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$EVWUDFW� ,Q� UHFHQW� GHFDGHV� VHYHUDO� VSHFLDO
HOHFWULFDO�PDFKLQHV�KDG�EHHQ�SUHVHQWHG�LQ�WKH
OLWHUDWXUH� DQG� ZHUH� WHVWHG� LQ� ODERUDWRULHV� LQ
RUGHU� WR� VDWLVI\� VHYHUDO� VSHFLDO� UHTXLUHPHQWV
LPSRVHG�E\�LQGXVWU\��WUDQVSRUWDWLRQ��HWF��7KH
WUDQVYHUVH� IOX[�PRWRU� �7)0�� LV�RQH�RI� WKHVH
QHZ� PRWRU� W\SHV�� 'XH� WR� LWV
WKUHH�GLPHQVLRQDO� IOX[� SDWK� LWV� LURQ� FRUH
FDQQRW� EH� PDQXIDFWXUHG� XVLQJ� WKH� FODVVLFDO
VWHHO� ODPLQDWLRQV�� EXW� 6RIW� 0DJQHWLF
&RPSRVLWHV� �60&��PXVW� EH� XVHG�� 60&� DUH
FRPSRVHG� RI� VXUIDFH�LQVXODWHG� LURQ� SRZGHU
SDUWLFOHV�� ZKLFK� DUH� FRPSDFWHG� WR� IRUP
XQLIRUP� LVRWURSLF� FRPSRQHQWV�ZLWK� FRPSOH[
VKDSHV��7KH�XVH�RI� WKHVH�QHZ�PDWHULDOV�QRZ
PDNHV� LQQRYDWLYH� HOHFWULFDO�PDFKLQH�GHVLJQV
YLDEOH�� ,Q� WKLV� SDSHU� WKH� PDLQ� SURSHUWLHV� RI
60&�ZLOO� EH� GLVFXVVHG�� DQG� D� 7)0� KDYLQJ
60&�PDGH�LURQ�FRUH�ZLOO�EH�SUHVHQWHG�
�� ,1752'8&7,21
0RVW� FRQYHQWLRQDO� HOHFWULFDO� PDFKLQHV� DUH
ORQJLWXGLQDO� IOX[� PDFKLQHV�� )RU� H[DPSOH� LQ
)LJ� �D� D� VHFWLRQ� RI� D� V\QFKURQRXV� PDFKLQH
ZLWK� SHUPDQHQW� PDJQHWV� RQ� WKH� URWRU� LQ� D
OLQHDU�DUUDQJHPHQW�LV�SUHVHQWHG��$V�LW�FDQ�EH
VHHQ�IURP�WKH�ILJXUH�WKH�FXUUHQWV�WKURXJK�WKH
VWDWRU�FRLOV�DUH�RULHQWHG�LQ�DQ�D[LDO�GLUHFWLRQ�
7KH� IOX[� OLQHV� IROORZ� D� WZR� GLPHQVLRQDO
SDWWHUQ� LQ� SODQHV� SHUSHQGLFXODU� WR� WKH
PDFKLQH� VKDIW�� 7KHUH� DUH� IHZ� H[FHSWLRQV�� DV
D[LDO� IOX[� PDFKLQHV�� EXW� WKHVH� DUH� XVXDOO\
GLVF�W\SH�PDFKLQHV�

,Q� FRQWUDVW� WKH� WUDQVYHUVH� IOX[� PDFKLQHV
�7)0�� KDYH� D� WUXH� WKUHH�GLPHQVLRQDO� ��'�
PDJQHWLF� ILHOG� SDWWHUQ�� DV� WKH� IOX[� OLQHV

D��D�VHFWLRQ�RI�D�V\QFKURQRXV�PDFKLQH

E��D�VHFWLRQ�RI�D�SKDVH�RI�7)�PDFKLQH
)LJ� �� %DVLF�FRQFHSW�RI�FRQYHQWLRQDO�DQG

7)�PDFKLQH



GHSLFWHG� LQ� )LJ� �E� VKRZ�� ,Q� WKLV� FDVH� WKH
FXUUHQW�WKURXJK�WKH�FRLO�LV�RULHQWHG�SDUDOOHO�WR
WKH�URWDWLRQ�GLUHFWLRQ�>�@�
7KHVH� PDFKLQHV� KDYLQJ� WKUHH�GLPHQVLRQDO
IOX[�SDWWHUQ�FDQQRW�EH�EXLOW�XS�RI�WKH�ZLGHO\
XVHG� VWHHO� ODPLQDWLRQV�� EHFDXVH� WKHLU� LURQ
FRUHV�VKRXOG�EH�VWURQJO\�XQLVRWURSLF�
,Q�WKLV�SDSHU�DQ�RYHUORRN�RQ�WKH�SRVVLEOH�LURQ
FRUH�PDWHULDOV�IRU�HOHFWULFDO�PDFKLQHV�ZLOO�EH
PDGH�� 7KH� QHZ� VRIW� PDJQHWLF� SRZGHU
FRPSRVLWHV� �60&�� ZLOO� EH� SUHVHQWHG� PRUH
GHWDLOHG� DV� D� QHZ� DOWHUQDWLYH� WR� VWHHO
ODPLQDWLRQV� IRU� LURQ� FRUH�PDQXIDFWXULQJ�� 7R
H[HPSOLI\� WKH� XVH� RI� 60&�D�7)0� WRSRORJ\
ZLOO�EH�SUHVHQWHG�
�� ,521�&25(�0$7(5,$/6�)25
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*HQHUDOO\� WKH� LURQ� FRUHV� RI� HOHFWULFDO
PDFKLQHV�XVHG� LQ� WKH� ORZ� IUHTXHQF\�GRPDLQ
GR� QRW� QHFHVVDULO\� UHTXLUH� KLJK� IUHTXHQF\
SURSHUWLHV�� ([FHSWLQJ� VRPH� KLJK� VSHHG
PDFKLQHV�DQG�PRWRUV�ZLWK�PDQ\�SROHV��ZKLFK
DUH� XVHG� LQ� D� IUHTXHQF\� UDQJH� XS� WR� D� IHZ
N+]�� ,Q� WKH� FDVH� RI� FRQYHQWLRQDO� PRWRUV
�GHSHQGLQJ�RI�FRXUVH�RI�WKH�VSHHG�DQG�RI�WKH
VWUXFWXUH� RI� WKHLU� WRRWK� IODQN�� WKH�PD[LPXP
IUHTXHQF\�LV�DERXW���� +]��7KH�PDLQ�SULRULW\
IRU� WKHVH�PDFKLQHV� LV� RQ�KLJK�PDJQHWLF� IOX[
GHQVLW\� DQG� KLJK� SHUPHDELOLW\�� SOXV
PHFKDQLFDO� VWUHQJWK� DW� ORZ� IUHTXHQF\�
7KHUHIRUH� IRU� WKH� JXLGDQFH� RI� WKH� PDJQHWLF
IOX[� LQ� HOHFWULFDO� PDFKLQHV� JHQHUDOO\� VRIW�
PDJQHWLF�VWHHO�VKHHWV�DUH�XVHG�
+\VWHUHVLV� DQG� HGG\� FXUUHQW� ORVVHV� RFFXU� LQ
WKH� LURQ� FRUHV� RI� WKH� HOHFWULFDO� PDFKLQHV�
7KHVH�ORVVHV�FDQ�OHDG�WR�LQDGPLVVLEOH�KHDWLQJ
DQG� WR� XQZDQWHG� ILHOG� GLVSODFHPHQWV� GXH� WR
WKH� RSSRVLQJ� IOX[� SURGXFHG� ZKLFK� ZRUNV
DJDLQVW�WKH�PDLQ�ILHOG�IOX[�
7KH� GHSHQGHQFH� RI� VSHFLILF� K\VWHUHVLV� DQG
HGG\�FXUUHQW� ORVVHV�RQ� WKH� IUHTXHQF\� �I�� DQG
WKH� PD[LPXP� IOX[� GHQVLW\� �%PD[�� IRU� D� WKLQ
VWHHO�VKHHW�DUH�JLYHQ�E\�

�PD[%IFS KK �� �� �PD[� %IFS ZZ �� ���
7KH�YDOXHV�RI�WKH�K\VWHUHVLV�DQG�HGG\�FXUUHQW
ORVVHV� FRQVWDQWV�� FK DQG� UHVSHFWLYHO\� FZ DUH

PDWHULDO�GHSHQGHQW��$�VTXDUH�GHSHQGHQFH�RI
WKH�SHDN�YDOXH�RI� WKH� IOX[�GHQVLW\� VKRZV�XS
ZLWK�ERWK�ORVV�FDWHJRULHV��7KH�GHSHQGHQFH�RI
ORVVHV�WR�WKH�IUHTXHQF\�LV�OLNHZLVH�VTXDUHO\�LQ
WKH� FDVH� RI� WKH� HGG\� FXUUHQWV� ORVVHV�� DQG
OLQHDU�IRU�WKH�K\VWHUHVLV�RQHV�
,Q�RUGHU�WR�UHGXFH�WKH�HGG\�FXUUHQW�ORVVHV�WZR
SRVVLELOLWLHV�H[LVW��9HU\�VPDOO�VKHHW�WKLFNQHVV
LV� XVHG� DQG� WKH� VKHHWV� DUH� LVRODWHG� DJDLQVW
HDFK� RWKHU� LQ� RUGHU� WR� LQWHUUXSW� WKH� HGG\
FXUUHQW� OLQHV�� 7KLV� LQFUHDVHV� WKH
PDQXIDFWXULQJ� FRVWV�� DQG� UHGXFHV
PDJQHWLFDOO\� HIIHFWLYH� FURVV� VHFWLRQ� RI� WKH
LURQ� FRUH�� $GGLQJ� VLOLFRQ� �XS� WR� ���� FDQ
ORZHU� WKH� HOHFWULFDO� FRQGXFWLYLW\� RI� WKH� LURQ
FRUH� PDWHULDO� DQG� UHGXFH� WKH� VDWXUDWLRQ
SRODUL]DWLRQ�
/DPLQDWHG� VWHHO� KDV� KLJK� PDJQHWLF� IOX[
GHQVLW\� DQG� KLJK� SHUPHDELOLW\�� %XW� LWV� XVHV
DUH�OLPLWHG�IRU�UHDVRQV�LQFOXGLQJ�WKH�IDOO�LQ�LWV
PDJQHWLF� IOX[� GHQVLW\� LQ� WKH� KLJK� IUHTXHQF\
DQG� LWV� KLJK�PDJQHWLF�QRLVH��7KH�SURGXFWLRQ
RI� VWHHO� ODPLQDWLRQV� LV� W\SLFDOO\� EDVHG� XSRQ
WUDGLWLRQDO�SXQFKLQJ�WHFKQRORJ\��ZKLFK�KDV�D
QXPEHU� RI� GLVDGYDQWDJHV�� LW� ZDVWHV�PDWHULDO
�L�H�� WKH� SLHFHV� UHPRYHG� DQG� ORVW�� DQG� LW
LQWURGXFHV� PHFKDQLFDO� VWUDLQ� LQWR� WKH
ODPLQDWLRQV�� ZKLFK� UHGXFHV� WKHLU
SHUIRUPDQFHV�� $QRWKHU� GLVDGYDQWDJH� RI� WKH
VWHHO�VKHHWV�LV�WKDW�LQ�SULQFLSOH�ZLWK�WKHP�RQH
FDQQRW� EXLOG� D� WKUHH�GLPHQVLRQDO
PDJQHWLFDOO\� DFWLYH� FURVV� VHFWLRQ�� )XUWKHU
KLJK� HGG\� FXUUHQW� ORVVHV� LQ� WKH� VWHHO� VKHHWV
DULVH� FDXVHG� E\� WKH� DOWHUQDWLQJ� ILHOGV
SHUSHQGLFXODUO\�RQ� WKH�VWHHO�VKHHWV��7KH� IOX[
SDWK� UHOXFWDQFH� LQ� WKH� LURQ� FRUH� LV� LQFUHDVHG
DOVR�GXH�WR�WKH�H[LVWLQJ�DLU�JDSV�EHWZHHQ�FRUH
VWHHO�VKHHWV�
,Q� WKH� ODVW� GHFDGHV� VHYHUDO� DGYDQFHV� KDYH
EHHQ� PDGH� WR� LPSURYH� WKH� SHUIRUPDQFHV� RI
WKH� ODPLQDWHG� VWHHOV�� )RU� H[DPSOH� E\
UHPRYLQJ�WKH�LPSXULWLHV�ZLWKLQ�WKH�VWHHO��VXFK
DV� FDUERQ� DQG� VXOSKXU�� WKH� HOHFWULFDO� ORVVHV
KDYH�EHHQ�UHGXFHG��%XW�WKHUH�LV�OLPLWHG�VFRSH
IRU� IXUWKHU� LPSURYHPHQWV� LQ� WKH� HOHFWULFDO
SHUIRUPDQFH� ZLWKRXW� LQFUHDVLQJ� FRVW�� RU
GHFUHDVLQJ�WKH�PHFKDQLFDO�SURSHUWLHV�>�@�
7KHUHIRUH� LW� VHHPHG� XVHIXO� WR� ORRN� IRU
DOWHUQDWLYH� PDWHULDOV� DQG� SURFHVVHV� WR



FRQVWUXFW� WKH� LURQ� FRUH� RI� WKH� HOHFWULFDO
PDFKLQHV�� 2QH� RI� WKH� SRVVLEOH� VROXWLRQV� DUH
WKH� VRIW� PDJQHWLF� SRZGHU� FRPSRVLWH
PDWHULDOV��60&��
$V� LW� ZDV� VWDWHG� RXW� DERYH� WKH� PDJQHWLF
FLUFXLW� RI� WKH� WUDQVYHUVH� IOX[� PDFKLQHV
H[KLELWV� JHQHUDOO\� D� FRPSOH[� VWUXFWXUH�� DQG
WKH� PDJQHWLF� IOX[� FLUFXODWHV� LQ� WKUHH�
GLPHQVLRQDO SDWKV� ZLWKLQ� WKH� PDFKLQH�
7KHUHIRUH� VXFK� QHZ� W\SHV� RI� LURQ� FRUH
PDWHULDOV�DUH� LQGLVSHQVDEO\�UHTXHVWHG�IRU� WKH
7)0�>�@�
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7KH� VRIW� PDJQHWLF� SRZGHU� FRPSRVLWH
PDWHULDOV� �60&�� DUH� EDVHG�RQ� LVRWURSLF� LURQ
SRZGHU� SDUWLFOHV� �VHH� )LJ� ��� VXUURXQGHG� E\
DQ�HOHFWULFDO�LQVXODWLQJ�ILOP�FRDWLQJ�

60&�FRPSRQHQWV�DUH�QRUPDOO\�PDQXIDFWXUHG
E\�FRQYHQWLRQDO�SRZGHU�PHWDOOXUJLFDO� �3�0�
SURFHVV�� IROORZHG� E\� D� KHDW�WUHDWPHQW
�VLQWHULQJ��DW�UHODWLYHO\�ORZ�WHPSHUDWXUH��7KH
60&� EDVHG� SDUWV� DFKLHYH� WKHLU� JHRPHWU\
IURP� WKH� FRPSDFWLQJ� RSHUDWLRQ�� DQG� WKHLU
VWUHQJWK� IURP� WKH� VLQWHULQJ� RSHUDWLRQ�� 7KH
VFKHPDWLF� YLHZ� RI� WKH� 60&� LV� JLYHQ� LQ
)LJ� ��

60&� UHSUHVHQWV� D� QHZ�PDWHULDO� LQ� HOHFWULFDO
PDFKLQH� HQJLQHHULQJ��:LWK� D� SRZGHU� UDWKHU
WKDQ�D�VKHHW�DV�WKH�VWDUWLQJ�SRLQW�IRU�WKH�LURQ
FRUH�� GLIIHUHQW� SURGXFWLRQ� WHFKQLTXHV� FRPH
LQWR�SOD\�
7KH� SRZGHUHG� PHWDOOXUJ\� LQGXVWU\� DQG� LWV
WHFKQLTXHV� KDYH� H[SDQGHG� GUDPDWLFDOO\� RYHU
WKH� ODVW� ��� \HDUV�� 3RZGHUHG� FRPSRQHQWV� DUH
ZLGHO\� XVHG�� H�J�� LQ� DXWRPRELOHV� ZLWKLQ� WKH
HQJLQH�� WUDQVPLVVLRQ�� VWHHULQJ�� EUDNLQJ� DQG
VXVSHQVLRQ�V\VWHPV�
$OWKRXJK� WKHVH� FRPSRQHQWV� KDYH� QRW� EHHQ
XVHG� IRU� HOHFWURPDJQHWLF� DSSOLFDWLRQV� WKH
EHQHILWV� RI� WKHLU� SURGXFWLRQ�PHWKRGV� FDQ� EH
QRZ�XVHG�DOVR�IRU�WKHVH�SXUSRVHV�
:LWK� SRZGHUHG� LURQ� WKH� SULQFLSOH� RI� HGG\
FXUUHQW�UHGXFWLRQ�LV�VLPLODU�WR�WKDW�RI�WKH�VWHHO
ODPLQDWLRQV�� L�H�� WR� UHGXFH� WKH� DUHD� WKURXJK
ZKLFK� WKH� PDJQHWLF� IOX[� SDVVHV�� :LWK
SRZGHUHG�LURQ�WKLV�DUHD�LV�UHGXFHG�WR�WKDW�RI�D
VLQJOH�JUDLQ��ZKLFK�LV�LQVXODWHG�IURP�DOO�RI�LWV
QHLJKERXULQJ�JUDLQV��,W�LV�WKH�GHYHORSPHQW�LQ
WKH� LQVXODWLRQ� V\VWHP� WKDW� KDV� OHDG� WR� WKH
EUHDNWKURXJK�LQ�SRZGHUHG�LURQ�
,Q�SUHYLRXV�DWWHPSWV�WR�XWLOLVH�SRZGHUHG�LURQ
WKH� LQVXODWLRQ� WKLFNQHVV� ZDV� VLJQLILFDQW
FRPSDUHG� WR� WKH� JUDLQ� VL]H�� WKLV� JDYH� SRRU
PDWHULDO� SURSHUWLHV�� 1RZ� WKDW� WKH� WKLFNQHVV
FDQ�EH�FRQWUROOHG�DQG�PDGH�PXFK�WKLQQHU��WKH
ILQLVKHG�PDWHULDO�KDV�EHWZHHQ������ DQG�����
�� LURQ�� JLYLQJ� WKH� PDWHULDO� EHWWHU� HOHFWULFDO
DQG�PHFKDQLFDO�SHUIRUPDQFH�>�@�
7KH� FRPSDQ\� EHKLQG� PXFK� RI� WKH
GHYHORSPHQWV� LQ� 60&� WHFKQRORJ\� LV
+|JDQlV $%� IURP� 6ZHGHQ�� %\� XVLQJ� KLJK
FRPSDFWLRQ� SUHVVXUHV� WKH\� VLJQLILFDQWO\
LQFUHDVHG�ERWK�SHUPHDELOLW\�DQG�VDWXUDWLRQ�RI
WKH�FRPSRVLWH�PDWHULDOV�
7KH�6RPDOR\��SURGXFW�IDPLO\�LV�WKH�JURXQG
RQ�ZKLFK�PRVW� RI� WKH� 60&� FRPSRQHQWV� IRU
HOHFWULFDO�PDFKLQH�DSSOLFDWLRQV�DUH�EDVHG�
(DFK� 6RPDOR\� JUDGH� LV� DYDLODEOH� DV� D� SUHVV
UHDG\� PL[�� ZKLFK� LV� FXVWRPLVHG� IRU� WKH
VSHFLILF� DSSOLFDWLRQ� DQG� WKH� UHOHYDQW� PRWRU
HQYLURQPHQW�� VXFK� DV� RSHUDWLQJ� WHPSHUDWXUH
LQWHUYDO��7KH� EHVW� DQG� WKH�PRVW�ZLGHO\� XVHG
FRPSRVLWH� PDWHULDOV� DYDLODEOH� DW� WKH� PDUNHW
LQ�WKLV�ILHOG�DUH�6RPDOR\ ����DQG�����>�@�

)LJ� �� ,URQ�SRZGHU�JUDQXOH

)LJ� �� 6FKHPDWLF�YLHZ�RI�60&



7KH�FRUHV�PDGH�RI�VXFK�PDWHULDOV�IRU�YDULRXV
PRWRUV� XVHG� LQ� WKH� ORZ� IUHTXHQF\� UDQJH� DUH
UHTXLUHG�WR�KDYH�ORZ�FRUH�ORVV�DQG�DV�KLJK�DV
SRVVLEOH�IOX[�GHQVLW\�VDWXUDWLRQ��SHUPHDELOLW\�
DQG�VWUHQJWK�
'XULQJ� WKH� SURGXFWLRQ� RI� WKH� 60&� LURQ
SRZGHU� ZLWK� DGGLWLYHV� RI� LVRODWLRQ� DQG
ERQGLQJ� DJHQWV� �DV� IRU� H[DPSOH� RUJDQLF
V\QWKHWLF�UHVLQV�RU�VLOLFRQH�UHVLQV��DUH�SUHVVHG
WRJHWKHU� LQWR� D� GHVLUHG� IRUP�� 7KLV� KDSSHQV
XQGHU� YHU\�KLJK�SUHVVXUH� RI� XS� WR� ��� 03D�
LQ�RUGHU� WR� DFKLHYH�D�GHQVLW\�RI� WKH�PDWHULDO
DV�KLJK�DV�SRVVLEOH��7KH�TXDQWLW\�RI�WKH�DGGHG
ERQGLQJ� DJHQW� LV� DSSUR[LPDWHO\� ���� WR� ���
7KH� LQGLYLGXDO� LURQ� SDUWLFOHV� UHFHLYH� D� FRDW�
ZKLFK� HQVXUHV� WKHP� HOHFWULFDOO\� LVRODWLRQ
DJDLQVW� HDFK� RWKHU�� DQG� PHFKDQLFDO
FRQQHFWLRQV� ZLWK� VXIILFLHQW� ILUPQHVV� E\� WKH
SURGXFWLRQ�SURFHVV��%RWK�WKHVH�SURSHUWLHV�FDQ
EH� IXOILOOHG� QDWXUDOO\� RQO\� XS� WR� D� FHUWDLQ
GHJUHH�� 7KH�PDWHULDO� LV� EULWWOH� DQG� WKHUHIRUH
VHQVLWLYH� WR� WKH� PHFKDQLFDO� DSSOLFDWLRQ� RI
IRUFHV�
:LWKLQ� FRQYHQWLRQDO� SRZGHU� PHWDOOXUJ\
SURFHVVLQJ� DIWHU� FRPSDFWLRQ� WKH� SDUWV� DUH
WKHQ�VLQWHUHG��6LQWHULQJ�LV�D�KLJK�WHPSHUDWXUH
KHDW� WUHDWPHQW�� ZKLFK� GHYHORSV� WKH� ERQGV
EHWZHHQ� WKH� SRZGHU� SDUWLFOHV� DQG� HQKDQFHV
LWV� PHFKDQLFDO� SHUIRUPDQFH�� +RZHYHU�� ZLWK
60&� SRZGHUV� VLQWHULQJ� LV� QRW� SRVVLEOH
EHFDXVH� WKH� WHPSHUDWXUHV� LQYROYHG� ZRXOG
FDXVH� WKH� LQVXODWLRQ� FRDWLQJ� WR� EUHDN� GRZQ
DQG� JLYLQJ� SRRU� HOHFWULFDO� SHUIRUPDQFH�� DV
WKH�SDUWLFOHV�ZRXOG�ERQG�PHWDOOLFDOO\�WR�HDFK
RWKHU�� 2QO\� D� OLPLWHG� DPRXQW� RI� KHDW
WUHDWPHQW�FDQ�EH�FDUULHG�RXW�RQ�60&�LQ�RUGHU
WR�UHPRYH��WR�EXUQ��RI�DQ\�OXEULFDQW�LQFOXGHG
ZLWKLQ� WKH� SRZGHU�PL[� DQG� WR� VWUHVV� UHOLHYH
WKH� FRPSDFW�� )RU� 6RPDOR\ ���� WKH� KHDW
WUHDWPHQW�LV�W\SLFDOO\���� �&�IRU����PLQXWHV�
FRPSDUHG� WR� ����·���� �&� IRU� ��� WR� ��
PLQXWHV�IRU�QRQ�LQVXODWHG�LURQ�SRZGHUV�>�@�
7KH� PDJQHWLF� FKDUDFWHULVWLFV� RI� 60&
FRPSDUHG� ZLWK� ODPLQDWHG� VWHHO� VKHHWV� DUH
UDWKHU�EDG��,Q�)LJ� �D�WKH�PDJQHWLVDWLRQ�FXUYH
RI� D� JRRG� TXDOLW\� ���� PP� WKLFN� VWHHO
ODPLQDWLRQ� DQG� RQH� RI� WKH� EHVW� 60&
PDWHULDOV� DYDLODEOH� DW� WKH� PDUNHW
�6RPDOR\ �����DUH�SUHVHQWHG�

7KH� 60&� KDV� ERWK� WKH� VDWXUDWLRQ� ILHOG
GHQVLW\� DQG� WKH� UHODWLYH� SHUPHDELOLW\� IRU
VPDOO� ILHOG� LQWHQVLW\�YDOXHV�FOHDUO\�XQGHU� WKH
YDOXHV� RI� WKH� VWHHO� VKHHW�� 7KLV� PXVW� EH
FRQVLGHUHG�GXULQJ�WKH�GHVLJQ�RI�WKH�PDJQHWLF
FLUFXLW�� 7KH� PD[LPXP� UHODWLYH� SHUPHDELOLW\
RI� WKH� FRPSRVLWH� PDWHULDO� DULVHV� WR� DERXW
PU ����>�@�
7KH�HOHFWULFDO�FRQGXFWLYLW\�RI�6RPDOR\ ����LV
GHWHUPLQHG� FUXFLDOO\� E\� WKH� NLQG� DQG� WKH
TXDQWLW\� RI� WKH� DGGLWLYHV�� 7KH� FRPSRVLWLRQ
ZLWK� DQ� DGGLWLYH� RI� �����.HQROXEH� H[KLELWV
WKH� EHVW� PDJQHWLF� FKDUDFWHULVWLFV� DQG
WKHUHIRUH� LV� WKH� EHVW� VXLWDEOH� IRU� HOHFWULFDO
PDFKLQHV��7KH�HOHFWULFDO�FRQGXFWLYLW\�RI� WKLV
FRPSRVLWLRQ� LV� IRU� LQVWDQFH� DURXQG� ����
WLPHV� VPDOOHU� WKDQ� WKDW� RI� WKH� SXUH� LURQ�� EXW
RQO\�����WLPHV�VPDOOHU�WKDQ�WKH�FRQGXFWLYLW\
RI�VWHHO�ZLWK�D�VLOLFRQ�FRQWHQW�RI����

7KH� HGG\� FXUUHQW� ORVVHV� DUH� UHODWLYHO\� VPDOO
DFFRUGLQJ�WR�WKH�VPDOO�HOHFWULFDO�FRQGXFWLYLW\�
DQG�WKLV�DGYDQWDJH�DULVHV�LQ�SDUWLFXODU�DOVR�LQ
WKH� FDVH� RI� WKUHH�GLPHQVLRQDO� DOWHUQDWLQJ
ILHOGV�� 7KH� K\VWHUHVLV� ORVVHV� DUH� KLJKHU�ZLWK
WKH�60&�� SDUWLFXODUO\� IRU� VPDOO� IUHTXHQFLHV�

D��0DJQHWLVLQJ�FXUYHV
)LJ� ��0DJQHWLF�FKDUDFWHULVWLFV�RI
620$/2< ����DQG�RI�VWHHO�VKHHW



LQ� FRPSDULVRQ� WR� WKH� LURQ� VKHHW�� 7KLV� LV
FDXVHG�E\�WKH�KDQGLFDS�RI�WKH�IUHH�PRYHPHQW
RI� WKH� GRPDLQ� ZDOOV� E\� WKH� DGGLWLRQDOO\
LQVHUWHG�PDWHULDO�VXUIDFHV�
,Q�)LJ� �E�WKH�VSHFLILF�FRUH�ORVVHV�RI�WKH�WZR
PDWHULDOV�DOUHDG\� VSHFLILHG� IRU� IOX[�GHQVLWLHV
RI�% ��� 7�DQG�% ��� 7�DUH�SORWWHG� IXQFWLRQ
RI�IUHTXHQF\��$W�VPDOO�IUHTXHQFLHV�60&�KDV

FOHDUO\� KLJKHU� FRUH� ORVVHV� GXH� WR� LWV� KLJK
K\VWHUHVLV�ORVVHV��$W�KLJK�IOX[�GHQVLW\�YDOXHV
DQG� KLJK� IUHTXHQFLHV� WKH� DGYDQWDJHV� RI� WKH
FRPSRVLWH� PDWHULDO� VKRZ� XS� GXH� WR� WKH
VLJQLILFDQW�VPDOOHU�HGG\�FXUUHQW�ORVVHV�>�@�
7KH� 60&� PDWHULDOV� KDYH� ORZHU� PHFKDQLFDO
SURSHUWLHV�WKDW�RI�VWHHO�ODPLQDWLRQ�GXH�WR�WKHLU
PDQXIDFWXULQJ�SURFHVV��VHH�7DEOH ,���

7KHUPDO� FRQGXFWLYLW\� LQ� SRZGHUHG� LURQ� LV
LVRWURSLF��XQOLNH�ZLWK�ODPLQDWLRQV��ZKLFK�KDV
D� PXFK� ORZHU� YDOXH� LQ� WKH� D[LDO� GLUHFWLRQ
FRPSDUHG� WR� WKH� UDGLDO� GLUHFWLRQ�� :LWK
ODPLQDWHG�VWDWRUV�WKH�KRWWHVW�UHJLRQV�DUH�DW�WKH
HQGV�RI�WKH�VWDWRU�VWDFN��ZKHUH�WKH�KHDW�IURP
WKH�HQG�ZLQGLQJ�LV�FRQGXFWHG�D[LDOO\�LQWR�WKH
VWDWRU� ODPLQDWLRQV�� WKHQ� UDGLDO� WKURXJK� WKH
ODPLQDWLRQ�WR�WKH�RXWHU�FDVLQJ�
8VLQJ� WKH� LVRWURSLF� WKHUPDO� FRQGXFWLYLW\� RI
WKH� SRZGHUHG� LURQ�� WKH� KHDW� WUDQVIHU� RI� WKH
ORVVHV� LQ� WKH�ZLQGLQJV� WR� WKH�RXWHU� FDVH�ZLOO
EH�LPSURYHG�
7KH�DGYDQWDJHV�RI� WKH�VRIW�PDJQHWLF�SRZGHU
FRPSRVLWH� PDWHULDOV� IURP� WKH� SRLQW� RI� WKH
YLHZ� RI� WKHLU� DSSOLFDWLRQV� LQ� HOHFWULFDO
PDFKLQHV�DUH�>�@�
x 7KHLU� �'� LVRWURSLF� SURSHUWLHV� SHUPLW

FRPSOH[� WKUHH�GLPHQVLRQDO�PDJQHWLF� IOX[
SDWKV�ZLWKLQ�WKH�PDFKLQHV��7KLV�DOORZV�IRU
PDQ\� QHZ� WRSRORJLHV� IRU� PDFKLQHV� WKDW
FRXOG� QRW� EH� DWWHPSWHG� ZLWK� �'
ODPLQDWLRQV�� 7KLV� ZD\� WKH� GHVLJQHUV� DUH
IUHH�WR�EXLOG�HOHFWULFDO�PDFKLQHV�WR�VXLW�LWV
DSSOLFDWLRQ�� LQVWHDG� RI� UHVWULFWLQJ� WKH
DSSOLFDWLRQ�WR�WKH�OLPLWDWLRQV�RI�WKH�PRWRU�
6R� QHZ� GLPHQVLRQV� RI� SHUIRUPDQFH� DQG
SURILWDELOLW\� IRU� WKH� HOHFWULFDO� PDFKLQHV
LQGXVWU\�DUH�RSHQHG�XS�

x 7KH� KHDW� WUDQVIHU� LQ� HOHFWULFDO� PDFKLQHV
KDYLQJ� 60&� LURQ� FRUHV� ZLOO� RIWHQ� EH
VXSHULRU�� WDNLQJ� LQWR�DFFRXQW� WKDW�DOVR� WKH
WKHUPDO�SURSHUWLHV�DUH��'�LVRWURSLF�

x 7KH�HGG\�FXUUHQW�ORVV�LV�PXFK�ORZHU�WKDQ
WKDW� LQ� ODPLQDWHG� VWHHOV�� HVSHFLDOO\� DW
KLJKHU�IUHTXHQFLHV��DQG�WKH�K\VWHUHVLV�ORVV
EHFRPHV�WKH�GRPLQDQW��7KLV�SURSHUW\�PD\
DOORZ� HOHFWULFDO� PDFKLQHV� WR� RSHUDWH� DW
KLJKHU� IUHTXHQFLHV�� UHVXOWLQJ� LQ� UHGXFHG
PDFKLQH�VL]H�DQG�ZHLJKW�>�@�

x 7KH� IOH[LELOLW\� RI� WKH� SRZGHU� PHWDOOXUJ\
VKDSLQJ� SURFHVV� DOORZV� HIILFLHQW
SURGXFWLRQ� RI� FRPSOH[� VKDSHG� SDUWV�� 7KH
XQLTXH� VKDSLQJ� RSSRUWXQLWLHV� RSHQ� WKH
ZD\� WR� VPDOOHU� PRWRUV� ZLWK� FRVW
DGYDQWDJHV� JDLQHG� IURP� ORZHU� ZLQGLQJ
YROXPH�� D� KLJKHU� ILOO� IDFWRU� DQG� EXLOW�LQ
DVVHPEO\�IHDWXUHV�

x $V� PDQXIDFWXULQJ� PDWHULDO� ZDVWDJH� LV
PLQLPDO� �QHDUO\� ����� UDZ� PDWHULDO
XWLOLVDWLRQ� FDQ� EH� DFKLHYHG��� UHGXFHG
PDWHULDO�FRVWV�FDQ�EH�DFKLHYHG�

x 'XH� WR� WKHLU� JRRG� GLPHQVLRQDO� DFFXUDF\
�WLJKW�WROHUDQFH��DQG�VPRRWK�VXUIDFH�ILQLVK
WKHUH� LV� QR� QHHG� RI� H[WUD� ILQDO�PDFKLQLQJ
RSHUDWLRQV��7KH�GLIIHUHQW�FRUH�VHFWLRQV�FDQ
EH� FRPELQHG� DQG� ILWWHG� WRJHWKHU� ZLWK� QR
XQZDQWHG� PDJQHWLF� HIIHFWV� DQG� VSHFLDO
LQVXODWLRQ�UHTXLUHPHQWV��7KHVH�JLYH�D�KLJK

7DEOH�,��0HFKDQLFDO�SURSHUWLHV�RI�60&�DQG�VWHHO�ODPLQDWLRQ�>�@
3URSHUWLHV 6RPDOR\���� 7UDQVLO�ODPLQDWLRQ�VWHHO��JUDGH�����

'HQVLW\�>NJ�P�@ ���� ����
0RGXOXV�RI�HODVWLFLW\�>*3D@ �� ���
7HQVLOH�VWUHQJWK�>0SD@ �� ���
7KHUPDO�FRQGXFWLYLW\�>:�P �&@ �� �� �LQ�WKH�SODQH�RI�WKH�ODPLQDWLRQ�

����D[LDOO\��EHWZHHQ�ODPLQDWLRQV�



SURGXFWLRQ�UDWH��ZKLFK�UHGXFHV�WKH�RYHUDOO
SURGXFWLRQ�FRVWV�

x 7KH�VROLG�UDWKHU�WKDQ�D�VWDFN�LURQ�FRUH�JLYH
VXSHULRU�PHFKDQLFDO�LQWHJULW\�

x 7KH� HOHFWULFDO� PDFKLQHV� PDGH� RI� 60&
FRUHV� DUH� HDVLO\� UHF\FODEOH� EHFDXVH� WKH
FRLO�FDQ�EH�VHSDUDWHG�HDVLO\�IURP�WKH� LURQ
FRUH�

%HVLGH� WKHVH� DGYDQWDJHV� WKH� XVH� RI� 60&
SHUPLW� QHZ�GHVLJQ� DQG� SURGXFWLRQ� FRQFHSWV�
)RU�H[DPSOH�XVLQJ�60&�LW� LV�SRVVLEOH�WR�FR�
FRPSDFW�WRJHWKHU�WKH�FRUH�DQG�FRLOV��SUHVVLQJ
FRLOV� ZLWK� SRZGHU��� 0LQLPLVLQJ� WKH� SDUW
QXPEHUV� WKH� PDQXIDFWXULQJ� FRVWV� FDQ� EH
UHGXFHG�� *HQHUDOO\� LW� LV� UHFRPPHQGHG� DV� WR
DSSO\� QHZ� GHVLJQV� UDWKHU� WR� VLPSO\� UHSODFH
WKH�ODPLQDWHG�FRPSRQHQWV�>�@��7KH�QHW�VKDSH�
WLJKW�WROHUDQFH�DQG�VPRRWK�VXUIDFH�ILQLVK�RI�D
60&� SUHVVLQJ� LQYLWH� WKH� GHVLJQHUV� WR� EUHDN
XS� RI� WKH� LURQ� FRUH� WR� LPSURYH� WKH� ZLQGLQJ
DQG� DVVHPEO\�� 7KH\� DUH� VHYHUDO� RSWLRQV� WR
FKRRVH��FLUFXPIHUHQWLDOO\�GLYLGH�WKH�LURQ�FRUH
LQWR�LQGLYLGXDO�WHHWK�VHJPHQWV��VHSDUDWH�WHHWK
DQG�FRUH�EDFN��VHSDUDWH�WHHWK�DQG�VORWWHG�FRUH
EDFN��RU�WR�FRQQHFW�WKH�WHHWK�DW�WKH�WRRWK�WLSV
ZLWK�D�VHSDUDWH�FRUH�EDFN�>�@�
2Q� WKH�RWKHU�KDQG�60&�PDWHULDOV� KDYH� DOVR
VRPH� GLVDGYDQWDJHV� ZKHQ� FRPSDUHG� ZLWK
VWHHO� ODPLQDWLRQV�� 7KH\� KDYH� SRRU
SHUPHDELOLW\� �PD[LPXP� ���� FRPSDUHG� WKDW
RI�VWHHO�VKHHWV�JUHDWHU�WKDQ�������EHFDXVH�WKH
PDWHULDO� KDV� OHVV� WKDQ� IXOO� GHQVLW\�� DQG� ORZ
VDWXUDWLRQ� �FLUFD� ��� 7� FRPSDUHG� WR� ��� 7� RI
VWHHO� ODPLQDWLRQV��� ,WV� UHODWLYHO\� KLJK
K\VWHUHVLV�ORVV�UHVXOWV�IURP�LWV�VWUDLQ�DQG�SRRU
GRPDLQ� VWUXFWXUH�� 60&� PDWHULDOV� KDYH� ORZ
PHFKDQLFDO� VWUHQJWK� �DV� ORZ� DV� �� 03D� LQ
WHQVLRQ��DQG� WKH\�DUH�EULWWOH�� ,W� LV� D�SUDFWLFDO
OLPLWV� RQ� WKH� PD[LPXP� DVSHFW� UDWLR� RI� WKH
VKDSHV�ZKLFK�FDQ�EH�SUHVVHG������WR�������7KH
YLRODWLRQ� RI� WKH� PD[LPXP� DVSHFW� UDWLR
SURGXFHV� UHGXFHG� GHQVLW\� LQ� WKH� FRPSRQHQW
DQG�FRPSOLFDWHV�HMHFWLRQ�RI�WKH�FRPSDFW�IURP
WKH�GLH�
7KH� 60&� FRPSRQHQW� FRVWV� DUH� KLJKHU� WKDQ
ODPLQDWHG� HTXLYDOHQWV� �SRZGHU� FRVWV
W\SLFDOO\��������RI�WRWDO�FRVW���7KH�FRVWV�SHU
FRPSRQHQW� FDQ� IRUFH� GHVLJQHUV� WRZDUGV� OHVV
FRPSRQHQWV�PRWRU�� ,QFUHDVHG� YROXPHV� DQG

ODUJH�VFDOH� SURGXFWLRQ� LQ� FRPELQDWLRQ� ZLWK
H[SHULHQFH�EXLOG�XS�FDQ�IRUFH�WR�FRVWV�WR�IDOO�
$W�WKH�PRPHQW�PRUH�H[SHQVLYH�LURQ�SDUWV�FDQ
EH� RIIVHW� E\� UHGXFHG� FRSSHU�� PDJQHW�
SURGXFWLRQ� FRVWV� DQG� WRWDO� SURGXFW
DGYDQWDJHV�
'XH� WR� WKHVH� GUDZEDFNV�� LW� LV� REYLRXV� WKDW
VLPSO\� UHSODFLQJ� WKH� H[LVWLQJ� ODPLQDWHG� LURQ
FRUH�ZLWK�D�60&�FRUH�ZLOO�UHVXOW�LQ�D�ORVV�RI
SHUIRUPDQFH� ZLWK� YHU\� VPDOO� FRPSHQVDWLQJ
EHQHILWV��7R� IXOO\� WDNH� WKH�DGYDQWDJHV�RI� WKH
60&� PDWHULDO� DQG� RYHUFRPH� LWV
GLVDGYDQWDJHV�� D� JUHDW� DPRXQW� RI� UHVHDUFK
ZRUN�LV�UHTXLUHG�RQ�D�EHWWHU�XQGHUVWDQGLQJ�RI
WKH� PDWHULDO� SURSHUWLHV�� QRYHO� PRWRU
WRSRORJLHV� FRPELQHG� ZLWK� DSSURSULDWH
SURGXFWLRQ� WHFKQLTXHV�� DGYDQFHG� ILHOG
DQDO\VLV� DQG� GHVLJQ� RSWLPLVDWLRQ�� DQG
VXLWDEOH�GULYH�WHFKQLTXHV�>�@�
60&� FDQ� EH� DSSOLHG� IRU� VHYHUDO� HOHFWULFDO
PDFKLQH� FRQVWUXFWLRQV� >�� �@�� %HVLGH� 7)0
RWKHU� D[LDO� IOX[� PRWRUV� �H�J�� FODZ� SROH
PRWRUV�� HWF��� FDQ� EH� RI� UHDO� RSSRUWXQLW\� IRU
60&�PDWHULDOV��+\EULG� LURQ� FRUH� �60&�DQG
30��PDFKLQHV� DUH� DOVR� H[FHOOHQW� WDUJHWV� IRU
60&��EHFDXVH�GXH�WR�WKH�SHUPDQHQW�PDJQHWV
WKH�ORZ�SHUPHDELOLW\�RI�WKH�LURQ�FRUH�LV�QRW�D
SUREOHP� KHUH�� $OVR� LQ� WKH� FDVH� RI� WKH
PDFKLQHV� KDYLQJ� UHODWLYHO\� ODUJH� HIIHFWLYH
DLU�JDS� WKH� VWDWRU� LURQ�SHUPHDELOLW\� LV�QRW� VR
FULWLFDO�� $OVR� WKH� LURQ� FRUHV� RI� PRVW� RI� WKH
OLQHDU� PRWRUV� DQG� DFWXDWRUV� DUH� GLIILFXOW� WR
ODPLQDWH�DQG�DIWHU� WR�ZLQG��VR� WKH\�FRXOG�EH
PDQXIDFWXUHG�IURP�60&�
%HVLGH� WKH� HOHFWULFDO� PDFKLQHV� 60&� FDQ� EH
XVHG�IRU�PDQXIDFWXULQJ�VHYHUDO�RWKHU�GHYLFHV
DV�� LQGXFWRU� FRUHV�� SRZHU� IDFWRU� FKRNHV�
IO\EDFN� WUDQVIRUPHUV�� ORXGVSHDNHUV�� LJQLWLRQ
WUDQVIRUPHUV�IRU�DXWRPRELOHV��SRZHU�VWHHULQJ
WRUTXH�VHQVRUV��HWF��>�@�
�� 7)0�+$9,1*�60&�,521�&25(
7KH� WUDQVYHUVH� IOX[� PDFKLQHV� �7)0�� DUH� D
TXLWH� QHZ� WRSRORJ\� RI� HOHFWULFDO� PDFKLQHV
EHLQJ� GHYHORSHG� DQG� QDPHG� E\�:HK� LQ� WKH

��V�>�@��7KLV�HOHFWULFDO�PDFKLQH�KDV�D�VSHFLDO
WRSRORJ\�� ZKLFK� XVXDOO\� LQFOXGHV� WKH� IOX[
FRQFHQWUDWLRQ� SULQFLSOH� IRU� WKH� SHUPDQHQW
PDJQHWV�H[FLWHG�VWUXFWXUHV�



7KH�EDVLF�7)0�KDV�D�VWDWRU�SKDVH�ZLQGLQJ�RI
D� ULQJ� W\SH�� ZKLFK� SURGXFHV� D� KRPRSRODU
00)� GLVWULEXWLRQ�� ,Q� WKH� DLU�JDS� WKH
KRPRSRODU�00)� LV� PRGXODWHG� E\� D� SDWWHUQ
RI� VWDWRU�SROHV� WR� LQWHUDFW�ZLWK� D�KHWHURSRODU
SDWWHUQ� RI� SHUPDQHQW�PDJQHWV� SODFHG� RQ� WKH
URWRU�

,Q� )LJ� � RQH� D� VHFWLRQ� RI� RQH� SKDVH� RI� WKH
EDVLF�7)0�LV�VKRZQ��LQ�D�OLQHDU�DUUDQJHPHQW
IRU�D�EHWWHU�XQGHUVWDQGLQJ��$V�LW�FDQ�EH�VHHQ
WKH� IOX[� OLQH� SDWWHUQ� LV� IXQGDPHQWDOO\� WKUHH�
GLPHQVLRQDO�� 6LQFH� WKLV� PDFKLQH� DOORZV� WKH
SROH� QXPEHU� WR� EH� LQFUHDVHG� ZLWKRXW
UHGXFLQJ� WKH�00)�SHU�SROH�� LW� LV� FDSDEOH�RI
SURGXFLQJ� SRZHU� GHQVLWLHV�PXFK� ODUJHU� WKDQ
WKH�FRQYHQWLRQDO�PDFKLQHV�>�@�
7KLV� ZDV� SRVVLEOH� GXH� WR� WKH� LQQRYDWLYH
GHVLJQ�RI�WKH�IOX[�SDWK�IRU�D�7)0�FRPELQHG
ZLWK�WKH�XVH�RI�QHZ��KLJK�HQHUJ\��SHUPDQHQW
PDJQHWV�� 7KH� DFKLHYDEOH� SRZHU� WR� WRWDO
PDFKLQH�ZHLJKW� UDWLRV� IRU� DFWLYH� URWRU� 7)0
UDQJH� IURP� ���·� N:�NJ� FRPSDUHG� WR
����·��� N:�NJ�IRU�FRQYHQWLRQDO�PDFKLQHV�
7KH� KLJK� WRUTXH�YROXPH� YDOXHV� VSHFLILF� IRU
7)0�KDV�VHYHUDO�UHDVRQV��,WV�IOX[�SDWK�LV�WUXH
WKUHH�GLPHQVLRQDO�� DV� VKRZQ� LQ� )LJ� ��� WKDW
DOORZV� D� 00)� PD[LPLVDWLRQ� ZLWKRXW
UHGXFLQJ� WKH� LURQ� SDWK� DQG� D� VKRUW�� PRUH
HIILFLHQW� LURQ� FRUH� SDWK� FRPSDUHG� WR
FRQYHQWLRQDO�PDFKLQHV��ZKLFK�SHUPLWV�KLJKHU
DLU�JDS� IOX[� GHQVLWLHV�� 2WKHU� DGYDQWDJHV� RI
WKH�7)0�VWUXFWXUH�DUH�WKH�SRVVLELOLW\�WR�XVH�D
IOX[� FRQFHQWUDWLRQ� WRSRORJ\� IRU� SHUPDQHQW

PDJQHW� H[FLWDWLRQ� DQG� PXFK� VPDOOHU� SROH
SLWFK�WKDQ�LQ�D�FRQYHQWLRQDO�PDFKLQH�
2QH� RI� WKH�PRVW� LPSRUWDQW� GLVDGYDQWDJHV� RI
WKH� 7)0� LV� LWV� YHU\� FRPSOH[� FRQVWUXFWLRQ�
ZLWK�D�WKUHH�GLPHQVLRQDO�ILHOG�SDWWHUQ�
,W� LV� H[SHFWHG� WKDW� WKH� 7)� PDFKLQH� ZLOO
RFFXS\� DQ� LPSRUWDQW� VHJPHQW� RI� WKH� ORZ�
VSHHG�� KLJK� WRUTXH�� YDULDEOH�VSHHG� GULYH
PDUNHW�
7R�H[HPSOLI\�KRZ�60&�FDQ�EH�XVHG�IRU� WKH
LURQ� FRUH� RI� HOHFWULFDO� PDFKLQHV� D
VLQJOH�VLGHG� 7)0� ZLWK� IOX[� FRQFHQWUDWLQJ
URWRU� WRSRORJ\� EXLOW� XS� DW� 5:7+� $DFKHQ
ZLOO�EH�SUHVHQWHG�>�@��7KH�PDLQ�UDWHG�GDWD�RI
WKH� 7)0� DUH�� RXWSXW� SRZHU� �� N:�� VSHHG
��� ��PLQ�� WRUTXH� ��� 1P�� SKDVH� YROWDJH
��� 9�DQG�SKDVH�FXUUHQW��� $�

$� GHWDLO� RI� WKH� WKUHH� SKDVH� PDFKLQH
V
VWUXFWXUH�LV�JLYHQ�LQ�)LJ� ���7KH�H[WHULRU�URWRU
KDV� 60&� IOX[� FRQFHQWUDWLQJ� SROHV� SODFHG
EHWZHHQ� WKH� UDUH� HDUWK� SHUPDQHQW� PDJQHWV�
ZKLFK� DUH� PDJQHWLVHG� ZLWK� DOWHUQDWLQJ
SRODULW\� LQ� FLUFXPIHUHQWLDO� GLUHFWLRQ�� 7KH
DFWLYH�URWRU�SDUWV�DUH�JOXHG�RQ�D�QRQPDJQHWLF
VWHHO�ULQJ�

)LJ� �� 7KH�IOX[�SDWWHUQ�LQ�D�7)0

)LJ� �� $�GHWDLO�RI�D�7)0�FRQILJXUDWLRQ�>�@

)LJ� �� 6WDWRU�SROH�DUUDQJHPHQW�LQ�D�7)0�>�@



7KH�SROHV�RI�WKH�LQWHULRU�VWDWRU��PDGH�RI�60&
DUH� SODFHG� FLUFXPIHUHQWLDOO\� DW� D� GLVWDQFH� RI
GRXEOH�SROH�SLWFK��7KH�WZR�SROH�VKRHV�RI�RQH
VWDWRU�SKDVH�SROH�SDLU�DUH�VKLIWHG�DJDLQVW�HDFK
RWKHU�ZLWK�D�SROH�SLWFK��)LJ� ��
$V�LW�FDQ�EH�VHHQ��WKH�SKDVHV��SDUWLDO�FRXSOHG
PDJQHWLFDOO\�� KDYH� QR� D[LDO� VSDFH� EHWZHHQ
WKHP�� ,Q� )LJ� � VRPH� HOHFWURHURVLRQ
PDFKLQHG�60&�FRPSRQHQWV�RI� WKH�7)0�DUH
JLYHQ�

$OO� WKH� SHUIRUPDQFHV� RI� WKH� 7)0� GHVFULEHG
LQ� GHWDLO� LQ� >�@� HPSKDVLVH� WKH� XVHIXOQHVV� RI
60&� FRPSRQHQWV� IRU� WKLV� W\SH� RI� PDFKLQH
KDYLQJ� WKUHH�GLPHQVLRQDO� PDJQHWLF� IOX[
SDWKV�

�� $&.12:/('*(0(176
7KH� ZRUN� ZDV� SRVVLEOH� GXH� WR� WKH� VXSSRUW
JLYHQ� E\� WKH� 5RPDQLDQ� $FDGHP\�
UHVSHFWLYHO\� WKH� 1DWLRQDO� &RXQFLO� RI
6FLHQWLILF� 5HVHDUFK� LQ� +LJKHU� (GXFDWLRQ
�5RPDQLDQ� 0LQLVWU\� RI� (GXFDWLRQ� DQG
5HVHDUFK��WR�WKH�DXWKRUV�
�� 5()(5(1&(6
>�@ 9LRUHO��,�$��+HQQHEHUJHU��*���%OLVVHQEDFK�

5�� DQG� /|ZHQVWHLQ�� /��� �7UDQVYHUVH� IOX[
PDFKLQHV�� 7KHLU� EHKDYLRXU�� GHVLJQ�
FRQWURO� DQG� DSSOLFDWLRQV��� 0HGLDPLUD
3XEOLVKHUV��&OXM��5RPDQLD��������

>�@ 'LFNLQVRQ�� 3�*��� �8VLQJ� ,URQ� 3RZGHU� WR
(QKDQFH�WKH�3HUIRUPDQFH�DQG�5HGXFH�WKH
(QYLURPHQWDO�&RVW�RI�0RWRU�3URGXFWLRQ��
3RVW� *UDGXDWH� &RQIHUHQFH� 3*& 
�����
8QLYHUVLW\�RI�1HZFDVWOH�������

>�@ +|JDQlV $%�� �6RPDOR\��������+|JDQlV
�6ZHGHQ��������

>�@ -DFN�� $��� �7KH� 3RVVLELOLWLHV� IRU� ,QVXODWHG
,URQ� 3RZGHU� DV� D� 1HZ� 0DWHULDO� IRU
(OHFWURPDJQHWLF� &RPSRQHQWV��
SUHVHQWDWLRQ� DW� WKH� ,(((� -RLQW� *HUPDQ
,$6�3(/6�,(6� &KDSWHU� 0HHWLQJ�
5HJHQVEXUJ��*HUPDQ\��������

>�@ *XR��<�*���=KX��-�*���:DWWHUVRQ��3�$��DQG
:X��:����&RPSDUDWLYH�6WXG\�RI��'�)OX[
(OHFWULFDO� 0DFKLQHV� ZLWK� 6RIW� 0DJQHWLF
&RPSRVLWH�&RUHV��� LQ��3URFHHGLQJV�RI� WKH
����� ,(((� ,QGXVWU\� $SSOLFDWLRQ
&RQIHUHQFH� ���WK $QQXDO� ,$6� 0HHWLQJ��
3LWWVEXUJK��86$��������

>�@ -DQVVRQ��3����$SSOLFDWLRQ�RI�6RIW�0DJQHWLF
&RPSRVLWH�0DWHULDOV� WR�(OHFWULF�0RWRUV��
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