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Abstract:- A low cost microwave oscillator is fabricated using a RF transistor having a half wave length 
coaxial line as feedback element. The output impedance is matched with lossless microstrip line and the output 
is taken across 50Ω load followed by a dc block capacitor. The oscillator is designed by measuring S-
parameter of the transistor using a fabricated test fixture and VNA. Software is developed to determine circuit 
components and dimension of microstrip line, taking transistor S parameter, substrate parameter and operating 
point as input data. The mask required for the etching the circuit is prepared by using photoplotter. The circuit 
is fabricated on  a low cost double sided copper clad epoxy glass PCB substrate. The power output is about 10 
mw at 1.6GHz and band width of 70MHz from NEC transistor.  
 

1. INTRODUCTION 

 Oscillators are used as a microwave energy source in all microwave systems such as 
radar, communications, navigation or electronics warfare. These sources can be termed as dc 
to microwave signal converters. A typical microwave oscillator consists of an active device 
such as a diode or transistor and  a passive frequency determining element such as a 
microstrip, cavity resonator, or dielectric resonator for constant frequency oscillators and a 
varactor or YIG sphere for tuneable oscillators. Before 1960 massive klystron and magnetron 
tubes were used as microwave sources. Thereafter Gunn and Impatt diodes came in form of 
solid state microwave oscillators. The extension of the bipolar transistor oscillator to 
microwave frequencies and development of GaAs MESFET  devices in the early 1970 has 
made available today highly cost affective, miniature, reliable and low noise sources for use 
right upto millimetre wave frequencies. With the rapid advancement of microwave 
technology, there has been an increasing need for better performance of oscillators. The 
emphasises has been on low noise, small size, low cost, high efficiency, high temperature 
stability and reliability for all oscillators and additionally on wider band widths, better tuning 
possibility and reduced settling time for tuneable oscillators.  

 Transistor  oscillators are high efficiency sources with low noise. Compared to Gunn 
oscillators, transistor oscillators do not have  the problem of threshold current, heat sinking 
and the tendency to lock at spurious frequencies. Transistor oscillators  can be realised using 
either bipolar transistor or GaAs FET devices. Bipolar oscillators have maximum oscillation 
frequency, lower than that of GaAs FET. While the former is  nosier than the later. FETs are 
used for microwave applications such as low noise, high gain amplifications above 4 GHz. 
But in the field of power applications FETs have not replaced silicon BJTs below 4GHz. 
Since they have not able to deliver power levels high enough in class B or class C and pulsed 
power applications. As our desired frequency of operation is below 4 GHz, so we take silicon 
BJT to design our circuit. The design and fabrication of  microwave oscillator using  bipolar 
transistor have been explained in this paper.    

2. MICROWAVE TRANSISTOR OSCILLATOR 

 Microwave transistor oscillators  having power output up to several hundred 
milliwatts have become important components in microwave communications and test 
systems. Microwave transistors are rapidly replacing electron tubes as fundamental frequency 
signal sources and local oscillators at L and S band frequencies. Such transistors are also 
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available for frequency doubler oscillators and  fundamental frequency oscillators that drive 
frequency multipliers in C and X band power sources. Low level transistor signal sources that 
feature low residual FM noise, good frequency stability and phase locking are currently being 
produced at relatively low cost. These sources which are very competitive with newer diodes 
and bulk devices, are available in a wide range of options from a growing number of 
commercial suppliers.  

 In selecting a transistor for power oscillator, the circuit designer should realise that 
any transistor capable of power amplification is also suitable for power oscillation. These are 
very similar to those of a class-C transistor power amplifier. In each case the transistor must 
provide power at the desired operating frequency. The major difference is that the oscillator 
must include a feedback network that couples a portion of the power output back to the input 
section. The oscillator power delivered to the load is the equivalent amplifier power output 
less than the amount of power back to the input circuit and any power loss in the feedback 
network. In the design of an oscillator circuit, therefore the approach used can be very similar 
to that employed in the design of an amplifier but that must be extended to include the design 
of the required feedback network. 

 The choice of the proper transistor and the optimum circuit configuration for a 
transistor microwave oscillator are largely determined by the circuit power output and 
efficiency required over the frequency range of interest. Generally these requirements are 
similar to those necessary for good amplifier performance. These can be found out in 
commercial data books. Accordingly device is selected and used for oscillator. 

3.  MICROWAVE OSCILLATOR DESIGN 

 A microwave oscillator is a half wavelength coaxial line loaded by the input 
impedance of the transistor at one end and the transistor output impedance at the other end. In 
the output port λ/8 line is used to match the output reactance of the transistor and λ/4 line is 
used to match output resistance to  50 Ω load. The output will be taken across 50 Ω load 
followed by dc block capacitor. 

 For the transistor configuration usually common-base or common gate configuration 
is selected for the design of the oscillator, because of low input impedance of the CB/CG 
configuration which makes it easy to match the feedback line.  

 The purpose of microstrip line is to cancel out the output impedance. The 
characteristic impedance of the microstrip line can be calculated by using the S parameter of 
the transistor. Let the S parameter of the transistor are S11 S12 S21   S22. The input (Z1e) and 
output (Z2e) impedances  for common emitter configuration are  given  by the following 
relations, 
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 Due to low output impedance of common base configuration, it is easy to match with 
the  load and, thus, this configuration is chosen for oscillator design.  For this purpose,  
common emitter impedances are converted to common base configuration as follows[1]: 

 z1b ≅ 
z
s

e1

21

,           (3) 

 
2



 z z S zb e2 2 21= Re . Im e2  .      (4) 

Where z1b and  z2b   are Common base input and output impedance respectively. 

 The output reactance of the transistor Im(z2b)   is matched  with λ/8 line. The 
remaining resistance Re(z2b) is transformed to 50 Ω load with a  λ/4 line. 

4. BARK-HAUSEN CONDITION 
          In order to get sustained  oscillation, the circuit should satisfy Bark-hausen condition of 
sustained oscillation. This says that the feedback voltage gain product should be greater than 
or equal to one and the feedback signal should be in phase. This is expressed as 
   f Av×  ≥1,        (5) 
 where Av - effective voltage gain and f - feedback factor. 
The feedback factor is the magnitude of the transmission coefficient of the 50 ohm coaxial 
feedback line defined as,                           
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Where  t12 , t23 , r12 and r23  are transmission and reflection  coefficients across output/ 
feedback line, feedback line/input of the transistor and feedback line respectively. These are 
written as, 
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The current gain of a transistor for common base configuration  is approximately unity. 
Therefore the effective voltage gain is given as [1]. 
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  Besides the Quality factor is given by the following expression [1]. 
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 The half wave length feedback line can be regarded as resonant tank circuit. The 
standing waves on the  line play the role of circulating currents and fields in an LC tank 
circuit. At resonance there is a phase delay of 900 in the  transmitted wave. There is a phase 
delay of 1800 due to propagation  delay through the half wave length line. Since the operating 
frequency will be somewhat higher than the resonant frequency, there will be an additional 
phase delay of almost 900. So in total there is a phase  delay of almost 3600, and it looks the 
Bark-hausen  phase condition is satisfied. 
 

5. DESIGN OF MICROSTRIP LINE 
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 The characteristic impedance of microstrip line can be found from the empirical 

formulae [1],ZC  =     
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Where ZC  is the Characteristic impedance of microstrip line in Ω, ε r    is the  relative 
permitivity of dielectric medium and W/T is the width to thickness ratio of microstrip line. 

 By solving this equation a graph is plotted between characteristic impedance and 
width to thickness ratio of the microstrip line. From the graph the required W/T ratio of the 
required characteristic impedance is to be found out . From which the width of microstrip line 
is found out . The length  is given by the following relation[1], 
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The operating wave length is expressed as λo= C/fo with operating frequency fo and light 
velocity C. 

6. EXPERIMENTAL 

 Following experiments are carried out in the Millimeter wave devices laboratory. 

6.1.  S-parameter measurement 

 The S-parameters of the transistor are measured using vector network analyser (VNA) 
and  fabricated test fixture. For transistor NE73435 S-parameters are measured at different 
frequencies under various operating conditions are listed in table 1. 

TABLE 1: S parameter of the transistor NE734355 
FOR Vce=5V,Ic=10mA. 

FREQUENCY 
(GHz) 

S11
MAG.  ANG. 

S21
MAG.  ANG 

S12
MAG. ANG 

S22
MAG.  ANG 

 1 0.601     -154 2.5       74.4 0.089    30.0 0.612   -39.0 
 1.5 0.607     -175 1.71       56.0 0.095    32.2 0.612      -50.0 
 2 0.610      172 1.317     39.0 0.107    32.3 0.616      -62.0 

 2.5 0.613      160 1.071   25.3 0.118    34.0 0.632      -74.0 
FOR Vce=10V,Ic=10mA 

FREQUENCY 
(GHz) 

S11
MAG.  ANG. 

S21
MAG.  ANG 

S12
MAG.  ANG 

S22
MAG.  ANG 

 1 0.603       -167 2.78           71 0.073        37 0.563       -37 
 1.5 0.605        178 1.893         54 0.088        39 0.572       -48 
 2 0.613        167 1.442         37 0.102        39 0.583       -61 

 2.5 0.621        156 1.161         25 0.117        40 0.664       -73 
FOR Vce=20 V, Ic=10mA 

FREQUENCY 
(GHz) 

S11
MAG.  ANG. 

S21
MAG.  ANG 

S12
MAG.  ANG 

S22
MAG.  ANG 

 1 0.607      -176 3.063     67.1 0.061    47.0 0.521    -34.0 
 1.5 0.621       172 2.039     51.0 0.080    49.0 0.541    -46.0 
 2 0.633       161 1.532        36 0.096    49.2 0.560    -58.0 

 2.5 0.646       152 1.220     22.4 0.112    49.3 0.590    -71.0 
 

  
6.2.     Oscillator circuit design  

 For the design of the oscillator circuit, we are taking the parameters at the frequency 2GH or 
V

z f
ce=10V and Ic=10mA (table 1) 

 

 z1b     =   8.43 + j 3.96 

 z2b   =   55.8 - j 66 

 Q =   9.53.           

 +Vcc
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Fig 2:  layout of the oscillator 

The oscillator circuit is fabricated on 1.58mm thick double  

sided copper clad printed  circuit board of epoxy glass substrate. 

 6.3. Artwork for mask 

  

            

The layout of the oscillator is shown in figure_2. It 
has been prepared by photoplotter 

6.4.  Fabrication of the circuit 
 The circuit is fabricated on a epoxy glass PCB. Since the metallisation is copper, we 
use FeCl3  etchant to etch the substrate. The RFCs are made from 6 turns of SWG 33  copper 
wire 5 mm diameter. The purpose of RFCs are to block the microwave energy to the bias 
supply. The chip capacitors used in the circuit are from Johnson company. General purpose 
resistors has been used. All these components along with transistor are soldered to the PCB 
whose dimension  is 1.5”x 1”.  The circuit is mounted in a aluminium box. The purpose of 
aluminium box is to prevent microwave loss during characterisation of the circuit. The bias  
to the transistor is supplied by external power supply. The output is taken through SMA 
connector, which is fixed to the wall of the box.  
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7. RESULTS AND DISCUSSION 
                  
 The oscillator circuit is characterised by  spectrum analyser and power meter. The 
performances  of the oscillator are shown in figure (3), (4) and (5). Power output of 11 dBm 
at frequency 1.6 GHz and band width of 67 MHz is obtained for applied bias at 30V . The 
frequency of the oscillator is tuneable by using a tuning capacitor in the feedback circuit. 

               The measurement of power to a better precision value can be done by use of 
directional coupler and power meter. The graph between Vcc and power output is shown in 
figure (6). It agrees with the frequency v/s gain curve given in the data book. However the 
power output can further be increased by using substrate having less dissipation factor. So a 
substrate having less dissipation factorcan be used to get more power. But this will increase 
the cost ultimately.  

9. CONCLUSION 
 A low cost microwave oscillator is designed and fabricated on epoxy glass PCB. 12.5 
mw power output is obtained. The power output can be increased by using substrate having 
less dissipation factor. But this will increase the cost. The performance is noted to be 
satisfactory. 
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 Fig.3: Variation of Frequency with collector supply. Fig. 4: Variation of Power output with frequency. 
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Fig.5: Variation of band width with power output in 
accordance with frequency as shown in fig 4. 

Fig.6: Variation of Power output with collector supply. 
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