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Abstract

This article describes simpleandinexpensve modemintendedo link endusersat 76.8kBit/sto
thehigh speedackboneetwork. The modemcanbe connectedo standard®C's usingthe Enhanced
ParallelPort(EPP)interface.

1 Introduction

The beginning of this projectdatesbackabouttwo yearsago. The emegenceof a high speedoackbone
ledto the questionof how to inexpensvely link endusersat appropriatespeeddo the backbone.

Oneof the primary designgoalswassimplicity. We thereforedecidedto stick with FM andthe well
knowvn G3RJUH modulationformatandjust scalethe technologyup by a decadeThis led to the alloca-
tion of a widebandduplex channel(200kHzper direction)in the 70cmbandandthe developmentof an
appropriatéranscever[9].

Now the questionwashow to connecthe transcererto a computerMost TNC’s currentlyin useare
hardpressedo operateat 9.6kBit/s,andthereforeareinappropriatdor dataratesaround100kBit/s.Also,
most TNC’s connectto the hostcomputervia the serialinterface.With radio bit ratesapproachinghe
maximumbit rateof the serialinterfaceof todaysPC'’s, this interfacebecomeshebottleneckWhile there
exist TNC designscapableof doing 100kBit/s,they wereconsideredoo expensve (>$500).

Today Packet Radio operatorsusegraphicaloperatingsystemson their computersand wantto use
web browsertechnologyalsoon amateurradio. Most popularamateurradio BBS software alreadyhas
increasinglypopularHTML interfacesto their messagbaseandHTTP senersaremushroomingalsoin
AmateurRadioinstallations TheseapplicationamadeTCP/IPpopular in factthis convertedseveralwell
known TCP/IPadwersarie®on theamateubandso TCP/IPusers!

With TCP/IP a requirement,TNC’s add little value.Most TNC’s needto be switchedinto a dumb
paclet O modeusingprotocolslike 6PACK or KISS, requiringthe hostCPUto implementAX.25.



3 THEINITIAL DESIGN

2 Design Considerations

As seenin the previous paragraphwe cansave costby implementingAX.25 in the hostCPU. Todays
PC's cando this with negligible overheadNow the questionis whetherHDLC shouldbe donein soft-
wareor hardware.Measurementsn severalpopularprocessoraswell asolderones(table1?) shav that
contemporaryPC processorgando HDLC encodinganddecodingup to a few hundredkBit/s with lit-
tle overheadIt wasthereforedecidedto do the HDLC encodingand decodingin software, makingthe
hardwareadapterevenlesscomple.

CPU CPUclock Bogomips Encoder Decoder
MHz MBit/s  MBit/s
Intel 486D X2 66 33 4.31 3.20
Intel Pentium 75 30 6.24 5.64
Intel Pentium 100 40 9.37 7.48
AMD K5 100 200 15.00 12.69
Cyrix 6x86MX 166 166 19.51 15.53
UltraSparcl 166 25.75 19.16
AMD K6 200(?) 465 24.73 19.05

Tablel: SoftwareHDLC encodeianddecodethroughput

The next decisionwaswhatinterfaceto use.Theinterfacehadto fastenoughncludingheadroonfor
expansion(excludesRS232serial ports),widely available (excludesUSB), andsimpleto use(excludes
USB, ethernet) The remaininginterfacewasthe EnhancedParallel Port, which is available on virtually
ary computerfor severalyearsalreadyandwhich wasstandardizety IEEE [2].

We decidedto usean alreadyexisting modemdesign[7]. The adapterto be designedhushadthe
following requirements:

e EPPinterface
e Synchronouserialinterfaceaccordingo [7] to connecto existingmodemg7, 6]

e Provide elasticbuffering to allow block-wiseprocessingf the databy the hostCPU

3 Thelnitial Design

A searcHor suitablecomponentgendedat IDT’s FIFO circuits 72131and72132[4], whichideally suited
theaborerequirementssincethey additionallyalsocontainaparallelto serialor serialto parallelconverter

1Benchmarkingwas doneusing “optimized” C language similar to what s in the Linux driver for this adapter seefor
examplelinux-2.1.108:dvers/net/harado/baycan_epp.c



shiftregisterrespectrely. Addingsomegluelogic anddriversto provide highdrive capabilitiesonthe EPP
signalscompletedheinitial designwhichwaspublishedn [5].

Unfortunately theselDT IC’s are quite expensve, and are getting more expensve, contraryto the
generaltrendin microelectronicsThe externalmodemaddsto the cost,too. We thereforeconsidereda
redesign.

4 TheCurrent Design
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An alternatve to usingdedicated=IFO IC’s is to usestandardSRAM andaddappropriatecontrollogic.
Figure 1 shavs a block diagramof the circuit of the redesigneddapter The thick lines representiata
pathswhile thethin linesshawv controlsignals.

A systemclock frequeng in the rangeof 10-20MHz seemsadequatdor bit ratesin the 100kBit/s
rangeandfor themaximumtransferateof theEPPportin therangel-2MByte/s.Therelatively moderate
clock frequeng andthe sizeof thelogic requiredto implementthe modemadaptersuggesthe useof a
FPGA (Field Programmablé&ateArray) to implementit.

Unlike otherprogrammabléogic families,FPGAs storetheir configurationn staticRAM cells,which
loosetheir informationat power down. At power up, they needto reloadtheir configurationdata,which
may originatefrom a specialserial PROM, a standardePROM, or directly from the PC. The latter was
chosersinceit is moreflexible, cheapeandeasierto develop. Also, modemoptionscanbe realisedby
patchingthe configurationdataprior to downloadto the FPGA.

The configurationdatais downloadedto the FPGA usingthe IEEE 1147 JTAG (“Joint TestAccess
Group”) protocol.The protocolalsoallows testingof variouspartsof the adapter

Thebuilding blocksof themodemwill bedescribedn moredetailin thefollowing subsectiongrigure
6 shavsthe circuit diagramof themodem.

4.1 EPP Controller

The EPP controller handlesthe EPP protocol [2, 3] togetherwith the PC. Datareadand write cycles
directly accesghe dataFIFOs,while addresseadandwrite cyclesaccesshe statusandcontrolregister
respectrely. Standard®C EPPcontrollersemit EPPaddressanddatacycleson 10 accesseto their base
address-3 (0x37bfor LPT1)and+4 (0x37cfor LPT1). EPPcontrollerprogrammingletailscanbefound
in theirdatasheetd410, 11, 12]. Tables2 and3 list the meaningf theregisterbits.

42 RAM Controller

Figure2 shows a block diagramof the RAM controller The RAM controllercoordinatefRAM accesses,
keepsaddres@ndbyte countersandgeneratethe controlsignalsfor the staticRAM access.

Figure3 shavs areadcycle, while Figure4 shavs awrite cycle. Therelatively slow cyclesallow the
useof inexpensve standardRAMs.

4.3 SRAM

The SRAM implementghe datastoragdor the FIFOs.32kBytesarehugefor theapplication but smaller
RAM'’s areeithermoreexpensve or no longeravailableatall.



4.3 SRAM

Bit Purpose
7 0:DCDan
5:4 transmittefIFO
00 > 0 bytesfree
01 > 255 bytesfree
10 > 1792 bytesfree
11 > 1023 bytesfree
3 PTT (transmitte~1IFO not empty)
2:1 receverFIFO
00 > 1793 bytesstored
01 > 1025 bytesstored
10 > 0 bytesstored
11 > 256 bytesstored
0 recever FIFOnotempty

Table2: statusregister(EPPaddresseadcycles)

Purpose

LED: STA

LED: CON
externalmodemconnectorRESET
transmitter~1IFO enable

recever FIFO Enable
interruptrateor FIFO status

000 interruptsoff

001 readreceverFIFO count
010 readtransmittef=1FO count

owhoo &

Table3: controlregister(EPPaddressvrite cycles)
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Figure2: RAM controller

4.4 Serial to parallel and parallel to serial converter

The serial/paralleconvertersaredoubly buffered,i.e. they containan additionalstorageregisterbesides
the shift register Theseblocks also containthe control logic to requestemptying/filling of the storage
registerby theRAM controllerandto transferdatabetweerstorageandshift register

45 Scrambler/Descrambler

Theseblocks containa G3RUH compatiblescrambler/descramblend a differential encoder/decoder
Bothblockscanbebypasseihdependentlyo accomodatexternalmodemsawvhichusuallyalreadycontain
oneor the otherfunctionality Theseblocksalsocontainthe switch betweernthe internalandthe external
modem aswell assynchronisatiomircuitry for the externalmodemsignals.



4.6 ReceverclockregeneratiormandDCD logic
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4.6 Recever clock regeneration and DCD logic

The clock recorery block extractsthe receve clock from the input datasignalusing a digitally imple-
mentedPLL. The input signalis oversampledl6 times. The DCD signalis generatedrom the phase
valuesof inputsignaledges.

4.7 FIR Filter

Justlike DF9IC [7] andthe G3RUH designsthis modemtoo usesa four fold oversampling=IR filter of

length32. The oversamplingsimplifiesthe analogtransmitteffilter. Unlike the aforementionednodems,
this modemdoesnot usea tablewith precomputedilter values,insteadit calculateghe filter outputfor

eachcycle from the input dataandthe filter coeficients. This architecturesuitsthe FPGA betterandan

externalEPROM with thefilter tablecanbe omitted.

Sincethe modemusesaninternalclock which is 16 timesfasterthanthe transmitclock, but thefilter
is supposedo be four fold oversampledonly 4 clocksremainto calculatethe filter value.Fortunately
out of the 32 input values,24 arezerothanksto the oversamplingandthe other8 areeither+1 or —1.
Thereforepneneeddo performonly 8 addsto implementhefilter. Sincethereareonly 4 cycles,thefilter
is splitinto two halveswith a dedicatedinal adderaddingthe outputsof both halves.Figure5 shavs the
circuit.
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Figure5: Transmitte~IR filter

4.8 Clock generator

The clock generatordivides the frequeng of the external oscillator by a variabledivisor in the range
1-1024andfeedstheinternalmodem.The maximumclock frequeny of the FPGAIs 20 MHz.

4.9 Analog Circuitry

The analogcircuitry wasmostly taken from an existing modem[6]. The frequeng determiningcompo-
nentshave beenscaledto the intendedbit rate (76.8kBit/s)andthe DAC hasbeenreplacedoy a resistor
arrayfor costreasons.



5 Conclusion

Togetherwith the transcerer in [9], this adapterprovides cost effective high speedaccesgo the fast
backbonecurrentlybeingbuilt in centraleurope While therearemorebandwidthefficient solutions they
are usually considerablymore expensve. The designfits onto a two layer PCB in half eurocardformat
(10cmx 8cm)usingstandardhroughholecomponentsThekit canthereforebe built by lessexperienced
amateursKits andready-madelevicesshouldbe availableby thetime of publishingfrom Baycom|[8].

Sincetheredesigne@daptels mostlycompatibleto theearlierdesign therearealreadydriversavail-
ablefor majoroperatingsystemssuchasa FlexNetdriver for DOS/Windows95/WWindows98anda Linux
driver.

Thedesignis quite flexible. Althoughit hasaninternalmodemiit canstill bypasgheinternaloneto
accomodatanexternaloneshouldtheneedarise.lt alsoprovidesenoughheadroonto increasets bit rate
if necessary

6 Outlook

The prototypehasbeensuccessfullytestedrunningat 1MBit/s. The CPU overheachowever wasconsid-
erable,25% measuredisinga 100 MHz Pentiumcomputer The biggerpartof the overheadcomesfrom
thelO.

This could likely be changediy usingECPinsteadof EPP EnhancedCapabilitiesPort (ECP)is an
alternatve parallelport protocolinitially designedy Microsoft, but now alsostandardizedby IEEE [2].
All parallelportimplementationshesedaysalsosupportE CP In ECPmodethe controllersimplementa
FIFO to decoupleCPU andparallelport, andthey mayuseDMA to transferthe databetweenFIFO and
mainmemory Datatransfercouldthereforebe offloadedfrom the CPUto the DMA controller

Thedownsideis thatthe ECPprotocolis considerablynorecomplex thanthe EPPprotocol,especially
datatransferdirectionchangesare expensve. Also, the Microsoft referencamplementationwhich just
abouteveryonecopied,hasadditionalrestrictionsnotinherentto the protocol.
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