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6HQVH�HOHFWURGHV�DUH�D�FULWLFDO�SDUW�RI�DQ\�FDSDFLWLYH�VHQVLQJ�VROXWLRQ���7KH�43UR[�FKDUJH�WUDQVIHU�VHQVRU�DIIRUGV�D�KXJH�RSHUDWLQJ

VLJQDO�UDQJH��DQG�VR�IRU�WKH�ILUVW�WLPH�XVHUV�FDQ�FRQWHPSODWH�PDNLQJ�HQRUPRXV�HOHFWURGHV��RU�PDNH�REMHFWV�WKHPVHOYHV�LQWULQVLFDOO\

VHQVLWLYH���2QH�XVHU�UHSRUWV�XVLQJ�43UR[�WR�WXUQ�D�VHFWLRQ�RI�D�FKDLQ�OLQN�IHQFH�LQWR�D�VHQVRU���7KH�IHQFH�EHFRPHV�WKH�HOHFWURGH���$

GRRU��D�FDU��D�ZLQGRZ�IUDPH��RU�D�SUREH�WKH�VL]H�RI�D�SLQKHDG���DOO�FDQ�EHFRPH�HOHFWURGHV��VR�ORQJ�DV�WKH\�FDQ�EH�LVRODWHG�IURP�WKH

ORFDO�JURXQG��WKH�IHQFH¶V�PHVK�ZDV�DSSDUHQWO\�SODVWLF�FRDWHG��

7KHUH�DUH�WKUHH�EDVLF�LVVXHV�UHODWHG�WR�HOHFWURGH�VL]H��VKDSH��DQG�SODFHPHQW�

���� :KDW�FDQ�EH�PDGH�LQWR�D�SUR[LPLW\�VHQVLQJ�HOHFWURGH�

���� +RZ�VHQVLWLYH�ZLOO�WKH�VHQVRU�EH���$�FRUROODU\�TXHVWLRQ�LV��³+RZ�IDU�FDQ�LW�VHQVH"´

���� :KDW�ZLOO�WKH�VHQVH�ILHOG�VKDSH�EH�

$Q�H[FHOOHQW�ERRN�ZKLFK�FRYHUV�PDQ\�RI�WKHVH�WRSLFV�LV�E\�/DUU\�%D[WHU��³&DSDFLWLYH�6HQVRUV��'HVLJQ�DQG�$SSOLFDWLRQV´���,(((

3UHVV��DYDLODEOH�IURP�4XDQWXP���ZKLFK�FRYHUV�HOHFWURGH�GHVLJQ�LQ�GHSWK�

,QWULQVLF�(OHFWURGHV

0RVW�FRQGXFWLQJ�REMHFWV� FDQ�EHFRPH�DQ� LQWULQVLF� HOHFWURGH�� �:KLOH� WKH�REMHFW

PXVW� QRW� EH� GLUHFWO\� JURXQGHG�� 43UR[� WHFKQRORJ\� LV� SDUWLFXODUO\� LPPXQH� WR

SDUWLDO� FRQGXFWDQFH� WR� JURXQG� ZKHQ� VHW� WR� D� VKRUW� SXOVHZLGWK� WUDQVIHU� WLPH�

([DPSOH� FRQGXFWDQFHV� DUH� IURP� ZDWHU� ILOPV�� RU� IURP� WKH� FRQGXFWLYLW\� RI

HOHFWURGH�VXEVWUDWH�PDWHULDOV�VXFK�DV�ZRRG�

([DPSOH� ,QWULQVLF� (OHFWURGHV�� /DPSV�� WKH� KXPDQ� ERG\�� YHKLFOHV�� SDUNHG

DLUFUDIW��PDWV��GRRU�NQREV��IDXFHWV��ILOLQJ�FDELQHWV��PHWDO�SODWHV��FRPPRQ�ZLUH�

WUDQVGXFHU�HOHPHQWV��RGG�VKDSHV�RI�PHWDO�VKHHW��DQG�DTXHRXV�IOXLGV�

9LUWXDO�(OHFWURGHV

1RQ�FRQGXFWLYH� REMHFWV� RU� FRQGXFWLYH� REMHFWV� KDYLQJ� DQ� LQVXODWLQJ� OD\HU� FDQ� DFW� DV

HOHFWURGHV�� VR� ORQJ� DV� SDUW� RI� WKH� VXUIDFH� LV�PHWDOOL]HG� RU� KDV� D� SLHFH� RI�PHWDO� DWWDFKHG�

WRXFKLQJ��RU�FORVH�E\���$�QRQFRQGXFWRU�WKDW�LV�PDGH�WR�DFW�DV�D�FDSDFLWLYH�HOHFWURGH�FDQ�EH

WKRXJKW�RI�DV�D�µYLUWXDO¶�HOHFWURGH��$OPRVW�DQ\WKLQJ�FDQ�EH�PDGH�LQWR�D�YLUWXDO�HOHFWURGH�

WKH�HIIHFW�ZRUNV�EHFDXVH�REMHFWV�DQG�IOXLGV�KDYH�D�PXFK�KLJKHU�GLHOHFWULF�FRQVWDQW�WKDQ�DLU�

DQG�SURSDJDWH� WKH�HOHFWULF� ILHOG�TXLWH�ZHOO�� �7KH� UHVXOWLQJ� ILHOGV�DUH�ZHDNHU� WKDQ�KDG� WKH

REMHFW�EHHQ�PDGH�RI�PHWDO��VR�WKH�VHQVH�GLVWDQFH�LV�OHVV�DV�ZHOO���+RZHYHU�LQ�PDQ\�FDVHV�

VXFK�DV�ZLWK�WRXFK�GHWHFWLRQ��WKLV�LV�QRW�DQ�LVVXH�

$� SODQW� FDQ� EHFRPH� D� YLUWXDO� HOHFWURGH�� � 3ODFH� D� IRLO� XQGHU� WKH� SRW�� DQG� WKH� HIIHFW� ZLOO

SURSDJDWH�WKURXJK�WKH�SRW��WKH�VRLO�DQG�WKH�SODQW���&RPLQJ�FORVH�WR�WKH�SODQW�RU�WRXFKLQJ�D

OHDI� FDQ�FUHDWH�D�GHWHFWDEOH� LQFUHDVH� LQ�FDSDFLWDQFH�� �7KLV� DOVR�ZRUNV�E\�GULYLQJ� D�PHWDO

VWDNH�LQWR�WKH�VRLO�DQG�DWWDFKLQJ�LW� WR� WKH�VHQVRU��3XOVHZLGWK�GHSHQGHQF\�RI� WKH�PHDVXUHG

FDSDFLWDQFH� LV� D� IXQFWLRQ� RI� VRLO� DQG� SODQW�PRLVWXUH� FRQWHQW�� VLQFH� WKHVH� DIIHFW� HOHFWULFDO

FRQGXFWLYLW\���ORQJHU�SXOVHV�ZLOO�WKHUHIRUH�FUHDWH�DQ�LQFUHDVLQJO\�PRUH�LQWHQVH�ILHOG���7KLV

HIIHFW�FDQ�EH�XVHG�WR�FUHDWH�D�³ZDWHU�PH´�PHWHU�WKDW��DV�VKRZQ��LV�VLPSO\�D�PHWDOOL]HG�SODWH�XQGHU�WKH�SRW�

([DPSOH�9LUWXDO�(OHFWURGHV�� � 7DEOH� VXUIDFHV��ZDOOV�� VWRQH� VWDWXHV�� FHUDPLF� WDEOH� ODPSV�� QRQPHWDOOLF� WUDQVGXFHUV��ZRRG� RU� WLOH

IORRUV��D�FKDLU��FRQWURO�VXUIDFHV�PDGH�RI�VKDSHG�SODVWLF�

)LJXUH�����$�IDXFHW�DV�,QWULQVLF�(OHFWURGH

)LJXUH�����$�3ODQW�DV�9LUWXDO

(OHFWURGH



9LUWXDO�(OHFWURGH�6XUIDFHV

$�VXUIDFH�WR�ZKLFK�D�PHWDO�HOHFWURGH�LV�DWWDFKHG�FDQ�DSSHDU�WR�H[KLELW�D�PXFK�ODUJHU�µYLUWXDO¶�HOHFWURGH�VXUIDFH�� �$V�VKRZQ�� WKH

ILHOG�ZLOO�SURSDJDWH�ODWHUDOO\�WKURXJK�WKH�VXUIDFH��HIIHFWLYHO\�HQODUJLQJ�WKH�VHQVLWLYH�VXUIDFH�DUHD���7KLV�HIIHFW�ZLOO�UHVXOW�LQ�KLJKHU

VHQVLWLYLW\�WKDQ�FDQ�EH�DFKLHYHG�ZLWK�WKH�PHWDO�HOHFWURGH�LQ�IUHH�VSDFH�DORQH��VLQFH�FDSDFLWDQFH�LV�GLUHFWO\�SURSRUWLRQDO�WR�VXUIDFH

DUHD�

7KH�GHJUHH�RI� ODWHUDO� VSUHDGLQJ�GHSHQGV�RQ� WKH� VXEVWUDWH� WKLFNQHVV�

FRPSRVLWLRQ��DQG�QHDUQHVV�WR�JURXQGHG�VXUIDFHV��7KLFN�PDWHULDOV�ZLOO

WHQG� WR� FRQGXFW� WKH� ILHOG� WKURXJK� WR� WKH� RWKHU� VLGH� DQG� VSUHDG� WKH

ILHOG�WKLQO\�RYHU�D�ODUJHU�DUHD��GLOXWLQJ�WKH�HIIHFW���9HU\�WKLQ�PDWHULDOV

ZLOO� QRW� EH� DEOH� WR� SURSDJDWH� WKH� ILHOG� ODWHUDOO\� YHU\� IDU�� �%HWZHHQ

WKHVH� H[WUHPHV� DUH� WKLFNQHVVHV� ZKLFK� VSUHDG� WKH� ILHOG� TXLWH

HIIHFWLYHO\���$�JURXQGHG�SHULPHWHU�ZLOO�KHOS�NLOO�WKH�ILHOG�RII�EH\RQG

WKH�FRQILQHV�RI�WKH�JURXQGLQJ�

(OHFWURGHV�IRU�0DWHULDO�+DQGOLQJ�DQG

)OXLG�)ORZ

7KH�43UR[� VHQVRU� FDQ� WXUQ� DQ\� SLHFH� RI� PHWDO� LQWR� D� SUR[� VHQVRU

SURYLGHG�LW�LV�QRW�JURXQGHG���$�SLHFH�RI�FRSSHU�IRLO�FDQ�EH�DGKHUHG�WR

DOPRVW� DQ\WKLQJ�� DQG� VR� ORQJ� DV� LW� LV� LQVXODWHG� IURP� JURXQG� LW�ZLOO

IXQFWLRQ�ILQH���,Q�PDWHULDO�KDQGOLQJ�DSSOLFDWLRQV��VKDSHG�PHWDO�FDQ�EH

XVHG� WR� GHWHFW� PRYLQJ� REMHFWV�� REVWUXFWLRQV�� RU� IORZ� RU� KHLJKW� RI

OLTXLGV��SRZGHUV��RU�JUDQXOHV�ZLWKLQ�YDWV��SLSHV��RU�DORQJ�FRQYH\RUV�

5RERWLF� DUPV� FDQ� KDYH� VKDSHG� PHWDO� DWWDFKHG� WR� WKHP� WR� GHWHFW

LPSHQGLQJ�FROOLVLRQV���$OPRVW�µDQ\WKLQJ�JRHV¶�ZKHQ�GHVLJQLQJ�ZLWK

WKH�FKDUJH�WUDQVIHU�VHQVRU�

$OWKRXJK� FDSDFLWLYH� ILHOGV� DUH� QRUPDOO\� RPQLGLUHFWLRQDO�� WKH� VKDSH

RI� WKH�PHWDO� HOHFWURGH� DQG� WKH� XVH� RI� QHDUE\� JURXQGHG�PHWDO� FDQ� EH� XVHG� WR

WDLORU�WKH�VHQVH�ILHOG�SUHIHUUHQWLDOO\�LQ�FHUWDLQ�GLUHFWLRQV��)LJXUH����

)RU�GHWHFWLQJ�WKH�IORZ�RI�PDWHULDOV�LQ�SLSHV��WKH�SLSH�FDQ�KDYH�SODFHG�LQVLGH�DQ

LVRODWHG� ZLUH� SUREH�� RU� LW� FDQ� EH� SDUWLDOO\� OLQHG� ZLWK� D� WKLQ� OD\HU� RI� LVRODWHG

PHWDO�� � ,I� WKH� SLSH� LV� SODVWLF� RU� FHUDPLF�� RU� LQ� WKH� FDVH� RI� D� SODVWLF� KRVH�� WKH

H[WHULRU�RI�WKH�SLSH�FDQ�KDYH�DWWDFKHG�WZR�PHWDO�IRLO�HOHFWURGHV��)LJXUH������7KH

OLTXLG¶V� KLJK� GLHOHFWULF� FRQVWDQW

JHQHUDWHV�D�VWURQJ�VLJQDO���&RQYHUVHO\

EXEEOHV�LQ�WKH�IOXLG�DUH�ORZ�GLHOHFWULF

UHJLRQV� WKDW� ZLOO� FUHDWH� GURSV� LQ� WKH

VLJQDO� OHYHO�� WKH� 47� VHQVRU� FDQ� WKXV

EH�XVHG�WR�GHWHFW�YRLGV�RU�EXEEOHV�

)RU�FRQGXLWV��ZKHUH�WKHUH�LV�QRUPDOO\

D�ODUJH�RSHQ�DLU�VSDFH��WKH�VLJQDO�OHYHO

FDQ�EH�XVHG�WR�LQGLFDWH�WKH�IOXLG�OHYHO�

)LJXUH�����$�YLUWXDO�HOHFWURGH�VXUIDFH�LV�ODUJHU�WKDQ�WKH

PHWDO�HOHFWURGH�ZKLFK�VWLPXODWHV�LW���7KH�YLUWXDO�ILHOG

FDQ�H[WHQG�IURP�ERWK�IURQW�DQG�EDFN�RI�WKH�VXEVWUDWH�

WKH�LQWHQVLW\�RI�WKH�ILHOG�ZLOO�H[KLELW�D�*DXVVLDQ�UROORII

EH\RQG�WKH�PHWDO�HOHFWURGH��*URXQGHG�VWULSV�ZLOO�µNLOO¶

PRVW�RI�WKH�ILHOG�EH\RQG�ZKHUH�WKH\�DUH�SODFHG��VXFK

VWULSV�FDQ�EH�XVHG�WR�VKDSH�WKH�ILHOG��IRU�H[DPSOH�WR

FUHDWH�DQ�DV\PHWULF�ILHOG�DV�VKRZQ�

)LJXUH�����*URXQGHG�PHWDO�FDQ�EH�XVHG�WR

VKDSH�WKH�VHQVH�ILHOG�WR�DYRLG�FHUWDLQ�DUHDV�

)LJXUH�����$�SODVWLF�WXEH�ZLWK�DQ

HOHFWURGH�SDLU�IRU�PRQLWRULQJ�IORZ�



7KLQ�0DWHULDO�6HQVLQJ

,Q�ILOPV�RU�ZHEV��WKH�PDWHULDO�EHLQJ�VHQVHG�KDV�OLWWOH�EXON�DQG�DFWV�DV�D�YHU\

ZHDN�WDUJHW���8QOHVV�WKH�ZHE�LV�SDUWO\�FRQGXFWLQJ��IRU�H[DPSOH�D�GDPS�ZHE�RI

SDSHU��� WKH� VLJQDO� WR� EH� GHWHFWHG� LV� FKDOOHQJLQJO\� VPDOO�� 2QH� PHWKRG� RI

VHQVLQJ� WKH� ZHE� LV� WR� XVH� WZR� SDUDOOHO� SODWHV� ZLWK� WKH� PDWHULDO� UXQQLQJ

EHWZHHQ� WKHP�� WKXV� DPSOLI\LQJ� WKH� FDSDFLWLYH� HIIHFW�� � 7KH� SODWHV� PXVW� EH

PHFKDQLFDOO\� YHU\� VWDEOH� IRU� WKLV� WR� ZRUN�� � $LU� JDSV� UHGXFH� WKH� SHUFHQWDJH

FKDQJH� FDXVHG� E\� WKH� ZHE� PDWHULDO�� VR� WKH� VSDFLQJ� VKRXOG� EH� DV� FORVH� DV

SRVVLEOH�

,I� WKH� PDWHULDO� LV� FRQGXFWLYH� RU� ZHW�� WKH� VHQVH� HOHFWURGH� VKRXOG� KDYH� DQ

LQVXODWLQJ�FRDWLQJ�VR�WKDW�WKH�PDWHULDO�FDQQRW�VKRUW�WKH�HOHFWURGHV�WRJHWKHU�

$QRWKHU�PHWKRG�RI�VHQVLQJ�D�ZHE�LV�WR�XVH�HOHFWURGHV�IURP�RQO\�RQH�VLGH��)LJXUH������7KH�ZHE�VKRXOG�EH�WDXW�RYHU�WKH�HOHFWURGH�VHW

WR�HQVXUH�FRQVLVWHQW�FRQWDFW����7KH�VHQVH�HOHFWURGH�VKRXOG�KDYH�DQ�LQVXODWLQJ�FRYHU�OD\HU��VHH�UHDVRQ�DERYH���DQG�WKH�JDS�EHWZHHQ

WKH�HOHFWURGHV�VKRXOG�EH�FRPSDUDEOH�WR�RU�OHVV�WKDQ�WKH

PDWHULDO�WKLFNQHVV���7KH�OHQJWK�RI�WKH�HOHFWURGHV�DFURVV

WKH�ZLGWK�RI�WKH�ZHE�ZLOO�FRQWURO�WKH�VHQVLWLYLW\���7KLV

W\SH�RI�FRQILJXUDWLRQ�FDQ�DOVR�EH�XVHG�WR�GHWHUPLQH�WKH

PRLVWXUH�FRQWHQW�RI�D�PRYLQJ�ZHE��DW�WKH�VDPH�WLPH�DV

LW�FKHFNV�IRU�D�ZHE�EUHDN�

)LOO�/HYHO

7DQN�ILOO�OHYHO�FDQ�EH�PRQLWRUHG�E\�VLPSO\�LQVHUWLQJ�D

SODVWLF� FRDWHG� PHWDO� URG� LQWR� WKH� WDQN� �ILJXUH� ��� RU

DWWDFKLQJ� D� VWULS� WR� WKH� VLGH� RI� WKH� WDQN�� � 7KHUH� DUH

SUREDEO\�GR]HQV�RI�DOWHUQDWLYH�ZD\V�RI�GRLQJ�WKLV�

,I�WKH�WDQN�LV�PHWDO��LW�VKRXOG�EH�JURXQGHG�ZLWK�UHVSHFW

WR� WKH� VHQVRU�� � ,I� SODVWLF�� WKH� EDVH� RI� WKH� WDQN� VKRXOG

KDYH�D�FRQVLVWHQW�FRQWDFW�WR�DQ�HDUWK�UHIHUHQFHG�VXUIDFH�EHQHDWK�LW���7KH�VHQVH�VWULS�VKRXOG�EH�VKLHOGHG�LI�WKHUH�LV�ZDON�E\�WUDIILF

ZKLFK�PD\�GLVWXUE�WKH�VHQVH�ILHOG�

$QRWKHU� ZD\� WR� VHQVH� ILOO� OHYHO� LV� WR� XVH� WKH

FRQILJXUDWLRQ� RI� )LJXUH� ��� LQVHUWHG� DV� D� ULJLG� WXEH

YHUWLFDOO\�LQWR�WKH�WDQN�DV�LQ�)LJXUH�����7KHUH�LV�QRWKLQJ

VDFUHG� DERXW� D� WXEXODU� VKDSH�� WKH� HOHFWURGHV� FRXOG� EH

IODW��SDUDOOHO�IDFLQJ�VWULSV�

7KH� PHWKRG� RI� )LJXUH� �� ZRXOG� DOVR� ZRUN� LQ� D� ³VLJKW

JODVV´�FRQILJXUDWLRQ�WR�WKH�VLGH�RI�WKH�WDQN��LI�WKH�VHQVH

WXEH� ZHUH� RULHQWHG� YHUWLFDOO\� LWV� VLJQDO� RXWSXW� ZRXOG

LQGLFDWH�ILOO�OHYHO�

7R� JXDUG� DJDLQVW� ZDON�E\� VLJQDOV�� WKH� WXEH� FDQ� EH

LQVHUWHG� LQWR� D� ODUJHU� PHWDO� SLSH� ZKLFK� LQ� WXUQ� LV

JURXQGHG�� DQ� DLU� JDS� VKRXOG� H[LVW� EHWZHHQ� WKH� VHQVH

WXEH�DQG�WKH�RXWHU�PHWDO�SLSH�

)LJXUH�����$�ZHE�FDQ�EH�VHQVHG�EHWZHHQ�WZR

SDUDOOHO�SODWHV�

)LJXUH�����$�ZHE�FDQ�EH�VHQVHG�IURP�RQH�VLGH��SURYLGHG�WKH�JDSV

EHWZHHQ�WKH�VHQVH�VWULS�DQG�JURXQG�VWULSV�DUH�FRPSDUDEOH�WR�WKH

PDWHULDO�WKLFNQHVV��RU�OHVV�

)LJXUH�����)LOO�OHYHO�PRQLWRULQJ�XVLQJ�DQ�LQVXODWHG�URG�LQ�D�PHWDO

WDQN��RU�DQ�H[WHUQDO�VWULS�RQ�D�SODVWLF�WDQN�


