cor
) i 1d Computer Engineering
linois at Urbana-Champaign

X I
University of Il

ECE 342
Electronic Circuits

Lecture 29
Feedback Examples

Jose E. Schutt-Aine
Electrical & Computer Engineering
University of lllinois
jesa@lllinois.edu

ECE 342 - Jose Schutt-Aine



Single-Stage Amplifier with Feedback

We want to determine the small-signal
voltage gain V /V, the input resistance
and the output resistance R, =R The

transistor has g = 100 +12V
Re =47 kQ
RF =47 kQ
Model as _ [ °Vo
R. =10 kQ
shunt-shunt S

V. S)__ S
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Single-Stage — DC Analysis

First determine dc operating point

V. =0.7+(1;+0.07)47 (B+1)lg +ﬂ_D?+

Solve for I using the 47 kQ

following 2 equations B H}'mr Al oV,
10 kQ + ?

V. =3.99+47I, <« 007V K,
0.07 mA

12-V,

~re
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Single-Stage — DC Analysis
We get

|, =0.015 mA . =1.5mA V. =47V
On = c = Lo =60 mA/V
V. 25

r =419, =100/60=1.666 kQ2
Rl T, = 10(L.66) =1.429 kO

11.6
R, T = 47(1.66) 1 6KO

48.66
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Calculating y,; for Amplifier

. 4
+
fr!. FE -[/rﬂ ngT Rf',' *"’j

B 1 1
R +R;||r, 10+1.6

Vi, =0.086 MA/V
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Calculating y,, for Amplifier

y21:\|/_2
1
ALY (g, -UR )vl(Rf Ir, )
" R.+R, T I "R +R,|IT.
V,(Re T,
)
) (R lIT)
y21_(gm _1/Rf)RS +Rf I r
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Calculating y,, for Amplifier

y,, =(60-0.021) =2 ~8.27 mA/V

10+1.6
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Calculating y,, for Amplifier

Ry

AAA
R J' I
o—*‘\.ﬁj\, + I‘

v V,(Rlir,) 1 1
Yo == =
V, RV, R;+(RglIr,)RV,
1 R. || T
Yio = ( | 7[)

R R, +(RqIT,)
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Calculating y,, for Amplifier

v, =429 (00295 mA/V

10(47 +1.429)
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Calculating y,, for Amplifier

| _V2 ngZ(RS ”r;z) V2
, = —=+ +

R. ( S||rﬂ)+RfJ (R IIT, )+ R,

OV,
_ |2 _ 1 gm(RS ||r7r) 1
Y2 = T
V, R (RS||rﬂ)+Rf (RS ||r7z)+Rf

Y2 __ 1, 60(1.429) PR =2.01mA/V

V, 4.7 1.429+47 1.429+47
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y-parameters for Feedback Network

/) R I,
—- / <
4 {"“ui
yll — i =0.021mA/V y22 — yll by Symmetry
Rf
Rf

From Feedback Network, we get f=vy,, =-0.021
oL ILLINOIS

ECE 342 - Jose Schutt-Aine 11



Basic Amplifier vs Feedback Network

Basic Amplifier Feedback Network
, _[0086 -0003]  [0021 -0021
1827 201 "~ |-0.021 0.021

Voo |pesic << | Yo tecdbac

amplifier network

‘ ym‘ feedback < ‘ y21‘basic

network amplifier
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Single-Stage — Small-Signal Analysis

Ry
1 AN
+ oo
R V
=V /R, * R gnVz SR |
R if RJ’H
~re
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Single-Stage — Small-Signal Analysis

The feedback is provided by R; which samples the
output voltage and feeds back a current to be mixed at
Input

V. =L(RIIR )

Vo :_gmvyz(Rf | R(:)

A:\I/—z—g (R, IR )(R.IIR, T, ) = ~358.7 kO

Transimpedance gain is —358.7 kQ
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Input and Output Resistances

I
o —> ° Va
+
|_>R3 j RS 1, %”E g V. R, R, <_|
RF}? _— — p— — =y — Rﬂ

R =R |IR, |Ir. =1.4kQ

R =R.|IR, =4.27kQ
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Determining gand A;

I_f 1 B 1 R
V, R. 47 kO —0—AAA—O

[ =

| 1+ Ap

V., 3587  -358.7

0

| 1+358.7/47  8.63

S

=—-41.6 kQ
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Single-Stage Feedback Amp
Voltage gain is:

V. V —41 0

— =2 =~-416V IV
V. I.R 10
The input resistance with feedback is:
R. 1.4

R =—1i =" 216220
1+ AB  8.63

The output resistance with feedback is:

R, _ A2 _ 4950

R
" T1+AS  8.63
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3-Stage Amplifier with Feedback

R =5kQ
R.=9 kO
1 R, 640 Q é
Rin = Rif RE’"IOOQ R,=100Q

.l-l\l-
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3-Stage Amplifier with Feegback

Model as
series-series

€3
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3-Stage Amplifier with Feedback

Gain in first stage is:

h: _051(?01”52)
Vi re1+|:RE1 [(Re +RE2):|

First stage parameters are: |.; = 0.6 mA, r,;=41.7 Q,

l,=1 mMA= r = h./g,,=100/40 = 2.5 kQ
Use 0,=0.99, R_,=9 kQ, R.,=100 Q, R.=640 Q, and
R.,=100 O

h=—14.92V IV
V
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3-Stage Amplifier with Feedback

Galin in second stage Is:

<

ch :_ng{RCZ (s +1)[r63 +(Rez I (Re +Re ))]}

C

Use g,,,=40 mA/V, R-,= 5 kQ, h,=100, r,;=25/4,= 6.25 Q,
R:,=100 Q2, R =640 Q, and Rg, = 100 Q, which gives

V
2 = 131.2V IV
Vcl
~re
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3-Stage Amplifier with Feedback

Gain in third stage is:

1, 1

0

Voo Vis  Ta+(Re, II(R: +Rgy))

, . =10.6 mA/V

V., 6.25+(100 | 740)

Combining the 3 stages

A= L =-14.92x-131.2x10.6x10° =20.7 A/V

V.
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3-Stage Amplifier with Feedback

+

V; Rp;
determining feedback

V
p=—= RE2 X RE1
0 REZ T RF T REl
[ = 100 x100=11.9Q
100+ 640+100
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3-Stage Amplifier with Feedback

Closed-loop gain:

Al A 207
" V. 1+AB 1+20.7x11.9

S

=83.7 mA/V

V. —I.R -1 R
_0 _ C_C3 _ 0 C3:_AfRC3
V., V V

S S

1//_0 _ _83.7x10°x600=-50.2V /V
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3-Stage Amplifier with Feedback

Input resistance

Ry =R (1+ AB)

R =(h +1)| 1.+ (Re [IR: +Re, ) | =13.65 kO

R, =13.65(1+20.5x11.9)=3.34 MQ

Output resistance

R
— C2
fe T
R,=143.9 Q
~re
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3-Stage Amplifier with Feedback

output resistance

Ry =R, (1+AB)=143.9(1+20.7 +11.9) =35.6 kQ
Rout — ro +(1+ gmBro)(Rof ” r7z3)
R, = 25+ (1+160x 25)(35.6]|0.625) = 2.5 MQ
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Important Remarks

1. Most of the forward transmission occurs In the
basic amplifier

2. Most of the feedback -or reverse transmission
- occurs In the feedback network

3. Care should be taken in the design that these
assumptions are valid

ECE 342 - Jose Schutt-Aine 27
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Feedback and Frequency Dependence

1. The closed-loop transfer function is a function
of frequency

2. The manner in which the loop gain varies
with frequency determines the stability or
Instability of the feedback amplifier

3. The frequency at which the phase of the
transfer function is equal to 180° will be
unstable if the magnitude Is greater than unity

ECE 342 - Jose Schutt-Aine 28
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Feedback and Stability

A(s)
As)=1; A(s) A(s)
. A(ja))
Ad(io)=17 A(jo) B(jo)

When loop gain A(jw)A(Jw) has 180° phase, we
have positive feedback

ECE 342 - Jose Schutt-Aine
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Nyquist Plot

- Radial distance is | Af]
- Angle is phase of ¢
- Intersects negative real axis at @,
/'
/
y
|

Im A

—

—

"‘H

w negative and
Increasing in
magnitude

\
(u —(:JH,,/ "k.. ’0
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Stability and Pole Location

v(t) =e™ [ e + e | = 2¢ cos(a,t)

Jw &
X s plane
o
)4
Jou A
s plane
X
@
A
Jok
¥ 5 plane
o

(c)

o ILLINOIS
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Poles of the Feedback Amplifier

Pole location Frequency response

Jjo A dBA

20 log (1 + AyB)

s plane | Ay ¢ r\\\:gh\\ Al
| Afl
0 | Agol ;

- -
o

LW -
/\L L p ﬁ.l e
(

S
vpr — wp(l T AyB)

(a) (b)

Poles are the roots of the Characteristic Equation
1+ A(s) A(s) =0
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Single-Pole Amplifier
A(s)= 2

1+s/ @,
Closed-loop transfer function is:

A (S): A1+ ApS)
f 1+s/w, 1+ Ap)

Feedback moves pole along negative real

axis to App

W = Wp (1+ Aoﬁ)
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Two-Pole Amplifier

A
Als) = (1+s/ wpy)(1+5s/ wp,)

Closed-loop poles are found from 7+A(s)f = 0

S*+S(Wpy + @, )+ (1+ A ) Wpyp, =0

Closed-loop poles are

1 1
S = _E(G)Pl T wpz)ia\/(wm T wpz)z - 4(1+ Aoﬁ)wmwpz
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Two-Pole Amplifier Root Locus

Jo 4

/’_--..._ﬁ wel '1'__“_%;;
3 >~ 2

# 5 plane

ra o A

— W py L

¥

- Loop gain increased

- Poles are brought closer together

l-fu-
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Gain and Phase Margins

Gain Margin: 4B

Difference between value of
|AB | at @4, and unity

Phase Margin:

Difference between value of
phase when | A |=1 and 180°

If phase angle at frequency when
| AB|=11is less than 180°, amplifier is
stable, otherwise, amplifier is unstable

Phase angle of A

o ILLINOIS

—90°
=180
—270°

—360°

dB A

Gain margin

Wign

ful

-
w (log scale)

— -

Phase margin
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Stability Analysis and Bode Plot
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dB A
4|

100 1(”* al
oo | 20 10p 4P %

—20 dB/decade

80 - 11_P log 1/ =
85 dB (stable)

70 |-
20 log 1/8
Gl B

50

f (a)

25 dB gain margin

ﬁgc —40) dB/decade

20 log 1/ =
40 50 dB (unstable)

30+

20—

- (b)

/ —60 dB/decade

| | —

]Ot’u
f1x

107 \10*" f(Hz)

| 1 -

|
|
|
|
|
|
|
|
|
10 = | Jiso
!
|
|
|
|
| 10°
|
|

10" 10° f(Hz)

—108°
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