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Abstract — The article describes a circuit in which is usedh programmable unijunction transistor for
converting an analog signal of the semiconductor seor in a frequency modulated sequence of pulses.

Index Terms —Unijunction transistor, programmable unijunction transistor, voltage-to-frequency
converter, photo receptor, a frequency-modulated gnal.

conditions, the voltage across the transistor @areduced
even with an increase in the output current thraihghoad
of transistor (Figure 2). Only the turn off traneis or
opening the circuit can remove the input voltage [2

I. INTRODUCTION

Currently, as an interface between different kiruds
sensors and digital information processing systarasised
a digital- analog converters. This article suggestether
principle: converting an analog signal directly tbe
frequency-modulated digital signal that can be essed
by simple devices such as a frequency counter. The
advantages of such solutions are simplicity of uits; it
can be implemented directly in the sensor case; no
expensive precision components, as well as an tpptyr
to correct the non-linearity of the sensor direddly the
entrance. Originality of proposed scheme is thatriploys
programmable unijunction transistor.

le

le-oFF

II. OVERVIEW UNIJUNCTIONTRANSISTOR

Unijunction transistor represents a semiconductor
crystal, in which is created @n junction, called injector

(Fig. 1) [1] .
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Fig.2. Graph of unijunction transistor charactégistirve,
emitter current as a function of emitter-base lagst
showing current controlled negative resistance (deard-
sloping region)
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The area between the basBg and B, represents a
silicon n-type plate and has a linear current-voltage
characteristic, i.e. current through this domairdiiectly
proportional to the voltage applied between theeb&s
andB..

Fig 1. The scheme of unijunction transistor

This semiconductor crystal is divided pyn junction into
two base regions. On the injection of carriersistegty of

volume of the semiconductor base changes. Dueigpadh
the characteristics of unijunction transistor appea
domain with negative resistance, that is, undettager
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In case when is no apply voltage on the emitteth(wi
respect tdB,), the currentJ, passing in the base Bnside
the crystal creates a voltage drafrg;, blocking p-n
junction. When the input voltage is smali< Ugg,, the
amount of current passing through the junctiontsres
almost unchanged. When Vin>4J the transition became
directly polarized and the injection of charge g
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(holes) in the base starts, leading to a decreasiheiir
resistance. On this decreases the voltage degp which
leads to avalanche unlocking of transition (partof
characteristic) on the current-voltage characierist

Plot 1ll, where the emitter current is limited ortly the
saturation resistance is called the saturationoregiVhen
reducing the emitter voltage tdin <Ugg; the transition
closes. With current of base 2 is zero (i.e., ouBus not
used) the characteristic (curve 2) represents ectaistic
of a ordinary silicon diode.

reliability, accuracy, small size, that is powergdm a
single source. The output signal represents a pulse
sequence which may be processed directly by aatligit
system. The voltage of source of photo receptoicdawnay

be selected in the range from 5 to 15 V, whichulficent

for mating with any digital device.

The scheme of a photo reception apparatus is shown
Fig. 4. Semiconductor photosensor basediunctionVD1,
have as load the resist@t, which is chosen in accordance
with the characteristics shown in Fig. 5, so aadbieve a

A version of unijunction transistor is a programieab desired accuracy. At the same tinRRl ensures the

unijunction transistor — this is four-layer devioghose
structure is similar to the structure of the thymisexcept
that the anode control is used in contrast to ctemntrol
of the thyristor. Unijunction transistor and a pragmable
unijunction transistor
however, turn-on voltage of the programmable uraijiam
transistor can be set using an external voltagédeliv

Programmable unijunction transistor is more highesp

and sensitive than the unijunction transistor. &gaivalent
circuit of a programmable unijunction transistorsisown
in figure 3.
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Fig.3. The equivalent circuit of a programmable
unijunction transistor

On the basis of this scheme, it can be concludetlttie
programmable unijunction transistor represents

switched-off tiristor anode operated. When the agut
applied to the gate electrode (emitter) is moreatieg
relative to the anode (base 2), programmable uctijom
transistor switches from the cut-off in the conedcstate.
For ensuring functioning of the programmable untjion
transistor in regime of the unijunction transiswrequired
to maintain an external reference voltage on theratmmg
electrode of the programmable unijunction transisidhe
reference voltage is substantially equal to the imam

parameters of the external divider,
arbitrarily.

[ll. PHOTORECEIVERWITH A VOLTAGE
CONVERTER-FREQUENCYASED ON
PROGRAMMABLE ANALOG UNIJUNCTION
TRANSISTOR

As a photo receiving device is called the collectaf

the photosensitive element, which converts the capti

radiation into an electrical signal and schemes
preliminary processing of photo signal [3, 4]

have the same charactesistic

point. As the reference voltage is determined bg th
it can be madﬁ;‘.i

functioning of transistord/T1 and VT2 in a mode of a
small signal regime.
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Fig.4. The scheme of converter tension-frequensgt@n
analog of the programmable unijunction transistor,
controlled by a light sensor wiftin junction

The electrical signal generated by the photoceitrods
the current generator, assembled on the transisdis
VT2. For the analysis of this part of the scheme, sethe
output characteristics of the transistor, operating small
signal (see Fig. 5). The transistov§1 and VT2 can be
considered as one composed transistor with higm gai
current (so-called Darlington circuit).
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Fig.5. The characteristics of the current generatanaged
by photosensor

of
The resistor R2 principle does not matter and elue

The analyze of semiconductor photodetector predentdnprove the parameters of the device. As follovesrfrthe

in this paper allowed to create an original phaoeptor,

characteristics in the mode of low base curreng th

advantageously differs from analogues by simplicitycollector current is practically independent frorhe t
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voltage between the collector and emitttlee and On  transistors VI3, VT4 is assembled analog of

proportional to the current of base. Typically, flow- programmable unijunction transistor [6], which ogpen

power transistors in integrated design, the alldevange when the voltage on the capacit@t achieve certain value

of the Ug is approximately 1 — 3% [5]. Stabilization of Uy. Thus, the capacitdZl is discharged and on the output

the base current is carried by diodP1, and the diode is circuit is formed a short pulse.

chosen so that, in the absence of a signal from theVoltageUy, is regulated by the selection Bff andR5.

photosensor, the transistor is almost locked, Ize= 0. After dischargeCl, VT3 andVT4 are automatically closed

When appearing the sensor signal, the transisfbt and the cycle repeats. Thus, the photo receivingcee

moves, for example, on the branch correspontiing forms a sequence of short pulses having a frequency
Cycle of charge and discharge of the capaciton at proportional to the light intensity (Fig.6).

constant level signal from the sensor corresponding Thanks to stabilizing the initial base current bpds

motion in characteristic between points A and BVD1, representing virtually the samp-n junction as

Increasing the photosensor signal leads to anaser@f emitter-base junction transistors, is achieved adgo

the base current and a shift to another branchg(e. temperature stabilization of the device.

correspondindg,) and commit cycle has between points C In comparison with a prototype [7], the device coisgs

and D, etc. With resistdRl sensor mode is chosen so that significantly smaller number of components and ina

the transistors do not leave the small signal regime. executed in an integral form.

from wherelc is independent of th&Jce. From this it
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Fig.6. Temporary diagrams of photo receiver [7]
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