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SINGLE � JUNCTION TRANSISTORS CONTROLLED BY LIGHT AND
MAGNETIC FIELD

Influence of magnetic field and light on current flow in silicon unijunction transistor
was investigated. It is shown, magnetic field with induction B = 1T and radiation from
GaAs light-emitting diode causes to the identical change of the base resistance and the
current.

The action of magnetic field is substantially
showed up in semiconductor transistors with
long base, which work is based on injection of
charge carrier [1]. Magnetic field bends their
trajectory at transit of injected carriers and
changes the length of their way. It causes the
change in output current. The unijunction tran-
sistor (UJT) behaves to such type devices. It is
a base semiconductor with two ohmic contacts
and emitting p-n-junction between them. Charge
carriers injected by emitter change base resist-
ance and interbase current.

The industrial UJT (type KT 117) was used
in the experiments. The cube structure and the
input volt-current characteristics (VCC) are
shown in Fig. 1. The connection scheme of the
UJT is shown in Fig. 2 (here GC � current
generator). e-b1-contacts are input circuit, b1-b2-
contacts are output circuit. Input VCC is the
description of S-type with the part of negative
differential resistance where input voltage de-
creases with current increase. From Fig. 1 it fol-
lows that resistance of input circuit Reb increas-
es with increase of magnetic field induction B.
The dependence of resistance Reb on induction B
for current Ie = 4 mA is separately shown in Fig.

2. It should be explained as follows. The value
Reb consists of three resistances: p-n-junction
resistor, bulk base resistance and b1-contact
resistance. As the area of this contact is much
less than the area of p-n-junction, Reb is practi-
cally equal to flowing resistance of b1-contact
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where a � radius of contact, ρ � specific re-
sistance of the base semiconductor [2]. For the
given UJT it is equal to 200 Ohm cm. In ab-
sence of magnetic field (B = 0) the holes inject-
ed from the emitter pass to b1-contact by the
shortest trajectory. The value ρ near by it de-
creases and the value Rb-resistor is low. With
increase of magnetic field indicated in Fig. 2
direction, the injected holes deviate by Lorenz
force from b1-contact to b2-contact, their trajec-
tory is lengthened. It results to decrease in con-
centration of holes, which reached b1-contact, to
increase in ρ and Reb-resistance. When B > 0.8
T, holes practically do not reached b1-contact
and its resistance rb1

 stops to rise.

Fig. 1. Cubic construction and volt-current characteristics of UJT. Magnetic field inductance B, T: 1 � 0, 2 � 0.43,
3 � 0.83, 4 � 1.03
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Fig. 2. Electric scheme of UJT and the dependence of
circuit resistor Reb1 on magnetic field inductance B

The opposite effect takes place under illumi-
nation of UJT-base. The dependence of interbase
resistance on feed current of GaAs light-emit-
ting diode is shown in Fig. 3. The intensity of
GaAs diode has practically depends linearly on
current. As in any photoresistor, illumination
increases the base concentration of current car-
riers and decreases their resistance. By compar-
ison of Fig. 2 and Fig. 3 it is seen that magnetic
field with inductance b = 1 T changes resistance
in 4 ¼ 5 times, as well as radiation of GaAs di-
ode at its maximal current (30 mA).

Fig. 3. Dependence of interbase resistor on current of
GaAs light-emitter diode

Thus, the possibility of noncontact control
for UJT parameters is developed. By similar way
the characteristics of bipolar transistors and thy-
ristors could be affected. The necessary condi-
tion to their construction is the requirement,
that length of the base is comparable with diffu-
sion length of injected charge carriers. In the
practical devices the generator of the relaxation
oscillation in UJT is used more frequently. For
this case in the scheme of Fig. 2 it is enough to
include the condenser between emitter and b1-
contact. As generator of current, the field tran-
sistor in bipolar connection is used (the control
gate is closed with the source), for example, of
type 2P202 or ÊP305 [2]. The frequency of gen-
eration is the function of light and magnetic
field.

Such device can be used as radiation sensor,
so as detector of magnetic field. At it use as the
sensor of one value, for example, intensity of
light, by change of other value (by magnetic
field) it is possible either to change the sensitiv-
ity of sensor or to carry out its noncontact con-
nection or shutdown. The double noncontact
control in the parameters of transistors allows
to extend considerably their functional possibili-
ties and to multiply the reliability of work for
these devices.
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ÎÄÍÎÏÅÐÅÕÎÄÍÛÅ ÒÐÀÍÇÈÑÒÎÐÛ, ÓÏÐÀÂËßÅÌÛÅ ÑÂÅÒÎÌ È ÌÀÃÍÈÒÍÛÌ ÏÎËÅÌ

Èññëåäîâàëîñü âëèÿíèå ìàãíèòíîãî ïîëÿ è ñâåòà íà ïðîòåêàíèå òîêà â êðåìíèåâîì îäíîïåðåõîäíîì òðàíçèñòîðå.
Ïîêàçàíî, ÷òî ìàãíèòíîå ïîëå ñ èíäóêöèåé äî 1 Òë è èçëó÷åíèå  îò àðñåíèäãàëëèåâîãî ñâåòîäèîäà ïðèâîäÿò ê
îäèíàêîâîìó èçìåíåíèþ ñîïðîòèâëåíèÿ áàçû è òîêà
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ÎÄÍÎÏÅÐÅÕ²ÄÍ² ÒÐÀÍÇÈÑÒÎÐÈ, ßÊ² ÊÅÐÓÞÒÜ ÑÂ²ÒËÎÌ ÒÀ ÌÀÃÍ²ÒÍÈÌ ÏÎËÅÌ

Âèâ÷àâñÿ âïëèâ ìàãí³òíîãî ïîëÿ òà ñâ³òëà íà ïðîò³êàííÿ ñòðóìó ó êðåìí³ºâîìó îäíîïåðåõ³äíîìó òðàíçèñòîð³.
Ïîêàçàíî, ùî ìàãí³òíå ïîëå ç ³íäóêö³ºþ äî 1Òë òà âèïðîì³íþâàííÿ â³ä àðñåíãàë³ºâîãî ñâ³òëîä³îäó ïðèâîäÿòü  äî
îäíàêîâèõ çì³í îïîðó áàçè òà ñòðóìó.


