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A New Design of a Micro Flow Sensor for Wide-Range Flow Sensing
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A new 2-D silicon micro flow sensor structure with multiple temperature sensing elements was
proposed and numerically simulated in considering wide range flow measurement properties. The
micro flow sensor has three pairs of temperature sensing elements with a central heater compared
with a typical sensor which has only a temperature sensing element on each side of a central
heater. The central heater and the temperature detecting element pairs, 20 µm in width, were
patterned from a Pt/Ti(2000/300 Å) double layer, and the space distance from the central heater
to the temperature sensors was 220 µm. The suggested new micro flow sensor structure with triple
temperature sensing elements on each side showed an accurate sensitivity over a very wide flow
range from flow velocities of 0 to 2.0 m/sec.
PACS numbers: 07.07.Df, 85.30.De, 73.61.-r
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I. INTRODUCTION
There is a growing demand for micro flow sensors for
industrial, automotive, domestic, and medical applications. The fluid-flow sensor is an important component
of such fluid-handling systems. Thermal flow sensors are
transducers, which are comprised of heaters and temperature sensors. The heat interacts with the surrounding: a streaming liquid carries away some heat, and the
temperature distribution around the heater changes in
conjunction with the moving fluid. In particular, the
temperature of the heater depends on the flow.
Thermal flow sensors can be classified in three basic
categories: anemometers, calorimetric flow sensors and
time of flight sensors [1,2]. Generally, anemometers are
comprised of a single heated element whose temperature
is measured. Since the electric resistivity of most materials depends strongly on the temperature and electrical
current heats the elements, measurement of the resistivity of the element is a natural choice. The simplest mode
is the mode where the anemometer is fed with constant
power, and the temperature of the hot element is measured [2]. Calorimetric flow sensors are comprised of a
heater with temperature sensors arranged symmetrically
upstream and downstream with respect to the heater.
The output signal is then the temperature difference between the sensors. Basically, calorimetric flow sensors
are mass flow sensors. The principal idea is to transfer
some heat to a fluid, which is carried away by convection [3–5]. In time of flight sensors, a heat pulse from
the heating element can be transferred by convection to
the downstream sensor in a calorimetric flow sensor. The
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measured time signal is, consequently, the velocity of the
streaming fluid [6].
In this study, a 2-D resistor array structure for the
flow sensor is presented. This flow sensor was developed
in an attempt to meet requirements for a wide-ranges
high-resolution flow monitoring. The proposed new 2-D
wide range micro flow sensor structure with three pairs of
temperature sensing elements and a central heater was
simulated first by using a finite difference formulation,
and the suitability of the proposed sensor was demonstrated by using a flow sensitivity test of a fabricated
silicon micro flow sensor.

II. EXPERIMENTS
1. Flow Sensor Design

The thermal flow sensor is based on a heat transfer
principle [7, 8] in which a heated body is cooled by a
passing flow and the local rate of cooling depends on the
flow velocity. In a typical thermal flow sensor structure,
normally two thin film temperature sensing elements are
located symmetrically to a central heater on a micromachined diaphragm. Figure 1 shows a typical structure
of micro flow sensor.
The central heater is heated with a constant power,
and the resulting steady state temperature distribution
in the flow channel is measured at two points with the
additional sensing resistors Tsa1 and Tsb2 . With zero
air flow, the temperature profile is symmetrical, and the
temperature difference ∆T between Tsa1 and Tsb2 is also
zero. At a certain flow rate, the temperature difference
reaches a maximum and at high flow rate it tends to
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Fig. 1. Typical structure of a micro flow sensor: (a) crosssectional view of the sensor and (b) principle of flow detection.

Fig. 2. Layout of the designed micro flow sensor with
multi-step temperature sensing elements.

Table 1. Material constants for numerical simulation.
Thermal conductivity
[W/(m · K)]
Specific gravity
[Kg/m3 ]
Specific heat
[J/(Kg · K)]

Si

SiO2

Pt

150

20

71

2330
702.9

21400
753.1

130

decrease again. In this sensor structure, the distance between two temperature sensing elements will determine
the flow sensitivity; that is, the sensor will be relatively
sensitive to faster flow when the distance between the
two temperature sensing elements is large enough [5,6].
To extend the measuring flow range of the thermal mass
flow sensor to very fast flow, we used multi-temperature
sensing element pairs as in Figure 2. The sensor structure with three temperature sensing element pairs with
a central heater was designed and fabricated to test the
feasibility of using the designed sensor structure for widerange flow sensing.

Fig. 3. Temperature distribution over a micro flow sensor
for several flow velocities: (a) u = 0.0 m/s, (b) u = 0.05 m/s,
(c) u = 0.1 m/s, and (d) u = 1 m/s.

2. Numerical Simulation

A finite difference formulation of the heat transfer equation was performed in the time domain,
and the temperature discrepancies between symmetrical upstream temperature-sensing and downstream
temperature-sensing elements for 3 pairs of temperaturesensing elements were numerically simulated. For the
thermal simulation, one has to know the various heat
transfer coefficients of the materials used [8–11]. Table
1 summarizes the conductivity and emissivity data used
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Fig. 5. Flow variation of the sensitivity with the flows for
each temperature sensing element pair.

Fig. 4. Temperature distribution for the flow velocity on
the axial line of the sensor.

in the simulations. The central heater’s temperature was
assumed to be 500◦ C. Figure 3 shows the temperature
distribution contours for various air flows.
The 2-dimensional temperature distributions over the
flow sensor device at various perpendicular flow velocities are shown in Figure 4. The output signal is the
temperature difference for the temperature- sensing element pairs, so the principle idea is to transfer some heat,
which is carried away by convection, to a fluid. Figure 4
shows that the temperature difference of the symmetric
temperature- sensing elements was roughly proportional
to the mass flow.
The temperature difference, ∆T, between symmetrical
temperature sensing elements can be summarized as,
∆T i = |Sbi − Sai| f or i = 1, 2, 3

(1)

where Sbi and Sai are the temperatures of symmetric upstream temperature-sensing and downstream
temperature-sensing elements.
The sensitivity was defined as,
S = ∆T i/∆v,

(2)

where ∆T i is the temperature deviation between the
symmetrical temperature-sensing elements, and ∆v
means the variation of flow velocity. The nearest
temperature-sensing elements were 220 µm away from
central heater and next sensing element pairs were 440
µm and 660 µm away from the central heater. The
nearest temperature-sensing element pairs to the central
heater showed good linear sensing properties for flow velocities from 0 to 40 cm/s and saturated at 0.75 m/s.
The second temperature- sensing element pair away from
the central heater showed the best sensitivities for flow

velocities between 40 and 75 cm/sec, and the farthest
temperature-sensing element pair showed the best flow
sensitivity for the flow velocities over 75 cm/sec. From
the results of Figure 5, we can see the feasibility of using
multiple temperature-sensing element pairs structure as
a wide-flow sensor structure. If we choose a number of
temperature-sensing pairs for the structure of multiple
temperature sensing pairs, the sensor can be operated
over a wide range of flows.

3. Micro Sensor Fabrication

The designed and thermally simulated sensor structure
was fabricated by using the silicon process. The substrate was a 5-inch n-type (100) silicon wafer with a resistivity of 10 – 20 Ω·cm. The low stress dielectric membrane was composed of a silicon-nitride (1500 Å) layer, a
silicon-dioxide (3000 Å) layer, and a silicon-nitride (1500
Å) layer was deposited by using a series of low pressure
chemical vapour deposition(LPCVD), atmosphere pressure vapour deposition(APCVD), and LPCVD. A central heater and three pairs of temperature sensors were
fabricated by RF magnetron sputtering of Ti (300 Å)
and Pt (2000 Å) consecutively and wet etching of the
film. The N/O/N layers were etched by using reactive
ion etching(RIE), then, the silicon wafer was back-side
etched in a KOH solution at 85◦ C in order to form a thermally isolated structure. The fabricated sensor consisted
of a heater located at the center of the thermally isolated
membrane with an area of 1 mm × 2.2 mm. Figure 6
shows the fabricated sensor structure.

III. RESULTS AND DISCUSSION
We tried to examine experimentally how close the simulated flow sensitivity was to the actual properties of the
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numerical simulation result in Figure 4 when the air
flow was between 0 and 1 m/sec. This appears to support the validity and usefulness of the finite differential
method(FDM)-based simulation for the temperature distribution and the flow sensitivity of the fabricated micro
flow sensor.

IV. CONCLUSION

Fig. 6. Photographs of the fabricated flow sensor: (a)
overview and (b) back view.

A new silicon micro flow sensor with multiple
temperature-sensing element pairs was proposed and fabricated for wide-range flow measurements. The micro
flow sensor has three temperature-sensing element pairs,
with each sensor of a sensor pair being on opposite sides
of the central heater. This flow sensor structure is very
different from the typical flow sensor structure, which
has only a temperature-sensing element on each side of
central heating element. The distance between the central heating element and the temperature-sensing element pair is important to the flow measuring range in
the sensor structure, so this suggested new micro flow
sensor structure with multiple temperature-sensing elements on both sides of the central heater can be used
as a thermal mass flow sensor with excellent sensitivity
over a very wide range of flows.
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