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ABSTRACT

By using appropriate single-pole ampliflers,
realized {n any of a number of forms, and the
voltage varlable DVCCS of Fukahori, a basic
butlding block for tunable filters sultable for
VLST 13 introduced. This 18 used to realize
voltage tunable active-R filters. A canonical
second order filter with all filter coefficients
voltage adjustable is presented.

I. Introduction

Previously [1] it has been shown how the
technique of active-R filter design of Soderstrand
[2] can be {mproved upon by incorporating non-zero
pole locations of the amplifiers. Here we combine
the technique of li with some improvements on the
idea of Fukahori {3| to allow the design of
voltage tunable active~R filcers,

Fukahori has introduced 4 very nice circuit
for realizing voltage=variable gain in an
integrated circuit (IC) voltage controlled current
source. This is used by Fukaheri to feed an op-
aup with capacitive feedback Lo yleld a voltuge-
varlable fntegrutor. lere we replace the
capacitive feedback with resistive feedback and
use instead the amplifier pole to obtain the
filter dynamics., To make the idea practical we
must go beyond a simple replacement and introduce
a second resistive and adjustable fecdback loop to
achieve the basic integrator seetiom. This has
the advantage that it will allow the construction
of sccond order filter sections where all coef-
ficlents can be independeatly tuned., The tech-
nique ts simllar to that of Brand & Schaumann |4 |
but differs in that the tuning is advantageously
done via Fukahoris' circult rather that chrough
OpP=aWps .

Il. The HBasic Components

Figure 1 shows the symbolism we will use for
the differential voltage. controlled current source
{DVCCS) and voltage controlled voltage source
(VCVs). The former follows the notation used with
Bialko |5] but indicates two other controlling
voltages Vo and V, used to control the bias
currents It and I, in the circuit of Fukahori [3,
Fig. 5]. In bocth parcs of Fig, ! we assume the
input currents are zero while the output currents
have a return to ground (omitted for simplicity of
drawing). For the DVCCS, following Fukahori [3,
P- 7317. we can achieve
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for the control of gu,. Actually Fukahori sets
only Ip = Vp/Rp, but using the same blas current
generating circuit {3, Fig, 4] we can also set

I; = ¥o/Rg, except that since two ldentical
current sources I, are used in the DVCCS, [3, Fig.
2]. they are both to be controlled by one voltage
V..

¢ Concerning the VCVS, we shall assume that iwo
types ‘are avallable. One, the flat-gain type,
will be such that K(s) = =K, for K5 a real .
constant. The other, the slngle-pole type, will
have

Kuw
0 C
s+uc

Kg} = - (11-2)

In practice these two types can be obtained over
the frequency ranges of Interest by various vecans,
for example, {n CMOS realizations by the circuits
of Soderstrand [2!. Practically we will deslre we
ag small as feasible, which Iinitiates a new klnd
of IC amplifier lﬁl.

The basle integrating amplifler we use here
1s shown Lo Filg., 2., Lo Fig. 2 we will vary Ve
for desired filter characteristics and Vqp to
obtain good inregration. This latter is achieved
by notinggthat for sctructural and Lyapunov stabi-
lity we desire the integrator pole slightly in the

4qlefc half plane. Thus in

T(s) = Ya - (Kouc)(kagma)(kbgmb)
Vev- s+uc[k+Ko(l-Hbgmb)I' (1i-3)

we set

€= 1 + K,(1-Rpggy) 2 O (11-4)

small; i.e. we choose, by adjustirg Vpp,

K +1-€

1 0
B (Vp ) ==—« ( ) (II=-3)
" b Ry Ko
which gives
(K +1-€)w (R g )
T(5) = — Ll (11-6)
s+E w,

Since T(s) varies linearly with g, and the latter
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varies linearly with Vrp, T(s} varles linearly
with Vrga.

Since fllters need addition and subtraction,
Fig. 3 shows some examples of how these can he
attained with the circuit elements on hand usiog
the flat-gain amplifier.

1I1. The Filter Section

The filter configuration is that of Fig. 4.
This uses the state-vatlable configuration of
Fukahorl [3, Fig., 6] to furm the denominatior and
the components of Fig. 3 to form an arbitrary
(degree two) numerator. Huwever, rather than use
capacitive fcedback to form the integrator, we use
the active=R clrcuit of Fig. 2 for whiech we will
take into account that the pole is not at zero,
Thus we set, for eq. (ILL-6)

T(s) = 1(p) = = (111-1a)
p = sta, an€u,, k=(K +1-&uw.(Ragya)  (1IT-1b}

where we note that the galn k varies with Vo, but
not cut=cff frequency a {which, however, 15 set by

va)'
Given any degree two transfer function

s b252+bls+bu
H(s) === =5 (111-2)
i 5 +als+a°
we predistort it via s=p-a to get
bypPth, P4b,
N(p) = W(s) === (112~3a)
LI XIRY T

bop2+[b)=Zab,In + [b ~ab +aZb, ]
g

p2+[a]—2cc ]p + Iao-cmlm

(I11-3b}

The philosophy 13 then to analyze Fig. &4 im p
and cquate terms of the result wicth (I1I-3b) in
order to realize any given H(a), {II1-2). Any
variable coefficents in H{s) will become variable
coefficients in {LII-3b) and hence in the rcalized
circult. Some reallizabilicty constraints would be
met along the way, the most interesting being that
4] & a, should be positive {which can often be
achieved by Vrp, to glve small enough a).! Classi-
cially, one wishes to vary the denominotor w, =
/a_o-without affecting its Q = Ja_o-/al, which we
shall see is possible.

Setting
Ty = ki/p, T2 = k2/p. Gy = /Ry, G2 = L/Ry

(LIl-4a)
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klkz kl
A(p) = 5 +e] —+ ! (1LI-4b)
P P
3,
G GZ
cyp = , 2 = {I1l-4c)
6%, €)*
gives, on analyzing Fig. 4,
ko k
172
(1 + 1)
Yy TP 2 . ky/p
— » — e S————
vy [y vy 2 4
v Kk ko /p2
3 172
—= = ¢ —_— (1I11-5a)
i
V,=v [
1L 3.2 (111-5b)
v a
i
Therefore
YiVs e p? Vo TSakyp
v 2 LT 2 ’
1 pekpigk, YL pTHe kK,
v ek k
v_3 - _i....Z..L._?......... (111-6)
i P +l::lklp+klk2
Tht: che output of Fig. & 1is
O P g 5 g
v, K ¢yRe [8nyP? = K gngp + K ks, ]
—_=-— 5 (111-7)
vi -] +\:1klp+klkz

Equating caefficia:.nts tn {(I1I-7) wich (ILlI-3b)

-li, - 2gke -
31 a, Zu_ clkl {IL1-Ba)
8, = ag - aa, +oal =kk, (111-8b)
s

P—Z b2 - W cznfng (I1I-Be)

KD
21 - bl = Zub2 = 'TKG CZRfklg“‘fs (ILI-84)

2 K"
by = b = ab) +a‘h, =gm— c,Rek kogn (I1I-8e)
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From this we see that Fig. 4 as drawn is for bp>o,
bj<0 and b,20; other signs can be achieved by
reversing inpur leads in DVCCS's.

Therefore, gilven a5, a], by, b), bz we choose
« =€uc, by adjustment of Vrp In T| & Ty, such
that equations (III-8) can be met (perhaps also by
sign changes in the Bun's)e Then we solve for
Ly, kp, Lo+ Bmsr Bm,» ¢48. (1LI~9) giving a uni-
que soluction. £ any of a,, aj, by=ha, vary,
then variations in kl'ﬂm, will be koown and can be
achieved by varying the appropriace Vs & Vg's.
For reference we have

k) = (a)-2a)/e) {ILL-9a)
kg = (a -ca +a2)/k| (111-9b)
Ea, = [(1+K°)b2]/[Kuc2RE (111-9d)

8ng “‘[(1+Kg)(bl—2uh2)]/[Koczkfkl]

B, = [(1#Ko)(bgab +aZby) | /[ Kok k k,

(111-9e)

il

1f complicated adjustments are desired these could
be microprocessor centralled.

IV. Discussion

llere we hiave presented an active-R second
ordur filter based upon the voltage variable DVCCS
of Fukahori, Because this latter is designed for
IC fabrication, the filter structure becomes
sultable for VLSI when suitable integrators and
flac-gain amplifiers nre available. The latter
already appears in Fukahor! and the former 1g
under development. Thus the structure allows for
on chip microprocessor control of filter
characteriscics,

Because, for stability purposes, ideal
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active-R integrators are not preferable to ones
with nonzero poles, the theory has been set up to
take into account nonzero poles of the integrators
through prediscdicion, But the technique glves an
added degree of flexibility in chat the fntegrator
pole position can electronically be adjusted.

Of course higher order and matrix-valued
filter characteristics can be obtained by fac-
torization of transfer functions and matrices into
degree two {or one) portions 57] in which case the
section presented lhere can serve as a universal
building block for on=-chip microprocessor
controlled filters.
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