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For a first-order unity-gain low-pass filter with fc = 1 kHz and C41 = 47 nF, R4 calculates
to:

a 1
R, = LI — 3.38 kQ
' 2af.C, 2mn-103Hz-47-10-9F 3.38

However, to design the first stage of a third-order unity-gain Bessel low-pass filter, assum-
ing the same values for fc and C4, requires a different value for R4. In this case, obtain
a4 for a third-order Bessel filter from Table 16—4 in Section 16.9 (Bessel coefficients) to
calculate Rq:

a
R, 1 = 0.756 = 2.56 kQ

" 2af,C, 2m10%Hz-47-10-9F
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Table 16—4. Bessel Coefficients

n I a; b; ki = Q;
1 1 1.0000 0.0000 1.000 —
2 1 1.3617 0.6180 1.000 0.58
3 1 0.0000 1.323 —
2 0.9996 0.4772 1.414 0.69

4 1 1.3397 0.4889 0.978 0.52
0.7743 0.3890 1.797 0.81

5 1 0.6656 0.0000 1.502 —
2 1.1402 0.4128 1.184 0.56

3 0.6216 0.3245 2.138 0.92
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The transfer function of the circuit in Figure 16—-15 is:
AO
1+ 0 C4(Ry + Ry) + (1 = Ag) RiCy] s + 02 RiR,CC,82

A(s) =

For the unity-gain circuit in Figure 16—16 (Ag=1), the transfer function simplifies to:

A(s) = 1

1+ wcCy(Ry + Ry) s + 02 RyR,C,C,s?
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The task is to design a second-order unity-gain Tschebyscheff low-pass filter W|th a corner
frequency of fc = 3 kHz and a 3-dB passband ripple.

From Table 16-9 (the Tschebyscheff coefficients for 3-dB ripple), obtain the coefficients
a1 and b4 for a second-order filter with a4 = 1.0650 and b4 = 1.9305.

Specifying C4 as 22 nF yields in a C5 of:

= 2210 9nF -41.9305 _ 450 1 F

Cz = C1 a12 1.0652

Inserting a4 and b4 into the resistor equation for R4 5 results in:

1.065-150-10-9 — \/(1.065-150-10—9)2 — 4-1.9305-22:10-9-150-10 ¢

R, = = 1.26 kQ
1 47-3-103-22:10-9-150-10 ¢

1.065-150-10 9 + \/(1.065-150-10—9)2 — 41.9305-22:10-9-150-10 9
47-3-10%-22-10~9-150-10 9

R, =

1.30 kQ2
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