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Abstract

A single-tnput and threc-output current-mode biquadratic {ilter emplaying
three multiple-output operational mirrored amplificrs 1s proposed. With high outputs
impedance, the circult simultancously realizes lowpass, bandpass and hughpass filter
tunctions without changing its configuration and elements. The filter provides low
sensitvities, uses only grounded passive clements and the parameters ¢y and Q-

factor can be orthogonally tuned

Introduction

Recently, there has been great emphasis in the design and implementation
of analog signal processing circuits using operational mirrored amplifiers (OMAs)
and four-terminal floating-nullors (FTFNs) as active elements, owing to the
usefulness and advantages over cwrrent conveyors [M. Higashimura. 1991]. Scveral
techniques  for realizing  current-mode  filters  have bcen  described [M.T.
Abuelma‘atti, and H.A. Al-Zaher. 1999, J. Malhotra and R. Senani. 1994, C.M.
Chang. 1993 and S. Ozoguz and C. Acar. 1998]. Among these is a single-input and
threc-output (SITO) type current-mode  multifunctional filter using OMAs (S,
Ozoguz and C. Acar. 1998]. The filter offers particularly attractive features, such as,
simultaneously realizes lowpass (LP). bandpass (BP) and highpass (HP)
characteristics without changing the circuit configuration and elements, and provides
high impedance outputs. However, 1ts drawbacks are that it employs four OMAS
and its natwral angular frequency g and Q-factor are interdependent. More
importantly, it requires tloating passive elements, In monolithic ICs, it is highly
desirable to have all the passive elements, in particular the grounded capacitors.
Also the parasitic capacitances can be absorbed, since they are in paralle] with the
grounded capacitors [M. Bhusan and R'W. Newcomb. 1967.. M.T. Abucelma’atti.
A A Al-ghumaiz, and M.H. Khan. 1995].

The goal of this paper is to present the current-mode SITO biquadratic
filter employing only three multiple-output OMAS, where all the passive elements
arc grounded. The proposed filter realizes three current transfer functions, i.c.,
lowpass (LP). bandpass (BP) and highpass (HP) simultaneously with high output
impedances, and all passive and active sensitivities are low. Moreover, it also otfers
the attractive feature of independent grounded clement control of the filter
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parameters o, and Q-factor.

Proposed configuration

In this work. a multiple-output OMA that is modified from the
conventional OMA reahizaton{Malhotra and R. Scnani. 1994, S, Ozoguz and C.
Acar, 1998] by adding new output terminals 1s Introduced. Fig. | shows the circuit
implementations and representations of the multiple-output OMASs using power-
supply current-sensing technique. This building blocks can be characterized by the
following port relations ¢

va=v L, q=ih=0and i, =.=i5=i3=0 (1)
Using the above building blocks, Fig. 2 shows the proposed current-mode SITO
filter using three multiple-output OMAs, four grounded resistors and two grounded
capacitors,  An element circuit analysis shows that the current transfer tunctions of
this circuit can be expressed as :

Typ = > (2)
iy D(s
[ Ry Cy |
. |
1,2 \ RJ .
Ty = 2= = (3)
o, D)
h
] R, R-R,CC
C\nd TLP:I‘O—K:—%—\ et a9 (4)
iin D(s)
/ A N
5 Ry R |
where Disy=s"+5 3 _ 3 ()

t S 14 |
CRIRC ) L RIRRCICy )

It is shown from above equations that this f{ilter can realize HP (Ty;), BP (T4p) and
LP (T.p) current transfer functions simultaneously without changing the circuit
configuration and elements. It also provides high impedance output ports, which 1s
very sultable for cascading systems. Moreover, the filter employs only grounded
passive elements, which is benefictal for IC implementation.
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Figure 1 : Circuit implementation and circuit representation
of the multiple-output OMAs
(a) positive multiple-output OMA (b) negative multiple-output OMA

4 i

Figure 2 : Proposed SITO current-mode biguadratic filters
Using multiple-output OMAs
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The natural angular frequency @, and the Q-factor of this configuration

can be given by
o, = S S (6)
R\RyR4C1Cy

and Q= /&&EL . (7)
YRRy Gy

The sensitivities of w, and Q-factor to the passive elements are equal to 0.5 in
magnitude, all of which are small. Furthermore. by setting R, =R, =R,. Ry =Ry =
Ry and C,=C,=C, then the parameters ; and (-factor of this filter can be
rewritten as

1

w, =—-
[d —~
R4C

(8)

and

0-22. 9
8

It is important to point out that the o, can be tuned by the grounded
resistors R; and R, and/or the grounded capacitors €, and C, without disturbing the
Q-factor.  Moreover, the Q-factor can be independently adjusted through the
grounded resistors R, and R;. This means that the parameters «, and Q-factor can
be orthogonally tuned through grounded passive elements. In addition, if the
grounded resistors R, and R, are replaced by such as FETs-based voltage-
controlled resistors, then the o can be electronically wned. On the other hand, if
we fix R, and the grounded resistors R, and Ry arc replaced by vollage-controlled
resistors, the Q-factor can also be electronically tuned.

By taking into consider the non-ideal performance of the multiple-output
OMA., its characteristics can be modeled as v, =8,v|. ¢, =...=i5 =iy = a;iy where
B; =1-€(le[" 1). denotes the input voltage tracking error, and «, =1-8(]8] 1).
represents the output current tracking error of the /~th multiple-output OMA (/ = 1,
2, 3). Reanalysis of the configuration in Fig.2 shows that the parameters w,, and

Q, -factor become :

I
Wy = BB By ous (10

R4C

R Baaes
nd Q,=-A A (I
: Rg \/B;Uzalaz
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For example, if ;=099 and «, =0.98 . the divergence of the parameters w,, and
Q, from their ideal values (o and Q) are found to have the deviation of 4.43% and
1.52% respectively. In addition, it can casily be verified tfrom equations (10) and
(11) that that all of its active sensitivities with respect to B, and «, are also equal to
0.5 in magnitude.

Simulation results

The proposed filter of Fig.2 has been simulated through the use of a
PSPICE simulation program. The multiple-output OMAs were built by employing
AD704 operational amplifier together with improved Wilson current mirrors
composed of pap IN2907A and npn 2N2222A transistors. The power supplies uscd
were taken as +V =+15V and ¢ = C> =5nF. Fig.3 shows the simulated frequency
responses for R, =Rg=10k€, Q=1 and /,-318kHz It can be seen thal the
proposed filter performs well tor all the three current transfer functions.
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Figure 3 : Frequency responses of LP, BP and HP filters
when Ry =Rz=10kQand C, =, =5 nF.

For the controllability of the gy, Fig.4 shows BP oulput responses for
three difterent values of R =R, =Rp: te.. R =5kQ, 10 kQ and 20 kQ. The
corresponding o obtained by simulation are 6.45 kHz, 3.23 kHz and 1.62 kHz.
respectively, and the calculated values from egn. (4) are 6.36 kHz, 3.18 kHz and
1.59 kHz, respectively. The simulated values are in good agreement with the
predicted values. The obtained responses of the BP output for variable Q-factor
(ie.. Q-factor = i, 2. 10) are shown in Fig.5, while R, set to constant at 10 kQ.
This tigure shows that the various values of Q-factor can be obtained by varying Rg

without disturbing the paramcter oy . [t can be concluded tfrom above mentioned that
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in both cases the filter characteristics are very close to the theoretical analysis.
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Figure 4 : Simulation results of BP response for various values of og

O R,=10kQ |
m T oR,= SKQ
’l'\a\ O Ry= 1kQ
A% AR

Normalized
current gaun

-

_ & / % 5

et ST e
00 T . :
100 1 ik

Freguency (Hyy

Figure § : Simulation results of BP response for various values of 0-factor

Conclusions

A current-mode SITO biquadratic filter using only three muluple-output
OMAs has been proposed. The cireuit provides the following advantages: (i)
simultaneous realizaion of LP, BP and HP hlters without changing the circuit
configuration and elements, (i) employment of only grounded passive elements, (iii)
suitable for cascading structure, (iv) independent controlling of the parameters o,
and Q-factor, and (v) low passive and active sensitivities. The validity of the
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proposed filter has been confirmed by the PSPICE simulation results.
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