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Micro integrated pressure, temperature,
and relative humidity sensor using adhesive bonding with SU-8
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Abstract: The integrated pressure, temperature, and relative humidity sensors with high precision are
highly needed in environmental monitoring and industrial control, for they have the superiorities on
small sizes, low weights, low costs and easy to produce. Based on MEMS technology, a novel high
precision integrated pressure, temperature, and relative humidity sensor is developed and its design
principle and composition are introduced. Then, the fabrication process sequence and experiments for
the integrated sensor are given. The 5.5 mmX3.5 mm 0. 8 mm sensor chip consists of a piezoresis-
tive Pt pressure sensor using adhesive bonding with SU-8, a Pt resistance temperature sensor and a ca-
pacitive humidity sensor. Experiments show that the pressure sensor has a linearity of 0. 2% and a pre-
cision of 0. 05% in square fitting; the temperature sensor has a precision of 0. 3% and the humidity
sensor shows the wide ranges of sensing ambient relative humidity from 25 % RH to 95%RH and a lin-
ear correlation coefficient of 0. 998 in 28.5 ‘C. The high precisions of three sensors indicate the com-
patibility of the fabrication of this integrated sensor.
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1 Introduction

The integrated pressure, temperature, and rela-
tive humidity sensor with high precision is high-
ly needed in environmental monitoring and in-
dustrial control™™. This kind of sensor fabricated
by MEMS technology has the superiority on
small size, low weight, low cost and easy mass
production’®’. One of the challenges of this kind
of sensor is that both the high precision of each
sensor and the compatibility of the sensor fabri-
cation should be ensured. However, in the past
work*! on this kind of sensor, the precision of
each sensor has to give away to the fabrication
process.

An integrated pressure, temperature, and rel-
ative humidity sensor with high precision, small
size and low cost is developed. This paper re-
ports the design, fabrication and test of this sen-
sor chip which consists of a platinum piezoresis-
tive pressure sensor using adhesive bonding with
SU-8, a Pt resistance temperature sensor and a

capacitive humidity sensor.

2 Device structure and Design

As shown in Fig. 1, the fabricated integrated
sensor consists of a platinum piezoresistive pres-
sure sensor using adhesive bonding with SU-8, a
Pt resistance temperature sensor and a capacitive
relative humidity sensor. Polyimide has been
chosen as the relative humidity sensitive material
of the capacitive relative humidity sensor. To
ensure the vapour to diffuse freely into the poly-
imide and a uniform electrical field distribution
in the polyimide, the upper electrode of humidity
sensor has regular square meshes structure. The
pressure sensor consists of a Si membrane on
which a Pt electrodes is chosen as the sensitive
material and a vacuum-sealed cavity formed by
adhesive bonding with SU-8. According to the

simulation, 15 ym and 2 000 pm as the thickness

and the side length of the Si membrane are set.
Pt electrodes have to cover more areas of the
membrane to utilize strain as more as possible,
The locations of the Pt electrodes used as
Wheatstone bridge are determined according to

the map of the stress distribution.
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Fig. 1 Schematic diagram of the integrated pressure,

temperature, and relative humidity sensor

3 Device fabrication

The fabrication sequence of this integrated sen-
sor has three processes mainly and has been
shown in Fig. 2. In the first process, a 0.5 pym
thick dry thermal SiO, layer is grow on a double-
sided, 7. 62 cm n-type(100) silicon wafer. Next,
Si; N, layer with a thickness of 0. 2 ypm is double-
sided deposited by LPCVD (low-pressure chemi-
cal-vapor deposition). Then Pt layer as the low-
er electrode of humidity sensor, temperature
sensor and electrode of pressure sensor is deposi-
ted on the front side of the silicon wafer by lift-
off technology. And then, a Polyimide (PYRA-
LIN PI2555, HD MicroSystems) thin film is
coated and patterned on the lower Pt electrode of
humidity sensor by the standard process of
PYRALIN PI2555. Finally, the upper Pt elec-
trode of humidity sensor with regular square me-
shes structure is deposited on the polyimide thin
film by lift-off technology.

In the second process, the SiO, and Si; N, lay-
er of the back side which are used as masks for
KOH etching are etched into a patterned shape.
Then, the following KOH etching forms the Si

membrane with a thickness of 15 pm. During
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this KOH etching process, a special device is
used to ensure the isolation between the KOH
solution and the humidity sensor, temperature
sensor and electrode of pressure sensor which

are located on the front side of Si wafer.
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Fig. 2 Schematic fabrication process sequence of the

integrated sensor

In the third process, a 10 pm thick SU-8 layer
is spun on the glass wafer and is partially baked
in 95 C for 1 min. The silicon and glass wafer
are aligned and brought into contact. Then, wa-
fer to wafer bonding is performed with a pres-
sure of 60 N on the wafers in a vacuum hot plate-
by pumping 1 hour to a surrounding pressure of
107" Pa, then heating in ramp to 95 C and
maintaining it for 1 hour, finally cooling down to
room temperature with the pump still running.
Differing from the traditional adhesive bonding

5-7]

with SU-8 for packaging™™ and the work™, we

didn't use a bonding machine but adopted a dif-

ferent process to accomplish the bonding, and
the process of adhesive bonding with SU-8 is
performed in a more convenient and practical
way. The front view of one of the fabricated

sensors has been shown in Fig. 3.

Fig. 3 Photograph of the fabricated sensor

4 Tests and results

The integrated sensor is wire bonded to a Prin-
ted Circuit Board (PCB) which is able to be con-
nected with a test circuit which is also a PCB.
As shown in Fig. 1, the size of the fabricated in-
tegrated sensor is 5.5 mm X 3.5 mm X 0. 8 mm.
Pressure controller (Paroscientific Inc. 745-23a)
has been employed as the key instrument to
characterize the pressure performance of the in-
tegrated sensor. Fig. 4 presents the pressure
performance of the integrated sensor in
20.17 C. The precision of the pressure per-
formance of the sensor is with a linearity of
0.2% and a square fit of 0. 05%. RTS-60C tem-

perature examination instrument has been used

to characterize the temperature performance of
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Fig. 4 Output of pressure sensor in 20. 17 C
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Fig. 5 Output of temperature sensor
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Fig. 6 Output of humidity sensor in 28.5 C

the integrated sensor which has been shown in
Fig. 5. The temperature performance of the sen

sor has a precision of 0. 3 % . Relative humidity
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