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Introduction

The purpose of the work is simulation of two circuits
for transmitting analog signals within the audio range with
low distortion and good galvanic separation by means of a
PSPICE software package.

Phototransistor optocouplers of a normal and inverse
operating mode of the optocoupler phototransistor have
been used. The time diagrams of the signals and the
amplitude-frequency characteristic have been given. The
simulation results and those from the equations worked out
have been compared, and the error determined.

Transmission of analog signals when the opt coupler
phototransistor operates in a normal mode (Fig. 1.).
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Fig. 1. A company circuit [2, 3]

The simulations results are shown in Fig. 2 and Fig. 3.
Fig. 2 shows the time diagrams of the set points 1 and 2 —
output and input signals, and Fig. 3 the amplitude-
frequency characteristic.

With simulation (Fig. 2), the input ac signal is Ug. =
500 mV, and the output signal is U; = 100 mV. The voltage
amplification factor is
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With simulation, the LED current of the operating point
in a dc and dynamic mode is:
Itpc = 8,6 mA, Ipac = (8,25 - 8,45) mA.

With simulation, the current of the operating point of
the phototransistor is: Inpc = 12,2 mA, Ijpac = (11,9 +
12,5) mA.
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Fig. 2. Time diagrams of the set points 1 and 2 — output and input
signals

The frequency range is up to 20 kHz (Fig. 3).

Fig. 3. The amplitude — frequency characteristic

Methods for dimensioning the circuit

The base voltage against the transistor mass VT is:
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When the current-voltage characteristic a linear
operating mode of the LED has been chosen and
Uge =0,7V.

Ug, =I.Ryatl. =9mA.

Ugs =Ug, —Ug =4,93-0,7=4,23V , (%)
U
R}_URSZ 4’2%3:4709, I = RS —9mA. (6)
I, 9.10 R,
Verification:
Ugei =Ug +Uceyr, +Ugss ™)

at Ur =12V, U, =4,23V, U =9V,

Ueeyr =9-1,2-4,23=3,57V..

Therefore the transistor VT1 operates in a linear mode.
The Current Transfer Ratio of the phototransistor
optocoupler is 130 %.

Then ln(les) =1 CTR=9.10"13=117mA,

therefore the current of the operating point of the
phototransistor is:

Iph(ICS):

Uccz _UCE3

R,

915
680

~11mA. (8)
Simulation and calculation errors are
=8,6MA; It cacutareay =9MA, from expression
(6), the error 4.6 %,

| =12,2mA; | from
expression (8), the error is 9,8 %.

Transmission of analog signals when the opt coupler
phototransistor operates in an inverse mode (Fig. 4).
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Fig. 4. Opt coupler phototransistor operates in an inverse mode

The circuit has been developed by the authors. The
simulated time diagrams at p. 1 (output) and p. 2 (input)
are shown in Fig. 5, and the amplitude — frequency
characteristic in Fig. 6.

With simulation, for the LED the following is
obtained | =286 MA; I, =16+40mA.
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With simulation, for the phototransistor the following is
obtained lec(ln)oc =0,722 4A; lgc pc = 0,35+ 1,2 u A

Fig. 5. The simulated time diagrams at p. 1 (output) and p. 2
(input)

Fig. 6 shows that the
circuit is over 30 kHz.

upper cut-off frequency of the

Fig. 6. The amplitude — frequency characteristic

For calculating the non-linear distortion, I harmonic —
130 mV, II harmonic — 10 mV.
Methodology for dimensioning the circuit, LED dc is:

lepe = Yea :j:;cmz = 5;;’1;02’1 —28mA, ©)
e =CTRI, :%0.2810‘3:78010*5& (10)
Ugs = 1Ry =78010°91010° =709 mV, (11)
Uecimersy =Ucca ~Ugrs =5-0,709=4,23V . (12)

The error is:
. 'F(simule;ted) —le ) _ 28;68,—628 —204- (13)

F (simulated)

Experimental time diagram for Fig. 4 is shown in Fig. 7.
Table 1. Results comparison

Simulation with PSPICE Practical experiments
input amplitude — input amplitude —
U; =500 mV; U;=500 mV;
output amplitude — output amplitude —
Up =130 mV; frequency f= | Up=120mV;
1 kHz from (Fig. 5) frequency =30 kHz from
(Fig. 7)




Conclusions
Note: Experimental time diagrams for all circuits have been

reduced with digital oscilloscope “Tektronix TDS 3014B”. Two types of optoelectronic analog circuits have been
developed. They have been simulated by means of a

ek RUn | [ : T Trig'd PSPICE package. Methods for calculating the basic
"""" v [ i s parameters have been elaborated. The circuits have been

A: 20.8kHz developed in practice. The simulation and calculation error

has been determined — it does not exceed 10 %.

When the optocoupler phototransistor operates in an
inverse mode, the frequency band of the stage expands
notwithstanding the decrease of the adjacent voltage
amplification factor.
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The purpose of the work is simulation of two circuits for transmitting analog signals within the audio range with low distortion and
good galvanic separation by means of a PSPICE software package. Phototransistor optocouplers of a normal and inverse operating mode
of the optocoupler phototransistor have been used. The time diagrams of the signals and the amplitude-frequency characteristic have
been given. Methods for calculating the basic parameters have been elaborated. The circuits have been developed in practice. The
simulation and calculation error has been determined — it does not exceed 10 %. When the optocoupler phototransistor operates in an
inverse mode, the frequency band of the stage expands notwithstanding the decrease of the adjacent voltage amplification factor. 1. 7,
bibl. 4, tabl. 1 (in English; abstracts in English, Russian and Lithuanian).

E. Koaesa, . Koaes, U. banadanosa. MoaennpoBanue onrod1eKTPoHHbIX MHKpocxeM Analog ¢ PSPICE makerom //
DJIEKTPOHUKA M dJ1eKTpoTexHuka. — Kaynac: Texnonorus, 2009. — Ne 8(96). — C. 59-61.

Llenbro paboTHI ABIAETCS MOASIUPOBAHUE JIBYX LiETIeH JUIs Tepeaadn aHaJIOTOBBIX CHUTHANIOB B JHAIa30HE 3ByKa C HU3KUM YPOBHEM
HCKaKEHUH U XOopolllee ralbBaHn4YecKkoe pasaenenue myteM nposeaeHus PSPICE mporpamMmHoro makera. ®@OTOTpaH3HCTOPHBIA ONTPOH
¢ OOBIYHBIM M OOpATHBIX peXUMa PadOTHI ONTPOH (POTOTPAH3UCTOP OBUIM HCMOJIB30BAaHBEL. BpemeBas nuarpamMma CHTHAJIOB H
aMIUINTYAHO-4aCTOTHAsT XapaKTEPUCTHKA IOMydMsIH. MeToJsl pacueTa OCHOBHBIX HapaMeTpoB ObIM paspaboranbl. llemm Obutn
pa3paboTaHbl Ha TpakTHKe. MoIenupoBaHHEe M pacdyeT omuOKka ObLIa ompeneNieHa - OHAa He MoxkeT mpesbimats 10 %. Korma
(hOTOTPaH3UCTOPHBIN ONTPOH paboTaeT B HHBEPCHOM PEKHME, B IIOJIOCE YaCTOT PACHINPSCTCS, HECMOTPSI Ha CHIDKCHHE ITPUIICTAIONIHX
HanpsbkeHust ko3 ¢unuenT ycwiaenus. V. 7, 6ubn. 4, tabm. 1 (Ha aHINIMICKOM s3bIKe; pedepaTsl HA AHIIIMICKOM, PYyCCKOM M
JINTOBCKOM $13.).

E. Koleva, 1. Kolev, 1. Balabanova. Optoelektroniniy ,,Analog“ mikroschemy modeliavimas su programy paketu PSPICE //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 8(96). — P. 59-61.

Atliktas analoginiy signaly perdavimo modeliavimas su PSPICE programy paketu. Modeliavimas atliktas garso bangy diapazone
dviejy tipy grandinémis. Fototranzistorinei optinei porai veikiant tiesioginiu ir inversiniu rezimais, gautos signaly laikinés ir dazninés
amplitudes charakteristikos. Pateikti pagrindiniy parametry apskaic¢iavimo metodai. Modeliavimui taikytos grandinés buvo iSanalizuotos
ir praktiskai. Taip pat buvo nustatyta modeliavimo ir skai¢iavimo paklaida, kuri nevirsija 10 %. Pastebéta, kad fototranzistorinei optinei
porai veikiant inversiniu reZimu dazniy juosta ple€iasi, nors mazéjanéio itampos stiprinimo koeficientas mazéja. Il. 7, bibl. 4, lent. 1
(angly kalba; santraukos angly, rusy ir lietuviy k.).
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