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Abstract

This paper brings a novel design for the realization of
sinusoidal quadrature oscillator without any external
resistor. The proposed circuit uses a recently developed
advance building block (AAB) termed as Extra-X Current
Controlled Current Conveyor (EX-CCCII) along with
traditional capacitors that hold the features of the
sinusoidal oscillator. Oscillator topology is free from the
external resistor because of the intrinsic resistance present
in EX-CCCII and grounded capacitors in it gives a
flexibility for the monolithic integrated circuit (IC) design.
The theoretical observation of the proposed design is well
simulated with PSPICE. Also, the legitimacy of the
proposed oscillator is proved by utilizing 0.25 micron
CMOS technology.

Keywords: EX-CCCII, Quadrature Oscillator, Monte
Carlo Analysis.

1. Introduction

The wide protrusion of current-mode active elements has
accomplished new dimensions in the field of analog signal
processing. The high-performance activity of these current mode
active circuit, especially in terms of their low power consumption,
better dynamic range, low supply voltage, high slew rate, wide
bandwidth, and much more are acknowledged in comparison to the
well-known voltage mode operational amplifier (Op-Amp) [1]. After
successful development of current conveyor by Sedra and Smith [2]
have prompted a technology-specific approach for the design of
analog active circuits. Then after, successive development in that
field over last three decade have made growing advancement in
analog blocks such as CCCIl, OTRA, CDBA, CCCCTA,
DVCCTA,and many more [3]. Among the above advance active
blocks CCCII is an extension of CCIl and provides an extra intrinsic
resistance at port X as Rx [4]. This simple intrinsic resistance
minimizes the passive component in a circuit. Some paper that
specifies the speciality of CCCIl in various analog processing
circuits are enriched in literature as active filter [5], oscillator [6]and
many more. More recently, EX-CCCII [7] may be considered as an
extension of CCCII that gives an extra X port in comparison to
simple CCCII port X1 and port X2. This development contributes
extra facility in terms of extra intrinsic resistance in a circuit that
exhibits electronically tunable property similar to CCCII.

In current scenario, oscillators are widely used in function
generator for electronic communication systems, phase locked loops,
in instrumentation [8] etc. In the early phase, a number of popular
oscillator circuits based on the active operational amplifier (OP-
Amp) with RC combinations have been developed but the
operational activity is limited to low frequency operation and
electronically tunability. From literature evaluation, it is analyzed
that lots of oscillators have been developed using analog building
blocks (ABB) such as DO-CCII [9], CDBA [10], CDTA [11] etc.
which does not exhibit the electronically tunability property.

The objective of this paper is to realize a resistor free sinusoidal
quadrature oscillator using a newly advance active block named
EX-CCCII. Oscillator circuit uses two number of EX-CCCII and
external grounded capacitors each. The proposed oscillator is free
from external resistors and has electronically adjustability for cut-
off frequency and condition of oscillation via the bias current
present in EX-CCCII. Some important analysis such as non-ideality
behavior, Monte Carlo simulation, and percentage Total Harmonic
distortion (% THD) are well reported using PSPICE simulation.

2. Circuit description and its analysis

The CMOS implementation of a six terminal EX-CCCII [7] and its
circuit symbol are illustrated in Figure 1 that follows the port
equations in matrix form as:

Iy | [0 0 0 0 O]V
Ver| |1 Ry 0 0 0l
Vso |=]|1 0 Ryp 0 0f Iy 1)
| [0 1 0 0 0|Vy
| [0 0 1 0 0fVy

Where Rx1 and Rxz be the intrinsic resistance developed at port X1
and Xz respectively and electronically tuned by the biasing current
(lo) of the EX-CCCII. The circuit design follows two intrinsic
resistances in EX-CCCII that closely resembles each other similar
to CCCIl. The mathematical expression of Rx1 and Rx2 may be
expressed as:

RXL=RX2 =RX =—— 1 @)
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Here, the intrinsic resistance (Rx) depends on bias current.
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Figure 1: Representation of EX-CCCII (a) CMOS implementation (b) Circuit
symbol

The proposed quadrature oscillator circuit employing EX-CCClls
and capacitors as shown in Fig. 2 and suitable for monolithic
integration due to the grounded capacitors and absence of external
resistors. It also exhibits quadrature current output at port Z3+ in EX-
CCCII (1) and port Z2+ in EX-CCCII (2) respectively.
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Figure 2: The proposed EX-CCCII based quadrature oscillator

The proposed quadrature sinusoidal oscillator circuit as shown
in Fig. 2 yields the following characteristic equation as:

$?C1CoRx12Rx21+SRx12(C2 ~Cp) +1=0 ®)

The extra X- terminal intrinsic resistance of EX-CCCII can be
viewed in the following manner:

Rx11 = Rx21 = Rxa is the intrinsic resistance (for either of the two X
terminals) for EX-CCCII (1) and can be tunable by bias current loa.
Rx12 = Rx22 = Rxz is the intrinsic resistance (for either of the two X
terminals) for EX-CCCII (2) and can be tunable by bias current loz.
Then, Equation (3) can be modified as

2,,(C2-C) | 1 0

s -
CiCoRxo1  CiCrRx1oR %01

4)

The modified characteristics equation for the quadrature oscillator
given in equation (4) gives the following necessary conditions for
oscillation:

FO:fy = ! (5)
2ITYCCoRx12R %21
CO:C; > C, if Rxi2=Rxa1 (6)

The above expression for FO and CO enjoys the tunable property due
to two separate bias currents of EX-CCCII. In addition, the two
quadrature current outputs are procured as laand Iy and these current
outputs are associated as la = lp (jQ0C2Rx22). Finally, the variation of
frequency of oscillation with respect to the frequency parameter
(Rx1, Rxz, C1, and C2) is judged through sensitivity analysis and the
obtained results are low as given in equation (7):

S{Q C -1

1.C2.Rx12RX21| 2

U]

3. Non-ideal analysis

The actual behavior of EX-CCCII may deviate from the ideal port
relationship given in equation (1) and transformed in terms of non-
ideal parameters such as current transfer gain (o) and voltage
transfer gain (B) [7]. The non-ideal port characteristics of EX-
CCCIlI can be expressed as:

Vi1 =BiVy +Ix1Rx1

V2 =BiVy +Ix2Rx2
Iy =0, Iz = aylxs, 122 = aplxa ®)
Where, (B1, B2) represent the voltage transfer gains for Y
terminal with respect to X1 and X2 terminals respectively and (o,
az) represent the current transfer gain as a ratio of current gain as
Ix1/lz1 and Ix2/1z2 respectively. Also, the numerical value for o and
B can be written in terms of (1-&) and (1-ev) respectively where &i
and &v be the current tracking error and voltage tracking error with
values |ei [<< land lev|<< 1 respectively. By considering the non-
ideal port characteristics of EX-CCCII, the obtained characteristics

equations for the proposed oscillator becomes

$°C1CoR 1 2R x21 +SRx12(Co —BoCy) +PB1 = 0 )
Thus, the new oscillation parameter can be modified as per the
nonideal parameter as :

CO: B2C1 > C2 (10)

FO: 1 f# (11)
2ITV CiCoRx15Rx21

Where Rx12=Rx21
Equations (10) and (11) clearly show the significance of voltage
transfer gain (B1) as a non-ideal parameter that affects the
oscillation behaviour. Finally, the sensitivity for frequency of
oscillation incorporating the non-ideal parameter (B) gives

sfo -1

= |sfo _1

C1.C2.Rx12,Rx21| —

It means that the active sensitivities with respect to voltage transfer
gain are well within acceptable limit that is less than unity.

4. Simulation results

The current mode electronically tunable quadrature oscillator
employing EX-CCCII is simulated using PSPICE with 0.25 micron
TSMC technology. The symmetrical DC control supply voltages for
EX-CCCII uses £1.25V and the corresponding aspect ratio of MOS
transistors used in it is given in Table 1.

Table 1: Aspect ratio for MOS transistors

Transistors W (um) L (um)
M1-M3 10 0.5
M4-M6 16 0.5
other NMOS 6 0.5
other PMOS 10 0.5
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The proposed circuit is designed with the following component
specification: C1 = 220 pF, C2 = 190 pF, Rx1 = Rx2 = Rx = 0.819 kQ
and lo1 = 85pA, Toz= 70pA. The simulation results for the frequency
of oscillation of the proposed quadrature oscillator attains a nearby
value of the theoretical frequency of oscillation as 1IMHz. Moreover,
the Lissajous pattern is shown in Fig. 3 that confirms output current
waveforms with a phase difference of 90°. Figure 4 shows the time-
domain perspective of the acquired quadrature current waveforms
and the corresponding frequency domain representation of current
outputs are shown in Fig. 5. %THD variation with bias current is
shown in Fig. 6 to judge the quality of output. Figure 7 shows the
Monte Carlo simulation of proposed oscillator circuit by taking
results of 15 runs with 5% tolerance The scattering of samples over
the different amplitude of output currents ( la and Ip) are clearly
examined using histogram. Apart from this, the total power
dissipation of the proposed EX-CCCII based quadrature oscillator in
simulations is approximately found as 6.03 mW.
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Figure 3: Lissajous curve for proposed oscillator
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Figure 4: Quadrature current output waveform
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Figure 5: Frequency spectrum of oscillator output (a) 1. (b) I,
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Figure 6: % THD variation with bias current
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Figure 7: Monte Carlo simulation output (a) histogram (b) waveform

Finally, a comparative study of existing oscillator with the proposed
one is illustrated in table Il in terms of various parameters such as
number of passive and active components, mode of operation,
frequency of operation and %THD.
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5. Conclusion el

Electronically tunable current-mode quadrature sinusoidal oscillator
using EX-CCCllIs and grounded capacitors without external passive
resistor is introduced in this paper. The oscillator produces two
sinusoidal signals with phase 90° phase difference. The designed
oscillator circuit produces the following features:

i) Sinusoidal quadrature current outputs.

ii) Only grounded capacitors for oscillator realization.
iii) Uses low supply voltage and less power dissipation.
iv) Oscillation parameters are electronically adjustable.
v) Acquires low values of sensitivities.

The viability of circuit is verified through PSPICE simulations that
satisfies the theoretical observations
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