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The paper presents two current-mode quadrature oscillators with non-interactive two current controls for both of the
condition of oscillation (CO) and the frequency of oscillation (FO) using current controlled current conveyors (CCCIIs). The
proposed oscillators can provide two sinusoidal output currents with 90 degrees phase difference. It also provides high
output impedances that make the circuit can directly drive load without additional current buffer. The condition of
oscillation and frequency of oscillation can be controlled by adjusting the bias currents of the CCClIs. The proposed circuits
use only grounded capacitors without any external resistor which is very appropriate for further development into an
integrated circuit. The results of PSPICE simulation program are corresponding to the theoretical analysis.

Keywords: Current-mode, Quadrature oscillator, High output impedance, Non-interactive control, CCCII

1 Introduction

Quadrature oscillator (QO) is one of oscillator
circuit which provides two sinusoidal signals with 90°
phase difference. The quadrature signal is used in
telecommunications for single-sideband modulators
and quadrature mixers'. In the last decade, a lot of
work in electronic circuit design has 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 slew-rate, greater linearity
and low power consumption™. 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 additional external resistor, using grounded
capacitors, providing high output impedance, and
electronic control circuit etc. The second generation
current conveyor (CCII) and current controlled
current conveyor (CCCII) have been presented as
active building block, which are suitable for a class of
analog signal processing for voltage-mode and
current-mode technique. From literature survey, it is
found that several implementations of quadrature
oscillator circuits using CCII and CCCII**°, have
been reported. Unfortunately, these reported circuits
suffer from one or more of following weaknesses.

1 Excessively use of the passive elements, especially
external resistors****** and the proposed circuits
consist of large number (more than five
components) of passive components, which are not
convenient in future fabrication in integrated
circuits® 10131928

2 The condition of oscillation and the frequency of
oscillation cannot be electronically controlled by
adjusting the bias current*"”.

3 Output impedances are not high that make the
circuit cannot directly drive load™’.

4 The proposed circuits use floating capacitor®'*'>'¢,
which is not convenient in future to fabricate the
integrated circuits’'.

5 The proposed circuits are not non-interactive dual-
current control for both the condition of oscillation
and the frequency of oscillation*'*!61921=,

The proposed quadrature oscillators are compared
with previously published quadrature oscillators based
on second generation current controlled current
conveyors; the results are presented in Table 1.

The current-mode sinusoidal quadrature oscillators
based on second generation current conveyors
(CCCllIs) are presented in the paper. The CO and FO
can be adjusted by electronic method and non-
interactive dual current control for both the CO and
FO. The proposed circuits consist of four CCCIIs and
two grounded capacitors without additional external
resistor which are suitable to be developed into
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Table 1—Comparison between various oscillator based on CCII and CCCII

Ref Active Number of Non-interactive Grounded Number of Electronic tune of Current-mode
element active element  control for CO and FO C only R+C CO and FO QO output

[4] CcClI 2(Fig. 4a) no no 242 no no
2(Fig. 4b) no no 042 no no
[5] CClI+buffer 3+2 no yes 342 no no
[6] CCII 3(Fig. la) no yes 3+3 no no
3(Fig. 2a) no yes 5+3 no no
[7] CCCII 3 no yes 5+2 no no
[8] CCII 3 no yes 343 no no
[9] CCIL 3 no yes 3+2 no yes
[10] CCII 2 no yes 3+3 no yes
[11] CCIl 2 no yes 2+2 no yes
[12] CCIt 3(Fig. 1(b,c)) no no 242 no no
2(Fig. 2¢) no yes 2+2 no no
2(Fig. 2¢) no no 242 no no
[13] CCII 2 no no 5+3 no yes
[14] CCII 2 no yes 442 no no
[15] CCII 4(Fig. 3a) yes yes 4+2 no no
[16] CCII 2 no no 442 no yes
[17] CCII 3 no yes 345 no no
[18] CcII 2 no yes 542 no no
[19] CCII 3(Fig. 3) no yes 342 no no
3 (Fig. 4) yes yes 442 no no
3(Fig. 5) no yes 3+2 no no
[20] CCCIl 3 yes yes 142 yes yes
[21] CCCII+OTA 4+1 no yes 0+2 yes yes
[22] CCCIlI 4 no yes 0+2 yes yes
[23] CCCII 3 no yes 0+2 yes yes
[24] CCCII 4 no yes 0+3 yes yes
[25] CCCII 3 no yes 0+3 yes yes
[26] CCCIl 3 no yes 0+2 yes yes
[27] CCcCIl 3 no yes 0+2 yes yes
[28] CCcCIl 4 no yes 4+4 yes yes
[29] CCcCIl 4 no yes 2+4 yes yes
[30] CCcCIl 4 no yes 0+4 yes yes
Proposed QOs CCCII 4 yes yes 0+2 yes yes

integrated circuits®>*. The proposed circuits have

high output impedance appropriate for cascade
connection application in current mode which is
capable to directly drive load. The PSPICE simulation
results are also shown, which are in correspondence
with the theoretical analysis.

2 Basic Concept of CCCII
The characteristics of the ideal CCCII are
represented by the following hybrid matrix:

1] [o o oy,
v.|=[1 R 0|1, (1)
L] [0 +1 o).

For CMOS CCCII, the resistance at the x terminal
(R;) can be written in Eq. (2). The symbol and
equivalent circuit of the CCCII are shown in Figs 1

and 2, respectively. The CMOS implementation of
CCCII is shown in Fig. 3.

f 1
Rx_ SKI_ ...(2)

k=p,C, [K] =n,C,. [K] ...(3)
L 9,10 1112

L
k=pC, (W / L) is the physical parameter of CMOS

transistor. Where g, is the mobility of the carrier, C,,
the gate-oxide capacitance per unit area, W the
effective channel width and L is the effective channel
length.

3 Proposed Current-mode Quadrature Oscillator
The proposed current-mode oscillators can be
shown in Fig. 4(aandb). The proposed circuits



SUMMART et al.: SINUSOIDAL QUADRATURE OSCILLATORS 279

'
1

Vy °_>V y Z+<_° IZ+
I cccl
V o= x Z o I _

Fig. 1 — Symbol of the CCCIL
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Fig. 3 — Internal construction of CCCII
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consist of 4 CCCllIs and 2 grounded capacitors. It is
found that the output currents are flowed from the
high output impedances (z port) which facilitate to
cascade in current-mode circuit without the use of a
buffering device. The characteristic equation of the
proposed circuit is written as:

2R, —R 1

x4 x3 —
Cl CZRlex2

s*+s :
2Rlex4CI

...(4)

From Eq. (4), the condition of oscillations and
frequency of oscillation are written as:

CO: 2R, =R, ..(5)

and

FO:@, = |— ...(6)
Rx]Rx2C1C2

Lc =
—» L C,
L Iol _T
- P 02
(@)
L r
= Cl ||
—» L
__: I()l CZ —
4 1

(b)

Fig. 4 — Proposed current-mode quadrature oscillators

It is found from Eqs (5 and 6), the conditions of
oscillation and frequency of oscillation are as follows:

CO:21,, =1, (7

and

o o - [BEnls)

osc (8)
‘ GG,

From Eqgs (7) and (8), it can be found that the
condition of oscillation can be adjusted independently
from the frequency of oscillation by varying Iz; and
Ip, while the frequency of oscillation can be adjusted
by Ip, and Ip, without disturbing the condition of
oscillation. Moreover, it should be remarked that the
proposed circuit enables non-interactive dual-current
control for both the condition of oscillation and
frequency of oscillation. From circuit in Fig. 4, the
current transfer functions of /,; and 1, is:

1,(s) _ 1
1,(s) R ,sC,

...(9)
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For sinusoidal steady state, Eq. (9) becomes:

j90°

1, (jw) _
1, (jw)

j e
R,w, C, R,w

X

C ...(10)

osc osc

It is seen from Eq. (10) that the proposed current-
mode oscillators can provide 2 sinusoidal signal
output currents with 90° phase difference.
Sensitivities of the active and passive of oscillator
circuit are shown in Eq. (11).

. 1

RR,.C.C, :—5 ...(11)
4 Analysis of Non-ideal Case

For non-ideality case, the characteristic equation of
CCCII in Eq. (1) is written as:

I 0 0 O}V,
V.i=|8 R, O|I, ...(12)
I 0 +a O]V,

The parameter « is the parasitic current transfer
gain from x terminal to z terminal and S is the
parasitic voltage transfer gain from y terminal to x

terminal. In non-ideal case the characteristic equation,
the condition of oscillation and the frequency of
oscillation from Eqs (4-6) are as follows:

Circuit 4(a):

2 R, (1 +a ) — o, f,R,
s +s
R.R,C (1+a,)

=0 ...(13)
a3,
CICZRleXZ
CO: R,(1+ay)=o,6,R,, (14)
and
FO: o, — |t ..(15)
A CICZRlexZ
Circuit 4(b):
ER R0 (14 a;)—aya,0,R 4
R.R ,C (1+
aRG(+ey) =0 ..(16)
a3,
CICZRXIRXZ

CO: R,o6 /(14 ay)=oo,0,R,, ~(17)

and

FO: o, — |0 ..(18)
CICZR)CIRXZ

5 Analysis of the Parasitic Resistances and
Capacitances

The parasitic resistances and capacitances of
CCCIL, the input y and output z terminals consist of
parasitic resistances and capacitances R,,C, and R,,C,
respectively.  The  parasitic  resistances and
capacitances of the CCCII can be shown in Fig. 5. If
the parasitic resistances at the y and z terminals are
much greater than the parasitic resistances at x
terminal (R,, R, and R,), the characteristic equation,
the condition of oscillation and the frequency of

oscillation of the quadrature oscillators from
Eqgs (4-6) are represented as follows:
Circuit 5(a):
SSR,\‘IRXZR)GR,MCVC"CW
+25’R,R,R ,CC
’ =0 ...(19)

+s’R,RR.,CC +2sR,R,C
+sRR,C —sR,R.C +2R,

R,R,R.R,CCC (2R,CC
CO: <+R,CC)=2R,2R,R,C t=0 .. .(20)
+R,R,C" —R,R.C)

X

and

FO:m,, = : 2Ry, ,
“ \R,R,C'2R,C +R.C)

...(21)

where C'=C,+C,+C,, C'=C,+C,+C, and
C =C,+C,;+C,

Fig. 5 —Parasitic resistances and capacitances of the
cccu
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Circuit 4(b):

s’R,R,R.R ,CCC
+2s’R R R ,CC
.o ,+=0 ..(22)
+s’R,R R ,CC +2sR,R ,C
+sR,R ,C" —sR R .C +2R,,
R,RLR.,R,CCC 2R.,CC

X

CO: {+R,CC")=2R,2R,R,C =0 ...(23)
+Rx3Rx4Cm - RXZR,GC")

and

FO: @, = Re o4
' R,R,C'2R,C +R,C")

where C' = C,+C,+C,+C,,
and C' =C,+C,,+C,,

C'=C,+C,+C,

6 Simulation Results

To verify the theoretical prediction of the proposed
current-mode quadrature oscillator in Fig. 4 (for
example, proposed quarature oscillator in Fig. 4(a),
the PSPICE simulation was built with C;=C,=0.5 nF,
IB] = 132 300 ,UA, 133 =15 ,UA and 134 =30 IUA The
CMOS implementation of the internal construction of
CCCII used in simulation is shown in Fig. 3. The
PMOS and NMOS transistors employed in the
proposed circuit were simulated by using the
parameters of 0.35 #A TSMC CMOS technology™.
The ratio of dimension of the transistors PMOS and
NMOS is presented in Table 2. The circuit was biased
with 2.5 V supply voltages. This yields oscillation
frequency of 1.0621 MHz, where the calculated value
of this parameter from Eq. (8) yields 1.1782 MHz
(deviated by 9.854%). This is affected by CMOS
implementation used in the circuit deviated from the
non-ideal properties and the effect of parasitic

Table 2—Dimensions of CMOS transistors

Transistor W(um) L(pm)
M1, M3, M13-M15 10 0.35
M2, M4-M8 5 0.35
M9-M10 30 0.35
M11-M12 10 0.35
M16-M19 15 0.35

elements. Figures 6 and 7 show the simulated
quadrature output waveforms during initial state and
steady state, respectively. Figure 8 shows the
simulation result of output spectrum. The results of
the harmonics distortion analysis are presented in
Tables 3 and 4, where the total harmonic distortions

Table 3 — Total harmonic distortion analysis of 1,

Harmonic Frequency Fourier Phase

no. (Hz) Component (A) (Degrees)

1 1.062 x 10° 6.675x 107 —1.390 x 10?
2 2.124 x 10° 4951 x 107 2314 x 10
3 3.186 x 10° 1.129 x 107 —-1.207 x 10?
4 4.248 x 10° 8.169 x 1077 3.030 x 10°
5 5.311 x 10° 2.132x 1078 -6.386 x 10"
6 6.373 x 10° 4,908 x 1077 3.665 x 10’
7 7.435 x 10° 6.597 x 1077 2.123 x 10°
8 8.497 x 10° 8.185 x 1078 —1.080 x 107
9 9.559 x 10° 1.180 x 1077 1.412 x 10!
10 1.062 x 107 1.812x 1077 —7.426 x 10"

DC component =-1.293069 x 107
Total harmonic distortion = 1.882904%

800

Current (pA)
(=]

-800

0 5 10 15 20 25 30 35 40 45 50
Time (ps)

Fig. 6 — Simulation result of output waveforms during
initial state
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Fig. 7 — Quadrature output waveforms in steady state

10m i i i
l fosc= 1.0621 MHz
Z 100u
E [ol
: |
O 1.0u
Tt
1
. Iy '
0 2 4 6 8 10 12 14 16 18 20

Frequency (MHz)

Fig. 8 — Output frequency spectrum



282 INDIAN J PURE & APPL PHYS, VOL 52, APRIL 2014

Table 4 — Total harmonic distortion analysis of 7,,

Harmonic Frequency Fourier (DI:;(S:‘::S)
no. (Hz) Component (A)
1 1.062 x 10° 6.552x 107 1.328 x 10?
2 2.124 x 10° 5421 x10° -1.636 x 10°
3 3.186 x 10° 7.243 x 10 6.506 x 10
4 4.248 x 10° 2.221 x 107 4.030 x 10"
5 5311 x 10° 1.351x 1077 2.767 x 10
6 6.373 x 10° 2,627 x 1077 4.498 x 10!
7 7.435 % 10° 2.225 %107 8.665 x 10°
8 8.497 x 10° 1.858 x 1077 6.831 x 10"
9 9.559 x 10° 1.502 x 1077 5.165 x 10
10 1.062 x 10’ 1.899 x 107 5.907 x 10"

DC component =-1.331735 x 10™*
Total harmonic distortion = 1.383091%
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@i Theorstical CainF
——-np——  Theoretical C=10nF
107 - — -A—-  Simulsted C=0.1rF
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Fig. 9 — Oscillation frequencies against bias current for various
capacitances when Ig=Ip,
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Fig. 10 — Monte-Carlo Simulation of quadrature oscillator circuit

(THD) of I,; and I,, are about 1.882% and 1.383%,
respectively. Tables 3 and 4 present the phase
difference of the output current /,; and I,, which is
about 88.2 degrees. The electronic tuning of the
oscillation frequency with the bias current /g, = I, for
different capacitor values is shown in Fig. 9.

In addition, the stability can be proved by Mote-
Carlo simulation which is the proportional to mobility
parameter of CMOS transistor (,C,,) due to process
by 10% deviation. The result of the simulation is
shown in Fig. 10. It reveals that the proportional to
mobility parameter has slightly affected on the
frequency of oscillation then the frequency still
remains close to 1.0621 MHz. Moreover, the
simulation results of output resistance of 1,; and I,
are about 15.392 kQ and 15.364 kQ, respectively.

7 Conclusions

The current-mode oscillators have been presented.
The output circuit can provide sinusoidal signal
currents with 88.2 degrees phase difference and high
output impedances that are easy to drive external load
without loading effect. The frequency of oscillation
and condition of oscillation can be electronically
adjusted with non-interactive dual-current control for
both the condition of oscillation and the frequency of
oscillation. The proposed circuits consist of 4 CCClIs
and 2 grounded capacitors without addition to any
external resistors, which is convenient in future to
fabricate the integrated circuits. In addition, the
stability of proposed configuration could be
confirmed by Monte-Carlo Simulation. PSPICE
simulations are included to verify the theoretical
analysis. Simulated and theoretical results are found
to be in close agreement.
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