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MATHEMATICAL MODEL OF THE EMISSION-SPECTRAL FREQUENCY 
CONVERTER 

The paper presents the mathematical model for microelectronic converter of the intensity of optical 
radiation in frequency. The converter is used for systems of the emission-spectral control for 
plasmachemical processes. Mathematical simulation of voltage-current characteristic and the conversion 
function in the form of relation of generation frequency from  optical power  has been performed. 
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Introduction 

The operative control of parameters of rocesses and, in particular, the control of 
pro

ematical model of the photo 
co

Mathematical model 

The circuit of the frequency conver sfet transistors is shown in Fig. 1. The 
ph

technological p
cesses of plasma  etching is the important condition for providing automation of these processes. 

One of the most informative and technological methods  of plasma processes control is rather 
popular method of emission spectroscopy. This method is based on registration of optical spectrum 
of own radiation of excited atoms and molecules in plasma. However, there is a problem of low 
responsivity of photo converters in circuits of emission-spectral control, especially at small values 
of intensity of plasma own radiation. It reduces accuracy of measurement of the moment of etching 
process completion and limits quantity of excited components of plasma with insignificant intensity 
of the spectrum of own radiation. The control of small intensity of plasma radiation is achieved due 
to its transformation into frequency. It is achieved with the help of semiconductor devices with 
negative differential resistance in circuits of photo converters [1, 2].  

The research of properties of such converters needs the math
nverter based on application of microelectronic frequency converters taking into account spectral 

composition of nonequilibrium plasma radiation. Therefore the problem involves the elaboration 
development of mathematical model to obtain dependence of active and reactive component of full 
resistance of the structure, to define the function of transformation.  

ter with bipolar and mo
otosensitive element of the circuit is the photo resistor. Its spectral characteristic satisfies 

spectrum of plasma radiation for plasmachemical etching.  
 

 
 

Fig. 1. The circuit of the emission-spectral converter with the photo resistor 

For calculation of current-voltage characteristic of the converter based on its equivalent circuit 
for

 

 direct current (Fig. 2) [3] we shall take a set of Kirchhoff equations (1). 
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Fig. 2. The equivalent circuit of the converter for  direct current 

 

  (1) 

⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪

⎨

⎧

+ ).Tbcbegdgsg2S

Tbc be gdgsg2Egsggd1D

Tbcbegdgsg 3DEB

Tbcbegdgsg3STbcbegdgsg3E

gsggd 1GTbcbegdgsg2GSEC

Tbcbegdgsg3D

gdgbcTgs2Ggsggd1DGL

 - I - I + I + I - I + I(iR

) +- I- I + I + I - I + I(i) + R - I + I + I(i+ R

)+ + I + I - I - I+ I - I)(i+ R + RU2=(R1 + R

), + I + I - I - I + I - I(i)+ R + I + I - I - I + I - I(i+ R

 )+    - I+ I + I(i) - R - I - I + I + I - I + I)(i + R + R + R0=(R

), + I + I - I - I + I - I(i+ R

)+ + I + I - I - I - I(i) - R - I + I + I)(i + R + RU1=(R

The solution of the set of Kirchhoff equations (eqn.1) by means of software Matlab 5.2   , gives 
current-voltage characteristic of the frequency converter (Fig. 3) [3]. 
 

 
 

Fig. 3. Current-voltage characteristic of the emission-spectral converter with the photo resistor 
 

To define the transfer function of the photo converter it is necessary to calculate full resistance 
for a collector - drain electrodes of transistors VT 1 and VT 2 according to its equivalent circuits for 
alternating current (Fig. 4) [3]. 
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Fig. 4. The equivalent circuit of the emission-spectral converter with the photo resistor 
 

The set of  Kirchhoff equations for an alternating current is following [3]: 
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where, , , - resistance of base, collector and the emitter accordingly; , ,  - volumetric 

resistance of base, collector and emitter accordingly; ,  - capacity of base - collector junction and 

base - emitter accordingly; - capacity between the base and  collector; , ,  - inductance of base, 

'
BR '

CR '
ER BR CR ER

BCC BEC

bxC BL CL EL
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collector and emitter; Q -  charge in base; R G, ,  - volumetric resistance of the gate, drain and the 

source accordingly; , ,  - resistance of the drain, gate and source accordingly; , ,  - 

capacity of source - drain, gate-drain, gate-source accordingly; , ,   - inductance of the source, 

drain and gate lead accordingly;  L1 - external inductance. 

DR SR
'
GR '

DR '
SR DSC GDC GSC

GL DL SL

Having solved of the set of equations (eqn.2) by means of software Matlab 5.2 we can obtain the 
value of full resistance on electrodes of collector - drain converter. The equivalent capacity of 
oscillatory circuit has been found by dividing full resistance into the valid and imaginary part. This 
capacity depends on power of incident light. Fig. 5 [3] shows the theoretical dependence of active 
component on consumption voltage. 

 

 
 

Fig. 5. Theoretical dependence of active component on voltage supplied voltage 
 

Fig. 6 shows calculated dependence of full resistance reactive component on radiation power. 
 

 
 

Fig. 6. Theoretical dependence of reactive component on variation of optic radiation power 
 

It is necessary to find dependence of generation frequency on power of optical radiation for 
definition of transfer function [3]. It can be realized by solving the set of Kirchhoff  equations (2) 
for an alternative current. Transfer function of is [3]: 
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where ( ) 22
1

22
1

22
1 )(4)()( fGDGDfGDf CPRLCLCCPRCCPRA +−+= . 

Dependence of  generation frequency on power of incident light is shown in Fig. 6 [3]. 
 

 
 

Fig. 7. Dependence of generation frequency on power of optical radiation  

Conclusion 

The mathematical model of emission-spectral frequency converter composed for bipolar, mosfet 
transistors and a photosensitive element - the photoresistor has been developed. The I-V 
characteristic and transfer function have been found for this model. 
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