THE UNIVERSITY OF BRITISH COLUMBIA
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
EECE379: Designof Digital andMicrocomputerSystems
1999/2000Winter SessionJerm2

FINAL EXAMINATION
8:30AM — 11:30AM
April 14,2000

This examhasfive (5) questionn five (5) pages.The marksfor eachquestionareasindicated.There
area total of 50 marks. Answerall questions.Write all answersn the exam book provided. Shav your
work. You may answerthe questionsn ary order Books, notesand calculatorsare allowed. Shav your
work. You maykeepthis exam paper

Question 1 (10 marks)

This questionasksyou to designhardware to implementthe samecar headlightcontroller
describedin the mid-term exam. This controllerimplementsa delay featureso that the
headlightsstayon for 30 secondsfterthedriver turnsthe headlightswitch off.

Thedevice hasthefollowing 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 : instd logic ) ;
end lightdelay ;

Thel i ght s outputcontrolsthe headlights:a high outputturnsthemon anda low output
turnsthemoff. Theheadlightswi t ch inputis high whenthe driver turnsthe switchon and
low whenthedriverturnsthe switchoff. Theclockinput,cl k, frequeng is 10 Hz.

Your hardwareshouldturn the headlightson whenthedriver turnsthe switch on. After the
driver turnsthe switch off, thereshouldbe a delay of 30 secondsandthenthe headlights
shouldbe turnedoff. The driver shouldbe ableto turn the headlightsbackon during this
delaytime. Theheadlightshouldcomeonwithin avery shorttime (< 100ms)of theswitch
beingturnedon.

Write anarchitecturghatimplementshis device andis synthesizeablby MaxPlus+Il.You
may useonly std | ogic, std_| ogi c_vector or unsigned types. Usetype conversion
functionsas necessary Any process in your VHDL codemustcontainexactly onei f

statementontrollingoneor moresimplesignalassignmenstatementsYouneednotinclude

1



comments| i brary oruse statementsYou neednot synchronizenputsor registeroutputs
(for glitch removal). You mayignoretheinitial (uninitialized)stateof thedevice.

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

Question 2 (10 marks)

Write a function,get di gi t s:, in 8086assemblylanguagehat readscharacterandstores
themin a buffer.

Whenyour functionis called,theregisterBX will containthe offsetof the buffer wherethe
charactersireto bestored.

Your function shouldcall a function, get ch, thatreadsone characterandreturnsit in AL.
get ch doesnotmodify ary registersexceptAL. Youdonothaveto write theget ch function.

Your functionshouldreturnwhentheline-feed(OAH) characters read.Thisline-feedchar
actershouldnot bestoredin the buffer.

Yourfunctionshouldalso“throw away” (not store)ary charactershatareoutsidetherange
'0’ t0'9’ (30Hto 39H inclusive).

Your functionshouldkeeptrack of the numberof charactershatarestoredin the buffer and
placethis valuein AX whenit returns.

Your function mustsave ary registersit modifiesandrestorethem, exceptfor AX, before
returningwith a RET instruction.

You mustdeclarestoragefor ary variables. You neednot include commentsor assembler
directivessuchassegnent, assune or or g.

Hints: Write a C, flowdart, pseudo-codegr otherhigh-level solutionbefore youstart cod-
ing.
Question 3 (10 marks)

Thediagrambelow shavs partof theinterfacebetweera MotorolaDSP56002nicroproces-
soranda SamsundgK6T1008C2CSRAM:

DSP56002 K6T1008C2C
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The microprocessos datastrobe(DS*) signaldrivesthe RAM’s chip select(CS1*). The

RAM'’s write enable(WE¥) is drivenby the CPU’s write signal(WR*). The RAM’s output

enablgOE*) isdrivenby theCPU'sreadsignal(RD*). TheRAM’ssecondhipselec{CS2)

is alwaysenabled. The RAM’s addressanddatabusesare connectedo the corresponding
CPUbuses.



Thefollowing figure shavs the CPUreadandwrite cycle timing diagramgboth areshovn

onthesamediagram).
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Thefollowing tableshav someof the CPUtiming specificationsThefirst columnidentifies
the specificationon the timing diagram. The third columnis the minimum value andthe
fourth columnis themaximumvalue.Assumelc is 25ns, T, = Ty = 125nsandWS= 1.

120{Address Valid to
[WR Assertion
WS =0 TL-6 —
WS >0 Tc-6 —
121{WR Assertion Width
WS=0 Tc-4 —
WS >0 WS x —
Tc+ Ty
122|WR Deassertion to Ty-6 —
Address Not Valid
123|WR Assertion to Data
Out Active From High
Impedance
WS=0 Ty-4 —
WS >0 0 —
124|Data Out Hold Time Ty-7 Ty-25
from WR Deassertion
(the maximum
specification is
periodically sampled,
and not 100% tested)
125 [Data Out Setup Time
to WR Deassertion
¢ WS=0 T.-08 —
WS >0 WS x —
Te+TL
-0.8

The following diagramshaows the SRAM write-cycle timing diagram. Note that the write
cycle endswhenthefirst of CS* or WE* goesinactive.
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The table belov shaws five SRAM write-cycle timing requirementghat needto be met.
Obtainexpressiongor theserequirementsn termsof the symbolsfor the CPUtiming spec-
ificationsgivenabove. Usesymbolof the form t, wheren is the numberfrom the diagram
(e.g.t120). Obtainvaluesfor theseexpressionsn nanoseconds-ind the amountby which
the requirements exceededin nanosecondsandstatewhetherthe requiremenis metor
not (Y[es] or N[o]). Give your answelin the form of atableasshovn belov. You mayomit
thefirst column. Write your answerin your exambook— not on theexampaper

Requirement Guaranteed Margin | Met
Parameter | Symbol| Min. (ns) | Expression Value| (ns) | (Y/N)
Write Cycle Requirements
Write PulseWidth twp 40
Datato Write Time Overlap | tow 25
DataHold from Write tou 0
AddressValid to Endof Write | taw 45
Write Recwery twr 0

Question 4 (6 marks)

This questionasksyou to designamemorysystenfor a CPUthathasan16-bitaddresus,
A0 to A15 andan8-bit databus (DO to D7). Thememorysystenmprovidesatotal of 16 kBytes
using8k by 4 ROMs. Eachmemorychip hasdataout pins (Q0, Q1, ...), addressnputs (A0,
Al, ...),andanactve-low chip-selecsignal(CS*). TheCS* pinsaredrivenfrom anaddress
decodingeircuit with anappropriatenumberof outputs.

(&) Draw the schematiof the memorysystemshawving the connectiondetweerthe CPU,
the decoderandthe memory chip pins. The connectionamustunambiguoushshov
which CPU signalsconnecto which memorysignals.
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Hint: Usea completepagefor your diagram.
(b) Giventhefollowing VHDL entity declaration:

library ieee ;
use ieee.std logic_1164.all ;

entity decoder is

port (
a: instdlogic vector (15 downto 0) ;
cs0, csl, ... : out std logic ) ;

end decoder ;

write an architecturehat setsthe value(s)of the active-lowchip-selectsignalsCS0*,

CS1*, ... sothatthe 16 kByte memoryregion startsat address8000Handaddresses
arefully decoded.

Question 5 (14 marks)

(a) Foreachbusin column“A” selectthe bestmatchingentryin column“B”. Write your
answersn numericalorderandshov thenumberandtheselectedetterunambiguously
For this partyouneednotexplainyouranswer Makesureyouransweilis unambiguous.

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

(b) Thefirst 4 bytesof memoryin a PC have thefollowing values(in hex): 00 10 20 30.
Whatarethesegmentandoffsetof theaddres®f thedivide-by-zeraexceptionhandler?
Whatis the physicaladdresgasa 5-digit hex number)?

(c) Thefollowingdiagramshownsthewaveformasacharacteis transmittecoveranRS-232
serialinterface. Whatis the hex value of the charactethatwastransmitted?WVhatis

thebaudrate?
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