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THE SCALING OF SWITCHED-CAPACITOR FILTERS 339
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FIGURE 5.40. SC filter section.

for very narrow-band bandpass filters (say, with relative bandwidths of 1%
:ks) none of the design techniques described in this chapter are very
&iive, since they result in circuits which are too sensitive to finite op-amp
aifects, strays, and element-value variations. Then, design based on the
ah filer concept may be used. This concept, and the corresponding design
iniques, are discussed in Section 5.8.

il THE SCALING OF SWITCHED-CAPACITOR FILTERS'**

Raug) performance of an SCF can be improved, and the area which it
i*fvpics on its silicon chip reduced, by scaling operations. To understand' hpw
fﬁ°P€faﬁons can be carried out, consider a segment of an SCF containing
filh op-amp O4; and all branches connected to it. This 1S s.chematu?,ally
“Wuted in Fig, 540, in which the coupling branches may contain capacitors
«Miches in any arrangement. Each coupling branch in a stray-‘msen;l::;/:
{ Sconnected between an op-amp output and a virtual ground,AeQac(Z) 2
*Gsttibed by 3 transfer function Fy(z) = AQx(2)/ Vi(2)- plere o G
_*omain representation of the charge-per-clock—pernod sequencle) (qu;T) 9
JiSTl_ T), and ¥(z) is the z-transform of the voltage sequence v
PUtof the branch. '
,"let all branches connected to the output terminal of 21/31 itib;lirerél()dl;)ﬁ/ei
p@-l A their AQ/V transfer functions (Fs Fss F«?) areb multiplying all
e 12 constant factor k. This can be achieved simply bY cted across
¢ 07 i thege branches t;y k., since (for given voltages .corr::ees
rches) their charges are F;TOPomonal lo these Capalclla[sged the charge
eﬂxsince- € input branches and their voltages Were iefaen :
810 the feedback branch
(5.93)
80,(z) = —AQ,(z) — AQ,(2) ~ 80,(2)

04, (assuming ideal

of
L t voltage V(2) Jk;s where the

Us becomes Vi(z) = AQ4(z)/[k,-F4(Z)] =

) 'm 2 e
gy Original value. The outpu
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340 SWITCHED-CAPACITOR FILTERS

prime indicates values obtained after the multiplier k; has been introduceg
Thus, V, = V,/k; due to the factor k,. By contrast, the values of AQ; and A9,
remain unchanged since, for example,

vi(z)
803(2) = Fi(2)Vi(2) = kiFs(2) =
t = F(2)V(z) = 805(2). (594
In conclusion, multiplying all capacitors which are connected (or switched)
1 to the output terminal of the ith op-amp OA, changes its output voltage V. 1o

V,/k,, while leaving all charges flowing from (and to) OA; to (and from) the
rest of the circuit unchanged. Thus, by this operation we can increase or
decrease ¥V, by a constant scale factor without affecting any other voltages or
charges in the SCF.

The described scaling operation is useful in improving the dynamic range of
SC circuits. As defined in Section 4.1 of Chapter 4, the dynamic range is
2010810 (Vin, max/Vin,min)- HETE; Vin may 18 the maximum input signal which the
SCF can handle without excessive nonlinear distortion; in an SCF, vy, e 1§
usually limited by the saturation of the op-amps. The minimum useful input
signal v;, . is the smallest value for which the SCF output voltage v, canbe
distinguished from the output noise v, -

In the following discussions it will be assumed that the dynamic range of the
SCF is to be optimized using scaling. Consider the SC circuit schematically
illustrated in Fig. 5.41. Let the amplitude of the largest output signal which the
op-amps in the filter (assumed, for simplicity, to be identical) can handle be
Vimax- Also, let the passband gain of the filter be A,. Since v,y (produced by
the output op-amp OA,) is at most V.., we have

Uin, max < Vm&‘/Ap- (595)

Let the. frequency responses of all op-amp outputs ¥V}, V5, ..., V.., Va be as
showp in Fig. 5.42, where a fifth-order low-pass filter is assumed. Then, a the
amplitude of v,, is increased from a small value to ¥, /4, ata frequency

near w, (the peak frequency of ¥,), O4, will saturate before 04 does since

’ FIGURE 5.41. SC filter with noisy internal op-amp.
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