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Abstract

A number of novel current-mode two integrator loop ac-
tive filters incorporating dual output second-generation
current conveyors (DO-CCII), resistors (R) and capaci-
tors (C) are systematically presented. These DO-CCII-
RC biquadratic architectures consist of 2-4 DO-CCIIs and
2-6 resistors depending on the structure and only 2 capac-
itors. They offer various filter characteristics such as the
LP, BP, HP and BS and have very low sensitivity. They
are also suitable for integration, of low parasitic effects
and tunable by grounded resistors, because all capacitors
and resistors in the structures are grounded.

1. Introduction

Active filters using second-generation current conveyors
(CCIIs) have been widely investigated [1-7). Many in-
dividual voltage- and current-mode structures have been
published. Literature search has shown that most CCII-
RC filters in the literature use single output CClIls [1-4],
which makes it not very easy to produce “true” current-
mode filters, because there may not be suffcient output
terminals that can be used to directly output or feedback
currents. It has also been observed that most current-
mode CCII-RC filters take output currents from capaci-
tor or resistor branches [4, 5]. Such current output meth-
ods are not suitable for integration, increase the effects of
nonideal CCII input and output impedances and parasitic
node capacitances, and cause coupling if the driven stage
does not have zero input impedance in the cascade de-
sign, since they will actually result in floating capacitors
or resistors. Utilizing the current following and virtual
grounding property of the CCII with y terminal grounded,
we may insert extra CClIs into the associated branches
to take current outputs. But the nonidealilties of these
extra CCIIs will severely degrade the filter performance.

The dual output operational transconductance ampli-
fier (DO-OTA) has been earlier used in current-mode fil-
ter design [8]. A recent study of current-mode DO-OTA-
C filters has further shown that multiple current output
devices are very useful in the generation of current-mode
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filter structures [9], since using.these output terminals,
current outputs and current feedback can be readily ac-
complished. This study motivates us to utilize the dual
output CCII (DO-CCII) to solve the problems mentioned
above. In this paper, we generate current-mode DO-
CCII-RC filters. It should be noted that due to the lack
of systematic search, some filter structures published are
found to be a simple repetition of others and some com-
mon performance features of a category of filters have
been frequently repeated. Thus, rather than giving one
or two filters, many current-mode DO-CCII-RC filters of
the two integrator loop structure are systematically pre-
sented.

2. Current-Mode DO-CCII-RC Filter
Structures

The basic current-mode DO-CCII-RC building block is
indicated in Fig.1(a), having a transfer relationship I =
2(Liy + Iiz + I;3). The ideal integrator and amplifier cor-
respond to Y = sCy and Y = g, respectively. The current
summer is realized simply with the circuit node. First-
order current-mode filters are shown in Fig.1(b) and (c)
respectively. With 7 = Cy/g1 and k11 = g2/91, Fig.1(b)
has the LP function I,y = L1 /(715 + k11). Fig.1(c), with
7 = C1/g1 and kyy = g2/g3, has the LP and HP trans-
fer functions Iy = (fin — kudiz2)/(mis + ku1), I,z =
(k11Li1 + k117m18Li2) /(718 + k11). A canonical LP struc-
ture (k13 = 1) is shown in Fig.1(d), having the transfer
function Iy = Liy/(mis + 1). :

Four general second-order current-mode DO-CCII-RC
filters of the two integrator loop structure are shown in
Fig.2. Fig.3 shows six special current-mode two integra-
tor loop DO-CCII-RC configurations. With m = C1/¢
and 7 = C3/gs and ki;’s as exhibited in Table 1, the
current transfer functions of Fig.2(a), (b), (c) and (d) are
formulated as shown in Eqns.(1), (2), (3) and (4) respec-
tively. The current transfer functions of Fig.3(a), (b), (c),
{d), (e) and (f) reduce to Equs.(5), (6), (7), (8), (9) and
(10) respectively. :
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Table 1: Parameter relations of current-mode realizations

Fig. { 2(a) 2(b) 2(c) 2(d)
ki | & b
g4 g1
ka2 2a L
gs g2
ki | & B @ &
¢ g5 g5 g5
Fig. [3(a) 30) 3(0) 3d) 3(e 30
kol @ 1R 1R
k2o g-:;
k1o 1 Is FE 1 1 1
g6 g4
D (s)1o1 = maslin — kioiz + knimestiz + k1amaslis
Dl(s)IOZ = I+ (ris+ ki) Lz + ka1lis + k1oIis
Dy (s)Io3 = —ki1meslia + kiikioliz + kay(11728?
+k12)Lis — kukiamastis

Di(s)Ios = —k1adin — k1a(mis + k1) iz
~ki1kyaLi3 + (k1amimes? + kyikiomes)Lis
Dy(s)(Ioz + Ios) = — (k11728 + k12) 111
—k1am18Tiy + ki1mimas?Liz + kigmimas?Lis

Dy (5)]o1 = (195 + ka2)Jin — k1adia + k12725134
Dy(s)1og = Ijy + mislip + (kaamis + k12)fisa

Ds(8)Ios = —k12li1 — k1ami8Lia + k1omm25%Lins
D3 (s)Ios = —kaalir — kaamislia + k2amim25 Liza

Dl(S)Iol = 181y — kiolio + k12784
Dy(s)Io2 = Liz + (115 + k11)Liz + ka2lis
Dy (s)Iog = —ky2L;1 — (kia71s + kiikiz) sz

+(k1271m28% + krrk12m28) Lig

Dy(s)Io1 = (a5 + ko) lin — kaadin
+k12(m28 + ko2) Lia

Do(s)Ioe = Iiy + mislia + k1oJis
Dy(8)Ios = —k1aliy — kramishia + (k1amimes®
+kiokooris) Iy

Dy(s)Io1 = maslyy — Iz + k11masiis
Di(8) oz = Iix + (115 + k11) iz + k11153
Di(s)Io3 = —kyimeshis + kllLZ
+ky1(T17m28% + 1) ]is

D1(8)(Joz — Io2) = —(krames + 1)1iy
—718hig + kyriesiis

D1( o1 = 7o5liy — k1oLi2 + k1amaslis
( Iz = Iin + (mis + 1) Lig + ka2lis

)
1(8)Tos = —kqaTiy — k1a(m1s + 1) ;o
+k12(n7’23 + 128) L5

Dy (S)Iol = 798l;y — kliz + kreslis
-Dl( )102 =TI+ (T18 + k i2 + kI
Di(s)lo3 = —k(res + 1)Ly — krisliy
+km738% L3

(6)

(7

Dy (s)Io1 = mosliy — Iig,

Dy(s)loy = Liy + (115 + 1) ;o ®
Dy (s)Ioy = m2sliy — Iia, 9)
Di(s)lo2 = Iin + (118 + k11 )iz
Dy (s)Io1 = (125 + kag)Tix — Lia, (10)
D2(5)I02 = I;j; + mislia
where
Dy(s) = mmes? + ks + k1o,
wo = Vk12/(n172), Q@ = (1/k11)Vkian /72 (11)
Diy(s) = 1y7as” + kagmys + kua,
wo = Vki2/ (1112 ), @ = (1/ka2)\V k12 /11 (12)

The parameter relations of k12, k11 and koo for all the
general and special realizations are presented in table 1.
When k;; = 1, the corresponding feedback paths reduce
to simple pure wire connections. Dy(s) or D,(s) of each
structure can be determined by substituting the corre-
sponding 7; and k;; into Egns.(11) and (12).

From the expressions in Eqn.(1) we can see that
Fig.2(a) can perform LP, BP, HP and BS filtering func-
tions. Eqn.(2) indicates that Fig.2(b) supports LP, BP,
and HP filters. Eqns.(3) and (4) reveal that Fig.2(c) and
(d) provide LP and BP characteristics. Equ.(5) shows
that Fig.3(a) realizes LP, BP, HP and BS filters. Eqns.(6),
(8), (9) and (10) indicate that Fig.3(b), (d), (e) and (f)
offer the LP and BP functions. From Eqn. (7) we can
see that the filter configuration in Fig. 3(c) offers the LP,
BP and HP characteristics.

All the structures in Figs. 2 and 3 are constructed
based on current integrators and current amplifiers.
Fig.2(a) and (b) contain four DO-CCIIs; Fig.2(c), (d) and
Fig.3(a), (b) and (c) all require three DO-CClIs; Fig.3(d),
(e) and (f) two. Fig.2(a) requires six resistors; Fig.2(b),
(c), (d) five; Fig.3(a), (b), (c) four; Fig.3(e) and (f) three;
Fig.3(d) two. All the structures in Figs.(2) and (3) con-
tain only two capacitors. Also, all resistors and capacitors
are grounded.

It is clear that wy, wo/Q and @ may be tuned by con-
trolling the associated grounded conductances g; at x ter-
minals. The sensitivities of ¥ = w,, wo/Q, @ to ¢ = Cj,
g; (SY = £9L) are either 0, or +£1/2; or +1.

Universa] current-mode synthesis can be realized by
adding ‘the input current distributor for some output,
or the output current summer for some input, or the
input/output combiner to any basic current-mode DO-
CCII-RC structures generated [10]. The input current
distributor and output current summer can be imple-
mented using CClls.
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3. Conclusions

We have presented a variety of low sensitivity current-
mode two integrator loop filter architectures using dual
output CCllIs, grounded resistors and grounded capaci-
tors. We have also shown the range of filter functions
which are supported by the various configurations. The
effects of the current and voltage tracking errors of the
CCII can be evaluated and compensated using the meth-
ods proposed in [7]. The effects of other CCII nonide-
alities including the input and output impedances and
frequency dependence can also be considered.
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