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This examhasfive (5) questions.Themarksfor eachquestionareasindicated.Therearea total of 50
marks.Answerall questions.Write your answersin theexambookprovided. Show your work. You may
answerthequestionsin any order. Books,notesandcalculatorsareallowed.Youmaykeepthisexampaper.

Question 1 (10marks)

Write a synthesizeableVHDL descriptionof a “presetable4-bit binarycounter”thatmeets
thefollowing specifications.Thedevicehasthefollowing VHDL entitydeclaration:

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

entity p4bc is
port (

clk, enable, load : in std_logic ;
d : in unsigned (3 downto 0) ;
q : out unsigned (3 downto 0) ) ;

end p4bc ;

The only output,q, is a 4-bit binarynumber(q(3) beingthe MS bit). The device is syn-
chronous– theoutputcanonly changeon the rising edgeof theclock, clk. If load is ’1’
thevalueson thed inputsarecopiedto q. If load is ’0’ andenable is ’1’, thevalueof q is
incremented.Otherwisethevalueof q doesnotchange.

Write anarchitecturethatimplementsthis device. Yourdesignshouldbesynthesizeableby
SynopsysDesignCompiler. Youneednot includecomments,library or use statements.

Hint: use“+”

Question 2 (10marks)

Write asynthesizeableVHDL descriptionof a “wait stategenerator”(adevicewhich forces
a CPU to executewait states)that meetsthe following specifications.The device hasthe
following VHDL entitydeclaration:
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library ieee ;
use ieee.std_logic_1164.all ;

entity wsg is
port (

clk, ads : in std_logic ;
a : in std_logic_vector (15 downto 0) ;
hold : out std_logic ) ;

end wsg ;

Thedevicehasthreeinputs:a16-bitaddressfrom theCPU(a), anactive-highaddressstrobe
from theCPU(ads) which is active to indicatethestartof aCPUcycle anda clock(clk).

Thedevice hasoneoutput,an active-highsignal(hold) that indicatesto the CPU that the
CPUcycle is notyetcomplete.

Normally hold is not asserted.If ads is assertedon the rising edgeof theclock thenyour
circuit shouldassertthehold outputfor a numberof clock cyclesthatdependson thead-
dress:if theaddressis in therange8000to FFFF(hex) thenhold shouldbeassertedfor one
clockcycle; for otheraddresseshold shouldbeassertedfor two clockcycles.

Thediagrambelow showssomeexamples:

ads

clk

hold

a (hex) a=3122a=1340 a=A010

Write anarchitecturethatimplementsthis device. Yourdesignshouldbesynthesizeableby
SynopsysDesignCompiler. Youneednot includecomments,library or use statements.

Hints: TheMSbit of theaddress(a(15))is sufficientto determinetheaddressrange. To help
in yourdesignyoumaywantto draw thedevicestateson theabovetimingdiagram.

Question 3 (10marks)

Thediagrambelow showspartof theinterfacebetweenahypotheticalmicroprocessoranda
MotorolaMC6290-45staticRAM. An addressdecoderdrivestheRAM’s chip enable(E*).
The RAM’s write enable(W*) is driven by the CPU’s write strobe(WR*). The RAM’s
addressanddatabusesaredrivenby thecorrespondingCPUbuses.
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Thefollowing timing diagramandtablegivestheCPU’s write-cycle timing specifications.
Read-cycle timing specificationshave beenomitted.

Address

Data

WR*

tcyc

tAW

tDHtDS

tWR

Characteristic Symbol Min Max Unit
CycleTime tcyc 100 100 ns
DataSetup tDS 25 - ns
DataHold tDH 0 - ns
Write Width tWR 33 - ns
Write Delay tAW 40 - ns

Thefollowing timing diagramshows theSRAM write-cycletiming diagram.
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The table below shows six SRAM write-cycle timing requirementsthat needto be met.
Obtainexpressionsfor theserequirementsin termsof thesymbolsfor theCPUtiming spec-
ificationsgivenabove. Obtainvaluesfor theseexpressionsin nanoseconds.Findtheamount
by which the requirementis exceeded(in nanoseconds)andstatewhetherthe requirement
is metor not (Y[es] or N[o]). Give youranswerin theform of a tableasshown below (you
mayomit thefirst column).

Requirement Guaranteed Margin Met
Parameter Symbol Min. (ns) Expression Value (ns) (Y/N)
Write CycleRequirements
Write Cycle tAVAV 45
AddressSetup tAVWL 0
AddressValid to Endof Write tAVWH 35
Write PulseWidth tWLWH 35
DataValid to Endof Write tDVWH 20
DataHold tWHDX 0

Question 4 (10marks)

Draw the schematicof a memorysystemfor a 16-bit CPU providing a total of 64 kBytes
using16k by 4 ROMs. AssumetheCPUhasa 20-bit addressbus(of which A1 to A23 are
availableexternally), anda 16-bit databus (D0 to D15). Eachmemorychip hasdataout
pins (Q0, Q1, ����� ), addressinputs (A0, A1, ...), andan active-low chip-selectsignal (CS*).
TheCS* pinsshouldbedrivenfrom anaddressdecodingcircuit with anappropriatenumber
of outputs. You may assumeall memorychips’ outputsaretri-statedwhentheCS* is not
asserted.

Show theconnectionsbetweentheCPU,thedecoderandthememorychip pins. Thecon-
nectionsmustbe unambiguous. You mayusethebus notationdescribedin Assignment4.
Thedetailsof theaddressdecoderneednotbeshown.

Hint: Usea full pageto draw yourdiagram.

Question 5 (10marks)

For the following questionsyou neednot explain your answer. Makesureyour answeris
unambiguous.

(a) Which of the following timing specificationswould you expecta ROM to have: (i) a
hold time, (ii) a setuptime, (iii) anaccesstime? Which of thesespecificationswould
youexpecta DRAM to have?

(b) For eachtypeof memoryin column“A” selectthebestmatchingentry in column“B”.
Write your answersin numericalorderandshow the numberandthe selectedletter
unambiguously.
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A B
1 DRAM A 8 kB datamemoryin fastDSP

processor
2 SRAM B software-upgradeableboot-up

codein a PC
3 flashEEPROM C programmemoryfor a video

gamecartridge
4 OTP ROM D 8 MB image buffer in laser

printer

(c) Thevalue3456(hex) is written to memorylocation2001(hex) by anIntel 386SXpro-
cessor. Which memorylocation(s)will bewritten (specifythebyte theaddress(es))?
Whatwill thenew value(s)be?

(d) On an IBM PCcompatiblecomputerthe ISR for thefirst serialport (connectedto the
PIC’s IR4 input) wasexecutingwhenthe timer causedthe PIC’s IR0 input to be as-
serted.Whataretheminimumstepsthatmusthavehappenedsothatthetimer ISRwill
beexecuted:

(i) theserialport ISRsentthePICanEOI instruction

(ii) theserialport ISRsettheIF bit

(iii) both(i) and(ii)

(e) TheRTS/CTSpins areusedby thestandard(original) RS-232interfaceto control the
flow of data:

(i) from theDCEto theDTE

(ii) from theDTE to theDCE

(iii) both(i) and(ii)
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