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Abstract 

 

This article presents new amplitude controllable sinusoidal quadrature oscillator circuit using dual-output CDTAs which able 

to give four quadrature output current signals. The condition of oscillation (CO) is able to be orthogonally tuned from the 

frequency of oscillation (FO) by handling the external current biasing. The output ports of proposed circuit have high 

impedance reasonable for connecting with current-mode circuit and use only grounded component very neat for development 

into an integrated circuit (IC). Moreover, the QO can adjust amplitude of signals without effect from the CO and FO. The 

PSPICE simulation program uses for proving the theoretical analysis. 
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1. Introduction 

 

The quadrature oscillator (QO) is an oscillator circuit that 

provides two sine wave signals with 90 degree phased 

difference. A quadrature signal was occasionally 

implemented for quadrature mixers and the modulator with 

single-sideband modulators in electronic 

telecommunications [1].  In the last decade, papers 

concerning the designs of oscillator circuits providing 

quadrature signals have been suggested as current-mode 

technique. It is stated that the circuit designed from current-

mode technique can be advantageous for designing; larger 

dynamic range, spontaneously wide bandwidth, higher slew-

rate, higher linearity and lower rate of power consumption 

[2-5]. 

A lot of research found that the designs of current-mode 

oscillator using CDTA [6-11] have been introduced. The 

proposed oscillators have some week points of circuit 

designing current-mode circuit. For example, the proposed 

circuits are connected by a floating capacitor [6-8] which is 

not reasonable for IC fabrication. The external resistors are 

added (using a number of passive components) [6-8]. In 

addition, the CO cannot be orthogonally tuned from the FO 

[9-11]. Moreover, the proposed circuits cannot adjust the 

current signals amplitude [6-11].  

The purpose of this research is to present the quadrature 

oscillator circuit which is designed in current-mode 

technique based on DO-CDTA. The CO can be adjusted by 

electronic method and orthogonally controlled form the FO. 

The grounded capacitors are used for designing circuit, the 

external resisters are not employed and output ports of DO-

CDTA were applied to output of proposed oscillator. This 

qualification is appropriate for the fabrication in IC [12-13]. 

For the signal of outputs, moreover, its amplitude can be 

adapted by controlling bias current. 

 

2. Basic concept of DO-CDTA 

 

 The dual-output current differencing transconductance 

amplifier or DO-CDTA is an application form CDTA [14].  

The characteristics of the ideal DO-CDTA are represented 

by Eq. (1). 
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The CMOS DO-CDTA, the transconductance (g
m
) is 

written in Eq. (2). The symbol and equivalent circuit are 

indicated in Figure 1. The circuit construction of DO-CDTA 

is demonstrated by Figure 2. 
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where k is the physical parameter of CMOS transistor. 𝑚𝑛 is 

the average electron mobility in the channel, 𝐶𝑜𝑥 is the gate-

oxide capacitance per unit area, W is the effective channel 

width and  L is the effective channel length. 

 

 
(a) 

 
(b) 

 

Figure 1 DO-CDTA; (a) symbol (b) equivalent circuit 

 

3. Proposed quadrature oscillator  

 

The quadrature oscillator consists of two DO-CDTAs 

and two capacitors, presented in Figure 3. The characteristic 

equation of the proposed oscillator is  
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where 1 2,m mg g and 3 4,m mg g  are the transconductance of 

the first and the second DO-CDTAs, respectively. From Eq. 

(4), the CO and FO are display as 
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by substitution  g
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and k=k
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4 from Eq. (2), the CO 

and FO becomes 

 

 

 

1 2: B BCO I I ,  (7) 

 

 
1

2
1 3

1 2

1

2

B BI I
FO k

C C
 .  (8) 

 

The ratio of output signals 
1oi , 

2oi , 
3oi  and 

4oi are 
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Figure 3 Four phases current-mode QO 

 

 
 

Figure 4 Output waveforms in steady state 

 

 
 

Figure 5 Adjusting of amplitude 

 

 
 

Figure 2 The circuit construction of DO-CDTA 
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Figure 6 The result of AM operation 

 

4. Simulation results 

 

The PSPICE program is used for examining the 

theoretical discrimination of the oscillator. The parameters 

are set ± 1.5V supply voltages, 𝐶1 = 𝐶2 = 0.2nF ,
 
𝐼𝐵1 =

𝐼𝐵3 = 200μA and 𝐼𝐵 = 207μ𝐴 . The CMOS circuit 

construction of DO-CDTA is revealed in Figure 2. The 

parameters of  0.35 μm TSMC CMOS technology [15] and 

dimension of the transistors in [16] are employed in the 

simulation. Figure 4 shows the simulated quadrature output 

waveforms, the output frequency is 906.961kHz at the total 

harmonic distortion (THD) about 2.06%. To prove that the 

amplitude is adjustable,
 
𝐼𝐵4 is set 100μA, 150 μA, and    200 

μA, respectively. The result is mentioned in Figure 5. Figure 

6 presents results of AM operation with 20kH of triangular 

signal,  

 

5. Conclusions 

 

 This paper proposes the four phase current-mode 

sinusoidal QO. The CO and FO can be orthogonally tuned 

by finding the bias currents. Additionally, the proposed 

quadrature circuit can provide high impedance at output 

terminals and its amplitude is able to be adjusted. The 

operation of AM demonstrates the constancy of quadrature 

oscillator. PSPICE simulations are able to testify the 

theoretical discrimination. 
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