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 The aim of this course is to familiarize the student with the analysis and design of 

basic transistor Amplifier circuits and power supplies and to introduce the architecture 
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UNIT – I 

SEMI CONDUCTORS AND RECTIFIERS 

 
Classification of solids based on energy band theory 

 

Substance which has resistivity in between conductors and insulators are 

called semiconductors (e.g. – Germanium (Ge), Silicon (Si). 

 

Conductors  

 

 Conductor is a material that easily conduct the current. The best conductor 

are single element material such as copper, silver, gold and aluminium i.e. 

these atoms have only one valance electrons. These electrons very loosely 

bound with nuclei, so it can easily break away from their atom and become 

free electron and forms conduction band, results in conductors have over 

lapping the valence and condition bands as shown in figure i.e., there is no 

forbidden gap between the conduction and valance band. 

 A semiconductor material is an element with 4 valance electrons and whose 

electrical properties lie in between that of insulators and conductors. In terms 

of energy band, semiconductors can be defined as those materials which have 

partially filled conduction band and valence band  with narrow energy gap 

separating the two as shown in figure  

 At 00k there are no electrons is conduction band and valence band is 

completely filled, hence it behaves as insulator.  

 When increase in temperature, width of forbidden energy band is decreased 

so that some of electrons are liberated into conduction band  thus it behaves 

as conductor. 

 

 



 

 

INTRINSIC SEMICONDUCTOR: 

 

 The pure form of semiconductor material is known as ‚Intrinsic semi 

conductor” example are pure germanium and silicon, which have the 

forbidden energy gap of 0.72 and 1.1 eV. 

 The energy gap is so small at room temperature, because of the thermal 

energy supplied to the crystal, due to which many valance electrons acquires 

sufficient energy and broken covalent bond to jump across the forbidden 

energy gap between the valance and conduction band. 

 The energy required to break the for bidden energy gap is  EG=1.1 eV for Si 

and EG =0.72 eV for ge. 

 When a valance electrons move form valance band to conduction band, a 

vacancy is created at the place of valance electrons, it is known as holes. A 

combination of such a free electron and hole is known as “Electron hole 

pair”. 

 The energy band diagram of intrinsic semiconductor is shown in figure. At 

room temperature the maximum energy level occupied by an electron is at the 

middle of the forbidden energy tap. It is known as ‚Fermi level”. 

 When an electric field is applied to an intrinsic semiconductor conduction 

band electrons move towards the positive polarity and valance band electrons 

moves towards the negative polarity. It can be explained as follows. 

 

 

EXTRINSIC SEMICONDUCTOR: 

 

 When an electric field is applied. Hole at A move towards the electron at ‘B’ 

of the adjacent Si atom, and vice versa, result in which a hole in created in 

position ‘B’, now the hole at ‘B’. it is moved towards the electron at ‘C’ and 

the electron at ‘C’ move towards ‘B’ and so on, hence the current in a semi 

conductor is based on both the charge carriers.  

 When a potential of ‘V’ volts applied to intrinsic semiconductor, will force the 

free electron to flow left and holes to flow right. When the electrons arrive at 

the left and they enter the external wire and flow to the positive terminal of 

the battery and the holes will flow in the opposite direction. At this point, 

they enter the crystal and recombine with holes that arrive at the right end of 

the crystal.  

 In an intrinsic semiconductor, at room temperature current conductor is very 

less. To significantly increase the conductivity of the semiconductor some 

suitable impurity or doping agent is added. The process of adding impurities 



 

 

to a semiconductor is known as ‚doping”. This impure form of 

semiconductor is called as Extrinsic semiconductor. 

 Generally, for 106 to 1010 atom of semiconductor material one impurity atom is 

added. Depending upon the type of impurity added, extrinsic semiconductor 

are classified in two types such as  

a. N type semiconductor b. P type semiconductor 

 

PN – Junction diode: 

If a block of P-type semiconductor is placed in contact with a block of N-type 

semiconductor , the result is of no value. We have two conductive blocks in contact 

with each other, showing no unique properties. The problem is two separate and 

distinct crystal bodies. The number of electrons is balanced by the number of protons 

in both blocks. Thus, neither block has any net charge.  

However, a single semiconductor crystal manufactured with P-type material 

at one end and N-type material  has some unique properties. The P-type material has 

positive majority charge carriers, holes, which are free to move about the crystal 

lattice. The N-type material has mobile negative majority carriers, electrons. Near the 

junction, the N-type material electrons diffuse across the junction, combining with 

holes in P-type material. The region of the P-type material near the junction takes on 

a net negative charge because of the electrons attracted. Since electrons departed the 

N-type region, it takes on a localized positive charge. The thin layer of the crystal 

lattice between these charges has been depleted of majority carriers, thus, is known 

as the depletion region. It becomes nonconductive intrinsic semiconductor material. In 

effect, we have nearly an insulator separating the conductive P and N doped regions.  

This separation of charges at the PN junction constitutes a potential barrier. 

This potential barrier must be overcome by an external voltage source to make the 

junction conduct. The formation of the junction and potential barrier happens during 

the manufacturing process. The magnitude of the potential barrier is a function of 

the materials used in manufacturing. Silicon PN junctions have a higher potential 

barrier than germanium junctions.  

The battery is arranged so that the negative terminal supplies electrons to the 

N-type material. These electrons diffuse toward the junction. The positive terminal 

removes electrons from the P-type semiconductor, creating holes that diffuse toward 

the junction. If the battery voltage is great enough to overcome the junction potential 

(0.6V in Si), the N-type electrons and P-holes combine annihilating each other. This 

frees up space within the lattice for more carriers to flow toward the junction. Thus, 

currents of N-type and P-type majority carriers flow toward the junction. The 



 

 

recombination at the junction allows a battery current to flow through the PN 

junction diode. Such a junction is said to be forward biased.  

If the battery polarity is reversed as  majority carriers are attracted away from 

the junction toward the battery terminals. The positive battery terminal attracts N-

type majority carriers, electrons, away from the junction. The negative terminal 

attracts P-type majority carriers, holes, away from the junction. This increases the 

thickness of the nonconducting depletion region. There is no recombination of 

majority carriers; thus, no conduction. This arrangement of battery polarity is called 

reverse bias.  

The diode schematic symbol is illustrated in corresponding to the doped 

semiconductor bar at (a). The diode is a unidirectional device. Electron current only 

flows in one direction, against the arrow, corresponding to forward bias. The 

cathode, bar, of the diode symbol corresponds to N-type semiconductor. The anode, 

arrow, corresponds to the P-type semiconductor. To remember this relationship, 

Not-pointing (bar) on the symbol corresponds to N-type semiconductor. Pointing 

(arrow) corresponds to P-type.  

If a diode is forward biased as in , current will increase slightly as voltage is 

increased from 0 V. In the case of a silicon diode a measurable current flows when 

the voltage approaches 0.6 V at (c). As the voltage is increases past 0.6 V, current 

increases considerably after the knee. Increasing the voltage well beyond 0.7 V may 

result in high enough current to destroy the diode. The forward voltage, VF, is a 

characteristic of the semiconductor: 0.6 to 0.7 V for silicon, 0.2 V for germanium, a 

few volts for Light Emitting Diodes (LED). The forward current ranges from a few 

mA for point contact diodes to 100 mA for small signal diodes to tens or thousands 

of amperes for power diodes.  

If the diode is reverse biased, only the leakage current of the intrinsic 

semiconductor flows. This is plotted to the left of the origin. This current will only be 

as high as 1 µA for the most extreme conditions for silicon small signal diodes. This 

current does not increase appreciably with increasing reverse bias until the diode 

breaks down. At breakdown, the current increases so greatly that the diode will be 

destroyed unless a high series resistance limits current. We normally select a diode 

with a higher reverse voltage rating than any applied voltage to prevent this. Silicon 

diodes are typically available with reverse break down ratings of 50, 100, 200, 400, 

800 V and higher. It is possible to fabricate diodes with a lower rating of a few volts 

for use as voltage standards.  

We previously mentioned that the reverse leakage current of under a µA for 



 

 

silicon diodes was due to conduction of the intrinsic semiconductor. This is the 

leakage that can be explained by theory. Thermal energy produces few electron hole 

pairs, which conduct leakage current until recombination. In actual practice this 

predictable current is only part of the leakage current. Much of the leakage current is 

due to surface conduction, related to the lack of cleanliness of the semiconductor 

surface. Both leakage currents increase with increasing temperature, approaching a 

µA for small silicon diodes.  

For germanium, the leakage current is orders of magnitude higher. Since germanium 

semiconductors are rarely used today, this is not a problem in practice.  

ZENER EFFECT: 

Zener Diodes 

 The zerner diode is a silicon pn junction device that differs from rectifier 

diodes because it is designed for operation in the reverse breakdown region. The 

breakdown voltage can be set by the manufacture by controlling the doping level. 

 

 When a pn diode is highly reverse biased, the junction may break down. It 

presents extremely small resistance with the result the current increases abruptly at 

almost constant voltage. The breakdown is not permanent. The diode returns to its 

normal operating condition when the reverse bias is removed. 

 

 Two types of reverse breakdown in a zener diode are avalanche and Zener. 

Break down. 

 

Avalanche Breakdown: 

 

 Is due to secondary emission. Due to high reverse potential. The electron 

attain high velocity. This accelerated electron can discharge an another electron from 

it shell. This reaction is a chain process. This cause a large number of electron for 

conduction. Thus break down occurs. 

 

If the external reverse bias voltage is increased to a value called breakdown 

voltage, the reverse current will drastically increase. Avalanche breakdown occurs in 

a reverse biased pn junction if the bias voltage equals or exceeds the breakdown 

voltage. It occurs in both rectifier and zener diodes at sufficiently high reverse 

voltage.  

 

 

 



 

 

Zener breakdown: (High field emission) 

 

 Zener breakdown takes place in a heavily doped diode on the application of 

large reverse bias by direct breaking of covalent bonds due to strong electric field at 

the junction. It  occurs in a zener diode at low reverse voltages. A Zener diode is 

heavily doped to reduce the breakdown voltage. This causes a thin depletion region. 

As a result of this, an intense electric field exists near the zener breakdown voltage 

(Vz) which pulls electrons from their valence bonds and create current. 

 

 Zener diodes with breakdown voltage of less than approximately 5V operate 

in zener breakdown. 

 

 Zener diodes with breakdown voltages greater than 5V operate in avalanche 

breakdown. Both types are called zener diodes. 

 

A major application for Zener diodes in voltage Regulation. 

 

 The ability to keep the voltage across its terminals constant is the key feature 

of zener diode. It maintains a nearly constant voltage across its terminals over a 

specified values of reverse current values. 

 

Zener diode as a voltage regulator. 

 

 Constant voltage, Vz across the load resistor, RL in spite of variation of input 

voltage, Vi and load resistor RL.  

 

 The Source voltage Vi and RL are so selected so that diode operates in 

breakdown region. 

 

 VZ undergoes small changes of variation in spite of variations in Vi.  

 

 Zener diode maintains Vz constant by adjusting diode current, Iz it self to 

permit constant load current across RL. 

 

HALF WAVE RECTIFIER: 

 

Let Vi be the voltage to the primary of the transformer and given by the equation  

 

   Vi = Vm sin t; Vm   Vr 

where Vr is the cutin voltage of the diode. During the positive half cycle of the input 



 

 

signal, the anode of the diode becomes positive with respect to the cathode and 

hence the diode D conducts. For an ideal diode, the forward voltage drop is zero. So 

the whole input voltage will appear across load resistance RL. 

 

 
 During negative half cycle of the input signal, the anode of the diode becomes 

negative with respect to the cathode and hence the diode D does not conduct. For an 

ideal diode, the impedance offered by the diode is infinity. So the whole input 

voltage appears across the diode D. Hence the voltage drop across RL is zero.  

 

Efficiency (): The ratio of dc output power to ac input power is known as rectifier 

efficiency (). 

 

  
dc output power

ac input power
   

 

 The maximum efficiency of a half wave rectifier is 40.6% 

 

Ripple factor (): The ratio of the rms value of ac component to the dc component in 

the output is known as ripple factor ().  

 

  
rms value of ac component

dc valueof component
   

 

 The ripple factor for half wave rectifier is 1.21. 

 

Peak Inverse Voltage (PIV) 

 

 It is defined as the maximum reverse voltage that a diode can withstand 

without destroying the junction. For half-wave rectifier. PIV is Vm. 

 



 

 

Full-wave Rectifier It converts an ac voltage into a pulsating dc voltage using both 

half cycles of the applied ac voltage. It uses two diodes of which one conducts 

during one half cycle while the other diode conducts during the other half cycle of 

the applied ac voltage. Figure shows the basic circuit and waveforms of full wave 

rectifier.  

 

 
 During positive half of the input signal, anode of diode D1 becomes positive 

and at the same time the anode of diode D2 becomes negative. Hence D1 conducts 

and D2 does not conduct. The load current flows through D1 and the voltage drop 

across RL will be equal to the input voltage.   

 

 During the negative half cycle of the input, the anode of D1 becomes negative 

and the anode of D2 becomes positive. Hence D1 does not conduct and D2 conducts. 

The load current flows through D2 and the voltage drop across RL will be equal to the 

input voltage.  

 

 The maximum efficiency of a full-wave rectifier is 81.2% and ripple factor is 

0.48. 

 

  Peak inverse voltage for full-wave rectifier is 2Vm because the entire 

secondary voltage appears across the nonconducting diode.  

A comparison of various kinds of rectifiers is given in table.  

 

  Half-wave Full-wave 

1. 

2. 

3. 

4. 

5. 

No. of diodes 

Max. efficiency 

Ripple factor 

Peak inverse voltage 

Output frequency 

1 

40.6% 

1.21 

Vm 

f 

2 

81.2% 

0.48 

2Vm 

2f 

 



 

 

VOLTAGE REGULATION: 

voltage regulation is the ability of a system to provide near constant voltage 

over a wide range of load conditions. 

Shunt Voltage Regulator 

 The heart to any voltage regulator circuit is a control element.  If such a 

control element is connected in shunt with the load, the regulator circuit is called 

shunt voltage regulator.  The fig (1) shows the block diagram of shunt voltage 

regulator circuit. 

 
 The unregulated input voltage tries to provide the load current.  But part of 

the current is taken by the control element, to maintain the constant voltage across 

the load.  If there is any change in the load voltage, the sampling circuit provides a 

feedback signal to the comparator circuit.  The comparator circuit compares the 

feedback signal with the reference voltage and generates a control signal which 

decides the amount of current required to be shunted to keep the load voltage 

constant.  For example, if load voltage increases then comparator circuit decides the 

control signal based on the feedback information, which draws increased shunt 

current Ish value.  Due to this, the load current IL decreases and hence the load 

voltage decreases to its normal.  Thus control element maintains the constant output 

voltage by shunting the current, hence the regulator circuit is called voltage shunt 

regulator circuit. 

 

 As seen from the block diagram, only part of the load current required to a 

diverted passes through the control element.  Thus the control element is low 

current, high voltage rating component.  The efficiency depends on the load current 

IL.  Hence shunt regulators are not preferred for varying load conditions. 

 

Series Voltage Regulator 

 

 If in a voltage regulator circuit, the control element is connected in series with 

the load, the circuit is called series voltage regulator circuit.  The fig (2) shows the 

http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Electrical_load


 

 

block diagram of series voltage regulator circuit. 

 

 The unregulated d.c. voltage is the input to the circuit.  The control element 

controls the amount of the input voltage, that gets to the output.  The sampling 

circuit proves the necessary feedback signal.  The comparator circuit compares the 

feedback with the reference voltage to generate the appropriate control signal. 

 

For example, if the load voltage tries to increase, the comparator generates a 

control signal based on the feedback information.  This controls signal causes the 

control element to decrease the amount of the output voltage.  Thus the output 

voltage is maintained constant. 

 

 Thus, control element which regulates the load voltages, based on the control 

signal is in series with the load and hence the circuit is called series voltage regulator 

circuit. 

 In series regulators, the entire current passes through the control element and 

hence control element is high current, low voltage rating component.  As input 

current  and load current are same, the efficiency depends on output voltage.  It 

provides good regulation than shunt regulators.  It can be used for fixed voltage as 

well as variable voltage requirements.  To compensate for the drop across the control 

element, input voltage Vm  must be atleast 2 to 3 V more than output voltage. 

 

UNIT – II 

TRANSISTORS AND AMPLIFIERS 

 
Bipolar junction transistor:  

 

 Transistor consists of three portions namely emitter, base and collector, 

Among them the base forms the middle part. It is very thin and lightly doped 

because it allows most of the emitter current carriers towards the collector. Since 

base is acting as an interface it doesn’t require more area. 

 

The Emitter efficiency or injection efficiency is defined as the ratio of current of 

injected carriers at the emitter Junction to the total emitter current. 

 

The relation ship between emitter efficiency and current gain is given by r 

 



 

 

 

                  

Where       - Current gain

                  r - Emitter efficiency

                 - Transport factor

r 







 

 

Consider a NPN transistor which is driven by a pulse wave form. This wave 

form makes transitions between the voltage levels V2, the transistor is at V1 the 

transistor is in saturation. The collector current does not respond immediately to the 

input signal as shown in Fig. At V2, as the transistor is in cut off condition, there will 

not be any flow of current. So, the collector current does not rise immediately 

because when the driving signal is applied, the diffusion capacitance takes sometime 

to get charged. Also, the minority carriers reaches the collection junction after certain 

time interval which is referred as delay time (td). 

 

 So, the time required for the current to rise to 10 percent of its maximum 

value (ICS=VCC/RL) is called the delay time (td), 

 

 

 The current waveform has a nonzero rise time as the transistor collector 

current must traverse the active region. So, the time required for the current to rise 

from 10 to 90 percent of the maximum value is called the rise time tr. The sum of 

delay time and rise time is referred as turn – on time (ton = td +tr). 

 

 When the input signal goes back to its initial state at t=T, the current again 

fails to respond immediately Because when the transistor is in saturation, it has a 

charge of excess minority carriers stored in the base. The transistor will respond only 

if those carriers are removed. The concentration of the minority carriers in the base 

decreases linearly. When the transistor is in active region, the concentration is large 

as VE is positive and VC is negative. In the saturation region, where VE and VC are 

both positive and the concentration is very large as shown in Fig. In the cut-off 

region, the concentration is almost zero where VE and VC are both negative. So the 

time required for the collector current to drop to 90% of ICS is called the storage time 

(ts). This time interval is followed lby fall time, tf, which is the time required for ie to 

fall from 90 to 10 percent of iCS because the collector current increases or decreases 

along an exponential curve. The sum of the storage and fall time is referred as the 

turn – off time. (toff=ts+tf). For an n-p-n silicon transistor, the Texas Instruments has 

given the numerical values of delay time, rise time, storage time and fall time as 

Td=-10n sec, tr=50 n sec, ts = 40 n sec and tf = 30 n sec. 

CB – AMPLIFIER:  

The electrical behaviors of a transistor can be described by studying the 



 

 

relation between various currents and voltages of that transistor. These relationships 

can be conveniently displayed graphically and the curves thus obtained are known 

as the characteristics of transistor. The most important characteristics are the input 

characteristics and output characteristics. 

 

The emitter to base voltage, VEB can be varied by potentiometer, R1A series 

resistor Rs is connected in the emitter circuit to limit the emitter current, IE otherwise 

IE may change to a large value when Ri is changed slightly.  Collector voltage can be 

varied by adjusting the potentiometer, R2 for different settings, various currents and 

voltages are read from milliammeters and voltmeters connected in the circuit. 

 

1. Input Characteristics: 

 

It is a curve plotted between emitter current, IE and emitter base voltage VEB 

keeping collector base voltage VCB constant.  

 

 The emitter current, IE is taken along the Y axis and emitter base voltage, VEB  

along the X axis. A number of characteristics curves can be plotted for different 

settings of VCB. 

 

The following points may be noted from the characteristics. 

 

(i) The emitter current, IE increases rapidly with small increase in emitter 

base voltage, VEB . It shows that input resistance is very small. 

(ii) For any value of VCB the curve is just like diode characteristics in the 

forward region. 

(iii) When VCB is increased, IE slightly increases with VEB. Hence IE is 

independent of VCB. 

 

Input resistance: 

 It is the ratio of change in emitter base voltage (VEB) to the resulting change in 

emitter (IE) at constant collector base voltage (VCB). 

 

 

EB

E
i

CB

V

I
Input resistance, r Constant

V




  

 

ri is very low. ri varies from few ohms to 100 ohms. 

 

 

 



 

 

Out put characteristics: 

 

 The curve plotted between the collector current, IC and collector base voltage, 

VCB at constant emitter current, IE is called the output characteristics. Generally 

collector current is taken along the Y axis and collector base voltage VCB along the X 

axis at constant emitter current IE. 

 

The following point can be noted 

i. Active Region 

 

 The active region of the output characteristics is the one in which the collector 

junction is reverse biased and emitter junction is forward biased. With IE =0, the 

small collector current is equal to the reverse saturation current, ICBO. This reverse 

saturation current ICBO remains constant and is independent of VCB as long as VCB is 

below the break down potential. This ICBO is negative for PNP transistor and positive 

for NPN transistor when a forward emitter circuit, then IE reaches the collector. 

Thus in the active region, IC depends only on IE and not on collector voltage. Each 

output characteristics is similar to the reverse saturation current for IE =0 but shifted 

above it by IE. 

 

ii Saturation Region: 

 

 The region of the output characteristics to the left of the ordinate VCB =0 and 

above IE =0, is called as saturation region. In this region, both emitter junction and 

collector junction are forward biased. Actually in this region for a PNP transistor, VEB 

is slightly positive and because of this there is large collector current.  

 

iii Cut- off Region: 

 

 The region below and to the right of the IE =0, for which the emitter and 

collector junctions are reverse biased is called cut – off region. 

 

CC- AMPLIFIER: 

 

1. Input characteristics: 

 

 In CC configuration, the curve plotted between base current IB and base 

collector voltage, VBC at constant collector emitter voltage VCE is called input 

characteristics. This is shown in fig. here base current IB is increased in steps by 

varying Base to collector voltage VCB at constant collector to Emitter voltage VCE. 



 

 

2. Output characteristics: 

 

In CC configuration, the curve plotted between emitter current IE and emitter 

collector voltage VEC at constant base current, IB is called output characteristics. 

 

  The output characteristics is same as that of the CE configurations as shown 

in Fig. Here Emitter current IE is increased in steps by varying Emitter to collector 

voltage VCE at constant Base current IB. 

 

 To plot the input characteristics collector to emitter voltage is kept constant 

and base current is increased from zero in equal steps by increasing VBE.  

 

 This procedure is repeated for higher fixed values of VCE. To plot the curve on 

the graph taking IB along y axis and VBE along X axis as shown in fig.  

 

 These curves are similar to that of a forward biased diode. Increasing VCE with 

constant VBE causes a decrease in base width (W) and results in decreasing 

recombination base current. 

 

Input resistance: 

 

 The input resistance is the ratio of change in base emitter voltage VBE to the 

resulting change in base current IB at constant collector emitter voltage VCE  

 

BE

B
i
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The value of ri is of the order of few hundred ohms. 

 

 The output characteristics is determined by keeping IB constant and varying 

collector emitter voltage VCE corresponding to collector current, IC, a family of 

characteristics curves can be plotted for different settings of IB as shown in Fig. 

 

 The output characteristics have three regions namely saturation region, cut off 

region and active region. The hatched portion of the curve OA is called the 

saturation region. In this region, both the junctions are forward biased. In this 

region, an increase in base current does not cause a change in IC. 

 

 The region below the curve for IB=0 is called cut off region. In this region, both 

the junctions are reverse biased and the transistor is OFF. The transistor is virtually 



 

 

an open circuit between collector and emitter. 

 

 The central region (unhatched) is called active region. In this region, emitter 

base junction is forward biased whereas the collector base junction is reverse biased. 

When the transistor is in active region, then it can be used as an amplifier. In the 

active region, IC =  IB hence a small change in IB produces a large change in IC. 

 

Common – Emitter configuration of transistor operation.  

 

(a) (i) Common emitter configuration: (CE) 

 In put is connected between base and emitter while the output is taken 

between collector and emitter as shown. 

 Here, current gain between input and output sides is obtained and since the 

input resistance is gain less than the output resistance.  

 CE produces a reversal between input and output signals. As the gain is quite 

high, the common Emitter circuit is commonly used. The base current 

amplification factor  

C

B

I

I

Also = (has to be derived)
1-


 








 

 In CE, a smaller current flows even when IB is zero. This is the collector cut-off 

current and denoted by ICEO, ICEO must larger than ICEO 

 CEO CBO CBO

1
I I 1 I

1
   

 
 

EXAMPLE: 

 

In a transistor collector current is 0.98mA and base current is 20A. Determine the 

values of (1) emitter current, (2) current amplification factor and (3) current gain. 

 

(i) (1) IE=IB+IC=1mA 

     

C

E

C

B

I
(2) 0.98 current amp. factor

I

I
(3) = 49 ct gain factor.

I

   

  

 

 Comparing  the properties of CB, CE, CC configurations: 

 

Property CB CE CC 

1. Input resistance 

2. Output resistance 

3. Current gain 

Low 

High 

 1 

Moderate 

Moderate 

High 

High 

Low 

High 



 

 

4. Voltage gain 

5. Phase shift between 

input voltage and 

output voltage  

High 

0 or 360 

High 

180 

 1  

0 or 360 

 

Comparison between FET and BJT. 

 

FET BJT 

1. Unipolar devices  

2. Less noisy 

3. High input impedance 

4. Less space for IC fabrication 

5. Less sensitive to temperature   

Bipolar 

Noisy due to minority carriers 

Low 

More space 

More sensitive 

 

UJT (Unijunction Transistor) 

 

 UJT is a three terminal semiconductor switching device. As it has only one PN 

junction and three leads, it is commonly called as Unijunction Transistor.  

 

 

 The basic structure of UJT is shown in figure (a). It consists of a lightly doped 

silicon bar with a heavily-doped P-type material alloyed to its one side closer to B2 

for producing single PN junction. The circuit symbol of UJT is shown in figure 

(b).Here the emitter leg is drawn at an angle to the vertical and the arrow indicates 

the direction of the conventional current.  

 

Characteristics of UJT  

 

 Referring to figure (c), the interbase resistance between B2 and B1 of the silicon 

bar is RBB = RB1 + RB2. With emitter terminal open, if voltage VBB is applied between 

the two bases, a voltage gradient is established along the N-type bar. The voltage 

drop across RB1 is given by V1 =  VBB where the intrinsic stand-off ratio  = RB1/ (RB1 

+RB2). This voltage V1 reverse biases the PN junction and emitter current is cut off. 

But a small leakage current flows from B2 to emitter due to minority carriers. If a 

positive voltage VE is applied to the emitter, the PN junction will remain reverse 

biased so long as VE is less than V1. If VE exceeds V1 by the cutin voltage Vr, the diode 

becomes forward biased. Under this condition, holes are injected into N-type bar. 

These holes are repelled by the terminal B2 and are attracted by the terminal B1. 

Accumulation of holes in E to B1 region reduces the resistance in this section and 

hence emitter current IE is increased and is limited by VE. The device is now in the 



 

 

‘ON’ state.  
 

If a negative voltage is applied to the emitter, PN junction remains reverse biased 

and the emitter current is cut off. The device is now in the ‘OFF’ state.  

 

 As shown in figure, up to the peak point P, the diode is reverse biased. At P, 

the diode starts conducting and holes are injected into the N-layer. Hence resistance 

decreases thereby decreasing VE for the increase in IE. So there is a negative 

resistance region from peak point P to valley point V. After the valley point, the 

device is driven into saturation and behaves like a conventional forward biased PN 

junction diode.  
 

 A unique characteristics of UJT is, when it is triggered, the emitter current 

increases regeneratively until it is limited by emitter power supply. Due to this 

negative resistance property, UJT can be employed in a variety of applications, viz. 

sawtooth wave generator, pulse generator, switching, timing and phase control 

circuits.  

Applications of UJT: 

 

It is used to generate saw tooth pulse. Pulse generator, switching, timing and phase 

control circuits. 

 

FIELD EFFECT TRANSISTOR  

 

 FET is a device in which the flow of current through the conducting region is 

controlled by an electric field. Hence the name Field Effect Transistor (FET). As 

current conduction is only by majority carriers, FET is said to be a unipolar device. 

  

Based on the construction, the FET can be classified into two types as Junction 

FET (JFET) and Metal Oxide Semiconductor FET(MOSFET). 

 

 Depending upon the majority carriers, JFET has been classified into two types 

named as (1) N-channel JFET with electrons as the majority carriers and (2) P-

channel JFET with holes as the majority carriers.  

 

Construction of N-Channel JFET  

 

 It consists of an N-type bar which is made of silicon. Ohmic contacts, 

(terminals) made at the two ends of the bar, are called Source and Drain.  

 

Source (S) This terminal is connected to the negative pole of the battery. Electrons 



 

 

which are the majority carriers in the N-type bar enter thebar through this terminal. 

Drain (D) This terminal is connected to the positive pole of the battery. The majority 

carriers leave the bar through this terminal.  

 

Gate (G) Heavily doped P-type silicon is diffused on both sides of the N-type silicon 

bar by which PN junctions are formed. These layers are joined together and called 

Gate G. 

 

Channel The region BC of the N-type bar in the depletion region is called the channel. 

Majority carriers move from the source to drain when a potential difference VDS is 

applied between the source and drain.  

 

Operation of N-channel JFET  

 

 When VGS = 0 and VDS = 0 When no voltage is applied between drain and 

source, and gate and source, the thickness of the depletion regions around the PN 

junction is uniform as shown in figure.  

 

When VDS = 0 and VGS is decreased from zero. In this case PN junctions are 

reverse biased and hence the thickness of the depletion region increases. As VGS is 

decreased from zero, the reverse bias voltage across the PN junction is increased and 

hence the thickness of the depletion region in the channel increases until the two 

depletion regions make contact with each other. In this condition, the channel is said 

to be cutoff. The value of VGS which is required to cutoff the channel is called the 

cutoff voltage VC. 

 

When VGS = 0 and VDS is increased from zero. Drain is positive with respect to the 

source with VGS = 0. Now the majority carriers (electrons) flow through the N-

channel from source to drain. Therefore the conventional current ID flows from drain 

to source. The magnitude of the current will depend upon the following factors:-The 

number of the majority carriers (electrons) available in the channel, i.e. the 

conductivity of the channel.  

 

1. The length l of the channel.  

2. The cross sectional area A of the channel at B.  

3. The magnitude of the applied voltage VDS. Thus the channel acts as a resistor 

of resistance R given by  
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where  is the resistivity of the channel. Because of the resistance of the channel and 

the applied voltage VDS, there is a gradual increase of positive potential along the 

channel from source to drain. Thus the reverse voltage across the PN junctions 

increases and hence the thickness of the depletion regions also increases.   

 

 As VDS is increased, the cross-sectional area of the channel will be reduced. At 

a certain value VP of VDS, the cross-sectional area at B becomes minimum. At this 

voltage, the channel is said to be pinched off and the drain voltage VP is called the 

pinch-off voltage. 

 

 As a result of the decreasing cross-section of the channel with the increase of 

VDS, the following results are obtained.  

 

(i) As VDS is increased from zero, ID increases along OP, and the rate of 

increase of ID with VDS decreases as shown in figure.  

(ii) When VDS =VP, ID becomes maximum. When VDS is increased beyond VP, 

the length of the pinch-off region increases. Hence there is no further 

increase of ID.  

(iii) At a certain voltage corresponding to the point B, ID suddenly increases. 

This effect is due to the avalanche multiplication of electrons caused by 

breaking of covalent bonds of silicon atoms in the depletion region 

between the gate and the drain. The drain voltage at which the breakdown 

occurs is denoted by BVDGO. The variation of ID with VDS when VGS = 0 is 

shown in figure by the curve OPBC.  

 

When VGS is negative and VDS is increased. When the gate is maintained at a 

negative voltage less than the negative cutoff voltage, the reverse voltage across the 

junction is further increased. Hence for a negative value of VGS, the curve of ID versus 

VDS is similar to that for VGS = 0, but the values of VP and BVDGO are lower, as shown 

in figure. 

 

From the curves, it is seen that above the pinch-off voltage, at a constant value 

of VDS. ID increases with an increase of VGS. Hence a JFET is suitable for use as a 

voltage amplifier, similar to a transistor amplifier. 

 



 

 

It can be seen from the curve that for the voltage VDS = VP, the drain current is 

not reduced to zero. If the drain current is to be reduced to zero, the ohmic voltage 

drop along the channel should also be reduced to zero. Further, the reverse biasing 

to the gate-source PN junction essential for pinching off the channel would also be 

absent.  

 

 The drain current ID is controlled by the electric field that extends into the 

channel due to reverse biased voltage applied to the gate; hence this device has been 

given the name ‚Field Effect Transistor‛. 

 

 In a bar of P-type semiconductor, the gate is formed due to N-type 

semiconductor. The working of the P-channel JFET will be similar to that of the N-

channel JFET with proper alterations in the biasing circuits; in this case holes will be 

the current carriers instead of electrons. The circuit symbols for N-channel and P-

channel JFETs are shown in figure. It should be noted that the direction of the arrow 

points in the direction of conventional current which would flow into the gate if the 

PN junction was forward biased.  

 

Metal Oxide Semiconductor Field Effect Transistor (MOSFET) 

 

 MOSFET is the common term for the Insulated Gate Field Effect Transistor 

(IGFET). There are two basic forms of MOSFET: (i) Enhancement MOSFET and (ii) 

Depletion MOSFET.  

 

Principle  

 

 By applying a transverse electric field across an insulator, deposited on the 

semiconducting material, the thickness and hence the resistance of a conducting 

channel of a semiconducting material can be controlled.  

 

Enhancement MOSFET  

 

Construction: The construction of an N-channel Enhancement MOSFET is shown in 

figure. Two highly doped N+ regions are diffused in a lightly doped substrate of P-

type silicon substrate. One N+ region is called the source S and the other one is called 

the drain D. They are separated by 1 mil (10-3 inch). A thin insulating layer of SiO2 is 

grown over the surface of the structure and holes are cut into the oxide layers, 

allowing contact with source and drain. Then a thin layer of metal aluminium is 

formed over the layer of SiO2. This metal layer covers the entire channel region and 

it forms the gate G.  



 

 

 The metal area of the gate, in conjunction with the insulating oxide layer of 

SiO2 and the semiconductor channel forms a parallel plate capacitor. This device is 

called the insulated gate FET because of the insulating layer of SiO2. This layer gives 

an extremely high input resistance for the MOSFET.  

 

Operation: If the substrate is grounded and a positive voltage is applied at the gate, 

the positive charge on G induces an equal negative charge on the substrate side 

between the source and drain regions. Thus an electric field is produced between the 

source and drain regions. The direction of the electric field is perpendicular to the 

plates of the capacitor through the oxide. The negative charge of electrons which are 

minority carriers in the P-type substrate forms an inversion layer. As the positive 

voltage on the gate increases, the induced negative charge in the semiconductor 

increases. Hence the conductivity increases and current flows from source to drain 

through the induced channel.  

 

Depletion MOSFET  

 

 The construction of an N-channel depletion MOSFET is shown in figure 

where an N-channel is diffused between the source and drain to the basic structure 

of MOSFET.  

 

 With VGS = 0 and the drain D at a positive potential with respect to the source, 

the electrons (majority carriers) flow through the N-channel from S to D. Therefore 

the conventional current ID flows through the channel D to S. If the gate voltage is 

made negative, positive charge consisting of holes is induced in the channel through 

SiO2 of the gate-channel capacitor. The introduction of the positive charge causes 

depletion of mobile electrons in the channel. Thus a depletion region is produced in 

the channel. The shape of the depletion region depends on VGS and VDS. Hence the 

channel will be wedge shaped as shown in figure. When VDS is increased, ID 

increases and it becomes practically constant at a certain value of VDS, called the 

pinch-off voltage. The drain current ID almost gets saturated beyond the pinch-off 

voltage.  

 

 Since the current in an FET is due to majority carriers (electrons for an N-type 

material), the induced positive charges make the channel less conductive, and ID 

drops as VGS is made negative.  

 The depletion MOSFET may also be operated in an enhancement mode. It is 

only necessary to apply a positive gate voltage so that negative charges are induced 

into the N-type channel. Hence the conductivity of the channel increases and ID 

increases. The volt-ampere characteristics are indicated in figure.  



 

 

Class A,B and C Amplifiers 

 

For an amplifier, a quiescent operating point (Q point) is fixed by selecting the 

proper d.c. biasing to the transistors used.  The quiescent operating point is shown 

on the load line, which is plotted on the output characteristics of the transistor. The 

position of the quiescent point on the load line decides the class of operation of the 

amplifier.  The various classes of the amplifiers are: 

i) Class A   ii) Class B    iii)Class C and iv) Class AB 

 

Class A Amplifiers 

 

 The amplifier is said to be class A amplifier if the Q point and the input signal 

are selected such that the output signal is obtained for a full input cycle.  For the, 

position of the Q point is approximately at the midpoint of the load line. 

 

 For all values of input signal, the transistor remains in the active region and 

nerves enter into cut-off or saturation region.  When an a.c. input signal is applied, 

the collector voltage varies sinusoidally hence the collector current also varies 

sinusoidally.  The collector current flows for 360 i.e. one full cycle. 

 

 The current and voltage  waveforms for a class A operation are shown with  

the help of output characteristics and the load line, in the fig.1 

 

 For full input cycle, a full output cycle is obtained. Here signal is faithfully 

reproduced, at the output, without any distortion.  This is an important feature of a 

class A operation. The efficiency of class A operation is very small. 

 

The amplifier is said to be B amplifier if the Q point and the input signal are 

selected, such that the output signal is obtained only for one half cycle for a full 

input cycle.  For this operation, the Q point is shifted on X-axis i.e. transistor is based 

to cut-off. 

 

 Due to the selection of Q point on the X-axis, the transistor remains, in the 

active region, only for positive half cycle of the input signal.  Hence this half cycle is 

reproduced at the output.  But in a negative half cycle of the input signal, the 

transistor enters into a cut-off region and no signal is produced at the output.  The 

collector current flows only for 180(half cycle) of the input signal.  In other words, 

the angle of the collector current flow is 180 i.e. one half cycle. 

 

 As only a half cycle is obtained at the output, for full input cycle, the output 



 

 

signal is distorted in this mode of operation.  To eliminate this distortion, practically 

two transistors are used in the alternate half cycles of the input signal.  Thus overall 

a full cycle of output signal is obtained across the load.  Each transistor conducts 

only for a half cycle of the input signal. 

 

The efficiency of class B operation is much higher than the class A operation. 

 

CLASS B AMPLIFIER: 

 

The amplifier is said to be B amplifier if the Q point and the input signal are 

selected, such that the output signal is obtained only for one half cycle for a full 

input cycle.  For this operation, the Q point is shifted on X-axis i.e. transistor is based 

to cut-off. 

 

 Due to the selection of Q point on the X-axis, the transistor remains, in the 

active region, only for positive half cycle of the input signal.  Hence this half cycle is 

reproduced at the output.  But in a negative half cycle of the input signal, the 

transistor enters into a cut-off region and no signal is produced at the output.  The 

collector current flows only for 180(half cycle) of the input signal.  In other words, 

the angle of the collector current flow is 180 i.e. one half cycle. 

 

 As only a half cycle is obtained at the output, for full input cycle, the output 

signal is distorted in this mode of operation.  To eliminate this distortion, practically 

two transistors are used in the alternate half cycles of the input signal.  Thus overall 

a full cycle of output signal is obtained across the load.  Each transistor conducts 

only for a half cycle of the input signal. 

 

 The efficiency of class B operation is much higher than the class A operation. 

 

Class C Amplifiers 

 

 The amplifiers is said to be class C amplifier, if the Q point and the input 

signal are selected such that the output signal is obtained for less than a half cycle, 

for a full input cycle. For this  operation,  the Q point is to be shifted below X-axis. 

 

 Due to such a selection of the Q point, transistor remains active, for less than a 

half cycle.  Hence only that much part is reproduced at the output.  For remaining 

cycle of the input cycle, the transistor remains cut-off and no signal is produced at 

the output.  The angle of the collector current flow is less than 180. 

 



 

 

 In class C operation, the transistor is biased well beyond cut-off.  As the 

collector current flows for less than 180, the output is much more distorted and 

hence the class C mode is never used for A.F. amplifiers.  But the efficiency of this 

class of operation is much higher and can reach very close to 100%. 

 

Class AB Amplifiers 

 

 The amplifier is said to be class AB amplifier, if the Q point and the input 

signal are selected such that the output signal is obtained for more than 180 but less 

than 360, for a full input cycle.  The Q point position is above X-axis but below the 

midpoint of a load line.  The current and voltage waveforms for a class.. 

 

  The output signal is distorted in class AB operation.  The efficiency is more 

than class A but less than class B operation.  The class AB operation is important to 

eliminate cross over distortion.In general as the Q point moves away from the centre 

of the load line below towards the X-axis, the efficiency of class of operation 

increases. 

 

Comparison of Amplifier Classes 

 

The comparison of various amplifier classes is summarized in table. 

 

Class A B C AB 

Operating 

Cycle 

360 180 Less than 180 180 to 360 

Position of Q 

point 

Centre of load 

line 

On X axis Below X axis Above X-axis 

but below the 

centre of load 

line 

Efficiency Poor, 25% to 

50% 

Better, 78.5%  High Higher than A 

but less than B 

50% to 78.5% 

Distortion  Absent  

No distortion 

Present 

More than 

class A  

Highest  Present 

   

It is important to note that class C operation is never used for audio frequency 

amplifiers.  This class is used in special areas of tuned circuits, such as radio or 

communications. 

 

 



 

 

SILICON CONTROLLED RECTIFIER: 

 

 It is a four layered PNPN device and is a prominent member of thyristor 

family. It consists of three diodes connected back to back with gate connection or 

two complementary transistors connected back to back. It is widely used as 

switching device in power control applications. It can switch ON for variable length 

of time and delivers selected amount of power to load. It can control loads, by 

switching the current OFF and ON up to many thousand times a second. Hence it 

posses advantages of RHEOSTAT and a switch with none of their disadvantages. 

 

Construction: 

 

   It is a four layered three  terminal device. Layers being alternately P-type 

and N-type silicon. Junctions are marked J1J2J3. Whereas terminals are anode (A), 

cathode (C) and gate (G). The gate terminal is connected to inner P-type layer and it 

controls the firing or switching of SCR. 

Biasing: 

 The biasing of SCR is shown in figure . The junction J1 and J3 become forward 

biased while J2 is reverse biased. In figure  polarity is reversed. It is seen that now 

junction J1 and J3 become reverse biased and only J2 is forward biased 

Operation of SCR 

 In SCR a load is connected in series with anode and is kept at positive 

potential with respect to cathode when the gate is open ile., no voltage is 

applied at the gate. Under this condition, junctions J1 and J3 are forward 

biased and junction J2 is reverse biased. Due to this, no current flows through 

RL and hence the SCR is cut off. 

 However when the anode voltage is increased gradually to break over 

voltage, then breakdown occurs at junction J2 due to this charge carriers are 

able to flow from cathode to anode easily, hence SCR starts conducting and is 

said to be in ON state. The SCR offers very small forward resistance so that it 

allow infinitely high current. The current flowing thorough the SCR is 

limited only by the anode voltage and external resistance. 

 If the battery connections of the applied voltage are reversed as shown in 

figure the junction J1 and J3 are reverse biased. J2 is forward biased. If the 

applied reverse voltage is small the SCR is OFF  and hence no current flows 

through the device. If the reverse voltage is increased to reverse breakdown 



 

 

voltage, the junction J1 and J3 will breakdown due to avalanche effect. This 

causes current to flow through the SCR. 

 From the above discussion we conclude that the SCR can be used to conduct 

only in forward direction. Therefore SCR is called as “unidirectional 

device”. 

VI Characteristics of SCR  

The ‚forward characteristics’ of SCR may be obtained using the figure. The 

volt-ampere characteristics of a SCR for IG =0 is shown in figure. 

Circuit for vi characteristics of scr  Vr in volts,  VB01 for I0 = 0,  VB02 for 

IG=1ma   

1. As the applied anode to cathode voltage is increased above zero, a very small 

current flows through the device, under this condition the SCR is off. It will 

be continued until, the applied voltage the forward break over voltage (point 

A). 

2. If the anode- cathode (applied) voltage exceeds the break over voltage it 

conducts heavily the SCR turn ON and anode to cathode voltage decreases 

quickly to a point B because, under this condition the SCR offers very low 

resistance hence it drops very low voltage across it. 

3. At this stage is SCR allows more current to flow through it. The amplitude of 

the current is depending upon the supply voltage and load resistance 

connected in the circuit. 

4. The current corresponding to the point ‘B’ is called the “holding current (IH)”. 

It can be defined as the minimum value of anode current required to keep the 

SCR in ON State. If the SCR falls below this holding current the SCR turns 

OFF. 

5. If the value of the gate current IG is increased above zero. (IG >0) the SCR turns 

ON even at lower break over voltage as shown in figure. 

6. The region lying between the points OA is called forward blocking region. In 

this region SCR is ON. 

7. Once the SCR is switched ON then the gate looses all the control. So SCR 

cannot be turned OFF by varying the gate voltage. It is possible only by 

reducing the applied voltage. 



 

 

To obtain the “reverse characteristics”  the following points are followed. 

1. In this case the SCR is reverse biased. If the applied reverse voltage is 

increased above zero, hence a very small current flows through the SCR. 

Under this condition the SCR is OFF, it continues till the applied reverse 

voltage reaches breakdown voltage. 

2. As the applied reverse voltage is increased above the breakdown voltage, the 

avalanche breakdown occurs hence SCR starts conducting in the reverse 

direction. It is shown in curve DE. Suppose the applied voltage is increased to 

a very high value, the device may get damaged. 

(i) Gate- Control method (SCR) 

 

Triggering by DC Gate 

 

 In this method, dc voltage of proper polarity and magnitude is applied 

between the gate and the cathode when the device is to be turned on. Draw 

back here is that the gate signal has to be continuously applied resulting in an 

increase in internal power dissipation. 

      Triggering by AC Gate signals  

 Gate- cathode voltage is obtained from a phase- shifted ac voltage derived 

from the main supply. 

 Advantages  the firing angle controls obtained very conveniently by 

changing the phase angle of the control signal. 

     Triggering by a pulsed-gate signal  

 In this method, the gate drive consists of a single pulse appearing 

periodically, or sequence of high-frequency pulses. This is called the ‚Carrier 

frequency getting’. 

 

Structure of a Triac - VI characteristics. 

 

TRIAC: 

 

It is a 5-layer 3 terminal ‚bidirectional device‛ which can be triggered ON by 

applying either positive or negative voltages irrespective of the polarity of the 

voltage across the terminal anodes (A1, A2) and gate… It behaves like two SCR’s, 

connected in parallel and in opposite direction to each other. Because of the inverse 

parallel and in opposite direction to each other as anode or cathode. The anode and 

gate voltage applied in either direction will fire (ON) a triac because they would fire 

at least one of the two SCR’s which are in opposite directions. 

 



 

 

Construction: 

 

It has three terminals A1,A2 and G. The gate G is closer to anode A1. It has six doped 

regions. It is nothing but two inverse parallel connected SCR’s with common gate 

terminal. The schematic symbol of Triac is shown in  operation. 

 

 When positive voltage is applied to A2, with respect to A1 path of current flow 

is P1-N1-P2-N2. The two junction P1-N1 and P2-N2 are forward biased whereas 

N1-P2 junction is blocked. The gate can be given either positive or negative 

voltage to turn on the triac. 

 

(i) Positive gate: The positive gate forward biases the P2-N2 junction and 

breakdown occurs as in normal SCR. 

(ii) Negative gate: A negative gate forward biases the P2-N3 junction and 

current carriers are injected into P2 to turn on the triac. 

 When positive voltage is applied to anode A1, path of current flow is 

P2-N1-P1-N4.The two junctions P2-N1 and P1-N4 are forward biased 

whereas junction N1-P1 is blocked. Conduction can be achieved by 

applying either positive or negative voltage to G. 

(i) Positive Gate: A positive gate injects current carriers by forward biasing 

P2-N2 junction and thus initializes conduction. 

(ii) Negative Gate :  A negative gate injects current carriers by forward 

biasing P2-N3 junction, thereby triggering conduction. Thus there are four 

TRIAC triggering mode, two for each of two anodes. 

 

V-I Characteristics: 

 

 As seen in SCR, triac exhibits same forward blocking and forward 

conducting characteristics like SCR but for either polarity of voltage applied 

to main terminal. Triac has latch current in either direction  hence the 

switching ON is effected by raising the applied voltage to break over voltage. 

The triac can be made to conduct in either direction. No matter what bias 

polarity. characteristic of triac are those of forward biased SCR. 

 If the applied voltage to one of the main terminal is increased above zero, a 

very small current flows through the device, under this condition the triac is 

OFF, it will be continued until the applied voltage reaches the forward break 

over voltage(point ) A. 

 If the anode to cathode voltage exceeds the break over voltage, the SCR turns 

ON and anode to cathode voltage decreases quickly to point ‘B‛, because 

under this conditions the SCR offers very low resistance hence It drops very 



 

 

low voltage across it. At this stage the SCR allows more current to flow 

through it, The amplitude of the current is depending upon the supply 

voltage and load resistance connected in the circuit. 

 The same procedure is repeated for forward blocking state with the polarity 

of main terminals interchanged. The VI characteristics is shown in figure 14. 

 

DIAC: 

 

 A diac is a two terminal, three layer bidirectional  device which can be 

switched from its OFF state to ON state for either polarity of applied voltage Figure 

16(a)  shows the basic structure of a DIAC. The two leads are connected to P-region 

of silicon chip separated by an N- region. MT1 and MT2 are two main terminals by 

which the structure of the diac in interchangeable. It is like a transistor with the 

following basic differences. 

 

(i) There is no terminal attached to the base layer 

(ii) The doping concentrations are identical (unlike a bipolar transistor)to give 

the device symmetrical properties. 

 

Operation: 

 When a positive or negative voltage is applied across the main terminals of a 

diac, only a small leakage current IB0 will flow through the device. If the applied 

voltage is increased, the lead age current will continue to flow until the voltage 

reaches the break over voltage VBO. At this point avalanche breakdown occurs at the 

reverse-biased junction it may be J1 or J2 depending upon the supply connected 

between MT1 &MT2 and the device exhibits negative resistance i.e current through 

the device increases with the decreasing values of applied voltage. The voltage 

across the device then drops to ‘break back‛ voltage Vw as shown in the figure 16. 

VI Characteristics of DIAC 

 The figure 16 shows the VI Characteristics of diac  . If the applied (positive or 

negative) voltage is less the VBO a small leakage current (IB0) flows through the 

device. Under this conditions, the diac blocks the flow of current and effectively 

behaves as an open circuit. The voltage VBo is the break over voltage and usually 

have a range of 30 to 50 volts. 

 When the (positive or negative) voltage applied to diac is equal to or greater 

than the break over voltage then diac begins to conduct, due to avalanche 

breakdown of the reverse biased junction and the voltage drop across it becomes a 



 

 

few volt, result in which the diac current increases sharply and the volt across the 

diac decreases as shown in figure 16.Thus the diac offers a negative resistance. 

Applications of DIAC  

Some of the circuit application of diac are 

(i) Light dimmer circuits 

(ii) Heat control circuits 

Universal motor speed control 

 

Concept Of Feedback: 

 

Feedback plays an important role in almost all electronic circuits.  In process 

of feedback, a part of output is sampled and fed back to the input.  Therefore, at 

input we have two signals: input signals, and part of the output which is fed back to 

the input.  Both signals may be in phase or out of phase. When input signal and part 

of output signal are in phase, the feedback is called positive feedback.  On the other 

hand, when they are in out of phase, the feedback is called negative feedback. 

 

Negative Feedback in Amplifier 

 

Consider the case in which the temperature is below the set point. In this case, 

feedback signal is less than the setpoint signal and hence the difference signal is 

positive.  The positive difference signal continues heating process to increase the 

temperature.  In the second case, when temperature is greater than the setpoint the 

difference signal is negative.  The negative difference signal stops heating process.  

In this way, the heating process is controlled with the help of feedback signal to 

maintain the temperature at the setpoint value. 

 

Advantages of Negative Feedback 

 

 It is possible to improve important characteristics of four basic amplifier types 

by the proper use of negative feedback: 

 Normally high input resistance of a voltage amplifier can be made higher. 

 Normally low output resistance of a voltage amplifier can be made lowered. 

 The transfer gain Af of the amplifier with feedback can be stabilized against 

variations of the h or hybrid- parameters of the transistor or the parameters 

of the other active devices used in the amplifier. 



 

 

 The proper use of negative feedback improves frequency response of the 

amplifier. 

 There is a significant improvement in the linearity of operation of the 

feedback amplifier compared with that of the amplifier without feedback. 

 

Application- Temperature Control System: 

 

 The need to control temperature arises in various field such as medical, 

biological industrial and many times in basic scientific research.  Broadly, the 

functions of a temperature controller can be classified as a) Set point and b) 

Controlled heating or cooling.  In a simple control systems ON/OFF controllers are 

used whereas in advanced control systems P, PI or PID controllers are used.  (P 

stands for proportional, I stands for integral and D stands for differential.  If P 

control is used, the output is proportional to the error/difference signal, if PI control 

ids used, the output is proportional to the error/difference signal and integral of it 

and so on). 

 

ON-OFF Temperature Control System 

 

The actual temperature is compared with the setpoint value.  If actual 

temperature is less than the setpoint value heater is switched ON; otherwise it is 

switched OFF.   The temperature of water heated by a heating element is controlled 

by controlling the supply given to the heating element.  The temperature of water is 

sensed using temperature sensor.  The output of the temperature sensor is 

conditioned and used as a negative feedback signal in the temperature control 

system. The feedback signal is compared with the setpoint signal is applied to 

P/PI/PID control.  The output of P/PI/PID control is used to set the firing angle of the 

thyristoried controlled AC supply. 

 

 When temperature is below the setpoint, the difference signal is positive, and 

P/PI/ PID control and firing angle control adjust firing angle to lower side to apply 

more AC supply.  This results increase in temperature.  When temperature is above 

the setpoint the difference signal is negative, and P/PI/PID control and firing angle 

control adjust firing angle to higher side to apply less AC supply.  This results 

decrease in temperature.  In this way, the negative feedback helps in correcting the 

temperature to the setpoint value. 

 

Application – Motor Speed Control 

 

   A tachometer is used to get the information about the speed of DC motor.  It 



 

 

is a DC generator mounted on the shaft of the DC motor. It is a DC generator 

mounted on the shaft of the DC motor.  It gives the output voltage proportional to 

the speed of the motor.  The output voltage is typically a few volts per 1000 rpm.  A 

fraction of the output voltage from the tachometer is feedback to the inverting input 

of the error amplifier.  A positive voltage is applied to the noninverting input of the 

error amplifier as a set point.  The output of error amplifier and bias voltage is added 

using summer circuit and it them amplified by the power amplifier.  The output of 

power amplifier drives the DC motor. 

 

 At normal condition, motor rotates at constant speed set by the set point and 

bias inputs.  When motor rotates at set speed, the set point voltage and the fraction 

of voltage fed back to inverting terminal are same.  Therefore, the differential input 

to the error amplifier is zero, resulting zero output.  In this case only bias voltage is 

amplified applied to the DC motor.  This amplified bias voltage is necessary to rotate 

motor to set speed. 

 

 If the speed of the motor decrease due to extra load on the motor, the output 

voltage from the tachometer decreases and its is now less than the setpoint voltage.  

Thus difference in two voltages is amplified by the error amplifier to produce error 

signal.  As set point voltage is greater than tachometer voltage, error is positive and 

it is added to the bias voltage by summer circuit. The power amplifier, amplifies the 

increases output of summer circuit to give more excitation to the DC motor.  With 

increased excitation, motor speed increases and  it approaches to set speed.  On the 

other hand, when the speed of DC motor increases due to less load, the tachometer 

voltage increases.  Now, tachometer voltage is greater than the set point voltage.  

This produces negative error voltage.  Due to negative error voltage, summer circuit 

actually subtracts the error voltage from the bias voltage.  The power amplifier, 

amplifies the decreased output of the summer circuit to give less excitation to the DC 

motor.  Less excitation results slower speed of DC motor.  Therefore, the increased 

speed is compensated by reduced speed of DC motor. 

 

 

 

 

 

 

 

 

 



 

 

UNIT – III 

DIGITAL ELECTRONICS 
 

Binary number System 

 

The number system with base (or radix) two is known as binary number 

system. Only two symbols are used to represent numbers in this system and these 

are 0 and 1. These are known as bits. In this system, every position is assigned a 

specific weight 

 

Logic Gates: 

 

 Circuit that takes the logical decision and the process are called logic gates. 

Each gate has one or more input and only one output. 

 

OR, AND and NOT are basic gates. NAND, NOR and X-OR are known as 

universal gates. Basic gates form these gates.  

 

AND Gate: The AND gate performs a logical multiplication commonly known as 

AND function. The output is high when both the inputs are high. The output is low 

level when any one of the inputs is low. 

OR Gate: The OR gate performs a logical addition commonly known as OR function. 

The output is high when any one of the inputs is high. The output is low level when 

both the inputs are low. 

NOT GATE:  The NOT gate is called an inverter. The output is high when the input 

is low. The output is low when the input is high. 

 

NAND Gate:  

 

The NAND gate is a contraction of AND-NOT. The output is high when both 

inputs are low and any one of the input is low .The output is low level when both 

inputs are high. 

 

 NOR Gate:   

  

The NOR gate is a contraction of OR-NOT. The output is high when both 

inputs are low. The output is low when one or both inputs are high. 

X-OR Gate: 



 

 

 

The output is high when any one of the inputs is high. The output is low 

when both the inputs are low and both the inputs are high. 

 

AND GATE:  

SYMBOL:                      PIN DIAGRAM:  

 

 
 

 

 

 

OR GATE:  

 
 



 

 

NOT GATE:  

SYMBOL:              PIN DIAGRAM:  

 
 

X-OR GATE :  

SYMBOL :             PIN DIAGRAM :  

 
 

 

 



 

 

2-INPUT NAND GATE:  

SYMBOL:      PIN DIAGRAM:  

 
 

 

 

3-INPUT NAND GATE :  

 
 



 

 

NOR GATE:  

 
 

Half Adder:  

 

A half adder has two inputs for the two bits to be added and two outputs one 

from the sum ‘ S’ and other from the carry ‘ c’ into the higher adder position. Above 

circuit is called as a carry signal from the addition of the less significant bits sum 

from the X-OR Gate the carry out from the AND gate. 

 

Full Adder:  

 

A full adder is a combinational circuit that forms the arithmetic sum of input; 

it consists of three inputs and two outputs. A full adder is useful to add three bits at 

a time but a half adder cannot do so. In full adder sum output will be taken from X-

OR Gate, carry output will be taken from OR Gate. 

LOGIC DIAGRAM: 

HALF ADDER 

  



 

 

TRUTH TABLE: 

 

A B CARRY SUM 

 

0 

0 

1 

1 

 

 

0 

1 

0 

1 

 

0 

0 

0 

1 

 

0 

1 

1 

0 

 

 

 

K-Map for SUM:     K-Map for CARRY: 

 
           SUM = A’B + AB’   CARRY = AB 

 

FULL ADDER 

TRUTH TABLE: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B C CARRY SUM 

 

0 

0 

0 

0 

1 

1 

1 

1 

 

 

0 

0 

1 

1 

0 

0 

1 

1 

 

0 

1 

0 

1 

0 

1 

0 

1 

 

0 

0 

0 

1 

0 

1 

1 

1 

 

0 

1 

1 

0 

1 

0 

0 

1 



 

 

K-Map for SUM: 

  
   SUM = A’B’C + A’BC’ + ABC’ + ABC  

FLIP FLOPS 

 

D-flip flop : 

 

Since RS flip flop contains an ambiguous state to eliminative the condition we 

can ensure that S and R are never equal. This is done by connecting S and R together 

with an inverter in between. The circuit symbol characteristic table and characteristic 

equation are given below. 

 

Characteristic table: 

Q D Qt+1 

0 0 0 

0 1 1 

1 0 0 

1 1 1 

 

 

From the circuit diagram it can be observer that the input D goes direction in to S 

input and inverted into R input from the characteristics table in is seen that when D 

is o, the output is also ‘o’ when the input is ‘1’ the output is also 1 hence it is also 

called delay FF or buffer or gates D latch. 

 

D Latch: 

 

 This is the same as off except then clock with edge detector circuit is 

eliminated. Instead an enable input is given. 
 

 When enables goes low the latch is inhibited. It continues to produce the 

previous output. But when enable is given high input. The latch works as a buffer 

producing the output similar to input. Hence the name transparent latch. 

D  Q 
 

Clock  Q  



 

 

 

Characteristic table 

E D Qt+1 

0 X Qt 

1 0 0 

1 1 1 

 The above diagram sows how a D latch works. At t1 since enable is low Q 

does not change even if D input is given at t2 changes to D. At t3 enable become low 

hence to change in output. At t5, t6 and t7 a changes to D. After that since enable (i) 

low n change in Q. 

 

t2.t3  Transparent Q = D 

t5  t5, transparent Q = D 

 

J-K flip flop. 

 

 A J-K flip flop is a retirement of the Rs flip flop. In J-K flip flop the 

unpredictable state of the Rs flip flop is defined. Input J & K behaves like inputs S & 

R to set reset the flip flop. 

 

 When J & K are both low both and gave are disabled. Therefore clock pulse 

have no effect and Q & Q retain their last values. 

 

When J is low and K is high the lower AND gate is disabled so there’s no way to set 

the flip flop. The only possibility is reset. When Q is high the upper gate passes a 

‚Reset‛ trigger as soon as the next positive clock pulse arrives. 

 

 When J is high and K is low the upper gave is disabled so there is no way to 

reset the flip flop. The only possibility is to set the flip flop if it is not previously set 

with q=0 q is high. 

 

 When J and K are both high, It is possible to set or reset the flip flop. If Q is 

high the upper gate passes a ‚Reset‛ trigger on the next positive clock edge. Wither 

way Q changes to the complement of the last state. Therefore J-1 & K=1 means 

output of the flip flop will toggle on the next positive clock edge.  

 

JK flip flop using only NAND gates 

 

 

 

D  Q 
 

Fn  Q  



 

 

Race around condition: 

 

 It is important to note that in JK flip flop output is feedback to the input and 

therefore change in the outputs result change in the input. Due to this in the positive 

half of the clock pulse if J & K are both high than output toggles continuously. This 

condition is known as race around condition and must be avoided. 

 

SHIFT REGISTERS: 

 

Serial In Serial Out Shift Register 

 

 A register is a group of flip flops. A flip flop can store 1-bit information. So an 

n-bit register has a group on h-flip flop and is capable of storing any binary 

information number containing n-bits. 

 

Present state AB=00 

Input X=0 

 When present state is 50 (i.e) A=0 & B=0 & X i/p is OY o/p of all and gates are 

logic O. Therefore J&K for both the flip flop are o, giving next state same as present 

state. 

 

Input X=1 

 

With AB & X=1 AND gate 1&4 produce a logic 1 signal at the JA i/p of flip 

flop A & KB i/p of flip flop B respectively. Therefore in the next state A is set & B is 

cleared. 

Present state Ab = 01 

 

Input X=0 

 

When present state is o/ (i.e) A=0 & B = 1 & X i/p is O. The o/p is 2 is logic 

making KA i/p of flip flop a high. Therefore in the next state A is reset &B remains 

unchanged (i.e) in set state. 

 

Input X=1 

 

With AB=01 & X=1 the o/p of AND gate is logic making KB/ip of flip flop B high. 

 

Present state AB=10 

 



 

 

Input X=0 

 When present state is 10 (i.e) A=1 & B=0 & X=0 the o/p of AND gate 3 is logic 1 

making flip flop B high. Therefore in the next state A remains unchanged A & B sets. 

 

 The binary information (data) in a register can be moved from state to state 

with in the register or into or out of the register upon application of is essential for 

certain arithmetic and logic operation used in microprocessor. This gives rise to a 

group of registers called ‚shift registers‛. They are very important in application 

involving the storage and transfer of data in a digital system. 

 

Classification of shift registers: 

 

 Serial in serial out 

 Serial in parallel out 

 Parallel in serial out 

 Parallel in parallel out 

 

Working of serial in serial OOH: 

 

 In this type of register the data’s are fed in one by one serially and also taken 

out one by one like (first in first out) F1F0. 

 

We will illustrate the entry of the 3 bit binary number ‘III’ into the register 

beginning with left most bits. Initially register is cleared so. 

 

Q1Q2Q3 = 000 

a. When data III is applied serial (i.e) left most ‘I’ is applied as Din 

Din = 1 Q1Q2Q3 =111 

b. The arrival of the first falling clock edge set the rightmost flip flop and the 

stored word becomes. 

Q1Q2Q3 = 111 

c. When the next negative clock edge hits the or flip flop register contents 

become 

Q1Q2Q3 = 111 

 

As the data’s are fed in the first input arrives to our only alter V clock pulses. 

This is the classification and explain the working 4 bits serial in serial out shift 

register. 

 

 



 

 

COUNTERS: 

 

Working Of An Up Down Ripple Counter. 

 

A 3 bit asynchronous up down counter that counter that counts in a straight 

binary sequence is shown above. It is simply a combination of the two counters up 

and down counters for this counter to progress through a count up sequence it is 

necessary to trigger each flip flop with the true side of the previous flip flop. 

 

 If the count down control line is low and the count up control line is high this 

will be the case and the counter will have count up wave forms. 

 

 On the other hand if count down is high and count up is low each flip flop 

will be triggered from the complement side of the previous flip flop. The counter 

will then be in a count-down mode and will progress through the wave forms. 

This process can be continued to other flip flop down the like to form an up down 

counter of large module. It should be noticed however that the gates introduce 

additional delays that must be taken into account when determining the maximum 

rate at which the counter can operate. 

 

UP counter: 

Clock 

Pulse 

C B A 

0 0 0 0 

1 0 0 1 

2 0 1 0 

3 0 1 1 

4 1 0 0 

5 1 0 1 

6 1 1 0 

7 1 1 1 

0 0 0 0 

 

DOWN COUNTER 

State C B A 

0 1 1 1 

1 1 1 0 

2 1 0 1 

3 1 0 0 

4 0 1 1 



 

 

5 0 1 0 

6 0 0 1 

7 0 0 0 

8 1 1 1 

 

Bidirectional shift register with parallel load. 

 

 We gave beam that shift register can be used for converting serial data in to 

parallel data and vice verse when parallel load capability is added to the shift 

register. The data entered in parallel can be taken out in serial fashion shifting the 

data stored in the register. Such a register is called bidirectional shift register with 

parallel load. Out of these through sources one source is selected at a time and it is 

done with the help of decoder. The decoder select lines (SL1&SL2) select the one 

source out of three as shown in the table. 

 

SL1 SL2 Selected source 

0 0 Parallel i/p 

0 1 OP of right adjacent FF 

1 0 Op or left adjacent FF 

1 1 - 

 

When select lives are 00 (i.e) SL1 =0 & SL2=0 data from the parallel input is 

loaded into the U-bit register. When select lines are 01 (i.e SL1 & SL0 = 1) data within 

the register is shifted 1-bit left. When select lines are to (i.e SL1= 1 & SL0 = 0) data 

within the register is shifted 1-bit right. 

 

Working Of A Master Slave Flip Flop. 

 

A master slave flip flop is constructed from the flip flop. One circuit serves as 

a master and together as or slave and the overall circuit is referred to as master slave 

flip flop.  It consists of a master flip flop a slave flip flop and an inverter. Both the 

flip flops all positive level triggered bar inverter connected at the clock input of the 

clave flip flop forces it to trigger at the negative level. The output state of the master 

flip flop is determined by the S and R inputs at the positive clock pulse. The output 

state of the master is then transferred as an input to the slave flip flop. The slave flip 

flop uses this input as the negative clock pulse to determine its outputs state. 

 

 The master combination can be constructed for an type of flip flop. Fig 

bellows shows one way to build a JK master slave flip flop. It consists of clocked JK 

flip flop as master and clocked Rs flip flop as slave. Like R master slave the output of 



 

 

the master flip flop is fed as an input to the slave flip flop. As shown in fig clock 

signal is direct connected to the slave flip flop. Therefore the information present at 

the J and K inputs is transmitted to the output or master flip flop on the positive 

clock pulse and it is held there until the negative clock pulse occurs after which it is 

allowed to pass through to the output of slave flip flop. 

 

 When J=1 and K=0 the master sets on the positive clock. The high Y output of 

the master drives the ‘s’ input of the slave. So at negative clock slave copying the 

action of the master. 

 

 When J=0 K=1 the master resets on the positive clock. The high y output of the 

master goes to the R input of the slave. Therefore at the negative clock slave resets 

again copying the action of the master. 

 

 When J=1 SK=1 master toggles on the positive clock and slave then copies the 

output of master on the negative clock. At this instant feedback inputs to the master 

flip flop are complemented but as it is negative half of the clock pulse master flip 

flop is in active. This prevents race around condition. 

 

Clocked RS flip flop. 

 

 The basic RS flip flop as its stands is an asynchronous transparent sequential 

circuit. This means that any change in the input information at RS is transmitted 

immediately to the output at and Q according to the truth table. By adding gates 

inputs of the basic circuit the flip flop can be made to respond to input  levels during 

the occurrence of a clock wise. It consists of a basic NOR flip flop and two and gates. 

The output of the two and gate remain of ‘o’ as long as the clock pulse is ‘o’ regard 

legs of the R & S inputs. When the clock pulse goes high information from the r and 

S inputs is allowed to reach the basic flip flop. 

 

C S S Q 

0 x x No charge 

1 0 0 No charge 

1 0 1 set 

1 1 0 Reset 

1 1 1 in def 

 

 

 

 

S Q 
 
 
R Q 



 

 

PROBLEMS:  

 

Reduce the following Boolean expressions. 

 

  

 

i. BCD BCD

ii. C B C B

iii.A. A C



 



 

iv. implements = ABCD using 2 input NAND gates. 

 
ABCD

y       [Since A A]
ABCD

AB CD  Demorgan's theorem!

AB.CD

AB.CD

 

 





 

 

The logic circuit is 

 

  

y AB.CD

(i)BCD BCD BD(C C) BD

(ii) C B C B CC CB BC BB

CB BC B



   

     

  

 

B(C C)

B

 


 

 

   

 

iii A. A C A A C

A A.C

A 1 C

A

   

 

 



 

 

 

      

abc ab bc ac abc

bc a a ab bc ac

bc ab bc ac

bc ab ac

c a b a

a b a c b c a c a b

    

    

   

  

 

      

 

Basic Conversion Techniques  

 

 There are mainly two techniques used for analog to digital conversion. 



 

 

 Binary Weighted resistor D/A converter 

 R/2R ladder D/A converter  

 

In these techniques, the shunt resistors are used to generate n binary weighted 

currents. These currents are added according to switch positions controlled by the 

digital input and then converted into voltage to give analog voltage equivalent to the 

digital input. Therefore, such digital to analog converters and called current driven 

DACs. 

 

Binary Weighted Resistor D/A Converter  

 

 The binary weighted resistor DAC uses an op-amp to sum n binary weighted 

currents derived from a reference voltage VR via current scaling resistors 2R, 4R, 8R, 

…..,2n R,switch positions are controlled by the digital inputs. When digital input is 

logic 1, it connects the corresponding resistance to the reference voltage VR; 

otherwise it leaves resistor open. Therefore,  

 

For ON-switch,   RV
I

R
  and  

For OFF-switch,   I = 0 

 

 Here, operational amplifier is used as a summing amplifier. Due to high input 

impedance of op-amp, summing current will flow through Rf. Hence the total 

current through Rf can be given as  

 

  IT = I1 + I2 + I3 + …..+ In 

 

The output voltage is the voltage across Rf and it is given as  

 

  

 

 

o T f 1 2 3 n f

R R R R
1 2 3 n fn

1 2 3 nR
f 1 2 3 n

V I  R I I I ... I R

V V V V
   b b b .... b R

2R 4R 8R 2 R

V
   R b 2 b 2 b 2 .... b 2                ...(4)

R

   

       

 
      

 

     

 

When Rf = R, Vo is given as  

 

   1 2 3 n

o R 1 2 3 nV V b 2 b 2 b 2 .... b 2           …(5) 

 

 The equation 4 indicates that the analog output voltage is proportional to the 

input digital word. 



 

 

 The simplicity of the binary weighted DAC is offset by drawbacks associated 

with it.  

 

Drawbacks: 
 

1. Wide range of resistor values are required. For8-bit DAC, the resistors 

required are 21 R, 22 R, 23 R, ….. 28 R. Therefore, the largest resistor is 128 times 

the smallest one.  

 

2. This wide range of resistor values has restrictions on both, higher and lower 

ends. It is impracticable to fabricate large values of resistor in IC, and voltage 

drop across such a large resistor due to the bias current also affects the 

accuracy. For smaller values of resistors, the loading effect may occur.  

 

3. The finite resistance of the switches disturbs the binary-weighted relationship 

among the various currents, particularly in the most significant bit positions, 

where the current setting resistances are smaller.  
 

All these drawbacks, especially the requirement of wide range of resistors 

restricts the use of binary weighted resistor DACs below 8-bits.  

R/2R Ladder D/A Converter  

 

 R/2R ladder D/A converter uses only two resistor values. This avoids 

resistance spread drawback of binary weighted D/A converter. Figure shows R/2R 

ladder DAC. Like binary weighted resistor DAC, it also uses shunt resistors to 

generate n binary weighted currents; however it uses voltage scaling and identical 

resistors instead of resistor scaling and common voltage reference used in binary 

weighted resistor DAC. Voltage scaling requires an additional set of voltage 

dropping series resistances between adjacent nodes, consider 3-bit R/2R ladder DAC 

with binary input 001, Therefore, the output voltage is VR/8 which is equivalent to 

binary input 001. Therefore, the output voltage is VR/2, which is equivalent to binary 

input 100.  

 

In general, the expression for Vo can be obtained as, 

Let   Iout   = Output current  

   Rf    = feedback resistance of op-amp 

                              Vo   = Iout Rf 

 

Now    Iout   = current resolution  D 

 

   Vo    = - (current resolution  D) Rf 



 

 

   Vo    = - (current resolution  Rf)  D    

 ….(6) 

 

The coefficient of D is the voltage resolution and can be called as simple resolution.  

 

   Vo = - resolution  D      

 …(7) 

 

In terms of actual circuit elements, output can be written as,  

 

   R
o fn

V 1
V R D

R 2

 
    

 
     

 ….(8) 

The resolution of R/2R ladder type DAC with current output is, 

 

  R

n

V1
resolution

2 R
         

 ….(9) 

 

While the resolution of R/2R ladder type DAC with voltage output is,  

 

  R
fn

V1
resolution R

2 R

 
   
 

      

 ….(10) 

 

Single Slope ADC 

 

 It consists of a ramp generator and BCD or binary counters. The figure shows 

the single slope ADC. At the start, the reset signal is provided to the ramp generator 

and the counters. Thus counters are resetted to 0’s. The analog input voltage Vin is 

applied to the positive terminal of the comparator. As this is more positive than the 

negative input, the comparator output goes high. The output of ramp generator is 

applied to the negative terminal of the comparator. The high output of the 

comparator enables the AND gate which allows clock to reach to the counters and 

also this high output starts the ramp.  

 

 The ramp voltage goes positive until it exceeds the input voltage. When it 

exceeds Vin, comparator output goes low. This disables AND gate which inturn stops 

the clock to the counters. The control circuitry provides the latch signal which is 

used to latch the counter data. The reset signal resets the counters to 0’s and also 



 

 

resets the ramp generator. The latched data is then displayed using decoder and a 

display device.  

 

 Let us consider the practical example to understand the working. Assume that 

the clock frequency is 1 MHz. There are four BCD counters and the input Vin is 2.000 

V. 

 

 

 Now let ramp has a slope of 1V/ms as shown in the figure. As the input is 

2.000 V, the ramp will take 2 ms to reach to 2 V and to stop the clock to the counters.  

 

 Now how many pulses will reach to the counters during 2 ms? It can be 

calculated from the frequency of the clock. The number of pulses reaching to the 

counter in 2 ms is 
 

2ms
2000.

1/1 MHz
  The comparator output going high will strobe. 

The latches and send the count to the displays. Inserting a decimal point at the 

proper point in the seven segment display gives a reading of 2.000. But we want 

binary output. In such case instead of BCD counters, binary counters must be used, 

where output will be straight binary coded.  

 

 The main limitations of this circuit are,  

(i) Its resolution is less. Hence for applications which require resolution of 

9 part in 20,000 or more, this ADC is not stable.  

(ii) Variations in ramp generator due to time, temperature or input voltage 

sensitivity also cause a lot of problems.  

 

Successive Approximation ADC  

 

 In this technique, the basic idea is to adjust the DAC’s input code such that its 

output is within  ½ LSB of the analog input Vi to be A/D converted. The code that 

achieves this represents the desired ADC output.  

 

 The successive approximation method uses very efficient code searching 

strategy called binary search. It completes searching process for n-bit conversion in 

just n clock periods.  

 

 Figure shows the block diagram of successive approximation A/D converter. 

It consists of a DAC, a comparator, and a successive approximation register (SAR).  

 

 The external clock input sets the internal timing parameters. The control 



 

 

signal start of conversion (SOC) initiates an A/D conversion process and end of 

conversion signal is activated when the conversion is completed.  

 

Operation: 

 

 The searching code process in successive approximation method is similar to 

weighing an unknown material with a balance scale and a set of standard weights. 

Let us assume that we have 1 kg, 2 kg and 4 kg weights (SAR) plus a balance scale 

(comparator and DAC). Now we will see the successive approximation analogy for 

3-bit ADC.  

 

 The analog voltage Vin is applied at one input of comparator. On receiving 

start of  conversion signal (SOC) successive approximation register sets 3-bit binary 

code 1002 (b2= 1) as an input of DAC. This is similar process of placing the unknown 

weight on one platform of the balance and 4 kg weight on the other. The DAC 

converts the digital word 100 and applies it equivalent analog output at the second 

input of the comparator. The comparator then compares two voltages just like 

comparing unknown weight with 4 kg weight with the help of balance scale. If the 

input voltage is greater than the analog output of DAC, successive approximation 

register keeps b2 = 1 and makes b1 = 1 (addition of 2 kg weight to have total 6 kg 

weight) otherwise it resets b2 = 0 and makes b1 = 1 (replacing 2 kg weight). The same 

process is repeated for b1 and b0. The status ofb0, b1 and b2 bits gives the digital 

equivalent of the analog input. 

 

 The dark lines in the figure shows setting and resetting actions of bits for 

input voltage 5.2 V, on the basis of comparison. It can be seen from the figure that 

one clock pulse is required for the successive approximation register to compare 

each bit. However an additional clock pulse is usually required to reset the register 

prior to performing a conversion.  

 

The time for one analog to digital conversion must depend on both the clock’s 

period T and number of bits n. It is given as,  

 

  TC = T (n + 1) 

where  TC = conversion time  

  T   = clock period 

  n   = number of bits.  

 

 

Example: An 8 bit successive approximation ADC is driven by a 1 MHz clock. 



 

 

Find its conversion time.  

Solution:- 

 

 f 1 MHz  

       
1

T
f

  

   
6

1

1 10



 

             = 1 sec 

          n = 8 

      TC = T (n + 1) 

              = 1 (8 + 1) 

              = 9 sec. 

 

 

UNIT - IV 

8085 MICROPROCESSOR 

 
 Microprocessor is a programmable integrated device that has 

computing and decision-making capability similar to that of the Central Processing 

Unit (CPU) of a computer. A microprocessor is a multipurpose, programmable clock 

driven, register based electronic device that reads binary instruction from memory, 

and accept binary data as input and process data according to those instructions 

provides results as output. 

 

Features of 8085. 

 

  Single + 5V Supply  

 100% Software Compatible with m8080A  

 1.3 US Instruction Cycle  

 On Chip Clock Generator (with External Crystal or RC Network)  

 On Chip System Controller; Advanced Cycle Status Information Available for 

Large System Control  

 4 Vectored Interrupts (One is Non Mask able)  

 Serial In/Serial Out Port  

 Decimal, Binary, and Double Precision Arithmetic  

 Direct Addressing Capability to 64K bytes of memory  

 

The Intel 8085A is a new generation, complete 8 bit parallel central processing 



 

 

unit (CPU). Its instruction set is 100% software compatible with the 8080A 

microprocessor, and it is designed to improve the present 8080's performance by 

higher system speed. Its high level of system integration allows a minimum system 

of 3 IC's: 8085A (CPU), 8156 (RAM), and 8355/ 8755A (ROM/PROM). 

 

The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 

(system controller) provided for the 8080, thereby offering a high level of system 

integration. 

 

 

The 8085A uses a multiplexed data bus. The address is split between the 8bit 

address bus and the 8bit data bus. The onchip address latches of 

8155/8156/8355/8755A memory products allows a direct interface with the 8085A.  

 

Architecture of 8085:- 

 

The 8085 is an 8- bit microprocessor (i.e.,) it can accept, process as provide 8 – 

bit data simultaneously. It operates on a single +5V power supply connected at Vcc; 

power supply ground is connected too Vss. 

 

 

http://www.ordersomewherechaos.com/rosso/fetish/m102/web100/docs/intel-cpu-glossary.html


 

 

The 8085 microprocessor consist of various functional blocks: 

 Registers 

 Arithmetic and Logic Unit 

 Instruction decodes and machine cycle encodes. 

 Address buffer 

 Address/Data buffer 

 Increments / Decrements address latch 

 Interrupt control 

 Serial I/o control 

 Timing and control circuitry. 

 

Registers:-  

 

It has eight addressable 8 – bit registers : A, B, C, E, H, L,F and two sixteen bit 

registers PC and SP. These registers can be classified as 

1. General purpose Register 

2. Temporary Register 

3. Special purpose register 

4. Sixteen bit register 

 

1).General Purpose Register:- 

 

B, C, D, E, H and L are 8 – bit general-purpose register can be used as a 

separate 8 bit registers or as 16 bit register pairs, BC, DE, and HL. HL pair also 

functions as data pointer or memory pointer. There are also called scratchpad 

register. These register all used to store intermediates results 

 

2) Temporary Register: 

 

a) Temporary Data Register:- 

       The ALU  has two inputs one input is supplied by the accumulator and other 

form temporary data register. The programmers can not access this temporary data 

register. It is internally used for execution of most of the arithmetic and logical 

instruction. 

 

b) W and z register:- 

 

           W and z register are temporary registers. These register all used to hold 8-bit 

data during execution of same instruction. These registers are not available for 

programmers, since 8085 uses them internally. 



 

 

3) Special purpose Register:- 

 

a) Register A (Accumulator):- 

 

          It is a tri-state right bit register. It is extensively used in arithmetic, logic, load 

and store operations, as well as in, I/O operation. Most of the times, the result of 

arithmetic and logical operation is stored in the register A. Hence it is also identified 

as accumulator. 

 

b) Flag Register:- 

 

  It is an 8-bit register in which five of the bits carry significant information in the 

form of flag: Sign flag (S), Zero flag (Z), AC (Auxiliary carry flag,), parity flag (p) and 

carry flag (cy). 

 

D7 D6    D5       D4      D3        D2 D1 D0 

S Z X AC X P X CY 

 

S- Sign flag:- 

 

     After the execution of arithmetic as logical operation if bit D7 of the result is 1, the 

sign flag is set. In a given byte if D7 is 1, the number will be viewed as negative 

number, If d7 is 0, the number will be considered as positive number. 

 

Z – Zero flag: 

 

     The Zero flag sets if the result of operation in ALU is zero and flag reset if result is 

non zero. The zero flag is also set if a certain register content becomes zero following 

an increment as document operation of that register. 

 

AC – Auxiliary Carry Flag:- 

 

   This flag is set if there is an overflow out of bit 3 (i.e.,) carry from lower bit to 

higher bit (d3 bit to D4 bit). This flag is used for BCD operation and is not available 

for the programmers. 

 

 

P. Parity Flag:- 

 

     Parity is defined by the number of ones present in the accumulator. After an 



 

 

arithmetic or logical operation, if the result has an even number of ones. (i.e.) even 

parity, the flag is set. If the parity is odd, flag is reset. 

 

C) Instruction Register:- 

 

    In a typical processor operation, the processor first fetches the opcode of 

instruction from memory (i.e. it places an address on the address bus and memory 

responds by placing the data stored at the specified address on the data bus). The 

CPU stores this opcode in a register called the instruction register. This opcode is 

further sent to the instruction decodes to select one of the 256 alternatives. 

 

4) Sixteen Bit Registers:- 

 

a) Program Counter (PC):- 

 

    This 16 bit register deals with the fourth operating, sequencing the execution of 

instructions. This register is a memory pointer. Memory location have 16-bit address, 

and the microprocessor uses this register to sequence the execution of instruction. 

The function of program counter is to point the memory address from which the 

next byte is to be fetched. When a byte is being fetched, the program counter is 

incremented by one. 

 

b) Stack pointer: 

 

     The stack is a reserved area of the memory in the RAM where temporary 

information may be stored. A 16- bit stack pointer is used to hold the address of the 

most recent stack entry. 

 

Arithmetic and Logic unit (ALU):- 

 

    The 8085’s ALU performs arithmetic and logical functions on eight bit variable. 

The arithmetic u nit performs bitwise fundamental arithmetic operation such 

addition and subtraction. The logic unit performs logical operations such as 

complement, AND, OR and EX-OR, as well as rotate and clear. The ALU also looks 

after the branching decisions. 

 

Instruction Decodes: 

 

    The processor first fetches the opcode of instruction from memory and stores this 

opcode in the instruction register. It is then sent to the instruction decodes. The 



 

 

instruction decodes decodes it and accordingly, gives the timing and control signals 

which control the register, the data buffer ALU and external peripheral signals. 

 

Address Buffer: 

 

    This is an 8-bit unidirectional buffer it is used to drive external high order address 

bus (A15-A8). It is also used to tri-state the high order address bus under certain 

conditions such as reset, hold. 

 

Increments /Decrements Address Latch: 

 

    This 16 – bit register is used to increment or decrement the contents of program 

counter or stack pointer as a pact of execution of instruction. 
 

Address / Data Buffer:- 

 

   This is an 8 – bit bidirectional buffer. It is used to drive multiplexed address / data 

bus i.e., low order address bus (A7 – A0) and data bus (D7- D0). It is also used to tri-

state the multiplexed address / data bus. 

 

Interrupt Control: 
 

    The processor fetch, decodes and execute instruction in a sequence, sometimes it is 

necessary to have processor the automatically execute one of a collection of special 

routine whenever special condition exist, within a program as the microcomputer 

system. After execution of special routine, the program control must be transferred 

to the program which processor was executing before the occurrence of the special 

condition. The occurrence of this special condition is referred as interrupt. The 

interrupt control block has five interrupt inputs RST 5.5, RST 6.5, RST 7.5, TRAP 

AND INTR and one acknowledge signal INTA. 

Serial I/O Control: 

 

     In situations like, data transmission over long distance and communication 

with CRT terminal, it is necessary to transmit data bit by bit to reduce the cost of 

cabling. In serial communication one bit is transferred at a line over a single line. The 

8085’s serial I/O control provides two lines, SOD and SID FOR SERIAL 

COMMUNICATION. The serial output data line is used to send data serially and 

serial input data line is used to receive data serially. 

 

 

 



 

 

Timing and control circuitry: 

 

     The control circuitry in the processor 8085 is responsible for all the operation. 

The control circuitry and hence the operation in 8085 are synchronized with the help 

of clock signal. Along with the control of fetching and decoding operations and 

generating appropriate signals for instruction execution, control circuitry also 

generate signals required to interface external device to the processor 8085. 

 

Pin configuration of 8085: 

 
 

 The signals of 8085 can be classified into seven groups according to their function. 

a) Power supply and frequency signals 

b) Data bus and address bus 

c) Control bus 

d) Interrupt signals 

e) Serial I/o signals 



 

 

f) DMA signals 

g) Reset signals 

 

Power supply and Frequency signals: 

 

a. Vcc : It requires a single + 5v power supply 

b. Around reference 

 

X1 and x2:- 

 

    A tuned circuit like LC, RC or crystal is connected at there two pins. The internal 

clock generator devices oscillator frequency by 2, therefore to operate a system at 3 

MHz, the crystal of tuned circuit must have a frequency of 6MHz. 

 

CLK OUT: 

 

     This signal is used as a system clock for other decries. Its frequency is half the 

oscillator frequency. 

 

Data Bus and Address Bus: 

 

A) Ado to AD7:- 

 

   The 8 bit data bus (Do-D7) is multiplexed with the lower half (A0-A7) of 16 bit 

address bus. During first past of the machine cycle (T1), lower 8 bits of the memory 

address or I/o address appeal on the bus. During remaining part of the machine 

cycle (t2 and T3)_ these lines are used as a bi-directional data bus. 

 

B) A8 to A15:- 

 

         The upper half of the 16 bit address appears on the  address lines A8 to A5. 

These lines are exclusively used for the most significant 8 bits of the 16 bit address 

lines. 

 

Control and Status signals: 

 

RD and WR:- 

   These signals are basically used to control the direction of the data flow between 

processor and memory or I/o device/part. A low on RD indicates that the data must 

be read from the selected memory location or I/o port via data bus. A low on WR 



 

 

indicates that the data must be written into the selected memory location or I/o port 

via data bus. 

 

IO/M, So and S1 :- 

 

      Io/m indicates whether I/O operation as memory operation is being carried out 

S1 and S0 indicate the type of machine cycle in progress. 

 

ALE (Address Latch Enable): 

 

Ado to AD7 lines are multiplexed and the lower half of address (Ao – A7) is 

available only during T1 of machine cycle. This lower half of address is also 

necessary during T2 and T3 of machine cycle to access specific location in memory or 

I/o port. This means that the lower half of an address must be latched in T1 of 

machine cycle, so that it is available through out the machine cycle. The latching of 

lower half of an address bus is done by using external latch and /ale signal from 

8085. 

 

READY:- 

 

     It is used by the processor to sense whether a peripheral is ready or not far data 

transfer. If not, the processor waits. It is thus used to synchronize slower peripherals 

to microprocessor. 

 

Interrupt signals: 

 

    The 8085 has five hardware interrupt signals RST 5.5, RST 6.5, RST 7.5, TRAP and 

INTR. The microprocessor recognizes interrupt request on there lines at the end of 

the current instruction execution. 

 

    The INTA (Interrupt Acknowledge) signal is used to indicate that the processor 

has acknowledged an INTR interrupt. 

 

Serial I/o Signals:- 

 

SID (Serial I/p Data): This input signal is used to accept serial data bit by bit from 

the external device. 

 

SOD (Serial o/p Data) : This is an output signal which enables the transmission of 

serial data bit by bit to the external device. 



 

 

DMA signals:  

 

HOLD:- This signal indicates that another master is requesting for the use of 

address, data and control bus. 

 

HLDA:- This active high signal is used to acknowledge HOLD request. 

 

Reset signals:- 

 

RESET IN:-  A low on this pin sets the program counter to zero (0000 H). Resets the 

interrupt enable and HLDA flip flops. Tri-states the data bus, address bus and 

control bus. 

 

RESET OUT:- 

 

      This active high signal indicates that processor is being reset. This signal is 

synchronized too the processor clock and it can be used too reset other devices 

connected in the system. 

 

Adressing modes of  8085 microprocessor. 

 

    Addressing modes are the different ways that a microprocessor can access data. 

The 8085 has 5 address modes. They are 

 Immediate 

 Register 

 Direct 

 Indirect 

 Implied 

 IMMEDIATE ADDRESSING MODE: 

 

In this mode, 8 or 16 bit data can be specified as a part of instruction. In 8085, 

the instructions having ‘I’ letter fall under this category. ‘I’ indicates immediate 

addressing mode. 

 

Example:  MVI A, 30H: Moves 8 bit immediate data  

(30H) into accumulator. 

LXI D, 10 FFH: Moves 16 bit immediate  

Data (10FFH) into DE register pair (D=10H & E = FFH) 

REGISTER ADDRESSING MODE: This mode specifies the sources operand, 

destinations operand, or both to  be contained in an 8085 registers. This results in 



 

 

faster execution , since it is not necessary to access memory locations for operands 

 

Example : Mov A, B : Moves the contents of register B – 

 

   into the accumulator. 

ADD c : Adds the content of register C with  

accumulator contents and stores it is acc. 

 

DIRECT ADDRESSING MODES : 

 

    This mode specifies the 16 bit address of the operand within the instruction itself. 

The second and third bytes of instruction contain this 16 bit address. 

 

Example : LDA 200DH : Loads the 8 bit contents    of   

memory location 2000H into the acc 

 

SHLD 3000H: Stores the HL register pair into two consecutive memory 

locations. Lower byte in the contents of L register into memory location 

3000H and higher byte is the contents of H register into memory location 

3001H 

 

INDIRECT ADDRESSING MODE:  In indirect addressing mode, the memory 

address where the operand located is specified by the contents of a register pair. 

Example:  

 

MOV M, A : States the contents of acc Into the memory  

location pointed by HL rep. 

LDAX B: Loads the acc. With the contents of memory  

location pointed by BC rep. pair. 

 

IMPLIED ADDRESSING MODE: In implied addressing mode, Opcode specifies 

the address of the operands. 

 

Example: CMA : Complements contents of acc. 

 

RAL : Rotates the contents of acc. Left through carry. 

 

      RST 1         CF         0008H 

      RST 2         D7         0010H 

      RST 3         DF         0018H 



 

 

      RST 4         E7         0020H 

      RST 5         EF         0028H 

 

nals of the timing and control unit are: 

 

                * ALE 

                * RD & WR 

                * READY 

 

ALE :  ADDRESS LATCH ENABLE : 

 

     We know that ADo to AD7 lines are multiplexed and the lower half of address 

(Ao – A7) is available only during T1 of the machined cycle. This lower half of 

address is also necessary during T2 & T3 of machine cycle to access specific location 

in memory or I/O port. This means that the lower half of an address must be latched 

in T1 of the machine cycle, So that it is available throughout the machine cycle. The 

latching of lower of half of an address bus is done by using external latch & ALE 

signal from 8085. 

RD and WR 

 

    These sigals are basically used to control the direction of the data flow between 

processor and memory or I/O device /port. A low on RD indicates. 

 

Instruction sets in 8085? 

 

    The 8085 instruction set can be categorized  into five different groups based on the 

nature of functions the instruction carry out 

 

* Data Transfer group 

* Arithmetic Group 

* Logic Group 

* Branch Group 

* Stack, Input \ output and machine control group. 

 

DATA TRANSFER GROUP: 

 

    The data transfer group instructions load the given data into  register, copy data 

from register to register, and copy data from register to memory location & vice- 

versa. These instructions do not affect any flag in the flag register. 

 



 

 

(I)  MVI r, data (8) : Move 8-bit data to register r. 

Operation : r 8 bit data (byte) 

Description : This instruction directly loads a  

specified register with an 8-bit data given within the instruction. 

The register r is an 8 bit general purpose register such as A, B, C, 

D, E, H. and L. 

No of bytes: 2 

 

                   First byte: Opcode of MVI r. 

                  Second byte : 8-bit data 

Addressing mode  : Immediate addressing 

Flags : Flags are not affected. 

 

 

Example:  

MVI B, 60H: This instruction will load 60H directly into the  

   B register 

 

   Before Execution                      After Execution 

A  

B  

 

Mov rd, rs : Moves data from source register to destination register. 

Operation : rd  rs 

 

Description : This instruction copies data from the source register into destination 

register. 
 

No of bytes : 1 byte (opcode of Mov rd, rs) 

Addressing mode : Register addressing 

Flags : Flags are not affected. 
 

Example : A = 20H 

Mov B, A 

 

Before Execution                                After Execution 

A 20 B  

 

XCHG : Exchange the contents  of H with D and L with E 

Operation : H >D & L>E 

 

MVI B, 60H 

 

A 

B 60 H 

A 20 
 

B 
 

20 
 



 

 

 A 50  

B  C 30 

D  E  

H  L  

 

Description : This instruction exchange the contents of the register with that of D 

and of L with that of E 

 

No of bytes : 1 byte 

                   : Opcode of XCHG 

 

Addressing mode: Register addressing 

Flags : Flags are not affected 

Example : XCHG 

D 20 E 40 

H 70 L 80 

 

    The other instructions are MVI M, data (8 bit) , Mov M, rs) Mov rd, M , LXI RP, 

DATA (16 BIT), STA adds , LDA adds , SHILD adds ,  LHLD adds , STAX rp , LDAX 

rp , 

 

ARITHMETIC GROUP : Arithmetic group instructions add, subtract, increment or 

decrement data in registers or in memory In addition, there is one instruction which 

adjust 8 bit data to form BCD numbers. 

 

ADD: ADDr , ADD M, ADI data (8) , ADCr , ADC M  

          ACI data (8) , DAD rp 

ADD r : Add register r to accumulator 

 

   Operation : A  A+r 

 

   Description : This instruction adds the contents of the specified register to the 

contents of accumulator and stores result in the accumulator. The r is 8 bit general 

purpose register such as A, B, C, D, E, H and C 

 

 No of bytes: 1 byte 

                      Opcode of ADD r 

 

Addressing mode : (All  are affected) Register Addressing 

Example : A = 20H , C = 30H 

ADD c  

        Before                                     After 

 

 A 20  

B  C 30 

XCHG D 70 E 80 

H 20 L 40 



 

 

D  E  

  L  

SUBSTRACT 

 

      SUB r , SUB m, SUI data, SBB r, SBB m , SBI data 

 

SUI data (8) : Subtract 8 bit immediate data from the accumulator. 

Operation : A A-data (8) 

 

Description : This instruction subtracts an 8 b it data given within the instruction 

from the contents of the accumulator and stores the result in the accumulator. 

 

No of bytes : 2 bytes 

 

                    First byte : opcode of SUI 

                    Second byte : 8 – bit data 

 

Addressing mode : Immediate addressing 

Flags :  All flags are affected 

 

Example : A = 40H 

 

SUI 20H : This instruction will subtract will subtract 20H from the contents of 

accumulator (40H). It will store the result (20H) in the accumulator. 

 

INX rp : Increment specified register pair : 

 

Operation : rp rp + 1 

 

Description : This instruction increments the contents of register pair by one. The 

result is stored in the same register pair. The rp is register pair The rp is register pair 

such as BC, DE, HL, or stack pointer (sp). 

 

No of bytes: 1 byte 

                     Opcode of INXrp 

 

 

 

 

Addressing mode : Register addressing. 

ADDC 



 

 

Flags : No flags are affected. 

Example : HL = 10FFH 

 

INX H : This instruction will increment the contents of HL register pair (10FFH) by 

one. It will store the result (10FF + 1 = 1100F) in the same i.e. HL register pair. 

 

SP    

B  C  

O  E  

H 10 L FF 

 

BRANCH GROUP: 

 

    The branch group instructions allow the microprocessor to change the sequence of 

a program, either conditionally or under certain test conditions. 

 

This group include : 

 

     * Jump instructions 

     * Call and Return instructions 

     * Register instructions 

 

JUMP adds: Jump unconditionally to the address 

 

Operation : Pc  adds 

 

Description : This instruction loads the pc with the address given within the 

instructions and resumes the program execution from this location. 

 

No of bytes : 3 bytes 

 

Addressing mode : Immediate Addressing 

 

Flags : Flags are not affected. 

 

Example : 

 

JMP 2000H ; This instruction will load pc with 2000H and processor   will fetch next 

instruction from this address. 

         Before Execution                        After Execution  

SP    

B  C  

D  E  

H 11 L 00 

 

PC  2000 



 

 

PC  

 

LOGIC GROUP : 

 

     Logic group instructions perform logic operations such as AND, OR & XOR, 

compare data between registers or between register & memory , rotate and 

complement data in register. 

 

* ANA  r  * XRA r * ORA  r 

* ANA M          *XRA M  * ORA M 

* ANI data       * XRI data     * ORA data 

* CMP r           * CMP M       * CRI data 

* STC                * CMC           * CMA 

 

XRI data : XOR  8 bit immediate data with accumulator  

 

Operation: AA @ data 

 

Description  : This instruction logically XORs the 8 bit data given in the instruction 

with the contents of the accumulator and stores the result in the accumulator. 

No. of bytes : 2 bytes. 

 

                      First byte : opcode of XRI 

 

                      Second byte : 8-bit data 

 

Addressing mode : Immediate addressing 

 

Flags : All flags are affected with carry flag = o and auxiliary carry flag = 0 

 

 

 

 

 

 



 

 

UNIT – V 

INTERFACING AND APPLICATIONS OF MICROPROCESSOR 

 

BASIC INTERFACING CONCEPTS: 

 

The memory mapping is the process of interfacing memories to 

microprocessor and allocating addresses to each memory locations. If two devices 

drive the data bus simultaneously then it is called bus contention.  It may lead to 

following undesirable events. The chip select is the control signal that has to be 

asserted TRUE to bring an IC from high impedance state to normal address lines 

with the help of decoders. 

 

Temperature control system. 

 

        The microprocessor based temperature control system can be used for automatic 

control of the temperature of a body. A simplified block diagram of 8085 

microprocessor based temperature control system is shown in the figure. 

 

        The system consist of 8085 microprocessor as CPU EPROM memory for 

program storage, RAM memory for stack and data storage, INTEL 8279 for keyboard 

and display interface, ADC, DAC, INTEL 8255 for I/O ports, Amplifiers, Signal 

conditioning circuit, temperature sensor and Supply control circuit.  In this system 

the temperature is controlled by controlling the power input to the heating element. 

 

          The EPROM memory is provided for storing program and RAMS memory for 

temporary data storage and stack operation.  Using INTEL 8279 a keyboard and six 

numbers of 7-segment LEDs are interfaced to the system.  The systems have been 

designed to accept the desired temperature and various control commands through 

keyboard.  The 7-segment display have been provided to display the temperature of 

the body at any time instant. 

 

        The temperature of the body is measured using a temperature sensor.  The 

different types of temperature sensors that can be used for temperature 

measurement are Thermo-couples, Thermistors, PN-junctions, IC sensors like 

AD590, etc., These sensors will convert the input temperature to proportional analog 

voltage or current.  The output signal of the sensor will be a weak signal and it has to 

be amplified using high input impedance operational amplifier.  Then the analog 

signal is scaled to suitable level by the signal conditioning circuit. 

 



 

 

           The microprocessor can process only digital signals and so the analog signal 

from signal conditioning circuit cannot be read by the processor directly.  The 

system has an Analog-to-Digital Converter (ADC) to convert the analog signal to 

proportional digital data.  In this system the ADC is interfaced to 8085 processor 

through port-A and port-C of 8255.  The 8085 processor send signal to ADC through 

port-C to start conversion and at the end of conversion it read the digital data from 

the port-A of 8255. 

 

 The 8085 processor calculate the actual temperature using the input data and 

display it on the 7-segment LED.  Also the processor compare the desired 

temperature with actual temperature (The operator can enter the desired 

temperature through keyboard) and calculate the error (the difference between 

actual temperature and desired temperature).  The error is used to compute a digital 

control signal by DAC. The DAC interfaced to the system through port-B of 8255.  

The analog control signal produced by DAC is used to control the power supply of 

the heating element of the body. 

 

           The digital control signal can be computed by the 8085 processor using 

different digital control algorithms (P/PI/PID/FUZZY logic control algorithms). The 

control circuit for power supply can be either thyristor based circuit or relay.  In case 

of thrysistor control circuits the firing angle can be varied by the control signal to 

control the power input to heater.  In case of relay the control signal can switch 

ON/OFF the relay to control the power input to the heater.  The sequence of 

operations performed by the microprocessor based system is shown in the flowchart 

of figure. 

 

Traffic Light Control system: 

 

          The traffic lights placed at the road crossings can be automatically switched 

ON/OFF in the desired sequence using the microprocessor system.  The system can 

also have a manual control option, so that during heavy traffic (or during traffic jam) 

the duration of ON/OFF time can be varied by the operator. 

 

           A typical traffic light control system (demonstration type) is shown in figure. 

The system has been developed using 8085 as CPU.  The system has EPROM 

memory for system program storage and RAM memory for stack operation.  For 

manual control a keyboard have been provided. It will be helpful for the operator if 

the direction of traffic flow is displayed during manual control.  Hence 7-segment 

LEDs are interfaced to display the direction of traffic flow both during manual and 

automatic mode. 



 

 

            The primary function of the microprocessor in the system to switch ON/OFF 

the Red/Yellow/Green lights in the specified sequence.  In the demonstration system 

of fig 7.6 Red/Yellow/Green LEDs are provided instead of lights (lamps).  The LEDs 

are interfaced to the system through buffer (74LS245) and ports of 8255. 

 

           In the practical implementation scheme the lights can be turned ON/OFF 

using driver transistors and relays. In practical implementation the output of buffer 

(74LS245) can be connected to the driver transistor.  A relay placed at the collector of 

the transistor can be used to switch ON/OFF the lights as shown in figure.  A reverse 

biased diode is connected across relay coil to prevent relay chattering (for free-

wheeling action). 

 

             The microprocessor send high through a port line to switch ON the light and 

low to switch OFF the light.  A switching schedule (or sequence) can be developed 

as shown in table.  In this switching sequence it is assumed that the traffic is allowed 

only in one direction at a time.  In table ‚1‛ represents ON condition and ‚0‛ 

represents OFF condition.  These 1’s and 0’s can be directly output to 8255 ports to 

switch ON/OFF the light.  A flowchart for traffic light control program is shown in 

figure. 

 

 

     The processor can output the codes for switching the lights for schedule – 1 and 

then waits.  After a specified time delay the processor output the codes for schedule 

– II and so on.  For each schedule the processor can wait for a specified time.  After 

schedule – XII the processor can again return to schedule-1.  On observing the 

schedules we can conclude that three different delay routines are sufficient for 

implementing the twelve switching schedules. 

 

Stepper Motor Control System 

 

           The stepper motors are popularly used in computer peripherals, plotters, 

robots and machine tools for precise incremental rotation.  In stepper motor the 

stator windings are excited by electrical pulses and for each pulse the motor shaft 

advances by one angular step.  ( Since the stepper motor can be driven by digital 

pulses, it is also called digital motor.) The step size in the motor is determined by the 

number of poles in the rotor and the number of pairs of stator windings (one pair of 

stator winding is called one phase).  The stator windings are also control windings. 

 

            The motor is controlled by switching ON/OFF the control winding.  The 

popular stepper motor used for demonstration in laboratories has a step size of 1.80 



 

 

(i.e., 200 steps per revolution).  This motor consist of four stator winding and require 

four switching sequence as shown in the table.  The basic step size of the motor is 

called full-step.  By altering the switching sequence as shown in the motor can be 

made to run with incremental motion of half the full-step value.  The switching 

sequence for half-step rotation is shown in the table. 

 

         A typical stepper motor control system is shown in figure a two phase or four 

winding stepper motor is shown in figure.  The systems consist of 8085 

microprocessor as CPU, EPROM and RAM memory for program & data storage and 

for stack.  Using INTEL 8279 a keyboard and six number off 7-segment LED display 

have been provided to display message to the operator. 

 

            The windings of stepper motor are connected to the collector of Darlington 

pair transistors.  The transistors are switched ON/OFF by the microprocessor 

through the ports of 8255 and buffer (74LS245).  A free-wheeling diode is connected 

across each winding for fast switching.  The flowchart for the operation flow of the 

stepper motor control system is shown in figure.  The processor has to output a 

switching sequence and wait for 1 to 5 milli-seconds before sending next switching 

sequence.  (The delay is necessary to allow the motor transients to die-out). 

 

INTERFACING OF IO DEVICES: 

 

Memory mapping and I/O Mapping of I/O Device: 

 
Memory Mapping of I/O device I/O Mapping of I/O device 

1. 16- bit addresses are provided for I/D devices. 

2. The devices are accessed by memory read or 

memory write cycles. 

 

 

3. The I/O ports or peripherals can be treated like 

memory locations and so all instructions related 

to memory can be used for data transfer between 

I/O device and the processor. 

4. In memory mapped ports the data can be moved 

from any register to ports and vice-versa. 

5. When memory mapping is used for I/O devices, 

the full memory address space cannot be used 

for addressing memory. Hence memory 

mapping is useful only for small systems, where 

the memory requirement is less. 

6. In memory mapped I/O devices, a large number 

of I/O ports can be interfaced. 

7. For accessing the memory devices, the processor 

1. 8-bit addresses are provided for I/O  devices. 

 

2. The devices are accessed by I/O read or I/O write 

cycle. During these cycles the 8-bit address is 

available on both low order address lines and high 

order address lines. 

3. Only IN and OUT instruction can be used for data 

transfer between I/O device and the processor. 

 

 

4. In I/O mapped ports the data transfer can take 

place only between the accumulator and ports. 

 

5. When I/O mapping is used for I/O devices then the 

full memory address space can be used for 

addressing memory. Hence it is suitable for 

systems which requires large memory capacity. 

 

6. In I/O mapping only 256 ports (28 = 256) can be 



 

 

executes memory read or write cycle. During this 

cycle IO/M =0). 

interfaced. 

7. For accessing the I/O mapped devices, the 

processor executes I/O read or write cycle. During 

this cycle IO/M  is asserted high (IO/M = 1). 

 

 

Interfacing Peripheral devices: 

 

  The I/O devices are generally slow devices and so they are connected 

to the system bus through the ports. The ports are buffer IC which is used to 

temporarily hold the data transmitted from microprocessor to I/O device or to hold 

the data transmitted from I/O device to microprocessor. 

For data transfer from input device to a processor the following operations are 

performed. 

 

1. The input device will load the data to the port. 

2. When the port receives a data, it sends message to the processor to read the 

data. 

3. The processor will read the data from the port. 

4. After a data have been read by the processor the input device will load the 

next data into the port. 

 

For data transfer from the processor to the output device the following operations 

are performed. 

 

1. The processor will load the data to the port. 

2. The port will send a message to the output device to read the data. 

3. The output device will read the data from the port. 

4. After the data have been read by the output device the processor can load the 

next data to the port. 



 

 

The various INTEL I/O port devices are 8212, 8155 / 8156, 8255 and 8755. 

 

INTEL 8212 

 

 The 8212 is a 24 pin IC. It consists of eight number of D-type latches, each 

followed by a tristate buffer. It has 8-input lines DI1 to DI8 and 8-output lines DO1 to 

DO8.  The 8212 can be used as an input or output device and the function is 

determined by the mode pin. However it cannot be used simultaneously for input 

and output in the same circuit, since its mode pin is hardwired. It has 2-device select 

signals DS 1 and DS2,.  The port is selected by the processor by sending appropriate 

address to device select pins. 

 

Output Port  : When MD = 1, DS 1 = DS2 = 1 

Input Port     : When MD = 0, DS 1 = DS2 = 1 

 

 

INTEL 8155 

 

 It has 256 x 8 static RAM, two numbers of 8-bit parallel I/O port (port –A and 

B) one number of 6 – bit parallel I/O port (port-C) and 14 bit timer. The port-A and B 

can be programmed to work as simple or handshake input or output port-A and 

port-B are simple ports then port-C can be used as input or output port. The timer 

can be programmed to operate in four different modes. It requires six internal 

addresses and has one logic low chip select pin ( CS ). The addresses of internal 

devices of 8155 are listed in table. 

 

INTERNAL ADDRESS OF 8155 / 8156 

 

Internal Device A2 A1 A0 

Control Register 

Status Register 

0 0 0 

Port – A 0 0 1 

Port – B 0 1 0 

Port – C 0 1 1 

LSB of Timer 1 0 0 

MSB of Timer 1 0 1 

INTEL 8156 

 

 Same as 8155, but it has logic high chip select (CS), i.e., the chip is selected 

when CS = 1. 



 

 

INTEL 8255 

 

 It has numbers of 8-bit parallel I/O ports (port A,B and C). 

 Port-A can be programmed in mode-0, mode-1 or mode-2 as input or output 

port. Port-B can be programmed in mode-1 and mode-2 as I/O port. When ports A 

and B are in mode-0, the port-C can be used as I/O port. The individual pins of port-

C can be set or reset. It requires four internal addresses and has one logic low chip 

select (CS ) pin. The address of internal devices of 8255 are listed on table. 

 

 

INTERNAL ADDRESS OF 8255 

 

Internal Device A1 A6 

Port-A 0 0 

Port-B 0 1 

Port-C 1 0 

Control Register 1 1 

 

Interfacing the I/O devices. 

 

1. Memory mapped I/O device 

2. Standard I/O mapped I/O device or Isolated I/O mapping. 

 

         In memory mapping of I/O devices the ports are allotted a 16-bit address like 

that of memory location.  Some of the chip-select signals generated to select memory 

ICs are used for selecting the I/O port devices.  Hence the processor treats I/O ports 

as memory locations for reading and writing (i.e., the devices which are mapped by 

memory mapping are accessed by executing memory read cycle or memory write 

cycle).  In standard I/O mapping or isolated I/O mapping a separate 8-bit address is 

allotted for I/O ports and the peripheral ICs.  The processor differentiates the I/O 

mapped devices from the memory mapped devices in the following ways. 

 

1. For accessing the I/O mapped devices the processor executes I/O read or write 

cycle. 

2. During I/O read or write cycle the 8 bit address is placed on both low order 

address lines and the high order address lines. 

3. /IO M is asserted high to indicate the I/O operation (for read as well as write). 

 

 

******* 


