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Design of a Slicon Beam Resonator for a Novel Gas Sensor
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(National Key L aboratory of Micro/ Nano Fabrication Technology, Instituteof Microelectronics,
Peking University, Beijing 100871, China)

Abgract : A new silicon beam resonator design for a novel gas sensor based on simultaneous conductivity and mass
change measurement is investigated. High selectivity and sensitivity in gas detection can be obtained by measuring
the charge-to-mass ratio of gas molecules. Structures of silicon beam resonators are designed,simulated,and opti-
mized. This gas sensor is fabricated using sacrificial layer microelectronmechanical system technology,and the res

onant frequency of the microbeam is measured.
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1 Introduction

Micro gas sensors have potential in a wide var
riety of chemical vapor detection applications'™ *.
Numerous studies have been aimed at improving
the selectivity of chemical micro sensors since poor
selectivity and recognition of sensors are serious
drawbacks. Traditional sensors detect gases by
measuring resonator conductance'* * or frequen-
cy' . According to the principle that an atom can
be identified by its charge-to-mass ratio'® ,we pro-
pose that a high selectivity in gas detection can be
achieved by measuring the charge-to-mass ratio of
gas molecules. Accordingly ,we design a sensor that
can smultaneously measure both the charge and
mass of gas molecules. After a gasis absorbed in
the gas senstive film,the molecules’ charge and
mass are obtained by measuring the conductivity
change of the gas sendtivefilm and frequency shift
of the resonator.

In thispaper ,we present the desgn of a slicon
beam for the gas sensor resonator. This structure
offers high senstivity, accuracy, resolution, and
stability. Because it is based on IC technology,
there is good potential for reducing transducer di-
mensions and adding on-chip circuitry. The vertical
and horizontal structures of this slicon beam are
designed and fabricated through sacrificial layer
microelectronic system (MEMS) technology. Ex-
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perimental results demonstrate that the slicon
beams with this structure perform well and are
suitable for gas sensng applications.

2 Design

The structure of our micro gas sensor , based
on a dlicon micro bridge,is illustrated in Fig. 1.
This gas sensor detects a gas by measuring the
change of the resonance frequency of the beam
caused by gas absorption in the gas senstive film
on the beam. The first layer , SO2/ S3N4 ,is used
for isolation. The second layer ,poly-S ,acts as the

Fg.1 Schematic structure of the sensor
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bottom electrode to excite and detect vibration of
the dlicon beam. A 2mm thick PSGlayer is used as
a sacrificial layer ,whichisetched by HF in the last
step. The resonator microstructures are double-en-
ded and are deposited with SsNa/poly-S/ SsNas in
turn. The upper SsNa4 acts as an insulation layer
between the top electrode of lead wires and the po-
ly-S electrode. The thicknesses of these three lay-
ers are 200, 1000, and 200nm, respectively. As
shown in Fig. 2,9x resonators are designed. The
structures considered have three shapes:rectangle,
bipod ,and tripod rectangle beam;and two lengths:
350 and 504 m. On top of the Pt on the beam that
acts as the lead wire of the top electrode,a 100nm
heating/ detecting resistor component of the sens-
tivefilmis deposted. Another 100nm of Auis de
posited on the Pt as a pad. The upper-most layer is
a gas sendtive film that can absorb gas molecules.
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Fig.2 Top view of a sensor chip One deviceiswith 6
types of resonators.

We used ANSYS 5 4 finite element analyss
(FEA) software,to smulate the vibration mode of
the dlicon beam. The smulation results are shown
in Fig.3. At thefirst mode,the interface of tenson
stress and compressive stress in the surface of the
beam is located at the spot 0. 225 times the over-
hanging length of the beam.Based on these s mula
tion results ,we put a heater and temperature detec

tor at the middle of the beam ,and a vibration excit-
er and detector at the two fixed ends.
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Fig.3 Vibration mode of the beam

Snce excess tendle stress on Ss:Na influences
the properties of this micro gas sensor,we inr
proved the mechanical propertiesof thisfilm by ion
implantation. Figure 4 shows the influence of ion
energy and dosage.
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3 FRabrication

The fabrication process is shown in Fig. 5.
Double-sded polished 100mm diameter n-type
(100) dlicon wafers with a thickness of 40Qu m
served as the substrate. Fabrication began with the
200nm thermal SO: and the 200nm L PCVD S3Na
for high boron doping. Then the bottom electrode
of 400nm poly-S and a sacrificial 21 m PSG layer
were depodted usng L PCVD and etched. A poly-S
side-wall was then created by reactive ion etching
% that the Pt-wire would trace smoothly at the
corner of the beam. Then we carried out the depo-
stion and etching of SsNa/poly-S/ SazNainturnto
form the slicon beam. After the depostion of the
S3Na layer ,ion implantation and annealing proces
ses were carefully controlled based on parameters
determined by stresscontrolled experiments con-
ducted before the fabrication. Because Pt red stance
varies linearly with temperature,it serves both as
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the heater and temperature detector of the senstive
film. This layer ,including the Pt lead wire of the
top electrode and inter-digitated electrodes of sen-
sitive film red stor ,was constructed usng a lift-off
process. The width of the heating elements was
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41 m and the space between heater and detector ele-
ments was 8 m. The next step in sensor fabrication
was the formation of the senstive film by machine
and the release of the sacrificial layer with HF
(40 %) for 7min by sublimation.
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Fig.5 Fabrication process of the gas sensor
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(@) Thermal 90: and L PCVD S3N4; (b) Depositing bottom electrode;

(c) Depositing PSGand forming side-wall by RIE; (d) Depositing S3Na/ poly-S/ S3N4 and patterning beam; () Sutte
ring and patterning Pt; (f) Release PSG with HF;(g) Depositing gas senstive film

4 Resultsand discussion

The fabrication results of the slicon beam are
shownin Fig. 6. It can be seen that the stressof the
beam was well controlled and that the sdewall
was even enough to avoid rupturing the wire. The
silicon beam was operated in an electrostatic-excit-
ing mode usng DC and AC power in series,which
were connected to the top and bottom elec

Fig.6 SEM images of the poly-S resonator beam
(a) After sacrificial PSG etching; (b) Clamped end as-
pect

trode ,respectively. The DC power supply was 15V
and the AC power amplitude was 9 8V. The AC
supply frequency varied from the smulated value
by - 30% to + 30 %. The resonant frequency was
measured with a laser frequency- measurement in-
strument using the optical path difference. The os
cillagraph connected to thisinstrument reached its
maximum when the slicon beam resonated with
the AC power supply frequency. The frequency of
the dslicon beam measured without senstive film
was 41 6kHz ,which is close to the previous smu-
lation results.

The gas sensor was exposed to different con-
centrations of H20 vapor. The frequency and con-
ductance shifts of the sendtive film as functions of
vapor concentrations are measured and shown in
Fig. 7. The dlicon beam dimensons are 30Qu m X
50Q m. More detail s will be presented infuture pa
pers.

5 Conclusion

A micro gas sensor based on a slicon beam re-
sonator is fabricated. After gas molecules are ab-
sorbed by sensitive film on the slicon beam,the
frequency of the beam is reduced due to the addi-
tional mass,and at the same time the conductance
of the film is changed. A dlicon beam with this
structureis suitablefor the two-parameter gas sen-
0r we want to achieve.
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Fg.7 Resstance and frequency change versus H2O vapor concentration
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