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Abstract—This article presents a current-mode quadrature 

oscillator. The proposed oscillator can provide 2 sinusoidal 

output currents with 90
0
 phase difference. It also provides 

high output impedances that make the circuit able to 

directly drive load without additional current buffer. The 

condition of oscillation and frequency of oscillation can be 

controlled independently and electronically by adjusting the 

bias currents of the CCTAs. The circuit uses 3 current 

controlled transconductance amplifiers (CCTAs) and 2 

grounded capacitors. The proposed circuit uses only 

grounded capacitors without additional external resistors, 

the proposed circuit is considerably appropriate to further 

developing into an integrated circuit. The results of PSPICE 

simulation program are corresponding to the theoretical 

analysis.  
 

Index Terms—high output impedances, Current-mode, 

quadrature oscillator, CCTA  
 

I. INTRODUCTION 

The active building block (ABB) presented in active 

devices for electrical and electronics engineering is 

suitable for a class of analog signal processing for 

voltage-mode and current-mode technique, for example, 

current conveyor second generation (CCII) [1], second 

generation current controlled current conveyor (CCCII) 

[2], current differencing transconductance amplifier 

(CDTA) [3] and current conveyor transconductance 

amplifier (CCTA) [4], etc. Additionally, to help design a 

circuit and reduce passive devices used in a design 

process, ABB development has been required to be more 

qualified, such as, increasing parasitic resistances at input 

terminal, extending numbers of input and output 

terminals, etc.  

Quadrature oscillator (QO) is one of oscillator which 

provides two sinusoidal signals with phase difference. 

Some applications for quadrature signal are employed in 

telecommunications for single-sideband modulators and 

quadrature mixers [5]. In the last decade, a lot of papers 

in electronic circuit design have been presented in 

current-mode technique using the current-mode building 

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

mode technique can provide the advantages, such as, 

larger dynamic range, inherently wide bandwidth, higher 
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slew-rate, greater linearity and low power consumption 

[6]-[9]. 

According to recent research reviews on designing 

current-mode quadrature oscillator circuit using active 

building block, it is found that the most recommended 

qualifications for an appropriate circuit design: without 

addition external resistor, using grounded capacitors, 

circuit has high output impedance, and condition of 

oscillation and the frequency can be controlled by 

electronic method, and etc. From literature survey, it is 

found that several implementations of quadrature 

oscillator circuits using active building block devices 

have been reported. Unfortunately, these reported circuits 

suffer from one more of weaknesses. Many of these 

applications are the condition of oscillation and the 

frequency of oscillation cannot be electronically 

controlled by adjusting the bias current [19]-[22]. The 

proposed circuits use floating capacitor [11], [14], which 

is not convenient to future fabricate in integrated circuits 

[10]. There is excessively use of the passive elements, 

especially external resistors [11]-[13], [14]-[22] and the 

proposed circuit in Refs. [11]-[12], [14] consists of large 

number (more than four components) of passive 

components, which is not convenient to future fabricate 

in integrated circuits. Output impedances are not high, 

that make the circuit cannot directly drive load [23]. 

The purpose of this paper is to present the current-

mode quadrature oscillator, based on current conveyor 

transconductance amplifiers (CCTAs). The condition of 

oscillation and the frequency of oscillation can be 

independently adjusted by electronic method. The 

proposed circuit consists of 3 CCTAs and 2 grounded 

capacitors. The circuit without additional external 

resisters, which is convenient to future fabricate in 

integrated circuits [24]-[25]. In addition, the proposed 

circuit can provide transferring functions which are low-

pass filter (LP) and band-pass filter (BP) which is able to 

control pole frequency independently from quality factor. 

The PSPICE simulation program results are also shown 

which are corresponding to the theoretical analysis. 

II. THEORY AND PRINCIPLE 

A. Basic Concept of CCTA  

In 2005, a new active building block namely current 

conveyor transconductance amplifier (CCTA) is 
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presented for analog signal processing [4], which suitable 

for a class of analog signal processing for voltage-mode 

and current-mode techniques. CCTA has been widely 

applied in current-mode circuit, for example, filter and 

oscillator circuits. The characteristics of the ideal current 

conveyor transconductance amplifier are represented by 

the following hybrid. 
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where 
mg is the transconductance of the CCTA. This can 

be adjusted by external input bias current. For bipolar 

junction transistor CCTA, the transconductance can be 

shown in (2). An ideal CCTA has high input impedances 

at the y input terminal, consists of voltage buffer circuit 

in the y input terminal. The symbol and the equivalent 

circuit of the CCTA are illustrated in Fig. 1 and Fig. 2, 

respectively.  
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where 
TV  is the thermal voltage of the transistor. The 

bipolar junction transistor implementation of the internal 

construction of CCTA can be shown in Fig. 3.  
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Figure 1.  Symbol of the CCTA. 
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Figure 2.  Equivalent circuit of the CCTA. 

B. Proposed Current-mode Quadrature Oscillator 

The proposed current-mode oscillator circuit consists 

of 3 CCTAs and 2 grounded capacitors without additional 

external resistors. The circuit can provide two sinusoidal 

current signals with 900 phase difference and high output 

impedances that are easy to drive external load without 

loading effect. The proposed current-mode quadrature 

oscillator circuit can be shown in Fig. 4 and the 

characteristic equation of the proposed circuit is written 

as 

 2 3 1 1 2

1 1 2

0m m m mg g g g
s s

C C C
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+ + = . (3) 

From (3), the condition of oscillation and frequency of 

oscillation are as follows: 

 
3 1m mg g= . (4) 

and 

 1 2

1 2

m m

osc

g g

C C
w = . (5) 

It is found from (4) and (5) that if 
2

Bi
mi

I
g
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=  , the 

condition of oscillation and frequency of oscillation are 

written as 

 
3 1B BI I= . (6) 

and 

 1 2

0
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w = . (7) 

From (6) and (7), it can be found that the condition of 

oscillation can be adjusted independently from the 

frequency of oscillation by varying 3BI and 1BI  while the 

frequency of oscillation can be adjusted by 2BI without 

disturbing the condition of oscillation.  
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Figure 3.  Internal construction of the CCTA. 

In addition, the proposed circuit in Fig. 4 can be 

provide transferring functions which are low-pass filter 

(LP) and band-pass filter (BP) .The current transferring 

functions of proposed filter circuit are obtained  

 1 2

2 3 1 1 2

1 1 2

LP : ( ) m m

LP

m m m m

g g
T s

g g g g
s s

C C C

=
-

+ +

. (8) 

and 

 1

2 3 1 1 2

1 1 2

BP : ( ) m

AP

m m m m

g s
T s

g g g g
s s

C C C

=
-

+ +

. (9) 

From (8) and (9), the quality factor (
0Q ) and pole 

frequency (
0w ) can be written as 
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Figure 4.  The proposed current-mode quadrature oscillator. 

From (10) and (11), then substitute 
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From (12) and (13), it can be found that the pole 

frequency can be adjusted independently from the quality 

factor by varying 1BI and 2BI  while the quality factor can 

be adjusted by 3BI  without disturbing the pole frequency. 

From (12), a high quality factor circuit can be obtained by 

setting 1BI  close to 3BI  . Thus the bandwidth ( BW ) is 

given by 

 0
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III. SIMULATION RESULTS 

To verify the theoretical prediction of the proposed 

current-mode quadrature oscillator in Fig. 4, the PSPICE 

simulation was built with 1 2 0.5C C nF= = , 1 100BI Am= , 

2 150BI Am=  and 3 95BI Am= . The BJT implementation of 

the internal construction of CCTA used in simulation is 

shown in Fig. 3. The PNP and NPN transistors employed 

in the proposed circuit were simulated by using the 

parameters of the PR200N and NR200N bipolar 

transistors of ALA400 transistor arrayed from AT&T 

[26]. The circuit was biased with 2V±  supply voltages. 

This yields oscillation frequency of 640.641kHz, where 

the calculated value of this parameter from (7) yields 

749.708Hz (deviated by 14.548%). Fig. 5 and Fig. 6 

show the simulated quadrature output waveforms during 

initial state and steady state, respectively. Fig. 7 shows 

the simulation result of output spectrum, where the total 

harmonic distortion (THD) of 1oI  and 2oI  are about 

0.977% and 1.158%, respectively. 
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Figure 5.  The simulation result of output waveforms during initial 

state.  
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Figure 6.  The quadrature output waveforms in steady state. 
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Figure 7.  The output frequency spectrum.  

In addition, to verify the theoretical prediction of the 

proposed filter, the PSPICE simulation was built 

with 1 2 0.5nFC C= = , 1 2 100B BI I Am= = and 3 150  BI Am= . 

The circuit was biased with 2V±  supply voltages. Fig. 8 

shows the gain responses of the low-pass and band-pass 

filter. Fig. 9 show the gain responses of the band-pass 

function, where 
3BI  is set to100 Am , 150 Am , and 200 Am , 

respectively. This shows that the bandwidths of the 

responses can be adjusted by the input bias current
1BI . 

Fig. 10 shows simulated gain responses of the band-pass 

function, where 
2BI  is set to 60 Am , 90 Am , and 150 Am , 

respectively. 
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Figure 8.  Gain responses of the proposed filter.  
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Figure 9.  Band-pass responses at different value of 
3BI .  
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Figure 10.  Band-reject responses at different value of 
2BI . 

IV. CONCLUSION 
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The current-mode quadrature oscillator has been 

presented. The condition of oscillation and the frequency 

of oscillation can be independently adjusted by electronic 

method. The proposed oscillator consists of CCTAs and 

grounded capacitors without addition any external 

resistors and not used parasitic resistances, which is ideal 

for integrated circuit. PSPICE simulations are included to 

verify the theoretical analysis. Simulated and theoretical 

results are in close. 

ACKNOWLEDGMENT 

This work was supported by Suranaree University of 

Technology (SUT) and by the Office of the Higher 

Education under NRU project of Thailand. 

REFERENCES  

[1] K. C. Smith and A. Sedra, “The current conveyor-a new circuit 

building block,” IEEE Proc, vol. 56, pp. 1368-1369.  

[2] A. Fabre, O. Saaid, F. Wiest, and C. Boucheron, “Current 

controllable bandpass filter based on translinear conveyors,” 

Electron. Lett, vol. 31, pp. 1727-1728, 1995. 

[3] D. Biolek, “CDTA-building block for current-mode analog signal 

processing,” in Proc. European Conference on Circuit Theory and 

Design, 2003, pp. 397-400. 

[4] R. Prokop and V. Musil, “New modern circuit block CCTA and 

some its application,” in Conf. The Fourteen International 

Scientific and Applied Science Conference Electronics ET, 2005, 

pp. 93-98. 

[5] I. A. Khan and S. Khawaja, “An integrable gm-C quadrature 

oscillator,” International journal of electronics, vol. 87, pp. 1353-

1357, 2000. 

[6] C. Toumazou and F. J. Lidgey, “Universal active filter using 

current conveyors,” Electron. Lett, vol. 22, pp. 662-664, 1986. 

[7] N. T. Abuelma’atti, and H. A. Al-zaher, “Current-mode sinusoidal 

oscillators using single FTFN,” IEEE Trans. Circuits and Systems-

II: Analog and Digital Signal Proc, vol. 46, pp. 69-74, 1999. 

[8] U. Cam, A. Toker, O. Cicekoglu, and H. Kuntmam, “Current-

mode high output-impedance sinusoidal oscillator configuration 

employing single FTFN,” Analog Integrated Circuits and Signal 

Proc, vol. 24, pp. 231-238, 2000. 

[9] S. S. Gupta and R. Senani, “Realization of current-mode SRCOs 

using all grounded passive elements,” Frequenz, vol. 57, pp. 26-37, 

2003. 

[10] E. Yuce and S. A. Minael, “A modified CFOA and its applications 

to simulated inductors, capacitance multipliers, and analog filters,” 

IEEE Trans. On Circuit and Syst. I, vol. 55, pp. 266-275, 2008. 

[11] J. W. Horng, H. P. Chou, and I. C. Shiu, “Current-mode and 

voltage-mode quadrature oscillator employing multiple outputs 

CCIIs and grounded capacitors,” in Proc. IEEE International 

Symposium on Circuits and Systems, 2006, pp. 441-444. 

[12] J. W. Horng, “Current/voltage-mode third order quadrature 

oscillator employing two multiple outputs CCIIs and grounded 

capacitors,” Indian Journal of Pure & Applied Physics, vol. 49: pp. 

494-498, 2011. 

[13] A. Lahiri, “Current-mode variable frequency quadrature sinusoidal 

oscillators using two CCs and four passive components including 

grounded capacitors: A supplement,” Analog Integrated Circuits 

signal Processing, vol. 68, pp. 129-31, 2011. 

[14] M. Un and F. Kacar, “Third generation current conveyor based 

current-mode first order all-pass filter and quadrature oscillator,” 

Journal of Electrical & Electronics Engineering, vol. 8, pp. 529-

535, 2008. 

[15] S. N. Songkla, W. Jaikla, and B. Sreewirote. “A new resistor-less 

current-mode sinusoidal quadrature oscillator using CCCIIs,” in 

Proc. 18th International Conference "Mixed Design of Integrated 

Circuits and Systems, 2011, pp. 212-215. 

[16] N. Minhaj, “MOCCCII - based function generator with grounded 

passive components,” in Proc. XXXII Nationl Systems Conference, 

NSC, 2008, pp. 335-338. 

[17] N. Minhaj, “Multioutput current-controlled current conveyor-

based function generator” in Proc. International Conference on 

Advances in Computing, Control, & Telecommunication 

Technologies, 2009, pp. 424-427. 
[18] A. Lahiri, “Explicit-current-output quadrature oscillator using 

second-generation current conveyor transconductance amplifier,” 

Radioengineering, 2009, vol. 18, pp. 522-526. 

[19] A. U. Keskin and D. Biolek, “Current mode quadrature oscillator 

using current differencing transconductance amplifier (CDTA),” 

IEE Proc.-Circuits Devices Syst, vol. 153, pp. 214-218, 2006. 

[20] A. Lahiri, “New current-mode quadrature oscillator using CDTA,” 

IEICE Electronics Express, vol. 6, pp. 135-140, 2009. 

[21] A. Uygur and H. Kuntman, “CDTA-based quadrature oscillator 

design,” in conf. 14th European Signal Processing Conference, 

2006. 

[22] W. Jaikla, M. Siripruchyanun, J. Bajer, and D. Biolek, “ A simple 

current-mode quadrature oscillator using single CDTA,” 

Radioengineering, 2008, vol. 17, pp. 33-40. 

[23] W. Jaikla and M. Siripruchyanun, “A versatile quadrature 

oscillator and universal biquad filter using dual-output current 

controlled current differencing transconductance amplifier,” in 

Proc. International Symposium on Communications and 

Information Technologies, 2006, pp. 1072-1075. 

[24] M. Bhusan and R. W. Newcomb, “Grounding of capacitors in 

integratedcircuits,” Electronics Letters, vol. 3, pp. 148-149, 1969. 

[25] A. M. Soliman, “New grounded capacitor current mode band-pass 

low-pass filters using two balanced output ICCII,” Journal of 

Active and Passive Electronic Devices, vol. 3, pp. 175-184, 2008. 

[26] D. Frey, “Log-domain filtering: an approach to current-mode 

filtering,” IEE Proceedings-Circuits, Devices and Systems, vol. 

140, pp. 406-416, 1993. 

 

C. Thongsopa B.Eng (1’Hons) Electronics 

Engineering, King Mongkut’s Institute of 

Technology Ladkrabang (KMITL), Thailand, 

M.Eng. (Electrical and Communications 

Engineering), Kasetsart University, Thailand and 

D.Eng.(Electrical Engineering), King Mongkut’s 

Institute of Technology Ladkrabang (KMITL), 

Thailand in 1992, 1996 and 2002, respectively.  

Experiences & Expert are RF circuit design, active 

antenna, Microwave heating application in 1992-1997 Researcher at 

Aeronautical Radio of Thailand Company Design Systems Air Traffic 

control: Design transmitters VHF-UHF (AM) 25W (on 24 Hour) and 

Design Transmitters HF (AM) 1KW (on 24 Hour). Furthermore, 

Researcher at National Electronics and Computer Technology Center 

(NECTEC) and consultant of SDH project at Telephone Organization of 

Thailand (TOT) design RF circuit in 1997-2000. 

 

 

 

 

S. Santalunai received the B.Eng and 

M.Eng.degrees in Telecommunication 

Engineering from Suranaree University of 

Technology in 2007 and 2009, respectively. At 

present, Studying doctoral’s degree in 

Telecommunication Engineering at Suranaree 

University of Technology, Thailand. Research 

interests include wireless power transfer, induction 

heating and RF circuit design. 

 

 

 

S. Summart received the B. Tech. Ed. degree in 

Telecommunication Engineering from 

Rajamangala Institute of Technology Khon Kaen 

Campus (RITKK) in 2002 and Master of Tech. 

Ed. in electrical technology from King Mongkut’s 

University of Technology North Bangkok 

(KMUTNB) in 2008. Now, he is working toward 

Ph.D. in Telecommunication Engineering at 

Suranaree University of Technology (SUT). He 

has been with Electronic Program, Electronic Division, Northeastern 

Technology College, Khon Kaen, Thailand since 2007. His research 

interests include electronic communications, analog signal processing 

and analog integrated circuit. 

 
 

Author’s formal 

photo 

International Journal of Electronics and Electrical Engineering Vol. 1, No. 1, March 2013

55



 

C. Saetiaw received the B.Eng. degrees in 

Telecommunication Engineering from Suranaree 

University of Technology and M.Eng. degrees in 

T elecommunication Engineering from Suranaree 

University of Technology in 1997 and 2007, 

respectively. He is currently working toward the 

Ph.D. degree in Telecommunication Engineering 

of Suranaree University of Technology. His 

research focuses on antennas systems for several 

applications. 

 

T. Thosdeekoraphat received the B.Eng and 

M.Eng. degrees in telecommunication engineering 

from Suranaree University of Technology (SUT) 

in 2006 and 2008, respectively. At present, Lect., 

school of telecommunication engineering, 

Suranaree University of Technology. Research 

interests include hyperthermia inductive heating, 

induction heating, RF circuit design, antenna, 

active antenna and UWB transmitter-receiver 

design and analysis of impulse signal for UWB communication system. 

 

 

 

 

 

 

 
 

Author’s formal 

photo 

International Journal of Electronics and Electrical Engineering Vol. 1, No. 1, March 2013

56




