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$%�&RQQHFWRUV 

,QWURGXFWLRQ 

7KH�6LFDPH�DUPRXU�ERQGLQJ�V\VWHPV�ZHUH�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�WKH�8QLWHG�.LQJGRP�
HOHFWULFLW\�VXSSO\�LQGXVWU\�WR�SURYLGH�DGHTXDWH�HOHFWULFDO�FRQWLQXLW\�DFURVV�MRLQWV�LQ�PHWDOOLF�DUPRXUHG�
FDEOHV� 

7KH�6LFDPH�V\VWHPV��VWULFWO\�DSSOLHG��VDWLVI\�WKH�,((�:LULQJ�5HJXODWLRQV����WK�(GLWLRQ��������ZKLFK�
UHTXLUH�WKH�HOHFWULFDO�FRQWLQXLW\�RI�PHWDOOLF�FDEOH�DUPRXULQJ�WR�EH�IXOO\�PDLQWDLQHG���7KH\�DUH�XVHG�
H[WHQVLYHO\�E\�SXEOLF�XWLOLWLHV�DQG�HOHFWULFDO�FRQWUDFWRUV�LQ�GLVWULEXWLRQ�QHWZRUNV��DQG�IRU�WHUPLQDWLRQV�
RQ�VZLWFKJHDU��WUDQVIRUPHUV�DQG�RWKHU�DSSDUDWXV� 

7KH\�DUH�ZLGHO\�DGDSWDEOH��DQG�VXLWDEOH�IRU�DSSOLFDWLRQ�WR�HLWKHU�VWHHO�WDSH�RU�VWHHO�ZLUH�DUPRXUHG�
FDEOHV���7KH�FRPSRQHQWV�DUH�DYDLODEOH�LQ�FRPSUHKHQVLYH�VL]H�UDQJHV��WR�PHHW�WKH�UHTXLUHPHQWV�RI�D�
ZLGH�YDULHW\�RIMRLQWV��DQG�WKH\�FDQ�EH�VXSSOLHG�LQGLYLGXDOO\��RU�FROOHFWLYHO\�WR�DJUHHG�VSHFLILFDWLRQV�IRU�
SDUWLFXODU�MRLQWV� 

7KHUH�DUH�WZR�V\VWHPV��ZKLFK�GLIIHU�SULQFLSDOO\�LQ�WKH�PHWKRG�HPSOR\HG�WR�VHFXUH�WKH�ERQG��WKH�
WHQVLRQ�VWUDS�V\VWHP��UHFRPPHQGHG�IRU�ODUJHU�GLVWULEXWLRQ�FDEOHV��DQG�WKH�ZRUP-GULYH�FOLS�V\VWHP��
ZKLFK�LV�JHQHUDOO\�PRUH�VXLWDEOH�IRU�VPDOOHU�GLVWULEXWLRQ�DQG�FRQWURO�FDEOHV� 

6LFDPH�(OHFWULFDO�'HYHORSPHQWV�/WG��RIIHU�D�VHUYLFH�LQ�HVWDEOLVKLQJ�VXLWDEOH�VSHFLILFDWLRQV�FRYHUHG�E\�
LQGLYLGXDO�UHIHUHQFHV��IRU�PXWXDO�FRQYHQLHQFH� 

$SSOLFDWLRQ 

&RQWLQXLW\�ERQGLQJ�RI�PHWDOOLF�FDEOH�DUPRXULQJ 
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7KH�6LFDPH�6\VWHPV 

7KH�6LFDPH�$UPRXU�%RQGLQJ�6\VWHPV�DUH�UHOLDEOH�DQG�FRQYHQLHQW�PHWKRGV�RI�FURVV-ERQGLQJ�EUHDNV�
LQ�WKH�PHWDOOLF�DUPRXU�RI�FDEOHV��E\�PHDQV�RI�D�ERQG�FRPSULVHG�RI�RQH�RU�PRUH�WLQQHG�FRSSHU�VWULSV�
RI�VWDQGDUG�VL]H��ZKLFK�LV�VHFXUHG�WR�WKH�H[SRVHG�DUPRXU�DW�HDFK�HQG�RI�WKH�EUHDN�LQ�RUGHU�WR�
PDLQWDLQ�HOHFWULFDO�FRQWLQXLW\���7KH�FKRLFH�RI�FRPSRQHQWV�LV�LQIOXHQFHG�E\�WZR�EURDGO\�VHSDUDWH�
FRQVLGHUDWLRQV� 

3K\VLFDO�&RQVLGHUDWLRQV 
D� &DEOH�GHVFULSWLRQV�DQG�GLPHQVLRQV��ZKLFK�GHWHUPLQH�WKH�PHWKRG�RI�IL[LQJ�DQG�WKH�VL]H�RI�WKH�

FRPSRQHQWV�WR�VHFXUH�WKH�ERQG� 
E� -RLQW�FRQILJXUDWLRQ��ZKLFK�GHWHUPLQHV�WKH�QXPEHU�RI�FRQWLQXLW\�ERQG�FRQQHFWLRQV�UHTXLUHG��

DQG�WKH�OHQJWK�RI�WKH�ERQGV� 

(OHFWULFDO�&RQVLGHUDWLRQV 
D� -RLQWLQJ�WHFKQLTXHV��ZKLFK�FDQ�LQIOXHQFH�WKH�FKRLFH�RI�FHUWDLQ�FRPSRQHQWV�IRU�VHFXULQJ�WKH�

ERQG� 
E� 7KH�UHTXLUHG�FXUUHQW�FDUU\LQJ�FDSDFLW\�RI�WKH�ERQG��ZKLFK�GHWHUPLQHV�WKH�QXPEHU�RI�WLQQHG�

FRSSHU�VWULSV�UHTXLUHG�WR�JLYH�DQ�HOHFWULFDOO\�DGHTXDWH�WRWDO�FURVV-VHFWLRQDO�DUHD� 

7KH�WZR�V\VWHPV�RI�ERQGLQJ�DUH� 
D� %\�D�WHQVLRQ�VWUDS��XVXDOO\�HPSOR\HG�IRU�ODUJHU�GLVWULEXWLRQ�FDEOHV� 
E� %\�D�ZRUP-GULYH�FOLS��LQWHQGHG�SULPDULO\�IRU�XVH�RQ�VPDOOHU�GLVWULEXWLRQ�DQG�FRQWURO�FDEOHV� 

7KH�V\VWHPV�GLIIHU�RQO\�LQ�WKH�PHWKRG�RI�DSSO\LQJ�FLUFXPIHUHQWLDO�WHQVLRQ�WR�VHFXUH�WKH�ERQG�WR�WKH�
DUPRXU���&RPPRQ�WR�ERWK�LV�D�FRPSUHVVLRQ�ULQJ�SODFHG�XQGHU�WKH�DUPRXU��ZKLFK�VHUYHV�WKH�GXDO�
SXUSRVH�RI�SURYLGLQJ�D�ILUP�EDVH�RQ�ZKLFK�WR�GHYHORS�D�JRRG�HOHFWULFDO�FRQWDFW��DQG�SUHYHQWLQJ�
GDPDJH�WR�WKH�FRUH�EHGGLQJ�DQG�FRQGXFWRU�LQVXODWLRQ��DQG�D�WLQQHG�FRSSHU�EHGGLQJ�EUDLG�SDVVHG�
DURXQG�WKH�RXWVLGH�RI�WKH�DUPRXU�WR�LPSURYH�WKH�HOHFWULFDO�WUDQVLWLRQ�EHWZHHQ�WKH�FDEOH�DUPRXU�DQG�
WKH�ERQG� 

7KH�FRPSRQHQWV�IRU�HDFK�W\SH�FRQVLVW�RI��- 

�D��7HQVLRQ�6WUDS�7\SH 
��LQWHUORFNLQJ�VWHHO�VSOLW�FRPSUHVVLRQ�ULQJ 
��OHQJWK�RI�WLQQHG�FRSSHU�EHGGLQJ�EUDLG 
��EXFNOH�-�YDULRXV�W\SHV�IRU�GLIIHUHQW�DSSOLFDWLRQV�-�VHH�FRPSRQHQWV�OLVW�SDJH������ 
��VWHHO�WHQVLRQ�VWUDS� 

7KH�VWUDS�LV�WHQVLRQHG�DURXQG�WKH�DUPRXU�E\�PHDQV�RI�D�VSHFLDO�WRRO�UHI��-76����GHWDLOHG�LQVWUXFWLRQV�
RQ�LWV�XVH�DSSHDU�RQ�SDJHV������DQG������ 

�E��:RUP-GULYH�&OLS�7\SH 
��LQWHUORFNLQJ��RU�VROLG��VWHHO�VSOLW�FRPSUHVVLRQ�ULQJ 
��OHQJWK�RI�WLQQHG�FRSSHU�EHGGLQJ�EUDLG 
��ZRUP-GULYH�FOLS�-�VFUHZGULYHU�IL[LQJ� 

7KH�WLQQHG�FRSSHU�VWULSV�DUH�VHOHFWHG�LQGHSHQGHQWO\�DFFRUGLQJ�WR�WKH�UHTXLUHPHQWV�RI�WKH�MRLQW�XQGHU�
DVVHPEO\��6HH�SDJH����� 
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6HOHFWLQJ�WKH�&RPSRQHQWV 

7KH�SHUPXWDWLRQV�RI�PHWDOOLF�DUPRXUHG�FDEOHV�ZLWK�WKRVH�RI�MRLQW�FRQILJXUDWLRQ�DUH�FRQVLGHUDEOH��DQG�
ZLWK�FHUWDLQ�H[FHSWLRQV��VHH�EHORZ��LW�LV�LPSUDFWLFDEOH�WR�RIIHU�IURP�VWRFN�SUHVHOHFWHG�SDFNV�RI�
ERQGLQJ�FRPSRQHQWV�IRU�HYHU\�IRUHVHHDEOH�MRLQWLQJ�VLWXDWLRQ���,W�LV�QHFHVVDU\��WKHUHIRUH��WR�EXLOG�XS�
WKH�FRPSRQHQWV�UHTXLUHG�IRU�HDFK�MRLQW�VSHFLILFDWLRQ�IURP�WKH�FRPSRQHQW�WDEOHV�RQ�SDJH������ 

7KH�IROORZLQJ�GHWDLOV�DUH�HVVHQWLDO�WR�PDNLQJ�D�FRUUHFW�VHOHFWLRQ� 

 '(7$,/ 2%-(&7,9( 

&DEOHV 

8QGHU-DUPRXU�GLDPHWHU�PDLQV�$ 
 
8QGHU-DUPRXU�GLDPHWHU�PDLQV�% 
 
8QGHU-DUPRXU�GLDPHWHU�EUDQFK�VHUYLFH 
 
5HTXLUHG�FXUUHQW-FDUU\LQJ�FDSDFLW\ 

6L]H�RI�FRPSUHVVLRQ�ULQJV 
 
/HQJWK�RI�WHQVLRQ�VWUDS 
 
1XPEHU�RI�WLQQHU�FRSSHU�VWULSV 
 
 

-RLQWV 


�1XPEHU�RI�ERQG�FRQQHFWLRQV 
 
6SDQ�OHQJWK�RI�MRLQWV 
 

�&RQILJXUDWLRQ 
 
-RLQWLQJ�PHWKRGV�ZKHUH�DOWHUQDWLYH�FRPSRQHQWV�DUH�XVHG� 

1XPEHU�RI�FRQQHFWLRQ�FRPSRQHQWV 
 
/HQJWK�RI�WLQQHU�FRSSHU�VWULSV 
 
 
 
7\SH�RI�%XFNOH 


�7KH�QXPEHU�RI�ERQG�FRQQHFWLRQV�ZLOO�YDU\�ZLWK�WKH�MRLQW�FRQILJXUDWLRQ��D�FRPSOHWHG�ERQG�PD\�
LQFRUSRUDWH�RQH�RU�PRUH�ERQG�FRQQHFWLRQV���)RU�H[DPSOH��D�WHUPLQDWLRQ�MRLQW�ZLOO�UHTXLUH�RQO\�RQH�
VHW�RI�FRQQHFWLRQ�FRPSRQHQWV��D�VWUDLJKW-WKURXJK�MRLQW�WZR�VHWV��DQG�D�EUDQFK�MRLQW�WKUHH�RU�PRUH� 

6ZHDWHG��3OXPEHG�RU�%ROWHG�&RQQHFWLRQV 

7KH�6LFDPH�DUPRXU�ERQGLQJ�V\VWHPV�RIIHU�D�FRPSUHKHQVLYH�WHFKQLTXH�IRU�WKH�FURVV�ERQGLQJ�RI�
PHWDOOLF�FDEOH�DUPRXU��EXW�6LFDPH�(OHFWULFDO�'HYHORSPHQWV�DFNQRZOHGJH�WKDW�WKH�V\VWHPV�FDQ�EH�
DGDSWHG�IRU�RWKHU�W\SHV�RI�FRQQHFWLRQV�DQG�FURVV-ERQGLQJ�PDWHULDOV���$FFRUGLQJO\��D�UDQJH�RI�
DOWHUQDWLYH�EXFNOHV�LV�DYDLODEOH��ZKLFK�DIWHU�VHFXULQJ�WR�WKH�FDEOH�DUPRXU�E\�PHDQV�RI�D�WHQVLRQ�
VWUDS��DUH�VXLWDEOH�IRU�HLWKHU�VZHDWHG��SOXPEHG�RU�EROWHG�FRQQHFWLRQV�RI�WKH�ERQG���7KHVH�DUH�
GHWDLOHG�RQ�SDJH������ 

&211(&7,21�.,76 

)RU�DUPRXUHG�FDEOHV�PDQXIDFWXUHG�WR�%6��������������DV�WKH�PRVW�SRSXODU�W\SH�RI�FDEOH�XVHG�LQ�
LQGXVWULDO�LQVWDOODWLRQV��LW�KDV�EHHQ�SRVVLEOH�WR�VWDQGDUGLVH�WKH�FRPSRQHQWV�QHFHVVDU\�WR�VHFXUH�WKH�
ERQG�LQ�WKH�IRUP�RI�D�NLW��IRU�ERWK�WHQVLRQ�VWUDS�DQG�ZRUP-GULYH�FOLS�IL[LQJ� 

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�D�NLW�UHSUHVHQWV�D�VLQJOH�ERQG�FRQQHFWLRQ��WR�RQH�DUPRXU�WHUPLQDWLRQ�
RQO\���$�FRPSOHWHG�ERQG�PD\�LQFRUSRUDWH�RQH�RU�PRUH�NLWV� 

7DEOHV�IRU�WKHVH�NLWV�DSSHDU�RQ�SDJHV������DQG������ 
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6WHHO 
&RPSUHVVLRQ 

5LQJV 

3DUW 
1R� 

,QVLGH�'LD� :W��SHU 
����
�.JV� PP LQV 

��� �� ���� ��� 

��� �� ���� ��� 

��� �� ��� ��� 

��� �� ���� ��� 

��� �� ���� ��� 

��� �� ���� ��� 

��� �� ��� ��� 

��� �� ���� ��� 

��� �� ���� ��� 

��� �� ���� ��� 

��� �� ��� ���� 

��� �� ���� ���� 

��� �� ���� ���� 

��� �� ���� ���� 

��� ���� ��� ���� 

��� �� ���� ���� 

��� �� ��� ���� 

��� �� ���� ���� 

,QWHUORFNLQJ 
6SOLW 
7\SH 

6WHHO 
&RPSUHVVLRQ 

5LQJV 

3DUW 
1R� 

,QVLGH�'LD� :W��
SHU 
����
�.JV� 

PP LQV 

6ROLG 
7\SH 

�� �� ��� ��� 

�� �� ���� ��� 

�� �� ���� ��� 

�� �� ���� ��� 

�� �� ��� ��� 

�� �� ���� ��� 

7LQQHG 
0LOG�
6WHHO 

7HQVLRQ�
6WUDSV 

3DUW 
1R� 6�:� 

/HQJWK 
:W��SHU 
����

�.JV�� PP LQV 

0DLQV � �� ��� ���� ��� 

� �� ��� ����� ��� 

�D �� ��� ����� ���� 

��� �� ��� ����� ���� 

�D �� ��� ����� ��� 

��� �� ��� ���� ��� 

6HUYLFH 

&RPSUHVVLRQ�5LQJV 

7HQVLRQ�6WUDSV 

&RPSRQHQW�7DEOHV�:LWK�,OOXVWUDWLRQV 
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7LQQHG 
7HQVLRQ�6WUDS 

%XFNOHV 

3DUW 
1R� 6�:�*� 0DWHULDO $SSOLFDWLRQ :W��SHU 

�����.JV�� 

0DLQV ��� �� &RSSHU )RU�FRQQHFWLRQV�DW�����WR�FDEOH ��� 

��� �� 0LG�6WHHO )RU�FRQQHFWLRQV�LQ�OLQH�ZLWK�FDEOH ��� 

��� �� &RSSHU )RU�FRQQHFWLRQV�LQ�OLQH�ZLWK�FDEOH ��� 

��� �� 6WHHO )HUUXOH�W\SH�IRU�VWUDQGHG�ERQGV ��� 

��� �� 6WHHO %ROWHG�W\SH��Ǫ´�-�0���EROW� ��� 

��� �� &RSSHU %ROWHG�W\SH��Ǫ´�-�0���EROW� ��� 

��� �� 0LG�6WHHO )RU�IODW�VWULS�RU�VWUDQGHG�ERQGV ��� 

��� �� &RSSHU )RU�IODW�VWULS�RU�VWUDQGHG�ERQGV ��� 

6HUYLFH 

7LQQHG�
7HQVLRQ�6WUDS�

%XFNOHV 
3DUW�1R� 6�:� 0DWHULDO 

:W��SHU�
����

�.JV�� 

0DLQV ��� �� 0LOG�6WHHO ��� 

��� �� 0LOG�6WHHO ��� 

��� �� &RSSHU ��� 
6HUYLFH 

%XFNOHV 

$OWHUQDWLYH�%XFNOHV 

&RPSRQHQW�7DEOHV�:LWK�,OOXVWUDWLRQV� 
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7LQQHG�
&RSSHU 
6WULS 

���PPð�
F�V�D� 

3DUW 
1R� 

/HQJWK 
:W��SHU 
����
�.JV� PP LQV 

7HQVLRQ 
6WUDS 
6\VWHP 

��� ��� ��� ��� 

��� ��� �� ��� 

��� ��� �� ��� 

��� ��� �� ��� 

��� ��� �� ��� 

��� ��� �� ��� 

��� ��� �� ���� 

��� ��� �� ���� 

��� ��� �� ���� 

��� ��� �� ���� 

��� ��� �� ���� 

��� ���� �� ���� 

��� ���� �� ���� 

��� ���� �� ���� 

��� ���� �� ���� 

7LQQHG�&RS�
SHU 
6WULS 

���PPð�F�V�D� 

3DUW 
1R� 

/HQJWK :W��SHU 
����
�.JV� PP LQV 

:RUP�'ULYH 
&OLS 
6\VWHP 

����� ��� ����� ��� 

����� ��� ����� ��� 

����� ��� ���� ���� 

����� ���� ����� ���� 

3DUW�1R� 
:LGWK 

PP LQV 

��� �� ���� �� 

��� �� � �� 

&RLO�/HQJWK 
�PHWUHV� 

· :RUP-GULYH�FOLSV�DUH�VWDQGDUG�SURGXFWV�ZKLFK�FDQ�EH�VXSSOLHG�LI�UHTXLUHG� 
· 2WKHU�W\SHV�RI�ERQGV�HJ��WLQQHG�FRSSHU�EUDLG�RU�3�9�&��LQVXODWHG�FDEOH�FDQ�DOVR�EH�VXSSOLHG� 
· 7LQQHG�FRSSHU�EHGGLQJ�EUDLG�LV�VXSSOLHG�HLWKHU�LQ�FRLOV�RU�FXW�WR�OHQJWK�DV�UHTXLUHG� 

&RPSRQHQW�7DEOHV�:LWK�,OOXVWUDWLRQV� 

7LQQHG�&RSSHU�6WULSV 

7LQQHG�&RSSHU�%UDLG 
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