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0HFKDQLFDO�WR�(OHFWULFDO�

/LNH�ZDWHU�IURP�D�VSRQJH��SLH]RHOHFWULF�PDWHULDOV�JHQHUDWH�FKDUJH�ZKHQ�VTXHH]HG��7KH�DPSOLWXGH
DQG�IUHTXHQF\�RI�WKH�VLJQDO�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�PHFKDQLFDO�GHIRUPDWLRQ�RI�WKH
SLH]RHOHFWULF�PDWHULDO��7KH�UHVXOWLQJ�GHIRUPDWLRQ�FDXVHV�D�FKDQJH�LQ�WKH�VXUIDFH�FKDUJH�GHQVLW\�RI�WKH
PDWHULDO�VR�WKDW�D�YROWDJH�DSSHDUV�EHWZHHQ�WKH�HOHFWURGHG�VXUIDFHV��:KHQ�WKH�IRUFH�LV�UHYHUVHG��WKH
RXWSXW�YROWDJH�LV�RI�RSSRVLWH�SRODULW\��$�UHFLSURFDWLQJ�IRUFH�WKXV�UHVXOWV�LQ�DQ�DOWHUQDWLQJ�RXWSXW
YROWDJH��

3LH]R�ILOP��OLNH�DOO�SLH]RHOHFWULF�PDWHULDOV��LV�D�G\QDPLF�PDWHULDO�WKDW�GHYHORSV�DQ�HOHFWULFDO�FKDUJH
SURSRUWLRQDO�WR�D�FKDQJH�LQ�PHFKDQLFDO�VWUHVV��3LH]RHOHFWULF�PDWHULDOV�DUH�QRW�VXLWDEOH�VWDWLF
PHDVXUHPHQWV��WUXH�GF��GXH�WR�WKHLU�LQWHUQDO�UHVLVWDQFH��7KH�HOHFWULFDO�FKDUJHV�GHYHORSHG�E\�SLH]R
ILOP�GHFD\�ZLWK�D�WLPH�FRQVWDQW�WKDW�LV�GHWHUPLQHG�E\�WKH�GLHOHFWULF�FRQVWDQW�DQG�WKH�LQWHUQDO
UHVLVWDQFH�RI�WKH�ILOP��DV�ZHOO�DV�WKH�LQSXW�LPSHGDQFH�RI�WKH�LQWHUIDFH�HOHFWURQLFV�WR�ZKLFK�WKH�ILOP�LV
FRQQHFWHG���3UDFWLFDOO\�VSHDNLQJ��WKH�ORZHVW�IUHTXHQF\�PHDVXUDEOH�ZLWK�SLH]R�ILOP�LV�LQ�WKH�RUGHU�RI
�����+]���7KHUH�DUH�PHWKRGV�WR�DFKLHYH�WUXH�GF�UHVSRQVH��EXW�WKHVH�UHTXLUH�XVLQJ�WKH�SLH]R�ILOP�DV
ERWK�DQ�DFWXDWRU�DQG�VHQVRU��PRQLWRULQJ�FKDQJH�LQ�WKH�DFWXDWLRQ�UHVXOWLQJ�IURP��WKH�GF�HYHQW�����

7KH�IXQGDPHQWDO�SLH]RHOHFWULF�FRHIILFLHQWV�IRU�FKDUJH�RU�YROWDJH�SUHGLFW��IRU�VPDOO�VWUHVV��RU�VWUDLQ�
OHYHOV��WKH�FKDUJH�GHQVLW\��FKDUJH�SHU�XQLW�DUHD��RU�YROWDJH�ILHOG��YROWDJH�SHU�XQLW�WKLFNQHVV��GHYHORSHG
E\�WKH�SLH]R�SRO\PHU��

&KDUJH�0RGH�

8QGHU�FRQGLWLRQV�DSSURDFKLQJ�D�VKRUW�FLUFXLW��WKH�JHQHUDWHG�FKDUJH�GHQVLW\�LV�JLYHQ�E\�
'� �4�$� �G�Q;Q����Q� �������RU���

7KH�PHFKDQLFDO�D[L V��Q��RI�WKH�DSSOLHG�VWUHVV��RU�VWUDLQ���E\�FRQYHQWLRQ��LV�
�� �OHQJWK��RU�VWUHWFK��GLUHFWLRQ
�� �ZLGWK��RU�WUDQVYHUVH��GLUHFWLRQ
�� �WKLFNQHVV�GLUHFWLRQ�

ZKHUH
'� �FKDUJH�GHQVLW\�GHYHORSHG
4� �FKDUJH�GHYHORSHG
$� �FRQGXFWLYH�HOHFWURGH�DUHD
G�Q� �DSSURSULDWH�SLH]RHOHFWULF�FRHIILFLHQW�IRU�WKH�D[LV�RI�DSSOLHG�VWUHVV�RU���VWUDLQ
Q� �D[LV�RI�DSSOLHG�VWUHVV�RU�VWUDLQ
;Q� �VWUHVV�DSSOLHG�LQ�WKH�UHOHYDQW�GLUHFWLRQ

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�G�Q�FRHIILFLHQW�LV�FRPPRQO\�H[SUHVVHG�LQ�SLFR�&RXORPEV�SHU�1HZWRQ
�S&�1���EXW�WKH�PRUH�FRUUHFW�IRUP�ZRXOG�EH��S&�P����1�P���VLQFH�WKH�DUHDV��P���XSRQ�ZKLFK�WKH
VWUHVVHV�RU�VWUDLQV�DSSO\�DUH�YHU\�RIWHQ�GLIIHUHQW�DQG�FDQQRW�EH��FDQFHOHG���

9ROWDJH�0RGH�

7KH�RSHQ�FLUFXLW�RXWSXW�YROWDJH�LV�JLYHQ�E\�

9R� �J�Q;QW������� �Q� �������RU����DV�DERYH�
ZKHUH

J� �DSSURSULDWH�SLH]RHOHFWULF�FRHIILFLHQW�IRU�WKH�D[LV�RI�DSSOLHG�VWUHVV�RU��VWUDLQ
;Q� �DSSOLHG�VWUHVV�LQ�WKH�UHOHYDQW�GLUHFWLRQ
W� �WKH�ILOP�WKLFNQHVV
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3LH]R�&RHIILFLHQWV�

7KH�PRVW�ZLGHO\�XVHG�SLH]R�FRHIILFLHQWV��G�Q�DQG�J�Q��FKDUJH
DQG�YROWDJH�UHVSHFWLYHO\��SRVVHVV�WZR�VXEVFULSWV��7KH�ILUVW
UHIHUV�WR�WKH�HOHFWULFDO�D[LV��ZKLOH�WKH�VHFRQG�VXEVFULSW�UHIHUV
WR�WKH�PHFKDQLFDO�D[LV��%HFDXVH�SLH]R�ILOP�LV�WKLQ��WKH
HOHFWURGHV�DUH�RQO\�DSSOLHG�WR�WKH�WRS�DQG�ERWWRP�ILOP
VXUIDFHV��$FFRUGLQJO\��WKH�HOHFWULFDO�D[LV�LV�DOZD\V������DV�WKH
FKDUJH�RU�YROWDJH�LV�DOZD\V�WUDQVIHUUHG�WKURXJK�WKH�WKLFNQHVV
�Q� ����RI�WKH�ILOP��7KH�PHFKDQLFDO�D[LV�FDQ�EH�HLWKHU�������RU
���VLQFH�WKH�VWUHVV�FDQ�EH�DSSOLHG�WR�DQ\�RI�WKHVH�D[HV��DV
VKRZQ�LQ�)LJXUH����

7\SLFDOO\��SLH]R�ILOP�LV�XVHG�LQ�WKH�PHFKDQLFDO���GLUHFWLRQ�IRU
ORZ�IUHTXHQF\�VHQVLQJ�DQG�DFWXDWLRQ�������N+]��DQG�LQ�WKH
PHFKDQLFDO���GLUHFWLRQ�IRU�KLJK�XOWUDVRXQG�VHQVLQJ�DQG
DFWXDWLRQ��!����N+]����

'LUHFWLRQDOLW\�

3LH]RHOHFWULF�PDWHULDOV�DUH�DQLVRWURSLF��7KLV�PHDQV�WKDW�WKHLU�HOHFWULFDO�DQG�PHFKDQLFDO�UHVSRQVHV
GLIIHU�GHSHQGLQJ�XSRQ�WKH�D[LV�RI�DSSOLHG�HOHFWULFDO�ILHOG�RU�D[LV�RI�PHFKDQLFDO�VWUHVV�RU�VWUDLQ�
&DOFXODWLRQV�LQYROYLQJ�SLH]R�DFWLYLW\�PXVW�DFFRXQW�IRU�WKLV�GLUHFWLRQDOLW\�

(;$03/(���

$������SVL�ORDG���������1�P���LV�DSSOLHG�WR�D�SLH]R�ILOP�VZLWFK�RI������FP�OHQJWK�
�����FP�ZLGWK�DQG�����P�LQ�ILOP�WKLFNQHVV��7KH�VZLWFK�HOHPHQW�LV�ULJLGO\�EDFNHG��VR
WKH�IRUFH�DFWV�WR�FRPSUHVV�WKH�ILOP
V�WKLFNQHVV��WKHUHIRUH�J���PRGH���,Q�WKLV�H[DPSOH
WKH�ORDG�DFWV�RQ�WKH�OHQJWK�E\�ZLGWK�DUHD�RI�WKH�SLH]R�ILOP��7KH�RSHQ�FLUFXLW�YROWDJH
GHYHORSHG�DFURVV�WKH�WKLFNQHVV�RI�WKH�SLH]R�ILOP�LV���

ZKHUH�
9�P�LV�9ROWV�RXW�SHU�PHWHU�RI�SLH]R�ILOP�WKLFNQHVV
1�P��LV�VWUHVV�DSSOLHG�WR�WKH�UHOHYDQW�ILOP�DUHD��7KH�FRQYHUVLRQ�IURP
SVL�WR�1�P��LV�DSSUR[LPDWHO\�������
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7KH�VDPH�SLH]R�ILOP�HOHPHQW�DV�LQ�(;$03/(���LV�VXEMHFWHG�WR�D�IRUFH��������
1�P��[�������P�� ������1HZWRQV���EXW�LQ�WKLV�H[DPSOH��WKH�ILOP�VZLWFK�LV�FRQILJXUHG
DV�D�PHPEUDQH�KDYLQJ�D�FRPSOLDQW�EDFNLQJ��1RZ��WKH�IRUFH�DFWV�RQ�WKH�WKLFNQHVV
FURVV�VHFWLRQDO�DUHD��ZW���7KH�SLH]R�ILOP�LV�EHLQJ�VWUHWFKHG�E\�WKH�ORDG��VR�LW�LV�DFWLQJ
LQ�WKH�J���PRGH�

7KH�VKDUS�LQFUHDVH�LQ�RXWSXW�YROWDJH�UHVXOWV�EHFDXVH�WKH�IRUFH�LV�DSSOLHG�WR�WKH�PXFK
VPDOOHU�FURVV�VHFWLRQDO�DUHD�RI�WKH�ILOP��7KH�VPDOO�DUHD�UHVXOWV�LQ�D�FRUUHVSRQGLQJO\
KLJKHU�VWUHVV�

'\QDPLF�5DQJH

3LH]R�ILOP�KDV�D�YDVW�G\QDPLF�UDQJH��7KH�VHQVRU�KDV�EHHQ�XVHG�WR�GHWHFW�WKH�LPSDFW�RI�KLJK�VSHHG
SDUWLFOHV�LQ�VSDFH�KDYLQJ�D�PDVV�RI�������JUDPV��DQG�DW�WKH�RWKHU�H[WUHPH��PHDVXUHV�VKRFN�ZDYHV�DW
��������DWPRVSKHUHV�SURGXFHG�GXULQJ�ZHDSRQV�WHVWLQJ��$�UHFHQW�VWXG\�ZDV�FRQGXFWHG�WR�GHWHUPLQH
WKH�PD[LPXP�RXWSXW�HQHUJ\�RI�D����P�WKLFN�ILOP��KDYLQJ�DQ�DUHD�RI�������PP�[������PP��7KH�ILOP
ZDV�VXEMHFWHG�WR�DSSUR[LPDWHO\�����03D��LQ�WKH�VWUHWFK�RU��Q� ����GLUHFWLRQ��ZLWKRXW�IDLOXUH��7KH
FKDUJH�JHQHUDWHG�ZDV�IRXQG�WR�EH�YHU\�OLQHDU��ZLWK�WKH�IROORZLQJ�PHDVXUHPHQWV�PDGH�DW�PD[LPXP
DSSOLHG�VWUHVV�

0D[LPXP�&KDUJH�2EVHUYHG������&��JLYLQJ������P&�P�

0D[LPXP�9ROWDJH�2EVHUYHG�������9��JLYLQJ������[�����9�P
0D[LPXP�(QHUJ\�&RQYHUWHG�������P-��JLYLQJ�����N-�P�������

/DWHU�H[SHULPHQWV�VKRZHG�WKDW�DERXW�����RI�WKH�DERYH�HQHUJ\�OHYHOV�FDQ�EH�VXVWDLQHG�IRU�ORQJ
SHULRGV�RI�WLPH�ZLWKRXW�PHDVXUDEOH�GDPDJH�WR�WKH�SLH]R�ILOP�HOHPHQW�

(OHFWULFDO�WR�0HFKDQLFDO

:KHQ�D�YROWDJH�LV�DSSOLHG�WR�D�VKHHW�RI�SLH]R�ILOP��LW�FDXVHV�WKH�ILOP�WR�FKDQJH�GLPHQVLRQV�GXH�WR�WKH
DWWUDFWLRQ�RU�UHSXOVLRQ�RI�LQWHUQDO�GLSROHV�WR�WKH�DSSOLHG�ILHOG���:LWK�RQH�YROWDJH�SRODULW\�LV�DSSOLHG�
WKH�SLH]R�ILOP�EHFRPHV�WKLQQHU��ORQJHU�DQG�ZLGHU��7KH�RSSRVLWH�SRODULW\�FDXVHV�WKH�ILOP�WR�FRQWUDFW
LQ�OHQJWK�DQG�ZLGWK�DQG�EHFRPH�WKLFNHU��$Q�DF�YROWDJH�FDXVHV�WKH�ILOP�WR��YLEUDWH���

7KH�DPRXQW�RI�GHIRUPDWLRQ�LV�JLYHQ�E\�WKH�SLH]RHOHFWULF��G�Q��FRQVWDQW�

IRU�OHQJWK��FKDQJH����� �O 
 OG
��

9�W

ZKHUH���
 �FKDQJH�LQ�ILOP�OHQJWK�LQ�PHWHUV�� O

����O  �RULJLQDO�ILOP�OHQJWK�LQ�PHWHUV
G��  �SLH]RHOHFWULF�FRHIILFLHQW�IRU�OHQJWK���Q ���GLUHFWLRQ��FKDQJH�LQ�PHWHUV�SHU�YROW

��9�  �DSSOLHG�YROWDJH�DFURVV�WKH�WKLFNQHVV��W�



Piezo Film Sensors Technical Manual
  Internet Version                    August, 1998

Measurement Specialties, Inc.

This MSI controlled document is subject to change. Part 6 Page 5

6
�



� O

O

 G

��
�9�W� ZKHUHG

��

 ��[�� 	�� P�P

9�P

� O 
 G
��
�9�W�O 
 ��[�� 	�� P�P

9�P

����9���[�� 	�P�

��[�� 	�P�

� O 
 ����[�� 	�PRU �����P

� W 
 WG
��
�9�W�O 
 G

��
9
 	��[�� 	��P�P

9�P
���9 
���[�� 	�PRU�� '

)LJXUH�����3LH]R�ILOP�ELPRUSK

IRU�ZLGWK�FKDQJH�� �Z 
 ZG
��
9�W

ZKHUH���
G�� � �SLH]RHOHFWULF�FRHIILFLHQW�IRU�ZLGWK���Q ���GLUHFWLRQ��FKDQJH

�

IRU�WKLFNQHVV�FKDQJH�� �W 
 WG
��
9�W 
 G

��
9

ZKHUH��
G�� � �SLH]RHOHFWULF�FRHIILFLHQW�IRU�WKLFNQHVV���Q ���GLUHFWLRQ��FKDQJH

(;$03/(�����

$�SLH]R�ILOP�RI���FP�OHQJWK��O�����FP�ZLGWK��Z��DQG���P�WKLFNQHVV��W��LV�VXEMHFWHG�WR
DQ�DSSOLHG�YROWDJH�RI�9 ����YROWV�LQ�WKH����WKLFNQHVV��GLUHFWLRQ��7KH�DPRXQW�RI
VWUDLQ�6�UHVXOWLQJ�IURP�WKLV�HOHFWULFDO�LQSXW�LV�G�WLPHV�WKH�DSSOLHG�ILHOG�

,Q�WKH��O��GLUHFWLRQ�

,Q�WKH��W��GLUHFWLRQ�

$FWXDWRUV

*HQHUDOO\��SLH]R�ILOP�DFWXDWRU�GHVLJQV�GHSHQG�RQ�WKH�DSSOLFDWLRQ�UHTXLUHPHQWV�VXFK�DV�RSHUDWLQJ
VSHHG��GLVSODFHPHQW��JHQHUDWHG�IRUFH��DQG�DYDLODEOH�HOHFWULFDO�SRZHU��3LH]R�ILOP�WHFKQRORJ\�RIIHUV
YDULRXV�GHVLJQ�RSWLRQV�WR�PHHW�VXFK�DSSOLFDWLRQ�UHTXLUHPHQWV��7KRVH�GHVLJQ�RSWLRQV�LQFOXGH�

� &XVWRPL]HG�HOHFWURGH�SDWWHUQV�RQ�RQH�RU�ERWK�VLGHV�RI�WKH�SLH]R�ILOP�VKHHW�
� 0XOWLODPLQDWH�VWUXFWXUHV�RU�ELPRUSKV�
� )ROG�RYHU�RU�VFUROOHG�PXOWLOD\HU�VWUXFWXUHV�
� ([WUXGHG�SLH]R�WXEHV�DQG�SLH]R�FDEOHV�
� &DVW�SLH]R�SRO\PHU�RQ�YDULRXV�VXEVWUDWHV
� 0ROGHG���'�VWUXFWXUHV�

(DFK�GHVLJQ�RSWLRQ�PHQWLRQHG�DERYH�KDV�DGYDQWDJHV�DQG
GLVDGYDQWDJHV��)RU�H[DPSOH��VFUROOHG�PXOWLOD\HU�DFWXDWRUV�FDQ
JHQHUDWH�D�KLJKHU�IRUFH�EXW�PD\�VDFULILFH�VRPH�GLVSODFHPHQW�

%LPRUSK

/LNH�D�ELPHWDO�VWULS��WZR�VKHHWV�RI�SLH]R�ILOP�RI�RSSRVLWH
SRODULWLHV��DGKHUHG�WRJHWKHU�IRUP�D�EHQGLQJ�HOHPHQW��RU
�ELPRUSK���)LJXUH������$Q�DSSOLHG�YROWDJH�FDXVHV�RQH�ILOP�WR
OHQJWKHQ��ZKLOH�WKH�RWKHU�FRQWUDFWV��FDXVLQJ�WKH�XQLW�WR�EHQG��$Q
DSSOLHG�YROWDJH�RI�RSSRVLWH�SRODULW\�EHQGV�WKH�ELPRUSK�LQ�WKH
RSSRVLWH�GLUHFWLRQ��7KH�ELPRUSK�FRQILJXUDWLRQ�FRQYHUWV�VPDOO
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)LJXUH�����/HDG�DWWDFKPHQW
PHWKRGV�IRU�D�ELPRUSK

OHQJWK�FKDQJHV�LQWR�VL]DEOH�WLS�GHIOHFWLRQV��EXW�SURGXFLQJ�ORZ�IRUFH��7KLFNHU�ILOPV�DQG�PXOWLOD\HUV
LPSURYH�WKH�IRUFH�GHYHORSHG�E\�WKH�ELPRUSK��EXW�VDFULILFH�GLVSODFHPHQW�XQOHVV�WKH�XQLW�FDQ�EH
RSHUDWHG�DW�KLJKHU�ILHOGV��

7KH�DPRXQW�RI�WLS�GHIOHFWLRQ�DQG�WKH�IRUFH�GHYHORSHG�DUH�JLYHQ�E\�

����PHWHUV�[ 
 ���G
��
�O ��W ��9

DQG

���1HZWRQV) 
 ���<ZG
��
�W�O�9

ZKHUH�
�[�  �GLVSODFHPHQW�DW�GF
)���  �JHQHUDWHG�IRUFH
G����  �SLH]RHOHFWULF�FRHIILFLHQW�LQ�WKH�����GLUHFWLRQ
O�W�Z�  �OHQJWK��WKLFNQHVV��DQG�ZLGWK�RI�SLH]R�ILOP
9���  �DSSOLHG�YROWDJH��9ROWV�
<���  �<RXQJ
V�PRGXOXV�RI�SLH]R�ILOP���[���1�P��

%\�DSSO\LQJ�DQ�DF�YROWDJH��WKH�ELPRUSK�FDQ�DFW�DV�D�IDQ��VLPLODU�WR�DQ�LQVHFW�ZLQJ��$OWKRXJK�WKH�SLH]R
ILOP�ELPRUSK�GRHV�H[KLELW�D�GF�UHVSRQVH��PD[LPXP�WLS�GHIOHFWLRQV�DUH�REWDLQHG�ZKHQ�WKH�XQLW�LV
RSHUDWHG�DW�UHVRQDQFH��GHWHUPLQHG�E\�WKH�OHQJWK�DQG�WKLFNQHVV�RI�WKH�ELPRUSK�EHDP�

(;$03/(���

����YROWV�DUH�DSSOLHG�DFURVV�D���FP�ORQJ�FDQWLOHYHU�ELPRUSK�FRPSULVHG�RI�WZR�VWULSV
RI�� �39')��7KH�UHVXOWDQW�WLS�GLVSODFHPHQW� �LV��P �[

$V�VKRZQ�LQ�WKH�HTXDWLRQV��PRUH�GLVSODFHPHQW�FDQ�EH�REWDLQHG�IURP�D�ORQJHU�ELPRUSK��/DUJHU
IRUFHV�FDQ�EH�REWDLQHG�IURP�D�ZLGHU�ELPRUSK��7KH�UDWLR�RI�GLVSODFHPHQW�DW�D�UHVRQDQFH�IUHTXHQF\
DQG�GF�LV�GHILQHG�E\�4�ZKLFK�LQGLFDWHV�D�PHFKDQLFDO�JDLQ��$�W\SLFDO�4�YDOXH�IRU�D�SLH]R�ILOP�ELPRUSK
LV����WR�����

)RU�H[DPSOH��D���PP�ORQJ����P��WKLFN�ELPRUSK�ZLWK�����YROWV�GF
FUHDWHV�D�GLVSODFHPHQW�RI����P��:LWK�WKH�VDPH�ELPRUSK��KRZHYHU�
GLVSODFHPHQW�FDQ�EH�����PP�DW�WKH�UHVRQDQW�IUHTXHQF\�RI�����+]�
)RU�DSSOLFDWLRQV�WKDW�UHTXLUH�D�KLJKHU�IRUFH��VXFK�DV�FRROLQJ�IDQV�
PXOWLOD\HU�FRQVWUXFWLRQ�FDQ�EH�FRQVLGHUHG��7KH�UHVXOWLQJ�RXWSXW
IRUFH�LV�SURSRUWLRQDOO\�LQFUHDVHG�E\�WKH�QXPEHU�RI�OD\HUV�

,Q�WHUPV�RI�HOHFWULFDO�FRQQHFWLRQV�WR�WKH�ELPRUSK��WKHUH�DUH�WZR
EDVLF�PHWKRGV�DV�VKRZQ�LQ�)LJXUH����³�SDUDOOHO�DQG�VHULHV
FRQQHFWLRQV��,Q�RUGHU�WR�JHQHUDWH�WKH�VDPH�DPRXQW�RI
GLVSODFHPHQW��WKH�SDUDOOHO�FRQQHFWLRQ�UHTXLUHV�D�ORZHU�YROWDJH�WKDQ
WKH�VHULHV�FRQQHFWLRQ��6HULHV�FRQQHFWLRQV��RQ�WKH�RWKHU�KDQG��GUDZ
OHVV�FXUUHQW�WKDQ�SDUDOOHO�FRQQHFWLRQV��)RU�ERWK�SDUDOOHO�DQG�VHULHV
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)LJXUH�����)ROGHG�SLH]R�ILOP
DFWXDWRU

FRQQHFWLRQV��WKH�WRWDO�HOHFWULFDO�SRZHU�WR�WKH�DFWXDWRU�LV�LGHQWLFDO��+RZHYHU��LW�LV�REYLRXV�WKDW�WKH
OHDG�DWWDFKPHQW�RI�WKH�VHULHV�FRQQHFWLRQ�LV�PXFK�VLPSOHU�WKDQ�WKDW�RI�WKH�SDUDOOHO�FRQQHFWLRQ�IRU
PDQXIDFWXULQJ�SXUSRVHV��7\SLFDO�DSSOLFDWLRQV�RI�WKH�ELPRUSK�EHQGHU�DUH�FRROLQJ�IDQV��WR\V��DQG
GHFRUDWLYHV�

6FUROOHG�$FWXDWRU

7KH�JHQHUDWHG�IRUFH�DQG�GLVSODFHPHQW�RI�D�VFUROOHG�SLH]RHOHFWULF
F\OLQGHU�LQ�)LJXUH����DUH�H[SUHVVHG�DV�IROORZV�

�����0HWHUV

�������9ROWV�PHWHUV

��1HZWRQV

ZKHUH
[� �GLVSODFHPHQW�DW�GF��PHWHU�
)� �JHQHUDWHG�IRUFH��1HZWRQ�
I� �UHVRQDQFH�IUHTXHQF\
O�W� �/HQJWK��WKLFNQHVV�RI�SLH]R�ILOP���PHWHUV�
0H� �H[WHUQDOO\�ORDGHG�PDVV��NLORJUDPV�
0S� �SLH]R�DFWXDWRU�PDVV��NLORJUDPV�
$� �FURVV�VHFWLRQDO�DUHD��P��
<� �<RXQJ
V�PRGXOXV��1�P��
(� �HOHFWULFDO�ILHOG��YROW�PHWHU�

$V�VKRZQ�LQ�WKH�HTXDWLRQV��D�VFUROOHG�DFWXDWRU�FDQ�JHQHUDWH�PRUH�IRUFH�DQG�FDQ�UHVSRQG�ZLWK�D
KLJKHU�UHVRQDQW�IUHTXHQF\�E\�LQFUHDVLQJ�WKH�FURVV�VHFWLRQDO�DUHD��$�ORQJHU�DFWXDWRU�JHQHUDWHV�PRUH
GLVSODFHPHQW�EXW�UHGXFHV�WKH�UHVSRQVH�VSHHG��1RWH�WKDW�WKH�DFWXDWRU�RXWSXW��ZLWK�0H� ����ZLOO�EH
PD[LPL]HG�ZKHQ�WKH�OHQJWK�O�LV�DGMXVWHG�WR�VDWLVI\�WKH�UHVRQDQW�FRQGLWLRQ��$V�DQ�H[DPSOH��WKH
SHUIRUPDQFH�RI�D����PP�GLDPHWHU�����PP�ORQJ�VFUROOHG�DFWXDWRU�FDQ�EH�PD[LPL]HG�DW����N+]
RSHUDWLRQ�

)ROGHG�$FWXDWRU

$QRWKHU�GHVLJQ�RSWLRQ�IRU�D�KLJK�VSHHG��KLJK�IRUFH�DFWXDWRU
LV�WR�IROG�RYHU�D�ORQJ�VKHHW�RI�SLH]R�ILOP�DV�VKRZQ�LQ�)LJXUH
����7KLV�GHVLJQ�HIIHFWLYHO\�FUHDWHV�D�SDUDOOHO�ZLUHG�VWDFN�RI
SLH]R�ILOP�GLVFV��7KH�FHQWHU�KROH�LV�XVHG�WR�VHFXUH�WKH
DFWXDWRU�WR�D�EDVH��'HVLJQ�HTXDWLRQV�RI�WKH�VFUROOHG�DFWXDWRU
DOVR�FDQ�EH�DSSOLHG�WR�WKLV�W\SH�RI�DFWXDWRU��,Q�WKH�SUHYLRXV
HTXDWLRQV��G���VKRXOG�EH�UHSODFHG�ZLWK�G�� ����[��

���&�P��
IRU�D�IROGHG�DFWXDWRU��$Q�H[DPSOH�RI�VSHFLILFDWLRQV�IRU�WKH
IROGHG�DFWXDWRU�LV�VKRZQ�EHORZ�

'LVSODFHPHQW������P���PP�OHQJWK
*HQHUDWHG�IRUFH�����NJ����PP�GLD�
)UHTXHQF\����GF�������N+]
'ULYH�YROWDJH�������YROWV
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)LJXUH�����3LH]R�ILOP�XOWUDVRXQG
WUDQVGXFHUV

&RPSDUHG�WR�PHFKDQLFDO�RU�SLH]R�FHUDPLF�DFWXDWRUV��PXOWLOD\HU�SLH]R�ILOP�DFWXDWRUV�KDYH�IHZHU
ULQJLQJ�SUREOHPV�GXH�WR�WKHLU�ORZHU�4��$SSOLFDWLRQV�RI�PXOWLOD\HU�DFWXDWRUV�DUH�PLFURSRVLWLRQHUV�IRU
LQGXVWULDO�HTXLSPHQW��DFRXVWLF�ZDYH�JHQHUDWRUV�DQG�LQN�MHW�SULQWHUV�

8OWUDVRQLF�$FWXDWRUV

8OWUDVRQLF�DFWXDWRUV��DV�GLVFXVVHG�LQ�WKLV�VHFWLRQ��H[FOXGH�YHU\�KLJK�IUHTXHQF\��!���0+=��WUDQVPLWWHU
DSSOLFDWLRQV��7KH�XVH�RI�SLH]R�ILOP�LQ�WKHVH�YHU\�KLJK�IUHTXHQF\�DSSOLFDWLRQV��OLNH�PHGLFDO�XOWUDVRXQG
LPDJLQJ�DQG�QRQGHVWUXFWLYH�WHVWLQJ��XVH�WKLFNQHVV�PRGH
RSHUDWLRQ��G����7KLV�VHFWLRQ�GHDOV�ZLWK�ORZ�IUHTXHQF\
XOWUDVRXQG���������N+]��ZKHUH�WKH�SLH]R�ILOP�FDQ�EH
XVHG�LQ�WKH�OHQJWK�FKDQJH��G����PRGH�

7KH�DGYDQWDJH�RI�SLH]R�ILOP�LQ�ORZ�IUHTXHQF\�XOWUDVRXQG
FDQ�EH�IRXQG�IURP�WKH�IOH[LELOLW\�RI�WKH�PDWHULDO��3LH]R
ILOP�FDQ�EH�HDVLO\�FXUYHG�WR�PDNH�FLUFXODU�WUDQVGXFHUV�DV
VKRZQ�LQ�)LJXUH�����7KH�EHDP�SDWWHUQ�LV�GHWHUPLQHG�E\
WKH�QXPEHU�RI�KDOI�FLUFXODU�HOHPHQWV�DQG�WKHLU�GLDPHWHU�
7KH�RSHUDWLQJ�IUHTXHQF\�LV�GHWHUPLQHG�E\�WKH�GLDPHWHU�RI
WKH�KDOI�FLUFXODU�HOHPHQWV��1RWH�WKDW�WKH�GLIIHUHQFH
EHWZHHQ�)LJXUHV����D��DQG����E��LV�WKHLU�QXPEHU�RI�DFWLYH
HOHPHQWV�DQG�GLDPHWHUV��7R�ZLGHQ�WKH�EHDP�FRYHUDJH�
WKH�QXPEHU�RI�DFWLYH�HOHPHQWV�VKRXOG�EH�UHGXFHG��:LWK�D
F\OLQGULFDO�WUDQVGXFHU��D����R�EHDP�SDWWHUQ�LV�REWDLQHG�

,Q�XOWUDVRXQG�DSSOLFDWLRQV��D�QDUURZ�EHDP�ZLWK�PLQLPXP
VLGH�OREHV�LV�UHTXLUHG�IRU�UHPRWH�GLVWDQFH�PHDVXUHPHQWV�
2Q�WKH�RWKHU�KDQG��D�ZLGH�EHDP��DV�ZLGH�DV����R�RU
PRUH��LV�UHTXLUHG�IRU�DSSOLFDWLRQV�OLNH�DXWRPRELOH�UHDU
EXPSHU�SUR[LPLW\�VHQVLQJ��)LJXUH����VKRZV�GHVLJQ�FRQILJXUDWLRQV�IRU�ERWK�QDUURZ�EHDP�DQG�ZLGH
EHDP�XOWUDVRXQG�WUDQVGXFHUV�

7KH�DSSOLFDWLRQV�IRU�SLH]R�ILOP�LQ�WKURXJK�DLU�XOWUDVRQLF�DFWXDWRUV�LQFOXGH�GLVWDQFH�UDQJLQJ�IRU
YHKLFOH�EDFNXS�VDIHW\��SK\VLFDO�VHFXULW\�V\VWHPV��DLU�IORZ�YHORFLW\��GRSSOHU��VHQVRUV��DQG�LQWHU�REMHFW
FRPPXQLFDWLRQV��6LPLODU�FRQVWUXFWLRQV�FDQ�EH�SURGXFHG�IRU�XQGHUZDWHU�RU�IOXLG�VHQVLQJ��LQFOXGLQJ
IORZ�VHQVRUV��OHYHO�VHQVRUV��DQG�FRPPXQLFDWLRQV�
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