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Digital To Anlog Conveer (Djp)

[APPLICATIONS
' - Sisnals w\.«‘ch mag agsume€ 2hy Va'uc in
a conlinuou s range are called aua\og sigha\S.

4 MICROPROCESSOR ,r
' — WAhzn analee signals musT be roc.essedl There
P E R l PH E’R R LS {s offen a gua; addantage in el:mfcrfing the

signal fo digifal form so that the processing
con be dene disi-taﬁi.

1) D "q(ra') TO HYMIOS eomferfer; - H mp‘f cf-Fecfwe wg\lj of SQPFCJCCHS noise s
to Teansmit the sisn.ﬂ ds‘gifauuj, R communieatien
sysTem which operales in this way v.e. converfs the

2) ngm mmq“e -Tmer analog signal to digital form ana‘ then reconstifutes
‘ the .ma‘og s\'gncﬂ, s called anpufsc-cw\e medalalion sgd‘m‘f

~.TI‘I¢. D/g eaner“'ers are rather simp\er thas
the Ry converters, D/ﬁ converler is fre1uepﬂt)
used within the stryefure of D/g converfers.
For these reasons we shall consider D/ﬁ
converlers fyst,




E&amp\c _of a e;‘réu.i" cowerh'ng J.-nga!
re Ere seﬂta’ft._ﬂn 'To,aml‘og ‘FOrm-

THE WEIC-HTED-RE.SISM D/ﬁ Converter
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~Lel us assume that V‘L)‘Vh, s fxed reference wu'age,

that Vio)= 0, that is , 3 0 switeh positions are srounﬁl
and thal the load R,20 (in which case V= ). Then the

output curcent I, s readily calculated [ ferms of

the switeh Postkons.

OH|¢r cireui\'s c0nder"'fng Jt'gira' represmt;t'on
to analog form

-The R-2R LADDER D/g Converter.

-The Invected LADDER U/ Converter.

o -]

SWITCHES FOR Dy Converters

- B po‘ar ‘i‘ransisfors

- FET;



CURRENT AND VOLTRGE DRIVEN D/

-The currc.nto\n‘\ren cower"'er {'las a po*cn"ia]

meeit in comparison with the voltage -dreven
eomlcr‘\’v.r.

-—Thc nro”asc decven condetfor rcw\'resfuum‘sfor
swilches which are driven to saturation. The
T'me u|¢|55 u”om'ﬁca wth bﬂinsins a funaf:for
out of the saturatien offen astablishes an upper
kmit Yo the sPceJ ‘iith which such slfage -drven
conderters canm operale.

~In curcent driven converlers o Y | fca;ibl; to
use a sd/ifching atraugemen'l' in Whish ‘I'rangisTor.s
are not driven into and oul of seluration.

€

SPECIFICATIONS for a D converler

R QSOldT\'Oﬂ: Tlu?s ferm speci‘ﬂ'es The
namber of bifs the converter can accomodite
and corcespondingly the number of outpul
wolfage for currenfs), i. e. the namber of possible
oulpat voltages of a converter which can accept 10
input Wits (s 2% 1,024. The smallest possible
au"fpnf ch.mgc n odpnf wlfage ‘513152‘ ot ﬁll
scale oulpdl range, ™ resolution 1 partin 720
or 0.1 percent,

Linearitg_-. In an deal D/ﬂ converler
equal increments in the numerical significarce
of the digilal-inpul should yield equal increments
in the An.ﬂos ou'lpq'\'. |

_H- ccum-c_g__:j The accuracy of a ca_mkrfﬂf
isameasure of the differcnce betueen the
actual analoq outpul voltage and what theoulput
shoald be in the ideal case. Lack of linearily
contributes to inaccuracy.



5&'”"[!1-3 Time:
When the da'sifal
inpul 1o a converfer
changes, switches
open and close and
;smpf volfage
¢ hanges dppear,
Not ouly there s a finife time reafuin..l s
reach the new oui’puf lwel, bat’ 2lso0 an
o’sei“a"ion nas oceudr.

The inlerval that c\aps_es from ‘H\e inpqr
c hange to the time when the oulpul’ hag come
close enough to its final value is called The
Stﬂlinq_. 1‘\'“\?.. The Se“‘l:ns ‘h'm; thzndﬁ,
among other ﬂ'lings; on how we define "closcwgh?
Tgpieal[g a 3eyeu| Purpost converler mi,,\\f

Final valie -———

futial value

have & seﬂlin% time gidan 25500 ns o 0.27'&"&5:3];

Temper'a.Ture. sensiT{U{Tu): A angy R‘ied ’I
digital input, the andlog output will vary
with Te_mperﬂqre.

: 8
HM&LOG 10 D"GHRL Congg{ley

(R/b)

'-Tl\zre i_$ a Jery |nge number of ﬂID
‘cosvarters deseribed in the Lterature (a gooo,
~wumber of which are available conl"ero-'allg)

Comparison of converfer Tgp__e_gz

Convecters whose speed of operation lies
in theee dkfferent ranges:

i) Fa'«.s'hs‘fis the compau‘\'or converler.

In Pﬁnclp\t, ﬂfegﬁ'for the delag ‘H’\roq gh the
compatafors, this converfer maKes awilable o
digilal oulpal at the moment the analog inpul
isﬁ;a”l;’el. Hence, this converter is the sysTem
of  choine where marimum speed (s required.
{1 Phe hardware rc.qu\‘remen“'s of a sTraight forund
comp&fa‘tor converler beeome excessive a cascade
a.rrangemcnf Can be aseJ wﬂ'h seme sacrifice in
speed and aceuracy,

2) Nost in order of speed is the successive-approximationc
converter

Where a relatively fast converter of geod ‘{"‘MS_
is requirel, this converler is by far the most Prﬂfm
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3) Counter c:amlerfe,rs are; the slo..r/est D'g ;Tal -TO- Hﬂa[og Gondérfev ﬂDSsSJ"‘

Tl-.c. fime rc.‘uirel to precess A conversion increases

Decport - Loweost }4?- compatible 8-8:f DAC
l\'nzarlb with the powsey of the number of bhy vequiru'ns . .
aboul ds wany cloeK palses as the largest nqmbe}r. Mﬂi&ﬂﬂ%hﬁ_

This f‘.ﬂ?‘- of comerter s w;‘o\eltj ased (n -3 &t "npq‘f rcgis‘\'er microprocessor compaTn'Llc.
insTruments such as degctal uol‘l'mefers, where The latch Mag be desabled for direct DRC t‘nTerfm‘ng.
conversion spaeog 's nol t'mporfanf.

| Wl 4o2.56volt o
P Ovolt 1o (O Wt outpul ranges 55 pcn-s'fmppt'ng-

Beg‘o'nd‘ these comparafors Which are the wesl

pqular, thera are a‘mosf kitless other fﬂPesi - §¢H|m3 fime: 700 nsee 1, 0,2 % full sca(e(&f‘uﬁ)
Some els'ffeting in princip\e and some ouls (n ~ RAcey ragy @ 25¢ 145Ls8 (047 qu) full scale
defail. A list of some whoeh have the ment '

o‘F simplieif-.s and eeonomg, eouH be 'nu':.‘

~f Converley using Vo)rage-To- Frcqqcﬂcg fanwrsl'q{ REF ADSS3
opevales by coun{'ins the cycles of a yawsble

L bAc

freguencg So0urce -For & -f'\‘y.cJ E'-!:""l

VeuT
N
- A Converler using \/olfage-To-'ﬂ'mg Convarsion &3 Latches

orcrﬂ'cs on H‘Ie Ptin cCPle 0? eaun'\'\'ns ﬂl! Cgﬁlt; : ‘C“ Voul Sense

of a fixed- ‘ffeqqcnctj source for a variable m{‘ f:;:r.;i — LY A’r Vout SelecT

, DiciTAL PY DATHR -— - Lateh
¢ . * - ptdals CE €S DACUL  condiiion.
¢ . * The Cs and CE - © 0 0 0 Tunsparal
" - - . 1 0 -] ! Transpareal”

mpu'l's are ] f ° o hitfeivg

. | o ] latehing

interchangeable. © © £ o tchieg

i \ o Xy ) latehin
X% does wl malter x 5‘ X pres. dati  [tchel

42 Rslive going fran ‘;t(,“‘f Qrev. data Ltebed
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g COn ne c'hn 3 The _ D/ﬂ ﬁ D 5 5 8 The ‘F«na\wu\ N c‘rsl-c}m t::h; [rr;:w:- fr,::-!rencﬂ/
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4 Ve ) | v | Yout B Wiﬂ'ns at‘lgram. DAC mode (0-3,5(6!1)
,. t {E & |
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A3 1

Exe[gnse N 8 { Exercise MLB 2

The parpose of This experiment (s fo tesT the Widte a oo gram 1o Scn“at‘ s triangala vfolfast

Oigifal to Analog converter iaterface. .
waveform on an oscs“oseopc
Weite a program which gcnerafe a sawfooth folfasc The frequency of the waveform can be selected by pressing
the Key from 0" 40 F' on the Keyboard of the Kift

waveform on an O“L“OSGO?C
The frequency of the waveform can be selecled by T
I

pressing the Key from O To F on the Keyboard of the Kif; T e
out OAC
T :tt\;i%um

iINIT
: : T oN
LooP -8 tar
OouT DAC ExTERANAL COUNTER A NITIRL2 E
Tean . | j couNTER
CET Haxv )
cariae D cAL 108 e
CaT uEw s €x 1T ]
é’ﬁf#s:': ' oop -
IN(TIALISE —00P |
CouNTER A ' "?r ;I:E‘“
COINTER §

CET NBAT
[VALYE POR DAC

INTEAN AL ' Y

Loo?

i

| I . vow

Oufput valae} : " Jvavris von OAC
‘ : ‘—47

Toe DAL
1

DELACSHENT

COUNTER R
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Exerccse N© 8.3

Wrte a program which generale a sinussidal
voltage waveform on an ossillescope.

The fqt*cncg of the wq“‘form can be selected by
pressing the Keﬂ Prom 0" tTo "B of the Wit
Hake use of a look-up table. The values (sinx)
corresponding Yo a sinusoidal waveform has being sforCJ
pfeﬁous||5 in a fable in MEMOYd .
T |

; (Y 2 |
T DAL T - nalg
LoeopP

T "t N
VALIE Pt i
SovTEA A
[ 1)
T‘.ﬁ.
[T
LoOP

YIRS E
counTER A
COUNTE
Leop |
l ) Output Vel -
’ ‘ Te DAL
i |
DECREMHENT
couNTER A

END

T | o |

Connss ng the D a lﬂDSS&)m R]D

~ Copn nrflr 0'urah on

 DATA Bus

%"Q. 6800 itaface (OW 7-62.50’ lGH')

Thc'swiich {s closed in ﬂ/D mods (UP) '

Hake use of the Po‘\'u"':lmefer ox the logidule melor medule o5
analog veltage source.

oV e {olt

Connsolions O‘b\"t 1‘; {0 »it
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Ezercq.‘!e N 3.4

_wr;‘\'é 4 program uﬂ‘ti.ch Jeferming the ds'sg‘fal
value of an unKnown analog Jo"'age.

- HaKe use of the saccessive approximation Tealfiqwe.
“The resdlt should be in binary form in a memory location.
- Displag the vatuz an o seven sgsmu\f displag of the logidduld
(Hafte use of the rouline CREDE in the lc.'l:rdrs Mg LIB
The rouline €BCDS convarts a bt'narg value n flEC A oy
. B'CD._'T*N vesull is given in ACC B (i-l"),' fAcc ﬂ').

The successive-approrimation slgorthm has the sdvantages
of fizred conversion time rcg.\raku of analo’ l‘npq“' ﬁg\u!
magnifude and uaynablg £ast conversion times.

Tl\.-e algoriﬂnm codsiﬂs O‘F TCS“RS “\C HSB (muf-\\'gm"ﬁ'nnfl

LI")‘ to defermine whether the s.‘gna\ resides abova or behw
middle. The resull of this fest determines whelheor the
HSB should be Kegh or dropped. ¥ it is Kept, the wort tust
is whethee the signal is above or below 3, of full scale ; of
the HSB was o_\roppeu\' the tesT (s done at ," full seale.
This process repeats antil all eight bits have heon

areroised.

8
g_;g_rg‘se Ma 84

INIT
DPAC
Loop T i
R.‘l shife
Comparalor
et yext biY on
the ri#!f
{
J
CONVERTY

| _———T”(_-_V.

SNy TO BeD

DiseLAw
_ VALVE I

END
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o1l |0]® ﬁ"‘: Cortor o ., STAR TINW F o jwmauss Hooe
ead couster D and lat
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1]
COnnecT{nS the programmable Trmer 8253

6800 inYerface to |ogi o\q|¢ modu‘ca
using the H})BU$ signa‘S
IF The Safes of the timers are uo" q;eﬂ;

ase a gull-up resisfor or an oadput of 44
inverter,

+H

Exerecse "0. 8.1
GOAL.:
- =Te sain tupericnu w-‘ﬂ'l the micr'pncouor
programmable peviphsval INTEL 8353
Use of the lcsboau\ on the mieroprocessor KiF
as a musical (nsTrament Keyboard.

Fubl'cm ﬂeserép‘hﬂ! g

Wede a program 1o perform the fallo wing
tasKs;
| 1) Rssign a fraqueney to sash Ky (from 0'"%'¢ ‘oulg)

of the micreprocessor it

t) Entee musie pressing the Keys ecko each
nel e Qu‘terd on the SPCAKCV' memorise the
refe inle the memory : _

3) Bxit the enter music mode if the G0 Ku’
is pressed and slart execuling what has baen
recovded in memery. ‘
Insert a dslag of 490 mgec belween rotes.

Nete ¢
USE THE FolLowiNg o fagieny m}:r‘%
TABLE FOR THE NOYES: Det \

THE BASE LA £ 440 Hy :‘ﬁ#

N Faw
FREQUENCY iy Tene oL L 7¢3
T$: 3000004, : o /2374') ¢31

: . Lh = 380H. 2
: PP derlesaty oy
:.\I. Tedg ;: :
LA = 17604 Vrd

.
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lmnqusl‘ Eﬂe‘_i‘_u, - Entrm‘sc N‘ 1.2
" an [ —
\E‘n‘{t\t\' GOAL:
To gain experience with microprecessor
LeoP pn%umnaut per:flueul INTGL #2513
SER ke Lo xes ~Hardware tnlercapls
= _"OQK-uP tabls
‘E Problem desorcptian:
[rerenise = Write a prograsi 1o play & su.s!c fone masie
FREUENCH = Use one countef as squarswave rate generater mede
o.dpdl’;?nq. - — Usc onoﬂ\ucn-‘nr “in thrrupt on fermml‘ eaulr“h
Te TIHER - Cﬂ\ntet Hhe Oa‘t q* o'f the fcmu ul'OrK-u1
Inevominl ; \g .1’ tndl count mede o the TRQ
b of mwsie on inlerrupl om Yarminil cou
= ' ik'ne ow the HUBUS
; | - Load the starling address of the m'rtrrupr
LP?_:.& HYSIC T_t—L rou."suc o the m‘hvrup" veelor:
sl;:d"‘:;;: 7] S\ns the Kt nomt’f E 4 3C Os' “’U"t
tength of mesic | '

E43D | 00 pyte

using the 9.055 menilor Eo0o00O 05 HByte

gootl | 00 Luywe
i.e. 0500= Shv‘h‘ns'a\cl]ress of Your «'ufcrmpf pregram

WITINLSE .:’ ::’3 slan '“l‘ pro gftm weorks on lnttrru, Pr
e _ dall mosY of the me croprocassor tims s
e erenl available for othear caleulations.

'_ IND



- - 26 _
"25-" xercise M*ﬁ.z Exerecse 3.3

Eoal:

m.

l

Hain program

_ ~ Te sm‘n experienc e w:‘\'l-n the m-'ervpru essop

IUlT\ﬂLlSE _ . proqrammable peripheral futel 8253
TIHER | - loek-up table
AND VARABLES ~ assembler avd KnKav

2.
E‘\',J " Freq P\'oblem Jescrieh‘an .
to “"‘I'” . | | Write a program to P"'ﬁ Three tone music.
Outp Dy HiKe use of a macro for entering the text of the
Yo Timer L musit, NoTE HGBCR

T The text of the musie can FDB \O,\{\2

END ‘in'\crmp“' reatine be ﬂ;hc';in:rn:t!form: FEB N3

AV IRN SN
NOTE Dos,mq)sou.sf'rs)uo!,mq,m,ﬂ FOB 4,55,

A . PCB ~7
' 4es . L L. Bﬂts T r'::‘.'n T Bhss TI.*TI:UT ENDH
RETURN oL Delay Viow Delay

You may inserl in your pregram a Table of

[Output Next equates for generaking tuned notes on 4 program,
Freq. Timer § mable Timer which has a frequency =300.000¢l; a3
o i” - slesKinpt  GET NOTE yNznPCROSE
“Ipuat Mex
Delay Timerd D ocrave .
DO Sharp 03 EQU {2300 T64 = semibreve
am‘kmu TTodss Eau $216% T3t = minims
RE3 EQuv 4§20, T8 = croma
RES3 EQU $1930 NOo = siLRNY

EXY = END Ofnlf
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~27 - Exercise 9.3

IMerwall dacivals .

5 swave bk & Base pllagorica:

[ 1]

a.‘u-_ilhng(-e*l

amasrzta
L

v :
MRE = = Je s e g B & [ =
i - I NRTTITE Il e
WWITIRLISE .s. B iGN wiii] i 313 Ak i
TIMER I T —r e— e —

l j 3.. | i e Wl 2 g 5
LooP ‘ pr [ :::_-::u:'i ?'EI C1CIN 8] [[&]A4] | [ala[®
P e[ K] b3 UL T

¥ .
INIT\RLISE % ) 1: ‘ gl lle
STA“ ok S L] i ) '.l; li:ﬁgl ! TE L -
‘14 il fof (ot Isf I Tef5f [Sf (W TS ¥
rws[-& u ”l’s“t& , :t o lllille :
Caleulale E T - tin TEMCICR
LChSH‘. a :l... 1 11
EHG: o
@ z -
‘5‘ 2. L= WOmEER
" EnY b ] WELE
3 Ei 1112
Loo?P . < ‘ald
NEXT NoTE § ir - "
- m g Ul bl inalalay) il
Eur g L L ,
OsTpd st g || Emai i it
NeTe toTimers § I SN
! LIS -
E:: s i 1 1
algulale , . : . s .
i . - I‘..I-II.!I-I"
enee R— 3 TR ok (LMLEILIERE B
_j—“ ;," i ll“!: e8] | [¥ ﬁu :nj ﬁ[ .I[
' 3 ir JOANEINE ??’W"Eﬁ_r?f ¥
,_ﬁif- 3t ! K] ‘IL‘.‘. 2} ¥ 5 3 13
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