3,\
-3 bit AD(C
-additj onal
BY quickly

delay. An
bility for it
 reference
ents same
esponse.

rk may be
alog input

yehaviour

.erformed
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N type ADC (Digital ramp type ADC)
by - tyPe A/D (.lonvert-er circult consists of following blocks:
arator with variable reference voltage ocks:
s .t sequence up counter

@ :b .t DIA converter

@ R flip-Flop

(4) e te
o) AND e _—
glock piagra™ of an N-bit counter type ADC:
AND\ _ CLk N-bit
J’L (gate ) . - sequence
tart up counter

Digital  N-bit
bN

1b1\ b2 .‘ Up = digital output
""" when CLk is
inhibited
DAC
-V, i 3
Analog
. input
Fig. 6.29.
Operation
Initially counter is reset to zero. It means counter is initialized with value
ie,0000.

ADC, we are going to discuss here. Hence, we
or and output of counter will be:

0 0 0 0] _

0 analog voltage by taking

Let’s say 4 bit counter type
require 4-bit sequence up count

I bl b2 b3 b4

Now00001s send“to A-bit DAC and it produces
equation: .- ;
by | 94
- b1‘b2=b3:b4"0
Hence, V= 0¥
ltage is equal to OV.

It means variable reference VO
How comparator works

If VA - (VR)Var

Then (Vp)' =0 .
Elseif V4 € (Vg)var
Then (Vp) =1

> (Vp)var and hence (V) =0V
f S-R flip-flop.

ObviOuSI‘.Y if (Vp)var = oV, Then Vi
ow (V) is conpected to reset input 0




Digital L°9Ic h

462 tart pulse to set input of S-R flip-flop, thep, sa :

When we aPPD_" s be in set state. i y

nd S-R Flip-Flop 18 said to I
3 How AND gate works R

If B=1Then Y=A meang
signal by AND gate to outpuyt
terminal.

Else
If B=0, Then Y= 0 meang

signal A is inhibited by AN
gate : ?

- q
; . — |
Hence, Clk signal will be passed by AND gate until and unless Qy=1. Thi
will continue until V> (VR)var- In this way counter will progress Counting,
Now, when V, < (Ve)var then @ = 0. It means S-R flip-flop wil] be regy
and Clk signal will be inhibited by AND gate, means Clk = 0 and countey action
will stop means counter stops counting.
In this way conversion is complete and number stored jn N-bit sequence up
counter is equivalent to N-bit digital data corresponding to provided analog
input voltage.

—

LVA b, b, by b, | V, Velve| Vo’ S R Qu| CLK | Counter|
Lgv J 0000/ o0V ov 0\}_ 1 0] (set) 1 | Passed Progress
1VI 1v | ov 0 0] 1 | Passed | Progress
2Vl 2v | ov 0 0 1 | Passed | Progress
3V] sv | ov 00 1 | Passed | Progress
4V| 4v ov V.> 00 (I:::mge 1 | Passed Progrﬁ:
V1 5V | ov [(vpy ] 0 0 1 | Passed | Progress
6V
= 6V [ov 0 0 1 | Passed | Progress
e 1. IV Ly 0 0 1 | Passed | Progress
8V| gy i
v 0 ess
V| o Ty | 1] Paased [Progne
¥ 1avl Y™ to 3 ibi
sJ\J v 0 |Inhibite /J
ﬁ—L " I Fi +
Counter stops counting

and number stored 17

counteris 1001 and i.€-
final result.

Complete block
(1) SPDT sw
(2) Integratc
(3) Compara
(4) AND Ga
(5) N-bit bin
(6) T F/F
Working
SPDT switcl
(down position).
will be hed
direction (1’ pos
_ Asinitial st
1), Hence, Q=1

_ Integratox
Integrator,

In this way

Vo (output
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gd Converter
pud C
~ 4 " it
.
0,
@ S Integrator
/
P o
0
s ! [ no
T NDit o ¢ ZAND
Q b
o oA F?IF plgl o ClLk
QN~1J° l Q,
Br-1 by, by
= This
Nting, Fig. 6.30. Block Diagram
| be reset complete block diagram consist of following blocks :
©r action (1) SPDT switch ()
(2) Integrator
;encelup (3) Comparator
(4) AND Gate
e (5) N-bit binary up counter <
gl (6) TF/F
.'om:l_ | Working . .
: " . : 1 osition) or 1
ogress SPDT switch (S) can be hold in tzvo Izosfl;l‘ogllisp ag{-;petgerl f SJ L spiaeh
pgnaes ition). It nds upon output o SHE e T
e ?ﬁ:\f;leposfﬁ}l::g &pi;iis. If 0 _ 1. then switch will be pushed. downward
ogress direction (1’ position). : . : :
——-—" *--—-—--£—-—I—)-—-i —.._)_~ Tl 'is MR (when no Clk pulse 18 pr.oylded to
gress Asinitial state of 7 flip-Flop " 4 in upward position.
gress | i, Hence, @ = 0. when @ = 0, then A pushﬁ; g ovided as input to
| i ) . r
— Integrator : In this way analog input voltage (V) 18P
sreees integrator.
s In this way— ; o
gress | =1 (Rc= 1) Time constan
— V; (output of integrator) = Eg,[ V4t
0




— T

.' ; -‘ | Comparator:

ii i | Comparator works on two inputs i.e., V, applied at invertin

i and V. i.e., reference voltage applied at non inverting input tey
é|!1';l r ey ,
ki to ground.

Fig. 6.31.

il In comparator, we see that:

Digital Logiq ang

If V> 0, then V= 0. It means if V, obtained is +Ve, then Ve

& 1-nmlJlt t‘el'!hirm
mlna con ]
“%

obtained i

_—

1s — Ve, then V obtaineq

—

low.
Else if V|, <0, then Vo= 1. It means if V,, obtained
is high. = EC g
. . X _VA
From output of integrator i.e., Vo = —T—t » We can see that: As Vi <0,
Hence Vo=1.
AND Gate:
AND
CLK
Ol Gate
Fig. 6.32.

=1, h . " 5
Woh ence CLK signa] ig simply passed by AND gat

N-bit binary
Up counter

e at its output

n%‘,

to lower pOSitic
111 and then r

At t, instan

where Vis



V, <0,

output

pinary
sl
ounter

5 can\*eners (Data Converters) x. At8
201 : mented by 1i.¢., byb. b =

ph 3 and incre 29, by =001. Counter will keep on countin
o1 ® id takes 7 CLK pyllaes, At 8% CLE pulss, sounteris o

0
frﬂmﬂ By tgble drawnt below, We can observe how counter does progress:

fleﬁf"d' CLK by, b,

0
0

0
0
0
0
1
1

L
[ 1

0 0

As counter takes a transitif)n from 111 to 000, then b, takes a transition
pom 110 0, and this 1 = 0 transition is acting as a CLK pulse of T flip-flop. As T
gipflop 15 — Ve edge t?lggerefl, .h'ence it toggles on — Ve edge of CLK (i.e., 1 - 0
ransition of by)- In this way initial @ which was 0 is now set to 1.

As Q becomes 1 and hence switch S takes a transition from upper position

o lower position i.e.1’ position. It takes ¢, time to progress counter from 000—
111 and then recycle again to 000.

Att, instant, Vgpis connected to integrator.

0
g 3
1 0
x4
o G
0 1
1 0
s R |

oo—qmm.hmm»-ao\

0 |recyles

_]_ t
Vo= — [Vt
50
where Vis taken as generalized input passed by switch (S) to integrator.

t t
o L W
VO — -Tl:— '([VAdt +£[("VR )dt’

-1 ; t
Vo= 2[Vaths + VR k)

- Vo= = [Vat) Vel -ty)]
1%
-1 R (¢ —
= A ,T_VA:1+ = ¢ -ty

W added Wi + Ve value. Hence
As negati 1t of int 1S NOW added with some ‘
e e positive direction. But ultimately Vg

out; . . ‘
Put of integrator now starts to move in R il s CLK signal will be

Yema; :
Maing ~ Ve and output of comparator 1.€» ¥C

Hased il kee

v AND gate and counter W1 : PR i !

Aty 3 o and starts t0 go in positive direction. As s00
o Instant, V,, becomes Z€r

tor becomes Oa
0L, ui?ec()mes positive. Now output of compara
signal will be inhibited bY AND gate.
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_ : 368 ble to Sng

;11 stop counting, as it 1s ena get CLK
i
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Finally counter W

5 ——f
I
1
-V, V‘t Vi
1 ? £ =y
|
1 |
I I
1 1
Ve | |
I 1
1 1
I
1
|
I
1
0 T t —>t
Fig. 6.34. )
It we observe the CLK pulses corresponding to
progress of ¢
that OULer, wege
o000 091 010 011 100 101 110 111 000
1 2 3 4 5 6
7
] ;

After ¢, time, outpy

t of integrator s given as

[Vo =0l

=

From thi
rM'OPOI"‘i‘ma1 ;

6.7 SAMPL
& ——

Sample and b
of two FET
Sampling swi
Discharging :
flat top Pf_@'
s defined a:
which ampli
l.e. carrier
instantaneo
signal. Flat
widely used.
PAM is that
transmitted
top.

Working
Ef} sampl
sampled PA
circuit cons;
The sampliy
the gate G,
charged upt
Signal x(¢), ]
Charge. The
Other trang
dlSCharge §
Waveformg



nter: we see

000

o

.0 back 000.
> consumed

Vo = 01;4,

n

convurlﬂrs (Data Converlars)

A nl‘d

bo =ty = VA gnip
3 " ! % I CLK

V
" S A ghe

= V= 2"

. 467

Assume -
| 100y~ 1 ”"“'-I.K where n is

output of counter at L)

From this mathematical result, we observe that, output of counter i8
" ' 'O »

pmporticmn

7 SAMPLE AND HOLD CIRCUIT

| to analog input voltage V, under the condition V= 2"

and hold circuit generally consists
of two FET’s. One FET is acting as
sampling gwitch and ond FET is acting as
Discharging switch. ]p__i_g; used to j;@.nerate
fat top PAM. Pulse amplitude modulation

Tﬁmgs the type of modulation in
which amplitudes of rectangular pulses,
i . carrier 18 varied according to the
instantaneous value of the modulating
signal. Flat Top PAM is most popular and
widely used. The reason for using flat top
PAM is that during the transmission,
transmitted pulses and this noise can be

top.

Working
A sample and hold circuit 18

sampled PAM. The working principle is 8
ot transistors

circuit consists of two field effe
The sampling switch is closed for 88
the gate G, of the transistor. During
tharged upto a voltage equal to the insta
signal x(t). Now, the sampling 8
tharge, The discharge gwitch is then cl

other transistor. Due to this: the capacit :
thus capacitor

ened and

lischarge switch is then OP
6.37.

W :
aveforms is shown as figure

ghown in Fig. 6

witch is opene :
osed by 2 pulse applied

Discharging switch
Sampling switch

ET 11
_\' o)

T

Fig. 6.36. Sample and hold circuit

x(t)

the noise interefers with the top of the

easily removed if the pulses has flat

2 is used to produce flat top
imple. and Hold (S/H)
FET) switches and a capacitor.
duration by a ghort pulse applied to

hort _ . ;
this period, the capacitor ‘C 1s quickly

ntaneous gample value 0

f the increasing

d and the capacitor ‘C" holds the
to gate Gy of the
or ‘C' 18 discharged to zero volts, The
has no voltage. The
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x(t) t“\ .1

a(t)

/" t l
/ Flat top sampjeg
AT N

Fig. 6.37. Output waveform of sample and hold circyit

G,GL—QKANTIZATION

Sometimes we have an analog signal, however we have to transmlm
signal for a particular application. ko

In such cases, we need to convert : An analog signal => its eqUivaley
digital signal. It means we have to convert: A continuous time signa i the
form of digits. 4 x(t)

Now, let’s take an analog signal—

First of all, we get sample of this signal
according to sampling theorem.

For this purpose, we mark the time instant tos 0 \/_;"
t), t; and so on at equal time intervals along x
axis (time axis). '

At each of these time instants, magnitude of
signal is measured and thyg samples of signals are taken.

Fig. 6.38.

Now, we can say that, the

b . - signal is no longer a continuous function of time.
ut rather jtg g discrete time

signal.

lved .
known a Quantizatjop bY a process bttt
In quantizatjgp. «

Th -
range which the sign:l t:: oy “mplitude
divided Into a Dumbey of Sta » 39.

ndard leve)s” Fig. 6.

Amp!
L interv:

Now
level.

Sinc
the infor
The
We

being n,

Ma;
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AR Tl s

e

1
!'A ‘m( 1:
VT .
e —— A
P ——
3
2
1
A
>t
=\ =1 \/
4
3
; |
-
Fig. 6.40.
Amplitudes of signal x(t) lie in the range (=my, m p) which is partitioned into
2m

P

Lintervals each of magnitude AV = 7

Now each sample is approximated or rounded off to the nearest quantized

level,
Since each sample is now approximated to one of the L numbers, therefore

the information is digitized.
mation of original one.

The quantized signal is an approxi
- Wecan improve the accuracy of quantized signal to any desired degree simply
being number of levels L.
A — step size
A

n error will be £ 9

Maximum quantizatio
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6.9. SPECIFICATIONS o

These characteristics play
ADC. Characteristics aré s
(1) Resolution
(2) Input voltage range
3) Conversion time ‘
4) Differential linearity
(5) Accuracy
6) Quantization Error

lution
¥ lfll::;)lul;ion of an ADC depends on the reference voltage (Vg ) and the DUmbg,

of bits (n) in the digital output.
This is given as

V.
Resolution = —Ref.
2n
e.g., 8 bit ADC works on reference voltage 5 V, find out its resolution:
— e By g 0.0195V =0.02V
2n 28
(2) Input Voltage Range

It is the range of voltage than an ADC can accept as its input.

(3) Conversion time

(The time required by an ADC to convert an analog input value into its
equivalent digital data is called as conversion tima

(4) Differential Linearity

It is an important measure of ADC performance. It is defined as g “measure
of the variation in voltage step size that causes the converter to change from
one state to next’. It is normally expressed as a percentage of average step size.
Counter type™and continuous type ADCs normally have better differential
linearity than successive approximation type ADCs.

If step size remains constant throughout the input range, then ADC is said
to be linear.

(5) Accuracy

Since both analog and digital s
ystems such rters
are used for construction of as comparator and D/A conve

ADC. Hence, ov depends
upon both analog and digital systemsg, erall accuracy of an ADC dep

Quantization Error

pe accurate e 0
In successl
proportional tO-

N

Data conve
data.
s Digital to 2
data. They
®  Analog to
data.
® Quantizat
code modu
®  Resolutior
output rajy
Accuracy f
Limitatio]
of resista;
Accuracy
®Quivaley
Uccessiy
~ Conve,
N o COnve]



tiﬂn:

> 1nto its

measure
nge from
step size.
ferential

C is said

verters (Data Converters)
= a 471

, a0 . . .
A" aythe rfaglstfll:‘ com;ntgil&;g:ntl(:a] to the trial and fit method of decimal
gersion where 4 nt values of bits are tried from MSb to LSb I

||

number that equals origina] decimal number

v on: . ; ;
go?” . Sucr_:essl"ee ali)pl‘otx“ga‘;%ré type ADC requires 4 conversion cycles
"imilarly -l?lteslzl(;(;ssr?o:ede);%nds o T:;ulll'-es 8 conversion cycles. In this wai;’
G . on tim 4 plitude of i
n"eflﬁumber of bits In digital output). e of analog input voltage (for &
ta

__Capable of high speed
__Lower power ponsumption
__High regulation and accuracy

Limitation '
__Lower sampling rates

_ Requirements for the building blocks (such as DAC and comparator) to

o accurate as overall system.
roximation type ADC, conversion time is constant and

n digital o/p unlike counter & continuous type ADC.

b
In successive app

pmport.ional to No. of bits 1

SUMMARY

to convert one form of data to another form of

s Data converters are used

data.
s Digital to analog converter co
data. They are used to drive motors.

» Analog to digital converter converts
data.

' Quantization is a process of a\ppI‘OFﬂ'i
code modulation.

" Resolution is defined as change in outp
output range.

" Accuracy is predicted as

' Limitation of weighted resistor type D

of resistances.

Accuracy is measure of effectiveness involved in conversion from analog to

equivalent digital signal.

Successive approximation ty

- Conversion time in constant

~ Conversion time i8 prol‘m!'t*i“’n

decided accordin

f‘ormat of Digital output 18
urther interfaced with any other networ'™ . imum analog
Range of input voltage is the difference of maximum and minim

Wput yoltage which can be applied to ADC.

nverts digital data into its equivalent analog
analog data into its equivalent digital

ating analog signal. It 1s used in pulse

ut voltage as a fraction of full scale

mum output voltage.

percentage of max1
o many values

AC is thatit requires to

pe A/D converter has the following advantages

the digital output.

al to number of bits in :
ut which 18

g to need of outp




