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�����,QWURGXFWLRQ

7KH� SUHOLPLQDULHV� DQG� VRIW�VZLWFKLQJ� LVVXHV� RI� WKH� WKUHH�SKDVH� EXFN� UHFWLILHU� DUH

GLVFXVVHG� LQ� WKLV� FKDSWHU� WR� IDFLOLWDWH� WKH�GLVFXVVLRQV�RQ� WKH� LVRODWHG�EXFN� UHFWLILHU� DQG� WKH

FKDUJH�FRQWURO� LVVXH� LQ�WKH� ODWHU�FKDSWHUV�� �7KH�JHQHUDO�FRQFHSW�RI�TXDVL�VLQJOH�VWDJH� �466�

SRZHU�FRQYHUVLRQ�WRSRORJ\�LV�DOVR�LQWURGXFHG�DQG�GHILQHG�IROORZLQJ�DQ�LOOXVWUDWLYH�H[DPSOH

RI�D�FDVFDGHG�EXFN�UHFWLILHU���7KH�IDPLO\�RI�466�SRZHU�FRQYHUWHUV�IHDWXUH�VLQJOH�VWDJH�SRZHU

SURFHVVLQJ�ZLWKRXW�D�GF�OLQN�ORZ�SDVV�ILOWHU��/3)���D�XQLGLUHFWLRQDO�SXOVDWLQJ�GF�OLQN�YROWDJH�

VRIW�VZLWFKLQJ� FDSDELOLW\� ZLWK�PLQLPDO� H[WUD� FRPPXWDWLRQ� FLUFXLWU\�� VLPSOH� 3:0� FRQWURO�

DQG� KLJK� HIILFLHQF\� DQG� UHOLDELOLW\�� � 6RPH� RWKHU� QRQ�LVRODWHG� 466� SRZHU� FRQYHUVLRQ

H[DPSOHV�LQFOXGLQJ�WKH�FDVFDGHG�96,�&65��DQG�466�DF�DF�FRQYHUWHU�DUH�DOVR�JLYHQ�

7KURXJKRXW�WKLV�GLVVHUWDWLRQ��LI�D�WKUHH�SKDVH�DF�VRXUFH�LV�LQYROYHG��LW�LV�DVVXPHG�WR

EH�EDODQFHG�DQG�VLQXVRLGDO�WR�IDFLOLWDWH�GLVFXVVLRQV���,I�WKH�VRXUFH�LV�GLVWRUWHG�RU�XQEDODQFHG�

XVXDOO\�FRUUHFWLYH�PHDVXUHV��VXFK�DV�WKRVH�UHYLHZHG�LQ�&KDSWHU���IRU�EXFN�UHFWLILHUV��QHHG�WR

EH�LQFOXGHG�LQ�WKH�PRGXODWLRQ�VFKHPH�WR�SUHYHQW�SHUIRUPDQFH�GHWHULRUDWLRQ�RI�WKH�UHFWLILHU
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

V\VWHP�� � $OVR�� WKH� LQSXW� RU� RXWSXW� ILOWHU� ZLOO� QRW� EH� FRQVLGHUHG� IRU� VLPSOLFLW\� RI� WKH

GLVFXVVLRQ�

�����,OOXVWUDWLYH�([DPSOH���&DVFDGHG�7KUHH�3KDVH�%XFN�5HFWLILHU

�������7KUHH�3KDVH�%XFN�3:0�5HFWLILHU

7KH� UHTXLUHPHQWV� RI� ULJLG� KDUPRQLF� VWDQGDUGV� UXOH� RXW� WKH� XVH� RI� VLPSOH� GLRGH

UHFWLILHUV�DV�WKH�IURQW�HQG�FRQYHUWHU�IRU�KLJK�SRZHU�DF�GF�DSSOLFDWLRQV��H�J��EH\RQG����N:�

%RWK� WKH�VL[�VZLWFK�ERRVW� �FXUUHQW�IHG�� DQG�EXFN� �YROWDJH�IHG�� WKUHH�SKDVH�3:0�UHFWLILHUV

SURYLGH�VROXWLRQV� WR� WKH�SUREOHP�>+�@�� �:LWK� WKHP�� ORZ� WRWDO�KDUPRQLF�GLVWRUWLRQ� �7+'��

SRZHU� IDFWRU� FRUUHFWLRQ� �3)&��� FRQVWDQW� SRZHU� IORZ�� DQG� VR�PLQLPDO� ILOWHULQJ� FRPSRQHQW

VL]H�DQG�FRVW�FDQ�EH�HDVLO\�DFKLHYHG���%XFN�RU�EXFN�GHULYHG�WRSRORJLHV�>$�@�>$�@�>+�@�FDQ�EH

RI�FKRLFH��HVSHFLDOO\�ZKHQ�WKH� LQSXW� OLQH�YROWDJH� LV�KLJK�VR� WKDW� WKH�ERRVW� WRSRORJ\�VXIIHUV

IURP�KLJK�GHYLFH�YROWDJH�UDWLQJV��RU�ZKHQ�D�YDULDEOH�RXWSXW�GF�YROWDJH�LV�D�PXVW���$OVR��EHWWHU

G\QDPLF� UHVSRQVH�� DV� DNLQ� WR� EXFN� GF�GF� FRQYHUWHUV�� DQG� QR� VWDUWLQJ� DQG� VKRRW�WKURXJK

SUREOHPV�DUH�DPRQJ�WKH�RWKHU�DGYDQWDJHV�RI�WKH�EXFN�W\SH�WRSRORJ\�

7KH�EDVLF�VL[�VZLWFK�EXFN�UHFWLILHU�VKRZQ�LQ�)LJ������D�� LV�FRPSRVHG�RI�D�VL[�VZLWFK

WKUHH�SKDVH�EULGJH��DQ�RXWSXW�/3)�FRQVLVWLQJ�RI�/R�DQG�&R��DQG�D�FDSDFLWLYH�LQSXW�/3)�ZKLFK

LV�QRW�VKRZQ�>$�@�>$�@���$Q�H[WUD�IUHHZKHHOLQJ�GLRGH�'G�DFURVV�WKH�GF�VLGH�RI�WKH�EULGJH�FDQ

EH� XVHG� WR� HIIHFWLYHO\� UHGXFH� WKH� FRQGXFWLRQ� ORVV�� � %HFDXVH�PRVW� RI� WKH�PRGHUQ� WXUQ�RII

VZLWFKHV�KDYH�QR�UHYHUVH�YROWDJH�EORFNLQJ�FDSDELOLW\��D�EORFN�GLRGH�QHHGV�WR�EH�LQ�VHULHV�ZLWK

HDFK� DFWLYH� VZLWFK�� � :LWKRXW� WKH� IUHHZKHHOLQJ� GLRGH�� WKH� EULGJH� VZLWFKHV� KDYH� WR� EH

FRQWUROOHG�DV�QRUPDO�RQ�VZLWFKHV��ZKLOH�ZLWK�LW��WKH\�FDQ�EH�FRQWUROOHG�DV�HLWKHU�QRUPDO�RQ

RU�QRUPDO�RII�VZLWFKHV�
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,W�FDQ�EH�VHHQ�WKDW�IRU�UHFWLILHU�RSHUDWLRQ��WKH�XSSHU�DQG�ORZHU�VZLWFKHV�RI�WKH�VDPH

SKDVH�OHJ�FDQ�EH�JDWHG�RQ�DQG�RII�DW�WKH�VDPH�WLPH�ZLWK�QR�LQIOXHQFH�WR�WKH�FLUFXLW�RSHUDWLRQ�

'RLQJ�WKLV�XVXDOO\�VLPSO\�LQFUHDVHV�WKH�ORDGLQJ�WR�WKH�JDWH�GULYHUV���+RZHYHU��EHFDXVH�RI�WKLV

IHDWXUH�� WKH� WZR�VZLWFKHV� LQ� WKH� VDPH�SKDVH� OHJ�FDQ�EH�FRPELQHG� LQWR�RQH�� �7KH� UHVXOWLQJ
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

WKUHH�VZLWFK� EXFN� UHFWLILHU� LV� VKRZQ� LQ� )LJ�� ����E�� >$�@�� � &RPSDUHG� ZLWK� WKH� VL[�VZLWFK

YHUVLRQ��LW�LQFXUV�RQ�GURS�YROWDJH�RI�WZR�PRUH�GLRGHV�LQ�WKH�FXUUHQW�SDWK�

$OWKRXJK� WKH� EXFN� UHFWLILHU� GRHV� KDYH� WKH� HQHUJ\� UHJHQHUDWLRQ� FDSDELOLW\� WKURXJK

UHYHUVLQJ� WKH� EULGJH� RXWSXW� YROWDJH� LI� WKH� IUHHZKHHOLQJ� GLRGH� LV� QRW� SUHVHQW�� WKH� RXWSXW

FXUUHQW� RI� WKH� UHFWLILHU� EULGJH� LV� XQLGLUHFWLRQDO�� � 7R� DFKLHYH� EL�GLUHFWLRQDO� FXUUHQW� IORZ

FDSDELOLW\��DQ�H[WUD�DQWL�SDUDOOHO�EXFN�UHFWLILHU�EULGJH�QHHGV�WR�EH�DGGHG���&RPELQLQJ�WKH�WZR

EULGJH� OHDGV� WR� WKH� FXUUHQW� EL�GLUHFWLRQDO� EXFN� UHFWLILHU� DV� VKRZQ� LQ�)LJ�� ����F�� >$�@�� �7KH

WRSRORJ\�LV�RI�PDWUL[�W\SH�LQ�QDWXUH���&HUWDLQO\��WKHUH�DUH�GLIIHUHQW�ZD\V�WR�LPSOHPHQW�WKHVH

IRXU�TXDGUDQW�VZLWFKHV�

�������3:0�6FKHPHV

7KH� EDVLF� WDVN� IRU� WKH� PRGXODWLRQ� RI� WKH� EXFN� UHFWLILHU� LV� WR� UHJXODWH� WKH� RXWSXW

YROWDJH�9R� DQG� VKDSH� WKH� LQSXW� SKDVH� FXUUHQWV� VLQXVRLGDOO\�� � )RUPDOO\�� LW� FDQ� EH� VWDWHG� DV

IROORZV�>%�@���*LYHQ�D�VHW�RI�EDODQFHG�LQSXW�SKDVH�YROWDJHV�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

DQG�WKH�RXWSXW�YROWDJH�9R� �FRQVWDQW���,Q�������DQG��������9P�DQG�,P�DUH�WKH�DPSOLWXGHV�RI�WKH

LQSXW� SKDVH� YROWDJHV� DQG� FXUUHQWV�� UHVSHFWLYHO\��ω� WKH� DQJXODU� IUHTXHQF\� RI� WKH� LQSXW� OLQH

YROWDJH��DQG�φ�WKH�SKDVH�VKLIW�EHWZHHQ�WKH�LQSXW�YROWDJH�DQG�WKH�V\QWKHVL]HG�LQSXW�FXUUHQW�

7KHUH�DUH�PDQ\�FDUULHU�EDVHG�DQG�DOJRULWKP�EDVHG�3:0�VFKHPHV�GHYHORSHG�IRU�WKH

FRQWURO�RI�WKH�EXFN�UHFWLILHUV���$PRQJ�WKHP��WKH�VL[�VWHS�3:0�RU�VSDFH�YHFWRU�PRGXODWLRQ

VHFXUHV�PLQLPDO�VZLWFKLQJ�DFWLRQV�LQ�D�3:0�SHULRG�>$�@�>%�@�>+�@���6R�LW�LV�DGRSWHG�DV�WKH

PRGXODWLRQ�VFKHPH�IRU�DOO�WKH�GLVFXVVHG�EXFN�WRSRORJLHV�LQ�WKLV�GLVVHUWDWLRQ���:LWK�WKH�VL[�

VWHS�3:0��D� OLQH�F\FOH� LV�GLYLGHG� LQWR�VL[�VHFWRUV��HDFK�ZLWK���R�� DV� VKRZQ� LQ�)LJ������� � ,Q

HDFK� VHFWRU�� WKH� VZLWFK� FRUUHVSRQGLQJ� WR� WKH� SKDVH�ZLWK� KLJKHVW� RU� ORZHVW� YROWDJH� FDQ� EH

NHSW�RQ��DQG�RQO\�WZR�VZLWFKHV�DVVRFLDWHG�ZLWK�WKH�RWKHU�WZR�SKDVHV�QHHG�WR�EH�VZLWFKHG�

)RU�H[DPSOH�� LQ� VHFWRU� ,�ZLWK� θ ∈����R�� ��R���ZKLFK� LV� VKDGHG� LQ�)LJ�� ����� 6DS� IRU� WKH�EDVLF

EXFN�WRSRORJ\�VKRZQ�LQ�)LJ������D��LV�NHSW�FORVHG��DQG�RQO\�6EQ�DQG�6FQ�DUH�VZLWFKHG�RQFH�LQ
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$QDORJRXV� WR� WKH� 3:0� VFKHPHV� IRU� WKH� SRSXODU� 96,V�� WKH� ]HUR� GXW\�F\FOH� FDQ

XVXDOO\� EH� GLVSRVHG� ZLWKLQ� D� 3:0� F\FOH� LQ� GLIIHUHQW� ZD\V�� UHVXOWLQJ� LQ� GLIIHUHQW� 3:0

SDWWHUQV� DQG� GLIIHUHQW� FRQYHUWHU� EHKDYLRUV� LQ� WHUPV� RI� KDUPRQLF� VSHFWUD�� DQG� VZLWFKLQJ

ORVVHV�

7ZR�EDVLF�3:0�SDWWHUQV�IRU�WKH�EXFN�UHFWLILHU�DUH�VKRZQ�LQ�)LJ������� �7KH�SDWWHUQ

VKRZQ�LQ�)LJ������D��KDV�D�FRQFHQWUDWHG�]HUR�GXW\�F\FOH�7���ZKLOH�WKH�WZR�DFWLYH�GXW\�F\FOHV

7��DQG�7��DUH�VWDFNHG�WRJHWKHU���$V�D�UHVXOW��WKH�WZR�VZLWFKHV�LQ�DFWLRQ�FDQ�EH�WXUQHG�RQ�DW

WKH� VDPH� WLPH�� ZLWK� WKH� ELJJHU� GXW\�F\FOH� 7�� HQGHG� ZLWK� WKH� WXUQ�RII� RI� 6EQ�� WKH� FLUFXLW

DXWRPDWLFDOO\�FKDQJHV�WR�GXW\�F\FOH�7����1RWLFH�WKDW�ZKHQ�6EQ�WXUQV�RII��WKH�YROWDJH�WUDQVLWLRQ

DFURVV�LW�LV�RQO\�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�DFWLQJ�OLQH�WR�OLQH�YROWDJHV���7KLV�UHVXOWV�LQ�D

FRQVLGHUDEOH� UHGXFWLRQ� LQ� WXUQ�RII� ORVV� RI� WKH� FLUFXLW�� � 7R� VHFXUH� WKH� RSHUDWLRQ� ZLWK� WKLV

3:0� SDWWHUQ�� WKH� ELJJHU� GXW\�F\FOH� QHHGV� WR� EH� DOZD\V� H[HUFLVHG� ILUVW�� � 7KLV� SDWWHUQ� LV

IDYRUDEOH�IRU�=97�W\SH�RI�VRIW�VZLWFKLQJ�VFKHPHV�EHFDXVH�WKH�FRPPXWDWLRQ�FLUFXLW�QHHGV�WR
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

EH�DFWLYDWHG�RQFH�LQ�D�3:0�F\FOH���/DWHU�LQ�&KDSWHU����LW�ZLOO�DOVR�EH�VKRZQ�WKDW�WKLV�SDWWHUQ

LV�HDV\�WR�JHQHUDWH�ZLWK�WKH�SURSRVHG�FKDUJH�FRQWURO�VFKHPH�� �,Q�FDUULHU�EDVHG�PRGXODWLRQ

UHDOL]DWLRQ��LW�FDQ�EH�JHQHUDWHG�ZLWK�WZR�SKDVHV�RI�VDZ�WRRWK�W\SH�RI�FDUULHUV�LQVWHDG�RI�WKH

WULDQJXODU�FDUULHUV�QRUPDOO\�XVHG���7KH�RQO\�GLVDGYDQWDJH�RI�WKLV�SDWWHUQ�LV�WKDW�WKH�DPSOLWXGH

RI�WKH�VZLWFKLQJ�IUHTXHQF\�ULSSOH�RQ�WKH�RXWSXW�ILOWHU�LQGXFWRU�LV�ODUJHU�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

7KH� KLJK�IUHTXHQF\� RSHUDWLRQ�ZDYHIRUPV� RI� WKH�=97�EXFN� UHFWLILHU� DUH� VKRZQ� LQ

)LJ������IRU�WKH�LQSXW�SKDVH�YROWDJHV�LQ�����R���R��RI�VHFWRU�,�LQ�)LJ��������7KH�SDWWHUQ�ZLWK�WKH

FRQFHQWUDWHG�]HUR�GXW\�F\FOH�LV�DGRSWHG�IRU�WKH�UHDVRQ�GLVFXVVHG�DERYH���,W�FDQ�EH�VHHQ�WKDW

ERWK�6EQ�DQG�6FQ�DUH�WXUQHG�RQ�DW�WKH�VDPH�WLPH�XQGHU�]HUR�YROWDJH�

)URP� )LJ�� ����� LW� FDQ� EH� VHHQ� WKDW� WKH� ILUVW� GXW\�F\FOH� LV� GLVWRUWHG� E\� WKH� =97

LQWHUYHQWLRQ���$V�D�UHVXOW��WKH�LQSXW�FXUUHQW�IRU�SKDVH�E�SUHVHQWV�SHFXOLDU�VKDSH�ZKLFK�LV�QRW

TXLWH�HDV\�WR�FRPSHQVDWH���7KH�FKDUJH�FRQWURO�WHFKQLTXH�GHYHORSHG�ODWHU�LQ�&KDSWHU���FDQ�EH

D�JRRG�FDQGLGDWH�WR�WDFNOH�WKH�SUREOHP�

Sbn

Sx2

T2T1

Scn

Vab

Io
ILr

Ib

Ic
Io

Io

Vpn

To

Vac

Sap

1.41Vca

)LJ��������+LJK�IUHTXHQF\�RSHUDWLRQ�ZDYHIRUP�RI�=97�EXFN�UHFWLILHU�

$�WHPSRUDU\�RYHU�YROWDJH�UHVXOWLQJ�IURP�WKH�GLVFKDUJLQJ�RI�WKH�HQHUJ\�WUDSSHG�LQ�WKH

FRPPXWDWLRQ� LQGXFWRU� /[� EXLOGV� XS� RQ� WKH� GF�VLGH� VLPSO\� EHFDXVH� WKH� EXFN� UHFWLILHU� LV

FXUUHQW�XQLGLUHFWLRQDO���6LPSOH�FDOFXODWLRQ�VKRZV�WKDW�WKH�SHDN�YROWDJH�FDQ�EH�����WLPHV�WKH

LQSXW�OLQH�WR�OLQH�YROWDJH�DW�WKDW�PRPHQW���,W�ZLOO�EH�ORZHU�LQ�WKH�DFWXDO�FLUFXLW�EHFDXVH�RI�WKH
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

ORVVHV� LQ� WKH� FRPPXWDWLRQ� FLUFXLWU\�� �$QRWKHU� IDFWRU� WR� FRQVLGHU� LV� WKH�GLIILFXOW\� LQ� FLUFXLW

OD\RXW�RI�WKLV�FRQYHUWHU�GXH�WR�WKH�PDVVLYH�GLVWULEXWLRQ�RI�WKH�FRPPXWDWLRQ�FLUFXLWU\�

�������&DVFDGHG�7KUHH�3KDVH�%XFN�5HFWLILHU

$�VR�FDOOHG�FDVFDGHG�EXFN�UHFWLILHU�WRSRORJ\�LV�VKRZQ�LQ�)LJ��������,W�FRQVLVWV�RI�D�VL[�

VZLWFK�EXFN�EULGJH�DQG�D�EXFN�3:0�FHOO� LQ�GLUHFW� VHULHV� FRQQHFWLRQ�ZLWKRXW� LQWHUPHGLDWH

ILOWHULQJ�FRPSRQHQWV���:LWK�WKLV�WRSRORJ\��ORZ�VZLWFKLQJ�ORVV�FDQ�EH�DFKLHYHG�E\�XVLQJ�RQO\

RQH�IDVW�VZLWFK�LQ�WKH�EXFN�3:0�FHOO��ZKLOH� WKH�IURQW�EXFN�EULGJH�VZLWFKHV�FDQ�VZLWFK�RQ

DQG�RII�VWUHVVOHVV���,W�FDQ�EH�FOHDUO\�VHHQ�LQ�)LJ������WKDW�EHFDXVH�WKH�GF�UDLO�EXFN�VZLWFK�LV�LQ

VHULHV��RU�FDVFDGLQJ�FRQQHFWLRQ��ZLWK�WKH�IURQW�EXFN�EULGJH�VZLWFKHV��VR�WKH�ORDG�FXUUHQW�FDQ

EH�VZLWFKHG�RQ�DQG�RII�E\�RQH�RI�WKHP���%\�SURSHU�WLPLQJ�UHODWLYH�WR�HDFK�RWKHU��DOO�RU�PRVW

RI�WKH�VZLWFKLQJ�ORVVHV�RULJLQDOO\�LQFXUUHG�LQ�WKH�EULGJH�VZLWFKHV��6LM��L�∈�^D��E��F`��DQG�M�∈�^S�

Q`�� FDQ� EH� WUDQVIHUUHG� WR� WKH� GF�UDLO� VZLWFK�� � 7KLV� LV� UHDOL]HG� E\� WXUQLQJ�RQ� WKH� EULGJH�

VZLWFKHV�6LM�EHIRUH�6G�DQG�WXUQLQJ�RII�6LM�DIWHU�6G��DV�VKRZQ�LQ�WKH�WLPLQJ�GLDJUDP�LQ�)LJ������

$�VPDOO�GHDG�WLPH��7G�� LV�LQVHUWHG�EHWZHHQ�WKH�VZLWFKLQJ�RI�WKH�EULGJH�VZLWFKHV�DQG�WKH�GF�

UDLO�VZLWFK�WR�VHFXUH�FRPPXWDWLRQ�RI�WKH�EULGJH�VZLWFKHV�XQGHU�]HUR�FXUUHQW�FRQGLWLRQ�

ZCS buck bridge Buck cell

Sd

Dd

p’ Iop

n

Sap Sbp Scp

San Sbn Scn

Va

Vb

Vc

a

b

c

o

Isd

Ia

Ib

Ic Co R

Vo

)LJ��������&DVFDGHG�WKUHH�SKDVH�EXFN�UHFWLILHU�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

$V�GLVFXVVHG�DERYH��WKH�3:0�SDWWHUQ�ZLWK�FRQFHQWUDWHG�]HUR�GXW\�F\FOH�IHDWXUHV�WKH

ELJJHU�GXW\�F\FOH�7��GLUHFWO\�IROORZHG�E\�WKH�VPDOOHU�GXW\�F\FOH�7��LQ�D�KLJK�IUHTXHQF\�3:0

F\FOH�� ZKLOH� WKH� FRPSOHWH� ]HUR� GXW\�F\FOH� 7R� HQVXHV�� DV� VKRZQ� LQ� )LJ�� ����D��� � :LWK� WKLV

SDWWHUQ��RQO\�RQH�EULGJH�VZLWFK��6FQ�LQ�WKLV�FDVH��QHHGV�WR�EH�VZLWFKHG�LQ�D�3:0�F\FOH��ZKLOH

WKH�RWKHU�VZLWFKLQJ�DFWLRQ�LV�GRQH�E\�WKH�GF�VLGH�VZLWFK��6G�� LQVWHDG���$V�D�UHVXOW��DOPRVW�DOO

WKH�WXUQ�RQ�ORVVHV�KDSSHQ�LQ�WKH�EXFN�FHOO� LI�6FQ� LV� WXUQHG�RQ�HDUOLHU� WKDQ�6G�� �$OWKRXJK�WKH

EULGJH�VZLWFK�QHHGV� WR�KDUG� WXUQ�RII� WKH� ORDG�FXUUHQW�DW� WKH�HQG�RI� WKH�ELJ�GXW\�F\FOH�� WKH

YROWDJH�VZLQJ�LV�DOZD\V�OHVV�WKDQ�KDOI�RI�WKH�LQSXW�OLQH�OLQH�YROWDJH��DQG�WKH�DYHUDJH�WXUQ�RII

ORVV�LV�RQO\�DERXW�����RI�WKDW�KDSSHQLQJ�LQ�WKH�ZKROH�FRQYHUWHU�

,Q�WKH�3:0�SDWWHUQ�ZLWK�GLVWULEXWHG�GXW\�F\FOH�DV�VKRZQ�LQ�)LJ������E��� WKH�EULGJH

VZLWFKHV� GR� QRW� QHHG� WR� VZLWFK� DQ\� FXUUHQW� DQG� IXQFWLRQ� RQO\� DV� D� VZLWFKLQJ� QHWZRUN� WR

UHFWLI\�WKH�LQSXW�WKUHH�SKDVH�DF�YROWDJH�LQWR�D�KLJK�IUHTXHQF\�SXOVDWLQJ�GF�YROWDJH�RQ�WKH�GF

VLGH�� ZKLOH� WKH� GXW\�F\FOH� FRQWURO�� DQG� WKHUHIRUH�� WKH� LQSXW� 3)&� DQG� RXWSXW� YROWDJH

UHJXODWLRQ�DUH�DOO�IXUQLVKHG�E\�WKH�6G���1RWLFH�WKDW�LQ�WKLV�FDVH�WKH�EXFN�FHOO�VZLWFK�6G�QHHGV�WR

VZLWFK� WZLFH� LQ� RQH� 3:0� F\FOH�� DQG� DOPRVW� DOO� WKH� PDMRU� VZLWFKLQJ� ORVVHV� LQ� WKH� FLUFXLW

KDSSHQV�LQVLGH�LW���7KXV��D�IDVW�GHYLFH��H�J��026)(7V�RU�IDVW�,*%7V�VKRXOG�EH�XVHG�IRU�LW�

$V�LV�FOHDU�IURP�)LJ�������LQ�WKH�FDVFDGHG�EXFN�UHFWLILHU��WKH�SXOVDWLQJ�GF�EXV�YROWDJH

9SQ� QHYHU�GURSV�EHORZ�KDOI� RI� WKH� LQSXW� OLQH�OLQH� YROWDJH�� VR� WKH� YROWDJH� VZLQJ� LV� UHGXFHG

FRPSDUHG� WR� WKH� RULJLQDO� EXFN� UHFWLILHU�� �2QO\� WKH� YROWDJH�9S·Q� VZLQJV� EHWZHHQ� �� DQG� WKH

ORZHU� UHFWLILHG� OLQH�WR�OLQH� YROWDJH�� � %HFDXVH� WKH� SDUDVLWLF� FDSDFLWDQFH� RI� QRGH� S·� LV� DOVR

UHODWLYHO\�VPDOO��WKH�FRPPRQ�PRGH�QRLVH�SHUIRUPDQFH�IRU�WKH�FDVFDGHG�EXFN�UHFWLILHU�VKRXOG

EH�EHWWHU��HVS��ZLWK�WKH�3:0�SDWWHUQ�ZLWK�FRQFHQWUDWHG�]HUR�GXW\�F\FOH�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��
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)LJ���������6L[�VWHS�3:0�SDWWHUQV�RI�FDVFDGHG�EXFN�UHFWLILHU�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

7KH�VZLWFKLQJ�ORVVHV�LQ�WKH�FRQYHUWHU�FDQ�EH�UHGXFHG�ZLWK�D�IDVW�UHFRYHU\�GLRGH�XVHG

IRU�'G� DQG�D� IDVW� VZLWFK� IRU�6G�� �)XUWKHU� UHGXFWLRQ�RI� VZLWFKLQJ� ORVVHV�FDQ�EH�DFKLHYHG�E\

LPSOHPHQWDWLRQ�RI�VXLWDEOH�VRIW�VZLWFKLQJ�IRU�6G�DQG�RU�'G��DV� LV�GRQH�IRU�WKH�� WKUHH�SKDVH

YROWDJH�VRXUFH�LQYHUWHU�ERRVW�UHFWLILHU��ZLWK�D�GF�UDLO�VZLWFK�GLRGH��>&��@�>&��@����%DVLFDOO\�

DQ\�VRIW�VZLWFKLQJ�WHFKQLTXHV�DYDLODEOH�IRU�VLPSOH�EXFN�GF�GF�FRQYHUWHUV�FDQ�EH�WUDQVSODQWHG

DOPRVW�ZLWKRXW�PRGLILFDWLRQ���7KH�FLUFXLW�VFKHPDWLF�ZLWK�D�=97�FHOO�LV�VKRZQ�LQ�)LJ�������DQG

WKH� DGGLWLRQ� RI� DX[LOLDU\� FRPSRQHQWV� LV�PLQLPDO� FRQVLGHULQJ� WKH� VHWWLQJ� IRU� D� WKUHH�SKDVH

UHFWLILHU�� � 7KH� FRUUHVSRQGLQJ� RSHUDWLRQ� ZDYHIRUPV� DUH� LOOXVWUDWHG� LQ� )LJ�� ����� � 7KH� PDLQ

RSHUDWLRQ�ZDYHIRUPV� DUH� HVVHQWLDOO\� WKH� VDPH� DV� VKRZQ� LQ� )LJ�� ���� IRU� WKH� SUHYLRXV�=97

EXFN�UHFWLILHU�

�����&RQFHSW�RI�466�3RZHU�&RQYHUVLRQ

�������'HILQLWLRQ�RI�466�3RZHU�&RQYHUWHU

)URP�WKH�DERYH�H[DPSOH�RI�WKH�FDVFDGHG�EXFN�UHFWLILHU��LW�FDQ�EH�VHHQ�WKDW�ZLWK�WKH

GLUHFW�FDVFDGLQJ�RI�WZR�EXFN��RU�ERRVW��SRZHU�FRQYHUVLRQ�XQLWV��D�VHULHV�FRQQHFWLRQ�RI�WZR

VZLWFKHV�DORQJ�WKH�SRZHU�WUDQVIHU�SDWK�LV�FUHDWHG���,I�WKH�VZLWFKLQJ�LQVWDQWV�RI�WKH�WZR�XQLWV

DUH� IXUWKHU� V\QFKURQL]HG��RQH�RI� WKH� VHULHV� VZLWFKHV� FDQ� DVVXPH�PRVW� RU� DOO� WKH� VZLWFKLQJ

ORVVHV�E\�WXUQLQJ�RQ�ODWHU�DQG�WXUQLQJ�RII�HDUOLHU�WKDQ�WKH�RWKHU�VZLWFK���,Q�RWKHU�ZRUG��RQH

RI�WKH�FHOO�WDNHV�PRVW�RI�WKH�UHVSRQVLELOLW\�WR�V\QWKHVL]H�WKH�GXW\�F\FOH�DQG�WKH�RWKHU�RQH�MXVW

UXQ�DW�IXOO�GXW\�F\FOH�� �,Q�WKH�SUHYLRXV�H[DPSOH�� WKH�IURQW�EXFN�EULGJH�EDVLFDOO\�UXQV�DW� WKH

PRGXODWLRQ�LQGH[�ZKLFK�DSSURDFKHV�RQH�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��
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Sd
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Sbn

Tx

Td

)LJ��������2SHUDWLRQ�ZDYHIRUPV�RI�FDVFDGHG�EXFN�UHFWLILHU�ZLWK�=97�

*HQHUDOL]LQJ� WKLV� LGHD� OHDGV� WR� WKH� FRQFHSW� RI� WKH� JHQHULF�466� SRZHU� FRQYHUVLRQ

WRSRORJ\��ZKLFK�LV�GHILQHG�DV�IROORZV�

'HILQLWLRQ�RI�466�3RZHU�&RQYHUVLRQ�7RSRORJ\���$�466�SRZHU�FRQYHUVLRQ�WRSRORJ\�LV�D�FRQYHUWHU�IRU

DF�GF� UHFWLILFDWLRQ�� DQG�RU� GF�DF� LQYHUVLRQ�� ZKLFK� LV� FRPSRVHG� RI� WZR� EXFN� RU� WZR� ERRVW� 3:0� VZLWFKLQJ

QHWZRUNV�LQ�GLUHFW�FDVFDGLQJ�DQG�ZLWK�V\QFKURQL]HG�VZLWFKLQJ���(DFK�RI�WKH�3:0�VZLWFKLQJ�QHWZRUNV�FDQ�EH

DQ�HOHPHQWDU\�3:0�FHOO��D�IXOO�EULGJH�ZLWK�RU�ZLWKRXW�LVRODWLRQ��RU�D�WKUHH�SKDVH�EULGJH�HWF���ZKLFK�LV�FDSDEOH

RI�HLWKHU�XQLGLUHFWLRQDO�RU�EL�GLUHFWLRQDO�SRZHU�IORZ�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

7KH�FRQFHSW� LV� JUDSKLFDOO\� LOOXVWUDWHG� LQ�)LJ��������ZKHUH� WKH�GRWWHG� OLQHV� VKRZ� WKH

FDVH�RI�WKUHH�SKDVH�DF�WHUPLQDO�FRQQHFWLRQV���7KH�LQWHUPHGLDWH�EXV�EHWZHHQ�WKH�WZR�3:0

XQLWV�FDUULHV�LQ�PRVW�FDVHV�D�SXOVDWLQJ�GF�YROWDJH���,WV�XQLSRODU�SXOVDWLQJ�QDWXUH�FDQ�IDFLOLWDWH

WKH�LPSOHPHQWDWLRQ�RI�FLUFXLW�IXQFWLRQV�VXFK�DV�YROWDJH�FODPSLQJ��DQG�=96�HWF�

 Buck or Boost
PWM Switching
     Network I

 Buck or Boost ac or dc 
Source &
    LPF

 ac or dc 
Source &
    LPF

Pulsating dc (uni-polar)  bus

PWM Switching
     Network II

)LJ���������*HQHULF�466�SRZHU�FRQYHUVLRQ�WRSRORJ\�

%HFDXVH� WKH� HTXLYDOHQW� IXQFWLRQ� RI� WKH� VHULHV� FRQQHFWLRQ� RI� WZR� EXFN� �RU� ERRVW�

XQLWV�LV�VWLOO�RI�EXFN��RU�ERRVW��W\SH��WKH�ORZ�SDVV�ILOWHUV��/3)V��DW�WKH�WZR�HQGV�KDYH�WR�EH�RI

GXDO�QDWXUH�� �)RU�H[DPSOH��D�466�EXFN�FRQYHUWHU�ZLOO�KDYH�D�FDSDFLWLYH� LQSXW�ILOWHU�ZKLOH�D

LQGXFWLYH�ILOWHU�DW�WKH�RXWSXW�

,W�LV�QRWHG�WKDW�DOWKRXJK�WKH�GLUHFW�FDVFDGLQJ�RI�D�EXFN�3:0�VZLWFKLQJ�QHWZRUN�DQG

D� EXFN�ERRVW� 3:0� VZLWFKLQJ� QHWZRUN�� RU� D� EXFN�ERRVW� 3:0� VZLWFKLQJ� QHWZRUN� DQG� D

ERRVW� VZLWFKLQJ� QHWZRUN� DOVR� OHDGV� WR� IXQFWLRQDO�466�SRZHU� FRQYHUVLRQ� FLUFXLWV�� WKH\� DUH

LQWHQWLRQDOO\�H[FOXGHG�IURP�WKH�GHILQLWLRQ�RI�WKH�JHQHULF�466�WRSRORJ\�DERYH�VLPSO\�EHFDXVH

RI�WKHLU�OLPLWHG�SUDFWLFDO�YDOXHV�LQ�KLJK�SRZHU�DSSOLFDWLRQV�

�������*HQHULF�)HDWXUHV�RI�466�3RZHU�&RQYHUVLRQ�7RSRORJ\

7KH� JHQHULF� IHDWXUHV� RI� WKH� SURSRVHG� 466� SRZHU� FRQYHUVLRQ� WRSRORJ\� DUH

VXPPDUL]HG�DV�IROORZV�

���� 7KH�FLUFXLW�WRSRORJ\�DOZD\V�KDV�WZR�EXFN�RU�ERRVW�3:0�VZLWFKLQJ�QHWZRUNV�RI

WKH�VDPH�NLQG�LQ�FDVFDGLQJ�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

���� 6LQJOH�VWDJH� SRZHU� FRQYHUVLRQ� LV� UHDOL]HG� LQ� WKH� VHQVH� WKDW� WKH� ORDG� FXUUHQW� LV

VZLWFKHG� E\� WKH� SRZHU� GHYLFHV� LQ� HLWKHU� RQH� RI� WKH� WZR� 3:0� VZLWFKLQJ

QHWZRUNV�

���� ,QKHUHQW�VRIW�VZLWFKLQJ�FDSDELOLW\�LV�EXLOW� LQ�WKH�WRSRORJ\�IRU�SDUW�RI�WKH�FLUFXLW�

XVXDOO\�RQH�RI�WKH�WZR�3:0�VZLWFKLQJ�QHWZRUNV�

���� 0LQLPXP� DX[LOLDU\� FRPPXWDWLRQ� FLUFXLWU\� LV� UHTXLUHG� WR� UHDOL]H� VRIW�VZLWFKLQJ�

HVS��LQ�LVRODWHG�FDVHV�

���� 6LPSOHU� 3:0� SDWWHUQ� DQG� FRQWURO� FDQ� EH� XVHG� FRPSDUHG� ZLWK� PDWUL[� RU

F\FORFRQYHUWHU�W\SH�RI�FLUFXLW�WRSRORJ\�

���� +LJKHU�HIILFLHQF\�DQG�UHOLDELOLW\�FDQ�EH�UHDOL]HG�WKDQNV�WR�WKH�VLQJOH�VWDJH�SRZHU

SURFHVVLQJ�DQG�VRIW�VZLWFKLQJ�FDSDELOLW\�

�����2WKHU�1RQ�,VRODWHG�7KUHH�3KDVH�466�7RSRORJLHV

�������&DVFDGHG�96,�&65

$V� UHYLHZHG� LQ� &KDSWHU� ��� PDQ\� RI� WKH� GF�VLGH� VRIW�WUDQVLWLRQ� 96,V� QHHG� D� VHULDO

VZLWFK�RQ�WKH�GF�OLQN�WR�GLVHQJDJH�WKH�VRXUFH�YROWDJH�DQG�FUHDWH�WKH�YROWDJH�QRWFK�DFURVV�WKH

WKUHH�SKDVH�EULGJH�GXULQJ� WKH�EULGJH� VZLWFK� WXUQ�RQ� LQVWDQWV�� � 6XFK� D� VFKHPH�ZLWKRXW� WKH

DX[LOLDU\�VRIW�FRPPXWDWLRQ�FLUFXLWU\�LV�VKRZQ�LQ�)LJ�������D����7KH�FLUFXLW�FDQ�EH�FRQVLGHUHG

DV�WZR�EXFN�XQLWV��DQ�VLPSOH�EXFN�FHOO�DQG�D�96,�EULGJH�LQ�FDVFDGLQJ���7KH�IXQFWLRQ�RI�WKH

GLRGH�'GF�LV�DSSDUHQWO\�UHGXQGDQW�ZLWK�WKH�IUHHZKHHOLQJ�GLRGHV�LQ�WKH�96,�EULGJH��VR�LW�FDQ

EH� UHPRYHG�� �$V� H[SODLQHG� LQ� >&��@��ZLWK� WKH� GF�VLGH� VZLWFK� 6GF� WKHUH��=97� FRPPXWDWLRQ

FLUFXLW�QHHGV�WR�EH�FRQVWUXFWHG�IRU�RQO\�6GF�ZLWK�RQH�RU�WZR�H[WUD�VZLWFKHV��GHSHQGHQW�RQ�WKH

SRZHU� IDFWRU� RI� WKH� DF� ORDG�� � $W� WKH� VDPH� WLPH�� D� PDMRULW\� RI� WKH� WXUQ�RII� ORVV� ZKLFK
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

RWKHUZLVH� KDSSHQV� LQ� WKH� EULGJH� VZLWFKHV� FDQ� EH� VKLIWHG� WR� WKH� 6GF�� ZKHUH� LW� LV� HDVLHU� WR

UHGXFH�

n

Vdc
+_ A

B
C

p

b

San Sbn Scn

c

a

ScpSap SbpSdc

Ddc

Buck cell Three-phase bridge

�D���&DVFDGHG�96,�

Co RL

Sap Sbp Scp

San Sbn Scn
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Lc

p

Va

Vb

Vc

n

Vo

+
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Sdc

Ddc

Boost bridge Boost cell

�E���&DVFDGHG�ERRVW�UHFWLILHU��RU�&65��

)LJ���������&DVFDGHG�96,�&65�

7KH�FDVFDGHG�ERRVW� UHFWLILHU� LV� VKRZQ� LQ�)LJ�� �����E��� � ,W� FRQVLVWV�RI� D� WKUHH�SKDVH

ERRVW�EULGJH�DQG�DQ�HOHPHQWDU\�ERRVW�FHOO�LQ�GLUHFW�FDVFDGLQJ���$�YDULDWLRQ�RI�WKLV�FLUFXLW�ZLWK

MXVW�WKH�GF�VLGH�GLRGH�'GF�ZDV�SURSRVHG�WR�IDFLOLWDWH�WKH�=97�LPSOHPHQWDWLRQ��VKRRW�WKURXJK

SURWHFWLRQ��DQG�VL[�VWHS�3:0�UHDOL]DWLRQ�>&��@���$OWKRXJK�WKH�H[WUD�VZLWFK�LQ�WKH�FLUFXLW� LV

DJDLQ� UHGXQGDQW�� LW� LV� XVHG� WR� GLYHUW� WKH� VZLWFKLQJ� ORVV� RWKHUZLVH� KDSSHQLQJ� LQ� WKH� PDLQ

EULGJH�WR�WKDW�VZLWFK���,W�FDQ�EH�VKRZQ�WKDW�LI�WKH�LQSXW�SRZHU�IDFWRU�LV�XQLW\��DOPRVW�DOO�WKH

WXUQ�RQ� ORVV� DQG� ���� WXUQ�RII� ORVV� FDQ� EH� WUDQVIHUUHG� WR� 6GF�� � $V� D� UHVXOW�� YDULRXV� VRIW�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

VZLWFKLQJ�VFKHPHV�FDQ�EH�LPSOHPHQWHG�MXVW�IRU�6GF�WR�UHGXFH�WKH�WRWDO�VZLWFKLQJ�ORVV�LQ�WKH

FLUFXLW�

,W�FDQ�EH�HDVLO\�VHHQ�WKDW�ERWK�RI�WKH�FLUFXLWV�KDYH�VHULHV�HOHPHQWV�LQ�WKH�PDLQ�SRZHU

SDWK�� DQG� H[WUD� FRQGXFWLRQ� ORVVHV� DUH� LQFXUUHG�� �(YHQ� WKH� VKXQW� VZLWFK� 6GF� LQ� )LJ�� �����E�

LQFUHDVHV�WKH�FRQGXFWLRQ� ORVV�RI� WKH�FLUFXLW��ZKLFK�KDSSHQV�ZKHQ� WKH� LQSXW�3)&� LQGXFWRUV

DUH�FKDUJHG�ZLWK�WKH�6GF�FORVHG�WR�SURYLGH�WKH�FKDUJLQJ�SDWK���)RU�WKHVH�UHDVRQV��WKH�SUDFWLFDO

YDOXHV�RI�WKHVH�FLUFXLWV�VHHP�OLPLWHG�

�������466�$&�$&�&RQYHUWHU

7KH� 466� DF�DF� FRQYHUWHU� DV� VKRZQ� LQ� )LJ�� ����� ZDV� LQWURGXFHG� LQ� >$��@� DV� DQ

DOWHUQDWLYH� WR� WKH� ZHOO�NQRZQ� QLQH� EL�GLUHFWLRQDO� PDWUL[� FRQYHUWHU�� � ,W� ZDV� DOVR� XVHG� WR

LOOXVWUDWH� WKH� VSDFH� YHFWRU� PRGXODWLRQ� FRQFHSW� LQ� >$��@�� � 7KH� YROWDJH� DFURVV� S� DQG� Q� LV

SXOVDWLQJ�ZLWK�D�FRQVWDQW�DYHUDJH�GF�YDOXH�LQ�WKH�OLQH�F\FOH�LQ�VWHDG\�VWDWH�RSHUDWLRQ���,I�WKH

ORDG� DW� WKH� RXWSXW� VLGH� FDQ� UXQ� LQWR� DQ\� SRZHU� IDFWRU�� FXUUHQW� IHHGEDFN� SDWK� LV� UHTXLUHG�

7KHUHIRUH��D�EL�GLUHFWLRQDO�EXFN�IURQW�EULGJH�LV�QHFHVVDU\�� �7KH�WRWDO�QXPEHU�RI�VZLWFKHV� LV

WKH�VDPH�DV�D�PDWUL[�FRQYHUWHU���,I�WKH�ORDG�VLGH�SKDVH�VKLIW�LV�FRQVWDQWO\�OHVV�WKDQ���R��RQO\�D

FXUUHQW�XQLGLUHFWLRQDO�EXFN�EULGJH�ZLWK�WKUHH�RU�VL[�DFWLYH�VZLWFKHV� LV�QHFHVVDU\�� OHDGLQJ� WR

VRPH�VDYLQJ�LQ�FRVW�

7KH�FUHDWLRQ�RI�D�SXOVDWLQJ�GF�EXV�ZKLFK� LV�FRQQHFWHG� WR�DOO� WKH� VL[� FRQYHUWHU� OHJV

PDNHV� LW� SRVVLEOH� WR�SODFH� D� VPDOO� VQXEEHU� FDSDFLWRU� DFURVV� WKH� EXV� WR� DEVRUE� WKH� YROWDJH

ULQJLQJ�FDXVHG�E\�WKH�OD\RXW�SDUDVLWLF�LQGXFWDQFH���6ZLWFKLQJ�ORVV�VFKHGXOLQJ�DQG�GLVWULEXWLRQ

LQVLGH�WKH�FLUFXLW�LV�DQ�LQWHUHVWLQJ�DQG�XQWRXFKHG�WRSLF�
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&KDSWHU����&RQFHSW�RI�4XDVL�6LQJOH�6WDJH��466��3RZHU�&RQYHUVLRQ ��

p
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Vb

Vc C
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n
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       Bi-directional buck bridge VSI/CSR
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)LJ���������466�DF�DF�FRQYHUWHU�

7KH�FUHDWLRQ�RI�D�SXOVDWLQJ�GF�EXV�ZKLFK� LV�FRQQHFWHG� WR�DOO� WKH� VL[� FRQYHUWHU� OHJV

PDNHV� LW� SRVVLEOH� WR�SODFH� D� VPDOO� VQXEEHU� FDSDFLWRU� DFURVV� WKH� EXV� WR� DEVRUE� WKH� YROWDJH

ULQJLQJ�FDXVHG�E\�WKH�OD\RXW�SDUDVLWLF�LQGXFWDQFH���6ZLWFKLQJ�ORVV�VFKHGXOLQJ�DQG�GLVWULEXWLRQ

LQVLGH�WKH�FLUFXLW�LV�DQ�LQWHUHVWLQJ�DQG�XQWRXFKHG�WRSLF�

�����6XPPDU\

7KH� JHQHUDO� WRSRORJLFDO� FRQFHSW� RI� TXDVL�VLQJOH�VWDJH� �466�� LVRODWHG� SRZHU

FRQYHUVLRQ�LV�LQWURGXFHG�DQG�GHILQHG�ZLWK�DQ�LOOXVWUDWLYH�H[DPSOH�RI�FDVFDGHG�EXFN�UHFWLILHU�

7KH� VDPH� H[DPSOH� DOVR� VHUYHV� DV� DQ� LQWURGXFWLRQ� WR� WKH� LVVXHV� SHUWDLQLQJ� WR� WKH� EXFN

UHFWLILHUV�� � 7KH� IDPLO\� RI� 466� SRZHU� FRQYHUWHUV� IHDWXUHV� VLQJOH�VWDJH� SRZHU� SURFHVVLQJ

ZLWKRXW� D� GF�OLQN� ORZ�SDVV� ILOWHU�� D� XQLGLUHFWLRQDO� SXOVDWLQJ� GF�OLQN� YROWDJH�� VRIW�VZLWFKLQJ

FDSDELOLW\� ZLWK� PLQLPDO� H[WUD� FRPPXWDWLRQ� FLUFXLWU\�� VLPSOH� 3:0� FRQWURO�� DQG� KLJK

HIILFLHQF\� DQG� UHOLDELOLW\�� � 6RPH� RWKHU� QRQ�LVRODWHG� 466� SRZHU� FRQYHUVLRQ� H[DPSOHV

LQFOXGLQJ�96,�&65��DQG�PDWUL[�FRQYHUWHU�DUH�DOVR�JLYHQ�


