A 12GHz Lumped-element Hybrid Fabricated on a Micromachined

IFTU-12

Dielectric-Air-Metal (DAM) Cavity

Tamotsu Nishino, Yukihisa Yoshida*, Yoshiyuki Suehiro*, Sang-Seok Lee*,

Kenichi Miyaguchi, Tatsuya Fukami*, Hideyuki Oh-hashi, Osami Ishida

Mitsubishi Electric Co. Information Technology R&D Center
*Mitsubishi Electric Co. Advanced Technology R&D Center
Tel: +81-467-41-2686, Fax: +81-467-41-2519, e-mail: nishino@isl.melco.co.jp

Abstract — A novel lumped-element hybrid is presented.
The hybrid is disposed on a newly developed dielectric-air-
metal (DAM) cavity, which consists of an SiN membrane
above a metallized 30-um-deep cavity made by a
micromachining process. This process enables to make every
component be worked from one-side of a silicon (Si) substrate,
and to leave back-side as a part of a package. This is
indispensable to realize a very thin MEMS-packaged-device
consisting of two wafers bonded. Also, patterned metal
grounds can provide all kinds of lumped elements. Among
those, series inductors are investigated in detail. A hybrid
with series inductors and shunt capacitors is fabricated., Good
agreement between the measured and simulated results was
obtained to validate this structure for fabrication of micro-
size microwave components on an Si substrate,

I. INTRODUCTION

Micromachining technology has been developed well to
be applied microwave components these days. Among
variety of such components, inductors on a dielectric
membrane, under which a part of a substrate has been
removed by ctching process from back-side, are expected
to have high-Q and high-self-resonant-frequency. In
addition to such advantages, the micromachining
technelogy can provide possibility of wafer level package
of those microwave devices as well.

For reliability, some structures that separate the
micromachined  devices completely from  outer
environments such as humidity are required. To package
such devices, at least two more wafers were required
[1][2], one is disposed on the front-side to cover the
devices, and the other is disposed on the back-side to seal
the etched cavity of the back-side. Otherwise, they gave up
the membrane structure and used high resistivity Si
substrate to reduce the total number of wafers to two
3]14105}-

In order to solve the problem mentioned above, a novel
process is developed that enables a membrane on
metallized cavity to be worked only from front-side.
Therefore, the back-side can be used as a part of the
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package. Also, the process enables to pattern metals on the
cavity to propose several kinds of elements on the cavity.

Four types of lumped element components are
enumerated to be realized by the DAM process. Among
those, series inductors are investigated by electromagnetic
(EM) based simulation and are fitted to equivalent circuit
models. Qs and self-resonant frequencies are derived for
some dimensions.

A hybrid circuit operated at 12GHz was designed and
fabricated by utilizing the lumped elements. The measured
data agreed well with simulated one.

II. DAM PROCESS

Our proposing novel process to realize DAM cavity is
explained as follows [6].

Fig. 1 shows our proposing novel DAM-cavity process.
In step {a), the top oxide layer is patterned to be a mask for
etching, and alkaline etching is performed to create 30-um-
deep cavity. 1 um-thick Au is sputtered in step (b). If
patterning of the Au is required, it can be performed in this
step. Positive photoresist (AZ4330) is spin-coated in step
(c) and cured at low temperature {110°C to 125°C). The
overswelled resist is co-planarized with the Au by

chemical mechanical polishing {CMP) as shown In step (d).

In step (e), | um-thick SiN is sputtered to be a membrane,
The contact holes for metal on the SiN to reach the metal
under the SiN are etched. In step (f), 0.03/0.6-um thick
Cr/Au is sputtered onto the SiN and a CPW and other
circuit patterns are formed by photolithography and ion
beam etching. The holes for sacrificial etching are opened
by reactive ion etching in step (g). Finally, the photoresist
as a sacrificial material was removed by acetone or
commercial resist stripper in the last step (h).

The features are that (1) all process are worked from
front-side to leave back-side as a part of a package, and
that (2) the ground metal on the surface of the cavity can
be patterned to propose all kinds of lumped elements as
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well as to reduce parasitic capacitances to the ground
metal.
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Fig.1: Process flow of the DAM cavity

III. LUMPED ELEMENTS

A. Structures of lumped elements

Micromachined lumped-elements have been reported by
some papers. As an example, L. H. Lu introduced them by
removing substrate material between spiral turns [7}], and
applied to hybrids [8].

In this paper, four types of lumped elements on the DAM
cavity are proposed. Fig.2 shows series C, shunt C, series
L and shunt L respectively.

Series C is realized by Au electrodes that sandwich | um
SiN membrane as a dielectric layer. The Si substrate under
the capacitance is left not to be etched for a platform that
supports the membrane mechanically. Also, the lower
electrode 1s isclated from the metal on the cavity by
patterning it. This platform is not necessary if the size of
the component is small.

Shunt C is realized by Au electrodes that sandwich 1-um
SiN membrane as a dielectric layer as well as a series C
does. The platform is necessary in this case.

Series L is realized by Au line that meanders on the SiN
membrane. Depending on the operation frequency and
inductance, the metal on the cavity is removed to reduce
parasitic capacitance to the ground and to increase self-
resonant-frequency.

Shunt L is realized by Au line that meanders or spirals
on the SiN membrane. The end of the line goes down
through the contact hole to reach the ground. The Si
substrate urnider the inductor is left not to be etched to be
the ground platform.

{f}) Forming Via-Holes, Circuit-Elements
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Among these four types of lumped elements, shunt C and
series L are used in the following hybrid. The shunt C
performance is easy to predict because of less parasitic
elements. Therefore, the series L is investigated in this
papet. '

B. Series inductor

Fig.3 shows the pattern of the examined series meander
inductor with the metal thickness of 0.6 um on a 30-um-
depth DAM cavity, and the equivalent model of the
inductor. Q of the structure is calculated by fitting the EM
solution to the model. Fig.4 shows the relation of the
cavity depth and the Q factor and the inductance of the
inductor. The EM simulation was done by commercial
software (EM sight by AWR). Since the skin depth of Au
at 12GHz is greater than the metal thickness, the resistance
at low frequency is used in this simulation. The left axis
represents the ratio of the Q of the structure to the Q when
the depth is 30 um at 12GHz. If the depth increases to 60
um, the Q could increase only to 11.6%. Hence, the
conductor loss of the top metal of the inductor plays main
role in degradation of the Q factor.

Fig.5 shows the relation of resonant frequency and cavity
depth. When cavity becomes deep, the parasitic
capacitance reduces, and resonant frequency increases.
With the depth of 30 um, the resonant frequency becomes
more than 45GHz. It scems to be enough to fabricate a
hybrid at 12GHz.

—
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Fig.2: Structures of four types of lumped elements
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[I1. DESIGN AND EXPERIMENT OF A HYBRID

Fig. 6 shows the lumped element circuit of the hybrid
designed by a conventional way [9]. The dimensions of the
each inductor are determined by iterating EM simulations
and fitting the results to the model until the value of L
becomes the desired one. The capacitance of the four-
shunt capacitors is obtained by subtracting parasitic
capacitances Cg of the adjacent two inductors from the

designed 0.54 pF.

Port 1 Port 2
0.54nH

7

0.54pF  0.54pF

0.77nH

Port 4 Port3

0.54pF ;J; ;; G.54pF
Fig.6: Lumped element circuit of the hybrid.

Fig.7 shows the schematic view of the hybrid fabricated
on the DAM cavity. Four ports are disposed to different
directions to be measured by micro-probe with the pitch of
150um. The optical micrograph and the SEM image of the
hybrid are shown in Fig.8 and Fig.9, respectively. The size
of the hybrid is 710um by 710um.

ShuntC Series L
\ /

Ground Metal

Si Substrate

Fig.7: Schematic view of the hybrid on the DAM
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Fig.8: Optical micrograph of the hybrid
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Fig.9: SEM image of the cormer of the hybrid
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Fig.10: The simulated and measured results of the
fabricated hybrid
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Fig.10 shows the simulated and measured result. The
insertion loss at the center frequency was 2.17 dB, and the
bandwidth of 17.3% was achieved for -15dB reflection.
The phase difference (S31/821) was 88.9° at 12GHz. The
EM simulation predicts the insertion loss to be reduced to
1.8dB if l-um-thick metal would be used. While the
measured result had additional 0.4dB, which came from
the loss of interface structures such as pads, the frequency
responces had good agreement.

IV. CONCLUSIONS

We have proposed a novel DAM cavity structure to
achieve very thin and very compact devices. A hybrid was
fabricated on the 30-um-deep cavity and showed good
agreement with the simulated result. The investigations on
series inductor were performed on Q-factor, self-resonant
frequency and cavity-depth to show the depth of 30 um is
reasonable choice of the DAM cavity for lumped elements
‘at 12GHz.
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