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Abstract: A new versatile voltage-mode biquadratic with four in-
puts and four outputs using two differential difference current conveyors
(DDCCs), two grounded capacitors, and two resistors is proposed. The
proposed circuit can act as a multifunction voltage-mode filter with one
or three inputs and four outputs and can simultaneous realization of
voltage-mode notch, highpass, bandpass and lowpass filter signals from
the four output terminals, respectively, without any component choice
conditions. On the other hand, it also can act as a universal voltage-
mode filter with three inputs and a single output and can realize five
generic voltage-mode filter signals from the same configuration without
any component matching conditions. H-Spice and MATLAB simula-
tions results are provided to demonstrate the theoretical analysis.
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1 Introduction

The applications and advantages in the realization of various active filter
transfer functions using current conveyors have received considerable atten-
tion. Some voltage-mode multifunction second-order filters with a single
input and three outputs using current conveyors were proposed [1, 2, 3, 4, 5].
In 1997, Horng et al. [1] proposed a voltage-mode multifunction filter with a
single input and three outputs, which can realize lowpass, bandpass, and
highpass filter transfer functions, using four CCII+s, three grounded ca-
pacitors, and five grounded resistors. In the same year, Chang proposed
five voltage-mode multifunction biquadratic filters using four CClIls, two
grounded capacitors, and three-five resistors [2]. However, with these two
proposed configurations required at least four active components. In 1999,
Chang and Lee proposed a voltage-mode lowpass, bandpass, and highpass
biquadratic filter with a single input and three outputs using only two com-
pound current conveyors, two grounded capacitors, and three resistors [3].
However, the passive components it used were not minimum. In 2003, Chang
et al. [4] proposed a voltage-mode multifunction filter with a single input
and four outputs, which can realize lowpass, bandpass, and highpass filter
transfer functions, using a single FDCCII, two grounded capacitors, and two
grounded resistors. However, only three standard filter signals can be simul-
taneously obtained in the circuit configuration. Moreover, the use of FDCCII
can be divided into two separate DDCC’s by using Y7, Ya, Y3, X+ and Z+ as
the terminals of the first DDCC, and Y7, Y3, Yy, X- and Z- as the terminals
of the second DDCC. Recently, Horng et al. [5] proposed a voltage-mode
highpass, bandpass and lowpass filters using two DDCCs, two grounded ca-
pacitors, and two grounded resistors. However, only three standard filter
signals can be simultaneously obtained in the circuit configuration. In this
paper, the authors also employ the same active elements of DDCC, but the
proposed circuit can realize more “notch” filter signal from the same config-
uration, which is unlike the proposed by Horng et al. [5]. On the other hand,
many universal voltage-mode biquads with three inputs and one output were
proposed [6, 7, 8, 9, 10, 11]. However, with these proposed circuits could
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not used grounded capacitors in the circuit design. In 2003, Chang and
Chen [12] proposed a good universal voltage-mode filter with three inputs
and one output employing two DDCCs, two grounded capacitors and two
resistors. However, only three inputs and single output was used in circuit
design. In this paper, the authors propose a voltage-mode biquad with four
inputs and four outputs using only two DDCCs, two grounded capacitors,
and two resistors. The proposed circuit can act as a multifunction voltage-
mode filter with one or three inputs and four outputs and can simultaneous
realization voltage-mode notch, highpass, bandpass and lowpass filter signals
from the four output terminals, respectively. On the other hand, it can also
act as a universal voltage-mode filter with three inputs and a single out-
put and can realize five generic voltage-mode filter signals from the same
configuration without any component matching conditions. Therefore, the
proposed circuit is obviously more versatile than those with a single input
and multi-output or with multi-input and a single output.

2 Circuit description

The proposed versatile voltage-mode multifunction biquadratic filter with
four inputs and four outputs employing two DDCCs is shown in Fig. 1. By
using standard notation, the port relations of a DDCC can be characterized
by IYl = Iyg = Iyg = 0, VX = VY1 - VY2 + VY3, and IZ = :|:IX [5, 12]. The
proposed circuit comprises two DDCCs, two grounded capacitors and two
resistors, to realize the voltage-mode multifunction biquadratic filter. The
use of grounded capacitors is particularly attractive for integrated circuit
implementation. Derived by each nodal equation of the proposed circuit that
the input-output relationship matrix form of Fig. 1 can be expressed as

801 0 Gl 0 Vol GlVil
0 sCy 0 Gof| [Vo2 | | G2Vis (1)
—1 =11 0| |Vas| | Vi |

1 0 0 1|V Vit + Via

where G| = R% and Gy = R%.

Va>*— Y3 ppcc Vis| Y5 ppCC
Viaol)e Y (1)  Z- Y (2) z- Vo2
Yi X Virrt Vi X
:=c1 ==CZ
Vo3o—t Vod
$Ri L R: L
Vis

Fig. 1. The proposed multifunction voltage-mode biquad.
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From the above matrix form, the following four output voltages can be
derived as
1

Vol= A

[(sCoG1 + G1G2)Vin + sCoG1Vig — G1G2Vis + G1G2Vig].  (2)

1
Voo = Z[sclazvﬂ + G1G2Vig + (sC1G2 + G1G2)Viz — (sC1Ga 4+ G1G2) Via].

(3)

1
Voz = Z[(Sczcﬁ + 5C1Ga + G1G2) Vi1 — s2°C1CyVig + sC1G2Viz — sC1G2Vig).
(4)

1
Vos = [s°CiCoVin = sCoG1Via + G1GaVig + (s°C1Cy + sCoG)Via]. - (5)

where A = s201Cy + sCyG1 + G1Go.

Depending on the status of the biquad input four voltages: Vi1, Via, Vi3,
and V4, numerous filter functions are obtained. There are three cases shown
as below.

Case L. If Vj3 = V;,, (the input voltage signal) and V;; = Vi3 = Viy =0
(namely, the resistors R; and Ry are grounded), then

@ _ sCoGq (6)
Vi 52C1Cy + sCyG1 + G1Gy”
2 e M
Vi 52C1Cy + sCyG1 + G1Gy”
@ _ —820102 (8)
Vi 52C1Cqy + sCyG1 + G1Gy”
@ _ —sCyGq )
Vi 52C1Cy + sCyGy + Gle.

Thus, the non-inverting bandpass, non-inverting lowpass, inverting high-
pass, and inverting bandpass signals are obtained at the node voltages, V1,
Voo, Vo3, and V,y4, respectively. Note that the input signal, Vo = Vj,, is
connected to the high input impedance input node of the DDCC(1) (the Y2
port of the DDCC(1)). So the circuit enjoys the advanage of having high
input impedance, leading to cascadability at the input port. Moreover, the
use of only grounded capacitors and resistors is particularly attractive for
integrated circuit implementation.

Case IL. If Vi3 = Vi3 = Vju = Vi, (the input voltage signal) and Vi1 = 0,
then

ﬁ _ sCyG (10)
Vi 52C1Cy + sCyG1 + G1Gy”
Vor _ GG (11)
Vi 52010y + sCyGq + G1Go”
@ _ —8201(72 (12)
Vi 52010y + sCyGy + G1Ga”
@ 320102 + G1Go (13)

Vin 820105 + sCoGh + G1 Gy
Thus, the non-inverting bandpass, non-inverting lowpass, inverting high-
pass, and non-inverting notch signals are obtained at the node voltages,
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Vo1, Voo, Vo3, and V4, respectively. Note that one more “notch” signal by
Horng. [5]

Case III. Let Vi4 = 0 from Eq. (5) yield the five types of biqudratic filters
with the following specialization.

(i) lowpass: Vi1 = Vi2 = 0, and Vi3 = Viy;

(ii) bandpass: V;1 = Vi3 =0, and Vi3 = Vjp;

(iii) highpass: Vio = Vi3 =0, and Vi1 = Viy;

(iv) notch: Vjo =0, and Vi1 = Vig = Viy;

(v) allpass: Vi1 = Vig = Viz = Vi,

Note that there is also no need of any component matching conditions
and inverting type voltage input signal to realize all of the filter responses.
Obviously, from case I to III, the proposed circuit can act as a multifunction
voltage-mode filter with one or three inputs and four outputs and it can also
act as a universal voltage-mode filter with three inputs and a single output,
too. Therefore, the proposed circuit is more versatile than those with a single
input and three outputs or with multi-input and a single output.

3 Effect of Non-idealities

Taking into account the non-idealities of a DDCC, namely the Vx = 5,Vy1 —
ByVya + BVys, and Iz = —alx where a; = 1 —¢; and e; (Je;| < 1) denote
the current tracking error and 3, = 1 — e, and e, (|e,] < 1) denote the
differential voltage tracking error. The denominator of the transfer functions
of Fig. 1 becomes

D(s) = s°C1Ca + a18e1502G1 + 102841 802G1Ga. (14)
The non-ideal w, and @ are given by

o 102841 Bp2G1G2
‘ 105 '

1 Ja2fBa18p2C1G2
S el ol 16
@ B\ a1CaGy (16)

A sensitivity study forms an important index of the performance of any

(15)

active network. The formal definition of sensitivity is

F_ 2 OF
Sz - F oz’

where F' represents one of w,, () and x represents any of the passive elements

(17)

(G1—Ge, C1—C4) or the active parameters (o, 3;). Using the above definition
the active and passive sensitivities of the proposed circuit shown in Fig. 1
are given as

Swo_Swo_ _S‘UO_ O:SEJ;D:_ go=_Swo:%.
SQ =55 Sﬁw S =858 =-S5 =-58, =-58 =1;
S5, =1 (18)

all of which are low and not larger than unity in absolute value.
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4 Simulation results

In order to verify the theoretical prediction of the proposed biquad filter,
we use the H-Spice for the simulation part with TSMC 0.35 um process and
Mat-lab for the theoretical part to compare the results. The CMOS imple-
mentation of a DDCC as shown in [12] with the NMOS and PMOS transistor
aspect ratios (W/L = 5u/1u) and (W/L = 10p/1u), respectively. The sup-
ply voltages were Vpp = —Vgg = 1.65V, and the biasing voltages were
Vi, = =V = 0.5V. Figure 2 shows the result of circuit simulation for the
proposed multifunction filter in case I. The component values are selected
as R; = 10k, Ry = 2k, Cy = 79.5pF, and Cy = 15.9 pF leads to a center
frequency of f, = 1 MHz and quality factor of Q = 5. As can be seen, there
is a close agreement between theory and simulation.

20 '
%
10 AT
FF AR
of—+—+ ++++ 7 Ky TTre ey
/ XX %(X \
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T —101 g ) _
° +*
3 p N X +
2 / X X A
§) _20 B /*/ . R 8 +. i
: e x X+
%( X *  HP simulation * ‘\"55,_
=30 X X7 — — — HP theoretical X X
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------- BP theoretical
—50 1 7
0 10 10
frequency(Hz)

Fig. 2. The simulated results of lowpass, bandpass,
and highpass amplitude-frequency responses with
Vizg = Vin, and Vi = Vi3 = Viy = 0.

5 Conclusion

In this paper, we presented a new versatile multifunction voltage-mode bi-
quadratic filter with four inputs and four outputs. The circuit can be acted
as both a multifunction voltage-mode filter with one or three inputs and
four outputs and a universal voltage-mode filter with three inputs and a
single output. Therefore, the circuit proposed in this paper is more versa-
tile than the multifunction one with a single input and three outputs or the
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universal one with three inputs and a single output. Besides, the proposed
circuit still offers the following advantages: (i) simultaneous realization of
lowpass, bandpass, and highpass responses for the single-input three-output
filter, (ii) simultaneous realization of lowpass, bandpass, highpass and notch
responses from the four output terminals, respectively, (iii) no need to im-
pose component choice to realize all five generic responses for the three-input
single-output filter, (iv) no need to employ inverting-type input signals, (v)
employment only two grounded capacitors, and (vi) low active and passive
sensitivity performances. In Table I, the main features of the proposed new
circuit are compared with those of previous works.

Table I. Performance parameters of recently reported
voltage-mode filters.

Circuits Criteria
(i) | (i) | (i) | (iv) | (v) | (vi)

The new circuit | yes | yes | yes | yes | yes | yes

Ref. [12] in 2003 | no | no | yes | yes | yes | yes
Ref. [11] in 2004 | no | no | yes | no | no | no
Ref. [10] in 2001 | no | no | yes | no | no | no
Ref. [9] in 2001 | no | no | yes | no | no | yes

Ref. [4] in 2003 | yes | no | no | yes | yes | yes

[

Ref. [5] in 2004 | yes | no | no | yes | yes | yes
[
[

Ref. [3] in 1999 | yes | no | no | yes | yes | yes
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