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ABSTRACT

A current-mode universal biquad filter structure using two
Current Follower Transconductance Amplifiers is proposed in
this paper. And it contains two grounded capacitors. The
proposed structure can be configured into single input multiple
outputs (MIMO). Using the proposed circuit the realization of
all the standard filtering responses such as low pass (LP), band
pass (BP), high pass (HP), band reject (BR), and all pass (AP),
can be done by choosing the output accordingly . The circuit
does not require inverted current input signal(s) and it operates
at lower supply voltage rails. The most important, component
matching constraints are not required for the circuit .The
proposed circuit offers an advantage of electronic tunability of
pole-frequency independent to the quality factor. Performances
of the proposed circuits were examined through P-SPICE
programs on cadence tools using standard CMOS technology.
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1. INTRODUCTION

Now days, the analog integrated circuits working in current
mode are more popular due to their specific features such as
higher slew-rate, considerable linearity, indigenous large
bandwidth, broad dynamic ranges, low complexity and
minimum power consumption [55]. Those current-mode (CM)
continuous-time (CT) filter structures, capable to realize all the
standard filtering responses, such as LP, BP, HP, BR and AP
are having prominence in electronic industry. This type of filter
structure is known as universal filters [55].

The designing of such type of filters with the concept, idea and
availability of the components required for the circuit.

Then the process of reducing the complexity of the circuit and
make it operable at low power is being done, so that the device
can be portable [57]. Further process of designing is to reduce
the number of passive elements such as Capacitors and
resistors used in the circuit and considering that there should be
no floating elements, floating elements r educes the further
integration[1-2].

Another big issue in the process of integrability is electronic
tuning of the circuit and for highly accurate performance of any
universal filter structure, first need is compatibility and
adaptability of the filter parameters to compensate for
unwanted variations due to various manufacturing
imperfections, thermal drift, malfunctions, etc [3]. These
structures are of many types either multiple-input multiple
output abbreviate as MIMO or single-input multiple-output
abbreviate as SIMO or multiple-input single output abbreviate
as MISO configuration [56]. Single input multiple output filter
structures [5-10] can realize many filtering functions without
any modification requirement in the status of input signal.
However, multi input multi output [56, 11-16] and Multi input
single output filter structures [17-30] can perform
multifunction filtering by modifying the input signals applied

[56]. Since an introduction of the current differencing trans
conductance amplifier (CDTA) in 2003, it has been
acknowledged to be a versatile active building block for
current-mode signal processing circuits [57]. Various analog
signal processing/signal generation circuit solutions using this
device have also been reported [57]. However, all of the
previous works need more than one CDTA. In point of view of
the low power dissipation and manufacturing cost, it is
important to keep the active component count at minimum.
Moreover, the earlier reported configurations do not exploit the
full capacity of the used CDTAs, since one of the input
terminals ( p or n terminals) of the CDTA is not used. This
may cause some noise injection into the monolithic circuit.
Thus, to avoid this problem, the modified version of the CDTA
so-called current follower trans conductance amplifier (CFTA)
has recently been introduced. [57]

A CFTA, a current-mode universal filter having single input
and three outputs (SIMO) and electronically tunable is
presented in this paper which provides all the desirable
responses such as low pass ,high pass band pass, band stop and
all pass filter operation.

The topology is Multiple-Input-Single-Output (MISO) and
Single input and multiple output universal biquad, are having
orthogonal adjustment facility of w, and Q [58].

In the literature, one input three output SIMO current-mode
filter [59]consists of three CFTAs, three grounded passive
elements (one resistor and two capacitors), but it realizes only
three filtering functions (LP, BP and HP ). The SIMO current-
mode filters reported [58] employing two grounded capacitors
and one floating resistor as passive elements and can realize all
the standard filter functions i.e. LP, BP, HP, BR and AP. The
structures in [60] realize one input three output biquad current-
mode filters by employing CFTA and three Passive elements
giving all five results.

The structures in [61] realize one input three output biquad
current-mode filters by employing two CCTA and two
grounded capacitors and three grouded resistors elements
giving all five results.

The structures in [62] realize one input three output biquad
mixed-mode filters by employing three VDTA and two
grounded capacitors giving all five results.

This is just the literature review about the previous research to
propose a current-mode biquad universal filter structure, which
is configurable into SIMO (single input multiple output)
structure and can realize all the standard filtering responses.

The proposed circuit is a biquad filter consists of two CFTAs,
two grounded capacitors as active and passive elements. This is
a current mode SIMO circuit. This topology is a resistor less
topology requires no matching conditions for the realization of
all filter responses. In this circuit there is no requirement of
inverted current input and operate at low power supply. All the
filter responses are obtained at high impedance output
terminal(s) which convince the cause of concern for circuit

34



cascading. The performance of the proposed circuit is verified
through P-SPICE 16.3 Orcads programs using 0.25um TSMC
CMOS parameters [32], and various responses are included to
verify the theory.

2. BASICS OF CFTA

Basic model and the ideal behavioral model of the CFTA are
shown in Fig. 1. It has one f-port low-impedance current input
port. The current I flows from port z. In some applications, to
utilize the current through z terminal, an auxiliary Z¢ (z-copy)
terminal is used [57]. The internal current mirror provides a
copy of the current flowing out of the z terminal to the zc
terminal. The voltage Vz on z terminal is transferred into
current using transconductance gm, which flows into output
terminal x. The G,, is tuned by Is. In general, CFTA can
contain an arbitrary number of x terminals, providing currents
Ix of both directions. The characteristics of the ideal CFTA are
represented by the following hybrid matrix:

Tablel: Hybrid matrix

V.1 To o o 4
I__ LIC = 1 O U IJ:;
I 0 0 xg, IV

The use of CF (Current Follower) at the input stage sets a low
impedance input terminal ‘f> of CFTA. When an input current
I¢ applied to the input terminal, it is transferred to the high
impedance auxiliary Z-terminal as (I; = Ig). A copy of 1Z
current may also be conveyed to the Z-copy terminal (ZC).
Mostly in the circuits, synthesized using CFTA, terminal Z is
loaded with the grounded impedance. The voltage drop (VZ)
across grounded impedance is further transformed into current
IX+ andlor IX- by the BOTA(Balanced output
transconductance amplifier). The trans-conductance (gm) of
BOTA can be controlled by an external biasing current (IS).
Because of this feature CFTA can be extended for various
electronically tunable current-mode applications [rt]. The
schematic of CFTA is shown in Fig. 1. An ideal CFTA can be
described mathematically by the following set of equations.

IfZIZ,IXZGmVZ,VfZO (1)
v
jf . I,
Vo f CFTA x}pov,
z :f.
'f:I If:f'
1‘: 1‘:{'

Fig. 1 Schematic symbol of ZC-CFTA

For CMOS implementation of CFTA [2011IP], Gm relates
with the biasing current as follows,

Gm = [Kls )

K = u,Cox(W/) ®
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With po, COX and W/L are mobility of free electrons within
the channel, gate-oxide capacitance per unit area and the aspect
ratio of the NMOS transistors Mg-M19 forming a differential
pair in the trans-conductance stage of employed CFTA.

3. PROPOSED CURRENT MODE
FILTER CIRCUIT

The proposed current-mode biquad filter with one input
terminal (linl) and three output terminals (loutl, lout2 and
lout3) is shown in Fig. 2. It requires two ZC-CFTAs and two
grounded passive elements (two grounded capacitors). The use
of grounded capacitors is particularly attractive for integrability
[31]. There is some output expressions obtained from the
proposed circuit.

S%C1 Gl

lout3 = ) 4)
_SC;GmyIy

Tout2 = o (5)
_ Gm,Gmyliy

Toutl = — === ® (6)

D(S) = S2C,C, + SC,Gm, + Gm,Gm, 7

From equations (4) - (7) shows that various filtering responses
can be obtained, which node providing the desired output is
given in Table2

Table 2. Current-mode filter with one input and three

outputs
Filter type Input Output
High Pass lin loutl
Low Pass lin lout3
Band Pass lin lout2
Band Reject lin loutl-lout3
All Pass lin loutl+lout2+lout3
Tlo t2
X2 X2 X2
i F2
F1 FTaL lin CFTA2 Z2 [ lout
)
Z1 Cﬂ— %
X1 X1 T
S |

Fig. 2 Proposed current-mode biquad filter

From the given equations, it is shown that the proposed circuit
can work as a universal current-mode filter as one input three
outputs (SIMO) configuration and can perform LP, BP, HP,
BR and AP filtering function .And there is no requirement of
component matching condition(s). In Addition, there is no
requirement of any type of inverting-type input current
signal(s) in the design to realize all the responses.

The filter parameters such as pole frequency (©0), the quality
factor (Q0) and band-width (BW) can be expressed as;

_ |Gm4Gm,
@o _" C1C, ®)
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“5Lb-

Q, = [Ime ©)
BW ="z (10)
C;

Equation (9) shows that the BW can solely be controlled by I,
only. From equations (7) - (8), it is also clear that filter
parameter 0 and QO can be adjusted electronically by
adjusting bias current Ig; without affecting BW.

4. NON-IDEAL ANALYSIS

In this section, the non-ideal aspects of the proposed biquad
filter circuit are considered. For the non-ideal case, CFTA can
be characterized by the following modified set of equations.

V=0, Iz=ailg, lzci=Bilfi lax=YiGmiVz
Where a;=1- ¢ with || <<1 B;=1-6; with | 6;| <<1

Represent the current tracking errors between f to Z terminal
and f to Z-copy terminal of the employed iy, ZC-CFTA (ith =1,
2), respectively. Y is the trans-conductance inaccuracy factor
between Z to + X terminal of the iy, ZC-CFTA.
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D(S) = 5261C2 + yzazschmz + ylaszlez (11)

w, = a2Y1?172:sz (12)
_ 1 [(rnGmG

Qo = Y2\ @2Gm,Cy (13)

BW = L% (14)

C;
Considering these non-ideal parameters of the CFTA and re-
analyzing the proposed filter of Fig. 2, we have the
denominator of each current output expressions as;

D(S) = 52C1C2 + VZCZZSCleZ + ylaszlez

It is seen from above equation that minor deviations are
available in wg and Qg due to non-ideal analysis. But these
deviations are negligible, because non-ideal parameters a,
and vy are tends to unity at working frequency.

5. SIMULATION RESULTS

The proposed current-mode universal biquad filter in Fig. 2
was implemented using standard CMOS technology
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(TSMC 0.25um) and examined using PSPICE simulation on
cadence tools to verify the theoretical expectations. For this,
CFTA was implemented using CMOS transistors as shown in
Fig. 3.

The dimensions of MOS transistors were taken as specified in
Table 3. The proposed circuit was designed for f0 = ©0/2x = 10
MHz by selecting IS1 = IS2 = 20 pA and C1 = C2 = 10 pF.
The voltage supply rails were used as VDD = -VSS = 1.0 V
with bias VBB = -0.5V. For SIMO (one input three outputs)
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configuration of the proposed current-mode filter circuit, the
simulated gain and phase responses of HP , LP, BP,BR,AP
output is shown in Fig.4(a),4(b),4(c),4(d),4(e) respectively.
Whereas, the simulated gain response of HP, LP, BP, BR and
AP filtering functions are illustrated in Fig. 5(a). And the
simulated gain response of HP, LP, BP, BR and AP filtering
functions are illustrated in Fig. 5(b)

Table 3: Dimensions of MOS transistors MOS Transistors

Dimensions

NMOS W(um)/L(pum)
M16-M17 2.5/.25
M18-M19 25/.25
M20-M31 7.5/.25

PMOS W(pum)/L(pm)
M1-M14 7.51.25
M15 8.5/.25

6. CONCLUSIONS

An electronic tunable universal biquad filter working in a
current mode is made up of two CFTAs and two grounded
capacitors are proposed. This circuit is having two grounded
capacitors as a passive elements only so they permits
cascadibility for obtaining higher order filter functions as all
the output currents are available at high impedance output
terminals. There is no need of inverted current input of circuit
this is the advantage and operating at low power supply. All
the filter responses are obtained at high impedance output
terminal(s) which convince the cause of concern for circuit
cascading. Another advantage of the proposed circuits were
found is independent current tunability of w0 and QO with bias
current(s) of CFTAs.Some other advantages are low active and
passive sensitivities and the versatility to realize LP, BP, HP,
BR and AP responses with one input and three output , without
requiring any matching conditions. The proposed universal
filter circuit was simulated using PSPICE with CMOS
implementation. The proposed circuit structure is expected to
be wusable for different applications in communication,
instrumentation and measurement systems, specially at high
frequency range.
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