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Types of filters

IH(j®)| (dB) p PUeNEE Band
! PB Ripple Lowpass anapass

[/ /S]]

///////L/////
///////¢//

SB Attenuation

/ SB —
PB 7 ///////L///
WAVAWANNY
| Highpass
A H(®)| (dB) 8 Ripple s IH(®) (dB) Band-reject
) 11772V 7707711 A__”””/ /111111
g
SB Attenuation / ///T/////// 7 SB
SR SB—,Z Y /
PB > PB L PB
J//////// [ L/ 1] H
NUAWAN | .o YAWAN -0

3 Mixed-signal ICs Design, A. Thanachayanont 2010



Second-order filters (biquadratic function)
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Second-order LPF
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Second-order HPF
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Second-order BPF
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Second-order BRF
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Second-order all-pass filter (APF)
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Active-RC filters

» C integrator
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The transfer function of an integrator can be expressed as
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e @, is the quality factor of the integrator.

e For an ideal integrator, Q, — co and g — 0.
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Active-RC inverting integrator
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Non-inverting integrator
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1st-order filter

State-Variable Topology

Fully-Differential Active-RC Filter
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Single amplifier 274-order filter — Sallen-
Key LP biquad filter
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Single amplifier 274-order filter — Sallen-
Key LP biquad filter

Let A=oc0and C, = C, =C, then
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e Minimal use of opamp, at the expense of more passive components.
« Sensitive to parasitic capacitors.

« Widely used to realize the on-chip anti-aliasing and reconstruction filters.
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Single amplifier 274-order filter — Sallen-
Key LP biquad filter
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» H'(s) has an additional positive zero at @, /K .

e The Sallen-Key biguad is a good low-Q@ LP filter with small @ -caused deviations.

16 Mixed-signal ICs Design, A. Thanachayanont 2010



State-variable 2mMd-order filters
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Tow-Thomas (TT) biquad
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Arbitrary transmission zeros by
summing
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MOSFET-C filters
» MOSFET in the Triode region
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MOSFET-C TT biquad filter
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Transconductor-C filters

» Transconductor

Ideal Model , MNonideal Model
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Transconductor basic circuits

Controlled Resistance

23

Voltage Amplifier Lossless Integrator
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Gm-C lossy integrator

V(s) G

V(s) sC+G,,
« Since no feedback for the integrators, they can be wide-band.

e A transconductor’s output current should be linearly related to the input over the entire
input voltage range.
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Fully-differential Gm-C integrator
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e Can use only grounded capacitors.
e The C, can affect the integration time constant.

e Partially nonlinear CJLj can also cause linearity problems.
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Gm-C-opamp integrator
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e The effects of parasitic capacitances are reduced.
« The G,,’s output stage can be simplified, since no large voltage swing is required.

e The lower impedances at the G,,'s output nodes make those nodes less sensitive to
capacitive coupling of noise.
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Gyrators
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Gm-C gyrators

Gyrator Simulated Grounded Inductor
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CMOS transconductors
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Transconductor’s non-idealities

Nonideal Model
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Effects of non-zero go on gyrator
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Effect of phase shift on gyrator
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Gm-C 1st-order filter

a,S + ag p
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SC A+ Gm m5 (8C + G,n) - G s

e The output requires another buffer to prevent loading effects.

e Use only grounded capacitors.

33 Mixed-signal ICs Design, A. Thanachayanont 2010



Gm-C 2nd-order filters

1/Q Vo3 ﬁ +
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35

The transfer functions are

Vor = [1/D(8)] - [SC2G (G s Vin = GmaVis) + G1 GG rmaVi]

Voo = [1/D(8)] - [(SC1G maG s + Gt GG ma)ViaG m1Gma(GmaVis = GrsVi )l

Vos = [1/D(5)] - [S°C1C3G aVia + S(C2G 111G rnaVit = C1G oG naVia) + GGz Grna Vi)
1 GiGrms | GG moGra

D(s) = C,C,G,5 | 8% + 5—
(s) s mﬁ( +SC1 Gps . C1CEGm5)

V. sC,G...G

i=HBp(5)=— 2= m1~ md
Vis D(s)

V. G.1G...G

VLZ — HLF‘(S) — m1Dm2 rmid
i3 (s)
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—_— = o (8) =

7 Hp(S) e

IfViy = Viz = Vi3 =V}, then

Vios _ 5261 CoGrs + S(C2G1G s — C1G2Gra) + G1G oG s
v, D(s)

e IfC,G,,1G 3 = C1G,,2G 4. it is @ band-reject biquad.
e IfC,G,,2G4 = 2C5G,,,1G,3 and G, = G5, it is an allpass biquad.

e There is one parasitic pole in the biquad.
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Gm-C 1%t-order filter using Miller
integrators
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36 Mixed-signal ICs Design, A. Thanachayanont 2010



Gm-C 1%t-order filter using Miller
integrators

Without the Miller Integrator

Cx Gm1
V, a5+ ag (cAmx) (C‘A+C‘X)
F S+ @ G
; ? 5+ (C‘A+CX)
a
G = @(C4 +Cx)  Gmy=®,(Ca+Cx)  Cx=Cas 10 where 0<a; <1
- M

With the Miller Integrator

e The use of feed-in capacitors can simplify design, but requires inputs of low source
impedance.
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Gm-C 2™ -order filter using Miller
integrators
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Gm-C 2™ -order filter using Miller
integrators

The transfer function is

2 [Cx m5 G 26 ma
s’ +as+a, ° (L’.‘E) +5(05) T ( CACa )

VD
Vi s24 (%) + 5 s2+58 (GC—”:) + (Gg;gf)
Thus
and
@ ,C a.C
P~ B 0~ A
G = @,Cy Gy = @,Cp Gps = 0 Gra = p Grs = @4Cp
p
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Ladder filter using Gm-C gyrators
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Ladder filter using Signal-Flow Graph

-V, = Vi — Vs V out
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Gm-C resonator
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Gm-C oscillator

The combination of G4, G, and C, simulates an inductor.

The oscillation frequency is @, = \/GmeE/(QCE}.

The oscillation condition is G,,, = G,,3. In many cases, G,z and G, are not required.

The nonlinear resistor is used to control the output amplitude.
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