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Design of MEMS microwave power coupler based
on GaAs for Ku-band

ZHU Qiu-yao, LIAO Xiao-ping
(Key Laboratory of MEMS of the Ministry of Education, Southeast University, Nanjing 210096, China)

Abstract: A novel MEMS microwave power coupler based on GaAs for Ku-band (12. 4~18 GHz) is
presented to improve the existing technology for measuring microwave power based on the termination
devices, such as thermistors, thermocouples, and diodes, because the signals are not available after
power detection by these devices. By the designed coupler, the microwave power is coupled with the
Coplanar Waveguide(CPW) line, and most of the CPW signals can be transmitted to the next stage
circuit for further processing. In order to reduce the reflection losses and to obtain broadband response
of the power sensor, two kinds of optimal methods with a tuned structure and a compensating capaci-
tor are proposed. Optimizations of the design with HFSS has demonstrated that the return loss (S;;)
and insertion loss (S, ) at the central frequency of 15. 2 GHz have reached —42. 90 dB and —0. 15 dB,
respectively and the deviation of S;; and S;, compared with the central frequency have reached 6. 41
dB and #-0. 04 dB in the Ku-band. These results show the microwave power coupler has advantages of
high isolation, low loss and broadband characteristics.
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1 Introduction

The applications of modern personal communica-
tion systems and radar systems require the pow-
er sensors with low power consumption. Tradi-
tional measuring technologies for microwave
powers are based on the termination devices such
as thermistors, thermocouplers, and diodes, in
which the measured signals are not available af-
ter power detection. Recently, to improve the
measuring methods, three new design principles
of the microwave power sensor are proposed.
The first principle is realized by the movement
detection of a suspended membrane over a Co-
planar Waveguide(CPW) line through which the
signal is transmitted "7, The output of such a
power sensor is related to the capacitance
change, so it needs to read out by the electronics
and its performance depends on the process seri-
ously. The second principle utilizes the conver-
sion of electricity into heat to result in a local
temperature increase due to the ohmic losses of
the center conductor of a CPW line®’. The
structure of this sensor is complex and not com-
patible with GaAs or Si process, and it has the
trade-off between the microwave performance
and the sensitivity. The third principle is that a
small ratio of the microwave power which is
transmitted in the CPW line is coupled by the
MEMS membrane, and the coupled microwave
power is converted to heat by the matched resis-
tor and measured by the thermopile™ . This
power sensor has two independent steps: the
coupled step and the measurement step, it leads
to the microwave properties and the sensitivity
of the sensor can be designed separately in con-
venience. But the reflection losses and the re-
sponse of the structure need to be improved.
This paper focuses on the coupled step, and
the improvement of the third principle is presen-
ted. By increasing the gap size of the CPW line

directly before and after the capacitance so as to

adjust the CPW characteristic impedance and by
adding a compensating capacitor, the low reflec-
tion losses and the broadband response are ob-
tained. This power sensor coupler has many ad-
vantages such as independent of signal wave-
forms, high dynamic ranges, small sizes, and
low power consumption. The possible applica-
tions of such coupler include personal communi-

cation systems and radar systems.
2 Operation principle

The microwave signal is transmitted by the CPW
line. At a certain position, the gold MEMS
membrane is suspended over the CPW line. The
capacitor between the membrane and the center
conductor of the CPW line couples a certain ratio
of the microwave power which is transmitted in
the CPW line. In order to obtain low reflection
losses and the broadband response, the gap size
of the CPW line is increased directly due to the
capacitor, and a compensating capacitor is add-

ed™ . Fig. 1 shows the improved structure of the

(a)Basic structure

(b)Improved structure

Fig.1 Top view of the microwave power couplers
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microwave power coupler compared with the

basic structure.
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Fig.2 Lumped element models of microwave power

coupler

Fig. 2 shows the lumped element equivalent
circuit models of the two above mentioned struc-
tures. C is the capacitor between the MEMS
membrane and the center conductor of the CPW

line, and Cyuy is the compensating capacitor”* .

C=L’f+c/, 8
g, -+
€,
CMIM:&)S;& ’ (2)
d

Where, b is the width of the MEMS membrane,
w is the width of the center conductor of the
CPW line, 6" is the width of the ground of the
CPW line which is formed as the bottom plate of
the compensating capacitor, w’ is the width of
the top plate of the compensating capacitor, g, is
the membrane height, ¢, is the thickness of the

insulation layer, ¢, and ¢, are the permittivity of

free space and the permittivity of the dielectric
layer, respectively. The matched impedance &
can be calculated as
Z'wCtan® (B1) — 227" tan(Bl) + ZZ; wC+
2Z;tan(Bl) =0, (3
The S parameters of the basic structure of the

microwave power coupler can be expressed as
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3 Simulation and design

The microwave signal is transmitted by the CPW
line, which is designed for matching a 50 Q im-
pedance. This design is simple and available,
however, after adding a MEMS membrane, a ca-
pacitor between the membrane and the signal
line of CPW is formed, which changes the
matched 50 Q-design, makes the transmission
characters of the CPW worse!””.

In order to obtain a better microwave perform-
ance, two different ways of impedance compen-
sation techniques are investigated:

(1) Reducing the width of the signal line;

(2) Modifying the width of the ground planes.

In both cases, the gap distance of the CPW, G
(50 pm), is increased. As a result, lower capac-
itance and higher inductance are obtained in that
region to compensate the extra capacitance added
by the sensor.

For the first technique, although the reflec-
tion is lowered, the transmission loss increases
when the signal line becomes too narrow (S=30
pm). This is a consequence of the higher resist-
ance introduced into the line, since the dimen-
sions of the metal line carrying the RF current

have been considerably reduced.
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For the second technique, when the ground
planes become too narrow (G'=250 ym) . trans-
mission loss does not further decrease due to the
extra resistance introduced in the ground planes.
Therefore, the results indicate that not only re-
flection but also transmission losses can be mini-
mized with this impedance matching method. So
we choose the second compensation technique.

We also consider the additional capacitor be-
tween the ground line of CPW and the MEMS

membrane, The optical model is shown in Fig. 3.
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Fig. 3 Optical model of microwave power coupler

According to the formulas above, the im-
proved structure can be designed. The geometry

parameters in detail are demonstrated in Tab. 1.

Tab.1 Geometric dimension of the coupler

Geometric parameters(unit; pm)

G 50
CPW S 80
G 50
G’ 74.63
Concave S 80
G’ 74.63
Length 160
Membrane bridge Width 90. 41
Height 2

Utilizing the Agilent’s ADS software, the S-
parameters curves can be calculated, as they are
shown in Fig. 4. The actual structure is also
presented in Ansoft’s HFSS software, shown as
Fig. 5, and the simulated HFSS results are
shown in Tab. 2.
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Fig. 4 Curves of S parameters

Fig. 5 Three dimensional model of coupler in HFSS

Tab. 2 Simulated S-parameter values

Simulated S-parameter values

S-parameters Maximal deviation

Central frequency

in Ku-band
S, —42.90 dB +6.41 dB
So —0.15 dB +0.04 dB
Ssi —20.43 dB +1.67 dB

Optimization of the design of the Ku-band
MEMS microwave power coupler with HFSS has
resulted in that the return loss (S;;) and inser-
tion loss (S,;) at the central frequency of 15. 4
GHz reach —42. 90 dB and —0. 15 dB, respec-
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tively. This shows a high isolation degree and
low loss of the power coupler. At the same
time, the deviation of S;; and S,; reach £ 6. 41
dB and £0. 04 dB, respectively, in the scope of
the Ku-band as compared with the central fre-
quency and this also shows its broadband charac-

teristics.

4 Conclusions

This paper presents a detail discussion on the de-

sign of a MEMS microwave power coupler based
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