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Abstract The study determines the behavior type of the
parallel-series amplifier and determines the amplification of
the basic amplifier, the input and output resistance, as well as
the amplification of the reaction network and the input and
output resistance of the reaction network. With the help of the
negative reaction, the designer can change the properties of
the amplifier. Thus, a dynamic, automatic stability of the
amplification system is obtained.
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1. INTRODUCTION

In negative feedback circuits, the basic idea is that the
input quantity in the basic amplifier takes into account the
value obtained at the output, so any disturbance or
parametric deviation can be corrected, the working
frequency band can be extended and the level of noise can
be diminished. [1]

The reaction network is chosen only with passive
components, usually it is a resistive network, in order to
reduce the influence of the parameters dispersion. [2]

In the topology of the parallel-series amplifier on the input,
the common quantity is voltage, and the compared
quantity is current. At the output the common quantity is
the current and the sampled quantity is the voltage. [4] The
general topology model is shown in Figure 1, where a is
the basic amplification of the amplifier, f is the
amplification of the reaction network. Considering the
input current i;, the output current io and the load resistance
RL.
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Figure 1. Parallel-series topology
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The determination of the current amplification is
determined with the circuit shown in Figure 2, where r; is
the input resistance of the basic amplifier, ro the output
resistance of the basic amplifier, ai. the current
amplification of the basic amplifier, and fio is the
amplification of the reaction network. [5]

i i [
i i, N

‘ié’% | éak : i
| N
paralel serie ?0
R b b Ro
éfio
| 1
=0
Figure 2. Complete parallel-series topology
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The input resistance is calculated with the diagram shown
in Figure 2.

vi=ign=v=(0—i) n=v=>0-f )"

@
Ui=ii'<1_f'll-_j)'ri
iy a = Vi
ii l+a-f
(1)
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In order to determine the output resistance of the parallel-
series topology, consider the circuit in Figure 3 where at
the output instead of the load resistance a current source is
introduced.
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Figure 3. Circuit for calculating the output resistance
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2. PARALLEL AMPLIFIER-SERIES

In the case of the particular model, consider the diagram
in Figure 4, in which the npn transistors Q1 and Q2 are
characterized by fr1 = fr2 =150, o1 = fo2 =165 and Vee1=
Vee2=0,65V. The values of the capacitors in the circuit are
chosen so that, in alternating current, there is a short
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circuit at the frequency of the signal provided by the
generator (the amplifier works in the band).
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Figure 4. Parallel-series topology

2.1 Parallel-series amplifier - direct current analysis

A first step is to determine the static operating point (PSF).
The effect of the negative reaction will be neglected in the
direct current analysis. [3] Consider the diagram in Figure
5a in which the branches containing the capacitors were
removed and 5b where the Thévenin equivalence was
performed.
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Figure 5. DC analysis
R 15kQ
Vpp = —2V, = -12V = 1,565V =
R1+R, 115kQ
1,57V (@)
Ry1'R 100kQ-15kQ
Ry =R IR, =22 = = 13,043kQ
Ry+R; 115kQ
(®)

Kirchhoff's theorem 11 is applied to the input eye (which
contains the B-E junction of transistor Q1 - Figure. 5b) and
to the output eye (which contains the C-E junction of
transistor Q2 - Figure. 5b).
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Vin = Ig1 "Ry + Vg + g1 "Ry

= Ipy " Rrp + Vg1 + (Br1 + Dlipy Veer = Vo1 — Vg1 = 2V = 0,87V = Vg = 1,13V
"Ry (14)
Vrn = Vger = Ig1 * Rep + (Brr + Dy Ry
(6) Kirchhoff's theorem 1l is applied to the eye VC1, VBE2,
Ven = Vggr = Iy " [Ren + (Bpr + 1) * Ryl VE2.
= _VrhVeEr  _ L57V-0,65V = Ver = Viga + Vgz = Vga = Vg — Vo = Vi = 2V —
Bl = Rep+(Bri+1)Rs  13,04kQ+(150+1)-0,87kQ 0,65V = Vy, = 1,35V (15)
0%2Y_ — 0,00637mA (7)
144,41kQ
~ v 1,35V
Iy = 6,37pA VEzzlEz'RsilEzzRi::IEzzmﬁ E2 =

0,397mA = 0,4mA(16)
Ie1 = Br1  Ig1 = Iy = 150 - 0,00637mA = ¢y =

0,9555mA 8) Ig2 0,4mA
Io; = 1mA Iz = (Brz +1) " Igy = Ipy = Bl 151

0,002649mA = 0,00265mA (17)

Igy = (Bp1 + 1) - Ipy = Iy; = 151-0,00637mA =
Iy, = 0,996187mA  (9) I, = 2,654A
Iz = 1mA (18)

Icz = Bz * 1pz = Iz = 150 0,002649mA = I, =
We assume that: I, < I¢q 0,397mA = 0,4mA (19)
I, = 0,4mA

IR3 = IBZ +IC]. = IR3 = ICl = 1mA
(10)

It is verified that the assumption made is true: Iz, =
0,00265mA K Iy = 1mA

Kirchhoff's theorem 1l is applied to the eye V1, R5, VC2.

Vi=ley Rs+ Ve 2V =Vy = Iy "Rs =2 Vi =
12V — 0,4mA - 8kQ (20)

—2vde Ver =12V =32V =V, =88V
(21)

il

VCE2 = VCZ - VEZ = 8,8V - 1,35V = VCEZ = 7,4’5V
(22)

The voltage Vce1 > Vee1and the voltage Veez > Veez, SO
= Q1 and Q2 work in the normal active region (RAN).

[0}
Figure 6. Direct current analysis, highlighting the potentials

I-1 =1mA
to Ground — 1
PSF1(ey, Vor) = PSPL={, 0 110, (29)
VEl = 1E1 " R4_ = VEl =1mA- O,87kQ = VEl =
0,87V (11) _ {Icz = 0,4mA
PSF2(l¢2,Vegy) = PSF2 Vg, = 7,45V (24)

Kirchhoff's theorem Il is applied to the eye V1, R3, VC1. L . .
The values for the static point of operation (PSF) obtained

by SPICE simulation are the following:
Vi=Ilgs R3+Vey = Ve =Vi —Igzs Rz =

Ve = 12V — 1mA - 10kQ (12)
Table 1. Static point of operation (PSF)

Ver =12V =10V = Vg = 2V Name Q_Q1 Q_Q2
(13) Model Q2N2222 Q2N2222
IB 6.42E-06 3.53E-06
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IC 9.56E-04 5.20E-04
VBE 6.44E-01 6.27E-01
VBC -9.27E-01 -5.43E+00
VCE 1.57E+00 6.06E+00

BETADC 1.49E+02 1.47E+02

2.2 Parallel-series amplifier - alternating current
analysis

To determine the small signal amplification, first we
determine the small signal parameters:

Transconductance:
g,, =381 =38-1-10"° = 38mA/V (25)
9,, =381, =38-04" 1072 = 15,2mA/V  (26)

Base-emitter resistance:

_ Box _ 15 _ ~
T = 22 = 38mA/V =3,947-— = 3,95k (27)
Tap =22 = 20— = 9,868-"-2443,60) = 9,86k()
gmz  152mAJV

The AC analysis is done with the diagram in Figure 7,
where capacitors C1, C2, C3 and C4 are considered short-
circuited. The DC voltage source, V1 is considered
grounded.
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Figure 7. Alternating current analysis

The time response of the amplifier is shown in Figure 8,
which shows that the output signal is 180 ° out of phase
with the input signal.
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Figure 8. The time response of the amplifier

The equivalent small signal scheme is obtained by
replacing the bipolar transistors with the simplified small
signal model (pi-hybrid model) and the diagram in Figure

9 results:
i

. M
| A . ny

5 %R M@_ dn vl

wl A Rt RQ2 FX
i

o/
1

=
=

0
Figure 9. Equivalent small signal scheme

2.2.1 Alternating current analysis - circuit a

Circuit a is shown in Figure 10.

Figure 10. Equivalent small signal scheme for circuit a
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Ryg1 = (29)
Rz > (30)
Itis calculated Vipe1.
Vper = iin " [Rg | (Re + Rf) | Ryp | Rigy] — (31)
Vper = lin * [Rg I (Re + Rf) Il Rrp Il rrrl]
ip1 " Rig1 = ip1 " Tw1 = Rig1 =Ty (32)
i, =——bel (33)

M RyN(Re+R £)IRTA I
It is calculated Vouto1.

Voutgr = —le1 * (Rle I Rs Il RiQZ) = Voutgr = ~9m1°
Ube1 - (Rs I RiQZ) (34)

Calculation of the input resistance in Q2.

Ip2 " Rigz = lpg " Tz F ez " (Re I Rf) = Ipy " Rig2
=lpz Tz t i (Boz + 1)
“(Re I Ry)
in2 * Rigz = ipz " [Tz + (Boz + 1) - (R I| Ry)]
(35)

Rigz =Tz + (Boz + 1) - (Re Il Ry)
(36)

Voutor = —9m1 " Vbe1 " {Rs Il [Tnz + (Boz+ 1)
(Rs 1 R7)]} (37)

But

= - i — lez |
VoutQr = b2 " Tnz T lout (Rs I Rf) = Voutgr = Bos

Tr2 + iclzut ' (RG Il Rf) (38)
lout

Voutg1r = B “Trz t oyt (Re Il Rf) = VoutQ1
02

1
= loue * [_ Tz T (Re Il Rf)]

Boz
Y] _ VoutQ1
lout = ;nTz_'_(R()"Rf) (39)
i, = —9Im1Vper(Rall[rma+(Boz+1):(RelIRf)]} (40)

:
Fozt(RslIRy)
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-m1vper{Rsl [rnz+(ﬁ02 +1)-(R6IIRf)]}

rm2
—502+(R6||Rf)
Vbe1
Rgll(R+R)IRT 71

_ ~gm1Vber{Rsl[rnz+(Boz+ 1) (RelIRf)]} Rgll(Re+Ry)IRTIITm1
- T
EL(é+(R6IIRf)
_ —gm1{Rsl[rrz+(Bo2+ 1) (RelIRF) ]} [Rg I (R +Rp)IRT R 1771 ]
- T
BL(é+(R5||Rf)

a = —256,35

.
i
— lout _
a=-—-—=
tin

(41)

a
Vbe1

a

Input resistor for circuit a:

Ri =Ry Il (Rg+Rs) Il Ry Il Rigy = R; = Ry Il (Rg +
Re) I Ryp Il 7y = 0,504kQ  (42)

Output resistance for circuit a:

Ry = (R I Ry) + 22 Fo_—
0 (6” f)+.302+301+1

2,65kQ

(43)

2.2.2 Alternating current analysis - circuit f

Circuit f is shown in figure 11.

=

§R6 (@ out

= =0 0
0

Figure 11. Equivalent small signal scheme for circuit f

The current divider rule applies

, i R
_.lout=>i’_f=__6 (44)

34kQ
13,4kQ

34kQ
iput 3,4kQ+10kQ

—0,2537 = —0,254 (45)

Re+Rp

_ 25635 _

A = iout _ a -256,35 _
t 66,113

iim  1+af  1+(-256,35):(=0,254)

—3,877 (46)




Scientific Bulletin of the Electrical Engineering Faculty — Year 21 No.2 (45)

Ry 0,504k 0,504k
1+a-f  1+(-256,35)(-0,254) 66,113

0,007632kQ = 7,62Q (47)

Rif =

Ry _ 2,65k _2,65kQ
T 1taf  1+(-256,35):(-0,254) 66,113

0,04008kQ = 40,080 (48)

R,¢

The frequency response of the amplifier is shown in
Figure 12.

Figure 12. Frequency response of the amplifier

3. CONCLUSIONS

Circuits without a negative reaction are affected by the
dispersion of parameters and disturbances. The use of the
reaction helps to obtain an amplifier with a known
amplification, impedances and convenient band. The
choice of the reaction topology is chosen according to the
wishes of the designer. If the chosen topology contains a
series, one of the impedances does not benefit from the
reaction advantage.
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