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Abstract—This  paper presents a novel solution
of an oscillator with electronically adjustable oscillation
condition (CO) and frequency of oscillations (FO). Oscillation
condition is controlled by current gain and frequency
of oscillations is adjustable by transconductance and intrinsic
resistance of used active elements. Both CO and FO are
mutually independent. Moreover, special feature of CO allows
boosting parameter driving FO (transconductance) and then
shifting the whole FO range to higher bands. It allows to keep
values of passive elements (capacitors especially) in satisfactory
range even for higher value of FO. Simulations in PSpice
confirms this hypothesis.
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1. INTRODUCTION

The ability of controllable condition of oscillation (CO)
and frequency of oscillation (FO) are very important features
of many current oscillator designs and topologies [1]. The
practically useful adjustment of CO and FO supposes
existence of two independent parameters of the characteristic
equation [1]. It means that CO and FO are settable without
disturbance of each other. The first group of circuit solutions
targets on values of passive elements (see [1]-[3] and
references cited therein). This type of oscillators is frequently
called as single resistance-controlled oscillator (SRCO) [4].
The second group covers oscillators offering ability of the
electronic control of their CO and FO thanks to the usage
of electronically controllable active elements (see for
example [1], [5]-[11] and references cited therein). The
widespread method consists in transconductance (g, -
conversion constant between voltage and current) control
of FO and CO [1], [5], [6]. Other possible way of driving
utilizes an intrinsic resistance of current input terminals Ry
for the adjustability [1]. Methods presented in [7]-[9]
combine both above-mentioned parameters in order
to achieve electronic controllability of FO and CO.
An example of an oscillator using current gain B to control
FO can be found in [10]. A tunability implementing voltage
gain A is presented in [11].

II. STATE-OF-THE-ART

The tunability of a controllable oscillator supposes
existence of active elements with electronically adjustable
parameters [1]. High number of solutions employs g,, of the
operational transconductance amplifier (OTA) [12], [13] for
these purposes. OTAs are parts of many advanced active
elements [1], [7]-[9], [12].

Unfortunately, available ranges of g, value are not
favorable in modern CMOS processes (from units
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to hundreds of uS) [13]. Then, the design for higher
operational frequencies (above 1 MHz) considers also low
values of passive elements (resistors and capacitors) as well
as high values of g,. It brings significant problems with
parasitic properties of the real circuit because values
of elements are near to parasitic capacitances (units of pF)
in high-impedance nodes [14]. Therefore, their impact on the
expected value and accuracy of frequency of oscillations has
really significant impact (deviations in tens of percent) and
cannot be neglected.

A method how to surpass unsuitable ranges of g,,-s in the
OTA is presented in this paper. It utilizes a topological
feature of newly proposed circuit where a term of the
numerator of the equation for oscillation frequency is
reinforced (boosted) by an additional multiplicative factor.
The equation for FO includes g,, parameters in standard case
[5], [6]. However, our improvement consists in presence
of an additional parameter. This parameter represents integer
value of the current gain that can be easily increased
by additional output mirrors of CMOS structure. Note that
condition of oscillation is not disrupted. Despite its presence
also in CO, the value is fixed in the operation because CO
can be driven by the different current gain, not influencing
FO. Thus, the parameter works only as multiplicative
constant established at the start of the design process. It
yields shift of the FO range to higher frequencies whereas
range of g, remains unchanged. We tested this effect by the
simulation of standard macromodels of commercially
available active elements. It is sufficient in order to confirm
possible design methodology that can be generalized for any
specific type of OTA and other active elements.
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[15] 4/1 1.357.39 MHz 30pF | 5.7:1 No
[16] 22 0.4—1.8 MHz 100 pF | 4.5:1 No
[17] 23 1.1-3.3 MHz 68 pF 3:1 No
[18] 2/1 0.1551.9MHz | 100pF | 13:1 No
This 3/4 021-2.02°MHz | 72pF | 9.6:1 No
work
This b
3/4 021-2.07°MHz | 102pF | 9.9:1 Yes
work
This 3/4 021-2.09°MHz = 125pF | 10:1 Yes
work

* ideal range 0.22—2.21 MHz with 72 pF capacitors

b ideal range 0.21—2.21 MHz with 102 pF capacitors for FO reinforcement

© ideal range 0.21—2.21 MHz with 125 pF capacitors for FO reinforcement




The proposed circuitry generates two waveforms having
n/4 phase shift. The selected solutions concerning similar
types of the oscillator [15]-[18] are compared in Table I.
None of'the previously presented topologies provides the
feature of the reinforcement of FO.

III. OSCILLATOR PROPOSAL

The proposed structure (Fig. 1) comprises one voltage
differencing current conveyor (VDCC) [15], two current-
mode multipliers implemented by EL2082 devices [19],
single resistor, two voltage buffers and two capacitors. The
internal structure of the VDCC element is depicted in Fig. 2.
It was implemented by three types of commercially available
active elements: LT1228 device [20] realizing the function
of an operational transconductance amplifier (OTA) [12],
[13]. It follows the relationship ioyt = gn(Vin+-vin.). The
second type of element is a current feedback operational
amplifier (CFOA) [1], [12] implemented by AD844 device
[21]. This active element can be described by the relation
iour = in. The remaining active element in the VDCC
structure is a current-mode multiplier (CM) realized
by EL4083 [22] device. The behavior ofthe current
multiplier (EL4083 and EL2082 devices) is characterized
by ioyrs = £Bi.
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Fig. 1. Circuit diagram of the proposed oscillator.
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The characteristic equation of the oscillator takes form:
4 G +BC - B,C, n g.(B, -1
R, GG, R, CC,

~0. (1)

The relations for the condition of oscillations and
frequency of oscillations are given as:
C C
B,>B—+1, B<B,—*-—2,
C C, C

2 1 1

_ 1 |g.(B,—1)
ﬁ) = .
27\ CC,R,

Based on discussion of (2), (3) and (4), CO can be
controlled electronically by current gain B, (B, = constant),
when FO can be also electronically tuned solely by the
transconductance g, (nonlinear control of f; — controlling
parameter is under the root), solely by the intrinsic resistance
Rx (nonlinear control of f;), orby both parameters
simultaneously when the following condition g, = 1/Rx
(linear control of f — can be extracted from the root since g,
= 1/Ry) is fulfilled. Note that B, can be used for boosting
of g, value that causes an increase of FO without
modification of the OTA maximal available g, value. It is
useful because g, values in modern CMOS technologies are
quite limited in general (hundreds of pS).

2. (3)

“

The CO can be simplified if the values of capacitors C;
and G, are supposed being equal. CO turns into: B, > By + 1,
By < B, —1. The initial design supposes that B, is set to the
intended value (B, = 2) and then it must remain fixed during
the further operation (in order to avoid the disturbance
of FO).

The ratio of amplitudes between outputs Voyr; and Voyrs
is:

VOUTI — I_Bz ) )
Voura 1-B,+sC R,

If we suppose equality of both capacitors C; = C, = C,
then the ratio of amplitudes between outputs is obtained as:

VOUTI — 1+j\jngX

. 6)
VOUT2 V ngX +1
The phase shift between outputs (\/(gm~RX) = 1) achieves:
Vs 2,
Voura 2

Thus, the theoretical ratio of the output amplitudes is
Voutz = 1.4Vour: and the phase shift between outputs is 45°.

IV. CIRCUIT VERIFICATION

The proposed oscillator was verified using PSpice
simulations. The simulations were carried out using available
behavioral models of used active elements. Selected
simulations were included in the paper for illustrations.
Values of capacitors were set to C; = C, = C =220 pF. The
tested range of values of g, was from 0.1 mS to 1 mS.
Similarly, intrinsic resistance Ry has been set in range from
10 kQ to 1 k€. In case of the linear control of FO both these
parameters were adjusted simultaneously when Ry = 1/g,,.
Current gains were set as follows: B, = 2 (remains
unchanged), B; < 1 (controlled electronically by automatic

gain control (AGC) circuit in order to fulfill CO).



Fig. 3 shows the output responses (time domain)
of outputs Voyr and Voyrs for g, = 1 mS and Ry = 1 kQ.
Then, the theoretical f reaches 723 kHz. The simulation
results yield 684 kHz. The theoretical range of f, depending
on g, values (g,=0.1 > 1mS, B,=2, B;<1) was from
229 kHz to 723 kHz (nonlinear control by g, only). Values
obtained from simulations yield range from 219 kHz
to 684 kHz. The same behavior can be obtained for f, tuned
by Rx value (Rx =10 — 1 kQ).
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Fig. 3. Output responses of the oscillator (time domain) for B, =2, B; < 1.

Fig. 4 compares the theoretical and simulated dependence
of the fy on g, or Ryx. Both dependencies are almost identical.
The differences between the theory and obtained results are
getting greater as the f; increase especially due to the impact
of parasitic capacitances in high-impedance nodes of C; and
C..
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Fig. 4. Dependency of the nonlinear FO control on g, or Rx (B> = 2).

Fig. 5 shows the linear dependence of the FO on driving
parameters (simultaneously varied g, and Ry when their
ratio is g, = 1/Rx) for same case as before (B, =2, B; < 1).
The theoretical range of obtainable f; in this case is from
72 kHz to 723 kHz. The simulated results provide range
from 73 kHz to 684 kHz. It can be seen that the linear control
of FO (when controlling g,, and Ry simultaneously) provide
wider range of obtainable FO: 219kHz to 684 kHz
(fo max/fo min range of 3.2) in case of non-linear control
in comparison to 73 kHz to 684 kHz (f; max/fo mn range
of 9.4) for the linear control. B B
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Fig. 5. Dependency of the linear FO control on used values of g, and Rx
(gm = 1/Rx).

As mentioned earlier, the proposed oscillator offers
a special feature of FO reinforcement (shifting the FO range
to higher frequencies) thanks to its specific characteristic
equation when CO and the mutual independence of CO and
FO remains fulfilled. The current gain B, set to 3 (and
By <2) modifies the relation for FO (4) to form
fo = 1/21:(2gw/(C,C3Rx))"* whereas CO still being valid. The
theoretical range of f; then shifts to f,=324kHz
— 1023 kHz (nonlinear control) for g, =0.1 — 1 mS. The
simulated values fall into range 322 kHz and 923 kHz. Fig. 6
compares simulated results of standard (B, =2, Fig. 4) and
boosted (B, = 3) FO tuning range.
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Fig. 6. Dependency of the nonlinear FO control on g, for B, =
Bz 3.
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Fig. 7 illustrates the output responses (time domain)
of Vouri and Voyr, for values of g, and Ry set as in Fig. 3
(gn=1mS and Rx=1kQ) and B,=3 (B;<2). The
theoretical f, is equal to 1023 kHz. The obtained f; for
outputs was 923 kHz.
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Fig. 7. Output responses of the oscillator (time domain) for B, =3, B; <2.



Comparison of the dependence of FO on the values of g,
and Rx (Rx = l/g,) for the setting B, = 2, B; <1,
CI,Z =72 pF, B2 = 3, Bl < 2, CI,Z =102 pF and B2 = 4, Bl < 3,
C,, =125 pF (when g,, is changed in range from 0.1 mS
to 1 mS) is depicted in Fig. 8. We expect the theoretical FO
tunability from 221 kHz to2.21 MHz in all three cases
(BZZ 2, Blf 1, C1’2 =72 pF, Bz = 3, Bl < 2, Cl,Z =102 pF and
B, = 4, B <3, C,=125 pF). The simulated frequency
ranges achieve values from 211kHzto2.02 MHz
(B2=2,B,<1, C,=T72pF), 213 kHz to 2.07 MHz (B, = 3,
B, <2, Ci,=102pF) and 211 kHz to 2.09 MHz (B, = 4,
B, <3, Cy,=125 pF). Parasitic features of high-impedance
nodes (additional capacitances of units of pF) have
significant effect on all cases for high frequency corner
of observed FO range. However, we can see that second case
(having larger values C;,=102pF) follows theoretical
expectations more precisely than the first case (C), = 72 pF)
and the third case (C, = 125 pF) even more precisely than
the both previous cases. Better results (discriminability
inFig. 8) can be obtained for higher value of B,.
Nevertheless, for the same range of parameters controlling
FO tuning (gm, Rx) all the time. On the other hand, gain
values (B, and B;) increase.
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Fig. 8. Comparison of the dependency of the linear FO control for cases
32:2,31 < 1, 32:3,31 52 ande:4,Bl 53 (forgm: 1/Rx)

The feature of FO reinforcement introduced in this paper
could be utilized in case of other oscillator designs (as long
as the circuit topology is suitable for this approach). There
are some points which need to be fulfilled so the feature
of reinforcement can be applied more generally to other
oscillators as well: a) given oscillator provides
an independent control of FO and CO (many recent
proposals offer this ability). b) based on the oscillator
topology and the characteristic equation of the oscillator
inour case, we suppose two electronically controllable
parameters (current gains B; and B, in our case), both
contained in the relation for CO and one of them contained
in the relation for FO. The parameter in FO (B, in our case)
serves for shifting/boosting the FO range to higher
frequencies while the other parameter (B;) ensures that CO is
fulfilled in relation to the value of B,. The ability of the
independent control of FO and CO stays fulfilled. c) these
electronically controllable parameters must be able
to provide a great range of the obtainable values (higher
values we can get, higher values of frequencies can be
obtained, or higher values of working capacitances in the
topology can be used while keeping the same operational
range).

Oscillators with suitable topology can benefit from the
FO reinforcement feature introduced in this paper by means
of possibility to use higher values of working capacitances
and thus decrease the effect of parasitic characteristics,
higher obtainable frequencies while allowing the values
of capacitances/transconductances/resistances to stay
in reasonable range, or use of easily obtainable ranges
of transconductances.

V. CONCLUSION

The f; of oscillations was tested for values of g (1/Rx)
from 0.1 to 1 mS providing testing range
of 72kHz — 723 kHz (for C;,=220pF). The obtained
range was 73 kHz — 684 kHz. The dependence of linear and
nonlinear FO control can be compared in Figs. 4, 5 and 6.
The FO reinforcement allows to obtain the same available
theoretical range (for g, (I/Rx) = 0.1—>1 mS)
0.221 MHz — 221 MHz (B,=2, B <1, C;,=72pF)
in comparison to 0.221 MHz — 2.21 MHz (B, = 3, B; < 2,
Ci, =102 pF) and in  comparison to (0.221 MHz
— 221 MHz (By=4, B, <3, Cy,=125pF). The obtained
ranges from simulations yield 0.211 MHz — 2.02 MHz
without FO reinforcement (with C;, = 72 pF) and
0221 MHz —2.07MHz (with C;,=102pF) and
0.221 MHz — 2.09 MHz (with C;,=125pF) with the
reinforcement. Thus, the feature of FO reinforcement allows
usage of capacitors of higher values when parasitic features
less affect the circuit. In other words, we obtained the same
(slightly improved) range of FO tuning for larger values
of C,, without impact on parameters intended for FO control
(gm»> Rx). Similarly, the B, value can shift FO range to higher
frequencies in case of nonlinear dependence of FO on g,
or Ry without change of C,, asshown in Fig. 6. These
parameters have still the same range of control in all cases.
Moreover, B, can be set to higher values as long as condition
B, <B, -1 remains fulfilled. The verification of discussed
hypothesis was the most important goal of this work.
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