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/;7êêë %ORFN 'LDJUDP

/;7êêë
'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ
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5HYLVLRQ ìïí

*HQHUDO 'HVFULSWLRQ

7KH /;7êêë LV D IXOO\ LQWHJUDWHG 'XDO /LQH ,QWHUIDFH 8QLW
õ'/,8ô IRU ERWK ìïèéé 0ESV õ7ìô DQG ëïíéå 0ESV õ(ìô
DSSOLFDWLRQVï ,W IHDWXUHV %å=6î+'%ê HQFRGHUV DQG GHFRGð
HUVñ DQG D FRQVWDQW ORZ RXWSXW LPSHGDQFH WUDQVPLWWHU IRU
KLJK UHWXUQ ORVVï 7UDQVPLW SXOVH VKDSH LV VHOHFWDEOH IRU YDUð
LRXV OLQH OHQJWKV DQG FDEOH W\SHVï

7KH /;7êêë LQFRUSRUDWHV DQ DGYDQFHG FU\VWDOðOHVV GLJLWDO
MLWWHU DWWHQXDWRUñ VZLWFKDEOH WR HLWKHU WKH WUDQVPLW RU UHFHLYH
VLGHï 7KLV HOLPLQDWHV WKH QHHG IRU DQ H[WHUQDO TXDUW] FU\Vð
WDOï ,W RIIHUV ERWK D VHULDO LQWHUIDFH õ6,2ô IRU PLFURSURFHVð
VRU FRQWURO DQG D KDUGZDUH FRQWURO PRGH IRU VWDQGðDORQH
RSHUDWLRQï

7KH /;7êêë RIIHUV D YDULHW\ RI DGYDQFHG GLDJQRVWLF DQG
SHUIRUPDQFH PRQLWRULQJ IHDWXUHVï ,W XVHV DQ DGYDQFHG GRXð
EOHðSRO\ñ GRXEOHðPHWDO &026 SURFHVV DQG UHTXLUHV RQO\ D
VLQJOH èðYROW SRZHU VXSSO\ï

$SSOLFDWLRQV
� 3&0 î 9RLFH &KDQQHO %DQNV

� 'DWD &KDQQHO %DQN î &RQFHQWUDWRU

� 7ì î (ì PXOWLSOH[HU

� 'LJLWDO $FFHVV DQG &URVVðFRQQHFW 6\VWHPV õ'$&6ô

� &RPSXWHU WR 3%; LQWHUIDFH õ&3, ÷ '0,ô

� 621(7î6'+ 0XOWLSOH[HUV

� ,QWHUIDFLQJ &XVWRPHU 3UHPLVHV (TXLSPHQW WR D &68
� 'LJLWDO /RRS &DUULHU õ'/&ô WHUPLQDOV

)HDWXUHV

� 'LJLWDO õFU\VWDOðOHVVô MLWWHU DWWHQXDWLRQñ VHOHFWDEOH IRU
UHFHLYH RU WUDQVPLW SDWKñ RU PD\ EH GLVDEOHG

� +LJK WUDQVPLW DQG UHFHLYH UHWXUQ ORVV

� &RQVWDQW ORZ RXWSXW LPSHGDQFH WUDQVPLWWHU ZLWK
SURJUDPPDEOH HTXDOL]HU VKDSHV SXOVHV WR PHHW '6;ðì
SXOVH WHPSODWH IURP í WR çèè IW

� 0HHWV RU H[FHHGV LQGXVWU\ VSHFLILFDWLRQV LQFOXGLQJ
,78 *ïæíêñ $16, 7ìïéíê DQG $7÷7 3XE çëéìì

� &RPSDWLEOH ZLWK PRVW LQGXVWU\ VWDQGDUG IUDPHUV

� &RPSOHWH OLQH GULYHUñ GDWD UHFRYHU\ DQG FORFN
UHFRYHU\ IXQFWLRQV

� 0LQLPXP UHFHLYH VLJQDO RI èíí P9ñ ZLWK VHOHFWDEOH
VOLFHU OHYHOV õ(ìî'6;ðìô WR LPSURYH 615

� /RFDOñ UHPRWHñ DQG GXDO ORRSEDFN IXQFWLRQV

� %XLOWð,Q 6HOI 7HVW ZLWK 4566 3DWWHUQ *HQHUDWRU

� 7UDQVPLW î 5HFHLYH SHUIRUPDQFH PRQLWRUV ZLWK 'ULYHU
)DLO 0RQLWRU õ')0ô DQG /RVV RI 6LJQDO õ/26ô RXWSXWV

� 5HFHLYHU MLWWHU WROHUDQFH íïé 8, IURP éí N+] WR ìíí
N+]

� $YDLODEOH LQ ééðSLQ 3/&& DQG ééðSLQ 4)3
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ëðìíå L1

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

29(59,(:

,Q DGGWLRQ WR WKH LQKHUHQW DGYDQWDJHV RI D '/,8ñ WKH
/;7êêë DOVR SURYLGHV VHYHUDO DGYDQFHG IHDWXUHV ZKLFK
DUH QRW DYDLODEOH LQ RWKHU /;7êí[ðVHULHV GHYLFHVï $OO RI
WKH DGGHG IHDWXUHV DUH HDVLO\ LPSOHPHQWHGï 0DQ\ UHTXLUH
RQO\ D FORFN SXOVH WR FKDQJH IURP RQH PRGH WR DQRWKHUï
6RPH IHDWXUHV DUH DYDLODEOH LQ +RVW 0RGH RQO\ï

� 7ZR FRPSOHWH /,8V LQ D VLQJOH 3/&& RU 4)3 SDFNð
DJH

� 6LPSOLILHV ERDUG GHVLJQñ VDYHV UHDO HVWDWH

� 3URYHQ DUFKLWHFWXUH õ/;7ê[[ VHULHVô

� &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

� 1HZ )HDWXUHV

6WDQGDUG /;7êêë )HDWXUHV

� 7ULðVWDWH 2XWSXWV

� $OO /;7êêë RXWSXW SLQV FDQ EH IRUFHG WR D KLJKð=
7ULðVWDWH PRGHï 7KH 7ULðVWDWH PRGH LV HQDEOHG RU
GLVDEOHG E\ WKH 7567( SLQï

� %LSRODU RU 8QLSRODU 'DWD ,î2

� 7KH /;7êêë î )UDPHU LQWHUIDFH FDQ EH HLWKHU ELSRð
ODU õGHIDXOWô RU XQLSRODU õVHOHFWDEOHôï 7KH XQLSRODU
PRGH LV VHOHFWHG E\ DSSO\LQJ 0&/. WR WKH 7567(
SLQï

� %å=6 RU +'%ê =HUR 6XSSUHVVLRQ

� 7KH /;7êêë LQFRUSRUDWHV ]HUR VXSSUHVVLRQ HQFRGð
HUV DQG GHFRGHUV IRU XVH LQ WKH XQLSRODU GDWD ,î2
PRGHï 7KH HQFRGHUVîGHFRGHUV FDQ EH DFWLYDWHG RU
GHDFWLYDWHG E\ FKDQJLQJ WKH ORJLF OHYHO RQ WKH UHð
PDSSHG 71(* SLQï

� 6HOHFWDEOH -LWWHU $WWHQXDWLRQ

� -LWWHU DWWHQXDWLRQ FDQ EH SODFHG LQ HLWKHU WKH WUDQVð
PLW RU UHFHLYH SDWK RU GHDFWLYDWHGï 7KH -LWWHU $WWHQð
XDWLRQ 6HOHFW õ-$6(/ô SLQ GHWHUPLQHV WKH MLWWHU
DWWHQXDWLRQ PRGHï 1R FU\VWDO UHTXLUHGï

� 'XDO /RRSEDFN

� 7KLV RSWLRQ HQDEOHV VLPXOWDQHRXV ORRSEDFNV WR
ERWK WKH IUDPHU DQG WKH OLQHï 7KH 7&/.ñ 7326
DQG 71(* IUDPHU LQSXWV DUH URXWHG WKURXJK WKH MLWð
WHU DWWHQXDWRU DQG ORRSHG EDFN WR WKH 5&/.ñ 5326
DQG 51(* RXWSXWVï 7KH 57,3î55,1* OLQH LQSXWV
DUH ORRSHG EDFN WKURXJK WKH WLPLQJ UHFRYHU\ EORFN
DQG OLQH GULYHU RQWR WKH 77,3î75,1* RXWSXWVï

$GGLWLRQDO +RVWð0RGH )HDWXUHV
� +LJK )UHTXHQF\ &ORFNV

� 7KH /;7êêë SURYLGHV D SDLU RI KLJK IUHTXHQF\
FORFN RXWSXWVñ RQH IRU HDFK /,8ï 7KHVH å[ FORFNV
õìëïêèë 0+] IRU 7ìñ ìçïêåé 0+] IRU (ìô DUH WLHG
WR WKH GHðMLWWHUHG FORFN IURP WKH -$ RI WKH UHVSHFð
WLYH /,8ï

� %LSRODU 9LRODWLRQ ,QVHUWLRQ
� 7KH VDPH SLQV ZKLFK SURYLGH WKH +LJK )UHTXHQF\
&ORFNV FDQ DOVR EH XVHG WR LQVHUW ELSRODU YLRODWLRQV
LQWR WKH RXWJRLQJ GDWD VWUHDPï 9LRODWLRQV FDQ EH LQð
VHUWHG LQWR HDFK /,8 FKDQQHO LQGHSHQGHQWO\ï

� %XLOWð,Q 6HOI 7HVW õ4566ô
� 7KH /;7êêë FDQ JHQHUDWH DQG WUDQVPLW D 4566
SDWWHUQ WR %XLOWð,Q 6HOI 7HVW õ%,67ô DSSOLFDWLRQVï
/RJLF HUURUV DQG ELSRODU YLRODWLRQV FDQ EH LQVHUWHG
LQWR WKH 4566 RXWSXWï 7KH /;7êêë DOVR GHWHFWV
4566 SDWWHUQ V\QFKURQL]DWLRQ DQG UHSRUWV ELW HUð
URUV LQ WKH UHFHLYHG 4566 SDWWHUQ GDWD VWUHDPï

� $,6 'HWHFWLRQ
� 7KH /;7êêë GHWHFWV WKH $,6 DODUP VLJQDO RQ WKH
UHFHLYH VLGH LQGHSHQGHQW RI WKH ORRSEDFN PRGHVï
:KHQ $,6 LV GHWHFWHG õOHVV WKDQ ê ]HURV LQ ëíéå
ELWVôñ WKH /;7êêë SURYLGHV DQ LQGLFDWRU RXWSXWï
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

L1 ëðìíä

3,1 $66,*10(176 $1'
6,*1$/ '(6&5,37,216

)LJXUHV ì DQG ë VKRZ WKH SLQRXW GLDJUDPV IRU WKH 3/&&
DQG 4)3 SDFNDJHVñ UHVSHFWLYHO\ï 7DEOH ì GHVFULEHV WKH
+RVW 0RGH VLJQDO IXQFWLRQVñ H[FHSW VLJQDOV WKDW FKDQJH
ZKHQ LQ 8QLSRODU +RVW 0RGHï 7DEOH ë GHVFULEHV VLJQDO
IXQFWLRQV WKDW FKDQJH ZKHQ LQ 8QLSRODU 0RVW 0RGHï
7DEOH ê GHVFULEHV DOO +DUGZDUH 0RGH VLJQDO IXQFWLRQVñ
H[FHSW VLJQDOV WKDW FKDQJH ZKHQ LQ 8QLSRODU 0RGHï
7DEOH é GHVFULEHV VLJQDO IXQFWLRQV WKDW FKDQJH ZKHQ LQ
8QLSRODU +DUGZDUH 0RGHï

)LJXUH ìã /;7êêë 3LQ $VVLJQPHQWV õ3/&& 3DFNDJHô
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ëðììí L1

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH ëã /;7êêë 3LQ $VVLJQPHQWV õ4)3 3DFNDJHô

7DEOH ìã +RVW 0RGH 3LQ DQG %LSRODU +RVW 0RGH 3LQ 'HVFULSWLRQV

3LQ
4)3

3LQ
3/&&

6\PERO ,î2ì 'HVFULSWLRQ

êä ì TRSTE DI Tristate Output Enable Input Pin. Forces all output pins to high-Z tri-state 
when held High. Enables Bipolar I/O mode when held Low.  In this mode 
the framer interface is bipolar (TPOS/TNEG and RPOS/RNEG), and the 
B8ZS/HDB3 encoders are disabled. Enables Unipolar I/O  mode when 
clocked by MCLK.  In this mode the framer interface is unipolar (TDATA 
and RDATA), and the TNEG and RNEG pins are re-mapped.  The TNEG 
pins are re-mapped as Encoder Enable (ECE) to individually enable the 
B8ZS/HDB3 encoder/decoder for each port.  The RNEG pins are re-mapped 
as Bipolar Violation (BPV) indicators to report BPVs received at the respec-
tive ports.

éí ë TCLK0 DI Transmit Clock - Port 0.  1.544 MHz for T1, 2.048 MHz for E1.  The trans-
mit data inputs are sampled on the falling edge of TCLK.

ì ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ ',î2  'LJLWDO ,QSXWî2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXW
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L1 ëðììì

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

éì

éë

ê

é

TPOS0
(Bipolar)

TNEG0
(Bipolar)

DI

DI

Transmit Positive and Negative Data - Port 0.  In the Bipolar I/O mode, 
these pins are the positive and negative sides of a bipolar input pair for port 
0.  Data to be transmitted onto the twisted-pair line is input at these pins.  
However, when the TRSTE pin is clocked by MCLK, the LXT332 switches 
to a unipolar mode.  Table 2 describes Unipolar mode pin functions.

éê

éé

è

ç

RNEG0
(Bipolar)

RPOS0
(Bipolar)

DO

DO

Receive Positive and Negative Data - Port 0.  In the Bipolar I/O mode, 
these pins are the data outputs from port 0.  A signal on RNEG corresponds 
to receipt of a negative pulse on RTIP/RRING.  A signal on RPOS corre-
sponds to receipt of a positive pulse on RTIP/RRING.  RNEG/RPOS outputs 
are Non-Return-to-Zero (NRZ).  In Host mode, CLKE determines the clock 
edge at which these outputs are stable and valid.

ì æ RCLK0 DO Receive Clock - Port 0.  This clock is recovered from the input signal.  
Under Loss of Signal (LOS) conditions, this output is derived from MCLK.

ë å SCLK DI Serial Clock. The Serial Clock shifts data into or out from the serial inter-
face register of the selected port.

ê ä VCQ0 DI/O Provides Violation insert, High Frequency Clock, or QRSS generation/detec-
tion functions for Port 0.  Pin operation is determined by the VCQE pin.

Violation Insertion Function.  When the Violation insertion function is 
enabled, this pin is sampled on the falling edge of TCLK to control bipolar 
violation (BPV) insertion.  If High, a BPV is inserted at the next available 
mark transmitted from port 0.  A Low-to-High transition is required for each 
subsequent violation insertion.  (B8ZS and HDB3 zero suppression codes are 
not violated.) 

Clock Function. When the Clock function is enabled, this pin outputs a 
High Frequency Clock (12.352 MHz for T1, 16.384 MHz for E1) tied to the 
jitter attenuated clock of port 0.  If no JA clock is available, HFC is locked to 
the 8x receive timing recovery clock.

Quasi Random Signal Source (QRSS) Function. When the QRSS function 
is enabled, a High on this pin enables the QRSS detection circuit and causes 
the LXT332 to transmit the QRSS pattern onto the twisted-pair line from 
port 0.  For error-free QRSS transmission, TPOS0 must be held Low.  To 
insert errors into the pattern, TPOS must transition from Low to High (TPOS 
is sampled on the falling edge of MCLK).  A Low-to-High transition is 
required for each subsequent violation insertion.  (B8ZS and HDB3 zero 
suppression codes are not violated.)

é
è

ìí
ìì

INT1
INT0

DO
DO

Interrupt Outputs.  The interrupt outputs go Low to flag the host processor 
that the respective port has changed state.  INT0 and INT1 are open drain 
outputs.  Each must be tied to VCC through a resistor.

ç ìë MCLK DI Master Clock. The master clock (1.544 MHz for T1, 2.048 MHz for E1) 
input must be independent, free-running, continuously active and jitter free 
for receiver operation. Since the transceivers derive their RCLK timing from 
the MCLK input on Loss of Signal (LOS), MCLK cannot be derived from 
RCLK.

æ ìê GND – Ground. Ground return for power supply VCC.

7DEOH ìã +RVW 0RGH 3LQ DQG %LSRODU +RVW 0RGH 3LQ 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ
4)3

3LQ
3/&&

6\PERO ,î2ì 'HVFULSWLRQ

ì ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ ',î2  'LJLWDO ,QSXWî2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXW
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ëðììë L1

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

å
ìì

ìé
ìæ

TTIP0
TRING0

AO
AO

Transmit Tip and Ring - Port 0.  The tip and ring pins for each port are dif-
ferential driver outputs designed to drive a 35 - 200 Ω load.  Line matching 
resistors and transformers can be selected to give the desired pulse height.  
See Figures 19 through 21.

ä ìè TGND0 – Ground. Ground return for power supply TVCC0.

ìí ìç TVCC0 I + 5 volt power supply input for the port 0 transmit driver.  TVCC0 must 
not vary from TVCC1 or VCC by more than ± 0.3 V.

ìë ìå DFM O Driver Fail Monitor.  This signal goes High to indicate a driver output short 
in one or both ports.

ìê ìä PS0 I Port Select - Port 0.  This input accesses the serial interface registers for 
port 0.  For each read or write operation, PS must transition from High to 
Low, and remain Low.

ìé ëí PD0 DO Pattern Detect - Port 0.  Unless the QRSS function is selected by the VCQE 
pin, PD0 functions as an AIS alarm indicator.  The AIS pattern is detected by 
the receiver, independent of any loopback mode.  AIS goes High when less 
than three zeros have been detected in any string of 2048 bits.  AIS returns 
Low when the received signal contains more than three zeros in 2048 bits.  
(LOS is available via the SIO register and interrupt.) 

If the QRSS function is enabled by the VCQE pin, PD0 remains High until 
pattern sync is reached with the received signal.  Once pattern lock is 
obtained, PD0 goes Low.  (The sync/out-of-sync criteria is less than 3/4 
errors in 128 bits.)  After sync acquisition, bit errors cause PD0 to go High 
for half a clock cycle.  This output can be used to trigger an external error 
counter.

ìè
ìç

ëì
ëë

RTIP0
RRING0

DI
DI

Receive Tip and Ring - Port 0. RTIP and RRING comprise the receive line 
interface.  This input pair should be connected to the line through a center-
tapped 1:2 transformer.

ìæ ëê CLKE DI Clock Edge Select.  When CLKE  is High, RPOS/RNEG or RDATA out-
puts are valid on the falling edge of RCLK, and SDO is valid on the rising 
edge of SCLK.  When CLKE is Low, RPOS/RNEG or RDATA outputs are 
valid on the rising edge of RCLK, and SDO is valid on the falling edge of 
SCLK.

ìå
ìä

ëé
ëè

RRING1
RTIP1

AI
AI

Receive Tip and Ring - Port 1. RTIP and RRING comprise the receive line 
interface.  This input pair should be connected to the line through a center-
tapped 1:2 transformer.

ëí ëç PD1 DO Pattern Detect - Port 1.  Reports AIS and QRSS pattern reception.  See 
PD0 signal description for details.

ëì ëæ SDI DI 6HULDO 'DWD ,QSXWï 6', LV VDPSOHG RQ WKH ULVLQJ HGJH RI 6&/.ï

ëë ëå PS1 DI Port Select - Port 1.  This input accesses the serial interface registers for 
port 1.  For each read or write operation, PS must transition from High to 
Low, and remain Low.

ëê
ëç

ëä
êë

TRING1
TTIP1

AO
AO

Transmit Tip and Ring - Port 1.  The tip and ring pins for each port are dif-
ferential driver outputs designed to drive a 35 - 200 Ω load.  Line matching 
resistors and transformers can be selected to give the desired pulse height.  
See Figures 13 through 15.
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L1 ëðììê

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

ëé êí TVCC1 AI + 5 volt power supply input for the port 1 transmit driver.  TVCC1 must 
not vary from TVCC0 or VCC by more than ± 0.3 V.

ëè êì TGND1 – Ground. Ground return for power supply TVCC1.

ëæ êê VCC AI +5 VDC power supply input for all circuits, except the transmit drivers.

ëå êé JASEL DI Jitter Attenuation Select.  Selects jitter attenuation for both ports.  When 
JASEL = 1, JA circuits are placed in the receive paths.  When JASEL = 0, JA 
circuits are placed in the transmit paths.  When JASEL is clocked with 
MCLK, the JA circuit is disabled.

ëä êè VCQ1 DI/O Violation insert, Clock, or QRSS. Function (Violation insert, Clock, or 
QRSS) is determined by the VCQE pin.  Provides Violation Insertion, High 
Frequency Clock or QRSS Generation functions for Port 1.  Refer to VCQ0 
signal description for details.

êí êç SPE DI Serial Port Enable.  SPE must be clocked with MCLK to enable Host Mode 
control through the serial port.

êì êæ VCQE DI Violation - Clock - QRSS Enable.  When set High, enables the Bipolar 
Violation Insert functions of VCQ0 and VCQ1 pins.  When set Low, enables 
the High Frequency Clock functions of VCQ0 and VCQ1.  When clocked 
with MCLK, enables the QRSS functions of VCQ0 and VCQ1, and enables 
the QRSS Generate and Detect function of PD0 and PD1 pins.

êë êå SDO DO Serial Data Output.  If CLKE is High, SDO is valid on the rising edge of 
SCLK.  If CLKE is Low, SDO is valid on the falling edge of SCLK.

êê êä RCLK1 DO Receive Clock - Port 1.  This clock is recovered from the input signal.  
Under Loss of Signal (LOS) conditions, this output is derived from MCLK.

êé

êè

éí

éì

RPOS1
(Bipolar)

RNEG1
(Bipolar)

DO

DO

Receive Positive and Negative Data - Port 1.  In the Bipolar I/O mode, 
these pins are the data outputs from port 1.  A signal on RPOS corresponds to 
receipt of a positive pulse on RTIP/RRING.  A signal on RNEG corresponds 
to receipt of a negative pulse on RTIP/RRING.  RNEG/RPOS outputs are 
Non-Return-to-Zero (NRZ).  CLKE determines the clock edge at which 
these outputs are stable and valid.

êç

êæ

éë

éê

TNEG1
(Bipolar)

TPOS1
(Bipolar)

DI

DI

Transmit Positive and Negative Data - Port 1.  In the Bipolar I/O mode, 
these pins are TPOS and TNEG, the positive and negative sides of a bipolar 
input pair for port 1.  Data to be transmitted onto the twisted-pair line is input 
at these pins.  However, when TRSTE is clocked by MCLK, the LXT332 
switches to a unipolar mode.  Unipolar mode pin functions are described sep-
arately.

êå éé TCLK1 DI Transmit Clock - Port 1.  1.544 MHz for T1, 2.048 MHz for E1.  The trans-
mit data inputs are sampled on the falling edge of TCLK.

7DEOH ëã 8QLSRODU +RVW 0RGH 3LQ 'HVFULSWLRQVì

3LQ
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3LQ
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6\PERO ,î2 'HVFULSWLRQ

éì ê TDATA0 DI Transmit Data - Port 0.  In the Unipolar mode, the data to be transmitted 
onto the twisted-pair line from port 0 is input at this pin.

ì 7DEOH ì GHVFULEHV WKH SLQV WKDW GR QRW FKDQJH IXQFWLRQ LQ 8QLSRODU +RVW 0RGH DQG IXQFWLRQV RI SLQV XQLTXH WR %LSRODU 0RGHï
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

éë é ECE0 DI Encoder Enable - Port 0.  In the Unipolar mode, a High on this pin enables 
the B8ZS or HDB3 encoder and decoder for port 0.

éê è BPV0 DO Bipolar Violation - Port 0.   In the Unipolar mode this indicator output goes 
High when a bipolar violation is received at port 0.

éé ç RDATA0 DO Receive Data - Port 0.  In the Unipolar mode, RDATA is a Non-Return-to-
Zero (NRZ) output.  CLKE determines the RCLK edge which RDATA is 
stable and valid.

êé éí RDATA1 DO Receive Data - Port 1.  In the Unipolar mode, RDATA is a Non-Return-to-
Zero (NRZ) output.  CLKE determines the RCLK edge which RDATA is 
stable and valid.

êè éì BPV1 DO Bipolar Violation - Port 1.   In the Unipolar mode this indicator output goes 
High when a bipolar violation is received at port 1.

êç éë ECE1 DI Encoder Enable - Port 1.  In the Unipolar mode, a High on this pin enables 
the B8ZS or HDB3 encoder and decoder for port 1.

êæ éê TDATA1 DI Transmit Data - Port 1.  In the Unipolar mode, the data to be transmitted 
onto the twisted-pair line from port 1 is input at this pin.

ì 7DEOH ì GHVFULEHV WKH SLQV WKDW GR QRW FKDQJH IXQFWLRQ LQ 8QLSRODU +RVW 0RGH DQG IXQFWLRQV RI SLQV XQLTXH WR %LSRODU 0RGHï

7DEOH êã +DUGZDUH 0RGH 3LQ DQG %LSRODU +DUGZDUH 0RGH 3LQ 'HVFULSWLRQVì
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6\PERO ,î2ë 'HVFULSWLRQ

êä ì TRSTE DI Tristate Output Enable Input Pin.  Forces all output pins to high-Z Tri-state 
when held High. Enables Bipolar I/O mode when held Low.  In this mode the 
framer interface is bipolar (TPOS/TNEG and RPOS/RNEG), and the B8ZS/
HDB3 encoders are disabled. Enables Unipolar I/O  mode when clocked by 
MCLK.  In this mode the framer interface is unipolar (TDATA and RDATA), 
and the TNEG and RNEG pins are re-mapped.  The TNEG pins are re-mapped 
as Encoder Enable (ECE) to individually enable the B8ZS/HDB3 encoder/
decoder for each port.  The RNEG pins are re-mapped as Bipolar Violation 
(BPV) indicators to report BPVs received at the respective ports.

éí ë TCLK0 DI Transmit Clock - Port 0.  1.544 MHz for T1, 2.048 MHz for E1.  The trans-
mit data inputs are sampled on the falling edge of TCLK.

éì

éë

ê

é

TPOS0
(Bipolar)

TNEG0
(Bipolar)

DI Transmit Data Positive and Negative - Port 0.  In the Bipolar I/O mode, 
these pins are the positive and negative sides of a bipolar input pair for port 0.  
Data to be transmitted onto the twp line is input at these pins.  However, when 
TRSTE is clocked by MCLK, the LXT332 switches to a unipolar mode.  Uni-
polar mode pin functions are described separately.

éê

éé

è

ç

RNEG0
(Bipolar)

RPOS0
(Bipolar)

DO Receive Data Positive and Negative - Port 0.  In the Bipolar I/O mode, a sig-
nal on RNEG corresponds to receipt of a negative pulse on RTIP/RRING.  A 
signal on RPOS corresponds to receipt of a positive pulse on RTIP/RRING.  
RNEG/RPOS outputs are Non-Return-to-Zero (NRZ).  RPOS and RNEG are 
stable and valid on the rising edge of RCLK.

ì 7DEOH é GHVFULEHV WKH SLQV XVHG LQ 8QLSRODU +DUGZDUH 0RGHï
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

ì æ RCLK0 DO Receive Clock - Port 0.  This clock is recovered from the input signal.  Under 
Loss of Signal (LOS) conditions, this output is derived from MCLK.

ë å TAOS0 DI Transmit All Ones Enable - Port 0.  When TAOS is High and RLOOP is 
Low, the TPOS/TNEG or TDATA input is ignored and port 0 transmits a 
stream of ones at the TCLK frequency.  If TCLK is not provided, the MCLK 
input is used as the transmit reference.

ê
é
è

ä
ìí
ìì

LEN20
LEN10
LEN00

DI
DI
DI

Line Length Equalizer Inputs - Port 0. This pins determine the shape and 
amplitude of the transmit pulse.

ç ìë MCLK DI Master Clock. The master clock (1.544 MHz for T1, 2.048 MHz for E1) input 
must be independent, free-running, continuously active and jitter free for 
receiver operation. Since the transceivers derive their RCLK timing from the 
MCLK input on Loss of Signal (LOS), MCLK cannot be derived from RCLK.

æ ìê GND – Ground. Ground return for power supply VCC.

å
ìì

ìé
ìæ

TTIP0
TRING0

AO
AO

Transmit Tip and Ring - Port 0.  The tip and ring pins for each port are dif-
ferential driver outputs designed to drive a 35 - 200 Ω load.  Line matching 
resistors and transformers can be selected to give the desired pulse height.  See 
Figures 13 through 15.

ä ìè TGND0 – Ground. Ground return for power supply TVCC0.

ìí ìç TVCC0 AI + 5 volt power supply input for the port 0 transmit driver.  TVCC0 must not 
vary from TVCC1 or VCC by more than ± 0.3 V.

ìë ìå DFM DO Driver Fail Monitor.   This signal goes High to indicate a driver output short 
in one or both ports.

ìê ìä RLOOP0 DI Remote Loopback Enable - Port 0.  When RLOOP = 1, the port 0 clock and 
data inputs from the framer are ignored and the data received from the twisted-
pair line is transmitted back onto the line at the RCLK frequency.   (LLOOP0 
must be Low for RLOOP0 to occur.)

ìé ëí LOS0 DO Loss of Signal - Port 0.  LOS goes High when 175 consecutive spaces have 
been detected.  LOS returns Low when the received signal reaches a mark den-
sity of 12.5% (determined by receipt of four marks with a sliding 32-bit period 
with no more than 15 consecutive zeros).  Received marks are output on 
RPOS/RNEG or RDATA even when LOS is High.

ìè
ìç

ëì
ëë

RTIP0
RRING0

AI
AI

Receive Tip and Ring - Port 0. RTIP and RRING comprise the receive line 
interface.  This input pair should be connected to the line through a center-
tapped 1:2 transformer.

ìæ ëê LLOOP0 DI Local Loopback Enable  - Port 0.  When LLOOP is High, the RTIP/RRING 
inputs from the port 0 line are disconnected and the transmit data inputs are 
routed back into the receive inputs (through JA if enabled).  (RLOOP0 must 
be Low for LLOOP0 to occur.)

ìå
ìä

ëé
ëè

RRING1
RTIP1

AI
AI

Receive Tip and Ring - Port 1. RTIP and RRING comprise the receive line 
interface.  This input pair should be connected to the line through a center-
tapped 1:2 transformer.

7DEOH êã +DUGZDUH 0RGH 3LQ DQG %LSRODU +DUGZDUH 0RGH 3LQ 'HVFULSWLRQVì ¤ FRQWLQXHG
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

ëí ëç LOS1 DO Loss of Signal - Port 1.  LOS goes High when 175 consecutive spaces have 
been detected.  LOS returns to a logic 0 when the received signal reaches a 
mark density of 12.5% (refer to LOS0 signal description for details).

ëì ëæ LLOOP1 DI Local Loopback Enable - Port 1.  (RLOOP1 must be Low for LLOOP1 to 
occur.)

ëë ëå TAOS1 DI Transmit All Ones Enable - Port 1.  (RLOOP1 must be Low for TAOS1 to 
occur.)

ëê
ëç

ëä
êë

TRING1
TTIP1

AO
AO

Transmit Ring - Port 1.  The tip and ring pins for each port are differential 
driver outputs designed to drive a 35 - 200 Ω load.  Line matching resistors 
and transformers can be selected to give the desired pulse height.  See Figures 
19 through 21.

ëé êí TVCC1 AI + 5 volt power supply input for the port 1 transmit driver.  TVCC1 must not 
vary from TVCC0 or VCC by more than ± 0.3 V.

ëè êì TGND1 – Ground. Ground return for power supply TVCC1.

ëæ êê VCC AI +5 VDC power supply input for all circuits, except the transmit drivers.

ëå êé JASEL DI Jitter Attenuation Select.  Selects jitter attenuation for both ports.  When 
JASEL = 1, JA circuits are placed in the receive paths.  When JASEL = 0, JA 
circuits are placed in the transmit paths.  When JASEL is clocked with MCLK, 
the JA circuit is disabled.

ëä
êí
êì

êè
êç
êæ

LEN01
LEN11
LEN21

DI
DI
DI

Line Length Equalizer inputs - Port 1. These pins determine the shape and 
amplitude of the transmit pulse.

êë êå RLOOP1 DI Remote Loopback Enable - Port 1.   (LLOOP1 must = 0 for RLOOP to 
occur.)

êê êä RCLK1 DO Receive Clock - Port 1.  This clock is recovered from the twisted-pair input 
signal.  Under Loss of Signal (LOS) conditions, this output is derived from 
MCLK.

êé

êè

éí

éì

RPOS1
(Bipolar)

RNEG1
(Bipolar)

DO

DO

Receive Data Positive and Negative - Port 1.  In the Bipolar I/O mode, these 
pins are the data outputs from port 1.  A signal on RPOS corresponds to 
receipt of a positive pulse on RTIP/RRING.  A signal on RNEG corresponds 
to receipt of a negative pulse on RTIP/RRING.  RNEG/RPOS outputs are 
Non-Return-to-Zero (NRZ).  RPOS and RNEG are stable and valid on the ris-
ing edge of RCLK.

êç

êæ

éë

éê

TNEG1

TPOS1

DI

DI

Transmit Data Positive and Negative - Port 1.  In the Bipolar I/O mode, 
these pins are TPOS and TNEG, the positive and negative sides of a bipolar 
input pair for port 1.  Data to be transmitted onto the twisted-pair line is input 
at these pins.  However, when the TRSTE pin is clocked by MCLK, the 
LXT332 switches to a unipolar mode.  Unipolar mode pin functions are 
described separately.

êå éé TCLK1 DI Transmit Clock - Port 1.  1.544 MHz for T1, 2.048 MHz for E1.  The trans-
mit data inputs are sampled on the falling edge of TCLK.

7DEOH êã +DUGZDUH 0RGH 3LQ DQG %LSRODU +DUGZDUH 0RGH 3LQ 'HVFULSWLRQVì ¤ FRQWLQXHG
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7DEOH éã 8QLSRODU +DUGZDUH 0RGH 3LQ 'HVFULSWLRQVì

3LQ
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3LQ
3/&&

6\PERO ,î2 'HVFULSWLRQ

41 3 TDATA0 DI Transmit Data - Port 0.  In the Unipolar mode, the data to be transmitted 
onto the  line from port 0 is input at this pin.

42 4 ECE0 DI Encoder Enable - Port 0.  In the Unipolar mode, a High on this pin enables 
the B8ZS or HDB3 encoder and decoder for port 0.

43 5 BPV0 DO Bipolar Violation - Port 0.   In the Unipolar mode this indicator output goes 
High when a bipolar violation is received at port 0.

44 6 RDATA0 DO Receive Data - Port 0.  In the Unipolar mode, RDATA is a Non-Return-to-
Zero (NRZ) output.  RDATA is stable and valid on the rising edge of 
RCLK.

34 40 RDATA1 DO Receive Data - Port 1.  In the Unipolar mode, RDATA is a Non-Return-to-
Zero (NRZ) output.  RDATA is stable and valid on the rising edge of 
RCLK.

35 41 BPV1 DO Bipolar Violation - Port 1.   In the Unipolar mode this indicator output goes 
High when a bipolar violation is received at port 1.

36 42 ECE1 DI Encoder Enable - Port 1.  In the Unipolar mode, a High on this pin enables 
the B8ZS or HDB3 encoder and decoder for port 1.

37 43 TDATA1 DI Transmit Data - Port 1.  In the Unipolar mode, the data to be transmitted 
onto the  line from port 1 is input at this pin.

ì 7DEOH ê GHVFULEHV WKH SLQV WKDW GR QRW FKDQJH IXQFWLRQ LQ 8QLSRODU +DUGZDUH 0RGH DQG WKH IXQFWLRQV RI SLQV XQLTXH WR %LSRODU 0RGHï
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)81&7,21$/ '(6&5,37,21

7KH ILJXUH DW WKH EHJLQQLQJ RI WKLV 'DWD 6KHHW VKRZV D
VLPSOLILHG EORFN GLDJUDP RI WKH /;7êêëï 7KH /;7êêë LV
D IXOO\ LQWHJUDWHG 'XDO /LQH ,QWHUIDFH 8QLW õ'/,8ô ZKLFK
FRQWDLQV WZR FRPSOHWH WUDQVFHLYHUVï 7KH '/,8 LV GHVLJQHG
IRU ERWK ìïèéé 0ESV õ'6;ðìô DQG ëïíéå 0ESV õ(ìô DSSOLð
FDWLRQVï %RWK WUDQVFHLYHUV RSHUDWH DW WKH VDPH IUHTXHQF\ñ
ZKLFK LV GHWHUPLQHG E\ WKH 0&/. LQSXWï

(DFK '/,8 WUDQVFHLYHU IURQW HQG LQWHUIDFHV ZLWK WZR
WZLVWHGðSDLU OLQHVñ RQH SDLU IRU WUDQVPLWñ RQH SDLU IRU
UHFHLYHï 7KHVH WZR WZLVWHGðSDLU OLQHV FRPSULVH D GLJLWDO
GDWD ORRS IRU IXOO GXSOH[ WUDQVPLVVLRQï 7KH LQWHJUDWHG
FU\VWDOðOHVV MLWWHU DWWHQXDWRU PD\ EH SRVLWLRQHG LQ HLWKHU WKH
WUDQVPLW RU UHFHLYH SDWKñ RU GLVDEOHGï

(DFK '/,8 WUDQVFHLYHU EDFNðHQG LQWHUIDFHV ZLWK D IUDPHU
WKURXJK HLWKHU ELSRODU RU XQLSRODU GDWD ,î2 FKDQQHOVï 7KH
'/,8 PD\ EH FRQWUROOHG E\ D PLFURSURFHVVRU WKURXJK WKH
VHULDO SRUW õ+RVW FRQWURO PRGHôñ RU E\ KDUGðZLUHG SLQV IRU
VWDQGðDORQH RSHUDWLRQ õ+DUGZDUH FRQWURO PRGHôï

5HFHLYHU

7KH WZR UHFHLYHUV LQ WKH /;7êêë '/,8 DUH LGHQWLFDOï 7KH
IROORZLQJ SDUDJUDSKV GHVFULEH WKH RSHUDWLRQ RI RQHï

7KH WZLVWHGðSDLU LQSXW LV UHFHLYHG YLD D FHQWHUðWDSSHG ìãë
WUDQVIRUPHUï 3RVLWLYH SXOVHV DUH UHFHLYHG DW 57,3ñ QHJDð
WLYH SXOVHV DW 55,1*ï 5HFRYHUHG GDWD LV RXWSXW DW 5326
DQG 51(* LQ WKH ELSRODU PRGH DQG DW 5'$7$ LQ WKH XQLð
SRODU PRGHï 7KH UHFRYHUHG FORFN LV RXWSXW DW 5&/.ï
5326î51(* RU 5'$7$ RXWSXWV DUH YDOLG RQ WKH ULVLQJ
HGJH RI 5&/.ï 5HIHU WR WKH 7HVW 6SHFLILFDWLRQV 6HFWLRQ
IRU UHFHLYHU WLPLQJï

7KH UHFHLYH VLJQDO LV SURFHVVHG WKURXJK WKH SHDN GHWHFWRU
DQG GDWD VOLFHUVï 7KH SHDN GHWHFWRU VDPSOHV WKH UHFHLYHG
VLJQDO DQG GHWHUPLQHV LWV PD[LPXP YDOXHï $ SHUFHQWDJH
RI WKH SHDN YDOXH LV SURYLGHG WR WKH GDWD VOLFHUV DV D WKUHVKð
ROG OHYHO WR HQVXUH RSWLPXP VLJQDOðWRðQRLVH UDWLRï )RU
'6;ðì DSSOLFDWLRQV õOLQH OHQJWK LQSXWV /(1í ð /(1ë ≠
ííí RU ííìô WKH WKUHVKROG LV VHW WR æíø õW\SLFDOô RI WKH SHDN
YDOXHï 7KLV WKUHVKROG LV PDLQWDLQHG DERYH WKH VSHFLILHG
OHYHO IRU XS WR ìè VXFFHVVLYH ]HURV RYHU WKH UDQJH RI VSHFð
LILHG RSHUDWLQJ FRQGLWLRQVï )RU (ì DSSOLFDWLRQV õ/(1
LQSXWV = ííí RU ííìôñ WKH WKUHVKROG LV èí ø õW\SLFDOôï

7KH UHFHLYHU LV FDSDEOH RI DFFXUDWHO\ UHFRYHULQJ VLJð
QDOV ZLWK XS WR ðìêïç G% RI DWWHQXDWLRQ õIURP ëïé 9ôñ
FRUUHVSRQGLQJ WR D UHFHLYHG VLJQDO OHYHO RI DSSUR[Lð
PDWHO\ èíí P9ï 0D[LPXP OLQH OHQJWK LV ìèíí IHHW RI
$%$0 FDEOH õDSSUR[LPDWHO\ ç G% RI DWWHQXDWLRQôï
5HJDUGOHVV RI UHFHLYHG VLJQDO OHYHOñ WKH SHDN GHWHFWRUV

DUH KHOG DERYH D PLQLPXP OHYHO RI íïê 9 õW\SLFDOô WR
SURYLGH LPPXQLW\ IURP LPSXOVLYH QRLVHï

$IWHU SURFHVVLQJ WKURXJK WKH GDWD VOLFHUVñ WKH UHFHLYHG VLJð
QDO JRHV WR WKH GDWD DQG WLPLQJ UHFRYHU\ VHFWLRQñ DQG WR WKH
UHFHLYH PRQLWRUï 7KH GDWD DQG WLPLQJ UHFRYHU\ FLUFXLWV SURð
YLGH DQ LQSXW MLWWHU WROHUDQFH EHWWHU WKDQ UHTXLUHG E\ 3XE
çëéìì RU ,78 *ïåëêñ DV VKRZQ LQ 7HVW 6SHFLILFDWLRQVï

7KH UHFHLYHU PRQLWRU ORDGV D GLJLWDO FRXQWHU DW WKH 5&/.
IUHTXHQF\ï 7KH FRXQW LV LQFUHPHQWHG HDFK WLPH D ]HUR LV
UHFHLYHGñ DQG UHVHW WR ]HUR HDFK WLPH D RQH õPDUNô LV
UHFHLYHGï 8SRQ UHFHLSW RI ìæè FRQVHFXWLYH ]HURV WKH /26
IODJ LV VHWñ DQG WKH UHFRYHUHG FORFN LV UHSODFHG E\ 0&/. DW
WKH 5&/. RXWSXW LQ D VPRRWK WUDQVLWLRQï õ0&/. LV
UHTXLUHG IRU UHFHLYH RSHUDWLRQïô :KHQ WKH UHFHLYHG VLJQDO
UHDFKHV ìëïèø RQHV GHQVLW\ õé PDUNV LQ D VOLGLQJ êëðELW
SHULRGô ZLWK QR PRUH WKDQ ìè FRQVHFXWLYH ]HURVñ WKH /26
IODJ LV UHVHW DQG DQRWKHU VPRRWK WUDQVLWLRQ UHSODFHV 0&/.
ZLWK WKH UHFRYHUHG FORFN DW 5&/.ï 'XULQJ /26 FRQGLð
WLRQVñ UHFHLYHG GDWD LV RXWSXW RQ 5326î51(* õRU 5'$7$
LI XQLSRODU ,î2 LV VHOHFWHGôï

'HSHQGLQJ RQ WKH RSWLRQV VHOHFWHGñ UHFRYHUHG FORFN DQG
GDWD VLJQDOV PD\ EH URXWHG WKURXJK WKH MLWWHU DWWHQXDWRUñ
WKURXJK WKH %å=6î+'%ê GHFRGHUñ DQG PD\ EH RXWSXW WR WKH
IUDPHU DV HLWKHU ELSRODU RU XQLSRODU GDWDï ,Q XQLSRODU GDWD
,î2 PRGHñ WKH /;7êêë UHSRUWV ELSRODU YLRODWLRQV YLD DQ
RXWSXW IRU RQH 5&/. SHULRG RQ WKH UHVSHFWLYH %39 SLQï

7UDQVPLWWHU

7KH WZR WUDQVPLWWHUV LQ WKH /;7êêë '/,8 DUH LGHQWLFDOï
7KH IROORZLQJ SDUDJUDSKV GHVFULEH WKH RSHUDWLRQ RI D VLQJOH
WUDQVPLWWHUï

7UDQVPLW GDWD IURP WKH IUDPHU LV FORFNHG VHULDOO\ LQWR WKH
GHYLFH DW 7326î71(* LQ WKH ELSRODU PRGH RU DW 7'$7$
LQ WKH XQLSRODU PRGHï 7KH WUDQVPLW FORFN õ7&/.ô VXSSOLHV
WKH LQSXW V\QFKURQL]DWLRQï 7KH WUDQVPLWWHU VDPSOHV 7326î
71(* RU 7'$7$ LQSXWV RQ WKH IDOOLQJ HGJH RI 7&/.ï ,I
7&/. LV QRW VXSSOLHGñ WKH WUDQVPLWWHU UHPDLQV SRZHUHG
GRZQ DQG WKH 77,3î75,1* RXWSXWV DUH KHOG LQ D KLJKð=
VWDWHñ H[FHSW GXULQJ 5/223ñ '/223ñ 4566 RU 7$26
PRGHVï $ VHSDUDWH SRZHU VXSSO\ õ79&&í RU 79&&ìô VXSð
SOLHV HDFK RXWSXW GULYHUï &XUUHQW OLPLWHUV RQ WKH RXWSXW
GULYHUV SURYLGH VKRUW FLUFXLW SURWHFWLRQï 5HIHU WR WKH 7HVW
6SHFLILFDWLRQV 6HFWLRQ IRU 0&/. DQG 7&/. WLPLQJ FKDUð
DFWHULVWLFVï 7KH /;7êêë WUDQVPLWV GDWD DV D èíø $0, OLQH
FRGH DV VKRZQ LQ )LJXUH êï (QDEOLQJ WKH ]HUR VXSSUHVVLRQ
HQFRGHUVîGHFRGHUV RYHUULGHV WKH GHIDXOW DQG WKH WUDQVPLVð
VLRQ FRPSOLHV ZLWK WKH VHOHFWHG HQFRGLQJ VFKHPHï

=HUR VXSSUHVVLRQ LV DYDLODEOH RQO\ LQ 8QLSRODU 0RGHï 7KH
WZR ]HURðVXSSUHVVLRQ W\SHV DUH %å=6ñ XVHG LQ 7ì HQYLURQð

4 .comUDataSheet



www.DataSheet4U.com

DataSheet4U.com

DataSheet4U.comDataSheet4U.com

DataSheet4U.com

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

L1 ëðììä

PHQWVñ DQG +'%êñ XVHG LQ (ì HQYLURQPHQWVï 7KH VFKHPH
VHOHFWHG GHSHQGV RQ ZKHWKHU WKH DSSOLFDWLRQ LV 7ì RU (ìï

%LSRODU 9LRODWLRQ ,QVHUWLRQV

,Q WKH +RVW PRGH ZLWK XQLSRODU GDWD ,î2 VHOHFWHGñ D %LSRODU
9LRODWLRQ õ%39ô LQVHUW IXQFWLRQ LV DYDLODEOHï :KHQ WKH
9&4( SLQ LV KHOG +LJKñ 9&4í DQG 9&4ì SLQV FRQWURO
ELSRODU 9LRODWLRQ ,QVHUWLRQ õ9,ô IRU SRUWV í DQG ìñ UHVSHFð
WLYHO\ï 7'$7$ DQG 9, DUH ERWK VDPSOHG RQ WKH IDOOLQJ
HGJH RI 7&/.ï ,I 9, LV +LJKñ WKH QH[W DYDLODEOH PDUN LV
WUDQVPLWWHG DV D %39ñ H[FHSW DV IROORZVã

ìï %å=6 DQG +'%ê ]HUR VXSSUHVVLRQ LV QRW YLRODWHGï

ëï ,I /RFDO /RRSEDFN õ//223ô DQG 7UDQVPLW $OO 2QHV
õ7$26ô DUH ERWK DFWLYHñ WKH %39 LV ORRSHG EDFN WR
5'$7$ EXW WKH OLQH GULYHU WUDQVPLWV $OO 2QHV õQR YLð
RODWLRQVôï

êï 'XULQJ 5HPRWH /RRSEDFN õ5/223  ìôñ %39 ,QVHUW
LV GLVDEOHGï

$ /RZðWRð+LJK WUDQVLWLRQ RQ 9, LV UHTXLUHG IRU HDFK VXEVHð
TXHQW %39 LQVHUWLRQï

)LJXUH êã èíø $0, &RGLQJ

77,3

75,1*

ì í ì

%LW &HOO

3XOVH 6KDSH

7KH WUDQVPLWWHG SXOVH VKDSH LV GHWHUPLQHG E\ /LQH /HQJWK

HTXDOL]HU FRQWURO VLJQDOV /(1í WKURXJK /(1ë DV VKRZQ LQ

7DEOH èï (TXDOL]HU FRGHV DUH KDUGZLUHG LQ +DUGZDUH

PRGHï ,Q +RVW PRGH WKH /(1 FRGHV DUH LQSXW WKURXJK WKH

VHULDO LQWHUIDFHï 6KDSHG SXOVHV DUH DSSOLHG WR WKH $0, OLQH

GULYHU IRU WUDQVPLVVLRQ RQWR WKH OLQH DW 77,3 DQG 75,1*ï

7KH OLQH GULYHU SURYLGHV D FRQVWDQW ORZ RXWSXW LPSHGDQFH

RI á êΩ õW\SLFDOôñ UHJDUGOHVV RI ZKHWKHU LW LV GULYLQJ PDUNV

RU VSDFHVï 7KLV ZHOO FRQWUROOHG LPSHGDQFH SURYLGHV H[FHOð

OHQW UHWXUQ ORVV ZKHQ XVHG ZLWK H[WHUQDO SUHFLVLRQ UHVLVWRUV

õ� ì ø DFFXUDF\ô LQ VHULHV ZLWK WKH WUDQVIRUPHUï 7DEOH å

OLVWV UHFRPPHQGHG WUDQVIRUPHU VSHFLILFDWLRQVï 7KH $SSOLð

FDWLRQ ,QIRUPDWLRQ 6HFWLRQ OLVWV WUDQVIRUPHU VSHFLILFDWLRQVñ

UHFRPPHQGHG WUDQVIRUPHU UDWLRVñ VHULHV UHVLVWRU õ5Wô YDOð

XHVñ DQG W\SLFDO UHWXUQ ORVVHV IRU YDULRXV /(1 FRGHVï 7R

PLQLPL]H SRZHU FRQVXPSWLRQ WKH /;7êêë FDQ EH WLHG

GLUHFWO\ WR D ìãìïìè WUDQVIRUPHU ZLWKRXW VHULHV UHVLVWRUVï

3XOVHV FDQ EH VKDSHG IRU HLWKHU ìïèéé 0ESV RU ëïíéå 0ESV

DSSOLFDWLRQVï ìïèéé 0ESV SXOVHV IRU '6;ðì DSSOLFDWLRQV

FDQ EH SURJUDPPHG WR PDWFK OLQH OHQJWKV IURP í WR çèè

IHHW RI ëë $:* $%$0 FDEOHï $ FRPELQDWLRQ RI äïì Ω
UHVLVWRUV DQG D ìãëïê WUDQVIRUPHU LV UHFRPPHQGHG IRU

'6;ðì DSSOLFDWLRQVï 7KH /;7êêë DOVR PDWFKHV )&&

SXOVH PDVN VSHFLILFDWLRQV IRU &68 DSSOLFDWLRQVï

7KH /;7êêë SURGXFHV ëïíéå 0ESV SXOVHV IRU ERWK æèΩ
FRD[LDO õëïêæ 9ô RU ìëíΩ VKLHOGHG õêïí 9ô OLQHV WKURXJK DQ

RXWSXW WUDQVIRUPHU ZLWK D ìãë WXUQV UDWLRï )RU FRD[LDO V\Vð

WHPVñ äïìΩ VHULHV UHVLVWRUV DUH UHFRPPHQGHGï )RU WZLVWHGð

SDLU OLQHVñ XVH ìè Ω UHVLVWRUVï

7DEOH èã (TXDOL]HU &RQWURO ,QSXWV

/(1ë /(1ì /(1í /LQH /HQJWKì &DEOH /RVVë $SSOLFDWLRQ
7UDQVPLW
5DWH

í
ì
ì
ì
ì

ì
í
í
ì
ì

ì
í
ì
í
ì

0 – 133 ft. ABAM
133 – 266 ft ABAM
266 – 399 ft ABAM
399 – 533 ft ABAM
533 – 655 ft ABAM

0.6 dB
1.2 dB
1.8 dB
2.4 dB
3.0 dB

DSX-1 1.544 Mbps

í
í

í
í

í
ì

ITU Recommendation G.703 E1 – Coax (75Ω)
E1 – Twisted-pair (120Ω)

2.048 Mbps

í ì í FCC Part 68, Option A CSU 1.544 Mbps

ì /LQH OHQJWK IURP /;7êêë WR '6;ðì FURVVðFRQQHFW SRLQW
ëï 0D[LPXP FDEOH ORVV DW ææë N+]
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ëðìëí L1

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

'ULYHU )DLOXUH 0RQLWRU

7KH WUDQVFHLYHU LQFRUSRUDWHV DQ LQWHUQDO 'ULYHU )DLOXUH
0RQLWRU õ')0ô LQ SDUDOOHO ZLWK 77,3 DQG 75,1*ï $
FDSDFLWRUñ FKDUJHG YLD D PHDVXUH RI WKH GULYHU RXWSXW FXUð
UHQW DQG GLVFKDUJHG E\ D PHDVXUH RI WKH PD[LPXP DOORZð
DEOH FXUUHQW GHWHFWV GULYHU IDLOXUHï 6KRUWHG OLQHV GUDZ
H[FHVV FXUUHQWñ RYHUFKDUJLQJ WKH FDSï :KHQ WKH FDSDFLWRU
FKDUJH GHYLDWHV RXWVLGH WKH QRPLQDO FKDUJH ZLQGRZñ D
GULYHU IDLO LV UHSRUWHGï ,Q +RVW PRGH WKH ')0 ELW LV VHW LQ
WKH VHULDO ZRUGï ,Q +DUGZDUH PRGH WKH ')0 SLQ JRHV
+LJKï 'XULQJ D ORQJ VWULQJ RI VSDFHVñ D VKRUWðLQGXFHG RYHUð
FKDUJH HYHQWXDOO\ EOHHGV RIIñ FOHDULQJ WKH ')0 IODJï

-LWWHU $WWHQXDWLRQ

$ GLJLWDO -LWWHU $WWHQXDWLRQ /RRS õ-$/ô FRPELQHG ZLWK DQ
(ODVWLF 6WRUH õ(6ô SURYLGHV -LWWHU DWWHQXDWLRQï 7KH -$/ LV
LQWHUQDO DQG UHTXLUHV QR H[WHUQDO FU\VWDO QRU KLJKðIUHð
TXHQF\ õKLJKHU WKDQ OLQH UDWHô FORFNï :KHQ -$6(/  ìñ WKH
-$/ LV SRVLWLRQHG LQ WKH UHFHLYH SDWKï :KHQ -$6(/  íñ
WKH -$/ LV SRVLWLRQHG LQ WKH WUDQVPLW SDWKï :LWK -$6(/
FORFNHG E\ 0&/.ñ WKH -$/ LV GLVDEOHGï 0&/. LV WKH UHIð
HUHQFH IRU WKH -$/ï

7KH (6 LV D êë [ ëðELW UHJLVWHUï 'DWD LV FORFNHG LQWR WKH (6
ZLWK WKH DVVRFLDWHG FORFN VLJQDO õ7&/. RU 5&/.ôñ DQG
FORFNHG RXW RI WKH (6 ZLWK WKH GHMLWWHUHG -$/ FORFNï :KHQ
WKH (6 LV ZLWKLQ WZR ELWV RI RYHUIORZLQJ RU XQGHUIORZLQJñ
WKH (6 DGMXVWV WKH RXWSXW FORFN E\ ìîå RI D ELW SHULRGï 7KH
(6 SURGXFHV DQ DYHUDJH GHOD\ RI ìç ELWV LQ WKH DVVRFLDWHG
SDWKï

+RVW 0RGH SURYLGHV D GHMLWWHUHG +LJK )UHTXHQF\ &ORFN
õ+)&ôï 7KLV å[ FORFN õìëïêèë 0+] IRU 7ìñ ìçïêåé 0+]
IRU (ìô LV WLHG WR WKH RXWSXW FORFN IURP WKH -$/ï :LWK -$
DFWLYH LQ WKH UHFHLYH SDWKñ +)2 LV WLHG WR 5&/. DQG XQGHU
/26 FRQGLWLRQV GHIDXOWV WR 0&/.ï :LWK -$ DFWLYH LQ WKH
WUDQVPLW SDWKñ +)2 LV WLHG WR 7&/. DQG GHIDXOWV WR 0&/.
LI 7&/. LV QRW DYDLODEOHï ,I -$ LV GLVDEOHGñ +)2 LV WLHG WR
0&/.ï

%XLOWð,Q 6HOI 7HVW

,Q +RVW PRGHñ WKH /;7êêë SURYLGHV D %XLOWð,Q 6HOI 7HVW
õ%,67ô PRGHï 4XDVLð5DQGRP 6LJQDO 6RXUFH õ4566ô JHQð
HUDWLRQ DQG GHWHFWLRQ FLUFXLWU\ LV LQWHJUDWHG LQWR WKH
/;7êêëï :KHQ WKH 4566 %,67 PRGH LV VHOHFWHGñ WKH
/;7êêë GHWHFWV DQG UHSRUWV 4566 SDWWHUQ V\QF RQ WKH
LQFRPLQJ VLJQDOï :KHQ WULJJHUHGñ WKH /;7êêë DOVR WUDQVð
PLWV WKH 4566 SDWWHUQ RQWR WKH OLQHï 3DWWHUQ WUDQVPLVVLRQ
DQG GHWHFWLRQ LV LQGHSHQGHQWO\ WULJJHUHG DQG UHSRUWHG IRU
HDFK SRUWï 5HIHU WR 'LDJQRVWLF 0RGH 2SHUDWLRQ IRU
GHWDLOHG GHVFULSWLRQï

&RQWURO 0RGHV

7KH /;7êêë WUDQVFHLYHU RSHUDWHV LQ VWDQG DORQH +DUGZDUH
õGHIDXOWô 0RGH RU +RVW 0RGH GHSHQGLQJ RQ WKH LQSXW WR WKH
63( SLQï :KHQ WLHG WR 63(ñ 0&/. DFWV DV D 6HULDO 3RUW
(QDEOH VLJQDO WR IRUFH WKH /;7êêë LQWR LWV +RVW PRGHï 7KH
GDWD ,î2 PRGHñ ELSRODU RU XQLSRODUñ LV FRQWUROOHG E\ WKH
7567( SLQï :LWK 7567( /RZñ ELSRODU ,î2 LV VHOHFWHGï
:LWK 7567( FORFNHGñ XQLSRODU ,î2 LV VHOHFWHGï 6HYHUDO
GLDJQRVWLF PRGHV DUH DYDLODEOH RQ FRPPDQGï

+RVW 0RGH &RQWURO

7KH /;7êêë RSHUDWHV LQ WKH +RVW PRGH ZKHQ WKH 63( SLQ
LV FORFNHG ZLWK 0&/.ï ,Q +RVW PRGH D PLFURSURFHVVRU
FRQWUROV WKH /;7êêë WKURXJK WKH VHULDO ,î2 SRUW õ6,2ô
ZKLFK SURYLGHV FRPPRQ DFFHVV WR ERWK /,8Vï (DFK RI WKH
WZR /,8V FRQWDLQV D SDLU RI GDWD UHJLVWHUVñ RQH IRU FRPð
PDQG LQSXWV DQG RQH IRU VWDWXV RXWSXWVï 2QO\ RQH /,8 FDQ
EH VHOHFWHG DW D WLPHï ,I ERWK 36í DQG 36ì DUH DFWLYHñ 3RUW
í KDV SULRULW\ RYHU 3RUW ìï $Q 6,2 WUDQVDFWLRQ LV LQLWLDWHG E\
D IDOOLQJ SXOVH RQ RQH RI WKH WZR 3RUW 6HOHFW SLQVñ 36í RU
36ìï $ +LJKðWRð/RZ WUDQVLWLRQ RQ 36íîì LV UHTXLUHG IRU
HDFK VXEVHTXHQW DFFHVV WR WKH +RVW PRGH UHJLVWHUVï ,I ERWK
36í DQG 36ì DUH DFWLYH VLPXOWDQHRXVO\ñ 3RUW í KDV SULRULW\
RYHU 3RUW ìï

7KH /,8 DGGUHVVHG E\ WKH 36 SXOVH UHVSRQGV E\ ZULWLQJ WKH
LQFRPLQJ VHULDO ZRUG IURP WKH 6', SLQ LQWR LWV FRPPDQG
UHJLVWHUï )LJXUH é VKRZV DQ 6,2 ZULWH RSHUDWLRQï 7KH ìçð
ELW VHULDO ZRUG FRQVLVWV RI DQ åðELW &RPPDQGî$GGUHVV E\WH
DQG DQ åðELW 'DWD E\WHï ,I WKH FRPPDQG ZRUG FRQWDLQV D
UHDG UHTXHVWñ WKH DGGUHVVHG /,8 VXEVHTXHQWO\ RXWSXWV WKH
FRQWHQWV RI LWV VWDWXV UHJLVWHU RQWR WKH 6'2 SLQï )LJXUH è
VKRZV DQ 6,2 UHDG RSHUDWLRQï 7KH &ORFN (GJH õ&/.(ô
VLJQDO GHWHUPLQHV ZKHQ WKH 6'2 DQG UHFHLYH GDWD RXWSXWV
DUH YDOLGñ UHODWLYH WR WKH 6HULDO &ORFN õ6&/.ô RU 5&/. DV
OLVWHG LQ 7DEOH çï 5HIHU WR WKH 7HVW 6SHFLILFDWLRQV VHFWLRQ
IRU 6,2 WLPLQJï

6HULDO ,QSXW :RUG

)LJXUH é VKRZV WKH 6HULDO ,QSXW GDWD VWUXFWXUHï 7KH
/;7êêë LV DGGUHVVHG E\ VHWWLQJ ELW $é LQ WKH $GGUHVVî
&RPPDQG E\WHñ FRUUHVSRQGLQJ WR DGGUHVV ìçï %LW ì RI WKH
VHULDO $GGUHVVî&RPPDQG E\WH SURYLGHV 5HDGî:ULWH õ5îWô
FRQWURO ZKHQ WKH FKLS LV DFFHVVHGï 7KH 5îW ELW LV VHW WR
ORJLF ì WR UHDG WKH GDWD RXWSXW E\WH IURP WKH FKLSñ DQG VHW WR
ORJLF í WR ZULWH WKH LQSXW GDWD E\WH WR WKH FKLSï

7KH VHFRQG å ELWV RI D ZULWH RSHUDWLRQñ WKH 'DWD ,QSXW E\WHñ
FOHDU /RVV RI 6LJQDO õ/26ô DQG 'ULYHU )DLO 0RQLWRU õ')0ô
LQWHUUXSWVñ UHVHW WKH FKLSñ DQG FRQWURO GLDJQRVWLF PRGHVï
7KH ILUVW ë ELWV õ'í ¤ 'ìô FOHDU DQGîRU PDVN /26 DQG ')0
LQWHUUXSWVñ DQG WKH ODVW ê ELWV õ'è ð 'æô FRQWURO RSHUDWLQJ
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L1 ëðìëì

PRGHV õQRUPDO DQG GLDJQRVWLFô DQG FKLS UHVHWï 5HIHU WR
7DEOH æ IRU GHWDLOV RQ ELWV 'è ¤ 'æ 6HULDO 2XWSXW :RUGï

6HULDO 2XWSXW :RUG

)LJXUH é VKRZV WKH 6HULDO 2XWSXW GDWD VWUXFWXUHï 6'2 LV
KLJK LPSHGDQFH ZKHQ 6', UHFHLYHV DQ $GGUHVVî&RPPDQG
E\WHï ,I 6', UHFHLYHV D ZULWH FRPPDQG õ5î:  íôñ 6'2
UHPDLQV LQ KLJK LPSHGDQFHï ,I WKH FRPPDQG LV D UHDG õ5î
:  ìôñ WKHQ 6'2 EHFRPHV DFWLYH DIWHU WKH ODVW &RPPDQGî
$GGUHVV ELW õ$çô DQG UHPDLQV DFWLYH IRU HLJKW 6&/. F\FOHVï
7\SLFDOO\ WKH ILUVW ELW RXW RI 6'2 FKDQJHV WKH VWDWH RI 6'2
IURP KLJKð] WR D /RZî+LJKï 7KLV RFFXUV DSSUR[LPDWHO\ ìíí
�V DIWHU WKH HLJKWK IROORZLQJ HGJH RI 6&/.ï

7KH RXWSXW GDWD E\WH UHSRUWV /RVV RI 6LJQDO õ/26ô DQG
'ULYHU )DLO 0RQLWRU õ')0ô FRQGLWLRQVñ HTXDOL]HU VHWWLQJVñ
DQG RSHUDWLQJ PRGHV õQRUPDO RU GLDJQRVWLFôï 7KH ILUVW è
ELWV õ'í ð 'éô UHSRUW /26 DQG ')0 VWDWXVñ DQG WKH /LQH
/HQJWK (TXDOL]HU VHWWLQJVï 7KH ODVW ê ELWV õ'è ð 'æô UHSRUW
RSHUDWLQJ PRGHV DQG LQWHUUXSW VWDWXVï

,I WKH INTx OLQH IRU SRUW [ LV +LJK õQR LQWHUUXSW LV SHQGLQJôñ
ELWV 'è ð 'æ UHSRUW WKH RSHUDWLQJ PRGHV OLVWHG LQ 7DEOH åï
,I WKH INTx OLQH IRU SRUW [ LV /RZñ WKH LQWHUUXSW VWDWXV RYHUð
ULGHV DOO RWKHU UHSRUWV DQG ELWV 'è ð 'æ UHIOHFW WKH LQWHUUXSW
VWDWXV DV OLVWHG LQ 7DEOH åï

7DEOH çã &/.( 6HWWLQJV

&/.( 2XWSXW &ORFN 9DOLG (GJH

/2: 5326î51(*
5'$7$
6'2

5&/.
5&/.
6&/.

5LVLQJ
5LVLQJ
)DOOLQJ

+,*+ 5326î51(*
5'$7$
6'2

5&/.
5&/.
6&/.

)DOOLQJ
)DOOLQJ
5LVLQJ

7DEOH æã 6,2 ,QSXW %LW 6HWWLQJV
õ6HH )LJXUH éô

0RGH 5/223
%LW 'è

//223
%LW 'ç

7$26
%LW 'æ

5/223 ì í 1î$

//223 í ì 1î$

'/223 ì ì ì

7$26 í QîD ì

5(6(7 ì ì í

7DEOH åã /;7êêë 6HULDO 'DWD 2XWSXW %LW &RGLQJ õ6HH )LJXUH èô

%LW
2SHUDWLQJ 0RGHV

'è 'ç 'æ

í 0 0 Reset has occurred, or no program input (i.e., normal  operation) or DLOOP active.ì

í 0 1 TAOS active

í 1 0 LLOOP active

í 1 1 TAOS and LLOOP active

ì 0 0 RLOOP active

,QWHUUXSW 6WDWXV

ì 0 1 DFM has changed state since last Clear DFM occured

ì 1 0 LOS has changed since last Clear LOS occurred

ì 1 1 DFM and LOS have changed since last Clear DFM and Clear LOS occurred

ì 1R H[SOLFLW VWDWXV LQIRUPDWLRQ LV DYDLODEOH RQ '/223ï
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH éã /;7êêë 6,2 :ULWH 2SHUDWLRQ

)LJXUH èã /;7êêë 6,2 5HDG 2SHUDWLRQ

36Q

6&/.

$''5(66 î
&200$1'
%<7(

,1387
'$7$
%<7(

$''5(66 &200$1' %<7( '$7$ ,1387 î 287387 %<7(

/26 ')0 /(1í /(1ì /(1ë 5/223 //223 7$26

ì &/($5 ì (1$%/(' ì (1$%/('ì (1$%/('ì &/($5

5î:

í íí í í ì ;

$í $ç

&/($5 î 0$6. ,17(558376 6(7 02'( 2) 23(5$7,21 25 5(6(7

í

6'2ã UHPDLQV KLJK LPSHGDQFH

'í õ/6%ô 'æõ06%ô

; '21©7 &$5(

5î:  ìã 5HDG
5î:  íã :ULWH$é

6',
5î: 'æ$í $ì $ë $ê $é $è 'í 'ì 'ë 'ê 'é 'è 'ç$ç

6&/.

6',

287387
'$7$
%<7(

'í 'ì 'ë 'ê 'é 'è 'ç 'æ

$''5(66 &200$1' %<7(

'$7$ 287387 %<7(

5î:

í ííí íì

$í

/26 ')0 /(1í /(1ì /(1ë 5/223 //223 7$26
'í õ/6%ô

ì 758( ì (1$%/(' ì (1$%/('

'æ õ06%ô

ì (1$%/('ì 758(

$é $ç

ì ;
'21©7 &$5(

; '217© &$5(

6'2 +,*+ ,03('$1&(

36Q

23(5$7,1* 02'(6 25
,17(55837 67$786

/,1( /(1*7+
(48$/,=(5 6(77,1*

3(5)250$1&(
021,7256
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L1 ëðìëê

,QWHUUXSW +DQGOLQJ

7KH +RVW PRGH SURYLGHV WZR ODWFKHG ,QWHUUXSW RXWSXW SLQVñ
,17í DQG ,17ìñ RQH IRU HDFK /,8ï $Q LQWHUUXSW LV WULJð
JHUHG E\ D FKDQJH LQ WKH /26 RU ')0 ELWV õ'í DQG 'ì RI
WKH RXWSXW GDWD E\WHñ UHVSHFWLYHO\ôï $V VKRZQ LQ )LJXUH çñ
HLWKHU RU ERWK LQWHUUXSW JHQHUDWRUV FDQ EH PDVNHG E\ ZULWð
LQJ D RQH WR WKH UHVSHFWLYH ELW RI WKH LQSXW GDWD E\WH õ'í  
/26ñ 'ì  ')0ôï :KHQ DQ LQWHUUXSW KDV RFFXUUHGñ WKH
,17[ RXWSXW SLQ LV SXOOHG /RZï 7KH RXWSXW VWDJH RI HDFK
,17[ SLQ FRQVLVWV RQO\ RI D SXOOðGRZQ GHYLFHï +HQFHñ DQ
H[WHUQDO SXOOðXS UHVLVWRU LV UHTXLUHGï 7KH LQWHUUXSW LV FOHDUHG
DV IROORZVã

ìï ,I RQH RU ERWK LQWHUUXSW ELWV õ/26 RU ')0ñ 'í DQG 'ì
RI WKH RXWSXW GDWD E\WHô  ìñ ZULWLQJ D ì WR WKH UHVSHFð
WLYH LQSXW ELW õ'í RU 'ìñ UHVSHFWLYHO\ñ RI WKH LQSXW GDWD
E\WHô ZLOO FOHDU WKH LQWHUUXSWï /HDYLQJ D ì LQ HLWKHU RI
WKHVH ELW SRVLWLRQV ZLOO HIIHFWLYHO\ PDVN WKH DVVRFLDWHG
LQWHUUXSWï 7R UHðHQDEOH WKH LQWHUUXSW FDSDELOLW\ñ UHVHW
'í DQGîRU 'ì WR íï

ëï ,I QHLWKHU /26 RU ')0 ìñ WKH LQWHUUXSW ZLOO EH
FOHDUHG E\ UHVHWWLQJ WKH FKLSï 7R UHVHW WKH FKLSñ VHW GDð
WD LQSXW ELWV 'è DQG 'ç  ìñ DQG 'æ  íï

+DUGZDUH 0RGH &RQWURO

+DUGZDUH FRQWURO LV WKH GHIDXOW RSHUDWLQJ PRGHâ WKH
/;7êêë RSHUDWHV LQ +DUGZDUH PRGH XQOHVV /(1ììî63(
SLQ LV FORFNHGï ,Q +DUGZDUH PRGH WKH WUDQVFHLYHU LV FRQð
WUROOHG WKURXJK LQGLYLGXDO SLQVâ D �3 LV QRW UHTXLUHGï 7KH
6,2 SLQV DUH UHðPDSSHG WR SURYLGH FRQWURO IXQFWLRQVï õ'DWD
,î2 PRGH VHOHFWLRQ LV XQDIIHFWHG E\ WKH FRQWURO PRGHï 7KH
7567( SLQ VHOHFWV HLWKHU XQLSRODU RU ELSRODU GDWD ,î2ïô ,Q
+DUGZDUH PRGH WKH 5326î51(* RU 5'$7$î%39 RXWSXWV
DUH YDOLG RQ WKH ULVLQJ HGJH RI 5&/.ï

'LDJQRVWLF 0RGH 2SHUDWLRQ

7KH /;7êêë RIIHUV PXOWLSOH GLDJQRVWLF PRGHVï /RFDO
/RRSEDFN õ//223ôñ 5HPRWH /RRSEDFN õ5/223ôñ 'XDO
/RRSEDFN õ'/223ô DQG 7UDQVPLW $OO 2QHV õ7$26ô DUH
DYDLODEOH XQGHU ERWK +RVW DQG +DUGZDUH FRQWUROï $Q DGGLð
WLRQDO 4XDVLð5DQGRP 6LJQDO 6RXUFH õ4566ô PRGH LV DYDLOð
DEOH XQGHU +RVW FRQWURO RQO\ï

8QGHU +RVW FRQWUROñ GLDJQRVWLF PRGHV DUH VHOHFWHG E\ ZULWð
LQJ WKH DSSURSULDWH 6,2 ELWVï 8QGHU +DUGZDUH FRQWUROñ
GLDJQRVWLF PRGHV DUH VHOHFWHG E\ D FRPELQDWLRQ RI SLQ VHWð
WLQJVï 7KH SLQV PXVW EH KHOG DW WKH VSHFLILHG OHYHOV IRU D
PLQLPXP RI ëí QVï 7KH 6,2 ELW QDPHV õ+RVW 0RGHô DQG
SLQ LGHQWLILHUV õ+DUGZDUH 0RGHô IRU GLDJQRVWLF IXQFWLRQV
DUH LGHQWLFDOï :KHUH D SDUWLFXODU IXQFWLRQ FDQ EH HQDEOHG LQ
HLWKHU PRGHñ ì +LJK DQG í /RZï
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH çã /;êêë ,QWHUUXSW +DQGOLQJ

0DVN
,QWHUUXSWV

"

'RHV DQ
,QWHUUXSW
&RQGLWLRQ
([LVW"

5HDG 2XWSXW 6WDWXV :RUGó
õELWV 'è ¤ 'æ  ,QWHUUXSW 6WDWXVô

:KDW
,QWHUUXSW
&RQGLWLRQV
([LVW"

5HDG 2XWSXW 6WDWXV :RUGó
õELWV 'è ¤ 'æ  2SHUDWLQJ 0RGHô

:ULWH ¦ì ì§ WR 'í ÷ 'ì
RI ,QSXW 6WDWXV :RUG
WR &OHDUî0DVN /26
DQG '30 ,QWHUUXSWVï

,17ó JRHV +LJK

/26 ÷ ')0

:ULWH ¦ì§ WR 'í
RI ,QSXW 6WDWXV :RUG
WR &OHDUî0DVN /26

,QWHUUXSWï

:ULWH ¦ì§ WR 'ì
RI ,QSXW 6WDWXV :RUG

WR &OHDUî0DVN
')0 ,QWHUUXSWï

5Hð(QDEOH
,QWHUUXSWV

"

5HðHQDEOH
ZKLFK
,QWHUUXSW

"

:ULWH ¦íí§ WR 'í ¤ 'ì
RI ,QSXW 6WDWXV :RUG
WR UHðHQDEOH /26

,QWHUUXSWï

/26 ÷ ')0

:ULWH ¦í§ WR 'í
RI ,QSXW 6WDWXV :RUG
WR UHðHQDEOH /26

,QWHUUXSWï

:ULWH ¦í§ WR 'ì
RI ,QSXW 6WDWXV :RUG

WR UHðHQDEOH
')0 ,QWHUUXSWï

')0/26

')0/26

0DVN
ZKLFK
,QWHUUXSW

"

:ULWH ¦ì ì§ WR 'í ¤ 'ì
RI ,QSXW 6WDWXV :RUG

WR 0DVN /26
DQG '30 ,QWHUUXSWV

/26 ÷ ')0

:ULWH ¦ì§ WR 'í
RI ,QSXW 6WDWXV :RUG

WR 0DVN /26
,QWHUUXSWï

:ULWH ¦ì§ WR 'ì
RI ,QSXW 6WDWXV :RUG

WR 0DVN
')0 ,QWHUUXSWï

')0/26

<HV

1R

<HV

1R

1R

<HV,17ó  /RZ õ,QWHUUXSWô

$UH ERWK
,QWHUUXSW
&RQGLWLRQV
0DVNHG

"

5HDG 2XWSXW 6WDWXV :RUGó
õELWV 'è ¤ 'æ  2SHUDWLQJ 0RGHô

<HV

1R

ó 5HJDUGOHVV RI ,QWHUUXSW 6WDWXV
ELW 'í LQGLFDWHV /26 VWDWXV
ELW 'ì LQGLFDWHV ')0 VWDWXV
ELWV 'ë ¤ 'é LQGLFDWH /(1 VWDWXV

ó 5HJDUGOHVV RI ,QWHUUXSW 6WDWXV
ELW 'í LQGLFDWHV /26 VWDWXV
ELW 'ì LQGLFDWHV ')0 VWDWXV
ELWV 'ë ¤ 'é LQGLFDWH /(1 VWDWXV

,17ó  +LJK
õ1R ,QWHUUXSWô

6WDUWðXS RU 5HVHW
,QWHUUXSWV (QDEOHG
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

L1 ëðìëè

7UDQVPLW $OO 2QHVï 6HH )LJXUH æï 7UDQVPLW $OO 2QHV
õ7$26ô LV VHOHFWHG ZKHQ 7$26  ì DQG 5/223  íï ,Q
7$26 PRGH WKH 7326 DQG 71(* LQSXWV DUH LJQRUHGï 7KH
7$26 UHIHUHQFH FORFN LV GHWHUPLQHG E\ VHWWLQJ WKH MLWWHU
DWWHQXDWRUï :KHQ MLWWHU DWWHQXDWLRQ LV VHW IRU WKH WUDQVPLW
VLGHñ 0&/. LV XVHG DV WKH UHIHUHQFH FORFN DQG 7&/. LV WKH
IDOO EDFN FORFNï :KHQ -$ LV VHW IRU WKH UHFHLYH VLGHñ 7&/.
LV WKH UHIHUHQFH FORFN DQG 0&/. LV WKH IDOO EDFN FORFNï
:KHQ -$ LV LQDFWLYHñ 0&/. LV WKH 7$26 UHIHUHQFH FORFN
DQG 7&/. LV WKH IDOO EDFNï 7$26 FDQ EH FRPPDQGHG
VLPXOWDQHRXVO\ ZLWK /RFDO /RRSEDFN DV VKRZQ LQ )LJXUH åñ
EXW LV LQKLELWHG GXULQJ 5HPRWH DQG 'XDO /RRSEDFNï

/RFDO /RRSEDFNï 6HH )LJXUHV å DQG äï /RFDO /RRSEDFN
õ//223ô LV VHOHFWHG ZKHQ //223  ì DQG 5/223  íï ,Q
//223PRGH WKH UHFHLYHU FLUFXLWV DUH LQKLELWHGï 7KH WUDQVð
PLW FORFN DQG GDWD LQSXWV õ7&/. DQG 7326î71(* RU
7'$7$ô DUH ORRSHG EDFN DQG RXWSXW DW 5&/. DQG 5326î
51(* RU 5'$7$ï 'XULQJ ORFDO ORRSEDFNñ WKH -$6(/
LQSXW IXQFWLRQV DV IROORZVã ,I -$6(/ íñ -$ LV HQDEOHG DQG
DFWLYH LQ ERWK WKH 7UDQVPLW SDWK DQG WKH ORRSEDFN FLUFXLWï ,I
-$6(/ ìñ -$ LV HQDEOHG LQ WKH /RRSEDFN FLUFXLW RQO\ï ,I
-$6(/  0&/.ñ -$ LV GLVDEOHGï

7KH WUDQVPLWWHU FLUFXLWV DUH XQDIIHFWHG E\ //223ï 7KH
7326î71(* RU 7'$7$ LQSXWV õRU D VWUHDP RI ìV LI WKH
7$26 FRPPDQG LV DFWLYHô ZLOO EH WUDQVPLWWHG QRUPDOO\ï
:KHQ XVHG LQ WKLV PRGHñ WKH WUDQVFHLYHU FDQ EH XVHG DV D
VWDQGðDORQH MLWWHU DWWHQXDWRUï

5HPRWH /RRSEDFNï 6HH )LJXUH ìíï 5HPRWH /RRSEDFN
õ5/223ô LV VHOHFWHG ZKHQ 5/223  ì DQG //223  íï
õ8QGHU WKLV FRQGLWLRQñ 7$26 LV LJQRUHGï 7$26 FDQQRW EH
FRPPDQGHG VLPXOWDQHRXVO\ ZLWK 5/223ïô ,Q 5/223
PRGHñ WKH WUDQVPLW FORFN DQG GDWD LQSXWV õ7&/. DQG
7326î71(* RU 7'$7$ô DUH LJQRUHGï 7KH 5326î51(*
RU 5'$7$ RXWSXWV DUH ORRSHG EDFN WR WKH WUDQVPLW FLUFXLWV
DQG RXWSXW RQ 77,3 DQG 75,1* DW WKH 5&/. IUHTXHQF\ï
5HFHLYHU FLUFXLWV DUH XQDIIHFWHG E\ WKH 5/223 FRPPDQG
DQG FRQWLQXH WR RXWSXW WKH GDWD DQG FORFN VLJQDOV UHFHLYHG
IURP WKH OLQHï 'XULQJ UHPRWH ORRSEDFNñ WKH -$6(/ LQSXW
IXQFWLRQV DV IROORZVã ,I -$6(/  ìñ -$ LV HQDEOHG DQG
DFWLYH LQ ERWK WKH 5HFHLYH SDWK DQG WKH ORRSEDFN FLUFXLWï ,I
-$6(/  íñ -$ LV HQDEOHG LQ WKH /RRSEDFN FLUFXLW RQO\ï ,I
-$6(/  0&/.ñ -$ LV GLVDEOHGï

'XDO /RRSEDFNï 6HH )LJXUH ììï 'XDO /RRSEDFN
õ'/223ô LV VHOHFWHG ZKHQ 5/223  ìñ //223  ì DQG
7$26  ìï ,Q '/223 PRGHñ WKH WUDQVPLW FORFN DQG GDWD
LQSXWV õ7&/. DQG 7326î71(* RU 7'$7$ô DUH ORRSHG
EDFN WKURXJK WKH MLWWHU DWWHQXDWRU õXQOHVV GLVDEOHG E\ D
FORFN LQSXW WR WKH -$6(/ SLQô DQG RXWSXW DW 5&/. DQG
5326î51(* RU 5'$7$ï 7KH GDWD DQG FORFN UHFRYHUHG
IURP WKH OLQH DUH ORRSHG EDFN WKURXJK WKH WUDQVPLW FLUFXLWV
DQG RXWSXW RQ 77,3 DQG 75,1* ZLWKRXW MLWWHU DWWHQXDWLRQï
8QOLNH WKH RWKHU GLDJQRVWLF PRGHVñ QR H[SOLFLW 6,2 VWDWXV
LQGLFDWRU LV DYDLODEOH IRU '/223 LQ WKH 6,2 VWDWXV UHJLVWHUï

)LJXUH æã 7$26 'DWD 3DWK

)LJXUH åã 7$26 ZLWK //223 ÷ 6HOHFWDEOH -$

)LJXUH äã /RFDO /RRSEDFN ZLWK 6HOHFWDEOH -$
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

4566 %XLOWð,Q 6HOI 7HVW õ+RVW 0RGH RQO\ôï 6HH )LJXUH
ìëï 7KH 4566 %XLOWð,Q 6HOI 7HVW õ%,67ô PRGH LV DYDLODEOH
RQO\ XQGHU +RVW FRQWUROï 7KH 4566 %,67 PRGH LV
VHOHFWHG E\ FORFNLQJ WKH 9&4( SLQ ZLWK 0&/.ï 2QFH WKH
4566 %,67 PRGH LV VHOHFWHGñ WKH 9&4í DQG 9&4ì SLQV
DUH UHðPDSSHG WR WULJJHU WKH 4566 WUDQVPLVVLRQï $ +LJK
RQ RQH RI WKHVH SLQV WULJJHUV 4566 SDWWHUQ WUDQVPLVVLRQ
IURP WKH DSSURSULDWH SRUWï 7KH 4566 SDWWHUQ IRU '6;ðì
V\VWHPV LV ë ëí ðìñ ZLWK QR PRUH WKDQ ìé FRQVHFXWLYH ]HURVï
)RU &(37 V\VWHPV WKH 4566 SDWWHUQ LV ë ìè ðìï 7KH 4566
SDWWHUQ LV ORFNHG WR 0&/.ï 2QFH WKH 4566 WUDQVPLVVLRQ
LV DFWLYDWHGñ HUURUV FDQ EH LQVHUWHG LQWR WKH WUDQVPLW GDWD
VWUHDP E\ FDXVLQJ D /RZðWRð+LJK WUDQVLWLRQ RQ WKH 7326î
7'$7$ SLQ IRU WKH UHVSHFWLYH SRUWï ,Q %LSRODU PRGHñ
/RZð+LJK WUDQVLWLRQV FDXVH ERWK D ORJLF HUURU DQG D ELSRODU
YLRODWLRQ WR EH LQVHUWHG LQWR WKH 4566 GDWD VWUHDPï ,Q 8QLð
SRODU PRGHñ RQO\ D ORJLF HUURU LV LQVHUWHGï

7KH 3DWWHUQ 'HWHFW FLUFXLWU\ LV DFWLYDWHG E\ WKH 4566
%,67 PRGHñ DOWKRXJK WKH EDVLF UHFHLYH FLUFXLWV DUH XQDIð
IHFWHGï 7KH 3DWWHUQ 'HWHFW õ3'Qô SLQV LQGLFDWH 4566 SDWð
WHUQ V\QFï 7KH 3DWWHUQ 'HWHFW SLQ VWD\V +LJK XQWLO
V\QFKURQL]DWLRQ LV DFKLHYHG RQ WKH 4566 SDWWHUQï 7KH
4566 SDWWHUQ LV FRQVLGHUHG LQ V\QF ZKHQ WKHUH DUH IHZHU
WKDQ é HUURUV LQ ìëå ELWVï 7KH 3' SLQ JRHV +LJK LQGLFDWLQJ
DQ RXWðRIðV\QF FRQGLWLRQV LI é RU PRUH HUURUV DUH GHWHFWHG
LQ ìëå ELWV õLïHï V\QF LV GHILQHG DV IHZHU WKDQ é HUURUV LQ ìëå
ELWVôï

,QLWLDOL]DWLRQî5HVHW 2SHUDWLRQ

8SRQ LQLWLDO SRZHU XSñ WKH WUDQVFHLYHU LV KHOG VWDWLF XQWLO
WKH SRZHU VXSSO\ UHDFKHV DSSUR[LPDWHO\ ê 9ï 8SRQ FURVVð
LQJ WKLV WKUHVKROGñ WKH GHYLFH FOHDUV DOO LQWHUQDO UHJLVWHUV
DQG EHJLQV FDOLEUDWLRQ RI WKH GHOD\ OLQHVï $ UHIHUHQFH FORFN
LV UHTXLUHG WR FDOLEUDWH WKH GHOD\ OLQHVï 7&/. LV WKH WUDQVð
PLW UHIHUHQFHñ DQG 0&/. LV WKH UHFHLYH UHIHUHQFHï 7KH
3//V DUH FRQWLQXRXVO\ FDOLEUDWHGï

7KH WUDQVFHLYHU FDQ EH UHVHW IURP WKH +RVW RU +î: PRGHï
,Q +RVW PRGHñ UHVHW LV FRPPDQGHG E\ ZULWLQJ ìV WR
5/223 DQG //223ñ DQG D í WR 7$26 õELWV 'èñ 'ç DQG
'æñ UHVSHFWLYHO\ñ RI WKH 6,2 LQSXW GDWD E\WHôï ,Q +î:
PRGHñ UHVHW LV FRPPDQGHG E\ VLPXOWDQHRXVO\ KROGLQJ
5/223 DQG //223 +LJKñ DQG 7$26 /RZñ IRU DSSUR[Lð
PDWHO\ ëíí QVï 5HVHW LV LQLWLDWHG RQ WKH IDOOLQJ HGJH RI WKH
UHVHW UHTXHVWï ,Q HLWKHU PRGHñ HDFK SRUW LV UHVHW LQGHSHQð
GHQWO\ï 5HVHW FOHDUV DQG VHWV DOO 6,2 UHJLVWHUV WR í DW WKH
DIIHFWHG SRUWï 5HVHW LV QRW JHQHUDOO\ UHTXLUHG IRU WKH SRUW
WR EH RSHUDWLRQDOï

)LJXUH ìíã 5HPRWH /RRSEDFN ZLWK 6HOHFWDEOH -$

)LJXUH ììã 'XDO /RRSEDFN

)LJXUH ìëã 4566 %,67 0RGH
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

L1 ëðìëæ

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

3RZHU 5HTXLUHPHQWV

7KH /;7êêë LV D ORZðSRZHU &026 GHYLFHï ,W RSHUDWHV
IURP D VLQJOH òè 9 SRZHU VXSSO\ ZKLFK FDQ EH WLHG WR DOO
WKUHH 9&& LQSXWVï +RZHYHUñ DOO LQSXWV PXVW EH ZLWKLQ � ïê
9 RI HDFK RWKHUñ DQG GHFRXSOHG WR WKHLU UHVSHFWLYH JURXQGV
VHSDUDWHO\ï ,VRODWLRQ EHWZHHQ WKH WUDQVPLW DQG UHFHLYH FLUð
FXLWV LV SURYLGHG LQWHUQDOO\ï 'XULQJ QRUPDO RSHUDWLRQ RU
ORFDO ORRSEDFNñ WKH WUDQVPLWWHU SRZHUV GRZQ LI 7&/. LV QRW
VXSSOLHGï

7UDQVIRUPHUV

7KH WUDQVIRUPHU VSHFLILFDWLRQV OLVWHG LQ 7DEOH ä JLYH WKH
FRUUHFW LPSHGDQFH PDWFKLQJ IRU EDODQFHG WUDQVPLW RU
UHFHLYH OLQHVï 7DEOH ìí VKRZV WKH FRPELQDWLRQV RI UHVLVWRUV
DQG WUDQVIRUPHUV WR SURGXFH D YDULHW\ RI UHWXUQ ORVV YDOXHV
GHSHQGLQJ RQ WKH /(1 FRGH VHWWLQJV FKRVHQ IRU D VSHFLILF
GHVLJQ

ìïèéé 0ESV 7ì $SSOLFDWLRQV

)LJXUH ìê VKRZV D W\SLFDO KRVW PRGH DSSOLFDWLRQï 7KH HLJKW
VHULDO LQWHUIDFH SLQV DUH JURXSHG DW WKH WRSï +RVW PRGH LV
VHOHFWHG E\ WKH FORFN LQSXW WR 63(ï 2WKHU PRGH VHOHFWLRQ
SLQV DUH VKRZQ DW WKH ERWWRPï :LWK WKH 7567( SLQ
VZLWFKHG /RZñ WKH /;7êêë RSHUDWHV LQ WKH ELSRODU ,î2
PRGHï 'ULYLQJ -$6(/ /RZ VZLWFKHV WKH MLWWHU DWWHQXDWLRQ
FLUFXLWV LQWR WKH WUDQVPLW SDWKV IRU ERWK /,8 SRUWVï

)LJXUH ìê VKRZV D SDLU RI IUDPHUV õD GXDO IUDPHU FRXOG DOVR
EH XVHGôï $ /;3çíí$ &ORFN $GDSWHU õ&/$'ô FRQYHUWV
WKH ëïíéå 0+] EDFNSODQH FORFN WR SURYLGH WKH ìïèéé 0+]
LQSXW WR WKH 0&/. DQG 7&/. LQSXWV RI ERWK /,8 SRUWVï

7KH ')0 DQG 3' LQGLFDWRUV DQG +LJK IUHTXHQF\ FORFNV DUH
JURXSHG LQ WKH GLDJUDP ORZHU OHIWï 7KHVH RXWSXWV DUH DYDLOð
DEOH WR GULYH RSWLRQDO H[WHUQDO FLUFXLWVï 7KH GULYHU SRZHU
VXSSO\ LQSXWV õORZHU ULJKWô DUH WLHG WR D FRPPRQ EXV ZLWK
ìïí �) GHFRXSOLQJ FDSDFLWRUV LQVWDOOHGï 7KH SRZHU VXSSO\
IRU WKH UHPDLQLQJ õQRQðGULYHUô FLUFXLWU\ LV VKRZQ DW FHQWHU
ULJKW ZLWK çå �) DQG íïì �) GHFRXSOLQJ FDSDFLWRUVï

7KH OLQH LQWHUIDFH FLUFXLWU\ LV LGHQWLFDO IRU ERWK /,8 SRUWVï
7KH SUHFLVLRQ UHVLVWRUV LQ OLQH ZLWK WKH WUDQVPLW WUDQVð
IRUPHU SURYLGH RSWLPDO UHWXUQ ORVVï 7KH UHFRPPHQGHG
WUDQVIRUPHUîUHVLVWRU FRPELQDWLRQV DUH OLVWHG DW WKH ERWWRP
RI )LJXUH ìèï &HQWHU WDSSHG ëãì WUDQVIRUPHUV DUH XVHG RQ
WKH UHFHLYH VLGHï

ï

7DEOH äã 5HFRPPHQGHG 7UDQVIRUPHU 9DOXHV

3DUDPHWHU 9DOXH

Turns Ratio (T1) 1:2.3 (Tx) / 1:2 CT (Rx)

Turns Ratio (E1) 1:2 (Tx) / 1:2 CT (Rx)

Primary Inductance 1.2 mH maximum

Leakage Inductance 0.5 µH maximum

Interwinding Capacitance 25 pF maximum

DC Resistance (Pri.) 1 Ω maximum

ET (Breakdown Voltage) 1 kV minimum

7DEOH ìíã 7UDQVIRUPHU &RPELQDWLRQV

/(1
;IPU

5DWLRì
5W 9DOXHë 5WQ /RVVê

For T1/DSX-1 100 Ω Twisted-Pair Applications:

011 – 111 1:2 Rt = 9.1 Ω 14 dB

011 – 111
011 – 111

1:2.3
1:1.15

Rt = 9.1 Ω
Rt = 0 Ω

18 dB
18 dB

For E1 120 Ω Twisted-Pair Applications:

001 1:2 Rt = 15 Ω 18 dB

000 1:2 Rt = 9.1 Ω 10 dB

For E1 75 Ω Coaxial Applications:

001 1:2 Rt = 14.3 Ω 10 dB

000 1:2 Rt = 9.1 Ω 18 dB
ì 7UDQVIRUPHU WXUQV UDWLR DFFXUDF\ LV �ë øï
ëï 5W YDOXHV DUH �ì øï
êï 7\SLFDO UHWXUQ ORVVñ èì N+] ¤ êïíæë 0+]ñ ZLWK D FDSDFLWRU LQ SDUDOð
OHO ZLWK WKH SULPDU\ VLGH RI WKH WUDQVIRUPHUï
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH ìêã 7\SLFDO /;7êêë 7ì $SSOLFDWLRQ õ+RVW &RQWURO 0RGHñ %LSRODU ,î2ô
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ìïí µ) íïì µ)

òè9
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5W
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ëííΩ

çå µ)çå µ)

òè9

ë&7ãì

ë&7ãì

,QGLFDWRUV DQG &ORFNV
WR 2SWLRQDO ([WHUQDO

&LUFXLWV

0HGLD /(1 ;IPU 5DWLRì 5W 9DOXHë 5WQ /RVVê

ìíí Ω 7:3 íìì ¤ ììì ìãëïê 5W  äïì Ω ìå G%

&/.,

&/.2

/;3çíí$

/;7êêë

ì 7UDQVIRUPHU WXUQV UDWLR DFFXUDF\ LV �ëøï
ë 5W YDOXHV DUH �ìøï
ê 7\SLFDO UHWXUQ ORVVñ èì N+] ¤ êïíæë 0+] EDQGï

ìí .Ω

ìí .Ω

127(6ã
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éæí S)é

4 .comUDataSheet



www.DataSheet4U.com

DataSheet4U.com

DataSheet4U.comDataSheet4U.com

DataSheet4U.com

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

L1 ëðìëä

ëïíéå 0ESV (ìî&(37 ,QWHUIDFH $Sð
SOLFDWLRQV

(ì &RD[LDO $SSOLFDWLRQV

)LJXUH ìé VKRZV WKH OLQH LQWHUIDFH IRU D W\SLFDO ëïíéå 0ESV
(ì FRD[LDO õæèΩô DSSOLFDWLRQï 7KH /(1 FRGH VKRXOG EH VHW
WR ííí IRU FRD[ï :LWK äïìΩ 5W UHVLVWRUV LQ OLQH ZLWK WKH ìãë
RXWSXW WUDQVIRUPHUVñ WKH /;7êêë SURGXFHV ëïêæ 9 SHDN
SXOVHV DV UHTXLUHG IRU FRD[ DSSOLFDWLRQVï $V LQ WKH 7ì
DSSOLFDWLRQ VKRZQ LQ )LJXUH ìêñ FHQWHU WDSSHG ìãë WUDQVð
IRUPHUV DUH XVHG RQ WKH UHFHLYH VLGHï

(ì 7ZLVWHGð3DLU $SSOLFDWLRQV

)LJXUH ìè VKRZV D W\SLFDO ëïíéå 0ESV (ì WZLVWHGðSDLU
õìëíΩô DSSOLFDWLRQï :LWK WKH 7567( SLQ WLHG WR JURXQG
WKH /;7êêë RSHUDWHV LQ WKH ELSRODU GDWD ,î2 PRGHï 7KH -$
FLUFXLW LV SODFHG LQ WKH WUDQVPLW SDWK E\ WKH /RZ RQ -$6(/
7KH OLQH OHQJWK HTXDOL]HUV DUH FRQWUROOHG E\ WKH KDUGZLUHG
/(1 LQSXWVï :LWK WKH /(1 FRGH VHW WR ííì DQG ìèΩ 5W
UHVLVWRUV LQ OLQH ZLWK WKH ìãë RXWSXW WUDQVIRUPHUVñ WKH
/;7êêë SURGXFHV WKH êïí 9 SHDN SXOVHV UHTXLUHG IRU WKLV
DSSOLFDWLRQï &HQWHU WDSSHG ìãë WUDQVIRUPHUV DUH XVHG RQ WKH
UHFHLYH VLGHï

$ VLQJOH FORFN VRXUFH SURYLGHV WKH ëïíéå 0+] LQSXW WR
0&/. DQG 7&/.ï 7KH ')0 SLQ PD\ URXWHG WR DQ /('
GULYHU RU RWKHU LQGLFDWRUñ RU EH OHIW XQFRQQHFWHGï 6ZLWFKHV
RQ WKH 7$26ñ //223 DQG 5/223 LQSXWV SURYLGH PRGH
FRQWURO DQG KDUGZDUH UHVHW FDSDELOLW\ï

$V LQ )LJXUH ìèñ WKH SRZHU VXSSO\ LQSXWV DUH WLHG WR D FRPð
PRQ EXV ZLWK DSSURSULDWH GHFRXSOLQJ FDSDFLWRUV LQVWDOOHG
õìïí �) RQ WKH WUDQVPLW VLGHñ çå �) DQG íïì �) RQ WKH
UHFHLYH VLGHïô

)LJXUH ìéã /LQH ,QWHUIDFH IRU (ì &RD[
$SSOLFDWLRQV

77,3Q

751*Q

57,3Q

551*Q

5U ìèíΩ

éæí
S)

5W äïìΩ

ìãë

5U ìèíΩ

ë&7ãì

/;7êêë
5W äïìΩ

ì

ì 7\SLFDO YDOXHï $GMXVW IRU DFWXDO ERDUG
SDUDVLWLFV WR REWDLQ RSWLPXP UHWXUQ ORVVï
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH ìèã 7\SLFDO /;7êêë (ì ìëí Ω $SSOLFDWLRQ õ+DUGZDUH &RQWURO 0RGHô

éæí S)é
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0HGLD /(1 ;IPU 5DWLRì 5W 9DOXHë 5U 9DOXH 5WQ /RVVê

ìëí Ω 7:3 ííì ìãë ìè Ω                240 Ω ìå G%

/;7êêë

ì 7UDQVIRUPHU WXUQV UDWLR DFFXUDF\ LV �ëøï
ë 5W YDOXHV DUH �ìøï
ê 7\SLFDO UHWXUQ ORVVñ èì N+] ¤ êïíæë 0+] EDQGï
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L1 ëðìêì

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

7(67 63(&,),&$7,216

127(

,QIRUPDWLRQ LQ 7DEOHV ìì WKURXJK ìæ DQG )LJXUHV ìç WKURXJK ëì UHSUHVHQW WKH SHUIRUPDQFH VSHFLILFDWLRQV RI WKH /;7êêë
'XDO /LQH ,QWHUIDFH 8QLW DQG DUH JXDUDQWHHG E\ WHVWñ H[FHSW DV QRWHGñ E\ GHVLJQï

7DEOH ììã $EVROXWH 0D[LPXP 5DWLQJV

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

DC supply (referenced to GND) 9&&ñ 79&&íñ 79&&ì ¤ çïí 9

Input voltage, any pin 1 9,1 *1' ð íïê 9&& ò íïê 9

Input current, any pin 2 ,,1 ðìí ìí P$

Storage temperature 767* ðçè òìèí �&

&$87,21
2SHUDWLRQV DW RU EH\RQG WKHVH OLPLWV PD\ UHVXOW LQ GDPDJH WR WKH GHYLFHï

1RUPDO RSHUDWLRQ QRW JXDUDQWHHG DW WKHVH H[WUHPHVï

ì ([FOXGLQJ 57,3 DQG 55,1* ZKLFK PXVW VWD\ EHWZHHQ ðç 9 DQG 9&& ò íïê 9ï
ëï 7UDQVLHQW FXUUHQWV RI XS WR ìíí P$ ZLOO QRW FDXVH 6&5 ODWFKðXSï 77,3ñ 75,1*ñ 79òñ DQG 7*1' FDQ ZLWKVWDQG FRQWLQXRXV FXUUHQW RI ìíí P$ï

7DEOH ìëã 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV

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

DC supply 1 9&&ñ 79&&íñ 79&&ì éïæè èïí èïëè 9

Ambient operating temperature 7$ ðéí ëè åè �&

ì 9DULDWLRQ EHWZHHQ 79&&íñ 79&&ì DQG 9&& PXVW EH ZLWKLQ �íïê 9 RI HDFK RWKHU GXULQJ VWHDG\ VWDWH DQG WUDQVLHQW FRQGLWLRQVï

7DEOH ìêã (OHFWULFDO &KDUDFWHULVWLFV õ2YHU 5HFRPPHQGHG 5DQJHô

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

Total power dissipation – T1 1

(Maximum line length)

3' ¤ æíí äíí P: 100% ones density

3' ¤ èèí æíí P: 50% ones density

Total power dissipation – E1 1 3' ¤ èæè æíí P: 100% ones density

3' ¤ éäí çíí P: 50% ones density

High level input voltage 2,3 9,+ ëïí ¤ ¤ 9

Low level input voltage 2,3 9,/ ¤ ¤ íïå 9

High level output voltage 2,3 92+ ëïé ¤ ¤ 9 IOUT = -400 µA

Low level output voltage 2,3 92/ ¤ ¤ íïé 9 IOUT = 1.6 mA

Input leakage current 4 ,// í ¤ �ìí µ$

Three-state leakage current 2 ,6/ í ¤ �ìí µ$

Input pull down current (MCLK)5 ¤ ìíí µ$

TTIP/TRING leakage current ,75 ¤ ¤ ìïë P$ In tri-state and power down modes

ì 7RWDO SRZHU GLVVLSDWLRQ LQFOXGHV WKH GHYLFH SRZHU FRQVXPSWLRQ DQG ORDG SRZHU GLVVLSDWLRQ ZKLOH GULYLQJ D æè Ω ORDG RQ WKH VHFRQGDU\ VLGHï 7KH
7ì WHVW FLUFXLW LV D ìíí Ω OLQH ORDG FRQQHFWHG WR WKH GULYHU RXWSXWV YLD D ìãìïìè WXUQV UDWLR WUDQVIRUPHU ZLWKRXW VHULHV UHVLVWRUVï

ëï )XQFWLRQDOLW\ RI SLQV GHSHQGV RQ PRGHï
êï 2XWSXW GULYHUV ZLOO RXWSXW &026 ORJLF OHYHOV LQWR &026 ORDGVï
éï ([FHSW IRU 0&/.ñ 57,3íñ 55,1*íñ 57,3ìñ DQG 55,1*ìï
èï $SSOLHV WR SLQV åñììñëêñëç
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

7DEOH ìéã $QDORJ 6SHFLILFDWLRQV õ2YHU 5HFRPPHQGHG 5DQJHô

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

AMI Output Pulse 
Amplitudes

DSX-1 ëïé êïí êïç 9 measured at the DSX

E1 (120 Ω) ëïæ êïí êïê 9 measured at line side

E1 (75 Ω) ëïìê ëïêæ ëïçì 9 measured at line side

Transmit amplitude variation with supply 3 ¤ ì ëïè ø

Recommended output load at TTIP and RRING ¤ æè ¤ Ω

Driver output impedance 3 ¤ ê ìí Ω @ 772 kHz

Jitter added by the 

transmitter 1
10 Hz - 8 kHz 3 ¤ íïííè íïíì 8, T1 Jitter based

8 kHz - 40 kHz 3 ¤ íïíìè íïíëè 8,

10 Hz - 40 kHz 3 ¤ íïíë íïíëè 8,

Broad Band ¤ íïíê íïíè 8,

Jitter added by the 

transmitter 1
20 Hz – 100 kHz ¤ ¤ íïíè 8, E1 Jitter Band

Output power levels 3

DS1 2 kHz BW

@772 kHz ìëïç ¤ ìæïä G%P

@ 1544 kHz ðëä ¤ ¤ G% referenced to power in 
2 kHz band at 772 kHz

Positive to negative pulse imbalance ¤ ¤ íïè G%

Receive input impedance ¤ éí ¤ NΩ

Sensitivity below DSX (0 dB = 2.4 V) ìêïç ¤ ¤ G%

(max 6 dB cable attenuation) èíí ¤ ¤ P9

Loss of Signal threshold ¤ íïê ¤ 9

Data decision threshold DSX-1 çí æí ææ ø SHDN

E1 éê èí èæ ø SHDN

Input jitter tolerance 10 Hz ¤ ìëíí ¤ 8,

750 Hz ìé ¤ ¤ 8,

10 kHz – 100 kHz íïé ¤ ¤ 8,

Allowable consecutive zeros before LOS ìçí ìæè ìäí ¤

Jitter attenuation curve cor-

ner frequency 2,3
T1 ¤ ç ¤ +]

E1 ¤ ìí ¤ +]

Attenuation input jitter tolerance before 

FIFO overflow 3
ëå ¤ ¤ 8,

Jitter attenuation @ 10 kHz éè ¤ G%

ì ,QSXW VLJQDO WR 7&/. LV MLWWHUðIUHHï
ëï &LUFXLW DWWHQXDWHV MLWWHU DW ëí G%îGHFDGH DERYH WKH FRUQHU IUHTXHQF\ï
êï 1RW SURGXFWLRQ WHVWHGñ EXW JXDUDQWHHG E\ GHVLJQ DQG RWKHU FRUUHODWLRQ PRGHOVï
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH ìçã /;7êêë 6HULDO 'DWD ,QSXW 7LPLQJ 'LDJUDP

7DEOH ìèã /;7êêë 6HULDO ,î2 7LPLQJ &KDUDFWHULVWLFV õ6HH )LJXUHV ìç DQG ìæô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV

Rise/Fall time - any digital output W5) ¤ ¤ ìíí QV Load 1.6 mA, 50 pF

SDI to SCLK setup time W'& èí ¤ ¤ QV

SCLK to SDI hold time W&'+ èí ¤ ¤ QV

SCLK Low time W&/ ëéí ¤ ¤ QV

SCLK High time W&+ ëéí ¤ ¤ QV

SCLK rise and fall time W5ñ W) ¤ ¤ èí QV

PS to SCLK setup time W3& èí ¤ ¤ QV

SCLK to PS hold time W&3+ èí ¤ ¤ QV

PS inactive time W3:+ ëèí ¤ ¤ QV

SCLK to SDO valid W&'9 ¤ ¤ ëíí QV

SCLK falling edge or PS rising edge 
to SDO high-z

W&'= ¤ ìíí ¤ QV

ì 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

/6% /6%

'$7$ %<7(&21752/ %<7(

W3& W&+
W&/

W'&
W&'+ W&'+

W&3+

36Q

6&/.

6',

W3:+

06%
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/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH ìæã /;7êêë 6HULDO 'DWD 2XWSXW 7LPLQJ 'LDJUDP

)LJXUH ìåã /;7êêë 5HFHLYH &ORFN 7LPLQJ

)LJXUH ìäã /;7êêë 7UDQVPLW &ORFN 7LPLQJ

&6

6&/.

6'2

W&'=

W&'=W&'9

W&'9

6'2
&/.(  í

&/.(  ì

+LJKð]

+LJKð]

W3:+ W3:/

W3:

W+5W685

5&/.

5326

51(*

5326

51(*
W685 W+5

+RVW 0RGH
&/.(  ì

+RVW 0RGH
&/.(  í

7&/.

7326

71(*

W687 W+7
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L1 ëðìêè

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

7DEOH ìçã /;7êêë 5HFHLYH 7LPLQJ &KDUDFWHULVWLFV õ6HH )LJXUH ìåô

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

Receive clock period DSX-1 W3: èåê çéå æìê QV Elastic store not in over-
flow or underflow.

E1 W3: éêä éåå èêæ QV

Receive clock duty cycle 5&/.G éí èí çí QV

Receive clock pulse width 
High

DSX-1 W3:+ ëèä êëé êåä QV

E1 W3:+ ìäè ëéé ëäê QV

Receive clock pulse width 
Low

DSX-1 W3:/ ëèä êëé êåä QV

E1 W3:/ ìäè ëéé ëäê QV

RPOS / RNEG to RCLK ris-
ing setup time

DSX-1 W685 èí ëæé ¤ QV

E1 W685 èí ìäé ¤ QV

RCLK rising to RPOS / 
RNEG hold time

DSX-1 W+5 èí ëæé ¤ QV

E1 W+5 èí ìäé ¤ QV

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

7DEOH ìæã /;7êêë 0DVWHU &ORFN DQG 7UDQVPLW 7LPLQJ &KDUDFWHULVWLFV õ6HH )LJXUH ìäô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV

Master clock frequency DSX-1 0&/. ¤ ìïèéé ¤ 0+]

E1 0&/. ¤ ëïíéå ¤ 0+]

Master clock tolerance 0&/.W ¤ �èí ¤ SSP

Master clock duty cycle 0&/.G éí ¤ çí ø

Transmit clock frequency DSX-1 7&/. ¤ ìïèéé ¤ 0+]

E1 7&/. ¤ ëïíéå ¤ 0+]

Transmit clock tolerance 7&/.W ¤ �èí ¤ SSP

Transmit clock duty cycle 7&/.G ìí ¤ äí ø

TPOS/TNEG to TCLK setup time W687 èí ¤ ¤ QV

TCLK to TPOS/TNEG Hold time W+7 èí ¤ ¤ QV

ì 7\SLFDO ILJXUHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
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ëðìêç L1

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH ëíã 7\SLFDO 5HFHLYHU ,QSXW -LWWHU 7ROHUDQFH õ/RRS 0RGHô
Ji

tte
r

.1 UI

0.4 UI

1 UI

10 UI

28 UI

100 UI
138 UI

1000 UI
1200 UI

10000 UI

1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz

30 kHzITU G.823    Mar 1993

Dec 1990

Pub 62411

LXT332 Device Jitter
Performance Loop

Mode

Frequency

300 440

0.2 UI @ 18 kHz

1.5 UI @ 2.9 kHz

1.5 UI @ 20 Hz

18 UI
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L1 ëðìêæ

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

)LJXUH ëìã -LWWHU 7UDQVIHU 3HUIRUPDQFH

ì +] ìí +] ìíí +] ì N+] ìí N+] ìíí N+]

)UHTXHQF\

ðçí G%

ðéí G%

ðêí G%

ðëí G%

ðìí G%

í G%

ìí G%

*
D
LQ

/;7êêë 'HYLFH
3HUIRUPDQFH

íïè G% # éí+]

ðìäïè G% # éíí +]

ðìäïè G% # ëí N+]

,78 *ïæêç 7HPSODWH
íïè G% # ê+]

6ORSH HTXLYDOHQW WR
ëí G%îGHFDGH

)UHTXHQF\

ðéí G% # ìN+]

ì +] ìí +] ìíí +] ì N+] ìí N+] ìíí N+]

ðçí G%

ðéí G%

ðêí G%

ðëí G%

ðìí G%

í G%

ìí G%

*
D
LQ

í G% # ì +]
í G% # ëí +]

3XE çëéìì +

ðêêïê G% # ì N+]

ðéí G% # æí N+]

ðçí G% # èæ N+]

ðç G% #
ë +]

/;7êêë
'HYLFH
3HUIRUPDQFH

ðéí G% # ìïé N+]

(ì -LWWHU 7UDQVIHU
3HUIRUPDQFH

7ì -LWWHU 7UDQVIHU
3HUIRUPDQFH
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ëðìêå L1

/;7êêë 'XDO 7ìî(ì /LQH ,QWHUIDFH 8QLW ZLWK &U\VWDOðOHVV -LWWHU $WWHQXDWLRQ

$33(1',; $

'DWD 6KHHW &KDQJHV

7KH IROORZLQJ WDEOH OLVWV FKDQJHV WKDW KDYH EHHQ PDGH WR WKH )HEUXDU\ ìääæ SULQWLQJ RI WKH /;7êêë GDWD VKHHWï 7KH SUHYLð
RXV YHUVLRQ RI WKH GDWD VKHHW LV GDWHG 0D\ ìääçï

3DJH
1XPEHU 6HFWLRQî)LJXUHî7DEOH &KDQJH 0DGH

ìë )XQFWLRQDO 'HVFULSWLRQñ
5HFHLYHU VXEKHDG

)RU 7ì DSSOLFDWLRQVñ FKDQJHG WR VD\ /(1 GRHV QRW HTXDO ííí WR ííì

ìé )XQFWLRQDO 'HVFULSWLRQñ 'ULYHU
)DLOXUH 0RQLWRU VXEKHDG

5HPRYHG VHQWHQFHV SHUWDLQLQJ WR WKH DVVHUWLRQ RI DQ LQWHUUXSW OLQH LQ KRVW
PRGH¥DOUHDG\ FRYHUHG LQ WKH ¦,QWHUUXSW +DQGOLQJ§ VHFWLRQ RQ SDJH ìæï

ìä )XQFWLRQDO 'HVFULSWLRQñ 7UDQVð
PLW $OO 2QHV VXEVHFWLRQ

,QIRUPDWLRQ DGGHG DERXW KRZ MLWWHU DWWHQXDWRU DIIHFWV 7$26 UHIHUHQFH
FORFNï

ëí )LJXUH ìíã 5HPRWH /RRSEDFN
ZLWK 6HOHFWDEOH -$

,Q VHFRQG ILJXUHñ FKDQJHG -$6(/ IURP ì WR í

ëé )LJXUH ìèã 7\SLFDO ìëí Ω
$SSOLFDWLRQ õ+DUGZDUH 0RGHô

6ZDSSHG +LJK = DQG 8QLSRODU VZLWFKHV DW WKH ERWWRP OHIW FRUQHU RI WKH
ILJXUH

ëç 7DEOH ìéã $QDORJ 6SHFLILFDð
WLRQV

7KH 7\SLFDO YDOXH RI GDWD GHFLVLRQ WKUHVKROG IRU '6;ðì ZDV FKDQJHG
IURP èí WR æí ø SHDNï

ëå )LJXUH ìåã /;7êêë 5HFHLYH
&ORFN 7LPLQJ

1HZ ILJXUH

ëä 7DEOH ìæã 0DVWHU &ORFN DQG
7UDQVPLW 7LPLQJ &KDUDFWHULVð
WLFV

0LQLPXP YDOXHV IRU 7&/. VHWXS DQG KROG WLPHV õODVW WZR URZVô FKDQJHG
IURP ëè QV WR èí QV
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