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This examhasfive (5) questions.The marksfor eachquestionareasindicated. Therearea total of 61
marks. Answerall questions.Write your answersn the exambook provided. Shav your work. You may
answetthe questionsn ary order Books,notesandcalculatorareallowed. You maykeepthis exampaper
Questionl (15marks)

This questiomasksyou to designa device thatis partof a binarydivision circuit.
Thedevice hasthefollowing VHDL entity declaration:

library ieee ;
use ieee.std logic_1164.all ;
use ieee.std logic arith.all ;

entity divider is
port (
n_in, d_in: in unsigned (15 downto 0) ;
g_out : out std logic ;
load, clk : in std_logic) ;
end divider ;

This device hastwo internal8-bit registers:n andd.
Theg_out outputshouldalwaysbesetto’l’ if n islessthanorequaltod, and’0’ otherwise.

On eachrising edgeof the clock if | oad is ‘1’ your designshouldsetn to n_i n andd to
din.

On eachrising edgeof theclockif | oad is not‘1’ your circuit shouldsetthevalueof n as
follows:

e if g_out is’1’, it setsn ton minusd divided by two (%)

e if g_out is’0’ it setsn to n dividedby two (5)
Write anarchitecturghatimplementghis device andis synthesizeablby MaxPlus+ll.Use
type conversionfunctionsas necessary Any process in your VHDL codemustcontain

exactly onei f statemensurroundingoneor two simplesignalassignmentsYou neednot
includecommentsl i brary oruse statements.

Hints: use“-” or “+”. MaxPlus+llallowsyouto divideunsi gned valuesby 2.
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Question2 (14 marks)

Write a subroutinepuf out : , in 8086assemblyjanguageahatwrite bytesfrom a buffer to
a peripheral. The peripheralis accessedhroughan 8-bit outputdataregisterat I1/0 (not
memory)addresslO0H, an 8-bit statusregisterat I/O addresslO1H and an 8-bit control
registeralsoataddres401H:

data ‘D?‘DG‘DS‘D4‘D3‘D2‘D1‘DO‘
0x100

<— undefined ——

e [ [ 1 [ [ [ [w

0x101

<«—— noeffect ——

control ‘ ‘ ‘ ‘ ‘ ‘
0x101

strobe

Beforewriting eachbyteto the dataregisteryour programmustwait until the LS bit of the
statusregister(r eady) is setto '1’.

After writing eachbyteto the dataregisteryour programmustsetthe LS bit of the control
port(thest r obe bit) to’0’ andthento'1’.

Notethatthe otherbits of the statusregisterareundefinedandonly the LS bit of the control
registerhasary effect.

DS:BXwill pointto thestartof thebuffer whenyourfunctionis called. Theendof the buffer
will beindicatedby a bytewith azero(null) value.Your functionmustsave andrestoreary
registersit modifiesbeforereturningcontrolto the calling functionwith a RET instruction.
You mustdeclarestoragefor ary variablesyou use,but you neednotincludecommentsor
assembledirectivessuchassegnment , assune oror g.

Question3 (10 marks)

Thediagrambelow shaws partof theinterfacebetweera hypotheticaimicroprocessoanda
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 the correspondingPUbuses.

CPU MCM6290-45
14 —
Address A
| 1
address E*
decoder
4

Data Q
WR* W*

Thefollowing timing diagramandtable givesthe CPU’s write-cycle timing specifications.
Read-gcle timing specificationhave beenomitted.
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tcyc

Address % W
| | DS | Y™~ tDH
\
Data %‘ N‘ } ‘D(/
\ ]
| ‘ tWR ‘
WR* ‘ tAW \4—‘/7
\
Characteristig Symbol| Min | Max | Unit
CycleTime toye 100| 100 | ns
DataSetup tbs 25 - ns
DataHold toH 0 - ns
Write Width twr 33 - ns
Write Delay taw 40 - ns

Thefollowing timing diagramshavs the SRAM write-cycle timing diagram.

[

Ay
A (ADDRESS) ‘k )(

TAVWH 1 TWHAX

E (CHIP ENABLE) \ /

WiwH —————

W (WRITE ENABLE) 1& 7[

re— tAVWL — tOVWH — YWHDX
twLaz —>-

HIGH-Z HIGH-Z

Q {DATA OUT)

wHax

The table belov shawvs six SRAM write-cycle timing requirementghat needto be met.
Obtainexpressiongor theserequirementsn termsof the symbolsfor the CPUtiming spec-
ificationsgivenabove. Obtainvaluesfor theseexpressionsn nanoseconddszindtheamount
by which the requiremenis exceededin nanosecondsynd statewhetherthe requirement
is metor not (Y[es] or N[0]). Give youranswerin theform of atableasshavn below (you

may omit thefirst column).



Requirement Guaranteed Margin | Met
Parameter | Symbol| Min. (ns) | Expressior] Value| (ns) | (Y/N)
Write Cycle Requirements
Write Cycle tavay 45
AddressSetup tavwiL 0
Addressvalid to End of Write | taywn 35
Write PulseWidth twLwH 35
DataValid to End of Write tovwH 20
DataHold twHDX 0

Question4 (10 marks)

Draw the schematicf a memorysystemfor an 8-bit CPU providing a total of 32 kBytes
using 16k by 4 ROMs. Assumethe CPU hasa 20-bit addressus (A0 to A19), andan 8-
bit databus (D0 to D7). Eachmemorychip hasdataout pins (Q0, Q1, ...), addressnputs
(A0, AL, ...),andanactwve-low chip-selecsignal(CS*). TheCS* pinsshouldbedrivenfrom
an addresgdecodingcircuit with an appropriatenumberof outputs. You may assumeall
memorychips’ outputsaretri-statedwhenthe CS* is notasserted.

Shawv the connectiondetweenthe CPU, the decoderandthe memorychip pins. The con-
nectionsmustbeunambiguousYou mayusethebusnotationX[ n: nj to indicateasubsebf
the signalsof X consistingof bits n throughm. For example,the following diagramshows

thatD2 connectgo Q6 andD3 connectgo Q7:
D[2:3] Q[6:7]

To avoid ambiguity placepin (signal)labelsinsidetherectanglesepresentinghe chipsand
thecorrespondindpuslabelsoutside.

Thedetailsof theaddresslecodeneednot beshown.
Hint: Usea full page to draw your diagram.

Question5 - “Best Match” (12 marks)

For eachtermin columnA selectthe bestmatchingentryin columnB. Thereis oneitemin
columnA for eachdescriptionin columnB andonedescriptionin columnB for eachitem
in columnA. Write your answersn numericalorderandshav the numberandthe selected
letterunambiguouslyNo additionalmarkswill be deductedor incorrectanswers.



A B

1 DMA controllers A canbe written to andretainscontentswhen
poweris removed

2 partialdecoding B issimilarto the8086processobus

3 SRAM C canmaskindividualinterrupts

4 DRAM D isusedto implementaserialinterface

5 EEPROM E isbasednthe8088processor

6 HDLC F isatypeof peripherabus

7 ISAbus G canoperatan cycle-stealingnode

8 SCsSI H preventsuseof thefull memoryspace

9 ISAbus I hasmultiplexedaddressanddatabuses

10 UART J storesdataaschageona capacitor

11 Intel 8088 K usedhit stuffing

12 8259interruptcontroller | L canretaincontentsfor long periodsusing a
battery




