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“QUALITY” ANALYSIS OF ONE-CRYSTAL IMMITANCE CONVERTERS 

The paper presents the development of mathematical models of generalized immitance 
converters (GIC) that take into account the dependence of their converted immitances on the 
physical parameters of transistors. STk

αi quality dependence on physical parameters of the above-
mentioned transistors is investigated.  
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Introduction 

One of the requirements to generalized immitance converters (GIC) is stability of the 
conversion coefficient. Instability of this coefficient is usually characterized as sensitivity to GIC 
parameter variations that was named GIC “quality” [1]. The smaller GIC sensitivity is, the higher 
its quality will be. 

Statement of the research problems 

In order to determine GIC quality dependence on the physical parameters of unijunction 
(UT), bipolar (BT) and field (FT) transistors that provide the ability to control STk

αi quality by 
changing physical parameters and connection circuits, it is necessary to solve the following 
problems:   

– to develop mathematical models of the immitance converters based on UT, BT and FT that  
take into account the dependence of their converted immitances on the physical parameters of 
transistors;  

– to investigate STk
αi quality dependences on the physical parameters of transistors for real 

and ideal immitance converters. 

Development of the mathematical models 

Let us consider three types of converters based on unijunction transistor connected in the 
circuit with common base 1 (b1), bipolar transistor connected into the circuit with common 
collector (c) and on the basis of field transistor connected into the circuit with common drain (d).  

To develop mathematical models of such converters that take physical parameters of 
transistors into account, their physical equivalent circuits are used [2 – 4]. 
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а)                                                 b)                                             с) 

Fig. 1. Equivalent circuits of one-crystal converters on the basis of: a) UT; b) BT; c) FT 
 
In the circuit 1а): β – UT current transfer coefficient; Zb1, Rb2 – resistances of  base 1 and 

base 2; Сe and Re – barrier capacitance and differential resistance of the emitter junction. In the 
circuit (fig. 1 b): α – BT current transfer coefficient; rb – Ohmic resistance of the base  resistance of 
the base, Ze – total resistance of the emitter junction that is defined as Ze= re /(1+ jωreCe);              
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Zа =1/ jωCk1, Zn = 1/ jωCk2, where Ck1 and Ck2 – active and passive capacitances of the collector 
junction (fig. 1 b): Zgs, Zgd and Zds – complex resistances gate-source, gate-drain and drain-source of 
FT correspondingly; s – steepness of FT.  

Physical equivalent circuits are obtained without parasitic elements, the case and the 
terminals being taken into account as the investigations are performed at relatively low frequencies. 
Parameters of the physical equivalent circuits are determined using the procedure described in                   
[5]. 

To simplify calculations certain assumptions are made and namely: in the unijunction 
transistor emitter resistance at high currents Re → 0, and  Zb1 = 1/jωCb1.  

Taking these assumptions into account we obtain mathematical expressions for Y-parameters 
of three physical equivalent GIC circuits. 

The circuit conductance matrix (fig. 1 а) will have the form of: 
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The circuit conductance matrix (fig. 1 b) will have the form of: 
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The circuit conductance matrix (fig. 1 c) will have the form of: 
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Input and output converted conductances of the circuits under consideration  are equal to 
[6]:  

 ( ),/ 22211211. нinp YYYYYY +⋅−=  (4) 

 ( )./ 11211222. гout YYYYYY +⋅−=  (5) 

where Yn  and Yg – conductances to be converted. 
Equation systems form mathematical models of one-crystal GIC and make it possible to 

investigate the quality dependences on the main parameters of the physical equivalent circuits of  
UT, BТ and FТ.  

To determine the quality of one-crystal immitance converters based on  
(1) – (3), we find immitance converter coefficient Тc. For ideal GIC in all cases direct Тc.i and 
inverse Т’c.i conversion coefficients will be described by the expressions [7]: 
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For real GIC direct Тc.p and inverse Т’c.p conversion coefficients with (4) and (5) taken into 
account will be equal to: 
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Using (6) and (7) analytical expressions are found for the quality of one-crystal immitance 
converters for direct and inverse conversion:  
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where αі – chosen physical parameter of the transistor.  
 

Research results 

Dependences of the quality coefficients of the above-mentioned GIC were considered for 
two cases: for the ideal and real converters.   

For ideal converter sensitivity dependences of the direct Тc.i and inverse Т’c.i conversion 
coefficients on the main physical parameters of the equivalent UT circuit are presented in fig. 2 and 
3.  

Dependence of the real quality part on the resistance of base 2 (Rb2) has growing character 
and that of the  imaginary part – descending character, though the influence of  Rb2 variations is not 
considerable. Increase of the transistor current transfer coefficient β0 leads to the growth of the real 
part of the sensitivity and therefore to the converter quality reduction  
(fig.2b), the increase of the reduced Ω frequency leading to  Sβ0

Tk reduction. From  the imaginary 
part of the dependence it can be concluded that neither current transfer coefficient β0  of the 
transistor, nor reduced frequency  Ω variations do not influence the quality. Dependences of 
sensitivity on resistance (Rb1) and capacitance (Cb1) of base 1 are so inconsiderable (10-14 – 10-15) 
that they can be ignored. 

 
а) 

 
b) 

Fig. 2. Dependences of sensitivity for the direct conversion coefficient Тc.i in the case of ideal GIC  on the basis of UT 
on  resistance Rb2 of base 2 (а); transistor current transfer coefficient β0 (b) for different reduced frequencies Ω=f/fТ   
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а) 

  
b) 

Fig. 3. Dependences of sensitivity for the inverse conversion coefficient Тc.i in the case of ideal GIC  on the basis of UT 
on  resistance Rb2 of base 2 (а); transistor current transfer coefficient β0 (b) for different reduced frequencies Ω=f/fТ   

 
For the chosen conversion coefficient the quality does not greatly depend on the resistance 

Rb2 variations (fig. 3а), the reduced frequency variations having practically no influence on  quality. 
Both real and  imaginary parts of the quality dependence on β0 have descending character and are 
located in different quarters; real part has negative sensitivity values while the imaginary part – 
positive ones.  

The analysis of quality dependences for the direct and inverse conversions for the ideal 
converter on main physical parameters of the bipolar transistor circuit is presented in fig. 4, 5. Real 
part of sensitivity grows considerably reducing the converter quality (fig.4а) when the base 
resistance rb as well as the reduced frequency are growing. At the same time the imaginary part has 
the opposite character and is negative: it reduces with the growth of  rb and Ω.  Growth of the 
collector capacitance increases sensitivity (for both real and imaginary parts), but growth of the 
reduced frequency leads to the real part quality reduction and to its increase for the imaginary one 
(fig. 4 b). 

  
а) 
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d) 

Fig. 4. Dependences of the direct conversion quality for  ideal GIC on the basis of BT on the base resistance rb (а); the 
collector capacitance Сc (b); the emitter resistance rе (c); transistor current transfer coefficient а0 (d) for  reduced 

frequency Ω=f/fТ  

 
 Increase of the emitter resistance rе and of the reduced frequency has positive influence on 

the quality change (fig. 4 c). The dependences have the same numerical limits but the character of 
the plots is the evidence of different signs of the first derivatives. The change connected with the 
growth of  BT current transfer coefficient reduces the sensitivity value increasing the quality (fig. 4 
d); real part of the plot of these dependences is totally negative. The imaginary part is of complex 
character: below α0 = 0,038 quality is negative while above this value it is positive. For the value  
of   α0 = 0,05 the maximal growth of Sα0

Tk.и  is observed while  subsequent growth of the transfer 
coefficient as well as that of the reduced frequency  have no  influence on the quality change.  

For the inverse transformation of conversion coefficient Т'c.i  real part of the quality 
dependence on the base resistance rb (fig. 5а) is growing and lies in the region of positive values 
while the influence of the reduced frequency Ω is the same as for the direct conversion coefficient. 
The dependence in the imaginary part has descending character with negative values and its 
reduction is observed. 
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d) 

Fig. 5. Quality dependences for the inverse conversion of  ideal GIC on the basis of BT on the base resistance rb (а); the 
collector capacitance Сc (b); the emitter resistance rе (c); transistor current transfer coefficient а0 (d) for  reduced 

frequency Ω=f/fТ 
 

For a field transistor, when direct and inverse conversion is performed, sensitivity 
dependences on its main physical parameters are not considerable (10-14 – 10-15).  

The next stage of the research was finding the same dependences for    the real converter. 
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Let us consider them in the cases of direct and inverse conversion for UT. The results of numerical 
calculations of sensitivity Sαi

Tk  are presented in fig. 6 and  7. 
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b) 

Fig. 6.Sensitivity dependences for direct conversion coefficient Тc.r   for different  reduced frequencies Ω=f/fТ  on the  
resistance  Rb2 of  base 2 (а); transistor current transfer coefficient β0 (b)  

 
Growth of resistance Rb2 of base 2 reduces the value of the converter quality  

(fig. 6 а) for the real part and increases quality for the imaginary part. It has the same numerical 
limits and is not influenced by the reduced frequency variations. Transistor current transfer 
coefficient (fig. 6 b) in the case of real converter has the same influence on quality as for the ideal 
converter.   

  
а)                                                           b) 

Fig. 7. Dependences of sensitivity for the inverse conversion coefficient Тc.r‘ in the case of real GIC on the basis of UT 
on  resistance Rb2  of base 2(а); transistor current transfer coefficient β0 (b) for different reduced frequencies Ω=f/fТ 

 
No uniformity is observed in the picture for the inverse conversion coefficient Т'c: numerical 

values of SRb2
Tk.р are negative (fig.7 а) and decrease with the growth of base 2 resistance Rb. 
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Transistor current transfer coefficient β0 (fig. 7 b) does not influence the size of the real part of  
converter quality and reduces sensitivity in its imaginary part.  

Quality dependences for direct and inverse conversion for real converter on the basis   BT 
are presented in fig. 8 and 9. The plot gives grounds to state that rb influence on BT transistor has 
an ambiguous character (fig. 8 а): in the real part the maximal growth is observed when                   
rb = 0,5 – 1,66 Ohm, then  increase of rb  reduces sensitivity, the coefficient having negative values 
above the value of rb = 3,33 – 4 Ohm. When the capacity Сc of the collector (fig. 9 b) is growing, it 
has negative influence on quality.  When the reduced frequency increases to Ω = 0,6  reduction of 
SСc

Tk is observed in the imaginary part and it becomes negative. For all values of the emitter 
resistance the real part has negative numerical values (fig. 8 c) and descending character. The 
imaginary part is also descending, but by the value of rе =2 – 4,5 Ohm (depending on the size of Ω) 
the quality has positive values and subsequently – negative ones. When α0 increases, sensitivity     
(fig. 8 d) has descending character in the real part of the plot and in the imaginary part its growth is 
observed. Increase of the reduced frequency above Ω=0,4 has no influence on quality. 

 

     
а) 

 
b) 
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d) 

Fig. 8. Dependences of the sensitivity coefficient in the case of direct conversion for  real GIC on the basis of BT on the 
base resistance rb (а); collector capacitance Сc (b); emitter resistance re (c); transistor current transfer coefficient α0 (d) 

for different reduced frequencies 
 

  
а) 
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d) 

Fig. 9. Dependences of the sensitivity coefficient in the case of inverse conversion for  real GIC on the basis of BT on 
the base resistance rb (а); collector capacitance Сc (b); emitter resistance re (c); transistor current transfer coefficient α0 

(d) for different reduced frequencies 
 

Analysis of the plots of quality dependences on rb, Сc and re (fig. 9 а, b, c) shows that real 
part  Sαi

Tk decreases with the growth of these parameters, its numerical values are negative and 
descending with the growth of  reduced frequency. Growth of the transistor current transfer 
coefficient, as it is evident from the plot of the real part (fig. 9 d), increases the converter sensitivity 
considerably reducing its quality, which has negative influence on its operation that is totally 
independent from the reduced frequency value. In the imaginary part of the plot 2 extremums are 
observed – minimum (Sα0

Tk = - 3,19) when α0 = 0,09 and maximum  (Sα0
Tk = 10,4) when α0 = 0,13. 

The increase of α0 > 0,33 does not influence the quality. Dependences of sensitivity SαіTk in the 
cases of direct and inverse conversion for real converter on the main physical parameters of FT 
circuit are approaching zero (10-15).  

Table 1 presents numerical values of the sensitivity coefficient for all cases considered 
above.   
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Table 1  

Quality dependence on different parameters of  the physical structure of immitance converters at frequency 
Ω=0,2 

Direct conversion mode 
UТ BТ FТ 

Ideal Real Ideal Real Ideal Real 

  SRe Tk
Rb=0.013 

SIm Tk
Rb= -0.0081 

SRe Tk
Rb=-0,019 

SIm Tk
Rb=-0,36

SRe Tk
Ri=  -2  

SIm Tk
Ri= -1        

SRe Tk
Ri= -2  

SIm Tk
Ri= -1        

SIm Tk
Rb2=1 SRe Tk

Rb2=-0,0005 
SIm Tk

Rb2=-0,0005 
SRe Tk

Ck= 0.016 
SIm Tk

Ck = 0.038 
SRe Tk

Ck= 0.024 
SIm Tk

Ck= 0.032     
SRe Tk

omegas= -2  
SIm Tk

omegasi= -1 
SRe Tk

omegas= -2  
SIm Tk

Ci=-1 
 SIm Tk

Cb1=-2,294 SRe Tk
Rem=0.0044 

SIm Tk
Rem= 0.046 

SRe Tk
Rem=-0.98 

SIm Tk
Rem=-0.57 

SRe Tk
s0=-2  

SIm Tk
s0=-1         

SRe Tk
s0=-2  

SIm Tk
s0=-1         

SRe Tk
β0=1.93  

SIm Tk
β0=-0.37  SRe Tk

a0= -18.42 
SIm Tk

a0= 1,013 
SRe Tk

a0=-7.514 
SIm Tk

a0=2.943   

Inverse conversion mode
UТ BТ FТ 

Ideal REal Ideal Real Ideal Real 

  SRe Tk
Rb=0.014 

SIm Tk
Rb= -0.008 

SRe Tk
Rb=-0.206 

SIm Tk
Rb=0.794 SIm Tk

Ri= 1         SIm Tk
Ri= 1 

SRe Tk
Rb2= -1 

 SIm Tk
Rb2= -1 

SRe Tk
Rb2=-0,99 

SIm Tk
Rb2=-0,99 

SRe Tk
Ck=-0.043  

SIm Tk
Ck = -0.022 

SRe Tk
Ck= -0,003 

SIm Tk
Ck=0,034 SIm Tk

omegas= 1 SIm Tk
omegas=1 

  SRe Tk
Rem=-0,057 

SIm Tk
Rem= -0.016

SRe Tk
Rem=-0.79 

SIm Tk
Rem=-1.96 

SRe Tk
s0=0 

 SIm Tk
s0=1 

SRe Tk
s0=0 

 SIm Tk
s0=1 

  SRe Tk
a0=-17,732 

SIm Tk
a0=1,629 

SRe Tk
a0=0.983  

SIm Tk
a0=3.1   

The lowest sensitivity and, therefore, the highest quality are observed for the ideal converter 
on the basis of BT connected in the common-collector circuit for both direct conversion              
(Sα0

Tk = - 18,43) and inverse conversion (Sα0
Tk = - 17,732). The lowest quality is observed for the 

ideal converter on the basis of UT connected in the common-base circuit for direct conversion Тc 
(Sβ0

Tk = 1,93) and for both types of converters on the basis of FT connected in the common-drain 
circuit for both direct and inverse conversion for all parameters Sαі Tk = 1. 

Conclusions 

For the ideal converter on the basis of UT the lowest quality (SRb2
T'k = - 1) is observed for 

the inverse conversion in the common-base circuit. For real converter on the basis of UT the lowest 
quality (SRb2

Tk = - 0,99) is observed for the inverse conversion coefficient. Therefore, by increasing 
the value of base 2 resistance parameter (Rb2), the quality of  one-crystal converter on the basis of 
UT can be increased.  

For the ideal converter on the basis of BT the lowest sensitivity is observed both for direct 
conversion (Sα0

Тk = - 18,43) and for inverse conversion (Sα0
Т’k = - 17,732) in the common-collector 

circuit. For real converter on the basis of BT the highest quality is observed (Sα0
Тk = - 0,98) in the 

case of direct conversion. Increasing the value of the transistor current transfer coefficient α0, the 
quality of one-crystal converter on the basis of BT could be improved.  

Both for the ideal and real converters on the basis of FT the lowest quality (SαіTk = - 2) is 
observed in the case of direct conversion for all parameters in the circuit.  
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