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Abstract: - Two quadrature oscillator circuits each using one fully differential second-generation current
conveyor (FDCCII), two grounded capacitors and two grounded resistors are presented. The current-mode
quadrature signals can be obtained from the first proposed circuit. The current-mode and voltage-mode
quadrature signals can be simultaneously obtained from the second proposed circuit. In both proposed circuits,
the current-mode quadrature signals have the advantage of high output impedance. The oscillation conditions
and oscillation frequencies are orthogonal controllable. The use of only grounded capacitors and resistors
makes the proposed circuits ideal for integrated circuit implementation. Simulation results are included.
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1 Introduction

A quadrature oscillator is used because the circuit
provides two sinusoids with 90° phase difference, as
for example in telecommunications for quadrature

mixers and single-sideband generators or for
measurement purposes in vector generators or
selective voltmeters. Therefore, quadrature

oscillators constitute an important unit in many
communication and instrumentation systems [1-16].
Note that, the quadrature oscillators in [1-10]
generated voltage-mode signals and the ones in [11-
16] generated current-mode signals.

Current-mode oscillators with high output
impedance are of great interest because that make
easy to drive loads without using buffering device
[17-19]. On the other hand, circuits that employ only
grounded capacitors and resistors are beneficial from
the point of view of integrated circuit
implementation [19-21]. The previous current-mode
quadrature oscillators presented in [11-13] employ
floating passive components and require additional
current followers for sensing and taking out the
quadrature outputs therein and the use of these
additional current followers with the virtual
grounded input may result in floating capacitors
realization for what is originally described as
grounded capacitors realization.

The fully differential second-generation current
conveyor (FDCCII) [22] was proposed to improve
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the dynamic range in mixed-mode applications
where fully differential signal processing is required.
Because the fully differential of the input voltage
signals are conveyed to the x terminals and the x
terminals current signals are conveyed to the z
terminals in FDCCII. The applications of FDCClIs in
filters and oscillators design often using only
grounded  passive  components and  were
demonstrated in [22-24]. The use of only grounded
capacitors and resistors is ideal for integrated circuit
implementation [19-21]. Some applications of
FDCCllIs in the designs of fully differential second-
order filters and voltage-mode universal second-
order filters were also presented in [25-26]. In 2002,
Chang et al. proposed a current-mode sinusoidal
oscillator with high output impedance using one
FDCCII, two grounded capacitors and three
grounded resistors [23]. In 2006, Horng et al.
proposed two quadrature oscillator circuits [27].
Each oscillator circuit in [27] uses one FDCCII, two
grounded capacitors and two/three resistor. The
current-mode quadrature output signals can be
obtained in the first circuit. The current-mode and
voltage-mode quadrature output signals can be
obtained, simultaneously, in the second circuit.
However, the design of FDCCII based quadrature
oscillators has not been studied sufficiently.

In this paper, another two new current-mode
quadrature oscillator circuits each using only one
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FDCCII, two grounded capacitors and two grounded
resistors are presented. Each of the proposed circuit
exhibits two high output impedance sinusoidal
currents with 90° phase difference. The oscillation

conditions and oscillation frequencies of the
proposed circuits are orthogonal controllable.
Although the proposed circuits using more

complicated active components (FDCCIlIs) with
respect to the previous current-mode quadrature
oscillators in [11-13], the proposed circuits having
the advantages of employing only grounded passive
components; high output impedance current signals
without using additional current followers and the
oscillation conditions and oscillation frequencies can
be orthogonal controllable through grounded passive
components. With respect to the high output
impedance current-mode quadrature oscillators in
[14-16], the current-mode and voltage-mode
guadrature signals can be simultaneously obtained in
the second proposed circuit. With respect to the high
output impedance current-mode sinusoidal oscillators
in [23], high output impedance quadrature current
signals can be obtained in the proposed circuits and
employing less resistors. Moreover, the voltage-
mode quadrature signals can be simultaneously
obtained in the second proposed circuit. With respect
to the FDCClIIs based quadrature oscillators in [27],
two new quadrature oscillator circuits are presented
in this paper.

2 Proposed Circuits
The FDCCII is defined by the equations [22]:

[i,] [o 0o 00 0 0 0 Ofv,]
i, [0 0 00 0 0 0 0fv,
i, |0 0 00 0 0 0 0fv,
i, |0 0 00 0 0 0 0v,| (1
Vol |1 =110 0 0 0 0fi,
Vo| |-1 1 01 0 0 0 0fi,
i | | O 00 1 0 0 0fv,
lis|] [0 0 00 0 =1 0 0]V,

The first proposed quadrature oscillator is shown
in Fig. 1. The characteristic equation of the circuit
can be expressed as

$°C,C, +5G,(C,1 - C,) + GG, =0 (2)

The oscillation condition and oscillation frequency
can be obtained as
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Fig. 1 The first proposed quadrature oscillator.

C1 = C2 (3)

1

R — 4)
JC.C,RR,

From equations (3) and (4), the oscillation condition
and oscillation frequency can be orthogonal
adjustable. From Fig. 1, under steady state, the
relationships between output currents oy and Iy
are

e 190 Iout2 (5)

lou =

a)CZRl

ensuring the currents oy, and Iy to be in quadrature.
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Fig. 2 The second proposed quadrature oscillator.
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The second proposed quadrature oscillator is
shown in Fig. 2. The characteristic equation of the
circuit can be expressed as
$°C1Cy + SCy(G1 - Gp) + G1G, =0 (6)
The oscillation condition and oscillation frequency
can be obtained as

Rl = R2 (7)

3 1

° JCLC,RR,

From equations (7) and (8), the oscillation condition
and oscillation frequency can be orthogonal
adjustable. From Fig. 2, under steady state, the
relationships between output voltages V; and V, are

[0

(8)

1

= — ¢ 190° V2
oC,R,

V, 9)

ensuring the voltages V, and V; to be in quadrature.
The relationships between output currents Iy and
lou2 are

10N°
Ioutl= 1% Iout2 (10)

e
a>C2R2

ensuring the currents oy and Iy to be in quadrature.

The proposed quadrature oscillator circuits employ
only grounded capacitors and resistors. The use of
grounded capacitors and resistors is particularly
attractive for integrated circuit implementation [19-
21]. Because the output impedances of the currents
lour @nd loy2 in Fig. 1-2 are very high, the two output
terminals, loyn and Iy, can be directly connected to
the next stage. The current-mode and voltage-mode
guadrature signals can be simultaneously obtained
from Fig. 2. From equations (5), (9) and (10), the

magnitudes of the quadrature signals are not the same.

For the applications needing equal magnitude
quadrature outputs, other amplifying circuits are
needed.

3 Non-ldeal Effects
Taking the non-idealities of the FDCCII into
account, the relationship of the terminal voltages and

currents can be rewritten as: V,, = &, Vy1- &, Vyo +

O3 Vys, Vi = = Oy Vy1 + Oy Vyo + Qg Vya,y by = Iy =
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ly3 = lyg = 0, Lai = T ai Ixa and Izbj = iﬁbj L »

| <<1) is the
voltage tracking error from the k-th v, terminal to the
v,, terminal of the FDCCII, «, = 1- &, and

where @, = 1- &, and £, (|€.

Xa

Epuc (|€pu | <<1) is the voltage tracking error from the

k-th vy, terminal to the v, terminal of the
FDCCII, B, = 1- &; and &, (Je,;|<<1) is the output
current tracking error from the v,, terminal to the i-

th v,, terminal of the FDCCII, S, = 1- &, and

&y ( gbj‘ <<1) is the output current tracking error
from the v, terminal to the j-th v, terminal of the

FDCCII. The characteristic equation of Fig. 1
becomes

SCCo /i +
SIG(C —Ca ) + CG B (Ot — ) 1+

Gleablﬂbl =0 (11)

The modified oscillation condition and oscillation
frequency are

CoR, BB (@ — ;)
R,

C,=Crayf., -

(12)

o = \/ Oy P
CCRR,a,, 8.,

(13)

The active and passive sensitivities of the
quadrature oscillator are all low and obtained as

1

GaziBar E :

@y

_ (29
a1+ Pp1

@, _
Ci.C,. R, R, T

N

The characteristic equation of Fig. 2 becomes

52C1C2 +8C, (G2, 84 — Gy Byy) +

GG, 3¢, 801y = 0 (14)

The modified oscillation condition and oscillation
frequency are

_ R, f,

Rl
Qo B2

(15)
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o = Q230 Par P
i C.C.RR,
The active and passive sensitivities of the quadrature

oscillator are all low and obtained as

(16)

1

®, — —S @, — =
Qb2 Xaz: Bari Po1 C1.Co.R1Ry

2

4 Simulation Results

The quadrature oscillators were simulated using
HSPICE. The FDCCII was realized by the CMOS
implementation in Fig. 1 of [22] and is shown in Fig.
3 (using 0.18 £ m MOSFET from TSMC). The

aspect ratios of the MOS transistors were chosen as
in Table 1. The multiple current outputs can be easily
implemented by adding output branches. Fig. 4(a)
represents the current-mode quadrature sinusoidal
output waveforms of Fig. 1 with C; = 45pF, C, =
47pF, Ry =2k Q, R, = 2k Q) , Vi, = 0V, Vi = 0V, I
= 1.1mA, lsg = 2.2mA and the power supply * 2.5V
where C, was designed to be larger then C; to ensure
the oscillations will start. The power dissipation is
84.2897mW. Fig. 4(b) shows the simulated
frequency spectrum of loy and loye in Fig. 1. The
results of the loyy total harmonic distortion analysis
are summarized in Table 2.

Fig. 5(a) and (b) represents the current-mode
guadrature sinusoidal output waveforms and
spectrums of Fig. 2 with C, = 45pF, C, = 45pF, R, =
2k Q), R, = 1.9k Q2 where R; was designed to be

larger then R, to ensure the oscillations will start. Fig.

5(c) and (d) represents the voltage-mode quadrature

sinusoidal output waveforms and spectrums of Fig. 2.

The power dissipation is 118.0935mW. The results
of the V, total harmonic distortion analysis are
summarized in Table 3.

5 Conclusion

In this paper, two new quadrature oscillators each
using one FDCCII, two grounded capacitors and two
grounded resistors are proposed. The oscillation
conditions and oscillation frequencies of the
proposed quadrature oscillators have the advantage
of being orthogonal controllable. Two high output
impedance sinusoid currents with 90° phase
difference are available in each circuit configuration.
The use of only grounded capacitors and resistors
makes the proposed circuits ideal for integrated
circuit implementation. The current-mode and
voltage-mode  quadrature  signals can  be
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simultaneously obtained in the second proposed
circuit.

References:

[1] A. S. Sedra and K. C. Smith, Microelectronic
circuits, fourth edition, Oxford University Press, Inc.,
1998.

[2] I. A. Khan and S. Khwaja, An integrable gm-C
quadrature oscillator, International Journal of
Electronics, Vol.87, 2000, pp. 1353-1357.

[3] R. Holzel, A simple wide-band sine wave
quadrature  oscillator, IEEE Transactions on
Instrumentation and Measurement, Vol.42, 1993, pp.
758-760.

[4] M. T. Ahmed, I. A. Khan and N. Minhaj, On
transconductance-C guadrature oscillators,
International Journal of Electronics, Vol.83, 1997,
pp. 201-207.

[5] A. M. Soliman, Synthesis of grounded capacitor
and grounded resistor oscillators, Journal of the
Franklin Institute, Vol.336, 1999, pp. 735-746.

[6] J. W. Horng, Current differencing buffered
amplifiers based single resistance controlled
quadrature oscillator employing grounded capacitors,
IEICE Transactions on Fundamentals of Electronics,
Communications and Computer Sciences, Vol.E85-A,
2002, pp. 1416-1419.

[7] P. Prommee and K. Dejhan, An integrable
electronic-controlled quadrature sinusoidal oscillator
using CMOS operational transconductance amplifier,
International Journal of Electronics, Vol.89, 2002,
pp. 365-379.

[8] J. W. Horng, C. L. Hou, C. M. Chang, W. Y.
Chung, H. W. Tang and Y. H. Wen, Quadrature
oscillators using CClls, International Journal of
Electronics, Vol.92, 2005, pp. 21-31.

[9] J. W. Horng, Current conveyors based allpass
filters and quadrature oscillators employing
grounded capacitors and resistors, Computers and
Electrical Engineering, Vol.31, 2005, pp. 81-91.

[10] J. W. Horng, C. L. Hou, C. M. Chang, S. W.
Pan, J. Y. Shie and Y. H. Wen, Third-order
guadrature oscillator with grounded capacitors using
CClls, WSEAS Transactions on Electronics, Vol.4,
2007, pp. 20-22.

[11] J. J. Chen, C. C. Chen, H. W. Tsao and S. I. Liu,
Current-mode oscillators using single current
follower, Electronics Letters, Vol.27, 1991, pp.
2056-2059.

[12] M. T. Abuelma’atti, Grounded capacitor
current-mode oscillator using single current follower,
IEEE Transactions on Circuits and Systems-I:
Fundamental Theory and Applications, Vol.39, 1992,
pp. 1018-1020.

Issue 3, Volume 7, March 2008



WSEAS TRANSACTIONS on CIRCUITS AND SYSTEMS

[13] M. T. Abuelma’atti and H. A. Alzaher,
Comment on Current-mode quadrature sinusoidal
oscillator using single FTEN, International Journal
of Electronics, Vol.85, 1998, pp. 177-180.

[14] S. Minaei and O. Cicekoglu, New current-mode
integrator, all-pass section and quadrature oscillator
using only active elements, 1st IEEE International
Conference on Circuits and Systems for
Communications, Vol.26-28, 2002, pp. 70-73.
[15] J. W. Horng, Current-mode quadrature oscillator
with grounded capacitors and resistors using two
DVCCs, IEICE Transactions on Fundamentals of
Electronics, Communications and Computer
Sciences, Vol.E86-A, 2003, pp. 2152-2154.

[16] S. Maheshwari and 1. A. Khan, Current
controlled third order quadrature Oscillator, IEE
Proceedings: Circuits, Devices and Systems, VVol.152,
2005, pp. 605-607.

[17] M. T. Abuelma’atti and H. A. Al-Zaher,
Current-mode sinusoidal oscillators using single
FTFEN, IEEE Transactions on Circuits and Systems-
I1: Analog and Digital Signal Processing, Vol.46,
1999, pp. 69-74.

[18] U. Cam, A. Toker, O. Cicekoglu and H.
Kuntman, Current-mode high output impedance
sinusoidal oscillator configuration employing single
FTFN, Analog Integrated Circuits and Signal
Processing, VVol.24, 2000, pp. 231-238.

[19] S. S. Gupta and S. Senani, Realisation of
current-mode SRCOs using all grounded passive
elements, Frequenz, Vol.57, 2003, pp. 26-37.

[20] M. T. Abuelma’atti and A. A. Al-Ghumaiz,
Novel CCl-based single-element-controlled
oscillators employing grounded resistors and

ISSN: 1109-2734

133

Jiun-Wei Horng, Chun-Li Hou, Chun-Ming Chang,
Shih-Ting Cheng And Hsin-Yu Su

capacitors, IEEE Transactions on Circuits and
Systems-I: Fundamental Theory and Applications,
Vol.43, 1996, pp. 153-155.

[21] M. Bhusan and R. W. Newcomb, Grounding of
capacitors in integrated circuits, Electronic Letters,
Vol.3, 1967, pp. 148-149.

[22] A. A. EI-Adawy, A. M. Soliman and H. O.
Elwan, A novel fully differential current conveyor
and applications for analog VLSI, IEEE
Transactions on Circuits and Systems-11: Analog and
Digital Signal Processing, Vol.47, 2000, pp. 306-313.
[23] C. M. Chang, B. M. Al-Hashimi, H. P. Chen, S.
H. Tu and J. A. Wan, Current-mode single resistance
controlled oscillators using only grounded passive
components, Electronics Letters, Vol.38, 2002, pp.
1071-1072.

[24] C. M. Chang, B. M. Al-Hashimi, C. L. Wang
and C. W. Hung, Single fully differential current
conveyor biquad filters, IEE Proceedings: Circuits,
Devices and Systems, Vol.150, 2003, pp. 394-398.
[25] S. M. Al-Shahrani, Fully differential second-
order filter, The 47" IEEE International Midwest
Symposium on Circuits and Systems, Vol.3, 2004, pp.
111299-111301.

[26] C. M. Chang and H. P. Chen, Single FDCCII-
based tunable universal voltage-mode filter, Circuits,
Systems, and Signal Processing, Vol.24, 2005, pp.
221-2217.

[27] J. W. Horng, C. L. Hou, C. M. Chang, H. P.
Chou, C. T. Lin and Y. H. Wen, Quadrature
oscillators with grounded capacitors and resistors
using FDCCIIs, ETRI Journal, Vol.28, 2006, pp.
486-494.

Issue 3, Volume 7, March 2008



WSEAS TRANSACTIONS on CIRCUITS AND SYSTEMS

Table 1 Aspect ratios of the MOS in Fig. 3.

Jiun-Wei Horng, Chun-Li Hou, Chun-Ming Chang,

MOS transistors

Aspect ratio (W/L)

M;1-Mg 60/4.8
M7, Mg, Mg M43 480/4.8
Mo, M1z, M1z, Myy 120/4.8

M14, MlSy I\/|181 M19, M251 M291 M301 M33, M34, 240/2.4

M37, MSB: M4l, M4Zs M451 M461 M49, M501 MSS:

M54, M57, M58

MlGa M17, MZOy MZl, M26, M3j|_, M321 MSS: MSG, 60/2.4

M391 MAO: M431 M44, M471 M481 MSly M52, MSSy

M561 M591 MGO

M22, M231 M27, M28

4.8/4.8

Table 2 Total harmonic distortion analysis of 1 ,, in Fig. 1.

Shih-Ting Cheng And Hsin-Yu Su

Harmonic Frequency fft_mag fft_mag fft_phase

Number (hz) (db) (deg)
1 1.6500M -81.7466 81.7847u 144.7815
2 3.3000M -125.6550 521.4919n 144.7815
3 4.9500M -126.7989 457.1448n 132.6606
4 6.6000M -132.4139 239.5004n 149.4873
5 8.2500M -134.0486 198.4120n 155.6472
6 9.9000M -135.1182 175.4245n 162.0686

dc component: mag(db)= -1.212E+02
total harmonic distortion = 953.7518m percent
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Table 3 Total harmonic distortion analysis of V, in Fig. 2.

Jiun-Wei Horng, Chun-Li Hou, Chun-Ming Chang,

Shih-Ting Cheng And Hsin-Yu Su

Harmonic Frequency fft_mag fft_mag fft_phase
Number (hz) (db) (deg)
1 1.7250M -11.6281 262.1778m 97.8863
2 3.4500M -49.1946 3.4695m 105.9968
3 5.1750M -58.3716 1.2062m -63.7087
4 6.9000M -76.4800 149.9684u 165.8535
5 8.6250M -69.9217 319.0907u -65.7638
dc component: mag(db)= -4.654E+01
total harmonic distortion =  1.4075 percent
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Fig. 3 The implementation of FDCCII.
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Fig. 4 (a) The simulated current-mode quadrature output waveforms of Fig. 1.
(b) The simulated frequency spectrum of loy and oy in Fig. 1.
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Fig. 5 (a) The simulated current-mode quadrature output waveforms of Fig. 2.
(b) The simulated frequency spectrum of loyy and oy in Fig. 2.
(c) The simulated voltage-mode quadrature output waveforms of Fig. 2.
(d) The simulated frequency spectrum of Vi and V; in Fig. 2.
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