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Abstract. A modified conception of adjustable current
conveyor transconductance amplifier (CCTA) and its inter-
esting application in simple quadrature oscillator expand-
able for direct frequency modulation purposes, employing
only four grounded passive elements is presented in this
paper. It is quite simple solution for modern communica-
tion subsystem components. An electronic adjusting of the
oscillation frequency is easily possible and control of con-
dition of the oscillation is realized via only one grounded
resistor. The characteristic equation, condition of oscilla-
tion and major parasitic influences of real active part are
discussed. The verification includes PSpice simulation and
measurement with the CCTA block formed by commer-
cially available active elements.
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1. Introduction

1.1 Current Gain Controlled CCTA Element

Nowadays many suitable active elements for the
electronic adjusting in the signal processing (high-speed
data communication systems, regulation and measurement
techniques, electro acoustics, etc.) are available [1]. We
can introduce novel elements such as differentially buff-
ered transconductance amplifier (DBTA) [2] or current
differencing transconductance amplifier (CDTA) [3], for
instance. Unfortunately many of them are not commer-
cially available.

The current conveyor transconductance amplifier
(CCTA) is a quite new active element [4-8] that has inter-
nal structure based on the third-generation current con-
veyor (CCIII) and multiple-output transconductance ampli-
fier. One of the modifications [9], [10] supposes that
current conveyor is of the second-generation type (CCII)
like in our case (Fig. 1). Principle of the internal structure

is shown in Fig. lc. It allows the use of the voltage input
and the design of applications working in the voltage and
current mode.
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Fig. 1. General

The modification of basic CCTA can be referred as
CGCCCTA (current gain controlled current conveyor
transconductance amplifier). The element is described by
the following equations

Vy=Vy, I, =0, I,=B-1,, (1),(2),(3)
l,=-1, =g,V;- “)

The conception of this active element for experimen-
tal purposes built from commercially available devices is
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shown in Fig. 2. There is the controllable current conveyor
(CCII-) EL 2082 [11] and two diamond transistors (DT)
OPA 860 [12] in the topology. Electronic control of the
current transfer is easily possible. Note that the manufac-
tured CCTA [8] does not provide this feature. It is neces-
sary to have two positive current outputs for the proposed
oscillator circuit.
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Fig. 2. Conception of CG-CCCTA element for experimental
purposes based on commercially available compo-
nents.
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Fig. 3. Voltage transfer between Y and X ports of CCTA in
Fig. 2.
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Fig. 4. Current transfers between X and Z ports of CCTA in
Fig. 2.
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Fig. 5. Adjustable transfer between X and o ports of CCTA in
Fig. 2.
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Fig. 6. Frequency dependence of Rx of CCTA in Fig. 2.
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Fig. 7. Frequency dependence of R; of CCTA in Fig. 2.
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Fig. 10. Dependence of current gain B on DC control voltage V.

The principles and novel electronically (voltage)
controlled current conveyors which can be suitable for
theoretical bases for on chip design of modified CCTA
were introduced in some recent works [13], [14]. Graphs in
Fig. 3 to Fig. 10 show the main features obtained by simu-
lations of CGCCCTA element showed in Fig. 2. The pro-
vided parameters are both important internal transfers in
CGCCCTA element and important small signal parameters
like impedance of current input X, impedance of auxiliary
port Z and impedance of OTA output R,:. You can see that
frequency and dynamic features are better than in some
low-voltage integrated technology but higher power con-
sumption is a cost for these advantages. GBW of the pro-
posed CGCCCTA is about 55 MHz. Small signal parame-
ters have quite good values. However, Ry (input resistance
of current input) is quite high and therefore not negligible.

1.2 Recent Progress in Oscillators Design

Many works focused on quadrature oscillators with
novel modern active elements [1] were published. How-
ever, there is still some space for improvements and
another approach to the problem. For example, some solu-
tions are adjusted via floating or grounded passive
elements [15-20]. Oscillation-frequency adjusting resistor

is there replaced by FET transistor and it causes additional
complications. There can also be problems in low power IC
technologies especially in high frequency applications and
low level of the output signal (for example several tens of
PA in current mode) [21-25]. Recently published quadra-
ture oscillators contain one [25-28, 31], two [19, 22, 29,
32, 34] or three [21, 33] active elements. In our opinion,
realizations with one active element are more favorable.
The electronic adjustability of oscillation frequency is not
verified in many works [10, 22, 26, 28, 29], somewhere it
is difficult [15, 19, 30]. The adjustment of active element
parameters is possible by the internal biasing current that
controls the resistance of current input (Ry) and transcon-
ductance (g,) [10, 15, 21, 24-27]. Instead of the mentioned
solutions the controllable current gain is used for the con-
trol of the oscillation frequency in our solution. Some of
the proposed solutions are based also on commercially
available devices [9, 10, 23]. Recent published solutions
have quite high THD [10, 15, 17, 26, 31]. In some cases
[33] THD is really terrible. Non-precise and inaccurate
setting of the condition of oscillation is probable reason of
such high THD. Due to the precise and smooth setting of
the oscillation condition it is possible to obtain quite low
THD.

The conception based on commercially available ele-
ments has better dynamic and frequency features but it
requires higher supply voltage and it has higher power
consumption. All previous works with the feature of con-
trollable oscillation frequency are based on biasing control
of g, or/and R,. There is another way how to control the
oscillation frequency. The method is not so common and it
is based on current gain adjusted by the voltage in formed
active element. There are also some other generally favor-
able features like grounded passive elements, simple circuit
structure and quite high output signal level. Recently pub-
lished CCTA-based oscillator solutions require two or
more negative and positive current outputs (/,, /,+) but
only two positive outputs are mandatory in our solution,
which simplifies internal CCTA conception.

In comparison with our first work [34] focused on
voltage controllable oscillator based on two controllable
current conveyors, the presented solution provides
improved form of the characteristic equation and formulas
for oscillation frequency and independent oscillation con-
dition. Conception proposed in [34] has unsuitable expres-
sion in oscillation frequency formula that allows only
limited values of current transfer (B) and therefore also
a limited tuning range. Only capacitors are grounded in
[34]. In this work, all passive elements are grounded and
the range of current gain (B) for control of oscillation
frequency is not limited from principle of design (equation
for oscillation frequency). Constrains are given by
a limited range of adjustable current gain and by real
properties of the used active element.

Recently published solutions of CCTA-based oscil-
lators are compared in the following text. Almost each type
of oscillator with modern active elements published lately
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is based on integrators (lossy or lossless) in one or more
loops. It is fundamental for design approach, therefore in
case of circuit complexity, recent solutions and the pre-
sented circuit are similar in basic concept and in number of
used passive elements.

Jaikla et al. [10] proposed conception based on one
CCTA that was built from commercially available elements
and 3 passive elements. Oscillation frequency was set on
70 kHz (adjustable by g,,). Features of the oscillator were
also experimentally verified. The quadrature output cannot
be obtained and THD of 5.7 % is achieved. The solution
proposed by Pisutthipong et al. [15] is based on two
CCTAs designed in bipolar technology and two passive
elements (capacitors). The oscillation frequency was set to
380 kHz. The circuit was verified by PSpice simulation
and has the possibility of quadrature output. The achieved
distortion is 2.5 %. Research described by Lahiri in [25]
introduces a structure that consists of one active unit
(designed again in the bipolar technology) and four passive
elements. The quadrature oscillator is tunable from 20 kHz
to 700 kHz. Simulation results are not focused on THD
analysis. Conception shown in [25] is quite similar to the
presented oscillator circuit. Solution in [25] uses CCTA
element with three Z auxiliary ports (for mixed mode solu-
tion) and current outputs of OTA section are in both
polarities (positive and negative). Conception of ports of
modified CCTA (CGCCCTA) presented in this paper for
application in adjustable oscillator is simpler. Only one Z
port is required and sufficient in presented CGCCCTA and
output current of OTA section is of one polarity which
simplifies final realization. Feedback system of solution
presented in [25] connects three high impedance ports (Y,
Z and o) together and uses also four grounded passive
elements. The presented solution has simpler feedback
(connected Z and o port). Characteristic equations of both
solutions are different. Condition of oscillation is based on
equality of two resistors in [25], while but on product of
resistor and transconductance (g,,) of OTA section in our
solution. In [25], tunability depends on g,. Our solution is
tunable directly by adjustable current transfer B or by one
resistor. Siripruchyanun et al. [26] introduced the oscillator
based on just one CCTA (again in the bipolar technology,
one current output of OTA section) and two passive
elements. There are no quadrature outputs and THD is 3 %.
Oscillation frequency control is based on g, (/,) control
(not verified) and condition of oscillation is given by
equality of both capacitors. Lahiri also proposed the quad-
rature oscillator [27] employing one modified CCTA -
DVCCTA (differential voltage CCTA designed in the
bipolar technology) and four passive elements. Configura-
tion of feedbacks is similar to the presented solution but in
[27] there is only one OTA output and two voltage inputs
Y. Tuning is possible by g,, and condition of oscillation is
based on equality of two resistors. The oscillation
frequency is tunable by g, (/,) from 80 kHz to 800 kHz
with switching of working capacitors. THD of 4.7 % is
achieved. The solution introduced by Siripruchyanun et al.
[28] contains one CCTA (CMOS technology simulations)

and two passive elements (similar [26]). The oscillation
frequency is 500 kHz and output waveform has THD 1 %.
There are no quadrature outputs. Bumronghoke et al. [31]
uses one CCTA with two auxiliary Z ports (again designed
in the bipolar technology) and two passive elements on
oscillation frequency of 264 kHz without quadrature
outputs and with THD 2.5 %. Their oscillator uses
electronically controllable current input resistances and g,
(two separated OTA sections with the same polarity of
current outputs) is tunable perhaps from 30 kHz to 3 MHz
with switching of working capacitors. Electronically
tunable oscillation frequency is given by the difference of
both g, of OTA sections.

All the solutions mentioned above use bias current
(Ig) control of R, or g, to adjust the oscillation frequency
or oscillation condition if it is possible in principle (some
solutions have not capabilities for electronic adjusting or it
was not verified). Our solution of quadrature oscillator
employs one CCTA with current outputs (OTA section) of
one polarity and four grounded passive elements. Elec-
tronic adjusting of the oscillation frequency is based on
voltage controlled current gain and verified also experi-
mentally from 200 kHz to 1.1 MHz. Achievable THD
varies from 0.6 to 4 % in the mentioned range of oscilla-
tion frequencies. Benefits of the presented oscillator solu-
tion are mainly in simplification of the used active element
(less auxiliary ports and outputs). The main aim of this
work is to prove, observe and evaluate another possible
easy way to electronic (voltage) control of oscillation fre-
quency without g, (/) control and/or without replacing of
any passive element by its electronic adjustable equivalent.
The modified CCTA element (adjustable current gain
between X and Z port) has lot of possible applications,
oscillator or modulator and mixers for example, as
presented in this paper.

2. Oscillator Based on one CGCCCTA
and Grounded Elements

The proposed circuit is shown in Fig. 11. The oscil-
lator is based on lossless and lossy current-mode integra-
tors connected in the loop. Integrators are created by inter-
nal CCTA components (CCII and OTA) and passive
elements. Output responses are obtained on adequate
grounded element that converts current to voltage. Practical
output responses are available on high-impedance nodes
therefore additional voltage buffers are required. Fortu-
nately, our CCTA solution based on commercially avail-
able elements contains also voltage buffer inside OPA 860
chip.

The characteristic equation has the following form
g m R 2~ 1
RZ CZ

&8 _o. )

a,s’ +as+a, =5+
R GG,

Conditions of oscillation and oscillation frequency are
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ngZ = 1 4 (6)
B

w, = | -5 @
RICICZ

Relative sensitivities are

SO =Sp =-Sp =S¢ =-S0 =05, (3)
S2 =0. ©)

Oscillation frequency can be electronically adjusted
by the current transfer B. It is clear from (6) and (7) that R,
can be used to control the oscillation condition without
disturbing the oscillation frequency and with easily imple-
mented automatic gain control circuit (AGC).
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Fig. 11. The proposed quadrature oscillator principle:

a) Basic signal-flow graph, b) block diagram, c) the
proposed circuit.

From (6) and (7) it is clear that also R; can be used for
electronic adjusting of the oscillation frequency. We can
replace it by a digital potentiometer or a digital to analog
converter. Practically, there are problems with unfavorable
frequency features and quite high parasitic capacitances of
used replacements in some cases. However, the direct
electronic control of the oscillation frequency by B is easier
than switching of a resistor array and also profitable for its
simplicity and low cost. It is better for continuous fre-
quency changes because switching of R; allows only
discrete changes of fy. Using of the B in this conception
allows (very easily) some additional advantages of the
mentioned oscillator that are discussed in section 3.

3. Simulation and Experimental
Results

Passive elements are selected as Ry = R, = R = 1 kQ,
C; = C, = C =220 pF. Parameters of the active element are
gn =1 mS (Rg =1 kQ) and the current transfer B =1 (V) is
well-adjustable by Vg from 0.1 to 4 V. The supply voltage
was Vee = = 5 V. The measured output responses in time
domain are in Fig. 12. In Fig. 13 there is the FFT spectrum.
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Fig. 12. Generated output quadrature waveforms.
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Fig. 13. Output FFT spectrum in wider range.

R, has to be of a slightly higher value (1.1 kQ) to start
the oscillation. The control voltage Vg was set to 2 V (that
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corresponds to the real current transfer B ~ 1.89) and the
theoretical oscillation frequency is fo = 0.938 MHz. We
achieved fy = 0.922 MHz in the Matlab simulation (para-
sitic non-ideal properties of the used CCTA were
included), 0.886 MHz was obtained from the PSpice
simulation with available models and finally, the value of
0.853 MHz was gained from the measurement. The
suppression of higher harmonics components is about
45 dB (THD approximately 0.6 %) at the given oscillation
frequency without AGC (only non-linear sections of input-
output characteristic of the active element). The depend-
ence of the oscillation frequency on Vs is depicted in
Fig. 14. The dependence of THD on the oscillation
frequency is shown in Fig. 15.
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Fig. 14. Dependence of the oscillation frequency on the control
voltage.
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Fig. 15. The dependence of THD on the oscillation frequency.

Fig. 14 and Fig. 15 are supported by the detailed val-
ues summarized in Tab. 1. The amplitude of output oscil-
lation is limited to 3 V in case that the oscillation condition
is more than fulfilled (g,,R,> 1) and THD is terrible in case
of maximal amplitude. In the presented case (setting of
gnR> ~ 1) the amplitude is lower (about 0.5 V, see Fig. 12)
but it is still quite a high value in comparison with several
other works where output level is only few tens of mV or
pA (in current mode realizations). Very small changes of
R, value (tens of Q) are necessary in each of the measured
point in order to preserve the low THD when AGC circuit
is not present in the circuit. Low THDs were achieved
(under 1%) in half of the range. Of course, there were
fluctuations of output signal level in the whole range of
adjusting when AGC circuit was not present.

2

o0

_ =

N o

NN
s |2 |2 |3 |3

g 5 o g g, é =)
o [B |2 |2 |2 |E |55 |E
A1 NON el Il Bl Ml Ichalll B
0.1 0.1 [0.215]0.253]0.171 | 0.197 28 4.0
0.2 0.2 0.304 ] 0.328 1 0.299 | 0.287 30 3.2
0.5 1051 [0.487]0.494 ] 0.454 | 0.452 35 1.8
0.8 0.8 [0.610 ] 0.610 ] 0.575 | 0.532 40 1.0
1.0 1 0.99 [0.681 ] 0.676 ] 0.642 | 0.631 41 0.9
1.5 ] 1460822108121 0.777 | 0.716 42 0.8
2.0 ] 1.89]0.938]0.922 | 0.886 | 0.853 45 0.6
2.5 231 [1.040 | 1.020 ] 0.977 | 0.929 43 0.7
3.0 ]2.69[1.120 ] 1.100 ] 1.050 | 1.010 43 0.7
3.5 |3.05[1.190 ] 1.170 ] 1.120 | 1.100 45 0.6
4.0 ]3.39]1.260]1.230 ] 1.180 f 1.130 45 0.6

Tab. 1. Simulation and experimental results.

b)
Fig. 16. The measured prototype: a) Top side, b) bottom side.

Influences of real properties of the active element on
oscillation frequency are caused by the parasitic properties
(capacitances and mainly Rx) of the CCTA structure built
from commercially available devices. On chip realization
of this active element should have better properties than
our experimental testing device. A detailed study of non-
idealities can be found in the next section. The measured
prototype is shown in Fig. 16.

Due to the possibilities of voltage control of B, the
presented solution has some non-standard features which
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are not so obvious. Fig. 17 demonstrates the possible con-
figuration of this voltage controlled oscillator as a fre-
quency modulator.

modulation Vi =1.5Vp, B c(:en;ro/
signal  fr, = 50 kHz L e
Y ° Vour
+ CCTA
carrier Vg=3.0V
tuning  fc =960 kHz PX 7 O
Vour2
— R1 Cz —_— RZ

1

Fig. 17. Demonstration of the possible application of the
proposed oscillator with direct B control as the
frequency modulator.

The main advantage of this solution is direct and im-
mediate control of the carrier frequency (fc) by the DC
voltage (V) and frequency modulation by a superposed
AC signal (sine waveform). Measurement results of the
frequency modulator with sine modulation signal are in
Fig. 18. The carrier frequency is 960 kHz. Other parame-
ters of modulation (V,, f,) and carrier signal (V¢, fc) are
included in the figure.
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Fig. 18. Measurement results of the application of the oscillator
as the frequency modulator:
a) Time domain, b) frequency spectrum.

We can describe function of oscillator as frequency
modulator by the following equations and approximate
dependences. The oscillator produces the output voltage

Vout (t) = VC COS(a)Ct) (10)
where a is given by
B
w0 = | &b (1)
RICICZ

The oscillator produces only the carrier frequency in case
without a modulation signal that is given by the DC control
voltage

B=V,. (12)

In case with a modulation signal
B=V,+v (1), (13)
where v, (t) =V, cos(w,t). (14)

Vi 1s the amplitude of the modulation voltage and w,, is the
angular frequency of the same voltage.

Another feature of the proposed circuit is using of B
controlled oscillator for frequency shift keying (FSK), see
Fig. 19. The modulation signal is now the square waveform
with amplitude V', = 1.5 V and frequency f;, = 10 kHz, DC
offset is 2 V. Simulation results both in time and frequency
domain are shown in Fig. 20.
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Fig. 19. Demonstration of the possible application of the
proposed oscillator with the direct B control as the
FSK modulator.

However, there are very important frequency limita-
tions of the auxiliary control voltage Vg (used for B ad-
justing). This port is designed mainly for DC control.
Practically, a modulation signal can have frequency up to
several kHz for EL 2082 used in CGCCCTA block. Due to
the missing AGC circuit, parasitic amplitude modulation
appears (see Fig. 18 and 20) mainly for higher modulation
frequencies (tens of kHz). This problem can be minimized
by good amplitude stabilization. The mentioned problem is
given by conception of the used CGCCCTA element that is
overall sufficient for confirmation of theoretical assump-
tions, but may be insufficient for very precise practical
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application as modulator where strict specifications are
given. Practically, a similar device designed on chip should
achieve better features.
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Fig. 20. Simulation results of the application of the oscillator as
the FSK modulator: a) Time domain, b) frequency
spectrum.

4. Influences of Real Active Element

Parasitic elements influence functionality by the real
input and output properties (Rx, Ry, Rz, Ro1+, Roz+, Cy, Cyz,
Cor+, Copy) of the used CCTA (Fig. 21). They are depicted
as Zy and Zy, in Fig. 22 and focused to two important
circuit nodes. We can determine [11], [12] that in the non-
ideal model (Fig. 21) it applies: Ry ~ 2 MQ, Rx ~ 95 Q,
Rz ~036 MQ, R,1+ = Ropr ~ 50kQ, Cy ~ 2 pF, Cz ~ 7 pF,
Cor+ = Cop+ ~ 2 pF. Frequency dependences of these pa-
rameters are evident from the introductory section.
According to the simulation, the DT input resistance is
dependent also on the value of the degradation resistor Ry
(therefore also on g). For example if Rg = 1 kQ then
Rg pr~ 1.1 MQ and if Rg = 50 Q then Rp pr ~ 260 kQ. It
impacts mainly the Rz but also significantly influences
oscillator function if R; value is lower than several tens of
kQ. For parasitic elements in Fig. 22 it applies Y, = 1/Z,,,
Yoo = 1/Zy, Cp = Cy + Corv, Gyt = 1/R,1 = Gy + Gy =
1/Ry + 1/Ro1+, Cpo = Cz + Cops and Gy = 1/Ry = Gz + Gopy
=1/R; + /Ry, B' = Bax/(s+ar).

CCTA

lo1+= gm. V2
=D Ot

Fig. 21. Non-ideal model of CCTA.

B control
(V)
Y 01+

CCTA

Zp‘l X 7z Oz
4OVOUT2
Z
TUTL

_ R
Z, -

Fig. 22. Important parasitic influences in the proposed oscilla-
tor circuit.

VOUT1

Also R,"= 1/G,"= R,+ Ry has to be considered because the
real resistance of the current input X causes variation
between the real and ideal oscillation frequencies. We
cannot omit it because its value is indispensable (95 Q).
The obtained coefficients of the real characteristic equation
are

a, =1, (15)
u - g.,(C,+C)-CG,+C,G .
' CC,+C,C,,+CC,,+C,C,, 16)
N ¢,G6,+CG,,+C,G,,+G,C,,
G, +C,C,,+CC,+C,C,
ao _ gmB Gl +gmGpl +GplG2 +Gple2 . (17)

GG, +C,C,,+CC,+C,C,

The condition of oscillation and the characteristic
equation are now

g, (Cp1 +Cl)+C2Gp1 JGClG2 +C1Gp2 +

. (18)
+C,G6,,+G6,C,,=CG,
W, = gmB*Gl* +gmGp] + GplGZ + GpIGpZ . (19)
! CC,+C,C,,+CC,,+C,C,,
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The impact is clearly evident from Tab. 1 in varia-
tions between real and expected oscillation frequencies.

5. Conclusion

Modification of current conveyor transconductance
amplifier (CCTA) was used in order to propose an oscilla-
tor. The active element was constructed from commercially
available devices for experimental purposes. Simple con-
struction of the quadrature oscillator with one electroni-
cally adjustable active element CCTA and four grounded
passive elements has been proposed. In comparison with
some previous solutions all passive elements are grounded
and it is necessary to have both CCTA outputs of positive
orientation. Independent adjusting of the oscillation fre-
quency and the condition of oscillation is possible. The
range of f; control was tested approximately from 0.2 MHz
to 1.1 MHz. THD is quite low (under 1 %) in half of the
frequency range, without AGC system, in case the oscilla-
tion frequency is preset constantly. AGC system is neces-
sary especially for the precise tunable application without
fluctuation of output amplitude but its implementation
(grounded resistor) is simple. Due to the current gain (B)
controlled by an external force (voltage) the proposed
oscillator can be used for modulation purposes. There are
not many disadvantages of this solution: necessity of volt-
age buffers on outputs, quite low and limited range of the
current transfer B and non-accurate relation between B and
control voltage which is given by one of the used active
elements (EL 2082). Also Rx value of the proposed CCTA
experimental circuit is not excellent. The listed disadvan-
tages are not caused by the conception of the proposed
oscillator, but by the construction of the CCTA from the
commercially available elements and by their real features.
Theoretical assumptions were confirmed by the simulation
and measurement results.
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