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In this paper, we present new voltage mode quadrature oscillator, employing single differential difference
transconductance amplifier. The proposed oscillator structure consists of two grounded capacitors and a single
resistor. The use of grounded capacitors is particularly attractive for integrated circuit implementation. In this
way, the frequency of oscillations can be controlled by the biasing current of transconductance stage. Simulation
results agree quite well with the theoretical analysis.
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1. Introduction

Quadrature oscillator circuits have a wide range of ap-
plications in electronic systems, such as measurement and
instrumentation systems, telecommunication systems, in-
strumentation and single-sideband generators etc. As a
result, several realizations of quadrature oscillator cir-
cuit, employing active elements, have been reported in
the technical literature [1–7].

These quadrature oscillators include realizations using
an operational amplifier in [1], current feedback opera-
tional amplifier in [2], current differencing buffered ampli-
fier in [3] and [4], differential difference current conveyor
in [5], differential voltage current conveyor transconduc-
tance amplifier (DVCCTA) in [6] and fully-balanced volt-
age differencing buffered amplifier (FB-VDBA) [7].

Considering the numbers of active elements in above
mentioned voltage mode quadrature oscillators [1–5], it
can be clearly observed that at least two active elements
and five passive components are required for their realiza-
tion. In addition, quadrature oscillator circuits in [1, 2]
consist of floating capacitor elements, which are not suit-
able from the integration point of view.

Lahiri et al. [6] presented a voltage mode quadrature
oscillator using a single DVCCTA, two grounded resis-
tors and two grounded capacitors. The work by Yesil
et al. [7] reported voltage mode quadrature oscillator
based on FB-VDBA, employing two grounded capacitors
and a floating resistor. However, its condition of oscilla-
tion depends on the used resistors. Thus, its frequency
of oscillation cannot be easily tuned electronically.

The main intention of this paper is to present DDTA-
based voltage mode quadrature oscillator, using a min-
imum number of passive and active elements. The pro-
posed oscillator consists of a single DDTA, a resistor and
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two grounded capacitors, which are desirable in IC im-
plementation. In addition, the frequency of oscillations
can be adjusted through transconductance gain, with-
out influencing the condition of oscillation. Taking into
account the topology of the proposed quadrature oscil-
lator, the CMOS realization of DDTA can be modified
in such way, that a simple adder circuit, employing only
six NMOS transistors, can be used instead of differential
difference stage.

2. Circuit description

The DDTA was initially introduced by Kumngern [8].
Figure 1 depicts the implementation of DDTA that con-
sists of two essential building blocks, such as the dif-
ferential difference amplifier (DDA) and dual output-
operational transconductance amplifier (OTA).

Fig. 1. The implementation of DDTA.

In the mathematical terms, the port relations of the
DDTA can be described by VW = VY1

−VY2
+VY3

, IOP
=

−ION
= gm(VW −VY4

). The proposed quadrate oscillator
circuit is realized by using a single DDTA, two grounded
capacitors and a single resistor, as shown in Fig. 2.
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Fig. 2. The proposed oscillator based on DDTA.

The description equations of DDTA and the routine
analysis yield the characteristic equation for the proposed
quadrate oscillator, shown in Fig. 2, as follows

s2C1C2 + sgm (C2 − C1) + gmG = 0. (1)
It is evident from Eq. (1) that the condition of oscillation
and the frequency of oscillations are

CO: C1 = C2, (2)

FO: f0 =
1

2π

√
gmG

C1C2
. (3)

It is clearly seen from Eqs. (2) and (3) that frequency of
oscillation can be adjusted independently of the condi-
tion of oscillation by changing gm. The relation between
the two output voltages of the quadrate oscillator circuit
can be calculated as follows

VO1
= jkPVO2

, kP =

√
C2gm
C1G

, (4)

where kP is the voltage ratio among two outputs of the
proposed quadrate oscillator. Taking into account par-
asitic impedances of DDTA, the characteristic equation
of the proposed quadrate oscillator is recalculated as fol-
lows,

s2C ′1C
′
2 + s (gmC

′
2 + (C ′1 + C ′2)GP − gmC

′
1)

+gmG
′ +G2

P = 0, (5)
where C ′1 = C1+CP, C ′2 = C2+CP and G′ = 1/(R+RS).
The parasitic resistance and capacitance of DDTA, seen
at port OP and ON terminal, can be defined by RP =
1/GP and CP, respectively. The parasitic resistance, seen
at port W, can be described by RS. Using Eq. (5), the
effect of parasitic impedances of DDTA on the condition
of oscillation and on the frequency of oscillations can be
found as

CO: gmC ′1 = gmC
′
2 + (C ′1 + C ′2)GP, (6)

FO: f ′0 =
1

2π

√
gmG′ +G2

P
C ′1C

′
2

. (7)

3. Simulation results

To verify the theoretical study, the proposed quadra-
ture oscillator was simulated by using LTSPICE. For
the simulations, 0.25 µm CMOS technology, provided by
TSMC, was used [9]. The CMOS realization of DDA
stage of DDTA is realized by pool circuit [8]. The pool
circuit consists of two single-ended OTAs. Taking into
account the proposed quadrate circuit in Fig. 2, Y2 ter-
minal is grounded. For this reason, the simpler adder
circuit can be used instead of differential difference stage.
In this paper, a simple adder circuit, proposed by Minaei
et al. [10] was used.

Adder circuit, given in Fig. 3a employs only six
NMOS transistors. The CMOS realization of the
DO-OTA is also shown in Fig. 3b. The transistor
aspect ratios of the adder circuit are (W/L)1−4 =
8 µm/0.5 µm and (W/L)5−6 = 30 µm/0.5 µm. The
transistor aspect ratios of the DO-OTA are (W/L)1−2 =
1.5 µm/0.25 µm, (W/L)3−4 = 1.5 µm/0.75 µm,
(W/L)5−8 = 6 µm/0.75 µm and (W/L)9−12 =
3 µm/0.75 µm. Supply voltages are taken as VDD =
−VSS = 1.25 V. Biasing voltage VB for adder circuit
and biasing current IB for DO-OTA are selected as
VB = 0.8 V and IB = 35 µA, respectively. Transcon-
ductance gain is 623 µA/V, when IB is set to 35 µA.

Fig. 3. (a) The CMOS implementation of adder cir-
cuit [10]. (b) The CMOS realization of DO-OTA.

Parasitic resistances and capacitance of the adder cir-
cuit and DO-OTA were calculated by LTSPICE: RS =
154 Ω, RP = 158 kΩ and CP = 0.256 pF by keeping
IB = 35 µA.

The oscillator has been designed with C1 = 105 pF,
C2 = 100 pF and R = 1 kΩ. It is seen that the value
of C1 is greater than that of C2 to ensure the start of
oscillations.

Figure 4a and 4b depicts the simulated output wave-
forms of the quadrature voltage in start-up and steady-
state, respectively. The simulated oscillation frequency
is 1 MHz, while the theoretical oscillation frequency is
1.22 MHz. The discrepancy between simulated and the-
oretical results mainly stems from the effects of parasitic
impedance of the active elements.

The steady state oscillations were reached within 30 µs.
The total harmonic distortions of VO1

and VO2
outputs
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Fig. 4. (a) Start-up and (b) steady state waveform of
the quadrature voltage outputs.

are 1.84% and 1.05%, respectively. The oscillation fre-
quency is changed between 0.94 MHz and 1.09 MHz while
IB varies from 20 µA to 80 µA. Lastly, the theoretical
and simulated voltage ratio among two outputs kP can
be calculated as 0.77 and 0.84, respectively.

4. Conclusions

In this paper, an electronically controllable voltage
mode quadrature oscillator circuit, employing a single
DDTA, a single resistor and two grounded capacitors, is
presented. The use of grounded capacitors is beneficial
to IC implementation. To reduce the number of transis-
tors in the CMOS realization of the quadrature oscillator,
the adder circuit is also used instead of differential dif-
ference stage. The frequency of oscillations can be tuned
by the biasing current of OTA, while the condition of os-
cillation is ensured by grounded capacitors. It is demon-
strated from LTSPICE simulation that the results agree
well with the theoretical analysis.
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