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7KH�47���� UHTXLUHV�RQO\�D� FRPPRQ� LQH[SHQVLYH� FDSDFLWRU� LQ� RUGHU� WR� IXQFWLRQ��$�EDUH�SLH]R�EHHSHU� FDQ�EH� FRQQHFWHG� WR� FUHDWH�D

¨WDFWLOH©�IHHGEDFN�FOLFNLQJ�VRXQG��WKH�EHHSHU�LWVHOI�WKHQ�GRXEOHV�DV�WKH�UHTXLUHG�H[WHUQDO�FDSDFLWRU��DQG�LW�FDQ�DOVR�EHFRPH�WKH�VHQVLQJ

HOHFWURGH�� $Q� /('� FDQ� DOVR� EH� DGGHG� WR� SURYLGH� YLVXDO� VHQVLQJ� LQGLFDWLRQ�� :LWK� D� VHFRQG� LQH[SHQVLYH� FDSDFLWRU� WKH� 47���� FDQ

RSHUDWHG�LQ���ZLUH�PRGH��ZKHUH�ERWK�SRZHU�DQG�VLJQDO�WUDYHUVH�WKH�VDPH�ZLUH�SDLU�WR�D�KRVW��7KLV�PRGH�DOORZV�WKH�VHQVRU�WR�EH�ZLUHG

WR�D�FRQWUROOHU�ZLWK�RQO\�D�WZLVWHG�SDLU�RYHU�D�ORQJ�GLVWDQFHV�

3RZHU�FRQVXPSWLRQ�LV�XQGHU���µ$�LQ�PRVW�DSSOLFDWLRQV��DOORZLQJ�RSHUDWLRQ�IURP�/LWKLXP�FHOOV�IRU�PDQ\�\HDUV��,Q�PRVW�FDVHV�WKH�SRZHU
VXSSO\�QHHG�RQO\�EH�PLQLPDOO\�UHJXODWHG�

7KH�47���©V�5,6&�FRUH�HPSOR\V�VLJQDO�SURFHVVLQJ� WHFKQLTXHV�SLRQHHUHG�E\�4XDQWXP�� WKHVH�DUH�VSHFLILFDOO\�GHVLJQHG� WR�PDNH� WKH

GHYLFH� VXUYLYH� UHDO�ZRUOG� FKDOOHQJHV�� VXFK� DV� ¨VWXFN� VHQVRU©� FRQGLWLRQV� DQG� VLJQDO� GULIW�� (YHQ� VHQVLWLYLW\� LV� GLJLWDOO\� GHWHUPLQHG� DQG

UHPDLQV�FRQVWDQW�LQ�WKH�IDFH�RI�ODUJH�YDULDWLRQV�LQ�VDPSOH�FDSDFLWRU�&6�DQG�HOHFWURGH�&;��1R�H[WHUQDO�VZLWFKHV��RSDPSV��RU�RWKHU�DQDORJ

FRPSRQHQWV�DVLGH�IURP�&6�DUH�XVXDOO\�UHTXLUHG�
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VZLWFK�UHSODFHPHQW��$QRWKHU�PDNHV�WKH�VHQVRU�RXWSXW�D�SXOVH�LQVWHDG�RI�D�'&�OHYHO��ZKLFK�DOORZV�WKH�GHYLFH�WR�
WDON
�RYHU�WKH�SRZHU�UDLO�
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����29(59,(:
7KH� 47���� LV� D� GLJLWDO� EXUVW� PRGH� FKDUJH�WUDQVIHU� �47�
VHQVRU�GHVLJQHG�VSHFLILFDOO\� IRU� WRXFK�FRQWUROV�� LW� LQFOXGHV�DOO
KDUGZDUH� DQG� VLJQDO� SURFHVVLQJ� IXQFWLRQV� QHFHVVDU\� WR
SURYLGH� VWDEOH� VHQVLQJ� XQGHU� D� ZLGH� YDULHW\� RI� FKDQJLQJ
FRQGLWLRQV�� 2QO\� D� VLQJOH� ORZ� FRVW�� QRQ�FULWLFDO� FDSDFLWRU� LV
UHTXLUHG�IRU�RSHUDWLRQ�

)LJXUH� ���� VKRZV� WKH� EDVLF� 47���� FLUFXLW� XVLQJ� WKH� GHYLFH�
ZLWK� D� FRQYHQWLRQDO� RXWSXW� GULYH� DQG� SRZHU� VXSSO\
FRQQHFWLRQV��)LJXUH�����VKRZV�D�VHFRQG�FRQILJXUDWLRQ�XVLQJ�D
FRPPRQ� SRZHU�VLJQDO� UDLO� ZKLFK� FDQ� EH� D� ORQJ� WZLVWHG� SDLU
IURP� D� FRQWUROOHU�� WKLV� FRQILJXUDWLRQ� XVHV� WKH� EXLOW�LQ� SXOVH
PRGH�WR�WUDQVPLW�RXWSXW�VWDWH�WR�WKH�KRVW�FRQWUROOHU�

1.1 BASIC OPERATION
7KH� 47���� HPSOR\V� VKRUW�� XOWUD�ORZ� GXW\� F\FOH� EXUVWV� RI
FKDUJH�WUDQVIHU� F\FOHV� WR� DFTXLUH� LWV� VLJQDO�� %XUVW� PRGH
SHUPLWV� SRZHU� FRQVXPSWLRQ� LQ� WKH� ORZ� PLFURDPS� UDQJH�
GUDPDWLFDOO\� UHGXFHV� 5)� HPLVVLRQV�� ORZHUV� VXVFHSWLELOLW\� WR
(0,�� DQG� \HW� SHUPLWV� H[FHOOHQW� UHVSRQVH� WLPH�� ,QWHUQDOO\� WKH
VLJQDOV�DUH�GLJLWDOO\�SURFHVVHG�WR�UHMHFW�LPSXOVH�QRLVH��XVLQJ�D

FRQVHQVXV
� ILOWHU� ZKLFK� UHTXLUHV� IRXU� FRQVHFXWLYH
FRQILUPDWLRQV�RI�D�GHWHFWLRQ�EHIRUH�WKH�RXWSXW�LV�DFWLYDWHG�

7KH� 47� VZLWFKHV� DQG� FKDUJH� PHDVXUHPHQW� KDUGZDUH
IXQFWLRQV�DUH�DOO� LQWHUQDO� WR� WKH�47���� �)LJXUH�������$����ELW
VLQJOH�VORSH� VZLWFKHG� FDSDFLWRU� $'&� LQFOXGHV� ERWK� WKH
UHTXLUHG�47� FKDUJH� DQG� WUDQVIHU� VZLWFKHV� LQ� D� FRQILJXUDWLRQ
WKDW�SURYLGHV�GLUHFW�$'&�FRQYHUVLRQ��7KH�$'&�LV�GHVLJQHG�WR
G\QDPLFDOO\�RSWLPL]H�WKH�47�EXUVW�OHQJWK�DFFRUGLQJ�WR�WKH�UDWH
RI�FKDUJH�EXLOGXS�RQ�&V��ZKLFK�LQ�WXUQ�GHSHQGV�RQ�WKH�YDOXHV
RI� &V�� &[�� DQG� 9GG�� 9GG� LV� XVHG� DV� WKH� FKDUJH� UHIHUHQFH
YROWDJH��/DUJHU�YDOXHV�RI�&[�FDXVH�WKH�FKDUJH�WUDQVIHUUHG�LQWR
&V� WR� ULVH� PRUH� UDSLGO\�� UHGXFLQJ� DYDLODEOH� UHVROXWLRQ�� DV� D
PLQLPXP�UHVROXWLRQ� LV� UHTXLUHG� IRU�SURSHU�RSHUDWLRQ�� WKLV�FDQ
UHVXOW� LQ� GUDPDWLFDOO\� UHGXFHG� DSSDUHQW� JDLQ�� &RQYHUVHO\�
ODUJHU� YDOXHV� RI� &V� UHGXFH� WKH� ULVH� RI� GLIIHUHQWLDO� YROWDJH
DFURVV� LW�� LQFUHDVLQJ�DYDLODEOH� UHVROXWLRQ�E\�SHUPLWWLQJ� ORQJHU
47� EXUVWV�� 7KH� YDOXH� RI� &V� FDQ� WKXV� EH� LQFUHDVHG� WR� DOORZ
ODUJHU� YDOXHV� RI� &[� WR� EH� WROHUDWHG� �)LJXUHV� ����� ����� ���� LQ
6SHFLILFDWLRQV��UHDU��

7KH� ,&� LV�KLJKO\� WROHUDQW�RI�FKDQJHV� LQ�&V�VLQFH� LW�FRPSXWHV
WKH� WKUHVKROG� OHYHO� UDWLRPHWULFDOO\� ZLWK� UHVSHFW� WR� DEVROXWH
ORDG��DQG�GRHV�VR�G\QDPLFDOO\�DW�DOO�WLPHV�

&V� LV� WKXV� QRQ�FULWLFDO�� DV� LW� GULIWV� ZLWK� WHPSHUDWXUH�� WKH
WKUHVKROG�DOJRULWKP�FRPSHQVDWHV�IRU�WKH�GULIW�DXWRPDWLFDOO\�

$� VLPSOH� FLUFXLW� YDULDWLRQ� LV� WR� UHSODFH�&V�ZLWK� D� EDUH� SLH]R
VRXQGHU� �6HFWLRQ� ���� ZKLFK� LV� PHUHO\� DQRWKHU� W\SH� RI
FDSDFLWRU��DOEHLW�ZLWK�D�ODUJH�WKHUPDO�GULIW�FRHIILFLHQW��,I�&SLH]R�LV
LQ�WKH�SURSHU�UDQJH��QR�RWKHU�H[WHUQDO�FRPSRQHQW�LV�UHTXLUHG�
,I� &SLH]R� LV� WRR� VPDOO�� LW� FDQ� VLPSO\� EH� ¨WRSSHG� XS©� ZLWK� DQ
LQH[SHQVLYH� FHUDPLF� FDSDFLWRU� FRQQHFWHG� LQ� SDUDOOHO� ZLWK� LW�
7KH�47����GULYHV�D��N+]�VLJQDO�DFURVV�616��DQG�616�� WR
PDNH� WKH� SLH]R� �LI� LQVWDOOHG�� VRXQG� D� VKRUW� WRQH� IRU� ��PV
LPPHGLDWHO\�DIWHU�GHWHFWLRQ��WR�DFW�DV�DQ�DXGLEOH�FRQILUPDWLRQ�

2SWLRQ�SLQV�DOORZ�WKH�VHOHFWLRQ�RU�DOWHUDWLRQ�RI�VHYHUDO�VSHFLDO
IHDWXUHV�DQG�VHQVLWLYLW\�

1.2 ELECTRODE DRIVE
7KH�LQWHUQDO�$'&�WUHDWV�&V�DV�D�IORDWLQJ�WUDQVIHU�FDSDFLWRU��DV
D�GLUHFW�UHVXOW��WKH�VHQVH�HOHFWURGH�FDQ�EH�FRQQHFWHG�WR�HLWKHU
616��RU�616��ZLWK�QR�SHUIRUPDQFH�GLIIHUHQFH��,Q�ERWK�FDVHV
WKH�UXOH�&V�!!�&[�PXVW�EH�REVHUYHG�IRU�SURSHU�RSHUDWLRQ��7KH
SRODULW\�RI�WKH�FKDUJH�EXLOGXS�DFURVV�&V�GXULQJ�D�EXUVW� LV�WKH
VDPH�LQ�HLWKHU�FDVH�

,W� LV�SRVVLEOH� WR�FRQQHFW�VHSDUDWH�&[�DQG�&[©� ORDGV� WR�616�
DQG�616��VLPXOWDQHRXVO\��DOWKRXJK� WKH� UHVXOW� LV�QR�GLIIHUHQW
WKDQ�LI�WKH�ORDGV�ZHUH�FRQQHFWHG�WRJHWKHU�DW�616���RU�616���
,W�LV�LPSRUWDQW�WR�OLPLW�WKH�DPRXQW�RI�VWUD\�FDSDFLWDQFH�RQ�ERWK
WHUPLQDOV�� HVSHFLDOO\� LI� WKH� ORDG� &[� LV� DOUHDG\� ODUJH�� IRU

H[DPSOH�E\�PLQLPL]LQJ� WUDFH� OHQJWKV�DQG
ZLGWKV� VR� DV� QRW� WR� H[FHHG� WKH� &[� ORDG
VSHFLILFDWLRQ� DQG� WR� DOORZ� IRU� D� ODUJHU
VHQVLQJ�HOHFWURGH�VL]H�LI�VR�GHVLUHG�

7KH� 3&%� WUDFHV�� ZLULQJ�� DQG� DQ\
FRPSRQHQWV�DVVRFLDWHG�ZLWK�RU�LQ�FRQWDFW
ZLWK�616��DQG�616��ZLOO� EHFRPH� WRXFK
VHQVLWLYH� DQG� VKRXOG� EH� WUHDWHG� ZLWK
FDXWLRQ� WR� OLPLW� WKH� WRXFK� DUHD� WR� WKH
GHVLUHG� ORFDWLRQ�� 0XOWLSOH� WRXFK
HOHFWURGHV� FDQ� EH� XVHG�� IRU� H[DPSOH� WR
FUHDWH� D� FRQWURO� EXWWRQ� RQ� ERWK� VLGHV� RI
DQ�REMHFW��KRZHYHU�LW�LV�LPSRVVLEOH�IRU�WKH
VHQVRU� WR� GLVWLQJXLVK� EHWZHHQ� WKH� WZR
WRXFK�DUHDV�
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1.3 ELECTRODE DESIGN

������(/(&752'(�*(20(75<�$1'�6,=(

7KHUH� LV�QR� UHVWULFWLRQ�RQ� WKH�VKDSH�RI
WKH� HOHFWURGH�� LQ� PRVW� FDVHV� FRPPRQ
VHQVH� DQG� D� OLWWOH� H[SHULPHQWDWLRQ� FDQ
UHVXOW� LQ� D� JRRG� HOHFWURGH� GHVLJQ�� 7KH
47���� ZLOO� RSHUDWH� HTXDOO\� ZHOO� ZLWK
ORQJ�� WKLQ� HOHFWURGHV� DV� ZLWK� URXQG� RU
VTXDUH�RQHV��HYHQ�UDQGRP�VKDSHV�DUH
DFFHSWDEOH�� 7KH� HOHFWURGH� FDQ� DOVR� EH
D� ��GLPHQVLRQDO� VXUIDFH� RU� REMHFW�
6HQVLWLYLW\� LV� UHODWHG� WR� HOHFWURGH
VXUIDFH�DUHD��RULHQWDWLRQ�ZLWK�UHVSHFW�WR
WKH� REMHFW� EHLQJ� VHQVHG�� REMHFW
FRPSRVLWLRQ�� DQG� WKH� JURXQG� FRXSOLQJ
TXDOLW\� RI� ERWK� WKH� VHQVRU� FLUFXLW� DQG
WKH�VHQVHG�REMHFW�

,I�D�UHODWLYHO\� ODUJH�HOHFWURGH�VXUIDFH� LV
GHVLUHG�� DQG� LI� WHVWV� VKRZ� WKDW� WKH
HOHFWURGH� KDV� PRUH� FDSDFLWDQFH� WKDQ
WKH� 47���� FDQ� WROHUDWH�� WKH� HOHFWURGH
FDQ�EH�PDGH�LQWR�D�VSDUVH�PHVK��)LJXUH������KDYLQJ�ORZHU�&[
WKDQ�D�VROLG�SODQH��6HQVLWLYLW\�PD\�HYHQ�UHPDLQ�WKH�VDPH��DV
WKH� VHQVRU� ZLOO� EH� RSHUDWLQJ� LQ� D� ORZHU� UHJLRQ� RI� WKH� JDLQ
FXUYHV�

������.,5&+2))©6�&855(17�/$:
/LNH� DOO� FDSDFLWDQFH� VHQVRUV�� WKH�47���� UHOLHV� RQ�.LUFKRII©V
&XUUHQW�/DZ��)LJXUH������WR�GHWHFW�WKH�FKDQJH�LQ�FDSDFLWDQFH
RI� WKH� HOHFWURGH�� 7KLV� ODZ� DV� DSSOLHG� WR� FDSDFLWLYH� VHQVLQJ
UHTXLUHV�WKDW�WKH�VHQVRU©V�ILHOG�FXUUHQW�PXVW�FRPSOHWH�D�ORRS�
UHWXUQLQJ� EDFN� WR� LWV� VRXUFH� LQ� RUGHU� IRU� FDSDFLWDQFH� WR� EH
VHQVHG��$OWKRXJK�PRVW�GHVLJQHUV�UHODWH�WR�.LUFKRII©V�ODZ�ZLWK
UHJDUG� WR� KDUGZLUHG� FLUFXLWV�� LW� DSSOLHV� HTXDOO\� WR� FDSDFLWLYH
ILHOG� IORZV�� %\� LPSOLFDWLRQ� LW� UHTXLUHV� WKDW� WKH� VLJQDO� JURXQG
DQG�WKH�WDUJHW�REMHFW�PXVW�ERWK�EH�FRXSOHG�WRJHWKHU�LQ�VRPH
PDQQHU�IRU�D�FDSDFLWLYH�VHQVRU�WR�RSHUDWH�SURSHUO\��1RWH�WKDW
WKHUH� LV� QR� QHHG� WR� SURYLGH� DFWXDO� KDUGZLUHG� JURXQG
FRQQHFWLRQV�� FDSDFLWLYH� FRXSOLQJ� WR� JURXQG� �&[��� LV� DOZD\V
VXIILFLHQW��HYHQ� LI� WKH�FRXSOLQJ�PLJKW�VHHP�YHU\�WHQXRXV��)RU
H[DPSOH��SRZHULQJ�WKH�VHQVRU�YLD�DQ�LVRODWHG�WUDQVIRUPHU�ZLOO
SURYLGH� DPSOH� JURXQG� FRXSOLQJ�� VLQFH� WKHUH� LV� FDSDFLWDQFH
EHWZHHQ� WKH�ZLQGLQJV�DQG�RU� WKH� WUDQVIRUPHU�FRUH��DQG� IURP
WKH� SRZHU� ZLULQJ� LWVHOI� GLUHFWO\� WR� 
ORFDO� HDUWK
�� (YHQ� ZKHQ
EDWWHU\� SRZHUHG�� MXVW� WKH� SK\VLFDO� VL]H� RI� WKH� 3&%� DQG� WKH
REMHFW�LQWR�ZKLFK�WKH�HOHFWURQLFV�LV�HPEHGGHG�ZLOO�JHQHUDOO\�EH
HQRXJK�WR�FRXSOH�D�IHZ�SLFRIDUDGV�EDFN�WR�ORFDO�HDUWK�

�������9,578$/�&$3$&,7,9(�*5281'6

:KHQ�GHWHFWLQJ�KXPDQ�FRQWDFW��H�J��D�ILQJHUWLS���JURXQGLQJ�RI
WKH�SHUVRQ� LV�QHYHU� UHTXLUHG��7KH�KXPDQ�ERG\�QDWXUDOO\�KDV
VHYHUDO�KXQGUHG�SLFRIDUDGV�RI�¨IUHH�VSDFH©�FDSDFLWDQFH�WR�WKH
ORFDO�HQYLURQPHQW��&[��LQ�)LJXUH�������ZKLFK�LV�PRUH�WKDQ�WZR
RUGHUV� RI� PDJQLWXGH� JUHDWHU� WKDQ� WKDW� UHTXLUHG� WR� FUHDWH� D
UHWXUQ� SDWK� WR� WKH� 47���� YLD� HDUWK�� 7KH� 47���
V� 3&%
KRZHYHU�FDQ�EH�SK\VLFDOO\�TXLWH�VPDOO��VR� WKHUH�PD\�EH� OLWWOH
¨IUHH� VSDFH©� FRXSOLQJ� �&[�� LQ�)LJXUH������ EHWZHHQ� LW� DQG� WKH
HQYLURQPHQW�WR�FRPSOHWH�WKH�UHWXUQ�SDWK��,I�WKH�47����FLUFXLW
JURXQG�FDQQRW�EH�HDUWK�JURXQGHG�E\�ZLUH��IRU�H[DPSOH�YLD�WKH
VXSSO\�FRQQHFWLRQV��WKHQ�D�¨YLUWXDO�FDSDFLWLYH�JURXQG©�PD\�EH
UHTXLUHG�WR�LQFUHDVH�UHWXUQ�FRXSOLQJ�

$�¨YLUWXDO�FDSDFLWLYH�JURXQG©�FDQ�EH�FUHDWHG�E\�FRQQHFWLQJ�WKH
47���©V�RZQ�FLUFXLW�JURXQG�WR�

����$�QHDUE\�SLHFH�RI�PHWDO�RU�PHWDOOL]HG�KRXVLQJ�
����$�IORDWLQJ�FRQGXFWLYH�JURXQG�SODQH�
����$�QDLO�GULYHQ�LQWR�D�ZDOO�
����$�ODUJHU�HOHFWURQLF�GHYLFH��WR�ZKLFK�LWV�RXWSXW�PLJKW�EH

FRQQHFWHG�DQ\ZD\��
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)UHH�IORDWLQJ� JURXQG� SODQHV� VXFK� DV� PHWDO� IRLOV� VKRXOG
PD[LPL]H�H[SRVHG�VXUIDFH�DUHD� LQ�D� IODW�SODQH� LI�SRVVLEOH��$
VTXDUH� RI� PHWDO� IRLO� ZLOO� KDYH� OLWWOH� HIIHFW� LI� LW� LV� UROOHG� XS� RU
FUXPSOHG�LQWR�D�EDOO��9LUWXDO�JURXQG�SODQHV�DUH�PRUH�HIIHFWLYH
DQG� FDQ� EH� PDGH� VPDOOHU� LI� WKH\� DUH� SK\VLFDOO\� ERQGHG� WR
RWKHU�VXUIDFHV��IRU�H[DPSOH�D�ZDOO�RU�IORRU�

������),(/'�6+$3,1*

7KH� HOHFWURGH� FDQ� EH� SUHYHQWHG� IURP� VHQVLQJ� LQ� XQGHVLUHG
GLUHFWLRQV�ZLWK�WKH�DVVLVWDQFH�RI�PHWDO�VKLHOGLQJ�FRQQHFWHG�WR
FLUFXLW�JURXQG��)LJXUH�������)RU�H[DPSOH��RQ�IODW�VXUIDFHV��WKH
ILHOG�FDQ�VSUHDG�ODWHUDOO\�DQG�FUHDWH�D�ODUJHU�WRXFK�DUHD�WKDQ
GHVLUHG�� 7R� VWRS� ILHOG� VSUHDGLQJ�� LW� LV� RQO\� QHFHVVDU\� WR
VXUURXQG�WKH�WRXFK�HOHFWURGH�RQ�DOO�VLGHV�ZLWK�D�ULQJ�RI�PHWDO
FRQQHFWHG� WR�FLUFXLW� JURXQG�� WKH� ULQJ�FDQ�EH�RQ� WKH�VDPH�RU
RSSRVLWH� VLGH� IURP� WKH� HOHFWURGH�� 7KH� ULQJ� ZLOO� NLOO� ILHOG
VSUHDGLQJ�IURP�WKDW�SRLQW�RXWZDUGV�

,I� RQH� VLGH� RI� WKH� SDQHO� WR� ZKLFK� WKH� HOHFWURGH� LV� IL[HG� KDV
PRYLQJ� WUDIILF� QHDU� LW�� WKHVH� REMHFWV� FDQ� FDXVH� LQDGYHUWHQW
GHWHFWLRQV��7KLV� LV�FDOOHG� ¨ZDON�E\©�DQG� LV�FDXVHG�E\� WKH� IDFW
WKDW� WKH� ILHOGV� UDGLDWH� IURP� HLWKHU� VXUIDFH� RI� WKH� HOHFWURGH
HTXDOO\�ZHOO��$JDLQ��VKLHOGLQJ� LQ� WKH� IRUP�RI�D�PHWDO�VKHHW�RU
IRLO�FRQQHFWHG�WR�FLUFXLW�JURXQG�ZLOO�SUHYHQW�ZDON�E\��SXWWLQJ�D
VPDOO�DLU�JDS�EHWZHHQ�WKH�JURXQGHG�VKLHOG�DQG�WKH�HOHFWURGH
ZLOO�NHHS�WKH�YDOXH�RI�&[�ORZHU�DQG�LV�HQFRXUDJHG�
,Q� WKH� FDVH� RI� WKH� 47����� WKH� VHQVLWLYLW\� LV� ORZ
HQRXJK� WKDW� 
ZDON�E\
� VKRXOG� QRW� EH� D� FRQFHUQ� LI
WKH� SURGXFW� KDV� PRUH� WKDQ� D� IHZ� PLOOLPHWHUV� RI
LQWHUQDO� DLU� JDS�� LI� WKH� SURGXFW� LV� YHU\� WKLQ� DQG
FRQWDFW�ZLWK�WKH�SURGXFW
V�EDFN�LV�D�FRQFHUQ��WKHQ
VRPH�IRUP�RI�UHDU�VKLHOGLQJ�PD\�EH�UHTXLUHG�

�������6(16,7,9,7<

7KH� 47���� FDQ� EH� VHW� IRU� RQH� RI� �� JDLQ� OHYHOV
XVLQJ� RSWLRQ� SLQ� �� �7DEOH� ������ ,I� OHIW� RSHQ�� WKH
JDLQ� VHWWLQJ� LV� KLJK�� 7KH� VHQVLWLYLW\� FKDQJH� LV
PDGH� E\� DOWHULQJ� WKH� QXPHULFDO� WKUHVKROG� OHYHO
UHTXLUHG� IRU� D� GHWHFWLRQ�� ,W� LV� DOVR� D� IXQFWLRQ� RI
RWKHU� WKLQJV�� HOHFWURGH� VL]H�� VKDSH�� DQG
RULHQWDWLRQ�� WKH� FRPSRVLWLRQ� DQG� DVSHFW� RI� WKH

REMHFW� WR� EH� VHQVHG�� WKH� WKLFNQHVV� DQG� FRPSRVLWLRQ� RI� DQ\
RYHUOD\LQJ�SDQHO�PDWHULDO��DQG�WKH�GHJUHH�RI�JURXQG�FRXSOLQJ
RI�ERWK�VHQVRU�DQG�REMHFW�DUH�DOO�LQIOXHQFHV�

���������,QFUHDVLQJ�6HQVLWLYLW\
,Q� VRPH� FDVHV� LW� PD\� EH� GHVLUDEOH� WR� LQFUHDVH� VHQVLWLYLW\
IXUWKHU�� IRU� H[DPSOH� ZKHQ� XVLQJ� WKH� VHQVRU� ZLWK� YHU\� WKLFN
SDQHOV�KDYLQJ�D�ORZ�GLHOHFWULF�FRQVWDQW�

6HQVLWLYLW\�FDQ�RIWHQ�EH�LQFUHDVHG�E\�XVLQJ�D�ELJJHU�HOHFWURGH�
UHGXFLQJ� SDQHO� WKLFNQHVV�� RU� DOWHULQJ� SDQHO� FRPSRVLWLRQ�
,QFUHDVLQJ� HOHFWURGH� VL]H� FDQ� KDYH� GLPLQLVKLQJ� UHWXUQV�� DV
KLJK�YDOXHV�RI�&[�ZLOO�UHGXFH�VHQVRU�JDLQ��)LJXUHV�����a������
$OVR�� LQFUHDVLQJ� WKH� HOHFWURGH
V� VXUIDFH� DUHD� ZLOO� QRW
VXEVWDQWLDOO\� LQFUHDVH� WRXFK� VHQVLWLYLW\� LI� LWV� GLDPHWHU� LV
DOUHDG\� PXFK� ODUJHU� LQ� VXUIDFH� DUHD� WKDQ� WKH� REMHFW� EHLQJ
GHWHFWHG�� 7KH� SDQHO� RU� RWKHU� LQWHUYHQLQJ� PDWHULDO� FDQ� EH
PDGH� WKLQQHU�� EXW� DJDLQ� WKHUH� DUH� GLPLQLVKLQJ� UHZDUGV� IRU
GRLQJ�VR��3DQHO�PDWHULDO�FDQ�DOVR�EH�FKDQJHG�WR�RQH�KDYLQJ�D
KLJKHU�GLHOHFWULF�FRQVWDQW��ZKLFK�ZLOO�KHOS�SURSDJDWH� WKH� ILHOG
WKURXJK�WR�WKH�IURQW��/RFDOO\�DGGLQJ�VRPH�FRQGXFWLYH�PDWHULDO
WR�WKH�SDQHO��FRQGXFWLYH�PDWHULDOV�HVVHQWLDOO\�KDYH�DQ�LQILQLWH
GLHOHFWULF� FRQVWDQW�� ZLOO� DOVR� KHOS� GUDPDWLFDOO\�� IRU� H[DPSOH�
DGGLQJ� FDUERQ� RU� PHWDO� ILEHUV� WR� D� SODVWLF� SDQHO� ZLOO� JUHDWO\
LQFUHDVH� IURQWDO� ILHOG�VWUHQJWK��HYHQ� LI� WKH� ILEHU�GHQVLW\� LV� WRR
ORZ�WR�PDNH�WKH�SODVWLF�EXON�FRQGXFWLYH�

���������'HFUHDVLQJ�6HQVLWLYLW\

,Q�VRPH�FDVHV�WKH�47����PD\�EH�WRR�VHQVLWLYH��HYHQ�RQ�ORZ
JDLQ�� ,Q� WKLV� FDVH� JDLQ� FDQ� EH� ORZHUHG� IXUWKHU� E\� DQ\� RI� D
QXPEHU� RI� VWUDWHJLHV�� PDNLQJ� WKH� HOHFWURGH� VPDOOHU�
FRQQHFWLQJ� D� YHU\� VPDOO� FDSDFLWRU� LQ� VHULHV� ZLWK� WKH� VHQVH
OHDG��RU�PDNLQJ�WKH�HOHFWURGH�LQWR�D�VSDUVH�PHVK�XVLQJ�D�KLJK
VSDFH�WR�FRQGXFWRU�UDWLR��)LJXUH�������$�GHOLEHUDWHO\�DGGHG�&[
FDSDFLWRU�FDQ�DOVR�EH�XVHG�WR�UHGXFH�VHQVLWLYLW\�DFFRUGLQJ�WR
WKH�JDLQ�FXUYHV��VHH�6HFWLRQ����

,QWHUPHGLDWH� OHYHOV� RI� JDLQ� �H�J�� EHWZHHQ� 
PHGLXP
� DQG� 
ORZ

FDQ�EH�REWDLQHG�E\�D�FRPELQDWLRQ�RI�MXPSHU�VHWWLQJV�ZLWK�RQH
RU�PRUH�RI�WKH�DERYH�VWUDWHJLHV�

�����

)LJXUH������6KLHOGLQJ�$JDLQVW�)ULQJH�)LHOGV

6HQVH

ZLUH

6HQVH

ZLUH

8QVKLHOGHG

(OHFWURGH

6KLHOGHG

(OHFWURGH

)LJXUH�����'ULIW�&RPSHQVDWLRQ

7KUHVKROG

6LJQDO
+\VWHUHVLV

5HIHUHQFH

2XWSXW

3LQ��/RZ

3LQ��0HGLXP

1RQH+LJK

7LH�3LQ���WR�*DLQ

7DEOH������*DLQ�6HWWLQJ�6WUDS�2SWLRQV



����47����63(&,),&6

2.1  SIGNAL PROCESSING
7KH�47����SURFHVVHV�DOO� VLJQDOV�XVLQJ����ELW�PDWK��XVLQJ�D
QXPEHU�RI�DOJRULWKPV�SLRQHHUHG�E\�4XDQWXP��7KH�DOJRULWKPV
DUH� VSHFLILFDOO\� GHVLJQHG� WR� SURYLGH� IRU� KLJK� 
VXUYLYDELOLW\
� LQ
WKH�IDFH�RI�DOO�NLQGV�RI�DGYHUVH�HQYLURQPHQWDO�FKDQJHV�

������'5,)7�&203(16$7,21�$/*25,7+0

6LJQDO�GULIW�FDQ�RFFXU�EHFDXVH�RI�FKDQJHV�LQ�&[�DQG�&V�RYHU
WLPH��,W�LV�FUXFLDO�WKDW�GULIW�EH�FRPSHQVDWHG�IRU��RWKHUZLVH�IDOVH
GHWHFWLRQV��QRQ�GHWHFWLRQV��DQG�VHQVLWLYLW\�VKLIWV�ZLOO�IROORZ�

'ULIW� FRPSHQVDWLRQ� �)LJXUH� ����� LV� SHUIRUPHG� E\�PDNLQJ� WKH
UHIHUHQFH� OHYHO� WUDFN� WKH� UDZ� VLJQDO� DW� D� VORZ� UDWH�� EXW� RQO\
ZKLOH� WKHUH� LV� QR� GHWHFWLRQ� LQ� HIIHFW�� 7KH� UDWH� RI� DGMXVWPHQW
PXVW� EH� SHUIRUPHG� VORZO\�� RWKHUZLVH� OHJLWLPDWH� GHWHFWLRQV
FRXOG� EH� LJQRUHG�� 7KH� 47���� GULIW� FRPSHQVDWHV� XVLQJ� D
VOHZ�UDWH� OLPLWHG�FKDQJH�WR� WKH�UHIHUHQFH� OHYHO�� WKH�WKUHVKROG
DQG�K\VWHUHVLV�YDOXHV�DUH�VODYHG�WR�WKLV�UHIHUHQFH�

2QFH�DQ�REMHFW�LV�VHQVHG��WKH�GULIW�FRPSHQVDWLRQ�PHFKDQLVP
FHDVHV� VLQFH� WKH� VLJQDO� LV� OHJLWLPDWHO\� KLJK�� DQG� WKHUHIRUH
VKRXOG�QRW�FDXVH�WKH�UHIHUHQFH�OHYHO�WR�FKDQJH�

7KH�47���
V�GULIW�FRPSHQVDWLRQ�LV�
DV\PPHWULF
��WKH�UHIHUHQFH
OHYHO�GULIW�FRPSHQVDWHV� LQ�RQH�GLUHFWLRQ�IDVWHU� WKDQ� LW�GRHV� LQ
WKH� RWKHU�� 6SHFLILFDOO\�� LW� FRPSHQVDWHV� IDVWHU� IRU� GHFUHDVLQJ
VLJQDOV� WKDQ� IRU� LQFUHDVLQJ�VLJQDOV�� ,QFUHDVLQJ�VLJQDOV�VKRXOG
QRW�EH�FRPSHQVDWHG� IRU�TXLFNO\��VLQFH�DQ�DSSURDFKLQJ� ILQJHU
FRXOG� EH� FRPSHQVDWHG� IRU� SDUWLDOO\� RU� HQWLUHO\� EHIRUH� HYHQ
WRXFKLQJ� WKH� VHQVH� SDG�� +RZHYHU�� DQ� REVWUXFWLRQ� RYHU� WKH
VHQVH� SDG�� IRU� ZKLFK� WKH� VHQVRU� KDV� DOUHDG\� PDGH� IXOO
DOORZDQFH�IRU��FRXOG�VXGGHQO\�EH�UHPRYHG�OHDYLQJ�WKH�VHQVRU
ZLWK� DQ� DUWLILFLDOO\� HOHYDWHG� UHIHUHQFH� OHYHO� DQG� WKXV� EHFRPH
LQVHQVLWLYH� WR� WRXFK�� ,Q� WKLV� ODWWHU� FDVH�� WKH� VHQVRU� ZLOO
FRPSHQVDWH� IRU� WKH� REMHFW
V� UHPRYDO� YHU\� TXLFNO\�� XVXDOO\� LQ
RQO\�D�IHZ�VHFRQGV�

�������7+5(6+2/'�&$/&8/$7,21

6HQVLWLYLW\�LV�GHSHQGHQW�RQ�WKH�WKUHVKROG�OHYHO�DV�ZHOO�DV�$'&
JDLQ�� WKUHVKROG� LQ� WXUQ� LV� EDVHG� RQ� WKH� LQWHUQDO� VLJQDO
UHIHUHQFH� OHYHO� SOXV� D� VPDOO� GLIIHUHQWLDO� YDOXH�� 7KH� WKUHVKROG
YDOXH� LV� HVWDEOLVKHG� DV� D� SHUFHQWDJH� RI� WKH� DEVROXWH� VLJQDO
OHYHO��7KXV��VHQVLWLYLW\�UHPDLQV�FRQVWDQW�HYHQ�LI�&V�LV�DOWHUHG
GUDPDWLFDOO\�� VR� ORQJ� DV� HOHFWURGH� FRXSOLQJ� WR� WKH� XVHU
UHPDLQV� FRQVWDQW�� )XUWKHUPRUH�� DV� &[� DQG� &V� GULIW�� WKH
WKUHVKROG� OHYHO� LV� DXWRPDWLFDOO\� UHFRPSXWHG� LQ� UHDO� WLPH� VR
WKDW�LW�LV�QHYHU�LQ�HUURU�

7KH�47����HPSOR\V�D�K\VWHUHVLV�GURSRXW�EHORZ�WKH�WKUHVKROG
OHYHO�RI�����RI�WKH�GHOWD�EHWZHHQ�WKH�UHIHUHQFH�DQG�WKUHVKROG
OHYHOV�

�������0$;�21�'85$7,21

,I� DQ� REMHFW� RU� PDWHULDO� REVWUXFWV� WKH� VHQVH� SDG� WKH� VLJQDO
PD\� ULVH� HQRXJK� WR� FUHDWH� D� GHWHFWLRQ�� SUHYHQWLQJ� IXUWKHU
RSHUDWLRQ��7R�SUHYHQW�WKLV�� WKH�VHQVRU� LQFOXGHV�D�WLPHU�ZKLFK
PRQLWRUV�GHWHFWLRQV�� ,I�D�GHWHFWLRQ�H[FHHGV� WKH� WLPHU�VHWWLQJ�
WKH� WLPHU� FDXVHV� WKH� VHQVRU� WR� SHUIRUP� D� IXOO� UHFDOLEUDWLRQ�
7KLV�LV�NQRZQ�DV�WKH�0D[�2Q�'XUDWLRQ�IHDWXUH�

$IWHU�WKH�0D[�2Q�'XUDWLRQ�LQWHUYDO��WKH�VHQVRU�ZLOO�RQFH�DJDLQ
IXQFWLRQ� QRUPDOO\�� HYHQ� LI� SDUWLDOO\� RU� IXOO\� REVWUXFWHG�� WR� WKH
EHVW� RI� LWV� DELOLW\� JLYHQ� HOHFWURGH� FRQGLWLRQV�� 7KHUH� DUH� WZR
WLPHRXW� GXUDWLRQV� DYDLODEOH� YLD� VWUDS� RSWLRQ�� ��� DQG� ��
VHFRQGV�

�������'(7(&7,21�,17(*5$725
,W� LV�GHVLUDEOH� WR�VXSSUHVV�GHWHFWLRQV�JHQHUDWHG�E\�HOHFWULFDO

QRLVH� RU� IURP� TXLFN� EUXVKHV� ZLWK� DQ� REMHFW�� 7R� DFFRPSOLVK
WKLV��WKH�47����LQFRUSRUDWHV�D�GHWHFW�LQWHJUDWLRQ�FRXQWHU�WKDW
LQFUHPHQWV�ZLWK� HDFK�GHWHFWLRQ� XQWLO� D� OLPLW� LV� UHDFKHG�� DIWHU
ZKLFK�WKH�RXWSXW�LV�DFWLYDWHG��,I�QR�GHWHFWLRQ�LV�VHQVHG�SULRU�WR
WKH�ILQDO�FRXQW��WKH�FRXQWHU�LV�UHVHW�LPPHGLDWHO\�WR�]HUR��,Q�WKH
47�����WKH�UHTXLUHG�FRXQW�LV����

7KH�'HWHFWLRQ�,QWHJUDWRU�FDQ�DOVR�EH�YLHZHG�DV�D�
FRQVHQVXV

ILOWHU��WKDW�UHTXLUHV�IRXU�GHWHFWLRQV�LQ�IRXU�VXFFHVVLYH�EXUVWV�WR
FUHDWH�DQ�RXWSXW��$V� WKH�EDVLF�EXUVW� VSDFLQJ� LV���PV�� LI� WKLV
VSDFLQJ� ZDV� PDLQWDLQHG� WKURXJKRXW� DOO� �� FRXQWV� WKH� VHQVRU
ZRXOG�UHDFW�YHU\�VORZO\��,Q�WKH�47�����DIWHU�DQ�LQLWLDO�GHWHFWLRQ
LV�VHQVHG��WKH�UHPDLQLQJ�WKUHH�EXUVWV�DUH�VSDFHG�DERXW���PV
DSDUW�� VR� WKDW� WKH� VORZHVW� UHDFWLRQ� WLPH� SRVVLEOH� LV
������������ RU� ���PV� DQG� WKH� IDVWHVW� SRVVLEOH� LV� ��PV�
GHSHQGLQJ�RQ�ZKHUH�LQ�WKH�LQLWLDO�EXUVW�LQWHUYDO�WKH�FRQWDFW�ILUVW
RFFXUUHG��7KH�UHVSRQVH�WLPH�ZLOO�WKXV�DYHUDJH���PV�

�������)25&('�6(1625�5(&$/,%5$7,21

7KH�47����KDV�QR�UHFDOLEUDWLRQ�SLQ��D�IRUFHG�UHFDOLEUDWLRQ�LV
DFFRPSOLVKHG�RQO\�ZKHQ�WKH�GHYLFH�LV�SRZHUHG�XS��+RZHYHU�
VXSSO\�GUDLQ�LV�VR�ORZ�LW� LV�D�VLPSOH�PDWWHU�WR�WUHDW�WKH�HQWLUH
,&�DV�D�FRQWUROODEOH�ORDG��VLPSO\�GULYLQJ�WKH�47���
V�9GG�SLQ
GLUHFWO\� IURP� DQRWKHU� ORJLF� JDWH� RU� D� PLFURSURFHVVRU� SRUW
�)LJXUH������ZLOO�VHUYH�DV�ERWK�SRZHU�DQG� 
IRUFHG�UHFDO
��7KH
VRXUFH�UHVLVWDQFH�RI�PRVW�&026�JDWHV�DQG�PLFURSURFHVVRUV
LV� ORZ�HQRXJK�WR�SURYLGH�GLUHFW�SRZHU�ZLWKRXW�DQ\�SUREOHPV�
1RWH� WKDW�PRVW������EDVHG�PLFURV�KDYH�RQO\�D�ZHDN�SXOOXS
GULYH� FDSDELOLW\� DQG� ZLOO� UHTXLUH� WUXH� &026� EXIIHULQJ�� $Q\
��+&�RU���$&�VHULHV�JDWH�FDQ�GLUHFWO\�SRZHU�WKH�47�����DV
FDQ�PRVW�RWKHU�PLFURSURFHVVRUV�

2SWLRQ� VWUDS� FRQILJXUDWLRQV� DUH� UHDG� E\� WKH�47���� RQO\� RQ
SRZHUXS�� &RQILJXUDWLRQV� FDQ� RQO\� EH� FKDQJHG� E\� SRZHULQJ
WKH�47����GRZQ�DQG�EDFN�XS�DJDLQ��DJDLQ��D�PLFURFRQWUROOHU

�����

��V9GG*QG3XOVH

��V*QG*QG7RJJOH

��V*QG9GG'&�2XW

��V9GG9GG'&�2XW

0D[�2Q�

'XUDWLRQ

7LH

3LQ���WR�

7LH

3LQ���WR�

7DEOH������2XWSXW�0RGH�6WUDS�2SWLRQV

)LJXUH������3RZHULQJ�)URP�D�&026�3RUW�3LQ

�����)
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PLFURFRQWUROOHU
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FDQ�GLUHFWO\�DOWHU�PRVW�RI� WKH�FRQILJXUDWLRQV�DQG�F\FOH�SRZHU
WR�SXW�WKHP�LQ�HIIHFW�

2.2  OUTPUT FEATURES
7KH� 47���� LV� GHVLJQHG� IRU� PD[LPXP� IOH[LELOLW\� DQG� FDQ
DFFRPPRGDWH�PRVW�SRSXODU�VHQVLQJ�UHTXLUHPHQWV��7KHVH�DUH
VHOHFWDEOH� XVLQJ� VWUDS� RSWLRQV� RQ� SLQV�237�� DQG�237��� $OO
RSWLRQV�DUH�VKRZQ�LQ�7DEOH�����

������'&�02'(�287387

7KH�RXWSXW�RI� WKH�47����FDQ�UHVSRQG� LQ�D�'&�PRGH��ZKHUH
WKH�RXWSXW�LV�DFWLYH�ORZ�XSRQ�GHWHFWLRQ��7KH�RXWSXW�ZLOO�UHPDLQ
DFWLYH�ORZ� IRU� WKH� GXUDWLRQ� RI� WKH� GHWHFWLRQ�� RU� XQWLO� WKH�0D[
2Q�'XUDWLRQ� H[SLUHV�� ZKLFKHYHU� RFFXUV� ILUVW�� ,I� WKH� ODWWHU
RFFXUV� ILUVW�� WKH� VHQVRU� SHUIRUPV� D� IXOO� UHFDOLEUDWLRQ� DQG� WKH
RXWSXW�EHFRPHV�LQDFWLYH�XQWLO�WKH�QH[W�GHWHFWLRQ�

,Q�WKLV�PRGH��WZR�0D[�2Q�'XUDWLRQ�WLPHRXWV�DUH�DYDLODEOH����
DQG����VHFRQGV�

�������72**/(�02'(�287387

7KLV�PDNHV� WKH�VHQVRU� UHVSRQG� LQ�DQ�RQ�RII�PRGH� OLNH�D� IOLS
IORS��,W�LV�PRVW�XVHIXO�IRU�FRQWUROOLQJ�SRZHU�ORDGV��IRU�H[DPSOH
LQ�NLWFKHQ�DSSOLDQFHV��SRZHU�WRROV��OLJKW�VZLWFKHV��HWF��

0D[� 2Q�'XUDWLRQ� LQ� 7RJJOH� PRGH� LV� IL[HG� DW� ��� VHFRQGV�
:KHQ�D�WLPHRXW�RFFXUV��WKH�VHQVRU�UHFDOLEUDWHV�EXW�OHDYHV�WKH
RXWSXW�VWDWH�XQFKDQJHG�

������38/6(�02'(�287387

7KLV�JHQHUDWHV�D�QHJDWLYH�JRLQJ�SXOVH�RI���PV�GXUDWLRQ�ZLWK
HYHU\�QHZ�GHWHFWLRQ��,W�LV�PRVW�XVHIXO�IRU���ZLUH�RSHUDWLRQ��EXW
FDQ� DOVR� EH� XVHG� ZKHQ� EXVVLQJ� WRJHWKHU� VHYHUDO� 47���©V
RQWR�D�FRPPRQ�RXWSXW�OLQH�ZLWK�WKH�KHOS�RI�VWHHULQJ�GLRGHV�RU
ORJLF� JDWHV�� LQ� RUGHU� WR� FRQWURO� D� FRPPRQ� ORDG� IURP�VHYHUDO
SODFHV�

0D[� 2Q�'XUDWLRQ� LV� IL[HG� DW� ��� VHFRQGV� LI� LQ� 3XOVH� RXWSXW
PRGH�

������+($57%($7��287387

7KH� 47���� RXWSXW� KDV� D� IXOO�WLPH� +HDUW%HDW�� ¨KHDOWK©
LQGLFDWRU� VXSHULPSRVHG� RQ� LW�� 7KLV� RSHUDWHV� E\� WDNLQJ� 
2XW

LQWR� D� ��VWDWH�PRGH� IRU� ����V� RQFH� EHIRUH� HYHU\� 47� EXUVW�
7KLV�RXWSXW�VWDWH�FDQ�EH�XVHG�WR�GHWHUPLQH�WKDW�WKH�VHQVRU�LV
RSHUDWLQJ�SURSHUO\��RU�� LW�FDQ�EH�LJQRUHG�XVLQJ�RQH�RI�VHYHUDO
VLPSOH�PHWKRGV�

7KH�+HDUW%HDW�LQGLFDWRU�FDQ�EH�VDPSOHG�E\�XVLQJ�D�SXOOGRZQ
UHVLVWRU� RQ� 2XW�� DQG� IHHGLQJ� WKH� UHVXOWLQJ� QHJDWLYH�JRLQJ
SXOVH�LQWR�D�FRXQWHU��IOLS�IORS��RQH�VKRW��RU�RWKHU�FLUFXLW��6LQFH
2XW� LV�QRUPDOO\�KLJK��D�SXOOGRZQ� UHVLVWRU�ZLOO� FUHDWH�QHJDWLYH
+HDUW%HDW� SXOVHV� �)LJXUH� ����� ZKHQ� WKH� VHQVRU� LV� QRW
GHWHFWLQJ�DQ�REMHFW��ZKHQ�GHWHFWLQJ�DQ�REMHFW�� WKH�RXWSXW�ZLOO
UHPDLQ�ORZ�IRU�WKH�GXUDWLRQ�RI�WKH�GHWHFWLRQ��DQG�QR�+HDUW%HDW
SXOVH�ZLOO�EH�HYLGHQW�

,I�WKH�VHQVRU�LV�ZLUHG�WR�D�PLFURSURFHVVRU�DV�VKRZQ�LQ�)LJXUH
����� WKH�PLFURSURFHVVRU� FDQ� UHFRQILJXUH� WKH� ORDG� UHVLVWRU� WR
HLWKHU� JURXQG� RU� 9FF� GHSHQGLQJ� RQ� WKH� RXWSXW� VWDWH� RI� WKH
47�����VR�WKDW�WKH�SXOVHV�DUH�HYLGHQW�LQ�HLWKHU�VWDWH�

(OHFWURPHFKDQLFDO� GHYLFHV� ZLOO� LJQRUH� WKLV� VKRUW� SXOVH�� 7KH
SXOVH�DOVR�KDV�WRR�ORZ�D�GXW\�F\FOH�WR�YLVLEO\�DFWLYDWH�/('©V��,W
FDQ� EH� ILOWHUHG� FRPSOHWHO\� LI� GHVLUHG�� E\� DGGLQJ� DQ� 5&
WLPHFRQVWDQW� WR� ILOWHU� WKH� RXWSXW�� RU� LI� LQWHUIDFLQJ� GLUHFWO\� DQG
RQO\�WR�D�KLJK�LPSHGDQFH�&026�LQSXW��E\�GRLQJ�QRWKLQJ�RU�DW
PRVW�DGGLQJ�D�VPDOO�QRQ�FULWLFDO�FDSDFLWRU�IURP�2XW�WR�JURXQG
�)LJXUH������

������3,(=2�$&2867,&�'5,9(

$� SLH]R� GULYH� VLJQDO� LV� JHQHUDWHG� IRU� XVH� ZLWK� D� EDUH� SLH]R
VRXQGHU�LPPHGLDWHO\�DIWHU�D�GHWHFWLRQ�LV�PDGH��WKH�WRQH�ODVWV
IRU� D� QRPLQDO� ��PV� WR� FUHDWH� D� UHDVVXULQJ� ¨WDFWLOH� IHHGEDFN©
VRXQG�

7KH� VHQVRU� ZLOO� GULYH� PRVW� FRPPRQ� EDUH� SLH]R� ¨EHHSHUV©
GLUHFWO\� XVLQJ�DQ�+�EULGJH�GULYH� FRQILJXUDWLRQ� IRU� WKH� KLJKHVW
SRVVLEOH� VRXQG� OHYHO� DW� DOO� VXSSO\� YROWDJHV�� +�EULGJH� GULYH
HIIHFWLYHO\� GRXEOHV� WKH� VXSSO\� YROWDJH�DFURVV� WKH�SLH]R�� 7KH
SLH]R� LV� FRQQHFWHG�DFURVV� SLQV�616��DQG�616���7KLV� GULYH
RSHUDWHV�DW�D�QRPLQDO��N+]�IUHTXHQF\��D�FRPPRQ�UHVRQDQFH
SRLQW�IRU�HQFORVHG�SLH]R�VRXQGHUV�

,I�GHVLUHG�D�EDUH�SLH]R�VRXQGHU�FDQ�EH�GLUHFWO\�DGKHUHG�WR�WKH
UHDU�RI�D�FRQWURO�SDQHO��SURYLGHG�WKDW�DQ�DFRXVWLFDOO\�UHVRQDQW
FDYLW\�LV�DOVR�LQFRUSRUDWHG�WR�JLYH�WKH�GHVLUHG�VRXQG�OHYHO�

6LQFH�SLH]R�VRXQGHUV�DUH�PHUHO\�KLJK�.�FHUDPLF�FDSDFLWRUV�
WKH�VRXQGHU�ZLOO�GRXEOH�DV� WKH�&V�FDSDFLWRU��DQG� WKH�SLH]R
V
PHWDO�GLVF�ZLOO�DFW�DV�WKH�VHQVLQJ�HOHFWURGH��3LH]R�WUDQVGXFHU
FDSDFLWDQFHV� W\SLFDOO\� UDQJH� IURP� �Q)� WR� ��Q)� �������)� WR
�����)�� LQ�YDOXH��DW�WKH�ORZHU�HQG�RI�WKLV�UDQJH�DQ�DGGLWLRQDO
FDSDFLWRU�VKRXOG�EH�DGGHG�WR�EULQJ�WKH�WRWDO�&V�DFURVV�616�
DQG�616��WR�DW�OHDVW���Q)��RU�PRUH�LI�&[�LV�ODUJH�

7KH� EXUVW� DFTXLVLWLRQ� SURFHVV� LQGXFHV� D� VPDOO� EXW� DXGLEOH
YROWDJH� VWHS�DFURVV� WKH�SLH]R� UHVRQDWRU��ZKLFK�RFFXUV�ZKHQ

�����

)LJXUH����
8VLQJ�D�PLFUR�WR�REWDLQ�+%�SXOVHV�LQ�HLWKHU�RXWSXW�VWDWH

)LJXUH����
*HWWLQJ�+HDU%HDW�SXOVHV�ZLWK�D�SXOO�GRZQ�UHVLVWRU
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616��DQG�616��UDSLGO\�GLVFKDUJH�UHVLGXDO�YROWDJH�VWRUHG�RQ
WKH�UHVRQDWRU��7KH�UHVXOWLQJ�VOLJKW�FOLFNLQJ�VRXQG�FDQ�EH�XVHG
WR� SURYLGH� DQ� DXGLEOH� FRQILUPDWLRQ� RI� IXQFWLRQDOLW\� LI� GHVLUHG�
RU�� LW� FDQ� EH� VXSSUHVVHG� E\� SODFLQJ� D� QRQ�FULWLFDO� �0� WR� �0
RKP�EOHHG�UHVLVWRU�LQ�SDUDOOHO�ZLWK�WKH�UHVRQDWRU��7KH�UHVLVWRU
DFWV� WR� VORZO\� GLVFKDUJH� WKH� UHVRQDWRU�� SUHHPSWLQJ� WKH
RFFXUUHQFH�RI�WKH�KDUPRQLF�ULFK�VWHS��)LJXUH������

:LWK�WKH�UHVLVWRU� LQ�SODFH��DQ�DOPRVW� LQDXGLEOH�FOLFNLQJ�VRXQG
PD\� VWLOO� EH� KHDUG�� ZKLFK� LV� FDXVHG� E\� WKH� VPDOO� FKDUJH
EXLOGXS�DFURVV�WKH�SLH]R�GHYLFH�GXULQJ�HDFK�EXUVW�

������287387�'5,9(

7KH�47���©V�CRXWSXW�LV�DFWLYH�ORZ�DQG�FDQ�VLQN�XS�WR��P$�RI
QRQ�LQGXFWLYH�FXUUHQW�� ,I�DQ� LQGXFWLYH� ORDG� LV�XVHG��VXFK�DV�D
VPDOO� UHOD\�� WKH� ORDG� VKRXOG� EH� GLRGH� FODPSHG� WR� SUHYHQW
GDPDJH�

&DUH�VKRXOG�EH�WDNHQ�ZKHQ�WKH�47����DQG�WKH�ORDG�DUH�ERWK
SRZHUHG� IURP� WKH� VDPH� VXSSO\�� DQG� WKH� VXSSO\� LV�PLQLPDOO\
UHJXODWHG��7KH�47����GHULYHV�LWV�LQWHUQDO�UHIHUHQFHV�IURP�WKH
SRZHU�VXSSO\��DQG�VHQVLWLYLW\�VKLIWV�FDQ�RFFXU�ZLWK�FKDQJHV�LQ
9GG�� DV� KDSSHQV� ZKHQ� ORDGV� DUH� VZLWFKHG� RQ�� 7KLV� FDQ
LQGXFH�GHWHFWLRQ�¨F\FOLQJ©��ZKHUHE\�DQ�REMHFW� LV�GHWHFWHG��WKH
ORDG�LV�WXUQHG�RQ��WKH�VXSSO\�VDJV��WKH�GHWHFWLRQ�LV�QR�ORQJHU
VHQVHG��WKH�ORDG�LV�WXUQHG�RII��WKH�VXSSO\�ULVHV�DQG�WKH�REMHFW
LV� UHDFTXLUHG�� DG� LQILQLWXP�� 7R� SUHYHQW� WKLV� RFFXUUHQFH�� WKH
RXWSXW�VKRXOG�RQO\�EH� OLJKWO\� ORDGHG� LI� WKH�GHYLFH� LV�RSHUDWHG
IURP�DQ�XQUHJXODWHG�VXSSO\��H�J��EDWWHULHV��'HWHFWLRQ�¨VWLFWLRQ©�
WKH�RSSRVLWH� HIIHFW�� FDQ�RFFXU� LI� D� ORDG� LV� VKHG�ZKHQ�2XW� LV
DFWLYH�

7KH�RXWSXW�RI�WKH�47����FDQ�GLUHFWO\�GULYH�D�UHVLVWLYHO\�OLPLWHG
/('�� 7KH� /('� VKRXOG� EH� FRQQHFWHG�ZLWK� LWV� FDWKRGH� WR� WKH
RXWSXW�DQG� LWV�DQRGH� WRZDUGV�9FF�� VR� WKDW� LW� OLJKWV�ZKHQ� WKH
VHQVRU� LV� DFWLYH�� ,I� GHVLUHG� WKH� /('� FDQ� EH� FRQQHFWHG� IURP
2XW�WR�JURXQG��DQG�GULYHQ�RQ�ZKHQ�WKH�VHQVRU�LV�LQDFWLYH��

����&,5&8,7�*8,'(/,1(6

3.1 SAMPLE CAPACITOR
&KDUJH�VDPSOHU�&V�FDQ�EH�YLUWXDOO\�DQ\�SODVWLF�ILOP�RU�KLJK�.
FHUDPLF� FDSDFLWRU�� 6LQFH� WKH� DFFHSWDEOH� &V� UDQJH� LV
DQ\ZKHUH�IURP���Q)�WR���Q)��WKH�WROHUDQFH�RI�&V�FDQ�EH�WKH
ORZHVW�JUDGH�REWDLQDEOH�VR�ORQJ�DV�LWV�YDOXH�LV�JXDUDQWHHG�WR
UHPDLQ� LQ� WKH�DFFHSWDEOH� UDQJH�XQGHU�H[SHFWHG� WHPSHUDWXUH
FRQGLWLRQV�� 2QO\� LI� YHU\� IDVW�� UDGLFDO� WHPSHUDWXUH� VZLQJV� DUH
H[SHFWHG� ZLOO� D� KLJKHU� TXDOLW\� FDSDFLWRU� EH� UHTXLUHG�� IRU
H[DPSOH�SRO\FDUERQDWH��336�ILOP��RU�132�&�*�FHUDPLF�

3.2 PIEZO SOUNDER
7KH�XVH�RI�D�SLH]R�VRXQGHU�LQ�SODFH�RI�&V�LV�GHVFULEHG�LQ�WKH
SUHYLRXV� VHFWLRQ�� 3LH]R� VRXQGHUV� KDYH� YHU\� KLJK�
XQFKDUDFWHUL]HG�WKHUPDO�FRHIILFLHQWV�DQG�VKRXOG�QRW�EH�XVHG�LI
IDVW�WHPSHUDWXUH�VZLQJV�DUH�DQWLFLSDWHG�

3.3 OPTION STRAPPING
7KH�RSWLRQ�SLQV�2SW��DQG�2SW��VKRXOG�QHYHU�EH�OHIW�IORDWLQJ��,I
WKH\� DUH� IORDWHG�� WKH� GHYLFH�ZLOO� GUDZ� H[FHVV� SRZHU� DQG� WKH
RSWLRQV� ZLOO� QRW� EH� SURSHUO\� UHDG� RQ� SRZHUXS�� ,QWHQWLRQDOO\�
WKHUH� DUH� QR� SXOOXS� UHVLVWRUV� RQ� WKHVH� OLQHV�� VLQFH� SXOOXS
UHVLVWRUV�DGG�WR�SRZHU�GUDLQ�LI�WLHG�ORZ�

7KH�*DLQ� LQSXW� LV� GHVLJQHG� WR� EH� IORDWHG� IRU� VHQVLQJ� RQH� RI
WKH� WKUHH� JDLQ� VHWWLQJV�� ,W� VKRXOG� QHYHU� EH� FRQQHFWHG� WR� D
SXOOXS�UHVLVWRU�RU�WLHG�WR�DQ\WKLQJ�RWKHU�WKDQ�6QV��RU�6QV��

7DEOH�����VKRZV�WKH�RSWLRQ�VWUDS�FRQILJXUDWLRQV�DYDLODEOH�

3.4 POWER SUPPLY, PCB LAYOUT
7KH�SRZHU�VXSSO\�FDQ�UDQJH�IURP�����WR�����YROWV��$W���YROWV
FXUUHQW�GUDLQ�DYHUDJHV�OHVV�WKDQ����$�LQ�PRVW�FDVHV��EXW�FDQ
EH� KLJKHU� LI� &V� LV� ODUJH�� ,QWHUHVWLQJO\�� ODUJH� &[� YDOXHV� ZLOO
DFWXDOO\� GHFUHDVH� SRZHU� GUDLQ�� 2SHUDWLRQ� FDQ� EH� IURP
EDWWHULHV�� EXW� EH� FDXWLRXV� DERXW� ORDGV� FDXVLQJ� VXSSO\� GURRS

�VHH�2XWSXW�'ULYH��SUHYLRXV�VHFWLRQ��

$V� EDWWHU\� YROWDJH� VDJV� ZLWK� XVH� RU� IOXFWXDWHV� VORZO\� ZLWK
WHPSHUDWXUH�� WKH�47����ZLOO� WUDFN�DQG�FRPSHQVDWH� IRU� WKHVH
FKDQJHV�DXWRPDWLFDOO\�ZLWK�RQO\�PLQRU�FKDQJHV�LQ�VHQVLWLYLW\�

,I� WKH�SRZHU�VXSSO\� LV�VKDUHG�ZLWK�DQRWKHU�HOHFWURQLF�V\VWHP�
FDUH�VKRXOG�EH�WDNHQ�WR�DVVXUH�WKDW�WKH�VXSSO\�LV�IUHH�RI�GLJLWDO
VSLNHV�� VDJV�� DQG� VXUJHV� ZKLFK� FDQ� DGYHUVHO\� DIIHFW� WKH
47�����7KH�47����ZLOO�WUDFN�VORZ�FKDQJHV�LQ�9GG��EXW�LW�FDQ
EH�DIIHFWHG�E\�UDSLG�YROWDJH�VWHSV�

LI� GHVLUHG�� WKH� VXSSO\� FDQ�EH� UHJXODWHG�XVLQJ� D� FRQYHQWLRQDO
ORZ�FXUUHQW�UHJXODWRU��IRU�H[DPSOH�&026�UHJXODWRUV�WKDW�KDYH
QDQRDPS�TXLHVFHQW� FXUUHQWV��&DUH� VKRXOG� EH� WDNHQ� WKDW� WKH
UHJXODWRU�GRHV�QRW�KDYH�D�PLQLPXP�ORDG�VSHFLILFDWLRQ��ZKLFK
DOPRVW� FHUWDLQO\� ZLOO� EH� YLRODWHG� E\� WKH� 47���
V� ORZ� FXUUHQW
UHTXLUHPHQW�

�����

)LJXUH������'DPSLQJ�3LH]R�&OLFNV�ZLWK�5[
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6LQFH� WKH� 47���� RSHUDWHV� LQ� D� EXUVW� PRGH�
DOPRVW� DOO� WKH� SRZHU� LV� FRQVXPHG� GXULQJ� WKH
FRXUVH�RI�HDFK�EXUVW��'XULQJ�WKH�WLPH�EHWZHHQ
EXUVWV�WKH�VHQVRU�LV�TXLHVFHQW�

������0($685,1*�6833/<�&855(17

0HDVXULQJ� DYHUDJH� SRZHU� FRQVXPSWLRQ� LV� D
IDLUO\�GLIILFXOW�WDVN��GXH�WR�WKH�EXUVW�QDWXUH�RI�WKH
47���
V� RSHUDWLRQ�� (YHQ� D� JRRG� TXDOLW\� 506
'00�ZLOO� KDYH� GLIILFXOW\� WUDFNLQJ� WKH� UHODWLYHO\
VORZ�EXUVW�UDWH�

7KH� VLPSOHVW� PHWKRG� IRU� PHDVXULQJ� DYHUDJH
FXUUHQW� LV� WR� UHSODFH� WKH� SRZHU� VXSSO\� ZLWK� D
ODUJH� YDOXH� ORZ�OHDNDJH� HOHFWURO\WLF� FDSDFLWRU�
IRU� H[DPSOH� ������)�� 
6RDN
� WKH� FDSDFLWRU� E\
FRQQHFWLQJ� LW� WR� D�EHQFK� VXSSO\�DW� WKH�GHVLUHG
RSHUDWLQJ� YROWDJH� IRU� ��� KRXUV� WR� IRUP� WKH
HOHFWURO\WH� DQG� UHGXFH� OHDNDJH� WR� D�PLQLPXP�
&RQQHFW� WKH� FDSDFLWRU� WR� WKH� 47���� FLUFXLW� DW
7 ��� PDNLQJ� VXUH� WKHUH� ZLOO� EH� QR� GHWHFWLRQV
GXULQJ� WKH�PHDVXUHPHQW� LQWHUYDO�� DW� 7 ��� VHFRQGV�PHDVXUH
WKH�FDSDFLWRU
V�YROWDJH�ZLWK�D�'00��5HSHDW�WKH�WHVW�ZLWKRXW�D
ORDG�WR�PHDVXUH�WKH�FDSDFLWRU
V�LQWHUQDO�OHDNDJH��DQG�VXEWUDFW
WKH� LQWHUQDO� OHDNDJH� UHVXOW� IURP� WKH�YROWDJH�GURRS�PHDVXUHG
GXULQJ� WKH�47���� ORDG� WHVW��%H� VXUH� WKH�'00� LV� FRQQHFWHG
RQO\�DW�WKH�HQG�RI�HDFK�WHVW��WR�SUHYHQW�WKH�'00
V�LPSHGDQFH
IURP�FRQWULEXWLQJ�WR�WKH�FDSDFLWRU
V�GLVFKDUJH�

6XSSO\� GUDLQ� FDQ� EH� FDOFXODWHG� IURP� WKH� DGMXVWHG� YROWDJH
GURRS�XVLQJ�WKH�EDVLF�FKDUJH�HTXDWLRQ�

L = �9&

W

ZKHUH� &� LV� WKH� ODUJH� VXSSO\� FDS� YDOXH�� W� LV� WKH� HODSVHG

PHDVXUHPHQW�WLPH�LQ�VHFRQGV��DQG�∆9�LV�WKH�DGMXVWHG�YROWDJH
GURRS�RQ�&�

3.4.2 ESD 3527(&7,21
,Q� FDVHV� ZKHUH� WKH� HOHFWURGH� LV� SODFHG� EHKLQG� D� GLHOHFWULF
SDQHO�� WKH� 47���� ZLOO� EH� SURWHFWHG� IURP� GLUHFW� VWDWLF
GLVFKDUJH�� +RZHYHU�� HYHQ� ZLWK� D� SDQHO�� WUDQVLHQWV� FDQ� VWLOO
IORZ�LQWR�WKH�HOHFWURGH�YLD�LQGXFWLRQ��RU� LQ�H[WUHPH�FDVHV��YLD
GLHOHFWULF�EUHDNGRZQ��3RURXV�PDWHULDOV�PD\�DOORZ�D�VSDUN� WR
WXQQHO� ULJKW� WKURXJK� WKH� PDWHULDO�� SDUWLDOO\� FRQGXFWLQJ
PDWHULDOV� OLNH� 
SLQN� SRO\
� ZLOO� FRQGXFW� WKH� (6'� ULJKW� WR� WKH
HOHFWURGH�� 7HVWLQJ� LV� UHTXLUHG� WR� UHYHDO� DQ\� SUREOHPV�� 7KH
47����GRHV�KDYH�GLRGH�SURWHFWLRQ�RQ�LWV�WHUPLQDOV�ZKLFK�FDQ
DEVRUE�DQG�SURWHFW�WKH�GHYLFH�IURP�PRVW�LQGXFHG�GLVFKDUJHV�
XS� WR� ��P$�� WKH� XVHIXOQHVV� RI� WKH� LQWHUQDO� FODPSLQJ� ZLOO
GHSHQGLQJ� RQ� WKH� GLHOHFWULF� SURSHUWLHV�� SDQHO� WKLFNQHVV�� DQG
ULVH�WLPH�RI�WKH�(6'�WUDQVLHQWV�

(6'� GLVVLSDWLRQ� FDQ� EH� DLGHG� IXUWKHU� ZLWK� DQ� DGGHG� GLRGH
SURWHFWLRQ�QHWZRUN�DV�VKRZQ�LQ�)LJXUH������LQ�H[WUHPH�FDVHV�
%HFDXVH� WKH� FKDUJH� DQG� WUDQVIHU� WLPHV� RI� WKH� 47���� DUH
UHODWLYHO\�ORQJ��WKH�FLUFXLW�FDQ�WROHUDWH�YHU\�ODUJH�YDOXHV�RI�5H�

PRUH� WKDQ� ���N� RKPV� LQ�PRVW� FDVHV�ZKHUH� HOHFWURGH�&[� LV
VPDOO��7KH�DGGHG�GLRGHV�VKRZQ���1�����RU�HTXLYDOHQW�ORZ�&
GLRGHV��ZLOO�VKXQW�WKH�(6'�WUDQVLHQWV�DZD\�IURP�WKH�SDUW��DQG
5H��ZLOO� FXUUHQW� OLPLW� WKH� UHVW� LQWR� WKH�47���
V� RZQ� LQWHUQDO
FODPS� GLRGHV�� &�� VKRXOG� EH� DURXQG� ���)� LI� LW� LV� WR� DEVRUE
SRVLWLYH� WUDQVLHQWV� IURP� D� KXPDQ� ERG\� PRGHO� VWDQGSRLQW
ZLWKRXW�ULVLQJ�LQ�YDOXH�E\�PRUH�WKDQ���YROW�� ,I�GHVLUHG�&��FDQ
EH�UHSODFHG�ZLWK�DQ�DSSURSULDWH�]HQHU�GLRGH��'LUHFWO\�SODFLQJ
VHPLFRQGXFWRU� WUDQVLHQW� SURWHFWLRQ� GHYLFHV� RU�029
V� RQ� WKH
VHQVH�OHDG�LV�QRW�DGYLVHG��WKHVH�GHYLFHV�KDYH�H[WUHPHO\�ODUJH
DPRXQWV�RI�SDUDVLWLF�&�ZKLFK�ZLOO�VZDPS�WKH�47����

5H��VKRXOG�EH�DV�ODUJH�DV�SRVVLEOH�JLYHQ�WKH�ORDG�YDOXH�RI�&[
DQG�WKH�GLRGH�FDSDFLWDQFHV�RI�'��DQG�'���5H��VKRXOG�EH�ORZ
HQRXJK� WR� SHUPLW� DW� OHDVW� �� WLPHFRQVWDQWV� RI� 5&� WR� RFFXU
GXULQJ�WKH�FKDUJH�DQG�WUDQVIHU�SKDVHV�

5H�� IXQFWLRQV� WR� LVRODWH� WKH� WUDQVLHQW� IURP� WKH�47���
V�9GG
SLQ��YDOXHV�RI�DURXQG��.�RKPV�DUH�UHDVRQDEOH�

$V� ZLWK� DOO� (6'� SURWHFWLRQ� QHWZRUNV�� LW� LV� FUXFLDO� WKDW� WKH
WUDQVLHQWV�EH�OHG�DZD\�IURP�WKH�FLUFXLW��3&%�JURXQG�OD\RXW�LV
FUXFLDO�� WKH�JURXQG�FRQQHFWLRQV�WR�'���'���DQG�&��VKRXOG�DOO
JR�EDFN�WR�WKH�SRZHU�VXSSO\�JURXQG�RU�SUHIHUDEO\��LI�DYDLODEOH�
D�FKDVVLV�JURXQG�FRQQHFWHG�WR�HDUWK��7KH�FXUUHQWV�VKRXOG�QRW
EH�DOORZHG�WR�WUDYHUVH�WKH�DUHD�GLUHFWO\�XQGHU�WKH�47����

,I�WKH�47����LV�FRQQHFWHG�WR�DQ�H[WHUQDO�FLUFXLW�YLD�D�FDEOH�RU
ORQJ� WZLVWHG� SDLU�� LW� LV� SRVVLEOH� IRU� JURXQG�ERXQFH� WR� FDXVH
GDPDJH� WR� WKH� 2XW� SLQ�� HYHQ� WKRXJK� WKH� WUDQVLHQWV� DUH� OHG
DZD\� IURP� WKH� 47���� LWVHOI�� WKH� FRQQHFWHG� VLJQDO� RU� SRZHU
JURXQG�OLQH�ZLOO�DFW�DV�DQ�LQGXFWRU��FDXVLQJ�D�KLJK�GLIIHUHQWLDO
YROWDJH�WR�EXLOG�XS�RQ�WKH�2XW�ZLUH�ZLWK�UHVSHFW�WR�JURXQG�� ,I
WKLV�LV�D�SRVVLELOLW\��WKH�2XW�SLQ�VKRXOG�KDYH�D�UHVLVWDQFH�5H�
LQ�VHULHV�ZLWK�LW�WR�OLPLW�FXUUHQW��WKLV�UHVLVWRU�VKRXOG�EH�DV�ODUJH
DV�FDQ�EH�WROHUDWHG�E\�WKH�ORDG�
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