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p-HEMT Varactor With Low Phase Noise and
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Abstract—This letter presents a fully monolithic K-band MMIC
voltage-controlled oscillator (VCO) implemented by using a 0.25

m AlGaAs/InGaAs pseudomorphic HEMT (p-HEMT) tech-
nology. The use of a half-wavelength miniaturized hairpin-shaped
resonator and a three-terminal p-HEMT varactor was effective
in reducing the chip size and simplifying fabrication processes of
the microwave MMIC VCO without impairing the performance
of the circuit. The VCO provides a typical output power of 11.5
dBm at 20.8 GHz and a free-running phase noise of 82 dBc/Hz
at 100 kHz offset and 95 dBc/Hz at 1 MHz offset. It also shows
a tuning range of 70 MHz with little reduction in output power
and high yield properties. The chip size of the MMIC VCO is
1 5 2 0 mm2.

Index Terms—Hairpin resonator, MMIC VCO, oscillator, three-
terminal varactor.

I. INTRODUCTION

THE fast growing commercial wireless communications
market of recent years has significantly increased the

demand for low-cost and low phase noise MMIC implemen-
tation of voltage-controlled oscillators (VCOs) [1]. In order
to implement fully monolithic oscillators, on-chip resonators
composed of planar microstrip lines are widely used because of
their easier fabrication and higher yield properties. However,
their inherent low quality factor and larger size have been
the technological bottleneck to the application of low-noise
and small-sized MMIC VCOs. V. Gungerich et al. recently
reported that a coupled resonator structure had a higher Q
factor than that of a single microstrip lined counterpart [2].
A hybrid-type miniaturized hairpin-shaped resonator filter
showed the possibility of even smaller and simple MMIC VCO
application at K-band or above frequency bands [3].
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Fig. 1. Structural evolution of hairpin resonators: (a) conventional structure,
(b) structure having a lumped element capacitance, and (c) miniaturized
structure having coupled lines.

There also have been efforts to reduce the cost of MMIC VCO
by replacing the monolithic on-chip varactors with three-ter-
minal devices including MESFETs and HEMTs [4]. Applica-
tion of three-terminal devices for both as an active component
in amplifier stage and as a tuning varactor of resonator stage
was very effective in simplifying the whole fabrication steps
of MMIC VCO. In this paper, we introduce a fully monolithic,
simple, high-power, low-noise VCO, incorporating a miniatur-
ized hairpin resonator coupled to microstrip line and a three-ter-
minal p-HEMT varactor.

II. OSCILLATOR DESIGN

Fig. 1 shows the historical evolution of hairpin-shaped half-
wavelength resonators. The conventional hairpin resonator is
miniaturized by introducing the parallel-coupled lines with an
open-circuited end as shown in the figure. The resonator was
designed according to the resonance condition equation derived
in [5] considering the effective permittivity and the dispersion
effect of the microstrip line on a GaAs substrate. The elec-
trical frequency tuning of the resonator was done by changing
the capacitance of the p-HEMT varactor coupled to the upper
line in the resonator section. The capacitance change was done
using the dependency of (gate-source capacitance) on
(gate-source voltage) with source and drain of the p-HEMT con-
nected together to the ground. The use of a three-terminal de-
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Fig. 2. Photograph of the fabricated MMIC VCO.

Fig. 3. Output spectrum of the fabricated VCO: Vds(drain �

source voltage) = 2:2 V, Vgs(gate � source voltage) = �0:45 V,
Ids(DC current in drain port) = 58 mA, and Vdiode(tuning voltage) =
0 V.

vice as a varactor was originally suggested by J. Lin and T. Itoh
in 1992 [6]. For a negative gate source voltage, the capacitances

and are approximately equal in size and the capacitance
is negligibly small. When the gate voltage is changed, the

capacitance and vary while the capacitance does
not. By employing this phenomenon to the varactor of VCO cir-
cuit, simplification in MMIC processing steps can be achieved
[7].

In the negative resistance generation part of the VCO, stub
lines attached in source terminal are used to reduce parasitic
component and to achieve easier fabrication. The active de-
vice used was a low-noise AlGaAs/InGaAs p-HEMT having
8 fingers of m gate. The simulation of the VCO
was performed using an Agilent ADS (S-parameter, momentum
and harmonic balance simulators). The lengths of feedback stub
lines in the source port of the transistor were optimized in order
to generate an enough negative resistance to compensate for the

Fig. 4. Measured frequency and output power as a function of the varactor
tuning voltage.

Fig. 5. Measured oscillation frequency drift and output power variation
over temperature: Vds(drain � source voltage) = 2:2 V, Vgs(gate �
source voltage) = �0:45 V, Ids(DC current in drain port) = 58 mA,
and Vdiode(tuning voltage) = 0 V.

loss of the resonator. A linear small signal device model was
used to ensure the start-up of oscillation at the frequency of 21
GHz. And a table-based nonlinear model (root model) of the
transistor was used in harmonic balance simulation to more ac-
curately predict output power and to optimize the phase noise
characteristics of the VCO. The output power of the oscillation
signal was also optimized by changing the bias point of the tran-
sistor and matching circuitry while keeping harmonic compo-
nents suppressed.

A spiral inductor and an MIM capacitor were used for biasing
of the transistor. G-S-G type probing pads were also used for
on-wafer testing to minimize possible parasitic effects of the dc
probes. Passive microstrip lines were placed as far as possible
to avoid unwanted coupling effects between them. Fig. 2 shows
the photograph of the fabricated MMIC VCO circuit. The chip
size of the fabricated MMIC VCO was mm .
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III. MEASUREMENT RESULTS

On-wafer measurements of oscillation frequency, output
power, and phase noise characteristics were performed using an
Agilent 8565E spectrum analyzer. Fig. 3 shows a typical output
spectrum of the fabricated VCO. The oscillation frequency was
20.8 GHz and the output power was 11.5 dBm at the varactor
diode tuning voltage of 0 V. Phase noise at 100 kHz and 1
MHz offset from carrier was measured to be 82 dBc/Hz
and 95 dBc/Hz, respectively. This phase noise and output
power characteristics of the MMIC VCO were comparable
with or even better than those reported in [8]. Fig. 4 shows the
measured frequency and output power level while varying the
varactor voltage. A tuning rage of 80 MHz was achieved with
a very little reduction in the output power. Second harmonic
suppression of 17 dB or more is observed over the tuning range.
The oscillation frequency drift and output power variation
over temperature is shown in Fig. 5. The average temperature
coefficient (TC) of oscillation frequency is 119 ppm/K for
temperatures between 200 K and 360 K.

IV. CONCLUSIONS

A K-band p-HEMT MMIC VCO with a miniaturized mi-
crostrip hairpin resonator and a three-terminal p-HEMT var-
actor has been demonstrated. The introduction of a miniatur-
ized hairpin resonator and a three-terminal p-HEMT varactor
to the MMIC VCO application was proved to be effective in re-

ducing the overall chip size and simplifying the processing steps
without reducing oscillator performances.
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