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Low-Power CMOS RC Oscillators

Based on Current Conveyors
J. Popovi¢, B. Nikoli¢, K. W. Current, A. Pavasovi¢, D. Vasiljevié

Abstract - Experimental results for new low-power, teliable
stari-up CMOS RO oscillatows are presented. The oscillators use a
modifiecd  Fabre-Neormand  translinear  current  conveyor.
Measurements show reliable oscillation start-up for power supply
voltages that range from 1.5V to 5V with curtént Gonsumprtion
from H}0nA &0 1.2mA, respectively, Oscillation frequencies up to
S3MIIy, have been observed in citenits Tabricated in a modest
2um CMOS technology.

‘1. INTRODUCTION

RO oscillators based on current conveyors have
received substantial attention in the past decade [1]. Many
descriptions of harmonic RC oscillator circuits with current
conveyors can be found in the open literature [2, 3, 4, 5).
The circuits vary by the number and type of current
conveyors and by number of used passive components.
Wien’s oscillator with the current conveyor of the second
type, whose oscillating lrequency can be changed by
changing of appropriate current in the range from 20MHz
do 90MHz, is deseribed in [6]. The cirenit is implemented
in 2um BiCMOS teclmolegy. Al supply valtage of 5V, the
power consumption is S0mW  at S50MHz, and 70mW at
80MHz.

By using translinear cwrent conveyors, 1.¢. <urrent
processing of signals, wide bandwidth and large
amplification are achieved. A harmonic oscillator civcuit
coniaining two tranlinear current comtrolled cwrent
canveyors of the seccond type implemented with bipolar
ansistors is described in [7]. The simulation results at
supply voltage of +£2.5V and polarization current of
[00 pA, show lhat maximum oscilfating frequency is
around { Mz,

The first relaxation osciliator with Fabri-Normand
translinear current conveyor of the sccond type is described
in [8]. If is a crysial oscillator whose active part is
implemented using discrefe bipofar transistors, and whose
bandwidth is around 100 MHz,

The characteristics of oscillators implemented with
discrete bipolar transistors are much better than those with
diserete MOSFETs [8). The maximum repotted frequensy
of CMOS oscillators is an order of magnitude lower than
that of bipolar oscillators, The reason of this poor
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performance of CMOS oscillators was that the discrete
CMOS transistors used had very wide channels. The input
capacitance of such transistors is large and it significantly
reduces the frequency yange of the cireuit. This problem is
overcome by implementing the oscillators as integrated
circnits {9]. A short description of one kind of such
oscillators will be given, followed by simulation and
measurement results,

1[. THE RC RELAXATION OSCILLATOR MODEL

The three maiir patts of the relaxation oscillator model
(Fig. 1) are; the active part with the parasitic elements, the
bias circuit and the timing circuit. The active part of the
circuit is the negative impedance converter. It determines
the osciliator characteristics and conditions for the timing
network operation {10}

Figure 1. Oscillator with current conirolied NIC.

The current-conirolled negative impedance converter
{(NIC) is a two-port system which has an “N» shaped
cutrent-voltage characteristics: v==g(i) (Fig. 2). For smail
currents, the circuit images the resistance £ (rom one port
info a negative resistance -R, of approximately same
absolufe value on the other port. The characteristic can be
easily adjusted to pass throngh the coordinate origin and
there is no need to use additional biasing circuitry for
placing the quiescent operating point, as is the case in some
other ascillator implementations [8).

A capacitive timing network is connected on fthe
opposite NIC port from the resistor R The capacitive
timing network allows quick, step cwrrent changes, while
the voltape is conlinuous. The NIC parasitic input
inductance L,, of an arbitrarily small value, provides fast
changes of relaxation oscillator states {10]. Tor
convenience, it is taken out of the NIC two-port and shoewn
at the NIC input (Fig. 1). The other parasitic elements, even
if present, can be neglected, since they are lumped by the

691



comparatively  mwieh  larger  capacitance . The |
characteristic equation of this oscillator is [10]:
1 1
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Figure 2. Cument confrolled NiC current-voltage
characteristic.

The static characteristies of the NIC cireuit can be
apptoximated by linear segments of appropriate slope in ke
characteristic inlervals of the conteal cucrent values (Fig.
2). The quiescent point of this system is at the coordinate
origin, and the fivst derivative of ¢f in the neighborhood

of fthe coordingte origin - should be  constant:
@'} = —R,, = const. Then the solutions of (1} are:
" (n
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Since the real part s always positive (R, , L,»0), the
condition for escillation build-up is always satisfied and
does nol depend on the values of the citouit parameters.
The spoed of the oscillation build-up depends on, and thus
ean be controlled by, the value of the imaged negative
registance K,, and consequently by the wvalue of the
registance R at the NIC input. By increasing R, the speed of
the oscillations build-up is increased, but the other
performances of the osciilators are degraded.

The imaginary part of the solutions (2) shows that,
depending on the values of the eircuit parameters, there can
be two Lypes of the osciliation build-up. [ the condition:

Ly @

| i
Ve

is satisfied, the solutions (2) arce real and different. In the
phase plane (i.v}, the operating point is moving on the strait
line from the ceordinate ovigin until the point where the
curtent ¢t voltage are limited by the circuit static
characteristics, The trajectory of the operating point during
the star-up of oscillations is shown on Fig. 2, The system
limit eycle is reached after the first full cycle.

R, >

The secand type of oscillation build-vp is present when
the solutions (2} are complex, i.e. when condilion (3) is not
satisfied. The quiescent poiut in that case leaves the
coordinate origin on a spiral trajectory, and stays an it until
the current and voltage values reach the valucs determined
by the turning points of the characteristics v=gy1), when the
iimit cycle is then reached.

The frequency of osciliation is determined by shape of
NICs static characteristic and value of capacitor ¢ in the
timing network [10],

. MopiFiEn CMOS CURRENT CONVEYOR

The Fabre-Normand current conveyor [11] has a larpe
bandwidth and simple CMOS circuit implementation. NICs
baged on the Fabre-Normand corrent conveyor are suitable
for the design of the active part of relaxation oscillators
which are easily implemented in standard IC technology,

We odified the original Fabre-Normand curreni
conveyar for law-veltage, low-power opoeration [12]. The
criginal Fabre-Normand circuit consists of a translinear cel!
compnsed of two improved Wilson current mirvors [11]. To
provide low-voltage, low-power operation, we replased
improved Wilson with simple current mirrors without
affecting the circuit functionality [9]. The rosuiting RC
oscillator is shown in Figure 3. In general, when the
operating voltage is lowered, the problem of the start-up of
oscillations can be aggravated [13]. However, the proposcd
citcuits have a reliable start-up even with very low supply
voltages, since the oscillations startup is based on negative

resistance.
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Figure 3. RC oscillater with modified Fabre-Normand
circuit,
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ligure 4. Die phelo of the test chip, showing 13 osciliator
circuits separated by guard rings.

V. TeSTCHIP

The test chip (IFigure 4) was fabricated using a standard
MOSIS 2pm  n-well double-poly  two-metal CMOS
technology. The chip contains thirteen oscillators realized
with three types of Fabre-Normand clreuits (Table 1). Type
| oscillators are based on the original Fabre-Normand
circuits and are thus not suitable for operation with low
supply voitages, Oseillators of types 2 and 3 are based on
modificd Fabre-Normand circoits that differ from ecach
other in their trunsistor sizes.,

I order to minimize the random transistor mismatch
and to achieve the maximal oscillating frequency, the
design and [ayout are based on unit transistors: 16pm wide
and 2pum long in type 1 and 2 oscitlators, and 8um wide and
2pm tong in type 3 oscillators. Matched transistors are laid
out in an inferdigitized and common centeroid format, Each
graup of p-type transistors in the same oscillator is placed
in a separate well to minimize the mutual interference, One
oscillatar of the eagh type had separated power supplics for
the power consumption measurement. ‘The other oscillators
with common power supply pins are separated by the use of
two n- and p-conmtact guard rings. In order to obtain a
complete set of aperating data, each oscillator type is
implemented with and without the on-chip biasing circuitry
and timing capacitors. Two cells are setup to allow
characterization of the current conveyor.

The circuit realization of these oscillators reguires
implementation of twa resistors {Ray,, and R), with values
in the order of k€2, Tor the resistor R, which determines the
slope of the NIC static characteristic, a passive
implementation was chosen to provide characteristic
linearity. The resistor Ry, in some oscillator circuits is
implemented using an MOS transistor with the gate at the

midpoint potential between the power rails. The load
resisior shown in Figure 3, R is always cxternaliy
connected.

In a fully monolithic realization of a CMOS RC
oscillator, the accuracy with which the oscillation frequency
may be set depends upon the accuracy of realization of the
values of R and C. Capucitor realization is sensitive to
underetch effects and oxide thickness. To minimize these
effects, our capacitors are realized with combinations of
unit paly-puly capacitences of nominal 1pF value.

o

Ose.j N Va | W, W,  J— Idd
type| eireuit | [V] | [pm] | [pm] | [MHz] | [mA]

1 Joriginal| 35 132/160)80/400} 34.60 15
|— —

2 odif. 2.3 32 80 35.6 0.36

- HodIL 4 5 549 | 246
, 1.5 8 16 0.1 100nA

3 | modif. | g aat | 124

Table }: Implemented oscillators (R, = 10 kQ).

V. SIMULATION AND EXPERIMENTAL RESULTS

Oscillators performances ave summarized in Table !,
Our focus is on type 2 and 3 oscillators, because the type-|
oscillator requires a rvelatively high supply voltages (+4V)
for proper operation. [I;, versus frequency is shown in
Figure 5.

Measurcments agree within 10% to values predicted by
simulations. The measured frequencies are about 0%
higher than simulated, as shown in Figure 6., possibly due
to low capacitance values,

Idd [mA]

-—0-~  mahsurad
simulgted

£ [MHz)

Figwre 5, Current consumption vs. frequency for the
oscillators of the type 2 and 3.

Four oscillators were realized without on-chip timing
capacitors. An exiernal timing capacitor is used to set the
oscillation frequency. Fipure 6.b shows the dependence of
the oscillating frequency from the external capacitance, for
three supply voltages. The parasitic impedances at the pins
limit the operating frequency for this configuration.

693



fIMHz)

Solid: measured
Daited: simufated

osc. type 2 )
—'-r—‘_! ..‘|....-|
i
0s¢. type 3
It
e - FIT o
Vdd [V]
) . , | P
15 40 5 N
a)
f {MHz]
a -
[ Sulid:  VidagY
Dashad: Vaaus v

a0~ Potied: \Vdi=2,8Y

< {pF]

Figure 6. a. The oscillating frequency vs, supply voltage
for the osciltators of type 2 and 3.
b. Osciliating frequency vs. external capacitance
for diflerent supply voliages.

V1. CONCLUSIONS

In comparison to other IC realizations of oscillators
with current conveyors, the oscillators presented here have
significantly smaller current consumption and similar
operating frequency range. Realization of these circuits in a
submicron technology should provide much wider
frequency range and lower power consumption, The
oscillators presented here should perform comparably to the
fagtest reported when realized in a finer resolution
technology. As opposed to this fype of negative resistance
uscillator, most recently reported oscillators are feedback
lype.
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