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Lab4 - SerialOutputPort

Introduction Hardware Description

In thislabyouwill designaserialoutputinterface(a The diagrambelov shavs the internal structureof
“serial port”) capableof transmitting8-bit characters theserialinterface:
at 9600bps. The interface hasan 8-bit dataoutput

portandan 8-bit statusinput portthatareaccessible °° Y serial data
overthePC-104bus. ARl ©g
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MHz systenclock, SYSCLK (seelLab 2).
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You will also write an 8086 assembly-languagewhenlOw* is assertedindtheaddresus contains
programto outputa string consistingof your name 220Hthel oad signalis asserted.
andstudennumberoverthisserialport. Youwill run WhenIOR* is assertecandthe addressus con-
this programon thelab SBC. Your programwill out- tains 221H the done signal from the controller is
put thestringover your serialportand,if everything placedon the LS bit of the databus andthe MS 7

workscorrectly youwill seethestringdisplayedon pts aresetto zero. Otherwisethetri-statebus driver
a seconderminalemulatorprogrammonitoringthe s jeft in high-impendancenode.

lab PC’s second COM2) serialport:
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" This 8-bit registeris loadedwith the contentsof the
data bus when the | oad signalis asserted. Note
PC-104 thatthis registeris loadedsynchronouslyvith the 25
sec FPGA MHz systemclock.
Controller

You may be ableto re-usethe codefor the output
port, the input port andpossiblythe clock generator The diagrambelov shavs the statetransitiondia-
from previouslabs. You neednot male thedifferent gramfor the controllerandthe value placedon the
partsof the designinto separateomponents. serialoutputduringeachstate:
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The controllers stateis setto the “start bit” state
whenthel oad signalis assertedThecontrollerstate
adwancedo the next statewhenthenext bi t signal
is asserted.

Thebi t sel ect signalis setaccordingo thecon-
troller stateandselectoneof themultiplexerinputs.
Thedone signalis assertedvhenthe controlleris in
theidle state.

Pick a stateencodingthatrepresentsheidle state
asanall-zerostateregistercontentdo avoid theneed
for additionalresetlogic.

load=1

Bit Clock Gener ator

The bit clock generatorcreatesa 9600 Hz signal
that is usedto adwancethe controller state. To
generatea 9600 Hz signal this circuit countsfrom
25,175000/9,600— 1 = 2,621down to 0. Notethat
the next bit output shouldbe assertecn the last
clock period(i.e. whenthe countis 0).

Theclock generatos counteris reset(to 2621)by
thel oad signalin orderto synchronizehebit clock
to thestartof the charactetransmission.

Serial Data Multiplexer

This 10-to-1multiplexer setstheserialdataoutputto
be a startbit (spaceH, VHDL '1’), oneof theeight
databits in thetransmitdataregister or a stopbit or
idle level (mark,L, VHDL '0"),

Thefollowing valuesare placedon the serialout-
put:

e a’'l’ startbit

e one of the eight databits in orderfrom LS to
MS bit, and
e a’0" stopbit

dependingon the value of bitsel ect. Note that
the RS-232standardequiresthat a logic 0 databit
should be output as a high logic level (space,H,

VHDL '1"). Whenno characters beingsenttheout-
putshouldbeattheidle (mark,L, VHDL '0’) level.

The serial output shouldbe connectedo FPGA
pin 109 (seeLab 2 for location).

Pre-Lab Assignment

Beforethe lab you mustwrite, assemblendtestan
8086 assembly-languagarogramthat doesthe fol-
lowing:

1. initializes a pointerto the first characterof an
ASCII string consistingof your nameand stu-
dentnumber

2. returnscontrolto DOS if the currentcharacter
is zero

3. waits until the statusbit indicatesthe buffer is
empty

4. writesthecurrentcharacteto the outputport
5. incrementghe pointerto the next character

6. loopsbackto step2

You shouldcomeup with a way to testasmuch
of your programaspossible For example substitute
callsto theDOScharactemputandoutputfunctions
in placeof the portinputandoutput.

You must also designthe circuit and testit by
simulatingits operation. Modify your codeto as-
sumethe clock frequeng is 19200Hz ratherthan
25.175MHz whensimulatingthe operationof your
circuit. Your simulationshoulddemonstrata status
readthat returns"done” status,a datawrite, and a
secondstatusreadreturning’not-done”. Thisshould
befollowedby atleast11 clock cycles(afterthefirst
write) to view the startbit, the databits andthe stop
bit beingtransmittedor thefirst valuewritten. Then
shav a statusreadthat returns”done” statusagain.
Verify thatthe polarity andbit orderarecorrect.

You will be asked to hand in your VHDL code and
assembly listings at the start of the lab.

Lab Procedure

ConnecthePC-104addres$us,databus,|IOR* and
IOW* to the FPGA pins on the interconnectboard



asdescribedn the previouslabs. Connectheserial  Optional Features

interfacecableto thePC’'s secondserialinterface(on

the rear of the PC) usingthe cablesuppliedby the To getbonusmarksyou canimprove the designby
TA. The serialinterface connectorcablesarewired addinga control register (at addres221H) that se-

asfollows:
Colour | DB-25 | Signal | Direction
Colour| pin onDTE
Red 2 TxD Output
White 3 RxD Input
Black 7 Common| Ground

For this lab you shouldusethe black (ground)and
white (signal)lines. Double-check/our connections
andturnonthepower.

Compileyour VHDL codeif you havent already
doneso,andconfigurethe FPGAasdescribedn the
previouslab.

Assembleand link your assemblycode if you
haven't alreadydoneso. All of your files shouldbe
storedin a subdirectoryof the ¢: \ max2wor k direc-
tory.

Run two copiesof the Windows Hypertermpro-
gram. Thefirst shouldconnectto the SBC asusual
andbeusedto downloadandrunyour program.The
seconderminalemulatorprogramshouldbe setfor
adirectconnectiorto COM2andabaudrateof 9600
bpssothatyou canmonitor the outputof your pro-
gram. Whenyou run your programyou shouldsee
your nameandstudennumberdisplayedonthesec-
ondterminalemulatorwindow.

Whenyour device is working properlyaskthe TA
to checkyour work. He will make sureyour device
worksasrequiredandaskyou oneor two questions
to verify your understandingf the material.

Report

Submita shortreportwith a written descriptionof
your circuit. Include a block diagramshaving the
connectionbetweerthe PC-104bus,the FPGAand
theserialoutput,alisting of yourassembly-language
programtheVHDL codeanda printoutof thesimu-
lation waveformsthatdemonstrateorrectoperation
of your device.

lectsthefollowing options:

o differentbit rates(e.g. 57600,38400,... 300
bps)

o differentwordlengths(e.g.5, 6 ... 8 databits)
e anoptionalparity bit

e anoptionalsecondstopbit



