244 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 11, NO. 6, JUNE 2001

Low-Phase Noise AlGaN/GaN FET-Based \Voltage
Controlled Oscillators (VCOs)

Jeffrey B. ShealyMember IEEEJoseph A. Smart, and James R. Shealy

Abstract—The first report of AIGaN/GaN HEMT-based voltage Vi
controlled oscillators (VCOs) is presented. Varactor-tuned oscil- e
lators implemented using distributed networks oscillate at 6 GHz { R

with high output power (0.5 W), low-phase noise {92 dBc/Hz SSB
noise at 100 KHz offset), and high-tuning bandwidth (10%). The
measured phase noise of AlGaN/GaN FETs is compared to the E Lok

S

phase noise of GaAs FET and GaAs HBTs at 6 GHz, indicating
the AIGaN/GaN FET exhibits equivalent SSB noise to GaAs FETSs.
These results indicate high power AlGaN/GaN-based VCOs may

S . ; 2 . - } Yol
be used to simplify the line up in a communication radio, while im- G| |;,
proving the overall efficiency of the radio. : 'I 1

H
Index Terms—Gallium nitride, oscillator, solid state. 77 =
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I. INTRODUCTION 77
. Lehuks
aAs-BASED voltage controlled oscillators (VCOs) may Vecatrol
be utilized in commercial communication radios either { R

as upconverters [1] or local oscillator (LO) sources [2]. For ei-
ther application, driver amplifiers and MMICs are typically re-
quired to amplify the output of the phase-locked oscillator at
the expense of additional power consumption and size. Hence, ) ) ) )
a family of medium and high power oscillators are advantg'-g' 1. Schematic of the common gate high-power configuration.
geous, assuming other parameters (including phase noise, and
tunability) are not degraded.

GaN is an ideal candidate for the amplifier element in a power
oscillator as it enables high power and high efficiency from
a single, small transistor die. AlIGaN/GaN FETs have demon-
strated incredible power densities up to 26 GHz from various
organizations [3]-[6]. However, the potential of GaN for oscil-
lator applications has not been explored to date.

Il. OSCILLATOR DESIGN

The common-gate c_:onfig_uration is an ideal V_ehiCIe_for hightg 2. Picture of AIGaN/GaN FET-based VCO in test fixture.
power oscillators as it oscillates readily and is easily tuned.

Common-gate configuration oscillators using GaAs FETSs haygitors. The circuit is biased using the source resistor, Rs, to

been around for over 20 years [7]. Other oscillator configyssiaplish the gate-to-source voltage. RF chokes are utilized to
rations [8]-[10], such as common-source, common-drain, apghimize the losses on the bias lines. The advantage of this bias
reverse-channel, have previously been demonstrated for Gafigyit s the circuit only requires one positive supply (other than

FET oscillators. _ ~_ the control voltage). The disadvantage of locating the bias cir-
A schematic representation of the common-gate circuit Usgg in the source region is th& R losses in the source resis-

is provided in Fig. 1. The frequency determining network Wagince, which degrade the overall circuit efficiency.

placed in the source of the device along with the varactor Cir-Thg circuit was constructed in an industry standard metal-ce-

cuit. The output power is coupled through a series dc-block Gagmic package. The packaged component was mounted in a test
fixture for convenience. A picture of the completed assembly is
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USA. A supply voltage of+20 V (V¢c) was selected, which pro-
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Fig. 5. Phase noise of AlIGaN/GaN FET-based VCO at 6 GHz compared to
measured phase noise from GaAs FET and GaAs HBT VCOs [2]. At 100 kHz
offset, the phase noise 592 dBc/Hz.

Fig. 3. Spectrum of free-running AlIGaN/GaN VCO.
_ Chutpu Powar The GaAs FET VCO tested maintairs30 dB/decade out to
" 10 kHz where it changes te-20 dB/decade thereafter due
— u il S to the Q of the resonator. The GaAs HBT design maintains

: —30 dB/decade farther out than the GaAs FET VCO due to its
z 5 improved resonator Q. The dielectric constant of the selected
- substrates (on which the resonators were designed) increased
d T in order from the GaAs FET, GaAs HBT, to the GaN FET.
= e S Hence, the single-sideband noise of the GaN is better than both
= = the GaAs FET and GaAs HBT at high offset frequency.
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V. CONCLUSION

Fig. 4. Modulation sensitivity and output power of 6 GHz AlGaN/GaN GaN FET-based VCOs have been reported for the first
FET-based VCOY(ce = 20 V). time. These results indicate that the single-sideband noise
. ) (at microwave frequency) of a GaN FET-based oscillator is
The measured bias current was 179 nied]. A plot showing  equivalent to the single-sideband noise of a GaAs FET-based
the free running VCO (at Vcontrek +10 V) is provided in  oggillator. Subsequently, these results suggest that a family of

Fig. 3. The measured second harmonic w&2 dBc. The CoN- medium and high power VCOs may be developed to achieve
trol voltage range was 10 V. A plot of the modulation sensingre efficient communication radios.

tivity (Kv) and associated output power is shown in Fig. 4. The
Kv slopes from 150 MHz/V (at the low end of the band) to 40
MHz/V (at the high end of the band). The tuning range was
600 MHz, or 10% bandwidth. The output power exceeded 0.5The authors would like to acknowledge M. Chumbes for as-
W at the high end of the band. The output power was megistance with GaN device processing.

sured at the output of the fixture and does not include losses due
to the dc blocking capacitor, as well as transition losses from
the package-to-microstrip transition, and the microstrip-to-con-y;
nector transition.
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