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This paper presents a new multiple-input single-output
(MISO) type current-mode universal biquad which can realize all
the five basic filter functions using only two Differential
Difference Current Conveyors (DDCCs) and a minimum number
of grounded passive elements. The workability of the new
configuration has been verified by PSPICE simulation results
based upon a CMOS DDCC in 0.35 1 m technology.
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1. INTRODUCTION

The Differential Difference Current Conveyor (DDCC) has
been found to be an attractive and flexible building block in
realizing various signal processing and signal generation circuits,
for instance, see [1]-[10]. Recently, Chen and Chu (see [1])
presented a new versatile voltage-mode multifunction active
biquad filter employing DDCCs. This circuit can operate in
single input multi output (SIMO) mode as well as multi input
single output mode (MISO) and employs a minimum number of
two resistors and two capacitors. However, since one of the
resistors used therein is floating, the circuit does not have both
grounded resistors which is desirable when electronic control of
filter parameters is intended because such grounded resistors can
be readily replaced by FETs/MOSFETs operated as voltage
controlled resistors.
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The main objective of this communication is to present a new
circuit which, like the circuit of [1] employs exactly the same
number of active components (two DDCCs) and passive
components (only two resistors and two capacitors) but, in
contrast to the circuit of reference [1] (which realizes voltage
mode (VM)-functions), realizes all the five basic filter functions
in current-mode with the advantage of employing all grounded
passive components.

2. PROPOSED CONFIGURATION

The proposed MISO-type current-mode universal biquad
configuration is shown in Figure 1.

Assuming the DDCCs to be characterized by:
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FIGURE 1 The proposed configuration
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a straight forward analysis of the circuit reveals the following
expression of the output current /, in terms of the four input
currents /;, I,, I3 and 1

~1,s°C,C, +(I, +1,)sC,G, - I,(sC, G,
/- Ls*C,C, + U, +1,)5C,G, 1,(sC.G, +GG,) where G,=L/R,: i=1 - 2 @)
$°C,C, +5C,G, +G,G,

The various filter types can be realized from the circuit of Fig.
1 as follows:

LPF: (i) making I35=1,= 0, C; = C, and taking I, = [, = I,

or (i1) making I3 =1, = 0, C; = C,and taking I, = I, = [,

In both the cases, the resulting transfer function is given by

G)

I, -1, e L
= =—/(G,G,)  where A=5°C,C, +sC,G, +G,G,
I A - - : )

in

BPF: (i) making /; = I3 =1, = 0, and taking [, = I,
or (i1) making I, = I, = I3 = 0, and taking I, = I,

thereby resulting in

ﬁ—" -16G6) @)

in

HPF: making I; = I, = I, = 0 and taking I; = [;, gives

)

I, -1
ZX(S2C1C2)

in

Notch: (i) making I, = 0, C; = C; and taking L, =1, = I3 =1,
or (i) making /> = 0, C; = C; and taking I, = I, = I3 =[;, gives a

notch response characterized by

(6)

L =_X1(szclc2 +G,G,)

in
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APF: making C; = C, and taking [, =, =1;=1,= 1, , an all
pass function results which is given by

[ _
- :Xl(sl’clc2 —5C,G, +G,G,) 7

mn

Thus, it is seen that the proposed circuit can realize all the five
generic filter responses.

The various parameters of the realized filters are given by:

1 1 C\R,
0, = |—— W= Q= ®)
CICZRIRZ CIRI CZRZ

G forBPF
and Ho=-C, )

-1, forLPF | HPF | Notch/ APF

where @, = cut-off frequency in radian/sec, BW = bandwidth,
0, = quality factor and H,= gain factor.

It may be noted that the first DDCC is used almost like a
normal CC whereas the second one has two Y inputs and two Z-
outputs thereby requiring some what larger number of transistors
than the former. However, this is more than compensated by the
advantage of the use of a minimum number of passive
components and the versatility of the circuit in realizing all the
five standard filters.

It may be mentioned that an additional circuitry e.g. a multiple
output current follower will be needed at the front end of the
proposed CM filter circuits to realize the conditions of the kind
I, = I, = I, but this feature is common to all MISO-type
universal CM biquads published previously too (see [15] and the
references cited therein) although none of the earlier workers
have explicitly acknowledged this. Hence, the requirement of the
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additional circuitry mentioned here should not be considered to
be a handicap or additional requirement only for the proposed
new circuit.

It is also interesting to note that the circuit of Figure 1 can
simultaneously realize low pass, band pass, and high pass in
voltage mode too if input-voltage V;, is applied at terminal (A)
by ungrounding it and the outputs V,;, V,, and V,; are taken from
the nodes where /;, I, and ;3 (which are not needed now) were
injected earlier. The three voltage-mode filter responses which
can be realized from the transformed form of the proposed
circuit of Figure 1 are found to be:

LPF: Vo2 :_XI(GIGZ) (10)
BPF: Vot :i( C,G,) (11)
HPF: L2 :i(chz) (12)

in

where Aand the relevant filter parameters remain same as in
equations (3), (8) and (9).

3. NON-IDEAL ANALYSIS

We now consider the non-idealities of a DDCC using the following
nonideal characteristics: Vx= f, Vyvi- fp Vo + fec Vyz and Iz = + a Iy
where o; = (1- e;) and ¢; (| e; |<<1) denote the current tracking errors
and B, = (I- e, ) and e, (| e, |<<I) denote the differential voltage
tracking errors.

The non-ideal expression for the output current of the circuit of Figure
1 is found to be
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(13)

where (¢; , f.; and Bp; ) belong to the first DDCC and (a,
and f,, ) belong to the second DDCC. The non-ideal
expressions for w, and Q, are found to be:

a)a — alaZﬂal a2 , Qa — 1 \/aZﬂalﬂa2C1Rl (14)
\ CGRR, B a,C,R,
The non-ideal gains and realization conditions (wherever
applicable) get modified as follows:

Hy;p= -1; where the condition of realization modifies to £,; C,
= ﬂa] Cj when Ig = I,-,, orﬁbj Cg = ,Baj Cj when 14 = Ii,,.

Hygp = BuCy when I,=1, or =1 %PuC when I, = I,,.
b1 2 b1 ~2
Hopp=- ay.

Honowen = -1, if a; = 1; realization condition being the same as
in LP.

Hypp=-1,1f o=, =1and By, C;= B, C,

From the above, the active and passive sensitivities of the
non-ideal @, and Q, are found to be:

Se =St =Sg =Sg =—1/2,8% =8% =85 =S¢ =1/2,85 =0
,S% =1, S¢ =S§f =S§Z =Sy :SﬂQL =12,
% = 5§ =5 =12 )
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Since the active and passive sensitivities of @, and Q, are
found to be in the range-1< s’ <1/2, the circuit, thus, enjoys
low sensitivities.

An alternative non-ideal analysis of the proposed circuit has
also been carried out including the various parasitic impedances
of the DDCCs. The resulting expressions are quite complex,
hence, to conserve space, we present only the non-ideal
expressions for w, and O, which are as follows:

o = ! +£1, +G1’ 2 16
4 C{Cé g1g2 Gg g2 G]ﬂ(;g ( )

1 1 n n 1 G’G’
\/ClCsz{glngl +Glg, + (1;”2}

0, = -

14 14 14 14 14 1 (17)
CiGyg, + C,Gyg, + C,G,

where C/=C+Cy, +Cy, +Cy,, C=C,+Cy +Cyy
G =G *gy, (/=G +gy, G;=G,%gy,, G]=G,+g,,,
8 =8m + & t8&uand g, =gy, +8, , where Cyy, Cyy,
Crazs Czi+s Cz2,y Gvals &woi> 8vazs &z1+» 822 &x1 and gy, are the

parasitic capacitors and conductances of the terminals Y,, Y}, Y,
Z+ and X for DDCCs.

One can easily see that when external RC elements are
selected such that (C; >> Cy; + Cyuo + Czpy, Cr>> Cyyy + Cpa,
gy; >> G; and gy, >> (), the above expressions become almost
same as their ideal counterparts.

To get a quantitative assessment of the amount of errors
introduced by the parasitics, it is found that with C;= C, = 31pF,
R;=26kQ, R,=1kQ and the parasitic elements taken as ry; = ry,
=47Q, rz;+ = 1rz72.= 22MQ, Cyyy = Cypy = Cypp = Czp0 = Cpo. =
0.2pF and ry,; = rypy; = 1y = 2.2MQ [2], the non-ideal values of
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the parameters are found to be @, = 6082100 rad/s and Q, =
4.7256 against their ideal values of @, = 6326300 rad/s and Q, =
5.099 which shows the errors to be around 3.86% and 7.62%,
respectively.

3. SPICE SIMULATION RESULTS

To verify the validity of the various function realizable from the
proposed configuration, SPICE simulation of the proposed current
mode filters has been carried out using the CMOS DDCC
implementation taken from [3], reproduced here in Figure 2.
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FIGURE 2 The CMOS implementation of a DDCC

The model parameters of n-channel and p-channel MOSFETs
have been taken corresponding to 0.35 um CMOS technology,

whereas aspect ratios of the MOSFETs were taken to be as
shown in Table 1.

Table 1: Aspect ratios of MOSFETs.

MOS transistors W/L
MI1-M4 0.75/0.35
M7, M8 15/0.75
M9 - M11, M17 - M18 10/0.4
M5, M6, M12 - M16, 5/1.15

The CMOS DDCC was biased with DC power supply
voltages Vpp= +1.5V and Vss = —1.5V and the biasing voltages
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were taken as V, = - 0.55V, and V;; = 0.55V. To achieve the
filters parameters f, = IMHz and quality factor of O, = 5.1, the
component values were selected as R; = 26kQ, R, = 1k€, and
C;= C, = 31pF. The frequency responses of LPF, BPF, HPF,
Notch and APF are shown in Fig 3 which shows a very good
correspondence between designed values and values determined

from PSPICE simulations.
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FIGURE 3 PSPICE Simulation results (a) Magnitude responses of LPF,
BPF, HPF and Notch (b) Magnitude and Phase response of APF
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To test the input dynamic range of the proposed filters, the
simulation of the band-pass filter has been carried out with a
sinusoidal input signal by designing the filter for £, = 1 MHz, Q,
= 1 with component values taken as R; = R, = 5.1 kQ. Figure 4
shows that the input dynamic range of the filter response extends
up to amplitude of 100 nA without significant distortion. The
dependence of the output harmonic distortion on the input signal
amplitude is illustrated in Figure 5. For input signal amplitudes
lower than 115 pA, the total harmonic distortion was found to be
less than 4 %. The simulation results show that the circuit
operates properly even at signal amplitudes of about 115 uA.
The SPICE simulation results of Figure 3-5, thus, confirm the
practical viability of the proposed configuration of Figurel.
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FIGURE 4 The input and output waveforms of the proposed band-pass
filter of the proposed circuit for sinusoidal input current of 100 xA,
1MHz
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FIGURE 5 Dependence of output current harmonic distortion on input
current amplitude of the band-pass filter of proposed circuit.

5- CONCLUDING REMARKS

In this paper, a new universal biquad current-mode MISO-
type filter circuit has been proposed and its workability has been
confirmed by PSPICE simulation results based upon a CMOS
DDCC in 0.35um technology. A comparison with some

relevant earlier circuits of [1, 12-16] is now in order.

A comparison with MISO type universal voltage mode biquad
using DDCCs, presented recently in [1] (Figure 1, case III
therein) shows that whereas the quoted circuit of [1] has one
floating resistor in case of LPF and HPF and two floating
resistors in case of Notch and APF, the proposed circuit in Fig.1
has no floating passive elements in any of the five filter
functions and uses only grounded passive elements which makes
the proposed circuit suitable for IC implementation [11]. With
appropriate changes, the circuit can also realize LPF, BPF and
HPF in voltage mode.

When compared with the MISO-type CM biquads using
current conveyors proposed earlier in [12]-[14], it is seen that the
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proposed circuit uses one less resistor than the circuit of [12] and
requires one active element less than the circuits of both [13] and
[14]. Because of employing two DDCC and only four passive
elements the circuit may be compared with some of the earlier
works for instance[16] which also use exactly same number of
active and passive elements. In this context, however, it may be
noted that the circuit of Fig.2 of [16] is essentially two input-
two outputs biquad as opposed to MISO-type structure proposed
here.

Lastly, it must be mentioned that it has came to our attention
only recently that a some what similar circuit had been reported
earlier in [15], however, development of the circuit has been
carried out independently. In fact, I was unaware of the existence
of the quoted paper of the time of carrying out the present work.
In view of this, a comparison of the proposed circuit of Figure 1
with that of [15] need to be done carefully. In this context, the
following may be noted: (i) The circuit of [15] can operate in
MISO-type current mode and MISO as well as SIMO-type
voltage mode (ii) it employs four resistors and two capacitors
(ii1) This circuit suffers from the drawbacks of connection of
capacitors at terminal X of CCs which may make the circuit
unstable (iv) in MISO-type current mode (Part III therein), the
circuit uses three resistors, however, since one of the resistors
used therein is floating, the circuit does not have all grounded
resistors (v) the circuit has matching condition (G,= G,= G3;) for
realizing APF (vi) in SIMO-type voltage mode, the first circuit
(Part II therein) uses two resistors one of which is floating and
finally, (vii) the second circuit (Part V therein) would become
same as my circuit of figure 1 if RC-CR transformation is
applied on this quoted version of the circuit of [15].

From (i) — (vii) above, it is clear that my circuit of Figure 1 is
not exactly similar to that of [15] and hence, is ‘justifiably’ a
new configuration.



New MISO-Type Universal Biquad Employing (45)

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

(8]

(9]

H.P. Chen and P.L. Chu, “Versatile voltage-mode multifunction
biquadratic filter employing DDCCs,” IEICE Electronics Express. 5,
769-775, (2008).

W. Chiu, S.I. Liu, H.-W. Tsao, J.J. Chen, “ CMOS differential difference
current conveyors and their applications,” IEE Proc.-Circuits Devices
Syst., 143, 91-96, (1996).

H.P. Chen, “Versatile universal voltage-mode filter employing
DDCCs,” International Journal of Electronics and Communications
(AEU), 63, 78-82, (2009).

V. Aggarwal, “Novel Canonic Current Mode DDCC Based SRCO
Synthesized Using a Genetic Algorithm,” Analog Integrated Circuits
and Signal Processin, 40, 83-85, (2004).

H.P. Chen, “Universal voltage-mode filter using only plus-type
DDCCs,” Analog Integrated Circuits and Signal Processing, 50, 137-
139, (2007).

S.S. Gupta and R.Senani, “Realisation of Current-Mode SRCOs using
All Grounded Passive Elements,” Frequenz, 57, 26-37, (2003).

JW. Horng, “High Input Impedance Voltage-Mode Universal
Biquadratic Filter with Three Inputs Using DDCCs,” Circuits Systems
Signal Processing, 27, 553-562, (2008).

M.A. Ibrahim, H. Kuntman and O. Cicekoglu, “First-Order All-Pass
Filter Canonical in the Number of Resistors and Capacitors Employing
a Single DDCC,” Circuits Systems Signal Processing, 22, 525-536,
(2003).

M.A. Ibrahim, H. Kuntman and O. Cicekoglu, “Single DDCC Biquads
with High Input Impedance and Minimum Number of Passive

Elements,” Analog Integrated Circuits and Signal Processin, 43, 71-79,
(2005).

[10] S. Kilinc, V. Jain, V. Aggarwal and U. Cam, “Catalogue of Variable

Frequency and Single-Resistance-Controlled Oscillators Employing A
Single Differential Difference Complementary Current Conveyor,”
Frequenz, 60, 142-152, (20006).

[11] V.K. Singh, A.K. Singh, D.R. Bhaskar and R. Senani, “New Universal

Biquads Employing CFOAs,” IEEE Trans Circuits and Syst-1I, 53,
1299-1303, (2006).



(46) New MISO-Type Universal Biquad Employing

[12] R. Senani, “New Universal Current Mode Biquad Employing All
Grounded Passive Components But Only Two DOCCs,” Journal of
Active and Passive Electronic Devices, 1, 281-288, (2006).

[13] H.Y. Wang and C.T. Lee, “Versatile Insensitive Current-Mode
Universal Biquad Implementation Using Current Conveyors,” IEEE
Transactions on Circuits and Systems —II: Analog and Digital Signal
Processing, 48, 409-413, (2001).

[14] W. Chunhua, L. Haiguang and Z. Yan, “Universal Current-Mode Filter
with Multiple Inputs and One Output Using MOCCII and-CCCA,”
International Journal of Electronics and Communications (AEU), 63,
488-453, (2009).

[15] C.N. Lee, C.M. Chang, C.L. Hou and J.W. Horng, “Multiple-mode
universal biquad filter using two DDCCs,” International Journal of
Electrical Engineering, 14, 291-297, (2007).

[16] T. Tsukutani, Y. Sumi and N. Yabuki, “Novel -current-mode
Biquadratic circuit using only plus type DO-DVCCs and grounded
passive components,” International Journal of Electronics, 94(12),
1137-1146, (2007).

[17] T. Tsukutani, Y. Sumi, N. Yabuki, “Versatile current-mode Biquadratic
circuit using only plus type DO-DVCCs and grounded passive
capacitors,” International Journal of Electronics, 94, 12, 1147-1156,
(2007).

[18] M. Kumngern, W. Jongchanachavawat and K. Dejhan, ‘“New
electronically tunable current-mode universal biquad filter using
translinear current conveyors”, International Journal of Electronics,
97(5), 511-523, (2010).



