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1. Introduction

Microwaves are, maybe, one of the greatest discoveries of the 20th century. With wavelength between 30cm and 3mm and power between mW and 500KW, microwaves are used practically in all fields from medicine to industry. Microwave thermal and chemical treatments are well known for their high efficiency, three to 1000 times greater then the conventional processes because of the direct energy transfer into materials and the selective compounds heating as a function of dielectric permittivity parameters of the materials involved in reaction or in the treatment (equation 1):
 = ’ - i’’eff






(1)

where: - ’ is the real part of the permittivity, which characterize the amount of microwave reactive power changed with material (without absorption);

- ’’eff is the imaginary part of the permittivity, which characterize the microwave global absorption in the material.

The permittivity is a function of the material temperature and of the microwave frequency. In the general case, the permittivity is a tensor which depends on the homogeneity and anisotropy of the materials. The microwave power absorbed in the material, assuming that all the microwave power is transformed in heat is (equation 2):

P = Ki

[i Fi (i) Ei2]dV




(2)

where:   = 2f,

               f - microwave frequency,

Ei - microwave E field in "i" point;

Ki - coupling coefficient for "i" point ;

Fi - filling factor; 

i - absorber mixture relative permittivity in point "i"; 

o - free space permittivity;

vi - is the local volume in the "i " point;

Any microwave oven is a multimodal microwave cavity in which the incident power (usual 700W to 70KW at 2.45 GHz) has a particular distribution. If the probe to be treated has a great volume (like drying foods in foodstuff industry or ceramic materials microwave drier), this multimodal cavity is suitable for a treatment because the local power distribution are intersecting the probe volume in many points. The user must have a total control of the microwave radiation: modifying continuously the output power in a large range (not only the output energy used in almost all home-appliance ovens) and controlling precisely the treatment period. 

We present here briefly, our design concerning a 5KW magnetron oven with an effective volume of one cubic meter, based on continuous wave CK 101 magnetron and driven by a flash microcontroller PIC16F877.

2. The concept

In fig.1 is shown the typical structure of our high power microwave oven:
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Fig.1 5KW microwave oven –the power stage operating principle
The magnetron (microwave power generator) is supplied through an anode transformer (T1-6KV/1A) and a filament transformer (T2-7.5V/42A and 5.5V/36A). The magnetic field of the magnetron is produced in two coils (L1 supplied from a Pulse Width Modulation constant current source, at max.10A and 20V voltage swing and L2 supplied by the magnetron anode current). The supplying algorithm is entirely supervised by a microcontroller board (4) with a simple user interface (6) consisting in four functional buttons (the same buttons have different functions displayed on the second line of the Liquid Crystal Display as the program flow chart required). Because of the large anode temperature (150 °C), a cooling system (using cold water and air flow) is required. Both the water flow command and air flow presence are supervised by the microcontroller board through the anode temperature measurement. All other parameters like door status (open or closed), cooling water pressure, treatment period and output microwave power are also under the microcontroller control.

3. The firmware 

The firmware is software translated into hex code by a compiler [3] or an assembler and stored in the microcontroller’s [1] memory by a programming sequence, assisted by the Personal Computer, using a hardware programmer board [5]. A bootloader [2] allow fast low voltage programming (LVP) as many time as the firmware development is requiring. In our oven, there are 14 different LCD screens, (the starting screen is presented in fig.2) available in four working modes of the oven’s "brain":
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Fig.2 – The starting screen
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(i) a programming mode (fig.3) in which the user can specify the output power and the treatment period,
[image: image3.jpg]i 15n1n REES




Fig.3 – Programming mode screens 
(ii) a treatment mode where some specific information are displayed: the treatment time in progress, microwave output power and current status (on – start the microwave radiation inside the oven; initiate first a three minutes filament heating procedure and a priority test door status and testing the cooling of the magnetron; standby - the user may open the door unit and change the sample treated while the magnetron filament is still heated, but anode current is shutdown, off – the current process has ended and the magnetron filament is shut down),
[image: image4.jpg]



Fig.4 – The ON screen (treatment mode)

(iii) a measuring mode where the user may check some important parameters: magnetron anode current and temperature (the measuring is active only inside of the treatment mode), 

(iv) an abnormal ending mode for extreme situations (door open while treatment is in 
	Fig.5–The measuring screen (treatment mode)[image: image5.jpg]



	Fig.6 – The error screen, door open[image: image6.jpg]





progress -a situation with huge priority considering the biological protection of the operator, solved here using microcontroller interrupts-, anode temperature exceeded, anode current out of limits and low water pressure).
3. [image: image7.jpg]


The microcontroller board design  

   Fig.7 Microcontroller board schematic
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A simple hardware configuration using PIC16F877 microcontroller (fig.7), running at 4MHz clock speed and 32768 Hz real time clock was chosen. HD44780 display (U2) is connected using nibble mode transfer on PORT_D of the microcontroller. Two In Circuit Serial Programming connectors are used, one for High Voltage Programming (JP1) and another for bootloader LVP (JP2). Once the bootloader firmware is loaded with the HVP interface, only LVP interface is further used. All inputs and outputs of the microcontroller are isolated using opto-couplers or relays, the last driven by a specialized driver (U3) The analog inputs are measuring voltage signals near the ground and do not require isolation. The temperature sensor measuring the anodic temperature and the sensing resistor which convert the anode current into voltage are carefully configured to avoid noise interference or high voltage leackage. A PWM signal generated by the compare-capture-pwm1 module (CCP1), filtered with a resitor-capacitor network is used as reference to generate the magnetization constant current for the magnetron coil. A piezo-buzzer is also used to mark all important events to the user interface (by pressing buttons or signalizing the process). An RS-485 is provided for long distance measurements and programming.
Fig.8 The aspect of the microwave oven prototype (photo taken in the laboratory)
4. Conclusions:

Our microwave oven prototype (Fig.8) has the following characteristics:

· output power: 3-5KW continuous wave mode (CW)
· output frequency: 2.45 GHz

· effective treatment volume: one cubic meter

· supply 220Vca/30A or 3x380V/10A

· gauge (height x width x deep): 1350x1450x1120 mm

· weight: less then 250 kg

· moveable oven

Destination: 

· ceramic materials fast drying

· foodstuff industry drier
· research in microwave heating technology 
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