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(57) ABSTRACT 

The purpose of the present invention is to provide an 
acceleration sensor having a novel structure, by Which high 
precision and high reliability can be realized. 

A singlecrystal silicon substrate (1) is bonded through an 
SiO2 ?lm (9) to a singlecrystal silicon substrate (8), and the 
singlecrystal silicon substrate (1) is made into a thin ?lm. A 
cantilever (13) is formed on the singlecrystal silicon sub 
strate (1), and the thickness of the cantilever (13) in a 
direction parallel to the surface of the singlecrystal silicon 
substrate (1) is made smaller, than the thickness of the 
cantilever in the direction of the depth of the singlecrystal 
silicon substrate (1), and movable in a direction parallel to 
the substrate surface. In addition, the surface of the canti 
lever (13) and the part of the singlecrystal silicon substrate 
(1), opposing the cantilever (13), are, respectively, coated 
With an SiO2 ?lm (5), so that an electrode short circuit is 
prevented in a capacity-type sensor. In addition, a signal 
processing circuit (10) is formed on the singlecrystal silicon 
substrate (1), so that signal processing is performed as the 
cantilever (13) moves. 
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ACCELERATION SENSOR AND PROCESS FOR 
THE PRODUCTION THEREOF 

TECHNICAL FIELD 

[0001] The present invention relates to an acceleration 
sensor, and more speci?cally, a semiconductor type accel 
eration sensor suitable for air-bag system, suspension con 
trol system, or the like, for automobiles. 

BACKGROUND TECHNIQUES 

[0002] In producing a semiconductor type acceleration 
sensor, the movable part thereof has hitherto been prepared 
in such a Way that it penetrates a singlecrystal silicon Wafer. 
Accordingly, a siZe large enough to penetrate through the 
thickness of a Wafer is required, and therefore, it has been 
dif?cult to miniaturiZe the acceleration sensor. In addition, in 
order to incorporate this sensor into a package, there has 
been required a relaxation part such as a pedestal in order to 
release the stress caused by the difference in coef?cients of 
thermal expansion or the like. 

[0003] HoWever, in Nikkei Electronics, Nov. 11, 1991 
(No. 540), pp 223 to 231, there is illustrated an acceleration 
sensor produced by use of a surface micro-machining tech 
nique. That is, a thin polysilicon ?lm is laminated on a 
silicon substrate, and thereafter, this polysilicon ?lm is 
etched, Whereby a beam movable parallel to the surface of 
the substrate is formed, so as to form a differential capacity 
type acceleration sensor. HoWever, When a beam structure is 
formed by use of polysilicon, if a signal processing circuit 
is formed around the formed beam structure, the sensor 
characteristics become unstable. This is because the beam 
structure is formed of a polycrystalline and amorphous 
material, resulting in noticeable variation for every produc 
tion lot. Accordingly, it is still desirable to form an accel 
eration sensor by surface micro-machining singlecrystal 
silicon. 

[0004] Under such circumstances, the purpose of the 
present invention is to provide an acceleration sensor having 
a novel structure, by Which high precision and high reliabil 
ity can be realiZed. 

[0005] In addition, another purpose of the present inven 
tion is to produce this acceleration sensor With a good yield 
rate during the production process thereof. 

DISCLOSURE OF THE INVENTION 

[0006] The gist of the ?rst invention resides in an accel 
eration sensor, comprising a second singlecrystal silicon 
substrate bonded onto a ?rst singlecrystal silicon substrate 
With an insulating ?lm interposed therebetWeen the second 
singlecrystal silicon substrate being made of a thin ?lm, a 
beam formed on at least either of said ?rst and second 
singlecrystal silicon substrates and movable in a direction 
parallel to the surface thereof, and a signal-processing circuit 
formed on at least one of said ?rst and second singlecrystal 
silicon substrates for performing processing of signals pro 
duced by a movement of beam, caused by an acceleration. 

[0007] In addition, the gist of the second invention resides 
in a process for producing an acceleration sensor, compris 
ing; a ?rst step of forming, on a main surface of a ?rst 
singlecrystal silicon substrate, a groove With a predeter 
mined depth for formation of a beam; a second step of 
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forming, on the main surface of said ?rst singlecrystal 
silicon substrate, a ?lm of a polycrystaline silicon, an 
amorphous silicon or a mixture thereof so as to ?ll said 
groove With said silicon ?lm, and smoothing (?attening) the 
surface of said silicon ?lm; a third step of bonding the main 
surface of said ?rst singlecrystal silicon substrate to a second 
singlecrystal silicon substrate With an insulating ?lm formed 
thereon, said insulating ?lm being interposed betWeen said 
?rst and second singlecrystal silicon substrates; a fourth step 
of polishing the reverse side of said ?rst singlecrystal silicon 
substrate to a predetermined degree, so as to make said ?rst 
singlecrystal silicon substrate a thin ?lm; and a ?fth step of 
forming a signal-processing circuit on at least either of said 
?rst and second singlecrystal silicon substrates, and there 
after, removing by etching said silicon ?lm of a polycrystal 
silicon, an amorphous silicon or a mixture thereof from said 
reverse side of said ?rst singlecrystal silicon substrates, to 
form a beam. 

[0008] In addition, the gist of the third invention resides in 
a process for producing an acceleration sensor, comprising; 
a ?rst step of bonding a main surface of a ?rst singlecrystal 
silicon substrate to a second singlecrystal silicon substrate 
With an insulating ?lm formed thereon, said insulating ?lm 
being interposed therebetWeen; a second step of polishing 
the reverse side of said ?rst singlecrystal silicon substrate to 
a predetermined degree, so as to make the ?rst singlecrystal 
silicon substrate a thin ?lm; a third step of forming a groove 
With a predetermined depth for formation of a beam; a fourth 
step of forming, on the reverse side of said ?rst singlecrystal 
silicon substrate, a ?lm of a polycrystal silicon, an amor 
phous silicon or a mixture thereof, so as to ?ll said groove 
With said silicon ?lm, and smoothing the surface of said 
silicon ?lm; and a ?fth step of forming a signal-processing 
circuit on at least one of said ?rst and second singlecrystal 
silicon substrates, and thereafter, removing by etching said 
?lm of polycrystal silicon, amorphous silicon or a mixture 
thereof from the reverse side of the ?rst singlecrystal silicon 
substrate, to form a beam. 

[0009] In the ?rst invention, When an acceleration is 
applied in a direction parallel to the surface of the bonded 
singlecrystal silicon substrates, the beam formed on the ?rst 
or second singlecrystal silicon substrate moves. As this 
beam moves, signal processing is performed in the signal 
processing circuit formed on the ?rst or second singlecrystal 
silicon substrate. 

[0010] In the second invention, as a ?rst step, a groove of 
a predetermined depth for formation of a beam is formed on 
the main surface of the ?rst singlecrystal silicon substrate, 
and as a second step, a ?lm of a polycrystalline silicon, an 
amorphous silicon or a mixture thereof is formed on the 
main surface of the ?rst singlecrystal silicon substrate, 
Whereby the groove is ?lled With the silicon ?lm, and the 
surface of this silicon ?lm is ?attened. Subsequently, as a 
third step, the main surface of the ?rst singlecrystal silicon 
substrate is bonded to a second singlecrystal silicon sub 
strate having an insulating ?lm formed thereon, said insu 
lating ?lm being interposed betWeen the ?rst and second 
singlecrystal substrates, and, as a fourth step, the reverse 
side of the ?rst singlecrystal silicon substrate is polished to 
a predetermined degree, Whereby the ?rst singlecrystal sili 
con substrate is made into a thin ?lm. Subsequently, as a ?fth 
step, a signal-processing circuit is formed on the ?rst or 
second singlecrystal silicon substrate, Whereafter the poly 
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crystalline, amorphous or mixed silicon ?lm is removed by 
etching from the reverse side of the ?rst singlecrystal silicon 
substrate, and a beam is formed. As a result, an acceleration 
sensor according to the ?rst invention is produced. 

[0011] In the third invention, as a ?rst step, the main 
surface of a ?rst singlecrystal silicon substrate is bonded to 
a second singlecrystal silicon substrate With an insulating 
?lm formed-thereon, said insulating ?lm being interposed 
betWeen the ?rst and second substrates, and as a second step, 
the reverse side of the ?rst singlecrystal silicon substrate is 
polished to a predetermined degree, so that the ?rst single 
crystal silicon substrate is made into a thin ?lm. Subse 
quently, as a third step, a groove of a predetermined depth 
for formation of a beam is formed on the reverse side of the 
?rst singlecrystal silicon substrate, and as a fourth step, a 
?lm of polycrystalline silicon, an amorphous silicon or a 
mixture thereof is formed on the reverse side of the ?rst 
singlecrystal silicon substrate, Whereupon the groove is 
?lled With the silicon ?lm, and the surface of the silicon ?lm 
is ?attened. Subsequently, as a ?fth step, a signal-processing 
circuit is formed on the ?rst or second singlecrystal silicon 
substrate, Whereafter the polycrystalline, amorphous or 
mixed silicon ?lm is removed by etching from the reverse 
side of the ?rst singlecrystal silicon substrate, and a beam is 
formed. As a result, an acceleration sensor according to the 
?rst invention is produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a plan of an acceleration sensor according 
to the ?rst embodiment of the present invention, and FIG. 2 
is a ?gure illustrating a section taken along the line A-A in 
FIG. 1. 

[0013] FIGS. 3 to 10 are illustrations for explanation of the 
manufacturing process of the ?rst embodiment, and, respec 
tively, sectional vieW for each production stage. 

[0014] FIG. 11 is a plan illustrating an application 
example of the ?rst embodiment, and FIG. 12 is a sectional 
vieW taken along the line B-B in FIG. 11. 

[0015] FIGS. 13 to 21 are illustrations for explanation of 
the manufacturing process of the second embodiment, and, 
respectively, a sectional vieW for each production stage. 

[0016] FIGS. 22 to 28 are illustrations for explanation of 
the manufacturing process of the third embodiment, and, 
respectively, a sectional vieW for each production stage. 

[0017] FIGS. 29 to 31 are illustrations for explanation of 
the manufacturing process of the fourth embodiment, and, 
respectively, a sectional vieW for each production stage. 

[0018] FIGS. 32 to 34 are illustrations for explanation of 
the manufacturing process examples to Which the fourth 
embodiment is applied, and, respectively, a sectional vieW 
for each production stage. 

[0019] FIG. 35 is a plan illustrating an example of a 
sensor tip formed by use of an acceleration sensor according 
to the present invention. 

MOST PREFERRED EMBODIMENTS FOR 
WORKING THE INVENTION 

[0020] In the folloWing, the embodiments and realiZations 
of the present invention, Will be explained With reference to 
the attached draWings. 
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First Embodiment 

[0021] FIG. 1 is a vieW plan of an acceleration sensor 
produced by the ?rst embodiment of the present invention, 
and FIG. 2 is a-sectional vieW taken along the line A-A in 
FIG. 1. In addition, in the present embodiment, the sensor 
part and the signal-processing circuit are formed of the same 
singlecrystal silicon substrate. 

[0022] The present acceleration sensor is a capacity type 
acceleration sensor. As illustrated in FIG. 2, there is bonded 
onto a singlecrystal silicon substrate 8 a singlecrystal silicon 
substrate 1 through an SiO2 ?lm 9, and in the singlecrystal 
silicon substrate 1, there is formed a cantilever 13 by a 
trench 3 penetrating said substrate 1. As illustrated in FIG. 
1, this cantilever 13 has a structure such that an end side 
thereof is branched into tWo parts. The cantilever 13 can be 
moved in a direction parallel to the surface of the single 
crystal silicon substrate 1 (the arroW direction C in FIG. 1). 
In addition, in the singlecrystal silicon substrate 1, a signal 
processing circuit 10 is formed and is electrically insulated 
from the cantilever 13 by a polysilicon ?lm 6 and an SiO2 
?lm 5. 

[0023] In the folloWing, the production precess of the ?rst 
embodiment of the present invention, Which is suitable for 
the production of the aforesaid structure, Will be explained 
With reference to FIGS. 3 to 10. 

[0024] First, as illustrated in FIG. 3, an n-type (100) 
singlecrystal silicon substrate 1 With a resistance of 1 to 
209cm is provided, and on the main surface thereof, there 
is formed an SiO2 ?lm 2 With a thickness of about 1 pm by 
thermal oxidation, and the SiO2 ?lm 2 is formed into a 
predetermined pattern by a photolithographic method. This 
pattern is a pattern exposing, on the main surface of the 
silicon substrate, an area to be formed as a groove separating 
at least an area to be formed as a movable electrode 

(cantilever) from the substrate, and in the present embodi 
ment, this pattern is formed as a pattern exposing also the 
main surface of the silicon substrate in an area for trans 
versely insulating and separating the signal-processing cir 
cuit. Subsequently, on the main surface side of the single 
crystal silicon substrate 1, there is formed a trench 3 having 
a perpendicular Wall With a predetermined depth, e.g. rang 
ing from about 0.2 to about 30 pm. In the present embodi 
ment, explanation Will be made With respect to the case 
Where the Wall thickness is about 3 pm. 

[0025] Subsequently, after the SiO2 ?lm 2 has been 
removed, as illustrated in FIG. 4, an n+ diffused layer 4 
formed using phosphorus, arsenic or the like is formed on 
the main surface of the singlecrystal silicon substrate 1, 
including the internal Wall of the trench 3, and further, an 
SiO2 ?lm 5 With a thickness ranging from 0.1 to 1 pm is 
formed by thermal oxidation or the like. In this case, in order 
to prevent damage by etching, there may be conducted the 
so-called “sacri?ce oxidation” in Which SiO2 is formed by 
thermal oxidation and removed before formation of the n+ 
diffused layer 4. 

[0026] Subsequently, as illustrated in FIG. 5, a polysilicon 
?lm 6 is formed on the main surface of the singlecrystal 
silicon substrate 1, and the trench 3 is ?lled With the 
polysilicon ?lm 6. In addition, in the case Where an impurity 
is introduced into the polysilicon ?lm 6 in order to use the 
polysilicon ?lm 6 as a conductive path, forming a thin 
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polysilicon layer and diffusing phosphorus or the like in a 
high concentration before formation of the polysilicon ?lm 
6, allows the impurity to be introduced into the polysilicon 
?lm 6. 

[0027] Next, as illustrated in FIG. 6, the surface of the 
polysilicon ?lm 6 is mirror ?nished, so as to make the 
thickness of the polysilicon ?lm 6 a predetermined value. 
Subsequently, boron ions or other impurity are implanted 
into the polysilicon ?lm 6 to form p+ diffused layers 7 in 
predetermined areas. 

[0028] On the other hand, as illustrated in FIG. 7, another 
(100) singlecrystal silicon substrate 8 is provided, and an 
SiO2 ?lm 9 With a thickness ranging from 0.1 to 1.0 pm is 
formed on the main surface of the silicon substrate 8. 

[0029] Subsequently, the singlecrystal silicon substrate 1 
and the singlecrystal silicon substrate 8 are dipped into eg 
an aqueous mixed solution of aqueous hydrogen peroxide 
and sulfuric acid, so as to subject these substrates to a 
hydrophilicity-imparting treatment. Thereafter, these sub 
strates are dried, and as illustrated in FIG. 8, the main 
surface of the singlecrystal silicon substrate 1 and that of the 
singlecrystal silicon substrate 8 are put together at room 
temperature, and these substrates are introduced into a 
furnace at 400 to 1100° C. for a period of time ranging from 
0.5 to 2 hours, so as to strongly bond them. 

[0030] Subsequently, as illustrated in FIG. 9, by use of an 
aqueous solution of an alkali type, eg an aqueous KOH 
solution or the like, the reverse side of the singlecrystal 
silicon substrate 1 is subjected to selective polishing. The 
polishing is continued until the SiO2 ?lm 5 is exposed. As a 
result, the thickness of the singlecrystal silicon substrate 1 
reaches a value Which is approximately determined by the 
depth of the trench, eg about 3 pm, so that the substrate 1 
is made thin. 

[0031] Subsequently, as illustrated in FIG. 10, in a pre 
determined area of the singlecrystal silicon substrate 1, there 
is formed a signal-processing circuit 10 (IC circuit portion) 
by use of an ordinary CMOS process, bipolar process or the 
like. In addition, a diffused layer for connecting to Wiring 
and a metallic electrode ?lm composed of an aluminum ?lm 
or the like are formed, and Wiring at the sensor part, Wiring 
at the circuit part, and connection of the sensor part to the 
circuit part are performed. In FIG. 1 and FIG. 10, a MOS 
transistor alone is illustrated as a part of the signal-process 
ing circuit 10. 

[0032] Further, on the upper surface of the signal-process 
ing circuit 10, there is formed, as a passivation ?lm 11, a 
plasma SiN ?lm (P-SiN) eg by a plasma CD method. 
Subsequently, at the sensor part side, WindoWs 12 are opened 
at predetermined areas of the passivation ?lm 11, and the 
polysilicon ?lm 6 ?lled in the trench 3 is exposed from the 
surface. By this WindoW opening procedure, the singlecrys 
tal portions Where a cantilever or ?xed electrodes are to be 
formed are demarcated from the polycrystal portions embed 
ded in the trench, on the surface of the substrate. 

[0033] Subsequently, as illustrated in FIG. 2, by use of a 
20% solution of TMAH (tetramethylammonium hydroxide) 
(CH3)4NOH, the polysilicon ?lm 6 is removed by etching 
through the WindoWs 12 of the passivation ?lm 11, from the 
reverse side (the upper side in FIG. 2) of the singlecrystal 
line silicon substrate 1. In this case, the passivation ?lm 11 
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(P-SiN), SiO2 ?lm 5, aluminum Wiring layer and p+ diffused 
layer (p+ polysilicon ?lm) 7 are hardly etched by the 
selective etching. Accordingly, the bonding of the single 
crystal silicon substrate to the loWer singlecrystal silicon 
substrate 8 is secured through the p+ diffused layer (p+ 
polysilicon ?lm) 7. 

[0034] In addition, if trenches 3 are preliminarily formed 
also in the Wide area of the cantilever 13 in FIG. 1, and 
etching WindoWs 48 are provided simultaneously With the 
formation of the WindoWs 12, in such a Way that the etching 
WindoWs 48 communicate With said trenches 3, the poly 
silicon ?lm 6 beloW the movable part (cantilever 13) of the 
sensor can be more securely removed by etching through 
this etching WindoW 48 When the polysilicon ?lm 6 is 
removed by etching. 

[0035] By the aforesaid procedures, the cantilever 13 is 
formed. In this case, the cantilever 13 becomes, as illustrated 
in FIG. 2, smaller in the thickness L2 in a direction parallel 
to the surface of the singlecrystal silicon substrate 1 than in 
the thickness L1 in a direction along the depth of the 
singlecrystal silicon substrate 1. 

[0036] In a capacity type acceleration sensor, the end 
portions (bifurcated portions) of the cantilever 13 are formed 
as movable electrodes, and as illustrated in FIG. 1, the parts 
of the singlecrystal silicon substrate 1, opposing the end 
portions of the cantilever 13, are formed as ?xed electrodes 
14, 15, 16, and 17, respectively. In addition, as illustrated in 
FIG. 1, ?xed electrode 14 and ?xed electrode 16 are derived 
through an aluminium Wiring layer 18a, ?xed electrode 15 
and ?xed electrode 17 are derived through an aluminium 
Wiring layer 18b, and the cantilever 13 (movable electrode) 
is derived through an aluminium Wiring layer 18c. These 
aluminium Wiring layers 18a, 18b, and 18c are connected to 
the signal-processing circuit 10, and by this signal-process 
ing circuit 10, signal processing is conducted as the canti 
lever (movable electrode) 13 is displaced oWing to an 
acceleration. In addition, by the n+ diffused layers 4 (see 
FIG. 2) disposed on the cantilevers 13 (movable electrodes) 
and ?xed electrodes 14, 15, 16, and 17, the electric potential 
is maintained at a constant value. 

[0037] Although a capacity type acceleration sensor is 
made in the present embodiment, if a pieZo-resistance layer 
is formed at the surface of the root portion of the cantilever 
13, a pieZo resistance type acceleration sensor can be 
formed. As a matter of course, if these tWo types of sensors 
are formed in a one and same substrate, the precision and 
reliability of the acceleration sensor can further be 
improved. 

[0038] In the acceleration sensor thus produced, the 
singlecrystal silicon substrate 1 is bonded through an SiO2 
?lm to the singlecrystal silicon substrate 8, so as to form an 
SOI structure. In addition, in the cantilever 13, its thickness 
L2 in a direction parallel to the surface of the singlecrystal 
silicon substrate 1 is smaller than the thickness L1 in a 
direction of the depth of the singlecrystal silicon substrate 1. 
Accordingly, the cantilever 13 becomes movable, on the 
surface of the singlecrystal silicon substrate 1, in a direction 
parallel to the surface, Whereby an acceleration to a direction 
parallel to the substrate surface is detected. 

[0039] As mentioned in the foregoing, in the present 
embodiment, on the main surface of the singlecrystal silicon 



US 2001/0032509 A1 

surface 1, there is formed a trench (groove) 3 of a prede 
termined depth for formation of the cantilever 13 (the ?rst 
step), and the polysilicon ?lm 6 is formed on the main 
surface of the singlecrystal silicon substrate 1, so as to ?ll the 
trench 3 With said polysilicon ?lm 6, and the surface of the 
polysilicon ?lm 6 is ?attened (smoothed) (the second step). 
Subsequently, the main surface of the singlecrystal silicon 
substrate 1 is bonded to the singlecrystal silicon substrate 8 
With an SiO2 ?lm 9 (insulating ?lm) formed thereon, through 
said SiO2 ?lm 9 being interposed betWeen the substrates 1 
and 8 (the third step), Whereafter the reverse side of the 
singlecrystal silicon substrate 1 is polished to a predeter 
mined degree, so as to make the singlecrystallibe silicon 
substrate into a thin ?lm (the fourth step). Subsequently, the 
signal-processing circuit 10 is formed on the surface of the 
singlecrystal silicon substrate, Whereafter the polysilicon 
?lm 6 is removed by etching from the reverse side of the 
singlecrystal silicon substrate, so as to form the cantilever 13 
(the ?fth step). 
[0040] Accordingly, during the process for the formation 
of the signal-processing circuit 10, in the course of the Wafer 
process, the trench 3 in the surface portion of the single 
crystal silicon substrate, is ?lled With the polysilicon ?lm 6, 
Whereby contamination of the IC elements, contamination of 
production equipment, and degradation or deterioration of 
electrical properties accompanied thereWith can be pre 
vented. That is, in the Wafer process, by contriving to 
prevent the surface structures such as concave portions or 
penetration holes from appearing on the Wafer surface in the 
heat treatment, photolithographic treatment and the like, in 
the course of the process, it is possible to prevent contami 
nation and the like, and to thereby stably provide accelera 
tion sensors of high precision. 

[0041] The thus produced acceleration sensor comprises 
the singlecrystal silicon substrate 1, Which is bonded 
through an SiO2 ?lm (insulating ?lm) to the singlecrystal 
silicon substrate 8, and Which is made a thin ?lm; the 
cantilever 13, Which is formed on said singlecrystal silicon 
substrate 1 and Which is movable in a direction parallel to 
the surface of the substrate; and the signal-processing circuit 
10, Which is also formed on the singlecrystal silicon sub 
strate 1 and Which performs signal processing as the canti 
lever 13 moves oWing to an acceleration. When an accel 
eration is applied in a direction parallel to the surface of the 
singlecrystal silicon substrate 1, the cantilever formed on the 
singlecrystal silicon substrate 1 moves. As the cantilever 13 
moves, signal-processing is performed by the signal-pro 
cessing circuit 10 formed on the singlecrystal silicon sub 
strate 1. In such a Way as above, by a micro-machining 
technique using singlecrystal silicon, an acceleration sensor 
is formed, by the novel structure of Which high precision and 
high reliability can be realiZed. 

[0042] In addition, since the surface of the aforesaid 
cantilever 13 and the part of the singlecrystal silicon sub 
strate 1, opposing said cantilever 13, are coated With the 
SiO2 ?lm (insulator) 5, electrode short-circuit in the capacity 
type acceleration sensor can previously be prevented. In 
addition, it suf?ces if at least either of the surface of the 
cantilever 13 or the part of the singlecrystal silicon substrate 
1 opposing the cantilever 13 is coated With the SiO2 ?lm 
(insulator) 5. 
[0043] Further, as an application of the present embodi 
ment, as illustrated in FIGS. 11 and 12, the cantilever may 
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be separated from the signal-processing circuit (IC circuit 
portion) 10 and an air bridge Wiring is formed, in order to 
reduce parasitic capacity. In addition, the ?xed electrodes 
14, 15, 16, and 17 may be formed so as to have the same 
structure as above. This can be realiZed by forming a p+ type 
polysilicon ?lm 7 at the minimum position necessary for 
bonding the ?xed electrodes to the loWer substrate. 

[0044] In addition, although an aluminium Wiring layer is 
used in the aforesaid embodiment, the Wiring part may be 
formed by use of a polysilicon layer. Further, although tWo 
movable electrodes are formed at the end of the beam and 
simultaneously, four ?xed electrodes 14, 15, 16, and 17 are 
formed, in the aforesaid embodiment, the movable and ?xed 
electrodes may be formed like the teeth of a comb in order 
to further improve the sensitivity of the sensor. 

[0045] In addition, an oxide ?lm may selectively be 
formed, instead of the formation of the p+ polysilicon ?lm 7. 

Second Embodiment 

[0046] Next, there Will be made explanations about the 
production process in the second embodiment, laying stress 
on the points different from those in the ?rst embodiment. In 
addition, in the second embodiment to be hereafter 
explained, explanations Will be made by Way of example of 
the case Where a sensor having a structure according to the 
structure illustrated in FIGS. 1 and 2, as explained in the 
aforesaid ?rst embodiment, and there Will be illustrated a 
sectional vieW corresponding to the A-A section of FIG. 1. 

[0047] In the aforesaid ?rst embodiment, in order to form 
the cantilever 13, the p+ diffused layer (p+ polysilicon ?lm) 
7 is formed for the purpose of separating the cantilever 
portion from the singlecrystal silicon substrate at a prede 
termined distance, but in the present embodiment, a concave 
portion is formed before formation of a trench, for the 
purpose of separating the cantilever from the substrate at a 
predetermined distance. 

[0048] 
trated. 

[0049] First, as illustrated in FIG. 13, an n type (100) 
singlecrystal silicon substrate 20 is provided, and on the 
main surface of the provided singlecrystal silicon substrate 
20, there is formed a concave portion 21 With a predeter 
mined depth e.g. ranging from 0.1 to 5 pm. Subsequently, as 
illustrated in FIG. 14, on the main surface of the single 
crystal silicon substrate 20, there is formed an SiO2 ?lm 22, 
and a pattern is formed by a photolithographic means, in the 
same Way as in the aforesaid ?rst embodiment. Subse 
quently, on the main surface of the singlecrystal silicon 
substrate 20 including the bottom of the concave portion 21, 
there is formed a trench With a depth ranging from about 0.1 
to about 30 pm (3 pm in the present embodiment) by dry 
etching or the like. 

In FIGS. 13 to 21, the production process is illus 

[0050] Subsequently, as illustrated in FIG. 15, on the main 
surface of the singlecrystal silicon substrate 20 including the 
internal Wall of the trench 23, there is formed an n+ diffused 
layer 24, and an SiO2 ?lm 25 is formed by thermal oxidation. 
Thereafter, as illustrated in FIG. 16, a polysilicon ?lm 26 is 
deposited in the trench 23 by the LPCVD method. 

[0051] Subsequently, as illustrated in FIG. 17, the surface 
of the polysilicon ?lm 26 is polished by use of the SiO2 ?lm 










