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ABSTRACT

This paper explores the use of dielectric barrier discharge
(DBD) surface activated low-temperature wafer bonding in MEMS
device fabrication. A new high aspect-ratio MEMS technology
based on bonding two silicon wafers with an intermediate silicon
dioxide layer at 400°C is presented. This Silicon-On-Silicon (SOS)
process requires three masks and provides several advantages
compared with Silicon-on-Glass (SOG) and Silicon-on-Insulator
(SOI) processes, including better dimensional and etch profile
control of narrow and slender MEMS structures. This is
demonstrated by fabricating a 5 um wide 30 mm long beam.
Additionally, by patterning the intermediate SiO, insulation layer
before bonding, footing is reduced without any extra processing, as
compared to both SOG and SOI. All SOS process steps are CMOS
compatible.

INTRODUCTION

Deep Reactive Ion Etch (DRIE) is a proven technology for
creating high aspect-ratio structures. Silicon-On-Glass (SOG) [1]
and Silicon-On-Insulator (SOI) are widely used processes which
have been developed around DRIE [1,2]. In the case of SOG, a
glass substrate is recessed, a silicon device wafer is anodicaly
bonded to it, and MEMS devices are formed using DRIE from this
silicon wafer. However, glass causes problems during DRIE,
namely “footing” or “notching,” and overheating. Although
footing can be dealt with using shield metals [1], at the expense of
process complexity, there is no effective way of removing the heat
created during the etch because glass is a poor thermal conductor.
This problem is compounded by the fact that a backing wafer must
always be used because the glass is not strong enough to survive
the pressurized helium cooling in a typical ICP chamber. In the
case of SOI, already processed substrates, consisting of a silicon
film separated from a silicon wafer using an intermediate buried
oxide layer, are etched using DRIE and then released using an
isotropic etch of the buried oxide layer. Although overheating is no
longer a problem, the oxide creates the same footing problem as
glass. Additional processing can be used to solve this by etching
first from the back and removing the oxide layer underneath the
devices before DRIE [3]. Alternatively, footing can be reduced by
limiting the layout to having uniform width and varying the DRIE
process parameters [4].

This paper presents a new process for high aspect-ratio
MEMS devices based on low-temperature plasma activated fusion
bonding. An oxidized silicon wafer is patterned to form silicon
dioxide islands, and a second device wafer is bonded to it. DRIE is
used to form and release the mechanical structures. Silicon-On-
Silicon (SOS) processing has several advantages, when compared
to SOG and SOI. Because the oxide is patterned before DRIE,
footing problems can be minimized without additional fabrication
steps, and the need for wet etching of the oxide after DRIE is
removed; so the MEMS devices will not see any wet processing
after release. Additionally, when the carrier wafer is silicon, not
only is a backing wafer not needed, but also heating during etching
is reduced. Third, the carrier wafer can undergo standard micro-
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1. Thermal oxide is grown and patterned; Evaporated Chromium is
deposited on the back for alignment.
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2. After cleaning and surface pretreatment of both wafers, they are
bonded and annealed.
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3. Devices are released using the Deep Reactive Ion Etch (DRIE)
process.

Figure 1. SOS process flow

fabrication technologies before bonding. Fourth, the thermal
mismatch between silicon and glass in the SOG process, which can
add a temperature component to precision sensors, is eliminated in
the SOS process where the carrier wafer is silicon. Fifth, the low-
temperature process allows the formation of buried feedthroughs
using a variety of materials, including metals. Finally, SOS does
offer the opportunity of achieving full integration because all
process steps are CMOS compatible.

FABRICATION AND RESULTS

In its simplest form the SOS process consists of three
masking steps. The process flow is shown in Figure 1. First, a lum
wet thermal oxide is grown and patterned using RIE. The oxide
serves as electrical insulation and bond sites for the device wafer.
Alignment patterns made from 250A of evaporated chromium are
patterned on the back using lift-off. A thin 100um electrically
conductive p** silicon wafer is used for eventual creation of the
MEMS devices. This wafer is dipped in BHF and rinsed in DI
water. Both wafers are then pretreated using dielectric barrier
discharge (DBD) atmospheric pressure N, plasma in a SUSS
MicroTec nanoPREP 200 system. The DBD method is described in
Figure 2. The plasma is created with a 400W AC bias and scanned
across the wafers at a gap of 300 um, while 50 slpm N, flows
between the electrodes. Plasma treatment creates molecular level
surface modifications which increase the surface tension and make
silicon hydrophilic [5]. The carrier wafer is megasonically cleaned
and dried in a SUSS MicroTec CL200 cleaner, while the more
fragile device wafer, which is only 100um thick, is hydrated in DI
water for 5 minutes and blown dry with nitrogen. The two wafers
are bonded in a SUSS MicroTec SB6e substrate bonder and
annealed at 400°C for 4 hrs while applying a pressure of 300 Torr.
The devices are released using DRIE in a Surface Technology
Systems ICP-RIE chamber.

A SEM of a fabricated die, consisting of two comb-drive
resonators and two Pirani gauges, is shown in Figure 3. The same
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Figure 2. Dielectric Barrier Discharge creates a uniform plasma
discharge due to a high frequency AC voltage applied between
two electrodes. The discharge is scanned across the wafer
surface. This process does not affect sensitive substrates.
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Figure 3. SEM of the fabricated SOS die. It consists of two comb
dive resonators and two Pirani gauges.
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Figure 4. Close up photograph of one of the Pirani gauges made
using SOG (a) and SOS (b). Devices made with SOS survive
whereas the devices made with SOG are over etched due to the
trapped heat during DRIE. The dark spots in A constitute areas
where the underlying shield metal has been burned due to the
intense heat.
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mask set was used to make the same devices with the SOG
process. The glass was recessed by 8um before bonding.
Additionally, both processes used the same DRIE recipe. The glass
substrate was mounted on a silicon wafer for structural support
during DRIE with thermally conductive grease. A close-up photo
of one of the Pirani gauges is shown in Figure 4a SOG and Figure
4b SOS. The Pirani gauge, which consists of 30mm long
10x100um beams with a Spum gap, did not survive the SOG
process, which produced a yield of zero. The heat generated during
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Figure 5. SEM of the bottom of comb fingers made using SOG
(a) and SOS (b) The device made using SOG is severely over-
etched, while the SOS device shows a nice etch profile with mild
footing.
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DRIE causes the thin long beams of the Pirani gauge to be
completely undercut and etched away.

Adhesive tape was used to break off the released resonators
to expose the bottom for inspection. A SEM close-up of the bottom
of the comb fingers is shown in Figure 5a SOG and Figure 5b
SOS. The comb-fingers made using SOS show very mild signs of
footing due to a nearby oxide island. However their etch profile
turned out as expected, while the SOG comb fingers have been
severely consumed by the uncontrollable etch due to overheating.
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