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Abstract 

 The purposes of this thesis was to describe, design and practical realization of  

a high frequency oscillator and  expermentally prove its function. In the first part 

I  described  basic parameters,circuit models and behavior of passive 

components used in radio electronics and telecommunications.The second part  

I describe and design some basic types of high frequency oscillators such as 

LC oscillators used in todays modern   telecommunications technology,mostly in 

radio communications(Radio frequency).The third part of this thesis I described 

about frequency mixers,their functions and parameters in connections with 

design of  higher frequency oscillator.In the fourth part I described  the 

application of frequency oscillator and frequency mixers for increasing the 

frequency range of the oscilloscope using a soundcard of PC. In the last section 

of this thesis I described the obtained values of realized equipments based on 

experimental  analysis. 
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List of symbols and abbreviations  

ω [rad /s]        angular velocity/frequency 

ωr[rad/s] resonance frequency  

f[Hz frequency 

Ω[Hz] normalized angular frequency 

I[A] Current 

C[F] Capacitor 

L[H] inductance 

t[s] Time 

R[Ω] Resistor 

XC[M]         Capacitive Reactance 

Z[Ω ]              Complex  impedance 

Z0[Ω]             Characteristic impedance of  resonance circuit 

Rs[Ω ]              Equivalent series resistance 

Q [-]               Quality factor 

Y  [Ω]            Complex admittance impedance   

XL[H ]                     Inductive  reactance 

U[V ]              Voltage 

UCC [V]         Powered voltage 

UCr [V]                            Voltage on the capacitor at resonance 

ULr[V]                            Voltage inductor  at resonance 

UBE [V]            Voltage at the transistor base-emitter 

UCE sat [V]      The voltage at the transistor collector-emitter (saturation) 



 

 

UCB [V]            The voltage at the transistor collector-base 

UCE [V]          The voltage at the transistor collector-emitter 

ILr [A]              Currents through the inductor 

ICr[A]               Current through the capacitor 

Ir [ A]               Current at the resonance frequency 

IB [ A]                     Base transistor current    

B [Hz]              Frequency bandwidth 

Zs[Ω]                Serial impedance resonant circuit  

 [-]                   Damping factor 

RN[Ω]                Negative differential resistance 

β[-]                    Feedback factor   

Us[V]                Input harmonic voltage 

Umf[V]               Amplitude of output harmonic voltage 
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1  Introductions 

 This thesis deals with the  higher frequency Osciallators design. Oscillators is 

an electronic circuit which produces a periodic signal without any input signal. It 

converts DC power (from the supply) to a periodic signal(AC). They are used to 

provide the local oscillation for the mixers for up and down conversion.They are  

mostly  used in radio receivers and transmitters , control in radio 

communication,and in high speed data transmission. 

The term electronic oscillators is considered as a  class of circuits with 1 

terminal or port, which produce a periodic electrical output upon power  up. 

Most of  the electronic or  electrical engineers have encountered oscillator 

circuits while studying for their basic electronics classes.Oscillators can be 

classified into two types, relaxation and harmonic oscillators,this thesis is based 

on harmonic oscillators such as Armstrong oscillator,Hartley oscillator,Colpitts 

oscillator and Clapp oscillator.In the last section of this thesis, practical  

realization and  verification of realized equipment that use  oscillator,I choose to 

experiment Colpitts oscillator because it uses the combination of an inductance 

(L) with a capacitor (C) for frequency determination, thus also called LC 

oscillator(able to produce higher frequency range),mostly because its 

simplicity,it needs only a single inductor and by changing the variable capacitor 

can produce the desirable frequency needed. 

The thesis  consist of theoretical and practical parts.Theoretical part  describes 

and explains the basic circuits of  passive  components,frequency 

mixers,resonant circuits, princip and design methods of  LC oscillators used in 

higher frequency.Practical part  focused more on design,realization and 

experimentation of  proving  the functionality of    of the  oscillator circuit and  

implementation of circuit diagram for increasing the frequency range of the 

oscilloscope using PC sound card .The PC based Soundcard oscilloscope 

receives its data from the Soundcard with 0 to 20kHz and 16 Bit resolution and 

the data source can be selected in the Windows mixer (Microphone, Line-In or 

Wave),this is described in [4]. 
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2 Circuit models and behavior of passive components 

The ideal basic circuit elements of  higher frequency oscillators are called 

resistor, capacitor and inductor. They are characterized  by using only one 

parameter each. Ideal  parameter  of a resistor is R, its inverse value is called G 

and  it is  called the conductivity of the resistor.  

Capacitor has a parameter  C, the inductor  has  parameter L,called 

inductance.Schematic symbols of these elements, used for drawing circuit 

diagrams in radioelectronics are shown in figure 1 a, b, c. 

 In reality radioelectronics  circuits are  designed  using  electronic components 

such as  resistor, capacitor and inductor. These components have a real 

addition to the main   parameter and parasitic parameters and their properties 

depends on the technology used during production.Circuit models in real circuit 

elements  components can be created with ideal circuit elements. Examples of 

used models of real elements are shown in figure 2,3 and 5. 

  

Figure 1:Schematic: a) ideal resistor, b) capacitor, c) inductor  
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2.1  Circuit model for resistance 

In figure 2 ,parameter R is electrical resistance, L is total inductance, C  is total 

capacitance. 

 

Figure 2:Circuit model of a rezistor 

 The electrical resistance of an electrical element measures its opposition to the 

flow  of an electric current; the inverse quantity is electrical conductance, 

measuring how easily electricity flows along a certain path. Resistance is 

basically made up of matter arranged in a suitable shape, such as  a cylinder. 

Circuit model  is shown in figure 2. 

Figure 2  is formally the same as the model  circuit of coil inductance in figure 

9.Its principu is basically as a parallel resonant circuit.Parallel resonance 

frequency   r  is defined  according to this equation:  

     
     

   
                                                                                                                  (1)         

 and parallel resonance  frequency occurs if this condition is fulfilled: 

    
 

 
                                                                                                                           (2)     

The values of  R  is in the range of  mΩ to MΩ. The values of inductance L is 

about  μH, the values of  capacitance C is in the range of  pF.The conditions for 

resonance is based on the values of resistance R and it should satisfy this 

condition: 
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                                                                                 (3)       

Thus,the  resonance may only occur in smaller resistance range,which can be  

less than 1kΩ.Complex impedance of circuit model in figure 2 can be expressed 

as:  

  
     

           
                                                                                                        (4)                  

frequency dependence  of  a complex  impedance for resistors which occurs in 

parallel resonance is shown in figure 3 

 

Figure 3:Frequency dependence of impedance resistor module for R <1000 Ω 

The resonance does not occur  if the resistance value is greater than the 1kΩ 

and an example of such frequency dependence is shown in figure 4 

 

Figure 4:frequency dependence when the impedance resistor is  R > 1000 Ω 
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2.2 Circuit model of  capacitor 

 

 

Figure 5:Circuit model of a capacitor 

 

According to diagram in figure 5  we can calculate the complex impedance of 

this   capacitor model.  

         
 

 

   

  
 

   

 
            

 

        
  

       

        
                                     (5)  

Where R is calculated value as  the parallel combination of  resistors R2  and  

RD.From this conditions states that,the  imaginary complex impedance is 

zero,we can then get the resonant frequency of the capacitor model  

    
     

     
                                      .                                                                        (6) 

Frequency dependence of complex impedance Z shows the series resonance 

frequency     .Figure 6  shows the frequency dependence of  complex  

impedance |Z| and  in comparison with frequency dependence on capacitive 

reactance      at capacitor  C. 
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Figure 6:Frequency dependence of the complex impedance | Z | model of a 

capacitor and capacitive reactance XC 

From figure 6  we  can  see that  capacitive reactance is given by:   

    
 

   
 

 

    
 .                                                                                                    (7)                                                         

Where    Xc = Capacitive Reactance in mega Ohms(MΩ)  

π (pi) = 3.142 ,  ƒ = Frequency in Hertz (Hz)  and  C = Capacitance in Farads 

(F), Increasing frequency causes XC to decrease,decreasing frequency causes 

XC to increase. and we can calculate complex  impedance |Z|, is given by: 

  
            

 

        
                                                                                       (8)       
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2.2.1 Simplified circuit model of capacitor 

 Because in practice,the  value of the  resistance R1 and inductance L  in figure 

5 are very small and  have  high resonant frequency. Parallel and serial 

capacitor model are shown on  figure 7. It contains only the capacita and the 

loss resistance, which reflects an overall loss capacitor. The resistance R is 

generally dependent on frequency. 

 

 

Figure 7: Series and Parallel equivalent circuits models of capacitor 

During the calculations of electric circuits may be preferable to perform 

calculation with a parallel or serial model. For example, method for analyzing 

the circuit node voltages is preferable with parallel model and for the loop 

current is better  with serial model,therefore,it is useful to convert formulas from 

one schematic  to another. Derivation of transfer relations based on the equality  

of complex impedance (admittance) of the two connections.The conversion 

relationships are frequency dependent (even if the loss resistence does not 

dependent on  frequency) and thus  the calculated equivalent substitution  is 

only valid for one frequency. Because from  physical point of view is that,the 

parallel model is more natural,so we give only the formula for convertion of 

serial model.Lets look at how to calculate Rs and Cs  
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                                                                                                           (9)         

   
         

 

    
   

                                                                                                         (10)                                                                                                      

Resistance Rs is also called the equivalent series resistance, and  its  indicated 

with abbreviation ESR.This parameter is usually supplied by the manufacturer 

of the filter capacitors (electrolytic) and capacitors for pulse operation.The larger 

the value of the equivalent series resistance,the higher losses are converted 

into heat and increases the filtered ripple voltage applications (example at 

output source). Rs value depends on the conditions of operation of the 

capacitor (the frequency, timing, temperature, ..). manufacturers usually state it 

at the frequency of  100kHz. 

Based on a simplified model of the capacitor defines the loss tangent  and 

quality factor is based on the current phasor diagram for the parallel 

connections, or  voltage phasor diagram for the serial circuit connection. Loss 

angle is marked  as   on figure 8.The loss tangent angle  is defined as the 

tangent of the difference of the phase angle between capacitor voltage and 

capacitor current with respect to the theoretical 90 degree value anticipated, this 

difference being caused by the dielectric losses within the capacitor.  The value 

δ (Greek letter delta) is also known as the loss angle. 

 

Figure 8:phase diagram of a simplified model of a capacitor 
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Based on the definition of loss angle,we can derive the fact that 

     
   

   
 

 

     
                                                                                                 (11)                                     

      
   

   
 

   
 

   
 
                                                                                       (12)                    

for small angles (in radians),it is vality  that         

Q  can reaches       up to       

Loss angle can be expressed also by the quality factor Q. This is defined as the 

ratio  of the resistive power loss in the ESR to the reactive power oscillating in 

the capacitor. 

   
  

 
 

    
 

 

  
  

                                                                                          (13)                  

For the serial circuit model based on the quality factor ,is expressed as: 

  
  

 
 

 

   
  

   
 
 

 

     
                                                                                           (14)                   

The relation for quality factor and relations for  loss angle follows that between 

the quality factor and loss angle,it applies: 

   
 

    
                                                                                                                    (15)       
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2.3  Circuit model of coil (Inductance) 

An inductor (coil or reactor) is a passive two-terminal electrical component used 

to store energy in a magnetic field. An inductor's ability to store magnetic 

energy is measured by its inductance,in henries.An conductor has inductance 

although the conductor is typically wounded  in loops to reinforce the magnetic 

field.The main parameter of coil is the electrical coil inductance. Due to the 

time-varying magnetic field inside the coil, a voltage is induced. Inductors are 

one of the basic components used in electronics where current and voltage 

change with time, due to the ability of inductors to delay and reshape alternating 

currents.The coil consists of one or more mutually  statue  not touching each 

other with threaded wires. The mass, which surround the threads is called 

nucleus. It is usually air or a material of high magnetic permeability. The circuit 

model is shown in figure 9. 

 

Figure 9:Circuit model of coil induktance 

 

 From figure 9, the parameters L  is the inductance of the coil, R  represent  the 

total loss resistence.Loss winding resistance is the sum of the electrical 

insulation resistance, electrical resistance of the winding insulation resistance 

and dielectric insulation windings. Loss resistance of core material implies the 
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hysteresis loss,  current and residual losses (known as magnetic decay). The 

total loss of resistance depends on frequency, because the frequency 

dependent on hysteresis loss, the losses of current and  also depends on the  

increases of  the  electrical resistance  conductors at higher frequencies. The  

capacity C is the total electrical capacity of the inductor. 

 

2.3.1 Properties of the peripheral model of   inductor 

 For analyzing complex admittance impedance  model  of  inductor circuit in 

figure 9 ,lets use the folowing  equation:  

  
 

     
     

 

        
  

             

        
                                     (16)                                           

Parallel resonance occurs when the imaginary part of the komplex  admitance  

is equal to zero and from this comes the conditions for  resonant frequency  

which states that: 

    
     

   
                                                                                                              (17)        

The resonant frequency exists if the expression under the square root is 

positive, which leads to this  condition  :    
 

 
 

  In practice  this condition  is fulfilled because the range of coil inductance is 

from μH to hundreds of henries, capacita to the inductor is at most hundreds of  

pF,so critical resistance can be in the range minimum hundreds of ohms. 

Frequency depends on the size of the complex impedance |Z|  inductor  and we 

can compare the frequency dependence of the inductive  reactance XL  on 

figure10 
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Figure 10:frequency dependence of impedance coil inductance  and complex 

inductive reactance XL 

 

2.3.2 Simplified circuit model of coil inductance 

Because the electrical capacitance of  coil is small and the resonant frequency 

relatively high, it can be possible for the frequencies to be  lower than the 

resonant frequency,coil can be used for a simplified circuit model. consisting of 

a total loss of resistance (dependent on frequency) on the inductance. It is used 

in either serial or parallel model according to Figure 11 

 

Figure 11:Simplified circuit model of coil 

Circuit models can be converted equivalently to each other.Convertion always 

applies for a given specific frequency ,which was used to convert values of 

elements.In solving the circuit mostly because of the ease of solution favors one 
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or the other model, for example,for current loop method is better to use serial 

model, for the voltage node loop  is preferable to use  a parallel model.Usually it 

is a physical point of view that,serial model is natural,therefore will be provided 

relations for the conversion series model to parallel.Relations can be derived 

easily from the condition of equality of complex serial and parallel admittance 

model. 

   
        

 

  
                                        

  
       

 

    
                                      (18)         

Based on a simplified model of the coil is defined by loss angle and quality 

factor. This is based on the phasor current diagram  with  parallel  connection  

or  phasor voltage diagram for serial connection. Loss angle is indicated on  

figure 12.  

 

Figure 12:phase diagram of a simplified model of  induktor 

 

Loss angle and quality factor Q is defined similarly as in the simplified model of 

a capacitor. In the case of serial model, the loss angle is :  

     
  

  
 

   

    
 

  

   
                                                                                         (19)          
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For the parallel model is based on loss angle as 

     
  

  
 

 

  
 

 

   
 
 

   

  
                                                                            (20)        

Between quality factor and loss angle applies the same  case as for 

capacitance  relationship, 

Thus: Quality factor Q:   
 

    
                                                                             (21)         
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3  RLC  resonant  circuits 

RLC circuits are resonant circuits, as the energy in the system "resonates" 

between the inductor and capacitor."Ideal" capacitors and inductors do not 

dissipate energy. However, resistors dissipate energy or alternately, resistors 

do not store energy. A resonant circuit, also called a tuned circuit consists of an 

inductor and a capacitor together with a voltage or current source. It is one of 

the most important circuits used in electronics. For example, a resonant circuit, 

in one of its many forms, allows us to select a desired radio or television signal 

from the vast number of signals that are around us at any time.See the resonant 

circuit, connected to the source harmonic voltage which will be the subject of  

investigation of  this chapter. 

 

Figure 13:Example of resonant circuit 
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3.1 Series resonant circuit 

 

Figure 14:Series resonator circuit 

Serial connections of  capacitor  and  inductor  makes a series resonant 

circuit.The circuit model drawn in figure 14, consists of a capacitor, resistor 

(ideal) and the inductor.Resistor  R  represents  the loss of a capacitor and 

inductor, and includes the internal resistance of  the real power supply.The 

impedance  equations of the series  RLC circuit is shown in figure  14.  

            
 

  
                                                       (22)            

During the circuit voltage source harmonic oscillation with amplitude U, it 

depends on the current flowing through the  impedance  Z  in the circuit and on 

the signal source frequency. Figure 15 shows the dependence  of current I on 

frequency  f (or ω) and it is called a resonance curve.Figure 15  can be 

described by this equation: 

   
 

        
 

  
 
 
                                                                                       (23)        

It passes through the origin, because at f = 0,capacitive reactance of the circuit 

is infinitely large. For f → ∞ again the inductive  reactance is infinitely large, so 

the amount of current through the circuit is again close to zero.When the 

condition of  capacitive and inductive reactance are  equal,e.g the resultant 
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reactance of the circuit is equal to  zero and it is called  serial resonance 

circuit. From the  condition  X = 0  can be determined by the Thomson formula 

for calculating the resonant frequency 

   
 

   
        

 

     
                                                                            (24)          

 

Figure 15:a) Resonance curve of a serial resonant circuit 

                  b)  Phase Angle of a Series Resonance Circuit 

The voltage across the inductor or capacitor can be much higher than the 

voltage of the total circuit. At the resonant frequency,the total impedance of the 

circuit is Z = R . Assuming that the current through the circuit is I, total voltage 

on the circuit is: 

                                                                                                                        (25)        
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The current at the resonance frequency is:    
 

 
                                          (26)     

 Width of band-pass filter B of the serial resonant circuit is defined as a range 

of two frequencies near resonance, where the absolute value of the circuit 

reactance equals to its  active resistance ,Thus        and then   

            and for the case under consideration as shown  on figure 

15 can be written 

:   
 

 
 

 

   
 

  

  
                                                                             (27)                          

The symbol IB  indicates the current  between  the passband.Can be  expressed 

as the ratio of currents IB and Ir in the units of dB,it apply  between  the 

passband. 

     
  

  
      

 

  
                                                            (28)   

Bandwidth for serial resonant circuit is determined by two frequencies at which 

the current flowing in the circuit decreases to 0.707Ir  or about 3dB compared to 

current flowing in the resonance circuit. 

Figure 15b  shows frequency dependence of  argument impedance for serial 

resonant circuit, sometimes referred to as its phase characteristic.Below the 

resonant  frequency ,the circuit has a capacitive character because the 

capacitive reactance is greater than the inductive reactance. The argument 

impedance have negative sign and frequencies  reaches to zero with its value 

close to  -90 °. On the opposite way,  above resonant frequencies,the circuit has 

the  inductive character because  inductive reactance is greater than the 

capacitive reactance.The argument impedance therefore has a positive sign 

and for f → ∞ with its value close to +90 °.During the resonance,the  circuit has 

real character, and therefore argument  impedance is equal to  zero. For 
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extreme passband  frequencies,applies that │X│ = R, so the argument 

impedance is equal to ± 45 °. 

 

 

Figure 16:Resonance curves of seriál resonant circuit for different resistance value 

R (R1 <R2 <R3, L and C are constant) 

 

If we change the serial resonant circuit,resistance R, for example, using 

elements such as capacitor or inductor with a larger or smaller loss resistance 

or using a voltage source with other internal resistance,this changes the current 

through the resonance circuit  and the overall shape of the resonance curve 

,this  also changes the passband B.Figure 16  shows the resonance curves  of 

different values for  resistance  R. For small values of resistance R,resonance 

curve is narrow, the resonance current is large and passband width is small,so  

in this case we say that,the  resonant circuit  has good selectivity.On the other 

hand, for large resistance value R,the resonance curve is flat, the current 

resonance is small and the width of the passband width is large and the 

resonant circuit loses its good selektivity of  the circuit. 

The quality of the resonant circuit can be expressed or  can be measured by the 

quality factor  Q  of the circuit and its defined  as: 
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                                                                                                          (29)     

where  A  is the energy that is transferred from the electric field to magnetic field 

called oscillation and P is the active power that is lost in the resistance R 

(resistance loss).     ω0A  represents the reactive power of capacitor or inductor 

at resonance.A and P can be expressed using these equations: 

  
 

 
    and   

 

 
                                                                                  (30)     

 

After substituting equation 30 in to 29, we get this  equation: 

  
   

 
 

 

    
 

 

 
 
 

 
 

  

 
                                                                       (31)   

Quality factor of a serial resonant circuit can be determined by dividing the 

inductive or capacitive reactance circuit for the resonance and resistor R. The 

reciprocal value of quality factor is called damping factor and its indicated  by  

the symbol d.Variables  Z0  is called characteristic impedance circuit and and 

can be expressed using different variables, such as: 

       
 

   
  

 

 
                                                                                  (32)  

From equation (31) shows that the quality factor Q is directly proportional to the 

characteristic impedance circuit  Z0 ,expressed in the form 
 

 
 .  

So given a series resonant circuit tuned  at a  frequency f0, and then at a 

constant value resistance R, we can change the quality factor by changing the 

ratio of  L/C and at the same time changes passband width B. This fact is on 

figure17 which shows the resonance curves for different L/C ratios. As in all 
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cases we consider the same resistance value R, at resonance all curves have 

the same value of resonant current. 

If  we  look  at  a series resonant circuit from harmonic source  signal with 

amplitude U, flowing  through the resonance circuit current Ir which is  given by  

the equation in (26). Since the resonance circuit has real character, source 

voltage U and current Ir  are  in phase. The voltage across the resistor R is the 

same as the supply voltage source.To  express the voltage inductor  ULr   and 

the voltage on the capacitor UCr  at resonance can be written using this 

formulars: 

                
 

 
                                                                            (33)   

    
 

    
     

 

   

 

 
                                                                                      (34)    

 

Figure 17:Serial resonance curves of  resonant circuit for different  L/C ratios (R is 

constant, L1/C1 < C2/L2 < L3/C3) 

  

 Voltage across the  inductor  Leads voltage source and  current  Ir  at  90 °, 

while the voltage on the capacitor delays  the voltage sources  and current Ir  by  

90 °. At resonance,the voltage on the inductor and capacitor remain equally 

large but in opposite direction (their sum is equal to zero). In comparison with 
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the voltage source,both voltage are times higher.For example if we experiment 

a series resonant circuit: From the function generátor output voltage U = 10V  

and  circuit quality factor  Q =100, the voltage across the capacitor will be  Ucr = 

1000V,so it is necessary to use capacitor with sufficiently  high  breakdown 

voltage.  

Equation for Impedance serial resonance circuit  is  given in equation (26).We 

can adjust  it  by Thomson relation and then  we get: 

            
 

  
         

 

  
 

 

     
         

 

  
 

  

 
           (35)     

The term in brackets is called the detuning factor and it is denoted as  F 

symbol and it can be  expressed  as: 

  
 

  
 
  

 
 

 

  
 
  

 
                                                                       (36)      

 

With the help of equation  (36)  with  (35)   simplifying  both  R.The equation can 

be simplified to: 

            
 

  
 

  

 
              

   

 
            

                                                                                                                                                          

(37)     

The product of QF = α  is called  detuning degree. Impedance serial 

resonance circuit, we can use the equation  (22) and then be simplified  in this 

form:  

               
 

 
                                                            (38)                                                      

By  comparing  equation (37) and (38)  can  obtain the detuning degree  of the 

resonace circuit  in this form: 
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                                                                                       (39)       

Where  φ is the argument of the impedance resonant circuit.For serial 

impedance resonant circuit,this can satisfy: 

                                                                                                      (40a)      

With the help of equation (40a)  we can express  the current flowing  through 

the circuit  as 

  
 

      
 

  

     
                                                                                     (40b)                              

By modifying (40b) we obtain the dependence 

 

  
 

 

     
                                                                                        (41)      

defining the normalized resonance curve, by which we can describe any 

series resonant circuit.From the relation (41) shows that for the extreme 

frequencies passband is a detuning degree  α = ± 1 ,it applies that:  

 

  
 

  

  
 

 

     
 

 

  
                                                                                   (42)       

The solution of the equation is 

     
 

  
 
  

 
                                                                                    (43)      

for f requencies f1 and f2, which determine the passband  e.g, f2 - f1 = B, we get 

a very important and useful equation in practice: 

  
  

 
                                                                                                             (44)       
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 From equation (43) we can deduce that the resonant frequency f0 is equal to 

geometric mean frequency f1 and f2,for example it applies that          . 

The resonance curve is not axially symmetric to a straight line passing through 

point f0  perpendicular to frequency axis. 

3.2 Parallel resonant circuit 

 

 

Figure 18:Parallel resonant circuit 

The Parallel RLC Circuit is the exact opposite to the series circuit.Parallel 

resonant  circuit,is shown in figure 18. The output current source connected in 

parallel with the combination of conductor G, capacitor C  and inductor L. 

Conductance  G  in the circuit  represents the losses of both real accumulation 

elements, and includes the internal   conductivity of  source.For  admittance of 

the circuit applies that: 

              
 

  
                                                         (45)      

where  B  is  the  resultant of  susceptance circuit.During the harmonic circuit 

oscillation from current source with amplitude I ,it depends on voltage in the 

resonant circuit on the module admittance Y and on frequency of  the source 

signal. Graphical representation of voltage dependence U on frequency f (or ω) 

is called a resonance curve.Can be described by the equation. 
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                                                                         (46)        

Condition  B = 0 can be determined with relation for calculating the resonant 
frequency  

   
 

   
        

 

     
                                                                          (47)     

                                            

The same like for serial resonant circuit,for parallel resonant circuit can also 

derive equations for admittance circuit  in this form: 

                                                                                                (48)       

At resonance, when α = 0, the circuit admittance  takes its minimum value of Y 
= G, while in the opposite the voltage on the circuit takes its maximum value 
and  expressed in this form: 

   
 

 
                                                                                                                     (49)                                                                  

where R = 1/G  is the resonant resistance 

Passband width B of the parallel resonant circuit is defined as a range of two 

frequencies near resonance, in which the voltage drops in the resonant circuit to 

0.707Ur (down by 3 dB), as shown in Figure 19a. Since the voltage on the 

resonant circuit is directly proportional to impedance circuit, resonance curve is 

also sketched as a module impedance dependent circuit on frequency. 

Betwwen passband width and quality factor of the circuit,again the relation is 

valid by using formula (45).Quality factor Circuit Q is     defined by equation 

(29).Energy A and active power P  can be applied  as 

  
 

 
    and   

 

 
 
  

 
                                                                                               (50)       

If  we subsitude equation  50  in to 29,we can get:   
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                                                                 (51)        

Quality factor of a parallel resonant circuit is equal to the proportion of the 

resonant resistance and inductive or capacitive reactance of resonance 

circuit.Characteristic    impedance circuit Z0 ,apply in equation (32). 

For a parallel resonant circuit with the source harmonic signal amplitude I  is a        

resonance in the circuit voltage Ur,given in the equation (47). Since the  

admittance of the circuit is a real resonance, the voltage Ur is in phase with the 

current I. Current flowing in the conductance G is the same as the current 

flowing from the  connection source.For ILr currents through the inductor and 

capacitor running ICr at resonance is valid if : 

    
  

    
   

 

   

 

 
                                                                                        (52)          

                                                                          

    
  
 

    

       
 

 
                                                                         (53)                



3  RLC resonant  circuits  27 

 

 

 

 

Figure 19:a) Resonance curve for  parallel resonant circuit 

                  b) frequency dependence of phase angle impedance circuit   

 

Current through inductor is lags behind current source I and therefore  the 

voltages Ur  with about  90 °, while the current through the capacitor leads  the 

current I and thus the voltage Ur  by  90 °.At resonance currents through the 

inductor and capacitor are the same and high ,but in  opposite direction and  

their sum is equal to zero.In comparison with current resources, both currents Q 

are several times  higher. 

If  we  increase the current  in the parallel resonant circuit,for example  an output 

current from generator, I = 100 mA  and the circuit quality factor as Q = 100, 

current through the coil  ILr = 10A,Therefore it is necessary for the construction to  

use a coil wire of sufficient cross-section.Resonant conductance circuits  in high 

power transmitters are designed with  copper tubes, which can be silver plated. 

Model of a parallel resonant circuit is in Figure 18, designed as a dual  circuit  to 

the serial resonance circuit, does not describe accurately the real behavior of 

the resonant circuit, especially at zero frequency and its surroundings. 
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Resonance curve of the actual circuit drawn in figure 19a, at zero frequency 

shows a small voltage in the circuit arises due to non-zero winding resistance 

coils. This fact is more  represented  by the  model drawn in figure 20.The coil is 

modeled by a combination of series inductor L and loss resistor RL, the 

capacitor is modeled similarly serial combination of capacitor C and a 

dissipation of resistor RC. Impedance of the two branches can be written as : 

                                   

 The resultant  impedance of the circuit can be written 

  
    

     
 

                 

                 
                                                                                     (54)       

by separating  the real and imaginary parts, we get: 

       
    

      
 

  
   

     
      

 

  
                                                                        (55)                   

where Zs is the  impedance  modulus,which is equal to the serial connection 

impedance ZL and ZC, it is proven by this  equation:  

   

  
         

         
  

and  then, 
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Figure 20:Model of a parallel resonant circuit with two branches 

 

in the considered circuit resonance occurs when the imaginary part the resultant 

impedance  (56)  is equal to zero. The resonance condition is therefore given 

by: 

  
     

      
 

  
                                                                                                         (56)               

  The condition  (56) shows that the resonant frequency depends not only on the 

inductance L and capacity C, but also on  the loss resistors RL and RC.The fact 

is true for : 

                                                                                                              (57)               

For example, resistors in individual branches can be neglected against their               

reactance,condition (56)  can be simplified in to form: 

  
    

       
 

  
  

           

  
                                                                                  (58)                          
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Resonance then occurs in the case when XC - XL = 0, which is the same 

condition as the condition in series resonant circuit. From this,it is possible to 

determine the  resonant frequency from equation  (24), (47). If  conditions (57)  

is not satisfied, we can then calculate the resonant frequency of the condition 

(56), 

    
       

                                                                                                           (59)                       

After substituting into equation  (59) and we get  the resonant frequency 

relation: 

   
 

   
  

  
     

 

  
     

                                                                                                           (60)                          

Or       
 

     
  

  
     

 

  
     

                                                                                                (61)     

where Z0 is the characteristic impedance of the circuit  given  in equation 

(32).The   resistance of the circuit at resonance or resonant resistance can be 

determined from  (55) when considering the resonance condition (56). 

Moreover, if the conditions (57)  is satisfied,then we get. 

  
    

       
 

         
  

   
 

      
 

   
 

      
                                                                               (62a)    

Resonant resistance of the parallel resonant circuit is equal to the square of any 

branch circuit reactance at resonance divided by the total resistance of both 

branches in series RS = RL + RC.After substituting into (62a) for each branch 

reactance and by editing,can obtain next relations for calculating the resonant 

resistance.  

  
  
    

  
 

 

  
     

 
   
 

    
 

 

   
                                                                (62b)         

It can be deduced that,the relations (62a) and (62b) can be used with sufficient 

accuracy (better than 1%) for resonant circuits for which Q ≥ 5 . Frequency 
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dependence of argument impedance for parallel resonant circuit given in 

equation (55) is in figure 19b. During the resonance,the impedance circuit has 

real   character,and argument  impedance is equal to  zero.Below the resonant 

frequencies the circuit has inductive character,because inductive impedance 

branch is smaller than the impedance capacitive branches and their parallel 

connection is significantly contributes to the resultant impedance of the 

circuit.The argument  impedance becomes positive and the frequency  goes to 

zero,with its value near  to +90°.Above the resonant frequencies,the  circuit has 

capacitive character because the resulting impedance of the circuit is now more 

involved in capacitive impedance branches.The argument            impedance  is 

therefore  negative and frequency f goes to infinity (→ ∞) with its value is close  

to  -90°. 

From equation (51) and (62b) derives the relation between the circuit quality            

factor,resonant resistance,reactance of each branch of the 

resonance,characteristic      impedance of the circuit and the resistance Rs. 
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Figure 21 a)  Resonance curves for parallel resonant circuit for different values of 

resistance Rs (R1 <R2 <R3, L and C are constant)   b) Resonance curves of  

parallel resonant circuit for different  ratios  of  L/C ( Rs is constant, L1/C1 <  L2/ 

C2 < L3/C3 ) 

 

Figure 21a shows resonance curves circuit are  plotted for different values of  

resistance R.Resonance curve for Rs = R1, because of the resistance R1 is 

small  it is narrow and is based almost from the origin.The circuit exhibits 

selective properties, the passband width is small,the quality factor and resonant 

resistance are large.On the opposite, the resonance curve for Rs = R3 is flat 

and due to the large resistor R3 occurs on the circuit at f = 0,large DC voltage. 

Circuit loses its selective character, the passband width is large, the quality 

factor and resonant resistance are small. Figure 21b shows the resonance 

curves for various values of circuit L/C ratio. The figure shows that,for larger L/C  

ratio is greater and as well as the resonant resistance and quality factor of the 

circuit, and    therefore a circuit has better selective properties. 
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4  Higher  frequency  oscillators 

High frequency oscillators  are oscillators that generate signal frequencies 

above 1 MHz. Common applications of  these oscillators are  in 

communications, telecommunications, RF/microwave  devices, frequency, 

timing references, etc.  generally an Oscillators are used in many electronic 

circuits and systems providing the central "clock" signal that controls the 

sequential operation of the entire system. Oscillators convert  a DC input (the 

supply voltage) into an AC output (the waveform), which can have a wide range 

of different wave  shapes and frequencies that can be either complicated in 

nature or simple sine waves depending upon the application. Oscillators are 

also used in many pieces of test equipment producing either sinusoidal sine 

waves, square, sawtooth or triangular shaped waveforms or just a train of 

pulses of a variable or constant width. LC Oscillators are commonly used in 

radio-frequency circuits because of their good phase noise characteristics and 

their ease of implementation. 

Oscillators consist of two major blocks:  

 An active, nonlinear element that provides gain  
 A frequency selective circuit (e.g. LC tank, crystal oscillator, dielectric 

resonator)  

We design oscillators with criteria such as:  

 frequency stability over bias and temperature variations  
 spectral purity (low power in harmonics, and low phase noise)  
 power consumption  
 area consumption  
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4.1 Basic  parameters 

All  oscillators can be characterized by the following three basic parameters: 

frequency stability,frequency accuracy and noise(amplitude and phase noise).  

Frequency stability is rate of change in frequency with time or frequency  

stability  is a measure of the degree to which a constant frequency output  is 

approached . Expresses numerically the largest relative change Δf max /f0 

contemplated in a certain time interval  Δt, for example 1 second, 1 hour, 1 day, 

etc. If  Δt  is  larger than 1s,it is called long-term stability. On the other hand, 

short-term frequency stability is the deviation in a relatively short period of  time, 

usually more  less than 1s, mainly caused by random fluctuations and noise. If 

the oscillator (generally any source) is set to the nominal value of the frequency 

f0, can measure the time course of instantaneous frequency values within a 

certain time interval, as shown in Figure 22a. For the desired time interval Δt 

can then determine from the measured values and calculate Δfmax frequency 

stability.  

Frequency accuracy is expressed relative deviation Δfp/f0 out again within a 

certain time interval  Δt. From measured time process of instantaneous 

frequency in the  interval  Δt is determined by the mean frequency fp, as shown 

in Figure 22b.The frequency fp and f0 is calculated  Δfp  and subsequently the 

accuracy frequency.  

 

Figure 22:a) frequency stability b) frequency accuracy 
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Figure 23a is a sketch of  an ideal sinusoidal waveform signal and also a real 

signal that is from  the  output of the oscillator. The real signal is randomly 

changes fast in the instantaneous size  of the signal, which is referred to as 

amplitude noise. For most sources of RF signal amplitude noise is 

negligible.From Figure 23a  can be seen  that there is a phase signal  

fluctuation, eg  changes in zero pulse signal compared to the ideal 

waveforms.This results in the phase noise, which can be very intensive,and is 

currently one of the most important parameters sources of  RF signals. High 

level phase noise, such as oscillator or frequency synthesizer, for analog 

systems has resulted in an increase of noise  in number of receivers and for 

digital systems is increasing error rate.Quantitative evaluation of phase noise 

can be done in different ways. The most common view is based on the output 

signal in the frequency domain, for example, using a spectrum analyzer.A  

typical process spectrum of the oscillator output signal is shown in Figure 

23b.Since the spectrum  is symmetrical to the rated value of the frequency  f0 

(carrier),you can consider  the use of one sideband (SSB).The phase noise at 

offset (Fourier) frequency  fm  is defined by this  relations. 

      
    

  
                           

    

  
                                              (63) 

  

Figure 23:a) Representation of amplitude and phase noise  b) Spectrum of phase 

noise 
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4.2  LC oscillators with  negative differential resistance 

The nature of these  of these oscillators is to  overcompensate the loss of 

resistors, serial or parallel resonant circuit or circuit element with a negative 

differential     resistance.fundamental diagrams of these oscillators are shown in 

Figure 24, Lets assume that the serial resonance circuit with the capacitor 

charged to the voltage U0 is connected element  with negative differential 

resistance RN < 0. For the circuit in Figure 24a  applies that  

 
  

  
          

 

 
                                                                                         (64) 

We can derive  equation (64)      

   

   
 

     

 
 
  

  
 

 

  
                                                                                                (65) 

The result is second order differential equations with constant coefficients, 

which is  parts of the first derivative known as double damping factor  δ. In order 

for the circuit to be harmonics oscillations in (Fig.25c) must be a part of the first 

derivative,eg  the damping factor δ is equal to zero. 

      
     

 
                                                                                   (66) 

Harmonic  oscillations frequency determines         and applies 

       
  

 

  
    

 

   
                                                                                     (67) 

In the case,where the damping factor will be positive        eg         , 

resulting in damped circuit oscillations is shown  in figure 25b. if it applies that 

   , eg,         , oscillations grows  exponentially as shown on figure 25a. 
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Figure 24:Negative Differential Resistance Oscillator a) the serial resonant circuit, 

b) with a parallel resonant circuit 

A similar method can be described with  parallel resonant oscillator circuit 

(Figure 24b). The mutual relation between negative differential resistance RN 

and resistance RP for parallel resonant circuit have this form. 

                       the circuit oscillate  as shown on  fig 25a                   (68a)                                                                                              

                       the circuit oscillate  as shown on  fig 25c                   (68b)                                                   

                      the circuit oscillate  as shown on  fig 25b                    (68c)                                                                        

 

Figure 25:Time waveform oscillations  for various values of damping factor δ 

 

In  LC oscillators with negative differential  resistance which use passive 

elements  or circuit which has  volt ampere  characteristics are shown in certain 

parts of the negative differential resistance. It does not matter whether  the 

elements used (eg tunnel diode, four-layer diode, etc.) or active circuit which 
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uses positive feedback or negative input admittance. It only depends on the 

type of characteristics used ,which may have one of two forms,the characteristic 

S-type (Fig 26a)  and  N-type characteristics (Fig 26b).The oscillations in the 

oscillator doe not grow indefinitely, it must be for a given resonant circuit which 

uses elements to determine a certain characteristic.More detailed analysis can 

be shown that for an oscillator with series  resonant circuit is suitable element 

(circuit) with a characteristic S-type and for the parallel resonant circuit is 

suitable for      element (circuit) with the characteristics of type N.  

 

 

Figure 26:Volt ampere characteristics: a) type S)  b) type  N 

Particular attention is needed on how to power(connect) the  oscillator ,which is 

related to location of quiescent operating point P  on the characteristics of the 

passive element (Fig 26). Its location must be clearly identified with the 

intersection of the characteristics of the load line. Location depends on the load 

line voltage source UN  and its slope is determined by an internal source 

resistance Ri, or other resistance in series with the source. Undesirable cases 

are,where the load line passes  through point P,but characteristic of passive 

elements still intersects the  points A and B.  
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Negative differential resistance RN  of passive element in quiescent operating 

point is determined from the tangent of element characteristics led to the point.It 

is possible to change the value of a narrow range of negative differential 

resistance and thus achieve the conditions  in equatiobn  (66) or (68b). 

The circuit in figure 27 is drawn with an example of connection oscillator with 

tunnel diode TD, the  AV characteristic is N-type. Quiescent operating point of 

diode is set  at voltage UN  and resistence Ri.Coupling capacitor is used to 

separate DC power supply and for its capacity satisfies CV >> C, CV  >> CTD 

.Oscillator oscillates at the resonant frequency in parallel resonant circuit. The 

load in the  oscillator  is connected  loosely, as it transforms into a resonant 

circuit and affects the size of the resulting resistance Rp. 

  

Figure 27:oscillator with tunnel diode 

  

  

 

.  
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4.3 LC  feedback  oscillators   

Basic types of LC oscillators, using positive feedback. feedback method of 

solution.LC oscillators  are similar to RC oscillators and the fundamental 

difference is the use of  LC circuit (parallel, serial) as an element determining an 

oscillating frequency,they must met both oscillation conditions (amplitude, 

phase), the condition of safe startup and stabilization of the output signal 

amplitude. As an active element with respect to the position of the most 

common frequency (MHz ... GHz) most frequently used transistor (bipolar, FET) 

or a simple transistor structure (IO). The basic problem is to optimize the design 

of mutual adjustment parameter LC circuit and the transistor. 

   

Figure 28:shematic of  feedback oscillator 

 

The basis of feedback  from the oscillator amplifier whose output is introduced 

to the input positive feedback, as shown in Figure 28. The amplifier has a 

voltage gain Au and feedback circuit is characterized by a feedback factor  β,  

  
   

    
                                                                                                                       (69)   
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Voltage gain A'u  amplifier with feedback is given by 

  
  

  

     
                                                                                                                   (70)   

For positive feedback is valid in the denominator minus sign and the condition 

of oscillation has the form: 

                                                                                                                       (71)   

so β is complex because it contains a feedback capacitance and 

inductance.The real part of the solution of the equation is the amplitude 

condition of oscillation and the imaginary part of the equation is the phase 

condition for oscillation.  

  For example if  N = 0. The condition of oscillation (71),can be  expanded to 

a) the condition of amplitude                                                                       (72a)   

b) the condition of phase                                                            (72b)   

 

Figure 29:a) three-point oscillator, b) general schematic of three-point oscillator 

 

In the simplest implementation of the amplifier is implemented with a single 

active component - transistor, most often in connection with the common 

emitter. Since the transistor is connected to external circuits in three points, they 
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are called the three-point oscillators. The connection of the common emitter turn 

signal phase by 180 °, and therefore the feedback circuit must also provide turn 

signal phase by 180 °. Figure 29a  is a feedback circuit drawn in the shape of  π 

,   in order to achieve high quality factor which is  consists of reactance  X1, X2, 

X3. Simply redrawing figure 29a  we get the well- known  connetions of three-

point oscillator (Fig.29b), which shows that each reactance is connected 

between two different electrodes of  the transistor.Therefore it can  be between 

the electrode reactance (usually between the electrode capacita) and transistor 

can  easily incorporated into the circuit, which determines the resonant 

frequency ω0. 

Resonant for three-point oscillator frequency is determined from this condition 

                                                                                                                 (73a)   

The required ratios for phase feedback circuit will be provided to fulfill this 

conditions 

  
  

  
                                                                                                                    (73b)   

The conditions (73) shows that,the  reactance  X2, X3 must have the same 

character, while reactance X1= - (X2 + X3)  must  have the  opposite  character. 
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4.4 Basic types of  oscillators for HF 

The electronic  oscillator circuits can be dividend in to several group according 

to various categories.The most frequent division is based either on the 

waveform of the generated A.C. komponent(harmonic vs.non-harmonic),or on 

the nature of the frequency-determining network (LC,RC,mechanical resonátor 

etc.).This chapter  going to show several outstanding examples of simple 

electronic oscillators of the most popular group  used  in radio higher 

frequency.Going to discuss more on these types of oscillators  such as 

Armstrong oscillator, Hartley  oscillator,Colpitts oscillator.tunable 

oscillators,Clapp oscillator and Crystal oscillators. 

  

4.4.1 Armstrong  oscillator   

 

The Armstrong oscillator  is used to produce a sine-wave output of constant 

amplitude and of fairly constant frequency within the RF  range. It is generally 

used as a local oscillator in receivers, as a source in signal generators, and as a 

radio-frequency oscillator in the medium- and high-frequency range.It has a 

resonant LC circuit at the base, CV coupling capacitor prevents the DC  

connection  base and emitter for a short-circuit oscillations as shown on figure 

30a. 

The identification  characteristics of the Armstrong oscillator are that (1) it uses 

an LC tuned circuit to establish the frequency of oscillation, (2) feedback is 

accomplished by mutual inductive coupling between the tickler coil and the LC 

tuned circuit, and (3) it uses a class C amplifier with self-bias. Its frequency is 

fairly stable, and the output amplitude is relatively constant. 
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Figure 30: a) Oscillator uses feedback transformer ,b) resonant circuit in the 

collector 

The oscillation frequency is: 

   
 

     
                                                                                                                     (74)   

voltage between output and input are transformed according to n degree. 

   
  

  
    

  

  
                                                                                                       (75) 

It is important to ensure appropriate connections of the transformer terminals to 

the feedback signal at the appropriate stage.It is the common emitter 

connection. 

 

Figure 31: Other variations of Armstrong oscillator circuits a) Common base and  

b) common collector armstrong oscilátor 
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4.4.2 Hartley  oscillator  

 

Figure 32: Hartley oscillator: a) schem for AC signals, b) voltage on the resonant 

circuit 

Hartley oscillator diagram for AC signals is shown in Figur 32a. By redrawing 

the figure  into the form shown in Figure 32b  we can see that  each  reactance 

is a parallel resonant circuit, which determines the resonant frequency  ω0  

oscillator. At the same time it is obvious that the feedback signal phase circuit  

turns on the required 180°(180 degree).Hartley oscillator frequency ω0  and  

feedback factor β is true for: 

   
 

           
                                                                                                                 (76) 

  
   

    
 

    

    
 

  

  
                                                                                                      (77) 

If the inductors  L2 and L3 have a common magnetic flux, it is possible  to use  

the equations( 76 and 77) and consider their mutual inductance  M. Realization  

of  inductors is sometimes done so that the coiled  inductor  with an inductance 

L = L2 + L3  and emitter of the transistor connects to the branch, which divides 

the coil into two parts with inductance L2 and L3. Changing  L2 and L3, can 

change the feedback factor β. 
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4.4.3 Colpitts  oscillators 

 

 

Figure 33:Colpitts oscillator in common-emitter connections 

The circuit  Figure 33 shows  common emitter connection of  Colpitts oscillator. 

Parallel resonant circuit consists of  inductor  L and two capacitors C1 a C2 are 

in series and form a voltage divider. 

    
     

     
                                                                                                                         (78) 

feedback  part  is  lowpass, oscillator thus has little harmonic distortion. 

Frequency  is  little affected  by the  parameters involved. C3  and  C4  indicate 

short oscillation frequency.  

C4  increases the gain of the transistor .Other variants  of   Colpitts  oscillator  is  

shown  on Figure 34, 
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Figure 34: Colpitts oscillator circut connection of  a) common base and b) common 

collector 

Capacita  C  and CV  stands  for the oscillation frequency short circuit.This 

oscillator is suited for very high frequencies, because the capacity of the divider 

can  be part of the parasitic transistor capacities. Inductance can be replaced by 

a loop or short the wire      λ / 4 .Generally, for each connection, the transistor in 

connection with a common base   is able to oscillate at higher frequencies, 

because  it does not apply the Miller effect. 
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4.4.4 Tunable  oscillators 

 

Oscillators in this group allow tuning of the resulting generated harmonic signal 

in a certain range. Frequency change can be achieved  by changing  capacita 

or inductance . Both methods have been widely used previously and today is 

used in capacita  diodes. These diodes are used depending on kapacitance  C  

and on the size of the PN  junction ,on the voltage level  in the reverse direction. 

This dependence is shown in Figure 35. Oscillators  with capacitive  diode are 

called   VCO (Voltage Controlled Oscillators). An example of  this connection is 

shown in  Figure 36. If  the tunable frequency range is too wide, it is possible to 

increase the stability of the oscillator frequency,by using  the indirect method of 

frequency stabilization. 

 

Figure 35:Dependence of capacita  on the diode voltage 

 

 

Figure 36: a parallel resonant circuit of tuned capacitance diode 

  



4 Higher  frequency  oscillators  49 

 

 

 

4.4.5 Clapp   oscillator 

This oscillator was designed by   G.G. Gouriet(Geoffrey George Gouriet),who  

joined the Drive Section of the Transmitters Department of the BBC in 1937  as 

a technologist, and the oscillator has been used both in 1938  and during the 

second World War II  its  invention was  kept secret. It was  published  in 1948   

by an American electrical engineer  J.K  Clapp. Sometimes also referred to as 

Gouriettův Clappův-oscillator. 

Connection on figure 37  is based on  colpitts oscillator. C3 is used to change 

the frequency. you can tune up to proportion 1:1,2 due to the basic frequency. 

All capacities  resonant circuit are connected in series and  resonance 

frequency oscillator is given by: 

    
 

     
                                                                                                  (79) 

Where   
 

   
 

 

  
 

 

  
 

 

  
      and must fulfilled this condition           

 

 

Figure 37:Common emitter connection for  Clapp oscillator                                   
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Figure 38: Other variations of Clappova oscillator connections a).common 

collector and b) common base 
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5 Frequency  mixers 

 

Frequency  mixers  are circuits whose task is to convert one  frequency to 

another frequency,through which transformation takes place (transposition),RF 

signal is converted to  another frequency value,without changing the timing and 

nature of the modulation signal.  

The basis of the mixer is a nonlinear element (diode, transistor) or an element 

realizing the multiplication of two analog signals (dual-gate FET). According to  

principles, which is used for mixing frequency, the mixer can be divided into two  

groups, the first group  is called additive mixer ,are  frequency mixers  which  

mix  two nonlinear  sinals(first summ up  and then bring the sum of the 

nonlinear transfer characteristic)  PN  junction diode or transistor, they are 

mixers  with one diode or some  transistors. The second group consists of a 

multiplicative mixer  where the mixing of two signals is the analog 

multiplication. These mixers are realized for example double gate transistor or  

FET monolithic integrated circuits. 

 

 

Figure 39:Block diagram of a mixer 
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In principle, each modulator can operate as a mixer. The difference is in the 

frequency and in the tuning of the output filter. The mixer  comparatively  use 

large frequency  and the filter  tuned to its  most difference.The difference 

frequency is easier to work  with because it is at a low frequency. If we look at 

Figure 39 , we denote,as ω is the input frequency (high) ,Ω  is the frequency of  

the oscillator(LO) (high) at the output is the difference or the  sum of the two 

frequencies. 

 

Figure 40: Connection circuit of frequency  mixer 

 

 The diagram of  frequency  mixer is shown in Figure 40, The mixer is drawns 

as a three  branches,   on  its input  at brach 1,produce harmonic signal source  

Us with frequency fs  is fed  in to mixer signal   and  second  input  branch 2  

oscillator  is fed from an auxiliary harmonic signal U0 with frequency  fo. As a 

result of the mixing process occurs at the output branch 3  the mixer  signal  Umf  

with harmonic frequencies fmf  ,can be expressed using  this relation: 

                                                                                                                    (80) 

Where  m, n are integers (positive or negative or zero). From this spectrum the 

output signal, however, uses only one of the three most commonly used  

intermediate frequency (IF) which selects the appropriate passive bandpass 

filter. Other frequencies are then regarded as undesirable mixing products, and 
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are suppressed by a bandpass filter. Difference of  intermediate frequency can 

be expressed using this relation: 

                                                                                                           (81) 

most used in the technique of  radio receivers and the mixer is called a 

frequency converter,"down" or down-converter.  

 

The total IF frequency then is:  

                                                                                                                         (82)        

This technique is used in radio transmitters, measurement techniques, etc., and 

the mixer  is called a frequency converter "up" or up-converter.  
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5.1 Analysis  of  frequency  mixers 

 Lets  Consider the circuit network  in Figure 41 ,Lets determine  the three-port 

network circuit  which  works in a purely  resistive load. At one branch of the 

mixer let be ideal filters ,which allows only a harmonic signal with the  relevant 

frequency. Lets assume that the amplitude of the input harmonic voltage Us  of 

the frequency  fs  and amplitude output harmonic voltage Umf  with frequency  fmf   

=  f0- fs  are so small, that acts as a mixer  of quasi-linear circuit. The amplitude 

U0 of the voltage harmonic oscillator with frequency f0  is opposite  and so 

large,that the signal is fully reflect nonlinearity of the mixer  and its parameters 

will vary with  period T0 (frequency f0 ) of  the oscillator signal. 

 

Figure 41:Frequency mixer  circuit as nonlinear three-ports  and linear two-port 

network with time - variable parameters. 

                                                                                                       (83a)                                                                          
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                                                                                                     (83b)  

Admittance parameters  are dependent on the amount of  oscillator voltage  and 

because they are periodic functions of time with period T0(frequency f0, ω0) can 

be expressed using Fourier series as follows: 

                     
 
                                                                   (84a) 

                     
 
                                                                  (84b)  

                     
 
                                                                  (84c) 

                     
 
                                                                  (84d) 

For example,  the input admittance is Y11 (0) mean  value or DC component, Y11 

(n) is amplitude  n  of the harmonic and φ11 (n) is the initial phase n  of the 

harmonic components of the periodic Y11 (t). Substituting  relations in  (84) into 

relations (83) where we substitute as well as voltage us(t) and umf (t), we obtain 

these  equations: 

                     

 

   

                                

                 
 
                                                      (85a) 

                      

 

   

                                

                  
 
                                                     (85b) 

After performing the mathematical  operations and  adjusting trigonometric 

relations,the result is left only the input current        with frequency components 

  .(  eg  frequency komponent           )  and the output current          

only  components with frequency     (eg component with frequency        

     ) then: 



5 Frequency  mixers  56 

 

 

 

                                                                  (86a) 

                                                                                       (86b) 

From relations (86) shows that both the input and output current quasilinear 

two-port network  is equal to the sum of two harmonics of the same frequency. 

Expression of currents and voltages using complex amplitudes of the relations 

(86) simplifies to this form. 

                         
                                                                                   (87a) 

               
                                                                                          (87b) 

And the relation Us  and Umf  is described below 

      
      

    
      

                                                                                                         (88) 

  
     

             

        
    

 

 

Using the relations in (87),we  can then define  frequency mixers  or  conversion 

of mixers parameters  as follow: 

       
  

  
 
     

                             Mixer input admitance                           (89a) 

        
  

   
  

    

                          Mixer feedback admitance                     (89b) 
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                          Transmission of mixer admittance        (89c) 

 

       
   

   
 
    

                               Mixer output admitance                       (89d) 

 The admitance of two-port network mixer then have the equations in this form: 

                   
                                                                                            (89e)  

            
                                                                                                 (89f) 

and they  are formally the same as two-port network equation  describing  

narrowband linear amplifier or transistor. The only difference is that at the 

mixers input,the signal have different frequency than at the output. Therefore, 

the  mixers transmission parameters is defined by the current and voltage of 

different frequencies. 
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6  Design,realization  and  varifications 

 

Figure 42  Solution circuit diagram for  increasing frequency range of the 

oscilloscope using a sound card of PC 

Figure 42,can explain the functionality of  the circuit as, the difference signal 

frequency between LO and F1 from mixers goes to low pass filter to be filtered, 

and  Tektronix TDS1002 Oscilloscope CH1 is connected to the filter to  view  

the Fmf (difference frequencies),then the sound card  is connected to CH1 to 

capture the sampled low band frequency.PC oscilloscop software  is Connected  

to output soundcard to view the signal. 

The output signal from the mixer composed of   three frequencies,the Lower 

band,Carrier  and upper band frequency.We only select the Lower band 

frequency because the sound card only accept frequency from 0 to 20kHz,so 

the Other frequencies are then regarded as undesirable mixing products, and 

are suppressed by a bandpass filter.We need only down-conversion frequency. 
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6.1 Design  of  local  oscillator  

When designing  Oscillator  are tasked with setting the correct operating point , 
resistors,capacitors,inductors and appropriate balance . The Colpitts oscillator 
uses a capacitor voltage divider as its feedback source. The two capacitors, C1 
and C2 are placed across a common inductor, L as shown on figure 43,so that 
C1, C2  and L forms the tuned tank. The advantage of this type of tank circuit 
configuration is that with less self and mutual inductance in the tank circuit, 
frequency stability is improved along with a more simple design.The design of 
this Colpitts oscillator,operates  to a maximum frequency of 40kHz  and  have a 
good properties at high frequencies.This basic oscillator  is classified  as higher 
frequency ,which increases  the fundamental frequency to the desired 
frequency.The amount of feedback depends on the values of C1 and C2 with the 
smaller the values of C the greater will be the feedback. R1 and R2 provide the 
usual stabilizing DC bias for the transistor in the normal manner while the 
capacitor acts as a DC-blocking capacitors. 

 

Figure 43:The design of Colpitts LC oscillator 

 The frequency of oscillations for a Colpitts oscillator is determined by the 

resonant frequency of the LC tank circuit and is given as:  

   
 

  
  

     

       
 

 

  
  

                

                         
                                          (90) 
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6.1.1 Calculation  of  DC  operating  point 

At first I did the position of  the DC operating point to determine the component 

values  such as capacitors,inductors and resistors.To obtain these passive  

component values need to know the current amplification factor  of transistor  

h21E, UCC  supply voltage, collector current  IC , and the voltage between base 

and emitter  UBE.   

 

Figure 44:shows a work place for examining DC operating point of transistor 

BC337 and  component values of  oscillator on figure 43 

 

The input parameters:     
 

 
           

                                                  h21E = 387 

                                                  IC      = 1mA 

                                                  UBE    = 0,7V 

                           Transistor amplifier =BC337 
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The value of  base current IB 

   
  

    
 

      

   
                                                                                              (91) 

current passing throw R1 and R2  accordingly to this  contition I = 10*IB  up to 

100*IB,arbitrary value of current we can choose betwwen  I=25.8μA up to 

258μA,then current between  both two resistors  R1 and R2  is 100μA, we 

choose I=100μA,It means that output voltage (across the R2) of such voltage 

divider is practically constant and independent on base current which can vary 

and passes from this divider into the transistor.I calculated this voltage divider 

using the simple formulas for the open circuit voltage divider (no load at its 

output, so its output voltage remains constant). 

Lets calculate this resistive divider,where by both resistance R1 and R2 ,are 

purely resistive. 

     
  

     
     

      

             
                                                               (92) 

First, we calculate the resistance value of  resistor R3, using the formula  

   
 

 
   

  
 

  

      
                                                                                     (93) 

The voltage across rezistor  UR2  is equal to   UR4 + UBE 

                                                              (94) 

Voltage  across UR1   

                                                                                           (95)                                          
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The value of  resistor R1   

   
    

 
 

    

        
                                                                                            (96)           

The value of resistor  R2 

   
   

 
 

     

        
                                                                                           (97) 

These are calculated values of  R1 and R2  and the fixed values available at GM 

electronic, spol. s r.o. - e-shop in Ostrava,R1 = 91kΩ or 82kΩ and R2 = 10kΩ    

 

Figure 45:Oscilloscope shows the oscillators wave form of 40kHz. 

Figure45 proofs  that the designed oscillator can oscillate and produce the 

maximum frequency of 40kHz  as calculated  in  equation (90) 
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6.2 Chebyshev low pass filter design 

Filters are technical realizations of given system functions, which affects the 

spectral characteristics of an input signal in the main (Frequency selection).In 

the context of electro-technology the realizations with electrical networks 

interest as analog and digital circuits.Filter applies for the separation of signal 

components with different frequency ranges e. g.in the telephone, radio 

communication etc.Analog low pass and bandpass filter are needed as anti 

aliasing filter and interpolation filter in digital signal processing. 

Figure 47  shows chebyshev RLC low-pass filter circuit which offers easy 

passage to low-frequency signals and difficult passage to high-frequency sinals. 

Chebyshev filters are designed to have ripple in the pass-band, but steeper 

rolloff after the cutoff frequency as shown in figure 46. 
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6.2.1 Example  of   Chebyshev  filter  design 

Design procedure was taken from [ 3],KMITOČTOVÉ  FILTRY  

Design  a 5th-order chebyshev low-pass filter approximation                                        

for FC = 20kHz, FP = 40kHz,KZVL =  1dB , KPOT  =  40dB   and  an impedance 

level R1= R2 = 750Ω (for source and load respectively). 

1).Described values with tolerance diagram are shown on figure  46                                                                                                     

FC = 20kHz, FP = 40kHz,KZVL =  1dB  ripple , KPOT  =  40dB 

Where  FC  is cutoff  frequency, FP is suppress frequency or the stop band 

frequency , KPOT  is minimum pass band  attenuation(Amin), KZVL is maximum 

attenuation(Amax),or  ripple in passband. 

 

Figure 46: a) tolerance diagram of described values of frequency response also 

shown on figure 49 graph simulink b) is an example of transmission characteristics  

of  5 order low pass filter 
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2).Second  step is to determine normalized frequency of  suppression, 

     
  

  
 

  

  
                                                                                                        (98) 

Where  FDPn is normalised frequency,n is order of the filter 

2. Determine the filter order. 

To determine the required filter order,we have to use the equation(99) and 

substitute  the calculated  value of FDPn = 2 and given values for   KPOT = 40  

and  KZVL =1dB.  

          
  
  
  
  
  
 
    

    
     

    

    
     

            
                                                                                      (99) 

 

         

 
       

         

          
  th order 

n = 5, table1 shows  normalised values of  devices for  n orders of RLC ladder 

filters for chebyshev approximation. 

 

 

 

 

 

 



6 Design,realization and varifications  66 

 

 

 

 

Figure 47:Design  for  low pass RLC ladder filter of 5th  orders  for chebyshev      

approximation for both a) T and  b) Pi( ) section filters 

 

 

T L1 C2 L3 C4 L5 

 2,1349 1,0911 3,009 1,0911 2,1349 

  C1 L2 C3 L4 C5 

 

Table 1:Normalised chebyshev  filter design table for  5th order low pass,also see 

table 2 

 

 

 

 

3.Calculation of transformation coeficient parameters of low pass filter. 
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To obtain transformation parameters of  low pass filter  of a specified standard 

values ,we need to use equation (100) 

   
 

     
                                                                                                               (100) 

   
 

             
           

 

   
 

     
                                                                                                                   (101) 

   
   

         
            

4. By  multiplying  the coeficient  values KL,KC with normalised values of C and 

L from table 1  then we obtain real values of  low pass filter  parameters for  pi-

shaped (pi( )) devices.    

                                                                                                                          (102a) 

                                                                                                                         (102b) 

Where  li and ci are normalised values of L and C in table 1 

Real values of  L  and C are:            
                  and  

           
                 

           
                           

          
                            

          
                

L1=L2 =6,51  lets choose L  ≈  6,8nF                
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C1=C5=22,6nF ≈ 22nF  and  C3 =31,89   33nF  and we can  arrange the parameter 

as C1=C3=22nF and C2= 31=33nF according  to connection  circuit fig 48. 

 

Figure 48:Connection circuit diagram  with obtain real values of 5th order  low 

pass  filter  (Pi variant) 

 

Figure 49: Simulink graf of frequency response RLC  low pass filter 

I rounded the calculated  capacitance and  inductance  values to correspond 

with the really values found in GM  electronic  shop. 

After calculation of  real value of the low  pass filter then I used   SNAP software  

simulink  to determine the frequency  response  of  RLC low pass filter as 

shown on figure 49. 
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Table 2: A simple catalog for the design of RLC ladder filters for  chebyshev        

approximation   
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6.3 Circuit  varification using PC-soundcard 

The  realization  of the oscilloscope was developer  in integrated development 

environment Embarcadero Delphi  described in [4]  thesis  using  PC as 

oscilloscope. 

My extenstion to this part. is to varify  the functionality  of   the  circuit diagram  

using sound card of PC,which can  accept  frequency range  from 0 to 20kHz 

,this is a sampled output signal from the frequency mixer(OTA)  see figure 

42.Then the  output signal is measured  and viewed on a screen of virtual 

Oscilloscope.Photo of soundcard  and  waveform sample of software  designed 

oscilloscope  is shown in figure 50. 

 

Figure 50  a) front  panel view of virtual Oscilloscope  

                  b) sound card blaster Audigy    

Both devices  were  used to analyze the frequency range of  block main circuit 

on figure  42 and to prove  the functionality of  Colpitt  oscillator on figure 43.  
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Figure 51  block diagram  for solution realization of  sampled frequency signal 

range. 

 

 

Figure 52:Shows the workplace for measuring the frequency range of the circuit 

using a sound card of PC 

The breadboard shown in figure 52  consist of wired oscillator circuit,operational 

transconductance amplifier (OTA) which function as a frequency mixe, wired 5th 

order  low pass  filter  (Pi variant) circuit and breadboard is powered with  +10V  

and  -10V to determine the terminal of  (OTA).Function  generator frequency 

can be  set and changed to any frequency  range from 0 to 40kHz  and the 
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oscillator frequency is fixed to 40kHz  and oscillate by itself without the input 

signal,equation (90) shows the oscillation frequency of the oscillator.The CD-R 

shown on figure 53  contains designed PC-oscilloscope software(virtual 

Oscilloscope)  is inserted into a CD-ROM drive  of computer  with sound card 

connected to computer microphone and then connected to breadboard to 

capture the sinus signal shown on Tektronix TDS1002 oscilloscope which can 

be viewed on main screen of virtual Oscilloscope  as shown on the figure 52 

above. 

 

Figure 53:CD-R with PC oscilloscope software 

Figure 51 explains that the intermediate frequency from frequency mixer(OTA) 

is filtered by low pass filter and  lower band  frequency is selected to  save as 

input frequency to soundcard  (0 to 20kHz) and output signal from soundcard is 
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then processed,saved or loaded and displayed  on a screen of  virtual 

Oscilloscope simulation. 

 

Figure 54: Circuit  Operations  

 a) Input sampled signal to sound card viewed on Tektronix TDS1002 oscilloscope, 

b)Output signal from a sound card  viewed on a screen of virtual Oscilloscope 

simulation. 

In figure 54,we see that the input sample signal to a sound card  viewed  on 

Tektronix TDS1002  oscilloscope is 20kHz,this is the output signal 

differences(intermediate frequency)  from OTA as a frequency mixer.We set  

Oscillator frequency at 40kHz  and input harmonic signal source F1  at 20kHz  

from the function generator shown on figure 52,the difference of the oscillator 

and input signal frequencies were equal to 20kHz  as shown on figure 54a.The 

output signal frequency  from sound card is then view on PC oscilloscope 

software screen(virtual Oscilloscope),the timeline resolution amplitude 

difference of P1 and  P2 is 0,05ms.We can then calculate  to prove if the output 

frequency  from soundcard viewed on virtual Oscilloscope could be the same as 

the input frequency displayed  on Tektronix TDS1002 oscilloscope.Using this 

formular:  

  
 

 
 

 

    
                                                                                                     (103) 
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We see that the output frequency from the sound card is 20kHz,the same as  

input frequency. 

 

Figure 55:Clear view of Output signal of sound card 
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Figure 56:Clear view of Input signal to a sound,voltage amplitude and frequency 

are measured by Tektronix TDS1002 oscilloscope  

 

The same as in figure 54,we can explain figure 55 as the output frequency from 

soundcard  and figure 56  as input frequency,both have 10kHz. On figure 55  

0,1ms/d =10kHz 
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7 Conclusions 

 This thesis project described  high frequency oscillator design.From the 

beginning I described the  passive electronic components circuits mostly used 

in higher frequency  radio telecommmunications, their characteristics  and  

influence on frequency, transmission. 

I described  RLC circuits and their basic characteristics,which includes 

selectivity,oscillation  and  frequency stability and then  described the overview 

of basic high frequency oscillators and  this oscillators can be able to generate 

signal frequencies above 1MHz  and briefly I described  frequency mixers which 

is used to convert one frequency to another frequency  by determining the 

frequency difference  or sum of LO signal and input signal to produce 

intermediate frequency,which is practically  examined and experimented as 

shown  in figure 42  and these  frequency mixers are used in technique of radio 

receivers and  in radio transmitters.In the last chapter I designed the colpitts 

oscillator figure 43 and the circuit diagram for increasing frequency range,figure 

42 .I  verified the functionality of this oscillator  and can produce frequency 

range maximum to 40kHz and oscillation waveform is shown in figure 45.Finally 

I  measured,varify  and realization of the block diagram of the circuit for 

increasing the frequency range of the oscilloscope using a sound card of PC  

figure 52 and this soundcard  accepted  lower  sideband frequency range from 0 

to 20kHz. The upper  band frequency and carrier frequency were eliminated(not 

needed). 

I can conclude that,the design,analysis and measurement of  the described  and 

realized equipments function  properly and the obtained result satisfied. 
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