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the operating point to the pinch-off of the channel,
the higher the voltage gain. In this case the
maximum values of drain current corresponding to
the light currents of discrete transistors by forward
voltage vary in a quadratic law and they are a
continuation of the transfer characteristics in dark,
which makes possible their use as photodetectors in
electronic circuits. In the series-connected field-
effect transistors modulated junction, as in the two-
barrier structures, controls the parameters of the
second junction due to redistribution of the voltage
applied from an external power source.

INTRODUCTION

Audio frequency amplifiers are the most common types of amplifiers. In them, the main
problem is to eliminate the asymmetry of the amplified useful signal, especially when the signal level
is reduced. To improve the amplifying properties of low-frequency amplifiers, field-effect transistors
in the cascade switching mode are more often used, as well as methods of direct (composite)

connection of two field-effect transistors, which make it possible to obtain a combination of the best
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properties of field-effect and bipolar transistors [1, 2]. Known works are mainly devoted to the
development of amplifiers with different switching modes that provide the required parameters of the
amplifier stage [3, 4, 5]. However, a limited number of works have been devoted to the problems of
eliminating distortions and increasing the gain.

This paper presents the results of a study of a field effect transistor in a bipolar switching mode
with a dynamic load, when an electric field is applied to the drain-gate junction (the source is
connected to the gate), as an alternating signal amplifier.

MATERIALS AND METHODS

Study field transistors. The field-effect transistors with a control p-n junction selected for
research were obtained on p+-type silicon substrates with a carrier concentration of 1 1019 cm-3 and
a thickness of 200 pm. An n-type channel is formed by epitaxial growth of a film with a carrier
concentration of 2 x 1015 cm-3 and a thickness of 1-2 um. They are analogues of the epitaxial-planar
field-effect transistor of the KP303 type [6]. The choice of the design of a field-effect transistor of
the KP303 type is due to the fact that they have small capacitances, and the cut-off voltages lie in a
wide voltage range, from 0.5t0 2.5 V.

RESULT AND DISCUSSION

Amplification properties of the field transistor with dynamic load. To increase the channel
modulation depth, as was shown in [7], it is advisable to apply the operating voltage not to the
channel, Fig. 1a, but to the drain-gate junction, when the source is connected to the gate through a
resistor, fig. 1b.

In this case, simultaneous longitudinal and transverse modulation of the channel by a layer of
space charge is carried out and the output dynamic resistance increases, leading to a pronounced
saturation of the drain current.

In this circuit, the constant voltage URz - u, falling on the resistance, sets the drain current, and
the input signal from the G3-109 audio signal generator is fed through the capacitor to the source
(Fig. 1b). The amplified output signal is taken from the dynamic resistance, the value of which
depends on the amplitude of the signal at the drain of the working transistor. For direct current, the
channels of both transistors are connected in series, which leads to greater modulation of the channel
from the input signal compared to that in a common-source circuit. In the proposed channel
modulation principle (Fig. 1b), the gain (3500) for small signals (1 mV) is obtained by two orders of
magnitude higher than in classical common-source switching methods (Fig. 1a) [3, 4]. For a given
frequency range of 400 Hz and an input signal of 2 mV, with an increase in the resistance value
connecting the gate to the source from 0.43 kQ to 40 kQ, the gain of the sinusoidal signal increased
from 400 to 3500 (Table 1), which is two orders of magnitude higher compared to than (Kus = 5) in
an economical three-stage amplifier [3].
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Rice. 1. Amplifier circuits with dynamic loading.
Table 1

Data of the output signal and gain at various resistances connecting the source to the gate.

F =400 I'm, Usx =2 mB
RusxkOm | 0,43 1,0 3,0 50 10 20 30 40
Usi, B 0,377 | 0,531 0,710 0,778 0,853 0,911 0,938 0,955
Icn, MKA 878 531 236 155 85 45,5 31 23
Usix, B 0,8 1,0 2,0 2,4 3,2 5,0 6,0 7,0
Kye 400 500 1000 1200 1800 2500 3000 3500

The observed increase in the gain is due to an increase in the thickness of the depleted layer of

the source part due to an increase in the voltage taken from the resistor, which leads to an increase in
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the modulation depth of the base region. In this case, as the resistance value increases, the voltage at
the gate-source junction increases from -0.377 V to -0.955 V, and the drain current decreases from
878 1A to 23 pA. In this case, the transfer characteristic is linearized, that is, the steepness increases

at low drain currents, Fig. 2, curve 2, resulting in more gain than the common-source circuit.
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Rice. 2. Transfer characteristics in a normalized form for transistor and bipolar switching

of a field-effect transistor

High gain effect mechanism. Studies have shown that the creation of a difference in the
resistance values of the gate-source transition of an amplifying or dynamic transistor leads to a
decrease in the output signal. So, when the resistance of a dynamic transistor decreases, the output
signal decreases, followed by an increase in the cutoff of the upper half of the output signal, and as it
increases, the output signal also decreases, followed by an increase in the cutoff of the lower half of
the output signal pulse. In the case of equal resistances of the formed bipolar structures, the current
of the first transistor will be equal to the current of the second transistor I's; ~ 1%, and relative to this
current value, we have a change in the drain current Al's, leading to the formation of an output
voltage. However, resistance imbalance leads to the fact that a two-terminal with increased resistance
begins to limit the current of a two-terminal with less resistance, which leads both to a decrease in
the output signal and to distortion of its shape.

Discussion of the obtained results. As shown in fig. 1b in the proposed amplifier circuit with a
dynamic load, the same current passes through the channels and biasing resistors. Therefore, as the
value of resistance R i increases, connecting the gate to the source, the voltage falling on it will

increase, which will lead to a decrease in the drain current [3-7]
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and, accordingly, we will have a voltage falling on the source-gate resistance R - ;
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The experimental dependences of the drain current on the value of the resistance Rand -z and

the curves calculated by formula (1) take close values as the economy mode approaches, fig. 3.

I A
6.0=10-, '
4 0= 10
" 1 -
=9 2 -
2 0e10-2] |
00l ' . .

0 1=0F 2%10*  3%10° 4=10°R,, Om

Rice. 3. Dependences of the drain current on the source-gate biasing resistance

Note that the voltage at the source-gate junction required to completely block the channel can
be taken equal to the cutoff voltage. According to experimental data, its value is 1.64 V. For a voltage
of 1.64 V, the calculation according to formula (3) gives a depleted layer thickness of 1.04 um, and
for an incident voltage of 0.9 V, 1.01 um is obtained. At the same time, at the source part, 0.03 pm
remains uncovered with the initial depletion thickness WO = 0.65 pum determined by the diffusion
potential.

That is, for a given signal AU, modulating the remainder of the 0.03 um thickness will be more
efficient than 0.35 pum for zero gate bias.

Thus, it has been experimentally shown that on a field-effect transistor in the bipolar switching
mode with a dynamic load on the field-effect transistor, it is possible to eliminate useful signal
distortion and obtain a high voltage gain by selecting source-gate biasing resistances [8-11].

CONCLUSION

In a FET in a bipolar turn-on mode, when an electric field is applied to the drain-gate junction
(the source is connected to the gate), you can get a high gain (two orders of magnitude more) in
contrast to transistor turn-on. It has been experimentally established that the optimal choice for
obtaining an output signal without distortion is the choice of the same potential at the source-gate
junction for the main and load transistors. The closer the operating point is to the channel cutoff mode,

the higher the voltage gain.

]
http://mentaljournal-jspu.uz/index.php/mesmj/index 97




Mental Enlightenment Scientific-Methodological Journal ISSN: 2181-1547 (E) / 2181-6131 (P)

REFERENCES

[1]. MTatent PY3 NelAP 05322 or 14.12.2016. Ycuiurenb HanpspKeHUs C JAWHAMUYECKOU
narpyskoit / Kapumos A.B., Exroposa JI.M., A6aynxaes O.A., Kamanos 5.M.

[2]. Yodgorova D.M., Karimov A.V., Mavlyanov A.Sh. // Controlling mechanisms of space-
charge region in compound field-effect transistors. WJERT 01.04.2018 www.wjert.org P. 31-35

[3]. A6aynxaes O.A., T'msacoBa ®.A., Exroposa J|.M., Kamanos Bb.M., Kapumos A.B.
OYHKIMOHATbHBIE XapaKTEPUCTUKU MOJIEBOTO TPAH3UCTOPA C YIPABIASIOUIUM p-N-TIEPEXO0IOM IIPU
pPa3IMYHBIX pexxuMax BKiroueHus // Gusndeckas nwxeHepust nopepxuoctu. PSE, 2012, T. 10, No 2.
C. 230-235

[4]. Kapumo A.B., Exroposa JI.M., A6xynxaes O.A., Kamamos B.M., T'macosa ®.A.
®DoTOTpaH3UCTOP COCTABHOW Ha MOJEBBIX TpaH3UCTOpax // dusnueckas UHKECHEPHs TTOBEPXHOCTH.
PSE, 2012, 1. 10, Ne 2. C.226-229.

[5]. Kapumos A.B., Earoposa J.M., Kamamos B.M., T'macosa ®.A., Skxy6oB A.A.
HccnenoBanue npoiiecca CTaOMIM3aUN TOKAa U HAMPSIKEHHS C MMOMOIIBI0 KPEMHHEBOTO MOJIEBOTO
tpausuctopa // ¥Y3.D.K. 2012. Nel. C. 37-45. (01.00.00 Ne19)

[6]. O.A. Abdulhaev, D.M.Yodgorova, A.V. Karimov, B.M. Kamanov, Kahorov A. A,
Kalandarov J. J. The photovoltaic characteristics in parallel and consis-tently connected field
transistors. “X1-International Young Scientists Confe-rece Optics and High Technology Material
Science SPO 2010~ (Kyiv, 2010), P.195-196.

[7]. baxpanoB X.H., KamanoB b.M., Kanannapos XK. K., Kaxopos A.A., Kapumor A.B.

OcobeHuocTt CT8.6I/IJ'II/138.I_II/II/I TOKa W HAIpsOKCHUSA C IIOMOLIIbKO ITIOJICBOI'O TpPaH3UCTOpPA
«DyHaMEHTaJIbHblE W TMpHUKJIAJHbIE MpoOneMbl  coBpeMeHHOW  ¢u3uku»  Marepuansl
MEXIYHapOAHON KoH(pepeHnnu, nocssauieHHon 80-neturo akagemuka M.C. CannoBa. Tamkent 24-
25 Hos6ps 2010r., C. 186-187.

[8]. D.M. Yodgorova, A.V. Karimov, B.M. Kamanov, Amplifier with dynamic load on the base
of eft “Thirteenth International Young Scientists Conference Optics and High Technology Material
Science SPO 2012~ (Kyiv, 2012), P.1609.

[9]. Abdulaziz Karimov, Bekzod Kamanov, Dilbara Yodgorova, Akhmad Rakhmatov, Alim
Khakimov, Oybek Abdulkhaev. A High Gain JFET Amplifier with Dynamic Load // 2020
International Conference on Information Science and Communications Technologies (ICISCT) | 978-
1-7281-9969-6/20/$31.00 ©2020 IEEE | DOI: 10.1109/ICISCT50599.2020.9351499

[10]. Kapumor A.B., Kamanos b.M., Exroposa .M., Kapumos A.A. HoBasi pa3HOBUIHOCTb
YCUIIATCIIL HANPSKCHUA Ha IOJICBOM TPAH3UCTOPE C ,Z[I/IHEIMI/I‘IQCI(Oﬁ Har py3KOI71 /| dusuka
MOJIYTIPOBOJTHUKOB U MUKpo3iekTpoHuka* Tamkent. 2019 1.1, Ne5, ctp.25-29. (01.00.00 Ne19)

[11]. KamanoB B.M., PacynoBa O.O. HoBasi pa3HOBHUAHOCTh YCHJIMTENsS HANpPSDKCHUS Ha
MOJICBOM TPAH3UCTOPE C YIpaBIsieMbIM KO3 GUIIMEHTOM ycusieHus. MexayHapoiHast KOH(pepeHIms
«DyHIaMeHTalbHbIE U MPUKIIAAHbIE BONPOCH! (u3ukm» - TamkeHT, 22-23 centsops 2020 r.

]
http://mentaljournal-jspu.uz/index.php/mesmj/index 98



http://www.wjert.org/
http://www.wjert.org/

