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Vorlesung 3
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Karlsruher Institut firr Technelogie

* Rickkopplung — nichtinvertierender Verstarker

* Impedanzen und RK

* Integrator (Millereffekt)

* Bode-Diagramm und Stabilitat (Nyquistkriterium)

* CMOS Circuit Design, Layout, and Simulation, R. Jacob Baker, John Wiley & Sons, 2008

Float

THIRD EDITION

Water level to be sensed

Remave a cup of water
if the water level is above

Ei ka -~ the line.
ucket
\\H‘,
Figure 17.2 Changing the water height ure or voltage) into a water flow (current)

using the float and valve. The delta comes from the difference in the number
of cups we remove from the bucket with the water we add to the
bucket. The sigma (sum) is the storage of the difference in the bucket.

R. JACOB BAKER

IEEE Serias on Microslectranic Systems

@WILEY QIEEE
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Ruckkopplung
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Zusammenfassung Formel fur RK SKIT
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*  Af—Kreisverstarkung (Verstarkung mit RK)
* FF —feed forward (Vorwartsverstarkung)

* Ain — Verstarkung im Addierer

* Aol - open loop gain (Leerlaufverstarkung)

*  bA- Schleifenverstarkung
Cfb

cin Zout

-Avin
vsig vout

A =v_O_FF + AvAo;
Ty, 1- BA

PA=p Ay

Design analoger Schaltkreise 4




Verstarkung mit Riickkopplung T

nnnnnnnnnnnnnnn

Measurement-point - blue

HHJ —

A/JV 1= /J\/

Test-source - red .

A, =FF +A1_NAO£
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Impedanzen mit RK

Short circuit ‘
—— ——
A A

Open circuit

!

Design analoger Schaltkreise

g

—
A7

Short circuit

—

A

!

L@

_p 1 BAC
Rour =R g

nnnnnnnnnnnnnnnnnnnnnnnnn




Thevenin Theorem

/ Rout
101Q
1'2Vi f Leerlaufspannung - Afb

Design analoger Schaltkreise

uuuuuuuuuu




Thevenin Theorem KIT
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Noninverting amplifier
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Xs

Differenzverstarker /JV

Measured signals are in blue

Independent sources are in red AF :FF"'AWA_) AW
1- BA - B

Design analoger Schaltkreise

) & €




Noninverting amplifier - Feedback T

nnnnnnn

=)
I
ot

T

Spannungsteiler
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Input network gain IT

nnnnnnnnnnnnnnnnnnnnnnnnnnn

Design analoger Schaltkreise 11




A FB IT
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Xs

Differenzverstarker /JV

) & &

Measured signals are in blue

_FF +AINA_) Ay R +R,

To1-pA -8 R

Independent sources are in red
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Open loop gain IT

nnnnnnnnnnnnnnnnnnnnnnnnnnn

>T

Vi Vi

ceee +
E Rour
+

Vo

=W
o
ek

Spannungsteiler

Design analoger Schaltkreise 13
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Feed forward KIT
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Gain with feedback KIT
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R +R,
A, EXO _FF+A\A _ R +R, +R,; JR*+R
X 1- pA 1+ R +R, R G R,
R +R,+R,,; R *+R,

ROUT

+
+

GU,, Vo
RZ

1 /\/ 47

<

A4

1
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Non-inverting amplifier
output resistance
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Impedanzen mit RK IT
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+
ROUT
+
vre| + §GU'N l T
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Rout mit RK IT
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Ohne RK
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Zin mit RK

uuuuuuuuuu

19




Impedanzanpassung IT
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Schwache Quelle Impedanzanpassung

+
=
ZIN +
) GU,,
RZ
A 4 Grof3e Last

<

A4

]

1
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Design analoger Schaltkreise

R, Without amplifier N

nnnnnnnnnnnnnn
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Short-circuit loop gain IT
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Open-circuit loop gain IT
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R, With feedback T

-~ Rour

R
ROUT < Rl’ RZ OUTFB @ 10,100 fiir prazise Verstarkung
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Non-inverting amplifier
Input resistance
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Z,, with feedback IT

\
Oy
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Z,, Without amplifier KIT
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\
24

Annahme Zin klein
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Open-circuit loop gain IT
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Short-circuit loop gain IT

nnnnnnnnnnnnnnnnnnnnnnnnnnn
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Z,, with feedback IT

\
24

Annahme Zin klein
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Afb ~ 1/Beta KIT

uuuuuuuuuuuuuuuuuuuuu

* Die Verstarkung mit Gegenkopplung ist nur durch die Starke der Gegenkopplung bestimmt

V hoch Impuls
1~R verdrive

] ReaktiLn £
V niedrig

1 1 1
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Virtuelle Masse KIT

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

*  Virtuelle Masse am Eingang des Verstarkers

Cfb
. in=0
Cin 5 O
Tvsig — Tvout
Vin=0
Konstantes Potential
vsig
vout
1/Cin
|< > 1/Cfb
Zin ) Zfb
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Eingangsimpedanz ohne RK AKIT
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Eingangsimpedanz ohne RK

Kondensator
| Ladung
I
Strom
ﬁ

§ L&
ﬁ—(; ﬁ@ —
] -

O % QO

O
)
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Eingangsimpedanz mit RK N

nnnnnnnnnnnnnn

* Eingangsimpedanz mit RK

e

/
2wl E

YR
/

Kondensator zwischen +-
Ladung Konstant

Design analoger Schaltkreise 34
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Ausgangsimpedanz SKIT

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

* Ausgangsimpedanz mit RK
Ausgangsspannung steigt

—q = ?3 —
Anfangs schwache R
Hoher Strom
G G Lastkap. wird schnell aufgeladen

O O

P E

Design analoger Schaltkreise
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Integrator
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RK und Zeitkonstanten AT
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. Einfluss von RK: Zeitkonstante wird kleiner

2010g(A&)))
A PER
1 >
Al A
1/t BA[T log(w) I
Vout (t) A A(S) _ - A
1+st
Al BA
1|BA 3t t
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Verstarker ohne RK AT
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Anfang: Verstéarker ohne RK

As) =—2
Rin 1+st
:—_E \Zn j/v ut = A(s)vin
O T [ DA e
- I e
H(s) =- :
(1+sRyCpy )1 +57)
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Verstarker mit kapazitiver RK SKIT
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*  Verstarker mit kapazitiver RK

Rin
— 1 m
C) £ \/i}(iVout = A(s)vin
Cin
— — T
LS
(L+s?)1+5?)

H(s) =-

Design analoger Schaltkreise 39




Feedback-Analyse

Feedback Analyse
Ao =A(s)
1
A =
" 1+sRC
SRC SRC
A = = A(s
A 1+sRC for 1+sRC (5)
I©
| |
—I:IR—
Vsign{) \;rin \/T}Cylgut = A(s)vin*
— A S —
1
H(s) =- A
A+s?)1+s?)

Design analoger Schaltkreise

A(s) =

-A
1+st

uuuuuuuuuu
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Feedback-Analyse (2) AT
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Verstarkung mit RK

1
A(s
:AINAOL — ()1+SRC
FB
1+ A, 1- A(s) SRC
1+sRC
1 © A —_ 1+st1+sRC
A FB A  sRC
1+
1+st 1+sRC
R
il
o I N
41
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Feedback-Analyse (3) KIT

uuuuuuuuuuuuuuuuuuuuuuuu

Zeikonstanten

A 1
1+st1+sRC > Ay = - A
App == pr " (L+s7)(1+sRC)+sARC
1+ \
1+st 1+sRC
sT1l+s A A
B 1+sTt+sRC+sARC +s’RCt
klein  klein GroR GrofR fur HF
< \
i A = - A
" 1+sARC +s*RCt
R 5 X
-A
b 1Pl < A
1 (1+SARC)(1+s—)
GrolRRe T-Const A

Kleiner als ohne RK
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Bode Diagramm SKIT
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*  Zeitkonstanten
20 log(ﬁ A(w)) Dominante T/Polstelle — bestimmt Signalform
Grol3e DC Verstarkung
A
Zweite T — bestimmt Stabilitat
RAC log(w)
v
T/A
s ]
i 180
R 90
- 5
0 PR o
- - | Apg = T
(1+sRAC)(1+s—)
GroRRe T-Const A

Kleiner als ohne RK
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Multiplikation von Cfb IT

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

T=RC T=R*AC
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Millereffekt KIT

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

| |
—
C
i |
U C
-U(lfA)
_1 MLect:er > 4\ Uout
U=-—TI Uin
C U
1+A)
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Millereffekt KIT

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

—_] A
2E
—
I
C(A+1)
Design analoger Schaltkreise 46
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Millereffekt KIT
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o)

v
0
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Integrator AKIT
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* Integrator

I Cfb

A Cfl

Rin

—>

Design analoger Schaltkreise

O oK

vin

Apg =

Vout = A(s)vin

- A 1

e Tl —

(1+SRAC)(1+ s%) SRC

48
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Bode-Diagramm und Stabilitat
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Bode Diagramm SKIT
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* Bode Diagramm

dB Amplitudengang
‘/ Polstelle
201og(BA(w)) B
/ Asymptote
wG log(w)
Gain Crossover
Phasengang
180
0.1*wp W 10*wp
90
Phasenreserve

Design analoger Schaltkreise S0




Stabilitat (Nyquistkriterium) AKIT
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*  System ist stabil wenn die Phasenreserve > 0 (Phasenanderung < 180)

dB Amplitudengang
‘/ Polstelle
201og(BA(w)) B P
1
/ Asymptote
wG log(w) A = FF + A Ao
p =
Gain Crossover 1- BA
Phasengang /
Das Polynom bestimmt Eigenverhalten des Systems
180
0.1%wp| | 10*wp
90 —
v(t) —Z c; exp(At)
Phasenreserve p
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Instabil T
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* Phasenénderung = 180 -> Oszillator

2010g(BA®)) 14, P
1
Schlgcht fir Stapilitat
Zeitkonstanten nah ginander
+1 log(w) A =FF + A Aor

F 1- BA

e

Das Polynom bestimmt Eigenverhalten des Systems
180

1-1

v(t) :Z c; exp(At)
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Stabil KIT

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

* Phasenreserve 45°
* Beispiel: beta A =100, die zweite Zeitkonstante soll 100 kleiner sein als die dominante T

etrennt

_FF+AHVAOL

w2x100w1  log(w)

201og(BA(w))
100 . Gut fur Stabilitat
Zeitkonstanten
wl
180
90

F 1- BA

Design analoger Schaltkreise
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Stabil KIT
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201og(BA(w))
100 .Guthr abilitat
Zeitkonstantenygetrennt
w1 w2x100wl  log(w)
B
180 H <
90
R
[ | A —
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Zusammenfassung AT
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* Rickkopplung — nichtinvertierender Verstarker

* Impedanzen und RK (Beispiel Nichtinvertierender Verstarker)
* Rin wird hdher, Rout niedriger

* Integrator (Millereffekt)

* Kapazitat wird multipliziert

* Bode-Diagramm und Stabilitat (Nyquistkriterium)

*  System ist stabil wenn Phasenreserve > 0

* Trennung von Zeitkonstanten ist gut flr Stabilitat
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