
06'40'6��'45+10

�#46�E�1(�EL

,QWURGXFWLRQ
%DFNJURXQG

3LH]RHOHFWULF�)LOP�3URSHUWLHV
7DEOH����7\SLFDO�SURSHUWLHV�RI�SLH]R�ILOP

7DEOH����&RPSDULVRQ�RI�SLH]RHOHFWULF�PDWHULDOV
2SHUDWLQJ�3URSHUWLHV�IRU�D�7\SLFDO�3LH]R�)LOP�(OHPHQW

 
 
 
 

Industriestr. 8   8618 Oetwil a/S.   Tel: +41 43 844 94 00   Fax: +41 43 844 94 01 ELECTRONIC HARDWARE AG 
http://www.ehag.ch   E-Mail: info@ehag.ch 

 



Piezo Film Sensors Technical Manual
  Internet Version                    August, 1998

Measurement Specialties, Inc., 

This MSI controlled document is subject to change. Part 1 Page 2

)LJXUH����7\SLFDO�LQIUDUHG�DEVRUSWLRQ�VSHFWUXP
RI�39')�ILOP�

,1752'8&7,21

7UDQVGXFHU�PDWHULDOV�FRQYHUW�RQH�IRUP�RI�HQHUJ\�LQWR�DQRWKHU��DQG�DUH�ZLGHO\�XVHG�LQ�VHQVLQJ
DSSOLFDWLRQV��7KH�WUHPHQGRXV�JURZWK�LQ�WKH�XVH�RI�PLFURSURFHVVRUV�KDV�SURSHOOHG�WKH�GHPDQG�IRU
VHQVRUV�LQ�GLYHUVH�DSSOLFDWLRQV��7RGD\��3,(=2(/(&75,&�32/<0(5�6(16256�DUH�DPRQJ
WKH�IDVWHVW�JURZLQJ�RI�WKH�WHFKQRORJLHV�ZLWKLQ�WKH�����ELOOLRQ�ZRUOGZLGH�VHQVRU�PDUNHW��/LNH�DQ\
QHZ�WHFKQRORJ\��WKHUH�KDYH�EHHQ�DQ�H[WUDRUGLQDU\�QXPEHU�RI�DSSOLFDWLRQV�ZKHUH��3,(=2�),/0�
KDV�EHHQ�FRQVLGHUHG�IRU�WKH�VHQVRU�VROXWLRQ��,Q�WKH����\HDUV�VLQFH�WKH�GLVFRYHU\�RI�SLH]RHOHFWULF
SRO\PHU��WKH�WHFKQRORJ\�KDV�PDWXUHG��SUDFWLFDO�DSSOLFDWLRQV�KDYH�HPHUJHG�IURP�D�ORQJ�OLVW�RI
SRVVLELOLWLHV��DQG�WKH�UDWH�RI�FRPPHUFLDOL]DWLRQ�RI�WKH�WHFKQRORJ\�LV�DFFHOHUDWLQJ��

7KHVH�GRFXPHQWV�SURYLGH�DQ�RYHUYLHZ�RI�SLH]RHOHFWULF�SRO\PHU�WHFKQRORJ\�DQG�QRPHQFODWXUH��LWV
SURSHUWLHV��DQG�VHQVRU�GHVLJQ�FRQVLGHUDWLRQV��,W�DOVR�H[SORUHV�D�UDQJH�RI�VHQVRU�DSSOLFDWLRQV�WKDW
KDYH�EHHQ�VXFFHVVIXOO\�GHYHORSHG�LQ�UHFHQW�\HDUV�

6ROYLQJ�XQLTXH�VHQVRU�SUREOHPV�LV�D�SDUWLFXODU�VWUHQJWK�RI�RXU�JURXS�RI�DSSOLFDWLRQV�HQJLQHHUV��:H
ZHOFRPH�WKH�RSSRUWXQLW\�WR�SURYLGH�DVVLVWDQFH�WR�\RX�GXULQJ�\RXU�HYDOXDWLRQ�RI�SLH]R�ILOP�VHQVRUV
IRU�\RXU�GHVLJQ�

%$&.*5281'

3LH]RHOHFWULFLW\��*UHHN�IRU��SUHVVXUH��HOHFWULFLW\��ZDV�GLVFRYHUHG�E\�WKH�&XULH�EURWKHUV�PRUH�WKDQ
����\HDUV�DJR��7KH\�IRXQG�WKDW�TXDUW]�FKDQJHG�LWV�GLPHQVLRQV�ZKHQ�VXEMHFWHG�WR�DQ�HOHFWULFDO�ILHOG�
DQG�FRQYHUVHO\��JHQHUDWHG�HOHFWULFDO�FKDUJH�ZKHQ�PHFKDQLFDOO\�GHIRUPHG��2QH�RI�WKH�ILUVW�SUDFWLFDO
DSSOLFDWLRQV�RI�WKH�WHFKQRORJ\�ZDV�PDGH�LQ�WKH�����
V�E\�DQRWKHU�)UHQFKPDQ��/DQJHYLQ��ZKR
GHYHORSHG�D�TXDUW]�WUDQVPLWWHU�DQG�UHFHLYHU�IRU�XQGHUZDWHU�VRXQG���WKH�ILUVW�621$5��%HIRUH�:RUOG
:DU�,,��UHVHDUFKHUV�GLVFRYHUHG�WKDW�FHUWDLQ�FHUDPLF�PDWHULDOV�FRXOG�EH�PDGH�SLH]RHOHFWULF�ZKHQ
VXEMHFWHG�WR�D�KLJK�SRODUL]LQJ�YROWDJH��D�SURFHVV�DQDORJRXV�WR�PDJQHWL]LQJ�D�IHUURXV�PDWHULDO��

%\�WKH�����
V��UHVHDUFKHUV�KDG�GLVFRYHUHG�D�ZHDN�SLH]RHOHFWULF�HIIHFW�LQ�ZKDOH�ERQH�DQG�WHQGRQ��7KLV
EHJDQ�DQ�LQWHQVH�VHDUFK�IRU�RWKHU�RUJDQLF�PDWHULDOV�WKDW�PLJKW�H[KLELW�SLH]RHOHFWULFLW\��,Q������
.DZDL�IRXQG�YHU\�KLJK�SLH]R�DFWLYLW\�LQ�WKH�SRODUL]HG�IOXRURSRO\PHU��3RO\YLQ\OLGHQH�IOXRULGH
�39')���:KLOH�RWKHU�PDWHULDOV��OLNH�Q\ORQ�DQG�39&�H[KLELW�WKH�HIIHFW��QRQH�DUH�DV�KLJKO\
SLH]RHOHFWULF�DV�39')�DQG�LWV�FRSRO\PHUV�

/LNH�VRPH�RWKHU�IHUURHOHFWULF
PDWHULDOV��39')�LV�DOVR�KLJKO\
S\URHOHFWULF��SURGXFLQJ�HOHFWULFDO
FKDUJH�LQ�UHVSRQVH�WR�D�FKDQJH�LQ
WHPSHUDWXUH��39')�LV�VWURQJO\
DEVRUELQJ�RI�LQIUDUHG�HQHUJ\�LQ�WKH
�����P�ZDYHOHQJWKV��VHH�)LJXUH����
FRYHULQJ�WKH�VDPH�ZDYHOHQJWK
VSHFWUXP�DV�KHDW�IURP�WKH�KXPDQ
ERG\��$FFRUGLQJO\��39')�PDNHV�D
XVHIXO�KXPDQ�PRWLRQ�VHQVRU�DV�ZHOO
DV�S\URHOHFWULF�VHQVRU�IRU�PRUH
VRSKLVWLFDWHG�DSSOLFDWLRQV�OLNH
YLGLFRQ�FDPHUDV�IRU�QLJKW�YLVLRQ�DQG
ODVHU�EHDP�SURILOLQJ�VHQVRUV��3LH]R
ILOP�FDQ�GHWHFW�ERG\�PRWLRQ�DW�XS�WR�ILIW\�IHHW�ZLWK�D�VXLWDEOH�)UHVQHO�OHQV��DQG�KDV�DOVR�EHHQ
HPSOR\HG�LQ�LQIUDUHG�KRUL]RQ�VHQVRUV�LQ�VDWHOOLWHV��
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1HZ�FRSRO\PHUV�RI�39')��GHYHORSHG�RYHU�WKH�ODVW�WZR�\HDUV��KDYH�H[SDQGHG�WKH�DSSOLFDWLRQV�RI
SLH]RHOHFWULF�SRO\PHU�VHQVRUV��7KHVH�FRSRO\PHUV�SHUPLW�XVH�DW�KLJKHU�WHPSHUDWXUHV�����(&��DQG
RIIHU�GHVLUDEOH�QHZ�VHQVRU�VKDSHV��OLNH�F\OLQGHUV�DQG�KHPLVSKHUHV��7KLFNQHVV�H[WUHPHV�DUH�SRVVLEOH
ZLWK�FRSRO\PHU�WKDW�FDQQRW�EH�UHDGLO\�DWWDLQHG�ZLWK�39')��7KHVH�LQFOXGH�XOWUDWKLQ������c��VSLQ�FDVW
FRDWLQJV�WKDW�RSHQ�WKH�SRVVLELOLWLHV�RI�QHZ�VHQVRU�RQ�VLOLFRQ�DSSOLFDWLRQV��DQG�F\OLQGHUV�ZLWK�ZDOO
WKLFNQHVVHV�LQ�H[FHVV�RI������P�IRU�VRQDU�

3,(=2(/(&75,&�),/0�3523(57,(6

3LH]R�ILOP�LV�D�IOH[LEOH��OLJKWZHLJKW��WRXJK�SODVWLF�ILOP�DYDLODEOH�LQ�D�ZLGH�YDULHW\�RI�WKLFNQHVVHV�DQG
ODUJH�DUHDV��,WV�SURSHUWLHV�DV�D�WUDQVGXFHU�LQFOXGH�

����:LGH�IUHTXHQF\�UDQJH³������+]�WR�����+]�
����9DVW�G\QDPLF�UDQJH�������WR�����SVL��RU���WRUU�WR�0EDU��
����/RZ�DFRXVWLF�LPSHGDQFH³FORVH�PDWFK�WR�ZDWHU��KXPDQ�WLVVXH�DQG�DGKHVLYH�V\VWHPV�
����+LJK�HODVWLF�FRPSOLDQFH
����+LJK�YROWDJH�RXWSXW³���WLPHV�KLJKHU�WKDQ�SLH]R�FHUDPLFV�IRU�WKH�VDPH�IRUFH�LQSXW�
����+LJK�GLHOHFWULF�VWUHQJWK³ZLWKVWDQGLQJ�VWURQJ�ILHOGV����9��P��ZKHUH�PRVW�SLH]R�FHUDPLFV
GHSRODUL]H�

����+LJK�PHFKDQLFDO�VWUHQJWK�DQG�LPSDFW�UHVLVWDQFH�����³�����3DVFDO�PRGXOXV��
����+LJK�VWDELOLW\³UHVLVWLQJ�PRLVWXUH���������PRLVWXUH�DEVRUSWLRQ���PRVW�FKHPLFDOV��R[LGDQWV��DQG
LQWHQVH�XOWUDYLROHW�DQG�QXFOHDU�UDGLDWLRQ�

����&DQ�EH�IDEULFDWHG�LQWR�XQXVXDO�GHVLJQV�
����&DQ�EH�JOXHG�ZLWK�FRPPHUFLDO�DGKHVLYHV�

2QH�PDMRU�DGYDQWDJH�RI�SLH]R�ILOP�LV�LWV�ORZ�DFRXVWLF�LPSHGDQFH�ZKLFK�LV�FORVHU�WR�WKDW�RI�ZDWHU�
KXPDQ�WLVVXH�DQG�RWKHU�RUJDQLF�PDWHULDOV��WKDQ�SLH]R�FHUDPLFV��)RU�H[DPSOH��WKH�DFRXVWLF�LPSHGDQFH
�=

2
� �! µ��RI�SLH]R�ILOP�LV�RQO\�����WLPHV�WKDW�RI�ZDWHU��ZKHUHDV�SLH]R�FHUDPLFV�DUH�W\SLFDOO\����WLPHV

JUHDWHU��$�FORVH�LPSHGDQFH�PDWFK�SHUPLWV�PRUH�HIILFLHQW�WUDQVGXFWLRQ�RI�DFRXVWLF�VLJQDOV�LQ�ZDWHU
DQG�WLVVXH�

3LH]R�ILOP�GRHV�KDYH�VRPH�OLPLWDWLRQV�IRU�FHUWDLQ�DSSOLFDWLRQV��,W�PDNHV�D�UHODWLYHO\�ZHDN
HOHFWURPHFKDQLFDO�WUDQVPLWWHU�ZKHQ�FRPSDUHG�WR�FHUDPLFV��SDUWLFXODUO\�DW�UHVRQDQFH�DQG�LQ�ORZ
IUHTXHQF\�DSSOLFDWLRQV��7KH�FRSRO\PHU�ILOP�KDV�PD[LPXP�RSHUDWLQJ�VWRUDJH�WHPSHUDWXUHV�DV�KLJK
DV����R&��$OVR��LI�WKH�HOHFWURGHV�RQ�WKH�ILOP�DUH�H[SRVHG��WKH�VHQVRU�FDQ�EH�VHQVLWLYH�WR
HOHFWURPDJQHWLF�UDGLDWLRQ��*RRG�VKLHOGLQJ�WHFKQLTXHV�DUH�DYDLODEOH�IRU�KLJK�(0,�5),�HQYLURQPHQWV�

7DEOH���OLVWV�W\SLFDO�SURSHUWLHV�RI�3LH]R�)LOP��7DEOH���SURYLGHV�D�FRPSDULVRQ�RI�WKH�SLH]RHOHFWULF
SURSHUWLHV�RI�39')�SRO\PHU�DQG�WZR�SRSXODU�SLH]RHOHFWULF�FHUDPLF�PDWHULDOV�

7KH�ILOP
V�RSWLFDO�WUDQVPLVVLRQ�FKDUDFWHULVWLFV�DUH�VKRZQ�LQ�)LJXUH����7KH�VWURQJ�DEVRUSWLRQ�RI
LQIUDUHG�HQHUJ\�DW������P�ZDYHOHQJWKV�PDNHV�SLH]R�ILOP�LGHDO�IRU�LQWUXVLRQ�GHWHFWLRQ�DQG�HQHUJ\
PDQDJHPHQW�GHYLFHV�

39')�ILOP�LV�W\SLFDOO\�WKLQ��IOH[LEOH��KDV�ORZ�GHQVLW\�DQG�H[FHOOHQW�VHQVLWLYLW\��\HW�SLH]R�ILOP�LV
PHFKDQLFDOO\�WRXJK��7KH�FRPSOLDQFH�RI�SLH]R�ILOP�LV����WLPHV�JUHDWHU�WKDQ�WKH�FRPSOLDQFH�RI
FHUDPLFV��:KHQ�H[WUXGHG�LQWR�WKLQ�ILOP��SLH]RHOHFWULF�SRO\PHUV�FDQ�EH�GLUHFWO\�DWWDFKHG�WR�D
VWUXFWXUH�ZLWKRXW�GLVWXUELQJ�LWV�PHFKDQLFDO�PRWLRQ��3LH]R�ILOP�LV�ZHOO�VXLWHG�WR�VWUDLQ�VHQVLQJ
DSSOLFDWLRQV�UHTXLULQJ�YHU\�ZLGH�EDQGZLGWK�DQG�KLJK�VHQVLWLYLW\��$V�DQ�DFWXDWRU��WKH�SRO\PHU
V�ORZ
DFRXVWLF�LPSHGDQFH�SHUPLWV�WKH�HIILFLHQW�WUDQVIHU�RI�HQHUJ\�LQWR�DLU�DQG�RWKHU�JDVHV�
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)LJXUH����'7��(OHPHQW

7DEOH����&RPSDULVRQ�RI�SLH]RHOHFWULF�PDWHULDOV

3URSHUW\ 8QLWV 39'))LOP 3=7 %D7L�
�

'HQVLW\ �� �NJ�P� ���� ��� ���

5HODWLYH3HUPLWWLYLW\ ¥�¥
�

�� ����� �����

G
��
&RQVWDQW ��� ����&�1 �� ��� ��

J
��
&RQVWDQW ��� ���9P�1 ��� �� �

N
��
&RQVWDQW �DW �N+] �� �� ��

$FRXVWLF,PSHGDQFH ��� ��NJ�P��VHF� ��� �� ��

23(5$7,1*�3523(57,(6�)25�$�7<3,&$/�3,(=2�),/0�(/(0(17

7KH�'7��HOHPHQW�LV�D�VWDQGDUG�06,�SLH]R�ILOP�FRQILJXUDWLRQ�FRQVLVWLQJ�RI�D���[���PP�DFWLYH�DUHD
SULQWHG�ZLWK�VLOYHU�LQN�HOHFWURGHV�RQ�ERWK�VXUIDFHV�RI�D���[���PP�GLH�FXW�SLH]R�SRO\PHU�VXEVWUDWH�

����(OHFWUR�0HFKDQLFDO�&RQYHUVLRQ
���GLUHFWLRQ�����[������P�9������[�����1�9
���GLUHFWLRQ�����[������P�9

����0HFKDQR�(OHFWULFDO�&RQYHUVLRQ
���GLUHFWLRQ�����[�����9��¥������[�����9��P������9�1
���GLUHFWLRQ�����[�����9�1

����3\UR�(OHFWULFDO�&RQYHUVLRQ
�9� R.��#��� R&�

����&DSDFLWDQFH
�����[�����)��'LVVLSDWLRQ�)DFWRU�������#����.+]�,PSHGDQFH�#����.+]����.�

����0D[LPXP�2SHUDWLQJ�9ROWDJH
'&������9��\LHOGV����P�GLVSODFHPHQW�LQ���GLUHFWLRQ�
$&������9��\LHOGV�����P�GLVSODFHPHQW�LQ���GLUHFWLRQ�

����0D[LPXP�$SSOLHG�)RUFH��DW�EUHDN����GLUHFWLRQ�
����NJ)��\LHOGV�YROWDJH�RXWSXW�RI�����WR������9�

(OHFWULFDO�WR�0HFKDQLFDO�&RQYHUVLRQ

/DUJH�GLVSODFHPHQWV�RU�IRUFHV�DUH�QRW�JHQHUDOO\
DYDLODEOH�IURP�3LH]R�)LOP���7KLV�EHFRPHV�DSSDUHQW
ZKHQ�GHVLJQLQJ�ORXGVSHDNHU�HOHPHQWV�IRU�LQVWDQFH��DV
ORZ�IUHTXHQF\�SHUIRUPDQFH��EHORZ����+]��WHQGV�WR
EH�YHU\�OLPLWHG���(YHQ�D�ODUJH�VKHHW�RI�ILOP�LV�XQDEOH
WR�FUHDWH�KLJK�DPSOLWXGH�SUHVVXUH�SXOVHV�DV�ORZ�DXGLR
IUHTXHQFLHV��7KLV�GRHV�QRW�DSSO\��KRZHYHU��WR�ORZ�WR
KLJK�IUHTXHQF\�XOWUDVRQLF�IUHTXHQFLHV��DV�VHHQ�LQ
FXUUHQW�GHVLJQV�IRU�XOWUDVRXQG�DLU�UDQJLQJ�WUDQVGXFHUV
�������N+]��DQG�LQ��PHGLFDO�XOWUDVRQLF�LPDJLQJ
DSSOLFDWLRQV�
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)RU�DLU�UDQJLQJ�XOWUDVRXQG��WKH�SLH]R�ILOP�HOHPHQW�KHLJKW�FRQWUROV�YHUWLFDO�EHDP�DQJOH�DQG�WKH
FXUYDWXUH�DQG�ZLGWK�RI�WKH�WUDQVGXFHU�FRQWUROV�KRUL]RQWDO�EHDP�SDWWHUQ��3LH]R�ILOP�DLU�UDQJLQJ
WUDQVGXFHUV�FDQ�SURYLGH�XS�WR���� R �ILHOG�RI�YLHZ��UDQJLQJ�REMHFW�IURP�D�IHZ�FHQWLPHWHUV�WR�VHYHUDO
PHWHUV�ZLWK�KLJK�UHVROXWLRQ��

%LPRUSK�FRQILJXUDWLRQV��OLNH�D�ELPHWDO�VWULS��DOORZ�WKH�VPDOO�GLIIHUHQWLDO�GLVSODFHPHQW�RI�WZR
UHYHUVH�FRQQHFWHG�HOHPHQWV�WR�EH�WUDQVODWHG�LQWR�VXEVWDQWLDO�IOH[XUDO�PRWLRQ���6PDOO�IDQV�RU�RSWLFDO
GHIOHFWRUV�FDQ�WKXV�EH�FUHDWHG���6XFK�GHYLFHV�FRQVXPH�YHU\�OLWWOH�UHDO�SRZHU��EHLQJ�FDSDFLWLYH�LQ
QDWXUH����/DUJH�GHYLFHV�PD\�EH�GLIILFXOW�WR�GULYH�GXH�WR�KLJK�FDSDFLWDQFH��HVSHFLDOO\�ZKHQ
WUDQVIRUPHUV�DUH�XVHG�WR�VWHS�XS�WKH�GULYH�YROWDJH���*RRG�DPSOLILHU�GHVLJQ�LV�LPSRUWDQW�

$OWKRXJK�WKH�IRUFHV�LQYROYHG�DUH�VPDOO��WKH�ILOP�FDQ�EH�XVHG�WR�H[FLWH�RWKHU�PHFKDQLFDO�VWUXFWXUHV
RYHU�D�YHU\�ZLGH�IUHTXHQF\�UDQJH���,I�DQRWKHU�HOHPHQW�RI�ILOP�LV�XVHG�WR�UHFHLYH�WKH�LQGXFHG
YLEUDWLRQ��WKH�V\VWHP�FDQ�SRVVHVV�D�YHU\�KLJK�G\QDPLF�UDQJH��HYHQ�WKRXJK�WKH�RYHUDOO��LQVHUWLRQ�ORVV�
GXH�WR�WKH�ILOP�LV�DERXW�����G%�W\SLFDOO\�IRU�D�VWUXFWXUH�DW�UHVRQDQFH���,I�VXIILFLHQW�JDLQ�LV�DSSOLHG
EHWZHHQ�WKHVH�HOHPHQWV��WKH�VWUXFWXUH�ZLOO�VHOI�RVFLOODWH�DW�LWV�QDWXUDO�IUHTXHQF\��DV�LQ�WKH��VLQJLQJ
WHFKQRORJ\��H[SORLWHG�E\�06,�WR�IDEULFDWH�SUHVVXUH��ORDG�DQG�IOXLG�OHYHO�VHQVRUV���)RU�WKHVH�UHVRQDQW
PHFKDQLFDO�V\VWHPV��KLJK�YROWDJH�GULYH�LV�QRW�UHTXLUHG��7KH�DPSOLILHU�FLUFXLW�PD\�IXQFWLRQ�DGHTXDWHO\
IURP�D�QRUPDO�GXDO�UDLO�RS�DPS�VXSSO\��RU�HYHQ�IURP�D�VLQJOH���YROW�EDWWHU\���)RU�DQDO\VLV�SXUSRVHV�
HYHQ�ORZHU�DSSOLHG�YROWDJHV��H�J���WKH�QRLVH�VRXUFH�RI�D�VSHFWUXP�DQDO\]HU�DW����P9UPV��DUH�VXIILFLHQW
WR�LQVHUW�WKH�PHFKDQLFDO�HQHUJ\�LQWR�D�VWUXFWXUH�ZKHQ�3LH]R�)LOP�LV�DOVR�XVHG�WR�PRQLWRU�WKH�UHVXOW�

0HFKDQLFDO�WR�(OHFWULFDO�&RQYHUVLRQ

7KH�VHQVLWLYLW\�RI�3LH]R�)LOP�DV�D�UHFHLYHU�RI�PHFKDQLFDO�ZRUN�LQSXW�LV�DZHVRPH���,Q�LWV�VLPSOHVW
PRGH�WKH�ILOP�EHKDYHV�OLNH�D�G\QDPLF�VWUDLQ�JDXJH�H[FHSW�WKDW�LW�UHTXLUHV�QR�H[WHUQDO�SRZHU�VRXUFH
DQG�JHQHUDWHV�VLJQDOV�JUHDWHU�WKDQ�WKRVH�IURP�VWUDLQ�JDXJHV�DIWHU�DPSOLILFDWLRQ���)UHTXHQF\�UHVSRQVH
LV�WKXV�IUHH�IURP�DQ\�OLPLWDWLRQV�LPSRVHG�E\�WKH�QHHG�IRU�KLJK�JDLQV�DQG�ZLOO�H[WHQG�XS�WR�WKH
ZDYHOHQJWK�OLPLW�RI�WKH�JLYHQ�WUDQVGXFHU�

7KH�H[WUHPH�VHQVLWLYLW\�LV�ODUJHO\�GXH�WR�WKH�IRUPDW�RI�WKH�SLH]R�ILOP�PDWHULDO���7KH�ORZ�WKLFNQHVV�RI
WKH�ILOP�PDNHV�LQ�WXUQ�D�YHU\�VPDOO�FURVV�VHFWLRQDO�DUHD�DQG�WKXV�UHODWLYHO\�VPDOO�ORQJLWXGLQDO�IRUFHV
FUHDWH�YHU\�ODUJH�VWUHVVHV�ZLWKLQ�WKH�PDWHULDO���,W�LV�HDV\�WR�H[SORLW�WKLV�DVSHFW�WR�HQKDQFH�WKH
VHQVLWLYLW\�SDUDOOHO�WR�WKH�PDFKLQH�D[LV���,I�D�ODPLQDWHG�HOHPHQW�RI�ILOP��IRU�H[DPSOH�DQ�/'7�����.�
LV�SODFHG�EHWZHHQ�WZR�OD\HUV�RI�FRPSOLDQW�PDWHULDO�WKHQ�DQ\�FRPSUHVVLYH�IRUFHV�DUH�FRQYHUWHG�LQWR
PXFK�ODUJHU�ORQJLWXGLQDO�H[WHQVLYH�IRUFHV���,Q�IDFW��WKLV�HIIHFW�WHQGV�WR�SUHGRPLQDWH�LQ�PRVW
FLUFXPVWDQFHV�VLQFH�PRVW�VXEVWDQFHV�DUH�FRPSOLDQW�WR�VRPH�H[WHQW�DQG�WKH�UDWLR�RI�HIIHFWLYH
VHQVLWLYLW\�LQ�WKH���YV���GLUHFWLRQV�LV�W\SLFDOO\��������

3LH]R�)LOP�WUDQVGXFHUV�PD\�RIWHQ�FRYHU�D�PXFK�ODUJHU�DUHD�WKDQ�QRUPDO�VWUDLQ�JDXJHV�VR�DQ\�GLUHFW
FRPSDULVRQV�VKRXOG�EH�SHUIRUPHG�LQ�D�XQLIRUP�VWUDLQ�ILHOG�IRU�PHDQLQJIXO�UHVXOWV���2EYLRXVO\�
�SRLQW��W\SH�WUDQVGXFHUV�FRXOG�EH�XVHG�ZKHUH�UHTXLUHG�DOWKRXJK�WKH�FDSDFLWDQFH�RI�D�YHU\�VPDOO�DUHD
ZLOO�UHTXLUH�FRQVLGHUDWLRQ���7KH�ORZ�IUHTXHQF\�OLPLW�RI�RSHUDWLRQ�ZLOO�EH�GHILQHG�E\�WKH�JUHDWHVW
UHVLVWLYH�ORDG�DFKLHYDEOH��RU�E\�WKH�ODUJHVW�FDSDFLWDQFH�ORDG�WKDW�VWLOO�DOORZV�WKH�VLJQDO�WR�EH�HDVLO\
GHWHFWHG���2SHUDWLRQ�GRZQ�WR�IUDFWLRQV�RI�+]�FDQ�EH�DFKLHYHG�XVLQJ�HLWKHU�FRQYHQWLRQDO�FKDUJH
DPSOLILHUV�RU��VLQFH�VLJQDO�OHYHOV�DUH�UHODWLYHO\�KLJK��VLPSOH�KLJK�LPSHGDQFH�)(7�EXIIHU�FLUFXLWV�

3\UR�WR�(OHFWULFDO�&RQYHUVLRQ

.\QDU��3LH]R�)LOP�DEVRUEV�VWURQJO\�LQ�WKH�UHJLRQ�RI���WR�����P�ZKLFK�FRUUHVSRQGV�WR�ZHOO�EH\RQG
ERWK�RSHUDWLQJ�WHPSHUDWXUH�OLPLWV�RI�WKH�ILOP��,W�WKXV�PDNHV�D�VHQVLWLYH��S\URHOHFWULF�GHWHFWRUV�IRU��
VD\��KXPDQ�ERG\�UDGLDWLRQ���6LQFH�WKH�S\UR�VHQVLWLYLW\�LV�VWURQJ��FDUH�PXVW�EH�WDNHQ�ZKHQ�GHVLJQLQJ�

.\QDU�LV�D�UHJLVWHUHG�WUDGHPDUN�RI�(OI�$WRFKHP�1$
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ORZ��������WR��+]��IUHTXHQF\�PHFKDQLFDO�VHQVRUV�WR�DYRLG�DPELHQW�WHPSHUDWXUH�FKDQJHV�VZDPSLQJ
WKH�RXWSXW�ZLWK�S\UR�JHQHUDWHG�VLJQDO���,I�D�YHU\�ORQJ�WLPH�FRQVWDQW�LV�LQ�XVH��WKHQ�WKH�ILOP�ZLOO
JHQHUDWH�D�YROWDJH�FRUUHVSRQGLQJ�WR�WKH�FKDQJH�LQ�WHPSHUDWXUH�VLQFH�VZLWFK�RQ���6LQFH�WKH�RXWSXW
ZLOO�EH�VHYHUDO�YROWV�SHU�GHJUHH�&��VXEVWDQWLDO�RIIVHWV�PD\�EH�QRWLFHG�

,Q�JHQHUDO��KRZHYHU��PRVW�DSSOLFDWLRQV�ZLOO�KDYH�D�FXW�RII�IUHTXHQF\�RI�VHYHUDO�+HUW]�RU�PRUH�XQOHVV
WKH�S\UR�HIIHFW�LV�VSHFLILFDOO\�GHVLUHG��&RQQHFWLQJ�D�GHYLFH�RI��Q)�FDSDFLWDQFH�WR�DQ�RVFLOORVFRSH
LQSXW��HYHQ�DW����0��LPSHGDQFH��ZLOO�SURGXFH�D�UROO�RII�EHORZ����+]���2QO\�D�UDSLG�FKDQJH�LQ�WKH
ILOP�WHPSHUDWXUH�ZLOO�JHQHUDWH�D�GHWHFWDEOH�VLJQDO�

&RPPRQ�PRGH�UHMHFWLRQ�FDQ�EH�XVHG�WR�LVRODWH�HLWKHU�YHU\�ORZ�IUHTXHQF\�PHFKDQLFDO�VWUDLQ�IURP
VLPXOWDQHRXV�S\UR�HIIHFWV�RU�YLFH�YHUVD���7KHVH�WHFKQLTXHV�DUH�TXLWH�IDPLOLDU�WR�06,�DSSOLFDWLRQV
HQJLQHHUV�ZKR�DUH�DYDLODEOH�IRU�GHVLJQ�DVVLVWDQFH�

(OHFWULFDO�'HVLJQ�&RQVLGHUDWLRQV

$�XVHIXO�PRGHO�IRU�WKH�ILOP�ZKLFK�DSSOLHV�IRU�PRVW�FDVHV�H[FHSW�XOWUDVRQLF�DSSOLFDWLRQV�LV�D�VWUDLQ�
GHSHQGHQW�YROWDJH�VRXUFH�LQ�VHULHV�ZLWK�D�FDSDFLWDQFH���7KXV�DQ\�UHVLVWLYH�ORDG�ZLOO�IRUP�D�GLYLGHU
QHWZRUN�ZLWK�D�VLPSOH�5&�KLJK�SDVV�ILOWHU�FKDUDFWHULVWLF���7KH�FXW�RII�IUHTXHQF\�LV�JLYHQ�E\

DQG�WKH�WLPH�FRQVWDQW��´� �5&���2SHUDWLRQ�EHORZ�WKH�FXW�RII�IUHTXHQF\�ZLOO�JLYHfo

1

2%RC

DQ�RXWSXW�VLJQDO�SURSRUWLRQDO�WR�WKH�UDWH�RI�FKDQJH�RI�WKH�LQSXW�SDUDPHWHU��GLIIHUHQWLDWRU���
$SSOLFDWLRQ�RI�D�FRQVWDQW�VWUHVV�ZLOO�JHQHUDWH�DQ�LQLWLDO�OHYHO�IROORZHG�E\�DQ�H[SRQHQWLDO�GHFD\�RI�UDWH
H[S�5&����

$�FDSDFLWLYH�ORDG�ZLOO�H[WHQG�WKH�WLPH�FRQVWDQW�EXW�UHGXFH�WKH�PDJQLWXGH�RI�WKH�UHVSRQVH���(QHUJ\�LV
DOZD\V�ORVW�ZKHQ�WUDQVIHUULQJ�FKDUJH�IURP�RQH�FDSDFLWRU�WR�DQRWKHU���/DUJH�FDSDFLWLYH�ORDGV�DUH
XVHIXO�IRU�DWWHQXDWLQJ�WKH�YHU\�ODUJH�VLJQDOV�DULVLQJ�IURP�SRZHUIXO�LPSDFWV³RIWHQ�KXQGUHGV�RI�YROWV�

:KHQ�GULYLQJ�WKH�ILOP�DW�KLJK�YROWDJH�DQG�KLJK�IUHTXHQF\��WKH�GLVVLSDWLRQ�IDFWRU�RI�WKH�ILOP�PD\
UHVXOW�LQ�VXEVWDQWLDO�HQHUJ\�ORVV�LQ�WKH�IRUP�RI�KHDW���$OVR��WKH�VXUIDFH�UHVLVWLYLW\�RI�WKH�HOHFWURGHV
PD\�EHFRPH�VLJQLILFDQW��HVSHFLDOO\�ZLWK�YDFXXP�PHWDOOL]HG�ILOP���9HU\�KLJK�ORFDOL]HG�FXUUHQWV�PD\
EH�HQFRXQWHUHG���2SHUDWLRQ�ZLWKLQ�WKH�ILHOG�OLPLWV�JLYHQ�LQ�WKH�7HFKQLFDO�0DQXDO�LV�VWURQJO\
UHFRPPHQGHG�VLQFH�DQ\�DUFLQJ�ZLOO�QRUPDOO\�GHVWUR\�WKH�GHYLFH�

6LOYHU�LQN��VFUHHQSULQWHG�RQWR�ERWK�ILOP�VXUIDFHV��KDV�EHHQ�GHYHORSHG�WR�ZLWKVWDQG�KLJK�YROWDJH�DQG
KLJK�ORFDOL]HG�FXUUHQWV��7KH�VLOYHU�LQN�PHWDOOL]DWLRQ�KDV�EHHQ�VXFFHVVIXOO\�XVHG�LQ�WZHHWHUV�DQG�DFWLYH
YLEUDWLRQ�GDPSLQJ�DSSOLFDWLRQV���7KH�'7��VDPSOH�LV�HOHFWURGHG�ZLWK�WKH�VLOYHU�LQN���7KH�XQPHWDOOL]HG
ERUGHU�PLWLJDWHV�SRWHQWLDO�IRU�DUFLQJ�DFURVV�WKH�ILOP
V�WKLFNQHVV���7KH�RIIVHW�OHDG�DWWDFK�WDEV�DOVR
SUHFOXGH�KLJK�YROWDJH�EUHDNGRZQ��DV�WKH�FRQGXFWRU�DW�HDFK�OHDG�DWWDFK�VLWH�LV�RQ�RQH�VLGH�RQO\�

0HFKDQLFDO�'HVLJQ�&RQVLGHUDWLRQV

7KH�RXWSXW�HQHUJ\�LV�SURSRUWLRQDO�WR�WKH�YROXPH�RI�ILOP�VWUHVVHG���)LOP�WKLFNQHVV�PD\�EH�FKRVHQ�WR
RSWLPL]H�WKH�HOHFWULFDO�VLJQDO�IRUPDW�RU�IURP�PHFKDQLFDO�VWUHQJWK�FRQVLGHUDWLRQV���7KLFNHU�ILOPV
JHQHUDWH�KLJKHU�YROWDJHV�EXW�IRUP�VPDOOHU�FDSDFLWRUV��VR�D�ODPLQDWH�RI�WKLQQHU�ILOP�ZLWK�D�FRPSDWLEOH�
SDVVLYH�PDWHULDO�VXFK�DV�SRO\HVWHU��L�H��WKH�/'7�����.��PD\�EH�SUHIHUDEOH�WR�D�VLQJOH�WKLFNHU�ILOP��
$Q\�DUHD�RI�ILOP�WKDW�LV�QRW�XQGHUJRLQJ�VWUHVV�ZLOO�DFW�DV�D�FDSDFLWLYH�ORDG�RQ�WKH��DFWLYH��DUHD�DQG
VKRXOG�EH�PLQLPL]HG�LI�UHTXLUHG�

0RVW�PHWDOOL]DWLRQV�DUH�VXEMHFW�WR�FRUURVLRQ��HVSHFLDOO\�ZKHQ�KDQGOHG���7KLQ�FRQIRUPDO�FRDWLQJV�RU
ODPLQDWHV�DUH�IUHTXHQWO\�DSSOLHG�WR�PDLQWDLQ�VXUIDFH�TXDOLW\����$FU\OLFV�DGKHVLYHV��V\QWKHWLF�UXEEHU
UHVLQV��HSR[LHV�DQG�F\DQR�DFU\ODWHV�DUH�DOO�IUHTXHQWO\�HPSOR\HG�LQ�ODPLQDWLRQ�DQG�DVVHPEO\�
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6RPH�GHVLJQV�PD\�XVH�H[WHUQDO�PHWDOOLF�RU�FRQGXFWLYH�VXEVWUDWHV�DV�WKH�HOHFWURGHV��LQ�ZKLFK�FDVH
XQPHWDOOL]HG�ILOP�PD\�EH�XVHG�WR�JRRG�DGYDQWDJH���7KH�H[WHUQDO�PHWDO�VXUIDFH�FDQ�EH�LQ�GLUHFW
FRQWDFW�ZLWK�WKH�XQPHWDOOL]HG�ILOP�WR�FROOHFW�WKH�FKDUJH��RU��FDSDFLWLYH�FRXSOLQJ�WKURXJK�WKLQ�DGKHVLYH
WDSHV�RU�HSR[\�OD\HUV�FDQ�EH�HPSOR\HG�IRU�DF�DSSOLFDWLRQV���3DWWHUQLQJ�RI�WKH�HOHFWURGHV�LV�HVSHFLDOO\
XVHIXO�IRU�GHILQLQJ�VSHFLILF�DFWLYH�DUHDV�RQ�D�FRQWLQXRXV�VKHHW�DQG�DOVR�WR�DOORZ�GLH�FXWWLQJ�RI
HOHPHQWV�ZLWK�D�FOHDU�ERUGHU�DURXQG�WKH�FXW�DUHD���'LVSODFHPHQW��RIIVHW��RI�XSSHU�DQG�ORZHU�HOHFWURGH
WDEV�DW�WKH�FRQQHFWLRQ�SRLQW�LV�JRRG�SUDFWLFH�WR�SUHYHQW�XQSUHGLFWDEOH�SLH]R�EHKDYLRU�LQ�WKLV�DUHD
FDXVHG�E\�WKH�LQIOXHQFH�RI�WKH�ZLUH�WHUPLQDWLRQV���7KLV�DOVR�DOORZV�ORZ�FRVW�SHQHWUDWLYH�OHDG�DWWDFK
PHWKRGV�WR�EH�XVHG��FULPSV�RU�H\HOHWV��

-RLQW�(OHFWULFDO�DQG�0HFKDQLFDO�'HVLJQ�&RQVLGHUDWLRQV

7KH�FDSDFLWLYH�QDWXUH�RI�3LH]R�)LOP�GHYLFHV�LPSOLHV�WKDW�WKH\�DUH�VXVFHSWLEOH�WR�(OHFWUR�0DJQHWLF
,QWHUIHUHQFH���7KLV�EHFRPHV�LQFUHDVLQJO\�PRUH�LPSRUWDQW�DV�WKH�RXWSXW�VLJQDO�OHYHO�GURSV���(0,�FDQ
EH�LJQRUHG�ZKHUH�WKH�RXWSXW�LV�KLJK�RU�ZKHQ�WKH�ILOP�LV�EHLQJ�GULYHQ�LQ�D�QRQ�FULWLFDO�HQYLURQPHQW��
$�&��PDLQV�LQWHUIHUHQFH�PD\�EHFRPH�D�SUREOHP�ZLWK�XQVKLHOGHG�GHYLFHV���$QRWKHU�SRWHQWLDO�SUREOHP
H[LVWV�ZKHQ�RQH�HOHFWURGH�HOHPHQW�LV�EHLQJ�GULYHQ�DQG�DQ�DQRWKHU�LV�UHFHLYLQJ�WKH�YLEUDWLRQ�VLJQDO��
&DUH�PXVW�EH�WDNHQ�WR�DYRLG��FURVVWDON��

8VH�RI�06,·V�UHDG\�PDGH�VKLHOGHG�HOHPHQWV�VXSSOLHG�ZLWK�FRD[LDO�FDEOH�HOLPLQDWHV�WKHVH�SUREOHPV�
EXW�VLPSOH�PHDVXUHV�PD\�EH�WDNHQ�ZLWK�DQ\�GHYLFH�WR�DYRLG�LQWHUIHUHQFH�

8QZDQWHG�IUHTXHQFLHV�PD\�EH�ILOWHUHG�RXW�HOHFWURQLFDOO\���,I�WKH�VHQVRU�LV�WR�EH�PRXQWHG�RQ�D
FRQGXFWLYH�VXEVWUDWH��WKHQ�WKLV�PD\�IRUP�RQH�KDOI�RI�D�JURXQGHG�HQYHORSH��ZLWK�WKH�RXWHU�HOHFWURGH
IRUPLQJ�WKH�RWKHU�KDOI���/LJKWZHLJKW�VKLHOGHG�FDEOH�LV�UHDGLO\�DYDLODEOH�DQG�LV�DQ�DOWHUQDWLYH�WR�WZLVWHG
SDLU�ZLUHV���$WWHQWLRQ�VKRXOG�EH�SDLG�WR�WKH�SRLQW�RI�FRQQHFWLRQ�LWVHOI�DV�WKLV�LV�DOVR�DQ�DUHD�RI�(0,
YXOQHUDELOLW\�

'XUDEOH�OHDG�DWWDFKPHQW�WHFKQLTXHV�KDYH�EHHQ�IXOO\�GHYHORSHG�E\�06,��DQG�PRVW�SURGXFWV�DUH
VXSSOLHG�ZLWK�OHDGV�SUHDWWDFKHG���$V�LQGLFDWHG��VRPH�IRUP�RI�FRD[LDO�FDEOH�LV�RIWHQ�HPSOR\HG�DQG
PXVW�EH�LQWHUIDFHG�WR�D�YHU\�WKLQ�IOH[LEOH�PDWHULDO���5HLQIRUFHPHQW�DW�WKH�OHDG�DWWDFK�VLWH�PD\�EH
UHTXLUHG��ZKLFK�FDQ�LQWURGXFH�VRPH�DFRXVWLF�HIIHFWV�LQWR�WKH�WUDQVGXFHU�LI�WKH�LQWHUFRQQHFWLRQ�VLWH�LV
IUHH�WR�YLEUDWH�

7KLQ�FRSSHU�IRLO�EDFNHG�ZLWK�D�FRQGXFWLYH�DGKHVLYH�FDQ�SURYLGH�H[FHOOHQW�EXW�QRQ�SHUPDQHQW
FRQQHFWLRQV�WR�WKH�ILOP���$Q�DUHD�RI���FPñ�ZLOO�JLYH�D�FRQWDFW�UHVLVWDQFH�RI�D�IHZ�P��V���&ULPS�
WKURXJK�FRQQHFWRUV�DV�XVHG�IRU�IOH[LEOH�FLUFXLWV�DUH�URXWLQHO\�XVHG�ZLWK�RIIVHW�HOHFWURGH�SDWWHUQV��EXW
WKLQ�ILOPV�UHTXLUH�VRPH�SK\VLFDO�UHLQIRUFHPHQW�IRU�JRRG�UHVXOWV���3RO\HVWHU�UHLQIRUFHPHQW�DW�WKH�OHDG
DWWDFK�VLWH�LV�D�FRPPRQ�PHWKRG�WR�UXJJHGL]H�WKH�LQWHUFRQQHFWLRQ���7KH�VWLIIHQHU�PD\�OLH�EHWZHHQ�WKH
FULPS�DQG�WKH�HOHFWURGH�ZLWK�RQO\�PLQRU�GHJUDGDWLRQ�RI�FRQWDFW�UHVLVWDQFH��7\SLFDO�YDOXHV�DUH
��������P����0LQLDWXUH�ULYHWV��H\HOHWV�DQG�HYHQ�QXWV�DQG�EROWV��ZLWK�ZDVKHUV��DOO�FRPELQH�JUHDW
VWUHQJWK�ZLWK�JRRG�FRQWDFW�UHVLVWDQFH�DW�W\SLFDOO\�OHVV�WKDQ�����P����7KHVH�WHFKQLTXHV�PD\�EH�XVHG
WR�FRQQHFW�WR�FDEOHV�XVLQJ�VROGHU�WDJV��RU�GLUHFW�RQWR�SULQWHG�FLUFXLW�ERDUGV�

&ODPSLQJ�PHWKRGV��HLWKHU�GLUHFW�WR�WKH�FRQGXFWLYH�WUDFHV�RQ�WKH�3&%�RU�XVLQJ�FRQGXFWLYH�UXEEHU�
=(%5$���FRQQHFWRUV��OXJV�DQG�ZDVKHUV�KDYH�DOO�EHHQ�XVHG�ZLWK�VXFFHVV���'LUHFW�FRQQHFWLRQ�XVLQJ
VLOYHU�ORDGHG��FRQGXFWLYH��HSR[\�DOVR�ZRUNV�ZHOO��EXW�UHTXLUHV�FXULQJ�WLPH��RIWHQ�DW�HOHYDWHG
WHPSHUDWXUH��IRU�EHVW�UHVXOWV���

$V�LQGLFDWHG�HDUOLHU��RWKHU�PDWHULDOV�PD\�IRUP�WKH�HOHFWURGHV�WKHPVHOYHV��VXFK�DV�FRQGXFWLYH�UXEEHU
RU�IRDP���&DSDFLWLYH�FRXSOLQJ�WKURXJK�DGKHVLYH�OD\HUV�LV�SUDFWLFDO�XQGHU�VRPH�FLUFXPVWDQFHV��DOORZLQJ
VRPH�XQXVXDO�WUDQVGXFHU�GHVLJQV�ZLWK�DSSDUHQWO\�QR�OHDG�DWWDFKPHQW�DW�DOO�

=(%5$�LV�D�UHJLVWHUHG�WUDGHPDUN�RI�)XMLSRO\�
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