V+

I +3V
l lyias —'50/10] 100mA |

| bias
+ ” vLiFJ50/10 50/107— /-

lo
50/10]+—I[,B0/10
Ly

(@)
A simple CMOS implementation

Second-Order OTA-C (Gm-C) Filters

A canonic filter structure

A low frequency high-Q low pass architecture

» A General Biquad Structure for multiple purposes
* OTA Non-idealities effects on filter performance
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The OTA-Biquadratic Architectures are based

on State-Variable S|tructures

| Ky

Ko3Ko2 + Kos +&9

Voo _ $°C,C, SCr,& SCig
Vin o 8o Ko, ®KaiKgr | KK )0
§C, 'SC,5 §5°CC,  S°CiCa g

H (S)_VOZ _ K03K02"'K04KQl"'SKo4/Cl (1a)
(9 =-02=
Vin SZC1C2 + S(KQ1C2 + K('\)2(-\’1) + (K QlK Q2 + KolKoz)
Hy(0) = - 2 0t T e ot ()
KaKg2 *KeKo2
w2 = RaiKg2 +KaKoo (1c)
? GG,
Wo _ =Ko, Kez (1d)

G &



Particular Cases

Ka=Koz + Kpa=Kg2
Kor=0 , Kgs=0

From (1a)

Hl(S) — K01K02 /C1C2 — Imi9m2 (2)
S* +SK 02/ Co +K 3K/ CiCy A Tgm S°C,C, +SC10mz + IrmyIm2

Ko2=9m2

Next an implementation of (2) with three input signals follow.

Note that injecting signal through the capacitorsyield BP and HP filters. The
drawback is that the injecting signal must be generated by ideal voltage sources.



Canonic OTA-C Biquad

ml +
y C, Om2 [V,

V
C

VA C1C2VC +5C19m2CVB + ImIm2Va
s°C1Cy + SCiGmz * UrmuIm2
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Lossy Integrator With Positive Feedback

Vi gl Ly
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Low-Frequency, High-Q OTA-C Biquad
glrnZ/CZ

L | _ngllcl
“Om /IC - V |
V. — >~ S Wo_ll C[AS/ H%—O Vo

" 9m1/Cy I
gm1/C
gm2 g
+ Vi !_\‘ml
i(;—_ C *‘+/ T Vo
[~ CT Lr
T T ey
—  9mo
Voo _ Imidm2/ C1Co _ 9m9m2 /G Co LP
Vin 5%+l - 9m2)/ C1 * ImaOmz / C1C2 D(s)
Vo]_ _ gml/CZ(S-l_ (ng - ng)lcl) Resonator

Vin D(9)



For V;=V,=V3;=V,,

2 2
Vin 1+ KQ +K01K02 SZ"'SKQ/CZ"'KolKoZ/ClCZ
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— General Second-Order OTA-C Filter

For V.=V =V,

+
-Jbo

2 - 901 4 GboIm2
C, CgGC,

Om3 + Im9m2

C, Cy

H(s) =
s°+s
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Non-idealities effects on OTA-C Biquads

Input parasitic capacitance of OTAS, for ungrounded
terminals create unwanted zeroes.

The transconductance gain “g,,, is not only a
function of bias current, but it is frequency
dependent and can be characterized by one
dominant pole.i.e., gpy, =0gpme /(1+S/ W)

One figure of merit in OTA-C filters is the
excess phase, that is the additional phase
added to the ideal phase. Next we illustrate
this with an example



OTA Specificationsin Open Loop
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Ao, DC Gain Effect
Qa= 1330
a 1+ 2Q
Ao

Qa4 ForfE:1O

1.03617 Stability Requires

2.1501
4.6492 Q< 2658

6.0573
15.36
66.27

AN~ O

N =
O O Ol

Q For A = 500
0.996

4,902

0.6

41.667
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