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- &RQWUROV %RRVW 3UHUHJXODWRU WR

1HDU�8QLW\ 3RZHU )DFWRU

- /LPLWV /LQH 'LVWRUWLRQ

- :RUOG :LGH /LQH 2SHUDWLRQ

- 2YHU�9ROWDJH 3URWHFWLRQ

- $FFXUDWH 3RZHU /LPLWLQJ

- $YHUDJH &XUUHQW 0RGH &RQWURO

- ,PSURYHG 1RLVH ,PPXQLW\

- ,PSURYHG )HHG�)RUZDUG /LQH

5HJXODWLRQ

- /HDGLQJ (GJH 0RGXODWLRQ

- ��� PP$ 7\SLFDO 6WDUW�8S &XUUHQW

- /RZ 3RZHU %L&026 2SHUDWLRQ

- �� 9 WR �� 9 2SHUDWLRQ

GHVFULSWLRQ

7KH 8&&����� 8&&����� 8&&����� DQG 8&&���� SURYLGH DOO WKH IXQFWLRQV QHFHVVDU\ IRU DFWLYH SRZHU IDFWRU

FRUUHFWHG SUHUHJXODWRUV� 7KH FRQWUROOHU DFKLHYHV QHDU XQLW\ SRZHU IDFWRU E\ VKDSLQJ WKH DF LQSXW OLQH FXUUHQW

ZDYHIRUP WR FRUUHVSRQG WR WKDW RI WKH DF LQSXW OLQH YROWDJH� $YHUDJH FXUUHQW PRGH FRQWURO PDLQWDLQV VWDEOH� ORZ

GLVWRUWLRQ VLQXVRLGDO OLQH FXUUHQW�

'HVLJQHG LQ 8QLWURGH·V %L&026 SURFHVV� WKH 8&&�����8&&���� RIIHUV QHZ IHDWXUHV VXFK DV ORZHU VWDUW�XS

FXUUHQW� ORZHU SRZHU GLVVLSDWLRQ� RYHU�YROWDJH SURWHFWLRQ� D VKXQW 89/2 GHWHFW FLUFXLWU\� D OHDGLQJ�HGJH

PRGXODWLRQ WHFKQLTXH WR UHGXFH ULSSOH FXUUHQW LQ WKH EXON FDSDFLWRU DQG DQ LPSURYHG� ORZ�RIIVHW �r� P9� FXUUHQW

DPSOLILHU WR UHGXFH GLVWRUWLRQ DW OLJKW ORDG FRQGLWLRQV�

8&&���� RIIHUV DQ RQ�FKLS VKXQW UHJXODWRU ZLWK ORZ VWDUW�XS FXUUHQW� VXLWDEOH IRU DSSOLFDWLRQV XWLOL]LQJ D

ERRWVWUDS VXSSO\� 8&&���� LV LQWHQGHG IRU DSSOLFDWLRQV ZLWK D IL[HG VXSSO\ �9&&��

$YDLODEOH LQ WKH ���SLQ '� ':� DQG 1 SDFNDJHV�

EORFN GLDJUDP
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DEVROXWH PD[LPXP UDWLQJV RYHU RSHUDWLQJ IUHH�DLU WHPSHUDWXUH �XQOHVV RWKHUZLVH QRWHG��

6XSSO\ 9ROWDJH 9&& �� 9� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

*DWH 'ULYH &XUUHQW� &RQWLQXRXV ��� $� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

*DWH 'ULYH &XUUHQW� ��� 'XW\ &\FOH � $� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

,QSXW 9ROWDJH� &$,� 0287 � 9� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

,QSXW 9ROWDJH� 3./07 � 9� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

,QSXW 9ROWDJH� 96(16(� 293�(1 �� 9� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

,QSXW &XUUHQW� 57� ,$&� 3./07 �� P$� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

0D[LPXP 1HJDWLYH 9ROWDJH� '59287� 3./07� 0287 ����� 9� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

3RZHU 'LVVLSDWLRQ � :� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 6WUHVVHV EH\RQG WKRVH OLVWHG XQGHU ´DEVROXWHPD[LPXP UDWLQJVµPD\ FDXVH SHUPDQHQW GDPDJH WR WKH GHYLFH� 7KHVH DUH VWUHVV UDWLQJV RQO\� DQG

IXQFWLRQDO RSHUDWLRQ RI WKH GHYLFH DW WKHVH RU DQ\ RWKHU FRQGLWLRQV EH\RQG WKRVH LQGLFDWHG XQGHU ´UHFRPPHQGHG RSHUDWLQJ FRQGLWLRQVµ LV QRW

LPSOLHG� ([SRVXUH WR DEVROXWH�PD[LPXP�UDWHG FRQGLWLRQV IRU H[WHQGHG SHULRGV PD\ DIIHFW GHYLFH UHOLDELOLW\�

25'(5,1* ,1)250$721

UCC

PRODUCT OPTION

PACKAGE

81

TEMPERATURE RANGE

HOHFWULFDO FKDUDFWHULVWLFV �XQOHVV RWKHUZLVH QRWHG�� WKHVH VSHFLILFDWLRQV KROG IRU 7$  �qq& WR ��qq& IRU WKH
8&&���� DQG 7$  ����qq& WR ��qq& IRU WKH 8&&����� 7$  7-� 9&&  �� 9� 57  �� N::� &7  ��� S)

3$5$0(7(5 7(67 &21',7,216 0,1 7<3 0$; 81,76

6XSSO\ &XUUHQW 6HFWLRQ

6XSSO\ FXUUHQW� RII 9&&  �9&& WXUQ�RQ WKUHVKROG ����� 9� ��� ��� P$

6XSSO\ FXUUHQW� RQ 9&&  �� 9� 1R ORDG RQ '59287 � � � P$

89/2 6HFWLRQ

9&& WXUQ�RQ WKUHVKROG �8&&[���� ���� �� ���� 9

89/2 K\VWHUHVLV �8&&[���� ��� ��� 9

0D[LPXP VKXQW YROWDJH �8&&[���� ,9&&  �� P$ ���� �� ���� 9

9&& WXUQ�RQ WKUHVKROG �8&&[���� ��� ���� ���� 9

9&& WXUQ�RII WKUHVKROG �8&&[���� ��� ��� 9

89/2 K\VWHUHVLV �8&&[���� ��� ��� 9

9ROWDJH $PSOLILHU 6HFWLRQ

,QSXW YROWDJH 7$  �q& WR ��q& ����� ��� ����� 9S J

7$  ����q& WR ��q& ����� ��� ����� 9

96(16( ELDV FXUUHQW 96(16(  95()� 9$287  ��� 9 �� ��� Q$

2SHQ ORRS JDLQ 9$287  � 9 WR � 9 �� �� G%

9287 KLJK ,/  ����� P$ ��� ��� ��� 9

9287 ORZ ,/  ��� P$ � �� ��� P9

2YHU 9ROWDJH 3URWHFWLRQ DQG (QDEOH 6HFWLRQ

2YHU YROWDJH UHIHUHQFH 95()
����

95()
����

95()
����

9

+\VWHUHVLV ��� P9

(QDEOH WKUHVKROG ��� ��� ��� 9

(QDEOH K\VWHUHVLV ��� ��� 9
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HOHFWULFDO FKDUDFWHULVWLFV �XQOHVV RWKHUZLVH QRWHG�� WKHVH VSHFLILFDWLRQV KROG IRU 7$  �qq& WR ��qq& IRU WKH
8&&���� DQG 7$  ����qq& WR ��qq& IRU WKH 8&&����� 7$  7-� 9&&  �� 9� 57  �� N::� &7  ��� S)
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&XUUHQW $PSOLILHU 6HFWLRQ

,QSXW RIIVHW YROWDJH 9&0  � 9� 9&$287  � 9 ��� � � P9

,QSXW ELDV FXUUHQW 9&0  � 9� 9&$287  � 9 ���� ����� Q$

,QSXW RIIVHW FXUUHQW 9&0  � 9� 9&$287  � 9 �� ��� Q$

2SHQ ORRS JDLQ 9&0  � 9� 9&$287  � 9 WR � 9 �� G%

&055 9&0  � 9 WR ��� 9� 9&$287  � 9 �� �� G%

9287 KLJK ,/  ����� P$ ��� ��� ��� 9

9287 ORZ ,/  � P$ ��� ��� ��� 9

*DLQ EDQGZLGWK SURGXFW VHH QRWH � ��� 0+]

9ROWDJH 5HIHUHQFH 6HFWLRQ

,QSXW YROWDJH 7$  �q& WR ��q& ����� ��� ����� 9S J

7$  ����q& WR ��q& ����� ��� ����� 9

/RDG UHJXODWLRQ ,5()  � P$ WR � P$ � � �� P9

/LQH UHJXODWLRQ 9&&  ���� 9 WR �� 9 VHH QRWH � � �� �� P9

6KRUW FLUFXLW FXUUHQW 95()  � 9 ���� ���� P$

2VFLOODWRU 6HFWLRQ

,QLWLDO DFFXUDF\ 7$  ��q& �� ��� ��� N+]

9ROWDJH VWDELOLW\ 9&&  ���� 9 WR �� 9 ��� � �

7RWDO YDULDWLRQ /LQH� 7HPS �� ��� N+]

5DPS SHDN YROWDJH ��� � ��� 9

5DPS DPSOLWXGH YROWDJH
�SHDN WR SHDN�

��� � ��� 9

3HDN &XUUHQW /LPLW 6HFWLRQ

3./07 UHIHUHQFH YROWDJH ���� �� P9

3./07 SURSRJDWLRQ GHOD\ ��� ��� ��� QV

0XOWLSOLHU 6HFWLRQ

+LJK OLQH� ORZ SRZHU ,$&  ��� P$� 9))  ��� 9� 9$287  ���� 9 � ��� ���� P$

+LJK OLQH� KLJK SRZHU ,$&  ��� P$� 9))  ��� 9� 9$287  � 9 ���� ���� ����� P$

/RZ OLQH� ORZ SRZHU ,$&  ��� P$� 9))  ��� 9� 9$287  ���� 9 ���� ���� ���� P$

/RZ OLQH� KLJK SRZHU ,$&  ��� P$� 9))  ��� 9� 9$287  � 9 ����� ����� ����� P$

,$& OLPLWHG ,$&  ��� P$� 9))  ��� 9� 9$287  � 9 ����� ����� ����� P$

*DLQ FRQVWDQW �.� ,$&  ��� P$� 9))  � 9� 9$287  ��� 9 ��� � ��� ��9

=HUR FXUUHQW ,$&  ��� P$� 9))  ��� 9� 9$287  ���� 9 � ��� P$

,$&  ��� P$� 9))  ��� 9� 9$287  ���� 9 � ��� P$

,$&  ��� P$� 9))  ��� 9� 9$287  ��� 9 � ��� P$

3RZHU OLPLW ,$&  ��� P$� 9))  ��� 9� 9$287  � 9 ����� ����� ����� P:

)HHG�)RUZDUG 6HFWLRQ

9)) RXWSXW FXUUHQW ,$&  ��� P$ ����� ����� ����� P$

6RIW 6WDUW 6HFWLRQ

66 FKDUJH FXUUHQW ��� ���� ���� P$

127( �� (QVXUHG E\ GHVLJQ� QRW ���� WHVWHG�

127( �� 5HIHUHQFH YDULDWLRQ IRU 9&& � ���� 9 LV VKRZQ LQ )LJXUH ��
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HOHFWULFDO FKDUDFWHULVWLFV �XQOHVV RWKHUZLVH QRWHG�� WKHVH VSHFLILFDWLRQV KROG IRU 7$  �qq& WR ��qq& IRU WKH
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*DWH 'ULYHU 6HFWLRQ

3XOO XS UHVLVWDQFH ,2  ²��� P$ � �� :

3XOO GRZQ UHVLVWDQFH ,2  ��� P$ � �� :

2XWSXW ULVH WLPH &/  � Q)� 5/  �� : �� �� QV

2XWSXW IDOO WLPH &/  � Q)� 5/  �� : �� �� QV

0D[LPXP GXW\ F\FOH �� �� ��� �

=HUR 3RZHU 6HFWLRQ

=HUR SRZHU FRPSDUDWRU WKUHVKROG 0HDVXUHG RQ 9$287 ���� ���� ���� 9

SLQ GHVFULSWLRQV

&$,� �FXUUHQW DPSOLILHU QRQ�LQYHUWLQJ LQSXW� 7KLV LQSXW DQG WKH LQYHUWLQJ LQSXW �0287� UHPDLQ IXQFWLRQDO GRZQ

WR DQG EHORZ *1'�

&$287� �FXUUHQW DPSOLILHU RXWSXW� 7KLV LV WKH RXWSXW RI D ZLGH EDQGZLGWK RS DPS WKDW VHQVHV OLQH FXUUHQW DQG

FRPPDQGV WKH 3)& SXOVH�ZLGWK PRGXODWRU �3:0� WR IRUFH WKH FRUUHFW FXUUHQW�

&7� �RVFLOODWRU WLPLQJ FDSDFLWRU� $ FDSDFLWRU IURP &7 WR *1' ZLOO VHW WKH 3:0 RVFLOODWRU IUHTXHQF\ DFFRUGLQJ

WR�

I
 Æ �����
57� &7

É
7KH OHDG IURP WKH RVFLOODWRU WLPLQJ FDSDFLWRU WR *1' VKRXOG EH DV VKRUW DQG GLUHFW DV SRVVLEOH�

'59287� �JDWH GULYH� 7KH RXWSXW GULYH IRU WKH 3)& VWDJH LV D WRWHP SROH 026)(7 JDWH GULYHU RQ '59287�

8VH D VHULHV JDWH UHVLVWRU RI DW OHDVW � : WR SUHYHQW LQWHUDFWLRQ EHWZHHQ WKH JDWH LPSHGDQFH DQG WKH '59287

RXWSXW GULYHU WKDW PLJKW FDXVH WKH '59287 WR RYHUVKRRW H[FHVVLYHO\� 6RPH RYHUVKRRW RI WKH '59287 RXWSXW

LV DOZD\V H[SHFWHG ZKHQ GULYLQJ D FDSDFLWLYH ORDG�

*1'� �JURXQG� $OO YROWDJHV PHDVXUHG ZLWK UHVSHFW WR JURXQG� 9&& DQG 5() VKRXOG EH E\SDVVHG GLUHFWO\ WR

*1' ZLWK D ����P) RU ODUJHU FHUDPLF FDSDFLWRU�

,$&� �LQSXW $& FXUUHQW� 7KLV LQSXW WR WKH DQDORJ PXOWLSOLHU LV D FXUUHQW� 7KH PXOWLSOLHU LV WDLORUHG IRU YHU\ ORZ

GLVWRUWLRQ IURP WKLV FXUUHQW LQSXW �,,$&� WR PXOWLSOLHU RXWSXW� 5HFRPPHQGHG PD[LPXP ,,$& LV ��� P$�

0287� �PXOWLSOLHU RXWSXW DQG FXUUHQW DPSOLILHU LQYHUWLQJ LQSXW� 7KH RXWSXW RI WKH DQDORJ PXOWLSOLHU DQG WKH

LQYHUWLQJ LQSXW RI WKH FXUUHQW DPSOLILHU DUH FRQQHFWHG WRJHWKHU DW 0287� $V WKH PXOWLSOLHU RXWSXW LV D FXUUHQW� WKLV

LV D KLJK LPSHGDQFH LQSXW VR WKH DPSOLILHU FDQ EH FRQILJXUHG DV D GLIIHUHQWLDO DPSOLILHU� 7KLV FRQILJXUDWLRQ

LPSURYHV QRLVH LPPXQLW\ DQG DOORZV IRU WKH OHDGLQJ�HGJH PRGXODWLRQ RSHUDWLRQ� 7KH PXOWLSOLHU LV OLPLWHG WR

Æ�� ,
,$&

É� 7KH PXOWLSOLHU RXWSXW FXUUHQW LV JLYHQ E\ WKH HTXDWLRQ�

,
0287



,
,$&

� �9
9$287

� ��

9
9))

�
� .

:KHUH .
 �
9
LV WKH PXOWLSOLHU JDLQ FRQVWDQW�

293�(1� �RYHU�YROWDJH�HQDEOH� $ ZLQGRZ FRPSDUDWRU LQSXW WKDW GLVDEOHV WKH RXWSXW GULYHU LI WKH ERRVW RXWSXW

LV �� DERYH QRPLQDO RU ZLOO GLVDEOH ERWK WKH 3)& RXWSXW GULYHU DQG UHVHW 66 LI SXOOHG EHORZ ��� 9 �W\S��
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SLQ GHVFULSWLRQV �FRQWLQXHG�

3./07� �3)& SHDN FXUUHQW OLPLW� 7KH WKUHVKROG IRU SHDN OLPLW LV � 9� 8VH D UHVLVWRU GLYLGHU IURP WKH QHJDWLYH VLGH

RI WKH FXUUHQW VHQVH UHVLVWRU WR 95() WR OHYHO VKLIW WKLV VLJQDO WR D YROWDJH OHYHO GHILQHG E\ WKH YDOXH RI WKH VHQVH

UHVLVWRU DQG WKH SHDN FXUUHQW OLPLW� 3HDN FXUUHQW OLPLW LV UHDFKHG ZKHQ 3./07 YROWDJH IDOOV EHORZ � 9�

57� �RVFLOODWRU FKDUJLQJ FXUUHQW� $ UHVLVWRU IURP 57 WR *1' LV XVHG WR SURJUDP RVFLOODWRU FKDUJLQJ FXUUHQW� $

UHVLVWRU EHWZHHQ �� N: DQG ��� N: LV UHFRPPHQGHG�

66� �VRIW VWDUW� 966 LV DW JURXQG IRU 99&& ORZ FRQGLWLRQV� :KHQ HQDEOHG� 66 ZLOO FKDUJH DQ H[WHUQDO FDSDFLWRU

ZLWK D FXUUHQW VRXUFH� 7KLV YROWDJH ZLOO EH XVHG DV WKH YROWDJH HUURU VLJQDO GXULQJ VWDUW�XS� HQDEOLQJ WKH 3:0

GXW\ F\FOH WR LQFUHDVH VORZO\� ,Q WKH HYHQW RI D 99&& GURSRXW WKH 293�(1 LV IRUFHG EHORZ ��� 9 �W\S�� 66 ZLOO

TXLFNO\ GLVFKDUJH WR GLVDEOH WKH 3:0�

1RWH� ,Q DQ RSHQ�ORRS WHVW FLUFXLW JURXQGLQJ WKH 66 SLQ ZLOO QRW HQVXUH �� GXW\ F\FOH� 3OHDVH VHH DSSOLFDWLRQ

VHFWLRQ IRU GHWDLOV�

9$287� �YROWDJH DPSOLILHU RXWSXW� 7KLV LV WKH RXWSXW RI WKH RS DPS WKDW UHJXODWHV RXWSXW YROWDJH� 7KH YROWDJH

DPSOLILHU RXWSXW LV LQWHUQDOO\ OLPLWHG WR DSSUR[LPDWHO\ ��� 9 WR SUHYHQW RYHUVKRRW�

9&&� �SRVLWLYH VXSSO\ YROWDJH� &RQQHFW WR D VWDEOH VRXUFH RI DW OHDVW �� P$ EHWZHHQ �� 9 DQG �� 9 IRU QRUPDO

RSHUDWLRQ� %\SDVV 9&& GLUHFWO\ WR *1' WR DEVRUE VXSSO\ FXUUHQW VSLNHV UHTXLUHG WR FKDUJH H[WHUQDO 026)(7

JDWH FDSDFLWDQFHV� 7R SUHYHQW LQDGHTXDWH JDWH GULYH VLJQDOV� WKH RXWSXW GHYLFHV ZLOO EH LQKLELWHG XQOHVV 99&&
H[FHHGV WKH XSSHU XQGHU�YROWDJH ORFNRXW YROWDJH WKUHVKROG DQG UHPDLQV DERYH WKH ORZHU WKUHVKROG�

9))� �IHHG�IRUZDUG VLJQDO� 506 VLJQDO JHQHUDWHG DW WKLV SLQ E\ PLUURULQJ ,,$& LQWR D VLQJOH SROH H[WHUQDO ILOWHU�

5
9))




9
9))�PD[�

,
,$&�PD[�

� �¯
� ���

96(16(� �YROWDJH DPSOLILHU LQYHUWLQJ LQSXW� 7KLV LV QRUPDOO\ FRQQHFWHG WR D FRPSHQVDWLRQ QHWZRUN DQG WR WKH

ERRVW FRQYHUWHU RXWSXW WKURXJK D GLYLGHU QHWZRUN�

95()� �YROWDJH UHIHUHQFH RXWSXW� 95() LV WKH RXWSXW RI DQ DFFXUDWH ����9 YROWDJH UHIHUHQFH� 7KLV RXWSXW LV

FDSDEOH RI GHOLYHULQJ ��P$ WR SHULSKHUDO FLUFXLWU\ DQG LV LQWHUQDOO\ VKRUW FLUFXLW FXUUHQW OLPLWHG� 95() LV GLVDEOHG

DQG ZLOO UHPDLQ DW � 9 ZKHQ 99&& LV EHORZ WKH 89/2 WKUHVKROG� %\SDVV 95() WR *1' ZLWK D ����P) RU ODUJHU

FHUDPLF FDSDFLWRU IRU EHVW VWDELOLW\�

$33/,&$7,21 ,1)250$7,21

7KH 8&&���� LV D %L&026 DYHUDJH FXUUHQW PRGH ERRVW FRQWUROOHU IRU KLJK SRZHU IDFWRU� KLJK HIILFLHQF\

SUHUHJXODWRU SRZHU VXSSOLHV� )LJXUH � VKRZV WKH 8&&���� LQ D ����: 3)& SUHUHJXODWRU FLUFXLW� 2II�OLQH

VZLWFKLQJ SRZHU FRQYHUWHUV QRUPDOO\ KDYH DQ LQSXW FXUUHQW WKDW LV QRW VLQXVRLGDO� 7KH LQSXW FXUUHQW ZDYHIRUP

ZLOO KDYH KLJK KDUPRQLF FRQWHQW EHFDXVH FXUUHQW LV GUDZQ LQ SXOVHV DW WKH SHDNV RI WKH LQSXW YROWDJH ZDYHIRUP�

$Q DFWLYH SRZHU IDFWRU FRUUHFWLRQ FLUFXLW SURJUDPV WKH LQSXW FXUUHQW WR IROORZ WKH OLQH YROWDJH� IRUFLQJ WKH

FRQYHUWHU WR ORRN OLNH D UHVLVWLYH ORDG WR WKH OLQH� $ UHVLVWLYH ORDG KDV �q SKDVH GLVSODFHPHQW EHWZHHQ WKH FXUUHQW

DQG YROWDJH ZDYHIRUPV� 3RZHU IDFWRU FDQ EH GHILQHG LQ WHUPV RI WKH SKDVH DQJOH EHWZHHQ WZR VLQXVRLGDO

ZDYHIRUPV RI WKH VDPH IUHTXHQF\�

3)
 FRV3

7KHUHIRUH� D SXUHO\ UHVLVWLYH ORDG ZRXOG KDYH D SRZHU IDFWRU RI �� ,Q SUDFWLFH� SRZHU IDFWRUV RI ����� ZLWK 7+'

�WRWDO KDUPRQLF GLVWRUWLRQ� OHVV WKDQ �� DUH SRVVLEOH ZLWK D ZHOO�GHVLJQHG FLUFXLW� )ROORZLQJ JXLGHOLQHV DUH

SURYLGHG WR GHVLJQ 3)& ERRVW FRQYHUWHUV XVLQJ WKH 8&&�����
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1

11

7

16GND DRVOUT

R17
20Ω

15

C3
1µF CER

VCC

C2
100µF AI EI

14

C1
560pF

13
C4   0.01µF

12
R1  12k

R3   20k
R2

499k

R4
249k

R5
10k

C5  1µF

9

4

10

VREF

VCC

CT

SS

RT

VSENSE

OVP/EN

VREF

VAOUT

3

8

2

VFF

C6  2.2µF

C7  150nF

R7  100k

6

5

R9
4.02k

C8  270pF

R8  12k

D6

R10
4.02k

D5R11
10k

R12
2k

R14
0.25Ω

5W

C13
0.47µF
600V

C14
1.5µF
400V

R13
383k

IAC
R18
24k

R15
24k

R16
100Ω

VCC

C10
1µF

C11
1µF

D7
D8

L1
1mH

D2
6A, 600V

D1
8A, 600V

C12
220µF
450V

VOUT
385VDC

+

–

PKLIMIT

CAOUT

CAI

MOUT

IAC

VOUT

UCC3817

VLINE
85-270 VAC

VREF

C9 1.2nF

R6 30k

 6A   600V

D3 Q1

F1

VO

D4

R19
499k

R20 274k

D9

R21
383k

AC2

AC1

C15 2.2µF

VO

GND

8'*������

)LJXUH �� 7\SLFDO $SSOLFDWLRQ &LUFXLW
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SRZHU VWDJH

/%2267 � 7KH ERRVW LQGXFWRU YDOXH LV GHWHUPLQHG E\�

/
%2267




Æ9
,1�PLQ�

� 'É
�',� IV�

:KHUH ' LV WKH GXW\ F\FOH� ', LV WKH LQGXFWRU ULSSOH FXUUHQW DQG I6 LV WKH VZLWFKLQJ IUHTXHQF\� )RU WKH H[DPSOH

FLUFXLW D VZLWFKLQJ IUHTXHQF\ RI ��� N+]� D ULSSOH FXUUHQW RI ��� P$� D PD[LPXP GXW\ F\FOH RI ����� DQG D

PLQLPXP LQSXW YROWDJH RI �� 9506 JLYHV XV D ERRVW LQGXFWRU YDOXH RI DERXW � P+� 7KH YDOXHV XVHG LQ WKLV

HTXDWLRQ DUH DW WKH SHDN RI ORZ OLQH� ZKHUH WKH LQGXFWRU FXUUHQW DQG LWV ULSSOH DUH DW D PD[LPXP�

&287 � 7ZR PDLQ FULWHULD� WKH FDSDFLWDQFH DQG WKH YROWDJH UDWLQJ� GLFWDWH WKH VHOHFWLRQ RI WKH RXWSXW FDSDFLWRU�

7KH YDOXH RI FDSDFLWDQFH LV GHWHUPLQHG E\ WKH KROG�XS WLPH UHTXLUHG IRU VXSSRUWLQJ WKH ORDG DIWHU LQSXW DF YROWDJH

LV UHPRYHG� +ROG�XS LV WKH DPRXQW RI WLPH WKDW WKH RXWSXW VWD\V LQ UHJXODWLRQ DIWHU WKH LQSXW KDV EHHQ UHPRYHG�

)RU WKLV FLUFXLW� WKH GHVLUHG KROG�XS WLPH LV DSSUR[LPDWHO\ �� PV� ([SUHVVLQJ WKH FDSDFLWRU YDOXH LQ WHUPV RI

RXWSXW SRZHU� RXWSXW YROWDJH� DQG KROG�XS WLPH JLYHV WKH HTXDWLRQ�

&
287




Æ�� 3
287

� 'WÉ

Æ9
287

�
� 9

287�PLQ�
�É

,Q SUDFWLFH WKH FDOFXODWHG PLQLPXP FDSDFLWRU YDOXH PD\ EH LQDGHTXDWH EHFDXVH RXWSXW ULSSOH YROWDJH

VSHFLILFDWLRQV OLPLW WKH DPRXQW RI DOORZDEOH RXWSXW FDSDFLWRU (65� $WWDLQLQJ D VXIILFLHQWO\ ORZ YDOXH RI (65 RIWHQ

QHFHVVLWDWHV WKH XVH RI D PXFK ODUJHU FDSDFLWRU YDOXH WKDQ FDOFXODWHG� 7KH DPRXQW RI RXWSXW FDSDFLWRU (65

DOORZHG FDQ EH GHWHUPLQHG E\ GLYLGLQJ WKH PD[LPXP VSHFLILHG RXWSXW ULSSOH YROWDJH E\ WKH LQGXFWRU ULSSOH

FXUUHQW� ,Q WKLV GHVLJQ KROG�XS WLPH ZDV WKH GRPLQDQW GHWHUPLQLQJ IDFWRU DQG D ����P)� ����9 FDSDFLWRU ZDV

FKRVHQ IRU WKH RXWSXW YROWDJH OHYHO RI ��� 9'& DW ��� :�

SRZHU VZLWFK VHOHFWLRQ

$V LQ DQ\ SRZHU VXSSO\ GHVLJQ� WUDGHRIIV EHWZHHQ SHUIRUPDQFH� FRVW DQG VL]H KDYH WR EHPDGH� :KHQ VHOHFWLQJ

D SRZHU VZLWFK LW FDQ EH XVHIXO WR FDOFXODWH WKH WRWDO SRZHU GLVVLSDWLRQ LQ WKH VZLWFK IRU VHYHUDO GLIIHUHQW GHYLFHV

DW WKH VZLWFKLQJ IUHTXHQFLHV EHLQJ FRQVLGHUHG IRU WKH FRQYHUWHU� 7RWDO SRZHU GLVVLSDWLRQ LQ WKH VZLWFK LV WKH VXP

RI VZLWFKLQJ ORVV DQG FRQGXFWLRQ ORVV� 6ZLWFKLQJ ORVVHV DUH WKH FRPELQDWLRQ RI WKH JDWH FKDUJH ORVV� &266 ORVV

DQG WXUQ�RQ DQG WXUQ�RII ORVVHV�

3
*$7(


 4
*$7(

� 9
*$7(

� IV

3
&266


 �
�
�&

266
� 9�

2))
� IV

3
21
� 3

2))

 �

�
� 9

2))
� ,

/
� ÆW

21
� W

2))
É� IV

ZKHUH4*$7( LV WKH WRWDO JDWH FKDUJH� 9*$7( LV WKH JDWH GULYH YROWDJH� I6 LV WKH FORFN IUHTXHQF\� &266 LV WKH GUDLQ

VRXUFH FDSDFLWDQFH RI WKH 026)(7� W21 DQG W2)) DUH WKH VZLWFKLQJ WLPHV �HVWLPDWHG XVLQJ GHYLFH SDUDPHWHUV

5*$7(� 4*' DQG 97+� DQG 92)) LV WKH YROWDJH DFURVV WKH VZLWFK GXULQJ WKH RII WLPH� LQ WKLV FDVH 92))  9287�

&RQGXFWLRQ ORVV LV FDOFXODWHG DV WKH SURGXFW RI WKH 5'6�RQ� RI WKH VZLWFK �DW WKH ZRUVW FDVH MXQFWLRQ WHPSHUDWXUH�

DQG WKH VTXDUH RI 506 FXUUHQW�

3
&21'


 5
'6�RQ�

� .� ,�
506

ZKHUH . LV WKH WHPSHUDWXUH IDFWRU IRXQG LQ WKH PDQXIDFWXUHU·V 5'6�RQ� YV� MXQFWLRQ WHPSHUDWXUH FXUYHV�
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SRZHU VZLWFK VHOHFWLRQ �FRQWLQXHG�

&DOFXODWLQJ WKHVH ORVVHV DQG SORWWLQJ DJDLQVW IUHTXHQF\ JLYHV D FXUYH ZKLFK HQDEOHV WKH GHVLJQHU WR GHWHUPLQH

HLWKHU ZKLFK PDQXIDFWXUHU·V GHYLFH KDV WKH EHVW SHUIRUPDQFH DW WKH GHVLUHG VZLWFKLQJ IUHTXHQF\� RU ZKLFK

VZLWFKLQJ IUHTXHQF\ KDV WKH OHDVW WRWDO ORVV IRU D SDUWLFXODU SRZHU VZLWFK� ,Q WKLV H[DPSOH WKH VZLWFK ZDV FKRVHQ

DV WKH EHVW WUDGH RII EHWZHHQ SHUIRUPDQFH� DYDLODELOLW\ DQG FRVW� $Q H[FHOOHQW UHYLHZ RI WKLV SURFHGXUH FDQ EH

IRXQG LQ WKH8QLWURGH3RZHU 6XSSO\'HVLJQ 6HPLQDU 6(0����� 7RSLF �� 'HVLJQ5HYLHZ� ���:� >0XOWLSOH2XWSXW

+LJK 'HQVLW\ '&�'& &RQYHUWHU@�

VRIW VWDUW

7KH VRIW VWDUW FLUFXLWU\ LV XVHG WR SUHYHQW RYHUVKRRW RI WKH RXWSXW YROWDJH GXULQJ VWDUW XS� 7KLV LV DFFRPSOLVKHG

E\ EULQJLQJ XS WKH YROWDJH DPSOLILHU·V RXWSXW �99$287� VORZO\ ZKLFK ZLOO DOORZ IRU WKH 3:0 GXW\ F\FOH WR LQFUHDVH

VORZO\� 3OHDVH XVH WKH IROORZLQJ HTXDWLRQ WR VHOHFW D FDSDFLWRU IRU WKH VRIW VWDUW SLQ�

,Q WKLV H[DPSOH 7'(/$< LV HTXDO WR � PV ZKLFK ZRXOG \LHOG D &66 RI DSSUR[LPDWHO\ � QI�

&
66



�� N$� 7
'(/$<

��� 9

,Q DQ RSHQ ORRS WHVW FLUFXLW VKRUWLQJ WKH VRIW VWDUW SLQ WR JURXQG GRHV QRW JXDUDQWHH �� GXW\ F\FOH� 7KLV LV GXH

WR WKH FXUUHQW DPSOLILHUV LQSXW RIIVHW YROWDJH ZKLFK FRXOG IRUFH WKH FXUUHQW DPSOLILHU RXWSXW KLJK RU ORZ GHSHQGLQJ

RQ WKH SRODULW\ RI WKH RIIVHW YROWDJH� +RZHYHU� LQ WKH W\SLFDO DSSOLFDWLRQ WKHUH LV VXIILFLHQW DPRXQW RI LQUXVK DQG

ELDV FXUUHQW WR RYHUFRPH WKH FXUUHQW DPSOLILHUV RIIVHW YROWDJH�

PXOWLSOLHU

7KH RXWSXW RI WKH PXOWLSOLHU RI WKH 8&&���� LV D VLJQDO UHSUHVHQWLQJ WKH GHVLUHG LQSXW OLQH FXUUHQW� ,W LV DQ LQSXW

WR WKH FXUUHQW DPSOLILHU� ZKLFK SURJUDPV WKH FXUUHQW ORRS WR FRQWURO WKH LQSXW FXUUHQW WR JLYH KLJK SRZHU IDFWRU

RSHUDWLRQ� $V VXFK� WKH SURSHU IXQFWLRQLQJ RI WKH PXOWLSOLHU LV NH\ WR WKH VXFFHVV RI WKH GHVLJQ� 7KH LQSXWV WR WKH

PXOWLSOLHU DUH 9$287� WKH YROWDJH DPSOLILHU HUURU VLJQDO� ,,$&� D UHSUHVHQWDWLRQ RI WKH LQSXW UHFWLILHG DF OLQH

YROWDJH� DQG DQ LQSXW YROWDJH IHHGIRUZDUG VLJQDO� 99))� 7KH RXWSXW RI WKH PXOWLSOLHU� ,0287� FDQ EH H[SUHVVHG�

,
0287


 ,
,$&

�

Æ9
9$287

� �É

9� .� 9
9))

�

ZKHUH . LV D FRQVWDQW W\SLFDOO\ HTXDO WR �
9
�

7KH ,,$& VLJQDO LV REWDLQHG WKURXJK D KLJK YDOXH UHVLVWRU FRQQHFWHG EHWZHHQ WKH UHFWLILHG DF OLQH DQG WKH ,$&

SLQ RI WKH 8&&����� 7KLV UHVLVWRU LV VL]HG WR JLYH WKH PD[LPXP ,,$& FXUUHQW DW KLJK OLQH� )RU WKLV GHYLFH WKH

PD[LPXP ,,$& FXUUHQW LV DERXW ��� P$� $ KLJKHU FXUUHQW WKDQ WKLV FDQ GULYH WKH PXOWLSOLHU RXW RI LWV OLQHDU UDQJH�

$ VPDOOHU FXUUHQW OHYHO ZLOO EH IXQFWLRQDO� EXW QRLVH FDQ EHFRPH DQ LVVXH� HVSHFLDOO\ DW ORZ LQSXW OLQH� $VVXPLQJ

D XQLYHUVDO OLQH RSHUDWLRQ RI �� 9$& WR ��� 9$& JLYHV D UHVLVWRU YDOXH RI ��� N:� %HFDXVH RI YROWDJH UDWLQJ

FRQVWUDLQWV RI VWDQGDUG ��� : UHVLVWRUV� XVH D FRPELQDWLRQ RI ORZHU YDOXH UHVLVWRUV FRQQHFWHG LQ VHULHV WR JLYH

WKH ��� N: YDOXH DQG GLVWULEXWH WKH KLJK YROWDJH DFURVV WZR RU PRUH UHVLVWRUV�

7KH FXUUHQW WKURXJK WKH ,,$& UHVLVWRU LV PLUURUHG LQWHUQDOO\ WR WKH 9)) SLQ ZKHUH LW LV ILOWHUHG WR SURGXFH D YROWDJH

IHHGIRUZDUG VLJQDO SURSRUWLRQDO WR OLQH YROWDJH DQG IUHH RI D ��� +] ULSSOH FRPSRQHQW� 7KLV VHFRQG KDUPRQLF

ULSSOH FRPSRQHQW DW WKH 9)) SLQ LV RQH RI WKH PDMRU FRQWULEXWRUV WR KDUPRQLF GLVWRUWLRQ LQ WKH V\VWHP� VR

DGHTXDWH ILOWHULQJ LV FUXFLDO� 5HIHU WR 8QLWURGH 3RZHU 6XSSO\ 'HVLJQ 6HPLQDU� 6(0���� 7RSLF �� >2SWLPL]LQJ

WKH 'HVLJQ RI D +LJK 3RZHU )DFWRU 3UHUHJXODWRU�@ $VVXPLQJ WKDW DQ DOORFDWLRQ RI ���� WRWDO KDUPRQLF GLVWRUWLRQ

IURP WKLV LQSXW LV DOORZHG� DQG WKDW WKH VHFRQG KDUPRQLF ULSSOH LV ��� RI WKH LQSXW DF OLQH YROWDJH� WKH DPRXQW

RI DWWHQXDWLRQ UHTXLUHG E\ WKLV ILOWHU LV�

����
���

RU �����
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PXOWLSOLHU �FRQWLQXHG�

$ ULSSOH IUHTXHQF\ �I5� RI ��� +] DQG DQ DWWHQXDWLRQ RI ����� JLYHV XV D VLQJOH SROH ILOWHU ZLWK�

IS
 ��� +]� �����
 ��� +]

7KH UDQJH RI WKLV LQSXW WR WKH PXOWLSOLHU VKRXOG EH ��� 9 WR ��� 9 RYHU WKH OLQH LQSXW UDQJH� 7KHUHIRUH WKH ILOWHU

UHVLVWRU VKRXOG EH VL]HG DFFRUGLQJO\� 0D[LPXP ,,$& FXUUHQW LV ��� P$� PLUURUHG ��� WR 9)) EHFRPHV ��� P$�

7KH GF RXWSXW LV ��� RI WKH 506 YDOXH RI WKLV KDOI VLQH ZDYH� RU ��� P$� 6R WKH ILOWHU UHVLVWRU VKRXOG EH HTXDO

WR WKH YROWDJH VZLQJ RI WKH LQSXW WR WKH PXOWLSOLHU GLYLGHG E\ WKH GF FXUUHQW RU�

� 9
��� N$


 ����� N8

6HOHFW �� N: IRU D VWDQGDUG YDOXH� 6ROYLQJ IRU WKH FDSDFLWRU YDOXH�

&
9))


 �
� Q��� .����� +]�

� ��� N)

7KLV UHVXOWV LQ D VLQJOH SROH ILOWHU� ZKLFK ZLOO DGHTXDWHO\ DWWHQXDWH WKH KDUPRQLF GLVWRUWLRQ DQG DOVR PHHW WKH GF

UHTXLUHPHQW RI WKH SURSHU YROWDJH VZLQJ DFURVV OLQH FRQGLWLRQV�

7KH50287 UHVLVWRU LV VL]HG WRPDWFK WKHPD[LPXPFXUUHQW WKURXJK WKH VHQVH UHVLVWRU WR WKHPD[LPXPPXOWLSOLHU

FXUUHQW� 7KH PD[LPXP PXOWLSOLHU FXUUHQW� RU ,0287�PD[�� FDQ EH GHWHUPLQHG E\ WKH HTXDWLRQ�

,
0287�PD[�




,
,$&

#9
,1�PLQ�

� Æ9
9$287�PD[�

� �9É
.� 9

9))
�
�PLQ�

,0287�PD[� IRU WKLV GHVLJQ LV DSSUR[LPDWHO\ ��� P$� 7KH 50287 UHVLVWRU FDQ WKHQ EH GHWHUPLQHG E\�

5
0287
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,
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,Q WKLV H[DPSOH 50287 LV HTXDO WR ���� N:�

YROWDJH ORRS

7KH VHFRQG PDMRU VRXUFH RI KDUPRQLF GLVWRUWLRQ LV WKH ULSSOH RQ WKH RXWSXW FDSDFLWRU DW WKH VHFRQG KDUPRQLF

RI WKH OLQH IUHTXHQF\� 7KLV ULSSOH LV IHG EDFN WKURXJK WKH HUURU DPSOLILHU DQG DSSHDUV DV D �UG KDUPRQLF ULSSOH

DW WKH LQSXW WR WKH PXOWLSOLHU� 7KH YROWDJH ORRS PXVW EH FRPSHQVDWHG QRW MXVW IRU VWDELOLW\ EXW DOVR WR DWWHQXDWH

WKH FRQWULEXWLRQ RI WKLV ULSSOH WR WKH WRWDO KDUPRQLF GLVWRUWLRQ RI WKH V\VWHP� �UHIHU WR )LJXUH ���

RIN

RD +
–

Rf

Cf

VREF

VOUT

CZ

)LJXUH �� 9ROWDJH $PSOLILHU &RQILJXUDWLRQ
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YROWDJH ORRS �FRQWLQXHG�

7KH JDLQ RI WKH YROWDJH DPSOLILHU� *9$� FDQ EH GHWHUPLQHG E\ ILUVW FDOFXODWLQJ WKH DPRXQW RI ULSSOH SUHVHQW RQ

WKH RXWSXW FDSDFLWRU� 7KH SHDN YDOXH RI WKH VHFRQG KDUPRQLF YROWDJH LV JLYHQ E\ WKH HTXDWLRQ�

9
23.



3
,1

Æ� Q� I
5
�&

287
� 9

287
É

,Q WKLV H[DPSOH 923. LV HTXDO WR ���� 9� $VVXPLQJ DQ DOORZDEOH FRQWULEXWLRQ RI ����� ����� SHDN WR SHDN� IURP

WKH YROWDJH ORRS WR WKH WRWDO KDUPRQLF GLVWRUWLRQ EXGJHW ZH VHW WKH JDLQ HTXDO WR�
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ZKHUH '99$287 LV WKH HIIHFWLYH RXWSXW YROWDJH UDQJH RI WKH HUURU DPSOLILHU �� 9 IRU WKH 8&&������ 7KH QHWZRUN

QHHGHG WR UHDOL]H WKLV ILOWHU LV FRPSULVHG RI DQ LQSXW UHVLVWRU� 5,1� DQG IHHGEDFN FRPSRQHQWV &I� &=� DQG 5I� 7KH

YDOXH RI 5,1 LV DOUHDG\ GHWHUPLQHG EHFDXVH RI LWV IXQFWLRQ DV RQH KDOI RI D UHVLVWRU GLYLGHU IURP 9287 IHHGLQJ

EDFN WR WKH YROWDJH DPSOLILHU IRU RXWSXW YROWDJH UHJXODWLRQ� ,Q WKLV FDVH WKH YDOXH ZDV FKRVHQ WR EH � 0:� 7KLV

KLJK YDOXH ZDV FKRVHQ WR UHGXFH SRZHU GLVVLSDWLRQ LQ WKH UHVLVWRU� ,Q SUDFWLFH� WKH UHVLVWRU YDOXH ZRXOG EH

UHDOL]HG E\ WKH XVH RI WZR ����N: UHVLVWRUV LQ VHULHV EHFDXVH RI WKH YROWDJH UDWLQJ FRQVWUDLQWV RI PRVW VWDQGDUG

����: UHVLVWRUV� 7KH YDOXH RI &I LV GHWHUPLQHG E\ WKH HTXDWLRQ�
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 �
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,Q WKLV H[DPSOH &I HTXDOV ��� Q)� 5HVLVWRU 5I VHWV WKH GF JDLQ RI WKH HUURU DPSOLILHU DQG WKXV GHWHUPLQHV WKH

IUHTXHQF\ RI WKH SROH RI WKH HUURU DPSOLILHU� 7KH ORFDWLRQ RI WKH SROH FDQ EH IRXQG E\ VHWWLQJ WKH JDLQ RI WKH ORRS

HTXDWLRQ WR RQH DQG VROYLQJ IRU WKH FURVVRYHU IUHTXHQF\� 7KH IUHTXHQF\� H[SUHVVHG LQ WHUPV RI LQSXW SRZHU� FDQ

EH FDOFXODWHG E\ WKH HTXDWLRQ�

I
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I9, IRU WKLV FRQYHUWHU LV �� +]� $ GHULYDWLRQ RI WKLV HTXDWLRQ FDQ EH IRXQG LQ WKH 8QLWURGH 3RZHU 6XSSO\ 'HVLJQ

6HPLQDU 6(0����� 7RSLF �� >$ ����N+]� ����: 3RZHU )DFWRU &RUUHFWLRQ &LUFXLW (PSOR\LQJ =HUR 9ROWDJH

7UDQVLWLRQV@�

6ROYLQJ IRU 5I EHFRPHV�
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RU 5I HTXDOV ��� N:�

'XH WR WKH ORZ RXWSXW LPSHGDQFH RI WKH YROWDJH DPSOLILHU FDSDFLWRU &= ZDV DGGHG LQ VHULHV ZLWK 5) WR UHGXFH

ORDGLQJ RQ WKH YROWDJH GLYLGHU� 7R HQVXUH WKH YROWDJH ORRS FURVVHG RYHU DW I9,� &= ZDV VHOHFWHG WR DGG D ]HUR

DW D ��WK RI I9,� )RU WKLV GHVLJQ D ����P) FDSDFLWRU ZDV FKRVHQ IRU &=� 7KH IROORZLQJ HTXDWLRQ FDQ EH XVHG WR

FDOFXODWH &=�
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FXUUHQW ORRS

7KH JDLQ RI WKH SRZHU VWDJH LV�
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56(16( KDV EHHQ FKRVHQ WR JLYH WKH GHVLUHG GLIIHUHQWLDO YROWDJH IRU WKH FXUUHQW VHQVH DPS DW WKH GHVLUHG FXUUHQW

OLPLW SRLQW� ,Q WKLV H[DPSOH D FXUUHQW OLPLW RI � $ DQG D UHDVRQDEOH GLIIHUHQWLDO YROWDJH WR WKH FXUUHQW DPS RI � 9

JLYHV D 56(16( YDOXH RI ���� :� 93 LQ WKLV HTXDWLRQ LV WKH YROWDJH VZLQJ RI WKH RVFLOODWRU UDPS� � 9 IRU WKH

8&&����� 6HWWLQJ WKH FURVVRYHU IUHTXHQF\ RI WKH V\VWHP WR ����WK RI WKH VZLWFKLQJ IUHTXHQF\� RU �� N+]�

UHTXLUHV D SRZHU VWDJH JDLQ DW WKDW IUHTXHQF\ RI ������ ,Q RUGHU IRU WKH V\VWHP WR KDYH D JDLQ RI � DW WKH FURVVRYHU

IUHTXHQF\� WKH FXUUHQW DPSOLILHU QHHGV WR KDYH D JDLQ RI ��*36 DW WKDW IUHTXHQF\� *($� WKH FXUUHQW DPS JDLQ LV

WKHQ�

*
($

 �

*
,'

 �

�����

 �����

5, LV WKH 50287 UHVLVWRU� SUHYLRXVO\ FDOFXODWHG WR EH ��� N:� �UHIHU WR )LJXUH ��� 7KH JDLQ RI WKH FXUUHQW DPS LV

5I�5,� VR PXOWLSO\LQJ 5, E\ *($ JLYHV WKH YDOXH RI 5I� LQ WKLV FDVH DSSUR[LPDWHO\ �� N:� 6HWWLQJ D ]HUR DW WKH

FURVVRYHU IUHTXHQF\ DQG D SROH DW KDOI WKH VZLWFKLQJ IUHTXHQF\ FRPSOHWHV WKH FXUUHQW ORRS FRPSHQVDWLRQ�

&
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�� Q� 5
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Rf

CP

CAOUT

CZ

)LJXUH �� &XUUHQW /RRS &RPSHQVDWLRQ

7KH 8&&���� FXUUHQW DPSOLILHU KDV WKH LQSXW IURP WKH PXOWLSOLHU DSSOLHG WR WKH LQYHUWLQJ LQSXW� 7KLV FKDQJH LQ

DUFKLWHFWXUH IURP SUHYLRXV 8QLWURGH 3)& FRQWUROOHUV LPSURYHV QRLVH LPPXQLW\ LQ WKH FXUUHQW DPSOLILHU� ,W DOVR

DGGV D SKDVH LQYHUVLRQ LQWR WKH FRQWURO ORRS� 7KH 8&&���� WDNHV DGYDQWDJH RI WKLV SKDVH LQYHUVLRQ WR

LPSOHPHQW OHDGLQJ�HGJH GXW\ F\FOH PRGXODWLRQ� 6\QFKURQL]LQJ D ERRVW 3)& FRQWUROOHU WR D GRZQVWUHDP GF WR

GF FRQWUROOHU UHGXFHV WKH ULSSOH FXUUHQW VHHQ E\ WKH EXON FDSDFLWRU EHWZHHQ VWDJHV� UHGXFLQJ FDSDFLWRU VL]H DQG

FRVW DQG UHGXFLQJ (0,� 7KLV LV H[SODLQHG LQ JUHDWHU GHWDLO LQ D IROORZLQJ VHFWLRQ� 7KH 8&&���� FXUUHQW DPSOLILHU

FRQILJXUDWLRQ LV VKRZQ LQ )LJXUH ��
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FXUUHQW ORRS �FRQWLQXHG�

+
–

+
–

RSENSE +–

MULT

Zf
PWM

COMPARATORCA

QBOOST

LBOOST

VOUT

)LJXUH �� 8&&���� &XUUHQW $PSOLILHU &RQILJXUDWLRQ

VWDUW XS

7KH8&&���� YHUVLRQ RI WKH GHYLFH LV LQWHQGHG WR KDYH 9&& FRQQHFWHG WR D ��9 VXSSO\ YROWDJH� 7KH8&&����

KDV DQ LQWHUQDO VKXQW UHJXODWRU HQDEOLQJ WKH GHYLFH WR EH SRZHUHG IURPERRWVWUDS FLUFXLWU\ DV VKRZQ LQ WKH W\SLFDO

DSSOLFDWLRQ FLUFXLW RI )LJXUH �� 7KH FXUUHQW GUDZQ E\ WKH 8&&���� GXULQJ XQGHU�YROWDJH ORFNRXW� RU VWDUW XS

FXUUHQW� LV W\SLFDOO\ ��� P$� 2QFH 9&& LV DERYH WKH 89/2 WKUHVKROG� WKH GHYLFH LV HQDEOHG DQG ZLOO GUDZ � P$

W\SLFDOO\� $ UHVLVWRU FRQQHFWHG EHWZHHQ WKH UHFWLILHG DF OLQH YROWDJH DQG WKH9&&SLQ SURYLGHV FXUUHQW WR WKH VKXQW

UHJXODWRU GXULQJ SRZHU�XS� 2QFH WKH FLUFXLW LV RSHUDWLRQDO WKH ERRWVWUDS ZLQGLQJ RI WKH LQGXFWRU ZLOO SURYLGH WKH

9&& YROWDJH� 6L]LQJ RI WKH VWDUW�XS UHVLVWRU LV GHWHUPLQHG E\ WKH VWDUW�XS WLPH UHTXLUHPHQW RI WKH V\VWHP GHVLJQ�

,
&

 &'9

'W

5

9
506

� �����

,
&

:KHUH ,& LV WKH FKDUJH FXUUHQW� & LV WKH WRWDO FDSDFLWDQFH DW WKH 9&& SLQ� '9 LV WKH 89/2 WKUHVKROG DQG W LV WKH

DOORZHG VWDUW�XS WLPH�

$VVXPLQJ D � VHFRQG DOORZHG VWDUW�XS WLPH� D ���9 89/2 WKUHVKROG� DQG D WRWDO 9&& FDSDFLWDQFH RI ��� P)�

D UHVLVWRU YDOXH RI �� N: LV UHTXLUHG DW D ORZ OLQH LQSXW YROWDJH RI �� 9506� 7KH ,& VWDUW�XS FXUUHQW LV VXIILFLHQWO\

VPDOO DV WR EH LJQRUHG LQ VL]LQJ WKH VWDUW�XS UHVLVWRU�

FDSDFLWRU ULSSOH UHGXFWLRQ

)RU D SRZHU V\VWHP ZKHUH WKH 3)& ERRVW FRQYHUWHU LV IROORZHG E\ D GF�GF FRQYHUWHU VWDJH� WKHUH DUH EHQHILWV

WR V\QFKURQL]LQJ WKH WZR FRQYHUWHUV� ,Q DGGLWLRQ WR WKH XVXDO DGYDQWDJHV VXFK DV QRLVH UHGXFWLRQ DQG VWDELOLW\�

SURSHU V\QFKURQL]DWLRQ FDQ VLJQLILFDQWO\ UHGXFH WKH ULSSOH FXUUHQWV LQ WKH ERRVW FLUFXLW·V RXWSXW FDSDFLWRU�

)LJXUH � KHOSV LOOXVWUDWH WKH LPSDFW RI SURSHU V\QFKURQL]DWLRQ E\ VKRZLQJ D 3)& ERRVW FRQYHUWHU WRJHWKHU ZLWK

WKH VLPSOLILHG LQSXW VWDJH RI D IRUZDUG FRQYHUWHU� 7KH FDSDFLWRU FXUUHQW GXULQJ D VLQJOH VZLWFKLQJ F\FOH GHSHQGV

RQ WKH VWDWXV RI WKH VZLWFKHV 4� DQG 4� DQG LV VKRZQ LQ )LJXUH �� ,W FDQ EH VHHQ WKDW ZLWK D V\QFKURQL]DWLRQ

VFKHPH WKDW PDLQWDLQV FRQYHQWLRQDO WUDLOLQJ HGJH PRGXODWLRQ RQ ERWK FRQYHUWHUV� WKH FDSDFLWRU FXUUHQW ULSSOH

LV KLJKHVW� 7KH JUHDWHVW ULSSOH FXUUHQW FDQFHOODWLRQ LV DWWDLQHG ZKHQ WKH RYHUODS RI 4� RII�WLPH DQG 4� RQ�WLPH

LVPD[LPL]HG� 2QHPHWKRG RI DFKLHYLQJ WKLV LV WR V\QFKURQL]H WKH WXUQ�RQ RI WKH ERRVW GLRGH �'�� ZLWK WKH WXUQ�RQ

RI 4�� 7KLV DSSURDFK LPSOLHV WKDW WKH ERRVW FRQYHUWHU·V OHDGLQJ HGJH LV SXOVH ZLGWK PRGXODWHG ZKLOH WKH IRUZDUG

FRQYHUWHU LV PRGXODWHG ZLWK WUDGLWLRQDO WUDLOLQJ HGJH 3:0� 7KH 8&&���� LV GHVLJQHG DV D OHDGLQJ HGJH
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FDSDFLWRU ULSSOH UHGXFWLRQ �FRQWLQXHG�

PRGXODWRU ZLWK HDV\ V\QFKURQL]DWLRQ WR WKH GRZQVWUHDP FRQYHUWHU WR IDFLOLWDWH WKLV DGYDQWDJH� 7DEOH � FRPSDUHV

WKH ,&%�UPV� IRU '��4� V\QFKURQL]DWLRQ DV RIIHUHG E\ 8&&���� YV� WKH ,&%�UPV� IRU WKH RWKHU H[WUHPH RI

V\QFKURQL]LQJ WKH WXUQ�RQ RI 4� DQG 4� IRU D ����: SRZHU V\VWHP ZLWK D 9%67 RI ��� 9�

8'*��������

)LJXUH �� 6LPSOLILHG 5HSUHVHQWDWLRQ RI D ��6WDJH 3)& 3RZHU 6XSSO\

8'*������

)LJXUH �� 7LPLQJ :DYHIRUPV IRU 6\QFKURQL]DWLRQ 6FKHPH

7DEOH �� (IIHFWV RI 6\QFKURQL]DWLRQ RQ %RRVW &DSDFLWRU &XUUHQW

9,1  �� 9 9,1  ��� 9 9,1  ��� 9

'�4�� 4��4� '��4� 4��4� '��4� 4��4� '��4�

���� ����� $ ����� $ ����� $ ����� $ ����� $ ����� $

���� ����� $ ���� $ ����� $ ����� $ ����� $ ����� $

7DEOH � LOOXVWUDWHV WKDW WKH ERRVW FDSDFLWRU ULSSOH FXUUHQW FDQ EH UHGXFHG E\ DERXW ��� DW QRPLQDO OLQH DQG DERXW

��� DW KLJK OLQH ZLWK WKH V\QFKURQL]DWLRQ VFKHPH IDFLOLWDWHG E\ WKH 8&&����� 7KH RXWSXW FDSDFLWDQFH YDOXH

FDQ EH VLJQLILFDQWO\ UHGXFHG LI LWV FKRLFH LV GLFWDWHG E\ ULSSOH FXUUHQW RU WKH FDSDFLWRU OLIH FDQ EH LQFUHDVHG DV

D UHVXOW� ,Q FRVW VHQVLWLYH GHVLJQV ZKHUH KROG�XS WLPH LV QRW FULWLFDO� WKLV LV D VLJQLILFDQW DGYDQWDJH�
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FDSDFLWRU ULSSOH UHGXFWLRQ �FRQWLQXHG�

$Q DOWHUQDWLYH PHWKRG RI V\QFKURQL]DWLRQ WR DFKLHYH WKH VDPH ULSSOH UHGXFWLRQ LV SRVVLEOH� ,Q WKLV PHWKRG� WKH

WXUQ�RQ RI 4� LV V\QFKURQL]HG WR WKH WXUQ�RII RI 4�� :KLOH WKLV PHWKRG \LHOGV DOPRVW LGHQWLFDO ULSSOH UHGXFWLRQ

DQGPDLQWDLQV WUDLOLQJ HGJHPRGXODWLRQ RQ ERWK FRQYHUWHUV� WKH V\QFKURQL]DWLRQ LVPXFKPRUH GLIILFXOW WR DFKLHYH

DQG WKH FLUFXLW FDQ EHFRPH VXVFHSWLEOH WR QRLVH DV WKH V\QFKURQL]LQJ HGJH LWVHOI LV EHLQJ PRGXODWHG�
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