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Abstract

The manuscript presents the design of a universal
filter operating in current domain using active elements
called Current Controlled Current Follower
Transconductance  Amplifiers (CCCFTA). The
proposed current-mode universal biquadratic filter
performing completely standard functions: low-pass,
high-pass, band-pass, band-reject and all-pass
functions. The features of the circuit are that: the
quality factor and pole frequency can be tuned
orthogonally via the corresponding input bias currents,
the circuit description is very simple, consisting of
merely 3 CCCFTAs and 2 grounded -capacitors.
Without any external resistors, without requiring
component matching conditions and using only
grounded elements, the proposed circuit is very
appropriate to further develop into an integrated
circuit. Moreover, the proposed circuit enables easy
cascading in current mode, due to high output
impedances. The PSpice simulation results are depicted.
The given results agree well with the theoretical
anticipation. The power consumption is approximately
3.34mW at +1.5 power supply voltages.
Keywords:  universal filter, CCCFTA, current-mode
1. Introduction

An analog filter is an important building block, widely
used for continuous-time signal processing. It can be found
in many fields: including, communications, measurement,
and instrumentation, and control systems [I-2]. One of
most popular analog filters is a universal biquadratic filter,
since it can simultaneously provide several functions.
Recently, a universal filter working in current-mode has
being been more popular than the voltage-mode type. Since
the last two decade, there has been much effort to reduce
the supply voltage of analog systems. This is due to the
demand for portable and battery-powered equipment. Since
a low-voltage operating circuit becomes necessary, the
current-mode technique is ideally suited for this purpose.
Actually, a circuit using the current-mode technique has
many other advantages such as: larger dynamic range,
higher bandwidth, greater linearity, simpler circuitry and
lower power consumption [3-4].

The current follower transconductance amplifier
(CFTA) is a recently reported active component. It seems to
be a versatile component in the realization of a class of
analog signal processing circuits, especially analog
frequency filters. There are many papers presenting various
applications using CFTAs such as current-mode single

input multiple output (SIMO) universal filters [5-7],
current-mode multiple input single output (MISO) type
filter [8-9]. It is really current-mode element whose input
and output signals are currents. In addition, its current gain
can also be adjusted.

The current controlled current follower transcon-
ductance amplifier (CCCFTA) [10] is a recently reported
active component. It was modified from the first
generation CFTA [5-9, 11-12]. It seems to be a versatile
component in the realization of a class of analog signal
processing circuits, especially analog frequency filters. It
is really current-mode element whose input and output
signals are currents. In addition, it can also adjust the
output current gain.

The aim of this paper ‘is to propose a current-mode
universal biquadratic filter, emphasizing on use of the
three CCCFTAs and two grounded capacitors. The
features of the proposed circuit are that: the proposed
universal biquadratic filter can completely provide five
functions (low-pass, high-pass, band-pass, band-reject and
all-pass) without changing circuit topology, the circuit
description is very simple, employing only two grounded
capacitors with three CCCFTAs. The quality factor and
pole frequency can be electronically adjusted. The PSpice
simulation results are also shown, which are in
correspondence with the theoretical analysis.

2. Principle of Operation
2.1 Current Controlled Current
Transconductance Amplifier (CCCFTA)
The schematic symbol and the ideal behavioral model
of the CCCFTA are shown in Fig. 1(a) and (b),
respectively. It has finite input resistance Rf at fport. This
parasitic resistance can be controlled by the bias current Io.
The current If flows from port z. The voltage Vz on z
terminal is transferred into current using transconductance
gm, which flows into output terminal x. The gm is tuned
by Iz In general, CCCFTA can contain an arbitrary
number of x terminals, providing currents Ix of both
directions. The characteristics of the ideal CCCFTA are
represented by the following hybrid matrix.

Follower

Vf Rf 0 0 ]f
L.l=1 0 o |7 )
I 0 0 +£g,|V.

For CMOS CCCFTA, the R, and g, is written as
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Where kl?/ = 'upCUX (W/L)_m = lunCUX (W/L)I_Z ’ksm = /UHC(L\' (W/L)zo,zr
Here k is the physical transconductance parameter of the
MOS transistor. The current 1, is used to adjust the Rr, u,
and p, are the electron mobilities in the channel, C,, is the
gate oxide capacitance per unit area, W and L are
respectively the channel width and length, the current /5 is
input bias current to control the transconductance g,.
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Fig. 1. CCCFTA (a) schematic symbol and (b) equivalent
circuit.

2.2 Implementation of the filter

The filter is designed by cascading a current amplifier
and the current-mode lossless integrators as systematically
shown in Fig. 2 [13].
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Fig. 2. Implementation block diagram for the filter [13].

2.3 Proposed current-mode universal biquad filter

As mentioned in above section, the proposed filter is based
on current amplifier and the curent-mode lossless
integrators. In this section, these circuits will be described.
The current amplifier based on CCCFTA is shown in Fig.
3. The output current of the this circuit can be written to be

[

l,=KI,,, 3)

where K =g, R, /2. Fig. 4 shows the lossless integrator
using CCCFTA. Considering the circuit in Fig. 4 and using
CCCFTA properties, we will receive

Lo @

where 7= C/g,.
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Fig. 3. Current amplifier based on CCCFTA.
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Fig. 4. Lossless integrator using CCCFTA.
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Fig. 5. Completely proposed current-mode universal filter.

The completed current-mode universal filter is shown in
Fig. 5. The transfer functions of the circuit in Fig. 5 can be

written to be

ILP _ gmlRfl 1
1 2 o, Gk, o O
in 52 152 s m f1+]
En28m3 2g,s
ey
]ﬂ___ EmRp 83 ©)
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The pole frequency and quality factor can be expressed to

be
/ 2 }C
0)0 - nggm3 and Q — lng . (10)
GG, gm]Rfl Con

Substituting the transconductance as depicted in Eq. (2) in
Egs. (10), it yields pole frequency and quality factor as
follows
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It is obviously found that, from Egs. (11), by keeping the
ratio of I, and Ip; to be equable, the pole frequency can be
adjusted by Ip; and Ip; without affecting the quality factor.
Simultaneously, the quality factor can be adjusted by I,
without affecting the pole frequency. Moreover, the circuit
can provide high O, by reducing the value of ;.

3. Simulation Result

To prove the performances of the proposed filter, the
PSpice simulation program was used for the examinations.
In the simulations, the internal structure of the CCCFTA
shown in Fig. 6 is used. The PMOS and NMOS transistors
have been simulated by respectively using the parameters
of a 0.5um MOSIS CMOS technology [10]. The aspect
ratios of PMOS and NMOS transistors are listed in Table I.
The circuit was biased with +1.5V supply voltages,
C=C=10pF, I,;=1,,=1,;=13uAd and Ig;=Ip=1p;=90uA. It
yields the pole frequency of 2.2906 MHz. The results
shown in Fig. 7 are the gain responses of the proposed
universal biquad filter. Fig. 8 displays gain and phase
responses for I;p filter in Eq. (9). It clearly shows that this
circuit can provide simultaneously low-pass, high-pass,
band-pass band-reject and all-pass function responses
without modifying the circuit topology. Fig. 9 displays gain
responses of band-pass function where /s, and [ps are
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equally set to keep the ratio to be constant and changed for
several values. It is found that pole frequency can be
adjusted without affecting the quality factor. Fig. 10
displays gain responses of band-pass function with
different I; values. It is shown that the bandwidth of the
responses can be adjusted by the input bias current Ip;.
Total power consumption obtained from PSpice is about
3.34mW.

Fig. 6. Internal construction of CCCFTA.

TABLEI]
DIMENSION OF THE MOS TRANSISTORS
MOS Transistors W(um) L(um)
M;-M;s 4.0 1.0
M;s-Mss 4.0 2.0
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Fig. 7. Gain responses of proposed circuit.
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Fig 8. Gain and phase responses of the all-pass function.

=
=
3 o Ip=lp=25 pd
© Ipy=Ip=50 pAd
E v Ip=Ip=100 yd ]
| & Ig=Igs=150 pd | To/=lo=los=13 p4
40 300k 1.0M 3.0M 10M

Frequency (Hz)

Fig 9. Band-pass response for different values of Iy, and Jp; with
keeping their ratio to be constant,
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Fig. 10. Band-pass responses for different values of Ip;

4. Conclusions

A current-mode universal filter biquadratic filter based
on CCCFTA has been presented. The features of the
proposed circuit are that: pole frequency and quality factor
can be electronically independently adjusted via input bias
currents. The circuit description . comprises only 3
CCCFTAs and 2 grounded capacitors. The advantages of
the proposed circuit are that it performs completely
standard functions, low-pass, high-pass, band-pass, band-
reject and all-pass functions from the same circuit
configuration without component matching constraint and
changing circuit topology. The pole frequency can be
electronically tuned without affecting the quality factor
with keeping I, and Ip; ratio constant. The quality factor
can be adjusted by the input bias currents Jp;.
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