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Models of feedback amplifier input stages

Elementary treatment: ignore C; to simplify analysis. .
. .

Vi Vs
==l =1,=M; =V;)(1/sC, +l/ngS)‘1=(V+—V‘)(SC /2) o——||: :”——o
=Y, (V=) = sC,, (Vs —V;) where Y, = sC,, and C,=C, /2 IT -

N T RYH

C C
gs gs
o
L
pt o
in =
15 = (V) =V )SC, =Y, (Vi =) where Y =sC, and C, =C, o— ‘ Vo
—
+ —
I

= (G +SC )V, —Vin) =Y, (Vi —Vip) where Y| = (g, +C,,) /
C1_|F in

Iin -
Key point: 1. #—I.
gS @



class notes, M. Rodwell, copyrighted 2012-2023

Model and analysis of Feedback Amplifier (1)

Nodal analysis: 2l =0 at V,_ :

Vi (%4 Y5 +Y0) Vo () Vi, (-Y;) =0 Vi o TN ’;
> - |
also: L, / Z, Y2:]/Z2
Vout = AbL(\/lrJlr _\/|r:) %\/n: :\/|rJ1r _Vout / AbL =\/in _Vout / AbL _
Vin z|v=172
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Model and analysis of Feedback Amplifier (2)
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We want an expression we can recognize.

We are looking for expressions similarto T /(1+T), so...
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Calculate the voltage divider between V,, and V. :

1
Z 14 _ (Yl_l_Yin] __ Y

Z1Z-+2, ( 1 1) Y+Y,+Y:
1 in 2 T 1 2 in
Yi+Ya ) Y,

So:

Z || Z,
Ao —
Z+Z, Z 1z, +2,

\/in Zl 1+lAb Zl || Zl;l
\Z11Z,+2,

n

in
> +

out

f_ /

Y,=1/Z,

= Ao, (Vi -
I-+=Y+<v —vi;>
=Y (Vi = Vi)

Y, =1/Z,

Nio <

out

<}



Model and analysis of Feedback Amplifier (3)
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Compare our answer to A, —— A

1+T :[: oL
Z

2

To compute T, unwrap the feedback loop, @ Vo
and compute gain from the point TV, to the point T*V,__ <
2|2, ©T
RN T = 'AbL 1 - in
Zl || Zin + ZZ
To compute A, assume A, = and compute V_, /V,, : -
A — Vout — Zl + Zz I/m
in linfinite Ay, Zl

So, we have shown that

Ab Zl||z|;1
'At =ZI+ZZ ) Zl||zi;1+zz =A T
- Z Z 1z, CI+T
1 1+AbL 1 in
Zl ||Z|;1+ZZ

...shown given (1) Z_, = 0Q2 and (2) voltage-sense, voltage sum feedback
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Formula for the other three cases

We have shown that

—
— A —

o = A 14T

..given (1) Z_, = 0Q and (2) voltage-sense, voltage sum feedback.

We have not considered

voltage-sense, current sum
current-sense, voltage sum
current-sense, current sum.

....I will leave these as exercises to the reader.



Model with finite output impedance
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Nodal analysis: 2l =0 at V. :
\/n:(Yl +Y2 +Y|r:) +Vout (_Yz) +\/in(_Yir:) =0

Nodal analysis: 2l =0 at V_, :
Vout (Yout +Y2) +\/|r:(_Y2) + AbL (\/lrJIr _\/lr:)(_ out) =0

From our earlier calculation, treating V, as a feedback amplifier output:

VX — Zl + Zz + Zout AbLﬂ Where ﬁ: %l H Z|?1
Vin Zl 1+AbLﬂ Zl H Zin—i_Z
also Vout — Zz j_ Zl || Zin VX 4+ Zout _(Z + Zz) || Zl
Zl H Zin + Zout + Z2 Zout + ZZ Zin + (Z
So
Var _L* L ¥ 2w L :le 12, T ...forward gain term
\/in Zl Zl||zin+zout+z2 1+T
+ Zout (Zout + Zz) || Zl

Z.+Z,Z-+(Z,,+Z)|Z "

out out

+Z)z, "

V. ...feed forward through feedback loop

" Vout
o | 0
Z| v,=1/z,
+ -
AOL( Vin_ Vin)
z|v=17z




