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This exam hasfive (5) questions.The marksfor eachquestionareasindicated. Therearea total of 50
marks. Answerall questions.Write your answersn the exam book provided. Shav your work. You may
answetthe questionsn ary order Books,notesandcalculatorareallowed. You maykeepthis exampaper

Question 1 (10 marks)

Write a synthesizeabl®HDL descriptionof a “presetablet-bit binary counter’that meets
thefollowing specificationsThe device hasthe following VHDL entity declaration:

library ieee ;
use ieee.std _logic_1164.all ;
use ieee.std logic_arith.all ;

entity pdbc is
port (
clk, enable, load : in std |ogic ;
d: in unsigned (3 downto 0) ;
q : out unsigned (3 downto 0) ) ;
end pdbc ;

The only output,q, is a 4-bit binary number(q(3) beingthe MS bit). The device is syn-
chronous- the outputcanonly changeon therising edgeof theclock, cl k. If | oad is’1’
thevaluesonthed inputsarecopiedtoq. If | oad is’0’ andenabl e is’1’, thevalueof q is
incrementedOtherwisethe valueof g doesnotchange.

Write anarchitecturghatimplementshis device. Your designshouldbe synthesizeablby
Synopsy®DesignCompiler You neednotincludecommentsl i br ary or use statements.

Hint: use“+”

Question 2 (10 marks)

Write asynthesizeabl®HDL descriptionof a“wait stategenerator{a device which forces
a CPU to executewait states)hat meetsthe following specifications.The device hasthe
following VHDL entity declaration:



library ieee ;
use ieee.std logic_1164.all ;

entity wsg is
port (
clk, ads : in std_ logic ;
a: instd logic vector (15 downto 0) ;
hold : out std logic ) ;
end wsg ;

Thedevice hasthreeinputs:a16-bitaddres$rom theCPU(a), anactive-highaddresstrobe
from the CPU (ads) whichis active to indicatethe startof a CPU cycle anda clock(cl k).

The device hasoneoutput, an active-highsignal (hol d) thatindicatesto the CPU thatthe
CPUcycleis notyetcomplete.

Normally hol d is notassertedIf ads is assertean the rising edgeof the clock thenyour
circuit shouldasserthe hol d outputfor a numberof clock cyclesthatdependson the ad-
dressif theaddresss in therange8000to FFFF(hex) thenhol d shouldbe assertedior one
clock cycle; for otheraddressebol d shouldbeassertedor two clock cycles.

Thediagrambelor shavs someexamples:
a (hex) a=1340 a=A010 a=3122
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Write anarchitecturghatimplementshis device. Your designshouldbe synthesizeablby
Synopsy®DesignCompiler You neednotincludecommentsl i br ary or use statements.

Hints: TheMSbit of theaddress(a(15))is suficientto determingheaddressrange To help
in your designyou maywantto draw the device stateson the abovetiming diagram.

Question 3 (10 marks)

Thediagrambelaov shavs partof theinterfacebetweera hypotheticalmicroprocessoanda
MotorolaMC6290-45staticRAM. An addresslecodedrivesthe RAM’s chip enable(E*).
The RAM'’s write enable(W*) is driven by the CPU’s write strobe(WR*). The RAM’s
addresanddatabusesaredrivenby thecorrespondingcPUbuses.
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Thefollowing timing diagramandtable givesthe CPU’s write-cycle timing specifications.
Read-gcle timing specificationhave beenomitted.
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Characteristig Symbol| Min | Max | Unit
CycleTime teye 100| 100 | ns
DataSetup tos 25 - ns
DataHold ton 0 - ns
Write Width twr 33 - ns
Write Delay taw 40 - ns

Thefollowing timing diagramshavs the SRAM write-cycle timing diagram.
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The table belov shavs six SRAM write-cycle timing requirementghat needto be met.

Obtainexpressiongor theserequiremente termsof the symbolsfor the CPUtiming spec-
ificationsgivenabore. Obtainvaluesfor theseexpressionsn nanoseconddszind theamount
by which the requirements exceededin nanosecondsgndstatewhetherthe requirement
is metor not (Y[es] or N[o]). Give youransweiin theform of atableasshavn below (you

may omit thefirst column).

Requirement Guaranteed Margin | Met
Parameter | Symbol| Min. (ns) | Expression| Value| (ns) | (Y/N)
Write CycleRequirements
Write CyCIe tavay 45
AddressSetup tavwi 0
Addressvalid to Endof Write | tavwn 35
Write PulseWidth twiwn 35
DataValid to End of Write tovwH 20
DataHold twHDX 0

Question 4 (10 marks)

Draw the schematicof a memorysystemfor a 16-bit CPU providing a total of 64 kBytes
using16k by 4 ROMs. Assumethe CPU hasa 20-bit addressius (of which Al to A23 are
available externally), and a 16-bit databus (DO to D15). Eachmemorychip hasdataout
pins (Q0, Q1, ...), addressnputs (A0, Al, ...), andan active-low chip-selectsignal (CS*).

TheCS* pinsshouldbedrivenfrom anaddresslecodingeircuit with anappropriateaumber
of outputs. You may assumeall memorychips’ outputsaretri-statedwhenthe CS* is not
asserted.

Shawv the connectiondetweernthe CPU, the decoderandthe memorychip pins. The con-
nectionsmustbe unambiguous You may usethe bus notationdescribedn Assignment4.
Thedetailsof theaddresslecodemneednotbe shavn.

Hint: Usea full pageto draw your diagram.

Question 5 (10 marks)

For the following questionsyou neednot explain your answer Make sureyour answers
unambiguous.

(&) Which of the following timing specificationsvould you expecta ROM to have: (i) a
hold time, (ii) a setuptime, (iii) anaccesgime? Which of thesespecificationsvould
you expecta DRAM to have?

(b) For eachtypeof memoryin column“A” selectthe bestmatchingentryin column“B”.
Write your answeran numericalorderandshav the numberandthe selectedetter
unambiguously



A B

1 DRAM A 8KkB datamemoryin fastDSP
processor

2 SRAM B software-upgradeabl®oot-up
codein aPC

3 flashEEPROM C programmemoryfor a video
gamecartridge

4 OTPROM D 8 MB image buffer in laser
printer

(c) Thevalue3456(hex) is written to memorylocation2001(hex) by anIntel 386SXpro-
cessar Which memorylocation(s)will be written (specifythe byte the address(es))?
Whatwill thenew value(s)be?

(d) OnanIBM PCcompatiblecomputerthe ISR for thefirst serialport (connectedo the
PIC’s IR4 input) wasexecutingwhenthe timer causedhe PIC’s IR0 input to be as-
serted Whatarethe minimumstepgshatmusthave happenedothatthetimer ISR will
be executed:

(i) theserialportISR sentthe PIC anEOI instruction
(if) theserialportISR setthelF bit
(iii) both(i) and(ii)

(e) The RTS/CTSpins areusedby the standardoriginal) RS-232interfaceto control the
flow of data:

(i) fromtheDCEtotheDTE
(it) fromtheDTE to theDCE
(iii) both(i) and(ii)



