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Abstract. The realization of current-mode biquad fil-
ter using current controlled current follower transcon-
ductance amplifiers (CCCFTAs) and grounded capac-
itors is presented. The proposed filter can simulta-
neously provide three standard transfer functions (low
pass, high pass and band pass filter). The tuning of
quality factor can be done without affecting the pole fre-
quency. Low input and high output impedances of the
configurations enable the circuit to be cascaded without
additional current buffers. The use of only grounded
capacitors is ideal for integration. The circuit perfor-
mances are depicted through PSpice simulations, they
show good agreement to theoretical anticipation.
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1. Introduction

Active filter is important in electrical and electronic ap-
plications, widely used for continuous-time signal pro-
cessing. It can be found in many fields, including, com-
munications, measurement, and instrumentation, and
control systems [1], [2], [3]. The universal filter with
one input and multiple output can be found in many
applications, for example in touch-tone telephone tone
decoder, in phase-locked loop FM stereo demodulator,
or in the crossover network as a part of the three-
way high-fidelity loudspeaker [2]. With growing inter-
est in design of current-mode filters, more attention
is being paid to the filters which have the high-output
impedance because they make them easy to drive loads
and they facilitate cascading without using a buffering
device [], [5].
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The synthesis and design of analog filters using mod-
ern electronically controllable active building blocks
(ABBs) give flexibility and convenience for designer.
These filters can be easily controlled by microcomputer
or microcontroller. Also some filter circuits which use
active building block can avoid the use of the ex-
ternal resistors. This will reduce the cost and chip
area. The design of analog circuits using active build-
ing blocks, taking into account several various crite-
ria such as the minimum number of active elements or
others, has been receiving considerable attention. Bi-
olek et al. [6] proposed several circuit ideas of building
blocks for voltage-, current- and mixed mode appli-
cations. One of them is the current follower transcon-
ductance amplifier (CFTA). This device allows applica-
tions with interesting features, especially those provid-
ing the electronic controllability. Later, Herencsar et al
[7] introduced the modification of CFTA, called current
controlled current follower transconductance amplifier
(CCCFTA) which the parasitic resistance at input ter-
minal is electronically tuned. 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 out-
put signals are currents.

It is obvious from the literature survey that a few
current-mode filter circuits using CCCFTA have been
hitherto published [7], [8], [9], [I0]. These filters are fo-
cused on the use of single CCCFTA with grounded ca-
pacitors. This is ideal for IC implementation. However,
the pole frequency and quality factor of filter in [7], [g],
[9], [T0] cannot be independently controlled. The high
pass function of filter in [7] is not easy to cascade in
current-mode circuit because this output current flows
through the grounded capacitor.

This contribution presents a single-input three-
output current-mode filter with low input and high
impedance, employing CCCFTAs. It is suitable for
fabricating as a monolithic chip or also for off-the-shelf
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implementation, consisting of 2 active elements and
2 grounded capacitors. The proposed filter can pro-
vide three standard functions (low-pass, high-pass and
band-pass). The tuning of quality factor can be done
without affecting the pole frequency.

2.  Circuit Configuration

There are two topics in this section as follows:
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Fig. 1: Circuit symbol and equivalent circuit of CCCFTA.

2.1. Basic Concept of CCCFTA

The circuit symbol and the ideal equivalent circuit
model of the CCCFTA are shown in Fig. and
Fig. respectively. It has finite input resistance
Ry at f terminal. This parasitic resistance can be con-
trolled by the bias current Io. The input current iy
flows into f terminal which will be sent to z terminal.
In some applications, to utilize the current through z
terminal, an auxiliary z. (z-copy) terminal is used [7],
[8]. The internal current mirror provides a copy of the
current flowing out of the z terminal to the z. termi-
nal. The voltage v, on z terminal is converted into
current using transconductance g,,, which flows into
output terminal . The g,, is tuned by Ip. In general,
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CCCFTA can contain an arbitrary number of = ter-
minals, providing currents i, of both directions. The
characteristics of the CCCFTA are represented by the
following hybrid matrix:

vy Rf 0 0 if
bisze | =] 1 0 0 Vy (1)
ZuL 0 0 :I:gm Vz

If the CCCFTA is realized using CMOS technology, Ry
and g¢,, can be respectively written as

1

Rj=—u 2
f \/m7 ()

and

9m = kgIB~ (3)

For the internal construction of CMOS CCCFTA
in Fig. the parameters kg = W,Cox(W/L)12 =
UnCor(W/L)3 4 and kg = W,Cor(W/L)2526. Io and
Ip are input bias current to control Ry and g, re-
spectively.

M16 M17 MI8| M9
MIS
M20

J
ISt

Fig. 2: Internal construction of CMOS CCCFTA.

2.2. Proposed Current-Mode Filter

The proposed current-mode biquad filter is illustrated
in Fig. 3] It is found that the filter consists of two
CCCFTAs, and two grounded capacitors. The output
current terminals are high impedance. Moreover, the
low input impedance terminal can be achieved by set-
ting IO1 as high as possible. With this configuration,
the proposed filter is easy to cascade in the current-
mode system. Considering the circuit in Fig. |3 and
using CCCFTA properties in section 2.1, the current
transfer functions for high pass, low pass and band pass
filter are respectively shown as

L _ a @
I - gm18 gm2 ?
in g2 4
O, T CiCyRp2
gm2
Inp C1C2Ryo 5)
I B gm1s gm?2 ’
mn 32 +
Oy CiCoRs2
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SGm1
_ Ch
B 52 + gm1s gm2 ’ (6)
Cy | CiCyRy2

The following relations are valid for the pole frequency
and the quality factor:

wo = gm2
0 C1CoRyy

0= 1 Olng.

gm1 \| CaRyo

From Eq. and Eq. , if the Ry and g, are equal

to Eq. and Eq. (3)), the pole frequency and quality
factor are re-written as

Ipp
Iin

(7)

and
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Fig. 3: Proposed current-mode filter.

It is apparent from Eq. that the quality factor
could be controlled by Ip; without affecting the pole
frequency. It should remark that the parameters kg
and kg are proportional to mobility and mobility falls
with increasing temperature. Then the temperature
variation will affect the wp and @ [11]. From Eq. (7)),
the wp-sensitivity analysis with respect to the parame-
ters of the active and passive element used can be given
by:

1

W 1 W
Scl.carps = "5 S902 = 5 (11)
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3. Analysis of Non-Ideal Case

In practice, the influences of voltage and current track-
ing errors and also the parasitic terminal impedances
of CCCFTA will affect the filter performance. In this
Section, these parameters will be taken into account.
For non-ideal case, the CCCFTA can be respectively
characterized with the following equations:

v R 0 0 077 i
| a0 0o of]i
iee | 0 0 ~y 0 V. |’ (12)
. 0 0 =£B8gm 0 Va

where o and ~ are the current tracking errors from
f and z ports to z port z. port, respectively. [ is
the transconductance error gain from z port to x port.
The influences of parasitic impedances are resistive and
capacitive parts affecting the z, z., and x ports of CC-
CFTA. Let us denote them R,, C,, R.., C,., and Rx,
Cx, respectively. If Ry is very low (by setting Io; as
high as possible), the influences of parasitic impedances
of the x terminals of CCCFTA1 and CCCFTA2 are
negligible because of their connection to low-impedance
input f (CCCFTA1). Considering into these effects,
the current transfer functions will be modified to the
more general forms:

2 w: *
a1y18° + SQ* + w;
= e (13)
s2 4 50 4 (a2

Q*

Iy
I;

a1819m1 (

1 1
f—
Ci+ C{C5R
wh 2
82 + 8@ + wa‘
a10282Gm2
2 WS *2’
s“+s + wy

Q*

Igp
I;

;o (14)

It
L’,n

where parameters:

Ci =C1+C.1 4 Cueo,

C5 =Co+ C,a,

wy _ am +C¥1“/1< 1 1 >
Qr C3R.,  Cf \R.a R.o

+ CC,?;; (1 - agv2),

« 1 1
w: B Cf$;;z2 * <Rz1 + ch2)

«
+ 70?0;%2RZ2 (1 - 042")/2).

In this case, the pole frequency and quality factor is
modified to
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It should be mentioned that the stray/parasitic z- éﬂ Lp
terminal capacitances are absorbed by C; and Cs as gc ® §
it appears in shunt with them. However, the parasitic {io/’/\,\’p sﬁ
resistance R,1, R..2 and R.» not only affect the wg and /
Q@ by they also add parasitic zeros to the HP and BP
g0k 1oM  30M 100M  300M 106G

transfer functions. The parameters «, v and 8 of the
CCCFTA affect the gain of all filter responses.

4. Simulation Results

To verify the theoretical analyses, the proposed CMOS
CCCFTA implementation in Fig. [2] is examined us-
ing the PSPICE simulation program. The PMOS
and NMOS transistors have been simulated by re-
spectively using the parameters of a 0,25 pm TSMC
CMOS technology [12]. The DC power supply volt-
ages are £1,25 V. The aspect ratios (W/L) of tran-
sistors are as follows: M1-M2 is 2 um/0,5 pm; M3-
M4 is 7,5 pm/0,5 pum; M25-M26 is 24 pum/0,5 pm;
other PMOSs are 2 pm /0,25 pm and other NMOSs are
3 um/0,25 um. The filter was simulated with the fol-
lowing parameters of its components: C; = Cy = 5 pF,
IOl = 400 I.LA7 IOQ = 40 LLA, IBl 100 I.LA7 and
Igs = 270 pA. According to these conditions, the
tracking errors and parasitic components are as follows:
ar=m =11 as = =115, Bl =13, ﬁZ = 1,42,
R.1 = R.c1 = 55,46 k2, C,1 = C.,c1 = b4 {F,
Ry, = 43,56 kQ, Cp1 = 5,6 fF, R.o = R.co =
141,58 kQ, C,2 = C,o2 = 53 fF, Ryo = 32,62 k2, and
Cypo = 5,5 fF. Tt is found that the current transfers o
and v have an error of 10 % and 15 %, respectively.
The errors in the transadmittance g,, represented by
coefficients 8 are 30 % and 42 %. These errors, mainly
in case of the transadmittance g,,, are still very high.
Anyway, these errors do not seem to be that significant
from the view point of final behavior of the proposed
structure. Also, using the tuning feature, the real be-
havior of the active elements can be further suppressed
by proper adjustment of the bias currents. The simu-
lated gain responses of the proposed filter are shown
Fig. It is clearly seen that the filter can simul-
taneously provide low-pass, high-pass and band-pass
functions without modifying the circuit topology. The
simulations yield the pole frequency of 30 MHz and
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Fig. 5: Time domain responses.
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Fig. 6: Band-pass response for different values of Ip;.

the quality factor of 0,95. The expected value of pole
frequency from Eq. (9) is 32,13 MHz (thus the devia-
tion is 6.63 %). The expected value of quality factor
from Eq. is 0,92 (thus the deviation is 3,26 %).
This error is from the influences of current tracking
errors and parasitic impedances of CCCFTA as ana-
lyzed in section 4. The proposed filter was excited
by 25 pA/30 MHz sinusoidal signal. The transient
responses are shown in Fig. The total harmonic
distortions (THD) for IHP, IBP and ILP are 1,26 %,
0,73 % and 0,52 %, respectively. Considering Eq. (10)),
the @@ can be controlled by Ip; without affecting the
wp. The @ tuning is confirmed via the BP response in
Fig.[6l By varying Ip; with different values of 50 pA,
100 pA and 200 pA, the simulated quality factors are
1,39, 0,95 and 0,704, respectively. The magnitudes of
output impedance for HP, BP and LP are 52,14 k{2,
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112,78 k2 and 32,62 k€2, respectively. The power con-
sumption is about 8 mW.

5. Conclusion

The current-mode biquad filter based-on CCCFTA has
been presented. The proposed filter can provide three
standard transfer functions (LP, BP and HP) with low
input and high output impedances. It consists of two
CCCFTAs and two grounded capacitors. The orthog-
onal current control of the quality factor and pole fre-
quency is achieved. As mentioned advantages, the pro-
posed circuit is convenient to fabricate in integrated
circuit (IC). The PSPICE simulation results agree well
with the theoretical anticipation.
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