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Abstract

This articledescribesa simpleandinexpensive modemintendedto link endusersat 76.8kBit/sto
thehigh speedbackbonenetwork. Themodemcanbeconnectedto standardPC’s usingtheEnhanced
ParallelPort(EPP)interface.

1 Introduction

Thebeginningof this projectdatesbackabouttwo yearsago.Theemergenceof a high speedbackbone
led to thequestionof how to inexpensively link endusersatappropriatespeedsto thebackbone.

Oneof theprimarydesigngoalswassimplicity. We thereforedecidedto stick with FM andthewell
known G3RUH modulationformatandjust scalethe technologyup by a decade.This led to thealloca-
tion of a widebandduplex channel(200kHzperdirection)in the70cmbandandthedevelopmentof an
appropriatetransceiver [9].

Now thequestionwashow to connectthetransceiver to a computer. Most TNC’s currentlyin useare
hardpressedto operateat9.6kBit/s,andthereforeareinappropriatefor dataratesaround100kBit/s.Also,
mostTNC’s connectto the hostcomputervia the serial interface.With radio bit ratesapproachingthe
maximumbit rateof theserialinterfaceof todaysPC’s, this interfacebecomesthebottleneck.While there
exist TNC designscapableof doing100kBit/s,they wereconsideredtooexpensive( � $500).

Today, Packet Radiooperatorsusegraphicaloperatingsystemson their computersandwant to use
web browsertechnologyalsoon amateurradio.Most popularamateurradio BBS softwarealreadyhas
increasinglypopularHTML interfacesto theirmessagebase,andHTTPserversaremushroomingalsoin
AmateurRadioinstallations.TheseapplicationsmadeTCP/IPpopular, in factthis convertedseveralwell
known TCP/IPadversarieson theamateurbandsto TCP/IPusers!

With TCP/IPa requirement,TNC’s add little value.Most TNC’s needto be switchedinto a dumb
packet IO modeusingprotocolslike6PACK or KISS,requiringthehostCPUto implementAX.25.
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2 Design Considerations

As seenin the previous paragraph,we cansave costby implementingAX.25 in the hostCPU. Todays
PC’s cando this with negligible overhead.Now the questionis whetherHDLC shouldbe donein soft-
wareor hardware.Measurementson severalpopularprocessorsaswell asolderones(table11) show that
contemporaryPC processorscando HDLC encodinganddecodingup to a few hundredkBit/s with lit-
tle overhead.It wasthereforedecidedto do the HDLC encodinganddecodingin software,makingthe
hardwareadapterevenlesscomplex.

CPU CPUclock Bogomips Encoder Decoder
MHz MBit/s MBit/s

Intel 486DX2 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
UltraSparc1 166 25.75 19.16
AMD K6 200(?) 465 24.73 19.05

Table1: SoftwareHDLC encoderanddecoderthroughput

Thenext decisionwaswhatinterfaceto use.Theinterfacehadto fastenoughincludingheadroomfor
expansion(excludesRS232serialports),widely available(excludesUSB), andsimpleto use(excludes
USB, ethernet).The remaininginterfacewastheEnhancedParallelPort,which is availableon virtually
any computerfor severalyearsalreadyandwhichwasstandardizedby IEEE[2].

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

� EPPinterface

� Synchronousserialinterfaceaccordingto [7] to connectto existingmodems[7, 6]

� Provideelasticbuffering to allow block-wiseprocessingof thedataby thehostCPU

3 The Initial Design

A searchfor suitablecomponentsendedat IDT’sFIFOcircuits72131and72132[4], which ideallysuited
theaboverequirements,sincethey additionallyalsocontainaparalleltoserialor serialtoparallelconverter

1Benchmarkingwasdoneusing“optimized” C language,similar to what is in the Linux driver for this adapter, seefor
examplelinux-2.1.108:drivers/net/hamradio/baycom epp.c



shift registerrespectively. Addingsomegluelogic anddriversto providehighdrivecapabilitiesontheEPP
signalscompletedtheinitial design,whichwaspublishedin [5].

Unfortunately, theseIDT IC’s arequite expensive, andaregettingmoreexpensive, contraryto the
generaltrendin microelectronics.Theexternalmodemaddsto the cost,too. We thereforeconsidereda
redesign.

4 The Current Design
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Figure1: Block diagramof thecircuit
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An alternative to usingdedicatedFIFO IC’s is to usestandardSRAM andaddappropriatecontrol logic.
Figure1 shows a block diagramof the circuit of the redesignedadapter. The thick lines representdata
paths,while thethin linesshow controlsignals.

A systemclock frequency in the rangeof 10–20MHz seemsadequatefor bit ratesin the 100kBit/s
rangeandfor themaximumtransferrateof theEPPportin therange1–2MByte/s.Therelativelymoderate
clock frequency andthesizeof the logic requiredto implementthemodemadaptersuggesttheuseof a
FPGA(FieldProgrammableGateArray) to implementit.

Unlikeotherprogrammablelogic families,FPGA’sstoretheirconfigurationin staticRAM cells,which
loosetheir informationat power down. At power up, they needto reloadtheir configurationdata,which
may originatefrom a specialserialPROM, a standardEPROM, or directly from the PC.The latterwas
chosensinceit is moreflexible, cheaperandeasierto develop.Also, modemoptionscanbe realisedby
patchingtheconfigurationdataprior to downloadto theFPGA.

The configurationdatais downloadedto the FPGA usingthe IEEE 1147JTAG (“Joint TestAccess
Group”)protocol.Theprotocolalsoallowstestingof variouspartsof theadapter.

Thebuildingblocksof themodemwill bedescribedin moredetailin thefollowingsubsections.Figure
6 showsthecircuit diagramof themodem.

4.1 EPP Controller

The EPPcontrollerhandlesthe EPPprotocol [2, 3] togetherwith the PC. Data readand write cycles
directly accessthedataFIFOs,while addressreadandwrite cyclesaccessthestatusandcontrol register
respectively. StandardPCEPPcontrollersemit EPPaddressanddatacycleson IO accessesto their base
address+3 (0x37bfor LPT1)and+4 (0x37cfor LPT1).EPPcontrollerprogrammingdetailscanbefound
in theirdatasheets[10, 11, 12]. Tables2 and3 list themeaningsof theregisterbits.

4.2 RAM Controller

Figure2 showsa block diagramof theRAM controller. TheRAM controllercoordinatesRAM accesses,
keepsaddressandbytecounters,andgeneratesthecontrolsignalsfor thestaticRAM access.

Figure3 shows a readcycle,while Figure4 showsa write cycle.Therelatively slow cyclesallow the
useof inexpensivestandardRAMs.

4.3 SRAM

TheSRAM implementsthedatastoragefor theFIFOs.32kBytesarehugefor theapplication,but smaller
RAM’sareeithermoreexpensiveor no longeravailableatall.



4.3 SRAM

Bit Purpose
7 0: DCD an

5:4 transmitterFIFO
00 ��� bytesfree
01 �����	� bytesfree
10 ��
����� bytesfree
11 ��
����	� bytesfree

3 PTT(transmitterFIFOnotempty)
2:1 receiverFIFO

00 ��
����� bytesstored
01 ��
������ bytesstored
10 ��� bytesstored
11 ������� bytesstored

0 receiverFIFOnot empty

Table2: statusregister(EPPaddressreadcycles)

Bit Purpose
7 LED: STA
6 LED: CON
5 externalmodemconnector:RESET
4 transmitterFIFOenable
3 receiverFIFOEnable

2:0 interruptrateor FIFOstatus
000 interruptsoff
001 readreceiverFIFOcount
010 readtransmitterFIFOcount

Table3: controlregister(EPPaddresswrite cycles)



4 THE CURRENTDESIGN

RAM
32k*8
62256

state machine request/acknowledge
signals

iwaddr

iraddr

oraddr

owaddr

icount

ocount

+1/-1

data write bus

data read bus

Figure2: RAM controller

4.4 Serial to parallel and parallel to serial converter

Theserial/parallelconvertersaredoublybuffered,i.e. they containanadditionalstorageregisterbesides
the shift register. Theseblocksalsocontainthe control logic to requestemptying/filling of the storage
registerby theRAM controllerandto transferdatabetweenstorageandshift register.

4.5 Scrambler/Descrambler

Theseblocks containa G3RUH compatiblescrambler/descramblerand a differentialencoder/decoder.
Bothblockscanbebypassedindependentlytoaccomodateexternalmodemswhichusuallyalreadycontain
oneor theotherfunctionality. Theseblocksalsocontaintheswitchbetweentheinternalandtheexternal
modem,aswell assynchronisationcircuitry for theexternalmodemsignals.



4.6 Receiverclock regenerationandDCD logic
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4.6 Receiver clock regeneration and DCD logic

The clock recovery block extractsthe receive clock from the input datasignalusinga digitally imple-
mentedPLL. The input signal is oversampled16 times.The DCD signal is generatedfrom the phase
valuesof inputsignaledges.

4.7 FIR Filter

Justlike DF9IC [7] andtheG3RUH designs,this modemtoo usesa four fold oversamplingFIR filter of
length32. Theoversamplingsimplifiestheanalogtransmitterfilter. Unlike theaforementionedmodems,
this modemdoesnot usea tablewith precomputedfilter values,insteadit calculatesthefilter outputfor
eachcycle from the input dataandthefilter coefficients.This architecturesuitsthe FPGAbetterandan
externalEPROM with thefilter tablecanbeomitted.

Sincethemodemusesaninternalclock which is 16 timesfasterthanthetransmitclock,but thefilter
is supposedto be four fold oversampled,only 4 clocksremainto calculatethe filter value.Fortunately,
out of the32 input values,24 arezerothanksto the oversampling,andthe other8 areeither ��� or ��� .
Therefore,oneneedsto performonly 8 addsto implementthefilter. Sincethereareonly 4 cycles,thefilter
is split into two halveswith a dedicatedfinal adderaddingtheoutputsof bothhalves.Figure5 shows the
circuit.
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Figure5: TransmitterFIR filter

4.8 Clock generator

The clock generatordivides the frequency of the externaloscillatorby a variabledivisor in the range
1–1024andfeedstheinternalmodem.Themaximumclock frequency of theFPGAis 20MHz.

4.9 Analog Circuitry

Theanalogcircuitry wasmostly taken from anexisting modem[6]. The frequency determiningcompo-
nentshave beenscaledto the intendedbit rate(76.8kBit/s)andtheDAC hasbeenreplacedby a resistor
arrayfor costreasons.



5 Conclusion

Togetherwith the transceiver in [9], this adapterprovides cost effective high speedaccessto the fast
backbonecurrentlybeingbuilt in centraleurope.While therearemorebandwidthefficientsolutions,they
areusuallyconsiderablymoreexpensive. The designfits onto a two layer PCB in half eurocardformat
(10cm � 8cm)usingstandardthroughholecomponents.Thekit canthereforebebuilt by lessexperienced
amateurs.Kits andready-madedevicesshouldbeavailableby thetimeof publishingfrom Baycom[8].

Sincetheredesignedadapteris mostlycompatibleto theearlierdesign,therearealreadydriversavail-
ablefor majoroperatingsystems,suchasa FlexNetdriver for DOS/Windows95/Windows98anda Linux
driver.

Thedesignis quiteflexible. Althoughit hasaninternalmodem,it canstill bypasstheinternaloneto
accomodateanexternaloneshouldtheneedarise.It alsoprovidesenoughheadroomto increaseits bit rate
if necessary.

6 Outlook

Theprototypehasbeensuccessfullytestedrunningat 1MBit/s. TheCPUoverheadhowever wasconsid-
erable,25%measuredusinga 100MHz Pentiumcomputer. Thebiggerpartof theoverheadcomesfrom
theIO.

This could likely be changedby usingECPinsteadof EPP. EnhancedCapabilitiesPort (ECP)is an
alternative parallelport protocolinitially designedby Microsoft, but now alsostandardizedby IEEE [2].
All parallelport implementationsthesedaysalsosupportECP. In ECPmodethecontrollersimplementa
FIFO to decoupleCPUandparallelport,andthey mayuseDMA to transferthedatabetweenFIFO and
mainmemory. Datatransfercouldthereforebeoffloadedfrom theCPUto theDMA controller.

Thedownsideis thattheECPprotocolis considerablymorecomplex thantheEPPprotocol,especially
datatransferdirectionchangesareexpensive. Also, the Microsoft referenceimplementation,which just
abouteveryonecopied,hasadditionalrestrictionsnot inherentto theprotocol.
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Figure6: Circuit Diagram


