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(57) Claim
1. A vibrating type transducer comprising:

a silicon substrate having a thin diaphragm formed in a
central portion thereof;

an H-shaped vibrator body having first and second
vibrators, disposed in parallel and each with opposite ends
fixed on said diaphragm, and a third vibrator mechanically
coupling central portions of said first and second
vibrators, said vibrator body in use vibrating as a whole
such that the opposite ends of said first and second
vibrators are used as fixed ends of vibration;

a magnetic field generating means for applying a DC
magnetic field across said vibrator body;

an excitation means for vibrating the vibrator body on
a mutual action with said DC magnetic field by conducting an
alternating current through szid first vibrator or from ohe
end of said first vibrator to.the same end of -said.. second
vibrator; ‘ |
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(11) AU-B-32648/89 -
(10) 603291

a vibration detection means ‘- for - detecting - an
electromotive force generated across said second vibrator or
between the other end of said first vibrator and the other
end of said second vibrator; and

an amplification means connected between said
excitation means and said vibration detection means.
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COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED:

Vibrating type transducer and manufacturing process thereof

<

The following statement is a full description of this invention, including the best method of
performing it known to me/us:-
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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a vibrating type
transducer and manufacturing process thereof, and
is particularly concerned with a vibrating type
transducer and manufacturing process thereof, where-
in a beamlike vibrator formed on a silicon substrate
is kept vibrating on nétural vibration freguency of
the vibrator, and a physical quantity such as force
applied to the silicon substrate, pressure, differ-
ential pressure or the like is detected from a change
in the natural vibration frequency which may arise
correspondingly to the physical quantity.

More specifically, the invention relates to a
vibrating tfée transducer high in S/N ratio and ca-
pable of generating a self-oscillation stably and
also to its manufacturing process.

Description of the Prior Art

Fig. 1 to Fig. 4 are block diagrams represent-
ing one example of a prior art vibrating type trans-
ducer.

Fig. 1 is a perspective view of the vibrating
type transducer which is used as a pressure sensor,

Fig. 2 is a block diagram wherein section A ip Fig.

- 1A -




1 is enlarged and a vibration detection circuit is
connected thereto, Fig. 3 is a sectional view taken
on line A - A’ of Fig. 2, and Fig. 4 is an explanatory
drawing wherein the construction shown in Fig. 2 is
represented by an electrical equivalent circuit.

As shown in Fig. 1, a reference numeral 10 de-
notes a silicon single-crystal substrate having g
(100) plane on the top, which is 1015 atoms/cm3 or
below, for example, in impurityv concentration and
p-type in conduction mode. A diaphragm 11 is dug up
from the back through etching and so formed thin on
one side of the substrate 10.

A peripheral thick-wall part 12 of the diaphragm
11 is joined to a pedestal 14 having a pressure hole
13 at the center, further the pedestal 14 has a pres-
sure pipe lgﬁjoined so as to communicate with the
pressure hoéle 13, and a pressure P to measure is
introduced to the pressure pipe 15.

An n' diffusion layer (not indicated) 10!7 in
impurity concentration is formed partly on a surface of
the side of the diaphragm 11 indicated by a refer-
ence character A which is not etched, and a vibrator
16 is formed on a part of the n* diffusion layer in
the direction of <001 (Fig. 2). The vibrator 16 is

obtained, for example, from processing
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n* layer and p-layer formed on the diaphragm 11 on
photolithography and underetching.

A reference numeral 17 denotes a magnet provided
over the vibrator 16 almost at the center thereof
orthogonally to the vibrator 16 and also in the state
not in contact therewith, and 18 denotes an SiO; film
working as an insulating film (Fig. 3).

Reference characters 19a, 19b denote metallic
electrodes such as, for example, AL and the like,
one end of the metallic electrode 19a is connected
to the n' layer extended from the vibrator 16 through
a contact hole 20a provided by way of SiO, layer, g
and the other end is connected to a comparison re-
sistance R, almost equal to a resistance value of
the vibrator 16 through a lead wire and also to an
input end ofﬁan amplifier 21. An output signal is
generated from an output end of the amplifier 21,
which is connected to one end of a primary coil L,
of a transformer 22. Another end of the coil L, is i
connected to a common line. J

On the other hand, another end of the compari-
son resistance R, is connected to one end of a sec-
ondary coil L, of the transformer 22 with the mid-
point connected to the common -line, and another end

of the secondary coil L, is connected to the nt layer

e e e R WL o Bt o AR i 4152 50
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through the metallic electrode 19b and a contact hole
20b formed likewise on another end of the vibrator
16.

In the above construction, when a reverse bias
voltage is impressed to insulation between the p-type
layer (substrate 10) and the n+ layer (vibrator 16),
and an alternating current is carried to the vibrator
16, an impedance of the vibrator 16 rises in a reso-

nance state of the vibrator 16, and if then im-

®5%aet pedance is R, then an equivalent circuit is obtain-
eves able as shown in Fig. 4.
avec Accordingly, the secondary coil L, with a cen- i

ter point C, connected to the common line, the com-
parison resistance R,, and an impedance R, will

] constitute a bridge, therefore if an unbalanced

: ¢ signal due gé the bridge is detected on the ampli-
fier 21 and the output is fed back positively to
the primary coil L, through a feedback 1line 23, the ; 
system will generate a self-oscillation on a natural ;f

oty vibration frequency of the vibrator 16.

© o In the aforementioned construction, the imped-
ance R of the vibrator 16 rises at the
natural vibration frequency. The impedance R may be
expressed by the following equ&tion.

R # (1/222) - (1/(Egy)'?) - (AB?*2%/bh?) . Q + Rd




where g: modulus of elasticity
g: gravity acceleration
y: density of material of which vibrator is
constituted
A: constant determined by vibration mode
B: magnetic flux density
2: length of vibration beam
b: width of vibration beam
h: thickness of vibration beam
Q: quality factor

R4t DC resistance value

According tgmsszbig?ve equation, since Q of the
vibrator 16 takesjwad*es several hundreds to several
ten thousands, a large amplitude signal is obtainable
as an output of the amplifier 21 in resonance state.
Thus; from faking gain of the amplifier 21 satisfac-
torily large to positive feedback, the system of the
vibrating type transducer is self-excited to vibra-
tion on the natural vibration frequency.

Then, that of p-type obtained from diffusing,
for example, B (boron) on an n-type silicon substrate
at 4 x 10'° atoms/cm’ or over through selective
etching may be used for the vibrator.

However, in such vibrating type transducer, a

counter electromotive force generated c¢n the vibrator
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16 is detected from an unbalanced voltage of the AC bfidge,
and since the component of an excited current cannot
thoroughly be suppressed by the DC bridge as a matter of
fact, a voltage according to the excited current component
is multiplied on a bridge output. Thus, S/N ratio
deteriorates from a voltage on a change in impedance of the
vibrator being superposed on a voltagé of the excited
component, and hence a stable output signal is not
obtainable.

SUMMARY OF THE INVENTION

According to the present invention there is provided a
vibrating type transducer comprising:

a silicon substrate having a thin diaphrag:y formed in a
central portion thereof;

an H-shaped vibrator body having first and second
vibrators, disposed 'in parallel and each with opposite ends

fixed on said diaphragm, and a third vibrator mechanically .

coupling central portions of said first and second
vibrators, said vibrator body in use vibrating as a whole
such that the opposite ends of said first and second
vibrators are used as fixed ends of vibration;

a magnetic field generating means for applying a DC
magnetic field across said vibrator body;

an excitation means for vibrating the vibrator body on
a mutual action with said DC magnetic field by conducting an
alternating current through said first vibrator or from one
end of said first vibrator to the same end of said second
vibrator;

a vibration detection means for detecting an
electromotive force generated across said second vibrator or
between the other end of said first vibrator and the other
end of said second vibrator; and

an amplification means connected bé&tween said

excitation means and said vibration detection means.

900731, kxlspe.009, yokogawa, 6
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1 According to the present invention there is also
2 provided a manufacturing process for vibrating type
3 transducers, wherein a Dbeamlike vibrator is formed
4 integrally on a thin diaphragm, formed on a silicon single-
5 crystal substrate, said vibrator being spaced from the
6 diaphragm by a first predetermined gap except at its ends,
j 7 and being covered by a shell spaced from said vibrator by a
: 8 second predetermined gap, characterised in that:
h 9 a protective coat is formed on an upper surface of said
: 10 silicon substrate;
e 11 said protective coat is selectively removed to form an
‘g 12 H-shape:;
o 13 an H-shaped recess having portions etched underneath
Tee 14 its marginal regions is formed on the substrate by etching
'7‘( 15 the substrate region corresponding to said H-shape opening
5“‘:‘ 16 in the protective coat;
17 a first epitaxial layer to be used for a first gap g
18 corresponding . part, a second epitaxial layer, a third
19 epitaxial layer to be used for a second gap corresponding
'x' 20 part and a fourth epitaxial layer to be used for a part of
.:*‘ 21 said shell are formed in order from the bottom of said
22  recess;
2‘:: 23 an injection port for an etching reagent is formed by
24 removing said protective coat; :
25 said first and third layers are removed through etching ;
?“3 26 with said etching reagent from the injection port to form an :
27 H-shaped vibrator body from said second epitaxial layer; }
28 then, N
29 said injection port is closed to airtightness. b
2 |
31 According to the present invention there is further i
32 provided a vibrating type transducer comprising: ;
33 a silicon substrate having a thin diaphragm formed in a :
34 central portion thereof;
35 an H-shaped vibrator body, to which a predetermined

initial tension is given, having first and second vibrators

disposed in parallel and each with opposite ends fixed on

900731 ,kxlspe.009, yokogawa,?7
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said diaphragm, and a third vibrator mechanically coupling
central portions of said first and second vibrators, said
vibrator body in use vibrating as a whole such that the
opposite ends of said first and second vibrators are used as
fixed ends of vibration;

a magnetic field generating means for applying a DC
magnetic field across said vibrator body:;

an excitation means for vibrating the vibrator body on
a mutual action with said DC magnetic field by conducting an
alternating current through said first vibrator or from one
end of said first vibrator to the same end of said second
vibrator;

a vibration detection = means for detecting an
electromotive force generated across said second vibrator or
between the outer end of said first vibrator and the other
end of said second vibrator; and

an amplification means connected between said

excitation means .and said vibration detection means.

In the aforementioned construction, if an  external
force 1is applied to the diaphragm on the substrate, a
natural vibration frequency of the vibrator body changes
according to the external force. A vibration of the
vibrator body is detected by the vibration detection means
and a change in the natural vibration frequency is extracted
as  an output signal. Thus, a physical quantity applied to
the diaphragm is detected from the change  in natural

frequency.

900731, kxlspe.009,yokogawa,8
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing a prior
art construction wherein a vibrating type transducer
is used as a pressure sensgpr;

Fig. 2 is a block diagram wherein section A in
Fig. 1 is enlarged and a vibration detection circuit
is connected thereto;

Fig. 3 is a sectional view taken on line A - A
in FPig. 2;

Fig. 4 is an explanatory drawing wherein the
construction shown in Fig. 2 is represented by an
electrical equivalent circuit;

Fig. 5 is a general block diagram showing a
general construction of one embodiment of the in-
vention;

Fig. 6 represents a construction of the main
part of vibrator body shown in Fig. 5, wherein Fig.
6 (A) is a top view when a shell is removed, Fig. 6
(B) is a sectional view taken on line B - B of Fig.
6 (A);

Fig. 7 is a drawing showing a characteristic
of the result obtained through measuring S/N ratio

of the vibrating type transducer shown in Fig. 1;

Ol 0 Ly B R R ik e .
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Fig. 8 is a block diagram showing a main part
of variant of the embodiment shown. in Fig. 5;

Fig. 9 is a drawing showing a process for man-
ufacturing the vibrating type transducer shown in
Fig. 5;

Fig. 10 is a drawing showing a part of process
for forming the H-shaped vibrator body shown in Fig.
H

Fig. 11 is a drawing showing a process for en-
hancing and stabilizing a yield of the vibrator in
the process shown .in Fig. 9;

Fig. 12 is a drawing for illustrating an im-
provement of the process in Fig. 9;

Fig. 13 is a drawing for illustrating an ef-
fect of auxiliary epitaxial layer in Fig. 11;

Fig. 14 is a drawing showing the main part of
a manufacturing process for realizing a structure
of the vibrator body keeping a shell vacuum inte-
riorly;

Fig. 15 is a characteristic drawing for extract-
ing a gas to keep the shell vacuum interiorly in
Fig. 14;

Fig. 16 is a process drawing wherein the proc-
ess shown in Fig. 14 is partly modified;

Fig. 17 is a sectional view showing the main

OB i SN AN A IR A
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part construction of a vibrating type transducer for
which an initial tension is given to the vibrator;

Fig. 18 is a characteristic drawing represent-
ing a relation of a covalent bond radius Ri of each
impurity with the covalent bond radius Ri of various
impurities and a covalent bond radius Rsi of silicon;

Fig. 19 is a characteristic drawing showing a
change of lattice constant to impurity density:

Fig. 20 is a drawing showing a main part of a
manufacturing process for the vibrator body which is
a main part of the vibrating type strain sensor shown
in Fig. 17;

Fig. 21 is a circuit diagram showing a detailed
construction of the amplifier shown in Fig. 57

Fig. 22 is a characteristic drawing represent-
ing an effecé when a circuit configuration of the
amplifier shown in Fig. 21 is employed;

Fig. 23 is a block diagram of a circuit when
the field effect transistor shown in Fig. 21 is re-
moved and short-circuited to make a driving force
constant (drive on a constant supply voltage).

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The invention will now be described in detail
with reference to the accompanying drawings repre-

senting preferred embodiments thereof.
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Fig. 5 is a block diagram showing a general

construction of one embodiment of the invent®on.
Fig. 6 shows a construction of a main part of the
vibrator body shown in Fig. 5, Fig. 6 (A) is a top
view when a shell is removed, and Fig. 6 (B) is a
sectional view taken on line B - B of Fig. 6 (A).

A vibrator body 24 comprises an H-shaped vibra-
tor and others which is constituted of first vibrators
26A, 26B and a second vibrator 27 of p-type silicon
which are formed integrally on a diaphragm 25 made
of silicon single crystal n-type, for example, in
conduction mode.

As in the case of diaphragm 11 shown in Fig. 3,
the diaphragm 25 is formed through etching and thin-
ning the central portion of a lower surface of the
n-type siliéon substrate having a thick-wall part
(not indicated) around, and is displaced as a whole
from having a measuring pressure impressed thereon.
An H-shaped recession 28 in which each vibrator is
contained is formed through etching on a part of
crystal face (160) on an upper surface of the dia-
phragm 25.

The beamlike first vibrators 26A, 26B are formed
in p-type integrally with the diaphragm 25 in paral-

lel with a crystal axis <001> each as striding over

L
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the recession 28, and these central portions are
coupled by the p-type beamlike second vibrator 27
rectangularly to these vibrators, thereby forming
an H-shaped vibrator.

Electrodes 29 and 30 are formed on opposite ends
of the first vibrator 26A, and electrodes 31 and 32
are formed on opposite ends of the first vibrator
26B.

A magnet 17 is disposed on an upper portion of
the second vibrator 27 in parallel therewith, thus
generating a magnetic field rectangularly on the
first vibrators 26A, 26B.

An output terminal of an input transformer 33
functioning as the excitation means is connected to
the electrodes 29, 30, one end of input terminal 34
is connected.to an output terminal 35, and the other
end is connected to a common line.

An input terminal of an output transformer 36
functioning as the vibration detection means is con-
nected to the electrodes 31, 32, and output terminals
37, 38 are connected to an input end of amplifier 39.

Then, in Fig. 5 and Fig. 6, the shell covering
an upper portion of the diaphragm 25 is excluded for
the convenience of description, however, as will be

described hereinlater, the first vibrators 26A, 26B
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and the second vibrator 27 are practically covered

around integrally with the diaphragm 25 through a

e

predetermined gap on a semiconductor technique such

as epitaxial growth or the like,
is kept vacuum internally to maintain a high Q-factor

to a vibration of the vibrators.

In the above construction,

26A is excited to vibrate on a voltage inputted to

the input transformer 33 from the amplifier 39 ac-

and further the gap

the first vibrator

cording to a mutual action with a magnetic field of

the magnet 17.
vibrator 26B through the second vibrator 27,

vibration makes the output transformer 36 generate

The vibration then vibrates the first

and the

an electromotive force e on the input end through a

mutual action with the magnet 17.

The electromotive

force e is inputted to the amplifier 39 through the

output transformer 36, amplified,
tracted to the output terminal 35.
voltage is fed back positively to the input trans-

former 33, which is repeated to a self-oscillation

of the system.

As described above,

divided into the first vibrator 26A for excitation

and is then ex-

The amplified

the vibrator body 24 is

and the first vibrator 26B for detecting electromo-

tive force,

and .the first vibrators 26A,

26B are

L~y
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coupled together mechanically at loops of vibration
by the second vibrator 27, therefore the excited
current component is not superposed on the electro-
motive force e, and a high excited component remov-
ing ratio (S/N ratio) is obtainable.

Fig. 7 shows a result obtained through measur-
ing S/N ratio of the vibrating type transducer con-
structed as above.

In Fig. 7, the axis of abscissa indicates a
frequency 1 KHz per graduation, and the axis of or-
dinate indicates an attenuation 5 dB per graduation.
The resonance frequency when a pressure impressed on
the diaphragm 25 is zero is 71,551.1 Hz, the point
indicated by a marker x is -13.3 dBm with a refer-
ence level as -7.0 dBm, éoming gradually near to the
line indicaging a -52 dBm noise line according as it
comes off the resonance point. S/N ratio is repre-
sented as a difference of these, and thus S/N ratio
coming in 30 to 40 dB which is far better than ever
before is obtained.

Fig. 8.is a block diagram showing a main part
of ‘another embodihent of the invention.

In the embodiment, the construction is such that
a secondary side of the input transformer 33 is con-

nected to one same end side of the two first vibrators
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26A, 26B, and a primary side of the output transform-
er 36 is connected to the other same end side of the
first vibrators 26A, 26B.

Then, the above-described embodiment has ref-
erred to the second vibrator 27 as p-type silicon,
however, it is not necessarily limited thereto, and
hence may be, for example, that for which a conduc-
tor such as aluminum or the like is evaporated on
silicon oxide (SiO;) or silicon nitride (Si,Nu)n

Further, such vibrating type transducers have
the vibration frequency changed according to a tem-
perature coefficient of the elastic modulus of sil-
icon, therefore these can be utilized as a thermom-
eter from being contained in a vacuum vessel and also
as a densimeter other than pressure gauge.

As described, the vibrator body 24 is divided
into the first vibrator 26A for excitation and the
first vibrator 26B for detecting electromotive force,
and further the first vibrators 26A and 26B are cou-
pled mechanically together by the second vibrator 27
at loops of vibration, therefore an excited current
component is not included, and thus a high excited

component removing ratio (S/N ratio) is obtainable.
Consequently, according to the embodiment given

in Fig. 5, a vibrating type transducer satisfactory
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in S/N ratio and stable in frequency output signal

may be realized.

Fig. 9 is a drawing showing a process for man-

ufacturing the vibrating type transducer shown in

Fig. 5. Then, for simplicity of the description,

the proéess refers to manufacturing the beamlike

first vibrator 26A to which the second vibrator 27

is not coupled instead of the vibrator body 2%.

Fig. 9 (a) shows a process for forming a pro-

tective coat and opening one part thereof.

A protective coat 41 such as silicon oxide,

silicon nitride or the like is formed on a crystal

face (100) of an n-type silicon single-crystal sub-

strate 40, and then an
part of the protective
with a pattérn along a
26A formed thereon.
Nexxt, the process
wherein a recession is

A recession 43 is

corresponding to the opening 42 through etching on

hydrogen chloride in an atmosphere of 1,050 °C hy-

drogen (Hj).

opening 42 is formed on a

coat 41 by means of a mask

shape of the first vibrator

goes forward to Fig.

9 (b),

formed in the substrate.

formed in the substrate 40

In this case, an anisotropic etching may be

employed by means of an alkali solution 40 °C to
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130 °C, for example, instead.of hydrogen chloride.

Fig. 9 (c) shows én epitaxial process.

Hydrogen chloride is mixed in a source gas in
an atmosphere of 1,050 °C hydrogen (H,) to a multi—
layer selective epitaxial growth. In this respect,
a further description will be given in détail as
follows.

(1) For the first step a first epitaxial layer 44
functioning as a lower half of the gap corresponding
part is subjected to a selective epitaxial growth on
the recession 43 by means of p-type silicon lo‘acm-s
in boron concentration.

(2) For the second step a second epitaxial layer 45
corresponding to the first vibrator 26A is subjected
to a selective epitaxial growth on a surface of the
first epitaxial layer 44 so as to close the opening

-3
in boron con-

42 by means of p-type silicon 1020cm
centration.

(3) For the third step a third epitaxial layer 46
functioning as an upper half of the gap correspond-
ing part is subjected to a selective epitaxial growth
on a surface of the second epitaxial layer 45 by

"3 in boron concentratian.

méans of p-type silicon lO'acm
(4) For the fourth step a fourth epitaxial layer 47

corresponding to the shell which will be described

e 2 m L L R
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hereinlater is subjected to a selective epitaxial

growth on a surface of the third epitaxial layer 46

3

by means of p-type silicon 10%2%m™? in boron concentration.

In this case, however, n-type silicon 10" "em”™?
in phosphorus concentration may be used for the third
epitaxial lavyer 46. |

Fig. 9 (d) shows a process for forming an in-
jection port through which an etching reagent is
injected.

In the process the protective coat 41 is etched
and removed by means of hydrofluoric acid (HF), and
an injection port 48 through which an etching reagent g
is injected is.provided on a side of the fourth epi-
taxial layer 47.

Fig. 9 (e) shows a selective etching process
for forming ; clearance between the vibrator and the
substrate and others.

A positive pulse voltage is impressed from a i
pulse supply Ep so that the n-type substrate 40 will |
be reverse-bias to the p-type fourth epitaxial layer
47, an alkali solution is injected through the in-
jection port 48 as protecting the substrate 40, and
thus the first epitaxial layer 44 and the third epi- 7 ;
taxial layer 46 are removed through selective etch-

ing.




Then in this case, n-type silicon 10" 7em”™? in

phosphorus concentration may be used for the third epitax-~

-3,
in boron concen-

ial layer 46, and p-type silicon 10%%m
tration may also be used for the fourth epitaxial
layer 47. The phenomenon that the etching action
will be suppressed from the boron concentration exceeding
4 x 10'%m™’ is utilized therefor.

Lastly, the process shifts to that for sealing
shown in Fig. 9 (f).

In the process, n-type silicon is subjected to

an epitaxial growth in the atmosphere of 1,050 °C

Toted hydrogen (H,), an epitaxial layer 50 is formed on
LR NN
:'"‘ outer surfaces of the substrate 40 and the fourth

epitaxial layer 47 to construct a shell 51 partly

3”3:. and close the injection port 48 to sealing.

o Then, ther than the above method, the sealing

Jrese, process may comprise (1) closing the injection port

°£¥:: 48 by heat oxidation, (2) closing the injection port
ose 48 by filming the injection port 48 with polysilicon

sed according to CVD process or sputtering, (3) filling

5 up silicon in the injection port 48 according to
°:“’§ vacuum evaporation of the epitaxial process, or (4)

filling up an insulating material such as, for ex-
ample, glass (5iO:), silicon nitride, alumina or the like

in the injection port 48 according to CVD process,
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sputtering or evaporation.

While not so indicated, the diaphragm 25 is
formed thereafter by turning up the substrate through
etching from a bottom side of the substrate 40.

The aforementioned manufacturing process may
then realize the following effects.

First, since the substrate 40, the second epi-
taxial layer 45 functioning as the first vibrator
26A and the shell 51 are formed integrally, it is
not necessary to bond the substrate 40 and the shell

51 together, thus avoiding instability due to bonding.

Second, the air and the vibrators can be iso-
lated by a simple structure, therefore miniaturiza-
tion can easily be realized.

Third, éince a semiconductor process technique
is utilized, accurate position, thickness and shape
of the vibrators and shell can easily be realized.

Fig. 10 shows a part of the process for forming
the H-shaped vibrator body.

In this case, the process shown in Fig. 10 is
substituted for those of Fig. 9 (a) and (b), and
other process is identified with that of Fig. 9,
thereby realizing the H-shaped vibrator body 24.

First, as shown in Fig. 10 (a), a protective
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coat 52 such as silicon oxide, silicon nitride or the
like is formed on an upper surface of crystal: plane
(100) of the silicon substrate 40, and then the pro-
tective coat 52 formed on a surface of the substrate
40 is removed to an H-shape through photolithography
by means of a mask having an H-shaped opening, thus
forming an H-shaped opening 53 on the protective coat
52.

The H-shaped opening 53 is disposed so that H-
shaped beams formed by each of the first vibrators
26A, 26B and the second vibrator 27 face in the di-
rection <001> of the substrate 40
and also in the direction rectangular thereto.

Next, as shown in Fig. 10 (b), an H-shaped re-
cession 54 corresponding to the opening 53 is formed
on the subsé;ate 40 from etching the protective coat
52 having such opening 53.

Then, the H-shaped vibrator body 24 shown in
Fig. 5 is formed according to the process shown in
Fig. 9.

Fig. 11 shows a process for enhancing and sta-
bilizing a yield of the vibrators in the manufactur-
ing process shown in Fig. 9.

The process is almost same as the process shown

in Fig. 9 barring Fig. 11 (c).

E2EentN



The: process of Fig.ll (c) comprises forming a boron
high-concentration ptt p-type epitaxial layer 71
thin at 1 ym or below on a surface of the recession
43 formed as shown in Fig. 11 (b). In this case, the
concentration will be set preferably to the limit of
etching the p-type epitaxial layer 71 with etching
reagent, or, for example, at 3 x 10'%cm™? or so.
The process then shifts to that for etching of
Fig. 11 (f) through epitaxial process of Fig. 11 (d)
and that for forming an etching reagent injection
port of Fig. 11 (e).
) f; In the process, an etching reagent is injected
from the injection port 48 to etch and remove: the
'{ first epitaxial layer 44 equivalent to the gap cor-
f.‘ | responding part and the third epitaxial layer 46.
In this casé, the auxiliary epitaxial layer 71 is
p-type and high in concentration, inherently therefore it
o is not etched, however, since it is very thin, a boron
re concentration deteriorates and ready for etching by

an alkali solution according to autodoping at the

selective epitaxial process and diffusion at the
heating process, and thus n-type face of the sub-
strate 40 comes out on the surface.

The aforementioned process will further be de-

scribed in detail with reference to Fig. 12 and Fig.
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13.
In the process of Fig. 11 (c), where there is
no auxiliary epitaxial layer 71 present, p-type S_
vemains islandlike on a pn junction between the n-type
substrate 40 and the p-type first epitaxial layer 44
at the etching process of Fig. 11 (f).
A A p-type residue 72 (Fig. 12) remaining island- )
like as mentioned forms an n-type inversion layer 73 .
inverted to n-type at a boundary with the alkali so-
lution which is an etching reagent during etching,
.. thus a path through which a current ig flows from
et the pulse supply Ep (Fig. 11 (f)) as indicated by an i
arrow is formed to protect a surface of the residue ‘
T 72 from etching, which is capable of causing a prob-
L lem that a lower portion of the vibrator is partly
not etched.;
vegs, Now, therefore, the auxiliary epitaxial layer 71 which

++

is a p-type high-concentration p (3 x 10 %m™? v %

or so) boron dope layer thin at 1 pym or below is
formed on a top of the substrate 40, the leakage
current ig is interrupted to keep the residue 72
Q:ctl.:

‘ from being formed and a stable etching is secured,'

1
skt
L (8

thus enhancing productivity.
The ensuing process is for forming the shell as

in the case of Fig. 9 (f).




N

Fig. 14 is a process drawing showing a main part
of the manufacturing process for realizing a struc-
ture of the vibrator body keeping the shell vacuum
internally.

For detecting pressure and others in high sen-
sitivity as keeping a high Q-factor, it is necessary
that the vibrator be kept vacuum around. In this
case, however, some contrivance will be required for
the manufacturing process in such vibrating type
transducer with structure wherein the beamlike vi-
brators 26A, 26B, 27 are formed integrally on the
diaphragm 25.

The case wherein the first vibrators of the
vibrator body shown in Fig. 5 are kept vacuum around
will be taken up for description in Fig. 14.

The pr&cess coming in Fig. 9 (a) to Fig. 9 (e)
remains same, and thus the etching result of Fig., ¥&
(a) equivalent to Fig. 9 () is obtained.

In the process of Fig. 14 (b), outer surfaces
of the substrate 40 and the fourth epitaxial layer
47 are subjected to an n-type epitaxial growth at
temperature of 1,050 °C generally in the atmosphere
of hydrogen (H;) or in vacuum. The injection port
48 formed between the substrate 40 and the fourth

epitaxial layer 47 is filled by the epitaxial growth,




the shell 51 is thus formed, and the vibrator body
for ‘ibrating type transducer having, for example,
the first vibrator 26A formed of the second epitaxial
layer internally.

In this case, an n-type layer equivalent in
thickness to a clearance (t) of the injection port
48 is formed around the first vibrator 26A and also
on the inside of a hollow chamber 74.

In the process of Fig. 14 (b), since the epi-
taxial growth is effected in the atmosphere of hy-
drogen (H;), the hollow chamber 74 formed between
the substrate 40 of silicon single crystal and the
shell 51 is charged with hydrogen (H:).

Now, as shown in Fig. 14 (c), a vibrating type
transducer having the vibrator body is put into the
atmosphere kept vacuum at 900 °C, and the hydrogen
(H;) is extracted to vacuum through a crystal lat-
tice of silicon. The degree of vacuum thus obtained
is 1 x 10°? Torr or below.

Then, a similar result has been obtained in
inert gas and nitrogen gas with less hydrogen partial
pressure.

Next, the hydrogen extraction will be described
with reference to Fig. 15. In Fig. 15, the axis of

abscissa indicates temperature, and the axis of

- 26 -
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ordinate indicates dissociation pressure. Then, the
straight line drawn obliquely from origin indicates
a boundary to separate a domain wherein hydrogen is
absorbed in silicon of the substrate 40 and a domain
wherein it is extracted externally from silicon.
According to the illustration, when left as it
stands in vacuum T: or, for example, 1,200° K for a .
long time, hydrogen within the shell 51 is absorbed
in silicons of the shell 51 and the substrate 40 and
diffused thereinto, and hydrogen having reached the
surface is dissociated and discharged if the ambient
pressure is P1 or, for example, 10'3 Torr or below. ﬁ
o Thus, the hollow chamber 74 may be retained at
the degree of vacuum of, for example, 10-3 Torr in-
s‘ﬁ'. ternally.
The ab&ve may be so understood from a result
e obtained from carrying out a test according to the
aforementioned process that a value at 3 x lOd or

P over which is Q-factor of the first vibrator 26A

} corresponding to about 10_3 Torr has been obtained
for the hollow chamber 74 within the shell 51.

Fig. 16 is a process drawing having modified a

a8t qg
° 3

part of the process shown in Fig. 14.
The process up to Fig. 14 (a) remains same,

and the process then shifts to that of Fig. 16 (a).
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While the injection port 48 is formed through
etching in the process of Fig. 14 (a), the process
of Fig. 16 (a) is that for sealing the injection
port 48.

In the process, oxygen is substituted in a gap
formed by the fourth epitaxial layer 47 working as
the first vibrator 26A to the second epitaxial layer
45 and the silicon substrate 40, and then the injec-
tion port 48 is sealed through spattering amorphous
silicon, thereby forming a shell 75.

Then afterward, the process shifts to Fig. 16

(b) to extraction. In the process, the vibrating

type transducer including the vibrator body is placed

in vacuum at 900 °C or over, an inside wall of the
hollow chamber 74 is oxidized by oxygen filled in
the hollow ehamber 74 at the process of Fig. 16 (a),
or oxygen in the silicon is diffused to come out of
the silicon surface partly, thereby stepping up the
degree of vacuum.
;>r-€§§%:v"r*e.é\
According to the above—described&manufacturing
process of the invention, the vibrators are formed
integrally with the silicon substrate with a prede-
termined gap left thereto, and then a vacuum is re-

alized through a predetermined process, therefore a

vibrating type transducer superior in both pressure
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and temperature characteristics may be realized.

Fig. 17 is a sectional view showing a main part
construction of the vibrating type transducer with
an initial tension applied to the vibrators.

The vibrator body is constructed such that the
opposite ends are fixed, for example, on the n-type
silicon substrate 40, the p-type vibrator 13 is fixed
with a predetermined gap retained to the substrate
40 barring the opposite ends, which is covered by the
silicon shell 51 integrally with the substrate 40,
and the hollow chamber 74 is formed surroundedly
thereby. The hollow chamber 74 is retained vacuum
internally.

Then, a measuring pressure Pp, for example, is
impressed on_the diaphragm 25, and a resonance fre-
quency of a'vibrator 76 with the opposite ends fixed
on the diaphragm 25 which corresponds to a strain
arising on the vibrator 76 is measured, thereby ob-
taining the measuring pressure Pp.

Meanwhile, unless an initial tension is given
even at the time when the measuring pressure Pn is
zero, a buckling will be caused on the vibrator 76
by the measuring pressure Pm, which is not ready for
measurement, and unless a dispersion of the initial

tension is controlled, a dispersion of sensitivity
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may also result therefrom.

The following description will refer to this
respect. Fig. 18 represents a relation between a
covalent bond radius Ri of various impurities, and
covalent bond radius Ry of each impurity to a cova-
lent bond radius Rsy of silicon. Fig. 19 shows a
change of lattice constant to an impurity concentration.
As will be understood from Fig. 18, while the cova-
lent bond radius Rsji of silicon (Si) is 1.17&, that
of phosphorus (P) is 1.10A and boron (B) is 0.883,
which are rather small. Accordingly, when boron or
phosphorus is injected in silicon, the portion is

subjected to a tensile strain. From Fig. 19, therefore,

where concentration of boron is 10%%cm™>, for exam-
ple, change of the lattice constant is 2 x lO'BA,

and since the lattice constant of silicon is 5.4314,

4

the strain is about 4 x 10°% (= 2 x 10°°/5.431).

For the strain at 4 «x 10°% or over, boron will be
injected double or at 2 «x lOzocm-J, then an initial
tension at 8 x 107! will be generated in proportion
to the injection rate. Accordingly, an arbitrary
initial tension may be given from injecting an ar-
bitrary concentration of boron.

An initial tension is given to the vibrator 76

shown in Fig. 17, accordingly.
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For the strain less than 4 x 107%, a phosphorus con~
centration of the n-type silicon substrate 40 is raised,
or the vibrator 76 is oxidized to segregate boron on
the surface of vibrator into the oxide film, and from
removing the oxide f£ilm by HF, the boron concentration in
the vibrator 76 is decreased to adjust the strain at
4 x 10'4 or below. Then, as will be apparent from
Fig.rga, it is presumed that the strain will almost not

arise at the boron concentration of lO”cm-3 or so.

Fig. 20 is a process drawing showing a main
part of manufacturing process for the vibrator body
which is a main part of the vibrating type strain
sensor of the invention.

Fig. 20 (a) shows the state where the recession
43 is formed.through HCQ etching in the process com-
ing in Fig. 9 (a) and Fig. 9 (b).

Next, as shown in Fig. 20 (b), a 10'%cn™? concentra-
tion of boron (p-type) is subjected to a selective
epitaxial growth into the recession 43 in the atmos-
phere of hydrogen H, at 1,050 °C, thereby forming
the firsf epitaxial layer 44.

Then thereafter, as shown in Fig. 20 (c), boron
-3

. . 20 .
(p-type) adjusted to be a corcentration at 10" "cm in the

atmosphere of hydrogen H, at 1,050 °C is subjected

to a selective epitaxial growth on the first epitaxial

i e e e XA MOV LT AT ¢ 4 en
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layer 44, thereby forming a second epitaxial layer
77 working as the vibrator 76.

A covalent bond radius of silicon is 1.173, and
that of boron is 0.883, therefore if boron is partly
injected into silicon, the portion is subjected to a
tensile strain, which is utilized for giving a neces-
sary initial tension thereto through adjusting boron ,
density of the second epitaxial layer 77 working as
the vibrator 76.

Next, as shown in Fig. 20 (d), a 10"8%cm™? concentra-
tion of boron (p-type) is subjected to a selective
epitaxial growth on the second epitaxial layer 77 in
the atmosphere of hydrogen H; at 1,050 °C, thereby
forming the third epitaxial layer 46.

Further: as shown in Fig. 20 (e), a 1020cm'3 concen-
tration of Soron (p-type) is subjected to a selec-
tive epitaxial growth on the third epitaxial layer 46
in the atmosphere of hydrogen Hz at 1,050 °C, thereby
forming the fourth epitaxial layer 47.

Fig. 20 (f) shows an etching process for remov-
ing the first epitaxial layer 44 and the third epi-
taxial layer 46 in the state wherein the 5iO, pro-
tective coat 41 has been removed (process not indi-
cated) through etching by hydrogen fluoride HF after

the process for selective epitaxial growth shown in
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Fig. 20 (e).

While not so illustrated, the whole is soaked
in an alkali solution in this etching process, and
a positive pulse voltage 5V in peak value and 0.04
Hz or so in repetition frequency is impressed from
the DC pulse supply Ep so that the n-type silicon
substrate 40 will be plus potential to the p-type
second epitaxial layer 77. Since the n-type silicon
substrate 40 and the fourth epitaxial layer 47 have
an insoluble film formed on the surface each to a
passive state according to the voltage impression,

comppare

the etching rate becomes considerably low*to the
first epitaxial layer 44 and the third epitaxial
layer 46, which is utilized for removing the first
epitaxial layer 44 and the third epitaxial layer 46.
Further, when concentration of a doped boron is greater
than 4 x 10!?, the etching rate is considerably re-
duced from that of normal case where silicon is not
doped, and such phenomenon is utilized for realizing
the construction wherein the injection port 48 is
provided partly, and further a gap is secured between
the silicon substrate 40 and the second epitaxial
layer 77 as a whole, leaving the second epitaxial
layer 77 as shown in Fig. 20 (g). ‘

The ensuing process is same as that of Fig. 9
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(g) or Fig. 14 (b) to Fig. 14 (e). A main part of
the vibrator body shown in Fig. 17 is formed through
such process.

For further adjustme:t of an initial tension of
the vibrator 76, a phosphorus density in the n-type
silicon substrate 40, for example, will be adjusted,
thereby adjusting the initial tension on a relative
strain of the substrate 40 and the second epitaxial
layer 77.

Or otherwise, an apparent initial tension may
be reduced by subjecting a low-concentration n-type silicon
to an epitaxial growth on the vibrator 76 in a proper
thickness. Further, a heat oxidation may generate a
compression strain in a hot oxide film, thereby ad-
justing the spparent initial tension. Still further,
the initial tension can be adjusted likewise through
CVD, sputtering, evaporation or other means.

An atom to inject has been specified as boron
or phosphorus for description of the embodiments
given as above, however, the invention is not neces-
sarily limited thereto. Then, the vibrating beam is
also not limited to silicon only.

The aforementioned vibrating type strain sensor
has been described on a pressure measurement, which

may be applied to acceleration sensor, differential

o ol Ko e M A W AR T
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pressure sensor and others likewise.
As described concretely above, according to the
invention, an initial tension can be provided to the

vibrating beam through a construction simple as com-

- pared with the prior art, and further the tension

can easily be adjusted.

Next, the amplifier shown in Fig. 5 will be de-
scribed in detail.

In the prior art vibrating type transducer shown
in Fig. 4, since the vibrator is constructed to os-
cillate in a nonlinear domain, an oscillation fre-
quency changes from limiting an amplitude on, for
example, Zener diode, and a construction to control
a driving voltage is capable of changing so often an

amplitude of the vibrator according to boundary con-

v
v

ditions of junction with other resonance system or
with measuring fluid, which prevents a generation of
accurate resonance frequency. Such problem may be
solved by using the amplifier shown in Fig. 21.

Fig. 21 is a circuit diagram showing a detailed
construction of the amplifier 39 shown in Fig. 5.

A reference character AMCl denotes an amplifier
circuit with its input ends (+), (-) connected to
output ends 37, 38 of the vibrator body 24. Then,

its output end is inputted further to an amplifier
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circuit AMC2 through a coupling capacitor Cs and its
output voltage is generated to a junction J. The
output is then generated to a gain adjusting circuit
GAC through a phase adjusting circuit PHC. An ampli-
fication output of the gain adjusting circuit GAC
after amplification on its first stage is impressed
on a resistance R;,, a field effect transistor Q,, “
a series circuit of a transformer T, and an output
voltage controlled for the magnitude is generated to
the output terminal 40 from a secondary side winding
of the transformer T.
On the other hand, a voltage Vj; of the junction ﬂ
J is inputted to a half-wave rectifier circuit HWR,
converted into a DC voltage Ej corresponding to a
magnitude of the voltage V;, and then inputted to
an inversioé-input end (-) of a comparator CMP. A
reference voltage VkR is impressed on a non-inversion
input end (+) of the comparator CMP from an ampli- f-
tude setting circuit ASC, and the comparator CMP t
amplifies a deviation between the DC voltage Ej and
the reference voltage Vg, impresses the differential
voltage on a gate of the field effect transistor Q)
from its output end, controls a resistance between

drain and gate, thus controlling a current flowing

to the transformer T.
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Then in these circuits, a phase is adjusted by
a capacitor Cg and a resistance R,;, and an amplitude
of the voltage generated on the output side 40 is
set by a resistance R;g.

In the above construction, when a voltage is
impressed on the input transformer 29 from the am-
plifier 39, a current i flows to the first vibrator
26A from the output, and thus the first vibrator 26A
vibrates on an electromagnetic force operating with
a magnetic field by the magnet 17. The vibration
operates on the first vibrator 26B through the sec-
ond vibrator 27, however, since a magnetic field is
impressed on the first vibrator 26B from the magnet
17, a voltage e is generated on the first vibrator
26B and inputted to the amplifier 39 through the
output trangformer 36. The amplifier 39 amplifies
the voltage and generates the amplified voltage on
its output terminal 35.

The amplified voltage is impressed again on the
input transformer 33 and further impressed on the
first vibrator 26A as a greater voltage.

From repeating the above a loop coupling the
zmplifier 39 and the vibrator body 24 makes a self-
oscillation. Then, from setting a gain of the loop

at 1 or over, the self-oscillation becomes lasting.

et AL 0 R i Db ...-M




In this case, a voltage amplitude of the self-
oscillation is controlled so as to come in a constant
error to the reference voltage VR.

That is, when the DC voltage Ej corresponding
to the junction voltage Vj is great to the reference
voltage VR, an internal resistance of the field ef-
fect transistor Q) is increased on an output of the
comparator CMP according to these deviations, a cur-
rent flowing to the transformer T is minimized, and
a voltage generated on the output terminal 35 is
minimized. As a result, a voltage impressed on the
vibrator body 24 is minimized, and a voltage inputted
to the amplifier 39 is also minimized.

On the contrary, when the DC voltage Ej corre-
sponding to the junction voltage Vj is small to the
reference véltage VR, the operation is reversed.

Thus the oscillation amplitude operates to co-
incide with the reference voltage VR within the range
of constant error. The error is determined by (out-
put voltage/gain of comparator CMP) of the comparator
CMP. Accordingly, where a gain of the comparator
CMP is large, the error may be disregarded in value,
and an amplitude of the vibrator operates to be equal
to the reference voltage Vg at all times.

Next, an effect when the circuit configuration

L s ot s A i
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shown in Fig. 21 is employed will be described with
reference to Fig. 22 and Fig. 23.
Fig. 22 indicates an effect when the circuit
configuration shown in Fig. 21 is employed, and Fig.
23 indicates an effect when the prior art circuit
configuration wherein the field effect transistor Q,
shown in Fig. 21 is removed to short-circuiting and ‘
a driving force is kept constant (drive on a constant
supply voltage) is employed. A span is 1 kg/cm? in
either case, and the axis of abscissa indicates pres-
¢ sure, the axis of ordinate indicates indexed value.
°°d‘ As will be understood from the results, while ﬂ
the fluctuation is *0.005% or so in the case of Fig.
‘-: 22, the fluctuation at $0.025 max. or so is indicated
in the case of Fig. 23, providing an improvement

onet coming about five times or so.

L . 1 1
s 1
{»'H As described concretely above, the invention
Se

comprises detecting an amplitude of self-oscillation
halfway of the amplifier, comparing the detected
amplitude with a preset reference voltage, adjusting

L]
PUodss e

° e a gain controlling means provided on the rear stage
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for the amplitude to coincide with the reference
voltage, thereby retaining the amplitude cocnstant,
therefore the oscillation amplitude is retained con-

stant at all times without being influenced by the

“~
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external conditions, a fluctuation will not be brought on

the  self-oscillation frequency, and thus a high precision

vibrating type transducer can be realised.

As described concretely above along with the
embodiments, the invention may provide the following
effects:

(a) In preferred constructions described, the vibrator
body excitation
and  the

force, and further loops of the first vibrators 26A and 26B

is divided into the first vibrator 26A for

first vibrator 26B for detecting electromotive

second
(S/N

is obtainable without

are coupled mechanically by the vibrator 27,
high

including an

therefore an elimination ratio ratio) of

excitation component

exciting current component, and thus a wvibrating type

transducer wherein a stable frequency output signal is

obtainable may be realised.

(b) Also in the described construction, the direction
of a vibrator beam is limited correlatively to an axis of
the silicon single crystal, thereby expecting a similar

effect to the above mentioned.

(c) According to the preferred construction as

described, since the substrate, the second epitaxial layer
formed
shell,

avoided.

functioning as first wvibrator and the shell are
the substrate need not be bonded to the

an instability due to junction can  be

integrally,
and thus

Also,
through a simple structure, a miniaturisation can easily be

since the vibrator can be isolated from <the air

realised. Furthermore, since a semiconductor process

technique is utilised, accurate position, thickness and
shape of the vibrator and shell can easily be realised.

(d) In
integrally with the silicon

and then

the construction described, the vibrator is

formed substrate through a

predetermined ‘gap, kept vacuum simply on a
predetermined process, therefore a vibrating type transducer
superior in both pressure and temperature characteristics

may be realised.

900731, kxlspe. 009, yokogawa, 40
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(e) According to a preferred embodiment of the
invention, an initial tension can be given t6 the vibrator
through a simple construction as compared with the prior

art, and further the tension can easily be adjusted.
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1 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
2
3 1. A vibrating type transducer comprising:
4 a silicon substrate having a thin diaphragm formed in a
5 central portion thereof; '
6 an H-shaped vibrator body having first and second
7 vibrators, disposed in parallel and each with opposite ends
8 fixed on said diaphragm, and a third vibrator mechanically
9 coupling central portions of said first and second
10 vibrators, said vibrator body in use vibrating as 'a whole
et 11 such that the opposite ends of said first and second
'J:, 12 vibrators are used as fixed ends of vibration;
cuet 13 a magnetic field generating means for applying a DC
23:} 14 magnetic field across said vibrator body;
‘:3,3 15 an excitation means for vibrating the vibrator body on
E'J'u 16 a mutual action with said DC magnetic field by conducting an
) 17 alternating current through said first vibrator or from one
18 end of said first vibrator to the same end of  said second .. . ..
19 wvibrator; o -
i 20 a vibration detection means for detecting an
A 21 electromotive force generated across said second vibrator or
o 22 Dbetween the other end of said first vibrator and the other
RN 23 end of said second vibrator; and
24 an amplification means connected between said
25 excitation means and said vibration detection means.
AR 26
27 2. A vibrating type transducer as defined in claim 1, said
28 H-shaped vibrator body having each of said first and second
) 29 vibrators formed like a beam in the direction of <00l> to a
30 crystal plane (100) of the substrate on which said vibrators
31 are formed, and said third vibrator formed rectangularly to
32 these vibrators. ‘
33
34 3. A manufacturing process for vibrating type transducers,

35 wherein a beamlike vibrator is formed integrally on a thin
diaphragm, formed on a silicon single-crystal substrate,
said vibrator being spaced from the diaphragm by a first

900731 ,kxlspe.009, yokogawa, 42
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a protective coat is formed on an upper surface of said

said protective coat is selectively removed to form an

an H-shaped recess having portions etched underneath

a first epitaxial layer to be used for a first gap

an- injection port for an etching reagent is' formed by

said first and third layers are removed through etching

1 predetermined gap except at its ends, and being covered by a
2 shell spaced from said vibrator by a second predetermined
; 3 gap, characterised in that:
E 4
! 5 silicon substrate;
| 6
7 H-shape;
8
9 its marginal regions is formed on the substrate by etching
10 the substrate region corresponding to said H-shape ' opening
11 in the protective coat;
12
¢ oa 13 corresponding part, a-: second epitaxial layer, a third
° 082 14 epitaxial layer to be used for a second gap corresponding
.;39. 15 part and a fourth epitaxial layer to be used for a part of
Z.ﬂ:e 16 said shell are formed in order from the Dbottom of said
| % 3 17 recess;
e oo 18
0 19 removing said protective coat; . -
20
21 with said etching reagent from the injection port to form an
LIS 22 H-shaped vibrator body from said second epitaxial layer;
:::: 23 then,
Tae® e 24 said injection port is sealed so as to be airtight.
°o°oo' 25
° 26 4. A manufacturing process for vibrating type transducers
27 as defined in claim 3, wherein a conduction mode of said
se oo 28 substrate is n-type, a conduction mode of said first and
{ ¢ 29 second gap corresponding parts is p-type, and said vibrator
30 and said shell are each p-type in conduction mode and high
31 in doping concentration to a degree that they are not etched
32 by said etching agent.
33
34 5. A manufacturing process for vibrating type transducers
as defined in claim 3, including a process for forming an H-
shaped recession in which an H-shaped vibrator body is
enclosed through etching said substrate by means of an H-
900731, kxlspe. 009, yokogawa, 43
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shaped etching mask in the direction of <001> to a crystal

plane (100) of said substrate and also rectangular thereto.

6. A manufacturing process for vibrating type transducers
as defined in claim 3, wherein a protective coat of silicon
oxide or nitride is formed on said substrate and is partly

removed through etching to leave a recess.

7. A manufacturing process for vibrating type transducers
as defined in claim 4, wherein an auxiliary epitaxial layer
lpm or less in thickness and high in p-type dopant
concentration 1is formed on the surface of said recess on
said substrate, said first epitaxial layer being formed

thereon.

8. A manufacturing process for vibrating type transducers
as defined in claim 3, wherein said first and second gap

corresponding parts are removed through etching to form a

hollow chamber, then said injection. port is sealed ina  .gas-

atmosphere and maintained at high temperature, thereby

keeping said hollow chamber vacuum.

9. A manufacturing process for vibrating type transducers
as defined in claim 8, wherein hydrogen is used for said gas

atmosphere.

10. A manufacturing process for vibrating type transducers
as defined in claim 8, wherein oxygen is used for said gas

atmosphere.

11. A vibrating type transducer comprising:

a silicon substrate having a thin diaphragm formed in a
central portion thereof;

an H-shaped vibrator body, to which a predetermined
initial tension is given, having first and second vibrators,
disposed in parallel and each with opposite ends fixed on

said diaphragm, and a third vibrator mechanically coupling

900731, kxlspe.009, yokogawa, 44
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central portions of said first and second vibrators, said
vibrator body in use vibrating as a whole such that the
opposite ends of said first and second vibrators are used as
fixed ends of vibration;

a magnetic field generating means for applying a DC
magnetic field across said vibrator body;

an excitation means for vibrating the vibrator body on
a mutual action with said DC magnetic field by conducting an
alternating current through said first vibrator or from one
end of said first vibrator to the same end of said second
vibrator;

a vibration detection - means for detecting an
electromotive force generated across said second vibrator or
between the other end of said first vibrator and the other
end of said second vibrator; and

an amplification means connected between said

excitation means and said vibration detection means.

12. The vibrating type transducer as defined in claim 11,
wherein a predetermined initial tension is given to said
vibrator body by implanting another impurity atom with a

bond radius smaller than that of a silicon atom.

13. A  vibrating type transducer as defined in claim 1,

wherein said amplification means comprises:

pre-amplification means for amplifying a signal
generated from said vibrator body;

comparison means for outputting a control signal by
which the voltage amplitude of self oscillation generated
from said pre-amplification means is controlled so as to
become to a predetermined reference value by comparing said
voltage amplitude of self oscillation with said reference
value; and

gain control means for controlling said voltage
amplitude of self oscillation to a constant value based upon
said control signal and for conducting feedback of said
voltage amplitude signal to said vibrator body.
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14. A vibrating type transducer substanfially as

hereinbefore described with reference to the drawings.
15. A manufacturing process for a vibrating type transducer

substantially as hereinbefore described with reference to

the drawings.

DATED this 31st day of July, 1990.
YOKOGAWA ELECTRIC CORPORATION

By its Patent Attorneys
DAVIES & COLLISON
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