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This examhasfive (5) questionson five (5) pages.Themarksfor eachquestionareasindicated.There
area total of 50 marks. Answerall questions.Write all answersin the exam book provided. Show your
work. You may answerthe questionsin any order. Books,notesandcalculatorsareallowed. Show your
work. You maykeepthisexampaper.

Question 1 (10 marks)

This questionasksyou to designhardware to implementthesamecarheadlightcontroller
describedin the mid-term exam. This controller implementsa delay featureso that the
headlightsstayon for 30secondsafterthedriver turnstheheadlightswitchoff.

Thedevicehasthefollowing VHDL entity declaration:

library ieee ;
use ieee.std_logic_1164.all ;
use ieee.std_logic_arith.all ;

entity lightdelay is
port (

lights : out std_logic ;
switch, clk : in std_logic ) ;

end lightdelay ;

The lights outputcontrolsthe headlights:a high outputturnsthemon anda low output
turnsthemoff. Theheadlightswitch input is high whenthedriver turnstheswitchon and
low whenthedriver turnstheswitchoff. Theclock input,clk, frequency is 10Hz.

Your hardwareshouldturn theheadlightson whenthedriver turnstheswitchon. After the
driver turnsthe switch off, thereshouldbe a delayof 30 secondsandthenthe headlights
shouldbe turnedoff. The driver shouldbeableto turn the headlightsbackon during this
delaytime. Theheadlightsshouldcomeonwithin averyshorttime(

�
100ms)of theswitch

beingturnedon.

Write anarchitecturethat implementsthis deviceandis synthesizeableby MaxPlus+II.You
may useonly std_logic, std_logic_vector or unsigned types. Use type conversion
functionsas necessary. Any process in your VHDL codemust containexactly one if
statementcontrollingoneormoresimplesignalassignmentstatements.Youneednotinclude
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comments,library or use statements.Youneednotsynchronizeinputsor registeroutputs
(for glitch removal). Youmayignoretheinitial (uninitialized)stateof thedevice.

Hints: Draw an(incomplete)statetransitiondiagram.Use“-” or “+”.

Question 2 (10 marks)

Write a function,getdigits:, in 8086assemblylanguagethat readscharactersandstores
themin a buffer.

Whenyour functionis called,theregisterBX will containtheoffsetof thebuffer wherethe
charactersareto bestored.

Your functionshouldcall a function,getch, that readsonecharacterandreturnsit in AL.
getch doesnotmodify any registersexceptAL. Youdonothaveto write thegetch function.

Your functionshouldreturnwhentheline-feed(0AH) characteris read.This line-feedchar-
actershouldnot bestoredin thebuffer.

Your functionshouldalso“throw away” (not store)any charactersthatareoutsidetherange
’0’ to ’9’ (30H to 39H inclusive).

Your functionshouldkeeptrackof thenumberof charactersthatarestoredin thebuffer and
placethis valuein AX whenit returns.

Your function mustsave any registersit modifiesandrestorethem,exceptfor AX, before
returningwith aRET instruction.

You mustdeclarestoragefor any variables.You neednot includecommentsor assembler
directivessuchassegment, assume or org.

Hints: Write a C, flowchart, pseudo-code,or otherhigh-levelsolutionbefore youstart cod-
ing.

Question 3 (10 marks)

Thediagrambelow showspartof theinterfacebetweenaMotorolaDSP56002microproces-
sorandaSamsungK6T1008C2CSRAM:
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The microprocessor’s datastrobe(DS*) signaldrivesthe RAM’s chip select(CS1*). The
RAM’s write enable(WE*) is drivenby theCPU’s write signal(WR*). TheRAM’s output
enable(OE*) is drivenby theCPU’sreadsignal(RD*). TheRAM’ssecondchipselect(CS2)
is alwaysenabled.The RAM’s addressanddatabusesareconnectedto thecorresponding
CPUbuses.
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Thefollowing figureshows theCPUreadandwrite cycle timing diagrams(bothareshown
on thesamediagram).

Thefollowing tableshow someof theCPUtiming specifications.Thefirst columnidentifies
the specificationon the timing diagram. The third column is the minimum valueandthe
fourthcolumnis themaximumvalue.AssumeTC is 25ns,TL � TH � 12� 5nsandWS � 1.

The following diagramshows the SRAM write-cycle timing diagram. Note that the write
cycle endswhenthefirst of CS* or WE* goesinactive.

3



The table below shows five SRAM write-cycle timing requirementsthat needto be met.
Obtainexpressionsfor theserequirementsin termsof thesymbolsfor theCPUtiming spec-
ificationsgivenabove. Usesymbolof theform tn wheren is thenumberfrom thediagram
(e.g. t120). Obtainvaluesfor theseexpressionsin nanoseconds.Find theamountby which
the requirementis exceeded(in nanoseconds)andstatewhetherthe requirementis met or
not (Y[es] or N[o]). Give your answerin theform of a tableasshown below. Youmayomit
thefirst column.Write your answerin your exambook– noton theexampaper.

Requirement Guaranteed Margin Met
Parameter Symbol Min. (ns) Expression Value (ns) (Y/N)
Write CycleRequirements
Write PulseWidth tWP 40
Datato Write Time Overlap tDW 25
DataHold from Write tDH 0
AddressValid to Endof Write tAW 45
Write Recovery tWR 0

Question 4 (6 marks)

Thisquestionasksyou to designamemorysystemfor aCPUthathasan16-bitaddressbus,
A0 to A15 andan8-bit databus(D0 to D7). Thememorysystemprovidesa totalof 16kBytes
using8k by 4 ROMs. Eachmemorychip hasdataout pins(Q0, Q1, �	�	� ), addressinputs(A0,
A1, ...), andanactive-low chip-selectsignal(CS*). TheCS* pinsaredrivenfrom anaddress
decodingcircuit with anappropriatenumberof outputs.

(a) Draw theschematicof thememorysystemshowing theconnectionsbetweentheCPU,
the decoderandthe memorychip pins. The connectionsmustunambiguouslyshow
whichCPUsignalsconnectto whichmemorysignals.
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Hint: Usea completepagefor yourdiagram.

(b) Giventhefollowing VHDL entity declaration:

library ieee ;
use ieee.std_logic_1164.all ;

entity decoder is
port (

a : in std_logic_vector (15 downto 0) ;
cs0, cs1, ... : out std_logic ) ;

end decoder ;

write an architecturethat setsthevalue(s)of the active-lowchip-selectsignalsCS0*,
CS1*, . . . so that the16 kByte memoryregion startsat address8000Handaddresses
arefully decoded.

Question 5 (14 marks)

(a) For eachbus in column“A” selectthebestmatchingentry in column“B”. Write your
answersin numericalorderandshow thenumberandtheselectedletterunambiguously.
For thispartyouneednotexplainyouranswer. Makesureyouransweris unambiguous.

A B
1 PC-104 A synchronous
2 “Centronics” B standarddevice interfaces
3 SCSI C unidirectional
4 PCI D ISA-like
5 RS-232 E usesbridges
6 USB F UART

(b) Thefirst 4 bytesof memoryin a PChave thefollowing values(in hex): 00 10 20 30.
Whatarethesegmentandoffsetof theaddressof thedivide-by-zeroexceptionhandler?
Whatis thephysicaladdress(asa 5-digit hex number)?

(c) Thefollowingdiagramshowsthewaveformasacharacteris transmittedoveranRS-232
serialinterface.What is thehex valueof thecharacterthatwastransmitted?What is
thebaudrate?
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