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Abstract—This paper introduces a new electronically
tuneable third order quadrature oscillator and biquadratic
filter with MOS-C realization using all grounded passive
components. Voltage-mode second order low-pass, high-pass,
band-pass filters using second generation current conveyor and
a current/voltage-mode third order quadrature sinusoidal
oscillator using multi-output second generation current
conveyor are synthesized from the proposed circuit topology.
All synthesized circuits are compatible with integration and the
center frequency can be electronically tuned by the gate
voltage of the MOS transistors. The proposed circuits do not
need any component matching condition. Oscillation condition
and frequency of oscillation can be independently controlled.
Workability of the proposed circuits is validated by PSPICE
software using 0.18 micrometer MOSIS CMOS process
parameters at +0.9V supply voltage. Tuneability of the
oscillator is demonstrated for a tested frequency range both in
voltage-mode and current-mode operations.

Index Terms—Biquadratic filter;
sinusoidal oscillator; Third order.

MOS-C; Quadrature

I. INTRODUCTION

Quadrature sinusoidal oscillators produce two sinusoid
signals with 90 ° phase difference in periodic form, and they
are commonly used in signal processing applications,
telecommunication, measurement, instrumentation, and
industrial control systems. They play an essential role in
phase modulators, quadrature mixers, and single-sideband
generators [1], [2]. Since the sinusoidal signals have gained
substantial importance in electronics engineering, numerous
quadrature sinusoidal oscillator implementations employing
various novel active building blocks, such as operational
trans-conductance amplifier (OTA) [3], current feedback
operational amplifier (CFOA) [4], [5], various types of
current conveyor [6]-[14], current differencing buffered
amplifier (CDBA) [15]-[18], current differencing trans-
conductance amplifier (CDTA) [19]-[21], four terminal
floating nullor (FTEN) [22], operational trans-resistance
amplifier (OTRA) [23], modified current differencing unit
(MCDU) [24], differential-input buffered and trans-
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conductance amplifier (DBTA) [25], dual-output controlled
gain current follower buffered amplifier (DO-CG-CFBA)
[26], have been reported in the recent years. However, there
is one or more drawbacks of these reported circuits, such as
the usage of floating capacitor, which is inconvenient for
integrated circuit (IC) technology, lack of electronic
tuneability, and non-existence of both voltage-mode and
current-mode outputs in the same topology.

It is a fact that high order circuits exhibit better frequency
response, work more accurately, and achieve better
distortion performance than the lower order circuits [27].
Therefore, the realization of third order oscillator has
received considerable attention in recent years [28]-[44].
Design of a quadrature sinusoidal oscillator using passive
components, which are all grounded, has always been
popular due to its suitability for integration techniques and
due to it occupies less chip space. Furthermore, a topology
which provide both current-mode and voltage-mode outputs
is a desired factor for dual-mode operations. The objective
of this article is to introduce a new current/voltage-mode
MOS-C third order quadrature oscillator employing multi-
output second generation current conveyors (MOCCII) and
all grounded passive components. Main features of the
proposed oscillator are given below:

1. Use of CMOS based active resistors, which makes the

circuit compatible with monolithic integration;

2. Oscillation condition and frequency of oscillation can

be controlled independently and electronically;

3. Availability of both voltage-mode and current-mode

quadrature outputs in the same topology;

4. Capacitors are all grounded, which is a desired feature

for integration [45] and beneficial in parasitic capacitance

absorption [46];

5. Suitability for low voltage applications.

Table | shows a comparison of various realizations of
third order sinusoidal oscillator circuits to demonstrate the
highlights of the proposed topology. The comparison table
suggests these considerations:

1. One or more floating components are used in [28],

[29], [31]-[35], [371, [38], [40], [41], and [44];

2. Quadrature outputs are not available in [29] and [38];
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3. Different type active elements in the same topology are
used in [35], [36], and [43];
4. Topologies in [29], [31], [33], [34], [36]-[38], [41],
[43], and [44] do not have MOS-C realization, which is a
need for integration;
5. Electronic tuneability is not available in [29], [31],

[33], [34], [37], [38], [41], and [43];

6. Both current-mode and voltage-mode outputs are not
available in the same topology in [28], [29], [32], [34]-
[38], [40], and [44];

7. Frequency tuning can be done using symmetrical
voltage in [40], which is not practical as much as using a
single control voltage like in the proposed circuit.

TABLE I. COMPARISON OF VARIOUS THIRD ORDER SINUSOIDAL OSCILLATOR CIRCUITS.

_— . Passive Component Availability
Circuit | Active Eleme.m/ Supply No./Connection Type MOS-C of Operation Measured Quadrature
Referen | Implementation . . ’ Frequency/
Voltage (R: Resistor, C: Structure | Quadrature Mode Phase Error
ce Technology - THD
Capacitor) Outputs
3 x OTRA/ R: 5/all floating, 159 kHz
[28] cMos05um | SV C: 3 /all floating Yes Yes M 0.57 % NIA
R: 3/all floating
1 x OTRA/ . ' 99.1 kHz
[29] CMOS 0.35 um 25V : 3/two gro_unded, one No No VM 19% -
floating
<1MHz
30 3 x CDTA/ +1.25V C: 3/all grounded Yes Yes VM/CM Voi: 10.39 % N/A
CMOS 0.18 um
4o H Voz: 9.19 %
: 3/two grounded, one <1MHz
[31] CzMxohélg(ig“in +1.25V floating, No Yes VM/ICM Voi: 2.39 % N/A
SOH C: 3/all grounded Vo2 2.95 %
2 x OTRA/ R: 4/all floating, 150 kHz
[32] cMos05um | OV C: 3/all floating Yes Yes M 6.3% NIA
: 3/two grounded, one 7.94 MHz
[33] Ci/l)(()g\(gCSC/m 25V floating, No Yes VM/CM Voi: 1.34 % N/A
P H C: 3/all grounded Vo2: 0.84 %
29.04 kHz/
2 x OTRA/ R: 3/all floating, 1.17 %
[34] cMos05um | SV C: 3/all floating No Yes M 5.10 kHz/ NIA
1.32%
1xCA, R: 1/floating,
[35] 1x VDTA/ 5V : 3/two grounded, one - Yes VM 10'3‘? '(\;IHZ N/A
Commercial IC floating 0
1 x DDCC, .
[36] 2 x OTA/ +1.25V cBé/la/ ﬁrg:‘o“udne(;t d No Yes VM 1'f3§’(')22 N/A
CMOS 0.25 pm ) )
R: 3/ all floating
2 x ICFOA/ . ' 1.35 MHz
[37] CMOS 0.35 um N/A : 3/two grqunded, one No Yes VM N/A N/A
floating
R: 3/all floating
1 x OTRA/ . ' 8.82 MHz
[38] CMOS 0.18 pm 0.9V : 3/one gro_unded, two No No VM <26% -
floating
2x VDTA/ . 3.18 MHz o
[39] CMOS 0.18 um 0.9V C: 3/all grounded Yes Yes VM/CM <45% <3%
R:4 / all floating
2 x FDCCII/ . : 1.56 MHz
[40] CMOS 0.18 um +1.25V : 3/one groynded, two Yes Yes VM <3% N/A
floating
: 3/two grounded, one 0.88 MHz
[41] Ciﬂgg%c;;”/m +1.65V floating, No Yes VM/ICM Voi: 1.66 % N/A
oM C: 3/all grounded Vo2: 0.70 %
2.7 MHz
[42] égol\/'ISCOCZFSTAé 1V C: 3/all grounded Yes Yes VM/CM Voi: 0.26 % <7%
<o Vor: 017 %
2 x ccll, R: 3/all grounded 1.43 MHz
[43] 1x UVC/ 1.2V C.' 3/a||grounded’ No Yes VM/ICM Vo1: 0.19 % N/A
CMO0S 0.18 pm ’ g Vo,: 0.86 %
. 315 kHz
3 x OTRA/ R: 5/all floating
[44] 25V . LS No Yes VM Vo1: 2.79 % N/A
CMOS 0.25 pm C: 3/all floating Voy: 4.82 %
Propose 2 xMoccell, R: 5/all grounded 3.24 MHz
S 1xCCll/ 0.9V C.' 3/a||grounded’ Yes Yes VM/CM Voi: 2.00 % <25%
CMOS 0.18 pm oy Vos: 2.94 %

Note: VM - Voltage-mode, CM - Current-mode, N/A - Not Available.
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The content of the remaining chapters of this paper is
composed as follows. In Section Il, the definition of the
second generation current conveyor is given and the
proposed topology is demonstrated. Circuit analysis is done
and the synthesized filters are depicted also in this section.
In Section Il1l, the basic concept of third order oscillator is
given. Proposed topology of third order oscillator is
introduced and its MOS-C implementation is depicted in the
second part of this section. Section IV contains the analysis
of non-ideal effects. In Section V, the simulation results of
both the proposed filter and quadrature oscillator circuits are
given. Electronic tuneability of the oscillator is also
demonstrated in this section. Section VI presents the
outcome of the study.

Il. CIrcUIT DESCRIPTION

A. Basic Concept of Second Generation Current

Conveyor

Current conveyor is a versatile active circuit element. It
has been used very beneficially in analogue signal
processing since many current conveyor types give the
researchers flexibility to design multipurpose circuits.
Second generation current conveyor (CCIl) is the most
common type of current conveyor and it has three terminals
which are represented by x, y, and z. Operation of the
element can be briefly described as the input voltage of the y
terminal is conveyed to x terminal and x terminal current is
conveyed to the z output terminal. Multi-output CCII
(MOCCII) can be easily obtained by connecting additional
output stages to the CCII. The circuit schematic of MOCCI|I
is shown in Fig. 1.

71+ —e—e |z
y zo+
MOCCII

X

e Iz

Znt ——<—s Iz

Fig. 1. Circuit schematic of multi-output CCIl (MOCCII).

Definition equation of MOCCI|I can be given as

b Jo 0 00 o1V,
V,| |1 0 00 o I,
l,| [0 £1 0 0 0|V,
l,|=/0 1 0 0 0|V, 1)
l,| |0 1 0 0 0|V, |

In the third and following rows of the matrix, the positive
sign indicates that z terminal current (1, ) flows in the same

direction with x terminal current (I, ), whereas the negative

sign indicates that z terminal current flows in the opposite
direction with x terminal current. Terminal y exhibits
infinite input impedance, thus it is assumed that no current
flows through the y terminal. Terminal z has very high
impedance (ideally infinite).

B. Proposed Circuit Topology

The proposed biquadratic filter topology is illustrated in
Fig. 2.

Vi
Vo

CCll+ z CCll+ z

A\
Y1

Fig. 2. Proposed filter topology.

Using the definition equation of CClI+ and carrying out

the circuit analysis, the voltage transfer function is
calculated as
VoYY,
Tk @
V. Yy,

As given in Table Il, low-pass (LP), high-pass (HP), and
band-pass (BP) filter circuits can be synthesized by different
combinations of four admittances. Transfer functions and
angular frequency equations are given in the same table.

TABLE Il. ADMITTANCE SELECTION AND TRANSFER FUNCTIONS OF THE PROPOSED FILTER.

Filter Type Y1 Y2 Ys Ys Transfer Function Angular Frequency
LP ¢] Gy +C G Gy +C GG, —1
: 272 3 4T $°C,C, +5(C,G, +C,G,) +G,G, JRoR4CoCy
2
S C1C3 1
HP sC Gy +sC»p sC3 Gy +5Cy oo~
' 52C,Cy + 5(CyGy + C4Gyp) + G2Gy VR2R4C2Cy
G Gy +5sC C Gy +5sC XS L
BP + S S + S T
! 2 2 3 4 4 SZC2C4 + S(CzG4 + C4G2) + G2G4 ,[ Rz R4CZC4
Figure 3 shows the MOS-C implementation of the S = g = g = g —_( 5 ()
synthesized filters. : ! : ‘
. . . Do(LP) _ QPo(p) _
Quality factor (Q) of the filters is calculated as Sg " =S =0, )
PPy _ S%(HP) — S%(HP) — S%(HP) =-05 (6)
,’R R,C.C SRZ Ry C, Cy =
Q: RCZ 4RZC4 . (3) SR — GAH) () 7
2Ly TG, c, ~ ¢, ] (7
Sensitivity of passive components is calculated as: S =S " =S = 8§ =-0.5, 8)
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@) _ Q%(BP) __
S = S =,

©)

It is evident from (4)—(9) that for all filter types, the

Vi
-—

CCll+ z

I1l. REALIZATION OF THIRD ORDER QUADRATURE

OSCILLATOR

A. Basic Concept of Third Order Oscillator

Figure 4 illustrates the schematic diagram of third order
oscillator realization method used in this study. It consists of
a second order low-pass filter and an inverting integrator,
which is feedback connected to form a closed loop. The
system’s loop gain is A(S)x B(s) where A(s) denotes the
low-pass filter’s transfer function and S(s) denotes the gain

of the inverting integrator.

y
C2 J

@

(©
Fig. 3. MOS-C implementation of the synthesized filters: (a) LP filter; (b) HP filter; (c) BP filter.

angular frequency sensitivity to passive component
variations is less than unity.

y Vo
CCll+ z
X
Ca

Vces

Vc:_| . M8

B. Proposed Third Order Oscillator Topology

The proposed oscillator is realized by cascade connecting
the low-pass filter, which is synthesized from the topology
given in Fig. 2, and inverting the integrator circuit in a
closed loop yields a unity gain. The obtained oscillator and
MOS-C realization of the circuit are given in Fig. 5 and Fig.
6, respectively.

By circuit analysis, the equation which satisfies the
condition of oscillation can be found as

1
sC,R;

GG,
s’C,C, +5(C,G, +C,G,) +G,G,

}:1.@9

2nd order Inverting
LP Filter Integrator
As) B(s)

Characteristic equation is obtained as

Fig. 4. Schematic diagram of third order quadrature oscillator.

The key of starting oscillation is ensuring that the circuit
satisfies the criterion given by the following equation

1-A(s)p(s) =0. (20)

This condition is known as the Barkhausen criterion and
it points out that the gain of the closed loop is equal to unity.
When this criterion is satisfied, the circuit will provide
quadrature sinusoidal signals at a single frequency.

41

3 + SZ (CZG4 +C4GZ) +s GZG4 + G1G3GS —
C,C, C,C, C,C.C,

S 0.

(12)

Frequency of oscillation is calculated as

1

Wy = ———
* JRR,CC,

As seen from Fig. 6, the oscillation frequency can be
electronically tuned by the gate voltage of MOSFETSs. The
oscillation condition is given by

(13)
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GZLG3G5C2C4 = GZG4C5 (CZG4 + C4GZ)' (14)

lol
P

Vol

!

@)

MOCCII

3
71+

MOCCII
| z2-

Cs

lo2

Vo2

Ca

Fig. 5. Circuit schematic of the proposed quadrature oscillator.
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Fig. 6. MOS-C implementation of the proposed quadrature oscillator.

Considering (13) and (14), R,R;,R,, and C, can
control the oscillation condition without interacting with the
oscillation frequency. Likewise, the oscillation frequency
can betuned by R,,R,,C,, and C,.

Circuit analysis yields the current transfer function from
l,tol, as

l

Ve

—]

1

|02 (S) __ -
SRC,

Iol (S) (15)

In the sinusoidal steady state, (15) can be rewritten as

1

(i) _
oR,C;

s (Jo)

—j90°
g

(16)

It is evident from (16) that the phase shift between 1
and 1, is -90° Thus

quadrature.
Voltage transfer function from V,, to V,, is calculated as

Vo, (9)
Vi (9)

In the sinusoidal steady state, (17) can be rewritten as

Vo (j®)
Vy (jo)

I, and I, verified to be in

17

=SR.Cs.

= wR.C.e'™. (18)
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Equation (18) shows that the phase shift between V_, and
, 15900 Thus V,, and V,, verified to be in quadrature.

Frequency sensitivity to passive component variations is
calculated as

\Y

0

Sey =S =S =8¢ =-0.5. (19
Equation (19) shows that the frequency sensitivity to all

passive elements is lesser than unity.

IV. NON-IDEAL ANALYSIS

In the ideal case, the current transfer ratio () between x
and z terminals and the voltage transfer ratio ( 8 ) between x

and y terminals are both assumed to be equal to unity.
However, in non-ideal case, by taking into consideration the
current tracking error, which is denoted as &, and the

voltage tracking error, which is denoted as &,, parameters
of the CCII, the current and voltage transfer ratios can be
expressed as a=1-¢; and f=1-¢, (] & |<<1 |g, k<1).
In this context, the definition equation of the CCII can be
expressed as follows

Iy
v, (20)
|

Taking the non-ideal effects of CCIl into consideration,

the voltage transfer function of the circuit topology, which
is given in Fig. 2, can be rearranged as given below

V

0 —

V.

a,a, Y)Y,

21
o (21)

The equation that satisfies the condition of oscillation can
be rearranged as
4}{

|

Characteristic equation of the oscillator is modified to

a1a2ﬁlﬂZGlG3
s°C,C, +5(C,G, +C,G,) +G,G

a3ﬂ 3
SC.R,

}:1. (22)

3 +SZ (C2G4 +C4G2) +SGZG

4

C,C, C,C,
n 2,038, 8,8,5,G,Gs -0 (23)
C,C,C
Radian frequency is calculated as
= (24)

Oy = —F/——.
* JRR,CC,

It can be seen from (24) that the current tracking error
and voltage tracking error parameters do not affect the
oscillation frequency.

Condition of oscillation can be rearranged as
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G,G,C(C,G, +C,G,) = 2,8, 5, ,G,G,G,C,C,.

Equation (25) shows that in non-ideal case, the oscillation
condition can still be controlled independently without
interacting with the oscillation frequency and that the effects
of o, a,, a3, B, B,, B Can be minimized by suitable pre-
adjustment values of R, R,, R., and C, components.

Taking the non-ideal effects of CCII into consideration,
the current transfer function is calculated as

IOZ(S) — alﬁl . (26)
1,(5) SRC,

And the voltage transfer function is calculated as
V,,(s) _ SR.C, @7)

Vol (S) a3ﬂ3 .

Equations (26) and (27) show that the current tracking

(25)

error and voltage tracking error parameters affect the gain,
but not the phase difference between the quadrature current
outputs and between the quadrature voltage outputs.

V. SIMULATION RESULTS

Workability of the proposed filter and oscillator circuits is
verified and performance analysis is carried out by PSPICE
software using 0.18 um CMOS model parameters
commercially available by MOSIS. In this work, the CMOS
structure of MOCCII, which is given in Fig. 7, is used for
all types of current conveyors employed in the circuit
realizations. This circuit is derived from the DOCCII circuit
introduced in [10] by adding an extra output stage to be
used as the second z+ terminal in the oscillator circuit.
MOSFET dimensions are modified as given in Table 11l and
the supply voltage is applied as symmetrical £0.9 V.

il gl
— |

M19

M20 liMB

71+ 72+ z-

M18

M16
M21 M22

M15

Fig. 7. CMOS structure of MOCCII.

TABLE Ill. MOSFET DIMENSIONS OF MOCCI|I.

Transistor W (um) L (um)
M1, M2 8.4 0.18
M3, M4 25.2 0.18
M5, M6, M11-M13, M17, M19, M20, M23 12.6 0.18
M7-M10, M14-M16, M18, M21, M22 4.2 0.18

In the simulation, the passive component values of the
filters are taken as given in Table IV.

TABLE IV. PASSIVE COMPONENT VALUES OF FILTERS.

Filter Type
Component p Hp BP

R: 300 Q - 150 Q
R> 1kQ 5kQ 1kQ
R3 300 Q - -
Rs 1kQ 1kQ 1kQ
Ci - 20 pF -
C2 100 pF 20 pF 100 pF
Cs - 400 pF 25 pF
Cy 100 pF 100 pF 100 pF

MOSFET dimensions and gate voltages used for active
resistor realization are taken as W /L = 1.26 um/0.18 um
for M1, M2, M5, and M6, W/L = 0.38 um/0.18 um for
M3, M4, M7, M8, and V¢ =Vey =Ve3 =Ve, =09 Vin LP
filter, W/L = 0.38 um/0.18 um for M3, M4, M7, M8, and
Ve, = 018V, Ve, = 09V in HP filter, W/L =

2.52 ym/0.18 um for M1 and M2, W /L =0.38 um/0.18 um
for M3, M4, M7, M8, and V¢, =V, =V, =09V in BP
filter to obtain required resistor values.

Using the values of Table 1V, the center frequency is
calculated as 1.59 MHz, while in the simulation it is
measured as 1.57 MHz in LP filter, 1.55 MHz in HP filter,
and 1.58 MHz in BP filter. Frequency domain responses of
the filter are sketched in Fig. 8.

The quadrature oscillator is simulated by taking the
component values which are given in Table V. MOSFET
dimensions and gate voltages used for active resistor
realization in the oscillator are taken as W/L =
0.76 um/0.18 um for all M1-M10, and
Ve1 =Veo =V =Vea =Ves = 0.9V to obtain the resistor

value of 500 Q. Using the values of Table V, the oscillation
frequency (f,) is calculated as 3.18 MHz and in the

simulation it is measured to be 3.24 MHz with a deviation
of 1.88 %. The bias currents (15,5 ) are adjusted to 50 pA

in the first two current conveyors and 30 pA in the third
current conveyor.

Quadrature oscillator is simulated for both voltage-mode
and current-mode operations. Initial state and steady state
waveforms of the voltage outputs and frequency spectrum
of the oscillator are given in Fig. 9, Fig. 10, and Fig. 11,
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respectively. At the oscillation frequency of 3.24 MHz, the
measured total harmonic distortion (THD) of the voltage
output signals are 2.00 % for V., when the amplitude is
357.33mV and 2.94% for V,, when the amplitude is

178.38 mV.
Tuning of the oscillation frequency is examined by
applying a variable control voltage (V) to the gate of
®—® BP

E—N HP A—A LP

e

N
]

Gain (dB)

[
o

-50

1E+04 1E+05

A=A,
Ay, @— el
.>AQA =>.=.—I L]

o

1E+06

L
”

- N,
o %,

MOSFETs (M1-M10) in the range from 0.6 VV t0 0.9 V. The
measured frequency values against this voltage range vary
between 2.21 MHz and 3.24 MHz, while in theoretical this
variation is between 2.12 MHz and 3.18 MHz. Figure 12
shows the variation of the oscillation frequency versus
MOSFET gate voltage. Since the resistor values are chosen
equal in the oscillator circuit, the frequency tuning can be
easily done by a single control voltage.

|

1E+07 1E+08

Frequency (Hz)

Fig. 8. Frequency domain responses of the proposed filter.

TABLE V. PASSIVE COMPONENT VALUES OF THE QUADRATURE OSCILLATOR.

R1 R2 Rs3 R4

Rs C; Csq Cs

500 Q 500 Q 500 Q 500 Q

500 O 100 pF 100 pF 50 pF

0,4

Vol
Vo2

0,2

Amplitude (V)
o

-0,2

0,4

0 2E-05 4E-05

6E-05 8E-05 0,0001

Time (second)

Fig. 9. Initial state waveform of voltage outputs.

Steady state waveforms of the quadrature current outputs
are given in Fig. 13. Amplitudes of voltage outputs vary
from 251.94 mV to 357.33 mV for V,; and from 124.00 mV

to 178.38 mV for V,,, likewise, the amplitudes of current
outputs vary from 170.93 pA to 282.30 pA for 1, and
from 85.40 pA to 141.06 pA for 1,, while the frequency

tuning is made by control voltage in the range of 0.6 V—
0.9 V. These variation rates can be considered quite low
when compared to similar electronically tuneable oscillator
circuits. If equal amplitude quadrature outputs are needed,

44

an additional automatic gain control (AGC) circuit can be
used. The variation of output amplitudes versus oscillation
frequency is sketched in Fig. 14 for voltage-mode and in
Fig. 15 for current-mode operations. Figure 16 and Figure
17 show the simulated THD values of the output signals. As
can be seen from these figures, as the frequency increases,
the THD values decrease from 5 % to 2.00 % for V,, and

from 5 % to 2.94 % for V,, at the frequency of 3.24 MHz.

In current mode operations, THD values remain below 4 %,
and at the frequency of 3.15 MHz, they reduce to 2.15 % for
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l,, and 1.82% forl,,. However, these values can be

reduced by using AGC circuit.
Lissajous pattern, which indicates the

Vo1

Vo2
0,5

0,4

0,3

0,2

0,1

relationship
between the two quadrature voltage outputs of the oscillator,
is given in Fig. 18. From this pattern, the measured phase

error between the two output signals does not exceed 2.5 %
in the tested frequency range. Figure 19 shows the
fluctuation of phase error percentage versus oscillation
frequency.

S
d)
e
2 0
2
3
< -0,1
-0,2
-0,3
-0,4
-0,5
100 100,4 100,8 101,2 101,6 102
Time (us)
Fig. 10. Steady state waveform of voltage outputs at 3.24 MHz.
0,4
Vo1
Vo2
fosc=3.24 MHz
03 THD: Vo1: 2.00 %
Vo2: 2.94%
=
[
©
3 0,2
=
=
£
<
0,1
o J &_ AL
2E+06 4E+06 6E+06 8E+06 1E+07
Frequency (Hz)
Fig. 11. Frequency spectrum.
3,6
——— Simulation
—— Theoretical
32
z 2,8
£
2,4
2
0,6 0,65 0,7 0,75 0,8 0,85 0,9

Fig. 12. Frequency tuning by MOSFET gate voltage.
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Fig. 13. Steady state waveform of current outputs at 3.15 MHz.
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VI.

In this article, a new electronically tuneable MOS-C third
order oscillator and a biquadratic filter, which are using all
grounded passive components, have been presented.
Voltage-mode second order LP, HP, and BP filters using
CClls and current/voltage mode third order quadrature
oscillator using MOCCIIs are synthesized from the
proposed topology. PSPICE simulation has been done to
evaluate the proposed circuits’ performance and it is
confirmed that the simulation and theoretical analysis results
are in good consistency. Through MOS-C implementation
and using all grounded components, the proposed filter and
oscillator circuits are both compatible with integration.
Passive component sensitivities are shown to be lesser than
unity for both oscillator and filter circuits. Condition of
oscillation and oscillation frequency can be electronically
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controlled independently. Electronic tuning of the
oscillation frequency by MOSFET gate voltage is
demonstrated for a tested frequency range in both voltage-
mode and current-mode operations. By taking the resistor
values equal, the oscillation frequency can be easily tuned
via a single control voltage. Taking into consideration the
0.18 um CMOS process parameter set, in the range from
0.6V to 0.9V of the control voltage, the oscillation
frequency is precisely tuned between 2.21 MHz and
3.24 MHz in voltage-mode and between 2.13 MHz and
3.15 MHz in current-mode operations with quadrature phase
error less than 2.5 %. In the tested frequency range, THD
values remain below 5 % for voltage outputs and below 4 %
for current outputs. It is measured that THD levels decrease
to 2.00 % for V,, 2.94% for V,,, 2.15% for 1,, and

1.82 % for I,,. However, these values can be significantly
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reduced by using AGC circuit by external means.
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