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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 technological processes and, in particular, the control of
processes 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 mathematical model of the photo
converter 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.

Mathematical model

The circuit of the frequency converter with bipolar and mosfet transistors is shown in Fig. 1. The
photosensitive element of the circuit is the photo resistor. Its spectral characteristic satisfies
spectrum of plasma radiation for plasmachemical etching.
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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

Ul:(RL +RG +RD)(i1+ Igd + Ig - Igs)'RG(iZ _Igs - g _Ibc + Ig + Igd)+
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+RE(i3'|g + Igs 'Igd 'Ibe + Ibc + IT)+ RS(iS'Ig + Igs 'Igd - Ibe + Ibc + IT)1
U2=(R1+RB +RE+ RD)(i3 - |g+ Igs 'Igd 'Ibe + Ibc + IT)+

+RD(i1+ Igd + Ig - Igs)+RE(i2 + Ig - Igs + Igd + Ibe'lbc' IT)+

+RS(|2 + Ig - Igs + Igd + Ibe - Ibc - IT)-

(1)

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].
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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]:
U, = Zlé(il + iz)’
0=(Zg +Z1g+Zis+Z;3+Zy )iy + 2y + 2,40y + 21305 — Zsiy +
251y =g =1, )
0=(Z,+Z4+Z,+Zg+Z1g+Z1y +Z 14 )i5 = Zgig +Zg(=Tpe + 1o + 17 )+
240y + 2y (= Vg + T + 10 )+ (Zg + 230 Jia = Zigiy + Zyn (= 1gg + 15 + 14 )+ Z 4,
0=(Z,+Zy+ 23+ 24+ 2o+ 210+ 2, + Z1s + 2y )iy + Zy (= lpo + 1o + 17 )+ 2)
F(Zg +Z10)is + Zyis + 2y (= Vg + Vg + 1 )+ Zsig + 245 = Zy5i, - Z 5,
U, = Z17(i5 —i4),
0=(Z5+2Z5+Z¢)ig +2Zsiy —Zgiy +Zg(lpe = 1o — 17 ),
0=(Z,, +Zi3+Zp)iy +Zyyiy + 2y, (Vg +Tgs + 1 )= Zois +Z15(Igg = Tge =14 )+
+ 250y +Z3(lgg g — 1, )
where,
Z, =Ry + jolg, Z;=Re,
Zg=—(/(@Cpqc), Zy=-1/0C),
Z,, =—j/(@Cgs ), Z,; =—j/(oCep),
Z, =Re +R: + jolg, Zio=Rs+Rs +jols,
Z,. =Ry + Ry + jolg, Za =—1/(eCee)
Z,s=—j/(@C,), Zg = joly.

Zl = Rla

Zs =—j/(@Cpy)

Zy :_j/(('OCDS)’

Z, =R: +R¢ + jolg,

where, Ré , R‘c , RE - resistance of base, collector and the emitter accordingly; Ry, Rs, Rg - volumetric
resistance of base, collector and emitter accordingly; Cgc, Cge - capacity of base - collector junction and

base - emitter accordingly; C,, - capacity between the base and collector; Lg, Lo, Lg - inductance of base,
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collector and emitter; Q - charge in base; Rg, Ry, Rg - volumetric resistance of the gate, drain and the

source accordingly; R('3 , Rl':, , Ré - resistance of the drain, gate and source accordingly; Cps, Cqp, Cgs -

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

drain and gate lead accordingly; L1 - external inductance.

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

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

\/5 Rlz(P)C? +CGDR12(P)Cf —LCqp —A
1 LCsp R12(P)C%

"7y . ’ ©
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where Az\/(Rf(P)Cf +CgpRA(P)C; —LCqp | +4LCeoR2(P)CE .

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