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(57) ABSTRACT 

A single crystal silicon substrate (1) is bonded through an 
SiO2 ?lm (9) to a single crystal silicon substrate (8), and the 
single crystal silicon substrate (1) is made into a thin ?lm. A 
cantilever (13) is formed on the single crystal silicon sub 
strate (1), and the thickness of the cantilever (13) in a direc 
tion parallel to the surface of the single crystal silicon sub 
strate (1) is made smaller than the thickness of the cantilever 
in the direction of the depth of the single crystal silicon 
substrate (1), and movable in a direction parallel to the sub 
strate surface. In addition, the surface of the cantilever (13) 
and the part of the single crystal silicon substrate (1), oppos 
ing 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 single crystal silicon substrate (1), so 
that signal processing is performed as the cantilever (13) 
move S . 

19 Claims, 15 Drawing Sheets 



US RE42,083 E 

GB 
GB 
JP 

JP 
JP 

Page 2 

U.S. PATENT DOCUMENTS JP 62-27666 * 2/1987 
JP 62-93668 4/1987 

5,008,774 A * 4/1991 Bullis et a1. ............ .. 73/5l4.l3 JP 62_l74978 7/1987 

5,025,346 A 6/1991 Tang et a1. JP 62_207917 9/1987 
5,095,349 A 3/1992 Fujii et 211. JP 62_232l7l 10/1987 
5,115,291 A 5/1992 Stokes JP 63_25982 2/1988 
5,151,763 A 9/1992 Marek et 31. JP 63_250865 lo/lggg 
5,228,341 A * 7/1993 Tsuchitani et a1. ..... .. 73/514.36 JP 2_237 166 9/1990 

5,233,213 A 8/1993 Marek JP 2_309259 12/1990 
5,243,861 A 9/1993 Kloeck et a1. JP 394168 4/1991 
5,284,057 A 2/1994 Staller et 31. JP 3_205565 9/1991 
5,296,730 A 3/1994 Takano et a1. JP 4_76956 3/1992 
5,313,836 A 5/1994 Fujii et 31. JP 404076956 A 3/1992 
5,314,572 A * 5/1994 Core et a1. .................. .. 216/17 JP 6_88837 3/1994 

5,331,853 A 7/1994 Hulsing, II JP 6_l73071 6/1994 
5,337,606 A 8/1994 Bennett et a1. Jp 6_227666 g/1994 
5,345,824 A 9/1994 Sherman et a1. JP 8_510837 11/1996 
5,349,855 A 9/1994 Bernstein et a1. WO 91/12497 g/1991 
5,359,893 A 11/1994 Dunn 
5,417,111 A 5/ 1995 Sherman et a1. OTHER PUBLICATIONS 
5,495,761 A 3/1996 Diem et a1. _ _ 
5,501,893 A 3/1996 Laermer et a1‘ Payne et al., “Surface M1cromach1ned Accelerometer: A 
5,511,420 A 4/1996 Zhao GU11, Technology Update,” SAE Technical Paper Series, Feb. 25, 
5,542,295 A 8/1996 Howe et a1. 1991, pp. 127*l35. 
5,561,248 A 10/1996 NegorO “Fabrication Technologies for Integrated Microdynamic 
5,563,343 A 10/1996 Shaw et a1~ Systems”, W. Yun, W.C. Tang and RT. HoWe, Presented at 
5,610,335 A 3/1997 Shaw et a1. 

FOREIGN PATENT DOCUMENTS 

2 240 178 
2 246 635 
59-44875 
60-29629 

60-244864 
61-73071 

7/1991 
2/1992 
3/1984 
2/1985 
12/1985 

* 4/1986 

the Third Toyota Conference, Aichi-ken, Japan: Oct. 22-25, 
1989. 
“Novel Process for a Monolithic Integrated Accelerometer”, 
M. Offenberg, F. Larmer, B. Elsner, H. MunZel and W. 
Riethmuller, The 8th International Conference on Solid 
State Sensors and Actuators, and Eurosensors IX, Stock 
holm, SWeden, Jun. 25-29, 1995. 

* cited by examiner 



US. Patent Feb. 1, 2011 Sheet 1 or 15 US RE42,083 E 



US. Patent Feb. 1, 2011 Sheet 2 or 15 US RE42,083 E 

N .OK 
2 Q Q s: Q N? 

m? me Q 

NF 

3 



US. Patent Feb. 1, 2011 Sheet 3 0f 15 US RE42,083 E 

[1 .111? 
FIG. 4 

if 



US. Patent Feb. 1, 2011 Sheet 4 or 15 US RE42,083 E 

3 
t ‘(u u \ 

FIG. 6 

..(3 S7 
~8 

FIG. 7 



US. Patent Feb. 1, 2011 Sheet 5 0f 15 US RE42,083 E 

FIG. 8 

0000. 

FIG. 9 
10 

11 12 12 12 

FIG. 10 



US. Patent Feb. 1, 2011 Sheet 6 0f 15 US RE42,083 E 

12 

18c 
/ 

'7 space portion 7 

FIG. l2 



US. Patent Feb. 1, 2011 Sheet 7 0f 15 US RE42,083 E 

W 

L 
20 

FIG. I3 

23 23 2? 33 23 23 21 23 23 222 
( 8 P11 € C " ‘ 

A l~20 

FIG. I4 

23 23 23 23 23 23 25 

1W * 5 1 24 
l 1 * t 1 

: 1 E C i p * I 1 a r “V 

11,1 E 7 c 1 1m 1 E F 



US. Patent Feb. 1, 2011 Sheet 8 0f 15 US RE42,083 E 

FIG. I6 

(2625 

FIG. I7 

, ‘E \m 

FIG. I8 



US. Patent Feb. 1, 2011 Sheet 9 0f 15 US RE42,083 E 

on... 

FIG. l9 

FIG. 20 

FIG. 2| 



US. Patent Feb. 1, 2011 Sheet 10 0f 15 US RE42,083 E 

1 31 31 
M“ 3% \r? 1 

:30 

H6. 22 

31 31 31 #30 
r-—J<q an [—1—j 

FIG. 23 

31 31 31 A 

r-l? #1:. 1-4: 30 
33 

x32 

FIG. 24 



US. Patent Feb. 1, 2011 Sheet 11 or 15 US RE42,083 E 

1-335 33 35 34 
J J i , ~ J 

I '33 

37 

l .- ‘a. ‘"1 ' F J3 36kg.‘ e:lgss i1 £30 
‘33 

\32 

FIG. 26 

(I37 ,34 

321 136 361-11 1&1 
377 33 

‘32 

FIG. 27 



US. Patent Feb. 1, 2011 Sheet 12 or 15 US RE42,083 E 

. 3a 

#5130 l ; :0 “1 
$1 E ‘5% W1 56] 

FIG. 28 



US. Patent Feb. 1, 2011 Sheet 13 0f 15 US RE42,083 E 

FIG. 29 

A; 44 

l 

2,13/ 

FIG. 3| 



US. Patent Feb. 1, 2011 Sheet 14 0f 15 US RE42,083 E 

41 

FIG. 32 

1.1. 
‘(3 2 

1.7 47 22 
r-vL1 1—-L'1 

2.1 
\ 

1.0 

FIG. 33 

45 L345 as 45 ‘T345 45 1.5 44 
§ \ 1 1 J 

43 22 
§ .1" J 21 

47/ 47/ _\ 
40 

FIG. 34 



US. Patent Feb. 1, 2011 Sheet 15 0f 15 US RE42,083 E 

Y I I /L"“"‘13b 
LX I: 

A g I A 
3J 13a 3) 



US RE42,083 E 
1 

ACCELERATION SENSOR AND PROCESS 
FOR THE PRODUCTION THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a Divisional Application ofSer No. 
10/123,220,?ledApr 17, 2002 which is a Re-Issue Applica 
tion ofU.S. Pat. No. 6,227, 049. 

Notice: More than one reissue application has been?led 
for reissue of US. Pat. No. 6,227,049. The reissue applica 
tions are application Ser. Nos. 10/123,220, 10/315,566, 
10/315,859, 10/315,827 (the present application), 10/315, 
861, all of which are Divisional reissues of US. Pat. No. 
6,227,049. 

This is a continuation of application Ser. No. 08/167,976, 
?led on May 11, 1994, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an acceleration sensor, 
and more speci?cally, a semiconductor type acceleration 
sensor suitable for a air-bag system, a suspension control 
system, or the like, for automobiles. 

2. Description of the Related Art 
In producing a semiconductor type acceleration sensor, 

the movable part thereof has hitherto been prepared in such a 
way that it penetrates a single crystal silicon wafer. 
Accordingly, the movable part must be siZed so as to pen 
etrate through the thickness of a wafer, and therefore, it has 
been di?icult to miniaturiZe the acceleration sensor. In 
addition, in order to incorporate this sensor into a package, a 
relaxation part, have been required such as a pedestal, in 
order to release the stress caused by the difference in coef? 
cients or thermal expansion or the like. 

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 technique. 
According to this technique, a thin polysilicon ?lm is lami 
nated on a silicon substrate, and 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 charac 
teristics become unstable. This is because the beam structure 
is formed of a polycrystalline and amorphous material, 
resulting in noticeable variation for every production lot. 
Accordingly, it is still desirable to form an acceleration sen 
sor by surface micro-machining single crystal silicon. 
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 reliability can be 
realized. 

In addition, another purpose of the present invention is to 
produce this acceleration sensor with a good yield rate dur 
ing the production process thereof. 

SUMMARY OF THE INVENTION 

The gist of a ?rst embodiment of the present invention 
resides in an acceleration sensor, comprising a second single 
crystal silicon substrate bonded onto a ?rst single crystal 
silicon substrate with an insulating ?lm interposed 
therebetween, the second single crystal silicon substrate 
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2 
being made of a thin ?lm, a beam formed on at least either of 
said ?rst and second single crystal 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 single crystal silicon substrates for performing 
processing of signals produced by a movement of beam, 
caused by an acceleration. 

In addition, the gist of a second embodiment of the 
present invention resides in a process for producing an accel 
eration sensor, comprising; a ?rst step of forming, on a main 
surface of a ?rst single crystal silicon substrate, a groove 
with a predetermined depth for formation of a beam; a sec 
ond step of forming, on the main surface of said ?rst single 
crystal 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 single crystal silicon substrate to a sec 
ond single crystal silicon substrate with an insulating ?lm 
formed thereon, said insulating ?lm being interposed 
between said ?rst and second single crystal silicon sub 
strates; a fourth step of polishing the reverse side of said ?rst 
single crystal silicon substrate to a predetermined degree, so 
as to make said ?rst single crystal silicon substrate a thin 
?lm; and a ?fth step of forming a signal-processing circuit 
on at least either of said ?rst and second single crystal silicon 
substrates, and thereafter, removing by etching said silicon 
?lm of a polycrystal silicon, an amorphous silicon or a mix 
ture thereof from said reverse side of said ?rst single crystal 
silicon substrates, to form a beam. 

In addition, the gist of a third embodiment of the present 
invention resides in a process for producing an acceleration 
sensor, comprising; a ?rst step of bonding a main surface of 
a ?rst single crystal silicon substrate to a second single crys 
tal 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 single crystal 
silicon substrate to a predetermined degree, so as to make the 
?rst single crystal 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 single crystal silicon substrate, a ?lm of a polycrys 
tal silicon, an amorphous 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 single crystal silicon substrates, and thereafter, 
removing by etching said ?lm of polycrystal silicon, amor 
phous silicon or a mixture thereof from the reverse side of 
the ?rst single crystal silicon substrate, to form a beam. 

In the ?rst embodiment, when an acceleration is applied in 
a direction parallel to the surface of the bonded single crystal 
silicon substrates, the beam formed on the ?rst or second 
single crystal silicon substrate moves. As this beam moves, 
signal processing is performed in the signal-processing cir 
cuit formed on the ?rst or second single crystal silicon sub 
strate. 

In the second embodiment, as a ?rst step, a groove of a 
predetermined depth for formation of a beam is formed on 
the main surface of the ?rst single crystal 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 single crystal 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 single crystal silicon 
substrate is bonded to a second single crystal silicon sub 
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strate having an insulating ?lm formed thereon, said insulat 
ing ?lm being interposed betWeen the ?rst and second single 
crystal substrates, and, as a fourth step, the reverse side of 
the ?rst single crystal silicon substrate is polished to a prede 
termined degree, Whereby the ?rst single crystal silicon sub 
strate is made into a thin ?lm. Subsequently, as a ?fth step, a 
signal-processing circuit is formed on the ?rst or second 
single crystal silicon substrate, thereafter the polycrystalline, 
amorphous or mixed silicon ?lm is removed by etching from 
the reverse side of the ?rst single crystal silicon substrate, 
and a beam is formed. As a result, an acceleration sensor 
according to the ?rst invention is produced. 

In the third embodiment, as a ?rst step, the main surface 
of a ?rst single crystal silicon substrate is bonded to a second 
single crystal 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 single crystal silicon substrate is 
polished to a predetermined degree, so that the ?rst single 
crystal silicon substrate is made into a thin ?lm. 
Subsequently, as a third step, a groove of a predetermined 
depth for formation of a beam is formed on the reverse side 
of the ?rst single crystal 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 
single crystal 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 single crystal silicon 
substrate, Whereafter the polycrystalline, amorphous or 
mixed silicon ?lm is removed by etching from the reverse 
side of the ?rst single crystal silicon substrate, and a beam is 
formed. As a result, an acceleration sensor according to the 
?rst embodiment is produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan of an acceleration sensor according to the 
?rst embodiment of the present invention; 

FIG. 2 is a cross section taken along line 2i2 in FIG. 1; 
FIGS. 3 to 10 are illustrations for explanation of the 

manufacturing process of the ?rst embodiment, and, 
respectively, a sectional vieW for each production stage; 

FIG. 11 is a plan illustrating an application example of the 
?rst embodiment; 

FIG. 12 is a sectional vieW taken along the line 12i12 in 
FIG. 11; 

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; 

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; 

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; 

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; 

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

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

In the folloWing, the embodiments and realiZations of the 
present invention, Will be explained With reference to the 
attached draWings. 
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4 
First Embodiment 
FIG. 1 is a plain vieW plan of an acceleration sensor pro 

duced by the ?rst embodiment of the present invention, and 
FIG. 2 is a sectional vieW taken along the line 2i2 in FIG. 
1. In addition, in the present embodiment, the sensor part 
and the signal-processing circuit are formed of the same 
single crystal silicon substrate. 
The present acceleration sensor is a capacity type accel 

eration sensor. As illustrated in FIG. 2, there is bonded onto a 
single crystal silicon substrate 8 a single crystal silicon sub 
strate 1 through an SiO2 ?lm 9, and in the single crystal 
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 single crystal 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. 

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. 

First, as illustrated in FIG. 3, an n-type (100) single crys 
tal silicon substrate 1 With a resistance of l to ZOQ-cm 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 predeter 
mined 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 embodiment, this pat 
tern is formed as a pattern exposing also the main surface of 
the silicon substrate in an area for transversely insulating and 
separating the signal-processing circuit. 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. ranging from about 0.2 to about 30 
pm. In the present embodiment, explanation Will be made 
With respect to the case Where the Wall thickness is about 3 
pm. 

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 single crystal 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 l um 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. 

Subsequently, as illustrated in FIG. 5, a polysilicon ?lm 6 
is formed on the main surface of the single crystal 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 polysilicon layer and 
diffusing phosphorus or the like in a high concentration 
before formation of the polysilicon ?lm 6, alloWs the impu 
rity to be introduced into the polysilicon ?lm 6. 

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, 
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boron ions or other impurity are implanted into the polysili 
con ?lm 6 to form p+ diffused layers 7 in predetermined 
areas. 

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

Subsequently, the single crystal silicon substrate 1 and the 
single crystal silicon substrate 8 are dipped into e.g. an aque 
ous mixed solution of aqueous hydrogen peroxide and sulfu 
ric acid, so as to subject these substrates to a hydrophilicily 
imparting treatment. Thereafter, these substrates are dried, 
and as illustrated in FIG. 8, the main surface of the single 
crystal silicon substrate 1 and that of the single crystal sili 
con substrate 8 are put together at room temperature, and 
these substrates are introduced into a fumace at 400 to 11000 
C. for a period of time ranging from 0.5 to 2 hours, so as to 
strongly bond them. 

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

Subsequently, as illustrated in FIG. 10, in a predetermined 
area of the single crystal 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-processing circuit 
10. 

Further, on the upper surface of the signal-processing cir 
cuit 10, there is formed, as a passivation ?lm 11, a plasma 
SiN ?lm (P-SiN) e.g. 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 single crys 
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. 

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 single crystal 
line silicon substrate 1. In this case, the passivation ?lm 11 
(P-SiN), SiO2 ?lm 5, aluminum Wiring layer and p+ diffused 
layer (p+ polysilicon ?lm) 7 are hardly etched by the selec 
tive etching. Accordingly, the bonding of the single crystal 
silicon substrate to the loWer single crystal silicon substrate 
8 is secured through the p+ diffused layer (p+ polysilicon 
?lm) 7. 

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 polysilicon ?lm 6 
beloW the movable part (cantilever 13) of the sensor can be 
more securely removed by etching through this etching Win 
doW 48 When the polysilicon ?lm 6 is removed by etching. 
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6 
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 single crystal silicon substrate 1 than in the 
thickness L1 in a direction along the depth of the single 
crystal silicon substrate 1. 

In a capacity type acceleration sensor, the end portions 
(bifurcated portions) of the cantilever 13 are formed as mov 
able electrodes, and as illustrated in FIG. 1, the parts of the 
single crystal 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-processing circuit 
10, signal processing is conducted as the cantilever (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. 

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 mat 
ter 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. 

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

As mentioned in the foregoing, in the present 
embodiment, on the main surface of the single crystal silicon 
surface 1, there is formed a trench (groove) 3 of a predeter 
mined depth for formation of the cantilever 13 (the ?rst 
step), and the polysilicon ?lm 6 is formed on the main sur 
face of the single crystal 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 single crystal silicon 
substrate 1 is bonded to the single crystal silicon substrate 8 
With an SiO2 ?lm 9 (insulating ?lm) formed thereon, 
through said SiO2 ?lm 9 being interposed betWeen the sub 
strates 1 and 8 (the third step), Whereafter the reverse side of 
the single crystal silicon substrate 1 is polished to a predeter 
mined degree, so as to make the single crystalline silicon 
substrate into a thin ?lm (the fourth step). Subsequently, the 
signal-processing circuit 10 is formed on the surface of the 
single crystal silicon substrate, Whereafter the polysilicon 
?lm 6 is removed by etching from the reverse side of the 
single crystal silicon substrate, so as to form the cantilever 
13 (the ?fth step). 

Accordingly, during the process for the formation of the 
signal-processing circuit 10, in the course of the Wafer 














