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Abstract. An idea of adjustable gain in order to obtain
controllable features is very useful for design of tunable
oscillators. Several active elements with adjustable prop-
erties (current and voltage gain) are discussed in this pa-
per. Three modified oscillator conceptions that are quite
simple, directly electronically adjustable, providing inde-
pendent control of oscillation condition and frequency
were designed. Positive and negative aspects of presented
method of control are discussed. Expected assumptions of
adjustability are verified experimentally on one of the pre-
sented solutions.
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1. Introduction

Many active elements that are suitable for analog sig-
nal processing were introduced in [1]. Some of them have
interesting features, which allow electronic control of their
parameters. Therefore, these elements have also favorable
features in applications. There are several common ways of
electronic control of parameters in particular applications.
One of the basic approaches is based on replacing
grounded or floating resistors in so-called single-resis-
tance-controlled oscillator types (SRCO) [2]-[6], where
resistors can be replaced by FET [3]. It could be useful, if
there are solutions of active element that allows direct
control of any parameter. Control of bias current and there-
fore of the input resistance is also very popular [7], [8]
nowadays. Bias control of transconductance (for example
[9-11]) and application of electronically adjustable gain in
current conveyors and similar active elements [1], [12]-
[20] is another way for direct electronic adjusting. Recently
introduced adjustable current transfers in feedback loops
[21], [22] of electronic circuit are very suitable not only for
the design of adjustable filters, but also for oscillator syn-
thesis. We can recognize two general ways of control.

Direct control means that the functional block is adjustable
(tunable) by externally controlled parameter(s) of active
element (i.e. current gain, intrinsic resistance, transconduc-
tance, etc.). Indirect control is usually provided by some
kind of controllable replacement. Simple resistor is re-
placed by FET transistor, digital to analog converter, or
digital potentiometer, etc.

The most important active elements for our approach
are current followers (CF) [1], [23], current amplifiers
(CA) [1], [24], [25], and voltage buffers/followers
(VB/VF) [1]. Many applications were focused on current
mode filters (for example [26]-[28]) or inductance simula-
tors (for example [24]). There are also attempts to control
some of the parameters digitally and therefore the digitally
adjustable current amplifier (DACA) was introduced in
[26], [27]. The use of digitally controlled current transfers
was given in so-called Z-Copy Controlled-Gain Current
Differencing Buffered Amplifier (ZC-CG-CDBA) [29].
Similarly, digital control was also used in case of differen-
tial current conveyors [30].

Current followers were used many times as basic
elements of oscillators. Some important works that are
following last development are discussed bellow. Chen et
al. [31] introduced oscillator employing one CF with two
capacitors and resistors providing quadrature outputs.
However, condition of oscillation (CO) and oscillation
frequency (fy) are complicated and therefore conception is
not suitable for electronic adjusting. Abuelma’atti [32]
proposed conception with one CF and autonomous passive
section, but CO and f; have complicated equation and pa-
rameters unsuitable for electronic control. However, the
oscillator provides multiphase output responses. Similarly,
Soliman [33] developed oscillator using CF and also VB.
Finally, Gupta et al. [34] focused their research on adjust-
ability in oscillator circuits based on CFs and presented
solutions utilizing four CFs, three or four resistors, and two
grounded capacitors. Their solutions allow tunability by
single resistor (SRCO), as it is similarly shown in [35].
Lately, interesting conception was published by Martinez
et al. [36], where three or four CFs, two VBs, three resis-
tors, and two grounded capacitors in another SRCO type
are used. Two multiphase SRCO oscillator realizations
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with independent CO and f; control were recently intro-
duced by Biolkova et al. [37], which also use the combina-
tion of two current followers/inverters and VBs, so-called
current inverter buffered amplifier (CIBA), three and four
floating resistors, and two grounded capacitors.

There are not many conceptions that use the possibil-
ity to control the current gain of active element. We can
discuss and compare the following solutions: Souliotis et
al. [38] used three electronically controllable dual-output
CAs (integrators) in generalized arbitrary-multiphase cur-
rent-mode oscillator as an example of directly electroni-
cally tunable oscillator. The oscillator is tunable by control
current /,;,,. Kumngern et al. [19] used current conveyor
based integrators for generalized multiphase oscillator
design similarly. The proposed conception is based on
current conveyors with adjustable current gain between X
and Z ports. Number of phases is reconfigurable by simple
switches. Bias control of the current gain is used for
matching of time constant of each integrator section. Syn-
thesis and results are not focused on electronic adjusting
oscillation frequency. Kumngern et al. [39] also proposed
the circuit, where combination of intrinsic input resistance
and current gain was used for f; and CO control. Electronic
control of f; in [18] is possible by adjustable current gain,
but CO control is available only by adjusting of grounded
resistor. Solution in [18] employs only one active element,
but its disadvantage is the dependence of one of produced
amplitude on tuning process and nonlinear control of f.
The same type of fy control was also used in [40] and [41]
in oscillators employing so-called Z-Copy Controlled-Gain
Current Differencing Buffered Amplifier (ZC-CG-CDBA).
Solution in [40] uses two active elements and five passive
elements (capacitors are grounded). Discrete model of one
active element employs four diamond transistors [42], [43],
[61] and voltage buffer. It is not a problem for future on-
chip implementation. Oscillation frequency is controllable
linearly by current gain, CO and f; are mutually independ-
ent. Output amplitude is not dependent on tuning process
and CO is controllable just by floating resistors. Solution in
[41] requires two ZC-CG-CDBAs and 6 passive elements.
CO is also controllable by floating resistor, but f; is adjust-
able digitally (dependence of fy on current gain is linear).
In comparison to solutions presented in this paper, oscilla-
tors in [40], [41] require more sophisticated active ele-
ments (4-5 ports per active element). It is worth mentioning
that our solutions require active elements that consist of
only 3 ports and therefore final chip area of our solution in
comparison with oscillators in [40] and [41] will be
smaller. Subsequently, the power consumption is also sig-
nificantly decreased. Oscillation frequency and condition
of oscillation are controllable directly, electronically, and
independently.

Oscillator solutions utilizing different active elements
were presented in literature. Transconductor (OTA) [1], [9]
is also useful active element for design of oscillators. We
can discuss the following popular solutions. Directly elec-
tronically adjustable oscillators were proposed in [44]-[48].
Solutions use at least three active elements. Interesting

circuits were published in [48]-[51], where grounded and
floating, two-four capacitor and three or four OTAs were
used. Quite complicated solutions (many passive elements)
were presented in [52] and [53]. Oscillator utilizing dual-
output OTAs and four capacitors was discussed in [54].
Interesting current-mode types were published in [55].
Discussed solutions allow direct electronic control and
independently adjustable CO and f; (in many cases). How-
ever, all OTA-based solutions have one important disad-
vantage: additional voltage buffering of high-impedance
nodes is necessary, if we require voltage (low-impedance)
outputs.

Typical representative of active element with similar
type of low-impedance output (as our solutions) is current
feedback amplifier (CFA) [1]. Oscillators consisting of two
CFAs were widely investigated in the past. Important
examples are included in [56]-[60]. CFA-based oscillators
employing two active elements and grounded capacitors
were proposed by Gupta and Senani in [59], [60]. Circuit
topology with similar features is in Fig. 3 a, b in [60].
However, oscillators in mentioned literature [56]-[60]
require additional voltage input (Y) of active element (CFA
contains four ports - X, Y, Z, 0) [1]. Our solutions use only
current inputs and active element requires only three ports
in contrary. Solutions presented in [59], [60] allow the
control only by resistors (SRCO types). Direct electronic
control with classical CFA is not possible. On the other
hand, circuits in [59], [60] have some of resistors grounded
when compared to our solutions, where all resistors are
floating. Our approach uses direct electronic control (by
the DC control voltage of active element) and characteristic
equations contain different members and adjustable
parameters of active elements. No additional circuit is
necessary, except simple AGC.

Oscillator conceptions that are focused mainly on
direct electronic control are presented in this paper. Oscil-
lators provide the following important features: a) all
capacitors are grounded (required for on-chip implementa-
tion); b) active elements with single current input and sin-
gle voltage output are sufficient; c) only two active ele-
ments are required; d) independent control of oscillation
frequency and condition of oscillations without mutual
disturbance; e) fo and CO controlled without changes of
any passive element; f) buffered outputs - no additional
buffering is necessary; g) simple implementation of am-
plitude (automatic) gain control (AGC) for f; adjusting and
satisfying total harmonic distortion (THD) - only rectified
output voltage is required; h) real parts of current input
(intrinsic) impedance of active elements are absorbed to
values of working (external) resistors.

Above discussed solutions were the most important
for our approach although many others were presented in
literature. Current gain based approaches have not been
frequently used for control the oscillators. It is clear that
some of discussed solutions use less number of active ele-
ments, but direct frequency control and other advantages
discussed bellow are not simultancously allowed. Last
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research was focused also on current-mode solutions (high-
impedance outputs, for example [55]). Solutions providing
voltage (low-impedance) outputs are discussed in this pa-
per. Necessity of additional voltage buffers or current to
voltage converters for voltage-mode operation is the most
important problem of some previous works. Some hitherto
published realizations are really economical (minimal
number of active elements), but characteristic equation is
not suitable for electronic control, active elements are quite
complicated (many inputs and outputs), many of them do
not provide quadrature outputs and in the most cases rela-
tion between produced amplitudes and total harmonic dis-
tortion in dependence on f; adjusting are not mentioned or
investigated.

2. Elements with Controlled Gain

Biolkova et al. [37] introduced novel active element,
so-called dual output current inverter buffered amplifier
(DO-CIBA). Application field of such active element is
very spread, but possibility of direct electronic control was
not discussed (direct electronic control in the frame of the
active element). We used several modified versions of DO-
CIBA.

Symbol of so-called controlled gain current follower
differential-output buffered amplifier (CG-CFDOBA) [1] is
depicted in Fig. 1 (a). The element contains four ports.
Basic principle is explained in Fig. 1 (b). Low-impedance
current input is labeled p, auxiliary high-impedance port as
z, and buffered outputs (after voltage buffer/inverter) as w+
and w-, respectively. The output current at auxiliary port
(2) is positive, which means that it flows out of the termi-
nal. The current gain (B) between current input port (p) and
auxiliary port (z) can be adjusted electronically via external
voltage. Possible implementation of CG-CFDOBA with
commercially available devices [62]-[66] is shown in
Fig. 1. (c).

Vser Veer
} il Vo gl
' -Ip o Wt
A oi>p CG-CFDOBA p - 1 E
LT
z w- p—O
z :
v CG-CFDOBA
z z
a) b)

oVser CG-CFDOBA

Fig. 1. Controlled gain current follower differential output
buffered amplifier (CG-CFDOBA): a) symbol,
b) behavioral model, ¢) possible implementation.

Simplified version (Fig. 2), where only one output w is
necessary, should be also noted. This modification is usu-
ally called as controlled gain current follower buffered
amplifier (CG-CFBA) [1]. Modification, where current at
auxiliary terminal (Fig. 3) z is inverted, is marked as con-
trolled gain current inverter buffered amplifier (CG-CIBA)

[11, [37].

VSET fVSET
I v .
V, > ppcecra wl— o p b, : 1 >—w
bl

z : |B.hp

Iy
v l‘ CG-CFBA

a) b)

?Vser CG-CFBA

Fig. 2. Controlled gain current follower buffered amplifier
(CG-CFBA): a) symbol, b) behavioral model, ¢) possi-
ble implementation.
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V, > pn CG-CIBA wl Y e /ni : ﬁbﬂw
i |
v lT’z CG-CBA |
a) b)

oVser CG-CIBA

Fig. 3. Controlled gain current inverter differential output
buffered amplifier (CG-CIBA): a) symbol, b) behav-
ioral model, c) possible implementation.

The following hybrid matrices describe generally our
intention in order to obtain adjustability very well. Equa-
tion (1a) describes the modified DO-CIBA with adjustable
current gain (B), (1b) explains extension providing adjust-
able current (B) and voltage gain (4) simultaneously

Ll 7o oo 8]V
V.l 1 o0 oll.l] (1a)
V.| |-1 00 o1,
v,!| 1o oo o]1
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I. 0 0 0 B[V
V| | 4 00 0 |[1,] (1b)
V.| |-4 00 o[,
v, 0 00 0]1

Vsere  Vsera

1 f

Vser s Vsera

|

, B,
3 v, P * {>ﬂw
—» w3
V, = pp CG-CVA I | %z V, =V, A

a) b)

Fig. 4. Controlled gain current amplified voltage amplifier
(CG-CVA): a) symbol, b) behavioral model, c) possi-
ble implementation.

General adjustable element can be created if adjust-
able voltage amplifier is used instead of voltage buffer
(Fig. 4). It provides full control, i.e. current gain (B) and
voltage gain (4). We called this element as controlled gain
current and voltage amplifier (CG-CVA). Version with
inverting current amplifier is called controlled gain in-
verted current and voltage amplifier (CG-ICVA). Possible
modification with dual voltage output (w+, w-) could be
called dual output controlled gain current and voltage am-
plifier (DO-CG-CVA). Ideal behavior is clear from (1b).

3. Proposed Oscillators

We have used well-know and popular method for
synthesis and design of oscillators. Approach is based on
lossless and lossy integrators in the loop. Approach using
state variable methods [2], [58]-[61] could also be used for
this synthesis and results are identical. Elementary circuit
presented in Fig. 5 represents basic building block with
transfer constant 7,/V;= B/R. This building block with
grounded capacitors at z ports is the main core of future
applications (oscillators).

Vet

o—  }*mrcecrra w3
4
l¢l1

The first designed circuit is shown in Fig. 6. It was
created on the basis of discussed approach and elementary

Fig. 5. Elementary building block.

building block from Fig. 5, with the following characteris-

tic equation:

2+_G1_G2_G3+G3Bz S+BlG1G2 =0- (2)
CZ Cl CZ

N

Condition of oscillation and oscillation frequency are:

B-1+91G, 3)
G3

o, = |BGi% )
GG,

where adjustable current gain B, stands for current gain of
the first active element (CG-CIBA) and B, represents cur-
rent gain of the second active element (CG-CFBA).

Vser2
CO control 3

ouT, @
O0—={w CG-CFBAP4—
R, :
>
f, control
Vseri Rs;
@ OUT, R, @
pn CG-CIBA W—i—z
z
i
@

“T =T
Fig. 6. The first proposed oscillator.
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Fig. 7. The second version of the oscillator.

The second solution of the oscillator shown in Fig. 7
was derived from the circuit in Fig. 6 when the resistor R,
is directly connected to the voltage output of the CG-
CFBA. This modification of the oscillator has positive
effect on the characteristic equation, which has now the
following form:

2+_G2_G3+G332S+BlGle =0- (5)
¢, GG,

N
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Oscillation frequency has the same form as in (4), but
condition of oscillation is now:

B -1+22. (©)

3

As shown later, we suppose equality of passive elements
for further simplification: Ry =R, =R and C; = C, = C. We
used discussed simplifications and compared COs (3) and
(6). Theoretical gains B, = 3 (Fig. 6) and B, =2 (Fig. 7) are
required to start the oscillations. Possibility of independent
adjusting of f; and CO by B, or R| and B, is obvious. Con-
trol of fy by only one parameter (B;) without another
matching condition is advantageous. We are interested
only in direct electronic control. Therefore, tuning by pas-
sive element is not appropriate for our approach. The
oscillators also belong to SRCO types due to the controlla-
bility by R,. The ideal relative sensitivities of f; on circuit
parameters are

Spr=-Sg =S =-S» =-S& =0.5, Q)
Sy =8 =0 ®)

The ratio between amplitude of state voltages v, and v,
(therefore also between Voyri and Voyry) is

Vour: _ - B, _ - B, . )
sR,C, jwR,C,

VOUTZ

Substitution of the w by @, from (4) to (9) leads to

Vouri _ -B, _ B [RC, . (10)
1
VOUTZ J\/ Bl R1C1 RICIBI

RR,C/C,

It confirms the fact that both produced signals are in
quadrature. If we suppose equality R; = R, =R and C; = C,
= C then the relation between both voltages is given by

Vour :j\/El’

VOUT2

an

therefore amplitude of Voyr is dependent on B; and in fact
on adjusted fy. Produced signals have equal amplitudes for
By = 1. This problem is not often discussed and studied in
detail, but it is usually presented in many hitherto pub-
lished simple oscillator solutions (for example [18], [20]).
Nonlinear dependence of f; on parameter B (suitable for
tuning) is next consequence.

We also proposed a solution where dependence of
produced amplitudes on tuning process is eliminated and
tuning characteristic is linear. However, necessity of
matching of two gains is now important [40]. The third
oscillator (Fig. 8) is described by the following character-
istic equation:

e Gi+G,—-Gi4, § B,B,G,G, —0- (12)
G GG,

The CO and f; determined from (12) have forms:

4 :1+ﬁ, o = B,B,G\G, | (13), (14)
’ G GG,

fo control
——————— | CO control
I Veer B2 VseT A2
|
| Ro @
4|—‘:|7>n CGHCVA W OUT,
VseT g1
it Rs
ouT, @ Ri
w cocrRAP¢— |4
Z

“T “T

Fig. 8. The third version of oscillator with direct electronic
adjusting.

The parameter 4, is the voltage gain of the CG-ICVA in
Fig. 8. For more details see principle in Fig. 4. Relation
between produced amplitudes is

VOUTI _ Bl Bl

- - , (15)
sRC,  jaR,C,

VOUTZ

and after modification it leads to

VOUTI —

B, s [RC, . (16)
Voo .| BB, R "\R,C,B,B,
J 1“1
RIRZCICZ

We suppose B, = B, = B and therefore (16) simplifies to

VOUT] =—j R2C2 .

VOUTZ R]Cl
We also suppose above discussed simplification of equality
of passive elements (R; = R, = R and C; = C, = (). There-

fore output amplitudes are equal to each other even if f; is
tuned.

(17)

The ideal relative sensitivities of f; in (14) on circuit
parameters are very similar to the previous case:

(18)
(19)

@y __ @y __ @y __ @y __ @y __ @y __
Sy =Sp =S =-Spr =-S& =S =0.5,
wy __ @y __
Sy =S =0

Implementation of adjustable current gain is very fa-
vorable for direct electronically controllable applications,
for example oscillators. For instance, both circuits in [37]
allow tuning by changing the values of resistors only. For
example, the second circuit in [37] does not allow tuning
without changes of one amplitude as discussed by authors
in [37]. Changing the value of only one resistor is suitable
for f; tuning. However, this approach [40] allows to control
fo similarly as it is shown in Fig. 8 (B, and B, for tuning of
fo). This control approach removes remaining drawback of
the second circuit in [37].
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4. Experiments and Real Behavior

The second solution of the oscillator (Fig. 7) was cho-
sen as an example for experimental verification and de-
tailed analysis. This selection is also caused by the reason
that we would like to shown some drawbacks of the second
solution (dependence of amplitude on gain B in case of
quadrature signals is documented).

Behavior of each circuit is affected by real features of
active elements. Input resistance (port p or n) of both active
elements is labeled as R, or R,. Output resistances R, (at
port w) are in most cases negligible because opamp (as
voltage buffer) has values < 1 Q in wide frequency range.
Input capacitances of active elements have minimal impact
because they are together with quite small resistance. Im-
pedances of auxiliary port z consist of high resistive and
capacitive part. High impedance node 1 and node 2 are
influenced by output resistance of the used current ampli-
fier and by input resistance of voltage buffer. We labeled
this parameter as R,. Capacitances in auxiliary port are
labeled as C,. Basic models of used active elements for
non-ideal analysis are in Fig. 9.

j’VSET ?VSET
. | Bl E . | Bh E
P o— [ oW N o . = oW
/Pl % R. I"l % R.
e e
CG-CFBA CG-CIBA
a) b)

Fig. 9. Non-ideal models of used active elements.

CG-CIBA was built from four-quadrant current-mode
multiplier EL4083 [62] (it allows both negative and posi-
tive current output). However, current gain adjusting is
limited only to unity [62]. The second part (voltage buffer)
was constructed by dual opamp LT1364 [63]. CG-CFBA
was created from current-mode multiplier EL2082 [64]
because it allows larger range of current gain. Opamp
LT1364 was also used. In our case is R, = 830 kQ. Output
impedances of EL4083 and EL2082 are approximately
1 MQ/ 5 pF and input impedance of LT1364 is approxi-
mately 5 MQ/ 3 pF [63]. Both parasitic capacitances have
approximately values C, = 8 pF. Input resistance of invert-
ing CG-CIBA (R,) is dependent on auxiliary bias current
and varies in range from 40 to 700 Q if auxiliary bias cur-
rent is changed from 2.5 mA to 0.2 mA. It was tested ex-
perimentally, because it is not discussed in [62]. Expected
value of R, is approximately 300 Q in our case (it is quite
high value). Input resistance of CG-CFBA has fixed and
lower value, R,~ 95 Q.

Passive external elements of oscillator (Fig. 7) were
selected as Ry = R, = R; = 1 kQ, C; = C, = 100 pF and
parameters of active elements were designed as B; = 1,
B, = 2, respectively. The model of oscillator in Fig. 10
takes into account also important parasitic elements placed

in critical parts of the circuit (R,; = R, = 830kQ,
C21:CZ2:8pF)‘

R,/
R

VseT1

p7 CGCIBA W

»

Cx1
O

Fig. 10. Important parasitic influences in the circuit.

Real values of passive elements are R/=R, +R,~13kQ,
R/ =Ry + R, ~ 1.1kQ, C/ = C, + C,; ~ 108 pF,
G, ~ 108 pF. CO and f; have now the following and more
complex forms:

Rl/Rz]RZZCI/ (RZ + R:; )+R ]/RZR; (Rz]C]/ + R22C£ ) N
RI/RZRZIRZZCI/

(20)

/
B,>

o = Rs/Rzz (Blel + Rl/)+ RI/RZ (Rzz —BR, + Rs/) . 2D
’ RIR,R:R\R.,CC,

From (21) it is clear that B, could influence oscillation
frequency. Nevertheless, impact of the second sum term in
(21) is very small because it has several times lower value
in comparison with the first term and B, has quite constant
value (in comparison to B;). Possible influence on exact
value of f; appears for B; < 0.1 only. Tab. 1 provides com-
parison of the order of terms magnitude in nominator from
21).

B[] RR,(BR,+R) | RR,(R,-B,R,+R])
10 10" 10"
1 10" 10"

0.1 10" 10"

0.01 10" 10"

Tab. 1. Magnitude difference of members of (21).

Influences of imperfections of voltage followers were
also found in fy. Modified equation (21), considering this
problem is in form:

(22)

/ /
o = RiR, (BlelalaZ +R )+ R Rz(Rzz —B,R,, +R3/)
' R{R,R;R R.,C/C,

where a; and a, are non-ideal voltage gains. Practically,
these gains are not equal to 1. Tab. 2 shows impact on non-
accurate gain (buffering) on deviation fy £Afy (worst case)
based on calculation (22) for fy = 1.293 MHz. Tolerances
of these undesired gains (larger than 5%) could cause ad-
ditional significant problems with accuracy of f; (Tab. 2).
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Toler. o, [%] a1z [] £Af, [kHz]
£10 0.90-1.10 130
+5 0.95-1.05 65
+2 0.98-1.02 26

Tab. 2. Impact of non-accurate voltage buffering on f;.

The circuit was complemented by AGC system
(Fig. 11) employing simple common-source transistor
stage, which allows control of B, through Vsgr, by rectified
output signal. Common bipolar transistor BC547B and
diode 1N4148 was used in AGC. Voltage V}, in ACG cir-
cuit is derived from voltage setting the CO and its value is
between 2 - 2.5 V. Increasing of output level causes larger
base-emitter voltage and causes decreasing of Vsgr, (there-
fore also B,). Decreasing of Voyr, causes increasing of
Vsero- A very precise and careful setting is necessary for
correct operation of AGC.

CO control
R4 @
w CG-CFBA P«
OUT;

fo control

VT R3

@ OuUT, R,
p-b CG-CIBA w—i—‘:l—

T
Fig. 11. Important parasitic influences in the circuit.

Results of experiments were obtained by oscilloscope
Agilent Infinium 54820A and vector network/spectrum
analyzer Agilent 4395A. Supply voltage was Vpp=+5V
and Vss = -5 V. Real active elements and their properties
are considered. Expected oscillation frequency is
fo=1.293 MHz (21) for selected and designed parameters
(if B;=1). Measured value was 1.257 MHz. Deviation is
mostly caused by inaccuracy of expected value of R;. This
parameter is also dependent on bias current [62]. Transient
response and spectrum of Yoy, are shown in Fig. 12.

500 Mafs e | r”-{
= B B
T -

naah std dev min
2.1193 ¥ 5.53 m 2.148 W
2.20059 ¥ 5.53 m 2.181 W

1.256769 MHz  1.307117 kHz  1.25224 MHz

a)

may
2.191 %
2.222 %
1.26171 MHz

-72.959 dBm

CHL R Spectrum 1@ dB/ REF 268 dBm
» - - - -

2.50875 MHz

371 MHz |

SWP_ 7.885 sec
STOP 18 MHz

ATHH 48 dB

b)

REL# _3R8

Hz WELl 38R Hz
START 1 kHz

Fig. 12. Measured results: a) transient responses, b) spectrum
of VQUTz.

Relation between control voltages and current gains are B,
~ Vser1/Vop [62] and B, = Vsgr, [64]. Range of tunability
was measured from 100 kHz to 1.257 MHz for B, changed
from 0.01 to 1, see Fig. 13.
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0,0 0,2 0,4 0,6 0,8 1,0

B[]
Fig. 13. Dependence of f; on current gain B;.

Output level (Vourr) has quite constant value
2.22 £ 0.06 Vpyp in frequency range between 400 kHz and
1.257 MHz (B, € {0.1; 1}), see Fig. 14 (a). Attenuation of
higher harmonic components is greater than 40 dB (Fig. 12
(b)) and THD is in range from 0.6 to 1 % (Fig. 14 (b)).
THD of Voyr is about 1 - 1.3 % in almost whole range of
fo adjusting (Fig. 14 (b)). Output level of Voyri changes
according to B, from 0.22 to 2.24 V, see Fig. 14 (a).
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Fig. 14. Results of tuning process: a) dependence of output
levels on controlled current gain B, b) dependence of
THD on oscillation frequency.

Dependence of Voyr; on B; is depicted in Fig. 15. It
confirms (11) very well. Measured prototype is shown in
Fig. 16.

2,54

Vour1 [Ver]

y=2,2698x>%%

0,54

0,0 0,2 0,4 0,6 0,8 Bi[] 1,0

Fig. 15. Dependence of Voyr; on B;.

g /]
('(l‘! J
—

— |

Fig. 16. Measured prototype.

5. Conclusion

The most important contributions of presented solu-
tions are direct electronic and also independent control of
CO and fy, suitable AGC circuit implementation, buffered
low-impedance outputs, and of course, grounded capaci-
tors. Independent tunability by only one parameter is very
useful, but tuning characteristic is nonlinear. The most
important drawback is dependence of amplitude Voyr; on
current gain B, (if quadrature outputs are required), which
was confirmed by experimental measurements. Circuit in
Fig. 7 was selected in order to show all features and docu-

ment the expected behavior, which was first derived theo-
retically (equations). It is quite hidden problem at first sight
without precise analyses. This problem was solved and
possible conception (Fig. 8) was introduced. It is necessary
to change oscillation frequency simultaneously by two
parameters (adjustable current gains) and oscillation
condition by adjustable voltage gain (all in frame of two
active elements). Equality (and invariability) of generated
amplitudes and linearity of tuning characteristic during the
tuning process are required aspects. This feature is not
novel advantage of circuit in Fig. 8. Detailed discussion is
available in [40] for example. All favorable features were
obtained without further extension of proposed circuit.
Future work will be focused on detailed tests of proposed
circuit in Fig. 8. However, controllability of f; by one
parameter (Fig. 8) was lost and simultaneous change of
two parameters is necessary [40].
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