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3. The Rauch filter shown has a transfer function (assume ideal opamp)

1
H(s) =

R1'R2) Ry

Sz'Rl'Rz'Cl'Cz‘l'S'Cz'(Rl‘l'Rz+ R3 R3

If R, = 2R, = 2R and pole Q is Q = 1/+/3, what should be the ratio C;/C,?

Vo(s)

For extra credit, find the requirements for the DC gain A, and the pole Q so that the
minimum capacitance spread (C; /C, or C,/C;) can be 1?

Solution:
1
R3 R 'R 'C 'C
H(S)=— 2 R3R1 2
! Ry + Ry + =52 1
s24+5s- 3

Ry Ry C; +R2'R3'C1'Cz

The denominator for a second order transfer function is s + %S + w}. Therefore,

Ry + R, + X £
S M
Ri-Ry-Cy Q
1 o, 5
Rs'Rz'CH'Cz_w0 (2)
. _ _ _ 2 __ 1
Since Ry = 2R, = 2R;, from (2) we get G wg, i.e., Wy = P

Wo _ 2RytRp+2R, _ 5 1
FI"Om (1) we get 0Q - 2R,'R,Cy - 2R,Cq - RZ\/ C1°Cy /Q

C 50\2 25
Thus, = = (—Q) ==
C, 2 12




Extra part:

The DC gain for Rauch filteris Ay = %. Therefore, we have three equations.
1

( Ri "R,
R, +R, + R _wo
Ri-Ry-C; Q
4 1 — .2
R;-Ry-Cy -G @o
R3
A, = =
\ °7 R,
A 1 1\ 1 w
(_0+_+_)_ “o
R; R, R3/C; Q
1 )
k R3'R2'C1 CZ (Uo
(1+A0+1>21Q2_ 1
R3 R2 C12 R3 RZ.CI Cz
(1+A)2 +R +2(1+A)—1C1
° R, %,

In order% = 1is possible, equation (1 + 4,)? % + % +2(1+ A4, = é must have real
2 3 2

. R
solution for =2.
R3

Let x ——> 0, (1 +A0)2R2 21 +40)=f(0=0 +Ag)?x + =+ 2(1 + Ap).

The range of f(x) forx > Qs [4(1 + Ap), +0). f(x) has its minimum value when x =
1
1+4y

Therefore, f(x) == has solution when Q— >4(1+ Ay).

1
2 /1+4,

The requirement for Ay and Q is Q <



