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Abstract The first report of multi-watt AIGaN/GaN
FET-based vo[tage-controlled oscillators (VCO’S) with
high efficiency is presented. Varactor-tnned oscillators
implemented using distributed networks oscillate at 3 GHa
with high output power (2.7 w), high efficiency (27VO),
Wlghsupply voltage range (3.5 V to 30 V) and high tuning
bandwidth (13%) over a control voltage range from 1 to 9
V. The measured output power and circuit efficiency are
examined as a function of supply voltage. These results
indicate high-power AIGaN/GaN-based VCO’S may he
used as high-efficiency sources for radio communications.

I. INTRODUCTION

Gallium nitride-based VCO’S have exhibited
comparable phase noise performance at microwave
frequencyto VCO’SusingGaAstechnology[1].With
similar phase noise figures, GaN devices offer
advantagesfor highervoltageandpoweroperationup to
26 GHz as demonstrated by various organizations
[2,3,4,5],The higher power density, efficiency,and
breakdownfieldsmakeGsNtransistorsidealcandidates
for amplifierelementsin poweroscillators,Smallsize,
single transistordie solutions,enabledby the higher
power densities, simplifiesassembIyand packaging
requirements.
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Fig. 1. Generic transmitter architecture used in

wireless infrastructure.

High-poweroscillatorsare commonlyused for the
modulator stage in wireless transmitters. A typical
transmitterblockdugrarn is shownin Fig. 1. A single
high-power GaN VCO circuit could replace the
modulatodupconverter,as well as the expensivedrivers
andhigh-poweramplifierin the outputstage.

Fig. 2. Photograph of the AIGaN/Gw FET-based WO
mounted in test fixture.

Thispaper reportsthe iirst high-powerGaN-based
VCO’Swithhighefficiencyat 3 GI-IzOutputpoweras
high as 2.7 watts,with 27% efficiencywas measured
witha high supply-voltagerange (3.5V to 30 V) and
13%tuningbandwidth.Transistorsusedwete fabricated
from undopedAIGaN/GaNheterostructuresgrown on
semi-insulatingSiC substrates.

Oscillatorsused for this study@lg.2) employeda
eonunon-gatedesign. The common-gateeonfigwation
is an ideal vehicle for evaluation of high-power
oscillators,as it oscillatesreadilyand is easilytuned.
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Common-gateoscillatorsusing GaAsFETs have been
around for over twenty years [6]. Other possible
oscillator configurations such as common-source,
common-drain, and reverse-channel [7,8,9] have
previously been demonstrated for GaAs FET oscillators.

The high-power VCO source was implemented
using distributed networks. The GaN-based oscillator
was constructed in an industry-standard metal-eerarnic
package. The design of oscillator has previously been
published [1]. The packaged component was mounted
in a test &tore for convenience. A picture of the

completed assembly is shown in Fig. 2.

II. OSCILLATOR CHARACTERISTICS

A supply voltage of +15 V (V,,) was selected,
which provided +13 V across the drain-source of the
AIGsWGSN PET. The measured drain current was 220
rnA (Icc). The second harmonic was observed at -12
dBc. The ftequency and output power are plotted versus
control voltage in Fig, 3. The output power was about
+28.7 dBm and essentially flat across the tuning range
fim +2 to +9 v.
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Fig. 3. Oscillation frequency and output power
versus control voltage for GaN FET-based VCO.

A plot of the modulation sensitivity (Kv) and output
power versus frequency is shown in Fig. 4. The
measured Kv was 150 MI-WV to 50 MHrfV over 10°4
tuning bandwidth (+1.0 V to +4.5 V). The maximum
observed tuning range was 380 MHz, or 13°4 bandwidth
over the 1 V to 9 V range. When tested at Vw = +20 V
(VB = 18 V), a 10% tuning bandwidth was observed

over a 1-V to 4,5-V range, with an output power
exceeding 1.0 W. The output power was measured at
the output of the fixture, and is not corrected for losses
due to the transitions from the package to rnicrostrip and
from the microstrip to conneetor.
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Fig. 4. Modulation sensitivity and output power of 3
GHz AIGaN/GaNFET-basedVCO at Vcc = +15 V.

III. PHASE NOISE PERFORMANCE

The phase noise at 3 GHz for a AIN-passivated
GsN FET-based VCO was -80 dBc/Hz at 100 KHz
offset In Fig. 5, the phase noise is compared at 3

Measured Phase Noise at 3GHz
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F%. 5. Phase-noise performance of GaN-based VCO
at 3 GHz with AIN (top curve) and SIN (bottom curve)
passivation.
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GHz to other oscillator [1] built using SiN-passivated
GaN FETs,

The relatively poor phase noise performance is
attributed to the non-optimized surface passivation
applied to the GaN device. In this case, a low-
temperature AIN passivation was deposited, most likely
resulting in an amorphous film. The RF-to-de dispersion
(current slump) was improved by this passivation,
but not eliminated. We surmise that the paasivation did
not totally cover the exposed regions between the source
and drain, leading to non-uniform surface depletion
eficts in the 2-dimensional electron gas (2DEG). This
would tend to spread out the 2DEG, increasing both the
I/f and phase noise for the device.

As a comparison, Table I liits the phase noise
results for another GaN-based oscillator on sapphire
using silicon nitride for the passivation. In this case, the
silicon nitride passivation nearly eliminated the RF to dc
dispersion on this device, yielding RF power close to
that predicted from the dc transfer characteristics.
Oscillators utiIizing this device yielded low phase noise,
comparable to existing GaAs PET and HBT
technologies [1].
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IV. POWER SUPPLY DEPENDENCE

The output power and efllciency was studied versus
supply voItage and the results are plotted in Fig. 6. The
control voltage was maintained at +12 V (using two +6
V battmy cells) and the supply voltage was increased
from O V to 30 V. The oscillator begins to operate at
+3.7 V (VW),which translates to a device voltage of 2.8
V (VCj. The efficiency climbed from 18% at 5 V (VW)
to 25% at +15 V, up to 27% at +20 V. Output power

increased to 2.7 W at +27 V, with an associated
efficiencyof 26%. The devicevoltageat +27 V (VW)
was +25 V (V~,S).
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Fig. 6, Outpnt power of GaN-based VCO versus supply
voltage. The saturated output power is 2.7 W. The
optimal efficiency of 27% aecurs at Vet- +20 V.

V. CONCLUSION

High-power (2.7 W) GaN FET-based VCO’S with
high efficiency (27%) have been demonstrated with 13%
tuning bandwidth using a common-gate FET configura-
tion. The device passivation is ahown to play a critical
mle in achieving the desired phase noise for GaN-based
oscillators. Proper passivation of the AIGaN/GaN
heterostz-ncture surface can allow good phase noise
petiormance to be acbiev@ and can neady eliminate
RF-to-de dispersion effects, These results suggest that
highly efficient, tunable sources may be realized at
microwave fkquencies using GaN amplifier building
blocks.
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