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Lab4 - SerialOutputPort

Introduction

In this labyouwill designaserialoutputinterface(a
“serialport”) capableof transmitting8-bit characters
at 9600bps. The interfacehasan 8-bit dataoutput
port andan8-bit statusinput port thatareaccessible
over thePC-104bus.

Thedesignconsistsof 7 parts:

� two addressdecoders

� an8-bit transmitdataregister

� an8-bit statusport

� adatabit multiplexer

� a9600Hz clockgenerator

� an11-statecontroller

You will also write an 8086 assembly-language
programto outputa string consistingof your name
andstudentnumberoverthisserialport. Youwill run
thisprogramonthelabSBC.Yourprogramwill out-
put thestringover yourserialport and,if everything
workscorrectly, you will seethestringdisplayedon
a secondterminalemulatorprogrammonitoringthe
labPC’ssecond(COM2)serialport:
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You maybeableto re-usethecodefor theoutput
port, the input port andpossiblytheclock generator
from previouslabs.Youneednot make thedifferent
partsof thedesigninto separatecomponents.

Hardware Description

The diagrambelow shows the internal structureof
theserialinterface:
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All registersareloadedsynchronouslywith the25
MHz systemclock,SYSCLK(seeLab2).

Address Decoders and Status Port

WhenIOW* is assertedandtheaddressbuscontains
220Htheload signalis asserted.

WhenIOR* is assertedandthe addressbus con-
tains 221H the done signal from the controller is
placedon the LS bit of the databus andthe MS 7
bitsaresetto zero.Otherwisethetri-statebusdriver
is left in high-impendancemode.

Transmit Data Register

This 8-bit registeris loadedwith thecontentsof the
data bus when the load signal is asserted. Note
thatthis registeris loadedsynchronouslywith the25
MHz systemclock.

Controller

The diagrambelow shows the statetransitiondia-
gramfor the controllerandthe valueplacedon the
serialoutputduringeachstate:
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The controller’s stateis set to the “start bit” state
whentheload signalis asserted.Thecontrollerstate
advancesto thenext statewhenthenextbit signal
is asserted.

Thebitselect signalis setaccordingto thecon-
troller stateandselectsoneof themultiplexer inputs.
Thedone signalis assertedwhenthecontrolleris in
theidle state.

Pick a stateencodingthatrepresentstheidle state
asanall-zerostateregistercontentsto avoid theneed
for additionalresetlogic.

Bit Clock Generator

The bit clock generatorcreatesa 9600 Hz signal
that is used to advance the controller state. To
generatea 9600 Hz signal this circuit countsfrom
25� 175� 000



9 � 600� 1 � 2 � 621down to 0. Notethat

the nextbit output shouldbe assertedon the last
clockperiod(i.e. whenthecountis 0).

Theclockgenerator’s counteris reset(to 2621)by
theload signalin orderto synchronizethebit clock
to thestartof thecharactertransmission.

Serial Data Multiplexer

This10-to-1multiplexersetstheserialdataoutputto
bea startbit (space,H, VHDL ’1’), oneof theeight
databits in thetransmitdataregister, or a stopbit or
idle level (mark,L, VHDL ’0’),

Thefollowing valuesareplacedon theserialout-
put:

� a ’1’ startbit

� oneof the eight databits in order from LS to
MS bit, and

� a ’0’ stopbit

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

VHDL ’1’). Whennocharacteris beingsenttheout-
putshouldbeat theidle (mark,L, VHDL ’0’) level.

The serial output shouldbe connectedto FPGA
pin 109(seeLab2 for location).

Pre-Lab Assignment

Beforethe lab you mustwrite, assembleandtestan
8086assembly-languageprogramthat doesthe fol-
lowing:

1. initializes a pointer to the first characterof an
ASCII string consistingof your nameandstu-
dentnumber

2. returnscontrol to DOS if the currentcharacter
is zero

3. waits until the statusbit indicatesthe buffer is
empty

4. writesthecurrentcharacterto theoutputport

5. incrementsthepointerto thenext character

6. loopsbackto step2

You shouldcomeup with a way to testasmuch
of yourprogramaspossible.For example,substitute
callsto theDOScharacterinputandoutputfunctions
in placeof theport inputandoutput.

You must also designthe circuit and test it by
simulatingits operation. Modify your codeto as-
sumethe clock frequency is 19200Hz ratherthan
25.175MHz whensimulatingtheoperationof your
circuit. Your simulationshoulddemonstratea status
readthat returns”done” status,a datawrite, and a
secondstatusreadreturning”not-done”.Thisshould
befollowedby at least11clockcycles(afterthefirst
write) to view thestartbit, thedatabits andthestop
bit beingtransmittedfor thefirst valuewritten. Then
show a statusreadthat returns”done” statusagain.
Verify thatthepolarityandbit orderarecorrect.

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

Lab Procedure

ConnectthePC-104addressbus,databus,IOR* and
IOW* to the FPGA pins on the interconnectboard
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asdescribedin theprevious labs.Connecttheserial
interfacecableto thePC’ssecondserialinterface(on
the

�
rearof the PC) usingthe cablesuppliedby the

TA. The serial interfaceconnectorcablesarewired
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-checkyourconnections
andturnon thepower.

Compileyour VHDL codeif you haven’t already
doneso,andconfiguretheFPGAasdescribedin the
previouslab.

Assembleand link your assemblycode if you
haven’t alreadydoneso. All of your files shouldbe
storedin a subdirectoryof the c:\max2work direc-
tory.

Run two copiesof the Windows Hypertermpro-
gram. The first shouldconnectto the SBCasusual
andbeusedto downloadandrunyourprogram.The
secondterminalemulatorprogramshouldbesetfor
adirectconnectionto COM2andabaudrateof 9600
bpsso thatyou canmonitor theoutputof your pro-
gram. Whenyou run your programyou shouldsee
yournameandstudentnumberdisplayedon thesec-
ondterminalemulatorwindow.

Whenyourdevice is workingproperlyasktheTA
to checkyour work. He will make sureyour device
worksasrequiredandaskyou oneor two questions
to verify yourunderstandingof thematerial.

Report

Submita short reportwith a written descriptionof
your circuit. Includea block diagramshowing the
connectionsbetweenthePC-104bus,theFPGAand
theserialoutput,a listing of yourassembly-language
program,theVHDL codeandaprintoutof thesimu-
lation waveformsthatdemonstratecorrectoperation
of yourdevice.

Optional Features

To get bonusmarksyou canimprove the designby
addinga control register(at address221H) that se-
lectsthefollowing options:

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

� differentword lengths(e.g.5, 6 ... 8 databits)

� anoptionalparitybit

� anoptionalsecondstopbit
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