DATA CONVERTER

About Digi’col to An.o.[og Converters (DAC)

A Digi.tal. to Ana.loa Converter (DAC) is a circuit that converts o d.i.si.{ol f.npl.d: (b'uw.rg

cod.e.) Ll“L{:O a PFOPOI’ELO'I"LCL'. MO.J.OS OU.I:.PU.{'. VOH:O.S?. or C.LLI“I'P.PLJE.

_K_e.ﬂ Points :
® DAC converts an n-bit diﬁﬂ:u]. [n.]cu.l: into an
mLos ou.fpui'..

® The output is an analog voltage or current
Propor-{'.i.oml to the disi’c::l input value .

® Used in sLSML generation, instrumentation
audio systems, communicotion, process control, ete.

L Pe.r{'ormmce. Parn.me.he.rs: Resolution., Accura.c‘Lj §

Linearity, Settling time, and Stability.

Workln.g Princi.pl.e. -

1. Each :ﬁ.ai.fai I.n.put bit (Qoril) is we.[ﬁhf.ed. n.cmrd.?.ns to
its binary significance.

2. These weighted signals are summed to produce an

3. The ocutput is proportional to the decimal equivalent
of the input code.

4. For an n-bit DAC, the 0U.|:PLI.+. voH:u.se L2

r' FFFFFFFFF 1 ‘A.I}'Lﬂre.'
I 'V, = Vper X “an | D = Decimal equivalent of input
P pee e oo e SRR o | VREF = Refarm Vo‘.ta.ge.

V, ranges from 0 to (1 - 'ii‘rT ) Veee

Basic Notation :

I

: iaBis oo By By = ki Dl Toped

| V,/I, — Analog Output (Voltage / Current)
I

| VREF — Re.fere,ru:e Vou:o.se.

: " i Tk Lewdls

I

(Oul'_lnu.f. is Propor'ﬁonal to decimal value of mf)td:)

: T}jpes of DAC :

| 4. Binary Weighted Resistor DAC

* Uses resistors in bi.n.a.rs ratic (R, 2R, 4R, 8R...).

I
|
I
I
I
|
|
I
I
=]

Si.m,Fle but rer:tuims PrecLse resistors .

|

|

: 2. R-2R Ladder DAC

[ v |ses onls two resistor values (R and 2R).

[ + Most PoPLLlar due to accurocy and ease of IC
: 'LmPLementaEi.on,

| 3. Current Steering DAC

|
|
|
|
|
|
|

* Uses current sources to ﬂzn.e.ra.f.e. Proportiorm.l. current .

% Faste.r G.ﬂ-d. SLLL'EOle fﬂl" hlpsh SP!E-d—-

4. Capocitor String DAC
+ ses cn.Fm:i.l:ors instead of resistors .
* Low power and. Sood. for IE fo.l:ricaﬁor\,

4-bit DAC using R-2R Ladder Network (Example) :

Circuit Diagram :

Digital Input vs Analog Output :

Veer 2R 2R R 2R v | D, 0, b, D, | Decimal | Vo= Ver x 1_% Output
@ (4-bit DAC) (in terms of Vegr)
R R R 2R 0000 0 0 0
9 0.0 1 1: Vrer /16 0.0625 Vper
53{ 52( Sif 5, I/ 0010 2 2WVer /16 0.125 Vggr
FeRd Tk : . i l 1110 14 14Veer /16 0.875 Veer
| Logic & =» Suibch taVoer (ON) | © 1 4 4 15 15Veer /16 0.9375 Vier
L bee @ < Sulhie @D OF) |
Feotures / Advantages : AEEI.I‘.Ca.ﬁons ;
® Provides a smooth analog output from digital codes. ® Audio signal reconstruction in digital systems.
® High resolution with more number of bits. ® Function generators and waveform synthesis.
® R-2R ladder DAC gives better accuracy and stability. ® Process control and industrial instrumentation.
® \Widely used in audio systems, waveform generators, ® Communication systems and data acquisition.
actuators, and process control. [ ] Vo“:o.ge controlled sources and motor control.

* Note :

Tl'LE. rﬂSOLU.tLOn. Of DAC E.“.Cr'e.ﬂ-sﬂ-ﬁ Wi.Jf.h. Jf.h.e. r'l.u.mhe.r O'!: bi.{-.s (n). For n_birt DAC,
number of levels = 2™ and maximum oufpui =

(1 ) Vor

w
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DATA CONVERTER

Blnarg Weighted Resistor Type DAC

| A Binary Weighted Resistor DAC is the simplest and most basic type of DAC. i
I It uses resistors in b'n,n.o.rs ratio (R, 2R, 4R, 8R ...) to convert an n-bit cuﬁil:u.l ;.npu’c I
Boihds v abe ou S ok n s ATIEPETSN U SN )
OEera.llon : Kea Points :
1. The digital input has n bits Dy o DBl ® Resistor values are in binary ratio : R, 2R, 4R, 8R ...
2. Each bit controls o switch (5,.4 ... 54 Sg). ® More siﬂni.fim.nt bit (MSB) uses smallest resistor (R).
3. If the bit = 1 (ON), the switch connects ® Lless significant bit (LSB) uses largest resistor (SR
the corresponding resistor to Vggr. ® Requires only one operational amplifier.
If the bit = 0 (OFF), the switch connects ® Simpls but affec’cul b:.j resistor nwi‘.ch;.n.s
it to GND. L] Re.ferenc.e. voU:ase (VREF) sets the fu.U. scale ou.tpui‘,.
4. Th.e Curre-l'l.{ﬁ from ﬂ.l.l. re-SL’Sl:Dr_'l are Su.md. S
ot the inverting input of the op-amp. Ouiput Vollage Equakion :
5. The op -amp converts this summed current vV *VREF ( bn—i " bn.—2 bn,—3 4 b_O)
) B
to an analog output voltage V. 2 4 8 "
6. The cu{'.put vottase. s proPorJf.E.on.al to the where, b; = input bit (0 or 1)
decimal equivalent (D) of the input code. Vier = Reference voltage
n = number of bits
Circuit D[aar'a.m (n-bit Bln.arﬂ Wﬂiﬂhﬁﬂd Resistor DAC)
v R 2" 1p R
REF : ’ . £ O T ——— -
A% i Sileh, Dislliom - I
[ = > |
5 = :Bi.i:-i(ON)—rSwil:chtuVRE,:|
oV | Bk = 0 GOFEY < el o GNO) |
D l A{ L— + b - -
(MSB) S Ei (LSB) =
Exa.m.PLa 1 4-bit Bi.n.o.rs Weishied Resistor DAC
Decimal Output Vau:u.se. (Vo)
Dy (MSB D D Do (LSB
b 5 : : 6 G458) Equivalent (D) (in terms of Veer) For n-bit DAC
g s g 0 0 b Tobal levels = 2°
0 0 0 1 1 Veer
16 Max Output (all 1's)
0 0 1 0 2 e o Ner
16 g '_(1_ 1)Vae.—.
W ¥ o~
0 1 0 0 4 _% = __n:;_ .
1 0 0 0 8 8Vger G Veer Resolution (1 LSB)
16 2 Veer
=
15V,
1 i 1 i 15 -T?—EF—
Advantages : Applications :
® ST.mPLa circuit and. easy to understand. ® Audio s'l.srmL Smra.ﬁor\. and wa.veform. ssnl‘.hasi.s.
® Requires only one op-amp. ® Instrumentation and process control.
® Suitable for small resolution (4-8 bits). ® Industrial and communication systems.

% Note :

BL-mrS wei.sh,i:ed. resistor DAC s easy to d.e,si.ﬂn. but not suitable for very hlsh resolution

due to tolerance and matching cf resistors .

% For Details Notes, Visit

)

www.polynoteshub.co.in



DATA CONVERTER

R-2R

LADDER TYPE DAC

R N S N T R T R R R i R R R RN T e 1
| An R-2R Ladder DAC is a wid.el-d used DAC that uses on.l.H two resistor values (R and 2R). |
|
OPERATION : KEY FEATURES : OUTPUT VOLTAGE EQUATION :
1. The digibal inpuk has n biks Dy 5vis Dy Dl | | @ Usen cothy s rasiibir wdicns - R ard 3R,
2. Each bit controls a switch connected to the lResislorruiLo[aammfaandensﬂ{n V"vkEF bﬂ'1+bﬂ‘?+bh‘1+_ +I’_°
R-2R ladder network. implement using ICs. 2 2 4 8 r
3.1f|;|\c.|:ii=1(0”),|:h&suﬁ.|:ch:omecﬁﬂit .Gmdom;m:ﬂand.m.ono’mnlcmﬁp&.
where,

laddilicr: wiecds: 16 Wiigr.
If the bit = O (OFF), the switch connects
the node to GND.

Nomdfﬂ'rw;mrmmtﬂh;r\ﬂ.
Sﬁtnbhfwmdiumbhishmsaluﬁon.
Widely used in IC DAC chips.

b‘zinpukbi]:(f)ori)
Ver = Reference voltage

4. The R-2R ladder network divides the current n = number of bits
: ::‘”‘”5 ”“-‘;f‘*":rtf""P"’b"'“" iy | | APPLICATIONS .
it DP'O.H"I.P [T4% I.ﬂ.s sum.nuna G.H‘I.P LEr - . [
® Audio signal ation i S B i ;
5 be bthe a - inks adpub s 49 ‘Bzw Negahw sign indicates Ouﬁpui Inversion
velbage V. ! I“’ “'Enl“ o : due to inverting op-amp.
6. The oubad wellagu' is prenorbional ts: bha T i
decimal equivalent (D) of the input code. & Crpmigpuciiicaty o e
3 Wavgfom 5501}]\4.5;.;, ete .
R-2R LADDER DAC CIRCUIT DIAGRAM (n-bit)
o QR. ] _.Qé [ QR. o’ QR_ i QR—E HOW IT WORKS :
VRer o Sy R¢ S W S
| 1. The ladder network splits current in
R R R R : binary weighted form.
! 2. The MSB current is 5 of total, next
Sn—l 51!-2 51 SO I VO is —";Lt, next J]t:E and so on.
! 3 T]'u'. UP'CUH.P sums HI.CSE C.l.l.rr&ﬂt&
Dyoy Dy D, D, | and produces output voltage.
WS R T Y (LSB) g 4, Oubpub is proportional to the
| Switch Position 1 |-l decimal. value of the input code.
L-—d Bit = £ (ON) —» Suitch to Vagr |- _ 4=
| Bit = 0 (OFF) — Switch to GND |
| i e A R L R i+ |
| EXAMPLE : 4-BIT R-2R LADDER DAC ADVANTAGES :
Dy D, D, Dy D‘G‘m'l' O‘j"hp"‘*' Voltage o) ® Uses on13 two resistor values (R and 2R).
(MSB) (LSB) Eguivalent (D) (in terms of Vgee) T T f . )
| o o o 0 Vo ® No need for precision resistor matching.

0 0 i 1 '_:EL ® less cencitive to resistor tolerances.

0 0 94 0 L] -3¥.E§L & -_VEBEF_ o Well suited for IC mplcmgn]:a.twn

0 0 1 k! 3 3‘1%5—

v ’ IMPORTANT NOTES :

0 1 o 0 4 -—1“6“ -

i " z A = {5Veer @ R; is usually chosen equal to R for simplicity.
F————————————— = = 16 L] Outpui s uﬂa.ﬂw; can be made Posi}ive u.sm.a
| Fer n-bit R-2R DAC : | non-inverting configuration or by using +Veer
I Total levels = 2% } and ~Veer references.
| Max output (all 1’s) = - (1 - %;)vw : ® Monotonic and good linearity.
| W, |
| Resolution (1 LSB) = —if 1
T I Ity |

TR RGeS Shcu SESE SETR StoLER R BT S ey SR Lo ol ST e amLme S opern s s ]

| audio systems, and data

| % NOTE : R-2R ladder DAC is the most practical and popular DAC used in microcontrollers,

Mql.l.i.:"-&iﬂl"l. SHS{:&H"LS .

For Details Notes, Visit www.polynoteshub.co.in



1

DATA CONVERTERS

About Analog to Digital Converters

Introduction

An Aru:LLoS to Disiial Converter (ADC) is a device that converts

a continuous a.n.o.los Si.SI'LG.I. (voli:u.se or current) into on Equi.val&nt

digital number. The digital output is proportional to the magnitude =—E_x i S —:
of the analog input. ADCs are widely used in data acquisition | —" |
ssstems, d.i.ﬁi.tal. voltmeters, m.LcroProcessors, instrumentotion and \ i
communication sastems, ' .inai.is ADC Digiiul |
Key Points : == (Analeg to Output |
| (Vin) Di.sito.i. Converter) (Binary) |
@ ADC converts analog (continuous) signal into digital (diserete) form. ! 4 |
® The output is a binary number representing the input magnitude, | |
@® It is the i.n.{'.e.rfo.ce between real world a.n.o.l.os slsnnls and d.isi.ial | ExamPLe : If u.no.Los inpul'_ =25V |
systems. | and ADC is 3-bit, oujcpul: may be = 101 |
® ADC pe.rformum:e. de.pen.d.s on resolution, accuracy and 5peed.. : (blno.rﬂ) d.epend.ins on the converter. :
® Common Pnra.rnei:ers : Resolution, Accu.rr.\cs , Conversion time, £, )
Ronge, Quantization error. | T T T T T T T
- i Types OJC Analog to Digital Converters (ADC)
S. No. THP?- of ADC Br[af Descrip’d.on Ad.vn.nl:ages D[so.d.uanta.ses APPU.co.ti.cns
1 Flash ADC AlL possible levels are compared Very fast Complex, Expensive, Hi.sh speed systems,
i (Parallel ADC) simultanecusly using comparators. (Hi.shes-l: spzed.) High power Oscilloscopes
9 Successive Approximation | Uses binary search method to | Fast, Moderate cost, Speed less than Micrecontrollers, Data
: ADC (SAR ADC) approximate the input. Goed. accuracy Flash ADC acquisition systems
3 Dual Slope (Intesmtin.s) Measures i.npu.{: by 'mi:egmhi.ns High accuracy, Slow conversion Digital voltmeters,
: ADC and de-integrating. Good noise rejection speed Industrial instruments
4 Ramp {Counter Tgpe) A m.m.p susn.ol 'L.s compared.l TN P Slow, Non-linear Low cost instruments,
ADC Wl.th. mPU.t u.ntl.l. l.t rﬂﬂchﬂ-& Lt. errors PrOCESS CUﬂtmL
7 5 Hiah e . =
5 S (A-5) ADC Uses ouer?mmplm.s ‘md. noise igh resolution, Goiplics, Lo spiad Audio .sHs.tems, Digital
shaping techniques. Excellent accuracy weighing scales

Working of ADC (General Principle)

4. Block Diagram of Analog to Digital Converter

bas[c St!.PS LI'I.UOLUZd iJ’I. ADC opemﬁcn are :

3.
The r— —————————————————————————— 1
Sampling : The analog signal i led ot regular | I
© L;:::E SRR e S | Analog 5“-""5}5 Quantizer Encoder Digital |
: Input — on - > (Bi —
@ Quantization : Each sample is approximated to the : (.:r) Hold (Level (B‘“‘”’H (guﬁpu.t) ]|
nearest level from o set of discrete levels. [ X Circuit Selacter) Encoder) e
©)] Encoding : The quantized level is converted into on | 1 |
equivalent digital (b'mo.rﬂ:l number. | |
® Output : The digital word is available at the cutput. I Clock and Timing Circuit 1
[ Whiids ABE - Soaling + iotastion & Breallgl] oo e e B
5. Important Terms
Term Meaning
Resolution Minimum chonge in input that con be detected. For an n-bit ADC, Resclution = Ves

an

ACCLIFO.CH

Closeness of the digital output to the actual input value.

Conversion Time

Time req_u.i.red ba ADC to convert the unolos input into disi’col ou,tEui,

Quantization Error

Error due to l:x,PPrux[mnﬁon af cmcl.los value to the nearest discrete level.

Full Scale Range (Ves)

Maximum analog input value that ADC can handle.

LSB (Least S[ﬂni.fi.canl Bit)

Smallest value reprzsenl:ed bH the least s[sni.fi.ctm.t bit of the disi.ta[ ou.i:pui:.

¥ Note :

ADC is an essential device in modern di.si.tol sastem,s where real world W\.D.Los si.snals Like

temperature, pressure, light, sound, etc, are to be processed by digital circuits.

*

For Details Notes, Visit www.polynoteshub.co.in
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1. Introduction

DATA CONVERTERS

Comparad:or Type ADC

Comparator type ADC (also called Parallel ADC) converts an
analog input voltage into digital output by comparing it with a

set of mferen.ce voi.to.ﬂes usi.n,s compo.m.‘:.ors worki.ns in po.mU.aL

It s a very fa..st ADC and is used in high speed applications.

KeH Points :

® A set of (2" - 1) comparators are used for an n-bit ADC.
The analog input is applied to all comparators simultaneously.

The outpu.ts are encoded to Se.{'. the ﬁrm]. n-bit d.lﬁi.l:cxl ou.l:Pu.l:.

[ ]
® Eoch comparator compares V,, with a reference voltage.
®
[ ]

Fastest ADC but requires more hardware.

2. Construction

Analog

Inpu.i: —

(Vi.n}

Comparo.tor
THPE ADC
(Parallel ADC)

—

Example : If V;, = 3.2 V and ADC is 3-bit with
Vi = 5V, then digital output moy be 110 (6)

depending on the reference levels.

Digital
Output
(n-bit)

I{: COMi.S'I'.S O’F a r!esistor‘ lﬁd.d.er‘ n.el'.um'k +.I"l.0.+. SBMN'EBS zq:mllﬁ :'_V—mf_ _______________________ 1|
spnned. refer'e.m:e voll:a.ges. These re.fe.renc.e vo“:as_ss are I i V8 V,.,f _C Bt (MSB) I
o.ppliei to the inverting inputs nf comparators. The an.nl.as, : —& $ 3 |
: ; : S |
l.n.PuJ: Vi, is aPPLuzd. to all non-mvertms mPtd:s. The com.Po.mior | i %an > |
outputs are encoded to produce the digital output. I r_+C2 D, Encoder Digital I
[ %V, (Priority > Output |
4. Operation I R O, | Frooder)| (3750 I
Th.! wmpurators CDum Vin LUi.th r!fere.n.ce Wl.tQ.sE le.vsLs. I 1/8V -E |
If Vi, is greater than or equal to the reference voltage, the I R £ B I
comparator autput is HIGH (1). Otheruise, it is LOW (0). The | Fo—0 |
encoder converts the thermometer code to bi.rmrﬁ code. I oV [_ I
Range of Vi, G Rpo s bt s T T B Lo o s o s e e o n i s 4
(0 to Vref) (C3 CZ C1. CD) (DS DZ Dd. DO) 5 Bl_ock D-
. T
Os W= 3V o0 ® © 0 000

[P g e e e e e ) |
N eVl & 6 & 0 001 | |
%’a \.,a'“f sV, < % Vrtf 1 4 B D 010 I Anc;log Reference Parallel Encoder Digital I

z —a Input — Voltage [~ Comparators [~ (Prior[ta B Output
BBVl ¢ 4 L @ 011 I Vo) k1 2 - 1) Encoder) |  (n-bit) I
EN sV e, | 2 2 3 A 100 | |
Vi = Vg 4 4 4 4 111 Lee— |

6. Advantages, Disadvantages and Applications

SLI’I".PLS CDI’LCQP':.
No feedback required.

Accurate conversion.

Very high speed (fastest ADC).

® Requires o large number of comparators,

[ ] Hiﬂh power consumption_

® NDt GCO‘P'I.OI‘FL;.CC[L fUT h;.sh TESG'.LI.{'..I-GPL‘

Large chip area.

® High speed data acquisition systems.
® \Video and Lma.ss pmcessins.
® Oscilloscopes and instrumentotion.

@ Communicotion sa.stems.

% Note :

Compnrator JC-HPE ADC

is suitable for low to medium resolution (upto 8 bits) due to

hardware c.omple.xi.‘l‘.s, It Provi.dzs the fa.s{'.esjt conversion time among ADCs.

w

For Details Notes, Visit www.polynoteshub.co.in
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DATA CONVERTERS

Successive Approxima{:i.on Tgpe ADC

1 . IT'L{.TOC.I.LI.CI:LO'I"L

Successive Approximation ADC (SAR ADC) is a high speed and
medium resolution ADC. It uses a binary search technique to
find the digital equivalent of an analog input. It requires fewer
comparators and less hardware compared to Flash ADC.

Ke” Points :

instrumentation and portable devices.
® Provides gcod. speed with moderate hardware.

Uses binnrg search (successive appmxi.ma.ti.on.) tech.mque
Only one comparator and a DAC are used.

Conwersion is done in n clock cgcles for n-bit ADC.
Wu:lel.g used in data a.cquisi.ﬁ.an. sHste.m.s. microcontrollers,

S NN S e
EXCI.I'I’LEL& : —"l
Analog SAR ADC Digital
I“PU'{'- — (Successive T Outpl.tt
(Vin) Approximation ADC) (n-bit)

Example : If V;, = 2.7 V and ADC is 4-bit with
Vref = 5V, the digital output may be 1011 (11)
d.epen.d.i.ns on successive a.pproximo.l‘.i.on.

2. Construction / Block Diagram

3. Working / Operation

The conversion is done in n clock cycles for an n-bit ADC.
@ Somple the analog input using Sample and Hold circuit.

A"“L‘? | Sample and
Topd =¥ il Ccattl 1L @)

(Vind

i
g
-]

i

Digital
Output

(n=bit)

@ SAR sets MSB to 1 and all other bits to O.
(@ DAC converts this digital word to analog voltage.
@ Comparator compares Vi, with Vp,c.

4 Exu.m.pl.e of 4-bit SAR ADC Operoi'.i.on

Example : If Vi = 5 V and Vi, = 2.7 V (approx.),
Digital Output = 1010 (10).

Skep (;':Rbf‘g:‘g;) ‘”('3;; Vin ? Voxc | Decision | Final Bt |
Iiai| @ o 0 6 @ ; - = |4
t |1 000] 25 |VuxVoe| Kep | D=t ||
2 |1 286 o | g, | ®ad || 8 <0 |1
i |2 B aw | v |V e B2
X | 3 &L 2 | o0s| VaiVe, | Rk | D358 | |
Final Digital Output (Dy D, D, D) = 1 0 1 O (Decimal = 10) }

|

|

6. Advantages, Disadvantages and Applications

Ad.vu.nl:a.ses

Disadvantages

Applications

® Medium to llis!'\ speed.

® Requires only cne
:o-rw.mht‘.
® Less hardware

compared to Flash ADC. | @ Mot suitable for ultra high

® Good aceuracy.

® Low power consumption.

® Conversion time depends
on number of bits (n cycles).
@ Not as fast as Flash ADC.

speed applications.

® Microcontroller ADC

interfaces.

systems.

Data acquisition systems.
Portable instruments.

Battery operated devices.
Industrial measurement

< If Vin 2 Vpaes keep the bit as 1.
% If Vin(VmC, reset the bit to O.
rocee next lower bi repeal
SARP ds to the t L bit and Pe*fs
steps 3 and 4.
er n cycles, register contai
® A Hl.eslzh.eSAR gl:e tains the final
d.i.gil‘.a.loutput.

5. Timing Diagram (n-bit SAR ADC)

T w24 s e k|

Cycle Cycle Cycle Cycle i Cycle |
S B0 e 0 A
SAR ' il
Register 100...0 110..0 101..0 1011 | s n=bit |
Bits Result I

7. Important Terms

Term Meaning

Smallest change in input that can be detected.

Resoluti
= = For n-bit ADC, Resclution = VT':L

Time token to convert nrw.l.as mpul

pwersion T
Conversion Time to digital output (n clock cycles).

Closeness of &LSLtnl output to the actual
u.n.u.F.oS input volue.

ﬁl:l:l.l.l"ﬂ.ca

Maximum error between i.nput and
tization E |
Rl ™ | quantized eubput (2 1/2 LSB).

Smallest value represented

LSB (Least Significant. Bit) |
{ ignif | i the bl sk

#* Note :

Successive Approximation ADC offers a geod trade-off between speed, accuracy and hardware complexity.
It is the most commonly used ADC in modern electronic systems.

- ¢
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DATA CONVERTERS

Dual Slope A/D Converter

1. Introduction

Dual SLDPB ASD Corverter is an l.n.l:esrui:uts type ADC. It corwerts an
anoleg input woltage into o digitol output (n-bit) bosed on the principle
of measuring time. It is highly accurate and has excellent noise
rejection, but the conversion speed is relatively slow.

Key Points :
® It uses an op-amp integrator, comparator, control logic and a counter.

® Conversion is done in two slopes (two 'Lntegro.ti.cns).
® Itis seif—-:u.l.i.broii.ns and gives high accuracy.
® Wf.d.e[ﬂ used in di.gitnl voltmeters,

man.sure.nwn.{‘. 55 stams .

rru.llﬂrnztsrs cm.d. PrOCE-SS

[P e =i n= i e = S A b
Example :
vots [ ot e | 25
(;P ) A/D CDr‘L\."&I’ter‘ > PLL

Example : If Vi, = 3 V and Full Scale = 10 V with
n = 3 bits, the digitol output may be = 011 (3)
depending on conversion.

|
|
|
|
(n-bit) I
|
|
|
|

2. Block Diagram 3. Working / Operation
notle Diageam 9 P
:_ __________ C_‘_-_h—‘_‘___‘—zbl_-: The conversion is r:omPLei‘.ed. in two Ph.c.ses (two si.opes).
f ut Phase 1 (Run-up / Integration):
| — g i i .
N 1 | @D The analog input Vi, is applied to the integrator 'For a 'Futed.
time T,.
| Input | Analog Integrator Cﬂmpﬂmfﬂ"_b = Al Aol ‘ L
| (Vi.n) Switch (OP..AmP) (Zero (n - bit) | @ Output D‘F Lr\.teara.l'.ar‘ is a linear ramp (sLol}z) whose
| Detector) | magnitude is proportional to V,, and T,.
| |
| | Phase 2 (Run-down / De—intearaﬁon.):
| Control | @ The input is switched to o rsfzreru::e voltage of opposite
| . | clarity (-V,of)
Logic palsmby =Ygl
: y I @ The integrator output now ramps bock towards zero.
| | © When the integrator output again reoches zero, the
| +Vrgf _me | CO"\Pueror Ol..l.{'.Pu.l: Ch.ﬂnﬂ!-& Stﬂtﬂ md StDPS thz Countsr.
| | ® The count obtained d.urma T, is Froporl;ion.oi to the input
1 e, s i o s v, s, i il s, S o, iqrmitow’ il | vaU:age Vin-
& Skl avas Thus, V, = T, (For fixed V,_.F and T1>
Wy B ey e s e i e e 1 5. Relationship
| Analag V. e |
| Switch l g | Vi T T
| Posibion 0 s - T“‘t | v = Tz or Vu‘\ = (T—z) x Vr!f
| ' 1 otz | ref 1 1
| Integrater | | Since T, and V. are fixed, the digital output (count N)
Output R . .

! (Vo) g = t | is directly proportional to the input voltage V..
| vantoges, Disadvantoges ications
| 6. Ad Dhiad: s Appliced
| Campn.r'a.l:or 1 |

| , T

Advantages Disadvantoges Applications
| Output 0 et
| N | ® Hi.gh accuracy. ® Slow conversion Digl'.i:nl voltmeters.
| OUC:P"“ : § | | ® Excellent noise speed. Multimeters.
| | rejection. . |'~|‘ol:hsw.t:i|£ for Process control
| T‘l = Fixed time (5et bs control Losic) | ® SeLf—cn]i.l:raﬁn.a, hlﬂ : sPB 535t2"‘5-
letiﬂl’\..s_
| T, = Varicble time {measured by counter) | ® High resolution. & :'l:u . Laboratory
l_ N =Feint duirs T J| ® Good stability. control. circuit. instruments.
7. Important Terms
Term Meaning

Run-u.P Time (T,)

Fixed time during which input voltage is integrated.

Run-down Time (TE)

Time required for de—integration (ou.{'.Put returns to zero).

Full Scale Input (Ves)

Mnxixnum l..l'l.Pu.t 'UDH:.O.SE th&t ﬂi.VG& fu.l.L sc.ale OLL':PLI.t.

Resolution

Smallest change in input that con be detected.

For n-bit ADC, Resolution = V. g / 2"

Conversion. Tume

Totel time required = T, + T, (varies with 'm.put),

% Note :

applications where speed is not critical.

Dual Slope ADC provides very high accuracy and is ideol for low frequency and precision measurement

W

For Details Notes, Visit www.polynoteshub.co.in
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