
(OHFWURPDJQHWLVP
(OHFWURPDJQHWLVP�XQLILHV�HOHFWULF�DQG�PDJQHWLF�SKHQRPHQD�LQWR�D�FRPPRQ�WKHRUHWLFDO
IUDPHZRUN�UHJDUGLQJ�HDFK�DV�PDQLIHVWDWLRQV�RI�WKH�VDPH�XQGHUO\LQJ�IXQGDPHQWDO
HOHFWURPDJQHWLF�IRUFH�
$�TXDOLWDWLYH�FRQQHFWLRQ�EHWZHHQ�HOHFWULFLW\�DQG�PDJQHWLVP�ZDV�PDGH�LQ������ZKHQ
+DQV�&KULVWLDQ�2HUVWHG�DQG�$QGUp�$PSHUH�REVHUYHG�HOHFWULF�FXUUHQWV�GHIOHFWLQJ
QHDUE\�FRPSDVV�QHHGOHV�LQGLFDWLQJ�WKH�SUHVHQFH�RI�D�PDJQHWLF�ILHOG�
,Q�WKH�����
���0LFKDHO�)DUDGD\�DQG�-RVHSK�+HQU\�VKRZHG�H[SHULPHQWDOO\�WKDW�LW�ZDV
SRVVLEOH�WR�LQGXFH�HOHFWULF�FXUUHQWV�LQ�D�FLUFXLW�E\�FKDQJLQJ�PDJQHWLF�ILHOG�FRQILJXUDWLRQV�
8VLQJ�WKH�HPSLULFDO�UHVXOWV�RI�2HUVWHG��$PSHUH��)DUDGD\�DQG�+HQU\��WKH�TXDQWLWDWLYH
FRQQHFWLRQV�OLQNLQJ�HOHFWULF�DQG�PDJQHWLF�SKHQRPHQD�NQRZQ�DV�0D[ZHOO
V�(TXDWLRQV
ZHUH�GHGXFHG�LQ������E\�-DPHV�&OHUN�0D[ZHOO�

1RWDEO\��0D[ZHOO
V�HTXDWLRQV�OHDG�WR�ZDYH�HTXDWLRQV�IRU�HOHFWULF�DQG�PDJQHWLF�ILHOGV�WKXV
SUHGLFWLQJ�WKH�H[LVWHQFH�RI�SURSDJDWLQJ�HOHFWURPDJQHWLF�ZDYHV��ZDYHV�FRQVLVWLQJ�RI
RVFLOODWLQJ�HOHFWULF�DQG�PDJQHWLF�ILHOGV��WKDW�UHTXLUH�QR�PHGLXP�LQ�ZKLFK�WR�SURSDJDWH
DQG�ZKLFK�FDQ�WUDQVSRUW�HQHUJ\�DW�WKH�VSHHG�RI�OLJKW��/LJKW�LV�DQ�HOHFWURPDJQHWLF�ZDYH�

(OHFWURPDJQHWLVP�LV�DSSURDFKHG�RQ�IRXU�IURQWV�
��� (OHFWURVWDWLFV
��� 0DJQHWRVWDWLFV
��� (OHFWURG\QDPLFV
��� 0DJQHWRG\QDPLFV
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�VWDWLFV
�LPSOLHV�FKDUJHV�DUH�VWDWLRQDU\�DQG�HOHFWULF���PDJQHWLF�ILHOGV�DUH�QRW
FKDQJLQJ�LQ�WLPH�
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�PHDQV�WKDW�HOHFWULF���PDJQHWLF�ILHOGV�DUH�FKDQJLQJ�LQ�WLPH
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V�HTXDWLRQV
ZLWK�HOHFWURPDJQHWLF�ZDYHV�FRPSOHWH�WKH�GLVFXVVLRQ�WRZDUG�VHPHVWHUV�HQG�
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6KHOO�WKHRUHPV�UHVHPEOLQJ�WKRVH�IURP�8QLYHUVDO�*UDYLWDWLRQ�DUH�

��� $�WHVW�FKDUJH�RXWVLGH�D�XQLIRUPO\�FKDUJHG�FRQGXFWLQJ�VKHOO�H[SHULHQFHV�D�QHW
HOHFWURVWDWLF�IRUFH�DV�LI�DOO�WKH�VKHOO
V�FKDUJH�ZHUH�ORFDWHG�DW�LWV�FHQWHU�SRLQW

��� $�WHVW�FKDUJH�ORFDWHG�ZLWKLQ�D�XQLIRUPO\�FKDUJHG�FRQGXFWLQJ�VKHOO
H[SHULHQFHV�D�]HUR�QHW�HOHFWURVWDWLF�IRUFH�IURP�WKH�VKHOO�

3URSHUWLHV�RI�HOHFWULF�FKDUJH�
��� ,Q������5REHUW�0LOOLNDQ�GLVFRYHUHG�WKDW�HOHFWULF�FKDUJH�LV�TXDQWL]HG�LQ�GLVFUHWH
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��� (OHFWULF�FKDUJH�LV�FRQVHUYHG��1HLWKHU�FUHDWHG�QRU�GHVWUR\HG��1HJDWLYHO\�FKDUJHG
HOHFWURQV�WUDQVIHUUHG�DZD\�IURP�DQ�HOHFWULFDOO\�QHXWUDO�REMHFW�UHVXOWV�LQ�WKDW
REMHFW�DFTXLULQJ�D�QHW�SRVLWLYH�FKDUJH��7KH�QHW�FKDUJH�EHIRUH�WKH�HOHFWURQ�WUDQVIHU
ZDV�]HUR�DQG�DIWHUZDUGV�WKH�QXPEHU�RI�QHJDWLYH�FKDUJHV�UHPRYHG�LV�RIIVHW�E\�DQ
HTXDO�TXDQWLW\�RI�SRVLWLYH�FKDUJH�RQ�WKH�RULJLQDOO\�QHXWUDO�REMHFW�
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LPSOLHV�D�WRWDO�QHW�FKDUJH�RI�]HUR�RQ�WKH�FORWK�IXU�PDWHULDO�V\VWHP�

$Q�H[FHVV�RI�HOHFWULF�FKDUJH�LV�D�QRQ�HTXLOLEULXP�FRQGLWLRQ�IRU�DQ\WKLQJ�H[FHSW
IXQGDPHQWDO�SDUWLFOHV�

+DYLQJ�FKDUJHG�D�PDWHULDO�E\�WKH�$PEHU�HIIHFW�LWV�FKDUJH�GLPLQLVKHV�WKURXJK�OHDNDJH
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$Q�HOHFWURVFRSH�FDQ�GHWHUPLQH�WKH�SUHVHQFH�RI�HOHFWULF�FKDUJH�DQG�LWV�DULWKPHWLF�VLJQ�
&RPSULVHG�RI�D�FRQGXFWLQJ�PHWDO�VSKHUH�DWWDFKHG�WR�WZR�JROG�OHDIV�IUHH�WR�PRYH
XQGHU�WKH�LQIOXHQFH�RI�&RXORPE�DWWUDFWLRQV���UHSXOVLRQV��WKH�UHVSRQVH�RI�DQ
HOHFWURVFRSH�LV�VKRZQ�EHORZ��$ULWKPHWLF�VLJQ�RI�WKH�REMHFWV�FKDUJH�LV�GHWHUPLQHG�E\
WKH�SXVK�SXOO�UHVSRQVH�RI�WKH�HOHFWURVFRSH�OHDIV�WR�WKH�FKDUJHG�REMHFW�DV�LW�QHDUV�
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&KDUJH�WUDQVIHUUHG�IURP�RQH�REMHFW�WR�WKH�QH[W�E\�SK\VLFDO�FRQWDFW�LV�UHIHUUHG�WR�DV
FRQGXFWLRQ��&KDUJH�LQGXFHG�RQ�DQRWKHU�REMHFW�ZKHQ�WKH�FKDUJH�LQGXFLQJ�REMHFW�LV
FORVH�HQRXJK�WR�SURGXFH�D�FKDUJH�VHSDUDWLRQ�LV�FDOOHG�LQGXFWLRQ�
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TXDQWLWDWLYH�XQGHUVWDQGLQJ�RI�HOHFWURPDJQHWLVP�SUREOHPV�
(YDOXDWLRQ�RI�WKH�HOHFWULF�ILHOG�DW�D�SDUWLFXODU�SRLQW�LQ�VSDFH�FRUUHVSRQGV�WR�GHWHUPLQLQJ
WKH�QHW�IRUFH�SHU�XQLW�FKDUJH�WKDW�WKH�H[LVWLQJ�V\VWHP�RI�FKDUJHV��GLVFUHWH�RU�FRQWLQXRXV�
ZLOO�H[HUW�RQ�D�SRVLWLYH�WHVW�FKDUJH�LQWURGXFHG�LQWR�WKH�HQYLURQPHQW�



7KH�HOHFWULF�ILHOG� ( UHSUHVHQWV�DQ�LQWHUPHGLDU\�EHWZHHQ�SUHH[LVWLQJ�FKDUJH�GLVWULEXWLRQV
DQG�DQ\�FKDUJH�LQWURGXFHG�LQWR�WKH�HQYLURQPHQW�

*UDSKLFDOO\�HOHFWULF�ILHOG�OLQHV�H[WHQG�DZD\�IURP�SRVLWLYH�FKDUJHV�DQG�LQWR�RU
WRZDUG�QHJDWLYH�FKDUJH�ZLWK�ILHOG�OLQH�GHQVLWLHV�LQGLFDWLQJ�UHODWLYH�ILHOG�VWUHQJWK�

7KH�HOHFWULF�ILHOG�GLUHFWLRQ�LV�WDQJHQW�WR�WKH�HOHFWULF�ILHOG�OLQHV�

7KH�HOHFWULF�ILHOG�LV�D�YHFWRU�ILHOG��,W�LV�WKHUHIRUH�QHFHVVDU\�WR�VSHFLI\�GLUHFWLRQ�DQG
PDJQLWXGH�DW�HDFK�SRLQW�LQ�VSDFH�ZKHUH�WKH�ILHOG�H[LVW�
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*LYHQ�D�SRVLWLYH�WHVW�FKDUJH� �T H[SHULHQFHV�D�IRUFH� ) DW�VRPH�ORFDWLRQ�3�

7KH�HOHFWULF�ILHOG�LV�GHILQHG�DV� �T
)( { ,Q�D�GLUHFWLRQ�FROOLQHDU�ZLWK� )

7KH�6,�XQLWV�RI�HOHFWULF�ILHOG�VWUHQJWK�DUH� &1 �
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7KH�HOHFWULF�GLSROH�PRPHQW�YHFWRU�LV�GHILQHG�DV� ���
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7KH�HOHFWULF�ILHOG�RI�D�GLSROH�IDOOV�RII�DV�
��� ] YHUVXV�WKH

��� U SRLQW�FKDUJH�UHVXOW�

7KH�HOHFWULF�ILHOG�VWUHQJWK�UHGXFWLRQ�UHVXOWV�IURP�WKH��T���T�SUR[LPLW\�
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7KH�KRUL]RQWDO�FRPSRQHQWV
RI�WKH�HOHFWULF�ILHOG�FDQFHO�E\
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7KH�GLIIHUHQWLDO�HOHPHQW�RI
FKDUJH�GT� �OOGV�

7KH�FDOFXODWLRQ�RI�LQWHUHVW�LV
IRU�HOHFWULF�ILHOG�FRPSRQHQWV
SDUDOOHO�WR�WKH�]�D[LV�

)LHOG�LV�GLUHFWHG�DZD\�IURP
WKH�ULQJ�LI�LW�LV�SRVLWLYHO\
FKDUJHG�DQG�WRZDUG�WKH�ULQJ
LI�LW�LV�QHJDWLYHO\�FKDUJHG�
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7KH�GLVN�RI�FKDUJH�FRUUHVSRQGV�WR�D
VXPPDWLRQ�RYHU�ULQJV�RI�FKDUJH�RI
ZLGWK�GU�
7KH�VXUIDFH�FKDUJH�GHQVLW\�VV�LV�WKH
FKDUJH�SHU�DUHD�RQ�WKH�GLVN�ZKLFK�LI
XQLIRUP�JLYHV�G4� �VVG$
,Q�WHUPV�RI�U�WKHQ�G4� �VV
�SSUGU
$V�ZLWK�WKH�ULQJ�RI�FKDUJH��WKH
KRUL]RQWDO�FRPSRQHQWV�RI�WKH�HOHFWULF
ILHOG�FDQFHO�E\�V\PPHWU\�
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