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ABSTRACT: The magnetrons are the main components of the microwave devices. In order to ensure the proper functioning, there 
are special requirements that the microwave device must comply with, such as voltages, currents and magnetic fields needed by the 
magnetron to operate, cooling of the magnetron, best possible matching of the microwave components, adequate shielding against 
microwave leaks etc. Usually, the magnetron is fed with low-frequency electrical energy by means of a special step-up transformer, 
which is bulky, heavy and beyond repair in case of failure. Certain microwave device producers have come up with the idea of 
replacing the step-up transformer with an electronic inverter. This paper shows a comparison between the “classical” transformer 
solution and the modern electronic inverter solution.  
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1. INTRODUCTION 
The magnetron [1 - 5] is the electronic component 
which converts the low-frequency electrical energy 
into microwaves. In order to properly operate, the 
magnetron must be supplied with certain levels of 
electrical energy (voltages and currents) and 
magnetic field. Also, the microwave device must be 
adequately designed in order to ensure adequate 
cooling, electromagnetic matching and tightening 
etc. Usually, the magnetic field is supplied by a 
built-in permanent magnet. The required voltages 
and currents are specified in the datasheet of the 
magnetron and must be carefully observed, as they 
are very important for the correct operation of the 
magnetron. Under the specified operating 
conditions, the output power is fixed, but the users 
may obtain certain modifications by slightly altering 
the voltages and currents or by time-division of the 
magnetron emission. The first solution is difficult to 
use and is not quite advisable, as it may alter the 
correct operation conditions and may damage the 
magnetron. The periodic enabling/disabling of the 
magnetron emission is easier to use and does not 
tamper with the required electrical and magnetic 
operation parameters of the magnetron. 

The magnetron is supplied with the required 
voltages and currents usually by means of a step-up 
transformer. Because of the high required values for 
the anode voltage and current and for the cathode 
current, the step-up transformer features a large 
number of thick wire coils and a big magnetic core, 
which turns the transformer into a bulky and heavy 
component. Also, the core of the completed 

transformer is permanently welded, so it cannot be 
disassembled and repaired in case of damages. 

Lately, an interesting idea has emerged, to replace 
the step-up transformer with an electronic inverter. 
This device is able to supply the required voltages 
and currents, along with smaller dimensions and 
weight, flexibility of use, possibility of repairs etc., 
which makes it an adequate replacement for the 
step-up transformer. The research, that was carried 
out during the activity of the Microwave Collective 
of the University of Oradea and completion of 
Mr.Ursu’s doctorate thesis, included the comparison 
of these solutions for the magnetron power supply of 
the same microwave experimental device [1]. 

2. EXPERIMENTAL MICROWAVE DEVICE 
AND MEASUREMENTS 

One of the experimental microwave devices we have 
worked with belongs to INCDTIM Cluj-Napoca 
(fig.1) [1]. The electronic driving device, designed 
and realized by the authors, allows the precise 
setting of the exposure time, of the anode voltage 
enable/disable ratio and of the division clock 
frequency. The time-base is quartz-driven, the 
parameters of the microwave exposure are set by 
means of push-buttons and are shown by means of 
digital displays and rows of LED’s, and the interface 
to the anode and cathode power supply circuits 
consists of two static relays with opto-triacs and 
zero-crossing sensors. The electronic driving device 
provides exposure times up to 99 minutes and 
59 seconds, time division ratios of 10% - 100% and 
division clock frequencies of 1, 2, 4, 8 and 16 Hz. 
Fig.2 shows the schematic diagram of the 
microwave experimental device [1]. 
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Figure 1. The experimental microwave device of INCDTIM Cluj-Napoca, fitted with step-up transformer for the magnetron power 

supply; 1 – transformer, 2 – magnetron and waveguide, 3 – electronic driving device, 4 – autotransformer and anode voltage and 
current meters. 
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Figure 2. The schematic diagram of the microwave experimental device.

The input electric power was measured by 
voltmeter-ammeter method, and the output 
microwave power was measured by calorimetric 
method, with a 50 ml water load [1]: 

TcmQ ww Δ⋅⋅=     (1) 

t
Q

P w
w =      (2) 

where 
Qw : heat absorbed by the water load [J] 
Pw : power absorbed by the water load [W] 
cw : water heat capacity,  4187 J/(kg·deg) 

m : mass of the water load [kg] 
ΔT : temperature rise due to microwave exposure 

[ºC] 
t : duration of microwave exposure [s] 
 
The efficiency of the microwave experimental 
device is: 

[ ]%100×=η
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w

P
P     (3) 

where Pabs is the electrical power absorbed by 
microwave experimental device [W]. 
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3. RESULTS AND INTERPRETATION 
We have used the time-division method in order to 
modify the output microwave power of the device, 
while maintaining the usual 220V voltage for the 
anode and cathode power supplies. The division 
factors was 10%, 20%, 30%, ..., 100%, and the 

division clock frequency was 1, 2, 4, 8 and 16 Hz 
(fig.3 – fig.5). We used two different power supplies 
for the anode and cathode (filament), and we have 
permanently enabled the filament power supply 
during exposure because it was proven that the 
reliability of the magnetron is improved this way [1]. 

 
Figure 3. Temperature rise versus the division factor and clock frequency. 

 
Figure 4. Input electrical power and the power absorbed by the water load, versus the division factor and clock frequency. 

 
Figure 5. Efficiency of the experimental microwave device, versus the division factor and clock frequency. 
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As expected, the maximum values of the 
temperature rise, output power and efficiency were 
attained at the division factor 100%. We have 
computed the maximum value of the device input 
power as an average of these quantities for all 
measurements, and we did the same for the 
maximum power absorbed by the water load. Thus, 
we got W90.621max =wP  (accuracy 1.12%) and 

W51.1266max =absP  (accuracy 0.41%), so the 
maximum efficiency of this experimental microwave 
device is %10.49max =η  [1]. 

Fig.6 shows the same experimental microwave 
device, with the classic stet-up transformer 
exchanged with an electronic inverter. Figure 7 
shows the schematic diagram of the inverter [1]. 
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Figure 6. The experimental microwave device, fitted with the electronic inverter; 1 – electronic inverter, 2 – magnetron and 

waveguide, 3 – electronic driving device, 4 – autotransformer and anode voltage and current meters. 
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Figure 7. Schematic diagram of the electronic inverter. 
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Figure 8. Temperature rise versus the division factor and clock frequency. 

 
Figure 9. Input electrical power and the power absorbed by the water load, versus the division factor and clock frequency. 

 
Figure 10. Efficiency of the experimental microwave device, versus the division factor and clock frequency. 
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These measurements (fig.7 – fig.10) showed a rather 
“strange” behavior of the electronic inverter, which 
will be the subject of future research. The most 
efficient heating was attained at clock frequencies of 
16Hz and 1Hz, and the least efficient at 8Hz. Also, 
at clock frequencies 16Hz and 1Hz we noticed the 
maximum efficiency of 54% for the division factor 
70%. Probably, this behavior is caused by some 
interferences of the clock signal with the internal 
driving signals of the inverter itself [1]. 

4. CONCLUSIONS 
A great advantage of the electronic inverter consists 
of its weight, much smaller than the weight of the 
classic step-up transformer. Basically, this device 
contains a high frequency and high power field-
effect transistor (FET) which, commanded by a 
special driver, sends 2μs pulses at each 10μs to the 
primary coil of a ferrite step-up transformer. This 
component is much smaller and lighter than the 
ferromagnetic step-up transformer. One of the 
secondary coils (not used here) powers the filament, 
and the other one powers the anode by means of a 
rectifier built in the inverter itself, thus eliminating 
the large high-voltage diode and capacitor which 
usually form the anode circuit. This device is 
activated by means of an optocoupler. 

These preliminary studies have shown that the use of 
an electronic inverter instead of the classic 
ferromagnetic step-up transformer greatly decreases 
the weight of the microwave device and increases its 
efficiency. Also, in case of failure, the electronic 
inverter can be checked out for problems and the 
damaged components can be repaired and/or 
replaced. In comparison, the ferromagnetic core of 
the classical step-up transformer is welded, so it 
cannot be repaired if damaged. 

Future research will be carried out in order to better 
match the capabilities of our electronic 
programmable driver to the electronic inverter, so 
that this device will be used to its best 
characteristics. Also, studies will be conducted in 
order to permanently include this electronic inverter 
into the experimental microwave device. 

The functions of our electronic programmable driver 
can be reproduced by a programmable 
microcontroller, which can provide even more 
functions, such as display of real time, visualization 
of the abnormal conditions (no load, open door, 

overheating, power supply trouble etc), and 
computer interfacing. This may facilitate the 
automation of the microwave treatment by means of 
fuzzy logic software, which yields the optimal 
combination of input parameters, such as power 
supply voltages, exposure time, division factor and 
clock frequency, according to the output parameters 
given by the user, such as final temperature, 
temperature rise rate, productivity etc. This is very 
important in medical applications, decontamination 
and restoring of patrimony objects [6] and other 
delicate areas.  
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