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Spannungsverstarker AT

* Einfaches Beispiel
* Stromquelle angeschlossen an die Parallelschaltung von R und C

* Tiefpass Z
Log A
1/RC
Vin —>
/ = R
1+ sRC
R
Vout :IZ —- gm‘/in
1+sRC
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Spannungsverstarker AT

* Einfaches Beispiel
* Stromquelle angeschlossen an die Parallelschaltung von R und C

* Tiefpass Z
Log A
1/RC
Vin —
+
- gmVin R__C
Vin \_’TJ
GmR — R
Vout / \ C groR 1+sRC
R

GmR V., =1Z=-g.V

out in
Vout / \ C klein 1+sRC
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Spannungsverstarker

* Reale Schaltung: Single-Ended Spannungsverstarker (vereinfacht)

* Ausgangsstrom lout
* Ausgangsimpedanz Zout

— [ Tload

Vout

Vin _
g [ Tin Cout
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Spannungsverstarker AT

* Norton‘sche-Ersatzstromquelle

Schaltung 1 Schaltung 2

[ —

Vin [ lout Vin ' Zout Vout = Zout lout

Design analoger Schaltkreise 7

e




Spannungsverstarker

* Single-Ended Spannungsverstarker (detailliert)
* Kapazitaten eines MOSFETS

— [ Tload

Vout

Vi _
[ Tin CL
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|| Cdg
| | Cjd
Substrat
47 I
Ci
Cgs
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Spannungsverstarker AT

* Kapazitat Cdg: Gegenkopplung und feed-forward

— [ Tload

/ Vout
\
Vout (|| cdg
Vin | /

Vin _ T
[ Tin et C ijd
i gmVin Rds_in CL
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Spannungsverstarker AT

* Parallele Kapazitaten werden zusammengefuhrt
* Effekt von Cdg

Rds_lgad Cjd_load

|
Vout
4 H Cdg I Cd
Vin Vin Vout
c | L Cy Cid_gli+cL
gmVin Rds_in CL gmVin Rds in |Rds_load
N I
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Spannungsverstarker AT

—

Vin l Zout Vout = Zout lout

|

Vout
Cjd_all+CL IouEt I
mVin  Rds_in || Rds_load
| =gm Vin

lout = (-gm + sCdg) Vin

Design analoger Schaltkreise 11




Spannungsverstarker AT

— —O.
Vin 1= jout Vin l Zout Vout = Zout lout
Cd
Vin Vout
. <«
Cjd_gli+CL Zout

gmVin  Rds_in || Rds_load

Zout = Rout Cout / (1 + s Rout Cout)

Rout = Rds_in || Rds_load
Cout = Cjd_all + CL + Cdg
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Spannungsverstarker AT

)

—

vin | — lout V'nl Zout Vout = Zout lout

LogA
gmRout

1/RoutCout Gm/Cdg

\ Cdg/Cout

Zout = Rout Cout / (1 + s Rout Cout)

lout = (-gm + sCdg) Vin
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Spannungsverstarker AT

—d -0
vin | — lout V'nl Zout Vout = Zout lout
LogA
gmRout Gan/Cout
1/RoutCout Gm/Cdg Q

Zout = Rout Cout / (1 + s Rout Cout)

lout = (-gm + sCdg) Vin
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Spannungsverstarker AT

— —d
Vin = jout V'nl Zout Vout = Zout lout
LogA
gmRout
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AC-Ubertragungsfunktion des Operationsverstarkers
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Differentieller Verstarker T

Cm :\Cgs_dio + Cgs_load + Cjd_dio + Cjd_1

HH A B
Cm]  coutkcL+¢jd load +Cjd_2 ~CL
Tdio 4 Tload == Tdio 4 Tload
_I I'_ _I I'_ . |1* \L
Vdio Vout

— —H
. e e | 1
| T1 T2 | T1 T2
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Cgsl Cgs2

Cs =Cjsl + Cjs2 + Ccs
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Ersatzstromquelle T

Cm = Cgs_dio + Cgs_load + Cjd_dio + Cjd_1

Cm Cou[ = CL + Cjd_load + Cjd_2 ~ CL
Tdio 4 Tload ==
i * = * _
Vaio 11 l Vo _lout= 1+ 12
I

Cedn L
| T1 T2

Cgsl Cgs2

Cs=Cjsl + Cjs2 + Ccs
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Ersatzstromquelle

Cm = Cgs_dio + Cgs_load + Cjd_dio + Cjd_1

Cm
Tdio 4 Tload ==
vdio Il*i Vour Ioutzlll*
I
. |n 2 | 4
| T1 T2
Cgsl Cgs2
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Cs=Cjsl + Cjs2 + Ccs

1 Ersatzimpedanz
vom Stromspiegel

Cou[ =CL+Cjd _load + Cjd_2 ~CL

-12

Ersatzstromquelle
vom diff. Paar

Vdio
Vout
g_)
—_ [
D Vout
— Zdio ~ 1/gmM
Vdio
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Ersatzstromquelle T

Cm = Cgs_dio + Cgs_load + Cjd_dio + Cjd_1

Cm

Cou[ =CL+Cjd _load + Cjd_2 ~CL

Tdio o| Toad == :“9 o|

. * — * _ .
vdio 11 i Voot lout II1 12 vdio
L 11 12 L J. | Ersatzstromquelle VOUL |
I vom diff. Paar @
| i T2 (vereinfacht)
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[ —— |
T Vdio Vout
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-
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Ersatzstromquelle T

11 = -12 = gm Vd/2

<
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Ersatzstromquelle T

gmM :gm (TLoad > TDio)

1 \'"4
Ty T hThEy
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=\ €, Tg bl
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Cm = Cgs_dio + Cgs_load + Cjd_dio + Cjd_1

Cou[ =CL+Cjd _load + Cjd_2 ~CL

Tdio 4 Tload ——=

J— Cout=CL + Cjd_load + Cjd_2 ~ CL

Zout ~ 1/sCout || Rout

Zout

Rout =rds_load || rds2

Cgsl Cgs2

Cs=Cjsl + Cjs2 + Ccs
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)

Zout ~ 1/sCout || Rout

Tdio k)_ ‘ Tload
Zout

Cout=CL + Cjd_load + Cjd_2 ~ CL
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Differentielle Verstarkung (Zusammenfassung) ~XIT

gmM :gm(TLoad’TDio)
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Differentielle Verstarkung T

A =g C,/2g..5+1] R, A g R,
e (GM / Q'+l J1+sR, C, ., u "1+ SR, Cout
201og(A4)
9uRou
__>
1/R,C,, log(w)
(¢ [l o
N 2g,., /C,y
180
90

Design analoger Schaltkreise 26




Differentielle Verstarkung T

b -
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Operationsverstarker - Stabilitat
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Stabilitat

gmM :gm(TLoad’TDio)

(CMIZQmM)s+1J R,

Aap = A =gm[ C, /9., %5+1 |1+sR C,. 9.

201og(Ayt)

Im

0O

Karlsruher Institut fiir Technologie

T
|

GuRouf Q

G ' Cpy

N 2G,30 /' Coy
180

Design analoger Schaltkreise

N Cos
1/R,C,. log(w) Cs
R1
90 ‘




Stabilitat T

A=A, =g €, /29, 5+ R, 1 Cu
= I €y /g B +1 | 14SR ,C,,, g h CI ==
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Stabilitat T

ome o[ T
QT S ki

O 9 gs

IQII

R2 -
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Stabilitat T
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Stabilitat AT
fA=-g c,/29,,5+1] R, | Cu
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Stabilitat T

201log(B4)
ngout ngOllt / ROUICOUt =gm / COUI
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Stabilitat T

ﬁ ~ - g Rout
"1+sR,C,,
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out
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Verschiedene Operationsverstarker
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Differentieller Verstarker: Verstarkung AT

b‘ml

.—-I Tsource

gmM :gm(TLoad’TDio)
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Differentieller Verstarker: Dynamikbereich AT

A A

Voutmax = VDD } Vdssat_load Vinmax ~ Viplmax = VDD - Vdssat_dio
Dynamikbereich

IEI 2 7 B
Tdio }0_401 Tload //
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Vlri| T1 T T2 |V_m2 /wdssat_source + Vdssat_in + Vth
_
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—| Tsou%:e A

——a
)}
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Diff. Verstarker mit Kaskode: Verstarkung T

L 1

Tdio |O—~+—C| Tload

1
T
3

._I 1
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Diff. Verstarker mit Kaskode: Dynamikbereich  <XIT

L T A

Tdio —()| Tload
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7
. e
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T
3
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Gefaltete Kaskode: Verstarkung

—
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Gefaltete Kaskode: Dynamikbereich
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Gefaltete Kaskode AT
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Differentieller Stromverstarker T

Tdio |[O—~——-| Tload O——CO
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Symmetrischer Verstarker: Verstarkung AT

‘ II§
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T o 1 1
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Symmetrischer Verstarker: Dynamikbereich
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Anhang
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Jim Williams: The living room thermometer S\ ¢
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Jim Williams: Another thermometer design AT
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Anhang
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Gleichtaktverstarkung - Frequenzgang
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Gleichtaktverstarkung AT
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Gleichtaktverstarkung T
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Gleichtaktverstarkung T

v 1
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Gleichtaktverstarkung T
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Gleichtaktverstarkung T
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Differentieller Verstarker: Zusammenfassung  <XIT
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