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A Current-mode Universal Biquadratic Filter with Electronic
Controllability Using MO-OTAs
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Abstract

This article presents a current-mode universal filter performing completely standard

functions: low-pass, high-pass, band-pass, band-reject and all-pass functions.

The circuit principle is based on multiple-output operational transconductance
amplifiers (MO-OTAs). The features of the circuit are the ability of the pole
frequency and quality factor which can be electronically tuned via the bias
currents. The circuit topology is very simple, it consists of 4 MO-OTAs and
2 grounded capacitors. The proposed circuit is very appropriate to further develop

into an integrated circuit architecture. The PSpice simulation results agree well with

The
3.2mW at £1.5V power supply voltages.

the theoretical anticipation.

total power

consumption is approximately
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Introduction

An analog filter is an important building
block, widely used for continuous-time
signal processing. It can be found in many
fields :
urement, and instrumentation, and control
systems [Sedra A. S. and Smith K.C.,
2003; Ibrahim, M. A., et al.,, 2005]. One

of most popular analog filters is a universal

including communications, meas-

biquadratic filter, since it can provide
several functions. Recently, a universal
filter working in current-mode has been
more popular than the voltage-mode
type. Since the last two decades, 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 con-
sumption [Toumazou C., 1990; Bhaskar
D.R., 1999].

The multiple output operational
(MO-OTA)

is a recently reported active component.

transconductance amplifier
It seems to be a versatile component
in the realization of a class of analog
signal processing circuits, especially
frequency [Biolek D.,
et al.,, 2008; Herencsar N., et al., 2009].

There are many papers presenting various

analog filters

applications using OTAs such as current
or voltage-mode universal filters, current-

mode or mixed-mode KHN-equivalent



biquads, current-mode all-pass filter,
active-C grounded positive inductance
simulator, or current-mode quadrature
[Biolek D., et al, 2008;
Herencsar N., et al., 2009; Herencsar, N.,
et al.,, 2008; Herencsar, N., et al., 2008;
Herencsar N., et al.,, 2010; Herencsar N.,
et al., 2010; Herencsar N., et al., 2010 and
Tangsrirat, W., 2010]. In addition, the

mentioned element can be found in

oscillator

commercial form.

The aim of this paper is to propose
a current-mode universal biquadratic filter,
emphasizing on use of the MO-OTAs
and grounded capacitors. The features of
the proposed circuit are that the proposed
universal biquadratic filter can completely
provide 5 functions (low-pass, high-pass,
band-pass, band-reject and all-pass)
without changing circuit topology: the
circuit description is very simple, em-
ploying only grounded capacitors as
passive components, thus it is suitable for
fabricating in monolithic chip. The quality
factor and pole frequency can be elec-
tronically adjusted. The PSpice simulation

results agree with the theoretical analysis.
Principle of Operation

Basic concept of MO-OTA

Since the proposed circuit is based
on OTA, a brief review of OTA is given
in this section. Generally, the ratio of
voltage to current is transconductance

(gm). It is made to be a commercially
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available integrated circuit. Basic pro-
high
impedances. The gm of the OTA can be

perties are input and output

controlled by external bias current.
The relationship between output current

and input voltage of OTA is as follows.
IOl B IO2 = 8m (‘/(+) B ‘/(—))’ (1)

and CMOS OTAs, the gm is written as

gm = \/E’ (2)

where k = u C (W / L). Here k
and I, are the physical transconductance
parameter of the MOS transistor and input
bias current. The symbol and the equivalent
circuit of the OTA are illustrated in figure

1 (a) and (b), respectively.
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Fig. 1 The OTA (a) symbol (b) equivalent

circuit.

Implementation of the filter

The filter is designed by cascading
a current amplifier and the current-mode
lossless integrators as systematically shown
in figure 2 [Chunhua W., et al., 2008]. From
block diagram in figure 2, we will receive
the transfer functions at each terminal as

Lip _ K—l 3)

1, s1,0, +57,K +17

in



14 2093NIBIANNAMNANS UV IBNINAUANMEIsMINudEnnseiindlayld MO-OTAs

L2y S L T @)
in s7T,7, +57,K +1
2
Tp g 500 (5)

b
s*t,7, +sT,K +1

I _ g S0Ttl ©)
i s’r,7, +57,K +1

and

Lip _ K 327172 —s7,K +1. @)
I, 81,7, + ST, K +1

The pole frequency and quality factor

can be expressed respectively as

W, = 1 , and Q=i % ®)
7,7, K\

There if 7, and 7, are set to keep its

ratio constant, the pole frequency can be
adjusted by 7, or 7, without affecting, the
quality factor can be tuned through K

without affecting the pole frequency.

JO

in

Y
>
4+

[O<—+ ST,

Fig. 2 Block diagram for the proposed filter.
(Chunhua, W., et al., 2008)

Proposed current-mode universal biquad
filter

As mentioned in previous or above,
the proposed filter is based on the current
amplifier and the current-mode lossless
integrators. In this section, these circuits
will be described. The current amplifier
based on OTA is shown in figure 3.
The output current of the this circuit

can be written to be

I, =KI,,. 9)
1
where K =-2%,
Bl

Figure 4 shows the lossless inte-
grator using OTAs. Considering the
circuit in figure 4 and using OTAs

properties, we obtain

Loy _ 1 (10)
1, s
1

Fig. 3 Current amplifier based on OTAs.
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Lip _ 8 1 (11)
Iy I, g 28m Bma | 8ms Em2 ’
: in ml g2 om3 oms 4 qomi oms 41
O }. Cl C2 CZ gml
___f? g 8ma
Lo _ 8w G (12)
Iin Em Szhg’"“ +ng4 @_}_1
1 1 G G G g
g2 8ms Ema
Lp _ 82 G G (13)
]in gml Szﬁh‘ks@@‘kl
G G ga G
§2 8ms Ema g
Iﬂ: Em2 Cl C2 (14)
Ly & g2 8ms Bma | (8ma 8ma 4
¢ G g&n G
and
Fig. 5 Completely proposed current-mode 2 8m Bna _ Em2 8ma
universal filter. IA;P _&m G G g&u G (15)

[in gml 52%@4_‘?@@4_1
c C C
The completed current-mode universal b Em 2
filter is shown in figure 5. The transfer From Egs. (11)-(15), the pole

functions of the circuit can be written as  frequency and quality factor can be

follow respectively expressed

Cl CZ

fC
, and Q — gml ng3 (16)
gm3gm4 gm2 Clgm4

Substituting the transconductance from in Eq. (2) in Eq. (16), it yields pole

@y, =

frequency and quality factor as follows

1

and Q — (kIIBl)E
1 1
(k3]€4183184)2 (kZIBZ)2

1

CZ (k3IB3 )E

Cl CZ

(16)

1
Ci(kyly,)?
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It is obviously found that, from
Eq. (17), by keeping to ratio of Iy; and Iy,
to be constant, the pole frequency can be
adjusted by Iy; and I, without affecting
the quality factor. The quality factor can
also be adjusted by Iy and I, without
affecting the pole frequency. Moreover,
the circuit can provide high Q, by

reducing the value of I,.

Circuit Sensitivity
The sensitivities of the proposed

circuit can be found as

W“zS%z—l;ﬁ?zxﬁzé 1)

133 [B4 2
and

O _ O _ .
S,B‘: —I,SI;2 =—1;

o _le __1
&m3:Ca

- 2 °2g,4.00 2 (19)

Therefore, all the active and passive

sensitivities are less than unity in magnitude.

Simulation Results

To prove the performances of the proposed
universal biquardratic filter, the PSpice
simulation program was used for the
verification. Figure 6 depicts schematic
description of the MO-OTAs used in the
simulations. The PMOS and NMOS tran-
sistors have been simulated by using the
parameters of a 0.25um TSMC CMOS
technology [Prommee P., et al., 2009]. The
transistor aspect ratios of PMOS and NMOS
transistors are indicated in Table 1. The
circuit was biased with 1.5V supply voltages,
C,= C,= 10pF, Iy, = Iy = Iy = Ip,= 52 pA.
Loads of the circuit are 1€ of resistor.
The results shown in figure 7 are the gain
responses of the proposed universal biquad-
ratic filter. It is clearly seen that the proposed
circuit can simultaneously provide low-pass,
high-pass, band-pass, band-reject and all-
pass functions, without modifying a circuit
topology. Gain and phase responses of the

all-pass function are illustrated in figure 8.

et} ]

I
3.-14.-.; M Q) ‘ l_L-":U.-.f

[l

Fig. 6 A possible internal construction of MO-OTA.



Table I: Dimensions of the transistors
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Transistors W (um) L (um)
M1-M2 1 0.25
M3-M4 5 0.25
M5-M6 3 0.25
M13-M14 25 0.25
M7-M12, M15-M22 4.5 0.25
20
=)
E’E- -0
“20
-40 4 BR lpi=lg:=52pA
o HP [lg_-,=||g4=52|fl-'\
00750k 300K 1.0M 3.0M 10M
Frequency (Hz)

Fig. 7 Gain responses of proposed circuit

Figure 9 displays gain responses of
the band-pass function for different Iy,
and Iy, values, showing that the quality
factor can be adjusted by the input bias
current Iy, as depicted in Eq. (17) without
affecting the pole frequency. Figure 10

shows gain responses of band-pass function,

where Iy; and Iy, are equally set to keep
the ratio and changed for several values.
This shows that pole frequency can be
adjusted without affecting the quality
factor, as analyzed in Eq. (17). Total

power consumption is about 3.2mW.

951 ;
2 o (Gain
o o Phase
1 Ei} I =lpz=50pA
E = I|;_l,=1|g.»,=5ﬂ|.lﬁl
2ol 95
=0 "
‘=
2

300K

1.0M
Frequency (Hz)

3.0M ToM

Fig. 8 All-pass responses of the circuit in Fig. 5.
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Fig. 9 Band-pass responses for different values of I; and Iy, with keeping their ratios

to be constant.
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Fig. 10 Band-pass responses for different values of I; and Iy,.

Conclusions

The current-mode universal biquadratic
filter based on MO-OTAs has been
presented. The features of the proposed
circuit are that: it performs completely
standard functions: low-pass, high-pass,
band-pass, band-reject and all-pass func-
tions from the same circuit configuration
without component matching conditions
and changing circuit topology for the
same time. The pole frequency and quality
factor can be independently/electronically
adjusted via corresponding input bias
currents. The circuit description comprises

only 4 OTAs and 2 grounded capacitors,

which is attractive for IC implementation.
With mentioned features, it is very suitable
to realize the proposed circuit in monolithic
chip to use in battery-powered, portable
electronic equipments such as wireless

communication system devices.
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