DE DE GRUYTER

OPEN

G

Journal of ELECTRICAL ENGINEERING, VOL 67 (2016), NO2, 137-142

DESIGN AND EXPERIMENTAL EVALUATION OF
QUADRATURE OSCILLATOR EMPLOYING SINGLE FB-VDBA

Abdullah Yesil — Firat Kacar — Koray Gurkan *

This paper presents an attractive and a new voltage-mode quadrature oscillator using a single Fully Balanced-Voltage
Differencing Buffer Amplifier (FB-VDBA) as the active element. The circuit structure is very simple, consisting of merely
one FB-VDBA, one resistor and two capacitors. The circuit is implemented using the commonly available OPA860 which
results in low output impedance and high current drive capability. The proposed circuit also has a suitable architecture for
IC production. Experimental results which are matched well with the theoretical assumptions are given.
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1 INTRODUCTION

An essential circuit blocks of a typical telecommu-
nications, measurements and signal processing systems
are constructed with the quadrature sinusoidal oscillators
that generate two sinusoidal outputs which have same fre-
quency but 90° phase difference [1-3]. At present, there
is a great interest in the realization of various analog sig-
nal processing circuits using the Fully Balanced Voltage
Differencing Buffer Amplifier (FB-VDBA) as an active
element [4-8]. The FB-VDBA, particularly the commer-
cially available integrated circuit type OPA860 provid-
ing an accessible compensation terminal, is very versatile
building block for analog circuit designs because of several
advantages. It provides over the voltage-mode operational
amplifier (VOA) and ease of designing various functional
circuits with the least possible number of external com-
ponents.

As a result, many quadrature oscillator circuits have
been reported in the literature [9-17] using different
type of active elements. Designers of quadrature oscil-
lators utilize various active elements such as multifunc-
tion current differencing cascaded transconductance am-
plifier [9], current differencing transconductance amplifier
(CDTA) [10], operational amplifier [11], current differ-
encing buffered amplifier (CDBA) [12], current feedback
operational amplifier (CFOA) [13], differential difference
current conveyor (DDCC) [14], current follower transcon-
ductance amplifier (CFTA) [15], fully differential current
conveyor (FDCCII) [16], and double current controlled
current feedback amplifier (DCC-CFA) [17]. However, the
oscillators mentioned above suffer from one or more dis-
advantages;

— having two or three active elements [10-15,17]
— consisting of high number of passive components

[11-14,16]

— not being suitable for voltage mode filter structure due

to high output impedance [10, 12,14, 16]

The purpose of this paper is to introduce a voltage-
mode quadrature oscillator, based on a single FB-VDBA.
The circuit consists of one FB-VDBA, one resistor, and
two capacitors. The circuit is implemented using the com-
monly available OPA860 which results in low output
impedance and high current drive capability. Finally, this
oscillator has been built by means of a FB-VDBA which
has been realized with OPA860. The experimental results
are matched with theoretical analysis.

2 FULLY BALANCED VOLTAGE
DIFFERENCING BUFFER AMPLIFIER

The schematic symbol of the FB-VDBA is given in
Fig. 1. The model can be described by the following set
of circuit equations.

Iy o 0 0 0
I o 0 0 0 Vis
IZ+ — 9m —9m 0 0 VV— (1)
Iz —9m  Im 0 0 Vz+
Vw+ 0 0 Oy 4 0 VZ—
Vw_ 0 0 0 Qly—
where g = 1/Ryp, oy, =1—evy and aw— =1 —¢6y_.

Here, ey and ey— (lev4], |ev—| <)1) represent voltage
tracking errors of FB-VDBA. Also, ay4+ and oy are
ideally equal to unity. It should be noted that FB-VDBA
has a pair of high-impedance voltage inputs V4 and
Vi _, a pair of high-impedance current outputs Z+, Z—
and low-impedance voltage outputs Viyy and Viy_.
FB-VDBA implementation by two integrated circuits
OPAS60 is shown in Fig. 2 [6]. OPA860 contains the so-
called diamond transistor and voltage buffer. The termi-
nals of diamond transistor are namely F (emitter), B
(base) and C' (collector) with intrinsic resistance Rgg of
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Fig. 1. The circuit symbol of the FB-VDBA
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Fig. 2. Realization of FB-VDBA with OPAS860 [6]

the E terminal. In order to increase the linearity of col-
lector current versus input voltage, a degenerating resis-
tor Ry > Rgg is added in series to the emitter [18]. The
emitter terminals of diamond transistors in Fig. 2 are con-
nected such that it forms a differential-input differential-
output OTA.

3 PROPOSED QUADRATURE
OSCILLATOR CIRCUIT

Figure 3 shows the circuit diagram of the proposed
voltage-mode quadrature sinusoidal oscillator that em-
ploys a single FB-VDBA and three external passive com-
ponents (one resistor and two capacitors). The proposed
circuit has two voltage outputs. The presented topology
is simple and employs all-grounded capacitors, which is
more preferable to floating components because of the
ease of integrated circuit implementation.

The assumption of an ideal FB-VDBA is characterized
by (1), and the performance of a routine circuit analysis
yields the characteristic equation expressed in equation

Ry — Ry 1

2 _
5 +801R1RM OlOQRlRM B

0. 2)

Using (2), the proposed circuit can produce oscillation if

Ry > Rw . (3)
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The oscillation frequency of the oscillator is determined

by
1 1
fo=1o1 \ CLCoR Ry (4)

The relation between the two output voltages at the os-
cillation frequency is

. Ch Ry
Vor=e7%Vpy. k= . 5
o1=c¢e 02 \/ o Fons (5)

Ensuring that the voltages Vo1 and Vs are quadrature.
It is seen from (5) that if & = 1 is chosen, the output
voltage amplitudes equal to each other.

4 EFFECT OF NON-IDEALITIES
AND PARASITIC ELEMENTS

The main parasitic elements which belong to the pro-
posed oscillator circuit in Fig. 3 are shown in Fig. 4.
The port V+, V—, Z+4+ and Z— exhibit of high value
parasitic resistance Rpj, in parallel with a low value
capacitance Cpy (j belongs to corresponding terminal
names of FB-VDBA, which is V+, V—, Z+4 and Z—)
in Fig. 4. In the presence of these parasitic elements, the
circuit given in Fig. 3 can be modified to Fig. 4 where
Cp1 = Cpv—+Cpz—, Cpa = Cpz4, Rp1 = Rpv—_/Rpz—,
Rpos = Rpyz+ and R{VI = Ry + Rsg, Rsg is the emitter
resistance of diamond transistor. All parasitic elements
except Rsg appear between respects to terminals and
ground. It should be pointed out that the parasitic capac-
itances Cpy; and Cps can be absorbed into the external
capacitances C; and C5 as they appear in shunt with
them.

Taking into consideration the non-idealities and para-
sitic elements of the FB-VDBA, the characteristic equa-
tion gets modified and can also be expressed,

1 1 1 1
2
s —I—s( + - + )—f—
CroRpey  CriRp1 CTiRy  CmiRy
Ry (R Rp1) — RiR
M(R1+ P1) 1Up1 awp 0 (6)

Ct11Cr2R1 Ry Rp1 Rpa Ct1Cr2R1 RYy, -
where Ct1 = C7 + Cp1 and Cpe = Cy + Cpsa. The
modified oscillation frequency and oscillation condition
can be obtained as

fopzi Ry (Ri+Rp1) —RiRpy Qawp
2m\| Cr1CroRi Ry Rp1Rpa  CriCroRi Ry,
(7)
Cm1 R, R}
Ri >Ry /(1 - M M 8
1= M/( CTQRPQ Rpl) ( )

It is seen from (7) and (8) that the oscillation frequency
and oscillation condition are slightly affected by non-ideal
and parasitic effects. From Fig. 4, the modified voltage
transfer function from Vj; to Vs
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Fig. 3. Proposed quadrature oscillator circuit
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Fig. 4. The proposed oscillator including the parasitic elements

Vor=e 1 %kpVoo; kp = {[O‘%VJrOTlRlRPlR%Q}/
o3y Ry [Cri Ry Ry Ry + Cra Rpa(Ri(Ry — Rp1)

1/2
+ Rp1 (B + aws Bea))]] |- (9)
The phase difference, ®p, between Vp; and Vo is
dp = tan™! (CTlRlRi\/IRpl/CTgRPQ (RIR{\/[_

1/2
RiRp1 + Ry Rp1 + RPlRP2aW+)) —90. (10)

The values of parasitic capacitances and resistors
taken from the OPA860 (datasheet-OPA860) are Cpy_ =
2.1 pF, CPZ— =4.1 pF, sz+ =4.1 pF, RSE = 219,
va_ = 455 kQ, RPZ— = sz+ = 51.23 k2 and aw4 =
aw— = 0.98. Using given the other values in detail in the
next section, fo = 1.284 MHz, k = 1.024, & = —90°,
for = 1.264 MHz, kp = 1.036 and ®p = —89.86° are
found as numerical. From (7),(9) and (10) it is obvious
that the modified oscillation frequency, voltage ampli-
tudes and phase difference are slightly altered due to the
non-ideal gains and parasitic effects of the FB-VDBA.
However, these differences can be fixed with values of
internal resistors.
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5 EXPERIMENTAL EVALUATION

Designed oscillator was realized with surface-mounted
(SMD) 1206 sized passive elements and SOIC packaged
OPASG0 integrated circuits. Resistors Rz and R4 have a
value of 3302 which provide diamond transistor DC bi-
asing. For each OPAS860, a resistor of 100} in series
with the base of OTA is connected as recommended
in datasheet [18]. C; and C3 are capacitors that are
required for oscillation, C'5 and Cj are bypassing ca-
pacitors. Here, all of the capacitors are multilayer ce-
ramic capacitors and the tolerances of these capacitors
are much larger than the input capacitances. Ry is
taken 1002 and R; consists of serially connected resis-
tors 1002 and 272, so that, the oscillation condition
Ry > Ry is achieved. Additionally, a temperature sensor
IC is mounted on PCB for measurement of ambient tem-
perature. Circuit is powered with adjustable output dual
power supply (Instek, GPC-3060D).

With +5 V power supply and 47 €2 resistive loads with
C; = Cy = 1nF, signals viewed at the outputs of the
oscillator are given in Fig. 5(a). Frequency of the oscil-
lator is measured as 1.333 MHz and phase difference be-
tween outputs is 90°, where ideal oscillation frequency
is theoretically found as 1.284 MHz, respectively. The
error of the oscillation frequency between theoretically
and experimental results is to be 3.8%. The discrep-
ancy between ideal and measured oscillation frequency
mainly stems from actual values of the resistors and ca-
pacitors and the parasitic impedances of FB-VDBA. Tak-
ing into account parasitic elements in (7), oscillation fre-
quency is calculated as 1.264 MHz. Current consumption
is 80 mA. To see amplitude variation with the time and
phase difference between two outputs more clearly, Lis-
sajous curves are viewed, Fig. 5(b). The circle that has
a constant radius indicates constant amplitude and 90°
phase difference. Frequency spectrum of each signal out-
put is displayed as given in Fig. 6. To obtain a lower oscil-
lation frequency, C; and C5 capacitors are replaced with
10 nF, respectively. For this condition, calculated oscilla-

tion frequency value is 128.4 kHz, and measured value is
122 kHz.

Total Harmonic Distortion (THD) value and ampli-
tude of output signals are measured for different power
supply levels and two different oscillation frequencies
(Table-1). As supply level increases, THD generally in-
creases. When supply is +4 V and oscillation frequency
is 1.33 MHz, THD measured as 0.51 % and 0.98 % at Vj;
and Vo outputs, respectively. However, with same power
supply level, THD values of output signals are increased
to 1.12% and 1.20% when oscillation frequency is de-
creased to 122 kHz. At 1.33 MHz, Vj; output always has
a lower THD compared to V2 output for all supply levels.
At 122 kHz, V{1 output has higher THD compared to Vis
output when only |Vee| > 5.5V and |Vgg| > 5.5 V. For
all supply levels and oscillation frequencies, amplitude of
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(b)

Fig. 5. Output signals displayed at oscilloscope in (a) — normal mode and (b) — X/Y mode
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Fig. 6. Frequency spectrum at (left) — Vi1 and (right) — Voa output of the oscillator
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Fig. 7. PCB photograph of the realized oscillator and thermal image of the oscillator after 48 hours of operation

Table 1. Effect of supply level to output THD and amplitude @27 °C

C1 = Cz =10 nF (f() =122 kHZ) C1 = Cz =1nF (f() =133 MHZ)

Supply (V) . ;

Amplitudes THD Amplitudes THD

(Vo-p) (%) (Vp-p) (%)
Vece VEE Vo Voz Vo1 Voo Vo1 Vo2 Vo1 Vo2
6.0 -6.0 6.04 5.64 5.56  4.42 5.80 5.48 1.23 3.24
55 -5.5 556 5.24 3.42  3.12 5.36 5.12 1.13 2.52
55 -45 484 4.68 1.89 1.93 4.72 4.52 0.89 1.70
5.0 -5.0 5.08 4.76 2.13 2.18 4.88 4.64 0.91 1.97
45 -55 488 4.64 1.65 2.65 4.72 4.56 1.02  2.60
4.5 -4.5 444 4.24 1.41 1.59 4.32 4.16 0.82 1.63
4.0 -4.0 3.92 3.76 1.12 1.20 3.72 3.60 0.51 0.98
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Fig. 8. 24-hour graph of oscillation frequency and ambient tem-
perature
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Fig. 9. Histogram of recorded oscillation frequency data
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Fig. 10. Histogram of the oscillation frequency distribution

Vo1 output is always higher then Vyo output. Equation
(5) yields the nearly constant ratio of amplitudes.

In Fig. 7, the layout of realized oscillator and the
printed circuit board (PCB) thermal image are shown
revealing that the two OPAS60 integrated circuits have
different temperatures, so, internal resistances of diamond
transistors are different and this difference has to be con-
sidered in the calculation of the oscillation frequency.

To determine deviation of the frequency and continu-
ity of oscillation, a long time data recording has been
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made. To measure temperature of environment, temper-
ature sensor IC that has been stick at the top of PCB
is used. Voltage output of the sensor and frequency of
the oscillator measured at the same time with 5.5 digit
precision multi-meters (Agilent 34405, 34450A) and mea-
sured data recorded with Agilent IO software. As given
in Fig. 8, during a 24 hours of operating time, oscillation
frequency is constant with respect to the decreasing ambi-
ent temperature. In Fig. 9, the histogram of the recorded
frequency data is given. By taking nominal frequency as
1.333 MHz, the oscillation frequency has a deviation of
+0.5/ — 4kHz and no damping occurred during the 24
hours operation.

To investigate the influence of passive components tol-
erances on the oscillation frequency, Monte Carlo analysis
was performed for 100 samples in shown Fig. 10 selecting
as Oy = Cy = 1nF, Ryy = 100Q and Ry = 127Q. Tol-
erances of passive components were considered 1% for
SMD resistors and 10% for capacitors. The oscillation
frequency of the proposed oscillator shift has a minimum
value of 1.177 MHz and maximum value of 1.291 MHz.

6 CONCLUSION

This paper presents an attractive and new quadrature
oscillator with minimum number of active and passive
elements. The proposed oscillator is based on FB-VDBA
that offers two voltage outputs. This paper describes the
related governing equations of the proposed oscillators,
and presents a discussion of the non-ideality analysis and
parasitic effect of the circuits. The effectiveness of this
circuit was verified by the experimental results, which
show good agreement with the theoretical analysis. FB-
VDBA can be easily realized by using a commercially
available active device such as an OPA860. Therefore, the
proposed oscillator circuit can be produced commercially.
Because of their simplicity and versatility, the proposed
oscillator provides new possibilities for the application
of FB-VDBA device; the oscillators offer potential for
wide application in instrumentation, measurement, and
electronic systems.
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