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Abstract—The efficient modeling of unijunction transistor 
(UJT) is an burning issue in power industries. The available 
SPICE based model provides V-I characteristic of UJT. The 
output characteristic of UJT is nonlinear in nature and its 
modeling plays an important role in many applications where 
the output voltage of UJT drives any other device or circuit.  In 
this paper a nonlinear device model is proposed using 
functional link artificial neural network (FLANN) and 
adaptive finite impulse response (FIR) filter along with 
artificial immune system (AIS) for simulation of UJT. The 
potential of the proposed model is demonstrated for modeling 
of both the V-I and output characteristics of UJT under 
variable load conditions.  

Keywords- Unijunction transistor (UJT); artificial immune 
systems (AIS); functional link artificial neural network 
(FLANN).

I. INTRODUCTION

The unijunction transistor (UJT) is widely used in 
industries as a voltage controlled negative resistance 
relaxation oscillator. It also finds applications in triggering 
circuits of thyristors (Silicon controlled rectifier, Triac etc.) 
in power industry to control large AC current. From 
industrial point of view the design of an efficient model for 
proper circuit simulation of UJT is quite necessary. 

The piecewise linear modeling of UJT using SPICE is 
described in [1]. This model only describes the modeling of 
V-I characteristics. The entire V-I characteristic is divided 
into a number of linear regions which are modeled by using 
ideal diodes and resistors. The modeling of output 
characteristic is required for determination of proper output 
voltage of UJT. The output characteristic is nonlinear in 
nature and thereby the SPICE model approach barely fails. 

Various parameterized models [2]-[3] are used for the 
modeling of nonlinear devices using corresponding device's 
equations. It is very difficult to find a direct mathematical 
relation between the input and output when the device 
characteristics are nonlinear and multimodal in nature.  In 
such a scenario the derivative based modeling approaches as 
described in [3] may be trapped into local optima in 
estimating the parameters.     

The natural immune system is a multilayer protection 
system where each layer provides different types of defense 
mechanisms for detection, recognition and responses. The 
immune system has powerful information processing 
capabilities such as feature extraction, pattern recognition, 

learning, distributive nature and memory. Inspired by the 
rich metaphors of immune system a new branch of 
computational intelligence has evolved known as artificial 
immune system (AIS) [4]-[6]. The four forms of AIS 
algorithm reported in the literature are immune network 
model, negative selection mechanism, clonal selection 
principle and danger theory. In this paper, we select the 
clonal selection principle for optimization. 

In this paper, the design of nonlinear model is employed 
using functional link artificial neural network (FLANN) and 
adaptive finite impulse response (FIR) filter. The weights of 
these structures are trained by clonal selection algorithm of 
AIS. The nonlinear output characteristic of the UJT is easily 
modeled using FLANN architecture, which is not feasible 
by using existing piecewise linear model. 

The paper is organized as follows. In section II the 
review of related work on AIS is presented. The circuit 
simulation and characteristics of UJT is described in section 
III. The proposed model and its performance are given in 
section IV. The results obtained by simulation study of the 
proposed model are discussed in section V. Finally section 
VI presents the conclusion and scope of future work.

II. ARTIFICIAL IMMUNE SYSTEM (AIS) 

A. Natural Immune System 
The human immune system is a very complex system 

formed by a large number of cells, molecules and diverse 
mechanisms. The main function of immunity is to protect 
our bodies and to eliminate disease-causing agents known as 
pathogens. The cells and molecules responsible for 
immunity constitute biological immune system (BIS) [4]. 
According to BIS our body immunity composed of two 
defense lines: innate and adaptive immunity. Innate 
immunity is nonspecific which means its response is 
independent of the foreign antigen attacking at that instant. 
The adaptive immunity has memory and learning 
capabilities and it is antigen dependent, meaning that each 
different type of antigen will provoke a different immune 
response.  

When pathogens invade the organism; the immune 
system recognizes them indirectly via molecules called 
antibodies, a portion of B cells. A B-cell recognizes the 
antigen when its antibodies come into contact with the 
antigen of complementary shape. Among these B cells that 
recognize some become effecter cells, while others are 
maintained as memory cells. The effecter cells secrete 
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antibodies and memory cells having longer span of life so as 
to act faster or more effectively in future when the organism 
is exposed to same or similar pathogen. During the cellular 
reproduction, the somatic cells reproduce in an asexual 
form, i.e. there is no crossover of genetic material during 
cell mitosis. The new cells are copies of their parents. 
During this process they undergo a mutation mechanism 
which is known as somatic hypermutation as described in 
[5] and [6]. The mutations help to produce higher affinity 
cells, and the proliferation matches better for the antigen 
with successive generations. 
      The affinity of every cell with each other is a measure of 
similarity between them. It is calculated by the distance 
between the two cells. The antibodies present in a memory 
response have on average a higher affinity than those of 
early primary response. This phenomenon is referred to as 
maturation of immune response.  

B. Clonal Selection Algorithm 
The clonal selection algorithm of AIS [7]-[8] describes 

how the immune cells eliminate a foreign antigen and is 
simple but efficient approximation algorithm for achieving 
optimum solution. The steps involved in the clonal selection 
algorithm are 
Step1 : Initialize a set of population rP  (immune cells) and 
an empty memory set M. Evaluate the fitness of each cell. 

Figure1. Schematic representation of Clonal selection algorithm

Step2 : The selection process selects best cells which has 
higher fitness than others.  

Step3 : The clonal process produces a population of clones 
C from the best fit cells. 
Step4 : The mutation process introduces variations into the 
cloned immune cells. Probability of mutation Pm is a smaller 
value which indicates that the operation occurs occasionally. 
It produces a mutated population of C* . 
Step5 : Till the termination condition get certified the 
reselection process reselects the improved cells from C* and 
updates the memory set M. 

The clonal algorithm has many good features for 
optimization such as exploitation and exploration of search 
space, capability of allocating multiple optima and defined 
stopping criteria. 

III. CIRCUIT SIMULATION AND CHARACTERSTICS OF 
UNIJUNCTION TRANSISTOR

The Unijunction Transistor (UJT) is a field effect 
semiconductor triode which exhibits a negative resistance 
between the junction and one of the base contacts when the 
two bases are properly biased [9]. The equivalent circuit of 
UJT for simulation purpose is shown in Fig.2. 

Figure2. Circuit diagram used for simulation of UJT 

The silicon unijunction transistor chip 2N2646 shown in 
Fig.3 is used for experimental setup of circuit simulation. 
The VDD is set at 10V, RB and RE resistors values are taken 
as 5K  and 100  respectively. VE is the variable input 
voltage applied in the range 0.8V to 6.2V. 

A. The VI Characterstic 
The characteristic curve between the emitter voltage Ve 

and current Ie obtained from the experiment is shown in 
Fig.4. The curve is divided into three regions as follows   
Region I : In this region when the applied voltage Ve 
increases the E-B1 junction becomes reverse biased and the 
emitter current Ie becomes negative. At the end point of 
region I the peak voltage is about 6.2V.  
Region II : After the peak point the emitter starts injecting 
carriers towards B1 region as a result the resistance of E-B1
junction decreases. So the current Ie increases. Here the 
device exhibits negative resistance region. The increase in 
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current Ie is accompanied by a decrease of emitter voltage 
Ve. The lower point of region II is called valley point. At this 
point the entire base region is saturated and resistance of E-
B1 junction does not decrease further. 
Region III : After the valley point the increase in Ie is 
accompanied by an increase in voltage Ve.  

Figure3. Silicon UJT chip 2N2646 used for experimental setup 

B. The Output Charcterstic 
The output voltage V0 obtained by taking the load 

resistance R0=1K  is shown in Fig.5. This curve is also 
divided into three regions.   
Region I : In this region as the E-B1 junction is reverse 
biased the output voltage V0 remains almost constant.  
Region II : In this negative resistance region the V0
decreases sharply. 
Region III : Here the V0 decreases exponentially with 

increase in Ve. 

Figure4. The V-I characteristic curve obtained from experiment 

Figure5. The Output characteristic curve obtained from experiment with 
load resistance R0 set to 1K

IV. PROPOSED DEVICE MODEL BASED ON AIS
The proposed nonlinear device model structure is shown 

in Fig.6. The parameters of the model are optimized by 
clonal selection algorithm of AIS.   

A. Structure of the model 
The model consists of two parallel parts. One part is 

modeling the input characteristic and another is modeling the 
output characteristic. Each of the characteristic is divided 
into three regions depending on the operation of the device. 
As per the user requirement the model is trained for a 
specific region to operate for individual regions.  

The UJT output is used in triggering of thyristors [9]-
[10]. The output voltage (V0) must be in the triggering 
voltage range required for the operation of a specific 
thyristor. Therefore variable load resistance R0 is 
incorporated in the proposed model of UJT to demonstrate 
the effectiveness of the proposed model.  

The regions I of the VI characteristic curve and output 
characteristic curve are linear in nature. The linear nature of 
a system can be suitably modeled by a FIR structure [11]. 
The transfer function of the FIR structure is given by  

n
n

1
10 za......zaa)z(h −−

+++=                                 (1) 

where n10 a......,a,a represents the parameters of the 

adaptive FIR structure. The 1z− represents unit delay. It is 
observed that three tap delay structure provides better result 
for modeling of region I of VI characteristic curve. In 
modeling of output characteristic two tap delay FIR structure 
provides more approximation to the UJT output. 

Nonlinear functional link artificial neural network 
(FLANN) structure is used for modeling regions II and III of 
both characteristic curves. The FLANN is a single layer 
ANN structure [12] where the input signal u(k) is 
functionally expanded to a number of nonlinear values to 
feed to an adaptive linear combiner. The types of expansion 
suggested in the literature [13]-[14] are either power series or 
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trigonometric expansion. But the later expansion has been 
recommended for most applications as it offers better 
performance. Therefore in the proposed model we select 
trigonometric based linear expansion given in (2) 

+=
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The total expanded values including an unity bias input 
become Q=2M+2. Let the corresponding weight vector is 
represented as w(k) having Q elements. The estimated 
output of the model is given as 

)k(w)k(s)k(y i

1Q

1i
i

−

=

=                                                    (3) 

The use of FLANN not only increases the learning rate 
but also has less computational complexity. Here the Q value 
is taken as four for modeling regions II and III of both 
characteristic curves. 
B. Weight update of the structure using clonal selection 

algorithm of AIS 
The detail steps of weight update is represented as follows 
Step1. Determination of model structure based on the 
input of user requirement :
The user provides the region and the load resistance R0
value in which he requires the operation of UJT. 
Corresponding to the user choice the FIR or FLANN 
structure is chosen by the model.  

Step2. Selection of experimental UJT output results for 
training :  
Depends upon the choice given by the user corresponding 
experimental values of Ie and V0 are loaded for training of 
model. 

Figure7. The V-I characteristic curve obtained from the Device output and 
model output 

Figure8. The Output characteristics curve of device and proposed model output for variable load resistance Ro 
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Step3. Initialization of a group of Immune cells: 
 Here a group of weight vectors of model structure is taken. 
Each element of weight vector is represented by a cell 
which is basically a binary string of definite length. So a set 
of binary strings is initialized to represent a weight vector 
and n number of such weight vectors is taken each of which 
represent probable solution. 
Step4. Fitness Evaluation:  
The output of the model due to kth sample and nth vector, is 
compared with the device output to produce error signal 
e(k,n) . For each nth weight vector the mean square error 
(MSE) is determined and is used as fitness function given 
by 

K

)n,k(
)n(MSE

K

1k

2e
=

=
                                                    (4) 

Step5. Selection:  
The weight vector is selected for which MSE is minimum.  
Step6. Clone:  
The weight vector which yields best fitness value is 
duplicated. 
Step7. Mutation: 
 The Pm is taken as 0.1. Among the cloned cells the cell to 
be mutated is chosen randomly. A random position of the 
cell is chosen first and then its bit value is altered. 
Step8. Stopping Criteria:  
The weight vector which provides the desired solution 
(minimum MSE) and corresponding cells are added as 
memory cells. Steps 4-8 are repeated for fixed number of 
generations. 

V. SIMULATION RESULTS 
To demonstrate the performance of the proposed model 

simulation study using MATLAB is carried out. The V-I 
characteristic curve obtained from the experimental setup 
and that obtained from the model output are plotted in solid 
and dotted lines in Fig.7. Similarly the output characteristics 
obtained from the experimental setup output (solid lines) 
and the model output (dotted lines) for variable load 
resistance R0 is shown in Fig.8. The close agreement of the 
characteristics of the device and the model exhibit that the 
proposed AIS based model is a potential tool for accurate 
modeling of UJT. 

VI. CONCLUSIONS AND SCOPE OF FUTURE WORK 
The present paper proposes a novel application of the 

AIS to design a nonlinear device model for simulation of 
unijunction transistor. The experimental setup of standard 
UJT chip 2N2646 is carried out and the input output 
characteristics obtained from the experimental setup are 
used for modeling. The proposed model provides both V-I 
and output characteristics whereas in available SPICE based 
model results only VI characteristic modeling. Variable load 
resistance R0 is also considered which facilitates the user to 
operate the model in a dynamic range of output voltage. The 
accuracy of modeling is evaluated from the closeness of the 
characteristics of the proposed model to that of the UJT 

characteristics obtained from the experimental setup. 
The model formulated here presumes a constant 

operating temperature. For use of UJT in low duty-cycle 
switching it is a good assumption. But for some applications 
the junction regions of UJT gets heated and hence most of 
the model parameters and characteristics change 
considerably with variation in temperature. To make the 
model robust against the temperature variation, its effect 
should be considered in the modeling. 

 The proposed model can also be applied to model other 
nonlinear devices such as capacitive pressure sensor, tunnel 
diode etc. In addition new robust cost functions may be 
selected for achieving superior modeling performance 
particularly when the experimental setup outputs (which are 
used as training signal) are erroneous in nature.    
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