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UNITI
LINEAR ICS AND OP-AMPS

Integrated circuits —introduction:

The integrated circuit(IC) is @ miniature, low cost electronic circuit .1t has both active
and passive components; they are joined together on a single crystal chip of silicon. When
compared to conventionalcomponent the appearance of component in IC differs. But they
perform similar electronic functions.

The components used to manufacture ICs are diode, transistor, MOSFET, resistors and
capacitors.

CLASSFICATION OF IC:

There are several ways of categorizing IC’s.

1. Depending upon the functional utility
¢ Linear ICs, and
+¢* Digital ICs

A linear (analog) IC performs amplification or other linearoperation on signals.
Hence it is also known as linear IC.

Digital IC performs the circuit function by dealing with discrete quantities. i.e., integer
or fractional number. In digital IC, the informationis represented by binary digits.

2. Depending upon its structure
+¢* Monolithic ICs
+* Thick film ICs
+¢* Thin film ICs
¢ Hybrid ICs

In monolithic ICs, all the active and passive components along withtheir
interconnections are manufactured on a single silicon chip.

The thick-thin ICs are used to produce only the passive elements. Thethin film
technology produces components with greater precision, but it is expensive as compared with
the other technology.

Hybrid ICs are the combination of two or more monolithic ICs in onepackage. They
may combine monolithic ICs with thick-thin film circuits.



3. Depending upon the active used

+* Bipolar ICs
+* Unipolar ICs

The bipolar ICs use bipolar junction transistors (BJTs), whilethe unipolar ICs use field
effect transistors (FETs).

4. Depending upon the isolation technique used

The bipolar ICs are further classified as

® PN junction isolation ICs

e Dielectric ICs.
5. Depending upon the type of FET used

The unipolar ICs are further classified as

e MOSFET unipolar ICs
e JFET unipolar ICs.

ADVANTAGES OF IC OVER DISCRETE COMPONENTS

Size of an IC is thousands of times smaller
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Thousands of silicon wafers consisting individually millions of components can be
produced or manufactured simultaneously, known as mass production. Due to this,
the cost of IC is very low.
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Weight of IC is very low.
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Power consumption of ICs is very low.
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Increased system reliability

Matching of devices is excellent.
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Operating speeds are higher.
TYPES OF IC PACKAGES:

+¢ First step to produce IC is the fabrication process. After completion offabrication process
several chips are ready on a single silicon wafer.
¢+ Second step is to separate the individual chips. To do this,
® Draw lines on a wafer using diamond tipped tool.
e Then cut it along the lines.

+¢* Finally, it is assembled on a suitable package.



The features of package depends upon

Maximum pin count

Dimensions

Pitch (spacing between the centers of the adjacent pins)
Encapsulating material (ceramic or plastic)

Mode of mounting (plated through hole- TH or surface mount- SM)
Maximum power dissipation.
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TH (Through- Hole) mounting:
The standard packages are DIP (dual in the package) and PGA (Pingrid array)

Small scale integration (SSI) and medium scale integration (MSI)packages
available in SIP (single in line package), ZIP (zigzag in line package) and QIPC (quad in
line package) with TM mounting type.

For low pin counts, SO (small outline package) and SSOP (shrunk small outline
package) with SM (surface mount) mounting are available.

SM mounting types

® chip carrier (The chip carrier uses either plastic or ceramic.)
® TQFP (thin quad flat pack).

The different types of packages are shown in the given figure.



OPERATIONAL AMPLIFERS (IC741)

An operational amplifier is a direct coupled high gain negativefeedback amplifier. 1t
can amplify the signals in the range ofOHz to IMHz. It is a basic linear integrated circuit.

In analog computers, it is designed to perform mathematics operations like
addition, subtraction, differentiation, integration, multiplication, division etc., so, it is
called as operational amplifier.

IC741 operational amplifier is an 8bit dual in line package IC. It is avery popular type
IC. It has five basic terminals.

e Two input terminals
® One output terminal

e Two supply terminals

SCHEMATIC SYMBOL FOR OP AMP:

Phrc
V2C =
V1O a, | Vo
V1:Non Inverting Input
g np —\Vce

V2:Inverting Input
Vo:Output

Vcc+:Positive Power Supply
Vcc-:Negative Power Supply



It contains

—Two inputs
® Inverting input(V1)
® non-inverting input (V2)Only
—— one output (VQ).
— A positive and a negative supply voltage are needed for its normaloperation.

The signal given to the inverting input in always inverted at its output. A positive
voltage at the inverting input produces a negativeoutput voltage, and similarly a negative input
voltage produces a positive output voltage. But the signal given to the non-inverting input will
not produce any sign change at the output. The functions of an op-amp generally depends upon
the external connected components.

PIN DIAGRAM OF OP-AMP IC 741

IC741 operational amplifier is an 8 pin dual-in-line package I1C.The pin diagram of
IC741 is shown in given figure.
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Pin no 1: Off set null balance
Pin no 2: Inverting input

Pin no 3: Non inverting input
Pin no 4: Negative supply
Pin no 5: Off set null balance
Pin no 6: Output

Pin no 7: Positive supply

Pin no 8: No connection

Pin no 1: off-set null balancePin no
2: inverting input

Pin no 3: non-inverting inputPin no
4: Negative supply Pin no 5: off-set
null balance Pin no 6: output

Pin no 7: positive supplyPin no

8: no connection



Block diagram of an OP-AMP:

V1
DOUBLE SINGLE
ENDED ENDED

V2 DIFFERENTIAL DIFFERENTIAL EMITTER
AMPLIFIER AMPLIFIER FOLLOWER

LEVEL
TRANSLATOR
&
OUTPUT
DRIVER

An op-amp is a high quality amplifier.
It contains four stages
® Double ended differential amplifier
® Single ended differential amplifier

® Emitter follower

® [ evel transistor and output driver.They are

connected in cascaded manner.

Double ended differential amplifier:

This stage provides maximum voltage gain. This stage should employa current source at

the common emitter node for good common mode rejection.

Single ended differential amplifier:

It is also called as intermediate gain stage. It does not require a current source in the emitter.

The purpose is to provide some additional gain. Inorder to prevent excessive loading of the
first stage, its input resistance should be relatively high.

Level transistor and output driver

This stage is used to prevent undesired dc current in the load and increasing the
permissible output voltage swing. Finally, it produces largeoutput voltage or current.




CHARACTERISTICS OF AN IDEAL OP-AMP:

The ideal op-amp is a differential input, single ended output device. Thecharacteristics are
as follows.

High input impedance, Ri = [J. ( Practically 1 mega ohm)
Low output impedance, RQ = 0 (Practically 1 to 2 ohm)
High voltage gain, AV =[] (Practically several thousands)
High bandwidth, BW = [J (V restricted by slew rate)
Perfect balance; VO =0 when V1= V2.

Characteristics do not drift with temperature.
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Simple equivalent circuit of an op-amp:

The equivalent circuit is nothing but the representation of op-amp parameters in terms of
its physical component. The equivalent circuit of anop-amp is shown in given figure.

Equivalent circuit of op-amp:

_O +\ce
V1
Cr
T Ro Vo=AdVvd
Vd R1
Advd
V2 l
o
& -Vee

Here, the op-amp parameters the input resistance, output resistance,open loop voltage
gain are represented in terms of circuit components like Ri, RO etc. The op-amp amplifies the
difference between the two input voltages.

V0 =Ad Vd = Ad (V2-V1)

Where, Ad = large signal open loop voltage gainVd =
differential input voltage
V1 =inverting input voltage with respect to ground
V2 = non inverting input voltage with respect to ground



Ri = input resistance of op-amp R(Q =
output resistance of op-amp

The output voltage is directly proportional to the difference voltage Vd. Theop-amp amplifies

the difference voltage and not the individual input voltages. Thus the polarity of output signal is

decided by the polarity of

Application of op-amp

the difference voltage Vd.

® Audio and video pre-amplifiers and buffers

Filters
Precision rectifiers

Voltage clamp

VIRTUAL GROUND:

Rin

Vin A AL A

Voltage comparators
Differential amplifiers
Differentiators and integrators

Precision Peak Detector
Voltage and current regulators
Analogue calculators

Analog-to-digital converters
Digital-to-analog converters

Rf

, Vout

An inverting amplifier is shown in above figure. In this figure, non- inverting input is
grounded, and the input signal () is applied to theinverting input terminal through a

resistor R;.
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The figure represents equivalent circuit of op-amp.
In general the output voltage of an op-amp
V0 =Ad Vd = Ad (V2-V1)
Ad = large signal open loop voltage gainVd =
differential input voltage

V1 =inverting input voltage with respect to ground
V2 = non- inverting input voltage with respect to groundAssuming V(

=V2-Vl1

Vd = VO/Ad
Since Ad is very large, Vd =0
Vil v2

The voltage at the inverting terminal (V) is approximately equal to that at the non-
inverting terminal (V3).So, the differential voltage is zero. Inother words, the inverting terminal
voltage Vs is approximately at ground potential because V5 is directly connected to ground. That
means, the inverting terminal is not directly connected to ground, but it acts like a ground
terminal. Therefore the inverting terminal is said to be at virtual ground.

PARAMETERS OF OP-AMP:
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Input offset voltage:
It is the input voltage which should be applied between the inputterminals to get
zero output voltage.

Input offset current:
It is the difference between the currents entering the inverting andnon-inverting input
terminals of an operational amplifier.

Input bias current:
It is the average of the currents that enter into the inverting and non-inverting input
terminals of a operational amplifier.

Output offset voltage:
It is the output voltage present, when the two input terminals aregrounded.

Differential input resistance:
It is the equivalent resistance that can be calculated at either theinverting or non-
inverting input terminal with the other terminal connected to ground.

Input capacitance:
It is the equivalent capacitance that can be calculated at either the inverting or non-
inverting terminal with the other terminal connected toground.

Open loop voltage gain (Av):
When the op-amp is used without any feedback, the differentialvoltage gain is
known as open loop voltage gain.

Supply voltage rejection ratio (SVRR):
It occurs because of supply voltage variations, which leads to changesin input offset
voltage.

SVRR is the ratio of the change in input offset voltage to the corresponding
change in one power supply voltage, with all remainingpower voltages held constant.

Output voltage swing:

It is the maximum peak-to-peak output voltage (+ve or —ve saturationvoltage) which can
be obtained without waveform clipping when DC output is zero.
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Slew rate (SR):
It is defined as the maximum rate of change of output voltage per unitof time. It is

expressed in volts per microseconds.

dvo ,
SR = — /maximum

dt
Common mode rejection ratio (CMRR)
CMRR is the ratio of differential voltage gain (Ad) to the commonmode voltage
gain (Acm).
Ad
CMRR=——
Acm

Maximum differential input voltage:
It is the maximum value of differential input voltage that can beapplied without
damaging the op-amp.

Maximum common mode input voltage:
It is the maximum voltage to which that the two inputs can be raisedabove ground
potential before the op-amp.

COMMON MODE REJECTION RATIO (CMRR)

An op-amp is said to be operating in common modeconfiguration when the
same input voltage is applied to boththe input terminals.

CMRR is the ratio of differential voltage gain (Ad) to commonmode voltage gain (Acm).
+V

Av OVoem=Vem

._»/r..- I N
[ Vem)|
b - -V
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Since the input voltage applied is common to both inputs, it is referred to as common
mode voltage Vem. A common mode voltage can be AC, DC or combination of both AC and
DC.

Ideally an op-amp amplifies only differential input voltage. So, thereis no common
mode output voltage (Vocm) at the output. Due to the imperfections of op-amp, some common
mode voltage Vocm will appear at the output. The amplitude of this Vocm is very small and
often insignificantcompared to Vem.

Therefore an op-amp amplifies only differential input voltage. Ratio of common mode
output voltage (Vocm) to the input common mode voltage(Vem) is called common mode
voltage gain (Acm). It is generally much smaller than 1.

Ad
In genera,L RR =—"—

Acm

The CMRR can also be expressed as the ratio of the change in inputoffset voltage
(Vio) to the total change in common mode voltage (Vcm).

Ad
CMRR =
Acm
The value of CMRR is very large; therefore it is usually specified in

decibels (dB)

Ad
CMRR in dB = 20log
Acm
Or
) Vio
CMRR in dB = 20log
Vem

Practically, op-amps with higher CMRR are used. Because, it has the
ability to reject common mode voltages. The CMRR is a function offrequency and
decreases as the frequency is increased.

SLEW RATE:
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Slew rate is an important frequency related parameter of an op-amp.lt is the maximum
rate of change of output voltage with respectto time, usually specified in V/s.
For example a 1 V/[Js slew rate means that the output changes ( may be riseor fall)no faster than
1V per microsecond. The slew rate improves with higher closed loop gains and dc supply
voltages.

Ideally slew rate is infinite. Because, op-amp produces immediate change in output
(oscillations) with fast changing input. It can be avoidedby using a capacitor within or outside
the op-amp.

2[FVp v/

Slew rate, SR =
104

Where, F = input frequency (Hz)

Vp = peak value of the output sine wave (Volts)

If either the frequency or amplitude of the input signal is increased toexceed the slew
rate of op-amp, the output will distort.

The slew rate has important effects on both open loop and closed loopop-amp circuits.
The open loop configuration using op-amp IC 741 is shownin the given figure. Since the open
loop voltage gain is very large, the outputwill go to about +14V and then to -14V each time the
input sine wave crosses zero volts, as shown in given figure.

INPUT WAVEFORM
+dy
+Vp
Ri=0 2 ; 0
time(ms)
6 Vo
O el
+
3
4
RL +14V
10KQ
)
( -14V g
time(ms)
= —— A4y

CIRCUIT DIAGRAM

OUTPUT WAVEFORM
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The time taken by the output to go form +14V to -14V can be determined by using the
slew rate of the IC 741 listed in the data sheet.

The IC 741 has a typical slew rate of 0.5V/us

Therefore BV =560s
0.5V/Os

(28V is the difference between +14V and -14V)
It must be minimum time between the two zero crossings. Hence at the maximum input

frequency fmax at which the output will be distorted is givenby
1

Fmax =75 507y

= 8.93kHz

Thus to have a more square wave output either we keep the input frequencybelow Fmax or
choose an op-amp with a faster slew rate.

BASIC LINEAR CIRCUITS:
Generally operational amplifiers are used for negative feedback.

Operational amplifier using IC’s is inexpensive, versatile and easy to
use.

For this reason they are also used for wave shaping, filtering and
mathematical operations. Some commonly used applications are discussedbelow.

OP-AMP AS INVERTING AMPLIFIER:

DEFINITION:

If a signal (ac or dc) is applied to the inverting input terminal and —ve feedback is given, then
the circuit amplifies by inverting the input. Such acircuit is called inverting amplifier.

WORKING:
The given figure shows an inverting amplifier using op-amp.
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Rf

-+

Vin Vs |-

O Vout

Av= -Rf/Ri

From the circuit, when a voltage Vi is applied to its input, the current i] is flowing through Rj

(input resistor), and also the current if is flowing through Rf (feedback resistor). Since its input

impedance is high, no currententers into an operational amplifier.
1] — Current flows through Rj if —

Current flows through Rf Vg -

Ground potential

Applying Kirchhoff’s current law at the inverting node,

11 =if

Vi—Vg Vs = Vo

Rj Rt
Vs =0, because it is virtual ground.
: \Y%
HenceV = -2 Rf
Ri Rf V=- XV
0 i
Rj
Rf
= dal
Rj 1
Vo Rf

Voltage gain, Ay = T =— =

Vi Ri
The input voltage is amplified in accordance with the values (ratio) of Rfand Rj, and also
inverted.

17



OP-AMP AS NON-INVERTING AMPLIFIER:

DEFINITION:

If a signal (ac or dc) is applied to the non-inverting input terminal and feedback is given, then

the circuit amplifies without inverting theinput. Such a circuit is called non-inverting

C Vout

amplifier.
WORKING:
The circuit diagram of non-inverting amplifier using op-amp is shownin given figure.
Ri i1 if Rf
A/ AAN—
T
s Vs »
. op-amp
C—
Vi 4
-V
0

The input voltage Vi is directly applied to the non-inverting terminal. According the

characteristics of an op-amp, the applied input voltage Vi isalso developed at the inverting input

terminal (Vs).

Applying Kirchhoff’s current law

VS :Vl

11 =if
Vel Yol
Ry Rf
Wi W WV
Ri Ry
Vo Vi Vj
B W IR
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v
0

Voltage gain, A

=(1+R_f)v
Rj !
=V0 =1+Rf
o Vi Rj

The output voltage is always in phase with the input. The gain of this amplifier also
depends upon the external connected components of Rf andRj.

Difference between Inverting Amplifier and Non-invertingAmplifier:

Inverting Amplifier

Non-inverting Amplifier:

The input is given to the invertinginput
terminal of the op-amp.

The input is given to the non- inverting
input terminal of the op-amp.

It gives an inverted output.

It gives an output which is in phasewith the
input signal.

The gain of the inverting amplifier, when
used with a negative feedback, is directly
proportional tothe ratio of the feedback
resistor/

input resistor.

The gain of the non-inverting amplifier is
also proportional to theratio of the feedback
resistor/ inputresistor but with an intercept
value.

19



OP-AMP AS DIFFERENTIAL AMPLIFIER:

Differential amplifier will amplify the difference betweenthe two input signals.

R2
NN =
oV y—
Vi Ri i
S Ty
el N 7 Vout
V2  R1 o

e

The circuit diagram of differential amplifier is shown in above figure. Sincethe differential

voltage at the input terminals of the op-amp is zero, nodes ‘a’
assumed as V3.

The nodal equation at ‘a’ is

i1=12
Vi—-V3 V3 -V,
RP——
Vi v3 v3__ V0
R Rp Rp R2
P4} - Yu 512
= B _TF
Le 3 — = Fa
Rj R1 R2 R
The nodal equation at ‘b’ is
13=1i4
Vo -V3 V3
i B

and ‘b’ are at same potential,
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sl e B
V, ( 1 y: | ) b -
R, 3 | i ————
Subtracting equ (1) from equ (2)
v, 1.1 ) & )
R, \K, R,/ -
v v &,
il 1 ) 0
— V[ —F—]|=——. Fyil
Ry 3( " R, R, 0
e ) (+)
V, Vi 9 AL
R, R, R,
Va2 Vi Vg
R1  Rj B R?
Vo -V1 Vo
Rj ’ R_z
R
V=" -V)
0 R{ 2
R>
Vo = Au(V2 = V(DA — 5
Ry

If can be considered as instrumentation amplifier. But it is not used as an instrumentation
amplifier because imbalance may be produced by circuitcomponents.

SIGN CHANGER:

A circuit which produces an output signal with the same magnitude of the input

signal but out of phase is called signchanger.
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Rf

ot~ N7
Ri
Vin Vs |-
O Vout
+
Av= -Rf/Ri
It is a basic inverting amplifier.
The output of inverting amplifier, Rf v
ey
v —o :
0 R; 1
Choose Rf= Rj
Then, it becomes Vo =-Vj
Now the circuit will operate as sign changer.
SCALE CHANGER:
Rf
AN
Ri
Vin® =
U Vout
+
Av= -Rf/Ri
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It is a basic inverting amplifier.

Ry
The output of inverting amplifier, =& XM
V .
0 R; i
Choose Rf = KRj
Then __=k
R
TP
Rj
Vo =—KxVj

Thus the output is k times of the input signal, and it has 180 ° phase shift
with input.
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OP AMP - APPLICATIONS
APPLICATIONS OF OP-AMP:

Operational amplifier using IC is inexpensive, versatile and easy to use. For these
reasons, they are used not only for negative feedback amplifies but also used for wave shaping,
filtering and mathematical operations. Some commonly used applications are discussedbelow.

Adder:

The amount of voltage produced at the output of adder isequal to the algebraic sum
of input signal voltages.

i Rf
R1
1
-+
V1 & - X
R2
12
V2 —p A
13 R3
Vs A g
Ve —p o AN Ve A

Virtual earth i int
irtual earth summing poin s -V V out

ov

L
L

An adder is an arithmetic circuit. A typical three input adder circuit isshown in above
figure. The input voltages are applied to the inverting inputthrough separate input resistors R1,
R2 and R3.

According to Kirchhoff’s current law at the inverting terminal,
il ¥12 +13=1f

Vi—=Vs V2-Vg V2 -Vg Vg-Vp
+ =+ =

R1 R2 R3 Rf
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Vo
__(sinceV =0)
S

ViR V3 .

- —

Rg*R> _R3 Rf

ASSUME: R|{ =Ry =R3 =Rf =R

Now, commonly take E w s

VO
VI +v2+v3)= —

R R
Vo =—(V1 +V2 +V3)

From this, we can understand the output voltage V( is the sum of inputsignal voltages

called adder.

SUMMING AMPLIFIER:

A typical three input summing amplifier is shown in given figure. It isalso identical with

the circuit of an added.

Rf
If
R1
I
-+
VAR » ¥
R2
12
V2 —p =
13 R3 3
vie——" N AN —— Vs
Virtual earth surmming point a -V

ov

L

According to the Kirchhoff’s current law at the inverting terminal,

L

V out
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i] +1p +13 = if

Vo
11 +12+\£:_ __(sinceV =0)

R Ry R3 Rf i

Choose: R1 = Rp = R3 =R, the above equation becomes

Vi V2 V3 Vo
S = i —

I T
R R R R
Now, commonly take _ outside.
Vo
1 P — —
_(V +V —
B LS R
Rf
V== "(V+V +V)
0 r 1! 208
Assume, Ay \ Ry
R

Vo= Ay (V] +V2 +V3),
The output signal is the amplification of sum of input signal voltages.
MULTIPLIER:
A multiplier multiple the input voltage to a particular amount.

Multiplier is the application of inverting amplifier. The circuitdiagram of
multiplier is shown in given figure.



P RITE

Rin

— \ -

Vo

By using the Kirchhoff’s current law,

Rj Rf
Vs =0, it is virtual ground.
Vi —Vo
Rj Rf
;. Vi
4 1 i Rf
=R
p g
0= R; i
Rf
V=- V
0 i
R;
.11 Rf
The multiplication factor, M = X
Rj

Hence VO =-M Vi
Now we can understand that the multiplication factor depends upon theratio of Rf and Ri.

The output voltage is M times multiplication of input voltage. For multiplication the
value of Rf should be higher than Rj.

If Rf = 10k[J and Ri = 1k[J, the multiplication factor

27



_ 10B0
M= 11-5;1_10

Now V(Q =-10Vi
The input voltage multiplies with the factor of 10.

DIVIDER:

A divider divides the input voltage to a particular amount.

Divider is also the application of inverting amplifier. The circuit diagram ofdivider is shown in

given figure.

Ty T

Rf

Rin

=W -

By using Kirchhoff’s current law

Rj Rf
Vs =0, itis virtual ground.
Vi Vo
R JRE
Rf
V= _V
0 R; i

Vout
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.. Rj
The divider factor, D = —
Rf

Vi
HenceV, w==—""—"

For divider operation, the value of Ri should be higher than Rf.The output

voltage is D times division of input voltage.

If Ri =10kD and Rf = 1k, the dividend factor

10

1k 10

The output voltage, v( = —

The input voltage divides with the factor of 10.
VOLTAGE FOLLOWER:

The output voltage follows the input voltage.

In a non-inverting amplifier, the output voltage is given by,

Rt
V =+ )V
0

Rj l
When Rf = 0 and Ri = [, the output voltage becomes
Vo=(1+0)ViVp

:VI
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Vout= Vin

's}
Vout
Vin 4

The modified circuit shown in the above figure is called voltage follower.The voltage
follower is also called unity gain amplifier.

COMPARATOR:

The circuit diagram and response characteristics of comparator are shown in given
figure. It contains two input terminals and only one outputterminal. The voltage applied to the
inverting input is V1 and the non- inverting input is V2.

Vout

COMPARATOR ¥y

Positive saturation

+V
Vi \T"VC:
O | gain

3 O :.Vin
V2 Vout Linear region

I . LR
/l-Vcc

I ——

Negative saturation

When V1 is greater than V2, the input differential voltage(V> — V1) is negative then the
output reaches maximum negative, typically equal or less than the negative supply voltage
(negative saturation). Similarly, when V2 isgreater than V1 the input differential voltage(V, —

V1) is positive and the output reaches maximum positive, typically equal to or less than the
positive supply voltage (positive saturation). When V1 is equal to V2, output goes to zero.

30



It is summarized as follows

() When V1 (-) > V2 (+); VO = - Vsat

(ii) When V2 (+) > V1 (-); V0 = +Vsat

(iii) When V1 (-) = V2 (+); V0 = 0 volt
One application of comparator for converting a sine wave signal into asquare wave signal is
shown in the given figure.

Vi1

+2V » TIME(ms)

\/

> TIME(ms)

=AWV -

® During positive half cycles of input, the non-inverting input voltage is higher than
the inverting input voltage. So, the outputgoes to +ve saturation level(+Vgq¢ )

® During negative half cycles of input, the non-inverting input

voltage 1s lesser than the inverting input voltage. So, the outputgoes to -ve
saturation level(-Vgqt )

e Saturation = — equal to +ve (or) —ve supply voltage.

ZERO CROSSING DETECTORS:

It is defined as the output will change from one state to anothervery rapidly every time when
the input signal passes through zero.
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L i Vo V' ., Vout

L X

The circuit diagram and input-output waveforms of zero crossdetector are
shown in above figure.

In the comparator if the inverting terminal is grounded then thecomparator
becomes zero crossing detector.

When compared with the period of the input signal the time constantof RC network is
very small. The comparator output is a rectangular signal with respect to the input signal. Hence
it is also called as the sine to square wave converter.

The differentiator (R and C) output contains a series of positive andnegative pulses.

The diode D rectifies this signal and hence the output contains only the positive pulses.

Therefore, Positive pulses are produced at its output at the time of input signals cross
from negative voltage to positive voltage through zero. Ifwe reverse the diode direction, the
output contains only negative pulses.

These pulses are produced at its output at the time of input signals crossfrom positive side to
negative side through zero.

INTEGRATOR:
An integrator circuit integrates the input signal with respect totime (frequency).
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The circuit diagram of integrator is shown in the above figure. Thefeedback element
is capacitor and the input element is resistor.

The charge on a capacitor C, when a supply voltage of V applied is Q = CV.In general, the

current through the capacitor,

dQdt dCV dt CdV
(== = n ~since C is constant

By using Kirchhoff’s current law in the circuit.

11 = if
The current flows through the resistor R — 1
The current flows through the capacitor C —»if
dv
¥ _¥ v
R dt

Since V=0 (it is virtual ground)

33



Vi-—c
R dt
dVo Vi
dt 4 RC
Integrating on both sides with respect to time
: J
Vo=——_1Vj + Vk(@©
0 IO 0)

Where Vk(0) is the initial voltage produced at the output.

e For a square wave input, it produces triangular output waveform.

e For a sine wave input, it produces cosine output waveform.

The integrator is most commonly used in analog computers and A/Dconverters.

DIFFERENTATOR:

It produces the output signal, which is the derivative ofinput signal Vi.

s u ¥ Vout
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If the resistor and capacitor of an integrator are interchanged, it will act as differentiator.
The circuit diagram of differentiator is shown in abovefigure.

The charge on a capacitor C, when a supply voltage of V applied isQ=CV.

The current flow through the capacitor/ - The -

feedback current I f
—

By using Kirchhoff’s current law
iC = lf

CdWVi—Vs) V-V

dt dt
Vs =0, because it is a virtual ground;

CdVv; Vo

i R
Vo CdVv;
R dt

dV;

V—=RC_
% dt

The output signal is the differentiation of input signal with respect to time.

e For a square wave input, it produces spike output.
e For a cosine wave input, it produces sine wave output.

e For a triangular wave input, it produces square wave output.
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PLL and its applications
Introduction

Phase locked loop is an important building block in linear circuits. It was introduced in 1930 as
a discrete circuit. In present, the PLL is now readily available as IC*s which were developed in
the SE/NE 560 series.Some of the commonly used ones are the SE/NE 560, 561, 562, 564, 565
and 567.The difference between each one of them is in the different parameters like operating
frequency range, power supply requirements, and frequency and bandwidth ranges. Out of all the
series, the SE/NE 565 is the most famous. It is available as a 14-pin DIP and also as a 10- pin
metal can package.

Definition:

A phase-locked loop (PLL) is a control system that generates an outputsignal whose phase is
related to the phase of an input signal.

Types of PLL
There are five types of PLL

1. Analog Phase-Locked Loop (APLL) also referred to as a linearphase-locked loop
BPML )

. Digital phase-locked loop (DPLL)

. All Digital phase-locked loop (ADPLL)

. Software phase-locked loop (SPLL’ .
. Neuronal PLL (NPLL)

V) BRSNS I )

1. Analog or linear PLL (APLL)

Phase detector is an analog multiplier. Loop filter is active orpassive. Uses a Voltage-
controlled oscillator (VCO).
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2.

3.

Digital PLL (DPLL)
An analog PLL with a digital phase detector (such as XOR, edge- trigger JK, phase
frequency detector). May have digital divider inthe loop.

All digital PLL (ADPLL)
Phase detector, filter and oscillator are digital. Uses a numericallycontrolled oscillator
(NCO).

Software PLL (SPLL)

Functional blocks are implemented by software rather thanspecialized

hardware.

Neuronal PLL (NPLL)

Phase detector, filter and oscillator are neurons or small neuronal pools. Uses a rate
controlled oscillator (RCO). Used for tracking and decoding low frequency modulations
(< 1 kHz), such as thoseoccurring during mammalian-like active sensing.

PLL Applications

O O G 1 [ESEne

OO

Demodulation of both FM and AM signals
Stereo Decoders.
Frequency synthesis that provides multiple of a reference signalfrequency.

Used in motor speed controls, tracking filters.
Used in frequency shift keying (FSK) decodes for demodulationcarrier frequencies.

Recovery of small signals that otherwise would be lost in noise

Recovery of clock timing information from a data stream such asfrom a disk drive
Clock multipliers in microprocessors

DTMEF decoders, modems, and other tone decoders, for remotecontrol and
telecommunications

DSP of video signals

Atomic force microscopy
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Basic Principle of PLL
The PLL consists of the following four main blocks.

1. Phase Detector / Phase Comparator
2. Low Pass Filter

3. Error Amplifier

4. Voltage Controlled Oscillator.

Vs Phase Ve Low-pass
inputes fs > detector filter ‘

VvCO

Yo

Fig (1)

In the forward loop, Phase comparator, Low p ass filter and Error Amplifier are placed. In
the feedback path, the VCO is placed.
The input signal Vs, with frequency fs, is applied to the PLL. The phase comparator compares
the phase and frequency of this input signal, with the signal Vo from VCO with frequency fo.

Depending on the difference between the two signals, the phase comparator produces an
error voltage Ve. It produces two frequencies(fo + fs) and (fo - fs). The higher frequency
component is filtered by the LPF. The error voltage, called control voltage is fed to the
VCO.This Ve shifts the VCO frequency so as to reduce the frequency difference between fs and
fo.

Now the loop is said to be in the Capture range. The VCO keeps on changing its
frequency till its frequency equals the input frequency
i.e. fs = fo. Now the loop is said to be locked.

The output frequency fo, is equal to the input signal fs, with a finite phase
difference @.

If the output phase drifts, the error signal will increase, driving the VCO phase in the
opposite direction so as to reduce the error. Thus the output phase is locked to the phase at the

other input. This input is calledthe reference.
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So, the PLL goes through the following three stages.

a. Free running
b. Capture and
C. Locked (or) tracking.

The capture transient is shown here

~0
Unlocked

Low pass filter output

|
|
|
1
27
|
A Locked
: Capture transient

Input f in range

Fig (2)
When the PLL is in the unlocked condition, the Low pass filter delivers a constant
output. As the capture range starts, due to the frequency difference between the input signal and
the VCO frequency, asmall sine wave appears at the output of LPF.

As the VCO frequency moves closer to the input frequency, thedifference becomes
smaller and it continues till the PLL locks.

After the lock has been obtained, the LPF, the VCO tracks the inputsignal very well.

When the VCO frequency is far away from the input signal, thebeat frequency (fs +
fo) will be too high. So the LPF does not pass through this. So the signal is said to be in the
“out of capture” range.Once locked the LPF has no control over the PLL. The VCO easily
tracks the signal even just beyond the capture band.

Lock range:

The range of frequencies over which the Phase locked loop can maintainlock with the incoming

signal is called lock — in range or tracking range.lt is expressed as a percentage of fo, the VCO
frequency.
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Capture Range:

The range of frequencies over which the Phase Locker Loop acquirelock with the input signal
is called capture range. It is expressed as apercentage of fo, the V.C.O frequency. The tracking
range is always larger than the capture range.

Pull in time:

The total time taken by the loop to obtain lock is called pull in time. Itdepends on the initial

phase and frequency difference between the twoinput signals, the overall loop gain and the

loop filter characteristics.

Relation between the lock in range and capture range

(VCO control voltage)

(/2) K
% / ¢ A
Slope=1/K,

fo-afi fo-Afe ‘
i ot Afc fotAf
i — fs
L—Z Afcz.cdpture~4l

'-(TT/2lK¢A ~range
e 0T = Lock-in range—h—”
Fig (3)

Phase Detector / Phase Comparator

The comparator circuit compares the input frequency and the VCOoutput frequency and
produces a dc voltage that is proportional to the phase difference between the two frequencies.

In other words, a phase detector or phase comparator is basically a frequency mixer (or)

analog multiplier (or) logic circuit that generates a
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voltage signal which represents the difference in phase between twosignal inputs.

Types of Phase Detector

1. Analog type

a. Electronic switch

b. Doubled balanced mixer circuit (Balanced Modulator)
1. Digital type

a. Using XOR

b. Using S-R flip flop

1. Electronic Switch type Phase Detector

This is basically an electronic switch.. The switch is opened or closed by a square signal
from VCO. Thus the input analog signal is chopped by the frequency determined by the VCO
frequency. The switch is closed when the VCO output is positive and opens when theVCO
output is negative.

Fig (4)
A Electronic switch
Vs, Input 4 (%/ : Ve
signal = Output
T =1 LEL o

Vo> Drive
{(from VCO)

1. When Vs and Vo are in phase ( ¢ = 0 ): As the switch S is closed only for the
positive output of VCO, the error voltage Ve is onlythe half positive portions of the
input is permitted to cross the switch. Thus the average output i.e error voltage Ve is
positive.

2. When Vs and Vo are out of phase by 90 ( @ = 90 ): The switch closed for half of the
Negative and the other half of the positiveinput. Thus the average output is zero. The
error voltage Ve is zero.
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3. When Vs and Vo are out of phase by 180 ( g = 180 ): The switchclosed for negative
half cycles of the input and opens for the positive half cycle of the input. Thus the
average output is negative. The error voltage Ve is negative.

The relation between the phase shift and Error voltage isshown here
v

VCO output

R EeE . ST S

] i Error voltage

positive

§§
<

|
H 1
i !
i !
'
: 1

1
- !

%\ %\ [ Errortitine
\W zero

Phase shift ¢

Q

Error voltage

$=180" /\ /\ /\
""""'W""“"%““'“ _V% _______ o0 negative

Fig(5)
From the fig it is clear that

1. the error voltage is zero, when the phase shift between the two

input is 90°
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2. the error voltage is positive, when the phase shift between thetwo input is < 90°

3. the error voltage is negative, when the phase shift between thetwo input is > 90°

In this type of Phase comparator, the phase information for only one half of the input waveform
is detected and averaged. So, it is called as half wave detector. The output of the phase
comparator is filtered andthe error signal is obtained.

Draw backs of Switch type Analog Phase detector:

1. The output error voltage is proportional rp the input voltage. As itmakes the phase
detector gain and loop gain dependent on the input signal.

2. The output is proportional to cos ¢ and not proportional to ¢,making it non linear.
These two problems were removed by converting the input signalto a constant amplitude
square wave.

Balanced Modulator type Analog Phase detector:

44



©
=
—
)
c
s
N
-

e

Q b Q2
ru

Ve

Fig (6)
In this type of comparator, the input is first converted into a constant amplitude square
wave. As the phase information for the fullwave is detected and averaged, it is called ‘full wave
detector’

It consists of a differential pair of transistors Q1-Q2 and two pairs(Q3- Q4) and (Q5-Q6)
as SPDT switches.

The input to the differential pair is the input signal Vs. The SPDTswitches are activated
by the VCO output Vo. When these two inputs
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are highly positive, the corresponding transistors are ON.. otherwisethey are OFF.

When these two signals are high during the time 0 to ( IT — ¢) Qland Q3 are switched
ON and a current Ie flows through Q1 and Q3.

Therefore the output is given by Ve = - Ie X Re.

For the period (IT — 9) to I, when Vs is high and Vo is low, Q1 andQ4 are driven to

saturation and the output is Ve = Ie X Re.

Therefore as the phase difference moves from O to II the output

swings between +IeRe and —IeRe.

The linear relationship between Ve and ¢ is shown in fig.

o
+1 .
T ol—=
‘s 5 n 2m 3n VA S —= wt
=1 i ! & )
L § i | :
P ; E | l
o : i | |
e : : ' i
+1 : * f T < =
Pl ial Moy o ulol” Al ¢
Yo : i [ 127 | 3w | lam | | i
S i X 1 1 !
R 4 ] 1 | i '
o | VL eSS |
heais Pl oo b Lo |
P e 2 S e
' 1 I | 1 | ' ] 1 i
bl n= i a2 Aa kel s At
0 e 22
Ve a1 |2m 37 4 >wt




fig (7)
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DC component of phase detector output

fig (3)

Digital Phase Detector Exclusive OR Phase

Detector

An exclusive OR phase detector is shown in the figure below.

f, 1
S ; 3 v
f, 1 dc

T 4070

Fig(9)

Phase difference ¢

It is obtained as a CMOS IC of type 4070. Both the frequencies fs and fo are provided as

an input to the EX OR phase detector. In EX-ORconcept the output becomes HIGH only if
either of the inputs fs or fo becomes HIGH. All other conditions will produce a LOW output.

This type of detector is used when both the input signals fs and foare square waves.

Let us consider a waveform where the input frequency leads the output frequency by ¢

degrees. (i.e) fs and fo has a phase difference of @
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degrees. The dc output voltage of the comparator will be a function ofthe phase difference
between its two inputs.

The figure shows the graph DC output voltage as a function of the phase difference
between fs and fo. The output DC voltage is maximum when the phase detector is 180°.This type
of phase detector is used whenboth fs and fo are square waves.

XOR phase detector waveforms

ts
LT e ! T
fveo=fo 1 [
' i
| i
0 m 21
— T ——
Fig(10)
dc output
voitage
ol &

Slope = conversion gain K¢

e/ 2 e !
E
T2
—
Phase difference ¢
(c) between fs and f,
Fig(11)

It can be seen that using these waveforms, the XOR gate can be usedas a simple but
effective phase detector.

Drawbacks of XOR phase detector:
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The phase detector is sensitive to the clock duty cycle. This meansthat a steady duty
cycle, i.e. 1:1 should be used. It will lock with aphase error, if the input duty cycles are
not 50%.

o The output characteristic of the XOR PD show repetitions andgain changes. So,

there is a frequency difference between the input reference and PLL feedback
signals the phase detector can jump between regions of different gain.

o The nominal lock point with an XOR phase detector is also atthe 90° static phase
shift point.

The characteristic of the phase detector is as shown below:

’%”rn G)zf}\
T L
.ﬂ!\/ﬁm

PDRange=m

XOR phase detector response curve
Unlike an analog mixer phase detector, the XOR version is independent of input
amplitude and constant over a 11 phase range.

Digital Phase detector using Flip Flop

An edge triggered flip flop will very well act as a phase detector. Thistype of detectors are
used when both the input wave and VCO output

are pulses. And also if the duty cycle is less than 50%

3=
& CcCD L0001

ocutput

Fig (12)
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A phase detector using NOR gates is shown here. It is a positive edge triggered flip-flop ie the
change in output occurs when the clock input has a positive edge ( low to high)

The input wave fs is fed to the S input. So the output becomes HIGH forthe rising edge of the
input signal.

The VCO output is fed to the R input of the flip flop. So the output becomes LOW for the rising
edge of the VCO output.

>
3>
pas
>

fs : : .
I ! !
] : |
| 1
| 3 : A i
f:) 7; | : i 1 ;L
1 i 1
| | ! i I
{ i | i l
i | I I !
Qutput
0 T : Al
{b)
Fig(13)

As the duty cycle is less than 50% , a phase of 0° to 360° can be obtained. Therfore this type of
detector has better capture tracking and locking characters than the XOR phase detectors.

VCO (Voltage controlled oscillator).

Voltage controlled oscillator is a type of oscillator where the frequencyof the output
oscillations can be varied by varying the amplitude of an input voltage signal. The Block
diagram of a typical voltage controlledoscillator is shown below.
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Input Voltage controlled oscillator | Gutput . .
Yin (VCO) Froportional to Vin

Voltage controlled oscillators can be broadly classified into

1. Linear voltage controlled oscillators and

2. Relaxation type voltage controlled oscillators.
Linear voltage controlled oscillators

Linear voltage controlled oscillators are generally used to produce asine wave. In this type
of oscillators, an LC tank circuit is used for producing oscillations. An active element like
transistor is used for amplifying the output of the LC tank circuit. This active element
compensates the energy lost in the tank circuit and establishes the necessary feedback
conditions. Here, a varactor (varicap) diode is usedin place of the capacitor in the tank circuit.
Varactor diode is type of semiconductor diode whose capacitance across the junction

can be varied by varying the voltage across the junction. Thus byvarying the voltage across
the varicap diode in the tank circuit, the output frequency of the VCO can be varied.

Relaxation type voltage controlled oscillators

Relaxation type voltage controlled oscillators are used to produce a saw tooth or triangular
waveform. This is achieved by the gradual charging and sudden discharge of a capacitor
connected appropriately to an activeelement like UJT, PUT etc or a monolithic IC LMS566 etc
.Now a days, the relaxation type VCOs are generally realized using monolithic ICs.

VCO using OP -AMP
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Voltage controlled oscillator circuit

Fig (14)
This circuit uses two op —amps Al and A2

Op-amp Al is acting as a voltage to current converter, This circuitconverts the input
voltage into an output current. The output current is forced through the feedback capacitor.
Therefore the output current is linear to the input voltage.

This output current is converted into triangular and square waveform using the second
amplifier which is acting as a Comparator.

The direction of the current through the capacitor is controlled by the MOSFET switch.

This switch is controlled by the comparator madeup of Schmitt trigger.

When the comparator output is low, the switch M is off and the resistance becomes
floating. Now th e capacitor charges from the inputvoltage.
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When the comparator output is high, switch M is ON, and theresistance is
grounded. So the capacitor discharges..

This circuit provides both triangular and square wave at a time..

When the output transistor Q is ON, the transistor is saturated, so the square output is
low. The amplitude of the square wave is decided bythe voltage divider R1 and R2.

When the square output is low, M is switched OFF. So the full current flows
through the capacitor. Therefore the triangular voltageincreases.

When the square output is high, the direction of the current changes and the triangular
voltage decreases. This cycle repeats and atriangular wave form is generated.

Output waveform
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2. Low Pass Filter (LPF)

A Low Pass Filter (LPF) is used in Phase Locked Loops (PLL) toget rid of the high
frequency components in the output of the phase detector. It also removes the high frequency
noise.

The primary function of the Low Pass Filter is to determine loop dynamics, also called
stability. This is how the loop responds to disturbances, such as changes in the reference
frequency, changes of thefeedback divider, or at start up.

The second common consideration is limiting the amount of reference frequency energy
(ripple) appearing at the phase detectoroutput that is then applied to the VCO control input.

All these features make the LPF, a critical part in PLL and helps tocontrol the dynamic
characteristics of the whole circuit. The dynamic
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characteristics include capture and lock ranges, bandwidth, and transientresponse.

When the filter bandwidth is reduced, the response time increases
.But this reduces the capture range. But it also helps in reducing noise and in maintaining the
locked loop through momentary losses of signal. Thus it acts like a short time memory.

When the signal is lesser than the noise, the dc voltage in the capacitor will shift the
VCO frequency continuously. This continues tillthe input signal comes back to its original
amplitude. SO noise is reduced and locking stability is increased.

Two types of passive filter are used for the LPF circuit in a PLL. An amplifier is used
also with LPF to obtain gain. The active filter usedin PLL is shown below

o—w -0 oA~ o
Input from - Output to R
phase detector —C amplifier Input /. 1 Qutput ¢

j_ amplifier
e

Fig(17)
5 e I

VAAA- ANV 1F
Input from
phase }
detector '—A\  Output to

VCO
g

. (c)
Low pass filter (a, b) Passive filter (c) Active filter
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Pin details of VCO - IC 566

Ground [T
NC [Z]

Sq. wave
Output &

Triangular ]

wave

output

8]+ Ve
NE/SE 566 [Z)Ct
VCO
:GJRT
Modulation
Input
fig (16)

LLM566 is a monolithic voltage controlled oscillator, from National semiconductors. It can be
used to generate square and triangle waveforms simultaneously. The frequency of the output

waveform canbe adjusted using

(1) the external resistor Rt
(11) the external capacitor Ct
(111) the modulating voltage Vc

Basic block diagram of VCO 566

56



‘f"‘vcc
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xutlctlng 17 N
X Buffer [Schmitt
7 tri
Cro—
_ Rp JRE Inverter
1 ANAELANAA { Power Amp)

Fig (18)

This block consists of four main blocks.
1. a constant current source
11. a buffer amplifier
111. a Schmitt trigger

1V. an inverter

The modulating voltage also called a control voltage is applied tothe modulating input
(pin 5). The external capacitor charges or discharges from the constant current source. The
charging current is controlled by the modulating signal or the by the external resistor Rt.

The charging voltage is decided by the Schmitt trigger. The Schmitt trigger output
swings between Vcc and 0.5 Vcc. The voltage across the capacitor is applied to the buffer
amplifier. If Ra = Rb, the input to the non inverting input of the Schmitt Trigger changes from
0.5Vce to 0.25 Vee. When the capacitor voltage goes beyond 0.5 Ve, the

57



output of the Schmitt Trigger becomes low (0.5Vcc). Now the capacitordischarges. When the
capacitor voltage goes below 0.25 Vcc, the outputof the Schmitt trigger becomes high (Vcc).
Because of the constant current source, the capacitor take equal timings for charging and
discharging. Hence the output will be a perfecttriangular one. This is available at Pin 4.
The output of the Schmitt trigger is a step voltage. So the output atPin 3 will be a square

. The output frequency is given by fo =2 (Vcc — Vo)
CtRt (Vco)
Output waveform
0.5 Ve
Cutput f
at pin 4
0.25V,.
T VCC
Schmitt
trigger
output
0.5V c
VCC
Output u s Yl BT
at pin 3 T
inverted
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fig (19)

The LM566 IC can be operated from a single supply or dual supply. While using single supply,
the supply voltage range is from 10V to 24V.The IC has a very linear modulation characteristics
and has excellent thermal stability. The circuit diagram of a voltage controlled oscillator using
LMS566 is shown in the figure below.

W+ I 12 DC
R2 RA1
22K 4TK
c2
s
I3
1nF Triangle wave output
G 3 f\ f\
4
R3
£ 11
§1UK ; LM V \j
" (T d
N b . Lal® [ |
Control WVoltage Square wave output
l[‘.'l
T:ITHF
il
Voltage controlled oscillator using LM566 www.circuitstoday.com

Resistor R1 and capacitor C1 forms the timing components. CapacitorC2 is used to prevent the
parasitic oscillations during VCO switching.Resistor R3 is used to provide the control voltage
Vc. Triangle and square wave outputs are obtained from pins 4 and 3 respectively.

Output frequency of the VCO can be obtained using the followingequation:

Fout = 2.4(V*-V5) /((R1IC1V") . Where Fout is the output frequency, R1and C1 are the timing
components and V™ is the supply voltage.

Monolithic PLL 565
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PLL is available in different packages. Additional external components are added to the PLL to
get the desired circuit. Mostly used IC is IC 565produced by National Semiconductors.

1.

—Neg iB

bwc :

Input [2] 13} NC
Input [3] 12} NC
VCO Outpuffe] NE/SE 565  [TINC
Phase comparator
VCO Input [5] 9+ Ve
Reference Exiernai capagcitor
Output Bf_?; Veo P9
Demoduiated =1 External resistor
Out put : B"for‘VCO
Fig(20)
Electrical Parameter of IC 565
Operating frequency : 0.001Hz to 500 KHz.
. Operating voltage range 1H0Mitg+ 128V

~

o BN

Input level
Input impedance
Output sink current

Drift in VCO centre frequency
with temperature

. Drift in VCO centre frequency

: 10mV rms min to 3V pp max
: 10 KQ typical

: 1 mA typical

: 300 ppm /¢

:1.5% / V max
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With supply voltage

8. Triangle wave amplitude :2.4 Vptpat +6 V supply
9. Square wave amplitude :5.4 V ptp at + 6 V supply
10. Bandwidth requirement =l to Q07

Functional Block Diagram of PLL 565

At Ve
10
=
—
Z SRt 7 Demodut
- ated
Input : Phase Ampllflpr W\ 70utput
input o— gevectcl ; 6 , Reference
] Output
Phase 5
comparajor o
VCO Input L
=3 3
VCO Output VCO
8 9 1
VCC é) —VCC
Fig(21)

This IC contains a phase detector, low pass filter, error amplifier and a voltage controlled
oscillator. The feedback path is not closed. i.e. the output of VCO is not internally connected to
the phase comparator. This may be connected to the phase comparator externally. So the VCO
delivers sine wave and triangular wave as its output. The free running frequency is decided by
the external resistor and capacitor. By adjusting their values the free running frequency can be
changed. Generally the value of external resistor will be 2KQ to 20K where the capacitor may
have any value. To control the unwanted oscillation in VCO, a capacitor Cf is connected between
(pin 7) and supply voltage (pin 10)
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Connection Diagram of PLL

T +Vee
10KOS Ry
— . 10ufd
Input ' Cr
10 8
b 2
IE 3 7 ==
NE/SE Demodulated
565 output
5 6 S
Reference
VCO 2 4 cutput
utput ;
9 1
001 fd==C;
'VCC
fig (22)

Frequency translation

Frequency translation is nothing but shifting the given frequency to anearby level either in the
positive or negative direction
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This circuit contains a Mixer, Low Pass Filter, Phase detector, ErrorAmplifier and Voltage
controlled Oscillator.

The input frequency fs is to be shifted by an offset frequency fi . The input frequency fs is fed to
the mixer. The other input to the mixer is thefrequency fo from the voltage controlled oscillator.

The mixer mixes the two signals and produce a sum and differencefrequencies (fo+fs) and (fo-
fs)

These frequencies are applied to a low pass filter. This LPf allows onlythe low frequency (fo-
fs) and filters out the high frequency (fO+fs)

The output frequency ( fo — fs) of LPF is fed to a phase comparator.

The offset frequency fi ( fi <« fs ) is fed to the other input of the phase comparator. The phase
comparator compares the two inputs and deliversan error signal.

This error signal is amplified and applied as an input to the VCO. The amplitude of this error
signal decides the output frequency of the VCO.

Now the VCO is made to track the input frequency. At one point theloop is locked,
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Under locked condition, the two input frequencies of Phase Comparatorare equal.
fo — fs = fi Rearranging, fo =
(fs + fi)

i.e. the input frequency fs is shifted / translated to a new value fs + fi.

Frequency Multiplication

Frequency multiplication is nothing but multiplying the given frequencywith a scalar.

T H s e i . s Wbl o TR 5
I |
Input | Phase o |
Fs _r,comparutor —» LPF p— Amplifier i
I
4 e Sl ae I
fo/N c: |
s N | |
. fo '
Network [€——T1—+ VCOS J&————")
(Freq.dividen) I :
£.- s . §F - -
QOut put L
fo=Nfg
fig(24)

This circuit contains a Phase Comparator , Low Pass Filter, Error Amplifier and Voltage
controlled Oscillator and a divide by N counter.

The input frequency fs is applied to the phase comparator. The anotherinput to the phase
comparator is the output of the counter.

The phase comprator compares the two input frequencies and delivers anerror signal, This signal

1s amplified and fed to the Voltage controlled Oscillator.
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The output frequency of the VCO depends on the amplitude of the errorsignal.

By adjusting the VCO, the PLL is made to lock. Under locked conditionthe two input
frequencies of the Phase Comparator are equal

i.e. fs =fo /N Thus, fo
=N X fs.

The input frequency is multiplied by a scalar N.

By properly selecting N, any high frequency can be developed.
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Review Questions

Short Answer questions

Define PLL.

Define Lock in range

Define capture range

Define Pull in time

Draw the pin details of IC 565
Draw the pin details of IC 566
Draw the block diagram of PLL

What is a phase detector? Name the types of Phase detector

[ P GEER g N =

List the applications of PLL.

=
.

Draw the circuit of an active LPF

=
-~

Draw the circuit of passive LPF

=
=

Draw the circuit of Analog switch as phase detector.

=
L

Name the types of Phase comparator?
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10 Mark Questions

Drew the block diagram of PLL and explain

Explain the operation of Analog Phase detector

Explain the operation of Balancced Modulator type Phasedetector
Explain the operation of EX-OR phase detector.

Explain about the filters used in PLL

Give the block diagram of VCO and explain

How a PLL can be used as a frequency translator?

Draw the block diagram of PLL IC 565 and explain

T k. Wm

Explain the operation of Digital phase detector

10. How aPLL can be used as a frequency multiplier?



D/A AND A/D CONVERTERS
INTRODUCTION:

Naturally, physical quantities such as voltage, current, pressure & temperature signals are

in analog form. It is very difficult for real time applications and to store the signals.

To solve the above problems the analog signal should be converted into digital form. It gives

accuracy, speed & better performance.

In the transmitter side the analog signal has to be converted into digital form & the
necessary process takes place within the computer. After completion of the process within the
system, it should be again converted into the original form at thereceiver side i.e., analog form.

So, for a complete system Analog to Digital & Digital to Analog conversion is necessary.

The basic building block diagram of Analog to Digital & Digital to Analog conversion is

shown below:
It has 2 main parts namely,
1) Analog to Digital conversion

2) Digital to Analog conversion
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1) Analog to Digital conversion:

Cosmputer o
digital signdl
[rOCessor

The sensor & transducer connects the input analog signal to the Analog to Digital

converter & it converts the non electrical input signal into electrical signal.

Antialiasing filter is used to band limit the analog signal i.e.,

there by band width

requirement is reduced. Sample & hold circuit is used to sample the band limited signal based on

the sample theorem. So the signal becomes a discretized signal. Though the signal is in analog

form, hold the discrete signal until the conversion is completed.

Analog to Digital converter converts the discretized signal into binary digits i.e., discrete

digital signal and then it is given to the processors.

2) Digital to Analog conversion:

Digital to Analog conversion is just the reverse process of Analog to Digital conversion.
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BASIC STRUCTURE OF DAC

. v
4
+
& | I
s o
el | ;
1s8)

It has 1) Digital to Analog converter

i1) Smoothing filter.

Digital to Analog converter is used to convert the digital binary bits into analog signal.

But Analog to Digital converter & Digital to Analog converters are operated at same frequency.

The Digital to Analog converter produces a staircase output & which 1is given to the
smoothing filter. The smoothing filter is used to convert the stair case signal to the smooth
analog signal. Also the smoothing filter reduces the quantization noise. Analog to Digital &
Digital to Analog converter is designed in same circuit i.e., a circuit that can act as an Analog to
Digital & Digital to Analog converter is called Data converter & it is also available in the form

of integrated chip IC.
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TYPES OF DAC
1. Weighted resister

2. R-2R ladder network

WEIGHTED RESISTOR:

&

It consists of: 1) Summing amplifier
11) Different ranges of resistor

111) Electronic switches.
All the resistors are connected as network & the network is connected with summing amplifier.

Each resistor is connected with its own switch. The electronic
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switch is used to connect & disconnect the corresponding resistor with the networkand also its

input binary bits.
The switch can be connected to two positions
1) Input ii) Ground

If the switch is connected with the input there is a voltage drop across the resistors. If input is

zero then the switch is connected with ground. If the output current Iy can also be written as:

|D:Il:|3+13+ --------- +Ir
la= VRd1+Vrd2 +..........Vr _dn
2R 2R 2'R

Disadvantages:
1) Wide range of resistors is needed.

2) If number of bits increases, then number of resistors and switches alsoincreases.

3) If the word length increases, then the circuit becomes complex.

lo= Vg (d12'1 + d22'2 L. + dn2'”)
R

We know that Vo= lo Rt
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lo =ﬁ R¢ {d12'1 +dy22+4 ..., +d.2™")
R

IfRf =R

Vo= Vg (d12'1 + d22'2 + .. +dn2'n)

R-2R LADDER DAC:

To overcome huge range of resistor used in weighted resistor D/A converter, R-2R ladder D/A
converter is introduced. In my previous post I discussed about weighted resistor D/A converter.
But the vital problem in weighted register D/A converter is use of huge range of different
resistance. Suppose we have to design 8-bit weighted register D/A converter then we need the
resistance value 2°R+2'R+....

+2'R. So the largest resistor corresponding to bit bg is 128 times the value of the smallest resistor
correspond to b;. But in case of R-2R ladder D/A converter, Resistors of only two values (R and

2R) are used. Now in bellow see the simple ladder network.

A Vo Vg V
oy 21 F 23
(LSB) (MSB)
2R 2R 2R 2R

2R R R R
- AN AN —— B AANN 8 AANN, —a =V
M1 N2 N3 N4
— Binary ladder network for DVA conversion.
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In ladder circuit the output voltage is also weighted sum of the corresponding digital input. Let
us take an example to understand how it works. As we can see theabove network is a 4-bit
ladder network, so let us take an example to convertanalog signal correspond of 1000 digital
bit. For 1000 bit we can see only MSB got1 and rest all bits got 0. See the bellow picture to
understand how it work if itgot 1000.

Binary ladder network for D/A conversion.

Now see at nodel (N1) resistor 2R connecting in b4 parallel with resistor 2R. And those 2R

parallel 2R resistors make equivalent register of R shown in bellow diagram.

‘VF\.

Binary ladder network for D/A conversion.
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Now for N2 same thing happen B3 series with 2R and parallel with R + R resistors.It will also

make equivalent resistor R at N3. See the bellow diagram

Binary ladder network for D/A conversion.

Repeating the same process we got equivalent of R resistor at N4.

Binary ladder network for D/A conversion.

Now at N4, if we calculate the output analog equivalent voltage then we will get

74



Va= Vr*2R/(R+R+2R)
= Vgr/2

Thus when bit 1000 the output is Vg/2. Similarly it can be found that using above process for bit
0100 the output will be Vg/4, for bit 0010 outputs will be VR/8 and for bit 0001 output will be
VR/16.

By using superposition theorem we can find in any n-bit ladder network the output voltage will

be

Va=Vr/2'+ VR/2* + VR/2* + ... + Vg/2"
Where n is the total number of bits at the input.

Now see the practical circuit arrangement of 4-bit R-2R ladder D/A converterusing op amp.

™ Q R 2R /16
Vret
I/2 I/4 /16 (Analog Ground) Re=R
P gzn ) S —AAWNY
o | ;\ | ! O_..UI-1 -
l | o — I
: I l | .
| | | ! — =
| ! ! ,  Out2 _
| 0 ! | =
I ! ! I
(Digital Ground)
b1 b2 b3 "
MSB LSB
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The inverting input terminal of the op amp work as a summing amplifier for theladder inputs.

So we can get out put voltage by bellow equation.

V0 = Ve*(Re/R)[b1/2! + b2/2% + b3/2° + bd/2%]

m _ZK
|
110 |
|
a—hit 101 I
AL rasimurm Ay
oufout 100
o1
o)
=a— 110
OAc [ i
out " | An = DACoyT
oo [ |
1] 1 1 ! 1 1 1 1 I
1 1 1 1 1 1
7 transitions points T com s analog input

SPECIFICATIONS OF DAC:

Specifications of DAC are
1. Accuracy

2. Resolution

3. Monotonocity

4. Settling time.
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Accuracy:

Absolute accuracy is the maximum deviation between the actual converter outputand the ideal

converter output.

Resolution:

It can also be defined as the ratio of change in analog output voltage resulting froma change of

1LSB at the digital input. For n-bit DAC,

Resolution=Vgs (2n—1)

Resolution should be high as possible. It depends on the number of bits in thedigital input
applied to DAC. Higher the number of bits, higher is the resolution.

Moneotonocity:

In an ideal D/A converter, the analogue output should increase by an identical step size for every
one-L.SB increment in the digital input word or A D/A converter is considered as monotonic if its
analogue output either increases or remains the samebut does not decrease as the digital input

code advances in one-LSB steps.

Settling time:

The settling time is the time period that has elapsed for the analogue output to reach its final
value within a specified error band after a digital input code change has been effected. General-
purpose D/A converters have a settling time of several microseconds, while some of the high-

speed D/A converters have a settling time ofa few nanoseconds.

BASICS OF A-D CONVERSION

In modern life, electronic equipment is frequently used in different fields such as

communication, transportation, entertainment, etc. Analog to Digital Converter
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(ADC) and Digital to Analog Converter (DAC) are very important components in electronic
equipment. Since most real world signals are analog, these two converting interfaces are

necessary to allow digital electronic equipments to process the analog signals.

”~

.

——— S)/
@ J
] & r
@

Microphone Input ADC  Digital Signal Processing DAC Speaker Output

Analog Signal Digital Signal Analog Signal

In electronics, an Analog to Digital Converter (ADC) is a device for converting an analog signal
(voltage, current etc.) to a digital code, usually binary. In the real world, most of the signals
sensed and processed by humans are analog signals. Analog to Digital conversion is the primary
means by which analog signal are converted into digital data that can be processed by computers

for various purposes.

In A/D conversion, there are two main steps of process:
1. Sampling and Holding

2. Quantization

In order to be able to perform digital signal processing on natural signals that are analog in

nature, they must first be sampled and quantized into digital form.
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TYPES OF A to D CONVERTOR:
1) Direct type
1) Flash type

11) Successive Approximation

2) Integrating type of ADC
1) Dual slope ADC

11) Ramp type

BIREET T BE

1) FLASH TYPE:

It is one of the simplest types of ADC. In the above diagram resistors areconnected

in network and it acts as a voltage divider. The resistive network is
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connected with the comparator. The comparator itself can resolve the problemwhile it is

given with the same level of voltage.

Generally the comparator compares the 2 levels of voltages given to its 2 input terminal.
If he analog input voltage V, is connected with the non inverting terminal and the reference

voltage V. is given to its inverting terminal.

The comparator compares these 2 voltages (V, & V;) and produces its output

as:

1) If V, greater than V4 output will be 1.
11) If V, greater than V, output will be 0.

111) If V, = V4 the previous value will be maintained.

This comparison takes place simultaneously at all the nodes within 100ns. The conversion speed
is depends upon the comparator speed and the priority encoder. The main drawback of this
convertor is that it requires more number of comparatorfor minimum number of bit operations.
That is for ,,n” number of bits conversion itneeds 2"n-1 number of comparator. It will increase

the cost of the system.

11) SUCCESSIVE APPROXIMATION CONVERTER
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It is one of the efficient methods of ADC. It needs ,,n“ number of clock periodsfor ,,n*
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The above block diagram consists of 3 main parts:
1) Comparator
11) Successive Approximation registers
1i1) DAC
The analog input voltage V, is given to the inverting terminal of comparator and the

output of DAC is given to the non inverting terminal of the comparator.

If the start pulse is given to SAR, the SAR makes d; become one state and makes all other bits
are to be zero, so that the code of SAR is 100000000. The output of DAC called V4 is compared

with V, is greater than V4 then the code generated is less than the digital representation.

Then consider the next MSB bit & make it to ,,I. So the data bit becomes 01000000 & it
is also tested further and so on. However if V, < V4 then the data bitis greater than the correct
digital representation. At the time the SAR reset the MSB to zero & make the next lower MSB

to be ,,I" and it will be continuous process until all the bits are tested correctly.

After finishing the conversion is given to SAR to reset the SAR to start the nextcode word

operations.

INTEGRATING TYPES

i) DUAL SLOPE ADC: There are 3 main parts are available. They are
1) Buffer amplifier
11) Integrator

111) Voltage comparator.
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It consists of A; buffer with high input impedance. The analog input voltage is given to the

integrator A, through the buffer A;.

The integrator integrates the analog signal with a time period 2" with respect to the reference
voltage Vr. This process of integration will go on until the integrator output becomes 0. The ,,N*

number of clock pulses is required to make the integrator output 0.

Before START command is given, the switch SW is grounded and SW is closed. After
integration the offset voltage in AmplifierA;, AmplifierA, and comparator loop can be seen

across the capacitor Caz.

Here the capacitor C,z provides the offset voltages for all the op-amp.

When SW;, is open, then Caz act as a memory to keep the offset voltage. When the

»start command is given to control logic at a time t=t;, the SW, opens and SW, closed. So V,is

passed. So the counter starts to count.

Here T; =2" x T Where
T;=Tune taken to reset the counter to O
2"=No. of clock pulses.T =
clock period.

After resetting of the counter, the SW is connected to the reference voltage -Vg.

So the output voltage V have +ve slope. If Vyis —ve then the comparator output is

+ve. So the counter stars to count.

When Vj is 0 at t=t3 EOC activated from the slope.
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The main disadvantage of dual slope ADC is long conversion time. But it is veryaccurate for

slowly varying signal conversions.
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ii) RAMP TYPE

Reset
Gl \ Binary
»  ocoumter
J
Digital * | Digitdl
L | Ouqu
Comparator
=l vd
- DAC
Analog input voltage Va
. RESET Inactive = RESET

RESET —‘

CLK

Vo
DAC
autput

Counter Stops

Counter RESET

1

The reverse operation of DAC is ADC with this concept the above type of ADC isdesigned.
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Before starting the operation we have to reset the counter to zero to clear the data which was
already stored in the counter register. After the applying the reset the number of clock pluses are
counted by the binary counter. When the comparator produces high signal at its output it drives
the Gate then the gate produces pulses to the binary counter and the counter will count the
number of pulses which are received. If the time is increased, the number of pulses are also be

increased and it will leads to increase the counter value.

The comparator is used to compare Va and Vd and according to these voltagelevels it can

produce low or high levels at its output.

If Va > Vd, the output of the comparator will be high and the AND gate will
be enabled.

If Va < Vd, the output of the comparator will be low and the AND gate will
be disabled.

If Va <= Vd, atthe time the comparator drives the to produce zero value to

the counter and the counter releases its count number. That number is equal to Va.

The main drawback of this type of counter is the counter frequency must be low

enough to give

THE INTERNAL BLOCK DIAGRAM OF ADC0809/ADCO0808 IC,

The various functional blocks of ADC are 8-channel multiplexer, comparator, 256R resistor

ladder, switch tree, successive approximation register, output buffer,address latch and decoder.
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o The 8-channel multiplexer can accept eight analog inputs in the range of 0 to5V and
allow one by one for conversion depending on the 3-bit address input. The channel

selection logic is,

Address Input | Selected
C| B| A | Channel

0 INO

1 IN1

0 IN2

1 IN3

0

I

0

1

N4
IN5
ING
IN7

Hh-ﬂﬁ—'l—'ﬂﬂ

o The successive approximation register (SAR) performs eight iterations to determine the
digital code for input value. The SAR is reset on the positive edge of START pulse and

start the conversion process on the falling edge of START pulse.

A conversion process will be interrupted on receipt of new START pulse.

The End-Of-Conversion (EOC) will go low between 0 and 8 clock pulses after thepositive edge
of START pulse.

The ADC can be used in continuous conversion mode by tying the EOC output to START
input. In this mode an external START pulse should be applied whenever power is switched

ON.
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o The 256R ladder network has been provided instead of conventional R/2Rladder

because of its inherent monotonic, which guarantees no missing digital codes.

o Also the 256R resistor network does not cause load variations on thereference

voltage.

e The comparator in ADC0809/ADCO0808 is a chopper- stabilized comparator.It converts
the DC input signal into an AC signal, and amplifies the AC signusing high gain AC
amplifier. Then it converts AC signal to DC signal. Thistechnique limits the drift
component of the amplifier, because the drift is a DC component and it is not
amplified/passed by the AC amplifier. This makes the ADC extremely insensitive to

temperature, long term drift and input offset errors.

e In ADC conversion process the input analog value is quantized and eachquantized

analog value will have a unique binary equivalent.

o The quantization step in ADC0809/ADCO0808 is given by,

o W Veer _ Veer(+) = Veer ()

The digital data corresponding to an analog
input (V) is given by,

: v,
Digital data= | ——~1
Qstep

10

X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X-X- X-X-X-X-X-X-X
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SPECIAL FUNCTION ICs

INTRODUCTION

The 555 timer IC was introduced in the year 1970 by Signetic Corporation and gave the name
SE/NE 555 timer. It is one of the monolithic timing circuits and important use of this IC is
providing accurate and constant delay to the circuit. Andthe other advantages of this IC are very
compact size, more reliable, and low cost also. IC555 are very much used in different fields.

Some of the applications are given below.
Applications of IC555 are

1.Monostable multivibrator

2. Astable multivibrator

3. Wave form generators

4. DC-DC convertor etc.

PIN DIAGRAM OF IC 555

GROUND | 1 8 |+vee

TRIGGER | 2 7 | DISCHARGE
555

OUTPUT| 3 6 |THRESHOLD

CONTROL

RESET] 4 > | VOLTAGE

8-Pin DIP
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Pin descripion:

Pin 1: Grounded Terminal: The given input voltages and output voltages are measured with
respect to ground.

Pin 2: Trigger Terminal: The trigger voltage defines the output of the timer.

Pin 3: Output Terminal: Output of the timer is available at this pin. There aretwo ways in
which a load can be connected to the output terminal. One way is to connect between output pin
(pin 3) and ground pin (pin 1) or between pin 3 and supply pin (pin 8). The load connected
between output and ground supply pin is called the normally on load and that connected between
output and ground pin is called the normally off load.

Pin 4: Reset Terminal: It is used to reset the timer .By applying high signal to the terminal it
can reset the timer.

Pin 5: Control Voltage Terminal: The amount of control voltage controls the width of the
output pulses.

Pin 6: Threshold Terminal: This is the non-inverting input terminal of comparator 1, which
compares the voltage applied to the terminal with a reference voltage of 2/3 Vc. If the applied
voltage crosses the threshold level then the upper comparator output becomes high and the
output goes to low.

Pin 7 : Discharge Terminal: This pin is connected internally to the collector of transistor and
mostly a capacitor is connected between this terminal and ground. It is called discharge terminal
because when transistor saturates, capacitor discharges through the transistor. When the
transistor is cut-off, the capacitor charges at a rate determined by the external resistor and
capacitor.

Pin 8: Supply Terminal: the supply voltage range of the IC can be +5v to +18v.
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FUNCTIONAL DIAGRAM OF 555 IC

555 IC Timer Block Diagram

Vref
ese
Threshold g A Ve = &
ucC
Control . +
S
$ R Flip Q
RFlopc_2
/3N 1
2 LC
Trigger a1k +
: 7
Discharge
3
Inverter Output
1
[TTT7 Ground
WORKING PRINCIPLE

The above block diagram consists of upper and lower comparators , flip flops, invertors

,amplifier and resistive network.

The resistive network connected here are act as a voltage divider which divides the Vcc into 2
levels, one level is 2/3Vce and one more level is 1/3Vee. 2/3 Vece is given to the inverting
terminal of upper comparator it is it™s threshold level and (1/3)Vcc at the inverting terminal of
the lower comparator. The upper and lower comparator are used to set and reset the flip flop and
also these 2 comparators are the responsible for charging and discharging the transistor Q1 and
Q2 .The upper comparator has the reference level of 2/3 Vcc and the lower comparator has the
reference level of 1/3Vcc.In general The threshold voltage and trigger voltage can control the

timer , so there is no need of special control voltage given to it. If we
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want to change the width of the pulse ,we have to give control voltage separately atpin 5.

When the trigger voltage applied,

When the trigger voltage is applied to the inverting terminal of the comparator C2
through 1/3Vcc at its noninverting terminal, the comparator changes the state of flipflop to set
state. Then the output of flip-flop makes the transistor to low level.

When the threshold voltage applied,

When the threshold voltage is applied to the comparator C1 through the reference voltage of 2/3
Vce, the output of the comparator will also change the state of flipflop to reset. Then the

transistor acts as a buffer.

APPLICATIONS OF 5551C

applications as a 1.Monostable
multivibrator

2. Astable multivibrator,

3. Schmitt trigger

4. Dc-dc converters

5. Waveform generators

6. Temperature measurement and etc.,
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MONOSTABLE MULTIVIBRATOR

+\V cc

ouTPUT
Vour

o——2 5
TRIGGER 1
c INPUT
— =—c
[\ S S S F,
Circuit of The Timer 555
as a Monostable Multivibrator
OPERATION:

Let consider the output of the flip flop is low then he circuit is in stable state. If we are giving
negative pulse to the comparator2 means the output of the comparator goes high when the trigger
voltage falls to 1/3Vcc and it will reset the flip flop. So the transistor goes to off state, then the
output of the flip flop goes high. This is called the transition of the output from stable to quasi-

stable state, as shown in figure.
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As the discharge transistor is cutoff, the capacitor C begins charging toward
+Vcc through resistance R4 with a time constant equal to RoC. When the increasing capacitor
voltage becomes slightly greater than +2/3 V¢, the output of comparator 1 goes high, which sets
the flip-flop. The transistor goes to saturation, thereby discharging the capacitor C and the output

of the timer goes low.

the RC time constant controls the width of the output pulse. The time during which the timer

output remains high is given as

tp = 1.0986 RAC

ve = VCC (1- e-t/R5C)

Substituting ve =2/3 VCC

So +2/3VCC. = VCC. (1 — e-t/R,C) or t—RjCloge3=1.0986 R,C
So pulse width, tP =1.0986 R,C s 1.1 R,C.
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ASTABLE MULTIVIBRATOR

An astable multivibrator is also called as free running multivibrator In astable
multivibrator there is no need of providing trigger to change its states hence the name free

running multivibrator.

0 +Vee
4 8
OUTPUT
7 I v TN e
outr

12
8 il 5.1

C'=001,F

T

Circuit of The Timer 555 as an Astable Multivibrator

For explaining the operation of the timer 555 as an astable multivibrator, necessary internal

circuitry with external connections are shown in figure.
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Initially consider the output Q is in low state ,then the transistor is goes to off stateand capacitor
get charge by Vcc through the voltage divider network R and Rg. Then the charging time can be
written as
T= (Ra+ Rp)C
If the threshold voltage of comparatorl is exceeds means then the comparator produces high
output and the output of comparator]l makes the flip flop to set state and also it leads to produce
the output of flip flop Q to high. So the timer output is low since the timer output is depends on
.The capacitor discharges and its time constant becomes RgC. Now the voltage of comparator 2
is decreased, and if it is decreased to 1/3Vcc the?l the output of comparator is high it leads to
reset the flip flop. The output of the timer becomes high. Thus it is a continuous process.

t. or THIGH = 0.693 (Rs + Rp) C
Voltage across the capacitor is given as, ve=VCC(1-et/RC)

The time taken by the capacitor to charge from 0 to +1/3 V¢
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1/3 VCC = VCC (1-et/RC)
The time taken by the capacitor to charge from 0 to +2/3 V¢
t2 = RC loge 3 = 1.0986 RC
So the time taken by the capacitor to charge from +1/3 Vccto +2/3 Ve
tc=(t2-t1) = (10986 — 0.405) RC = 0.693 RC
Substituting R = (Ra + Rp) in above equation we have
Thigr = tc = 0.693 (R4 + Rp) C

where R and Rg are in ohms and C is in farads.

SCHMITT TRIGGER

Circuit of 555 timer as Schmitt Trigger

The following circuit shows the structure of a 555 timer used as a Schmitt trigger.

\ i |

100K
4 o
2
1C1
NE555 3 g e
OV =
RZ:4 1
100K

99



Input

213 Vee

In the above diagram, resistors R1 and R2 act as a voltage divider and the dividercircuit
provides the voltage Vce/2 to the capacitor to it. Internally the circuit has 2comparators
.Comparator]1 operates at 2/3 Vcc and the lower comparator operates1/3 Vcc. These two
comparator®s output is connected with the flip flop and these comparator output only can
decide the state of the flip flop i.e. to set or reset. Theoutput of the Schmitt trigger is high when
input voltage is higher than the upper threshold 2/3Vcc. The output of the Schmitt trigger is

low when input voltage is lower than the lower threshold 1/3Vcc .

The usage of two threshold values is called Hysteresis and the Schmitt trigger actsas a memory

element (a bistable multivibrator or a flip-flop).
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Yoltage regulator

It is a 3 pin IC. The main purpose of voltage regulator is to provide constantoutput. The

output of the voltage regulator is remains constant irrespective of the change in input or

change in load.

Types:
Types of IC voltage regulatorsThere

are basically 4 types.

1. Fixed positive voltage regulator

2. Fixed negative voltage regulator

3. High voltage and low voltage regulator
4. Adjustable voltage regulator

5. Dual tracking voltage regulator
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1. Fixed Positive voltage regulatorPin

diagram:

It is a 3 pin voltage regulator IC.Pin
1: Input pin

Pin 2: Ground

Pin 3: output

Circuit diagram:

+ IN ouT -
7812

GND
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As per the pin diagram in the above circuit diagram input voltage is given to the pin-1, the

output is taken from the pin-2 and the pin-3 is grounded. The positive voltage regulator
provides positive voltage at its output. The best example for positive voltage regulator is
78xx IC. The last two digits or symbol ‘xx’ represent a level of voltage the can be

produced at its output. Foran example 7805 IC regulator provides constantly +5V at its

output.

The types of ICs and its voltage ranges are given in the following table.

IC No Voltage
7805 5V
7806 6V
7808 8V
7809 oV
7810 10V
7812 12V
7815 15V
7818 18V
7824 24V
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2. Fixed Negative voltage regulator

Ground Output

Input

It is a 3 pin voltage regulator IC.Pin
1: Ground
Pin 2: Input pin

Pin 3: output

Circuit dagram:
2 IC 79x%x 3
In Out
Ground
1
Cl1 2

As per the pin diagram, in the above circuit diagram input voltage is given tothe pin-2,

the output is taken from the pin-3 and the pin-1 is grounded. The
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negative voltage regulator is same as the positive voltage regulator but thenegative
voltage regulator provides negative voltage at its output. The bestexample for negative

voltage regulator is 79xx IC. The last two digits or symbol ‘xx’ represent the voltage

level, for an example 7905 Ic regulator provides constantly -5V at its output.

The types of ICs and its voltage ranges are given in the following table.

Tvpe number

Output voltage

7905
7905.2
7906
7908
7912
7915
7918
7924

-50V
-52V
—-6.0V
-0V
—12.0 ¥
—1 300 NV
—-18.0V
240V

The 7900 series

The positive and negative voltage is commonly called as fixed voltageregulators.

B. Based on voltage level:

High voltage and low voltage regulator

105



GENERAL PURPOSE REGULATOR

PINDIAGRAM

ING 1LLM 723

e ]
Current Limit I:Z:

Current SenseE

Inverting InputE

Non Inverting Input E

VrefE
L

723

af

a Frequency Compensation

It consists of a voltage reference source (Pin 6), an error amplifier with its inverting input on pin

4 and non-inverting input on pin 5, a series pass transistor (pins 10 and 11), and a current

limiting transistor on pins 2 and 3. The device can be set to work as both positive and negative

voltage regulators with an output voltage ranging from 2 V to 37 V, and output current levels up

to 150 m A. The maximum supply voltage is 40 V, and the line and load regulations are each

specified as 0.01%.
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Internal Block Diagram

FREQUENCY
COMPENSATION

A 7
8l 9 Ve

INVERTING
INPUT
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COMPENSATED
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n‘égléfra:ﬁf:s 4 Vaer ERROR SERIES PASS
AMPLIFIER AMPLIFIER TRANSISTOR

3
NON-INVERTING Vour
INPUT
CURRENT
LIMITER
v
5 10 1 %
v CURRENT CURRENT
LiMIT SENSE

723 Voltage Regulators Internal Block Diagram

The internal working can be explained by dividing it into two blocks, the reference voltage
generator and the error amplifier. In the reference voltage generator, a zener diode is being
compelled to operate at fixed point (so that zener output voltage is a fixed voltage) by a constant
current Source which comes along with an amplifier to generate a constant voltage of 7.15V at

the Vref pin of the IC.

As for the error amplifier section, it consists of an error amplifier, a series pass transistor Q1 and
a current limiting transistor. The error amplifier can be used to compare the output voltage
applied at Inverting input terminal through a feedback to the reference voltage Vref applied at
the Non-Inverting input terminal. These connections are not provided internally and so have to
be externally provided in accordance with the required output voltage. The conduction of the

transistor Q1 iscontrolled by the error signal. It is this transistor that controls the output voltage.
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UNIT III
BOOLEAN ALGEBRA AND ARITHMETIC OPERATIONS

1.State demorgan’s theorem.

FIRST LAW:
The complement of sum of the variables is equal to the product of their
complements .
A+B=A.B
SECOND LAW:

The complement of product of the variables is equal to the sum of their
complements.

AB=A+B

2.Draw the truth table and symbol of NOT gate.

3.List the different types of the number system.
TYPES OF NUMBER SYSTEM:

e Binary number

e Octal number

e Hexa decimal number

e BCD (Binary Coded Decimal Number)



4. Which gates are called universal gates?why?
UNIVERSAL GATES:

e NAND gate and NOR gates are called universal logic gates.
e Because we can construct any other gates by using either only NAND
gates or only NOR gates.

5. State commutative laws.

COMMUTATIVE LAWS:
A+B = B+A
AB=B.A

6.State associative laws.
ASSOCIATIVE LAWS:
A+(B+C) = (A+B)+C
A.(B.C)=(AB).C
7.State distributive laws.
DISTRIBUTIVE LAWS:
A.(B+C)=AB+ A.C
(A+B).(C+D)=A.C+B.C+ AD+B.D
8.Define looping.
LOOPING:

The expression for the output that can be simplified properly by combining
1’s in the Karnaugh map is called looping.

9.Define Tristate logic.

TRISTATE LOGIC :

e The tristate logic exhibits three possible output state conditions.
e Two of three are the logic 0 and logic 1.

The third is a high impedance (open circuit or Z)state.



10. What is karnaugh’s map?
KARNAUGH’S MAP:

A KARNAUGH map is a visual display of the fundamental products
needed for a sum of products solution.

11. Define fan-in.
FAN-IN:

The fan-in of a gate is the number of inputs connected to the gate with out
degradation in the voltage levels.

12. Define fan-out.
FAN OUT:

Fan out 1s the maximum number of similar logic gates that a gate can drive
without any degradation in a voltage levels.

13. Define propogation delay.
PROPAGATION DELAY:

Propagation delay is defined as the time taken for the output of a gate
to change after the inputs have changed.

14. What is TTL?

TTL: TRANSISTOR — TRANSISTOR LOGIC
15. What is CMOS?

CMOS:

A CMOSFET is obtained by a connecting a P-channel and an N-channel
MOSEFETs in a series,with drains tied together,and the output is taken at the
common drain.

16. Simplify AB + AB
AB +AB = A(B+B)
=A(1)
= A.



17.Draw the logic diagram for AB + AB
18.Define pair,octect,quad.
PAIR:

A karnaugh map that contains a group of two 1’s placed adjacent to each
other in a vertical or horizontal position is called pair.

OCTECT:
A group of eight 1’s are adjacent to each other is called octect.
QUAD:

A karnaugh map that contains a group of four 1’s placed adjacent to each
other in a form of line or square is called quad.

19. Define don’t care conditions..
DON’T CARE CONDITIONS:

Some logic gates can be designed so that there are certain input
conditions that do not produce any specified output levels i.e. ‘O’ or ‘1°. That
means,certain input as conditions of some logic circuits procedure the outout as
neither ‘0’ nor ‘1°.

20.What is gray code?
GRAY CODE:

Grey code 1s a non-weighted code.Therefore it is not suitable for
arithmetric operations but finds applications in input/output devices and in some
types of analog to digital conventors.

1.Define combinational circuits.
COMBINATIONAL CIRCUITS:

e -All arithmetic logic circuits are combinational logic circuits .
e In combinational logic circuits ,the output depends upon only its
present input conditions.



2.Find 1&2 complement of 100110.

1’s complement = 011001

2’s complement = 1’s complement + 1

=011001+ 1

=011010.

3.Add 1010&0011.

1010
0011 +
1101

4.Subtract 0101 from 1011

1011
0101-

0110

5.Draw the logic diagram of half adder.

A

B

—_—

,)DmnzA@B

) Carry —A.B

6.Define serial adder.

SERIAL ADDER:

» In serial addition, only two single bit data are added in a time .
» Suppose we want to add 5bit numbers , the numbers are added one by one

in Ssequence steps.

7.Define parallel adder.

PARALLEL ADDER:

» In parallel addition , all bits data are added in a single time
» The number of adder networks depends upon the number of bits to be

added.



.What is mean by decoder?

e A decoder is similarto a demultiplexer , with one expection that there is
no data input.

e [t contains less number of input lines and more number of output line.

9. What is mean by encoder?

e An encoder converts an active input signal into a coded output signal.

e In encoders,the number of output lines is less than the number of input
lines.

10. What is mean by multi plexer?

e Multiplexer means many into one .
e A multiplexer is a digital circuit which contains many input lines and
only one output line.

11. What is mean by de-multi plexer?

» Demultiplexer means one to many .
» A demultiplexer is a digital combinational circuit with one input and
many outputs.

12. What is mean by half adder,and half subtractor?

HALF ADDER:

» A logic circuit which is used for adding two single bit binary numbers is
called half adder.

HALF SUBTACTOR:

» A Logic circuit which is used for subtracting one single bit binary number
from another single bit binary number is called half subtractor.

13. How many address lines are there in 1 to 8 - mux?

» Three address lines (S1,S2,S3) are there in 1 to 8 mux.



1.Realization of all gates using NAND gates.

REALIZATION OF ALL GATES USING NAND GATES:

(i) NOT gate : using only NAND gate

(ii) AND gate : using only NAND gate

(iii) OR gate : using only NAND gates

Y=3.3
Y=A+B




(iv) NOR gate : using only NAND gates

=

n:D’—' e T —\3

1

R

(V) EX-OR gate : using only NAND gates

A
e =

B

2.Simplify the boolean expression.

Y = (A+B)(AC+C)(B+AC)
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3.Simplify the given logic equation by using karnaugh map and stimulate
its output.

Y=2m(@3,4,5,6,7,8,10, 12, 13, 14, 15)

The maximum number in the function is 15. Hence, we have to draw a four variable K-map.

CDh e CD ol Overlapping
e 00 01 11 10/

ABwlolo |0

T f 1 1 1‘ Rolling
AR 01,8 4 5~ 6/

AT | bt

12 13 15 14

AB o[ 9] oo U]

~4

Here, we have one pair, one quad and one octet. For pair, the equation is CD. For quad,
A_For octet, B. Hence, the simplified equation is,

Y= CD+A+B

4.Explain the operation of TTL(transistor- transistor logic)

TRANSISTOR-TRANSISTOR LOGIC:

The basic TTL logic circuit is the NAND gate.

The transistor Q1 is a multiemittertransistor , containing two emitter
terminals.

It has two emitter base junction that can be used to turn Q1 ON .
The transistors Q3 and Q4 are connected in a totem pole
arrangement.

In normal operation either Q3 or Q4 will be conducting, depending
on the logic state of the output.

The transistor Q2 acts as a phase splitter, the voltage at the collector
of Q2 is 180° out of phase with the base



Vee
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e When either or both inputs are low, the transistor Q1 conducts
because the either, or both diodes D1 and D2 are conducting in
forward biasing.

e Now the diode D3 conducts is not conducting properlySSO,not a
sufficient current is flow through the base of Q2.

e Hence Q2 goes to cut off.

e Thus there is no emitter current of Q2, no base current of Q4,and it
turns OFF.

e The high collector voltage Q2,turns ON the transistor Q3.

e Actually Q3 acts as an emitter follower .

e Now the output is high ,because Q4 is in cut-off .

e The function of diode D is to prevent both Q3 and Q4 from being ON
simultaneously.



1. With logic diagram and truth table explain full adder.
FULL ADDER:

e A logic circuit that can be used for adding three single bit binary numbers
is called full adder.
e Here, A,B,and C are the inputs and S(sum) and Cy(carry) are the outputs.

Inputs Outputs
A | B | C | CARRY | SUM
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

e Three input EX-OR is used for producing sum of full adder .

&
| .
B 44— J SUM

J )
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2.Explain parallel adder .

PARALLEL ADDER:

Computers and calculators perform the addition operation on two binary
numbers at a time ,where each binary number can have several binary
digits.

For, this purpose parallel adder are used.

It contains four full adders.

The two binary numbers are represented as A3,A2,A1,A0 and
B3,B2,B1,B0.

The result of sum is represented as S3,S2,S1,S0 and carry is represented
as C.

They are connected in cascade manner.

The addition function starts from full adder O (FAO) .

The carry bit C-1 is initially represented by 0.

The carry bit of FAO is connected to the third input of FA1 .

Similarly the carry bit of each full adder is connected to the third input of
nextfull adder.

Last full adder FA3 is treated as the carry of the result.
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=
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e This arrangement is called parallel adder because all the bits of the first
number (augend) and the second number (addend) are present and are fed
into the adder circuits simultaneously.

e This means that the addition in each position is taking place at the same
time
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UNIT-IV
Introduction to OpAmp



Unit 1- Operational amplifies
What is an Integrated Circuit?

Where do you use an Integrated Circuit?

Why do you prefer an Integrated Circuit to the circuits made

by interconnecting discrete components?



Def: The “Integrated Circuit “ or IC is a miniature, low cost
electronic circuit consisting of active and passive components

that are irreparably joined together on a single crystal chip of

silicon.

In 1958 Jack Kilby of Texas Instruments invented first IC



Applications of an Integrated Circuit

Communication
Control
Instrumentation
Computer

Electronics




Advantages:

* Small size

* Low cost

* Less weight

* Low supply voltages

* Low power consumption
e Highly reliable

* Matched devices

* Fast speed




Classification

* Digital ICs

* LinearICs
Integrated circuits

1 n 1

Monolithic circuits Thick Hybrid circuits
| &Thin film
Bipo||ar Uni polar
Pn junction Pielegtric MOSET JEET
isolation isolation

Classification of ICs




Chip size and Complexity

Invention of Transistor (Ge) - 1947
Development of Silicon - 1955-1959
Silicon Planar Technology - 1959
First ICs, SSI (3- 30gates/chip) - 1960
MSI ( 30-300 gates/chip) - 1965-1970
LSI ( 300-3000 gates/chip) -1970-1975
VLSI (More than 3k gates/chip) - 1975

ULSI (more than one million active devices are integrated on single chip)



|C Package types

 Metal can Package
e Dual-in-line
* Flat Pack



Metal can Packages

* The metal sealing plane is at the bottom over
which the chip is bounded

* |tis also called transistor pack




Doul-in-line Package

* The chip is mounted inside a plastic or ceramic
case

* The 8 pin Dip is called MiniDIP and also
available with 12, 14, 16, 20pins




Flat pack

* The chip is enclosed in a rectangular ceramic
case

[\
“““““



Packages

. The Flat Package

The metal can (TO)

Package

The Dual-in-Line (DIP)
Package



Operational Amplifier

An “Operational amplifier” is a direct coupled high-gain amplifier
usually consisting of one or more differential amplifiers and

usually followed by a level translator and output stage.

The operational amplifier is a versatile device that can be used to
amplify dc as well as ac input signals and was originally designed
for computing such mathematical functions as addition,

subtraction, multiplication and integration.




Op Amp

Positive power supply
(Positive rail)

Non-inverting
Input terminal

Output terminal

Inverting input
terminal

Negative power supply
(Negative rail)



The Op-Amp Chip

B
2| - a5V 7
=R
7
e 62
| A
sy s S8
5

741 Op Amp or LM351 Op Amp




* Op-amp have 5 basic terminals(ie 2 i/p’s 1
o/p and 2 power supply terminals

 The output goes positive when the non-
inverting input (+) goes more positive than the
inverting (-) input, and vice versa.



Single-Ended Input

e + terminal ; Source
e —terminal : Ground
 0° phase change

e + terminal : Ground
 — terminal : Source
» 180° phase change

at | Amplifier



Basic Information of Op-Amp

Op-amps have five basic terminals, that is, two input
terminals, one output terminal and two power supply

terminals.



Basic Information of an Op-amp
contd...

Power supply connection:

The power supply voltage may range from about + 5V to

+ 22V,

The common terminal of the V* and V- sources is

connected to a reference point or ground.



Differential Amplifier

Vo=A4(V;—V,)
A, =20 log,, (A4) in dB

V.= Vi+Vy)
y..

CMRR=p=| 44
AC




Characteristics and performance parameters of Op-
amp

Input offset Voltage

Input offset current

Input bias current
Differential input resistance
Input capacitance

Open loop voltage gain
CMRR

Output voltage swing



Characteristics and performance parameters of Op-amp

Output resistance

Offset adjustment range
Input Voltage range

Power supply rejection ratio
Power consumption

Slew rate

Gain — Bandwidth product

Equivalent input noise voltage and current



Characteristics and performance parameters of Op-amp

* Average temperature coefficient of offset parameters
* Output offset voltage

* Supply current



1. Input Offset Voltage

The differential voltage that must be applied between the two
input terminals of an op-amp, to make the output voltage

Zero.

It is denoted as V,

For op-amp 741C the input offset voltage is 6mV




2. Input offset current

The algebraic difference between the currents flowing into the

two input terminals of the op-amp

It is denoted as |.,. = | I, — |,,,|

ios

For op-amp 741C the input offset current is 200nA




3. Input bias current

The average value of the two currents flowing into

the op-amp input terminals

It is expressed mathematically as

Ly, +1,
2

For 741C the maximum value of I, is 500nA




4. Differential Input Resistance

It is the equivalent resistance measured at either the inverting or
non-inverting input terminal with the other input terminal

grounded

It is denoted as R,

For 741C it is of the order of 2ZMQ




5. Input capacitance

It is the equivalent capacitance measured at either the inverting
or non- inverting input terminal with the other input terminal

grounded.

It is denoted as C;

For 741C it is of the 1-4 pF




6. Open loop Voltage gain

It is the ratio of output voltage to the differential input voltage,

when op-amp is in open loop configuration, without any

feedback. It is also called as large signal voltage gain

Itis denoted as Ay, | Ag =V, / Vg4

For 741C it is typically 200,000



7. CMRR

It is the ratio of differential voltage gain A; to common

mode voltage gain A,

CMRR =A, /A,

A, is open loop voltage gain Ag, and A, = Ve / V.,

For op-amp 741C CMRR is 90 dB



8. Output Voltage swing

The op-amp output voltage gets saturated at +V_. and —
Ve and it cannot produce output voltage more than +V_,
and -V Practically voltages +V_, and -V, are slightly

less than +V__. and V¢ .

For op-amp 741C the saturation voltages are + 13V for supply voltages + 15V



9. Output Resistance

It is the equivalent resistance measured between the output

terminal of the op-amp and ground

It is denoted as R,

For op-amp 741 it is 75Q



10. Offset voltage adjustment range

The range for which input offset voltage can be adjusted using

the potentiometer so as to reduce output to zero

For op-amp 741C itis + 15mV



11. Input Voltage range

It is the range of common mode voltages which can be applied
for which op-amp functions properly and given offset

specifications apply for the op-amp

For + 15V supply voltages, the input voltage range is + 13V




12. Power supply rejection ratio

PSRR is defined as the ratio of the change in input offset voltage
due to the change in supply voltage producing it, keeping the
other power supply voltage constant. Itis also called as

power supply sensitivity (PSV)

PSRR= (Av,, / AV_)|constant Vg PSRR= (Av,

I0S I0S

| AVg)|constant V.

The typical value of PSRR for op-amp 741C is 30uV/V




13. Power Consumption

It is the amount of quiescent power to be consumed by op-amp

with zero input voltage, for its proper functioning

It is denoted as P,

For 741C it is 85mW




14. Slew rate

It is defined as the maximum rate of change of output voltage

with time. The slew rate is specified in V/usec

Slew rate =S =dV,/ dt |

It is specified by the op-amp in unity gain condition.

The slew rate is caused due to limited charging rate of the
compensation capacitor and current limiting and saturation of the
internal stages of op-amp, when a high frequency large amplitude

signal is applied.




Slew rate

It is given by dV_/dt =1/C

For large charging rate, the capacitor should be small or the

current should be large.

S=1.,/C

max

For 741 IC the charging current is 15 yA and
the internal capacitor is 30 pF. S= 0.5V/ ysec



Slew rate equation

dvo

Vs=Vp, sinwt =V_ w coswt

V,=V,, sinwt dt

dvo

S =slew rate = d
[ max

S=V,w=2mwfV, For distortion free output, the

S=2wfV_V/sec maximum allowable input

frequency f, can be obtained as

S
211V

rrn

This is also called full
power bandwidth of the fm —3

op-amp



15. Gain — Bandwidth product

It is the bandwidth of op-amp when voltage gain is unity (1). It is

denoted as GB.

The GB is also called unity gain bandwidth
(UGB) or closed loop bandwidth

It is about 1MHz for op-amp 741C




16. Equivalent Input Noise Voltage and Current

The noise is expressed as a power density

Thus equivalent noise voltage is expressed as V2 /Hz while

the equivalent noise current is expressed as A% /Hz



17. Average temperature coefficient of offset parameters

The average rate of change of input offset voltage per unit change in
temperature is called average temperature coefficient of input offset

voltage or input offset voltage drift

It is measured in uV/°C. For 741 Cit is 0.5 puVv/°C

The average rate of change of input offset current per unit change in
temperature is called average temperature coefficient of input offset

current or input offset current drift

It is measured in nA/°C or pA/°C. For 741 Cit is 12 pA/°C



18. Output offset voltage (V.. )

The output offset voltage is the dc voltage present at the output

terminals when both the input terminals are grounded.

It is denoted as V.




19. Supply current

It is drawn by the op-amp from the power supply

For op-amp 741C it is 2.8mA



Op amp equivalent circuit

@ Vout




Block diagram of op amp

Dual Input Complementry
Unbalanced Output Symmetry
Differential Pushpull
amplifier Amplifier

Non-inverting

input
INPUT INTERMEDIATE LEVEL OUTPUT
STAGE STAGE SHIFTING STAGE
STAGE Output
Inverting
input
Dual Input Emitter follower
Balanced Output using constant
Differential current source

amplifier



The Inverting Amplifier

Rf
SNAVATY, o
Rin +
-V
S R
Vout:__fVin A:__f
R. R



Inverting Amplifier Analysis




The Non-Inverting Amplifier

in

out in

— A —
Rf
R R
g% A=1+—L
Rg
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Analysis of Non-Inverting Amplifier

VAR | £ e Note that step 2 uses a voltage
e divider to find the voltage at Vg
AP . relative to the output voltage.
2V"% VA=

— A\ —
R R T
Rg T B 3 out
Rf+Rg
R

out
Rf +Rg
Vout . Rf +R8
V., R,
VOMI _1+&
V. R,




Comparison of the ideal inverting and non-inverting

op-amp

Ideal Inverting amplifier Ideal non-inverting amplifier
1. Voltage gain=-Rd/R, 1. Voltage gain=1+RJ/R,
2. The output is inverted with 2. No phase shift between input
respect to input and output
3. The voltage gain can be 3. The voltage gain is always
adjusted as greater than, equal to | greater than one
or less than one
4. The input impedance is R, 4. The input impedance is very

large




The Ideal Operational Amplifier

Open loop voltage gain Ao, = oo
Input Impedance R, = oo
Output Impedance R, =0
Bandwidth BW = oo
Zero offset (V,=0whenV, =V, =0) V... =0
CMRR P = oo
Slew rate S — oo

No effect of temperature

Power supply rejection ratio PSRR =0



Differential Amplifier

The amplifier which amplifies the difference between the two input

voltages is called differential amplifier.

V0: AOLVd N AOL (‘/1 T V2) o AOL (‘/ml o ‘/m2)

Key point: For very small V , output gets driven into saturation due to high Ag
hence this application is applicable for very small range of differential input
voltage.



General purpose op-amp 741

The IC 741 is high performance monolithic op-amp IC. Itis
available in 8pin, 10pin or 14pin configuration. It can operate

over a temperature of -55° C to 125° C.

Features:

i) No frequency compensation required

ii) Short circuit protection provided

iif) Offset Voltage null capability

iv) Large common mode and differential voltage range

v) No latch up




The 8pin DIP package of IC 741

The 8 pin DIP package of IC 741 is shown in the Fig. 1.59.

Offset null | 1 8 | No connection '1
Inverting input | 2 7 | *Vce
IC 741
Noninverting input 3 6 | Output ‘
=VEe'l 4 S | Offset null

Fig. 1.59 8 Pin diagram

1.26.3 Ideal Vs Practical Characteristics of IC 741 Op-Amp

The Table 1.7 lists the ideal op-amp characteristics and the typical characteristics |
741 1C, a popular general purpose op-amp IC.

Sr. No Parameter Symbol Ideal Typical for 741 IC

1 Open loop voltage gain Aot -2 2 % 103

2 Output impedance Zou 0 75 Q

3 Input impedance Zin o 2 MQ

4 Input offset current I8 0 20 nA

S Input offset voltage Vios 0 1 mVv

6 Bandwidth B.W ° L 1 MHz
7 CMRR P o 90 dB

8 Slew rate S o 0.5 Viusec
9 Input bias current Iy 0 80 nA
10 PSRR PSRR 0 30 pV/v

Table 1.7



N o Uk

Advantages of integrated circuits

Miniaturization and hence increased equipment
density.

Cost reduction due to batch processing.

Increased system reliability due to the elimination
of soldered joints.

Improved functional performance.
Matched devices.

Increased operating speeds.
Reduction in power consumption
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Inverting Amplifier or Scale Changer

Using KVL,
L L= . 0-ijR=v,=0
e g —.I> n or, Vo = -4R¢ = -v4R{/R;
Vo/V4 = -R{/R;
LN o %y

If R, = R; then vg = -v,, the circuit behaves like an inverter.

If R;/ R, = K (a constant) then the circuit is called inverting amplifier or scale

changer voltages. .



sign changer

The sign of a quantity can be simply changed

by means of operational amplifier by making it

to work as in inverting amp.
Same for inverting op-amp.
Assume Rf=Ri

Vo=-Vin
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Applications of Op Amp
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Adder Or Summing Amplifier

Vo= (VatV)-(Vi+ V2)
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Op-Amp with negative feedback can be used
as a summing device.

Vo=Av(V1+V2+V3)
Av=-(Rf/R)
R=R1=R2=R3
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Multiplier

This is inverting type opamp.

The out is product of the two inputs divided
by a Vref.

Vo=-(Rf/Ri)Vi
M=Rf/Ri {M is Multiplication Factor}
Vo=-MV|

64



Divider

This is inverting type opamp.
The divide the given input signal.
Vo=-(Rf/Ri)Vi

D=Ri/Rf {D is Division Factor}
Vo=-Vi/D
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Voltage follower

O S

Vourr = Vi
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This is one application of Non Inverting Op
amp.

The output Voltage follows the input voltage.
Without feedback.

Vo=(1+Rf/Ri)Vi

Ri=co

Vo=Vi

67



Comparator

A comparator is a circuit which compares a
signal voltage applied at one input of an op-
amp with a known reference voltage at the
other input. It is an open loop op - amp with
output + Vsat
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Comparator

R

oV
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Application of Comparator

* |If AOis large, practical response can be
approximated as :

* VIN>0RV+>V-RRVOUT = +VSAT
* VIN<OPRV+<V-RRVOUT =-VSAT

1. Zero crossing detector
2. Window detector

3. Time marker generator
4

Phase detector
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Instrumentation Amplifier

In @ number of industrial and consumer applications, the
measurement of physical quantities is usually done with the
help of transducers. The output of transducer has to be
amplified So that it can drive the indicator or display system.
This function is performed by an instrumentation amplifier
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isetrocduse sl

Differential amplifier with high mput resistance is
used in instrumentation amp[g

The instrumentation amplifier is a c[osed' loop device
with carefully set gain. It is a dedicated differential
amplifier with externally high input impedance

It has a common mode rejection capability( i.e. it is able
to reject a signal that is common to both terminal.)

Instrumentation amplifiers are used to interface low
level devices such as stain gauges, pressure transducers,
analog to digital conversion.
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Instrumentation Amplifier

V1
o— +
R,
- — AN
Riﬂ
NN = v,
—0
|?Iﬂ
_|_
2 R
)
o— + & —
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Features of instrumentation amplifier

high gain accuracy
high CMRR

high gain stability with low temperature co-
efficient

low dc offset
5. low output impedance
6. Vo=(R2/R1)(1+2R’/R)(V2-V1)
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Differentiator

R¢
—
Vin CH vb_ Y
(b
o i
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* Differentator circuit produces the output
signal,which is the derivative of input signal

Vi.
* Vo= - RC(dVi/dt)
* Convert triangular wave to square wave.
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Integrator

77



* An integrator circuit integrates the input
signal with respect to time.(frequency).

e Vo=-1/RC! (Vidt+Vk(0))

e Convert sine wave to cosine wave.
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Op amp zero crossing detector

In opamp zero crossing detectors the output
responds almost discontinuously every time
the input passes through zero. It consists of a
comparator circuit followed by differentiator
and diode arrangement.



Vi

f

N A\ A\
pAWA )

Vars

80



* Vin>0,Vo=+Vcc, V' = R*C*dVo/dt positive
spike, D ON and C charges through

R and RL to +Vcc; Vin>0,Vo=-Vcc,V’ =
R*C*dVo/dt negative spike, D OFF and C
discharges through R to +Vcc



Current to Voltage Converter
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* The output voltage is proportional to the input
current and the circuit works as current to
voltage  converter. It is also  called as
transresistance amplifier.

83



| +

7 -0

ol

={=




Voltage to Current Converter
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 This is basic relaxation oscillator.

* Operation depends upon charging and
discharging of a capacitor.

* T=2RCIn{(2R1+R2)/R2}sec
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some commonly used active filters

Low pass filter
High pass filter
Band pass filter
Band reject filter
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Low Pass Filter

e The LPF not only removes the high
frequency components and noise, but also
controls the dynamic characteristics of the
PLL. These characteristics include  capture

and lock range band with and transient
response.
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D/A AND A/D CONVERTERS
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Digital-to-Analog Conversion

* When data is in binary form, the 0's and 1's
may be of several forms such as the TTL form
where the logic zero may be a value up to 0.8
volts and the 1 may be a voltage from 2 to 5
volts.

* The data can be converted to clean digital
form using gates which are designed to be on
or off depending on the value of the incoming
signal.



Digital-to-Analog Conversion

* Data in clean binary digital form can be
converted to an analog form by using a
summing amplifier.

* For example, a simple 4-bit D/A converter can
be made with a four-input summing amplifier.



Classification of DACs

* Weighted Resistor DAC
 R-2R Ladder DAC
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R-2R LADDER DAC
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* Vout = - (VMSB + Vn + VLSB) = - (VRef + VRef/2
+ \/Ref/ 4)
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DAC Specifications

Resolution

Linearity

Accuracy

Settling Time
Temperature Sensitivity
D/A Speed
Monotonicity
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ADC Basic Principle

* The basic principle of operation is to use the
comparator principle to determine whether or
not to turn on a particular bit of the binary
number output.

e |t is typical for an ADC to use a digital-to-
analog converter (DAC) to determine one of
the inputs to the comparator.



i
2\

= ¥ 5

Classification of ADCs

Direct type ADC.
Integrating type ADC

Direct type ADCs

Flash (comparator) type converter
Counter type converter

Tracking or servo converter.

Successive approximation type converter
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Successive-approximation ADCs

ANALOG

INPUT,
VN l

= -
DAC
DIGITAL
QUTPUT
SUQCESSIVE
— -

APPROXIMATION
REGISTER ANG CONTROL

CLOCK




* Much faster than the digital ramp ADC
because it uses digital logic to converge on the

value closest to the input voltage.

e A comparator and a DAC are used in the
process.
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Sample and hold circuit

A sample and hold circuit is one which
samples an input signal and holds on to its last
sampled value until the input is sampled again.
This circuit is mainly used in digital interfacing,

analog to digital systems, and pulse code
modulation systems.
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Sample and hold circuit

The time during which the voltage across the
capacitor in sample and hold circuit is equal to
the input voltage is called sample period.The
time period during which the voltage across the
capacitor is held constant is called hold period
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FILTERS
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. . Source
Filtering sound
v
Filtering is another name for -
subtractive synthesis because it .
subtracts frequencies from a output
sound sound
Filtering 1s the opoosite approzicn of

additive synthesis:

o Additive syntnesis oullds 21 cornolex sound out
of sine waves.

* Suotractive syninesis starts witn r*omglex
source sourld and rermoves sorne of ine
frequency corriponents.



Filters

* Four Main Filter Types:
— Low-pass —
— High-pass —
— Band-pass —



Low-Pass Filter

* Very common, probably about 50% of filters used in
computer music are low-pass.
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High-Pass Filter

e Passes high frequencies, attenuates lows.

— can also increase noise

* About 20% of filters used in computer music are high-
pass.
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Band-Pass Filter

e Passes band of frequencies, attenuates those above
and below band.

 Most common in implementations of discrete Fourier
transform to separate out harmonics.

* About 20% of filters used in computer music are band-
Pass.

000 f 4000 E000 fH 000 10000
LC 1requgnc:y C

Frequency Response Curve



Wien Bridge

* The Wien bridge oscillator is essentially a feedback amplifier
in which the Wien bridge serves as the phase-shift network.
The Wien bridge is an ac bridge, the balance of which is

achieved at one particular frequency.



Cont’d

* The basic Wien bridge oscillator is shown in Fig. 1-2. as can
be seen. the Wien bridge oscillator consists of a Wien bridge
and an operational amplifier represented by the triangular
symbol. Operational amplifiers are integrated circuit
amplifiers and have high-voltage gain, high input impedance,
and low output impedance. The condition for balance for an
ac bridge is

2,2,=2,2, ;},_‘, N ,1-2)

—

I
|
l' :
|
|
|
|
|
I

Wien
o ——

Fig. 1-2 Wien bridge oscillator.



Zero crossing detector

e Zero crossing detector is shown in fig. as you
can see, Zero Crossing detector is nothing but
the comparator Circuit with a zero reference
voltage applied to the non inverting terminal.

* The zero crossing detector thus switches its
output form one state to the other every time
when the input voltage crosses the zero.

 The zero crossing detector is also known as a
sine wave to square wave converter.



Zero crossing detector




Input and output voltage waveforms




THANK YO
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UNIT IV

COMBINATIONAL AND SEQUENTIALLOGIC CIRCUITS

1.Wat are the types of flip-flops?
TYPES OF FLIP-FLOPS:

¢ SR flip-flop.
% CSR flip-flop.
» JK flip-flop.

» D flip-flop.

» T flip-flop.

DR

L)

0

2.Draw the symbol of SR flip-flop.

Set S Q Normal

SR

FF

Reset R Complementary

Q|

3.Draw the symbol of JK flip-flop.

iPr
Jo— —  — L — 0 Q
JK
e =
Clk o
Ko—— o Q
E-}Cl | T ICI’
JEME
Gk o - FE
b —
K Q| o0

(]
aGr

4.Draw the symbol of D flip-flop.



5.list the types of triggering of flip-flop.
TYPES OF TRIGGERING OF FLIP-FLOP:

% Level triggering .
¢ Edge triggering.

6.Define counter.

COUNTER:

e Counter is one of the most powerful subsystems in a digital systems.

e A Counter can be used to count the number of clock pulses applied to any
systems.

e Two types of counters — namely synchronous counter and
asynchronous counter.

7.What is meant by modulo-n-counter?
MODULO-N-COUNTER:

A counter,which is reset(makes the whole output as zeros) at the n clock pulse
is called ‘mode n counter’ or ‘n counter’)

8.Define decade counter.
DECADE COUNTER:
A counter which is rest the 10 clock pulse is called BCD counter.

Divide by 10  counter or mod 10 counter is called as single digit BCD
counter.

9.Distinguish between asynchronous and synchronous counters.

ASYNCHRONOUS COUNTERS SYNCHRONOUS
COUNTERS

Clock pulse applied to first flip flop | Clock pulse applied to all flip flop

Flip flop triggered one by one All flip flop trigerred simultaneously

Propagation delay is high Propagation delay is low




10. List the types of shift register.

e Serial in — serial out (SISO)

e Parallel in — serial out (PISO)

e Parallel in — parallel out (PIPO)
e Serial in — parallel out (SIPO)

1. Sketch and explain JK Master Slave (JKMS) flip-flop.

The racing problem in JK FF can be avoided by using JKMS FF. The logic symbol of
JKMS FF is show in figure.
I Pr

JRGEe— L & =5 @
JKMS
EiCo— -
Ko™ . . ———oQg

Lo

In JKMS FF there are two JKFFs, one Master JKFF and one Slave JKFF. The CLK
pulse of the master section is inverted and then given to the CLK input of the slave section.

Tﬁ Master Slave
J19 _:D oy Tl
1 5 7 1 Q
Figuu CLK | J
Jo J CA\G U aF— >0l
L_“‘ Master 4 hd Slae‘é 8 rQ
K eClko—— %_ S - l:
Ko —Te o) K S e O
°Q

e

The logic circuit diagram and truth table of JKMS FF are shown in figure.

{(\/




Inputs Outputs
Condition
CLK J K Q
Previous Previous
0 0 No change
value value
0 1 0 1 Reset
—
= =11 0 1 0 Set
R Complement | Complement
Iy 1 of Previous | of Previous Toggle
J_T_ value value

NAND gates 1, 2, 3 and 4 form the Master section and NAND gates 5, 6, 7 and 8
form the slave section. NOT gate is used to generate the inverted clock for the slave section.

When CLK = 1, the Master section in enabled and the outputs QM and_M respond to
the inputs J and K. At this time, the Slave section is inhibited (not enabled) because the CLK
to the slave section is 0. When CLK goes LOW, the Master section is inhibited and the Slave

section is enabled, because its CLK input is HIGH. Therefore, the outputs Q and follow QM
and M respectively. Hence, the slave section follows the master section.

The input to the gates 3 and 4 do not change during the clock pulse, therefore the
race-around condition does not exist. The state of the JKMS FF changes at the negative
transition (trailing edge) of the clock pulse. The Pr and Cr inputs are used to SET and
CLEAR the FF irrespective of the clock input.



2. Explain about Four bit binary asynchronous (ripple)UP counter

The logic diagram of 4-bit binary asynchronous UP counter is shown in figure. The
UP counter counts from 0000 to 1111.

o D ‘.VISB OC B OA LSB
I
v Q JKMS J T Q JKkms y |— Clock
E
<h— o P i < p— g
[ | O@J KE— aQ (’:‘:)K*

¢+ Reset

A.—[_ol

1 Cr CrT
]

o
&

Figure :Four bit binary asynchronous (ripple) UP counter

Four negative edge triggered JKMS flip-flops are used in this counter. J and K inputs
of all the FFs are connected to +5v (J =1, K = 1). This makes the FFs to operate as T (Toggle)
flip-flop. The T FF changes its state (i.e. from 0 to 1 or 1 to 0) for every input clock pulse.
The clock input is applied to the first flip-flop A. The Q output of the FF A is given as clock
input to the second flip-flop B. The Q output of FF B is given as clock input to the third flip-
flop C. The Q output of flip-flop C is given as clock input to the forth flip-flop D. The Q
output of all the flip-flops are taken as the counter outputs DCBA. The output A is called the
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Least Significant Bit (LSB) and the output D is called the Most Significant Bit (MSB). The
CLEAR (Cr) input of all the FFs are connected to ground through the Master Reset switch.

When the Master Reset switch is pressed, all the FFs are cleared and the counter
output DCBA is 0000. During the negative edge of the first clock pulse, FF A will be toggled
i.e. the output A changes from O to 1. At this time, the outputs of all other flip-flops will not
change.Hence, the counter output DCBA is 0001.

Input Output

Clock D G B A

Reset 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
1 0 1 1 1
8 ff 0 0 0
9 i 0 0 1
10 1 0 1 0
11 L 0 1 1
12 L 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
16 0 0 0 0

; V \ q
N \'
C L
\
D L

During the application of the second clock pulse, FF A will be toggled once again
from 1 to 0. This will give a negative edge triggering pulse to FF B and hence FF B also
toggles from O to 1. The counter output DCBA will become 0010.



Similarly, FF C will toggle when the output of FF B toggles from 1 to O and FF D
will toggle when the output of FF C toggles from 1 to 0. It should be noted that FF A toggles
for every clock pulse, FF B toggles for every two clock pulses, FF C toggles for every 4
clock pulses and FF D toggles for every eight clock pulses. The frequency of output A is %2
of the clock frequency, output B is ¥ of clock, output C is 1/8 of clock and output D is 1/16
of clock frequency. Hence, the four bit counter acts as a ,,divided by 16“counter.

For the 151 clock pulse, the output is 1111. When the next (16th) clock pulse is
applied, all the flip-flops will toggle from 1 to O at the same time and hence the output is
0000.The outputs of the counter during the application of each clock pulse are shown in the
truth table and also in the waveforms.

3. Draw and explain Mod-7 counter.

The logic diagram of Mod-7 counter is shown in figure. It counts from O to 6 and at
the 7clock pulse the counter will reset and starts counting again.

Clock
'—lO JKMS JF— ¢+—Q JKMS J|— ¢—Q JKMS j|— . "1;
FF FF A FE RN
t.?\-o LK > F'K("\J
@ © kI a ® K a ® ki
i
@ Cr[ Cr +5\/
| El
o —_— l — o_r’_]
— Reset
¥

The counter has to count from 000 to 110. Hence, three negative edge triggered JKMS
flip-flops are used in this counter. J and K inputs of all the FFs are connected to +5v (J =1, K

= 1). This makes the FFs to operate as T (Toggle) flip-flop. The T FF changes its state (i.e.
from O to 1 or 1 to 0) for every input clock pulse. The clock input is applied to the first flip-
flop A. The Q output of the FF A is given as clock input to the second flip-flop B. The Q
output of FF B is given as clock input to the third flip-flop C. The Q output of all the flip-
flops are taken as the counter outputs CBA. The output A is called the Least Significant Bit

LSB) and the output C is called the Most Significant Bit (MSB). The CLEAR (Cr) input of
all the FFs are connected to ground through the Master Reset switch.

We need to reset the counter at 7thclock pulse i.e. at CBA = 111. Hence, we have to
reset the counter when C = 1, B =1 and A = 1. The NAND gate is used to apply RESET
signal. The inputs for the NAND gate are taken from C, B and A.



Input Output

Clock | C B A

Reset 0 0
| 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 0 0 0
8 0 0 1

When the Master Reset switch is pressed, all the FFs are cleared and the counter
output CBA is 000. During the negative edge of the first clock pulse, FF A will be toggled i.e.
the output A changes from O to 1. At this time, the outputs of all other flip-flops will not
change. Hence, the counter output CBA is 001. During the application of the second clock
pulse, FF A will be toggled once again from 1 to 0. This will give a negative edge triggering
pulse to FF B and hence FF B also toggles from O to 1. The counter output CBA will become
010. Similarly the counting continues.

At the 7% clock pulse, the output CBA will try to become 111 (C=1,B=1and A =
1). As the NAND gate inputs, C, B and A are 111, the O in the gate output RESET the
counter. The frequency of output C is 1/7 of clock signal frequency. Hence, the mod-7
counter acts as a ,,divided by 7° counter. The outputs of the counter during the application of
each clock pulse are shown in the truth table and also in the waveforms in figure.



4.Expalin about Johnson counter?

The logic circuit of Johnson counter is shown in figure. It is similar to ring counter

except one change. Instead of the Q output, output of the last flip-flop is given as the input
for the first flip-flop. Therefore, the Johnson counter is also called Twisted-ring counter. In
Johnson counter, there is no need for the START button.

oA 0B oC oD
T
OFF OFF DFF IFF
o o 0] opF——D Op— p—!
o

:_’_)' =L Q E} CLK D ‘1} CLK
Clock o o o
input Cr o cr

e - y ' e
'I F] . — —

" Reset

The flip-flops are connected in synchronous mode. i.e. clock pulse is applied to all the
flip-flops in parallel. The output of the first flip-flop A is connected as the input to the second
flip-flop. The output of the second flip-flop B is connected as the input to the third flip-flop.
The output of the third flip-flop C is connected as the input to the fourth flip-flop. The

output of the fourth flip-flop D is connected as the input to the first flip-flop. The CLEAR
(Cr) input of all the FFs are connected to ground through the Master Reset switch.

Initially, the master reset switch is pressed to clear all the FFs so that ABCD is 0000.

When the first clock pulse is applied,  of the fourth FF D (1) is moved to FF A, Q of FFA
(0) to FF B, Q of FF B (0) to FF C and Q of FF C (0) to FF D and the counter output is 1000.

When the second clock pulse is applied, of the fourth FF D (1) is moved to FF A, Q of FF A
(1) to FF B, Q of FF B (0) to FF C and Q of FF C (0) to FF D and the counter output is 1100.
Similarly the circuit operation continues. The outputs of the counter during the application of
each clock pulse are shown in the truth table and also in the waveforms.
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UNIT V
MEMORIES

1. Mention the types of memory?
RAM, ROM, PROM, EPROM, EEPROM, CAM.
2. Expand DDR RAM and EPROM and SDRAM.

Double data rate synchronous dynamic random access. Erasable
programmable read only memory. Synchronous dynamic random access
memory.

3.How many 8k memory is needed for creating 16k memory?
Two 8k memory is needed.
4.Differentiate ROM and PROM
ROM: 1.1t is programmed during fabrication time.
2. Once programmed the data cannot be erased.
PROM: 1.after fabrication the data is programmed by the programmer.
2. Once programmed the cannot be erased.

5.What is volatile memory and non volatile memory?

If the information stored in a memory is lost when electrical power is
switched off, the memory is called volatile memory. The information once
stored cannot be changed or erased even when power 1s switched off.

6.Define dynamic RAM and SDRAM?

DYNAMIC RAM: it is called as DRAM. It stores data as charges on the
capacitors.


http://1.mention/
http://access.erasable/
http://3.how/
http://needed.4.differentiate/
http://needed.4.differentiate/
http://1.it/
http://2.once/
http://2.once/
http://erased.5.what/
http://erased.5.what/
http://off.6.define/
http://off.6.define/
http://dram.it/

SDRAM: it means synchronous dynamic random access memory, which is a
type of solid state computer memory.

7. What are the important components is used for fabricating bipolar
RAM ? TTL or ECL

8.Define flash memory?

It is a nonvolatile storage chip that can be electrically erased and
programmed. It must be erased in fairly large blocks before data can be
rewritten with new data.

9.What is an antifuse?

An antifuse is an electrical device that performs the opposite function of a
fuse. An antifuse starts with a high resistance and it permanently create an
electrically conductive path when the voltage across the antifuse exceeds a
certain level.

1.Explain about ROM organisation with neat diagram?

» A read only memory is an array of selectively open and closed
unidirectional contacts.

» Each array is represented by a diode and switch. the switch is
placed in the arrays is closed or opened in accordance with the data
stored in the memory.

» To select any one of the 16 bits, a 4 bit address line is required. the
lower part two bits A1 and AO are decoded by the decoder which
selects one of the four rows. The high order two bits A3 and A2 are
decoder which activates any one of the four column sense

amplifier.


http://memory.7.what/
http://memory.7.what/
http://8.define/
http://programmed.it/
http://data.9.what/
http://data.9.what/
http://fuse.an/
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» One diode along with a switch between each row and each column
forms a diode matrix. for example diode 32 is connected between
row 3 and column 2.the output is enabled by applying logic 1 at the
chip select signal.

» According to the adderss applied to the address lines, the data
stored in that location is transferred o the output terminal. For
example, if the address is 1011,row 3 is activated and connected it
to column 2.

> Also the sense amplifier of column 2 is enabled, which gives the
output 1.if the CS is in high level, each address will read one of the

16 data corresponding to the address at its input.

2.Explain about SDRAM with detail?

» Synchronous dynamic random access memory .

» Type of solid state computer memory.

» It has a synchronous interface,meaning that it waits for a clock
signal before responding to its control inputs.

» It is synchronized with the computers system bus and thus with the

processor.
Pipelining

» It means that the chip can accept a new instruction before it has

finished processing the previous one.

» SDRAM is a fast method of delivering computing capacity .it can
run at 133MHZ,which 1s a much faster than earlier RAM
technologies.

» It is very protective of its data bits,storing them each in separate

capacitor.the benefit of this is the avoidance of corruption of data.



» SDRAM had replaced all other types of DRAM in modern
computers,because of its greater speed.

» SDRAM devices are internally divided into 2 or 4 independent
internal data banks.one of the two bank address input select which
bank a command is directed toward.

» A typical 512 Mbit SDRAM chip internally contains 4
independent 16Mbyte banks.each bank is an array of 8192 rows of
16384 each. A bank is either idle,active or changing from one to
the other.

» SDRAM chips support an ‘“auto refresh” command which
performs these operations to one row in each bank simultaneously.

» The SDRAM also maintains an internal counter which iterates
over all possible rows.the memory controller must simply issue a
sufficiency number of auto refresh commands ever refresh
interval.

» All banks must be idle (cloed,recharged)when this commad is

issued.
3.Explain about antifuse technology?

» An antifuse is an electrical device that performs the opposite function
of a fuse whereas a fuse starts with a low resistance and permanently
breaks an electrically conductive path when a current through the path
exceeds a specified limit ,an antifuse starts with a high resistance and is
permanently create an electrically conductive path when the voltage
across the antifuse exceeds a certain level.hence an antifuse is normally

an open circuit until a programming current pass through it.

Amorphous silicon column Polysilicon via
J Metal - J
ol | < Ode— DG
S Metal

<— Substrate——>

(a) Un-Programmed (b) Programmed



>

In a poly-diffusion antifuse the high current density causes a large
power dissipation in a small area,which melts a thin insulating dielectric
between polysilicon and diffusion electrodes and forms a thin
permanent and resistive silicon link.

Polysilicon antifuse with an oxide nitride oxide dielectric sandwich of
silicon dioxide grown over the n-type antifuse diffusion,a silicon nitride
layer and another thin silicon oxide layer.The layered ONO dielectric

spreads the blown antifuse resistance.

4. Write short notes on flash memory?

>
>

vV VY

vV V V VY

vV VY

It is modern type of EEPROM invented in 1984.

It can be erased and rewritten faster than ordinary EEPROM and newer
designs feature very high endurance.

Flash memory is sometimes called flash ROM or flash EEPROM

When used as a replacement for older ROM types, but not in application
s that take advantage of its ability to be modified quickly and frequently.
Flash memory stores information in an array of memory

Cells made from floating gate transistors.

In traditional signal level cell devices, each cell stores only one

Bit of information some newer flash memory known as multilevel Cell
devices.

The floating gate may be conductive or Non conductive.

effective thickness is about 10nm.sometimes the antifuse is called

“afuse”.
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Introduction

DIGITAL LOGIC CIRCUITS

Logic Gates

*Boolean Algebra
*Map Specification
s*Combinational Circuits
*Flip-Flops
»Sequential Circuits
*Memory Components

**Integrated Circuits



Logic Gates

LOGIC GATES

Digital Computers

- Imply that the computer deals with digital information, i.e., it deals
with the information that is represented by binary digits
- Why BINARY ? instead of Decimal or other number system ?

* Consider electronic signal

1 7
— 6
— 3 signal
— 3 range
— 2
[
binary octal
* - - . 0123456789
Consider the calculation cost - Add o TS S AE 6T ES
111234567 8 910
0 1 2/234567 8 91011
00 1 3134567 8 9101112
414567 8 910111213
1 1 10 5567 8 91011121314
6/ 6 7 8 9101112131415
717 8 910111213141516
8|8 91011121314151617
919101112131415161718




Logic Gates

BASIC LOGIC BLOCK - GATE -

Binary — Binary
mout -1 G T outout
Signal —— Signal

Types of Basic Logic Blocks

- Combinational Logic Block
Logic Blocks whose output logic value
depends only on the input logic values

- Sequential Logic Block
Logic Blocks whose output logic value
depends on the input values and the
state (stored information) of the blocks

Functions of Gates can be described by

- Truth Table
- Boolean Function
- Karnaugh Map



COMBINATIONAL GATES

Name Symbol Function | Truth Table
A Bl X
A — X=A-B (BEIEE
AND — X or 0 1] 0
B 7 | X = AB 1 0|0
1" [
A A "B X
0 0[O0
OR |*T) D—x| x-aen | § [
B 1 40
1 % &1
A A
- o 1
| A o XIE XX A B
~ e
Buffer | a > X X=A el
A §_x1_
A—0 0 0]
NAND >— x|  x=cep |9 &)1
B il 1 o
A Bl X
A 0 0 1
NOR | ") Do—x| x=@aesy| 0§ 1|1
B ‘ 1 0| O
1 1l o0
Y = A Bl X
XOR | A D_x X=A2E W&o~ aillo
Exclusive OR 0 1 1
B I X=AB+AB’| 1 o] 1
1 1! 0
A B, X
XNOR | A— X=(A®Byl g o1
Exclusive NOR ’ X or. 0 110
or Equivalence X=AB+ AB 1 SIJ SI)

Logic Gates



Boolean Algebra

BOOLEAN ALGEBRA

Boolean Algebra

* Algebra with Binary(Boolean) Variable and Logic Operations
* Boolean Algebra is useful in Analysis and Synthesis of
Digital Logic Circuits

- Input and Output signals can be
represented by Boolean Variables, and

- Function of the Digital Logic Circuits can be represented by
Logic Operations, i.e., Boolean Function(s)

- From a Boolean function, a logic diagram
can be constructed using AND, OR, and |

Truth Table

* The most elementary specification of the function of a Digital Logic
Circuit is the Truth Table

- Table that describes the Output Values for all the combinations
of the Input Values, called MINTERMS
- n input variables — 2" minterms



Boolean Algebra

LOGIC CIRCUIT DESIGN

X y z | F
0 0 0] O
Truth 0 0 1 1
Table 01 0] O
t 0 1 1 0
1 Qe 0 -1
1 0 1 1
&1 QA1
1.1 1 1
Boolean F=x+y'z
Function

v X
_ >
@ T



Boolean Algebra

BASIC IDENTITIES OF BOOLEAN ALGEBRA

11T XFTO0=X [2] X*0=0
[3] x+1=1 [4] x*1=X
[5] x+x=Xx [6] xex=X
[7] x+xX'=1 [8] xX'=0
[9] x+y=y+x [10] xy = yx
[M]x+(y+2z)=(x+y)+z [12] x(yz) = (xy)z
[13] x(y * z) = xy +xz [14] x + yz = (x + y)(x * 2)
[15] (x +y)’ =Xy’ [16] (xy)' = x" +y’
[17] ()’ =x
[15] and [16] : De Morgan’s Theorem

Usefulness of this Table
- Simplification of the Boolean function
- Derivation of equivalent Boolean functions
to obtain logic diagrams utilizing different logic gates
-- Ordinarily ANDs, ORs, and Inverters
-- But a certain different form of Boolean function may be convenient
to obtain circuits with NANDs or NORs
— Applications of De Morgans Theorem

Xy’ =(x +y) X'+ y’= (xy)’

DN — NAND
>:>_




Boolean Algebra

EQUIVALENT CIRCUITS

Many different logic diagrams are possible for a given Function

F=ABC +ABC’ +AC  en.. (1)
= AB(C + C’) + A'C [13] ...... (2)
=AB+1+AC 7]
= AB + A'C 4] ... (3)
Q T
(1) c —
L'|>- Py ==
_D._D_

(2)

W >

(3) A
. —D—éjj}F
Cc




Boolean Algebra

COMPLEMENT OF FUNCTIONS

A Boolean function of a digital logic circuit is represented by only using
logical variables and AND, OR, and Invert operators.

— Complement of a Boolean function

- Replace all the variables and subexpressions in the parentheses
appearing in the function expression with their respective complements

AB,..Zab,.z = A/B,..2.a.b,..z2
(p+q) =(p+a)

- Replace all the operators with their respective
complementary operators

AND = OR
OR = AND

- Basically, extensive applications of the De Morgan’s theorem
(XK, + B XL e’ X ., D0

L} ] L] L}
(X4X5 ... X)) = X" + X, +..+ X



Map Simplification

SIMPLIFICATION

. Boolean
Function

Unique Many different expressions exist

Simplification from Boolean function

- Finding an equivalent expression that is least expensive to implement
- For a simple function, it is possible to obtain

a simple expression for low cost implementation
- But, with complex functions, it is a very difficult task

Karnaugh Map (K-map) is a simple procedure for
simplifying Boolean expressions.

Boolean
function

Simplified
Karnaugh Boolean
Map Function




Map Simplification

KARNAUGH MAP

Karnaugh Map for an n-input digital logic circuit (n-variable sum-of-products
form of Boolean Function, or Truth Table) is

- Rectangle divided into 2" cells
- Each cell is associated with a Minterm
- An output(function) value for each input value associated with a

mintern is written in the cell representing the minterm
— 1-cell, 0-cell

Each Minterm is identified by a decimal number whose binary representation
is identical to the binary interpretation of the input values of the minterm.

Karnaugh Map

e\ Xpglmineton X g ke
TI_1 i 104
1] o 1
F(x) =% (‘1)
X 1-cell
X F \_0 1 £
0 1[4 Yol o %—g :II
11| 11E[E] F1To
F(x,y) =2 (1,2)



Map Simplification

KARNAUGH MAP

xyz_Ig_
000 y
z yz
09 ol 00011110  X0001 1110
0.1 10 oo [ 3 [[A Ofo[1{of1
10 1]0 X1|[4lls |7 | s 1/110(0]| 0
171 010 Z
11 1lo F(x,y,z) =X (1,2,4)
w
WX
ool uv~00 01111
000 1|1 OQOIIIIZIZV
0 0 1 11 e
o A8 11|12 |13 |15 | 4]
Rk 10 [[E1] (31 {[F) 1o
x B .
WX
101 1|1 uv~20 01 11 10
iié’gg 00 0] 11110
111 oft 010 0] 0] 1
1|1 0|1 0] 0| 1
10111 111 0

F(u,v,w,x) =2 (1,3,6,8,9,11,14)



Map Simplification

MAP SIMPLIFICATION -2 ADJACENT CELLS

Rule: xy’ +xy = x(y+y’) = x

Adjacent cells

- binary identifications are different in one bit
— minterms associated with the adjacent
cells have one variable complemented each other

Cells (1,0) and (1,1) are adjacent
Minterms for (1,0) and (1,1) are
Xey -->x=1, y=0
Xey =-=>x=1, y=1

F = xy’+ xy can be reduced to F = x

From the map Yo
010]0 2 adjacent cells xy’ and xy
1111 1 1 — merge them to a larger cell x

F(x,y) =2 (2,3)
= Xy’+ xy
=X



u’v’

UVWX + UVWX + UVWX + UVWX WX )
= UVW (X +X) + UVW(X+X) u b
=UVW +UVW |
_ VW.
= u’v,(w +W) iyl 1 v
=uv 111
T A
uw
X
UVWX +U'VWX+HFU VWX +U VW XFUVW X FUVW XFUV' WX +UV' W' X
= U'VW(X+X) + UVW' (X'+X) + uvwW' (X' +X) + Uv'W'(X'+X)
=u'(V+V)W + u(V'+v)w’
= (U+uwW =W
WX ,
uv b uv\_, v
, 111 11 1
W
~1 11 ’ y
u a1 u 111 u
1711

Map Simplification

MAP SIMPLIFICATION - MORE THAN 2 CELLS

W u’x’
T 1'/

(

1

1

\'

V' X



Map Simplification

MAP SIMPLIFICATION

W00 01 11 10 W
0011110 1 1f] 0 |U
011 01 0] O O .- 0]0]J]0]O0 v
AL S 11 Ll oA T o
10/ 0] 1] 0] © Yoo [0
X
F(u,v,w,x) =2 (0,1,2,9,13,15)

(0,1), (0,2), (0,4), (0,8) Merge (0,1) and (0,2)
Adjacent Cells of 1 ig:-m B
Adjacent Cells of 0 Merge (1,9)

(1,0)’ (1!3)’ (1,5)’ (1!9) --> V’'W’X

Merge (9,13)
-=> UW’X
Adjacent Cells of 15 Merge (13,15)
(15,7), (15,11), (15,13), (15,14) e

F=uvw + UuvXx + vVwx + uw’x + uvx
But (9,13) is covered by (1,9) and (13,15)
F=uvw +uvx + v'wx + uvx



Map Simplification

IMPLEMENTATION OF K-MAPS - Sum-of-Products Form -

Logic function represented by a Karnaugh map
can be implemented in the form of I-AND-OR

A cell or a collection of the adjacent 1-cells can

be realized by an AND gate, with some inversion of the input variables.

X,
X~ 1*’y5|}
=D

\

Il

F(

X

z) = 2(026

—
.

;<

FISLLL o
.

5

X —

-

g

N<X

N< X

AR R R R AR R AR AR AR R

;
Farar el

OR

: D



IMPLEMENTATION OF K-MAPS - Product-of-Sums Form -

Logic function represented by a Karnaugh map
can be implemented in the form of I-OR-AND

If we implement a Karnaugh map using 0-cells,
the complement of F, i.e., F’, can be obtained.
Thus, by complementing F’ using DeMorgan’s
theorem F can be obtained

F(x,y,z) = (0,2,6) y F'=xy +z
1110 _O}']é/z )2
x |0 @] 1 s
i o,

iy

PR
arna

R L N
AR AR AR AR RN

B T Bt

B N R, R

N
I
I
5
I
5
B

ke Bl |
W L)
N L]
W W
T B, DD
N i,
N
N
y N
L |

rrrr e Prrrrrrrred

AND

®)
A



Map Simplification
IMPLEMENTATION OF K-MAPS
- Don’t-Care Conditions -

In some logic circuits, the output responses
for some input conditions are don’t care
whether they are 1 or 0.

In K-maps, don’t-care conditions are represented
by d’s in the corresponding cells.

Don’t-care conditions are useful in minimizing
the logic functions using K-map.
- Can be considered either 1 or 0
- Thus increases the chances of merging cells into the larger cells
--> Reduce the number of variables in the product terms

X
Yi-es
:-, o e quu? o,
‘111d ;
7

gl

0

o e b e
.

1D



Combinational Logic Circuits

COMBINATIONAL LOGIC CIRCUITS

y
01
x 110

—c

< X

s =Xy + Xy D—s

=X ®y

ol|R]l|le =<

Cn = Xy & XCn—1+ nd—1
=Xy + (XD y)c, 4

S 3 X’y,Cn-1 +X’yC,n—1 +Xy,C,n-1 +Xnd—1
=X®@y®c,,=(xX@Yy)®cC,,

S

Half Adder X ylc s T
0 0]0 0 .
0 1|0 1  xLOl1
1 010 1 C =Xy
(ailalads O
Full Adder
S VW CefF e s Y
o0 [0 Uf 0]0
001 [0 1 o |[1|¢ .
O fl=0 0-—4 vl [N il
011110 ol 1
100 [0 1 7
1 0\ 1 |yt "
1 180 J™ingd
ST
X
y ™
Cn-1 \
=D

Cn



Combinational Logic Circuits

COMBINATIONAL LOGIC CIRCUITS

Other Combinational Circuits

Multiplexer
Encoder
Decoder

Parity Checker
Parity Generator
etc



Combinational Logic Circuits

MULTIPLEXER

4-to-1 Multiplexer

Select | Output
S, S, Y
0 o0 T
0 1 I
1 0 ,
1 1 l,
Pk
|4 N
— Y
l, N
|/
5 N
_/
R




Combinational Logic Circuits

ENCODER/DECODER

Octal-to-Binary Encoder

D1
o Ao
D, A7) A
D4
D5 A2
D6
D7
2-to-4 Decoder —>o >
DO
8 8 0 | .On 1 Wi 2 >
1 A 9 1 1 —>o— )o_D
0 14000 ‘1Yl MO 2
O 1 1 d "I e 0
i d VO | Al A A, D,




FLIP FLOPS

Characteristics
- 2 stable states
- Memory capability
- Operation is specified by a Characteristic Table

1>0_O O>c1

0-state 1-state

In order to be used in the computer circuits, state of the flip flop should

have input terminals and output terminals so that it can be set to a certain
state, and its state can be read externally.

R S R | Q(t+1)
P, Q o9 olaQ
o 0
140 1
S Q’ 1 1 | indeterminate

(forbidden)



Flip Flops

CLOCKED FLIP FLOPS

In a large digital system with many flip flops, operations of individual flip flops
are required to be synchronized to a clock pulse. Otherwise,
the operations of the system may be unpredictable.

DD >0

o=t
(clock)

S| Q

Clock pulse allows the flip flop to change state only
when there is a clock pulse appearing at the ¢ terminal.

We call above flip flop a Clocked RS Latch, and symbolically as

—1S QF —1S @'=

—PC —o>C

R (A —R Q™
operates when operates when

clock is high clock is low



Flip Flops

RS-LATCH WITH PRESET AND CLEAR INPUTS

P(preset)

g 3
/ U
N
DG]
) [

S |/
clr(clear)
| d
-3 P Ql —s P Ql
>C —opP> ¢
1R cIr Q" 1R cIr QI
' T
b |
4s P al- 4sFaf
P C —OopPC
R cir Q™ R cr QT




D-LATCH

D-Latch
Forbidden input values are forced not to occur
by using an inverter between the inputs

gt
A (enable)

D(data)

Flip Flops

— D Q-
—E Q |
— D Qr
o> E QI




EDGE-TRIGGERED FLIP FLOPS

Characteristics

- State transition occurs at the rising edge or
falling edge of the clock pulse

Latches

respond to the input only during these periods

Edge-triggered Flip Flops (positive)

;

<!

y

\

respond to the input only at this time

Flip Flops



POSITIVE EDGE-TRIGGERED

[ e i S e i g S B

D-Flip Flop

s2 Qz}—- _
SR2 ; D Q
>C2 [ D'FF
Rz a2—- Q' >C Q'
SR1 inactive
SR2 active
SR2 inactive SR2 inactive
SR1 active SR1 active
JK-Flip Flop /
E 4 v :
J- 'D—s1 Qf s2 aF—=Q —J Qf
; SR1 SR2 . C
< : E>C1 > C2 \ =
h, > R1__Q1" re o TQ K__QF
C- :

T-Flip Flop: JK-Flip Flop whose J and K inputs are tied together to make

T input. Toggles whenever there is a pulse on T input.

Flip Flops



Flip Flops

CLOCK PERIOD

Clock period determines how fast the digital circuit operates.
How can we determine the clock period ?

Usually, digital circuits are sequential circuits which has some flip flops

,| Combinational —
Logic )
Circuit | v
Combinational
FF : Logic —| FF
Circuit

I ] FF Setup Time
FF Delay Combinational logic Delay FF Hold Time

t > < :I
‘ t BN

S’

clock period T=t +t_  + ¢t



Sequential Circuits

SEQUENTIAL CIRCUITS Registers

| o 1™ ¥a A
Q Q Q Q
‘D Ci | ‘D C1 c B CT: |° p¢ T
Clock I I I
lo I I, I3

Shift Registers

Serial | D ___ Serial

Clock
Bidirectional Shift Register with Parallel Load
AO A1 Akz A3
Q Q Q Q
4x1 4x1 4x1 4 x1
MUX MUX MUX MUX
| | |t — I
Clock S,S, Serial |, I, I, Serial |,

Input Input



SEQUENTIUAL CIRCUITS

Clock

Counter

Enable

- Counters
A, A,
Q
: K J K
e U EID)
Output

Carry

Sequential Circuits



Memory Components

MEMORY COMPONENTS

0

Logical Organization

words
(byte, or n bytes)

N -1

Random Access Memory

- Each word has a unique address
- Access to a word requires the same time
independent of the location of the word

- Organization n data input lines

!

2¥Words
Read —+| (n bits/word)

!

n data output lines

k address lines —

Write




Memory Components

READ ONLY MEMORY(ROM)

Characteristics
- Perform read operation only, write operation is not possible
- Information stored in a ROM is made permanent
during production, and cannot be changed

- Organization k addressinput lines

m x n ROM
(m=24)

)
n data output lines

Information on the data output line depends only
on the information on the address input lines.

--> Combinational Logic Circuit address Output
X,=A'B’ + B'C ABC Xy Xi X, X3 X,
X,=A'B’'C + ABC’ 000 1 0 0 0O
X,=BC + AB'C 001 1 1000
X,=gBC + AR 010 0 1 0 1 0
X,=AB
011 0 01 0 O
X,=A’B’C’ + A’'B'C + AB’C 100 0 01 1 O
X(1)=A’B’C+A’BC’ / 101 1 0 0 1 O
X,=A’'BC + AB’C’ + ABC 10 0 O O O 1
Canonical minterms i::ﬁ,BBg,::BBéC,"'AB,C 111 0 0 1 0 1




Memory Components

TYPES OF ROM

ROM
- Store information (function) during production
- Mask is used in the production process
- Unalterable
- Low cost for large quantity production --> used in the final products

PROM (Programmable ROM)
- Store info electrically using PROM programmer at the user’s site
- Unalterable
- Higher cost than ROM -> used in the system development phase
-> Can be used in small quantity system

EPROM (Erasable PROM)
- Store info electrically using PROM programmer at the user’s site
- Stored info is erasable (alterable) using UV light (electrically in
some devices) and rewriteable
- Higher cost than PROM but reusable --> used in the system
development phase. Not used in the system production
due to eras ability



Memory Components

INTEGRATED CIRCUITS

Classification by the Circuit Density

SSI - several (less than 10) independent gates

MSI - 10 to 200 gates; Perform elementary digital functions;
Decoder, adder, register, parity checker, etc

LSl - 200 to few thousand gates; Digital subsystem
Processor, memory, etc

VLSI - Thousands of gates; Digital system
Microprocessor, memory module

Classification by Technology

TTL - Transistor-Transistor Logic
Bipolar transistors
NAND

ECL - Emitter-coupled Logic
Bipolar transistor
NOR

MOS - Metal-Oxide Semiconductor
Unipolar transistor
High density

CMOS - Complementary MOS
Low power consumption



P.A.POLYTECHNIC COLLEGE :: 642002

LIFE SAVING QUESTIONS (DIGITAL ELECTRONICS)
UNIT I

Part A & Part B

1.State demorgan’s theorem.

FIRST LAW:
The complement of sum of the variables is equal to the product of their
complements .
A+B =A.B
SECOND LAW:

The complement of product of the variables is equal to the sum of their
complements.

AB=A+B

2.Draw the truth table and symbol of NOT gate.

3.List the different types of the number system.

TYPES OF NUMBER SYSTEM:

e Binary number

e QOctal number

e Hexa decimal number

e BCD (Binary Coded Decimal Number)



4.Which gates are called universal gates?why?
UNIVERSAL GATES:

e NAND gate and NOR gates are called universal logic gates.
e Because we can construct any other gates by using either only NAND
gates or only NOR gates.

5.State commutative laws.
COMMUTATIVE LAWS:
A+B=B+A
AB=BA
6.State associative laws.
ASSOCIATIVE LAWS:
A+(B+C) =(A+B)+C
A.(B.C)=(A.B).C
7.State distributive laws.
DISTRIBUTIVE LAWS:
A.B+C)=AB+A.C
(A+B).(C+D)=A.C+B.C+ A.D+B.D
8.Define looping.
LOOPING:

The expression for the output that can be simplified properly by combining
1’s in the Karnaugh map is called looping.

9.Define Tristate logic.

TRISTATE LOGIC :

e The tristate logic exhibits three possible output state conditions.
e Two of three are the logic 0 and logic 1.

The third is a high impedance (open circuit or Z)state.



10.What is karnaugh’s map?
KARNAUGH’S MAP:

A KARNAUGH map is a visual display of the fundamental products
needed for a sum of products solution.

11.Define fan-in.
FAN-IN:

The fan-in of a gate is the number of inputs connected to the gate with out
degradation in the voltage levels.

12.Define fan-out.
FAN OUT:

Fan out 1s the maximum number of similar logic gates that a gate can drive
without any degradation in a voltage levels.

13.Define propogation delay.
PROPAGATION DELAY:

Propagation delay is defined as the time taken for the output of a gate
to change after the inputs have changed.

14.What is TTL?

TTL: TRANSISTOR - TRANSISTOR LOGIC
15.What is CMOS?

CMOS:

A CMOSFET is obtained by a connecting a P-channel and an N-channel
MOSEFETs in a series,with drains tied together,and the output is taken at the
common drain.

16.Simplify AB + AB
AB +AB = A(B+B)
=A(1)
=A.



17.Draw the logic diagram for AB + AB
18.Define pair,octect,quad.
PAIR:

A karnaugh map that contains a group of two 1°s placed adjacent to each
other in a vertical or horizontal position is called pair.

OCTECT:
A group of eight 1’s are adjacent to each other is called octect.
QUAD:

A karnaugh map that contains a group of four 1’s placed adjacent to each
other in a form of line or square is called quad.

19. Define don’t care conditions..
DON’T CARE CONDITIONS:

Some logic gates can be designed so that there are certain input
conditions that do not produce any specified output levels i.e. ‘0’ or 1°. That
means,certain input as conditions of some logic circuits procedure the outout as
neither ‘0’ nor ‘1°.

20.What is gray code?
GRAY CODE:

Grey code is a non-weighted code.Therefore it is not suitable for
arithmetric operations but finds applications in input/output devices and in some
types of analog to digital conventors.

UNIT-2

Part A & Part B

1.Define combinational circuits.
COMBINATIONAL CIRCUITS:

e All arithmetic logic circuits are combinational logic circuits .
¢ In combinational logic circuits ,the output depends upon only its
present input conditions.



2.Find 1&2 complement of 100110.

1’s complement = 011001

2’s complement = 1’s complement + 1

=011001+ 1
=011010.

3.Add 1010&0011.

1010
0011 +
1101

4.Subtract 0101 from 1011

1011
_0101-
0110 A
B
5.Draw the logic

)D_sfm_A@B

agram of half adder.

> Carry =A.B

6.Define serial adder.

SERIAL ADDER:

» In serial addition, only two single bit data are added in a time .
» Suppose we want to add 5bit numbers , the numbers are added one by one

in Ssequence steps.

7.Define parallel adder.

PARALLEL ADDER:

» In parallel addition , all bits data are added in a single time
» The number of adder networks depends upon the number of bits to be

added.



.What is mean by decoder?

e A decoder is similarto a demultiplexer , with one expection that there is
no data input.
e [t contains less number of input lines and more number of output line.

9.What is mean by encoder?

e An encoder converts an active input signal into a coded output signal.
e In encoders,the number of output lines is less than the number of input
lines.

10.What is mean by multi plexer?

e Multiplexer means many into one .
e A multiplexer is a digital circuit which contains many input lines and
only one output line.

11.What is mean by de-multi plexer?

» Demultiplexer means one to many .
» A demultiplexer is a digital combinational circuit with one input and
many outputs.

12.What is mean by half adder,and half subtractor?

HALF ADDER:

» A logic circuit which is used for adding two single bit binary numbers is
called half adder.

HALF SUBTACTOR:

» A Logic circuit which is used for subtracting one single bit binary number

from another single bit binary number is called half subtractor.
13.How many address lines are there in 1 to 8 - mux?

» Three address lines (S1,S2,S3) are there in 1 to 8§ mux.



UNIT III

Part A & Part B

1.Wat are the types of flip-flops?
TYPES OF FLIP-FLOPS:

¢ SR flip-flop.
% CSR flip-flop.
s JK flip-flop.
¢ D flip-flop.

s T flip-flop.

2.Draw the symbol of SR flip-flop.

Set g Q

SR

FF
Reset R

Ql

3.Draw the symbol of JK flip-flop.

Normal

Complementary

G

JK
FF

4.Draw the symbol of D fl

aCr

o



S.list the types of triggering of flip-flop.
TYPES OF TRIGGERING OF FLIP-FLOP:

¢ Level triggering .
¢ Edge triggering.

6.Define counter.

COUNTER:

e Counter is one of the most powerful subsystems in a digital systems.

e A Counter can be used to count the number of clock pulses applied to any
systems.

e Two types of counters — namely synchronous counter and
asynchronous counter.

7.What is meant by modulo-n-counter?
MODULO-N-COUNTER:

A counter,which is reset(makes the whole output as zeros) at the n clock pulse
is called ‘mode n counter’ or ‘n counter’)

8.Define decade counter.
DECADE COUNTER:
A counter which is rest the 10 clock pulse 1s called BCD counter.

Divide by 10  counter or mod 10 counter is called as single digit BCD
counter.

9.Distinguish between asynchronous and synchronous counters.

ASYNCHRONOUS COUNTERS SYNCHRONOUS
COUNTERS

Clock pulse applied to all flipflop
Clock pulse applied to first flipflop

All flipflop trigerred simultaneously
Flipflop triggered one by one

Propagation delay is high Propagation delay is low




10.List the types of shift register.

e Scrial in — serial out (SISO)

e Parallel in — serial out (PISO)

e Parallel in — parallel out (PIPO)
e Serial in — parallel out (SIPO)

UNIT IV

Part A & Part B

1. Mention the types of memory?
RAM, ROM, PROM, EPROM, EEPROM, CAM.
2. Expand DDR RAM and EPROM and SDRAM.

Double data rate synchronous dynamic random access. Erasable
programmable read only memory. Synchronous dynamic random access

memory.
3.How many 8k memory is needed for creating 16k memory?
Two 8k memory is needed.

4.Differentiate ROM and PROM

ROM: 1.1t is programmed during fabrication time.
2. Once programmed the data cannot be erased.
PROM: l.after fabrication the data is programmed by the programmer.
2. Once programmed the cannot be erased.
5.What is volatile memory and non volatile memory?

If the information stored in a memory is lost when electrical power is
switched off, the memory is called volatile memory. The information once
stored cannot be changed or erased even when power is switched off.

6.Define dynamic RAM and SDRAM?

DYNAMIC RAM: it is called as DRAM. It stores data as charges on the
capacitors.
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SDRAM: it means synchronous dynamic random access memory, which is a
type of solid state computer memory.

7.What are the important components is used for fabricating bipolar
RAM ? TTL or ECL

8.Define flash memory?

It is a nonvolatile storage chip that can be electrically erased and
programmed. It must be erased in fairly large blocks before data can be

rewritten with new data.
9.What is an antifuse?

An antifuse is an electrical device that performs the opposite function of a
fuse. An antifuse starts with a high resistance and it permanently create an
electrically conductive path when the voltage across the antifuse exceeds a
certain level.

UNITV

Part A & part B

1. What is microprocessor? Which is the first microprocessor?

Microprocessor is a single Chip integrated circuit. It is a digital device
Working with binary numbers 0 and 1.it works under the control of a

program.
Intel 4004 introduced in 1971 by Intel corporation, U.S.A.
2. Define program counter?

It holds the address of the memory location, where the next instruction is To

be executed is stored.

3. How many address lines are needed for accessing 64 k bytes External

memory?

16 address lines.
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4. Define an interrupt?

Interrupt are control signals coming from external devices for getting the

immediate attention of the processor.
S. Write the different types of addressing modes?

Direct addressing, register addressing, and register indirect addressing,

immediate addressing, and implicit addressing.
6. State PSW register?

Processor states word is a flag register which stores the content of the

condition flag.

7. Which interrupt has highest priority?
TRAP has the highest priority.

8. Which interrupt is a non vectored interrupt?
INTR is a non vectored interrupt.

9. What are the different types of arithmetic and logic functions Performed
in 80857

Arithmetic function: addition, subtraction, increment, decrement
Logic function: AND, OR,EX-OR, complement, rotate.

10. Define instruction and instruction set?

Instruction: instruction is a command given to the microprocessor to
perform a specific function.

Instruction set: the entire group of instructions, called instruction set
determines what functions the microprocessor can perform.

11. Give the classification of 8085 instruction set?

1. Data transfer instructions 2.arithmetic instructions.3. Logical
instructions4. Branching instructions 5.machine control instructions.
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12. Define machine cycle? Write its types?

The main cycles are the basic operations performed by the
microprocessor. The machine cycles of processes are called processor cycles.

Types: opcode fetch, memory read, memories write.

UNITI
PART C

1.Realization of all gates using NAND gates.
REALIZATION OF ALL GATES USING NAND GATES:

(i) NOT gate : using only NAND gate

A — i i e
Y=A.B A —'\:Q }TAB
B — => L
e = 7 f- A

A

(i) AND gate : using only NAND gate

(iii) OR gate : using only NAND gates

A A
T v = b
B
E
B — b—
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(iv) NOR gate : using only NAND gates

=1

:
J
|
u.
2

A

2.Simplify the boolean expression.

Y = (A+B)(AC+C)(B+AC)

|



3.Simplify the given logic equation by using karnaugh map and stimulate
its output.

Y=2m(@3,4,5,6,7,8,10,12, 13, 14, 15)

The maximum number in the function is 15. Hence, we have to draw a four variable K-map.

CDh &7 CD_Tth Overlapping
e 00 01 11 10/

AB ol o 0|0

0 1 3 2

Ao i [ ][0 1/&'“mg
4 5 =7 B

AT | e

12 13 15 14

AB o[ Y0 ol

N
(e

Here, we have one pair, one quad and one octet. For pair, the equation is CD. For quad,
A_For octet, B. Hence, the simplified equation is,

Y= CD+A+B

4.Explain the operation of TTL(transistor- transistor logic)
TRANSISTOR-TRANSISTOR LOGIC:

e The basic TTL logic circuit is the NAND gate.

e The transistor Q1 is a multiemittertransistor , containing two emitter
terminals.

e It has two emitter base junction that can be used to turn Q1 ON.

e The transistors Q3 and Q4 are connected in a totem pole
arrangement.

e In normal operation either Q3 or Q4 will be conducting, depending
on the logic state of the output.

e The transistor Q2 acts as a phase splitter, the voltage at the collector
of Q2 is 180° out of phase with the base
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When either or both inputs are low, the transistor Q1 conducts
because the either, or both diodes D1 and D2 are conducting in
forward biasing.

Now the diode D3 conducts is not conducting properlySSO,not a
sufficient current is flow through the base of Q2.

Hence Q2 goes to cut off.

Thus there is no emitter current of Q2, no base current of Q4,and it
turns OFF.

The high collector voltage Q2,turns ON the transistor Q3 .

Actually Q3 acts as an emitter follower .

Now the output is high ,because Q4 is in cut-off .

The function of diode D is to prevent both Q3 and Q4 from being ON
simultaneously.

B



UNIT 11
1.With logic diagram and truth table explain full adder.
FULL ADDER:

e A logic circuit that can be used for adding three single bit binary numbers
is called full adder.
e Here, A,B,and C are the inputs and S(sum) and Cy(carry) are the outputs.

Inputs Outputs
A | B | C | CARRY | SUM
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

e Three input EX-OR is used for producing sum of full adder .

10 )

SUM

N

CARRY
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2.Explain parallel adder .

PARALLEL ADDER:

Computers and calculators perform the addition operation on two binary
numbers at a time ,where each binary number can have several binary
digits.

For, this purpose parallel adder are used.

It contains four full adders.

The two binary numbers are represented as A3,A2,A1,A0 and
B3,B2,B1,B0.

The result of sum is represented as S3,S2,S1,S0 and carry is represented
as C.

They are connected in cascade manner.

The addition function starts from full adder 0 (FAO) .

The carry bit C-1 is initially represented by 0.

The carry bit of FAO is connected to the third input of FAT1 .

Similarly the carry bit of each full adder is connected to the third input of
nextfull adder.

Last full adder FA3 is treated as the carry of the result.

Y3 H3 Y2 X3 ¥1 % Yo *p
' 9 1S '
63 C2 C1 CD
r FA — FA — FA 4—— FA M——
v v . v

C4q



e This arrangement is called parallel adder because all the bits of the first
number (augend) and the second number (addend) are present and are fed
into the adder circuits simultaneously.

e This means that the addition in each position is taking place at the same
time

3.Explain 8 to 1 MUX..
8§ TO 1 MULTIPLEXER:

e [t contains 3 control lines, 8 input lines and only one output lines.
e The multiplexer selects any one of the input data at its output.

e [t depends upon the address applied to the control lines.

e [t is also called data selector.

e Each one address is a hpliedtothe—control 1&1’ ¢, willkelect one data input
at its output: -
e Thein its are labdlled as[J0,DT D4,Dp,D6and D7.
e pgﬁbtsae ,D1,D02:03,D4,D),
|/
D3
% % >—F
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Al l2l §
0 0 1 Dj
0 1 0 D2
0 1 1 Ds
1 0 0 D4
1 0 1 Ds
1 1 0 De
1 1 1 D7




e The control lines are labelled as A2,A1,and AO.

e The output bit is labelled as Y .

e For instance ,when A2A1A0 = 000, the upper AND gate is only enabled
while the other AND gates are disabled.

e [f DO = low makes output Y = low, else if DO = high , makes the output
Y = high.

e The point is that the output Y depends only on the value of D0.

UNIT III

1. Sketch and explain JK Master Slave (JKMS) flip-flop.

The racing problem in JK FF can be avoided by using JKMS FF. The logic symbol of
JKMS FF is show in figure.
iPr
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The logic circuit diagram and truth table of JKMS FF are shown in figure.



Inputs Outputs
Condition
CLK J Q
Previous Previous
0 No change
value value
0 0 1 Reset
|-
— L1 1 0 Set
R Complement [ Complement
1 of Previous | of Previous Toggle
R value value

NAND gates 1, 2, 3 and 4 form the Master section and NAND gates 5, 6, 7 and 8
form the slave section. NOT gate is used to generate the inverted clock for the slave section.

When CLK = 1, the Master section in enabled and the outputs QM and M respond to
the inputs J and K. At this time, the Slave section is inhibited (not enabled) because the CLK
to the slave section is 0. When CLK goes LOW, the Master section is inhibited and the Slave

section is enabled, because its CLK input is HIGH. Therefore, the outputs Q and follow Qm

and M respectively. Hence, the slave section follows the master section.

The input to the gates 3 and 4 do not change during the clock pulse, therefore the
race-around condition does not exist. The state of the JKMS FF changes at the negative
transition (trailing edge) of the clock pulse. The Pr and Cr inputs are used to SET and

CLEAR the FF irrespective of the clock input.




2. Explain about Four bit binary asynchronous (ripple)UP counter

The logic diagram of 4-bit binary asynchronous UP counter is shown in figure. The
UP counter counts from 0000 to 1111.

oD MSB oC B oA LSB

U— I |
FF =l | FF <]H FE Sl et N Igput
CLR™ CLR = LN ~
a © K 'o B) K- a A kb
\ O e
+5V Cr Cr LrT
E > . {L *+ Reset
= © - — o—r‘ |

Figure :Four bit binary asynchronous (ripple) UP counter

Four negative edge triggered JKMS flip-flops are used in this counter. J and K inputs
of all the FFs are connected to +5v (J =1, K = 1). This makes the FFs to operate as T (Toggle)
flip-flop. The T FF changes its state (i.e. from 0 to 1 or 1 to 0) for every input clock pulse.
The clock input is applied to the first flip-flop A. The Q output of the FF A is given as clock
input to the second flip-flop B. The Q output of FF B is given as clock input to the third flip-
flop C. The Q output of flip-flop C is given as clock input to the forth flip-flop D. The Q
output of all the flip-flops are taken as the counter outputs DCBA. The output A is called the

84



Least Significant Bit (LSB) and the output D is called the Most Significant Bit (MSB). The
CLEAR (Cr) input of all the FFs are connected to ground through the Master Reset switch.

When the Master Reset switch is pressed, all the FFs are cleared and the counter
output DCBA is 0000. During the negative edge of the first clock pulse, FF A will be toggled
i.e. the output A changes from 0 to 1. At this time, the outputs of all other flip-flops will not
change.Hence, the counter output DCBA is 0001.

Input Output

Clock D a B A

Reset 0 0 0 0
1 0 0 0 1
) 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
i/ 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
16 0 0 0 0

. V \ —vl_
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During the application of the second clock pulse, FF A will be toggled once again
from 1 to 0. This will give a negative edge triggering pulse to FF B and hence FF B also
toggles from 0 to 1. The counter output DCBA will become 0010.



Similarly, FF C will toggle when the output of FF B toggles from 1 to 0 and FF D
will toggle when the output of FF C toggles from 1 to 0. It should be noted that FF A toggles
for every clock pulse, FF B toggles for every two clock pulses, FF C toggles for every 4
clock pulses and FF D toggles for every eight clock pulses. The frequency of output A is %2
of the clock frequency, output B is % of clock, output C is 1/8 of clock and output D is 1/16
of clock frequency. Hence, the four bit counter acts as a ,,divided by 16* counter.

For the 15" clock pulse, the output is 1111. When the next (16th) clock pulse is
applied, all the flip-flops will toggle from 1 to O at the same time and hence the output is
0000.The outputs of the counter during the application of each clock pulse are shown in the
truth table and also in the waveforms.

3. Draw and explain Mod-7 counter.

The logic diagram of Mod-7 counter is shown in figure. It counts from 0 to 6 and at
the 7Mclock pulse the counter will reset and starts counting again.

oC B oA
I
, 1
\ Clock
Q UKMS JI=— T+1Q JKMS J [ +—(Q JKMS §F— - ot
FF A FF A | FF g & P
s 45k aip AL A
!O € ki a B K a A ki
Cr Cr Cr | +5V
‘ =
Fou— o—]_'j
—; —d Reset

The counter has to count from 000 to 110. Hence, three negative edge triggered JKMS
flip-flops are used in this counter. J and K inputs of all the FFs are connected to +5v (J =1, K

= 1). This makes the FFs to operate as T (Toggle) flip-flop. The T FF changes its state (i.e.
from 0 to 1 or 1 to 0) for every input clock pulse. The clock input is applied to the first flip-
flop A. The Q output of the FF A is given as clock input to the second flip-flop B. The Q
output of FF B is given as clock input to the third flip-flop C. The Q output of all the flip-
flops are taken as the counter outputs CBA. The output A is called the Least Significant Bit

LSB) and the output C is called the Most Significant Bit (MSB). The CLEAR (Cr) input of
all the FFs are connected to ground through the Master Reset switch.

We need to reset the counter at 7"clock pulse i.e. at CBA = 111. Hence, we have to

reset the counter when C =1, B =1 and A = 1. The NAND gate is used to apply RESET
signal. The inputs for the NAND gate are taken from C, B and A.



Input Output

Clogles®==C B A

Reset 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
i/ 0 0 0
8 0 0 1

When the Master Reset switch is pressed, all the FFs are cleared and the counter
output CBA is 000. During the negative edge of the first clock pulse, FF A will be toggled i.e.
the output A changes from 0 to 1. At this time, the outputs of all other flip-flops will not
change. Hence, the counter output CBA is 001. During the application of the second clock
pulse, FF A will be toggled once again from 1 to 0. This will give a negative edge triggering
pulse to FF B and hence FF B also toggles from 0 to 1. The counter output CBA will become
010. Similarly the counting continues.

Input

Gl ﬁ A ApApipdy
B e T A !

At the 7Mclock pulse, the output CBA will try to become 111 (C=1,B=1and A =
1). As the NAND gate inputs, C, B and A are 111, the 0 in the gate output RESET the
counter. The frequency of output C is 1/7 of clock signal frequency. Hence, the mod-7
counter acts as a ,,divided by 7 counter. The outputs of the counter during the application of
each clock pulse are shown in the truth table and also in the waveforms in figure.



4.Expalin about Johnson counter?

The logic circuit of Johnson counter is shown in figure. It is similar to ring counter

except one change. Instead of the Q output, output of the last flip-flop is given as the input
for the first flip-flop. Therefore, the Johnson counter is also called Twisted-ring counter. In
Johnson counter, there is no need for the START button.

o A B aC oD
DFF OFF DFF =
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input o cr G
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The flip-flops are connected in synchronous mode. i.e. clock pulse is applied to all the
flip-flops in parallel. The output of the first flip-flop A is connected as the input to the second
flip-flop. The output of the second flip-flop B is connected as the input to the third flip-flop.
The output of the third flip-flop C is connected as the input to the fourth flip-flop. The

output of the fourth flip-flop D is connected as the input to the first flip-flop. The CLEAR
(Cr) input of all the FFs are connected to ground through the Master Reset switch.

Initially, the master reset switch is pressed to clear all the FFs so that ABCD is 0000.

When the first clock pulse is applied,  of the fourth FF D (1) is moved to FF A, Q of FF A
(0) to FF B, Q of FF B (0) to FF C and Q of FF C (0) to FF D and the counter output is 1000.

When the second clock pulse is applied, of the fourth FF D (1) is moved to FF A, Q of FF A
(1) to FF B, Q of FF B (0) to FF C and Q of FF C (0) to FF D and the counter output is 1100.
Similarly the circuit operation continues. The outputs of the counter during the application of
each clock pulse are shown in the truth table and also in the waveforms.
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UNIT IV
1.Explain about ROM organisation with neat diagram?

» A read only memory is an array of selectively open and closed
unidirectional contacts.

» Each array is represented by a diode and switch. the switch is
placed in the arrays is closed or opened in accordance with the data
stored in the memory.

» To select any one of the 16 bits, a 4 bit address line is required. the
lower part two bits A1 and A0 are decoded by the decoder which
selects one of the four rows. The high order two bits A3 and A2 are

decoder which activates any one of the four column sense

amplifier.
I T Vce
75 fl/“ L ;)C;. 'V\\{. ;)Cf‘.
Ao ! 3 > »
01, o | £ ./\K .)K .
2:4 / > » A \/n 3
Decoder 10#)(/ a)?/ L ad f ‘)Q/
At 1 .?\M’ ./\M. f\/ﬂ
o f7 5/5% Jb -/57 27 _/57 9/57 -/57
Output enable Ds D1 D2 D3 Da Ds Ds D7
o -
e

Data output



» One diode along with a switch between each row and each column
forms a diode matrix. for example diode 32 is connected between
row 3 and column 2.the output is enabled by applying logic 1 at the
chip select signal.

» According to the adderss applied to the address lines, the data
stored in that location is transferred o the output terminal. For
example, if the address is 1011,row 3 is activated and connected it
to column 2.

» Also the sense amplifier of column 2 is enabled, which gives the
output 1.if the CS is in high level, each address will read one of the

16 data corresponding to the address at its input.

2.Explain about SDRAM with detail?

» Synchronous dynamic random access memory .

» Type of solid state computer memory.

» It has a synchronous interface,meaning that it waits for a clock
signal before responding to its control inputs.

» It is synchronized with the computers system bus and thus with the

processor.
Pipelining

» It means that the chip can accept a new instruction before it has

finished processing the previous one.

» SDRAM is a fast method of delivering computing capacity .it can
run at 133MHZ,which 1s a much faster than earlier RAM
technologies.

» It is very protective of its data bits,storing them each in separate

capacitor.the benefit of this is the avoidance of corruption of data.



» SDRAM had replaced all other types of DRAM in modern
computers,because of its greater speed.

» SDRAM devices are internally divided into 2 or 4 independent
internal data banks.one of the two bank address input select which
bank a command is directed toward.

» A typical 512 Mbit SDRAM chip internally contains 4
independent 16Mbyte banks.each bank is an array of 8192 rows of
16384 each. A bank is either idle,active or changing from one to
the other.

» SDRAM chips support an ‘“auto refresh” command which
performs these operations to one row in each bank simultaneously.

» The SDRAM also maintains an internal counter which iterates
over all possible rows.the memory controller must simply issue a
sufficiency number of auto refresh commands ever refresh
interval.

» All banks must be idle (cloed,recharged)when this commad is

issued.
3.Explain about antifuse technology?

» An antifuse is an electrical device that performs the opposite function
of a fuse whereas a fuse starts with a low resistance and permanently
breaks an electrically conductive path when a current through the path
exceeds a specified limit ,an antifuse starts with a high resistance and is
permanently create an electrically conductive path when the voltage
across the antifuse exceeds a certain level.hence an antifuse is normally

an open circuit until a programming current pass through it.

Amorphous silicon column Polysilicon via
J Metal &
J ‘ | & Oxide ——y J | )—( |
S Metal

<— Substrate—>

(a) Un-Programmed {b) Programmed
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In a poly-diffusion antifuse the high current density causes a large
power dissipation in a small area,which melts a thin insulating dielectric
between polysilicon and diffusion electrodes and forms a thin
permanent and resistive silicon link.

Polysilicon antifuse with an oxide nitride oxide dielectric sandwich of
silicon dioxide grown over the n-type antifuse diffusion,a silicon nitride
layer and another thin silicon oxide layer.The layered ONO dielectric

spreads the blown antifuse resistance.

4. Write short notes on flash memory?

>
>

YV VY

YV Y/

N7 7

It is modern type of EEPROM invented in 1984.

It can be erased and rewritten faster than ordinary EEPROM and newer
designs feature very high endurance.

Flash memory is sometimes called flash ROM or flash EEPROM

When used as a replacement for older ROM types, but not in application
s that take advantage of its ability to be modified quickly and frequently.
Flash memory stores information in an array of memory

Cells made from floating gate transistors.

In traditional signal level cell devices, each cell stores only one

Bit of information some newer flash memory known as multilevel Cell
devices.

The floating gate may be conductive or Non conductive.

effective thickness is about 10nm.sometimes the antifuse is called

“afuse”.



UNIT V
1.Draw and explain architecture of 8085 Microprocessor.

The internal architecture (block diagram) of 8085 Microprocessor is shown

1. Accumulator (A-register)

It is an 8-bit register. The accumulator is also called A-register. During the
arithmetic / logic operations, one of the operand is available in Accumulator.

2. Temporary (TEMP) register

It is an 8-bit register. This
register is used to hold one of the data (from memory or general purpose
registers) during an arithmetic / logic operation.
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3. Arithmetic and Logic Unit (ALU)

The Arithmetic and Logic Unit includes Accumulator, Temporary register, arithmetic
and logic circuits and flag register. The ALU can perform arithmetic (such as addition and
subtraction) and logic operations (such as AND, OR and EX-OR) on 8-bit data.

4. Flag register

It is an 8-bit register. But only five bits are used. The flag positions in the flag register
are shown in figure 5.6.

D7 De Ds D4 D3 Dy D1 Do

S|Z| -|AC| -| P -1 CY

The flags are affected by the arithmetic and logic operations in the ALU. The flag
register is also known as Status register or Condition code register. There are five flags
namely Sign (S) flag, Zero (Z) flag, Auxiliary Carry (AC) flag, Parity (P) flag and Carry
(CY) flag.

5. Instruction register

When an instruction is fetched from memory, it is stored in the Instruction register. It is
an 8-bit register. This resister cannot be used in the programs.

6. Instruction Decoder and Machine cycle encoding



This unit decodes the instruction stored in the Instruction register. It determines the
nature of the instruction and establishes the sequence of events to be followed by the
Timing and control unit.

7. General purpose registers

There are six 8-bit general purpose registers namely B, C, D, E, H and L registers. B
and C registers are combined together as BC register pair for 16-bit operations. Similarly
D and E registers can be used as DE resister pair and H and L as HL register pair.

8. Stack Pointer (SP)

Stack is a portion of memory (RAM) used as FILO (First In Last Out) buffer. This is
mainly used during subroutine operations. Stack Pointer is a 16-bit register used as a
memory pointer (16-bit address) for denoting the stack position in memory.

9. Program Counter (PC)

The Program Counter (PC) is a 16-bit register. It is used to point the address of the next
instruction to be fetched from the memory.

10. Incrementer / Decrementer
This unit is used to increment or decrement the contents of the 16-bit registers.

11. Timing and Control unit

This unit synchronizes all the microprocessor operations with the clock and generates
the control signals necessary for communication between microprocessor and peripherals.

12. Interrupt control

There are five hardware interrupts available in 8085 Microprocessor namely TRAP,
RST 7.5, RST 6.5, RST 5.5 and INTR for interfacing the peripherals with the
microprocessor. These interrupts are handled by the Interrupt control unit..

13. Serial I/O control

Serial data is transmitted to the peripherals through SOD pin and received through the
SID pin. The SOD and SID pins are handled by the Serial I/O control unit using the SIM
and RIM instructions.

14. Address buffer and Address / Data buffer

The Address buffer is an 8-bit unidirectional buffer from which the higher order
address bits Ag — Ajs leaves the microprocessor to the memory and peripherals. The
Address / Data buffer is an 8-bit bidirectional buffer used for sending the lower order
address bits Ag — A7 and sending and receiving the data bits Do — D7 to the memory and
peripherals.



2.Explain various addressing modes of 8085?

The method of specifying the location of operand in an instruction is called
addressing mode. There are five types of addressing modes in 8085 microprocessor.

Direct addressing mode

Immediate addressing mode

Register addressing mode

Register indirect addressing mode

OF Implicit (or) implied addressing mo

B WS-

Direct addressing mode

In direct addressing mode, the address of the operand is directly
specified in the instruction.

In this addressing mode, the instruction is two or three bytes long. The
first byte is the Opcode.

The operand may be a 16-bit (2 bytes) memory address or an 8-bit (1
byte) port address.

Immediate addressing mode

In immediate addressing mode, the operand itself is immediately given
after the Opcode.

The instruction is two or three bytes long.

The first byte is the Opcode. The operand may be a 16-bit (2 bytes)
immediate data or an 8-bit (1 byte) immediate data.

Register addressing mode

In register addressing mode, a register is specified as the operand in the
instruction.

The instruction is one byte long. The register name is specified in the
Opcode itself.



Register indirect addressing mode

In register indirect addressing mode, the content of the register pair is
used as the address of the operand in the instruction.
The instruction is one byte long.
The register pair contains the 16-bit address of the memory location

where the actual operand is stored.

Implicit or Implied addressing mode

In implied addressing mode, a particular register is implicitly specified
as the operand in the instruction.

The instruction is one byte long. This addressing mode is also known as
implied addressing mode and inherent addressing mode.

3. Explain about Memory Read Machine Cycle of 8085?

Single byte instructions require only Opcode Fetch machine cycles. But, 2-
byte and 3-byte instructions require additional machine cycles to read the operands
from memory.

The additional machine cycle is called Memory Read machine cycle. For
example, the instruction MVI A, S0H requires one OF machine cycle to fetch the
operand from memory and one MR machine cycle to read the operand (50H) from
memory. The MR machine cycle takes 3 T-states.

The timing diagram for Memory Read machine cycle is shown
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The steps in Memory Read machine cycle are given in table.

S.No | T state | Operation

The microprocessor places the higher order
8-bits of the memory address on A15 — A8

1. address bus and the lower order 8-bits of the
memory address on AD7 — ADQ
address / data bus.
The microprocessor makes the ALE signal

2 T HIGH and at the middle of T1 state, ALE
signal goes LOW.
The status signals are changed as I0/ =~ =0,
S1 =1 and SO = 0. These status signals do

3. not change throughout the memory read
machine cycle.

4. The microprocessor makes the line




LOW to enable memory read and increments

fiF the Program Counter.

The contents on D7 — DO (i.e. the data) are

placed on the address / data bus.

The data loaded on the address / data bus is

0.
moved to the microprocessor.
T3 —
The microprocessor makes theline
7. HIGH to disable the memory read operation.

4.Explain about Timing diagram for MOV Rd, Rs (or MOV rl1, r2)
instruction?

MOV Rd, Rs instruction moves (copies) the contents of the source register
(Rs) into the destination register (Rd). It is a single byte instruction. It has only
Opcode Fetch machine cycle.

Some examples for MOV Rd, Rs instruction:

1. MOV A, B
2. MOV C, L

The time taken by the processor to execute the Opcode Fetch cycle is 4T (T-
states). The first 3 T-states are used for fetching the Opcode from memory and the
remaining T-state is used for internal operations by the microprocessor.

The timing diagram for MOV Rd, Rs (Opcode Fetch machine cycle) is shown .
It has 4 T states.
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The steps for machine cycle of MOV Rd, Rs instruction are given in table.




S.No

T state

Operation

il

The microprocessor places the higher order 8-
bits of the Program Counter on Al5 — A8
address bus and the lower order 8-bits of the
Program Counter on AD7 - ADQ
address / data bus.

The microprocessor makes the ALE signal
HIGH and at the middle of T1 state, ALE
signal goes LOW.

The status signals are changed as [0/ =0,
S1 =1 and SO = 1. These status signals do not
change throughout the OF machine cycle.

T2

The microprocessor makes the ~ line LOW
to enable memory read (opcode fetch) and
increments the Program Counter.

The contents on D7 — DO (i.e. the Opcode) are
placed on the address / data bus.

T3

The microprocessor transfers the Opcode on
the address / data bus to Instruction Register
(IR).

The microprocessor decodes the instruction.

T4

The data in the register Rs (r2) is moved to the

register Rd (r1).
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