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Abstract- This article presents a three-input two-output
current-mode universal biquadratic filter performing completely
standard functions: low-pass, high-pass, band-pass, band-reject
and all-pass functions, based on Dual-Output Current Controlled
Current Differencing Transconductance Amplifier (DO-
CCCDTA). The features of the circuit are that: the quality factor
and pole frequency can be tuned orthogonally via the input bias
currents: the circuit description is very simple, consisting of
merely one DO-CCCDTA, one voltage buffer and 2 grounded
capacitors. Additionally, each function response can be selected
by suitably selecting input signals in digital method. Without any
external resistors and using only grounded elements, the
proposed circuit is very suitable to further develop into an
integrated circuit. The PSPICE simulation results are depicted.
The given results agree well with the theoretical anticipation. The
maximum power consumption is approximately 1.81mW at
+1.5V power supply voltages.

Index Terms- biquadratic filter, DO-CCCDTA, current-mode

I.  INTRODUCTION

In electrical engineering works, as well-known, an analog
filter is an important block and widely used for continuous-
time signal processing. It can be found in many fields: for
instance, communication, measurement and instrumentation,
and control systems [1-2]. One of most popular analog filters
is a universal biquadratic filter since it can provide several
functions. Nowadays, a universal filter working in current-
mode has being been more popular than voltage-mode one.
Since the last decade, on the other hand, there has been much
effort to reduce the supply voltage of analog systems. This is
due to the command 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: for example, larger dynamic range,
higher bandwidth, greater linearity, simpler circuitry and
lower power consumption [3-4].

The literature surveys show that a large number of circuit
realizations for current-mode universal filters have been
reported [5-19]. Unfortunately, these reported circuits suffer
from one or more of following weaknesses

a) excessive use of the active and/or passive elements
and require changing circuit topologies to achieve
several functions [5-9]

b) lack of electronic adjustability [6-13], [16]

c) the outputs of the filter responses are not in high
output impedance [18-19]

d) use of floating capacitor, which is not convenient to
further fabricate in IC [6-13]

e) cannot provide completely standard functions [5, 7-8,

10-12, 15-16]

This work is arranged to propose a new three-input two-
output current-mode universal biquadratic filter, emphasizing
on use of DO-CCCDTA. The features of proposed circuit are
that: the proposed universal filter can provide completely
standard functions without changing circuit topology by
appropriately selecting the input signals in digital method: the
circuit description is very simple, it consists of one DO-
CCCDTA and 2 grounded capacitors, which is suitable for
fabricating in monolithic chip: the filter does not require any
external resistor and passive parameter matching conditions.
In addition, the quality factor and pole frequency can be tuned
orthogonally via the input bias currents. The performances of
proposed circuit are illustrated by PSPICE simulations, they
show good agreement as mentioned.

II. PRINCIPLE OF OPERATION

A. The  Dual-Output  Current  Controlled  Current
Differencing Transconductance Amplifier (DO-CCCDTA)
Since the proposed circuit is based on DO-CCCDTA, a brief
review of DO-CCCDTA is given in this section. Basically, the
DO-CCCDTA is composed of translinear element, mixed loops
and complementary current mirrors. Generally, the DO-CCCDTA
properties are similar to the conventional CDTA, except that input
voltages of DO-CCCDTA are not zero and the DO-CCCDTA has
finite input resistances R, and R, at the p and n input
terminals, respectively. These parasitic resistances are equal and
can be controlled by the bias current [, as shown in the
following equation

v, R, 0 0 0 0]
v, 0 R 0 0 0]l
Linl=l1 =1 0 0 ol|v,|. (1)
Linl [0 0 0-g, 0]V,
I, 0 0 0 0 g,[V,
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Where R =R = , 2
T (2)

IBZ
= , 3
Em 20, 3

I

and =5 4
Em2 27, 4

Where g, is the transconductance gain of the CCCDTA
and V. is the thermal voltage. The symbol and the equivalent
circuit of the CCCDTA are illustrated in Fig. 1(a) and (b),

respectively.
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Figure 1. DO-CCCDTA (a) Symbol (b) Equivalent circuit

Ly =

B.  Proposed universal biquad filter

The proposed current-mode universal biquad filter is shown
in Fig. 2. From routine analyzing the circuit in Fig. 2, we will
get the output currents as

1
Iy = %{gmllml —sC,R,9,,1,,, + D(S)[m:s] > )

and IU2 = (gm2‘[ml - SCQRngZIm‘Z ) . (6)

1
D(s)

Where D(s) = s’C\C,R, +sC,R g,, +g,, From Egs. (5) and
(6), the magnitudes of input currents; I, ,,/,, and I, ., are
chosen as Table. 1 by digital method to obtain a standard
function of the 2™-order network. From Eq. (5), the pole
frequency (w, ) and quality factor (), ) of each filter response

ng
= [ 7
) C,C,R, (7

and Q = Cr [Fm (8)
91 CICQRp

can be expressed as

For simple consideration, if we set €|, =C, =C and
1, =1,, =1,,Eqgs. (7) and (8) are subsequently modified to

1,
wo=p_ 9
ooV, ®
and Q, = 2Ly . (10)
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Figure 2. Proposed current-mode universal filter

TABLEI
The I,,,,1,, and I, , values for each filter function
response
Filter Responses Input
]O] [OQ Iinl IinZ [inS
- LP 1 0 0
HP - -1 1 1
BP - 0 1 0
BR - 0 1 1
AP - 0 2 1

It is obviously found that, from Eqns. (9) and (10), the
quality factor can be adjusted by I,, without affecting the
pole frequency. Reversely, the pole frequency can be
controlled via I, . In addition, bandwidth (BW) of the system
can be expressed by
W Iy,

BW = = .
Q, 20V,

(11)

We found that the bandwidth can be linearly controlled by
I,, . Moreover, the quality factor can be much high by
controlling I,, to be much less than I, . This differs from the
conventional current-controlled universal filters in such that
they use an input bias current to control the quality factor.
However, it has a limited value of current in the circuits, the
quality factor is then restricted.

C. Sensitivities
The sensitivities of the proposed circuit are low and can be
found as
Sp=185=-1, (12)
and Sff;’ =1 8% =—1. (13)

Ip;
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Figure 3. Internal construction of DO-CCCDTA
D.  Non-ideal case Phase
For non-ideal case, the I, and I, of DO-CCCDTA can be Ody - 40
respectively characterized by E \Ag
Izll = aplj a71117L H (14) -100 g \ “\
3 .
[zu = O‘pzlp — ol (12) S \o\\,\\
j— T —
= BugnVor (16) 200 -89 g5k TOk 30k 100k 300k T.0M 3.0M
112 = 0129,Vour» (16) Frequency (Hz)
and - /Bng 211 (18) Phase (a)
Where «,, a, and ﬂ are transferred error values deviated 1804 40 —
from one. In the case of non-ideal consideration, reanalyzing the g, \\,_
proposed filter circuit in Fig. 2 yields the denominator as 90d| ;5: o Gain
D(s) = s’C.C,R, +5sC,R g6, + g,., (19) O4 @1/‘/
In this case, the w,, (), and BW are changed to od -8 L
T 0ok 3.0k T0K K e (Do 300k 106 308
Wy = A (20) ()
CICQRp Phase
100 0, ——
C, 259,
Qo = ! 2t 5 (21) @ | [o Gain /
B129m CchRp 0] Z25[-|* Phase |~
]
and BW = 2o — B (22) —~ N~
Q G -100d" -5 530k 0k 30k 100k 300k  T.OM 3.0
Eqgs. (20)-(22) degrade the performances of proposed filter at Frequency (Hz)
high frequency applications in such restricted frequency bsod 20 ©
response and temperature dependence because of the parasitic [\\
elements of active device used in the circuit. 200413 0 s e
Actually, if careful design technique is employed to design g T
the CCCDTA, these deviations are very small and can be 150d) @203 Cain. \
ignored. 1004 -40 3.0k TOR 30 - TOOK 300k TOM 30M
1. SIMULATION RESULTS (:)q"e"c’( ’
To prove the performances of the proposed circuit, the [Phase
PSPICE simulation program was used for the examination. - \
The PNP and NPN transistors employed in the proposed o E
circuit were simulated by respectively using the parameters of 3_2 [a Gain | r‘
the PR200N and NR200ON bipolar transistors of ALA400 © Phase \.\
transistor array from AT&T [20]. The voltage buffer was used -190d A —ToF—30F——T0ok——300k——T0M-30
as an ideal voltage buffer. Fig. 3 depicts schematic description (F r)eq“ency EHz)
(&

of the DO-CCCDTA used in the simulations.

Figure 4. Frequency responses for different functions
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The circuit was biased with £1.5V supply voltages
and C;, = C, = 10nF . The results shown in Fig. 4 are the gain
and phase responses of the proposed biquad filter obtained
from Fig. 2 with different functions as shown Table 1, where
I, .1, and I, are equal to 50uA, 200puA and 200p4
respectively. There are clearly seen that the proposed biquad
filter can provide low-pass, high-pass, band-pass, band-reject
and all-pass functions dependent on selection as shown in
Table 1, without modifying major circuit topology.

Fig. 5 displays gain responses of band-pass function with
different I, wvalues. It is obviously shown that the
bandwidths of the responses can be linearly adjusted by the
input bias current [, as depicted in Eq. (10) without affecting
the pole frequency. Similarly, the results in Fig. 6 are phase
responses of all-pass function. It confirms the performances of
proposed filter in such controllability of the quality factor via
I,, without affecting the pole frequency as well. Maximum
power consumption is about 1.81mW.
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Figure 5. Bandwidth variation of band-pass function for different I B2
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Figure 6. Phase responses of all-pass function for different | B2

IV. CONCLUSIONS

The current-mode universal biquadratic filter based on DO-
CCCDTA has been presented. The advantages of the proposed
circuit are that: it performs low-pass, high-pass, band-pass,
band-reject and all-pass functions with two outputs depending
on an appropriately selecting of three input signals: the quality
factor and pole frequency can be tuned orthogonally via the
input bias currents, this is easily modified to use in control
systems using a microcontroller [3]. The circuit description
comprises only one DO-CCCDTA and 2 grounded capacitors
cooperating with one voltage buffer. With mentioned features,
it is very suitable to realize the proposed circuit in a
monolithic chip for use in battery-powered, portable electronic
equipments such as wireless communication system devices.
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