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A B S T R A C T  
 

 

Neuron emulator circuits can be used for teaching and proving concepts.  Such emulators should be made 

with cheap and off-the-shelf components.  There are bipolar and MOSFET transistor-based neuron 
emulator circuits heavily used in literature. Opamp-based neuron emulators are also commonly used. 

Such circuits provide simple and cheap solution instead of using microcontroller-based neuron emulators 

if many neurons are to be used in the studies such as showing circadian resonance. Unipolar junction 
transistor (UJT) is commonly used in industrial electronics applications. It provides a cheap timing 

circuit. Although there are a few UJT-based artificial neuron patents, we were unable to find research 

articles on UJT-based artificial neurons. In this study, we examined a simple network of UJT-based 
artificial neurons and show their spiking and bursting behavior with synaptic connections between 

neurons. It is shown that the firing rate of a UJT-neuron can be increased by utilizing spikes generated 

by another one with simulations. This behavior represents excitatory connectivity between two neurons. 

doi: 10.5829/ije.2020.33.11b.10 

 
 

NOMENCLATURE 

R Resistor C Capacitor 

η Intrinsic stand-off ratio of an UJT B1, B2 Biases of UJT 

V Voltage E Emitter of UJT 

f Frequency VTH Emitter threshold of UJT 

 
1. INTRODUCTION1 
 
Hudgkin-Huxley neuron model have resulted in a Nobel 

prize [1, 2]. This model is quite complex to emulate with 

electronic circuits and that’s why simplified neuron 

models are commonly used in artificial neural network 

studies [3, 4]. Fitzhugh-Nagumo model is a simplified 

neuron model whose circuit emulator is the first made 

historically [5, 6]. Neuron emulators are commonly used 

in neuroscience for education and studies [7-13]. As 

public awareness increases in life sciences, demand for 

easy-to-build and low-cost tools increases.  
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A unijunction transistor (UJT) is a three-terminal, 

semiconductor device which shows negative resistance 

and switching characteristics for use as a relaxation 

oscillator in phase control applications. Unipolar junction 

transistor is a commonly used component in triggering 

circuits of industrial electronics applications. They 

provide cheap timing circuits. There are a few UJT-based 

artificial neuron patents [14, 15]. In addition, some recent 

papers are presenting UJT-based neuron models where 

other transistor types were also used [16, 17]. Although 

these models generate action potentials very similar to a 

real neuron, their structure is complex (i.e. inductors 

were used) and how the inhibitory neurons could be built 
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is not clear. It is important to show that a UJT-based 

neuron emulator circuit can be made using cheap and off-

the-shelf circuit components. In this manner, how 

ensembles of neurons work together can be shown and 

experimented in low-budget laboratory environments. 

Furthermore, we aimed to provide simpler circuit 

structures for easier analyses and further 

experimentations on artificial neural networks on devices 

with low specifications. They have the potential to be 

used in system control [18]. 

In this study, we examined a UJT-based artificial 

neuron and show that it can produce spikes as well as 

receiving synaptic inputs. First, a UJT-based artificial 

neuron circuit is given, its operation is explained, and, 

using simulations, its spiking behavior is demonstrated. 

A single neuron may encode different sensory inputs, but 

neural systems mostly depend on the activity of an 

ensemble of neurons connected via synapses. Therefore, 

a neural emulator needs to demonstrate a synaptic 

connection between neural units in a plain concept. Using 

UJT-based neurons, excitatory or inhibitory neurons can 

be mimicked with a simple modification in the circuit. 

We simulated an excitatory synapse between two UJT-

based neurons in OrCAD PSpice. The proposed neuron 

and synaptic connection models can be used for 

educational purposes when implemented in emulators.  

This article is organized as follows. A brief 

introduction to UJT is made in the second section. A 

UJT-based neuron model is given and its operation is 

explained in the third section. The simulation results are 

given in the fourth section. The article is finished with the 

conclusion section. 

 

 

 

2. UNIJUNCTION TRANSISTOR 
 

Unijunction Transistor symbol is shown in Figure 1a. It 

has three legs designated as B1, B2, and E. It is made of p 

and n type regions and it has only one p-n junction shown 

in Figure 1b. It has a different characteristic than Bipolar 

junction transistors (BJTs). They are not used to amplify 

signals like BJTs and MOSFETs. A simplified internal 

circuit model and circuit symbol of a UJT is given in 

Figure 1c. The diode models the p-n junction formed 

between the heavily doped p region (E) and the lightly 

doped n-type region and RBB1 and RBB2 resistors model 

the channel resistances of the n-type regions from the 

junction to bases B1 and B2 respectively. shown in the 

equivalent circuit. The UJTs have negative resistance 

property which results in their usage in triggering or timer 

circuits Its equivalent circuit is given in Figure 1c. Its 

emitter current- emitter voltage characteristic is depicted 

in Figure 2 and the intrinsic stand-off ratio of a UJT 

transistor which is used to calculate its firing frequency 

in oscillator applications is given as: 

 
Figure 1. (a) UJT symbol (b) UJT topology and (c) UJT 

equivalent circuit 

 

 

 
Figure 2. Static emitter current-voltage characteristic for a 

Unipolar Junction Transistor 
 

 

( )1 1 2/BB BB BBR R R = +  (1) 

where RBB1 and RBB2 base resistors. Typical values of η 

range from 0.4 to 0.8 for most common UJT’s. The 

emitter threshold voltage of a UJT transistor with a 

silicon p-n junction called the firing voltage of UJT is 

given as: 

1 2 1 2 0.7TH BB BB D BB BBV V V V − −= + = +  (2) 

This is the minimum value of the emitter voltage VE 

for which current starts flowing through the emitter. As 

VE increases, so does the emitter current IE. When VE 

increases to a particular point called the peak voltage VP. 

At this point, a significant amount of IE flows and a 

substantial number of holes are injected into the junction.  

These holes are attracted by B1 and repelled by B2. 

Consequently, the region between E and B1 terminal gets 

saturated by injected holes, and the electrical 

conductivity of this region increases. This increased 

conductivity reduces RBB1 and η. This results in a 

situation where IE increases and VE decreases. This 

condition is similar to a negative resistance scenario. In 

Figure 2, it can be seen that, If the emitter voltage reaches 

VP, it starts operating in negative resistance region and its 

voltage falls to VF. The curve between VP and VV (valley 

voltage) has a negative slope. This negative resistance 

characteristic makes the UJT employed in relaxation 

oscillators and in triggering circuits. Finally, IE gets 
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increased to a point that no more increase in electrical 

conductivity is possible. This point is called the “Valley 

point”. The emitter current at valley point is represented 

as IV. Beyond the valley point, the UJT is under complete 

saturation and the junction acts as a fully saturated p-n 

junction. When the breakdown occurs, The UJT 

resistance between B1 and E falls from RBB1 down to 

RBB1sat. That’s why the RBB1 is shown as a potentiometer. 

 
 
3. UNIJUNCTION TRANSISTOR-BASED NEURON 
EMULATOR 
 

A commonly used UJT-based relaxation oscillator is 

shown in Figure 3. This UJT transistor-based neuron 

emulator circuit used also in this paper. It is made of one 

UJT, three resistors, and a capacitor. More information 

about UJT and its usage in triggering circuits can be 

found in textbooks [19, 20]. Its frequency is determined 

by R3 and C with Equation (3). 

( )( )31/ ln 1/ (1 )f R C = −  (3) 

The UJT transistor-based neurons used in this paper 

are similar to those shown in Figure 4. It is simulated in 

OrCAD PSpice and the neuron emulator waveforms are 

shown in Figure 5. 

We aimed to model synaptic connections between 

different UJT-neurons in a simplified context, rather than 

firing behavior of a single UJT-neuron. Therefore, we 

preferred a plain version of the UJT-neuron compared to 

[15]. 

 

 

4. SIMULATION RESULTS OF TWO NEURONS WITH 
SYNAPTIC CONNECTION 
 
In this section, we used the emulator circuit given in the 

previous section to show the synaptic connection 

between two neurons. The circuit is given in Figure 6 to 

show how a synaptic connection can be modeled between 

two neurons. The circuit has two UJTs, each one of which 

 

 

 
Figure 3. UJT-based relaxation oscillator 

 
Figure 4. Neuron emulator circuit schematic drawn in 

OrCAD SPice 

 

 

 
(a) 

 
(b) 

Figure 5. Neuron emulator waveforms. (a) The voltages of 

the capacitor and the resistor R1 vs. time (b) Zoomed the 

voltages of the capacitor and the resistor R1 vs. time 

 

 
is used for making a neuron unit. The neurons are called 

U1 (the left one, also called a presynaptic neuron) and U2 

(the right one, also called a postsynaptic neuron). The 

synaptic connection between two neurons is modeled 

with a resistor (R11) connecting the output of the first 

unit to the emitter of the next unit. A diode is used to 

ensure the connection is one-way. The Neuron Emulators 

are made of the components given in Table 1. The 

simulated waveforms are shown in Figure 7 (U1: red 

traces, U2: green traces). If the neuron circuits were in 

isolation, they would fire independently. However, here, 

they are connected through the resistor R11 which lets  
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Figure 6. UJT-based two neurons with a synapse 

 

 
TABLE 1. The Component Values of the Circuit Shown in 

Figure 6 

Components  

Resistors 

R9=300 Ω, R10=500 Ω, R11=860 Ω, R12=100 

Ω, R13=1 KΩ, R14=20 KΩ, R15=800 Ω, 

R16=100 Ω, and R17=100, Ω 

Capacitors C2=0.025 uF and C3=0.18 uF 

Diode 1N4001 

UJTs 2N2647 

Source V2=30 V 

 
 

them interact. The first one’s frequency is not affected 

much although the second one U2 is also fed by the first 

one. The firing frequency of the second one is affected by 

the first one. Both of the neurons are fed by the same 

voltage source Vcc. The second one is fed by a lower 

voltage from the source Vcc using a voltage divider 

shown in Figure 7. The neuron circuit U1 is fed with a 

higher voltage than U2.  

Figure 7a–e shows the results of the simulation for 

different synaptic weights between two neurons 

considering R11 as 100 MΩ, 5kΩ, 1.5kΩ, 100Ω, and 0 

Ω, respectively. For modeling a very weak synaptic 

connection (e.g. U2 receives minimum synaptic input 

from U1), we had chosen a very high R11 (100 MΩ, i.e. 

almost open-circuit case) (Figure 7a). In this case, 

although U1 fired at its predefined rate, U2 didn’t 

generate any spikes. This is because C2 is charging 

through a very high R11 with a spike-like voltage input 

which prevents U2 to reach its threshold and generate a 

spike. As the synaptic strength increases (by decreasing 

R11), the firing rate of U2 increases while U1 continues 

to generate spikes at its predefined rate (Figure 7b-d). By 

decreasing R11, C2 is charging at a higher rate, and as a 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 7. Effect of R11 which represents the synaptic 

coupling between U1 and U2. Synaptic connection increases 

from (a) to (e) (i.e. R11 decreases: 100MΩ, 5kΩ, 1.5kΩ, 100Ω 

and 0Ω). Red traces are for U1 and green traces are for U2 
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result, U2 is more likely to generate spikes. For example, 

if R11 is chosen 5kΩ, then U2 generates 1 spike for every 

22 spikes of U1. In other words, after U1 fired 22 spikes, 

C2 charged to the threshold of U2 and made U2 fire a 

spike. If synaptic strength is increased by, for example, 

choosing R11 100Ω, then U2 fires at 1/3 rate of U1. In 

this case, C2 charged at a higher rate due to lower R11, 

so the firing rate of U2 increased. If R11 is chosen very 

small (i.e. it is shorted), which represents a very strong 

synaptic connection (i.e. saturated), then U2 generates 

spikes for every 2 or 3 spikes of U1 (Figure 7e). In this 

case, every spike generated by U1 directly charged C2 

without R11, which is shorted. Therefore, higher firing 

rates were expected for U2 compared to the cases where 

R11 was not shorted. However, since the duration of 

spike pulses generated by U1 are so short that charging 

of C2 still takes some time (i.e. 2 or 3 spikes of U1) even 

when R11 was shorted. Therefore, this condition 

indicates a saturated synaptic coupling between two 

neurons. Overall, these results confirm our simplistic 

synapse model in UJT-based neurons.  

The proposed UJT-based neuron and synaptic 

connection models are designed to be built with off-the-

shelf components at a low cost. The models proposed by 

Tagluk [16] and Tagluk and Isık [17] consist of a voltage 

variable resistor (for synaptic connection), two 

capacitors, three resistors, one UJT, one BJT, and one DC 

source [17, 18]. The excitation of the neuron model was 

achieved with an AC source. Two units were coupled 

with a series of RLC circuits to mimic the axonal 

behavior of the neuron. In the current study, we used a 

simpler version of the neuron model which consisted of 

three resistors, one capacitor, one UJT, and one DC 

source. The synaptic coupling between two units was 

achieved with a diode and a resistor. Although the 

behavior of the former model is more realistic, it is harder 

to implement. The UJT-based neuron emulator and 

synaptic connection model proposed here can be used as 

an easy-to-demonstrate education material in low-budget 

laboratories. Furthermore, since the model had a 

minimum number of components, a more complex 

ensemble of neurons can be easily simulated on 

computers with low specifications or built on 

protoboards. 

 

 

5. CONCLUSION 
 
In this study, it is shown that a UJT-based neuron 

emulator circuit with a synaptic connection can be made 

using cheap off-the-shelf components easily. We 

demonstrated the firing rate of a UJT-neuron can be 

increased by utilizing spikes generated by another one 

with simulations made in OrCAD PSpice. This behavior 

represents excitatory connectivity between two neurons. 

Similarly, inhibitory connections can also be built using 

UJT-neurons which would generate spikes with a 

negative voltage. If this neuron is connected to another 

unit as shown in Figure 6 (with an inversed diode 

direction), its negative spikes would discharge the 

capacitor of the postsynaptic neuron. As a result, the 

postsynaptic neurons firing period would elongate (i.e. 

firing rate would decrease). Due to space considerations, 

this is not shown in this paper. It is also possible to 

connect more than two UJT-neurons to a single 

postsynaptic unit via different resistors. The UJT-based 

neuron emulators would help teach neuroscience and 

biomedical engineering. They can also be improved by 

using VLSI circuits and used for neural studies. 
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Persian Abstract 

 چکیده 
ساخته شوند. مدارهای شبیه ساز    از مدارهای شبیه ساز نورون می توان برای آموزش و اثبات مفاهیم استفاده کرد. چنین شبیه سازهایی باید با اجزای ارزان و خارج از قفسه

شود. نیز معمولاً استفاده می  Opampای عصبی مبتنی بر  وجود دارد که به شدت در ادبیات استفاده می شود. از شبیه سازه  MOSFETنورون مبتنی بر ترانزیستور دو قطبی و  

از شبی استفاده  از چنین مدارهایی به جای   ، نمایش رزونانس شبانه روزی  مانند  از سلولهای عصبی در مطالعاتی  از بسیاری  استفاده  بر  در صورت  مبتنی  ه سازهای عصبی 

معمولاً در کاربردهای الکترونیک صنعتی استفاده می شود. این یک مدار زمان بندی  (UJT) اتصال تک قطبی  میکروکنترل ، راه حل ساده و ارزان ارائه می شود. ترانزیستور 

وجود دارد ، ما قادر به یافتن مقالات تحقیقاتی در مورد نورون های مصنوعی مبتنی بر    UJTارزان را فراهم می کند. اگرچه چند حق ثبت اختراع نورون مصنوعی مبتنی بر  

UJT  ا یک شبکه ساده از سلولهای عصبی مصنوعی مبتنی بر  نبودیم. در این مطالعه ، مUJT   را بررسی کردیم و رفتار جهشی و ترکیدگی آنها را با اتصالات سیناپسی بین

افزایش داد. این  را    UJTرون  سلولهای عصبی نشان دادیم. قابل ذکر است که می توان با استفاده از سنبله های تولید شده توسط دیگری با شبیه سازی ، میزان شلیک یک نو

 رفتار نشان دهنده اتصال تحریکی بین دو نورون است.
 

 
 


