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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��
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$V� UHYLHZHG� LQ� &KDSWHU� ��� EHVLGHV� VRPH� VSRUDGLF� ZRUNV� RQ� IO\EDFN�GHULYHG

WRSRORJLHV� IRU� ORZ�SRZHU� DSSOLFDWLRQV� >(��@�>(��@�� DOPRVW� DOO� RI� WKH� GHYHORSPHQWV� LQ� WKH

GLUHFWLRQ� RI� VLQJOH�VWDJH� EL�GLUHFWLRQDO� LQYHUWHU�FKDUJHU� �UHFWLILHU�� KDYH� VR� IDU� EHHQ

FRQFHQWUDWHG�RQ�WKH�YDULRXV�PRGXODWLRQ�DQG�FRQWURO�DVSHFWV�RI� WKH�KLJK�IUHTXHQF\� LVRODWHG

F\FORFRQYHUWHU�� RU� PDWUL[� FRQYHUWHU�EDVHG� WRSRORJLHV� >(�@�>(��@�� � 7KHVH� WRSRORJLHV� DOO

LQYROYH�IRXU�TXDGUDQW�VZLWFKHV��DQG�WKHLU�VHFXUH�RSHUDWLRQ�LV�DOZD\V�FKDOOHQJLQJ�>$��@���7KH

DVVRFLDWHG�3:0�VHTXHQFHV�DUH�XVXDOO\�FRPSOLFDWHG�

)RU� WKH� UHDVRQ� RI� FKDUJHU� RSHUDWLRQ� ZLWK� SRZHU� IDFWRU� FRUUHFWLRQ� �3)&��� YDULRXV

FXUUHQW�IHG� WRSRORJLHV�KDYH� WR�EH�SODFHG�RQ� WKH�DF�RXWSXW� �VHFRQGDU\�� VLGH�� �7KH�HIIHFWLYH

FODPSLQJ�RI�WKH�WUDQVLHQW�YROWDJH�DSSHDULQJ�RQ�WKH�VHFRQGDU\�VLGH� LV�H[WUHPHO\�GLIILFXOW� IRU

WKHVH�WRSRORJLHV�EHFDXVH�RI�WKH�FRPSOLFDWLRQ�E\�WKH�EL�GLUHFWLRQDO�QDWXUH�RI�WKH�YROWDJH�RQ

WKH�VHFRQGDU\�EULGJH���$�EL�GLUHFWLRQDO�YROWDJH�FODPS�FLUFXLW�LV�D�QHFHVVLW\�IRU�KLJKHU�SRZHU

RSHUDWLRQ�� � 6XFFHVVIXO� VRIW�VZLWFKLQJ� VFKHPHV� KDYH� KDUGO\� EHHQ� GHYHORSHG�� HVSHFLDOO\� IRU
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

FRQYHUWHUV�ZLWK�D�SXVK�SXOO�WRSRORJ\�RQ�WKH�GF�YROWDJH�IHG�VLGH�ZKHUH�D�]HUR�YROWDJH�DFURVV

WKH�YROWDJH�VLGH�RI�WKH�WUDQVIRUPHU�LV�QRW�SRVVLEOH�WR�FUHDWH�

,Q� WKLV� FKDSWHU�� D� QHZ� VRIW�VZLWFKHG� VLQJOH�SKDVH� TXDVL�VLQJOH�VWDJH� �466�� EL�

GLUHFWLRQDO�LQYHUWHU�FKDUJHU�LV�SURSRVHG���7KH�WRSRORJ\�FDQ�EH�GHULYHG�IURP�WKH�466�SRZHU

FRQYHUVLRQ� FRQFHSW� HODERUDWHG� LQ� &KDSWHU� ��� DQG� FDQ� DOVR� EH� REWDLQHG�ZLWK� GLUHFW� FLUFXLW

PDQLSXODWLRQ�� � 7KH� UHVXOWLQJ� VRIW�VZLWFKHG� 466� LQYHUWHU�FKDUJHU� UHDOL]HV� VHDPOHVV� IRXU�

TXDGUDQW� RSHUDWLRQ� LQ� LQYHUWHU� PRGH�� DQG� UHFWLILHU� RSHUDWLRQ� ZLWK� XQLW\� SRZHU� IDFWRU� LQ

FKDUJHU�PRGH���6LPSOH�FHQWHU�DOLJQHG�3:0�FRQWURO��VLQJOH�VWDJH�SRZHU�FRQYHUVLRQ��VWDQGDUG

KDOI�EULGJH� FRQQHFWLRQ� RI� GHYLFHV�� VRIW�VZLWFKLQJ� �HLWKHU� =&6� RU� =96�� IRU� DOO� WKH� SRZHU

GHYLFHV��ORZ�FRQGXFWLRQ�ORVV��DQG�KLJK�HIILFLHQF\�DUH�DPRQJ�LWV�VDOLHQW�IHDWXUHV�

,Q� WKH� UHPDLQLQJ� VHFWLRQV� RI� WKH� FKDSWHU�� WKH� FLUFXLW� WRSRORJ\� LV� GHULYHG� DQG� LWV

IHDWXUHV� DUH� VXPPDUL]HG� LQ� 6HFWLRQ� ����� ZKLOH� LWV� GHWDLOHG� RSHUDWLRQ� SULQFLSOHV� LQ� ERWK

LQYHUWHU�DQG�FKDUJHU�PRGHV�DUH�GLVFXVVHG� LQ�6HFWLRQ������ �$� VHDPOHVV� FHQWHU�DOLJQHG�3:0

DQG� FRQWURO� RI� WKH� FRQYHUWHU� V\VWHP� DUH� DGGUHVVHG� LQ� 6HFWLRQV� ���� DQG� ����� UHVSHFWLYHO\�� D

GHVLJQ�H[DPSOH�DQG�H[SHULPHQWDO�UHVXOWV�DUH�SUHVHQWHG�LQ�6HFWLRQ������DQG�ILQDOO\��LQ�6HFWLRQ

�����WKH�SURSRVHG�VLQJOH�SKDVH�466�LQYHUWHU�FKDUJHU�LV�H[WHQGHG�WR�REWDLQ�RWKHU�UHODWHG�EL�

GLUHFWLRQDO�WRSRORJLHV�DQG�XQLGLUHFWLRQDO�3)&�UHFWLILHUV��LQFOXGLQJ�D�466�LVRODWHG�WKUHH�SKDVH

ERRVW�UHFWLILHU�

�����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU

�������&\FORFRQYHUWHU�%DVHG�,QYHUWHU�&KDUJHU

7R� IDFLOLWDWH� GLVFXVVLRQ� DQG� FRPSDULVRQ�� WKH� EL�GLUHFWLRQDO� F\FORFRQYHUWHU�EDVHG

VLQJOH�VWDJH�LQYHUWHU�FKDUJHUV�ZLWK�D�EL�GLUHFWLRQDO�DFWLYH�FODPS�EUDQFK�LV�GUDZQ�LQ�)LJ�����



+,*+�)5(48(1&<�48$6,�6,1*/(�67$*(��466��,62/$7('�$&�'&�$1'�'&�$&�32:(5�&219(56,21

&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

>(�@�>(��@���&RQVLGHULQJ�WKH�IDFW�WKDW�WKH�GF�VLGH�LV�XVXDOO\�D�ORZ�YROWDJH�EDWWHU\��H�J�����9�RU

���9��D�YROWDJH�IHG�SXVK�SXOO�WRSRORJ\�LV�MXVWLILHG��WKH�DF�VLGH�YROWDJH�LV�XVXDOO\�PXFK�KLJKHU�

H�J������9�RU�����9��DQG�D�IXOO�EULGJH�F\FORFRQYHUWHU�FDQ�EH�XVHG��HVSHFLDOO\�LQ�FDVHV�ZKHUH

WKH�SRZHU�OHYHO�LV�UHODWLYHO\�KLJK���%HFDXVH�LW�LV�GHVLUDEOH�WR�DFKLHYH�UHFWLILFDWLRQ�ZLWK�SRZHU

IDFWRU�FRUUHFWLRQ��3)&��ZKHQ�WKH�FRQYHUWHU�RSHUDWHV�LQ�FKDUJHU�PRGH��WKH�RXWSXW�VLGH�KDV�WR

EH�FXUUHQW�IHG�WR�DFKLHYH�WKH�UHTXLUHG�ERRVW�DFWLRQ�

7KH�EL�GLUHFWLRQDO�DFWLYH�FODPS�FLUFXLW�FRQVLVWV�RI�IRXU�DFWLYH�VZLWFKHV��6F����6F���IRXU

GLUHFWLQJ�GLRGHV��'����'���DQG�D�FODPS�FDSDFLWRU��&F���&RXSOHG�ZLWK�D�VXLWDEOH�3:0�VFKHPH�

LW�FDQ�VXSSUHVV�WKH�RWKHUZLVH�KLJK�WUDQVLHQW�YROWDJH�LQ�WKH�F\FORFRQYHUWHU�DQG�DFKLHYH�VHFXUH

RSHUDWLRQ���+RZHYHU��VRPH�VHYHUH�VKRUWFRPLQJV�H[LVW�LQ�WKLV�FLUFXLW�WRSRORJ\���7KH\�LQFOXGH�

QRQ�VWDQGDUG�GHYLFH�FRQQHFWLRQ�LQ�WKH�F\FORFRQYHUWHU�ZKLFK�GHWHUV�WKH�XVH�RI�VWDQGDUG�KDOI�

EULGJH� PRGXOHV�� KLJK� FRQGXFWLRQ� ORVV� RQ� WKH� RXWSXW� VLGH� LQFOXGLQJ� WKH� FODPS� FLUFXLW�

FRPSOLFDWHG�DFWLYH�FODPS�FLUFXLWU\�DQG�FRUUHVSRQGLQJ�IORDWLQJ�GULYHV��DQG�FRPSOLFDWHG�3:0

SDWWHUQ�

Lk

Tr

Io

1:n

c

d

b

a

Ip Vo

Sp1

Sp2

S1p S4p

Active clamp

Icp

+

_

Lo

Lo

Cc

Sc1 Sc4

Sc3 Sc2

p

n

D1 D4

D3 D2

S1n S4n

S3p S2p

S3n S2n

Is
Vb

)LJ��������%L�GLUHFWLRQDO�F\FORFRQYHUWHU�EDVHG�VLQJOH�VWDJH�LQYHUWHU�FKDUJHUV�ZLWK�D�EL�GLUHFWLRQDO�DFWLYH�FODPS

>(�@�>(��@�



+,*+�)5(48(1&<�48$6,�6,1*/(�67$*(��466��,62/$7('�$&�'&�$1'�'&�$&�32:(5�&219(56,21

&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

�������466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU

���������7RSRORJ\�'HULYDWLRQ�8VLQJ�466�3RZHU�&RQYHUVLRQ�&RQFHSW

$�FRQYHQWLRQDO�WZR�VWDJH�EL�GLUHFWLRQDO�LQYHUWHU�FKDUJHU�LV�VKRZQ�LQ�)LJ��������6HHQ

IURP� WKH� GF� LQSXW� VLGH�� LW� FDQ� EH� YLHZHG� DV� D� YROWDJH�IHG� RU� EXFN�GHULYHG� LVRODWHG� GF�GF

FRQYHUWHU�DQG�D�YROWDJH�VRXUFH�RU�EXFN�LQYHUWHU�LQ�FDVFDGLQJ���%HFDXVH�RI�WKH�EL�GLUHFWLRQDO

SRZHU�IORZ�UHTXLUHPHQW��HDFK�RI�WKH�WZR�VXE�WRSRORJ\�QHHGV�WR�EH�EL�GLUHFWLRQDO�
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)LJ��������&RQYHQWLRQDO�WZR�VWDJH�EL�GLUHFWLRQDO�LQYHUWHU�FKDUJHU�

$� VLPSOH� FODPS�EUDQFK� FRPSRVHG�RI� 6F� LQ� VHULHV�ZLWK�&F� FDQ� EH� XVHG� WR� OLPLW� WKH

XQLGLUHFWLRQDO�WUDQVLHQW�YROWDJH�DFURVV�S�DQG�Q��DQG�DFKLHYH�=96�IRU�WKH�ILUVW�EULGJH�RQ�WKH

VHFRQGDU\�VLGH�� �+RZHYHU��ZLWKRXW�DGGLWLRQDO�FRPPXWDWLRQ�FLUFXLWU\�� WKH�SULPDU\�SXVK�SXOO

FLUFXLW� DQG� WKH� VHFRQG�EULGJH�RQ� WKH� VHFRQGDU\� VLGH�KDYH� WR� VZLWFK�XQGHU�KDUG� VZLWFKLQJ�

$OVR��YROWDJH�FODPS�FLUFXLW�DFURVV�SULPDU\�SXVK�SXOO�VZLWFKHV�LV�D�PXVW�

$FFRUGLQJ� WR� WKH� 466� SRZHU� FRQYHUVLRQ� FRQFHSW� SURSRVHG� LQ� &KDSWHU� ��� WKH

FDVFDGLQJ� QDWXUH� RI� WKH� WZR� EXFN�GHULYHG� VXE�WRSRORJ\� LQ� WKH� WZR�VWDJH� LQYHUWHU�FKDUJHU

FUHDWHV�D�SRVVLELOLW\�WR�UHDOL]H�D�466�LQYHUWHU�FKDUJHU�ZLWK�WKH�HOLPLQDWLRQ�RI�WKH�GF�OLQN�/3

ILOWHU� FRPSRVHG� RI� /GF� DQG� &GF�� � 7KH� UHVXOWLQJ� VRIW�VZLWFKHG� $66� EL�GLUHFWLRQDO

LQYHUWHU�FKDUJHU�LV�VKRZQ�LQ�)LJ������
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

,W� LV� DSSDUHQW� WKDW� LQ� WKH�466� LQYHUWHU�FKDUJHU�� WKH� DFWLYH� FODPS� EUDQFK� LV� DFURVV

ERWK�VHFRQGDU\�EULGJHV��UHIHUUHG�WR�DV�EULGJH�,�DQG�EULGJH�,,�UHVSHFWLYHO\��DV�VKRZQ�LQ�)LJ�

������6R�LW�LV�SRVVLEOH�WR�UHDOL]H�VRIW�VZLWFKLQJ�ZLWK�WKDW�EUDQFK�IRU�DOO�WKH�SRZHU�GHYLFHV�LQ

WKH�FLUFXLW�ZLWKRXW�DQ\�DGGLWLRQDO�FLUFXLWU\��D�FOHDU� DGYDQWDJH�FRPSDUHG�ZLWK� WKH� WZR�VWDJH
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VKRUWFXW�IUHHZKHHOLQJ�SDWKV�FDQ�EH�FUHDWHG�IRU�WKH�RXWSXW�LQGXFWRU�FXUUHQW��,R���$V�LOOXVWUDWHG

LQ� )LJ�� ����D�� ZKHUH� WKH� YROWDJH� DFURVV� WKH� VHFRQGDU\� VLGH� RI� WKH� WUDQVIRUPHU�� 9V�� LV

UHSUHVHQWHG�E\�D�VTXDUH�SXOVDWLQJ�ZDYHIRUP��DQG�WKH�RXWSXW�LQGXFWRU�FXUUHQW��,R��E\�D�FXUUHQW

VRXUFH��E\�DGGLQJ�WZR�H[WUD�FRQGXFWLRQ�SDWKV�LQ�WKH�FRQYHUWHU�ODEHOHG�DV�S�DQG�Q��WKH�RXWSXW
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

DQG�WZR�GLRGHV��WKXV�KDOYLQJ�WKH�IUHHZKHHOLQJ�FRQGXFWLRQ�ORVV�� �0RUHRYHU��WKLV� LV�DFKLHYHG

ZLWKRXW�DIIHFWLQJ�WKH�FDSDELOLW\�IRU�V\QWKHVHV�RI�WKH�RXWSXW�YROWDJH��9HI�
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)LJ��������7RSRORJLFDO�HYROXWLRQ�RI�WKH�SURSRVHG�VRIW�VZLWFKHG�466�EL�GLUHFWLRQDO�LQYHUWHU�FKDUJHU�

7KH�FLUFXLW�FDQ�EH�HDVLO\�VWUHWFKHG�DORQJ�WKH�FUHDWHG�SDWKV�S�DQG�Q�� DQG�UHGUDZQ�DV

VKRZQ�LQ�)LJ������E����7KH�UHVXOWLQJ�WRSRORJ\�LV�H[DFWO\�WKH�VDPH�DV�WKH�466�WRSRORJ\�VKRZQ

LQ� )LJ�� ���� ZKLFK� ZDV� GHULYHG� DERYH� E\� PHDQV� RI� WKH� 466� SRZHU� FRQYHUVLRQ� FRQFHSW�

$SSDUHQWO\�� WKH� QHZ� WRSRORJ\� LV� QRW� RQO\� IXQFWLRQDOO\� FRPSDWLEOH� ZLWK� WKH� RULJLQDO

F\FORFRQYHUWHU��SUHVHUYLQJ�WKH�EDVLF�WUDLWV�RI�VLQJOH�VWDJH�SRZHU�SURFHVVLQJ��EXW�DOVR�KDV�WKH

VWDQGDUG�KDOI�EULGJH�GHYLFH� FRQQHFWLRQ�� �&RPSDUHG�ZLWK� WKH�RULJLQDO� F\FORFRQYHUWHU�EDVHG

WRSRORJ\��WKH�WUDQVLHQW�YROWDJH�FODPS�FLUFXLWU\�LV�DOVR�JUHDWO\�VLPSOLILHG�
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

�������)HDWXUHV�RI�WKH�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU

$V� GLVFXVVHG� DERYH�� WKH� SURSRVHG� 466� EL�GLUHFWLRQDO� LQYHUWHU�FKDUJHU� KDV� WKH

IROORZLQJ�VDOLHQW�IHDWXUHV�FRPSDUHG�WR�RWKHU�H[LVWLQJ�FLUFXLW�WRSRORJLHV�IXUQLVKLQJ�WKH�VDPH

IXQFWLRQDOLW\�

• 5HGXFHG�IUHHZKHHOLQJ�FRQGXFWLRQ�ORVV�

• 6WDQGDUG�KDOI�EULGJH�FLUFXLW�FRQQHFWLRQ�

• (DVLHU�FLUFXLW�OD\RXW�

• 0XFK�VLPSOLILHG�YROWDJH�FODPS�FLUFXLW�

• 5HGXFHG�ORVV�LQ�YROWDJH�FODPS�FLUFXLW�

• 6RIW�VZLWFKLQJ�IRU�DOO�WKH�SRZHU�GHYLFHV�

• 6LPSOLILHG�3:0�SDWWHUQ�DQG�FRQWURO�

• 6HDPOHVV�IRXU�TXDGUDQW�RSHUDWLRQ�

�����2SHUDWLRQ�3ULQFLSOHV

,Q�WKLV�VHFWLRQ��WKH�KLJK�IUHTXHQF\�RSHUDWLRQ�SULQFLSOHV�RI�WKH�466�LQYHUWHU�FKDUJHU

LQ�HDFK�RSHUDWLRQ�PRGH�ZLOO�EH�GLVFXVVHG�� �,Q� LQYHUWHU�PRGH��EHFDXVH�WKH� ORDG�FDQ�DVVXPH

DQ\� SRZHU� IDFWRU�� HLWKHU� OHDGLQJ� RU� ODJJLQJ�� WKH� FLUFXLW� QHHGV� WR� RSHUDWH� LQ� DOO� WKH� IRXU

TXDGUDQWV�LQ�WKH�9R�,R�SODQH�GXULQJ�DQ�RXWSXW�OLQH�F\FOH�DV�LQGLFDWHG�LQ�)LJ������D��DQG��E����6R

LW�LV�LPSRUWDQW�WR�GHYHORS�D�VHDPOHVV�3:0�SDWWHUQ�ZKLFK�HQVXUHV�VPRRWK�WUDQVLWLRQ�EHWZHHQ

GLIIHUHQW�TXDGUDQWV���,Q�FKDUJHU�PRGH��WKH�FLUFXLW�RQO\�QHHGV�WR�RSHUDWH�LQ�TXDGUDQWV�,,�DQG

,9��DV�VKRZQ�LQ�)LJ������F��
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

,Q�WKH�IROORZLQJ�DQDO\VHV��LW�LV�DVVXPHG�WKDW�DOO�WKH�SRZHU�GHYLFHV�DUH�LGHDO��DQG�WKHLU

RXWSXW� FDSDFLWDQFH� LV� UHSUHVHQWHG� E\� D� OXPS� FDSDFLWRU� &SQ� �QRW� VKRZQ� LQ� PRVW� RI� WKH

GUDZLQJV��DFURVV�WKH�EXVHV�S�DQG�Q��DQG�WKDW�WKH�LQGXFWDQFH�RI�WKH�RXWSXW�ILOWHU��/R��LV�PXFK

KLJKHU�WKDQ�WKH�OHDNDJH�LQGXFWDQFH�RI�WKH�WUDQVIRUPHU�VHHQ�IURP�WKH�RXWSXW�VLGH��/N��VR�WKDW

WKH�RXWSXW�FXUUHQW� ,R�FDQ�EH�FRQVLGHUHG�FRQVWDQW�GXULQJ�FLUFXLW�FRPPXWDWLRQV�� �7KH�FODPS

FDSDFLWRU�&F�LV�WHPSRUDULO\�DVVXPHG�WR�EH�ODUJH�HQRXJK�VXFK�WKDW�WKH�YDULDWLRQ�RI�LWV�YROWDJH

GXULQJ� D� KLJK�IUHTXHQF\� F\FOH� FDQ� EH� QHJOHFWHG� WR� IDFLOLWDWH� WKH� DQDO\VLV�� � 0RUH� GHWDLOHG
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�������,QYHUWHU�0RGH�2SHUDWLRQ���)RXU�4XDGUDQW�2SHUDWLRQ

,Q� LQYHUWHU�PRGH�� FLUFXLW� RSHUDWLRQV� LQ� TXDGUDQWV� ,,,� DQG� ,9� DUH� H[DFW� UHSOLFDV� RI

WKRVH� LQ� TXDGUDQW� ,� DQG� ,,� H[FHSW� WKDW� WKH� 3:0� VLJQDOV� IRU� WKH� WZR� SDLUV� RI� GLDJRQDO

VZLWFKHV� LQ� EULGJH� ,,� DUH� VZDSSHG�� � 6R�� RQO\� RSHUDWLRQV� LQ� TXDGUDQW� ,� DQG� ,,� QHHG� WR� EH

FRQVLGHUHG�

7R�VHFXUH�WUDQVLWLRQV�EHWZHHQ�GLIIHUHQW�RSHUDWLQJ�TXDGUDQWV��D�EDVLF�LQYDULDQW�3:0

SDWWHUQ� ZKLFK� LV� YDOLG� IRU� DOO� RSHUDWLRQ� FRQGLWLRQV� LV� KLJKO\� SUHIHUUHG�� � ,Q� WKLV� VHFWLRQ�� D

FHQWHU�DOLJQHG�3:0�VFKHPH� LV� GHYHORSHG� WR� VHDPOHVVO\� FRQWURO� WKH�466� LQYHUWHU�FKDUJHU�

$OO� WKH� QHFHVVDU\� VZLWFK� VLJQDOV� DUH� GHULYHG� IURP� D� VLPSOH� 3:0�PRGXODWRU�ZKLFK� XVHV� D

WULDQJXODU� FDUULHU�� �:LWK� WKLV� 3:0� VFKHPH�� WKH� FRPPXWDWLRQV� IRU� WKH� SULPDU\� SXVK�SXOO

FLUFXLW�DQG�WKH�ILUVW�EULGJH��EULGJH�,�DV�LQGLFDWHG�LQ�)LJ�������DUH�DOZD\V�VHSDUDWHG�IURP�WKDW�LQ

WKH�RXWSXW�EULGJH��EULGJH�,,��DQG�DOZD\V�WDNH�SODFH�ZKHQ�WKH�DF�ORDG�FXUUHQW�LV�IUHHZKHHOLQJ

LQ�WKH�RXWSXW�EULGJH���&RQVHTXHQWO\��DOO�WKHVH�FRPPXWDWLRQV�DUH�ORVVOHVV�EHFDXVH�QR�FXUUHQW

QHHGV�WR�EH�VZLWFKHG���0RUHRYHU������IL[HG�GXW\�F\FOHV�DUH�DSSOLHG�WR�DOO�WKH�VZLWFKHV�LQ�WKH

SULPDU\�VLGH�DQG�EULGJH�,��VR�WKH�SULPDU\�SXVK�SXOO�FLUFXLW�DQG�EULGJH�,�RQ�WKH�VHFRQGDU\�VLGH

EDVLFDOO\�IXQFWLRQ�DV�D�GF�WUDQVIRUPHU��ZKLFK�WUDQVODWHV�WKH�YROWDJH�OHYHOV�RQ�ERWK�VLGHV��ZKLOH

WKH�VROH�REMHFWLYH�RI� WKH�FRPPXWDWLRQV� LV� WR�PDLQWDLQ� WKH� IOX[�EDODQFH�RI� WKH� WUDQVIRUPHU�

5HDO�3:0�VLJQDOV�DUH�GLUHFWHG�RQO\�WR�WKH�RXWSXW�EULGJH�WRJHWKHU�ZLWK�WKH�FODPS�VZLWFK�

���������4XDGUDQW�,���,QYHUVLRQ�RU�%XFN�2SHUDWLRQ

,Q�TXDGUDQW�,��ERWK�WKH� ORDG�FXUUHQW�DQG�WKH� UHTXLUHG�RXWSXW�YROWDJH��9R

��ZKLFK� LV

GHULYHG� IURP� WKH� IHHGEDFN� FRQWURO� ORRSV�� DUH� SRVLWLYH�� DQG� SRZHU� LV� WUDQVIHUUHG� IURP� WKH

EDWWHU\�VLGH�WR�WKH�RXWSXW�DF�VLGH�



+,*+�)5(48(1&<�48$6,�6,1*/(�67$*(��466��,62/$7('�$&�'&�$1'�'&�$&�32:(5�&219(56,21

&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

,Q� RUGHU� IRU� WKH� SULPDU\� VLGH� DQG� EULGJH� ,� WR� DFKLHYH� ORVVOHVV� VZLWFKLQJ�� LW� LV

PDQGDWRU\�WR�UHVHW�WKH�WUDQVIRUPHU�OHDNDJH�FXUUHQW�WR�]HUR�GXULQJ�WKH�IUHHZKHHOLQJ�SHULRG�RI

WKH�RXWSXW�FXUUHQW���,W�FDQ�EH�VKRZQ�WKDW�GHSHQGLQJ�RQ�WKH�WLPLQJ�RI�WKH�DFWLYH�FODPS�VZLWFK

UHODWLYH�WR�WKH�PDLQ�VZLWFKHV�LQ�EULGJH�,,��GLIIHUHQW�VFKHPHV�DUH�SRVVLEOH��7ZR�VXFK�VFKHPHV

ZLOO�EH�LOOXVWUDWHG�EHORZ��ZLWK�RQH�GLVFXVVHG�LQ�PRUH�GHWDLO�

2QH� VXFK� 3:0� SDWWHUQ� LV� VKRZQ� LQ� )LJ�� ���� IRU� RSHUDWLRQ� LQ� TXDGUDQW� ,�� � ,W� LV

DSSDUHQW� WKDW� WKH� FRQWURO� VLJQDO� IRU� WKH� FODPS� VZLWFK�6F� FRLQFLGHV�ZLWK� WKH�RXWSXW� YROWDJH

SXOVH�DQG�LV�WKH�GLUHFW�RXWSXW�IURP�WKH�3:0�PRGXODWRU�ZLWK�D�SURSHU�WXUQ�RQ�GHOD\���7KH

HTXLYDOHQW�DFWLYH�FLUFXLWV�LQ�HDFK�LQWHUYDO�ZLWKLQ�D�KDOI�KLJK�IUHTXHQF\�F\FOH�DUH�GUDZQ�LQ�)LJ�

����

>W��W�@���$VVXPH�WKDW�D�3:0�F\FOH�EHJLQV�ZLWK�WKH�SHDN�RI�WKH�3:0�FDUULHU��WKHQ�WKH

VZLWFKHV�RQ�WKH�SULPDU\�VLGH�DQG�EULGJH�,�UHFRQQHFW�DW�WKH�EHJLQQLQJ�DQG�LQ�WKH�PLGGOH�RI�D

3:0�F\FOH��DQG�LV�V\QFKURQL]HG�ZLWK�WKH�WULDQJXODU�FDUULHU�� �$W� W���6S���6��DQG�6��DUH�FORVHG

XQGHU� ]HUR� FXUUHQW��ZKLOH� WKH� ORDG� FXUUHQW� LV� IUHHZKHHOLQJ� WKURXJK� 6�� DQG� WKH� DQWLSDUDOOHO

GLRGH�RI�6���'��

>W��W�@���$W�W��∆7���ZKHUH�∆7��LV�WKH�GHDG�WLPH�EHWZHHQ�WKH�KDOI�EULGJH�VZLWFKHV��6��LV

WXUQHG�RII�ZLWKRXW�LQWHUUXSWLQJ�WKH�FLUFXLW�RSHUDWLRQ�EHFDXVH�LQ�TXDGUDQW�,��WKH�SRVLWLYH�ORDG

FXUUHQW�FDQ�RQO\�IORZ�WKURXJK�LWV�GLRGH��$W�W���6��LQ�EULGJH�,,�LV�WXUQHG�RQ��DQG�,R�GLVFKDUJHV

WKH�SDUDVLWLF�FDSDFLWDQFH�DFURVV�WKH�EXV��&SQ��DQG�WKH�EXV�YROWDJH�GHFD\V�WR�]HUR�LPPHGLDWHO\�

$W� WKH�VDPH� WLPH�� WKH�EDWWHU\�YROWDJH� LV�H[HUWHG�RQ� WKH� WUDQVIRUPHU� OHDNDJH� LQGXFWDQFH�/N�

DQG� WKH� WUDQVIRUPHU� VHFRQGDU\� FXUUHQW� ,V� VWDUWV� WR� UDPS�XS�� � ,W� VKRXOG� EH�PHQWLRQHG� WKDW

EHFDXVH�RI�WKH�H[LVWHQFH�RI�/N��,V��FDQ�RQO\�ULVH�DW�D�ILQLWH�UDWH�GHWHUPLQHG�E\�Q9E�/N��ZKHUH�Q
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

LV�WKH�WXUQV�UDWLR�RI�WKH�WUDQVIRUPHU�DV�GHILQHG�LQ�)LJ��������6R�WKH�WXUQ�RQ�ORVV�RI�6��LV�YHU\

ORZ�DOWKRXJK�LW�LV�QRW�VWULFWO\�=96�
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>W��W�@���,V�UHDFKHV�WKH�ORDG�FXUUHQW�OHYHO�DW� W���DQG�DIWHU�WKDW��/N�UHVRQDWHV�ZLWK�&SQ�WR

EULQJ�WKH�EXV�YROWDJH�9SQ�TXLFNO\�XS�WR�WKH�FODPS�FDSDFLWRU�YROWDJH�9&F��DQG�WKH�EXV�YROWDJH

LV�FODPSHG�WR�9&F���7KH�UHVRQDQFH�EHWZHHQ�/N�DQG�&F�FKDUJHV�HQHUJ\�LQWR�&F�

>W��W�@���$IWHU�D�GHOD\�WLPH�RI�∆7��IURP�WKH�WXUQ�RII�RI�6���6F�LV�WXUQHG�RQ�XQGHU�]HUR

YROWDJH���7KH�UHVRQDQFH�EHWZHHQ�/N�DQG�&F�FRQWLQXHV���)LQDOO\��,&F�UHYHUVHV�LWV�GLUHFWLRQ��DQG

WKH�HQHUJ\�FKDUJHG�LQWR�&F�LV�GXPSHG�WR�WKH�RXWSXW���'XULQJ�WKLV�LQWHUYDO��WKH�DPSOLWXGH�RI��,V

NHHSV�GHFUHDVLQJ�
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

>W��W�@�� �%RWK�6F� DQG�6�� DUH� WXUQHG�RII� DW� W��� HQGLQJ� WKH�RQ�GXW\� F\FOH�� � ,R� IUHHZKHHOV

WKURXJK�6��DQG�'����2QFH�6��LV�RII��,&F�LPPHGLDWHO\�UHYHUVHV�LWV�GLUHFWLRQ�DQG�WKH�UHPDLQLQJ

WUDQVIRUPHU�OHDNDJH�HQHUJ\�FKDUJHV�&F�DQG�/N�LV�UHVHW�

>W��W�@���$W�W���6��LV�WXUQHG�RQ�ZLWKRXW�DQ\�LQWHUUXSWLRQ�WR�WKH�FLUFXLW�RSHUDWLRQ�EHFDXVH

LWV�GLRGH�'��LV�IUHHZKHHOLQJ�WKH�ORDG�FXUUHQW�

>W��W�@���,V�UHVHWV�WR�]HUR�DW�W���DQG�UHPDLQV�TXLHVFHQW���7KH�RQO\�DFWLYH�SDUW�RI�WKH�FLUFXLW

LV�6��DQG�'��ZKLFK�IUHHZKHHO�WKH�RXWSXW�FXUUHQW�

>W��W�@�� �$W� W��� WKH� SULPDU\� VLGH� DQG�EULGJH� ,� VWDUW� WR� FRPPXWDWH�ZLWK� 6S��� 6�� DQG� 6�

WXUQHG� RII� XQGHU� ]HUR� FXUUHQW�� $W� W��� WKH� RWKHU� KDOI� VZLWFKLQJ� F\FOH� LV� LQLWLDWHG� ZLWK� WKH

FRPSOLPHQWDU\�VZLWFKHV�EHLQJ�DFWLYH�

���������$OWHUQDWLYH�7LPLQJ

)LJXUH� ���� VKRZV� DQRWKHU�3:0�SDWWHUQ� IRU� RSHUDWLRQ� LQ� TXDGUDQW� ,�� �$FWXDOO\� WKH

RQO\�GLIIHUHQFH�IURP�WKH�SUHYLRXV�RQH�LV�WKDW�WKH�FODPS�VZLWFK�LV�DFWLYDWHG�DW�WKH�EHJLQQLQJ

RI�D�FDUULHU�F\FOH�ZKLOH�DOO�WKH�FRQWURO�SXOVHV�IRU�WKH�PDLQ�VZLWFKHV�DUH�NHSW�H[DFWO\�WKH�VDPH�

,Q�WKLV�FDVH��GXULQJ�WKH�ODWWHU�KDOI�RI�WKH�ORDG�FXUUHQW�IUHHZKHHOLQJ�LQWHUYDO��D�UHYHUVH�FXUUHQW

FDQ�EH�EXLOW�XS�LQ�WKH�WUDQVIRUPHU�OHDNDJH�LQGXFWDQFH��DQG�WKDW�HQHUJ\�LV�XVHG�WR�GLVFKDUJH

WKH�EXV�YROWDJH�GRZQ�WR�]HUR�DQG�FUHDWH�WKH�=96�FRQGLWLRQ�IRU�WKH�EULGJH�,,�VZLWFKHV�EHIRUH

WKHLU� WXUQ�RQ�� � :LWK� WKLV� SDWWHUQ�� WKH� OHDNDJH� HQHUJ\� LV� YHU\� HDV\� WR� UHVHW� DQG� ORVVOHVV

FRPPXWDWLRQ� IRU� WKH� SULPDU\� VLGH� DQG� EULGJH� ,� FDQ� DOZD\V� EH� HQVXUHG�� � 7KH� RQO\

VKRUWFRPLQJ�RI�WKLV�VFKHPH�LV�WKDW�GXULQJ�WKH�RQ�GXW\�F\FOH��EHFDXVH�WKH�FODPS�VZLWFK�LV�RII

DQG�&F�KROGV�D�YROWDJH�KLJKHU�WKDQ�WKH�UHIOHFWHG�VRXUFH�YROWDJH��SDUDVLWLF�ULQJLQJ�RQ�WKH�EXV

FDQ�KDSSHQ�LQ�SUDFWLFH���0RUH�GHWDLOHG�DQDO\VLV�RQ�WKLV�VFKHPH�ZLOO�QRW�EH�SXUVXHG�KHUH�
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���������4XDGUDQW�,,���5HFWLILFDWLRQ�RU�%RRVW�2SHUDWLRQ

,Q� TXDGUDQW� ,,�� WKH� V\QWKHVL]HG� RXWSXW� YROWDJH� LV� SRVLWLYH�� EXW� RXWSXW� FXUUHQW� LV

DFWXDOO\� QHJDWLYH�� � 7KLV� PHDQV� WKDW� WKH� FLUFXLW� DFWXDOO\� RSHUDWHV� DV� DQ� LVRODWHG� ERRVW

FRQYHUWHU��DQG�SRZHU�LV�WUDQVIHUUHG�EDFN�WR�WKH�EDWWHU\�� �7KH�RSHUDWLRQ�LV�VLPLODU�WR�WKDW� LQ

UHFWLILHU� �FKDUJHU��PRGH�� �7KH�3:0�SDWWHUQ� DQG�KLJK�IUHTXHQF\�ZDYHIRUPV� DUH� VKRZQ� LQ

)LJ�������ZKLOH�WKH�HTXLYDOHQW�FLUFXLWV�LQ�HDFK�LQWHUYDO�DUH�VKRZQ�LQ�)LJ���������,W�LV�FOHDU�WKDW

WKH�3:0�SDWWHUQ�LV�H[DFWO\�VDPH�DV�VKRZQ�LQ�)LJ������IRU�RSHUDWLRQ�LQ�TXDGUDQW�,�

>W��W�@�� � 7KH� VDPH� DV� LQ� TXDGUDQW� ,�� WKH� SULPDU\� VLGH� DQG� EULGJH� ,� FRQGXFW� ORVVOHVV

FRPPXWDWLRQ�DW�WKH�EHJLQQLQJ�RI�D�FDUULHU�F\FOH���7KH�ORDG�FXUUHQW�IUHHZKHHOV�DW�EULGJH�,,�

>W��W�@���6��LV�WXUQHG�RII�DW�W���LQWHUUXSWLQJ�WKH�IUHHZKHHOLQJ�SDWK���,R�FKDUJHV�XS�WKH�EXV

FDSDFLWDQFH�UDSLGO\�
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>W��W�@�� �$W� W��� WKH�EXV�YROWDJH�UHDFKHV�9&F�� DQG�&F� LV�DXWRPDWLFDOO\�HQJDJHG� WR�FODPS

WKH� EXV� YROWDJH�� � 7KH� UHVRQDQFH� EHWZHHQ� &F� DQG� /N� PDNHV� ,V� LQFUHDVH� DQG� HQHUJ\� LV

WUDQVIHUUHG�WR�WKH�GF�VLGH�

>W��W�@�� �6F� LV�WXUQHG�RQ�XQGHU�]HUR�YROWDJH�DW� W���DQG�,&F� UHYHUVHV�GLUHFWLRQ� ODWHU�� �7KH

EHKDYLRU�RI�WKH�FLUFXLW�LV�H[DFWO\�WKH�VDPH�DV�RWKHU�LVRODWHG�ERRVW�FRQYHUWHUV�ZLWK�DQ�DFWLYH

FODPS�EUDQFK�>'�@�>'�@�

>W��W�@���6F�LV�JDWHG�RII�DW�W���WKH�GLIIHUHQFH�EHWZHHQ�,V�DQG�,R�LV�XVHG�WR�GLVFKDUJH�WKH�EXV

YROWDJH�GRZQ�WR�]HUR�

>W��W�@�� �6��WXUQV�RQ�XQGHU�=96�DW� W���DQG�WKH�RXWSXW� LQGXFWRU� LV�FKDUJHG�E\�WKH� ORDG

YROWDJH�9R���0HDQZKLOH��,V�FRQWLQXHV�WR�EH�UHVHW�E\�WKH�GF�VRXUFH�YROWDJH�
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

>W��W�@���,V�LV�FRPSOHWHO\�UHVHW�DW�W���DQG�NHSW�TXLHVFHQW�

>W��W�@�� �$W� W��� WKH� SULPDU\� VLGH� DQG�EULGJH� ,� VWDUW� WR� FRPPXWDWH�ZLWK� 6S��� 6�� DQG� 6�

WXUQHG� RII� XQGHU� ]HUR� FXUUHQW�� $W� W��� WKH� RWKHU� KDOI� VZLWFKLQJ� F\FOH� LV� LQLWLDWHG� ZLWK� WKH

FRPSOHPHQWDU\�VZLWFKHV�EHLQJ�DFWLYH�

,W�LV�FOHDU�IURP�WKH�IRUHJRLQJ�DQDO\VLV�WKDW�WKH�SURSRVHG�FHQWHU�DOLJQHG�3:0�VFKHPH

UHWDLQV�LWV�EDVLF�SDWWHUQ�IRU�IRXU�TXDGUDQW�RSHUDWLRQV���:KHQ�TXDGUDQW�FKDQJH�KDSSHQV��WKH

FLUFXLW�ZDYHIRUPV�ZLOO� DVVXPH�GLIIHUHQW� VKDSHV�XQGHU� WKH� VDPH� VHW�RI� JDWH� FRQWURO� VLJQDOV�

7KLV� LQYDULDQW� SURSHUW\� LV� HVVHQWLDO� WR� VLPSOLI\� WKH� FRQWURO� LPSOHPHQWDWLRQ� DQG� PDLQWDLQ

KLJKO\�UHOLDEOH�FRQYHUWHU�RSHUDWLRQ�

�������&KDUJHU�0RGH�2SHUDWLRQ�����5HFWLILFDWLRQ�ZLWK�3)&

$V�LQGLFDWHG�DERYH��ZKHQ�RSHUDWHG�LQ�FKDUJHU�PRGH��WKH�FLUFXLW�UHDOL]HV�UHFWLILFDWLRQ

RI�DF�YROWDJH�ZLWK�3)&��DQG�RSHUDWHV�RQO\�LQ�TXDGUDQWV�,,�DQG�,9���7KHRUHWLFDOO\��WKH�VDPH

3:0�SDWWHUQ�DV�LQ�TXDGUDQW�,,�SUHVHQWHG�DERYH�FDQ�EH�DGRSWHG���7KH�RQO\�GLIIHUHQFH�LV�WKDW

LQ� WKLV� FDVH�� WKH� FRQWURO� YROWDJH� LV� GHULYHG� IURP� D� WHPSHUDWH� JHQHUDWHG� IURP� DQG

V\QFKURQL]HG�ZLWK�WKH�DYDLODEOH�DF�YROWDJH�� �+RZHYHU�� LQ�SUDFWLFDO� WHUPV�� WKH�EL�GLUHFWLRQDO�

IRXU� TXDGUDQW� QDWXUH� RI� WKH� 3:0�SDWWHUQ� DERYH�PD\� SRWHQWLDOO\� OHDGV� WR� ORVV� RI� FRQWURO

DURXQG�WKH�]HUR�FURVVLQJ�DUHD�ZLWKLQ�DQ�DF�OLQH�F\FOH���7KH�SUREOHP�FDQ�FHUWDLQO\�EH�VROYHG

E\� FDUHIXO� FRQWURO� FLUFXLWU\� GHVLJQ�� � +RZHYHU�� RQH� VLPSOH� VROXWLRQ� LV� WR� XVH� D� VOLJKWO\

PRGLILHG�3:0�SDWWHUQ�IRU�FKDUJHU�RSHUDWLRQ��ZKLFK�OLPLWV�EULGJH�,,�WR�RSHUDWLRQ�RQO\�LQ�WZR

TXDGUDQWV�

7KH� UHVXOWDQW� 3:0� SDWWHUQ� LV� VKRZQ� LQ� )LJ�� ������ � &RPSDUHG� WR� WKH� SDWWHUQ� IRU

TXDGUDQW� ,,� LQ� )LJ�� ����� LW� LV� UHYHDOHG� WKDW� WKH� RQO\�PRGLILFDWLRQ�PDGH� LV� WKDW� WKH� FRQWURO

VLJQDOV�IRU�6��DQG�6��DUH�VKRUWHQHG�DQG�WKH�XSSHU�VZLWFKHV�DQG�ORZHU�VZLWFKHV�DUH�WULJJHUHG
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

E\�WKH�VDPH�SXOVHV�UHVSHFWLYHO\���:LWK�WKLV�PRGLILFDWLRQ��WKH�VZLWFKHV�LQ�EULGJH�,,�DUH�DOO�RII

GXULQJ� WKH� GLVFKDUJLQJ� LQWHUYDO� RI� WKH� RXWSXW� LQGXFWRU�� L�H�� IURP� W�� WKRURXJK� W��'7��� DQG

EULGJH� ,,� LV� EDVLFDOO\� GHJHQHUDWHG� LQWR� D� GLRGH� UHFWLILHU� EULGJH�� � $V� D� UHVXOW�� HQHUJ\� LQ� WKH

RXWSXW� LQGXFWRU�FDQ�RQO\�EH�GXPSHG� WR� WKH�GF� VLGH�� WKH�RXWSXW� LQGXFWRU� LV� HQVXUHG� WR�JHW

SURSHU�UHVHW�DQG�DQ\�XQZDQWHG�GLJUHVVLRQ�LQWR�RSHUDWLRQ�LQ�TXDGUDQWV�,�DQG�,,,�LV�DYRLGHG�
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)LJ���������3:0�SDWWHUQ�LQ�3)&�UHFWLILHU�PRGH�

%HVLGHV� WKH� LVVXH� GLVFXVVHG� DERYH�� DOO� WKH� FLUFXLW� EHKDYLRU� LV� WKH� VDPH� DV� WKDW� RI

LQYHUWHU�RSHUDWLRQ�LQ�TXDGUDQW�,,��DQG�WKH�HTXLYDOHQW�FLUFXLWV�VKRZQ�LQ�)LJ�������DUH�DOVR�YDOLG

H[FHSW� WKDW� IURP� W�� WKURXJK� W��∆7��� 6�� DQG� 6�� LQ� EULGJH� ,,� VWD\� RII�� � 6R� QR� IXUWKHU

FRQFHQWUDWLRQ�RQ�WKLV�WRSLF�LV�QHFHVVDU\�

)LQDOO\�� LW� VKRXOG� EH�PHQWLRQHG� WKDW� IRU� RSHUDWLRQ� LQ� TXDGUDQWV� ,,� DQG� ,9� LQ� ERWK

LQYHUWHU�DQG�FKDUJHU�PRGHV��SRZHU�LV�WUDQVIHUUHG�WR�WKH�GF�VLGH��VR�WKH�SXVK�SXOO�VZLWFKHV�6S�
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

DQG�6S��QHHG� WR� IXQFWLRQ�RQO\� DV� D�GLRGH�� � ,I� DFWLYDWHG�DV�GLVFXVVHG�DERYH�� WKH\�RSHUDWH� DV

V\QFKURQRXV� UHFWLILHUV�ZKLFK� FDQ� KHOS� WR� UHGXFH� WKH� FRQGXFWLRQ� ORVV� RQ� WKH� SULPDU\� VLGH�

+RZHYHU��GXULQJ� W��WKURXJK� W�� LQ�WKH�QH[W�KDOI�VZLWFKLQJ�F\FOH��WKH�FLUFXLW�FRPSRVHG�RI�WKH

SULPDU\� VLGH� DQG� EULGJH� ,� EDVLFDOO\� ZRUNV� DV� D� EL�GLUHFWLRQDO� GF�GF� FRQYHUWHU� UXQQLQJ� LQ

GLVFRQWLQXRXV�FXUUHQW�PRGH� �'&0��� �$V�D� UHVXOW�� SDUDVLWLF�RVFLOODWLRQ�EHWZHHQ� WKH� OHDNDJH

LQGXFWDQFH�RI�WKH�WUDQVIRUPHU�DQG�WKH�SDUDVLWLF�FDSDFLWDQFH�DFURVV�WKH�VHFRQGDU\�EXV��ZKLFK

ZLOO�VZLQJ�WKH�EXV�YROWDJH�DW�KLJK�IUHTXHQF\�DQG�FDXVH�SDUDVLWLF�ORVV��LV�LQHYLWDEOH���2QH�HDV\

ZD\�WR�VXSSUHVV�LW� LV�VLPSO\�WR�GLVDEOH�WKH�SXVK�SXOO�VZLWFKHV�� �7KLV�PRGLILHV�WKH�RWKHUZLVH

EL�GLUHFWLRQDO� GF�GF� FRQYHUWHU� LQWR� D� XQLGLUHFWLRQDO� RQH�� DQG�PRVW� RI� WKH� SDUDVLWLF� ULQJLQJ

SDWKV�DUH�EORFNHG�

�����6\QWKHVLV�RI�3:0�3DWWHUQV

7KH�3:0�SDWWHUQV�IRU�DOO�WKH�PDLQ�VZLWFKHV�DUH�LQYDULDQW�IRU�RSHUDWLRQ�LQ�WKH�IRXU

TXDGUDQWV�LQ�LQYHUWHU�PRGH��VR�WKH\�FDQ�EH�V\QWKHVL]HG�ZLWK�VLPSOH�FLUFXLWU\�� �$V�VKRZQ�LQ

)LJ��������WKH�����GXW\�F\FOHV�IRU�WKH�VZLWFKHV�LQ�WKH�SULPDU\�VLGH�DQG�EULGJH�,�DUH�GLUHFWO\

REWDLQHG�E\�GLYLGLQJ�WKH�3:0�FORFN�VLJQDO��3:0B&/.��ZLWK�SURSHU�GHOD\�RI�∆7��LQVHUWHG

EHWZHHQ�WKH�FRPSOHPHQWDU\�VZLWFK�SDLUV�

$�XQLSRODU�3:0�PRGXODWRU�FRPSDUHV�WKH�UHFWLILHG�RXWSXW�YROWDJH�FRPPDQG�_9R

_

�9RUHI�LQ�FKDUJHU�PRGH��ZLWK�WKH�WULDQJXODU�FDUULHU�WR�REWDLQ�WKH�EDVLF�3:0�VLJQDO��3:0���$OO

WKH�GULYLQJ�VLJQDOV�IRU�6F�DQG�EULGJH�,,�VZLWFKHV�6��WKURXJK�6��DUH�JHQHUDWHG�ZLWK�VRPH�ORJLF

PDQLSXODWLRQ�RI�WKDW�VLJQDO���7KH�RXWSXW�YROWDJH�SRODULW\�VLJQDO�IURP�WKH�FRQWUROOHU�LV�XVHG�WR

GLUHFW� WKH� WZR� ORQJ� DQG� WZR� VKRUW� GULYLQJ� VLJQDOV�� DV� VKRZQ� LQ� )LJV�� ��� �� DQG� ���� WR� WKH

GLDJRQDO�VZLWFK�SDLUV�6��DQG�6���DQG�6��DQG�6��LQ�LQYHUWHU�PRGH���,Q�TXDGUDQWV�,�DQG�,,�ZKHUH
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

RXWSXW�YROWDJH�UHIHUHQFH�LV�SRVLWLYH�DQG�9RBSRO� ����WKH�ORQJ�SXOVH�SDLU�LV�GLUHFWHG�WR�6��DQG�6��

DQG� WKH� VKRUW� SXOVH� SDLU� WR� 6�� DQG� 6��� LQ� TXDGUDQWV� ,,,� DQG� ,9�ZKHUH�9RBSRO�  � ��� WKH\� DUH

UHYHUVHG�
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)LJ���������6\QWKHVLV�RI�3:0�VLJQDOV�

7KH� 3:0� VLJQDOV� IRU� LQYHUWHU� DQG� FKDUJHU� PRGHV� DUH� PXOWLSOH[HG� E\� WKH� PRGH

FRQWURO� VLJQDO� ,19�&+*�� DQG� GLUHFWHG� WR� WKH� UHVSHFWLYH� VZLWFKHV�� � ,I� WKH� 3:0� SDWWHUQ

VKRZQ�LQ�)LJ������LV�XVHG�LQ�TXDGUDQWV�,�DQG�,,,��WKH�FRQWURO�VLJQDO�IRU�6F��6FB4�4���QHHGV�WR�EH

JHQHUDWHG�ZLWK�WKH�5�6�WULJJHU�DV�VKRZQ��DQG�WKH�LQGXFWRU�FXUUHQW�SRODULW\�VLJQDO��,RBSRO�LV�XVHG

WR�VHOHFW�WKH�DSSURSULDWH�RQH�WR�XVH�EHWZHHQ�6FB4�4��DQG�6FB4�4��ZKLFK� LV� WKH�VDPH�DV�3:0�

2WKHUZLVH��LI�WKH�3:0�SDWWHUQ�LQ�)LJ������LV�DGRSWHG��WKH�SRVLWLRQ�IRU�6F� LV� LQYDULDQW�IRU�DOO

WKH� EL�GLUHFWLRQDO� RSHUDWLQJ� PRGHV�� DQG� 08;�� DQG� 08;�� FDQ� EH� HOLPLQDWHG� DQG� WKH

LQGXFWRU�FXUUHQW�SRODULW\�LQIRUPDWLRQ�LV�QRW�QHHGHG�

,W�LV�QRWHG�WKDW�DOWKRXJK�WKURXJKRXW�WKH�DERYH�GLVFXVVLRQV��WKH�FHQWHU�DOLJQHG�3:0

VFKHPH� LV� H[FOXVLYHO\� FRQVLGHUHG�� LW� LV� DOVR� SRVVLEOH� WR� DFKLHYH� VLPLODU� SHUIRUPDQFH�ZLWK� D
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

VLQJOH�VLGHG�WUDLOLQJ�RU�OHDGLQJ�HGJH�3:0�VFKHPH���,Q�WKDW�FDVH��WKH�LPSOHPHQWDWLRQ�RI�WKH

3:0� PRGXODWRU� LV� VLPSOLILHG� EHFDXVH� LQVWHDG� RI� XVLQJ� D� WULDQJXODU� FDUULHU�� D� VDZ�WRRWK

FDUULHU��ZKLFK�LV�QRUPDOO\�HDVLHU�WR�JHQHUDWH��LV�DGHTXDWH�

�����6\VWHP�&RQWURO

7KH�VLPSOLILHG�EORFN�GLDJUDP�RI�D�W\SLFDO�VLQJOH�VWDJH�EL�GLUHFWLRQDO�LQYHUWHU�FKDUJHU

RU�OLQH�LQWHUDFWLYH�836�V\VWHP�LV�VKRZQ�LQ�)LJ���������ZKHQ�WKH�DOWHUQDWLYH�VRXUFH��9J��ZKLFK

FDQ� EH� D� VWDQG�DORQH� HQJLQH�JHQHUDWRU� VHW� RU� WKH� XWLOLW\� OLQH� LV� QRW� DYDLODEOH�� WKH

LQYHUWHU�FKDUJHU� RSHUDWHV� DV� DQ� LQYHUWHU� FDSDEOH� RI� IRXU�TXDGUDQW� RSHUDWLRQ�� DQG� FRQYHUWV

WKH�GF�YROWDJH��9E��LQWR�DQ�DF�RXWSXW�YROWDJH��9R��DW�WKH�OLQH�IUHTXHQF\�WR�VXSSO\�ORDGV�ZLWK

YDULRXV�SRZHU�IDFWRUV���7KH�GF�VRXUFH�FDQ�EH�D�ORZ�YROWDJH�EDWWHU\���RU�DQ�DOWHUQDWLYH�HQHUJ\

VRXUFH�ZLWK�EDWWHU\�EDFNXS�� �2QFH� WKH�DOWHUQDWLYH� VRXUFH� LV� DYDLODEOH� DQG� VWDEOH�� LW� SRZHUV

ERWK�WKH�ORDG�DQG�WKH�LQYHUWHU�UHFWLILHU�ZLWK�WKH�DFWLYDWLRQ�RI�WKH�WUDQVIHU�VZLWFK��6W��DQG�WKH

LQYHUWHU�FKDUJHU� RSHUDWHV� LQ� WKH� UHFWLILHU� RU� FKDUJLQJ�PRGH� WR� UHSOHQLVK� WKH� EDWWHU\�� � ,W� LV

XVXDOO\�SUHIHUUHG�IRU�WKH�FRQYHUWHU�WR�DEVRUE�VLQXVRLGDO�FXUUHQW�IURP�WKH�DF�VRXUFH�ZKHQ�LW

RSHUDWHV�DV�D�FKDUJHU�WR�PDNH�EHWWHU�XWLOL]DWLRQ�RI��WKH�DYDLODEOH�DF�FDSDFLW\�

Io
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

7KH� EORFN� GLDJUDP� RI� WKH� V\VWHP� FRQWURO� IXQFWLRQV� QHFHVVDU\� IRU� EL�GLUHFWLRQDO

SRZHU�IORZ�FRQWURO�DQG�UHJXODWLRQ�LV�VKRZQ�LQ�)LJ���������7KH�RSHUDWLRQ�PRGH�WUDQVIHU�DQG

FRQWURO�EORFN�LV�UHVSRQVLEOH�IRU�GHFLGLQJ�ZKLFK�PRGH�WR�RSHUDWH�E\�VHQVLQJ�WKH�DYDLODELOLW\�RI

DQ�H[WHUQDO� DF� VRXUFH��9J�� RU� DFFRUGLQJ� WR� WKH� H[WHUQDO� RU� UHPRWH� FRPPDQG�� � ,I�9J� LV� QRW

DYDLODEOH��WKH�WUDQVIHU�VZLWFK�6W�LV�RSHQ��DQG�WKH�PRGH�FRQWURO�VZLWFK�LV�VHW�WR�,19�SRVLWLRQ�

RU� ,19�&+*� ���� � ,Q� WKLV� FDVH�� WKH�RXWSXW� DF�YROWDJH�FRPPDQG�9R

� LV� JLYHQ�RXW�E\� WKH

RXWSXW� RI� WKH� FDVFDGHG� RXWSXW� YROWDJH� DQG� LQGXFWRU� IHHGEDFN� ORRSV�� � 7KH� RXWSXW� YROWDJH

UHIHUHQFH� LV� JHQHUDWHG� IURP� D� VLQXVRLGDO� WHPSODWH�� 9VLQ�� ZKLFK� LV� DOZD\V� WU\LQJ� WR� EH

V\QFKURQL]HG� ZLWK�9J�� LI� DQ\�� W\SLFDOO\� ZLWK� WKH� KHOS� RI� D� SKDVH� ORFN� ORRS� �3//���9R

� LV

UHFWLILHG�DQG�ERWK�LWV�DPSOLWXGH�DQG�SRODULW\��9RBSRO��DUH�IHG�WR�WKH�XQLSRODU�3:0�PRGXODWRU�

_9R

_� LV� WKHQ� FRPSDUHG� ZLWK� WKH� WULDQJXODU� FDUULHU� WR� JHQHUDWH� WKH� 3:0� SDWWHUQV� DV

GLVFXVVHG�DERYH���7KH�EDQGZLGWK�RI�WKH�RXWSXW�YROWDJH�DQG�FXUUHQW�FRQWURO�ORRSV�VKRXOG�EH

GHVLJQHG� WR�EH�DV�KLJK�DV�SRVVLEOH� WR�DFKLHYH�JRRG� ORDG� UHJXODWLRQ�DQG�G\QDPLF� UHVSRQVH�

HVSHFLDOO\�XQGHU�QRQOLQHDU�ORDG�
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)LJ���������%ORFN�GLDJUDP�RI�WKH�V\VWHP�FRQWURO�IXQFWLRQV�
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

2QFH�9J� LV�SUHVHQW��DQG�VZLWFKLQJ�WR�FKDUJHU�PRGH�LV�GHVLUHG��,19�&+*� ����WKH

FRQWURO� VLJQDO� IHG� WR� WKH�3:0�PRGXODWRU��GHQRWHG�EHIRUH�DV�9RUHI�� LV� LQVWHDG�GHULYHG� IURP

WKH�EDWWHU\�YROWDJH�DQG�RXWSXW�LQGXFWRU�FXUUHQW�IHHGEDFN�ORRSV�LQ�WKH�VDPH�ZD\�DV�LQ�UHJXODU

ERRVW�EDVHG�3)&�UHFWLILHU�� �&HUWDLQO\��PRUH� UHILQHG� FKDUJLQJ� VFHQDULRV�� VXFK� DV� WKUHH�VWDJH

FKDUJLQJ�� FDQ� EH� LQFRUSRUDWHG�ZLWK� WKH� H[WUD� FKDUJLQJ� SURILOH� JHQHUDWLRQ� EORFN�ZKLFK� FDQ

RYHUULGH�WKH�XVXDOO\�VORZ�EDWWHU\�YROWDJH�IHHGEDFN�FRPSHQVDWRU�IURP�WLPH�WR�WLPH�

�����3URWRW\SH�,PSOHPHQWDWLRQ�DQG�([SHULPHQWDO�5HVXOWV

$� SURWRW\SH� 466� EL�GLUHFWLRQDO� LQYHUWHU�FKDUJHU� LV� GHVLJQHG� DFFRUGLQJ� WR� WKH

IROORZLQJ�VSHFLILFDWLRQV�

,QSXW�EDWWHU\�YROWDJH�9E� �����������9��QRPLQDO�YDOXH�9EQ� ����9��

2XWSXW�DF�YROWDJH�9R� �����9�����+]�

2XWSXW�SRZHU�3R� ���N9$�FRQWLQXRXV��DQG���N9$�IRU���PLQXWHV�

2XWSXW�YROWDJH�7+'������

/RDG�SRZHU�IDFWRU��3)�� ��������a���

&KDUJLQJ�FXUUHQW�,FK� �����$�FRQWLQXRXV�XS�WR�9E� ������9�

7R� HQVXUH� DSSURSULDWH� YROWDJH� VFDOLQJ� LQ� ERWK� LQYHUWHU� DQG� FKDUJLQJ� PRGH

RSHUDWLRQV�� WKH� WXUQV� UDWLR� Q� RI� WKH� WUDQVIRUPHU� QHHGV� WR� EH� VHOHFWHG� VXFK� WKDW� Q�9E
PLQ�

9)(7�'0�!�9R
SN� � 2 9R��ZKHUH�'0� LV� WKH�PD[LPXP�GXW\� UDWLR� LQ� WKH� LQYHUWHU�PRGH��DQG

9E
PLQ��9)(7��DQG�9R

SN�DUH�WKH�PLQLPXP�LQSXW�EDWWHU\�YROWDJH��RQ�GURS�YROWDJH�RQ�WKH�SULPDU\

026)(7�VZLWFKHV��DQG�SHDN�RXWSXW�DF�YROWDJH��UHVSHFWLYHO\���,I�'0� ������9)(7� �����9��DQG

9R� �����9��WKHQ�Q�!������,Q�UHDOLW\��Q� ����LV�VHOHFWHG�
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

7KH� VZLWFKLQJ� IUHTXHQF\� IRU� WKH�SURWRW\SH� LV� VHOHFWHG� WR� EH� IV� � ��� N+]��ZLWK� WKH

3·:0�FDUULHU�IUHTXHQF\�EHLQJ�GRXEOHG���7KH�3:0�SDWWHUQ�HQVXUHV�WKH�HYHQ�GLVWULEXWLRQ�RI

VZLWFKLQJ�ORVVHV�DPRQJ�WKH�DFWLYH�GHYLFHV�LQ�WKH�RXWSXW�EULGJH�

7KH� KLJK� FXUUHQW� DQG� YROWDJH� MXVWLI\� WKH� XVH� RI� ,*%7� GHYLFHV� IRU� WKH� KLJK� VLGH

VZLWFKHV��7KDQNV�WR�WKH�466�VWUXFWXUH��VWDQGDUG�ORZ�FRVW�KDOI�EULGJH�,*%7�PRGXOHV�FDQ�EH

XVHG���$V�GLVFXVVHG�DERYH��WKH�VZLWFKHV�LQ�EULGJH�,�DOZD\V�RSHUDWH�XQGHU�=&6���$V�D�UHVXOW�

WKHLU�FXUUHQW�UDWLQJ�FDQ�EH�PXFK�ORZHU�WKDQ�WKRVH�LQ�EULGJH�,,���$V�D�UXOH�RI�WKXPE��GHYLFHV

ZLWK�KDOI�WKH�FXUUHQW�UDWLQJ�RI�WKRVH�LQ�%ULGJH�,,�DUH�DGHTXDWH�IRU�WKHP�

2Q�WKH�SULPDU\�VLGH��WKH�VZLWFKHV�DUH�DOVR�VZLWFKHG�XQGHU�=&6���7KHUHIRUH��WKHUH�LV

QR� WUDQVLHQW� YROWDJH� SUREOHP� QRUPDOO\� UHODWHG� WR� WKH� SXVK�SXOO� WRSRORJ\� VZLWFKLQJ� KLJK

FXUUHQW��DQG�ORZ�YROWDJH�026)(7V�FDQ�EH�DGHTXDWHO\�XVHG�

7KH�PDLQ�SRZHU�VWDJH�SDUDPHWHUV�DUH�DV�IROORZV�

6S���6S����,5���������9���PΩ�72�����026)(7�����LQ�SDUDOOHO�

6��6���6��6����7RVKLED�0*��-�<6��������9����$�,*%7�0RGXOH�

6��6���6��6����0*���-�<6��������9�����$�,*%7�0RGXOH�

6&���,;<6�,;*1���1��$�����9����$�LQ�SDUDOOHO�ZLWK�,5�+)$��3$��&�GLRGH�

&&���(&��03��.���.������9�����µ)�ILOP�FDSDFLWRU����LQ�SDUDOOHO�

7U���3KLOLSV�(����)��FRUH��QS�QS�QV� ���������/N� ���µ+�

/R���0DJQHWLFV�0&������%���0HWJODV�FRUH�����WXUQV�����µ+�HDFK�

&R��&'(����&�:��.������9����µ)�ILOP�FDSDFLWRU����LQ�SDUDOOHO�

)LJXUH������VKRZV� WKH�FLUFXLW�ZDYHIRUPV� LQ� WKH�FKDUJLQJ�PRGH�XQGHU�9R� �����9�

DQG�9E� ����9���7KH�FKDUJLQJ�SRZHU�3FK�DEVRUEHG�E\�WKH�ORZ�YROWDJH�EDWWHU\�VLGH�LV�����N:�
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

DQG�WKH�LQSXW�SRZHU�IDFWRU�UHDFKHV���������%HFDXVH�RI�=96�RSHUDWLRQ��WKH�OLQN�YROWDJH�9SQ

FROODSVHV�WR�]HUR�LQ�HYHU\�VZLWFKLQJ�F\FOH��DQG�LWV�ZDYHIRUP�LV�EOXUUHG���,W�LV�DOVR�HYLGHQW�WKDW

LQ�WKH�]HUR�FURVVLQJ�DUHD�RI�WKH�OLQH�F\FOH��9SQ�LV�KHOG�GRZQ�DW�]HUR�EHFDXVH�WKH�GXW\�F\FOH�LV

VDWXUDWHG�DQG� WKH�RXWSXW� LQGXFWRU� LV� FKDUJHG�GXULQJ� WKH� FRPSHWH� VZLWFKLQJ� F\FOHV�� � ,W� FDQ

DOVR�EH�VHHQ�WKDW�WKH�OLQN�YROWDJH�LV�ZHOO�FODPSHG�DQG�LW�IOXFWXDWHV�GXULQJ�D�OLQH�F\FOH�EHFDXVH

WKH� FODPS� FDSDFLWRU� YROWDJH� LV� D� IXQFWLRQ� RI� WKH� GXW\�F\FOH� RI� WKH� FRQYHUWHU� DQG� WKH� ORDG

�RXWSXW�LQGXFWRU��FXUUHQW�

7KH� WHVW� ZDYHIRUPV� LQ� WKH� LQYHUWHU� PRGH� ZLWK� WKH� RXWSXW� LQGXFWRU� FXUUHQW� DQG

RXWSXW�YROWDJH�IHHGEDFN�ORRSV�FORVHG�DUH�VKRZQ�LQ�)LJ�������XQGHU�9R� �����9��9E� ����9�

DQG�RXWSXW�SRZHU�3R� �����N:�� �,W�FDQ�EH�VHHQ�WKDW�RXWSXW�YROWDJH�ZLWK�YHU\� ORZ�7+'�LV

JHQHUDWHG�DQG�WKH�IOXFWXDWLRQ�RI�WKH�FODPS�FDSDFLWRU�YROWDJH� LV� ODUJHU� WKDQ�WKDW� LQ�FKDUJLQJ

PRGH�

Vpn

Io

5 mS/div

100 V/div

20 A/div

)LJ���������([SHULPHQWDO�ZDYHIRUPV�LQ�WKH�FKDUJLQJ�PRGH�ZLWK�3)&���8SSHU�WUDFH���HQYHORSH�RI�WKH�OLQN

YROWDJH�9SQ��ORZHU�WUDFH���RXWSXW�LQGXFWRU�FXUUHQW�,R���7HVW�FRQGLWLRQV���9R� �����9��9E� ����9��3FK� 

����N:��3)� �������
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

Vpn

Vo

5 mS/div

100 V/div

100 V/div

)LJ���������([SHULPHQWDO�ZDYHIRUPV�LQ�WKH�LQYHUWHU�PRGH�ZLWK�FORVH�ORRS�FRQWURO���8SSHU�WUDFH��RXWSXW�YROWDJH

9R��ORZHU�WUDFH���HQYHORSH�RI�WKH�OLQN�YROWDJH�9SQ���7HVW�FRQGLWLRQV���9R� �����9��9E� ����9��3R� ����

N:�

�����([WHQVLRQ�RI�WKH�466�%L�GLUHFWLRQDO�7RSRORJ\

�������2WKHU�466�%L�GLUHFWLRQDO�&RQYHUWHU�7RSRORJLHV

7KH�DQDO\VLV�WKXV�IDU�KDV�EHHQ�OLPLWHG�WR�WKH�466�VLQJOH�SKDVH�LQYHUWHU�FKDUJHU�ZLWK

D�SXVK�SXOO�FLUFXLW�RQ�WKH�LQSXW�GF�VLGH�� �+RZHYHU�� WKH�466�EL�GLUHFWLRQDO� LQYHUWHU�FKDUJHU

WRSRORJ\�LV�PRUH�JHQHUDO���,Q�IDFW�LW�FDQ�EH�HDVLO\�H[WHQGHG�WR�LQFOXGH�FLUFXLWV��IRU�H[DPSOH�

ZLWK�D�YROWDJH�IHG�IXOO�EULGJH�RQ�WKH�GF�VLGH��RU�ZLWK�D�WKUHH�SKDVH�RXWSXW�EULGJH��EULGJH�,,��

DV�VKRZQ�LQ�)LJ�������D��DQG��E��UHVSHFWLYHO\�

7KH�IXOO�EULGJH�466�FRQYHUWHU�SRVVHVVHV�WZR�LPSRUWDQW�WUDLWV�GLIIHUHQW�IURP�LWV�SXVK�

SXOO�FRXQWHUSDUW���)LUVW��SULPDU\�GHYLFH�YROWDJH�LV�DXWRPDWLFDOO\�FODPSHG�WR�WKH�LQSXW�YROWDJH�

VHFRQG��]HUR�WUDQVIRUPHU�H[FLWDWLRQ�FDQ�EH�FUHDWHG�E\�VZLWFKLQJ�WKH�SULPDU\�IXOO�EULGJH���$V

D� UHVXOW�� LW� LV� SRVVLEOH� WR� VKLIW� VRPH�RI� WKH�3:0� IXQFWLRQV� WR� WKH� SULPDU\� EULGJH�ZLWKRXW

FRQFHUQV�DERXW�WUDQVLHQW�YROWDJH�RQ�WKH�SULPDU\�VLGH�RU� LQFXUULQJ�KLJK�FLUFXODWLRQ� ORVV�� � ,Q
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

IDFW��LW�LV�YHU\�EHQHILFLDO�IRU�LQYHUWHU�RSHUDWLRQ�LQ�TXDGUDQWV�,�DQG�,,,�ZKHQ�SRZHU�LV�GHOLYHUHG

WR�WKH�RXWSXW��DQG�WKH�SRZHU�WUDQVIHUULQJ�SDWK�FDQ�EH�HDVLO\�LQWHUUXSWHG�E\�VZLWFKLQJ�WKH�IDVW

SULPDU\� VZLWFKHV�� XVXDOO\� LPSOHPHQWHG� ZLWK� 026)(7V�� � 7KLV� UHVXOWV� LQ� WKH� VKLIWLQJ� RI

VZLWFKLQJ�ORVVHV�WKDW�RWKHUZLVH�KDSSHQV�LQ�WKH�RXWSXW�EULGJH��EULGJH�,,��WR�WKH�GF�VLGH��DQG

WKH�WRWDO�VZLWFKLQJ�ORVV�LV�IXUWKHU�UHGXFHG�

p

Tr

1:n

a

b

Ip

Icc

Sc

n

Is

Vb

Lk
c

d

S1 S3

S4 S2

e

f

S5 S8

S7 S6

Lo Io

Cc

S3

S4 S2

S1

Vo

�D���)XOO�EULGJH�466�LQYHUWHU�FKDUJHU�

Tr

1:n

a

b

Ip

Icc

Sc

n

Is

Vb

Lk
c

d

S1 S3

S4 S2

e

S5

S6

f

S7

S8

Lo

Cc

S3

S4 S2

S1

g

S9

S10

Lo

Lo

Ve

Vf

Vg

p

�E���7KUHH�SKDVH�466�LQYHUWHU�FKDUJHU�

)LJ���������2WKHU�466�EL�GLUHFWLRQDO�LQYHUWHUV�FKDUJHUV�

7KH� WKUHH�SKDVH� 466� LQYHUWHU�FKDUJHU� UHTXLUHV� RQO\� ILYH� KDOI�EULGJH� FRQILJXUHG

VZLWFKHV��FRPSDUHG�WR����GLVFUHWH�VZLWFKHV�PDQGDWHG�E\�WKH�F\FORFRQYHUWHU�EDVHG�WRSRORJ\�

)XUWKHUPRUH��DOO�WKH�RWKHU�DGYDQWDJHV�RI�WKH�466�WRSRORJ\�DUH�UHWDLQHG�
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&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

�������466�,VRODWHG�7KUHH�3KDVH�%RRVW�5HFWLILHU

,Q� WKH� FDVH� ZKHUH� RQO\� XQLGLUHFWLRQDO� 3)&� UHFWLILHU� RSHUDWLRQ� LV� QHHGHG�� WKH� 466

VWUXFWXUH�FDQ�EH�VLPSOLILHG���,Q�D�VLQJOH�SKDVH�FDVH��LW�FDQ�EH�VLPSOLILHG�LQWR�D�GLRGH�UHFWLILHU

IROORZHG�E\�D�IXOO�EULGJH�ZLWK�DQ�DFWLYH�FODPS�EUDQFK��HTXLYDOHQW�WR�WKH�WRSRORJ\�SUHVHQWHG

LQ� >'�@�� � ,Q� WKH� WKUHH�SKDVH� FDVH�� LQ� RUGHU� WR� VKDSH� WKH� WKUHH�SKDVH� FXUUHQWV�� WKH� DF� VLGH

EULGJHV�FRXOG�QRW�EH� VLPSOLILHG� >%��@�� �%XW� LQ�ERWK�FDVHV�� RQO\� VLQJOH�VLGHG�3:0�DQG� WKH

FRUUHVSRQGLQJ�VDZ�WRRWK�FDUULHU�V��DUH�QHFHVVDU\�� �&HUWDLQO\��WKH�GF�VLGH�DFWLYH�VZLWFKHV�FDQ

DOO�EH�HOLPLQDWHG�DQG�UHSODFHG�ZLWK�GLRGHV�

7KH�FLUFXLWV�LQ�WKLV�IDPLO\�DOO� LQYROYH�WKH�LVRODWHG�ERRVW�W\SH�RI�RSHUDWLRQ�ZKHQ�WKH

SRZHU�LV�HQIRUFHG�WR�IORZ�IURP�WKH�FXUUHQW�IHG�VLGH�WR�WKH�YROWDJH�IHG�VLGH���$OWKRXJK�ZLWK�D

VLPSOH� DFWLYH� YROWDJH� FODPS� EUDQFK�� WKH� WUDQVLHQW� YROWDJH� FDQ� EH� HIIHFWLYHO\� VXSSUHVVHG

WKHRUHWLFDOO\�� WKH� YROWDJH� RYHUKHDG� QHFHVVDU\� RQ� WKH� FODPS� FDSDFLWRU�� DQG� WKH� WUDQVLHQW

YROWDJH�LQGXFHG�E\�WKH�SDUDVLWLF�LQGXFWDQFH�LQ�WKH�OD\RXW�PD\�OLPLW�WKHLU�DSSOLFDWLRQV�LQ�KLJK�

YROWDJH�� KLJK�SRZHU� RII�OLQH� DSSOLFDWLRQV�� � )RU� H[DPSOH�� IRU� W\SLFDO� WHOHFRPPXQLFDWLRQ

UHFWLILHU�DSSOLFDWLRQV�ZLWK�D�WKUHH�SKDVH�����9��������LQSXW��DQG�D�QRPLQDO����9���������9�

RXWSXW��WKH�VWHDG\�VWDWH�YROWDJH�RQ�WKH�SULPDU\�GHYLFHV�ZLOO�EH������× ���× ���� �����9�HYHQ

LQ� LGHDO�FDVH�� � ,I� WKH�HIIHFW�RI� WKH� OHDNDJH� LQGXFWDQFH�RI� WKH� WUDQVIRUPHU� LV� FRQVLGHUHG�� WKH

GHYLFH�YROWDJH�ZLOO�EH�ZHOO�DERYH������9�� � ,Q� WKHVH�FDVHV�� WKH�466� LVRODWHG�EXFN� UHFWLILHUV

ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�FKDSWHU�PD\�SURYH�VXSHULRU�LQ�SHUIRUPDQFH�

�����6XPPDU\

$� QHZ� VRIW�VZLWFKHG� VLQJOH�SKDVH� TXDVL�VLQJOH�VWDJH� �466�� EL�GLUHFWLRQDO

LQYHUWHU�FKDUJHU��UHFWLILHU��WRSRORJ\�LV�GHULYHG�EDVHG�RQ�WKH�466�SRZHU�FRQYHUVLRQ�FRQFHSW



+,*+�)5(48(1&<�48$6,�6,1*/(�67$*(��466��,62/$7('�$&�'&�$1'�'&�$&�32:(5�&219(56,21

&KDSWHU����6RIW�6ZLWFKHG�466�%L�GLUHFWLRQDO�,QYHUWHU�&KDUJHU ��

HODERUDWHG� LQ�&KDSWHU� ,,�� � ,W� LV� IXQFWLRQDOO\� HTXLYDOHQW� WR� WKH� VLQJOH�VWDJH�� F\FORFRQYHUWHU�

EDVHG�WRSRORJ\��\HW�SHUIRUPDQFH�ZLVH��VXSHULRU�WR�WKH�ODWWHU���$�VLPSOH�DFWLYH�YROWDJH�FODPS

EUDQFK� LV� XVHG� WR� FODPS� WKH� RWKHUZLVH� KLJK� WUDQVLHQW� YROWDJH� RQ� WKH� FXUUHQW�IHG� DF� VLGH�

ZKLFK�LV�FDXVHG�E\�WKH�XQDYRLGDEOH�OHDNDJH�LQGXFWDQFH�RI�WKH�WUDQVIRUPHU��DQG�DW�WKH�VDPH

WLPH�� WR� DFKLHYH�=96� IRU� WKH� VZLWFKHV� LQ� WKH� RXWSXW� VLGH� EULGJH�� � 6HDPOHVV� IRXU�TXDGUDQW

RSHUDWLRQ�LQ�LQYHUWHU�PRGH��DQG�UHFWLILHU�RSHUDWLRQ�ZLWK�XQLW\�SRZHU�IDFWRU�LQ�FKDUJHU�PRGH

DUH� UHDOL]HG�ZLWK� WKH�SURSRVHG�XQL�SRODU� FHQWHU�DOLJQHG�3:0�VFKHPH�� �6LQJOH�VWDJH�SRZHU

FRQYHUVLRQ�� VWDQGDUG� KDOI�EULGJH� FRQQHFWLRQ� RI� GHYLFHV�� VRIW�VZLWFKLQJ� IRU� DOO� WKH� SRZHU

GHYLFHV�� ORZ� FRQGXFWLRQ� ORVV�� VLPSOH� FHQWHU�DOLJQHG�3:0�FRQWURO�� DQG� KLJK� HIILFLHQF\� DUH

DPRQJ�WKH�VDOLHQW�IHDWXUHV���([SHULPHQWDO�UHVXOWV�RQ�D���N9$�EL�GLUHFWLRQDO�LQYHUWHU�FKDUJHU

SURWRW\SH�YDOLGDWH�WKH�UHOLDEOH�RSHUDWLRQ�RI�WKH�FLUFXLW�

$OWKRXJK� WKURXJKRXW� WKH� DERYH� GLVFXVVLRQV�� WKH� FHQWHU�DOLJQHG� 3:0� VFKHPH� LV

H[FOXVLYHO\�FRQVLGHUHG��LW�LV�DOVR�SRVVLEOH�WR�DFKLHYH�VLPLODU�SHUIRUPDQFH�ZLWK�WKH�VLQJOH�VLGHG

WUDLOLQJ� RU� OHDGLQJ� HGJH� 3:0� VFKHPHV�� � ,Q� WKDW� FDVH�� WKH� LPSOHPHQWDWLRQ� RI� WKH� 3:0

PRGXODWRU�LV�VLPSOLILHG�EHFDXVH�LQVWHDG�RI�XVLQJ�D�WULDQJXODU�FDUULHU�ZDYHIRUP��D�VDZ�WRRWK

FDUULHU�ZDYHIRUP�LV�DGHTXDWH�

7KH�SURSRVHG�EDVLF�466�LQYHUWHU�UHFWLILHU�WRSRORJ\�FDQ�DOVR�EH�H[WHQGHG�WR�LQFOXGH

RWKHU�VLQJOH�SKDVH�WRSRORJLHV��VXFK�DV�WKH�LQYHUWHU�UHFWLILHU�ZLWK�D�IXOO�EULGJH�SULPDU\�FLUFXLW�

DQG�WKH�WKUHH�SKDVH�EL�GLUHFWLRQDO�LQYHUWHU�UHFWLILHU���,Q�WKH�WKUHH�SKDVH�FDVH��D�466�LVRODWHG

WKUHH�SKDVH�=96�ERRVW�UHFWLILHU�FDQ�EH�HDVLO\�REWDLQHG�E\�UHSODFLQJ�WKH�GF�VLGH�VZLWFKHV�ZLWK

GLRGH�UHFWLILHUV�LQ�WKH�EL�GLUHFWLRQDO�WRSRORJ\�

7KH� SHUIRUPDQFH� OLPLWDWLRQ� RI� WKH� VLQJOH�VWDJH� RU� 466� ERRVW� EL�GLUHFWLRQDO
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