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Switching characteristics of diode and transistor turn ON, OFF time, reverse recovery time, 

transistor as switch, Multivibrators, Bistable, Monostable, Astable multivibarators. Clippers and 

clampers, Differential amplifier, calculation of differential, common mode gain and CMRR using 

hparameters. 

 

Switching Characteristics of Diode and Transistor: 

Diodes are used in applications such as logic gates. In such applications diodes are used as 

switch. Practical diodes will require finite amount of time to switch from one state to another. 

The time required to turn OFF diode from ON condition is known as reverse recovery time. The  

reverse recovery time (�  is sum of storage time (�  and transition time (� . 

Forward recovery time (� :Is the time required for diode to change from 10 to 90 percent of 

its final value when diode is switched from OFF to ON state. 

Transistor Switching Times: Transistor needs finite time to turn on and to turn off completely. 

Various delay times intervals involved in switching transistors are as follows. Fig. 1 shows all 

these different timings. 

1)Turn on Time- It is the time delay between the instant at which a high base voltage is applied 

and instant at which collector current reaches 90% of its maximum value. Is the sum of delay 

time  � and rise time � .Delay time is time required for the collector current to attain 10% of its 

maximum value. Rise time is the time required by collector current to reach 10% of collector 

current to 90% of collector current. 

 

 

 

 

 

 

 

 

Fig.1 Switching Waveform of Transistor 
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2) Turn off Time- Time taken by the collector current reduce up to 10% from its maximum 

value. It is sum of storage time �  and fall time � .storage time is defined as the time interval 

between transition of input waveform and the time when collector current reduces to 90% of 

its maximum value. Fall time �  is defined as the time required for collector current to fall from 

90% to 10% of its maximum value. 

MULTIVIBRATORS 

Multivibrators are basically two stage R-C coupled amplifier with positive feedback from output 

of one amplifier to the input of another. They generate non sinusoidal waves such as 

rectangular waves, sawtooth waves, square waves etc. They are capable of counting pulses and 

performing other essential functions as in digital systems. Different type of multivibrators are as 

follows. 

Astable Or Free Running multivibrator: It has no stable state. The two states had by the astable 

multivibrator are quasi-stable (temporary) states. The astable multivibrator therefore make 

successive transition from one quasi-state to another after a predefined time interval, without 

the aid of external triggering signal as shown in Fig.2.  

Working Operation: When the power is first applied to the circuit, both transistor starts 

conducting. Because of the small differences in their operating characteristics.One of the 

transistor will conduct slightly more than the other. Assume arbitrarily that  initially conducts 

more than .This causes the collector voltage of  to drop more rapidly than that of .The 

resulting negative signal is fed to the base of  through capacitor � and derives it towards cut 

off.As a result the collector voltage of rises to � .This change in collector voltages of is fed 

to the base of  through capacitor � . It causes transistor  to go into saturation. This 

happens so quickly that capacitor �   does not get chance to discharge and the reduced voltage 

at the collector  appears across the resistor . 

 

 

 

 

 

 

 

 

Fig.2 Astable Multivibrator 
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Monostable Or Single Shot Multivibrator: It has only one stable state and one quasi-stable 

(temporary) state. In this circuit a triggering signal is required to introduce the transition from 

stable to quasi stable state. The circuit remains in the quasi stable state for a period determined 

by the circuit components. After this period circuit returns to its initial state and no external 

signal is required to induce the reverse transition.  

Working Operation: It consist of two similar transistors  and  with equal collector 

resistances  and  as shown in Fig.3. Circuit is designed for operation with transistor 

normally conducting and transistor  cut off. The output of transistor  is coupled to the 

base of  via capacitor �  as in case of astable multivibrator. However, the other coupling is 

direct one with base resistor  . Transistor  is forward biased by power supply � and base 

Resistor  is selected to permit sufficient base current in the transistor for operation in the 

saturation region. 

When power supply is switched on but with no input pulse applied transistor  is on and 

operating in saturation region. It is being forward biased by supply � and base resistor  . 

The collector off transistor  is virtually at ground potential.  

When a positive trigger pulse of short duration and sufficient magnitude is applied to the base 

transistor through capacitor � . Transistor starts conducting and the potential of collector 

of transistor  comes to the ground. Thus negative bias is applied to the base of transistor 

and transistor is cut off. And  remains turn on even after positive spike from transistor 

 is removed. 

 

 

 

 

 

 

 

 Fig. 3 Monostable Multivibrator 

 

Bistable Or Flip Flop Multivibrator: It has only two stable states. It can stay in either of the two 

states indefinitely. Only an application of a suitable trigger pulse makes the circuit to change 

the other stable state. The circuit can be brought back to its original  stable state only by 

applying another suitable trigger pulse as shown in Fig.4. 
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Asssume that both transistors are identical and one of the transistor say   is conducting. The 

biasing resistors are so adjusted that  will be saturated. This one of the stable state ̅  will be 

low and Q will be high. To make Q low, we apply a negative trigger pulse, transistor comes 

out for conduction. Its collector voltage voltage increases to � . 

Due to cutoff the collector voltage of will increase to � .This high going change in level of 

collector voltage of is coupled to the base of  through the capacitor �  due to which  

will be forced into on state.Infact will saturate and Q output will become low.As  is turned 

off, its collector voltage rises to +� , This voltage will than ensure that will remain in 

saturation. This is the second stable state of operation.If we want to turn on again then we 

have to apply a –ve trigger pulse at trigger pulse input2. 

 

 

 

 

 

 

 

 

Fig. 4 Bistable Multivibrator 

Clippers: 

The clipping circuits using diodes have the ability to lip  off or re o e a portio  of the i put  
Single without distorting the remaining part of the waveform. The diode clipper circuits can be 

of the following types: 

Types of clipping circuits: 

1. Series clippers                         2. Parallel clippers  

Series clippers: 

In this configuration the diode is connected inn series with the load. 

Parallel clippers: 

In this configuration the diode appears in a branch parallel to the load. 

A Series Clipper Circuit: 

The basic configuration of a series clipper is as shown in Fig. 5. The diode used in this 

configuration is assumed to be an ideal one. 

1)Series Negative Clipper 

This lipper is alled as a series egati e lipper   as it lips off  the egati e half y le of the  
applied  voltage. 
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Trigger Input 2 

Trigger Input 1 
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Fig.5 Series Negative Clipper 

 

Operation of the Series Negative Clipper: 

The series negative clipper shown in Fig .5 is nothing but a simple half wave rectifier  

Circuit. The waveforms for the same are as shown in Fig .5.  

In the positive half cycle of the sinusoidal input, the diode is forward biased. Being an ideal 

diode, it act as a closed switch and connects the load across the input. The load voltage is 

therefore equal to the input voltage in the positive half cycle. 

In the negative half cycle of the input, the diode is reverse biased and acts as an open circuited  

Switch. The load voltage is therefore zero during the negative half cycle. 

The egati e half y le is thus lipped off  or sha ed off  y the series egati e lipper. 
 

2)Series Positive Clipper 

By reversing the direction of the diode, it is possible to obtain series positive clipper 

configuration as shown in Fig.6. The positive side of each waveform has been clipped off, as 

now diode conducts only in negative half cycles. 

 

 

 

 

 

Fig.6 Series Positive Clipper 

 

Parallel Clippers 

Clipping diode is connected in a branch which is parallel to the load. 

Vi Vo 

Vi Vo 
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1)Parallel Positive Clipper: In the positive half cycle of the input voltage, diode D if forward 

iased a d therefore o du ts fro  0 to π. The output oltage ill therefore e zero for 
positive half cycle of the input voltage as shown in Fig. 7. The positive half cycle is thus clipped 

off. 

 

 

 

 

Fig.7 parallel Positive Clipper 

 

In the Negative half cycle diode does not conduct therefore act as open switch. The load 

voltage is equal to  the instantaneous input voltage as shown in Fig.3.the negative half cycle 

appears as it is across the load. 

2)Parallel Negative Clipper:  

By reversing the direction of the diode in the parallel positive clipper, it is possible to obtain 

series positive clipper configuration as shown in Fig.8. The positive side of each waveform has 

been clipped off, as now diode conducts only in negative half cycles. 

 

 

 

  

 

 

Fig.8 parallel Negative Clipper 

 

The Clampers: 

The clampers are used to clamp the input single to a different dc level. A clamping circuit is 

made from a capacitor, resistor, diode and sometimes to a additional dc source. Clampers are 

of two types: 

Vi Vo 

Vi Vo 
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1) Positive Clamper: It adds a positive dc to the ac input voltage. In other words ac input is 

shifted upwards as shown in Fig. 9.Assume that RC time constant is much longer as compared 

to one cycle period T. 

Operation: In the first negative half cycle after turning on the circuit, the diode act as closed 

circuit and charges the capacitor to the peak voltage � . In all subsequent positive and negative 

half cycles due to large RC time constant, the capacitor does not lose much charge So � remains constant. So for rest of the operation equivalent diode is reversed biased in both 

cycles so it remains off. We can write  � =��+�  

This shows that Clamper adds DC shift to the input waveform.  

  

 

 

 

 

Fig.9 Positive Clamper 

 

2)Negative Clamper: It adds a negative dc to the ac input voltage. In other words ac input is 

shifted downwards as shown in Fig. 10. Assume that RC time constant is much longer as 

compared to one cycle period T. 

Operation: In the first positive half cycle after turning on the circuit, the diode act as closed 

circuit and charges the capacitor to the peak voltage � . In all subsequent positive and negative 

half cycles due to large RC time constant, the capacitor does not lose much charge So � remains constant. So for rest of the operation equivalent diode is reversed biased in both 

cycles so it remains off.We can write  � =��-�  

This shows that Clamper adds a negative DC shift to the input waveform.  

 

  

 

 

 

 

Fig.10 Negative Clamper 
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Differential Amplifier 

The function of ideal differential amplifier is to amplify the difference between two signals. In 

Fig.11 schematic of Dual Input Balanced output differential amplifier is shown. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 Dual Input Balanced output differential amplifier 

The difference between the two input signals is called differential signal � . � = � -�  

A common signal to both input terminals is called Common mode signal (i.e. � = � = � . 
Differential gain can be defined as gain at which differential amplifier amplifies the differential 

gain. � =
��  

Expression for common mode signal � =
� +�

 

The Total voltage of differential amplifier � = � � +� �  

Common Mode Rejection Ratio (CMRR) 

−�  

 
 

�  

+�  
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Common mode rejection ratio is the ability of a differential amplifier to reject the common 

mode signal success fully. 

CMRR=| | 
CMRR (dB)=20log| | 
Features of differential amplifier 

1) High differential gain and common mode gain 

2) High common mode rejection ratio 

3) High input impedance 

4) Low output impedance 

5) High gain  

6) Large bandwidth 

Basic  

Operation in Differential Mode 

For operation in differential mode we need to have two input signals of equal magnitude and 

opposite phase. In order to get these signals center tapped transformer is used. Output voltage 

is equal to the difference between outputs of the individual transistors. Its amplitude will be 

twice the amplitude of the signal voltage obtained at either collector to the ground.  

Differential Amplifier Configurations: 

Depending on the way of connecting the input to them and depending on the way of measuring 

output, there are four configurations of differential amplifier. 

1. Dual input, balanced output differential amplifier 

2. Dual input, unbalanced output differential amplifier 

3. Single input, balanced output differential amplifier 

4. Single input, unbalanced output differential amplifier 

Analysis of Dual Input, Balanced Output, Differential Amplifier: 

In this section we are going to deal with two parts namely 

1) DC Analysis  2) AC analysis 

1) DC Analysis 

DC equivalent circuit can be obtained by simply reducing the input signals to zero 
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Obtain expression for � : 

As the emitter current are identical , the current through  is equal to 2� . 

 

 

 

  

 

 

 

 

 −� -� - � +� =  � = ��  
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−�� �� -� - � +� =0 � = ��� −���� �+ �    

Expression for �  � =� - �  � =� -� =� - � − −�  � = � - � + �  � = �  and � = �  

The co-ordinates of Q- point are (� , � . 

AC Analysis using h Parameters 

The AC analysis is performed only for one transistor, using h parameters. In AC analysis we are 

going to obtain expression for 

1)Differential Gain �  2) Common mode gain �  

 

 

 

 

 

 

 

The AC signal appearing across the emitter resistor  is zero . Therefore it is short circuited in 

the ac equivalent circuit and emitter terminal is connected to the ground. Next step in ac 

analysis is to draw the approximate h-parameter model of the ac equivalent circuit. 

Now applying KVL in input loop 
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 � / = �  +� ℎ�  � = ���+ℎ�        ----(1) 

 � =−� ℎ --------(2) 

From (1) and (2) 

� = −� ℎ+ ℎ�  

�� = −ℎ+ ℎ�  

The negative sign shows � and �  are 180 out of phase. 

Differential gain �� 

As the two input signals are equal in magnitude � =� − � =
�� − -

��) �� = � = −ℎ+ ℎ�  

Common Mode gain �� � =� = �  � =
� +�

=�   

 

 ℎ �  

 

 � /  

 

ℎ�  
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 � =−� ℎ --------(3) � = �  +� ℎ� +2   � + � --------(4) � = � ℎ ------(5) 

From (3) , (4) and (5) � =
−��ℎ�+ℎ� +[( +ℎ ) �  ] �� = � = −ℎ+ ℎ� + [( + ℎ )   ] 

Common Mode Rejection Ratio (CMRR) 

CMRR is defined as  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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