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7KH /;7äíè 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU LV
GHVLJQHG IRU ,((( åíëïê SK\VLFDO OD\HU DSSOLFDWLRQVï ,W
SURYLGHVñ LQ D VLQJOH &026 GHYLFHñ DOO WKH DFWLYH FLUFXLWU\
IRU LQWHUIDFLQJ PRVW VWDQGDUG åíëïê FRQWUROOHUV WR ìí%$6(ð
7 PHGLDï

/;7äíè IXQFWLRQV LQFOXGH0DQFKHVWHU HQFRGLQJîGHFRGLQJñ
UHFHLYHU VTXHOFK DQG WUDQVPLW SXOVH VKDSLQJñ MDEEHUñ OLQN
LQWHJULW\ WHVWLQJ DQG UHYHUVHG SRODULW\ GHWHFWLRQîFRUUHFWLRQï
7KH /;7äíè GULYHV WKH ìí%$6(ð7 WZLVWHGðSDLU FDEOH ZLWK
RQO\ D VLPSOH LVRODWLRQ WUDQVIRUPHUï ,QWHJUDWHG ILOWHUV VLPð
SOLI\ WKH GHVLJQ ZRUN UHTXLUHG IRU )&& FRPSOLDQW (0, SHUð
IRUPDQFHï

7KH /;7äíè LV IDEULFDWHG ZLWK DQ DGYDQFHG SURFHVV DQG
UHTXLUHV RQO\ D VLQJOH è RU êïê YROW SRZHU VXSSO\ï

$SSOLFDWLRQV

� +XEî6ZLWFKHG 'HGLFDWHG /$1V IRU ìí%$6(ð7

� 'HVNWRS ìí%$6(ð7 /$1 DGDSWHU ERDUGV

� /DSWRS DQG 3RUWDEOH DSSOLFDWLRQV

� 7UDQVSDUHQW êïê 9 RU è 9 RSHUDWLRQ

� ,QWHJUDWHG ILOWHUV ¤ 6LPSOLILHV )&& FRPSOLDQFH

� ,QWHJUDWHG 0DQFKHVWHU HQFRGHUîGHFRGHU

� ìí%$6(ð7 FRPSOLDQW WUDQVFHLYHU

� $XWRPDWLF SRODULW\ FRUUHFWLRQ

� $YDLODEOH LQ ëåðSLQ 3/&& DQG êëðSLQ /4)3 SDFNDJHV

� 64( HQDEOHîGLVDEOH

� )RXU /(' GULYHUV

� )XOO GXSOH[ FDSDELOLW\

� 3RZHUðGRZQ PRGH ZLWK WULVWDWH
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ì è /%. , Loopbackï When High, forces internal loopback.  Disables collision and 
the transmission of both data and link pulses.  Pulled Low internally.

ë ç 7(1 , Transmit Enableï Enables data transmission and starts the watchdog 
timer.  Synchronous to TCLK.  Pulled Low internally.

ê æ 7&/. 2 Transmit Clock ï A 10 MHz clock output.  This clock signal should be 
directly connected to the transmit clock input of the controller.

é å 7;' , Transmit Dataï Input signal containing NRZ data to be transmitted on the 
network.  TXD should be connected directly to the transmit data output of 
the controller.  Pulled Low internally.

è ä &2/ 2 Collision Signalï Output that drives the collision detect input of the con-
troller. 
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LED Collision RU Full Duplex Enableï
LEDC  is an open drain driver for the collision indicator pulls Low during 
collision.  LED “on” (i.e., Low output) time is extended by approximately 
100 ms. 
)'( HQDEOHV IXOO GXSOH[ PRGH õH[WHUQDO ORRSEDFNô LI WLHG /RZ H[WHUQDOO\ï
3XOOHG KLJK LQWHUQDOO\ï

æ ìì /('7î
3'1

2
,

/(' 7UDQVPLW RU 3RZHU 'RZQï
/('7 LV DQ RSHQ GUDLQ GULYHU IRU WKH WUDQVPLW LQGLFDWRUï /(' ¦RQ§ õLïHïñ
/RZ RXWSXWô WLPH LV H[WHQGHG E\ DSSUR[LPDWHO\ ìíí PVï 2XWSXW LV SXOOHG
/RZ GXULQJ WUDQVPLWï
,I H[WHUQDOO\ WLHG /RZñ WKH /;7äíè JRHV WR SRZHU GRZQ VWDWH õ3'1ôï ,Q
3RZHUðGRZQ 0RGHñ DOO ORJLF LQSXWV DQG RXWSXWV DUH WULVWDWHGï

å ìë /('5 2 LED Receiveï Open drain driver for the receive indicator LED.  LED 
“on” ( i.e., Low output) time is extended by approximately 100 ms. Output 
is pulled Low during receive.  Pulled High internally.

ä ìê /('/ 2 LED Link ï Open drain driver for link integrity indicator.  Output is pulled 
Low during link test pass.  Pulled High internally.

ìí ìé &' 2 Carrier Detectï An output for notifying the controller that activity exists 
on the network.

ìé ìç 5&/. 2 Receive Clockï A recovered 10 MHz clock which is synchronous to the 
received data and connected to the controller receive clock input.

ìè ìæ 5;' 2 Receive Dataï Output signal connected directly to the receive data input 
of the controller.

ìç ìå /, , Link Enable ï Controls link integrity test; enabled when LI is High, dis-
abled when LI is Low.

ìæ ìä 5%,$6 , Bias Circuitry ï A 7.5 kΩ 1% resistor to ground at this pin controls operat-
ing circuit bias.

ìå ëí '64( , SQE Disableï When DSQE is High, the SQE function is disabled.
When DSQE is Low, the SQE function is enabled.  SQE should be dis-
abled for normal operation in Hub/Switch/Repeater applications.  Pulled 
Low internally.

ìä
ëë

ëì
ëé

7323
7321

2
2

Twisted Pair Outputsï Differential  outputs  to the twisted-pair cable. The 
outputs are pre-equalized.

ëê
ëé

ëè
ëç

0'2
0',

,
,

Mode Select 0DQG ìï Mode select pins determine controller compatibility 
mode in accordance with Table 2.  Pulled Low internally.

ëè
ëç

ëæ
ëå

73,3
73,1

,
,

Twisted-Pair ,QSXWVï A differential input pair from the twisted-pair cable.  
Receive filter is integrated on-chip.  No external filters are required.

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

/4)3
3LQ ú

3/&&
3LQ ú

6\PERO ,î2 'HVFULSWLRQ
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,QWURGXFWLRQ
7KH /;7äíè 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 LQWHJUDWHG 3/6î
0$8 IRU XVH ZLWK ìí%$6(ð7 WZLVWHGðSDLU QHWZRUNVï

7KH /;7äíè LQWHUIDFHV D EDFN HQG FRQWUROOHU WR D WZLVWHGð
SDLU õ73ô FDEOHï 7KH FRQWUROOHU LQWHUIDFH LQFOXGHV WUDQVPLW
DQG UHFHLYH FORFN DQG 15= GDWD FKDQQHOVñ DV ZHOO DV PRGH
FRQWURO ORJLF DQG VLJQDOLQJï 7KH WZLVWHGðSDLU LQWHUIDFH
FRPSULVHV WZR FLUFXLWVã 7ZLVWHGð3DLU ,QSXW õ73,ô DQG
7ZLVWHGð3DLU 2XWSXW õ732ôï ,Q DGGLWLRQ WR WKH WZR EDVLF
LQWHUIDFHVñ WKH /;7äíè 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 /;7äíè 7UDQVPLW IXQFWLRQ UHIHUV WR GDWD
WUDQVPLWWHG E\ WKH EDFN HQG WR WKH WZLVWHGðSDLU QHWZRUNï
7KH /;7äíè 5HFHLYH IXQFWLRQ UHIHUV WR GDWD UHFHLYHG E\
WKH EDFN HQG IURP WKH WZLVWHGðSDLU QHWZRUNï 7KH /;7äíè
SHUIRUPV DOO UHTXLUHG IXQFWLRQV GHILQHG E\ WKH ,((( åíëïê
ìí%$6(ð7 0$8 VSHFLILFDWLRQ VXFK DV FROOLVLRQ GHWHFWLRQñ
OLQN LQWHJULW\ WHVWLQJñ VLJQDO TXDOLW\ HUURU PHVVDJLQJñ MDEEHU
FRQWURO DQG ORRSEDFNï

&RQWUROOHU &RPSDWLELOLW\
0RGHV
7KH /;7äíè LV FRPSDWLEOH ZLWK PRVW LQGXVWU\ VWDQGDUG
FRQWUROOHUV LQFOXGLQJ GHYLFHV SURGXFHG E\ $GYDQFHG0LFUR
'HYLFHV õ$0'ôñ ,QWHOñ )XMLWVXñ 1DWLRQDO 6HPLFRQGXFWRUñ
6HHTñ 0RWRUROD DQG 7H[DV ,QVWUXPHQWVï )RXU GLIIHUHQW FRQð
WURO VLJQDO WLPLQJ DQG SRODULW\ VFKHPHV õ0RGHV ì WKURXJK
éô DUH UHTXLUHG WR DFKLHYH WKLV FRPSDWLELOLW\ï 0RGH VHOHFW
SLQV 0'í DQG 0'ì GHWHUPLQH FRQWUROOHU FRPSDWLELOLW\
PRGHV DV OLVWHG LQ 7DEOH ëï 5HIHU WR WKH 7HVW 6SHFLILFDWLRQV
VHFWLRQ IRU WLPLQJ GLDJUDPV DQG SDUDPHWHUVï

7UDQVPLW )XQFWLRQ
7KH /;7äíè UHFHLYHV 15= GDWD IURP WKH FRQWUROOHU DW WKH
7;' LQSXW DV VKRZQ LQ WKH EORFN GLDJUDPñ DQG SDVVHV LW
WKURXJK D 0DQFKHVWHU HQFRGHUï 7KH HQFRGHG GDWD LV WKHQ
WUDQVIHUUHG WR WKH WZLVWHGðSDLU QHWZRUN õWKH 732 FLUFXLWôï
7KH DGYDQFHG LQWHJUDWHG SXOVH VKDSLQJ DQG ILOWHULQJ QHWð
ZRUN SURGXFHV WKH RXWSXW VLJQDO RQ 7321 DQG 7323ñ
VKRZQ LQ )LJXUH ï 7KH 732 RXWSXW LV SUHðGLVWRUWHG DQG SUHð
ILOWHUHG 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 FLUð
FXLWU\ï ,QWHJUDWHG ILOWHUV VLPSOLI\ WKH GHVLJQ ZRUN UHTXLUHG
IRU )&& FRPSOLDQW (0, SHUIRUPDQFHï 'XULQJ LGOH SHULRGVñ
WKH /;7äíè WUDQVPLWV OLQN LQWHJULW\ WHVW SXOVHV RQ WKH 732
FLUFXLW õLI /, LV HQDEOHG DQG /%. LV GLVDEOHGôï

)LJXUH ëã /;7äíè 732 2XWSXW :DYHIRUP

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

&RQWUROOHU 0RGH
0'ì 0'í

0RGH ì ð )RU $GYDQFHG 0LFUR 'HYLFHV $0æääí RU FRPSDWLEOH FRQWUROOHUV /RZ /RZ

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

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

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

ëï 5HIHU WR /HYHO 2QH $SSOLFDWLRQ 1RWH èì ZKHQ GHVLJQLQJ ZLWK ,QWHO FRQWUROOHUVï
êï 6((4 FRQWUROOHUV UHTXLUH LQYHUWHUV RQ &/.,ñ /%.ñ 5&/. DQG &2/ï
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-DEEHU &RQWURO )XQFWLRQ
)LJXUH ê LV D VWDWH GLDJUDP RI WKH /;7äíè MDEEHU FRQWURO
IXQFWLRQï 7KH /;7äíè 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 IXQFWLRQV DQG DFWLð
YDWHV WKH &2/ SLQï 2QFH WKH /;7äíè 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

64( )XQFWLRQ
7KH /;7äíè VXSSRUWV WKH VLJQDO TXDOLW\ HUURU õ64(ô IXQFð
WLRQ DV VKRZQ LQ )LJXUH éï $IWHU HYHU\ VXFFHVVIXO WUDQVPLVð
VLRQ RQ WKH ìí%$6(ð7 QHWZRUNñ WKH /;7äíè WUDQVPLWV WKH
64( VLJQDO IRU ìí ELW WLPHV õ%7ô � è%7 RQ WKH &2/ SLQ RI
WKH GHYLFHï

7KH 64( FDQ EH GLVDEOHG IRU UHSHDWHUîVZLWFK DSSOLFDWLRQVï
:KHQ '64( LV VHW +LJKñ WKH 64( IXQFWLRQ LV GLVDEOHGï
:KHQ '64( LV /RZñ WKH 64( IXQFWLRQ LV HQDEOHGï

)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

;0,7 'LVDEOH

64(B7HVWB7LPHUB'RQH

'64( ì

'2 $FWLYH

2XWSXW ,GOH

2XWSXW 'HWHFWHG

3RZHU 2Q

64( :DLW 7HVW

6WDUWB64(B7HVWBB:DLWB7LPHU

64( 7HVW

6WDUWB64(B7HVWB7LPHU
&, 64(

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

'2 ,GOH ∗
'64( í
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/;7äíè )XQFWLRQDO 'HVFULSWLRQ

5HFHLYH )XQFWLRQ
7KH /;7äíè UHFHLYH IXQFWLRQ DFTXLUHV WLPLQJ DQG GDWD
IURP WKH WZLVWHGðSDLU QHWZRUN õWKH 73, FLUFXLWôï 9DOLG
UHFHLYHG VLJQDOV DUH SDVVHG WKURXJK WKH RQðFKLS ILOWHUV DQG
0DQFKHVWHU GHFRGHU WKHQ RXWSXW DV GHFRGHG 15= GDWD DQG
UHFHLYH WLPLQJ 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 ZLWK SURSHU WLPLQJï

,I WKH GLIIHUHQWLDO VLJQDO DW WKH 73, FLUFXLW LQSXWV IDOOV EHORZ
åèø RI WKH WKUHVKROG OHYHO õXQVTXHOFKHGô IRU å ELW WLPHV
õW\SLFDOôñ WKH /;7äíè UHFHLYH IXQFWLRQ HQWHUV WKH LGOH VWDWHï
7KH /;7äíè DXWRPDWLFDOO\ FRUUHFWV UHYHUVHG SRODULW\ RQ
WKH 73, FLUFXLWï

3RODULW\ 5HYHUVH )XQFWLRQ
7KH /;7äíè SRODULW\ UHYHUVH IXQFWLRQ XVHV ERWK OLQN SXOVHV
DQG HQGðRIðIUDPH GDWD WR GHWHUPLQH SRODULW\ RI WKH UHFHLYHG
VLJQDOï ,I /LQN ,QWHJULW\ WHVWLQJ LV GLVDEOHGñ SRODULW\ GHWHFð
WLRQ LV EDVHG RQO\ RQ UHFHLYHG GDWDï $ UHYHUVHG SRODULW\
FRQGLWLRQ LV GHWHFWHG ZKHQ HLJKW FRQVHFXWLYH 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 FRQVHFXWLYH 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 /;7äíè 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 FRQGLð
WLRQï 3RODULW\ FRUUHFWLRQ LV DOZD\V HQDEOHGï

&ROOLVLRQ 'HWHFWLRQ )XQFWLRQ
$ FROOLVLRQ LV GHILQHG DV WKH VLPXOWDQHRXV SUHVHQFH RI YDOLG
VLJQDOV RQ ERWK WKH 73, FLUFXLW DQG WKH 732 FLUFXLWï 7KH
/;7äíè 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 GLVDEOLQJ QRUPDO ORRSEDFNï )LJXUH è LV D
VWDWH GLDJUDP RI WKH /;7äíè FROOLVLRQ GHWHFWLRQ IXQFWLRQï

)LJXUH èã &ROOLVLRQ 'HWHFWLRQ )XQFWLRQ

,GOH

3RZHU 2Q$

&ROOLVLRQ

732 7;'
5;' 73,

&2/ $&7,9(

2XWSXW

732 7;'
5;' 7;'

,QSXW

5;' 73,

7(1 $FWLYH ∗
73, ,GOH ∗
;0,7 (QDEOH

7(1 $FWLYH ∗
73, $FWLYH ∗
;0,7 (QDEOH

$ $

7(1 $FWLYH ∗
73, $FWLYH ∗
;0,7 (QDEOH

7(1 $FWLYH ∗
73, ,GOH

7(1 ,GOH ò
;0,7 'LVDEOH

7(1 ,GOH

73, ,GOH

73, $FWLYH
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/RRSEDFN )XQFWLRQ
7KH /;7äíè SURYLGHV WKH QRUPDO ORRSEDFN IXQFWLRQ VSHFð
LILHG E\ WKH ìí%$6(ð7 VWDQGDUG IRU WKH WZLVWHGðSDLU SRUWñ
DV ZHOO DV D IRUFHG ORRSEDFN IXQFWLRQï 7KH ORRSEDFN IXQFð
WLRQ RSHUDWHV LQ FRQMXQFWLRQ ZLWK WKH WUDQVPLW IXQFWLRQï
'DWD WUDQVPLWWHG E\ WKH EDFNðHQG LV LQWHUQDOO\ ORRSHG EDFN
ZLWKLQ WKH /;7äíè IURP WKH 7;' SLQ WKURXJK WKH
0DQFKHVWHU HQFRGHUîGHFRGHU WR WKH 5;' SLQ DQG UHWXUQHG
WR WKH EDFNðHQGï 7KLV ¦QRUPDO§ ORRSEDFN IXQFWLRQ LV GLVð
DEOHG ZKHQ D GDWD FROOLVLRQ RFFXUVñ FOHDULQJ WKH 5;' FLUð
FXLW IRU WKH 73, GDWDï 1RUPDO ORRSEDFN LV DOVR GLVDEOHG
GXULQJ OLQN IDLOñ MDEEHUñ DQG IXOO GXSOH[ VWDWHVï /RRSEDFN LV
DOZD\V HQDEOHG GXULQJ WKH IRUFHG ORRSEDFN VWDWHï

7KH /;7äíè SURYLGHV DQ DGGLWLRQDO ORRSEDFN IXQFWLRQï
([WHUQDO ORRSEDFN PRGHñ XVHIXO IRU V\VWHPðOHYHO WHVWLQJñ LV
FRQWUROOHG E\ WKH /('&î)'( SLQï :LWK ERWK /('&î)'(
DQG /%. /RZñ WKH /;7äíè GHYLFHã

� GLVDEOHV LQWHUQDO ORRSEDFN FLUFXLWV

� GLVDEOHV 64(

� GLVDEOHV &ROOLVLRQ 'HWHFWLRQ

� HQDEOHV )XOO 'XSOH[ 0RGH

7KLV DOORZV H[WHUQDO ORRSEDFN WHVWLQJï

/LQN ,QWHJULW\ 7HVW )XQFWLRQ
)LJXUH ç LV D VWDWH GLDJUDP RI WKH /;7äíè /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 ìå 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
èíaìèí PVñ WKH FKLS HQWHUV D OLQN IDLO VWDWH DQG GLVDEOHV WKH
WUDQVPLW DQG QRUPDO ORRSEDFN IXQFWLRQVï 7KH /;7äíè
LJQRUHV DQ\ OLQN LQWHJULW\ SXOVH ZLWK LQWHUYDO OHVV WKDQ ëaæ
PVï 7KH /;7äíè ZLOO UHPDLQ LQ WKH /LQN )DLO 6WDWH XQWLO LW
GHWHFWV HLWKHU D VHULDO GDWD SDFNHW RU WZR RU PRUH OLQN LQWHJð
ULW\ SXOVHVï
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/;7äíè )XQFWLRQDO 'HVFULSWLRQ

)LJXUH çã /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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/;7äíè$33/,&$7,21 ,1)250$7,21

,QWURGXFWLRQ
)LJXUHV æ WKURXJK ä VKRZ W\SLFDO /;7äíè DSSOLFDWLRQVï
7KHVH GLDJUDPV JURXS VLPLODU SLQVâ WKH\ GR QRW SRUWUD\ WKH
DFWXDO FKLS SLQRXWï 7KH FRQWUROOHU LQWHUIDFH SLQVâ 7UDQVPLW
'DWD õ7;'ôñ 7UDQVPLW &ORFN õ7&/.ô 7UDQVPLW (QDEOH
õ7(1ôñ 5HFHLYH 'DWD õ5;'ôñ 5HFHLYH &ORFN õ5&/.ôñ
&ROOLVLRQ 6LJQDO õ&2/ô DQG &DUULHU 'HWHFW õ&'ô SLQV DUH DW
WKH XSSHU OHIWï

3RZHU DQG JURXQG SLQV DUH DW WKH ERWWRP RI HDFK GLDJUDPï
9&&ì DQG 9&&ë XVH D VLQJOH SRZHU VXSSO\ ZLWK
GHFRXSOLQJ FDSDFLWRUV LQVWDOOHG EHWZHHQ WKH SRZHU DQG
JURXQG EXVVHVï 9&& PD\ EH SRZHUHG E\ D è9 RU êïê9
VXSSO\ï

7ZLVWHGð3DLU ,QWHUIDFH
7KH 7ZLVWHGð3DLU LQWHUIDFH õ7323î1 DQG 73,3î1ô LV DW WKH
XSSHU ULJKWï 7KH ,î2 SDLUV KDYH LPSHGDQFH PDWFKLQJ
UHVLVWRUV IRU ìííΩ 873 EXW QR H[WHUQDO ILOWHUV DUH UHTXLUHGï

5%,$6 3LQ
7KH 5%,$6 SLQ VHWV WKH OHYHOV IRU WKH /;7äíè RXWSXW
GULYHUVï 7KH /;7äíè UHTXLUHV D æïèNΩñ ìø UHVLVWRU GLUHFWO\
FRQQHFWHG EHWZHHQ WKH 5%,$6 SLQ DQG JURXQGï 7KLV
UHVLVWRU VKRXOG EH ORFDWHG DV FORVH WR WKH GHYLFH DV SRVVLEOHï
.HHS WKH WUDFHV DV VKRUW DV SRVVLEOH DQG LVRODWHG IURP DOO
RWKHU KLJK VSHHG VLJQDOVï

&U\VWDO ,QIRUPDWLRQ
%DVHG RQ OLPLWHG HYDOXDWLRQñ 7DEOH ê OLVWV VRPH RI WKH
VXLWDEOH FU\VWDOVï 'HVLJQHUV VKRXOG WHVW DQG YDOLGDWH DOO
FU\VWDOV EHIRUH FRPPLWWLQJ WR D VSHFLILF FRPSRQHQWï

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

7DEOH êã 6XLWDEOH &U\VWDOV

0DQXIDFWXUHU 3DUW 1XPEHU

07521 03ðì

03ðë

7DEOH éã 6XLWDEOH 0DJQHWLFV

0DQXIDFWXUHU 3DUW 1XPEHU

6XUIDFH 0RXQW 7KUXðKROH

9DORU 67éìçí ¤

67éëíë ¤

67éìçæ ¤

+$/2 7*æéðìéíç1ì 7*æéðìéíç4

7*æèðìéíç1 7*æéðìéíç.

)LOð0DJ ëê=ééì60 ëê=ééì
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7\SLFDO ìí%$6(ð7 $SSOLFDWLRQ
)LJXUH æ LV D W\SLFDO /;7äíè DSSOLFDWLRQï 7KH '7( LV
FRQQHFWHG WR D ìí%$6(ð7 QHWZRUN WKURXJK WKH WZLVWHGð
SDLU 5-éè FRQQHFWRUï :LWK 0'í WLHG KLJK DQG 0'ì
JURXQGHGñ WKH /;7äíè ORJLF DQG IUDPLQJ DUH VHW WR 0RGH ë

õFRPSDWLEOH ZLWK ,QWHO åëèäç FRQWUROOHUVóôï &RQQHFW ëí
0+] V\VWHP FORFN LQSXW DW &/.,ï õ/HDYH &/.2 RSHQïô
7KH /, SLQ H[WHUQDOO\ FRQWUROV WKH OLQN WHVW IXQFWLRQï

ó5HIHU WR /HYHO 2QH $SSOLFDWLRQ 1RWH èì ZKHQ GHVLJQLQJ
ZLWK ,QWHO FRQWUROOHUVï

)LJXUH æã Intel Controller Application (Mode 2)
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/;7äíè 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

'XDO 1HWZRUN 6XSSRUW ð
ìí%$6(ð7 DQG 7RNHQ 5LQJ
)LJXUH å VKRZV WKH /;7äíè ZLWK D 7H[DV ,QVWUXPHQWV
êåí&ëç &RPP3URFHVVRUï 7KH êåí&ëç LV FRPSDWLEOH ZLWK

0RGH é õ0'í DQG 0'ì ERWK KLJKôï :KHQ XVHG ZLWK WKH
êåí&ëçñ ERWK WKH /;7äíè DQG D 706êåíèé 7RNHQ 5LQJ
WUDQVFHLYHU FDQ EH WLHG WR D VLQJOH 5-éè DOORZLQJ GXDO
QHWZRUN VXSSRUW IURP D VLQJOH FRQQHFWRUï

)LJXUH åã  LXT905/380C26 Interface for Dual 10BASE-T & Token Ring Support (Mode 4)
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/;7äíè $SSOLFDWLRQ ,QIRUPDWLRQ

ììðåê

L1

6LPSOH ìí%$6(ð7 &RQQHFWLRQ
)LJXUH ä VKRZV D VLPSOH ìí%$6(ð7 DSSOLFDWLRQ XVLQJ DQ
/;7äíè WUDQVFHLYHU DQG D 0RWRUROD 0&çå(1êçíï 7KH
0&çå(1êçí LV FRPSDWLEOH ZLWK 0RGH ì õ0'í DQG 0'ì
ERWK ORZôï

)LJXUH äã LXT905/MC68EN360  Interface for Full Duplex 10BASE-T  (Mode 1)
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/;7äíè 8QLYHUVDO (WKHUQHW ,QWHUIDFH $GDSWHU

ììðåé

L1

/;7äíè 7(67 63(&,),&$7,216

127(

7KH PLQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV è WKURXJK ìê DQG )LJXUHV ìí WKURXJK ëè UHSUHVHQW WKH SHUIRUPDQFH
VSHFLILFDWLRQV RI WKH /;7äíè 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 òç 9

$PELHQW RSHUDWLQJ WHPSHUDWXUH 723 í òæí �&

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 9ROWDJH LV ZLWK UHVSHFW WR JURXQG XQOHVV VSHFLILHG RWKHUZLVHï

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

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

,QSXW ORZ YROWDJHë 9,/ ¤ ¤ íïå 9

,QSXW KLJK YROWDJHë 9,+ ëïí ¤ ¤ 9

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

92/ ¤ ¤ ìí ø9&& ,2/ á ìí �$

2XWSXW ORZ YROWDJH
õ2SHQ GUDLQ /(' GULYHUô

92// ¤ ¤ íïæ ø9&& ,2//  ìí P$

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

92+ äí ¤ ¤ ø9&& ,2+ á ìí �$

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 7KLV DSSOLHV

WR DOO LQSXWV H[FHSW 73,3 DQG 73,1ï



ììðåè

L1

/;7äíè 7HVW 6SHFLILFDWLRQV

2XWSXW ULVH WLPH

7&/. ÷ 5&/.

&026 ¤ ¤ ê ìè QV &/2$'  ëí S)

77/ ¤ ¤ ë ìè QV

2XWSXW IDOO WLPH

7&/. ÷ 5&/.

&026 ¤ ¤ ê ìè QV &/2$' ëí S)

77/ ¤ ¤ ë ìè QV

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

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

6XSSO\ FXUUHQW 1RUPDO

0RGH

,&& ¤ éí åí P$ ,GOH 0RGH

,&& ¤ æí ìíí P$ 7UDQVPLWWLQJ RQ 73

3RZHU 'RZQ 0RGH ,&& ¤ íïíì ì �$

7DEOH åã 73 (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 LQWHUð
QDO 0$8

5HFHLYH LQSXW LPSHGDQFH =,1 ¤ ëé ¤ NΩ %HWZHHQ 73,3î73,1

'LIIHUHQWLDO VTXHOFK WKUHVKROG 9'6 êíí éëí èåè 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 íïè QV IURP WKH HQFRGHUñ DQG êïè QV IURP WKH 0$8ï

7DEOH äã 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 ìí 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 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 7KLV DSSOLHV

WR DOO LQSXWV H[FHSW 73,3 DQG 73,1ï



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

ììðåç

L1

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

3DUDPHWHU 6\PERO 0LQ 7\Sì 0D[ 8QLWV

'HFRGHU DFTXLVLWLRQ WLPH W'$7$ ¤ ìêíí ìèíí QV

&' WXUQðRQ GHOD\ W&' ¤ éíí èèí QV

5HFHLYH GDWD VHWXS IURP 5&/. 0RGH ì W5'6 çí æí ¤ QV

0RGHV ëñ ê DQG é W5'6 êí éè ¤ QV

5HFHLYH GDWD KROG IURP 5&/. 0RGH ì W5'+ ìí ëí ¤ QV

0RGHV ëñ ê DQG é W5'+ êí éè ¤ QV

5&/. VKXW RII GHOD\ IURP &' DVVHUW õ0RGH êô 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 ììã 5&/.î(QGðRIð)UDPH 7LPLQJ õ2YHU 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 7\SH 6\P 0RGH ì 0RGH ë 0RGH ê 0RGH é 8QLWV

5&/. DIWHU &' RII 0LQ W5& è ì ¤ è ELW WLPHV

5FY GDWD WKURXJKðSXW GHOD\ 0D[ W5' éíí êæè êæè êæè QV

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

5HFHLYH EORFN RXW DIWHU 7(1 RII ê 7\SLFDOì W,)* è èí ¤ ¤ ELW WLPHV

5&/. VZLWFKLQJ GHOD\ DIWHU &' RII 7\SLFDOì WVZH ¤ ¤ ìëí õ�åíô ¤ QV

ìï 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï &' 7XUQRII GHOD\ PHDVXUHG IURP PLGGOH RI ODVW ELWã WLPLQJ VSHFLILFDWLRQ LV XQDIIHFWHG E\ WKH YDOXH RI WKH ODVW ELWï
êï %ORFNLQJ RI &DUULHU 'HWHFW LV GLVDEOHG GXULQJ IXOO GXSOH[ RSHUDWLRQï



ììðåæ

L1

/;7äíè 7HVW 6SHFLILFDWLRQV

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

3DUDPHWHU 6\PERO 0LQLPXP 7\SLFDOì 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\ W678' ¤ êèí éèí QV

7UDQVPLW WKURXJKðSXW GHOD\ W73' ¤ êêå 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 ìêã Miscellaneous Timing  (Over Recommended Range)

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

&2/ õ64(ô 'HOD\ DIWHU 7(1 RII ë W64(' íïçè ¤ ìïç µV

&2/ õ64(ô 3XOVH 'XUDWLRQë W64(3 èíí ¤ ìèíí QV

3RZHU 'RZQ UHFRYHU\ WLPH W3'5 ¤ ëè ¤ PV

ìï 7\SLFDO YDOXHV DUH DW ëè� & DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï :KHQ 64( LV HQDEOHG õ'64( LV /RZôï



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

ììðåå

L1

7LPLQJ 'LDJUDPV IRU 0RGH ì õ0'ì  /RZñ 0'í  /RZô )LJXUHV ìí WKURXJK ìê

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

)LJXUH ììã 0RGH ì 5&/.î(QGðRIð)UDPH 7LPLQJ

127(ã ìï 5;' FKDQJHV ëè QV DIWHU WKH ULVLQJ HGJH RI 5&/.ï

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

127(ã ìï 5;' FKDQJHV ëè QV DIWHU WKH ULVLQJ HGJH RI 5&/.ï

ì í ì í ì í ì í í

ì íì í ì í ì íí

W5'

W&'2))

73,3î73,1
RU ',3î',1

&'

5&/.

5;'

W5&



ììðåä

L1

/;7äíè 7HVW 6SHFLILFDWLRQV

)LJXUH ìëã 0RGH ì 7UDQVPLW 7LPLQJ

)LJXUH ìêã 0RGH ì &2/ 2XWSXW 7LPLQJ

W&+(/W(+&+

W&+'8

7(1

7&/.

7;'

732

W73'

W'6&+

W678'

W64(3

W64('
7(1

&2/



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

ììðäí

L1

7LPLQJ 'LDJUDPV IRU 0RGH ë õ0'ì /RZñ 0'í +LJKô )LJXUHV ìé WKURXJK ìæ

)LJXUH ìéã 0RGH ë 5&/.î6WDUWðRIð)UDPH 7LPLQJ

)LJXUH ìèã 0RGH ë 5&/.î(QGðRIð)UDPH 7LPLQJ

127(ã
ìï 5;' FKDQJHV DW WKH ULVLQJ HGJH RI 5&/.ï 7KH FRQWUROOHU LV VDPSOHG DW WKH IDOOLQJ HGJHï

ì í ì í ì í ì ì ì íì í ì

W&'

W5'6
W5'+

&'

5&/.

5;'

W'$7$

73,3î73,1
RU ',3î',1

ìì í ì í ì í ì í ì ì í ì í í í ì í ì í

127(ã
ìï 5;' FKDQJHV DW WKH ULVLQJ HGJH RI 5&/.ï 7KH FRQWUROOHU LV VDPSOHG DW WKH IDOOLQJ HGJHï

ì í ì í ì í ì í í

W5'

73,3î73,1
RU ',3î',1

&'

5&/.

5;'

ì íì í ì í ì íí

W&'2))



ììðäì

L1

/;7äíè 7HVW 6SHFLILFDWLRQV

)LJXUH ìçã 0RGH ë 7UDQVPLW 7LPLQJ

)LJXUH ìæã 0RGH ë &2/ 2XWSXW 7LPLQJ

W&+(/W(+&+

W&+'8

7(1

7&/.

7;'

732

W'6&+

W73'W678'

127(ã
ìï &' RXWSXW LV GLVDEOHG IRU D PD[LPXP RI èè ELW WLPHV DIWHU 7(1 WXUQV RIIï

W64('
7(1

&2/

W,)*

W64(3



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

ììðäë

L1

7LPLQJ 'LDJUDPV IRU 0RGH ê õ0'ì  +LJKñ 0'í  /RZô )LJXUHV ìå WKURXJK ëì

)LJXUH ìåã 0RGH ê 5&/.î6WDUWðRIð)UDPH 7LPLQJ

)LJXUH ìäã0RGH ê 5&/.î(QGðRIð)UDPH 7LPLQJ

1RWHã

ìï 5;' FKDQJHV DW WKH ULVLQJ HGJH RI 5&/.ï 7KH FRQWUROOHU LV VDPSOHG DW WKH IDOOLQJ HGJHï

ì í ì í ì í ì ì ì íì í ì

W5'6 W5'+

W'$7$

&'

5&/.

5;'

73,3î73,1

ìì í ì í ì í ì í ì ì í ì í í í ì í ì

W&'

W6:6 5HFRYHUHG IURP ,QSXW 'DWD 6WUHDP

*HQHUDWHG IURP 7&/.

1RWHã
ìï 5;' FKDQJHV DW WKH ULVLQJ HGJH RI 5&/.ï 7KH FRQWUROOHU LV VDPSOHG DW WKH IDOOLQJ HGJHï

W5'

W&'2))

&'

5&/.

5;'

W6:(

5HFRYHUHG &ORFN *HQHUDWHG IURP 7&/.

ì í ì í ì í ì í í

ì íì í ì í ì íí

73,3î73,1



ììðäê

L1

/;7äíè 7HVW 6SHFLILFDWLRQV

)LJXUH ëíã 0RGH ê 7UDQVPLW 7LPLQJ

)LJXUH ëìã 0RGH ê &2/ 2XWSXW 7LPLQJ

W&+(/
W(+&+

W&+'8

7(1

7&/.

7;'

732

W678'

W'6&+

W73'

W64('
7(1

&2/

W64(3



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

ììðäé

L1

7LPLQJ 'LDJUDPV IRU 0RGH é õ0'ì  +LJKñ 0'í  +LJKô )LJXUHV ëë WKURXJK ëè

)LJXUH ëëã 0RGH é 5&/.î6WDUWðRIð)UDPH 7LPLQJ

)LJXUH ëêã0RGH é 5&/.î(QGðRIð)UDPH 7LPLQJ

1RWHã
ìï 5;' FKDQJHV DW WKH IDOOLQJ HGJH RI 5&/.ï 7KH FRQWUROOHU LV VDPSOHG DW WKH ULVLQJ HGJHï

ì í ì í ì í ì ì ì íì í ì

W&'

W'$7$

&'

5&/.

5;'

73,3î73,1
RU ',3î',1

W5'6
W5'+

ìì í ì í ì í ì í ì ì í ì í í í ì í ì

1RWHã
ìï 5;' FKDQJHV DW WKH IDOOLQJ HGJH RI 5&/.ï 7KH FRQWUROOHU LV VDPSOHG DW WKH ULVLQJ HGJHï

ì í ì í ì í ì í í

ì íì í ì í ì íí

W5'

73,3î73,1
RU ',3î',1

&'

5&/.

5;'

W&'2))



ììðäè

L1

/;7äíè 7HVW 6SHFLILFDWLRQV

)LJXUH ëéã 0RGH é 7UDQVPLW 7LPLQJ

)LJXUH ëèã 0RGH é &2/ 2XWSXW 7LPLQJ

W&+(/W(+&+

W&+'8

7(1

7&/.

7;'

732

W'6&+

W678'
W73'

W64(3

W64('
7(1

&2/



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

ììðäç

L1

127(6

/;7äíè


