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Abstract 
 
The present paper views to an analogue-behavioural approach to modelling a dual-collector bipolar lateral 
magnetotransistor in static mode. A model of the magnetotransistor is proposed in two versions - schematic and text 
format, which are compatible with PSpice-based simulators. The particularities of the models are clarified, both in terms 
of their structures and in terms of their possibilities for simulation of the volt-ampere and tesla-ampere characteristics. 
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1. Introduction  
 
The development of modern magneto-electronics is closely 
related to the application of an wide variety of galvano-
magnetic elements. Of particular interest are bi-directional 
magnetotransistors, which have the highest current 
magnitudes and linear characteristics within a wide range of 
magnetic field variations [1, 2, 3, 4, 5]. 
 Particularly relevant in the field of magnetotransistor 
sensory electronics is the problem related to the simulation 
modeling of the characteristics of the dual collector 
magnetotransistors under different modes of operation. This 
is a problem that is not sufficiently solved from a theoretical 
point of view. 
 The requirements that have to be met by the models are 
limited to: Accuracy of reproduction of the characteristics 
within the permissible range of variations of the 
magnetotransistor parameters. Also, the supply voltage, the 
magnetic field induction and the ambient temperature.  
For the study of electronic circuits under different modes of 
operation, many software simulators are used in engineering 
practice [6, 7, 8, 9-12]. Depending on their approach, the 
models that are used are formal, physical, behavioural and 
mixed. 
Specifically, according to the mode of operation of the 
magnetotransistor, the models can be divided into two 
groups: non-linear (DC, temperature and dynamic) and 
linear (low frequency, medium and high frequency). 
 There are many known simulations of the static 
characteristics of the dual-collector magnetotransistor [13, 
14, 15, 16, 17], which are based on the injection pattern of 

Ebers-Moll [18, 19, 20]. These models are formed in the 
form of sub circuits in accordance with the requirements of 
the PSpice simulator. Due to the presence of non-linear 
(polynomial) current-controlled current sources, there is a 
need to determine the coefficients of the approximating 
polynomials, which on the one hand is a relatively labour-
intensive task and on the other leads to inaccuracies. 
 
 
2. Material and method 
 
2.1 Description of the problem 
The aim of the present work is the implementation of an 
analogue-behavioural approach [21,22] for modelling of a 
dual-collector magnetotransistor in static mode of operation. 
That can be performed by the means of PSpice-based 
program simulators such as PSpice [6, 12]. Cadence [7], NI 
Multisim [10], OrCAD [8, 9, 11]. 
 Analogue Behavioural Modelling of semiconductor 
elements and integrated circuits [23, 24] is based on the 
extended versions of the traditional PSpice voltage 
controlled sources, the E source, which is a voltage-
controlled voltage source (VCVS), and the G source, a 
voltage-controlled current source (VCCS). These types of 
sources are much more powerful than linear and polynomial 
ones because the control parameter in them is a ratio 
between currents and voltages. That can be done in the form 
of an analytical expression that contains both all the nodal 
voltages, the branches that are available in the structure of 
the model currents, and a large set of mathematical and 
logical functions and operators. An analogue-behavioural 
approach to modelling a dual-collector magnetotransistor 
can be implemented in accordance with the block diagram 
which is represented in Fig. 1.  
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Fig 1. Stages of behavioural simulation modelling of dual-collector 
magnetotransistor. 
 
 Each of the blocks performs a certain stage of the overall 
modelling process. The aggregated operations that are 
realized through the individual blocks are limited to: 
 
1. The basic equations of the magnetotransistor are 

formed depending on the mode of operation, static or 
dynamic. 

2. It defines the set of model parameters that appear in the 
equations.  

3. A variant of a behavioural model of the 
magnetotransistor, a schematic that is implemented 
through ABM blocks or descriptive as a text file that 
describes the element as a sub-circuit according to the 
syntax of the simulator that used. 

4. The characteristics corresponding to the operation 
mode of the magnetotransistor, are simulated. 

5. The results are analyzed and the model is evaluated. 
 
 In order to form a static characterization model of a dual-
collector magnetotransistor, the first three steps of the 
aforementioned sequence of operations are performed. 
 
2.2 Mathematical models for determining the bipolar 
transistors  
Regardless of the approach used in the modelling and 
operation of the magnetotransistor, in the absence of a 
magnetic field (B = 0), the models can be synthesized on the 
basic non-linear models of the bipolar transistors, such as the 
Linvill [18, 20] model of Ebers-Moll [18, 19, 20], model of 
Gummel-Poon [19, 20, 25] and others. Based on the Ebers-
Moll injection model for a bipolar junction transistor and the 
features of the double collector magnetotransistor [2, 3, 4, 5, 
26-28], the currents through the two collectors (C1, C2) and 
emitter (E) of the magnetotransistor can be represented by 
the following equations: 
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where Ic1s, Ic2s, IEs - leakage saturation currents of both 
collector and emitter junction; Mc1, Mc2, ME - leakage 
emission coefficients of collector and emitter junction; αΝ1, 
αΝ2 - forward common base (CB) current gains; αl1, αl2 - 
inverse common base (CB) current gains; sl1, Sl2 - current 
magnetic sensitivity; UT - thermal voltage; 
UB’C1, UB’C2, UB’E, - control voltages (B'- internal base). 
 By the first term in the equations (1) and (2), the 
injection currents are modelled through the two collector 
transitions. The second collectible is the influence of the 
injection current of the emitter junction on the currents 
through the two collectors, and by the third is the influence 
of induction of the applied magnetic field on both collector 
currents. Similarly, the injection current of the emitter 
transition is modelled by the first collectable in equation (3) 
and by the second and the third collectable influence of the 
injection currents of the dual-collector transitions on the 
current, flowing through the emitter.  

The set of model parameters that appear in equations (1), 
(2) and (3) is respectively: Ic1s, Ic2s, IEs, Mc1, Mc2, ME, αΝ1, 
αΝ2, αl1, αl2, Sl1, Sl2. 
 The three equations for the currents through the actual 
external terminals (C1, C2, E) of the magnetotransistor fully 
meet the modelling conditions with ABM type G blocks in 
which specific voltages are controlled. Moreover, they are 
also suitable for forming a text file in which basic elements 
are also VCCSs, and the functional dependencies of their 
respective currents from the control voltages are set by 
analytical expressions. 
 Regardless of the type of behavioural model (schematic 
or descriptive), modelling the two current components kl1B, 
kl2B in the presence of a magnetic field (B ≠ 0) an external 
supply voltage source can be used, whose voltage is 
proportional to the induction B of the applied magnetic field.  

Based on equations (1), (2) and (3) and the extended 
possibilities of the G-type dependent sources, a static 
nonlinear model of a double collector magnetotransistor has 
been developed. This has been done in two variants - 
schematic and text format. Both versions contain component 
information (component types and their model parameters) 
and topological information (component attachment point) 
for the structure of the model. 
 
2.3 Schematic model 
The basic elements, with which the model represented in 
Fig. 2 is synthesized, are ABM blocks type G.  
 Through each of the three sources (G1, G2, GB1 and G3, 
G4, GB2), represent the currents through the collectors C1 
and C2 respectively, according to equations (1) and (2). 
Similarly, sources G5, G6, G7 represent the three 
constituents of the emitter’s current, according to equation 
(3). The resistance RBB1 between the real base B and the 
internal (model) base B1 is the resistivity of the base region 
of the magnetotransistor and is a model parameter.  
 The model of Fig. 2 can be substantially simplified by 
merging the sources G1, G2, GB1, collector C2, respectively 
G3, G4, GB2, as well as the sources G5, G6, G7, 
respectively connected to the collector C1. The modified 
simplified model is shown in Fig. 3. 
 The difference between the two configurations of the 
model is that, at the expense of the simplification of the 
scheme of Fig. 3, the analytical dependencies are 
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complicated by which, the settings of the three sources are 
set. On the other hand, the configuration of Fig. 2 gives a 
much better idea of the current components of the two 
collectors and the emitter. 
 

 
Fig.2. Schematic analogue behavioural model of a double-collector 
magnetotransistor. 
 
 

 
Fig.3. Simple schematic analogue behavioural model of a dual-collector 
magnetotransistor. 
 
2.4 Model in text format 
The modelling of the double collector magnetotransistor in 
this case is limited to the creation of a file in a text format (a 
net list code), in which the non-linear dependencies between 
the transistor terminal currents and the control voltages 
(mainly the transient stresses) are set by means of an 
analogue behavioural type G. The format, defining these 
sources is as follows: 
 
GNAME N+  N-  VALUE  =  {(expression)} 
 
where: GNAME: modelling source name (required beginning 
with the letter G), N+, N- : the number of the terminals 
(nodes) between which the source is connected, VALUE: 
operator, which sets the functional dependence between the 
current and the control voltages.  
 This dependence is written in the form of an expression 
{(expression)}, which is a combination of control voltages, 
mathematical operations and model parameters. 
In accordance with the above-mentioned features, the 
schematic models of Fig. 2 and Fig. 3 can be replaced by sub 
circuits in text PSpice format, as shown in Fig. 4(a) and 4(b), 
respectively. 
 In Fig. 4, the MODEL DCMT1 corresponds to the 
schematic model of Fig. 2, and the MODEL DCMT2, 
corresponds to the schematic model of Fig. 3. 

For multiple use purposes, the two proposed model variants 
(schematic and text format) of a dual-collector 
magnetotransistor can be stored in libraries. 

The approach to simulation of the static characteristics 
(volt-ampere and tesla-ampere) of a magnetotransistor 
depends, in principle, on the type of model used. In both 
cases, the characteristics that have to be simulated must be 
defined. This requirement is directly related to the type and 
location of the triggering signal sources.  

When selecting a schematic model, the model is loaded 
into the simulator working environment and the 
corresponding signal sources are connected to it. The ABM 
blocks are setting in the form of analytical expressions in 
which unknown variables are the control voltages only. This 
means that all the other variables that appear in the 
analytical dependencies must be calculated in advance.  

The simulation environment requirements are set 
through the simulator menus. If the simulation is done by a 
model in the form of a net list, the source and the simulation 
environment requirements are described in a text PSpice file, 
which also feeds the subchapter.  

For the model in text format it is possible to set the 
values of the model parameters of the magnetotransistor in 
the indefinite file itself and to automatically calculate all the 
quantities necessary for describing the dependent current 
sources. Therefore, in this case, the need for preliminary 
computational procedures is eliminated. 

 

 
Fig.4. An analogue-behavioural model of a dual-collector magneto 
transistor in text format 
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3. Conclusions 
 
The comparative evaluation of the two proposed static 
model variants (schematic and text format) of a dual-
collector magnetotransistor leads to the following more 
important conclusions: 

1. The proposed varieties of a static model have the 
same functionality. 

2. The schematic version gives a considerably better 
view of the constituent currents through the terminals of the 
magnetotransistor. 

3. For the schematic version of the model it is 
necessary to calculate in advance all the coefficients that 
connect the dependent currents and their controlling voltages 
and which depend on the model parameters of the 
magnetotransistor.  
Any change in the value of even one parameter requires a 
repeat of the computation process.  

In this respect, the text version of the model is preferable 
because the calculation of the necessary coefficients is done 
automatically in the model itself. This means that the model 
can be used to change the values of the model parameters 
without the need for user intervention. 
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