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Abstract x)

The ordinary gas sensor has low material utilization, high pow mptlon
temperature distribution uneven and poor consistency probléms, Base processing
technology, this paper designs a new structure of micro %nser @Ie type design
is first adopted in the structure, with platinum_a e ctrw erial, ceramics
substrate. Using ANSYS Workbench to analy5|s ect and substrate that
including the temperature field, stress field andt t|m|z Mlgn for substrate and
electrode, the sensor can be uniform temp e distributiory; stress of small and the
effective control of power consumpt-lo it” is bem%l to improve the overall

est

performance of the sensor. In addltlo ensor i to verify the accuracy of the
finite element simulation.

Keywords: micro gas se structure %&ﬂ finite element analysis, performance
testing

1. Introduction

The sensor is [@re enm@ main part of the information collection system. It is
an indispen in the r ation of modern measurement and automatic control,
that is the so of th atlon Its performance is directly related to the quality of
the system data outside rmatlon perception[1-2]. So it is necessary to further research

on the design and p rﬂf@mance testing of the sensor.

For gas senso@erally it can be designed into contact with catalytic combustion type,
solid electrolyte,yelectrochemical, optical and semiconductor sensor, etc[3-5]. The
semicondu&ggas sensor was divided into two types: resistance type and non-resistance
type. Fro@ e point of view of design difficulty and practical value, semiconductor
resj a@type gas sensor has a wide range of measurement, high sensitivity, high cost
p%?wance, good stability, low power consumption, and it’s easy to design and
manBifacture, so this kind of gas sensor has good prospects for development[6-7].

In recent years, with the development of design and production technology, the sensor
also moving towards to precision, high performance and development of production
integration, micro-structure gas sensor based on Micro Electronic System(MEMS)
technology arise. Compared with the traditional gas sensor, the micro-structure gas sensor
based on the Micro Electronic System (MEMS) technology integrates the heating
electrode, the sensitive material and the measuring electrode into a whole. Compared with
the traditional sensor that has advantages of low power consumption, good consistency,
high degree of integration, and gradually becomes the main field of gas sensor
structure[8-10]. Because the chemical activity of the sensitive materials generally in more
than 280 degrees Celsius under the condition of high temperature can be excited, and
uniform temperature distribution not only is conducive to the normal use of sensitive
materials to play its characteristics, but also reduce power consumption and improve the
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response speed also has a positive impact, it is necessary to further design of micro-
structure gas sensor[11].

The substrate of the micro-structure gas sensors are mostly square, and the material is
wasted phenomenon has always existed, simultaneously, the micro gas sensor also has the
phenomenon of uneven temperature distribution field interference[12-13]. This paper
designed a new type of structure for micro gas sensor , and using ANSY'S Workbench on
its temperature field and heat should be force are analyzed, to optimize the micro sensor
electrode structure, the overall sensor high and uniform temperature distribution and
reached the lowest power consumption [14-15].

2. Structure Design and Optimization of Sensor

The traditional gas sensor chip can make the 4 groups on the 4*4mm SWS,
however, the new structure of the sensor chip can make the 4 groups on v mm
substrates. A case study on the preparation of the sensor chip 12*12mm ¢ c\substrate,
on the basis of the original increase of 33.3% of the ut|I|z on, moregve ew type of
triangular structure of the sensor chip has the meas electré%e link of the
measuring electrode is removed, as shown in Figure

( b)) Triangular Structure Substrate

(a) The\v aqitonal Slﬁtj

Figu s Sensor Chip Substrate

@!SOI’

e of gas sensor with triangular structure is designed, which is
plane size is 2.8x1.98x1.98mm,the bottom layer adopts ceramic
, in order to ensure the mechanical strength but also play a role in

2.1 Overall gn of

In this paper, an
shown in Figure
material as sub

msulatlon Ilability of the sensor is guaranteed. On the substrate, a snake shaped
heating de and a measuring electrode are provided, the thickness is 2um, and the
hea |n trode and the measuring electrode are designed in the same plane. The

lectric field accompanying of traditional sandwich structure sensor is avoided,

o reduces the processing difficulty, it can be compatible with the existing plane

mtegrated technology. Simultaneously, the novel type of triangular structure has further

reduced the size of the sensor to make its contribution to the development of
miniaturization.
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Measuring electrode

Ceramic substrate

(a) Sensor Top View

Figure 2. Schematic Diagram of Sensor Structure

2.2 Optimization of Sensor Substrate

(b)) Sensor 3D View
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Ceramic material is substrate, the oxygen ion is closed pack with six

is symmetrically distributed in an oxygen ion surrou

coordination centers that lead to crystal lattice can be“e

advantages of thermostability, low thermal

insulation and good heat loss prevention, the ener@
the characteristic of the ceramic substrate, in ord

substrate, and take into account the thermal

There are two kinds of ceramic substrate
in order to compare the temperature f|

ceramic substrate with different thi
heating electrode width of the

parameters, analysis of tem

with Workbench ANSYS,_the res
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set the path, the te
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m thickness were designed,
thermal strdin dlstrlbutlon of two kinds of

ower consumption is 0.15w, the
, table 2-1 is the simulation material

rmal strain of two kinds for substrate

own in Figure 3; with the longest side
ex to the center point of the longest side to
of the path is obtained, as shown in Figure 4,
rature field, the thermal stress distribution of the

&:}cific Thermgl
Material I:;g?;l-vl‘té’heat Density | expansion Resistivity | Elastic Poiss
Wi Kg/m? coefficient (300K -Q) | modulus | on ratio
YN JIKgK /C
\
Platinum L4 133 21460 8.80E-06 1.06E-07 | 6.20E+10 0.39
Ceramics 36 779 3890 7.7E-06 10E+06 | 5.0E+07 0.24
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Figure 3. Temperature Field Distribution of Two Kinds of‘ V

Substrate Thickness
As shown in the Figure 3, the maximum temperature,ofhe two ki Qstrates can
be obtained in the central region, and the lowest temper 1 the ed ion. As can be
seen from Figure 4, the temperature uniformity of-thesuibstrate athickness of 50um
is lower than thickness of 100um. The Figure 5 tha imum stress of the
substrate with a thickness of 50um is at the cornér of the g electrode and is not
uniform. The maximum stress of the t with 200um is at the edge and is

the condition of temperature that opti ition of the sensor is substrate

workin
temperature uniformity and th&th@; tres{%ﬁ, so the thickness of substrate is

100um.
O
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Figure 4. Temperature Distribution of the Same Path for Two
Kinds of Substrates
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Figure 5. Thermal Stress Distribution of Two Kinds of Substr?@

2.3 Optimization of Heating Electrode %d

When the heating electrode width is different t
uniformity of the sensor have different effects. Qt
heating electrode of the sensor, the thermal analysis o
Workbench ANSYS 15 to width of 50um an 10um und%\( power consumption of
0.15w, and 100um is the maximum wid he hea ectrode. At present, the

thickness of the sensor substrate is 100 the me g electrode width is 100um.
The simulation results shown in FlgurF ent h of the heating electrode is 50um,

the maximum temperature of the c egio , and the temperature distribution
is not uniform.When the heating, elegtrode wi 00um, the maximum temperature of
the central region is 303.33, a e temperature distribution is even better. So the heating
electrode width of 200um l@the relapw d temperature and uniformity

Q

1000 (mem)

QQ (a) The Width is 50um (b)) The h Width is 100um

%ure 6. Temperature Field Distribution of Heating Electrode with Two
Kinds of Width

2.4 Optimization of Measuring Electrode

In the design of gas sensor, the temperature is affected by measuring electrode, in order
to analyze the influence of measuring electrode for the temperature of sensor that
electrode width is set to 50um and 100um, in power for 0.15w, the thickness of the
substrate is 100um and the width of the heating electrode is 100um for the thermal
analysis. The results as shown in Figure 7, from the figure can be seen the highest
temperature of measuring electrode width is 100um higher than measuring electrode
width 50um, and the same width with heating electrode then reduce the processing
complexity, so the measuring electrode width of 100um..
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(a) The width is 50um (b)) The width is 100um

[}
Figure 7. Temperature Field Distribution of Measuring Electrode 'Vo
Kinds of Width C‘
\ﬁ )

er to verify the
ve analysis for the

performance of the hydrogen sensor. The performafice test o ensor adopts a special
dynamic gas testing device, which is used @er with t%zt dard gas dilution device,
that can produce a volume fractioh 000)><10$ ndard hydrogen, the gas
chromatographic detection of the final gen congentrations is observed.
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3 Sensor Performance Test
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FigUGQRelationship between Sensor Output , Component Response to
Hydrogen, Methane and Gasoline

%en the environment temperature is 22 + 0.5°C, working voltage of 1.5V, humidity is
30+3%RH and gas flow 150 ml/min of sensor for hydrogen, methane and gasoline
corresponding voltage output as shown in Figure 8, the curve can be seen from the
figure:sensor to the same concentration of hydrogen, methane and gasoline is an
approximate linear relationship, hydrogen output voltage change rate is significantly
higher than the other two gas ,it shows the sensor is more sensitive to hydrogen.
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Figure 9. Relationship between the Sensor %A;t’ Ter@;re and
Humidity Q V

In 50°C80RH% (high temperature and hi umidi &)°C3ORH% (common
temperature and common humidity), -25 TNJow temperatire) conditions, we used

ESPEC constant temperature humidity «te to sim the above environment, the
humidity uncertainty *2%, the temperaﬁertain to 0.5 *C. The performance tests
for the sensor that comparing the o ata en form Figure 9. From the test
results, it can be known that th ment extreme environment, compared to
the normal use of the envirm%t, e maximuhw output voltage fluctuation is less than
0.04V and equivalent to a full range of 1.&@

\0
TO-0-9—0-4-0-¢

\L(' 1.0
Q) . AP
0 20 40 60 80 100 120

A

Figure 10. Sensor Response Curve and Recovery Time

We used special dynamic testing system to test the response to recovery time of the
hydrogen sensor,and the output end of the sensor link data acquisition card by computer,
and gas density using a 4000x10® volume fraction, the results are as shown in Figure 10.
According to the test results, we can observe that when the hydrogen sensor experiences a
2 V output, the recovery time is approximately 15s, the response to recovery time of the
hydrogen sensor is standard.
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4. Conclusions

A new type of gas sensor with triangular structure is designed, the thickness of the
substrate, the width of the heating electrode and the width of the measuring electrode that
are analyzed and optimized by ANSYS Workbench, when the thickness of the substrate,
the heating electrode and the measuring width are 100um, it brings about the sensor
surface to obtain high and uniform temperature that is beneficial to improve the
performance of the sensor. Finally, the performance of the sensor is tested, and the output
voltage of the sensor is changed linearly then the test shows that the selectivity of the
sensor is very good. It is compared with the traditional gas sensor that power consumption
is 0.15w, response to recovery time is short, the temperature and humidity of the
interference are less than 1.5%, and working stably. The design and applicatiop of the
novel gas sensor have a certain reference value. &)
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