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BACKGROUND OF THE INVENTION THIS SHEET HAS BEEN
. REPLACED
The present invention relates to vibrational processing
] apparatus and methods including apparatus and methods for plating small

¢lectronic components such as laminated chip capacitors and including
barrel-polishing apparatus for applying vibration to an object to be
processed to perform processes such as plating and polishing thereon.
More particularly, the present invention relates to a vibrational

10 processing apparatus and method capable of controlling the state of
vibration to optimize vibration applied to"an object to be processed.

& Description of the Related Art
Fig. 9 shows a structure of a plating apparatus as an example

of conventional vibrational processing apparatus. For example, &

15 plating apparatus as illustrated is disclosed in Japanese unexamined
patent publication (KOKAI) No. H5~70999, This plating apparatus 1
includes avibration generating portion 2, a vibration transfer member 7
for transferring vibrational energy generated by the vibration
gencration portion 2, and a basket 8 connected to the vibration transfer

20 member 7 for containing an object to be plated such as a chip type
electronic component. The basket 8 constitutes a negative elecirode. A
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Description of the Related Art Fig. 9 shows a structure of a plating
apparatus as an exanpl e of conventional vibrational processi-ng.-apparatus.

For exanpl €, a 15 pl ating apparatus g illustrated is EH1§C$H@dHA$1 BEEN
Japanese unexani ned patent publication ('t 1) No. H5-70999. ThiRgppAgtn N9
apparatus 1 includes a vibration generating portion 2, a '

menber 7 for transferring vibrational energy generat ed by the vibration
generation portion 2, and a basket 8 connected to the vibration transfer 20

menber 7 for cont a'pﬂer:]gq an oxt%]pe&‘t’ &&gﬁsﬁgssuch eﬁmapclahun% type

solution in a plating solution bath 9.
The vibrational generating portion 2 includes a motor 3. An
eccentric load 4 is added to the rotating shaft of the motor 3. The motor 3
5 is mounted on a supporting frame 5 which is elastically supported on the
bottom of a case through springs 6. With such a structure, rotation of the
motor 3 causes periodic fluctuations of the balance between an eccentric . -
- force produced by the eccentric load 4 and an elastic supporting force

provided by the springs 6, thereby causing a swinging motion of the

10 supporting frame 5 as a whole, Then, vibrational energy is transferred
to the basket 8 through the vibration transfer member 7 connected to the
supporting frame 5 to cause the basket 8 to vibrate in the plating
solution periodically. As a result, objects to be plated and steel balls
or media placed in the basket 8 are agitated and mixed by the vibration of

15 the basket 8. This allows the objects to be plated to be agitated in
appropriate contact with the basket 8 and therefore allows formation of
uniform plating films on the surface of the objects to be plated.

W The rotational speed of the motor 3 of the conventional

plating apparatus is st at a fixed value. Therefore, the vibrational

20 enexgywﬁicheanbegenemtedbythevibmﬁongenmﬁngportionﬁs
fixed, However, the characteristic frequencies of vibrating portions
including the basket 8 vary depending on the amount, size and weight of
the objects to be plated and steel bells or media charged in the basket 8,
This results in a change in the degree of the agitation of the objects to

25 be plated in the basket 8. Therefore, even if the rotational speed of the
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plating process is performed with the basket 8 imersed in a plating
solution in a plating solution bath 9. The vibrational generating portion 2
includes a notor 3. An eccentric |oad 4_igs added to the r é
the notor 3. The notor 3 5 is nmountéd on a supportin%h %:EREML C El:b%
el astically supported on the bottom of a case through spri AhYsuch
a structure, rotation of the

motor 3 is preset so as to apply optimum vibration to the objects to be
plated, it has been necessary to reset conditions such as the rotational
speed of the motor 3 by detecting optimum vibrating conditions using
detecting equipment or the like each time conditions of the objects to be
5 plated or the like contained in the basket 8 are changed. Such an
operation has required much time and labor, reducing the efficiency of a
plating process. Further, there has been a problem in that the thickness
- of plating on an object to be plated can vary because of insufficient

agitation of the object if the resetting of the rotating condition of the

10 motor 3 and the like is not carzried out.

Further, the problems as described above have occurred in

conventional barrel polishing apparatus. Specifically, when polishing
is performed by applying vibration to an object to be polished and an
abradant or medium placed in the barrel pot, the state of vibration of the

15 barrel pot varies if the size, weight, and quality of the object to be
polished vary depending on the process. This has resulted in a problem in
that much time and labor is required for resetting the optimum vibrating

o conditions.
It is an object of the present invention to provide a

20 vibrational processing apparatus capable of applying the optimum
vibrating conditions to an object to be processed even if processing
conditions such as the size and quantity of the object to be processed are
changed.

SUMMARY OF THE INVENTION

ECunN ~
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invention includes a vibration generating means or unit for generating
predetermined vibration, a vibratable element connected to the vibration
generating means or unit for containing an object to be processed and for
applying predetermined vibration to the object to be processed to effect
a predetermined process by vibrating in response to the vibration
generated by the vibration generating means or unit, 5 displacement
detecting means or unit for detecting the vibrational displacement of the
vibrated element, and a control means or unit. The control means or unit
outputs a control signal to the vibration means or unit prior to the
predetermined process to subject the vibratable element to vibration and
to detect displacement of the vibratable element to obtain a displacement
characteristics thereof and outputs a control signal to the vibration .
generating means or unit during the process to generate vibrations based
upon the displacement characteristics to causc desired vibrational
displacement of the vibrated clement.

In a vibrational processing apparatus according to a
Himited aspect of the present invention, the vibratable clement is
characterized in that it includes a container which contains an object to
be plated and is immersed in a plating solution and a transfer member
connected to the container and vibration generating means for
transferring vibration from the vibration generating means to the
container.

Further, In a vibrational processing apparatus according to
another limited aspect of the present invention, the vibratable element
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Therefore, the vibrational 20 energy whi ch can

.even if ther tional speed of the
includes a container w. contams an b?ect to be polished and an

abradant and vibrates in response to vibration from the vibration
generating means,

In a vibrational processing method according to the present
invention, the control unit is caused to output a control signal to the
vibration generating unit prior to the predetermined process to subject
the vibratable clement to vibration. Displacement of the vibratable
clement is then detected to obtain displacement characteristics thereof.
The optimum amplitude of vibration to be applied to the vibratable
clement is then determined from the displacement characteristics. A
control signal is then applied from the control unit to the vibration
generating unit in accordance with the previously determined optimum
amplitude. | _

In one aspect of 8 method according to the present invention,
the process is a plating method; in accordance with another aspect, the
process is a polishing process.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a structure ef a plating apparatus
according to a first embodiment of the present invention.

Fig. 2 is a functional block diagram of a computer 50 of the
plating apparatus shown in Fig. 1.

Fig. 3 is a flow chart showing & processing operation of the
computer 50.
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plated, it has been necessary to reset conditions such as the rotational
speed of the notor 3 by detecting optinmum vibrating condl tions using

detecting equi pment or the |like each tlng condi tions of 18,5
plated or the |ike contained in the bask@ 8 are changed| TBI&cBHEET HAS BEEMdN
has required much time and | abor, reducing the efficiency of REPLACEDG

process. Further, there has been a problemin that the t ATCKNESS

Fig. 4(a) illustrates displacement characteristics of a
vibrated clement detected by a displacement sensor 30.

Fig. 4(b) is a table showing the data of vibrational

characteristics of the vibrated element obtained from the displacement
5 characteristics.
Fig. 4(c) is a displacement characteristics diagram showing
another example of displacement characteristics detected by the
S displacement sensor 30.
Fig. § illustrates an operation of calculating optimum
10 amplitude data performed by a data processing portion 52 of the computer
s0.

Fig. 6 illustrates the relationship between detected
processing time and amplitude and between calculated processing time and
frequency.

15 Figs. 7(a) and 7(b) are illustrations of data showing other
examples of optimum amplitude data controlled by the computer 50.
Fig. 8 shows a structure of a barrel polishing apparatus
o according to a second embodiment of the present invention.
Fig. 9 shows a structure of a conventional plating

4

20 apparatus. ’

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a sectional structure of a plating apparatus 10
according to a first embodiment of the present invention. The plating
apparatus 10 includes a vibration generating portion or unit 11 for
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agitation of the object if the resetting of the rotating condltlon of the
10 notor 3 and the like is not carried out. Further, the problens as
descri bed above have occurred in conventional barrel polijStHISEGHEEPHAS BEEN
Specifically, when polishing is perfornﬁa‘by appl ying viQrati oggp

obj ect to be polished and an abradant or nedi um pl aced i n—the—Baf+ret—pPots
the state of vibration of the 15 barrel pot varies if the size,

wei ght, and quality of the object to be polished vary depending on the
process. This has resulted in a problemin that nmuch tine and |abor is
required for reset8onergtingrredetarmined vibration,s vigration transfer member 17 for

transferring the vibration gencrated by the vibration generating portion
11, a basket 18 which contains an object to be plated or the like and which
serves as a negative electrode, a displacernent sensor 30 and an A~D

5 converter 40 for detecting vibrational displacement of the basket 18, a

computer 50 and a motor controller 60 forming a control means or unit for
controlling the state of the vibration generated at the vibration

~ generating portion 11, and 8 plating solution bath 20 for storing &
plating solution.

10 The vibration generating portion 11 includes a variable—
speed motor 13 having an eccentric load 14 added to the rotational sbaft
thereof. The motor 13 is secured to a supporting frame 1S, Further, the
supporting frame 15 is elastically supported on the bottom of a case 12
through elastic springs 16, With such a configuration, the rotation of

15 the motor 13 causcs a periodic eccentric rotating motion of the eccentric
load 14 about the rotational shaft of the motor 13. This results in
periodic fluctuations of balance between an eccentric force produced by

~ the eccentric load 14 and an elastic force provided by the elastic springs
16 and, consequently, in periodic swing of the supporting frame 15

20 relative to the bottom of the case 12.

‘The vibration transfer member 17 is constituted by a bar-
shaped member which is secured to the bottom of the supporting frame 15
and which penetrates through and outwardly extends from the case 12. A
basket 18 is secured to an end portion of the member 17. When the

25 mppwﬁng&amelsmmeswingingmoﬁmudesuibedabove,thee;:d‘
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portion of the vibration transfer member 17 swings in conjunction with
that motion. As a result, the same swinging motion as that of the
supporting frame 15 is transferred to the basket 18.

The basket 18 is provided in the form of a mesh container
which contains an object to be plated 25 such as a chip type electronic
component or insulator particles 26 or steel balls 27 and is immersed in a
plating solution in a plating solution bath 20 during a plating process.

This basket 18 serves as a negative electrode during electrolytic
plating.

The displacement sensor 30 detects displacement of the
basket 18 and may be, for example, a laser type non-contact displacement
sensor, CCD, acceleration seasor, or speed sensor. Whena non'-contact .

_type displacement sensor is used as the displacement sensor 30, the

displacement sensor is provided outside the plating solution bath 20. It

is secured so that an appropriate position on the periphery of the basket

18 serves as a position for detecting displacement. When it is difficult

to use the peripheral surface of the basket 18 as the detecting position

of the sensor, the displacement sensor 30 may be disposed o thats

surface of the vibration transfer member 17 exposed above the plating

solution bath 20 serves as the position for detecting displacement.

Further, when an acceleration sensor or speed sensor is used, such a

sensor must be disposed on the basket 18 or vibration transfer member 17,
The A-D converter 40 receives an analog signal corresponding

to the displacement detected by the displacement sensor 30 and converts

it into a digital signal which is outputted to the computer 50.
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4 A vibrational processing apparatus according to the' present invention
includes a vibration generating means or unit for generating predeterm ned
vibration, a vibratable elenment connected to the vibratd on generating neans
or unit for contai ning an object to be p Bocessed and forpb———m-.applying
predeterm ned vibration to the object t6”be processed to BiSeBHEET HAS BEEN
predeterm ned process by vibrating in response to the vijorati BEPOAERY at ed
by the vibration generating nmeans or unit, a displacenen ' ,
or unit for detecting the vibrational displacenent of the vibrated el enent,

and a control means or unit. The control neans. or unit
The computer 50 controls piating operations of the plating

apparatus 10, especially, the operation of the vibration generating
portion 11. This control operation will be described later in detail.

The motor controller 60 receives a control signal from the

5 computer 50 and outputs a control signal to the motor 13 for controlling
the rotational speed of the motor 13.
The operation of the plating apparatus having the above-
o described configuration will now be described. The operation of this
plating apparatus 10 is controlled by the computer 50, Fig. 2 illustrates
10 a configuration associated with the control operation of the computer
using a functional block diagram, and Fig. 3 iilustrates the control
operation using a flow chart. The following description will be made
with reference to Figs. 2 and 3.
According to a functional representation of the
15 configuration of the computer 50 associated with the operation of
controlling the plating apparatus, the computer 50 is constituted by a
contro] data input portion 51, a data processing portion 52, a data
L storing portion 53, a sensor input portion 54, and a control data output
portion 55. For example, the control data input portion 51 is constituted
20 byaninpt'xt'appammssuchas a keyboard; the data processing portion 52
is constituted by a CPU (central processing unit}; and the data storing
portion 53 is constituted by a memory such as a hard disc. Further, the
sensor input portion 54 and control data output portion 55 are
constituted by an input/output interface or the like.
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the predeterm ned process to subject the vibratable elenent to vibration
and to detect displacenment of the vibratable elenment to _obtain a
di spl acenent characteristics thereof and qutputs a cont '
vi bration generating neans or unit duri ng}ot'he process t aqgé%%ﬁi%“}‘g é#ﬁ
vi brations based 15 upon the displacenent charact eti.sti C’é%use
desired vibrational displacenent of the vibrated elenent. In a vibrational
processi ng apparatus according to a limted aspect of the present

i nvention, the vibratable elenent is characterized in that it includes a
cont ai ner whi ch contai ns an Tsjplatipg pprration of the plating apparatus 10 includes '

two modes of operation, i.c., a displacement detection mode for detecting

vibrational displacement characteristics of the plating apparatus and a
plating process mode for performing a plating process by applying optimum
5 vibration based on the detected displacement characteristics.
First, in the dispiacement detection mode, as shown in Fig.
' 3, a process for sampling amplitude data is performed (step 10).
~ Specifically, an object to be plated 25, insulating particles 26, and
steel balls 27 are placed in the basket 18 and are immersed in the plating
10  solution bath 27. In this state, the data processing portion 52 of the
computer 50 outputs rotationat speed control data to the motor controlier
60 through the control data output portion 55 to constantly change the
rotational speed of the motor 13 from a low speed to a high speed. The
motor controller 60 outputs a control signal to the motor 13 in accordance
15 with the rotational speed control data to cause the motor 13 to operate
continuously at the Jow speed through high speed. This results in
vibration of the basket 18 the state of which varies in accordance with
~ the change in the rotational speed of the motor 13,
At the same time, the displacement sensor 30 detects the
20 displacemént of the basket 18. In this case, a laser type non—contact
displacement sensor is used as the displacement sensor 30, and the
vibrational displacement of the basket 18 is detected as one~dimensional
displacement in the X~direction in Fig. 1.
Fig. 4(a) shows the displacement of the basket 18 detected by
25 the displacement sensor 30 in terms of an amplitude W, The horizontal
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axis of the graph in Fig. 4(a) represents the vibration frequency of the
basket 18 relative to the change in the rotational speed of the motor 13.
It is apparent from Fig, 4(a) that the structure of the basket 18
containing vibrated portions of the plating apparatus 10, i.c., the
vibration generating portion 11, the vibration transfer member 17, and
the object to be plated and the like has a primary resonance point P4,

Fig. 4(c) shows the relationship between the frequency and
amplitude in a case wherein the vibrational structure has not only the
primary resonance point but also secondary and tertiary resonance
points. The analog data of the amplitude W of the basket 18 is sampled by
the A-~D converter 40 at constant time intervals, converted into digital
data (W), W), and then inputted to the data processing portion 52 through
the sensor input portion 54 of the computer S0,

The data processing portion 52 receives the displacement
data from the displacement sensor 30 and generates the data of the
displacement characteristics of the plating apparatus 10.

Fig. 4(b) conceptually illustrates this displacement
characteristics data 56 in the form of a table. The displacement
characteristics data 56 is constituted by a combination of the frequency
f of vibration corresponding to the rotational speed of the motor 13 and
the corresponding amplitude W of the basket 18.

The amplitude data sampling process as described above is
continuously performed until the motor 13 reaches a predetermined
rotational speed. After a predetermined sampling process, the
displacement characteristics data 56 as described above is stored in the

heet Has Been Replaced
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abradant and vibrates in response to vibration fromthe vibration
generating nmeans. In a vibrational processing nethod accordi ng to the

present 5 i nvention, the control unit is caused to out
signal to the vibration generating unlt-pirzl-or to the predet ﬁr%ggw
to subjrect the vibratable elenent to vibration. Displacenert of RRRLACED

vibratable elenment is then detected to obtain displacenent characteristics

thereof. The optinum anplitude of vibration to be applied to the vibratable

10 element is then determned fromthe displacement characteristics. A
data storing portion 53, and this terminates the sampling process (Fig.

3, step 20). _
Next, the actual plating process is performed. For example,
the operator of the plating apparatus inputs instructions for the plating
5 process and various data on the plating conditions to the computer 5S¢
through the control data input portion 51. As the conditions for the
plating process, it is sufficient if conditions required for calculating
N the rotational speed of the motor 13 for causing the optimum vibrational
displacement (amplitude) at the basket 18 and consequently the object to
10 be plated are inputted. For example, the type, charged amount, and the
quality of the object to be plated and the diameter and charged amount of
the steel balls are inputied. Further, standard optimum amplitude data
corresponding to various plating conditions are stored in advance in the
data storing portion 53. As an example, referring to Fig. 5,
15 identification types 57a identifying various vibrating conditions and a
combination of optimum amplitude data 57b and vibration duration 57¢ for
cach identification type are sct in the optimum amplitude data table 57,
~ In thig example, the operation of the motor 13 is controlled so that
vibration having a predetermined optimum amplitude W is applied for time
20 t for various plating conditions.
When the data of a plating coadition is inputted from the
control data input portion 51, the data processing portion 52 determines
the identification type of the vibrating condition corresponding to the
input data and refers to the optimum amplitude data table 57 stored in the
25 data storing portion 53 to detect the optimum amplitude data W and process
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generating unit |n accordance with the previously determ ned opti num
anplitude. In one aspect of a nethod according to the present invention, 15

the process is a plating nmethod; in accordance w th anot her eci—the ,
process is a polishing process. BRI EF BHSGRI PTI ON OF THE DRAINGHEET HAS BEEN

illustrates a structure of a plating apparatus according tq a fi RERLACED

enbodi ment of the present invention. 20 - Fig. 21s a
functional bl ock diagramof a conputer 50 of the

duration t corresponding to the input plating condition, For example, if

the identification type is determined as "B” from the input plating

condition as shown in Fig. 5, the optimum amplitude W (=12) and processing
time t (=100} are extracted from the optimum amplitude data table 57 (Fig.

S 3, step 30).

Next, the data processing portion 52 calculates data to be
supplied to the motor 53 using the extracted optimum amplitude data W and
- processing time t with reference to the displacement characteristics
data table 56 which has already been obtained using sampling.

10 Specifically, the mplitude data column 566 of the displacement
characteristics data table 56 is looked up using the optimum amplitude
data W extracted by the above—described process to detect the data which
matches. In the fllustrated case, since the match occurs at the point of
the amplitude W = 12, a frequency f (=150} stored in association with that

15 amplitude W is extracted from the displacement characteristics data
table 56.

Fig. 6 illustrates the relationship between the detected
s processing time t and amplitude data W and between the calculated
processing time t and frequency data £. The data processing portion 52

20 further coverts the calculated frequency f into motor rotational speed
data. Through such a process, 8 motor rotational speed and processing
time t (=100) are calculated as control data for the motor 13 (step 40).

The calculated control data for the motor 13 is outputted to
ﬂwlmmnrannnﬁkxﬁn.‘ThemmunomnnnkaﬁoemMnﬂsﬂm;omﬂon

25 of the motor 13 based on this contro} data (Fig. 3, step 50).
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processi ng operation of the conputer 50. Fig. 4(a) illustrates

di spl acenent characteristics of a vibrated el ement detected by a

di spl acenent sensor 30. Fig. 4(b) is a table showi ng the_data of
vibrational characteristics of the vibrat%d el enent obt.diTpgs SHEPTHAEBEEN
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The above-described control allows the motor 13 to rotate &t
the optimum rotational speed for a predetermined period of time. Asa
result, the basket 18 vibrates at the optimum amplitude to form a plating
film on the object to be plated while agitating and mixing the same. The

5 specific values of the optimum amplitude W, frequency £, and processing
time t given in the above description are only illustrative.
_ As described above, the plating apparatus 10 according to
~ the present invention is configured to control the rotational speed of
the motor 13 o as to achieve the optimum state of vibration with the
10 vibration characteristics of the vibrated element detected in advance.
Therefore, the optimum state of vibration can be easily obtained even if
the type, quantity and the like of the object to be plated vary. This
makes it possible to form a uniform plating film on an object to be plated.
The method of controlling the rotational speed of the motor
15 13 is not limited to that for maintaining constant rotation as described
sbove, and various methods of control may be employed as needed. For
example, as shown in Fig. 7(a), the rotational speed of the motor 13 may be.
N varied to cause a stepwise change in the amplitude of the basket 18 from
that in the initial stage. In this case, for example, a plurality of
20  combinations of amplitude data 57b and processing time 57¢ may be stored
for a single identification type in the optimum amplitude data table 57
shown in Fig. S.

Further, as shown in Fig. 7(b) the rotational speed of the

motor 13 may be varied g0 that the amplitude of the basket 18 increases as
25 time passes.

This Sheet Has Been Rerlaced
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5 ' c%aaagt Frstics. Fig. 4(c) is a displ acgﬁe%wgwg?yaacfgyi{st/i cs di agI’P%ISTI
showi ng anot her exanpl e. of di spl acenent characteristics detected by the

di spl acenent sensor 30. Fig. 5 illustrates an operation of calculating
opti mum 10 anplitude data performed by a data processing portion 52 of

the conputer 50. Fig. 6 illustrates the-t&tationship b tm;grs;.@gtr ggﬂb
SSR%@EEE

processing tine and anplitude and between cal cul at ed prfoce
frequency.

The method of calculating the data for controlling the
rotational speed of the motor 13 from the displacement characteristics of
the basket 18 is not limited to that described above with reference to
Fig. 5, and various methods which can be implemented on a software basis

S may be employed.

In addition, various other configurations may be employed

for each of the sbove~described components that form the plating
N apparatus 10, For example, the motor 13 and eccentric load 14 serving as a

vibration source may be configured using a vibration source having a

10 vibrating element utilizing a piezoelectric effect or a vibration source
wherein a mass element is efectromagnetically reciprocatively vibrated.
When the former vibration source is used, the control signal from the
computer 50 will be a signal for varying the volitage level applied foa
piezoelectric element. In the latter case, the control signal will be a

15 signal for varying the cycle and amplitude of the movement of the mass
clement.

Further, a CCD may be used as the displacement sensor 30, as

~ described above. In this case, a mark is provided in the center of the '
basket 18; the locus of the movement of the mark in a predetermined period
20 of time is ‘inputted to and kept in a video memory to store the amplitude
data. Then, the stored image data may be converted into a binary form to
obtain the amplitude of the mark, i.e., the amplitude of the basket
through predetermined calculations. In this case, it is possible to
obtain the amplitude of the vibration of the basket on a two~dimensional .
25 basis.
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1
7(a) and 7(b) are |IF§S§¥%€¥?£ }c?f%L g{a show ngl

ot her exanpl es of optinmum anplitude data controlled by the conputer 50.
Fig. 8 shows a structure of a barrel polishing apparatus according to a
second enbodi nent of the present inventigon. Fig. 9 shows a structure of a
conventional plating 20 appar at us. -BETAI LED DESCR.PTI ON OF THE

PREFERRED EMBODI MENTS Fig. 1 shows a sectional structqqgs@}-;gg}'m;@t BE@N

appar atus 10 accor di ng to a first enbodinent of the presenﬂEpm@B I on. { The
pl ati ng apparatus 10 includes a vibration generating ‘peri+ioh i1l for

5
o~
10
15
e
20
BPECUR120

Moreover, the displacement sensor 30 may be provided in
three—-dimensional directions to detect the displacement of the basket 18
as threc-dimensional data. This is advantagéous especially when the '
vibration source can provide arbitrary vibrations in the three-
dimensional directions independently.

_ In addition to the effect of optimum vibration control
during a plating process as described above, the above-described plating
apparatus 10 is capable of predicting, for example, the occurrence of the
breakdown of the vibration transfer member 17 and the like due to fatigue.
Specifically, the data of the natural frequency characteristics of the
vibration system of the plating apparatus 10 is detected during the
amplitude data sampling process using the displacement sensor 30.
Therefore, if this data of the natural vibration characteristics is
maintained, a change in the natural vibration caused by, for example, a
crack in the vibration transfer member 17 due to fatigue can be compared
with the data of the natural vibration characteristics maintained to
detect the occurrence of the breakdown due to fatigue.

Fig. Bshomammeofaﬁmdpolishingappmu
according to a second embodiment of the present invention. The barrel
polishing apparatus 70 is an apparatus which includes a vibration
generating portion 71, a barrel pot 76, a displacement sensor 30, an A~D
converter 40, a computer 50, and a controller 65 and which polishes an
object to be polished by agitating and mixing the object to be polished
and an sbradant, medium or the Iike contained therein,
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7 generating predeterm ned vibration, a vi bratlon trans 17 for
transferring the vibration generated by the vibration generating portion
11, a basket 18 which contains an object to be plated or the Iike and which

serves as a negative el ectrode, a displacenent sens .
converter 40 for detecting vibrational d&&pl acenent |ofHISHRHREISHAS BEBN a
conputer 50 and a notor controller 60 form ng a contjrol nMBERSAGED unit {for

The vibration generating portion 71 is formed by a vibrator
73 serving as a vibration source, a supporting frame 72b for supporting

the vibrator 73, a fixing frame 72a, and elastic springs 74 and dash pots
75 interposed between the supporting frame 72b and fixing frame 72a. The
s vibrator 73 may be provided using a combination of a motor 13 and an
eccentric load 14 as in the above—described first embodiment, or a
vibration source du‘lizing a piczoelectric effect, oran electromagnetic
N~ vibration source. Referring to the mode of vibration, the structure is
preferably capable of providing not only one~dimensional vibration but

10 also two-~dimensional or three~dimensional vibration.

The barrel pot 76 is formed like a hollow cylinder and is
mounted on the underside of the supporting frame 72(b). During a
polishing process, it contains chip type electronic components or the
like, and a medium such as alumina powder and cobble stones.

15 ‘The displacement sensor 30 is fixed in a position wherein it
can detect vibrational displacement of the barrel pot 76. As in the
plating apparatus in the first embodiment, a non—contact type

N displacement sensor, acceleration sensor, or speed sensor may beused as
this displacement seasor 30.

20 " Further, the configurations of the A-D converter 40,
computer 50, and controller 65 are the same as those in the above~
described plating apparatus and will not be described here because they
will be apparent from the description of the same,

Referring to the operation of the barrel polishing apparatus 70, &

25 ° process of sampling vibrational dispiacement of the barrel pot 76 is

“ﬁﬁ‘iimi’iilﬂﬂi“tﬁem
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controlglsmr'lléutar@ 1gtzaste of the vibration generat e%c!5 KIE“? '{gﬁ'\llal gr*ft‘{ P
generating portion 11, and a plating solution bath 20 for storlng a plating
solution. 10 The vi bration generating portion 11 incl udes
a variabl e- speed notor 13 havi ng an eccentrlc | oad 14 added to the
rotational shaft thereof. The notor T88secured to a supportl ng franme 15.
Further, the supporting frane 15 is eI astically support TKWI;S ggm)f
a case 12 through elastic springs 16. Wth such a confi %gt
rotation of 15 the nmotor 13 causes a periodic eccentr|Q L g-..noti-on
of the eccentrlc | oad 14 about the rotational shaft of the notor 13. Thi s
results in first performed to detect displacement characteristics data. Then, the

optimum vibrating condition for the processing condition for the
polishing process to be performed is calculated with reference to the
obtained displacement characteristics data, and vibration is generated
5 by the vibrator 73 based on the vibrating condition to vibrate the barrel

pot 76, thereby effecting a polishing process on the object to be
polished.

N~ In the case of a polishing process to eliminate fiash at the
corners of a chip type electronic component or the like, chips and cracks

10 can be produced at the corners of the component if vibration having a
great amplitude in the vicinity of the resonance point of the vibrator is
suddenly applied at the initial stage of the process because the comers
of the component are sharp in such a stage. Therefore, the vibration of
the vibrator 73 is initially controlled 50 as to vibrate the barrel pot 76

15 with a small amplitude, and vibration in the vicinity of the resonance
point of the vibrator is applied to increase the amplitude when a certain
period of time has passed. Such control over the vibrating operation of

hed the vibrator 73 allows barrel polishing to be performed efficiently ina
short period of time.

20 " In this barrel polishing apparatus, it is also possible to
control the vibration of the vibrator 73 to provide an arbitrary mode.
Specifically, the vibration frequency of the vibrator 73 can be kept
constant or varicd in the form of a step or ramp over time.

Further, by storing the natural vibration characteristics

25 of the vibrator detected by the displacement sensor 30 during the process

Been Rep laced
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peri od,gcsﬁ?rmuq(ﬁaltal %7ns of bal ance between an ec%#bgtﬁg{ f%#gyuced by t%«g

eccentric load 14 and an elastic force provided by the elastic springs 16
and, consequently, in periodic swing of the supporting frame 15 20
relative to the bottom of the case 12. The vibration transfer menber 17 is
constituted by a bar- shaped nenber whi<¥+s secured to the bottom of the
supporting franme 15 and which penetrates through and offfiierzt Sate  OM
the case 12. A basket 18 is secured to an end portion pfrthé BEEN
When the 25 supporting frame 15 nakes the sw ngi Lf%ﬂ?ﬂescrl bed

above, the end
of sampling vibrational displacement, the occurrence of a defect due to
the fatigue of the vibrator or the like can be detected through comparison
of such characteristics.
As described above, a vibrational processing apparatus
s according to the present invention has a configuration including a
displacement detecting means wherein the displacement characteristics
of a vibrated clement are detected in advance prior to actual processing
~ and wherein vibration generated by a vibrating means is controlled
utilizing the displacement characteristics so that the vibrated element
10 is put in optimum state of vibration. As a result, optimum vibration can
be applied to an object to be processed to perform a predetermined process
efficiently even if various processing conditions for the object to be
processed vary,
While particular embodiments of the present invention have
15 been shown and described, it will be obvious to those skilled in the art
that changes and modifications may be made without departing from this
invention in its broader aspects and, therefore, the appended claims are
s to encompass within their scope all such changes and modifications as
fall within the true spirit and scope of this invention.

s
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‘8 portion of the vibration transfer menber 17 ?V@I I(Klrm:'{*rj?ﬁlofnﬂﬂn@t|on W th

that notion. As.a result, . the sane swi nging notion as that of t he
supporting frane 15 is transfer ed to the basket 18. The basket 18 is

provi ded in th&hi ontainer 5 whi ch gg_n_t_a.l..ns._an.—g-bj—eeﬁ
be plated 25 su I B pe el ect m@0i€ conmponent DTHINSHEET HAS BEEN

P21

A

particles 26 or and is imersed in a plating gl ACEDN in

pl ati ng solution bath 20 during a plating process.

WHAT IS CLAIMED IS: .

1. A vibrational processing apparatus comprising:

a vibration generating means for generating predetermined
vibration;

5 a vibratable element connected to said vibration generating
means for containing an object to be processed and for applying vibration
to said object to be processed to effect a predetermined process by

g vibrating in response to the vibration generated by said vibtation
generating means;

10 a displacement detecting means for detecting the
vibrational displacement of said vibratable element; and

a control means for oﬁtputﬁng a control signal to said

vibration generating means to generate predetermined vibration, the
control means outputting a control signal to said vibrating generating

15 means prior to said predetermined process to subject said vibratable
element to vibration and to detect displacement of said vibratable
element to obtain displacement characteristics of said vibratable
clement, and the control means outputting a control signal to said
vibration gencreting means during said predetermined processing based

20 upon said‘d'isplwement characteristics for generating vibration to cause

to

desired vibrational displacement ofmd@emem v’

bratable

2. Avibtaﬂonalprocmingappmtmwcordingmclahnl.
wherein said vibratable element comprises a container which contains an

object to be plated and is immersed in a plating solution; and a transfer

HIIIIII l\\l\\ Ill\\ \\lll \\ Il
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*Thi s’ bﬁ%%@ 1ngserves as a negative el ect rode Kr%‘éytg %jgtat‘ro#‘lf ‘{tﬂ'l c plati ngp22
The di spl acenent sensor 30 det ects displacenent of the

10

basket 18 and may be, for exanple, a |aser type non-contact displacenment
sensor, CCD, scselteeggggegm Redor, or speed sensor. V\hj

di spl acement s s the di spt2tenent sensor
sensor i s provi Hm“ e pl ati ng sol ution bath 2

secured so that

serves as a position for detecting di spl acenent. Wien it is difficult to

0. ItREBLACED is

e position on the periphé

use the peripheral surface of the basket 18 as the detectlng p05|t|on

S
o
10
15
~
20
STEOI1

embe; g :
{for transferring vibration from said vibration generating means to said

oontainer wheretn gaid trans fer member are connected

) said container amd Said yibration jenerqfiv means
3, A vibrational processing apparatus according to claim 1,

wherein said vibratable element comprises a container which contains an

object to be polished and an abradant and vibrates in response to

vibration from said vibration generating means,

4, A vibrational processing apparatus, comprising:

a vibration generating unit for generating predetermined
vibration; '

a vibratable element connected to said vibration generating
unit for containing an object to be processed and for applying vibration
to said object to be processed to effect a predetermined process by
vibrating in response to the vibration generated by said vibration
generating unit;

a displacement detecting unit for detecting the vibrational
displacement of said vibratable element; and

¥ a control unit for outputting a control signal to said
vibration generating unit to generate predetermined vibration, the

control unit outputting a control signal to said vibrating generating
unit prior to said predetermined process to subject said vibratable

element to vibration and to detect displacement of said vibratable
clement to obtain displacement characteristics of said vibratable

HII!II\ \\II\\ |||\\ Il \Ill
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~ . '9BEQTALL '
of the sgg{gﬁérﬂmtlﬁe%dl spl acenment sensor 30 may bkéﬁc}fxéjggﬁgda g'orﬁi F% a surfa%‘;

of the vibration transfer_nenber 17 exposed above the plating 20

solution bath 20 serves as the position for detecting displacenent.

Furt her, when amhiasiwedHas Been sor or speed sensor is_used, such a sensor
must be di sposed ?‘ﬂ“}ﬁtﬁﬁ 18 or vi-bE&tion transfer| Mo A-,.D
converter 40 rec si gnal correspondi ng to;the
detected by the dISp acenent sensor 30 and converts 25
digital signal which is outputted to the conputer 50.

clement and the control unit outputting a control signal to said
vibration generating unit during said predetermined processing based
upon said displacement characteristics for generating vibration to cause

desired vibrational displacement ofsaid@ element. v
Vibrota ble

5 5. A vibrational processing apparatus according to claim 4,
wherein the vibration generating unit includes a variable speed motor
N\ bhaving an eccentric load.

6. A vibrational processing apparatus according to claim 5,
wherein the displacement detecting unit includes a displacement sensor.

10 . 7. A vibrational processing apparatus according to claim 6,
wherein the displacement detecting unit generates an analog output
corresponding to the vibrational displacement of said vibratable
clement, and wherein the displacement detecting unit further includes an
analog to digital converter for converting the analog output of the

s 15 displacement sensor to a digital output.

++ 8. A vibrational process and apparatus according to claim 7,
wherein the control unit includes a computer for receiving said digital

output from said analog to digital converter and & motor controller
connected to the motor and to the computer.

HIl\Ill llill\ III“ ﬂl\l ﬂ \II\
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9 The- cgcﬁﬁor;uaf%'ar l08 ?éoomrol s plating operations O%f: Kgléﬂtﬁgt/a 6# i%ar at us 10PZ4
especi Il)ﬁ Lher atlon of the vibration generating Lon_11. This
con ﬁ' i ﬂﬁ% be described later in detail. [THEISW®HEFT aetg et er

60 r signal fromthe 5 conput er{ 50 amg PN t's

cont he notor 13 for cont +@Bl< ng the ro of t he

not or 13. The operation of the platipg apparatus havin abpve .
q%ft‘%ﬁ ‘%

descri bed confi glnghersimi lchikovtnass amemdE> TRER o
container amd said vibration jenem‘l’mj unit

9. A vibrational processing a%pamtns according to claim

8, wherein said vibratable element comprises a c_,('mtainer which contains
an object to be plated and is immersed in a plating solution; and a

4
S v
genentmg@ to said container, _ v v
unit
N\~ 10. A vibrational processing apparatus according to claim
8, wherein said vibratable element comprises a container which contains
an object to be polished and an abradant and vibrates in response to
10 vibration from said vibration generati unit v

11. A method of vibrational processing using vibrational
processing apparatus including a vibration generating unit for
generating predetermined vibration, a vibratable element connected to
said vibration generating unit for containing an object to be processed

15 and for applying vibration to said object to be processed, a displacement
o detecting unit for detecting vibrational displacement of said vibratable
clement, and a control unit for outputting a control signal to said
vibration#] ‘generating unit, the method comprising the steps of: .
8) causing said control unit to output a control signal to
20 saidvibraﬁongmaﬁngunitpﬁorm@-) etermined process to v
subject said vibratable element to vibration;

b) detecting displacement of said vibratable element to

obtain displacement chamcteristics thereof;

SPRcuesI
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pgatl n 95%"35“% lg 3%0 is controlled by the corrptﬁ%ﬁmgétﬁﬁﬁg?ﬁf %1 ust r at esp25

a configuration associated with the control operation of the
conputer using a functional Dblock diagram and Fig. 3 illustrates the
control oper ghis SHRetifs B&n fe; [dcng chart. The foll ow ng descri gti-eA—~w4+-—be

made with ref and 3. Acegrding to a funct i|oitH8 SHEET HAS BEEN
represent at i oj]ﬂﬂﬂmunﬁﬂlll L configuration of the conputeri 50 aBERIAGKDed -
wi t h- t he oper | 1ing the plating apparatus, th& Cconpurer—50 15

constituted by a control data input portion 51, a data processing portion
52, a data storing portion 53, a sensor input portion 54, and a control

data out put c) determining the optimum amplitude of vibration to be
applied to said vibratable element from said displacement
characteristics; and sai ﬂ(
d) applying a control signal control unit to said v
5 vibration generating unit in accordance with the optimum amplitude
detemnned o sepfe), v

o 12. A vibrational processing method in according to claim .
11, wherein said process is a plating process.

13. A vibrational processing method according to claim 11,
10 wherein said process is a polishing process.

OREE VL )RR
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porti O,ﬁﬁggml%ﬂ lfgxaa?‘rrpl e, the control data input %gﬂﬁgﬁ%ﬁﬁ%ﬁ nsti tut edpz"5

20 by an i nput apparatus such as a keyboard; the data processing
portion 52 is constituted by a CPU (central processing unit); and the data
storing portion 53 is constituted by a nenory such as a hard disc. Further,
t he sensor input portion 54 and control data output portion 55 arg1g71-154
constituted by an input/output interface or the like. = 10

VIBRATIONAL PROCESSING APPARATUS AND METHOD

ABSTRACT OF THE DISCLOSURE
In a plating apparatus 10, a known control signal for
5 detection is supplied from 8 computer 50 to a motor 13 in advance; the

motor 13 is rotated at a variable speed within a predetermined range; and
the displacement of a basket 18 is detected by a displacement sensor 30 to
obtain displacement characteristics data. Next, the computer 50
controls the rotating operation of the motor 13 through a motor

S 10 controller 60 to put the basket 18 in a desired optimum state of vibration
using the obtained displacement characteristics data and data of an
optimum amplitude for the plating process obtained in advance.
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The plating operation of the plating apparatus glf) |£r‘lycyl ﬁ} égs %{%des of 2

operation, i.e., a displacenent detection node for detecting vibr,ational

di spl acenent chat ti=shifty J | ; rocess

mode for perform ng_a plati process by appl¥i ng optimum 5 vi bration

based on the det eﬁg&ﬁﬁl sﬁl@gerrent characterigtics. First, in the

di spl acenent det ior node, as shown in Fig.®8, a process_for sanpling
anplitude data i gﬁ%elr ormed (step 10). Specififally, an obj-eet—t T '

25, insulating particles 26, and steel balls 2& are pl aced THISt9{E

and are imersed in the plating 10 sol uti o bath 27. Ijn thi BEBk . Lhe.
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‘conput gﬁﬁggllﬁpgﬁt?g rotational speed control ddgt%mél&y?wgﬂngﬁgrﬁcjontroI I-erP28
60 through the control data output portion 55 to constantly cha t he

rot ati onal speeg{g%ﬁwwgﬁ_mw%—&-m-gh—epe@—me
notor controller 6 out puts a control signalay)the notor 13 in accordance
15 with thell®ot dtional speed control data to cause the notor 13 to
operate continuously at the | ow speed througﬁﬁpigh speed. =i esults in

vibration of the basket 18 the state of which varies in gciti§dmpee
change in the rotational speed of the notor 1

At the sanme tim
di spl acenent sensor 30 detects the 20 d&: | acenent O .
In this case, a |laser type non-con_t_a_c_t_,__.._;.& _____ -
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di spl acenent sensor is used as the displacenent gﬁr@éﬁtﬁ@ﬂa’ﬁﬁ?t{ﬁé P29
vi brational displacenent of the basket 18 is detected as one-di nensi onal
di spl acement in t3ERVap@pdUiniFTg. 1. Fig. 4(a) shows the di ggljacenent
of the basket 18 &ﬁ,ﬁged by 25 t he di splacenent sensor 30 rn terns of
an anplitude W T I zont al ..szi§ of the graph in Fig. 4(a) represents
the vibration frequency of the %t-18 relative to the change in the
rotational speed of the notor 13.

THIS SHEET
REPLA

S7A AT HAS BEry

C 29— )

S0
- J sampce
[ Bakiio- 204 LS LT [ g MPTUDE DATA

L S20
~ | NO <i‘§' v S EVD Y

YES S30
EXTRACT.

W TS — & D] e LATA

e

- 7 F— ¥ N3l DATA
550
| ouT Po7

o~ . T 3y a1y ;‘(’fgfw’;:m

¢ ON FROLLER

C # T E‘ND'

This Sheet Has Been Repl

-~ HEhAm Illl i

“emeehs  me & ¢ e .. N AR Y w . y ey,

N\

. N . ' "
ke v - ~atekdban Lo,



{ RECEIVED G@7/11 17:34 1995 AT 533B694% PABE 30 (PRINTED PAGE 38)

't is a%%@gﬂé%ﬁmlledr%ﬁ g. 4(a) that the structurgfo&m?m’f%ésﬁﬁ (] 9-30

containing vibrated portions of the plating apparatus 10, i.e., the 5
vi bration gener a4 4 : he vibration transfer nenber 1 1 and t he
object to be plate res —Fi g.
4(c) shows the reﬂbﬂtfilbnshl Fm@t \/&éen the frequency and anplitude in a case
wherein the vibrational structure has not only the primary resonance poi nt
but al so secondary and tertiary resonance 10 poi nts. The anal og data

of the anplitude Wof the 8 is sanpled by the AgD converter 40 at
constant tine interval sﬁfdgﬁ(%‘?%éé intg digital data ( efnd
I8 SHEET FIAS B

then inputted to the data EOFGSSI ng pedtiod 52 throug REPLACED j
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t he sen%agpmlrlﬁ)ml %‘hlon 54 of the conputer 50. gﬁﬁ&‘ﬁﬁﬁa’(’ﬁ%@eé@ ng portlg)$11

52 receives the d| spl acerrent 15 data fromthe displacenent sensor 30
and generates thesnakss ‘ \ I?cemant characterlstlcs of the pl ati ng
apparatus 10. Fig ' '
characteristics dﬁﬂbﬁ 56 in Fr) eqf orgn of a table. The di spl acerrent
characteristics data 56 is fcon3ti tut ed by a conbi nati on of tr fr-egu

f of vibration corresponding to the rotational speed of th hl OfiE HAS(BEEN
the corresponding anpli.tude Wof the basket 18. The anplitlde dRERLAGEP! | Ng
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rotational speed. After a predeterm ned sanpling process, the 25

di spl acement char $&8dR Est fxp 9datia|567as described above is stored in the
data storing portlﬁgl 53, and this termmatres the sanptimnmg process—(ry. 3,
step 20). Next a701 ual Eﬁd{; process is perforned. For exanple, the
operator of the plating apparatus inputs instructions for the plating
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50 through the control data input portion 51. As the conditions for the

pl ating process, gggfgi.ga_sgf‘f Qrc# @ F ( condi tions requieged for cal gylating
the rotational spee nal

di spl acement (andi8ude) at the basket 18 and consequgntly the object to 10
be plated are inputted. For exanple, the type, chargeg anmoyat, and the
quality of the object to be plated and the dianeter agd cha
the steel balls are |nputt‘§d. Furt her, standard opti n®m anp
correspondi ng to various p[tatlng conditions are stored in be
data storing portion 53. As%] exanpl e, regarrlng to@lg 5,
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and conbi nation of optimum anplitude data 57b and vi bration duration 57c
for each identi fy I~ely 537§ Fe& in the optimumanplitude daf8)table
57. In this exa ) eration of the nmotor 13 is controlled so that
vi bration havi ng[ll pledet ermi ned opti mum anplitude Wis applied for tine 20
t for various plating conditions. Wien the data of a plating condition is
i nputted fromth%'i onjrol data input portion 51, the roceSS| ng
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portion 52 deter the identification type of the T W
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pr ocess 13 dur
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pl ating condition
processing time t
table 57 (Fig. 5
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BACKGROUND OF THE INVENTION
1, Field of the Invention

The present invention relates to vibrational processing
apparatus and methods including apparatus and methods for plating small
electronic components such as laminated chip capacitors and including
barrel-polishing apparatus for applying vibration to an object to be
processed to perform processes such as plating and polishing thereon.
More particularly, the present invention relates to a vibrational
processing apparatus and method capable of controlling the state of

vibration to optimize vibration applied to'an object to be processed.

2. Description of the Related 2

Fig. 9 shows a structure of a plating apparatus as an example
of conventional vibrational processing apparatus. For example, a
plating apparafus as illustrated is disclosed in Japanese unexamined
patent publication (KOKAI) No. H5-70999. This plating apparatus 1
includes a vibration generating portion 2, a vibration transfer member 7
for transferring vibrational energy generated by the vibration
generation portion 2, and a basket 8 connected to the vibration transfer
member 7 for containing an object to be plated such as a chip type

electronic component. The basket 8 constitutes a negative ¢electrode. A



Next, :t he data processing portion 52 calculates data to b Iotosth

not or 53 using the extracted opti num anplitude data W and ﬁﬁéggs'ﬁg&m’b‘déﬁ
with reference to the displacenent characteristics data tabke 56 which ha
al ready been obtained using sanpling. 102 Speci fical ly, |t §e3oMakigeze
data colum 56b of the displacenment characteristics data fable 56 is | ooked
up using the optinmum anplitude data Wextracted by the abpve-—destribed

process to detect the data which nmatches. In the illustrajed_case, since
the match occurs at the point of the anplitude W= 12, a frequency f (=150)
stored in association wth that 15 anplitude Wis extracted fromthe

di spl acement char agf.gh) 81JcE ifidrformed with the basket 8 immersed in a plating

solution in a plating solution bath 9.
The vibrational generating portion 2 includes 2 motor 3. An
eccentric load 4 is added to the rotating shaft of the motor 3. The motor 3
5 is mounted on a supporting frame 5 which is elastically supported on the

bottom of a case through springs 6. With such a structure, rotation of the
motor 3 causes periodic fluctuations of the balance between an eccentric .
force produced by the eccentric load 4 and an elastic supporting force
provided by the springs 6, thereby causing a swinging motion of the

10 supporting frame 5 as a whole. Then, vibrational energy is transferred
to the basket 8 through the vibration transfer member 7 connected to the
supporting frame 5 to cause the basket 8 to vibrate in the plating
solution periodically. As a result, objects to be plated and steel balls
or media placed in the basket 8 are agitated and mixed by the vibration of

15 the basket 8. This allows the objects to be plated to be agitated in
appropriate contact with the basket 8 and therefore allows formation of
uniform plating films on the surface of the objects to be plated.

The rotational speed of the motor 3 of the conventional

plating apparatus is set at a fixed value. Therefore, the vibrational

20 energy which can be generated by the vibration generating portion 2 is
fixed. However, the characteristic frequencies of vibrating portions
including the basket 8 vary depending on the amount, size and weight of
the objects to be plated and steel balls or media charged in the basket 8.
This results in a change in the degree of the agitation of the objects to

25 be plated in the basket 8. Therefore, even if the rotational speed of the



tabl e;56. Fig. 6 illustrates the relationship between the d .
pr ocessi ng tigrre t and anplitude data Wand between the calc BF'WEMENT SHEET
processing time t and frequency data f. The data processingjpprtion 52 20 :
further converts the calculated frequenc$ f into notor rota}ipn8l3 J&iedss?
data. Through such a process, a notor rotational speed and prpcessing tine
t (=100) are calculated as control data for the notor 13 (step 40).The
cal cul ated control data for the notor 13 is outputted to t noi.or
controller 60. The notor controller 60 controls the rotation 25 of the
notor 13 based on this control data (Fig. 3, step 50).

motor 3 is preset so as to apply optimum vibration to the objects to be

plated, it has been necessary to reset conditions such as the rotational
speed of the motor 3 by detecting optimum vibrating conditions using
detecting equipment or the like each time conditions of the objects to be
5 plated or the like contained in the basket 8 are changed. Such an
operation has required much time and labor, reducing the efficiency of a
plating process. Further, there has been a problem in that the thickness
of plating on an object to be plated can vary because of insufficient
agitation of the object if the resetting of the rotating condition of the
10 motor 3 and the like is not carried out.
Further, the problems as described above have occurred in
conventional barrel polishing apparatus. Specifically, when polishing
is performed by applying vibration to an object to be polished and an
abradant or medium placed in the barrel pot, the state of vibration of the
15 barrel pot varies if the size, weight, and quality of the object to be
polished vary depending on the process. This has resulted in a problem in

that much time and labor is required for resetting the optimum vibrating

conditions.
It is an object of the present invention to provide a
20 vibr_ationai processing apparatus capable of applying the optimum

vibrating conditions to an object to be processed even if processing
conditions such as the size and quantity of the object to be processed are

changed.

SUMMARY OF THE INVENTION

~




rotational speed for a predetermined period of tinme. As a HEET
basket 18 vibrates at the optinmumanplitude to forma pl at filmon THE
object to be plated while agitating and4mr xi ng the sanme. T

specific values of the optinmum anplitude W frequency f,_a‘
time t given in the above description are only illustrativ

14 The ab'ove-élescri bed control allows the nbtor 13 to rot a18 l[ éﬁﬁﬁmﬂsmm
: :
e
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A vibrational processing apparatus according to the present
invention includes a vibration generating means or unit for generating
predetermined vibration, a vibratable element connected to the vibration
generating means or unit for containing an object to be processed and for

5 applying predetermined vibration to the object to be processed to effect
a predetermined process by vibrating in response to the vibration
generated by the vibration generating means or unit, a displacement
detecting means or unit for detecting the vibrational displacement of the
vibrated element, and a control means or unit. The control means or unit

10 outputs a control signal to the vibration means or unit prior to the
predetermined process to subject the vibratable element to vibration and
to detect displacement of the vibratable element to obtain a displacement
characteristics thereof and outputs a control signal to the vibration
generating means or unit during the process to generate vibrations based

15 ‘upon the displacement characteristics to cause desired vibrational
displacement of the vibrated element. |

In a vibrational processing apparatus according to a

limited aspect of the present invention, the vibratable element is
characterized in that it includes a container which contains an object to

20 be plafed and is immersed in a plating solution and a transfer member
conﬁectcd to the container and vibration generating means for
transferring vibration from the vibration generating means to the
container.

Further,in a vibrational processing apparatus according to

25 another limited aspect of the present invention, the vibratable element



As descri bed ébove, the plating apparatus 10 according to
i'nvention is configured to control the rotational speed of
as to achieve the optinmum state of vibration with the 10

characteristics of the vibrated el enent sdetected i n advancg.

optinmum state of vibration can be easily obtained even if

quantity and the |like of the object to be plated vary. Thi
possible to forma uniformplating filmon an object to be
met hod of controlling the rotational speed of the notor 15

1, Ao
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vi brati on
Tifies ofiam apoz
hg type,
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pl ated. The

13 1's not

limted to that for maintaining constant rotation as descri bed above, and -
various mnet hods dfchaiest cohtaimeywhizheonfaingad objectiedagdlisedrand an

abradant and vibrates in response to vibration from the vibration

generating means.

In a vibrational processing method according to the present

5 invention, the control unit is caused to output a control signal to the

vibration generating unit prior to the predetermined process to subject

the vibratable element to vibration. Displacement of the vibratable

element is then detected to obtain displacement characteristics thereof.

The optimum amplitude of vibration to be applied to the vibratable

10 element is then determined from the displacement characteristics. A

control signal is then applied from the control unit to the vibration

generating unit in accordance with the previously determined optimum

amplitude.

In one aspect of a method according to the present invention,

15 the process is a plating method; in accordance with another aspect, the

process is a polishing process.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a structure of a plating apparatus

according to a first embodiment of the present invention.

20 Fig. 2 is a functional block diagram of a computer 50 of the

plating apparatus shown in Fig. 1.

Fig. 3 is a flow chart showing a processing operation of the

computer 50.




exanpl.e, as shown in Fig. 7(a), the rotatjonal speed of the poter—13.may he
Varied to cause a stepw se change in the anplitude of the b e ACTN
that in the initial stage. In this case, for exanple, a plurlalgty o226

conbi nati ons of anplitude data 57b and pFocessing tinme 57c e
for a single identification type in the optinmm anplitude ddt ?@ﬂ@?@
18 I ncreases as

shown in Fig. 5. Further, as shown in Fig. 7(b) the rotati oral
notor 13 nmay be varied so that the anplitude of the basket
25 ti me passes.

Fig. 4(a) illustrates displacement characteristics of a

vibrated element detected by a displacement sensor 30.

Fig. 4(b) is a table showing the data of vibrational

characteristics of the vibrated element obtained from the displacement
5 characteristics.

Fig. 4(c) is a displacement characteristics diagram showing
another example of displacement characteristics detected by the
displacement sensor 30.

Fig. 5 illustrates an operation of calculating optimum

10 amplitude data performed by a data processing portion 52 of the computer
50.

Fig. 6 illustrates the relationship between detected
processing time and amplitude and between calculated processing time and
frequency.

15 Figs. 7(a) and 7(b) are illustrations of data showing other
examples of optimum amplitude data controlled by the computer S0.

Fig. 8 shows a structure of a barrel polishing apparatus
according to a second embodiment of the present invention.

Fig. 9 shows a structure of a conventional plating

20 apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 shows a sectional structure of a plating apparatus 10
according to a first embodiment of the present invention. The plating

apparatus 10 includes a vibration generating portion or unit 11 for



15 The nethod of calculating the data for controlling the
of the motor 13 fromthe displacenent characteristics of t{
not limted to that described above with reference to Fig
met hods whi ch can be inplenented on a sofftware basis 5
enpl oyed. In addition, various other configurations may b
each of the above-described conponents that formthe plat

10

15

20

generating predetermined vibration, a vibration transfer member 17 for
transferring the vibration generated by the vibration generating portion

11, a basket 18 which contains an object to be plated or the like and which
serves as a negative electrode, a displacement sensor 30 and an A~D
converter 40 for detecting vibrational displacement of the basket 18, a
computer S0 and a motor controller 60 forming a control means or unit for
controlling the state of the vibration gcncréted at the vibration

generating portion 11, and a plating solution bath 20 for storing a

plating solution.

The vibration generating portion 11 includes a variable—
speed motor 13 having an eccentric load 14 added to the rotational shaft
thereof. The motor 13 is scc;urcd toa supporfing frame 15. Further, the
supporting frame 15 is elastically supported on the bottom of a case 12
through elastic springs 16. 'With such a configuration, the rotation of
the motor 13 causes a periodic eccentric rotating motion of the eccentric
Ioad 14 about the rotational shaft of the motor 13. This results in
periodic fluctuations of balance between an eccentric force produced by
the eccentric load 14 and an elastic force provided by the elastic springs
16 and, consequently, in periodic swing of the supporting frame 15
relative to the bottom of the case 12.

The vibration transfer member 17 is constituted by a bar—
shaped member which is secured to the bottom of the supporting frame 15
and which penetrates through and outwardly extends from the case 12. A
basket 18 is secured to an end portion of the member 17. When the

supporting frame 15 makes the swinging motion as described above, the end



apparatus 10. For exanple, the notor 13 and eccentric |oadgid—serying

Vi bration source may be configured using a vibration sour cgrimikAdaueilE O
vibrating el ement utilizing a piezoelectric effect or a vilfr tlon source
wherein a mass elenent is electromagnetigal ly reciprocativél
When the former vibration source is used, the control signal
conputer 50 will be a signal for varying the voltage |evel |
pi ezoel ectric elenment. In the latter case, the control sig
signal for varying the cycle and anplitude of the novenment of the nass
el ement. Further, a CCD may be used as the displacenent sensor 30, as

portion of the vibration transfer member 17 swings in conjunction with

that motion. As a result, the same swinging motion as that of the
supporting frame 15 is transferred to the basket 18.

The basket 18 is provided in the form of a mesh container

5 which contains an object to be plated 25 .such as a chip type electronic

component or insulator particles 26 or steel balls 27 and is immersed in a
plating solution in a plating solution bath 20 during a plating process.
This basket 18 serves as a negative electrode during electrolytic
plating.

10 The displacement sensor 30 detects displacement of the
basket 18 and may be, for eiample, a laser type non—contact displacement
sensor, CCD, acceleration sensor, or speed sensor. When a non-contact
type displacement sensor is used as the displacement sensor 30,- the
displacement sensor is provided outside the plating solution bath 20. It

15 is secured so that an appropriate position on the periphery of the basket
18 serves as a position for detecting displacement. When it is difficult
to use the peripheral surface of the basket 18 as the detecting position
of the sensor, the displacement sensor 30 may be disposed so that a
surface qf the vibration transfer member 17 exposed above the plating

20 soh_x't'ion bath 20 serves as the position for detecting displacement.

Further, when an acceleration sensor or speed sensor is used, such a

sensor must be disposed on the basket 18 or vibration transfer member 17.
The A-D converter 40 receives an analog signal corresponding

to the displacement detected by the displacement sensor 30 and converts

25 it into a digital signal which is outputted to the computer 50.



described above. In this case, a mark is provided in the cerg y v o
basket 18; the | ocus of the novenent of the nmark in a predel eQ~Afen nels ET
20 of time is inputted to and kept in a video nenory tj jstore the
anpl i tude data. Then, the stored i mage data may be converted i nB@ #A8 oy
formto obtain the anplitude of the mark, i.e., the anplituddg_of the baske

t hrough predeterm ned calculations. In this case, it is poqsi bl e to obfai

the anplitude of the vibration of the basket on a two-dine

stenal..2h

basi s.

The computer 50 controls plating operations of the plating

apparatus 10, especially, the operation of the vibration generating

portion 11. This control operation will be described later in detail.

The motor controller 60 receives a control signal from the

5 computer S0 and outputs a control signal to the motor 13 for controlling

the rotational speed of the motor 13.

The operation of the plating apparatus having the above~

described configuration will now be described. The operation of this

plating apparatus 10 is controlied by the computer 50. Fig. 2 illustrates

10 a configuration associated with the control operation of the computer

using a functional block diagram, and Fig. 3 illustrates the control

operation using a flow chart. The following description will be made

with reference to Figs. 2 and 3.

According to a functional representation of the

15 configuration of the computer 50 associated with the operation of

controlling the plating apparatus, the computer 50 is constituted by a

control data input portion 51, a data processing portion 52, a data

storing portion 53, a sensor input portion 54, and a control data output

portion 55. For example, the control data input portion 51 is constituted

20 by an inpﬁt apparatus such as a keyboard; the data processing portion 52

is constituted by a CPU (central processing unit); and the data storing

portion 53 is constituted by a memory such as a hard disc. Further, the

sensor input portion 54 and control data output portion 55 are

constituted by an input/output interface or the like.



16 Moreover, the di spl acement sensor 30 may be provided ifR HLAGENEND, SHEET.

t hree-di nensional directions to detect the displacenent
t hree-di nensi onal data. This is advantageous especially égn the vi brati ¢n
source can provide arbitrary vibrations ih the three- 5 B3rMAS 1992
directions independently. In addition to the effect of optijnum vibration
control during a plating process as descri bed above, thejabove-described
pl ati ng apparatus 10 is capable of predicting, for exanple,-the qQccurrence
of the

The plating operation of the plating apparatus 10 includes

two modes of operation, i.c., a displacement detection mode for detecting
vibrational displacement characteristics of the plating apparatus and a
plating process mode for performing a plating process by applying optimum
5 vibration based on the detected displacement characteristics.
First, in the displacement detection mode, as shown in Fig.
| 3, a process for sampling amplitude data is performed (step 10).
Specifically, an object to be plated 25, insulating particles 26, and
steel balls 27 are placed in the basket 18 and are immersed in the plating
10 solution bath 27. In this state, the data processing portion 52 of the
computer 50 outputs rotational speed control data to the motor controller
60 through the control data output portion 55 to constantly change the
rotational speed of the motor 13 from a low speed to a high speed. The
motor controller 60 outputs a control signal to the motor 13 in accordance
15 with the rotational speed control data to cause the motor 13 to operate
continuously at the low speed through high speed. This results in
vibration of the basket 18 the state of which varies in accordance with
the change in the rotational speed of the motor 13.
At the same time, the displacement sensor 30 detects the
20 displacemeént of the basket 18. In this case, a laser type non-contact
displacement sensor is used as the displacement sensor 30, and the
vibrational displacement of the basket 18 is detected as one~dimensional
displacement in the X-direction in Fig. 1.
Fig. 4(a) shows the displacement of the basket 18 detected by

25 the displacement sensor 30 in terms of an amplitude W. The horizontal




br eakdown of the vibration transfer member 17 and the Iike W
10 Specifically, the data of the natural frequency cha 7 5

the vibration systemof the plating apparatus 10 i s detect
anplitude data sanpling process using the displacenent sen

Therefore, if this data of the natural vibration character
. a change in the natural vibration caused by, f A€
crack in the vibration transfer nenber 17 due to fatigue can be conpared L

mai nt ai ned,

with the data of the natural vibration characteristics maintalne
the occurrence of the breakdown due to fatigue. Fig. 8 shows a structure of
a barrel polishi ngispfthe giaph in Fig. 4(a) represents the vibration frequency of the

10

15

20

basket 18 relative to the change in the rotational speed of the motor 13.
It is apparent from Fig. 4(a) that the structure of the basket 18
containing vibrated portions of the plating apparatus 10, i.e., the
vibration generating portion 11, the vibration transfer member 17, and
the object to be plated and the like has a primary resonance point P4.

Fig. 4(c) shows the relationship between the frequency and
amplitude in a case wherein the vibrational structure has not only the
primary resonance point but also secondary and tertiary resonance
points. The analog data of the amplitude W of the basket 18 is sampled by
the A~D converter 40 at constant time intervals, converted into digital
data (W1, W2), and then inputted to the data processing portion 52 through
the sensor input portion 54 of the computer 50.

The data processing portion 52 receives the displacement
data from the displacement sensor 30 and generates the data of the
displacement characteristics of the plating apparatus 10.

Fig. 4(b) conceptually illustrates this displacement
characteristics data 56 in the form of a table. The displacement
characteristics data 56 is constituted by a combination of the frequency
f of vibration corresponding to the rotational speed of the motor 13 and
the corresponding amplitude W of the basket 18.

The amplitude data sampling process as described above is
continuously performed until the motor 13 reaches a predetermined
rotational speed. After a predetermined sampling process, the

displacement characteristics data 56 as described above is stored in the



according to a second enbodi nent of the present invention.

pol i shi ng apparatus 70 is an apparatus which includes a vi bfEN iR
generating portion 71, a barrel pot 76, a displacenent senspr 30 an A—
converter 40, a conputer 50, and a contradl2er 65 and which ?WW
object to be polished by agitating and m xi ng the object t pol i shed an
an abradant, nmediumor the |ike contained therein. 17

data storing portion 53, and this terminates the sampling process (Fig.
3, step 20).

Next, the actual plating process is performed. For example,

the operator of the plating apparatus inputs instructions for the plating
5 process and various data on the plating conditions to the computer 50

through the contfol data input portion 51. As the conditions for the
plating process, it is sufficient if conditions required for calculating
the rotational speed of the motor 13 for causing the optimum vibrational
displacement (amplitude) at the basket 18 and consequently the object to

10 be plated are inputted. For example, the type, charged amount, and the
quality of the object to be plated and the diameter and charged amount of
the steel balls are inputted. Further, standard optimum amplitude data
corrcsmnding to various plating conditions are stored in advance in the
data storing portion 53. As an example, referring to Fig. 5,

15 identification types 57a identifying various vibrating conditions and a
combination of optimum amplitude data 57b and vibration duration 57c¢ for
each identification type are set in the optimum amplitude data table 57.
In this example, the operation of the motor 13 is controlled so that
vibration having a predetermined optimum amplitude W is applied for time

20 t for vano'us plating conditions.

When the data of a plating condition is inputted from the
control data input portion 51, the data processing portion 52 determines
the identification type of the vibrating condition corresponding to the
input data and refers to the optimum amplitude data table 57 stored in the

25 data storing portion 53 to detect the optimum amplitude data W and process



The v-i.brat'ion'generati ng portion 71 is formed by a vibrato

Vi bration source, a supporting frame 72b for supporting th#

fixing frane 72a, and elastic springs 74 and dash pots 75 i
bet ween the supporting frame 72b and fixXihg frane 72a. The

73 may be provided using a conbination of a notor 13 and !

14 as in the above-described first enbodiment, or a vi brat source
utilizing a piezoelectric effect, or an el ectronagnetic vijration source.

Referring to the node of vibration, the structure is preferably capable of
provi ding not only one-di nensional vibration but 10 al so
t wo- di mensi onal alurdtioheeoftespondingna theMinputailating. condition. For example, if

the identification type is determined as “B" from the input plating
condition as shown in Fig. 5, the optimum amplitude W (=12) and processing
time t (=100) are extracted from the optimum amplitude data table 57 (Fig.

5 3, step 30).

Next, the data processing portion 52 calculates data to be
supplied to the motor 53 using the extracted optimum amplitude data W and
processing time t with reference to the displacement characteristics
data table 56 which has already been obtained using sampling.

10 Specifically, the amplitude data columl.l 56b of the displacement
characteristics data table 56 is looked up using the optimum amplitude
data W extracted by the ab;)ve-described process to detect the data which
matches. In the illustrated case, since the match occurs at the point of
the amplitude W = 12, a frequency f (=150) stored in association with that

15 amplitude W is extracted from the displacement characteristics data
table 56.

Fig. 6 illustrates the relationship between the detected
processing time t and amplitude data W and between the calculated
processing time t and frequency data f. The data processing portion 52

20 further converts the calculated frequency f into motor rotational speed
data. Through such a process, a motor rotational speed and processing
time t (=100) are calculated as control data for the motor 13 (step 40).

The calculated control data for the motor 13 is outputted to
the motor controller 60. The motor controller 60 controls the .rotation

25 of the motor 13 based on this control data (Fig. 3, step 50).




The barrel pot 76 is forned like a hollow cylinder and is fetRt-ed—ea~the,
dndersi de of the supporting frane 72(b). During a polishin qﬁﬁggT
contains chip type el ectronic conponents or the like, and ja fEedarumsocir—as

al um na powder and cobbl e stones. 15 14 The
sensor 30 is fixed in a position wherein it can detect vi |
di spl acenent of the barrel pot 76. As in the plating apparjhtits—~ el
enbodi ment, a non-contact type di spl acenent sensor, accel gfation sensor, or
speed sensor may be used as this displacenent sensor 30. Z0
Further, the configurations of the A-D converter 40,

The above—described control allows the motor 13 to rotate at

the optimum rotational speed for a predetermined period of time. Asa
result, the basket 18 vibrates at the optimum amplitude to form a plating
ﬁlm on the object to be plated while agitating and mixing the same. The
5 specific values of the optimum amplitude W, frequency f, and processing
time t given in the above description are only illustrative.
As described above, the plating apparatus 10 according to
the present invention is configured to control the rotational speed of
the motor 13 so as to achieve the optimum state of vibration with the
10 vibration characteristics of the vibrated element detected in advance.
Therefore, the optimum state of vibration can be easily obtained even if
the type, quantity and the like of the object to be plated vary. This
makes it possible to form a uniform plating film on an object to be plated.
The method of controlling the rotational speed of the motor
15 13 is not limited to that for maintaining constant rotation as described
above, and various methods of control may be employed as needed. For
example, as shown in Fig. 7(a), the rotational speed of the motor 13 may be
varied to cause a stepwise change in the amplitude of the basket 18 from
that in the initial stage. In this case, for example, a plurality of
20 coprinatiéns of amplitude data 57b and processing time 57c may be stored
for a single identification type in the optimum amplitude data table 57
shown in Fig. 5.
Further, as shown in Fig. 7(b) the rotational speed of the
motor 13 may be varied so theit the amplitude of the basket 18 increases as

25 time passes.




conput.er 50, and controller 65 are the sane as those int
described plating apparatus and will not be described her
will be apparent fromthe description of the same. Referr
operation of the barrel polishing appard®us 70, a 25

sanpling vibrational displacement of the barrel pot 76 is
performed to detect displacenent characteristics data. TH
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The method of calculating the data for controlling the

rotational speed of the motor 13 from the displacement characteristics of

the basket 18 is not Iimited to that described above with reference to

Fig. 5, and various methods which can be implemented on a software basis

5 may be employed.

In addition, various other configurations may be employed

for each of the above~described components that form the plating

apparatus 10, For example, the motor 13 and eccentric load 14 serving as a

vibration source may be configured using a vibration source having a

10 vibrating element utilizing a piezoelectric effect or a vibration source

wherein a mass element is electromagnetically reciprocatively vibrated.

" When the former vibration source is used, the control signal from the

- computer 50 will be a signal for varying the voltage level applied to a

plezoelectric element. In the latter case, the control signal will be a

15 signal for varying the cycle and amplitude of the movement of the mass

element.

Further, a CCD may be used as the displacement sensor 30, as

described above. In this case, a mark is provided in the center of the

basket 18; the locus of the movement of the mark in a prcdétcrmincd period

20 of time is inputted to and kept in a video memory to store the amplitude

data. Then, the stored image data may be converted into a binary form to

obtain the amplitude of the mark, i.e., the amplitude of the basket

through predetermined calculations. In this case, it is possible to

obtain the amplitude of the vibration of the basket on a two~dimensional

25 basis.




opti mum vi br at | ng condition for the processing condition fofmtd

1 o ]
process to be performed is calculated with reference to th B oA S#EET
di spl acenent characteristics data, and vibration is generat 5 by the i
vi brator 73 based on the vibrating condilton to vibrate th r@a W@ 5
thereby effecting a polishing process on the object to be Il shed. Int e; f
case of a polishing process to elimnate flash at the corngrs of a chip ¢
type el ectronic conponent or the like, chips and cracks 10 can_be |

produced at the corners of the conmponent if vibration having a great
anplitude in the vicinity of the resonance point of the vibrator is
Moreover, the displacement sensor 30 may be provided in -

three—dimensional directions to detect the displacement of the basket 18
as three-dimensional data. This is advantageous especially when the
vibration source can provide arbitrary vibrations in the three—

5 dimensional directions independently.

In addition to the effect of optimum vibration control
during a plating process as described above, the above—described plating
apparatus 10 is capable of predicting, for example, the occurrence of the
breakdown of the vibration transfer member 17 and the like due to fatigue.

10 Specifically, the data of the natural frequency characteristics of the
vibration system of the plating apparatus 10 is detected during the
amplitude data sampling process using the displacement sensor 30.
Therefore, if this data of the natural vibration characteristics is
maintained, a change in the natural vibration caused by, for example, a

15 crack in the vibration transfer member 17 due to fatigue can be compared
with the data of the natural vibration characteristics maintained to
detect the occurrence of the breakdown due to fatigue.

Fig. 8 shows a structure of a barrel polishing apparatus
according to a second embodiment of the present invention. The barrel

20 pqlishing 'apparatus 70 is an apparatus which includes a vibration
generating portion 71, a barrel pot 76, a displacement sensor 30, an A-D
converter 40, a computer 50, and a controller 65 and which polishes an
object to be polished by agitating and mixing the object.to be polished

and an abradant, medium or the like contained therein.



suddenl y appl ied at the initial stage of the process becayse—the gor_r;ers-&b
t’he conponent are sharp in such a stage. Therefore, the vijtRERAQEMEH EET
a hotdbouidak S

vibrator 73 is initially controlled so as to vibrate the L

with a small anplitude, and vibration initzhe vicinity of tihg
point of the vibrator is applied to increase the anplitudq
period of time has passed. Such control over the vibrating b Ot
vibrator 73 allows barrel polishing to be perforned efficijently in a short

period of time. 20 I'n this barrel polishrng appararos; =TT
I's al so possible to control the vibration of the vibrator 73 to provide an

arbitrary node.

10

15

20

The vibration generating portion 71 is formed by a vibrator
73 serving as a vibration source, a supporting frame 72b for supporting
the vibrator 73, a fixing frame 72a, and elastic springs 74 and dash pots
75 interposed between the supporting frame 72b and fixing frame 72a. The
vibrator 73 may be provided using a combination of a motor 13 and an
eccentric load 14 as in the above—described first embodiment, or a
vibration source utilizing a piezoelectric effect, or an electromagnetic
vibration source. Referring to the mode of vibration, the structure is
preferably capable of providing not only one—dimensional vibration but
also two—dimensional or three-dimensional vibration.

The barrel pot 76 is formed like a hollow cylinder and is
mounted on the underside of the supporting frame 72(b). During a
polishing process, it containé chip type ¢lectronic components or the
like, and a medium such as alumina powder and cobble stones.

“The displacement sensor 30 is fixed in a position wherein it
can detect vibrational displacement of the barrel pot 76. As in the
plating apparatus in the first embodiment, a non—contact type
displacement sensor, acceleration sensor, or speed sensor may be used as
this displacement sensor 30.
| ‘  Further, the configurations of the A-D converter 40,
ooxﬁputer 50, and controller 65 are the same as those in the above—
described plating apparatus and will not be described here because they
will be apparent from the description of the same. |

Referring to the operation of the barrel polishing apparatus 70, a

process of sampling vibrational displacement of the barrel pot 76 is
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Speci fi cally, ‘the vibration frequency of the vibrator 73 g

Con W } lt‘&l'\
constant or varied in the formof a step or ramp over ti n’EREﬁhA{;E%ﬁTbSHEET
storing the natural vibration characteristics 25 of tthg~ ViIBrator

detected by the displacenent sensor 30 d8ring the process ]@30%@i g
vi brational displacenent, the occurrence of a defect due fjofthe fatig o]
the vibrator or the |ike can be detected through conparisgn

first performed to detect displacement characteristics data. Then, the
optimum vibrating condition for the processing condition for the
polishing process to be performed is calculated with reference to the
obtained displacement characteristics data, and vibration is generated
5 by the vibrator 73 based on the vibrating condition to vibrate the barrel

pot 76, thereby effecting a polishing process on the object to be
polished.

In the case of a polishing process to eliminate flash at the
comers of a chip type electronic component or the like, chips and cracks

10 can be produced at thc'comers of the component if vibration having a
great amplitude in the vicinity of the resonance point of the vibrator is
suddenly applied at the initial stage of the process because the comers
of the component are sharp in such a stage. Therefore, the vibration of
the vibrator 73 is initially controlled so as to vibrate the barrel pot 76

15 with a small amplitude, and vibration in the vicinity of the resonance
point of the vibrator is applied to increase the amplitude when a certain
period of time has passed. Such control over the vibrating operation of
the vib.rator 73 allows barrel polishing to be performed efficiently in a
short period of time.

20 ' " In this bamel polishing apparatus, it is also possible to
control the vibration of the vibrator 73 to provide an arbitrary mode.
Specifically, the vibration frequency of the vibrator 73 can be kept
constant or varied in the form of a step or ramp over time.

Further, by storing the natural vibration characteristics

25 of the vibrator detected by the displacement sensor 30 during the process '



act ual bri
controlled utilizing the displacenent characteristics so f hat ™t ne™vibr omsd
el enent 10 is put in optinmumstate of vibration. As esult.. optinmm
vi bration can be applied to an object to be processed to performa
predeterm ned process efficiently even if various processing conditions for

the object to be ofsampling vibrational displacement, the occurrence of a defect due to

the fatigue of the vibrator or the like can be detected through comparison
of such characteristics.
As described above, a vibrational processing apparatus
5 according to the present invention has a configuration including a
displacement detecting means wherein the displacement characteristics
ofa vibrated element are detected in advance prior to actual processing
and wherein vibration generated by a vibrating means is controlled
utilizing the displacement characteristics so that the vibrated element
10 is put in optimum state of vibration. As a result, optimum vibration can
be applied to an object to be processed to perform a predetermined process
efficiently even if various pr;)cessing conditions for the object to be
processed vary.
| While particular embodiments of the present invention have
15 been shown and described, it will be obvious to those skilled in the art
that changes and modifications may be made without departing from this
invention in its broader aspects and, therefore, the appended claims are
to encompass within their scope all such changes and modifications as

fall within the true spirit and scope of this invention.

]



processed vary. Wile particular enbodi nents of the pres
15 been shown and described, it will be obvious to tlﬁERLWENﬂ'd ;
the art that changes and modi fi cat i ons may be made wi t hoyt
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this invention in its broader aspects amkQ therefore, thg 4
are to enconpass within their scope all such changes and jny
fall within the true spirit and scope of this invention.

WHAT IS CLAIMED IS:

1. A vibrational processing apparatus comprising:

a vibration generating means for generating predetermined
vibration;

5 a vibratable element connected to said vibration generating
means for containing an object to be processed and for applying vibration
to said object to be processed to effect a predetermined process by
vibrating in response to the vibration generated by said vibration
generating means;

10 a displacement detecting means for detecting the
vibrational displacement of said vibratable element; and

a control means for outputting a control signal to said

vibration generating means to generate predetermined vibration, the
control means outputting a control signal to said vibrating generating

15 means prior to said predetermined process to subject said vibratable
element to vibration and to detect displacement of said vibratable
clement to obtain displacement characteristics of said vibratable
element, and the control means outputting a control signal to said
vibration generating means during said predetermined processing based

20 upon saidldisplaccmcnt characteristics for generating vibration to cause

desired vibrational displacement of said vibratable element

2. A vibrational processing apparatus according to claim 1,
wherein said vibratable element comprises a container which contains an

object to be plated and is immersed in a plating solution; and a transfer

HIlllI\ l\\l\l Illll \ll\l \| III\



20 WHAT |S CLAIMED IS: 1. A'vibrational processing apparatu
vi bration generating nmeans for generating predetermned vib
a vibratable el enent connected to said vibration generating
cont ai ning an object to be processed an@¥ or applying vibra
object to be processed to effect a predeterm ned process by
response to the vibration generated by said vibration gener
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rating in
I ng neans,

member for transferring vibration from

said

vibration generating means to said container,

wherein said transfer member are connected to said

container and said vibration generating means.

3. A vibrational processing apparatus according to claim 1,

5 wherein said vibratable element comprises a container which contains an

object to be polished and an abradant and vibrates in response to

vibration from said vibration generating means.

4. A vibrational processing apparatus, comprising:

a vibration generating unit for generating predetermined

10 vibration;

a vibratable element connected to said vibration generating

unit for containing an object to be processed and for applying vibration .

to said object to be processed to effect a predetermined process by

vibrating in response to the vibration generated by said vibration

15 generating unit;

a displacement detecting unit for detecting the vibrational

displaccmcnt of said vibratable element; and

’

vibration generating unit to generate predetermined vibration, the

a control unit for outputting a control signal to said

20 control unit outputting a control signal to said vibrating generating

unit prior to said predetermined process to subject said vibratable

clement to vibration and to detect displacement of said vibratable

element to obtain displacement characteristics of said vibratable

O




10 - . " l a di spl acenent detecting neans for det
vi brational displacenent of said vibratable elenent; and a

for outputting a control signal to said vibration generati

generate predeterm ned vibration, the ca22rol neans out put
signal to said vibrating generating 15 means prior tg
predeterm ned process to subject said vibratable elenent t

to detect displacenent of said vibratable elenent to obtai

characteristics of said vibratable elenent, and the control neans

n di spl acenment

outputting a control signal to said vibration generating neans during said
predeterm ned proGEgsdnt dnd e %Bntrol unit outputting a control signal to said

vibration generating unit during said predetermined processing based

upon said displacement characteristics for generating vibration to cause

desired vibrational displacement of said ¥ibratable element.

5 5. A vibrational processing apparatus according to claim 4,

wherein the vibration generating unit includes a variable speed motor

having an eccentric load.

6. A vibrational processing apparatus according to claim 5,

wherein the displacement detecting unit includes a displacement sensor.

10 7. A vibrational processing apparatus according to claim 6,

wherein the displacement detecting unit generates an analog output

corresponding to the vibrational displacement of said vibratable

element, and wherein the displacement detecting unit further includes an

analog to digital converter for converting the analog output of the

15 displacement sensor to a digital output.

8. A vibrational process and apparatus according to claim 7,

wherein the control unit includes a computer for receiving said digital

output from said analog to digital converter and a motor controller

connected to the motor and to the computer.

A
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vi br at i onal

s upon sal d di spl acement characteristics for generati
cause desired vibrational displacement of said vibratable .
processing apparatus according to claim1, whereijn said

vi bratabl e el ement conprises a container 28hi ch contains an folj e@3 Wp

plated and is imersed in a plating solution; and a transf
transferring

for
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vi bration from sai d

9. A vibrational processing apparatus according to claim

8, wherein said vibratable element comprises a container which contains

an object to be plated and is immersed in a plating solution; and a

Ltransfer member for transferring vibration from

said vibration generating unit to said container,

wherein said transfer member are connected to said

container and said vibration generating qﬁf..

10. A vibrational processing apparatus according to claim
8, wherein said vibratable element comprises a container which contains
an object to be polished and an abradant and vibrates in response to

vibration from said vibration generating unit.

11. A method of vibrational processing using vibrational
processing apparatus including a vibration generating unit for
generating predetermined vibration, a vibratable element connected to
said vibration generating unit for containing an object to be processed
and for applying vibration to said object to be processed, a displacement
detecting unit for detecting vibrational displacement of said vibratable
element, and a control unit for outputting a control signal to said
vibrationdl generating unit, the method comprising the steps of: .

a) causing said control unit to output a control signal to
said vibration generating unit prior to _a__predetermined process to
subject said vibratable element to vibration;

b) detecting displacement of said vibratable element to

obtain displacement characteristics thereof:

[T




Vi brati on generat| ng means to said container, wherein said nm”-
are connected to said container and said vi bratlon generati 1Bt EET
vi brational processing apparatus according to claiml, 5 wherein said
vi bratabl e el ement conprises a contai ner24nhi ch contains an pbje tq tg%@qgg?
pol i shed and an abradant and vibrates in response to vibratfoph fromsai

vi bration generating neans. 4. A vibrational processing appar &ttss;
conprising: a vibration generating unit for generating predeterm ned 10

vi brati on;

c) determining the optimum amplitude of vibration to be
applied to said vibratable element from said displacement
characteristics; and
d) applying a control signal from said control unit to said
5 vibration generating unit in accordance with the optimum amplitude

determined in step ¢ .

12. A vibrational processing method in according to claim

11, wherein said process is a plating process.

13. A vibrational processing method according to claim 11,

10 wherein said process is a polishing process.

I




a vi brat abl e el ement connected to said vibration generating unit for
contai ning an object to be processed and for applying vibration to said
object to be processed to effect a predeterm ned.process by vibrating in
response to the vibration generated by &3 .d vibration 15 | generating
unit; a displacenent detecting unit for detecting the vibrational

di spl acenent of said vibratabl ; I | r outputting
a control signal to said vibrd?pghggﬁﬁgﬁﬁﬁﬁﬁaeﬁﬁgﬁﬁ¢2uggﬁ§&gp§
predeterm ned vibration, the 20 control unit outputting a control
signal to said vibrating generating ' :

In a plating apparatus 10, a known control signal for
5 detection is supplied from a computer 50 to a motor 13 in advance; the

motor 13 is rotated at a variable speed within a predetermined range; and
the displacement of a basket 18 is detected by a displacement sensor 30 to
obtain displacement characteristics data. Next, the computer S0
controls the rotating operation of the motor 13 through a motor

10 controller 60 to put the basket 18 in a desired optimum state of vibration
using the obtained displacement characteristics data and data of an

optimum amplitude for the plating process obtained in advance.

REPLACEMENT SHEET
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uni t priof to said predetermni ned process to subject sai d vi bratabl e el enent
to vibration and to detect displacenment of said vibratable elenent to
obtai n di spl acenment characteristics of said vibratable 2

the control unit outputting a control signal to said vibrat @ggégﬁgﬂgﬁfgﬁﬁﬁﬂ
U3 ¥AR 1997

unit during said predeterm ned processi ng based upon said djspl acenent
characteristics for generating vibratiomto cause
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desi red vi-brati onal di spl acenent of said vibratable ‘elenent. 5
5. A vibrational processing apparatus according to claim4,

vi bration generating unit includes a variable spéed notor ha
eccentric load. 6. A vibrational processing apparatus accordjn
wherein the di splacenent detecting unit includes a displace
7. A vibrational processing apparatus accprding to claimé6,
di spl acenent detecting unit generates an=-anal og out put corrgspending.to the
vi brational displacenent of said vibratable element, and whgrein the

di spl acenent detecting unit further includes an
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analog to digital converter for converting the anal og out put of the 15
di spl acenent sensor to a digital output. 8. A vibrational progess.and
apparatus according to claim7, wherein the control unit incl ¢B8Pt Ares
conputer for receiving said digital output fromsaid analog t

converter and a notor controller connected to the notor and t
conput er. 23 3
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9.

—

A vi brati onal processi ng apparatus according to claim@8, wherein said

vi-brat abl e el enent conprises a container which contains an object to be

plated and is imersed in a plating solution;
transferring vibration from5
wherein said transfer
said vibration generating unit.

cont ai ner,

nmenber

according to claim8, wherein said vibr
whi ch contains an object to be polished and an abradant an

response to

10. A vi

sai d vibration .generati
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10 vibration fromsaid vibration generating unit. 11.
vi brational processing using vibrational processing apparat
vi bration generating unit for generating predetefmned vibr

vi brat abl e el ement connected to said vibration generating uhi p—of

contai ning an object to be processed 15 and for applyi
said object to be processed, a displaceggrt detecting unit
vi brational displacenent of said vibrat e elenent, and a
outputting a control signal to said vibrational generating

A net hod of
s.includina a
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cohtral unit for
init, the net hod

conprising the steps of: a) causing said control unit to outptt—a—eenttehcam=t

signal to
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20 sai'd vibration generating unit prior to a predeterm ned process to

subj ect said vibratable elenent to vibration; b) detectlnq*dlsplacenent of

said vibratable elenent to obtain dlsplacenent characteri
24 c) determ ning the optimum anplitude of vibration to b
vi bratabl e el ement from sai d di spl acenent
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characterfstiés; and d) applying a control signal fromsaid control unit to
said 5 vi bration generating unit in accordance with tlye A -
anplitude determined in step c. 12. A vibrational processi

vi brational processing nethod according to.claim 11, 10
process is a polishing process. 7
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