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Lesson #4

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
lg
SR =7~ _ SR
eq Sine wave Vin_out = min <E Vsat>
Vout
Vm_out
f
Vin Vsat
Vout_sR
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Rq

Input Impedances

Va/2 vi

Vour

Vd=V1—V2

V2
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Input Impedances
Differential

VCC

V
hie = I_T (hfe + 1)
e

Ry=2h;, = zf—:(hfe +1)
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Input Impedances
Common-mode

1
Ry, =—
ouT foe
I = Rem=2R,(hse + 1)
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Common-Mode Rejection Ratio (CMRR)

Vem =0 Ri A AgA,A
cm ,\/\/\/ CMRR = d — a<1243
v Ry Aem  AcmAzAs
in AAA 2 -
Vour
A
+ . Vi+V,
cm — 2
V, Va=V1 =V,
Vin
Va
Vout.em = AemVem = Acm 2
R
Vem = Vin 2
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Common-Mode Rejection Ratio (CMRR)
Ve =0 Ri
o AAYAY 4 A
v R (v, Vout=AcmVem*tAaVa
in AAA -
Vour Reflected 1o i
L Vout_ Vem eflected to input
Vi + Aq " CMRR d (as done to ALL non-idealities)
Vin
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Blackman’s Theorem

_ 1+BAsc
ZF_ZNF
1+BAoc

Current feedback

Voltage feedback
Zp=Zyp(1 + pA)

—_ZNF
F™(+pa)
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Effect of feedback
Voltage feedback OUtpLIt Impedance Current feedback
Vi
Vin Vet llm
Vo
R
v
1+BAsc

SC

Z =R
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Effect of feedback
Example
[dB] Vi
A _
100} —>= WD,
|
|
|
|
40| | K
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| ’l\ R1=10k
| R0=100
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Linear regulator
" Low-Drop Out (LDO)

LM317 020
v, — INPUT  OUTPUT |\ ——8—————)

SR

ADJUST < -

52400 VIN VouTt
% R2

‘ 24 k0

Copyright @ 2016, Texas Instruments Incorporated

VREF
Input
1

ﬂ}——

Zout_F

Over Temp &
Over Current
Protection

Z Load
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Effect of feedback

Vin( ) Ve + A ﬁ \ ’\5\1/\/
Rz

Input impedance

VOUT

1 Ve VOUT

+
Vf R2
\4

A\

Parallel (current) summation
Series (voltage) summation

—_ZNF
Zin P11 gy

Zin p=Zyr(1 + BA)
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Input Impedances

Ry Ry
R R
Vin A AZA Vs _ Vi _/\/\2/\ -
Vour v | Vour
Vile Ry+7 Yy : +
m 2 + (1+BA) 2
Ra
A Rin 1=R;
Vin Rin 2=R3+R,

Rin_12=R2tR3

R, Rin=Rq(1+ BA)




4/15/2018

é *  Prof. Mor M. Peretz Analog Electronic Circuits 361-1-3671 [15]
ClE u c g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
Difference Amplifier
Ry
\L\/R\Z/\/ R
- 1
V
S | Vour AN
V2 3 - R
+ 2
Vy VW ) Vour
R4 — 1t R3 Ve —
A +
Va
+
R, Re
Vout 1= _Vl <R_2> _
V, Vol=——|({1+—
e =V () (14 7
R _Rs
R R
Rl 1 4
Vour = R_ (VZ Vl)
2
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Instrumentation Amplifier
Ry
Vout = R_ (Vamp_b - Vamp_a)
2
L _hh
X Rx R
1
R,
Vamp_b - Vamp_a:Ix(Rx + Ra + Rb) l\/\/\/ - Vour
R3 Ve -
A +
R4 R, + Ry
Vout = = V2 = V1) (1 + aT) R4
2 X
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Loop-Gain
Nyquist Criterion

Apr(s)

Ao = T80,

the right half of the complex plane
* Nyquist criterion is a test for location of {1+BA,, (S)} roots
* Nyquist criterion can be viewed on the frequency domain (Bode)

The system is unstable if the characteristic equation {1+B8Ag, (S)} has roots in
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Loop-gain on the frequency domain
ILG| [dB]
f BA() X [ ) o
o ﬂ =
Ad
\\\ f |
0 < > In negative feedback
N\
. systems ¢ =180°(-180°)
At -0
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Bode plot
[dB]a Phase margin
BA
PA/=1
S/ f
n¢°
0 f
\ gl
\ ~ on .
180 "(Pm Pm = PpajL — (-180°) = Ppai1 +180
- '
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A[dB]

Graphical representation of BAg.
conventional method

AB[dB]

f [Hz]

B[dB]

f [Hz]

—Heeccccccccccaa
—hjpeccccccccns

A=y

L f[Hz]

f

f
3 e Tedious — need to re-plot BA

e Analysis (not design) oriented
e Requires iterations

10



4/15/2018

-

PE 13
- ‘> g

GU

Prof. Mor M. Peretz Analog Electronic Circuits 361-1-3671 [21]
THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL |IC, BEN-GURION UNIVERSITY

Graphical Representation of BAg,

20log A — 20log é =20log(BA)
A[dB]

20logA = 20Iog% =B-A=1

BA >
s
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Possible compensations
Rate of Closure (ROC)
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Overshoot and Q in Closed Loop
in Response to step in S,

1 I Excitation
(\ A . _Overshoot
v ,/COS
v ( Q;,iq)m for ¢,, <50°
sing,,

“ACL

N\ Q

\\ . f Design target @, > 45°
4 Overshoot
> O
50°
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