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)LJXUH�����'LHOHFWULF�SHUPLWWLYLW\�DQG
GLVVLSDWLRQ�IDFWRU�YV��IUHTXHQF\

)5(48(1&<�5(63216(

8QOLNH�SLH]R�FHUDPLF�WUDQVGXFHUV��SLH]R�ILOP
WUDQVGXFHUV�RIIHU�ZLGH�G\QDPLF�UDQJH�DQG�DUH
DOVR�EURDGEDQG��7KHVH�ZLGH�EDQG
FKDUDFWHULVWLFV��QHDU�GF�WR��*+]��DQG�ORZ�4
DUH�SDUWO\�DWWULEXWDEOH�WR�WKH�SRO\PHUV

VRIWQHVV��$V�DXGLR�WUDQVPLWWHUV��D�FXUYHG
SLH]R�ILOP�HOHPHQW��FODPSHG�DW�HDFK�HQG�
YLEUDWHV�LQ�WKH�OHQJWK��G

��
��PRGH��DV�VKRZQ�LQ

)LJXUH�����3LH]R�ILOP�LV�D�YHU\�KLJK�ILGHOLW\
WZHHWHU���DOVR�XVHG�LQ�QRYHOW\�VSHDNHUV�IRU
WR\V��LQIODWDEOHV�DQG�DSSDUHO��7KH�G

��

FRQILJXUDWLRQ��)LJXUH�����LV�DOVR�XVHG�IRU�DLU
XOWUDVRXQG�UDQJLQJ�DSSOLFDWLRQV�XS�WR�IUHTXHQFLHV�RI�DERXW����N+]�

:KHQ�XVHG�DV�D�KLJK�XOWUDVRQLF�WUDQVPLWWHU��JHQHUDOO\�!���N+]���SLH]R�ILOP�LV�QRUPDOO\�RSHUDWHG�LQ
WKH�WKLFNQHVV��G

��
��PRGH���0D[LPXP�WUDQVPLVVLRQ�RFFXUV�DW�WKLFNQHVV��UHVRQDQFH��7KH�EDVLF�KDOI�

ZDYHOHQJWK�UHVRQDQFH�RI����P�SLH]R�ILOP�LV�DERXW����0+=�

5HVRQDQFH�YDOXHV�WKXV�GHSHQG�RQ�ILOP�WKLFNQHVV�
7KH\�UDQJH�IURP�ORZ�0+=�IRU�WKLFN�ILOPV
������ ��WR�!���P+]�IRU�YHU\�WKLQ�ILOPV���P

)LJXUH����VKRZV�WKH�HIIHFW�WKDW�IUHTXHQF\�KDV�RQ
SHUPLWWLYLW\�DQG�GLVVLSDWLRQ�IDFWRU�DW�URRP
WHPSHUDWXUH��$V�D�UHVXOW�RI�LWV�YHU\�ORZ�SHUPLWWLYLW\
J����SHUFHQW�WKDW�RI�SLH]R�FHUDPLFV���WKH�ILOP
H[KLELWV�J�FRQVWDQWV��YROWDJH�RXWSXW�FRHIILFLHQWV�
WKDW�DUH�VLJQLILFDQWO\�JUHDWHU�WKDQ�SLH]R�FHUDPLFV
�J� �G�J��

3,(=2�),/0�$7�/2:�)5(48(1&,(6

,QWURGXFWLRQ

7KH�EHKDYLRU�RI�D�SLH]R�ILOP�FRPSRQHQW�DW�ORZ�IUHTXHQFLHV�LV�IDLUO\�VWUDLJKWIRUZDUG�WR�GHVFULEH�LQ
HOHFWULFDO�WHUPV��\HW�LV�TXLWH�IUHTXHQWO\�PLVXQGHUVWRRG���6LQFH�DQ\�SUDFWLFDO�DSSOLFDWLRQ�RI�WKH
WHFKQRORJ\�ZLOO�PRVW�OLNHO\�LQYROYH�VRPH�FRQVLGHUDWLRQ�RI�WKLV�WRSLF��LW�LV�WKH�LQWHQW�RI�WKLV�DUWLFOH�WR
H[DPLQH�WKH�VXEMHFW�DW�VRPH�OHQJWK���7KH�WUHDWPHQW�LV�PDGH�DV�QRQ�PDWKHPDWLFDO�DV�SRVVLEOH��ZLWK
YHUEDO�GHVFULSWLRQV�DQG�UHDO�ZRUOG�H[DPSOHV�EHLQJ�XVHG�WR�LOOXVWUDWH�WKH�FRQFHSWV���6RPH�IDPLOLDULW\
ZLWK�WKH�XVH�RI�))7�WHFKQLTXHV�WR�WUDQVIRUP�EHWZHHQ�WLPH�GRPDLQ�DQG�IUHTXHQF\�GRPDLQ
GHVFULSWLRQV�LV�DVVXPHG��EXW�QRW�HVVHQWLDO�
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&RQQHFWLQJ�8S

,Q�PRVW�LQVWDQFHV��WKH�ILUVW�HYDOXDWLRQ�RI�SLH]R�ILOP�EHJLQV�ZLWK�FRQQHFWLQJ�D�SLH]R�FRPSRQHQW�WR�DQ
RVFLOORVFRSH�YLD�D�SUREH���VFRSH�SUREH�����8QGHU�QRUPDO�HOHFWURQLFV�FLUFXPVWDQFHV��D�VFRSH�SUREH
FDQ�EH�FRQVLGHUHG�WR�EH�DQ��LQILQLWH�LPSHGDQFH����VR�KLJK��WKDW�LWV�HIIHFW�RQ�WKH�FLUFXLW�XQGHU�WHVW�FDQ
EH�QHJOHFWHG���1RW�VR�ZLWK�SLH]R�ILOP���LQ�PDQ\�FDVHV��D�VFRSH�SUREH�FDQ�DFW�DOPRVW�OLNH�D�VKRUW�
FLUFXLW���7\SLFDO�SUREHV��ZKHQ�SOXJJHG�LQ�WR�DQ�RVFLOORVFRSH��KDYH�DQ�HIIHFWLYH�UHVLVWDQFH�RI��0���RQH
PLOOLRQ�RKPV����2WKHUV�PD\�EH�IL[HG�DW���0���ZKLOH�PDQ\�DUH�FRQYHQLHQWO\�VZLWFKDEOH�EHWZHHQ��[��
���0���DQG��[�������0�����1RWH�WKDW�WKH�SK\VLFDO�HOHPHQW�FRPSULVLQJ�WKH��0��UHVLVWDQFH�LV�XVXDOO\
EXLOW�LQWR�WKH�RVFLOORVFRSH�LQSXW�VWDJH��UDWKHU�WKDQ�EHLQJ�D�GLVFUHWH�FRPSRQHQW�ZLWKLQ�WKH�SUREH�LWVHOI��
$��[���SUREH�LV�WKXV�EDVLFDOO\�D�OHQJWK�RI�VKLHOGHG�FDEOH�ZLWK�VXLWDEOH�FRQWDFWV�DWWDFKHG�WR�HDFK�HQG�

6RXUFH�&DSDFLWDQFH

7R�DQDO\]H�ZKDW�ZLOO�KDSSHQ�ZKHQ�WKH�SUREH�LV�FRQQHFWHG��ZH�QRZ�QHHG�WR�FRQVLGHU�WKH�SURSHUWLHV
RI�WKH�SLH]R�ILOP�HOHPHQW���3HUKDSV�WKH�PRVW�LPSRUWDQW�FKDUDFWHULVWLF��DIWHU�WKH�SLH]RHOHFWULF
SURSHUW\��RI�FRXUVH��LV�WKH�PDWHULDO
V�FDSDFLWDQFH���&DSDFLWDQFH�LV�D�PHDVXUH�RI�DQ\�FRPSRQHQW
V�DELOLW\
WR�VWRUH�HOHFWULFDO�FKDUJH��DQG�LV�DOZD\V�SUHVHQW�ZKHQ�WZR�FRQGXFWLYH�SODWHV�DUH�EURXJKW�FORVH
WRJHWKHU���,Q�RXU�FDVH��WKH�FRQGXFWLYH�SODWHV�DUH�WKH�FRQGXFWLYH�HOHFWURGHV�SULQWHG�RU�PHWDOOL]HG�RQWR
HDFK�VXUIDFH�RI�WKH�ILOP���7KH�FDSDFLWDQFH�RI�WKH�GHYLFH�LV�VWURQJO\�DIIHFWHG�E\�WKH�SURSHUWLHV�RI�WKH
LQVXODWRU�VHUYLQJ�WR�VSDFH�WKH�SODWHV�DSDUW��DQG�WKH�PHDVXUH�RI�WKH�LQVXODWRU
V�FDSDFLW\�WR�VWRUH�FKDUJH
LV�JLYHQ�E\�LWV�GLHOHFWULF�FRQVWDQW�RU�SHUPLWWLYLW\�

39')�KDV�D�KLJK�GLHOHFWULF�FRQVWDQW�FRPSDUHG�ZLWK�PRVW�SRO\PHUV��ZLWK�LWV�YDOXH�EHLQJ�DERXW���
�UHODWLYH�WR�WKH�SHUPLWWLYLW\�RI�IUHH�VSDFH����

2EYLRXVO\��WKH�FDSDFLWDQFH�RI�DQ�HOHPHQW�ZLOO�LQFUHDVH�DV�LWV�SODWH�DUHD�LQFUHDVHV��VR�D�ODUJH�VKHHW�RI
ILOP�ZLOO�KDYH�D�ODUJHU�FDSDFLWDQFH�WKDQ�D�VPDOO�HOHPHQW���&DSDFLWDQFH�DOVR�LQFUHDVHV�DV�WKH�ILOP
WKLFNQHVV�GHFUHDVHV��VR�IRU�WKH�VDPH�VXUIDFH�JHRPHWU\��D�WKLQ�ILOP�ZLOO�KDYH�D�KLJKHU�FDSDFLWDQFH�WKDQ�D
WKLFN�ILOP�

7KHVH�IDFWRUV�DUH�IRUPDOO\�UHODWHG�LQ�WKH�HTXDWLRQ�

ZKHUH & LV�WKH�FDSDFLWDQFH�RI�WKH�ILOP�
J� LV�WKH�SHUPLWWLYLW\��ZKLFK�FDQ�DOVR�EH�H[SUHVVHG�LQ�WKH�IRUP�

J� �J
U
J
�

ZKHUH�¥
U
�LV�WKH�UHODWLYH�SHUPLWWLYLW\��DERXW����IRU�39')���DQG�¥

�
�LV�WKH

SHUPLWWLYLW\�RI�IUHH�VSDFH��D�FRQVWDQW��������[�������)�P�
$ LV�WKH�DFWLYH��RYHUODS��DUHD�RI�WKH�ILOP
V�HOHFWURGHV

DQG W LV�WKH�ILOP�WKLFNQHVV
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Description Part No. Capacitance

LDT0-028K/L 0-1002794-1 500 pF

DT1-028K/L 1-1002908-0 1.3 nF

DT1-052K/L 2-1002908-0 650 pF

DT2-028K/L 1-1003744-0 2.6 nF

DT4-028K/L 1-1002150-0 9 nF

8" x 11" 28 µm 1-1003702-4 30 nF

HYD-CYL-100 0-1001911-1 43 pF

7DEOH�����&DSDFLWDQFH�YDOXHV�RI�FRPPRQ�SLH]R
ILOP�FRPSRQHQWV

)LJXUH�����3LH]R�)LOP�(OHPHQW
DV�D�VLPSOH�YROWDJH�JHQHUDWRU

7KH�XQLWV�RI�FDSDFLWDQFH�DUH�)DUDGV��)���EXW
XVXDOO\�PXFK�VPDOOHU�VXE�PXOWLSOHV�DUH
HQFRXQWHUHG���PLFURIDUDGV���)�RU�����)��
QDQRIDUDGV��Q)�RU�����)��DQG�SLFRIDUDGV��S)
RU������)��

7KH�FDSDFLWDQFH�RI�DQ\�SLH]R�ILOP�HOHPHQW
FDQ�EH�FDOFXODWHG�XVLQJ�WKH�IRUPXOD��RU
PHDVXUHG�GLUHFWO\�XVLQJ�D�KDQG�KHOG
FDSDFLWDQFH�PHWHU��RU�EHQFK�WRS�LQVWUXPHQW
VXFK�DV�DQ��/&5�EULGJH���
�
&DSDFLWDQFH�YDOXHV�VKRXOG�EH�TXRWHG�DW�D
JLYHQ�PHDVXUHPHQW�IUHTXHQF\���ZKHUH�WKLV
LV�QRW�JLYHQ��D�IUHTXHQF\�RI���N+]�LV�RIWHQ
DVVXPHG���&DSDFLWDQFH�YDOXHV�RI�SLH]R�ILOP
FRPSRQHQWV�XVXDOO\�GHFUHDVH�DV�WKH�PHDVXUHPHQW�IUHTXHQF\�LQFUHDVHV�

(TXLYDOHQW�&LUFXLW�RI�3LH]R�)LOP

:H�DUH�QRZ�UHDG\�WR�GUDZ�RXW�DQ�HOHFWULFDO�HTXLYDOHQW�RI�WKH
SLH]R�ILOP�HOHPHQW���7KHUH�DUH�WZR�HTXDOO\�YDOLG��PRGHOV����RQH
LV�D�YROWDJH�VRXUFH�LQ�VHULHV�ZLWK�D�FDSDFLWDQFH��WKH�RWKHU�D�FKDUJH
JHQHUDWRU�LQ�SDUDOOHO�ZLWK�D�FDSDFLWDQFH���EXW�WKH�ODWWHU�LV
XQFRPPRQ�LQ�HOHFWULFDO�FLUFXLW�DQDO\VLV�DQG�ZH�ZLOO�FRQFHQWUDWH
RQ�WKH�YROWDJH�VRXUFH��VHH�)LJXUH�����

7KH�GDVKHG�OLQH�UHSUHVHQWV�WKH��FRQWHQWV��RI�WKH�SLH]R�ILOP
FRPSRQHQW���7KH�YROWDJH�VRXUFH�9

6
�LV�WKH�SLH]RHOHFWULF

JHQHUDWRU�LWVHOI��DQG�WKLV�VRXUFH�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH
DSSOLHG�VWLPXOXV��SUHVVXUH��VWUDLQ��HWF����,W�LV�QRW�WKH�SXUSRVH�RI
WKLV�DUWLFOH�WR�HODERUDWH�IXUWKHU�RQ�WKH�FDOFXODWLRQV�LQYROYHG�
EXW�LW�LV�LPSRUWDQW�WR�UHDOL]H�WKDW�WKLV�YROWDJH�ZLOO�DEVROXWHO\
IROORZ�WKH�DSSOLHG�VWLPXOXV���LW�LV�D��SHUIHFW��VRXUFH�

1RWH��KRZHYHU��WKDW�WKH�QRGH�PDUNHG��;��FDQ�QHYHU�EH�DFFHVVHG���7KH�ILOP
V�FDSDFLWDQFH�&
�
�ZLOO

DOZD\V�EH�SUHVHQW�DQG�FRQQHFWHG�ZKHQ�ZH�PRQLWRU�WKH��RXWSXW��RI�WKH�ILOP�DW�WKH�HOHFWURGHV�

$GGLQJ�LQ�D�UHVLVWLYH�ORDG

1RZ�ZH�FDQ�DGG�LQ�WKH�HIIHFW�RI�FRQQHFWLQJ�XS�WR�WKH�RVFLOORVFRSH���7KH�RVFLOORVFRSH�DQG�LWV�SUREH
DUH�PRGHOHG�VLPSO\�DV�D�SXUH�UHVLVWDQFH��DOWKRXJK�LQ�UHDOLW\�WKHUH�ZLOO�EH�D�YHU\�VPDOO�FDSDFLWDQFH
DVVRFLDWHG�ZLWK�WKH�SUREH�DQG�WKH�FDEOH��XVXDOO\�LQ�WKH�UHJLRQ�RI����WR����S)����7KLV�FDQ�EH�QHJOHFWHG
LI�WKH�ILOP�FDSDFLWDQFH�LV�VLJQLILFDQWO\�KLJKHU�LQ�YDOXH�
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)LJXUH�������$GGLQJ�WKH�RVFLOORVFRSH�DV
UHVLVWLYH�ORDG
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�)LJXUH�����3RWHQWLDO�GLYLGHU

7KH�YROWDJH�PHDVXUHG�DFURVV�WKH�ORDG�UHVLVWRU�5
/
�ZLOO

QRW�QHFHVVDULO\�EH�WKH�VDPH�YROWDJH�GHYHORSHG�E\�WKH
�SHUIHFW��VRXUFH��9

6
��

7R�VHH�ZK\��LW�LV�KHOSIXO�WR�UHGUDZ�WKLV�FLUFXLW�LQ
DQRWKHU�ZD\�

3RWHQWLDO�'LYLGHU

:LWK�WKH�FLUFXLW�VKRZQ�LQ�)LJXUH����UHGUDZQ�DV�LQ
)LJXUH�����LW�LV�HDVLHU�WR�VHH�ZK\�WKH�IXOO�VRXUFH�YROWDJH
GRHV�QRW�DOZD\V�DSSHDU�DFURVV�WKH�UHVLVWLYH�ORDG�

$�SRWHQWLDO�GLYLGHU�LV�IRUPHG�E\�WKH�VHULHV�FRQQHFWLRQ�RI
WKH�FDSDFLWDQFH�DQG�WKH�UHVLVWDQFH���6LQFH�WKH
FDSDFLWDQFH�KDV�DQ�LPSHGDQFH�ZKLFK�YDULHV�ZLWK�IUHTXHQF\��WKH�VKDUH�RI�WKH�IXOO�VRXUFH�YROWDJH�ZKLFK
DSSHDUV�DFURVV�5

/
�DOVR�YDULHV�ZLWK�IUHTXHQF\�

7KH�SURSRUWLRQ��9
/
��RI�9

6
�ZKLFK�DSSHDUV�DFURVV�5

/
�LV�JLYHQ�E\�

ZKHUH

=
&

	M;

&

	

M

�°I&

�M�GHQRWLQJ������DQG�;
&
�EHLQJ�WKH�UHDFWDQFH�RI�WKH�FDSDFLWLYH

HOHPHQW���)RU�VLPSOLFLW\��ZH�LJQRUH�DQ\�UHVLVWLYH�FRPSRQHQW�RI�WKH
ILOP
V�LPSHGDQFH��

7KH�DERYH�HTXDWLRQV�PD\�EH�XVHG�LQ�VLPSOH�ZD\V�WR�FDOFXODWH�WKH
YROWDJH�OHYHO�H[SHFWHG�WR�EH�REVHUYHG�LQ�VLPSOH�FDVHV�ZKHUH�WKH
IUHTXHQF\�RI�H[FLWDWLRQ�LV�FRQVWDQW��DQG�VR�D�YDOXH�RI�I�FDQ�VLPSO\
EH�VXEVWLWXWHG���,Q�PDQ\�UHDO�ZRUOG�FDVHV��KRZHYHU��WKHUH�PD\�EH�D
GLVWULEXWLRQ�RI�VLJQDO�HQHUJ\�RYHU�D�EDQG�RI�IUHTXHQFLHV���7KHQ�LW
EHFRPHV�XVHIXO�WR�FRQVLGHU�WKH��IUHTXHQF\�UHVSRQVH��RI�WKH
QHWZRUN�
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)LJXUH�����0DJQLWXGH�UHVSRQVH�RI�5�&�ILOWHU

)LJXUH������0DJQLWXGH�UHVSRQVH�VKRZQ�DV�ORJ�ORJ
SORW

)LJXUH�����3KDVH�UHVSRQVH�RI�5�&�ILOWHU

)UHTXHQF\�5HVSRQVH

7KLV�LV�LOOXVWUDWHG�LQ�WKH�IROORZLQJ�H[DPSOH�JUDSKV���)LUVW��D�OLQ�OLQ�SORW�LV�VKRZQ��)LJXUH�����OLQHDU�\�
VFDOH�RU�DPSOLWXGH�
SORWWHG�DJDLQVW
OLQHDU�[�VFDOH�RU
IUHTXHQF\��ZLWK�WKH
FRUUHVSRQGLQJ
SKDVH�SORW��)LJXUH
����DOVR�VKRZQ�LQ
OLQ�OLQ�IRUP�
)ROORZLQJ�WKHVH�LV�D
ORJ�ORJ�SORW��)LJXUH
�����ZKLFK�ZLOO�EH
GHDOW�ZLWK�LQ�D�OLWWOH
JUHDWHU�GHWDLO�

1RWH�WKDW�WKH�SKDVH
FXUYH�LQGLFDWHV�WKDW
DW�YHU\�ORZ
IUHTXHQFLHV��WKH
REVHUYHG�YROWDJH
ZLOO�VKRZ�VLJQLILFDQW
SKDVH�GHYLDWLRQ
IURP�WKH�VRXUFH
�OLPLWLQJ�DW����R�RU��
°���UDGLDQV�DW��'&�
RU�]HUR�+]����7KH�VLJQLILFDQFH�RI�WKLV
HIIHFW�LV�JUHDW�LI�WKH�SLH]R�ILOP�HOHPHQW�LV
WR�EH�XVHG�DV�SDUW�RI�D�FRQWURO�ORRS�
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$QDO\VLV�RI�WKH�ORJ�ORJ�5�&�IUHTXHQF\�UHVSRQVH�FXUYH

6RPH�NH\�IHDWXUHV�

� WKH�RYHUDOO�FKDUDFWHULVWLF�RI�WKLV�QHWZRUN�LV�NQRZQ�DV�D�KLJK�SDVV�ILOWHU

� WKH�IUHTXHQF\�DW�ZKLFK�WKH�PDJQLWXGH�IDOOV�WR�������RU����G%�LV�NQRZQ�DV�WKH��FXW�RII��RU
�FRUQHU��IUHTXHQF\�RI�WKH�KLJK�SDVV�ILOWHU

� WKLV�IUHTXHQF\�FDQ�EH�FDOFXODWHG�DV�I�F�� �����°5&���ZKHQ�ERWK�WKH�UHVLVWDQFH�5�DQG�FDSDFLWDQFH
&�DUH�NQRZQ

� DW�IUHTXHQFLHV�ZHOO�EHORZ�WKH�FXW�RII�IUHTXHQF\��WKH�SORW�KDV�WKH�IRUP�RI�D�VWUDLJKW�OLQH�ZLWK
JUDGLHQW�����G%�GHFDGH��LQ�RWKHU�ZRUGV��GRXEOLQJ�WKH�IUHTXHQF\�ZLOO�GRXEOH�WKH�VLJQDO
DPSOLWXGH����WKLV�FKDUDFWHULVWLF�LV�LGHQWLFDO�ZLWK�WKDW�RI�D�GLIIHUHQWLDWRU�QHWZRUN��DQG�JLYHV�DQ
RXWSXW�ZKLFK�LV�SURSRUWLRQDO�WR�WKH�UDWH�RI�FKDQJH�RI�WKH�LQSXW�TXDQWLW\

� DW�IUHTXHQFLHV�ZHOO�DERYH�WKH�FXW�RII�IUHTXHQF\��WKH�SORW�LV�OHYHO�DW��XQLW\�JDLQ��DQG�WKH�RXWSXW�LV
GLUHFWO\�SURSRUWLRQDO�WR�WKH�LQSXW�TXDQWLW\

� WKH�ILOWHU�FKDUDFWHULVWLF�FDQ�EH�DSSUR[LPDWHG�E\�WKHVH�WZR�LQWHUVHFWLQJ�VWUDLJKW�OLQHV��EXW�WKH
PDJQLWXGH�DFWXDOO\�IROORZV�DQ�DV\PSWRWLF�FXUYH��ZLWK�PDJQLWXGH����G%�DW�WKH�FXW�RII�IUHTXHQF\
ZKHUH�WKH�VWUDLJKW�OLQHV�FURVV

� WKH�ILOWHU�FKDUDFWHULVWLF�FDQ�WKHQ�EH�DSSOLHG�WR�WKH�IUHTXHQF\�GRPDLQ�GHVFULSWLRQ�RI�DQ\�SUDFWLFDO
VLJQDO�E\�PXOWLSO\LQJ�WKH�ILOWHU�WUDQVIHU�FKDUDFWHULVWLF�ZLWK�WKH�VSHFWUXP�RI�WKH�LQSXW�VLJQDO��DQG
GHULYLQJ�D�UHVSRQVH�FXUYH��RXWSXW��ZKLFK�FDQ�LQ�WXUQ�EH�WUDQVIRUPHG�EDFN�LQWR�D�WLPH�GRPDLQ
VLJQDO�

6RPH�SUDFWLFDO�H[DPSOHV�RI�WKH�HIIHFW�RI�WKLV�ILOWHU�FKDUDFWHULVWLF�ZLOO�EH�VKRZQ�QH[W���)RU�HDFK�VLJQDO�
WKH�WLPH�GRPDLQ�GHVFULSWLRQ�RI�WKH��SHUIHFW�VRXUFH���H�J��WKH�ZDYHIRUP�ZKLFK�ZRXOG�EH�VHHQ�RQ�DQ
RVFLOORVFRSH�LI�WKH�ILOWHU�FKDUDFWHULVWLF�ZDV�DEVHQW��LV�JLYHQ�ILUVW��IROORZHG�E\�LWV�VSHFWUXP��REWDLQHG
E\�XVH�RI�WKH�))7�>)DVW�)RXULHU�7UDQVIRUP@�DOJRULWKP�VXSSOLHG�LQ�WKH�DQDO\VLV�VRIWZDUH���WKHQ�WKH
ILOWHU�FKDUDFWHULVWLF��LGHQWLFDO�IRU�DOO�H[DPSOHV��EXW�VKRZQ�WR�HPSKDVL]H�WKH�HIIHFW���WKHQ�WKH�UHVXOWLQJ
RXWSXW�VLJQDO�VSHFWUXP�REWDLQHG�E\�PXOWLSO\LQJ�WKH�FRPSOH[�LQSXW�VSHFWUXP�E\�WKH�FRPSOH[�ILOWHU
FKDUDFWHULVWLF��DQG�ILQDOO\�WKH�FRUUHVSRQGLQJ�WLPH�GRPDLQ�GHVFULSWLRQ�REWDLQHG�E\�LQYHUVH�))7�
ZKLFK�VKRZV�WKH�ZDYHIRUP�DQ�HQJLQHHU�ZRXOG�H[SHFW�WR�REVHUYH�LQ�UHDOLW\�

1RWH� LQ�)LJXUHV��������DQG����WKH�5�&�YDOXHV�XVHG�WR�JHQHUDWH�WKH�FXUYH�ZHUH�5� ��0�

DQG�&� �����Q)���,Q�WKH�IROORZLQJ�SORWV��WKH�YDOXH�RI�&�ZDV�UHGXFHG�WR�����Q)���7KHVH
YDOXHV�ZHUH�FKRVHQ�VRPHZKDW�DUELWUDULO\�WR�GHPRQVWUDWH�WKH�SULQFLSOH��DQG�VR�WKH
VFDOLQJ�RQ�WKH�FXUYHV�KDV�QRW�EHHQ�DQQRWDWHG���%XW�WKH�WLPH�ZDYHIRUPV�FDQ�EH�UHDG�LQ
[�XQLWV�RI�VHFRQGV��DQG�WKH�IUHTXHQF\�FXUYHV�ZLWK�[�XQLWV�RI�+]���7KH�FXW�RII
IUHTXHQF\�IRU�5� ��0��DQG�&� �����Q)�LV�DSSUR[LPDWHO\�����+]�
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.H\�WR�IROORZLQJ�ILJXUHV

)LJXUH��� VKRZV�D�UHODWLYHO\�KLJK�IUHTXHQF\�VLQH�ZDYH�SDVVLQJ�WKURXJK�WKH�QHWZRUN���,Q�WKH
LQSXW�VSHFWUXP��WKH�VLJQDO�LV�UHSUHVHQWHG�E\�D�VLQJOH�VSHFWUDO�OLQH�DW�WKH�DSSURSULDWH
IUHTXHQF\���7KLV�IUHTXHQF\�LV�MXVW�EHORZ�WKH�ILOWHU��FXW�RII���DQG�VR�LV�RQO\�VOLJKWO\
DWWHQXDWHG�E\�WKH�QHWZRUN���7KH�UHVXOWLQJ�RXWSXW�ZDYH�LV�GLPLQLVKHG�LQ�DPSOLWXGH�
DQG�VOLJKWO\�VKLIWHG�LQ�SKDVH�

)LJXUH��� VKRZV�WKH�VDPH�SURFHVV�DSSOLHG�WR�D�VORZHU�VLQH�ZDYH���,Q�WKLV�FDVH��WKH�DWWHQXDWLRQ�LV
PXFK�JUHDWHU��DQG�WKH�SKDVH�VKLIW�PRUH�VLJQLILFDQW���7KLV�VLWXDWLRQ�RFFXUV�ZKHQ�WU\LQJ
WR�PRQLWRU�VWHDG\�YLEUDWLRQ�DW��WRR�ORZ��D�IUHTXHQF\�XVLQJ�D�SLH]R�VHQVRU���7KH�SKDVH
EHKDYLRU�PD\�EH�VLJQLILFDQW�LI�D�FRQWURO�ORRS�LV�WR�EH�LPSOHPHQWHG�

)LJXUH��� VKRZV�D�KDUPRQLF�VHULHV��ZLWK�D�QXPEHU�RI�GLVFUHWH�VSHFWUDO�OLQHV�DOO�O\LQJ�EHORZ�WKH
FXW�RII�IUHTXHQF\���(DFK�LV�DWWHQXDWHG�WR�D�GLIIHUHQW�H[WHQW��DQG�VR�WKH��EDODQFH��RI
KDUPRQLFV�LQ�WKH�RXWSXW�VLJQDO�LV�DOWHUHG�

)LJXUH��� VKRZV�D�VORZ�KDOI�VLQH�LQSXW�SXOVH��W\SLFDO�RI�PDQ\�PHFKDQLFDO�LPSDFW�VLJQDOV���
$OWKRXJK�WKH�KLJK�IUHTXHQF\�FRQWHQW�LV�ODUJHO\�XQDOWHUHG��WKH�RXWSXW�ZDYHIRUP
DSSHDUV�KHDYLO\��GLVWRUWHG��DQG�FOHDUO\�VKRZV�ERWK�SRVLWLYH�DQG�QHJDWLYH�H[FXUVLRQV�
ZKHUHDV�WKH�LQSXW�ZDYHIRUP�LV�XQLSRODU�

)LJXUH��� VKRZV�D�VDZWRRWK�ZDYHIRUP�ZLWK�VORZO\�ULVLQJ��OHDGLQJ�HGJH��IROORZHG�E\�D��VQDS�
GHVFHQW�EDFN�WR�]HUR���0DQ\�SLH]R�VZLWFKHV�GHWHFW�WKLV�IRUP�RI�PHFKDQLFDO�HYHQW���,Q
WKH�RXWSXW�ZDYHIRUP��WKH��OHDGLQJ�HGJH��KDV�DOPRVW�GLVDSSHDUHG��EXW�WKH��VQDS�
JLYHV�DOPRVW�IXOO�DPSOLWXGH���1RWH�WKH�SRODULW\�RI�WKH�RXWSXW�SXOVH�UHODWLYH�WR�WKH
LQSXW�ZDYHIRUP�
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)LJXUH������(IIHFW�RI�5�&�ILOWHU�RQ�+LJK�)UHTXHQF\�6LQH�:DYH
LQSXW�ZDYHIRUP

D� ,QSXW ZDYHIRUP

E� ,QSXW VSHFWUXP

F� )LOWHU FKDUDFWHULVWLF

G� 2XWSXW VSHFWUXP

H� 2XWSXW ZDYHIRUP
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)LJXUH������(IIHFW�RI�5�&�ILOWHU�RQ�/RZ�)UHTXHQF\�6LQH�:DYH
LQSXW�ZDYHIRUP

D���,QSXW�ZDYHIRUP

E���,QSXW�VSHFWUXP

F���)LOWHU�FKDUDFWHULVWLF

G���2XWSXW�VSHFWUXP

H���2XWSXW�ZDYHIRUP
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)LJXUH������(IIHFW�RI�5�&�ILOWHU�RQ�+DUPRQLF�6HULHV�LQSXW
ZDYHIRUP

D� ,QSXW ZDYHIRUP

E� ,QSXW VSHFWUXP

F� )LOWHU FKDUDFWHULVWLF

G� 2XWSXW VSHFWUXP

H� 2XWSXW ZDYHIRUP
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)LJXUH�����(IIHFW�RI�5�&�ILOWHU�RQ�6ORZ�+DOI�6LQH�7UDQVLHQW�LQSXW
ZDYHIRUP

D� ,QSXW ZDYHIRUP

E� ,QSXW VSHFWUXP

F� )LOWHU FKDUDFWHULVWLF

G� 2XWSXW VSHFWUXP

H� 2XWSXW ZDYHIRUP
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)LJXUH�����(IIHFW�RI�5�&�ILOWHU�RQ�6ORZ�6DZWRRWK�7UDQVLHQW�LQSXW
ZDYHIRUP

D� ,QSXW ZDYHIRUP

E� ,QSXW VSHFWUXP

F� )LOWHU FKDUDFWHULVWLF

G� 2XWSXW VSHFWUXP

H� 2XWSXW ZDYHIRUP


