EE304 Electronics 1L

Lecture |0 Infroduction +o Dala Conversion

P

fan : Z)fgl."iLaA’ wa.‘ss;fbﬂ of signad$ 6 (vs. Analog Pmczssf.»w)
Sampling of czmv!og Ssﬂ’gmu}’
Quantizedion error

ADC  and DAC basic F)J"r'nfzz,ffou_

PRC comveriecr cvwuat with bineiy - we:gh'i‘?af resichors
Thwo ADC converler Y cels

- Fash  Abc ' |

— counler based fra okf'ng ADC

Pl



Di?qi'i’ab( Pmcessfmy of 5?':9-"16!»/5 . P
o Most Pﬁl!Sfca,f S!Hi’ld,fS exisl™ in analog foim. ﬁuweofer‘, an alfravhve

edler navbive -ty 'Pmus‘f;} theim it s (v convert fhain i &Bim {

—FO(- m  and carmr y the Pﬁ?czsrf"’ﬁ ‘ C{“(fﬁm”? ( qﬂ’?}"'w 5"’3,’-’-7»'&/ P:@gggg,-’nﬁ). 57\

andl
¢ There are a4 mMmber of TLEchm'q.meS _‘/c-{r‘oom;rs’ v convert an an&da?

9’!‘9}4&1 v -dfﬂif'@( form  (anatog-fe - oL:g:fﬁi or simply  AlP wnwers';'bm)
and 1 nverl a digitwd To analeg firm ('Gh‘g,'i'i'“a,f-f'o—amt,faﬁ or
Simply DJA conversion).

Sb‘xmpl{ng of AHaJri S‘f}jmdgd

o e Ensip Pri‘nm’f)ifﬂ MWW{W“{I qﬁ,‘ﬁ[fnj 5-,-:5},»1.:0( pfaczssvhj s thait
of sampling the amuaﬁ 5‘/3;4::1,1,
The facl that we can do our ,Oi"wct%:’nj on a lniiled mumber of
samples of an analeg signad while ignoring the anaylc,vﬁ g;ynpv/
ddoils  betwesn sawmpies (s based on fhe  Shannow s sawpling
theovena,

sample-and-held (S/H)

gD

input analog signal
outpul signal to be fed v ADC

sampling- signal wonftolling
e swilch

of every tloclt peciod T )




L ]
Signed  Guanh 2o ov P3

¢ (onsider an ;a,mag signad  whose values range fom 0 fo +iol/.
lel’s assume thal we wish fo wutrt 1%;: stynad ‘o digital
forwt  using a  4-bit digitd stgnal —p we  Know Hid a it
bimay pwwabier con  represent i6 diffecent values (U ) /5)-——;7
H— fellows  hal fiw resolutson of ouve CONVErsibn  will be
ig‘” = 2V g | Thus 4n analog c;«,)/m,f vadue of oV will be
Vprveqewfegf bﬂ oo , FBY will [nﬂ represendesl bj adl , &V
will be represented py 1001 (= ?/”) =9 e> fov1), mm{’ oy
wiil be. Mpﬂsfwfegf /93/ /iH.

— all Hese s;zmptc' Nambers are /mwli’?p/es of Hw basic
fﬂvf?,pvl el / 14 (:'B’??L:_f..ru-r{"{c.a-:j ' '

¢ whad hcz,p{’fim [/ ‘ﬁzw Liv”z‘uge?:- o converl Falls behwecin  successive
N irmadinfald Lauz;(-a f, -
Consiver e cace o a 62V anclog fevel, This falls bebweci
18/2 and 20/3 5 e Thfa't 't as Wit wee eV and GadQ P

as ieci 18 _gv L s BY -lg o3 150
( 1L s = jool)
—F Ths  inherenT @ruv in the domversTon pme;. S called
qcmwﬁ 2afion ern:r P

¥ Umng more.  bifs o repre senl” an pma/&,\} oYt redoce 8
&}'mwﬁ%ﬁm! ervrs  pul P&f“tMW“ Mmore cobmloié’x u“hf'u«:’fr’?



oy

ADC  agnd DAC  gs -fumc{'—i‘mwd blocks

+o—1 i =1 L *
L. ConvecTer oy N-bit d{ﬂiw woral \
-0 | —O N
N--bi‘f:‘ I o— -
dryi s 20—t blA =0 %
wrol convieter 'U_DAQ
N 00— — —
A Va Vpac

et
b.
&,
.d_-

o

the staycase waveform at the oubped™ of a PAC  can be ﬁ"/r‘?f&{
fo dblain a smoother woveforn  (—p throwgh a LPF). =P the
Fiter will mbwdnee a fine delcey. .

Ex—mmeﬁt

An (/ma,ﬂOg :igna,f m e MH?L (9] “f’D +lelV s fe be (jgﬂl/upEa’
tv an  s-bit digiledd signal.

Whal s Ha resoluon of #Hu conversin /n V.9

What 7s Hu di‘f)i’!‘ﬂ/{ MP?’EQ?ME‘«HEﬂ of an ff)'opcf of &V %)
Whal 5 e r*ef’:’l'f:’-.'c‘é'mfa,ﬁ or of an inpud of 6.2V 4
Whal 15 the quanb Fatow epvr  (in absolule ferms and as

s A 6-( ‘F’N mpw’f’) (}F 604,,\/ :f

What is the guantizabon eovr of 6,2V As & peria (ege of {mu g
seade 2 | - |
WHL\I 15 1"1'\4. /arf}fsf— Pus‘g;b(& ]M&lml‘j—?:a‘l'fan emur Gs a qui"lﬁf/e

of full scate 2



Resoluhon = .FSP‘ _ Vimén = Viow
zN_ / ! ?'_N"- ’

FSR = _IC},;J( < cede f"ﬂ?.m?']&
Vi

i

uppes - V()/f'b??’& exfrens e

Viow = fower- wilnge extreme

N -
W

fi

l= rmumber of VUN‘EZ?E inlerveds

L Resolubon = M = Z,039L V
@ sl

D= | Vn = 2 [ =1 153 M=
k’es*a!wh‘ow_\ z clﬁ%‘?l_l Z"‘}/’ZSEJ’[HD'JE)—

il

loolool, < 53, n bfncomOL

| - 6"2’ | 5 T ! ‘ ' - .
@ D L /0/255J - [ l'_)g- ’ " = ’UC"!,,O& '6‘_ ,'SSID /r) b’/)rfL(I‘

¢

@ &, = D x /QESQ/MHOp); Wn =

= [SBx 0.0392 ~ 6.2

[

= = 0.0064
&% = [00 x L9 jgpx 200084, 9
Mb 6‘;‘2’ s .
- P = @ oLl
@ ,_.@.._. /'; — /w X i = [00)( —E-—(J% et e 0:‘ 064 ﬂ/v
FSk FEZ ! 0 |

@ The /a,(gla,s‘f' possiblie quﬂh wbon enpr 1S &+ _i,_ [esclu b on
] -é}"?mpvx { = % 23‘50/‘4 hpOH

£x0.0392 = 9, 0/9¢

; | & | Y Ok
16_?””{:”‘ 7 /w;’(' ¢ e DO W 0.0196¢&
FS [

e YT e (LIME
ESR e

P&

Mumber-of- kil of the convecter  (a.k.a. tesolubion in bi‘/_s)
5N



il

Basic  P/A Converler | _C?}fc;,a;'f

¢ The  simpiest ¢preeit for an  N-bib | DA con vecles  consists of
a nefLrened ifz'l\f‘?‘je Vker , N biary- we;}ﬂ;f&d’ esisfors
i ; ' M=l ! L ‘ : A :
(R, 2%/ 4R, --- 27 R awnd an cpanf with ifs  feedbacl
pesis frrw Pr = ?3/3 3 ' '

o The [(e»a,‘ idec 15 T creade an analog owhpul vl fzge hal 7S
'f?’m}'}dr“‘h"dma,f Yo | G fﬂpw“f' binang word e by at
fhe i%pmlt , ; 2. K

M LR | -

- -Io /L_I/ g
vickual | Vo

gmund W5

The swituhes are contwolled by an N-bit dz;j;‘iw* mpul by bz - f:w .
The foled cwment 2o that will "fif‘?*'/ ’ﬁ"bmirlf/-?/? e /-,ciéa/ bk
Hisl'éﬁ%” ' C’vpl ‘ﬁ/ut UP ['LM/;FC' f_’ Pmp{,"rv"}})yggl_j {-u éhIL : d{f]ﬂ’mg

vyl .
d=_ 5F 4, VREF| 1, Iy fo: e B | <L
R A . 2 R
/ r Jo |
I zVeerr b b= E\_{)
| R I\ 2! or 1 [ [ [ 2V

w0 i we selet Br= Plo the owhpul wlinge level 7S
T T e T Tk P B e N !
Vo= - do- Re= - e .o O L SR o 8 S PR Ly e B



¢ I f:,’lﬁvbloj be noTed ol accavacy of the PAC depeinds
cﬁ‘nCrx L% o

(_/') e a CCoCY/IL\.{ B l/ptr |
@ the  precisioun of the bmcm{ wef‘ﬁhfed reb,swir;.
G the PﬂfFELhﬁh of -&M Swittiies

¢ Tn P:’achau the uycw.f imptewmfmz‘)um of the DAC 'réfx,

ov  plowny- we»zgv%ed curnenls ge.fuzmzf eol by cu mm?“ SouYLS

2 oz than resistues

p?



Basic AlD Convertér CiYeuwlls
» Thieg

owrsls a nummber of Alp Conversion Techndgids

(ranj n:)) in Coinpli 1 J7? and = {)LJ—_’H" D

We will see dwo sthemes: one Simple bul ston/ (Feedbacte
“fv/pe, Convie T.’é-f“) anel o Catuyp 7 & (fh ¥ 5 UF el 0[‘

cvew try required ) but oxhemely asC Puraltel or Flash
Corve, e )

0 TT%{W? lef (m' K.a. Flech ) Converlei

(c)m,_gpf'hrzih/# flash conversicn 7§ vy Simple. Tt wsges

B wmpam,h;fs fo wnmPa,r‘f_ fha inpat enjncu Jevel

With eady of Huw ZN~I possibl ¢7uamh20v{ﬂar vels -

N
o il Ccmp,.l =~ | MSA
S Al S wits ¥
-— = .
VR(21) "-*\/\_‘ N Bit 2
| _@mp2c2 | T b Diglhad
o | s | - e
VR(Z‘Y-Q,)—-— g Lolcj;'o E”'; . j} Cudpul
: l
| : i 150
1 5 5
Ve = ’>_ {}
ComP sk

The ouwtpuks of thu wvhpovrm'vrs are  paxessed by an
(‘?f‘lwd’ef” bloule MMM the N bits of e oitps af-
J»;grf‘ﬂvi’ worel .
A wwplde wnversion can be oblmined within one clock tyile,
bt w nud a hage F of cowrporQAuCs

for rebit)

If Hu ama,éaﬁ inpud 5 betneen Ry wnol Vs
G throngh Ly produa

( ?N { wm,wwuz,/zr:;

Lo pamkas {
Pris  ano the reincinig wﬁmpmm/‘ﬂ@

prvéiict e s (—-? thermomiefeer archa ffﬁﬁfﬂ)



Gxapple - NN )

De.snn e vesistor fadder pecoled grzrale the refefaenca

Vb/f‘b‘tljﬁs requcred lé\r,/ ﬂuv, Lombr)a/mfﬁf? aF a  3-bit Liash
ADC ., | |

N | i i | . {

| .l : 7 ‘Ca""P"‘“f"’“/{",""ST -—‘;,’7 4 W«;s};w dﬂ/ldﬂ W]F"H?
Vieen : | ’N resisipes provides

El | ﬁw reference i//ﬂ/lﬂf&.ﬁ

P
H
W
e
N

¢ Bt ]

i . i daﬁ;/ﬁ.()

_t/ | Bit&=—r— dnuf']m«br
1 b—amtz [

o 8 L &)ﬁf e | 7 ! ‘\ LISB‘

= lpyr

L/

Vin

('amdog ;}\Pu:t’)

Eap = Vhen-Veapt ||

s arch lechure /s fhowwn as
'ﬂﬂéfmame‘féf cocke énco olin j

L |Yhy amw&&g mpwr s MMEM
ey and ks, wumparators O

) ﬂlmuﬁm Cy pr?/dfmu cnes gnol
the remadning Conparafvrs

_ J
prodiie  2eus



Plo

T Feedback ~type AID convecler” (@i counfer fype ‘*""’"””Z"”)

amuog f'npuf

Vio

L ufD _ soure ; | |
o_-——-_l> uib HP[{JGWT\ . P  Tietze & Scheak .
e . Counter LK El eC{Y‘OmC C’a'r‘c“ ; f_S i
| INbits il
N - P qFS+976
Ve - -y |
AP d@fﬁnj owbpud”

The  Gomparofye Covapares the i puf lings Vin | With the wf/vfe (el
Vone Hie d«»fﬁef?mui is Pafx}ljm;j it causec e | couwnitesr o C/.eruL
upwards o wse | 't counts  dowun warels.

This means thal the witage evel Vbae rises er falls wnbl

it has reached Fhe  fevel of Hw inpud W/hj}“a. Vin , anck rhen
Polloiws the laller as f‘F cham;w . ((For Hhas reaSon | fhe &Y ewnt
1S also Known s -a m ﬁD 7 x/?ff ﬁt’ ) ‘

One Wﬁ!fv Lo CAC | with v, & a;.,mfnu eirppat /s ﬁnvf‘ 605 fhe (/('m/c’,
is neves  Swifthaol off |t Covnter nevis stufs  so it oscillades
by | LSB amund ‘he inpul wifage . s the fee!
fnother issue T be aware of s thal Tl Gees ‘Z‘Q‘J"’el}wﬁf’” gl
below Hw fevel Viow of tw DAC |, because the (ounite rece
stops ifs oubpat vatue will vl o cay sin/ The
Conversion process shax b giter  vather ‘HJ&??K{ fracking .



