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FEATURES

� LowPowerCMOSTechnology

� AllReceiverandTransmitterInputsandOutputsare
TTLCompatible

� TransmitterInhibitsBipolarViolationInsertionfor
TransmissionofAlarmConditions

� AlarmOutputIndicatesLossofReceivedBipolar
Violations

� Toleranceof125µsVarianceofDataTransfer
TiminginBothTransmitandReceivePaths
AllowsOperationinPlesiochronousNetworks

� BothReceiverandTransmitterPerformByte
InsertionorDeletioninResponsetoLocalClock
SlipsandProvideOutputsIndicatingSlipLogic
Activity

APPLICATIONS

� CCITTG.703Compliant64kbpsCodirectional
Interface

� PerformstheDigitalandAnalogFunctionsfor
aComplete64kbpsDataAdaptionUnit(DAU)When
UsedWiththeXR-T6164

GENERAL DESCRIPTION

TheXR-T6166isaCMOSdevicewhichcontainsthe
digitalcircuitrynecessarytointerfacebothdirectionsofa
64kbpsdatastreamto2.048Mbpstransmitandreceive
PCMtime-slots.TheXR-T6166andthecompanion
XR-T6164lineinterfacechiptogetherformaCCITT
G.703compliant64kbpscodirectionalinterface.

TheXR-T6166containsseparatetransmitandreceive
sections.Thetransmittertransforms8bitserialdatafrom
a2.048Mbpstime-slotintoanencoded64kbpsdata

stream.Thereceiver ,whichperformsthereverse
operation,decodesthe64kbpsdata,extractsaclock
signal,andthenoutputsthedatatoa2.048Mbps
time-slot.TheXR-T6166providesfeatureswhichallow
therepetitionsanddeletionsofbothreceivedand
transmitteddataasclockskewsandtransientsoccur .
Theseslipoccurrencesareindicatedbybyteinsertion
anddeletionflags.Outputsarealsoprovidedfor
extractedreceiveclockandclockrecoverycircuitlossof
lock.

ORDERING INFORMATION

Part No. Package
Operating 

Temperature Range

XR-T6166CD 28Lead300MilJEDECSOIC 0°Cto+70°C

XR-T6166ID 28Lead300MilJEDECSOIC –40°Cto85°C
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Figure 1. XR-T6166 Transmitter Section Block Diagram
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PIN CONFIGURATION
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28 Lead SOIC (Jedec, 0.300”)

PIN DESCRIPTION

Pin # Symbol Type Description

1 ALARM O Octet Timing Alarm.Whenactive,indicateslossofreceivedbipolarviolationsthatareused
foroctettiming.Activehigh.

2 S+R I Positive AMI Data to Receiver.PositivedatafromtheXR-T6164receive-side.Activelow.

3 S-R I Negative AMI Data to Receiver.NegativedatafromtheXR-T6164receive-side.Activelow.

4 BLS I Byte Locking Supervision.Whenactive,causesblankingofPCMOUTunderreceived
alarmconditions.Activelow.

5 RX2MHz I Receiver 2.048MHz Clock.UsedtoclockoutPCMdata.

6 BLANK I PCMOUT Data Blanking.Whenactive,forcesPCMOUTdatatoallones(AIS).Activehigh.

7 RXCKOUT O 128kHz Extracted Clock.Clockrecoveredfromreceiveddata.

8 VDD +5V �10% Power Source.

9 RXCK2MHz I 2.048MHz Clock.Usedbyreceiverclockrecoverycircuit.

10 TS1T I Transmitter Time-slot 1 Input.

11 BDT O Transmitter Byte Deletion Flag.Activewhenatransmitbyteisdeleted.Activehigh.

12 TS2T I Transmitter Time-slot 2 Input.

13 T+R O Transmit Positive AMI Data Output.DatatoXR-T6164positivetransmitterinput.Activelow.

14 T-R O Transmit Negative AMI Data Output.DatatoXR-T6164negativetransmitterinput.Active
low.

15 TTSEL I Transmit Time-slot Select.Whenhigh,pin10isselected;whenlow,pin12isselected.

16 ALARMIN I Alarm Input. Whenactive,inhibitsinsertionofviolationsusedforoctettimingintransmitter
output.Activehigh.
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PIN DESCRIPTION (CONT’D)

Pin # Symbol Type Description

17 TX256kHz I Transmitter 256kHz Clock.Usedtooutput64kbpsencodeddata.

18 BIT O Transmitter Byte Insertion Flag.Activewhenatransmitbyteisrepeated.Activehigh.

19 PCMIN I Transmitter PCM Input.DatareadfromthesystemPCMbus.

20 TX2MHz I Transmitter 2.048MHz Clock.ClocksPCMdatainPCMIN.

21 VSS Ground.

22 CS O Clock Seek.Indicatesthatclockrecoverycircuithaslossoflockwithreceiveddata.Active
high.

23 TS1R I Receiver Time-slot 1 Input.

24 TS2R I Receiver Time-slot 2 Input.

25 BDR O Receiver Byte Deletion Flag.Activewhenreceiveddatabyteisdeleted.Activehigh.

26 BIR O Receiver Byte Insertion Flag.Activewhenareceiveddatabyteisrepeated.Activehigh.

27 RTSEL I Receive Time-slot Select.Whenhigh,pin23isselected;whenlow,pin24isselected.

28 PCMOUT O Received PCM Output Data.DatasenttothesystemPCMbus.
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ELECTRICAL CHARACTERISTICS
Test Conditions:  VDD = 5V �10%, TA = 25°C, Unless Otherwise Specified

Symbol Parameter Min. Typ. Max. Unit Conditions

DC Electrical Characteristics

VIH Logic1 2.4 V

VIL Logic0 0.4 V

VDD Supply 4.5 5.5 V

IDD SupplyCurrent 500 µA DynamicSupplyCurrent

IIL InputLeakage 1 µA

VOL 0.4 V At1.6mA

VOH 2.4 mA At0.4mA

AC Electrical Characteristics

General

tr,tf OutputRise/FallTime 20 ns AllOutputs

Receiver

tRS RX2MHzRisingEdgetoTS
RisingEdgeSetUpTime

0 tRXL-
100

ns Figure3

tRH RX2MHzRisingEdgetoTS
FallingEdgeHoldTime

0 tRXL-
100

ns Figure3

tDRS TSRisingEdgetoLeadingEdge
ofPCMOUTD0BitDelay

10 ns Figure3

tDRH TSFallingEdgetoTrailingEdge
ofPCMOUTD7BitHoldTime

0 10 ns Figure3

tRXD RX2MHzRisingEgdeto
PCMOUTBitsD1ThroughD6
RisingEdgeDelay

10 ns Figure3

tPW PCMOUTPulseWidth 488 ns Figure3

tRXH RX2MHzHighTime 244 ns Figure3

tRXL RX2MHzLowTime 244 ns Figure3

tRXCLK RX2MHzPeriod 488 ns �100ppm

Transmitter

tTS TSRisingEdgetoTX2MHzSet
UpTime

20 tTXL-
100

ns Figure5

tTH TSFallingEdgetoTX2MHzHold
Time

0 tTXL-
100

ns Figure5

tDS PCMINEdgetoTX2MHzSetUp
Time

100 ns Figure5

tDH PCMINEdgetoTX2MHzHold
Time

100 ns Figure5

tTXH TX2MHzHighTime 244 ns Figure5

tTXL TX2MHzLowTime 244 ns Figure5

tTXCLK TX2MHzPeriod 488 ns �100ppm
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ELECTRICAL CHARACTERISTICS (CONT’D)

Symbol Parameter Min. Typ. Max. Unit Conditions

AC Electrical Characteristics (Cont’d)

Transmitter (Cont’d)

tKXH TX256kHzHighTime 1.95 µs

tKXL TX256kHzLowTime 1.95 µs

tKXCLK TX256kHzPeriod 3.9063 µs

tBDTH BDTHighTime 488 ns

tBITH BITHighTime 12.5 µs

tALH ALARMINHighTime 15.6 µs

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage 20V..............................
OperatingTemperature 0°Cto+70°C.............

StorageTemperature -65°Cto+150°C............

Magnetic Supplier Information:

Pulse
TelecomProductGroup
P.O.Box12235
SanDiego,CA92112
Tel.(619)674-8100
Fax.(619)674-8262

TranspowerTechnologies,Inc.
24Highway28,Suite202
CrystalBay,NV89402-0187
Tel.(702)831-0140
Fax.(702)831-3521
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SYSTEM DESCRIPTION

Transmitter

Figure1showstheXR-T6166transmittersectionblock
diagram.Thetransmitterconvertseightbitburstsor
octetsof2.048MbpsserialdatapresentinaPCM
time-slottoacodedcontinuous64kbpsdatastream.
Duringoperation,datainputiscontrolledbyexternal
clockandtime-slotsignals,andthe64kbpsdataoutputis
timedbyanexternal256kHzclock.Sincetheinputand
outputratesmaynotbeexactlyequalbecauseofslight
clockratedif ferences,periodicslipscanoccur .
Therefore,circuitryisincludedtodeleteorrepeatoctets,if
necessary.Transmitteroperationisasfollows.

PCMdataisappliedtoPCMIN(pin19),a2.048MHzlocal
clockisappliedtoTX2MHz(pin20),andatime-slotsignal
isappliedthroughthetime-slotmultiplexer .This
multiplexerallowsthetransmittertobehardwiredtotwo
time-slotpositions.Atime-slotsignalisappliedto
multiplexerinputsTS1T(pin10)orTS2T(pin12),anda
time-slotselectlogiclevelisappliedtoTTSEL(pin15).A
highlevelatTTSELselectsTS1Twhilealowlevel
enablesTS2T.Thetime-slotisanenvelopederived
externallyfromTX2MHzthatcoverseightclockpulses.
Therisingedgeofthetime-slotsignalshouldbemadeto
coincidewiththefallingedgeofTX2MHz.Eightbitsof
PCMdataareclockedintothetransmitterinputregister
ontherisingedgeofTX2MHzwhiletheselectedtime-slot
signalishigh.Theinputregisterdataisthentransferred
toastoragelatch.

Transmissionof64kbpsdataiscontrolledbythe256kHz
localclockthatisappliedtoTX256kHz(pin17).Itisnot
necessaryforthisclocktobesynchronizedwithanyother
signalsthatareappliedtothetransmitter .The output
processbeginsbytransferringdatafromthestoragelatch
totheoutputshiftregisteraftertransmissionofthe
previouseightbitsofdataiscomplete.Fourperiodsof
TX256kHzarerequiredtoencodeeachdatabit.A“logic
0”appliedtoPCMINiscodedas0101whilea“logic1”is
codedas0011.ThisdataisoutputoneitherT+R(pin13)
orT -R(pin14)accordingtotheAMI(alternatemark
inversion)codingrule.NotethattheT+RandT-Routputs
aswellasthecorrespondingXR-T6164transmitterinputs
(TX+I/P,TX-I/P)areallactive-low.Therefore,a“logic0”is
codedasa1010anda“logic1”asa1100atthebipolar
transmitteroutputasspecifiedbyCCITTG.703.
Transmissionofoctettimingisperformedbyfeedingthe

seventhandeighthdatabitsineachwordtothesame
transmitteroutput.Thisfunctionmaybeinhibitedby
settingALARMIN(pin16)hightotransmitanalarm
condition.

ShouldskewoccurbetweentheTX2MHzandTX256kHz
clockssignals,orduringanadjustmentofthetimingofthe
time-slotsignal,circuitryisincludedtodeleteorrepeat
completewordsofdata.Thiscouldhappen,forexample,
whenchangingfromonetime-slotpositiontoanother .
Outputsareprovidedtoindicatewhenadatabyte is
insertedordeleted.Abyterepetitionorinsertionoccurs
onceifnonewPCMdataisreceived.TheBITflag(pin18)
isactiveduringthetransmissionofinserteddata.Abyte
repetitionjustoccursonce.IfnonewPCMdatais
received,theT+RandT -Routputsstayhigh.Abyte
deletionoccurswhenthetransmitterreceivesanewbyte
ofdatabeforethepreviousbyteistransferredfromthe
storagelatchtotheoutputregister.Underthiscondition,
thestoreddataisoverwrittenandtheBDTflag(pin11)is
active.

Receiver

Figure2showstheblockdiagramoftheXR-T6166
receiversection.Thereceiverconvertscodedcontinuous
64kbpsdatatoeightbitburstsof2.048Mbpsserialdata
suitableforinsertioninaPCMtime-slot.During
operation,datainputistimedbyaclockthatisextracted
fromtheinputsignal,whileoutputiscontrolledbyexternal
locallysuppliedclockandtime-slotsignals.Sincethe
datainputandoutputratesmaynotbeexactlyequal,
circuitryisincludedtodeleteorrepeateightbitdata
blocks,ifnecessary.Receiveroperationisasfollows.

Alineinterfacechipsuchasthereceivesectionofthe
XR-T6164convertstheencodedbipolar64kbpssignalto
dual-railactive-lowlogiclevels.Thesesignalsare
appliedtotheXR-T6166receiverS+R(pin2)andS-R
(pin3)inputs.A128kHzclock,whichisderivedfromthe
receivedsignal,isusedtodecodethisdata,andthento
clockitintooneoftwostorageregisters.T woregisters
areusedsothatonemaybereceivingcontinuousdataat
64kbpswhiletheotherissendingeightbitburstsata
2.048MbpsratetoPCMOUT(pin28)whilethereceiver
time-slotsignalishigh.Thetime-slotisanenvelope
derivedexternallyfromRX2MHz(pin5)thatcoverseight
clockpulses.Therisingedgeofthetime-slotsignal
shouldbemadetocoincidewiththerisingedgeof
RX2MHz.EightbitsofPCMdataareclockedoutofthe
receiverregisterontherisingedgeofRX2MHzwhilethe
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time-slotsignalishigh.Atwoinputmultiplexeratthe
time-slotinputallowsthereceivertobehardwiredtotwo
time-slotpositions.time-slotsignalsareappliedtoTS1R
(pin23)andTS2R(pin24)andtheactivetime-slotis
selectedbyR TSEL(pin27).Ahighlevelappliedto
RTSELselectsTS1RandalowlevelselectsTS2R.Data
appearingatPCMOUTisframedbythereadtime-slot
signalandisguaranteedglitchfree.

Recoveryofthe128kHztimingsignalisperformedbya
variablelengthcounterwhichisclockedbythe2.048MHz
signalappliedtoRXCK2MHz(pin9).Thisclockisnot
requiredtobesynchronizedwithanyothersignalsthat
areappliedtotheXR-T6166.However ,theRX2MHz
clockmayalsobeusedforthisfunction.Positiveinput
datatransitionsareusedtosynchronizethiscounterwith
thedata.Ifsynchronizationislost,thecounterlengthis
shortened,andtheclockrecoverycircuitentersaseek
modeuntilatransitionisfound.Thismodeisidentifiedby
ahighlevelattheCSoutput(pin22).Theextracted
128kHzsignalisavailableatRXCKOUT(pin7).

Octettimingensuresthatbitgroupingismaintainedwhen
thedataisconvertedfroma64kbpscontinuousstreamto
eightbit2.048Mbpsbursts.Bipolarviolationsareusedto
identifythelastbitineacheightbitoctet.Intheabsenceof
theseviolations,forexamplewhenreceivinga
transmittedalarmcondition(transmitterALARMINis
high),thecircuitwillcontinuetooperatein
synchronizationwithrespecttothelastreceivedviolation.
Duringthistime,thedatapresentatPCMOUTis still
correctaslongassynchronizationbasedonthelast
receivedviolationisstillvalid,andtheBLSinput(pin4)is
heldhigh.However ,ifBLSislowandanoctettiming
violationisnotreceived,receiveroutputdataisblanked
byforcingPCMOUTtoahighlevel.Also,ifeight
successiveoctettimingviolationsarenotreceived,the
ALARMoutput(pin1)goestoahighlevel. Ahighlevel

appliedtotheBLANKinput(pin6)willalsoforce
PCMOUTtoanall-onesstate.

Slipcontrollogicisincludedinthereceiverto
accommodateratedifferencesbetweeninputandoutput
data.The64kbpsinputrateisdeterminedbytheremote
transmitter,whilethePCMOUTrateissetbyRX2MHz
whichisalocalclock.Ifthisclockisslow,anoctetwillbe
deletedperiodically,whilethelastoctetwillberepeated
underfastconditions.Octettimingismaintainedduring
theseoperations.Outputsareprovidedtoindicatewhen
anoctetisinsertedordeleted.TheBIRflag(pin26)is
highwhenPCMOUTdataisrepeated,andtheBDRflag
(pin25)ishighwhenthereceiverdeletesanoctet.

APPLICATION INFORMATION

64kbps Codirectional Interface

Figure7showsacodirectionalinterfacecircuitusingthe
XR-T6166withtheXR-T6164lineinterface.The
XR-T6164firstconvertsthebipolar64kbpstransmitand
receivesignalstoactive-lowTTLcompatibledata
requiredbytheXR-T6166.TheXR-T6166thenperforms
thedigitalfunctionsthatarenecessarytointerfacethis
64kbpscontinuousdatatoa2.048MbpsPCMtime-slot.
The64kbpssignalsthathavebeenattenuatedand
distortedbythetwistedpaircableare
transformer-coupledtothelinesideoftheXR-T6164as
shownontheleftsideof Figure7.A suggested
transformerforboththeinputandoutputapplicationsis
thepulsetypePE-65535.

TherightsideofFigure7showstheXR-T6164LOS(Loss
ofSignal)outputandtheXR-T6166digitalinputsand
outputs.AllofthesepinsareTTLcompatible.Please
refertothePinDescriptionsectionofthisdatasheetfor
detailedinformationabouteachsignal.
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Transmitter Code Conversion

Figure8showsthetransmittercodeconversionprocess
thatCCITTG.703specifiesfora64kbpscodirectional
interface.

Step 1 -A64kbpsbitperiodisdividedintofourunit
intervals.

Step 2-Abinary1iscodedasa1100.

Step 3-Abinary0iscodedasa1010.

Step 4-Thebinarysignalisconvertedintoathree-level
signalbyalternatingthepolarityofconsecutiveblocks.

Step 5-Thealternationinpolarityoftheblocksisviolated
everyeighthblock.Theviolationblockmarksthelastbit
inanoctet.

ÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌ
ÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌ
ÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌ

ÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌ
ÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌ
ÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌ
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117 8 2 3 4 5 6 7 8

Figure 8.  Transmitter Code Conversion for a 64kbps Bipolar Line Signal
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Codirectional Interface Pulse Masks

Figure9and Figure10showtheCCITTG.70364kbps
codirectionalinterfacepulsemasksforsingleanddouble
pulsesrespectivelyofeitherpolarity.Notethatthismask

isforthepulsemeasuredattheXR-T6164transmitter
output(applicationcircuitshownin Figure5)when
terminatedwitha120Ωresistor.
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Figure 9.  Mask for a Single Pulse

Figure 10.  Mask for a Double Pulse

7.8µs
(3.9+3.9)

6.5µs
(3.9+2.6)

4.29µs
(3.9+0.39)

3.9µs

3.51µs
(3.9-0.39)

3.12µs
(3.9-0.78)

11.7µs
(7.8+3.9)

10.4µs
(7.8+2.6)

8.19µs
(7.8+0.39)

7.8µs

7.41µs
(7.8-0.39)

7.02µs
(7.8-0.78)

0.
1

0.
1

2.
0

2.
0

0.
1

0.
1

0.
1

0.
1

2.
0

2.
0

0.
1

0.
1

0.
2

0.
2

V
1.0

0.5

0



XR-T6166

13

Rev.2.03

SYMBOL MIN MAX MIN MAX

A 0.093 0.104 2.35 2.65

A1 0.004 0.012 0.10 0.30

B 0.013 0.020 0.33 0.51

C 0.009 0.013 0.23 0.32

D 0.697 0.713 17.70 18.10

E 0.291 0.299 7.40 7.60

e 0.050BSC 1.27BSC

H 0.394 0.419 10.00 10.65

L 0.016 0.050 0.40 1.27

INCHES MILLIMETERS

28 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

e

D

E H

B

A

L

C

A1

Seating
Plane

28 15

14
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Notes
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NOTICE

EXARCorporationreservestherighttomakechangestotheproductscontainedinthispublicationinordertoim-
provedesign,performanceorreliability.EXARCorporationassumesnoresponsibilityfortheuseofanycircuitsde-
scribedherein,conveysnolicenseunderanypatentorotherright,andmakesnorepresentationthatthecircuitsare
freeofpatentinfringement.Chartsandschedulescontainshereinareonlyforillustrationpurposesandmayvary
dependinguponauser’sspecificapplication.Whiletheinformationinthispublicationhasbeencarefullychecked;
noresponsibility,however,isassumedforinaccuracies.

EXARCorporationdoesnotrecommendtheuseofanyofitsproductsinlifesupportapplicationswherethefailureor
malfunctionoftheproductcanreasonablybeexpectedtocausefailureofthelifesupportsystemortosignificantly
affectitssafetyoreffectiveness.ProductsarenotauthorizedforuseinsuchapplicationsunlessEXARCorporation
receives,inwriting,assurancestoitssatisfactionthat:(a)theriskofinjuryordamagehasbeenminimized;(b)the
userassumesallsuchrisks;(c)potentialliabilityofEXARCorporationisadequatelyprotectedunderthecircum-
stances.
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