
�WK�(XURSHDQ�&RQJUHVV�RQ�1RQ�'HVWUXFWLYH�WHVWLQJ
-XQH���������������%DUFHORQD�±�6SDLQ

3KDVHG�$UUD\�WHFKQRORJ\
&RQFHSWV��SUREHV�DQG�DSSOLFDWLRQV

-pU{PH�3RJXHW��,PDVRQLF���)UDQFH
$QGUHV�*DUFLD��7HFQDWRP�±�6SDLQ
-HVXV�9D]TXH]��7HFQDWRP�±�6SDLQ

-HURPH�0DUJXHW���,PDVRQLF���)UDQFH
)DEULFH�3LFKRQQDW��,PDVRQLF���)UDQFH

$EVWUDFW

2YHU� WKH� ODVW� IHZ� \HDUV�� SLH]RFRPSRVLWH� PDWHULDOV� KDYH� HQDEOHG� D� QHZ� XOWUDVRXQG� SUREH
WHFKQRORJ\�WR�EH�GHYHORSHG�IRU�WKH�1RQ�'HVWUXFWLYH�7HVWLQJ�RI�PDWHULDOV��3KDVHG�$UUD\�SUREHV�
7KHVH� SUREHV�� PDGH� XS� RI� D� ODUJH� QXPEHU� RI� VLPSOH� SUREHV� RUJDQL]HG� LQ� OLQHDU�� DQQXODU�
FLUFXODU�RU�PDWUL[�DUUD\V��DOORZ�HOHFWURQLF�VFDQQLQJ�� IRFXVLQJ�DQG�GHIOHFWLRQ�WR�EH�FDUULHG�RXW�
7KHVH� GLIIHUHQW� FRQFHSWV� ZLOO� EH� SUHVHQWHG�� DV� ZHOO� DV� WKHLU� DVVRFLDWHG� EHQHILWV� LQ� WHUPV� RI
SHUIRUPDQFH��IOH[LELOLW\��VSHHG�DQG�IHDVLELOLW\�RI�FHUWDLQ�LQVSHFWLRQV�
'LIIHUHQW� DSSOLFDWLRQV� WKDW� KDYH� LPSOHPHQWHG� WKLV� WHFKQRORJ\� ZLOO� DOVR� EH� SUHVHQWHG�� ZLWK
GHWDLOV� DERXW� WKH� SDUWLFXODU� SUREHV� XVHG�� 7KURXJK� WKHVH� DSSOLFDWLRQV�� WKH� EHQHILWV� RI� SKDVHG
DUUD\�WHFKQRORJ\�IRU�PDQ\�ILHOGV�ZLOO�EH�KLJKOLJKWHG��LQFOXGLQJ�WKH�QXFOHDU��DHURQDXWLFDO�DQG�LQ�
OLQH�WHVWLQJ�LQGXVWULHV�

,QWURGXFWLRQ
$� FHUWDLQ� QXPEHU� RI� LQGXVWULHV� UHTXLULQJ� DGYDQFHG� PHDQV� RI� 1RQ�'HVWUXFWLYH� 7HVWLQJ�� VXFK� DV� WKH
QXFOHDU�� DHURQDXWLF� RU� LQ�OLQH� WHVWLQJ� LQGXVWULHV�� FRQVWDQWO\� VHHN� LPSURYHPHQWV� LQ� WKH� SHUIRUPDQFH� RI
WKHLU�LQVSHFWLRQ�DQG�PRQLWRULQJ�V\VWHPV�
7KH�PRVW�FRPPRQ�UHTXHVWV�FRQFHUQ�DQ�LQFUHDVH�LQ�SURGXFWLYLW\��UHGXFWLRQ�LQ�WKH�VL]H�RI�XQWHVWHG�DUHDV
DQG�LPSURYHPHQWV�LQ�GHWHFWLRQ�DQG�VL]LQJ�SHUIRUPDQFH��)RU�WKH�QXFOHDU�LQGXVWU\��LW�LV�DOVR�D�PDMRU�VWDNH
WR�UHGXFH�LQVSHFWLRQ�WLPHV��GRVH�DQG�FRVWV�
)RU� WKH� ODVW� ��� \HDUV�� ,PDVRQLF� KDV� UHVSRQGHG� WR� WKHVH� QHHGV� E\� GHVLJQLQJ� DQG� GHYHORSLQJ� VROXWLRQV
EDVHG�RQ�3KDVHG�$UUD\�WHFKQRORJ\�
,Q�WKH�PHDQWLPH��7HFQDWRP�GHYHORSHG�QHZ�VROXWLRQV�EDVHG�RQ�WKLV�WHFKQRORJ\�IRU�WKH�QXFOHDU�LQGXVWU\�
QRWDEO\�IRU�&5'�LQVSHFWLRQ��QR]]OH�LQVSHFWLRQ�RU�WXUELQH�EODGH�LQVSHFWLRQ

7KH�3KDVHG�$UUD\�FRQFHSW
7KH�3KDVHG�$UUD\�FRQFHSW� LV�EDVHG�RQ�WKH�XVH�RI� WUDQVGXFHUV�PDGH�XS�RI� LQGLYLGXDO�HOHPHQWV� WKDW�FDQ
HDFK� EH� LQGHSHQGHQWO\� GULYHQ�� 7KHVH� SUREHV� DUH� FRQQHFWHG� WR� VSHFLDOO\�DGDSWHG� GULYH� XQLWV� HQDEOLQJ
LQGHSHQGHQW��VLPXOWDQHRXV�HPLVVLRQ�DQG�UHFHSWLRQ�DORQJ�HDFK�FKDQQHO��7KHVH�XQLWV�VKRXOG�DOVR�EH�DEOH�WR
HIIHFW��GXULQJ�ERWK�HPLVVLRQ�DQG�UHFHSWLRQ��WKH�GLIIHUHQW�HOHFWURQLF�WLPH�GHOD\V�IRU�HDFK�FKDQQHO�
)RU� VRPH� DSSOLFDWLRQV� LPSOHPHQWLQJ� HOHFWURQLF� VFDQQLQJ�� QRW� DOO� WKH� HOHPHQWV� RI� WKH� SUREH� DUH� XVHG
VLPXOWDQHRXVO\��,Q�WKLV�FDVH��WKH�GULYH�XQLW�XVHV�G\QDPLF�PXOWLSOH[LQJ�WR�GLVWULEXWH�WKH�DFWLYH�HOHPHQWV
DPRQJ�WKH�HOHPHQWV�RI�WKH�WUDQVGXFHU�
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(OHFWURQLF�VFDQQLQJ

(OHFWURQLF� VFDQQLQJ�� LOOXVWUDWHG� LQ� ILJXUH� ��� FRQVLVWV� RI�PRYLQJ� D� EHDP� LQ� VSDFH� E\� DFWLYDWLQJ� GLIIHUHQW
DFWLYH�DSHUWXUHV�LQ�WXUQ��HDFK�RQH�PDGH�XS�RI�VHYHUDO�HOHPHQWV�RI�D�SKDVHG�DUUD\�SUREH�
,W�DOORZV�D�PHFKDQLFDO�VFDQQLQJ�D[LV�WR�EH�UHSODFHG�HOHFWURQLFDOO\�
,Q� JHQHUDO�� WKLV� FRQFHSW� LV� XVHG� IRU� LQ�OLQH� WHVWLQJ� RI� SODWHV�� EDUV� RU� WXEHV�� DQG� FDQ� DOVR� EH� XVHG� IRU
LQVSHFWLQJ�ZHOGV�

(OHFWURQLF�IRFXVLQJ

(OHFWURQLF�IRFXVLQJ��VKRZQ�LQ�ILJXUH���� LV�EDVHG�RQ�WKH�XVH�RI�HOHFWURQLF�GHOD\V�DSSOLHG�GXULQJ�HPLVVLRQ
DQG�UHFHSWLRQ�DORQJ�HDFK�RI�WKH�FKDQQHOV�RI�WKH�SUREH��7KHVH�GHOD\V�KDYH�DQ�HIIHFW�VLPLODU�WR�WKDW�RI�D
IRFXVLQJ�OHQV�DQG�HQDEOHV�IRFXVLQJ�WR�GLIIHUHQW�GHSWKV�
(OHFWURQLF�IRFXVLQJ�DOORZV�RQO\�RQH�SKDVHG�DUUD\�SUREH�WR�EH�XVHG�ZKHUH�VHYHUDO�VLQJOH�HOHPHQW�SUREHV
ZLWK� GLIIHUHQW� IRFDO� GLVWDQFHV� ZRXOG� EH� QHFHVVDU\�� 7KH� PRVW� FRPPRQ� DSSOLFDWLRQV� DUH� KHDY\� SODWHV
LQVSHFWLRQ�

(OHFWURQLF�GHIOHFWLRQ

(OHFWURQLF�GHIOHFWLRQ��LOOXVWUDWHG�LQ�ILJXUH����XVHV�GHOD\�ODZV�IRU�HOHFWURQLF�IRFXVLQJ��,Q�WKLV�FDVH��WKH\�DUH
FDOFXODWHG�WR�JLYH�WKH�HPLWWHG�EHDP�DQ�DQJOH�RI�LQFLGHQFH�ZKLFK�FDQ�EH�YDULHG�VLPSO\�E\�PRGLI\LQJ�WKH
GHOD\�ODZ��DOO�WKH�GHOD\V�DSSOLHG�WR�HDFK�RI�WKH�FRQFHUQHG�FKDQQHOV��
(OHFWURQLF� IRFXVLQJ� HQDEOHV� RQO\� RQH� SUREH� WR� EH� XVHG� IRU� LQVSHFWLRQV� WUDGLWLRQDOO\� UHTXLULQJ� VHYHUDO
SUREHV�ZRUNLQJ�DW�GLIIHUHQW�DQJOHV��,Q�DGGLWLRQ��LW�DOORZV�WKH�EHDP�WR�EH�GHIOHFWHG�ZLWKRXW�XVLQJ�D�ZHGJH�
DOORZLQJ�SDUWV�WR�EH�LQVSHFWHG�IURP�YHU\�VPDOO�VSDFHV����

(OHFWURQLF� VFDQQLQJ�� IRFXVLQJ� DQG� GHIOHFWLRQ� FDQ� EH� FRPELQHG� WR� UHVROYH� DSSOLFDWLRQV� VXFK� DV� WKH
LQVSHFWLRQ� RI�ZHOGV� RU� WXEHV�� ([DPSOHV�ZLOO� EH� GHDOW�ZLWK� LQ� WKH� SDUDJUDSK� ³([DPSOHV� RI� DSSOLFDWLRQV´
EHORZ�

)LJXUH�����'LDJUDPPDWLF�YLHZ�RI�HOHFWURQLF�VFDQQLQJ�
JURXSV�RI�HOHPHQWV�DUH�VXFFHVVLYHO\�DFWLYDWHG�WR�PRYH

WKH�EHDP�DORQJ�WKH�WUDQVGXFHU

)LJXUH�����'LDJUDPPDWLF�YLHZ�RI�HOHFWURQLF�GHIOHFWLRQ�
HOHFWURQLF�GHOD\�ODZV�DUH�DSSOLHG��OHIW��WR�GHIOHFW�WKH

EHDP

)LJXUH�����'LDJUDPPDWLF�YLHZ�RI�HOHFWURQLF
IRFXVLQJ��HOHFWURQLF�GHOD\�ODZV�DUH�DSSOLHG��OHIW�

WR�IRFXV�WKH�EHDP
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3KDVHG�DUUD\�SUREHV
3KDVHG�DUUD\�WHFKQRORJ\�UHTXLUHV�WKH�XVH�RI�PXOWL�HOHPHQW�SUREHV�ZLWK�YDULDEOH�JHRPHWU\��EXW�PXVW�DOVR
PHHW�FHUWDLQ�FULWHULD��
(OHPHQWV� PXVW� EH� DEOH� WR� EH� GULYHQ� LQGLYLGXDOO\� DQG� LQGHSHQGHQWO\�� ZLWKRXW� JHQHUDWLQJ� YLEUDWLRQ� LQ
QHDUE\�HOHPHQWV�GXH�WR�DFRXVWLF�RU�HOHFWULFDO�FRXSOLQJ�
7KH�SHUIRUPDQFH�RI�HYHU\�HOHPHQW�PXVW�EH�DV�FORVH�DV�SRVVLEOH�LQ�RUGHU�WR�HQVXUH�WKH�FRQVWUXFWLRQ�RI�D
KRPRJHQHRXV�EHDP�
,PDVRQLF�� WKDQNV� WR� LWV�3LH]RFRPSRVLWH����� WHFKQRORJ\�����DQG� WR� LWV�PXOWL�HOHPHQW�SUREH�FRQVWUXFWLRQ
WHFKQRORJ\��GHVLJQV�DQG�PDQXIDFWXUHV�SUREHV�WKDW�PHHW�WKHVH�WZR�FULWHULD�����

)LJXUH���VKRZV�WKH�GLIIHUHQW�SRVVLEOH�JHRPHWULHV�RI�WKH�PXOWL�HOHPHQW�SUREHV�GHVFULEHG�EHORZ�

/LQHDU�DUUD\�SUREHV

7KHVH�SUREHV�DUH�PDGH�XS�RI� D� VHW� RI� HOHPHQWV� MX[WDSRVHG�DQG�DOLJQHG�DORQJ�DQ�D[LV�� 7KH\�HQDEOH� D
EHDP�WR�EH�PRYHG��IRFXVHG��DQG�GHIOHFWHG�DORQJ�D�SODQH��7ZR�H[DPSOHV�RI� OLQHDU�SKDVHG�DUUD\�SUREHV
DUH�VKRZQ�LQ�ILJXUHV���DQG���

$QQXODU�DUUD\�SUREHV

$QQXODU�DUUD\�SUREHV�DUH�PDGH�XS�RI�D� VHW�RI� FRQFHQWULF� ULQJV��7KH\�DOORZ� WKH�EHDP�WR�EH� IRFXVHG� WR
GLIIHUHQW� GHSWKV� DORQJ� DQ� D[LV�� 7KH� VXUIDFH� RI� WKH� ULQJV� LV� LQ� PRVW� FDVHV� FRQVWDQW�� ZKLFK� LPSOLHV� D
GLIIHUHQW�ZLGWK�IRU�HDFK�ULQJ��$Q�H[DPSOH�RI�DQQXODU�DUUD\�SUREH�LV�VKRZQ�LQ�ILJXUH���

0DWUL[�DUUD\�SUREHV

7KHVH�SUREHV�KDYH�DQ�DFWLYH�DUHD�GLYLGHG�LQ�WZR�GLPHQVLRQV�LQ�GLIIHUHQW�HOHPHQWV��7KLV�GLYLVLRQ�FDQ��IRU
H[DPSOH��EH�LQ�WKH�IRUP�RI�D�FKHFNHUERDUG��RU�VHFWRUHG�ULQJV��7KHVH�SUREHV�DOORZ�WKH�XOWUDVRQLF�EHDP�WR
EH�GULYHQ� LQ��'�E\� FRPELQLQJ�HOHFWURQLF� IRFXVLQJ�DQG�GHIOHFWLRQ�� $Q� H[DPSOH� RI�PDWUL[� DUUD\� SUREH� LV
VKRZQ�EHORZ�LQ�ILJXUH���

&LUFXODU�DUUD\�SUREHV

7KHVH�SUREHV�DUH�PDGH�XS�RI� D� VHW� RI� HOHPHQWV� DUUDQJHG� LQ� D� FLUFOH�� 7KHVH� HOHPHQWV� FDQ� EH� GLUHFWHG
HLWKHU�WRZDUGV�WKH�LQWHULRU��RU�WRZDUGV�WKH�H[WHULRU��RU�DORQJ�WKH�D[LV�RI�V\PPHWU\�RI�WKH�FLUFOH��,Q�WKH
ODWWHU�FDVH��D�PLUURU�LV�JHQHUDOO\�XVHG�WR�JLYH�WKH�EHDP�WKH�UHTXLUHG�DQJOH�RI�LQFLGHQFH��VHH�ILJXUHV���DQG
���

)LJXUH� �� �� ([DPSOHV� RI� JHRPHWULHV� RI� SKDVHG� DUUD\
WUDQVGXFHU�HOHPHQWV�

�� /LQHDU�DUUD\
�� $QQXODU� DUUD\� ZLWK� XQLIRUP� SLWFK� �QRQ� FRQVWDQW

VXUIDFHV�
�� 0DWUL[�DUUD\V��FKHFNHUERDUG�DQG�VHFWRUHG�ULQJV�
�� &LUFXODU�DUUD\

� � �D �E �

)LJXUH�����)(50$7�PDWUL[
SUREH�IRU�LQVSHFWLQJ�WLWDQLXP
ELOOHWV�XVLQJ�WKH�WLPH�UHYHUVDO

PLUURU�WHFKQLTXH
�0�)LQN�(63&,�
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0DLQ�FKDUDFWHULVWLFV

%H\RQG�WKHLU�JHRPHWU\��3KDVHG�$UUD\�SUREHV�RIIHU�WKH�VDPH�IOH[LELOLW\�RI�XVH�DV�VLQJOH�HOHPHQW�SUREHV�
7KH\�FDQ�EH�XVHG�LQ�LPPHUVLRQ�RU�LQ�FRQWDFW��WKHLU�DFWLYH�DUHD�FDQ�EH�IODW�RU�IRFXVHG��DQG�WKH\�FDQ�DOVR
WDNH� LQWR�DFFRXQW� WKH�VWURQJ�FRQVWUDLQWV�RI� WKH� LQGXVWULDO�HQYLURQPHQW�� VXFK�DV� WHPSHUDWXUH�� SUHVVXUH�
YLEUDWLRQ�DQG�UDGLDWLRQ�

([DPSOHV�RI�DSSOLFDWLRQV

,QVSHFWLRQ�RI�&5'�IURP�LQVLGH�WKH�FRQWURO�URG�KRXVLQJ�LQ�%:5

7KH�SXUSRVH�RI�WKH�LQVSHFWLRQ�LV�WR�GHWHFW�DQG�VL]H�FLUFXPIHUHQWLDO�FUDFNV�RSHQ�WR�WKH�H[WHUQDO�VXUIDFH�LQ
WKH� VWXE� WXEH� DQG� WKH� KRXVLQJ� RI� WKH� &5'�� 7KH� LQVSHFWLRQ� LV� FDUULHG� RXW� IURP� LQVLGH� WKH� FRQWURO� URG
KRXVLQJ��7KH�JHRPHWU\�RI�WKH�FRPSRQHQW�LV�LOOXVWUDWHG�LQ�ILJXUH���
7ZR�VXFFHVVLYH�PHWKRGV�ZHUH�LPSOHPHQWHG�E\�7HFQDWRP�WR�LPSURYH�LQVSHFWLRQ�SHUIRUPDQFHV�
7KH�XVH�RI�DQ�DQQXODU�DUUD\�SUREH�ZLWK�URWDWLQJ�PLUURU��DOORZLQJ�WR�FKDQJH�WKH�DQJOH�RI� LQVSHFWLRQ�ZLWK
WKH�LQFOLQDWLRQ�RI�WKH�PLUURU��DQG�WKH�IRFXVLQJ�UDQJH�ZLWK�WKH�HOHFWULFDO�IRFXVLQJ��7KLV�PHWKRG�LV�LOOXVWUDWHG
LQ�ILJXUH���EHORZ�
7KH�XVH�RI�FRQWDFW�OLQHDU�DUUD\�SUREHV���DOORZLQJ�DQ�LQFUHDVH�RI�WKH�LQVSHFWLRQ�YROXPH�E\�LQVSHFWLQJ�WKH
VWXE� WXEH�DQG� WKH�KRXVLQJ��DOORZLQJ� WKH�FRPSOHWH� LQVSHFWLRQ� LQ�RQH�VFDQ��DQG�DOORZLQJ� WKH�XVH�RI� ODVW
LQQRYDWLRQV�RI�WKH�DUUD\�WHFKQRORJ\�LQ�GDWD�DFTXLVLWLRQ�V\VWHPV�DQG�HYDOXDWLRQ�DQG�VLPXODWLRQ�SURJUDPV�
ZKLOH�PDLQWDLQLQJ�WKH�TXDOLW\�VWDQGDUGV�RI�SUHYLRXV�GHYHORSPHQWV��7KLV�PHWKRG�LV�LOOXVWUDWHG�LQ�ILJXUH����

Mirror

Tube

probe

)LJXUH�����3ULQFLSOH�RI�WXEH�LQVSHFWLRQ�IURP�WKH
RXWVLGH�ZLWK�D���0+]�����HOHPHQW�IODW�FLUFXODU

DUUD\�DQG�D�PLUURU

)LJXUH�����3ULQFLSOH�RI�D�WXEH�LQVSHFWLRQ�IURP�WKH�LQVLGH
ZLWK�D���0+]�����HOHPHQW�IODW�FLUFXODU�DUUD\�DQG�D

PLUURU

)LJXUH�����GHVFULSWLRQ�RI�WKH
FRPSRQHQW�JHRPHWU\

)LJXUH�����LQVSHFWLRQ�ZLWK�DQQXODU
DUUD\�DQG�URWDWLQJ�PLUURU

)LJXUH������LQVSHFWLRQ�ZLWK�FRQWDFW
OLQHDU�SKDVHG�DUUD\�SUREH
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,QVSHFWLRQ�RI�%:5�QR]]OHV�IURP�WKH�RXWVLGH

7KH�REMHFWLYH�RI�WKLV�LQVSHFWLRQ�LV�WR�GHWHFW�WKHUPDO�IDWLJXH�LQGXFHG�FUDFNV�LQ�WKH�QR]]OHV�RI�ERLOLQJ�ZDWHU
UHDFWRU��%:5��YHVVHOV��GXULQJ�LQVSHFWLRQV�SHUIRUPHG�IURP�WKH�RXWHU�VXUIDFH�RI�WKH�YHVVHO�

)URP�WKH�XOWUDVRQLF�SRLQW�RI�YLHZ�WKH�PDLQ�GLIILFXOWLHV�WR�EH�DGGUHVVHG�ZHUH�DV�IROORZV�
7KH�LQVSHFWLRQ�RI�D�JHRPHWULFDOO\�FRPSOH[�YROXPH�IURP�D�QR�OHVV�FRPSOH[�VFDQQLQJ�VXUIDFH�
7KH�UHVXOWV�DQDO\VLV��HVSHFLDOO\�ZLWK�UHJDUG�WR�WKH�SRVLWLRQLQJ�DQG�VL]LQJ�RI�GHIHFWV�

7KH� XOWUDVRQLF� WHFKQLTXHV� VHOHFWHG� E\� 7HFQDWRP� IRU� WKH� LQVSHFWLRQ� ZLWK� WKH� DUUD\� SUREHV� ZHUH� WKRVH
UHODWHG�WR�WKH�FRQWDFW�SXOVH�HFKR�PHWKRG��7KH�DUUD\�SUREHV�XVHG�ZHUH�RI����FU\VWDOV��DQG�IUHTXHQF\�RI���
0+]��7KH�WHFKQLTXHV�XVHG�LQ�WKLV�FDVH�DUH�LOOXVWUDWHG�LQ�ILJXUH����

7KH�PHWKRG�ZDV�GHYHORSHG�XVLQJ�VLPXODWLRQ�SURJUDPV�IRU�XOWUDVRQLF�EHDP�FKDUDFWHUL]DWLRQ�DQG�IRFDO�ODZV
FDOFXODWLRQ��2WKHU�VLPXODWLRQV�ZHUH�LPSOHPHQWHG�WR�FDOFXODWH�WKH�VFDQ�SODQV�
½ 7KH�WHFKQLTXH�ZDV�YDOLGDWHG�RQ�D�PRFN�XS�ZLWK�QRWFKHV�UHSUHVHQWLQJ�SRVVLEOH�GHIHFWV�
½ 7KH�DGYDQWDJHV�RI�WKLV�SKDVHG�DUUD\�EDVHG�LQVSHFWLRQ�WHFKQLTXH�DUH
½ 7KH�UHGXFWLRQ�RI�WKH�QXPEHU�RI�PHFKDQLFDO�GHYLFHV��SUREHV�DQG�ZHGJHV
½ 7KH�GHYHORSPHQW�RI�DQ�HIIHFWLYH�GHIHFW�VL]LQJ�SURFHGXUH
½ 7KH�UHGXFWLRQ�RI�LQVSHFWLRQ�WLPHV�DQG�GRVHV

,Q�VHUYLFH�,QVSHFWLRQ�RI�WXUELQH�EODGHV�JURRYHV�WKURXJK�WKH�FHQWUDO�ERUH

7KH�REMHFWLYH�RI�WKLV�LQVSHFWLRQ�LV�WR�GHWHFW�WKHUPDO�IDWLJXH�LQGXFHG�FUDFNLQJ�LQ�WKH�WXUELQH�EODGH�JURRYHV
RI�PHGLXP�DQG�KLJK�SUHVVXUH�WXUELQH�URWRUV���7KH�JHRPHWU\�RI�WKH�FRPSRQHQWV�WR�EH�LQVSHFWHG�LV�VKRZQ
LQ�ILJ������

)LJ����VFKHPDWLF�UHSUHVHQWDWLRQ�RI�1R]]OH�LQVSHFWLRQ�IURP�WKH�RXWVLGH�ZLWK�OLQHDU�SKDVHG�DUUD\�SUREHV

)LJXUH������JHRPHWU\�RI�LQVSHFWHG�EODGHV
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7KH�PDLQ�GLIILFXOWLHV�WR�EH�IDFHG�IURP�WKH�XOWUDVRQLF�SRLQW�RI�YLHZ�ZHUH�DV�IROORZV�
½ 7KH�OHQJWK\�VRXQG�SDWK�WKURXJK�WKH�PDWHULDO�
½ 7KH�ODUJH�GLIIHUHQFH�LQ�WKH�WKLFNQHVV�RI�WKH�GLIIHUHQW��FURZQV�
½ 7KH�OLPLWDWLRQV�RQ�WKH�XOWUDVRQLF�EHDP�DFFHVV�WR�WKH�HQWLUH�YROXPH�RI�LQWHUHVW�IURP�WKH�FHQWUDO�ERUH�

7KH�XOWUDVRQLF� WHFKQLTXH� VHOHFWHG�E\�7HFQDWRP� IRU� GHYHORSPHQW�ZLWK� DUUD\� SUREHV�ZDV� WKH� LPPHUVLRQ
SXOVH�HFKR�PHWKRG��ZLWK�OLJKW�RLO�EHLQJ�XVHG�DV�WKH�LQWHUPHGLDWH�IOXLG��)ROORZLQJ�GHILQLWLRQ�RI�WKH�GHIHFWV
FRQVLGHUHG�DV�EHLQJ�FULWLFDO��LW�ZDV�GHFLGHG�WKDW�WKUHH�DUUD\�SUREHV�ZRXOG�EH�UHTXLUHG�IRU�GHWHFWLRQ��7ZR
���DQG�����ORQJLWXGLQDO�ZDYH�SUREHV�DQG�RQH�����WUDQVYHUVH�ZDYH�SUREH���7KH����SUREH�ZRXOG�EH�XVHG�WR
GHWHFW�GHIHFWV� LQ�ERWK� W\SHV�RI�EODGH�JURRYHV��ZKLOH� WKH�RWKHU� WZR�ZRXOG�EH�XVHG�RQO\� IRU� ³7´�VKDSHG
FLUFXPIHUHQWLDO�EODGH�JURRYHV�
7KUHH�SUREHV�ZHUH�GHVLJQHG�DQG�PDQXIDFWXUHG�E\�,PDVRQLF��WKHVH�KDYLQJ�DQ�H[WHUQDO�GLDPHWHU�RI����
PP�LQ�RUGHU�WR�KDYH�D�VPDOO� IRFXV�GLDPHWHU� LQ�WKH�DUHD�RI� LQWHUHVW�� �7KH�DFWLYH�VXUIDFH�RI� WKHVH� WKUHH
SUREHV�LV�)HUPDW�FXUYDWXUH�VKDSHG�WR�FRUUHFW�WKH�GLVWRUWLRQ�RI�WKH�XOWUDVRQLF�EHDP�WKDW�RFFXUV�ZKHQ�WKLV
EHDP�LPSLQJHV�RQ�WKH� LQWHUIDFH�EHWZHHQ�WKH�VWHHO�DQG�WKH�RLO�� ,Q�DGGLWLRQ�� WKH����SUREH�ZDV�GHVLJQHG
DQG�PDQXIDFWXUHG�ZLWK����DQQXODU�ULQJV�ZLWK�D�YLHZ�WR�DOORZLQJ�IRU�YDULDEOH�IRFXVVLQJ�DQG�WKXV�EH�DEOH�WR
FRYHU�WKH�GLIIHUHQW�WKLFNQHVVHV�FRUUHVSRQGLQJ�WR�WKH�WZR�W\SHV�RI�EODGH�JURRYHV��)LJXUHV����VKRZV�RQH�RI
WKH�WKUHH�SUREHV�

7KH�WKUHH�SUREHV�ZHUH��DWWDFKHG�WR�D�SUREH�KROGLQJ�PRGXOH���7KLV�GHYLFH�PDNHV�LW�SRVVLEOH�WR�FDUU\�RXW
DOO�WKH�DFTXLVLWLRQV�LQ�RQH�VFDQ��ZLWKRXW�WKH�QHHG�WR�ORVH�WLPH�HPSW\LQJ�DQG�UHILOOLQJ�WKH�FHQWUDO�ERUH�ZLWK
RLO���ILJXUH����VKRZV�WKH�SUREH�KROGLQJ�PRGXOH�XVHG��&LUFXPIHUHQWLDO�VFDQQLQJ�LV�SHUIRUPHG�E\�URWDWLQJ
WKH�URWRU�WKURXJK������

7KH�WHFKQLTXH�GHYHORSHG�KDV�EHHQ�YDOLGDWHG�XVLQJ�WKH�FDOLEUDWLRQ�EORFN���7KH�UHVXOWV�REWDLQHG�ZHUH�KLJKO\
SRVLWLYH��VLQFH�DOO�WKH�GHIHFWV�SUHVHQW�LQ�WKH�DIRUHPHQWLRQHG�EORFN�ZHUH�GHWHFWHG���7KH�PDQXIDFWXUHU�KDV
DFFHSWHG�WKLV�XOWUDVRQLF�SURFHGXUH�IRU�WKH�LQVSHFWLRQ�RI�WXUELQH�EODGH�JURRYHV��DV�D�UHSODFHPHQW�IRU�WKH
WHFKQLTXH� SUHYLRXVO\� XVHG�ZKLFK� LPSOLHG� H[WUDFWLQJ�� GHVWUR\LQJ� DQG� UHSODFLQJ� WKH� EODGHV�� � ,QVSHFWLRQV
KDYH�EHHQ�FDUULHG�RXW�LQ�WKHUPDO�SRZHU�SODQWV��GHPRQVWUDWLQJ�WKH�DSSOLFDELOLW\�RI�WKLV�WHFKQLTXH�

7KH�DGYDQWDJHV�RI�DSSO\LQJ�WKHVH�LQVSHFWLRQ�WHFKQLTXHV�DUH�DV�IROORZV�
½ $�GHVWUXFWLYH�WHVWLQJ�PHWKRG�LV�UHSODFHG�E\�D�QRQ�GHVWUXFWLYH�WHFKQLTXH�
½ ,QVSHFWLRQ�WLPHV�DUH�UHGXFHG�
½ ,W�LV�SRVVLEOH�WR�LQVSHFW������RI�WKH�JURRYHV�
½ ,Q�FDVH�RI� UHSDLU� LW�ZRXOG�EH�SRVVLEOH� WR�GHWHUPLQH� WKH�SRVLWLRQ�RI� WKH�GDPDJHG�VHFWRU�DFFXUDWHO\�

WKXV�DYRLGLQJ�WKH�XQQHFHVVDU\�H[WUDFWLRQ�RI�EODGHV�

,QVSHFWLRQ�RI�WXUELQH�EODGH�JURRYHV��GRYHWDLO�W\SH��IURP�WKH�RXWHU�VXUIDFH

7KH� REMHFWLYH� RI� WKLV� LQVSHFWLRQ� LV� WR� GHWHFW� WKHUPDO� IDWLJXH� FUDFNV� LQ� WKH� WXUELQH� EODGH� GRYHWDLO� W\SH
JURRYHV�� 7KH� JHRPHWU\� RI� WKHVH� FRPSRQHQWV� LQ� VKRZQ� LQ� ILJXUH� ���� 7KH� WHFKQLFDO� REMHFWLYH� ZDV� WR
GHYHORS�DQ� LQVSHFWLRQ� WHFKQLTXH�DEOH� WR�JXDUDQWHH� WKH�GHWHFWLRQ�RI� DOO� SRVVLEOH�GHIHFWV� WR�EH� IRXQG� LQ
WKHVH�FRPSRQHQWV�

%\� XVLQJ� GLIIHUHQW� VLPXODWLRQ� SURJUDPV� VRPH� IHDWXUHV� VXFK� DV� WKH� LQVSHFWHG� YROXPH�� SRVVLEOH
LQWHUIHUHQFHV� DQG� SUREHV� SRVLWLRQ�ZHUH� VWXGLHG�� ,Q� WKLV� ZD\� WKH� RSWLPDO� LQFLGHQFH� RQ� WKH� GHIHFWV�ZDV
JXDUDQWHHG�� 'XULQJ� WKH� GHVLJQ� SKDVH�� LW� ZDV� WDNHQ� LQWR� DFFRXQW� WKH� IDFW� WKDW� WKH� JHRPHWU\� RI� WKHVH
FRPSRQHQWV� LV� QRW� DOZD\V� ZHOO� NQRZQ�� 7KHUHIRUH� WKH� XOWUDVRQLF� WHFKQLTXH� VKRXOG� SURYLGH� LQIRUPDWLRQ
DERXW�WKLV�JHRPHWU\�

)LJXUH������:LGH�DSHUWXUH�DQQXODU�DUUD\
SUREH�����PP��ZLWK�VKDSLQJ�RI�WKH

WL

)LJXUH������WKUHH�SUREHV��RQ�WKH�SUREH�KROGHU



3KDVHG�DUUD\�WHFKQRORJ\���FRQFHSWV��SUREHV�DQG�DSSOLFDWLRQV
,PDVRQLF�6�$���)UDQFH��±�7(&1$720��6SDLQ�

�WK�(&1'7�±�%DUFHORQD�±�������-XQH�����

,Q�RUGHU�WR�PHHW�DOO� WKH�UHTXLUHPHQWV��D�SKDVHG�DUUD\�SUREH�ZLWK����FU\VWDOV�ZDV�VHOHFWHG��7KLV�SUREH
ZDV�FRXSOLQJ�WR�WKH�LQVSHFWLRQ�VXUIDFH�E\�PHDQV�RI�D�ZHGJH��'LIIHUHQW�WUDQVYHUVDO�ZDYHV�ZHUH�XVHG�WR
DVVXUH�WKH�GHIHFWV�GHWHFWLRQ��7KH�UDQJH�RI�WKHVH�ZDYHV�ZDV�IURP�����WR�����ZLWK� LQFUHPHQWV�RI�����,Q
WKLV�ZD\�DOO�WKH�YROXPH�FRXOG�EH�LQVSHFWHG�RQO\�LQ�RQH�VWHHULQJ�IURP�HDFK�DQJXODU�SRVLWLRQ�RI�WKH�WXUELQH
GLVN���0RUHRYHU�LQ�WKLV�ZD\�YDOXDEOH� LQIRUPDWLRQ�DERXW�WKH�JHRPHWU\�ZDV�REWDLQHG��)LJXUH���� LOOXVWUDWH
WKLV�WHFKQLTXH�

0RFN�XSV�ZLWK�GHIHFWV�RI���PP����PP�DQG���PP�GHSWK�ZHUH�XVHG�LQ�WKH�GHYHORSPHQW�RI�WKH�SURMHFW�DQG
YDOLGDWLRQ�RI�WKH�WHFKQLTXH���)LJXUH����VKRZV�WKH�LPDJH�RI�DQ�DFTXLVLWLRQ�ZLWK�DOO�DQJOHV��ZKHUH�WKH�SURILOH
RI�WKH�PRFN�XS�KDV�EHHQ�GUDZQ��)LJXUH�����VKRZV�WKH�DFTXLVLWLRQ�RI�WKUHH�RI�WKH�QRWFKHV�H[LVWLQJ�LQ�RQH
RI�WKH�PRFN�XSV�

7KH�DGYDQWDJHV�RI�XVLQJ�WKHVH�WHFKQLTXHV�DUH�
½ $�GHVWUXFWLYH�WHVWLQJ�PHWKRG�LV�UHSODFHG�E\�D�QRQ�GHVWUXFWLYH�WHFKQLTXH�
½ ,QVSHFWLRQ�WLPHV�DUH�UHGXFHG�
½ ,W�LV�SRVVLEOH�WR�LQVSHFW������RI�WKH�JURRYHV�
½ ,Q�FDVH�RI� UHSDLU� LW�ZRXOG�EH�SRVVLEOH� WR�GHWHUPLQH� WKH�SRVLWLRQ�RI� WKH�GDPDJHG�VHFWRU�DFFXUDWHO\�

WKXV�DYRLGLQJ�WKH�XQQHFHVVDU\�H[WUDFWLRQ�RI�EODGHV
½ 0DLQWHQDQFH�FRVWV�RI�WKHVH�FRPSRQHQWV�KDYH�EHHQ�UHGXFHG�VLJQLILFDQWO\�
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7KH�DGYDQWDJHV�RI�XVLQJ�3KDVHG�$UUD\�WHFKQRORJ\�DUH�WKH�WHFKQLFDO�DQG�HFRQRPLF�EHQHILWV�JDLQHG�
½ WUDGLWLRQDO�PHFKDQLFDO�VFDQQLQJ�LV�UHSODFHG�E\�WKH�PXFK�IDVWHU�HOHFWURQLF�VFDQQLQJ
½ HOHFWURQLF�IRFXVLQJ�DOORZV�WKH�XVH�RI�D�VLQJOH�SUREH�IRU�ZRUNLQJ�DW�GLIIHUHQW�GHSWKV
½ HOHFWURQLF�GHIOHFWLRQ�DOORZV�WKH�DQJOHV�RI�LQFLGHQFH�WR�EH�YDULHG�ZLWK�RQO\�RQH�SUREH�
½ &RVWV�DUH�WKXV�VLJQLILFDQWO\�UHGXFHG�EHFDXVH�RI�WKH�LQVSHFWLRQ�DQG�DGMXVWPHQW�WLPH�VDYHG�
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5HIHUHQFHV
��� $�*DUFLD��-�9D]TXH]��7(&1$720��³�$SSOLFDWLRQV�RI�WKH�SKDVHG�DUUD\�WHFKQLTXH´�������
��� -�3RJXHW��*�)OHXU\�� -�/�*XH\��3�&RQFKH�� ,0$621,&��©�3LH]RFRPSRVLWH� WHFKQRORJ\��$Q� LQQRYDWLYH

DSSURDFK�WR�WKH�LPSURYHPHQW�RI�1�'�7��SHUIRUPDQFH�XVLQJ�XOWUDVRXQGV�ª��SURFHHGLQJV�RI��UG�LQW�
&RQIHUHQFH�RQ�1'(�UHODWLYH�WR�6WUXFWXUDO�LQWHJULW\�RI�3UHVVXUL]HG�FRPSRQHQWV���6HYLOOH������

��� -�3RJXHW�� -�0DUJXHW�� )�3LFKRQQDW�� /�&KXSLQ�� ,0$621,&�� ©3KDVHG� $UUD\� WHFKQRORJ\�� FRQFHSWV�
SUREHV� DQG� DSSOLFDWLRQVª�� SURFHHGLQJV� RI� �UG� LQW�� &RQIHUHQFH� RQ� 1'(� UHODWLYH� WR� 6WUXFWXUDO
LQWHJULW\�RI�3UHVVXUL]HG�FRPSRQHQWV���6HYLOOH������

��� -�3RJXHW��*�)OHXU\��2�%XUDW��*�0RUHDX��)5$0$720(�³&LUFXODU�SKDVHG�DUUD\�SUREHV�IRU�LQVSHFWLRQ
RI�6XSHUSKRHQL[�VWHDP�JHQHUDWRU�WXEHV´�3URF��2I�(35,�3KDVHG�$UUD\�LQVSHFWLRQ�VHPLQDU�������

��� 0�)LQN��1�&KDNURXQ��)�:X��/�%HII\��*�0DQJHQHW��©�$SSOLFDWLRQ�RI�XOWUDVRQLF�WLPH�UHYHUVDO�PLUURUV
WR�QRQ�GHVWUXFWLYH�WHVWLQJ�ª�3URFHHGLQJV�RI��WK�(XURSHDQ�&RQIHUHQFH�RQ�1'7��1LFH������

)LJXUH������VFKHPDWLF
UHSUHVHQWDWLRQ�RI�EODGH�JURRYHV

JHRPHWU\�DQG�LQVSHFWLRQ
WHFKQLTXH

)LJXUH������VFKHPDWLF
UHSUHVHQWDWLRQ�RI�EODGH�JURRYHV

JHRPHWU\�DQG�LQVSHFWLRQ
WHFKQLTXH

)LJ�������DFTXLVLWLRQ
RI���QRWFKHV�RI�WKH

PRFN�XS


