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0RGH 6HOHFW í õ0'íôñ 0RGH 6HOHFW ì õ0'ìô DQG 0RGH 6HOHFW ë õ0'ëôï0RGH
VHOHFW SLQV GHWHUPLQH WKH FRQWUROOHU FRPSDWLELOLW\ PRGH DV VSHFLILHG LQ 7DEOH ëï

æ 1î& ð 1R &RQQHFWï 7KLV SLQ PXVW EH WLHG WR JURXQG RU GHYLFH GDPDJH PD\ RFFXUï
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õWULðVWDWHô ZKHQ /('7î3'1 LV SXOOHG /RZ H[WHUQDOO\ï
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0+] FORFN DSSOLHG DW &/., ZLWK &/.2 OHIW RSHQï

ìç &2/ 2 &ROOLVLRQ 'HWHFWï 2XWSXW ZKLFK GULYHV WKH FROOLVLRQ GHWHFW LQSXW RI WKH FRQWUROOHUï
&2/ JRHV WR KLJK LPSHGDQFH õWULðVWDWHô ZKHQ /('7î3'1 LV SXOOHG /RZ H[WHUQDOO\ï

ìæ $8726(/ , $XWRPDWLF 3RUW 6HOHFWï:KHQ +LJKñ DXWRPDWLF SRUW VHOHFWLRQ LV HQDEOHG õWKH
/;7äíå GHIDXOWV WR WKH $8, SRUW RQO\ LI 73 OLQN LQWHJULW\  )DLOôï :KHQ /RZñ PDQð
XDO SRUW VHOHFWLRQ LV HQDEOHG õWKH 3$8, SLQ GHWHUPLQHV WKH DFWLYH SRUWôï

ìå /('5 2 5HFHLYH /('ï 2SHQ GUDLQ GULYHU IRU WKH UHFHLYH LQGLFDWRU /('ï 2XWSXW LV SXOOHG
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VWDWH DQG WKH /;7äíå ZLOO FRQWLQXH WR WUDQVPLW OLQN WHVW SXOVHVï
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/;7äíå 3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV

ëì /('&î
)'(

2
,

&ROOLVLRQ /(' õ/('&ôî)XOO 'XSOH[ (QDEOH õ)'(ôï 2SHQ GUDLQ GULYHU IRU WKH FROOLð
VLRQ LQGLFDWRU /(' SXOOV /RZ GXULQJ FROOLVLRQï /(' ¦2Q§ WLPH õLïHïñ /RZ RXWSXWô LV
H[WHQGHG E\ DSSUR[LPDWHO\ ìíí PVï ,I H[WHUQDOO\ WLHG /RZñ WKH /;7äíå GLVDEOHV WKH
LQWHUQDO 73 ORRSEDFN DQG FROOLVLRQ GHWHFWLRQ FLUFXLWV WR DOORZ IXOO GXSOH[ RSHUDWLRQ RU
H[WHUQDO 73 ORRSEDFNï

ëë /%. , /RRSEDFNï (QDEOHV LQWHUQDO ORRSEDFN PRGHï 5HIHU WR )XQFWLRQDO 'HVFULSWLRQ DQG
7HVW 6SHFLILFDWLRQV IRU GHWDLOVï

ëê

êê

*1'ì

*1'ë

¤

¤

*URXQG 5HWXUQV ì DQG ëï &RQQHFW WR QHJDWLYH SRZHU VXSSO\ WHUPLQDO õJURXQGôï

ëé 5%,$6 , %LDV &RQWUROï $ ìëïé NΩ ìø UHVLVWRU WR JURXQG DW WKLV SLQ FRQWUROV RSHUDWLQJ FLUFXLW
ELDVï

ëç 5;' 2 5HFHLYH 'DWDï 2XWSXW VLJQDO FRQQHFWHG GLUHFWO\ WR WKH UHFHLYH GDWD LQSXW RI WKH FRQð
WUROOHUï 5;' JRHV WR KLJK LPSHGDQFH õWULðVWDWHô ZKHQ /('7î3'1 LV SXOOHG /RZ
H[WHUQDOO\ï

ëæ &' 2 &DUULHU 'HWHFWï $Q RXWSXW WR QRWLI\ WKH FRQWUROOHU RI DFWLYLW\ RQ WKH QHWZRUNï &'
JRHV WR KLJK LPSHGDQFH õWULðVWDWHô ZKHQ /('7î3'1 LV SXOOHG /RZ H[WHUQDOO\ï

ëå 5&/. 2 5HFHLYH &ORFNï $ UHFRYHUHG ìí 0+] FORFN ZKLFK LV V\QFKURQRXV WR WKH UHFHLYHG GDWD
DQG FRQQHFWHG WR WKH FRQWUROOHU UHFHLYH FORFN LQSXWï 5&/. JRHV WR KLJK LPSHGDQFH
õWULðVWDWHô ZKHQ /('7î3'1 LV SXOOHG /RZ H[WHUQDOO\ï

ëä 1î& ð 1R &RQQHFWï 7KLV SLQ PXVW EH WLHG WR JURXQG RU GHYLFH GDPDJH PD\ RFFXUï

êí 3/5 2 3RODULW\ 5HYHUVHï 2XWSXW JRHV +LJK WR LQGLFDWH UHYHUVHG SRODULW\ DW WKH 73 LQSXWï

êë
êì

êè
êç

7323$
7323%

7321$
7321%

2
2

2
2

7ZLVWHGð3DLU 7UDQVPLW 3DLUV $ ÷ %ï 7ZR GLIIHUHQWLDO GULYHU SDLU RXWSXWV õ$ DQG %ô
WR WKH WZLVWHGðSDLU FDEOHï7KH RXWSXWV DUH SUHðHTXDOL]HGï (DFK SDLU PXVW EH VKRUWHG
WRJHWKHU ZLWK DQ ììïè Ω ìø UHVLVWRU WR PDWFK DQ LPSHGDQFH RI ìííΩï

êæ '64( , 'LVDEOH 64(ï:KHQ '64( LV +LJKñ WKH 64( IXQFWLRQ LV GLVDEOHGï :KHQ '64( LV
/RZñ WKH 64( IXQFWLRQ LV HQDEOHGï 64( PXVW EH GLVDEOHG IRU QRUPDO RSHUDWLRQ LQ
+XEî6ZLWFK DSSOLFDWLRQVï

êå

êä

73,3

73,1

,

,

7ZLVWHGð3DLU 5HFHLYH 3DLUï $ GLIIHUHQWLDO LQSXW SDLU IURP WKH 73 FDEOHï 5HFHLYH ILOWHU
LV LQWHJUDWHG RQðFKLSï 1R H[WHUQDO ILOWHUV DUH UHTXLUHGï

éí 3$8, , 3RUWî$8, 6HOHFWï ,Q 0DQXDO 3RUW 6HOHFW PRGH õ$8726(/ /RZôñ 3$8, VHOHFWV WKH
DFWLYH SRUWï :KHQ 3$8, LV +LJKñ WKH $8, SRUW LV VHOHFWHGï :KHQ 3$8, LV /RZñ WKH
73 SRUW LV VHOHFWHGï ,Q $XWR 3RUW 6HOHFW PRGHñ 3$8, PXVW EH WLHG WR JURXQGï

éì

éë

',3

',1

,

,

$8, 5HFHLYH 3DLUï 'LIIHUHQWLDO LQSXW SDLU IURP WKH $8, WUDQVFHLYHU ', FLUFXLWï 7KH
LQSXW LV 0DQFKHVWHU HQFRGHGï

éê

éé

'23

'21

2

2

$8, 7UDQVPLW 3DLUï $ GLIIHUHQWLDO RXWSXW GULYHU SDLU IRU WKH $8, WUDQVFHLYHU FDEOHï
7KH RXWSXW LV 0DQFKHVWHU HQFRGHGï

7DEOH ìã /;7äíå 6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ ú 6\PERO ,î2 'HVFULSWLRQ
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/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

/;7äíå )81&7,21$/'(6&5,37,21

,QWURGXFWLRQ
7KH /;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH 7UDQVFHLYHU SHUð
IRUPV WKH SK\VLFDO OD\HU VLJQDOLQJ õ3/6ô DQG 0HGLD
$WWDFKPHQW 8QLW õ0$8ô IXQFWLRQV DV GHILQHG E\ WKH ,(((
åíëïê VSHFLILFDWLRQï ,W IXQFWLRQV DV DQ $8, õ3/6ð2QO\
GHYLFHô IRU XVH ZLWK ìí%$6(ðë RU ìí%$6(ðè FRD[LDO FDEOH
QHWZRUNVñ RU DV DQ ,QWHJUDWHG 3/6î0$8 IRU XVH ZLWK
ìí%$6(ð7 WZLVWHGðSDLU QHWZRUNVï ,Q DGGLWLRQ WR VWDQGDUG
ìí 0ESV RSHUDWLRQñ WKH /;7äíå DOVR VXSSRUWV IXOOðGXSOH[
ëí 0ESV RSHUDWLRQï

7KH /;7äíå LQWHUIDFHV D EDFN HQG FRQWUROOHU WR HLWKHU DQ
$8, GURS FDEOH RU D WZLVWHGðSDLU õ73ô FDEOHï 7KH FRQWUROOHU
LQWHUIDFH LQFOXGHV WUDQVPLW DQG UHFHLYH FORFN DQG 15= GDWD
FKDQQHOVñ DV ZHOO DV PRGH FRQWURO ORJLF DQG VLJQDOLQJï 7KH
$8, LQWHUIDFH FRPSULVHV WKUHH FLUFXLWVã 'DWD 2XWSXW õ'2ôñ
'DWD ,QSXW õ',ô DQG &ROOLVLRQ õ&,ôï 7KH WZLVWHGðSDLU LQWHUð
IDFH FRPSULVHV WZR FLUFXLWVã 7ZLVWHGð3DLU ,QSXW õ73,ô DQG
7ZLVWHGð3DLU 2XWSXW õ732ôï ,Q DGGLWLRQ WR WKH WKUHH EDVLF
LQWHUIDFHVñ WKH /;7äíå FRQWDLQV DQ LQWHUQDO FU\VWDO RVFLOODð
WRU DQG IRXU /(' GULYHUV IRU YLVXDO VWDWXV UHSRUWLQJï

)XQFWLRQV DUH GHILQHG IURP WKH EDFN HQG FRQWUROOHU VLGH RI
WKH LQWHUIDFHï 7KH /;7äíå 7UDQVPLW IXQFWLRQ UHIHUV WR GDWD
WUDQVPLWWHG E\ WKH EDFN HQG WR WKH $8, FDEOH õ3/6ð2QO\
PRGHô RU WR WKH WZLVWHGðSDLU QHWZRUN õ,QWHJUDWHG 3/6î
0$8 PRGHôï 7KH /;7äíå 5HFHLYH IXQFWLRQ UHIHUV WR GDWD
UHFHLYHG E\ WKH EDFN HQG IURP WKH $8, FDEOH õ3/6ð2QO\ô
RU IURP WKH WZLVWHGðSDLU QHWZRUN õ,QWHJUDWHG 3/6î0$8
PRGHôï ,Q WKH LQWHJUDWHG 3/6î0$8 PRGHñ WKH /;7äíå
SHUIRUPV DOO UHTXLUHG 0$8 IXQFWLRQV GHILQHG E\ WKH ,(((
åíëïê ìí%$6(¤7 VSHFLILFDWLRQ VXFK DV FROOLVLRQ GHWHFWLRQñ
OLQN LQWHJULW\ WHVWLQJñ VLJQDO TXDOLW\ HUURU PHVVDJLQJñ MDEEHU
FRQWURO DQG ORRSEDFNï ,Q WKH 3/6ð2QO\ PRGHñ WKH /;7äíå
UHFHLYHV LQFRPLQJ VLJQDOV IURP WKH $8, ', FLUFXLW ZLWK �
ìåQV RI MLWWHU DQG GULYHV WKH $8, '2 FLUFXLWï

&RQWUROOHU &RPSDWLELOLW\ 0RGHV
7KH /;7äíå LV FRPSDWLEOH ZLWK PRVW LQGXVWU\ VWDQGDUG
FRQWUROOHUV LQFOXGLQJ GHYLFHV SURGXFHG E\ $GYDQFHG0LFUR
'HYLFHV õ$0'ôñ 0RWRURODñ ,QWHOñ )XMLWVXñ 1DWLRQDO 6HPLð
FRQGXFWRUñ 6HHT DQG 7H[DV ,QVWUXPHQWVñ DV ZHOO DV FXVWRP
FRQWUROOHUVï )LYH GLIIHUHQW FRQWURO VLJQDO WLPLQJ DQG SRODUð
LW\ VFKHPHV õ0RGHV ì WKURXJK èô DUH UHTXLUHG WR DFKLHYH
WKLV FRPSDWLELOLW\ï 0RGH VHOHFW SLQV õ0'ëãíô GHWHUPLQH
&RQWUROOHU FRPSDWLELOLW\ PRGHV DV OLVWHG LQ 7DEOH ëï 5HIHU
WR 7HVW 6SHFLILFDWLRQV IRU D FRPSOHWH VHW RI WLPLQJ GLDJUDPV
IRU HDFK PRGHï

7UDQVPLW )XQFWLRQ
7KH /;7äíå UHFHLYHV 15= GDWD IURP WKH FRQWUROOHU DW WKH
7;' LQSXW DV VKRZQ LQ WKH EORFN GLDJUDP RQ WKH ILUVW SDJH
RI WKLV 'DWD 6KHHWñ DQG SDVVHV LW WKURXJK D 0DQFKHVWHU
HQFRGHUï 7KH HQFRGHG GDWD LV WKHQ WUDQVIHUUHG WR HLWKHU WKH
$8, FDEOH õWKH '2 FLUFXLWô RU WKH WZLVWHGðSDLU QHWZRUN õWKH
732 FLUFXLWôï 7KH DGYDQFHG LQWHJUDWHG SXOVH VKDSLQJ DQG
ILOWHULQJ QHWZRUN SURGXFHV WKH RXWSXW VLJQDO RQ 7321 DQG
7323ñ VKRZQ LQ )LJXUH ëï 7KH 732 RXWSXW LV SUHðGLVWRUWHG
DQG SUHðILOWHUHG WR PHHW WKH ìí%$6(ð7 MLWWHU WHPSODWHï $Q
LQWHUQDO FRQWLQXRXV UHVLVWRUðFDSDFLWRU ILOWHU LV XVHG WR
UHPRYH DQ\ KLJKðIUHTXHQF\ FORFNLQJ QRLVH IURP WKH SXOVH
VKDSLQJ FLUFXLWU\ï ,QWHJUDWHG ILOWHUV VLPSOLI\ WKH GHVLJQ
ZRUN UHTXLUHG IRU )&&ðFRPSOLDQW (0, SHUIRUPDQFHï 'XUð
LQJ LGOH SHULRGVñ WKH /;7äíå WUDQVPLWV OLQN LQWHJULW\ WHVW
SXOVHV RQ WKH 732 FLUFXLW õLI /, LV HQDEOHG DQG LQWHJUDWHG
3/6î 0$8 PRGH LV VHOHFWHGôï ([WHUQDO UHVLVWRUV FRQWURO
WKH WHUPLQDWLRQ LPSHGDQFHï

)LJXUH ëã /;7äíå 732 2XWSXW :DYHIRUP
é9

ë9

í9

ðë9

ðé9

7DEOH ëã &RQWUROOHU &RPSDWLELOLW\ 0RGH 2SWLRQV

&RQWUROOHU 0RGH 0'ë 0'ì 0'í

0RGH ì ð )RU $0' $0æääíñ 0RWRUROD çå(1êçíñ 03&åçí RU FRPSDWLEOH FRQWUROOHUV /RZ /RZ /RZ

0RGH ë ð )RU ,QWHO åëèäç RU FRPSDWLEOH FRQWUROOHUV /RZ /RZ +LJK

0RGH ê ð )RU )XMLWVX 0%åçäèíñ 0%åçäçí RU FRPSDWLEOH FRQWUROOHUV õ6HHT åííèôì /RZ +LJK /RZ

0RGH é ð )RU 1DWLRQDO 6HPLFRQGXFWRU åêäí RU FRPSDWLEOH FRQWUROOHUV õ7, 706êåí&ëçô /RZ +LJK +LJK

0RGH è ð )RU FXVWRP FRQWUROOHUV õ0RGH ê ZLWK 7&/.ñ 5&/. DQG &2/ LQYHUWHGô +LJK +LJK /RZ

ìï 6((4 FRQWUROOHUV UHTXLUH LQYHUWHUV RQ &/.,ñ /%.ñ 5&/. DQG &2/ LQ 0RGH êâ RU RQ &/.,ñ /%. DQG 7&/. LQ 0RGH èï
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/;7äíå )XQFWLRQDO 'HVFULSWLRQ

-DEEHU &RQWURO )XQFWLRQ
)LJXUH ê LV D VWDWH GLDJUDP RI WKH /;7äíå -DEEHU FRQWURO
IXQFWLRQï 7KH /;7äíå RQðFKLS ZDWFKGRJ WLPHU SUHYHQWV
WKH '7( IURP ORFNLQJ LQWR D FRQWLQXRXV WUDQVPLW PRGHï
:KHQ D WUDQVPLVVLRQ H[FHHGV WKH WLPH OLPLWñ WKH ZDWFKGRJ
WLPHU GLVDEOHV WKH WUDQVPLW DQG ORRSEDFN IXQFWLRQVñ DQG
DFWLYDWHV WKH -$% SLQï 2QFH WKH /;7äíå LV LQ WKH MDEEHU
VWDWHñ WKH 7;' FLUFXLW PXVW UHPDLQ LGOH IRU D SHULRG RI íïëè
WR íïæè VHFRQGV EHIRUH LW ZLOO H[LW WKH MDEEHU VWDWHï

)LJXUH êã -DEEHU &RQWURO )XQFWLRQ

5HFHLYH )XQFWLRQ
7KH /;7äíå UHFHLYH IXQFWLRQ DFTXLUHV WLPLQJ DQG GDWD
IURP WKH WZLVWHGðSDLU QHWZRUN õWKH 73, FLUFXLWô RU IURP WKH
$8, õWKH ', FLUFXLWôï 9DOLG UHFHLYHG VLJQDOV DUH SDVVHG
WKURXJK WKH RQðFKLS ILOWHUV DQG 0DQFKHVWHU GHFRGHU WKHQ
RXWSXW DV GHFRGHG 15= GDWD DQG UHFRYHUHG FORFN RQ WKH
5;' DQG 5&/. SLQVñ UHVSHFWLYHO\ï

$Q LQWHUQDO 5& ILOWHU DQG DQ LQWHOOLJHQW VTXHOFK IXQFWLRQ
GLVFULPLQDWH QRLVH IURP OLQN WHVW SXOVHV DQG YDOLG GDWD
VWUHDPVï 7KH UHFHLYH IXQFWLRQ LV DFWLYDWHG RQO\ E\ YDOLG

GDWD VWUHDPV DERYH WKH VTXHOFK OHYHO DQG ZLWK SURSHU WLPð
LQJï ,I WKH GLIIHUHQWLDO VLJQDO DW WKH 73, RU WKH ', FLUFXLW
LQSXWV IDOOV EHORZ æèø RI WKH WKUHVKROG OHYHO õXQVTXHOFKHGô
IRU å ELW WLPHV õW\SLFDOôñ WKH /;7äíå UHFHLYH IXQFWLRQ
HQWHUV WKH LGOH VWDWHï ,I WKH SRODULW\ RI WKH 73, FLUFXLW LV
UHYHUVHGñ /;7äíå GHWHFWV WKH SRODULW\ UHYHUVH DQG UHSRUWV
LW YLD WKH 3/5 RXWSXWï 7KH /;7äíå DXWRPDWLFDOO\ FRUUHFWV
UHYHUVHG SRODULW\ï

64( )XQFWLRQ
,Q WKH LQWHJUDWHG 3/6î0$8 PRGHñ WKH /;7äíå VXSSRUWV
WKH VLJQDO TXDOLW\ HUURU õ64(ô IXQFWLRQ DV VKRZQ LQ )LJXUH
éñ DOWKRXJK WKH 64( IXQFWLRQ FDQ EH GLVDEOHGï $IWHU HYHU\
VXFFHVVIXO WUDQVPLVVLRQ RQ WKH ìí%$6(ð7 QHWZRUN ZKHQ
64( LV HQDEOHGñ WKH /;7äíå WUDQVPLWV WKH 64( VLJQDO IRU
ìí%7 � è%7 RYHU WKH LQWHUQDO &, FLUFXLW ZKLFK LV LQGLFDWHG
RQ WKH &2/ SLQ RI WKH GHYLFHï 64( PXVW EH GLVDEOHG IRU
QRUPDO RSHUDWLRQ LQ KXE DQG VZLWFK DSSOLFDWLRQVï ,Q
WZLVWHGðSDLU DSSOLFDWLRQVñ WKH 64( IXQFWLRQ LV GLVDEOHG
ZKHQ '64( LV VHW +LJKñ DQG HQDEOHG ZKHQ '64( LV /RZï
:KHQ XVLQJ WKH ìí%$6(ðë SRUW RI WKH /;7äíåñ WKH 64(
IXQFWLRQ LV GHWHUPLQHG E\ WKH H[WHUQDO 0$8 DWWDFKHGï

)LJXUH éã 64( )XQFWLRQ

1R 2XWSXW

1RQMDEEHU 2XWSXW

6WDUWB;0,7B0$;B7LPHU

3RZHU 2Q

'2 $FWLYH

-DE

;0,7 'LVDEOH
/3%. 'LVDEOH

&, 64(

8QMDE :DLW

6WDUWB8QMDEB7LPHU
;0,7 'LVDEOH
/3%. 'LVDEOH

&, 64(

'2 $FWLYH ∗
;0,7B0D[B7LPHUB'RQH

'2 ,GOH

'2 ,GOH

8QMDEB 7LPHUB'RQH '2 $FWLYH ∗
8QMDEB7LPHUB1RWB'RQH

2XWSXW ,GOH

2XWSXW 'HWHFWHG

3RZHU 2Q

'2 $FWLYH

64( :DLW 7HVW

6WDUWB64(B7HVWBB:DLWB7LPHU

64( 7HVW

6WDUWB64(B7HVWB7LPHU
&, 64(

64(B7HVWBB:DLWB7LPHUB'RQH ∗
;0,7 (QDEOH

'2 ,GOH

64(B7HVWB7LPHUB'RQH

;0,7 'LVDEOH
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/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

3RODULW\ 5HYHUVH )XQFWLRQ
7KH /;7äíå SRODULW\ UHYHUVH IXQFWLRQ XVHV ERWK OLQN SXOVHV
DQG HQGðRIðIUDPH GDWD WR GHWHUPLQH SRODULW\ RI WKH UHFHLYHG
VLJQDOï $ UHYHUVHG SRODULW\ FRQGLWLRQ LV GHWHFWHG ZKHQ
HLJKW RSSRVLWH UHFHLYH OLQN SXOVHV DUH GHWHFWHG ZLWKRXW
UHFHLSW RI D OLQN SXOVH RI WKH H[SHFWHG SRODULW\ï 5HYHUVHG
SRODULW\ LV DOVR GHWHFWHG LI IRXU IUDPHV DUH UHFHLYHG ZLWK D
UHYHUVHG VWDUWðRIðLGOHï :KHQHYHU D FRUUHFW SRODULW\ IUDPH
RU D FRUUHFW OLQN SXOVH LV UHFHLYHGñ WKHVH WZR FRXQWHUV DUH
UHVHW WR ]HURï ,I WKH /;7äíå HQWHUV WKH OLQN IDLO VWDWH DQG QR
YDOLG GDWD RU OLQN SXOVHV DUH UHFHLYHG ZLWKLQ äç WR ìëå PVñ
WKH SRODULW\ LV UHVHW WR WKH GHIDXOW QRQðIOLSSHG FRQGLWLRQï õ,I
/LQN ,QWHJULW\ 7HVWLQJ LV GLVDEOHGñ SRODULW\ GHWHFWLRQ LV
EDVHG RQO\ RQ UHFHLYHG GDWDïôï 3RODULW\ FRUUHFWLRQ LV DOZD\V
HQDEOHGï

/RRSEDFN )XQFWLRQ
7KH /;7äíå SURYLGHV WKH QRUPDO ORRSEDFN IXQFWLRQ VSHFð
LILHG E\ WKH ìí%$6(ð7 VWDQGDUG IRU WKH WZLVWHGðSDLU SRUWï
7KH ORRSEDFN IXQFWLRQ RSHUDWHV LQ FRQMXQFWLRQ ZLWK WKH
WUDQVPLW IXQFWLRQï 'DWD WUDQVPLWWHG E\ WKH EDFNðHQG LV
LQWHUQDOO\ ORRSHG EDFN ZLWKLQ WKH /;7äíå IURP WKH 7;'
SLQ WKURXJK WKH 0DQFKHVWHU HQFRGHUîGHFRGHU WR WKH 5;'
SLQ DQG UHWXUQHG WR WKH EDFNðHQGï 7KLV ¦QRUPDO§ ORRSEDFN
IXQFWLRQ LV GLVDEOHG ZKHQ D GDWD FROOLVLRQ RFFXUVñ FOHDULQJ
WKH 5;' FLUFXLW IRU WKH 73, GDWDï 1RUPDO ORRSEDFN LV DOVR
GLVDEOHG GXULQJ OLQN IDLO DQG MDEEHU VWDWHVï

7KH /;7äíå DOVR SURYLGHV WKUHH DGGLWLRQDO ORRSEDFN IXQFð
WLRQVï $Q H[WHUQDO ORRSEDFN PRGHñ XVHIXO IRU V\VWHPðOHYHO
WHVWLQJñ LV FRQWUROOHG E\ SLQ ëì õ/('&ôï :KHQ /('& LV
WLHG /RZñ WKH /;7äíå GLVDEOHV WKH FROOLVLRQ GHWHFWLRQ DQG
LQWHUQDO ORRSEDFN FLUFXLWVñ WR DOORZ H[WHUQDO ORRSEDFN RU
IXOOðGXSOH[ RSHUDWLRQï

¦1RUPDO§ 73 ORRSEDFN LV FRQWUROOHG E\ SLQ ëë õ/%.ôï
:KHQ WKH 73 SRUW LV VHOHFWHG DQG /%. LV +LJKñ 73 ORRSð
EDFN LV ¦IRUFHG§ñ RYHUULGLQJ FROOLVLRQV RQ WKH 73 FLUFXLWï
:KHQ /%. LV /RZñ QRUPDO ORRSEDFN LV LQ HIIHFWï

$8, ORRSEDFN LV DOVR FRQWUROOHG E\ WKH /%. SLQï :KHQ WKH
$8, SRUW LV VHOHFWHG DQG /%. LV +LJKñ GDWD WUDQVPLWWHG E\
WKH EDFNðHQG LV LQWHUQDOO\ ORRSHG EDFN IURP WKH 7;' SLQ
WKURXJK WKH 0DQFKHVWHU HQFRGHUîGHFRGHU WR WKH 5;' SLQï
:KHQ /%. LV /RZñ QR $8, ORRSEDFN RFFXUVï

&ROOLVLRQ 'HWHFWLRQ )XQFWLRQ
7KH FROOLVLRQ GHWHFWLRQ IXQFWLRQ RSHUDWHV RQ WKH WZLVWHG
SDLU VLGH RI WKH LQWHUIDFHï )RU VWDQGDUG õKDOIðGXSOH[ô
ìí%$6(ð7 RSHUDWLRQñ D FROOLVLRQ LV GHILQHG DV WKH VLPXOWDð
QHRXV SUHVHQFH RI YDOLG VLJQDOV RQ ERWK WKH 73, FLUFXLW DQG
WKH 732 FLUFXLWï 7KH /;7äíå UHSRUWV FROOLVLRQV WR WKH
EDFNðHQG YLD WKH &2/ SLQï ,I WKH 73, FLUFXLW EHFRPHV
DFWLYH ZKLOH WKHUH LV DFWLYLW\ RQ WKH 732 FLUFXLWñ WKH 73,
GDWD LV SDVVHG WR WKH EDFNðHQG RYHU WKH 5;' FLUFXLWñ GLVð
DEOLQJ QRUPDO ORRSEDFNï )LJXUH è LV D VWDWH GLDJUDP RI WKH
/;7äíå FROOLVLRQ GHWHFWLRQ IXQFWLRQï 5HIHU WR 7HVW 6SHFLð
ILFDWLRQV IRU FROOLVLRQ GHWHFWLRQ DQG &2/î&, RXWSXW WLPLQJ
õ127(ã )RU IXOOðGXSOH[ RSHUDWLRQñ WKH FROOLVLRQ GHWHFWLRQ
FLUFXLWU\ PXVW EH GLVDEOHGïô

)LJXUH èã &ROOLVLRQ 'HWHFWLRQ )XQFWLRQ

/LQN 3XOVH 7UDQVPLVVLRQ
7KH /;7äíå WUDQVPLWV VWDQGDUG OLQN SXOVHV ZKLFK PHHW WKH
ìí%$6(ð7 VSHFLILFDWLRQVï )LJXUH ç VKRZV WKH OLQN LQWHJð
ULW\ SXOVH WLPLQJï

,GOH

3RZHU 2Q

&ROOLVLRQ

732 '2
', 73,
&, 64(

2XWSXW

732 '2
', '2

,QSXW

', 73,

'2 $FWLYH ∗
73, ,GOH ∗
;0,7 (QDEOH

'2 $FWLYH ∗
73, $FWLYH ∗
;0,7 (QDEOH

'2 $FWLYH ∗
73, $FWLYH ∗
;0,7 (QDEOH

'2 $FWLYH ∗
73, ,GOH

'2 ,GOH ò
;0,7 'LVDEOH

'2 ,GOH

73, ,GOH

73, $FWLYH

$ $

$

)LJXUH çã 7UDQVPLWWHG /LQN ,QWHJULW\ 3XOVH 7LPLQJ

ìíðëí PV ìíðëí PV ìíðëí PV ìíðëí PV ìíðëí PV ìíðëí PV ìíðëí PV ìíðëí PV ìíðëí PV

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/5791464/LXT908PC.html


/;7äíå )XQFWLRQDO 'HVFULSWLRQ

ììðììè

L1

/LQN ,QWHJULW\ 7HVW )XQFWLRQ
)LJXUH æ LV D VWDWH GLDJUDP RI WKH /;7äíå /LQN ,QWHJULW\
WHVW IXQFWLRQï 7KH OLQN LQWHJULW\ WHVW LV XVHG WR GHWHUPLQH
WKH VWDWXV RI WKH UHFHLYH VLGH WZLVWHGðSDLU FDEOHï /LQN LQWHJð
ULW\ WHVWLQJ LV HQDEOHG ZKHQ SLQ å õ/,ô LV WLHG +LJKï :KHQ
HQDEOHGñ WKH UHFHLYHU UHFRJQL]HV OLQN LQWHJULW\ SXOVHV ZKLFK
DUH WUDQVPLWWHG LQ WKH DEVHQFH RI UHFHLYH WUDIILFï ,I QR

VHULDO GDWD VWUHDP RU OLQN LQWHJULW\ SXOVHV DUH GHWHFWHG
ZLWKLQ èí ð ìèíPVñ WKH FKLS HQWHUV D OLQN IDLO VWDWH DQG GLVð
DEOHV WKH WUDQVPLW DQG QRUPDO ORRSEDFN IXQFWLRQVï 7KH
/;7äíå LJQRUHV DQ\ OLQN LQWHJULW\ SXOVH ZLWK LQWHUYDO OHVV
WKDQ ë ð æPVï 7KH /;7äíå ZLOO UHPDLQ LQ WKH OLQN IDLO VWDWH
XQWLO LW GHWHFWV HLWKHU D VHULDO GDWD SDFNHW RU WZR RU PRUH OLQN
LQWHJULW\ SXOVHVï

)LJXUH æã /LQN ,QWHJULW\ 7HVW )XQFWLRQ

,GOH 7HVW

6WDUWB/LQNB/RVVB7LPHU
6WDUWB/LQNB7HVWB0LQB7LPHU

3RZHU 2Q

/LQN 7HVW )DLO 5HVHW

/LQNB&RXQW í
;0,7 'LVDEOH
5&95 'LVDEOH
/3%. 'LVDEOH

/LQNB/RVVB7LPHUB'RQH
∗ 73, ,GOH
∗ /LQNB7HVWB5FYG )DOVH

73, $FWLYH ò
õ/LQNB7HVWB5FYG 7UXH
∗ /LQNB7HVWB0LQB7LPHUB'RQHô

/LQN 7HVW )DLO :DLW

;0,7 'LVDEOH
5&95 'LVDEOH
/3%. 'LVDEOH

/LQNB&RXQW /LQNB&RXQW ò ì

/LQN 7HVW )DLO

6WDUWB/LQNB7HVWB0LQB7LPHU
6WDUWB/LQNB7HVWB0D[B7LPHU

;0,7 'LVDEOH
5&95 'LVDEOH
/3%. 'LVDEOH

/LQNB7HVWB5FYG )DOVH
∗ 73, ,GOH

73, $FWLYH

73, $FWLYH /LQNB7HVWB5FYG ,GOH
∗ 73, ,GOH

/LQN 7HVW )DLO ([WHQGHG

;0,7 'LVDEOH
5&95 'LVDEOH
/3%. 'LVDEOH

73, $FWLYH ò
/LQNB&RXQW /&B0D[

/LQNB7HVWB0LQB7LPHUB'RQH
∗ /LQNB7HVWB5FYG 7UXH

õ73, ,GOH ∗ /LQNB7HVWB0D[B7LPHUB'RQHô ò
õ/LQNB7HVWB0LQB7LPHUB1RWB'RQH
∗ /LQNB7HVWB5FYG 7UXHô

73, ,GOH ∗
'2 ,GOH
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/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

ììðììç

L1

/;7äíå$33/,&$7,21 ,1)250$7,21

)LJXUHV å WKURXJK ìé VKRZ VRPH W\SLFDO /;7äíå DSSOLFDð
WLRQVï

([WHUQDO &RPSRQHQWV

&U\VWDO ,QIRUPDWLRQ
6XLWDEOH FU\VWDOV DUH DYDLODEOH IURP YDULRXV PDQXIDFWXUHUVï
7DEOH ê OLVWV VRPH VXLWDEOH FU\VWDOV EDVHG RQ OLPLWHG HYDOXð
DWLRQï 'HVLJQHUV VKRXOG WHVW DQG YDOLGDWH DOO FU\VWDOV EHIRUH
XVLQJ WKHP LQ SURGXFWLRQï

0DJQHWLF ,QIRUPDWLRQ
7KH /;7äíå UHTXLUHV D ìãì UDWLR IRU WKH UHFHLYH WUDQVIRUPHU
DQG D ìãë UDWLR IRU WKH WUDQVPLW WUDQVIRUPHUï 7DEOH é OLVWV
WUDQVIRUPHUV VXLWDEOH IRU WKH DSSOLFDWLRQV GHVFULEHG LQ WKLV
GDWD VKHHWï 'HVLJQHUV VKRXOG WHVW DQG YDOLGDWH DOO PDJQHWLFV
EHIRUH FRPPLWWLQJ WR D VSHFLILF FRPSRQHQWï

/D\RXW 5HTXLUHPHQWV

$XWR 3RUW 6HOHFW ZLWK ([WHUQDO
/RRSEDFN &RQWURO
)LJXUH å LV D W\SLFDO /;7äíå DSSOLFDWLRQï 7KH GLDJUDP LV
DUUDQJHG WR JURXS VLPLODU SLQV WRJHWKHUâ LW GRHV QRW UHSUHð
VHQW WKH DFWXDO /;7äíå SLQðRXWï 7KH FRQWUROOHU LQWHUIDFH
SLQV õWUDQVPLW GDWDñ FORFN DQG HQDEOHâ UHFHLYH GDWD DQG
FORFNâ DQG WKH FROOLVLRQ GHWHFWñ FDUULHU GHWHFW DQG ORRSEDFN
FRQWURO SLQVô DUH VKRZQ DW WKH WRS OHIWï

3URJUDPPDEOH RSWLRQ SLQV DUH JURXSHG FHQWHU OHIWï 7KH
3$8, SLQ LV WLHG /RZ DQG DOO RWKHU RSWLRQ SLQV DUH WLHG
+LJKï 7KLV VHWðXS VHOHFWV WKH IROORZLQJ RSWLRQVã

� $XWRPDWLF 3RUW 6HOHFWLRQ
õ3$8, /RZ DQG $8726(/ +LJKô

� 1RUPDO 5HFHLYH 7KUHVKROG õ17+ +LJKô

� 0RGH éñ FRPSDWLEOH ZLWK 1DWLRQDO 16åêäí
FRQWUROOHUV õ0'ëãí  /RZñ +LJKñ +LJKô

� 64( 'LVDEOHG õ'64( +LJKô

� /LQN 7HVWLQJ (QDEOHG õ/, +LJKô

6WDWXV RXWSXWV DUH JURXSHG DW ORZHU OHIWï /LQH VWDWXV RXWSXWV
GULYH /(' LQGLFDWRUV DQG WKH -DEEHU DQG 3RODULW\ VWDWXV
LQGLFDWRUV DUH DYDLODEOH DV UHTXLUHGï

3RZHU DQG JURXQG SLQV DUH VKRZQ DW WKH ERWWRP RI WKH GLDð
JUDPï $ VLQJOH SRZHU VXSSO\ LV XVHG IRU ERWK 9&&ì DQG
9&&ë ZLWK D GHFRXSOLQJ FDSDFLWRU LQVWDOOHG EHWZHHQ WKH
SRZHU DQG JURXQG EXVVHVï

7KH 73 DQG $8, LQWHUIDFHV DUH VKRZQ DW XSSHU DQG ORZHU
ULJKWñ UHVSHFWLYHO\ï ,PSHGDQFH PDWFKLQJ UHVLVWRUV IRU ìíí
873 DUH LQVWDOOHG LQ HDFK ,î2 SDLU EXW QR H[WHUQDO ILOWHUV DUH
UHTXLUHGï

7DEOH êã 6XLWDEOH &U\VWDOV

0DQXIDFWXUHU 3DUW 1XPEHU

07521 03ðì

03ðë

7DEOH éã 6XLWDEOH 0DJQHWLFV

0DQXIDFWXUHU
3DUW 1XPEHU

7ZLVWHGð3DLU $8,

%HOIXVH 6èèêðèäääðèë 6èèêðìííçð$(

6èèêðèäääðåç ð

)LOð0DJ ëê=ììå ëê=äí

ëê=ììå60 ëê=äí60

+DOR 7'æéðìéíç4 7'íìðíæèç.

7*æéðìéíç1ì 7*íìðíæèç1

9DORU 37éìèë /7çíêë

67éìèë 67æíêë
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/;7äíå $SSOLFDWLRQ ,QIRUPDWLRQ

)LJXUH åã /$1 $GDSWHU %RDUG ð $XWR 3RUW 6HOHFW ZLWK ([WHUQDO /RRSEDFN &RQWURO
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ììðììå

L1

/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

)XOO 'XSOH[ 6XSSRUW
)LJXUH ä VKRZV WKH /;7äíå ZLWK D 7H[DV ,QVWUXPHQWV
êåí&ëé &RPP3URFHVVRUï 7KH êåí&ëé LV FRPSDWLEOH ZLWK
0RGH é õ0'ëãí  /RZñ +LJKñ +LJKôï :KHQ XVHG ZLWK WKH

êåí&ëé RU RWKHU IXOO GXSOH[ðFDSDEOH FRQWUROOHUñ WKH
/;7äíå VXSSRUWV IXOOðGXSOH[ (WKHUQHWñ HIIHFWLYHO\ GRXð
EOLQJ WKH DYDLODEOH EDQGZLGWK RI WKH QHWZRUNï ,Q WKLV DSSOLð
FDWLRQ WKH 64( IXQFWLRQ LV HQDEOHG õ'64( WLHG /RZôñ DQG
WKH /;7äíå $8, SRUW LV QRW XVHGï

)LJXUH äã )XOOð'XSOH[ 2SHUDWLRQ
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VXSSRUW RI ìí%$6(ð7 DQG 7RNHQ 5LQJï

ë

ëëíS)

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/5791464/LXT908PC.html


/;7äíå $SSOLFDWLRQ ,QIRUPDWLRQ

ììðììä

L1

'XDO 1HWZRUN 6XSSRUWðìí%DVH 7
DQG 7RNHQ 5LQJ
)LJXUH ìí VKRZV WKH /;7äíå ZLWK D 7H[DV ,QVWUXPHQWV
êåí&ëç &RPP3URFHVVRUï 7KH êåí&ëç LV FRPSDWLEOH ZLWK
0RGH é õ0'ëãí  /RZñ +LJKñ +LJKôï :KHQ XVHG ZLWK WKH

êåí&ëçñ ERWK WKH /;7äíå DQG D 706êåíèé 7RNHQ 5LQJ
WUDQVFHLYHU FDQ EH WLHG WR D VLQJOH 5-éè DOORZLQJ GXDO QHWð
ZRUN VXSSRUW IURP D VLQJOH FRQQHFWRUï 7KH /;7äíå $8,
SRUW LV QRW XVHGï

)LJXUH ìíã/;7äíåîêåí&ëç ,QWHUIDFH IRU 'XDO 1HWZRUN 6XSSRUW RI ìí%$6(ð7 DQG 7RNHQ 5LQJ
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ììðìëí

L1

/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

0DQXDO 3RUW 6HOHFW ÷ /LQN 7HVW
)XQFWLRQ
:LWK 0'ëãí  /RZñ +LJKñ /RZñ WKH /;7äíå ORJLF DQG
IUDPLQJ DUH VHW WR 0RGH ê õFRPSDWLEOH ZLWK )XMLWVX
0%åçäèí DQG 0%åçäçíñ DQG 6HHT åííè FRQWUROOHUVôï )LJð
XUH ìì VKRZV WKH VHWXS IRU )XMLWVX FRQWUROOHUVï )LJXUH ìë
VKRZV WKH IRXU LQYHUWHUV UHTXLUHG WR LQWHUIDFH ZLWK WKH 6HHT

åííè FRQWUROOHUï $V LQ )LJXUH åñ ERWK WKHVH 0RGH ê DSSOLð
FDWLRQV VKRZ WKH /, SLQ WLHG +LJKñ HQDEOLQJ /LQN 7HVWLQJâ
DQG WKH 17+ DQG '64( SLQV DUH ERWK WLHG +LJKñ VHOHFWLQJ
WKH VWDQGDUG UHFHLYHU WKUHVKROG DQG GLVDEOLQJ 64(ï +RZð
HYHUñ LQ WKHVH DSSOLFDWLRQV $8726(/ LV WLHG /RZñ DOORZð
LQJ H[WHUQDO SRUW VHOHFWLRQ WKURXJK WKH 3$8, SLQï
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ììðìëì

L1

/;7äíå $SSOLFDWLRQ ,QIRUPDWLRQ

)LJXUH ìëã0DQXDO 3RUW 6HOHFW ZLWK 6HHT åííè &RQWUROOHU
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ììðìëë

L1

/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

7KUHH 0HGLD $SSOLFDWLRQ
)LJXUH ìê VKRZV WKH /;7äíå LQ 0RGH ë õFRPSDWLEOH ZLWK
,QWHO åëèäç FRQWUROOHUVô ZLWK DGGLWLRQDO PHGLD RSWLRQV IRU
WKH $8, SRUWï 7ZR WUDQVIRUPHUV DUH XVHG WR FRXSOH WKH $8,

SRUW WR HLWKHU D 'ðFRQQHFWRU RU D %1& FRQQHFWRUï õ$
'3åêäë FRD[ WUDQVFHLYHU ZLWK 30çíéé SRZHU VXSSO\ DUH
UHTXLUHG WR GULYH WKH WKLQ FRD[ QHWZRUN WKURXJK WKH %1&ïô
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&
/.
,

7
;
'

7
3
,1

ì
í
í

Ω

7
3
,3

ì
ã
ì

ì
ì
ç

ì
é

ì
ì
ïè

Ω
 1

%

ì
ì
ïè

Ω
 1

%

ç è é ê ë ì

ì
ì ä

7
3
2
1
$

7
3
2
1
%

7
3
2
3
%

7
3
2
3
$

5
-é
è

ê ç å

7
R
ìí
%
$
6
(
ð7

7
:
,6
7
(
'
ð

3
$
,5

1
(
7
:
2
5
.

ì ë ê é è ç æ å
ì
è

ì
é

ì
ê

ì
ëä ì
í

ì
ì

ò
ì
ë
9

&
,1

&
,3

'
2
1

'
2
3

'
,3

5
%
,$
6

*
1
'
ë

*
1
'
ì

7
(
1

'
ð
&
2
1
1
(
&
7
2
5
WR

$
8
,'
5
2
3
&
$
%
/(

õ7
KL
FN
&
RD
[ô

&
KD
VV
LV

*
QG

)
XV
H

ì

æ
å

Ω

æ
å

Ω

ì
ë
ïé

Ω

7
&
/.

5
&
/
.

5
;
'

&
'

&
2
/

/
%
.

3
$
8
,

$
8
7
2
6
(
/

1
7
+

/, 0
'
ë

0
'
ì

0
'
í

-$
%

3
/
5

7
;
'

5
7
6

7
;
&

5
;
&

5
;
'

&
5
6

&
'
7

/
%
.

å
ë
è
ç
ç
%
$
&
.
ð(
1
'
î

&
2
1
7
5
2
/
/
(
5

,1
7
(
5
)
$
&
(

3
5
2
*
5
$
0
0
,1
*

2
3
7
,2
1
6

0
2
'
(
6
(
/(
&
7

/,
1
(
6
7
$
7
8
6

ì
ø

ò
ê
ïê
R
U

ò
è
9

/
(
'
&
î)
'
(

/
(
'
5

/(
'
7
î3
'
1

/
(
'
/

9
&
&
ì

9
&
&
ë

&
/
.
2

ì
ã
ë

ëí
0
+
]

6
\V
WH
P

&
OR
FN

&
/
.

/,
1
.
7
(
6
7

(
1
$
%
/(

3
RZ
HU
'
RZ
Q

/H
IW
2
SH
Q

ì ë é è æ å
äì
í

ì
ë

ì
ê

ì
èì
ç

æ
å

Ω

ì ë é è æ å
äì
í

ì
ë

ì
ê

ì
èì
ç

'
,1

&
'
ð

&
'
ò

7
;
ð

9
(
(

7
;
ò

5
;
ð

5
;
ò

9
(
(

&
'
6

7
;
'

5
;
,

9
(
(

5
5
ð

5
5
ò

*
1
'

+
%
(

ì
1
ä
ì
ç

í
9

%
+
&
WR
7
+
,1

&
2
$
;

1
(
7
:
2
5
.

ì
NΩ

 1
% ðä
9

9
ò

1
î&

9
ð

è
9

è
9

(
1

*
1
'

*
1
'

ì
ë

ì
ê ä

ì
ò
è
9

ë ê ë
ê

ì
0

Ω
ì
îë
:

ë
é

7
(
6
7

í
ïì

µ)

ì
ïè
NΩ

í
ïí
ì

µ)
æ
è

µ)
î
ì
N9

ì

ì

%
LD
V
UH
VL
VW
R
U
5
%
,$
6
VK
R
X
OG
E
H
OR
FD
WH
G
FO
R
VH
WR
WK
H
S
LQ
D
Q
G
LV
R
OD
WH
G

IU
R
P
R
WK
H
U
VL
J
Q
D
OV
ï

3
0
ç
í
é
é

'
3
å
ê
ä
ë

ì
í
N

Ω

'
6
4
(

ì
í
N

Ω

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/5791464/LXT908PC.html


/;7äíå $SSOLFDWLRQ ,QIRUPDWLRQ

ììðìëê

L1

$8, (QFRGHUî'HFRGHU 2QO\
,Q WKH DSSOLFDWLRQ VKRZQ LQ )LJXUH ìéñ WKH '7( LV FRQð
QHFWHG WR D FRD[LDO QHWZRUN WKURXJK WKH $8,ï $8726(/
LV WLHG /RZ DQG 3$8, LV WLHG +LJKñ PDQXDOO\ VHOHFWLQJ WKH
$8, SRUWï 7KH WZLVWHGðSDLU SRUW LV QRW XVHGï :LWK 0'ëãí
DOO WLHG /RZñ WKH /;7äíå ORJLF DQG IUDPLQJ DUH VHW WR0RGH

ì õFRPSDWLEOH ZLWK $0' DQG 0RWRUROD FRQWUROOHUVôï 7KH
/, SLQ LV WLHG /RZñ GLVDEOLQJ WKH OLQN WHVW IXQFWLRQï 7KH
'64( SLQ LV DOVR /RZñ HQDEOLQJ WKH 64( IXQFWLRQï 7KH
/%. LQSXW FRQWUROV ORRSEDFNï $ ëí 0+] V\VWHP FORFN LV
VXSSOLHG DW &/., ZLWK &/.2 OHIW RSHQï

)LJXUH ìéã$8, (QFRGHUî'HFRGHU 2QO\ $SSOLFDWLRQ
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/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

ììðìëé

L1

/;7äíå 7(67 63(&,),&$7,216

127(

7KH PLQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV è WKURXJK ìé DQG )LJXUHV ìè WKURXJK éé UHSUHVHQW WKH SHUIRUPDQFH
VSHFLILFDWLRQV RI WKH /;7äíå DQG DUH JXDUDQWHHG E\ WHVWñ H[FHSW ZKHUH QRWHG E\ GHVLJQï

7DEOH èã $EVROXWH 0D[LPXP 9DOXHV

3DUDPHWHU 6\PERO 0LQ 0D[ 8QLWV

6XSSO\ YROWDJH 9&& ðíïê ç 9

$PELHQW RSHUDWLQJ WHPSHUDWXUH 7$ í æí �&

6WRUDJH WHPSHUDWXUH 767* ðçè òìèí �&

&$87,21

([FHHGLQJ WKHVH YDOXHV PD\ FDXVH SHUPDQHQW GDPDJHï )XQFWLRQDO RSHUDWLRQ XQGHU WKHVH FRQGLWLRQV LV QRW LPSOLHGï
([SRVXUH WR PD[LPXP UDWLQJ FRQGLWLRQV IRU H[WHQGHG SHULRGV PD\ DIIHFW GHYLFH UHOLDELOLW\ï

7DEOH çã 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV

3DUDPHWHU 6\PERO 0LQ 7\S 0D[ 8QLWV 7HVW &RQGLWLRQV

5HFRPPHQGHG VXSSO\ YROWDJHì 9&& êïìêè èïí èïëè 9

5HFRPPHQGHG RSHUDWLQJ WHPSHUDWXUH 723 í ¤ æí �&

ìï 9ROWDJHV ZLWK UHVSHFW WR JURXQG XQOHVV RWKHUZLVH VSHFLILHGï

7DEOH æã ,î2 (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

,QSXW /RZ YROWDJHë 9,/ ¤ ¤ íïå 9

,QSXW +LJK YROWDJHë 9,+ ëïí ¤ ¤ 9

2XWSXW /RZ YROWDJH 92/ ¤ ¤ íïé 9 ,2/  ìïç P$

92/ ¤ ¤ ìí ø9&& ,2/ á ìí �$

2XWSXW /RZ YROWDJH
õ2SHQ GUDLQ /(' GULYHUô

92// ¤ ¤ íïæ 9 ,2//  ìí P$

2XWSXW +LJK YROWDJH 92+ ëïé ¤ ¤ 9 ,2+  éí �$

92+ äí ¤ ¤ ø9&& ,2+ á ìí �$

2XWSXW ULVH WLPH

7&/. ÷ 5&/.

&026 ¤ ¤ ê ìë QV &/2$'  ëí S)

77/ ¤ ¤ ë å QV

2XWSXW IDOO WLPH

7&/. ÷ 5&/.

&026 ¤ ¤ ê ìë QV &/2$' ëí S)

77/ ¤ ¤ ë å QV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï /LPLWHG IXQFWLRQDO WHVWV DUH SHUIRUPHG DW WKHVH LQSXW OHYHOVï 7KH PDMRULW\ RI IXQFWLRQDO WHVWV DUH SHUIRUPHG DW OHYHOV RI í9 DQG ê9ï
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ììðìëè

L1

/;7äíå 7HVW 6SHFLILFDWLRQV

&/., ULVH WLPH õH[WHUQDOO\ GULYHQô ¤ ¤ ¤ ìí QV

&/., GXW\ F\FOH õH[WHUQDOO\ GULYHQô ¤ ¤ éíîçí ø

6XSSO\ FXUUHQW

1RUPDO 0RGH

,&& ¤ çè åè P$ ,GOH 0RGH

,&& ¤ äè ìëí P$ 7UDQVPLWWLQJ RQ 73

,&& ¤ äí ìëí P$ 7UDQVPLWWLQJ RQ $8,

3RZHU 'RZQ 0RGH ,&& ¤ íïæè ë P$

7DEOH åã $8, (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

,QSXW /RZ FXUUHQW ,,/ ¤ ¤ ðæíí �$

,QSXW +LJK FXUUHQW ,,+ ¤ ¤ èíí �$

'LIIHUHQWLDO RXWSXW YROWDJH 92' �èèí ¤ �ìëíí P9

'LIIHUHQWLDO VTXHOFK WKUHVKROG 9'6 ìèí ëçí êèí P9 è 0+] VTXDUH ZDYH LQSXW

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH äã 7ZLVWHGð3DLU (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

7UDQVPLW RXWSXW LPSHGDQFH =287 ¤ è ¤ Ω

7UDQVPLW WLPLQJ MLWWHU DGGLWLRQë ¤ ¤ �çïé �ìí QV í OLQH OHQJWK IRU LQWHUQDO 0$8

7UDQVPLW WLPLQJ MLWWHU DGGHG E\ WKH

0$8 DQG 3/6 VHFWLRQVëñ ê
¤ ¤ �êïè �èïè QV $IWHU OLQH PRGHO VSHFLILHG E\

,((( åíëïê IRU ìí%$6(ð7
LQWHUQDO 0$8

5HFHLYH LQSXW LPSHGDQFH =,1 ¤ ëí ¤ NΩ %HWZHHQ 73,3î73,1ñ &,3î
&,1 ÷ ',3î',1

'LIIHUHQWLDO 6TXHOFK
7KUHVKROG

1RUPDO
7KUHVKROG
17+  
+LJK

9'6 êíí êäè èåè P9 è 0+] VTXDUH ZDYH LQSXW

5HGXFHG
7KUHVKROG
17+  
/RZ

9'6 ìåí ëèí êéè P9 è 0+] VTXDUH ZDYH LQSXW

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 3DUDPHWHU LV JXDUDQWHHG E\ GHVLJQâ QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
êï ,((( åíëïê VSHFLILHV PD[LPXP MLWWHU DGGLWLRQV DW ìïè QV IRU WKH $8, FDEOHñ íïè QV IURP WKH HQFRGHUñ DQG êïè QV IURP WKH 0$8ï

7DEOH æã ,î2 (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô ¤ FRQWLQXHG

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï /LPLWHG IXQFWLRQDO WHVWV DUH SHUIRUPHG DW WKHVH LQSXW OHYHOVï 7KH PDMRULW\ RI IXQFWLRQDO WHVWV DUH SHUIRUPHG DW OHYHOV RI í9 DQG ê9ï
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/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

ììðìëç

L1

7DEOH ìíã 6ZLWFKLQJ &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQLPXP 7\SLFDOì 0D[LPXP 8QLWV

-DEEHU 7LPLQJ 0D[LPXP WUDQVPLW WLPH ¤ ëí ¤ ìèí PV

8QMDE WLPH ¤ ëèí ¤ æèí PV

/LQN ,QWHJULW\
7LPLQJ

7LPH OLQN ORVV UHFHLYH ¤ èí ¤ ìèí PV

/LQN PLQ UHFHLYH ¤ ë ¤ æ PV

/LQN PD[ UHFHLYH ¤ èí ¤ ìèí PV

/LQN WUDQVPLW SHULRG ¤ å ìíîëí ëé PV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH ììã 5&/.î6WDUWðRIð)UDPH 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQLPXP 7\SLFDOì 0D[LPXP 8QLWV

'HFRGHU DFTXLVLWLRQ WLPH $8, W'$7$ ¤ äíí ììíí QV

73 W'$7$ ¤ ìëíí ìèíí QV

&' WXUQðRQ GHOD\ $8, W&' ¤ ëè ëíí QV

73 W&' ¤ éëí èèí QV

5HFHLYH GDWD VHWXS IURP
5&/.

0RGH ì W5'6 çí æí ¤ QV

0RGHV ë WKURXJK è W5'6 êí éè ¤ QV

5HFHLYH GDWD KROG IURP
5&/.

0RGH ì W5'+ ìí ëí ¤ QV

0RGHV ë WKURXJK è W5'+ êí éè ¤ QV

5&/. VKXW RII GHOD\ IURP &' DVVHUW õ0RGH ê
DQG 0RGH èô

WVZV ¤ �ìíí ¤ QV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH ìëã 5&/.î(QGðRIð)UDPH 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 7\SH 6\P
0RGH
ì

0RGH
ë

0RGH
ê

0RGH
é

0RGH
è

8QLWV

5&/. DIWHU &' RII 0LQ W5& è ì ¤ è ¤ %7

5;' WKURXJKSXW GHOD\ 0D[ W5' éíí êæè êæè êæè êæè QV

&' WXUQ RII GHOD\ë 0D[ W&'2)) èíí éæè éæè éæè éæè QV

5HFHLYH EORFN RXW DIWHU 7(1 RII 7\Sì W,)* è èí ¤ ¤ ¤ %7

5&/. VZLWFKLQJ GHOD\ DIWHU &' RII
õ0RGH ê DQG èô

7\Sì W6:( ¤ ¤ ìëíõ�åíô ¤ ìëíõ�åíô QV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï &' WXUQðRII GHOD\ PHDVXUHG IURP PLGGOH RI ODVW ELWã WLPLQJ VSHFLILFDWLRQ LV XQDIIHFWHG E\ WKH YDOXH RI WKH ODVW ELWï
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ììðìëæ

L1

/;7äíå 7HVW 6SHFLILFDWLRQV

7DEOH ìêã 7UDQVPLW 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQLPXP 7\SLFDO ì 0D[LPXP 8QLWV

7(1 VHWXS IURP 7&/. W(+&+ ëë ¤ ¤ QV

7;' VHWXS IURP 7&/. W'6&+ ëë ¤ ¤ QV

7(1 KROG DIWHU 7&/. W&+(/ è ¤ ¤ QV

7;' KROG DIWHU 7&/. W&+'8 è ¤ ¤ QV

7UDQVPLW VWDUWðXS GHOD\ ð $8, W678' ¤ ëëí éèí QV

7UDQVPLW VWDUWðXS GHOD\ ð 73 W678' ¤ éêí éèí QV

7UDQVPLW WKURXJKðSXW GHOD\ ð $8, W73' ¤ ¤ êíí QV

7UDQVPLW WKURXJKðSXW GHOD\ ð 73 W73' ¤ êíè êèí QV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

7DEOH ìéã &ROOLVLRQñ &2/î&, 2XWSXW DQG /RRSEDFN 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\PERO 0LQLPXP 7\SLFDOì 0D[LPXP 8QLWV

&2/ WXUQðRQ GHOD\ W&2/' ¤ éí èíí QV

&2/ WXUQðRII GHOD\ W&2/2)) ¤ éëí èíí QV

&2/ õ64(ô 'HOD\ DIWHU 7(1 RII W64(' íïçè ìïë ìïç µV
&2/ õ64(ô 3XOVH 'XUDWLRQ W64(3 èíí ìííí ìèíí QV

/%. VHWXS IURP 7(1 W.+(+ ìí ëè ¤ QV

/%. KROG DIWHU 7(1 W.+(/ ìí í ¤ QV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
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/;7äíå 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

ììðìëå

L1

7LPLQJ 'LDJUDPV IRU 0RGH ì õ0'ëñ ìñ í  /RZñ /RZñ /RZô )LJXUHV ìè WKURXJK ëí

)LJXUH ìèã 0RGH ì 5&/.î6WDUWðRIð)UDPH 7LPLQJ

)LJXUH ìçã0RGH ì 5&/.î(QGðRIð)UDPH 7LPLQJ

ìì í ì í ì í ì í ì ì

ì í ì í ì í ì ì ì íì í ì

W&'

W'$7$

73,3î73,1
RU ',3î',1

&'

5&/.

5;'

W5'6
W5'+

í ì í í í ì í ì í
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