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EC8453 Linear Integrated Circuits
Unit 4
ADC Types

Successive Approximation (SAR) ADC.
Flash ADC

Single slope ADC

Dual Slope ADC.

Delta ADC

Delta-sigma (AX) ADC.

Pipelined ADC.

FLASH TYPE ADC

Flash type ADC produces an equivalent digital output for a corresponding analog input in no
time. Hence, flash type ADC is the fastest.To convert the analog input voltage into a digital
signal of n-bit output, (2" — 1) comparators are required

Analog
InputV,

o +Vy(Reforance vollage)

Bline |——F Yi{MSB)

tor — Y,
p:ﬂ:;;r » Y LSE)
encodear

Figure . Basie circuit for flash type ASD converter



Note: In this design Vrefis 8V is used
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The 3-bit flash type ADC consists of a voltage divider network, 7 comparators and a priority
encoder.

The voltage divider network contains 8 equal resistors. A reference voltage VR is applied
across that entire network with respect to the ground. The voltage drop across each resistor from
bottom to top with respect to ground will be the integer multiples (from 1 to §) of VRS

The external input voltage Vi is applied to the non-inverting terminal of all comparators.
The voltage drop across each resistor from bottom to top with respect to ground is applied to the
inverting terminal of comparators from bottom to top.

At a time, all the comparators compare the external input voltage with the voltage drops present
at the respective other input terminal. That means, the comparison operations take place by each
comparator parallelly.

e The output of the comparator will be ‘1’ as long as Va is greater than the voltage drop present at
the respective other input terminal.

e Similarly, the output of comparator will be ‘0’, when, Va is less than or equal to the voltage drop
present at the respective other input terminal.

All the outputs of comparators are connected as the inputs of priority encoder. This priority

encoder produces a binary code (digital output), which is corresponding to the high priority input that has
‘1.

Therefore, the output of priority encoder is nothing but the binary equivalent (digital tput) of external
analog input voltage, Va

Flash ADC Advantages



e Itis the fastest ADC and is utilized in high bandwidth applications.

Flash ADC Disadvantages

e These ADC are more power-consuming as compared to ADCs implemented with
different techniques.

e It is a limited resolution of up to 8-bits.

o Increase bits lead to a large die area. With an 8-bit resolution, it needs a die area big
enough to accommodate 255 comparators (2*N-1).

e The resistors and comparators should be matched to provide an accurate reference
voltage to the comparators by the voltage divider network

Flash ADC Applications

o Satellite communication
e Radar processing
e Oscilloscopes

Successive Approximation ADC(https://www.electronics-tutorial.net)

Successive Approximation type ADC is the most widely used and popular ADC method. The conversion
time is maintained constant in successive approximation type ADC, and is proportional to the number of
bits in the digitaloutput, unlike the counter and continuous type A/D converters. The basic principle of
this type of A/D converter is that the unknown analog input voltage is approximated against an n-bit
digital value by trying one bit at a time, beginning with the MSB

S0C EOC
Comparator L T
Va > - Successive CLK
Analog Inpul Approximation
Register
+
Vb

= (M5B

+——= (L5B)

“ DAC

The functional block diagram of successive approximation type of ADC



It consists of a successive approximation register (SAR), DAC and comparator. The output of
SAR is given to n-bit DAC. The equivalent analog output voltage of DAC, VD is applied to the
non-inverting input of the comparator. The second input to the comparator is the unknown
analog input voltage VA. The output of the comparator is used to activate the successive
approximation logic of SAR.

When the start command is applied, the SAR sets the MSB to logic 1 and other bits are made
logic 0, so that the trial code becomes 1000

The principle of successive approximation process for a 4-bit conversion is explained here. This
type of ADC operates by successively dividing the voltage range by half, as explained in the
following steps.

Step (1): The MSB is initially set to 1 with the remaining three bits set as 000. The digital
equivalent voltage is compared with the unknown analog input voltage.

1000 MSB is 1 remaining three bits set as 000

Step (2): If the analog input voltage is higher than the digital equivalent voltage (VA >VD), the
MSB is retained as 1 and the second MSB is set to 1.

1100 MSB 1 and second bit set to 1
Otherwise, the MSB is set to 0 and the second MSB is set to 1.
Comparison is made as given in step (1) to decide whether to retain or reset the second MSB.

Let VA=11V and Vref =16V, in DAC output we get half of reference voltage ie 8V

The above steps are more accurately illustrated with the help of an example.
Let us assume that the 4-bit ADC is used and the analog input voltage is VA = 11 V. when the
conversion starts, the MSB bit i set to 1.
Now VA = 11V > VD = 8V = [1000]2

Since the unknown analog input voltage VA is higher than the equivalent digital voltage VD, as
discussed in step (2), the MSB is retained as 1 and the next MSB bit is set to 1 as follows
VD =12V =[1100]2

Now VA = 11V < VD = 12V = [1100]2
Here now, the unknown analog input voltage VA is lower than the equivalent digital voltage VD.
As discussed in step (2), the second MSB is set to 0 and next MSB set to 1 as
VD =10V =[1010]2



Now again VA = 11V > VD = 10V = [1010]2
Again as discussed in step (2) VA>VD, hence the third MSB is retained to 1 and the last bit is set
to 1. The new code word is
VD = 11V = [1011]2
Now finally VA = VD, and the conversion stops.

1100 P 1041
1011 <

1D1D< 1010

1001

1001=<__ 1000

0000 —-1000

Conversion process in a successive approximation type A/D converter.

Advantages:
1 Conversion time is very small.
2 Conversion time is constant and independent of the amplitude of the analog input signal VA.

Disadvantages:
1 Circuit is complex.
2 The conversion time is more compared to flash type ADC.

Single Slope ADC
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The above is the block diagram of single slope ADC. These converter techniques are based on
comparing the unknown analog i/p voltage with a reference voltage that begins at Ov & increases
linearly with time.The time required for the reference voltage to reach the value of unknown analog i/p
voltage is proportional to the amplitude of unknown analog i/p voltage.

The time period can be measured using a digital counter. The main circuit of this converter is
a ramp generator which on receiving a RESET from the control circuit increases linearly with time
from Ov to a max volt Vm Assume a +ive analog i/p voltage Viis applied at the non-inverting i/p of
the comparator. When a RESET signal is applied to the control logic, the 4-digit decade counter
resets to 0 & the ramp begins to increase. Vi is +ive the comparator o/p is in HIGH state. This allows
the clk pulse to pass to the i/p of the 4-digit counter through the AND gate & the counter is
incremented. This process continues until the analog i/p voltage is greater than the ramp generator
voltage.

When the ramp generator voltage is equal to the analog i/p voltage, the comparator o/p
becomes negatively saturated or logic 0.The clk is prevented from passing through the gate causing the
counter operation. Then the control circuit generates a signal, which latches the counter values in the 4-
digit latch, which is displayed on 7-segmant displays. The displayed value is then equivalent to the
amplitude of analog input voltage.

Dual Slope Adc

In dual slope type ADC, the integrator generates two different ramps, one with the known analog input
voltage VA and another with a known reference voltage —Vref. Hence it is called a s dual slope A to D
converter. The logic diagram for the same is shown below

Operation:

The binary counter is initially reset to 0000; the output of integrator reset to OV and the input to
the ramp generator or integrator is switched to the unknown analog input voltage VA.
The analog input voltage VA is integrated by the inverting integrator and generates a negative
ramp output. The output of comparator is positive and the clock is passed through the AND gate.



This results in counting up of the binary counter.
The negative ramp continues for a fixed time period t1, which is determined by a count detector
for the time period tl1. At the end of the fixed time period tl, the ramp output of integrator is
given by

~VS=-VA/RCxtl

r- - - " "—" "> "> """ ¥ ¥ |
| C
| |
I 1l |
Wa = | R |
e AN -
“Vref o |
+ Binary |
L Counter [
= Clock SR S—
4 r r
Output
Latch

Digital Output

When the counter reaches the fixed count at time period t1, the binary counter resets to 0000 and
switches  the integrator input to a  negative reference  voltage  —Vref.
Now the ramp generator starts with the initial value —Vs and increases in positive direction until
it reaches OV and the counter gets advanced. When Vs reaches 0V, comparator output becomes
negative (i.e. logic 0) and the AND gate is deactivated. Hence no further clock is applied through
AND gate. Now, the conversion cycle is said to be completed and the positive ramp voltage is
given by

=~ VS=Vref/RCxt2

Where Vref & RC are constants and time period t2 is  variable.
The dual ramp output waveform is shown below




Since ramp generator voltage starts at 0V, decreasing down to —Vs and then increasing up to 0V,
the amplitude of negative and positive ramp voltages can be equated as follows.

=~ Vref/RCxt2=-VA/RCxt1
~t2=-t1xVA/Vref
~VA=-Vrefxtl/t2

Thus the unknown analog input voltage VA is proportional to the time period t2, because Vref is

a known reference voltage and t1 is the predetermined time period.

The actual conversion of analog voltage VA into a digital count occurs during time t2. The
binary counter gives corresponding digital value for time period t2. The clock is connected to the
counter at the beginning of t2 and is disconnected at the end of t2. Thus the counter counts
digital output as

Digital output=(counts/sec) t2
~Digital output=(counts/sec)[t] xVA/Vref |

DAC

A Digital to Analog Converter (DAC) converts a digital input signal into an analog output signal. The
digital signal is represented with a binary code, which is a combination of bits 0 and 1

Types of DACs

There are two types of DACs

o Weighted Resistor DAC
e R-2R Ladder DAC



Vier 2R Z iy 4R Yiy BRS iy 2°R )i,

hl b! b] bn

Advantages/Disadvantages of weighted resistor method

1. The Resistors that are being used in the network have a wide variety of values present that
ensures the stability and the absolute accuracy across all the resistors

When the n given by the user is large, the corresponding resistance provided to LBS is considered to be a
large value. If it is compared with the provided input resistance of the Amplifier. This all leads to
accurate results

1. N number of switches that represents a bit applied to the input provided.

2. A ladder network supported by a weighted resistor. The resistor is inversely proportional
to the corresponding binary digital signal.

3. A reference voltage V ref provided

4. A summing Amplifier
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EC8453 Linear Integrated Circuits

UNIT V WAVEFORM GENERATORS AND SPECIAL FUNCTION ICS

Sine-wave generators, Multivibrators and Triangular wave generator, Saw-tooth wave
Generator,ICL8038 function generator, Timer IC 555, IC Voltage regulators — Three terminal fixed and
adjustable voltage regulators — IC 723 general purpose regulator — Monolithic switching regulator, Low
Drop — Out(LDO) Regulators — Switched capacitor filter IC MF10, Frequency to Voltage and Voltage to

Frequency converters, Audio Power amplifier, Video Amplifier, Isolation Amplifier, Optocouplers and
fibre optic IC.

Explain the square wave generator, triangular wave generator and Saw tooth

wave generator with neat diagram (A/M 2020, N/D 2018,A/M 2019,A/M
2016.2014)

Square Wave Generator or Astable Multivibrator

A square wave generator is an electronic circuit which generates square wave. The circuit
diagram of a op-amp based square wave generator is shown in the following figure

C

[
vp/

Fig. 2.83 Square wave generator

Rz

"I|I—0 i n{ + @

1
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Observe that in the circuit diagram shown above, the resistor R1 is connected between the inverting
input terminal of the op-amp and its output of op-amp. So, the resistor R1 is used in the negative
feedback. Similarly, the resistor R2 is connected between the non inverting input terminal of the op-

amp and its output. So, the resistor R2 is used in the positive feedback path.

A capacitor C is connected between the inverting input terminal of the op-amp and ground. So, the
voltage across capacitor C will be the input voltage at this inverting terminal of op-amp. Similarly, a

resistor R3 is connected between the non-inverting input terminal of the op-amp and ground. So, the

voltage across resistor /23 will be the input voltage at this non-inverting terminal of the op-amp.
The operation of a square wave generator is explained below -

Assume, there is no charge stored in the capacitor initially. Then, the voltage present at the inverting
terminal of the op-amp is zero volts. But, there is some offset voltage at non-inverting terminal of op-

amp. Due to this, the value present at the output of above circuit will be +Vsar

e Now, the capacitor C starts charging through a resistor R1 . The value present at the output will
change to —Vsat, when the voltage across the capacitor C reaches just greater than the voltage (positive

value) across resistor K3

e The capacitor C starts discharging through a resistor R1, when the output of above circuit is —Vsat.
The value present at the output of above circuit will change to +Vsaz, when the voltage across capacitor

C reaches just less than (more negative) the voltage (negative value) across resistor R3

1 V

+"|,|"m / :

Square wave generator: Qutput and Capacitor voltage waveform

Comparator and positive feedback resistors R; and R, form an inverting schmitt trigger.
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When V, is at +Vg,, the feedback voltage is called the upper threshold voltage Vyr and is given
as

_ Ry +Vgu
VUT = W o (1)

When V, is at -V, the feedback voltage is called the lower-threshold voltage V.t and is given as

- R! _Vs-ut
Vit = e s

Frequency of Oscillation:

The frequency of oscillation of Square Wave Generator Using Op amp is determined by the time
it takes the capacitor to charge from Vyr to Vit and vice versa. The voltage across the capacitor
as a function of time is given as

Vet = Vinax + (Vinitial = Vinax Yel=4T) ... (3)
where
e V(1) is the instantaneous voltage across the capacitor.
e Vinitial 18 the initial voltage
e Vi is the voltage toward which the capacitor is charging.
Let us consider the charging of capacitor from Vi to Vyr, where Vi is the initial voltage, Vyr

is the instantaneous voltage and +Vy, is the maximum voltage. At t =T, voltage across capacitor
reaches Vyr and therefore equation (3) becomes

Vur = +Va + (Vor — +Veg ) e(-TYReC) e (4)
S= ¥y '+Vsa{)3{‘T"FREC} = + Ve — Vur
e(-TYR(C) = (+Vsat '-VUT}
{+Vsnl -VLT)
=T . It M
R¢C +Vear — VLT
+ Vear '—VUT]
= -R:C| TIAT T AL
T]_ f i [+Vﬁil _HVLT
_ +Vsat '-vLT 5
) Rfcm[m] ... (5)
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2T

The time taken by capacitor to charge from Vyr to Vi is same as time required for charging capacitor
from Vit to Vyr. Therefore, total time required for one oscillation is given as

+Vsa_v
2Rfc5n( b= L

wv (M)
+ Viar — Vut J
Substituting the value of T we get,

The frequency of oscillation can be determined as f,= 1/T, where T represents the time required
for one oscillation.

sl
fo

]
5T
2R C Jn( Vsat — Vit

. (8)

Triangular Wave Generator

generator

constant current. This is achieved by connecting integrator circuit at the output of square wave
Ry
WA

Triangular wave is generated by alternatively charging and discharging a capacitor with a

S

.
JUL
o

;

ROM

]|
| e



Input-output waveforms

“Vinsp

Assume that V' is high at +Vsat. This forces a constant current (+Vsat/R3) through C (left to right) to
drive Vo negative linearly. When V'’ is low at —Vsat, it forces a constant current (— Vsat /R3) through C
(right to left) to drive Vo positive, linearly. The frequency of the triangular wave is same as that of
square wave

Although the amplitude of the square wave is constant (+ Vsat), the amplitude of the triangular
wave decreases with an increase in its frequency, and vice versa. This is because the reactance of
capacitor decreases at high frequencies and increases at low frequencies. In practical circuits,
resistance R4 is connected across C to avoid the saturation problem at low frequencies as in the case of
practical integrator

To obtain stable triangular wave at the output, it is necessary to have 5R3 C2 > T/2, where T is the
period of the square wave input.

The time period of the output of the square wave generator is T = 2 x 2.303 Rf C x
log((2R2+R1)/R1) which is the same for triangular wave generator. Frequency of the output f = 1/T

Saw tooth Wave form Generator

Sawtooth wave generator is given in above figure. Schematic of Sawtooth wave generator
Sawtooth waveform can be also generated by an asymmetrical astable multivibrator followed by an
integrator as shown in figure .The sawtooth wave generators have wide application in time-base
generators and pulse width modulation circuits. The difference between the triangular wave and
sawtooth waveform is that the rise time of triangular wave is always equal to its fall of time while in
saw tooth generator, rise time may be much higher than its fall of time , vice versa

Mk/ece/msajce



SAWTOOTH WAVE GENERATOR USING OP AMP

The triangular wave generator can be converted in to a sawtooth wave generator by injecting a
variable dc voltage into the non-inverting terminal of the integrator. In this circuit a potentiometer
is used. Now the output of integrator is a triangular wave riding on some dc level that is a function of R4
setting.

The duty cycle of square wave will be determined by the polarity and amplitude of dc level. A duty
cycle less than 50% will cause output of integrator be a sawtooth. With the wiper at the centre of
R4 , the output of integrator is square wave. Use of the potentiometer is when the wiper moves
towards -VEE,the rise time of the sawtooth become longer than the fall time (see fig. If the
wiper moves towards +VCC, the fall time becomes more than the rise time.

Output waveform of sawtooth wave generator

Mk/ece/msajce



Features of LM380:

Internally fixed gain of 50 (34dB)

Output is automatically self centering to one half of the supply voltage.

Output is short circuit proof with internal thermal limiting.

Input stage allows the input to be ground referenced or ac

Wide supply voltage range (5 to 22V).

High peak current capability.

. High impedance.

Explain the working principle of 1. Audio power amplifier 2. Videoamplifier 3. Isolation Amplifier

NouswNpe

Applications:
Explain switched capacitor filter , audio power amplifier, opto coupler? (April May 2017)
Briefy write the working principle and functionalities of LM 380 audio amplifier. (8)

[APR/MAY 2016][NOV/DEC 2017][APR/MAY 2019

(i) Audio Power Amplifier:

Vi

Figure shown above is the connection of Audio power Amplifier. Amplifier requires very few external
components because of the internal biasing, compensation & fixed gain.

¢ When the power amplifier is used in the non inverting configuration, the inverting terminal may be
either shorted to ground, connected to ground through resistors & capacitors.

¢ Similarly when the power amplifier is used in the inverting mode, the non inverting terminal may be
either shorted to ground or returned to ground through resistor or capacitor.

¢ Usually a capacitor is connected between the inverting terminal & ground if the input has a high
internal impedance.

e As a precautionary measure, an RC combination should be used at the output terminal (pin 8)
to eliminate 5-to-10 MHz oscillation.

¢ C1is coupling capacitor which couples the output of the amplifier to the 8 ohms loud speaker which
acts as a load. The amplifier will amplify the Vin applied at the non- inverting terminal
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Video Amplifier

EEZEN ic MC 1550 as a Video Amplifier

TI‘.IE Fig..S.ZE.! s.huws. MC 1550 used as a video amplifier. As it uses 3 cascode
amplifier pair, the video amplifier is called cascode video amplifier. The transistor Q, is
A i \

a common emitter amplifier and transistor 2y I8 a common base amplitior and  they
together from a cascode amplifier. -

g ,
i r-ropel'l!f' term:.l_‘!ate the
ial cable carrying the
rD;O signal, a 50 £} resistance
W

between the pins
s =4 4 of MC 1550. Such a
: a1l resistance has  wvery
mgjjgible effect on the biasing
of the ransistor 4. The load
res-iEl'ﬂﬂc‘e Ry is d.i.rﬁblttl}"
inserted in the collector of the
transistor Q-

The Fig: 8.25.1 (a) shows
the small signal approximate
equivalent circuit for wideo
amplifier. Both @, and O .‘;u‘e
operating in their active
PEgIOT:, therefore the collector
of (}y sees the very small input
resistance (T.a || Te3) of two
common-base stages in
parallel. By representing O, in = e R W RN
its hybrid-m model, and due to
very low load on Q,, we can ) _
ﬂﬁglect the effect of C‘fc Q5 can be represented as a current source, ay Iy, where Iz 1:! thz
emitter signal current of Qy and o3 = 1 and is independent of frequency over ::ﬁem:n :

i {3 the collec o
of frequencies under consideration. Cg represents the capacitance Tom e
2y and Q, to the substrate.

Isolation Amplifier (Nov/ Dec 2016) [NOV/DEC2013][MAY/JUN 2012]
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(8.6 | Isolation Amplifier (AU : May-05. 12

::" lsolation amplifier is an amplifier that offers an ohmic or electrical m!:mk:
X -.-E::T s input and output terminals. lsolation amplifiers are often psed "-t'- :l-‘:':‘: “;nth..-
ice :Ef;e comman-mode "”Imﬁeldiﬁe""'"“' between the input and -“:“-F‘:vl.:-t;v.-:v; input
ang “llJl'pu:FT:m _pm\-'ildl.» fruil:agr_-. d1ffc.renc'e of Imte'.rl.'rl.'d thousands of '-:'L::“ e
P - The isolation in the isolation amplifier is achjeyed by U
PPhically coupled devices discussed earlier,

—

The Fig. 8.26.1 shows some of the symbols used for isolation amplifiers.

= | >

R PR l
'
Fig. 8.26.1 Differant symbols used for isolation amplifiers

An important characteristics of an isolation amplifier is the linearity of the input to
output transfer characteristics. But the non linear input current to light outpul
characteristics is a problem in this regard. There are various methods of obtaining a high
degree of linearity in optically coupled isolation amplifiers. Such Ewo examples of
isolation amplifiers are discussed in the following section. Fig, 8.26.2 shows an isolation
amplifier in which a LED-photo transistor couplers are used as an optoisolators. As
shown in Fig 8.26.2, fist LED-phototransistor coupler is used in the feedback loop of
amplifier A, and the second LED-phototransistor coupler is used at the input of
amplifier A;. Both LED-phototransistor couplers are used with matched characteristics,
are driven by the same amplifier, amplifier A;. Due to the matched characteristics of the
two LED-photo  transistor  pairs, the non-linear

characteristics and  temperature
dependence get compensated.

—e

IC 723 — GENERAL PURPOSE REGULATOR
Disadvantages of fixed voltage regulator:

1. Do not have the shot circuit

Mk/ece/msajce



2. Output voltage is not adjustable
These limitations can be overcomes in 1IC723.

Features of IC723:

Unregulated dc supply voltage at the input between 9.5V & 40V
Adjustable regulated output voltage between 2 to 3V.

Maximum load current of 150 mA (ILmax = 150mA).

With the additional transistor used, ILmax upto 10A is obtainable.
Positive or Negative supply operation

Internal Power dissipation of 800mW.

Built in short circuit protection.

Very low temperature drift.

. High ripple rejection

Explain the functional block diagram of voltage regulator and basic
low voltage and high voltage regulator.

WeONOU A WN R

WIS PASE
TRARTEOA

CLURMINT
LINTER

CoRRENT  CURRENT
LA 1l 4

Functional block diagram of 1C723

Functional block diagram of IC723 is shown in figure 5.6.1.The simplified functional block diagram can
be divided in to 4 blocks.

1. Reference Generating block:

The temperature compensated Zener diode, constant current source & voltage reference amplifier
together from the reference generating block. The Zener diode is used to generate a fixed reference
voltage internally. Constant current source will make the Zener diode to operate at affixed point &
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it is applied to the Non — inverting terminal of error amplifier. The Unregulated input voltage tVcc is
applied to the voltage reference amplifier as well as error amplifier.

2. Error Amplifier:

Error amplifier is a high gain differential amplifier with 2 input (inverting & Non- inverting). The
Non-inverting terminal is connected to the internally generated reference voltage. The Inverting
terminal is connected to the full regulated output voltage.

3. Series Pass Transistor:

Q1 is the internal series pass transistor which is driven by the error amplifier. This transistor
actually acts as a variable resistor & regulates the output voltage. The collector of transistor Q1 is
connected to the Un-regulated power supply. The maximum collector voltage of Q1 is limited to
36Volts. The maximum current which can be supplied by Q1 is 150mA.

4. Circuitry to limit the current:

The internal transistor Q2 is used for current sensing & limiting. Q2 is normally OFF transistor. It turns
ON when the IL exceeds a predetermined limit. Low voltage, Low current is capable of supplying load
voltage which is equal to or between 2 to 7Volts.Pin diagram of IC723 in figure

Vload =2to 7V and lload= 50mA

' fodl [ 14 | NC
Current bonst | 2 13 | Frequency compensaton
Current sense | 3 12 | +Vec
Inverting Input | 4 ICT23 11 Vi
HNon-Inverting Input | 5 10 Vo
Vref | & 9 V=
-Vee | 7 8 HC

Pin diag_rarn of 1C723

Describe the working of IC723 voltage regulator and explain how it
can be used as Low voltage regulator.[APR/MAY2021]

Describe the working of IC723 voltage regulator and explain how it
can be used as High voltage regulator.[APR/MAY2021]
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Summarize the working principle of 1C723 general purpose voltage
regulator. (12) [APR/MAY 2016]

IC 723 LOW voltage Regulator

Regulated

e Rse  output Vv,
icr23 ©t
Mon- =
: R.= iR2
Vee-  Comp ! -

[ =

-

Basic low-voltage regulator

Basic Low Voltage Regulator

The resistor, Ry is connected between CL and CS pins. The current limit transistor remains non-

conductive unless drops across Ry is 0.6 V (equal to Vg drop). The value of R, can be found out by
following equation

B Viense 0.6

Liimit T ienit

. 1)

limit can be selected as 1.2 to 1.5 times the maximum load circuit. Potential divider made up of R; and R,
is connected between V¢ and non-inverting terminals.

R,
Vﬂun-invcrtjng = Vir X ﬁ"l' g s ()

As the series pass transistor is working as emitter follower.
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R,

Vo = VM=

R; and R, can be between 1 kQ to 10 kQ.

R;

Maximum load current can be 150 mA.

Basic High voltage regulator

Mk/ece/msajce

R; +R>

= R; || Rz

o +V
uﬁ—l
Veos Ve

out

W
{ref) Vz
1IcC 723 CL
MNon- CcSs

inv
Inw
Voo comp

R; R;

YR AR;

SC

Regulated
2 output V.

l —— 100 pF

Basic high-voltage regulator (V, = 7 to 37 voits)

R,

R

i k3)

.. (4)



Basic Positive High Voltage Regulator
For this type, output voltage varie

The non-inverting terminal ¢ ; Ml
the error amplifier acts as non-inverting amp .

The gain A= R,

s from +7 V to +37 V and I = 150 méA.
i t
ornmected to Vieg through R;. Due to this arrangemen

= Ry eba | ... (8.12.7)
Va =Vm¢(1+.__2_)=vmf o
. (8.12.8)
R, = 0.6 _ V sense —‘ oo
| Ilirm't Isc |
I By X2 ... (8.129)
l It {ﬁ;
E Thig i also called basic high voltage low current re_gulator.
Low voltage High current Regulator
e -
m Low Voitage High Current Regulator
¢ voltage from +2 to +7V and “Vme— |
QutpY at can be more than 150 mA. — -
joad one transistor is connected o o
this ;
PI:‘r,mallg-f, chown as Qp in the = i
o 8125, o i S g
" flmctional equations are similar Ry o
i re tor R
that of basic low voltage regula S -
:Idm‘ R v FC
3
Ra l—l
Vo = Veef ¥R, + Rz l
0.6 = = )
Roe ™ Tigmit Fig. 8.12.5
... (8.12.5)
Power dissipation of transistor = [ Vigmax) — Vo(min ] % I Lgmax)
o
T (max) ... (8.12.6)

- s
Power dissipation of IC = [ Vimax) otenin) ] b fe (min) of Qi
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Positive High Voltage High Current Regulator

ﬂ+\l||'

For this type. output
voltage from +7V to +37 V
and load current I, > 150 mA. L
For this a extermal transistor Veoos c .
Q, is connected, as shown in Gut 5
the Fig. 8.12.7. Vieat Vg

For this d1ﬂeret:lt -
expressions are similar to basic 5 IC 723 =
high voltage regulator and cs
reproduced for the . ) Reg M?fl

i MNon-inv INV 4
convenience. i, outpt
= — | DMec comp
Rytly ' —— 500 pF |
= T p

V, = Vi [ s J J; .
Ro. 06 _ Veense g R R, | L

=7 Timit L R +R2J Fig. 8.12.7 Positive high voltage regulator

" " _ the same

3 . . by
While the power dissipation of transistor Q; and the IC is given DY
expressions as given by the equations (8.12.5) and (8.12.6).

EXPLAIN THE OPTO COUPLERS/OPTO ISOLATORS AND FIBRE OPTIC IC

Opto couplers or Opto isolators is a combination of light source & light detector in the same package.
They are used to couple signal from one point to other optically, by providing a complete

electric isolation between them. This kind of isolation is provided between a low power control circuit &
high power output circuit, to protect the control circuit.

Characteristics of opto coupler:

(i) Current Transfer Ratio:

It is defined as the ratio of output collector current (Ic) to the input forward current (If)
CTR = Ic/If * 100%. Its value depends on the devices used as source & detector.

(i) Isolation voltage between input & output:

It is the maximum voltage which can exist differentially between the input & output without affecting
the electrical isolation voltage is specified in K Vrms with a relative humidity of 40 to 60%.

(iii) Response Time:

Response time indicates how fast an opto coupler can change its output state. Response time largely
depends on the detector transistor, input current & load resistance.

(iv) Common mode Rejection:

Mk/ece/msajce



Even though the opto couplers are electrically isolated for dc & low frequency signals, an impulsive
input signal (the signal which changes suddenly) can give rise to a displacement current Ic= Cf*dv/dt.
This current can flow between input & output due to the capacitance Cf existing between input &

output. This allows the noise to appear in the output.
Depending on
the type of light source & detector used we can get a variety of opto couplers.

They are as follows,

Explain the OPTO COUPLERS/OPTO ISOLATORS AND FIBRE OPTIC(A/M 2017) ,N/D 2016

1.LED PHOTODIODE OPTOCOUPLER

Fig. 8.27.1 Op-tomuplar

imput pulse -—
LED current |

LED photodiode and its waveforms are shown in above figure , here the infrared LED acts as a light

source & photodiode is used as a detector.
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The advantage of using the photodiode is its high linearity. When the pulse at the input goes high, the
LED turns ON. It emits light. This light is focused on the photodiode. In response to this light the
photocurrent will start flowing though the photodiode. As soon as the input pulse reduces to zero, the
LED turns OFF & the photocurrent through the photodiode reduces to zero. Thus the pulse at the input
is coupled to the output side.

lIIII'r.m..'ll' = I""'r:r - |-3 R?

LED — PHOTOTRANSISTOR OPTO COUPLER

‘.-hlﬂul::l'ﬂ.h_--_-- i _ -
: == | = -"'Vﬂ—"__l_—= I
® RN - | g
i - - I
————— - T
T ) -
—1 i
- ta] - = () Optoisolator circuit

Fig. 8.27.1

light transmitted to the

i o forward biases the LELD,
When the input wvoltage o B it

hototransistor turms it on, resulting current through the external load, a
ROIOAT S =
Fig. 527.1 (b).

impui pulse ——

callector
current of phato
transistor —_—

The LED phototransistor opto coupler and its waveforms shown in figure . An infrared LED acts as a light
source and the phototransistor acts as a photo detector.

¢ This is the most popularly used opto coupler, because it does not need any additional amplification.

¢ When the pulse at the input goes high, the LED turns ON. The light emitted by the LED is focused on
the CB junction of the phototransistor.

¢ In response to this light photocurrent starts flowing which acts as a base current for the
phototransistor.

¢ The collector current of phototransistor starts flowing. As soon as the input pulse reduces to
zero, the LED turns OFF & the collector current of phototransistor reduces to zero. Thus the pulse at the
input is optically coupled to the output side.

e The input & output waveforms are 1802 out of phase as the output is taken at the collector
of the phototransistor

LED —-DARLINGTON OPTOCOUPLER
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Light excluding

£ package
’ - 1
L. T — .
— @ Output
Input i

L E

{b) LED-photedariinglon

Advantages of Opto coupler:

¢ Control circuits are well protected due to electrical isolation.

¢ Wideband signal transmission is possible.

¢ Due to unidirectional signal transfer, noise from the output side does not get coupled to the input
side.

¢ Interfacing with logic circuits is easily possible.

¢ It is small size & light weight device.

Disadvantages:

¢ Slow speed.

¢ Possibility of signal coupling for high power signals.

Applications:

Opto couplers are used basically to isolate low power circuits from high power circuits.

At the same time the control signals are coupled from the control circuits to the high power circuits.
¢ Some of such applications are,

i. ACto DC converters used for DC motor speed control

ii. High power choppers

iii. High power inverters

¢ One of the most important applications of an opto coupler is to couple the base driving signals to a
power transistor connected in a DC-DC chopper
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m Design Considerations ror vigeo ampunis

i r ; le
From the equations for 3 dB frequencies and for voltage gain in the previous examp

we can conclude the following design considerations for video amplifier

1. To increase the bandwidth the gain must be reduced by decreasing By
|

 The load capacitance should be as small as possible

used choose the transistor having high value of f; and low

s [ &)

_If discrete circuit is
value of base spreading resistor fup-
iffi - 15 better
4 Use CF-CB cascode pair as an amplifier because its high frequency i

the CE am p[iﬁer.

than

ative feedback loops to increase the bandwidth of the

(4]

Use one or more nNeg
amplifier.

The TIMER IC 555

Applications
Astable multivibrator

Monnostable multivibrator

Explain the IC 555 can be used as a Astable Multivibrator. Drive an expression
for frequency of oscillations. (If this question asked in Big question should draw
internal diagram and explain the operation)

What are the modes of operation of a timer? Draw the functional diagram of a
square wave generator using timer and derive its duty cyle.
.[APR/MAY2021](understand)

With neat diagram, explain the operation of an astable and monostable
multivibrator[NOV/DEC 2017] [NOV/DEC 2018]
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Atable multivibrator

It is also called as Free Running Multivibrator. It has no stable states and continuously switches between
the two states without application of any external trigger.

Astable Multivibrater Using 555 Timer IC

8§ L0 Dl

— OO uF

Schematic Diagram

The pins 2 and 6 are connected and hence there is no need for an external trigger pulse. It will
self trigger and act as a free running multivibrator (oscillator). The rest of the connections are as
follows: pin 8 is connected to supply voltage (Vcc). Pin 3 is the output terminal and hence the
output is available at this pin. Pin 4 is the external reset pin. A momentary low on this pin will
reset the timer. Hence, when not in use, pin 4 is usually tied to V¢c.

The control voltage applied at pin 5 will change the threshold voltage level. But for normal use,
pin 5 is connected to ground via a capacitor (usually 0.01uF), so the external noise from the

terminal is filtered out. Pin 1 is ground terminal. The timing circuit that determines the width of
the output pulse is made up of R, R, and C.

Operation

The following schematic depicts the internal circuit of the IC 555 operating in astable mode. The
RC timing circuit incorporates R;, R, and C.

The following schematic depicts the internal circuit of the IC 555 operating in astable mode. The
RC timing circuit incorporates R;, R, and C.
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Charging  -.-— 8

‘ O 4 UCC
Ra,
7
Ra
Comparator 1
-l +
: g | Threshold
— &
‘ ; ] s Q .
k(2
I8 R @ © Vo
2 v +
" Cc| I g
W avavagll s p
i ® 5 kO
F'CcC Comparator 2

1

When the flip-flop is set, Q is high which drives the transistor Qq in saturation and the capacitor
gets discharged. Now the capacitor voltage is nothing but the trigger voltage. So while
discharging, when it becomes less than 1/3 V¢, comparator 2 output goes high. This resets the
flip-flop hence Q goes low and Q goes high.

The low Q makes the transistor off. Thus capacitor starts charging through the resistances Ra, Rp
and Vcc. The charging path is shown by thick arrows in the Fig. 2.105. As total resistance in the
charging path is (Rs + Rp), the charging time constant is (R + Rp) C.

Now the capacitor voltage is also a threshold voltage. While charging, capacitor voltage
increases i.e. the threshold voltage increases. When it exceeds 2/3 V¢, then the comparator 1
output goes high which sets the flip-flop. The flip-flop output Q becomes high and output at pin
3 i.e. Q becomes low. High Q drives transistor Qq in saturation and capacitor starts discharging
through resistance Rp and transistor Q4. This path is shown by dotted arrows in the Fig. 2.105.
Thus the discharging time constant is Rg C. When capacitor voltage becomes less than 1/3 V¢,
comparator 2 output goes high, resetting the flip-flop. This cycle repeats.

Thus when capacitor is charging, output is high while when it is discharging the output is low.

The output is a rectangular wave. The capacitor voltage is exponentially rising and falling. The
waveforms of Astable Multivibrator using 555 Timer IC are shown in the Fig
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Charging via Ry + Rp Discharging via Rg

2
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3 cc
Copacitor
voltage
1
+? VGC ¢
V
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Qutput
T ToFF
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Waveforms of astable operation

. Duty Cycle of Astable Multivibrator:

Generally the charging time constant is greater than the discharging time constant. Hence at the
output, the waveform is not symmetric. The high output remains for longer period than low
output. The ratio of high output period and low output period is given by a mathematical
parameter called duty cycle. It is defined as the ratio of ON time i.e. high output to the total
time of one cycle.

W = time for output is high = Tgy

T = time of one cycle

D = duty cycle = %

%D = gxlﬂﬂ %

The charging time for the capacitor is given by,
T. = Charging time = 0.693 (R, + Rg) C

While the discharge time is given by,
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T, = Discharging time = 0.693 Ry C
Hence the time for one cycle is

T = T.+ T, =0693 (R, +Rg) C + 0.693 Ry C
0.693 (R, + 2 Ry) C

While
W = T.=0693 (R, + Ry C
Tl % ¥X1ﬂﬂ & ﬂt.}ég?(ga?:z?: )Cc”‘ 0
%D = __"""_{iﬁ:zRRBj) < 100

While the frequency of oscillations is given by,

1 1
L T  0.693(Rs +2Rp)C
1.44
= H
Ls o Re i

If R4 is much smaller than Rg, duty cycle approaches to 50% and output waveform approaches
to square wave.

Application of Astable Multivibrator using IC 555:
The various Application of Astable Multivibrator using IC 555 are,
1. Square wave generation

2. FSKgenerator
3. Voltage controlled oscillator (VCO)
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Monostable Multivibrator Using 555 IC

The IC 555 timer can be operated as a Monostable Multivibrator Using IC 555 by connecting an external
resistor and a capacitor as shown in the Fig

2]
O +
¢Charge cC
R
% 5kQ
Discharge
T
3 Vee WA
Comparator 1
W i % g
Ve & J d
Threshold I 5 s
5 Q
SkQ) i 3
+
Vee Trigger 2 e
5 ki)
\,r_m 1: J: ; Comparator 2
3

¥
Monostable operation of 555

The circuit has only one stable state. When trigger is applied, it produces a pulse at the output
and returns back to its stable state. The duration of the pulse depends on the values of R and C.
As it has only one stable state, it is called one shot multivibrator.

Working of 555 Timer as Monostable Multivibrator:

The flip-flop is initially set i.e. Q is high. This drives the transistor Qg4 in saturation. The
capacitor discharges completely and voltage across it is nearly zero. The output at pin 3 is low.

When a trigger input, a low going pulse is applied, then circuit state remains unchanged till
trigger voltage is greater than 1/3 Ve, When it becomes less than 1/3 V¢, then comparator 2
output goes high. This resets the flip-flop so Q goes low and Q goes high. Low Q makes the
transistor Qg4 off. Hence capacitor starts charging through resistance R, as shown by dark arrows
in the Fig.
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; Pulse width Output
et Ty — Pin 3

Waveforms of monostable operation

The voltage across capacitor increases exponentially. This voltage is nothing but the threshold
voltage at pin 6. When this voltage becomes more than 2/3 V¢c, then comparator 1 output goes
high. This sets the flip-flop i.e. Q becomes high and Q low. This high Q drives the transistor Qq
in saturation. Thus capacitor C quickly discharges through Qg as shown by dotted arrows in the

wave forms Figure

So it can be noted that V, at pin 3 is low at start, when trigger is less than 1/3 V¢ it becomes
high and when threshold is greater than 2/3 V¢ again becomes low, till next trigger pulse
occurs. So a rectangular wave is produced at the output. The pulse width of this rectangular pulse
is controlled by the charging time of capacitor. This depends on the time constant RC. Thus RC

controls the pulse width. The waveforms are shown in the above Figure.

Mk/ece/msajce



Derivation of Pulse Width:

The  voltage across capacitor increases exponentially and is given by

VC = V(I"‘E_I/CR)

If Ve = 2/3 V¢
then %Vcc = Vee (1 _e—:/m}
& o o HER
3=l =
% " Eut/CR
e e 10088
CR :
t = + 1.0986 CR
t = 11 CR

where
e Cin farads,

e R in ohms,
e tin seconds.

Thus, we can say that voltage across capacitor will reach 2/3 V¢ in approximately 1.1 times,
time constant i.e. 1.1 RC

Thus the pulse width denoted as W is given by,

W = 1.1 RC.
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Schematic Diagram:

Generally a schematic diagram of the IC 555 circuits is shown which does not include
comparators, flip-flop etc. It only shows the external components to be connected to the 8 pins of
IC 555. Thus, the schematic diagram of Monostable Multivibrator Using IC 555 is shown in the

Fig
< + vcc
RS —

7 3 Vou

ci ‘j_: i i _iLn.m uF
Trigger
input

555 timer as monostable multivibrator

The external components R and C are shown. To avoid accidental reset, pin 4 is connected to pin
8 which is supply +Vcc. To have the noise filtering of control voltage, the pin 5 is grounded
through a small capacitor of 0.01 pF.

Monostable Multivibrator Using IC 555 Applications:

The various applications of Monostable Multivibrator Using IC 555 are,

Frequency divider

Pulse width modulation
Linear ramp generator
Pulse position modulation
Missing pulse detector
Timer in relay

A
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Problems

Describe the 555 Timer IC. Design a Astable Multivibrater Circuit to generate output Pulses of
25%, 50% duty cycle using a 555 Timer IC, with choice of C = 0.01,uF, Frequency as 4.0 KHz (April May
2017)

Design a wave generator using 555 timer for a frequency of 110Hz and 80% duty cycle.Assume C=
0.16pF..[Nov/Dec 2018](Create)
A 555 timer is configured in as table mode with R A=2k ohm RB =6k ohm and C=0.1uF.Determine the

frequency of oscillation. (4) [APR/MAY 2016

2 marks

1. Mention some applications of 555 timer (DEC2009))

*Qscillator

*pulse generator

*ramp and square wave generator

*mono-shot multivibrator

*burglaralarm

*traffic light control.

2.List the applications of 555 timer in monostable mode of operation: [NOV/DEC‘13]

*Missing pulse detector

*Linear ramp generator

*Frequency divider

*Pulse width modulation.

3. List the applications of 555 timer in Astable mode of operation: (MAY/JUNE2010)[NOV/DEC 2013]

*FSK generator
*Pulse-position modulator

4. What is a voltage regulator? (MAY 2010)

A voltage regulator is an electronic circuit that provides a stable dc voltage independent of the load
current, temperature, and ac line voltage variations.

5.Give the classification of voltage regulators: (MAY 2010)

Series / Linear regulators
Switching regulators.

6.What is a linear voltage regulator?(Remember)
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Series or linear regulator uses a power transistor connected in series between the unregulated dc
input and the load and it conducts in the linear region .The output voltage is controlled by the
continuous voltage drop taking place across the series pass transistor.

7.What is a switching regulator?(Remember)

Switching regulators are those which operate the power transistor as a high frequency on/off switch,
so that the power transistor does not conduct current continously.This give improved efficiency over
series regulators.

8.What are the advantages of IC voltage regulators?(Remember) (April /May 2017)

*low cost
*highreliability
*reduction in size
*excellent performance

9. Give some examples of monolithic IC voltage regulators:(Remember)

78XX series fixed output, positive voltage regulators
79XX series fixed output, negative voltage regulators
723 general purpose regulators.

10.What is the purpose of having input and output capacitors in three terminal IC
regulators?[Apr/May 2021]

A capacitor connected between the input terminal and ground cancels the Inductive effects due to long
distribution leads. The outputcapacitor improves the transient response.

11.Define line regulation. [NOV/DEC 2013],[NOV/DEC 2014][APR/MAY 2018]

Line regulation is defined as the percentage change in the output voltage for a change in the
inputvoltage. It is expressed in mill volts or as a percentage of the output voltage.

12.Define load regulation. [NOV/DEC 2014]

Load regulation is defined as the change in output voltage for a change in load current. It is expressed in
millivolts or as a percentage of the output voltage.

13.What is meant by current limiting? (Remember) [APR/MAY 2015]

Current limiting refers to the ability of a regulator to prevent the load current from increasing above a
preset value.

14.Give the drawbacks of linear regulators:(Remember)

*The input step down transformer is bulky and expensive because of low line frequency.

*Because of low line frequency, large values of filter capacitors are required to decrease the ripple.
*Efficiency is reduced due to the continuous power dissipation by the transistor as it operates in the
linear region
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15.What is the advantage of monolithic switching regulators? (MAY 2010)

*Greater efficiency isachieved as the power transistor is made to operate as low impedance
switch.Power transmitted across the transistor is in discrete pulses rather than as a steady current flow

*By using suitable switching loss reduction technique, the switching frequencycan be increased so
as to reduce the size and weight of the inductors and capacitors.

16. What is an opto-coupler IC? Give examples. (MAY 2010) [MAY/JUNE 2014]

Opto-coupler IC is a combined package of a photo-emitting device and a photo sensing device.
Examples for opto-coupler circuit: LED and a photo diode, LED and photo transistor, LED and Darlington.
Examples for opto-coupler IC: MCT 2F, MCT 2E.

17. Mention the advantages of opto-couplers:(Remember) [Apr/May 2021]B

*Better isolation between the two stages.

*Impedance problem between the stages is eliminated.

*Wide frequency response.

*Easily interfaced with digital circuit.

*Compact and light weight.

*Problems such as noise, transients, and contact bounce are eliminated.

18. What is an isolation amplifier? Mention it’s application (MAY/JUNE 2010) [APR/MAY 2016]

An isolation amplifier is an amplifier that offers electrical isolation between its input and output
terminals.
19. What is the need for a tuned amplifier? (Remember) (MAY 2009)

In radio or TV receivers, it is necessary to select a particular channel among all other available
channels. Hence some sort of frequency selective circuit is needed that will allow us to amplify the
frequency band required and reject all the other unwanted signals and this function is provided by a
tuned amplifier.

20. Write the frequency of oscillation (f0) equation for triangularwave generator) (MAY10)
fO=R3/4R1C1R2
21. How frequency to voltage converted onOP-AMPS. (MAY 2010)

A Frequency to voltage converter produces an output voltage, whose amplitude is a function of
frequency of the input signal. The input signal may be a sine wave, a square wave or a pulse train. The
F/V converter is essentially an FM detector or discriminator.

22. What is video amplifier? (MAY/JUNE 2010)

The video or wideband amplifiers are designed to provide a relatively flat gain versus frequency
response characteristics for the range offrequencies required to transmit video information.
25. Define Multivibrators. Mention its types.[APR/MAY 2019] (MAY/JUNE 2010)[MAY/JUNE 2014]

Multivibrators are regenerative circuits, which are mainly used in timing applications. Based on
their operational characteristics they can be classified into
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e AstableMultivibrators
*MonostableMultivibrators
® BistableMultivibrator

What are thethree different wave forms generated by ICL8038?[APR/MAY 2010]
Sine wave, Square wave & Triangular wave.

26. What is meant by thermal shutdown applied to voltage regulators?[NOV/DEC 2010]
The IC has a temperature sensor which turns off the IC when it becomes too hot. The output current
will drop and remain there until IC has cooled significantly.

27. What is an opto-coupler IC? Mention its applications. [APR/MAY 2011]
It is combined package of LED and Photodiode.

28.Define the duty cycle inAstablemultivibrator using IC 555. [APR/MAY 2011]
Duty cycle = (Rb/ R

a+2Rb

)*100

29. What are the limitations of three terminal regulators [APR/MAY 2012]
1. No short circuit protection.
2. Output voltage is fixed.

30.What is switched capacitor filter. (Remember) [NOV/DEC 2013]

A switched capacitor filter is a three terminal element which consistsof capacitors, periodic
switches and op-amps whose open circuit voltage transfer function represents filter characteristics.
37. Give the formula for period of oscillations in an op-amp as table circuit. [May/June 13]

T=2RCIn(1+B / 1-B)

31. Define duty cycle of a periodic pulse wave form. [May / June 2013]

Duty cycle = (Rb / Ra+2Rb)*100

32. State the two conditions for oscillations? [APR/MAY 2015]

1. The loop gain is equal to unity in absolute magnitude and

2. Thephase shiftaround the loop is zeroor an integer multiple of 2nt

33. What is the purpose of connecting a capacitor at the input and the output side of an IC voltage
regulator? [NOV/DEC 2015]

The figure above shows the application of LM340 IC as a voltage regulator. Pins 1, 2, and 3 are the
input, output and ground When there is quite a distance (in cms) from the IC to the filter capacitor of
the unregulated power
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supply, there may occur unwanted oscillations within the IC due to lead inductances within the circuit.
In order to remove this unwanted oscillation, the capacitor C1 has to be placed as shown in the
circuit.

Capacitor C2 is sometimes used to improve the transient response of the circuit.

Any device in the LM 340 series needs a minimum input voltage at least 2 to 3 V greater than the
regulated output voltage. Otherwise, it will stopregulating. Furthermore, there is a maximum input

voltage because of excessive power dissipation.
34. Mention two applications of frequency to voltage converter.(Remember) [NOV/DEC 2015]

1. Frequency to voltage converter in tachometers.
2. Frequency difference measurement.
35. Write the advantages of switching regulator over series voltage regulators. [R2008 NOV/DEC 2015]

R Ll A
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requlator requlator

Buck Possible Fossible
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1nverang Impossible Fossible
- AppeTsd. SFSR

Efficrency Mostly low Usually hich

(smrrar=| |y

Dutput s e el Il__‘g:::;-lé:
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- ; TG
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36 Distinguish the principle of linear regulator and a switched mode powersupply. (April/May 2017)
A switching power supply operates by constantly switching the source on and off; the rate of which is
dictated by the needed voltage at the output. A linear power supply is often used because of its
simplicity.

Linear regulators exist in packaged ICs that only need a rectified voltage source to operate.

49) Define current transfer ratio of an opto-coupler?[Nov/Dec 2017

The current transfer ratio refers to the ratio of the output collector current (Ic)to the input forward

current(If)CTR ={Ic/If}*100

Draw a fixed voltage regulator circuit and state its operations?[Nov/Dec 2017]
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Connection of TEIS Voltage Regulator

38 .List the applications of multivibrator??[Nov/Dec 2018](Remember)

Frequency divider
Pulse width Modulation
Linear ramp generator

Square wave generator

VCO

Schmitt trigger

39. State the function of optocoupler. [APR/MAY 2019])

Optocoupler provides electrical isolation between two circuits

EPC Questions

1.

Explain the square wave generator, triangular wave generator and Saw tooth wave
generator with neat diagram (A/M 2020, N/D 2018,A/M 2019,A/M 2016.2014

Explain switched capacitor filter , audio power amplifier, Video Amplifier opto coupler,
Isolation Amplifier (April May 2017), [APR/MAY 2016][NOV/DEC 2017][APR/MAY
2019

Explain the functional block diagram r and basic low voltage and high voltage regulator.
With neat diagram, explain the operation of an astable and monostable multivibrator
.Drive duty cycle A/M 2021, [NOV/DEC 2017] [NOV/DEC 2018]

With neat diagram, explain the operation of an monostable multivibrator NOV/DEC
2017] [NOV/DEC 2018]
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