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Lab5 - SerialOutputPort

Introduction

In this lab you will designa serialoutput interface
capableof transmitting8-bit charactersat 9600bps.
Theinterfacehasan8-bit dataoutputportanda1-bit
statusinput port thatareaccessibleover thePC-104
bus.

Thedesignconsistsof 7 parts:

� an8-bit outputdatabuffer with addressdecoder
andcontrollogic

� a 1-bit input (status)port with addressdecoder
andcontrollogic

� a1-bit buffer-full flip-flop andcontrollogic

� an8-bit transmitdataregisterandcontrollogic

� acontroller(an11-statestate-machine)

� a transmitdata-bitmultiplexer

� a9600Hz clockgenerator

You maybeableto re-usetheoutputport, thein-
putportandpossiblytheclockgeneratorfrom previ-
ouslabs.

You will also write an 8086 assembly-language
programto output your nameand studentnumber
over the serial port. You will run the programon
thelab SBCanddisplaytheoutputof theserialport
usinga (second)terminalemulatorprogramrunning
on thelabPC.

Hardware Description

The diagrambelow shows the internal structureof
theserialinterface:
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This 8-bit registeris loadedwhentheCPUwritesto
I/O port 220H.A risingedgeon IOW* whenthead-
dressbus contains220H causesthe contentsof the
databusto beloadedinto thebuffer. This is theonly
registerthatis notclockedby the25.175MHz clock.
The addressdecoderlogic generatesthe active-low
load strobewhich is usedto monitor thebuffer sta-
tus.

Buffer Full/Empty Status

This circuit’s full output indicatesthat the buffer
register has beenwritten by the CPU but that the
buffer register has not yet beentransferredto the
transmitdataregister. full is seton the first clock
edgeafter the rising edgeof the load signalandis
resetwhenstart is active.

In orderto to detectthe rising edgeof load you
will have to usethesamelogic asin thepreviouslab
(i.e. comparethecurrentvalueof load to its previ-
ousvalue). Therewill beseveralclock cycleswhile
load is asserted.
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Controller

The
�

diagrambelow shows the statetransitiondia-
gramfor the controllerandthe valueplacedon the
serialdataoutputduringeachstate(thereshouldbe
no statetransitionsfor conditionsother than those
shown):
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While a characteris being transmittedthe con-
troller causesa space(high, VHDL ’1’), oneof the
eight data bits or a mark (low, VHDL ’0’) to be
placedon theserialdataoutput.

The start signal is assertedwhen the buffer is
full andthetransmissionof thepreviouscharacteris
complete(i.e. whenfull is assertedand the state
machineis in theidle state).

Pick a stateencodingthatrepresentstheidle state
asall-zerostateregistercontentsto avoid the need
for additionalresetlogic.

Bit Clock Generator

The bit clock generatorcreatesa 9600 Hz signal
that advancesthe controllerstatemachine.To gen-
eratea 9600 Hz signal this circuit countsfrom 0
to 25	 175	 000
 9 	 600 � 1 � 2 	 621. Note that the
nextbit outputshouldbeassertedon the last clock
period (i.e. when the count is 2,621). The clock
generator’s counteris resetby the start signal to
synchronizethebit clock to thestartof thecharacter
transmission.

Status Input Port

TheCPUcanreadthis8-bit registeratI/O port221H.
Duringareadfrom thisaddress(a low level onIOR*
whentheaddressbuscontains221H)thefull bit is
placedonthemostsignificantbit of thedatabuswith
theotherbits setto zero.Otherwisethebusdriver is
left in high-impendancemode.

Transmit Data Register

This 8-bit register is loadedfrom the buffer if the
start signalis asserted.

Serial Data Multiplexer

This10-to-1multiplexersetstheserialdataoutputto
bea startbit (space,H, VHDL ’1’), oneof theeight
databits in the transmitdataregister, or a stopbit
or idle level (mark,L, VHDL ’0’), dependingon the
valueof bitselect. NotethattheRS-232standard
requiresthata logic 0 databit shouldbeoutputasa
high logic level (space,H, VHDL ’1’).

Pre-Lab Assignment

Beforethelab you mustwrite, assembleandtest(to
theextentpossible)an8086assembly-languagepro-
gramthatdoesthefollowing:

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

� returnscontrol to DOS if the currentcharacter
is zero

� waits until the statusbit indicatesthe buffer is
empty

� writesthecurrentcharacterto theoutputport

� incrementsthepointerto thenext character

� loopsbackto step2

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 sta-
tusreadthatreturns”not-full” status,a datawrite, a
seconddatareadreturning”not-full”, a seconddata
write anda third datareadshowing ”full” status.Al-
low the simulationto continuefor at least22 clock
cyclesafter the first write to view the startbit, the
databits and the stop bit being transmittedfor the
first value written. Verify that the polarity and bit
orderarecorrect.
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TheTA will askto seeyourassemblylistings,the
VHDL code and the simulation waveforms at the
startof thelab. You musthandin thesimulationre-
sultsandtheassembly-languageprogramevenif you
areunableto completethelab.

Lab Procedure

Connectthe PC-104addressand databus signals,
IOR* andIOW* to the FPGApinson the intercon-
nectboardasdescribedin thepreviouslabs.Double-
checkyourconnectionsandturnon thepower.

Connecttheserialdataoutputto thePC’s second
serialinterfaceusingthecablesupplied.

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 thec:\max2work directory.

Run two copiesof the Windows Hypertermpro-
gram. The first shouldconnectto the SBCasusual
andbeusedto downloadandrunyourprogram.The
secondterminalemulatorprogramshouldbesetfor
adirectconnectionto COM2sothatyoucanmonitor
theoutputof yourprogram.Whenyourunyourpro-
gramyou shouldseeyournameandstudentnumber
displayedon thesecondterminalemulatorwindow.

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,theFPGAthe
LED andthepushbutton,a listing of yourassembly-
languageprogram,theVHDL codeandaprintoutof
the simulationwaveformsthat demonstratecorrect
operationof yourdevice.

Optional Features

To get bonusmarksyou canimprove the designby
addingadda control register(at address221H) that

selectsthefollowing options:

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

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

� anoptionalparitybit

� anoptionalsecondstopbit
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