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1 Basic Concepts

LOAD

Signals (w) can be a voltages or currents.
Definitions:

e The output signal is wo.

The feedback network, 5 is normaly pasive resistor two-port network.

Fundamental feedback equation:

wo = Ayrw; = Anp(wg — Bwo)

ANF ANF 1)

= —-— pu— A p—
wo 1+5ANFwS FWg D

Anr is the non-feedback gain, but must include loading due to the feedback network.

The loop-gain or return ratio is defined as the product SANF

The quantity D is called improvement factor or return difference.

e For Ayp > 1,

1
AF%—

B

Since 3 network is sometimes implemented as a resistor voltage or current divider,
— when the loop-gain is much larger than unity the feedback amplifier gain is independent of
amplifier params
— resistance errors tend to cancel.

- variations with temperature cancel
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Figure 1: Four feedback topologies.

Sedra’s naming series-shunt | series-series | shunt-series | shunt-shunt
Handout naming voltage-series | current-series | current-shunt | voltage-shunt

Output (sampled) signal voltage current current voltage

Input (feedback) signal voltage voltage current current
model h z g y

B o lin=0 7 =0 2 Joi=0 L =0
Af Ay Gy _Ar Ry

1+B8Ay 1+8G M 1+8A; 1+8R M

Ris Ri(1+ BAv) | Ri(1+BGw) e TRy

R,y e Ro(1+ BGwn) | Ro(1+ BAp) T

Table 1: Feedback amplifier formulae.

2 Feedback Topologies

There are four feedback topologies, identified by the output signal being sampled (voltage or current) and
the signal subtracted at the input.
Examples of the four topologies are shown in figure 1.

2.1 Summary of Feedback Formulae

For each topology, a different gain must be used when applying the basic feedback formulas. These are
summarized in tables 1 and 2, which are equivalent to the textbook’s table 8.1.

2.2 Analysis Method
The following steps can be followed to apply the feedback method to analyze an amplifier.

1. Identify the type of feedback being used.
2. Draw a diagram of the feedback network.

3. Find the R, R22 and 3 parameters that correspond to the type of feedback.



Sedra’s naming | series-shunt | series-series | shunt-series | shunt-shunt
model h z g y
input source Thevenin Thevenin Norton Norton
output source Norton Thevenin Thevenin Norton
Ry 7 lva=0 7 lis=0 7 lis=0 7 lva=0
g o lin=0 7 lin=0 & lvi=0 o or=0
R 7 li=0 7 lin=0 2 |u=0 22 [y, =0

10.

11.

Table 2: Summary of textbook feedback formulae.

. Draw a diagram of the non-feedback amplifier, including R1; and Ra2, Rsi4 (the source’s Thevenin

or Norton resistance) and Rroap. Assume caps are shorts. Remember to use the correct type of
input source (current source for current-mixing topology, and voltage source for voltage mixing

topology).

. Find the non-feedback amplifier gain that correspond to the type of feedback being used (i.e. voltage

gain Ay = Vot / Vin, current gain A; = lout / 1;n, trans-conductance Gy = tout / V;n, OF trans-resistance
Ry = Uout/iin)-

. Find the non-feedback amplifier input and output resistance, R; and R,

Find the feedback amplifier gain, input and output resistance.

Vo

Find the feedback amplifier voltage and current gains, A, = e and A4; = %' respectively, where

vs = Rgigis and Ry, represents the source’s Thevenin/Norton resistance.

If the problem asks for the resistance seen by the load, subtract Rpoap from R,;. For current-

sampling topologies this generally means to subtract the resistance in parallel (i.e. Rpyt = —————1—

Roy  RpoapD

where R,,; is the resistance “seen” by the load.)

If the problem asks for the resistance seen by the load, subtract Rpoap from R,;. For current-

sampling topologies this generally means to subtract the resistance in parallel (i.e. R,,; = S S

Rof  RLOAD
where R, is the resistance “seen” by the load. For voltage-sampling configurations, generally

Rout = Rof — Rroap.

If the problem asks for the resistance seen by the source and its resistance, subtract R;, from R;;.

For current-mixing topologies this generally means to subtract the resistance in parallel (i.e. R;, =

——L — where R, is the resistance “seen” by the source and its Norton resistance. For voltage-

Rif N Rsig
mixing configurations, generally R;, = R;; — Rsig.

The following four circuits are examples of feedback amplifiers that use discrete components. Use
rx = 11002 and 3 = 50.




221 Amplifier 1
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ANSWER:

1. Feedback is voltage-sampling, voltage-mixing.

2. The feedback network is:

iy 4.7k I
[ VWA o

+ +

v, 100 v,
o, O

3. For voltage-sampling, voltage-mixing,

Ry = % |og—0= 4.7k || 1002 = 9802
1

Roy = % liy—o= 4.7k + 1002 = 4.8k
2

1002 1

U1
2 vg‘l 07 4.7kQ + 100Q 48/

4. The non-feedback amplifier is:

Vs
4.8K]14.8k
=2.4kQ

33KQ||47kQ||10kQ =
=6.6kQ

47kQ||150kQ
360

5. The voltage gain is

Rin
A, = ————— XAy X Ay
10k + Ry 0L Ao
50
Avg ngRCQ 110092 kQ 09 V/V

Ra = 6.6k | rro = 6.6kQ || 1.1kQ = 9430



Ry =
Ry =

8. The voltage gain has been found. The current gain can be found from the voltage gain by observing

that i, = —v,/4.7k€), so that

2.2.2 Amplifier 2

ANSWER:

__gmBa
14 gmiRer
509430
__T10007F0%°
1+ 11905980
—7.86V/V
36k || (rr1 4 (hper + 1) Rer)

36k || (1.1 + 51 x 98Q)

52140
5214
R, = 10kQ+ R;, = 152140
R, 2.4kS)
Ay
14 BA,
294 294

= =41.3V/V
1+ 45294 712 /

Ri(1+ BA,) = 7.12 x 152140 = 108.3k)
R,  24kQ

= = 0
1+ B4, 7.12 337

lo
 0o/4.TKQ
vs/10kS2

10
— A,
4.7

— —87.94/A

50Q

1. The feedback type is current-sampling, current mixing.



2. The feedback network is:

iy, 1200 L2

50

Ry = z’i lis—0= 12500
1
Roy — ;’2 o1 —0= 120092 || 50Q = 489
2
i 50 1
= O = —_—A/A
p i hi=0==7555 = ~254/

5. For this amplifier the non-feedback gain is 4; = z—‘s’ Observe that i, = ic2 = hyeipe, Using Ripa =
72 4+ (hfe + 1) Rea = 1.1EQ 4 51 x 480 = 3548(, a current divider on the base of ()» yields

iy 3000
M2 T = 046
i 6548

where the negative sign accounts for the fact that current flows into the collector. Similarly, for @1,
ic1 = 50ipy
Another current divider at the input gives

i 612
2o 22— 0.36
is 1712

Thus

’l;o

is

= 0.36 x 50 x (—0.46) x 50
= —414A/A

6. The input resistance is
R; = 1.1kQ || 6120 = 393.20)

The output resistance that should be used in the formulae is the resistance seen by an ideal load (a
short) at the point where the output current is being measured, i.e. by the piece of wire between Y;

and Y5.Thus
1.



7. Now we can apply the feedback formulae:

Ay

Rop

A;
1+ 5141
—414A/A
1+ 5414
—414A/A
17.56
R;
1+ 5141

393.2Q
=224
17.56 2244

Ro(1 + BA;) = 17.56 x 128.40)
2255

23.64/A

8. The current gain has been found. To find the voltage gain, use v, = —50012 x i, and vy = 12002 X i,

so that

Ay =

2.2.3 Amplifier 3

_ 500
1200

iy =9.8V/V

ANSWER:

1. The feedback type is voltage-sampling,

current-mixing.

2. The feedback network is just the 40k2 resistor,

3. The feedback parameters are:

O, —0= 40kO

a1
U2

- |'Ul:0: 40kQ

2
1

i B
o =0= 409

V2

4. The small-signal equivalent circuit for the non-feedback amplifier is



Vo

I\: kQ||40kQ
i &=vd 10k 1
40kQ|I0kQ =

5. For this amplifier the non-feedback gain is ); = 2. Observing that
Vo = —3636 X ic = —3636 x 50 X 4

and that g
ib = 972'8
yields

8

6. The input resistance is
R; = 1.1kQ || 8kQ = 9672

The output resistance is just about 3636¢2.
7. Now we can apply the feedback formulae:

Ry
1+ ﬁRM

— 160k
1 + 157 LOOKQ
— 160k

= ——— = —32kQ
5

R;
1+ B8Ry
= 9T 540
5
R,
for = 5 + BA;
= T27Q)

Ry =

8. To find the voltage and current gains, use v, = 4k X i, and vs = 10kS2 x iy, so that

_ Rmy

= =—-3.2
of = ok VIV
and R
Ay Q) 8A/A



224 Amplifier 4

VCC
Q
Rey Re, I"l Res
5kQ 7.5k 5kQ
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R
v Q LTI L _1raq
600Q ™ j ™
Vg RM b=
20kQ
R, R
= %2009 %330(2

ANSWER:
1. The feedback type is current-sampling, voltage-mixing.

2. The feedback network is

a4, 20k -2

o VA o

+ +
V2

Vi <200 330

3. The feedback parameters are:

Ry = % liy—0= 20082 || 20kQ2 ~ 1980

1
Roy = Z’l i —0= 3309 || 20k =~ 325

2

V1 20002 x 3302
= U = X 391174
b ia lir=0 20.53k 3:21v/

4. The small-signal equivalent circuit for the non-feedback amplifier is

5. For this amplifier the non-feedback gain is G = ;—DS Observing that
o = 13 = hfeipz = 500p3

To find the current gain 4,/7;;, we can apply the current divider rule at the bases of ()2 and Qs.



Ring = 1.1EQ+ 51 x 325Q = 1767582
b3 7500

= —— =-0.3
1e2 25175
Ripa = 1.1kQ
152 5000
B T =082
Tel 6100
fo 50 x (—0.82) x 50 x —0.3 x 50 = 307504 /A
b1
Now use
. Vs Vs
iy = —
L7 60002 + 11009 + 51 x 198 11.8kQ
gives

Gy =2 =264/V

Vs
6. The input resistance is
R; = 60012 + 11002 + 51 x 1982 = 11.8k2
The output resistance is that seen by the short between Y; and Y3,

11002 Q
R, = 3250 + 00 ;_17500 = 494Q)

7. Now we can apply the feedback formulae:

Gy
1+ ,BGM
2.6A/V
1+ 3.2V/A x 2.6A/V
2.6A/V

= =0.284/V
9.3 /

Rif = Ri(l + ﬁGM)
= 9.3 x 11.8kQ = 109.7k2
Rof = 9.3 x 4940 = 4.6k

Guyr =

8. To find the voltage and current gains, use v, = —500092 x i, and vs = 6002 x is, so that
Ay p = —5000Q x Gy = —1400V/V

and
Aif = 60082 x GMf = 168A/A

3 Benefits of using feedback

Advantages of using feedback:

e Reduced sensitivity to parameters

e Increased bandwidth

e Reduced distortion

e Improved input and output resistance

Cost of using feedback:
reduced gain.

10



3.1 Feedback and Sensitivity

g4 — E%
P Aqp
For a feedback amplifier,

gAr P dAp

P Ap dP

A

_ i%
Ap dP

P d Anr  dAnF
Ap dANp 1+ BANF  dp

. P dANF 1 BANF
~ Ap dp (1 +BANE  (1+ 5ANF)2>
P dAnr BANF
~ Anp dp ( B 1+/BANF>
B P dANFp 1
 Anp dp ) 1+ BANF
A
= S 1+ BANF

Sensitivity to any parameter or factor is reduced by the improvement factor.

3.2 Feedback and Low-frequency Response

non-feedback amplifier gain: approximated by a zero and a dominant pole
Let the zero be at the origin. Then

S

ANF(s) = Apid——
NF(S) ds+wL

The feedback gain becomes

Ap(s) = — T
ApidS
s+ wr + BAmids
Amids
S(l + BAmzd) + wr,
Amid S

X
1+5Amld S+1+§%

Low-frequency cut-off is reduced by an amount equal to the improvement factor.

3.3 Feedback and High-frequency Response
non-feedback amplifier high-frequency response is represented by a single pole,

WH

Anp = Apig—t
NF mzd8+wH

then

Amid o
A _ stwg
) S B

WH
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Amidwn
s+wyg + BAniqwH
Amidqwn
s +wpg(1+ BAnid)

Apmid " wr(1+ BAmid)
1 + 5Am1,d s+ wH(l + 5Amld)

high-frequency cut-off: increased by the improvement factor.

3.4 Feedback and Distortion

Non-linearities: cause its input and output signals to differ in shape.
Nonlinearities + distortion: wp

W,
2 3L0AD
wo = wp+ Anrw;
= wp + Anr(ws — fwo)
wp ANF

Non-linearities: are reduced by improvement factor
Noise: might not reduced because more stages are needed
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