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ABSTRACT 

An oscillator is a device that produces a periodic signal under specific 

conditions. These devices are widely used in innumerable applications 

such as computers, wireless receivers and transmitters. Our goal in 

this project is to design an oscillator operating in 434MHz-436MHz 

which is ham radio frequencies in Sweden. In this project we a 

designed Clapp oscillator using Advanced Design System (ADS) and 

then implemented the circuit in Radio Lab at Lund University. 
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1. Introduction 

Oscillators are of great importance in modern communications 

circuits. An oscillator can be analyzed with the block diagram in 

Figure 1. Where A is the forward gain and β is the feedback gain. 

When this system satisfies the Barkhausen criteria it will oscillate. 

The transfer function of the closed loop systems is presented in equ.1, 

when the closed loop gain equals one and the phase shift is zero, the 

circuit will oscillate. In practice, the gain should be higher than one to 

start and maintain oscillation.  

 

Figure1- Block diagram of an oscillator 

 

     

   
 

 

    
 

(1) 

 

An oscillator which is controlled by voltage is called a voltage 

controlled oscillator (VCO). By changing the voltage the oscillation 

frequency is varied. Depending on the application, we might need to 

define different parameters such as phase noise, power consumption, 

level of harmonics and spurious components. 

Frequency tuning is defined as frequency range relative to the 

center frequency.  

 

    
         

              
  (2) 

 

Power consumption, since most electronic devices are battery 

limited, it is of great importance to have as low consumption as much 

as possible. 
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Depending on the applications, different oscillator models could 

be used. Hartley, Colpitts and Clapp are three of these models which 

are widely used. In the Hartley oscillator, an inductive feedback 

network and a capacitor are in parallel to set the oscillation frequency. 

The Colpitts oscillator is kind of dual to Hartley oscillator, as an 

alternative it uses a capacitive tap as the feedback branch, for this 

reason there is less mutual coupling which is an advantage. Simplicity 

is the main feature of these two types of oscillators. Lastly, Clapp is a 

Colpitts oscillator which includes an additional capacitor in series 

with inductor. This capacitor determines the oscillation frequency as it 

has low value. In comparison to Hartley and Colpitts, Clapp offers 

more wave purity, good stability at higher frequencies and a wide 

operation range. Good stability is a result of better separation of 

feedback network and resonance tank circuit. Consequently, the 

feedback capacitor ratio remains constant when the frequency is 

tuned.  Because of these advantages we decided to use Clapp model. 

                

 a         b 

 

c 

Figure 2- a) Hartley b) Colpitts c)Clapp oscillator models 
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2. Design 

After careful consideration, the NXP BFR93A transistor was chosen 

due to its availability in the lab, high power gain, low noise figure and 

very low intermodulation distortion. The operating point was chosen 

as 5 volts and        . 

 

2.1 Biasing 

The bias network for the LNA can be seen in Figure.3, This type of 

network was chosen because it does not require high resistances, 

which may not be easily found for discrete components. Therefore it is 

more suitable for high frequency circuits. Additionally, it is less 

sensitive to the changes in the collector current. 

 

 

Figure 3- Capacitance network 
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2.2 Tuning circuit 

In order to set the oscillation frequency, we need a resonance circuit 

which consists of LC components and is called tuning circuit. Initially, 

we used the circuit shown in figure2-C. In this case, the oscillation 

frequency could be found using the following equations: 

 
   

 

    

 

 

(4) 

 
 

  
 

 

  
 

 

  
 

 

  
 (5) 

 

To satisfy the oscillation criteria the gain condition in equation 6 

should be fulfilled.  

 

  

  
       

   

 

(6) 

We chose L=22 nH and   =6.1 pF, and we assumed    

             for the inductor, so          and          .  In 

order to mitigate the effects of short circuit in the feedback network, 

C1 should be about 10 times larger than C3. Moreover, the center 

frequency will be less influenced by C1 and C2. A couple of different 

values were tested during the simulations, and 40pF was selected as 

the optimum value. 

As the varactor diodes couldn’t provide us with the desired 

capacitive range, we used the following network instead of just the 
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varactor. In this circuit C3 controls the deviations while C4 is used to 

set the constant capacitance value.  

      
    

     
 

In order to find and compare the possible capacitor values in the 

above equation, a Matlab file was created (Appendix). 

 

Figure 4- Capacitance network 

Using the Matlab results the varactor BBY51-03W was chosen for 

its characteristic. The capacitance curve can be seen in Figure 5. 

 

Figure 5- Voltage vs. capacitance for BBY51-03W 
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3. Simulation 

Before implementation, circuit simulation carried out in ADS2009 

which is a very powerful tool to simulate high frequency circuits. In 

this section we are going to have a basic introduction to ADS 

simulations. Afterwards, the designed circuit will be simulated and 

tuned further to meet the specifications. For this purpose, we had to 

carry out several simulations such as AC, DC, Transient and 

Harmonic Balance which we will introduce in the following. 

DC Simulation: 

DC operating point characteristics of a design under test could be 

calculated by DC simulation. It is also possible to sweep one or more 

parameters.  

AC Simulation: 

Small signal and linear AC analysis are performed in AC 

simulation. In this simulation DC operating point is calculated and all 

the nonlinear devices are linearized around that point.  Consequently, 

this simulation does not generate harmonics or exhibit compression. 

 

Transient simulation:  

Is a nonlinear time domain simulation. 

Harmonic Balance: 

In order to simulate distortion in nonlinear circuits, Harmonic 

Balance Simulation which is a frequency domain analysis technique, 

is used. Obtaining frequency domain voltages and currents is an 

advantage over transient analysis. 

Simulation Results 

The VCO simulation schematic can be seen in Figure 6. An 

additional filter was added to the power supply to suppress unwanted 

harmonics. 
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Figure 6 Schematic of VCO 

The simulation results from transient and harmonic balance 

simulations can be seen in Figure 7. 

 

 a b 

 

c 

Figure 7 - ADS simulation results, a)Output of oscillator spectrum 

(for varactor voltage of 3 V), b) Time domain output, c) FFT of 

transient simulation 
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The simulation results show that the oscillation frequency is close 

to the calculated one. Furthermore, the tuning range is 412 – 449 

MHz. 
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4. Implementation 

A PCB layout was designed using using Eagle. The circuit was 

implemented on a FR-4 board and discrete components of 0805 size 

were used. Many vias were added to reduce possible effects of 

parasitics. The PCB layout and the final circuit are shown in figure 8 

and 9. 

 

Figure 8 - Layout of VCO 

 

Figure 9 –Final circuit 
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5. Results 

After soldering the components, measurements were made in the radio 

lab using a spectrum analyzer. The first operating frequency was 

around 300MHz with very small tuning range. This was caused as the 

feedback gain was not sufficient to sustain oscillations. To amend 

these problems the changes were made in the resonance tank circuit 

and the capacitor C1 (Figure 6) was decreased to increase feedback 

gain. After these steps a wide tuning range 350-370 MHz was 

achieved. 

To further increase the oscillation frequency the inductor value 

and the value of C4 (Figure 6)  was decreased. The former to 15 nH 

and the latter to 2.7 pF. The oscillation frequency increased up to 

398 MHz.  

The output power for the fundamental frequency and first 

harmonic were measured as -7.4 and -28.6 dBm in order. 

6. Conclusion 

In this project, a test VCO was designed and implemented for Ham 

radio frequency of 435MHz. Firstly, the theoretical values for the 

component calculated and later the designed circuit was simulated 

using ADS2009 software. Subsequently, component values were 

adjusted to meet the specifications. Afterwards, a PCB layout was 

created using Eagle and the circuit was realized. Measurements 

showed that there was a significant difference between simulation 

results and measurements. Possible reasons for this are listed below: 

As, transmission lines were not included in the simulation they 

may have significant effect at the operating frequency by adding 

inductance therefore lowering the oscillation frequency. To prevent 

this PCB layout should be kept as small as possible. 

Also, the package parasitic of both inductor and varactor were not 

included in the simulation leading to inaccurate results. 
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Lastly,The varactor model might be inaccurate, as the 

manufacturer did not publish any information about it.   

For further improvements, a filter could be designed for suppress 

higher harmonics, also a buffer could be added to isolate the VCO 

from the load. 
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APPENDIX 

 

clc 

clear 

w0=2*pi*435e6; 

w1=2*pi*415e6; 

w2=2*pi*455e6; 

L=[8.2 10 12 15 18 22 27 33 39 43 47 50]*1e-9; 

ctot1=[]; 

ctot2=[]; 

deltaC=[]; 

CF=20e-12; 

rs=1.7; 

gm=9.66/27; 

CCF=gm/w0^2/rs; 

  

for i=1:length(L) 

    ctot0(i)=1/w0^2/L(i); 

    ctot1(i)=1/w1^2/L(i); 

    ctot2(i)=1/w2^2/L(i); 

    deltaC(i)=ctot2(i)-ctot1(i); 

    c1(i)=CF*ctot1(i)/(CF-ctot1(i)); 

    c2(i)=CF*ctot2(i)/(CF-ctot2(i)); 

    c0(i)=CF*ctot0(i)/(CF-ctot0(i)); 

    deltaC3(i)=c1(i)-c2(i); 

           

end 

C=[c0*1e12 ; L*1e9 ; deltaC3*1e12] 
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