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Oscillators Cover
Mulfiple Bands

THIS NEW CLASS OF OSCILLATOR SYNCHRONOUSLY GENERATES THE
SIGNALS NEEDED FOR MULTIPLE-BAND, MULTIMODE COMMUNICATIONS
WITH AND WITHOUT SWITCHING RESONATORS OR USING MULTIPLIERS.

1. This reconfigurable
oscillator

SCILLATORS ARE critical to modern communications. They must pro-

vide clean, reliable signals for tuning radios, with repeatable tuning, but

without consuming too much power. Oscillator designers are now be-

ing asked to do more for less, as more functions and frequency bands
are being packed into electronic communications products such as cellular tele-
phones and wireless-local-area-network (WLAN) devices. Next-generation wire-
less communications ideally will offer the frequency agility to cover multiple fre-
quency bands and This can be i using
multiple oscillators, each with their own frequency tuning ranges.

Alternately, as the source designers at Synergy Microwave Corp. (www.syner-
gymwave.com) have discovered, itis possible to construct a single reconfigurable
concurrent oscillator (RCO) with the frequency coverage of several voltage-con-
trolled oscillators (VCOs). Synergy's RCOs can support several radio bands (Hg

1). They provide the of separate tunable osci with si
ly reduced size and power to separate oscil foruse
in multiple-band, multi wireless ications systems.

Efforts to miniaturize wireless communications hardware have led to com-
pact radio designs with tunable oscillators, such as VCOs, to cover a number of
different frequency hand< However, tunable oscillators typically exhibit trad-
eoffs between ph and power ion. Attempts to
develop multiband VCOs with low phase noise often yield large, power-hungry
circuits. Numerous techniques take aim at compact source solutions for multi-
ple-band radio designs, including switching among separate VCOs, using inter-
modal multiple-frequency circuits, or switching among multiple resonators. But
they are inevitably large, or power hungry, or demonstrate poor phase noise.!2”

For example, switched resonators suffer from the resistive and capacitive
parasitic circuit elements associated with the switches. Mode switching has
been used to select among multiple oscillation modes of resonant circuits; it is
utilized in ways that the losses and nonlinearities of the switches do not impact

(RCO) can produce mul-
tiple signals for multiple
radio bands.

the steady-state and ph: of the But this ap-
proach does not mvolve concurrent generation of signals, and is limited in terms
of achieving reduced source size, power consumption, and design cycle time.
Traditi band-select sources have i multiple VCOs, or
other tunable oscil but any band-selection switch inevitably degrades the
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performance of this type of multiband source.

In Synergy Microwave Corp.’s new approach, multiple-band
signals are generated concurrently, available for use as needed
(Fig. 2). This new class of oscillator (Fig. 1) uses higher-order
multicoupled planar resonators (MCPRs) to synchronously
generate different frequencies for different bands (and differ-
ent applications). It works without multipliers or switching from
among resonators and/or oscillators. This allows for reduced
complexity, size, and power consumption compared to other
multiple-signal-generation methods, as well as for excellent
phase-noise performance (Fig. 3).

What kind of communications device can benefit from such
a multiple-signal source? WLANs are among the most popular
of wireless applications in home and office environments, op-
erating within different frequency bands—notably, within the
Industrial-Scientific-Medical (ISM) band from 2.40 to 2.50 GHz
and various bands from 5.15 to 5.85 GHz. A WLAN radio capa-
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2. The RCO source approach can be used when multiple
concurrent signals are needed, such as from 2 to 4 GHz and
from 4 to 8 GHz.

C

p generate periodic
a single and its
signal components. Tunable oscillators based on higher-order
resonators can provide multiple modes of oscillation and can
generate multiple, i either i
or simultaneously.'*'¢

A single-output tunable oscillator is a good starting place to

ble of operating within both bands might work with

design a multiple-band oscillator. A singl tunable

VCOs, although a more fully i radio design
would be based on a single signal source capable of covering
both bands, such as an RCO.

The basic principle of a multimode radio is to process two or

ignals of differing t the same time, usi I

one transmit/receive signal-processing chain. Figure 4 shows a
frequency plan for a dual-band, 2.4-GHz/5-GHz WLAN trans-
ceiver system.? It is based on a single 8-GHz VCO with a divide-
by-two divider in a frequency synthesizer to generate a 4-GHz
signal. This is followed by divide-by-four divider to reach 1 GHz.
These in-phase (I) and quadrature (Q) signals are mixed in a
quadrature single-sideband (SSB) mixer to produce the 5-GHz

gl
oscillator i a tuned second-ord
resonator network to generate a signal at a desired frequency.
It employs an active device, such as a bipolar transistor, termi-
nated in a parallel or series inductive-capacitive (LC) resonant-
tuned circuit. A parallel LC resonator network exhibits a high
parallel resistance (or anti-resonance), while a series LC reso-
nator network provides a low series resistance (or resonance).
Such a design will inevitably be limited by the capabilities of the
transistor, the electrical contributions of its package, and the
large change in capacitance needed to tune the oscillator over
abroad frequency range.

A multimode, multiple-frequency oscillator will require
more than a simple parallel

signal which is further di-
vided to obtain the additional b LC network and an active de-
2.4-GHz signal. = sana #2410 G | — 4r700res || | vice: An oscillator circuit that
This approach requires — 61232005 can produce two simultaneous
multiple buffer, divider, and § -80 —— Teeite must be capable of
filter stages to produce signals ; simultaneous negative resis-
for a dual-band WLAN radio. % Rl tance values at two distinct fre-
The multiple signals could g Band #1 (2 10 4 GHz) quencies, ?nd a higher-order
also be generated by starting é resonator is needed for that
with lower-frequency signals -140] purpose. The order of the reso-
and adding multipliers. But nator is dependent upon the
in cases where quadrature -160 number of different frequency
frequency converters are . signals/bands desired. Where-
used, multiplication is rarely as a simple second-order reso-
used for the final stage of & @ & @‘-9 §§ $§ @ nator network produces one
frequency conversion, given Ofloet roquency—te frequency, a fourth-order reso-
the difficulty of working with v

differential outputs at higher
frequencies.

3. The multiple-signal oscillator approach cuts power
and size without sacrificing phase-noise performance.

nator network can produce two

The trick in designing such



MULTIPLE-BAND VCOs
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4. This frequency plan produces multiple WLAN signals from a single 8-GHz VCO.

an oscillator is learning the values of nega-
tive resistance needed to support the mul-
nple separate frequency bands, and ﬂus

prototype was assembled to generate
two synchronous bands. The oscillator’s
fourth-order resonators were realized by
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6. An oscillator with fourth-order resonators
can generate multiple simultaneous output
signals.

cillation range (2.45 to 2.65 GHz) than
the higher-frequency mode (4.85 to 5.25
GHz) With lhe assistance of commercial

can be found by
network analysis. Such analysis contrib-
uted to the design of the multimode, mul-
tiple-frequency osullamr unveiled in Fig.
1. The patent-p g multiple-freq

two parallel d-ord
resonators in the base of a bipolar transis-
tor (Fig. 1). The RCO was designed with a
layout (Fig. 7) that can be fabricated with

cy oscillator incorporates metamaterial-
based fourth-order resonators (Fig. 5).
An oscillator with a high-order (>2)
resonator can achieve multiple stable
modes of oscillation and generate multi-
ple resonant frequencies. With a suitable
nonlinear active-circuit topology and the
necessary resonator component values,
a higher-order oscillator can provide
more than one resonant frequency. For

standard i it (IC) technolo-

(CAE) soft-
ware, different performance parameters,
such as phase noise (Fig. 8), were simu-
lated for the two-frequency oscillator. The
required inductance values were synthe-

gies, using  higher-ord
for multipl fr

quency operation. It can be tuned across
two different frequency bands, such as
245 to 2,65 GHz and 4.85 to 5.25 GHz,
with a considerable reduction in power
consumption and size compared to sepa-
rate switched VCOs.

Intuitively, higher inductance values
are needed for the lower-frequency os-

sized by ij g a tuning capacitor
across the resonator network at the base
of the bipolar transistor, achieved in such
a way that the tuning capacitor provides
the required negative resistance and re-
actance (inductive or capacitive) at the
emitter terminal of the transistor over the
operating bands of interest.

The filters employed in the multimode
oscillator are meant to assist with mode

example, a tunable oscillator with
fourth-order resonator can gener-
ate either or both distinct frequen-
cies ; and o, together (Fig. 6).
Such an oscillator can be assem-

[

bled by two inductors
of different values at the base of
an oscillator transistor, such as a
bipolar transistor, to establish the
conditions required for simultane-
ous sustained oscil

[

4

=

leakage, such as when the oscilla-
tor circuit oscillates in dual modes.
‘The amount of mode leakage from
a given design will depend on the
spectral selectivity of the succeed-
ing filter for that portion of the cir-
cuit as well as the design require-
ments for the oscillator.

The phase noise of the fourth-
order oscillator, when generating
only one of its resonant frequen-

To validate the multiple-

5. The multiple-frequency oscillators employ higher-order,

frequency oscillator concept, a metamaterial-based resonators.

cies, is comparable to the phase
noise of a second-order oscillator
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MULTIPLE-BAND VCOs

Dual-band oscillator

Phase noise—dBc/Hz
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Mode 1: 2450 10 2650 MHz

| 3
Single-mode fixed frequency: 1250 MHz

Model 2: 4850 to 5250 MHz

7350 MHz
(higher order spurious mode)

8. CAE software tools were helpful in si

parameters of the dual-frequency oscillator

plot of phase-noise performance.

7. This layout was used in the fabrication of
a prototype dual-frequency oscillator.

using the same active topology and reso-
nator quality factor (Q).

But compared to commonly used
switched resonator oscillators, the fourth-
order oscillator has better phase noise
and/or higher tuning range in VCO
implementations. The measured phase
noise of the prototype source is typically
better than -120 dBc/Hz offset 1 MHz
from either carrier range (Fig. 9).

The multiple-band oscillator requires
only +5 VDC and 20 mA bias, and deliv-
ers +3 dBm typical output power over
both frequency bands. For multimode,
multiple-frequency-band wireless equip-
ment, this one source may be the match
of many VCOs. Wik
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designs, such as this

the per

9. The measured phase noise of the prototype source is typically

better than ~120 dBc/Hz offset 1 MHz from either tuning range.
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