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Direct-Form SC Filters



(L-1)th-order FIR SC filter:
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Ex.: 4th-order SC FIR filter
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Direct-Form FIR SC Filter Realization

Reduction of the number of amplifiers by a multiplexing technique
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CMOS Capacitors

C=AC,,

COX = gOX/ tOX

For 0.35 um CMOS:
Eox ¥ 3.5 x 103 F/cm

tox * 10 Nm
= C,, ~ 3.5 fF/um?
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Capacitances implemented by parallel associations of identical 0.1 pF units
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Mismatch caused by process gradients:

Average capacitances assuming

0 o 20 30 40 S50 6o linear process gradient:
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Mathematical model commonly used in computer aided analysis of SC
filters:

f)?k: = Yk +€7k

were €7k — Yk€k

Yk : capacitance ratios

€k : uncorrelated zero-mean Gaussian random variables



Ex.: Frequency responses of 3 FIR filters having 50 coefficients and g .= 0.001
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a) FIR SC Filters

L—-1
G(ejw) _ E :gke—jwks Each coefficient is implemented as
- " a ratio between two capacitances

Because of random capacitance errors, the actual frequency response is:
L—1

G(e™) = (gi + €gy)e 7"
k=0

L—1
= G(w)+ > egpe /¥t
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Deviation in the frequency response:

A

AG(e?¥) = G(e?¥) — G(e¥)
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/L

= — L-1
where €4, = g€k ¢ = L) ‘glf

(i) € are random Gaussian mismatches with zero mean and standard
deviation O¢

(i) |[AG(e?®)| is a Raileygh random variable with a mean (average) value
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b) IR SC Filters

Az
H(z) = (2) Each coefficient is implemented as
B(Z) a ratio between two capacitances
M—1 —k
1= bzt

The average deviation in frequency response is:
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where 0, = ¢ S pe o bkl /M, oy, = 0e S0 [bel/(N = 1)



Letting z,, z,, ..., 4 be the poles of H(z):

|B(e?¥)| = |e?¥ — z1||€?¥ — za|...|€?* — 2n_1




Example: op =0.2; s =0.3; Rp < 1dB; Rs> 60 dB
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--- Eliptic: M=N=6
__Two-pole design: M=9, N=3
_._FIR: M=22, N=1
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Two-pole design

M=9, N=3
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