LY Turk J Elec Eng & Comp Sci, Vol.19, No.2, 2011, © TUBITAK
TUBITAK doi:10.3906 /elk-0912-11

New SRCO with explicit current-mode output using two
CCs and grounded capacitors

D. R. BHASKAR', Kasim K. ABDALLA', Raj SENANI?
! Department of Electronics and Communication Engineering,
F/0 Engineering and Technology,

Jamia Millia Islamia, Jamia Nagar, New Delhi-110025, INDIA
e-mails: bhaskar.ec@jmi.ac.in, kasim43@yahoo.com
2 Division of Electronics and Communication Engineering,
Netagi Subhas Institute of Technology,

Sector 8, Dwarka, Delhi 110078, INDIA
e-mail: senani@nsit.ac.in

Abstract
A new Grounded-Capacitor Single Resistance Controlled Sinusoidal Oscillator (SRCO) with explicit
current output using two Current Conveyors (CCs) and five passive elements is presented. The proposed
circuit offers (i) independent control of condition of oscillation and frequency of oscillation, (ii) low active
and passive sensitivities, (i) use of both the grounded capacitors (suitable for IC implementation) and (iv)
reasonably good frequency stability. The workability of the proposed configuration has been confirmed by the
PSPICE simulations.
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1. Introduction

Single Resistance Controlled Sinusoidal Oscillators (SRCOs) find numerous applications in communication,
control systems, signal processing, instrumentation and measurement systems; see [1-3] and the references cited
therein. SRCOs with explicit current-mode output may be employed as test signal generators for the testing
of various current-mode signal processing circuits (e.g. current-mode filters, current-mode precision rectifiers,
etc.) which would otherwise require an additional voltage-to-current converter circuit when tested by using

conventional mode oscillators.
Among various types of SRCOs, those which employ only two CCs and two grounded capacitors along

with three grounded resistors (such as those in [4] and [5]) are particularly interesting because of the following
reasons: (i) grounded capacitors are attractive for IC implementation and (ii) grounded resistors facilitate
electronic control of oscillation condition and frequency of oscillation by replacing them with appropriate VCRs
realized by JFETs/MOSFETSs.

Although a few circuits of this kind have been proposed in the literature, they suffer from the drawbacks
of non-availability of explicit current-mode output and/or employment of more than two current conveyors [6]

and/or use of more complex form of CCs having multiple numbers of output terminals [7]. Some of the previously
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published oscillator circuits which are capable of providing explicit current-mode output either require more
than two active components (as in [8]) or employ two active components but need more number of passive
components (as in [9] and [10]) or do employ one active component of a more complex nature with a larger
number of terminals (see [11]) and requiring nearly as many transistors as two normal types of CCs. In this
communication, we present a new circuit, which by contrast, employs only two normal types of CCs and provides
explicit current output while employing five passive elements (namely, three resistors and two capacitors both
of which are grounded). A comparison of component counts of the proposed oscillator and previous work is
listed in Table 1.

Table 1. Comparison between various current-mode SRCOs.

Reference | No. of Active | Active Devices Grounded No. of | CM output
component capacitors only | Resistors

[4] 2 CCI & CCII Yes 2 No
5 2 CCI Yes 2 No
6 3 CCII Yes 3 No
[7] 2 CCCIIL Yes - No
[15] 1 CC-CDBA No - Yes
16 2 PFTFN Yes 4 Yes
17 3 DO-CCII Yes 2 Yes
[18] 2 CCII+ No 4 Yes
Proposed 2 CCI & CCII Yes 3 Yes

2. Proposed circuit

The proposed new current-mode SRCO configuration with explicit current output is shown in Figure 1. (In

the following, we refer to labeled block within the figure.) Assuming the CC+ is characterized by the tansfer

matrix
Iy 010 Wy
Vs |=11 0 0 Ix |, (1)
Iz 010 Vz
and CCy- is characterized by the transfer matrix
Iy 0 0 O Wy
Iz 0 -1 0 Vz

a routine analysis of the circuit reveals the following characteristic equation:

Crs( L (L, 1)y L)y ! =0 (3)
Cle Cl R, Rs CQRQ ClcQRQRg -
From this characteristic equation, when C7 = Cy, the condition of oscillation (CO) is

R1 < Rs (4)
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and frequency of oscillation (FO) is

1 1
Jo= 5\ CiCamRy ®)

Thus, it is seen that FO can be controlled independently by Re and CO can be tuned by Rj.
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Figure 1. The proposed circuit configuration.

3. Non ideal analysis

We consider the non-idealities of CC; and CCj; into account. Here, Vx1 = f1Vy1, B1 = (1 —ey), where
ey (ey << 1) denotes the voltage tracking error of port X1; Iy1 = 11Ix1, 11 = (1 —¢&;), where g;(g; << 1)
denotes the current tracking error of port Yi; Iz1 = ailxi, a1 = (1 —¢;), where ¢;(e; << 1) denotes the
current tracking error of port Z1; Vxo = $1Vya, 02 = (1 —ey), where ey(ey << 1) denotes the voltage
tracking error of port Xo; and Izo = —aslxs, as = (1 —¢;), where €;(g; << 1) denotes the current tracking

error of port Zs. The non-ideal expression for the characteristic equation is given by the relation

52+s< 1L mb (i + i) + o102 ) + o102 —o. ()

C1R3 1 R, Rs C3Ry C1CoR3R5 a
When ~18:Co = a1 82C1, the non-ideal expressions for condition of oscillation is found to be

Ry < v1p1R3, (7)

1) B
fo a 2 ClchgRg' (8)

From the above, the active and passive sensitivities of the non-ideal wg are given as

and frequency of oscillation is found to be

W Wo Wo Wo 1 Wo Wo 1 We We Wo
G =S =S =S =g St=Sp=5 Sy=Si=Sp=0 9)

The active and passive sensitivities of wg are found to be in the range f% < st < %, and the circuit thus

enjoys low sensitivities.
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4. Frequency stability

The frequency stability factor Sg is defined as [12]

Sp = lu=1, (10)

where u = w/w, and ®(u) denotes the phase function of the open loop transfer function of Figure 1. Sg can
be found to be
2y/n

SF:TL+].’ (11)

where C; = Co = C, Ry = R3 = R and Ry = R/n for this oscillator. Maximum Sp = 1 is obtained when
n =1. From (11) it is seen that Sr for the proposed circuit is at par with or better than most of the classical
oscillators (such as Wien bridge, RC phase shift, etc.)

5. Simulation results

To verify the validity of the proposed configuration, circuit simulation of the current mode oscillator has been
carried out using the CC (modified from CMOS DOCC;+) and CMOS CCy from [13] and [14], reproduced
here in Figures 2(a) and 2(b), respectively.
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(a) (b)
Figure 2. Current conveyor circuits: (a) CC; + modified from DOCC;+; (b) CCrr —.

PSPICE simulation implementation was based upon a CMOS CC; and CCy; in 0.35um technology.
Aspect ratios of the MOSFETSs are shown for CC; and CCy; in Table2. The SPICE model parameters used
are shown in Table 3.
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Table 2. Aspect ratios of MOSFETs CCy; and CCj.

MOS transistors W/L

M;— My 10 / 0.35
M, M 16 /0.3
M7, Mg , Miz  — Mg, Ma1- Moy, Ma7, Mag | 5/ 0.35
Mgo— Mi2, M17 — Masg, Mas, Mog 70 / 0.35

Table 3. SPICE parameters for level 3, 0.35 um CMOS process.

Parameters NMOS PMOS

PHI 0.7 0.7

TOX 7.9E-9 7.9E-9

XJ 3E-7 2E-7

TPG 1 -1

VTO 0.5445549 -0.7140674

DELTA 0 0

LD 3.16227E-11 5.000001E-13

WD 7.046724E-8 1.249872E-7

KP 2.055786E-4 6.733755E-5

uo 436.256147 212.2319801

THETA 0.1749684 0.2020774

RSH 0.0559398 30.0712458

GAMMA 0.5827871 0.4083894

NSUB 1E+17 1E+17

NFS 1E+12 1E+12
8.309444E+04 1.18551E+05

VMAX 0 9.999762E-4

ETA 0.2574081 L5

KAPPA ] 3.09E-10
2.82E-10

CGDO ] 3.09E-10
2.82E-10

CGSO 1E-10
1E-10

CGBO 1E-3 1.419508E-03

CJ 0.3448504 0.5

MJ 3 777852E-10 4.813504E-10

CJSW 0.5
0.3508721

ygSW 0.9758533 0.8152753

The CMOS CC; and CCj; were biased with DC power supply voltages Vpp= +1.5V, Vgg = —1.5V,
Vi = —0.44 V and Vo = —0.36 V. To achieve oscillator frequency f, = 1.591 MHz, chosen component values
were Ry = Ro= R3 =1kQ,C; = Cs = 0.1 nF. The PSPICE generated output waveforms indicate transient
and steady state responses are shown in Figure 3a,b. FromSPICE simulation the frequency of generated sine
wave has been found to be 1.502 MHz. The Total Harmonic Distortion (THD) of the output waveform was 3%.
The circuit had total power dissipation 5.6 mW and the maximum output power consumption about 0.1 mW
when the output loud resistance was 7 k(2.

Figure 4 shows the theoretical and simulation results of the oscillation frequency by varying resistance Rs.

Simulation results which confirm the theoretical analysis are obtained. All the results confirm the workability
of the proposed CM SRCO.
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Figure 3. PSPICE Simulation results of the proposed circuit: (a) the Transient waveform, and (b) the accompanying

output waveform.
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Figure 4. Variation of oscillation frequency with resistance Ra.

6. Concluding remarks

There are a number of configurations known in the literature which realize an SRCO with explicit current output

and grounded capacitors. But, such circuits usually require more than three CCs or else more complex forms of
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CCs possessing multiple number of output terminals. There are other CC; / CC; based SRCO using exactly
same number of active and passive components (as in the proposed circuit), such as used in [4] and [5], however
such circuits do not provide explicit current output. In light of this, the new circuit has clear advantage of
providing explicit current output while using only two normal kinds of CCs, both ground capacitors, a minimum
number of only three resistors and providing independent control of CO and FO. Of course, there are a number
of resistor-less SRCOs providing electronic control of oscillation frequency which overcome the drawback of three
resistors needed in the proposed circuit; for instance see [7] and [11]. On the other hand, completely-CMOS
version of the proposed circuit, providing electronic-tunability of the oscillation frequency, can be obtained by
replacing all the three resistors by CMOS voltage-controlled-resistors (VCRs); in which case, it should be noted,
the floating nature of frequency controlling resistor Rs creates no obstacles, since a number of circuits are now
available which can realize grounded as well as floating VCRs using exactly the same number of MOSFETSs
and/or other active components for instance (see [15-18]). With these modifications, the proposed circuit would

become capable of providing voltage-controlled oscillation frequency.
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