Proceedings of ITC-CSCC 2000, Pusan, Korea

A Realization of Biquadratic Voltage Transfer Functions

Using Three CCIlIs

Masami Higashimura
Department of Electrical Engineering,
Matsue National College of Technology
14-4, Nishi-ikuma, Matsue, Shimane, 690-8518 Japan'
Tel & Fax: +81-852-36-5201
E-mail: higashi@ee.matsue-ct.ac.jp

Abstract: ‘This paper proposes a novel circuit configuration
realizing biquadratic voltage transfer functions using three
CClIs and six passive elements. The circuits realize high-pass,
band-pass, low-pass, band-stop and all-pass functions by
selecting input voltages. The circuit has low passive
sensitivities and permits orthogonal adjustment of quality
The effects of

non-ideal CClIlIs on biquadratic transfer functions are also

factor Q and cutoff angular frequency W
given.

1. Introduction

Current conveyors (CClIlIs) as active elements received great
attention in recent years as an alternative to classical
voltage-mode operational amplifiers. Many circuits for the
realization of voltage transfer function using current conveyors
have been published [1]-[4]. The authors reported circuits for
realizing biquadratic transfer functions using four CCIIs and
grounded passive elements [5}-[7].
novel circuit configuration for realizing biquadratic voltage
transfer functions using three CClIs and six passive elements.
The circuits realize high-pass (HP), band-pass (BP), low-pass
(LP), band-stop (BS) and all-pass (AP) functions by selecting
The circuits has low passive sensitivities and

This paper proposes

input voltages.
permit orthogonal adjustment of quality factor Q and cutoff
The circuits are simulated with
The effects of
non-ideal CCIIs on biquadratic transfer functions are also

angular frequency w .
PSpice to verify the theoretical analysis.

given.

2. Circuit Configuration

The proposed circuit configuration for realizing voltage
transfer functions is shown in Fig.1. When the relations
between voltages and currents of CCIIs are given ideally by
1,=0, V=V, and Iz=%1,, the output voltages (Vo; and Vo) are

given by the following equations using input voltages (Vi1, Vi,
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Fig.1 Proposed circuit configuration for realizing biquadratic
voltage transfer function
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Therefore, by suitably choosing input voltages and kinds of
admittances, we can obtain several voltage transfer functions.

2.1. Circuit I

Firstly, let us consider the circuit (in Fig.2) with grounded
admittances Y;, Y3 and Y.
by

Then, the output voltage is given

Y1Y3V1 - Y2Y3Vi3 + Y2Y4Vi5
Voi = ‘ )
' Y3Ys +YoY,
By suitably choosing the input voltages and the kinds of
admittances of Eq.(3), we can obtain variable voltage transfer

functions.
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Fig2 Circuit [

For example, when admittances are given by the following
forms:
Y 1=5Cy, Yo=Gs, Y3=5C3, Y4=G4 and Ys=sCs+ G 4)
Then, from Egs.(3) and (4), we obtain the following voltage
transfer function.
§*C\CsVi - SCiGoVis+ GoGaViis

Vor = 5
o 52C3C5 + SC3G5 + GzG4 ( )
W =(G,GoJ/CsCs)"? (6)
0 = 1/G5(CsG:Go/C3)"* @)

Thus, the circuit realizes high-pass, band-pass and low-pass
transfer functions by choosing input voltages. Q can be
adjusted independent of W, through Gs.

High-pass (HP), band-pass (BP), low-pass (LP), band-stop
(BS) and all-pass (AP) characteristics are realized as follows:

(1) HP: VoV =s"C:CYD(s)

(2) BP: Vo /Via= -sC3Go/D(s)

(3) LP: Voy/Vis= GoGo/D(s)

(@) BS: VoylVas= ("C:CsV1+ GaGa)/D(s)

(5) AP:Vor/Viss= (52C1C3V1 -5 C3Ga + G,G4)/D(s),

CiGs=C;sG,
Where  D(s)=5°C5Cs + 5C3Gs + G,G4
Viis mean that V;, and Vs are connected together and provided
by the same source voltage V;s, and Vj 35 mean that V), Vi3 and
Vis are connected together and provided by the same source
voltage Viiss
The output voltage Vo, is given by

S(CsG4Vis - CiGViy) + GoG4Vis + G4GsVis

§°CsCs + 5C3Gs + GGy

Therefore, when an input voltage V;; is given, Vo, /Vi; is a
high-pass transfer function, while Vg,/V; is a band-pass
transfer function.

®)

oz=

Thus high-pass and band-pass transfer
functions are realized simultaneously. Similarly, by selecting
input voltages, band-pass/low-pass or band-stop/low-pass
transfer functions are realized simultaneously as shown in
Tablel.

Table 1. The possible transfer functions from

Eqgs.(5) and (8).

Input Output
Voi Voz
Vi HP BP
Vi BP LP
Vis LP LP
Vi, Vis BS LP
Vi, Vi, Vis AP LpP

Sensitivities of W, Q to passive elements are given by

Wy Q
=1/2, S
G5, Cs G;s

o o
S =-S
C5: GZ, G4 C3

Wy
S =-S5
GZ: G4

=-1

=172,

The sensitivities are rather small.
Table 2 presents the possible realizations for realizing five
types of transfer functions using two or three capacitors.

Table.2. The possible realizations from CCII configuration in Fig.2

Admittances Transfer functions
Y; Y, Y; Y, Ys HP BP LP BS AP
Circuit 1 sCy G, sCs G4 sCs+Gs | VoVn | VolVa | VoulVis | VoulVis | VouViss
Circuit 2 sCy G, sCy+G3 G, sCs VoilViss | VailVss | Vor'Vis | VorViss | Vou'Viss
Circuit 3 G, sC, G, sCs sCs+Gs t VolVis | ValVs | VoV | VouViss | VorlVass
Circuit 4 G, sC, Gs sCtG Gs VoilVias | VoilVis VoV | VoiVass | VoilViss
Circuit 5 G, | sSCG4 Gs sC4 Gs VouVass | VolViz | Vo'V | VoVass | VoulViss
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2.1. Circuit I

Secondly, let us consider the circuit (in Fig.3) with grounded
admittances Y, and Y;.
Vg = YWYilVu +Y5YsVy - Y,.YsV ©
YiYs +Y5Y,
By suitably choosing the input voltages and the kind of
admittances of Eq.(9), we can obtain variable voltage transfer

functions.

Then, the output voltage is given by

For example, when admittances are given by the
following forms:

Y]=SC1, Y2=SC2+ Gz, Y3=G3, Y4=SC4, Y5=G5 (10)

Then, from Egs.(9) and (10), we obtain the following voltage
transfer function.

SCICV o+ G3GsVig- sCiGsVig

Vo = 5 (1)
N C2C4 + sC4G, + G3G5

Wo=(G1G5/CoLa)" (12)

Q = 1/GAC,G,G5/Cy)"? (13)

Thus, the circuit realizes high-pass, band-pass and low-pass
transfer functions by choosing input voltages. Q can be
adjusted independent of wg through G,.

High-pass (HP), band-pass (BP), low-pass (LP), band-stop
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Fig.3 Circuit II

(BS) and all-pass (AP) characteristics are realized as follows:
(1) HP: Voo/Vip = S°C,Cy/D(s)
(2) BP: Voo/Vig = -sC4Gs/D(s)
(3) LP: Voo/Via= G3Gs/D(s)
(4) BS: Voo/Viau= (5°CLCVy + G5Gs)/D(s)
(5) AP: Voo Viass= (5°C1Cs - SC4Gs + G3Gs)/D(s)
CiG,=CG;
D(s)=5"CoC4 + 5C4G2 + G 3Gs
The output voltage Vo, is given by
SC1G3V2- (s CiG3+ GoGi)Vig +G3GsVig

Voi = 14
o 52C3C5 + SC:;Gs + G2G4 ( )

where

Therefore, when an input voltage V;, is given, Vo/Vi, is a HP
transfer function, while Vg,/V}, is a band-pass transfer function.
Thus high-pass and band-pass transfer functions are realized
simultaneously.  Similarly, by selecting input voltages,
band-pass/low-pass or band-stop/low-pass transfer functions

are realized simultaneously as shown in Table3.

Table 3. The possible transfer functions from

Eqs.(11) and (14).

Input Output
Vo1 Vor
Vi BP HP
Vi LP BP
Vi HP LP
Viz, Via Lpr BS
Vio, Vi Vi BP AP

Sensitivities of w, Q to passive elements are given by

(OF (OF)
S =-S =12
G1,Gs Cy, Cy
Q o Q
S =-S =12, § =-1
G, Gy, Gs Cs G,

The sensitivities are rather small,
Table 4 presents the possible realizations for realizing five
types of transfer functions using two or three capacitors.

Table.4. The possible realizations from CCII configuration in Fig.3

Admittances Transfer functions
Y Y, Y; Y, Ys HP BP Lp BS AP
| Circuit6 | sCy | sCot+ G, G sC, Gs VoilVo | VoolVis | VoolVis | VooVias | VooViss
Circuit 7 sC; sC, G; SC 4+ Gy Gs VoolViss | VoolVis | VoolVia | VoolViss | Voo/Vius
Circuit 8 G, | sC+ Gy sC, G, sCs VoilVia | VoolVie | VoolViz | VoolVias | VoolViss
Circuit9 | G, G, sC3+ G G, sCs Voo/Vius | VoolVis | VoV | VoolVioss | Voo/Viss
Circuit 10 | G, G, sC3 Gy SCs+Gs | VorlVipas | VoolVias | Voo/Viz | VoolViass | Voo Vizas
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3. Effects of non-ideal CCIIs on
Transfer Functions

Assuming that the characteristics of a non-ideal CCII are 1,=0,
V=K.V, +R,Iy and Iz=%K],, we obtain the following output
voltage in place of Eq.(5).

aVii-aiVs +agVss

Voi (15)

by bt bis+ by

where = S’CiCKK(1+R,Gs), a3 =SCGaK(1+R,Gy)
ap= GGK'K,, b3= CiCLCsR{(14R,Gy)
b, = CCs(14R,G4) (1+KR,G>) + CiC3RG(1+R,G)
by = CiGs(1+RG4) (1+KiRyG?2)
bo= K'K./GGs
An example of effects of non-ideal CClIs on a band-pass
transfer function (Vo,/Vs) is shown in Tables 5 and 6.

Table 5 Effect of K on a band-pass transfer functions
(K,=1.0 and R,=609)

f 100Hz | 1kHz | 10kHz | 100kHz | 1MHz
K;=1.00 | -38.0dB | -18.0dB | -0.14dB | -16.0dB | -36.6dB
K;=0.95 | -37.5dB | -17.5dB | -0.93dB | -16.9dB | -37.5dB
K=0.90 | -37.1dB | -17.1dB | -1.87dB | -17.9dB | -38.4dB

Table 6 Effect of K, on a band-pass transfer functions
(Ki=1.0 and R,=60€2)

f 100Hz | 1kHz | 10kHz | 100kHz | 1MHz
K,=1.00 | -38.0dB | -18.0dB | -0.14dB | -16.0dB | -36.6dB
K,=0.95 [ -37.1dB | -17.1dB | -0.06dB | -16.0dB | -36.6dB
K.,=0.90 | -36.1dB | -16.2dB | -0.03dB | -16.0dB | -36.6dB

4. Simulation Results

To verify the study, we simulated the circuit 1 with CCII
ADB844/AD, C,=Cy2=Cs=1nF and R,=R=Rs=10kQ by PSpice.
Two examples of simulation results are shown in Figs.4 and 5.
The simulation results agree well with the theoretical
characteristics.
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Fig.4 Frequency responses of band-pass and low-pass filters
(Vou/Vis: BP and V,/Vis: LP)
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Fig5 Frequency responses of band-stop and low-pass filters
(Vou/Viis: BS and Vio/Vis: LP)

5. Conclusion

Novel circuits for realizing voltage transfer function using
three CClIIs and six grounded passive elements have been
given. -The circuits realize high-pass, band-pass, low-pass,
band-stop and all-pass transfer functions. The circuits offer
several advantages, such as low filter sensitivities to passive
elements, use of grounded capacitors (in the case of the circuit
1 and 2 ) and independent control of w,, Q.
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