWV DQG VXESLFRVHFRQG QRQOLQHDU
WUDQVPLVVLRQ OLQHV XVLQJ HOHYDWHG FRSODQDU
ZDYHJXLGH�� ,((( 0LFURZDYH DQG *XLGHG
:DYH /HWWHUV� YRO� �� QR� �� SS� ������ �����

>�@ 1JX\HQ /� '�� HW DO�� ?0DQXIDFWXUDELOLW\
RI ��� zP PLOOLPHWHUZDYH ORZ�QRLVH ,Q3
+(07V�� ,((( 077�6 ,QWHUQDWLRQDO 0L�
FURZDYH 6\PSRVLXP 7HFKQLFDO 'LJHVW� �����
SS� ��������

>�@ /DL 5�� HW DO�� ?'�EDQG 00,& /1$V ZLWK
�� G% JDLQ DW ��� *+] IDEULFDWHG RQ D KLJK
\LHOG ,Q3 +(07 00,& SURGXFWLRQ SUR�
FHVV�� ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QGLXP
3KRVSKLGH DQG 5HODWHG 0DWHULDOV� ����� SS�
��������

>�@ <X 5� <�� HW DO�� ?0LOOLPHWHU�ZDYH RQ�ZDIHU
ZDYHIRUP DQG QHWZRUN PHDVXUHPHQWV XVLQJ
DFWLYH SUREHV�� ,((( 7UDQVDFWLRQV RQ 077�
YRO� ��� QR� �� SS� �������� �����


