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universal filter. The proposed circuit employs two current-controlled current conveyors (CCCIIs), one
MO-CCCA (current-controlled current amplifier with multi-outputs) and two grounded capacitors. The
filter can simultaneously realize lowpass, bandpass, highpass, bandstop and allpass filter outputs, and
offers an independent electronic control of the natural angular frequency (ω0) and quality factor (Q) by
means of adjusting the bias currents of the CCCIIs. The parameter sensitivities are small. Moreover, a
high Q-value filter can be easily obtained by adjusting the ratio of two bias currents of MO-CCCA. PSPICE
simulation results are given to demonstrate the advantages of the proposed circuit.
. Introduction

Current-mode active filters using second-generation current
onveyors (CCIIs) have received significant attention in the last
ecades [1–7]. A variety of CCII-based current-mode universal fil-
ers are proposed in [1–6]. However, these filters do not offer
lectronic adjustment properties, since the input port of CCII can-
ot be electronically tuned. In order to alleviate this problem, Fabre

ntroduced the concept of second generation current-controlled
onveyor (CCCII) [8], and many applications of this element have
een reported in the literatures [9–23].

Current-mode current-controlled universal active filters pro-
osed in [9–13,15,17,19–21] are using CCCIIs. The CCCII-based
iquadratic filters have the capability of electronic tuning of natu-
al angular frequency (ω0), and the quality factor (Q) of the circuit.
hese filters can be either multi-input and multi-output (MIMO)
ype [11,21], or single input and multi-output (SIMO) structure
9,10,12,13,15,17,19,20]. The MIMO filters can realize multifunc-
ion outputs by altering the way in which the input signals are
onnected. However, such filters can realize multifunction filter
utputs only when the input signals meet some constraint con-

itions. The SIMO filters can realize second-order lowpass (LP),
andpass (BP), highpass (HP), and bandstop (BS) and allpass (AP) fil-
ers simultaneously, without changing the connection of the input
ignal, and without imposing any restrictive conditions on the input
ignal.

∗ Corresponding author. Tel. +86 13973125061; fax: +86 731 8822417.
E-mail address: wch1227164@sina.com (C. Wang).
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In the CCCII-based SIMO-type current-mode filtering circuits
reported in [10,12,13], three CCCII elements and two grounded
capacitors are present. However, these filters cannot realize high-
impedance outputs except for the BP output in [10]. The circuit in
[19] involves two CCCIIs and two capacitors, but it contains float-
ing passive elements (which is relatively disadvantageous from the
IC fabrication point of view), and the characteristic parameters ω0
and Q cannot be tuned orthogonally. The circuit proposed in [9] con-
tains six CCCII elements and two grounded capacitors. The circuit
in [17] enjoys very low sensitivities, orthogonal tuning capability of
the characteristic parameters ω0 and Q, grounded capacitors, and
high-impedance outputs. However, it requires five CCCIIs and three
capacitors. While the circuit in [15] involves three CCCIIs and two
capacitors and provide high-impedance outputs, the characteristic
parameters (ω0 and Q) cannot be orthogonally adjusted. Recently,
some authors [24] propose a new current-mode current-controlled
SIMO universal filter which is based on non-inverting and inverting
second-generation current-controlled conveyors (CCCII(±)). This
circuit (using four CCCIIs and two grounded capacitors) can pro-
vide high-impedance outputs and orthogonal tuning capability of
the characteristic parameters ω0 and Q.

In this paper, a new SIMO-type current-mode universal fil-
ter is proposed. The proposed circuit employs only two CCCIIs,
one MO-CCCA (current-controlled current amplifier with multi-
outputs) [25] and two grounded capacitors. The LP, BP, HP, BS and
AP filters can be realized simultaneously. It enjoys orthogonal tun-

ing capability of the characteristic parameters ω0 and Q, having
low component sensitivities. It uses only two grounded capacitors,
while providing high impedances at the output terminals. More-
over, high Q filters can be obtained by adjusting the ratio of two
independent bias currents.

dx.doi.org/10.1016/j.aeue.2010.02.010
http://www.sciencedirect.com/science/journal/14348411
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Rx1Rx2C1C2 IA2 Rx2C2

where Rxi = (2
√

2Keff IBi)
−1

is the input resistance and IBi is the bias
current of the ith CCCII(±) (i = 1, 2), respectively.
Fig. 1. Current-controlled current amplifier with multi-outputs. (

. MO-CCCA and CCCII(±)

The symbol of MO-CCCA is given in Fig. 1(a), where i represents
nput, o1∼on are n outputs respectively, and IA1 and IA2 denote bias
C currents. Fig. 1(b) is a CMOS realization of MO-CCCA which is

ntroduced in [25]. Here Ii denotes the input signal; Io1, Io2, Io3, Io4
re the four output currents, respectively.

If the channel lengths of M5∼M8 are all n times of that of
4, and the channel size of M17 is n times that of M18, namely

W/L)M5/(W/L)M4 = (W/L)M6/(W/L)M4 = (W/L)M7/(W/L)M4 =
W/L)M8/(W/L)M4 = (W/L)M17/(W/L)M18 = n, the output current
xpressions can obtained as

o1 = Io2 = Io3 = Io4 = nIA2

2IA1
Ii = KIi (1)

here K denotes the current gain. It is clear from (1) that the value
f K can be set by IA2 and IA1.

The circuit symbol of CCCII(±) is shown in Fig. 2. The port
elations of the CCCII(±) can be characterized by the following
quations:

y = 0, vx = vy + ixRx, iz+ = ix, iz− = −ix (2)

here Rx is the parasitic resistance at terminal x.
This paper adopts CMOS CCCII(±) proposed in [26]. The parasitic

esistance Rx is

x = Vxy

Ix
=

(
2
√

2Keff Ib

)−1
(3)

here Keff = KnKp/(
√

Kn +
√

Kp)
2
. Here, Kn, and Kp are

ransconductance coefficients of NMOS and PMOS transistors,
espectively.

. Proposed universal filter and its analysis

Proposed new current-mode current-controlled SIMO CCCII(±)

ased filter circuit is shown in Fig. 3. The filter contains one MO-
CCA element, two CCCIIs(±) and two grounded capacitors.

Fig. 2. Circuit symbol of CCCII(±).
symbol of MO-CCCA. (b) The CMOS based structure of MO-CCCA.

Current transfer functions of the circuit are as follows:

Io1

Iin
= K

1
s2�1�2 + s�2K + 1

(4)

Io2

Iin
= K

s�2

s2�1�2 + s�2K + 1
(5)

Io3

Iin
= K

s2�1�2

s2�1�2 + s�2K + 1
(6)

Io4

Iin
= K

s2�1�2 + 1
s2�1�2 + s�2K + 1

(7)

Io5

Iin
= K

s2�1�2 − s�2 + 1
s2�1�2 + s�2K + 1

(8)

In these equations, Io1, Io2, Io3, Io4, and Io5 are the LP, BP, HP, BS
and AP current outputs, respectively. The quantities �1 and �2 are
expressed as

�1 = Rx1C1, �2 = Rx2C2 (9)

Natural angular frequency (ω0), and the quality factor (Q) of the
circuit are

ω0 =
√

1
, Q = IA1

√
Rx1C1 (10)
Fig. 3. Proposed current-mode current-controlled SIMO-type universal filter.
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Table 1
0.5 �m CMOS technology parameters.

.model SEANMOS nmos (level=3 UO=460.5 TOX=1.0E−8 TPG=1 VTO=.62 JS=1.8
E−6 XJ=.15E−6 RS= 417 +RSH=2.73 LD=0.04E−6 ETA=0 VMAX=130E3
NSUB=1.71E17 PB=0.761 PHI=0.905 THETA=0.129 +GAMMA=0.69 KAPPA=0.1
AF=1 WD=0.11E−6 CJ=76.4E−5 MJ=0.357 CJSW=5.68E− 10 MJSW=0.302
+CGSO=1.38E−10CGDO=1.38E− 10 CGBO=3.45E− 10 KF=3.07E− 28 DELTA=.42
NFS=1.2E11)

.model SEAPMOS pmos (level=3 UO=100 TOX=1.0E−8 TPG=1 VTO=−0.58
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Fig. 4. Simulated frequency characteristics of LP, BP, BS and HP response of the
proposed filter.

Fig. 5. Gain and phase characteristics of the allpass filter at fo = 39 KHz.

Fig. 6. Simulated frequency responses of the BP filter when IB (= IB1 = IB2) is varied.
JS=0.38E−6 XJ=0.1E−6 RS=886 +RSH=1.81 LD=0.03E−6 ETA=0 VMAX=113E3
NSUB=2.08E17 PB=0.911 PHI=0.905 THETA=0.120 +GAMMA=0.76 KAPPA=2 AF=1
WD=0.14E−6 CJ=85E−5 MJ=0.429 CJSW=4.67E− 10 MJSW=0.631+CGSO=1.38E−
10 CGDO=1.38E− 10 CGBO=3.45E− 10 KF=1.08E− 29 DELTA=.81 NFS=0.52E11)

Substituting (2
√

2Keff IBi)
−1

for Rxi in (10) yields the following
xpressions:

0 = 2

√
Keff

√
IB1IB2

C1C2
, Q = IA1

IA2

√√
IB2C1√
IB1C2

(11)

t is seen from (11) that ω0 can be tuned through IB1 and IB2, and
hat Q can be adjusted independently through IA1 and IA2 without
isturbing ω0. It is also clear that Q can be adjusted independently
y the ratio of IA1 and IA2, and therefore a large Q value can be
btained by adjusting this ratio. Moreover, the Q-value is temper-
ture independent for CMOS realization of the active components
f the filter.

The passive sensitivities of the ω0 and Q are calculated from
10) as Sω0

Rx1,Rx2,C1,c2
= −1/2, Sω0

Rx3,Rx4
= 0, SQ

Rx1,C1
= −SQ

Rx2,C2
= 1/2,

Q
Rx3

= −SQ
Rx4

= 0. It is seen that magnitudes of all of these parame-
er sensitivities are small. Furthermore, for simplicity, when we set
B1 = IB2 = IB, then (11) becomes

0 = 2IB

√
Keff

C1C2
, Q = IA1

IA2

√
C1

C2
(12)

ere, it can be seen that the natural angular frequency can be
djusted electronically/orthogonally by varying IB, while the qual-
ty factor can be adjusted electronically/orthogonally by varying
A1 or IA2.

. Circuit simulation results

In order to confirm the validity of the theoretical results derived
or the proposed filter shown in Fig. 3, the circuit has been simu-
ated using PSPICE simulation program. The CMOS CCCII(±) circuit

as realized using 0.5 �m CMOS technology parameters as given
n Table 1[26]. DC supply voltage was ±1.5 V.

As an example, a filter with a natural frequency of f0 = ω0/2� =
9 KHz and Q = 1 was designed. Bias currents and active and pas-
ive component values were chosen as: IB1 = IB2 = 15 �A, IA1 =
A2 = 10 �A, C1 = C2 = 1nF . The simulation results of the filter char-
cteristics are shown in Fig. 4. Fig. 5 shows the simulated and
heoretical frequency responses of the gain and phase character-
stics of the AP filter. It is clear that all the simulated results agree
uite well with the theoretical ones.

In order to demonstrate the electronic tuning of ω0, the dc bias
urrents IB (i.e. IB = IB1 = IB2) were set to the values of 5 �A, 15 �A,
0 �A, and 30 �A, respectively, while keeping IA1 = IA2 = 10 �A for
constant quality factor of Q = 1. The resulting responses of the
P filter corresponding to different bias currents IB when C1 = C2 =

nF are given in Fig. 6. It is seen that the natural frequency is propor-
ional to the bias current IB. For the controllability of the Q-value,
he dc bias currents were set to be constant at IB1 = IB2 = 15 �A
nd IA2 = 10 �A. The corresponding current characteristics of the
P filter when IA1 is varied are shown in Fig. 7. It is important to
Fig. 7. Simulated frequency responses of the BP filter when IA1 is varied.

note that high values of the quality factor Q can be easily obtained
using high values for IA1.
5. Conclusions

A new MO-CCCA and CCCII(±) based current-mode current-
controlled universal filter with SIMO structure is proposed. The
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roposed circuit has the following advantages: (i) it has only three
ctive elements and two capacitors (for example, this new circuit is
impler as compared to the circuit of [24]); (ii) it is truly universal in
ature, it can simultaneously realize lowpass, bandpass, highpass,
andstop and allpass filtering responses; (iii) both capacitors are
rounded, which is advantageous from the IC fabrication point of
iew; (iv) The natural frequency (ω0) and quality factor (Q) can be
ndependently controlled; (v) the natural frequency (ω0) and the
uality factor (Q) sensitivities are low; (vi) all output terminals are
t high impedance level; (vii) A current-mode high Q-value filter
an be easily obtained by adjusting the ratio of two bias currents of
O-CCCA.
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