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Slew-rate (summary) Outline

Input Impedances

~ Differential

~ Common-Mode
CMRR

Effect of feedback on impedances
— Blackman'’s theorem
~ Output
+ Current and voltage feedback
~ Input
« Series and parallel summation
Instrumentation amplifier
Stability
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Transient response
Slew-Rate

Sine wave v, = R,
mout = min{ 77 Vsat

Vim_out

Ve
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Input Impedances
Ry
+ Wi+
em ==
Ren Rem Va=V, -V,
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Input Impedances
Differential

v
hie =7 (hye +1)

hie = 277 (hye + 1)
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Input Impedances
Common-mode

1
Re=—
e
= Rem=2Re(hye +1)
Vee
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Common-Mode Rejection Ratio (CMRR)

Ry

Aa _ Aahrhy

CMRR =

Aem AcmAzA
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Common-Mode Rejection Ratio (CMRR)

Vom = 0 Ry

Vour=AcmVem*AaVa

Reflected to input
(as done to ALL non-idealities)

Vout_ Vem
Aq CMRR +Va
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Blackman’s Theorem

— 1+BAsc
Zp=Zyr
1+BAoc

Vin Ve
Vi
Voltage feedback Current feedback
7= ZNF -
FGapa) Zp=Zyp(1+ BA)
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Voltage feedback

Effect of feedback
Output impedance

Current feedback
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Vi Vour Ve [t
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54
1+B4Asc 1+f4
Zout F=Ro——— 7 =R, tBAsc
out_ 01+BADC out_F 01+31400
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Effect of feedback
Example
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Linear regulator
Low-Drop Out (LDO)

Vout

> VRer

Zow e

Vout

Zioad




4/15/2018

Prof. Mor M. Peretz Analog Electronic Circuits 361-1-3671 [13]

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

Effect of feedback
Input impedance

Series (voltage) summation

Zin r=Zyr(1 + BA)
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Input Impedances

Ri+1o
g ~ Fe

R, Rin=Rq(1+ BA)
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Difference Amplifier

Ry
— R,
v | RV Vour

Va2
R Ra
Vour1 = V1 R,

Vourr = Vo () (14 22
ouz = Ve |\ gy R I

R;
Vouw = 7 (V2= 10)
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Instrumentation Amplifier
Vi
Ry
Vout = 5= (Vamp_p = Vamp_a
it R, ( p_b p_ )
Vi—V,
ozt
e Ry
R,
Vamp_b = Vamp_a=lz(Re + Ra + Rp) Vour
R, Vil
Ry Ra +Rp
Vou =7(V—V)(1+7 R
¢ =g, V2~V R 3
A
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Loop-Gain
Nyquist Criterion
_ Ao (s)
A= O T a0 ®

+ The system is unstable if the characteristic equation {1+BA, (s)} has roots in
the right half of the complex plane

+ Nyquist criterion is a test for location of {1+B8As, (s)} roots

« Nyquist criterion can be viewed on the frequency domain (Bode)
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Loop-gain on the frequency domain
ILG| [dB]

IB(F)A(E)
f
I
+180 ——~
\\ .
0 In negative feedback
systems ¢ =180°(-180°)
At -0
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Bode plot
[dB] Phase margin
BAl
BAI=1
y f
f
0
\ _ 0y _ o
j‘*’"‘ @ = Ppays —(—180°) = @, +180
-180 YL
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Graphical representation of BAg,

A[dB] conventional method
I AB[dB
A [dB]
f [Hz]
B[dB]
B
P f[HZ)
L f T )
e Tedious — need to re-plot BA
e Analysis (not design) oriented
e Requires iterations
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Graphical Representation of BAq,

20logA —20log é = 20log(BA)

A[dB]
A 1
20logA = 20IogE =B-A=1
LG(f)=BA BA=1

pd 1

B
BA> BA<1

f,[Hz]
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Possible compensations
Rate of Closure (ROC)

0Dlic

Al

~20%fec
I’
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Overshoot and Q in Closed Loop

in Response to step in S;,
Excitation
. : Jcose,,

sing,,

¢ Q= for @, <50°

f Design target gp, > 45°

Overshoot
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