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JJIIEKTPOHHbIC YCUJIUTEIH
Electronic amplifiers

* Ycunumenem - HazpiBalOT  ycTpoMicTBO  (y3€d,  Kackan),
IpeaHa3HAYCHHOC JJIs OBBIIICHHUS YPOBHS MOIIHOCTH BXOJTHOTO
CUTHaJa C COXpPaHEHHUEM €Tr0 (POPMBHI.

o [lpuHUMO [OEHUCTBUSA ODICKTPOHHOTO YCHJIWTENIS OCHOBaH Ha
yIOpaBICHUU DJHEPrue MOIIMHOTO HCTOYHHMKA ITOCTOSHHOIO
HaIPSOKEHUS C TTOMOIIBI0 MaJOMOIITHOTO HCTOYHHKA CUTHAJIOB.

* An amplifier is a device (node, stage) designed to increase the
power level of the input signal while preserving its shape.

» The principle of operation of an electronic amplifier is based on
controlling the energy of a powerful DC power source using a

low-power signal source.
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Kiaccupuxkamus 3JIeKTPOHHBIX YCUJIUTEIeH
Classification of electronic amplifiers:

[1o BbIMOMHAEMBIM (PYHKIIUSIM:
1) ycunurenu Toka;
2) YCUJIUTEIIH HaIPSHKEHUS;
3) yCHIMTEN MOIITHOCTH.

[To nrama3oHy yCHIMBaeMbIX 4acCTOT:
1) ycunurenu 3BykoBo# (HH3Kk0#) yacToThl (YHY nnu Y34) ~1kI'11

2) yeunutenu Bbicokoit yacTotsl (YBY winu YPU(paguouactotsr)) ~1MI'n
3) BUJICOYCUIIUTENN — YCUJIUTENIN B IIUPOKOM JIMANIa30HE YaCTOT ~10-10"T1

The functions they perform:
1) current amplifiers;
2) the voltage amplifier,
3) power amplifiers.

By the range of amplified frequencies.:
1) audio (low) frequency amplifiers (UHF or UHF) ~1kHz
2) high-frequency amplifiers (UHF or UHF (radio frequencies)) ~IMHz
3) video amplifiers — amplifiers in a wide frequency range ~10-10"Hz



°*  YCWIMTEIM MOXHO MNPEACTAaBUTh B BHUAE AKTUBHOIO
JIMHEMHOT'O YETHIPEXOIIOCHUKA.

* Amplifiers can be represented in the form of a linear active
two-port network.




BxoaHbIe mapaMeTpbl YCHJIUTEJIS
Amplifier input parameters

 BxoaHble mapaMeTrpbl XapaKTepHU3YIOT LEb (YCHIUTENb), KaK
Harpy3Ky JJIs KICTOYHHKA cUTrHana (reHeparopa), T.€. YCUINTEb
IpecTaBIsIeT coOOOM HAarpy3Ky A HICTOYHMKA CUTHAJIA.

* The input parameters characterize the circuit (amplifier) as a

load for the signal source (generator), i.e. the amplifier is the
load for the signal source.
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Bxoxanbie rapaMeTphbl
YCUJIUTEIIA:
. Uex — HOMHUHAJILHOE BXOIHOE
HAIIPSKECHUE,
. ng — HOMUHAJIbHBIM BXOJIHOU
TOK;
. ng — BXOJIHAd MOIIHOCTH
CUTHaJIA;
BxoaHoe conpoTUBIIEHHUE:
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Input  parameters  of  the
amplifier:
U, -mted.mput voltage,
* [, -rated input current;
* R, —mput signal power;
Input impedance:

lﬁex Uex J (Q’ng Py )
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BbIXoaHble MapaMeTpbl YCUJIUTEJIsA
Output parameters of the amplifier

* BbIXogHbIe MapaMeTpbl XapakTePU3YIOT HEenb (YCUIUTENb) KaK
MCTOYHUK CUTHAJIA (T€HEepaTop) AJIs1 Harpy3KH.

* Output parameters characterize the circuit (amplifier) as a signal
source (generator) for the load.




BrIxoaHbie mapamMeTpbl yCUIUTES:

° Umx — HOMUHAJIbHOE BBIXOAHOE HAIIPSXKECHUE;
. wa — HOMMHAJIBHBIM BBIXOJIHOHN TOK;
. me — PH — HOMMHaJbHAs BBIXOJHAsA MOIIHOCTBH, OTIaBacMmasi

YCUJIMTEIIEM B HArPy3KYy;
BxoaHoe conpoTUBIIEHHUE:

The output parameters of the amplifier:
* V' is the nominal output voltage,
out )
* [ _is the nominal output current;
* R __= P, —rated output power given by the amplifier to the load;

ou
Input impedance:

Z 6blX XX
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Koy puuueHrsl ycuiaeHus (nmepeaadm)
Gain (transmission) factors

1) Ko3pduumeHT yCHIEHUS M0 HATIPAKECHHUIO
1) Voltage gain

ﬁl lﬁGblx B U6blx ej(gDUeblx —(Png) _ KUeJQDKU
U ox Uex

U U
KU — 8blxX — m 6blx
U

6X m 6x




2) KoadpuuueHT yCHiIeHUs 10 TOKY
2) Current gain

I 1
K — 8bIX — m 6blX
/

6X m 6x
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3) KoadpuuueHT yCHJIeHHUs MO MOITHOCTH
3) The gain in power

P P
KP — L e— 8blX > 1
£, L
P U
K, === ==K oK,
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4) CkBO3HO KOIPPUIHEHT YCUICHU S
4) End-to-End gain

LU Z.
K = 7 _I%U(Z +Zr)_K

b —6X

R

6X

: Rex _l_ RI’
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JINHeMHbIEe HCKAKCHUSA
Linear distortion

JInHelHbIe HCKAYKEeHUsI OLICHUBAIOT C MOMOIIBIO aMILIMTYIHO-
YaCTOTHOM XapakTepucTuku (AUYX) WM IpoCTO 4YacCTOTHOM
XapaKTepUCTUKH, KOTOpash MPEACTaBIIsIET COOOHM 3aBHCHMOCTH
MOZYJIS KO3 (PHUIIMEHTa OT YaCTOThI:

Nonlinear  distortions  are  evaluated  using  the
amplitude-frequency response (AFR) or simply the frequency
response, which is the dependence of the coefficient modulus on the

frequency:
K,=f(o)



 Hckaxenuss (¢GopMbl BBIXOJIHOIO CHUTHaja, BbI3bIBAEMBIC
HEOJIMHAKOBBIM YCHUJICHUEM TapPMOHUK Pa3JIAYHbIX YaCTOT,
HAa3bIBAIOT YACHOMHBIMU UCKANHCCHUAMU.

*  Hckaxenust (hopMbI BBIXOJHOIO CUTHAJIA, BbI3bIBAEMBIC Pa3HBIMU
(pa30BBIMM  CIABHUTaMHd TapMOHHMK YCHUJIHWBAEMOIO CHTrHala,
HA3bIBAIOT haA306bIMU UCKANHCCHUAMU.

 Distortion of the output waveform caused by unequal
amplification of harmonics of different frequencies is called
frequency distortion.

Distortion of the output waveform caused by different phase
shifts of the harmonic of the amplified signal is called phase
distortion.
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da30-4aCTOTHAS XapaKTePUCTHKA
Phase frequency response

da3zo-yacrorHass xapakrepucruka (PUX) — 3aBUCUMOCTH
(ba30BOr0 CABHUIa MEXAY BXOJAHBIM M BBIXOJHBIM CHUTHAJaMH OT
YaCTOTHI:

Phase-frequency response (FFR) - the dependence of the phase
shift between the input and output signals on the frequency:

Py = f(a)) Py =Py, ~Pu,



@da30BbIC CJBWUTH TPOSBISIOTCA HA HU3KHUX W BEPXHUX
yacToTax, Ha CpEAHHUX 4YacToTax  (Pa3oBbIM  CIABUT
IpaKTHYECKU OTCYTCTBYeT. Hanuume ¢azoBoro casura
ABJISIETCA UCKAXKECHUEM.

Phase shifts occur at low and high frequencies, and there is
almost no phase shift at medium frequencies. The presence of
a phase shift is a distortion.

P ry
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HUNCHIC Cpé’dHUé’ GePRRUE HATMONEL
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HeinHelHBbIC HCKAKCHUSA
Harmonic distortion

HeaqvHeWHbIe  MCKAKEHUSA  OLICHMBAIOT C  [OMOIIBIO
KOA(p(UIIMEHTa TApMOHHUK:

Nonlinear distortions are evaluated using the harmonic
coefficient:

KoaddumumeHnT rapMoHUK Bcerga HaxXOAUTCS MPU MOJa4de Ha BXOJ YCHUIIUTESA
YHUCTOr0 TApMOHHUYECKOTO CUTHAJIa U aKTUBHOM CONIPOTUBIICHUN HATPY3KH.

The harmonic coefficient is always found when a pure harmonic signal is
applied to the input of the amplifier and the load resistance is active.

- !



AMILTATYTHAS XapaKTEepHUCTUKA — 3aBUCHMOCTD
YCTAaHOBUBIIETOCS 3HAUCHHUSI BHIXOJHOTO HANIPSDKEHUS OT BXOAHOIO!

Amplitude characteristic-dependence of the steady-state value of
the output voltage on the input one:

U, =1(U,,)

|
|
|
|
|
|
|
|

v | S
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U CTOYHMKHU IIIYMOB B YCHJIMTEJIEC
Sources of noise in the amplifier

* BHemHMe myMbl, KOTOPbIE O0pa3yrOTCs H3-3a MOMEX: MPOMBIIIJICHHBIE,
arMOC(hepHbIC, KOCMUYECKHUE.

* BHyTpeHHUE IIYMBI:

a) TCIUIOBBIC INYMbI — 3TO IIOYMbI, BO3HHKAIOIMIHNC HN3-3d XdOTHYCCKOI'O
ABUKCHUA CBO6OI[HBIX SJICKTPOHOB B IIPOBOJHHUKAX,

0) ApoOOBBIE IMIYMbl — BO3HHMKAKOT M3-3a CIYy4YaWHOTO XapakTepa BbLIETA
AJIIEKTPOHOB € KaTOI0JaMIIbl MJIM PEKOMOMHAIINY APl «3JIEKTPOH-IBIPKA.

 External noise that is generated due to interference: industrial,
atmospheric, space.

o Internal noise:

a) thermal noise is noise that occurs due to the chaotic movement of free
electrons in conductors;

b) shot noise-occurs due to the random nature of the departure of electrons
from the cathodolamp or recombination of the electron-hole pair.



nepexon |'d3ank]n| junction
MOJIYTIPOBOHUK |'semikondaktor| semiconductor
MPOBOAUMOCTH lkon"dak/n| conduction
BOJIbT-aMIIepHas |voult-"am pir volt-ampere characteristic
XapaKTepUCTUKA keerakta ristik|

AIIEKTPOH 1" lektra:n| electron
3aluparoIui CJIon |'baerior 'leror]| barrier layer
0011aCTh |fi:1d] field

o0paTHOE HANPsDKEHHE r1' v3:rs ‘'voultids| reverse voltage
MPSIMOE HaIPSHKCHUE |'fo.rword ‘voultid3| forward voltage
IBIPKU lhavls| holes
HaIpaBJICHUE rut| route

3aMbIKaHUE |'la: k)| locking
UHTETpaJibHasg MUKpocxema | mtigrertid "s3:1kit| integrated circuit
LEMb TPAH3UCTOPa |treen zistor tfem| transistor chain

KOHIICHTPAITHS | ka:nsn trei/n| concentration



