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PRACTICAL FEEDBACK CIRCUITS

TABLE 15,1 Summary of Gain, Feedback, and Gain with Feedback from Fig. 18.2

Voltage-Series Voltage-Shunt Current-Series Current-Shunt
Gain without feedback 4 % % f_ —;_
Feedback B Ir_i ILJ; % }i
Gain with feedback 4 ia % i_ 4;_

Voltage-Series Feedback

Fig.1 shows an FET amplifier stage with voltage-series feedback. A part of the output signal
(Vo) is obtained using a feedback network of resistors R1 and R2. The feedback voltage Vf is
connected in series with the source signal Vs, their difference being the input signal Vi.

Without feedback the amplifier gain is:
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Fig.1: FET amplifier stage with voltage-series feedback.
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R; = RpR,/(Ry + R;)
The feedback network provides a feedback factor of

V;__—R,

B= =R + &

Using the values of A and 3 above in Equation

A _ngL

A-= = -
7 1 + BA 1 + [RoR /(R + Ry)]gm

As is the gain with negative feedback
If B4 = 1. we have

_ R+ R

~ 1 _
B R

J‘:‘If —

EXAMPLE 18.3

Calculate the gain without and with feedback for the FET amplifier circuit of Fig.q
and the following circuit values: R; = 80 k(). R, = 20 k). R, = 10 kQ). R, =

10 k(). and g,, = 4000 uS.

Solution

)

R, Rp 10 k€ (10 k€)
7 = = =35 kﬂ
R,+Rp, 10kQ + 10 kQ
Neglecting 100 k() resistance of R; and R, in series

A= —g,R; = —(4000 X 10~¢ uS)(5 kQ) = —20
The feedback factor is

o~k -0Kk0
R, +R, 80kQ +20k0 -
The gain with feedback is
oA —20 _-20__,
T4 B4 1+ (—02)(—20) 5

Fig.2 shows a voltage-series feedback connection using an op-amp. The gain of the op-amp, A,
without feedback, is reduced by the feedback factor
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Fig.2: Voltage-series feedback
in an op-amp connection.
The emitter-follower circuit of

Fig.3 provides voltage-series feedback. The signal voltage, Vs, is the input voltage, Vi. The

output voltage, Vo, is also the feedback voltage in series with the input voltage. The amplifier, as

shown in Fig.3, provides the operation with feedback. The operation of the circuit without

feedback provides Vf = 0, so that

+Vex
Q

——

Fig.3: Voltage-series feedback circuit (emitter-follower).
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i ) 4= Ve _ helRg _ heRe(V/h,.) _ heRg
Vs Vs Vs h;,
Vr
and =—=1
B 7
The operation with feedback then provides that
4= Vo _ A _ ;if?REhlg
TV 1+B4 1+ (D)(heRelhi)
_ hzRg
h;e + heRg

For heRg = I..
zij‘E ].

Current-Series Feedback

Another feedback technique is to sample the output current (lo) and return a proportional voltage
in series with the input. While stabilizing the amplifier gain, the current- series feedback
connection increases input resistance. Fig.4 shows a single transistor amplifier stage. Since the
emitter of this stage has an unbypassed emitter, it effectively has current-series feedback. The
current through resistor RE results in a feedback voltage that opposes the source signal applied
so that the output voltage Vo is reduced. To remove the current-series feedback, the emitter

resistor must be either removed or bypassed by a capacitor (as is usually done).
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Fig.4: Transistor amplifier with unbypassed emitter resistor (Re) for current- series feedback: (a)
amplifier circuit; (b) ac equivalent circuit without feedback.
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WITHOUT FEEDBACK

The input and output impedances are

Zf = RB (hr‘e + RE) = "ije + RE‘

ZC_. - R(_‘;
WITH FEEDBACK
A A —helh, i —hp
= —_— = e - - — =
T 1+ p4 he hie + haRe
1 + (—Rg) —E— '
R %)

The input and output impedance 1s calculated as specified in Table 18.2.

Zp=Z; (1 + BA) = hﬁ.('l - ﬁ-’;ﬁ) = hye + hpRe

lie |

F{beE)

Zop= Z,(1 + pd) = RC(I +=

The voltage gain (4) with feedback 1s

Vo LR (LY, _ . —hpRe
=y =Ty T (_KJRC'_AJ’R"" hoe + haRe
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EXAMPLE 18.5 Calculate the voltage gain of the circuit of Fig. 5

216V

Solution
Without feedback,

he —120

AR
Vi
,8=—§!'£= —Rg = —510
The factor (1 + BA) 1s then
1+ B4=1+(—0.085)(—510) = 4435
The gain with feedback is then

I, 4 —0.085

V. 1+p4 4435

and the voltage gain with feedback A 1s

=—-192x10°?

AJ"=

A= %}— = ARc = (—1.92 X 1073)(2.2 X 10%) = —4.2

Without feedback (RBg = 0). the voltage gain 1s

—Rc _ —22x10°
75

= —2933

A,
Fe

" b+ Re 900 + 510
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Fig.5 BJT amplifier with
current-series feedback for
Example 18.5.

= —0.085
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§ 18.2 Feedback Connection Types

1. Calculate the gain of a negative-feedback amplifier having 4 = —2000 and g = —1/10.

If the gain of an amplifier changes from a value of — 1000 by 10%, calculate the gain change
if the amplifier is used in a feedback circuit having 8 = —1/20.

I

3. Calculate the gain. input, and ovtput impedances of a voltage-series feedback amplifier hav-
ing 4 = =300, &5 =15k}, R, =50 k() and 8 = —1/15.

& 18.3 Practical Feedback Circuits

= 4. Calculate the gain with and without feedback for an FET amplifier as inFig. 1 for circuit
values Ry = 800 ki), Ry = 200 £}, R, = 40 k(1. Rp = 8§ k1), and g,, = 3000 uS.

For a circuit as in Fig. 5  and the following circuit values, calculate the circuit gain and
the input and output impedances with and without feedback: Rg = 600 k), g = 1.2 k). Re
=47k and B =75 Use Ve =16V

h

. A o 72090 - T =—=-19.45
A Tr (Cwfaee
3. P( Pr - -~300 = :EE_?- =- %3
£ 14—(5& |4+ (—35)(=300) = -
S len-

Rig = (ph) R = 2 (1sks) = 32—

_ o - 5o ko legu
’P“'i' ) 1+§F\ 2\ 2.t

2{’:' L:\. %i%ipz L,I.',oha-ugkm: Q-'_Z\LSL
%‘R —(goooxrc;")(ﬁ.'ulo‘)=—33.S'

_ — R+ _ — 2o0len- - 0D. 2.
ﬁ - R"i""-ﬂ_.- 200k a+ §ooln—
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