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Feedback Concepts: 

Feedback plays an important role in every system. Majority of practical electronics 

systems and circuits employ feedback. Feedback in electronic circuits can be of two types 

1. Positive Feedback   2. Negative Feedback 

1. Positive Feedback 

Here feedback voltage adds to the incoming input OR feedback voltage has same phase 

as that of incoming signal. Positive Feedback is used for generation of oscillations. All 

oscillators employ positive Feedback. Figure 4.1 illustrates Positive feedback. Any 

feedback system comprises of Amplifier and a feedback network. Amplifier amplifies the 

incoming signal. Feedback network attenuates the output signal and generates feedback 

signal. A- Gain of open-loop Amplifier and β- Gain of Feedback network.   

 

 

  

  Figure 4.1 Positive Feed back 

2. Negative Feedback 

Here feedback voltage subtracts from the incoming input signal OR feedback voltage has 

opposite phase as that of incoming signal. Negative Feedback is used for amplification of 

input signal. Amplifiers employ negative Feedback. Figure 4.2 illustrates Negative 

feedback. Any Negative feedback system comprises of open loop Amplifier and a 

feedback network. Amplifier amplifies the incoming signal. Feedback network attenuates 

the output signal and generates feedback signal. A- Gain of open-loop Amplifier and β- 

Gain of Feedback network.   
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Figure 4.2 Negative feedback 

 

Concepts of Negative feedback 

A typical feedback connection is shown in Figure 4.3. The input signal Vs is subtracted 

with a feedback signal Vf.  The difference of these signals Vi is the input voltage to the 

amplifier. A portion of the amplifier output Vo  is connected to the feedback network (β), 

which provides a reduced portion of the output as feedback signal at the input. 

 
Figure 4.3 Feedback Amplifier 

 

 

Overall Gain of the closed loop system shown in the above Figure 4.3 is given by, 

A

b

input output
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   ....................(1) 

 

Af denotes the closed loop gain OR gain with feedback 

  Negative feedback results in reduced gain but results in lot of 

improvements:  

  

AAddvvaannttaaggeess  ::  

 

4. Higher input impedance 

 

2. More stable gain 

 

3. Improved frequency response 

 

4. Lower output impedance 

 

5. Reduced noise 

 

6. More linear operation 

                                

 

Feedback Connection Types 

 Depending on whether voltage OR current is subjected to feedback and feedbacks 

mixing at the input, feedback circuits are classified into four types: 

 

 Voltage-series feedback 

 Voltage-shunt feedback 

 Current-series feedback 

 Current- Shunt feedback 
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1) Voltage-series feedback 

 

Figure 4.4 Voltage series feedback 

Here part of output voltage is fed as input to the feedback network; Output of feedback 

network mixes in series with the input signal voltage. Series feedback connection 

increases the input impedance. Voltage feedback at output reduces the output impedance. 

Voltage amplifiers employ this feedback connection. 

Gain with feedback is given by, 

   
  

  
..................(2) 

Analysis of Voltage Series Feedback To Find Closed Loop Gain 

In the above Figure 4.4, 

 

Vi = Vs – Vf........ (3) 

Since,  

           Vo =  AVi  = A(Vs - Vf ) =  AVs – AVf  

 

                            Vo  =  AVs - A(βVo ) 

 

then                 

                         (1 + βA)Vo = AVs  

 

Therefore, the Overall voltage gain with feedback is 

   
  

  
 

 

    
..................... (4) 

 

 

 

 



  

6 

 

Input impedance of Voltage series feedback 

 Detailed block diagram of voltage series feedback connection is shown in Figure 

4.5  

 

Figure 4.5 Voltage series feedback with more details 

Input impedance can be derived as, 

Ii =Vi/Zi=Vs –Vf/Zi 

    = Vs – βVo/Zi 

    =Vs – βAVi/Zi 

          IiZi =Vs - βAVi 

Vs =IiZi + βAVi =IiZi + βAIiZi 

Zif =Vs/Ii 

      =Zi +(βA)Zi................(5) 

 

Output impedance of Voltage series feedback  

The output impedance is determined by applying a voltage V, at the o/p resulting in a 

current I , with Vs shorted out (Vs = 0). Figure 4.6 shows the section of output of 

amplifier. 
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Figure 4.6 Network at the output of amplifier with test input V. 

The voltage V is then given by 

                                     V = IZo + AVi  

For Vs = 0,   Vi = -Vf  

Which implies,           V = IZo - AVf = IZo – A(βV) 

Rewriting the equation as 

                                  V + βAV = IZo  

                          Zof=V/I=Zo/(1+Aβ)..................................(6) 

 

2) Voltage-shunt feedback Configuration 

 Here output voltage is fed back to feedback network and feedback signal is 

connected in parallel with the input current source. Shunt feedback connection decreases 

the input impedance. Voltage feedback at output also reduces the output impedance. 

Transresistance amplifiers employ this type feedback connection. 

 

Af=Vo/Is..............(7) 
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Figure 4.7 Voltage shunt feedback configuration 

Gain with Voltage-shunt feedback Configuration 

Overall Gain OR Gain with feedback can be expressed as, 

Af =Vo/Is 

     =AIi/(Ii +If) 

     =AIi/(Ii +βVo) 

    =AIi/(Ii +βAI)   

 Af =
 

    
..........................(8) 

 

Input impedance with Voltage-shunt feedback Configuration 

  To determine input impedance, the Figure 4.7 can be redrawn as, 
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Figure 4.8 Voltage shunt feedback configuration with details 

From, the Figure 4.8, 

Zif =Vi/Is 

      =Vi/(Ii +If) 

     =Vi/(Ii +βVo) 

     =(Vi/Ii)/((Ii/Ii)+β(Vo/Ii)) 

Zif =Zi/1+βA ........................(9) 

 

3) Current-series feedback Configuration 

 Here current from output is feedback to input. The fed back signal is mixed in 

series with the input current. Series feedback connection increases the input impedance. 

Current feedback at output also increases the output impedance. Transconductance 

amplifiers employ this type feedback connection. 

Overall Gain or Gain with feedback can be expressed as, 

Af= Io /Vs................. (40) 
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Figure 4.9 Current series feedback 

Output impedance of current series feedback configuration 

   To determine output impedance the current series feedback 

configuration can be drawn as shown in Figure 4.10 

 

Figure 4.10 current series feedback configuration in detail 

Output impedance is determined by applying a test signal V to the output with Vs shorted 

out (Vs =0), resulting in a current I, the ratio of V to I being the output impedance. The 

circuitry at the output is redrawn as shown in the Figure 4.11 
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Figure 4.11 Output section of current series feedback configuration 

 

With Vs=0, 

   Vi =Vf 

I =(V/Zo)-AVi  

  =(V/Zo) -AVf  

 =(V/Zo)-AβI 

Zo(4 +βA)I =V 

Zof=V/I=Zo(1+Aβ)....................(11) 

 

4) Current-shunt feedback Configuration 

  Here current is fed to feedback network. Fed back signal is mixed in 

parallel with the input current source. Shunt feedback connection decreases the input 

impedance. Current feedback at output increases the output impedance.This topology is 

applied in current amplifiers.  

 

Figure 4.12 Current shunt feedback configurations 
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Here Overall Gain OR Gain with feedback can be expressed as,  

                            Af  = Io /Is 

  

FFrreeqquueennccyy  DDiissttoorrttiioonn  wwiitthh  FFeeeeddbbaacckk  ((RReedduuccttiioonn  iinn  FFrreeqquueennccyy  DDiissttoorrttiioonn)) 

• If loop gain Aβ >> 1, then closed loop gain becomes, Af ≡ 1/β    

Thus if the feedback network is purely resistive then closed loop gain becomes 

independent of reactive components although amplifier has a reactive response.  

  

NNooiissee  aanndd  NNoonnlliinneeaarr  DDiissttoorrttiioonn  ((RReedduuccttiioonn  iinn  NNooiissee  aanndd  NNoonnlliinneeaarr  DDiissttoorrttiioonn))  

 

                          

Figure 4.13 Reductions in Non-Linear Distortion 

Application of negative feedback makes the system more linear. In Figure 4.13, Curve (a) 

shows transfer characteristic without negative feedback. Curve (b) shows the curve with 

negative feedback of β=0.01. We can see that TThhee  aammpplliiffiieerr  ttrraannssffeerr    cchhaarraacctteerriissttiicc    ccaann    

bbee    ccoonnssiiddeerraabbllyy  lliinneeaarriizzeedd  ((tthhrroouugghh  tthhee  aapppplliiccaattiioonn  ooff  nneeggaattiivvee  ffeeeeddbbaacckk))..  TThhuuss  llaarrggee  

cchhaannggeess  iinn  ooppeenn--lloooopp  ggaaiinn  ((11000000  ttoo  110000  iinn  tthhiiss  ccaassee))  ggiivvee  rriissee  ttoo  mmuucchh  ssmmaalllleerr  

ccoorrrreessppoonnddiinngg  cchhaannggeess  iinn  tthhee  cclloosseedd--lloooopp  ggaaiinn We can say that Feedback reduces noise 

and non-linear distortion  
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Effect of Negative Feedback on Gain and Bandwidth 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.14 Effect of negative feedback on Bandwidth 

Negative feedback results in improved Bandwidth. If f1 is the lower cutoff frequency 

without feedback then we can see that it is pre-poned. New lower cutoff frequency is 

given by 

 f1f = f1/(1+Aβ)....(12) 

. If f2 is the upper cutoff frequency without feedback then we can see that it is postponed. 

New upper cutoff frequency is given by 

 f2f =(1+Aβ)f2...... (13) 

Thus overall Bandwidth is improved by Negative feedback. Bf  is more  than B.  

 

Gain Stability with Feedback 

Gain becomes more stable with feedback.  From equation (4), we can deduce that, 

|
   

  
|    

 

|    |
|
  

 
| 

|
   

  
|    |

 

  
| |
  

 
|                  

This shows that the Magnitude of the relative change in gain |
   

  
| is reduced more by the 

factor |  | compared to that of without feedback(|
  

 
|). This can be illustrated by the 

problem. 
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Thus effect of negative feedback can be summarized as, 

 

Table 1: Effect of Negative feedback 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Voltage  series  Current Series  Voltage Shunt  Current shunt  

Gain with 

feedback  

Decreases  Decreases Decreases 

 

Decreases 

Stabilty  Improves  Improves Improves Improves 

Frequency 

Response  

Improves  Improves Improves Improves 

Frequency 

Distortion  

Decreases  Decreases Decreases Decreases 

Noise and non 

linear distortion  

Decreases  Decreases Decreases Decreases 
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Practical feedback circuits 

Voltage-Series Feedback:   

        Let us study the voltage series feedback by the following circuits shown in Figures 

4.15, 4.16 and 4.17:             

 

Figure 4.15 Practical Voltage Series Feedback 

 

 Figure 4.15 shows an FET amplifier stage with voltage-series feedback. A 

part of the output signal (Vo) is obtained using a feedback network of resistors R1 and R2. 

The feedback voltage Vf is connected in series with the source signal Vs,  

 

Without feedback the amplifier gain is 

                                                                                                                     

   
  

  
       .............. (15) 

where RL is the parallel combination of resistors: 

                           RL = RD Ro (R1 + R2 ) --------------(16) 

The feedback network provides a feedback factor of 

                                               

                                              
  

  
  

   

     
..............(17) 

                                                                                            

Using the values of A and b above in Eq. For series feedback gain , we find the gain with 

negative feedback to be 
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  *
    

     
+   

          

 

If βA >> 1, we have, 

     
 

 
   

     

  
        

 

Problem. 

1. Calculate the gain without and with feedback for the FET amplifier circuit with 

the following circuit values: R1 =80 kΩ, R2 =20 kΩ, Ro =10 kΩ, RD=10 kΩ,  and  

gm=4000 μS .  

 

Solution: 
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Voltage series Feedback using OPAMP  

        Here op-amp is connected in a Non-inverting amplifier mode. Input signal is applied 

to Non-inverting terminal. Output voltage is feedback via potential divider network to 

inverting terminal. Op-amp amplifies difference between its Non-Inverting and Inverting 

terminals.  

 

Figure 4.16 Voltage series feedback using OPAMP 

Here,  

Gain of feedback network is given by,    
  

     
         

 

Voltage Series Feedback Emitter Follower: 

 

 

 

 

 

 

 

 

 

 

 

                                                                                        

Figure 4.17 Voltage Series Feedback Emitter Follower 



  

18 

 

The emitter-follower circuit of Fig. 4.17 provides voltage-series feedback. The signal 

voltage Vs is the input voltage Vi. Resistor RE acts as feedback resistor and also as a 

output resistance. The output voltage Vo subtracts in series with the input voltage. The 

amplifier, as shown in Fig. 4.18, provides the operation with feedback.  

The operation of the circuit without feedback provides Vf = 0, so that 

  
  

  
  

        

  
  

       
  

   
 

  
 

      

   
   ................(21) 

and 

  
  

  
          

The operation with feedback then provides that, 

    
  

  
 

 

    
  

          

                 
  

      

           
......(19) 

for        >     

      

 

Current-series feedback: 

 Let us study the current series feedback by the following circuit shown in Figure 4.18.    

                               

 Figure 4.18 Practical Current series feedback 

 Transistor amplifier is an example of Current series feedback. Resistor RE 

acts as a feedback resistor as it is common to input and output sections of amplifier. Here 

Effective voltage at input increases/decreases depending on feedback voltage. This 

effective voltage at input further alters the input current in proportion which brings 

changes in output voltage in proportion. 
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                        Figure 4.19 AC equivalent of amplifier without feedback  

   
  

  
  

      
     

         

   
  

  
  

     

  
     ..........(24) 

 

     ||(                

Zo = Rc  

The input and output impedances are calculated as specified in summary table : 

                 (  
     

   
)            ..........(25) 

                (  
     

   
)        

The voltage gain A with feedback is 

     
  

  
  

    

  
 (

  

  
)          

      

         
       

Voltage-shunt Feedback: 

    Let us study the Voltage-shunt feedback by the circuit shown in Figures 4.20 and 4.21. 

In Figure 4.20 Voltage-Shunt Feedback is demonstrated using op-amp. Here op-amp is 

connected in a Inverting amplifier mode. Input signal is applied to Inverting terminal. 

Output voltage is feedback via potential divider network to the Non-inverting terminal. 

Op-amp amplifies difference between its Non-Inverting and Inverting terminals. Output 

voltage is fed back in parallel with the input.         
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Figure 4.20 Voltage Shunt Feedback using OPAMP 

 

 The constant-gain op-amp circuit of Figure 4.21 provides voltage-shunt 

feedback. Referring to Figure 4.21 and the op-amp ideal characteristics    Ii = 0, Vi = 0, 

and voltage gain of infinity, we have  

   
  

  
    

   
  
  

  
  

  
 

The gain with feedback is then 

    
  

  
  

  

  
  

 

    
  

 

 
      

This is a transfer resistance gain. The more usual gain is the voltage gain with feedback, 

     
  

  

  

  
      

 

  
  

   

  
 

 

Voltage-Shunt Feedback using FET 

 

Figure 4.21 Voltage Shunt Feedback using FET 



  

21 

 

 

The circuit of Fig. 4.21 is a voltage-shunt feedback amplifier using an FET. Resistor RF 

acts as a feedback resistor and is present between Drain and Gate of FET. Output voltage 

is fed back in parallel with the input.         

 with no feedback, Vf = 0. 

   
  

  
           

 The feedback is 

   
  
  

 
  

  
 

With feedback, the gain of the circuit is 

    
  

  
 

 

    
  

       

  ( 
 
  

)          
  

         

          
         

 

The voltage gain of the circuit with feedback is then 

    
  

  

  

  
 

         

          
(
 

  
)        

 
       

          
        

  

          
       

 

Current shunt feedback  

    Let us study the Current-shunt feedback by the circuit shown in Figures 4.22. In the 

circuit of Figure 4.22 two transistor amplifiers are cascaded to have more current gain.  

Feedback from 2
nd

 transistors Emitter to 1
st
 transistors Base. 

 

At  input side Ii=Is-If..............(31)  
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Figure 4.22 Current Shunt Feedback using transistors 

   

Stability problem in feedback amplifiers  

Usually both Amplifier and feedback network are reactive in nature, Then, Closed loop 

transfer function is given by 

 

Where, s =jw,  

 

 In Negative feedback, Feedback network produces signal which is 180ᵒ 

out of phase with input.  

 At a Certain frequency, the total loop phase shift becomes 180ᵒ, Therefore 

net phase shift will be 360ᵒ. Therefore Loop Gain becomes,   

1)()()(  b jjAjL .  

 The feedback is thus positive and the amplifier, itself, becomes unstable 

and begins to break into oscillations due to positive feedback. If the amplifier oscillates at 

some low or high frequency, it is no longer useful as an amplifier. Proper feedback-

amplifier design requires that the circuit will be stable at all frequencies, not merely those 

in the range of interest. Otherwise, a transient disturbance could cause a seemingly stable 

amplifier to suddenly start oscillating. The conditions of instability can be studied using 

Bode plots shown in Figure 4.22. 
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Stability study using Bode Plots  

                         

Figure 4.22 Stability study using Bode plots 

 

 Here loop gain Aβ is plotted as a function of frequency for one example of 

closed loop transfer function. If loop gain of unity and phase shift of 180ᵒ occurs 

at same time then there is threat of instability at corresponding frequency. Gain 

margin represents the amount by which the loop gain can be increased while 

stability is maintained.Phase margin represents the amount by which the loop 

phase shift can be changed  while stability is maintained. 
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Oscillators 

Oscillators are the electronics circuits which generate voltages of desired frequency 

amplitude and shape. Oscillators can be classified based 

• Based on output  waveform  

 Example: Sinusoidal, Square wave or saw-tooth etc 

• Based on circuit components 

 Example: RC Oscillator, LC Oscillator and Crystal Oscillator etc 

• Based on range of frequency 

 Example: Audio frequency Oscillator, Radio Frequency Oscillator 

etc 

• Based on presence of feedback  

  Oscillators with feedback circuit and without feedback. 

Barkhausen criterion 

Any oscillator comprises of two stages: 

 The Amplilfier stage 

 A feedback network 

For any oscillator to generate and sustain oscillations Barkhausen criteria needs to be 

satisfied. Barkhausen criterion states that to sustain oscillations, 

 The total phase shift around the loop should be 360° or 0°. 

 The product of open loop gain of the amplifier and the feedback network should 

be unity. 

Oscillations start with a noise voltage and are sustained at a frequency at which 

Barkhausen criteria is satisfied. 

 

                            

 Figure 4.23 Barkhausen Criteria 
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As shown in the figure 4.23, The output of inverting amplifier is given by  

                                                            Vo = AVi ..............(32)  

The feedback network decides the amount of feedback to be given to the input i.e., 

                                                            Vf = bVo................(33)  

From equation (32) we can write equation (33) as,  

                                                            Vf= bAVi ................. (34) 

 

LOOP GAIN Aβ  

 Depending on the value of loop gain Aβ, the circuit generates oscillations 

as shown below.  

If | Aβ | >1 circuit generates oscillations of growing type as shown in Figure 4.27 

                                     

                                   Figure 4.27 | Aβ | >1   

 

If | Aβ | =1 the circuit generates oscillations of fixed amplitude as shown in Figure 4.28 

 

                                      

Figure 4.28 | Aβ | =1   
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If | Aβ | < 1 the circuit generates oscillations of decaying nature as shown in Figure 4.29 

 

                                             

Figure 4.29 |Aβ | >1   

 

Types of Oscillator Circuits 

 FET Phase shift oscillator 

  Wein bridge oscillator 

  Tuned Oscillator circuit 

  Crystal oscillator 

  UJT Oscillator. 

 

Phase-Shift Oscillator 

  Phase shift oscillator consists of an amplifier and Phase shift network 

constituted by RC elements as shown in Figure 4.30. 

 

              Figure 4.30 Phase shift oscillator feedback network   
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In phase shift oscillator, 

• The amplifier and a feedback network consisting of RC Sections are present  

•  The RC networks provide the necessary phase shift for a positive feedback.  

•  The values of the RC components determine the frequency of oscillation: 

Frequency of generated oscillations is given by,  

                              
6RC2

1
f

π
  

 

FET Phase Shift Oscillator 

                        
Figure 4.31 FET phase shift oscillator 

A practical version of a phase-shift oscillator circuit is shown in Figure 4.31. The circuit 

is drawn to show clearly the amplifier and feedback network. Here FET amplifier 

introduces 180ᵒ phase shift. The 3 RC sections further introduce 180ᵒ phase shift. Total 

phase shift around the loop is 360ᵒ ensuring Positive feedback. The amplifier stage is self 

biased with a capacitor bypassed source resistor RS and a drain bias resistor RD . The FET 

device parameters of interest are gm and rd . From FET amplifier theory, the amplifier 

gain magnitude is calculated from 

------- ( 35 ) 

where RL in this case is the parallel 

resistance of RD and rd , 

 ------ ( 36)  

 

 

Let us assume that the input impedance of the FET to be infinity. This assumption is 

valid as long as the oscillator operating frequency is low enough so that FET capacitive 
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impedances can be neglected. The output impedance of the amplifier stage given by RL 

should also be small compared to the impedance seen looking into the feedback network 

so that no attenuation due to loading occurs. 

                                                   
RC62

1
f

π


 ......(37)

 

Wien-Bridge Oscillator 

 

 

 

 

 

 

 

 
Figure 4.32 Wein Bridge oscillator 

 

Wien-Bridge Oscillator circuit uses an op-amp and RC bridge circuit, with the oscillator 

frequency set by the R and C components of bridge. Note that in basic bridge connection. 

Resistors R4 and R2 and capacitors C4 and C2 form the frequency-adjustment elements, 

and resistors R3 and R4 form part of the feedback path. The op-amp output is connected 

as the bridge input at points a and c. The bridge circuit output at points b and d is the 

input to the op-amp. 

Neglecting loading effects of the op-amp input and output impedances, the analysis of 

the bridge circuit results in 

----------( 38 ) 

 

and,  

   

----------- ( 39 ) 

 

If, in particular, the values are R4 = R2 = R and C4 = C2 = C, the resulting oscillator 

frequency is 

     -------------( 40 ) 
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and also, 

R3/R4=2     ------------ ( 41 ) 

Thus a ratio of R3 to R4 greater than 2 will provide sufficient loop gain for the circuit to 

Oscillate at the frequency calculated using eqn. ( 40 )  

 

RC Phase shift Oscillator  

1. Circuit is simple to design. 

2. Can produce output over audio frequency range. 

3. Produces sinusoidal waveform. 

4. It is a fixed frequency oscillator. Cannot achieve a variable  frequency. 

5. Frequency stability is poor due to temperature, aging etc... 

 

Tuned Oscillator Circuits 

• Tuned oscillators use a parallel LC resonant circuit (LC tank) to provide the 

oscillations. Frequency range from KHZ to several GHz. 

• Frequency of generated oscillations is given by, 

   
 

  √  
 .......(41) 

                                    
Figure 4.33 Basic form of LC oscillations 

Basic form of LC oscillator circuit consists of an Amplifier and a feedback network 

consisting of LC resonant circuit. In the feedback network, either L or C is broken down 

into two impedances Z1 and Z3. Depending on the arrangement we have two types of 

tuned oscillator circuits. 

  

CCoollppiittttss  OOsscciillllaattoorr— The feedback network consists of two inductive and one 

capacitive impedances. 
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HHaarrttlleeyy  OOsscciillllaattoorr— The feedback network consists of  two inductive and one 

capacitive impedances. 

 

CCoollppiittttss  OOsscciillllaattoorr  CCiirrccuuiitt  

 

                                         

                                            Figure 4.34 Colpitts oscillator 

 

A practical version of an FET Colpitts oscillator is shown in Figure 4.34.  The circuit is 

basically the same form as shown in resonant oscillator circuit with the addition of the 

components needed for dc bias of the FET amplifier. Here FET amplifier introduces 180ᵒ 

phase shift. The LC feedback network further introduces 180ᵒ phase shift. Thus, Total 

phase shift around the loop is 360ᵒ ensuring Positive feedback.  

The oscillator frequency can be found to be 

 

                                 
eqLCπ2

1
fo   .....(42) 

                          where, 
21

21

CC

CC
Ceq


  

Hartley Oscillator: 

A practical version of an Hartley oscillator is shown in Figure 4.35.  The circuit is 

basically the same form as shown in resonant oscillator circuit with the addition of the 

components needed for dc bias of the BJT amplifier. Here BJT amplifier introduces 180ᵒ 

phase shift. The LC feedback network further introduces 180ᵒ phase shift. Thus, Total 

phase shift around the loop is 360ᵒ ensuring Positive feedback.  
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Figure 4.35 Transistorized Hartley Oscillator 

 

  The oscillator frequency can be found to be 

CLπ eq2

1
fo   ---------------(43) 

where, 

MLLLeq 221   -----------(44) 

To sustain oscillations the desired value of  hfe is given by, 

-----------(45) 

 

 
 Figure 4.36 FET Hartley Oscillator Circuit 

An FET Hartley oscillator circuit is shown in Fig.4.36. The circuit is drawn so that the 

feedback network conforms to the form shown in the basic resonant circuit.  Note, 

however, that inductors L4 and L2 have a mutual coupling M, which must be taken into 

account in determining the equivalent inductance for the resonant tank circuit. Here FET 



  

32 

 

amplifier introduces 180ᵒ phase shift. The LC feedback network further introduces 180ᵒ 

phase shift. Thus, Total phase shift around the loop is 360ᵒ ensuring Positive feedback. 

The frequency of oscillations is then given by equation (43) and (44). 

 

Frequency stability of LC oscillator 

1. Due to change in temperature values of L and C in tank circuit changes. This 

affects frequency of oscillator. 

2. Due to change in temperature transistor parameters are also affected. 

3. Variation in power supply affect the frequency of oscillator. 

4. Aging of circuitry also affects the frequency of oscillation. 

5. Change in QL affects the internal resistance of tank circuit. This affects frequency 

of oscillations. 

6. The internal capacitance of transistor also affects the frequency of oscillations. 

 

Crystal Oscillators 

The Quartz, Tourmaline and Rochelle salt exhibit piezo-electric effect. This means under 

the influeence of mechanical stress, The voltage gets generated across opposite faces of 

crystal. Conversely, if electric potential is applied across the crystal, it vibrates causing 

mechanical distortion in the crystal sheet. This mechanical vibration generates electrical 

signalat constant frequency. Crystal has greater stability in holding its frequency. Out of  

Quartz, Tourmaline and Rochelle salt,  Rochelle salt exhibits high piezo-electric activity 

and  Rochelle salt are mechanically weakest. They break easily.  Tourmaline is the 

strongest of three but is very expensive. Quartz crystal is the compromise between the 

two, it is naturally available in abundant quantity and exhibits reasonably good piezo-

electric activity. Quartz crystals are used in all ratio frequency oscillators and filters. 
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AC Equivalent Circuit: 

 

 

 

 

 

 

Fig. 4.37 AC equivalent circuit of Crystal Oscillator 

For the practical views, Crystal is cut as a rectangular slab and is held between two 

mechanical plates.When the crystal is not vibrating it is equivalent to parallel plate 

capacitor, i.e., a dielectric medium (Crystal slab) present between two metallic plates of 

the capacitor. This is represented as capacitane CM . 

 When the crystal is vibrating there are internal frictional loss which is 

denoted by resistance ―R‖. The mass of crystal corresponds to its inertia represented by 

―L‖. The stiffness of crystal is denoted by ―C‖. This forms a series RLC circuit and 

corresponding series resonant frequency is  

 

...........(46) 

 

 

 Actually frequency of generated oscillations is inversely proportional to 

thickness. There exists a parallel resonant circuit also. This is formed due to the presence 

of inductor L and capacitance Ceq. At parallel resonant frequency, impedance is 

maximum. It is given by, 

  

........(47) 

 

 

where,  

 
 

 
equivalent circuit 
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Actually fr and fp are very close to each other. The graph of impedance vs Frequency is 

as shown in Figure 4.38. 

 

 

                             

 Figure. 4.38 Impedance of a crystal oscillator 

 

Crystals can be used in both series and parallel resonant mode to generate oscillations. 

 

Series Resonant Crystal Oscillator using BJT  

 

Here Crystal is connected in feedback path of the amplifier. The voltage feedback from 

collector to base is a maximum when the crystal impedance is minimum (in series-

resonant mode). The resulting circuit frequency of oscillation is set by the series-resonant 

frequency of the crystal. The resistance R1, R2 and RE provide DC bias while Capacitor 

CE is emitter bypass capacitor. RFC coil provides for dc bias while decoupling any ac 

signal on the power lines from affecting the output signal. The resonant frequency is 

given equation (46). The crystal oscillator provides good frequency stability i.e., the 

oscillating frequency is not affected by supply variations, temperature and transistor 

parameters. 
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Figure 4.39 Series Resonant Crystal Oscillator using BJT 

             

 

 

Series Resonant Crystal Oscillator using FET  

 

Here Crystal is connected in feedback path of the FET amplifier. The voltage feedback 

from Drain to Gate is a maximum when the crystal impedance is minimum (in series-

resonant mode). The resulting circuit frequency of oscillation is set by the series-resonant 

frequency of the crystal. RFC coil provides for dc bias while decoupling any ac signal on 

the power lines from affecting the output signal. Changes in supply voltage, transistor 

device parameters, and so on, have no effect on the circuit operating frequency. The 

resulting circuit frequency of oscillations is set by the series-resonant frequency of the 

crystal. The resonant frequency is given equation (46). 

 

 

 
                                

     Fig 4.40 Series Resonant Crystal Oscillator using FET 
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Parallel Resonant Crystal Oscillators 

 

Crystal is connected as a inductor in the modified Colpitts oscillator circuit. At the 

parallel-resonant operating frequency, a crystal appears as an inductive reactance of large 

value. The resulting circuit frequency of oscillation is set by the parallel-resonant 

frequency of the crystal. The resistance R1, R2 and RE provide DC bias while Capacitor 

CE is emitter bypass capacitor. RFC coil provides for dc bias while decoupling any ac 

signal on the power lines from affecting the output signal. The resonant frequency is 

given equation (47). 

 

 

                          
 

Figure. 4.44 Parallel Resonant Crystal Oscillator 

 

 

 

Miller’s Crystal Oscillator 

 

The Hartley oscillator can be modified using crystal at one of the inductors of the tank 

circuit. The crystal behaves as inductor ―L‖ connected to base and ground. The internal 

capacitance of transistor acts as capacitors C1 and C2 of the tank circuit. The crystal 

decides operating frequency of oscillator. A tuned LC circuit in the drain section is 

adjusted to the crystal parallel-resonant frequency. The resonant frequency is given 

equation (47). 
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Fig. 4.45 Millers Crystal Oscillator 

 

Unijunction Transistor  

The Unijunction Transistor (UJT) has three terminals: an emitter (E) and two bases 

(B1 and B2). The base is formed by lightly doped n-type bar of silicon. Two ohmic 

contacts B1 and B2 are attached at its ends. The emitter is of p-type and it is heavily 

doped; this single PN junction gives the device its name. The resistance between B1 and 

B2 when the emitter is open-circuit is called inter-base resistance. The emitter junction is 

usually located closer to base-2(B2) than base-1(B1) so that the device is not 

symmetrical, because symmetrical unit does not provide optimum electrical 

characteristics for most of the applications (Refer Figure 4.46). 

The schematic diagram symbol for a unijunction transistor represents the emitter 

lead with an arrow, showing the direction of conventional current flow when the emitter-

base junction is conducting a current. A complementary UJT would use a p-type base and 

an n-type emitter, and operates the same as the n-type base device but with all voltage 

polarities reversed. 

The structure of a UJT is similar to that of an N-channel JFET, but p-type (gate) 

material surrounds the N-type (channel) material in a JFET, and the gate surface is larger 

than the emitter junction of UJT. A UJT is operated with emitter junction forward- biased 

while the JFET is normally operated with the gate junction reverse-biased. It is a current 

controlled negative resistance device. 

https://en.wikipedia.org/wiki/Doped
https://en.wikipedia.org/wiki/N-type_semiconductor
https://en.wikipedia.org/wiki/P-type_semiconductor
https://en.wikipedia.org/wiki/Schematic_diagram
https://en.wikipedia.org/wiki/JFET
https://en.wikipedia.org/wiki/Negative_resistance
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Figure 4.46 UJT Transistor 

The device has a unique characteristic that when it is triggered, its emitter current 

increases regenerativaly until it is restricted by emitter power supply. It exhibits a 

negative resistance characteristic and so it can be employed as an oscillator.UJT has a 

instrinsic stand-off ratio denoted by, 

...............(48) 

Where, is termed as intrinsic standoff ratio with values between 0.4 to 0.6 

The UJT is biased with a positive voltage between the two bases. This causes a 

potential drop along the length of the device. When the emitter voltage is driven 

approximately one diode voltage above the voltage at the point where the P diffusion 

(emitter) is, current will begin to flow from the emitter into the base region. Because the 

base region is very lightly doped, the additional current (actually charges in the base 

region) causes conductivity modulation which reduces the resistance of the portion of the 

base between the emitter junction and the B2 terminal. This reduction in resistance means 

that the emitter junction is more forward biased, and so even more current is injected. 

Overall, the effect is a negative resistance at the emitter terminal. This is what makes the 

UJT useful, especially in simple oscillator circuits. 

https://en.wikipedia.org/w/index.php?title=Conductivity_modulation&action=edit&redlink=1
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Figure 4.47 UJT Characteristics 

            

Unijunction as a Relaxation Oscillator 

The unijunction transistor can be as a relaxation oscillator as shown by the basic circuit in 

Figure 4.48. Resistor RT and capacitor CT are the timing components that set the circuit 

oscillating rate. The oscillating frequency may be calculated using Equation (44) shown 

below. Which includes the unijunction transistor intrinsic stand-off ratio  as a factor (in 

addition to RT and CT ) in the oscillator operating frequency.  

..............(49) 

 

 

 Figure 4.48 UJT as a Relaxation Oscillator 

Capacitor C1 is charged through resistor R3 toward supply voltage Vs . As long as the 

capacitor voltage VE is below a stand-off voltage (VP ) the unijunction emitter lead 

appears as an open circuit. When the emitter voltage across capacitor C1 exceeds this 

value VP , the unijunction transistor conducts discharging into the capacitor. The signal at 
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the emitter is a sawtooth voltage waveform which represents capacitor charging and 

discharging action. Base 2 is a signal representing sudden discharge of capacitor voltage. 

 

 

Figure 4.50 Waveforms of UJT as a Relaxation Oscillator 

 

  

 


