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(57) Abstract: A gas sensor includes a silicon substrate provided with a recess, an insulating layer, a first and a second conductive
patterned layers and a detecting portion for sensing a gas which passes therethrough. In the gas sensor, the insulating layer is formed
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over the recess, thereby being apart from the silicon substrate physically. The detecting portion is formed on both portions of the
first and the second conductive patterned layers.
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GAS SENSOR AND FABRICATION METHOD THEREOK

Technical Field

The present invention relates to a gas sensor and
fabrication method thereof; and, more particularly, to the
gas sensor with an enhanced sensitivity, low power
consumption, a low heat <capacity and heat loss, and

fabrication method thereof, wherein a heating line and a
sensing line are formed being apart from a substrate by
using a semiconductor manufacturing process and a ceramic
bulk of gas sensitive material are formed extending over the

heat and the sensing lines.

Background Art

Generally, a ceramic gas sensor 1is to detect particular
gas. When the gas sensor 1s exposed on particular gas, a
conductivity of ceramic as gas sensitive material 1is changed
or an electromotive force thereof is generated so that it is
possible to detect particular gas by measuring the
conductivity or the electromotive force. In the ceramic gas
sensor as above, to improve sensitivity and selectivity for
particular gas, catalytic material is doped into the ceramic
and further, the temperature should be kept higher than
300 C. Hence, power consumption of the ceramic gas sensor
is higher than that of the other ones. Therefore, in order
to enlarge the application range of the ceramic gas sensor,
it 1s most important to provide the ceramic gas sensor with
low power consumption but keeping the ceramic at high
temperature.

Referring to Fig. 1, there 1is provided a cross
sectional view of a conventional gas sensor 100 disclosed in
Uus. Pat. No. 5,759,367 titled “GAS SENSOR”. The
conventional gas sensor comprises an insulating glass film 4

formed on a silicon substrate, heater films 8, 10, made of
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gold (Au), which arc formed on top of the insulating glass
film 4, an insulating layer 14, detection electrodes 18, 20,
formed on top of the insulating layer 14, and a1 gas
sensitive film 16 surrounding the detection electrodes 18,
20.  In this gas sensor 100, the heater film 6 heats up the
gas sensitive film 16 and a variation of the gas sensitive
film 16 is detected according to the change of the gas flown
thereinto, by using the detection electrodes 18, 20.

The gas sensor 100 as aforementioned has a drawback
that the gas sensitive film 16 is disposed on the detection
electrodes 18, 20 so that the fabrication process becomes
complicated. That 1s, each mask is needed for patterning
the heater films 8, 10 and the detection electrodes 1%, 20,
respectively. Moreover, since the gas sensitive film 16 is
formed on a top surface of the heater film 6 and a bottom
portion of the heater film 6 is directly in contact with the
insulating glass film 4, the heat loss into the silicon

substrate becomes considerably raised.

Disclosure of Invention

It is, therefore, an object of the present invention to
provide a gas sensor with characteristics of an enhanced
sensitivity, a minimized heat capacity and loss, wherein a
heating line and a sensing line are apart from a silicon
substrate and a ceramic of a gas sensitive material is
formed in a bulky shape extending over the heat and the
sensing lines.

It 1is, therefore, another object of the present
invention to provide a method for fabricating the gas sensor
with characteristics of an enhanced sensitivity, a minimized
heat capacity and loss.

In accordance with an embodiment of the present
invention, there 1is provided a gas sensor, comprising: a
silicon substrate provided with a recess formed by

patterning into a predetermined depth; an insulating layer
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formed on top of the silicon substrate cxcepl the recess; o
first conductive patterned layer crossing the recess and
being fixed to the idnsulating layer, to electrically be
isolated from the silicon substrate; a second conductive
patterned layer patterned layer crossing the recess and
being fixed to the insulating layer, to electrically be
isolated from the silicon substrate and the first conductive
patterned layer; and a gas detecting portion formed on both
predetermined portions of the first and the second
conductive patterned layers.

In accordance with another embodiment of the present
invention, there 1is provided a method for manufacturing a
gas sensor, the method comprising the steps of: a) forming
an 1nsulating layer on a silicon substrate; b) forming a
window by patterning a portion of the insulating layer; c)
forming a first and a second metal patterns upon the silicon
substrate exposed by the window and the insulating layer; d)
separating the first and the second metal patterns from the
silicon substrate by dipping the silicon substrate into
alkaline aqueous solution to pattern the substrate exposed
to the window and to form a recess with a shape of the
window; and e) forming a gas detecting portion on both
predetermined portions of the first and the second metal

patterns which are formed over the recess.

Brief Description of the Drawings

Other objects and aspects of the invention will become
apparent from the following description of the embodiments
with reference to the accompanying drawings, in which:

Fig. 1 is a cross sectional view of a conventional gas
sensor;

Fig. 2 1s a perspective view of a gas sensor 1in
accordance with the present invention;

Figs. 3A to 3E are cross-sectional views setting forth

~
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a method for manufacturing the gas sensor of the present
invention, taken along the line I-1T in Fig. 1; and
Migs. 4A to 41 are cross sectional views of a detrocting

portion of the gas sensor in accordance with embodiments of

the present invention.

Best Mode for Carrying out the Invention

Hereinafter, preferred embodiments of the present
invention will now be described in detail, with reference to
the accompanying drawings.

Referring to Fig. 2, there is shown a perspective view
of a gas sensor 200 of the present invention. In this
figure, an insulating layer 212 1is formed on top of a
silicon substrate 210. For example, the insulating layer
212 1s made of material such as silicon oxide, silicon
nitride, silicon carbide or the like. The insulating layer
212 is formed with a thickness ranging from approximately
0.1 to approximately 10 um, preferably of 2 m. Furthermore,
it 1s preferable that the silicon substrate has a crystal
orientation of <100>.

In a center of the silicon substrate 210, there 1is a
recess 220 formed after stripping off the insulating layer
212. The recess 220 has a rectangular shape with a
predetermined depth. For the sake of a fabrication facility,
it is preferable that the recess is formed in a shape of the
rectangular but it can be formed in the shape of a circle or
the other types. Over this rectangular recess, there are
the heating 1line 216 and the sensing line 218 running
parallel with each other. This heating line 216 and sensing
line 218 are extended over the rectangular recess 220 being
apart from the substrate 210.

As shown in Fig. 2, the heating 1line 216 and the
sensing line 218 are connected to metal pads 214A, 214B,
214C and 214D respectively which are formed on top of the
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insulating layer 212, The metal pads 214A, 2148, 214¢ and
214D are formed on the insulating layer 212 to electrically
be isolated from the silicon substrate 210 and to
electrically be connected to an outer power or an outer
circuit. Here, it 1is preferable that a metal pattern
including the metal pads 214A, 214B, 214C and 214D, the
heating line 216 and the sensing line 218, are formed in a
unit body. That 1s, the metal pads 214A, 214B and the
heating line 216 are formed in a unit body, while the
sensing line 218 and the other metal pads 214C, 214D are
formed in a unit body.

The metal pattern such as above is preferably made of
material such as platinum (Pt), nickel (Ni) coated with gold
(Au) or palladium (Pd), and poly-crystal silicon film doped
with boron (B). Preferably, the thickness of the metal

pattern 1s approximately 0.1 to approximately 20 m, most

preferably of 5 . Furthermore, a ceramic bulk 222 is
placed upon both of the heating line 216 and the sensing
line 218 running parallel with each other. Here, the
ceramic bulk 222 has gas sensitive material made of a
compbustible material such as ethanol, methane, LPG or the
like, and a semiconductor material such as SnOz, Zn0, Fe- 04
or the 1like, for detecting carbon oxide (CaO). And to
improve the sensitivity of gas sensitive material, it is
possible to be doped with a catalytic material such as Pt,
Pd, with concentration of 0.5 ~ 1 wt.%.

An operation mechanism of the ceramic gas sensor is
illustrated as followings. When an electrical current is
supplied to the heating line 216, heat is produced due to a
resistance of the heating line 216 and temperature of the
ceramic bulk 222 increases also. At this time, air
including the gas for detection is flown into the ceramic
bulk 222 so that a resistivity of the ceramic bulk 222 is
changed, wherein the resistivity of the ceramic bulk 222 is

measured by measuring a resistance between the heating line
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216 and the sensing line 218.

A method of measuring the resistivity of the ccramic
bulk 222, for example, is illustrated hereinafter. To beqgin
with, both ends of the heating line 216 1s connected to a
heater power, and then a circuit is prepared such a manner

that one end of the sensing line 218 1is connected to outer

resistance (Ry)  of the substrate and voltage (Vee) is
supplied to an end of the outer resistance (R;). At this
time, as 1llustrated already, heater voltage (Vi) is

supplied by the heater power so that heat produced by the
resistance of the heating line 216 makes temperature of the
ceramic bulk 222 raised up to detection temperature. At
this temperature, voltage (V..) 1s measured at the end of the
outer resistance so that it 1is possible to evaluate the
resistance (Rs) of the ceramic bulk 222. Generally, assuming

that the heater resistance (Ry) is several or tens of ohms
(8 ), the resistance of the ceramic bulk 222 is over than

tens of k@, and Vy i1s sufficiently lower than V., Vew iS
calculated by a following equation so that the resistance
(Rs) of the ceramic bulk 222 is evaluated.

Vour = [Rs/(R1 + Rg)] X Ve

It 1s noted that the eguation above can be used to
evaluate the value approximately under the above assumptions
but the more precise value will be calculated by using a
more complicated equation in which there is not any
assumption like above.

Therefore, since a change of the resistivity of the
ceramic bulk 222 1is related to a concentration of the
particular gas included in air, it is possible to calculate
the concentration of the particular gas in air from the
measured resistance.

Next, referring to Figs. 3A to 3E, there are provided
Cross sectional views setting forth a method for
manufacturing the gas sensor of the present invention.

Referring to Fig. 3A, insulating layers 211, 212 of

6
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which the thickness is wholly 0.1 ~ 10 ym, preferably 2 /m,
are tormed on both sides of the silicon substrate 210 with a
crystal oricentation of 2100:-. Hlerc, the insulating layoers
211, 212 are made ol material such as silicon oxide, silicon
nitride, silicon carbide or the like.

In ensuing step, referring to Fig. 3B, a centcr portion
of one 1insulating layer 212 formed on one side of the
silicon substrate 210 1s patterned locally to obtain a
window 219 and a patterned insulating layer 213. At this
time, a portion of the silicon substrate 210 becomes exposed
trough the window 219. The insulating layer 212 is
patterned by using a conventional method such as a
photolithography and an etching process used in
semiconductor manufacturing process.

Thereafter, referring to Fig. 3C, a metal pattern is
formed wupon the window 219 and the patterned insulating
layer 213, wherein the metal pattern includes a heater line
216 and a sensing line 218 formed on top of the window 219,
metal pads 214A, 214B, 214C, 214D formed on top of the
insulating layer 213. Here, the heating 1line 216 as
described already, is formed as a resistance line in order
to supply heat to the ceramic bulk 222, and the sensing line
218 1s formed 1n order to measure the change of the
resistance of the ceramic bulk 222. And the metal pads 214A,
214B, 214C, 214D are formed on top of the patterned
insulating layer 213 for electrically being isolated from
the silicon substrate 210. Furthermore, the metal pads 214A,
214B, 214C, 214D does not only support the heating line and
sensing line but also provide a means for being connected to
an output power or the other outer circuit. It is
preferable that the metal pattern such as above is
manufactured in a unit body of the metal pads 214A, 214B and
the heating line 216, and in a unit body of the other metal
pads 214C, 214D and the sensing line 218 in view of the
fabrication facility. The thickness is preferably 0.1 ~ 20
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/m,  most  preferably b oqm. The metal pattern Ls prelerably
made of material such as platinum (Pt), nickel (Ni) doped
with gold (Au) or palladium (Pd), and multi-crystal silicon
film doped with boron (Br). In addition with that, to
improve an adhesion between the metal pattern and the
patterned insulating layer 213, it 1is possible to use Pt

attached with Cr, wherein the thickness of Cr is preferably

about 0.02 ym.

In a next step, referring to Fig. 3D, whole the silicon
substrate 210 1s dipped in alkaline aqueous solution, and
the portion of the silicon substrate which exposed through
the window 219 is patterned to a predetermined depth. Here,
the insulating layer such as silicon oxide layer and the
metal pattern such as Pt are not etched in alkaline aqueous
solution so that a recess with the predetermined depth is
formed on the silicon substrate 210. Thus, the heating line
216 and the sensing line 218 as shown in Fig. 2 and Fig. 3D,
are apart from the silicon substrate by the recess 220. The
alkaline aqueous solution used here, is potassium hydroxide
or a mixture solution of ethylenediamine and pyrocatechol.

For example, when the substrate 1is dipped in potassium
hydroxide aqgueous solution at 80 T for 2 hours, the recess

with the thickness of approximately 150 /um can be obtained.
In ensuing step, referring to Fig. 3E, the ceramic bulk
222 is formed by thermal treatment after ceramic precursor
droplet having a paste-shape is dropped over a predetermined
range of the heating line 216 and the sensing line 218.
Here, the ceramic precursor, for example, is made of a
mixture having a composition of 90 weight % of Sn0O, as gas
sensitive material, 9 weight % of silica sol as a binder,

Q.

and 1 weight % of PdCl, as a catalyst. Upon the ceramic
precursor having the composition above, a -tepineol including
5% of ethylcellulose is added with a predetermined amount,
and then viscosity becomes hundreds of cps. Following this,
the precursor is dropped over the heating line 216 and the

8
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sensing line 218 after making the precursor in pasto-shape.
The condition for the thermal Ureatment carried out after
dropping the ceramic precursor droplet, is not limited if
solvent included in the ceramic paste can be volatized.

As aforementioned, the gas sensor of the present
invention 1s made by using a method such as a micro-
machining technique based on a semiconductor fabrication
method except the formation of the ceramic bulk. Thus,
volumes of the heating line 216, the sensing line 218 and
the ceramic bulk 222 are extremely small for use in the gas
sensor 200 of the present invention. Further, the heating
line 216, the sensing line 218 and the ceramic bulk 222 are
apart form the silicon substrate so that the heat capacity
and the loss are small. Moreover, because of using the
ceramic bulk as a gas sensitive material in the gas sensor
200 of the present invention, the detection and the physical
properties are superior to those of the other gas sensors
which are wutilized a thin film ceramic. In addition with
that, the method of the present invention has an advantage
that only two masks are needed for patterning the window 219
and the metal pattern. And further, mass productivity of
batch process type which 1is a merit of semiconductor
fabrication method is still applied to the manufacture of
the gas sensor 200 of the present invention so that
manufacturing cost can be lowered.

Meanwhile, referring to Figs. 4A to 4F, there is
provided a detecting portion including the heating line 216,
the sensing line 218 and the ceramic bulk 222 in accordance
with another embodiment of the present invention. As shown
in Fig. 2, 1if the heating line and the sensing line are
formed running parallel with each other and the ceramic bulk
222 1is formed thereon, a portion of heat is only used for
heating up the ceramic bulk 222 and the temperature of the
ceramic bulk 222 becomes not uniform because the resistance
is distributed uniformly over the heating line 216. This

problem can be overcame by modifying the structure of the
9
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detocting portion as described in Fig. 4A Lo 4L.

Referring to Fig. 4A, the heating line 316 1is bended
Like “U”, and a branch line 318A of the sensing line 318 is
inserted a concave  shape thereof. Nccording  to this

structure, the resistance concentrates on the ceramic bulk
322 and further, heat spreads over the range of the ceramic
bulk 322 so that the problem can be avoided and the
detection property can be enhanced and the heat loss can
decrease. Moreover, to improve the resistance concentration
and uniform distribution of heat upon the ceramic bulk 322,
the heating line 416 may be formed in a bended shape of
zigzag as shown in Fig. 4B and the branch line 418A of the
sensing line 418 may be inserted into concave shapes thereof
from one direction. Further, the heating line 516 may be
formed in a bended shape of zigzag and branch lines of two
sensing lines 518 may be inserted into concave shapes
thereof from both directions.

As shown 1in Figs. 4D to 4F, since the change of the
resistivity of the ceramic bulks 622, 722, 822 are depended
on uniformly heating the ceramic bulk, the thickness of the
heating lines 616, 716, 816 in the ceramic bulks 622, 722,
822 are designed to be more thicker than those of the
sensing lines 618, 718, 818. Therefore, in accordance with
the embodiment of the present invention, it is preferable
that the width and the thickness of the sensing lines 618,
718, 818 are approximately 10 um and 5 m, respectively.

Further, if the width and the thickness of the sensing lines

618, 718, 818 are 10 and 5 um, those of the heating lines 616
716, 816 are preferably about 20 um and 5 m,, respectively.

As 1illustrated above, the present invention provides
advantages that the heater line is apart from the silicon
substrate and the gas sensitive material of ceramic is
formed in a bulky shape so that the heat capacity and the
heat loss are minimized to obtain the gas sensor with low

power consumption and low manufacturing cost. Therefore,

10
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the gas sensor of the present invention can be widely
applied to the device such as a portable gas detection
apparatus. Moreover, in comparison with the prior art gas
sensor, there are another merit that only two masks are
needed for patterning the window and the metal pattern in
the method for manufacturing the gas sensor, and further,
mass productivity of semiconductor manufacture process such
as a batch process can be still applied to the present
invention as it is so that the cost for the manufacture can
be lowered.

While the present invention has been described with
respect to certain preferred embodiments only, other
modifications and variation may be made without departing
from the spirit and scope of the present invention as set

forth in the following claims.

11
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Claims

1. A gas sensor, comprising:

a silicon substrate provided with a recess formed by
patterning into a predetermined depth;

an 1insulating layer formed on top of the silicon
substrate except the recess;

a first conductive patterned layer crossing the recess
and being fixed to the insulating layer, to electrically be
1solated from the silicon substrate;

a second conductive patterned layer patterned layer
crossing the recess and being fixed to the insulating layer,
to electrically be isolated from the silicon substrate and
the first conductive patterned layer; and

a gas detecting portion formed on both predetermined
portions of the first and the second conductive patterned

layers.

2. The gas sensor as recited in claim 1, wherein the
first conductive patterned layer is used for supplying heat

to the gas detecting portion.

3. The gas sensor as recited in claim 2, wherein the
second conductive patterned layer is used as a sensing line
for detecting a change of the gas detecting portion

according to a state of gas.

4. The gas sensor as recited in claim 3, wherein the
first conductive  patterned layer covers the second

conductive patterned layer.

5. The gas sensor as recited in claim 1, wherein the

silicon substrate has a crystal orientation of <100>.

6. The gas sensor as recited in claim 1, wherein the

first and the second patterned layers further include a pair
12
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of metal pads to colectrically be connected o an outon

circuilt.

7. The gas sensor as recited in claim 6, wherein the
first and the second conductive patterned layers are made of
material selected ftrom a group consisting of platinum (Pt),
nickel (Ni) doped with gold (Au) or palladium (Pd), and

multi-crystal silicon doped with boron.

8. The gas sensor as recited in claim 1, wherein the
first and the second conductive patterned layers are formed
in a shape of parallel straight lines, or in the shape of
the second conductive patterned layer being inserted into a
concave space of the first conductive patterned layer, or in
the shape of the second conductive patterned layer being
inserted into one concave space or two concave spaces of the

first conductive patterned layer.

9. The gas sensor as recited in claim 1, wherein the
insulating layer is made of material selected from a group
consisting of silicon oxide, silicon nitride and silicon

carbide.

10. A method for manufacturing a gas sensor, the
method comprising the steps of:

a) forming an insulating layer on a silicon substrate;

b) forming a window by patterning a portion of the
insulating layer;

c) forming a first and a second metal patterns upon the
silicon substrate exposed by the window and the insulating
layer;

d) separating the first and the second metal patterns
from the silicon substrate by dipping the silicon substrate
into alkaline aqueous solution to pattern the substrate
exposed to the window and to form a recess with a shape of

the window; and
13
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@) Forming ol gas delect ing portion on both

predetermined portions of the first and the second metal

patterns which are formed over the recess.

11. The method as recited in claim 10, wherein the

silicon substrate has a crystal orientation of <100>.

12. The method as recited in claim 10, wherein the
insulating layer is made of material selected from the group
consisting of silicon oxide, silicon nitride and silicon

carbide.

13. The method as recited in claim 10, wherein the
first and the second conductive patterned layers are made of
material selected from a group consisting of platinum (Pt),
nickel (Ni) doped with gold (Au) or palladium (Pd), and

multi-crystal silicon doped with boron.

14. The method as recited in claim 10, wherein the
first conductive patterned layer is electrically isolated

from the second conductive patterned layer.
15. The method as recited in claim 10, wherein the

alkaline aqueous solution is potassium hydroxide or a

mixture of ethylenediamine and pyrocatechol.

14
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