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�� 7KH�,(&��,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�&RPPLVVLRQ��LV�D�ZRUOGZLGH�RUJDQL]DWLRQ�IRU�VWDQGDUGL]DWLRQ�FRPSULVLQJ
DOO� QDWLRQDO� HOHFWURWHFKQLFDO� FRPPLWWHHV� �,(&� 1DWLRQDO� &RPPLWWHHV��� 7KH� REMHFW� RI� WKH� ,(&� LV� WR� SURPRWH
LQWHUQDWLRQDO�FR�RSHUDWLRQ�RQ�DOO�TXHVWLRQV�FRQFHUQLQJ�VWDQGDUGL]DWLRQ�LQ�WKH�HOHFWULFDO�DQG�HOHFWURQLF�ILHOGV��7R
WKLV� HQG� DQG� LQ� DGGLWLRQ� WR� RWKHU� DFWLYLWLHV�� WKH� ,(&� SXEOLVKHV� ,QWHUQDWLRQDO� 6WDQGDUGV�� 7KHLU� SUHSDUDWLRQ� LV
HQWUXVWHG� WR� WHFKQLFDO� FRPPLWWHHV�� DQ\� ,(&� 1DWLRQDO� &RPPLWWHH� LQWHUHVWHG� LQ� WKH� VXEMHFW� GHDOW� ZLWK� PD\
SDUWLFLSDWH� LQ� WKLV� SUHSDUDWRU\� ZRUN�� ,QWHUQDWLRQDO�� JRYHUQPHQWDO� DQG� QRQ�JRYHUQPHQWDO� RUJDQL]DWLRQV� OLDLVLQJ
ZLWK� WKH� ,(&� DOVR� SDUWLFLSDWH� LQ� WKLV� SUHSDUDWLRQ�� 7KH� ,(&� FROODERUDWHV� FORVHO\� ZLWK� WKH� ,QWHUQDWLRQDO
2UJDQL]DWLRQ� IRU� 6WDQGDUGL]DWLRQ� �,62�� LQ� DFFRUGDQFH� ZLWK� FRQGLWLRQV� GHWHUPLQHG� E\� DJUHHPHQW� EHWZHHQ� WKH
WZR�RUJDQL]DWLRQV�

�� 7KH� IRUPDO� GHFLVLRQV� RU� DJUHHPHQWV� RI� WKH� ,(&� RQ� WHFKQLFDO� PDWWHUV� H[SUHVV�� DV� QHDUO\� DV� SRVVLEOH�� DQ
LQWHUQDWLRQDO�FRQVHQVXV�RI�RSLQLRQ�RQ�WKH�UHOHYDQW�VXEMHFWV�VLQFH�HDFK�WHFKQLFDO�FRPPLWWHH�KDV�UHSUHVHQWDWLRQ
IURP�DOO�LQWHUHVWHG�1DWLRQDO�&RPPLWWHHV�

�� 7KH� GRFXPHQWV� SURGXFHG� KDYH� WKH� IRUP� RI� UHFRPPHQGDWLRQV� IRU� LQWHUQDWLRQDO� XVH� DQG� DUH� SXEOLVKHG� LQ� WKH
IRUP�RI� VWDQGDUGV�� WHFKQLFDO� VSHFLILFDWLRQV�� WHFKQLFDO� UHSRUWV� RU� JXLGHV�DQG� WKH\�DUH�DFFHSWHG�E\� WKH�1DWLRQDO
&RPPLWWHHV�LQ�WKDW�VHQVH�

���� ,Q� RUGHU� WR� SURPRWH� LQWHUQDWLRQDO� XQLILFDWLRQ�� ,(&� 1DWLRQDO� &RPPLWWHHV� XQGHUWDNH� WR� DSSO\� ,(&� ,QWHUQDWLRQDO
6WDQGDUGV� WUDQVSDUHQWO\� WR� WKH� PD[LPXP� H[WHQW� SRVVLEOH� LQ� WKHLU� QDWLRQDO� DQG� UHJLRQDO� VWDQGDUGV�� $Q\
GLYHUJHQFH� EHWZHHQ� WKH� ,(&� 6WDQGDUG� DQG� WKH� FRUUHVSRQGLQJ� QDWLRQDO� RU� UHJLRQDO� VWDQGDUG� VKDOO� EH� FOHDUO\
LQGLFDWHG�LQ�WKH�ODWWHU�

���� 7KH� ,(&� SURYLGHV� QR�PDUNLQJ� SURFHGXUH� WR� LQGLFDWH� LWV� DSSURYDO� DQG� FDQQRW� EH� UHQGHUHG� UHVSRQVLEOH� IRU� DQ\
HTXLSPHQW�GHFODUHG�WR�EH�LQ�FRQIRUPLW\�ZLWK�RQH�RI�LWV�VWDQGDUGV�

���� $WWHQWLRQ�LV�GUDZQ�WR�WKH�SRVVLELOLW\�WKDW�VRPH�RI�WKH�HOHPHQWV�RI�WKLV�,QWHUQDWLRQDO�6WDQGDUG�PD\�EH�WKH�VXEMHFW
RI�SDWHQW�ULJKWV��7KH�,(&�VKDOO�QRW�EH�KHOG�UHVSRQVLEOH�IRU�LGHQWLI\LQJ�DQ\�RU�DOO�VXFK�SDWHQW�ULJKWV�

,QWHUQDWLRQDO� 6WDQGDUG� ,(&� ������ KDV� EHHQ� SUHSDUHG� E\� VXEFRPPLWWHH� ��$�� 5HDFWRU
LQVWUXPHQWDWLRQ��RI�,(&�WHFKQLFDO�FRPPLWWHH�����1XFOHDU�LQVWUXPHQWDWLRQ�

7KH�WH[W�RI�WKLV�VWDQGDUG�LV�EDVHG�RQ�WKH�IROORZLQJ�GRFXPHQWV�

)',6 5HSRUW�RQ�YRWLQJ

��$�����)',6 ��$�����59'

)XOO� LQIRUPDWLRQ�RQ� WKH�YRWLQJ� IRU� WKH�DSSURYDO�RI� WKLV�VWDQGDUG�FDQ�EH� IRXQG� LQ� WKH�UHSRUW�RQ
YRWLQJ�LQGLFDWHG�LQ�WKH�DERYH�WDEOH�

7KLV�SXEOLFDWLRQ�KDV�EHHQ�GUDIWHG�LQ�DFFRUGDQFH�ZLWK�WKH�,62�,(&�'LUHFWLYHV��3DUW���

$QQH[�$�LV�IRU�LQIRUPDWLRQ�RQO\�

7KH�FRPPLWWHH�KDV�GHFLGHG� WKDW� WKH�FRQWHQWV�RI� WKLV�SXEOLFDWLRQ�ZLOO� UHPDLQ�XQFKDQJHG�XQWLO
������$W�WKLV�GDWH��WKH�SXEOLFDWLRQ�ZLOO�EH

� UHFRQILUPHG�

� ZLWKGUDZQ�

� UHSODFHG�E\�D�UHYLVHG�HGLWLRQ��RU

� DPHQGHG�
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�� 6FRSH�DQG�REMHFW

7KLV� ,QWHUQDWLRQDO� 6WDQGDUG� DSSOLHV� WR� LQ�FRUH� QHXWURQ� GHWHFWRUV� DQG� LQVWUXPHQWDWLRQ� ZKLFK
DUH� GHVLJQHG� IRU� SXUSRVHV� LPSRUWDQW� WR� VDIHW\�� SURWHFWLRQ�� FRQWURO� DQG� LQIRUPDWLRQ�� ,W� LV
UHVWULFWHG� WR� FKDUDFWHULVWLFV� DQG� WHVW� PHWKRGV� IRU� VHOI�SRZHUHG� QHXWURQ� GHWHFWRUV� �631'V��
6HOI�SRZHUHG� QHXWURQ� GHWHFWRUV� FDQ� EH� XVHG� IRU� QHXWURQ� IOXHQFH� UDWH� �IOX[�� PHDVXUHPHQWV
DQG� VSDWLDO� SRZHU� PHDVXUHPHQWV� LQ� QXFOHDU� UHDFWRUV�� 7KLV� VWDQGDUG� JLYHV� UHTXLUHPHQWV�
UHFRPPHQGDWLRQV� DQG� JXLGDQFH� RQ� VHOHFWLRQ� RI� WKH� W\SH� DQG� FKDUDFWHULVWLFV� RI� 631'V� IRU
GLIIHUHQW�SRVVLEOH�DSSOLFDWLRQV�RI�631'V�

)RU�WKH�SULQFLSOHV�RI�RYHUDOO�SODQW�DQG�,	&�V\VWHP�GHVLJQ�DQG�WKH�SXUSRVH�RI�QHXWURQ�IOXHQFH
UDWH� PHDVXUHPHQWV�� UHIHUHQFH� VKRXOG� EH� PDGH� WR� JHQHUDO� SULQFLSOHV� RI� QXFOHDU� UHDFWRU
LQVWUXPHQWDWLRQ�DFFRUGLQJ�WR�,$($�&RGHV�DQG�6DIHW\�*XLGHV�DQG�,(&�������

�� 1RUPDWLYH�UHIHUHQFHV

7KH� IROORZLQJ�QRUPDWLYH�GRFXPHQWV� FRQWDLQ�SURYLVLRQV�ZKLFK�� WKURXJK� UHIHUHQFH� LQ� WKLV� WH[W�
FRQVWLWXWH� SURYLVLRQV� RI� WKLV� ,QWHUQDWLRQDO� 6WDQGDUG�� )RU� GDWHG� UHIHUHQFHV�� VXEVHTXHQW
DPHQGPHQWV� WR�� RU� UHYLVLRQV�RI�� DQ\�RI� WKHVH�SXEOLFDWLRQV�GR�QRW� DSSO\��+RZHYHU�� SDUWLHV� WR
DJUHHPHQWV�EDVHG�RQ�WKLV�,QWHUQDWLRQDO�6WDQGDUG�DUH�HQFRXUDJHG�WR�LQYHVWLJDWH�WKH�SRVVLELOLW\
RI� DSSO\LQJ� WKH� PRVW� UHFHQW� HGLWLRQV� RI� WKH� QRUPDWLYH� GRFXPHQWV� LQGLFDWHG� EHORZ�� )RU
XQGDWHG� UHIHUHQFHV�� WKH� ODWHVW� HGLWLRQ� RI� WKH� QRUPDWLYH� GRFXPHQW� UHIHUUHG� WR� DSSOLHV�
0HPEHUV�RI�,(&�DQG�,62�PDLQWDLQ�UHJLVWHUV�RI�FXUUHQWO\�YDOLG�,QWHUQDWLRQDO�6WDQGDUGV�

,(&� ����������������� ,QWHUQDWLRQDO� (OHFWURWHFKQLFDO� 9RFDEXODU\� �,(9��&KDSWHU� ����� 1XFOHDU
,QVWUXPHQWDWLRQ��,QVWUXPHQWV

,(&�������������5DGLDWLRQ� GHWHFWRUV� IRU� WKH� LQVWUXPHQWDWLRQ� DQG� SURWHFWLRQ� RI� QXFOHDU
UHDFWRUV��FKDUDFWHULVWLFV�DQG�WHVW�PHWKRGV

,(&�������������,Q�FRUH� LQVWUXPHQWDWLRQ� IRU� QHXWURQ� IOXHQFH� UDWH� �IOX[�� PHDVXUHPHQWV� LQ
SRZHU�UHDFWRUV

,(&�������������1XFOHDU� SRZHU� SODQWV� ±� ,QVWUXPHQWDWLRQ� DQG� FRQWURO� V\VWHPV� LPSRUWDQW� IRU
VDIHW\�±�&ODVVLILFDWLRQ

,(&� ������� 1XFOHDU� SRZHU� SODQWV� ±� ,QVWUXPHQWDWLRQ� DQG� FRQWURO� IRU� V\VWHPV� LPSRUWDQW� WR
VDIHW\�±�*HQHUDO�UHTXLUHPHQWV�IRU�V\VWHPV���

BBBBBBBBBBB
����7R�EH�SXEOLVKHG�
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�� 'HILQLWLRQV�DQG�DEEUHYLDWLRQV

���� 'HILQLWLRQV

)RU�WKH�SXUSRVH�RI�WKLV�SXEOLFDWLRQ��WKH�IROORZLQJ�GHILQLWLRQV�DSSO\�

�����
EDFNJURXQG�RU�OHDG�FRPSHQVDWLRQ��RI�D�VHOI�SRZHUHG�GHWHFWRU�VLJQDO�
D�PHWKRG�HPSOR\HG� WR�FRUUHFW� WKH�FXUUHQW� IURP�D�631'� IRU�EDFNJURXQG�FRQWULEXWLRQ��7KLV� LV
XVXDOO\� DFFRPSOLVKHG� E\� SODFLQJ� DQ� �HPLWWHUOHVV�� EDFNJURXQG� GHWHFWRU� LQ� WKH� LQ�FRUH
DVVHPEO\��RU�E\�XVLQJ�GHWHFWRUV�ZLWK�DQ�LQWHUQDO�FRPSHQVDWLQJ�OHDG�ZLUH��VHH�ILJXUH���

�����
EHWD�GHFD\
UDGLRDFWLYH� GHFD\� SURFHVV� LQ� ZKLFK� PDVV� QXPEHU� $� UHPDLQV� XQFKDQJHG� EXW� WKH� DWRPLF
QXPEHU� =� FKDQJHV�� 3URFHVVHV� LQFOXGH� HOHFWURQ� HPLVVLRQ� �b±� GHFD\��� HOHFWURQ� FDSWXUH�� DQG
SRVLWURQ�HPLVVLRQ��b��GHFD\�

�����
EXUQ�XS
GHSOHWLRQ�RU� UHGXFWLRQ�RI� WDUJHW�DWRPV�ZKHQ�H[SRVHG� WR�D� WKHUPDO�QHXWURQ� IOXHQFH� UDWH�RYHU
WLPH��GXH�WR�FRQYHUVLRQ�WR�RWKHU�UDGLRLVRWRSHV

�����
EXUQ�XS�OLIH��RI�D�QHXWURQ�GHWHFWRU�
HVWLPDWHG�IOXHQFH�RI�QHXWURQV�RI�D�JLYHQ�HQHUJ\�GLVWULEXWLRQ�DIWHU�ZKLFK�WKH�VHQVLWLYH�PDWHULDO
ZLOO� EH� FRQVXPHG� WR� VXFK� DQ� H[WHQW� WKDW� WKH� GHWHFWRU� FKDUDFWHULVWLFV� H[FHHG� WKH� VSHFLILHG
WROHUDQFHV�IRU�D�VSHFLILHG�SXUSRVH�>,(9����������@

�����
FDSWXUH�FURVV�VHFWLRQ
PHDVXUH� RI� WKH� SUREDELOLW\� RI� D� SDUWLFXODU� FROOLVLRQ� RU� LQWHUDFWLRQ� SURFHVV�� VWDWHG� DV� WKH
HIIHFWLYH�DUHD�ZKLFK�WDUJHW�SDUWLFOHV�SUHVHQW�WR�LQFLGHQW�SDUWLFOHV�IRU�WKDW�SURFHVV

�����
&RPSWRQ�HIIHFW
RUGLQDU\� HODVWLF� FROOLVLRQ� LQ� ZKLFK� DQ� LQFLGHQW� SKRWRQ� RI� HQHUJ\� (0�  � Kn0� VWULNHV� D� WDUJHW
HOHFWURQ�FDXVLQJ�WKH�HOHFWURQ�WR�UHFRLO�ZLWK�HQHUJ\�(� ����PY���7KH�SKRWRQ� LWVHOI� LV�VFDWWHUHG
DW�DQ�DQJOH�Q�DQG�HQHUJ\�(�� �Kn0±�(

�����
FURVV�VHFWLRQ��s
DUHD� ZLWKLQ� D� WDUJHW� QXFOHXV�� ZKLFK� LI� VWUXFN� E\� DQ� LQFLGHQW� SDUWLFOH� ZLOO� OHDG� WR� D� UHDFWLRQ
WDNLQJ� SODFH�� 7KH� QXPEHU� RI� SDUWLFOHV� XQGHUJRLQJ� LQWHUDFWLRQ� �QU�� LV� HTXDO� WR� WKH� QXPEHU� RI
LQFLGHQW� SDUWLFOHV� �QL�� WLPHV� WKH� FURVV�VHFWLRQ� �s�� WLPHV� WKH� WRWDO� QXPEHU�RI� WDUJHW� QXFOHL� SHU
WDUJHW�YROXPH��1��WLPHV�WKH�WDUJHW�WKLFNQHVV��W��

QU� �QLs1W

7KH�FURVV�VHFWLRQ�LV�H[SUHVVHG�LQ�EDUQV����E� ���±���P��
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�����
GHFD\�FRQVWDQW��l�
GLVLQWHJUDWLRQ�FRQVWDQW
UDGLRLVRWRSH�GHFD\�FRQVWDQW
SURSRUWLRQDOLW\�FRQVWDQW
IRU�HDFK� UDGLRLVRWRSH��l� LV�GHULYHG�E\�GLYLGLQJ� WKH�QDWXUDO� ORJDULWKP�RI�����E\� WKH�KDOI�OLIH� �LQ
VHFRQGV���DQG�H[SUHVVHG�LQ�V±�

l� ��OQ�����W���� �������W���

�����
GHOD\HG�UHVSRQVH
WLPH�GHOD\�RU�ODJ�LQ�VLJQDO�JHQHUDWLRQ�DIWHU�H[SRVXUH�WR�D�VWHS�FKDQJH�LQ�QHXWURQ�IOXHQFH�UDWH�
7KH�PHDQ� ODJ� WLPH� LV� �W����OQ���ZKHUH� W���� LV� WKH� KDOI�OLIH� RI� WKH� UDGLRLVRWRSH�ZKLFK� SURGXFHV
WKH�VLJQDO��7KH�VLJQDO�UHDFKHV�HTXLOLEULXP�DIWHU�D�SHULRG�RI�DERXW� ILYH�WLPHV�W���� IROORZLQJ�WKH
VWHS�FKDQJH

������
HTXLOLEULXP�UHVSRQVH
IRU�EHWD�GHFD\�VHOI�SRZHUHG�QHXWURQ�GHWHFWRUV��WKH�UHVSRQVH��VLJQDO��JHQHUDWHG�RQFH�WKH�UDWH
RI�QHXWURQ�FDSWXUH�LQ�WKH�HPLWWHU�HTXDOV�WKH�GHFD\�UDWH�RI�UDGLRLVRWRSHV�LQ�WKH�HPLWWHU

������
KDOI�OLIH��W����
WLPH� UHTXLUHG� IRU� WKH� QXPEHU� RI� DWRPV� RU� WKH� DFWLYLW\� RI� D� UDGLRDFWLYH� HOHPHQW� WR� GHFUHDVH
IURP�D�SDUWLFXODU�YDOXH�WR�KDOI�WKDW�YDOXH

������
LQ�FRUH�QHXWURQ�GHWHFWRU
GHWHFWRU�� IL[HG� RU� PRYDEOH�� GHVLJQHG� IRU� WKH� PHDVXUHPHQW� RI� QHXWURQ� IOXHQFH� UDWH� �IOX[�� RU
QHXWURQ�IOXHQFH�DW�D�GHILQHG�SRLQW�RU�LQ�D�UHJLRQ�RI�D�UHDFWRU�FRUH�RU�SULPDU\�HQYHORSH

������
LQWHJUDO�VHOI�SRZHUHG�QHXWURQ�GHWHFWRU
VHOI�SRZHUHG� QHXWURQ� GHWHFWRU� DVVHPEO\� LQ� ZKLFK� WKH� OHDG� FDEOH� VHFWLRQ� LV� DQ� H[WHQVLRQ� RI
WKH�GHWHFWRU�VHFWLRQ��L�H��WKH�HPLWWHU�LV�GLUHFWO\�DWWDFKHG�WR�WKH�FRUH�VLJQDO�ZLUH��ERWK�VHFWLRQV
VKDUH�FRPPRQ�LQVXODWLRQ��DQG�WKH�FROOHFWRU�RI�WKH�GHWHFWRU�VHFWLRQ�LV�DOVR�WKH�RXWHU�VKHDWK�RI
WKH�OHDG�FDEOH�VHFWLRQ��VHH�ILJXUH���

������
PRGXODU�VHOI�SRZHUHG�QHXWURQ�GHWHFWRU
VHOI�SRZHUHG�QHXWURQ�GHWHFWRU�DVVHPEO\�PDGH�E\�PHFKDQLFDOO\� MRLQLQJ��ZHOGLQJ�RU�EUD]LQJ�D
GHWHFWRU� �HPLWWHU�� LQVXODWRU�� FROOHFWRU�� WR� D� OHQJWK� RI� OHDG� FDEOH� �FRUH�VLJQDO� ZLUH�� LQVXODWRU�
RXWHU�VKHDWK���VHH�ILJXUH���

������
SKRWRHOHFWULF�HIIHFW
SKRWRQ� FROOLVLRQ� LQ�ZKLFK� WKH� HQHUJ\� RI� WKH� LQFLGHQW� SKRWRQ� LV� DEVRUEHG� E\� WKH� WDUJHW� DWRP�
FDXVLQJ� DQ� HOHFWURQ� WR� EH� HPLWWHG� ZLWK� HQHUJ\�(�  � Kn� ±�%H�� ZKHUH� Kn� LV� WKH� HQHUJ\� RI� WKH
LQFLGHQW�SKRWRQ�DQG�%H�LV�WKH�ELQGLQJ�HQHUJ\�RI�WKH�HPLWWHG�HOHFWURQ

������
SURPSW�UHVSRQVH
VLJQDO�JHQHUDWLRQ�IURP�D�VHOI�SRZHUHG�QHXWURQ�GHWHFWRU�EDVHG�RQ�WKH��Q��g��H��UHDFWLRQ
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������
UDGLRLVRWRSHV
UDGLRDFWLYH�LVRWRSHV
XQVWDEOH�DWRPLF� VSHFLHV�ZKLFK�KDYH� WKH�DWRPLF�QXPEHU�=�RI� WKH� VDPH�HOHPHQW� EXW� GLIIHUHQW
PDVV�QXPEHUV�$��LVRWRSH�RI�DQ�HOHPHQW�WKDW�XQGHUJRHV�GLVLQWHJUDWLRQ

������
VHOI�SRZHUHG�QHXWURQ�GHWHFWRU��631'�
QHXWURQ�VHQVLWLYH� UDGLDWLRQ� GHWHFWRU� WKDW� UHTXLUHV� QR� H[WHUQDO� SRZHU� VXSSO\� DQG� FRQVLVWV� RI
WKUHH�EDVLF�HOHPHQWV��DQ�HPLWWHU�WKDW�LQWHUDFWV�ZLWK�QHXWURQV�WR�HPLW�HOHFWURQV��D�FROOHFWRU�WKDW
FROOHFWV� WKHVH� HOHFWURQV� DQG� DQ� LQVXODWRU� WKDW� LVRODWHV� WKH� HPLWWHU� IURP� WKH� FROOHFWRU� �VHH
ILJXUH���

������
VHOI�VKLHOGLQJ
VHOI�DEVRUSWLRQ� ZKLFK� RFFXUV� LQ� WKH� HPLWWHU�� DV� HPLWWHU� GLDPHWHU� LQFUHDVHV�� WKH� HVFDSH
SUREDELOLW\�RI�DQ�HOHFWURQ�ERUQ� LQ� WKH� LQWHULRU�RI� WKH�HPLWWHU�GHFUHDVHV��DQG�FXUUHQW�SURGXFLQJ
HIILFLHQF\�GURSV

������
VHQVLWLYLW\��RI�D�GHWHFWRU�
VHQVLWLYLW\�RI�D�GHWHFWRU�WR�WKH�UDGLDWLRQ�WR�EH�PHDVXUHG��7KLV�VHQVLWLYLW\�LV�JLYHQ�E\�

PHDVXUHG��EH�WR��UDGLDWLRQ�TXDQWLW\�LQSXW�WKH�RI�YDULDWLRQ
UHVSRQVH���GHWHFWRU�TXDQWLW\�RXWSXW�WKH�RI�YDULDWLRQ

=6

,Q� PRVW� DSSOLFDWLRQV�� WKH� GHWHFWRU� UHVSRQVH� LV� OLQHDU� DQG� KDV� D� QHJOLJLEOH� RXWSXW� VLJQDO� IRU
]HUR�LQSXW�

+HQFH

VHQVLWLYLW\�
PHDVXUHG��EH�WR��UDGLDWLRQ�TXDQWLW\�LQSXW

UHVSRQVH���GHWHFWRU�TXDQWLW\�RXWSXW
=6

������
WKHUPDO�QHXWURQV
QHXWURQV� ZLWK� NLQHWLF� HQHUJ\� HTXDO� WR� DERXW� ������ H9� DW� ���� .�� QHXWURQV� WKDW� DUH
DSSUR[LPDWHO\�LQ�WKHUPDO�HTXLOLEULXP�ZLWK�WKHLU�VXUURXQGLQJV

������
XVHIXO�OLIH��RI�D�QHXWURQ�GHWHFWRU�
RSHUDWLRQDO� OLIH�� XQGHU� LUUDGLDWLRQ� DQG� HQYLURQPHQWDO� FRQGLWLRQV� UHVWULFWHG� ZLWKLQ� VSHFLILHG
OLPLWV�� DIWHU�ZKLFK� WKH� GHWHFWRU� FKDUDFWHULVWLFV� H[FHHG� WKH� VSHFLILHG� WROHUDQFHV� >,(9� �������
��@

127(�� 8VHIXO�OLIH�FDQ�EH�H[SUHVVHG�LQ�LQFLGHQW�SDUWLFOH�IOXHQFH��HWF�

���� $EEUHYLDWLRQV

�����
%:5
ERLOLQJ�ZDWHU�UHDFWRU

�����
&$1'8
WKH�QDPH�JLYHQ�WR�D�&DQDGLDQ�UHDFWRU�GHVLJQ�IHDWXULQJ�QDWXUDO�XUDQLXP�IXHO�DQG�KHDY\�ZDWHU
PRGHUDWRU�DQG�FRRODQW��$Q�DFURQ\P�IRU�&$1DGD��'HXWHULXP��8UDQLXP
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�����
+:5
KHDY\�ZDWHU�UHDFWRU�±�$�KHDY\�ZDWHU��'�2��FRROHG�DQG�PRGHUDWHG�UHDFWRU

�����
/:5
OLJKW�ZDWHU� UHDFWRU� ±�$� OLJKW�ZDWHU� FRROHG� DQG�PRGHUDWHG� UHDFWRU��&RPPHUFLDO� W\SHV� LQFOXGH
WKH�SUHVVXUL]HG�ZDWHU�UHDFWRU��3:5��DQG�WKH�ERLOLQJ�ZDWHU�UHDFWRU��%:5�

�����
3:5
SUHVVXUL]HG�ZDWHU�UHDFWRU

�����
5%0.
D�JUDSKLWH�PRGHUDWHG�OLJKW�ZDWHU�FRROHG�UHDFWRU

�����
6,5
DQ� DFURQ\P� IRU� �VWUDLJKW� LQGLYLGXDOO\� UHSODFHDEOH��� $Q� LQWHJUDO� W\SH� VHOI�SRZHUHG� GHWHFWRU
XVHG�LQ�+:5V

�����
631'
VHOI�SRZHUHG�QHXWURQ�GHWHFWRU

�� 6HOI�SRZHUHG�QHXWURQ�GHWHFWRUV�±�*HQHUDO�FKDUDFWHULVWLFV

,Q� VHOI�SRZHUHG� QHXWURQ� GHWHFWRUV� �631'V��� WKH� LQWHUDFWLRQV� RI� QHXWURQV� DQG� DWRPLF� QXFOHL
DUH�XVHG� WR�SURGXFH�D�FXUUHQW�ZKLFK� LV�SURSRUWLRQDO� WR� WKH�QHXWURQ� IOXHQFH� UDWH� �IOX[���:KHQ
FRPSDUHG�WR�RWKHU�W\SHV�RI�LQ�FRUH�GHWHFWRUV��WKH\�KDYH�WKH�IROORZLQJ�DGYDQWDJHV�

± QR�QHHG�RI�SRZHU�VXSSO\�

± VLPSOH�DQG�UREXVW�VWUXFWXUH�

± UHODWLYHO\�VPDOO�PHFKDQLFDO��VL]H��ZHOO�VXLWHG�IRU�LQ�FRUH�LQVWDOODWLRQ�

± JRRG�VWDELOLW\�XQGHU�WHPSHUDWXUH�DQG�SUHVVXUH�FRQGLWLRQV�

± ORZ�EXUQ�XS��GHSHQGHQW�RQ�HPLWWHU�PDWHULDO��

$W�WKH�VDPH�WLPH��WKH\�KDYH�WKH�IROORZLQJ�GLVDGYDQWDJHV�

± OLPLWHG�RSHUDWLQJ�UDQJH�GXH�WR�UHODWLYHO\�ORZ�QHXWURQ�VHQVLWLYLW\�

± FRPSHQVDWLRQ�IRU�EDFNJURXQG�QRLVH�UHTXLUHG��IRU�VRPH�HPLWWHUV��

± GHOD\HG�VLJQDO�UHVSRQVH��IRU�VRPH�HPLWWHUV��
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�� 0HFKDQLFDO�VWUXFWXUH�DQG�FKDUDFWHULVWLFV

7KH� W\SLFDO� 631'� �VHH� ILJXUH� ��� LV� D� FRD[LDO� FDEOH� FRQVLVWLQJ� RI� DQ� LQQHU� HOHFWURGH� �WKH
HPLWWHU���VXUURXQGHG�E\�LQVXODWLRQ�DQG�DQ�RXWHU�HOHFWURGH��WKH�FROOHFWRU��

3UHIHUDEO\�� WKH� OHDG�FDEOH�DQG�GHWHFWRU� VHFWLRQV�DUH� LQWHJUDO�� L�H�� WKH� VLJQDO�ZLUH�RI� WKH� OHDG
FDEOH� PDWHV� GLUHFWO\� WR� WKH� HPLWWHU�� WKH� LQVXODWLRQ� RI� ERWK� VHFWLRQV� LV� LGHQWLFDO� DQG� WKH
FROOHFWRU�RI� WKH�GHWHFWRU�VHFWLRQ� LV�DOVR� WKH�RXWHU�VKHDWK�RI� WKH� OHDG�FDEOH�VHFWLRQ��'HWHFWRUV
FRQVWUXFWHG�LQ�WKLV�PDQQHU�DUH�WHUPHG�,QWHJUDO�631'V��631'�DVVHPEOLHV�PD\�DOVR�EH�PDGH
IURP�VHSDUDWH�GHWHFWRU�DQG� OHDG�FDEOH�VHFWLRQV�DQG�DUH�WHUPHG�PRGXODU�631'V�DV�VKRZQ�LQ
ILJXUH���

&ROOHFWRU�RXWHU�VKHDWK

,(&�����������

)LJXUH���±�7\SLFDO�LQWHJUDO�VHOI�SRZHUHG�QHXWURQ�GHWHFWRU

Signal wire

,(&�����������

)LJXUH���±�7\SLFDO�PRGXODU�VHOI�SRZHUHG�QHXWURQ�GHWHFWRU
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,(&�����������

)LJXUH���±�0HWKRGV�RI�FRPSHQVDWLRQ�RI�D�VHOI�SRZHUHG�GHWHFWRU�VLJQDO

631'V� PD\� EH� ORFDWHG� LQ� WKH� UHDFWRU� FRUH� DV� VLQJOH� HOHPHQWV�� RU� PRUH� W\SLFDOO\�� LQ
DVVHPEOLHV�RI�VHYHUDO�XQLWV�JURXSHG�DURXQG�D�FHQWUDO�WXEH�LQ�ZKLFK�WKH�VHQVRU�RI�D�FDOLEUDWLRQ
V\VWHP� FDQ� EH� ORFDWHG�� ([DPSOHV� DUH� GHVFULEHG� LQ� $���� VKRZLQJ� W\SLFDO� DVVHPEO\
FRQILJXUDWLRQV�XVHG�LQ�OLJKW�ZDWHU�DQG�KHDY\�ZDWHU�QXFOHDU�SRZHU�SODQWV�

631'V� DUH� DYDLODEOH� LQ� D� YDULHW\� RI� GHVLJQV� ZLWK� VHQVLWLYH� OHQJWKV� UDQJLQJ� IURP� D� IHZ
FHQWLPHWUHV�WR�IXOO�FRUH�KHLJKW��7KH�GHVLJQ�RI�DQ�631'�VKRXOG�LQFRUSRUDWH�SURSHU�VHOHFWLRQ�RI
HPLWWHU� W\SH�DQG� WKLFNQHVV��DV�ZHOO�DV�VKHDWK�DQG� LQVXODWLRQ�PDWHULDO� W\SHV�DQG�GLPHQVLRQV�
WR�RSWLPL]H�WKH�PHFKDQLFDO�GHVLJQ�IRU�D�VSHFLILF�UDGLDWLRQ�PHDVXUHPHQW�

7KH�PDWHULDO�RI� WKH�FROOHFWRU�DQG� OHDG�FDEOH�VHFWLRQV�VKDOO�EH�UHVLVWDQW� WR�FRUURVLRQ�HIIHFWV� LI
LQ�FRQWDFW�ZLWK� WKH�SULPDU\� FRRODQW�XQGHU�QRUPDO�RSHUDWLRQ�DQG� WUDQVLHQW� FRQGLWLRQV��631'V
PD\� EH� LQVWDOOHG� LQ� DVVHPEOLHV� LQ� ZKLFK� WKH� 631'� HOHPHQWV� DUH� QRW� LQ� FRQWDFW� ZLWK� WKH
SULPDU\�FRRODQW��WR�HOLPLQDWH�WKH�HIIHFWV�RI�FRUURVLRQ�DQG�H[WHQG�WKH�HOHPHQW�OLIHWLPH�
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7KH� FROOHFWRU�PD\� EH� IDEULFDWHG� IURP� QLFNHO�EDVHG� DOOR\V�� FKDUDFWHUL]HG� E\� ORZ�PDQJDQHVH
FRQWHQW� DQG� H[FHOOHQW� FRUURVLRQ� UHVLVWDQFH�� �/RZ� PDQJDQHVH� FRQWHQW� RI� OHVV� WKDQ� ���� LV
GHVLUHG�EHFDXVH�PDQJDQHVH�SURGXFHV�LQWHUIHULQJ�EHWD�HPLVVLRQV�ZKHQ�H[SRVHG�WR�QHXWURQV��

7KH� LQVXODWLRQ� VKRXOG� EH� YLUWXDOO\� WUDQVSDUHQW� WR� QHXWURQV� RU� JDPPD� IOXHQFH� UDWH�� L�H�� LW
VKRXOG� KDYH� DQ� H[WUHPHO\� ORZ� SUREDELOLW\� RI� LQWHUDFWLRQ� ZLWK� QHXWURQV� RU� JDPPD� UD\V�� ,W
VKRXOG� HQVXUH� WKDW� WKH� GHWHFWRU� PDLQWDLQV� D� UHVLVWDQFH� EHWZHHQ� FHQWUH� FRQGXFWRU� DQG
FROOHFWRU� LQ�H[FHVV�RI�����W� LQ� �KRW��RSHUDWLQJ�FRQGLWLRQV��DQG� LQ�H[FHVV�RI������W� IRU� �FROG�
QRQRSHUDWLQJ� FRQGLWLRQV�� &HUDPLF� R[LGHV� DUH� WKH� SUHIHUUHG� PDWHULDOV� EHFDXVH� WKH\� FDQ
ZLWKVWDQG�WKH�KRVWLOH�HQYLURQPHQW�LQVLGH�D�QXFOHDU�UHDFWRU�

7\SLFDOO\��WKUHH�PDWHULDOV�PD\�EH�XVHG�IRU�WKH�LQVXODWLRQ�LQ�631'V�HPSOR\HG�LQ�SRZHU�UHDFWRU
DSSOLFDWLRQV��QDPHO\��$O�2���0J2�DQG�6L2���$O�2��KDV�EHHQ�FKRVHQ�IRU�PRVW�DSSOLFDWLRQV�DV
LW� LV� UHDGLO\� DYDLODEOH� DQG�� LQ� SRZGHU� IRUP�� LV� OHVV� VHQVLWLYH� WKDQ� 0J2� WR� WKH� HIIHFWV� RI
KXPLGLW\�� 0J2� LV� K\JURVFRSLF� DQG� LV� WKHUHIRUH� VHQVLWLYH� WR� FDEOH� VZHOOLQJ� LI� PRLVWXUH
SHQHWUDWHV�WKH�FDEOH�VKHDWK��6L2��PD\�EH�XVHG�LQ�VRPH�DSSOLFDWLRQV�EHFDXVH�LWV�ORZ�GHQVLW\
HQKDQFHV� HPLWWHU� WR� FROOHFWRU� HOHFWURQ� WUDQVPLVVLRQ� DQG� WKXV� PD[LPL]HV� VHQVLWLYLW\
FKDUDFWHULVWLFV��+RZHYHU�6L2��KDV� ORZHU� LQVXODWLRQ�UHVLVWDQFH�DW�KLJK� WHPSHUDWXUH� WKDQ�0J2
RU�$O�2��

�� 1XFOHDU�DQG�HOHFWULFDO�FKDUDFWHULVWLFV

)RU� SRZHU� UHDFWRU� DSSOLFDWLRQV�� W\SLFDO� HPLWWHU� PDWHULDOV� XVHG� LQ� 631'V� LQFOXGH� YDQDGLXP�
FREDOW�� UKRGLXP�� VLOYHU�� SODWLQXP� DQG� KDIQLD�� 7KHVH�PDWHULDOV� VKRXOG� EH� XVHG� EHFDXVH� WKH\
SRVVHVV� UHODWLYHO\� KLJK� PHOWLQJ� WHPSHUDWXUHV�� UHODWLYHO\� KLJK� FURVV�VHFWLRQV� WR� WKHUPDO
QHXWURQV�DQG�DUH�FRPSDWLEOH�ZLWK� WKH�631'�PDQXIDFWXULQJ�SURFHVV��2WKHU� HPLWWHUV� VXFK�DV
FDGPLXP�� JDGROLQLXP� DQG� HUELXP�PD\� EH� XVHG� LQ� 631'V� IRU� ORZ� WHPSHUDWXUH� H[SHULPHQWDO
UHDFWRUV��EXW�DUH�QRW�SUDFWLFDO�IRU�SRZHU�UHDFWRU�DSSOLFDWLRQV�

7DEOH���JLYHV�DQ�RYHUYLHZ�RI�VRPH�RI�WKH�LPSRUWDQW�FKDUDFWHULVWLFV�RI�631'�HPLWWHUV�XVHG�LQ
SRZHU�UHDFWRU�DSSOLFDWLRQV�
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