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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. Charge carriers, injected from the emitter change the resistance
between the base contacts that causes the change of the current Ji,,, namely the output current.
Input (the circuit p-n-emitter — the base B,) 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
(UPKT) 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.
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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 B, and B,), 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).
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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 Ry. The frequency of the
vibrations is defined as

U-U, }
U-u,(p)|’ (1)

where U, U, — 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 V,. 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-

f:{RECIn

© I. M. Vikulin, Sh. D. Kurmashey,
S. N. Nikiforov, M. 1. Panfilovo, 2008



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 U, = I,p,'73,, where rB1 — is the
resistance of the input element of the UPhT’s base,
I35, — 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 UO(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 Rg, the bias of the p*-n*-diode (the circuit
FE-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 U, >>U,. Here Iy — 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 U/(P) is
decreased. At the other hand, the reverse-bias cur-
rent grows with the value of the photocurrent 7, at
illumination of the p™-n*-junction. Accordingly, the
frequency of the output signal oscillations under il-
lumination

B I,+1,,
CUcp, (3)

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 (B,-E-D electrodes, Fig. 1) acts as bipolar
transistor, current of the collector which under illu-
mination is equal to I+7;,,. This current is multiplied
by the value of the amplifier’s coefficient p=1/(1—a),
where «a is the coefficient of the current’s transfer of
the transistor in scheme with the general base [1].
Thereby, under I,,>> I the frequency of the relax-
ation generator at the illumination of the combined
photo-detector equals to

f
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The relative change of the generator’s frequency
at illumination is /,,3/[5 times greater, than in usual
UPHT (with resistor R in emitter circuit). Taking into
account that the coefficient of the transfer o 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 200x200x200 pm was
studied experimentally (Fig. 1). The sizes of contacts
were as follows: B, — 100x40 pm, B, — 200x200 pm,
emitter £ (p™-type) — 100x40 pm, the additional n+-
region (D) — 50x20 um. The illumination of the sam-
ples was provided with the infrared light-emitting diode
AL119B (A =0.93...0.96 um). 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
U.(P) on the light flow intensity P is presented at Fig. 3.
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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 Ry
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= Af/AP~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
o is not large due to small value of the injection’s coef-
ficient. However, even though o ~0.5, the amplifier’s
coefficient B ~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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Fig. 4. Dependence of the frequency on the intensity of light 1
— regular UPhT, 2 — combined photo-detector
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®OTOIMPUEMHUK HA OCHOBE OJTHOITEPEXOJHOI'O TPAH3UCTOPA 1 ®OTOANOJA

TeHepaTopbl Ha OCHOBE OgHONEPEeXOAHbIX (hoToTpaH3ucTOpoB (OMDT) UCIONB3YIOTCST B KAUECTBE CEHCOPOB—(MOTONPUEMHUKOB
C YaCTOTHBIM BbIXOAOM. [101ynpOBOAHUKOBBIN KPUCTAJLI #-THIIA TPOBOAMMOCTH COASPKUT JBa OMUYECKUX 6A30BbIX KOHTAKTa /1't-
TUTIA IPOBOIUMOCTH, a TaKXKe MHXKEKTUPYIOIIWI SMUTTEPHBIN p-n—Tiepexon (001acTh p*-TUIIA) C JIEKTPUIECKUMHU BhIBogaMHu. [1o-
Ka3zaHa BO3MOXHOCTb MOBBICUTb JIMHEMHOCTb BBIXOHOTO CUTHAJIA U YBEJIMYUTh YYBCTBUTEIBHOCTD JaTYMKA Ha OCHOBE OTHONEPEXOI-
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Teneparopu Ha 6a3i ogHonepexigHux oToTpaH3ucTopiB (ODT) BUKOPUCTOBYIOTHCS B IKOCTI CEHCOPiB-(OTOIPUIIMAYIB 3 4aCTO-
THUM BHXinoM. HaniBnpoBiAHUKOBUI KPUCTAJLT #-TUITY MTPOBiTHOCTI MiCTUTB ABa OMiYHUX 0a30BUX KOHTAKTH n*-TUITY MPOBiAHOCTI,
a TaKOX iHXEKTYIOUnii eMiTepHUI p-n—Tiepexin (00JacTh pt-TUITy) 3 eJIeKTPUIYHUMY BUBogamMu. [TokazaHa MOXITUBICTb ITiABUILIEHHS
JIIHIMHICTI BUXiTHOTO CHUTHAJIy Ta 3pOCTaHHSI YyTIMBOCTI HaTyvka Ha 6a3i ODT uuissxoM BBeIEHHSI MTOMATKOBOI n*-00acTi B p*-
emirep.
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