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Terminating type MEMS microwave power sensor based on MMIC
XU Ying-lin, LIAO Xiao-ping, TIAN Tao
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Abstract: On the basis of the Seebeck effect,a terminating type MEMS microwave power sensor fully
compatible with the GaAs Monolithic Microwave Integrated Circuits(MMIC) process is presented. A
thermocoupler in the microwave power sensor is used to detect the temperature difference and to gen-
erate a DC voltage proportional to the microwave power. Then, a series of GaAs/Au thermocouples
make up a thermopile. The sensor based on a simple principle converts the electric power into heat and
the DC voltage produced by the heat is indirectly measured, so that the output microwave power can be
obtained. Moreover,in order to minimize the thermal and electromagnetic losses, the bulk GaAs loca-
ted beneath the device is removed through micromachining. As a result, the sensitivity of the sensor is
improved. Tested results show that the HFSS simulation of S;; is less than —22 dB when the sensor
measures the microwave power from — 20 dBm to +20 dBm. The sensor sensitivity is higher than
0.15 mV/mW at 20 GHz, and the input return loss is less than —26 dB over the entire frequency ranges.
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1 Introduction

Microwave power plays an important role in
wireless applications and communication sys-
tems,so a high performance sensor with high-
sensitivity is needed to measure the microwave
power accurately and quickly. Thermocouple-
based power sensors have been one of the most
widely used tools for microwave power detec-
tion. These sensors employ a simple principle of
conversion of electric power to heat, which is a
indirectly measurement. With the development
of MEMS technology'**,

cost MEMS microwave power sensors are availa-

high-precision, low-

ble. By now, various structures of microwave
Most of

these sensors are fabricated by CMOS processes,

power sensors have been introduced™* ™,

while the thermal loss and lossy nature of the
silicon substrate at microwave frequencies are
considerable. The fabrication of the microwave
power sensor is compatible with the GaAs
MMIC process. High thermal resistivity and low
electromagnetic loss at microwave frequencies
can be obtained with the GaAs MMIC process.
Micromachining technology is used to realize the
selective etching of the substrate beneath the de-
vice. By using the MEMS technology and MMIC
process, the losses mentioned above are mini-
mized. The most important performance of this
kind power sensor is sensitivity which is equal to
the ratio of output thermoelectric potential and

input microwave power.

2 Principle

The structural diagram of the microwave
sensor is shown in Fig. 1. A coplanar waveguide
(CPW) feeds the microwave signal to the sen-
sor. The CPW is designed to have a characteris-
tic impedance of Z=50 Q. It is terminated with
a resistive load that is matched to the imped-

ance. This load absorbs the microwave power

and converts it into heat. The increase of the re-
sultant temperature on the load is detected by in-
tegrated thermocouples and a DC voltage based

on Seebeck effect is generated.

CPW

GaAs substrate

Fig. 1 Structural diagram of microwave power sen-

sSOor

The output voltage is proportional to the
microwave power. In terms of the thermoelectric
voltage U and the microwave power P, the out-
put voltage could be given by

U=NaAT=NaP/G , (D
with N denoting the number of thermocouples,
« is the Seebeck coefficient, AT is the tempera-
ture difference between the hot and cold junc-
tions , and G is the thermal conductance of the
thermopile.

The HFSS simulation of S;; is shown in
Fig. 2. It could be found that the return loss is
less than —22 dB up to 20 GHz.

——HFSS simulation
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Fig. 2 HFSS simulation of S;;

3 Fabrication and measurements

The CPW is made of a 2 um thick gold lay-
er. The thermopiles consist of gold and n +
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GaAs. The Seebeck coefficient of each thermo-
couple is 100 ' V/K. The gold of the thermopiles
is made by sputtering of a 0. 3-pm-thick gold
layer, and the n+ GaAs is made of a 0. 25-um-
thick epitaxial layer. The matched load is made
by using a liftoff process through depositing of a
TaN layer with a square resistance of 25Q/[]. A
microphotograph of the microwave power sensor

is shown in Fig. 3.
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Fig. 3 SEM photo of microwave power sensor

Measurements are performed at frequencies
up to 20 GHz. And the testing system contains
an Agilent E8257D PSG analog signal generator,
an Agilent 8719ES network analyzer, a Cascade
Microtech 1 200 probe station for contacting the
sensor, and an accurate DC voltage meter. Fig. 4
shows the terminating type MEMS microwave

power sensor under test,

Fig. 4 Microwave power sensor under test

Fig. 5 shows acceptable mismatch error be-
low —26 dB for different frequencies. The sen-
sor has a good RF-DC linearity which could be

found in Fig. 6. The microwaves from —20 dBm

to 20 dBm at 10 GHz and 20 GHz are applied to
the input, respectively, and output DC voltages
are recorded. The slope of the 10 GHz is 0. 19
mV/mW, and 0. 15 mV/mW at 20 GHz.
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Fig. 5 Input return loss of microwave sensor
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Fig. 6 Input power vs output voltage

The frequency response is shown in Fig. 7.
The frequency response at constant power 10
dBm is not as good as design demands. In low
frequency range, the output is an approximate
linear decline. After 15 GHz, the response be-
comes flat and the outputs are less than those in

low frequency range. Perhaps as a result of the
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Fig.7 Frequency response
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effect of the fabrication process, the GaAs sub-
strate is not well selectively etched as design,
resulting in considerable losses in high frequency

range.

4 Conclusions

A terminating type MEMS microwave pow-
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