Jlexknus Nell
I'eHepanus 3JIeKTPHUYECKUX KOJIeOaHUH.
YcioBue renepanuu, 0ajganc pas u
aMILUIUTYIA. ' eHepaTopsbl ¢ HCIIOJIb30BAHUEM
KoJ1edaTeJbHOro KOHTypa. RC-reneparopnl.
MyJbTHUBHOpPATOP.

Generation of electrical oscillations. The
condition of generation, the balance of
phases and amplitudes. Oscillators using
an oscillating circuit. RC-generators.

Multivibrator.



JJIEKTPOHHBIUA I'eHePaTop
Electronic generator

0 OJEKTPOHHBIM TE€HEeparop — YCTPOMCTBO  MOpPeoOpaszyromiee SHEPTHUIO
MIOCTOSIHHOTO TOKa B IEPUOJAMYECKHUE DJICKTPUUYECKHUE KoJeOaHus TpeOyeMoi
MOIIIHOCTH, YaCTOThI U (DOPMBI.

* FElectronic generator is a device that converts DC energy into periodic
electrical oscillations of the required power, frequency and shape.

N3 — ucrtounuk sHepruu, [IE — the energy source,
Y3 — yeunurens, [10C —  UE — amp, PIC — a chain

1ETb TOJIOKUTEIIHLHON of positive feedback,

oOpatHoii cBs3u, OOC —  OOS — the circuit is a
1ETb OTPUIATETbHOM negative feedback, FC —
obparnoii cBs3u, ®K —  shaper oscillations (LC

CTpyKTypHas cXema 3JIeKTPOHHOTO dbopmMHUpoOBaTeIlb circuit or phasing RC

~ I'eHeparopa _ kosiebanuii (LC — KoHTYp circuit).
Block diagram of the electronic nma dasupyromas RC —
generator [eTTD).

- 2



Kiaaccupurkanus 3JIeKTPOHHBIX TEHEPATOPOB
Classification of electronic generators

o popme Korebanmii * CuHyCOUJIAJIbHBIE, IIPSMOYTOJIEHBIE,
IIT000pa3HbIE U JIp.

* HuskouacToTHBIE (0,01-100 Kl 11),

IIo yacrore BBICOKOYACTOTHBIE (0,1-100 MI 1),

CBEPXBBICOKOUACTOTHEIE (>100 MI 11).

IIo crioco0y no/ryueHust * ['eHepatopel ¢  BHEHNIHUM  BO30VKICHHUEM,
KOJ1IeOaHmii re€HepaTOPHI C CaMOBO30YKICHUEM.

L RL TR WU CGTIBUO B« Sinusoidal, rectangular, sawtooth, etc.

» Low-frequency (0.01 to 100 kHz).
by frequency high trequency (0,1-100 MHz),
ultra high frequency (>100 MHz),

According to the method « External  excitation  generators, self-excited
of obtaining oscillations generators.




IIpuHIUI padoThHI aBTOreHEpPaTOpAa
The principle of operation of the generator

0 JItoOoi aBTOreHEeparop JJIEKTPUYECKUX KOJIEOAHWUWU TPEACTABIACT COOOM
YCUWJIUTENb, OXBAYEHHBIN IEIbIO MOJIOKUTEILHON 00paTHOW CBA3HU.

* Any electric oscillation generator is an amplifier covered by a positive
feedback circuit.

ITpu ITOC gacTh When PIC part of

BBIXOJTHOT'O the output voltage
Hanpsokenust U, . UOS through the
yepes nenb [10C CIRCUIT POS
IIOCTyHaeT Ha BXOX enters the input
ycumTens B pase ¢ amplifier in the
BXOJIHBIM phase with the input
HaIPsOKCHUEM, voltage that
00€eCIIeUnBaOIINIM provides the
CrpykTypHas cxema aBToreHeparopa 3a/laHHOC 3HauCHUE  specified value of
Block diagram of the generator U, the UV.
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IIpuHIun padoTbl aBTOreHEpaTOpa
The principle of operation of the generator

0 YTtoObl aMIUIUTyda BBIXOJHOTO HAIpsKEHUS HE HW3MEHWIACh, JOJDKHO OBITh

BBIIIOJIHCHO YCJIOBHC!

* To the amplitude of the output voltage has not changed, should be made a

condition:

U

ocC 8x

=U

Tak kak  Since

UBX — Ueblx / Ku

n

and UOC — ﬁ Uebzx

T  That ﬁ U o

— UGbl)C /Ku

Q)

) 4

YcnoBue CcylecTBOBaHUS B F'€HEPATOPE HE3aTyXalolMX IEKTPUUECKUX KoJieOaHUH

The condition for the existence of the generator of undamped electric oscillations




JJIIEKTPOHHBIUA I'eHepaTop
Electronic generator

['eHepalysi BOBHUKAET U TOAACPKUBACTCS TIPU COOJIFOACHUN YCIIOBUI:

OajaHC aMIUIUTY:
Generation occurs and is maintained when conditions are met:

the balance of the amplitudes.

KB=1 W

0 OamaHc das3:

0 phase balance: Q +Q g = 27n (2)

VYpaBuenue (1) TpeOyeT oT ycuiuTess Takoro KodgduiuenTa yCuieHus, Ip1u KOTOPOM
MOJIHOCTHIO KOMIICHCUPYIOTCS MMOTEPH HAMPSKEHUs, MOCTyIaromiero uyepes mnemnb [10C.

VYpaBHenue (2) onpeaeiseT yclIoBUe, IIPU KOTOPOM B 3aMKHYTOM cUCTeME (YCHIUTEIb
+ nensb [1OC) obecneunBaercs [1OC.

Equation (1) requires such amplifier gain, which completely compensates the loss of
voltage through the circuit POS.

Equation (2) defines the condition under which PIC is provided in a closed system
(amplifier + PIC circuit).
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MArKu M KeCTKUN peKUMbI CAMOBO30YKICHHUA I'eHepaTopa
Soft and hard modes of self-excitation generator

['eneparop OyzeT caMOBO30YK1aThCsl, €CJIM MPOLECCHI YCUIIEHUS OynyT Mpeo0aaaTh Hal
IpoIeCCaMHt 3aTyXaHusl, T. €. €CIIA OyayT BBITIOJIHATHCA YCIOBUS OajlaHCa aMILUTUTY/.

The generator will self-oscillate, if the process gain will dominate over the processes of
attenuation, i.e., if they performed the conditions of amplitude balance.

1
K >—
Eciim  K=const 151 ﬁ
B=const, TO BO3MOXKHBI
CJICAYIOMUE CiIyvan: If K=const and p=const,
1)P° > P - xonebawus e following cases are
OymyT YCHIIMBATBCA  poggible:
OECKOHEYHO; 1) RVN >
2)p” < P - xomebamus  py_flycmations will
OynyT YCUIMBATRCA  gmplify endlessly;
OECKOHEUHO. 2) RVN <
Pn-fluctuations will
amplify endlessly.
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MArkKku pexuM caMoBO30YKICHUS reHepaTopa

Soft self-excitation mode of the generator

K=K(U,6w)

p=Phlw)

3aBucumocts K ot U MOXKeET ObITh 2-X BUJIOB:

1)C poctom U kosdduient K ymenbiaercs;

2)C poctoM U_ koadhdunment K cHavyana yBeIUUYMBAETCS, @ TOTOM YMEHBIIIACTCS;
m

The dependence K of the Um can be of 2 types.
1) With the growth of Um K-factor decreases,
2) With the growth of Um, the coefficient K increases first, and then decreases,

BO3HHKIIINX KOJICOQHUSX,

yBEJIUUUBACTCS, T. €.
KoJIeOaHus BO30YKAat0TCs
CaMOCTOSTENbHO. Takou
PEKUM BO3OYKIACHUS
HA3BIBACTCS MATKUM
PEKUMOM BO30OYKACHUSI

Eciu nipu cinyyaitHo

UX aMIIIMTyda

If there are random

vibrations, their amplitude

increases, i.e. the
oscillations are excited
independently. This

excitation mode is called
soft mode of excitation of

oscillations.

KOJICOAHUH.




/KecTkui pexuM caMOBO30YKICHUS reHepaTopa
Hard self-excitation mode of the generator

Ecnu 1 BO3HUKHOBEHHUS KOJICOAHWM, MX aMIUIMTyda HYXHO, YTOOBI
aMIUTATYa CKa4KoM yBenanuunach g0 U . Takon pexuM BO30YKICHHS
Ha3bIBACTCA JKECTKHUM PEKUMOM BO30YKICHUS KOJICOaHUH.

If for the occurrence of oscillations, their amplitude needs the amplitude
to jump increased to Um. This excitation mode is called a rigid mode of

oscillation excitation.

IIpH JKECTKOM PeXKUME 1 the hard-excitation
CaMOBO30YKIEHHMS, mode, in addition to
KpOME BBITIOJHCHUS 1, [fi][ing conditions (1)

ycnosui (1) u (2), s and (2) for the
BO3HUKHOBEHUS

occurrence of
KoJIcOaHU! B

oscillations in the

IICPBOHAYAJIbHBIN original time in the
MOMECHT Ha BXOAC input of the amplifier,
YCHIINTCIIA you must set the

HEOOXOIUMO 3a]1aTh

voltage U >U
6x 6x1

Hanpsbkenue U >U
BX BX
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ABToreneparop tuna LC
Oscillator type LC

ABTOreHepaTop ¢ HWHAYKTUBHON CBS3bI0 MPEACTABISIET COOON OJHOKACKAHBIN
ycunuTenb Ha TpaHsucrtope V7T, BkiarodeHHOM 10 cxeme OO, ¢ Harpy3kol B BHJIE
napajuieNibHOro KonebarenbHoro Koutypa L, C, ¥ 1enu oOpaTHoOii CBsI3U, CO3AaHHOM
0OMOTKOi1 L ., C BA3aHHO¥ C 311eMeHTOM L, KOHTYypa.

An inductive oscillator is a single-stage amplifier on a VT transistor included in the OF
circuit, with a load in the form of a parallel oscillating circuit LkCk and a feedback
circuit created by the winding LB, with a knitted element Lk circuit.

KoJuteKTopHBIN TOK, MOSABUBIIUICI B MOMEHT B MOMEHT
WCTOYHUKA TNWTaHWsA, 3apsbkaer KoHaeHcatop C,,
KOTOPBIH paspspkasch Ha MHAYKTUBHBIA dneMeHT L,
CO3/Ia€T B KOHTYPE KOJICOAHUS C YaCTOTOM:

O ‘Un

C
]REZ Ls Lge 5T+

K\up
Collector current, which appeared at the moment at the
'VT_-HKO time of the power supply, charges the capacitor Ck,
U gy 8 which is discharged to the inductive element Lk, creates
]RE‘ TCE Rs TC3 " Roscillations in the circuit with a frequency:
\J

> hd Q
i

® :]/W/Lka .




ABTtoreneparop tuna LC

K =u

6blX

6X

Oscillator type LC

— aMIUIATYAHAs XapaKTePUCTUKA YCUIUTENS
— amplitude characteristics of the amplifier

]/ﬁ — uGblx /uex oc

— IpsIMasi, XapakTepu3ylolas 00paTHYIO CBSI3b

— direct, characterizing feedback

B Touke a mepexoaHbIM MPOLECC 3aKAHYMBAETCS
M YCTAHABJIMBACTCSA CTAIMOHAPHBIA PEXKUM
rapMOHUYECKUX KOJICOAHUI:

At point a, the transition process ends and a

stationary mode of harmonic oscillations is
established:
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ABToreneparop tuna RC

Oscillator type RC

Ha JacToTax,
Menpmie 15-20 klI'm,
IpA KOTOPBIX OOMOTKH
PE30HAHCHBIX KOHTYPOB
OTy4aroTCs
I'POMO3IKHMHU,
11eJIECO00pa3HO
IPUMECHEHUE RC-
T€HEPaTOPOB.

YCUIMTEb y
CTPOMUTCSL MO OOBIYHOM
PE3UCTUBHOM CXEME, a

MOJ0KUTEIbHAS
oOpaTHas CBSI3b
OCYIIECTBIISIETCS C
IOMOILIBIO

(dhazoBpalarens (Dgp
(RC-3BEHbBEB)

At frequencies
less than 15-20 kHz,
at which the windings
of resonant circuits
are  bulky, it is
advisable to  use
RC-generators.

The amplifier Is
built according to the
usual resistive
scheme, and positive
feedback is carried

out using the phase
shifter FVR
(RC-links)
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ABToreneparop tuna RC
Oscillator type RC

YacToTa reHepupyeMbIX TaKUMH CXEMaMH CHHYCOHUJAIBHBIX KOJICOAHWM IpHU
YCJIOBHH PAaBEHCTBA COMPOTHBICHHUH pe3ucTOopoB R n eMKocTel C KOHIEHCATOPOB
BO BCEX TPEX 3BCHBSIX:

The frequency of sinusoidal oscillations generated by such schemes under the
condition of equal resistor resistors R and capacitors in all three links:

o I 1 0065
" 2xJ6RC 154RC RC

Jlna  obOecrneyeHust  ycjaoBUs — OajlaHca
aMIUTATYH KO3Gh(PUIMEHT YCUIICHUS yCUIIUTENS
JOJDKEH yIOBIETBOPSATh YCIOBHUIO:

1o ensure that the conditions of balance of
amplitudes of the gain of the amplifier must
satisfy the condition.

K >29
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nepexos |'d3ank]n| junction
MOJIYyIPOBOHUK |'semikondaktor| semiconductor
MPOBOAUMOCTH lkon"dak/n| conduction
BOJIbT-aMIIEpHas [voult-"am pir volt-ampere characteristic
XapaKTEPUCTUKA keerokto ristik]|

AIIEKTPOH 1 lektra:n| electron
3aMUPAOLIUNA CITON |'beerior 'lerar| barrier layer
0011aCTh |fi:1d] field

00paTHOE HANPsDKEHHE r1' v3:rs ‘'voultids| reverse voltage
MPSIMOE HaIPSHKCHUE |'fo.rword 'voultid3| forward voltage
TBIPKU lhavls| holes
HaIlpaBJICHUE ru:t| route

3aMBIKaHHE |'la:kiy| locking
UMHTErpajibHast MuKkpocxeMa | itigrertid 's3:rkit| integrated circuit
LIeTb TPAH3UCTOPA |treen zistor tfein| transistor chain

KOHIICHTpaLHs | ka:nsn'treifn| concentration



