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Abstract. In order to reduce power consumption of thermal mass flow meter and prolong its
working life as long as possible, we suppose that a MEMS cantilever beam could be used as switch
in thermal mass flow meter. First, we discussed working principle of cantilever beam to confirm the
feasibility as switch in circuit. Second, we analyzed its property by using the simulation model.
The simulation results show that the bending degree of cantilever beam is not only associated with
young's modulus of materials, and also related to cantilever size such as length, thickness and length
to width ratio. Therefore, if we can choice suitable material and design reasonable dimension, the
MEMS cantilever beam may be used as switch.

Introduction

MEMS (Micro Electro Mechanical Systems) that refers to microelectronic and micromachining
technology, integrates with micro sensors, micro actuators, signal processing, control circuit,
communication interface circuit and the power supply, in smaller physical size, is a complete micro
electromechanical system [1]. In the principle of thermal flow measurement, MEMS thermal mass
flow meter is a sensor. It has many features such as fast response speed, large measurement range
and high sensitivity.[2,3,4] Especially, for small flow detection sensitivity and good stability, it is
suitable for industrial and civil application [5,6,7]. Most of the device supply is DC battery that has
a problem of the energy shortage. Thus, it is necessary to consider energy-saving in the circuit
design [8]. The power supply should be closed when there is no gas through and opened when the
gas is through again. Then, the consumption of electrical energy reaches the minimum value.

Based on the above, the design of circuit switch using cantilever is feasible. We can use the static
characteristics of the cantilever beam to open the circuit after the induction air flow generated. The
cantilever makes the circuit to be closed when there is no air flow. Thereby it can reduce power
consumption and the complexity of circuit design greatly.

Working Principle

The cantilever beam structure is shown in Fig.1. It is in a non-pressure state for position 1. For
position 2, it is in external pressure state while the cantilever beam is resulted deformation and
connected with the lower end of the electrode.
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Fig.1: Mold of cantilever changed with force
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When there is a uniform distribution of stress q in the cantilever beam, we can obtain the
deflection as ® [9].
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If x=L, we can get the maximum deflection of the cantilever beam end:
ax’
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Where x is the distance from the measured point to the fixed end of cantilever, L is the length of
cantilever, E is Young’s modulus of material, 1 is inertia moment.

The structure of flow meter in aisle is shown in Fig.2. The switch is composed with a metal
cantilever beam and a metal contact point. Put the cantilever in aisle, so that the bending direction is
parallel to the direction of air flow. When air flow run through the aisle, the pressure makes the
cantilever to be curved downward, the end of the cantilever contacts the metal point. Then the
signal can be conducted, and the switch is in the "on™ state. When there is no external air flow, the
cantilever is restored to the initial state, so that the cantilever end may be divorced from the point,
and the switch is in the "off" state. From Fig.2, we find that the switch could be equivalent to a
series of micro strip gap of cantilever beam structure. We can establish equivalent circuit when the
switch is in the "on™ or "off" state.
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Fig.2: Structure of flow meter in aisle

Device simulation

We use the software intelliSuite to simulate cantilever beams model and make simulation. First,
impose conditions that the air flow is added from the root to the tip of the beam on the device. Then
the air flow causes deformation of the cantilever beam, in the microcosmic situation. The beam is
curved downward and connected with the lower end nodes. Thus the circuit is conducted and the
beam completes the role of switch [10,11,12 ]. Because the cantilever beam is perpendicular to the
aisle, the effect of gravity could be ignored.

In the conditions pressing on the up surface of different material beam with the same pressure,
we can see that the bending degree of the beam is different. The material parameters are shown in
Table 1.

Simulation conditions:

cantilever beam thickness: 0.1um, length: 20*10um;

simulation pressure: 2e”® Mpa.
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Tablel: Setting and results of simulation

Young's Poisson's density (g/cm®)  the biggest
modulus ratio shape
(GPa) variable
material (um)
Cu 122.5 0.34 8.9 3.58
Al 68.85 0.36 2.7 6.29
Au 74.48 0.42 19.28 5.50
Pt 146.9 0.35 21.45 2.96

Fig.3 (a): Cu

Fig.3 (b): Al

Fig.3(c): Au

Fig.3(d): Pt
Fig.3: Results of simulation for different materials

Simulation results are shown in Fig.3. We can see that the bending degree of each material is
different in the same condition. The copper bending degree is 3.58um. The aluminum bending
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degree is 6.29um. The gold bending degree is 5.5um. The platinum bending degree is 2.97um.
Analysis data shows that the bending degree is closely related to young's modulus of material. In
order to verify the results, we simulated bending degree of copper cantilever beam, in the case of
other conditions were not changed except young's modulus. The results are shown in Table 2.

Table2: Simulation result of different young’s modulus

Young's modulus 122.5 100 80 68.85
(Gpa)
Bending  displacement 3.58 4.39 5.48 6.29
(pum)

We find that bending degree of device is falling as young's modulus is increasing. When young's
modulus is reduced to the extent of the aluminum material, the simulation result is the same as
aluminum bending degree. We obtain a conclusion that material bending degree for the same
structure is just associated with young's modulus of the material. At the same time we find:

Exow=N (3)
Where E is young's modulus, o is bending degree, N is constant.

Thus, the bending degree is inversely proportional to young's modulus of materials. Then we can
verify the conclusion of Equation 2.

Fig.4 shows the effect of cantilever beam size on the bending degree. In Fig.4 (a) the abscissa is
the thickness and the ordinate is bending degree of the beam. The bending degree is falling when
the film thickness is increasing. In order to meet the suitable bending degree, we should reduce the
thickness of the beam as far as possible under the conditions allow. Then, the cantilever beam plays
the role of switch with low pressure. In Fig.4 (b) the abscissa is the length and the ordinate is
bending degree of the beam. The degree of bending is increasing exponentially as the increase of
the cantilever beam length. Thus, the size has a decisive influence on the property of the cantilever
beam.
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Fig.4 Effect of cantilever beam size on the bending degree

Examples of cantilever has different length to width ratio are shown in Fig.5.
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We find that the length to width ratio of fig.5(a) is larger than fig.5(b), but the bending degree of
fig.5(a) is smaller than fig.5(b).
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Fig.5(a): Length to width ratio (1)
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Fig.5(b): Length to width ratio (2)
Fig.5: Cantilevers with different length to width ratio

Conclusions

Based on the feasibility analysis of MEMS cantilever beam as switch, we researched on the
property of the cantilever by simulation. The simulation results show that the bending degree of the
cantilever decreases with the increase of Young's modulus. In addition, the bending degree
decreases exponentially with the increases of the film thickness of the cantilever, and increases
exponentially with the elongation of the cantilever. But, if the cantilever is too long, it will have
some disadvantages such as anti-fatigue ability weakly. Thus, the cantilever size should be
determined according to the actual situation. Therefore, the cantilever which is placed in the flow
channel canbe used as switch. Because the idle time of the flow channel is long, the power
consumption can be reduced by this way.
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