
/LJKW�H[WUDFWLRQ�WHFKQRORJLHV�IRU�KLJK�HIILFLHQF\�*D,Q1�/('�GHYLFHV

9��+lUOH��%��+DKQ�6��.DLVHU��$��:HLPDU��'��(LVHUW��6��%DGHU��$��3O|VVO��)��(EHUKDUG
265$0�2SWR�6HPLFRQGXFWRUV��:HUQHUZHUNVWU�����������5HJHQVEXUJ

$%675$&7

'DWD�DUH�SUHVHQWHG�IRU�DQ�*D,Q1�EDVHG�WKLQILOP�/('��7KH�/('�LV�IDEULFDWHG�E\�WUDQVIHUULQJ�WKH�HSLOD\HUV�ZLWK�ODVHU�OLIW
RII�IURP�VDSSKLUH�WR�D�*D$V�KRVW�VXEVWUDWH��,Q�FRPELQDWLRQ�ZLWK�HIILFLHQW�VXUIDFH�URXJKHQLQJ�DQG�KLJKO\�UHIOHFWLYH�S�
PLUURU�PHWDOOLVDWLRQ�DQ�H[WUDFWLRQ�HIILFLHQF\�RI�����DQG�ZDOO�SOXJ�HIILFLHQF\�RI�����DW����QP�KDYH�EHHQ�VKRZQ��7KH
FKLSV�VKRZHG���P:�#���P$�ZLWK�DQ�9ROWDJH�RI����9��7KH�WHFKQRORJ\�LV�VFDODEOH�IURP�VPDOO�VL]H�/('V�WR�KLJK
FXUUHQW�&KLSV�DQG�LV�EHLQJ�WUDQVIHUUHG�WR�PDVV�SURGXFWLRQ�

6ROLG�VWDWH�OLJKWLQJ�KDV�VHHQ�D�UDSLG�GHYHORSPHQW�RYHU�WKH�ODVW�GHFDGH��7KH\�FRPSHWH�DQG�HYHQ�RXWSHUIRUP�OLJWK�VRXUFHV
OLNH� LQFDQGHVFHQW� EXOEV� DQG� KDORJHQ� ODPSV�� /('V� DUH� XVHG� LQ� DSSOLFDWLRQV� ZKHUH� EULJKWQHVV�� SRZHU� FRQVXPSWLRQ�
UHOLDELOLW\�DQG�FRVWV�DUH�NH\�SDUDPHWHUV�DV�DXWRPRWLYH��PRELOH� DQG�GLVSOD\�DSSOLFDWLRQV��,Q� WKH� IXWXUH�/('V�ZLOO�DOVR
HQWHU� WKH�PDUNHW� RI� JHQHUDO� OLJKWLQJ�� )RU� DOO� RI� WKHVH� QHZ� DSSOLFDWLRQV� KLJKO\� HIILFLHQW�� VFDODEOH� DQG� FRVW� HIILFLHQW
WHFKQRORJLHV�DUH�UHTXLUHG�

8S�WR�QRZ�WKHUH�KDYH�EHHQ�WZR�PDLQ�WHFKQRORJLHV�XVHG�IRU�WKH�IDEULFDWLRQ�RI�*D,Q1�EDVHG�/('V��2Q�WKH�RQH�KDQG�WKH
ZLGHO\� XVHG� VDSSKLUH� EDVHG� WHFKQRORJ\�� 7KLV� WHFKQRORJ\� DOORZV� WKH� JURZWK� RI� KLJK� TXDOLW\� HSLOD\HUV� RQ� D� UHODWLYH
LQH[SHQVLYH� VXEVWUDWH��$V� VDSSKLUH� LV�QRQ�FRQGXFWLYH�� D�KRUL]RQWDO�GHYLFH� JHRPHWU\�ZLWK� WZR� WRS� FRQWDFWV�KDV� WR� EH
XVHG�� 6DSSKLUH� LV� KDUG� WR� GLFH� DQG� HODERUDWH� WHFKQLTXHV� IRU� SURYLGLQJ� D� KRPRJHQRXV� FXUUHQW� GLVWULEXWLRQ� DW� WKH� SQ
MXQFWLRQ�KDYH�WR�EH�DSSOLHG��7KHVH�/('V�DUH�WRS�HPLWWHUV�DQG�HDV\�WR�PRXQW��$Q�LQKHUHQW�SUREOHP�RI�*D1�WHFKQRORJ\�LV
WKH� ORZ� FRQGXFWLYLW\� RI� S�*D1�� ZKLFK� DOORZV� OLJKW� JHQHUDWLRQ� RQO\� XQGHU� WKH� S�PHWDOOLVDWLRQ�� 7KLV� FKDUDFWHULVWLF
GHPDQGV�VHPLWUDQVSDUHQW�FRQWDFWV�IRU�WKH�VWDQGDUG�GHVLJQ�ZKHUH������RI�WKH�JHQHUDWHG�OLJKW�LV�DEVRUEHG���7KH�SUREOHP
FDQ�EH�RYHUFRPH�E\�IOLS�FKLS�PRXQWLQJ�RI�WKH�/('V� >��@�� ,Q� WKLV�FDVH�WKH� OLJKW� LV�H[WUDFWHG�YLD�WKH�VDSSKLUH�VXEVWUDWH
ZLWKRXW� DEVRUELQJ� ORVVHV�� 7KH� DEVRUELQJ� S�FRQWDFW� LV� UHSODFHG� E\� D� UHIOHFWLYH� FRQWDFW�� 7KH� OLJKW� H[WUDFWLRQ� FDQ� EH
GRXEOHG�FRPSDUHG�WR� WKH�VWDQGDUG�GHVLJQ��7KH�WHFKQRORJ\�DOORZV�DOVR� WKH�UHDOL]DWLRQ�RI� ODUJH�DUHD� FKLSV�ZLWK� VSHFLDO
FRQWDFW�JHRPHWULHV��$�PDMRU�GUDZEDFN�RI�IOLSSLQJ�VDSSKLUH�GHYLFHV�LV�WKH�H[SHQVLYH�DQG�WHFKQLFDO�GHPDQGLQJ�PRXQWLQJ�
7KH�OLJKW�H[WUDFWLRQ�RXW�RI�WKH�*D1�LQWR�WKH�VDSSKLUH�VXEVWUDWH�LV�DOVR�OLPLWHG�E\��WKH�GLIIHUHQFH�LQ�WKH�LQGH[�RI�UHIUDFWLRQ
�*D1 �����6DSSKLUH ����

*D$V

Q�*D1

S�*D1
PLUURU

04:

6ROGHU

�D� �E�

)LJXUH����D��$�VFKHPDWLF�FURVV�VHFWLRQ�YLHZ�RI�WKH�,Q*D1�WKLQILOP�/('��7KH�PLUURU�DFWV�DOVR�DV�S�FRQWDFW��E�
WRS�YLHZ�RI�WKH�/('
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6L&�EDVHG�WHFKQRORJ\�RQ�WKH�RWKHU�KDQG��SURYLGHV� D� WUXH�YHUWLFDO� FXUUHQW� VWUXFWXUH��7KH�SURSDJDWLRQ�RI� OLJKW� LQWR� WKH
VXEVWUDWH�LV�DOVR�PRUH�HIIHFWLYH�GXH�WR� WKH�KLJK�LQGH[�RI�GLIIUDFWLRQ�RI�6L&��ZKLFK�RQ�WKH�RWKHU�KDQG�PDNHV� WKH� OLJKW
H[WUDFWLRQ� LQWR� WKH� FDVWLQJ�PRUH� GLIILFXOW��7KLV� SUREOHP� KDV� EHHQ� RYHUFRPH� E\� WKH�$721� WHFKQRORJ\� GHYHORSHG� E\
265$0�26�LQ�WKH�\HDU������>��@�>��@���7KLV�FKLS�VKDSLQJ�WHFKQRORJ\�DOORZV�KLJK�H[WUDFWLRQ�HIILFLHQFLHV��DSSUR[������
DQG�HDV\�WR�KDQGOH�PRXQWLQJ�WHFKQROJ\��7KH�HIILFLHQF\�FDQ�EH�IXUWKHU�LPSURYHG�E\�IOLSSLQJ�WKH�GHYLFH�DQG�VXEVWLWXWLQJ
WKH� VHPLWUDQVSDUHQW� WRS� FRQWDFW� E\� DQ� UHIOHFWLYH� FRQWDFW�� 7KLV� IOLS� FKLS� LV� VFDODEOH�� DOORZV� DV�ZHOO� D� VPDOO� FKLS� VL]H
�����P��DV�KLJK�FXUUHQW�FKLSV�������P��ZLWK�D�OLJKW�IOX[�RI�XS�WR�����P:�DW�D�FXUUHQW�RI�����P$�>��@��+RZHYHU��WKH
VXEVWUDWH�LV�FRVWO\�DQG�WKH�PLQLPXP�RSHUDWLRQ�YROWDJH�LV�OLPLWHG�E\�WKH�VHULHV�UHVLVWDQFH�RI�WKH�VXEVWUDWH�

$Q� DOWHUQDWLYH� DSSURDFK� WR� HQKDQFH� OLJKW� RXWFRXSOLQJ� HIILFLHQF\� LV� WR� DSSO\� WKLQILOP� WHFKQRORJ\� WR� *D,Q1�� 7KLV
DSSURDFK�KDV�EHHQ��SURSRVHG�E\�<DEORQRYLWFK�HW�DO�>��@�DQG�LV�D�ZHOO�HVWDELOVKHG�WHFKQRORJ\�IRU�KLJK�HIILFLHQF\�/('V
IRU� WKH� DUVHQLGH� DQG� SKRVSKLGH� EDVHG�PDWHULDO� V\VWHPV>� �@�� 7KH� WHFKQRORJ\� � KDV� DOUHDG\� EHHQ� FRPPHUFLDOL]HG� � E\
265$0�26�IRU�WKH�$O,Q*D3�PDWHULDO�V\VWHP>��@�

,Q�WKLV�DSSURDFK�WKH�H[WUDFWLRQ�SUREDELOLW\�RI�SKRWRQV�LV�LQFUHDVHG�E\�JLYLQJ�WKH�SKRWRQV�PXOWLSOH�RSSRUWXQLWLHV�WR�ILQG
WKH�HVDFDSH�FRQH�RXW�RI�WKH�VHPLFRQGXFWRU��7KLV�PHDQV�SKRWRQV�ZKLFK�KDYH�GLUHFWLRQV�RXW�RI�WKH�H[WUDFWLRQ�FRQH�KDYH�WR
EH� UHGLUHFWHG�EDFN� LQWR� WKH� H[WUDFWLRQ� FRQH��$�PHWKRG� RI� FKRLFH� LV� WR� JHQHUDWH� FKDRWLF� WUDMHFWRULHV�ZKLFK� OHDG� WR� DQ
HUJRGLF�GLVWULEXWLRQ�RI�OLJKW��7KLV�DVVXUHV�WKH�PD[LPXP�VWDWLVWLFDOO\�IHDVLEOH�RXWSXW�FRXSOLQJ�IURP�WKH�/('�WKURXJK�WKH
H[WUDFWLRQ�FRQH�

)LJXUH���&DOFXODWHG�RXWFRXSOLQJ�HIILFLHQFLHV�DV�IXQFWLRQ�RI�S�FRQWDFW�UHIOHFWLYLW\�DFFRUGLQJ�WR�HT������DQG������7KH
FDOFXODWHG�GDWD�DUH�FRPSDUHG�WR�QRUPDOL]HG�H[SHULPHQWDO�GDWD��7KH�GDWD�ZHUH�QRUPDOL]HG�XVLQJ�VWDQGDUG
SURFHVVHG�/('V�IRU�HVWLPDWLRQ�RI�WKH�LQWHUQDO�TXDQWXP�HIILFLHQF\�
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)RU�D�VLPSOH�PRGHO�RI�VXFK�D�/('�ZH�FRQVLGHU�SKRWRQ�WUDMHFWRULHV�ZKLFK�DUH�FRPSOHWHO\�UDQGRPL]HG�ZLWK�UHVSHFW� WR
LQWHUQDO�DQJOHV�LQ�WKH�VHPLFRQGXFWRU�>��@��7KLV�PHDQV�LQ�VWHDG\�VWDWH�WKDW�WKH�H[WHUQDO�HIILFLHQF\�LV�JLYHQ�E\�WKH�UDWLR�RI
WKH�HPLVVLRQ�LQWR�WKH�H[WUDFWLRQ�FRQH�WR�WKH�WRWDO�HPLVVLRQ�

7KH�SKRWRQ�ORVV�UDWH�WKURXJK�WKH�WRS�VXUIDFH�� OLJKW�H[WUDFWLRQ��LV�JLYHQ�E\�
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��VLQ =q � DQG�7 � LV� WKH�DQJOH� DYHUDJHG� WUDQVPLVVLRQ� FRHIILFLHQW� WKURXJK� WKH� WRS� VHPLFRQGXFWRU

VXUIDFH�

7KH�ORVV�UDWH�GXH�WR�DEVRUEWLRQ�DW�D�PLUURU�RSSRVLWH�WR�WKH�HPLWWLQJ�FKLS�VXUIDFH�LV�JLYHQ�E\��
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:KHUH�5 LV�WKH�DQJOH�DYHUDJHG�UHIOHFWLYLW\�

7KH�WHFKQRORJ\�KDV�QRW�EHHQ�DSSOLHG�WR�QLWULGH�EDVHG�/('V��DV�PRVW�RI�WKH�³PXVWV´�IRU�WKH�IDEULDFWLRQ�RI�WKLQILOP�/('V
GHPDQG�QHZ�WHFKQRORJLFDO�DSSURDFKHV�

�� 7KH� SHUIRUPDQFH� LV�PDLQO\� OLPLWHG� E\� WKH� UHIOHFWLYLW\� RI� WKH� S�PLUURU�PHWDOLVDWLRQ�� )LJ��� � VKRZV� WKH� FDOFXODWHG
H[WUDFWLRQ�HIILFLHQF\�DV�D�IXQFWLRQ�RI�S�PLUURU�UHIOHFWLYLW\�DFFRUGLQJ�WR�HTXDWLRQ�����DQG������+LJK�SHUIRUPDQFH�FDQ
EH�RQO\�REWDLQHG�ZLWK�KLJK�UHIOHFWLYLWLHV��7KH�RQO\�PHWDOV�ZKLFK�VKRZ�JRRG�UHIOHFWLYLW\�LQ�WKH�EOXH�VSHFWUDO�UDQJH
DUH�DOXPLQXP�DQG�VLOYHU��%XW�WKHVH�PDWHULDOV�IRUP�RQO\�YHU\�SRRU�HOHFWULFDO�FRQWDFWV�RQ�S�*D1��2Q�WKH�RWKHU�KDQG
PHWDOV�ZKLFK�JLYH�JRRG�S�FRQWDFWV�DV�3W��1L�RU�$X��VKRZ�RQO\�YHU\�SRRU�UHIOHFWLYLWLHV�RI�����RU�OHVV�

�� 6SHFLDO�FDUH�KDV�WR�EH�WDNHQ�IRU�D�VXUIDFH�VWUXFWXULQJ��ZKLFK�DOORZV�HIILFLHQW�UHGLVWULEXWLRQ�RI�WKH�UHIOHFWHG�OLJKW�DW
WKH� HPLWWLQJ� VXUIDFH�� $V� *D1� LV� YHU\� UHVLVWLYH� WR� HWFKDQWV� DQG� DOVR� KDUG� WR� GU\� HWFK�� WHFKQRORJLHV� DV� QDWXUDO
OLWKRJUDSK\�>��@�FDQ�QRW�EH�XVHG�

�� )RU�JHWWLQJ�RSWLPXP� OLJKW� H[WUDFWLRQ�DQG�PLQLPXP�DEVRUEWLRQ�ORVVHV�� WKH� FRPSOHWH� VWUXFWXUH�KDV� WR�EH� WKLQ�� )RU
FRQYHQWLRQDO�V\VWHPV�WKLV�FDQ�EH�DFKLHYHG�E\�UHPRYLQJ�WKH�VXEVWUDWH�XVLQJ�HSLWD[LDO�OLIW�RII� >��@��7KLV�WHFKQRORJ\
FDQ�QRW�EH�XVHG�IRU�*D1�EDVHG�GHYLFHV�DV� WKH�FRPPRQO\�XVHG�VXEVWUDWHV�6L&�DQG�VDSSKLUH�DUH�FKHPLFDO�UHVLVWLYH
DQG�DOVR�YHU\�GLIILFXOW� WR�PDFKLQH�PHFKDQLFDOO\��$Q�DSSURDFK�LV� WR�XVH� ODVHU� OLIW� RII��ZKHUH� D� VDFULILFLDO� OD\HU�RI
*D1�DW�WKH�*D1�6DSSKLUH�LQWHUIDFH�LV�WKHUPDOO\�GHFRPSRVHG�ZLWK�DQ�89�ODVHU>��@>���@��:LWK�WKLV�WHFKQRORJ\�XS�WR
QRZ�RQO\�VRPH�VTXDUH�FHQWLPHWHUV�RI�*D1�HSLOD\HU�RU�VLQJOH�FKLSV�KDYH�EHHQ�WUDQVIHUUHG�ZLWKRXW�PLFURFUDFNV��)RU
LQGXVWULDO�DSSOLFDWLRQV�OLIW�RII�WHFKQROJLHV�KDYH�WR�RSHUDWH�RQ�ZDIHU�OHYHO�

$OO�OLIW�RII�WHFKQRORJLHV�GHPDQG�D�PHFKDQLFDO�VXSSRUW��7KH�FRQWDFWV�KDYH�WR�EH�VROGHUDEOH�DQG�FRPSDWLEOH�ZLWK�WKH�OLIW
RII�WHFKQRORJ\�

,Q�WKH�SUHVHQW�ZRUN��WKHVH�LVVXHV�KDYH�EHHQ�RYHUFRPH��+HUH��ZH�GHPRQVWUDWH�IRU�WKH�ILUVW�WLPH�KLJK�HIILFLHQF\�WKLQILOP
GHYLFHV�EDVHG�RQ�*D,Q1��7KH�GHVLJQ�LV�EH\RQG�D�VLPSOH�YHUWLFDO�VDSSKLUH�/('�VWUXFWXUH�DV�VKRZQ�E\�>����DV�VSHFLDO�FDUH
KDV�EHHQ�DWWULEXWHG�WR�KLJK�H[WUDFWLRQ�HIILFLHQF\�ZLWK�PLUURU�GHVLJQ�DQG�VSHFLDO�VXUIDFH�WH[WXULQJ�

Proc. of SPIE Vol. 4996     135

Downloaded from SPIE Digital Library on 21 Oct 2009 to 159.226.100.225. Terms of Use:  http://spiedl.org/terms



)LJ����E��VKRZV�D�WRS�YLHZ�DQG�)LJ���D��D�VFKHPDWLF�FURVV�VHFWLRQ�RI�WKH�GHYLFH��7KH�SURFHVVLQJ�LV�SHUIRUPHG�E\�ILUVW
JURZLQJ�D�*D,Q1�PXOWLSOH�TXDQWXPZHOO�VWUXFWXUH�RQ�VDSSKLUH�E\�0293(��$�UHIOHFWLYH�$J�EDVHG�S�FRQWDFW�LV�GHSRVLWHG
RQ� WRS� RI� WKH� *D1�0J� DUHD� DQG� VWUXFWXUHG� E\� SKRWROLWKRJUDSK\�� 7KHQ�PHVDV� DUH� HWFKHG� WKURXJK� WKH� FRPSOHWH� HSL�
VWUXFWXUH�GHILQLQJ�D�FKLS�VL]H�RI�����P[����P��7KH��/('V�DUH�VXEVHTXHQWO\�ERQGHG�ZLWK�HXWHFWLF��$X6Q�ERQGLQJ�WR�D
VWDQGDUG�*D$V�VXEPRXQW��7KHQ�WKH�*D1�LV�LOOXPLQDWHG�WKURXJK�WKH�WUDQVSDUHQW�VXEVWUDWH�ZLWK�D�SXOVHG�89�ODVHU�FDXVLQJ
D� GHFRPSRVLWLRQ� RI� WKH� *D1� DGMDFHQW� WR� WKH� VXEVWUDWH� DV� GHVFULEHG� E\� .HOO\� HW�� DO� >� ��@�� %\� DGMXVWLQJ� WKH� ODVHU
SDUDPHWHUV�ZH�FDQ�WUDQVIHU�UHSURGXFLEO\�FRPSOHWH�HSL�OD\HUV�RQ�ZDIHU�VFDOH�WR�WKH�VXEPRXQW��7KH�VXUIDFH�LV�GHILQHG�E\�D
SDWHQW� SHQGLQJ� VXUIDFH� SURFHVV�� 7KH� SURFHVVLQJ� HQGV�ZLWK� WKH�GHSRVLWLRQ� RI� � D� VWDQGDUG�7L$O�Q�FRQWDFW� RQ� WKH� ODVHU
HWFKHG�VXUIDFH�

7KHUH�DUH�PDQ\�DGYDQWDJHV�RI�WKH�WKLQILOP�GHVLJQ�IRU�*D,Q1�EDVHG�/('V��7KH�OLJKW�OHDYHV�WKH�FKLS�VROHO\�WKURXJK�WKH
URXJKHQHG�FKLS�VXUIDFH��7KHUHIRUH�QR�ORVVHV�LQ�DEVRUELQJ�1L�$X�RU�3W�FRQWDFWV�DV�LQ�VWDQGDUG�VDSSKLUH�DQG�6L&�EDVHG
/('V�FDQ�RFFXU��7KH�WKLFN�PHWDOOLVDWLRQ�RI�WKH�S�PLUURU�FRQWDFW�DOVR�DOORZV�D�YHU\�HIILFLHQW�FXUUHQW�GLVWULEXWLRQ���ZLWK
QR�RKPLF�ORVVHV�LQ�WKH�S�FRQWDFW�PHWDOOLVDWLRQ��$V�WKH�OLJKW�LV�HPLWWHG�WKURXJK�WKH�UDQGRPL]LQJ�VXUIDFH��WKH�/('�HPLWV
LQ�D�WUXH�/DPEHUWLDQ�SDWWHUQ�LQ�FRQWUDVW�WR�6L&�EDVHG�/('V��7KLV�HPLVLRQ�SDWWHUQ�LV�IDYRUDEOH�IRU�FDVWLQJ�DQG�DOORZV�DOVR
D�VFDODEOH�FKLS�GHVLJQ��)LUVW�WHVWV�VKRZHG�VFDODELOLW\�IRU�FKLS�VL]HV�EHWZHHQ�����P�DQG������P�ZLWKRXW�VFDOLQJ�ORVVHV�
7KH�FKLSV�FDQ�EH�VPDOO�FRPSDUHG�WR�VWDQGDUG�IOLS�FKLS�GHVLJQ��DV�D�YHUWLFDO�VWUXFWXUH�LV�XVHG�DQG�RQO\�RQH�ERQGSDG�DW�D
VLGH�LV�UHTXLUHG��7KH�KRUL]RQWDO�FRQILJXUDWLRQ�DOORZV�DOVR�HDV\�PRXQWLQJ�LQ�VWDQGDUG�SDFNDJHV�ZLWK�RQO\�RQH�ZLUHERQG
UHTXLUHG�RU�ZLWKRXW�WHFKQLFDO�GHPDQGLQJ�IOLS�FKLS�PRXQWLQJ�

7KH�FKLS�FDQ�EH�ZHOO�GHVFULEHG�ZLWK�WKH�PRGHO�DFFRUGLQJ�WR�HTXDWLRQ��������)LJ����VKRZV�WKH�JRRG�FRLQFLGHQFH�RI�WKH
H[SHULPHQWDO�GDWD�DQG�WKH�PRGHO�E\�YDU\LQJ�WKH�S�FRQWDFW�UHIOHFWLYLW\�
7KH� HOHFWURRSWLFDO� SDUDPHWHUV� RI� WKH� FKLSV� DUH� VKRZQ� LQ� )LJ���� 0D[LPXP� RXWSXW� RI� ����P:� DW� ���� QP� HPLVVLRQ
ZDYHOHQJWK�KDV�EHHQ�VKRZQ�XS�WR�QRZ��%\�SURFHVVLQJ�HSL�ZDIHUV�DV�VWDQGDUG�VDSSKLUH�ZDIHUV�DQG�WKLQILOP�/('V��ZH
REHUVHUYHG� DQ� HQKDQFHPHQW� RI� ����� RI� WKH� RSWLFDO� RXWSXW� FRPSDUHG� WR� VWDQGDUG� /('V�� 5D\WUDFLQJ� DQDO\VLV� DQG
FDOFXODWLRQV�DFFRUGLQJ�WR�HTX���������VKRZHG�H[WUDFWLRQ�HIILFLHQFLHV�RI�DW�OHDVW������7KH�/('V�DUH�WKHUHIRUH�HYHQ�PRUH
HIILFLHQW�WKDQ�VDSSKLUH�EDVHG�)OLSFKLS�/('V�DQG�DOORZ�HDVLHU�SURFHVV�LQ�FKLS�VWUXFWXULQJ�DV�ZHOO�DV�SDFNDJLQJ�

7KH�RSHUDWLRQ�YROWDJH�RI�WKH�/('�LV�DV�ORZ�DV����9�DW���P$��7KLV�FDQ�EH�PDLQO\�DWWULEXWHG�WR�WKH�XVH�RI�WKLFN�PHWDOO
OD\HUV�IRU�WKH�S�FRQWDFW��DV�QR�VHPLWUDQVSDUHQW�FRQWDFW�DUH�QHHGHG�LQ�WKH�GHVLJQ��,Q�WKH�YHUWLFDO�GHVLJQ��RI�WKH�WKLQILOP
/('�WKHUH�LV��DOVR�QR�QHHG�IRU�FXUUHQW�VSUHDGLQJ�OD\HUV��WR�UHDFK��KRPRJHQRXV�OLJWK�JHQHUDWLRQ�
7KH�FKLSV�VKRZHG�D��ZDOOSOXJ�HIILFLHQFL\�RI������DW����QP��6WDQGDUG�GHJUDGDWLRQ�WHVWV�VKRZHG�DOVR�KLJK�VWDELOLW\�RI�WKH
GHVLJQ�

�������
�D� �E�

)LJXUH����D��7KH�IDUILHOG�VKRZV�D�/DPEHUWLDQ�HPLVVLRQ���E��7KH�QHDUILHOG�VKRZV�KRPRJHQRXV�HPLVVLRQ�RI
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