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PHOTODETECTOR ON THE BASE OF UNI-JUNCTION TRANSISTOR AND 
PHOTO-DIODE

Uni-junction transistor, often named two-base diode consists of the semiconductor plate with two 
Ohmic contacts and p-n-junction. Ñharge carriers, injected from the emitter change the resistance 
between the base  contacts that ñauses the change of the current JB1B2, namely the output current. 
Input (the circuit p-n-emitter – the base B1) volt-ampere characteristics of uni-junction pertains to the 
S-type [1]. Such transistor is the simplest element playing the role of the base for construction of the 
generator of the relaxation oscillations. The scheme of this generator contains the minimal number of 
the elements, and thus, is simple and stable in operation. 

The converters of the different physical values 
(light, temperature, pressures, etc.) with the frequen-
cy output on the base of the uni-junction transistor 
are broadly used in the technique [2]. The genera-
tors on the base of the uni-junction phototransistor 
(UPhT) are used as the sensor-photo-detectors with 
the frequency output. The linear dependence of the 
frequency on the intensity of the light flow and the 
sensitivity to the weak light signals are the actual prob-
lem in this case.

The characteristics of the combined photo-detec-
tor on the base of the UPhT with the photo-diode in 
the input circuit, offered in [3], with the scope of the 
photosensitivity enhancement and the achievements 
of the characteristics of the frequency-light’s intensity 
are discussed in this work. Schematic design of the cu-
bic structure photo-detector is presented on Fig. 1.

Fig. 1. Scheme of UPhT construction

The semiconductor crystal of the n-type conduc-
tivity contains two Ohmic base contacts of the n+-type 
conductivity (contacts B1 and B2), as well as injection 
emitter p-n-junction E (the region of the p+-type) with 
the electric connectors. Unlike the known design the 
addition n+-region D is created in the p+-region.

The work of the UPhT in the scheme of the relaxa-
tion generator of the vibration is possible to illustrate 
as follows (Fig. 2).

Fig. 2. Generator of the relaxation oscillations

The capacitor C in usual scheme of the relaxation 
generator in the circuit of the emitter’s network is 
charged through resistance RE . The frequency of the 
vibrations is defined as
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where UC, U0 – voltage of the connection of the emit-
ter and the remaining voltage on it in the switching on 
condition, U – voltage of the power supply.

The capacitor C is charged when the power source 
is switched on. The injection through p-n-junction 
increases in avalanche way, when the capacitor C is 
charge to turn-on voltage Vt. The discharge of the ca-
pacitor C happens after this, through the circuit E-
B1. The structure is switched on after the discharge 
on the capacitor and the current in the input circuit 
decreases, the process of the changing of the capaci-
tor begins once again and again. As the values U0 and 
Ut are stable as to the changes of the temperature, 
therefore period and frequency of the oscillations of 
the relaxation generator are enough stable. At the il-
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lumination of a part of the semiconductor crystal be-
tween the emitter E and the base B1 causes the voltage 
of the switching on Ut  to be the primary parameter, 
which depends on the intensity of the light flow P. The 
voltage of switching Ut = IB1B2 rB1, where rB1 – is the 
resistance of the input element of the UPhT’s base, 
IB1B2 – the current of the base. The resistance rB1 is 
decreased as the photo-resistor is illuminated what 
leads to the decrease of the voltage Ut(P). As follows 
from (1), the frequency of the oscillations  f, starting 
from voltage U0(P), increases nonlinearly with the 
growth of the light flow.

In present work, we propose to use the generator 
of the relaxation oscillations voltage drop instead of 
resistor RE, the bias of the p+-n+-diode (the circuit 
E-D, Fig. 1), where a saturation current generator is 
placed in the circuit of the emitter power supply. The 
current practically does not depend on the voltage. 
In this case the current during charge of the capaci-
tor C is constant and the voltage drop on it increases 
linearly in time. The equation (1) is, thus, simplified 
considerably:
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since usually Ut >>U0. Here IS — the reverse-bias cur-
rent (the saturation current) of the p+-n+-junction.

At illumination switched on, at one hand, as it is 
shown above, the voltage of the switching on Ut(P) is 
decreased. At the other hand, the reverse-bias cur-
rent grows with the value of the photocurrent IPh at 
illumination of the p+-n+-junction. Accordingly, the 
frequency of the output signal oscillations under il-
lumination
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As it is well known, the photocurrent of the photo-
diode is described by linear dependence on the inten-
sity of the light flow P.

We should note, also, one particularity of the com-
bined photo-detector. The n-p+-n+-structure in in-
put circuit (B2-E-D electrodes, Fig. 1) acts as bipolar 
transistor, current of the collector which under illu-
mination is equal to IS+IPh. This current is multiplied 
by the value of the amplifier’s coefficient -=1/(1–.), 
where . is the coefficient of the current’s transfer of 
the transistor in scheme with the general base [1]. 
Thereby, under IPh>> IS the frequency of the relax-
ation generator at the illumination of the combined 
photo-detector equals to
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The relative change of the generator’s frequency 
at illumination is IPh-/IS times greater, than in usual 
UPhT (with resistor RE in emitter circuit). Taking into 
account that the coefficient of the transfer . weakly 
depends on the illumination intensity, it is possible to 
consider that the frequency of the generator based on 
the oscillations photo-detector changes linearly with 
the intensity value of the light flow.

The combined photo-detector on the base of silicon 
crystal of the cubic form with size 200/200/200 !m was 
studied experimentally (Fig. 1). The sizes of contacts 
were as follows: B1 — 100/40 !m, B2 — 200/200 !m, 
emitter E (p+-type) – 100/40 !m, the additional n+-
region (D) — 50/20 !m. The illumination of the sam-
ples was provided with the infrared light-emitting diode 
AL119B (0 = 0.93…0.96 !m). Power of the radiation of 
the light-emitting diode at the current value of 300 mA 
was not less than 40 mW. The practically linear graph 
of the dependence of the emitter’s voltage switching on 
Ut(P) on the light flow intensity P is presented at Fig. 3.

Fig. 3. Dependence of the emitter’s turn-up voltage on the 
intensity of light

The dependence of the relaxation generator fre-
quency f on the illumination intensity is presented at 
Fig. 4. The curve 1 was measured for the case, when 
the electrode D is switched off and the resistance RE 
is switched on in the circuit of the emitter’s power 
supply, i. e. for the simplest scheme of the UPhT’s 
relaxation generator. The sensitivity of the frequency 
K = 1f/1P * 0.5 kHz/mW. The dependence f=f(P) 
for the combine photo-detector is presented by curve 
2, Fig. 4.

It could be seen that this dependence is practically 
linear and the sensitivity on frequency is much higher 
(K *7 kHz/mW). 

It should be noted that the presence of additional 
bipolar photo-transistor in scheme of the combined 
photo-detector does not define significant increase of 
the photo-signal since for bipolar structure specified 
in this case and the coefficient of the current transfer 
. is not large due to small value of the injection’s coef-
ficient. However, even though . *0.5, the amplifier’s 
coefficient - *2. The respective contribution to the 
increase of the photosensitivity of this structure could 
be achieved as the result of addition al structural ele-
ment inclusion.

Thus, we have shown the possibility to raise the 
linearity of the output signal and enlarge the sensitiv-
ity of the sensor on the base of uni-junction photo-
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transistor through introduction of the additional n+-
region into p+-emitter of the photo-transistor.

Fig. 4. Dependence of the frequency on the intensity of light 1 
— regular UPhT, 2 – combined photo-detector

References

1. Vikulin I. M., Stafeev V. I. Physics of Semiconductor Devices 
// Moscow: Radio and Communication, 1999. – 345 p.

2. Babichev G. G., Gavrylyuk G. P. et al. Converter of Pressure 
with Frequency Output on the Base of Uni-juncition Tenso-
Transistors // Technology and Design in Electronic Devices. 
– 2004. — N 3. — P. 48–51.

3. Ïàò. 20016 U Óêðà¿íà, H01L 31/10. Îäíîïåðåõ³äíèé 
ôîòîòðàíçèñòîð / ². Ì. Â³êóë³í, Ø. Ä. Êóðìàøåâ, Ñ. Í. Íè-
êèôîðîâ, Ì. ². Ïàíô³ëîâ. — Îïóáë. 15.01.2007 ð. 

UDC 621.382

I. M. Vikulin, Sh. D. Kurmashev, S. N. Nikiforov, M. I. Panfilov

PHOTODETECTOR ON THE BASE OF UNI-JUNCTION TRANSISTOR AND PHOTO-DIODE

The generators on the base of the uni-junction photo-transistor (UPhT) are used as the sensor-photo-detectors with the frequency 
output. The semiconductor crystal of the n-type conductivity contains two Ohmic base contacts of the n+-type conductivity as well as 
the injection emitter  in a form of p-n-junction  (the region of the p+-type) with the electric contacts. The possibility to raise the linear-
ity of the output signal and enlarge the sensitivity of the sensor on the base of UPhT was proposed through introduction of additional 
n+-region into p+-emitter.

ÓÄÊ 621. 382

È. Ì. Âèêóëèí, Ø. Ä. Êóðìàøåâ, Ñ. Í. Íèêèôîðîâ, Ì. È. Ïàíôèëîâ

ÔÎÒÎÏÐÈÅÌÍÈÊ ÍÀ ÎÑÍÎÂÅ ÎÄÍÎÏÅÐÅÕÎÄÍÎÃÎ ÒÐÀÍÇÈÑÒÎÐÀ È ÔÎÒÎÄÈÎÄÀ

Ãåíåðàòîðû íà îñíîâå îäíîïåðåõîäíûõ ôîòîòðàíçèñòîðîâ (ÎÔÒ) èñïîëüçóþòñÿ â êà÷åñòâå ñåíñîðîâ–ôîòîïðèåìíèêîâ 
ñ ÷àñòîòíûì âûõîäîì. Ïîëóïðîâîäíèêîâûé  êðèñòàëë n-òèïà ïðîâîäèìîñòè ñîäåðæèò äâà îìè÷åñêèõ áàçîâûõ êîíòàêòà n+-
òèïà ïðîâîäèìîñòè, à òàêæå èíæåêòèðóþùèé ýìèòòåðíûé p-n–ïåðåõîä (îáëàñòü p+-òèïà) ñ ýëåêòðè÷åñêèìè âûâîäàìè. Ïî-
êàçàíà âîçìîæíîñòü ïîâûñèòü ëèíåéíîñòü âûõîäíîãî ñèãíàëà è óâåëè÷èòü ÷óâñòâèòåëüíîñòü äàò÷èêà íà îñíîâå îäíîïåðåõîä-
íîãî ôîòîòðàíçèñòîðà ââåäåíèåì äîïîëíèòåëüíîé n+–îáëàñòè â p+-ýìèòòåð.
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ÔÎÒÎÏÐÈÉÌÀ× ÍÀ ÁÀÇ² ÎÄÍÎÏÅÐÅÕ²ÄÍÎÃÎ ÒÐÀÍÇÈÑÒÎÐÀ ÒÀ ÔÎÒÎÄ²ÎÄÀ

Ãåíåðàòîðè íà áàç³ îäíîïåðåõ³äíèõ ôîòîòðàíçèñòîð³â (ÎÔÒ) âèêîðèñòîâóþòüñÿ â ÿêîñò³ ñåíñîð³â-ôîòîïðèéìà÷³â ç ÷àñòî-
òíèì âèõ³äîì. Íàï³âïðîâ³äíèêîâèé  êðèñòàëë n-òèïó ïðîâ³äíîñò³ ì³ñòèòü äâà îì³÷íèõ áàçîâèõ êîíòàêòè n+-òèïó ïðîâ³äíîñò³, 
à òàêîæ ³íæåêòóþ÷èé åì³òåðíèé p-n–ïåðåõ³ä (îáëàñòü p+-òèïó) ç åëåêòðè÷íèìè âèâîäàìè. Ïîêàçàíà ìîæëèâ³ñòü ï³äâèùåííÿ 
ë³í³éí³ñò³ âèõ³äíîãî ñèãíàëó òà çðîñòàííÿ ÷óòëèâîñò³ äàò÷èêà íà áàç³ ÎÔÒ øëÿõîì ââåäåííÿ äîäàòêîâî¿ n+-îáëàñò³ â p+-
åì³òåð.


