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Abstract
The realization of the current-mode quadrature sinusoidal oscillator was presented in this paper. In this design,  
a single active building block, named Current Differencing Cascaded Transconductance Amplifier (CDCTA) 
was used with grounded resistor and two grounded capacitors. The proposed circuit was a simple structure which 
was attractive for integrated circuit implementation. The proposed oscillator could generate two sinusoidal 
signals with 90°degree phase difference. The output current nodes were high impedance which was ideal for 
cascading in the current-mode circuit without the requirement of the current buffers. Moreover, the control of 
the Frequency of Oscillation (FO) and the Condition of Oscillation (CO) were orthogonally and electronically 
via the DC bias current of CDCTA. The workability of the proposed sinusoidal oscillator was verified with 
PSpice in which simulation results agree well with theoretical expectations. 
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1 Introduction

The sinusoidal signals play an important role in  
communication, sound system, instrumentation, control  
system, etc. [1]. The circuit which generates the sinusoidal  
wave is known as the oscillator. The quadrature oscillator  
which provides two sinusoidal signals with 90° degree 
phase difference is known as the quadrature oscillator. 
This oscillator is important for telecommunication 
systems such as Quadrature Amplitude Modulation 
(QAM) system, Single-SideBand (SSB) generators, 
etc. [2].
 The current-mode active building blocks have 
been widely used to design the high performance 
analog signal processing circuit [3]–[6]. This is because  
the current-mode circuits provide many advantages 
when they are compared to the voltage-mode ones such 
as low voltage operation, good performance frequently,  

large dynamic range, simple circuitry, etc. [7], [8]. Many  
principles of the current-mode Active Building Block 
(ABB) have been proposed in [9]. Recently, the new 
active building block, namely Current Differencing 
Cascaded Transconductance Amplifier (CDCTA) 
is introduced [10]. This current-mode device is the 
modification of the well-known active building block, 
Current Differencing Transconductance Amplifier 
(CDTA) presented by Biolek [3]. The CDCTA is the 
real current-mode device of which its input and outputs 
are current. The first and second transconductance  
(gm) of CDCTA provide the flexibility for a designer to 
realize the current-mode circuit with a minimum active 
element. The current-mode signal processing circuits 
using CDCTA have been found in the literature. The 
current-mode nth-order filter is proposed in [10], [11]. 
The CDCTA based multiphase sinusoidal oscillators 
are introduced in [12]–[15].
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 The current-mode quadrature sinusoidal oscillators  
using the family of CDTA have been found in the literature  
[16]–[32]. In [16], the current-mode quadrature oscillator  
based on two first-order all pass filters is presented. 
The resistorless-oscillators are presented in [17], [18], 
[21], [23] and [25]–[33]. The single active element-
based quadrature oscillators are proposed in [19], [22], 
[28], [32] and [33]. The current-mode oscillator in [20] 
and [24] consists of two CDTAs, one resistor and two 
grounded resistor. The review of these topologies is 
shown in Table 1.
 The main intention of this paper was to propose 
the current-mode sinusoidal oscillator which employs 
a single CDCTA, one grounded resistor and two 
grounded capacitors. Using only grounded passive 
element was desirable in IC implementation. The 
control of frequency of oscillation was electronically 
done without affecting the condition of oscillation. The 
workability of the proposed current-mode quadrature 
oscillator was analyzed in detail using PSpice software.

2 Circuit Description

The CDCTA was the versatile current-mode active 
building block of which input and output current. The 

low input impedance current terminals were p and n. 
The high output impedance current terminals are z, 
x1 and x2. The difference of input currents from p and 
n terminal would be sent to z terminal. The voltage 
at z terminal would be converted to be the current at 
x1 terminal via the first transconductance (gm1). The  
voltage at x2 terminal would be converted to be the 
current via the second transconductance (gm2). The 
gm1 and gm2 were respectively controlled by DC bias 
current IB1 and IB2. To extend the use of the x1 and 
x2 terminal, the current of these terminals would be  
copied to xc1 and xc2 respectively. Figure 1(a) showed 
the symbolic representation of CDCTA and Figure 1(b) 
showed its equivalent circuit. The electrical terminal 
relationships of CDCTA were given as follows [10]

  (1)

 For the BJT CDCTA, the gm1 and gm2 were  
respectively controlled by the DC bias currents IB1 and 
IB2 as follows [Equation (2)]:

Table 1: Comparison of quadrature sinusoidal oscillator using the family of CDTA

Reference No of ABB No of R+C Independent/Orthogonal 
Tune of CO and FO Grounded C Only No Need of Plus and 

Minus Terminal ABB
[16] 2 4+2   

[17] 2 0+2   

[18] 3 0+2   

[19] 1 1+2   

[20] 2 1+2   

[21] 2 0+2   

[22] 1 1+2   

[23] 2 0+2   

[24] 2 1+2   

[25] 3 0+2   

[26] 2 0+2   

[27] 2 0+2   

[28] 1 0+2   

[29] 3 0+2   

[30] 3 0+3   

[31] 3 0+2   

[32] 1 0+3   

[33] 1 0+2   

This work 1 1+2   
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 (2)

where VT is the thermal voltage.
 The design of the proposed oscillator was focused 
on the use of a single active building block with the 
grounded passive elements. Also, the active element 
should not contain the plus and minus terminal to  
reduce the number of transistors in CDCTA. With 
above requirement, the proposed oscillator was  
successfully realized as shown in Figure 2. The 
proposed circuit consisted of only one CDCTA, one 
grounded resistor and two grounded capacitors. The 
CDCTA used in this design contains only the plus 
terminal. The output currents Io1 and Io2 flew out 
from the high impedance node connected to the other 
current-mode circuit without the requirement of the 
current buffers. From Figure 2 and using Equation (1), 
the characteristic equation was obtained as follows:

 (3)

 Considering Equation (3), the frequency of oscillation  
could be presented with the Equation (4).

 (4)

 Considering Equation (3), the condition of  
oscillation could be presented with the Equation (5).

 (5)

 Substituting the gm1 and gm2 as described in 
Equation (2) into Equations (4) and (5), the frequency 
and condition of oscillation ware presented as below 
[Equations (6) and (7)]:

 (6)

and

 (7)

 It was found that the frequency of oscillation  
could be electronically tuned by adjusting the 
bias current IB2 without affecting the condition of  
oscillation while the resistor R was used to control 
the condition of oscillation without affecting the  
frequency of oscillation. Moreover, the linear tune 
of the frequency of oscillation was achieved by  
simultaneously adjusting bias current IB1 and IB2  
(IB1 = IB2). However, the resistor R was also changed 
to achieve the oscillation.
 The ratio of output current Io1 and Io2 was  
obtained as follows: 

 (8)

 It was evident from Equation (8) that the phase 
difference of Io1 and Io2 is 90° degree. This confirmed 
that the sinusoidal output current was quadrature  
waveform where the output current Io1 led the  
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Figure 1: (a) CDCTA electrical symbol (b) its equivalent  
circuit.

Figure 2: Proposed current-mode quadrature sinusoidal  
oscillator.
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output current Io2 to 90° degree. At the frequency of  
oscillation (ω0), the magnitude of the ration of output 
current was obtained as below: 

 (9)

 It should be noted from Equation (9) that the gm1 
and gm2 should be simultaneously tuned to keep the 
constant magnitude of ration of output current.

3 Non-ideal Analysis

To study the influence of non-ideal properties of 
CDCTA to the performance of the proposed oscillator, 
the tracking error of CDCTA was taken into account. 
For the non-ideal case, the CDCTA’s properties were 
written as below:

 (10)

where, αp = 1 – εp, αn = 1 – εn and βi = 1 – εi. Here, 
εp, εn and εi are current and voltage tracking error.  
Taking into account these parameters, the characteristic  
equation of the proposed oscillator was presented as 
below:

 (11)

 Considering Equation (10), the frequency of 
oscillation can be given by [Equation (12)]:

 (12)

 Considering Equation (10), the condition of  
oscillation could be presented with the Equation (13).

 (13)

 The ratio of output current Io1 and Io2 is obtained 
as follows:

 (14)

 The effect of the parasitic resistance and  
capacitance in CDCTA is also studied in this section. 
Taking into account these parasitic elements, the 
characteristic equation of the proposed oscillator was 
presented as below [Equation (15)]:

 (15)

where ,
, , 

 and . 

 From Equation (14), if the operating frequency 
(fop) is much less than  and , the  

characteristic equation of the proposed oscillator was 
presented as below:

 (16)

where  and . Considering  
Equation (16), the frequency of oscillation and the 
condition of oscillation was presented as below  
[Equations (17) and (18)]:

 (17)

and

 (18)

 The current/voltage tracking errors and parasitic 
elements affect the operating frequency, frequency of 
oscillation and condition of oscillation. To alleviate 
the effect of these parameters, the internal construction 
of CDCTA should be carefully designed by using the 
high performance current mirror to achieve the high 
impedance output port. Also, the value of capacitors 
C1 and C2 should be greater than the value of parasitic 
capacitance.

4 Simulation Results

PSpice simulation had been carried out to verify the 
functionality of the proposed oscillator in Figure 2. 
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The CDCTA was realized by the BJT implementation 
of Figure 3. The simulations use the BJT models from 
AT&T CBIC-R, NR200N for NPN transistors and 
PR200N for PNP transistors [34]. The voltage supplies 
of the proposed circuit were taken as VCC = 2 V and  
VEE = –2 V. In the current differencing state of CDCTA, 
DC bias current (IA) was set to 200 μA. DC bias  
currents, IB1 and IB2 to control the gm1 and gm2 were set 
to 108 μA and 100 μA, respectively. The capacitances  
(C1 and C2) and resistance (R) were chosen as 0.2 nF and  
0.5 kΩ, respectively. With these chosen parameters,  
the simulation result of the quadrature sinusoidal output  
current during the initial time was shown in Figure 4 
and the output current during steady state was shown 
in Figure 5. Also, its output spectrum was illustrated in 

Figure 6. The simulated frequency of oscillation was 
1.36 MHz. The theoretical value of the frequency of  
oscillation in Equation (6) was 1.56 MHz. The deviation  
of theoretical and simulated value was 12.85%. This 
stems from the non-ideal properties of the CDCTA 
as analysis in Equation (11). The Total Harmonic  
Distortions (THD) for the sinusoidal output current 
Io1 and Io2 were 0.519 and 0.959%, respectively. To 
minimize the THD and stabilize the amplitude of 
quadrature output current, the Automatic Gain Control  
(AGC) was required. The implement of the AGC  
circuit could be realized by using CDTA as proposed in 
[22]. The total power consumption was 6.13 mW. The 
adjustment of DC bias current IB2 to tune the frequency 
of oscillation had been done by changing the IB2 for 
three values, 50, 100 and 150 μA. Having chosen IB2 
values, the simulated frequencies of oscillation were 
0.966 MHz, 1.36 MHz and 1.652 MHz, respectively.  
The simulation result of the sinusoidal output Io1  
and its spectrums were shown in Figures 7 and 8,  
respectively. With theses IB2 values, the THDs 
were 0.805, 0.519 and 0.667%, respectively. Also 
the simulation result of the sinusoidal output Io2 
and its spectrums were shown in Figures 9 and 10,  

Figure 3: Internal construction of CDCTA.
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during steady time.

Figure 6: The spectrum of quadrature sinusoidal 
output current.

Figure 5: The quadrature sinusoidal output current 
during steady time.
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respectively. With theses IB2 values, the THDs were 
1.727, 0.959 and 0.6638%, respectively. It was found 
from the results in Figures 7–10 that the frequency of 
oscillation could be controlled by the IB2 as analyzed in 
Equation (6). The output resistance (at low frequency) 
of node Io1 and Io2 are 718.175 kΩ and 780.763 kΩ, 
respectively.

5 Conclusion

A current controlled current-mode quadrature sinusoidal  
oscillator was presented. The proposed circuit 
consisted of a single current differencing cascaded 
transconductance amplifier, a grounded resistor and 
two grounded capacitors. The workability of the  
proposed circuit was investigated by PSpice simulation.  
From the PSpice simulation results, it could be concluded  
that the proposed current-mode quadrature oscillator 
provided some advantages over the existing CDCTA 
based sinusoidal oscillator. First, the frequency of 
oscillation and the condition of oscillation were 
electronically controlled. Secondly, the proposed 
oscillator comprised only a single active element and 
grounded passive elements thus makes it very suitable  
for IC fabrication. Thirdly, the proposed circuit did not  
require plus and minus terminal of active device. Fourthly,  
the output current nodes were high impedance which was  
attractive for cascading without the use of buffer device. 
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