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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV

RI 7K\ULVWRUV
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$QRGH 7XUQ�2Q ,QWHUYDO &KDUDFWHULVWLFV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

6LPSOH 5HVLVWRU DQG 5& 7ULJJHU &LUFXLWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

$& 7K\UDWURQ�W\SH 3KDVH 6KLIW 7ULJJHU &LUFXLWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

6DWXUDEOH 5HDFWRU 7ULJJHU &LUFXLWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

&RQWLQXRXVO\ 9DULDEOH &RQWURO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

2Q�2II 0DJQHWLF 7ULJJHU &LUFXLWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

6HPLFRQGXFWRU 7ULJJHU�3XOVH *HQHUDWRUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

%DVLF 5HOD[DWLRQ 2VFLOODWLRQ &ULWHULD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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'HVLJQLQJ WKH 8-7 7ULJJHU &LUFXLW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

3URJUDPPDEOH 8QLMXQFWLRQ 7UDQVLVWRU �387� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

'HVLJQLQJ WKH 387 5HOD[DWLRQ 2VFLOODWRU DQG 7LPHU &LUFXLWV � � � � � � � � � � � � � � � � � � � ����
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%LODWHUDO 6LOLFRQ 7ULJJHU 6ZLWFK �676� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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*DWH 7ULJJHU &KDUDFWHULVWLFV� 5DWLQJV� DQG 0HWKRGV
*DWH 7ULJJHU &KDUDFWHULVWLFV� 5DWLQJV� DQG 0HWKRGV

7KH NH\ IDFWRU LQ WKH ZLGHVSUHDG XWLOLW\ RI WKH WULRGH WK\ULVWRU �6&5 RU WULDF� IRU FRQWURO RI SRZHU LV LWV

DELOLW\ WR VZLWFK IURP QRQFRQGXFWLQJ WR FRQGXFWLQJ VWDWH LQ UHVSRQVH WR D VPDOO FRQWURO VLJQDO� 3URSHU

WULJJHULQJ RI WKH WK\ULVWRU UHTXLUHV WKDW WKH VRXUFH RI WKH WULJJHU VLJQDO VKRXOG VXSSO\ DGHTXDWH JDWH

FXUUHQW DQG YROWDJH� ZLWKRXW H[FHHGLQJ WKH WK\ULVWRU JDWH UDWLQJV� LQ DFFRUGDQFH ZLWK WKH FKDUDFWHULVWLFV RI

WKH WK\ULVWRU DQG WKH QDWXUH RI LWV ORDG DQG VXSSO\� 2WKHU LPSRUWDQW GHVLJQ IDFWRUV LQFOXGH WKH WULJJHU

VRXUFH LPSHGDQFH� WLPH RI RFFXUUHQFH DQG GXUDWLRQ RI WKH WULJJHU VLJQDO� DQG RII�VWDWH FRQGLWLRQV� 7KLV

FKDSWHU FRYHUV WKH IXQGDPHQWDOV RI WKH JDWH WULJJHULQJ SURFHVV� JDWH FKDUDFWHULVWLFV DQG UDWLQJV�

LQWHUDFWLRQ ZLWK WKH ORDG FLUFXLW� FKDUDFWHULVWLFV RI DFWLYH WULJJHU�FLUFXLW FRPSRQHQWV� DQG EDVLF H[DPSOHV

RI WULJJHU FLUFXLWV VLQFH DOO DSSOLFDWLRQ RI WK\ULVWRUV UHTXLUH VRPH IRUP RI WULJJHULQJ� 7KLV FKDSWHU FRYHUV

PRVWO\ 6&5V�

)LJXUH ��� 6&5 6LPSOH %ORFN &RQVWUXFWLRQ

7KH RSHUDWLRQ RI D 3131 GHYLFH FDQ EHVW EH YLVXDOL]HG DV D VSHFLDOO\ FRXSOHG SDLU RI WUDQVLVWRUV DV

VKRZQ LQ )LJXUH ����

)LJXUH ��� &RXSOHG 3DLU RI 7UDQVLVWRUV
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
7KH FRQQHFWLRQV EHWZHHQ WKH WZR WUDQVLVWRUV HQDEOH UHJHQHUDWLYH DFWLRQ ZKHQ D SURSHU JDWH VLJQDO LV

DSSOLHG WR WKH EDVH RI WKH 131 WUDQVLVWRU� 1RUPDO OHDNDJH FXUUHQW LV VR ORZ WKDW WKH FRPELQHG K)( RI WKH

VSHFLDOO\ FRXSOHG WZR�WUDQVLVWRU IHHGEDFN DPSOLILHU LV OHVV WKDQ XQLW\� NHHSLQJ WKH FLUFXLW LQ DQ RII�VWDWH

FRQGLWLRQ� $ PRPHQWDU\ SRVLWLYH SXOVH DSSOLHG WR WKH JDWH ELDVHV WKH 131 WUDQVLVWRU LQWR FRQGXFWLRQ

ZKLFK� LQ WXUQ� ELDVHV WKH 313 WUDQVLVWRU LQWR FRQGXFWLRQ� 7KH HIIHFWLYH K)( PRPHQWDULO\ EHFRPHV JUHDWHU

WKDQ XQLW\ VR WKDW WKH VSHFLDOO\ FRXSOHG WUDQVLVWRUV VDWXUDWH� 2QFH VDWXUDWHG� FXUUHQW WKURXJK WKH

WUDQVLVWRUV LV HQRXJK WR NHHS WKH FRPELQHG K)( JUHDWHU WKDQ XQLW\� 7KH FLUFXLW ZLOO UHPDLQ ³RQ´ XQWLO LW LV

³WXUQHG RII´ E\ UHGXFLQJ WKH DQRGH�WR�FDWKRGH FXUUHQW �,7� VR WKDW WKH FRPELQHG K)( LV OHVV WKDQ XQLW\ DQG

UHJHQHUDWLRQ FHDVHV� 7KLV WKUHVKROG DQRGH FXUUHQW LV WKH KROGLQJ FXUUHQW RI WKH 6&5�

7ULJJHULQJ 3URFHVV

6XEVHTXHQW VHFWLRQV ZLOO SUHVHQW WKH WZR�WUDQVLVWRU DQDORJ\ RI WKH 6&5� WKH MXQFWLRQ JDWH DQG UHPRWH

JDWH RSHUDWLRQ RI WKH WULDF� DQG WKH UHPRWH�EDVH WUDQVLVWRU DFWLRQ RI WKH 6&5� 7KDW GLVFXVVLRQ ZLOO

LQGLFDWH WKDW LQWHUQDO WUDQVLVWRU�OLNH DFWLRQ GHWHUPLQHV WKH WUDQVLWLRQ RI D WK\ULVWRU IURP WKH QRQ�FRQGXFWLQJ

WR WKH FRQGXFWLQJ VWDWH�

6\PPHWULFDO WUDQVLVWRU DFWLRQ LQ ZKLFK DQRGH FXUUHQW LQFUHDVHV SURSRUWLRQDOO\ WR JDWH FXUUHQW SUHFHGHV

WKH VZLWFKLQJ DFWLRQ� ZLWK VORZO\ LQFUHDVLQJ '& JDWH FXUUHQW� 7KH DQRGH FXUUHQW LV UHODWLYHO\ LQGHSHQGHQW

RI DQRGH YROWDJH ZLWK D SRVLWLYH DQRGH YROWDJH DQG RI DQRGH YROWDJH XS WR D SRLQW ZKHUH D IRUP RI

DYDODQFKH PXOWLSOLFDWLRQ FDXVHV WKH FXUUHQW WR LQFUHDVH� �6HH )LJXUH ����� 7KH VPDOO�VLJQDO �RU

LQVWDQWDQHRXV� LPSHGDQFH �GY�GL� RI WKH WK\ULVWRU FKDQJHV UDSLGO\� EXW VPRRWKO\� DW WKLV SRLQW IURP D KLJK

SRVLWLYH UHVLVWDQFH WR ]HUR UHVLVWDQFH� LQFUHDVLQJ YDOXHV RI QHJDWLYH UHVLVWDQFH DV LQFUHDVLQJ FXUUHQW LV

DFFRPSDQLHG E\ GHFUHDVLQJ YROWDJH� 8QWLO WKH ³WUDQVLVWRUV´ DSSURDFK VDWXUDWLRQ� WKH QHJDWLYH UHVLVWDQFH

UHJLRQ FRQWLQXHV� ZLWK WKH LPSHGDQFH VPRRWKO\ UHYHUWLQJ IURP QHJDWLYH WR ]HUR WR SRVLWLYH UHVLVWDQFH�

7KH FULWHULD IRU WULJJHULQJ GHSHQGV XSRQ WKH QDWXUH RI WKH H[WHUQDO DQRGH FLUFXLW LPSHGDQFH DQG WKH

VXSSO\ YROWDJH� DV ZHOO DV WKH JDWH FXUUHQW� 1RWH WKLV E\ FRQVWUXFWLQJ WKH ORDG OLQH RI WKH FXUYHV LQ

)LJXUH ���� FRQQHFWLQJ EHWZHHQ WKH RSHQ�FLUFXLW VXSSO\ YROWDJH 9/ DQG WKH VKRUW�FLUFXLW ORDG FXUUHQW ,$�

7KH WK\ULVWRU FKDUDFWHULVWLF FXUYH LQWHUVHFWV WKH ORDG OLQH DW D VWDEOH SRLQW ��� ZLWK ]HUR�JDWH FXUUHQW� $W D

JDWH FXUUHQW RI ,*�� WKH FKDUDFWHULVWLF FXUYH EHFRPHV WDQJHQWLDO WR WKH ORDG OLQH DW D SRLQW ZKHUH WKH

QHJDWLYH UHVLVWDQFH RI WKH WK\ULVWRU LV HTXDO LQ PDJQLWXGH WR WKH H[WHUQDO ORDG UHVLVWDQFH� 7KH WK\ULVWRU

VZLWFKHV WR WKH ORZ�LPSHGDQFH VWDWH DW VWDEOH RSHUDWLQJ ��� VLQFH WKLV FRQGLWLRQ LV XQVWDEOH� 5HPRYLQJ

WKH JDWH FXUUHQW DW WKLV SRLQW PDLQWDLQV FRQGXFWLRQ DW SRLQW ���� ,I WKH VXSSO\ YROWDJH LV UHGXFHG WR 9/�� WKH

ORDG OLQH VKLIWV DQG WKH RSHUDWLQJ SRLQW ��� PRYHV WRZDUG WKH RULJLQ� 7KH FRQGLWLRQ LV DJDLQ XQVWDEOH� DQG

WKH WK\ULVWRU UHYHUWV EDFN WR WKH KLJK�LPSHGDQFH ³RII VWDWH´ ZKHQ WKH ORDG OLQH EHFRPHV WDQJHQWLDO WR WKH

FKDUDFWHULVWLF FXUYH DW SRLQW ����

7KH DQRGH FXUUHQW DW SRLQW ��� LV WKH ³KROGLQJ´ FXUUHQW IRU WKLV VHW RI FRQGLWLRQV� ,I WKH ORDG UHVLVWDQFH

LQFUHDVHV LQVWHDG RI UHGXFHV VXSSO\ YROWDJH WR UHDFK SRLQW ���� WKH SRLQW ��� DW ZKLFK WKH FKDUDFWHULVWLF

FXUYH EHFRPHV WDQJHQWLDO WR WKH ORDG OLQH RFFXUV DW D ORZHU FXUUHQW� ZKLFK LV WKH KROGLQJ FXUUHQW IRU WKDW

VHW RI FRQGLWLRQV� 7XUQ�RII RFFXUV DW SRLQW ���� D ORZHU DQRGH FXUUHQW� LI WKH JDWH FXUUHQW ,*� UHPDLQV

FRQVWDQW ZKLOH VXSSO\ YROWDJH UHGXFHV WR 9/�� 7ULJJHULQJ WKH 6&5 DW D KLJKHU JDWH FXUUHQW UHTXLUHV ,*��

EXW UHGXFWLRQ RI WKLV JDWH VLJQDO EHORZ ,*� DOORZV LW WR VZLWFK RII� DQG VR WKH 6&5 GRHV QRW WUXO\ ODWFK LQ

WKH RQ�VWDWH� 7KH ODWFKLQJ FXUUHQW LV DW OHDVW DV KLJK DV WKH KROGLQJ FXUUHQW �DW ,*  �� DQG LV KLJKHU LQ

VRPH 6&5V EHFDXVH RI QRQ�XQLIRUP DUHDV RI FRQGXFWLRQ DW ORZ FXUUHQWV� 7KH WULJJHULQJ FULWHULRQ LV QRW
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������
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6&5 *DWH±&DWKRGH &KDUDFWHULVWLFV
RQO\ PHHWLQJ D QHJDWLYH�UHVLVWDQFH LQWHUFHSW FRQGLWLRQ VXFK DV SRLQW ���� EXW DOVR LV UHDFKLQJ D FHUWDLQ

PLQLPXP DQRGH FXUUHQW DW SRLQW ��� LQ WKRVH FDVHV�

)LJXUH ��� 6&5 $QRGH�&DWKRGH &KDUDFWHULVWLFV ZLWK *DWH &XUUHQW

7KH WULDF JDWH FKDUDFWHULVWLFV LQ 4XDGUDQW , �4,� DQG 4XDGUDQW ,,, �4,,,� DSSHDU VLPLODU WR WKRVH RI WKH 6&5

LQ 4,� 7KH WXUQ�RQ SURFHVV LV QRW SHUIHFWO\ V\PPHWULFDO IRU DOO SRVVLEOH ELDVLQJ DQG WULJJHULQJ FRQGLWLRQV�

EXW HLWKHU D SRVLWLYH RU QHJDWLYH JDWH VLJQDO FDQ WULJJHU WKH WULDF�

7K\ULVWRU WULJJHULQJ UHTXLUHPHQWV DUH GHSHQGHQW RQ ERWK DQRGH DQG JDWH FRQGLWLRQV� 7KHUHIRUH�

VSHFLILFDWLRQV RQ D JLYHQ WK\ULVWRU¶V UHTXLUHPHQWV IRU JDWH YROWDJH DQG JDWH FXUUHQW WR WULJJHU �9*7 DQG

,*7� DOVR GHILQH WKH DQRGH FLUFXLW YROWDJH DQG ORDG UHVLVWDQFH FRQGLWLRQV�

6&5 *DWH¤&DWKRGH &KDUDFWHULVWLFV

7ULJJHU FLUFXLWV PXVW EH GHVLJQHG WR SURGXFH SURSHU FXUUHQW IORZ EHWZHHQ WKH JDWH DQG FDWKRGH WHUPLQDOV

RI WKH 6&5� 7KH QDWXUH RI WKH LPSHGDQFH WKDW WKHVH WZR WHUPLQDOV SUHVHQW WR WKH WULJJHU FLUFXLW LV D

GHWHUPLQLQJ IDFWRU LQ FLUFXLW GHVLJQ�

7KHUHIRUH� WKH HOHFWULFDO FKDUDFWHULVWLFV SUHVHQWHG EHWZHHQ WKH JDWH DQG FDWKRGH WHUPLQDOV� IURP EDVLF

FRQVWUXFWLRQ DQG WKHRU\ RI RSHUDWLRQ� DUH EDVLFDOO\ WKRVH RI D S�Q MXQFWLRQ²D GLRGH� �6HH )LJXUHV ���

DQG �����
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
&KDUDFWHULVWLFV 3ULRU WR 7ULJJHULQJ

)LJXUHV ��� DQG ��� VKRZ WKH ORZ�IUHTXHQF\ IXOO DQG VLPSOLILHG HTXLYDOHQW FLUFXLWV RI WKH JDWH�WR�FDWKRGH

MXQFWLRQ ZLWK QR DQRGH FXUUHQW IORZLQJ �RSHQ DQRGH FLUFXLW� IRU ERWK FRQYHQWLRQDO DQG DPSOLI\LQJ JDWH

6&5V� 7KH VHULHV UHVLVWDQFH 5/ UHSUHVHQWV WKH ODWHUDO UHVLVWDQFH RI WKH S�W\SH OD\HU WR ZKLFK WKH JDWH

WHUPLQDO LV FRQQHFWHG� 7KH VKXQW UHVLVWDQFH 56 UHSUHVHQWV DQ\ ³HPLWWHU VKRUW´ WKDW PD\ H[LVW LQ WKH

VWUXFWXUH� 7KH PDJQLWXGHV RI 5/ DQG 56 DUH YDULDEOHV UHVXOWLQJ ERWK IURP VWUXFWXUH GHVLJQ DQG

PDQXIDFWXULQJ SURFHVV� )RU H[DPSOH� 56 LV H[WUHPHO\ KLJK LQ WKH VHQVLWLYH�W\SH 6&5 DQG TXLWH ORZ LQ WKH

VWDQGDUG W\SH ZKLFK IHDWXUHV HPLWWHU ³VKRUWV´ WR LQFUHDVH LWV 9'50 UDWLQJ DQG GY�GW FKDUDFWHULVWLF�

%HFDXVH WKH UHYHUVH DYDODQFKH YROWDJHV RI 6&5 JDWH MXQFWLRQV DUH W\SLFDOO\ LQ WKH UDQJH IURP � WR ��

YROWV� WKH LOOXVWUDWLRQ VKRZV WKH GLRGHV DV DYDODQFKH �³]HQHU´� GLRGHV� D FRQGLWLRQ HDVLO\ HQFRXQWHUHG LQ

WULJJHU FLUFXLWV�

)LJXUH ��� *DWH�&DWKRGH (TXLYDOHQW &LUFXLW IRU WKH &RQYHQWLRQDO 6&5

)LJXUH ��� *DWH�&DWKRGH (TXLYDOHQW &LUFXLW IRU WKH $PSOLI\LQJ *DWH 6&5
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������
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6&5 *DWH±&DWKRGH &KDUDFWHULVWLFV
)LJXUH ��� *DWH�&DWKRGH &KDUDFWHULVWLF &XUYH �,$  ��

)LJXUH ��� VKRZV WKH GLIIHUHQFH EHWZHHQ D W\SLFDO JDWH FKDUDFWHULVWLF DQG DQ RUGLQDU\ GLRGH MXQFWLRQ� 7KH

UHODWLYH HIIHFWV RI 5/ DQG 56 DUH DSSDUHQW LQ GLIIHUHQW UHJLRQV RI WKH FXUYH�

&RPSDUHG ZLWK JDWH FXUUHQW� WKH HTXLYDOHQW FLUFXLW DQG FKDUDFWHULVWLFV LQ )LJXUH ��� DUH YDOLG RQO\ ZKHQ

DQRGH FXUUHQW LV ]HUR RU VPDOO� 7KLV LQIRUPDWLRQ LV XVHIXO IRU UHYHUVH JDWH ELDV� IRU YHU\ ORZ IRUZDUG JDWH

FXUUHQW� DQG IRU H[DPLQDWLRQ RI WULJJHU FLUFXLWV ZLWK WKH DQRGH GLVFRQQHFWHG�

&KDUDFWHULVWLFV DW 7ULJJHULQJ 3RLQW

7KH HTXLYDOHQW JDWH FLUFXLW PXVW EH PRGLILHG WR LQFOXGH WKH DQRGH FXUUHQW IORZ DFURVV WKH JDWH MXQFWLRQ

ZLWK WKH DQRGH VXSSO\ FRQQHFWHG� �6HH )LJXUH ����� 7KH WRWDO FXUUHQW WKURXJK WKH MXQFWLRQ DQG WKH YROWDJH

GURS DFURVV WKH MXQFWLRQ LQFUHDVHV PRUH UDSLGO\ WKDQ ZLWK JDWH GULYH DORQH VLQFH DQRGH FXUUHQW LV D

IXQFWLRQ RI JDWH FXUUHQW� 7KH VPDOO�VLJQDO LPSHGDQFH EHWZHHQ WKH JDWH DQG FDWKRGH WHUPLQDOV FKDQJHV

VPRRWKO\ IURP SRVLWLYH WR ]HUR WR QHJDWLYH UHVLVWDQFH DV DQRGH FXUUHQW LQFUHDVHV� �6HH )LJXUH �����

:KHQ WKH FKDUDFWHULVWLF FXUYH EHFRPHV WDQJHQWLDO ZLWK WKH ORDG OLQH RI WKH JDWH VLJQDO VRXUFH LPSHGDQFH

DW SRLQW ���� WKH DQRGH FXUUHQW EHFRPHV UHJHQHUDWLYH DQG WKH 6&5 FDQ WKHQ WULJJHU� )RU VSHFLILFDWLRQ

SXUSRVHV� ³,*7´ LV WKH PD[LPXP JDWH VXSSO\ FXUUHQW UHTXLUHG WR WULJJHU� PHDVXUHG DW WKH SHDN RI WKH

FXUYH�

,W LV DSSDUHQW WKDW WKH LPSHGDQFH RI WKH JDWH VLJQDO VRXUFH LV DQRWKHU IDFWRU LQ WKH FULWHULD IRU WK\ULVWRU

WULJJHULQJ�

&KDUDFWHULVWLFV $IWHU 7ULJJHULQJ

7KH JDWH LPSHGDQFH FKDQJHV DIWHU WKH WK\ULVWRU WULJJHUV DQG WKH DQRGH FXUUHQW IORZ DFURVV WKH JDWH�

FDWKRGH MXQFWLRQ LV VXIILFLHQW WR PDLQWDLQ FRQGXFWLRQ� )LJXUH ��� VKRZV WKDW LW EHKDYHV OLNH D VRXUFH� ZLWK

D YROWDJH HTXDO WR WKH JDWH�FDWKRGH MXQFWLRQ GURS �DW WKH H[LVWLQJ DQRGH FXUUHQW� DQG DQ LQWHUQDO

LPSHGDQFH 5/� 7KLV YROWDJH LV YHU\ QHDUO\ HTXDO WR WKH YROWDJH GURS EHWZHHQ DQRGH DQG FDWKRGH�

)LJXUH ��� VKRZV FKDUDFWHULVWLFV XQGHU WKLV FRQGLWLRQ� 7KH FXUYDWXUH LQ 4XDGUDQW ,9 �4,9� LV HIIHFWLYHO\

WKH UHVXOW RI DQ LQFUHDVLQJ 5/ DV PRUH FXUUHQW LV ZLWKGUDZQ IURP WKH JDWH� D UHVXOW RI WKH GLVWULEXWHG

QDWXUH RI WKH JDWH MXQFWLRQ VKRZQ LQ )LJXUHV ��� DQG ���� 7KH FXUUHQW IORZ WKURXJK WKH ODWHUDO UHVLVWDQFH

RI WKH S�W\SH OD\HU FDXVHV FXUUHQW WR FHDVH IORZLQJ WKURXJK WKDW SRUWLRQ RI WKH S�Q MXQFWLRQ QHDUHVW WKH

JDWH WHUPLQDO DV ZLWKGUDZLQJ FXUUHQW UHGXFHV WKH JDWH�WR�FDWKRGH WHUPLQDO YROWDJH� 7KLV FDXVHV DQ
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ���



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
LQFUHDVH LQ FXUUHQW GHQVLW\ LQ DUHDV UHPRWH IURP WKH JDWH WHUPLQDO� 7KH KLJKHU FXUUHQW GHQVLW\ DQG SRZHU

GLVVLSDWLRQ LQ WKH ODWHUDO UHVLVWDQFH FDQ FDXVH WKHUPDO GDPDJH WR WKH WK\ULVWRU�

)LJXUH ��� *DWH�&DWKRGH (TXLYDOHQW &LUFXLW

>,$  I�,*�@

)LJXUH ��� *DWH &KDUDFWHULVWLFV� $QRGH &RQQHFWHG

)LJXUH ��� *DWH &KDUDFWHULVWLFV $IWHU 7ULJJHULQJ

,Q VRPH FDVHV� WKH JDWH YROWDJH SURGXFHG E\ FRQGXFWLRQ RI RQH 6&5 FDQ SURGXFH DGHTXDWH WULJJHULQJ

FXUUHQW LQ WKH JDWH RI WKH RWKHU 6&5 LI WZR 6&5V DUH FRQQHFWHG ZLWK FRPPRQ JDWHV DQG FDWKRGHV�

7XUQLQJ RQ ERWK 6&5V VLPXOWDQHRXVO\ PD\ EH WKH GHVLUHG HIIHFW LQ PDQ\ LQVWDQFHV� ,Q RWKHU FDVHV� VXFK

DV ZKHQ WKH DQRGH VXSSO\ YROWDJHV RI WKH WZR DUH ��� GHJUHHV RXW RI SKDVH� WKH H[LVWHQFH RI JDWH

FXUUHQW LQ WKH UHYHUVH�ELDVHG 6&5 FDQ FDXVH WULJJHULQJ DW WKH LQVWDQW LW EHFRPHV IRUZDUG�ELDVHG

EHFDXVH RI VWRUHG FKDUJH LQ WKH S�W\SH OD\HU� ,W FDQ DOVR FDXVH H[FHVVLYH UHYHUVH FXUUHQW E\ WKH UHPRWH�

EDVH WUDQVLVWRU DFWLRQ�
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������
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(IIHFWV RI *DWH�&DWKRGH ,PSHGDQFH DQG %LDV
(IIHFWV RI *DWH�&DWKRGH ,PSHGDQFH DQG %LDV

7KH SUHFHGLQJ VHFWLRQ GHVFULEHG WKH FULWHULD IRU WULJJHULQJ� LQYROYLQJ WKH JDWH FXUUHQW� JDWH VLJQDO VRXUFH

LPSHGDQFH� DQG DQRGH VXSSO\ �ORDG� LPSHGDQFH� 7KH LQWHUDFWLRQ EHWZHHQ JDWH DQG DQRGH FLUFXLWV

GHPDQGV H[DPLQDWLRQ LQ VRPH GHSWK�

*DWH�&DWKRGH 5HVLVWDQFH

7KH WZR�WUDQVLVWRU DQDORJ\ VKRZV WKDW D ORZ H[WHUQDO UHVLVWDQFH EHWZHHQ JDWH DQG FDWKRGH E\SDVVHV

VRPH FXUUHQW DURXQG WKH JDWH MXQFWLRQ� UHTXLULQJ D KLJKHU DQRGH FXUUHQW WR LQLWLDWH DQG PDLQWDLQ

FRQGXFWLRQ� �6HH )LJXUH ������ /RZ�FXUUHQW� KLJK�VHQVLWLYLW\ 6&5V DUH WULJJHUHG E\ VXFK D ORZ FXUUHQW

WKURXJK WKH JDWH MXQFWLRQ WKDW D VSHFLILHG H[WHUQDO JDWH�FDWKRGH UHVLVWDQFH LV UHTXLUHG LQ RUGHU WR SUHYHQW

WULJJHULQJ E\ WKHUPDOO\�JHQHUDWHG OHDNDJH FXUUHQW� 7KLV UHVLVWDQFH E\SDVVHV DOVR VRPH RI WKH LQWHUQDO

DQRGH FXUUHQW FDXVHG E\ UDSLG UDWH�RI�FKDQJH RI DQRGH YROWDJH �GY�GW�� ,W UDLVHV WKH IRUZDUG EUHDNRYHU

YROWDJH E\ UHGXFLQJ WKH HIILFLHQF\ RI WKH Q�S�Q ³WUDQVLVWRU´ UHJLRQ� WKXV UHTXLULQJ D VRPHZKDW KLJKHU

DYDODQFKH PXOWLSOLFDWLRQ HIIHFW WR LQLWLDWH WULJJHULQJ� 7KH FXUUHQW ZKLFK E\SDVVHV WKH JDWH MXQFWLRQ DOVR

DIIHFWV WKH ODWFKLQJ DQG KROGLQJ DQRGH FXUUHQWV�

)LJXUH ���� *DWH�&DWKRGH 5HVLVWDQFH

7KH UHODWLYH HIIHFW RI WKH H[WHUQDO UHVLVWDQFH LV GHSHQGHQW XSRQ WKH PDJQLWXGHV RI WKH LQWHUQDO

UHVLVWDQFHV� 5/ DQG 56 VKRZQ LQ )LJXUHV ��� DQG ���� )RU ORZ�FXUUHQW WK\ULVWRUV� WKH W\SH RI FRQVWUXFWLRQ

XVHG JHQHUDOO\ OHDGV WR KLJK YDOXHV RI 56 �YLUWXDOO\ QR HPLWWHU VKRUWLQJ� DQG ORZ YDOXHV RI 5/ EHFDXVH WKH

GLH�FKLS VL]H LV VPDOO� )LJXUH ���� VKRZV WKH HIIHFW RI H[WHUQDO JDWH�WR�FDWKRGH UHVLVWDQFH XSRQ KROGLQJ

FXUUHQWV IRU WKH 7��� ORZ�FXUUHQW 6&5� )RU ORZ�FXUUHQW 6&5V� WKH VSUHDG EHWZHHQ PD[LPXP DQG

PLQLPXP YDOXHV UHSUHVHQWV SURGXFWLRQ YDULDWLRQV RI WKH LQWHUQDO UHVLVWDQFHV DQG YDULDWLRQV LQ FXUUHQW�

JDLQ RI WKH HTXLYDOHQW ³WUDQVLVWRU´ UHJLRQV�

([WHUQDO JDWH VKXQW UHVLVWDQFH DOVR VOLJKWO\ UHGXFHV WKH WXUQ�RII WLPH �WT� RI WKH 6&5 E\ DVVLVWLQJ LQ

UHFRYHULQJ VWRUHG FKDUJH� E\ UDLVLQJ WKH DQRGH KROGLQJ FXUUHQW� DQG E\ UHTXLULQJ KLJKHU DQRGH FXUUHQW WR

LQLWLDWH UH�WULJJHULQJ�

6HQVLWLYH 6&5V EHQHILW PRVW IURP JDWH VKXQWLQJ EHFDXVH WKH\ DUH ³VHQVLWLYH�´
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ���



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 0D[LPXP DQG 0LQLPXP +ROGLQJ &XUUHQW 9DULDWLRQ ZLWK ([WHUQDO *DWH�WR�&DWKRGH 5HVLVWDQFH IRU
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NOTES:
(1) CURVES SHOWN ARE FOR VARIOUS
     JUNCTION TEMPERATURES.

(2) ANODE SUPPLY VOLTAGE = 12 VOLTS.

(3) CAUTION: STANDARD FORWARD BLOCKING
     VOLTAGE RATING DOES NOT APPLY FOR
     GATE TO CATHODE RESISTANCES
     GREATER THAN 1000 OHMS.
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(IIHFWV RI *DWH�&DWKRGH ,PSHGDQFH DQG %LDV
*DWH�&DWKRGH &DSDFLWDQFH

$ ORZ�VKXQW FDSDFLWLYH UHDFWDQFH DW KLJK IUHTXHQFLHV FDQ UHGXFH WKH VHQVLWLYLW\ RI D WK\ULVWRU WR GY�GW

HIIHFWV� LQ PXFK WKH VDPH PDQQHU DV D UHVLVWRU� ZKLOH PDLQWDLQLQJ KLJKHU VHQVLWLYLW\ WR '& DQG ORZ�

IUHTXHQF\ JDWH VLJQDOV� 7KH LQWHJUDWLQJ HIIHFW LV XVHIXO SDUWLFXODUO\ ZKHQ KLJK�IUHTXHQF\ ³QRLVH´ LV

SUHVHQW LQ HLWKHU WKH DQRGH RU JDWH FLUFXLWV� �6HH )LJXUH ������

)LJXUH ���� *DWH�&DWKRGH &DSDFLWDQFH

7KH JDWH YROWDJH PXVW LQFUHDVH DV DQRGH FXUUHQW LQFUHDVHV DW WKH SRLQW RI WULJJHULQJ� 7KHUHIRUH� D

FDSDFLWRU FRQQHFWHG EHWZHHQ JDWH DQG FDWKRGH WHQGV WR UHWDUG WKH WULJJHULQJ SURFHVV� \LHOGLQJ ORQJHU

GHOD\�WLPH DQG UHVW�WLPH RI DQRGH FXUUHQW� 7KLV DFWLRQ FDQ EH GHWULPHQWDO ZKHQ D KLJK GL�GW RI DQRGH

FXUUHQW LV UHTXLUHG�

7KH JDWH DFWV DV D YROWDJH VRXUFH DIWHU WXUQLQJ RQ WKH 6&5� FKDUJLQJ WKH FDSDFLWRU WR WKH YROWDJH GURS

DFURVV WKH JDWH MXQFWLRQ� 6LQFH WKLV YROWDJH LV JHQHUDOO\ KLJKHU WKDQ WKH JDWH YROWDJH UHTXLUHG WR WULJJHU

WKH 6&5 �9*7�� WKH HQHUJ\ VWRUHG LQ WKH FDSDFLWRU FDQ VXSSO\ WULJJHULQJ FXUUHQW IRU D SHULRG RI WLPH DIWHU

UHPRYDO RI DQRGH FXUUHQW� ,W LV SRVVLEOH IRU WKLV WR FDXVH WKH 6&5 WR IDLO WR FRPPXWDWH� $ FDSDFLWRU RI

DSSUR[LPDWHO\ �� PLFURIDUDGV FDQ PDLQWDLQ JDWH FXUUHQW IRU RYHU �� PLOOLVHFRQGV LQ ORZ�FXUUHQW 6&5V�

SUHYHQWLQJ FRPPXWDWLRQ LQ KDOI�ZDYH� ��� RU ���+] FLUFXLWV�

,I WKH JDWH WULJJHULQJ VLJQDO LV D ORZ�LPSHGDQFH SXOVH JHQHUDWRU LQ VHULHV ZLWK D FDSDFLWRU� WKH JDWH

FXUUHQW FDQ FKDUJH WKH FDSDFLWRU GXULQJ WKH SXOVH� DQG EHFDXVH RI WKH SRODULW\ DW WKH HQG RI WKH SXOVH� WKH

6&5 JDWH ZLOO EH GULYHQ QHJDWLYH� $W WKLV LQVWDQW WKH QHJDWLYH GULYH PD\ UDLVH WKH KROGLQJ FXUUHQW

UHTXLUHPHQW DERYH WKH DQRGH FXUUHQW DQG WXUQ RII WKH 6&5 IRU ORZ YDOXHV RI DQRGH FXUUHQW�

*DWH�&DWKRGH ,QGXFWDQFH

,QGXFWLYH UHDFWDQFH EHWZHHQ JDWH DQG FDWKRGH UHGXFHV VHQVLWLYLW\ WR VORZO\ FKDQJLQJ DQRGH FXUUHQW RU

JDWH VRXUFH FXUUHQW ZKLOH PDLQWDLQLQJ VHQVLWLYLW\ WR UDSLG FKDQJHV� �6HH )LJXUH ������ 7KLV GLIIHUHQWLDWLQJ

HIIHFW LV XVHIXO LQ LPSURYLQJ WKHUPDO VWDELOLW\ VLQFH FKDQJHV LQ WKHUPDO OHDNDJH FXUUHQW DUH VORZ� ,W

SURYLGHV VHQVLWLYLW\ WR D IODVK RI OLJKW ZLWK LQVHQVLWLYLW\ WR VWHDG\�VWDWH DPELHQW OLJKW ZKHQ XVHG ZLWK D

OLJKW�DFWLYDWHG 6&5�
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� *DWH�&DWKRGH ,QGXFWDQFH

:LWK DQRGH FXUUHQW IORZLQJ� WKH JDWH YROWDJH FDXVHV FXUUHQW WR IORZ RXW RI WKH JDWH WKURXJK WKH

LQGXFWDQFH� 7KH UDWH DW ZKLFK WKLV FXUUHQW EXLOGV XS DIWHU WULJJHULQJ LV D IXQFWLRQ RI WKH /�5 UDWLR RI WKH

LQGXFWDQFH WR ERWK LQWHUQDO DQG H[WHUQDO UHVLVWDQFH� $V WKLV QHJDWLYH JDWH FXUUHQW ULVHV� WKH KROGLQJ

FXUUHQW RI WKH WK\ULVWRU DOVR ULVHV� 7KH WK\ULVWRU PD\ GURS RXW RI FRQGXFWLRQ LI DQRGH FXUUHQW LV ORZ RU LV

LQFUHDVLQJ PRUH VORZO\ WKDQ QHJDWLYH JDWH FXUUHQW�

1HJDWLYH JDWH FXUUHQW ZLOO FRQWLQXH IRU D SHULRG RI WLPH DIWHU WKH 6&5 DQRGH FXUUHQW FHDVHV� GHFD\LQJ

DFFRUGLQJ WR WKH /�5 WLPH�FRQVWDQW� 7KLV QHJDWLYH JDWH FXUUHQW GXULQJ WKH WXUQ�RII FRQGLWLRQ FDQ UHGXFH

WXUQ�RII WLPH �E\ QHDUO\ ���� LQ VPDOO 6&5V� DQG FDQ SHUPLW D IDVWHU UDWH RI UH�DSSOLHG RII�VWDWH YROWDJH

�KLJKHU GY�GW��

7KH SXOVH FDQ SURGXFH D FXUUHQW IORZ WKURXJK WKH LQGXFWRU LI D WULJJHULQJ FXUUHQW SXOVH LV DSSOLHG LQ

SDUDOOHO ZLWK DQ LQGXFWRU DQG WKH JDWH� 7KH LQGXFWRU FXUUHQW FRQWLQXHV WR IORZ DV D QHJDWLYH JDWH FXUUHQW DW

WKH WHUPLQDWLRQ RI WKH SXOVH� WKHUHE\ UDLVLQJ KROGLQJ FXUUHQW DQG SRVVLEO\ FDXVLQJ WXUQ�RII RI WKH 6&5�

*DWH�&DWKRGH /& 5HVRQDQW &LUFXLW

$ SDUDOOHO /& UHVRQDQW FLUFXLW FRQQHFWHG EHWZHHQ JDWH DQG FDWKRGH FDQ SURYLGH D IUHTXHQF\�VHOHFWLYH

UHVSRQVH DQG FDQ DOVR SURGXFH D FRQGLWLRQ RI RVFLOODWLRQ� �6HH )LJXUH ������
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP



(IIHFWV RI *DWH�&DWKRGH ,PSHGDQFH DQG %LDV
)LJXUH ���� *DWH�&DWKRGH /& 5HVRQDQW &LUFXLW

2EWDLQ WKH RVFLOODWLQJ FRQGLWLRQ E\ PDNLQJ WKH DQRGH FXUUHQW YDOXH LQWHUPHGLDWH EHWZHHQ WKH QRUPDO

KROGLQJ FXUUHQW �,*  �� DQG WKH KROGLQJ FXUUHQW ZLWK PD[LPXP QHJDWLYH JDWH FXUUHQW IORZLQJ WKURXJK WKH

LQGXFWRU� $IWHU LQLWLDO 6&5 WXUQ�RQ WKH QHJDWLYH JDWH FXUUHQW FDQ LQFUHDVH XQWLO WKH 6&5 WXUQV RII� $IWHU

WXUQ�RII� LQGXFWRU FXUUHQW FKDUJHV WKH FDSDFLWRU WR D QHJDWLYH YROWDJH� WKHQ� WKH FDSDFLWRU GLVFKDUJHV LQWR

WKH LQGXFWRU LQ D UHVRQDQW PDQQHU� 7KH FDSDFLWRU YROWDJH FDQ UH�WULJJHU WKH 6&5 ZKHQ LW VZLQJV SRVLWLYH

DJDLQ DQG WKH SURFHVV UHSHDWV LQGHILQLWHO\� $YRLGLQJ VXFK RVFLOODWLRQ UHTXLUHV GDPSLQJ�

3RVLWLYH *DWH %LDV

7KH SUHVHQFH RI SRVLWLYH FXUUHQW LQ WKH JDWH ZKHQ DSSO\LQJ UHYHUVH YROWDJH WR WKH DQRGH PD\ LQFUHDVH

VXEVWDQWLDOO\ UHYHUVH EORFNLQJ �OHDNDJH� FXUUHQW WKURXJK WKH GHYLFH� $V D UHVXOW WKH 6&5 PXVW GLVVLSDWH

DGGLWLRQDO SRZHU� 7KHUHIRUH� LW LV QHFHVVDU\ HLWKHU WR PDNH SURYLVLRQ IRU WKLV DGGLWLRQDO ORVV RU WR WDNH

VWHSV WR OLPLW LW WR D QHJOLJLEOH YDOXH�

)LJXUH ���� JLYHV WKH WHPSHUDWXUH GHUDWLQJ IRU GLIIHUHQW 6&5 OLQHV DW YDULRXV JDWH GULYH GXW\ F\FOH

�SHUFHQW RI IXOO F\FOH RU ��� HOHFWULFDO GHJUHHV� IRU YDOXHV RI SHDN SRVLWLYH JDWH YROWDJH� )RU SURSHU

DSSOLFDWLRQ� LQFOXGH WKLV ORVV LQ WKH WRWDO GHYLFH GLVVLSDWLRQ� ,W LV QHFHVVDU\ WR VXEWUDFW WKH WHPSHUDWXUH

GHUDWLQJ� ∆7� �LQ )LJXUH ����� IURP WKH PD[LPXP DOORZDEOH FDVH WHPSHUDWXUH �IRXQG IURP WKH GHYLFH

UDWLQJ FXUYH� IRU WKH SURSHU FHOO W\SH DQG FRQGXFWLRQ DQJOH� 6XEWUDFW IURP WKH DPELHQW WHPSHUDWXUH FXUYH

IRU OHDG PRXQWHG GHYLFH� 'HUDWLQJ EHFRPHV QHJOLJLEOH LI WKH JDWH YROWDJH LV OHVV WKDQ ���� YROW RU WKH

WHPSHUDWXUH GHUDWLQJ WXUQV RXW WR EH ��& RU OHVV�
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 7HPSHUDWXUH 'HUDWLQJ &XUYH IRU 6LPXOWDQHRXV $SSOLFDWLRQ RI 3RVLWLYH *DWH 3XOVH ZKHQ $QRGH LV

1HJDWLYH

$ JDWH�FODPSLQJ FLUFXLW �DV VKRZQ LQ )LJXUH ����� SURYLGHV RQH PHDQV RI OLPLWLQJ WKH DGGLWLRQDO UHYHUVH

GLVVLSDWLRQ WR D QHJOLJLEOH YDOXH IRU ORZ� DQG PHGLXP�FXUUHQW 6&5V� :KHQ WKH DQRGH LV QHJDWLYH�

FRQQHFW UHVLVWRU 5$ DQG D GLRGH IURP JDWH WR DWWHQXDWH SRVLWLYH JDWH VLJQDOV� )RU D JLYHQ SHDN YDOXH RI

RSHQ FLUFXLW JDWH VRXUFH YROWDJH� )LJXUH ���� JLYHV WKH PD[LPXP UDWLR RI WKH YDOXH RI 5$ WR 5* WKDW VDIHO\

FODPSV WKH JDWH IRU DOO YDOXHV RI UHYHUVH YROWDJH ZLWKLQ WKH UHYHUVH YROWDJH UDWLQJ RI WKH 6&5�

$Q DOWHUQDWH ZD\ WR OLPLW DGGLWLRQDO UHYHUVH OHDNDJH GLVVLSDWLRQ GXH WR SRVLWLYH JDWH YROWDJH LV WR LQVHUW LQ

VHULHV ZLWK WKH 6&5 D UHFWLILHU GLRGH WKDW KDV D ORZHU UHYHUVH EORFNLQJ FXUUHQW� ,Q WKLV PDQQHU WKH GLRGH

DVVXPHV WKH JUHDWHU VKDUH RI WKH UHYHUVH YROWDJH DSSOLHG WR WKH VHULHV VWULQJ� VLJQLILFDQWO\ UHGXFLQJ

UHYHUVH GLVVLSDWLRQ LQ WKH 6&5�

CURVES SHOWN ARE FOR GATE DUTY CYCLE
OF 50%. FOR OTHER GATE DUTY CYCLE,
MULTIPLY ∆T VALUE BY THE FOLLOWING FACTORS:

DUTY CYCLE, %     FACTOR     DUTY CYCLE, %     FACTOR
          33                       0.67                  16.5                     0.33
          25                       0.50                    8.3                     0.17
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(IIHFWV RI *DWH�&DWKRGH ,PSHGDQFH DQG %LDV
)LJXUH ���� *DWH &ODPS &LUFXLW IRU &RQWUROOHG 5HFWLILHU

1HJDWLYH *DWH %LDV

1HYHU DOORZ WKH JDWH WR EHFRPH PRUH QHJDWLYH ZLWK UHVSHFW WR WKH FDWKRGH WKDQ LV LQGLFDWHG RQ WKH

VHQVLWLYH JDWH 6&5 GDWD VKHHW� )RU H[DPSOH� WKH JDWH RI WKH �1���� KDV D UDWHG SHDN UHYHUVH YROWDJH

�9*50� RI � YROWV� ,I LW LV SRVVLEOH IRU WKH JDWH WR VZLQJ PRUH QHJDWLYH WKDQ WKH UDWHG YDOXH� FRQQHFW D

GLRGH HLWKHU LQ VHULHV ZLWK WKH JDWH RU IURP FDWKRGH WR JDWH WR OLPLW WKH UHYHUVH JDWH YROWDJH�

$ FRQVLGHUDEOH QHJDWLYH JDWH FXUUHQW �FRQYHQWLRQDO FXUUHQW IORZ RXW RI WKH JDWH� FDQ EH FDXVHG WR IORZ LI

WKH FDWKRGH LV GLVFRQQHFWHG ZLWK WKH JDWH FRQQHFWHG WR FRPPRQ ZKLOH WKH 6&5 LV FRQGXFWLQJ IRUZDUG

ORDG FXUUHQW �FRQYHQWLRQDO FXUUHQW IORZ IURP DQRGH WR FDWKRGH�� ,QLWLDOO\ RQO\ WKH LPSHGDQFH RI WKH JDWH

FLUFXLW ZRXOG OLPLW WKLV FXUUHQW DQG FRXOG FDXVH DQ H[FHVV RI DOORZDEOH JDWH GLVVLSDWLRQ� OHDGLQJ WR

SRVVLEOH IDLOXUH RI WKH 6&5�

1HJDWLYH JDWH ELDV WHQGV WR LQFUHDVH WKH IRUZDUG EUHDNRYHU YROWDJH 9%2 DQG WKH GY�GW ZLWKVWDQG

FDSDELOLW\ DW D JLYHQ MXQFWLRQ WHPSHUDWXUH IRU VPDOO 6&5V ZLWKRXW LQWHUQDO HPLWWHU VKRUWLQJ ZKHQ WKH

DQRGH LV SRVLWLYH� )RU H[DPSOH� WKH 7��� KDV 9'50 VSHFLILHG IRU D FHUWDLQ YDOXH RI JDWH�WR�FDWKRGH

UHVLVWDQFH �5*.  ���� RKPV� DQG DW D VSHFLILHG MXQFWLRQ WHPSHUDWXUH�
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� VKRZV D YROWDJH ELDV DUUDQJHPHQW� 5HVLVWRU 5E JRHV WR D QHJDWLYH VXSSO\ LQVWHDG RI PHUHO\

UHWXUQLQJ WR WKH FDWKRGH� 7KH YROWDJH VRXUFH (E HVWDEOLVKHV WKH IROORZLQJ FXUUHQW�

ZKHUH ' LV WKH YROWDJH GURS DFURVV GLRGH &5� �W\SLFDO YDOXH ��� YROW�

7KH GLRGH SURYLGHV D IL[HG QHJDWLYH ELDV YROWDJH JDWH�WR�FDWKRGH IRU WKH 6&5� $ GLVDGYDQWDJH RI WKLV

DSSURDFK LV WKH ORVV RI LQSXW VHQVLWLYLW\ GXH WR UHVLVWRU 5E�

)LJXUH ���� VKRZV D FXUUHQW ELDV VFKHPH XVHIXO IRU VPDOOHU MXQFWLRQ GLDPHWHU 6&5V� 6HOHFWLQJ UHVLVWRU

5E DQG WKH ELDV VRXUFH HVWDEOLVKHV D ELDV FXUUHQW ,E ≈ ,);0 WKURXJK UHVLVWRU 5E LQ WKH GLUHFWLRQ LQGLFDWHG�

,5;0 LV WKH PD[LPXP IRUZDUG�EORFNLQJ �OHDNDJH� FXUUHQW RI WKH 6&5 XQGHU WKH SUHYDLOLQJ MXQFWLRQ

WHPSHUDWXUH DQG DQRGH YROWDJH� 6HOHFWLRQ RI ,E LQ WKLV PDQQHU \LHOGV D ³ZRUVW FDVH´ GHVLJQ RQ WKH

DVVXPSWLRQ WKDW PRVW� LI QRW DOO� ,'50 GLYHUWV IURP WKH 6&5 HPLWWHU �JDWH�FDWKRGH MXQFWLRQ�� /LPLW WKLV

DSSURDFK WR 6&5V ZLWK VXIILFLHQW UHYHUVH JDWH SRZHU UDWLQJV WR KDQGOH UHYHUVH FXUUHQW ,E DW LWV DVVRFLDWHG

UHYHUVH JDWH YROWDJH�

)LJXUH ���� 1HJDWLYH *DWH 9ROWDJH %LDV

$UUDQJHPHQWV

)LJXUH ���� 1HJDWLYH *DWH &XUUHQW %LDV

$UUDQJHPHQWV

)LJXUH ���� VKRZV WKH LPSURYHPHQW DFKLHYHG LQ GY�GW ZLWKVWDQG FDSDELOLW\ E\ QHJDWLYH JDWH ELDVLQJ IRU D

W\SLFDO 6&5� ,W VKRZV WKH HIIHFW RI JDWH ELDV RQ WKH DOORZDEOH WLPH FRQVWDQW RI DSSOLFDWLRQ RI IRUZDUG

EORFNLQJ YROWDJH ZLWKRXW KDYLQJ WKH 6&5 VZLWFK RQ� )RU WKH RSHQ JDWH FRQGLWLRQ� WKH ]HUR JDWH YROWDJH

FXUYH FRUUHVSRQGV WR WKH WLPH FRQVWDQW YDOXHV JLYHQ RQ VSHFLILFDWLRQ VKHHWV� )LJXUH ���� H[WHQGV WKH

XVHIXOQHVV RI WKLV LQIRUPDWLRQ IRU GLIIHUHQW YDOXHV RI JDWH ELDV�

Ib

Eb D–

R
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(IIHFWV RI *DWH�&DWKRGH ,PSHGDQFH DQG %LDV
)LJXUH ���� (IIHFW RI *DWH %LDV RQ $OORZDEOH 7LPH &RQVWDQW RI $SSOLFDWLRQ RI )RUZDUG %ORFNLQJ 9ROWDJH �GY�GW�

,W LV SRVVLEOH WR GHVLJQ FLUFXLWV ZKLFK DSSO\ D QHJDWLYH JDWH ELDV RU VKRUW WKH JDWH WR WKH FDWKRGH RQO\

ZKLOH GY�GW LV EHLQJ DSSOLHG� 7KHVH FLUFXLWV GR QRW GHJUDGH WKH JDWH VLJQDO DV PXFK DV WKRVH VKRZQ LQ

)LJXUH ���� EXW DUH H[SHQVLYH IRU PRVW DSSOLFDWLRQV�

7KH EDVLF LGHD LV WR GLIIHUHQWLDWH WKH GY�GW DSSOLHG WR WKH DQRGH� LQYHUW WKH SRODULW\� DQG DSSO\ LW WR WKH JDWH�

)LJXUH ���� VKRZV D WUDQVLVWRUL]HG G\QDPLF VQXEEHU� 5�& VXSSOLHV EDVH FXUUHQW WR 4�� WXUQLQJ LW RQ ZKHQ

DQRGH YROWDJH LV ULVLQJ� *DWH WULJJHULQJ ZRXOG EH ORVW GXULQJ WKH WLPH RI ULVLQJ GY�GW VLQFH WKH JDWH LV EHLQJ

VKXQWHG� +RZHYHU� WKH LQVHUWLRQ RI 4� DYRLGV WKLV SUREOHP VLQFH QRZ WKH JDWH VLJQDO QRW RQO\ WULJJHUV WKH

6&5 EXW ILUVW VKXQWV WKH EDVH GULYH WR 4�� %RWK 4� DQG 4� DUH HSLWD[LDO WUDQVLVWRUV ZLWK ORZ VDWXUDWLRQ

YROWDJHV�
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 7UDQVLVWRU 6QXEEHU WR ,PSURYH GY�GW

%HFDXVH RI WKH VKXQWLQJ HIIHFWV RI 56� JDWH VKRUWLQJ KDV OLWWOH LQIOXHQFH RQ ODUJH DUHD GHYLFHV DQG

GHYLFHV ZLWK HPLWWHU VKRUWLQJV� �6HH )LJXUH ����� &RQVHUYDWLYH FLUFXLW GHVLJQ SUDFWLFH LV QRW GHSHQGHQW

XSRQ LQFUHDVLQJ 9%2 E\ QHJDWLYH JDWH ELDVLQJ XQOHVV 9%2 LV VSHFLILHG ZLWK ELDV UHVLVWRU�

%HFDXVH LW LV PDLQO\ D IXQFWLRQ RI FDUULHU OLIHWLPH LQ DQ DUHD QRW DFFHVVLEOH E\ WKH JDWH� WKH LQIOXHQFH RI

WXUQ�RII WLPH E\ GLIIHUHQW JDWH ELDV WHFKQLTXHV DSSHDUV YHU\ OLPLWHG�

(IIHFWV RI $QRGH &LUFXLW XSRQ *DWH &LUFXLW

'LVFXVVLRQV LQ SUHYLRXV VHFWLRQV SUHVHQWHG WKH DQRGH FLUFXLW YROWDJH DQG LPSHGDQFH DV GHWHUPLQLQJ

IDFWRUV LQ WULJJHULQJ DQG SUHVHQWHG WKH HIIHFW RI DQRGH FXUUHQW� 1RWH WZR RWKHU HIIHFWV� MXQFWLRQ

FDSDFLWDQFH LQ WKH 6&5 FDQ FRXSOH KLJK�IUHTXHQF\ VLJQDOV IURP WKH DQRGH WR WKH JDWH FLUFXLW� ZKLFK PD\

LQWHUIHUH ZLWK QRUPDO RSHUDWLRQ RI WKH WULJJHU FLUFXLW DOWKRXJK QRW FDXVLQJ WULJJHULQJ�

$ YROWDJH DSSHDUV DW WKH JDWH WHUPLQDO ZKHQ WKH DQRGH YROWDJH RI WKH 6&5 UHDFKHV HLWKHU WKH IRUZDUG

EUHDNRYHU RU UHYHUVH DYDODQFKH YROWDJH� ,Q WKH FDVH RI IRUZDUG EUHDNRYHU YROWDJH� D IRUZDUG DQRGH

FXUUHQW VWDUWV IORZLQJ ZKLFK SURGXFHV D SRVLWLYH JDWH YROWDJH� DV LQ QRUPDO FRQGXFWLRQ� 7KH JDWH MXQFWLRQ

EHFRPHV UHYHUVH ELDVHG ZKHQ WKH UHYHUVH DYDODQFKH YROWDJH LV UHDFKHG� 'HSHQGLQJ RQ WKH PDJQLWXGH

RI 56 WKH QHJDWLYH YROWDJH DSSHDULQJ DW WKH JDWH WHUPLQDO PD\ ULVH WR WKH DYDODQFKH YROWDJH RI WKH JDWH

MXQFWLRQ� ,I D UHYHUVH YROWDJH WUDQVLHQW RQ WKH DQRGH H[FHHGV UHYHUVH DYDODQFKH� WKH UHYHUVH�EORFNLQJ

MXQFWLRQ RI WKH 6&5 QR ORQJHU EORFNV� WKHUHE\ DSSO\LQJ WKH WUDQVLHQW HQHUJ\ WR WKH JDWH MXQFWLRQ LQ

UHYHUVH� 7KH JDWH MXQFWLRQ DQG DQ\ H[WHUQDO FLUFXLW FRQQHFWHG WR WKH JDWH PD\ WKHQ UHFHLYH H[FHVVLYH

YROWDJH DQG FXUUHQW IURP WKLV SURFHVV�

7KH JDWH LV HVVHQWLDOO\ DW WKH VDPH SRWHQWLDO DV WKH DQRGH ZKHQ DQ 6&5 LV FRQGXFWLQJ� :KHQ WKH 6&5 LV

QRQ�FRQGXFWLQJ� WKH JDWH SRWHQWLDO LV QRW UHODWHG WR DQRGH SRWHQWLDO ZLWKLQ WKH QRUPDO RSHUDWLQJ UDQJH�

+RZHYHU� WKH JDWH JRHV WKURXJK DQ LQWHUPHGLDWH SKDVH GXULQJ WKH FRPPXWDWLQJ WUDQVLWLRQ IURP

FRQGXFWLRQ WR QRQ�FRQGXFWLRQ ZKLFK FDQ UHVXOW LQ D ODUJH QHJDWLYH YROWDJH DSSHDULQJ DW WKH JDWH WHUPLQDO�

,I DQ 6&5 LV FRPPXWDWHG �DV LQ D '& FKRSSHU RU IOLS�IORS FLUFXLW� E\ WKH VWHS DSSOLFDWLRQ RI D UHYHUVH ELDV�

WKH JDWH YROWDJH LV LQLWLDOO\ WKH QRUPDO IRUZDUG JDWH�FDWKRGH MXQFWLRQ GURS XQWLO WKDW MXQFWLRQ UHFRYHUV�

ZKHUHXSRQ ERWK DQRGH DQG WKH JDWH JR QHJDWLYH� 7KH JDWH YROWDJH WKHQ IROORZV DQRGH YROWDJH XQWLO WKH

PDLQ UHYHUVH�EORFNLQJ �S�Q� MXQFWLRQ UHFRYHUV� DW ZKLFK WLPH WKH JDWH UHYHUWV WR LWV QRUPDO FKDUDFWHULVWLFV�
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������
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(IIHFWV RI $QRGH &LUFXLW XSRQ *DWH &LUFXLW
6PDOO 6&5V LQ SDUWLFXODU UHDGLO\ UHIOHFW WKHVH WUDQVLWLRQV� /RZHU YDOXHV RI LQWHUQDO VKXQW UHVLVWDQFH 56
VRPHZKDW PDVN WKH HIIHFWV RQ ODUJHU 6&5V� 7KH QHJDWLYH WUDQVLHQW DW WKH JDWH FDQ FDXVH PDOIXQFWLRQ RU

GDPDJH LQ WKH H[WHUQDO JDWH FLUFXLW�

)LJXUH ���� '& *DWH 7ULJJHULQJ &KDUDFWHULVWLFV �IRU �1��� 6&5�

7KH '& JDWH WULJJHU FKDUDFWHULVWLFV RI DQ 6&5 DUH VLPLODU WR WKH JUDSK LQ )LJXUH ���� ZKLFK DSSOLHV WR WKH

�1��� 6&5� 7KH JUDSK VKRZV JDWH�WR�FDWKRGH YROWDJH DV D IXQFWLRQ RI SRVLWLYH JDWH FXUUHQW �IORZ IURP

JDWH WR FDWKRGH� EHWZHHQ OLPLW OLQHV �$� DQG �%� IRU DOO LQGLFDWHG 6&5V� 7KHVH GDWD DSSO\ WR D ]HUR�

DQRGH�FXUUHQW FRQGLWLRQ �DQRGH RSHQ��
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
7KH EDVLF IXQFWLRQ RI WKH WULJJHU FLUFXLW LV WR VLPXOWDQHRXVO\ VXSSO\ WKH JDWH FXUUHQW WR WULJJHU ,*7 DQG LWV

DVVRFLDWHG JDWH YROWDJH WR WULJJHU 9*7� 7KH VKDGHG DUHD LQ )LJXUH ���� FRQWDLQV DOO WKH SRVVLEOH WULJJHU

SRLQWV �,*7� 9*7� RI DOO 6&5V FRQIRUPLQJ WR WKLV VSHFLILFDWLRQ� 7KHUHIRUH� WKH WULJJHU FLUFXLW PXVW SURYLGH D

VLJQDO �,*� 9*� RXWVLGH WKH VKDGHG DUHD LQ RUGHU WR UHOLDEO\ WULJJHU DOO 6&5V RI WKDW VSHFLILFDWLRQ�

7KH VKDGHG DUHD LQ )LJXUH ���� ERXQGV WKH ³SUHIHUUHG JDWH GULYH DUHD´ RI 6&5 JDWH RSHUDWLRQ� 7KLV

VKDGHG DUHD UHSUHVHQWV WKH ORFXV RI DOO VSHFLILHG WULJJHULQJ SRLQWV �,*7� 9*7�� WKH OLPLW OLQHV �$� DQG �%��

OLQH �&� UHSUHVHQWLQJ UDWHG SHDN DOORZDEOH IRUZDUG JDWH YROWDJH 9*)� DQG OLQH �'� UHSUHVHQWLQJ UDWHG SHDN

SRZHU GLVVLSDWLRQ 3*0� 6RPH 6&5V PD\ DOVR KDYH D UDWHG SHDN JDWH FXUUHQW ,*50 ZKLFK ZRXOG DSSHDU

DV D YHUWLFDO OLQH MRLQLQJ FXUYHV �%� DQG �'��

7KH XSSHU ULJKW�KDQG SRUWLRQ VKRZV WKH GHWDLO RI WKH ORFXV RI DOO VSHFLILHG WULJJHU SRLQWV� DQG WKH

WHPSHUDWXUH GHSHQGHQFH RI WKH PLQLPXP JDWH FXUUHQW WR WULJJHU ,*70,1� 7KH ORZHU WKH MXQFWLRQ

WHPSHUDWXUH� WKH PRUH JDWH GULYH WULJJHULQJ UHTXLUHV� �6RPH VSHFLILFDWLRQV PD\ DOVR VKRZ WKH HIIHFW RI

IRUZDUG DQRGH YROWDJH RQ WULJJHU VHQVLWLYLW\� ,QFUHDVHG DQRGH YROWDJH WHQGV WR UHGXFH WKH JDWH GULYH

UHTXLUHPHQW� SDUWLFXODUO\ ZLWK VPDOO 6&5V�� )LJXUH ���� DOVR VKRZV WKH VPDOO SRVLWLYH YDOXH RI JDWH

YROWDJH EHORZ ZKLFK QR 6&5 RI WKH SDUWLFXODU W\SH ZLOO WULJJHU�

/RDG /LQHV

7KH WULJJHU FLUFXLW ORDG OLQH PXVW LQWHUVHFW WKH LQGLYLGXDO 6&5 JDWH FKDUDFWHULVWLF LQ WKH ³SUHIHUUHG JDWH

GULYH DUHD´ UHJLRQ LQ )LJXUH ����� )XUWKHUPRUH� ORFDWH WKH LQWHUVHFWLRQ� RU PD[LPXP RSHUDWLQJ SRLQW� DV

FORVHO\ WR WKH PD[LPXP DSSOLFDEOH �SHDN� DYHUDJH� DQG VR RQ� JDWH SRZHU GLVVLSDWLRQ FXUYH DV SRVVLEOH�

*DWH FXUUHQW ULVH WLPHV RI VHYHUDO DPSHUHV SHU PLFURVHFRQG PLQLPL]H DQRGH WXUQ�RQ WLPH� SDUWLFXODUO\

ZKHQ VZLWFKLQJ KLJK FXUUHQWV� 7KH UHVXOW LV PLQLPXP WXUQ�RQ DQRGH VZLWFKLQJ GLVVLSDWLRQ DQG PLQLPXP

MLWWHU�

&RQVWUXFWLRQ RI D ³ORDG OLQH´ LV D FRQYHQLHQW PHDQV RI SODFLQJ WKH PD[LPXP RSHUDWLQJ SRLQW RI WKH WULJJHU

FLUFXLW�6&5 JDWH FRPELQDWLRQ LQWR WKH SUHIHUUHG WULJJHULQJ DUHD� )LJXUH ���� LOOXVWUDWHV D EDVLF WULJJHU

FLUFXLW RI VRXUFH YROWDJH H6 DQG LQWHUQDO UHVLVWDQFH 56 GULYLQJ DQ 6&5 JDWH� ,W DOVR VKRZV WKH SODFHPHQW

RI WKH PD[LPXP RSHUDWLQJ SRLQW ZHOO LQWR WKH ³SUHIHUUHG WULJJHU´ DUHD FORVH WR WKH UDWHG GLVVLSDWLRQ FXUYH�

&RQVWUXFW WKH ORDG OLQH E\ FRQQHFWLQJ D VWUDLJKW OLQH EHWZHHQ WKH WULJJHU FLUFXLW RSHQ FLUFXLW YROWDJH (2&
�HQWHUHG RQ WKH RUGLQDWH� DQG WKH WULJJHU FLUFXLW VKRUW FLUFXLW FXUUHQW �HQWHUHG RQ WKH DEVFLVVD��
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/RDG /LQHV
)LJXUH ���� *DWH &LUFXLW )LJXUH ���� /RDG /LQH 6XSHULPSRVHG RQ *DWH

7ULJJHU &KDUDFWHULVWLF

7KH ORDG OLQH VZHHSV DFURVV WKH JUDSK� VWDUWLQJ DV D SRLQW DW WKH RULJLQ DQG UHDFKLQJ LWV PD[LPXP

SRVLWLRQ� WKH ORDG OLQH� DW WKH SHDN WULJJHU FLUFXLW RXWSXW YROWDJH LI WKH WULJJHU FLUFXLW VRXUFH YROWDJH LV D

IXQFWLRQ RI WLPH H6�W��

%DVH WKH DSSOLFDEOH JDWH SRZHU FXUYH VHOHFWLRQ RQ ZKHWKHU DYHUDJH RU SHDN DOORZDEOH JDWH SRZHU

GLVVLSDWLRQ LV OLPLWLQJ� )RU H[DPSOH� GR QRW H[FHHG WKH DYHUDJH PD[LPXP DOORZDEOH JDWH GLVVLSDWLRQ

���� ZDWW IRU �1��� LI XVLQJ D '& WULJJHU� ,I XVLQJ D WULJJHU SXOVH� DSSO\ WKH SHDN JDWH SRZHU FXUYH �IRU WKH

�1����²WKH ��ZDWW SHDN SRZHU FXUYH �'� LQ )LJXUH ������ 7KH GXW\ F\FOH RI WKH WULJJHU VLJQDO GHWHUPLQHV

WKH OLPLWLQJ DOORZDEOH JDWH SRZHU GLVVLSDWLRQ FXUYH DFFRUGLQJ WR WKH IROORZLQJ HTXDWLRQ�

SHDN JDWH GULYH SRZHU ; SXOVH ZLGWK ; SXOVH UHSHWLWLRQ UDWH ≤
DOORZDEOH DYHUDJH JDWH SRZHU IRU LQWHUPHGLDWH JDWH WULJJHU ZDYHIRUPV

,QYHUWHU 6&5V WKDW UHTXLUH D VWLII JDWH VLJQDO EHFDXVH RI KLJK GL�GW DQG KLJK�IUHTXHQF\ RSHUDWLRQ RIWHQ

KDYH SHDN SXOVH JDWH SRZHU FXUYHV� �6HH )LJXUH ������ 7KHVH SXOVH FXUYHV WDNH DGYDQWDJH RI WKH

WUDQVLHQW WKHUPDO UHVLVWDQFH RI WKH JDWH LQ RUGHU WR DFKLHYH KLJKHU SRZHU SXOVHV� $JDLQ� GR QRW H[FHHG

WKH DYHUDJH JDWH SRZHU GLVVLSDWLRQ�
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� *DWH 7ULJJHU 5HTXLUHPHQWV IRU +LJK )UHTXHQF\ DQG +LJK GL�GW 2SHUDWLRQ
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NOTES:
(1) REQUIREMENTS SHOWN HEREON MUST
     BE MET WHEN ANODE CURRENT RATE
     OF RISE  10 AMPERES PER MICROSECOND.

(2) SHADED AREA SHOWS LOCUS OF
     PERMISSIBLE GATE SOURCE LOAD LINES.

(3) MINIMUM PERMISSIBLE GATE DRIVE =
     20 VOLTS OPEN CIRCUIT, 20 OHMS. LOWER
     GATE DRIVE MAY CAUSE DEVICE FAILURE.

(4) MINIMUM PERMISSIBLE GATE PULSE
     WIDTH = 1.5 SEC, MAXIMUM GATE PULSE
     RISE TIME = 0.1 SEC.

(5) CASE TEMPERATURE = +25˚C to +120˚C.

(6) CURVES SHOW MAXIMUM ALLOWABLE
     PEAK GATE POWER DISSIPATION VS.
     PULSE WIDTH.

(7) MAXIMUM ALLOWABLE AVERAGE GATE
     POWER DISSIPATION = 1.0 WATT.
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3RVLWLYH *DWH 9ROWDJH 7KDW :LOO 1RW 7ULJJHU 6&5
3RVLWLYH *DWH 9ROWDJH 7KDW :LOO 1RW 7ULJJHU 6&5
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� (IIHFW RI 7ULJJHU 3XOVH :LGWK �7��� 6&5� ² &KDUJH YHUVXV 7LPH

)LJXUH ���� VKRZV WKH UHODWLRQVKLS EHWZHHQ SXOVH ZLGWK DQG SHDN FXUUHQW IRU D UHFWDQJXODU SXOVH WR

WULJJHU WKH 7��� 6&5� 1RWH WKDW WKH FXUUHQW FXUYHV DSSURDFK D FRQVWDQW�FKDUJH VORSH DW WKH VPDOOHU

SXOVH�ZLGWKV� 7KH SRLQW DW ZKLFK WKH SXOVH FXUUHQW FXUYH GHSDUWV IURP WKH '& FXUUHQW OHYHO LV DERXW

��� µVHF IRU WKLV VPDOO WK\ULVWRU� 3XOVH FXUUHQW HTXDO WR WKH '& OHYHO GRZQ WR DERXW �� µVHF FDQ WULJJHU

RWKHU 6&5 W\SHV ZLWK VKRUWHU UHFRPELQDWLRQ WLPHV�

7KH LOOXVWUDWLRQ LQ )LJXUH ���� GRHV QRW LQIHU WKDW RQO\ UHFWDQJXODU SXOVHV DUH DFFHSWDEOH� 8VH DQ\

XQLGLUHFWLRQDO ZDYHVKDSH ZKLFK GRHV QRW H[FHHG JDWH FXUUHQW� YROWDJH� DQG SRZHU UDWLQJV LI WKH WRWDO

FKDUJH LV DGHTXDWH� 3ORWWLQJ WKH LQWHJUDO RI WKH DFWXDO FXUUHQW ZDYH DQG WKH LQWHJUDO RI WKH UHFWDQJXODU

SXOVH FXUUHQW FDQ GHWHUPLQH SURSHU FKDUJH FULWHULD� �6HH )LJXUH ������ 7KH WULJJHULQJ FKDUJH LV DGHTXDWH

LI WKH WZR FXUYHV FURVV�

)LJXUH ���� VKRZV WKH LQFUHDVH LQ JDWH GULYH UHTXLUHG IRU WULJJHULQJ IRXU W\SHV RI 6&5V ZLWK WULJJHU

VLJQDOV RI VKRUW SXOVH GXUDWLRQ� $OORZ WKH DQRGH FXUUHQW WR EXLOG XS UDSLGO\ HQRXJK IRU WKH 6&5 WR WULJJHU

DQG UHDFK WKH ODWFKLQJ FXUUHQW EHIRUH WHUPLQDWLQJ WKH SXOVH� �$VVXPH WKH ODWFKLQJ FXUUHQW LV WKUHH WLPHV

WKH YDOXH RI WKH KROGLQJ FXUUHQW JLYHQ RQ WKH VSHFLILFDWLRQ VKHHW�� 8VH D PDLQWDLQHG W\SH RI WULJJHU VLJQDO

IRU KLJKO\ LQGXFWLYH DQRGH FLUFXLWV WR HQVXUH JDWH GULYH XQWLO ODWFKLQJ FXUUHQW LV DWWDLQHG�

)LJXUH ���� VKRZV D FRPPRQ RQ�VWDWH FXUUHQW ZKHQ WKH GLVFKDUJH RI D FDSDFLWRU SURYLGHV D ODWFKLQJ

FXUUHQW SXOVH LQ D KLJKO\ LQGXFWLYH FLUFXLW�
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3XOVH 7ULJJHULQJ
)LJXUH ���� *DWH 'ULYH 5HTXLUHG IRU 6KRUW 7ULJJHU 3XOVH 'XUDWLRQ

)LJXUH ���� &XUUHQW :DYHIRUP IRU &DSDFLWLYH DQG

,QGXFWLYH /RDG

$ VORZO\�ULVLQJ DQRGH FXUUHQW GHWHUPLQHG SULPDULO\ E\ LQGXFWDQFH LQ WKH FLUFXLW IROORZV WKH ODWFKLQJ SXOVH

IURP WKH FDSDFLWRU GLVFKDUJH� 9HU\ RIWHQ� FRQIXVLRQ H[LVWV UHJDUGLQJ KROGLQJ FXUUHQW DQG ODWFKLQJ FXUUHQW

LQ VXFK FDVHV� 7KH GHYLFH PXVW UHPDLQ LQ WKH RQ�VWDWH DW WKH YDOOH\ SRLQW ZKHUH WKH PDLQ FLUFXLW WDNHV

RYHU LI WKH JDWH WULJJHU SXOVH HQGV EHIRUH WKH HQG RI WKH LQLWLDO FXUUHQW SXOVH�

7KH GHYLFH JRHV RXW RI FRQGXFWLRQ DQG WKH FLUFXLW ZLOO QRW ODWFK LI WKH GHYLFH KDV D KROGLQJ FXUUHQW KLJKHU

WKDQ WKH YDOOH\ FXUUHQW OHYHO SURYLGHG� 7KLV LV� KRZHYHU� D UHVXOW RI KLJK GHYLFH KROGLQJ FXUUHQW UDWKHU WKDQ
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NOTES:
(1) CURVES SHOW MAXIMUM VALUES
     FOR ALL SPECIFIED JUNCTION TEMPERATURES
(2) RECTANGULAR PULSES WITH RISE TIMES LESS
     THAN 100 N SEC
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
ODWFKLQJ FXUUHQW� ,W LV D ODWFKLQJ FXUUHQW SUREOHP UDWKHU WKDQ D KROGLQJ FXUUHQW SUREOHP LI WKH JDWH WULJJHU

VLJQDO ODVWV EH\RQG WKH YDOOH\ SRLQW EHIRUH LW LV HQGHG DQG WKH GHYLFH VWLOO IDLOV WR ODWFK�

7KH '& JDWH WULJJHU FKDUDFWHULVWLFV DUH PHDVXUHG RQ D ���� EDVLV LQ SURGXFWLRQ IRU DOO 6&5V� EXW WKH

SXOVH WULJJHU FKDUDFWHULVWLFV DUH EDVHG RQ D VDPSOLQJ RQO\� 5HTXHVW VSHFLDO VSHFLILFDWLRQ WR HQVXUH

VDWLVIDFWRU\ SXOVH WULJJHULQJ IRU DSSOLFDWLRQV ZKHUH WKH SXOVH WULJJHU FKDUDFWHULVWLFV DUH FULWLFDO�

$QRGH 7XUQ�2Q ,QWHUYDO &KDUDFWHULVWLFV

)LJXUH ���� VKRZV WKH WXUQ�RQ� RU VZLWFKLQJ� FKDUDFWHULVWLFV RI D W\SLFDO �1���� 6&5� ,W LV DOVR

UHSUHVHQWDWLYH RI RWKHU 6&5 W\SHV� ,Q WKLV LOOXVWUDWLRQ SHUFHQW DQRGH YROWDJH LV D IXQFWLRQ RI WLPH�

IROORZLQJ DSSOLFDWLRQ RI WKH WULJJHU VLJQDO DW ]HUR WLPH� IRU VZLWFKLQJ IURP ��� YROWV DQG IURP ��� YROWV IRU

WZR GLIIHUHQW FLUFXLW FXUUHQW OHYHOV�

)LJXUH ���� 7\SLFDO 7XUQ�RQ &KDUDFWHULVWLFV RI �1���� 6&5

'HOD\ WLPH WJG VKRZQ IRU WKH ��� YROW DPSHUH VZLWFKLQJ FKDUDFWHULVWLF LV WKH WLPH EHWZHHQ WKH ��� SRLQW

RI WKH OHDGLQJ HGJH RI WKH JDWH FXUUHQW SXOVH DQG WKH ��� SRLQW RI WKH DQRGH YROWDJH ZDYHIRUP� 7KH

GHOD\ WLPH GHFUHDVHV DV WKH DPSOLWXGH RI WKH JDWH FXUUHQW SXOVH LQFUHDVHV EXW DSSURDFKHV D PLQLPXP

YDOXH RI ��� WR ��� µVHF IRU JDWH FXUUHQW SXOVHV RI ���P$ RU PRUH�

5LVH WLPH WU LV WKH WLPH UHTXLUHG IRU WKH DQRGH YROWDJH WR GURS IURP ��� RI LWV LQLWLDO YDOXH WR ���� DV

LQGLFDWHG IRU WKH ��� YROW DPSHUH FXUYH LQ )LJXUH ����� ,Q ODUJH SDUW WKH FLUFXLW GHWHUPLQHV WKH ULVH RI

FXUUHQW DV WKH YROWDJH DFURVV WKH 6&5 IDOOV� ,Q D SXUHO\ UHVLVWLYH FLUFXLW WKH FXUUHQW ULVHV LQ WKH VDPH

PDQQHU DV WKH YROWDJH IDOOV� WKXV WKH WHUP ULVH WLPH� ,W LV LPSRUWDQW WKDW WKH LQVWDQWDQHRXV YROWDJH�FXUUHQW

SURGXFW GXULQJ WKH WXUQ�RQ LQWHUYDO QRW H[FHHG WKH GLVVLSDWLRQ FDSDELOLW\ RI WKH 6&5� )RU WKLV UHDVRQ� LW LV

QHFHVVDU\ WR OLPLW WKH UDWH RI ULVH RI DQRGH FXUUHQW �GL�GW�� $ ODUJH JDWH GULYH ZLWKLQ WKH DOORZDEOH JDWH

GLVVLSDWLRQ UDWLQJV RI WKH 6&5 WHQGV WR UHGXFH ULVH WLPH DQG GHOD\ WLPH� 'ULYH WKH JDWH LQ WKH DUHD RI
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6LPSOH 5HVLVWRU DQG 5& 7ULJJHU &LUFXLWV
³SUHIHUUHG WULJJHULQJ´ FORVH WR WKH DOORZDEOH JDWH SRZHU GLVVLSDWLRQ FXUYH LQ RUGHU WR PLQLPL]H WXUQ�RQ

VZLWFKLQJ GLVVLSDWLRQ� �6HH )LJXUH ������ $PSOLI\LQJ JDWH 6&5V GR QRW UHTXLUH DV VWURQJ D JDWH VRXUFH DV

FRQYHQWLRQDO WK\ULVWRUV DQG� WKHUHIRUH� DOORZ WKH GHVLJQHU JUHDWHU ODWLWXGH LQ VHOHFWLRQ RI D JDWH GULYH

FLUFXLW�

7RWDO WXUQ�RQ WLPH LV WRQ  WJG � WU� ,W LV LPSRUWDQW WR QRWH WKDW� DV GHILQHG DERYH� ODUJH WXUQ�RQ VZLWFKLQJ

GLVVLSDWLRQ FDQ VWLOO RFFXU DIWHU WKH WHUPLQDWLRQ RI WKH WXUQ�RQ WLPH� SDUWLFXODUO\ ZKHQ VZLWFKLQJ IURP D KLJK

YROWDJH LQWR D ODUJH FXUUHQW�

,I WKH JDWH LV GULYHQ DW WZR WR WKUHH WLPHV WKH PLQLPXP DPSOLWXGH UHTXLUHG IRU WULJJHULQJ� WKH MLWWHU� RU

YDULDWLRQ RI VZLWFKLQJ WLPH IURP RQH F\FOH WR WKH QH[W� LV XVXDOO\ OHVV WKDQ � µVHF DW FRQVWDQW WHPSHUDWXUH�

6LPSOH 5HVLVWRU DQG 5& 7ULJJHU &LUFXLWV

5HSHDWDELOLW\ RYHU D WHPSHUDWXUH UDQJH VRPHWLPHV UHTXLUHV ILQGLQJ WKH VLPSOHVW DQG PRVW HFRQRPLFDO

PHDQV IRU WULJJHULQJ DQ 6&5 ZKHQ VRPH SHUIRUPDQFH FRPSURPLVH FDQ EH PDGH�

)LJXUHV ���� DQG ���� VKRZ D VLPSOH PHWKRG RI REWDLQLQJ JDWH FXUUHQW IRU WULJJHULQJ WKH 6&5

�)LJXUHV ���� DQG ���� IRU WULDFV� IURP WKH PDLQ $& VXSSO\ ZKHQHYHU WKH DQRGH LV SRVLWLYH ZLWK UHVSHFW WR

WKH FDWKRGH� 7KH DQRGH YROWDJH GURSV WR WKH FRQGXFWLRQ YDOXH DQG WKH JDWH FXUUHQW GHFUHDVHV WR ]HUR DV

VRRQ DV WKH 6&5 WULJJHUV� 5HVLVWRU 5 OLPLWV WKH SHDN JDWH FXUUHQW� 3URYLGH WKH GLRGH LQ WKH JDWH FLUFXLW WR

SUHYHQW UHYHUVH YROWDJH EHWZHHQ FDWKRGH DQG JDWH GXULQJ WKH UHYHUVH SDUW RI WKH F\FOH� ,W LV SRVVLEOH WR

FRQQHFW WKH GLRGH EHWZHHQ JDWH DQG FDWKRGH UDWKHU WKDQ LQ VHULHV ZLWK 5� ,QLWLDWH FRQGXFWLRQ E\ FORVLQJ

FRQWDFW 6� LQ )LJXUH ���� RU E\ RSHQLQJ FRQWDFW 6� �)LJXUH ������ ,QWHUUXSWLRQ RI ORDG FXUUHQW RFFXUV

ZLWKLQ RQH�KDOI F\FOH DIWHU RSHQLQJ 6� RU FORVLQJ 6� GXH WR OLQH YROWDJH UHYHUVDO�

)LJXUH ���� 6WDWLF 6ZLWFKHV ² )XOO�ZDYH 75,$&�

6HULHV *DWH 6ZLWFK

)LJXUH ���� 6WDWLF 6ZLWFKHV ² +DOI�ZDYH 6&5�

6HULHV *DWH 6ZLWFK
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 6WDWLF 6ZLWFKHV ² )XOO�ZDYH 7ULDF�

*DWH 6KXQW 6ZLWFK

)LJXUH ���� 6WDWLF 6ZLWFKHV ² +DOI�ZDYH 6&5�

*DWH 6KXQW 6ZLWFK

6LPSOH UHVLVWRU�FDSDFLWRU�GLRGH FRPELQDWLRQV WULJJHU DQG FRQWURO 6&5V RYHU WKH IXOO ��� HOHFWULFDO GHJUHH

UDQJH� SHUIRUPLQJ ZHOO DW FRPPHUFLDO WHPSHUDWXUHV� 7KHVH W\SHV RI FLUFXLWV RSHUDWH PRVW VDWLVIDFWRULO\

ZKHQ 6&5V KDYH IDLUO\ VWURQJ JDWH VHQVLWLYLWLHV� 6LQFH LQ D VFKHPH RI WKLV W\SH D UHVLVWRU PXVW VXSSO\ DOO

RI WKH JDWH GULYH UHTXLUHG WR WXUQ RQ WKH 6&5� WKH OHVV VHQVLWLYH WKH JDWH� WKH ORZHU WKH UHVLVWDQFH PXVW

EH� DQG WKH JUHDWHU WKH SRZHU UDWLQJ� 7KH VDPH DSSOLHV IRU WULDFV DV VKRZQ LQ )LJXUHV ���� DQG �����

)LJXUHV ���� DQG ���� VKRZ D YHU\ VLPSOH YDULDEOH UHVLVWDQFH KDOI�ZDYH FLUFXLW� ,W SURYLGHV SKDVH UHWDUG

IURP HVVHQWLDOO\ ]HUR �6&5 IXOO ³RQ´� WR �� HOHFWULFDO GHJUHHV RI WKH DQRGH YROWDJH ZDYH �6&5 KDOI ³RQ´��

'LRGH &5� EORFNV UHYHUVH JDWH YROWDJH RQ WKH QHJDWLYH KDOI�F\FOH RI DQRGH VXSSO\ YROWDJH� ,W LV

QHFHVVDU\ WR UDWH EORFNLQJ WR DW OHDVW WKH SHDN YDOXH RI WKH $& VXSSO\ YROWDJH� 'R QRW H[WHQG WKH UHWDUG

DQJOH EH\RQG WKH ���GHJUHH SRLQW EHFDXVH WKH WULJJHU FLUFXLW VXSSO\ YROWDJH DQG WKH WULJJHU YROWDJH

SURGXFLQJ WKH JDWH FXUUHQW WR ILUH ,*) DUH LQ SKDVH� :KHQ ($&  (P� DW WKH SHDN RI WKH $& VXSSO\ YROWDJH�

WKH 6&5 FDQ VWLOO WULJJHU ZLWK WKH PD[LPXP YDOXH RI UHVLVWDQFH EHWZHHQ DQRGH DQG JDWH� 'R QRW GHOD\

WKH FRQGXFWLRQ EH\RQG �� HOHFWULFDO GHJUHHV ZLWK WKLV FLUFXLW VLQFH WKH 6&5 WULJJHUV DQG ODWFKHV LQWR

FRQGXFWLRQ XSRQ UHDFKLQJ ,*7 WKH ILUVW WLPH�

)LJXUH ���� 6LPSOH +DOI�ZDYH 9DULDEOH 5HVLVWRU 3KDVH &RQWURO �/LPLWHG 5DQJH RI &RQWURO� ² &LUFXLW 6FKHPDWLF
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6LPSOH 5HVLVWRU DQG 5& 7ULJJHU &LUFXLWV
)LJXUH ���� 6LPSOH +DOI�ZDYH 9DULDEOH 5HVLVWRU 3KDVH &RQWURO �/LPLWHG 5DQJH RI &RQWURO� ² 7UDQVIHU )XQFWLRQ

)LJXUH ���� VKRZV D JUDSK RI WKH WUDQVIHU IXQFWLRQ RI WKLV FLUFXLW EDVHG RQ FKRRVLQJ WKH SRWHQWLRPHWHU 5

VR WKDW WKH 6&5 MXVW GRHV QRW ILUH DW WKH PD[LPXP VHWWLQJ� 7KH WUDQVIHU IXQFWLRQ LV YHU\ QRQ�OLQHDU DQG WKH

UHSHDWLELOLW\ RI VHWWLQJ LV QRW SRVVLEOH HLWKHU ZLWK GLIIHUHQW 6&5V RU ZLWK WHPSHUDWXUH GXH WR ,*7 YDULDWLRQ�

)LJXUHV ���� DQG ���� VKRZ DQ 5�&�'LRGH FLUFXLW JLYLQJ IXOO KDOI�F\FOH FRQWURO ���� HOHFWULFDO GHJUHHV��

2Q WKH SRVLWLYH KDOI�F\FOH RI 6&5 DQRGH YROWDJH WKH FDSDFLWRU FKDUJHV WR WKH WULJJHU SRLQW RI WKH 6&5 LQ D

WLPH GHWHUPLQHG E\ WKH 5& WLPH FRQVWDQW DQG WKH ULVLQJ DQRGH YROWDJH� 7KH WRS SODWH RI WKH FDSDFLWRU

FKDUJHV WR WKH SHDN RI WKH QHJDWLYH YROWDJH F\FOH WKURXJK GLRGH &5� RQ WKH QHJDWLYH KDOI�F\FOH� UHVHWWLQJ

LW IRU WKH QH[W FKDUJLQJ F\FOH�

)LJXUH ���� 6LPSOH +DOI�ZDYH 5&�GLRGH 3KDVH &RQWURO �)XOO ���� &RQWURO 5DQJH� ² &LUFXLW 6FKHPDWLF
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV

A
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$& 7K\UDWURQ�W\SH 3KDVH 6KLIW 7ULJJHU &LUFXLWV
)LJXUH ���� 7KUHH�7HUPLQDO� )XOO�ZDYH� 5&�GLRGH 6ODYLQJ &LUFXLW IRU )XOO�ZDYH 3KDVH &RQWURO

$& 7K\UDWURQ�W\SH 3KDVH 6KLIW 7ULJJHU &LUFXLWV

)LJXUH ���� LOOXVWUDWHV D IXOO�ZDYH SKDVH�FRQWUROOHG UHFWLILHU HPSOR\LQJ DQ 5�& RU 5�/ SKDVH VKLIW QHWZRUN

WR GHOD\ WKH JDWH VLJQDO ZLWK UHVSHFW WR WKH DQRGH YROWDJH RQ WKH 6&5V� 7K\UDWURQV XVH PDQ\

DGDSWDWLRQV RI WKLV W\SH RI SKDVH VKLIW FLUFXLW�

)LJXUH ���� 5�& RU 5�/ 3KDVH 6KLIW 1HWZRUN &RQWURO RI 6LQJOH 3KDVH %ULGJH 2XWSXW

SLAVE

120 VAC
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LOAD
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
:KHQ XVLQJ PRVW 6&5V� REVHUYH WKH IROORZLQJ FULWHULD WR SURYLGH WKH PD[LPXP UDQJH RI SKDVH VKLIW DQG

SRVLWLYH WULJJHULQJ RYHU WKH SDUWLFXODU 6&5V WHPSHUDWXUH UDQJH ZLWKRXW H[FHHGLQJ WKH JDWH YROWDJH DQG

FXUUHQW OLPLWDWLRQV�

� 3HDN YDOXH RI 9& ! �� YROWV

� RU ZKHUH

&  FDSDFLWDQFH LQ IDUDGV

/  LQGXFWDQFH LQ KHQULHV

9&  SHDN HQG�WR�HQG VHFRQGDU\ YROWDJH RI FRQWURO WUDQVIRUPHU

I  IUHTXHQF\ RI SRZHU V\VWHP

� ZKHUH 56  VHULHV UHVLVWDQFH LQ RKPV

� RU

%HFDXVH RI WKH IUHTXHQF\ GHSHQGHQFH RI WKLV W\SH RI SKDVH VKLIW FLUFXLW� WKH VHOHFWLRQ RI DGHTXDWH / RU &

FRPSRQHQWV EHFRPHV HDVLHU DW KLJKHU RSHUDWLQJ IUHTXHQFLHV�

6DWXUDEOH 5HDFWRU 7ULJJHU &LUFXLWV

6DWXUDEOH UHDFWRUV FDQ SURYLGH D IDLUO\ VWHHS ZDYHIURQW RI JDWH FXUUHQW WRJHWKHU ZLWK D FRQYHQLHQW PHDQV

RI FRQWURO IURP D ORZ�OHYHO '& RU $& VLJQDO� 7KLV W\SH RI FRQWURO LV DGDSWDEOH WR IHHGEDFN V\VWHPV DQG

SURYLGHV WKH DGGLWLRQDO DGYDQWDJH RI PXOWLSOH� HOHFWULFDOO\�LVRODWHG LQSXWV DQG RXWSXWV IRU PRUH FRPSOH[

FLUFXLWV�

&RQWLQXRXVO\ 9DULDEOH &RQWURO

)LJXUH ���� VKRZV D W\SLFDO KDOI�ZDYH PDJQHWLF DPSOLILHU�W\SH WULJJHU FLUFXLW� 2EWDLQ WKH JDWH VLJQDO IRU

WULJJHULQJ WKH 6&5 IURP ZLQGLQJ ��� RI WUDQVIRUPHU 7�� 7KH ZLQGLQJ ��� RI 7� SUHVHQWV D KLJK LPSHGDQFH

WR WKH JDWH VLJQDO ZKHQ WKH FRUH RI 7� LV XQVDWXUDWHG VR WKDW RQO\ D VPDOO YROWDJH GHYHORSV DFURVV 5��

:KHQ WKH FRUH RI 7� VDWXUDWHV� WKH LPSHGDQFH RI ZLQGLQJ ��� RI 7� GHFUHDVHV E\ VHYHUDO RUGHUV RI

PDJQLWXGH VR WKDW D ODUJH YROWDJH DSSHDUV DW WKH JDWH RI WKH 6&5� FDXVLQJ LW WR WULJJHU� 5HVLVWRU 5� OLPLWV

WKH JDWH FXUUHQW WR WKH UDWHG YDOXH DQG UHVLVWRU 5� OLPLWV WKH JDWH YROWDJH SURGXFHG E\ WKH PDJQHWL]LQJ

FXUUHQW RI ZLQGLQJ ��� RI 7� VR WKDW WKH 6&5 GRHV QRW WULJJHU EHIRUH WKH FRUH RI 7� VDWXUDWHV� 'LRGH &5�
VHUYHV WKH GXDO SXUSRVH RI SUHYHQWLQJ D UHYHUVH YROWDJH RQ WKH JDWH RI WKH 6&5 DQG SUHYHQWLQJ DQ\

UHYHUVH FXUUHQW WKURXJK ZLQGLQJ ��� ZKLFK ZRXOG SURGXFH DQ XQGHVLUHG UHVHW RI WKH FRUH 7��
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6DWXUDEOH 5HDFWRU 7ULJJHU &LUFXLWV
)LJXUH ���� 7\SLFDO +DOI�ZDYH 0DJQHWLF 7ULJJHU &LUFXLW

&RQWURO VLJQDOV FDQ EH DSSOLHG WR HLWKHU LQSXW � RU LQSXW � RU ERWK� ,QSXW � RSHUDWHV LQ WKH UHVHW PRGH E\

FRQWUROOLQJ WKH UHVHW YROWDJH RQ ZLQGLQJ ��� RI 7� GXULQJ WKH QHJDWLYH KDOI�F\FOH� 7KH VHWWLQJ RI WKH

SRWHQWLRPHWHU 5� GHWHUPLQHV WKH DPRXQW RI UHVHW RI WKH FRUH GXULQJ WKH QHJDWLYH KDOI�F\FOH� ZKLFK LQ WXUQ

GHWHUPLQHV WKH SKDVH DQJOH RI WKH 6&5 FRQGXFWLRQ GXULQJ WKH SRVLWLYH KDOI�F\FOH� XVH RWKHU FRQWURO

FLUFXLWV� VXFK DV D WUDQVLVWRU DPSOLILHU VWDJH� LQ SODFH RI 5�� 6LQFH ZLQGLQJ ��� RI 7� IXUQLVKHV SRZHU�

DX[LOLDU\ SRZHU VXSSO\ LV QRW QHFHVVDU\� ,QSXW � RSHUDWHV LQ WKH 00) �PDJQHWRPRWLYH IRUFH� PDGH E\

FRQWUROOLQJ WKH FXUUHQW WKURXJK WKH ZLQGLQJ ��� DQG WKH FRUH IOX[ OHYHO� ZKLFK LQ WXUQ GHWHUPLQHV WKH WULJJHU

DQJOH� 7KH FXUUHQW IRU LQSXW � UHTXLUHV DQ H[WHUQDO SRZHU VXSSO\ RU D FXUUHQW�JHQHUDWLQJ WUDQVGXFHU�

$GG PRUH RXWSXW ZLQGLQJV WR 7� IRU WULJJHULQJ VHYHUDO 6&5V LQ SDUDOOHO RU LQ VHULHV� $OVR� LW LV SRVVLEOH WR

DGG PRUH FRQWURO ZLQGLQJV RI WKH UHVHW RU 00) W\SH WR 7�� &RPELQLQJ WZR RU PRUH KDOI�ZDYH FLUFXLWV

DFKLHYHV IXOO�ZDYH DQG PXOWLSOH�SKDVH RSHUDWLRQ�

2Q�2II 0DJQHWLF 7ULJJHU &LUFXLWV

0DJQHWLF WULJJHU FLUFXLWV GHVLJQHG IRU SKDVH FRQWURO DSSOLFDWLRQV �VKRZQ LQ )LJXUH ����� UHTXLUH WKH XVH

RI VDWXUDEOH FRUHV ODUJH HQRXJK WR DOORZ WKH RXWSXW ZLQGLQJ WR VXVWDLQ WKH JDWH YROWDJH VLJQDO IRU D IXOO

KDOI�F\FOH ZLWKRXW VDWXUDWLQJ� 7KH PDJQHWLF WULJJHU FLUFXLWV VKRZQ LQ )LJXUHV ���� DQG ���� SHUPLW WKH XVH

RI VPDOOHU DQG OHVV H[SHQVLYH FRUHV IRU VLPSOH RQ�RII FRQWURO VLQFH VXVWDLQLQJ WKH JDWH YROWDJH VLJQDO IRU

D IXOO KDOI�F\FOH GRHV QRW UHTXLUH RXWSXW ZLQGLQJ� ,Q DGGLWLRQ� WKHVH FLUFXLWV KDYH WKH DGYDQWDJH RI QRW

UHTXLULQJ WKH XVH RI DQ DX[LOLDU\ VXSSO\ WUDQVIRUPHU�
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� +DOI�ZDYH 2Q�2II 0DJQHWLF 7ULJJHU

&LUFXLWV ²6KXQW &RQILJXUDWLRQ

)LJXUH ���� +DOI�ZDYH 2Q�2II 0DJQHWLF 7ULJJHU

&LUFXLWV ² 6HULHV &RQILJXUDWLRQ

)LJXUH ���� VKRZV RQH ZLQGLQJ RI VDWXUDEOH WUDQVIRUPHU 7� FRQQHFWHG LQ VKXQW ZLWK WKH JDWH RI 6&5�� ,I

7� LV XQVDWXUDWHG� WKH FXUUHQW WKURXJK 5�� 5� DQG &5� IORZV LQWR WKH JDWH RI 6&5� GXULQJ WKH ILUVW SDUW RI

WKH SRVLWLYH KDOI�F\FOH DQG FDXVHV 6&5� WR WXUQ RQ� ,I 7� LV VDWXUDWHG� WKH FXUUHQW WKURXJK 5�� 5� DQG &5�

GLYHUWV IURP WKH JDWH E\ WKH ORZ VDWXUDWHG LPSHGDQFH RI WKH ZLQGLQJ RI 7�� :KHQ 7� LV VDWXUDWHG� LW FDQ

EH UHVHW� DQG WKH 6&5 FDQ EH PDGH WR WULJJHU E\ D SRVLWLYH YROWDJH RQ WKH VLJQDO LQSXW� &DSDFLWRU &�

SURYLGHV ILOWHULQJ IRU WKH JDWH VLJQDO WR SUHYHQW XQGHVLUHG WULJJHULQJ GXH WR IDVW WUDQVLHQWV RQ WKH $&

VXSSO\�

)LJXUH ���� VKRZV RQH ZLQGLQJ RI VDWXUDEOH WUDQVIRUPHU 7� FRQQHFWHG LQ VHULHV ZLWK FDSDFLWRU &� DQG WKH

JDWH RI 6&5�� ,I 7� LV XQVDWXUDWHG� WKH FXUUHQW WKURXJK 5� DQG &5� FKDUJHV &� GXULQJ WKH LQLWLDO SDUW RI

WKH SRVLWLYH KDOI�F\FOH� 7� VDWXUDWHV DIWHU D IHZ GHJUHHV RI WKH SRVLWLYH KDOI�F\FOH DQG SHUPLWV D UDSLG

GLVFKDUJH RI &� LQWR WKH JDWH RI 6&5�� FDXVLQJ 6&5� WR WULJJHU� ,I 7� LV LQLWLDOO\ VDWXUDWHG DW WKH EHJLQQLQJ

RI WKH SRVLWLYH KDOI�F\FOH� WKH ZLQGLQJ RI 7� GLYHUWV WKH FXUUHQW IURP &� DQG SUHYHQWV &� IURP EHLQJ

FKDUJHG� 5HVLVWRU 5� SUHYHQWV WKH YROWDJH DW WKH JDWH RI 6&5� SURGXFHG E\ WKH FXUUHQW WKURXJK 5� IURP

H[FHHGLQJ WKH PD[LPXP JDWH YROWDJH WKDW ZLOO QRW WULJJHU WKH 6&5� :KHQ 7� LV VDWXUDWHG� LW FDQ EH UHVHW

DQG WKH 6&5 FDQ EH PDGH WR WULJJHU E\ D SRVLWLYH YROWDJH DW WKH VLJQDO LQSXW�

7KH FLUFXLWV VKRZQ LQ )LJXUHV ���� DQG ���� SHUPLW WKH 6&5 WR SHUIRUP WKH IXQFWLRQ RI DQ $& FRQWDFWRU

ZLWK DQ LVRODWHG '& FRQWURO ZLQGLQJ� 0RGLILFDWLRQV RI WKHVH FLUFXLWV SHUPLW IXOO�ZDYH RSHUDWLRQ ZLWK

QRUPDOO\ RSHQ� QRUPDOO\ FORVHG� RU ODWFKLQJ RSHUDWLRQ�
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������
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6DWXUDEOH 5HDFWRU 7ULJJHU &LUFXLWV
7KH IROORZLQJ WDEOH VXPPDUL]HV WKH SURV DQG FRQV RI XVLQJ YDULRXV JDWH WHUPLQDWLRQV�

*DWH 7HUPLQDWLRQ 3ULPDU�\ 3XUSRVH 5HODWHG (IIHFWV

*DWH�&DWKRGH 5HVLVWDQFH ��� ,QFUHDVH GY�GW FDSDELOLW\

���.HHS JDWH FODPSHG WR DVVXUH
9)% FDSDELOLW\

��� /RZHUV WRII WLPH

5DLVHV WKH GHYLFH ODWFKLQJ DQG
KROGLQJ FXUUHQW

*DWH�&DWKRGH &DSDFLWDQFH ��� ,QFUHDVH GY�GW FDSDELOLW\

���5HPRYH KLJK IUHTXHQF\ QRLVH

��� ,QFUHDVHV GHOD\ WLPH

��� ,QFUHDVHV WXUQ�RQ LQWHUYDO

��� /RZHUV JDWH VLJQDO ULVH WLPH

��� /RZHUV GL�GW FDSDELOLW\

��� ,QFUHDVHV WRII WLPH

*DWH�&DWKRGH ,QGXFWDQFH ���'HFUHDVH '& JDWH VHQVLWLYLW\

���'HFUHDVH WRII WLPH

���1HJDWLYH JDWH FXUUHQW LQFUHDVHV
KROGLQJ FXUUHQW DQG FDXVHV JDWH
DUHD WR GURS RXW RI FRQGXFWLRQ

��� ,Q SXOVH JDWLQJ WKH JDWH VLJQDO
WDLO PD\ FDXVH WKH GHYLFH WR GURS
RXW RI FRQGXFWLRQ

*DWH�&DWKRGH /& 5HVRQDQW &LUFXLW )UHTXHQF\ VHOHFWLRQ 8QOHVV FLUFXLW LV ³GDPSHG´ WKH
SRVLWLYH DQG QHJDWLYH JDWH FXUUHQW
PD\ LQKLELW FRQGXFWLRQ RU EULQJ
DERXW VSRUDGLF DQRGH FXUUHQW

5HYHUVH 'LRGH ���6XSSO\ UHYHUVH ELDV LQ RII SHULRG

���3URWHFW JDWH DQG JDWH VXSSO\ IRU
UHYHUVH WUDQVLHQWV

��� /RZHUV WRII WLPH

,VRODWHV WKH JDWH LI KLJK LPSHGDQFH
VLJQDO VRXUFH LV XVHG Z�R VXVWDLQHG
GLRGH FXUUHQW LQ WKH QHJDWLYH F\FOH
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV

FKDUJLQJ D FDSDFLWRU LQWR WKH WK

FLUFXLW E\ PHDQV RI D QHJDWLYH UHVLVWDQFH FKD

DFKLHYH Q

FRQGXFWLQJ RU QRQ�FRQGXFWLQJ VWDWHV�

FRQVLGHU WKH HOHPHQWDU\ UHOD[DWLRQ RVFLOODWRU

FLUFXLW VKRZQ LQ )LJXUH ���� XVLQJ D WULJJHU GHYLFH ZLWK YROWDJH WR VZLWFK 9

6HULHV =HQHU

GL�GW UDWLQJ

��� ,VRODWHV WKH JDWH

&DSDFLWLYH &RXSOLQJ ,VRODWH JDWH FLUFXLW '& FRPSRQHQW ,Q QDUURZ JDWH SXOVHV DQG ORZ

LPSHGDQFH VRXUFHV WKH ,

LV

IROORZHG E\ UHYHUVH JDWH VLJQDOV
ZKLFK PD\ LQKLELW FRQGXFWLRQ
6HPLFRQGXFWRU 7ULJJHU�3XOVH *HQHUDWRUV

7KH VLPSOH UHVLVWRU DQG FDSDFLWRU�WULJJHULQJ FLUFXLWV GHSHQG KHDYLO\ RQ WKH VSHFLILF WULJJHULQJ

FKDUDFWHULVWLF RI HDFK 6&5 XVHG� ,Q DGGLWLRQ� WKH SRZHU OHYHO LQ WKH FRQWURO FLUFXLW LV KLJK EHFDXVH WKH

HQWLUH WULJJHULQJ FXUUHQW PXVW IORZ WKURXJK WKH UHVLVWDQFH� )XUWKHUPRUH� WKH\ GR QRW UHDGLO\ OHQG

WKHPVHOYHV WR DXWRPDWLF� VHOI�SURJUDPPHG� RU IHHGEDFN FRQWURO V\VWHPV�

2Q WKH RWKHU KDQG SXOVH WULJJHULQJ FDQ DFFRPPRGDWH ZLGH WROHUDQFHV LQ WULJJHULQJ FKDUDFWHULVWLFV E\

RYHUGULYLQJ WKH JDWH� 6LQFH WKH UHTXLUHG WULJJHULQJ HQHUJ\ �,*7 9*7 W� FDQ EH VWRUHG VORZO\� WKHQ

GLVFKDUJHG UDSLGO\ DW WKH GHVLUHG LQVWDQW RI WULJJHULQJ WKH SRZHU OHYHO LQ SXOVH FRQWURO FLUFXLWV PD\ DOVR EH

TXLWH ORZ� 7KH XVH RI SXOVH WULJJHULQJ HQDEOHV VPDOO� ORZ�SRZHU� VLJQDO�W\SH FRPSRQHQWV DQG WUDQVGXFHUV

WR FRQWURO ODUJH� KLJK�FXUUHQW WK\ULVWRUV�

:KLOH D PXOWLWXGH RI VHPLFRQGXFWRUV DQG FLUFXLWV FDQ SURGXFH DGHTXDWH WULJJHULQJ SXOVHV� WKLV FKDSWHU

SUHVHQWV RQO\ WKRVH PRVW DGHSW DW SHUIRUPLQJ WKLV IXQFWLRQ�

%DVLF 5HOD[DWLRQ 2VFLOODWLRQ &ULWHULD

0RVW GHYLFHV XVHG WR SURGXFH WULJJHU SXOVHV �VXFK DV WKH XQLMXQFWLRQ WUDQVLVWRU� GLDF WULJJHU GLRGH� WKH

WFKHV� SURJUDPPDEOH XQLMXQFWLRQ WUDQVLVWRUV� QHRQ ODPSV� DQG VR RQ�

\ULVWRU JDWH� 7KH\ IXQFWLRQ LQ D EDVLF UHOD[DWLRQ RVFLOODWRU

� FXUUHQW WR VZLWFK , � KROGLQJ

+ +

'HFUHDVH WKUHVKROG VHQVLWLYLW\ ���$IIHFWV JDWH VLJQDOULVH WLPH DQG

J W
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP

UDFWHULVWLF� 6SHFLILFDWLRQV IRU WKHVH GHYLFHV XVXDOO\ LQFOXGH

HJDWLYH UHVLVWDQFH ZKHQ DSSURDFKHG IURP HLWKHU WKH
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6HPLFRQGXFWRU 7ULJJHU�3XOVH *HQHUDWRUV
ZLWK ORDG OLQHV UHSUHVHQWLQJ 5� DQG 5�� ,I 5� LQFUHDVHV WR WKH PD[LPXP YDOXH WKDW VXVWDLQV RVFLOODWLRQV�

LWV ORDG OLQH LQWHUVHFWV WKH GHYLFH FXUYH DW D SRLQW ��� ZKHUH WKH QHJDWLYH UHVLVWDQFH VORSH RI WKH GHYLFH

FXUYH LV HTXDO WR WKH ORDG OLQH IRU 5�� 7KLV SRLQW ��� LV YHU\ FORVH WR ,6 DQG 96� EXW QRW TXLWH WKH VDPH VLQFH

WKH VSHFLILFDWLRQ RI WKHVH YDOXHV LV DW WKH SRLQW ZKHUH WKH VORSH RI WKH FXUYH LV YHUWLFDO� UHSUHVHQWLQJ ]HUR

G\QDPLF UHVLVWDQFH�

8SRQ UHDFKLQJ WULJJHULQJ SRLQW ���� WKH RSHUDWLQJ SRLQW WUDQVIHUV WR SRLQW ���� GLVFKDUJLQJ WKH FDSDFLWRU

ZLWK D SHDN SXOVH FXUUHQW LS DQG SURGXFLQJ D SHDN SXOVH YROWDJH HS DFURVV WKH ORDG UHVLVWRU 5� �LQFOXGLQJ

WKH WK\ULVWRU JDWH LPSHGDQFH�� 7KH GLVFKDUJH RI WKH FDSDFLWRU IROORZV WKH GHYLFH FXUYH IURP SRLQW ��� WR

SRLQW ���� ZKHUH WKH QHJDWLYH UHVLVWDQFH VORSH LV RQFH DJDLQ WDQJHQWLDO ZLWK WKH 5� ORDG OLQH� 7KH

RSHUDWLRQ WKHQ WUDQVIHUV IURP SRLQW ��� WR SRLQW ���� WKH FDSDFLWRU UH�FKDUJHV WKURXJK 5� DQG WKH

RVFLOODWLRQ FRQWLQXHV�

&KDQJLQJ WKH PLQLPXP YDOXH RI 5� VXVWDLQV RVFLOODWLRQ� DQG LWV QHZ ORDG OLQH LQWHUVHFWV WKH GHYLFH FXUYH

DW SRLQW ���� $Q\ VPDOOHU YDOXH FDXVHV WKH GHYLFH WR UHPDLQ FRQGXFWLQJ DW VRPH VWDEOH RSHUDWLQJ SRLQW

EHWZHHQ ��� DQG ���� ,QFUHDVLQJ 5� EH\RQG WKH PD[LPXP RVFLOODWLQJ YDOXH FDXVHV RSHUDWLRQ WR FHDVH DW

VRPH SRLQW EHWZHHQ ��� DQG WKH RULJLQ�

)LJXUH ���� %DVLF 5HOD[DWLRQ 2VFLOODWRU &LUFXLW )LJXUH ���� %DVLF 5HOD[DWLRQ 2VFLOODWRU

&KDUDFWHULVWLFV

$ YHU\ LPSRUWDQW IDFWRU QRW DSSDUHQW LQ )LJXUHV ���� DQG ����� DQG RIWHQ QRW VSHFLILHG IRU D GHYLFH� LV

VZLWFKLQJ WLPH� RU ULVH WLPH� $ GHYLFH ZKLFK VORZO\ VZLWFKHV IURP SRLQW ��� WR SRLQW ��� QHYHU JHWV WR SRLQW

��� VLQFH LW LV GLVFKDUJLQJ WKH FDSDFLWRU DV LW JRHV DQG UHDFKHV WKH GHYLFH FXUYH VRPHZKHUH EHWZHHQ

SRLQWV ��� DQG ���� 7KLV VZLWFKLQJ WLPH FDQ EH D OLPLWLQJ IDFWRU LI LW LV D VLJQLILFDQW IUDFWLRQ RI WKH GLVFKDUJH

WLPH�FRQVWDQW� 5�&�

7KH PDJQLWXGH RI SXOVH YROWDJH HS DQG SXOVH FXUUHQW LS DSSHDULQJ DW WKH ORDG �UHVLVWRU 5� LQ WKLV FLUFXLW� LV

GHSHQGHQW XSRQ WKH FKDUDFWHULVWLF FXUYH RI WKH GHYLFH DQG UHODWLRQ EHWZHHQ LWV VZLWFKLQJ WLPH DQG WKH

GLVFKDUJH WLPH�FRQVWDQW� 5�&� 7KH SHDN SXOVH YROWDJH HS LV VLPSO\ WKH GLIIHUHQFH EHWZHHQ WKH VZLWFKLQJ

YROWDJH 96 DQG WKH FRQGXFWLRQ YROWDJH GURS 9) IRU YDOXHV RI 5�& ODUJH LQ FRPSDULVRQ ZLWK WKH VZLWFKLQJ

WLPH RI WKH GHYLFH� )LQG WKH SHDN SXOVH FXUUHQW XQGHU WKLV FRQGLWLRQ IURP WKH LQWHUVHFWLRQ RI WKH 5� ORDG

OLQH� DQG WKH FKDUDFWHULVWLF FXUYH�

TRIGGER
DEVICE
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
7KH HIIHFWLYH GHYLFH UHVLVWDQFH GXULQJ VZLWFKLQJ ZKHQ 5�& LV VPDOOHU UHGXFHV ERWK HS DQG LS�

DSSURDFKLQJ WKH VZLWFKLQJ WLPH� 5HGXFLQJ SHDN FXUUHQW� DQG H[WHQGLQJ WKH SXOVH WLPH DFFRUGLQJO\�

GHFUHDVHV WKH SUREDELOLW\ RI WULJJHULQJ D WK\ULVWRU�

6LQFH WKH HIIHFW RI VZLWFKLQJ WLPH LV QRW UHDGLO\ DSSDUHQW IURP WKH FKDUDFWHULVWLF FXUYH� GHYLFHV LQWHQGHG

IRU WK\ULVWRU WULJJHULQJ JHQHUDOO\ VSHFLI\ WKH SHDN SXOVH YROWDJH DFURVV 5� �ZKHUH WKH YDOXH RI 5� LV

FKRVHQ WR UHSUHVHQW W\SLFDO JDWH LPSHGDQFH� ZKHQ GLVFKDUJLQJ D JLYHQ VL]H FDSDFLWRU W\SLFDO IRU LWV

DSSOLFDWLRQ�

7KH IROORZLQJ WDEOH VKRZV WKH FRUUHODWLRQ RI WKH SDUDPHWHU WHUPLQRORJLHV XVHG LQ YDULRXV VZLWFKLQJ

GHYLFHV ZLWK WKH SRLQWV RQ WKH JHQHUDO FKDUDFWHULVWLF FXUYH�

8QLMXQFWLRQ 7UDQVLVWRU �8-7�

7KH 8-7 KDV WKUHH WHUPLQDOV�

� (PLWWHU �(�

� %DVH�RQH �%��

� %DVH�WZR �%��

%HWZHHQ %� DQG %� WKH XQLMXQFWLRQ KDV WKH FKDUDFWHULVWLFV RI DQ RUGLQDU\ UHVLVWDQFH� 7KLV UHVLVWDQFH LV

WKH LQWHUEDVH UHVLVWDQFH �5%%� DQG DW ���& KDV YDOXHV LQ WKH UDQJH IURP ���. WR ���.�

7HUPLQRORJ\ RQ
)LJXUHV ����
DQG ����

8QLODWHUDO 'HYLFHV %LODWHUDO 'HYLFHV

8-7 686 387 6%6 67� ',$& 1HRQ 676

96 93 
 96 93 
 96 96 9�%2� 9I 96

,6 ,3 ,6 ,3 
 ,6 ,6 ,�%2� ,6

9+ 9) 9+ 99 
 9+ 9R

,+ ,9 
 ,+ ,9 
 ,+ ,+

HS 9�%� 92 HS 92 92 HS 92

LS LS


 'HWHUPLQHG H[WHUQDOO\ E\ FLUFXLW
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP



6HPLFRQGXFWRU 7ULJJHU�3XOVH *HQHUDWRUV
)LJXUH ���� �1���� 8QLMXQFWLRQ 7UDQVLVWRU 6\PERO DQG (PLWWHU ,QSXW &KDUDFWHULVWLFV

)LJXUH ���� VKRZV WKH QRUPDO ELDVLQJ FRQGLWLRQV IRU D W\SLFDO 8-7� ,I WKH HPLWWHU YROWDJH 9( LV OHVV WKDQ

WKH HPLWWHU SHDN SRLQW YROWDJH 93� WKH HPLWWHU LV UHYHUVH ELDVHG DQG RQO\ D VPDOO UHYHUVH OHDNDJH FXUUHQW

,(2 IORZV� :KHQ 9( HTXDOV 93 DQG WKH HPLWWHU FXUUHQW ,( LV JUHDWHU WKDQ WKH SHDN SRLQW FXUUHQW ,3� WKH 8-7

WXUQV RQ� 7KH UHVLVWDQFH EHWZHHQ WKH HPLWWHU DQG %� LV YHU\ ORZ� DQG WKH VHULHV UHVLVWDQFH RI WKH HPLWWHU

WR %� H[WHUQDO FLUFXLW LQ WKH RQ FRQGLWLRQ SULPDULO\ OLPLWV WKH HPLWWHU FXUUHQW�

7KH SHDN SRLQW YROWDJH RI WKH 8-7 YDULHV LQ SURSRUWLRQ WR WKH LQWHUEDVH YROWDJH 9%%�

ZKHUH SDUDPHWHU η  WKH LQWULQVLF VWDQGRII UDWLR

7KH YDOXH RI η OLHV EHWZHHQ ���� DQG ����� DQG WKH YROWDJH 9' �WKH HTXLYDOHQW HPLWWHU GLRGH YROWDJH� LV

DSSUR[LPDWHO\ �� YROW DW ���& GHSHQGLQJ RQ WKH SDUWLFXODU W\SH RI 8-7� 93 GHFUHDVHV ZLWK WHPSHUDWXUH�

WKH WHPSHUDWXUH FRHIILFLHQW EHLQJ DERXW ��P9��& IRU WKH �1������� ���P9��& IRU �1��� VHULHV�� 7KH

YDULDWLRQ RI WKH SHDN SRLQW YROWDJH ZLWK WHPSHUDWXUH PD\ EH DVFULEHG WR WKH FKDQJH LQ 9' �DOVR η IRU

�1������� VHULHV�� ,W LV SRVVLEOH WR FRPSHQVDWH IRU WKLV WHPSHUDWXUH FKDQJH E\ XVLQJ WKH SRVLWLYH

WHPSHUDWXUH FRHIILFLHQW 5%%� :KHQ FKRRVLQJ UHVLVWRU 5%� FRUUHFWO\� WKLV LQFUHDVH LQ 9%% FRPSHQVDWHV IRU

WKH GHFUHDVH LQ 93 LQ WKH DERYH HTXDWLRQ LI UHVLVWRU 5%� LV FKRVHQ FRUUHFWO\� 2YHU D WHPSHUDWXUH UDQJH RI

����& WR ����&� WKH IROORZLQJ HTXDWLRQ JLYHV DQ DSSUR[LPDWH YDOXH RI 5%� IRU WKH PDMRULW\ RI �1���� DQG

�1���� 8-7¶V�
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
7KH IROORZLQJ HTXDWLRQ JLYHV D YDOXH RI 5%� IRU WKH �1��� 0,/ VHULHV� �1����$ DQG %� DQG WKH �1�����

6HH ³8QLMXQFWLRQ 7HPSHUDWXUH &RPSHQVDWLRQ´ �5HIHUHQFH � XQGHU &KDSWHU � LQ WKH 5HIHUHQFHV VHFWLRQ�

IRU D GLVFXVVLRQ RI TXDQWLWDWLYH GDWD DQG WHFKQLTXHV IRU WHPSHUDWXUH FRPSHQVDWLRQ RQ DQ LQGLYLGXDO DQG

JHQHUDO EDVLV LQ YHU\ KLJK SHUIRUPDQFH FLUFXLWV RYHU H[WUHPH WHPSHUDWXUH UDQJHV�

)LJXUH ���� %DVLF 8QLMXQFWLRQ 7UDQVLVWRU 5HOD[DWLRQ 2VFLOODWRU 7ULJJHU &LUFXLW ZLWK 7\SLFDO :DYHIRUPV

%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW

7KH EDVLF 8-7 WULJJHU FLUFXLW XVHG LQ DSSOLFDWLRQV ZLWK WKH 6&5 LV WKH VLPSOH UHOD[DWLRQ RVFLOODWRU VKRZQ LQ

)LJXUH ����� ,Q WKLV FLUFXLW WKH FDSDFLWRU &� FKDUJHV WKURXJK 5� XQWLO WKH HPLWWHU YROWDJH UHDFKHV 93� DW

ZKLFK WLPH WKH 8-7 WXUQV RQ DQG GLVFKDUJHV &� WKURXJK 5%�� 7KH HPLWWHU FHDVHV WR FRQGXFW� WKH 8-7

WXUQV RII� DQG WKH F\FOH UHSHDWV ZKHQ WKH HPLWWHU YROWDJH UHDFKHV D YDOXH RI DSSUR[LPDWHO\ � YROWV� 7KH

SHULRG RI RVFLOODWLRQ� 7� LV UHODWLYHO\ LQGHSHQGHQW RI WKH VXSSO\ YROWDJH DQG WHPSHUDWXUH�

)RU DQ DSSUR[LPDWH QRPLQDO YDOXH RI LQWULQVLF VWDQGRII UDWLR η  ����� 7  5�&��

7KH GHVLJQ FRQGLWLRQV RI WKH 8-7 WULJJHULQJ FLUFXLW DUH YHU\ EURDG� ,Q JHQHUDO� 5%� LV OLPLWHG WR D YDOXH

EHORZ ��� RKPV DOWKRXJK YDOXHV XS WR �. RU �. DUH SRVVLEOH LQ VRPH DSSOLFDWLRQV� 7KH UHVLVWRU 5� LV

OLPLWHG WR D YDOXH EHWZHHQ �. DQG � 0HJ� 7KH ORZHU OLPLW RQ 5� LV VHW E\ WKH UHTXLUHPHQW WKDW WKH ORDG

OLQH IRUPHG E\ 5� DQG 9� LQWHUVHFW WKH HPLWWHU FKDUDFWHULVWLF FXUYH RI )LJXUH ���� WR WKH ORIW RI WKH YDOOH\

SRLQW� RWKHUZLVH� WKH 8-7 LQ )LJXUH ���� GRHV QRW WXUQ RII� 7KH XSSHU OLPLW RQ 5� LV VHW E\ WKH UHTXLUHPHQW

WKDW WKH FXUUHQW IORZLQJ LQWR WKH HPLWWHU DW WKH SHDN SRLQW PXVW EH JUHDWHU WKDQ ,3 IRU WKH 8-7 WR WXUQ RQ�

7KH UHFRPPHQGHG UDQJH RI VXSSO\ YROWDJH 9� LV �� YROWV WR �� YROWV� 7KH DOORZDEOH SRZHU GLVVLSDWLRQ RI

WKH 8-7 GHWHUPLQHV WKLV UDQJH RQ WKH ORZ HQG�

:KHQ WKH SXOVH RXWSXW �9%�� RI WKH FLUFXLW VKRZQ LQ )LJXUH ���� LV FRXSOHG GLUHFWO\ WR WKH JDWH RI 6&5V�

WKH YDOXH RI 5%� VKRXOG EH ORZ HQRXJK WR SUHYHQW WKH '& 6&5 JDWH YROWDJH �GXH WR LQWHUEDVH FXUUHQW�
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%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW
IURP H[FHHGLQJ WKH 6&5 QRQ�WULJJHU 9*7 DW WHPSHUDWXUH �DV VKRZQ LQ )LJXUH ������ 7R PHHW WKLV FULWHULRQ�

FKRRVH 5%� EDVHG RQ WKH IROORZLQJ LQHTXDOLW\�

)RU WKH �1��� W\SHV DW D PD[LPXP MXQFWLRQ WHPSHUDWXUH RI ����&� 9*7 �PD[� LV ���� YROW� )RU D VXSSO\

YROWDJH RI �� YROWV RU OHVV� 5%� ≤ �� RKPV� 7KHVH OLPLWDWLRQV GR QRW DSSO\ LI WKH SXOVH RXWSXW IURP WKH 8-7

WULJJHULQJ FLUFXLW LV FRXSOHG WR WKH JDWHV RI WKH 6&5V E\ PHDQV RI WUDQVIRUPHUV RU FDSDFLWRUV�

'HVLJQLQJ WKH 8-7 7ULJJHU &LUFXLW

7KH �1���� DQG �1���� 8-7V DUH VSHFLILFDOO\ FKDUDFWHUL]HG IRU 6&5 WULJJHU FLUFXLWV DQG DUH IDFWRU\

WHVWHG WR HQVXUH UHOLDEOH RSHUDWLRQ ZLWK DOO W\SHV RI 6&5V RYHU WKHLU UHVSHFWLYH WHPSHUDWXUH UDQJHV�

$FKLHYH WKH GHVLJQ RI D VXLWDEOH 8-7 WULJJHU FLUFXLW UDSLGO\ DQG HDVLO\ E\ XVLQJ WKH GHVLJQ FXUYHV JLYHQ LQ

)LJXUHV ���� DQG ���� IRU WKH �1���� DQG �1����� UHVSHFWLYHO\� 7KHVH FXUYHV JLYH WKH PLQLPXP VXSSO\

YROWDJH 9� UHTXLUHG WR JXDUDQWHH WULJJHULQJ RI YDULRXV W\SHV RI 6&5V RYHU WKH LQGLFDWHG WHPSHUDWXUH

UDQJH DV D IXQFWLRQ RI WKH 8-7 HPLWWHU FDSDFLWRU &� DQG WKH %� FRXSOLQJ UHVLVWRU 5%� RU %� FRXSOLQJ

WUDQVIRUPHU� 7KH YDOXH RI UHVLVWRU 5� LV QRW LPSRUWDQW IRU WKH SXUSRVHV RI WKH GHVLJQ SURYLGHG WKDW LW LV

ZLWKLQ WKH OLPLWV UHTXLUHG IRU WKH 8-7 WR RVFLOODWH� ,I 5%� LV VLJQLILFDQWO\ JUHDWHU WKDQ ��� RKPV� WKH

PLQLPXP VXSSO\ YROWDJH 9� VKRZQ LQ )LJXUHV ���� DQG ���� XVHV WKH IROORZLQJ HTXDWLRQ�

,Q DOO FDVHV XVH D UHVLVWDQFH RI ��� RKPV RU JUHDWHU LQ VHULHV ZLWK HLWKHU %� RU LQ VHULHV ZLWK WKH SRZHU

VXSSO\ WR SURWHFW WKH 8-7 IURP SRVVLEOH WKHUPDO UXQDZD\� 7KLV LV SDUWLFXODUO\ LPSRUWDQW ZKHQ RSHUDWLQJ DW

KLJK DPELHQW WHPSHUDWXUHV� DW KLJK VXSSO\ YROWDJHV� RU ZLWK ODUJH YDOXHV RI HPLWWHU FDSDFLWDQFH�

&RQVLGHU WKH IROORZLQJ H[DPSOH XVLQJ )LJXUHV ���� DQG ���� LQ WKH SUDFWLFDO GHVLJQ RI DQ 6&5 WULJJHU

FLUFXLW�

3UREOHP�

$ FLUFXLW LV UHTXLUHG WR WULJJHU D �1���� VHULHV 6&5 DW WKH ORZHVW SRVVLEOH VXSSO\ YROWDJH ZLWK D

�1���� 8-7 DQG SXOVH WUDQVIRUPHU FRXSOLQJ� 7KH YDOXH RI FDSDFLWDQFH� FKRVHQ RQ WKH EDVLV RI

RSHUDWLQJ IUHTXHQF\� LV ��� µI� DQG WHPSHUDWXUH FRPSHQVDWLRQ LV GHVLUHG� $VVXPH η  ���� IRU D

QRPLQDO YDOXH�

6ROXWLRQ�

%DVHG RQ WKH FKDUW LQ )LJXUH ����� FRQVLGHU &XUYH , ZLWK WKH VXSSO\ YROWDJH 9� QRW H[FHHGLQJ

9� �PD[�  ��9� 2Q &XUYH , WKH PLQLPXP VXSSO\ YROWDJH IRU D YDOXH RI &�  ��� µI LV DERXW
9�  �� YROWV� 'HWHUPLQH WKH YDOXH IRU 5%� DV IROORZV �QHDUHVW VWDQGDUG YDOXH��

RB1V1

RBB min( ) RB1RB2+
�������������������������������������������������� VGT min at temperature( )<

V1′
2200 RB2+( )V1

2300
���������������������������������������≈

RB2
10000

0.66( ) 12( )
��������������������������≈ 1260 1000ohms≈=
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
7KLV YDOXH RI 5%� UHTXLUHV DQ LQFUHDVH LQ WKH VXSSO\ YROWDJH WR D YDOXH 9� LQ DFFRUGDQFH ZLWK

WKH IROORZLQJ HTXDWLRQ�

$ VXLWDEOH GHVLJQ IRU WKLV SUREOHP LV &�  ��� µI� 5%�  �. RKPV� DQG 9�  �� YROWV�

,I 5%� FDXVHV 9� �IURP WKH DERYH HTXDWLRQ� WR EH ODUJHU WKDQ FDQ EH DWWDLQHG SUDFWLFDOO\ RU

HFRQRPLFDOO\� XVH WKH �1��� VHULHV� WKH �1����$� RU WKH �1����%� �7KH SUHYLRXV HTXDWLRQ

\LHOGV D ORZHU YDOXH RI 5%��� $OWHUQDWLYHO\� LI H[WUHPH WHPSHUDWXUH FRPSHQVDWLRQ LV QRW

QHFHVVDU\� RU LI WKH WHPSHUDWXUH UDQJH WR ZKLFK WKH �1������� 8-7V DUH VXEMHFWHG LV QRW JUHDW�

XVH D YDOXH RI 5%� ≥ ��� RKPV�

)LJXUH ���� 8-7 &LUFXLW 'HVLJQ &XUYHV ����� WR ����&�

V1
2300

2200 1000+( )
����������������������������������� 12( ) 17volts≈=
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(Assures Minimum Trigger Requirements for IA Rise < 10A/ sec)
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1010.1

-55˚C TO +125˚C
(NOTE TEMPERATURE RANGE MAY
BE RESTRICTED BY THE SCR SPECIFICATION)

NOTES:
*    LIMITED TO 27 VOLTS MAX
     ON "D" CURVE AND 15 VOLTS
     ON "E" CURVE
**  TRIGGER REQUIREMENTS LESS
     THAN OTHERS IN THIS GROUP
*** MIN TRIGGER PULSE IS TWICE
     THE AMPLITUDE OF OTHER
     WT'S. THIS ASSURES 2:1 OVER
     MINIMUM SCR TRIGGER
     REQUIREMENTS

G F E D C

B
I

H

J

LOAD
2N489A & B
THROUGH
2N494A, B & C
(ALSO USAF
TYPES)

2N2417A & B
THROUGH
2N2422A & B

2N2646

2N2647 ***

2N1671A & B

UJT TYPE SCR TYPE CURVE

S1070W
THROUGH
S8070W
2N1842-50

S3035J
THROUGH
S8035J
2N681-92
S1025L
THROUGH
S8025L **

2N2344-48
T106, EC103

2N1770-78,
2N2619
2N1770A-77A
2N1929-35
2N1595-99

47 OHMS ± 10%

PULSE TRANS
PE2231 OR EQUIV.

27 OHMS ± 10%

47 OHMS ± 10%

PULSE TRANS
SPRAQUE 31Z204
OR EQUIV.

27 OHMS ± 10%

47 OHMS ± 10%
PULSE TRANS
SPRAQUE 31Z204
OR EQUIV.

15 OHMS ± 10%

27 OHMS ± 10%

PULSE TRANS
SPRAQUE 31Z204
OR EQUIV.
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP



%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW
)LJXUH ���� 8-7 &LUFXLW 'HVLJQ &XUYHV ����� WR ����&�

'R QRW XVH D 8-7 WR WULJJHU 6&5V WKDW KDQGOH PRUH WKDQ �� $PSV� 8VH D 387 WULJJHU FLUFXLW

�VKRZQ LQ )LJXUHV ���� DQG ������ RU D SXOVH DPSOLILHU PXVW ERRVW WKH 8-7 RXWSXW LQWR WKH JDWH�

3URJUDPPDEOH 8QLMXQFWLRQ 7UDQVLVWRU �387�

7KH 387 WULJJHU GHYLFH LV D VPDOO WK\ULVWRU ZLWK DQ DQRGH JDWH DV VKRZQ LQ )LJXUH ����� 7KH GHYLFH

UHPDLQV LQ LWV RII VWDWH XQWLO WKH DQRGH YROWDJH H[FHHGV WKH JDWH YROWDJH E\ RQH GLRGH IRUZDUG YROWDJH

GURS LI WKH JDWH LV PDLQWDLQHG DW D FRQVWDQW SRWHQWLDO� $W WKLV YROWDJH WKH SHDN SRLQW LV DFKLHYHG DQG WKH

GULYH WXUQV RQ� ,Q WKH UHOD[DWLRQ RVFLOODWRU DOVR VKRZQ LQ )LJXUH ����� WKH VXSSO\ YROWDJH E\ WKH UHVLVWRU

GLYLGHU� 5� DQG 5�PDLQWDLQV WKH JDWH YROWDJH RI WKH 387� 7KLV YROWDJH GHWHUPLQHV WKH SHDN SRLQW YROWDJH�

93� 7KH SHDN SRLQW FXUUHQW ,3 DQG WKH YDOOH\ SRLQW FXUUHQW ,9 ERWK GHSHQG XSRQ WKH HTXLYDOHQW LPSHGDQFH

RQ WKH JDWH� 5� 5���5� � 5��� DQG WKH VRXUFH YROWDJH� (6� 57 DQG &7 FRQWURO WKH IUHTXHQF\ DORQJ ZLWK 5�
DQG 5� VLQFH WKH SHULRG RI RVFLOODWLRQ LV DSSUR[LPDWHO\ DV IROORZV�
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Capacitance — C1 — Microfarads
(Assures Minimum Trigger Requirements for IA Rise < 10A/ sec)
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2N2647
TA = -40˚C TO 125˚C

B

SCR TYPE CURVE

S1070W
THROUGH
S8070W

PULSE TRANS
PE2231 OR EQUIV.

LOAD

0.5 5

34

32

t RTCT nlog≈
ES

ES VP–
������������������ 
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 387 5HOD[DWLRQ 2VFLOODWRU ²'HYLFH

7HUPLQDWLRQ

)LJXUH ���� 387 5HOD[DWLRQ 2VFLOODWRU ² 7\SLFDO

&XUUHQW

7KH SULPDU\ GLIIHUHQFH EHWZHHQ WKH WZR 387V ��1���� DQG �1����� LV LQ WKH SHDN SRLQW FXUUHQW� 7KH

�1���� LV FKDUDFWHUL]HG VSHFLILFDOO\ IRU ORQJ LQWHUYDO WLPHUV DQG RWKHU DSSOLFDWLRQV UHTXLULQJ ORZ OHDNDJH

DQG ORZ SHDN SRLQW FXUUHQW� 7KH �1���� DUH FKDUDFWHUL]HG IRU JHQHUDO XVH ZKHUH WKH ORZ SHDN SRLQW

FXUUHQW RI WKH �1���� LV QRW HVVHQWLDO� $SSOLFDWLRQV RI WKH �1���� LQFOXGH WLPHUV� KLJK JDLQ SKDVH FRQWURO

FLUFXLWV� DQG UHOD[DWLRQ RVFLOODWRU� 7KH RWKHU LPSRUWDQW DVVHW RI WKH 387V� ZKLFK PDNHV WKHP SDUWLFXODUO\

VXLWDEOH IRU WULJJHULQJ KLJK FXUUHQW 6&5V� LV LWV KLJK SHDN SXOVH FXUUHQW RXWSXW� 'XH WR WKH 3131 QDWXUH RI

WKLV GHYLFH �DV RSSRVHG WR FRQGXFWLYLW\ PRGXODWLRQ�� WKH IRUZDUG FRQGXFWDQFH LV KLJK DQG WKH ULVH WLPH LV

IDVW� 7KH G\QDPLF UHVLVWDQFH RI WKH 387 LQ WKH VDWXUDWLRQ UHJLRQ LV DSSUR[LPDWHO\ � RKPV� 5DWH RI ULVH 9R
LV W\SLFDOO\ ��Q6 �ZLWK D PD[LPXP RI �� Q6 VSHFLILHG�� +HDOWK\ RXSXW SXOVHV DUH DYDLODEOH IURP

FDSDFLWRUV DV ORZ DV ��� µIG� )RU PRUH GHWDLOV RQ GHYLFH RSHUDWLRQ DQG WULJJHU FLUFXLW GHVLJQ XVLQJ WKLV

SDUWLFXODU GHYLFH� VHH 5HIHUHQFHV �� DQG �� XQGHU &KDSWHU � LQ WKH 5HIHUHQFHV VHFWLRQ�

'HVLJQLQJ WKH 387 5HOD[DWLRQ 2VFLOODWRU DQG 7LPHU &LUFXLWV

$ V\VWHPDWLF DSSURDFK WR WKH GHVLJQ RI D 387 RVFLOODWRU FLUFXLW DSSHDUV FRPSOH[ SUHFLVHO\ EHFDXVH LW LV

VXFK D YHUVDWLOH GHYLFH� $ IXUWKHU FRPSOLFDWLRQ DULVHV EHFDXVH VR PXFK SHUIRUPDQFH YDULDWLRQ FDQ EH

SURJUDPPHG LQWR WKH FLUFXLW E\ WKH YROWDJH GLYLGHU 5� DQG 5� �

&RQVLGHU WKH IROORZLQJ NH\ JXLGH SRVWV�

� &RQVLGHU SHDN SRLQW FRQWURO , 3 � ,3 RQO\ LQ WKH FDVH RI D YHU\ ORQJ LQWHUYDO WLPHU� %RWK 57 DQG &7 DUH

ODUJH� WKH ODWWHU KDYLQJ ORZ HTXLYDOHQW SDUDOOHO UHVLVWDQFH�

� 9DOOH\ &XUUHQW� , 9 LV D NH\ SDUDPHWHU LQ IUHH�UXQQLQJ UHOD[DWLRQ RVFLOODWRUV RSHUDWLQJ IURP D '& VXSSO\�

0RVW WULJJHU FLUFXLWV GHULYH WKHLU VXSSO\ YROWDJH IURP WKH ³RII�VWDWH´ 6&5� :KHQ WKH 387 WULJJHUV WKLV

6&5� LWV VXSSO\ YROWDJH FROODSVHV DQG LW FRPPXWDWHV RII�

� 2IIVHW 9ROWDJH� 97 GHWHUPLQHV WKH PLQLPXP YDOXH RI 5� DQG VR 97 RQO\ SOD\V D UROH LQ ORQJ LQWHUYDO

WLPHUV�

'HVLJQ 3UREOHP�

'HVLJQ D IUHH�UXQQLQJ UHOD[DWLRQ RVFLOODWRU FDSDEOH RI WULJJHULQJ DQ 6���� 6&5 IODVKHU IURP D

��9 VXSSO\� 7KH RSHUDWLQJ IUHTXHQF\ PXVW EH DGMXVWDEOH IURP � WR �� SXOVHV SHU PLQXWH�
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP



%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW
6ROXWLRQ�

5HIHU WR )LJXUH ���� IRU WKH EDVLF FLUFXLW� 1R SUREOHP LV DQWLFLSDWHG ZLWK ,3 VLQFH WKH IUHTXHQFLHV

DUH UHODWLYHO\ KLJK� EXW ,9 PD\ EH WURXEOHVRPH�

7KH VHOHFWLRQ RI &7 LV FUXFLDO VLQFH WRR VPDOO D YDOXH ZLOO QRW ILUH WKH 6&5 DQG WRR ODUJH D YDOXH

OHDGV VWUDLJKW WR ,9 SUREOHPV�

'HWHUPLQH WKH YDOXH RI 93 DQG &7 WR WULJJHU WKH 6���� IURP )LJXUH �����

3ORW RQ WKH VDPH JUDSK WKH WLPH LQWHJUDO RI FXUUHQW SXOVH WR EH XVHG DQG WKH WLPH LQWHJUDO RI WKH

WULJJHU FXUUHQW SXOVHV UHTXLUHG E\ )LJXUH ����� 7KHVH FXUYHV UHSUHVHQW WKH FKDUJH WR EH

GHOLYHUHG WR WKH JDWH DQG WKH FKDUJH UHTXLUHG WR WULJJHU DV D IXQFWLRQ RI WLPH� ,I DW DQ\ WLPH WKH

GHOLYHUHG FKDUJH H[FHHGV WKH UHTXLUHG FKDUJH� WKH GHYLFH WXUQV RQ� )LJXUH ���� LOOXVWUDWHV WKLV

WHFKQLTXH IRU WKH 6���� 6&5 DQG D GHFD\LQJ H[SRQHQW FXUUHQW SXOVH ZLWK D SHDN RI �� P$ DQG

DQ 5�& FRQVWDQW RI � µVHF� 7KH GHYLFH WXUQV RQ VLQFH WKH WZR FXUYHV LQWHUVHFW DW ��� µVHF DIWHU
WKH VWDUW RI WKH SXOVH� (LWKHU WKH SHDN FXUUHQW RU WKH FDSDFLWRU YDOXH FRXOG LQFUHDVH LI QR

LQWHUVHFWLRQ RFFXUV�

)LJXUH ���� &KDUJH WR 7ULJJHU DQ ([SRQHQWLDO 3XOVH

7KH DERYH WHFKQLTXH SURYLGHV D XVHIXO LQGLFDWLRQ RI 6&5 SXOVH WULJJHULQJ UHTXLUHPHQWV� +RZHYHU� VLQFH

WKH FKDUDFWHULVWLF FRQWDLQV VL]HDEOH YDULDWLRQV� LW LV LPSRUWDQW WR LQFRUSRUDWH D UHDVRQDEOH VDIHW\ IDFWRU LQ

WKH WULJJHU FLUFXLW GHVLJQ�
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
/HW 56  �� RKPV� 7KHQ VLQFH 56&7  � µVHF� &7 ≈ ��� µI� 7KH SHDN WULJJHULQJ FXUUHQW RI �� P$
GHWHUPLQHV 93� DV IROORZV�

ZKHUH �9 LV WKH DSSUR[LPDWH 387 RQ�VWDWH YROWDJH

7KH FRPSXWHG YDOXH RI η LV DV IROORZV�

8VH WKH IROORZLQJ HTXDWLRQV WR ILQG WKH WLPLQJ SRW 57�

7KH PD[LPXP DQRGH FXUUHQW RFFXUV DW WKH PD[LPXP IUHTXHQF\ ZKHQ 5 LV D PLQLPXP�

,9 �PLQ� RI WKH �1���� LV ��µD IRU ,*  ,0$ ZKLFK DOORZV DGHTXDWH VDIHW\ PDUJLQV� 7KHUHIRUH� WR ILQG 5�
DQG 5�� VROYH WKH IROORZLQJ HTXDWLRQV�

IRU

7KH VROXWLRQV IRU 5� DQG 5� DUH�

6LQFH η � ���� WKHQ 5�  ��. DQG 5�  ��. RKPV

,I QHHGLQJ RWKHU IUHTXHQF\ UDQJHV� HLWKHU VZLWFK LQ GLIIHUHQFH FDSDFLWRUV IRU &7 RU YDU\ 5� WR DFKLHYH WKH

VDPH UHVXOW�
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%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW
)LJXUHV ���� DQG ���� VKRZ WKH HIIHFW RI WKH YROWDJH GLYLGHU UDWLR 5� � �5� � 5�� RQ WKH SHULRG RI

RVFLOODWLRQ�

)LJXUH ���� (IIHFW RI 5� � �5� � 5�� RQ 2VFLOODWRU )UHTXHQF\²387 2VFLOODWRU

)LJXUH ���� (IIHFW RI 5� � �5� � 5�� RQ 2VFLOODWRU )UHTXHQF\²387 7LPHU

.1

.1 .2 .3 .4 .5 .6 .7

.2

.4

.7

1

2

7

4

T
im

e 
C

on
st

an
t M

ul
tip

lie
r

Gate Voltage Divider Ratio R2 / (R1 + R2)

.8 .9

40V

M

10V

V=5V

OSCILLATOR PERIOD = M x RC

TIME CONSTANT MULTIPLIER
VS

GATE DIVIDER RATIO
FOR PUT OSCILLATOR

ASSUMING VT = 5V, VV = 8V

.1

.1 .2 .3 .4 .5 .6 .7

.2

.4

.7

1

2

7

4

T
im

e 
C

on
st

an
t M

ul
tip

lie
r

Gate Voltage Divider Ratio R2 / (R1 + R2)

.8 .9

40V

M

10V
V=5V

TIMING PERIOD = M x RC
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
6LOLFRQ 8QLODWHUDO 6ZLWFK �686�

7KH 686� VXFK DV �1����� LV HVVHQWLDOO\ D PLQLDWXUH 6&5 KDYLQJ DQ DQRGH JDWH �LQVWHDG RI WKH XVXDO

FDWKRGH JDWH� DQG D EXLOW�LQ ORZ�YROWDJH DYDODQFKH GLRGH EHWZHHQ WKH JDWH DQG FDWKRGH� )LJXUH ����

VKRZV WKH V\PERO IRU WKH 686 DQG LWV HTXLYDOHQW FLUFXLW� )LJXUH ���� VKRZV LWV DQRGH�WR�FDWKRGH

HOHFWULFDO FKDUDFWHULVWLF IRU QR H[WHUQDO FRQQHFWLRQ WR WKH JDWH WHUPLQDO�

)LJXUH ���� 6LOLFRQ 8QLODWHUDO 6ZLWFK �686�

)LJXUH ���� 686 &KDUDFWHULVWLF &XUYH
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP



%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW
8VH WKH 686 XVXDOO\ LQ WKH EDVLF UHOD[DWLRQ RVFLOODWRU FLUFXLW VKRZQ LQ )LJXUH ����� ,WV FKDUDFWHULVWLFV

IROORZ WKH VDPH FULWHULD IRU RVFLOODWLRQ� 7KH IROORZLQJ WDEOH VKRZV �1���� VSHFLILFDWLRQV�

7KH SHDN SXOVH YROWDJH 92 VSHFLILFDWLRQ LV YHU\ LPSRUWDQW IRU WK\ULVWRU WULJJHULQJ DSSOLFDWLRQV VLQFH LW LV

WKH RQO\ UHDOLVWLF ILJXUH�RI�PHULW WKDW LQGLFDWHV WKH DELOLW\ RI WKH WULJJHULQJ GHYLFH WR WUDQVIHU FKDUJH IURP

WKH FDSDFLWRU WR WKH WK\ULVWRU JDWH� 0HDVXUH WKLV YROWDJH ZLWK WKH 686 RSHUDWLQJ LQ WKH FLUFXLW RI

)LJXUH ����� ZKHUH 9�  �� YROWV� 5�  �� . RKPV� &  ��� µI� DQG 5�  �� RKPV� 0HDVXUH WKH SHDN
SXOVH YROWDJH DFURVV UHVLVWRU 5�� 7KH PDJQLWXGH RI WKH SXOVH YROWDJH GHSHQGV ERWK XSRQ WKH GLIIHUHQFH

EHWZHHQ 96 DQG 9) DQG XSRQ VZLWFKLQJ WLPH� 7KH FRPSRQHQW YDOXHV XVHG LQ WKH SXOVH WHVW DUH DGHTXDWH

IRU WULJJHULQJ PRVW WK\ULVWRUV�

7KH PDMRU GLIIHUHQFH LQ IXQFWLRQ EHWZHHQ WKH 686 DQG WKH 8-7 LV WKDW WKH 686 VZLWFKHV DW D IL[HG

YROWDJH� GHWHUPLQHG E\ LWV LQWHUQDO DYDODQFKH GLRGH� UDWKHU WKDQ D IUDFWLRQ �Q� RI DQRWKHU YROWDJH� $OVR

QRWH WKDW ,6 LV PXFK KLJKHU LQ WKH 686 WKDQ LQ WKH 8-7 DQG LV DOVR YHU\ FORVH WR ,+� 7KHVH IDFWRUV UHVWULFW

WKH XSSHU DQG ORZHU OLPLWV RI IUHTXHQF\ RU WLPH�GHOD\ ZKLFK DUH SUDFWLFDO ZLWK WKH 686�

)RU V\QFKURQL]DWLRQ� ORFN�RXW� RU IRUFHG VZLWFKLQJ� DSSO\ ELDV RU SXOVH VLJQDOV WR WKH JDWH WHUPLQDO RI WKH

686� )RU WKHVH SXUSRVHV� WUHDW WKH 686 DV DQ 1�JDWH 6&5�

�)RU PRUH LQIRUPDWLRQ� VHH 5HIHUHQFH �� XQGHU &KDSWHU � LQ WKH 5HIHUHQFHV VHFWLRQ��

6LOLFRQ %LODWHUDO 6ZLWFK �6%6�

7KH 6%6� VXFK DV WKH �1����� LV HVVHQWLDOO\ WZR LGHQWLFDO 686 VWUXFWXUHV DUUDQJHG LQ LQYHUVH�SDUDOOHO� DV

VKRZQ LQ )LJXUHV ���� DQG ����� ,W LV SDUWLFXODUO\ XVHIXO IRU WULJJHULQJ WKH ELGLUHFWLRQDO WULRGH WK\ULVWRUV

�WULDFV� ZLWK DOWHUQDWH SRVLWLYH DQG QHJDWLYH JDWH SXOVHV VLQFH LW RSHUDWHV DV D VZLWFK ZLWK ERWK SRODULWLHV

RI DSSOLHG YROWDJH� 2EWDLQ WKLV RSHUDWLRQ E\ XVLQJ DQ DOWHUQDWLQJ YROWDJH VXSSO\ IRU 9� LQ )LJXUHV ����

DQG ����� UDWKHU WKDQ WKH '& VXSSO\ VKRZQ�

6SHFLILFDWLRQV IRU WKH 6%6 �1���� DUH LGHQWLFDO WR WKRVH RI WKH 686 �1���� ZLWK WKH H[FHSWLRQ RI

UHYHUVH YROWDJH UDWLQJV� ZKLFK LV QRW DSSOLFDEOH WR WKH 6%6�

�1���� 6SHFLILFDWLRQV

6ZLWFKLQJ 9ROWDJH 96 � WR �� YROWV

6ZLWFKLQJ &XUUHQW ,6 ��� PD� PD[LPXP

+ROGLQJ &XUUHQW 9+ 1RW VSHFLILHG �≈ ��� 9 DW ���&�

+ROGLQJ &XUUHQW ,+ ��� PD� PD[LPXP

)RUZDUG 9ROWDJH 9)
�DW ,)  ��� PD� ��� YROWV

5HYHUVH 9ROWDJH 5DWLQJ
95

�� YROWV

3HDN 3XOVH 9ROWDJH 92 ��� YROWV PLQLPXP
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 6LOLFRQ %LODWHUDO 6ZLWFK �686�

)LJXUH ���� 6%6 &KDUDFWHULVWLF &XUYH

%LODWHUDO 6LOLFRQ 7ULJJHU 6ZLWFK �676�

7KH QHZHU ³+6´ VHULHV RI ELODWHUDO 6LOLFRQ 7ULJJHU 6ZLWFK �676� RIIHUV ORZ EUHDNRYHU YROWDJHV LQ DQ

HFRQRPLFDO '2��� SDFNDJH DQG JODVV�SDVVLYDWHG MXQFWLRQV IRU UHOLDELOLW\� �6HH )LJXUH ������

7KH �676� GHYLFHV VZLWFK IURP WKH EORFNLQJ PRGH WR IXOO FRQGXFWLRQ ZKHQ WKH DSSOLHG YROWDJH� RI HLWKHU

SRODULW\� H[FHHGV WKH %UHDNRYHU 9ROWDJH �9%2�� �6HH )LJXUH ������ &RPELQHG ZLWK D VPDOO FDSDFLWRU� WKH

676 ZLOO SURYLGH WKH QHFHVVDU\ ILULQJ FXUUHQW IRU 6&5 RU WULDF GHYLFHV ZLWK LWV IXOO EUHDNEDFN

FKDUDFWHULVWLF� 7KH ³+6´ VHULHV LV QRW RQO\ ELODWHUDO EXW LV DOVR YHU\ V\PPHWULFDO DQG LGHDO IRU HLWKHU IXOO�

ZDYH RU ELGLUHFWLRQDO WK\ULVWRU FRQWUROV� )RU DSSOLFDWLRQV UHTXLULQJ YHU\ ORZ WULJJHULQJ YROWDJHV� WKH +6����

676 ZLWK D WULJJHULQJ YROWDJH �9%2� RI ���� YROWV� DOORZV IRU SKDVH�FRQWUROOLQJ HYHQ D ��9$& OLQH�
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP



%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW
)LJXUH ���� 6\PERO RI %LODWHUDO 7ULJJHU 6ZLWFK

)LJXUH ���� 676 &KDUDFWHULVWLF &XUYH
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
%LODWHUDO 7ULJJHU 'LRGH �',$&�

7KH GLDF� VXFK DV WKH +7 VHULHV� LV HVVHQWLDOO\ D WUDQVLVWRU VWUXFWXUH ZKLFK H[KLELWV D QHJDWLYH UHVLVWDQFH

FKDUDFWHULVWLF DERYH D JLYHQ VZLWFKLQJ FXUUHQW ,%2� �6HH )LJXUH ������ 7KH FKDUDFWHULVWLF FXUYH RI

)LJXUH ���� VKRZV WKDW WKLV QHJDWLYH UHVLVWDQFH UHJLRQ H[WHQGV RYHU WKH IXOO RSHUDWLQJ UDQJH RI FXUUHQWV

DERYH ,�%2� DQG VR WKH FRQFHSW RI D KROGLQJ FXUUHQW ,+ GRHV QRW DSSO\�

8VH WKH GLDF LQ WKH VLPSOH UHOD[DWLRQ RVFLOODWRU FLUFXLW DV VKRZQ LQ )LJXUHV ���� DQG ����� 7KH FULWHULD IRU

RVFLOODWLRQ DUH WKH VDPH� 7KH VXSSO\ YROWDJH IRU WKH RVFLOODWRU FLUFXLW 9� IRU DOWHUQDWLQJ SXOVH RXWSXW PD\

EH DQ DOWHUQDWLQJ YROWDJH�

)LJXUH ���� 6\PERO RI %LODWHUDO 7ULJJHU 'LRGH �'LDF�

)LJXUH ���� 'LDF &KDUDFWHULVWLF &XUYH
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MT1 MT2
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%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW
7KH IROORZLQJ WDEOH VKRZV +7�� GLDF VSHFLILFDWLRQV�

7KH SHDN SXOVH YROWDJH 9%% LV PHDVXUHG XQGHU WKH VDPH FRQGLWLRQV XVHG ZLWK WKH 686 DQG 6%6²

5�  �� RKPV� &  ��� PLFURIDUDG� 7KLV PLQLPXP YDOXH 9%% LV HVWDEOLVKHG WR HQVXUH SURSHU FRQGLWLRQV RI

VXSSO\ YROWDJH DQG ORDG LPSHGDQFH LQ WKH SRZHU FLUFXLW RI WKH WULDF VLQFH WKH +7 �� LV XVHG SULPDULO\ WR

WULJJHU WULDFV�

$V\PPHWULFDO $& 7ULJJHU 6ZLWFK �67��

7KH 67� LV DQ LQWHJUDWHG WULDF WULJJHU FLUFXLW WKDW SURYLGHV ZLGH�UDQJH� K\VWHUHVLV�IUHH SKDVH FRQWURO RI

YROWDJH� 7KLV SHUIRUPDQFH LV SRVVLEOH ZLWK D PLQLPXP QXPEHU RI FLUFXLW FRPSRQHQWV DQG DW ORZ FRVW�

7KH HTXLYDOHQW FLUFXLW DQG FKDUDFWHULVWLF FXUYH LQ )LJXUHV ���� DQG ���� VKRZ WKDW WKH 67� EHKDYHV OLNH D

]HQHU GLRGH LQ VHULHV ZLWK DQ 6%6� 7KH ]HQHU GLRGH SURYLGHV WKH DV\PPHWU\ VLQFH QRZ VZLWFKLQJ YROWDJH

96� LV LQFUHDVHG E\ WKH DYDODQFKH YROWDJH RI WKH ]HQHU�

)LJXUH ���� 6\PERO RI $V\PPHWULFDO $& 7ULJJHU

6ZLWFK �67�� DQG (TXLYDOHQW &LUFXLW

+7�� 6SHFLILFDWLRQV

9%2 �� WR �� YROWV

,%2 �� µDPS �PD[LPXP�

9%% �� YROWV �PLQLPXP� # �� PD
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 67� &KDUDFWHULVWLF &XUYH

7KH IROORZLQJ WDEOH VKRZV 67� VSHFLILFDWLRQV�

2WKHU 7ULJJHU 'HYLFHV

6HYHUDO RWKHU XQLODWHUDO DQG ELODWHUDO VZLWFKLQJ GHYLFHV H[LVW ZLWK FKDUDFWHULVWLFV VLPLODU WR WKRVH

SUHVHQWHG SUHYLRXVO\ LQ WKLV FKDSWHU� ,Q JHQHUDO� DOO RSHUDWH DV UHOD[DWLRQ RVFLOODWRUV DQG DUH VXEMHFW WR WKH

VDPH FULWHULD IRU RVFLOODWLRQ� 7KH PD[LPXP VZLWFKLQJ WLPH PXVW EH NQRZQ LI WKH SHDN SXOVH YROWDJH �RU

FXUUHQW� RXWSXW LV QRW VSHFLILHG� 2WKHUZLVH� WKH WULJJHU FLUFXLW PXVW EH RYHU�GHVLJQHG E\ D IDFWRU

GHSHQGLQJ XSRQ WKH XQFHUWDLQW\ RI WKH XQNQRZQV�

6SHFLDOL]HG LQWHJUDWHG FLUFXLWV FRXOG EH DQG KDYH EHHQ GHVLJQHG WR PHHW WKH QHHG ZKHUH D ODUJH

GHPDQG H[LVWV IRU WKH VDPH W\SH WULJJHULQJ VRXUFH� 9DULRXV PRQROLWKLF LQWHJUDWHG WULJJHULQJ FLUFXLWV DUH

DYDLODEOH WKDW IHDWXUH ³]HUR�YROWDJH´ VZLWFKLQJ WR PLQLPL]H 5),� 6LPLODUO\� OLQHDU ,&V DUH DYDLODEOH IRU

SKDVH FRQWURO FLUFXLWV�

$QRWKHU PHWKRG RI WULJJHULQJ HPSOR\V OLJKW�VHQVLWLYH RU OLJKW�DFWLYDWHG GHYLFHV� 7KLV PHWKRG RIIHUV VSHHG

DORQJ ZLWK LQFRPSDUDEOH HOHFWULFDO LVRODWLRQ�

67� 6SHFLILFDWLRQV

6ZLWFKLQJ 9ROWDJH 96�² �� WR �� YROWV

96�² � WR � YROWV

6ZLWFKLQJ &XUUHQW ,6�� ,6�² �� µD ����&�

,6�� ,6�² ��� µD �����&�

2Q�6WDWH 9ROWDJHV 9)�² � WR �� YROWV

9)�² ��� YROWV �PD[�

3HDN 3XOVH 9ROWDJH 92²��� YROWV PLQLPXP
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP



%DVLF 8-7 3XOVH 7ULJJHU &LUFXLW
6XPPDU\ RI 6HPLFRQGXFWRU 7ULJJHU 'HYLFHV

7KH IROORZLQJ WDEOH VXPPDUL]HV WKH HOHFWULFDO FKDUDFWHULVWLFV RI WKH ZLGHO\�XVHG WULJJHULQJ GHYLFHV�

&ODVV

0DMRU 7\SHV

93
3HDN 3RLQW
9ROWDJH

,3 �PD[�

3HDN 3RLQW
&XUUHQW

,9 �PLQ�

9DOOH\
&XUUHQW

7RQ
7XUQ 2Q
7LPH(�� &KDUDFWHULVWLFV %DVLF &LUFXLW
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
%
LG
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676²6LOLFRQ 7ULJJHU 6ZLWFK

'2����
+6��
+6��

���� 9
����� 9

��� µD
��� µD

�� PD
�� PD

��� µVHF

',$&

'2����

+7 VHULHV ����� 9 ��� µD 9HU\
KLJK

� µVHF
7\S

$76²$VV\PHWULFDO $& 7ULJJHU 6ZLWFK �67��

67� ����� 9

��� 9

�� µD
�� µD

� µVHF

&ODVV

0DMRU 7\SHV

93
3HDN 3RLQW
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9DOOH\
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1HRQ *ORZ /DPSV DV 7ULJJHU 'HYLFHV
1HRQ *ORZ /DPSV DV 7ULJJHU 'HYLFHV

0DQ\ FRQVLGHU XVLQJ WKH ORZ�SULFHG QHRQ JORZ ODPSV IRU WULJJHULQJ WK\ULVWRUV� 7KH FKDUDFWHULVWLFV RI WKH

JORZ ODPS DUH TXLWH VLPLODU WR WKRVH RI WKH GLDF H[FHSW IRU PDJQLWXGH� 7KH VZLWFKLQJ YROWDJH LV JHQHUDOO\

RQ WKH RUGHU RI �� YROWV DQG WKH VZLWFKLQJ FXUUHQW LV H[WUHPHO\ VPDOO �EHORZ �µD�� +RZHYHU� WKH VZLWFKLQJ

WLPH LV ODUJH LQ FRPSDULVRQ ZLWK VHPLFRQGXFWRU GHYLFHV� DQG WKH SHDN SXOVH YROWDJH LV XVXDOO\ QRW

VSHFLILHG�

7KH �$+ LV DQ LVRWRSH�VWDELOL]HG QHRQ JORZ ODPS QRZ EHLQJ XVHG LQ PDQ\ ORZ�FRVW 6&5 FRQWURO FLUFXLWV�

7KH �$+ ODPS KDV WKH IROORZLQJ VSHFLILFDWLRQV�

0HDVXUH WKH SHDN SXOVH FXUUHQW LS LQ D ���RKP UHVLVWRU ZKHQ GLVFKDUJLQJ D ��� µI FDSDFLWRU� 7KHUHIRUH�
WKH PLQLPXP SHDN SXOVH YROWDJH LV ��� YROWV XQGHU WKLV FRQGLWLRQ� 7KH VSHFLILFDWLRQ DOVR LQFOXGHV DQ

LQGLFDWLRQ RI WKH RSHUDWLQJ OLIH RI WKH ODPS� ���� KRXUV RSHUDWLRQ� RQ WKH DYHUDJH� DW � P$ '& UHVXOWV LQ D

��YROW FKDQJH LQ 96 RU 9)� 7KLV LV QRW FRUUHODWHG WR KRXUV RSHUDWLRQ LQ D UHOD[DWLRQ RVFLOODWRU DW ��� +]�

*ORZ ODPSV DUH XVHIXO IRU WK\ULVWRU WULJJHULQJ XQGHU WKH IROORZLQJ FRQGLWLRQV�

� 7K\ULVWRU ,*7 LV �� P$ RU OHVV�

� :LGH WROHUDQFH LQ 96 LV DFFHSWDEOH�

� 0LQLPXP SXOVH YROWDJH� PHDVXUHG LQ VDPSOH ORW� PXVW EH VHYHUDO WLPHV PLQLPXP UHTXLUHG WR WULJJHU

WKH WK\ULVWRU�

� &KDQJH LQ 96 DQG SXOVH RXWSXW ZLWK RSHUDWLQJ WLPH LV DFFHSWDEOH�

� &RVW LV RI SULPDU\ LPSRUWDQFH�

� )LYH SHUFHQW ORVV LQ 506 YROWDJH DW IXOO SRZHU LV WROHUDEOH�

1HRQ /DPS 7ULJJHU &LUFXLWV

1HRQ ODPS 6&5 SKDVH�FRQWUROOHG WULJJHU FLUFXLWV KDYH WKH SURPLVH RI FRPELQLQJ WKH ORZ FRVW RI WKH 5&

GLRGH FLUFXLW ZLWK LPSURYHG SHUIRUPDQFH� ,Q DGGLWLRQ� WKH SRVVLELOLW\ H[LVWV LQ VXFK D UHODWLYHO\ VLPSOH \HW

KLJK LPSHGDQFH FLUFXLW WR H[HUFLVH FRQWURO RYHU WKH FKDUJLQJ UDWH RI WKH WULJJHU FDSDFLWRU ZLWK VXLWDEOH

GHYLFHV UHVSRQVLYH WR OLJKW� KHDW� SUHVVXUH� DQG VR RQ�

)LJXUH ���� VKRZV D KDOI�ZDYH $& SKDVH�FRQWUROOHG FLUFXLW XVLQJ D �$+ DV WKH WULJJHU IRU D WZR�WHUPLQDO

V\VWHP� 7KH �$+ WULJJHUV ZKHQ WKH YROWDJH DFURVV WKH WZR ��� 0)' FDSDFLWRUV UHDFKHV WKH EUHDNGRZQ

�$+ /DPS 6SHFLILFDWLRQV

96 �� WR ��� YROWV

,6 1RW VSHFLILHG

9) $SSUR[LPDWHO\ �� YROWV DW � PD

9+ 1RW VSHFLILHG

,+ 1RW VSHFLILHG

,3 �� PD �PLQLPXP�
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
ZZZ�WHFFRU�FRP ����



7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
YROWDJH RI WKH ODPS� 2EWDLQ FRQWURO FDQ EH REWDLQHG IXOO RII WR ��� RI WKH KDOI�ZDYH 506 RXWSXW YROWDJH�

2EWDLQ IXOO SRZHU ZLWK WKH DGGLWLRQ RI WKH VZLWFK DFURVV WKH 6&5�

)LJXUH ���� +DOI�ZDYH�7ZR 7HUPLQDO

)LJXUH ���� VKRZV D WUDQVIRUPHU�FRXSOHG IXOO�ZDYH $& SKDVH�FRQWUROOHG FLUFXLW XVLQJ D �$+ DV WKH

WULJJHU IRU D WZR�WHUPLQDO V\VWHP� 7KH �$+ SHUIRUPV WKH VDPH DV LQ WKH KDOI�ZDYH FLUFXLW EXW WKH SXOVH

WUDQVIRUPHU DOORZV WKH 6&5V WR DOWHUQDWH LQ ILULQJ� &KRRVH WKH UHVLVWRU 5 DQG WKH SXOVH WUDQVIRUPHU WR

JLYH SURSHU VKDSH RI WKH SXOVH WR WKH JDWH RI WKH 6&5� 6RPH ORVV RI ORDG YROWDJH RFFXUV EXW DPRXQWV

RQO\ WR DERXW �� LQ WHUPV RI WRWDO 506 RXWSXW YROWDJH�

)LJXUH ���� )XOO�:DYH 7UDQVIRUPHU &RXSOHG�7ZR 7HUPLQDO

3XOVH 7UDQVIRUPHUV

3XOVH WUDQVIRUPHUV DUH RIWHQ XVHG WR FRXSOH D WULJJHU�SXOVH JHQHUDWRU WR D WK\ULVWRU LQ RUGHU WR REWDLQ

HOHFWULFDO LVRODWLRQ EHWZHHQ WKH WZR FLUFXLWV� 7KH SXOVH WUDQVIRUPHUV RI PDQ\ YHQGRUV DUH VXLWDEOH IRU WKLV

SXUSRVH� $OWKRXJK FLUFXLW GLDJUDPV LQ WKLV PDQXDO VKRZ VHYHUDO VSHFLILF PRGHO QXPEHUV� WKLV PDQXDO

GRHV QRW VHUYH DV D WHVWLQJ RU DSSURYDO IXQFWLRQ�

LOAD

LOAD
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������

���� ZZZ�WHFFRU�FRP



3XOVH 7UDQVIRUPHUV
7KH WUDQVIRUPHUV XVXDOO\ XVHG IRU WK\ULVWRU FRQWURO DUH HLWKHU ��� WZR�ZLQGLQJ� RU ����� WKUHH�ZLQGLQJ

W\SHV� $V VKRZQ LQ )LJXUH ����� FRQQHFW WKH WUDQVIRUPHU GLUHFWO\ EHWZHHQ JDWH DQG FDWKRGH� XVH D VHULHV

UHVLVWRU 5 WR HLWKHU UHGXFH WKH 6&5 KROGLQJ FXUUHQW RU WR EDODQFH JDWH FXUUHQWV LQ D WKUHH�ZLQGLQJ

WUDQVIRUPHU FRQQHFWHG WR WZR 6&5V� RU XVH D VHULHV GLRGH ' WR SUHYHQW UHYHUVH JDWH FXUUHQW LQ WKH FDVH

RI ULQJLQJ RU UHYHUVDO RI WKH SXOVH WUDQVIRUPHU RXWSXW YROWDJH� 7KH GLRGH DOVR UHGXFHV KROGLQJ FXUUHQW RI

WKH 6&5� ,Q VRPH FDVHV ZKHUH KLJK QRLVH OHYHOV DUH SUHVHQW� LW PD\ EH QHFHVVDU\ WR ORDG WKH VHFRQGDU\

RI WKH WUDQVIRPHU ZLWK D UHVLVWRU WR SUHYHQW IDOVH WULJJHULQJ�

)LJXUH ���� %DVLF 3XOVH 7UDQVIRUPHU &RXSOLQJ

)LJXUHV ���� WKURXJK ���� VKRZ VHYHUDO ZD\V RI XVLQJ D WUDQVIRUPHU WR GULYH DQ LQYHUVH�SDUDOOHO SDLU RI

6&5V� 7KH WKUHH�ZLQGLQJ WUDQVIRUPHU SURYLGHV IXOO LVRODWLRQ DV VKRZQ LQ )LJXUH ����� :KHUH VXFK

LVRODWLRQ LV QRW UHTXLUHG� XVH D WZR�ZLQGLQJ WUDQVIRUPHU HLWKHU LQ D VHULHV PRGH �)LJXUH ����� RU D SDUDOOHO

PRGH �)LJXUH ������ ,Q DQ\ FDVH� WKH SXOVH JHQHUDWRU PXVW VXSSO\ HQRXJK HQHUJ\ WR WULJJHU ERWK 6&5V�

DQG WKH SXOVH WUDQVIRUPHU �SOXV DQ\ DGGLWLRQDO EDODQFLQJ UHVLVWRUV� PXVW VXSSO\ VXIILFLHQW JDWH FXUUHQW WR

ERWK 6&5V XQGHU ZRUVW�FDVH FRQGLWLRQV RI XQEDODQFHG JDWH LPSHGDQFHV�

)LJXUH ���� 3XOVH 7UDQVIRUPHU &RQQHFWLRQV IRU 7ZR 6&5V²7KUHH�:LQGLQJ

V1
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 3XOVH 7UDQVIRUPHU &RQQHFWLRQV IRU 7ZR

6&5V²7ZR�:LQGLQJ� 6HULHV 0RGH

)LJXUH ���� 3XOVH 7UDQVIRUPHU &RQQHFWLRQV IRU 7ZR

6&5V²7ZR�:LQGLQJ� 3DUDOOHO 0RGH

(IILFLHQF\ LV RQH RI WKH SULPH UHTXLUHPHQWV RI D WULJJHU SXOVH WUDQVIRUPHU� 7KH VLPSOHVW WHVW LV WR XVH WKH

GHVLUHG WULJJHU SXOVH JHQHUDWRU WR GULYH D ���RKP UHVLVWRU DORQH DQG WKHQ GULYH WKH VDPH UHVLVWRU WKURXJK

WKH SXOVH WUDQVIRUPHU� 7KH WUDQVIRUPHU LV SHUIHFW LI WKH SXOVH ZDYHIRUPV DFURVV WKH UHVLVWRU DUH WKH VDPH

XQGHU ERWK FRQGLWLRQV� ([SHFW VRPH ORVV� KRZHYHU� DQG FRPSHQVDWH E\ LQFUHDVLQJ GULYH IURP WKH

JHQHUDWRU�

&RQVLGHU WKH IROORZLQJ WUDQVIRUPHU GHVLJQ IDFWRUV�

� 'HVLJQ SULPDU\ PDJQHWL]LQJ LQGXFWDQFH KLJK HQRXJK VR WKDW PDJQHWL]LQJ FXUUHQW LV ORZ� LQ

FRPSDULVRQ ZLWK SXOVH FXUUHQW� GXULQJ WKH SXOVH WLPH�

� 6LQFH PRVW SXOVH JHQHUDWRUV DUH XQLODWHUDO� FRUH VDWXUDWLRQ PXVW EH DYRLGHG�

� 'HVLJQ WLJKW FRXSOLQJ EHWZHHQ SULPDU\ DQG VHFRQGDU\� IRU VLQJOH�6&5 FRQWURO� RU GHVLJQ VSHFLILHG

OHDNDJH UHDFWDQFH WR DVVLVW LQ EDODQFLQJ FXUUHQWV IRU PXOWLSOH�6&5 FRQWURO�

� ,QVXODWLRQ EHWZHHQ ZLQGLQJV PXVW EH DGHTXDWH IRU WKH DSSOLFDWLRQ� LQFOXGLQJ WUDQVLHQWV�

� ,QWHUZLQGLQJ FDSDFLWDQFH LV XVXDOO\ LQVLJQLILFDQW EXW PD\ EH D SDWK IRU XQGHVLUDEOH VWUD\ VLJQDOV DW

KLJK IUHTXHQFLHV�

6\QFKURQL]DWLRQ 0HWKRGV

,Q WKH EDVLF WULJJHU FLUFXLW LQ )LJXUH ����� WKH 8-7 FDQ WULJJHU DW DQ\ LQWHUPHGLDWH SDUW RI WKH F\FOH E\

UHGXFLQJ HLWKHU WKH LQWHUEDVH YROWDJH DORQH RU WKH VXSSO\ YROWDJH 9�� 7KLV UHVXOWV LQ DQ HTXLYDOHQW

GHFUHDVH LQ 93 LQ DFFRUGDQFH ZLWK WKH IROORZLQJ HTXDWLRQ DQG FDXVHV WKH 8-7 WR WULJJHU LI 93 GURSV EHORZ

WKH LQVWDQWDQHRXV YDOXH RI 9(�

ZKHUH SDUDPHWHU η  WKH LQWULQVLF VWDQGRII UDWLR

7KHUHIRUH� XVH WKH %� WHUPLQDO RU WKH PDLQ VXSSO\ YROWDJH WR V\QFKURQL]H WKH EDVLF WULJJHU FLUFXLW�

)LJXUH ���� LOOXVWUDWHV WKH XVH RI D QHJDWLYH V\QFKURQL]LQJ SXOVH DW %��
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6\QFKURQL]DWLRQ 0HWKRGV
)LJXUH ���� 3XOVH 6\QFKURQL]DWLRQ RI 8-7 5HOD[DWLRQ

2VFLOODWRU

)LJXUHV ���� DQG ���� VKRZ WZR PHWKRGV RI DFKLHYLQJ V\QFKURQL]DWLRQ ZLWK WKH $& OLQH� 8VH D IXOO�ZDYH

UHFWLILHG VLJQDO REWDLQHG IURP D UHFWLILHU EULGJH RU D VLPLODU VRXUFH WR VXSSO\ ERWK SRZHU DQG

V\QFKURQL]LQJ VLJQDO WR WKH WULJJHU FLUFXLW� 8VH =HQHU GLRGH &5� WR FOLS DQG UHJXODWH WKH SHDNV RI WKH $&

DV LQGLFDWHG LQ )LJXUHV ���� DQG �����

)LJXUH ���� &LUFXLW IRU 6\QFKURQL]DWLRQ WR $& /LQH²6LQJOH 'LVFKDUJH
7HFFRU (OHFWURQLFV� ,QF� 7K\ULVWRU 'HVLJQ *XLGH
����� ��������
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� &LUFXLW IRU 6\QFKURQL]DWLRQ WR $& /LQH²'XDO 'LVFKDUJH

$W WKH HQG RI HDFK KDOI�F\FOH WKH YROWDJH DW %� RI 4� GURSV WR ]HUR� FDXVLQJ 4� WR WULJJHU� 7KHQ� WKH

FDSDFLWRU &� GLVFKDUJHV DW WKH EHJLQQLQJ RI HDFK KDOI�F\FOH DQG WKH WULJJHU FLUFXLWV V\QFKURQL]H ZLWK WKH

OLQH� )LJXUH ���� VKRZV D SXOVH SURGXFHG DW WKH RXWSXW DW WKH HQG RI HDFK KDOI�F\FOH ZKLFK FDXVHV WKH

6&5 WR WULJJHU DQG SURGXFHV D VPDOO FXUUHQW LQ WKH ORDG� 8VH D VHFRQG 8-7 IRU GLVFKDUJLQJ WKH FDSDFLWRU

DW WKH HQG RI WKH KDOI�F\FOH LI WKLV LV XQGHVLUDEOH� �6HH )LJXUH ������ 8VH GLRGH &5� DQG FDSDFLWRU &� WR

VXSSO\ D FRQVWDQW '& YROWDJH WR 4�� 7KH YROWDJH DFURVV 4� GURSV WR ]HUR HDFK KDOI�F\FOH� FDXVLQJ &� WR

GLVFKDUJH WKURXJK 4� UDWKHU WKDQ WKURXJK WKH ORDG 5%�� &KRRVH WKH 8-7V VR WKDW 4� KDV D KLJKHU

VWDQGRII UDWLR WKDQ 4��

6\QFKURQL]DWLRQ RI D 387 FLUFXLW LV H[DFWO\ DQDORJRXV WR WKH 8-7 VLQFH WKHLU RSHUDWLRQ LV VR VLPLODU�

7ULJJHU &LUFXLWV IRU ,QYHUWHUV

,QYHUWHU FLUFXLWV XVXDOO\ UHTXLUH WULJJHU SXOVHV GHOLYHUHG DOWHUQDWHO\ WR WZR 6&5V� 0DQ\ PHWKRGV DQG

W\SHV RI FLUFXLWV FDQ SHUIRUP WKLV IXQFWLRQ� VHYHUDO RI ZKLFK DUH GHVFULEHG LQ WKH IROORZLQJ VHFWLRQV�

7UDQVLVWRUL]HG )OLS�)ORSV

7KH WUDQVLVWRU IOLS�IORS LV D YHU\ IXQGDPHQWDO DQG XVHIXO FLUFXLW IRU GULYLQJ 6&5 RU WULDF JDWHV� 7KH

WUDQVLVWRU PD\ GULYH WKH JDWHV GLUHFWO\ WKURXJK D WUDQVIRUPHU RU WKURXJK D SXOVH VKDSHU� ,W LV QHFHVVDU\ WR

GHVLJQ WKH WUDQVIRUPHU WR DYRLG VDWXUDWLRQ DW WKH ORZHVW RSHUDWLQJ IUHTXHQF\ DQG KLJKHVW VXSSO\ YROWDJH�

8VH D 8-7 RU D 387 UHOD[DWLRQ RVFLOODWRU WR GULYH WKH IOLS�IORS IRU SUHFLVH WLPLQJ RU FRQQHFW LW DV D IUHH�

UXQQLQJ PXOWLYLEUDWRU�
7K\ULVWRU 'HVLJQ *XLGH 7HFFRU (OHFWURQLFV� ,QF�
����� ��������
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7ULJJHU &LUFXLWV IRU ,QYHUWHUV
)LJXUH ���� 7UDQVLVWRUL]HG )OLS�IORS 7ULJJHU &LUFXLWV IRU 7ZR ,QYHUWHU 6&5V²� .+] 2VFLOODWLRQ

)LJXUH ���� 7UDQVLVWRUL]HG )OLS�IORS 7ULJJHU &LUFXLWV IRU 7ZR ,QYHUWHU 6&5V²��� +] 2VFLOODWLRQ

)LJXUHV ���� DQG ���� VKRZ WZR DSSURDFKHV WKDW SURYLGH DOWHUQDWH RXWSXW SXOVHV UHTXLUHG E\ PDQ\

LQYHUWHU FLUFXLWV� 2EWDLQ DOWHUQDWH RXWSXW SXOVHV E\ FURVV FRXSOLQJ WZR UHOD[DWLRQ RVFLOODWRU FLUFXLWV E\

FDSDFLWRU &�� 3RWHQWLRPHWHU 5� WULPV IUHTXHQF\� DQG 5� WULPV V\PPHWU\� %RWK FLUFXLWV RIIHU WKH VDPH ULVH

WLPHV DQG KDYH DQ XSSHU IUHTXHQF\ OLPLW RI �� N+]� EXW WKH FLUFXLW ZLWK WKH 387 GRHV SRVVHVV JUHDWHU

YHUVDWLOLW\ DQG KLJKHU RXWSXW YROWDJHV� 7KH RVFLOODWLRQ IUHTXHQF\ RI WKH ODWWHU FDQ YDU\ HLWKHU E\ FKDQJLQJ

WKH FDSDFLWRUV RU E\ YDU\LQJ WKH JDWH ELDV RQ WKH 387�

387 )OLS�)ORS 7ULJJHU &LUFXLW

7KLV IOLS�IORS FLUFXLW FRQVLVWV RI WZR UHOD[DWLRQ RVFLOODWRU FLUFXLWV FRXSOHG WRJHWKHU DV VKRZQ LQ )LJXUH �����

:KHQ RQH RI WKH WZR WULJJHU GHYLFHV LV LQ WKH ³RQ VWDWH�´ WKH RWKHU LV DOZD\V LQ WKH ³RII VWDWH�´ 7XUQLQJ RQ

RQH GHYLFH LQVWDQWDQHRXVO\ SURGXFHV D QHJDWLYH YROWDJH RQ WKH RWKHU GXH WR WKH SUHVHQFH RI FDSDFLWRU

&7� 7KLV VKLIWV LW WR WKH ³RII VWDWH�´ 5� DGMXVWV WKH IUHTXHQF\� DQG 5� WULPV WKH V\PPHWU\� 2XWSXWV 9� DQG

9� FDQ FRXSOH WR DGGLWLRQDO VWDJHV RI DPSOLILFDWLRQ EHIRUH FRXSOLQJ WR WKH JDWH�
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 387 )OLS�IORS 7ULJJHU &LUFXLW

3XOVH $PSOLILFDWLRQ DQG 6KDSLQJ

&RQVLGHUDWLRQ RI 6&5 WULJJHU UHTXLUHPHQWV PD\ UHYHDO WKDW WKH RXWSXW RI D SXOVH JHQHUDWRU LV QRW RI

VXIILFLHQW DPSOLWXGH DQG�RU LWV RXWSXW ULVH WLPH LV WRR VORZ� %ROVWHU WKH RXWSXW ZLWK OLWWOH DGGLWLRQDO H[SHQVH

WR PHHW WKH VWULQJHQW JDWH UHTXLUHPHQWV RI 6&5V ZRUNLQJ DW KLJK IUHTXHQFLHV DQG KLJK GL�GW�

)LJXUHV ���� WKURXJK ���� VKRZ VHYHUDO JDWH DPSOLILHU FLUFXLWV� 7KH FLUFXLW LQ )LJXUH ���� XVHV D WUDQVLVWRU

DPSOLILHU VDWXUDWHG GXULQJ WKH GXUDWLRQ RI WKH UHOD[DWLRQ RVFLOODWRU SXOVH� 7KLV DOORZV &� WR GLVFKDUJH LQWR

WKH 6&5�

7KH DYDLODELOLW\ RI 6&5V ZLWK KLJKO\ VHQVLWLYH JDWHV SHUPLWV XVH RI WKHVH GHYLFHV WR WULJJHU KLJKHU�UDWHG

6&5V DV VKRZQ LQ )LJXUH ����� (&���% DV 6&5� UHTXLUHV OHVV WKDQ ��� PLFURDPSHUHV RI JDWH VLJQDO WR

WULJJHU� &XUUHQW WKHQ IORZV WKURXJK 5�� 6&5�� DQG LQWR WKH JDWH RI 6&5�� 7KLV GHYLFH WXUQV RQ DQG VKXQWV

WKH PDLQ SRZHU DZD\ IURP 6&5�� ,Q DGGLWLRQ WR SURYLGLQJ D PHDQV RI WULJJHULQJ KLJK�FXUUHQW 6&5V E\

ORZ�OHYHO VLJQDOV IURP KLJK�LPSHGDQFH VRXUFHV� WKLV W\SH RI WULJJHULQJ \LHOGV SRVLWLYH WULJJHULQJ IURP

SXOVHG JDWH VLJQDOV HYHQ ZLWK KLJKO\ LQGXFWLYH ORDGV GXH WR WKH PXFK ORZHU ODWFKLQJ FXUUHQW UHTXLUHPHQWV

RI WKH (&���% LQ FRPSDULVRQ ZLWK WKH KLJKHU�UDWHG 6&5V� 7KH JDWH RI 6&5� LV GULYHQ E\ D WULJJHU VLJQDO

ZLWK 6&5� ODWFKHG LQWR FRQGXFWLRQ ZKLFK LV PDLQWDLQHG XQWLO 6&5� LV IRUFHG LQWR FRQGXFWLRQ� 5� OLPLWV WKH

FXUUHQW WKURXJK 6&5� WR D YDOXH ZLWKLQ LWV UDWLQJ� 6&5� PXVW PHHW WKH VDPH YROWDJH UHTXLUHPHQWV DV

6&5�� +RZHYHU� LWV FXUUHQW GXW\ LV JHQHUDOO\ RI D SXOVHG QDWXUH DQG QHJOLJLEOH� 6HYHUDO W\SHV RI 6&5V

KDYH DPSOLI\LQJ JDWHV� LQ ZKLFK WKH SUHGULYHU 6&5V DUH LQWHUQDO WR WKH GHYLFH DV VKRZQ LQ )LJXUH �����
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3XOVH $PSOLILFDWLRQ DQG 6KDSLQJ
)LJXUH ���� 7ULJJHU 3XOVH $PSOLILHU &LUFXLWV²

7UDQVLVWRU 3XOVH $PSOLILHU

)LJXUH ���� 7ULJJHU 3XOVH $PSOLILHU &LUFXLWV²8VH RI

/RZ &XUUHQW 6&5 DV D *DWH 6LJQDO

$PSOLILHU

)LJXUH ���� 7ULJJHU 3XOVH $PSOLILHU &LUFXLWV²

$PSOLI\ LQJ *DWH 6&5

3UHGULYHUV DUH SDUWLFXODUO\ XVHIXO ZKHQ LW LV QHFHVVDU\ WR PDLQWDLQ WKH WULJJHU YROWDJH IRU WKH HQWLUH

FRQGXFWLRQ SHULRG� 8QGHU WKHVH FRQGLWLRQV� WKH SRZHU GLVVLSDWLRQ LQ WKH JDWH RI WKH SRZHU GHYLFH PD\ EH

H[FHVVLYH� )LJXUH ���� VKRZV D WHFKQLTXH RI PDLQWDLQLQJ WULJJHU GULYH GXULQJ WKH FRQGXFWLRQ SHULRG LQ WKH

IRUP RI D SXOVH WUDLQ� UHGXFLQJ WKH DYHUDJH JDWH GLVVLSDWLRQ� 7KH WUDQVLVWRU PXOWLYLEUDWRU SURYLGHV

DOWHUQDWH GULYLQJ YROWDJHV WR WKH WZR XQLMXQFWLRQ WUDQVLVWRU RVFLOODWRUV� 7KH RXWSXWV RI WKHVH RVFLOODWRUV

SURYLGH WKH DOWHUQDWLQJ SXOVH WUDLQ VHTXHQFH UHTXLUHG IRU LQYHUWHU FLUFXLWV�
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 7ULJJHU &LUFXLW 3URYLGLQJ 7UDLQ RI 3XOVHV

,W LV GHVLUDEOH WR WULJJHU ZLWK D IDVW ULVH�WLPH SXOVH IRU VRPH KLJK�FXUUHQW VZLWFKLQJ DSSOLFDWLRQV� 7KH

FLUFXLW VKRZQ LQ )LJXUH ���� FDQ VKDUSHQ VORZ�ULVLQJ SXOVH� 7KH GLRGH '� FRQGXFWV ZKHQ D SXOVH DSSHDUV

DW WKH LQSXW RI WKLV FLUFXLW� FKDUJLQJ WKH FDSDFLWRU� 7KH IRUZDUG GURS DFURVV WKH GLRGH HQVXUHV D SRVLWLYH

JDWH�WR�DQRGH YROWDJH RQ WKH 387 DQG SUHYHQWV LW IURP VZLWFKLQJ� 7KH GLRGH EHFRPHV UHYHUVH ELDVHG

DQG WKH 387 VZLWFKHV RQ ZKHQ WKH FDSDFLWRU FKDUJHV WR WKH SHDN YROWDJH RI WKH SXOVH� 7KH FRQVHTXHQW

SXOVH GHOLYHUHG WR WKH 6&5 KDV D ULVH WLPH RI �� WR ��� QDQRVHFRQGV GHWHUPLQHG E\ WKH 387 WXUQ�RQ

FKDUDFWHULVWLFV�

)LJXUH ���� 3XOVH 6KDUSHQHU 8VLQJ D 387

5HPHPEHU WKDW IRU IDVW�ULVLQJ FXUUHQW ORDGV� DQ 6&5 PD\ UHTXLUH D IDVW�ULVLQJ KLJK�OHYHO UHFWDQJXODU

SXOVH WR DVVXUH WULJJHULQJ� 8VLQJ UHDFWLYH SXOVH�IRUPLQJ QHWZRUNV RU EORFNLQJ RVFLOODWRUV FDQ VKDSH

UHFWDQJXODU SXOVHV� +RZHYHU� WKHVH FLUFXLWV DUH UHODWLYHO\ FRVWO\ DQG ODUJH� )LJXUH ���� VKRZV D FLUFXLW

ZKLFK ZLOO JHQHUDWH UHFWDQJXODU SXOVHV RI �� µVHF SXOVH ZLGWK DW UHSHWLWLRQ UDWHV XS WR �� N+] DQG GRHV

QRW UHTXLUH DQ\ LQGXFWLYH HOHPHQWV� 7KLV FLUFXLW LV GHVLJQHG WR DGHTXDWHO\ WULJJHU PRVW 6&5V HYHQ XQGHU
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*DWLQJ 7ULDFV DQG $OWHUQLVWRUV 2Q LQ 9DULRXV 4XDGUDQWV
WKH PRVW VWULQJHQW GL�GW FRQGLWLRQV ZLWK D ���YROW DPSOLWXGH DQG ���RKP VRXUFH LPSHGDQFH� 7KH 8-7

RSHUDWHV DV D FRQYHQWLRQDO UHOD[DWLRQ RVFLOODWRU ZKRVH IUHTXHQF\ PD\ EH FRQWUROOHG E\ DQ\ RI WKH

WHFKQLTXHV SUHYLRXVO\ PHQWLRQHG� 7KH 8-7 RXWSXW SXOVHV GULYH D IRXU�WUDQVLVWRU DPSOLILHU FLUFXLW ZKLFK

LPSURYHV WKH ULVH WLPH DQG H[WHQGV WKH SXOVH ZLGWK WR DSSUR[LPDWHO\ �� µVHF�

)LJXUH ���� +LJK GL�GW 7ULJJHU &LUFXLW

'HSHQGLQJ RQ WKH QDWXUH RI WKH FRQWURO LQSXW VLJQDO� FRQVLGHU RWKHU W\SHV RI 6&5V IRU WULJJHULQJ ODUJHU

6&5V� /$6&5 LV DQ RSWLRQ ZKHUH GLUHFW WULJJHULQJ E\ OLJKW LV UHTXLUHG� $OVR� WKH /$6&5 LQ FRQMXQFWLRQ

ZLWK D VXLWDEOH OLJKW VRXUFH SURYLGHV D VLPSOH ZD\ LQ ZKLFK WR REWDLQ HOHFWULFDO LVRODWLRQ LQ 6&5 FRQWURO

FLUFXLWU\�

*DWLQJ 7ULDFV DQG $OWHUQLVWRUV 2Q LQ 9DULRXV 4XDGUDQWV

*DWLQJ TXDGUDQWV RI WULDFV DQG DOWHUQLVWRUV DUH DQ RIWHQ PLVXQGHUVWRRG SDUDPHWHU RI WK\ULVWRU W\SH

GHYLFHV� 7KHVH TXDGUDQWV DUH QRW UHODWHG WR WKH ���� LQ RQH $& VLQH ZDYH� &RQVLGHU WKHVH TXDGUDQWV DV

JDWLQJ PRGHV� )LJXUH ���� VKRZV D GHILQLWLRQ RI JDWLQJ TXDGUDQWV�

5HPHPEHU WKDW WKH JDWH VLJQDO LV DOZD\V UHIHUHQFHG WR WKH 07� RU FDWKRGH OHDG� �'R 127 SODFH D ORDG

EHWZHHQ 07� WHUPLQDO DQG SRZHU VXSSO\ UHIHUHQFH� DV VKRZQ LQ )LJXUH ������

$OVR� FRQVLGHU WKH SRODULW\ RI WKH JDWH SXOVHV DV UHODWHG WR WKH 07� OHDG DQG WKH SRODULW\ RI WKH YROWDJH

�ZKLFK KDOI�F\FOH� RQ WKH 07� OHDG ZLWK UHVSHFW WR 07��
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7ULJJHULQJ DQG *DWH &KDUDFWHULVWLFV RI 7K\ULVWRUV
)LJXUH ���� 'HILQLWLRQ RI 4XDGUDQWV

7HFFRU¶V VHQVLWLYH JDWH WULDFV PD\ EH JDWHG RQ LQ DOO IRXU TXDGUDQWV� )LJXUHV ���� DQG ���� VKRZ D JDWH
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F\FOH RI WKH $& OLQH� DQG LQ 4,,, �GXULQJ WKH QHJDWLYH KDOI�F\FOH��
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*DWLQJ 7ULDFV DQG $OWHUQLVWRUV 2Q LQ 9DULRXV 4XDGUDQWV
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	Triggering and Gate Characteristics of Thyristors
	Gate Trigger Characteristics, Ratings, and Methods
	The key factor in the widespread utility of the triode thyristor (SCR or triac) for control of po...
	Figure 1.1 SCR Simple Block Construction

	The operation of a PNPN device can best be visualized as a specially coupled pair of transistors ...
	Figure 1.2 Coupled Pair of Transistors

	The connections between the two transistors enable regenerative action when a proper gate signal ...

	Triggering Process
	Subsequent sections will present the two-transistor analogy of the SCR, the junction gate and rem...
	Symmetrical transistor action in which anode current increases proportionally to gate current pre...
	The criteria for triggering depends upon the nature of the external anode circuit impedance and t...
	The anode current at point (4) is the “holding” current for this set of conditions. If the load r...
	Figure 1.3 SCR Anode-Cathode Characteristics with Gate Current

	The triac gate characteristics in Quadrant I (QI) and Quadrant III (QIII) appear similar to those...
	Thyristor triggering requirements are dependent on both anode and gate conditions. Therefore, spe...

	SCR Gate–Cathode Characteristics
	Trigger circuits must be designed to produce proper current flow between the gate and cathode ter...
	Therefore, the electrical characteristics presented between the gate and cathode terminals, from ...
	Characteristics Prior to Triggering
	Figures�1.4 and�1.5 show the low-frequency full and simplified equivalent circuits of the gate-to...
	Figure 1.4 Gate-Cathode Equivalent Circuit for the Conventional SCR
	Figure 1.5 Gate-Cathode Equivalent Circuit for the Amplifying Gate SCR
	Figure 1.6 Gate-Cathode Characteristic Curve (IA = 0)

	Figure�1.6 shows the difference between a typical gate characteristic and an ordinary diode junct...
	Compared with gate current, the equivalent circuit and characteristics in Figure�1.6 are valid on...

	Characteristics at Triggering Point
	The equivalent gate circuit must be modified to include the anode current flow across the gate ju...
	It is apparent that the impedance of the gate signal source is another factor in the criteria for...

	Characteristics After Triggering
	The gate impedance changes after the thyristor triggers and the anode current flow across the gat...
	Figure 1.7 Gate-Cathode Equivalent Circuit [IA = f(IG)]
	Figure 1.8 Gate Characteristics, Anode Connected
	Figure 1.9 Gate Characteristics After Triggering

	In some cases, the gate voltage produced by conduction of one SCR can produce adequate triggering...


	Effects of Gate-Cathode Impedance and Bias
	The preceding section described the criteria for triggering, involving the gate current, gate sig...
	Gate-Cathode Resistance
	The two-transistor analogy shows that a low external resistance between gate and cathode bypasses...
	Figure 1.10 Gate-Cathode Resistance

	The relative effect of the external resistance is dependent upon the magnitudes of the internal r...
	External gate shunt resistance also slightly reduces the turn-off time (tq) of the SCR by assisti...
	Sensitive SCRs benefit most from gate shunting because they are “sensitive.”
	Figure 1.11 Maximum and Minimum Holding Current Variation with External Gate-to-Cathode Resistanc...


	Gate-Cathode Capacitance
	A low-shunt capacitive reactance at high frequencies can reduce the sensitivity of a thyristor to...
	Figure 1.12 Gate-Cathode Capacitance

	The gate voltage must increase as anode current increases at the point of triggering. Therefore, ...
	The gate acts as a voltage source after turning on the SCR, charging the capacitor to the voltage...
	If the gate triggering signal is a low-impedance pulse generator in series with a capacitor, the ...

	Gate-Cathode Inductance
	Inductive reactance between gate and cathode reduces sensitivity to slowly changing anode current...
	Figure 1.13 Gate-Cathode Inductance

	With anode current flowing, the gate voltage causes current to flow out of the gate through the i...
	Negative gate current will continue for a period of time after the SCR anode current ceases, deca...
	The pulse can produce a current flow through the inductor if a triggering current pulse is applie...

	Gate-Cathode LC Resonant Circuit
	A parallel LC resonant circuit connected between gate and cathode can provide a frequency-selecti...
	Figure 1.14 Gate-Cathode LC Resonant Circuit

	Obtain the oscillating condition by making the anode current value intermediate between the norma...

	Positive Gate Bias
	The presence of positive current in the gate when applying reverse voltage to the anode may incre...
	Figure�1.15 gives the temperature derating for different SCR lines at various gate drive duty cyc...
	Figure 1.15 Temperature Derating Curve for Simultaneous Application of Positive Gate Pulse when A...

	A gate-clamping circuit (as shown in Figure�1.16) provides one means of limiting the additional r...
	An alternate way to limit additional reverse leakage dissipation due to positive gate voltage is ...
	Figure 1.16 Gate Clamp Circuit for Controlled Rectifier


	Negative Gate Bias
	Never allow the gate to become more negative with respect to the cathode than is indicated on the...
	Negative gate bias tends to increase the forward breakover voltage VBO and the dv/dt withstand ca...
	Figure�1.17 shows a voltage bias arrangement. Resistor Rb goes to a negative supply instead of me...
	where D is the voltage drop across diode CR1 (typical value 0.7 volt)

	The diode provides a fixed negative bias voltage gate-to-cathode for the SCR. A disadvantage of t...
	Figure�1.18 shows a current bias scheme useful for smaller junction diameter SCRs. Selecting resi...
	Figure 1.17 Negative Gate Voltage Bias Arrangements
	Figure 1.18 Negative Gate Current Bias Arrangements

	Figure�1.19 shows the improvement achieved in dv/dt withstand capability by negative gate biasing...
	Figure 1.19 Effect of Gate Bias on Allowable Time Constant of Application of Forward Blocking Vol...

	It is possible to design circuits which apply a negative gate bias or short the gate to the catho...
	The basic idea is to differentiate the dv/dt applied to the anode, invert the polarity, and apply...
	Figure 1.20 Transistor Snubber to Improve dv/dt

	Because of the shunting effects of RS, gate shorting has little influence on large area devices a...
	Because it is mainly a function of carrier lifetime in an area not accessible by the gate, the in...


	Effects of Anode Circuit upon Gate Circuit
	Discussions in previous sections presented the anode circuit voltage and impedance as determining...
	A voltage appears at the gate terminal when the anode voltage of the SCR reaches either the forwa...
	The gate is essentially at the same potential as the anode when an SCR is conducting. When the SC...
	Figure 1.21 DC Gate Triggering Characteristics (for 2N681 SCR)

	The DC gate trigger characteristics of an SCR are similar to the graph in Figure�1.21 which appli...
	The basic function of the trigger circuit is to simultaneously supply the gate current to trigger...
	The shaded area in Figure�1.21 bounds the “preferred gate drive area” of SCR gate operation. This...
	The upper right-hand portion shows the detail of the locus of all specified trigger points, and t...

	Load Lines
	The trigger circuit load line must intersect the individual SCR gate characteristic in the “prefe...
	Construction of a “load line” is a convenient means of placing the maximum operating point of the...
	Figure 1.22 Gate Circuit
	Figure 1.23 Load Line Superimposed on Gate Trigger Characteristic

	The load line sweeps across the graph, starting as a point at the origin and reaching its maximum...
	Base the applicable gate power curve selection on whether average or peak allowable gate power di...
	peak gate drive power X pulse width X pulse repetition rate £ allowable average gate power for in...

	Inverter SCRs that require a stiff gate signal because of high di/dt and high-frequency operation...
	Figure 1.24 Gate Trigger Requirements for High Frequency and High di/dt Operation


	Positive Gate Voltage That Will Not Trigger SCR
	Figure�1.21 also indicates the maximum gate voltage that will not trigger the SCR. For example, i...

	Pulse Triggering
	Thyristor specification is commonly in terms of the continuous DC gate voltage and current requir...
	Like transistors, thyristors are generally charge controlled on a short-time basis. The free char...
	Figure 1.25 Effect of Trigger Pulse Width (T106 SCR) — Current and Voltage Requirements
	Figure 1.26 Effect of Trigger Pulse Width (T106 SCR) — Charge versus Time

	Figure�1.25 shows the relationship between pulse width and peak current for a rectangular pulse t...
	The illustration in Figure�1.25 does not infer that only rectangular pulses are acceptable. Use a...
	Figure�1.27 shows the increase in gate drive required for triggering four types of SCRs with trig...
	Figure�1.28 shows a common on-state current when the discharge of a capacitor provides a latching...
	Figure 1.27 Gate Drive Required for Short Trigger Pulse Duration
	Figure 1.28 Current Waveform for Capacitive and Inductive Load


	A slowly-rising anode current determined primarily by inductance in the circuit follows the latch...
	The device goes out of conduction and the circuit will not latch if the device has a holding curr...
	The DC gate trigger characteristics are measured on a 100% basis in production for all SCRs, but ...

	Anode Turn-On Interval Characteristics
	Figure�1.29 shows the turn-on, or switching, characteristics of a typical 2N1770 SCR. It is also ...
	Figure 1.29 Typical Turn-on Characteristics of 2N1770 SCR

	Delay time tgd shown for the 500 volt ampere switching characteristic is the time between the 10%...
	Rise time tr is the time required for the anode voltage to drop from 90% of its initial value to ...
	Total turn-on time is ton = tgd + tr. It is important to note that, as defined above, large turn-...
	If the gate is driven at two to three times the minimum amplitude required for triggering, the ji...

	Simple Resistor and RC Trigger Circuits
	Repeatability over a temperature range sometimes requires finding the simplest and most economica...
	Figures�1.31 and�1.33 show a simple method of obtaining gate current for triggering the SCR (Figu...
	Figure 1.30 Static Switches — Full-wave TRIAC, Series Gate Switch
	Figure 1.31 Static Switches — Half-wave SCR, Series Gate Switch
	Figure 1.32 Static Switches — Full-wave Triac, Gate Shunt Switch
	Figure 1.33 Static Switches — Half-wave SCR, Gate Shunt Switch

	Simple resistor/capacitor/diode combinations trigger and control SCRs over the full 180 electrica...
	Figures�1.34 and�1.35 show a very simple variable resistance half-wave circuit. It provides phase...
	Figure 1.34 Simple Half-wave Variable Resistor Phase Control (Limited Range of Control) — Circuit...
	Figure 1.35 Simple Half-wave Variable Resistor Phase Control (Limited Range of Control) — Transfe...

	Figure�1.36 shows a graph of the transfer function of this circuit based on choosing the potentio...
	Figures�1.36 and�1.37 show an R-C-Diode circuit giving full half-cycle control (180 electrical de...
	Figure 1.36 Simple Half-wave RC-diode Phase Control (Full 180˚ Control Range) — Circuit Schematic
	Figure 1.37 Simple Half-wave RC-diode Phase Control (Full 180˚ Control Range) — Transfer Function

	Select the capacitor so that its charging current is high compared with IGT at the instant of the...
	Figure�1.38 illustrates a slave circuit arrangement in which an independent half-wave circuit (SC...
	Figure 1.38 Three-Terminal, Full-wave, RC-diode Slaving Circuit for Full-wave Phase Control


	AC Thyratron-type Phase Shift Trigger Circuits
	Figure�1.39 illustrates a full-wave phase-controlled rectifier employing an R-C or R-L phase shif...
	Figure 1.39 R-C or R-L Phase Shift Network Control of Single Phase Bridge Output

	When using most SCRs, observe the following criteria to provide the maximum range of phase shift ...
	• Peak value of VC > 25 volts
	• or where C = capacitance in farads L = inductance in henries VC = peak end-to-end secondary vol...
	• where RS = series resistance in ohms
	• or

	Because of the frequency dependence of this type of phase shift circuit, the selection of adequat...

	Saturable Reactor Trigger Circuits
	Saturable reactors can provide a fairly steep wavefront of gate current together with a convenien...
	Continuously Variable Control
	Figure�1.40 shows a typical half-wave magnetic amplifier-type trigger circuit. Obtain the gate si...
	Figure 1.40 Typical Half-wave Magnetic Trigger Circuit

	Control signals can be applied to either input 1 or input 2 or both. Input 2 operates in the rese...
	Add more output windings to T2 for triggering several SCRs in parallel or in series. Also, it is ...

	On-Off Magnetic Trigger Circuits
	Magnetic trigger circuits designed for phase control applications (shown in Figure�1.40) require ...
	Figure 1.41 Half-wave On-Off Magnetic Trigger Circuits —Shunt Configuration
	Figure 1.42 Half-wave On-Off Magnetic Trigger Circuits — Series Configuration

	Figure�1.41 shows one winding of saturable transformer T1 connected in shunt with the gate of SCR...
	Figure�1.42 shows one winding of saturable transformer T2 connected in series with capacitor C2 a...
	The circuits shown in Figures�1.41 and�1.42 permit the SCR to perform the function of an AC conta...
	The following table summarizes the pros and cons of using various gate terminations:
	(1) Increase dv/dt capability
	(2) Keep gate clamped to assure VFB capability
	(3) Lowers toff time
	(1) Increase dv/dt capability
	(2) Remove high frequency noise
	(1) Increases delay time
	(2) Increases turn-on interval
	(3) Lowers gate signal rise time
	(4) Lowers di/dt capability
	(5) Increases toff time
	(1) Decrease DC gate sensitivity
	(2) Decrease toff time
	(1) Negative gate current increases holding current and causes gate area to drop out of conduction
	(2) In pulse gating the gate signal tail may cause the device to drop out of conduction
	(1) Supply reverse bias in off period
	(2) Protect gate and gate supply for reverse transients
	(3) Lowers toff time
	(1) Affects gate signal rise time and di/dt rating
	(2) Isolates the gate



	Semiconductor Trigger-Pulse Generators
	The simple resistor and capacitor-triggering circuits depend heavily on the specific triggering c...
	On the other hand pulse triggering can accommodate wide tolerances in triggering characteristics ...
	While a multitude of semiconductors and circuits can produce adequate triggering pulses, this cha...
	Basic Relaxation Oscillation Criteria
	Most devices used to produce trigger pulses (such as the unijunction transistor, diac trigger dio...
	To relate these specifications to the criteria for oscillation, consider the elementary relaxatio...
	Upon reaching triggering point (1), the operating point transfers to point (2), discharging the c...
	Changing the minimum value of R1 sustains oscillation, and its new load line intersects the devic...
	Figure 1.43 Basic Relaxation Oscillator Circuit
	Figure 1.44 Basic Relaxation Oscillator Characteristics

	A very important factor not apparent in Figures�1.43 and�1.44, and often not specified for a devi...
	The magnitude of pulse voltage ep and pulse current ip appearing at the load (resistor R2 in this...
	The effective device resistance during switching when R2C is smaller reduces both ep and ip, appr...
	Since the effect of switching time is not readily apparent from the characteristic curve, devices...
	The following table shows the correlation of the parameter terminologies used in various switchin...

	Unijunction Transistor (UJT)
	The UJT has three terminals:
	• Emitter (E)
	• Base-one (B1)
	• Base-two (B2)

	Between B1 and B2 the unijunction has the characteristics of an ordinary resistance. This resista...
	Figure 1.45 2N2646 Unijunction Transistor Symbol and Emitter Input Characteristics

	Figure�1.45 shows the normal biasing conditions for a typical UJT. If the emitter voltage VE is l...
	The peak point voltage of the UJT varies in proportion to the interbase voltage VBB:
	where parameter h = the intrinsic standoff ratio

	The value of h lies between 0.51 and 0.82, and the voltage VD (the equivalent emitter diode volta...
	The following equation gives a value of RB2 for the 2N489 MIL series, 2N1671A and B, and the 2N2160.
	See “Unijunction Temperature Compensation” (Reference 9 under Chapter 1 in the References section...
	Figure 1.46 Basic Unijunction Transistor Relaxation Oscillator Trigger Circuit with Typical Wavef...



	Basic UJT Pulse Trigger Circuit
	The basic UJT trigger circuit used in applications with the SCR is the simple relaxation oscillat...
	For an approximate nominal value of intrinsic standoff ratio h = 0.63, T = R1C1.
	The design conditions of the UJT triggering circuit are very broad. In general, RB1 is limited to...
	When the pulse output (VB1) of the circuit shown in Figure�1.46 is coupled directly to the gate o...
	For the 2N681 types at a maximum junction temperature of 125˚C, VGT (max) is 0.25 volt. For a sup...
	Designing the UJT Trigger Circuit
	The 2N2646 and 2N2647 UJTs are specifically characterized for SCR trigger circuits and are factor...
	Achieve the design of a suitable UJT trigger circuit rapidly and easily by using the design curve...
	In all cases use a resistance of 100 ohms or greater in series with either B2 or in series with t...
	Consider the following example using Figures�1.47 and�1.48 in the practical design of an SCR trig...
	Problem: A circuit is required to trigger a 2N1773 series SCR at the lowest possible supply volta...
	Solution: Based on the chart in Figure�1.47, consider Curve I with the supply voltage V1 not exce...
	This value of RB2 requires an increase in the supply voltage to a value V1 in accordance with the...
	A suitable design for this problem is C1 = 0.1 mf, RB2 = 1K ohms, and V1 = 17 volts.
	If RB2 causes V1 (from the above equation) to be larger than can be attained practically or econo...
	Figure 1.47 UJT Circuit Design Curves (-55˚ to 125˚C)
	Figure 1.48 UJT Circuit Design Curves (-40˚ to 125˚C)

	Do not use a UJT to trigger SCRs that handle more than 70 Amps. Use a PUT trigger circuit (shown ...


	Programmable Unijunction Transistor (PUT)
	The PUT trigger device is a small thyristor with an anode gate as shown in Figure�1.49. The devic...
	Figure 1.49 PUT Relaxation Oscillator —Device Termination
	Figure 1.50 PUT Relaxation Oscillator — Typical Current

	The primary difference between the two PUTs (2N6027 and 2N6028) is in the peak point current. The...

	Designing the PUT Relaxation Oscillator and Timer Circuits
	A systematic approach to the design of a PUT oscillator circuit appears complex precisely because...
	Consider the following key guide posts:
	• Consider peak point control IP - IP only in the case of a very long interval timer. Both RT and...
	• Valley Current, IV is a key parameter in free-running relaxation oscillators operating from a D...
	• Offset Voltage, VT determines the minimum value of R1 and so VT only plays a role in long inter...
	Design Problem: Design a free-running relaxation oscillator capable of triggering an S2012 SCR fl...
	Solution: Refer to Figure�1.49 for the basic circuit. No problem is anticipated with IP since the...
	The selection of CT is crucial since too small a value will not fire the SCR and too large a valu...
	Determine the value of VP and CT to trigger the S2012 from Figure�1.27.
	Plot on the same graph the time integral of current pulse to be used and the time integral of the...
	Figure 1.51 Charge to Trigger an Exponential Pulse



	The above technique provides a useful indication of SCR pulse triggering requirements. However, s...
	Let RS = 39 ohms. Then since RSCT = 8 msec, CT ª 0.2 mf. The peak triggering current of 80 mA det...
	where 1V is the approximate PUT on-state voltage

	The computed value of h is as follows:
	Use the following equations to find the timing pot RT.
	The maximum anode current occurs at the maximum frequency when R is a minimum:
	IV (min) of the 2N6027 is 70ma for IG = IMA which allows adequate safety margins. Therefore, to f...
	for

	The solutions for R1 and R2 are:
	Since h - 1/3, then R1 = 24K and R2 = 12K ohms
	If needing other frequency ranges, either switch in difference capacitors for CT or vary R2 to ac...
	Figures�1.52 and�1.53 show the effect of the voltage divider ratio R2 / (R1 + R2) on the period o...
	Figure 1.52 Effect of R2 / (R1 + R2) on Oscillator Frequency—PUT Oscillator
	Figure 1.53 Effect of R2 / (R1 + R2) on Oscillator Frequency—PUT Timer


	Silicon Unilateral Switch (SUS)
	The SUS, such as 2N4987, is essentially a miniature SCR having an anode gate (instead of the usua...
	Figure 1.54 Silicon Unilateral Switch (SUS)
	Figure 1.55 SUS Characteristic Curve


	Use the SUS usually in the basic relaxation oscillator circuit shown in Figure�1.43. Its characte...
	The peak pulse voltage VO specification is very important for thyristor triggering applications s...
	The major difference in function between the SUS and the UJT is that the SUS switches at a fixed ...
	For synchronization, lock-out, or forced switching, apply bias or pulse signals to the gate termi...
	(For more information, see Reference 12 under Chapter 1 in the References section.)

	Silicon Bilateral Switch (SBS)
	The SBS, such as the 2N4991, is essentially two identical SUS structures arranged in inverse-para...
	Specifications for the SBS 2N4991 are identical to those of the SUS 2N4987 with the exception of ...
	Figure 1.56 Silicon Bilateral Switch (SUS)
	Figure 1.57 SBS Characteristic Curve



	Bilateral Silicon Trigger Switch (STS)
	The newer “HS” series of bilateral Silicon Trigger Switch (STS) offers low breakover voltages in ...
	The (STS) devices switch from the blocking mode to full conduction when the applied voltage, of e...
	Figure 1.58 Symbol of Bilateral Trigger Switch
	Figure 1.59 STS Characteristic Curve



	Bilateral Trigger Diode (DIAC)
	The diac, such as the HT series, is essentially a transistor structure which exhibits a negative ...
	Use the diac in the simple relaxation oscillator circuit as shown in Figures�1.43 and�1.44. The c...
	Figure 1.60 Symbol of Bilateral Trigger Diode (Diac)
	Figure 1.61 Diac Characteristic Curve

	The following table shows HT32 diac specifications:
	The peak pulse voltage VBB is measured under the same conditions used with the SUS and SBS— R2�=�...

	Asymmetrical AC Trigger Switch (ST4)
	The ST4 is an integrated triac trigger circuit that provides wide-range, hysteresis-free phase co...
	The equivalent circuit and characteristic curve in Figures�1.62 and�1.63 show that the ST4 behave...
	Figure 1.62 Symbol of Asymmetrical AC Trigger Switch (ST4) and Equivalent Circuit
	Figure 1.63 ST4 Characteristic Curve

	The following table shows ST4 specifications:

	Other Trigger Devices
	Several other unilateral and bilateral switching devices exist with characteristics similar to th...
	Specialized integrated circuits could be and have been designed to meet the need where a large de...
	Another method of triggering employs light-sensitive or light-activated devices. This method offe...

	Summary of Semiconductor Trigger Devices
	The following table summarizes the electrical characteristics of the widely-used triggering devices:


	Neon Glow Lamps as Trigger Devices
	Many consider using the low-priced neon glow lamps for triggering thyristors. The characteristics...
	The 5AH is an isotope-stabilized neon glow lamp now being used in many low-cost SCR control circu...
	Measure the peak pulse current ip in a 20-ohm resistor when discharging a 0.1 mf capacitor. There...
	Glow lamps are useful for thyristor triggering under the following conditions:
	• Thyristor IGT is 10 mA or less.
	• Wide tolerance in VS is acceptable.
	• Minimum pulse voltage, measured in sample lot, must be several times minimum required to trigge...
	• Change in VS and pulse output with operating time is acceptable.
	• Cost is of primary importance.
	• Five percent loss in RMS voltage at full power is tolerable.

	Neon Lamp Trigger Circuits
	Neon lamp SCR phase-controlled trigger circuits have the promise of combining the low cost of the...
	Figure�1.64 shows a half-wave AC phase-controlled circuit using a 5AH as the trigger for a two-te...
	Figure 1.64 Half-wave/Two Terminal

	Figure�1.65 shows a transformer-coupled full-wave AC phase-controlled circuit using a 5AH as the ...
	Figure 1.65 Full-Wave Transformer Coupled/Two Terminal



	Pulse Transformers
	Pulse transformers are often used to couple a trigger-pulse generator to a thyristor in order to ...
	The transformers usually used for thyristor control are either 1:1 two-winding, or 1:1:1 three-wi...
	Figure 1.66 Basic Pulse Transformer Coupling

	Figures 1.67 through�1.69 show several ways of using a transformer to drive an inverse-parallel p...
	Figure 1.67 Pulse Transformer Connections for Two SCRs—Three-Winding
	Figure 1.68 Pulse Transformer Connections for Two SCRs—Two-Winding, Series Mode
	Figure 1.69 Pulse Transformer Connections for Two SCRs—Two-Winding, Parallel Mode


	Efficiency is one of the prime requirements of a trigger pulse transformer. The simplest test is ...
	Consider the following transformer design factors:
	• Design primary magnetizing inductance high enough so that magnetizing current is low, in compar...
	• Since most pulse generators are unilateral, core saturation must be avoided.
	• Design tight coupling between primary and secondary, for single-SCR control, or design specifie...
	• Insulation between windings must be adequate for the application, including transients.
	• Interwinding capacitance is usually insignificant but may be a path for undesirable stray signa...


	Synchronization Methods
	In the basic trigger circuit in Figure�1.70, the UJT can trigger at any intermediate part of the ...
	where parameter h = the intrinsic standoff ratio

	Therefore, use the B2 terminal or the main supply voltage to synchronize the basic trigger circui...
	Figure 1.70 Pulse Synchronization of UJT Relaxation Oscillator

	Figures�1.71 and�1.72 show two methods of achieving synchronization with the AC line. Use a full-...
	Figure 1.71 Circuit for Synchronization to AC Line—Single Discharge
	Figure 1.72 Circuit for Synchronization to AC Line—Dual Discharge

	At the end of each half-cycle the voltage at B2 of Q1 drops to zero, causing Q1 to trigger. Then,...
	Synchronization of a PUT circuit is exactly analogous to the UJT since their operation is so simi...

	Trigger Circuits for Inverters
	Inverter circuits usually require trigger pulses delivered alternately to two SCRs. Many methods ...
	Transistorized Flip-Flops
	The transistor flip-flop is a very fundamental and useful circuit for driving SCR or triac gates....
	Figure 1.73 Transistorized Flip-flop Trigger Circuits for Two Inverter SCRs—1 KHz Oscillation
	Figure 1.74 Transistorized Flip-flop Trigger Circuits for Two Inverter SCRs—500 Hz Oscillation

	Figures�1.73 and�1.74 show two approaches that provide alternate output pulses required by many i...

	PUT Flip-Flop Trigger Circuit
	This flip-flop circuit consists of two relaxation oscillator circuits coupled together as shown i...
	Figure 1.75 PUT Flip-flop Trigger Circuit



	Pulse Amplification and Shaping
	Consideration of SCR trigger requirements may reveal that the output of a pulse generator is not ...
	Figures 1.76 through�1.80 show several gate amplifier circuits. The circuit in Figure�1.76 uses a...
	The availability of SCRs with highly sensitive gates permits use of these devices to trigger high...
	Figure 1.76 Trigger Pulse Amplifier Circuits— Transistor Pulse Amplifier
	Figure 1.77 Trigger Pulse Amplifier Circuits—Use of Low Current SCR as a Gate Signal Amplifier
	Figure 1.78 Trigger Pulse Amplifier Circuits— Amplifying Gate SCR

	Predrivers are particularly useful when it is necessary to maintain the trigger voltage for the e...
	Figure 1.79 Trigger Circuit Providing Train of Pulses

	It is desirable to trigger with a fast rise-time pulse for some high-current switching applicatio...
	Figure 1.80 Pulse Sharpener Using a PUT

	Remember that for fast-rising current loads, an SCR may require a fast-rising high-level rectangu...
	Figure 1.81 High di/dt Trigger Circuit

	Depending on the nature of the control input signal, consider other types of SCRs for triggering ...

	Gating Triacs and Alternistors On in Various Quadrants
	Gating quadrants of triacs and alternistors are an often misunderstood parameter of thyristor typ...
	Remember that the gate signal is always referenced to the MT1 or cathode lead. (Do NOT place a lo...
	Also, consider the polarity of the gate pulses as related to the MT1 lead and the polarity of the...
	Figure 1.82 Definition of Quadrants

	Teccor’s sensitive gate triacs may be gated on in all four quadrants. Figures�1.84 and�1.85 show ...
	Figure 1.83 Direct Driven—Triac On in QI and QIV
	Figure 1.84 In-phase Gating Circu\it—Triac/Alternistor On in QI and QIII
	Figure 1.85 In-phase Gating Circuit Using Opto Couplers—Triac/Alternistor On in QI and QIII
	Figure 1.86 Amplified Drive Circuit—Triac On in QI and QIV
	Figure 1.87 Modified Drive Circuit—Triac/Alternistor On in QII and QIII
	Figure 1.88 Amplified Gate Triac On in QI and QIV, Resulting in Alternistor On in QI and QIII





