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Abstract. Increasing demands on circuits with low supplytagé and low

power consumption lead to the realization of anaéogircuits working in the
current-mode. In this paper a new topology is pregk of multifunctional

frequency filter SIMO (Single Input Multiple Outpuivorking the in current-

mode. The proposed circuit is realized using foerosd-generation current
conveyors and six passive elements. A high valugudlity factor can be
achieved, changeable independently of the charstiteirequency. The results
of sensitivity and tolerance analyses of the prefoéiter are given. The
properties of the designed filter were also expentally verified.
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1 Introduction

Currently research and development in the are@&sifjding linear circuit structures is
focused on the application of new active elemestish as current conveyors [1],
voltage conveyors [2] or transadmittance amplifi@]s More often we can meet with
these elements in structures working in the cumende because of their wider
frequency bandwidth. Another advantage of curreotiencircuits is their higher
dynamic range. Using circuits working in the vokamode the demand of sufficient
signal to noise ratio cannot be fulfilled in lowpgly-voltage applications. The value
of supply voltage has not such an influence ondyxeamic range in current-mode
circuits, as in voltage-mode circuits, and thithisir main advantage.

New circuits working in the current-mode can beigiesd using the method of
adjoint transformation to a voltage-mode prototigle Although this design method
is relatively fast, it does not solve the problehdecreasing supply voltage, because
the active elements stay the same, mostly if ojmeratamplifiers are used. It is better
to base the design of new circuits realizing frempyefilters working in the current-
mode on seeking a suitable autonomous circuit, lwitian be extended by other
active and passive elements [5], [6], [7].



2 Frequency filter design

For the design of new circuits current conveyorsemesed. Although these active
elements are not currently industrially producééytcan be found as a part of some
types of current feedback amplifiers, such as AD&t4lements labeled as OPA860
and OPA861. The current conveyor of these elenisitk®e second-generation current
conveyor CCII+. In our department we use the umsigercurrent conveyor
UCC-N1B, which was developed in cooperation with &MI Semiconductor Centre
in Brno. By a suitable connection of the branchethis integrated circuit all three-
port and some more-port first class, that is wittirggle port X, current conveyors can
be realized.

For the design it is suitable to use the generml@arent conveyor (Fig. 1a). The
relation between branch currents and voltages/sngdy equations

u, =al,, i, =b, i, =cl, D

wherea, b, andc are voltage or current gains between individuatpdChoosing the
value of these parameteEBD{—l:I.}, bD{— ];0;1}, CD{—:L':I} a specific type of
current conveyor is determined, which has to bel dse the realization itself of the
proposed circuit.
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Fig. 1. a) Generalized three-port current conveyor, b) autonomous circuit with two GCCs

As an initial structure for further design the angmous circuit in Fig. 1b [7] was
chosen. This circuit is described by its generakatteristic equation

CE=ahabYY, —abYY, —ab, (LY, +Y.Y,) —acacYY, +Y,Y,+Y,,=0. (2

The following analysis of this circuit is focused the realization of filters that will
enable us to change the quality factor indepengearitthe characteristic frequency.
To make the realization itself as simple as possive will not consider any type of
current conveyor as in [7], but only second-genematcurrent conveyors, i. e.
a=a= 1,b1: b2=O.

Choosing the productc, = —1 equation (2) will simplify to the form

CE=YY,+Y,Y, +Y,Y, =0. 3

In this case all filters derived from this autonamaircuit will fulfill the condition
of stability. If the character of passive elemeigschosen as follows Y= G,



Y,=pCy, Y3=G,, and Y, =pC,+G; (Fig. 2) then (3) will change to a form that
agrees with the conditions of second-order frequéditters design

CE =p°C,C, +pC,G, +G,G, =0. (4)
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Fig. 2. Multifunctional filter working in current-mode with two CC

Possible general current transfer functions ofcihauit in Fig. 2 are
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The proposed circuit can be used for the realinatiblow-pass, (5c), high-pass
(5d), band-pass (5a, b, €), and band-reject (&fjuiency filters. By respecting the
condition ¢;c, = -1 in some cases it is possible to realize eitheerting or non-
inverting transfer function choosing the value oéfficientsc; andc,.

According to (4) the quality fact@ and radian frequencsy are given by

_ ,/Gle (6)
Q= c1 G, \jcc

Relative sensitivities of these parameters to indial passive elements are

1

K=" R =~ Na =~KNeo = - *'Sgc;s:_l- Y
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If some of the passive elementg C,, G, or G, changes by 1%, the quality factor
Q and radian frequencsy will change by 0.5% or by — 0.5%. The highest gty
of the quality factor is to the change of the athmite G.

Using the circuit in Fig. 2 for frequency filter slgn, problems can appear if a high
value of quality factor is required. The analysksve that in that case it is suitable to
use a low impedance of resistos. Rhis requirement can be fulfilled if the resistor
R; and R are also of low impedance. Their values cannaarbérarily low, because
if the impedance connected to a current port Xlaseto or even smaller than the
input impedance of the port X, the circuit leavissfinctionality at high frequencies.
The value of the input impedance of the port X igeay limiting factor of current
conveyors and its reduction is the main problemenily solved by many researches
[8-10].

The influence of the parasitic impedance of the pocan be suppressed by the
modification of the circuit in Fig. 1b) by extendirit with other active and passive
elements. The advantage is that the resistors ctethéo the port X can a have higher
value and hence the parasitic properties of theenticonveyor used will not show so
much.

In Fig. 3a) the modified structure of the autonomaircuit with four generalized
current conveyors and six passive elements is prede
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Fig. 3. @) M odified autonomous cir cuit with four GCC, b) multifunctional filter working
in current-mode

The design of the circuit starts with the genetaracteristic equation, as in the
previous case. In the further design we will alse only second-generation current



conveyors. The characteristic equation of the aat@us circuit in Fig. 3a is given
by
CE =ceC,YY, —CCY,Y —CLC,Y,Y; +Y,Y, = 0. 9)
Choosing the value of the products of the coeffitse;csc, = 1, ¢4 =—1, and
C,C¢s=—1 and the character of passive elements &, Y,=pC; Y3=G,

Y;=G;, Ys=Gy and Y5 =pGC, it is possible to determine the type of the curren
transfer functions realizable by the circuit desigin Fig. 3b
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where CE =p°CC, +pCG, + G,(G, +G,) - This circuit can be used as high-pass (10f),

low-pass (10d, e, g), band-pass (10a, b, c) or-bgjedt (10h) frequency filter. In the
case of transfers (10b), (10d), (10e), and (10g)dhoice of the coefficient; will
realize either the inverting or the non-invertinge of the transfer function of the
filter. However, it is necessary to respect theditions of the products of the
coefficientsc; to c,.

The quality factoQ and radian frequencgy are given as follows

Q= %@ _ GG, +G,) (11a,b)
e

The relative sensitivities of the quality factordaradian frequency to passive
elements are

1 _ (12a)
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go =1 G a1 G (13b)
® 2G,+G, "¢ 2G,+G,

The values of the relative sensitivities are anailisgto those of the initial
autonomous circuit. Moreover, the values of admaés G and G can be optimized
here such that their influence on the propertiehisfcircuit is minimized.

3 Simulations

Using the OrCAD — PSpice simulation program theavédur of the proposed circuit
was analyzed. The universal current conveyor UCB-Nias used as the active
element. For simulations the values of coefficieats c;=-1, c,=c,=1 were
chosen, which fulfill the conditions for circuitadtility.

If we chooseR; =R;=R;=R and C; =C, =C, then using (11) the values of
resistors are given can be calculated for the requialues oty andQ

(14a,b)
R = £ y R2 = @ .
w,C V2
The magnitudes of current transfer functions ofrthdtifunctional frequency filter
analyzed are given in Fig. 4. The value of the ati@ristic frequency considered is

fo=4.5 MHz and of the quality factor {3 = 20. The results are given for transfer
functions (10c), (10f), and (109).
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Fig. 4. Magnitudes of current transfer functions, fo=4.5MHz, Q=20

The real properties of the active elements usedecthat the quality factor is not
as high as required. The current value accordingjrnmlations is just abo@® = 14.



Also the characteristic frequenfyhas decreased. However, it can be said that the
behaviour of the designed circuit is very satigiagt The sensitivity of the circuit to
the change of passive elements is expressed hyigtegram in Fig. 5. It shows the
characteristic frequency shift if resistors andazdors with 5% tolerance are used.
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Fig. 5. Histogram of the characteristic frequency f, of the proposed cir cuit

4 Experimental results

The real behaviour of the designed multifunctioriedquency filter was also
experimentally verified. The value of charactecistiequencyf, is 4.5MHz. The
measurements were performed for the valuest,4710Q, 2.94 I, and 14.7 R of
the resistor R which according to (11a) agrees with the valués @.707, 10, and 50
of the quality factoQ. The results for individual current transfers sihewn in Fig. 6.
The transfer functions measured were (10c), (E0),09).

The value of the quality fact@ is not as high as the theoretical one according to
(11a), which is caused by real the properties efdincuit elements used. The best
results were achieved for the low-pass frequenitgr f(Fig. 6¢). As regards on the
shape of the magnitude function, the worst of aldviours is that of the high-pass
filter, where in the frequency area of 100 MHz edlomaximum of the magnitude is
formed. This can be already caused by the pargmitiperties of the wiring on the
PCB board. The magnitude of the transfer functealizing the band-pass frequency
filter has at low frequencies a lower attenuatiwemt expected, which is caused by the
non-zero impedance of the port X [11]. This featomestly shows in the low values
of quality factor, where the impedance of resifgiis close to the impedance of the
port X.
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Fig. 6. Measured magnitudes of transfer functions a) band-, b) high-, c) low-pass




5 Conclusion

In this paper a new filtering circuit structure waioposed, which starts from an
autonomous circuit. Current conveyors were used@ise elements. Using this
circuit it is possible to realize a second-order-lchigh-, band-pass and band-reject
frequency filter working in the current-mode. Thecuait presented enables changing
the quality factorQ independently of the characteristic frequeficysing a single
passive element. The behaviour of the designedtstel was not only verified by
simulations, but it was also practically realized.
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