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PREFACE 

This Fundamental of Electronics System covers three courses offered by the Polytechnic 

Depaitment, Ministry of Education Malaysia. The three courses ai·e Electronic System, Digital 

System and Power Electronics. This book is written specifically for exercise on each courses 

mention according to the latest syllabus prepai·ed by the Polytechnic Department, Ministry of 

Education Malaysia. 

This book is divided into 10 main topic which is covers most of the sub-skills in the syllabus of 

the three courses. To consolidate students learning, we also provide a basic explanation of the 

main topic before start the exercises. 

We are happy to receive any comments and suggestions to improve the quality of this book. We 

hope that this book can be beneficial to the students and educationist. We wish you a pleasant 

study experience. 
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1 

SEMICONDUCTOR 

The electrical re~istivity of a good conductor like copper or silver is very small, 

while that of an insulator is very large. For an example, the resistivity of silver is 1.6 x 

10 -s O and that of quartz is about 10120. A semiconductor is a solid material whose 

electrical resistivity is higher than a conductor and lower than an insulator. It is 

possible to manufacture a single piece of a semiconductor mater.ial either Germanium 
-: 

or Silicon on half which is doped by P-type impurity and the other half by N-type 

impurity. The plane dividing the two halves or zones is called a P-N junction. 

Commercially available diodes usually have some means to indicate which lead is P and 

which lead is N . Standard notation consists of two type numbers preceded by 'IN' such 

as IN 240 and IN 1250. The bipolar junction transistor basically consists of two back to 

back P-N junctions manufactured in a single piece of a semiconductor crystal. The two 

junctions give rise to three called emitter, base and collector. There have a many types 

of transistor in industry nowadays.• L ooking forward for thyristor, it provided an 

efficient control of electrical machines as variable speed drives. Both de and ac motor 

are controlled using these power converters. These thyristor power converters are very 

useful and efficient in the speed control of induction and synchronous motors over a 

wide range. They also made it possible to develop variable speed dr ives with a 

continuous speed control, having higher efficiencies, greater reliability, reduced initial 

costs and maintenance. Let try do some exercise which is covered some of topics in 

semiconductors. 

1 
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EXERCISE 

1) Define electrical conductivity. 

2) What are the two types of impurities added to the semiconductor? 

3) List various applications of diodes . 

4) Differentiate among conductor, semiconductor and insulator. 

5) What is intrinsic semiconductor? 

6) What is extrinsic semiconductor? 

7) Explain the effects when a P-N junction is supplied with forward biased voltage and 

reverse biased voltage in term of: 

a. Area of depletion region 
b. Junction resistance 
c. Cunent flow 

8) Define insulation breakdown limit. 

9) Explain what Bipolar'Junction Transistor (BJT) is. 

10) List down BJT's components . 

11) Define Power diode and its current flow. 

12) How is diode created? 

13) Define a LED. 

14) Define Silicon Controlled Rectifier (SCR) and sketch the symbol of SCR. 

15) Define Triode for Alternating Cun-ent (TRIAC) 

16) Sketch the construction and schematic symbol of TRIAC. 

17) Sketch the construction and schematic symbol of DIAC. 

18) Define Uni-junction Transistor (UJT) . 

19) Differentiate between JFET and MFET. 

20) Sketch the construction and schematic symbol ofUJT. 

2 
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21) List the differences between Field Effect Transistor (FET) and Uni-junction Transistor 

(UJT). 

22) Sketch the I-V characteristics curve of Power Diode and labelled it. 

23) What is an Insulated gate bipolar junction transistor (IBJT) 

24) Briefly explain N-type and P-type junction in the Power Diode. 

25) Explain and sketch the schematic diagram for gate controlled switch (GCS) 

26) Sketch the characteristic curve of the power transistor and explain briefly the three 

operating regions. 

27) Explain meaning of depletion layer with a suitable diagram. 

28) Briefly explain what is fo1ward and reverse bias of a diode. 

29) How do the transition region width and contact potential across a p-n junction vary 

with the applied bias voltage? 

30) Define what is reverse saturation cunent of a diode. 

31) Define breakdown voltage. 

32) Define the limitations in the operation conditions of a p-n junction. 

33) Why an ordinary junction transistor is called bipolar. 

34) Why transistor is called current controlled device. 

35) Define what is the significance of the arrow-head in the transistor symbol 

36) What are emitter injection efficiently and base transpmi factor and how do they 

influence the transistor operation. 

3 7) Which of the transistor cunent are always the largest and which 1s always the 

smallest? 

3 8) Why silicon type transistors are made often used than germanium type. 

3 
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39) Why the width of the base region of a transistor is kept very small compared to other 

regions . 

40) What is Metal Oxide Semiconductor Field Effect Transistor (MOSFET) 

41) Explain how MOSFET functions? 

42) Explain the three regions of operation of a MOSFET 

43) What are the main constructional differences between a MOSFET and a BJT? What 

effect do they have on the current conduction mechanism of a MOSFET? 
! 

44) Write down advantages of MOSFET. 

45) Sketch and explain the 1-V characteristic o'fMOSFET. 

46) What is meant by GTO? 

47) How does a GTO different from a conventional thyristor and give its circuit symbol. 

48) Draw the DC and AC equivalent circuits of a common emitter transistor circuit. 

49) Explain why gate current ofMOSFET is small compared to that of JFET. 
~ 

50) Draw the schematic symbol of n-channel depletion type ofMOSFET. 

51) List the different members of the thyristor family. Draw their characteristics and 

explain in brief. 

52) Explain the following points with respect to IGBT: 

a. Fmward blocking capability 

b. Reverse blocking capability 

c. Forward conduction mode 

53) Draw and explain basic structure of IGBT. 

54) Briefly explain the V-1 characteristic of an IGBT. 

55) Determine the 2 conditions of voltage com1ection that need to follow in order to bias a 

transistor. 

4 
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DC CONVERTER 

De converter known as a rectification process which is converting an alternating 

current or voltage into ~irect current or voltage. This conversion can be achieved by a 

variety of circuits based on and using switching devices. The widely used switching 

devices are diodes, thyristors, power transistor, power MOS or else. The rectifier circuit 

can be classified into three which is uncontrolled and fully controlled and half 

controlled. An uncontrolled rectifier uses only diodes and the DC output voltage is fixed ,,. 
in amplitude by the amplitude of an AC supply. For the controlled rectifier uses 

thyristors as the rectifying elements and the DC output voltage is a function of the 

amplitude of the AC supply voltage and the point on wave at which the thyristors are 

triggered called firing angle a. The half controlled rectifier contains a mixture of diodes 

and thyristors, allowing a more limited control over the DC output voltage level than 

the fully controlled rectifier. 

The converter type depends on the power to be handled and how much voltage ripple 

will be tolerated. For low powers, below 20kW a single phase circuits are adequate but 

they themselves can take different forms. For high powers, above 20kW, three phase 

circuits are used. 

100VAC 
Alternating current 

AC/DC Conn:rsion Method 

Switching Regulator 

AC/DC Com·ersion De,·ke 

Ex: 14YDC 
Direct Current 

AC/DC Conrersion :\Iethod 

Linea.r Regula.tor 
Sfiltching Regubtor 

DC/DC Com1erter 

DC/DC Conrersion Derice 

Ex:5 VDC 
Direct Current 

Prim:,rilr used to conrert a -rolt:ige ralue 

Figure 1 
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CHOPPER (DC - DC) 

A de chopper is a static device known as a switch used to obtain variable DC voltage 

from a source of constant DC voltage. Therefore, chopper may be thought of as DC ' 

equivalent of an AC transformer since they behave in an identical manner. Besides/ to 

saving in power, the DC chopper is the greater efficiency, faster response, lower 

maintenance, small size, smooth control and for many applications. Solid state choppers 
~ 

due to various advantages are widely used in trolley cars, battery operated vehicles, 

traction motor control, marine hoists, forklift trucks and mine haulers. 

Fixed Voltage . , 
C -- DC 

Inverter AC Rectifier DC -._ 
(Diode) I - _. 

ontrolled 

Figure 2 
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AMPLIFIER 

AND 

OSCILLATION CIRCUIT 

Transistor has 3 terminals namely base, collector and emitter. By using these 3 

terminals the transistor can connect to a circuit with one termin~ connect to ground 

and that terminal common to both input and output in a 3 different possible 

configurations. These three types of configurations are Common Base, Common 

Collector and Common Emitter configuration. Common emitter configuration 

transistor has high voltage gain, high current gain, medium input and output 

impedance. Transistor need to be biased in order to properly operate. Operational point 

or Q point is connecting saturation point and cut off point in DC load line. Oscillator 

used to convert DC to AC voltage, it produces a periodic and oscillating signal. An RC 

oscillator circuit generates lower frequencies such as Wien Bridge, Phase shift 

oscillator. Armstrong, Hartley and Colpitts circuits are LC oscillator circuits consisting 

of inductor and capacitor. Crystal oscillator circuit normally used to stable frequencies 

and generate clock signal. 

7 
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EXERCISE 

1) \Vb.at is DC conve1ier? 

2) Why we need linear DC power supply in electronic equipment? 

3) Name the components of DC power supply unit 

' 4) Sketch the block diagram of DC power supply and explain the function of each block. 

5) List 4 types of filter. 

6) Sketch a capacitor filter circuit. 

7) Explain filter operation based on repeating charging and discharging of capacitor with 

related diagram. 

8) Sketch and explain regulator below: 

1. Zener Diode Voltage Regulator 
11. Series Transistor voltage regulator 
111. IC Voltagr Regulator 

9) Name and sketch 2 types of voltage divider circuit. 

10) Draw a complete schematic diagram of a DC power supply unit. 

11) Explain the function of DC conve1ier and give three examples of its applications. 

12) A single phase half wave controlled rectifier connected to a 150V, 60 Hz, source is 

supplying a resistive load, 10.0. If the delay angle a is 30°, calculate above: 

a. Maximum load current, Im 
b. RMS load current, IRMs 
c. Power supplied to the load 

8 
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13) Draw 3types of transistor configurations. 

14) Define ~oc and ~ Ac 

15) Base on figure below, if~ transistor is 120 and this transistor is silicon type, calculate 
the value of le and V CE 

16) Base on circuit below, determine: 

1. Base current; lB 
11. Collector current; le 

111. Voltage drop; V CE 

Re= 15KQ 

B=120 

Re =1.5KQ 

-:: 

9 
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17) Define DC load line. 

18) Differentiate DC saturation point and DC cut-off point. 

19) Given a common emitter circuit below, calculate: 

i. Collector Current, le 
ii. Voltage drop, VCE 
iii. Operation current value, IcQ 
iv. Operation voltage, V cQ 
v. Collector current in saturated condition, Ic (saturated) 

vi. Collector voltage in cut off condition, V c (cut off) • 

vii. Sketch DC load line. • ~ 
,> 

RB =350kD Rc=2.2KQ 

[3=100 

20) Explain the operations of a common emitter amplifier circuit when an AC input signal 

- is provided. 

21) Sketch a block diagram of an oscillator 

22) Explain the operation of an Amstrong oscillator circuit. 

23) Sketch the following oscillator circuits: 

1. Hartley 
11. Colpitt's 
m. Phase Shift(RC) 
1v. Crystal 
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24) Rectifier is used to convert AC source to DC power by using diodes. Sketch the 

waveforms below for a single phase uncontrolled half wave rectifier with resistive 

load. 

a. Input voltage, Vin 

b. Output voltage, Vout 

c. Output current, I0 

25) With aid of suitable schematic, explain the operation of conve1ier below. 

a. Uncontrolled half wave rectifier with resistive load 
b. Uncontrolled half wave rectifier with inductive load 
c. Uncontrolled half wave rectifier with inductive load and freewheeling diode 
d. Controlled half wave rectifier with resistive load 
e. Controlled half wave rectifier with inductive load ~ 

f. Controlled half wave rectifier with inductive load and freewheeling diode 

26) With aid of suitable schematic, explain the operation of converter below. 

a. Uncontrolled full wave rectifier (Centre-tapped transformer) with resistive 
load 

b. Uncontrolled full wave rectifier (Bridge Type) with resistive load 
c. Conh·olled full wave rectifier (Centre-tapped transfonner) with resistive load 
d. Conh·olled full wave rectifier (Bridge Type) with resistive load 

27) Sketch an output wavefonn for the c;onve1ier below. 

a. Unconh·olled half wave rectifier with resistive load 
b. Uncontrolled half wave rectifier with inductive load 
c. Uncontrolled half wave rectifier with inductive load and freewheeling diode 
d. Conh·olled half wave rectifier ,:vith resistive load 
e. Controlled half wave rectifier with inductive load 
f. Controlled half wave rectifier with inductive load and freewheeling diode 

28) Sketch an output wavefonn for the converter below. 

a. Uncontrolled full wave rectifier (Centre-tapped transformer) with resistive 
load 

b. Uncontrolled full wave rectifier (Bridge Type) with resistive load 
c. Controlled full wave rectifier (Centre-tapped transfonner) with resistiv.e load 
d. Controlled full wave rectifier (Bridge Type) with resistive load 

11 
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29) Calculate voltage of a single phase wave controlled rectifier with Load, R to produce 

an average voltage of 40V across 1000 load resistor from 120 VRMS, 60Hz AC and 

calculate the power absorbed by resistor. 

30) A half wave conh·olled rectifier connected to a 150V, 60Hz supplying a resistive load 

of 5 n. If the delay angle a is 30°, solve for the: 

a. Max load cmTent 
b. RMS load cunent 
c. Power supplied to load 
d. Ripple frequency 
e. Power factor 

31) A single phase halfwave rectifier has a purely resistive load, R= 1500, the peak 

supply voltage, W111=120V and the supply frequency, f=60Hz. Calculate the: 

a. Average output voltage, V de 
b. RMS output voltage, Vrms 
c. AC output power, Pac 

32) What is peak inverse ~voltage (PIV) of a diode in a rectifier circuit? 

33) Why diodes are not operated in the breakdown region in rectifiers? 

34) Define the DC-DC converter (CHOPPER) and give two examples an application of 

chopper. 

35) A buck converter is supplied from a 50V battery source. Given L= 400µH, C = 

l00mF, R=20O, f= 20k Hz and D=0.4. Calculate: 

a. Output voltage 
b. Maximum and minimum inductor cunent 
c. Output voltage ripple 

36) Sketch the circuit based on following: 

a. Step down chopper 
b. Step up chopper 

12 
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37) The DC converter (Chopper) has a resistive load ofR=l on and the input voltage is 

220V de. When the chopper switch remains on its voltage drop = 2V, the duty cycle is 

50% and the chopping frequency f is 1 kHZ and Find a value for the below: 

a. The average output voltage, V 0 

b. Therms output voltage 

3 8) According to the direction of Output Voltage and cunent, sketch and explain each 

types of chopper as mention below: 

1. Class A (types A) chopper 
11. Class B (types B) chopper 

111. Class C (types C) chopper 
1v. Class D (types D) chopper 
v. Class E (types E) chopper 

39) Explain the effect of freewheeling diode in details. Also, justify the statement 

freewheeling diode improves the power factor of the system. 

40) Explain the effect of battery load on the pe1forn1ance of single phase fully 

controlled bridge conve1ier. 

.. .. 

13 
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12) Vm = 212.13A 
Im= 21.2 A 
Inns= 10.45A 
P = 1092 W 

15) le= 2.06mA 
VcE = 4.13 V 

16) 
1. Is= 60 /LA 

11. le= 6mA 
lll. VcE = 6 V 

19) 
I. le = 8.57mA 

11. VCE=ll.14V 
111. IcQ = 8.57mA 
IV. Yeo= 11.14V 
V. le (saturated) = 13 . 64 A 

VI. V C (cut off) = 30V 

29) a= 61.2 
Yorn1s = 75.42 V 
Power= 0.75 W 

ANSWER 

30) a) Vm = 212.13 A, Im = 42.43 A 
b) Irms = 20.91 A 
c) P =2186 W 
d) Ripple Frequency= 60Hz 
e) PF= 0.69 

31) 
I. Vdc = 38.19 V 

11. Vrms = 60 V 
111. Pac =24 W 

35) a)Vo=20V 
b) Imax = 1.75 A, Imin = 0.25A 
c) Output Voltage Ripple= 4.69 mm 

37) a)Vo=109V 
b) VL = 154.15 V 

FUNDAMENTAL OF ELECTRONICS SYSTEM 

~ 

' 

14 
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AC CONVERTER 

The DC to AC power converters are known as inverters. In other words, an inverter is a 

circuit which converts a DC power into an AC power at desired output voltage and 

frequency. The AC output voltage could be fixed at a fixed or variable frequency. This 

conversation can be achieved either by controlled turn on and turn devices as an 

example BJT's, MOSFET's, IGBT's, and GTO's or by forced commutated thyristor 

depending on applications. For low and medium power outputs, the above mentioned 

power devise are suitable but for high power outputs, thyristors should be used. The 

output voltage waveforms of an ideal inverter should be sinusoidal. The voltage 

waveforms of practical inverters are however non-sinusoidal and contain certain 

harmonics. 

The DC power input to the inverter may be battery, fuel cell, solar cells or other DC 

source. Inverters are mainly classified as voltage source inverters and current source 

inverters. Some of the important industrial applications of inverters are as below: 

• Variable speed AC motor drive~ 

• Induction heating 

• Aircraft power supplies 

• Uninterruptible power supplies (UPS) 

• High voltage DC transmission lines 

• Battery vehicle drives 

• Regulated voltage and frequency power supplies. 
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EXERCISE 

1) State the function of AC converter (inverter) 

2) Gives THREE (3) examples of applications for AC converter (inverter) 

3) How is an inverter different than a UPS 

4) What is the difference between sine wave and modified sine wave 

5) Sketch and label the circuit diagram for single phase full blidge inverter circuit with 

resistive load. 

6) Explain the operational principle of the circuit and draw the output voltage, Vo and 

current output, I0 waveform load for single phase full bridge inverter circuit with 

resistive load. 

7) Sketch and label the circuit diagram for single phase full bridge inverter circuit with 

inductive load and draw the output voltage V O and cunent output I0 . 
< 

8) Sketch and label the circuit diagram for single phase half bridge inverter circuit with 

resistive load and draw the output voltage V0 and current output I0 . 

9) Sketch and label the circuit diagram for single phase half bridge inverter circuit with 

inductive load and draw the output voltage V O and current output I0 . 

10) Explain the operation of single phase to single phase cycloconve1ier and sketch the 

wavefonn for supply voltage and output voltage. 

16 
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11) To achieve voltage control within the inverter and to reduce the ha1111onic contents in 

the output voltage, PWM inverters are used. In PWM inverters, width of the output 

pulses is modulated to achieve the voltage and it has some technique to allow it. List 

. down all the techniques. 

12) With a good diagram, sketch a waveform of three phases to single phase 

cycloconve1ier and schematic diagram. 

13) With a table, give a comparison between cycloconve1ier and DC link converter. 

14) Describe the basic principle of working of a single phase to single phase 

cycloconve1ier. 

15) Discuss why a three phase to single phase cycloconverter requires positive and 

negative group phase controlled conve1ier. 

16) Describe three phase to three phase cyclconverter with relevant circuit anangements 

using 18 thyristor and 36 thyristors . 

17) What are the advantages of three phase bridge cycloconverter circuit over three phase 

to three phase cycloconverter circuit consisting of 18 SCRs. 

18) What is a load commutated cycloconverter. 

17 
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5 

ELECTRICAL DRIVERS 

' 

DC MACHINE CONTROL & AC MACHINE 

CONTROL 

An electric motor is a machine which converts electrical energy into mechanical energy 

into mechanical energy. Its action is based on the principle that when a current carrying 
~ 

conductor is placed in a magnetic field, it experiences a mechanical force whose 

direction is given by Fleming's left hand rule. The DC machine consists of the field and 

an armature, the field being excited by de windings, which set up a magnetic flux 

linking the armature. The function of the commutator and brushes is to ensure that the 

current in the armature conductors under any pole is in a given direction irrespective of 

the speed of the armature. The commutator ~_cts as a mechanical frequency changer to 

change the alternating current in a given armature conductor to the direct current in 

the brush lead. When rotating, an internal voltage (back e.m.f) E is generated in the 

armature by virtue of its rotation in a magnetic flux. The terminal armature voltage V 

will different from E by the internal voltage drop. The load torque will give rise to a 

current in the armature, the current level being a function of the torque and magnetic 

flux values. 

The construction of the cage induction motor is relatively simple compared to other 

machines, but it does not lend itself to speed adjustment as readily as does the de motor. 

The major use of the power semiconductor device in ac motor control is centered on 

variable output frequency inverters. To obtain conquerable control characteristic 

comparable with those of the de motor, a greater complexity of power and control 

equipm ent is required, although this additional cost has to be set against the 

lower cost of the cage induction motor. 

18 
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EXERCISE 

1) Explain the various schemes of DC motor speed control. 

2) A 12 pole, 3phase alternator driven at a speed of 500 rpm supplies to an 8 pole, 3 

phase induction motor. If the slip of the motor at full load is 3%, calculate the full 

load speed of the motor. 

3) Discuss the comparison of generator and motor action. 

4) The 6 pole wound rotor induction motor is excited by a 3phase, 60Hz source. The 

:frequency of the rotor cunent under the following conditions. 

a. At standstill 
b. Motor turning at 500 rpm in the same direction as the revolving field. 
c. Motor turning at 500rpm in the opposite direction to the revolving field. 
d. Motor turning at 2000rpm in the same direction as the revolving field. 

5) If a 6 pole motor running from a 50Hz supply has an emf in the rotor of frequency 

2.5Hz, determine: 

a. The slip 
b. The speed of the motor 

6) A 230V motor has an annature circuit resistance of 0.60. If the full load annature 

current is 30A and the no load annature cunent is 4A, find the change in back emf 

from co load to full load. 

19 
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7) A 440V shunt motor has an am1ature resistance of 0.8D. and a field resistance of 

2000.. Determine the back emf when giving an output of 7.46kW at 85% efficiency. 

8) A separate excitation DC motor at a chopper drive circuit is controlled by the 

annature resistance Ra=0.040., Rf=0.060. and back emf constant Kv=35m V/a-rad/s. 

A 600V DC power supply voltages supplied to the chopper drive. If the torque ' 
' constant Td produced is 547Nm, calculate the motor speed. (If the duty cycle of the 

converter is 75%) 

9) List down the three of motor characteristics. 

10) A DC shunt motor 220V has an am1ature resistance, Ra=0.5D., a drop voltage, 5V and 

arn1ature current, Ia=20A. 

a. Sketch the circuit diagram for DC shunt motor. 
b. Calculate back emf 
c. Calculate annature current if back emf is 185V 

11) Explain with a good diagram of the cha{acteristics of shunt motors. 

12) In such motor, a pmi of the field winding is in parallel with the armature and the other 
' part is in series with it. List down the compound motor types. 

13) List down the comparison of shunt and series motor and their applications. 

14) A rectifier DC motor drive is supplies by a three phase fully controlled by SCR bridge 

240rms, 50Hz per phase. The field is supplied by a single phase 240Vnns, 50Hz with 

uncontrolled diode bridge rectifier and the field cun-ent is set as maximum as possible. 

( af=O degree) 

Given: 

Annature resistance, Ra=0.3D. 

Field resistance, Rf-=1750. 

Motor constant, Kv= l.5V/A-rad/s 

Arn1ature current, Ia=30A 

Armature concerter, aa=45° 

Calculate: 

a. Developed torque, Td 
b. Speed of motor 
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ANSWER 

2) f = 50Hz, Ns = 750 rpm, N = 727.5 rpm 

4) a)S = l , fr = 60Hz 
b) S = 0.583, fr= 35 Hz 
c) S = 1.417 (S> 1, motor rotating as a break), fr = 85 Hz 
d) S = -0.667,fr = -40 Hz (The phase sequence of the voltage induced in the rotor 

' winding is reversed) 

5) a) Ns = 1000 rpm 
b)N=950rpm 

7) Pinput = ILX V 

IL= 19.95 A 
IsH= 2.2 A 
Ia= 17.75 A 
Back emf= 425 .8 V 

8) Field Current, If= 10000 A 
Annature current, Ia = 1.56 A 
Armature voltage, Ea = 449.94 V 
Motor Speed, N = 12.28 rpm 

10) Back emf, Eb = 205 V 
Armature current if back emf is 185, Ia = 60 A 

14) a) Developed Torque, Td = 55 .56 Nm 
b) co = 209 .4 rad/sec 
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6 

NUMBER SYSTEM 

AND 

CODE SYSTEM 

In digital system, the number system is used for representing the information. The 

number system has different bases and the most common of them are the decimal, 

binary, octal, and hexadecimal. The base of the number system is the total number of 

the digit used in the number system. Suppose if the number system representing the 

digit from O - 9 then the base of the system is the 10. There are several type of number 
' · 

system such as a) Binary number b) Octal number c) Decimal number and d) 

Hexadecimal number. 

Binary Number System 

In mathematics, positional numeral system employing 2 as the base and so requiring 

only two different symbols for its digits, 0 and 1, instead of the usual 10 different 

symbols needed in the decimal system. The numbers from O to 10 are thus in binary 0, 1, 

10, 11, 100, 101, 110, 111, 1000, 1001, and 1010. Mostly computing devices use binary 

numbering to represent electronic circuit voltage state, (i.e., on/off switch), which 

considers O voltage input as off and 1 input as on. 
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Octal Number System 

The number system whose base is 8 is known as the octal number system. The base 8 

means the system uses eight digits from Oto 7. All the eight digits from Oto 8 have same 

physical meaning as that of decimal numbers. 

Octal Symbol Binary equivalent 
0 000 

1 001 

2 010 

3 011 

4 100 

5 101 

6 110 -,; 

7 111 

Figure 3 

As every digit of a number in octal system is represented separately by its three bit 

binary equivalent the octal system requires one-third of the length as compared to 

binary numbers. It is basically a positional weighted number system. 

Decimal Number System 

Decimal is a term that describes tlie base-10 number system, probably the most 

commonly used number system. The decimal number system consists of ten single­

digit numbers: 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. The number after 9 is 10. The number after 

19 is 20 and so forth. Additional powers of 10 require the addition of another positional 

digit. 

.. .. 
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Hexadecimal Number System 

Hexadecimal describes a base-16 number system. That is, it describes a numbering 

system containing 16 sequential numbers as base units (including 0) before adding a 

new position for the next number. The hexadecimal numbers are 0-9 and then use the 

letters A-F. We show the equivalence of binary, decimal, and hexadecimal numbers in 

the table below. 

Jt: :.:• 1 ~-~H ~ I • "l..•r.: I -T-1 1-►-fl . 
0 0 0 0 0 0 

> 
1 0 001 1 

2 0 010 2 

3 0 011 3 

4 0 100 4 

5 0 1 01 5 

6 01 1 0 6 

7 0 111 7 

8 I 1 0 0 0 8 

9 1 0 01 9 

10 1 0 1 0 A 

' 11 101 1 B 

1 2 I 1100 C 

13 1 1 0 1 D 

14 I 1 1 1 0 E 

1 5 11 1 1. F 

Figure 4 

Code System 

Code is a rule for converting a piece of information into another form or representation 

not necessarily of the same type. One reason for coding is to enable communication in 

places where ordinary spoken or written language is difficult or impossible. 

24 
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Binary Coded Decimal (BCD) 

BCD is a way to express each of the decimal digits with a binary code. There are only 10 

code groups in the BCD system, one for every digit (0000-1001). Invalid codes are 1010, 

1011, 1100,1101,1110 and 1111. 

The coded values for decimal digit: 

Decimal BCD Decimal BCD 

0 0000 5 0101 
1 0001 6 0110 

2 0010 7 -: ·0111 

3 0011 8 1000 

4 0100 9 1001 
Figure 5 

American Standard Code for Information Interchange (ASCII) 

American Standard Code for Information Interexchange, ASCII is a standard that 

assigns letters, numbers, and other characters in the 256 slots available in the 8-bit code. 

The ASCII decimal (Dec) number is created from binary, which is the-language of all 

computers. As shown in the table below, the lowercase "h" character (Char) has a 

decimal value of 104, which is "01101000" in binary. 
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EXERCISE 

Wlite the following numbers to the number system required by showing the showing the 

steps clearly. 

1) 29.5310 to Binary number 

2) 10110102 to Octal number 

3) FA.691 6 to Decimal number 

4) 4768 to Binary number 

5) 0110101102 to Octal number 

6) F A8 16 to Decimal number 

7) 31754710 to Hexadecimal number 

8) 101110001111.01 b to Octal number. 

9) 0.3437510 to Binary number. 

10) 1111010101.1 lz to Hexadecimal number 

11) 745.23s to Decimal nurnber 

12) 011010 lz to Decimal number 

13) 64BF1 6 to Decimal number 

14) 75310 to Octal Number 

15) 35610 to Binary Number 

16) 896 10 to Octal Number 

17) 39DA16 to Decimal Number 

18) 124010 to Hexadecimal Number 

19) 21710 to Binary Number 

20) 179210 to Octal Number 

21) 52AE16 to Decimal Number 

22) 22010 to Binary Number 
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7 

BOOLEAN EXPRESSION 

Boolean expression allows the rules used in the algebra of numbers to be applied to 

logic. It formalizes the rules of logic. Boolean algebra is used to simplify Boolean 

expressions which represent combinational logic circuits. It reduces the original 

expression to an equivalent expression that has fewer terms which means that less logic 

gates are needed to implement the combinational logic circuit. The Boolean expression 

is also an expression that has relational and/or logical operators Qperating on Boolean 

variables to evaluates either true or false. Boolean O and 1 do not represent actual 

numbers but instead represent the state, or logic level. 

Logic 0 Logic 1 

False True 

Off On 

Low High 

No Yes 

Open switch Closed switch 

Figure 6 
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Three basic Logic Operations of gate: 

a) OR gate 

An OR gate is a gate that has two or more inputs and whose output is equal to the OR 
combination of the inputs. 

Boolean expression for the OR operation: x =A + B 

OR 

A B X 

0 0 0 

0 1 ;1 
1 0 1 
1 1 1 

b) AND gate 

An AND gate is a gate that has two or more inputs and whose output is equal to the AND 
product of the inputs. 

1: o F ABI 

Boolean expression for the OR operation: x =A B 

AND 

A B X 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

c) NOT gate 

The NOT operation is an unary operation, taking only one input variable. 

Boolean expression for the NOT operation: x = A 

NOT 

A x=A· 

0 1 

1 0 
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EXERCISE 

1) By using l's and 2's complements, solve 8 416 - 2 A16-

2) Use the Karnaugh Map to simply the expression below: 

X = A BC + AB C + ABC + AB C + AB C 

3) Simplify the following Boolean expressions. 

a) F= (A + C) (B +D) 

b) F= (A +B)(C) 

4) Figure l(a) shows a combinational logic circuit with three inputs ~~md single output. 

Solve the following questions : 

Figure l(a) 

a) Write an equation of output X. 

b) Draw the truth table for equation (a) (i). 

c) Draw the timing diagram for output X. 
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' 

5) An indicator light is installed on RED-YELLOW-GREEN traffic light system in order 

for monitoring malfunction of traffic light system. This indicator light is turned on 

when two or more traffic light lamp function at the same time. 

Detennine: 

a) The truth table for the indicator light with state '1' = on and '0' = off. 

b) Interpret and simplify the Boolean equation using Karnaugh Map in 

Product of Sum (POS) form. 

6) Identify the Boolean expression for three input Ex- Or (X-OR) gate and given the 

Truth Table. 

7) State THREE (3) Boolean Laws. 

8) Solve the following calculations by using? 's complement method. 

a) 48 -23 

b) - 48 -23 

c) 23-48 
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9) Summarise the following Boolean expression below : 

a) F1 = (A + BJ (A + CJ 

bJ F2 = PS + PQ S + PQS 

10) State the Boolean expression for the X outputs in figure (b) given. 

Figure (b) 

a) Simplify the X output. 

11) Determine the result of the operations below using 2's complement method 

a) -25 

b) 6- 14 

12) Determine the result of the operations below using 2's complement method: 

a) 23 -48 
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13) Draw the symbol of: 

a) OR gate 

b) AND gate 

c) NOR gate 

d) NOT gate 

e) Exclusive NOR gate 

14) Build the truth table of: 

a) OR gate ( 2 inputs) 

b) AND gate (2 inputs) 

c) NOR gate (2 inputs) 

d) NAND gate (2 inputs) 

e) Exclusive NOR gate (2 inputs) 

f) Exclusive OR gate (2 inputs) 

15) State the Boolean expression for the outputs X & Y of Figure (c) below. 

j,,o-------­
Bo--+---i_ _ _,,, 

D 
o•------

Figure (c) 

a) Build a truth table for output data X and Y. 

y 
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8 

SEQUENTIAL LOGIC 

Sequential logic is a form of binary circuit design employs one or more inputs and one 

or more outputs. Each of the inputs and outputs can attain either of two stages; HIGH 

(1) or LOW (0). A simple flip flop has two stable states. A flip flop is an electronic 

circuit with two stable states that can be used to store binary data. The stored data can 

be changed by applying varying inputs. Flip-flops and latches are fundamental building 

blocks of digital electronics systems used in computers, communications, and many 
~: 

other types of systems. 

Fiip-flops and latches are used as data storage elements. It is the basic storage element 

in sequential logic. But first let's clarify the difference between a latch and a flip flop. 

There are several different kinds of flip flop such as JK, SC or SR, D, T and Master 

Slave JK. For a basic flip flop circuit, it can be constructed from two NAND gates or 

two NOR gates. Each flip flop has two output§ kaowil as Q and Q. The outputs Q and Q 

complements of each other and are r eferred to as the normal and complements output~ 

respectively. The binary state of flip flop is taken to be the value of normal output. 

s ----I R 

s 
Figure 7: NANO Gates Figure 8: NOR Gates 
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J 

CLK 

K 

Figure 9: JK Flip Flop 

Figurel 1: D Flip Flop 

s 

CLK 

R 

FUNDAME NTAL OF ELECTRONICS SYSTEM 

C 

Master Slave 

Figure 10: Master- Slave JK Flip Flop 

Q 

Q 

Figure 12: T Flip Flop 

Q 

Q 

Figure 13: SC or SR Flip Flop 

The primary function of a flip-flop is storing exclusively one of the two stable voltage 

levels (corresponding to a binary logic value 0, and 1) until a new voltage level ( a new 

logic value) is written to. It is definitely possible to store two current levels (or steering 

the current to the left or right leg of some circuitry). However, with current CMOS 

technologies, current-steering flip-flops are no longer used due to its larger power 

consumption. More specifically, in an electronic computer, it is used to implement' a 

sequential logic, where the output of the logic circuit depends not only on the present 

value but also on the previous states. 
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EXERCISE 

1) Give TWO (2) other name for D flip-flop, draw and label the symbol of D flip-flop. 

2) Based on Figure 2( a) 

a) Identify the type of SR flip-flop used. 

b) Obtain the truth table based on the timing diagram. 

c) Explain what will happen for the output Q if the input Sat T6 is HIGH. 

d) If the input R is High at Tl and the input S is HIGH at TS, predict the 

generated wavefonn of output and its inve1ted output. . .. 

s L 
R __jJ_fl__J--7 

i ' i f---~ --

Q 

Tl T2 T3 T4 TS TG T7 

~ig1..1re 2(a) 

3) State THREE (3) differences between SR flip-flops NOR gate and SR flip-flop 

NAND gate. 

4) Determine the output waveform of Q for the clocked T flip-flop in Figure 2(b). 

Assume Q start at low and clock is negative edge triggered. 

Figure 2(b) 
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5) Draw the output wavefonn of Q and Q for the clocked JK flip-flop in Figure 2(c). 

Assume Q and Q start at low and clock is positive edge triggered. 

Figure 2(c) 

6) For active high SR flip-flop: 

a) Draw the logic symbol. 

b) Show the truth table 

7) The JK flip-flop Gan be develop by these 1:\vo flip-flops. Differentiate the logic circuit 
by using: 

a) D flip-flop. 

b) T flip-flop. 

8) Complete the timing diagram in Figure 2( d) for the negative edge triggering active 

high clocked SR flip-flop by assuming the initial conditions Q is 'O'. 

Clk _fL_JU UlJ1JlJ7Jl_ 
s _J I 17 n 

~-~ L_ 

R _JU7__________, 

Q 

Figure 2(d) 
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9) Based on Figure 2(e), Draw the output for the flip-flop. Given Qiuitial = 1, Preset = 

Clear= 1, and Clock is negative edge triggered. 

~-_;lJlSUlJl 
I n__ 

1
-K 7 i1 I 

Figure 2(e) 

I 0) Define flip flop and state THREE (3) types of flip flop. 

11) Identify TWO (2) different names for flip-flop D and draw the logic circuit. 

12) Detennine the Q and Q for the given input of SR Active Low and Positive Edge 

Trigger Clock (PGT) in figure below. Assume Qa = 1 

CI.K ___ n_n_J7__f--l _ I---l_ 
s I LJ 
R _!7_j~L ___ 1-l. _ _______ ___ _ 

Figure 2(f) 

37 



POLITEKNIK PORT DICKSON FUNDAMENTAL OF ELECTRONICS SYSTEM 

13) Draw the output (four) for the Figure 2(g) below. 

Figure 2(g) 

14) Construct the SR flip flop using NOR gates and NAND gate and include their truth . 
table. 

15) State the function of Preset and Clear in flip flop . 

16) State THREE (3) differences between SR flip flop NOR gate and SR flip flop NAND 

gate. 

17) Illustrate the way to develop D flip flop by using JK flip flop with aid of block 

diagram. 
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COUNTER 

FUNDAMENTA L OF ELECTRONICS SYSTEM 

A counter is a digital sequential logic device that will go through a certain predefined 

states (for example counting up or down) based on the application of the input pulses. 

They are utilized in almost all computers and digital electronics systems. There are two 

main types of counters: Asynchronous and Synchronous counters. For Asynchronous 

counter, most of the flip flop are not connected to the clock signal therefore, the flip flop 

do not change state in sync with the master clock signal. As for Synchronous counter, 

the arrangement of flip flops and logic gates are clocked simultaneous!Y· 
#: 

Asynchronous Counters 

The diagram of a 2-bit asynchronous counter is shown below. The exterior clock is 

connected to the clock input of the FFO (first flip-flop) only. So, this FF changes the state 

at the decreasing edge of every clock pulse, but FFl changes only when activated by the 

decreasing edge of the Q o/p of FFO. Because of the integral propagation delay through 

a FF, the change of the input clock pulse and a change of the Q o/p of FFO can never 

occur at precisely the same time. So, the FF's cannot be activated concurrently, 

generating an asynchronous operation . 

Synchronous Counters 

In this type of counters, the CLK inputs of all the FFs are connected together and are 

activated by the input pulses. So, all the FFs change states instantaneously. The circuit 

diagram below is a three bit synchronous counter. The inputs J and K of flip-flop O are 

connected to HIGH. Flip-flop 1 has its J &K i/p connected to the o/p of flip-flopO (FFO), 
.. .. 

and the inputs J & K of flip-flop2 (FF2) are connected to the o/p of an AND gate that is 

fed by the o/p of flip-flop O and flip-flop 1. When the both the outputs of FFO & ~Fl are 

HIGH. The positive edge of the fourth CLK pulse will cause FF2 to alter its state 

because of the AND gate. 
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EXERCISE 

1) Describe TWO (2) differences between Synchronous Counter and Asynchronous 

Counter. 

2) An Asynchronous Counter has l00kHz of output frequency. If the input frequency:is 

10MHz, calculate: 

a) Number of flip-flops required 

b) Modulus of counter. 

c) Output :frequency at third flip -flop 

3) Design an Asynchronous Counter Modulo 8 using JK flip-flop with negative edge 

triggered. Detennine : 

a) Number of flip-flop required 

b) Maximum decimal number '· 

c) State diagram 
~ 

d) The truth table 

e) The logic circuit 

4) Explain each of the following terms with the aid of diagram : 

a) Synchronous counter up 

b) Asynchronous counter down 

c) Asynclu·onous counter up/down 

5) List THREE (3) advantages of Synclu-onous Counter over Asynclu-onous Counter. 

6) An asynclu-onous up counter bas 2MHz input frequency. The output frequency for the 

last flip-flop is 125 kHz. Determine: 

a) The number of flip-flops required. 

b) The frequency input for the third flip -flop. 

c) The logic circuit. 
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7) Based on Figure 3(a), solve the following questions. 

Figure 3(a) 

a) Identify the type of counter circuit. 

b) Describe the definition of the counter. 

c) List the types of flip-flops that can be used to design the counter. 

d) Draw a sequence table for the counter until fomih clock pulses. 

8) Refer to Figure 3(b ), sketch a synchronous counter using JK flip-flop by following the 

sequence number. Illustrate : 

a) Excitation table. 

b) The logic circuit. 

000 110 

100 

Figure 3(b) 

9) Draw a decade counter using T flip -flop. 
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10) Draw the circuit of the asynchronous counter MOD 8 using JK flip-flop negative 

trigger. Determine : 

a) The number of flip-flop. 

b) The maximum decimal number. 

c) The state diagram. 

11) Calculate the value of the output frequency,.fou1 ifj;11 = 20 kHz in each of the 

following asynchronous counter: 

a) 5 Bit 

b) MOD-9 

c) MOD-7 

12) Draw a 3-bit Asynchronous up Counter using JK flip-flop. Assume that the flip-flops 

are triggered on negative edge of the clock waveform. 

a) Sketch the output waveform tor question 11 

13) An asynchronous counter can operate as frequency divider. If the asynchronous 6 bit 
' 

counter is used as frequency divider, calculate: 

a) Number of flip flop required. 

b) Modulus. 

c) Maximum number of decimal. 

d) Division factor. 

14) An asynchronous counter has 10MHz of input frequency. If the output frequency is 1 

MHz, calculate: 

a) MOD number of counter. 

b) Number of flip flop required. 

15) Design an asynchronous binary-up counter MOD-6 by using JK flip flop. Your 
answer must include: 

a) Number of flip flop required. 

b) Maximum decimal number. 
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REGISTER 

FUNDAMENTAL OF ELECTRONICS SYSTEM 

Shift registers are a type of sequential logic circuit, mainly for storage of digital data. 

They are a group of flip-:Qops connected in a chain so that the output from one flip-flop 

becomes the input of the next flip-flop. There are several basic types of register such as 

Serial in Serial out (SISO), Serial In Parallel Out (SIPO), Parallel In Serial Out (PISO) 

and Parallel In Parallel Out (PIPO). Two characteristics of shift register a) a temporary 

holds the data/memory and b) storage the data. Shift registers can t>e found in many 
-: 

applications. 

Serial In, Serial Out 

The input to this register is given in serial fashion i.e. one bit after the other through a 

single data line and the output is also collected serially. The data can be shifted only left 

or shifted only right. Hence it is called Serial in Serial out shift register or a SISO shift 

register. As the data is fed from right as bit by bit, the shift register shifts the data bits 

to left. A 4-bit SISO shift register consists of 4 flip flops and only three connections. 

Figure 14 
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Serial In, Parallel Out 

Unlike the serial in serial out shift registers, the output of Serial in P~rallel out (SIPO) 

shift register is collected at each flip flop. Ql, Q2, Q3 and Q4 are the outputs of first, 

second, third and fourth flip flops, respectively. The main application of Serial in 

Parallel out shift register is to convert serial data into parallel data. Hence they are used 

in communication lines where demultiplexing of a data line into several parallel line is 

required. 

Serial. input 

il Parallel Out 

Figure 15 

Parallel In, Serial Out 

The input to this register is given in parallel i.e. data is given separately to each flip flop 

and the output is collected in serial at the output of the end flip flop. A Parallel in Serial 

out (PISO) shift register converts parallel data to serial data. Hence they are used in 

communication lines where a number of data lines are multiplexed into single serial 

data line. 

1\'1:SB l..SB 

Seria l Out 

Figure 16 
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Parallel In, Parallel Out 

In this register, the input is given in parallel and the output also collected in parallel. 

The clear (CLR) signal and dock signals are connected to all the 4 flip flops. Data is 

given as input separately for each flip flop and in the same way, output also collected 

individually from each flip flop. 

MSB il il LSB 

1\ISB l.SB 

Figure 17 
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EXERCISE 

1) With the aid of a diagram, compare the shift register counters. 

2) Sketch the expected waveforms of the 4-bit binary number 1101 which were shifted 

in serial into the shift register as in Figure 2(a) that initially contains all Os . 

FFO FF1 FF2 FF3 

o, o, a, a, 

Figure 2(a) 

3) Draw a 5-bit serial in selial out shift register using D flip-flop. 

4) A serial data 0111 is shifted into a shift register shown in Figure 4(a). Explain the 

operation of the shift register by assuming the initial data in the shift register is 

cleared. 

SERIAL 
iN 

Q D Q -o o 

Figure 4(a) 

Q 
2 Q3 

PARALLEL 

OUT 

Q -0 

Q 

5) Identify TWO (2) methods of shift register by using diagrams. (Use input data 

"10010" as reference). 

6) If series data "101011 0" is shifted to 5-bit shift register Serial In Serial Out (SISO), 

a) Sketch the timing diagram that shows the shifted data. 

b) Calculate the required time for 5-bit data above if the clock pulse frequency is 

500 Hz and 8MHz. 
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7) Explain THREE (3) classes of shift register according to its input/output shifting 

methods using suitable diagram. 

8) Complete the table below using the input data given and draw the output waveform 

using result at the table above. 

Operation Qa Qb Qc Qd 

Shift I 1 0 1 

1st clock 

2nd clock 

3ra clock 
; 

4m clock 

9) List down FOUR (4) methods for shifting the data into shift register. 

10) Sketch the circuit diagram for a Serial In Parallel Out 6-bit using D flip flop. 

11) Create a table for shifting 100011 of data to the right into the serial in parallel out 

shift register. Assume the initial data in the shift register is cleared. 

12) Sketch the circuit of ring counter 4-bit together with its sequence table. 

13) Draw a timing diagram of 4-bit ring counter if the first register stores a O 100 data. 
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Analog to Digital Converter 

11 

CONVERTER 

In electronics, an Analog to Digital Converter (ADC) is a device for converting an_ 

analog signal (current, voltage etc.) to a digital code, usually binary. In the real world, 

most of the signals sensed and processed by humans are analog signals. Analog-to­

Digital conversion is the primary means by which analog signal are converted into 

digital data that can be processed by computers for various purposes. 

Vdd 

Analog ____ ___, ADC 
signal 
input __L 

Binary 
output 

Figure 18: Block Diagram of AID Converter 
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There are many types of ADC for different applications. The most inexpensive type of 

ADC is a Successive-Approximation ADC. Figure below shows the transfer curve of a 4-

bit ADC. Inside a Successive-Approximation ADC, a series of digital codes, each 

corresponds to a fix analog level, are generated successively by an internal counter to 

compare with the analog signal under conversion . The generation is stopped when the 

analog level becomes just larger than the analog signal. The digital code corresponds to 

the analog level is the desired digital representation of the analog signal. 

::i~ __ f __ f --1--tJ-~-l-f --I..l.lJ. -:--: _.; __ ) 

i l[ Iltfltr;::~;~ir If 1 
D100 --~--~--i-- ---J.. -+-- :.--i--.:--;--~--~--:.-- · --{ 

~:~ = ·t-:-·; ~~ -·rt·r-1--1--1--r-r--r--:-- 1--1 
0000 

~ ii ~ ~ ~ r~ Is ,: r~ +g +-~ ~ ~ f~ i{ ~ l~ 
A.naJog Input Voltage 

(normalized to full scale) 

Figure 19 
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Digital to Analog Converter 

Digital to analog converter is used to convert digital quantity DAC converter produces 

an output current of voltage proportional to digital quantity applied to its input. Today 

microcomputers are widely used for industrial control. The output of the, 

microcomputer is a digital quantity. In many applications the digital output of the 

microcomputer has to be converted into analog quantity which is used for the control of 

relay, small motor, actuator and etc. In communication system digital transmission is 

faster and convenient but the digitals signals have to~ be converted back to analog 

signals at the receiving terminal DAC converters are also used as a part of the circuitry 

of several ADC converters. There are several ways in making digital to analog converter 

which is Binary Weighted Resistor DAC and R-2R Ladder network. 

Vdd 

Binary [ Analog 
input DAG signal 

....19utput 
-

Figure 20: Block Diagram of D/A Converter 

MSB 

Figure 21: Binary Weighted Resistor DAC 

Figure 22: R-2R Ladder network 
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EXERCISE 

1) Define the following tenns: 

a) Analog Signal 

b) Digital Signal 

c) Digital to Analog converter 

d) Analog to Digital converter 

2) Sketch the block diagram and symbol of DAC. 

3) State mi. advantage of successive approximation ADC compared with digital ramp 

.ADC. 

4) By assuming the input 'low' is 0V and 'high' is 5V, detennine the output ';:>t'DAC in 

Figure 4(a) if the input data is: 

a) 1 O 1 O 

b) 1100 

c) 0100 

d) 1101 

200 kQ 
Dl) o---

100 kQ 
!) I ()-- --\"Iv-

Figure 4(a) 

JO kQ 

Output 

51 



POLITEDlIK PORT DICKSON FUNDAMENTAL OF ELECTRONICS SYSTEM 

5) Figure 5(a) shows the circuit of 4-bit weighted resistor DAC. The inputs are binary 
inputs which have the values between 0V and l0V. Calculate. : 

~ k ----~~ 
~ 

Figure 5(a) • 

a) V 0 u1 if data in is 1011. 

b) The converter step size. Based on the step size, construct the output 

voltage table for each input. 

c) The percentage resolution. 

d) The full scale output if Rd~ reduced to 7500. 

6) By referring to Figure S(b), calculate: 
~ 

a) Resistor values for R1, R2 and R3 

b) The output voltage if the input binary is 0001 and Vref = 3V. 

Figure S(b) 
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7) Refer to Figure 5(c) below, given R1 = 150 kD., R2 = 75 k.D., R3 = 37.5 kQ, ~ = 18.7 

kD. and Rr = 20 k.O.. Calculate the value of the output, Vout for a digital entries below : 

a) Binary input= 0010 

b) Binary input= 0101 

3V 

Figure 5(c) 

8) Sketch a 4-bit DAC with resistive divider, where the value of Do = 200 k.O., 

D1 = 100 kD., D2 = 50 k.O. and D3 = 25 kD.. 

9) Sketch the block diagram of ADC. 

10) Assume the following values for the digital ramp ADC: clock frequency = 1MHz; 

DAC full-scale output= 1.5V and a 4-bit input. Determine the following values: 

a) The digital equivalent obtained for VA= 0.78V 

b) The conversion time 

c) The resolution of the converter 
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' 

11) Assume the following values for the digital ramp ADC: clock frequency= 3MHz; 

DAC full-scale output= 4.2V and a 4-bit input. Determine the following values: 

a) The digital equivalent obtained for VA= 0.90V 

b) The conversion time 

c) The resolution of the converter 

12) Draw a block diagram for the following. 

a) Resistive Divider . ,. 
b) Binary Ladder 

c) Digital- ramp AID Converter 

d) Successive Approximation AID Converter 

13) Define: 

a) ADC Converter 

b) Resolution 

c) Step size 
' 

14) State TWO (2) DAC converter specifications. 

15) Determine the following values: 

a) The digital equivalent obtained for Va= 3.728V 

b) The conversion time 

c) The resolution of this converter. 
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4) Io = 0.025mA 

11 = 0.05mA 

Ii= O.lmA 

l 3 = 0.2mA 

V out = - (lout) Rr 

ANSWER 

V 0u1(DO) = -0.025m(10k) = -0.25V 

V 0u1(Dl) = -0.05m(10k) = -0.50V 

Vout(D2) = -0. lm(IOk) = -IV 

V0u1(D3) = -0.2m(10k) = -2V 

Digital Input Data Analog Outout Voltage 
1010 Vout = Vout (Dl) + Vout (D3) = -(0.5+2) = -2.5V 

1100 Vouc = Vout (D2) + Vout (D3) = -(1 +2) = -3V 

0100 Vout = Vout(D2) = -1 V 

1101 Vout = Vout (DO)+ Vout (D2) + Vout (D3) = -(0.25 + 1 + 2) = -
3.25V 

5) a) V 0 111 if data in is 1011 . 

!(g_gt = - 15k0 0) FL+ _Q__ + _1_ + _1__ 7 
15k Lx, 21 2 2 23 J 

=-8.25 V 
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b) The converter step size. Based on the step size, construct the.output voltage 
table for each input. • 

J!..<1Bi. = - 15.k(l0) r_Q_ + _Q_ +_o_+ _D 
25k [ 2° 21 22 23 j 

= 0.75 V. 

c) The percentage resolution. 

%resolution=---~--- x 100% 
Total nwnber of steps 

_ __,,...__ X 100'%1 
~)t .,. - 1 

1 ,,____ X 100% 
2~ - 1 

= 6.67%. 

d) The full scale output ifR1 is reduced to 7500. 

_Voui = - 750 (10) 
25k 

=-0.5625 V. 

6. a) Resistor values for R1, R2 and R3. 
R1 = 75k.O.. 
R2 = 37.5k.O.. 
R3 = 18.75kQ. 

b) RI= 150kQ 
RF = 20k 
RF/RI= 0.133.Q 
You!= 0.4V. 

• 
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