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1Abstract—In this paper, an interesting design of precise 

quadrature oscillator employing electronically controllable 
current conveyors of the second generation (ECCII) is 
presented. The main purpose of this paper is to show 
advantages and features of direct electronic control of 
application by an adjustable current gain where help of signal 
flow graph approach was used to clearer and visual 
understanding of the design. The discussed circuit and its 
presented modification have several favorable features such as 
grounded capacitors, independent electronic adjusting of 
oscillation frequency and condition of oscillation by the current 
gain and easy automatic gain control circuit (AGC) 
implementation (non-ideal effects of tuning process on output 
amplitudes are suppressed). Oscillator was designed for 
frequency band of units of MHz and tested with two types of 
inertial AGCs. Theoretical presumptions were confirmed by 
laboratory experiments. 
 

Index Terms—Direct electronic control, current gain 
adjusting, electronically controllable current conveyors, 
quadrature oscillators, signal flow graph approach. 

I. INTRODUCTION 

A. Overview of controlling possibilities in current 
conveyors and amplifiers 

Current or voltage-mode integrators employing current 
conveyors CCII [1-4] are very often used in modern analog 
circuit design. However, resistors (in most cases grounded) 
or adjustable resistance of current input called RX is the only 
way how to change the time constant. This parameter can be 
adjusted by the bias current Ib in limited range. This solution 
is very popular in novel on-chip implementations of new 
active elements. The examples of such elements, their 
definitions and descriptions can be found in [3-8]. Adjusting 
of current gain in current active elements and in current 
conveyors (CC) was firstly introduced in [9]. This approach 
is built on the adjustable transfer between X and Z ports in 
the CCII type. Authors defined so-called electronically 
controllable current conveyor of second generation (ECCII). 
There are already some works on this topic in the open 

literature. Nevertheless, it is still not so common way how to 
adjust circuit parameters and many solutions still use the R
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(Ib) control. Minaei et al. [10] introduced novel element 
called ECCII, where current gain control was also possible. 
Similarly, Marcellis et al. in [11], Tangsrirat in [12], Shi-
Xiang et. al in [13] and Herencsar in [14] proposed active 
elements with this useful feature. It provides interesting and 
special feature in many applications. In some recently 
published works that focus on the oscillator and filter design 
[14-25], the implementation of adjustable current gain (BBG) 
for control of parameters in application is quite a beneficial 
solution. 

B. Recently reported oscillators employing current gains 
We focused on state-of-the-art of oscillator solutions, 

which use current gain control for electronic adjusting in 
applications. Of course, there are many oscillators based on 
active elements working with different principles in 
contemporary literature. Hitherto published solutions 
employs such elements, e.g. transconductors (OTAs), 
current differencing transconductance amplifiers (CDTAs), 
current follower transconductance amplifiers (CFTA), and 
many others [3]. Our discussion will be specialized on 
solutions employing current-gain control.  

This work focuses on oscillator design, where the main 
aim is the electronic control of oscillation frequency (f0) and 
condition of oscillation (CO) using BBG simultaneously. 
Several hitherto published works were presented in this area. 
Souliotis et al. presented multiphase oscillator using lossy 
integrators based on the adjustable current amplifiers in 
[15]. All capacitors are grounded, CO and oscillation 
frequency are electronically and independently adjustable. 
The oscillator produces current output signals. Multiphase 
solution with cascade connection of lossy integrators based 
on translinear current conveyors (CCCII) was introduced by 
Kumngern et al. in [16]. Kumngern et al. also published 
work [17], where combination of both methods (intrinsic 
resistance and current gain control) was verified. A solution 
presented in [17] requires two active elements. CO is driven 
by current gain and f0 by RX (Ib). The oscillator does not 
provide quadrature outputs and linear control of f0. In [20], 
the ECCII was a functional part of modified active element, 
CCTA [3] and BGB  control was used for the oscillation 
frequency adjusting in simple quadrature oscillator. 
Electronic control of f0 is possible by BBG, but CO control is 
available only by adjusting of grounded resistor. It is a very 
simple solution employing only one active element, but 
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there are some drawbacks in this solution. The first problem 
is dependence of one produced amplitude on tuning process 
(BGB  which tunes f0) and the second problem is nonlinear 
control of f0. Very interesting oscillator in [22] provides 
control of f0 and CO by BBG, but these parameters are not 
independent and control of f0 is also not linear. In addition, 
only one capacitor is grounded. Independence between f0 
and CO parameters was achieved in [23]. However, there is 
dependence of one of produced amplitudes on BGB  under 
tuning process and control of f0 is not linear. It is a problem 
of very simple solutions using minimal number of active 
elements and grounded capacitors. Current-gain control 
suitable for f0 control was used also in [24] and [25] in 
quadrature oscillators employing so-called z-copy 
controlled-gain current-differencing buffered amplifier (ZC-
CG-CDBA). The solution in [24] is based on two active 
elements and five passive elements (capacitors are 
grounded). Nevertheless, active element is quite 
complicated. Discrete model requires four diamond 
transistors [26-27] and voltage buffer, but it is not a problem 
for future on-chip implementation. The oscillation frequency 
is controllable by BBG linearly. CO and f0 are completely 
independent. There is no dependence of output amplitude on 
tuning process. CO is controllable via floating resistors only 
(it is a small drawback of this solution). The authors used 
optocoupler for amplitude stabilization and automatic gain 
control circuit (AGC). The solution in [25] requires two ZC-
CG-CDBAs and 6 passive elements (capacitors are also 
grounded). CO is also controllable by floating resistor, and 
f0 is even adjustable digitally (dependence of f0 on BGB  is 
linear). Alzaher in [28] introduced interesting solution 
where digital adjusting of current gains was used to ensure 
linear f0 control and simple CO control (both by current 
gains). Complexity of circuit is similar to the discussed 
solutions (four resistors, two grounded capacitors). 

C. Our proposal and comparison 
We can summarize the important features of previous 

works focused on current gain control for adjustability and 
tuning purposes. There is linear dependence of f0 on BBG in 
our solution and output amplitude is not affected by tuning 
process in comparison to the work [17] or [20]. Only CO is 
controllable by BGB  in [17]. In [20] is still necessary to 
control CO by adjusting of passive element. A very simple 
solution in [22] allows to control f0 and CO by BBG, but f0 is 
dependent on CO. Both parameters are independent in [23], 
but dependence of f0 on BGB  is not linear and one of output 
amplitudes is changing if f0 is adjusted. Finally, in [24] and 
[25], there were many from previous drawbacks removed. 
However, CO is still controllable only by floating resistor. 
Digital control of current gain in order to adjust f0 and also 
CO was introduced in [28]. There were also almost all 
drawbacks solved but solution requires four resistors and 
similar number of active elements as in our case. A digital 
discontinuous control of CO (by current gain) may not be 
the best solution. Accuracy and precision of AGC require 
also careful and soft gain adjusting to minimize fluctuances 
of output amplitudes and obtain acceptable THD. 
Continuous control is better and maybe simpler than digital 
control because appropriate bit resolution of gain control is 
necessary for soft adjusting of CO. Linear control of f0, 

mutual independence of CO and f0 and direct continuous 
electronic control of f0 and CO only by current gain (BBG) 
simultaneously are possible in our solution with respect to 
works discussed above. CO and f0 are controllable by DC 
voltage and therefore easy implementation of inertial AGC 
is possible. There are no problems with dependences of one 
output amplitude on BGB . Our work practically complements 
the family of oscillators [22-25] employing current gain (BBG) 
for direct electronic control of oscillator parameters. 
Powerful approach using state variable methods ([29-31] for 
example) could also be used for this design and results 
should be identical. We can discuss examples regarding very 
impressive works written by Gupta et al. [29-30]. Many 
oscillator structures including current feedback amplifier 
based integrators (in fact) in the loops constructed by the 
state variable methods were introduced in both works [29-
30]. Oscillators in [29] are simpler (only two active 
elements, grounded capacitors) than solution described in 
our contribution. Unfortunately, oscillators in [29-30] 
belong to single resistance controllable types (electronic 
control is more complicated) and relations between 
amplitudes exist in case of tuning. Both stable output 
amplitudes while oscillator is tuned are required in many 
communication systems [24]. It is not novelty of our 
solution but this requirement was not considered for 
oscillator synthesis in many hitherto published works. 
Clarity of signal flow graph methods and descriptions is 
more suitable for help with design, better understanding of 
the behavior in the circuit (direct and feedback branches) 
and correct insertion of controllable active elements to the 
circuit in order to control f0 without influencing amplitudes 
through tuning process. 

The main aim of this paper is not to propose novel 
method of synthesis. This work focuses on investigation of 
controllable features in oscillators employing electronically 
adjustable current conveyors with current gain control for 
precise quadrature oscillator design operating without 
standard problems (non-linear control of oscillation 
frequency and amplitudes dependent on tuning process) of 
many reported and simpler solutions. The main result of our 
proposal is novel and precise quadrature oscillator (based on 
clear design and principle of operation) with wideband and 
linear f0 control, with easy implementation of AGC, 
acceptable THD level and unchangeable amplitudes during 
the tuning process.  

The paper is organized as follows: Known ways of 
electronic control in current conveyors and amplifiers, 
recent progress in the oscillator design based on continuous 
current gain control and comparisons are introduced in the 
Introductory section. Proposed circuit and design steps are 
discussed in details in the Section 2. Specific design, real 
behavior and experimental results are summarized in the 
Section 3. Concluding notes are in the Section 4. 

II. PROPOSED OSCILLATOR DESIGN 
We used two types of active elements (current conveyors, 

see Fig. 1) in proposed oscillator. The first is electronically 
controllable current conveyor of second generation (ECCII) 
[9]. The function is described by quite common and simple 
equations (in ideal case): VY = VX, IY = 0, IZ- = -BBGIX. The 
current gain between X and Z ports is adjustable and voltage 
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gain (transfer) from Y to X port is fixed (equal to 1). The 
second type is well-known current conveyor of second 
generation (CCII+/-) [1-3] with one or two outputs of both 
polarities (Z+/Z-). Transfer between X and Z ports and 
between Y and X ports of CCII+/- are fixed (equal to ± 1): 
VY = VX, IY = 0, IZ+ = IX, IZ- = -IX. 

 

 
a)   b) 

Figure 1. Current conveyors used in proposed oscillators: a) ECCII-, 
b) CCII+/- 

 
Design was based on frequently used integrators (loss-less 

and lossy) in two feedback loops (similarly to 
multifunctional filters [32-37]). The first attempt [23] of 
design of this type oscillator was provided with only two 
ECCII- and one CCII+. The first ECCII allows to control f0 
and the second was used for CO control and future 
implementation of AGC. However, detailed analysis shows 
one disadvantage in [23], which is caused by driving gain 
BBG influencing the amplitude of produced signal (therefore 
amplitude changed with adjusting of f0). While one of 
generated amplitudes has constant value, the second output 
amplitude is varying in dependence on tuning. Therefore, 
we improved this type of the oscillator in [23] and result is 
presented in this paper (two structures in Fig. 2 and Fig. 3). 
Our approach is based on the aid of signal flow graph (SFG) 
[38-39] which represents the two-loop circuit structure 
(Fig. 2) with current distribution [34], similarly as in [23]. 
The characteristic equation can be easily obtained by 
application of Mason rule [38-39] (Δ - determinant of SFG): 
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New modification (Fig. 3) contains additional ECCII, in 
order to eliminate the disadvantage of amplitude dependence 
and extend f0 range of adjusting. Dependence of f0 on BBG1,2 is 
linear, which is more suitable and typical in controllable 
oscillators. Simultaneous changes of two current gains BG1,2B  
is the only disadvantage of this solution. Transfers of the 
branches have the following forms: 

11

1
1 )(

RsC
B

sH G= , 
( )1)(

223

2
2 +

−
=

RsCR
R

sH ,  (4), (5) 

21 GBF −= , . (6), (7) 32 GBF −=
 

 
Figure 2. General two loop system 

 

 
a) 

 
b) 

Figure 3. Proposed quadrature oscillator: a) circuit, b) detailed SFG 
 

 
a) 

 
b) 

Figure 4. Proposed modified oscillator with reduced number of passive 
components: a) circuit, b) detailed SFG 

 
We can discuss principle in more detail. In Fig. 3 we can 

see solution of the quadrature oscillator (autonomous 
circuit). Figure 3b shows simple signal flow graph (SFG), 
where conversion between voltage and current is 
documented by dotted and full arrows. The CC1, CC2 with 
R1 and C1 presents current-mode loss-less integrator. CC4 
and C2, R2, R3 create lossy integrator (node 2). Useful 
feature of such integrator with current distribution (CC3 + 
CC4) is the possibility to change current gain of one path 
and therefore also gain of one feedback branch (CC3 
presents adjustable feedback path). Our requirement is to 
achieve solution without problem of varying amplitudes 
during the tuning process. Therefore, we need two 
adjustable parameters in large loop L1 (F1H1H2). Adjustable 
gain BBG1 was implemented directly in current integrator 
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formed by CC1 and R1 and C1. Lossy integrator H2 was not 
primary constructed as adjustable. Product of F2H2 must not 
include any adjustable parameter which is determined for f0 
control, as we can see from (1) and also from the example 
(8). Mutually independent control of CO and f0 is the reason 
for this presumption. The second gain BG2B  (CC2) was solved 
as separate adjustable path (from output of CC4 to node 1). 
Additionally, CC2 could be considered as another 
complication (extra active element) but it brings also 
beneficial feature. Simultaneous adjusting of BBG1 and BG2B  
allows linear and wide-range f0 adjusting in comparison to 
the single-parameter-controllable oscillators and removes 
obstacle with amplitude dependences. The second loop 
created by F2H2 (1) has to ensure CO control without 
affection on f0. Separated feedback path created by CC3 
(BBG3) allows easy CO control, see (8). This step is really 
necessary. Therefore, we cannot use one simple CC instead 
of CC3 and CC4. The characteristic equation of the oscillator 
in Fig. 3 has the following form: 
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Condition of oscillation and oscillation frequency are: 
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Simultaneous change of BBG1 and BG2B  (B BG1 = BG2B  = BBG1,2) 
tunes oscillation frequency linearly without influence of 
output amplitudes as is clear from (12). Sensitivities of ω0 
on parameters of active and passive elements are following: 
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The modified solution of the oscillator from Fig. 3 is 
shown in Fig. 4. Resistor R2 was saved in this modification 
and only 2R-2C based oscillator with four CC was obtained. 
This designation (2R-2C) was used in [40-41] for oscillators 
which contain only two resistors and two capacitors. 
However, CC4 must be extended to two-output type (two Z 
ports) and then only four passive elements are needed. The 
CC4 is more complicated than simple three-port CCII+ but 
for internal topology of CC it is no problem [4-5], [15-16]. 
The characteristic equation for the modified oscillator in 
Fig. 4 is:  
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Oscillation frequency is given by formula (10) and CO is 
very simple: B BG3 ≥ 1. A relation between both produced 

amplitudes equals to (11) and (12). Sensitivities of f0 on 
circuit parameters are the same as in the first type of 
oscillator. 

III. REAL BEHAVIOR AND DISCUSSION OF EXPERIMENTAL 
RESULTS 

We choose first type of the oscillator for a detailed 
analysis, because it can be realized easily by available active 
elements. A circuit from Fig. 3 was extended by several 
passive elements. These elements are modeling the most 
important parasitic influences in the real circuit. Hatched 
resistors in Fig. 5 include intrinsic resistances of current 
inputs of used active elements or resistances of current 
outputs. Capacitors Cp1 and Cp2 were also added in order to 
represent important parasitic behavior. We used current 
mode multiplier EL2082 [42], diamond transistor OPA860 
[27] and buffer OPA633 [43] for experimental purposes. 
The expected values of parasitics are derived from their 
models.  

 
Figure 5. Important parasitic influences in the analyzed oscillator 
from Fig. 3 

From Fig. 5 we can determine the following parameters: 
Rp1 ≈ RY_CC1║RZ_CC2║Rinp_buff1, Cp1 ≈ CY_CC1 + CZ_CC2 + 
Cinp_buff1, Rp2 ≈ RZ_CC1║RZ_CC3║RY_CC4║Rinp_buff2, Cp2 ≈ CZ_CC1 
+ CZ_CC3 + CY_CC4 + Cinp_buff2, R1

/ ≈ R1 + RX_CC1, 
R3

/ ≈ R3 + RX_CC3 + RX_CC4. Datasheet information indicates 
values as follows: RY_CC1,2,3 ≈ 2 MΩ, RZ_CC1,2,3 ≈ 1 MΩ and 
CY_CC1,2,3 ≈ 2 pF, CZ_CC1,2,3 ≈ 5 pF, RX_CC1,2,3 ≈ 95 Ω (EL2082 
[42]); RY_CC4 ≈ 0.455 MΩ, CY_CC1 ≈ 2 pF, RZ_CC4 ≈ 54 kΩ, 
CZ_CC4 ≈ 2 pF, RX_CC4 ≈ 13 Ω (OPA860 [27]); input diamond 
buffer of OPA860 [27] characteristics 
Zinp_buff2 ≈ 1 MΩ/ 2 pF; Zinp_buff1 ≈ 1.5 MΩ/ 1.6 pF (OPA633 
[43]). The resulting values are: Rp1 ≈ 462 kΩ, Rp2 ≈ 192 kΩ, 
R1

/ ≈ 915 Ω, R3
/ ≈ 928 Ω; Cp1 ≈ 8.6 pF, Cp2 ≈ 14 pF. We 

suppose RX_CC2 << RZ_CC4. We can neglect these parameters 
because 95 Ω << 54 kΩ. Equations for oscillation frequency 
and CO considering real influences are: 
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Careful analysis reveals in equation (16) that  
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 Significant influence exists only for BBG1,2 → 0. 
 

 
Figure 6. Configuration of experimentally tested oscillator 
 

 
a) 

 
b) 

Figure 7. Two types of AGC for experimental purposes: a) based on BJT, 
b) based on opamp 

 

The circuit shown in Fig. 3 was experimentally tested and 
we obtained the following results. For better and clearer 
understanding, particular measured circuit with designed 
values and measuring devices included is shown in Fig. 6. 
For ECCIIs (CC1-CC3), modeled by EL2082 multiplier, 
BBG ≈ VG [42] is valid. Selected values of passive elements 
are R1 = R3 = 820 Ω, R2 = 1 kΩ, C1 = C2 = 47 pF. Supply 
voltage is symmetrical VDD = + 5 V and VSS = - 5 V. In 
accordance to analysis of parasitic influences, it is clear that 
real parameters of active elements play important role. 
Parasitic capacitances have main impact on accuracy of f0 

because they are comparable to the working values C1 and 
C2. Tolerances of C1 and C2 are very important too. Some 
estimations based on above discussion of parasitic elements 
are given: R1

/ ≈ 915 Ω, R3
/ ≈ 928 Ω, C1

/ ≈ 56 pF, C2
/ ≈ 61 pF. 

 

 
Figure 8. Transient responses of oscillator (when AGC from Fig. 7a was 
used) for f0 = 5 MHz 

 

 

 
Figure 9. Spectral analysis for both outputs (AGC from Fig. 7a) for f0 = 5 
MHz 

However, tolerances of passive elements and parasitics of 
printed circuit board (PCB) were not considered. 
Experimental verification was made with two different types 
of very simple inertial AGC circuit (Fig. 7). These circuits 
are suitable for voltage control of CO in similar oscillator 
solutions. The AGC circuits contain cascade diode doubler. 
The first type of AGC is based on very simple common-
emitter DC amplifier with bipolar transistor. The function is 
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based on nonlinear input-output transfer characteristic of 
this amplifier. The second type of AGC uses common 
opamp. Potentiometers are necessary for careful and very 
fine adjusting of CO. 

The transient responses and spectral analysis of the 
oscillator with first type of AGC (Fig. 7a) are in Fig. 8 and 
Fig. 9. Results are for f0 = 5 MHz (BBG1,2 = 1.63). 

The transient responses and spectral analysis of the 
oscillator with second type of AGC (Fig. 7b) are shown in 
Fig. 10 and Fig. 11 for same values of BBG1,2 as in previous 
case. The second type of AGC (Fig. 7b) offers larger 
suppression of higher harmonic components and therefore 
lower THD for nearly equal amplitudes, see Fig. 8 - Fig. 11. 

 
Figure 10. Transient responses of oscillator (when AGC from Fig. 7b was 
used) for f0 = 5 MHz 
 

 

 
Figure 11. Spectral analysis for both outputs (AGC from Fig. 7b) for 
f0 = 5 MHz 
 

In Fig. 12 ideal, expected and measured dependences of f0 
on current gain BBG1,2 are compared. Ideal dependence was 
obtained from eq. (10), where only expected values 
R1

/ ≈ 915 Ω, R3
/ ≈ 928 Ω were considered. Ideal range of f0 

adjusting is from 0.25 MHz to 8.84 MHz. Expected range is 
from 0.20 MHz to 7.13 MHz. The expected curve was 
calculated from (16). Range of f0 adjusting from 0.13 MHz 
to 7.87 MHz was gained from measurement. All traces in 
Fig. 12 were obtained for BG1,2 B from 0.06 to 2.4 (VG1,2 from 
0.06 to 2.6 V). We have measured and evaluated 
dependences of output level and total harmonic distortion 
(THD) on f0. Results are in Fig. 13 and Fig. 14. 
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Figure 12. Dependence of f0 on BBG1,2
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Figure 13. Dependence of voltage level of output signals on f0 for oscillator 
using: a) AGC in Fig. 7a, b) AGC in Fig. 7b 
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Figure 14. Dependence of THD on f0 for oscillator using: a) AGC in Fig. 
7a, b) AGC in Fig. 7b 
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Figure 15. Results of readjusted AGC (Fig. 7a): a) output levels in 
dependence on f0, b) dependence of THD on f0 
 

We can see fluctuation of THD between 0.4 and 0.9 % in 
almost whole range of f0 (AGC type from Fig. 7a). AGC 
type in Fig. 7b (with opamp) provides lower THD between 

0.1 and 0.6 %, but falling of output level with increasing of 
f0 is slightly faster. Therefore, better setting of the AGC 
circuit in Fig. 7a for next experiments was used. Output 
voltage was changed to half of values used in measurement 
documented in Fig. 13a and THD was decreased. Values are 
then between 0.2 and 0.5 %. This setting also improves 
stability of output level. The dependence of VOUT1,2 on f0 is 
now nearly constant. The results are shown in Fig. 15. 

The proposed circuit in Fig. 6 can be easily simulated in 
PSpice program. All used commercially available active 
elements (EL2082, OPA860, etc.) have models that are 
included in PSpice libraries. We provided statistical Monte-
Carlo analyses of the discussed oscillator for typical 
fabrication tolerances of passive elements (see Tab. 1) and 
Gaussian distribution. Fabrication uncertainty of key 
parameters of the active elements, that are responsible for 
control of oscillation frequency (BB1,2), was simulated by 
variation of VG1,2 (also in Tab. 1). The initial settings of 
oscillator was provided for f0 = 5 MHz. Table 1 contains the 
maximal and minimal (the most pessimistic case) f0, more 
optimistic (close to the real case) standard deviation (sigma) 
and mean value of f0. The analyses confirmed expected 
sensitivities of f0 on passive and active parameters in 
equations (13) and (14). High tolerances of VG1,2 (B1,2B ) mean 
high dispersion of expected f0. Figure 16 shows an example 
of Monte-Carlo set results. 

 
Tab. 1. Results of Monte-Carlo analysis (100 runs) 

tolerances [%] 
R1, R2, R3 C1, C2 VG1, VG2

mean 
[MHz] 

min 
[MHz] 

max 
[MHz] 

sigma 
[kHz] 

1 5 5 4.986 4.809 5.157 70.4 
1 5 10 4.982 4.682 5.249 111.6 
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maximum = 5.24865e+006
3*sigma = 334675

 
Figure 16. Histogram of Monte-Carlo analysis (tol. 10% VG1,2, 5% C, 1% R) 

IV. CONCLUSION 
In this paper, we discussed features of quadrature 

oscillator using ECCII and CCII elements, which was 
systematically designed by two-loop integrators synthesis 
and help of signal-flow graph approach for better 
understanding. In recent years, many works dealing with the 
quadrature oscillator synthesis and design have been 
published. However, our approach to this problem was 
based more practically and mainly on quality of produced 
signals, i.e. precise electronic adjusting of the CO (two 
AGCs) and tuning of f0  with minimal fluctuances of output 
level and low THD in comparison to common similar 
research works (simpler solutions employing minimal 
number of active elements for example). We obtained more 
accurate equations for oscillator design from more detailed 
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analyses of influences of real active elements which are 
useful for calculation of expected results. Experimental 
verifications with two very simple AGC circuits were 
provided and compared. Output amplitudes are not 
influenced by tuning of f0 (this is typical for simpler types of 
oscillators) and the proposed method of current gain control 
of CO allows simple implementation of AGC. Really good 
results (nearly constant output amplitudes for wideband 
tuning of oscillation frequency and low THD) were obtained 
for optimal setting of AGC.  
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