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FEATURES

• BasedonAtheros’INT6400/INT1400chipset

• BasedonHomePlug®AVstandardoptimisedfor

EthernetoverCoax(EoC)applicationswithrawdata

ratesupto200MB/s

• Temperatureratedforindustrialapplications

• MII(Host&PHY)interface

• Supports1024/256/64/16/8-QAM,QPSK,BPSK,and

ROBOmodulationschemes

• 128-bitAESLinkEncryptionwithkeymanagement

forsecurepowerlinecommunications

• Dynamicchanneladaptationandchannelestimation

maximizesthroughputinharshchannelconditions

• Advancedturbocodeforwarderrorcorrection

• ToS,CoSandIPportnumberpacketclassifiers

• SupportsIGMPmanagedmulticastsessions

• Greenstandard(ROHS)compliant

• GPIOsecondfunctionasgeneraldatalines

• Horizontalmountingconfigurationusingstandard

1.27mmpinheader

• Integratesallcomponentsnecessarytoadd

EthernetoverCoaxfunctionalitytoanyembedded

systematlowcost

MODULE BLOCK DIAGRAM 

In Partnership with

APPLICATIONS 

• Over-the-TopVideo

• Telco/IPTV

• EthernetoverCoax(EoC)and

 Multi-DwellingUnit(MDU)applications
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1. PRESENTATION

TheBel0804-5000-23singleinlinepackage(SIP)moduleisanindustrialtemperatureratedMAC/PHY/AFEPowerline
communications(PLC)transceiver.ThemodulecomplementstheexistingrangeofBelPowerlinemodulesbasedonthe
AtherosINT6400/INT1400andisoptimisedforcommunicationsovercoaxnetworks.

TheBel0804-5000-23moduleenablesthedevelopmentofHDgradecommunicationsbridgestoandfromthecoax
network.Italsoservesasatranslatorbetweenthedigitalandanalogueworlds.Onthedigitalsidehostinterfacesinclude
EthernetMIIHostorPHY.ThedatareceivedandtransmittedistranslatedbytheINT6400toandfromacomplexanalogue
signalwhichismodulatedonmultiplecarriersandtransmittedoverthecoaxnetwork.

Pin Number Pin Name Pin Number Pin Name

1 VDD 26 MDC

2 VSS 27 Donotconnect

3 VDD 28 Donotconnect

4 VSS 29 VSS

5 VDD 30 MRX_D0

6 TX+ 31 MRX_D1

7 TX- 32 MRX_D2

8 VSS 33 MRX_D3

9 RX+ 34 COL

10 RX- 35 MRX_CLK

11 RESET/ 36 VSS

12 GPIO0 37 MRX_ERR

13 GPIO1 38 MRX_DV

14 GPIO2 39 MTX_D0

15 GPIO3 40 MTX_D1

16 GPIO4 41 MTX_D2

17 GPIO5 42 MTX_D3

18 GPIO6 43 CRS

19 GPIO7 44 MTX_CLK

20 GPIO8 45 MTX_EN

21 GPIO9 46 VSS

22 GPIO10 47 PHY_RST/

23 GPIO11 48 VSS

24 Donotconnect 49 PHY_CLK

25 MDIO 50 VSS

2. MODULE INTERFACE

2.1 Pin I/O Table 
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SYSTEM BLOCK DIAGRAM 

Theblockdiagrampresentsthe0804-5000-23powerlinemoduleinatypicalenvironment.Sevendifferenttypesofinterfaces
areobserved.Theseinterfacesaredescribedindetailsbelow.

2.2 Media Independent Interface (MII) 
TheMIIinterfaceisconfiguredaseitheranEthernetMediumAccessController(MAC)oraPhysicalMediumDependent(PMD
orPHY)controller.MediumIndependentInterface(MII)isanindustrystandard,multi-vendorinterfacebetweentheMACand
PHYsub-layers.ItprovidesasimpleconnectionbetweenEthernetPHYcontrollersandIEEE802.3EthernetMACsfroma
varietyofsources.

MIIconsistsofseparate4-bitdatapathsfortransmitandreceivedataalongwithcarriersenseandcollisiondetection.Further
detailsoftheMIIareavailablefromtheIEEE802.3uStandard.

ConfigurationstrapsdescribedinSection3settheMIIoperationtoaMACorPHYcontroller.TheMACandPHYconfigura-
tionssupport10Mbpsor100Mbpsinhalf-duplexorfull-duplexmodesandflowcontrolforhalf-duplexandfull-duplexcon-
nections.TheEthernetMACmoduleimplementsstandardEthernetMACfunctionality.TheEthernetMACisconnectedto
anexternalEthernetPHYfunction.TheMACconfigurationprovidesbridgingbetweenEthernetandthepowerline.ThePHY
configurationemulatesEthernetPHYfunctionalityandprovidesHomePlugAVconnectivitytodevicesdesignedtocommuni-
cateoveranEthernetnetwork.

TheMII(Ethernet)interfacehasseparatetransmitandreceivepacketbuffering.WhenoperatingasaMACtheMIItransmit
FIFOis2KBandthereceiveFIFOis8KB.WhenoperatingasaPHYcontroller,theMIItransmitFIFOis8KBandthereceive
FIFOis2KB.

2.2.1 MII MAC
TheMIIMACconfigurationoperatesasanIEEE802.310/100-MbpsEthernetMACconnectedtoanexternal10/100-Mbps
EthernetPHY.TheINT6400MACfirmwareconfigurestheinternalMIIMACbasedonfirmwareconfigurationandMMEs(mes-
sagemanagemententry).ExternaldevicesdonothavedirectaccesstoanyMIIMACregistersintheINT6400.

2.2.2 MII PHY
TheMIIPHYemulationhardwareconnectstoanexternal10/100-MbpsEthernetMAC.ThedefaultPHYfunctionalityiscon-
figuredthroughstandardmanagementdatainterfacecommunications(MDIinterface)andmaybeoverriddenbytheINT6400
MACfirmwareaccesstothePHYemulationregisters.Theinterfacesupportsthestandardcontrolandstatusregister.
 • Linkspeedat10Mbpsor100Mbps
 • Full-duplexorhalf-duplexoperation
 • Managementdatainterfacebaseaddress
 • IsolatetodisconnectthePHYfromtheMIIport
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Pin 

Number
Pin Name

I/O

DescriptionMAC 

Mode

PHY 

Mode

30 MRX_D0

I O

MII Receive Data.ThePHYcontrollerdrivesMRX_D[3:0]andtheMACcorereceives
MRX_D[3:0].MRX_D[3:0]transitionsynchronouslywithrespecttoMRX_CLK.Foreach
MRX_CLKperiodinwhichMRX_DVisasserted,MRX_D[3:0]isvalid.MRX_D0isthe
least-significantbit.ThePHYcontrollertri-statesMRX_D[3:0]inisolatemode.

31 MRX_D1

32 MRX_D2

33 MRX_D3

34 COL I O

MII Collision Detected.ThePHYcontrollerassertsCOLwhenitdetectsacollisionon
themedium.COLremainsassertedwhilethecollisionconditionpersists.COLsignal
transitionsarenotsynchronoustoeithertheMTX_CLKortheMRX_CLK.TheMAC
coreignorestheCOLsignalwhenoperatinginthefull-duplexmode.ThePHYcontroller
tristatesCOLinisolatemode.

35 MRX_CLK I O

MII Receive Clock. MRX_CLKisacontinuousclockthatprovidesthetimingreference
forthetransferoftheMRX_DVandMRX_D[3:0]signalsfromthePHYcontrollertothe
MACcore.ThePHYcontrollersourcesMRX_CLK.MRX_CLKfrequencyisequalto25%
ofthedatarateofthereceivedsignalontheEthernetcable.ThePHYcontrollertri-states
MRX_CLKinisolatemode.

37 MRX_ERR I O

MII Receive Error.ThePHYcontrollerassertsMRX_ERRhighforoneormoreMRX_
CLKperiodstoindicatetotheMACcorethatanerror(acodingerrororanyerrorthat
thePHYiscapableofdetectingthatisotherwiseundetectablebytheMAC)wasdetected
somewhereinthecurrentframe.MRX_ERRtransitionsynchronouslywithrespectto
MRX_CLK.WhileMRX_DVisde-asserted,MRX_ERRhasnoeffectontheMACcore.
ThePHYcontrollertri-statesMRX_ERRinisolatemode.

38 MRX_DV I O

MII Receive Data Valid.ThePHYcontrollerassertsMRX_DVtoindicatetotheMAC
corethatitispresentingtherecoveredanddecodeddatabitsonMRX_D[3:0]and
thatthedataonMRX_D[3:0]issynchronoustoMRX_CLK.MRX_DVtransitions
synchronouslywithrespecttoMRX_CLK.MRX_DVremainsassertedcontinuously
fromthefirstrecoverednibbleoftheframethroughthefinalrecoverednibble,andis
de-assertedpriortothefirstMRX_CLKthatfollowsthefinalnibble.ThePHYcontroller
tri-statesMRX_DVinisolatemode.

39 MTX_D0

O I

MII Transmit Data.TheMACcoredrivesMTX_D[3:0]andthePHYcontrollerreceives
MTX_D[3:0].MTX_D[3:0]transitionssynchronouslywithrespecttoMTX_CLK.Foreach
MTX_CLKperiodinwhichMTX_ENisasserted,MTX_D[3:0]isvalid.MTX_D0isthe
leastsignificantbit.ThePHYcontrollerignoresMTX_D[3:0]inisolatemode.

40 MTX_D1

41 MTX_D2

42 MTX_D3

43 CRS I O

MII Carrier Sense.ThePHYcontrollerassertsCRSwheneithertransmitorreceive
mediumisnon-idle.ThePHYde-assertsCRSwhenbothtransmitandreceivemedium
areidle.ThePHYmustensurethatCRSremainsassertedthroughoutthedurationofa
collisioncondition.ThetransitionsontheCRSsignalarenotsynchronoustoeitherthe
MTX_CLKortheMRX_CLK.ThePHYcontrollertri-statesCRSinisolatemode.

44 MTX_CLK I O

MII Transmit Clock.MTX_CLKisacontinuousclockthatprovidesatimingreference
forthetransferoftheMTX_ENandMTX_D[3:0]signalsfromtheMACcoretothePHY
controller.ThePHYcontrollersourcesMTX_CLK.TheoperatingfrequencyofMTX_CLK
is25MHzwhenoperatingat100Mbpsand2.5MHzwhenoperatingat10Mbps.The
PHYcontrollertri-statesMTX_CLKinisolatemode.

45 MTX_EN O I

MII Transmit Enable.AhighassertiononMTX_ENindicatesthattheMACcoreis
presentingnibblestothePHYcontrollerfortransmission.TheINT6400MACcoreasserts
MTX_ENwiththefirstnibbleofthepreambleandkeepsMTX_ENassertedwhileall
nibblestobetransmittedarepresentedtotheMII.MTX_ENisde-assertedpriortothe
firstMTX_CLKfollowingthefinalnibbleoftheframe.MTX_ENtransitionssynchronously
withrespecttoMTX_CLK.ThePHYcontrollerignoresMTX_ENinisolatemode.

2.2.3 MII Signals 

SpecialcaremustbetakenduringPCBlayoutoftheMIIbus.KeepMIIsignaltracesasshortaspossibleandpreferablyoninnerPCBlayers.
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Pin Number Pin Name
I/O

Description
MAC Mode PHY Mode

25 MDIO I/O I/O

MII Management Data In/Out.Thisisthedatainputsignalfromthe
PHYcontroller.ThePHYdrivestheReadDatasynchronouslywith
respecttotheMDCclockduringthereadcycles.Thisisalsothedata
outputsignalfromtheMACcorethatdrivesthecontrolinformation
duringtheRead/WritecyclestothePHYcontroller.TheMACcore
drivestheMDOsignalsynchronouslywithrespecttotheMDC.An
externalpull-upresistorisneededonthispin.

26 MDC O I

MII Management Data Clock. TheMACcoresourcesMDCasthe
timingreferencefortransferofinformationontheMDIOsignal.MDC
signalhasnomaximumhighorlowtimes.MDCminimumhighandlow
timesare160nseach,andtheminimumperiodforMDCis400ns.

2.3 MII Management Data Interface (MDI)
TheMIIinterfacehasatwo-wiresbi-directionalserialManagementDataInterface(MDI).Thisinterfaceprovidesaccesstothe
statusandcontrolregistersintheEthernetPHYlogic.TheMIIandMDIpinsaresharedbetweentheMACandPHYinterfaces.

2.4 General Purpose Input/Output (GPIO) Pins Interface
GeneralPurposeI/Opinsaresoftwareprogrammableinputsoroutputs,whichcanalsobeusedasanexternalinterrupt
source.Asindicatedinthetablebelow,someoftheseGPIOsignalsalsohaveadditionalfunctionalityasconfigurationstraps.
Seesection3forconfigurationoptions.

Pin Number Pin Name
Configuration Strap 

Function
I/O* Internal Pull Up/Down

12 GPIO0 N/A S.C. Up

13 GPIO1 N/A S.C. Up

14 GPIO2 N/A S.C. Up

15 GPIO3 ISODEF S.C. Up

16 GPIO4 SPEED S.C. Up

17 GPIO5 MD_A3 S.C. Up

18 GPIO6 CFG_SEL S.C. Down

19 GPIO7 MD_A4 S.C. Down

20 GPIO8 MP_SEL S.C. Up

21 GPIO9 N/A S.C. Down

22 GPIO10 BM_SEL S.C. Down

23 GPIO11 N/A S.C. Down

*S.C.=softwareconfigurable.
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2.5 PHY Utility Interface

Pin Number Pin Name I/O Description

47 PHY_RST/ O
PHYdeviceReset(activelow).ConnecttoanexternalEthernetPHY.Thisresetoutputisa
stretchedversionoftheRESET/input.

49 PHY_CLK O

25MHzClockOut.Thisoutputisadedicatedclockoutputthatcanbeusedtodrivethe
clockinputonanexternalEthernetPHY.Thisclockoutputisonlyavailablewhenthe
INT6400isconfiguredinMACmode,andnotinPHYmodeofoperation.Notethatifthis
outputisused,itisstronglyadvisedthatthecorrespondingPHY_RST/signalalsobecon-
nectedtotheexternalEthernetPHY.

Inadditiontotheirconfigurationstrapfunction,theGPIOscanperformsomesoftwareconfigurablefunctionsafterreset.The
defaultconfigurationprovidedbyBelFuseisasbelow:

GPIO I/O Default Function After Reset

GPIO0 O NotUsed(HiZ)

GPIO1 I
Typicallyconnectedtoapush-button.ThisGPIOisusedtoaddanewdeviceto,orremovean
olddevicefrom,aHomePlugAClogicalnetwork.ContactBelFuseforfurtherinformation.

GPIO2 I
Typicallyconnectedtoapush-button.ThefactorydefaultPIBcanberestoredbyapplyingalow-
leveldigitalvoltageonGPIO2forgreaterthan0.5secondsandlessthan3.0seconds.

GPIO [3..7] O NotUsed(HiZ)

GPIO8 O

TobeconnectedtoanLED.TheLEDgivesindicationsaboutPowerlineLink&activity.
On:Powerlinelinkdetected.
Flash:TXorRXpowerlineactivity(iftheINT6400isservingasaStation).
Off:Powerlinelinknotdetected.

GPIO9 O

TobeconnectedtoanLED.TheLEDgivesindicationsaboutEthernetLink&activity.
On:Ethernetlinkdetected.
Flash:Transmitorreceiveactivity.
Off:Nolinkdetected.

GPIO10 O

TobeconnectedtoanLED.TheLEDgivesindicationsaboutPowerlinemode.
On:N/A.
Flash:HomePlug1.0trafficdetected.
Off:Silence.

GPIO11 O

TobeconnectedtoanLED.TheLEDgivesindicationaboutPower.
On:Powerready.
Flash:Loadfirmware.
Off:Powernotready.
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2.6 Coupling Interface

Pin Number Pin Name I/O Description

6 TX+ O DifferentialTXLineDriveroutput,connectstocouplingtransformer

7 TX- O DifferentialTXLineDriveroutput,connectstocouplingtransformer

9 RX+ I DifferentialRXLineFilterinput,connectstocouplingtransformer

10 RX- I DifferentialRXLineFilterinput,connectstocouplingtransformer

SpecialcaremustbetakenduringPCBlayoutofthecouplinginterfacesignals.

Routedifferentialpairsclosetogetherandawayfromallothersignals.RouteeachdifferentialpaironthesamePCBlayer.
Keepbothtracesofeachdifferentialpairasidenticaltoeachotheraspossible.

Widecopperisneededheretosupportcurrentdensityofupto30MHz.Thesehighfrequenciesresultinhigherresistancedue
toskineffect.Thewidetracesalsoaccommodatehightransientcurrentscausedbyvoltagespikes.Tracewidthsbetweenthe
Moduleandthecouplingtransformermustbenolessthan0.020”(0.5mm)andshouldbenogreaterthan0.030”(0.75mm).
UseoftheBelFuse0557-7700-43powerlinecouplerisrecommended.Detailscanbefoundinitsassociateddatasheet.

2.7 Reset Interface

Pin Number Pin Name I/O Description

11 RESET/ I
ResetsallIClogicwhenlow.Maintainthissignalactivefor100msafterthe
VDDrailisstable.

2.9 Reserved Pins

Pin Number Description

24,27,28 Internallyconnectedandreservedforfutureuse.Donotconnectexternally.

2.8 Power Interface

Pin Number Pin Name I/O Description

1,3,5 VDD I +3.3VwithrespecttoVSS

2,4,8,29,36,
46,48,50

VSS I Ground

Pin Number Pin Name Strap Function Internal Pull Up/Down Default Function

15 GPIO3 ISODEF Up PHYMODE:Hi-ZMIIinterface

16 GPIO4 SPEED Up PHYMODE:100Mbps

17 GPIO5 MD_A3 Up PHYMODE:PHYAddress0x0100

18 GPIO6 CFG_SEL Down BOOT:SDRAMparametersfromHost

19 GPIO7 MD_A4 Down PHYMODE:PHYaddress0x0100

20 GPIO8 MP_SEL Up HOST:MACmode

22 GPIO10 BM_SEL Down BOOT:FirmwareFromHost

49 PHY_CLK DUPLEX Up PHYMODE:FullDuplex

3. CONFIGURATION OPTIONS
TheINT6400MIIandbootoptionsareselectedbytheinitialconditionofGPIOpins.IfaGPIOpinisnotusedanditsinternal
strappingresistorsetsthebootingoptioncorrectly,thenthepinmaybeleftunconnected.IfaGPIOpinisnotusedbutthe
internalstrappingresistorsetsthebootingoptionincorrectly,thenthepinmustbepulledhighorlowtothecorrectbootingop-
tionbyanexternalresistor.Thisresistorcanbe10k-OhmsdowntoafewhundredOhms.3.3k-Ohmsistypical.ManyGPIO
pinsaredrivenbyfirmwareforLEDoutputimmediatelyafterbootupsoconnectingtheseGPIOdirectlytogroundorVDDis
notpermitted.
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3.1 MII Options

TheMP_SELstrapisusedtospecifywhethertheINT6400chipisconfiguredforMIIMACmode,orinMIIPHYmode(i.e.
reverse-MIImode).Theencodingofthissignalistable11:

MP_SEL Mode

0 MIIinPHYmode

1 MIIinMACmode

SPEED MII Speed

0 10Mbps

1 100Mbps

DUPLEX MII Duplex

0 HalfDuplex

1 FullDuplex

InMIIPHYmode,thereare5additionalconfigurationstrapsthatareuniquetothismodeofoperation.

ISODEF Isolation

0 NormalOperation

1 Isolated

MD_A [3,4] MII Management Address

00 0x00

01 0x08

10 0x10

11 0x18

3.2 Boot Options

TheBM_SELstrapisusedtodeterminethesourceofthebootcodefortheembeddedARMprocessor.Similarly,theCFG_
SELstrapisusedtodeterminethesourceoftheSDRAMconfigurationapplet.Theencodingsforthesetwosignalsisshown
inthefollowingtable.

BM_SEL CFG_SEL Meaning

0 0 LoadSDRAMconfigurationandbootcodefromexternalhost

0 1 LoadSDRAMconfigurationappletfromFlash,andthenloadbootcodefromexternalhost

1 0 Notsupported

1 1 LoadSDRAMconfigurationandbootcodefromFlash

4. FIRMWARE
The0804-5000-23powerlinemodulesaresuppliedprogrammedwiththemostrecentfirmwareversionsanddefaultParam-
eterInformationBlock(PIB)forEoCfromAtheros.ThePIBcontainstheparametersusedtoconfiguretheoperationofthe
INT6400chipset,including:

• NetworkManagementKey(NMK) 

• MACaddress 

• DeviceAccessKey(DAK)

• GPIOfunctionafterreset

ThisfactorydefaultPIBcanbesupersededbyacustomizedUserPIBusingtheAtheros’AvitarPC-basedapplication.Anon
disclosureagreementisrequiredwithAtherostoaccessthistool.
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ELECTRICAL CHARACTERISTICS

1. Atypicalsupplycurrent,assuminganominaloperationof50%transmitand50%receivedutycycle,is580mA.
2. IOL=12mAforallGPIOs.IOL=4mAforallotherdigitalinterfaces.
3. IOH=-12mAforallGPIOs.IOH=-4mAforallotherdigitalinterfaces.

Symbol Parameter Test Conditions Min Max Units

VDD Supplyvoltage(1) 3.0 3.6 V

VIL Low-levelinputvoltage 0.8 V

VIH High-levelinputvoltage 2.0 V

VOL Low-leveloutputvoltage IOL=4mA,12mA(2) 0.4 V

VOH High-leveloutputvoltage IOH=-4mA,-12mA(3) 2.4 V

IIL Low-levelinputcurrent VI=Gnd -1 µA

IIH High-levelinputcurrent VI=3.3V 1 µA

IOZ High-impedanceoutputcurrent Gnd<VI <3.3V -1 +1 µA

Top Operatingtemperaturerange -40 +85 ° C

MECHANICAL

0804-5000-23 

Horizontal Mount


