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;�SLQFK�LV�D�SODVPD�REMHFW�SURGXFHG�E\�HOHFWULFDO�H[SORVLRQ�RI�WZR�RU�PRUH�LQWHUVHFWLQJ
WKLQ�ZLUHV�KDYLQJ�D�FRPPRQ�SRLQW�RI�FRQWDFW�LQ�D�YDFXXP�KLJK�FXUUHQW�GLRGH��,WV�PDLQ�IHDWXUH
LV�WKH�KLJK�FDSDELOLW\� WR�HQHUJ\�FRQFHQWUDWLRQ�LQ�WKH�SODVPD��ZKLFK�LV�XVHG�WR�GHYHORS�;�UD\
VRXUFHV� 7KH�UHVXOWV�RI��'�QXPHULFDO�VLPXODWLRQV�RI�WKH�HYROXWLRQ�RI�;�SLQFK�SODVPD�SURGXFHG
E\�HOHFWULFDO�H[SORVLRQ�RI�WZR�FURVVHG�ZLUHV��)LJ����DOORZ�RQH�WR�GHYHORS�D�SK\VLFDO�PRGHO�RI
SODVPD�LPSORVLRQ��0+'�FXPXODWLRQ��DQG�;�UD\�HPLVVLRQ�SURFHVVHV��7KH�SRLQW�OLNH�UHJLRQV�RI
VWURQJO\� FRPSUHVVHG� KLJK�WHPSHUDWXUH� SODVPD� LQ� WKH� UHJLRQ� RI�;�SLQFK� QHFN� �KRW�VSRW�� DUH
IRUPHG�� 7KH�0+'�PRGHO� GHVFULEHV� D� UDGLDO� FRPSUHVVLRQ� RI� SODVPD� E\� WKH�PDJQHWLF� ILHOG�
RXWOHW�RI�SODVPD�RQ�D[LV��WKH�QRQHTXLOLEULXP�PXOWLSOH�LRQL]DWLRQ�DQG�WUDQVSRUW�SKHQRPHQD�LQ
PDJQHWLF� ILHOG�� VXFK� DV� WZR�WHPSHUDWXUH� SURFHVVHV� RI� HOHFWURQ�LRQ� UHOD[DWLRQ�� GLIIXVLRQ� RI
PDJQHWLF� ILHOG� LQ� SODVPD� DQG� -RXOH� KHDWLQJ�� 0+'�LQVWDELOLWLHV�� UDGLDWLRQ� WUDQVIHU� LQ� WKH
GLIIXVLRQ�DSSURDFK� LQ� WKH�D[LDO�DQG�UDGLDO�GLUHFWLRQV�ZLWK� WKH�YDFXXP� ORVVHV�RI� UDGLDWLRQ�RQ
UDGLXV��7KH�LQLWLDO�FRQLF�SODVPD�FRQILJXUDWLRQ�LV�VKRZQ�LQ�)LJ����

)LJ�����([DPSOH�RI�FDOFXODWHG�HYROXWLRQ�RI�;�SLQFK�
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7KH�PRGHO�GHVFULEHV�D�KRW�VSRW�SODVPD�IRUPDWLRQ�DV�WKH�SURFHVV�RI�WKH�QHFN�FDVFDGLQJ
GXH�WR�WKH�0+'�LQVWDELOLW\�SKHQRPHQD��2QH�FDQ�REVHUYH�KHUH�D�SURJUHVVLYH�UHGXFWLRQ�RI�WKH
SODVPD� FRPSUHVVLRQ� VFDOHV� ERWK� LQ� VSDFH� DQG� WLPH�� $Q� HOHPHQWDU\� F\FOH� LV� GHWHUPLQHG� E\
G\QDPLFV�RI�DQ�REOLTXH�VKRFN�ZDYH��26:���7KH�QXPEHU�RI�WKH�FDVFDGH�F\FOHV�LV�ILQLWH��DQG�DW
ILQDO�F\FOH�WKH�OLIHWLPH�RI�KRW�VSRW�SODVPD�LV�GHWHUPLQHG�E\�D�EUHDN�RI�WKH�QHFN�DW�JHQHUDWLRQ
RI�WKH�D[LDO�VKRFN�ZDYHV��7KH�VFDOLQJ�ODZV�IRU�;�SLQFK�FDVFDGH�HYROXWLRQ�DUH�GHWHUPLQHG�LQ
WKH�PRGHO��LQ�SDUWLFXODU��IRU�WKH�KRW�VSRW�SODVPD�SDUDPHWHUV�DQG�;�UD\�EXUVW��,Q�D�ILQDO�SURFHVV
RI�WKH�KRW�VSRW�GHYHORSPHQW��WKDW�KDV�YHU\�VPDOO�VXEQDQRVHFRQG�VFDOHV��WKH�KRW�VSRW�SODVPD�LV
VWURQJO\�QRQ�LGHDO��QL��� U'L �����DQG�VRPH�QHZ�IHDWXUHV�RI�WKH�SODVPD�G\QDPLFV�PXVW�EH�WDNHQ
LQWR�DFFRXQW�LQ�WKH�;�SLQFK�PRGHO�

$�VSHFLILF�JHRPHWU\�DQG�KLJK�LQLWLDO�GHQVLW\�RI�WKH�;�SLQFK�PDWWHU�OHDG�WR�ORFDOL]DWLRQ�RI
WKH� PDLQ� SURFHVVHV� RI� HYROXWLRQ� LQ� D� WLQ\� UHJLRQ� RI� LQWHUVHFWLRQ� �D� PLQL�GLRGH��� ZKHUH� WKH
PDWWHU� D[LDO�PRWLRQ� LV� LPSRUWDQW�� 7R� IRUPXODWH� WKH� SUREOHP� LW� LV� VXIILFLHQW� WR� FRQVLGHU� WKLV
UHJLRQ��6XFK�D�EHKDYLRU�LV�D�NLQG�RI�VHOI�RUJDQL]DWLRQ��WKDW�LV��GXULQJ�DQG�DIWHU�WKH�PLQL�GLRGH
IRUPDWLRQ�� WKH�;�SLQFK�HYROXWLRQ�JRHV�DV�D�SURFHVV�RI�QHFN�FDVFDGLQJ��DQG� WKLV� LV� VKRZQ� LQ
)LJ�� ��� $� QHZ� QHFN� EHLQJ� IRUPHG� LQ� HDFK� RI� WKH� F\FOHV�SUHVHQWV D� GLPLQLVKHG� DQG� VOLJKWO\
GLVWRUWHG�FRS\�RI�D�SUHYLRXV�FRQILJXUDWLRQ��,Q�WKH�FRXUVH�RI�KHDWLQJ��LRQL]DWLRQ��DQG�GLIIXVLRQ
RI�WKH�PDJQHWLF�ILHOG�FDXVHG�E\�WKH�FXUUHQW�IORZ�WKHUH�RFFXUV�DQ�26:��ZKLFK�LV�IROORZHG�E\
WKH�SODVPD�LPSORVLRQ���7KH�FHQWHU�RI�WKH�26:�IURQW�FXUYHG�GXH�WR�WKH�FRPSOH[�JHRPHWU\� LV
QHDULQJ�WKH�D[LV�DW���QV��DQG�WKH�PDLQ�YROXPH�RI�WKH�ZLUH�FURVVLQJ�DUHD�LV�KHDWHG�XS�WR���y��
H9��%XW� DW� D� SHULSKHU\�� WKH� IURQW� FKDQJHV� LWV� VORSH� VKDUSO\�� DQG� SHQHWUDWHV� WKH� SODVPD� RQO\
VOLJKWO\��7KLV�LV�WKH�PRPHQW�RI�WKH�FXPXODWLRQ�VWDUW�DW�WKH�D[LV��,Q�IUDPH���QV��RQH�FDQ�REVHUYH
WKH�UHIOHFWLRQ�RI�DQ�REOLTXH�IURQW�RI�FRPSUHVVLRQ�IURP�DQ�D[LV��EXW�WKH�SHULSKHUDO�SDUW�RI�WKH
IURQW�FRQWLQXHV�LWV�PRWLRQ�WR�WKH�FRQH�LQQHU�VXUIDFH��7KH�FXPXODWLRQ�]RQHV��ZKHUH�WKH�REOLTXH
LQFLGHQFH� DQG� UHIOHFWHG� IURQWV� DUH� FURVVLQJ�� PRYH� DORQJ� WKH� D[LV� LQ� WKH� GLUHFWLRQ� RI� ERWK
HOHFWURGHV�� 8S� WR� �� QV� RQH� FDQ� FOHDUO\� REVHUYH� WKH� FXPXODWLRQ� ]RQH� FRPLQJ� WR� WKH� LQQHU
ERXQGDU\�DQG��DV�D�UHVXOW��WKH�SODVPD�H[SDQGV��+HUH�WKH�FHQWUDO�SDUW�KDV�DOUHDG\�EHHQ�KHDWHG�
WKH� UHIOHFWHG� IURQW� UHDFKHG� WKH� VXUIDFH�� DQG� WKH� LPSORVLRQ�KDV� IRUPHG�D� W\SLFDO�SLFWXUH�RI� D
PLQLGLRGH��7KH�IRUPDWLRQ�RI�VXFK�D�SLFWXUH� LV�DVVRFLDWHG�DOVR�ZLWK�D� WUDQVYHUVH�PRWLRQ�RI� D
SDUW�RI�WKH�UHIOHFWHG�IURQW��ZKLFK�KDV�DOUHDG\�FRPH�RXWVLGH�WKH�IRUPHG�QHFN��$W�WKLV�VWDJH�RI
LPSORVLRQ� WKH� QHFN� LV� VWURQJO\� VWUHWFKHG� DORQJ� WKH� D[LV�� DQG� WKH� OLPLWLQJ� ³PLQLGLRGH
HOHFWURGHV´� DUH� QRWLFHDEO\� GHIRUPHG�� DQG� WKH� FXPXODWLYH� MHWV� DUH� IRUPHG� LQVLGH� D� YDFXXP
FRQH��7KH�26:� VKDSH� DW� ��� QV� LV� LQGLFDWLYH� RI� D� QHZ� VWDJH� RI� FRPSUHVVLRQ� WKDW� LV� D[LDOO\
QRQXQLIRUP�� $V� D� UHVXOW�� WKH� QHFN� WDNHV� D� FODVVLFDO� IRUP� DIWHU� EHLQJ� QDUURZHG� LQ� D� FURVV�
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VHFWLRQ�DQG�HORQJDWHG�DORQJ�WKH�D[LV�DV�D�UHVXOW�RI�FRQYHUJHQFH�RI�D�QHZ�LPSORVLYH�ZDYH��7KH
WHPSHUDWXUH�7H DQG�GHQVLW\�QH RI�WKH�D[LDO�UHJLRQ�RI�GHQVH�DQG�KRW�SODVPD�DFKLHYH�����H9�DQG
���� kP����UHVSHFWLYHO\��IUDPH����QV���7KHQ�ZLWKLQ�D�VKRUW�WLPH�WZR�FRPSUHVVLRQ�UHJLRQV�DUH
IRUPHG� LQ� WKH�QHFN�� DQG� WKH�SODVPD� WKDW� IORZV� RXW� RI� WKHP� LV� IRUPLQJ� DQ� H[SDQVLRQ� UHJLRQ
EHWZHHQ�WKHP��7KH�HYROXWLRQ�RI�WKH�QDUURZLQJ�UHJLRQV�LV�DFFHOHUDWHG�XS�WR�VXE�QDQRVHFRQGV�
DQG�LQ�IUDPH�������QV�RQO\�RQH�RI�WKHP�LV�QRWLFHDEO\�GHYHORSHG�

7KH�HIIHFWV�WKDW�GHWHUPLQH�WKH�VKRFN�ZDYH�VWUXFWXUH�DUH�VXFK�>�@�WKDW�WKH�GLPHQVLRQ�FVWHL
RI�WKH�HL�UHOD[DWLRQ�]RQHV��EHKLQG�WKH�VKRFN�ZDYH��DQG�WKH�H�KHDW�FRQGXFWLYLW\��LQ�IURQW�RI�LW�
DUH�PXFK� JUHDWHU� WKDQ� WKH� VFDOH� � FVWHL�= RI� WKH� HQHUJ\� WUDQVIHU� IURP� LRQV� WR� HOHFWURQV�� DQG
PXFK� JUHDWHU� WKDQ� WKLFNQHVV� RI� WKH� FRPSUHVVLRQ� IURQW T i iiv W �� 7KH� LPSORVLRQ� SURFHVV� FDQ� EH
FKDUDFWHUL]HG�E\�WKH�5H\QROQGV�PDJQHWLF�QXPEHU��5HP  ��SVFVD�F�  ��D��GV����ZKHUH�GV  �F�D
��SVFV���� LV�WKH�VNLQ�OD\HU�WKLFNQHVV��7KH�VNLQ�OD\HU�EHFRPHV�WKLQ�GXULQJ�LPSORVLRQ��DQG�5HP
 ���FVWHL �=D��ZSLD��F�� !����7KH�ILUVW�WHUP�LV�WKH�UDWLR�RI�UDGLXV�WR�WKH�LRQ�HOHFWURQ�KHDW�WUDQVIHU
OD\HU�WKLFNQHVV��DQG�WKH�VHFRQG�WHUP�LV�WKH�TXDGUXSOH�UDWLR�RI�WKH�OLQHDU�LRQ�GHQVLW\��1�  SD�QL�
WR�LWV�FULWLFDO�YDOXH�1
�=���ZKHUH�1
  PLF��H�  ������$ ��kP��,W�WXUQV�RXW�WKDW�D�FVWHL  ���1=�
1
5HP ��7KH�JURZWK�RI�5HP DQG�WKH�RXWOHW�RI�SODVPD�PDNH�WKH�UDWLR��D�FVWHL ORZHU���$W�ILUVW�LW�LV
JUHDWHU�WKDQ����DQG�DW��1 !�1
 �=� LW�VKRXOG�EHFRPH�OHVV�WKDQ���LQ�WKH�UHJLRQ�RI�PLQLPDO�FURVV�
VHFWLRQ�

$W� D��� FVWHL WKH� H�WKHUPDO� FRQGXFWLYLW\� KHDWV� XS� WKH�ZKROH� DUHD� RI� WKH� QHFN�� DQG� WKH
HOHFWURQ� WHPSHUDWXUH� WDNHV� D� VPRRWK� GLVWULEXWLRQ�� WKH�PRUH� XQLIRUP� WKH� EHWWHU� LQHTXDOLW\� LV
IXOILOOHG�� 7KH� HOHFWURQ� KHDWLQJ� FDSDELOLWLHV� EHFRPH� H[KDXVWHG�� DQG� D� IXUWKHU� FXPXODWLRQ
FRQVLVWV� LQ� WKH� LRQ� KHDWLQJ� LQ� D� WKLQ� FRPSUHVVLRQ� OD\HU� WKDW� FDQ� EH� UHJDUGHG� DV� D� UXSWXUH�
,PPHGLDWHO\� EHKLQG� LW�� LQ� WKH� OD\HU� RI� WKLFNQHVV� FVWHL�= DW� 7L !� 7H�� WKH� KHDWHG� LRQV� DUH
LQWHQVLYHO\�FRROHG�GRZQ�E\�HOHFWURQV��,Q�WKH�UHJLRQ�RI��D�FVWHL ����= ������1=� 1
 ��WKH�HL�KHDW
H[FKDQJH� EHFRPHV� UHVWULFWHG�� DQG� WKH� WHPSHUDWXUH� VHSDUDWLRQ� RI� LRQV� LQFUHDVHV� UDSLGO\��7KH
SODVPD� EHFRPHV� VWURQJO\� QRQHTXLOLEULXP�� 2QH� FDQ� JR� EH\RQG� WKH� PHFKDQLVPV� RI� WKH
&RXORPE�FROOLVLRQV��L�H��WKH�OHQJWKV�RI�WKH�LL��DQG�HL�SDWKV�EHFRPH�OHVV�WKDQ�GLVWDQFHV�EHWZHHQ
WKH�LRQV�QL�����7KH�FDOFXODWLRQ�SHUIRUPHG�LQ�>�@�YHULILHV�WKLV��7KH�QXPEHU�RI�WKH�FDVFDGH�F\FOHV
SURYHV�WR�EH�ILQLWH�

7KH� V\QHUJHWLFV� WHOOV� WKH� GLIIHUHQFH� EHWZHHQ� RUJDQL]DWLRQ� DQG� VHOI�RUJDQL]DWLRQ�� 7KH
RUJDQL]DWLRQ�LV�WKH�OLQHDU�UHVSRQVH�WR�WKH�DFWLRQ�RI�H[WHUQDO�IRUFHV��DQG�WKH�VHOI�RUJDQL]DWLRQ�LV
WKH� IRUPDWLRQ� RI� WKH� RUGHUHG� VWUXFWXUHV� LQ� WKH� VWRFKDVWLFDOO\� GLVRUGHUHG�PHGLD� GXH� WR� WKHLU
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LQKHUHQW�IHDWXUHV��7KH�QHZ�VWUXFWXUHV�DUH�ERUQ�GXH�WR�WKH�ELIXUFDWLRQV�LQ�D�QRQOLQHDU�G\QDPLF
V\VWHP��ZKHUH�WKH�LQLWLDO�FRQGLWLRQV�DUH�WKH�UDQGRP�QRLVHV��DQG�LQVWDELOLW\�LV�WKH�PHFKDQLVP�RI
GHYHORSPHQW�� $� QRQOLQHDU� HYROXWLRQ� RI� WKH� FRPSOH[� V\VWHPV� PD\� EH� GHWHUPLQHG� E\� VXFK
IHDWXUHV�DV�WKH�FRPSHWLWLRQ�EHWZHHQ�WKH�IOXFWXDWLRQ�VWUXFWXUHV��WKH�VXERUGLQDWLRQ�RI�WKH�VKRUW�
OLYLQJ�VWUXFWXUHV�WR�WKH�ORQJ�OLYLQJ�RQHV��WKH�DSSHDUDQFH�RI�WKH�KLHUDUFK\��HWF�

7KH�HYROXWLRQ�VKRZQ�LQ�)LJ���DOORZV�RQH�WR�VXJJHVW�WKH�SUHVHQFH�RI�VHOI�RUJDQL]DWLRQ�LQ
WKH� G\QDPLFV� RI� WKH� ;�SLQFK� QHFNLQJ�� 7KLV� FDQ� EH� DWWULEXWHG� WR� WKH� FODVV� RI� GLVVLSDWLYH
VWUXFWXUHV� LQ� WKH� WKHUPRG\QDPLFDOO\� QRQHTXLOOLEULXP�PHGLD��7KH� H[DPSOHV� FDQ� EH� IRXQG� LQ
WKH�K\GURG\QDPLFV�RI�OLTXLG�DQG�SODVPD��VHH�DOVR�WKH�HYROXWLRQ�VKRZQ�LQ�)LJ����$�VXFFHVVLRQ
RI�ELIXUFDWLRQV�DW�WKH�FDVFDGH�GHYHORSPHQW�RI�WKH�QHFN�LV�GXH�WR�WKH�IURQWDO�UHRUJDQL]DWLRQ�RI
VKRFN�ZDYHV� LQ� WKH� FRXUVH�RI� FXPXODWLRQV� DW� WKH� D[LV�RXWSXW��$� IXUWKHU� H[WHQVLRQ� DQG� D[LDO
PRWLRQ�RI� WKH�SODVPD�SURYLGH� FRQGLWLRQV� IRU� WKH�0+'� LQVWDELOLW\� WKDW� DUH� QHFHVVDU\� IRU� WKH
GHYHORSPHQW�RI�QHZ�FRPSUHVVLRQV�RI�D�VPDOOHU�VFDOH��7KLV�GHWHUPLQHV�WKH�KLHUDUFK\�VWUXFWXUH
RI�WKH�QHFNLQJ��7KH�ILQDO�;�UD\�IODVK�LV�DFFRPSDQLHG�E\�WKH�UDGLDWLYH�FROODSVH���7KLV�OHDGV�WR
WKH�UXSWXUH�RI�QHFNLQJ�DQG�DOVR�WR�WKH�ELIXUFDWLRQ��$�QHZ�VWUXFWXUH�LV�ERUQ��WKDW�LV��D�JDS�RI�D
VSDWLDO�FKDUJH�ZLWK�WKH�VHOI�FRQVLVWHQW�ILHOGV�DQG�WKH�IORZV�RI�HOHFWURQV�DQG�LRQV�LQ�D�SLQFKLQJ
PDJQHWLF�ILHOG�RI�WKH�FXUUHQW�

$Q�XS�WR�GDWH�PRGHO�RI� WKH�FROODSVH�DVVXPHV�D� WZR�VWDJH�FRPSUHVVLRQ�RI� WKH�=�SLQFK�
7KLV�UHTXLUHV�D�VXIILFLHQWO\� ODUJH�D[LDO�VFDOH�RI� WKH�SLQFK�DQG�FRUUHVSRQGV�WR�D�SODVPD�IRFXV
FRQGLWLRQ��%XW� LW� QHHGV� WR�EH�HVVHQWLDOO\� FRUUHFWHG�DV� DSSOLHG� WR� WKH� UDGLDWLYH�;�SLQFK� IODVK�
,QVWHDG�RI� WKH�0+'�FRPSUHVVLRQ�RQH�VKRXOG�DSSO\� WKH� VHOI�RUJDQL]HG�FRPSUHVVLRQ�FDVFDGH�
ZKLFK�LV�WHUPLQDWHG�E\�WKH�QHFN�UXSWXUH�LQ�D�ILQDO�F\FOH�

7KH�ZRUN�LV�VXSSRUWHG�E\�,67&�3URMHFW �������5)),�*UDQW��������������Z DQG�1$72
6FLHQFH�3URJUDP�*UDQW�367�15��&/*�����������

5HIHUHQFHV
��� =HOGRYLFK� <D�%��� 5DL]HU� <X�3�� 7KH� 3K\VLFV� RI� VKRFN� ZDYHV� DQG� KLJK�WHPSHUDWXUH
K\GURG\QDPLF�SKHQRPHQD��F���1DXND�������
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