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:H UHSRUW GLVWULEXWHG DPSOLpHUV ZLWK �� *+]
EDQGZLGWK� ��� G% JDLQ DQG |�� *+] EDQG�
ZLGWK� ��� G% JDLQ� 7KHVH DPSOLpHUV ZHUH IDE�
ULFDWHG LQ WKH WUDQVIHUUHG�VXEVWUDWH KHWHURMXQF�
WLRQ ELSRODU WUDQVLVWRU LQWHJUDWHG FLUFXLW WHFKQRO�
RJ\� 7UDQVIHUUHG�VXEVWUDWH +%7V KDYH YHU\ KLJK
IPD[ �!��� *+]� DQG KDYH \LHOGHG GLVWULEXWHG
DPSOLpHUV ZLWK UHFRUG JDLQ�EDQGZLGWK SURGXFW�

,1752'8&7,21

7UDYHOLQJ�ZDYH DPSOLpHUV �7:$V� DUH YHU\
EURDGEDQG FLUFXLWV ZLWK DSSOLFDWLRQV LQ LQVWUX�
PHQWDWLRQ DQG ZLGH�EDQG UDGDU UHFHLYHUV� 7:$V
EDVHG RQ VHYHUDO GLoHUHQW +%7 DQG +(07 WHFK�
QRORJLHV KDYH EHHQ GHPRQVWUDWHG >�� �� �� �@� ,Q
7:$V� WKH DPSOLpHU JDLQ�EDQGZLGWK SURGXFW GH�
SHQGV FULWLFDOO\ RQ WKH WUDQVLVWRU IPD[

� 7R GDWH�
7:$V EDVHG RQ +(07V >�@ KDYH GHPRQVWUDWHG
FRQVLGHUDEO\ KLJKHU EDQGZLGWKV WKDQ WKRVH EDVHG
RQ +%7V >�@� SULPDULO\ GXH WR WKH KLJKHU IPD[

RI +(07V� 7UDQVIHUUHG�VXEVWUDWH +%7V KDYH
GHPRQVWUDWHG !��� *+] I

PD[
>�@� FRPSDUDEOH

WR WKDW RI KLJK�SHUIRUPDQFH ,Q*D$V�,Q$O$V�,Q3
+(07V� DQG� VKRXOG WKXV DOVR \LHOG 7:$V ZLWK
YHU\ KLJK EDQGZLGWKV� +HUH� ZH UHSRUW pUVW UH�
VXOWV ZLWK 7:$V IDEULFDWHG LQ WKH WUDQVIHUUHG�
VXEVWUDWH +%7 WHFKQRORJ\�
+%7 7:$ GHVLJQ GLoHUV FRQVLGHUDEO\ IURP

WKDW XVLQJ +(07V� 7KH +%7 WUDQVFRQGXFWDQFH

� KHQFH LQSXW FDSDFLWDQFH �&EH 
 JP �}I� � �
SHU XQLW +%7 HPLWWHU DUHD LV ODUJH� 7R REWDLQ
WKH GHVLUHG %UDJJ IUHTXHQF\� HLWKHU YHU\ VPDOO
+%7V PXVW EH XVHG� RU LQSXW FDSDFLWLYH GLYLVLRQ
>�� �� �@ PXVW EH HPSOR\HG� 7KH KLJKHU +%7
LQSXW UHVLVWDQFH FRPSDUHG WR WKDW RI +(07V
�UEE YV� UJDWH� IDYRUV WKH XVH RI YHU\ KLJK FD�
SDFLWLYH GLYLVLRQ UDWLRV� 7:$ EDQGZLGWK LV DOVR
VWURQJO\ LQqXHQFHG E\ WKH IUHTXHQF\�GHSHQGHQW
WUDQVPLVVLRQ OLQH ORVVHV� ZKLFK EHFRPH GRPLQDQW
DW KLJK IUHTXHQFLHV� 7KH WUDQVIHUUHG�VXEVWUDWH
+%7 ,& SURFHVV LQFRUSRUDWHV ORZ�ORVV PLFURVWULS
OLQHV RQ D %HQ]RF\FOREXWHQH �%&%� s  ���� VXE�
VWUDWH� 7KHVH ORZ�ORVV WUDQVPLVVLRQ OLQHV PDNH
KLJK EDQGZLGWKV IHDVLEOH� :LWK WKHVH GHVLJQ DQG
WHFKQRORJLFDO LPSURYHPHQWV� ZH KDYH IDEULFDWHG
7:$V ZLWK ��� G% JDLQ DQG �� *+] ��G% EDQG�
ZLGWK� 7KH ��G% EDQGZLGWK LV �� *+]� 7KLV
LV WKH KLJKHVW JDLQ�EDQGZLGWK SURGXFW UHSRUWHG
IRU D +%7 GLVWULEXWHG DPSOLpHU� $W D GLoHUHQW
ELDV FRQGLWLRQ� WKH DPSOLpHU H[KLELWV ��� G% JDLQ
DQG |�� *+] ��G% EDQGZLGWK DQG �� *+] ��G%
EDQGZLGWK�

&,5&8,7 '(6,*1 $1'
)$%5,&$7,21

)LJ� � VKRZV D VFKHPDWLF FLUFXLW GLDJUDP RI WKH
GLVWULEXWHG DPSOLpHU� 7KH EDVH DQG FROOHFWRU
OLQHV DUH FRPSRVHG RI �� n PLFURVWULS OLQH VHF�
WLRQV� &DVFRGH FRQQHFWHG +%7V DUH XVHG WR UH�
GXFH FROOHFWRU OLQH ORVVHV� &GLY LV WKH GLYLVLRQ FD�
SDFLWRU DW WKH LQSXW RI WKH FRPPRQ�HPLWWHU WUDQ�
VLVWRU 4�� $ VKRUW OHQJWK RI PLFURVWULS LV XVHG DW
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)LJXUH �� 6FKHPDWLF FLUFXLW GLDJUDP RI WKH
WUDQVIHUUHG�VXEVWUDWH +%7 GLVWULEXWHG DPSOLpHU�

WKH RXWSXW RI WKH FDVFRGH FHOO WR LPSURYH YHORF�
LW\ PDWFKLQJ EHWZHHQ WKH LQSXW DQG RXWSXW OLQHV�
7KH PLFURVWULS OLQHV� WRJHWKHU ZLWK WKH GLYLVLRQ
FDSDFLWRU DQG WKH FDVFRGH VWDJH V\QWKHVL]H �� n
LQSXW DQG RXWSXW OLQHV� 5EWHUP

LV WKH �� n EDVH�
OLQH WHUPLQDWLRQ UHVLVWRU� 5FWHUP� WKH FROOHFWRU�
OLQH WHUPLQDWLRQ UHVLVWRU LV Ro�FKLS WR VXVWDLQ WKH
KLJK ELDV FXUUHQW� DQG LV FRQQHFWHG WKURXJK D PL�
FURZDYH SUREH� 5E� LV D ODUJH UHVLVWRU WR ELDV
WKH LQSXW RI 4�� 7KH EDVH RI WKH FRPPRQ�EDVH
WUDQVLVWRU 4� LV ELDVHG WKURXJK DQ LQGHSHQGHQW
VXSSO\� $& JURXQG DW WKLV QRGH LV SURYLGHG E\
ODUJH E\SDVV FDSDFLWRUV� 5E� SURYLGHV GHFRXSOLQJ
EHWZHHQ WKH PXOWLSOH FHOOV DQG KHOSV SUHYHQW RV�
FLOODWLRQV IURP ELDV SUREH LQGXFWDQFH� 7KH FRO�
OHFWRU ELDV LV WKURXJK D ELDV WHH DW WKH RXWSXW
RI WKH FKLS� $PSOLpHUV ZLWK � FDVFRGH FHOOV ZHUH
IDEULFDWHG� )LJ� � VKRZV D SKRWRPLFURJUDSK RI
WKH IDEULFDWHG FKLS� 7KH GLH VL]H LV DERXW ��� PP
d ��� PP�

7KH WUDQVIHUUHG�VXEVWUDWH +%7 ,& IDEULFDWLRQ
SURFHGXUH KDV EHHQ GHVFULEHG LQ GHWDLO LQ >�@� 'H�
YLFHV ZLWK HPLWWHU GLPHQVLRQV RI ���� d �� zP�

DQG FROOHFWRU GLPHQVLRQV RI DERXW ��� d �� zP�

)LJXUH �� 3KRWRPLFURJUDSK RI WKH IDEULFDWHG DP�
SOLpHU ,&�
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)LJXUH �� '& FRPPRQ�HPLWWHU FKDUDFWHULVWLFV RI
WUDQVIHUUHG�VXEVWUDWH +%7V�

ZHUH XVHG LQ WKH DPSOLpHUV UHSRUWHG KHUH� )LJ�
� VKRZV W\SLFDO '& FRPPRQ�HPLWWHU FKDUDFWHULV�
WLFV RI GHYLFHV RQ WKH FXUUHQW ZDIHU� 5) FKDUDF�
WHULVWLFV DUH VKRZQ LQ pJ� �� 7KH H[WUDSRODWHG
IPD[ DQG I� DUH ��� *+] DQG ��� *+] UHVSHF�
WLYHO\� DW WKH ELDV FRQGLWLRQV VKRZQ� 7KH DP�
SOLpHU LV GHVLJQHG WR RSHUDWH FORVH WR WKHVH ELDV
FRQGLWLRQV�

5(68/76

7KH DPSOLpHUV ZHUH WHVWHG RQ�ZDIHU XVLQJ FRP�
PHUFLDO QHWZRUN DQDO\]HUV IURP '&��� *+] DQG
������ *+]� )LJ� � VKRZV WKH IRUZDUG JDLQ RI
WKH DPSOLpHU XQGHU WZR GLoHUHQW ELDV FRQGLWLRQV�
7KH VROLG FXUYH VKRZV D PLG�EDQG JDLQ RI DERXW
��� G%� 7KH ��G% EDQGZLGWK �ZKHUH WKH JDLQ JRHV
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)LJXUH �� 5) FKDUDFWHULVWLFV RI WUDQVIHUUHG�
VXEVWUDWH +%7V�
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)LJXUH �� 0HDVXUHG IRUZDUG JDLQ V�� RI WKH DP�
SOLpHU�
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)LJXUH �� 0HDVXUHG UHWXUQ ORVVHV DQG UHYHUVH LVR�
ODWLRQ RI WKH DPSOLpHU�

EHORZ WKH PLG�EDQG JDLQ� LV �� *+]� 7KH ��G%
EDQGZLGWK LV �� *+]� 7KH GDVKHG FXUYH VKRZV
WKH JDLQ DW D KLJKHU FXUUHQW GHQVLW\ ELDV� 7KH
PLG�EDQG LV ��� G%� WKH ��G% EDQGZLGWK LV |��
*+] DQG WKH ��G% EDQGZLGWK LV �� *+]�

)URP WKLV FXUYH� ZH FDQ DOVR REVHUYH JDLQ SHDN�
LQJ DW KLJK IUHTXHQFLHV� 7KH JDLQ�IUHTXHQF\ UH�
VSRQVH RI 7:$V LV VWURQJO\ LPSDFWHG E\ GHYLFH
IPD[

DQG WKH GHVLJQHG %UDJJ IUHTXHQF\� 'XU�
LQJ GHVLJQ� D FRQVHUYDWLYH +%7 PRGHO ZLWK D
��� *+] IPD[

ZDV DVVXPHG� +%7V RQ WKH FXU�
UHQW ZDIHU KDYH ��� *+] I

PD[
ZKLFK UHVXOWV

LQ WKH REVHUYHG JDLQ SHDNLQJ� *LYHQ WKH ���
*+] IPD[

� UHGHVLJQLQJ WKH DPSOLpHU ZRXOG SHU�
PLW EDQGZLGWKV JUHDWHU WKDQ ����� *+]� 7KH
ORZ IUHTXHQF\ FXW�Ro LV DERXW � *+] DQG LV GH�
WHUPLQHG E\ WKH WUDQVLVWRU I� p� )LJ� � VKRZV
WKH LQSXW DQG RXWSXW UHWXUQ ORVVHV DQG WKH UH�

YHUVH LVRODWLRQ� 7KH DPSOLpHU RXWSXW UHWXUQ ORVV
V�� LV SRRU DW KLJK IUHTXHQFLHV EHFDXVH RI WKH
Ro�FKLS FROOHFWRU�OLQH WHUPLQDWLRQ� 7KH FKLS FRQ�
VXPHV DERXW ��� P: RI '& SRZHU�

&21&/86,216

:H KDYH GHVLJQHG DQG IDEULFDWHG GLVWULEXWHG DP�
SOLpHUV ZLWK �� *+] EDQGZLGWK� ��� G% JDLQ DQG
|�� *+] EDQGZLGWK� ��� G% JDLQ� 7KHVH DP�
SOLpHUV KDYH WKH KLJKHVW JDLQ�EDQGZLGWK SURG�
XFW UHSRUWHG IRU D GLVWULEXWHG +%7 DPSOLpHU�
7KH ,&V GHPRQVWUDWH WKH SRWHQWLDO RI WUDQVIHUUHG�
VXEVWUDWH +%7V IRU SURGXFLQJ YHU\ KLJK VSHHG
LQWHJUDWHG FLUFXLWV� )XUWKHU LPSURYHPHQWV LQ WKH
GHVLJQ RI WKH DPSOLpHU� DV ZHOO DV LQ WKH LQWULQVLF
GHYLFH WHFKQRORJ\ ZLOO OHDG WR ZLGHU EDQGZLGWK
FLUFXLWV�

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

7KLV ZRUN ZDV VXSSRUWHG E\ 215 XQGHU JUDQW
QR� 1���������������� $)265 XQGHU JUDQW
QR� )���������������� '$53$ XQGHU WKH 27&
SURJUDP DQG D &DOLIRUQLD +XJKHV 0LFUR QR�
��������

5HIHU HQFHV

>�@ $JDUZDO %� HW� DO�� ?$ ����� *+] ,Q3 +(07
WUDYHOLQJ�ZDYH DPSOLpHU�� WR EH SUHVHQWHG�
���� ,((( 5),& 6\PSRVLXP�

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

>�@ .RED\DVKL .� :�� HW� DO�� ?$ ���0+]�
���*+] PXOWLGHFDGH ,Q3�EDVHG +%7 GLV�
WULEXWHG DPSOLpHU�� ,((( 0LFURZDYH DQG
*XLGHG :DYH /HWWHUV� YRO� �� QR� ��� SS� ����
���� �����

>�@ 6X]XNL +� HW� DO� � ?,Q3�,Q*D$V +%7
,&V IRU �� *ELW�V RSWLFDO WUDQVPLVVLRQ V\V�
WHPV�� *D$V ,& 6\PSRVLXP 7HFKQLFDO 'L�
JHVW� ����� SS� ��������
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>�@ 4� /HH HW� DO�� ?$ ! ��� *+] IPD[

WUDQVIHUUHG�VXEVWUDWH KHWHURMXQFWLRQ ELSRODU
WUDQVLVWRU ,& WHFKQRORJ\�� WR DSSHDU� ,(((
(OHFWURQ 'HYLFH /HWWHUV� 0DUFK �����

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

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

>�@ $JDUZDO %� HW� DO�� ?$ �� *+] IHHGEDFN
DPSOLpHU ZLWK $O,Q$V�*D,Q$V WUDQVIHUUHG�
VXEVWUDWH +%7�� ,QWHUQDWLRQDO (OHFWURQ 'H�
YLFHV 0HHWLQJ 7HFKQLFDO 'LJHVW� ����� ����
����
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