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Design of the simple
oscillator with linear tuning
and pi/4 phase shift based on
emulator of the modified
current differencing unit
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Abstract: This paper presents a simple oscillator with 45 degrees phase
shift between output signals. A Modified Current Differencing Unit (MCDU)
was used for its design. The MCDU offers controllability of input resistances
of current inputs and controllability of current gains. These features are not
available together in the standard current differencing unit and it limits
usability in some applications. The proposed oscillator allows linear elec-
tronic control of oscillation frequency and independent control of condition
of oscillation with simple implementation of amplitude stabilization. The
PSpice simulations and measurements in laboratory with manufactured
behavioral emulator of the MCDU confirmed the expected features of the
solution.
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1 Introduction

Development of active devices based on current difference starts with differential
current conveyor (DCCII) [1]. A detailed discussion of history of active elements
utilizing current difference is provided for example in [2] and [3]. These devices
contain so-called current differencing unit (CDU). CDU was studied as an inde-
pendent building part by Vavra et al. [4] and introduced as a suitable active device
for synthesis of applications in [5, 6]. The very-well known active devices utilizing
CDU part are so-called a current differencing buffered amplifier (CDBA) [6, 7, 8]
and a current differencing transconductance amplifier (CDTA) [6, 9]. There were
some attempts to extend the features of control in the frame of the CDU part. For
example Siripruchyanun et al. [10] presented modification of the CDTA where the
input resistances of both inputs of the CDU part are controllable. However, this
extent of control is insufficient for some applications. Therefore, modified current
differencing unit (MCDU) was introduced in [11] where the applications in
reconfigurable reconnection-less filters were discussed. Except electronic control
of the resistances of the input terminals (p and ), the MCDU supposes existence of
additional control of current gains in both ways (from p and n) before current
subtraction. This extension allows synthesis of the interesting applications espe-
cially oscillators.

The oscillators producing output signals with phase shift are required subsys-

tems in communication and measurement. The electronically controllable oscilla-
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tors utilizing current difference based devices are designed as quadrature (phase
shift equal to 90 degrees), for example [12, 13]. However, simple circuits producing
different phase shifts than 90 degrees have not been studied enough. Oscillators
with pi/4 phase shift can be used for special modulation purposes. Except multi-
phase solutions (sophisticated chains of lossy blocks, for example [14]), where
multiples of basic minimal integer phase shift are available, there were not many
simple structures reported in the past where 45 degrees phase shift is available.
There are some simpler electronically controllable solutions than multiphase chains
of blocks, where such phase shift is available. The papers [15, 16, 17] present
structures where phase shift 45deg. and linear electronic control is available.
However, the circuit solutions [15, 16, 17] are more complex than presented in
this paper (additional passive elements [15] or additional controllable voltage
amplifier [16] are required, or more than 2 active devices are necessary for con-
struction and some of them have multiple-outputs [17]), see Table I. Our solution
here allows to utilize each of the MCDU parameter (namely: input resistances - R,,,
R, and current gains - By, B;) in simple single active device based electronically
controllable oscillator where two output amplitudes (unchangeable during the

tuning process) with 45 deg. phase distance are available.

Table I. Comparison of simple linearly electronically controllable
oscillators providing independent FO and CO generating
output voltage amplitudes with 7/4 phase distance.

Type of active No. of passive  No of active
Reference
elements elements elements
[15] ZC-CG-VDCC 4 1
[16] ZC-VCCFDITA, VA 2 2
[17] OTA, CA 2 3
proposed MCDU 2 1

CA current amplifier; MCDU modified current differencing unit; OTA
operational transconductance amplifier; VA voltage amplifier; ZC-CG-
VDCC z-copy controlled gain voltage differencing current conveyor; ZC-
VCCFDITA z-copy voltage controlled current follower differential input
transconductance amplifier.

2 Proposed MCDU-based oscillator

The definition of the MCDU was given in [11]. The basic principle of CDU was
clearly explained in [4, 5, 6]. The principle of the MCDU is given in Fig. 1(a)
where ideal small-signal model is shown. Presence of two independent Y terminals
together with controllable gains B, and B; in the active device are the new features
in comparison to standard CDU. All inter-terminal relations are marked directly in
the Fig. 1(a).

We focused our design on special type of the oscillator where constant phase
shift z/4 is available and stays unchanged during the tuning of the frequency of
oscillations (FO). The really simple and resistor-less circuit structure of the
oscillator in Fig. 1(b) offers this feature. Notice that electronic controllability of
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the parameters of the MCDU is indicated by the DC control voltages (Vsgr_gi,
etc.). Characteristic equation and FO of the solution in Fig. 1(b) are of the
following forms:

p -, Vser g1 Vser B2
Vpl Vo= Wit Rplp: Ry
—— !Y1 1
+
|
Vs
Y1l : n I

N X
—— !
an Vo= Voot Roly | R
1Y,
-——
| MCDU
V| — ememmmmmmmcceeee—

(@ (b)

Fig. 1. (a) Ideal model of CDU with advanced features referred as
modified CDU (MCDU), (b) Proposed oscillator based on
MCDU providing phase shift 7/4 between outputs.

, (G =C1By) By
=0 1
RCC TR RCC M

| B
= |— 2
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where a condition for oscillation (CO) is: C,/C; < B;. A concept of the oscillator

is based on the electronically controllable parameters available in frame of the
MCDU. The controllable current gain B, serves for adjusting of CO and simulta-
neously adjusted intrinsic input resistances (R, = R, = R,,;,) ensure linear control
of FO. The generated signals in nodes 1 and 2 are of the following amplitude and
phase relation:

R,B,C
1_i_nll

no_ 1 _ RpyC2 exo| tan~! R,BiCy\ . 3)
Vs " 1+sCiR, 2 P R,C, )|

Supposing R, = R, = R, C1 = C; = Cy, By = 1, it leads to:

Vi _ \/E 1 . _ \/5 T,

A Texp[tan =bjl = "= 3 exp( 41) V. “
Voltage V, foreruns V| by phase distance of 45 degrees and their amplitude ratio is
constant if FO is tuned and equal to ~/2/2. This ratio can be adjusted by simple

attenuator after separation (voltage buffer) of the high-impedance output node 2.

3 Experimental verification by laboratory tests

We prepared following behavioral model/emulator (including system for amplitude
stabilization) of the oscillator based on commercially available active elements. The
behavioral model (Fig. 2) employs several electronically controllable current con-




IEICE Electronics Express, Vol.12, No.19, 1-7

veyors of second generation ECClls [18, 19, 20]) available in the frame of the
current mode multiplier EL2082 and diamond transistor (DT) OPA860. This
MCDU model was firstly reported in [11]. Input resistances and current gains are
defined as: R, = Ri/ /VSET_Rp> Rn & Rj/ /VSET_Rn> B1 = Vser_p1 and By = Vser_mo
[21]. Supposing R, = R, = R, (and Ri/ = Rj/ = Ri/j in frame of the model) and
constant By = 1 (Vsgr_s1), we can use specified equation for FO:

fo = VSET _Rpn )
0 ——.
27R] ,C1 5
VseT R MCDU diamond buffer
r—————7 —= == from OPA860
I I
p | Brpt :
1 v ®
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Fig. 2. Manufactured oscillator based on MCDU behavioral model/
emulator employing commercially available active devices
including automatic gain control (AGC) circuit for laboratory
tests.

The parameters of the circuit are selected as Cy, = 100pF, By = 1 (Vsgrs1 = 1 V)
and Ry, = 3.2kQ (Vser_rpa = 0.32V). Such setting yields ideal f, = 0.507 MHz,
simulations with behavioral model (Fig. 2) provided 0.459 MHz and experimen-
tally measured value was 0.499 MHz. Laboratory results are given in Fig. 3 (we
used oscilloscope RIGOL DS1204B and spectrum analyzer HP4395A). An exam-
ple of both measured transient responses (blue color - V'1; red color - V3) is shown
in Fig. 3(a), spectrum of output responses (upper spectrum - V;; lower spectrum -
V) in Fig. 3(b) and dependence of FO on Vsgr_rp, in Fig. 3(c). Manufactured
MCDU module, used for experimental study of the oscillator, is shown in Fig. 3(d).
AGC was provided as an independent part. Measured outputs were separated by
voltage buffers and matched to 50 Q load. Phase difference 46 degrees of both
signals was observed. Experimental verification in laboratory brings the results that
indicate behavioral model/emulator suitability for operation up to units of MHz
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(FO was adjusted from 0.147 to 1.911 MHz by DC control voltage from 0.1 to
1.0 V). An analysis of total harmonic distortion yields value about 1.5% (suppres-
sion of higher harmonic components more than 35 dBc).
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Fig. 3. (a) Measured transient responses of produced signals (blue
color - V1, red color - V3), (b) Measured spectrum of both
outputs (upper spectrum - V;; lower spectrum - V3), (c) Ideal,
simulated and measured dependence of FO on Vser_rpn, (d)
Manufactured MCDU module used for experimental study of
the oscillator.

4 Conclusion

The resulting features of the designed oscillator confirmed usefulness of advanced
controllable properties in the frame of the MCDU (behavioral emulator) for the
design of the interesting applications and suitability of this active device for future
IC implementation. Functionality was verified from frequencies of hundreds of kHz
up to units of MHz. Complexity of the MCDU emulator balances its four useful
controllable features and it is not an important issue for IC implementation. Except
the beneficial features of the MCDU in reconfigurable reconnection-less filters [11],
the discussed results here indicate that such advanced active device can offer the
useful features also for design of oscillators.
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