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PREFACE

Electronic Circuits Workbook using multisim online simulator is
our special present for students who are studying Electronic
Circuits course as well as all the lecturers involve. It provides
guidance for students to do their practical lab by using multisim
online simulator. There are 6 chapters covered in this e-book
which is Bridge Rectifier Circuit, Oscillator, Operational
Amplifier, Astable Multivibrator, Filter and Analog to Digital or
Digital to Analog Converter. In this e- book will present valuable
information with supporting diagrams to help students more
understanding in doing their practical laboratory. Finally, we
hope this book will benefit all those seeking knowledge )
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NI Multisim (formerly MultiSIM) is an electronic
schematic capture and simulation program which
is part of a suite of circuit design programs, along
with NI Ultiboard. Multisim is widely used in
academia and industry for circuits education,

electronic schematic design and SPICE simulation.

Multisim™ software provides SPICE simulation,
analysis, and printed circuit board (PCB) tools to
help you quickly iterate through designs and
improve prototype performance. Move from
schematic to layout seamlessly to save time and

reduce prototype iterations.
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https://www.instructables.com/How-to-Use-Multisim-Live/

BRIDGE RECTIFIER CIRCUIT

UNIT ]

1.1 INTRODUCTION

Direct Current (DC) power supply units in electronic components will be used to convert Alternating
Current (AC) voltage to DC voltage. Figure 1.1 show the block diagram and correspond output from each
power supply block. The character of the output voltage from power supply is almost same as DC voltage

supplied by a battery.

BLOCK DIAGRAM AND FUNCTION EACH UNIT

VAC Transformer Rectifier Filter Voltage Voltage vDC
— — — — — —

Regulator Divider

Figure 1.1: Block diagram of Power supply and output waveform for each block

e Transformer - Reduce the value of the input ac voltage.

e Rectifier - A circuit that converts ac voltage to pulsating dc voltage.
e Filter - The main task of filter is to convert the voltage at pulse to the voltage rippled.
e Voltage Regulator - To stabilize the pure DC voltage (at the output of the filter).

e Voltage Divider - Circuit is needed in power supplies for electric equipment requires.

Rectifier is the main circuit converting the AC voltage to DC voltage. It is divide into three types. Half-wave

rectifier, Full-wave rectifier and Bridge rectifier. Bridge rectifier is consisting of four individual diode
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connected in a closed loop and produce full wave DC voltage provides the same polarity of output voltage

for either polarity of input voltage.

Load
00
8, .
(a) (b)
Figure 1.2: (a)Component and (b) Circuit of Bridge rectifier
Typical applications Bridge Rectifier are:
)] Welding- to supply polarized voltage for welding. In such circuits control of the output

current is required and this is sometimes achieved by replacing some of the diodes in bridge
rectifier with thyristor, whose voltage output can be regulated by means of phase fired
controllers.

i) Generator

iii) Battery charger

iv) AC motor drive

V) Traction markets

vi) Detection of amplitude modulated radio signals


http://en.wikipedia.org/wiki/Welding
http://en.wikipedia.org/wiki/Bridge_rectifier
http://en.wikipedia.org/wiki/Bridge_rectifier
http://en.wikipedia.org/wiki/Thyristor
http://en.wikipedia.org/wiki/Phase_fired_controllers
http://en.wikipedia.org/wiki/Phase_fired_controllers
http://en.wikipedia.org/wiki/Detector_(radio)
http://en.wikipedia.org/wiki/Amplitude_modulation
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1.1.1 Operation of Bridge Rectifier

Figure 1.3: Circuit of Bridge rectifier

The four diodes are connected in close loop as figure 1.3 to perform as bridge rectifier in power
supply unit. The input AC voltage is supply at terminal A and B and the output measure across terminal
Cand D. While, the four diodes are label as D1, D2, D3 and D4 connected in “series pairs”. The operation

of bridge rectifier separates in these two cycles, that is positive cycle and negative cycle.

During the positive of the input voltage, terminal A is positive cycle and terminal B is negative cycle.
Diodes D2 and D3 are forward biased while, D1 and D4 are reverse biased and the current flow through

load R1. Figure 1.4 show the flow of currents in bridge rectifier.



(a)

Figure 1.4: Flow of the currents (a) Positive half cycle and (b) Negative half cycle

When the negative of the input voltage, terminal B is positive cycle and terminal
cycle. Diodes D1 and D4 are forward biased while, D2 and D3 are reverse biased and
through load R1. Since the direction current flow through R is similar to the curre

positive cycles, so similar wave will produce.

AC
Input

Diodes
D2& D3

Diodes
D1 & D4

Total
Output
Current
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1.2 PRACTICAL OF BRIDGE RECTIFIER
OBIJECTIVES
I. Able to construct bridge rectifier.
il. Measure the output of a bridge rectifier
PROCEDURE

1. Sketch the circuit diagram bridge rectifier figure 1.1 by using Multisim Online Simulator. Refer

https://www.multisim.com/

2. Adjust the input voltage 12V amplitude and the frequency at 60Hz.

3. Simulate the system by using the run button to achieved the output waveforms.
4. Measure of Vout across R1.
RESULTS:

The output from practical show as in figure 1.6.

- s‘\n\-l\\\‘w\' -
A/ AP
T R ' Vo=5.27Vp,60Hz
: — _ | Vin=12 Vp-p,60Hz
Vin )

Figure 1.6: Output at R1
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*Hint: There is a different between Vin and Vo cause by the types of diode use. Since current across
the diode at one cycle and voltage drop at diode is 0.7V (assumed 2 germanium diode), voltage drop

is Vo = Vin- 0.7V
13 QUESTION

1. Determine the output(Vo) across Ry in Figure 1.7.

N

| v |12 VN

\— L]+

| ] ) I D4
Figure 1.7: Output at RL
2. If the diode at figure 1.7 change from germanium diode to silicon diode, calculate the Vo across
RL.

3. Measure the output(Vo) across R, and calculate the Vo in Figure 1.8.



Figure 1.8: Output at RL

A fullwave bridge rectifier has input voltage 20 Vp-p 50 Hz.
Assume there is no voltage drop at diode, calculate: -

i) Output voltage signal

i) Output frequency signal



UNIT

COLPITTS OSCILLATOR CIRCUIT

2.1 THEORY

Oscillator is the source of basic signal generator for multi-application in the electronic circuit. It

will change the DC voltage into AC signal and be able to generate any frequency value needs by the

circuit.

All basic oscillator circuit consist 3 parts like amplifier, feedback circuit and frequency generator circuit

‘| Amplifier O
'I/ Output

Frequency
Generator < Feedback -

Circuit

Figure 2.1: Block diagram of an Oscillator circuit

In the Colpitts circuit, two capacitors and one inductor determine the frequency of oscillation.
The feedback needed for oscillation is taken from a voltage divider made by the two capacitors. The
Colpitts Oscillator has fairly good frequency stability, is easy to tune, and can be used for a wide range

of frequencies. The large value of split capacitance is in parallel with the junctions and minimizes the

effect on frequency stability.
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The frequency of oscillations for a Colpitts Oscillator is determined by the resonant frequency of the LC

tank circuit and is given as:

1

2 JLCy

where Cr is the capacitance of C1 and C2 connected in series and is given as:

1 _ G xC,
+ or CT m

Advantages of Colpitts oscillator
Main advantage of Colpitts oscillator over Hartley oscilator is the better performance in the high frequency
state. This is because the capacitors offer a low reactance path for the high frequency signals and thus the

output signals in the high frequency domain will be more sinusoidal. Due to the excellent performance in

the high state, the Colpitts oscillator can be even used in microwave uses.

10
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2.2 PRACTICAL OF COLPITS OSCILLATOR CIRCUIT
OBIJECTIVES

i) Able to construct oscillator circuit.

ii) Able to determine the oscillation frequency by using the formula and the effect of varying
the values of the L and C to the oscillation frequency.

iii)  Sketch the output waveform of varying the values of the L and C to the oscillation

frequency.

PROCEDURE

% R1
100K

F Owut
) o

10uF

-+
—l—— i12VWV SUPPLY]|

== 100uF

=i = O.1uF 0.1uF
I 1]
Cc1 c2
1mH
Ly YT YT AZ

Figure 2.2: Schematic of Colpitts Oscillator Circuit

1. Sketch the circuit diagram of figure 2.2 by using Multisim Online Simulator. Refer

https://www.multisim.com/

2. Simulate, draw and measure the output waveform to get output frequency. Compare that value
with the calculation value.

3. Change the value of L, and repeat procedure number 2.

11
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Calculation of Output Frequency using formula :

/ C1XC2 \
C

Cl1+C2

0.1pX0.1p
(T= ———"" — 50nF
Odlp+01p 0

L =22.5 kHz

\ fT' 2mV1m x 50nF J

Interactive 1 o

prrvey | TPe Interactivesimulation graph
| PRIVIS) | ¥ Trigger €]

PRI Vi)
N | A A
singla | Auto | Mormal  Nons

Soures

- PRIV -
Frequency = 15.211 kHz o
Ea S €
Risig | Faling  Gither

Level
0

Showe

a5l

253176 253177 253178 253179 25018 250181 253182 250183 253184 253185
Time (s}

B Cursor 1 | ® Cursor 2 | ax 7| vax
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Calculation of Output Frequency using formula :

C1XC2
Cl1+C2

0.1pX0.1p
(T = ——  =50nF
0dlp+01p 0

1
fT' = m— 15.92 kHz

2.3 QUESTION

a. Sketch the circuit diagram below by using Multisim Online Simulator. Set value L=3mH.

Simulate, draw and measure the output waveform to get the value of output frequency.

::[i Rl f_l: sy
= 100K :i'z-ZK
1 F Durt
ir S
10uF
[ it '(EB BC 107
—_— 12V SUFPFPLY|
= R2 = R4 = 100uF
-1 10K = 1K
- _TL O.luF o.1uF
L} 1l
C1 éz
BmH
LT
L
b. Compare that frequency value with the calculation value.

14



UNIT 3

OPERATIONAL AMPLIFIER

3.1 THEORY

An operational amplifier is an integrated circuit that can amplify electric signals, high gain and
direct coupled differential linear amplifier. Figure 3.1 shows circuit symbol and pin configuration of an

OP-AMP.

positive voltage supply terminal

Inverting
input

Output terminal

—
Non-Inverting
input

negative voltage supply -
terminal Nom-inverting (] Output
input

other leads for null adjustments OP-AMP Pin-out configuration

Fig Symbol for OP-AMP

8=pin DIP

Figure 3.1: Circuit symbol and Pin configuration of an OP-AMP

Op-amp can be used to form a difference circuit configuration for various type of application.
The most common op-amp circuits are inverting amplifier, non-inverting amplifier, integrator and
differentiator amplifier. Figure 3.2 represent the respective circuit configuration of Non-Inverting

Amplifier.

Figure 3.2: Non-Inverting Amplifier

15
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Close Loop Gain, Acl =1 + %

Phase Angle, 6 = % X 360°

The noninverting amplifier has much higher circuit input impedance. It does not produce an 180°
voltage phase shift from input to output; i.e., the input and output voltages are in phase. A noninverting

amplifier is shown in figure below

+Wee

Figure 3.3: Non-Inverting Amplifier

3.2 PRACTICAL OF NON-INVERTING AMPLIFIER

OBIJECTIVES

i. Able to construct op-amp circuit for Non-inverting amplifier.
ii. Determine the voltage gain (Av) or gain of closed loop (Acl).

iii. Determine the phase angle for the output waveform.

16
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PROCEDURE

s
) < B
muN|

10k

Figure 3.4 : Schematic of Non-Inverting Op-Amp

1. Sketch the circuit diagram of figure 3.3 by using Multisim Online Simulator. Refer

https://www.multisim.com/

2. Adjust the input voltage 2V amplitude and the frequency at 2kHz.

3. Simulate the system by using the run button to achieved the output waveforms.

Input Voltage =2V

Frequency = 2KHz =r‘;:>

4. Using the button calculation & info, Output Voltage (Vo) and Closed Loop Gain (Acl /Av) can

be calculate.

17
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OUTPUT

1. Input Waveform & Output Waveform
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Intersctive v D Schemati
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el = Output Waveform
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Show
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Untitled Circuit

Interactive 1
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3. Vout

€ 9 C @ massmeomion Q!

*Untitled Circuit

R spin

Interactive 1

Vout=21.959V

e uy w1008

019 W e Lo
Tee {5)

Calculation of Output Voltage, Vout

4 Vo=1+[%]Vi

Vo=1+|2%]2
1k

Vo=21V
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Calculation of Gain, Acl

f Vo \

Acl = —_
Vi
21.959V
Acl = ———
19995V

Acl = 10.982
N Wy

4, Measure of T to calculate phase angle value
Time period
T=505.59u
€ & C & mutivmcomrenty/ & . ¢

* Untitled Circuit

" %G v
PR2 VI
¥ Cunors £
Tyoe

[1na v]
Cursor 3

PRUVY v
Cursoe 2

PRUVIY v

& Cunor 1 | mCunor2 UBX [ay Vokige (V)
101918 A9MOV 101968 19962 T | MYV




Phase Angle, ©

/ t = difference time between \

input and output

T = time period

t
6= - X360
9= 50559, X360

K 0 = 0° (VoandViisinphase)




3.3 QUESTION

a. Sketch the circuit diagram above by using Multisim Online Simulator

b. Simulate to get the Output Voltage, Input Waveform and Output

a. Sketch the circuit diagra

b. Simulate to get the Ou



UNIT 4

ASTABLE MULTIVIBRATOR

4.1 INTRODUCTION

The 555 timer IC is an integrated circuit (chip) used in a variety of timer, pulse generation and oscillator

applications as show in figure 4.1.

555 timer

ch Thresh [

Discharge

Ground | 1

Trigger | 2| 5§55
Output |3 Timer

Threshold

(=] [=] [~ [=]

Reset |4 Control T e

Girl ==

[ Gnet

(a) (b)

Figure 4.1: (a) Timer pinout and (b)Block diagram of TIMER 555 with pins

The 555 Timer Integrated Circuit (IC) can be designed either in its Monostable mode thus generating
a precision timer of a fixed time duration, or connect as Bistable mode to produce a flip-flop type
switching action. Other than that, it also can connect as Astable mode to produce a
stable Oscillator circuit for generating highly accurate free running waveforms whose output
frequency can be adjusted by means of an externally connected RC tank circuit consisting of just two

resistors and a capacitor.

In Astable Multivibrator, both output states are unstable state and output continuously changes
between the two states. The main application of this astable multivibrator is in the design of

relaxation oscillator.

23
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T +Vs

R1
+Vs reset
discharge W a4
threshold 555 output
o timer 3 p—O

C1 0.01uF
(if required)
'S ov

R2
I trigger
2 4 5
+ oV control

Figure 4.2: Astable using Timer 555 circuit

4.1.1 Operation of Astable using Timer 555

With the output high (+Vs) the capacitor C1 is charged by current flowing through R1 and R2.
The threshold and trigger inputs monitor the capacitor voltage and when it reaches ?/3Vs (threshold
voltage) the output becomes low and the discharge pin is connected to OV. The capacitor now
discharges with current flowing through R2 into the discharge pin. When the voltage falls to'/sVs

(trigger voltage) the output becomes high again and the discharge pin is disconnected, allowing the

capacitor to start charging again.

This cycle repeats continuously unless the reset input is connected to OV which forces the output

low while reset is OV. An astable can be used to provide the clock signal for circuits such as counters.

24
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4.1.2 Calculation of Output Voltage Frequency

An astable circuit produces a 'square wave', this is a digital waveform with sharp transitions
between low (0V) and high (+Vs). Note that the durations of the low and high states may be different.
The circuit is called an astable because it is not stable in any state: the output is continually changing

between 'low'(TL) and 'high'(TH).

INPUT WAVEFORM

harging time Discharging time

vl ,/ _______
/ /

1/3 Ve

OUTPUT WAVEFORM

+Vee

TH TL

0
Qutput

Figure 4.3: Output waveform of Astable Multivibrator

i The time period (T) of the square wave is the time for one complete cycle:

T = 0.693 X (R1+ 2R2)X C1

ii. Frequency (f) which is the number of cycles per second :

144
(R1+2R2)xC1

25
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iii. The time period can be split into two parts:

T=TH +TL
iv. Mark time (output high):
TH =0.693x (R1+ R2)xC1

V. Space time (output low):

TL=0.693xR2xC1

vi. Percentage of duty cycle :

R 100

% Duty Cycle= RRll

2

Hint: A 50% duty cycle means the high time is equal to the low time.

4.2 PRACTICAL OF ASTABLE MULTIVIBRATOR using TIMER (555) IC
OBIJECTIVES

i Able to construct of Astable 555 timer circuit
ii. Able to draw the waveform at the output (pin 3) and capacitor (pin 6).
iii. Able to measure the specification for Astable 555 Mode (frequency (f), duty cycle (D), Time
High (TH), Time Low (TL) and period (T)

26
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PROCEDURE

1. Sketch the circuit diagram astable multivibrator figure 4.4 by using Multisim Online Simulator.
The “555” integrated circuit is connected to a capacitor and two resistors as shown, it will
oscillate freely produce output on and off with a square-wave output voltage. Refer

https://www.multisim.com/

| =
Ra < 12¢ RES VCC
> | DIS ouT |
15\(_ ) Re _—>4.7K — THR
a ; TRG CTRL |
—— GND |

C + | 4 = 2
1uf 0.01uf

Figure 4.4: Astable Multivibrator

2. The input voltage is set to 15V amplitude, R1=12KQ, R2=4.7KQ, C1=1uf and C2=0.01pf.
3. Simulate the Astable 555 Timer by using the run button to achieved the output

waveformes.

4. Using Formula Calculate the charge time (Tw), discharge time (T.) and period(T). By using
calculator & info calculate frequency (f) and percentage of duty cycle (%D) output waveform.

5. Sketch the output waveform pin 2 / pin 6 and pin 3.

27
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RESULTS:

The output from practical show as in figure 1.6.

i Output wave form and Calculate TH

15
Rz
pra
T T -
2 Rt A
SOt N e e L~
oz 5 "’/
= te by
Tadv75630v) T : A
o ' Vout .
Lo dis ou
T e o001 .
Som = 40m Som 5m om o 75m 5om
me ()
B Cunor2. A
)

Vin

TH = 0.693 x (R1+R2)xC1 TH =

11.591ms

TH = 0.693 x
(12KQ+4.7KQ)x1p

TH=0.0116s=11.6ms

28



ii. Calculate TL

Interactive 1%_[ Stopped None |

16
—PRI:V(3)
— —PR&:V(5)
1
l 12
AL
., R1 L
p12ke RsT our o
018
_ Vi THR =
= mr o
Y3 8
<on B
v7.2236V ]
o,
o
cz2 6
14F 0.014F
s = a
’ TL
p

o 4 ||
12 1205 [ETR P 122 Tozn 12, .24 1245

W Cursor L [ = cu [ﬁ\\{m [av

1.2084 5, 9.9969 V. I 12111; s.uacuv \ [ 22793ms J | 30494z | -ameasv

I TL = 0.693 x R2xC1 TL= 3.2793ms

iii. Calculate T

TL=0.693 x4.7KQ x 1
TL=0.0032571s

=3.2571ms

—eravi
(——PR&VIE)

Interactive 1, Stopped None =
" “'® T D -

R1 P
12k sESEEES P 0
o5 5

L =
- ™
15V
vrzzaed | " 3
cuo 1
o
c cz B

T 1F

o
2
Fr
Woltge (V)
“

12 1205 11 1215 122 1225 124 1245
Time ()
[T=TF] = [ox [ % N o
1.2084 5. 99965V 12233596910V | 1485, 47306 Hz 59267 mV
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Theory Simulation

T T=TH+TL e

=(11.6+3.2571)ms 14.857ms

=14.8471ms

Calculate Duty cycle.

% Duty Cycle:%xmo
+ 2

(12KQ+47KQ) oo
12KQ + (2x4.7KQ)

%DutyCycle = % x100 = 78%

%DutyCycle =

QUESTION

The basis for this circuit’s timing as in figure 4.4, explain the function of resistor — capacitor(RC)
network:

Determine the TH, TL, T for the astable multivibrator in figure 4.4, if the value of R1 is varying
from 2KQ, 10KQ, 15KQ and 56KQ using multisim simulator.

Determine the TH, TL, T for the astable multivibrator in figure 4.4, if the value of R2 is varying
from 1KQ, 3.9KQ, 5.6KQ and 10KQ using multisim simulator.

Determine the TH, TL, T for the astable multivibrator in figure 4.4, if the value of C1 is varying

from 0.1y, 0.2, 0.5u and 10u using multisim simulator.

30



UNIT 5

LOW PASS FILTER

5.1. THEORY

A low-pass filter passes low frequency signals, and rejects signals at frequencies above the filter's cutoff
frequency. Simple RC low pass filters can be made by connecting a single resistor in series with a single
capacitor. The capacitive reactance, (Xc) will be very large compared to the resistive value of the resistor,
R. As a result the voltage across the capacitor, Vc will also be large while the voltage drop across the
resistor, Vr will be much lower. At high frequencies the reverse is true with Vc being small and Vr being
large. A filter in which the signal passes through an inductor, or in which a capacitor provides a path to

ground, presents less attenuation to low-frequency signals than high-frequency signals.

The combination of resistance and capacitance gives the time constant of the filter, tT= RC (represented
by the Greek letter). The break frequency, also called the turnover frequency or cutoff frequency (in

hertz), is determined by the time constant:

1 1
w=—-=—
T RC
Or equivalently (in radians per second):
1 1
fe = =
2T 2 RC
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Figure 5.1 and 5.2 show the Low Pass filter circuit and Frequency response curve respectively.

R
o—/WWA ' 0
Vln C o 1|"'r-:)ut
O * O

Figure 5. 1 Low Pass filter circuit

Gain fe
Fass Band Stop Band
0dB
-3dB
Frequency
Response
Bandwidth
o} -

fc: (LP) Frequency (Hz)

Figure 5.2 : Frequency response curve for low pass filter

The cut-off frequency or - 3dB point, can be found using the Equation 1.
Cutoff Frequency,

1
Se—m | (1)

fe

Voltage gain is referred to the ratio of circuit output to input voltage as shown in Equation 2.

_ Vout

Av= Ol (2)
Vin
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The gain of the filter or any filter for that matter, is generally expressed in Decibels and is a function of

the output value divided by its corresponding input value and is given as:

Vout

Gain in decibels, Avy, =20log,, Vin | i (3)
The circuit Vout (magnitude) is calculated as:
Vout :VinL .......................... (4)

VR? + Xc?

5.2 Practical Laboratory
OBJECTIVES

a) Construct passive low pass filter circuit
b) Measure the Voltage Gain of Vin and Vout waveform

c) Plot the graph for the frequency response curve for each filter

PROCEDURE

PASSIVE LOW PASS FILTER

1. Sketch the circuit diagram for figure below by using multisim online simulator

Figure 3.2.1
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2. Simulate the system by using the run button to achieved the output waveforms.
3. Calculate Vout by using the given formula.
. Xc
Vout =Vin

VR? + Xc?

Where ; Xc = 1/2nFC and z = \/x% + R?

Therefore; vy = v;, (%)
4, Set the input voltage Vin = 2Vp-p and frequency F = 100 Hz. Measure the input voltage
Vin and the output voltage Vout .
Output
1. Input and output waveform at Vin = 2Vp-p
<« C & multisim.com/create/ h+d e H

*Untitled Circuit

Document x>

None ¥ Trigger = e

Interactive 1 Paused v

Vo ’ __PRLV(2 nm e
—PR2: V(1] Single Auto Normal | None
Source
PR1:V(2) -
* Edge direction

Level

> | 2Vp-p

2 PRIy .772.96mV 500m + o~ x
,0 Rising Falling Either

Vin

|

|
Voltage (V)

°

~ Plots T2l
Show
1 PR1:V(2)

PR2: V(1)

2
387.96 387.97 387.98 387.99 388 388.01 388.02 388.03 388.04 388.05
Time (3) Cursor 1
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At Frequency 100 Hz

< (¢]

& multisim.com/create/

*Untitled Circuit

@ P B Interactive v ‘l}Schematic "\ Grapher mﬁl

2 Level
—PRLV(2 0 v
15 ¥ Plots )]
Show
.
@ PR1:V(2)
¥ Cursors [7]
2 PRI oo 500m
v 825.17mV
[ s Type
e Y Axi: v
L a g 0 §
T o Cursor 1
1pF -
-500m PR1:V(2) v
9 Cursor 2
A PR1:V(2) v
- v Axes 7
Vp-p g
Zoom all
2 W Voltage (V)
198.52 198.53 198.54 198.55 198.56 198.57 196.58 196, JMI98.6 198.61 198.62
Time (s) Time (s)
M Cursor 1 ‘ M Cursor 2 .
-B50.47 mV 84112 mV Ch T 1955_We

5. Repeat taking measurements for output voltage Vou: for frequency 300 Hz and 500 Hz

At frequency 300 Hz

titled Circuit

@ [ 2 B Interactive v 4 schematic ’\,Grapher Mﬂl

Interactive 1 Stopped L% ] N -
) Level
—PRL1:V(2) 0 v
2 15 ¥ Plots 12
EL Showr
@ 9 PRL:V(2)
| ¥ Cursors [?
1 L 2 (5 ppp—— 500m Gl
o @ 8BV = Type
v1 1@ i o -
| v L a F oo Yiols At
_< 100Hz T 1F 2 Cursor 1
(v 0 -500m PR1:V(2) S/
© l 9 Cursor 2
e T n PRL:V(2) v
= ¥ Axes 12
15
E‘fi Zoomsll
2 2 I\ Voltage (V)
19852 198.53 198.54 198,55 198,56 198.57 198.55 198.59 198.6 198.61 198.62
E Time (s) Time (s)
B W Cursor 1 [ mcursor2 Y
2 Minimum 1985 s

Sl 65047 mv

84112 mV 16916V -
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At frequency 500 Hz

Paused

PR1:V(2)
—FPRI:V) ¥ Cursors [2]
400m T
3@ Y Axis v
Cursor 1
200m
PR1:V(2) v

1 2 PRI 568 12mv 100m Cursor2

o >
Vi 1kQ S PR1:V(2) v
L = ¢ : v Axes 2]
e 1uF o
o 0 100m Zoomall

l -200m |w Voltage (V)

_39 Time (s)
228.1

Voltage (V)
=)

Minimum 5
-400m

Maximum 228.2 5

-500m ;

228185 228188 22819 228193 228.195 228.198 2282 228203 Voltage (V)

Time (s) Minimum -500m v

& N Cursorl ‘ M Cursor 2 AY .
» -303.74 mvV 294,39 mV/ 59813 mV Maximum 500m v

5.3 QUESTION

1. By using multisim online simulator, sketch the same circuit as in figure 3.2.1, measure the input
voltage Vin and the output voltage Vout with the frequency of 1KHz, 5KHz, 10KHz, 20KHz, 30KHz
and 50KHz. Then draw the a graph of Gain (Av) Vs Frequency

5.4 Exercises
1. List SIX (6) characteristics for passive filter circuit.

2. Sketch and label the circuit and frequency response curve for Low Pass Passive filter circuit




DIGITAL TO ANALOG CONVERTER

UNIT §

6.1 THEORY

Digital to analog converter (DAC) was used to convert digital signals to analog signals. The
output signal from a computer connected to the DAC, where the DAC converts this signal is an analog
voltage or current. Example: Computer manufactures digital output signal range from 00000000 to

11111111,, where the DAC converts the voltage range of 0 to 10V.

DAC Block Diagram
Digital Input Analog Output
Is A
B
2s c DAC 4-bit 1 Vou
4s D
8s R | —

Figure 6.1: Block Diagram for DAC

Binary Weighted Resistor DAC circuit was design by using several resistor values. The output voltage

of the DAC can be determined as follow:

Vour Rf

Vin Rin

R (S1,52 , S3 sS4, .
¢ + + +
s (R >R+ 3R tar)Vin
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Figure 6.2: 4-Bit Binary Weighted Resistor DAC

The circuit in figure 6.2 above is a digital to analog converter circuit of resistors 4-bit binary weights.

The resistor values can be calculated using the weighting of the binary number.

6.2 Practical Laboratory

OBJECTIVES

i.  Construct the circuits DAC type Resistive divider circuit

ii. Measure the Resistive divider circuit’s output.

PROCEDURES:

1. Draw circuit as in figure below by using multisim online simulator
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\ s1 *\ 52 53 sS4
< ie ® @ RS
L] L L 2 L} ':k_l
T INPUT
o H R1 [ R2 R3 R4 sy
1k bra 3 4k =
u1

O Voul

Figure 6.3: 4 Bit Binary Weighted Resistor DAC

2. Calculate the expected value for Vout and compare with the experimental values for binary
0000 and 0001 by using the circuit in figure 6.3 above. You can (Refer video in:

https://www.youtube.com/watch?v=3Gb8clqsubQ&vl=en

Output

Binary Input 0000

*Untitled Circuit (1)

item Document f « 33

Name Untitled Circuit (1)
Type Schematic
R5 ¥ Simulation settings [?]

9 » Initial conditions
— V2 »  Maximum time step
kQ 5
) Initial time step
u1

—-— Vi 1kQ
Vref - T sv

[=]
—
w©

» Simulator options

PR2 ‘ ' ‘ :
. v 5.0000V AV
Vin | ) o \
ke Name
7
51 52 s3 54 g Vo End time s
2 3 4
R2 R3 R4
2kQ 4Q 8
: Y ’ 1

¥ Logiclevels 2]

$

UA741CD

4 bit binary input |- I NV Outputiow

0 -15v Input low threshold

= Input high threshold

Output high



https://www.youtube.com/watch?v=3Gb8c1qsubQ&vl=en

Calculated Value

VOUt =-Vref(R_f+ﬂ+ﬂ+ﬂ)
R1 R2 R3 R4

=-5V(0+0+0+0)

=0V

Binary Input 0001
Close switch indicates
‘[>+ chematid .
B binary 1
R, t RS ¥ Description
n Interactive SPST switch. See SPST
Open SWitCh ] 1kQ switch for more information. -
¥ Model ?
indicates E—) u}” 352 N ol D =
binary 0 l R1 1 R2 R3 R4 |Tugg|estale Shate |
v T1Q T % | 4@ T 8k Ron oo o]
T 5V Onresistance
s 8 Rorr 100M 0 |
Off resistance
1T » Symbol

P Details

Calculated Value

VOUt =-Vref(R_f+ﬂ+ﬂ+ﬂ)
R1 R2 R3 R4

=-5V(0+0+0+ 1k/8k)

=0.125V
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6.3 QUESTION

1. Repeat the procedure 1 and 2. Then calculate the calculated value of VO by using the formulae
in figure 6.2. Compare the both values of calculated and measured values. Record all the

readings in the table 6.1

2. State the observation can be made from the value of Vout in the table.

Decimal Binary input Analog output (Vout) Analog output (Vout)
S1 | S2 | S3 | sS4 Calculated value Measured value
0 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
7 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
Table 6.1
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Exercises

1.

Figure 6.4

The circuit in figure 6.4 is a digital to analog converter circuit of resistors 4-bit binary weights. By
using the weighting of the binary number, calculate the value for resistor R2, R3 and R4 and what

are the analogue output voltage will be generated if a digital input 0001 and 0110 were applied?
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ANSWERS

1. Vo at RL.

vi
120V 4%*"
60HZ

o 1kQ

2. Silicon diode = 0.7V

-

Vo= Vin - (2x0.7V)
= (-6.0) - (-1.4)

=-4.6

<




Vo at RL.

1

i aoray)
]

L Vi
6 6.00V
60Hz

o°

HE

Zo: L &

Cc1

Voltage (V)
m N o

)

-3

4.36 4.37 4.38 4.39 4.4 441 4.42

Interactive 1 =~ Paused

"

I

443 4,
Time (s)

M Cursor 1

| m Cursor2 | av

2.9958V

| 22839V ~711.86 mV.




then Vo = Vwun
= 5Vp
Output frequency signal = 2 xfrequency input signal
= 100 Hz

Unit 2

Interactive 1 .

—PRAVET)
—PR2VIEl | ¥ Trigger @
—PREVI)

| Output Frequency = 12.441 KHz I

pesd
0"

cie] I S
LR v-aasesv)




oo =

b. Calculation of Output Frequency using formula :

=12.995 kHz

4

fr=——mm
2my3m x 50nF

Unit 3

1l.a

Rav 2.4667V

-15
3.945 3946 3.947 3.948 3.949 3.95 3951 3952 3.953 3954
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Interactive 1 Stopped v |
. [roooe]
—PRL:V(4)
—PR2:V(S)
10
5

=}

tn

(3.9;995 <ﬁ- ;LIJ:ZL::tWaveform

The Phase angle of input and output waveform in invert because the circuit is Inverting Op-Amp.

75 —PR1:V(5)
H —PR2:V{4)
1 T
25
=
o o ARANARARARANARARARARARARARARANARAR A
% MMMMMMMMMMMMMMMMMM
=1
-25
NI
-75
. 508m 509m 510m 51im 512m 513m 514m 515m 516m 517m 518m
. vl Time (s) d
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b)

nteractive 1 Stopped v

ST
T

4.168 4.169 417 4171 4172 4173 4174 4175 4176 4177
Time (S

The Phase angle of input and output waveform is in phase because the circuit is Non-Inverting Op-
Amp.

Unit 4

1. Basically, astable multivibrator acts as an oscillator, so the switching back and forth between
“high” (full voltage) and “low” (no voltage) output states. The time duration of one of these
states is set by the charging action of the capacitor, through both resistors (R1 and R2). The
other state’s time duration is set by the capacitor discharging through one resistor (R2).
Obviously, the charging time constant must be tcharge = (R1 + R2)C1, while the discharging

time constant is tdischarge = R2C.
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1. If value of Ry is varying from 2KQ, 10KQ, 15KQ and 56KQ
R1=2KQ R1=10KQ R1=15KQ R1=56KQ
TH 4.5701ms 10.186ms 13.516ms 42.018ms
TL 3.3308ms 3.4280ms 3.5260ms 3.3301ms
T 7.9783ms 13.712ms 16.944ms 45.348ms

*Hint: When R1 value increase, to increase High Time (TH), without affecting the Low Time (TL)

2. If value of R is varying from 1KQ, 3.9KQ), 5.6KQ and 10KQ.
R2=1KQ R2=3.9KQ R2=5.6KQ R2=10KQ
TH 8.9128ms 10.970ms 12.047ms 15.279ms
TL 783.55ps 2.8404ms 4.1136ms 7.0519ms
T 9.7943ms 13.908ms 16.161ms 22.429ms

*Hint: When R1 value increase, to increase High Time (TH), increase the Low Time (TL) and decrease

the duty cycle.

3. If the value of C1 is varying from 0.1y, 0.2y, 0.5p and 10 using multisim simulator.
C1=0.1pn C1=0.2pu C1=0.5pn C1=10p
TH 1.1666ms 2.3182ms 5.7971ms 115.84ms
TL 326.46ps 673.44 us 1.6162ms 33.178ms
T 1.4883ms 2.9787ms 7.4133ms 148.46ms

*Hint: When C value increase, it will increase period (reduce the frequency).
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Unit 5

F=1KHz
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F=10KHz

<« & @ multisim.com/create/ % @
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; — .
Interactive 1 Plts g

20m Show
—PRLV(2
1 PR1:V(2)
e — 7
Type
10m
Y Axis v
Cursor 1
R1 5
1 2 PRI, 12 340mV. "
v 12.340 — PR1:V(2 v
I s (2)
Vi e z 0 Cursor 2
Y c1 =
10kHz T 1F g PR1:V(2) -
o = -5m ¥ Axes [
1 Zoomall
T -10m
|w Voltage (V)
@ Time (s)
Minimum 293 s
-20m -
292.985292.985292.985292.985392.985892.985792.985892.985292.98€92.9861  Maximum 293 &
Time (s)
Voltage (V)
| W Cursori | W Cursor2 [ av
Ol -15.981mV 15.888 mV 31.869mV Minimum -20m v .

F =20 KHz
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F =30 KHz

< C @ multisim.com/create/ w e

"\, Grapher Document

¥ Plots

Interactive 1 Paused
Show
—PRL: V(2
1 PR1:V(2)
"
@ ¥ Cursors 2]
T
4m ype
¥ Axis v
21 i - Cursor 1
1 2 v 5.1734
v 5.1734mV . PR1: V(2
0 S (2) v
vi e Y o Cursor2
v - c1 =
30kHz 10F < PR1:V(2) v
0 5
1 -2m ¥ Axes [
1 Zoomall
“m W Voltage (V)
e Time (s)
il
Minimum 2962 s
2961879  296.18795 296188  296.18805 2961881 = Maximum 2962 s
Time (5) Voltage (V)
o mCursorl | m Cursor2 [ ar
Sl 5921 mV 52921mV 10.584 mV Minimum 75m V|

F = 50 KHz

< C @ multisim.com/create/ g e

Document ¢ >
. v o1 =
4m Show
—PRL:V2
e 1 PRL:V(2)
¥ Cursors [?]
Type
2m
¥ Axis v
Cursor 1
RI im
1 2 PRI, 30905mv . PRAVIZ) -
A =
Vi T2 S 0 Cursor 2
v - =
50kHz 1F g PR1:V(2) v
Q° 0 -im ¥ Axes [?]
J: Zoom all
1 -2m
|W Voltage (V)
@ Time (s)
Minimum 296.9 B
4m .
296.92935 296.92937 296.9294 296.92942 296.92945 296.92947 Lz 296.9 :
Time (s)
Voltage (V)
o W Cursorl ‘ M Cursor 2 ‘ AY
r -31963mV 3.1963mV 6.3925 mV Minimum -4m v,




ELECTRONIC CIRCUITS WORKBOOK USING MULTISIM ONLINE SIMULATOR
STUDENT GUIDE EDITION

F =100 KHz
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3.4 Exercises

1.  List SIX (6) characteristics for passive f
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Answer
1. Use the passive component like resistor, inductor and capacitor
2. It does not need power supply
3. Input impedance is less which loads the source
4. Output impedance is more so it cannot drive the low impedance load
5. It is not possible to increase gain

6. It is not possible to adjust parameter

2. Sketch and label the circuit and frequency response curve for Low Pass Passive filter circuit

Answer

LY —
n Capacitor, C  =— V,_,u|
Zr
’ Vout i oy
Gain = 20 log Vin . fe
Pass Band Stop Band
ode
—— -3dB (45°
-3dB < aB ( )
Frequency A -
Response 20 O,pﬂ S
3 -20dB/Decade
=3
=2
3 ¥
Bandwidtt
- =
fc@P) Frequency (Hz)

(Logarithmic Scale)

55



ELECTRONIC CIRCUITS WORKBOOK USING MULTISIM ONLINE SIMULATOR
STUDENT GUIDE EDITION

Unit 6

RESULT/ANALYSIS:

Binary input Analog output (Vout) Analog output (Vout)

Decimal S1 S2 S3 | sS4 Calculated value Measured value

0 0 0 | 0| 0 |Voq =-Vref(Rf Rf Rf Rf)

R1 R2 R3 R4
=-5V(0+0+0+0)

=0V

1 0 0O | 0| 1 |Voq =-Vref(Rf Rf Rf Rf)
R1 R2 R3 R4

= -5V (0 +0 + 0 + 1k/8K)

=-0.625V
Vo from the experiment

suppose the value will
2 0 0 1 0 | Vou :-Vref(Rf+Rf L Rf RS ) CoEi

e be same as calculated

=5V (0 + 0 + 1K/4k + 0) value or \évri;[(r)\rr)ninimum

=-1.25V

R1 R2 R3 R4
= -5V (0 + 0 + 1k/4k +1k/8Kk)

3 0 0 1 1 Vout :-Vref(Rf+Rf L Rf RS )

=-1.875V

R1 R2 R3 R4
= -5V (0 +1k/2k + 0+ 0)

4 0 1 0 0 | Vou =-Vref (Rf R Rf Rf)

=-25V
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Vout

-Vref (Rf |

R1

Rf Rf Rf )
R2 R3 R4

=-5V (0 + 1k/2k +0 +1k/8K)

-3.125V

Vout

-Vref (Rf |

R1

Rf Rf Rf)

R2 R3 R4

-5V (0 + 1k/2k + 1k/4k + 0)

-3.75V

Vout

-Vref (Rf |

R1

-5V (0 + 1k/2k + 1k/4k +1k/8K)

-4.3715V

Rf Rf Rf )
R2 R3 R4

Vout

-Vref (Rf |

R1

Rf Rf Rf )
R2 R3 R4

-5V (1k/2k +0 +0+0)

- 5.000 V

Vout

-Vref (Rf |

R1

Rf  Rf  RP)

R2 R3 R4

- 5V (1k/1k + 0 +0 +1k/8Kk)

-5.625V

10

Vout

-Vref (Rf |

R1

Rf Rf Rf )
R2 R3 R4

-5V (1k/1k +0 + 1k/4k +0)

-6.250 V

11

Vout

-Vref (Rf |

R1

Rf Rf Rf )
R2 R3 R4

- 5V (1k/1k + 0 + 1k/4k +1k/8K)

-6.875V

12

Vout

-Vref (Rf |

R1

R2 R3 R4

Rf +_Rf +Rf )

- 5V (1k/1k + 1k/2k + 0 +0)

-7.500 V
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13 1 1 0 1

Vour =-Vref (&f+ﬂ+i+ﬂ)
R1 R2 R3 R4

= -5V (1k/1k + 1k/2k + 0 +1k/8k)
=-8.125V

14 1 1 1 0

Vour =-Vref (R7f+ﬂ+i+ﬂ)
R1 R2 R3 R4

= - 5V (1k/1k + 1k/i2k + 1k/4k +0)
=-8.750 V

15 1 1 1 1

Vour =-Vref (&f+ﬂ+i+ﬂ)
R1 R2 R3 R4

= - 5V/(1K/1k+1k/2k+1k/4k+1K/8K)
=-9.375V

2. From the table, we can say that the value for every step size increasing by 0.625 (starting from

0000 until binary 1111)

Exercises

1. Referring to figure 6.4, the highest value resistor (R1= 150KQ) is a digital input resistor, then the

values of the other resistor is;

R
R
R

150K

o 75k
150K 150K _ o7 o,
2 4
2 = 1875k
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What is analog output voltage will be generated if a digital input 0001 and 0110 were applied? Given Vref is 3V.

i Binary Input = 0001

Ri1= 150K, Rg= 20K

Vout=—Vref(R—f+R—f+R—f+R—f)
R1 R2 R3 R4

20K

Vout=-(3V)( +0+0+0)

Vout = 0.4V
OR

R; 20KQ
R*  150KQ

=0.133, R*=R1

Multiplier Voltage (Av) =

Vout Vref X AV = 3 X 0 133

Vout = 0.4\/

ii. Binary Input = 0110

Vout = -Vref (RT , RT  RT RT)
Rl R2 R3 R4

Vour=- (3V) (04 2K, 20K )
75K 375K

Vour= 3V (0+0.27+0.53+0)

Vout= 2.4V
OR
Ry 20KQ
~ R* 25KQ

R* = (R2 parallel with R3) = (75KQ // 37.5KQ)= 25KQ2
Vout = Viet X Ay =3 X 0.8 = 2.4V
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