1 GHz, 200 °C, SiC MESFET Clapp Oscillator
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Abstract—A SiC Clapp oscillator fabricated on an alumina
substrate with chip capacitors and spiral inductors is designed
for high temperature operation at 1 GHz. The oscillator operated
from 30 to 200 °C with an output power of 21.8 dBm at 1 GHz
and 200 °C. The efficiency at 200 °C is 15 %. The frequency
variation over the temperature range is less than 0.5 %.

Index Terms—SiC, oscillator, high temperature.

I. INTRODUCTION

C OMMERCIAL, space, and military markets are
increasingly relying on sensors to monitor and improve
system performance. A growing subset of the sensor market is
for systems that must operate at high temperature to improve
efficiency, reduce pollution, and/or control operation cost. For
example, automobile engine and brake sensors are required to
reduce engine pollution and monitor brake wear and slippage,
temperature and position sensors on bits for oil drilling and
mining are required to monitor the drill wear, aircraft engine
sensors are required to increase efficiency and reduce
pollution, and spacecraft health monitoring sensors are
required to detect spacecraft damage [1]-[3]. In each of these
applications, hardwired sensors are currently used, but radio
frequency communication with the sensor would reduce the
system weight and complexity.

Because of the high temperature requirement, wide bandgap
semiconductor devices are ideally suited for this application
[4], [S]. A critical component of a wireless sensor system is
the local oscillator that generates the RF signal, which will be
modulated by the sensor and transmitted to the cooler part of
the system. X-Band oscillators based on GaN operating at
room temperature with good performance [6]-[8] and an
NMOS SiC ring oscillator operating at 625 kHz and 300 °C
[9] have been reported. In addition, the authors have reported
a SiC MESFET differential oscillator that operated at 515
MHz and 125 °C into a 50 Q load [10]. Thus, progress
towards high temperature, RF oscillators is being made, but
further work is required.

In this paper, we report the first oscillator that operates at 1
GHz and 200 °C into a 50 Q load. The temperature
characteristics of the Cree SiC MESFET are measured and
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used with temperature dependent characteristics of the passive
components to design the oscillator. Measured and simulated
results are presented and compared.

II. CIRCUIT DESIGN

A Clapp oscillator, shown in Fig. 1, is chosen because
variations in the oscillation frequency due to variations in the
transistor capacitances, Cgs and Cpg, are minimized if C;+ Cpg
and Cy+ Cgg are large relative to the variation. In addition, the
resonant frequency is easily tuned by varying the tank circuit
capacitance, Cr, without changing the feedback ratio, which is
determined by C; and C,. Thus, this circuit is ideal for
frequency modulation by capacitance varying sensors. Note
that the schematic and the simulations include the bias circuit.

..........................

Oscillator

Fig. 1: Clapp oscillator schematic.

The S-parameters of the Cree SiC transistor are measured as
a function of temperature, and from that data, fr and f,,, for
Ips=100 mA and Vps=10 V are calculated and shown in Fig.
2. It is seen in Fig. 2 that the transistor operates at 1 GHz
through 300 °C. Based on the measured S-parameters, a
transistor model was generated in Agilent ADS. In addition, a
spiral inductor and ceramic chip capacitor were characterized
as a function of frequency and temperature, and a temperature
dependent equivalent circuit generated. Fig. 3 shows the
measured Q factor at 1 GHz of a spiral inductor on an alumina
substrate and a ceramic chip capacitor mounted on an alumina
substrate. It is noted that the Q factor decreases approximately
60 % and 50 % for the inductor and capacitor respectively
when the temperature rises to 200 °C.

Copyright © 2005 IEEE. Reprint from /EEE Microwave and Wireless Component Lett.., Vol. 15, No. 11, pp. 730-732, Nov. 2005.

This material is posted here with permission of the IEEE. Such permission of the IEEE does not in any way imply IEEE endorsement of any of Cree's products or
services. Internal or personal use of this material is permitted. However, permission to reprint/republish this material for advertising or promotional purposes or
for creating new collective works for resale or redistribution must be obtained from the IEEE by writing to pubs-permissions@ieee.org By choosing to view this

document, you agree to all provisions of the copyright laws protecting it.



jteague
Note
Accepted set by jteague


~7
N
%G'DDD fT
] f,
o] Tee. > fmes
] o g
83..'0. B g
o ° o 0 p
8'2. .."o DDDD
01 *eeee,
L
0 100 200 300 400

Temperature (C)
Fig. 2: SiC MESFET f; and f,.,, measured with Ips=100 mA and V=10

V.
30 100
o 25 '\\x\\. 80 O
B 20 Iﬂ."\§\\§t|:|:\\§ 60 é
515 B DT
210 R
— 54 o InductorQ 20 O
0 (] Cgpacitor Q' ‘ ‘ l o
0 50 100 150 200 250

Temperature (C)
Fig. 3: Measured Q of spiral inductor and ceramic chip capacitor.

Based on the transistor, inductor, and capacitor models, an
oscillator circuit was designed to operate at 1 GHz. The circuit
was fabricated on a 254 pm thick alumina substrate without
backside metallization. The circuit metallization is 2 pm thick
plated gold. The capacitors C;, C,, and C, are 4.0, 4.0, and
10.0 pF ceramic chip capacitors respectively and the 8.5 nH
inductor, Ly, is plated gold spiral. Gold bond wires are also
used to connect the terminals of the transistor to the circuit
and to connect to the inner arm of the spiral inductor. A
photograph of the oscillator is shown in Fig. 4, with all of the
circuit components labeled.

Fig. 4: Photograph of oscillator comprised of SiC MESFET, ceramic chip
capacitors, and gold wire bond interconnects.

III. MEASUREMENT TECHNIQUE

A single DC needle probe is used to supply Vs while Ipg is
supplied through the ground-signal (GS) RF probe that
extracts the RF power; GS probe pads are seen on the right
hand side of Fig. 4. The circuit rests directly on a ceramic
heater that is computer controlled [11], with the thermocouple
measuring the temperature of the ceramic heater. Thus, the
reported temperature is the carrier temperature. The frequency
spectrum is measured on a spectrum analyzer, which provides
a 50 Q load. Before measurement, the loss of the bias tee,
coaxial cable, and RF probe was measured at 30 °C; the
reported data is corrected for the measured 0.8 dB loss.

IV. RESULTS

The measured output power, P, and efficiency, n, of the
oscillator as a function of Ipg and Vgg at 30 °C is shown in
Fig. 5. It is seen that a current of 100 mA and a gate voltage in
the range of 8 V provides the maximum efficiency at the
lowest DC power. The measured power spectrum at 30 °C,
Ips=100mA, and Vps=10V is shown in Fig. 6. It is seen that
there are close-in, discrete spurious signals that we believe is
due to background radiation.
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Fig. 5: Measured oscillator output power and efficiency, n, at 30 °C.
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Fig. 6: Measured RF spectrum at 30 C, Ips=100 mA, Vps=10 V.

Based on the room temperature results, a current of 100 mA
and Vpg of 10 V is used for the high temperature circuit
characterization. Measured and simulated P, efficiency, and
Vgs as a function of temperature are shown in Fig. 7. The
measured oscillator ceased operation at 210 °C, while the
circuit stopped operating at 180 °C in simulation. First, it is
noted the excellent agreement between the measured and
simulated parameters, which validates the transistor and
passive component models. Measured P, drops from 25.5 to
21.8 dBm and efficiency drops from 35 to 15 % as the
temperature increases from 30 to 200 °C. Over the 170 °C
temperature range, the oscillation frequency varied from a
minimum of 1.0348 GHz to a maximum of 1.0376 GHz, or
the measured frequency of oscillation varied by less than 0.5
% as the temperature increased from 30 to 200 °C.
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Fig. 7: Measured and simulated P, (a), 1 (b), and Vs (c) as a function of
temperature.

The performance of this oscillator is limited by the
increasing losses in the passive components at higher
temperature. We believe that using a higher Q tank circuit
would allow the temperature limit to be extended even higher
than 200 °C. Simulations show that if the loss in the passive
components did not increase with temperature (the capacitor
and inductor Q of 80 and 27 remain constant), the circuit
would operate through 300 °C.

V. CONCLUSION

This paper reports the first design and operation of a
microwave frequency oscillator at 200 °C. Furthermore, the
results indicate that the circuit may operate through 300 °C if
higher Q passive components are used.
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