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POWER AMPLIFIER BASED ON COMPOSITE INJECTION-VOLTAIC TRANSISTORS

Nodira Batirdjanovna Alimova

Tashkent State Technical University. Address: 2 Universitetskaya st., 100095, Tashkent city, Republic of Uzbekistan.
E-mail: nali7l@yandex.ru, Phone: +998 90-30-44-71.

Abstract. The problem of high-current radio engineering devices is related to the fact that the use of high-power
transistors and other semiconductor devices is limited by such a phenomenon as a secondary breakdown, in which there is
a sharp decrease in the voltage on the device with simultaneous internal current lacing, and the device fails. To solve the
problem of secondary breakdown, schemes have been proposed that operate stably at reverse voltage values 4-5 times higher
than usual and at power dissipation 2-3 times higher than the maximum allowable power for an individual device. The
problem is proposed to be solved by using composite transistors. This is the most optimal way, since passive elements are
not used.

The article proposes and investigates power amplifiers based on the use of composite bipolar transistors operating
in the injection-voltaic mode. A method of active emitter self-stabilization of power amplifiers based on composite transistors
with the same band gap is proposed and theoretically substantiated, which makes it possible to reduce the total coefficient
of non-linear distortion and the instability of the quiescent current of power amplifiers depending on the supply voltage and
temperature.

Keywords: Bipolar Transistor, Composite Bipolar Transistor, Secondary Breakdown, Injection-Voltaic Effect,
Power Amplifier.

Annomayus. Kamma moxiu paouomexnHux KypUuiMailapHuHe MYAMMOIAPU UKKULIAMYU MeuuIuul Xo0ucacu
cababau  Kamma  Kyesamiu — MPAH3UCMOPAAp 6a  OOWKA  APUMYMKA32UYAU — acoobrapoan  PoluoaiaHUWMHUNS
yexnaneanueuoup. HMxkxuramyy mewurumoa acboboacu Kyuiauuuwi KeckuM nacasou, oup eaxmuune y3uda mox uuku
wyHmaanaou, namugicada ac6o6 uwdan Yuxaou. Mxxuramyu mewunuws MyamMmoCuty Xai KUauul yyyH meckapu Kyuianul
Kutimamu 000utl mpan3ucmopiapuuxuea Hucoaman 4-5 6apobap kamma KUiMamiapoa 8a covunut Kyggamu 2-3 mapmaea
xamma 6ynean mypayH uuaanouean cxemaiap makiug) smunaou. Myammonu mapkubuil mpan3ucmopiap Kyulaul OpKaiu
euuw makaugh smunean. By ycyn sne onmuman xucobaanaou, 4yHKU YHOA NACCUB HNEMEHMAAD KYIIAHUIMANOU.

Makonada uHICEKYUA-KYUIAHUUWIU  PENCUMOA  UMLIATUOUSAH MAPKUOUIL OUNONAp MPAH3UCMOPIAPHU  KYILIAUL
acocuoazu Kyegam Kyuaumup2udiapu makiug) KUiuHean a maokux smunean. TabKuUKianean 30Ha KeH2IuKiapy oup xui
Oynean maprubuil. mpaH3UCmopiap acocuddeu Ky8eam KyHaumupesuulapunu (aoi smummepiu y3-y3unu 6apKapopiau
VCYIU MAKIUQ dmMuiean 6a Acocianean Oynud, y HOYUUSUKAU OY3UTUULIAPDHURE YMYMUL KOID@OUYUEHMUHY XamMOd Kyeeam
KyUQumupeuyy COKUHAUK MOKUHUHZ KVUAIAHUul MAnbau 6a xapopameda Hucoaman HOOAPKAPOPIUSUHU KAMAUMUpU
UMKOHUHU Oepadu.

Taanu cyznap: Ounonsp mpax3ucmop, mapKubuii OUnosp Mpausucmop, UKKULAMYY MeUUIU, UHICEKYUsl-
KVWIAHUW CAMAPACU, Ky688am Ky4atmupudu.

Annomayus. Ilpodrema CUTbHOMOYHBIX PAOUOMEXHUYECKUX YCMPOUCME CEA3AHA C MeM, YMO UCNOIb308AHUe
MOWHBIX MPAH3UCIOPO8 U OpPY2UX NOLYNPOBOOHUKOBLIX NPUOOPOS 0SPAHUYUBAEMC MAKUM S6/IeHUEeM, KAK GMOPUYHDBII
npoboll, npu KOMOPOM RPOUCXOOUM De3KOe CHUICEHUE HANPANCeHUss HA npubope ¢ OOHOBPEMEHHbIM GHYMPEHHUM
WHYPOBAHUEM MOKA, U APUbOp 8bIXO0UM U3 cmpost. [isi pewieHuss npooaemvl 6MOPULHO20 NPOOOsSI NPEONONCEHbl CXEMb,
yemouuueo pabomaiowue npu 3HaYeHusx o06pamHo2o Hanpsadjcenus 6 4-5 paz 6onee BbICOKUX, YeM O0ObIYHO U NpU
pacceusaemoti mowHocmu, 6 2-3 pasa npeeocxooaujell npeoeibHo 0ONYCIMUMYIO MOWHOCHb Ol OMOENbHO20 NpuUbopa.
Ilpobremy npednazaemcs pewums nPUMEHEHUEM COCMABHBIX MPAH3UCMOPOS. DMO HaAubolee ONMUMANbHBIU CHOCOOD,
NOCKOAbKY He UCHONb3YIOMCA NACCUBHBLE DTIeMEHMbI.

B cmamuve npeodnoosscenst u ucciedogansl ycunumeny MOUWHOCMU HA OCHOBE UCHONb308AHUSA COCMABHBIX OUNOAAPHBIX
MPAH3UCMOPO8, PADOMAIOWUX 8 UHIHCEKYUOHHO - 80bmaudeckom pexcume. Ilpednoscen u meopemuuecku 060CHOBAH
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MemoO aKmuHOU SMUMMEPHOU CaMOCMAOUIUZAYUY YCUTUMENel MOWHOCMU HA COCMABHBIX MPAH3UCMOPAX ¢ 0OUHAKOBO
WUPUHOU 3aNPEWeHHbIX 30H, KOMOPbIL NO360JAem YMEHbWUMb 00uull Kodpduyuenm HeIuHeUHbIX UCKAXCeHUl U
HecmabuIbHOCMb MOKA NOKOSL YCUNUMENeti MOWHOCIU OM HANPANCEHUS. NUMAHUSL U MeMRepamypbl.

Knrouesvte cnoea: 6unonsipHulii mpan3ucmop, COCMAGHOU OUNONAPHBIL MPAHZUCMOP, GMOPUYHBILL NPOOOU,
UHIICEKYUOHHO-8OIbMAUYECKULL dPhexm, ycurumenb MOUHOCMU.

Introduction

Radio engineering elements, components and devices are in the process of constant
modernization. At the same time, it is important to maintain the unity of the scientific approach to the
design of radio engineering devices. In particular, the research and development of a highly stable
elemental base based on the use of new physical effects of electronic devices is topical. In this case, it
becomes possible to generate a whole set of new circuit solutions [1-7].

In this regard, the solution of the problems of the stability of the functioning of powerful output
stages of radio engineering devices is relevant.

Research Methods and the Received Results

The problem of high-current radio engineering devices is related to the fact that the use of high-
power transistors and other semiconductor devices is limited by such a phenomenon as a secondary
breakdown, in which there is a sharp decrease in voltage on the device with simultaneous internal current
lacing, and the device fails.

When developing functional devices with increased requirements for the width of the region of
stable operation (pulse and key devices), it is necessary to exclude the use of circuits with a common
emitter (CE) controlled by the base current. When controlling the input voltage, one should: either
introduce negative feedback through the emitter circuit; or use composite transistors. In this last case,
the output transistor of the composite transistor pair is put into the emitter current control mode, the
value of which is set by the second (triggering) transistor. This transistor is put in a mode in which the
collector current does not depend or weakly depends on the collector-base voltage. For example, in the
initial section of the saturation mode. And also, to increase the efficiency of the amplifier, it is necessary
to reduce the value of the resistor in the emitter circuit by applying deep negative feedback (NFB) using
an operational amplifier (op-amp).

The article proposes to apply another method - the method of emitter stabilization of the
quiescent current RD - by a circuit (Fig. 1).
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Fig. 1. Power Amplifier Wiring Diagram with emitter stabilization RD — circuit.
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The power amplifier uses £30V power supplies and £2.4V bias supplies, 20Q emitter resistors.
Tox mokos In=50 MA. Quiescent current Ip=50 mA. The power amplifier is designed for two standard
values of load resistance RI.

The power amplifier is designed for two standard values of load resistance RI. The output power
of the amplifier was 30 W at RI=8 Ohm and 60 W at RI=4 Ohm.

The power amplifier uses FZT604 and FZT605 composite transistors, BA220 diodes, and an
LM344H operational amplifier. All elements of the scheme were not subjected to selection by
parameters [8-12].
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Fig. 2. Frequency response (a) and phase response (b) of the power amplifier with emitter stabilization RD — circuit.

The power amplifier on composite bipolar transistors works as follows.

Composite bipolar transistors Q1 and Q2 are connected in a common collector circuit. The value
of the quiescent current in each arm of the power amplifier is determined by the ratio of the difference
between the bias voltages and the base-emitter voltage of composite bipolar transistors to the value of
the emitter resistance.

In the absence of an input signal, the magnitude of the quiescent currents in each arm of the
power amplifier is automatically regulated by the RD - circuit covered by the NFB and the previous
values of the quiescent currents are maintained.

The quiescent currents of the power amplifier arms may differ from the required values due to
the spread of the parameters of composite bipolar transistors, emitter resistances and bias sources. Then
the voltage at the output of the power amplifier is different from zero, current flows through the load. In
this case, an op amp covered by a NFB is used to balance the output voltage of the power amplifier.
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Fig. 3. Change in input (curve 1) and output (curve 2) Fig. 4. Dependence of the total coefficient of non-linear
voltage power amplifier over time. distortion (THD) as a percentage of the change in the

amplitude of the input voltage.
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Fig. 5. The electrical circuit of the power amplifier with emitter stabilization RD - circuit, covered by the NFB.

On Fig. 2 shows the amplitude - frequency and phase - frequency characteristics (frequency
response and phase response) of a power amplifier with emitter stabilization RD - circuit. When an input
signal is applied, the voltage at the output of the power amplifier repeats. The power amplifier operates
without distortion in the frequency range from 0 to 300 kHz (Fig. 2).

The time dependences of the input (curve 1) and output (curve 2) voltages of the power amplifier
coincide (Fig. 3), the voltage transfer coefficient of the power amplifier is 0 dB (Kuy=1).

The total harmonic distortion (THD) of the power amplifier is 4.2-10-3% at an input voltage of
2 V and decreases to 2.5-10-3% as the input voltage increases to 15 V (Fig. 4).

To obtain a given voltage gain, the power amplifier is equipped with a negative feedback circuit
formed by resistors R4=56 kQ and R5=1.3 MQ (Fig. 5).

The power amplifier operates without distortion in the frequency range from 0 to 300 kHz (Fig.

6).
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Fig. 6. Frequency response (a) and phase response (b) of a power amplifier with emitter stabilization RD - circuit,
covered by the NFB.
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The time dependences of the input (curve 1) and output (curve 2) voltages of the power amplifier
are the same (Fig. 7), the voltage transfer coefficient of the power amplifier is 0 dB (Ku=1).
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Fig. 7. Changing the input (curve 1) and output (curve 2) Fig. 8. Dependence of total harmonic distortion
voltage power amplifier over time. (THD) as a percentage of the change in the amplitude

of the input voltage.

The total harmonic distortion (THD) of the power amplifier is 0.1% at an input voltage of 0.2 V
and decreases to 0.06% when the input voltage increases to 0.7 V (Fig. 8).

The efficiency of a power amplifier with emitter stabilization RD - circuit, covered by the NBF
with changes in supply voltage from 3 V to 60 V, is an order of magnitude higher than the efficiency
compared to a power amplifier with conventional stabilization Re = 0.33 Ohm/ And in the case of a
temperature change from 210 K to 400 K, this is more than two orders of magnitude.

To solve the problem of secondary breakdown, schemes have been proposed that operate stably
at reverse voltage values 4-5 times higher than usual and at power dissipation 2-3 times higher than the
maximum allowable power for an individual device. The problem is proposed to be solved by using
composite transistors. This is the most optimal way, since passive eIemEnts are not used.

571

10 f]-! 1

Input
. 13 9 ‘i [:]3 Output
‘q o

Fig. 9. Power amplifier on composite bipolar transistors.

On Fig. 9 shows the electrical circuit of the power amplifier on composite bipolar transistors [13].
The power amplifier uses 5,6 = 30 V power supplies and 7,8 = 0.5 V bias sources, 3,4 emitter resistors
with a value of 5 Ohms. Quiescent current Ip=100 mA. The power amplifier is designed for two standard
values of load resistance RI. The output power of the amplifier was 30 W at RI=8 Ohm and 60 W at
RI=4 Ohm.

The power amplifier uses transistors of the KT829A and KT853B brands, complementary
transistors of the TIP41C and TIP42C brands, and three KR1408UD1 operational amplifiers.
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All elements of the scheme were not subjected to selection by parameters.

The power amplifier operates without distortion in the frequency range from 0 to 300 kHz (Fig.
10).

On Fig. 11 shows the amplitude - frequency and phase - frequency characteristics (frequency
response and phase response) of the power amplifier bipolar transistors, which show the change in the
input (curve 1) and output (curve 2) voltage of the power amplifier over time. The time dependences of
the input (curve 1) and output (curve 2) voltages of the power amplifier are the same, the voltage transfer
coefficient of the power amplifier is 0 dB (Ku=1).

On Fig. 12 shows the total harmonic distortion (THD) as a percentage of the change in the
amplitude of the input voltage. The THD of the power amplifier is 7.5-10-3% at 2 V input voltage and
decreases to 2-10-3% when the input voltage rises to 15 V.

On Fig. 13 a and b show changes in the quiescent current with changes in the supply voltage and
temperature for amplifiers made according to the schemes of the closest analogue (curve 1) and the
proposed technical solution (curve 2).

In the power amplifier according to the scheme of the closest analogue, the values of the emitter
resistances were 0.33 Ohm. It can be seen from the graphs that with a change in the supply voltage from
3 V to 60 V and temperature from 210 K to 400 K, the value of the quiescent current of the proposed
power amplifier is almost unchanged, and for the power amplifier according to the circuit of the closest
analogue, it monotonically increases. The efficiency of the inventive power amplifier with changes in
the supply voltage in the specified range is two orders of magnitude higher than the efficiency of the
closest analogue, and in the case of temperature changes, this is more than three orders of magnitude.
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Fig. 10. Frequency response (a) and phase response (b )of a power amplifier based on composite bipolar transistors.
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Fig. 11. Change in input (curve 1) and output (curve 2) Fig. 12. Dependence of total harmonic distortion (THD)
voltage power amplifier over time. as a percentage of the change in the amplitude of the
input voltage
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Fig. 13. The instability of the quiescent current from the supply voltage (a) and temperature (b).

Conclusion
Radio engineering devices based on the use of photo- and injection-voltaic effects have been

developed and investigated: power amplifiers based on IVT and composite IVT. A method for emitter
self-stabilization of power amplifiers based on transistors with the same band gap is proposed.

It has been established that the frequency response and phase response of the proposed power

amplifiers practically do not change up to frequencies of 350 kHz, and the change in the total coefficient
of nonlinear distortion is about 0.008%. The quiescent current practically does not change with changes
in the supply voltage from 2 V to 60 V and temperature from 200 K to 400 K.
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