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$FNQRZOHGJPHQWV

7KLV ZRUN GHSHQGHG RQ WKH FRPPLWWHG HmRUWV RI PDQ\ RWKHUV� )LUVW
DQG IRUHPRVW� P\ DGYLVRU� 3URIHVVRU 0DUN 5RGZHOO KDG WKH YLVLRQ DQG WKH
FRXUDJH WR FKDOOHQJH WKH VWDWXV TXR RI D GHYLFH ZKLFK GLG QRW VFDOH� +H
UHPDLQHG FRPPLWWHG WR� DQG HQWKXVLDVWLF DERXW� WKH PHWDO VXEVWUDWH SURFHVV
HYHQ DV P\ OLVW RI VHWEDFNV OHQJWKHQHG� +LV LQVLJKW� HQWKXVLDVP� KDUG ZRUN�
DQG FRQFHUQ IRU WKH EHVW LQWHUHVWV RI KLV VWXGHQWV ZLOO DOZD\V UHPDLQ DQ
LQVSLUDWLRQ�
1RQH RI WKLV ZRUN ZRXOG KDYH EHHQ SRVVLEOH ZLWKRXW WKH FRQWULEXWLRQV

RI P\ SDVW DQG FXUUHQW ODE�PDWHV� %LSXO $JDUZDO� <RUDP %HWVHU� 8G�
GDODN %KDWWDFKDU\D� 6KULQLYDVDQ -DJDQDWKDQ� .DUWKLNH\DQ .ULVKQDPXUWK\�
0LFKHOOH /HH� 7KRPDV 0DWKHZ� 'LQR 0HQVD� 5DMDVHNKDU 3XOOHOD� *LULVK
5DPHVK� 0DGKXNDU 5HGG\� 'HQQLV 6FRWW� /RUHQH 6DPRVND� 3�.� 6XQGDUDUD�
MDQ� 0LJXHO 8UWHDJD DQG <XQ :HL� DOO KDYH KHOSHG PH LQ WRR PDQ\ ZD\V WR
FRXQW� )RU \RXU KHOS DQG IULHQGVKLS , DP JUDWHIXO�
/DVW� EXW FHUWDLQO\ QRW OHDVW� , DP LQGHEWHG WR P\ SDUHQWV� ZKRVH HQ�

FRXUDJHPHQW� ORYH DQG VXSSRUW ZHUH XQVZHUYLQJ�
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9LWD

q 1RYHPEHU ��� ����� ERUQ� /RQGRQ� 2QWDULR�
q 0D\� ����� %� $S� 6F�� (QJLQHHULQJ 6FLHQFH� 8QLYHUVLW\ RI 7RURQWR�
q $XJXVW� ����� 0� $S� 6F�� (OHFWULFDO (QJLQHHULQJ� 8QLYHUVLW\ RI
7RURQWR�

q ���������� 5HVHDUFK $VVLVWDQW� 'HSDUWPHQW RI (OHFWULFDO DQG &RP�
SXWHU (QJLQHHULQJ� 8QLYHUVLW\ RI &DOLIRUQLD� 6DQWD %DUEDUD�
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3XEOLFDWLRQV

�� '� 0HQVD� 5� 3XOOHOD� 4� /HH� -� *XWKULH� 6�&� 0DUWLQ� 5�3� 6PLWK�
6� -DJDQDWKDQ� %� 0DWKHZ� 7�DQG $JDUZDO� 6�,� /RQJ� DQG 0�-�:�
5RGZHOO� ?���*+] 'LJLWDO ,&V DQG ���*+] EDVHEDQG $PSOLnHUV 8VLQJ
7UDQVIHUUHG�6XEVWUDWH +%7
V�� ,((( -RXUQDO RI 6ROLG�6WDWH &LUFXLWV�
YRO� ��� SS� ����^����� �����

�� 4� /HH� 6�&� 0DUWLQ� '� 0HQVD� 5�3� 6PLWK� -� *XWKULH� DQG 0�-�:�
5RGZHOO� ?6XEPLFURQ WUDQVIHUUHG�VXEVWUDWH KHWHURMXQFWLRQ ELSRODU
WUDQVLVWRUV�� ,((( (OHFWURQ 'HYLFH /HWW�� YRO� ��� SS� ���^�� �����

�� 0� 5RGZHOO� 4� /HH� '� 0HQVD� -� *XWKULH� 6�&� 0DUWLQ� 5�3� 6PLWK�
5� 3XOOHOD� %� $JDUZDO� 6� -DJDQDWKDQ� 7� 0DWKHZ� DQG 6� /RQJ�
?7UDQVIHUUHG�VXEVWUDWH +%7 LQWHJUDWHG FLUFXLWV�� 6ROLG�6WDWH (OHF�
WURQLFV� YRO� ��� QR� �� SS� ����^��� �����

�� 4� /HH� 6�&� 0DUWLQ� '� 0HQVD� 5�3� 6PLWK� -� *XWKULH� 6� -DJDQDWKDQ�
7� 0DWKHZ� 6� .ULVKQDQ� /� 6DPRVND� DQG 0� 5RGZHOO� ?6XEPLFURQ
WUDQVIHUUHG�VXEVWUDWH KHWHURMXQFWLRQ ELSRODU WUDQVLVWRUV ZLWK JUHDWHU
WKDQ � 7+] I

PD[

�� LQ 3URFHHGLQJV '5&� �����

�� 4� /HH� '� 0HQVD� -� *XWKULH� 6� -DJDQDWKDQ� 7� 0DWKHZ� <� %HWVHU�
6� .ULVKQDQ� 6� &HUDQ� DQG 0� 5RGZHOO� ?�� *+] VWDWLF IUHTXHQF\ GL�
YLGHU LQ WUDQVIHUUHG�VXEVWUDWH +%7 WHFKQRORJ\�� LQ 3URF� ���� ,(((
5),& 6\PS�� $QDKHLP� ����� SS� ��^���

�� -�*XWKULH� '� 0HQVD� 7� 0DWKHZ� 4� /HH� 6� .ULVKQDQ� 6� -DJDQDWKDQ�
6� &HUDQ� <� %HWVHU� DQG 0�-�:� 5RGZHOO� ?$ ��PP FRSSHU�SRO\PHU
VXEVWUDWH +%7 ,& WHFKQRORJ\ IRU !���*+] 00,&V�� LQ 3URFHHGLQJV
,350� ����� SS� ���^���� 'DYRV� 6ZLW]HUODQG�

�� 4� /HH� 6�&� 0DUWLQ� '� 0HQVD� 5�3� 6PLWK� -� *XWKULH� 6� -DJDQDWKDQ�
7� 0DWKHZ� 6� .ULVKQDQ� 6� &HUDQ� DQG 0� 5RGZHOO� ?6XEPLFURQ
WUDQVIHUUHG�VXEVWUDWH KHWHURMXQFWLRQ ELSRODU WUDQVLVWRUV ZLWK JUHDWHU
WKDQ ��� *+] I

PD[

�� LQ 3URFHHGLQJV ,350� ����� SS� ���^���� 'DYRV�
6ZLW]HUODQG�
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�� 4� /HH� 6�&� 0DUWLQ� '� 0HQVD� 5�3� 6PLWK� -� *XWKULH� 6� -DJDQDWKDQ�
7� 0DWKHZ� 6� .ULVKQDQ� 6� &HUDQ� DQG 0� 5RGZHOO� ?7UDQVIHUUHG�
VXEVWUDWH KHWHURMXQFWLRQ ELSRODU LQWHJUDWHG FLUFXLW WHFKQRORJ\�� LQ
3URFHHGLQJV ,350� ����� SS� ���^���� 'DYRV� 6ZLW]HUODQG�

�� '� 0HQVD� 4� /HH� -� *XWKULH� 6� -DJDQDWKDQ� DQG 0�-�:� 5RGZHOO�
?7UDQVIHUUHG VXEVWUDWH +%7V ZLWK ���*+] I

~

�� (OHFWURQLFV /HWW�� YRO�
��� SS� ���^�� �����

��� '� 0HQVD� 4� /HH� -� *XWKULH� 6� -DJDQDWKDQ� DQG 0�-�:� 5RGZHOO�
?7UDQVIHUUHG VXEVWUDWH +%7V ZLWK ��� *+] FXUUHQW�JDLQ FXWRm IUH�
TXHQF\�� LQ 7HFK� 'LJ� ,((( ,('0� 6DQ )UDQFLVFR� ����� SS� ���^���

��� '� 0HQVD� 5� 3XOOHOD� 4� /HH� -� *XWKULH� 6�&� 0DUWLQ� 5�3� 6PLWK�
6� -DJDQDWKDQ� %� 0DWKHZ� 7�DQG $JDUZDO� 6�,� /RQJ� DQG 0�-�:�
5RGZHOO� ?���*+] GLJLWDO ,&V DQG ���*+] EDVHEDQG DPSOLnHUV XVLQJ
WUDQVIHUUHG�VXEVWUDWH +%7
V�� LQ 7HFK� 'LJ� ,((( *D$V ,& 6\PS��
$WODQWD� *$� ����� SS� ����^����

��� '� 0HQVD� 4� /HH� -� *XWKULH� 6� -DJDQDWKDQ� DQG 0�-�:� 5RGZHOO�
?%DVHEDQG DPSOLnHUV LQ WUDQVIHUUHG�VXEVWUDWH +%7 WHFKQRORJ\�� LQ
7HFK� 'LJ� ,((( *D$V ,& 6\PS�� $WODQWD� *$� ����� SS� ��^��

��� 0� 5RGZHOO� '� /HH� 4�DQG 0HQVD� 5� 3XOOHOD� -� *XWKULH� 6�&� 0DUWLQ�
5�3� 6PLWK� 6� -DJDQDWKDQ� 7� 0DWKHZ� %� $JDUZDO� DQG 6� /RQJ� ?��
*+] GLJLWDO ,&V XVLQJ WUDQVIHUUHG�VXEVWUDWH +%7V�� LQ 7HFK� 'LJ�
,((( *D$V ,& 6\PS�� $WODQWD� *$� ����� SS� ���^���

��� 5� 3XOOHOD� '� 0HQVD� 4� /HH� %� $JDUZDO� -� *XWKULH� 6� -DJDQDWKDQ�
DQG 0�-�:� 5RGZHOO� ?�� *+] VWDWLF IUHTXHQF\ GLYLGHUV LQ WUDQVIHUUHG�
VXEVWUDWH +%7 WHFKQRORJ\�� (OHFWURQLFV /HWW�� YRO� ��� QR� ��� SS�
����^�� �����

��� 4� /HH� 6�&� 0DUWLQ� '� 0HQVD� 5� 3XOOHOD� 5�3� 6PLWK� %� $JDUZDO�
-� *XWKULH� DQG 0� 5RGZHOO� ?'HHS VXEPLFURQ WUDQVIHUUHG�VXEVWUDWH
KHWHURMXQFWLRQ ELSRODU WUDQVLVWRUV�� LQ 'HYLFH 5HVHDUFK &RQIHUHQFH
'LJHVW� ,(((� ����� SS� ��^�� &KDUORWWHVYLOOH� 9$� 86$�

��� 5� 3XOOHOD� '� 0HQVD� 4� /HH� %� $JDUZDO� -� *XWKULH� 6� -DJDQDWKDQ�
DQG 0�-�:� 5RGZHOO� ?�� *+] VWDWLF IUHTXHQF\ GLYLGHU LQ XOWDIDVW
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WUDQVIHUUHG�VXEVWUDWH KHWHURMXQFWLRQ ELSRODU WUDQVLVWRU WHFKQRORJ\�� LQ
3URF� ,350 ����� 7VXNXED� -DSDQ� ����� SS� ��^���

��� 5� 3XOOHOD� %� $JDUZDO� 4� /HH� /� 6DPRVND� '� 0HQVD� -� *XWKULH�
DQG 0�-�:� 5RGZHOO� ?8OWUDIDVW WUDQVIHUUHG�VXEVWUDWH KHWHURMXQFWLRQ
ELSRODU WUDQVLVWRU ,&V IRU KLJK�VSHHG nEHU�RSWLF WUDQVPLVVLRQ�� LQ
7HFK� 'LJ� 2)& 
��� 6DQ -RVH� &$� ����� SS� ���^���

��� 4� /HH� %� $JDUZDO� 0HQVD '�� 5� 3XOOHOD� -� *XWKULH� /� 6DPRVND�
DQG 0�-�:� 5RGZHOO� ?$ ! ��� *+] I

PD[
WUDQVIHUUHG�VXEVWUDWH KHW�

HURMXQFWLRQ ELSRODU WUDQVLVWRU ,& WHFKQRORJ\�� ,((( (OHFWURQ 'HYLFH
/HWW�� YRO� ��� QR� �� SS� ��^�� �����

��� %� $JDUZDO� 4� /HH� '� 0HQVD� 5� 3XOOHOD� -� *XWKULH� DQG 0�-�:�
5RGZHOO� ?���*+] GLVWULEXWHG DPSOLnHUV ZLWK WUDQVIHUUHG�VXEVWUDWH
KHWHURMXQFWLRQ ELSRODU WUDQVLVWRUV�� ,(((� 7UDQVDFWLRQV RQ 0L�
FURZDYH 7KHRU\ DQG 7HFKQLTXHV� YRO� ��� QR� ��� SS� ����^�� �����

��� /� 6DPRVND� 5� 3XOOHOD� %� $JDUZDO� '� 0HQVD� 4� /HH� .DPDQ 9��
-� *XWKULH� DQG 0�-�:� 5RGZHOO� ?,Q3 KHWHURMXQFWLRQ ELSRODU WUDQ�
VLVWRU GHFLVLRQ FLUFXLWV�� LQ ���� ,((( 077�6 ,QW� 0LFURZDYH 6\PS�
'LJ�� %DOWLPRUH� 0'� ����� SS� ����^��

��� %� $JDUZDO� 4� /HH� 5� 3XOOHOD� '� 0HQVD� -� *XWKULH� DQG 0�-�:�
5RGZHOO� ?$ WUDQVIHUUHG�VXEVWUDWH +%7 ZLGH�EDQG GLmHUHQWLDO DPSOL�
nHU WR �� *+]�� ,((( 0LFURZDYH DQG *XLGHG :DYH /HWW�� YRO� �� QR�
�� SS� ���^�� �����

��� %� $JDUZDO� /HH� 4� 0HQVD '�� 5� 3XOOHOD� -� *XWKULH� DQG 0�-�:�
5RGZHOO� ?%URDGEDQG IHHGEDFN DPSOLnHUV ZLWK $O,Q$V�*DOQ$V WUDQV�
IHUUHG VXEVWUDWH +%7�� (OHFWURQLFV /HWW�� YRO� ��� QR� ��� SS� ����^��
�����

��� %� $JDUZDO� 5� 3XOOHOD� 8� %KDWWDFKDU\D� '� 0HQVD� 4LQJ�+XQJ /HH�
/� 6DPRVND� -� *XWKULH� DQG 0� 5RGZHOO� ?8OWUDKLJK I

PD[

$O,Q$V�
*D,Q$V WUDQVIHUUHG VXEVWUDWH KHWHURMXQFWLRQ ELSRODU WUDQVLVWRUV IRU
LQWHJUDWHG FLUFXLW DSSOLFDWLRQV�� ,QW� -� RI +LJK 6SHHG (OHFWURQ� 6\VW��
YRO� �� QR� �� SS� ���^��� �����
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��� -� *XWKULH� '� 0HQVD� %� $JDUZDO� 4� /HH� 5� 3XOOHOD� DQG 0� 5RGZHOO�
?+%7 ,& SURFHVV ZLWK D &X VXEVWUDWH�� (OHFWURQLFV /HWW�� YRO� ��� QR�
�� SS� ���^���� �����

��� 5� 3XOOHOD� 4� /HH� %� $JDUZDO� '� 0HQVD� -� *XWKULH� /� 6DPRVND�
DQG 0� 5RGZHOO� ?$ ! ��� *+] IPD[ WUDQVIHUUHG�VXEVWUDWH +%7
LQWHJUDWHG FLUFXLW WHFKQRORJ\�� LQ ��WK $QQXDO 'HYLFH 5HVHDUFK &RQ�
IHUHQFH 'LJHVW� �����

��� % $JDUZDO� '� 0HQVD� 5� 3XOOHOD� 4� /HH� 8� %KDWWDFKDU\D�
/� 6DPRVND� -� *XWKULH� DQG 0�-�:� 5RGZHOO� ?$ ����*+] I

PD[

WUDQVIHUUHG�VXEVWUDWH KHWHURMXQFWLRQ ELSRODU WUDQVLVWRU�� ,((( (OHF�
WURQ 'HYLFH /HWW�� YRO� ��� QR� �� SS� ���^���� �����

��� 8� %KDWWDFKDU\D� /� 6DPRVND� 5� 3XOOHOD� -� *XWKULH� DQG 0�-�:�
5RGZHOO� ?��� *+] WUDQVIHUUHG�VXEVWUDWH KHWHURMXQFWLRQ ELSRODU WUDQ�
VLVWRU�� (OHFWURQLFV /HWW�� YRO� ��� QR� ��� SS� ����^����� �����
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$EVWUDFW

0HWDO 6XEVWUDWH 3URFHVV DQG
:�EDQG 3RZHU $PSOLnHU ,QWHJUDWHG &LUFXLWV
LQ 7UDQVIHUUHG�6XEVWUDWH +%7 7HFKQRORJ\

E\
-DPHV 5XVVHOO *XWKULH

5HFRUG SRZHU JDLQ DQG FXUUHQW JDLQ EDQGZLGWKV� I
PD[

DQG I
W

UHVSHF�
WLYHO\� KDYH EHHQ GHPRQVWUDWHG E\ WKH WUDQVIHUUHG�VXEVWUDWH +%7 WHFKQRO�
RJ\ GHYHORSHG DW 8&6%� )XUWKHU� UHFRUG JDLQ�EDQGZLGWK EDVHEDQG DPSOL�
nHUV DQG VWDWLF IUHTXHQF\ GLYLGHU ,&
V KDYH EHHQ GHPRQVWUDWHG LQ WKLV WHFK�
QRORJ\� ,Q RUGHU WR H[WHQG WKH KLJK VSHHG DGYDQWDJHV RI WKLV WHFKQRORJ\
IURP WKH GHPRQVWUDWHG EXLOGLQJ EORFN FLUFXLWV WR ODUJHU VFDOH ,&
V� VLJQLn�
FDQW LPSURYHPHQWV LQ KHDW�VLQNLQJ DQG SDFNDJHDELOLW\ QHHG WR EH PDGH�
,W LV LQ WKH LQWHUHVW RI HQDEOLQJ ODUJHU VFDOH LQWHJUDWHG FLUFXLWV WKDW D

PHWDO VXEVWUDWH +%7 ,& SURFHVV ZDV GHYHORSHG LQ WKLV ZRUN� 7KH nUVW
GLVFUHWH +%7V RQ D FRSSHU VXEVWUDWH ZHUH GHPRQVWUDWHG� 7UDQVIHUUHG VXE�
VWUDWH +%7V DQG VLPSOH LQWHJUDWHG FLUFXLWV ZHUH IRU WKH nUVW WLPH IDEULFDWHG
RQ IXOO ZDIHUV�
,Q WKLV ZRUN� LQWHJUDWHG FLUFXLW SRZHU DPSOLnHUV ZHUH GHVLJQHG DQG IDE�

ULFDWHG ZKLFK GHPRQVWUDWHG WKH KLJKHVW RXWSXW SRZHU DERYH �� *+] IRU
DQ\ +%7 FLUFXLW� 7KHVH 00,& SRZHU DPSOLnHUV GHPRQVWUDWH WKDW WKH DG�
YDQWDJHV RI WUDQVIHUUHG VXEVWUDWH +%7
V H[WHQG WR ODUJH VLJQDO DPSOLnHUV�

L[



&RQWHQWV

� ,QWURGXFWLRQ �

� 6XEVWUDWH (QJLQHHULQJ �
��� :LULQJ $UFKLWHFWXUH � � � � � � � � � � � � � � � � � � � � � � � �

����� 3LWFK RI ,VRODWHG /LQHV � � � � � � � � � � � � � � � � � �
����� (mHFWLYH 3HUPLWWLYLW\ � � � � � � � � � � � � � � � � � � �
����� 6SXULRXV 0RGHV � � � � � � � � � � � � � � � � � � � � � �

��� *URXQGLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6LJQDO ,�2 � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� +HDW 6LQNLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� :DIHU %DFN�WKLQQLQJ � � � � � � � � � � � � � � � � � � ��
��� 6FDOHDEOH :LULQJ $UFKLWHFWXUHV � � � � � � � � � � � � � � � � � ��
��� $ 6XEVWUDWH IRU 7UDQVIHUUHG 6XEVWUDWH ,&
V � � � � � � � � � � ��

����� 0HWDO 6XEVWUDWH 6ROXWLRQ � � � � � � � � � � � � � � � � ��

� &RSSHU 6XEVWUDWH 3URFHVV ��
��� %XLOGLQJ D 0HWDO 6XEVWUDWH � � � � � � � � � � � � � � � � � � � ��
��� 6ROGHU %RQGHG 3URFHVV � � � � � � � � � � � � � � � � � � � � � ��
��� 3ODWLQJ &RSSHU 6XEVWUDWHV � � � � � � � � � � � � � � � � � � � ��
��� )UHH�6WDQGLQJ 0HWDO :DIHUV � � � � � � � � � � � � � � � � � � ��

����� 3ODWLQJ )L[WXUHV � � � � � � � � � � � � � � � � � � � � � ��
����� 3ODWLQJ 6ROXWLRQV � � � � � � � � � � � � � � � � � � � � ��
����� )LOP 6WUHVV � � � � � � � � � � � � � � � � � � � � � � � ��
����� /DSSLQJ � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7KLQ )RLO 3URFHVV � � � � � � � � � � � � � � � � � � � � � � � � ��
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����� 'HYHORSPHQW�0HWKRG � � � � � � � � � � � � � � � � � ��
����� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � � � � ��

� 0LFURZDYH %LSRODU 3RZHU 7UDQVLVWRUV ��
��� 0LFURZDYH 3RZHU 7UDQVLVWRUV � � � � � � � � � � � � � � � � � � ��

����� /DUJH 'HYLFHV � � � � � � � � � � � � � � � � � � � � � � ��
����� +LJK 6SHHG 8QGHU +LJK %LDV � � � � � � � � � � � � � � ��
����� 0HDVXULQJ 3RZHU 7UDQVLVWRUV � � � � � � � � � � � � � � ��

��� 0XOWL�)LQJHU 'HVLJQV � � � � � � � � � � � � � � � � � � � � � � ��
��� /DUJH 6LJQDO 0RGHOOLQJ � � � � � � � � � � � � � � � � � � � � � ��
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QXPEHU RI YHU\ KLJK SHUIRUPDQFH VPDOO VFDOH LQWHJUDWHG FLUFXLWV KDYH EHHQ
GHPRQVWUDWHG� VWDWLF IUHTXHQF\ GLYLGHUV FORFNLQJ WR �� *+]>�@ DQG EDVHEDQG
DPSOLnHUV ZLWK JDLQ�EDQGZLGWK SURGXFWV RI ! ��� *+]>�@�
7KH DERYH PHQWLRQHG UHVXOWV ZHUH DFKLHYHG E\ SURFHVVLQJ TXDUWHUV RI
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�� PP ZDIHUV� ,Q RUGHU VXFFHVVIXOO\ WR IDEULFDWH ODUJHU VFDOH LQWHJUDWHG FLU�
FXLWV� LW LV LPSHUDWLYH WKDW WKH WUDQVIHUUHG VXEVWUDWH SURFHVV EH H[WHQGHG
WR ZDIHUV RI ODUJHU DUHD� 0XFK RI WKH SURFHVVLQJ DW 8&6% RFFXUV XQGHU
FRQGLWLRQV OHVV WKDQ DSSURSULDWH WR 9/6, HmRUWV� DQG VLPSOH VWDWLVWLFV VXJ�
JHVW WKDW FLUFXLW \LHOG ZLOO GHFUHDVH GUDPDWLFDOO\ ZLWK LQFUHDVLQJ VFDOHV RI
LQWHJUDWLRQ�
:KHQ WKHVH ODUJHU VFDOH LQWHJUDWHG FLUFXLWV DUH VXFFHVVIXOO\ IDEULFDWHG�

WKH\ ZLOO GLVVLSDWH PXFK ODUJHU SRZHUV� DQG WKH GLVVLSDWHG SRZHU GHQVLW\
DYHUDJHG RYHU WKH GLH DUHD ZLOO LQFUHDVH JUHDWO\ E\ FRPSDULVRQ WR H[LVWLQJ
FLUFXLWV� *UHDWO\ LPSURYHG KHDW�VLQNLQJ ZLOO EH UHTXLUHG�
7KH UHOHYDQFH RI LQWHJUDWHG FLUFXLWV ZKLFK FDQ EH WHVWHG RQ ZDIHU EXW

QRW SDFNDJHG LV VRPHZKDW OLPLWHG� 6XFFHVVIXO SDFNDJLQJ RI FRPSOH[ KLJK
VSHHG LQWHJUDWHG FLUFXLWV GHPDQGV WKDW WKH GLH SUHVHQW D FRQWLQXRXV JURXQG
SODQH IRU ERQGLQJ WR WKH SDFNDJH
,Q WKLV ZRUN� D SURFHVV IRU LQWHJUDWLQJ WUDQVIHUUHG VXEVWUDWH +%7V RQ

D PHWDO VXEVWUDWH ZDV GHYHORSHG LQ DQ DWWHPSW WR DGGUHVV WKH DERYH LV�
VXHV UHODWLQJ WR LQFUHDVLQJ VFDOHV RI LQWHJUDWLRQ� 7KLV SURFHVV ZDV IURP WKH
EHJLQQLQJ GHYHORSHG ZLWK WKH JRDO RI \LHOGLQJ IXOO �� PP ZDIHUV RI +%7
LQWHJUDWHG FLUFXLWV� %\ WUDQVIHUULQJ WKH HSLWD[LDO PDWHULDO RI WKH +%7V WR
D VXUURJDWH VXEVWUDWH FRPSRVHG RI D KLJKO\ FRQGXFWLYH PHWDO� WKH WKHUPDO
UHVLVWDQFH IURP WKH WUDQVLVWRU MXQFWLRQ WR WKH IDU VLGH RI WKH VXEVWUDWH FRXOG
EH JUHDWO\ UHGXFHG� )XUWKHUPRUH� WKLV ZKROO\ PHWDO VXEVWUDWH SUHVHQWV WKH
ORZHVW SRVVLEOH SDUDVLWLF JURXQG LQGXFWDQFH EHWZHHQ GLH DQG SDFNDJH�
7ZR VFKHPHV IRU IDEULFDWLQJ WUDQVIHUUHG VXEVWUDWH +%7
V RQ FRSSHU

ZDIHUV ZHUH GHPRQVWUDWHG� :KLOH GLVFUHWH +%7
V ZHUH VXFFHVVIXOO\ IDE�
ULFDWHG RQ D IUHH�VWDQGLQJ FRSSHU ZDIHU VRPH ��� xP WKLFN� WKH GLpFXOWLHV
RI \LHOGLQJ LQWHJUDWHG FLUFXLWV LQ WKLV VFKHPH SURYHG LQVXUPRXQWDEOH� 7KH
VHFRQG VFKHPH LQYROYHG SURFHVVLQJ LQWHJUDWHG FLUFXLWV UHVLGLQJ RQ D �� xP
WKLFN FRSSHU IRLO� WHPSRUDULO\ PRXQWHG WR D VXSSRUWLQJ FDUULHU ZDIHU� 7KLV
WKLQ IRLO SURFHVV DOORZHG WKH SURFHVVLQJ RI HQWLUH �� PP ZDIHUV� 6PDOO VFDOH
LQWHJUDWHG FLUFXLWV ZHUH VXFFHVVIXOO\ IDEULFDWHG LQ WKLV WKLQ IRLO SURFHVV�
$V D YHKLFOH WR GHPRQVWUDWH WKH WKHUPDO DGYDQWDJHV RI WKH FRSSHU VXE�

VWUDWH DQG DV SDUW RI D SURMHFW WKDW ZRXOG GHPDQG DQ LQWHJUDWHG DUUD\ RI
FLUFXLWV� UHDFWLYHO\ PDWFKHG SRZHU DPSOLnHU FLUFXLWV ZHUH GHVLJQHG LQ WKLV
ZRUN� 7KHVH DPSOLnHUV ZHUH GHVLJQHG IRU RSHUDWLRQ DW �� *+]� D IUHTXHQF\
KHUHWRIRUH RXW RI UHDFK IRU +%7 00,&V�
7R GDWH� +(07
V KDYH EHHQ WKH RQO\ YLDEOH WKUHH WHUPLQDO �VHPLFRQGXF�
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WRU� DFWLYH GHYLFHV IRU XVH LQ SRZHU DPSOLnHUV DW IUHTXHQFLHV DERYH �� *+]�
,Q3 EDVHG +(07 00,&V KDYH GHPRQVWUDWHG RXWSXW SRZHUV RI ��� P:
DW �� *+]>�@� 2QO\ DW ORZHU IUHTXHQFLHV GLG +%7
V RmHU VXpFLHQW JDLQ
WR FRPSHWH ZLWK +(07
V� 0LOOLPHWHU�ZDYH RXWSXW SRZHUV IURP +%7 LQ�
WHJUDWHG FLUFXLWV KDYH EHHQ OLPLWHG WR ���� G%P DW �� *+]>�@� �� G%P
DW �� *+]>�@� � G%P DW ���� *+]>�@ DQG ��� G%P DW ��� *+]>��@� 'LV�
FUHWH +%7V KDYH EHHQ UHSRUWHG ZKLFK GHOLYHU ���� G%P DW �� *+]>��@� DQG
�� G%P DW ��*+]>��@�
:KLOH WKH WUDQVIHUUHG VXEVWUDWH +%7 DmRUGV JDLQV PRUH FRPSDUDEOH WR

WKRVH RI +(07V LQWR WKH ������ *+]� :� EDQG� WKH EUHDNGRZQ YROWDJHV
RI WKH FXUUHQW ,Q*D$V FROOHFWRU GHYLFH VWUXFWXUH DUH ORZHU WKDQ WKRVH DW�
WDLQDEOH LQ +(07V RI VLPLODU EDQGZLGWK� 7KH HYHQWXDO LQWURGXFWLRQ RI
,Q3 FROOHFWRU OD\HUV WR WUDQVIHUUHG VXEVWUDWH +%7V ZLOO VLJQLnFDQWO\ LQFUHDVH
WKH FROOHFWRU EUHDNGRZQ YROWDJHV� $V D nUVW DWWHPSW DW SRZHU DPSOLnHU GH�
VLJQ LQ WKH WUDQVIHUUHG VXEVWUDWH +%7 WHFKQRORJ\� VHYHUDO LQWHJUDWHG FLUFXLW
SRZHU DPSOLnHUV ZHUH GHVLJQHG IRU WKH ,Q*D$V FROOHFWRU GHYLFH�
,Q WKH SUHVHQW ZRUN� UHDFWLYHO\ PDWFKHG FRPPRQ�EDVH SRZHU DPSOLnHU

00,&V ZHUH GHVLJQHG DQG IDEULFDWHG ZKLFK DWWDLQHG QRQ�VDWXUDWHG RXW�
SXW SRZHUV RI ��� G%P DW ���� *+]� $OVR� UHDFWLYHO\ PDWFKHG FDVFRGH
SRZHU DPSOLnHUV ZHUH GHVLJQHG DQG IDEULFDWHG� 7KH IDEULFDWHG FDVFRGH DP�
SOLnHUV DFKLHYHG JUHDWHU VPDOO VLJQDO JDLQV DQG EHWWHU UHWXUQ ORVV WKDQ WKH
FRPPRQ�EDVH GHVLJQ� DQG GHPRQVWUDWHG �� G%P RXWSXW SRZHU DW �� *+]�
DJDLQ QRW VDWXUDWHG� $ EDODQFHG SDLU RI WKHVH FDVFRGH DPSOLnHUV GHOLYHUHG
���� G%P RXWSXW SRZHU DW �� *+]� 7KHVH 00,&V UHSUHVHQW WKH UHVXOWV
RI D nUVW DWWHPSW WR XVH ODUJHU� PXOWL�nQJHU WUDQVIHUUHG VXEVWUDWH +%7V LQ
DFWXDO FLUFXLWV� ,Q SDUWLFXODU� LW VKRXOG EH QRWHG WKDW GLVWULEXWHG FRPELQLQJ
RI PXOWLSOH OXPSHG WUDQVLVWRUV ZDV QRW DWWHPSWHG H[FHSW LQ WKH EDODQFHG
DPSOLnHU�
:KLOH WKH RXWSXW SRZHUV DFKLHYHG KHUH DUH VXEVWDQWLDOO\ OHVV WKDQ WKH

UHFRUGV IRU +(07 00,&V LQ WKLV IUHTXHQF\ UDQJH� LW LV ZRUWK QRWLQJ WKDW
WKH RXWSXW SRZHU SHU XQLW GLH DUHD LV DFWXDOO\ PRUH FRPSDUDEOH� :KHUHDV
WKH +(07 00,& LQ >�@ GHOLYHUHG ��� P: PP� RI GLH DUHD� WKH FDVFRGH
DPSOLnHU KHUH GHOLYHUHG �� P: PP��
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&KDSWHU �

6XEVWUDWH (QJLQHHULQJ

(OHFWURQLFV IRU �� *%LW�VHF nEHU OLQNV DUH FXUUHQWO\ XQGHU DFWLYH GHYHORS�
PHQW DW QXPHURXV FRPSDQLHV� )XWXUH FRPPXQLFDWLRQV DQG UDGDU V\VWHPV
ZLOO UHTXLUH FRPSOH[ ,&V RSHUDWLQJ VLJQLnFDQWO\ DERYH ���*+]� 7KHVH DQG
IXWXUH� KLJKHU VSHHG� JHQHUDWLRQV RI LQWHJUDWHG FLUFXLWV ZLOO GHPDQG YHU\
VLJQLnFDQW LQQRYDWLRQV LQ WKH GHVLJQ RI WKH LQWHJUDWHG ZLULQJ HQYLURQPHQW�
,Q DGGLWLRQ WR SURGXFLQJ WUDQVLVWRUV RI JUHDWO\ LQFUHDVHG EDQGZLGWK� VH�
YHUH GLpFXOWLHV ZLWK LQWHUFRQQHFWV� SDFNDJLQJ DQG KHDW VLQNLQJ PXVW EH
DGGUHVVHG� 7KH FKRLFH RI ZLULQJ DUFKLWHFWXUH IXQGDPHQWDOO\ DmHFWV WKHVH
LVVXHV DQG KHQFH WKH SHUIRUPDQFH DFKLHYDEOH IURP SDFNDJHG ,&V� 'HQVHO\
LQWHJUDWHG WUDQVPLVVLRQ OLQHV DQG ORZ LQGXFWDQFH JURXQG FRQQHFWLRQV ZLOO EH
UHTXLUHG ZKLFK ZLOO QRW HDVLO\ EH DFKLHYHG E\ IXUWKHU VFDOLQJ RI FRQYHQWLRQDO
LQWHJUDWHG FLUFXLW VWUXFWXUHV�

��� :LULQJ $UFKLWHFWXUH

,Q LQWHJUDWHG FLUFXLWV RSHUDWLQJ LQ WKH ��V RI *+] DQG DERYH� QHDUO\ DQ\
LQWHUFRQQHFWLRQ ZLOO LQWURGXFH DSSUHFLDEOH SDUDVLWLFV� :KHUH WKH HOHFWULFDO
OHQJWK RI VXFK LQWHUFRQQHFWLRQV H[FHHGV VRPH IUDFWLRQ RI WKH SHULRG RI VLJ�
QDOV RI LQWHUHVW� GHOD\HG UHoHFWLRQV IURP LPSHGDQFH GLVFRQWLQXLWLHV PXVW EH
DFFRXQWHG IRU LQ WKH FLUFXLW GHVLJQ� 3UDFWLFDOO\� WKLV PHDQV WKDW FRQWUROOHG
LPSHGDQFH WUDQVPLVVLRQ OLQHV DUH UHTXLUHG IRU ORQJ LQWHUFRQQHFWLRQV� 7KH
WZR PRVW SUHYDOHQW JHRPHWULHV IRU WKH FRQVWUXFWLRQ RI WUDQVPLVVLRQ OLQHV
LQ LQWHJUDWHG FLUFXLWV DUH PLFURVWULS DQG FRSODQDU ZDYHJXLGH� :KHQ GH�
VLJQHG FRUUHFWO\ IRU WKH IUHTXHQF\ RI RSHUDWLRQ� HLWKHU VFKHPH FDQ SURYLGH
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ORZ GLVSHUVLRQ FRQWUROOHG LPSHGDQFH WUDQVPLVVLRQ OLQHV�
0LFURVWULS WUDQVPLVVLRQ OLQHV FRQVLVW RI PHWDO ULEERQV VHSDUDWHG IURP

D FRQWLQXRXV JURXQG SODQH E\ D VODE RI GLHOHFWULF� DV VKRZQ LQ nJXUH ����
,Q PDQ\ H[WDQW PLFURZDYH LQWHJUDWHG FLUFXLWV� WKH *D$V RU ,Q3 VXEVWUDWH
KDV VHUYHG DV WKH GLHOHFWULF OD\HU� 7KH FKDUDFWHULVWLF LPSHGDQFH� =

R

� DQG
HmHFWLYH SHUPLWWLYLW\ q

Hm
 �w

R

 w�� DUH GHWHUPLQHG E\ WKH WKLFNQHVV� K�
DQG SHUPLWWLYLW\ RI WKH VXEVWUDWH DQG WKH ZLGWK� :� RI WKH OLQH� )RU VRPH
JHRPHWULHV WKH ZHDNHU GHSHQGHQFH RI =

R

DQG q
Hm
RQ WKH WKLFNQHVV RI WKH

VWULS PHWDOL]DWLRQ FDQ QRW EH QHJOHFWHG� 3K\VLFDO DQDO\VLV RI PLFURVWULS
WUDQVPLVVLRQ OLQHV GRHV QRW OHDG WR HTXDWLRQV IRU =

R

DQG q
Hm
WKDW DUH ERWK

VLPSOH DQG DFFXUDWH� ,W LV ZRUWK QRWLQJ KRZHYHU WKDW q
Hm
DSSURDFKHV q

U

IRU
ORZ LPSHGDQFH OLQHV� 7KH UDQJH RI DFKLHYDEOH FKDUDFWHULVWLF LPSHGDQFHV LV
OLPLWHG LQ SUDFWLFH� UHVLVWLYH ORVVHV LQ WKH OLQH WHQG WR GRPLQDWH WKH FKDU�
DFWHULVWLFV RI OLQHV RI =

R

! ���l� ZKLOH OLQHV RI =
R

� ��l EHFRPH WRR
ZLGH WR EH XVHIXO RU HYHQ RSHUDWH FRUUHFWO\� /LQH ZLGWKV RI JUHDWHU WKDQ
w � PXVW EH DYRLGHG WR DVVXUH VLQJOH PRGH SURSDJDWLRQ>��@� %HFDXVH WKH
GHVLUHG PLFURVWULS PRGH LV RQO\ DSSUR[LPDWHO\ D 7(0 RQH� LW LV GLVSHUVLYH�
$Q HPSLULFDO H[SUHVVLRQ IRU WKH IUHTXHQF\ ERXQG EHORZ ZKLFK GLVSHUVLRQ LV
QHJOLJLEOH LV >��� S� ���@

I { ��*+] cPP
�Z � �K�

S
q
U

� �
�����

7KLV ERXQG LV ZHOO EHORZ WKH FXWRm IUHTXHQF\ RI WKH nUVW KLJKHU RUGHU PRGH
RI WKH PLFURVWULS OLQH�
,Q WKH GHVLJQ RI PLFURVWULS WUDQVPLVVLRQ OLQHV� D FRPSURPLVH PXVW EH

VWUXFN EHWZHHQ OLQH FKDUDFWHULVWLFV DQG JURXQG FRQQHFWLRQ SDUDVLWLFV� %H�
FDXVH JURXQG FRQQHFWLRQV PXVW EH PDGH E\ YLDV WKURXJK WKH WKLFNQHVV RI WKH
PLFURVWULS GLHOHFWULF VXEVWUDWH� WKLQQHU VXEVWUDWHV UHVXOW LQ VPDOOHU JURXQG
SDUDVLWLF LQGXFWDQFH� $JDLQVW WKLV� WKH VWULS ZLGWK IRU D JLYHQ LPSHGDQFH
VFDOHV OLQHDUO\ ZLWK GLHOHFWULF WKLFNQHVV� WKH QDUURZHU OLQHV RQ D WKLQQHU GL�
HOHFWULF VXmHU JUHDWHU UHVLVWLYH ORVVHV� 3UDFWLFDO PLFURVWULS JHRPHWULHV PDQ�
GDWH WKH PHFKDQLFDO WKLQQLQJ RI ,,,�9 00,& ZDIHUV� 7KH ZDIHU WKLQQLQJ
DQG WKURXJK�ZDIHU YLD HWFKLQJ UHTXLUHG IRU PLFURVWULS LQWHJUDWHG FLUFXLWV
DUH YHU\ FRVWO\ RSHUDWLRQV�
&RSODQDU ZDYHJXLGH FRQVLVWV RI D VWULS FRQGXFWRU FHQWHUHG LQ WKH JDS

EHWZHHQ WZR VHPL�LQnQLWH JURXQG SODQHV� DOO DWRS D GLHOHFWULF VODE� 7KLV JH�
RPHWU\ LV VKRZQ VFKHPDWLFDOO\ LQ nJXUH ���� 7KH FKDUDFWHULVWLF LPSHGDQFH
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RI &3: OLQHV LV D IXQFWLRQ RI WKH UDWLR RI WKH VWULS ZLGWK : WR WKH WRWDO
ZLGWK G  : � �V>��� S����@� 7KH HmHFWLYH SHUPLWWLYLW\ RI &3: OLQHV LV
VLPSO\ WKH DULWKPHWLF PHDQ RI WKH SHUPLWWLYLW\ RI WKH VXEVWUDWH DQG WKH
RYHUO\LQJ GLHOHFWULF� XVXDOO\ DLU� L�H� q

Hm
 �q

U

� �� �� 7R DYRLG VLJQLnFDQW
UDGLDWLRQ� DQG KHQFH EH SUDFWLFDOO\ XVHIXO� WKH WRWDO ZLGWK G PXVW EH VFDOHG
ZLWK IUHTXHQF\� &RQVLVWLQJ DV LW GRHV RI WKUHH FRQGXFWRUV� WKH &3: VWUXF�
WXUH VXSSRUWV WZR IXQGDPHQWDO PRGHV� WKH GHVLUHG &3: PRGH DV ZHOO DV
D VSXULRXV VORW OLQH PRGH� 6XSSUHVVLRQ RI WKH VORW OLQH PRGH GHPDQGV WKH
SHULRGLF LQWHUFRQQHFWLRQ RI WKH JURXQG SODQHV ZLWK H�J� DLU�EULGJHV� 0DLQ�
WDLQLQJ FRQWLQXLW\ RI WKH JURXQG SODQHV EHFRPHV D FULWLFDO LVVXH LQ FRPSOH[
FLUFXLWV�
%HFDXVH DOO WKH FRQGXFWRUV RI &3: WUDQVPLVVLRQ OLQHV UHVLGH RQ WKH DF�

WLYH VXUIDFH RI WKH LQWHJUDWHG FLUFXLW� &3: ZLULQJ SURPLVHV WR EH D PXFK
OHVV H[SHQVLYH RSWLRQ WKDW PLFURVWULS ZLULQJ� )XUWKHUPRUH� D JUHDW DGYDQ�
WDJH SURPLVHG E\ &3: LV WKDW DSSURSULDWH VFDOLQJ RI WKH WUDQVPLVVLRQ OLQH
GLPHQVLRQV IRU RSHUDWLRQ DW IUHTXHQFLHV DV KLJK DV ��� *+] LV WHFKQRORJL�
FDOO\ HDV\� ,Q VR IDU DV DGHTXDWH JURXQG LQWHJULW\ FDQ EH PDLQWDLQHG� JURXQG
UHWXUQ SDUDVLWLFV LQ &3: FLUFXLWV FDQ EH PXFK VPDOOHU WKDQ LQ PLFURVWULS�
WKH &3: JURXQG SODQHV DUH RQO\ VHSDUDWHG IURP WKH VLJQDO FRQGXFWRU E\ WKH
VHSDUDWLRQ V� )LQDOO\� LW VKRXOG EH QRWHG WKDW LQ SUDFWLFH� &3: 00,&V DUH
W\SLFDOO\ PRXQWHG LQ PHWDO SDFNDJHV� 7KH DGGLWLRQDO JURXQG SODQH XQGHU
WKH GLH SUHVHQWHG E\ WKH SDFNDJH KDV VLJQLnFDQW HOHFWURPDJQHWLF LPSOLFD�
WLRQV� GLVFXVVHG LQ VHFWLRQ �����

����� 3LWFK RI ,VRODWHG /LQHV

6LJQDOV RQ SDUDOOHO KRPRJHQHRXV PLFURVWULS OLQHV DUH FRXSOHG DW DOO IUHTXHQ�
FLHV E\ PXWXDO IULQJLQJ FDSDFLWDQFH� 7KH QHHG IRU LVRODWLRQ IURP OLQH WR OLQH
GLFWDWHV WKH DOORZDEOH SUR[LPLW\ RI VXFK OLQHV� )RU ORQJ UXQV� LVRODWHG OLQHV
DUH W\SLFDOO\ VSDFHG DSDUW E\ 6 ! �K>��� S����@�
,VRODWLRQ EHWZHHQ SDUDOOHO &3: OLQHV GHSHQGV RQ WKH ZLGWK RI JURXQG

SODQH EHWZHHQ WKHP� EXW DOVR RQ WKH FRQWLQXLW\ RI WKH YDULRXV VHSDUDWHG
SODQDU JURXQG FRQGXFWRUV� 7KH ORQJLWXGLQDO JURXQG FXUUHQW GHQVLW\ GLVWUL�
EXWLRQ FRQFHQWUDWHV DW WKH HGJHV RI WKH JDSV LQ &3: �LQFUHDVLQJO\ VR DW
KLJKHU IUHTXHQFLHV�>��� S����@� DQG VR WKH FKDUDFWHULVWLFV RI DQ LQGLYLGXDO
WUDQVPLVVLRQ OLQH DUH RQO\ VOLJKWO\ SHUWXUEHG LI WKH JURXQG SODQHV DUH HDFK
FXW GRZQ WR D ZLGWK RI D { G � >��� S����@� $ ORZHU ERXQG RQ FHQWHU�WR�
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)LJXUH ���� 3ODQDU WUDQVPLVVLRQ OLQH JHRPHWULHV� D� PLFURVWULS OLQH E� &RSOD�
QDU ZDYHJXLGH�

FHQWHU OLQH VHSDUDWLRQ IRU JRRG LVRODWLRQ LV WKXV : � � V � G  ���G� $V
GLVFXVVHG LQ VHFWLRQ ������ WKH &3: VWUXFWXUH LQKHUHQWO\ VXSSRUWV D VSXUL�
RXV VORW�OLQH PRGH ZKLFK PXVW EH VXSSUHVVHG E\ SHULRGLF LQWHUFRQQHFWLRQ
RI WKH JURXQG SODQH VHJPHQWV� ,I WKH VHSDUDWLRQ EHWZHHQ RU LQGXFWDQFH
RI WKHVH JURXQG VWLWFKLQJ FRQQHFWLRQV LV WRR ODUJH� LVRODWLRQ EHWZHHQ VLJQDO
SDWKV ZLOO VXmHU�

����� (mHFWLYH 3HUPLWWLYLW\

:LULQJ GHOD\V FDQ EH OLPLWLQJ IDFWRUV LQ WKH SHUIRUPDQFH RI GHOD\ FULWLFDO
FLUFXLWV� 7KH GHQVLW\ RI DFWLYH GHYLFHV LQ D JLYHQ WHFKQRORJ\ LV FRQVWUDLQHG
_ LI QRW E\ OLWKRJUDSKLF GHVLJQ UXOHV WKHQ E\ OLPLWV WR GLVVLSDWHG SRZHU
GHQVLW\� )RU D n[HG LQWHJUDWLRQ GHQVLW\� SURSDJDWLRQ GHOD\V ZLOO VFDOH ZLWKS
q
Hm
� *LYHQ WKDW ZLULQJ IRU EURDGEDQG FLUFXLWV VKRXOG EH QRQ�GLVSHUVLYH�

WKH JURXS YHORFLW\ RQ WUDQVPLVVLRQ OLQHV LV VLPSO\ Y
J

 F 
S
q
Hm
� 7KRXJK

VHPL�LQVXODWLQJ *D$V DQG ,Q3 RmHU ORZ HQRXJK GLHOHFWULF ORVV WR IRUP XVDEOH
WUDQVPLVVLRQ OLQHV� WKH\ VXmHU IURP TXLWH ODUJH SHUPLWWLYLWLHV� q

U

RI �� DQG
���� UHVSHFWLYHO\�
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����� 6SXULRXV 0RGHV

7R SUHYHQW WKH H[FLWDWLRQ RI VSXULRXV PRGHV� WKH GLPHQVLRQV RI DQ\ WUDQV�
PLVVLRQ OLQH PXVW EH VFDOHG ZLWK LWV IUHTXHQF\ RI RSHUDWLRQ� ,QWHJUDWHG
WUDQVPLVVLRQ OLQHV DUH QR H[FHSWLRQ� DQG WKH WKLFNQHVV RI WUDQVPLVVLRQ OLQH
VXEVWUDWHV PXVW EH VFDOHG LQYHUVHO\ ZLWK IUHTXHQF\� 0LFURVWULS WUDQVPLV�
VLRQ OLQHV LQKHUHQWO\ VXSSRUW WKH 70

�
VXUIDFH ZDYH PRGH IRU DOO IUHTXHQ�

FLHV� +RZHYHU� HQHUJ\ WUDQVIHU IURP WKH PLFURVWULS PRGH GRHV QRW RFFXU
XQWLO VXFK IUHTXHQF\ DV WKH SKDVH PDWFKLQJ FRQGLWLRQ LV UHDFKHG� 7KLV FRQ�
GLWLRQ LV DSSUR[LPDWHO\ JLYHQ E\ WKH FXWRm RI WKH 7(

�
VXUIDFH ZDYH PRGH�

I
7(�

 F 
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b �
s
>��@� 6SXULRXV VXUIDFH ZDYH PRGHV LQ &3: DUH VXS�

SUHVVHG E\ WKH DGGLWLRQ RI D SDFNDJH JURXQG SODQH XQGHU WKH VXEVWUDWH� 7KH
UHVXOWLQJ VWUXFWXUH VXSSRUWV D 7(0 SDUDOOHO SODWH PRGH �EHWZHHQ &3: DQG
SDFNDJH JURXQGV� DW DOO IUHTXHQFLHV ZKLFK� IRU ,&V PXFK VPDOOHU WKDQ w �� LV

VXSSUHVVHG E\ SHULSKHUDO JURXQGLQJ� )RU I ! F 
r
�K
S
q
U

s
� RU DERXW ��*+]

IRU D ���PP ,Q3 ZDIHU� WKH VSXULRXV 7(
�
SDUDOOHO SODWH VXEVWUDWH PRGH LV

DOVR VXSSRUWHG E\ &3: RQ JURXQG SODQH� &3: 00,& ZDIHUV QRW WKLQQHG
DFFRUGLQJ WR RSHUDWLQJ IUHTXHQF\ DUH VXEMHFW WR GHJUDGDWLRQ E\ VXEVWUDWH
PRGH HmHFWV� $OWKRXJK VFDOLQJ &3: WUDQVPLVVLRQ OLQHV WR QDUURZHU JURXQG
SODQH VHSDUDWLRQV FDQ UHGXFH WKH ORVV WR VSXULRXV PRGHV� LW FDQQRW HOLPL�
QDWH VXFK ORVV ZKHUH VXEVWUDWH PRGHV DUH DOORZHG� 7KXV� DQ\ HQHUJ\ FRXSOHG
LQWR VXEVWUDWH PRGHV IURP RQH VLJQDO SDWK RQ D &3:00,& FDQ SRWHQWLDOO\
FRXSOH EDFN WR RWKHU VLJQDO SDWKV� 6XFK FRXSOLQJ FDQ FULWLFDOO\ DmHFW VLJQDO
LVRODWLRQ ZLWKLQ UHDO V\VWHPV LPSOHPHQWHG LQ &3:�
$V WKH VXEVWUDWH WKLFNQHVV RI PLFURVWULS DQG WKH JURXQG�JURXQG VHSD�

UDWLRQ RI &3: OLQHV DUH VFDOHG GRZQ IRU KLJKHU IUHTXHQF\ RSHUDWLRQ� VNLQ
HmHFW ORVVHV DUH H[DFHUEDWHG� 7KH VXUIDFH UHVLVWDQFH GXH WR WKH VNLQ HmHFW
YDULHV DV >��� S����@
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ZKHUH | LV WKH UHVLVWLYLW\� DQG x WKH PDJQHWLF SHUPHDELOLW\ _ L�H� x
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IRU
PHWDOV RI LQWHUHVW KHUH� &RUUHFW VFDOLQJ RI WKH WUDQVPLVVLRQ OLQH GLPHQVLRQV
GHPDQGV UHGXFLQJ WKH WUDQVYHUVH GLPHQVLRQV LQ LQYHUVH SURSRUWLRQ WR WKH
PD[LPXP IUHTXHQF\ RI RSHUDWLRQ� 7KH VNLQ HmHFW ORVV SHU XQLW OHQJWK� m
WKXV YDULHV DV
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)LJXUH ���� /LPLWLQJ SDFNDJH WR GLH JURXQG FRQQHFWLRQV WR WKH SHULSKHU\
RI WKH GLH LQWURGXFHV SDUDVLWLF JURXQG UHWXUQ LQGXFWDQFH� 7KH LQGXFWDQFH
RI WKH Q JURXQG ERQG ULEERQV� /

ERQG
 Q UHVRQDWHV ZLWK WKH SDUDOOHO SODWH

VXEVWUDWH FDSDFLWRU� &
VXE
LQ WKH JURXQG UHWXUQ FLUFXLW�

� I � � �����

��� *URXQGLQJ

*URXQG UHWXUQ LQGXFWDQFH� LQ SDUWLFXODU WKH JURXQGLQJ LQGXFWDQFH IURP GLH
WR SDFNDJH LV FULWLFDO WR VXFFHVVIXO GHSOR\PHQW� ,Q ZLULQJ HQYLURQPHQWV VXFK
DV &3: ZLWK WRS�VLGH JURXQG SODQHV� WKH GLH WR SDFNDJH JURXQG FRQQHFWLRQ
PXVW EH PDGH DW WKH SHULSKHU\ RI WKH GLH� 7KH LQGXFWDQFH SUHVHQWHG E\
SHULSKHUDO JURXQG ZLUH ERQGV WR FRPPRQ PRGH FXUUHQW WUDQVLHQWV VFDOHV
LQYHUVHO\ ZLWK WKH OLQHDU GLPHQVLRQ RI WKH GLH� )RU D JLYHQ LQWHJUDWLRQ GHQ�
VLW\� WKH FXUUHQWV VZLWFKHG LQ D FRPSOH[ ,& VFDOH ZLWK WKH GLH DUHD� 7KH
DVVRFLDWHG /dG, GW YROWDJH WUDQVLHQWV FDQ EH VHHQ WR LQFUHDVH SURSRUWLRQDO
WR WKH OLQHDU GLPHQVLRQ RI WKH GLH� 3UREOHPV RI SDUDVLWLF JURXQG OHDG LQGXF�
WDQFH LQ SDFNDJHG ,&V DUH JUHDWO\ DOOHYLDWHG E\ WKH DGRSWLRQ RI PLFURVWULS
ZLULQJ� ZLWK LWV FRQWLQXRXV EDFNVLGH JURXQG SODQH DYDLODEOH IRU VROGHULQJ WR
WKH SDFNDJH�
3DUDVLWLF JURXQG UHWXUQ LQGXFWDQFH VKDUHG DW WKH VXEFLUFXLW OHYHO FDQ

EH MXVW DV VLJQLnFDQW D SUREOHP DV GLH�SDFNDJH JURXQG LQGXFWDQFH� :KLOH
&3: ZLULQJ DmRUGV YHU\ VKRUW LQGLYLGXDO FRQQHFWLRQV WR WKH JURXQG SODQHV�
WKH FRQWLQXLW\ RI WKH JURXQG SODQHV VXmHUV DV FLUFXLW FRPSOH[LW\ LQFUHDVHV�

�



DQG VR LW LV QRW FOHDU WKDW &3: UHWDLQV DQ\ JURXQG LQGXFWDQFH DGYDQWDJH
LQ FRPSOH[ FLUFXLWV�
7KH SDUDOOHO JURXQG SODQHV RI SDFNDJHG &3: FLUFXLWV LQWURGXFH SURE�

OHPV� 3DUWLFXODUO\ RQ FRPSRXQG VHPLFRQGXFWRU ZDIHUV ZLWK WKHLU KLJK q
U

�
WKH SDUDOOHO SODWHV FDQ UHSUHVHQW D UDWKHU ODUJH KLJK 4 OXPSHG FDSDFLWRU�
7KLV FDSDFLWRU FDQ SRWHQWLDOO\ UHVRQDWH ZLWK WKH LQGXFWDQFH RI SHULSKHUDO
JURXQG FRQQHFWLRQV� DV VKRZQ VFKHPDWLFDOO\ LQ )LJ� ������
7KH LVVXH RI JURXQG UHWXUQ ORRSV WHQGV WR IDYRU WKH XVH RI PLFURVWULS

WUDQVPLVVLRQ OLQHV IRU FRPSOH[ FLUFXLW GHVLJQV� 7KRXJK PLFURVWULS KHOSV
WR LVRODWH JURXQG UHWXUQ SDWKV� WKURXJK ZDIHU YLDV WKHPVHOYHV LQWURGXFH D
SDUDVLWLF LQGXFWDQFH ZKLFK EHFRPHV VLJQLnFDQW DW PP ZDYH IUHTXHQFLHV� $
W\SLFDO JURXQG YLD WKURXJK D ���xP WKLFN *D$V ZDIHU PLJKW UHSUHVHQW D
��S+ LQGXFWRU�

��� 6LJQDO ,�2

,QWHJUDWHG FLUFXLWV ZLWK HLWKHU PLFURVWULS RU &3: WUDQVPLVVLRQ OLQH ZLULQJ
UHTXLUH SHULSKHUDO ,�2 FRQQHFWLRQV� :LUH ERQGLQJ LV WKH PRVW HVWDEOLVKHG
WHFKQLTXH IRU HmHFWLQJ WKHVH FRQQHFWLRQV� 7KH nQH ZLUHV XVHG LQWURGXFH VLJ�
QLnFDQW LQGXFWDQFH WR WKH FRQQHFWLRQ� KRZHYHU� 7KH PLQLPXP LQGXFWDQFH
RI D ZLUH ERQG LV W\SLFDOO\ RQ WKH RUGHU RI ��� S+ >��@� 7KLV LQGXFWDQFH
FDQ EH WXQHG RXW RI FRQWUROOHG LPSHGDQFH FRQQHFWLRQV E\ V\QWKHVL]LQJ D
SL�VHFWLRQ ZLWK FDSDFLWRUV DW HLWKHU HQG RI WKH ERQG ZLUH _ LI WKH ERQG ZLUH
LQGXFWDQFH LV VXpFLHQWO\ VPDOO DQG UHSURGXFLEOH� $W KLJKHU IUHTXHQFLHV�
PXOWL�ZLUH PHVK DQG ULEERQ FRQGXFWRUV DUH XVHG WR UHGXFH WKH LQGXFWDQFH
RI ,�2 FRQQHFWLRQV�
$ ERQGLQJ WHFKQRORJ\ ZKLFK KDV ORQJ SURPLVHG WR GHOLYHU UHSURGXFLEOH

ORZ LQGXFWDQFH ,�2 FRQQHFWLRQV LV WKH EXPS ERQG� %XPS ERQGV DUH FUHDWHG
E\ IDEULFDWLQJ PHWDO SLOODUV RU EXPSV RQ WKH LQWHJUDWHG FLUFXLW DFWLYH VXU�
IDFH DQG WKHQ ERQGLQJ WKHVH IDFH GRZQ WR D FLUFXLW ERDUG� :KHUH WKH DFWXDO
ERQGLQJ LV HmHFWHG E\ PHOWLQJ RI VROGHU EXPSV� VXUIDFH WHQVLRQ RI WKH PROWHQ
PHWDO FDQ DOLJQ WKH ,& WR WKH XQGHUO\LQJ PHWDO SDGV� 7KLV VHOI�DOLJQLQJ DV�
SHFW RI WKH VROGHU EXPS ERQG KDV EHHQ LPSRUWDQW LQ WKH SDVW� EXW PD\
EH OHVV UHOHYDQW ZLWK FRQWLQXLQJ LPSURYHPHQWV LQ DXWRPDWHG ERQGLQJ DQG
SODFHPHQW HTXLSPHQW� %XPS KHLJKWV RI ��^��xP KDYH EHHQ GHPRQVWUDWHG
>��� ��@� WKXV RmHULQJ FRQQHFWLRQV PXFK VKRUWHU WKDQ SUDFWLFDO ERQG�ZLUHV�
%XPS ERQGV ZLWK /  ��S+ KDYH EHHQ GHPRQVWUDWHG >��@� 'HVSLWH WKH

��



SURPLVH VKRZQ E\ EXPS ERQGLQJ� XQUHVROYHG LVVXHV RI PHFKDQLFDO UHOLDELO�
LW\ DQG HOHFWURPDJQHWLF LQWHUDFWLRQ EHWZHHQ FLUFXLW ERDUG DQG LQWHJUDWHG
WUDQVPLVVLRQ OLQHV UHPDLQ� $OVR� QRW DOO EXPS ERQGLQJ WHFKQRORJLHV DOORZ
IRU DGHTXDWH KHDW VLQNLQJ RI DFWLYH GHYLFHV�

��� +HDW 6LQNLQJ

'HOD\ VHQVLWLYH FLUFXLWV GHPDQG LQWHUFRQQHFWV ZKLFK DUH ERWK SK\VLFDOO\
VKRUW DQG FKDUDFWHUL]HG E\ KLJK ZDYH YHORFLW\ �ORZ q

U

�� 0LQLPL]LQJ LQWHU�
FRQQHFWLRQ GHOD\V IRUFHV LQWHJUDWLRQ GHQVLWLHV XS� &RPSRXQGHG ZLWK WKH
KLJK ELDV FXUUHQW GHQVLW\ UHTXLUHG IRU KLJK VSHHG +%7V� KLJK SRZHU GHQVL�
WLHV ZLOO DULVH DQG HmHFWLYH KHDW VLQNLQJ LV UHTXLUHG�
+%7V W\SLFDOO\ UHDFK WKHLU SHDN EDQGZLGWK DW HPLWWHU FXUUHQW GHQVLWLHV

RQ WKH RUGHU RI ���$ FP�� *LYHQ D PLQLPXP FROOHFWRU�HPLWWHU ELDV YROWDJH
RI DERXW �9� WKLV LPSOLHV ORFDO GLVVLSDWHG SRZHU GHQVLWLHV RQ WKH RUGHU RI
���: FP�� ,Q D FRPSOH[ GLJLWDO RU PL[HG VLJQDO ,&� WKH RYHUDOO GLH SRZHU
GHQVLW\ FRXOG UHDFK ����: FP��
:H FDQ HVWLPDWH WKH RUGHU RI PDJQLWXGH RI MXQFWLRQ WHPSHUDWXUH ULVHV

XVLQJ DQDO\WLFDO H[SUHVVLRQV IRU KHDW oRZ LQ VLPSOH DSSUR[LPDWH JHRPHWULHV�
7DNH IRU H[DPSOH� D ��xP JULG RI WULSOH PHVD +%7V HDFK ZLWK �d�xP� HPLW�
WHUV� DQG OD\HU VWUXFWXUHV LQFOXGLQJ ��� QP ,Q*D$V FROOHFWRUV DQG ��� QP
,Q*D$V VXE�FROOHFWRUV� +HDW LV JHQHUDWHG LQ WKH FROOHFWRU E\ WKHUPDOL]DWLRQ
RI WKH LQMHFWHG HOHFWURQV� ,W LV FRQYHQWLRQDO WR DSSUR[LPDWH WKH KHDW oRZ DV
VSUHDGLQJ DW ��p WR WKH YHUWLFDO�
%HQHDWK WKH PHVD� WKH KHDW oRZ IURP WKH LQGLYLGXDO GHYLFH VSUHDGV

LQLWLDOO\ LQ WZR GLPHQVLRQV� EHIRUH WKH FRQYHUJLQJ KHDW oX[ IURP DGMDFHQW
GHYLFHV UHVXOWV LQ KHDW oRZ ZKLFK LV HVVHQWLDOO\ RQH GLPHQVLRQDO� $SSUR[L�
PDWLQJ WKH KHDW oRZ DV VSKHULFDO ZLWKLQ D FRQH RI ��p KDOI DQJOH XQWLO FRQHV
IURP DGMDFHQW GHYLFHV PHHW� DQG XQLIRUP EHORZ WKDW� ZH KDYH
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)LJXUH ���� 'LDJUDP RI DSSUR[LPDWH KHDW oRZ FRQGLWLRQV DVVXPHG LQ FDO�
FXODWLRQ

����xP� DQG 5
WK�FRQH

{ ����. :� $VVXPLQJ RQH�GLPHQVLRQDO KHDW oRZ LQ
D FURVV�VHFWLRQDO DUHD RI ���xP� WKURXJK WKH UHVW RI WKH ZDIHU� WKH WKHUPDO
UHVLVWDQFH RI D ���PP ,Q3 ZDIHU LV 5

WK�XQLI
 W �$�

,Q3
� { ���. :� )RU WKH

SRZHU GHQVLW\ RI RXU H[DPSOH� WKH WHPSHUDWXUH ZLOO GURS �� . DFURVV WKH
VSKHULFDO oRZ UHJLRQ� DQG D IXUWKHU �� . LQ WKH RQH GLPHQVLRQDO oRZ UHJLRQ�
*LYHQ WKDW WKH +%7 FROOHFWRU LV FRPSRVHG RI ,Q*D$V� D PXFK ZRUVH WKHUPDO
FRQGXFWRU WKDQ ,Q3 ��

,Q*D$V
{ �:Pb�.b�� WKH DFWXDO WHPSHUDWXUH ULVH

ZLOO EH KLJKHU� 7R DFKLHYH DFFHSWDEOH MXQFWLRQ WHPSHUDWXUH ULVHV LQ GHQVH
LQWHJUDWHG FLUFXLWV� WKH WKHUPDO UHVLVWDQFH WR WKH SDFNDJH PXVW EH UHGXFHG�
7KLQQLQJ WKH ,Q3 ZDIHU LQ WKH DERYH H[DPSOH WR ��xP UHGXFHV WKH WRWDO
WHPSHUDWXUH ULVH IURP �� . GRZQ WR �� .�

����� :DIHU %DFN�WKLQQLQJ

*LYHQ WKH WKHUPDO DQG HOHFWULFDO LVVXHV ZKLFK IDYRU WKH XVH RI WKLQ VXE�
VWUDWHV� LW KDV ORQJ EHHQ FRPPRQ SUDFWLFH WR WKLQ *D$V DQG ,Q3 ZDIHUV>���
S����@� 7KLV KDV JHQHUDOO\ EHHQ DFFRPSOLVKHG E\ WHPSRUDULO\ PRXQWLQJ
WKH VHPLFRQGXFWRU ZDIHU WR D VXSSRUWLQJ VXEVWUDWH DQG WKHQ PHFKDQLFDOO\
JULQGLQJ WKH EDFN RI WKH VHPLFRQGXFWRU ZDIHU DZD\>��� ��@� :KLOH PLFURVWULS
00,&V KDG ORQJ EHHQ WKLQQHG WR ���xP� LQFUHDVLQJ RSHUDWLQJ IUHTXHQFLHV
KDYH UHFHQWO\ IRUFHG WKH ZLGHVSUHDG XVH RI WKLQQHU ZDIHUV� 5HFHQWO\ UH�

��



SRUWHG 00,& DPSOLnHUV RSHUDWLQJ DW ���*+]>��@ DQG ��*+]>��@ UHTXLUHG
VXEVWUDWH WKLQQLQJ WR ��xP DQG ��xP UHVSHFWLYHO\� ZKHUH KHDW VLQNLQJ DQG
JURXQG YLD LQGXFWDQFH DUH WKH GULYLQJ LVVXHV� +LJK SRZHU +%700,&V KDYH
EHHQ IDEULFDWHG RQ VXEVWUDWHV WKLQQHG WR ��xP >��@� +DQGOLQJ DQG ODSSLQJ
RI VXFK WKLQQHG ZDIHUV LV GLpFXOW� DQG ZLOO EHFRPH PRUH VR DV IUHTXHQFLHV
DUH LQFUHDVHG DQG WKH ZDIHUV WKLQQHG DFFRUGLQJO\� ,Q VR IDU DV FRPSOH[ KLJK
VSHHG ,&
V ZLOO UHTXLUH FRQWUROOHG LPSHGDQFH ZLULQJ� D ZLULQJ DUFKLWHFWXUH
ZKLFK VFDOHV WR KLJKHU IUHTXHQFLHV PRUH HDVLO\ WKDQ FRQYHQWLRQDO PLFURVWULS
ZLULQJ LV FDOOHG IRU�

��� 6FDOHDEOH :LULQJ $UFKLWHFWXUHV

$ QXPEHU RI DSSURDFKHV WR WKH YDULRXV ,& VXEVWUDWH LVVXHV UDLVHG DERYH KDYH
EHHQ SURSRVHG LQ WKH OLWHUDWXUH� 0LFURVWULS�OLNH WUDQVPLVVLRQ OLQHV FDQ EH
IDEULFDWHG E\ GHSRVLWLQJ GLHOHFWULF DQG FRQGXFWLQJ OD\HUV DOO RQ WKH DFWLYH
VLGH RI D VHPLFRQGXFWRU ZDIHU� 7KLV JHQHUDO FRQFHSW KDV EHHQ GHPRQVWUDWHG
LQ D QXPEHU RI LPSOHPHQWDWLRQV>��� ��� ��@�
,Q WKH ?(PEHGGHG WUDQVPLVVLRQ OLQH� >��� ��@ DUFKLWHFWXUH� VWULS WUDQV�

PLVVLRQ OLQHV DUH SHUPDQHQWO\ VDQGZLFKHG EHWZHHQ WKH *D$V VXEVWUDWH DQG
D GHSRVLWHG SRO\PHU GLHOHFWULF� ZLWK D FRQWLQXRXV JURXQG SODQH UHVLGLQJ
RQ WKLV SRO\PHU OD\HU RSSRVLWH WKH *D$V� 7KH HmHFWLYH GLHOHFWULF FRQVWDQW
RI WUDQVPLVVLRQ OLQHV LV LQWHUPHGLDWH EHWZHHQ WKH GLHOHFWULF FRQVWDQW RI WKH
KRVW VHPLFRQGXFWRU DQG WKH ORZ N SRO\PHU� WKLV UHVXOWV LQ IDVWHU SURSDJD�
WLRQ WKDQ LQ FRQYHQWLRQDO PLFURVWULS 00,&V� EXW PD\ OHDG WR XQGHVLUDEOH
V\QFKURQRXV FRXSOLQJ WR VXUIDFH ZDYH PRGHV� *OREDO SODQDUL]DWLRQ RI HOHF�
WURSODWHG JURXQG YLDV DQG GHSRVLWHG SRO\PHU GLHOHFWULF LV DFKLHYHG ZLWK D
PHFKDQLFDO ODSSLQJ VWHS� 7KLV DUFKLWHFWXUH KDV WKH DGYDQWDJH WKDW oLS�
FKLS PRXQWLQJ WR D VXLWDEOH FDUULHU FDQ YHU\ VLPSO\ SURYLGH KHDW VLQNLQJ�
JURXQGLQJ� DQG ORZ LQGXFWDQFH VLJQDO FRQQHFWLRQV� )XUWKHUPRUH� WKH HOHF�
WULFDO SURSHUWLHV RI WKH FLUFXLW DUH SHUWXUEHG UHODWLYHO\ OLWWOH ZLWK UHVSHFW
WR RQ�ZDIHU WHVWLQJ ZKHQ SDFNDJHG� $JDLQVW WKHVH DGYDQWDJHV� q

Hm
RI WKH

HPEHGGHG OLQHV LV JUHDWO\ LQFUHDVHG E\ WKH SUHVHQFH RI WKH *D$V ZDIHU� DQG
GHYLFH SDUDVLWLF FDSDFLWDQFHV DUH LQFUHDVHG E\ HPEHGGLQJ LQ WKH SRO\PHU�
$QRWKHU DSSURDFK WR DFKLHYLQJ YHU\ WKLQ WUDQVPLVVLRQ OLQH VWUXFWXUHV

LV WKH VR�FDOOHG ?PDVWHU^VOLFH� WHFKQRORJ\ RI 177>��� ��@� ,Q WKLV VFKHPH�
QHDUO\ FRQWLQXRXV JURXQG SODQHV DUH IRUPHG LQ PHWDO GHSRVLWHG RQ WKH ZDIHU
VXUIDFH DIWHU IURQW�HQG SURFHVVLQJ� OHDYLQJ JDSV DURXQG DFWLYH DQG SDVVLYH

��



GHYLFHV RQ WKH ZDIHU VXUIDFH� 6WULS WUDQVPLVVLRQ OLQHV DUH WKHQ IRUPHG RQ
WRS RI� RU VDQGZLFKHG EHWZHHQ� WKLQ GHSRVLWHG OD\HUV RI SRO\LPLGH� 7KH
JURXQG SODQH RQ WKH ZDIHU VXUIDFH PDNHV WKH WUDQVPLVVLRQ OLQH SURSHUWLHV
LQGHSHQGHQW RI WKH XQGHUO\LQJ VHPLFRQGXFWRU� 7KH LQFOXVLRQ RI D VHFRQG
JURXQG SODQH LQ WKH VWUXFWXUH FKDQJHV WKH WUDQVPLVVLRQ OLQHV IURP PLFURVWULS
WR HPEHGGHG VWULS JHRPHWU\� 7KH HPEHGGHG VWULS�OLQH JHRPHWU\ LQFUHDVHV
FRXSOLQJ RI WKH VLJQDO OLQH WR JURXQG FRPSDUHG WR PLFURVWULS� DQG VR UH�
GXFHV WKH PD[LPXP DFKLHYDEOH LPSHGDQFH� :KLOH HOHFWULFDO YLDV IURP
WUDQVLVWRUV WR WKH WRSVLGH JURXQG SODQH KDYH EHHQ GHPRQVWUDWHG E\ 177
LQ WKLV WHFKQRORJ\� WKH HmHFWLYHQHVV RI VXFK YLDV DV KHDW VLQNV KDV QRW EHHQ
HVWDEOLVKHG�
,I FRQWLQXLW\ EHWZHHQ WKH WZR JURXQG SODQHV LV VXpFLHQW� WKHQ ORVV WR DQG

FRXSOLQJ YLD VSXULRXV PRGHV DUH YLUWXDOO\ HOLPLQDWHG� 0DLQWDLQLQJ FRQWLQX�
LW\ EHWZHHQ WKH nQDO JURXQG SODQH DQG WKH nUVW� SHUIRUDWHG� JURXQG SODQH
ZLOO KRZHYHU EHFRPH LQFUHDVLQJO\ GLpFXOW IRU GHQVHO\ LQWHJUDWHG DFWLYH GH�
YLFHV� ,GHDOO\� WKLQ HPEHGGHG VWULSOLQH VXSSRUWV QR UDGLDWLRQ PRGHV� DQG WKH
HYDQHVFHQW nHOGV DW WUDQVPLVVLRQ OLQH GLVFRQWLQXLWLHV GHFD\ VWURQJO\� 7KXV�
FDYLW\ UHVRQDQFHV FDQ QRW EH H[FLWHG E\ UDGLDWLRQ IURP WUDQVPLVVLRQ OLQH
GLVFRQWLQXLWLHV� DQG VR WKH SDFNDJHG FLUFXLW SHUIRUPDQFH LV FKDQJHG YHU\
OLWWOH IURP WKDW PHDVXUHG RQ ZDIHU� )XUWKHUPRUH� ERQGLQJ WKH VR�FDOOHG
PDVWHU�VOLFH ,&
V ZLULQJ VLGH GRZQ WR D SDFNDJH FDQ DOORZ YHU\ ORZ LQGXF�
WDQFH EXPS ERQGHG VLJQDO DQG JURXQG FRQQHFWLRQV� 'HVLJQV ZLWK PXOWLSOH
JURXQG SODQHV LVRODWLQJ VWDFNHG WUDQVPLVVLRQ OLQHV KDYH EHHQ GHPRQVWUDWHG
RQ ERWK *D$V DQG 6L VXEVWUDWHV >��@�

��� $ 6XEVWUDWH IRU 7UDQVIHUUHG 6XEVWUDWH

,&
V

$ VXEVWUDWH WHFKQRORJ\ ZDV GHYHORSHG WR DGGUHVV PDQ\ RI WKH REVWDFOHV
WR EXLOGLQJ PHGLXP VFDOH LQWHJUDWHG FLUFXLWV ZLWK 8&6%
V WUDQVIHUUHG VXE�
VWUDWH +%7� 7KLV GHYLFH VWUXFWXUH� ZKLFK GHPDQGV SURFHVVLQJ RI ERWK VLGHV
RI WKH HSLWD[LDO VHPLFRQGXFWRU nOP� DmRUGV VRPH XQLTXH IUHHGRPV EXW DOVR
LPSRVHV UHVWULFWLRQV RQ WKH VXEVWUDWH IDEULFDWLRQ SURFHVV�
&XUUHQW UHVHDUFK JRDOV IRU WKH +%7 ,& SURFHVV DW 8&6% LQFOXGH KLJK

VSHHG LQWHJUDWHG FLUFXLWV RI �������� WUDQVLVWRUV� 7KHVH LQFOXGH GLJLWDO DQG
PL[HG VLJQDO LQWHJUDWHG FLUFXLWV VXFK DV D VLJPD�GHOWD $'&� WKH EXLOGLQJ

��



EORFNV RI D YHU\ IDVW GLUHFW GLJLWDO IUHTXHQF\ V\QWKHVL]HU� 7KHVH FLUFXLWV
GHPDQG GHQVH URXWLQJ RI FRQWUROOHG LPSHGDQFH WUDQVPLVVLRQ OLQHV� D KLJK
GHJUHH RI LVRODWLRQ EHWZHHQ VLJQDO SDWKV DV ZHOO DV SRVLQJ VHULRXV KHDW VLQNLQJ
SUREOHPV�

����� 0HWDO 6XEVWUDWH 6ROXWLRQ

,Q WKLV ZRUN� D WHFKQRORJ\ ZDV GHYHORSHG WR DGGUHVV VXEVWUDWH LVVXHV E\
FKRRVLQJ WKH VXEVWUDWH WR ZKLFK WKH WUDQVIHUUHG VXEVWUDWH +%7
V ZHUH WUDQV�
IHUUHG� %\ WUDQVIHUULQJ WKH HSLWD[LDO PDWHULDO WR D PHWDO VXEVWUDWH� PDQ\ DG�
YDQWDJHV FRXOG EH JDLQHG� 7KLV PHWDO VXEVWUDWH ZRXOG VHUYH DV WKH HOHFWULFDO
JURXQG SODQH RI PLFURVWULS ZLULQJ DQG DOVR SURYLGH D JUHDWO\ LPSURYHG KHDW
VLQN� %\ WUDQVIHUULQJ WKH HSLWD[LDO nOP RI WKH WUDQVLVWRUV WR D PHWDOOLF VXE�
VWUDWH� WKH MXQFWLRQ WHPSHUDWXUH ULVH FRXOG EH JUHDWO\ UHGXFHG ZLWK UHVSHFW
WR WKDW DFKLHYDEOH RQ WKH QDWLYH� ,Q3� VXEVWUDWH� :LWK D VXLWDEOH SURFHVV VH�
TXHQFH� WKH GLHOHFWULF RI WKH PLFURVWULS OLQHV FRXOG EH IRUPHG LQ D GHSRVLWLRQ
RSHUDWLRQ� WKH PLFURVWULS GLHOHFWULF OD\HU FRXOG WKHQ EH PDGH PXFK WKLQQHU
WKDQ WKH SUDFWLFDO OLPLWV RI PHFKDQLFDO ZDIHU WKLQQLQJ VFKHPHV� 6XFK D WKLQ
PLFURVWULS GLHOHFWULF ZRXOG DOORZ JURXQG YLDV WR EH DOLJQHG GLUHFWO\ WR WKH
+%7� WKXV PLQLPL]LQJ KHDW FRQGXFWLRQ E\ DQ\ PDWHULDO EXW PHWDO� $V LQ
DQ\ PLFURVWULS ZLULQJ VFKHPH� WKHVH JURXQG YLDV FRQVWUDLQ WKH URXWLQJ RI
WUDQVPLVVLRQ OLQHV� EXW WKLV LV PLWLJDWHG E\ WKH VPDOO YLD GLPHQVLRQV PDGH
SRVVLEOH E\ D GUDVWLFDOO\ WKLQQHG GLHOHFWULF�
7KH HVVHQWLDO IHDWXUHV RI WKLV PHWDO VXEVWUDWH VWUXFWXUH DUH VKRZQ VFKH�

PDWLFDOO\ LQ nJ� ���� ,QGLYLGXDO WUDQVLVWRU PHVDV UHSUHVHQW WKH RQO\ UH�
PDLQLQJ VHPLFRQGXFWRU� 7KH PLFURVWULS ZLULQJ LV RQ D OD\HU RI WKH WKHU�
PRVHW SRO\PHU EHQ]R�F\FOREXWHQH �%&%� ZKLFK DmRUGV D ORZ SHUPLWWLYLW\
RI q

U

 ���� +HDW LV UHPRYHG IURP LQGLYLGXDO WUDQVLVWRUV E\ PHWDO JURXQG
YLDV WKURXJK WKH %&%� (OHFWULFDO LVRODWLRQ EHWZHHQ VXFK JURXQG YLDV DQG
QRQ�JURXQGHG WUDQVLVWRUV LV SURYLGHG E\ D WKLQ nOP RI 3(&9' 6L1

[
� 7KH

UDWLR RI JURXQG SDUDVLWLF FDSDFLWDQFH LQWURGXFHG WR WKHUPDO FRQGXFWLYLW\
SURYLGHG E\ WKLV 0,0 VWUXFWXUH LV n[HG E\ WKH PDWHULDO SURSHUWLHV RI WKH
6L1

[
� 7R PLWLJDWH WKH LPSDFW RI WKH SDUDVLWLF FDSDFLWDQFH WR JURXQG LQ�

WURGXFHG E\ WKH 0,0 KHDWVLQN VWUXFWXUH� DQ HPLWWHU GRZQ FRQnJXUDWLRQ
RI WKH +%7V ZDV FKRVHQ� 7KH LQWULQVLF EDVH�HPLWWHU FDSDFLWDQFH &

%(

RI D
ELSRODU WUDQVLVWRU LV LQKHUHQWO\ PXFK ODUJHU WKDQ WKH SDUDVLWLF &

&%

� 7KXV�
SDUDVLWLF FDSDFLWDQFH WR JURXQG ZLOO WHQG WR LPSDFW FLUFXLWV OHVV LI LW RFFXUV

��



)LJXUH ���� 6FKHPDWLF GLDJUDP RI SURSRVHG PHWDO VXEVWUDWH ,& VWUXFWXUH�
*URXQG YLDV ULVH WR DQ LVRODWHG DQG D JURXQGHG�HPLWWHU +%7 DW OHIW DQG
FHQWHU UHVSHFWLYHO\� ZKLOH D PLFURVWULS OLQH UXQV DW ULJKW�

DW WKH HPLWWHU QRGH WKDQ DW WKH FROOHFWRU� )XUWKHUPRUH� ZKLOH KHDW LV ODUJHO\
JHQHUDWHG LQ WKH FROOHFWRU RI +%7V� LW LV XQLIRUPLW\ RI WKH EDVH�HPLWWHU MXQF�
WLRQ WHPSHUDWXUH�V� ZKLFK LV PRVW FULWLFDO WR WKHUPDO VWDELOLW\� )RU WKHVH
UHDVRQV� WKH nQLVKHG +%7V DUH EXLOW ZLWK WKHLU HPLWWHUV IDFLQJ WKH JURXQG
SODQH�
'HVLJQ FXUYHV RI =

R

DQG q
Hm
IRU PLFURVWULS OLQHV RQ �xP RI %&% DUH

VKRZQ LQ nJXUH ���� 7KH WUDQVPLVVLRQ OLQHV IRUPHG LQ WKLV SURFHVV DUH QRW�
KRZHYHU� VWULFWO\ RI PLFURVWULS JHRPHWU\� %HFDXVH WKH 6L1

[

DQG %&% GL�
HOHFWULFV DUH GHSRVLWHG RYHU PHWDO OLQHV DOUHDG\ UHVLGLQJ RQ WKH VHPLFRQ�
GXFWRU VXUIDFH� WKHVH OLQHV DUH HPEHGGHG LQ GLHOHFWULF DV LV LOOXVWUDWHG LQ
nJXUH ���� 7KH WKLFNQHVV RI WKH PHWDO OLQHV� DW DSSUR[LPDWHO\ ���xP� LV QRW
QHJOLJLEOH FRPSDUHG WR WKH �xP WKLFNQHVV RI WKH %&%� DQG WKH FKDUDFWHU�
LVWLF LPSHGDQFH RI WKHVH OLQHV ZLOO EH UHGXFHG IURP WKDW RI PLFURVWULS OLQHV
RI WKH VDPH ZLGWK�
5HPRYLQJ KHDW WKURXJK WKH HPLWWHU PDWHULDO LQWURGXFHV D VLJQLnFDQW

WKHUPDO UHVLVWDQFH� +HDW JHQHUDWHG LQ WKH FROOHFWRU PXVW WUDYHUVH WKH PD�
WHULDO OD\HUV RI WKH EDVH DQG HPLWWHU EHIRUH UHDFKLQJ WKH KLJKO\ FRQGXFWLYH
JURXQG YLD� $VVXPLQJ WKDW KHDW LV JHQHUDWHG XQLIRUPO\ WKURXJK WKH FRO�
OHFWRU VSDFH FKDUJH UHJLRQ� WKH WKHUPDO UHVLVWDQFH IURP WKH FROOHFWRU WR WKH
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)LJXUH ���� 'HVLJQ FXUYHV IRU PLFURVWULS WUDQVPLVVLRQ OLQHV RQ �xP RI %&%�
FDOFXODWHG ZLWK WKH VHPL�DQDO\WLFDO PRGHOV RI +3 ((62) /LQHFDOF� 1RWH
WKDW ZLWK WKLV WKLQ ORZ q

U

GLHOHFWULF� DQG HYHQ DVVXPLQJ WUXH PLFURVWULS
JHRPHWU\� =

R

LV VHQVLWLYH WR WKH WKLFNQHVV RI PHWDOL]DWLRQ� �xP ZDV XVHG
KHUH�
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EDVH RI WKH HPLWWHU PHVD FDQ EH HVWLPDWHG DV
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HTX

LV DQ HTXLYDOHQW
FROOHFWRU ZLGWK FKRVHQ WR DSSUR[LPDWH WKH WZR GLPHQVLRQDO KHDW oRZ� )RU
WKH SXUSRVHV RI URXJK HVWLPDWHV�:

HTX

FDQ EH WDNHQ DV �:
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� �� )RU DQ
H[DPSOH WUDQVLVWRU ZLWK �d �xP� HPLWWHU� �xP ZLGH FROOHFWRU DQG ���xP
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ZKHUH :
(

LV WKH ZLGWK RI WKH HPLWWHU VHPLFRQGXFWRU _ ZKLFK LQ WKLV SUR�
FHVV LV OHVV WKDQ WKH ZLGWK RI WKH HPLWWHU PHWDOL]DWLRQ� ,Q WKH SUHVHQW
ZRUN� HPLWWHUV ZLWK D SDWWHUQHG ZLGWK RI �xP ZHUH XQGHUFXW WR D PLQL�
PXP VHPLFRQGXFWRU ZLGWK RI { ���xP� *LYHQ WKDW �

WK

IRU ,Q*D$V DQG
,Q$O$V LV { �:Pb�.b�� DQG 7

HPLW

 ����xP� 5
WK�HPLW

{ �����.:b� IRU
D �d �xP� QRPLQDO HPLWWHU VL]H� DQG c7

HPLW

{ ��p&� 7KH DGRSWLRQ RI ,Q3
HPLWWHUV ZLOO LPSURYH 5

WK�HPLW

E\ WKH UDWLR RI �
,Q3

 �
,Q*D$V

� L�H� ����� 7KH
WKHUPDO FRQGXFWLYLW\ RI SRO\LPLGH LV VXpFLHQWO\ SRRU WKDW LW FRQWULEXWHV
OLWWOH WR KHDW VLQNLQJ� $ ORZHU ERXQG RQ WKH UHVLVWDQFH WKURXJK WKH SRO\�
LPLGH LV JLYHQ E\ DVVXPLQJ XQLIRUP KHDW oRZ WKURXJK DQ DUHD RI �d �xP�

RI SRO\LPLGH ���xP WKLFN� ZKLFK \LHOGV 5
3,

 �d ���.:b��
7KH WKHUPDO UHVLVWDQFH RI WKH 0,0 VWUXFWXUH FDQ EH FDOFXODWHG DSSUR[�

LPDWHO\ XVLQJ WUDQVPLVVLRQ�OLQH PRGHOV� $SSUR[LPDWLQJ WKH WUXH KHDW oRZ
E\ WKH FXUUHQWV LQ WKH WKHUPDO UHVLVWRU QHWZRUN VKRZQ LQ nJXUH ����
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,Q WKH SUHVHQW ZRUN� D OD\HU RI $X LQWHUFRQQHFW ��� QP WKLFN LV LQWHUSRVHG
EHWZHHQ WKH HPLWWHU FRQWDFW PHWDO DQG WKH 6L1

[
LQVXODWRU� 7KH 6L1

[
OD\HU LQ

WXUQ LV ��� QP WKLFN� 5HIHUULQJ WR WKH PDWHULDO SDUDPHWHUV LQ WDEOH ���� DQG
WDNLQJ �

6L1
WR EH � :Pb�.b�� U

F

 �d ��b�.P�:b�� 5
VK

 ����.:b�

DQG /
W

 ���xP� )RU WKH H[DPSOH � d �xP� HPLWWHU GHYLFH� DQG DVVXPLQJ
WKDW WKH LQWHUFRQQHFW PHWDO RYHUODSSLQJ WKH JURXQG YLD PHDVXUHV �d�xP��
*

VSUHDG
{ �����.:b��b�  ���d ��b�:.b�� *

(

{ ���d ��b�:.b� DQG
5
WK�6L1

{ ����.:b�� 7KLV FRUUHVSRQGV WR D �p& WHPSHUDWXUH ULVH IRU
� P: SRZHU GLVVLSDWLRQ�
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)LJXUH ���� 'LVWULEXWHG HTXLYDOHQW FLUFXLW PRGHO RI KHDW oRZ DFURVV 6L1
[

GLHOHFWULF WR JURXQG YLD�

7KH WKHUPDO UHVLVWDQFH RI WKH JURXQG YLD LV WDNHQ WR EH VLPSO\

5
WK�YLD

{ +
YLD

�
P

$
YLD

������

ZKLFK� IRU D $X YLD �xP WDOO RI � d �xP� FURVV VHFWLRQ LV DSSUR[LPDWHO\
���.:b� DQG FRUUHVSRQGV WR D �p& WHPSHUDWXUH ULVH� 7KH WHPSHUDWXUH
ULVH WKURXJK WKH ERG\ RI D FRSSHU VXEVWUDWH ��xP WKLFN LV HVWLPDWHG� DV SHU
WKH PHWKRG RI VHFWLRQ ���� WR EH D IXUWKHU �p&�
%\ UHSODFLQJ WKH ,Q3 VXEVWUDWH ZLWK D &X RQH� DQG KHQFH LQFUHDVLQJ

WKH VXEVWUDWH WKHUPDO FRQGXFWLYLW\ IURP �� WR ���:Pb�.b�� WKH SURSRVHG
PHWDO VXEVWUDWH WHFKQRORJ\ SURPLVHV WR SURYLGH JUHDWO\ LPSURYHG KHDWVLQN�
LQJ RI GHQVHO\ LQWHJUDWHG +%7V� +RZHYHU� VR ORQJ DV WKH HPLWWHU PDWHULDO
FRQVLVWV RI ,Q*D$V DQG ,Q$O$V� WKH WKHUPDO UHVLVWDQFH LQFXUUHG E\ KHDWVLQN�
LQJ WKH GHYLFH WKURXJK WKH QDUURZ HPLWWHU PHVD ZLOO QHJDWH PRVW RI WKH
DGYDQWDJH RI WKH PHWDO VXEVWUDWH RYHU FRQYHQWLRQDO WKLQQHG VHPLFRQGXFWRU
ZDIHUV� :KHUH WKH PHWDO VXEVWUDWH FRQIHUV DQ LPPHGLDWH DGYDQWDJH LV E\
FRPSDULVRQ WR WKH SUH�H[LVWLQJ WUDQVIHUUHG VXEVWUDWH SURFHVV� $V GLVFXVVHG
LQ VHFWLRQ ���� WKLV SURFHVV LQYROYHG PRXQWLQJ D UHODWLYHO\ WKLQ JURXQG SODQH

��



WR D *D$V FDUULHU ZDIHU ZLWK D OD\HU RI VROGHU VRPH ��xP WKLFN� $Q RYHUDOO
GLVVLSDWHG SRZHU GHQVLW\ RI ����:FPb� ZRXOG UHVXOW LQ WHPSHUDWXUH ULVHV
RI ��p& DFURVV WKH VROGHU DQG ���p& DFURVV WKH *D$V� RU ���p& PRUH WKDQ
WKH WHPSHUDWXUH ULVH HVWLPDWHG DERYH IRU WKH FRSSHU VXEVWUDWH�

��



&KDSWHU �

&RSSHU 6XEVWUDWH 3URFHVV

,W ZDV VKRZQ LQ FKDSWHU � WKDW D PHWDO VXEVWUDWH ZRXOG DmRUG VLJQLnFDQW
WKHUPDO DQG HOHFWULFDO DGYDQWDJHV WR +%7 LQWHJUDWHG FLUFXLWV� ,Q WKLV FKDS�
WHU� D SURFHVV IRU IDEULFDWLQJ WKHVH PHWDO VXEVWUDWH ,&V LV SUHVHQWHG� DQG LWV
GHYHORSPHQW GLVFXVVHG�
7KH SUREOHP RI SURGXFLQJ D VXLWDEOH PHWDO VXEVWUDWH ZDV DSSURDFKHG

E\ HOHFWURSODWLQJ WKLFN nOPV RI PHWDO� (OHFWURSODWLQJ LV RIWHQ XVHG LQ WKH
IDEULFDWLRQ RI KLJK SHUIRUPDQFH ,&V EHFDXVH LW DOORZV IRU PXFK PRUH Hp�
FLHQW XVH RI WKH VRXUFH PDWHULDO WKDQ YDFXXP GHSRVLWLRQ PHWKRGV� +HUH�
HOHFWURSODWLQJ ZDV FKRVHQ EHFDXVH LW FDQ UHOLDEO\ \LHOG PHWDO nOPV XQGHU
OHVV VWUHVV WKDQ DQ\ RWKHU GHSRVLWLRQ PHWKRG�
,Q WKLV ZRUN� WZR GLVWLQFW PHWDO VXEVWUDWH SURFHVVHV ZHUH GHYHORSHG�

7KH nUVW� ZKLFK HQWDLOHG SODWLQJ D PHWDO VXEVWUDWH WKLFN HQRXJK WR KDQGOH
E\ LWVHOI� RQO\ \LHOGHG GLVFUHWH WUDQVLVWRUV� ,Q WKH VHFRQG DSSURDFK� D PXFK
WKLQQHU nOP RI PHWDO ZDV GHSRVLWHG� DQG WHPSRUDULO\ PRXQWHG WR D ULJLG
VXSSRUW ZDIHU IRU nQDO SURFHVVLQJ� 7KLV WKLQ IRLO SURFHVV \LHOGHG WKH nUVW
FRPSOHWH �� PP ZDIHUV RI WUDQVIHUUHG VXEVWUDWH +%7V� DV ZHOO DV \LHOGLQJ
IXQFWLRQLQJ +%7 ,&V�

��� %XLOGLQJ D 0HWDO 6XEVWUDWH

9DULRXV PHDQV RI WUDQVIHUULQJ WKH LQWHJUDWHG FLUFXLWV WR D PHWDO VXEVWUDWH
ZHUH H[DPLQHG� 7KHVH FDQ EH FDWHJRUL]HG DV ERQGLQJ RU GHSRVLWLQJ� 0H�
FKDQLFDO LVVXHV KDG D ODUJH EHDULQJ RQ WKH FKRLFH PDGH KHUH� $OWKRXJK
PHWDOV RmHU VXSHULRU HOHFWULFDO DQG WKHUPDO FRQGXFWLYLW\� RWKHU SURSHUWLHV

��



RI PDQ\ PHWDOV DUH QRW VR ZHOO VXLWHG IRU LQWHJUDWLRQ LQ DQ ,& SURFHVV� 7KH
FRHpFLHQWV RI WKHUPDO H[SDQVLRQ �&7(� RI PRVW SXUH PHWDOV DQG DOOR\V DUH
PXFK ODUJHU WKDQ WKH &7( RI ,Q3 DQG UHODWHG PDWHULDOV� :KHUHDV WKH &7(
RI ,Q3 DURXQG URRP WHPSHUDWXUH LV DSSUR[� ���d ��b�.b�� WKRVH RI KLJKO\
FRQGXFWLYH PHWDOV DUH PXFK KLJKHU� $V VKRZQ LQ nJXUH ���� WKH &7(
V RI
$J� &X DQG $X DW URRP WHPSHUDWXUH DUH ��������� DQG ���� d ��b�.b��
UHVSHFWLYHO\� 7KH UHIUDFWRU\ PHWDOV : DQG 0R KDYH &7(
V PXFK FORVHU
WR WKDW RI ,Q3� EXW WKHUPDO FRQGXFWLYLWLHV VLJQLnFDQWO\ LQIHULRU WR WKRVH RI
WKH JRRG FRQGXFWRUV� /LNHZLVH� FRPPRQ ORZ H[SDQVLRQ DOOR\V VXFK DV .RYDU
DQG ?$OOR\ ��� ���ZW�1L ���)H� VXmHU IURP LQIHULRU WKHUPDO FRQGXFWLYLW\�
���� DQG ����:Pb�.b�� UHVSHFWLYHO\� $ QXPEHU RI PHWDO PDWUL[ FRPSRV�
LWH PDWHULDOV ZLWK DGMXVWDEOH H[SDQVLYLW\ KDYH EHHQ XVHG VXFFHVVIXOO\ LQ
SDFNDJLQJ LQWHJUDWHG FLUFXLWV� 1RWDEOH DPRQJ WKHVH DUH &X PDWULFHV ZLWK
GLVSHUVHG :� DQG SRURXV 6L& LQIXVHG ZLWK $O�
%RQGLQJ PHWKRGV ZKLFK FDQ SURYLGH HOHFWULFDO DQG WKHUPDO FRQGXFWLY�

LW\ LQFOXGH VROGHULQJ� WKH XVH RI FRQGXFWRU ORDGHG DGKHVLYHV� DQG GLmXVLRQ
ERQGLQJ RI VXLWDEOH PHWDO VXUIDFHV� 'LmXVLRQ ERQGLQJ RI H�J� 3G FRDWHG
VXUIDFHV ZDV QRW FRQVLGHUHG KHUH EHFDXVH RI WKH H[WUHPH VXUIDFH oDWQHVV
WKDW ZRXOG EH UHTXLUHG WR DFKLHYH D FRQWLQXRXV ERQG EHWZHHQ WZR ZDIHUV�
7KH WKHUPDO FRQGXFWLYLWLHV RI ORDGHG DGKHVLYHV WHQG WR EH PXFK QHDUHU WKH
PHGLRFUH YDOXH RI WKH PDWUL[ DGKHVLYH WKDQ WKH GHVLUDEOH YDOXH RI ZKDWHYHU
SRZGHUHG FRQVWLWXHQW LV DGGHG� 7KXV� WKH WKHUPDO FRQGXFWLYLW\ RI D W\S�
LFDO $J ORDGHG HSR[\ LV RQO\ ����:Pb�.b�>��@� $ QXPEHU RI VROGHUV DUH
PDUNHGO\ PRUH FRQGXFWLYH� SXUH ,Q DQG �� ZW� ,Q ��� 3E �� $J KDYH
WKHUPDO FRQGXFWLYLWLHV RI �� DQG ��:Pb�.b�� UHVSHFWLYHO\ >��@� 6ROGHUV
DUH VXpFLHQWO\ SRRU WKHUPDO FRQGXFWRUV WKDW RQO\ D WKLQ OD\HU FRXOG EH
WROHUDWHG ZLWKLQ WKH WKHUPDO EXGJHW
,Q WKH FRQWH[W RI WKH WUDQVIHUUHG VXEVWUDWH +%7 SURFHVV� VROGHULQJ WR D

PHWDO VXEVWUDWH ZRXOG EH QRW EH ZLWKRXW GLpFXOWLHV� ,Q VXFK D VFKHPH� WKH
SDUWLDOO\ SURFHVVHG ZDIHU ZRXOG EH FDSSHG ZLWK D WKLQ PHWDO JURXQG SODQH�
DQG WKLV ODVW ZRXOG EH VROGHUHG WR D VXLWDEOH PHWDO VXEVWUDWH� 6HYHUH SUDF�
WLFDO LVVXHV RI SODQDULW\ DULVH LQ MRLQLQJ WZR ZDIHUV ZLWK D WKLQ FRQWLQXRXV
OD\HU RI VROGHU� )XUWKHUPRUH� WKHUPR�PHFKDQLFDO LVVXHV JUHDWO\ FRQVWUDLQ
WKH FKRLFH RI PHWDO VXEVWUDWH� %RQGLQJ ZRXOG RFFXU EHIRUH UHPRYDO RI WKH
,Q3 VXEVWUDWH� DQG VR WKH VDQGZLFK RI ,Q3�VROGHU�PHWDO ZRXOG EH MRLQHG
ULJLGO\ DV WKH VROGHU FRROHG GRZQ IURP LWV PHOWLQJ WHPSHUDWXUH� /DUJH PLV�
PDWFKHV EHWZHHQ WKH &7(
V RI WKH ,Q3 DQG WKH PHWDO VHOHFWHG ZRXOG OHDG

��



)LJXUH ���� &RHpFLHQW RI WKHUPDO H[SDQVLRQ DQG WKHUPDO FRQGXFWLYLW\ RI
SXUH PDWHULDOV�

��



WR WKH ZDIHU VDQGZLFK ERZLQJ VXEVWDQWLDOO\� ,Q WKH SUDFWLFDO FDVH RI D PHWDO
KDYLQJ D ODUJHU &7( WKDQ WKH ,Q3� WKLV ODVW ZRXOG EH XQGHU QHW ELD[LDO FRP�
SUHVVLRQ XSRQ FRROLQJ� ,Q WKH ERZHG� ELPHWDOOLF GLVN� FRQnJXUDWLRQ WKH IUHH
VXUIDFH RI WKH ,Q3 ZRXOG WHQG WR EH XQGHU WHQVLRQ� ZKLFK ZRXOG FUHDWH WKH
ULVN RI FUDFN LQLWLDWLRQ� 7KXV� PHWDO VXEVWUDWHV IRU ERQGLQJ QHHG WR EH ZHOO
H[SDQVLRQ PDWFKHG WR WKH VHPLFRQGXFWRU� 7XQJVWHQ RU &X�: FRPSRVLWHV
DUH LQGLFDWHG� EXW QHLWKHU RI WKHVH SURYHG WR EH UHDGLO\ DYDLODEOH LQ ZDIHU
IRUP�
+DYLQJ GHFLGHG DJDLQVW ERQGLQJ WKH SDUWLDOO\ SURFHVVHG ZDIHU WR D PRQR�

OLWKLF PHWDO VXEVWUDWH� LW UHPDLQHG WR GHYLVH VRPH ZD\ WR GHSRVLW D VXLWDEOH
VXEVWUDWH� 7KH YDFXXP GHSRVLWLRQ PHWKRGV XVHG WR GHSRVLW WKLQ nOPV LQ
LQWHJUDWHG FLUFXLW SURFHVVLQJ WHQG WR \LHOG PDWHULDOV XQGHU YHU\ VLJQLnFDQW
VWUHVV� 7KLV LQWULQVLF VWUHVV LV RQO\ SDUWO\ DWWULEXWDEOH WR WHPSHUDWXUH H[�
FXUVLRQV DQG WKH &7( PLVPDWFK EHWZHHQ WKH PHWDO GHSRVLWHG DQG WKH VXE�
VWUDWH� 5HSRUWHG nOP VWUHVV YDOXHV UDQJH IURP �� 03D IRU VSXWWHUHG $X>��@
WR �*3D IRU VSXWWHUHG :>��@� (OHFWURSODWLQJ LV JHQHUDOO\ DFNQRZOHGJHG WR
EH WKH GHSRVLWLRQ PHWKRG ZKLFK DmRUGV WKH ORZHVW VWUHVV nOPV� )LOP VWUHVVHV
RI � 03D DUH URXWLQHO\ DFKLHYHG LQ SODWHG &X>��� ���@� ,W VKRXOG EH QRWHG
WKDW nOP VWUHVVHV LQ PHWDO nOPV DUH VXEMHFW WR VLJQLnFDQW K\VWHUHVLV ZLWK
WHPSHUDWXUH F\FOLQJ>��@� 6LJQLnFDQW UHFU\VWDOOL]DWLRQ RI SODWHG PHWDO nOPV
DW WHPSHUDWXUHV IDU EHORZ QRUPDO DQQHDOLQJ WHPSHUDWXUHV ^ HYHQ DW URRP
WHPSHUDWXUH ^ LV D ZHOO NQRZQ SKHQRPHQRQ>��@�
(OHFWURSODWLQJ FDQQRW EH XVHG WR GHSRVLW nOPV RI SXUH PHWDOV ZKLFK

DUH H[SDQVLRQ PDWFKHG WR WKH VHPLFRQGXFWRUV RI LQWHUHVW� :KHUHDV WKH
UHIUDFWRU\ PHWDOV : DQG 0R� ZKLFK DUH QHDUO\ H[SDQVLRQ PDWFKHG ZLWK
,Q3� FDQ EH GHSRVLWHG E\ VSXWWHULQJ RU HYDSRUDWLRQ� WKH\ KDYH QRW EHHQ
HOHFWURSODWHG>��@� 7KH DGGLWLRQDO FRPSOH[LWLHV LQYROYHG LQ WKH SODWLQJ RI
DOOR\V ZHUH MXGJHG XQDFFHSWDEOH IRU WKLV ZRUN� /LNHZLVH� WKH WHFKQRORJ\
RI IRUPLQJ PHWDO PDWUL[ FRPSRVLWHV E\ RFFOXVLRQ RI IRUHLJQ SDUWLFOHV LQ D
SODWHG nOP >��� ��@� ORQJ HVWDEOLVKHG LQ WKH FRDWLQJ RI JDV WXUELQH SDUWV DQG
WKH IDEULFDWLRQ RI GLDPRQG WLSSHG WRROV� ZDV QRW FRQVLGHUHG KHUH�
5HDOL]LQJ WKDW PHWDOV ZKLFK FDQ EH SODWHG DUH QRW H[SDQVLRQ PDWFKHG�

LW UHPDLQHG WR FKRRVH D PHWDO IURP DPRQJ WKH JRRG FRQGXFWRUV EDVHG RQ
RWKHU FULWHULD� 7KH WZR PHWDOV IRU ZKLFK ORZ VWUHVV SODWLQJ FKHPLVWULHV DUH
YHU\ ZHOO HVWDEOLVKHG DUH QLFNHO� IURP QLFNHO VXOIDPDWH VROXWLRQV� DQG FRSSHU�
IURP FRSSHU VXOIDWH VROXWLRQV� &RSSHU� EHLQJ E\ IDU WKH EHWWHU FRQGXFWRU RI
WKHVH WZR� ZDV FKRVHQ WR IRUP WKH EXON RI WKH SODWHG VXEVWUDWH�
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��� 6ROGHU %RQGHG 3URFHVV

,Q SDUDOOHO WR WKH GHYHORSPHQW RI WKH PHWDO VXEVWUDWH SURFHVV� D SURYLVLRQDO
SURFHVV ZDV GHYHORSHG >��� ��@� 7KLV SDUWLDO ZDIHU SURFHVV UHOLHV XSRQ D
VROGHU ERQG WR PRXQW WKH ,& VWUXFWXUH WR D FDUULHU ZDIHU� :KLOH WKLV VROGHU
ERQGHG SURFHVV GLG QRW DmRUG DOO WKH DGYDQWDJHV RI WKH SURSRVHG PHWDOOLF
VXEVWUDWH� LW KDV EHHQ WKLV SURFHVV ZKLFK KDV \LHOGHG PRVW GHYLFH DQG FLUFXLW
UHVXOWV WR GDWH�
(OHPHQWV RI WKH LQWHJUDWHG FLUFXLW SURFHVV FRPPRQ WR ERWK WKH VROGHU

ERQGHG SURFHVV DQG WKH FRSSHU VXEVWUDWH RQH ZLOO EH GHVFULEHG KHUH� DV ZLOO
WKH VROGHU ERQGLQJ RSHUDWLRQ LWVHOI� 'HYLFH IRUPDWLRQ EHJLQV ZLWK WKH SDW�
WHUQLQJ DQG GHnQLWLRQ RI HPLWWHU FRQWDFW VWULSHV� 7KH HPLWWHU PHWDOL]DWLRQ
LV LQ WXUQ XVHG DV WKH PDVN IRU D VHOI�DOLJQHG HPLWWHU PHVD HWFK� 7KH HPLWWHU
PHVD LV HWFKHG LQ D FRPELQDWLRQ GU\ DQG ZHW HWFK VHTXHQFH� 7R GDWH� WKH
GU\ HWFKLQJ KDV EHHQ E\ &+

�
 +

�
 $U 5,( HWFKLQJ� DQG LV VWRSSHG ZLWKLQ WKH

,Q$O$V HPLWWHU OD\HU ZLWK WKH DLG RI ODVHU LQWHUIHURPHWU\� 0DWHULDO GDP�
DJH LV UHPRYHG� HWFK GHSWK FRQWUROOHG� DQG WKH HPLWWHU PHWDO XQGHUFXW LQ D
PXOWL VWHS VHOHFWLYH�QRQ�VHOHFWLYH ZHW HWFK VHTXHQFH�
6HOI�DOLJQHG EDVH RKPLF FRQWDFWV DUH IRUPHG E\ OLIWLQJ Rm 7L�3W�$X PHW�

DOL]DWLRQ ZKLFK EUHDNV DW WKH HPLWWHU EDVH XQGHUFXW� 'HYLFHV DUH LVRODWHG
LQWR PHVDV E\ D QRQ�VHOHFWLYH GU\ HWFK LQ &O

�
SODVPD� FRQWUROOHG E\ YLV�

LEOH ODVHU LQWHUIHURPHWU\� 7KH PHVDV DUH SDVVLYDWHG DQG SODQDUL]HG ZLWK
SRO\LPLGH ZKLFK LV HWFKHG EDFN ZLWK 2

�
5,( DQG WKHQ SDWWHUQHG LQ DQ 2

�

SODVPD HWFK�
1L&U WKLQ�nOP UHVLVWRUV DUH SDWWHUQHG E\ OLIW�Rm� $Q XQGHUOD\HU RI 6L

HYDSRUDWHG DORQJ ZLWK WKH 1L&U VHUYHV WR SURWHFW WKH UHVLVWRUV IURP WKH
VXEVHTXHQW ,Q3 UHPRYDO HWFK� 1H[W� WKH nUVW OHYHO RI LQWHUFRQQHFW PHWDO LV
GHSRVLWHG E\ HYDSRUDWLRQ DQG SDWWHUQHG E\ OLIW�Rm� ,Q WKLV VWHS� WKH ZDIHU
LV PRXQWHG DW DQ DQJOH RQ D URWDWLQJ PRXQW WR DVVXUH FRYHUDJH RI WRSR�
JUDSKLF VWHSV� 6LOLFRQ QLWULGH LV GHSRVLWHG E\ 3(&9' DQG FRQWDFW YLDV DUH
HWFKHG LQ WKLV OD\HU� 7KH 6L

�
1
[
nOP VHUYHV WKH SXUSRVHV RI GLHOHFWULF IRU

0,0 FDSDFLWRUV DQG LQVXODWLRQ EHWZHHQ WKH nUVW DQG VHFRQG LQWHUFRQQHFW
PHWDOL]DWLRQ� $OVR� WKH 6L

�
1
[
FRQGXFWV KHDW IURP HPLWWHUV ZKLFK DUH QRW

HOHFWULFDOO\ JURXQGHG� $ VHFRQG OHYHO RI LQWHUFRQQHFW PHWDO LV GHSRVLWHG
LQ WKH VDPH PDQQHU DV WKH nUVW� %HQ]R�F\FOREXWHQH UHVLQ LV GHSRVLWHG E\
VSLQ FRDWLQJ� DQG FXUHG LQ D QLWURJHQ SXUJHG SURJUDPPDEOH RYHQ� 9LDV DUH
SDWWHUQHG LQ WKH FXUHG %&% nOP E\ 5,( HWFKLQJ ZLWK D WKLFN SKRWRUHVLVW
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PDVN� $ FRQWLQXRXV FRQGXFWLQJ OD\HU LV DSSOLHG WR WKH ZDIHU E\ '& PDJ�
QHWURQ VSXWWHULQJ RI 7L DQG $X� 6RPH �xP RI $X DUH WKHQ EXLOW XS E\
HOHFWURSODWLQJ LQ D FRPPHUFLDOO\ SUHSDUHG 1D

�
$X�62

�
�
�
VROXWLRQ�

7KH PHWDOL]HG +%7 ZDIHU DQG D FDUULHU DUH VROGHUHG WRJHWKHU XQGHU
DLU� 7R GDWH� *D$V ZDIHUV KDYH EHHQ XVHG DV FDUULHUV� /XPSV RI VROGHU DUH
PHOWHG RQ WKH KHDWHG FDUULHU SLHFH� DQG WKH PROWHQ VROGHU VSUHDG PDQXDOO\�
2QFH WKH VXUIDFH RI WKH FDUULHU LV YLVLEO\ FRYHUHG ZLWK VROGHU� DQ\ H[FHVV LV
UHPRYHG� 7KH ZDIHU LV WKHQ SODFHG DFWLYH VLGH GRZQ WR WKH VROGHU� ,Q DQ
HmRUW WR IRUP D FRQWLQXRXV VROGHU ERQG IUHH RI YRLGV DQG R[LGH OD\HUV� WKH
ZDIHU LV WKHQ PDQXDOO\ ?VFUXEEHG� DFURVV WKH VROGHU FRDWHG FDUULHU� *LYHQ
WKDW WKH SODWHG $X JURXQG SODQH WHQGV WR EH URXJK DQG QRQ�SODQDU� WKH
SRVVLELOLW\ RI YRLGV LV YHU\ UHDO� 7KH FDUULHU DQG QDWLYH ZDIHU DUH VTXHH]HG
WRJHWKHU ZLWK FRQWUROOHG IRUFH EHIRUH WKH VDQGZLFK LV FRROHG WR URRP WHP�
SHUDWXUH�
&RQWLQXLW\ RI WKH VROGHU ERQG GHSHQGV FULWLFDOO\ RQ FUDIW DQG GHWHUPLQD�

WLRQ LQ WKH ?VFUXEELQJ� RSHUDWLRQ� $V LW VWDQGV� WKH VROGHU ERQGLQJ VFKHPH
RmHUV OLWWOH KRSH RI VFDOLQJ WR IXOO ��PP ZDIHUV� ,W LV DOUHDG\ GLpFXOW WR DS�
SO\ VXpFLHQW VKHDU IRUFHV WR VFUXE WZR VDPSOHV RI TXDUWHU ���PP GLDPHWHU�
ZDIHU VL]H� )XUWKHUPRUH� PDQ\ nQLVKHG TXDUWHU ZDIHUV VKRZ FOHDU HYLGHQFH
RI QXPHURXV ODUJH YRLGV LQ WKH ERQG� 7KLV FDQ EH VHHQ XQGHU GDUN�nHOG RU
TXDVL�GDUN�nHOG RSWLFDO PLFURVFRS\ VXFK DV SURYLGHG E\ VWHUHR PLFURVFRSHV
ZLWK QHDUO\ FRD[LDO LOOXPLQDWLRQ�
7KLV VROGHU ERQGLQJ VFKHPH VXmHUV IURP SRRU FRQWURO DQG UHSURGXFLELO�

LW\� 3DUWLFXODUO\ DIWHU UHPRYLQJ ?H[FHVV� VROGHU IURP WKH FDUULHU� WKH TXDQ�
WLW\ RI VROGHU LQ WKH ERQG LV QRW FRQWUROOHG� ,Q nJXUH ���� D VDZHG DQG SRO�
LVKHG FURVV�VHFWLRQ RI D VROGHU ERQGHG ZDIHU UHYHDOV WKDW WKH VROGHU WKLFNQHVV
LV VRPHWLPHV TXLWH ODUJH� 6ROGHU WKLFNQHVVHV RI { ��xP DUH QRW FRQGXFLYH
WR JRRG KHDW VLQNLQJ� )XUWKHUPRUH� WKH VRPHWLPHV VXEVWDQWLDO WKLFNQHVV
RI VROGHU DOORZ TXDQWLWLHV RI WKLV VROGHU WR GLVVROYH LQ WKH VXEVWUDWH UHPRYDO
HWFKDQW� LW LV QRW NQRZQ KRZ WKH YDULDEOH FRQFHQWUDWLRQV RI VROGHU FRQ�
VWLWXHQWV LQ WKH HWFK VROXWLRQ DmHFW WKH nQDO FROOHFWRU VXUIDFH�

��� 3ODWLQJ &RSSHU 6XEVWUDWHV

7ZR DSSURDFKHV WR LQWHJUDWLQJ WUDQVIHUUHG VXEVWUDWH +%7
V RQ D &X VXE�
VWUDWH ZHUH GHPRQVWUDWHG LQ WKLV ZRUN� 7KH nUVW FRQVLVWHG RI SODWLQJ VXI�
nFLHQW WKLFNQHVV RI &X WR KDQGOH WKH PHWDO ZDIHU E\ LWVHOI WKURXJK nQDO
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)LJXUH ���� 6(0 LPDJH RI VDZHG DQG SROLVKHG VROGHU ERQGHG ZDIHU� 'DUN
OXPSV DUH DUWLIDFWV RI WKH SROLVKLQJ SURFHVV�

SURFHVVLQJ� 7KLV DSSURDFK ZDV DWWHPSWHG nUVW EHFDXVH LW VHHPHG WR EH
WKH VLPSOHVW URXWH WR GHPRQVWUDWLQJ RQ�ZDIHU PHDVXUHPHQWV RI LQWHJUDWHG
FLUFXLWV� DQG LW SURPLVHG WR DYRLG VRPH WKHUPDO PLVPDWFK SUREOHPV� ,I
WKH ,Q3 FRXOG EH UHPRYHG ZLWKRXW WKH ,Q3�&X VDQGZLFK XQGHUJRLQJ DQ\
WHPSHUDWXUH H[FXUVLRQV� WKHQ WKHUH ZRXOG EH OLWWOH RSSRUWXQLW\ IRU FUDFNV
WR LQLWLDWH LQ WKH VHPLFRQGXFWRU GXH WR WKHUPDO PLVPDWFK VWUHVVHV� $IWHU
,Q3 UHPRYDO� RQO\ VLQJOH GHYLFH VL]HG PHVDV RI VHPLFRQGXFWRU ZRXOG UHPDLQ�
DQG WKH VWUDLQ HQHUJ\ GHYHORSHG LQ WKHVH PHVDV E\ XQDYRLGDEOH WHPSHUD�
WXUH H[FXUVLRQV ZRXOG KRSHIXOO\ QRW EH VXpFLHQW WR FDXVH GDPDJH� $W nUVW�
TXDUWHU ZDIHUV ZHUH SURFHVVHG LQ WKLV ZD\� DQG ODWHU ZKROH ZDIHUV�
/DWHU� LW SURYHG QHFHVVDU\ WR UHGXFH WKH WKLFNQHVV RI PHWDO SODWHG EHORZ

WKDW ZKLFK ZRXOG DOORZ SUDFWLFDO KDQGOLQJ RI DQ HQWLUH ZDIHU� ,Q RUGHU WR
FRPSOHWH WKH SURFHVVLQJ DIWHU PHWDO GHSRVLWLRQ� LW ZDV WKHUHIRUH QHFHVVDU\
WR PRXQW WKH ZDIHU WHPSRUDULO\ WR D VXSSRUW VXEVWUDWH�
,Q ERWK FDVHV� HOHFWURSODWHG &X IRUPHG WKH EXON RI WKH SODWHG PHWDO

WKLFNQHVV� ,W ZDV GHFLGHG� KRZHYHU� WR IRUP WKH LQLWLDO WKLFNQHVV RI WKH
JURXQG SODQH RXW RI SODWHG $X WR DYRLG PHWDOOXUJLFDO SUREOHPV DW WKH LQ�
WHUIDFH ZLWK WKH XQGHUO\LQJ WKLQ nOP PHWDOL]DWLRQ� &RSSHU DQG $X DUH
D QRWRULRXV GLmXVLRQ FRXSOH>��� S���@� LQWHU�GLmXVLQJ DSSUHFLDEO\ DW URRP
WHPSHUDWXUH� 7KLV LQWHUGLmXVLRQ OHDGV WR GHJUDGDWLRQ RI WKH SURSHUWLHV RI
WKH PHWDOV� EXW ZRUVH FDQ OHDG WR WKH IRUPDWLRQ RI D SODQH RI YRLGV>���
S���@� 7R SUHFOXGH LQWHUGLmXVLRQ� EDUULHU OD\HUV RI 1L ZHUH SODWHG EHWZHHQ
$X DQG &X OD\HUV� &RSSHU HWFKHV YHU\ UHDGLO\ LQ WKH +&O VROXWLRQ XVHG
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)LJXUH ���� &URVV�VHFWLRQDO 6(0 RI WHVW ZDIHU� 7KLFNQHVVHV RI $X� 1L� QRW
UHSUHVHQWDWLYH RI WKRVH nQDOO\ XVHG�

WR UHPRYH WKH ,Q3 VXEVWUDWH� DQG VR WKH SODWHG &X ZDV HQFDSVXODWHG ZLWK
IXUWKHU OD\HUV RI 1L DQG $X�

��� )UHH�6WDQGLQJ 0HWDO :DIHUV

+DQGOLQJ RI D IUHH�VWDQGLQJ PHWDO ZDIHU GHPDQGHG D GHSRVLW RI &X KXQGUHGV
RI PLFURQV WKLFN� ,Q RUGHU WR SODWH PHWDO nOPV RQ WKH RUGHU RI �� ���xP
WKLFN� VRPH LQQRYDWLYH SODWLQJ n[WXUHV ZHUH UHTXLUHG� $FKLHYLQJ D SODQDU
PHWDO ZDIHU UHTXLUHG VRPH LQYHVWLJDWLRQ RI nOP VWUHVV LVVXHV� DQG OHG WR WKH
XQFRQYHQWLRQDO FKRLFH RI D &X SODWLQJ VROXWLRQ IUHH RI FRPPHUFLDO DGGLWLYHV�
7KH nQDO SKRWROLWKRJUDSK\ VWHS� WR GHnQH WKH FROOHFWRUV� KDG WR EH SHU�
IRUPHG RQ WKH IUHH�VWDQGLQJ PHWDO ZDIHU� ,Q RUGHU WR PDNH PHWDO ZDIHUV
KROG GRZQ WR DOLJQHU YDFXXP FKXFNV� LW SURYHG QHFHVVDU\ WR ODS WKH SODWHG
VXUIDFH�
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����� 3ODWLQJ )L[WXUHV

3ODWLQJ DQ XQXVXDOO\ WKLFN OD\HU RI PHWDO UHTXLUHG VSHFLDO DWWHQWLRQ WR EH
SDLG WR WKH HOHFWULFDO FRQWDFWV WKURXJK ZKLFK SODWLQJ FXUUHQW ZDV DSSOLHG WR
WKH ZDIHU� 7KHVH FRQWDFWV QHHGHG WR EH LVRODWHG IURP WKH SODWLQJ VROXWLRQ�
HOVH WKH\ ZRXOG EH ZHOGHG SHUPDQHQWO\ WR WKH ZDIHU E\ WKH JURZLQJ GHSRVLW�
)XUWKHUPRUH� WKH GLVWULEXWLRQ RI SODWHG PHWDO KDG WR EH FRQWUROOHG� 7KH
EDFN DQG HGJHV RI WKH ZDIHU KDG WR EH SURWHFWHG IURP SRWHQWLDO DWWDFN E\
WKH FRUURVLYH SODWLQJ VROXWLRQ DQG IURP HQFURDFKPHQW RI WKH SODWHG nOP�
*LYHQ WKDW RQO\ FRQWDFW OLWKRJUDSK\ ZDV DYDLODEOH GXULQJ WKH GHYHORSPHQW
RI WKH IXOO�WKLFNQHVV &X SURFHVV� LW ZDV LPSHUDWLYH WKDW WKH SODWHG PHWDO QRW
H[WHQG DURXQG WKH HGJHV RI WKH ,Q3 ZDIHU� $OWKRXJK SKRWRUHVLVW FRXOG LQ
SULQFLSOH EH XVHG WR SURWHFW WKH EDFN DQG HGJHV RI WKH ZDIHU� FRDWLQJ UHVLVW
RQ WKH EDFN RI WKH ZDIHU ZLWKRXW GDPDJH WR WKH IURQW RI WKH ZDIHU SUHVHQWHG
SUDFWLFDO REVWDFOHV�
7R FRQWURO WKH JURVV GLVWULEXWLRQ RI SODWHG PHWDO� DQG WR LVRODWH WKH

FRQWDFWV� D IURQW�VXUIDFH VHDOLQJ n[WXUH ZDV GHVLJQHG �VHH $SSHQGL[ %��
2QH R�ULQJ LV FRPSUHVVHG DJDLQVW WKH IURQW RI WKH ZDIHU� ZKLOH D VHFRQG R�
ULQJ FUHDWHV DQ HQFORVHG� GU\� YROXPH ZLWKLQ ZKLFK WKH HOHFWULFDO FRQQHFWLRQV
WR WKH VHHG OD\HU FRXOG EH PDGH� 7KLV n[WXUH ZDV IDEULFDWHG LQ 39')� D
IDLUO\ LQHUW SODVWLF ZLWK VWLmQHVV DQG FROG�oRZ SURSHUWLHV VXSHULRU WR 37)(�
$ QRWHZRUWK\ WUDGHRm LQ WKH GHVLJQ RI WKH TXDUWHU ZDIHU VHDOLQJ n[WXUH ZDV
EHWZHHQ oXLG oRZ DQG VWLmQHVV RI WKH EROW�ULQJ WKDW VTXHH]HV WKH WZR R�
ULQJV� ,Q WKH IDEULFDWHG TXDUWHU ZDIHU n[WXUH� WKH RSHQLQJ WKURXJK ZKLFK
WKH ZDIHU LV H[SRVHG WR WKH SODWLQJ VROXWLRQ LV DOPRVW DV GHHS DV LW LV IDU
DFURVV� DQG WKLV LPSDFWHG WKH XQLIRUPLW\ RI oXLG oRZ SDVW WKH ZDIHU� 7KH
GHHS UHFHVV FUHDWHG E\ WKH TXDUWHU ZDIHU SODWLQJ n[WXUH UHVWULFWHG WKH FKRLFH
RI SODWLQJ FKHPLVWU\ DQG SUHVHQWHG VRPH RWKHU FKDOOHQJHV�

����� 3ODWLQJ 6ROXWLRQV

7KURXJKRXW WKLV ZRUN� $X ZDV SODWHG IURP D FRPPHUFLDO VROXWLRQ RI VRGLXP
JROG VXOnWH DQG SURSULHWDU\ DGGLWLYHV� 1LFNHO GLmXVLRQ EDUULHUV ZHUH SODWHG
IURP D FRPPHUFLDO VROXWLRQ RI 1L VXOIDPDWH� &X ZDV SODWHG IURP D YDULHW\ RI
GLmHUHQW &X62

�
�+
�
62

�
VROXWLRQV� VRPH FRPPHUFLDO ZLWK RUJDQLF DGGLWLYHV�

DQG VRPH ZLWKRXW DQ\ DGGLWLYHV DW DOO�
$ FRPPRQ LQVROXEOH DQRGH ZDV XVHG WR SODWH IURP WKH $X� 1L� DQG

&X VROXWLRQV� 7KLV FKRLFH VLPSOLnHG WKH WUDQVSRUW RI WKH ZDIHU IURP RQH
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&RPSRXQG 0ROHFXODU 'HQVLW\ 6SHFLHV
�DWRPLF� ZHLJKW J c FPb� 3ODWHG

&X62
�
c ��+

�
2� ������

&X62
�

������ &X��

+
�
62

�
�����

1D
�
$X�62

�
�
�

������ $X��

1L 6XOIDPDWH ����� 1L��

&X ����� ����
1L ����� ����
$X ������ �����

7DEOH ���� 0ROHFXODU ZHLJKWV RI FRPSRXQGV DQG PHWDOV� DQG FKDUJHG VSHFLHV
UHOHYDQW WR SODWLQJ KHUH�

VROXWLRQ� WKURXJK ULQVLQJ EDWKV� WR WKH QH[W VROXWLRQ LQ WKH PHWDO VWDFN ZLWK
PLQLPXP H[SRVXUH WR DLU� 7KH LQVROXEOH DQRGH DQG ZDIHU KROGLQJ n[WXUH
ZHUH WRJHWKHU EROWHG WR D SODVWLF IUDPH ZKLFK VXVSHQGHG WKHP IURP WKH ULP
RI WKH EHDNHU LQ XVH� :KLOH WKH XVH RI LQVROXEOH DQRGHV LV FRPPRQSODFH LQ
$X SODWLQJ IURP 1D

�
$X�6�

�
�
�
VROXWLRQV� LW LV OHVV FRPPRQ SUDFWLFH LQ WKH

SODWLQJ RI 1L DQG &X� ,Q DQ\ HOHFWURSODWLQJ UHDFWLRQ� WKH XVH RI DQ LQVROXEOH
DQRGH OHDGV WR GHSOHWLRQ RI WKH PHWDO LRQ DQG DFLGLnFDWLRQ RI WKH SODWLQJ
VROXWLRQ LQ SURSRUWLRQ WR WKH FKDUJH SODWHG� +HUH� WKH SURSHUWLHV RI 1L nOPV
ZHUH MXGJHG QRW WR EH FULWLFDO� DQG WKH VROXWLRQ FKHPLVWU\ DOORZHG WR GULIW�
7KH &X62

�
VROXWLRQ ZDV GLVFDUGHG DQG UHSODFHG IUHTXHQWO\ WR FRPSHQVDWH

IRU GHSOHWLRQ RI &X�� LRQV�
$ ���xP OD\HU RI &X RQ D ���xP ,Q3 ZDIHU UHSUHVHQWV D ELPHWDOOLF GLVN�

7KH ODUJH H[SDQVLYLW\ PLVPDWFK EHWZHHQ WKHVH PDWHULDOV PDQGDWHV YHU\
VPDOO WKHUPDO EXGJHWV IRU DQ\ SURFHVVLQJ ZKLFK IROORZV WKH &X GHSRVLWLRQ�
)RU WKLV UHDVRQ� WKH $X DQG 1L SODWLQJ FRQGLWLRQV ZHUH DGMXVWHG WR ZRUN DW
URRP WHPSHUDWXUH�
,QLWLDO DWWHPSWV WR SODWH $X LQ WKH n[WXUH XQGHU HVWDEOLVKHG FRQGLWLRQV

EXW UHGXFHG WHPSHUDWXUH OHG WR XQXVDEOH� SRZGHU\ GHSRVLWV� 6PRRWK VXU�
IDFHV ZHUH RQO\ DFKLHYHG� DW SUDFWLFDO FXUUHQW GHQVLWLHV DQG DW URRP WHP�
SHUDWXUH� ZLWK WKH XVH RI D SXPS WR FLUFXODWH WKH SODWLQJ VROXWLRQ� $ VPDOO
GLDSKUDJP SXPS ZDV XVHG WR IRUFH WKH VROXWLRQ WKURXJK D nOWHU FDSVXOH DQG
RXW RI D QR]]OH LPPHUVHG LQ WKH VROXWLRQ DQG GLUHFWHG DJDLQVW WKH ZDIHU�

��



6XFFHVVIXO SODWLQJ RI 1L DW URRP WHPSHUDWXUH DV RSSRVHG WR WKH UHFRP�
PHQGHG RSHUDWLQJ WHPSHUDWXUH RI ��p& SURYHG WR EH D PDWWHU RI HVWDEOLVKLQJ
D VXLWDEOH FXUUHQW GHQVLW\� 7KH OLPLWHG DJLWDWLRQ SURYLGHG E\ D VWLUUHU EDU
LQ WKH EHDNHU SURYHG DGHTXDWH� $WWHPSWV WR SODWH &X IURP FRPPHUFLDO VR�
OXWLRQV GHVLJQHG IRU ORZ�VWUHVV� nQH�JUDLQHG GHSRVLWV ZHUH PHW ZLWK WHUULEOH
QRQ�XQLIRUPLW\�
7KH &X62

�
VROXWLRQ ZLWKRXW DGGLWLYHV XVHG KHUH ZDV EDVHG RQ WH[WERRN

SUDFWLFH IRU ORZ VWUHVV FRSSHU SODWLQJ >��� S� ���@>��@� 7KLV VROXWLRQ FRQ�
VLVWHG RI ��� PROH &X62
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�
SHU

OLWHU RI VROXWLRQ�
,QLWLDO DWWHPSWV WR SODWH &X IURP D FRPPHUFLDO VROXWLRQ� 7HFKQL�&RSSHU

)% IURP 7HFKQLF ,QF�� ZHUH DEDQGRQHG ZKHQ WKLFN GHSRVLWV SURYHG WR EH
XQGHU VLJQLnFDQWO\ PRUH VWUHVV WKDQ GHSRVLWV IURP D &X62
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�
VROXWLRQ

ZLWKRXW DGGLWLYHV� /DWHU� D GLmHUHQW FRPPHUFLDO VROXWLRQ� ?8%$& 5���
IURP (QWKRQH�20,� ZKLFK ZDV GHVLJQHG WR GHSRVLW WKLFN ORZ VWUHVV &X� ZDV
DFTXLUHG� 7KH SXPS DQG QR]]OH FLUFXODWLRQ ZKLFK KDG OHG WR DFFHSWDEOH
FRYHUDJH DQG URXJKQHVV RI SODWHG $X LQ WKH GHHSO\ UHFHVVHG n[WXUH GLG
QRW DFKLHYH DFFHSWDEOH UHVXOWV ZLWK WKLV ODWWHU &X VROXWLRQ� 7HVW VDPSOHV
SODWHG GLVSOD\HG VSHFWDFXODU XQGXODWLQJ VXUIDFHV� 7KH ODUJH WKLFNQHVVHV RI
&X SODWHG SXW D JUHDW SUHPLXP RQ XQLIRUPLW\ RI GHSRVLW WKLFNQHVV� %H\RQG
WKLV� KRZHYHU� WKH &X VROXWLRQ KDG EHHQ GHVLJQHG IRU FRQGLWLRQV RI PXFK
PRUH YLJRURXV DJLWDWLRQ WKDQ KDG WKH $X VROXWLRQ� DQG VHHPHG WR VXmHU
PRUH IURP WKH QRQXQLIRUP oRZ LQ WKH TXDUWHU ZDIHU n[WXUH�

����� )LOP 6WUHVV

7KH PDMRU SUREOHPV LQ GHYHORSLQJ D FRSSHU SODWLQJ SURFHVV UHYROYHG DURXQG
WKH QHHG WR GR OLWKRJUDSK\ RQ WKH nQDO ZDIHU� (DUO\ RQ� LW EHFDPH DSSDUHQW
WKDW WKH VWUHVVHV LQ WKLFN SODWHG nOPV FRXOG EH PRUH WKDQ HQRXJK WR PDNH
WKH ZDIHU WRR QRQ�SODQDU IRU FRQWDFW OLWKRJUDSK\� /DWHU� LW ZDV IRXQG WKDW
VWUHVVHV LQ WKH PHWDO nOP LPSDFWHG WKH ZHW VHOHFWLYH HWFK XVHG WR UHPRYH
WKH ,Q3 JURZWK VXEVWUDWH� /DWHU VWLOO� LW ZDV UHFRJQL]HG WKDW URXJKQHVV
DQG QRQ�XQLIRUPLW\ RI WKH EDFN VXUIDFH RI WKH PHWDO ZHUH FULWLFDO LVVXHV IRU
YDFXXP FKXFNLQJ RI WKH ZDIHU RQ H[SRVXUH WRROV�
7KURXJKRXW WKLV ZRUN� TXDOLWDWLYH FRPSDULVRQV RI nOP VWUHVV ZHUH PDGH

E\ PHDVXULQJ WKH ERZLQJ RI SODWHG ZDIHUV� )RU ODFN RI D GHGLFDWHG LQ�
VWUXPHQW� WKH 'HNWDN SURnORPHWHU ZDV XVHG� RIWHQ WDNLQJ PD[LPXP OHQJWK

��



WUDFHV ^ L�H� ��PP ORQJ� 7UDFHV ZHUH WDNHQ RQ WKH VHPLFRQGXFWRU VLGH RI
SODWHG ZDIHUV EHFDXVH WKH VHPLFRQGXFWRU VXUIDFH ZDV JHQHUDOO\ VPRRWKHU�
DQG EHFDXVH GRLQJ VR UHGXFHG VHQVLWLYLW\ RI WKH ERZLQJ PHDVXUHPHQW WR
WKLFNQHVV YDULDWLRQV LQ WKH GHSRVLW� 7KH VWUHVV LQ SODWHG &X nOPV ZDV FRQ�
VLVWHQWO\ WHQVLOH� DQG VR WKH ZDIHUV VKRZHG QR SURSHQVLW\ WR URFN XQGHU
WKH SURnORPHWHU VW\OXV ZKHQ PHDVXUHG IURP WKH VHPLFRQGXFWRU VLGH� )RU
IXOO ZDIHUV� ZLWK WKHLU FLUFXODU V\PPHWU\� DQDO\WLFDO JHQHUDOL]DWLRQV RI WKH
6WRQH\ HTXDWLRQ>��@ FDQ EH XVHG WR FDOFXODWH TXDQWLWDWLYH YDOXHV RI VWUHVV
LQ WKLFN GHSRVLWHG nOPV IURP WKH PHDVXUHG ERZLQJ>��� ��@�
$V DQ DOWHUQDWLYH WR WKH XVH RI RUJDQLF DGGLWLYHV� ZKLFK LV DOPRVW XQL�

YHUVDO LQ FRPPHUFLDO SUDFWLFH� DOWHUQDWLQJ FXUUHQW SODWLQJ ZDV LQYHVWLJDWHG�
6RPH FRQGLWLRQV RI DOWHUQDWLQJ FXUUHQW GLG OHDG WR GHVLUDEOH PRGLnFDWLRQV
RI ERWK WKH JURVV GLVWULEXWLRQ RI &X DQG RI WKH VXUIDFH URXJKQHVV� +RZHYHU�
WKHVH LPSURYHPHQWV ZHUH QRW VXpFLHQW E\ WKHPVHOYHV WR HQDEOH nQDO SUR�
FHVVLQJ RI WKH ZDIHUV� DQG ZHUH DFFRPSDQLHG E\ VRPH LQFUHDVH LQ WKH nOP
VWUHVV ZLWK UHVSHFW WR GLUHFW FXUUHQW SODWLQJ� )XUWKHUPRUH� LW SURYHG TXLWH
GLpFXOW WR UHSURGXFH VRPH UHVXOWV RI WKH DOWHUQDWLQJ FXUUHQW SODWLQJ WULDOV�
,QLWLDO DWWHPSWV WR VFDOH WKH PHWDO VXEVWUDWH SURFHVV WR IXOO ZDIHUV FRQ�

FHQWUDWHG RQ WKH WKLFN &X SODWLQJ� 6RPH SURJUHVV ZDV PDGH LQ PRGLI\LQJ
WKH VWUHVV RI &X GHSRVLWV E\ FRPSHQVDWLQJ LQWULQVLF VWUHVV ZLWK WKHUPR�
PHFKDQLFDO VWUHVV� %\ SODWLQJ WKH &X DW UHGXFHG WHPSHUDWXUH� WKHQ ZDUP�
LQJ WKH &X�,Q3 VDQGZLFK� WKH WKHUPDO H[SDQVLRQ PLVPDWFK OHDGV WR D VWUHVV
}
&X

K}
&X
L � <

&X
c7 c �m

,Q3
b m

&X
� �����

ZKHUH WKH EUDFNHWV LQGLFDWH DQ DYHUDJH RYHU WKH &X OD\HU� <
&X
LV WKH EL�

D[LDO PRGXOXV RI &X� DQG m
,Q3

� m
&X
DUH WKH UHVSHFWLYH H[SDQVLYLWLHV� $Q\

FKDQJH LQ WKH LQWULQVLF VWUHVV LQ WKH &X GXH WR ORZHU WHPSHUDWXUH GHSRVL�
WLRQ WXUQHG RXW WR EH OHVV VLJQLnFDQW WKDQ WKLV WKHUPR�PHFKDQLFDO VWUHVV�
DQG ZDIHUV SODWHG DW UHGXFHG WHPSHUDWXUH ZHUH ERZHG OHVV� $OWKRXJK DOWHU�
QDWLQJ FXUUHQW SODWLQJ �ZLWK SXPSLQJ DQG nOWUDWLRQ� UHVXOWHG LQ PDUNHGO\
EHWWHU VXUIDFH URXJKQHVV DW �p&� LW VHHPHG DOVR WR UHVXOW LQ KLJKHU VWUHVV�

����� /DSSLQJ

%HIRUH GLVFUHWH WUDQVLVWRUV ZHUH GHPRQVWUDWHG IUHH�VWDQGLQJ &X ZDIHUV� VHY�
HUDO RWKHUZLVH VXFFHVVIXO UXQV KDG EHHQ ORVW WR GLpFXOWLHV DW WKH FROOHFWRU
OLWKRJUDSK\ VWDJH� 5RXJKQHVV DQG QRQ�SODQDULW\ RI WKH nQDO SODWHG VXUIDFH

��



SUHYHQWHG YDFXXP FKXFNLQJ RQ WKH FRQWDFW DOLJQHU� $Q R�ULQJ YDFXXP FKXFN
IRU WKH FRQWDFW DOLJQHU ZDV GHVLJQHG ZKLFK FRXOG KROG WKHVH ZDIHUV GRZQ�
EXW WKLV RQO\ FKDQJHG WKH QDWXUH RI WKH DOLJQPHQW SUREOHP UDWKHU WKDQ VROY�
LQJ LW� )DFHG ZLWK WKH LQDELOLW\ WR DOLJQ FROOHFWRU OLWKRJUDSK\ WR WKH SODWHG
ZDIHUV� LW SURYHG QHFHVVDU\ PHFKDQLFDOO\ WR ODS WKH VXUIDFH RI WKH WKLFN
SODWHG &X EHIRUH WKH ZDIHUV ZRXOG KROG GRZQ WR WKH YDFXXP FKXFN� ,QLWLDO
DWWHPSWV WR SODWH ���xP RI &X KDG OHG WR ZDIHUV ZKLFK ZHUH WRR VHYHUHO\
ERZHG WR ODS� DQG WKH WKLFNQHVV RI &X KDG WR EH UHGXFHG WR ���xP�
$V QRWHG DERYH� WKH &X�,Q3 VDQGZLFK VXmHUV IURP YHU\ EDG WKHUPDO

H[SDQVLRQ PLVPDWFK� 7KLV SUHFOXGHV PRXQWLQJ RI WKH &X SODWHG ZDIHU E\
QRUPDO PHDQV WR D VWDLQOHVV VWHHO EORFN IRU ODSSLQJ� ,Q FRPPRQ SUDFWLFH IRU
ODERUDWRU\ ,,,�9 ZDIHU ODSSLQJ DQG EDFN�WKLQQLQJ RSHUDWLRQV� WKH ZDIHU WR
EH ODSSHG LV DGKHUHG WR D PDVVLYH EORFN ZLWK PHOWHG ZD[� DQG WKH DVVHPEO\
WKHQ FRROHG WR URRP WHPSHUDWXUH EHIRUH ODSSLQJ SURFHHGV� )RU SUDFWLFDO
ZD[HV� WHPSHUDWXUHV RI �� b ���p& DUH XVHG LQ WKLV PRXQWLQJ RSHUDWLRQ�
%RZLQJ RI WKH &X�,Q3 VDQGZLFKHV XQGHU ��p& WHPSHUDWXUH H[FXUVLRQV LV
YLVLEOH WR WKH QDNHG H\H� (YHQ LI VXFK D ERZHG ZDIHU FRXOG EH PRXQWHG
ZLWK ZD[� GRLQJ VR ZRXOG QRW KHOS WR DFKLHYH D SODQH SDUDOOHO PHWDO nOP�
9DFXXP FKXFNLQJ RI WKH ZDIHUV IRU ODSSLQJ ZDV DWWHPSWHG� IRU WKLV VSHFLnF
DSSOLFDWLRQ� EHWWHU FKXFN IDFH GHVLJQ� DQG KLJKHU ?VRIW� YDFXXP WKDQ SUHVHQW
LQ WKH FRQWDFW DOLJQHU ZHUH SRVVLEOH� (YHQ VR� WKH VKHDU IRUFHV SURGXFHG LQ
ODSSLQJ WULDO ZDIHUV H[FHHGHG WKH KROGLQJ IRUFH RI WKH YDFXXP FKXFN� DQG
ODSSLQJ FRXOG QRW EH FRPSOHWHG�
$ WHPSRUDU\ PRXQWLQJ PHWKRG ZKLFK DOORZHG DGHTXDWH ODSSLQJ RI WKH

&X ZDIHU FRQVLVWHG RI PRXQWLQJ WKH ,Q3 ZLWK HSR[\ WR DQ LPSURYLVHG n[WXUH�
$Q HSR[\ ZLWK SRRU FKHPLFDO UHVLVWDQFH ZDV FKRVHQ� DQG WKH PL[LQJ UDWLR
LQWHQWLRQDOO\ DOWHUHG IURP WKDW UHFRPPHQGHG� LQ RUGHU WR DOORZ UHPRYDO RI
WKH HSR[\ DIWHU ODSSLQJ� 'HYFRQ ?)LYH 0LQXWH (SR[\� VHUYHG IDLUO\ ZHOO
KHUH� DQG FRXOG EH UHPRYHG LQ PHWK\OHQH FKORULGH� ,Q RUGHU WR VSHHG WKH
SURFHVV RI GLVVROYLQJ WKH HSR[\� D JURRYHG ODSSLQJ n[WXUH ZDV UHTXLUHG� $
VHJPHQW RI D VWHHO nOH� JURXQG oDW� SODWHG ZLWK 1L DQG WKHQ ODSSHG� VHUYHG
WKLV SXUSRVH� ,Q RUGHU WR PDLQWDLQ WKH FKHPLFDO LQHUWQHVV RI D nQDO OD\HU
RI $X� WKH ODSSLQJ ZDV SHUIRUPHG EHWZHHQ &X SODWLQJ DQG WKH nQDO 1L DQG
$X OD\HUV�

��



)LJXUH ���� 0LFURSKRWRJUDSK RI +%7 RQ IUHH�VWDQGLQJ &X ZDIHU�

����� 5HVXOWV

'LVFUHWH GHYLFHV ZHUH IDEULFDWHG RQ ���xP WKLFN &X TXDUWHU ZDIHUV XVLQJ
WKH HSR[\ PRXQWHG ODSSLQJ VFKHPH� $ SKRWRPLFURJUDSK RI RQH VXFK GH�
YLFH� ZKLFK GHPRQVWUDWHG I

W

 ���*+] DQG I
PD[

 ���*+]� LV VKRZQ LQ
nJXUH ���� $OLJQPHQW RI WKH FROOHFWRU OLWKRJUDSK\ ZDV VWLOO SUREOHPDWLF�
&RQVHTXHQWO\� '& \LHOG RI GHYLFHV ZDV TXLWH SRRU� DQG 5) SHUIRUPDQFH
KDPSHUHG E\ PLVDOLJQPHQW EHWZHHQ FROOHFWRU DQG HPLWWHU� (YHQ ZLWK WKH
UHGXFHG WKLFNQHVV RI SODWHG &X� WKH ZDIHUV ZHUH VWLOO ERZHG ZKHQ PRXQWHG
WR WKH ODSSLQJ n[WXUH� /DSSLQJ VPRRWKHG WKH SODWHG VXUIDFH� EXW WKH &X
ZDIHUV ZHUH QRW SODQDU DIWHU UHPRYDO RI WKH ,Q3� 7KH SODWLQJ VFKHPH XVHG
UHVXOWHG LQ YHU\ ODUJH JUDLQHG PHWDO ZLWK D FRUUHVSRQGLQJO\ ORZ \LHOG VWUHVV�
DQG WKH &X ZDIHUV ZHUH SURQH WR EHQGLQJ LQHODVWLFDOO\ LQ QRUPDO KDQGOLQJ�

����� 'LVFXVVLRQ

$ nQDO OD\HU RI SODWHG $X KDG EHHQ UHOLHG XSRQ WR SURWHFW WKH 1L DQG
&X IURP DWWDFN LQ WKH �1 +&O VROXWLRQ XVHG WR UHPRYH WKH ,Q3 VXEVWUDWH�
*RRG DGKHVLRQ RI WKLV $X OD\HU ZDV QHYHU DFKLHYHG� :KLOH $X LV URXWLQHO\

��



)LJXUH ���� 0LFURSKRWRJUDSK RI LQWHJUDWHG RSHQ FLUFXLWV RQ IUHH�VWDQGLQJ
&X ZDIHU� 3URFHVV IDLOHG DW FROOHFWRU OLWKRJUDSK\ VWDJH

��



SODWHG RQ 1L VXUIDFHV LQ LQGXVWU\� LW LV FRPPRQO\ GHSRVLWHG IURP F\DQLGH
VROXWLRQV� 1LFNHO IRUPV D SDVVLYH R[LGH TXLWH UHDGLO\� DQG GRHV VR YHU\
TXLFNO\ LQ DONDOLQH VROXWLRQV VXFK DV WKH 1D

�
$X�6�

�
�
�
VROXWLRQ XVHG KHUH�

$OWKRXJK LPPHUVLQJ WKH 1L SODWHG ZDIHU LQ WKH $X VROXWLRQ ZLWK WKH FXUUHQW
VRXUFH DOUHDG\ FRQQHFWHG KHOSHG�DGKHVLRQ ZDV VWLOO SRRU� 7KH LQDGHTXDWH
DGKHVLRQ RI WKLV $X SURWHFWLYH OD\HU� DQG WKH ODFN RI $X DW WKH HGJHV RI WKH
SODWHG DUHD� FRQWULEXWHG WR PHWDO LRQ FRQWDPLQDWLRQ RI WKH +&O HWFKDQW�
7KLV FRQWDPLQDWLRQ PDQLIHVWHG LWVHOI LQ FRORXULQJ WKH HWFKDQW \HOORZ^JUHHQ�
DQG LQ TXLFNO\ GHFHOHUDWLQJ WKH ,Q3 HWFK UDWH� %HWWHU DGKHVLRQ RI WKH JROG
OD\HU PLJKW KDYH EHHQ DFKLHYHG E\ XVLQJ YDFXXP GHSRVLWLRQ PHWKRGV WR
GHSRVLW D VXLWDEOH VWLFNLQJ OD\HU DQG WKLQ JROG VHHG OD\HU�

��� 7KLQ )RLO 3URFHVV

����� 'HYHORSPHQW�0HWKRG

$WWHPSWLQJ WR SODWH D PHWDO OD\HU WKLFN HQRXJK WR KDQGOH DW ZDIHU VL]H
SUHVHQWHG VXFK JUHDW GLpFXOWLHV WKDW DQRWKHU URXWH ZDV DWWHPSWHG� 7KH
WKLFNQHVV RI PHWDO QHHGHG WR KDQGOH LQGLYLGXDO GLFH ZRXOG EH PXFK OHVV�
DQG SODWLQJ WKLV PXFK PLJKW SUHVHQW IHZHU REVWDFOHV� )LQDO OLWKRJUDSK\
DQG SURFHVVLQJ RI WKH WKLQ PHWDO ZDIHU ZRXOG GHPDQG PRXQWLQJ LW WR D
WHPSRUDU\ ?FDUULHU� VXEVWUDWH� 3UDFWLFDOO\� WKLV PHDQV WKDW WKH ZDIHU PXVW
EH PRXQWHG EHIRUH UHPRYDO RI WKH ,Q3 JURZWK VXEVWUDWH� 7KXV� WKH PHDQV
XVHG WR PRXQW WKH ZDIHU WR LWV FDUULHU PXVW EH FRPSDWLEOH ZLWK WKH VXEVWUDWH
UHPRYDO HWFKDQW� WKH FKHPLFDOV DQG WHPSHUDWXUHV RI D UHVLVW F\FOH DQG ZLWK
DFHWRQH XVHG WR OLIW Rm WKH FROOHFWRU PHWDOL]DWLRQ�
)RU WKH WKLQ IRLO SURFHVV� PHWDO nOP WKLFNQHVVHV ZHUH VHW DW �xP IRU WKH

LQLWLDO $X OD\HU� �xP IRU WKH 1L GLmXVLRQ EDUULHU� ��xP IRU WKH SODWHG &X�
DQG �xP IRU D nQDO 1L FDSSLQJ OD\HU� *LYHQ WKH GLpFXOWLHV� QRWHG DERYH�
ZLWK $X SODWLQJ RQ 1L� D nQDO OD\HU RI $X ZDV QRW XVHG KHUH� EXW UDWKHU WKH
ZD[ XVHG IRU WHPSRUDU\ PRXQWLQJ ZDV UHOLHG XSRQ IRU SURWHFWLRQ�
,QWULQVLF VWUHVV DQG WKHUPDO PLVPDWFK VWUHVV ZHUH PXFK VPDOOHU FRQFHUQV

LQ SODWLQJ WKH UHODWLYHO\ WKLQ IRLO RI PHWDO� )RU WKLV UHDVRQ� WKH $X DQG 1L
ZHUH SODWHG DW �� ^��p& WR REWDLQ EHWWHU TXDOLW\ GHSRVLWV� $OVR� WKH VWUHVV
LQ &X GHSRVLWHG DW URRP WHPSHUDWXUH ZDV WROHUDEOH� )RU WKH SXUSRVHV RI
WKH LQLWLDO GHPRQVWUDWLRQV� VLPSOH '& FXUUHQW SODWLQJ DW ��� P$ FP� IURP
D &X62
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�
VROXWLRQ ZLWKRXW DGGLWLYHV ZDV XVHG�
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:D[HV KDYH ORQJ EHHQ XVHG IRU WHPSRUDU\ PRXQWLQJ RSHUDWLRQV LQ ,,,�
9 ZDIHU SURFHVVLQJ� $ ZD[ ZKLFK ZDV IRXQG WR KDYH FRQYHQLHQW VROYHQW
VROXELOLW\ DQG LQVROXELOLW\ ZDV $SLH]RQ : ?EODFN� ZD[� 7KLV PDWHULDO LV
VROXEOH LQ WROXHQH �DV ZHOO DV LQ FKORULQDWHG VROYHQWV ZKLFK DUH LQFUHDVLQJO\
XQDYDLODEOH�� DQG QRW VROXEOH LQ DFHWRQH� 7KH VXVSHQGHG nQH FDUERQ EODFN
SRZGHU ZKLFK JLYHV WKH ZD[ LWV EODFN FRORU GRHV QRW VHUYH DQ\ SXUSRVH LQ WKLV
DSSOLFDWLRQ� %ODFN ZD[ VRIWHQV DSSUHFLDEO\ DW ��p&� L�H� DW WHPSHUDWXUHV
EHORZ WKRVH HQFRXQWHUHG LQ WKH SKRWRUHVLVW F\FOH�
$ XQLIRUP� WKLQ� nOP RI WKLV ZD[ ZDV KHUH DSSOLHG WR WKH SODWHG PHWDO

VXUIDFH RI WKH +%7 ZDIHU� DQG WR WKH FDUULHU ZDIHU� E\ VSLQ FDVWLQJ� 7ROXHQH
SURYHG RYHUO\ YRODWLOH DV D FDVWLQJ VROYHQW� VR PHVLW\OHQH ZDV VXEVWLWXWHG�
7KLV ODWWHU SURYLGHV VLPLODU VROYHQW DFWLRQ� EXW D VLJQLnFDQWO\ KLJKHU ERLOLQJ
SRLQW� DQG KHQFH VORZHU GU\LQJ�
7KH oDWV RI WKH �LQYHUWHG� +%7 ZDIHU DQG WKH FDUULHU ZDIHUV ZHUH DOLJQHG

WRJHWKHU RQ D MLJ WKHQ KHDWHG RQ D KRWSODWH� 7KLV VDQGZLFK ZDV WKHQ
FODPSHG XQGHU ORZ YDFXXP LQ D n[WXUH ZKLFK PDGH XVH RI D oH[LEOH GL�
DSKUDJP WR DSSO\ VRPH WZR WLPHV DWPRVSKHULF SUHVVXUH WR D VWDLQOHVV VWHHO
PDQGUHO ZKLFK SUHVVHG WKH VDQGZLFK WR DQ DQYLO� 7KH VDQGZLFK ZDV KHDWHG
WR DERYH WKH oRZ WHPSHUDWXUH RI WKH ZD[ ZKLOH FODPSHG LQ WKLV PDQQHU�
/HVV HYLGHQFH RI PHWDO GLVVROXWLRQ ZDV VHHQ GXULQJ VXEVWUDWH UHPRYDO

HWFKLQJ RI &X IRLO ZDIHUV� 7KLV LPSURYHPHQW ZDV DWWULEXWHG WR WKH SODWHG
&X DQG 1L EHLQJ ODUJHO\ HQFDSVXODWHG LQ ZD[� $IWHU WKH VXEVWUDWH HWFK�
ZDIHUV ZHUH EDNHG RQ D KRWSODWH� WR GULYH Rm ZDWHU� DQG SKRWRUHVLVW DSSOLHG�
:KHUH D GHOD\ LQWHUYHQHG EHWZHHQ WKH VXEVWUDWH HWFK DQG UHVLVW DSSOLFDWLRQ�
WKH ZDIHU ZDV FOHDQHG RQ WKH VSLQQHU FKXFN ZLWK DFHWRQH DQG LVRSURSDQRO
GLVSHQVHG IURP ZDVK�ERWWOHV� $W WKH H[SHQVH RI JHQHUDWLQJ VRPH VROYHQW
PLVW DW WKH UHVLVW EHQFK� WKLV DYRLGHG SRWHQWLDO ZD[ FRQWDPLQDWLRQ RI VROYHQW
FOHDQLQJ JODVVZDUH�
7KH WKLQ IRLO SURFHVV GHVFULEHG DERYH \LHOGHG GLVFUHWH WUDQVLVWRUV DQG

VLPSOH LQWHJUDWHG FLUFXLWV �VHH VHFWLRQ ���� RQ IXOO ZDIHUV & DQG '� $ SKRWR�
JUDSK RI ZDIHU &� D IXOO �� PP ZDIHU SURFHVVHG LQ WKLV PDQQHU� LV VKRZQ LQ
nJXUH ���� $ SUREOHP ZKLFK SODJXHG WKHVH IXOO ZDIHUV DQG WKH VXEVHTXHQW
ZDIHU ( ZDV WKDW PDQ\ 1L&U WKLQ nOP UHVLVWRUV GHSRVLWHG ZLWK HYDSRUDWHG
6L XQGHUOD\HUV ZHUH HWFKHG DZD\ LQ WKH VXEVWUDWH UHPRYDO HWFK� ,Q RUGHU
WR DGGUHVV WKLV \LHOG SUREOHP ZLWK WKH UHVLVWRUV� DQ DGGLWLRQDO SURFHVV VWHS
ZDV GHYHORSHG� 3(&9' 6L2

�
ZDV GHSRVLWHG RYHU WKH HQWLUH ZDIHU WR D

WKLFNQHVV RI ���� y$ DQG SDWWHUQHG� ZLWK D EXmHUHG +) ZHW HWFK� LQWR DUHDV

��



)LJXUH ���� 3KRWR RI IXOO ��PP ZDIHU RI WUDQVIHUUHG VXEVWUDWH +%7
V� ,&
V�
(DFK VWHSSHU nHOG FRQWDLQV PXOWLSOH GLVFUHWH GHYLFHV DQG LQWHJUDWHG FLUFXLWV�
QRW LQWHQGHG IRU GLFLQJ�

H[WHQGLQJ VRPH �xP EH\RQG WKH HGJHV RI WKH 1L&U ZKLFK ZDV VXEVHTXHQWO\
HYDSRUDWHG� 7KH DGKHVLRQ SUREOHPV ZKLFK KDG EHHQ DVVRFLDWHG ZLWK HYDS�
RUDWHG 6L XQGHUOD\HUV ZHUH FLUFXPYHQWHG E\ GHSRVLWLQJ WKH 1L&U GLUHFWO\
RQ WKH XQGHUO\LQJ VLOLFRQ GLR[LGH� :KLOH WKH UHVLVWRU \LHOG ZDV JUHDWO\
LPSURYHG E\ WKLV QHZ SURFHVV VWHS� WKH PHDVXUHG VKHHW UHVLVWDQFH RI WKH
1L&U ZDV LQFUHDVHG GUDPDWLFDOO\� ,QVSHFWLRQ RI WKH R[LGH DQG 1L&U XQGHU
',&�1RPDUVNL PLFURVFRS\ VXJJHVWHG WKDW WKH GHSRVLWHG R[LGH VXUIDFH ZDV
H[WUHPHO\ URXJK ^ URXJKHU WKDQ WKH GU\�HWFKHG ,Q$O$V VXUIDFH EHQHDWK LW�
,W LV EHOLHYHG WKDW H[FHVVLYH URXJKQHVV RI WKH R[LGH EURNH WKH FRQWLQXLW\ RI
WKH 1L&U nOP DQG VR LQFUHDVHG LWV DSSDUHQW UHVLVWLYLW\�

����� 'LVFXVVLRQ

7KH R�ULQJ IURQW VXUIDFH VHDOLQJ n[WXUHV GHYHORSHG KHUH ZHUH QRW HQWLUHO\
VXFFHVVIXO� :KLOH oXLG oRZ ZDV QRW LPSHGHG VR EDGO\ E\ WKH IXOO ZDIHU
n[WXUH� RWKHU SUREOHPV UHPDLQHG� 7KH VHDOLQJ ZDV LPSHUIHFW� SDUWLFXODUO\
ZKHQ WKH n[WXUH ZDV LPPHUVHG LQ KHDWHG VROXWLRQV� /HDNDJH LQWR DQG RXW
RI WKH GU\ VSDFH LQ WKH n[WXUH SURYLGHG D VRXUFH RI FRQWDPLQDWLRQ WR VXEVH�

��



-10

-5

0

5

10

0 2 4 6 8 10 12 14

C
el

l D
is

pl
ac

em
en

t (
um

)

Column

)LJXUH ���� :DIHU VKULQNDJH RQ WKUHH VHSDUDWH IRLO ZDIHUV� PHDVXUHG XVLQJ
VWHSSHU DV PHDVXULQJ PLFURVFRSH� &HOO ZLGWK ZDV ��� PP� ZDIHU VKULQNDJH
{ ������

��



TXHQW SODWLQJ VROXWLRQV� $OVR� H[FHVV SODWLQJ WHQGHG WR RFFXU DW WKH R�ULQJ
VHDO WR WKH ZDIHU� OHDYLQJ D UDLVHG OLS RI PHWDO� 5HSODFHPHQW RI WKH R�ULQJ
DIWHU HDFK XVHG KHOSHG VOLJKWO\� 7KLV UDLVHG OLS LPSDFWHG ZD[ ERQGLQJ� DQG
ZRXOG EH DQ LPSHGLPHQW WR HmRUWV WR PRXQW D WKLQ IRLO ZDIHU WR H�J� D
SUREH�VWDWLRQ ZDIHU FKXFN� $Q HQKDQFHPHQW RI WKH SODWLQJ UDWH DW HGJHV
ZRXOG EH H[SHFWHG UHJDUGOHVV RI KRZ WKHVH HGJHV DUH GHnQHG� KRZHYHU� DQG
PHFKDQLFDO SODQDUL]DWLRQ PD\ EH QHFHVVDU\ LQ DQ\ HYHQW� 6XFK PHFKDQL�
FDO SODQDUL]DWLRQ ZRXOG KDYH WKH DGGLWLRQDO SRWHQWLDO EHQHnW RI \LHOGLQJ D
VPRRWKHU VXUIDFH IRU GLH ERQGLQJ WR D PHWDO VXEPRXQW�
7KH ZD[ PRXQWLQJ SURFHGXUH XVHG LQ WKH IXOO ZDIHU SURFHVV GHPRQ�

VWUDWHG KHUH LV IDU IURP DGHTXDWH� 7KH ,Q3 ZDIHU FRXOG EH VHHQ URXWLQHO\
WR KDYH EURNHQ LQ WKH YDFXXP FODPSLQJ n[WXUH� :KLOH WKLV GLG QRW VHSD�
UDWH WKH JURXQG SODQH LQWR PXOWLSOH SLHFHV� LW GLG LPSDFW ERWK WKH VXEVWUDWH
HWFK� DQG WKH FROOHFWRU OLWKRJUDSK\ VWHS� 0DQXDO DOLJQPHQW RQ WKH VWHSSHU
UHYHDOHG WKDW GLVWLQFW UHJLRQV� SUHVXPDEO\ FRUUHVSRQGLQJ WR WKH VHSDUDWH
SLHFHV RI WKH EURNHQ ,Q3 ZDIHU� RI WKH IRLO ZDIHU ZHUH WUDQVODWHG DQG URWDWHG
ZLWK UHVSHFW WR RQH DQRWKHU�
,Q WKH DEVHQFH RI D KLJKO\ SODQDU PHWDO VXUIDFH� DSSOLFDWLRQ RI WKH PRXQW�

LQJ ZD[ E\ VSLQ FDVWLQJ LV LQDSSURSULDWH� :D[ VROXWLRQV FDQ QRW EH UHOLHG
XSRQ WR SODQDUL]H PXFK WRSRJUDSK\� ,Q SDUWLFXODU� VSLQ�FDVW ZD[ ZLOO QRW
SODQDUL]H RYHU WKH HGJH RI WKH SODWHG PHWDO� RU WKH UDLVHG OLS RI PHWDO QRWHG
DERYH� 7KH SHULPHWHU RI WKH ZDIHU ZKLFK LV QRW SODWHG ZLWK D JURXQG SODQH
KDV EHHQ OHIW XQVXSSRUWHG DIWHU WKH VXEVWUDWH HWFK� DQG WHQGV WR EUHDN XS
DQG VKHG SDUWLFOHV�
7KHUH LV D WUDGHRm EHWZHHQ D ZD[ PHOWLQJ WHPSHUDWXUH KLJK HQRXJK WR

DOORZ WKH OLWKRJUDSK\ F\FOH DQG ORZ HQRXJK WR DOORZ VXFFHVVIXO PRXQWLQJ
RI WKH ZDIHU� 7KH $SLH]RQ : ZD[ DUJXDEO\ HUUV RQ WKH VLGH RI WRR ORZ D
PHOWLQJ SRLQW� ,W ZDV IRXQG WKDW WKH FROOHFWRU OLWKRJUDSK\ SKRWRUHVLVW EDNH
OHG WR VXEVWDQWLDO FKDQJHV LQ WKH SODQDULW\ RI WKH ZDIHU VDQGZLFK� :KHUHDV
WKH VLOLFRQ FDUULHU ZDIHU ZRXOG KROG GRZQ RQ WKH VWHSSHU YDFXXP FKXFN
EHIRUH WKH SKRWRUHVLVW EDNH� LW ZRXOG QRW GR VR LPPHGLDWHO\ DIWHUZDUGV�
$IWHU D GHOD\ RI DERXW WKUHH KRXUV� WKH VLOLFRQ FDUULHU UHSHDWDEO\ oDWWHQHG
HQRXJK WR KROG GRZQ RQ WKH FKXFN� ,W LV VXUPLVHG WKDW WKH ERZLQJ RI WKH
VDQGZLFK E\ WKHUPDO PLVPDWFK VWUHVV LQWHJUDWHG IURP WKH ZD[ VRIWHQLQJ
WHPSHUDWXUH GRZQ WR URRP WHPSHUDWXUH OHDGV WR FROG oRZLQJ RI WKH ZD[
ERQG OD\HU LQ WKLV LQWHUYDO� 7ZR DSSURDFKHV WR WKLV GLpFXOW\ ZKLFK PLJKW
EH SXUVXHG LQ IXWXUH DUH �� WR GHYHORS D UHGXFHG WHPSHUDWXUH SKRWRUHVLVW

��



EDNH SURFHVV RU �� WR ERQG WKH VDQGZLFK ZLWK D KLJKHU WHPSHUDWXUH ZD[
ZKLFK GRHV QRW VRIWHQ GXULQJ WKH SKRWRUHVLVW F\FOH� 2I FRXUVH� WKH ODWWHU
RSWLRQ PD\ SUHVHQW HTXDO GLpFXOWLHV ZLWK ERZLQJ RI WKH VDQGZLFK DW WKH
PRXQWLQJ VWDJH�
7KH SUREOHPV LQKHUHQW WR ERQGLQJ D ELPHWDOOLF GLVN WR D VXSSRUW ZDIHU

ZLWK D WKHUPRSODVWLF PLJKW EHVW EH DYRLGHG HQWLUHO\� (SR[LHV DUH FDSDEOH RI
IRUPLQJ D VWURQJ ERQG DW URRP WHPSHUDWXUH� $Q HSR[\ DEOH WR ZLWKVWDQG
LPPHUVLRQ LQ WKH VXEVWUDWH HWFK DQG WKH ZKROH FROOHFWRU OLWKRJUDSK\ SURFHVV
LV QRW SDUWLFXODUO\ OLNHO\ WR EH HDVLO\ UHPRYHG KRZHYHU� $ SURFHVV ZKLFK
PLJKW EH PDGH WR ZRUN ZRXOG EH WR FRDW WKH +%7 ZDIHU ZLWK D UHOHDVH
OD\HU DIWHU SODWLQJ� 7KLV OD\HU FRXOG HYHQ EH D KLJKHU PHOWLQJ SRLQW ZD[�
5DWKHU WKDQ ERQG WKH ZDIHU WR D FDUULHU DW HOHYDWHG WHPSHUDWXUH� WKRXJK�
ZKDW LV VXJJHVWHG KHUH LV WR ERQG WKH UHOHDVH OD\HU WR D FDUULHU ZLWK D URRP�
WHPSHUDWXUH FXULQJ HSR[\� $IWHU nQDO SURFHVVLQJ� WKH UHOHDVH OD\HU FRXOG EH
GLVVROYHG DZD\� DQG WKH HSR[\ FRDWHG FDUULHU ZDIHU GLVFDUGHG�
,Q WKH FRQWH[W RI WKH WKLQ IRLO SURFHVV� WKH DGYDQWDJHV RI &X PD\ EH

RXWZHLJKHG E\ WKH FRPSOLFDWLRQV LQWURGXFHG E\ LWV XVH� ,QWULQVLF VWUHVV LV
FHUWDLQO\ OHVV RI D SUREOHP LQ WKH WKLQ IRLO WKDQ LQ D IXOO WKLFNQHVV PHWDO
ZDIHU� 7KH SODWHG FRSSHU OD\HU KDG WR EH VHSDUDWHG IURP XQGHUO\LQJ $X
PHWDOL]DWLRQ E\ D GLmXVLRQ EDUULHU� DQG WKH &X IXUWKHUPRUH KDG WR EH SUR�
WHFWHG IURP WKH ,Q3 UHPRYDO HWFK� 3ODWLQJ D UHODWLYHO\ WKLFN OD\HU RI $X
DORQH ZRXOG HOLPLQDWH WKH PXOWLSOH VWHS SODWLQJ SURFHGXUH� DQG DQ\ UHGXF�
WLRQ LQ WKH \LHOG VWUHVV RI WKH IRLO PLJKW EH DFFHSWDEOH� 7KH \LHOG VWUHVV
RI SODWHG &X nOPV PD\ EH DV ORZ DV �� 03D>��@� ZKLOH WKH \LHOG VWUHVV RI
SODWHG $X LV RQ WKH RUGHU RI �� 03D>��@�
,QVRIDU DV WKH JRDO RI DQ\ LQWHJUDWHG FLUFXLW WHFKQRORJ\ LV WR \LHOG SDFN�

DJHG IXQFWLRQLQJ V\VWHPV� VRPH PHDQV WR GLFH WKH SURFHVVHG ZDIHUV LV
QHHGHG� )URP WKLV SRLQW RI YLHZ� WKH SUDFWLFDO UHOHYDQFH RI ,&
V RQ D ���xP
WKLFN &X VXEVWUDWH LV TXLWH OLPLWHG� FRQYHQWLRQDO GLFLQJ VDZV GR QRW KDQGOH
WKLFN PHWDOV ZHOO� 7KH WKLQ IRLO SURFHVV GHVFULEHG DERYH KDV PRUH SURPLVH
RI DOORZLQJ GLFLQJ� ,QGHHG� WHPSRUDU\ ZD[ PRXQWLQJ RI WKH ZDIHU GRHV QRW
GHPDQG WKDW WKH JURXQG SODQH EH FRQWLQXRXV� 3ODWLQJ WKH JURXQG SODQH
RQO\ LQ GLVFUHWH DUHDV VHSDUDWHG E\ SKRWRUHVLVW nOOHG VFULEH VWUHHWV FRXOG
HVVHQWLDOO\ GHnQH WKH GLFLQJ RI WKH ZDIHU OLWKRJUDSKLFDOO\�
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)LJXUH ���� 6(0 VKRZLQJ SLWWLQJ RI FROOHFWRU VHPLFRQGXFWRU� 3LWV DUH UHSOL�
FDWHG LQ WKH &ROOHFWRU PHWDOL]DWLRQ VWULSHV UXQQLQJ GLDJRQDOO\ DFURVV LPDJH�
1RWH WKDW WKH UHVROXWLRQ RI LPDJH LV H[FHSWLRQDO IRU FOHDQ URRP 6(0�
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&KDSWHU �

0LFURZDYH %LSRODU 3RZHU
7UDQVLVWRUV

,Q WKH SUHVHQW ZRUN� ODUJH DUHD PXOWL�nQJHU WUDQVLVWRUV ZHUH LPSOHPHQWHG
IRU WKH nUVW WLPH LQ WKH WUDQVIHUUHG VXEVWUDWH +%7 WHFKQRORJ\� 0LOOLPHWHU
ZDYH ODUJH�VLJQDO DPSOLnHUV EDVHG XSRQ WKHVH GHYLFHV ZLOO EH SUHVHQWHG LQ
FKDSWHU ��
,Q WKLV FKDSWHU� VRPH EDFNJURXQG WR WKH GHVLJQ RI PLFURZDYH SRZHU

WUDQVLVWRUV LV GHYHORSHG LQ VHFWLRQ ���� DQG WKH SRZHU WUDQVLVWRUV GHVLJQHG
KHUH DUH SUHVHQWHG LQ VHFWLRQ ���� 6PDOO DQG ODUJH VLJQDO PRGHOV IRU +%7V
DUH SUHVHQWHG LQ VHFWLRQV ����� DQG ��� UHVSHFWLYHO\� ,Q WKH IRUPHU VHFWLRQ� D
PHWKRG IRU WKH H[WUDFWLRQ RI PRGHO SDUDPHWHUV IURP PHDVXUHPHQWV RI DFWXDO
GHYLFHV LV H[SODLQHG� ,Q VHFWLRQ ����� D VPDOO VLJQDO PRGHO RI WUDQVLVWRUV IURP
WKH ZDIHU ZKLFK \LHOGHG WKH SRZHU DPSOLnHU UHVXOWV RI FKDSWHU � LV H[WUDFWHG
LQ WKLV ZD\�

��� 0LFURZDYH 3RZHU 7UDQVLVWRUV

3RZHU DPSOLnHUV DUH GHVLJQHG WR PD[LPL]H WKH SRZHU GHOLYHUHG IURP D JLYHQ
GHYLFH� VXEMHFW WR VRPH FRQVWUDLQWV RQ OLQHDULW\� 3RZHU DPSOLnHUV RSHUDWLQJ
DW WKH KLJKHVW IUHTXHQFLHV DUH ELDVHG LQ FODVV $� 7KH SRZHU GHOLYHUHG E\
VXFK DQ DPSOLnHU LV

3  
�

�
c9 dc, �����

��



)LJXUH ���� 6NHWFKHV RI DOORZDEOH ODUJH VLJQDO G\QDPLF ORDG OLQHV IRU WZR
K\SRWKHWLFDO GHYLFHV� 7KH EUHDNGRZQ YROWDJH %9

FHR
RI WKH GHYLFH LQ WKH OHIW

JUDSK LV VXEVWDQWLDOO\ KLJKHU� EXW WKH RXWSXW SRZHU REWDLQHG IURP WKDW RQ
WKH ULJKW LV KLJKHU�

7KH PD[LPXP SRZHU RXWSXW RI WKH DPSOLnHU LV DFKLHYHG ZKHQ WKH ORDG OLQH
WUDYHUVHG LV VXFK WKDW c, DQG c9 FRUUHVSRQG WR SK\VLFDO OLPLWDWLRQV RI
WKH GHYLFH� 7KXV WKH FXUUHQW H[FXUVLRQ LV IURP � WR ,

PD[
DQG WKH YROWDJH

H[FXUVLRQ LV XVXDOO\ IURP WKH UHOHYDQW ?NQHH� YROWDJH WR WKH ]HUR�FXUUHQW
EUHDNGRZQ YROWDJH� )RU DQ +%7� ,

PD[
PD\ EH VHW E\ HOHFWURVWDWLFV �L�H� WKH

RQVHW RI WKH .LUN HmHFW� RU E\ OLPLWDWLRQV RQ GLVVLSDWHG SRZHU GHQVLW\� ,Q
PRVW ELSRODU WUDQVLVWRUV� WKH UHOHYDQW ?NQHH� YROWDJH LV GHWHUPLQHG E\ WKH
HGJH RI WKH VDWXUDWLRQ UHJLRQ�
2SHUDWLQJ ZLWK 9

FH

EHORZ WKH ]HUR�FXUUHQW EUHDNGRZQ YROWDJH LV QRW
QHFHVVDULO\ VXpFLHQW� :KHUH WKH EUHDNGRZQ YROWDJH LV D VWURQJ IXQFWLRQ RI
FXUUHQW GHQVLW\� WKH FRQVWUDLQW UHOHYDQW IRU QHDUO\ OLQHDU RSHUDWLRQ VKRXOG EH
WKDW WKH ORDG OLQH QRW HQWHU WKH EUHDNGRZQ UHJLRQ� $V VNHWFKHG LQ nJXUH ����
D GHYLFH ZLWK ORZHU %9

FHR
PD\ GHOLYHU PRUH SRZHU WKDQ RQH ZLWK KLJKHU

EUHDNGRZQ YROWDJH EXW DGYHUVH EUHDNGRZQ FRQWRXU�
$W IUHTXHQFLHV FORVH WR WKH EDQGZLGWK RI WKH WUDQVLVWRU� WKH FRQFHSW RI

D G\QDPLF ORDG OLQH VKRXOG EH H[DPLQHG FORVHO\� $W VXFK IUHTXHQFLHV� WKH
GLVSODFHPHQW FXUUHQWV LQ WKH FROOHFWRU EDVH FDSDFLWRU FDQ DSSURDFK WKH PDJ�
QLWXGH RI FXUUHQWV GXH WR LQMHFWHG FDUULHUV� 1RQHWKHOHVV� WKH SRZHU DPSOLnHU
FLUFXLW LV GHVLJQHG DFFRUGLQJ WR WKH G\QDPLF ORDG OLQH LQ WKH HOHFWURQ FXUUHQW
,
&�FRQG

YROWDJH 9
FH

SODQH� 7KH SK\VLFDO OLPLWV RQ FXUUHQW GHQVLW\ LQ WKH GH�

��



)LJXUH ���� 2SHUDWLQJ SRZHU JDLQ FLUFOHV DQG ORDG UHoHFWLRQ FRHpFLHQW IRU
PD[LPXP SRZHU RXWSXW� b

/�3PD[
IRU D QRPLQDO GHYLFH PRGHO RI D � c �� d

��xP�� HPLWWHU +%7 LQ FRPPRQ EDVH FRQnJXUDWLRQ�

YLFH DSSO\ WR HOHFWURQ FXUUHQW� )XUWKHUPRUH LW LV WKH HOHFWURQ FXUUHQW ZKLFK
FRQIHUV SRZHU JDLQ LQ WKH WUDQVLVWRU�
1RWH WKDW WKH ORDG LPSHGDQFH \LHOGLQJ WKH PD[LPXP VDWXUDWHG RXWSXW

SRZHU� b
/�3PD[

GRHV QRW LQ JHQHUDO FRUUHVSRQG WR WKH ORDG IRU PD[LPXP
VPDOO VLJQDO JDLQ� 7KLV LV LOOXVWUDWHG LQ nJXUH ��� ZKHUH RSHUDWLQJ SRZHU JDLQ
FLUFOHV DQG WKH ODUJH VLJQDO ORDG IRU D QRPLQDO GHYLFH PRGHO �VHH VHFWLRQ ����
DUH FRPSDUHG�

����� /DUJH 'HYLFHV

5) SRZHU WUDQVLVWRUV� EH WKH\ ELSRODU RU nHOG HmHFW� DUH EXLOW DV PXOWL�nQJHU
VWUXFWXUHV� %UHDNGRZQ YROWDJHV DUH GHWHUPLQHG E\ PDWHULDO SDUDPHWHUV� IRU
D JLYHQ GHYLFH VWUXFWXUH LQFUHDVHV LQ RXWSXW SRZHU FDQ RQO\ EH KDG E\
LQFUHDVLQJ WKH RXWSXW FXUUHQW� 3HUPLVVLEOH FXUUHQW GHQVLWLHV LQ +%7V DUH
OLPLWHG E\ HOHFWURVWDWLFV� RU E\ MXQFWLRQ WHPSHUDWXUH ULVH� 3UDFWLFDO GHYLFH
GHVLJQ PDLQWDLQV D FRQVWDQW SHULSKHU\ WR DUHD UDWLR DV WKH MXQFWLRQ DUHD LV
LQFUHDVHG� 3UDFWLFDO ODUJH DUHD ELSRODUV FRQVLVW RI PXOWLSOH HPLWWHU nQJHUV�
7KH OD\RXW RI PXOWL�nQJHU GHYLFHV EHFRPHV TXLWH FULWLFDO DW PP ZDYH

IUHTXHQFLHV� 'LVVLSDWHG SRZHU GHQVLW\ PXVW EH WUDGHG Rm DJDLQVW ZLULQJ
SDUDVLWLFV DQG GHOD\V LQ FKRRVLQJ WKH VSDFLQJ RI nQJHUV� 3DUWLFXODUO\ LQ D
VFDOHDEOH ELSRODU GHYLFH� DQ H[SOLFLW WUDGHRm PXVW EH PDGH EHWZHHQ RYHUDOO

��



SRZHU GHQVLW\ DQG LQGLYLGXDO nQJHU SHUIRUPDQFH� +%7
V KDYH ORQJ EHHQ
VDLG WR KDYH WKH DGYDQWDJH RYHU +(07
V LQ SRZHU GHQVLW\ EHFDXVH FXUUHQW
oRZV YHUWLFDOO\ LQ DQ +%7 WKURXJK DQ DUHD PXFK JUHDWHU WKDQ WKH FKDQQHO
FURVV�VHFWLRQ RI D +(07 RI VLPLODU RYHUDOO VL]H� 7KLV DGYDQWDJH UHVWHG RQ
WKH IDFW WKDW +%7
V KDG QHYHU EHHQ VFDOHDEOH GHYLFHV� 7UDQVIHUUHG VXEVWUDWH
SURFHVVLQJ KDV SURYLGHG D URXWH WR DJJUHVVLYH OLWKRJUDSKLF VFDOLQJ RI +%7
V
ZKLFK GRHV QRW UHTXLUH VLJQLnFDQW LPSURYHPHQWV WR WKH EDVH RKPLF FRQWDFW
WHFKQRORJ\� )RU D n[HG EDVH FRQWDFW WHFKQRORJ\� WKH UDWLR RI HPLWWHU DUHD
WR EDVH FRQWDFW DUHD RI WKH WUDQVIHUUHG VXEVWUDWH +%7 GHFUHDVHV ZKHQ WKH
HPLWWHUV DUH VFDOHG WR QDUURZHU ZLGWKV LQ RUGHU WR LPSURYH KLJK VSHHG SHU�
IRUPDQFH _ DQG VR EDQGZLGWK ZLOO WHQG WR FRPH DW WKH H[SHQVH RI SRZHU
GHQVLW\�
0XOWLSOH nQJHUV RI ODUJH WUDQVLVWRUV DUH FRPELQHG DW VHYHUDO OHYHOV� 7KH

LQWHUFRQQHFWLRQ RI PXOWLSOH nQJHUV LQ SDUDOOHO E\ ZLULQJ RI QHJOLJLEOH HOHFWUL�
FDO OHQJWK ZLOO KHUH EH UHIHUUHG WR DV ?OXPSHG� FRPELQLQJ� ZKHUHDV LQWHUFRQ�
QHFWLRQ RI VXE HOHPHQWV RI D ODUJHU WUDQVLVWRU E\ ZLULQJ ZKLFK LV H[SOLFLWO\
SKDVH�PDWFKHG ZLOO EH UHIHUUHG WR DV ?GLVWULEXWHG FRPELQLQJ��
7KH GHJUHH WR ZKLFK WUDQVLVWRU DUHD PD\ EH FRPELQHG DW WKH OXPSHG OHYHO

LV OLPLWHG HLWKHU E\ ZLULQJ GHOD\V RU E\ FRQVWUDLQWV RQ LPSHGDQFH WUDQVIRU�
PDWLRQ� $ FRPPRQ UXOH RI WKXPE SHUWDLQLQJ WR WKH OXPSHG FRPELQLQJ RI
nQJHUV LV WKDW WKH GHOD\ EHWZHHQ nQJHUV RI WKH GHYLFH VKRXOG QRW H[FHHG
RQH HLJKWK WKH VLJQDO SHULRG>��@� $W ��� *+] DQG DVVXPLQJ q

Hm
 ���� WKLV

OLPLWV WKH GLPHQVLRQ RI WKH OXPSHG VWUXFWXUHV WR { ���xP� 3DUDOOHOLQJ
LQFUHDVLQJ MXQFWLRQ DUHDV UHGXFHV WKH LPSHGDQFH ORRNLQJ LQWR WKH WUDQVLVWRU
WHUPLQDOV� 2QFH WKH UHVLVWDQFH ORRNLQJ LQWR WKH WUDQVLVWRU SRUWV EHFRPHV
FRPSDUDEOH WR UHVLVWLYH ORVVHV LQ WKH DVVRFLDWHG UHDFWLYH PDWFKLQJ QHWZRUN�
IXUWKHU SDUDOOHOLQJ OHDGV WR GLPLQLVKLQJ UHWXUQV>��� S���@�
6WLOO ODUJHU MXQFWLRQ DUHDV DUH DFKLHYHG E\ GLVWULEXWHG FRPELQLQJ� ,Q WKH

DUFKHW\SDO FRUSRUDWH SRZHU FRPELQLQJ VFKHPH� WKH RXWSXWV RI RI WUDQVLV�
WRU HOHPHQWV DUH FRPELQHG E\ D ELQDU\ WUHH RI QHWZRUNV ZLWK DSSURSULDWH
LPSHGDQFH WUDQVIRUPDWLRQ SURSHUWLHV H�J� :LONLQVRQ FRPELQHUV� :KLOH WKH
RXWSXW SRZHUV ZKLFK FDQ EH DFKLHYHG E\ FRUSRUDWH SRZHU FRPELQLQJ HLWKHU
RQ RU Rm FKLS DUH VLJQLnFDQW �VHH H�J� >��@�� WKH RYHUDOO LPSHGDQFH WUDQVIRU�
PDWLRQ DFKLHYDEOH LQ WKLV ZD\ GHFUHDVHV ZLWK LQFUHDVLQJ IUHTXHQF\� *LYHQ
D PLQLPXP DOORZDEOH LPSHGDQFH =

PLQ

SUHVHQWHG WR WKH �FRPELQHG� WUDQVLV�
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I � LV D
FRQVWDQW IRU D JLYHQ FROOHFWRU PDWHULDO�
3HUKDSV WKH VLQJOH PRVW VDOLHQW IHDWXUH RI WKH GHVLJQ RI SRZHU ELSRODU

WUDQVLVWRUV LV WKH QHHG WR FRQVLGHU WKHUPDO VWDELOLW\� 7KH GLRGH HTXDWLRQ
GHSHQGHQFH RI FROOHFWRU FXUUHQW GHQVLW\ RQ EDVH HPLWWHU YROWDJH
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LV D FUXFLDO OLDELOLW\ RI WKH ELSRODU WUDQVLVWRU� :KHUH WUDQVLVWRU MXQFWLRQV DUH
FRQQHFWHG LQ SDUDOOHO� L�H� ZLWK D FRPPRQ YDOXH RI 9

EH

� DQ\ MXQFWLRQ ZLWK D
KLJKHU WHPSHUDWXUH ZLOO GUDZ D GLVSURSRUWLRQDWH VKDUH RI WKH WRWDO FXUUHQW
^ DQG VR JHW KRWWHU VWLOO� 7KH FXUUHQW GLVWULEXWLRQ EHWZHHQ HPLWWHU nQJHUV�
DQG LQGHHG ZLWKLQ DQ\ RQH nQJHU� LV VWDELOL]HG ZLWK UHVSHFW WR SHUWXUEDWLRQV
RI WKH ORFDO WHPSHUDWXUH E\ HPLWWHU UHVLVWDQFH� 7KH PLQLPXP YDOXH RI
EDOODVW UHVLVWDQFH UHTXLUHG WR DVVXUH WKHUPDO VWDELOLW\ LQ DQ +%7 ZDV GHULYHG
E\ *DR HW DO>��@� 1HJOHFWLQJ DQ\ WHPSHUDWXUH GHSHQGHQFH RI WKH EDOODVW
UHVLVWRU
V YDOXH� WKH PLQLPXP WRWDO HPLWWHU UHVLVWDQFH IRU WKHUPDOO\ VWDEOH
RSHUDWLRQ ZDV VKRZQ WR EH
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� LV WKH LQWHUQDO EDVH HPLWWHU YROWDJH� 7KH GHULYDWLYH #9
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 #7
DPRXQWV WR DSSUR[LPDWHO\b����P9.b�>��@� $VVXPLQJ D FRQVWDQW WKHUPDO
UHVLVWDQFH IURP MXQFWLRQ WR FDVH�d� 7
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,W LV XVXDOO\ QHFHVVDU\ WR SURYLGH HPLWWHU GHJHQHUDWLQJ UHVLVWDQFH LQ H[�
FHVV RI WKH HPLWWHU FRQWDFW UHVLVWDQFH� WR DVVXUH WKHUPDOO\ VWDEOH RSHUDWLRQ�
7KLV H[FHVV HPLWWHU UHVLVWDQFH� FRPPRQO\ UHIHUUHG WR DV ?EDOODVW� RU EDODQFH
UHVLVWDQFH� GHJUDGHV 5) SHUIRUPDQFH RI WKH WUDQVLVWRU>��@� 7KH HPLWWHU FRQ�
WDFW UHVLVWDQFH PD\ EH LQFUHDVHG LQWHQWLRQDOO\ WR LPSOHPHQW WKLV EDODQFLQJ
UHVLVWDQFH LQ GHYLFHV VSHFLDOL]HG IRU SRZHU DPSOLnFDWLRQ DORQH >��@� EXW WKLV
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VROXWLRQ LV QRW JHQHUDOO\ DFFHSWDEOH ZKHUH D FRPPRQ OD\HU VWUXFWXUH LV XVHG
IRU VPDOO VLJQDO DQG SRZHU WUDQVLVWRUV� ,Q WKLV ODWWHU FDVH� H[WHUQDO UHVLVWRUV
PXVW EH FRQQHFWHG WR HDFK HPLWWHU nQJHU LQGLYLGXDOO\�
:KLOH WKH 5) HmHFW RI WKH EDOODVW UHVLVWRUV FDQ LQ SULQFLSOH EH UHGXFHG

E\ E\SDVVLQJ 5
EDOODVW

ZLWK D FDSDFLWRU� WKH FDSDFLWDQFH &
E\S

UHTXLUHG WR KDYH
PXFK LPSDFW DW WKH RSHUDWLQJ IUHTXHQF\ I �

&
E\S

! ��{5I�b� �����

LV QRW RIWHQ SUDFWLFDOO\ UHDOL]DEOH�

����� +LJK 6SHHG 8QGHU +LJK %LDV

$ VHYHUH WUDGH Rm LQ WKH GHVLJQ RI PLOOLPHWHU ZDYH SRZHU WUDQVLVWRUV LV
EHWZHHQ GHYLFH EUHDNGRZQ YROWDJH DQG EDQGZLGWK� &DUULHU WLPHV�RI�oLJKW
DQG KHQFH FXUUHQW GHOD\V DUH RI FRXUVH VWURQJO\ OLQNHG WR WKH GLVWDQFHV WUD�
YHUVHG� ,QFUHDVHV LQ EUHDNGRZQ YROWDJH DWWDLQHG E\ LQFUHDVLQJ WKH WKLFNQHVV
RI GHSOHWLRQ UHJLRQV E\ c7 ZLOO FRPH DW WKH H[SHQVH RI WUDQVLW WLPHV ZKLFK
LQFUHDVH DW OHDVW OLQHDUO\ ZLWK c7 � 7KH IDPLOLDU nJXUH RI PHULW )

EU

c Y
VDW

IRU VHPLFRQGXFWRUV� ZKLFK JLYHV ULVH WR D OLPLWLQJ SURGXFW 3=I � IRU HDFK
PDWHULDO>��@� PD\ QRW VWULFWO\ DSSO\ IRU KLJKO\ VFDOHG GHYLFHV� 7KH VDWXUD�
WLRQ YHORFLW\ Y

VDW

SHUWDLQV WR WKLFN OD\HUV� ,QMHFWHG HOHFWURQV PD\ WUDYHUVH
YHU\ WKLQ FROOHFWRUV ZLWKRXW JDLQLQJ HQRXJK HQHUJ\ WR VFDWWHU LQWR KLJKHU
HQHUJ\ FRQGXFWLRQ EDQG YDOOH\V DQG VR WR EH VORZHG WR Y

VDW

� $OVR� IRU WKLQ
OD\HUV RI VHPLFRQGXFWRU� WKH EXON YDOXH RI EUHDNGRZQ nHOG )

EU

GRHV QRW
QHFHVVDULO\ DSSO\� ,PSDFW LRQL]DWLRQ FDQ RQO\ WDNH SODFH ZKHQ KRW FDUULHUV
JDLQ PRUH HQHUJ\ WKDQ (

J

� DQG VR WKH EXON YDOXH RI EUHDNGRZQ nHOG PD\
EH H[FHHGHG LQ WKLQ OD\HUV� SURYLGHG WKDW T c 9

&(

� (
J�FRO
�

&RPPRQ HPLWWHU EUHDNGRZQ YROWDJHV LQ ,Q*D$V FROOHFWRUV +%7V DUH
YHU\ VWURQJO\ UHODWHG WR LQMHFWHG FXUUHQW GHQVLW\� ,Q WKH OLJKWO\ GRSHG FROOHF�
WRU VWUXFWXUH XVHG� WKH HOHFWULF nHOG DW WKH FROOHFWRU HQG RI WKH FROOHFWRU�EDVH
VSDFH FKDUJH UHJLRQ LV LQFUHDVHG E\ EDQG�EHQGLQJ GXH WR LQMHFWHG HOHFWURQ
GHQVLWLHV Q� 1�

G

� DV LOOXVWUDWHG LQ nJXUH ���� 7KLV nHOG UHGLVWULEXWLRQ OHDGV
WR LQFUHDVHG LPSDFW LRQL]DWLRQ UDWHV� $OVR� WKH FROOHFWRU WHPSHUDWXUH ULVHV
ZLWK LQFUHDVLQJ SRZHU GLVVLSDWLRQ� 7KH HOHFWURQ LPSDFW LRQL]DWLRQ FRHp�
FLHQWV LQ ,Q*D$V DUH QRWHZRUWK\ IRU ULVLQJ ZLWK LQFUHDVLQJ WHPSHUDWXUH>��@�
$OVR� WKH EDQGJDS RI ,Q*D$V LV VXFK WKDW FDUULHU JHQHUDWLRQ UDWHV LQ WKH
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)LJXUH ���� 6FKHPDWLF EDQG GLDJUDP LOOXVWUDWLQJ nHOG HQKDQFHPHQW DW
6FKRWWN\ FRQWDFW XQGHU KLJK LQMHFWLRQ�

FROOHFWRU VSDFH FKDUJH UHJLRQ ULVH WR VLJQLnFDQW OHYHOV ZLWK PRGHUDWH WHP�
SHUDWXUH ULVHV� 7KLV OHDGV WR RXWSXW FKDUDFWHULVWLFV ZLWK SRRU RXWSXW FRQ�
GXFWDQFH� DQG KDVWHQV WKH RQVHW RI FRPPRQ HPLWWHU EUHDNGRZQ�
7KH EDQGZLGWK RI DQ +%7 LV E\ QR PHDQV LQGHSHQGHQW RI RSHUDWLQJ

WHPSHUDWXUH� &DUULHU VFDWWHULQJ UDWHV LQFUHDVH ZLWK WHPSHUDWXUH� DQG FRQ�
VHTXHQWO\ I

W

LV VHHQ WR GHFUHDVH ZLWK LQFUHDVLQJ WHPSHUDWXUH>��@� (YHQ ZKHUH
EUHDNGRZQ SKHQRPHQD GR QRW OLPLW WKH DOORZDEOH GLVVLSDWHG SRZHU GHQVLW\�
WKH QHHG WR UHWDLQ GHYLFH EDQGZLGWK PD\ GR VR�

����� 0HDVXULQJ 3RZHU 7UDQVLVWRUV

&KDUDFWHUL]DWLRQ RI SRZHU WUDQVLVWRUV LV D VLJQLnFDQW SUREOHP LQ LWVHOI� 3UDF�
WLFDO WUDQVLVWRUV DUH QRW XQLODWHUDO DPSOLnHUV� +LJK SHUIRUPDQFH WUDQVLVWRUV
DUH RIWHQ SRWHQWLDOO\ XQVWDEOH RYHU EURDG EDQGZLGWKV� DQG FDQ RVFLOODWH
ZKHQ SUHVHQWHG ZLWK VRPH LPSHGDQFHV^ HYHQ SXUHO\ UHVLVWLYH LPSHGDQFHV�
0LFURZDYH ZDIHU SUREHV DQG EURDG EDQG ELDV WHHV FDQ SUHVHQW D FRQWUROOHG
LPSHGDQFH WR WKH GHYLFH XQGHU WHVW RYHU D YHU\ EURDG EDQGZLGWK� EXW EHORZ
WKH ORZ IUHTXHQF\ FXWRm RI WKH ELDV WHH� WKLV LPSHGDQFH LV XQFRQWUROOHG� 7KLV
IDFW KDV LPSOLFDWLRQV IRU '& DQG 5) WHVWLQJ RI SRZHU GHYLFHV� LW PD\ QRW EH
SRVVLEOH WR VXSSUHVV GHYLFH RVFLOODWLRQ ZLWK WKH XVH RI FRQWUROOHG LPSHGDQFH
RQ ZDIHU PLFURZDYH SUREHV DQG Rm�ZDIHU WHUPLQDWLRQ� 6RPH IRUP RI LQWH�
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JUDWHG PDWFKLQJ DQG VWDELOL]LQJ QHWZRUN LV UHTXLUHG IRU 5) WHVWLQJ RI DQ\
GHYLFH ZKLFK LV HLWKHU QRW VWDEOH XQGHU ��l WHUPLQDWLRQ RU XQVWDEOH DW ORZ
IUHTXHQFLHV ZKHQ WHUPLQDWHG ZLWK ELDV WHHV�
,Q DQ\ HYHQW� WKH VLJQDO WR QRLVH UDWLR RI 5) PHDVXUHPHQWV LV GHJUDGHG

E\ WKH ODUJH UHoHFWLRQ FRHpFLHQWV RI ODUJH DUHD GHYLFHV� :KHUHDV DW IUHTXHQ�
FLHV EHORZ �� *+]� WKH DYDLODEOH QHWZRUN DQDO\]HU RmHUV DGMXVWDEOH VRXUFH
SRZHU OHYHOV� WKH VDPH LV QRW WUXH RI WKH DYDLODEOH ��^��� *+] QHWZRUN
DQDO\]HU� 7KLV ODWWHU WHVW VHW� DQG WKH QHZO\ DFTXLUHG ������� *+] WHVW
VHW DUH GHVLJQHG WR RSHUDWH ZLWK WKH VLJQDO VRXUFHV KHDYLO\ VDWXUDWHG� 7KH
VLJQDO OHYHOV LQYROYHG PD\ EH VXpFLHQW WR RYHU�GULYH VPDOO GHYLFHV� EXW WKH
VLJQDO WR QRLVH UDWLR RI PHDVXUHPHQWV RQ ODUJH DUHD GHYLFHV ZLWKRXW UHDFWLYH
PDWFKLQJ ZLOO EH ORZ�

��� 0XOWL�)LQJHU 'HVLJQV

0RVW SRZHU +%7
V LQ WKH OLWHUDWXUH KDYH EHHQ GHVLJQHG LQ WKH VR�FDOOHG
?KHUULQJ�ERQH� FRQnJXUDWLRQ>��@ LQ ZKLFK WZR URZV RI HPLWWHU nQJHUV VWUDG�
GOH D VLJQDO IHHG� 7KLV FRQnJXUDWLRQ LV UHTXLUHG LQ SDUW WR PDNH RKPLF
FRQWDFWV WR WKH VXE�FROOHFWRU RI GRXEOH PHVD +%7
V LQ FORVH SUR[LPLW\ WR
WKH HPLWWHU EDVH MXQFWLRQ� *LYHQ WKDW WKH HPLWWHU DQG FROOHFWRU DUH DFFHVVHG
IURP RSSRVLWH VLGHV RI WKH VHPLFRQGXFWRU nOP LQ WKH WUDQVIHUUHG VXEVWUDWH
+%7� DQG WKDW D PHWDO FRQWDFW UXQV WKH OHQJWK RI WKH FROOHFWRU� WKHUH LV OHVV
LQFHQWLYH WR XVH D KHUULQJ�ERQH OD\RXW� 6LQFH WKH REMHFWLYH KHUH ZDV WR EXLOG
WUDQVLVWRUV ZKLFK ZRXOG GHYHORS PRGHUDWH SRZHUV DW WKH YHU\ KLJK IUHTXHQ�
FLHV ZKHUH WKH SHUIRUPDQFH RI WKH WUDQVIHUUHG VXEVWUDWH +%7 LV H[FHSWLRQDO�
XQXVXDOO\ FRPSDFW OD\RXWV ZHUH FKRVHQ� ,Q DOO RI WKH GHVLJQV LQ WKLV ZRUN�
D PHUJHG EDVH PHVD ZDV XVHG� WKLV VDYHV WKH VSDFH QHHGHG IRU HWFKLQJ DQ
LVRODWLQJ JDS DQG� PRUH LPSRUWDQWO\� JUHDWO\ VLPSOLnHV WKH ZLULQJ�
&RPPRQ HPLWWHU GHYLFHV ZLWK IRXU DQG HLJKW HPLWWHU nQJHUV� HDFK RQH

�d��xP� DQG DOLJQHG WR D FROOHFWRU nQJHU RI �d��xP� ZHUH GHVLJQHG� (DFK
HPLWWHU nQJHU ZDV FRQQHFWHG WR D EDOODVW UHVLVWRU ZLWK ZLULQJ LQ PHWDO RQH�
7KH IRXU nQJHU FRPPRQ HPLWWHU GHYLFH ZDV GHVLJQHG VSHFLnFDOO\ IRU WKH
DPSOLnHUV GHVFULEHG LQ FKDSWHU �� DQG WKH OD\RXW RI WKLV GHYLFH LV VKRZQ LQ
nJXUH ���� 7KH DUHD RI RYHUODS EHWZHHQ PHWDO RQH DQG PHWDO WZR VHUYLQJ WR
KHDWVLQN HDFK nQJHU RI WKLV GHYLFH DFURVV WKH 6L

�
1
�
OD\HU ZDV �d��xP�� 7KLV

IRXU nQJHU GHYLFH LV KHDWVXQN E\ WZR JURXQG YLDV� HDFK ��d ��xP� LQ DUHD�
)ROORZLQJ WKH DSSUR[LPDWH FDOFXODWLRQV RI VHFWLRQ ������ WKH FRPSRQHQWV
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)LJXUH ���� 'LDJUDP VKRZLQJ OD\RXW RI WZR PXOWL�nQJHU WUDQVLVWRUV RI D
FDVFRGH FHOO� ZLWK HPLWWHU EDOODVW UHVLVWRUV� DQG VHSDUDWH FRQQHFWLRQ WR HDFK
HPLWWHU nQJHU RI FRPPRQ EDVH GHYLFH�

RI WKH WKHUPDO UHVLVWDQFH RI WKLV PXOWL�nQJHU WUDQVLVWRU DUH HVWLPDWHG WR
EH� 5

HPLW

 ���.:b�� 5
6 L1[

 ���.:b�� 5
YLD
 ����.:b�� 5

VXEVW
 

����.:b�� :KHQ WKLV GHYLFH LV RSHUDWHG DW ��� 9 9
&(

DQG �� P$ ,
&

� WKH
FRUUHVSRQGLQJ WHPSHUDWXUH ULVHV DUH ��p & DFURVV WKH HPLWWHU PHVD� ��p &
WKURXJK WKH 6L

�
1
�
DQG D IXUWKHU �p & WKURXJK WKH PHWDO VXEVWUDWH� :KLOH

WKH WKHUPDO UHVLVWDQFH RI WKH YLD DQG WKDW WKURXJK WKH ERG\ RI D ��xP
&X VXEVWUDWH DUH VOLJKWO\ LQFUHDVHG E\ WKH GHQVH OD\RXW� WKH WRWDO WKHUPDO
UHVLVWDQFH RI WKH WUDQVLVWRU LV WRWDOO\ GRPLQDWHG E\ FRPSRQHQWV ZLWKLQ WKH
VHPLFRQGXFWRU DQG 6L1

[
�

7KH OD\RXW RI D IRXU nQJHU JURXQGHG EDVH WUDQVLVWRU XVHG LQ WKH DPSOLnHU
GLVFXVVHG LQ VHFWLRQ ��� LV VKRZQ LQ nJXUH ���� %\ YLUWXH RI WKH WKLQ GHSRVLWHG
PLFURVWULS GLHOHFWULF SURFHVV� WKH JURXQG YLD RYHUODSV PXFK RI WKH GHYLFH
PHVD� DQG WKUHH FRQWDFWV EHWZHHQ WKH EDVH PHWDOL]DWLRQ DQG WKH YLD DUH
ORFDWHG EHWZHHQ WKH HPLWWHUV� $V DERYH5

HPLW

 ���.:b�� +HDW LV UHPRYHG
IURP WKH HPLWWHUV WKURXJK WKH 6L1

[
RYHU D WRWDO DUHD RI ��� d ��xP��  

���xP�� JLYLQJ ULVH WR 5
6 L1[

{ ���.:b�� 7KH WKHUPDO UHVLVWDQFH RI WKH
YLD LV DSSUR[LPDWHO\ ��.:b�� DQG WKH UHVLVWDQFH WKURXJK WKH &X VXEVWUDWH
DQ DGGLWLRQDO �� .:b�� ,I WKLV GHYLFH LV RSHUDWHG DW ,

&

 �� P$ DQG
9
&%

 �9� WKH WHPSHUDWXUH ULVHV DUH ��p & DFURVV WKH HPLWWHU PHVD� ��p &

��



)LJXUH ���� 'LDJUDP VKRZLQJ OD\RXW RI FRPPRQ EDVH SRZHU WUDQVLVWRU ZLWK
HPLWWHU EDOODVW UHVLVWRUV

DFURVV WKH 6L
�
1
�
� �p & LQ WKH YLD DQG �p & WKURXJK WKH ERG\ RI WKH VXEVWUDWH�

:KLOH WKH HPLWWHU PHVD WKHUPDO UHVLVWDQFH GRPLQDWHV WKH WRWDO IRU WKH
DERYH GHYLFHV ZLWK ,Q$O$V�,Q*D$V HPLWWHUV� WKLV VLWXDWLRQ ZLOO FKDQJH ZLWK
WKH LQWURGXFWLRQ RI ,Q3 HPLWWHUV� 8QGHU WKH FRQVHTXHQW �� WLPHV UHGXFWLRQ
LQ d

HPLW
� d

6L1[
ZLOO GRPLQDWH WKH WKHUPDO UHVLVWDQFH RI WKHVH GHYLFHV� ,Q

WKH FDVH RI FRPPRQ HPLWWHU GHYLFHV� WKH �KHDW� FRQGXFWLQJ DUHD RI 6L1
[
FDQ

EH LQFUHDVHG VRPHZKDW ZLWKRXW VHYHUH SHUIRUPDQFH SHQDOW\� 2Q WKH RWKHU
KDQG� IRU D FRPPRQ EDVH GHYLFH WKH FDSDFLWDQFH WR JURXQG LQWURGXFHG E\
WKH JURXQG YLD� ZKLFK KHDW VLQNV WKH HPLWWHUV DQG HPLWWHU EDOODVW UHVLVWRUV
DFURVV WKH 6L1

[
OD\HU� LV D VLJQLnFDQW SDUDVLWLF� &RQVLGHULQJ WKDW WKH LQWUR�

GXFWLRQ RI HSLWD[LDO ,Q3 OD\HUV WR WKH +%7 VWUXFWXUH ZLOO JUHDWO\ LQFUHDVH
WKH EUHDNGRZQ YROWDJHV DQG KHQFH WKH IHDVLEOH SRZHU GLVVLSDWLRQ RI WUDQVLV�
WRUV� WKH WKHUPDO UHVLVWDQFH RI WKH 6L1

[
OD\HU ZLOO EH D PDMRU LVVXH� &OHDUO\�

GLHOHFWULF PDWHULDOV ZLWK VXSHULRU UDWLRV �
WK

� q
U

WR WKDW RI 6L1
[
ZRXOG EH

GHVLUDEOH KHUH� EXW VXFK PDWHULDOV PD\ QRW EH DYDLODEOH DW 8&6% LQ WKH
QHDU WHUP�
%DOODVW UHVLVWRUV ZLWK D QRPLQDO YDOXH RI �l ZHUH FRQQHFWHG WR HDFK

�d��xP� HPLWWHU LQ WKH DERYH PXOWL�nQJHU GHVLJQV� 7KLV YDOXH ZDV DUULYHG
DW LQ SDUW ZLWK UHIHUHQFH WR RWKHU PP�ZDYH SRZHU +%7
V LQ WKH OLWHUD�
WXUH� DQG LQ SDUW EHFDXVH LW UHSUHVHQWHG D SUDFWLFDO PLQLPXP YDOXH JLYHQ
WKH OLPLWDWLRQV RI LQWHUFRQQHFW SDWWHUQLQJ DQG WKH ��l ( VKHHW UHVLVWDQFH
1L&U SURFHVV� ,Q IDFW� WKH �l EDOODVW UHVLVWRUV ZHUH LPSOHPHQWHG ZLWK D
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FRQWDFW VHSDUDWLRQ DOUHDG\ OHVV WKDQ WKH UHFRPPHQGHG PLQLPXP RI �xP�
VPDOOHU YDOXH UHVLVWRUV LPSOHPHQWHG ZLWK WKH ��l ( 1L&U ZRXOG QHFHVVDULO\
FRQVXPH PRUH DUHD�

��� /DUJH 6LJQDO 0RGHOOLQJ

0HDVXUHPHQWV RI WUDQVLVWRUV LQ QRQ�OLQHDU RSHUDWLRQ HQDEOH WKH GHVLJQ RI
KLJKHVW SHUIRUPDQFH SRZHU DPSOLnHUV� )RU PLFURZDYH WUDQVLVWRUV� WKH UHOH�
YDQW PHDVXUHPHQWV DUH VR�FDOOHG ORDG�SXOO PHDVXUHPHQWV� LQ ZKLFK WKH WUDQ�
VLVWRU SHUIRUPDQFH LV PHDVXUHG XQGHU ODUJH VLJQDO GULYH DQG D ZLGH UDQJH
RI ORDG LPSHGDQFHV� /RDG SXOO PHDVXUHPHQWV ZHUH QRW PDGH RI WKH GH�
YLFHV XVHG LQ WKH SUHVHQW ZRUN EHFDXVH QR SUDFWLFDO PHDVXUHPHQW V\VWHP
H[LVWHG LQ WKH IUHTXHQF\ UDQJH RI LQWHUHVW� 3DVVLYH ORDG�SXOO V\VWHPV XVLQJ
PHFKDQLFDO WXQHUV FDQ QRW V\QWKHVL]H YHU\ KLJK UHoHFWLRQ ORDGV EHFDXVH RI
ORVVHV LQ WKH WXQHUV� )RU RQ�ZDIHU PHDVXUHPHQWV DW KLJK IUHTXHQFLHV� WKH
ORVVHV LQ PLFURZDYH SUREHV IXUWKHU VHYHUHO\ OLPLW WKH UDQJH RI LPSHGDQFHV
DYDLODEOH WR SDVVLYH ORDG�SXOO� $FWLYH ORDG�SXOO V\VWHPV DW : EDQG UHPDLQ
SURKLELWLYHO\ H[SHQVLYH�
,Q WKH DEVHQFH RI ODUJH�VLJQDO PHDVXUHPHQWV� WKH DSSUR[LPDWH GHYLFH

PRGHOOLQJ WHFKQLTXH RI SDUDVLWLF DEVRUSWLRQ ZDV XVHG LQ WKH SUHVHQW ZRUN�
7KH EDVLF SULQFLSOH RI WKLV WHFKQLTXH LV WR VHSDUDWH WKH SDUDVLWLF HOHPHQWV RI
WKH GHYLFH PRGHO IURP D nFWLWLRXV ?LQWULQVLF� GHYLFH� %\ GHVLJQLQJ D PDWFK�
LQJ QHWZRUN WR ORDG WKLV ?LQWULQVLF� GHYLFH ZLWK WKH GHVLUHG ORDG UHVLVWDQFH�
b
/�3PD[

RI WKH DFWXDO GHYLFH FDQ EH DSSURDFKHG>��� S ���@�
7KH SDUDVLWLF DEVRUSWLRQ PRGHO XVHG LQ GHVLJQ ZRUN KHUHLQ ZDV V\Q�

WKHVL]HG IURP D VPDOO VLJQDO GHYLFH PRGHO H[WUDFWHG IURP QHWZRUN DQDO\]HU
PHDVXUHPHQWV� 7KH SDUDVLWLF FDSDFLWDQFHV &

FEL

DQG &
FE[

ZHUH UHPRYHG IURP
WKH ?LQWULQVLF GHYLFH� DORQJ ZLWK 5

H[

DQG 5
EE

DV VKRZQ LQ nJXUH ����
7KH ODUJH VLJQDO PRGHO V\QWKHVL]HG LQ WKLV ZD\ LV FOHDUO\ RQO\ DSSUR[L�

PDWH� 7KH 63,&( *XPPHO 3RRQ ?LQWULQVLF� GHYLFH VKRXOG PRGHO WKH ODUJH
VLJQDO HOHFWURQ FXUUHQW� H[FOXVLYH RI EUHDNGRZQ� IDLUO\ ZHOO� +RZHYHU� WKH
FRPSRVLWH PRGHO GRHV QRW UHSURGXFH DQ\ RI WKH ELDV VHQVLWLYLW\ RI &

FE

RE�
VHUYHG LQ DFWXDO GHYLFHV� 1RWH LQ SDUWLFXODU WKDW WKH YDOXHV RI &

FEL

LQIHUUHG
IURP PHDVXUHPHQWV RI WUDQVIHUUHG VXEVWUDWH +%7V ELDVHG IRU SHDN I

PD[
ZLOO

EH VLJQLnFDQWO\ OHVV WKDQ WKRVH SHUWDLQLQJ XQGHU FODVV $ ELDV IRU SRZHU
DPSOLnHUV�
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HPLWWHU GHYLFH ZLWK HPLWWHU EDOODVWLQJ�

����� 0XOWL�)LQJHU 'HYLFHV

5) PHDVXUHPHQWV ZHUH PDGH RI WKH IRXU nQJHU FRPPRQ HPLWWHU WUDQVLVWRU
GHVFULEHG LQ VHFWLRQ ���� 7KH FKDUDFWHULVWLF JDLQV 8 � +

��
DQG 0$* RI VXFK

D IRXU nQJHU GHYLFH� ELDVHG DW ,
&

 ��P$ DQG 9
&(

 ����9� DUH VKRZQ LQ
nJXUH �����
2QH RI WKH RPLVVLRQV IURP WKH PDVN VHW XVHG KHUH ZDV RI DQ\ WHVW VWUXF�

WXUH WR DOORZ '& PHDVXUHPHQWV RI WKH EDOODVW UHVLVWRUV� $V QRWHG HDUOLHU�
WKHVH UHVLVWRUV ZHUH GHVLJQHG ZLWK FRQWDFW VHSDUDWLRQV OHVV WKDQ WKH SUXGHQW
GHVLJQ UXOH� $OVR� WKH EDOODVW UHVLVWRUV DUH ORFDWHG LQ FORVH SUR[LPLW\ WR WKH
VXEVWDQWLDO WRSRJUDSK\ RI WKH +%7 PHVDV ZKLFK ZLOO SHUWXUE WKH WKLFNQHVV
RI WKH LQWHUFRQQHFW PHWDO SDWWHUQLQJ SKRWRUHVLVW� *LYHQ WKDW D VKRUW OHQJWK
VHSDUDWLRQ ZLOO PDJQLI\ WKH DEVROXWH YDULDWLRQV RI WKH GHFLGHGO\ YDULDEOH LQ�
WHUFRQQHFW OLWKRJUDSK\ SURFHVV� WKH DFWXDO EDOODVW UHVLVWDQFH FRXOG EH TXLWH
GLmHUHQW WKDQ WKH GHVLJQHG�

��
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)LJXUH ����� &KDUDFWHULVWLF JDLQV 06*� 8� VWDELOLW\ IDFWRU . DQG VWDELOLW\
PHDVXUH %

�
RI VLQJOH nQJHU FRPPRQ EDVH GHYLFH FRPSXWHG IURP QHWZRUN

DQDO\]HU PHDVXUHPHQWV� ([WUDSRODWLQJ 8 DW ��G%�GHFDGH VXJJHVW D YDOXH
RI ��� *+] IRU I

PD[
�

����� &RPPRQ %DVH 'HYLFHV

&RPPRQ EDVH GHYLFHV ZLWK D VLQJOH � d ��xP� HPLWWHU DQG � d ��xP�

FROOHFWRU ZHUH PHDVXUHG� )RU PDQ\ ELDV FRQGLWLRQV� WKHVH GHYLFHV H[KLELW
SRWHQWLDO LQVWDELOLW\ RYHU DOO RI :�EDQG� 7KH FKDUDFWHULVWLF JDLQV RI VXFK D
GHYLFH� ELDVHG DW ,

&

 �� P$ DQG 9
&%

 ���� 9 DUH VKRZQ LQ nJXUH �����
ZKLOH 6

��
� 6

��
DQG RXWSXW VWDELOLW\ FLUFOHV DW WKH VDPH ELDV SRLQW DUH VKRZQ

LQ nJXUH ����� 1RWH WKDW� DOWKRXJK 6
��
LV RXWVLGH WKH 6PLWK FKDUW RYHU WKH

ZKROH EDQG� WKH RXWSXW VWDELOLW\ FLUFOHV LQGLFDWH WKDW GHYLFH RSHUDWLRQ LV
VWDEOH XQGHU �� l ORDGLQJ� 7KH PDJQLWXGH RI 6

��
LV OHVV WKDQ XQLW\ IRU ��l

RXWSXW WHUPLQDWLRQ� VKRZLQJ WKDW WKH RXWSXW VWDELOLW\ FLUFOHV HQFORVH WKH
ORDG LPSHGDQFHV ZKLFK ZRXOG UHVXOW LQ LQVWDELOLW\�
7KH FKDUDFWHULVWLF JDLQV 8 DQG 06*�0$*� RI D � c ��d ��xP�� HPLWWHU

��



)LJXUH ����� 5HoHFWLRQ FRHpFLHQWV� 6
��
� 6

��
DQG RXWSXW VWDELOLW\ FLUFOHV RI

FRPPRQ EDVH WUDQVLVWRU

��
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)LJXUH ����� 5) FKDUDFWHULVWLF JDLQV 8� 06*� RI � c �� d ��xP�� HPLWWHU
� c ��d ��xP�� FROOHFWRU FRPPRQ EDVH GHYLFH

� c ��d ��xP�� FROOHFWRU FRPPRQ EDVH GHYLFH ZLWK HPLWWHU EDOODVWLQJ UHVLV�
WRUV� DQG ELDVHG DW ,

&

 ��P$� 9
&%

 ���9� DUH VKRZQ LQ nJXUH ����� I
PD[
�

H[WUDSRODWHG DW �� G% SHU GHFDGH IURP 8 LV ��� *+]� 5ROOHWW
V VWDELOLW\ IDF�
WRU . DQG WKH VWDELOLW\ PHDVXUH %

�
FRPSXWHG IURP WKH VDPH PHDVXUHPHQWV

VKRZHG WKH RSHUDWLRQ RI WKLV GHYLFH WR EH SRWHQWLDOO\ XQVWDEOH RYHU WKH ZKROH
RI : EDQG� . � � DQG %

�
� �� 1RQHWKHOHVV� WKH H[SHFWHG �� G% SHU GHFDGH

VORSH LV QRW VHHQ LQ WKH FRPSXWHG 06*� 7KH FDOLEUDWHG PHDVXUHPHQW RI 6
��

IDOOV RXWVLGH RI WKH 6PLWK FKDUW RYHU WKH ZKROH ��^��� *+] EDQG� 1RWH WKDW
WKH PD[LPXP VWDEOH JDLQ GLG QRW ULVH ZKHQ WKH GHYLFH ZDV ELDVHG DW KLJKHU
FROOHFWRU FXUUHQW GHQVLWLHV� EXW WKDW 8 LQFUHDVHG VOLJKWO\ LQ PDJQLWXGH DQG
VLJQLnFDQWO\ LQ QRLVH�

��



)LJXUH ����� 6
��
DQG 6

��
RI HLJKW nQJHU &% GHYLFH ZLWK IUHTXHQF\ VZHSW

IURP �� WR ��� *+]� 1HWZRUN DQDO\]HU GDWD ZLWK WKLV FDOLEUDWLRQ VXJJHVW
WKDW 6

��
IHOO RXWVLGH RI 6PLWK FKDUW RYHU ZKROH EDQG�

��



&KDSWHU �

,QWHJUDWHG &LUFXLWV

$ QXPEHU RI LQWHJUDWHG FLUFXLWV ZHUH GHVLJQHG LQ WKH SUHVHQW ZRUN� 7KH
LQLWLDO JRDO ZDV WR GHPRQVWUDWH WKH LQWHJUDWLRQ RI D FRPSOHWH FLUFXLW LQ WKH
PHWDO VXEVWUDWH SURFHVV� 7KH nUVW FLUFXLWV VR GHPRQVWUDWHG ZHUH VLPSOH
UHVLVWLYH IHHGEDFN VPDOO VLJQDO DPSOLnHUV� +DYLQJ GHPRQVWUDWHG WKDW LQWH�
JUDWHG FLUFXLWV FRXOG EH EXLOW� D GHPRQVWUDWLRQ RI WKH EHQHnWV RI WKH PHWDO
VXEVWUDWH ZDV GHVLUHG� 3RZHU DPSOLnHUV UHSUHVHQW UHODWLYHO\ VLPSOH FLUFXLWV
ZKLFK GLVVLSDWH VLJQLnFDQW DPRXQWV RI SRZHU� DQG VR ZHUH FKRVHQ DV D YHKLFOH
WR VKRZFDVH WKH PHWDO VXEVWUDWH� $V GLVFXVVHG LQ VHFWLRQ ���� XQUHVROYHG
SURFHVV SUREOHPV SUHYHQWHG WKH VXFFHVVIXO IDEULFDWLRQ RI SRZHU DPSOLnHU
FLUFXLWV LQ WKH FRSSHU VXEVWUDWH SURFHVV LQ WKLV ZRUN� )RU WKLV UHDVRQ� WKH
UHVXOWV RI FLUFXLWV IDEULFDWHG RQ D VROGHU ERQGHG TXDUWHU ZDIHU UHIHUUHG WR
KHUHLQ DV ZDIHU *� DUH SUHVHQWHG KHUH�
)RU WKH SXUSRVHV RI FRPSXWHU FLUFXLW GHVLJQ ZRUN� WKH 63,&( %-7 PRGHO

ZDV XVHG� ZLWK D SDUDPHWHU VHW H[WUDFWHG E\ 6� -DJDQDWKDQ IURP GHYLFH PHD�
VXUHPHQWV� 7KH SDUDPHWHUV RI WKLV PRGHO� ZLWK WKH HPLWWHU DUHD QRUPDOL]HG
WR �xP�� DUH JLYHQ LQ WDEOH ����

��� )LUVW ,&
V RQ &X 6XEVWUDWH

7KH nUVW FLUFXLWV IDEULFDWHG VXFFHVVIXOO\ LQ WKH PHWDO VXEVWUDWH SURFHVV ZHUH
'DUOLQJWRQ UHVLVWLYH IHHGEDFN DPSOLnHUV� ([LVWLQJ 'DUOLQJWRQ IHHGEDFN DP�
SOLnHU GHVLJQV>��� ��@ ZHUH PRGLnHG IRU WKLV PDVN VHW� 6PDOO YDOXH UHVLVWRUV
ZHUH LQVHUWHG LQ VHULHV ZLWK WKH '& ELDV SUREH SDGV� LQ RUGHU WR GDPS ELDV
QHWZRUN UHVRQDQFHV ZKLFK KDG EHHQ REVHUYHG LQ SULRU GHVLJQV>��@� 7KHVH

��
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)LJXUH ���� 'DUOLQJWRQ UHVLVWLYH IHHGEDFN DPSOLnHU FLUFXLW VFKHPDWLF�

REVHUYHG UHVRQDQFHV RFFXUUHG ZLWK D IUHTXHQF\ VSDFLQJ RI VRPH �*+]� LP�
SO\LQJ D UHVRQDWRU OHQJWK RI ���FP 

S
q
U
� ,W LV VXUPLVHG WKDW WKHVH UHVRQDQFHV

ZHUH D PDQLIHVWDWLRQ RI UHoHFWLRQV DW WKH H[WHUQDO ELDV WHH IURP D ORZ SHU�
IRUPDQFH WHUPLQDWLRQ�
7KH IHHGEDFN UHVLVWDQFH XVHG KHUH LV VRPHZKDW OHVV WKDQ LV LQGLFDWHG WR

DFKLHYH ��l LQSXW DQG RXWSXW LPSHGDQFHV DW '&� %\ LQFUHDVLQJ WKH UHWXUQ
ORVVHV DW '& LQ WKLV ZD\ UHWXUQ ORVVHV DW IUHTXHQFLHV DERYH WKH UHVRQDQFH
VHHQ LQ 6

��
ZHUH LPSURYHG� $V VKRZQ LQ nJXUH ��� WKH 'DUOLQJWRQ IHHGEDFN

DPSOLnHU VKRZHG � G% RI LQVHUWLRQ JDLQ ZLWK D � G% EDQGZLGWK RI �� *+]
LQ VLPXODWLRQV�
0HDVXUHG VPDOO VLJQDO FKDUDFWHULVWLFV RI WKH 'DUOLQJWRQ IHHGEDFN DP�

SOLnHU� DV IDEULFDWHG RQ ZDIHU ' DUH VKRZQ LQ nJXUH ���� 7KH DPSOLnHU
H[KLELWHG LQVHUWLRQ JDLQ RI ��� G% IURP � WR ! �� *+]� ZLWK DQ LQWHUSR�
ODWHG �G% EDQGZLGWK RI �� *+]� 7KH LQSXW UHWXUQ ORVV URVH WR b�G% DW
�� *+]�

��



-15

-10

-5

0

5

10

0 20 40 60 80 100 120

S
11

, S
21

, S
2

2   
(d

B
)

Frequency (GHz)

S
11

S
22

S
21
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)LJXUH ���� 'LH SKRWR RI 'DUOLQJWRQ UHVLVWLYH IHHGEDFN DPSOLnHU RQ ��PP
&X ZDIHU�
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)LJXUH ���� 5) FKDUDFWHULVWLFV RI 'DUOLQJWRQ IHHGEDFN DPSOLnHU� PHDVXUHG
RQ ZDIHU
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��� 3RZHU $PSOLnHUV LQ 6PDOO 6LJQDO 7HFK�

QRORJ\

:KLOH WKH &X VXEVWUDWH LV ZHOO VXLWHG WR WKH GHYHORSPHQW RI DPSOLnHU
00,&V ZLWK ODUJH GLVVLSDWHG SRZHU GHQVLWLHV� WKH SUHVHQW GHYLFH LV OHVV
VR� 7KH ,Q*D$V FROOHFWRU RI +%7V SUHVHQWO\ DYDLODEOH LQ WKH WUDQVIHUUHG
VXEVWUDWH +%7 SURFHVV OHDGV WR ORZ EUHDNGRZQ YROWDJHV� ZKLOH WKH ,Q�
*D$V�,Q$O$V HPLWWHU FRQWULEXWHV UDWKHU ODUJH WKHUPDO UHVLVWDQFH� $V VKRZQ
LQ FKDSWHU � WKH FRPPRQ HPLWWHU EUHDNGRZQ YROWDJH %9

&(2
LQ WKHVH GH�

YLFHV LV RQO\ { ���9� ZKLOH WKH FRPPRQ EDVH EUHDNGRZQ YROWDJH %9
&%2

LV
DERXW �9� 7KH HYHQWXDO LQWURGXFWLRQ RI 0%( JURZQ ,Q3 ZLOO LPSURYH WKH
EUHDNGRZQ YROWDJH E\ �d WR �d DQG JUHDWO\ LPSURYH GHYLFH KHDWVLQNLQJ�
7KHVH LPSURYHPHQWV VKRXOG FRPH DW OLWWOH SULFH LQ GHYLFH 5) SHUIRUPDQFH
IRU ORZ ELDV YROWDJHV>��@� &ROOHFWRU WUDQVLW WLPHV DUH KRZHYHU H[SHFWHG WR
EH ODUJHU LQ DQ ,Q3 FROOHFWRU GHYLFH ZKHQ ODUJH FROOHFWRU ELDV YROWDJHV DUH
DSSOLHG� EHFDXVH VFDWWHULQJ RI HOHFWURQV LQWR WKH FRQGXFWLRQ EDQG VDWHOOLWH
YDOOH\V ZLOO LQFUHDVH�
&RQYHQWLRQDO VFKHPHV IRU PRQROLWKLF LQWHJUDWHG SRZHU FRPELQLQJ LQ�

YROYH VXEVWDQWLDO ORVVHV� SDUWLFXODUO\ DW WKH KLJK IUHTXHQFLHV ZKHUH WKH SHU�
IRUPDQFH RI WKHVH +%7V LV H[FHSWLRQDO� ,W VKRXOG DOVR EH UHLWHUDWHG WKDW
WKH FKRLFH RI D PLFURVWULS GLHOHFWULF WKLFNQHVV RI �xP ZDV GULYHQ E\ RWKHU
FLUFXLW JRDOV IRU WKH WHFKQRORJ\� DQG GRHV QRW QHFHVVDULO\ UHSUHVHQW WKH EHVW
WUDGHRm EHWZHHQ YLD SDUDVLWLFV DQG WUDQVPLVVLRQ OLQH VNLQ ORVV IRU UHDFWLYHO\
PDWFKHG DPSOLnHUV�
:LWKLQ WKH FRQVWUDLQWV RI WKH SUHVHQW WHFKQRORJ\� D QXPEHU RI UHDFWLYHO\

PDWFKHG ODUJH VLJQDO DPSOLnHUV ZHUH GHVLJQHG� LQ SDUW WR VKRZFDVH WKH PHWDO
VXEVWUDWH WHFKQRORJ\� LQ SDUW WR LQYHVWLJDWH WKH ODUJH VLJQDO EHKDYLRXU RI WKH
76�+%7� 7R PD[LPL]H WKH SHUPLVVLEOH YROWDJH VZLQJ� FRPPRQ EDVH RXWSXW
VWDJHV ZHUH XVHG� $PSOLnHUV ZHUH KHUH GHVLJQHG IRU ORDGLQJ FRUUHVSRQGLQJ
WR � 9 SHDN�WR�SHDN YROWDJH VZLQJ DQG FXUUHQW GHQVLW\ VZLQJ RI ��� $ FPb�

UHIHUUHG WR WKH PDVNHG HPLWWHU GLPHQVLRQ� 7KH GHVLJQ DQG UHVXOWV RI D
FRPPRQ EDVH� D FDVFRGH� DQG D EDODQFHG SRZHU DPSOLnHU DUH SUHVHQWHG LQ
VHFWLRQV ���� ��� DQG ����

��



����� 3KDVHG $UUD\ 3URMHFW

,Q RUGHU WR GHPRQVWUDWH JUHDWHU RXWSXW SRZHUV� DQG WKH KHDWVLQNLQJ DGYDQ�
WDJHV RI WKH FRSSHU VXEVWUDWH� D OHVV W\SLFDO DSSURDFK WR SRZHU FRPELQLQJ
ZDV SXUVXHG� $W PP�ZDYH IUHTXHQFLHV ZKHUH WKH GHYLFHV SHUIRUPDQFH LV
H[FHSWLRQDO� PRQROLWKLFDOO\ LQWHJUDWHG DQWHQQDV EHJLQ WR EHFRPH IHDVLEOH�
:LWK LQWHJUDWHG DQWHQQDV UDGLDWLQJ LQ D SKDVHG DUUD\� WKH RXWSXW SRZHU
RI QXPHURXV ORZ RXWSXW LPSHGDQFH DPSOLnHUV FRXOG EH FRPELQHG LQ IUHH
VSDFH� $ GHVLJQ SURMHFW ZDV HPEDUNHG XSRQ WR EXLOG VXFK DQ DUUD\ RSHU�
DWLQJ DW ��*+]� D IUHTXHQF\ RI WHFKQRORJLFDO UHOHYDQFH EHFDXVH RI D GLS LQ
DWPRVSKHULF DEVRUSWLRQ�
,Q RUGHU WR UHGXFH WKH DUUD\ SLWFK WR D UHDVRQDEOH YDOXH� EURDGEDQG DQ�

WHQQD GHVLJQV FRXOG QRW EH FRQVLGHUHG� ,QVWHDG� QDUURZ EDQG GLSROH DQWHQ�
QDV ZHUH GHVLJQHG E\ RXU FROODERUDWRUV DW &DOWHFK� &RPSOHPHQWDU\ VLJQDOV
DUH QHHGHG WR GULYH GLSROH UDGLDWRUV� 7ZR DSSURDFKHV WR GHYHORSLQJ WKH
FRPSOHPHQWDU\ SRZHU RXWSXWV ZHUH SXUVXHG� 2QH FRQVLVWV RI D GLmHUHQWLDO
SRZHU DPSOLnHU� ZKLOH WKH RWKHU DSSURDFK FRQVLVWV RI JHQHUDWLQJ EDODQFHG
VLJQDOV ZLWK D VPDOO VLJQDO DFWLYH EDOXQ� DQG DPSOLI\LQJ HDFK SKDVH RI WKH
VLJQDO ZLWK D VLQJOH�HQGHG SRZHU DPSOLnHU� 7KH ODWWHU DUFKLWHFWXUH LV LOOXV�
WUDWHG VFKHPDWLFDOO\ LQ nJXUH ���� 7KH XVH RI VLQJOH�HQGHG SRZHU DPSOLnHUV
VLPSOLnHV WHVWLQJ RI KLJK ULVN EXLOGLQJ EORFN FLUFXLWV� $ GLmHUHQWLDO SRZHU
DPSOLnHU GHVLJQ LV SUHVHQWHG LQ VHFWLRQ ���� ZKLOH WKH DFWLYH EDOXQ GHVLJQ LV
SUHVHQWHG LQ VHFWLRQ ���� 7KH FDVFRGH SRZHU DPSOLnHU GHVLJQHG IRU XVH ZLWK
DFWLYH EDOXQV LQ WKH DUUD\ LV SUHVHQWHG LQ VHFWLRQ ���

����� 2Q WKH 'HVLJQ RI 5HDFWLYHO\ 0DWFKHG 00,&V

(SLWD[LDOO\ JURZQ ,,,�9 ZDIHUV FRQVWLWXWH DQ H[FHHGLQJO\ H[SHQVLYH VXE�
VWUDWH IRU PLFURZDYH FLUFXLWV� (YHQ VR� LQWHJUDWLQJ YHU\ ODUJH DUHDV RI WUDQV�
PLVVLRQ OLQH PDWFKLQJ QHWZRUNV RQ WKH VDPH ,& ZLWK D IHZ KLJK SHUIRUPDQFH
WUDQVLVWRUV LV VRPHWLPHV WKH EHVW ZD\ WR DFKLHYH SHUIRUPDQFH JRDOV� &OHDUO\
WKH FRVW RI D 00,& DPSOLnHU LV WLHG WR WKH DUHD RI WKH HQWLUH GLH DV RSSRVHG
WR WKH PXFK VPDOOHU DUHD FRQVXPHG E\ DFWLYH GHYLFHV�
7R PD[LPL]H WKH FKDQFHV RI \LHOGLQJ ZRUNLQJ DPSOLnHUV LQ WKH SUHVHQFH

RI VLJQLnFDQW SURFHVV YDULDELOLW\� LW LV DGYLVDEOH WR DYRLG YHU\ QDUURZ EDQG
UHDFWLYH PDWFKHG GHVLJQV� ,Q WKH SUHVHQW SURFHVV� WKH VSHFLnF FDSDFLWDQFH RI
WKH 6L1

[
0,0 FDSDFLWRUV LV TXLWH YDULDEOH� DQG VRPH YDULDELOLW\ LV DOVR VHHQ

LQ WKH WKLFNQHVV RI WKH %&% WUDQVPLVVLRQ OLQH GLHOHFWULF� 6RPH FDUH LQ SUR�

��



)LJXUH ���� 6FKHPDWLF GLDJUDP RI SURSRVHG �� *+] SKDVHG DUUD\� 7KH
LQSXW VLJQDO LV GLVWULEXWHG E\ D WUDQVPLVVLRQ OLQH + WUHH ZLWK JDLQ SURYLGHG
E\ DFWLYH EDOXQV DW HDFK EUDQFKLQJ� 6LQJOH HQGHG SRZHU DPSOLnHUV GULYH
LQWHJUDWHG PRQRSROH UDGLDWRUV�

��



FHVVLQJ LV UHTXLUHG WR DFKLHYH UHSURGXFLEOH HPLWWHU HWFK XQGHUFXW DQG KHQFH
$

(

UHODWHG SDUDVLWLFV� 7KH FROOHFWRU IHHGEDFN FDSDFLWDQFH &
FEL

LV KLJKO\ ELDV
GHSHQGDQW� ZKLOH 5

EE

DQG &
FE�[

YDU\ IURP UXQ WR UXQ� *LYHQ WKDW WKH WUDQ�
VLVWRU SDUDVLWLFV DUH TXLWH YDULDEOH� LW LV QRW VXpFLHQW WR GHVLJQ QDUURZ EDQG
LQSXW DQG RXWSXW PDWFKLQJ QHWZRUNV WKDW WUDFN RQH DQRWKHU ZLWK YDULDWLRQV
LQ WKH SDVVLYH HOHPHQWV� YDULDWLRQV LQ WKH WUDQVLVWRU SDUDVLWLFV ZLOO FDXVH WKH
UHVRQDQW IUHTXHQFLHV RI DQ\ VXFK QHWZRUNV WR GLYHUJH�
7KH IXQGDPHQWDO OLPLWDWLRQV RQ WKH JDLQ DQG EDQGZLGWK DFKLHYDEOH E\

UHDFWLYH PDWFKLQJ QHWZRUNV ZHUH GHULYHG E\ )DQR>��� ��@� 1R ORVVOHVV PDWFK�
LQJ QHWZRUN FDQ DFKLHYH D EURDGEDQG PDWFK H[FHHGLQJ
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)RU D SRZHU DPSOLnHU GHVLJQ LQ D KLJKO\ YDULDEOH SURFHVV� ZH ZRXOG OLNH WR

DFKLHYH DQ DFFHSWDEOH LQSXW UHoHFWLRQ FRHpFLHQW RYHU DV ZLGH D EDQGZLGWK
DV SRVVLEOH� ,GHDOO\� D FRQVWDQW PDJQLWXGH RI UHoHFWLRQ FRHpFLHQW MbM FDQ
EH DFKLHYHG ZLWKLQ D EDQG IURP �
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3UDFWLFDOO\� HTXDWLRQ ��� RQO\ VHUYHV DV D JXLGHOLQH IRU HYDOXDWLQJ DFWXDO
PDWFKLQJ QHWZRUNV�
7KH GHVLJQ FRQVWUDLQW RQ WKH RXWSXW PDWFKLQJ QHWZRUN RI D SRZHU DP�

SOLnHU LV SHUKDSV OHVV REYLRXV� LQ VR IDU DV WKLV QHWZRUN LV GHVLJQHG WR DFKLHYH
D VSHFLnF b

/

 b
/�3PD[

DV RSSRVHG WR D VPDOO PDJQLWXGH RI b
/

DW WKH GHVLJQ
IUHTXHQF\�
0DWFKLQJ QHWZRUNV LQ SRZHU DPSOLnHU 00,&V DUH JHQHUDOO\ GHVLJQHG

XVLQJ PLFURVWULS HOHPHQWV WR LPSOHPHQW DOO WKH UHDFWLYH HOHPHQWV� ,Q WKH
LQWHUHVW RI \LHOG� LW LV RIWHQ SUHIHUDEOH WR V\QWKHVL]H WKH PDWFKLQJ QHWZRUNV

��



IURP WUDQVPLVVLRQ OLQH VWXEV� WKH GHOD\ RI D PLFURVWULS OLQH VHJPHQW LV UHO�
DWLYHO\ LQVHQVLWLYH WR YDULDWLRQV LQ OLQH ZLGWK DQG GLHOHFWULF �ZDIHU� WKLFN�
QHVV� )XUWKHUPRUH� E\ UHO\LQJ RQO\ RQ PLFURVWULS HOHPHQWV WR LPSOHPHQW
WKH NH\ FRPSRQHQWV RI WKH PDWFKLQJ QHWZRUN� SURFHVV WROHUDQFHV RQ 0,0
GLHOHFWULFV FDQ UHPDLQ UHOD[HG� $JDLQVW WKHVH DGYDQWDJHV� PLFURVWULS PDWFK�
LQJ QHWZRUNV WHQG WR FRQVXPH ODUJH DUHDV RI WKH GLH� 7KH H[SHQVH LQ DUHD
RI PLFURVWULS PDWFKLQJ QHWZRUNV LV DFWXDOO\ H[DFHUEDWHG E\ WKH XVH LQ WKLV
ZRUN RI YHU\ ORZ SHUPLWWLYLW\ PLFURVWULS GLHOHFWULF� IUDFWLRQDO ZDYHOHQJWK

VWUXFWXUHV DUH
T
q
,Q3

 q
%&%

{ ��� WLPHV ORQJHU�
,Q WKH SUHVHQW ZRUN� WKH REMHFWLYH ZDV WR GHPRQVWUDWH WKH DFKLHYDEOH

SHUIRUPDQFH� DV RSSRVHG WR \LHOGLQJ ODUJH QXPEHUV RI DFFHSWDEOH ,&
V� ,Q
WKLV FRQWH[W� WKH GHVLJQ VWUDWHJ\ WDNHQ ZDV WR FRPSURPLVH UHSURGXFLELOLW\
LQ IDYRU RI FRPSDFW GLH VL]H DQG WR LQFOXGH YHUVLRQV RI WKH EDVLF FLUFXLW
ZLWK LQWHQWLRQDO GHWXQLQJV WR DOORZ IRU VRPH SURFHVV YDULDWLRQ� +HUH� 0,0
FDSDFLWRUV ZHUH XVHG LQ PDQ\ UHDFWLYH PDWFKLQJ QHWZRUNV� :KHUH w � OLQH
VHJPHQWV ZHUH XVHG� WKH\ ZHUH PHDQGHUHG WLJKWO\� WDNLQJ DGYDQWDJH RI WKH
UHGXFHG OLQH SLWFK DOORZHG E\ YHU\ WKLQ PLFURVWULS� $OWKRXJK TXDUWHU ZDYH
VWUXFWXUHV FDQ EH FRQVWUXFWHG IURP OXPSHG HOHPHQW V\QWKHWLF WUDQVPLVVLRQ
OLQHV� WKLV VWUDWHJ\ LV UDUHO\ HPSOR\HG LQ 00,& GHVLJQV DW 9 EDQG DQG
DERYH DQG ZDV DYRLGHG KHUH� ,W ZDV GHFLGHG WKDW WKH EHQHnW LQ UHGXFHG GLH
VL]H ZRXOG QRW MXVWLI\ WKH FRVW RI JUHDWO\ LQFUHDVHG YDULDELOLW\ LQ WXQLQJ�

����� 6SHFLDO 3DVVLYH (OHPHQWV

,Q WKH SUHVHQW ZRUN� WUDQVLVWRUV ZLWK UHOD[HG OLWKRJUDSKLF GLPHQVLRQV ZHUH
XVHG� ,Q WKH SRZHU DPSOLnHU GHVLJQV� HDFK nQJHU KDG QRPLQDO HPLWWHU DQG
FROOHFWRU GLPHQVLRQV RI �d��xP� DQG �d��xP�� UHVSHFWLYHO\� 7KH FRPPRQ
HPLWWHU DQG FRPPRQ EDVH GHYLFHV LQ WKH VLQJOH�HQGHG FDVFRGH HDFK FRQVLVWHG
RI IRXU VXFK nQJHUV�
,Q GHVLJQLQJ WKH FDVFRGH DPSOLnHU� D ODUJHU EDVH E\SDVV FDSDFLWRU ZDV

IRXQG QHFHVVDU\ WKDQ FRXOG EH PRGHOHG ZLWK ((62)
V EXLOW LQ UDGLDO VWXE
PRGHO� )RU WKLV UHDVRQ� WKH FKDUDFWHULVWLFV RI 0,0 FDSDFLWRUV ZLWK SODQDU
GLPHQVLRQV LQ H[FHVV RI WKH UDQJH RI YDOLGLW\ RI ((62)
V PRGHO ZDV FDOFX�
ODWHG QXPHULFDOO\ XVLQJ WKH +3 0RPHQWXP PHWKRG RI PRPHQWV nHOG VROYHU�
5RXJKO\ ��� S) FRXOG EH REWDLQHG IURP DQ 0,0 UDGLDO VWXE FDSDFLWRU ZLWK
D VHOI�UHVRQDQFH IUHTXHQF\ RI DSSUR[LPDWHO\ ��� *+]� )RU WKH SXUSRVHV RI
FLUFXLW VLPXODWLRQ� WKH OXPSHG HOHPHQW HTXLYDOHQW FLUFXLW VKRZ LQ nJXUH ����

��



)LJXUH ���� 'LDJUDP DQG HTXLYDOHQW FLUFXLW RI ODUJH 0,0 UDGLDO VWXE FDSDF�
LWRU�

ZLWK VHOI UHVRQDQFH DQG 4 nWWHG WR WKH QXPHULFDO FDOFXODWLRQV� ZDV XVHG�
7KLV VDPH ODUJH FDSDFLWRU GHVLJQ ZDV UHXVHG DV D E\SDVV FDSDFLWRU WR SURYLGH
DQ $& JURXQG WHUPLQDWLRQ RI VKXQWHG LQGXFWLYH OLQH VHJPHQWV�
$V QRWHG LQ VHFWLRQ ������ WKH WUDQVPLVVLRQ OLQHV LQ WKLV SURFHVV DUH RQO\

DSSUR[LPDWHO\ RI PLFURVWULS JHRPHWU\� 3DUWLFXODUO\ IRU KLJK LPSHGDQFH
OLQHV� WKH DGGLWLRQDO FDSDFLWDQFH GXH WR WKH HPEHGGLQJ RI WKH OLQH LQ GL�
HOHFWULF ZDV DQWLFLSDWHG WR UHGXFH WKH FKDUDFWHULVWLF LPSHGDQFH DFKLHYHG�
0HDVXUHPHQWV RI D WHVW VWUXFWXUH� FDOLEUDWHG ZLWK RQ ZDIHU /5/ VWDQGDUGV�
DUH VKRZQ LQ nJXUH ����

����� /DUJH 6LJQDO 0HDVXUHPHQWV

,Q RUGHU WR PHDVXUH :�EDQG SRZHU DPSOLnHUV� D KLJK SRZHU VLJQDO VRXUFH
ZDV UHTXLUHG� +HUH� DFWLYH IUHTXHQF\ PXOWLSOLHUV ZHUH XVHG WR JHQHUDWH
GULYH VLJQDOV DW VL[ WLPHV WKH IUHTXHQF\ RI D PLFURZDYH V\QWKHVL]HG VRXUFH�
7KLV VLJQDO VRXUFH DQG D :�EDQG ZDYHJXLGH SRZHU VHQVRU ZHUH FRXSOHG
WR WKH ,&
V XQGHU WHVW ZLWK ZDYHJXLGH FRXSOHG ZDIHU SUREHV DQG D �� FP
OHQJWK RI :5��� ZDYHJXLGH� :DYHJXLGH DQG SUREH ORVVHV ZHUH H[WUDFWHG
E\ PHDVXULQJ VLJQDO WKURXJKSXW nUVW ZLWKRXW ZDIHU SUREHV DQG WKHQ ZLWK
��l RQ�ZDIHU WKURXJK OLQHV �ZKRVH LQVHUWLRQ ORVV ZDV NQRZQ IURP QHWZRUN
DQDO\]HU PHDVXUHPHQWV��

��
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)LJXUH ���� 5HDFWDQFH RI D KLJK LPSHGDQFH WUDQVPLVVLRQ OLQH VKXQWHG WR
ODUJH E\SDVV FDSDFLWRU� 0HDVXUHG �VROLG OLQHV� YDOXHV DUH FRPSDUHG WR FDO�
FXODWHG �GDVKHG OLQHV��
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��� &RPPRQ %DVH $PSOLnHUV

&RPPRQ EDVH SRZHU DPSOLnHUV ZHUH GHVLJQHG ZLWK D IRXU � d ��xP� nQ�
JHU GHYLFH� 9HU\ ORZ LQGXFWDQFH JURXQG FRQQHFWLRQV WR WKH FRPPRQ EDVH
GHYLFH FRXOG EH PDGH E\ ODQGLQJ PXOWLSOH JURXQG YLDV EHWZHHQ WKH HPLW�
WHU PHVDV� *LYHQ WKDW WKH HPLWWHU SLWFK ZDV DOUHDG\ FRQVWUDLQHG E\ WKH
QHHG IRU EDOODVWLQJ UHVLVWRUV� WKHVH PXOWLSOH YLDV GLG QRW IXUWKHU LQFUHDVH WKH
SLWFK� $ VFKHPDWLF GLDJUDP RI WKLV FRPPRQ EDVH DPSOLnHU GHVLJQ LV VKRZQ
LQ nJXUH ���� 7KHUPDO VWDELOLW\ ZDV LPSURYHG E\ GHJHQHUDWLQJ HDFK HPLW�
WHU nQJHU ZLWK D �l EDOODVW UHVLVWRU� 7KH LQSXW PDWFKLQJ QHWZRUN FRQVLVWV
RI D WZR VHFWLRQ /& ORZ�SDVV SURWRW\SH� 7KH FDSDFLWRUV DUH LPSOHPHQWHG
DV 0,0 UDGLDO VWXEV� ZKLFK VDYHV GLH DUHD EXW WLHV WKH WXQLQJ WR WKH 6L1
DV ZHOO DV WKH %&% nOP WKLFNQHVV� 7KH RXWSXW PDWFKLQJ QHWZRUN ZDV GH�
VLJQHG WR WUDQVIRUP IURP D ��l LQWHUIDFH LPSHGDQFH WR D ��l ODUJH VLJQDO
ORDG OLQH IRU WKH GHYLFH� 7KH RXWSXW FDSDFLWDQFH RI WKH WUDQVLVWRU UHVRQDWHV
ZLWK DQ LQGXFWLYH OLQH VHFWLRQ� VKXQWHG WR $& JURXQG E\ D ��S) 0,0 UDGLDO
VWXE FDSDFLWRU� DQG D TXDUWHU ZDYH =

R

 ��l OLQH WUDQVIRUPV WKH UHVXOWLQJ
LPSHGDQFH� %URDG EDQG VWDELOLW\ LV DWWDLQHG WKURXJK D TXDUWHU ZDYH OLQH
VKXQWHG WR D SDUDOOHO 5& QHWZRUN RQ WKH LQSXW�
7KH LQSXW PDWFKLQJ QHWZRUN ZDV GHVLJQHG WR SURYLGH D IDLUO\ EURDG EDQG

PDWFK WR WKH WUDQVLVWRU E\ PDLQWDLQLQJ VPDOO FLUFXLW QRGH 4
V� 4
Q

ZKHUH>���
S���@�

4
Q

 
M;M
5
 
M%M
*

�����

5HIHUULQJ WR nJXUH ���� ZKHUH WUDQVPLVVLRQ OLQH HOHPHQWV KDYH EHHQ UHSODFHG
E\ VLQJOH SL�VHFWLRQ HTXLYDOHQW QHWZRUNV� ZH FDQ HDVLO\ FDOFXODWH QRGDO 4
V�
7KH QRPLQDO PRGHO RI WKH IRXU nQJHU WUDQVLVWRU ZLWK HPLWWHU EDOODVWLQJ �DQG
RXWSXW WXQLQJ QHWZRUN� SUHVHQWV DQ LQSXW LPSHGDQFH RI ���� � M����l DQG
KHQFH 4

LQ

 ��� DW �� *+]� 7KLV LV WUDQVIRUPHG WR =  ���� � M����l�
4
�
 ��� E\ WKH nUVW VHULHV LQGXFWRU� <  ��� b M���P6 � 4  ��� E\ WKH

nUVW VKXQW FDSDFLWRU DQG =  ���� � M�����l E\ WKH VHFRQG VHULHV LQGXFWRU�
7KH nQDO VKXQW FDSDFLWRU WUDQVIRUPV WR <  ����M����P6� DQG ZH VHH WKDW
WKH KLJKHVW QRGDO 4 LQ WKH QHWZRUN LV RQO\ ���� 7KLV LQSXW WXQLQJ QHWZRUN
FDQ DOVR EH YLHZHG DV D OHQJWK RI V\QWKHWLF WUDQVPLVVLRQ OLQH� ([DPLQLQJ 6

��

RI WKH FRPSOHWH DPSOLnHU RQ WKH 6PLWK FKDUW �VHH nJXUH ������ ZH VHH WKDW
D KLJKHU LPSHGDQFH V\QWKHWLF WUDQVPLVVLRQ OLQH� E\ HQFLUFOLQJ WKH FHQWHU RI
WKH FKDUW ZRXOG KDYH \LHOGHG D VRPHZKDW EHWWHU LQSXW PDWFK RYHU PRVW RI

��



)LJXUH ���� 6FKHPDWLF GLDJUDP RI FRPPRQ EDVH SRZHU DPSOLnHU GHVLJQ�

)LJXUH ����� /XPSHG HOHPHQW FLUFXLW HTXLYDOHQW WR PLFURVWULS LQSXW PDWFK�
LQJ QHWZRUN RI WKH FRPPRQ EDVH DPSOLnHU�

WKH EDQG�
:KLOH HLWKHU D VKXQW RU VHULHV LQGXFWRU FRXOG EH XVHG WR UHVRQDWH ZLWK

WKH FDSDFLWLYH RXWSXW DGPLWWDQFH RI WKH WUDQVLVWRU� WKH IRUPHU ZDV FKRVHQ
WR JLYH D EURDGEDQG VPDOO VLJQDO JDLQ SHDN� $ VKXQW LQGXFWRU ZLWK %

/�S

{
b%

&�R

WUDQVIRUPV WKH RXWSXW DGPLWWDQFH <  �����M���P6 RI WKH WUDQVLVWRU
GLUHFWO\ WR D SRLQW PXFK PRUH FHQWUDO RQ WKH 6PLWK FKDUW WKDQ GRHV D VHULHV
LQGXFWRU ZLWK ;

/�V

 b;
&�R

�
6PDOO VLJQDO PHDVXUHPHQWV RI WKH IDEULFDWHG FRPPRQ EDVH DPSOLnHUV

UHYHDOHG ODUJH GLVFUHSDQFLHV EHWZHHQ WKH GHVLJQHG DQG DFWXDO SHUIRUPDQFH�
0RVW REYLRXV LV WKDW WKH PHDVXUHG JDLQ SHDN ZDV DW RU VRPHZKDW EHORZ
��*+] DV RSSRVHG WR WKH GHVLJQ YDOXH RI ��*+]� 8QGHU FODVV $ ELDV FRQGL�

��



)LJXUH ����� ,QSXW UHWXUQ ORVV� 6
��
� RI FRPPRQ EDVH DPSOLnHU VLPXODWHG

IURP �� WR ��� *+]�

��
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)LJXUH ����� 6PDOO VLJQDO FKDUDFWHULVWLFV RI FRPPRQ EDVH SRZHU DPSOLnHU�

WLRQV� WKH RXWSXW UHWXUQ ORVV PDJQLWXGH ZDV QHJDWLYH IRU IUHTXHQFLHV DERYH
��� *+]� &RPSXWDWLRQ RI 5ROOHWW
V VWDELOLW\ IDFWRU. DQG WKH VWDELOLW\ PHD�
VXUH %

�
IURP WKH PHDVXUHG 6 SDUDPHWHU GDWD FRQnUPHG WKDW WKH DPSOLnHUV

ZHUH SRWHQWLDOO\ XQVWDEOH IRU IUHTXHQFLHV JUHDWHU WKDQ �� *+]�
:KHQ ELDVHG IRU PD[LPXP SRZHU RXWSXW� WKH FRPPRQ EDVH DPSOLnHU

VKRZHG ��� G% RI JDLQ VPDOO VLJQDO� DQG ��� G%P RXWSXW SRZHU DW ���� *+]
XQGHU ��� G% RI JDLQ FRPSUHVVLRQ� ,W ZDV QRW SRVVLEOH WR VDWXUDWH WKH
FRPPRQ EDVH DPSOLnHUV
 RXWSXW SRZHU ZLWK WKH DYDLODEOH : EDQG VRXUFH�
0HDVXUHPHQWV RI 0,0 WHVW VWUXFWXUHV RQ ZDIHU * ZKLFK UHYHDOHG WKDW

WKH VSHFLnF FDSDFLWDQFH RI WKH 6L1
[
ZDV VRPH ��� KLJKHU WKDQ DQWLFLSDWHG�

,QIRUPHG E\ WKLV GDWD� WKH FRPPRQ EDVH DPSOLnHU ZDV UH�VLPXODWHG� ,Q�
FUHDVLQJ WKH 6L1

[
VSHFLnF FDSDFLWDQFH ORZHUHG WKH UHVRQDQFH LQ 6

��
GRZQ

WR VRPH �� *+]� EXW GLG QRW UHSURGXFH WKH YHU\ SRRU RXWSXW UHWXUQ ORVV�
QRU WKH LQVWDELOLW\ VHHQ LQ PHDVXUHPHQWV� :KLOH LQFUHDVLQJ WKH YDOXH RI
&
FE[

E\ VRPH �� I) SHU FROOHFWRU nQJHU LQ VLPXODWLRQ EHWWHU UHSURGXFHG WKH

��
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)LJXUH ����� 6PDOO VLJQDO FKDUDFWHULVWLFV RI FRPPRQ EDVH SRZHU DPSOLnHU
UH�VLPXODWHG ZLWK LQFUHDVHG 6L1

[
VSHFLnF FDSDFLWDQFH� 6ROLG OLQHV� QRPLQDO

GHYLFH PRGHO� GDVKHG OLQHV H[FHVV &
FE[

�

PHDVXUHG 6
��
� LW GLG QRW UHVXOW LQ SRWHQWLDO LQVWDELOLOLW\� ,W LV VXUPLVHG WKDW

JURXQG YLD SDUDVLWLF LQGXFWDQFH ZDV VLJQLnFDQW LQ WKH DFWXDO DPSOLnHUV�

��� &DVFRGH 3RZHU $PSOLnHUV

&DVFRGH SRZHU DPSOLnHUV ZHUH GHVLJQHG IRU �� *+] RSHUDWLRQ� 7KH FDVFRGH
WRSRORJ\ RmHUV VLJQLnFDQWO\ KLJKHU JDLQ WKDQ VLQJOH WUDQVLVWRUV� DQG ZKHQ
FRQnJXUHG FRUUHFWO\ DOORZV IRU LPSURYHG WKHUPDO VWDELOLW\� 2Q WKH RWKHU
KDQG� FDVFRGH DPSOLnHUV LQ D ORZ EUHDNGRZQ GHYLFH WHFKQRORJ\ VXmHU IURP
VLJQLnFDQWO\ UHGXFHG SRZHU DGGHG HpFLHQF\ DV FRPSDUHG WR VLQJOH WUDQVLVWRU
FHOOV� $ VFKHPDWLF GLDJUDP RI WKH FDVFRGH SRZHU DPSOLnHU LV VKRZQ LQ
nJXUH ����� 7KH WKHUPDOO\ VWDEOH FRQnJXUDWLRQ RI WKH PXOWL�nQJHU FDVFRGH
>��� ��@ ZDV XVHG WR DVVXUH WKHUPDOO\ VWDEOH RSHUDWLRQ� HDFK HPLWWHU nQJHU

��



)LJXUH ����� &DVFRGH SRZHU DPSOLnHU FLUFXLW VFKHPDWLF� 1�%� WKDW UDGLDO
VWXE FDSDFLWRUV DUH GHVLJQHG IRU LPSOHPHQWDWLRQ DV 0,0 VWUXFWXUHV�

RI WKH FRPPRQ EDVH GHYLFH VHSDUDWHO\ WR RQH FROOHFWRU nQJHU RI WKH FRPPRQ
HPLWWHU GHYLFH� ,Q WKLV ZD\ D n[HG� FRPPRQ� YDOXH RI 9

EH
LV QRW SUHVHQWHG

WR WKH GLmHUHQW HPLWWHU nQJHUV RI WKH FRPPRQ EDVH GHYLFH� ZKLFK PD\ EH
GLmHUHQW WHPSHUDWXUHV LQ QRUPDO RSHUDWLRQ�
/DUJH VLJQDO RXWSXW PDWFKLQJ WR ��l ZDV DFFRPSOLVKHG ZLWK D VKXQW LQ�

GXFWRU WR D ODUJH 0,0 UDGLDO VWXE� DORQJ ZLWK D TXDUWHU ZDYH WUDQVIRUPHU�
:KLOH WKH VLPXODWHG 6

��
RI WKH DPSOLnHU LV XQXVXDOO\ ORZ IRU D SRZHU DPSOL�

nHU �VHH nJXUH ������ WKH RXWSXW PDWFK LV DFWXDOO\ GHWXQHG IURP WKH VPDOO
VLJQDO VLPXOWDQHRXV FRPSOH[ FRQMXJDWH PDWFK FRQGLWLRQ� )LJXUH ���� VKRZV
WKDW WKH UHoHFWLRQ FRHpFLHQW SUHVHQWHG E\ WKH RXWSXW PDWFKLQJ QHWZRUN WR
WKH FRPPRQ EDVH WUDQVLVWRU LV ZHOO RXWVLGH WKH � G% SHQDOW\ RSHUDWLQJ JDLQ
FLUFOH IRU WKH XQGHUO\LQJ FDVFRGHG WUDQVLVWRUV�
7KH LQSXW PDWFKLQJ QHWZRUN FRQVLVWHG RI DQ 0,0 UDGLDO VWXE FDSDFLWRU

DQG D VHFWLRQ RI KLJK LPSHGDQFH OLQH� %URDGEDQG VWDELOLW\ ZDV DVVXUHG E\

��



)LJXUH ����� &DVFRGH SRZHU DPSOLnHU GLH SKRWR�

PHDQV RI D TXDUWHU ZDYH VKXQW VWXE WHUPLQDWHG LQ DQ 5& E\SDVV QHWZRUN
RQ WKH LQSXW DQG D UHVLVWRU VKXQWLQJ WKH FROOHFWRU WR JURXQG RQ WKH RXWSXW�
7KH LQSXW VWXE E\SDVV WHUPLQDWLQJ QHWZRUN FRQVLVWHG RI WZR 0,0 UDGLDO
VWXEV LQ SDUDOOHO ZLWK D UHVLVWRU WR JURXQG� 7KH VPDOOHU RI WKH WZR UDGLDO
VWXE FDSDFLWRUV ZDV FRQQHFWHG GLUHFWO\ WR WKH TXDUWHU ZDYH OLQH� ZKLOH WKH
ODUJHU ZDV FRQQHFWHG LQ VHULHV ZLWK D UHVLVWRU RI QRPLQDOO\ �l WR UHGXFH
WKH 4 RI WKH ORZ IUHTXHQF\ /�& UHVRQDWRU IRUPHG E\ WKH LQGXFWLYH OLQH
DQG ODUJH FDSDFLWRU�:KLOH WKH ODUJH UDGLDO VWXE ZDV QHFHVVDU\ WR SURYLGH
DGHTXDWH VKXQW VXVFHSWDQFH DW ORZHU IUHTXHQFLHV� WKLV VHULHV UHVLVWRU ZDV
IRXQG QHFHVVDU\ WR VXSSUHVV WKH ORZ IUHTXHQF\ /& UHVRQDQFH� 7UDQVPLVVLRQ
OLQHV LQ WKH LQSXW� RXWSXW� DQG TXDUWHU ZDYH VWXE QHWZRUNV ZHUH PHDQGHUHG
WLJKWO\� WDNLQJ DGYDQWDJH RI WKH YHU\ WKLQ PLFURVWULS VXEVWUDWH� 7KH WRWDO
GLH DUHD LV ����d ����PP��
7KH DPSOLnHUV ZHUH WHVWHG RQ ZDIHU ZLWK ZDYHJXLGH FRXSOHG PLFURFRD[
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DPSOLnHU GHVLJQ�
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)LJXUH ����� 6LPXODWHG PDWFKLQJ FRQGLWLRQV DW �� *+]� 2SHUDWLQJ JDLQ
FLUFOHV DW ���� DQG � G% SHQDOW\ IURP VLPXOWDQHRXV FRPSOH[ FRQMXJDWH PDWFK
FRQGLWLRQ IRU FDVFRGHG WUDQVLVWRUV� DQG UHoHFWLRQ FRHpFLHQW ORRNLQJ LQWR
RXWSXW PDWFKLQJ QHWZRUN RI DPSOLnHU�
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)LJXUH ����� 0HDVXUHG FDVFRGH SRZHU DPSOLnHU VPDOO VLJQDO FKDUDFWHULVWLFV�

ZDIHU SUREHV� 6PDOO VLJQDO PHDVXUHPHQWV ZHUH PDGH RQ DQ +3 ���� QHW�
ZRUN DQDO\]HU� FDOLEUDWHG ZLWK D FRPPHUFLDO /50 VXEVWUDWH� ,W LV ZRUWK
QRWLQJ WKDW WKH FDVFRGHV VKRZHG VLJQLnFDQW ELDV VHQVLWLYLW\ RI ,

&

WR 9
FF

� L�H�
ZRUVH RXWSXW FRQGXFWDQFH WKDQ D FRPPRQ EDVH GHYLFH� 7KLV LV WDNHQ WR EH
LQGLFDWLYH RI WKHUPDO FRXSOLQJ EHWZHHQ WKH FRPPRQ EDVH DQG WKH FRPPRQ
HPLWWHU GHYLFHV�
7KH FDVFRGH DPSOLnHU H[KLELWHG ��� G% RI LQVHUWLRQ JDLQ DW ��*+]� ZLWK

LQSXW DQG RXWSXW UHWXUQ ORVVHV RI JUHDWHU WKDQ �� G% DW WKDW IUHTXHQF\� ZKHQ
ELDVHG IRU SHDN JDLQ� :KHQ ELDVHG IRU SHDN RXWSXW SRZHU� WKH DPSOLnHU
H[KLELWHG ��� G% RI LQVHUWLRQ JDLQ DQG �G% RI JDLQ FRPSUHVVLRQ DW ��� G%P
RXWSXW SRZHU� 7KH PD[LPXP RXWSXW SRZHU DWWDLQHG� ��G%P� ZDV OLPLWHG
E\ WKH DYDLODEOH VLJQDO VRXUFH DQG QRW E\ VDWXUDWLRQ RI WKH DPSOLnHU� ZKLFK
FRXOG RQO\ EH GULYHQ WR ��� G% RI JDLQ FRPSUHVVLRQ�
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)LJXUH ����� 0HDVXUHG SRZHU RXWSXW DQG JDLQ VDWXUDWLRQ FKDUDFWHULVWLF RI
FDVFRGH SRZHU DPSOLnHU DW ��*+]�

��� :LONLQVRQ %DODQFHG $PSOLnHU

$ FRPSRVLWH SRZHU DPSOLnHU FRQVLVWLQJ RI D EDODQFHG SDLU RI WKH DERYH FDV�
FRGH DPSOLnHUV ZDV GHVLJQHG� :KHUHDV FRPPRQ SUDFWLFH LQ WKH GHVLJQ RI
00,& EDODQFHG DPSOLnHUV LV WR XVH /DQJH FRXSOHUV WR LPSOHPHQW WKH LQGL�
FDWHG ��p K\EULG QHWZRUNV>��@� WKH SUHVHQW GHVLJQ PDNHV XVH RI :LONLQVRQ
GLYLGHUV DQG TXDUWHU ZDYH GHOD\ OLQHV� 7KH WKLQ GHSRVLWHG PLFURVWULS GLHOHF�
WULF RI WKH SUHVHQW WHFKQRORJ\ LV E\ GHVLJQ LOO�VXLWHG WR WKH FRQVWUXFWLRQ RI
HGJH FRXSOHG VWUXFWXUHV VXFK DV WKH /DQJH FRXSOHU� :KLOH ��p K\EULG VWUXF�
WXUHV DV FRPSDFW DV /DQJH FRXSOHUV FRXOG EH SURGXFHG LQ SURFHVV WKURXJK
WKH XVH RI RYHUODSSLQJ oRDWLQJ OLQH FRXSOLQJ VWUXFWXUHV>��� S� ���@� WKLV
SRVVLELOLW\ ZDV QRW SXUVXHG KHUH� 7KH :LONLQVRQ GLYLGHU QHWZRUN ZDV GH�
VLJQHG WR PDWFK WKH ��l VRXUFH LPSHGDQFH WR WKH LQSXWV RI WKH WZR� ��l�
DPSOLnHUV� 7KH LPSHGDQFH RI OLQHV LQ WKH :LONLQVRQ FRPELQHU RQ WKH RWKHU
KDQG ZDV FKRVHQ WR HmHFW WKH LPSHGDQFH WUDQVIRUPDWLRQ IURP WKH ��l H[�
WHUQDO ORDGLQJ WR WKH GHVLUHG ODUJH VLJQDO ORDG�OLQH RI WKH SRZHU DPSOLnHUV�
$FFRUGLQJO\ WKH TXDUWHU ZDYH GHOD\ OLQH LQ WKH RXWSXW LV D ORZ LPSHGDQFH
OLQH� $ VFKHPDWLF GLDJUDP RI WKH EDODQFHG SRZHU DPSOLnHU GHVLJQ LV VKRZQ

���



)LJXUH ����� 6FKHPDWLF RI EDODQFHG DPSOLnHU GHVLJQ ZLWK :LONLQVRQ GLYLGHU
DQG FRPELQHU� DORQJ ZLWK TXDUWHU ZDYH GHOD\ OLQHV�

LQ nJXUH �����
0HDVXUHG VPDOO VLJQDO FKDUDFWHULVWLFV RI WKH EDODQFHG SRZHU DPSOLnHU DUH

VKRZQ LQ nJXUH ����� %RWK 6
��
DQG 6

��
VKRZ PLQLPD EHORZ ��� G% FHQWHUHG

DW DSSUR[LPDWHO\ �� *+]� GHPRQVWUDWLQJ WKDW WKH SDVVLYH HOHPHQWV RI WKH
EDODQFHG WRSRORJ\ DUH HmHFWLYH DW WKH GHVLJQ IUHTXHQF\� 7KH WUDQVGXFHU
JDLQ RI WKH EDODQFHG DPSOLnHU LV KRZHYHU� UROOLQJ Rm IURP �� *+]� DV GLG
WKDW RI WKH LQGLYLGXDO FDVFRGH DPSOLnHUV� 7KH :LONLQVRQ EDODQFHG DPSOLnHU
H[KLELWHG ��� G% RI JDLQ DW �� *+] XQGHU VPDOO VLJQDO GULYH� DQG GHOLYHUHG
���� G%P RXWSXW SRZHU XQGHU � G% RI FRPSUHVVLRQ DW WKH VDPH IUHTXHQF\�

��� ��*+] &DVFRGH 3RZHU $PSOLnHU

7KH ORZ EUHDNGRZQ YROWDJHV RI WKH DYDLODEOH GHYLFHV OHDG WR SRZHU SHUIRU�
PDQFH ZKLFK LV OHVV FRPSHWLWLYH DW ORZHU IUHTXHQFLHV� +RZHYHU� WKHUH ZHUH D
YDULHW\ RI UHDVRQV WR GHVLJQ VRPH SRZHU DPSOLnHU FLUFXLWV DW ORZHU IUHTXHQ�
FLHV� 7KH VRXUFH SRZHU DYDLODEOH EHORZ �� *+] ZDV VLJQLnFDQWO\ KLJKHU WKDQ
WKDW DW :�EDQG� DQG VR WKH RXWSXW SRZHU RI DPSOLnHUV RI VLPLODU GHYLFH DUHD
FRXOG EH VDWXUDWHG�

���



)LJXUH ����� 'LH 3KRWR RI :LONLQVRQ EDODQFHG FDVFRGH SRZHU DPSOLnHUV�
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)LJXUH ����� 6LPXODWHG VPDOO VLJQDO FKDUDFWHULVWLFV RI WKH ��*+] SRZHU DP�
SOLnHU� 5ROOHWW
V VWDELOLW\ IDFWRU� . DQG WKH VWDELOLW\ IDFWRU %

�
GHPRQVWUDWH

EURDG�EDQG VWDELOLW\ RI WKH GHVLJQ�

7KH EDVLF FDVFRGH SRZHU DPSOLnHU GHVLJQHG IRU ��*+] RSHUDWLRQ ZDV
UHWXQHG IRU D ODUJH VLJQDO PDWFK DW ��*+]� $W WKLV IUHTXHQF\� D VKXQW
LQGXFWLYH QHWZRUN RQ WKH RXWSXW \LHOGHG WKH GHVLUHG ORDG LPSHGDQFH� DQG
UHDVRQDEOH IUHHGRP IURP ORRSLQJ LQ WKH G\QDPLF ORDG OLQH� ,Q RUGHU WR
PDLQWDLQ D FRPSDFW GLH VL]H� EURDGEDQG XQFRQGLWLRQDO VWDELOLW\ ZDV VDF�
ULnFHG� :KLOH 5ROOHWW
V VWDELOLW\ IDFWRU� . IRU WKH DPSOLnHU GURSV VOLJKWO\
EHORZ XQLW\ LQ PDJQLWXGH EHWZHHQ � DQG � *+]� WKH LQFXUVLRQ RI WKH RXWSXW
VWDELOLW\ FLUFOHV LQWR WKH 6PLWK FKDUW LV TXLWH VPDOO�
6PDOO VLJQDO PHDVXUHPHQWV RI WKH DPSOLnHU 00,&� ZLWK QR GH�HPEHG�

GLQJ RI VLJQDO SDG SDUDVLWLF� DUH VKRZQ LQ nJXUH���� $Q DFWLYH IUHTXHQF\
GRXEOHU PRGXOH SURYLGHG DPSOH SRZHU WR VDWXUDWH WKH IDEULFDWHG DPSOLnHUV
IURP �� WR �� *+]� 7KH VDWXUDWHG RXWSXW SRZHU SHDNHG DW ����� G%P DW
�� *+] ZLWK DQ DVVRFLDWHG JDLQ RI ��� G%� :KLOH VLJQLnFDQW PRGLnFDWLRQ

���



)LJXUH ����� 'LH SKRWR RI �� *+] FDVFRGH SRZHU DPSOLnHU�

RI WKH ELDV SRLQW E\ VHOI ELDV HmHFWV ZDV REVHUYHG DW WKH KLJKHU GULYH OHYHOV�
ELDV PHDVXUHPHQWV ZHUH QRW UHFRUGHG� DQG VR QR FDOFXODWLRQ RI SRZHU DGGHG
HpFLHQF\ FDQ EH PDGH� ,W VKRXOG EH QRWHG WKDW LQSXW GULYH OHYHOV DERYH
��� G%P UHVXOWHG LQ GHJUDGDWLRQ RI WKH DPSOLnHUV�

��� $FWLYH %DOXQ

$FWLYH EDOXQV FDQ SURYLGH EURDGHU EDQGZLGWK DQG VPDOOHU GLH VL]H WKDQ
SDVVLYH VWUXFWXUHV� $GHTXDWH FRPPRQ PRGH UHMHFWLRQ UDWLR LV GLpFXOW WR
DFKLHYH ZLWK GLmHUHQWLDO SDLUV DW KLJK IUHTXHQF\� $Q DFWLYH EDOXQ FRQnJXUD�
WLRQ ZKLFK LV ZHOO NQRZQ LQ PLFURZDYH GHVLJQ LV WKH FRPPRQ�VRXUFH�FRP�
PRQ�JDWH SDLU� 7KH LQYHUWLQJ DQG WKH QRQ�LQYHUWLQJ GHYLFH VKDUH D FRPPRQ
LQSXW QRGH LQ WKLV WRSRORJ\� DQG VR PDQ\ RI WKH SDUDVLWLFV DUH FRPPRQ WR
ERWK VLJQDO SDWKV� ,W LV IDLUO\ VWUDLJKWIRUZDUG WR DFKLHYH DGHTXDWH PDJQL�
WXGH DQG SKDVH EDODQFH EHWZHHQ WKH FRPSOHPHQWDU\ RXWSXWV RYHU D QDUURZ

���



-10

-5

0

5

10

15

0 10 20 30 40 50 60

S
ij (

dB
)

frequency (GHz)

S
21

S
11

S
22

)LJXUH ����� 0HDVXUHG 6�SDUDPHWHUV RI WKH IDEULFDWHG ��*+] SRZHU DPSOL�
nHU� 9

FF
 ��[9� ,

F
 �[ P$�

���



3

5

7

9

11

13

15

-10 -5 0 5 10

P
O

U
T
 (

dB
m

),
 G

T
 (

dB
)

P
IN

 (dBm)

G
T

P
out

)LJXUH ����� 0HDVXUHG SRZHU RXWSXW FKDUDFWHULVWLF DW �� *+]� 9
FF
 ����9�

,
F
 �� P$ 3

�G%
 � ��� G%P� 3

VDW
 ����� G%P�

���



0

4

8

12

16

25 30 35 40 45

P
S

A
T
 (

dB
m

)

Frequency (GHz)

)LJXUH ����� 0HDVXUHG IUHTXHQF\ GHSHQGHQFH RI VDWXUDWHG RXWSXW SRZHU�

���



EDQGZLGWK ZLWK WKLV WRSRORJ\�
,Q WKH SUHVHQW GHVLJQ� FXUUHQW PLUURUV DUH XVHG WR ELDV WKH WZR GHYLFHV DW

WKH VDPH FXUUHQW� ZKLOH $& FRXSOLQJ LV XVHG WR DFKLHYH D FRPPRQ RXWSXW
'& ELDV� 6LPXODWHG VPDOO VLJQDO SHUIRUPDQFH RI WKH EDOXQ LV VKRZQ LQ
nJXUH ����� :KLOH WKH DPSOLWXGH EDODQFH LV EHWWHU WKDQ � G% EHWZHHQ ��
DQG ���*+]� WKH SKDVH HUURU ZLWK UHVSHFW WR ���p UDQJHV IURP ��p WR b�p
RYHU WKH VDPH IUHTXHQF\ UDQJH�
7KH DFWLYH EDOXQV ZHUH OD\HG RXW LQ VHYHUDO GLmHUHQW FRQnJXUDWLRQV� 7R

IDFLOLWDWH WHVWLQJ ZLWK WKH SUREH FRQnJXUDWLRQ RI WKH :�EDQG QHWZRUN DQD�
O\]HU EDOXQ GLHV LQ VHYHUDO FRQnJXUDWLRQV ZHUH GHVLJQHG� 7KXV� WZR GLHV ZLWK
FRPSOHPHQWDU\ RXWSXWV DYDLODEOH ZHUH GHVLJQHG� RQH ZLWK WKH LQYHUWLQJ� RQH
WKH QRQ�LQYHUWLQJ RXWSXW VLJQDO SDG LQ OLQH ZLWK WKH LQSXW SDG� $OVR� WKHVH
WZR OD\RXWV ZHUH UHSHDWHG ZLWK WKDW RXWSXW SRUW QRW LQ OLQH ZLWK WKH LQSXW
UHVLVWLYHO\ WHUPLQDWHG RQ ZDIHU� $ GLH SKRWR RI RQH VXFK EDOXQ ZLWK WKH
QRQ�LQYHUWLQJ RXWSXW WHUPLQDWHG RQ�ZDIHU LV VKRZQ LQ nJXUH ����� $ OD\�
RXW HUURU LQ WKH H[WUD PDVN OHYHO GHnQLQJ WKH UHVLVWRU SURWHFWLQJ GLHOHFWULF
SUHYHQWHG ELDVLQJ RI WKH IDEULFDWHG EDOXQV�

��� 'LmHUHQWLDO IW 'RXEOHU &DVFRGH 3RZHU

$PSOLnHUV

:KLOH GLmHUHQWLDO SDLUV GR QRW SURYLGH YHU\ JRRG FRPPRQ PRGH UHMHFWLRQ
DW KLJK IUHTXHQFLHV� GLmHUHQWLDO RSHUDWLRQ GRHV DOORZ VRPH oH[LELOLW\ LQ WKH
GHVLJQ RI UHDFWLYH WXQLQJ QHWZRUNV� ,Q SDUWLFXODU� DGYDQWDJH FDQ EH WDNHQ RI
WKH YLUWXDO JURXQG EHWZHHQ WKH RXWSXWV ZKHQ GHVLJQLQJ D UHDFWLYH PDWFKLQJ
QHWZRUN�
$ PRGLnHG GLmHUHQWLDO FDVFRGH WRSRORJ\ VRPHWLPHV XVHG LQ KLJK IUH�

TXHQF\ SRZHU DPSOLnHUV LV WKH 7HNWURQL[ GHoHFWLRQ FRLO GULYHU FLUFXLW� ZKLFK
LPSOHPHQWV WKH GLmHUHQWLDO SDLU RI FRPPRQ HPLWWHU GHYLFHV DV D GLmHUHQWLDO
I
W

GRXEOHU�>��@ $ YHUVLRQ RI WKLV WRSRORJ\ LV VKRZQ LQ nJXUH ����� ZKHUH HDFK
FRPPRQ EDVH WUDQVLVWRU KDV EHHQ GLYLGHG LQ WZR� DQG HDFK VHSDUDWH HPLWWHU
nQJHU FRQQHFWHG WR WKH FROOHFWRU RI RQH GHYLFH RI WKH GLmHUHQWLDO I

W

GRXEOHU�
7KLV LV VLPSO\ DQ H[WHQVLRQ RI WKH WKHUPDOO\ VWDEOH FDVFRGH WRSRORJ\>��� ��@
WR WKH FDVH RI WKH 7HNWURQL[ GLmHUHQWLDO FDVFRGH� 1RWH WKDW nQLWH YDOXHV RI
EDVH ELDV UHVLVWRU UHGXFH WKH FRPPRQ PRGH UHMHFWLRQ UDWLR DWWDLQDEOH IURP
WKLV FLUFXLW� HYHQ JLYHQ LGHDO FXUUHQW VRXUFHV ELDVLQJ HDFK GLmHUHQWLDO SDLU�

���



)LJXUH ����� 6FKHPDWLF GLDJUDP RI DFWLYH EDOXQ ,&�
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)LJXUH ����� 6LPXODWHG VPDOO VLJQDO SHUIRUPDQFH RI WKH DFWLYH EDOXQ� 3RUW
WZR KHUH LV WKH QRQ�LQYHUWLQJ RXWSXW� ZKLOH SRUW WKUHH LV WKH LQYHUWLQJ RXW�
SXW� 6

L�
KHUH UHIHUV WR WKH LQVHUWLRQ JDLQ RI WKH EDOXQ ZLWK UHVSHFW WR GLUHFWO\

FRQQHFWLQJ SRUW L WR WKH VLJQDO VRXUFH� 7KH SKDVH EDODQFH PHDVXUH cj LV
WKH GLVFUHSDQF\ IURP WKH GHVLUHG ���p UHODWLRQVKLS�

���



)LJXUH ����� 'LH SKRWR RI DFWLYH EDOXQ LQ IDEULFDWLRQ�

)LJXUH ����� 6FKHPDWLF GLDJUDP RI 7HNWURQL[ GLmHUHQWLDO FDVFRGH GHoHFWLRQ
DPS WRSRORJ\ ZLWK VHJPHQWHG FRPPRQ EDVH WUDQVLVWRUV�

���



)LJXUH ����� 'HWDLOHG VFKHPDWLF RI KDOI�FLUFXLW RI UHDFWLYHO\ PDWFKHG GLmHU�
HQWLDO FDVFRGH I

W

GRXEOHU SRZHU DPSOLnHU�

$ UHDFWLYHO\ PDWFKHG SRZHU DPSOLnHU IRU WKH �� *+] SKDVHG DUUD\
SURMHFW ZDV GHVLJQHG DURXQG WKLV GLmHUHQWLDO FDVFRGH I

W

GRXEOHU �'&)'�
WRSRORJ\� 7KH RXWSXW GHYLFH FRQVLVWV RI WZR �d ��xP� HPLWWHU� �d ��xP�

FROOHFWRU nQJHUV LQ HDFK KDOI FLUFXLW� 7KH RXWSXW UHDFWLYH PDWFK FRQVLVWV RI
LQGXFWLYH OLQH VHJPHQWV VKXQWHG WR D YLUWXDO JURXQG SRLQW� *LYHQ WKDW WKH
FRPPRQ PRGH UHMHFWLRQ UDWLR RI WKH '&)' LV LQKHUHQWO\ UDWKHU SRRU� WKH
YLUWXDO JURXQG SRLQW LV FDSDFLWLYHO\ E\SDVVHG WR JURXQG ZLWK DQ 0,0 UDGLDO
VWXE�
0HDVXUHG VPDOO VLJQDO FKDUDFWHULVWLFV RI D '&)' DPSOLnHU IURP ZDIHU *

DUH VKRZQ LQ nJXUH ����� 6HYHUDO GHSDUWXUHV RI WKH UHDOL]HG FLUFXLW HOHPHQWV
IURP GHVLJQ YDOXHV RQ WKLV ZDIHU ZHUH QRWHG DERYH� 7KH IDEULFDWHG '&)'
DPSOLnHUV ZHUH IXUWKHU FRPSURPLVHG E\ D OD\RXW HUURU LQ WKH WHUPLQDWLRQ
QHWZRUN IRU WKH XQXVHG RXWSXW� WKH UHVLVWRU WHUPLQDWLQJ WKH XQXVHG RXWSXW

���



)LJXUH ����� 'LH SKRWR RI GLmHUHQWLDO FDVFRGH I
W

GRXEOHU ODUJH VLJQDO DPSOL�
nHU�

ZDV '& FRXSOHG WR 9
&&

E\ D VKRUW DFURVV D VHULHV FDSDFLWRU� DQG WKLV UHVLVWRU
FRQVLVWHQWO\ IXVHG ZKHQ WKH DPSOLnHU ZDV ELDVHG�
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��� 'LVFXVVLRQ

6RPH LQLWLDO ODUJH VLJQDO DPSOLnHUV LQ WKH SUHVHQW VPDOO VLJQDO GHYLFH WHFK�
QRORJ\ ZHUH SUHVHQWHG� 'XH WR OLPLWDWLRQV RI WKH DYDLODEOH VLJQDO VRXUFH�
WKH RXWSXW SRZHU RI WKH :�EDQG DPSOLnHUV FRXOG QRW EH VDWXUDWHG� 7KLV
GLpFXOW\ KDG EHHQ DQWLFLSDWHG� DQG WZR VWDJH SRZHU DPSOLnHUV LQFOXGHG RQ
WKH PDVN VHW� EXW D OD\RXW HUURU SUHYHQWHG ELDVLQJ RI WKHVH WZR VWDJH DP�
SOLnHUV� $OWKRXJK WKH :�EDQG DPSOLnHUV FRXOG QRW EH GULYHQ WR VDWXUDWLRQ�
WKH RXWSXW SRZHUV WKDW ZHUH DWWDLQHG UHSUHVHQW UHFRUGV IRU +%7 LQWHJUDWHG
FLUFXLWV LQ WKLV IUHTXHQF\ UDQJH� )XUWKHUPRUH� E\ YLUWXH RI WKH WLJKW PHDQ�
GHULQJ RI WUDQVPLVVLRQ OLQHV DOORZHG E\ WKH WKLQ PLFURVWULS GLHOHFWULF� WKH
SRZHU DPSOLnHU 00,&V ZHUH TXLWH FRPSDFW� DQG DWWDLQHG SRZHU GHQVLWLHV
UHIHUUHG WR WKH GLH DUHD TXLWH FRPSHWLWLYH ZLWK WKH EHVW +(07 00,&V LQ
WKH OLWHUDWXUH�
:KLOH WKH SRZHU DPSOLnHUV LQ WKLV ZRUN ZHUH GHVLJQHG IRU LPSOHPHQ�

WDWLRQ LQ WKH &X VXEVWUDWH SURFHVV� WKH UHVXOWV SUHVHQWHG KHUH ZHUH IURP D
ZDIHU SURFHVVHG LQ WKH VROGHU ERQGHG SURFHVV� 7KH DGYDQWDJHV RI D PHWDO
VXEVWUDWH ZLOO EH PRUH LPSRUWDQW RQFH ,Q3 HPLWWHUV ZLWK EHWWHU WKHUPDO
FRQGXFWLYLW\� DQG ,Q3 FROOHFWRUV ZLWK KLJKHU SRWHQWLDO SRZHU GLVVLSDWLRQ�
DUH LQWURGXFHG� :LWK WKH LQWURGXFWLRQ RI ,Q3 FROOHFWRUV� WKH PD[LPXP
SRZHU ORDG OLQH ZLOO RI FRXUVH VKLIW WR ODUJHU UHVLVWDQFHV� DQG VRPH UHGHVLJQ
ZLOO EH UHTXLUHG RI WKH UHDFWLYHO\ PDWFKHG DPSOLnHUV RI WKLV ZRUN�
$ VHULRXV HUURU LQ WKH GHVLJQ RI UHDFWLYHO\ PDWFKHG DPSOLnHUV SUHVHQWHG

KHUH ZDV LQ QRW DOORZLQJ IRU WKH SURFHVV YDULDELOLW\ RI GHSRVLWHG 6L1
[
� 6XFK

EUDFNHWLQJ RI WXQLQJ QHWZRUNV DV ZDV LQFOXGHG LQ WKH PDVN VHW SHUWDLQHG WR
WKH RXWSXW WXQLQJ QHWZRUNV� ZKHUHDV WKH PRVW VLJQLnFDQW DFWXDO YDULDWLRQ
VHHQ ZDV LQ WKH 6L1

[
FDSDFLWRUV ZKLFK DmHFWHG RQO\ WKH LQSXW WXQLQJ QHW�

ZRUNV� ,Q IXWXUH� UHDFWLYHO\ PDWFKHG FLUFXLW GHVLJQV LQ WKLV SURFHVV VKRXOG
DOORZ IRU VXEVWDQWLDO YDULDWLRQV LQ DQ\ 0,0 FDSDFLWRUV XVHG� $OVR� WKH PHD�
VXUHPHQW RI 6L1

[
OD\HUV GHSRVLWHG RQ ZLWQHVV ZDIHUV LPPHGLDWHO\ EHIRUH RU

FRQFXUUHQWO\ ZLWK WKH nUVW KDOI GHSRVLWLRQ RQ WKH UHDO ZDIHU� ZRXOG DOORZ
JUHDWHU UHSHDWDELOLW\ RI 0,0 FDSDFLWRUV�

���



&KDSWHU �

&RQFOXVLRQ

��� $FKLHYHPHQWV

,Q WKLV ZRUN� D PHWDO VXEVWUDWH SURFHVV ZDV GHYHORSHG ZKLFK DOORZHG� IRU WKH
nUVW WLPH� HQWLUH �� PP ZDIHUV RI LQWHJUDWHG FLUFXLWV WR EH IDEULFDWHG ZLWK
WUDQVIHUUHG VXEVWUDWH +%7V� +LJK SHUIRUPDQFH +%7V DQG VLPSOH LQWHJUDWHG
FLUFXLWV IDEULFDWHG LQ WKLV SURFHVV ZHUH GHPRQVWUDWHG� :KLOH WKLV PHWDO
VXEVWUDWH WHFKQRORJ\ SURPLVHV HYHQWXDOO\ WR SURYLGH LPSURYHG KHDW VLQNLQJ
RI WKH DFWLYH GHYLFHV� WKH LPPHGLDWH EHQHnWV DUH WKH DELOLW\ WR SURFHVV HQWLUH
ZDIHUV DQG WKH DYDLODELOLW\ RI WKH JURXQG FRQGXFWRU DW WKH EDFN VXUIDFH RI
WKH nQLVKHG VWUXFWXUH� 7KLV EDFN�VLGH JURXQG FRQWDFW SURPLVHV WR DOORZ
VXFFHVVIXO SDFNDJLQJ RI FRPSOH[ YHU\ KLJK VSHHG LQWHJUDWHG FLUFXLWV� 7KH
KHDW VLQNLQJ SURYLGHG E\ WKH PHWDO VXEVWUDWH LV DOUHDG\ VXSHULRU WR WKDW RI
WKH SULRU� VROGHU ERQGHG SURFHVV IRU LQWHJUDWHG FLUFXLWV ZLWK VXVWDLQHG ODUJH
GLVVLSDWHG SRZHU GHQVLWLHV�
/DUJH VLJQDO DPSOLnHUV ZHUH GHVLJQHG DQG IDEULFDWHG DV SDUW RI WKLV ZRUN�

7KH IDEULFDWHG DPSOLnHUV GHPRQVWUDWHG WKH KLJKHVW RXWSXW SRZHU WR GDWH
IURP DQ\ ELSRODU LQWHJUDWHG FLUFXLW DW IUHTXHQFLHV DERYH �� *+]� $ UHDF�
WLYHO\ PDWFKHG FDVFRGH SRZHU DPSOLnHU GHOLYHUHG �� G%P RI RXWSXW SRZHU
XQGHU ��� G% RI JDLQ FRPSUHVVLRQ DW �� *+]� $Q LQWHJUDWHG EDODQFHG SDLU
RI WKHVH DPSOLnHUV GHOLYHUHG ���� G%P RI RXWSXW SRZHU XQGHU � G% RI JDLQ
FRPSUHVVLRQ DW �� *+]� $ UHDFWLYHO\ PDWFKHG FRPPRQ EDVH SRZHU DPSOL�
nHU GHOLYHUHG ��� G%P RI RXWSXW SRZHU DW ���� *+] ZLWK DQ DVVRFLDWHG JDLQ
RI ��� G% XQGHU RQO\ ��� G% RI JDLQ FRPSUHVVLRQ� :LWK PRGHVW UHYLVLRQV�
WKHVH FLUFXLW GHVLJQV ZLOO \LHOG VLPLODU RXWSXW SRZHUV DW �� *+]�

���



��� )XWXUH :RUN

)XWXUH JHQHUDWLRQV RI KLJK VSHHG LQWHJUDWHG FLUFXLWV ZLOO GHPDQG VLJQLn�
FDQW LQQRYDWLRQV LQ LQWHUFRQQHFW DQG SDFNDJLQJ DUFKLWHFWXUHV� 7KH PHWDO
VXEVWUDWH WHFKQRORJ\ GHPRQVWUDWHG LQ WKLV ZRUN FRQVWLWXWHV DQ HmHFWLYH DS�
SURDFK WR LQWHJUDWLQJ WUDQVPLVVLRQ OLQHV� JURXQG YLDV DQG DFWLYH GHYLFHV
DSSURSULDWH WR ���� *+] HOHFWURQLFV ZLWKLQ WKH FRQWH[W RI WKH WUDQVIHUUHG
VXEVWUDWH +%7 GHYLFH VWUXFWXUH� )RU OHVV HVRWHULF GHYLFH VWUXFWXUHV QRW UH�
TXLULQJ DFFHVV WR ERWK VLGHV RI DQ HSLWD[LDO nOP� VLPSOHU GHSRVLWHG VWULS RU
PLFURVWULS�OLNH WUDQVPLVVLRQ OLQH DUFKLWHFWXUHV ZLOO VXpFH�
7KH PHWDO VXEVWUDWH SURFHVV GRHV QRW LWVHOI DGGUHVV WKH GRPLQDQW FRQ�

WULEXWRU WR GHYLFH WKHUPDO UHVLVWDQFH LQ WKH SUHVHQW ,Q*D$V�,Q$O$V GHYLFH
VWUXFWXUH� 7KH YHU\ ORZ WKHUPDO FRQGXFWLYLWLHV RI WKHVH GLVRUGHUHG WHUQDU\
VHPLFRQGXFWRUV� DQG WKH IDFW WKDW KHDW LV UHPRYHG IURP WKH WUDQVIHUUHG�
VXEVWUDWH +%7 WKURXJK WKH HPLWWHU PHVD� OHDG WR WKH ODUJHVW WHPSHUDWXUH
ULVHV EHLQJ LQWHUQDO WR WKH WUDQVLVWRU� :LWK WKH DGRSWLRQ RI ,Q3 HPLWWHUV
DQG FROOHFWRUV� WKH WKHUPDO FRQGXFWLYLW\ ZLWKLQ WKH WUDQVLVWRU ZLOO LPSURYH
FRQVLGHUDEO\� DQG MXQFWLRQ WHPSHUDWXUHV RI GHYLFHV GHFUHDVH�
3UREOHPV UHPDLQ ZLWK WKH SODWHG VXEVWUDWH SURFHVV� LQ SDUWLFXODU DW WKH

VWDJHV RI WHPSRUDU\ PRXQWLQJ DQG GHPRXQWLQJ RI WKH ZDIHU� DQG ZLWK WKH
VXEVWUDWH UHPRYDO HWFK� 7R GDWH� WKH PRXQWLQJ RSHUDWLRQ KDV FRQVLVWHQWO\
GDPDJHG WKH +%7 ZDIHU ZKLOH LW VWLOO UHVLGHV RQ WKH ,Q3 VXEVWUDWH� 7KH
FRPELQDWLRQ RI HQKDQFHG SODWLQJ UDWH DW WKH HGJHV RI WKH ZDIHU DQG D ZD[
PRXQWLQJ SURFHGXUH ZKLFK FRXOG QRW SURYLGH VXpFLHQW SODQDUL]DWLRQ LP�
SDFWHG OLWKRJUDSKLF DOLJQPHQW DW WKH FROOHFWRU VWDJH� ,W LV VXJJHVWHG WKDW
WKHVH WZR SUREOHPV PLJKW EHVW EH DGGUHVVHG E\ PHFKDQLFDOO\ SODQDUL]LQJ
WKH SODWHG JURXQG SODQH SULRU WR ZD[ ERQGLQJ� DQG IXUWKHU� E\ XVLQJ D WHP�
SRUDU\ PRXQWLQJ SURFHGXUH ZKLFK SURYLGHV DPSOH SODQDUL]DWLRQ� 7KLV ODVW
PLJKW FRQVLVW RI HLWKHU PRXQWLQJ WKH JURXQG SODQH GRZQ WR D FDUULHU ZDIHU
ZLWK EXON� PROWHQ ZD[� RU E\ PRXQWLQJ WKH JURXQG�SODQH ZLWK D VXLWDEOH
UHOHDVH OD\HU FRDWLQJ WR WKH FDUULHU ZDIHU ZLWK HSR[\ DW URRP WHPSHUDWXUH�
'HPRXQWLQJ RI nQLVKHG ZDIHUV ZDV QRW DWWHPSWHG LQ WKLV ZRUN� EXW VRPH

H[SHULPHQWV ZHUH SHUIRUPHG RQ WHVW ZDIHUV� %HFDXVH RI WKH WKLQ ZD[ OD\HUV
XVHG� LQnOWUDWLRQ RI VXLWDEOH VROYHQWV WR WKH FHQWHU RI WKH VDQGZLFK WRRN
PDQ\ KRXUV� ,PPHUVLQJ WKH ZD[ ERQGHG VDQGZLFK LQ D VXLWDEOH VROYHQW
KHDWHG �ZLWK DSSURSULDWH VDIHW\ SUHFDXWLRQV� WR WKH PHOWLQJ WHPSHUDWXUH RI
WKH ZD[ ZRXOG JUHDWO\ DFFHOHUDWH WKLV SURFHGXUH� &XWWLQJ DUUD\V RI JURRYHV

���



LQWR WKH VXUIDFH RI WKH FDUULHU ZDIHU ZLWK D GLFLQJ VDZ SULRU WR PRXQWLQJ
PLJKW IDFLOLWDWH WLPHO\ GHPRXQWLQJ E\ DOORZLQJ IDVWHU GLmXVLRQ RI WKH VRO�
YHQW�
([FHVV FROOHFWRU�EDVH OHDNDJH FXUUHQWV ZHUH REVHUYHG LQ PDQ\ GHYLFHV

SURFHVVHG LQ WKH PHWDO VXEVWUDWH SURFHVV� 6XFK SRRU MXQFWLRQ FKDUDFWHU�
LVWLFV KDYH DOVR EHHQ VHHQ LQ VRPH ZDIHUV SURFHVVHG LQ WKH VROGHU�ERQGHG�
SDUWLDO ZDIHU� SURFHVV� ,W LV K\SRWKHVL]HG WKDW WKLV LVVXH PD\ EH SURFHVV
UHODWHG� DQG DVVHUWHG WKDW VKRUWHU WHVW SURFHVV VHTXHQFHV ZRXOG JUHDWO\ ID�
FLOLWDWH XQGHUVWDQGLQJ RI WKH SUREOHP� $V DQ LQLWLDO DYHQXH RI LQYHVWLJDWLRQ�
WKH FRUUHODWLRQ RU ODFN WKHUHRI EHWZHHQ H[FHVV MXQFWLRQ OHDNDJH DQG WKH DS�
SHDUDQFH RI SLWWLQJ RI WKH FROOHFWRU VHPLFRQGXFWRU VXUIDFH PLJKW EH HVWDE�
OLVKHG� 7KH FRQFHQWUDWLRQ RI FKORULGH LRQV DQG RI XQGLVVRFLDWHG +&O LQ WKH
VXEVWUDWH HWFK ZKLOH WKH ,Q*D$V FROOHFWRU PDWHULDO LV H[SRVHG PD\ ERWK EH
LPSRUWDQW� DQG ERWK DUH SRWHQWLDOO\ VHQVLWLYH WR WKH TXDQWLW\ RI GLVVROYHG
VROGHU RU RWKHU PHWDO FRQWDPLQDWLRQ LQ WKH HWFK�
,Q VXPPDU\� D SURFHVV ZDV GHYHORSHG WR H[WHQG WKH WUDQVIHUUHG VXEVWUDWH

+%7 WHFKQRORJ\ WR IXOO ZDIHUV� 7KLV WHFKQRORJ\ ZLOO HQDEOH SDFNDJLQJ RI
YHU\ KLJK VSHHG LQWHJUDWHG FLUFXLWV� 7RJHWKHU ZLWK WKH LPPLQHQW LQWURGXF�
WLRQ RI ,Q3 OD\HUV WR WKH GHYLFH VWUXFWXUH� WKH PHWDO VXEVWUDWH SURFHVV ZLOO
JUHDWO\ LPSURYH KHDW�VLQNLQJ RI LQWHJUDWHG FLUFXLWV ZLWK YHU\ KLJK GLVVLSDWHG
SRZHU GHQVLW\� 7KH nUVW ODUJH VLJQDO DPSOLnHU UHVXOWV LQ WKLV GHYLFH WHFKQRO�
RJ\ ZHUH GHPRQVWUDWHG�
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(OHFWURSODWLQJ

7KH HOHFWURSODWLQJ SURFHVV FRQVLVWV RI HOHFWURO\WLF UHGXFWLRQ RI PHWDO LRQV DW
D FDWKRGH DQG R[LGDWLRQ RI DQ DQRGH� )RU PDQ\ PHWDOV DQG SODWLQJ VROXWLRQV
LW LV FRPPRQ SUDFWLFH WR XVH DQ DQRGH RI WKH PHWDO WR EH GHSRVLWHG� 7KLV
DQRGH GLVVROYHV ZLWK WKH SDVVDJH RI FXUUHQW WKURXJK WKH HOHFWURO\WLF FHOO� LQ
WKH UHDFWLRQ

0 b� 0]� � ]Hb �$���

ZKHUH 0 UHSUHVHQWV WKH PHWDO LQYROYHG� DQG ] WKH FKDUJH VWDWH RI LWV LRQV
LQ VROXWLRQ� 7KH XVH RI VXFK D VROXEOH DQRGH PDLQWDLQV WKH FRQFHQWUDWLRQ
RI PHWDO LRQV LQ VROXWLRQ HYHQ DV WKHVH LRQV DUH UHGXFHG DW WKH FDWKRGH�
:KHUH DQ LQVROXEOH DQRGH LV XVHG� HOHFWURO\VLV RI ZDWHU FRQVWLWXWHV WKH DQRGH
UHDFWLRQ>��� S� ���@�

�+
�
2 b� 2

�
� �+� � �Hb �$���

WKH K\GURJHQ LRQV RQ WKH ULJKW KDQG VLGH RI WKLV HTXDWLRQ OHDG WR WKH DFLGL�
nFDWLRQ RI WKH SODWLQJ VROXWLRQ ZLWK FRQWLQXHG FXUUHQW oRZ�
$W WKH FDWKRGH� ERWK GHSRVLWLRQ RI WKH PHWDO� LQ WKH UHDFWLRQ

0]� � ]Hb b�0 �$���

DQG HYROXWLRQ RI K\GURJHQ� LQ WKH UHDFWLRQ

�Hb � �+
�
2 b� +

�
� �2+b �$���

RFFXU� 7KH UHODWLYH LPSRUWDQFH RI WKHVH UHDFWLRQV YDULHV ZLWK WKH PHWDO
DQG VROXWLRQ LQYROYHG� ,Q WKH SODWLQJ RI FRSSHU IURP &X62

�
VROXWLRQV DW

���



XVHIXO FXUUHQW GHQVLWLHV� DOPRVW QR K\GURJHQ LV HYROYHG DQG VR WKH FDWKRGH
HpFLHQF\ LV VDLG WR EH QHDU ���� >��� S� ���@� /LNHZLVH� FDWKRGH HpFLHQFLHV
DUH KLJK LQ WKH GHSRVLWLRQ RI $X IURP 1D

�
$X�62

�
�
�
VROXWLRQV� 7KH FDWKRGH

HpFLHQF\ RI 1L GHSRVLWLRQ IURP QLFNHO VXOIDPDWH VROXWLRQV FDQ EH PXFK
ORZHU�
7KH DFWLYDWLRQ SRWHQWLDO s

D

� WKDW LV WKH SRWHQWLDO DFURVV WKH VSDFH
FKDUJH UHJLRQ �HOHFWULFDO GRXEOH OD\HU� DW DQ HOHFWURGH LV JLYHQ E\ WKH 7DIHO
HTXDWLRQ>��� ��@�
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ZKHUH 5 LV WKH JDV FRQVWDQW� ) LV )DUDGD\
V FRQVWDQW �WKH FKDUJH LQ RQH
PROH RI HOHFWURQV�� ] LV WKH FKDUJH VWDWH RI WKH VSHFLHV GHSRVLWLQJ� DQG M

R

LV WKH H[FKDQJH FXUUHQW GHQVLW\� ,Q DGGLWLRQ WR WKLV DFWLYDWLRQ SRWHQWLDO� D
IXUWKHU FRQFHQWUDWLRQ SRWHQWLDO LV DVVRFLDWHG ZLWK WKH GHSOHWLRQ RI LRQV IURP
WKH VROXWLRQ QHDU WKH VSDFH FKDUJH UHJLRQ >��� S���@

s
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ZKHUH &
F

LV WKH FRQFHQWUDWLRQ RI WKH PHWDO LRQ DW WKH HGJH RI WKH VSDFH
FKDUJH UHJLRQ DQG &

R

LV LWV EXON FRQFHQWUDWLRQ�
7KH URXJKQHVV RI WKH PHWDO VXUIDFH GHSRVLWHG RQ WKH FDWKRGH LQKHUHQWO\

WHQGV WR LQFUHDVH ZLWK FRQWLQXHG GHSRVLWLRQ� 7UDQVSRUW RI WKH PHWDO LRQV
DFURVV WKH UHJLRQ RI OLTXLG GHSOHWHG RI WKHP WR WKH FDWKRGH LV E\ GLmXVLRQ�
7KH LRQLF FXUUHQW GHQVLW\ LV JLYHQ E\ WKH GLmXVLRQ HTXDWLRQ

-
F

 b'U& �$���

ZKHUH ' WKH GLmXVLYLW\ RI WKH LRQ LQ WKH OLTXLG� 1RWH WKDW� IRU D XQLIRUP
FDWKRGH SRWHQWLDO� -

&

ZLOO EH HQKDQFHG DW KLJK SRLQWV RI WKH FDWKRGH� 7KH
LRQ GLmXVLYLW\ LQFUHDVHV ZLWK WHPSHUDWXUH� 7KH WKLFNQHVV RI WKH GLmXVLRQ
OD\HU LQ WKH OLTXLG LV D VWURQJ IXQFWLRQ RI PDVV WUDQVSRUW FRQGLWLRQV� L�H� DJL�
WDWLRQ� )RU JLYHQ VROXWLRQ� WHPSHUDWXUH DQG DJLWDWLRQ FRQGLWLRQV� LQFUHDVLQJ
WKH FXUUHQW GHQVLW\ ZLOO HYHQWXDOO\ OHDG WR WKH FDWKRGH LQFUHDVLQJ LQ URXJK�
QHVV ZLWK GHSRVLWLRQ WLPH� 7KLV UHSUHVHQWV DQ LQVWDELOLW\ RI WKH VXUIDFH LQ
WKH VHQVH WKDW DQ\ SHUWXUEDWLRQ IURP VPRRWKQHVV LQFUHDVHV ZLWK WLPH� ,Q
FDVHV RI H[WUHPH VXUIDFH LQVWDELOLW\� WKH GHSRVLWHG PHWDO VXUIDFH HYROYHV LQWR
WUHHG GHQGULWHV�
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7KH WUDGLWLRQDO VROXWLRQ WR WKH SUREOHP RI VXUIDFH LQVWDELOLW\ LQ FRP�
PHUFLDO SUDFWLFH LV WR DGG FHUWDLQ FDUHIXOO\ VHOHFWHG RUJDQLF VSHFLHV WR WKH
SODWLQJ VROXWLRQ ZKLFK WHQG WR LQKLELW GHSRVLWLRQ RI WKH PHWDO� 3UHFLVHO\ EH�
FDXVH WKH LQKLELWRUV GHSRVLW SUHIHUHQWLDOO\ RQ SHDNV RI WKH FDWKRGH VXUIDFH�
PHWDO GHSRVLWLRQ WKHUH LV GHFUHDVHG WKH PRVW� 7KH VXUIDFH FRQFHQWUDWLRQV RI
LQKLELWRU PROHFXOHV UHTXLUHG WR VWDELOL]H VXUIDFHV DUH YHU\ ORZ DQG JUHDWHU
GHSOHWLRQ GHSWKV IRU WKH DGGLWLYHV WKDQ WKH PHWDO LRQV DUH GHVLUDEOH� %HFDXVH
WKH FRQFHQWUDWLRQV RI DGGLWLYHV LQ WKH SODWLQJ VROXWLRQ DUH WKHUHIRUH YHU\ ORZ�
DJLWDWLRQ LV UHTXLUHG WR DFKLHYH WUDQVSRUW RI WKH DGGLWLYHV WKDW LV XQLIRUP LQ
WKH WLPH DYHUDJH� &DUHIXO SODWLQJ FHOO GHVLJQ LV UHTXLUHG WR DFKLHYH XQLIRUP
GHSRVLW WKLFNQHVV ZKHQ SODWLQJ IURP VROXWLRQV ZLWK DGGLWLYHV>��@�

$���� (SLWD[\

6RPH FRPSRQHQW RI HSLWD[LDO JURZWK RFFXUV LQ HOHFWURSODWLQJ RI PHWDOV� 7KH
HSLWD[LDO JURZWK RI JUDLQV DW WKH VXUIDFH RI WKH FDWKRGH FDQ LWVHOI FRQWULEXWH
WR URXJKHQLQJ RI WKH VXUIDFH� 7KLV SKHQRPHQRQ LV SDUWLFXODUO\ HYLGHQW LQ
WKH SODWLQJ RI &X IURP &X62

�
VROXWLRQV 0RVW WHFKQRORJLFDO DSSOLFDWLRQV RI

HOHFWURSODWHG PHWDO GHPDQG nOPV ZKLFK DUH ERWK VPRRWK DQG nQH�JUDLQHG
,Q RUGHU WR DFKLHYH nQH JUDLQHG nOPV� IXUWKHU DGGLWLYHV� RIWHQ RUJDQLF� DUH
LQFOXGHG LQ FRPPHUFLDO SODWLQJ VROXWLRQV� 9HU\ ORZ FRQFHQWUDWLRQV _ RQ WKH
RUGHU RI �SSP E\ YROXPH _ RI VXFK JUDLQ UHnQLQJ DGGLWLYHV RU ?EULJKWHQHUV�
FDQ EH HmHFWLYH LQ &X DQG 1L SODWLQJ >��� S����@� 0DQ\ RUJDQLF FRPSRXQGV
WXUQ RXW WR KDYH VRPH LQKLELWLQJ RU JUDLQ UHnQLQJ HmHFW� DQG WKLV PDNHV
HOHFWURSODWLQJ VROXWLRQV QRWRULRXVO\ VHQVLWLYH WR DQ\ RUJDQLF FRQWDPLQDWLRQ�
�^�� PJ RI LPSXULW\ SHU OLWHU RI VROXWLRQ FDQ KDYH VHULRXV FRQVHTXHQFHV >���
S����@�

$���� $OWHUQDWLQJ &XUUHQW 3ODWLQJ� 'LmXVLRQ /LPLWHG
(WFKLQJ

:KHUHDV GLmXVLRQ OLPLWHG GHSRVLWLRQ VXmHUV IURP LQKHUHQW LQVWDELOLW\� GLmX�
VLRQ OLPLWHG HWFKLQJ WHQGV WR PDNH VXUIDFHV VPRRWKHU� (OHFWURSODWLQJ IURP
PDQ\ HOHFWURO\WHV LV D UHYHUVLEOH HOHFWURFKHPLFDO UHDFWLRQ� &RSSHU SODWLQJ
IURP VROXWLRQV RI &X62

�
DQG +

�
62

�
� IRU LQVWDQFH� LV UHYHUVLEOH� )RU WKHVH

UHYHUVLEOH FKHPLVWULHV� MXGLFLRXV FKRLFH RI DOWHUQDWLQJ FXUUHQW ZDYHIRUPV FDQ
EH XVHG WR VWDELOL]H GHSRVLW VXUIDFHV� %\ FKRRVLQJ DQ HWFKLQJ FXUUHQW GHQVLW\

���



VLJQLnFDQWO\ ODUJHU WKDQ WKH SODWLQJ FXUUHQW GHQVLW\� WKH HWFKLQJ FXUUHQW GLV�
WULEXWLRQ FDQ UHDGLO\ EH PDGH OHVV XQLIRUP WKDQ WKH SODWLQJ FXUUHQW GHQVLW\
GLVWULEXWLRQ� ZKLOH VWLOO PDLQWDLQLQJ DQ DYHUDJH ?IRUZDUG� FXUUHQW�
(OHFWURFKHPLFDO HWFKLQJ LV FRPSOLFDWHG E\ WKH SUHVHQFH RI JUDLQ ERXQG�

DULHV� 3UDFWLFDO GHSRVLWV� DQG VROXEOH DQRGHV� FRQVLVW RI SRO\FU\VWDOOLQH PHW�
DOV� DQG HWFKLQJ UDWHV DUH DOPRVW DOZD\V HQKDQFHG DW JUDLQ ERXQGDULHV� 7KLV
HQKDQFHG HWFKLQJ OHDGV WR JUDLQV EHFRPLQJ GHWDFKHG IURP WKH DQRGH� )LOWUD�
WLRQ LV UHTXLUHG WR SUHYHQW UHSHDWHG RU FRQWLQXRXV HWFKLQJ RSHUDWLRQV IURP
nOOLQJ WKH SODWLQJ FHOO ZLWK VXVSHQGHG JUDLQV RI PHWDO� 6XFK JUDLQV RI PHWDO
FDQ EHFRPH DWWDFKHG WR WKH SODWHG nOP RQ WKH FDWKRGH DQG VHYHUHO\ LPSDFW
VXUIDFH URXJKQHVV� ,W LV LQ SDUWLFXODU ZRUWK QRWLQJ WKDW ZKHUH DOWHUQDWLQJ
FXUUHQW LV XVHG WR HOHFWURSODWH LQ D FHOO ZLWK DQ LQVROXEOH DQRGH� LW ZRXOG EH
ZLVH QRW WR SODWH PHWDO RQ WKLV LQVROXEOH DQRGH GXULQJ WKH FDWKRGH HWFKLQJ
F\FOH EXW UDWKHU WR SURYLGH D VHFRQGDU\ FDWKRGH�

$���� ,QWHUUXSWHG &XUUHQW

'HSRVLWV FDQ VRPHWLPHV EH LPSURYHG E\ SODWLQJ ZLWK LQWHUUXSWHG '& FXU�
UHQW� :LWK GXW\ F\FOHV OHVV WKDQ ����� WKH SHDN FXUUHQW GHQVLW\ LQFUHDVHV
DERYH WKH DYHUDJH FXUUHQW GHQVLW\� +LJK FXUUHQW GHQVLWLHV IDYRU QXFOHDWLRQ
RI QHZ JUDLQV RYHU JURZWK RI H[LVWLQJ RQHV� :KHUH WKH VXUIDFH PRELOLW\ RI
DGDWRPV LV VXpFLHQWO\ ORZ� DQG WKH URRP�WHPSHUDWXUH UHFU\VWDOOL]DWLRQ VXI�
nFLHQWO\ VORZ� SODWLQJ DW ORZ GXW\ F\FOHV FDQ EH XVHG WR IRUP SDUWLFXODUO\
nQH JUDLQHG GHSRVLWV� 7KH SHULRG RI ]HUR FXUUHQW LWVHOI LPSURYHV WKH TXDOLW\
RI GHSRVLW LQ WKH FDVH RI QLFNHO SODWLQJ� 7KH GHSRVLWLRQ SRWHQWLDO RI QLFNHO
IURP FRPPRQ HOHFWURO\WHV LV KLJK� DQG VR WKH UDWH RI HOHFWURO\VLV RI ZDWHU
FRPSHWHV ZLWK WKH GHSRVLWLRQ RI QLFNHO� ,W KDV EHHQ IRXQG WKDW SHULRGLF
LQWHUUXSWLRQV RI WKH SODWLQJ FXUUHQW UHGXFH WKH HQWUDSPHQW RI K\GURJHQ LQ
SODWHG QLFNHO DQG DOVR UHGXFH WKH FRPSUHVVLYH VWUHVV LQ WKH GHSRVLW>��@�
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)LJXUH %��� 4XDUWHU ZDIHU R�ULQJ VHDOLQJ SODWLQJ n[WXUH� PRXQWLQJ EORFN�
:DIHU LV KHOG LQ SODFH� DQG HOHFWULFDO FRQWDFWV DUH PDGH ZLWK WZR RI WKH
VPDOOHU %H�&X VSULQJ nQJHU FRQWDFWV VWRFNHG E\ -� :KDOH\�

���



)LJXUH %��� 4XDUWHU ZDIHU R�ULQJ VHDOLQJ SODWLQJ n[WXUH� EROW ULQJ� ,QQHU
JURRYH DFFHSWV ����� VL]H R�ULQJ� ZKLOH RXWHU DFFSHWV VL]H �����

���



)LJXUH %��� )XOO ZDIHU R�ULQJ VHDOLQJ SODWLQJ n[WXUH� 1�%� WKDW UHFHVV GL�
PHQVLRQV KDYH WR EH LQFUHDVHG WR DFRPPRGDWH ���� PP GLDPHWHU ZDIHUV�

���



)LJXUH %���

���



)LJXUH %��� $ VLPSOH VXUJH GDPSHQHU XVHG WR UHGXFH WKH SUHVVXUH VXUJHV LQ
SODWLQJ VROXWLRQ FLUFXODWHG E\ D GLDSKUDJP SXPS� 7KH DLU FDYLWLHV RI WKLV
VLPSOH GHVLJQ WHQG WR nOO RYHU D SHULRG RI DERXW HLJKW KRXUV RI XVH�

���



)LJXUH %��� $ YDFXXP FKXFN n[WXUH IRU WKH ODSSLQJ RI IXOO ZDIHUV� 1�%�
WKDW D VWUDLJKW ERUH DQG PDWLQJ R�ULQJ nWWLQJ ZHUH XVHG LQ SODFH RI WKH SLSH
WKUHDG LQ WKH DFWXDO n[WXUH�

���



)LJXUH %��� 9DFXXP FKXFN WR KROG WKLQ SODWHG ZDIHU�

���



$SSHQGL[ &

3URFHVV 5HFLSH

&�� 6XPPDU\

6WHS 0DVN 6\VWHPV XVHG

(PLWWHUV (PLWWHU 6WHSSHU� (YDSRUDWRU
(PLWWHU (WFK 5,(��� 3(�,,$
%DVH &RQWDFW %&RQ 6WHSSHU� (YDSRUDWRU
6LQWHU 57$
0HVD ,VRODWLRQ 0HVD 6WHSSHU� 5,(��
3RO\LPLGH %OXH 0 RYHQ
3, HWFKEDFN 5,(��
3, SDWWHUQ 3,HWFK 6WHSSHU� 3(�,,$
5HVLVWRU 3URWHFW 5HV3UR 6WHSSHU� 3(�,,$� 3(&9'
5HVLVWRUV 5HVLVWRUV 3(&9'� 6WHSSHU� (YDSRUDWRU
0HWDO � 0� 6WHSSHU� (YDSRUDWRU
1LWULGH 'HS 3(&9'
1LWULGH 9LD 6L1 6WHSSHU� 5,(��
0HWDO � 0� 6WHSSHU� (YDSRUDWRU
$SSO\ %&% %OXH 0 RYHQ
%&% YLD HWFK %&% 6WHSSHU� (YDSRUDWRU� 5,(��
*URXQG 3ODQH 6SXWWHU� 3ODWLQJ )L[WXUHV
:D[ 0RXQWLQJ 9DFXXP ERQGHU� KRWSODWH
6XEVWUDWH (WFK (WFK %HQFK
&ROOHFWRU &RO 6WHSSHU� (YDSRUDWRU
5HFHVV (WFK

���



&�� (PLWWHU /LWKR

635 ��� &(0 3URFHVV

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZLWK \RXU KHDG XQGHU WKH KRRG�

�� 'HK\GUDWLRQ EDNH� � PLQXWHV RQ ���p& KRWSODWH

�� :DUQLQJ )RU IXOO ZDIHUV� \RX PXVW LQVWDOO RQH RI WKH oDW
VXUIDFH VSLQQHU FKXFNV� 7KHVH DUH WKH FKXFNV ZLWK WKH EDUH VWDLQ�
OHVV VWHHO VXUIDFH PDUNHG E\ D VSLUDO JURRYH DQG LQWHUVHFWLQJ UDGLDO
JURRYHV� 7KH �� R�ULQJ FKXFNV DSSO\ VLJQLnFDQW EHQGLQJ IRUFHV WR WKH
ZDIHU _ HQRXJK WR EUHDN ,,,�9 ZDIHUV� 8VH RXU SULYDWH FKXFN� RU VRDN
WKH SXEOLF FKXFN LQ 6KLSOH\ ?����� WR UHPRYH DQ\ 30*, UHVLGXH OHIW
E\ RWKHU XVHUV�

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ 635 ��� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW ��� NUSP IRU �� VHF�

�� 6RIW %DNH� ��p&� �� VHF� RQ KRWSODWH

�� VHW VSLQQHU WR �N530

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ $&(0 ����V ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

��� 6SLQ DW �N530 IRU ���� 'R 1RW %DNH�

���



& ([SRVXUH

�� 7KLV VWHS ZULWHV WKH DOLJQPHQW WDUJHWV IRU DOO VXEVHTXHQW VWHSV� $OLJQ
WKH PDVN WR WKH VWHSSHU SODWWHQ FDUHIXOO\� $OLJQ WKH HPLWWHUV SHUSHQ�
GLFXODU WR WKH ZDIHU PDMRU oDW� IRU PDVNV WR GDWH� WKLV KDV PHDQW
VHDWLQJ WKH ZDIHU PDMRU oDW DJDLQVW WKH SLQV RQ WKH VWHSSHU SDGGOH
FKXFN�

�� 8VH H[SRVXUH WLPH RI ���� RQ WKH VWHSSHU�

�� )RFXV� WRWDO IRFXV RI �� KDV ZRUNHG IRU PDQ\ PRQWKV� )RFXV DUUD\
RQ 0LFKHOOH
V ���� LQFK 6L ZDIHU FDQ DOVR EH XVHG� ,Q WKH ODWWHU FDVH�
XVH D WRWDO IRFXV RI 6L IRFXV b V\VWHP IRFXV ���� 7KH IUHH ���� LQFK
6L ZDIHUV DUH VRPHZKDW VXVSHFW WKRXJK� LQ WKDW WKHVH ZDIHUV DUH QHDU
WKH PLQLPXP DOORZDEOH WKLFNQHVV IRU WKH VWHSSHU�

�� )RU ODWHQW LPDJH IRFXV DUUD\V� XVH ���� H[SRVXUH�

' 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU � PLQ� �� VHF�

( 'HYHORSPHQW

�� ,PPHUVH LQ ', LQ 'HYHORS ', ULQVH EHDNHU IRU �� VHF�

�� ,PPHUVH LQ 0)��� GHYHORSSHU �70$+ GHYHORSSHU EHDNHU� IRU � PLQ
�� VHF�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1�

�� ,QVSHFW XQGHU PLFURVFRSH ZLWK \HOORZ nOWHU� ,I VRPH SKRWRUHVLVW UH�
PDLQV GHYHORS LQ VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH�
IRFXV DUUD\�

) 2[\JHQ 3ODVPD 'HVFXP RI 3KRWRUHVLVW

�� ���P7 RI 2�

�� SRZHU  ���: DW ORZ IUHTXHQF\

�� 5XQ IRU �� VHFRQGV

* 6XUIDFH 3UHSDUDWLRQ

�� 0L[ +&O R[LGH HWFK� 7R ���PO RI ', DGG ��PO +&O�

�� 'LS IRU �� VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�

���



+ 0HWDO (YDSRUDWLRQ

�� 0RXQW ZDIHU WR (�%HDP VDPSOH KROGHU� EHLQJ FDUHIXO WKDW WKH VDPSOH
KDQJV ZLWK LWV VXUIDFH SHUSHQGLFXODU WR WKH HYDSRUDWRU VRXUFH�

�� 0DNH VXUH WKH FU\VWDO PRQLWRU UHDGV � �� FKDQJH LI QHFHVVDU\�

�� 3XPS GRZQ WR DW OHDVW � d ��b� 7RUU�
�� 'HSRVLW PDWHULDO�

0DWHULDO 7KLFN 5DWH 9HUQLHU

7L ��� ��� ����
3W ��� ��� ����
$X ���� z�� ����
6L ��� � ����

, /LIWRm

�� 6XVSHQG LQ EHDNHU RI $&(� 6TXLUW ERWWOH VSUD\ PD\ EH XVHG WR SHHO
Rm PHWDO nOP�

�� ,I WKH OLIWRm LV VWXEERUQ� OHDYH WKH ZDIHU VRDNLQJ LQ $&( RYHUQLJKW�
%HFDXVH $&( HYDSRUDWHV TXLFNO\� VHDO WKH WRS RI WKH EHDNHU ZLWK IRLO�
'2 127 /(7 $&( '5< 21 :$)(5�

�� 2QO\ DV D ODVW UHVRUW� %HDNHU RI $&( LQ XOWUDVRQLF� 8OWUDVRQLF ZLOO
ZHDNHQ \RXU ZDIHU DQG LW PLJKW QRW VXUYLYH IXUWKHU SURFHVV VWHSV�

�� 5LQVH LQ 0(7+ WKHQ ,62 ZLWK VTXLUW ERWWOH�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�
�

- ,QVSHFW ,QVSHFW SDWWHUQ XQGHU PLFURVFRSH� 0HDVXUH PHWDO WKLFNQHVV RI
EURDG IHDWXUHV ZLWK 'HNWDN�

&�� (PLWWHU 0HVD (WFK

%DVH (PLWWHU (WFK

$ 6XUIDFH 3UHSDUDWLRQ

�� 3KRWRUHVLVW SODVPD GHVFXP� ��� P7RUU RI 2
�
� ORZ IUHTXHQF\� ��� :�

�� VHF�

�� 6XUIDFH GLS� GLOXWH 1+
�
2+ ������� �� VHF�

�� 5LQVH LQ ', IRU � PLQ DQG EORZ GU\�

���



% 'U\ (WFK

�� &OHDQ ERWK SODWHV� DQG VKLHOG RI 5,(� ZLWK ,62�VRDNHG ZLSHV�

�� 7XUQ ODVHU RQ QRZ WR OHW LW ZDUP XS�

�� 2
�
SODVPD FOHDQ� �� VFFP� ��� P7RUU� ���9 ELDV� �� PLQ�

�� 3UHFRDW FKDPEHU� �&+
�
 +

�
 $U� ������� VFFP� ��� P7RUU� ���9 ELDV�

�� PLQ��

�� /RDG ZDIHU� SUHVV GRZQ RQ FKDPEHU OLG DV \RX WXUQ RQ WKH URXJKLQJ
SXPS� $OLJQ ODVHU PRQLWRU� 3XPS GRZQ WR PLG ��b� 7RUU�

�� 6HW XS &KDUW UHFRUGHU� /RZ SDVV nOWHU WKH RXWSXW RI SRZHU PRQLWRU
ER[� XVLQJ H�J� WKH EOXH %1& ER[ IURP 5,( ��

�� (WFK� &+
�
 +

�
 $U� ������� VFFP� �� P7RUU� ��� 9 ELDV XQWLO VORSH

RI ODVHU PRQLWRU SORW FKDQJHV�

�� ,QFUHDVH SUHVVXUH WR ��� P7RUU�

�� &RQWLQXH WR HWFK XQWLO GHVLUHG VWRS SRLQW UHDFKHG �GHWHUPLQHG IURP
WKH ODVHU PRQLWRU RXWSXW SORW� � � cc7�

��� 5HPRYH SRO\PHU� �2
�
� �� VFFP� ��� P7RUU� ��� 9 ELDV IRU D TXDUWHU

RI HWFK WLPH��

& 6L 5HPRYDO

�� ��� P7RUU &)
�
� ORZ IUHTXHQF\� ��� :� �� VHF�

�� ,QVSHFW XQGHU PLFURVFRSH IRU UHPDLQLQJ 6L�

�� 5HSHDW LQ VWHSV RI �� VHF XQWLO DOO 6L LV JRQH�

�� 5HPRYH VDPSOHV� FOHDQ FKDPEHU IRU �� PLQXWHV ZLWK 2
�
� ORZ IUH�

TXHQF\� ��� :� ��� P7RUU�

�� 3ODVPD GHVFXP� ��� P7RUU RI 2
�
� ORZ IUHTXHQF\� ��� :� �� VHF�

' 6HOHFWLYH (WFK IRU ,Q$O$V �$�% HWFK�

�� 6XUIDFH GLS� GLOXWH 1+
�
2+ ������� �� VHF�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQ DQG EORZ GU\�

�� 0L[ VROXWLRQ % � +&O�+
�
2 �� ���� ��� P/ WRWDO LQ +&O EHDNHU� 8VH

+&O JUDGXDWHG F\OLQGHU�

�� 0L[ VROXWLRQ $ � +%U�$FHWLF DFLG �� ���� ��� P/ WRWDO LQ $�% EHDNHU�
8VH 6ROXWLRQ $ F\OLQGHU�

���



�� 0L[ VROXWLRQ $�% �� ���� VWLUULQJ DW ��� USP�

�� 6WRS VWLUULQJ� HWFK IRU �� VHF�

�� 5LQVH LQ ', IRU � PLQ DQG EORZ GU\�

( 1RQ�6HOHFWLYH (WFK

�� 0L[ HWFKDQW DV IROORZV� �� PO RI � 0 FLWULF DFLG LQ ��� PO ',� 0L[
ZHOO� $GG � PO K\GURJHQ SHUR[LGH� 0L[ ZHOO� $GG � PO SKRVSKRULF
DFLG� 0L[ ZHOO�

�� 6WLUULQJ DW ��� USP HWFK IRU �� VHF E\ VXVSHQGLQJ WKH ZDIHU YHUWLFDOO\
LQ D KROGHU�

�� 5LQVH LQ ', IRU � PLQ DQG EORZ GU\�

�� 3URFHHG GLUHFWO\ WR EDVH FRQWDFW OLWKRJUDSK\�

&�� %DVH &RQWDFWV

���� 3URFHVV

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZLWK \RXU KHDG XQGHU WKH KRRG�

�� 'HK\GUDWLRQ EDNH� � PLQXWHV RQ ���p& KRWSODWH

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ $= ���� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

���



�� 6SLQ DW � NUSP IRU �� VHF�

�� 6RIW %DNH� ��p&� �� VHF�

& ([SRVXUH

�� 8VH H[SRVXUH WLPH RI ���� VHFRQGV RQ WKH VWHSSHU�

�� $V RI 2FWREHU ����� 7RWDO IRFXV RI ��� LV IDLUO\ FRQVLVWHQWO\ WKH
UHVXOW RI ODWHQW LPDJH IRFXV DUUD\ WHVW RQ VWHSSHU�

�� )RU ODWHQW LPDJH IRFXV DUUD\V� XVH """" H[SRVXUH�

' 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU �� VHFRQGV�

( )ORRG ([SRVH ([SRVH WKH HQWLUH ZDIHU IRU �� VHFRQGV DW ���P: FP� RQ
.DUO 6XVV PDVN DOLJQHU� 0DNH VXUH WKDW L�OLQH nOWHU LV QRW LQ XVH�

) 'HYHORSPHQW

�� 0L[ $= ���. � ', �����

�� ,PPHUVH ZDIHU LQ GHYHORSSHU IRU �� VHFRQGV

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1�

�� ,QVSHFW XQGHU PLFURVFRSH� ,I VRPH SKRWRUHVLVW UHPDLQV GHYHORS LQ
VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH DUUD\� 0RUH WR WKH
SRLQW� LI \RX VHH WRR PXFK XQGHUFXW� WKHQ \RX QHHG PRUH �SDWWHUQHG�
H[SRVXUH�

* 2[\JHQ 3ODVPD 'HVFXP RI 3KRWRUHVLVW

�� ���P7 RI 2�

�� SRZHU  ���: DW ORZ IUHTXHQF\

�� 5XQ IRU �� VHFRQGV

+ 6XUIDFH 3UHSDUDWLRQ

�� 0L[ +&O R[LGH HWFK� +&O�', �����

�� 'LS IRU �� VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�

, 0HWDO (YDSRUDWLRQ

���



�� &KDUJH WKH VPDOO WXQJVWHQ F\OLQGHU ?ED]RRND� $X VRXUFH OHVV WKDQ
KDOI IXOO� 9HU\ OLWWOH $X LV GHSRVLWHG LQ WKLV VWHS� DQG DQ\ PHWDO OHIW
RYHU ZLOO WHQG WR FUDFN WKH F\OLQGHU DV LW FRQWUDFWV LQ FRROLQJ IURP WKH
PHOWLQJ SRLQW RI $X�

�� 0RXQW ZDIHU WR (�%HDP VDPSOH KROGHU�

�� 0DNH VXUH WKH FU\VWDO PRQLWRU UHDGV � �� FKDQJH LI QHFHVVDU\�

�� 3XPS GRZQ WR DW OHDVW ��b� 7RUU�

�� 'HSRVLW PDWHULDO�
0DWHULDO 7KLFN 5DWH 9HUQLHU

7L ��� ��� ����
3W ��� ��� ����
$X ��� z�� ����

- /LIWRm

�� 6XVSHQG LQ EHDNHU RI $&(� 6TXLUW ERWWOH VSUD\ PD\ EH XVHG WR SHHO
Rm PHWDO nOP�

�� ,I WKH OLIWRm LV VWXEERUQ� OHDYH WKH ZDIHU VRDNLQJ LQ $&( RYHUQLJKW�
%HFDXVH $&( HYDSRUDWHV TXLFNO\� VHDO WKH WRS RI WKH EHDNHU ZLWK IRLO�
'2 127 /(7 $&( '5< 21 :$)(5�

�� 2QO\ DV D ODVW UHVRUW� %HDNHU RI $&( LQ XOWUDVRQLF� 8OWUDVRQLF ZLOO
ZHDNHQ \RXU ZDIHU DQG LW PLJKW QRW VXUYLYH IXUWKHU SURFHVV VWHSV�

�� 5LQVH LQ 0(7+ WKHQ ,62 ZLWK VTXLUW ERWWOH�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�
�

. 6LQWHU

�� 5HPRYH H[WHUQDO� GXPP\ WKHUPRFRXSOH� DQG LQVWDOO LQWHUQDO WKHUPR�
FRXSOH DV QHFHVVDU\� &ODPS TXDUW] WXEH WR GRRU� 5HG OHDG JRHV WR
7& OHDG WKDW LV DWWUDFWHG WR PDJQHWV�

�� 5XQ 573 IURP FRPPDQG OLQH RI 3&� DV QHFHVVDU\� 3DVVZRUG LV
?%2%��

�� 8QGHU 5XQV� FKRRVH SURJUDP ?�����
 �

�� :DLW WLOO WHPSHUDWXUH GURSV EDFN GRZQ WR ���p& EHIRUH XQORDGLQJ
\RXU ZDIHU�

���



&�� 0HVD ,VRODWLRQ

&KORULQH 5,(

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZKLOH \RXU KHDG LV XQGHU WKH KRRG�

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ 635 ��� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW � N530 IRU �� VHF�

�� 6RIW %DNH� ��p&� �� VHF� RQ KRWSODWH

& ([SRVXUH

�� 8VH H[SRVXUH WLPH RI ���� RQ WKH VWHSSHU�

�� )RU ODWHQW LPDJH IRFXV DUUD\V� XVH """" H[SRVXUH�

' 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU �� VHFRQGV�

( 'HYHORSPHQW

�� ,PPHUVH LQ 0)��� GHYHORSSHU �70$+ GHYHORSSHU EHDNHU� IRU ��
VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1�

���



�� ,QVSHFW XQGHU PLFURVFRSH ZLWK \HOORZ nOWHU� ,I VRPH SKRWRUHVLVW UH�
PDLQV GHYHORS LQ VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH
DUUD\�

) 3RVW ([SRVXUH

�� 'R 1RW )RUJHW 7KLV 6WHS )ORRG H[SRVH � PLQXWHV XQGHU .DUO 6XVV�
���P: FP��

�� 2
�
SODVPD GHVFXP ���P7 ���: �� VHFRQGV�

* +DUGEDNH �� PLQXWHV LQ ���p& RYHQ LQ 3HWUL GLVK ZLWKRXW FRYHU�

+ 3UH�FOHDQ 5,( �

�� 6HOHFW D �� 6L ZDIHU� 6FUXE ZLWK LVR�ZHW VZDEV�

�� /RDG ZDIHU� WUDQVIHU LQWR FKDPEHU RI 5,( ��

�� 5XQ WKH ?/HH*DQ� &O
�
FOHDQ SURJUDP�

�� 8QORDG 6L FDUULHU ZDIHU� ZDWFKLQJ VSRW RQ ODVHU PRQLWRU WR LGHQWLI\
WKH VSXULRXV ZLQGRZ UHoHFWLRQ�

, &KORULQH (WFK

�� 3ODFH \RXU ZDIHU RQ SUHFOHDQHG �� 6L ZDIHU� DQG ORDG V\VWHP�

�� 3XPS GRZQ WR ���d ��b� 7RUU
�� 6HW XS ODVHU PRQLWRU� &KDUW UHFRUGHU VFDOHV RI{ ���P9 DQG �PLQ FP�
�� (WFK XQGHU 0DQXDO FRQWURO�

�� &O
�
oRZ  ����VFFP

�� FKDPEHU SUHVVXUH ��� P7RUU

�� 3RZHU  ��� : �WKLV LV ZKDW LV FRQWUROOHG�� 9ROWDJH LV XVXDOO\ �������
9

�� (WFK �� VHFRQGV LQWR WKH ,Q$O$V EXmHU� 8VXDOO\ VL[ PLQXWHV �� VHF�
RQGV WRWDO IRU ���QP FROOHFWRU� � � ZDIHU�

- 6WULS 5HVLVW

�� ,PPHUVH ZDIHU LQ GHYHORSSHU IRU � PLQXWHV�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQXWHV�

�� %ORZ GU\ ZLWK 1
�
JXQ�

. 8QGHU�FKDUDFWHUL]HG ?RSWLRQDO� $VK 6WHS

���



�� 2
�
SODVPD SKRWRUHVLVW DVK LQ 7HFKQLF� ���P7� ���:� �� VHFRQGV

�� ,QVSHFW DQG UHPHGLDWH� ,QVSHFW XQGHU RSWLFDO PLFURVFRSH� DQG VXEMHFW
ZDIHU WR IXUWKHU 2

�
DVKLQJ DV LQGLFDWHG

&�� 3RO\LPLGH SODQDUL]DWLRQ

3RO\LPLGH 3URFHVV

$ :DUP 3RO\LPLGH 7DNH RXU SRO\LPLGH� 'XSRQW 3\UDOLQ 3,����� RXW RI
WKH UHVLVW UHIULJHUDWRU�

% 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

& 0L[ $GKHVLRQ SURPRWHU ([SODQDWLRQ $PLQR�VLODQH DGKHVLRQ SURPRW�
HUV LQ ZHDN VROXWLRQV DUH VDLG WR EH SURQH WR SRO\PHUL]DWLRQ _ FUHDWLQJ
SDUWLFOHV� <RX PXVW PL[ WKH DGKHVLRQ SURPRWHU IUHVK HYHU\ WLPH�

�� $GG �P/ RI 90���� DGKHVLRQ SURPRWHU ZLWK D GLVSRVDEOH SLSHWWH WR
���P/ RI ',� 6WLU ZLWK DQG WKHQ GLVFDUG WKH SLSHWWH�

�� 3RO\LPLGH $SSOLFDWLRQ

�� 'HK\GUDWLRQ EDNH� � PLQXWHV RQ ���p& KRWSODWH

�� &KXFN ZDIHU RQ VSLQQHU�

�� %ORZ Rm ZLWK 1
�
JXQ�

�� $SSO\ DGKHVLRQ SURPRWHU PL[WXUH ZLWK D SLSHWWH WR FRYHU WKH ZDIHU�

�� :DLW IRU �� VHFRQGV�

���



�� 6SLQ DW �N530 IRU �� VHFRQGV�

�� %ORZ Rm ZLWK 1
�
JXQ�

��� %DNH IRU � PLQXWHV RQ KRWSODWH DW ���p&�

��� &KXFN ZDIHU RQ VSLQQHU�

��� %ORZ Rm ZLWK 1
�
JXQ�

��� $SSO\ 3\UDOLQ 3, ���� SRO\LPLGH WR FRYHU ZDIHU ZLWK V\ULQJH DQG
�xP nOWHU�

��� 6SLQ DW ��� N530 IRU �� VHFRQGV�

��� /LQH ERWWRP RI 3HWUL GLVK ZLWK DOXPLQXP IRLO� WKHQ UHWXUQ ZDIHU WR
WKH GLVK�

��� %DNH SRO\LPLGH LQ WKH %OXH 0 RYHQ LQ SHWUL GLVK ZLWKRXW FRYHU� 7XUQ
1
�
oRZ XS WR ���VFIK RQ URWDPHWHU EHVLGH RYHQ� 5XQ SURJUDP ��

�D� ��p& IRU �� PLQ�

�E� UDPS WR ���p& RYHU �� PLQ�

�F� KROG DW ���p& IRU �� PLQ�

�G� UDPS WR ���p& RYHU �� PLQ�

�H� KROG DW ���p& IRU �� PLQ

�I� FRRO GRZQ QDWXUDOO\� :DLW XQWLO WHPSHUDWXUH UHDFKHV ���p&�

' 3KRWRUHVLVW $SSOLFDWLRQ

�� &RRO GRZQ DW OHDVW � PLQ�

�� &KXFN ZDIHU RQ VSLQQHU ZLWK YDFXXP� EORZ ZLWK 1�

�� $SSO\ $= 3�����56 ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW � NUSP IRU �� VHF�

�� 6RIW %DNH� ��p&� �� PLQ� LQ SHWUL GLVK ZLWKRXW FRYHU

( +DUGEDNH

�� +DUGEDNH SKRWRUHVLVW DW ���p& IRU �� PLQ

) 2
�
5�,�(� (WFK

�� /RDG V\VWHP DFFRUGLQJ WR LQVWUXFWLRQV� )RXU VPDOO GRWV RI PXQJ�
VSUHDG WKLQ ZLWK VZDEV VKRXOG VXpFH WR KROG D IXOO �� ZDIHU� 6HW ZDIHU
GRZQ RQ WKHVH VSRWV� DQG JHQWO\ SUHVV LW GRZQ E\ LWV HGJHV� PRYLQJ
DURXQG WKH ZDIHU ZLWK SODVWLF WZHH]HUV RU VZDE KDQGOH� &KHFN LWV
DGKHVLRQ E\ SXVKLQJ RQ LWV HGJH �L�H� WU\LQJ WR VKHDU WKH ZDIHU ZLWK
UHVSHFW WR &DWKRGH��

���



�� 3XPS GRZQ WR DW OHDVW �d ��b� 7RUU
�� 6HW XS ODVHU PRQLWRU�

�D� WKH UHoHFWLRQ IURP VDPSOH� DV RSSRVHG WR WKRVH IURP YDULRXV
ZLQGRZ VXUIDFHV� LV JHQHUDOO\ WKH RQH FORVHVW WR JRZQLQJ URRP�
5HoHFWLRQV Rm WKH ZLQGRZV DUH YLVLEO\ GRXEOH VSRWV�

�E� 6HW XS FKDUW UHFRUGHU IRU � KRXU DQG { �9 IXOO VFDOH

�� 7XUQ Rm ,RQ *DXJH

�� 7XUQ RQ FKLOOHU DQG FLUFXODWRU�

�� (WFK &RQGLWLRQV�

�D� 2
�
oRZ UDWH ��� VFFP

�E� FKDPEHU SUHVVXUH ��P7

�F� 3  ��: �WKLV LV ZKDW LV FRQWUROOHG�

�G� 9ROWDJH ���9 _ 9ROWDJH DQG SUHVVXUH GHWHUPLQH HWFK FKDUDFWHU�
LVWLFV

�� (WFK IRU ���� F\FOHV

�� 5HPRYH PXQJ� ,I KROGLQJ ZDIHU LQ KDQG� XVH WLJKW ODWH[ ?VROYHQW�
JORYHV�

�� (PLWWHUV VKRXOG EH H[SRVHG DW WKLV VWDJH� &KHFN RQ 'HNWDN�

��� � UHPHGLDO DFWLRQ�

�D� &OHDQ Rm PXQJ�

�E� 3ODVPD HWFK LQ VWHSV RI � PLQXWHV�

�F� ���P7 RI 2
�
� ���: DW ORZ IUHTXHQF\�

* 3, SDWWHUQLQJ

+ 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZKLOH \RXU KHDG LV XQGHU WKH KRRG�

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ 635 ��� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW � N530 IRU �� VHF�

�� 6RIW %DNH� ��p&� �� VHF� RQ KRWSODWH

, ([SRVXUH

�� 8VH H[SRVXUH WLPH RI ���� RQ WKH VWHSSHU� 7RWDO IRFXV RI ��bV\VWHP�
'R QRW XVH ')$6 DW WKLV VWDJH�

���



�� )RU ODWHQW LPDJH IRFXV DUUD\V� XVH """" H[SRVXUH�

- 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU �� VHFRQGV�

. 'HYHORSPHQW

�� ,PPHUVH LQ 0)��� GHYHORSSHU �70$+ GHYHORSSHU EHDNHU� IRU ��
VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1�

�� ,QVSHFW XQGHU PLFURVFRSH ZLWK \HOORZ nOWHU� ,I VRPH SKRWRUHVLVW UH�
PDLQV GHYHORS LQ VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH
DUUD\�

/ 3RVW ([SRVXUH 'R 1RW )RUJHW 7KLV 6WHS )ORRG H[SRVH � PLQXWHV
XQGHU .DUO 6XVV� ���P: FP��

0 +DUGEDNH �� PLQXWHV LQ ���p& RYHQ LQ 3HWUL GLVK ZLWKRXW FRYHU�

1 3ODVPD (WFK

�� ORDG ZDIHU LQ 7HFKQLFV 3( ,,$

�� (WFK ���P7 2
�
���: �� PLQXWHV

2 6WULS 5HVLVW

�� ,PPHUVH ZDIHU LQ 0) ��� GHYHORSSHU IRU � PLQXWHV�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQXWHV�

�� %ORZ GU\ ZLWK 1
�
JXQ�

&�� 5HVLVWRUV

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

���



�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3RO\LPLGH 5HoRZ %DNH %DNH ZDIHU RQ ���p& KRWSODWH IRU �� PLQXWHV�
:KHUH WKH UHVLVWRU SDWWHUQLQJ IROORZV SRO\LPLGH SDWWHUQLQJ GLUHFWO\� WKH
GHK\GUDWLRQ EDNH IRU WKH UHVLVWRU SDWWHUQLQJ VWHS DQG WKH EDNH WR UHoRZ
WKH SRO\LPLGH DUH FRPELQHG�

& 'HSRVLW 8QGHUOD\HU RI 6L2
�

�� 5XQ ��FOQ6L2 SURJUDP RQ 3(&9'�

�� 0L[ +&O VXUIDFH GLS� 7R ��� P/ RI ', DGG �� P/ RI +&O�

�� 'LS ZDIHU LQ +&O VROXWLRQ IRU �� VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQXWHV�

�� %ORZ GU\ ZLWK 1
�
�

�� /RDG ZDIHU LQ 3(&9' DQG SXPS WR ORZ YDFXXP�

�� 'HSRVLW nUVW OD\HU RI 6L2
�
ZLWK 6L2�� SURJUDP�

�� ,PPHUVH ZDIHU LQ ,62 IRU RQH PLQXWH DW VROYHQW EHQFK� 6TXLUW ZLWK
LVR�

�� %ORZ GU\ ZLWK 1
�
�

��� /RDG ZDIHU LQ 3(&9' DJDLQ� DQG GHSRVLW UHPDLQGHU RI R[LGH nOP
ZLWK 6L2�� SURJUDP�

' 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZLWK \RXU KHDG XQGHU WKH KRRG�

�� 2[LGH FRDWHG ZDIHU PXVW EH SULPHG ZLWK +0'6�

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�
�

�� $SSO\ 635 ���$ ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW � N530 IRU �� VHF�

�� 6RIW %DNH� ��p&� �� VHF�

( ([SRVXUH

�� ([SRVH ZLWK 5(6352 PDVN SODWH IRU ��� VHFRQGV ZLWK IRFXV RmVHW RI
���

���



�� 3RVW H[SRVXUH EDNH� ���p & IRU �� VHFRQGV�

�� 'HYHORS �� VHF� LQ 0)��� �70$+ GHYHORSHU EHDNHU��

�� 5LQVH � PLQXWHV LQ UXQQLQJ ',�

�� %ORZ GU\ ZLWK 1
�
�

�� 2[\JHQ SODVPD GHVFXP �� VHFRQGV RQ 3(�,,$

�� +DUGEDNH� �� PLQXWHV LQ ���p & RYHQ�

�� 0L[ R[LGH HWFKDQW PL[ EXmHUHG +)�',������

�� (WFK R[LGH IRU ��� PLQXWHV

��� 5LQVH LQ UXQQLQJ ', IRU � PLQXWHV�

��� %ORZ GU\ ZLWK 1
�
�

��� ,QVSHFW IRU DQ\ UHPDLQLQJ R[LGH�

��� 6WULS UHVLVW ZLWK DFHWRQH LQ OLIW�Rm EHDNHU�

��� 2[\JHQ SODVPD GHVFXP �� VHFRQGV LQ 3(�,,$�

) 6SLQ &OHDQ

�� $SSO\ YDFXXP WR KROG ZDIHU WR VSLQQHU FKXFN�

�� 3UHSDUH \RXUVHOI ZLWK D ZDVK ERWWOH RI DFHWRQH DQG D ZDVK ERWWOH RI
LVRSURSDQRO�

�� 6HW WKH VSLQQHU VSHHG DQG WLPH IRU WKH IROORZLQJ DSSOLFDWLRQ VWHS�

�� VWDUW WKH VSLQQHU� DQG LUULJDWH WKH VSLQQLQJ ZDIHU ZLWK DFHWRQH� WKHQ
LVR� DFHWRQH DJDLQ� DQG D nQDO LVR ULQVH� QRW OHWWLQJ WKH ZDIHU GU\ LQ
EHWZHHQ VROYHQWV� 1R GHK\GUDWLRQ EDNH LV UHTXLUHG�

* 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZLWK \RXU KHDG XQGHU WKH KRRG�

+ 3KRWRUHVLVW $SSOLFDWLRQ

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ $= ���� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW � NUSP IRU �� VHF�

�� 6RIW %DNH� ��p&� �� VHF�

, ([SRVXUH

�� 8VH H[SRVXUH WLPH RI ���� VHFRQGV RQ WKH VWHSSHU�

���



�� $V RI 2FWREHU ����� 7RWDO IRFXV RI ��� LV IDLUO\ FRQVLVWHQWO\ WKH
UHVXOW RI ODWHQW LPDJH IRFXV DUUD\ WHVW RQ VWHSSHU�

�� )RU ODWHQW LPDJH IRFXV DUUD\V� XVH """" H[SRVXUH�

- 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU �� VHFRQGV�

. )ORRG ([SRVH ([SRVH WKH HQWLUH ZDIHU IRU �� VHFRQGV DW ���P: FP� RQ
.DUO 6XVV PDVN DOLJQHU� 0DNH VXUH WKDW L�OLQH nOWHU LV QRW LQ XVH�

/ 'HYHORSPHQW

�� 0L[ $= ���. � ', �����

�� ,PPHUVH ZDIHU LQ GHYHORSHU IRU �� VHFRQGV

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1�

�� ,QVSHFW XQGHU PLFURVFRSH� ,I VRPH SKRWRUHVLVW UHPDLQV GHYHORS LQ
VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH DUUD\�

0 2[\JHQ 3ODVPD 'HVFXP RI 3KRWRUHVLVW

�� ���P7 RI 2�

�� SRZHU  ���: DW ORZ IUHTXHQF\

�� 5XQ IRU �� VHFRQGV

1 6XUIDFH 3UHSDUDWLRQ

�� 0L[ +&O R[LGH HWFK� +&O�', �����

�� 'LS IRU �� VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�

2 0HWDO (YDSRUDWLRQ &DYHDW� WKHUH LV HYLGHQFH WR VXJJHVW WKDW HYDSR�
UDWHG 6L LV LQHmHFWLYH DV D VWLFNLQJ OD\HU� ,I \RX DUH JRLQJ WR UHO\ RQ 6L
WR SHUIRUP WKLV IXQFWLRQ� EH FDUHIXO WR SURFHHG TXLFNO\ IURP WKH VXUIDFH
SUHSDUDWLRQ GLS WR HYDFXDWLQJ WKH HYDSRUDWRU� 1�%� WKDW HmHFWLYH VKHHW
UHVLVWDQFH RI 1L&U RQ 3(&9' R[LGH KDV WR EH FKDUDFWHUL]HG� ,Q
WKH SDVW� YHU\ KLJK DSSDUHQW UHVLVWLYLWLHV KDYH EHHQ VHHQ _ SRV�
VLEO\ GXH WR URXJKQHVV RI WKH R[LGH nOP�

�� 0RXQW ZDIHU WR (�%HDP VDPSOH KROGHU�

���



�� 0DNH VXUH WKH FU\VWDO PRQLWRU UHDGV � ��� FKDQJH LI QHFHVVDU\�

�� 3XPS GRZQ WR DW OHDVW � d ��b� 7RUU�
�� 'HSRVLW PDWHULDO�

0DWHULDO 7KLFN 5DWH 9HUQLHU

1L&U ��� � ����

3 /LIWRm

�� 6XVSHQG LQ EHDNHU RI $&(� 6TXLUW ERWWOH VSUD\ PD\ EH XVHG WR SHHO
Rm PHWDO nOP�

�� ,I WKH OLIWRm LV VWXEERUQ� OHDYH WKH ZDIHU VRDNLQJ LQ $&( RYHUQLJKW�
%HFDXVH $&( HYDSRUDWHV TXLFNO\� VHDO WKH WRS RI WKH EHDNHU ZLWK IRLO�
'2 127 /(7 $&( '5< 21 :$)(5�

�� 2QO\ DV D ODVW UHVRUW� %HDNHU RI $&( LQ XOWUDVRQLF� 8OWUDVRQLF ZLOO
ZHDNHQ \RXU ZDIHU DQG LW PLJKW QRW VXUYLYH IXUWKHU SURFHVV VWHSV�

�� 5LQVH LQ 0(7+ WKHQ ,62 ZLWK VTXLUW ERWWOH�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�
�

&�� 0HWDO �

7KLFN ���� 3URFHVV

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

���



% 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZLWK \RXU KHDG XQGHU WKH KRRG�

�� 'HK\GUDWLRQ EDNH� � PLQXWHV RQ ���p& KRWSODWH

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ $= ���� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW � NUSP IRU �� VHF�

�� 6RIW %DNH� ��p&� � PLQXWHV�

& ([SRVXUH

�� 8VH H[SRVXUH WLPH RI ���� VHFRQGV RQ WKH VWHSSHU�

�� $V RI 2FWREHU ����� 7RWDO IRFXV RI ��� LV IDLUO\ FRQVLVWHQWO\ WKH
UHVXOW RI ODWHQW LPDJH IRFXV DUUD\ WHVW RQ VWHSSHU�

�� )RU ODWHQW LPDJH IRFXV DUUD\V� XVH """" H[SRVXUH�

' 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU � PLQXWHV�

( )ORRG ([SRVH ([SRVH WKH HQWLUH ZDIHU IRU �� VHFRQGV DW ���P: FP� RQ
.DUO 6XVV PDVN DOLJQHU� 0DNH VXUH WKDW L�OLQH nOWHU LV QRW LQ XVH�

) 'HYHORSPHQW

�� 0L[ $= ���. � ', �����

�� ,PPHUVH ZDIHU LQ GHYHORSSHU IRU �� VHFRQGV

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1�

�� ,QVSHFW XQGHU PLFURVFRSH� ,I VRPH SKRWRUHVLVW UHPDLQV GHYHORS LQ
VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH DUUD\�

* 2[\JHQ 3ODVPD 'HVFXP RI 3KRWRUHVLVW

�� ���P7 RI 2�

�� SRZHU  ���: DW ORZ IUHTXHQF\

�� 5XQ IRU �� VHFRQGV

+ 6XUIDFH 3UHSDUDWLRQ

�� 0L[ +&O R[LGH HWFK� +&O�', �����

�� 'LS IRU �� VHFRQGV�

���



�� 5LQVH LQ UXQQLQJ ', IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�

, 0HWDO (YDSRUDWLRQ

�� 0RXQW ZDIHU WR URWDWLQJ (�%HDP VDPSOH KROGHU� :H KDYH D VSHFLDO
PRXQWLQJ GLVN IRU IXOO ZDIHUV�

�� $GMXVW ERRP LQ LWV FODPS WR \LHOG DQJOH RI { ��p WR KRUL]RQWDO� DQG
YHULI\ WKDW SRZHU VXSSO\ FRQQHFWLRQV URWDWH PRWRU FRUUHFWO\�

�� 0DNH VXUH WKH FU\VWDO PRQLWRU UHDGV � �� FKDQJH LI QHFHVVDU\�

�� 3XPS GRZQ WR DW OHDVW � d ��b� 7RUU�
�� 'HSRVLW PDWHULDO�>WKLFNQHVVHV :57 WRROLQJ IDFWRU RI ���@

0DWHULDO 7KLFN� 5DWH 9HUQLHU

7L ��� ��� ����
$X ���� �� ����
7L ��� ��� ����

- /LIWRm

�� 6XVSHQG LQ EHDNHU RI $&(� 6TXLUW ERWWOH VSUD\ PD\ EH XVHG WR SHHO
Rm PHWDO nOP�

�� ,I WKH OLIWRm LV VWXEERUQ� OHDYH WKH ZDIHU VRDNLQJ LQ $&( RYHUQLJKW�
%HFDXVH $&( HYDSRUDWHV TXLFNO\� VHDO WKH WRS RI WKH EHDNHU ZLWK IRLO�
'2 127 /(7 $&( '5< 21 :$)(5�

�� 2QO\ DV D ODVW UHVRUW� %HDNHU RI $&( LQ XOWUDVRQLF� 8OWUDVRQLF ZLOO
ZHDNHQ \RXU ZDIHU DQG LW PLJKW QRW VXUYLYH IXUWKHU SURFHVV VWHSV�

�� 5LQVH LQ 0(7+ WKHQ ,62 ZLWK VTXLUW ERWWOH�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�
�

&�� 6L1 &DSDFLWRUV

6L1 'HSRVLWLRQ DQG 3DWWHUQ &OHDQ D ZLWQHVV ZDIHU _ H�J� TXDUWHU
RI *D$V PRQLWRU ZDIHU _ WR WUDFN WKH QLWULGH GHSRVLWLRQ UDWH�

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�

���



6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3(&9' 6L1 'HSRVLWLRQ 6SOLW WKH GHVLUHG WKLFNQHVV RI 6L1 LQWR WZR
GHSRVLWLRQ VWHSV� 5LQVLQJ DQG VTXLUWLQJ WKH ZDIHU ZLWK ,62 LQ EHWZHHQ
GHSRVLWLRQV LV UHSXWHG WR UHGXFH WKH GHQVLW\ RI IXOO WKLFNQHV SLQ�KROHV� $OVR�
SLQ�KROHV LQ WKH VHFRQG OD\HU ZLOO KRSHIXOO\ QRW EH FRUUHODWHG WR WKRVH LQ
WKH nUVW OD\HU�

�� 6FUXE WKH 3(&9' FKDPEHU ZLWK ,VR ZHW ZLSHV� 7KLV KDV LQ WKH SDVW
EHHQ GRQH ZKLOH WKH SODWWHQ LV DW ���p&� ZHDULQJ VROYHQW JORYHV DQG
QRW OLQJHULQJ�

�� 3ODVPD FOHDQLQJ� 5XQ ��&OQ6L1 SURJUDP�

�� 'HSRVLW nUVW SRUWLRQ RI 6L1 RQ ZDIHU DQG ZLWQHVV�

�� ,PPHUVH ZDIHU LQ ,62 IRU RQH PLQXWH� 6TXLUW ZLWK LVR�

�� %ORZ GU\ ZLWK 1
�
�

�� /RDG ZDIHU LQ 3(&9' DJDLQ� DQG SXPS WR ORZ YDFXXP� 0HDVXUH
WKLFNQHVV RI QLWULGH nOP RQ ZLWQHVV ZDIHU� DQG DGMXVW VHFRQG GHSRVL�
WLRQ OHQJWK WR DFKLHYH GHVLUHG nQDO WKLFNQHVV�

�� 'HSRVLW VHFRQG SRUWLRQ RI 6L1�

& 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZKLOH \RXU KHDG LV XQGHU WKH KRRG�

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ 635 ��� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW � N530 IRU �� VHF�

�� 6RIW %DNH� ��p&� �� VHF� RQ KRWSODWH

' ([SRVXUH

���



�� 8VH H[SRVXUH WLPH RI ���� RQ WKH VWHSSHU�

�� )RU ODWHQW LPDJH IRFXV DUUD\V� XVH """" H[SRVXUH�

( 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU �� VHFRQGV�

) 'HYHORSPHQW

�� ,PPHUVH LQ 0)��� GHYHORSSHU �70$+ GHYHORSSHU EHDNHU� IRU ��
VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1�

�� ,QVSHFW XQGHU PLFURVFRSH ZLWK \HOORZ nOWHU� ,I VRPH SKRWRUHVLVW UH�
PDLQV GHYHORS LQ VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH
DUUD\�

* 3KRWRUHVLVW 'HVFXP

�� $VK LQ 3(�,,$

�� ��� P7RUU 2
�
���:� �� VHFRQGV

+ 3RVW ([SRVXUH 'R 1RW )RUJHW 7KLV 6WHS )ORRG H[SRVH � PLQXWHV
XQGHU .DUO 6XVV� ���P: FP��

, +DUGEDNH �� PLQXWHV LQ ���p& RYHQ LQ 3HWUL GLVK ZLWKRXW FRYHU�

- 3UH�FOHDQ 5,( �

�� 9HQW V\VWHP� 6FUXE ERWK HOHFWURGHV DQG WKH JODVV F\OLQGHU ZLWK ,62
ZHW ZLSHV�

�� &OHDQ FKDPEHU ZLWK �� PLQXWH 2
�
HWFK�

�D� ���� VFFP 2
�

�E� �� P7RUU FKDPEHU SUHVVXUH

�F� 6HW 5) VXSSO\ IRU FRQVWDQW YROWDJH RI ���9�

�� (WFK WKH 1LWULGH�

�D� ��� VFFP 6)
�
��� VFFP 2

�
���� VFFP $U

�E� &KDPEHU SUHVVXUH  �� P7RUU

�F� &RQVWDQW YROWDJH RI ���9�

�G� (WFK IRU � PLQXWHV�

�� ,QVSHFW XQGHU PLFURVFRSH� 7KLV HWFK DOVR UHPRYHV WKH 7L OD\HU IURP
WKH WRS RI PHWDO ��

���



. 6WULS 5HVLVW

�� ,PPHUVH ZDIHU LQ DFHWRQH LQ D OLIWRm EHDNHU IRU � PLQXWHV�

�� 5LQVH ZLWK PHWKDQRO DQG LVRSURSDQRO ZDVK ERWWOHV� FROOHFWLQJ WKH
VROYHQWV LQ ODUJH oDW EHDNHU�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQXWHV�

�� %ORZ GU\ ZLWK 1
�
JXQ�

�� $VK LQ 3(�,,$

�� ��� P7RUU 2
�
���:� �� VHFRQGV

&��� 0HWDO �

7KLFN ���� 3URFHVV

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZLWK \RXU KHDG XQGHU WKH KRRG�

�� 'HK\GUDWLRQ EDNH� � PLQXWHV RQ ���p& KRWSODWH

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ $= ���� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW � NUSP IRU �� VHF�

�� 6RIW %DNH� ��p&� � PLQXWHV�

& ([SRVXUH

���



�� 8VH H[SRVXUH WLPH RI ���� VHFRQGV RQ WKH VWHSSHU�

�� $V RI 2FWREHU ����� 7RWDO IRFXV RI ��� LV IDLUO\ FRQVLVWHQWO\ WKH
UHVXOW RI ODWHQW LPDJH IRFXV DUUD\ WHVW RQ VWHSSHU�

�� )RU ODWHQW LPDJH IRFXV DUUD\V� XVH """" H[SRVXUH�

' 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU � PLQXWHV�

( )ORRG ([SRVH ([SRVH WKH HQWLUH ZDIHU IRU �� VHFRQGV DW ���P: FP� RQ
.DUO 6XVV PDVN DOLJQHU� 0DNH VXUH WKDW L�OLQH nOWHU LV QRW LQ XVH�

) 'HYHORSPHQW

�� 0L[ $= ���. � ', �����

�� ,PPHUVH ZDIHU LQ GHYHORSSHU IRU �� VHFRQGV

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1�

�� ,QVSHFW XQGHU PLFURVFRSH� ,I VRPH SKRWRUHVLVW UHPDLQV GHYHORS LQ
VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH DUUD\�

* 2[\JHQ 3ODVPD 'HVFXP RI 3KRWRUHVLVW

�� ���P7 RI 2�

�� SRZHU  ���: DW ORZ IUHTXHQF\

�� 5XQ IRU �� VHFRQGV

+ 6XUIDFH 3UHSDUDWLRQ

�� 0L[ +&O R[LGH HWFK� +&O�', �����

�� 'LS IRU �� VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�

, 0HWDO (YDSRUDWLRQ

�� 0RXQW ZDIHU WR URWDWLQJ (�%HDP VDPSOH KROGHU� :H KDYH D VSHFLDO
PRXQWLQJ GLVN IRU IXOO ZDIHUV�

�� $GMXVW ERRP LQ LWV FODPS WR \LHOG DQJOH RI { ��p WR KRUL]RQWDO� DQG
YHULI\ WKDW SRZHU VXSSO\ FRQQHFWLRQV URWDWH PRWRU FRUUHFWO\�

�� 0DNH VXUH WKH FU\VWDO PRQLWRU UHDGV � �� FKDQJH LI QHFHVVDU\�

���



�� 3XPS GRZQ WR DW OHDVW � d ��b� 7RUU�
�� 'HSRVLW PDWHULDO�>WKLFNQHVVHV :57 WRROLQJ IDFWRU RI ���@

0DWHULDO 7KLFN� 5DWH 9HUQLHU

7L ��� ��� ����
$X ���� �� ����
7L ��� ��� ����

- /LIWRm

�� 6XVSHQG LQ EHDNHU RI $&(� 6TXLUW ERWWOH VSUD\ PD\ EH XVHG WR SHHO
Rm PHWDO nOP�

�� ,I WKH OLIWRm LV VWXEERUQ� OHDYH WKH ZDIHU VRDNLQJ LQ $&( RYHUQLJKW�
%HFDXVH $&( HYDSRUDWHV TXLFNO\� VHDO WKH WRS RI WKH EHDNHU ZLWK IRLO�
'2 127 /(7 $&( '5< 21 :$)(5�

�� 2QO\ DV D ODVW UHVRUW� %HDNHU RI $&( LQ XOWUDVRQLF� 8OWUDVRQLF ZLOO
ZHDNHQ \RXU ZDIHU DQG LW PLJKW QRW VXUYLYH IXUWKHU SURFHVV VWHSV�

�� 5LQVH LQ 0(7+ WKHQ ,62 ZLWK VTXLUW ERWWOH�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�
�

&��� %&% SODQDUL]DWLRQ

7KLQ %&% 3URFHVV

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

���



% $GKHVLRQ 3URPRWHU

�� 'HK\GUDWLRQ EDNH� � PLQXWHV RQ ���p& KRWSODWH

�� &KXFN ZDIHU RQ VSLQQHU ZLWK YDFXXP

�� 3OD\ RYHU ZDIHU ZLWK 1
�
JXQ�

�� $SSO\ DGKHVLRQ SURPRWHU $3���� WR FRYHU ZDIHU�

�� 6SLQ DW �NUSP IRU �� VHFRQGV

�� :DLW IRU � PLQXWH

�� 3OD\ RYHU ZDIHU ZLWK 1
�
JXQ�

& %&% $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH FDVWLQJ VROYHQW IRU &\FORWHQH %&%
LV IDLUO\ QR[LRXV� 0RUH LPSRUWDQWO\� WKH SKRWRUHVLVW FDVWLQJ VROYHQWV SUHVHQW
DW WKH VSLQQHU EHQFK DUH YHU\ KDUPIXO� 1HYHU LQKDOH ZLWK \RXU KHDG XQGHU
WKH KRRG�
1�%� 6\ULQJHV ZLWK EODFN ?UXEEHU� SOXQJHU WLSV ZLOO FRQWDPLQDWH %&%�
7KH VLOLFRQH OXEULFDQW XVHG LQ VXFK V\ULQJHV GHVWUR\V WKH UHVLQ�

�� $SSO\ &\FORWHQH ������� WR FRYHU ZDIHU IURP +6: V\ULQJH RU H\H
GURSSHU� %&% UHDFWV ZLWK WKH VLOLFRQH OXEULFDQWV LQ V\ULQJHV ZLWK
UXEEHU SOXQJHU WLSV� )LOO WKH V\ULQJH E\ GLSSLQJ WKH WLS LQWR WKH VPDOO
ERWWOH RI %&%� DQG SXOOLQJ XS RQ WKH SOXQJHU�

�� 6SLQ DW �N530 IRU �� VHFRQGV� 7KLV JLYHV D WRWDO FXUHG nOP WKLFNQHVV
RI DERXW ���xP

�� OLQH WKH ERWWRP RI 3HWUL GLVK ZLWK DOXPLQXP IRLO WR SUHYHQW WKH ZDIHU
IURP VWLFNLQJ WR GLVK

' &OHDQ�XS DQG RU 5HZRUN 8QFXUHG %&% LV VROXEOH LQ WROXHQH

�� FOHDQ Rm WZHH]HUV� EHQFK�WRS� VSLQQHU FKXFN HWF� ZLWK WROXHQH VRDNHG
VZDEV� 7ROXHQH LV QRW JRRG IRU FKXFN R�ULQJV�

�� ,I QHFHVVDU\� UHPRYH %&% nOP IURP ZDIHU LQ EHDNHU RI WROXHQH�

( &XUH
:DUQLQJ %&% LV SURQH WR UDSLG R[LGDWLRQ LQ DLU DW WHPSHUDWXUHV DERYH
���p&� ,W PXVW EH FXUHG XQGHU 1

�
DPELHQW� 8VH RQO\ WKH %OXH�0 QLWURJHQ

SXUJHG RYHQ �E\ WKH GHHS 89 H[SRVHU��

�� ORDG ZDIHU� LQ 3HWUL GLVK ZLWKRXW FRYHU� LQ WKH %OXH 0 RYHQ� &ORVH
GRRU FDUHIXOO\�

���



�� )ORZ ���6&)+ RI 1
�
�WKLV ZLOO PD[ WKH URWDPHWHU RXW��

�� 8VH SURJUDP 3� LQ WKH RYHQ FRQWUROOHUV QRQ�YRODWLOH PHPRU\�
�D� ���p & IRU �� PLQ�

�E� UDPS DW �p & SHU PLQ� WR ���p &�

�F� KROG DW ���p & IRU �� PLQ�

�G� UDPS DW �p & SHU PLQ� WR ���p &�

�H� KROG DW ���p & IRU �� PLQ�

�I� UDPS DW �p & SHU PLQ� WR ���p &�

�J� UDPS DW �p & SHU PLQ� WR ��p &�

�� 5HPRYH IURP RYHQ ZKHQ WHPSHUDWXUH GURSV EHORZ ��p&�

) 3KRWRUHVLVW $SSOLFDWLRQ IRU )ODNH\ 1LFNHO 0DVN 3URFHVV

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� %ORZ ZLWK 1
�
�

�� $SSO\ ���� (,5 UHVLVW ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU�

�� 6SLQ DW �N530 IRU �� VHFRQGV�

�� +RW SODWH EDNH DW ��p& �� VHFRQGV�

* 3KRWRUHVLVW $SSOLFDWLRQ IRU 1LFNHO�OHVV 3URFHVV

�� &KXFN ZDIHU RQ VSLQQHU� %ORZ ZLWK 1
�
�

�� 'UDZ 6-5 ���� LQWR V\ULQJH ZLWK SRO\HWK\OHQH QHHGOH IURP VPDOO ERW�
WOH�

�� 'LVSHQVH UHVLVW WR FRYHU ZDIHU�

�� 6SLQ DW ���N530 IRU �� VHFRQGV� )DVWHU DFFHOHUDWLRQ VHHPV WR EH
EHWWHU WKDQ VORZ�

�� +RW SODWH EDNH DW ���p& IRU � PLQXWHV�

+ ([SRVH 6-5 ���� UHVLVW

�� 8VH 'DUN )LHOG %&% HWFK UHWLFOH�

�� ([SRVXUH� ���� VHFRQGV

�� 7RWDO IRFXV RI b���
�� 'HYHORS �� PLQXWHV LQ 0) ����

�� +DUG EDNH �� PLQXWHV LQ ���p& RYHQ�

, (WFK %&%

���



�� 6FUXE WKH JODVV F\OLQGHU� WRS DQG ERWWRP HOHFWURGHV ZLWK LVR ZHW
ZLSHV� ,I WKH WRS HOHFWURGH LV oDNLQJ� VFUXE LW ZLWK DQ LVR ZHW 6FRWFK�
EULWH SDG�

�� 3UHFOHDQ HWFK FKDPEHU �� VFFP 2
�
� �� P7RUU FKDPEHU SUHVVXUH VHOI

ELDV RI ���9 IRU �� PLQXWHV�

�� (WFK WKH %&%�
�D� 3XPS GRZQ WR PLG ��b� 7RUU UDQJH�

�E� 7XUQ RQ WKH HWFK FRROLQJ ZDWHU FKLOOHU� DQG RSHQ XS WKH HWFK
FRROLQJ YDOYH WR OHW ZDWHU FLUFXODWH XQGHU FDWKRGH�

�F� ��� VFFP 6)
�
���� VFFP 2

�
�

�G� &KDPEHU SUHVVXUH  �� P7RUU

�H� &RQVWDQW VHOI�ELDV YROWDJH RI ���9�

�I� (WFK IRU �� PLQXWHV WKHQ LQVSHFW XQGHU PLFURVFRSH� :LWK ORQJHU
H[SRVXUH� $X VXUIDFHV JHW YLVLEO\ URXJKHU� *ROG RQ WRS RI WUDQVLV�
WRU PHVDV ZLOO REYLRXVO\ EH H[SRVHG EHIRUH LQWHUFRQQHFW RQ nHOG
EHWZHHQ PHVDV�

�J� &OHDQ HWFK FKDPEHU DJDLQ� WKHQ nQLVK XS ZLWK DW OHDVW D �� VHF�
RQG %&% HWFK EHIRUH ORDGLQJ VDPSOH LQ VSXWWHU V\VWHP�

&��� &RSSHU 3ODWLQJ

&RSSHU 3ODWLQJ 3URFHVV

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3UHKHDW 3ODWLQJ 6ROXWLRQV

���



�� 3UHKHDW 7HFKQLF 7HFKQLJROG ��( VROXWLRQ LQ EHDNHU RQ KRWSODWH DW
��p& DQG VWLUULQJ DW ���530� $OORZ D PLQLPXP RI RQH KRXU IRU WKH
VROXWLRQ WHPSHUDWXUH WR HTXLOLEUDWH�

�� 3UHKHDW 7HFKQLF 1LFNHO 6 6XOIDPDWH VROXWLRQ RQ KRWSODWH DW ��p& DQG
VWLUULQJ DW ���530� 7KH ERULF DFLG EXmHU LQ WKLV VROXWLRQ VRPHWLPHV
SUHFLSLWDWHV RXW DW WKH ERWWRP RI ERWWOH DW URRP WHPSHUDWXUH� ,I LW
KDV GRQH VR� \RX ZLOO QHHG WR SUHKHDW WKH 1LFNHO VROXWLRQ LQ LWV ERWWOH
XQWLO HYHU\WKLQJ LV GLVVROYHG�

& /RDGLQJ 3ODWLQJ )L[WXUH

�� &OHDQOLQHVV LV HVVHQWLDO� *HW D IUHVK SDLU RI ODWH[ ?VROYHQW� JORYHV DQG
ZHDU WKHP WR KDQGOH DQ\WKLQJ WKDW ZLOO EH LPPHUVHG LQ WKH SODWLQJ
VROXWLRQV� 'RQ
W WRXFK WKH IDXFHWV� \RXU QRVH� WKH VWHSSHU VWDJHV RU
DQ\WKLQJ HOVH WKDW LV GLUW\ ZLWK WKHP�

�� /RRVHQ Rm WKH nQJHU FOLS EROWV� 8VH WKH WLWDQLXP KH[ NH\ IURP WKH
&X SODWLQJ ER[� DQG GRQ
W ORRVH LW�

�� 6HDW WKH LQQHU R�ULQJ LQ WKH ULQJ SDUW RI n[WXUH� ,W RIWHQ KHOSV WR
VWUHWFK WKLV OLNH D UXEEHU EDQG EHIRUH DWWHPSWLQJ WR VHDW LW�

�� 3ODFH \RXU ZDIHU LQ WKH UHFHVV RI WKH n[WXUH� DQG VZLQJ WKH nQJHU
FOLSV LQWR SODFH� 7LJKWHQ WKH EROWV ZLWK WKH 7L KH[ NH\�

�� 3XVK D FRXSOH RI WKH RSDTXH ZKLWH 7HoRQ KH[ KHDG EROWV WKURXJK
WKH VHDOLQJ ULQJ� WKHQ ORZHU LW LQWR SODFH RYHU \RXU ZDIHU� 6WDUW DOO
HLJKW EROWV� 7LJKWHQ WKH EROW FLUFOH XQLIRUPO\� 2QFH WKH nUVW EROW
FRPHV LQWR FRQWDFW ZLWK WKH VHDOLQJ ULQJ� ZRUN \RXU ZD\ DURXQG WKH
EROW FLUFOH� WLJKWHQLQJ HDFK EROW E\ QRW PRUH WKDQ � � WXUQ DW D WLPH
EHIRUH SURFHHGLQJ WR WKH QH[W EROW�

' $VVHPEOH (OHFWURGHV� /LG

( 3ODWH ,QLWDO $X /D\HU �P$ IRU �� PLQXWHV�

) 3ODWH 1L 'LmXVLRQ EDUULHU 6DIHW\ 1RWH� 8QGHU 1R FLUFXPVWDQFHV
VKRXOG HLWKHU WKH 1LFNHO 6XOIDPDWH VROXWLRQ RU WKH &RSSHU 6XOIDWH
VROXWLRQ EH WDNHQ WR WKH &\DQLGH EHQFK� &ROGUHQ
V VWXGHQWV �DPRQJ
RWKHUV"� VWLOO VWRFN DQG XVH F\DQLGH FRPSRXQGV DW WKDW EHQFK� &\DQLGH
FRPSRXQGV UHDFW ZLWK DFLGV WR OLEHUDWH OHWKDO +\GURJHQ &\DQLGH JDV� (YHQ
LI WDNLQJ DFLGV WR WKH F\DQLGH EHQFK GRHVQ
W NLOO DQ\RQH� LW VKRXOG JHW \RX
H[SHOOHG IURP WKH FOHDQURRP�

3ODWH 1L ��P$ �� PLQXWHV RQ KRWSODWH DW ��p&�
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* 6WULS 1LFNHO 2[LGHV ([SODQDWLRQ� 1L VXUIDFHV R[LGL]H YHU\ UHDGLO\� ,I
WKH 1L VXUIDFH KDV EHHQ DOORZHG WR GU\ LQ DLU� WKHQ LW FDQ EH DVVXPHG WR
KDYH R[LGL]HG� DQG WKLV H[WUD R[LGH VWULS VWHS VKRXOG EH IROORZHG� 1�%�
WKDW 1L SDVVLYDWHV HVSHFLDOO\ TXLFNO\ LQ DONDOLQH VROXWLRQV VXFK DV RXU 1D
$X 6XOnWH SODWLQJ VROXWLRQ�

�� 3UHSDUH ���1 +
�
62

�
VROXWLRQ� 7R � SDUWV ',� DGG � SDUW +

�
62

�
�

�� $OORZ WR FRRO� *LYH WKH VXOIXULF DFLG VROXWLRQ DW OHDVW �� PLQXWHV WR
FRRO GRZQ DIWHU PL[LQJ�

�� 7UDQVIHU GLOXWH DFLG WR 1DOJHQH ERWWOH DQG FDS LW� &DUU\ LW EDFN WR
WKH EDFN GHYHORSSHU EHQFK

�� 3UHSDUH WKUHH ODUJH EHDNHUV WR DFFHSW DVVHPEOHG SODWLQJ n[WXUH� RQH
nOOHG ZLWK WKH VXOIXULF DFLG VROXWLRQ� DQG WZR ZLWK ',�

�� ,PPHUVH DVVHPEOHG SODWLQJ n[WXUH �ZLWK ZDIHU�� LQ +
�
62

�
VROXWLRQ

IRU �� VHFRQGV� 3XOO LW RXW DQG LPPHUVH LQ nUVW ULQVH EHDNHU TXLFNO\�
$JLWDWH LW IRU VHYHUDO VHFRQGV� WKHQ LPPHUVH LQ VHFRQG ULQVH EHDNHU�

+ 0L[ &X 6ROXWLRQ

�� 7R ���P/ RI &X62
�
VROXWLRQ IURP (QWKRQH� DGG �� P/ RI +

�
62

�
�

�� $GG ', ZDWHU WR EULQJ WRWDO WR �/

, 3ODWH &X

�� &DUHIXOO\ GURS PDJQHWLF VWLUUHU EDU LQWR D FOHDQ HPSW\ �/ EHDNHU�

�� 3RXU &X62
�
VROXWLRQ LQWR WKH EHDNHU�

�� ,PPHUVH n[WXULQJ� DQG SODFH WKH EHDNHU DWRS D VWLUUHU�

�� 6WLUULQJ DW { ���530 URRP WHPSHUDWXUH�

�� �� P$ IRU � KRXUV �� PLQXWHV IRU { ��xP RI &X�

- 3ODWH 1L �� P$ �� PLQXWHV ��p&

. 8QORDG :DIHU 2QFH DJDLQ� FOHDQOLQHVV LV LPSRUWDQW� :HDU FOHDQ ODWH[
JORYHV� DQG GRQ
W WRXFK SODWLQJ n[WXULQJ ZLWK WKHP DIWHU KDYLQJ WRXFKHG
\RXU QRVH� WKH IDXFHWV� RU DQ\WKLQJ HOVH LQ WKH FOHDQ URRP WKDW \RX GLGQ
W
MXVW SHUVRQDOO\ FOHDQ� 7KH HGJH RI WKH PHWDO SODWHG RQ WKH ZDIHU RIWHQ JHWV
FDXJKW RQ WKH R�ULQJ� 5HPRYH WKH EROW ULQJ FDUHIXOO\� DV WKH ZDIHU PD\ EH
VWXFN WR WKH R�ULQJ� DQG \RX FRXOG EH SXOOLQJ WKH ZDIHU XS DZD\ IURP WKH
VSULQJ nQJHU FRQWDFWV�

���



&��� :D[ 0RXQWLQJ

:D[ 0RXQWLQJ

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3UHKHDW WKH $OLJQPHQW -LJ

�� &OHDQ DQ\ YLVLEOH ZD[ Rm WKH VWDLQOHVV VWHHO MLJ ZLWK WROXHQH VRDNHG
ZLSHV�

�� 3ODFH WKH FOHDQ MLJ RQ D SURJUDPPDEOH KRW�SODWH DW ��p&

& 6SLQ &RDW :D[

�� &KXFN ZDIHU RQ VSLQQHU ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ ZD[ VROXWLRQ WR FRYHU ZDIHU ZLWK V\ULQJH DQG ���xP ?SUHnOWHU��

�� 6SLQ DW � NUSP IRU �� VHF�

�� 5HSHDW ZLWK 6L FDUULHU ZDIHU

' %DNH RXW FDVWLQJ VROYHQW
%DNH HDFK ZDIHU IRU PLQLPXP � PLQXWHV DW ��p& RQ KRWSODWH�

( 3UH�PRXQWLQJ

�� 3ODFH WKH VLOLFRQ ZDIHU� ZD[ XS� RQ WKH SUHKHDWHG MLJ� DQG SUHVV LWV
oDW DJDLQVW WKH WZR SLQV�

�� &DUHIXOO\ ORZHU \RXU +%7 ZDIHU� ZD[ VLGH GRZQ LQWR SODFH DWRS WKH
FDUULHU ZDIHU� 7U\ WR OLQH WKH oDWV RI WKH WZR ZDIHUV XS DJDLQVW WKH
SLQV�

���



) 9DFXXP %RQGLQJ

* 'HPRXQWLQJ

�� %ODFN ZD[ LV VROXEOH LQ WROXHQH� PHVLW\OHQH� WHWUDFKORUR�HWK\OHQH�
PHWK\OHQH FKORULGH� 7&$� 7&(� DQG WKH WHUSHQH VROYHQW ZLWK WKH
WUDGH QDPH 2SWLFOHDU� 7KLV ODVW LV IDU DQG DZD\ WKH OHDVW KD]DUGRXV�
'RQ
W EH DODUPHG E\ WKH SXQJHQW FLWUXV RGRXU WKDW LW HPLWV�

�� ,I VRDNLQJ DORQH LV XVHG� H[SHFW LW WR WDNH D SHULRG RI GD\V IRU WKH
VROYHQW WR UHDFK WR WKH FHQWHU RI WKH ZDIHU�

�� +HDWLQJ RUJDQLF VROYHQWV DOZD\V HQWDLOV VRPH KD]]DUGV� 7HWUDFKORUR�
HWK\OHQH �D�N�D� ?SHUFKORUR�HWK\OHQH�� KDV WKH GLVWLQFW DGYDQWDJH RI
QRW EHLQJ oDPPDEOH� DJDLQVW ZKLFK LW DWWDFNV WKH OLYHU DQG QHUYRXV
V\VWHP� 0RVW ?VROYHQW� JORYHV DUH QRW UHFRPPHQGHG IRU XVH ZLWK
WHWUDFKORUR�HWK\OHQH�

&��� 6XEVWUDWH UHPRYDO

6XEVWUDWH UHPRYDO HWFK OLEHUDWHV SRLVRQRXV SKRVSKLQH
JDV� /HDYH DSSURSULDWH ZDUQLQJ QRWHV RQ WKH EHQFK�

$ 0L[ (WFKDQW

�� 8VH +&O ,Q3 HWFK EHDNHU DQG VWLUUHU EDU� +&O DQG ', F\OLQGHUV�

�� 7R � SDUW ', ZDWHU� DGG � SDUWV +&O� 0L[ ZHOO�

% (WFKLQJ ([SODQDWLRQ ��� +&O � +
�
2 K\GUROL]HV ,Q3 H[WUHPHO\ IDVW�

:KLOH LW ZLOO HWFK I���J SODQHV DW { �xP PLQ� LW ZLOO EDUHO\ HWFK I���J,Q
SODQHV DW DOO� ,I DQ\WKLQJ LQLWLDOO\ SUHVHQW RQ WKH ,Q3 VXUIDFH SDWWHUQV WKH
HWFK� \RX FRXOG EH OHIW ZLWK SHUPDQHQW ULGJHV ZKLFK DUH YLUWXDOO\ LPSRVVLEOH
WR UHPRYH E\ ZHW HWFKLQJ�

�� 3ODFH WKH ERQGHG�WUDQVIHUUHG SLHFH LQ D EDVNHW ZLWK WKH EDFN RI WKH
,Q3 ZDIHU IDFLQJ XS�

�� +\GURO\VLV RI ,Q3 JHQHUDWHV EXEEOHV RI 3KRVSKLQH� 3+��
ZKLFK LV H[WUHPHO\ WR[LF� /HDYH D FOHDU QRWH RQ WKH EHQFK
ZDUQLQJ RWKHUV WKDW WKH EXEEOHV DUH KLJKO\ WR[LF� $ TXLFN
FKHFN ZLWK K\GULGH VHQVLQJ WDSH IURP WKH 02&9' ODE GHPRQVWUDWHV
WKDW SKRVSKLQH LV SURGXFHG�

���



�� &KHFN IRU I���J ULGJHV� ,W PD\ EH D JRRG LGHD WR UHPRYH WKH VDPSOH
IURP HWFK DIWHU �� PLQXWHV� ULQVH LQ ', IRU � PLQXWHV� DQG LQVSHFW
HLWKHU YLVXDOO\ RU XQGHU RSWLFDO PLFURVFRSH� 7KH ,Q3 VXUIDFH OHIW E\
WKH +&O HWFK LV XVXDOO\ TXLWH URXJK� DQG DSSHDUV IDFHWHG XQGHU WKH
PLFURVFRSH� I���J ULGJHV DUH� KRZHYHU UHFRJQL]DEOH E\ WKHLU VKHHU
VL]H DQG KHLJKW �\RX PLJKW JR FURVV�H\HG DW WKH VWHUHR PLFURVFRSH��

�� 5HPHG\LQJ I���J ULGJHV� LI WKH\ DUH FDXJKW HDUO\� WKHQ ULGJHV PLJKW
EH HOLPLQDWHG E\ VFUDWFKLQJ ZLWK VFULEHU WRRO WR UHYHDO QRQ I���J
SODQHV� DQG UHWXUQLQJ WR HWFK� 7KLV LV QRW YHU\ KRSHIXO WKRXJK� DQG
LW PD\ EH EHWWHU WR �� ZULWH WKH VDPSOH� RU WKDW SDUW RI LW ZLWK ULGJHV�
Rm RU �� OHDUQ DERXW PHFKDQLFDO ODSSLQJ� DQG ODS GRZQ WR D SODQDU
,Q3 VXUIDFH�

�� 5HPL[ HWFK� 7KH +&O HWFK VKRXOG� LQ DQ\ HYHQW� EH UHPL[HG DIWHU ��
PLQXWHV RI HWFKLQJ WLPH� 7KH HWFK UDWH VORZV GRZQ GUDVWLFDOO\ DV +&O
HYDSRUDWHV DQG LV FRQVXPHG� 7RWDO HWFK WLPH WR UHPRYH ,Q3 VXEVWUDWH
LV { ��^�� PLQXWHV�

�� 6WRS DIWHU ,Q*D$V HWFK VWRS SODQH KDV EHHQ UHDFKHG� 6PDOO VWUHDPV
RI EXEEOHV DW WKLV SRLQW PD\ LQGLFDWH WKDW D FU\VWDO GHIHFW KDV DOORZHG
WKH HWFK WR UHDFK XQGHUO\LQJ ,Q$O$V�

&��� &ROOHFWRU

635 ��� &(0 3URFHVV

$ 6ROYHQW &OHDQ
'R QRW XVH UHJXODU LPHUVLRQ VROYHQW FOHDQ IRU ZD[ PRXQWHG ZDIHUV� ,QVWHDG�
FOHDQ ZDIHU RQ WKH VSLQQHU FKXFN�

�� :DUQLQJ )RU IXOO ZDIHUV� \RX PXVW LQVWDOO RQH RI WKH oDW VXUIDFH
FKXFNV� 7KHVH DUH WKH FKXFNV ZLWK WKH EDUH VWDLQOHVV VWHHO VXUIDFH
PDUNHG E\ D VSLUDO JURRYH DQG LQWHUVHFWLQJ UDGLDO JURRYHV� 7KH ��
R�ULQJ FKXFNV DSSO\ VLJQLnFDQW EHQGLQJ IRUFHV WR WKH ZDIHU _ HQRXJK
WR EUHDN ,,,�9 ZDIHUV� 8VH RXU SULYDWH FKXFN� RU VRDN WKH SXEOLF FKXFN
LQ 6KLSOH\ ?����� WR UHPRYH DQ\ 30*, UHVLGXH OHIW E\ RWKHU XVHUV�

�� $SSO\ YDFXXP WR KROG ZDIHU VDQGZLFK WR ZDIHU FKXFN

�� 3UHSDUH \RXUVHOI ZLWK D ZDVK ERWWOH RI DFHWRQH DQG D ZDVK ERWWOH RI
LVRSURSDQRO�

�� 6HW WKH VSLQQHU VSHHG DQG WLPH IRU WKH IROORZLQJ DSSOLFDWLRQ VWHS�

���



�� VWDUW WKH VSLQQHU� DQG LUULJDWH WKH VSLQQLQJ ZDIHU ZLWK DFHWRQH� WKHQ
LVR� DFHWRQH DJDLQ� DQG D nQDO LVR ULQVH� QRW OHWWLQJ WKH ZDIHU GU\ LQ
EHWZHHQ VROYHQWV� 1R GHK\GUDWLRQ EDNH LV UHTXLUHG�

% 3KRWRUHVLVW $SSOLFDWLRQ 6DIHW\ 1RWH� 7KH YDSRUV IURP SKRWRUHVLVW DUH
H[WUHPHO\ KDUPIXO� 1HYHU LQKDOH ZLWK \RXU KHDG XQGHU WKH KRRG�

�� 'HK\GUDWLRQ EDNH� � PLQXWHV RQ ���p& KRWSODWH

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ 635 ������� ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW ��� NUSP IRU �� VHF�

�� 6RIW %DNH� ��p &� �� VHF� RQ KRWSODWH

�� :DIHU RQ VSLQQHU FKXFN ZLWK YDFXXP� EORZ ZLWK 1
�

�� $SSO\ $&(0 ����V ZLWK V\ULQJH DQG nOWHU WR FRYHU ZDIHU

�� 6SLQ DW �N530 IRU ���� 'R 1RW %DNH�

& ([SRVXUH

�� 0HDVXUH WKH SRVW WUDQVIHU FHOO VL]H� ,Q JOREDO DOLJQPHQW PRGH� VWHS
DFURVV FHQWUDO URZ� QRWLQJ RmVHW UHTXLUHG WR DOLJQ HDFK FHOO XQGHU
WKH ULJKW PLFURVFRSH REMHFWLYH� 6WHSSLQJ DORQJ DQ HQWLUH FROXPQ
RI D �� ZDIHU ZLOO H[FHHG WKH DOORZDEOH VWDJH WUDYHO� WKLV VKRXOG EH
DYRLGHG�

�� (GLW MRE nOH WR UHoHFW LQGLFDWHG FHOO VL]H�

�� 8VH H[SRVXUH WLPH RI ����� RQ WKH VWHSSHU�

�� )RFXV� WRWDO IRFXV RI �� KDV ZRUNHG IRU PDQ\ PRQWKV� )RFXV DUUD\
RQ 0LFKHOOH
V ���� LQFK 6L ZDIHU FDQ DOVR EH XVHG� ,Q WKH ODWWHU FDVH�
XVH D WRWDO IRFXV RI 6L IRFXV b V\VWHP IRFXV ���� 7KH IUHH ���� LQFK
6L ZDIHUV DUH VRPHZKDW VXVSHFW WKRXJK� LQ WKDW WKHVH ZDIHUV DUH QHDU
WKH PLQLPXP DOORZDEOH WKLFNQHVV IRU WKH VWHSSHU�

' 3RVW ([SRVXUH %DNH EDNH DW ���p& IRU � PLQ� �� VHF�

( 'HYHORSPHQW

�� ,PPHUVH LQ ', LQ 'HYHORS ', ULQVH EHDNHU IRU �� VHF�

�� ,PPHUVH LQ 0)��� GHYHORSHU �70$+ GHYHORSHU EHDNHU� IRU � PLQ ��
VHF�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

���



�� %ORZ GU\ ZLWK 1�

�� ,QVSHFW XQGHU PLFURVFRSH ZLWK \HOORZ nOWHU� ,I VRPH SKRWRUHVLVW UH�
PDLQV GHYHORS LQ VWHSV RI � VHF� 0LJKW EH WLPH WR GR DQ H[SRVXUH�
IRFXV DUUD\�

) 2[\JHQ 3ODVPD 'HVFXP RI 3KRWRUHVLVW

�� ���P7 RI 2�

�� SRZHU  ���: DW ORZ IUHTXHQF\

�� 5XQ IRU �� VHFRQGV

* 6XUIDFH 3UHSDUDWLRQ

�� 0L[ +) R[LGH HWFK� 7R ���PO RI ', DGG ��PO +)�

�� 'LS IRU �� VHFRQGV�

�� 5LQVH LQ UXQQLQJ ', IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�

+ 0HWDO (YDSRUDWLRQ

�� 0RXQW ZDIHU WR (�%HDP VDPSOH KROGHU� EHLQJ FDUHIXO WKDW WKH VDPSOH
KDQJV ZLWK LWV VXUIDFH SHUSHQGLFXODU WR WKH HYDSRUDWRU VRXUFH�

�� 0DNH VXUH WKH FU\VWDO PRQLWRU UHDGV � �� FKDQJH LI QHFHVVDU\�

�� 3XPS GRZQ WR DW OHDVW � d ��b� 7RUU�
�� 'HSRVLW PDWHULDO�

0DWHULDO 7KLFN 5DWH 9HUQLHU

7L ��� ��� ����
3W ��� ��� ����
$X ���� z�� ����

, /LIWRm

�� 8VH GHGLFDWHG JODVVZDUH IRU OLIWRm RQ ZD[�PRXQWHG ZDIHUV�

�� 6XVSHQG ZDIHU LQ EHDNHU RI $&(� :DVK ERWWOH VSUD\ PD\ EH XVHG WR
SHHO Rm PHWDO nOP�

�� ,I WKH OLIWRm LV VWXEERUQ� OHDYH WKH ZDIHU VRDNLQJ LQ $&( RYHUQLJKW�
%HFDXVH $&( HYDSRUDWHV TXLFNO\� VHDO WKH WRS RI WKH EHDNHU ZLWK IRLO�
'2 127 /(7 $&( '5< 21 :$)(5�

�� 2QO\ DV D ODVW UHVRUW� %HDNHU RI $&( LQ XOWUDVRQLF� 8OWUDVRQLF ZLOO
ZHDNHQ \RXU ZDIHU DQG LW PLJKW QRW VXUYLYH IXUWKHU SURFHVV VWHSV�

���



�� 5LQVH LQ 0(7+ WKHQ ,62 ZLWK ZDVK ERWWOHV�

�� 5LQVH LQ UXQQLQJ ', ZDWHU IRU � PLQ�

�� %ORZ GU\ ZLWK 1
�
�

&��� 3DWWHUQHG 3ODWLQJ

6-5���� 3URFHVV
([SODQDWLRQ� 'LVSHQVLQJ DQG VSLQQLQJ WKH UHVLVW LQ DLU VDWXUDWHG ZLWK WKH

UHVLVW FDVWLQJ VROYHQW FKDQJHV WKH VSLQQLQJ SURFHVV� EHFDXVH WKH UHVLVW LV QRW GU\LQJ
DV LW VSLQV� 7KLV VKRXOG HOLPLQDWH DQ\ SUREOHPV DVVRFLDWHG ZLWK WKH FUHVWV RI
VSUHDGLQJ ZDYHV GU\LQJ� DQG LW DOVR UHGXFHV WKH HGJH EHDG� $JDLQVW WKLV� XVLQJ
D ZDWFK JODVV WR FRYHU WKH VSLQQHU ZLOO RIWHQ OHDG WR SDUWLFOHV GURSSLQJ RQ WKH
ZDIHU�

$ 6ROYHQW &OHDQLQJ
&OHDQOLQHVV &DXWLRQ� 9LUWXDOO\ HYHU\WKLQJ LQ WKH FOHDQ URRP LV GLUW\�
&KDQJH \RXU JORYHV EHIRUH JHWWLQJ QHDU \RXU ZDIHU�
6DIHW\ 1RWH� .HHS KRW VROYHQWV ZHOO XQGHU WKH VSODVK JXDUGV� $OZD\V
NHHS WZHH]HUV RU VRPH RWKHU ERLOLQJ VXUIDFH LQ D KHDWHG VROYHQW WR SURYLGH
D ERLOLQJ VXUIDFH DQG SUHYHQW HUXSWLRQV�
&KHFN WKH UHVLVWLYLW\ RI WKH ', ZDWHU� ,W VKRXOG EH ! �� 0 lcFP�
�� &ROG $&( � PLQ�

�� +RW 0(7 � PLQ�

�� +RW ,62 � PLQ�

�� 5XQQLQJ ', � PLQ�

�� %ORZ GU\ ZLWK 1
�

% 3UHSDUH WKH VSLQQHU

�� 6HW WKH VSLQQHU DFFHOHUDWLRQ WR { �N530 VHF ZLWK WKH WULP�SRW RQ
WKH ER[ XQGHU WKH EHQFK�

�� 6HW WKH GHFHOHUDWLRQ DURXQG PLGGOH RI UDQJH�

�� 6HW WKH VSLQQHU WR ���530� �� VHFRQGV �QRW LQFOXGLQJ GHFHOHUDWLRQ
WLPH�

�� &OHDQ WKH ODUJH ZDWFK JODVV�

���



�� ,QVWDOO WKH DSSURSULDWH ZDIHU FKXFN� 'R QRW XVH DQ\ FKXFN ZLWK
WRS VXUIDFH R�ULQJV IRU �� ZDIHUV� <RX PXVW XVH WKH FURVV�DQG�VSLUDO
JURRYHG oDW VXUIDFH FKXFNV IRU �� ZDIHUV� 7KH SXEOLF oDW VXUIDFH
FKXFNV DUH RIWHQ FRYHUHG LQ UHVLVW DQG 30*,� DQG QHHG WR EH VRDNHG
LQ 103 �6KLSOH\ ���� VWULSSHU� DW URRP WHPSHUDWXUH EHIRUH XVH�

& 'LVSHQVH SKRWRUHVLVW

�� GUDZ { � P/ RI UHVLVW LQWR D V\ULQJH ZLWK SRO\HWK\OHQH ?QHHGOH� WLS�
�� 'LVSHQVH � ^ � P/ RI UHVLVW LQWR WKH ERWWRP RI WKH VSLQQHU ERZO�
&RYHU WKH ERZO ZLWK WKH ZDWFK JODVV� %HFDXVH WKH H[KDXVW OLQHV RI
WKH VSLQQHUV DUH QRW FRQQHFWHG WR DQ\ YHQWLODWLRQ V\VWHP� WKLV ZLOO
VXpFH WR VDWXUDWH WKH DLU XQGHU WKH ZDWFK JODVV ZLWK FDVWLQJ VROYHQW�

�� /LIW ZDWFK JODVV XS RQO\ ORQJ HQRXJK WR SODFH ZDIHU RQ WKH VSLQQHU
FKXFN� 5HFRYHU ZLWK ZDWFK JODVV�

�� %ORZ ZDIHU ZLWK 1
�
JXQ� 5HFRYHU�

�� /LIW ZDWFK JODVV� DQG TXLFNO\ GLVSHQVH UHVLVW WR FRYHU WKH ZDIHU� $JDLQ�
UHFRYHU WKH VSLQQHU ERZO�

�� 6WDUW WKH VSLQ F\FOH� 6WDUW D VWRS ZDWFK DW WKLV WLPH�

' :DLW DQG %DNH

�� 2QH PLQXWH DIWHU EHJLQQLQJ WKH VSLQ� UHPRYH WKH ZDWFK JODVV� ([FHV�
VLYH WLPH XQGHU VROYHQW VDWXUDWHG DPELHQW� RQ VSLQQHUV ZKLFK WHQG
QRW WR EH OHYHO� OHDGV WR WKH UHVLVW oRZLQJ WRR PXFK�

�� :DLW D IXUWKHU nYH PLQXWHV EHIRUH SODFLQJ ZDIHU RQ WKH KRWSODWH� 7KLV
?UHVWLQJ� SHULRG LV WR DOORZ PXFK RI WKH FDVWLQJ VROYHQW WR HYDSRUDWH
JUDGXDOO\ DQG DYRLG EOLVWHULQJ SUREOHPV LQ WKH KRW�SODWH EDNH� 5HVW�
LQJ RQ WKH EHQFK PD\ EH SUHIHUDEOH WR UHVWLQJ RQ WKH FKXFN� GHSHQGLQJ
RQ ZKLFK LV PRUH OHYHO�

�� %DNH �� PLQXWHV RQ ���p& KRWSODWH�

�� :DLW IRU D PLQLPXP RI �� PLQXWHV EHIRUH H[SRVLQJ WKH ZDIHU� 3KR�
WRUHVLVW PXVW EH DOORZHG WR UHDEVRUE ZDWHU IURP WKH DLU EHWZHHQ VRIW�
EDNH DQG H[SRVXUH�

( ([SRVH

�� �� VHFRQGV H[SRVXUH� IRFXV RmVHW { b���
�� )LOO WZR EHDNHUV ZLWK 0)��� GHYHORSHU� 'HYHORS IRU D WRWDO RI ��
PLQXWHV� FKDQJLQJ ZDIHU IURP RQH EHDNHU WR WKH VHFRQG� IUHVK EHDNHU
DIWHU �� PLQXWHV�
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%LEOLRJUDSK\

>�@ 8� %KDWWDFKDU\D� 0�-� 0RQGU\� *� +XUW]� ,��+� 7DQ� DQG 0�-�:� 5RG�
ZHOO� ?7UDQVIHUUHG VXEVWUDWH VFKRWWN\�FROOHFWRU KHWHURMXQFWLRQ ELSRODU
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7� -RQHV� ?(PEHGGHG WUDQVPLVVLRQ�OLQH �(7/� 00,& IRU ORZ�FRVW
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