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Cover Feature

SINGLE DRO
RAPIDLY SWITCHES
THREE FREQUENCIES

A unique design selects multiple frequencies

with less than 2-ps settling time.

REQUENCY-agile radars
and electronic defense systems re-
quire fast-switching, fast-settling
signal sources for maximum effec-
tiveness. Fast signal switching 15
critical to system accuracy and

probahility-of-intercept perfor- |

mance: an oscillator’s failure to
provide the proper LO signal can
allow a threat to go undetected.

AP.S. KHAMNA, Senlor Mamber of the
Technical Staff, and R, SO0OHOO, De-
sign Engineer, Oscillotor and Filter
Products, Avantek. Inc., 3175 Bowers
Ave,, Santa Clara, CA 95054

2. This mulfifrequency
DRO design powers the
oscillater circuitry at all
fimes, relying on switch
rejection fo suppress un-
wanfed outputs.

In response to this need for agile,

| accurate oscillators, Avantek has
developed a series of multifre-

quency dielectric resonator oscilla-
tors that provide three discrete op-
erating frequencies from a single
housing., Thesze oszeillators, which

are available with operating fre-

1. Model DS0A-S136 is
an example of the ﬂilreev
frequency escillators in
the DSOA-S000 family.
The source provides oul-
put signals at 14, 13,
and 16 GHz with af least
+10 dBm oulput power.

quencies from 8 to 18 GHz, switch
rapidly, settling to a new frequency
in less than 2 ps.

A typieal souree in the DS0A-S000
series of multifrequency DROs i
model DS0A-9136 (Fig. 1), which op-
erates at 11, 13, and 16 GHz. The
output power at each frequency is
+10 dBm. The typieal settling
time—the amount of time before a
selected frequency is available at
full output power and final operat-
ing frequency—is 2 pa. In this time,
the source draws within =100 kHz
of the final operating frequency.
Output signals are relatively free of
single-sideband (S5B) phase noize,
with less than -80 dBe/Hz noize off-
set 10 kHz from the operating fr-
quency.

unigque to these multifrequency
DROs, nonselected frequency
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An important specification that is |



~ summarizing the DSOA-9000 series

Power requrements:

Weight
Crerating fernperature range

Frequancy range 8 to 18 SHz
Cutput power +10 dBm
Phase nolse —80 dic at 10 kHz offset from 12 GHz
Monselected frequency
feadthrough —o0 e (min.)
Setting time 2 ms to within 100 kHz of final frequency

+15 VDT (5 percent) at 300 mA
~ 15 VDT (5 percent) at 75 ma

Size 0.75 /1.6 /2410
B0 g
—54 to 4-85°C

feedthrough, is a figure of merit
that describes the signal leakage
from the unused DRO cirenits. In
the DS0A-9136, the specification is
better than -90 dBe.

DESIGNING FOR SPEED

There are several ways to derive
A ultiple frequencies from a single
DRO housing. In one approach, sev-
eral separate DRO circuits, each
with its own active oscillator tran-
sistor, are incorporated into a eom-
mon package, The circuits are al-
ways biased on; a desired output sig-
nal iz selected by meanz of high-
isolation PIN diode switehes (Fig. 2).
This approach offers very fast set-
tling time (on the order of 1 ps), out-
puts that remain stable despite the
differing loads of switches in their
on and off positions, and, with the
addition of buffer amplifiers, isola-
tion from frequency pulling.

For all of its benefits, however,
the approach requires very well
matched, high-isolation PIN diode
switches that must terminate sig-
nals from the unselected DRO ecir-
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3. This DRO design only powers the appropriate
DRO circuitry when the associated frequency is
desired.

cuits. With practical circuits and
presently available diodes, these un-
wanted output signals are only 40 to
60 dE less than the desired output
signal. (Compare this to the -90 dBc
achieved in the DSOA-9136.) In a
sensitive receiver design, excessive
feedthrough from the unselected
resonators can obscure low-level in-
put signals,

Another approach to a multifre-
quency DRO design applies power
to the individual oseillator eircuits
only when needed. The output of the
oscillators is combined with or with-
out switching (Fig. 3). This approach

4, The DSOA-9000 series
escillators employ sepa-
rafe resonators but only
one oscillater fransistor
.t produce three sepa-
¥ frequencies.

Disdeccinic nasonctar 4

eliminates spurious outputs from
the unused oscillator circuits, but
suffers relatively slow switching
time, generally on the order of milli-
seconds.

The unique design employed in
the DSOA-9000 series oscillators
(protected by U.S. Patent No.
4,649,354) strives for speed and effi-
cieney (Fig. 4). The configuration
can rapidly switch among three very
stable signals at widely different
frequencies, without generating
outputs from the unused resona-
tors. The approach features a single
oscillator transistor and simple mul-
tithrow switch to select the desired
dielectric resonator at the transis-
tor's gate terminal.

By using the DS0A-8000 configu-
ration, output signals from the un-
selected resonators are totally elimi-
nated. Since oscillation conditions
are satisfied only at the desired fre-
queney, only one frequency ean be
penerated at any one time, This de-
sign is ideal for high-sensitivity, oc-
tave-band receiving systems, where
internally generated spurious sig-
nals reduce both the probahility of
intercept and, in many cases, the dy-
namic range,

The DSOA-YN0 design also pro-
vides very fast settling time. Since
the GaAs FET is always biased on,
and since precautions are taken in
the design to keep the RF power
output and DC-to-RF conversion ef-
ficiency the same at each frequency,
thermal changes in the FET are min-
imized. Such thermal changes are a
major contributor to settling time.

Compared to oseillators that
switeh among separate, indepen-
dent DRO circuits, the number of
transistors in a DSOA-9000 oscilla-
tor is reduced by at least 1/n, where
n is the number of frequencies gen-
erated. In fact, in many multi-oscil-
lator applications, one or two buffer
transistors are used for each oscilla-
tor cireuit to reduce frequeney pull-
ing and permit more stable, low-
power operation of the main oscilla-
tor transistor. DSOA-D000 sources
require a single, broadband buffer
amplifier to serve all three output
frequencies. DSOA-B000 oscillators
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MULTIFREQUENCY DRO

also employ very simple diode
| switches compared to the complex,
matched PIN-diode switehing neces-
sary in multiple-osecillator assem-
blies. This overall saving in compo-
nents in the DSOA-90M oscillators
translates into lower cost, higher ef-
ficiency, and improved reliabilty.
DSOA-9000 oscillators are gener-
ally eustom products because of the
specialized applications that they
serve. In addition to a specifier's
choice of frequencies, the souree
can be supplied with several differ-
ent output power levels, with more
than one isolated output port, with a
sampled output (via a coupler) in ad-
dition to the main output(s), and ina
variety of package configurations.

SAMPLING THE SERIES
| Model DSOA-9136 iz one of the
most basie eonfigurations in the
DSOA-9000 series. The three-fre-
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5. The 558 phase noise performance of the DSOA-
9000 series oscillators is on a par with that of

most single-frequency DROs.
u

quency oscillator has a single RF
output and one stage of RF amplifi-
cation. It is packaged in a
0.75 % 1.6 x 24 in. hermetic pack-
age that weighs about 80 g. The os-
cillator is powered from a dual-po-
larity source of +15 VDC at 300 mA
nominal eurrent. An additional -15
VDC at 75 mA nominal current is
used to provide the negative bias for
the diode switches and power some

of the driver circuitry (both voltay, -
lines incorporate regulators). In the
actual switeh circuitry, NIP rather
than PIN diodes are used in the
switches, so a negative voltage for-

ward biases the diodes, while a posi- |

tive voltage applied to the unseleet-
ed diodes assures that they are in a
noneonducting state, even with the
application of power and changes in
temperature.

The output of the oscillator alone
is 47 dBm, but this is raised to +10
dBm with a single buffer amplifier
stage, a distributed GaAs MMIC
amplifier. The buffer also serves to
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achieved in the DS0A-9000 series oscillator. The
scale here is 500 ns/div.

The DSOA-9000 oscillator circuitry is based on a se-
ries-feedback, drain-output design. The single active de-
vice iz a proprietary high-gain, low-current, 0.5-pm-
gate-length GaAs FET. The GaAs FET is characterized
using two-port common-source S-parameters, with the
source impedance mapped in the 511 plane by using the
converted three-port S-parameters at different frequen-
cies.!?

Each of the three DRO frequencies is selected by a
multithrow PIN diode switch. The switch is set at the
gate terminal of the GaAs FET to choose a dielectric
resonator corresponding to a partieular frequency.
7. This test system was used to measure the rapid seftling time of the DSOA- Each of the resonators is positioned within a transmis-
08 smvies thslaokic remaiy ek, sion line to satisfy the oscillation conditions at its reso-

L3 nant frequency when its corresponding in-line PIN di-
ode is biased into conduetion, and the other three diodes
are biased off. In this state, the unused resonators act
as passive elements connected to the FET gate through
the high impedance of the off-state PIN diodes.

Three-frequency oscillators in the DS0A-9000 zeries
are available with a wide range of options, including
dual outputs and additional output power. A multipin in-
put is used for bias and TTL frequency control signals.
The output connector is SMA. P&A: 6 months. Avantek,
Inc., Oscillator and Filter Produet Marketing, 3175
Bowers Ave., Santa Clara, CA 95054; (408) 970-2529.

REFERENCES g
1. i Boares, J. Graffewil, & J. Obregon, Applicalions of Gads MESFET=(Artech House?
Boston, 1954), Chap. 6,
2 . Kajfez & P. Guilbon, Dheleciirie Rezonators |Artech House, Boston, 19863, Chap, 10
A, APE Khanna & It Scohos, *Fast Switching X- and Ku-Band Multifrequency Dielee-
trie Resonator Oscillutor Using a Single GaAs FET," 1887 MTT-5 International Micro-
W, June 1012, 1987,

RF monifon
Ocilatorn
under test J
Q
Isolorioe [

Logic: b0

O
Hoeage
== T

isolate the oscillator circuitry from frequency pulling
caused by load variations. The design goal for the
DE0A-9000 oscillators was to provide a multifrequency
oseillator with performance at any frequency equal to
that of a single-frequency DRO. As the table and Fig. 5
attest, the designers were successful,

In switched operation, the switching times, which are
controlled by the carrier lifetimes of the PIN diodes and
the inductanece in the switching eireuitry, are in the 100-
ns range. Settling time, which is governed by the Q of
the resonator and the slight changes in thermal condi-
tions within the oseillator circuitry, ranges between 1.4
and 1.8 ps (Fig. 6). Settling time was measured with a
basie test system (Fig. 7) that includes a digital storage
oscilloscope, a funection generator, and a delay line.

wave Bymposium Thgest, Las Vegas,



