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ABSTRACT

This paper focuses on a novel biquadratic filter using five kinds of current-mode active
elements which are the current differencing buffered amplifier (CDBA), plus-type of differen-
tial difference current conveyor (DDCC+), current feedback amplifier (CFA) and plus-type
and minus-type of second generation current conveyor (CCIIZ) to eliminate the redundant
terminals. Furthermore it uses two capacitors and eight resistors. All capacitors and resistors
in the circuit are grounded and suitable for integrated circuit implementation. The circuit of the
proposed filter offers several advantages, such as high input and output impedances, low sensi-
tivities to passive elements, and of use in controlling @y and Q with the values of capacitors
and resistors, respectively. An example is given. The active devices of the proposed circuit
have been simulated by Hspice using 0.5 um CMOS technology.
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1. Introduction

Current-mode circuits techniques have received
wide attention due to the high accuracy, inherently wide
bandwidth, greater linearity, higher slew-rate, lower
power consumption, simple circuit configurations and
better dynamic range [1,2]. Moreover, many papers us-
ing current-mode devices are published in the literature
[3-6], and the above advantages are also verified. This
paper proposes a method for realizing transfer functions
based on CDBA, DDCC+, CFA, CCIl, two grounded
capacitors and eight grounded resistors. The advantages
of this proposed circuit are the angular frequency and
the quality factor can be adjustable individually through
grounded passive elements. The use of grounded ca-
pacitors and grounded resistors is particularly attractive
for integrated circuit implementation [7,8]. In addition,
the circuit has high input and output impedances, so it
is cascadable.

* Author for Correspondence: Chun-Li Hou
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I1. Circuit Description and Principle
A. Current Differencing Buffered Amplifier (CDBA)

The current differencing buffered amplifier (CDBA)
was introduced by Acar and Ozoguz in 1999 [9]. The
circuit symbol and its CMOS implementation are shown
in Fig. 1 and Fig. 2, respectively. A CDBA is a four
terminal analog building block, and it is characterized
by the following set of equations:

Vxi=Vxp=0
Iz=1y - Ix,
V0= VZ

B. Differential Difference Current Conveyor
(DDCC)

The DDCC was introduced by W. Chiu, S. 1. Liu,
H. W. Tsao, and J. J. Chen in 1996 [10]. The circuit
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symbol and its CMOS implementation are shown in Fig.
3 and Fig. 4, respectively.

A DDCC is a five-port network, and it is character-
ized by the following set of equations:

Iyy=lyp=5Is=0

Vx=Vy -V +Vp

I;=1Iy

The plus and minus signs in above characteristics
represent the plus-type or the minus-type of DDCC,

respectively. This paper uses the plus-type of DDCC
only.

Fig. 1 The circuit symbol of CDBA.
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Fig. 3 The circuit symbol of DDCC+.

C. Current Feedback Amplifier (CFA)

Fig. 5 and 6 show the circuit symbol and CMOS
implementation of current-feedback amplifier (CFA).
Actually, the CFA is equivalent to the combination of a
CCII+ and a voltage buffer [11], and it is characterized
by the following set of equations:

VDD
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Fig. 5 The circuit symbol of CFA.
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Fig. 6 A CMOS implementation of CFA.
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Vy = VX

[ Yy = 0

I z= [ X

Vo=Vz
D. Second-Generation Current Conveyor (CCII)

The second-generation current conveyor (CCII) was
proposed by Sedra and Smith in 1970 [12]. The circuit
symbol and its CMOS implementation are shown in Figs.
7~9, respectively.

The CCII is a three-port network, and it is charac-
terized by the following set of equations:

Vy=Vy
Iz=i_]X
[y:()

The plus and minus signs in above characteristics
represent the plus-type or the minus-type of CCIL. This
paper uses both plus-type and minus-type of CCII.

Vy © R 1,
1y CCll+ Z|<0V,
VYO+X

Fig. 7 The circuit symbol of CCII.
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Fig. 8 A CMOS implementation of CCII+.

E. Circuit method

In this section, let us consider the realization of the
biquadratic transfer function

I, _ast2+albs +agy, )
Vi S2+b1bs+b0b M

The function can be realized with Fig. 10.

This circuit consists of five kinds of current-mode
active elements, two grounded capacitors and eight
grounded resistors. In Fig. 10, V,,,, V,,, and V,, are the
highpass, bandpass and lowpass outputs individually.
Furthermore, this paper uses Ry, Cu25, DDCC+ as one
group and R, Cy, CFA as the other to form an integrator.
In addition, it uses Rygp, R3, CCII- as one group and
Rpyp, Ry, CCII+, the terminal Y, of DDCC+ as the other
to form an inverting voltage amplifier. Similarly, this
paper uses R,y as one group and R, CCII+ as the

L e
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e

Fig. 10 The proposed biquadratic admittance circuit.
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Fig. 11 Hspice simulation results of the proposed circuit. X, simu-
lated highpass filter response; O, simulated bandpass
filter response; /%, simulated lowpass filter response.

other to form a non-inverting transconductance

amplifier. As a result, the biquadratic coefficients can

be individually controlled through the values of capaci-

tors and resistors. This paper uses a CDBA and a

DDCC+ to construct as summers to sum up the signals,
In Fig. 10, we can obtain Eq. (2) and Eq. (3).

Vip(s) ~ SC\RR,R; o
Vi) s2C 35 C iR 55 R \RoR 3+ 5C R, R \R3+ R0, R,

(2)
Is) _ 5%C 4 C (R uapRa1pR 1 + SC 1R o R + Ry
Vip(s) SCR 4opR 11pR

3

Multiplying Eq. (2) with Eq. (3), we can obtain Eq.
(4). It is the biquadratic transfer functions for the net-
work of Fig. 10.

2 1 1
———= 85"+ ——
- ]2(5) — Ra2b CquRaleaZh CaZbC lRaszaOle
His)=:2%) =
Vi) 24 Rew Rpon
CquRuZhRZ CaZbClRa2bR 1R3

4

Highpass, bandpass and lowpass transfer functions
are shown in Egs. (5), (6), (7), respectively.

Vhp _ s?

VvV, TDe) (%)

1
Vip _ CarpRup

V.~ DG ©6)
1
Vip _ CaCiRuapRy )
vV, D(s)
Where
R R
D(s)=s2+ blb s+ b0k 8
CaZbRa2bR2 CaZbCIRaZbRIRJ ( )

The angular frequency ax and quality factor Q are
given by

Rb()b
N N 9
0 CaZbC lRaZbR 1R3 ( )

R2 CGZthﬂthOb
= : 10
Rb 16 C lR 1R3 ( )

The sensitivities of ax, to passive elements are

)y [o7 ), W, (7 Wy

2528 25025 "=_5"° =_1

Cap €1 Rap Ry R3 Rpop 2
(10

The sensitivities of Q to passive elements are

Q Q

S =-S =-1

Rp1p R

Q _¢0Q _¢Q __¢¢ __¢@ __¢2 __1

SCl“SRl_SRs”_SCazb__SRazb__SRbOb__§
(12)

The sensitivities are rather small.
II1. Simulation results

In this section, we consider the biquadratic charac-
teristics with the chosen values for the passive elements:
Caop = C1=1nF; Ry1p = Raop =1K 25 Ripp = Ry1p = Rpop =
Ry = R, = R3 =10K Q. The results we choose in the
center frequency of this filter and its quality factor are
measured to be 15.9kHz and 1, respectively. Simula-
tion results are shown in Fig. 11. The measured fre-
quency responses agree well with the theory.

IV. Conclusions

In summary, the universal current-mode filter us-
ing five kinds of active elements which are the CDBA,
DDCC+, CFA, CCIIt, and two grounded capacitors and
eight grounded resistors has been presented. The new
filter offers several advantages, such as high input and
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output impedances, low filter sensitivities to passive
elements, and of use in controlling @y and Q with the
values of capacitors and resistors.
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