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Simple block diagram of feedback
amplifier

(Output

Input
v ¢ signal)

signal ¢

Some improvements are :

1. Higher input impedance.
Better stabilized voltage gain.
Improved frequency response.
Lower output impedance.
Reduced noise.

More linear operation.

Feedback amplifier
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FEEDBACK CONNECTION TYPES

Voltage-series feedback (Fig. 14.2a).
Voltage-shunt feedback (Fig. 14.2b).
Current-series feedback (Fig. 14.2¢).
Current-shunt feedback (Fig. 14.2d).

Series feedback connections
tend to increase the input
resistance, whereas shunt
feed-back connections tend to
decrease the input resistance.
Voltage feedback tends to
decrease the output
impedance, whereas current
feedback tends to increase
the output impedance.
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FIG. 14.2

Feedback amplifier topes: (a) voltage-series feedback, Ap = V[V (b) voltage-shunt feedback, Ay = V,/I;

(e} current-series feedback, Ay = I,/Vy: (d) ewrrent-shunt feedback, Ag = 1,/1,.
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(Gain with Feedback

TABLE 14.1
Summary of Gain, Feedback, and Gain with Feedback from Fig. 14.2

Voltage-Series Voltage-Shunt Current-Series

Current-Shunt

Gain without feedback A E E i ﬁ
V; I; V; ;
Feedback B E i E E
1':” vri' l'..-:- "r’.l
Gain with feedback Ay Yo Yo 1, A
. L'Ir.'l' ‘r-'li 'i_.rs I,I.'
Voltage-Series Feedback Voltage-Shunt Feedback
_Y_ Y
Vi Vi
1"’.. = 'I"'rh. - ]H'}' A, — V” - Aff- i Af,- . Af,'
V, = AV; = A(V, — V) = AV, — AV, = AV, — A(BV,) P L+l L+ BV, I+ BAL

(1 + BA)V, = AV,

v, 1+ p4
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Input Impedance with Feedback

Voltage-Series Feedback Voltage-Shunt Feedback
1,: V-" B b} V.'.' B .fgvu ir’r'. - .IIEIFLJ!I vﬁ
fi - = = - = - - - Vi Vi Vi
"’:ﬁ Zi "'{n" ""'::' Zip = — = — = :
) I.'f ‘if + '!i_l,f' ‘rf' + ﬁvﬂ
I Z; = Vi — BAV; Vil
Vo = LiZ; + BAV, = LiZ; + BALZ; Il + BVl
Vs Ly = 4
Zy = 5~ = Zi + (BA)Z; = Z(1 + BA) 71+ pA
]

Amplifier

Zy Zy
I l A
L+ 2 + J | 2, +
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Al
Feedback network v, _
"‘TLA_P:,_ A s, |
+ + V[TV 1+BA ]
Y =) B 6
Vf :HVH ﬁ = V.p Vﬂ e Vd
FIG. 14.3 FIG. 14.4

Vaoltage-series feedback connection. Veltage-shunt feedback connection.




Output Impedance with Feedback

Voltage-Series Feedback

Current-Series Feedback

[1,=av,
_ 4 z,
V=17, + AV, |
V!' - _Vf'
J— _ Vi=Vy
V= 1z, — AVy = 12, — A(BV) : v v
= — — fo= = — = —
I Z|’.l A 1’ ' Zl’.l A VIII- Zl’J Aﬁ‘r +
V + BAV = IZ, Z(1 + B =V V=Bl Bt
z . V. =
- _ Y _ o Zr=—=2Z,1 + BA
Lof = 7 = 1+ pA o g (1 +BA) FIG. 14.5
Current-series feedback connection,
TABLE 14.2
Effect of Feedback Connection on Input and Outpur Impedance
Voltage-Series Current-Series Voltage-Shunt Current-Shunt
Z Z(1 + BA) Z{1 + BA) 4 £
{increased) {increased) {decreased) {decreased)
i Zo Z(1 + pA 2o ZA1 + pA
1+ BA ol ]' | + BA of )

{decreased) (increased) {decreased) (increased)
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Example

EXAMPLE 14.1 Determine the voltage gain, input, and output impedance with feedback
for voltage-series feedback having A = —100, R; = 10k{), and R, = 20 k{} for feed-
back of (a) 8 = —0.1 and (b) 5 = —0.5.
Solution: Using Egs. (14.2), (14.4), and (14.6), we obtain

A — () — 100
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Effects of feedback on Gain and Bandwidth

Reduction in Frequency Distortion

Reduction in Noise and Nonlinear Distortion

0.7074,
Al for BA == 1 A
I+pA pA B o
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Practical Feedback Circuits

Voltage-Series Feedback

Ri = RpR(R, + R») A= —2 = 8y
L — 0pn I 2 - -
. ’ TOL+ A 1+ [RR (R + Ry g
A= ?ﬂ = _.[';JJIRL
- V —
. Y_ R oo R, + R,
RD
I+
Ry e
+ $ EXAMPLE 14.3 Calculate the gain without and with feedback for the FET amplifier cir-
v, + Yo p R cuit of Fig. 14.7 and the following circuit values: Ry = 80k{}, Ry = 20k, R, = 10k{},
+ e Rp = 10k}, and g,, = 4000 uS.
v, A\y - Vi &k
! Solution:
- = —— R,Rp 10 kQ(10 k)
Ry = —= = = 5k
= LT R F R, 10kQ + 10KQ
Neglecting the 100-k{} resistance of R, and R, in series gives
FIG. 14.7 A= —g R = —(4000 X 10°° uS)(5k) = —20

FET amplifier stage with voltage-series feedback.

The feedback factor is

—k; —20k{}
B = = = —0.2
Ry + R, 80k{) + 20k}
The gain with feedback is
A =20 =20

T+ 1+ (0220 5
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Using OP-Amp & Emitter follower
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+
FIG. 14.9
Vr R Valtage-series feedback circuit
_ {emitter-follower).
= g Yo _ hielyRe  heeRp(Vifhi) — heRg
FIG. 14.8 V. V. Vi hj,
Voliage-series feedback in an op-amp connection. V
¢
ﬁ VH
. V, A he Ri/h;,
Check EXAMPLE 14.4 Vo 1 BA 1+ (D0eRe/hio -
hyeRg

fI.:f + Jrlﬁ,RE

For hy R == h,,, Ap =1




Current Series Feedback

+VC'C
Current-Series Feedback
Re
3
Without Feedback |
y j’_
—"—?l: | +
V.
Iphg, hy. + - v,
A = i - b o e ; f\} = | ‘t-'u v, “U' Rg e v,
1"",' I;Jh,f. + RF f!,'f. + R;.j *
r — V_f R&' l —
Vi — 1,Rg = =
B=—=——=—Rg - _
I, I, - =
{a) (b)

Z; = Ryl (hie + Rp) = hye + R
Z, = Re¢ FIG. 14.10

Transistor amplifier with unbypassed emitter resistor (Rg) for current-series feedback: (a) amplifier circuit;
(b)) ac equivalent circuit without feedback.

With Feedback
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Voltage Shunt Feedback 5
0
Vo @
A _—— = 0 E
R, I; s
— AW —
R, l’. '3 = i = _] <
N Irlr v-l’) i @
R, — )

V, —AAN SN f l‘ _ﬂ ff_+ oo ——— V), 1,-"” - VU B A - | E
L Vo YT T m BN s

o4 !
-! = = 8
{a) ® VU I.'c 1 _R:J D
vy T TR T R ~
FIG. 14.12 s 'l 1 1 -
Voltage-shunt negative feedback amplifier: {a) consiant-gain circuit; () equivalent circuis. —
Rin
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l I [ R.F + gnrRi}RS J

- —_ ke
(@) ) B (b = = A, = Vi, I, _ —gmRpRsRy ( 1 )
a =28 __eW Sy
YL Ve Rp+ guRpRs\Rg
FIG. 14.13 o R R
Valtage-shunt feedback amplifier using an FET: {a) circuit; (b} equivalent circuit. = _SwlDRE DR = (—g,,Rp) F

Rp + guRpRs ke + gulpRs



* For more details, refer to:

* Chapter 14, Electronic Devices and Circuits, Boylestad.
* The lecture is available online at:

* https://speakerdeck.com/ahmad elbanna

* For inquires, send to:
* ahmad.elbanna@feng.bu.edu.eg
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