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5~6 GHz-Band GaAs MESFET-Based
Cross-Coupled Differential Oscillator MMICs With
Low Phase-Noise Performance
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Abstract—L C-tank oscillators in the 5~6 GHz frequency range ¢ vVdd
have been designed and implemented in a commercial 06m
GaAs MESFET technology. One is a voltage-controlled oscillator
(VCO), and the other is an oscillator without a controlling element.
The output frequency range of the VCO is from 5.44 to 6.14 GHz,
and the measured phase-noise is-101.67 dBc/Hz at an offset

Veontrol

Cv

frequency of 600 KHz from the 5.44 GHz carrier. The phase-noise a3 Q4

of the 6.44 GHz oscillator is—108 dBc/Hz at an offset frequency of b b

600 KHz, and the phase-noise curve, in the offset frequency range output 1 as as output 2
between 100 KHz and 1 MHz, shows a—20 dB/decade slope. - Blad

These phase-noise characteristics are comparable to, or better
than, those of the reported 56 GHz-band CMOS oscillator§. To ® % ®
our knowledge, this is the first GaAs MESFET-based oscillator
which has a cross-coupled differential topology and a capacitive =
coupling feedback to suppress the up-conversion of / f noise.
Also, it is first reported that the GaAs MESFET-based oscillator  Fig. 1. Schematic of the VCO circuit.
shows 1/ f2? phase-noise behavior across the offset frequency
range from 100 KHz to 1 MHz.

Index Terms—1/f noise up-conversion, capacitive coupling POrting GaAs MESTFET-based VCOs in the6 GHz-band in
feedback, cross-coupled differential topology, GaAs MESFET, terms of the low phase-noise performance.
phase-noise, voltage-controlled oscillator (VCO). It has been well known that/ f noise in the active device
is up-converted to the phase-noise, resulting iry # region
around the oscillation frequency in the phase-noise spectrum.
Recently, it is reported that the/ 2 region can be reduced

N RECENT years, the66 GHz-band mobile communica- by the differential configuration [1] and the capacitive feed-

tion market has been growing rapidly. The GaAs MESFE®Back [2]. This is due to the suppressionigff noise up-con-
based MMIC approach has traditionally been used to impleersion. In this paper, GaAs MESFET-based oscillators are im-
ment microwave components at these frequencies. Howeverpiemented using both schemes so as to reduck/theregion in
case of VCO, the critical building block in all wireless comthe phase-noise spectrum. Owing to the reductiotygfnoise
munication transceivers, GaAs MESFETSs are not consideredugsconversion and the high-inductors, the phase-noise per-
suitable candidates for the low phase-noise VCO applicatidormance of oscillators in this paper is comparable to, or even
Even though a GaAs process provides higimductors due to better than, the best reported results 866GHz-band oscilla-
its semi-insulating substrate, which is required to make the lawrs implemented in a CMOS technology [3]-[6].
phase-noise performance, the relatively higlf noise charac-
teristic of GaAs MESFETs makes the phase-noise worse than Il. CIRCUIT DESIGN AND IMPLEMENTATION
VCOs in Si processes. Hence, there have been few papers re-

A commercial 0.6um MESFET GaAs foundry process

TRIQUINT TQTRX) was used for the design and imple-
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Fig. 2. Photograph of the fabricated VCO MMIC. Fig. 3. Measured oscillation frequency and output power as a function of
varactor control voltage.

MESFET- based VCOs, the cross-coupled differential topology
with the capacitive coupling feedback was used to realize tt ATTEN 184B MKR 1.B7dBm
VCO. Cross-coupled transistors (Q1 and Q2) form a positiv R 18dBm 1@dBs 6. 44B7GHz
feedback to provide a negative resistance to cancel the loss
the LC-resonators. The positive feedback is achieved throug
capacitorg Cy). These capacitors take roles of suppressing tf
1/ f noise up-conversion as well as dc-blocking in order to bia
cross-coupled transistors. THe&~-resonator at the drain con-
sists of an inductofL), a varactor, and a dc-blocking capacitor
(C,). The inductors in the resonator have the inductance of 1
nH and the quality factor of 30 at 6 GHz. The quality factor of
varactors is 27 and 60 at an applied control voltage,,+..;) of
0 and—3V, respectively, at 6 GHz. The resonant frequency ca
be controlled with the control voltage. Q3 and Q4 form buffer:
capable of driving 532.All the gates of MESFETS in the de-
sign are biased with high value resistors. Fig. 2 shows a
crophoto%r:_:lph of_the MMIC VCO. 'I_'he chip size measures _48 CENTER ©. 4467610 SPAN 100 BMH:
x 500m” including on-wafer probing pads. Special attentior ggy; 1 BMHz UBW L. BMHz SWP 50. Bms
was paid to making the layout of the differential circuits as sym-
metrical as possible. Furthermore, in order to reduce parasgig 4. output spectrum of the 6.44 GHz oscillator.
elements, the layout was made as compact as possible. These
are clearly visible in the chip photo of Fig. 2. ) )
The design was simulated and optimized using Agilent AD&PPlied control voltage. The range of the control voltage is
The design procedure can be divided in two steps. First, a snigm 0 to —3 V. The oscillation center frequency is 5.8 GHz.
signal analysis was used to optimize the feedback and the rE8€ tuning range is 700 MHz, and the output power isB®5
onator elements to find the oscillation condition at the targdBm- The measured minimum phase-noise 191.67 dBc/Hz
frequency. This condition was simulated breaking the feedba@kan offset frequency of 600 KHz from the 5.44 GHz carrier
path. In the second step, a large signal analysis was perfornféth @ 3.3 V supply voltage. Fig. 4 shows the spectrum of the
with the harmonic balance simulator to predict the exact oscfi:#4 GHz oscillator with the output power of 1.67 dBm. Fig. 5

lation frequency and output power of the harmonic signals ghows the phase-noise plot of the oscillator. The phase-noise
well as the fundamental signal. performance was measured across the offset frequency range

from 100 KHz to 1 MHz. The phase noise curve shows a
—20 dB/decade slope across the offset frequency range. The
lIl. EXPERIMENTAL RESULTS measured phase-noise-isl08 dBc/Hz at an offset frequency
of 600 KHz. It is commonly known that GaAs MESFET-based
On-wafer measurements of the oscillation frequency, tlscillators show the phase-noise curve with-30 dB/decade
output power, and the phase-noise were performed using shope due to the up-conversionlgff noise in GaAs MESFETS.
Agilent 8564E spectrum analyzer. It has an ability to measule this work, using the cross-coupled differential topology
the power spectrum, to calculate the phase-noise automaticalith the capacitive feedback, the up-conversiorl ¢f noise
and to display the results. Fig. 3 shows the measured oscillatierreduced. The comparison of the phase-noise performance
frequency and the output power of VCO as a function of themong 5-6 GHz-band oscillators is made in Table I.
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18 dB/ SPOT FRQ = 688.8 kHz IV. CONCLUSION
RL -58 dBc/Hz -1088 8@ dBCrHz

We presented fully integrated GaAs MESFET-based LC-tank
oscillators in 56 GHz-band. In order to suppress the up-con-
version of1/f noise toward the phase noise, oscillators were
designed with the cross-coupled differential topology using the
- it capacitive feedback. The VCO shows the 12% tunability and
-20dB/decade | 0 petter phase-noise performance in comparison with CMOS

i VCOs. The 6.44 GHz oscillator shows the phase-noise curve

Bl with a —20 dB/decade slope in the offset frequency range be-
tween 100 KHz and 1 MHz. We believe that this work is the
first report of the GaAs MESFET-based cross-coupled differ-
ential oscillator showing / f? phase-noise behavior across the
offset frequency range from 100 KHz to 1 MHz.

188 FREQUENCY OFFSET 1
kHz FROM B.448 GHz CARRIER MHz

Fig. 5. Phase-noise measurement of the 6.44 GHz oscillator at an offset
frequency range between 100 KHz and 1 MHz108 dBc/Hz at an offset
frequency of 600 KHz).
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