
;pqe3eU<Rl:6T<8A,0 5 APR 2002  _1_  PLATING BARREL BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to
plating equipment, and more specifically relates to a plating barrel for
plating objects such as electronic devices, etc., by immersing a barrel
containing the objects into a plating solution and by applying a current.
2. Description of the Related Art A plating barrel is used for plating a
metal layer onto objects such as electric components. Fig. 4 is a schematic
view of an example of a plating barrel of the conventional type. This
plating equipment comprises a barrel 21 which includes a part constructed
of a mesh screen, etc., for allowing a plating solution to pass through,
and cathodes 22 are placed in the interior of the barrel 21. First, a
quantity of objects (not shown) such as multilayer . eramic capacitors and
conducting media (not shown) such as steel balls are placed in the barrel
21. Then the barrel 21 is immersed into a plating solution 24 contained in
a plating bath 23. Then, a current is applied between an anode 25 which is
placed into the plating solution 24 and the cathodes 22, which are placed
inside the barrel 21, while the barrel 21 is rotated in the plating
solution 24. Accordingly, the objects are brought into contact with the
plating solution 24 and the cathodes 22 via the conductive media, and are
plated. In the above-described plating barrel of the conventional type, the
objects and the conductive media tumble inside the barrel 21 due to the
rotation2   0 5 APR 2002 -2 of the barrel 21. However, since the end
surfaces 21a of the barrel 21 are flat and are vertical, the objects tend
to accumulate at the end surfaces 21a so that the objects are no longer in
contact with the conductive media. Thus, there is a problem where the
thickness of the plating layers on the objects has a large variation. 



In addition, cathode-lead connections 26 for connecting to the cathodes 22
in the barrel 21 have generally horizontal portions, which allows the
objects to piled up on top of the cathode-lead connections 26. This causes
another problem where the objects on the cathode-lead connections 26 may
not be plated at a11, and plating defects may occur. SUMMARY OF THE
INVENTION The present invention aims to solve the above-mentioned problems.
Accordingly, an object of the present invention is to provide a plating
barrel which prevents the objects from piling up or stopping in order to
avoid the occurrence of plating defects, and which reliably forms a plated
layer having uniform thickness on each of the objects. To attain the
above-described object, a plating barrel according to one aspect of the
present invention comprises a barrel which is rotatable, has an
approximately cylindrical shape, and contains objects inside it, at least
one cathode-lead connection which penetrates through the end surface of the
barrel along the rotational axis of the barrel and which is supported in a
manner such that the cathode-lead connection is rotatable relative to the
barrel, at least one cathode which is placed inside the barrel and which is
connected to the end of the cathode-lead connection, and at least one
either conical or pyramidal attachment which is attached to the
cathode-lead connection, in a manner such that the central axis of the
attachments are the same as the rotational axis of the barrel, the vertices
of the attachments point to the center of the barrel, and   0 5 APR 2002 -3
peripheral portions of the bases of the attachments at the opposite ends
relative to the vertices are in proximity to the inside end surfaces of the
barrel, so that the objects do not pass through the gaps between the bases
and the inside end surfaces of the barrel. Thus, the piling up or stopping
of the objects is avoided or prevented, so that a layer having a uniform
thickness is reliably formed on each of the objects and plating defects are
prevented. In order to avoid and prevent the objects from piling up, the
conical or pyramidal attachments preferably have vertices having an angle 8
(see Fig. l) which is larger than 90, so as to be an obtuse angle. In the
present invention, there are no restrictions regarding the actual shape of
the attachments. The attachments may be exactly conical or pyramidal; or,
the shape of the attachments may be modified somewhat. For example, the
vertices of the attachments may be rounded, or they may be flattened to
form a trapezoidal cross-section cone. A plating barrel according to
another aspect of the present invention comprises a barrel which is
rotatable, has an approximately cylindrical shape, and contains objects
inside it, at least one cathode-lead connection which penetrates through
the end surface of the barrel along the rotational axis of the barrel and
which is supported in a manner such that the cathode-lead connection is
rotatable relative to the barrel, at least one cathode which is placed
inside the barrel and which is connected to the end of the cathode-lead
connection, and at least one either conical or pyramidal attachment which
is attached to the barrel in a manner such that the central axes of the
attachments are the same as the rotational axis of the barrel, the vertices
of the attachments point toward the center of the barrel, and peripheral
portions of the bases of the attachments at the opposite ends relative to
the vertices are is contact with or in proximity to the inside end surfaces
of the barrel, so that the objects do not pass through the gaps between the
bases and the inside end surfaces of the barrel. Thus, from piling up or
stopping of the objects is avoided or prevented, so that a   0 5 A R 2002
-4 layer having a uniform thickness is reliably formed on each of the
objects and plating defects are prevented. Since the conical or pyramidal
attachment is attached to the barrel, the attachment rotates along with the
barrel, so that the piling up or stopping of the 



objects is more effectively avoided or prevented. A major part of the
cathode-lead connection is preferably placed in the lower section of the
barrel, i.e., below the rotational axis of the barrel. When the major part
of the cathode-lead connection is placed at a lower section of the barrel
relative to the rotational axis of the barrel, the objects which pile up in
the lower section of the barrel effectively contact the cathodes, which
enhances the effectiveness of the present invention. The conical or
pyramidal attachment preferably covers nearly a11 of the horizontal portion
of the cathode-lead connection so as not to expose the generally horizontal
portion inside the barrel. Since the conical or pyramidal attachment covers
the generally horizontal portion of the cathode-lead connection so as not
to expose the esentially horizontal portion inside the barrel, the objects
cannot pile up on the generally horizontal portions of the cathode-lead
connections. Accordingly, plating defects in which the objects are not
completely plated with uniform thickness layers are effectively prevented.
BRIEF DESCRIPTION OF THE DRAWINGS Fig.1 is a schematic representation of a
plating barrel according to an embodiment of the present invention; Fig. 2
is a perspective view of a barrel included in the plating barrel shown in
Fig. l; Fig. 3 is a schematic view of a plating barrel according to another
embodiment of the present invention; Fig. 4 is a schematic view of a
plating barrel of the conventional type.   0 5 A!'R 2002 -5 



DESCRIPTION OF THE PREFERRED EMBODIMENT Characteristics of the present
invention will be described in detail in conjunction with the following
embodiments. Fig. l is a schematic view of a plating barrel according to an
embodiment of the present invention. Embodiment 1 Referring to Fig. l, the
plating barrel includes a rotatable barrel 1 with the exterior shape
approximately like a hexagonal column as shown in Fig. 2, cathode-lead
connections 2 which passes through the end surfaces 1a of the barrel 1
along the rotational axis A of the barrel 1, cathodes 3 which are placed
inside the barrel 1 and which are connected to the end of the cathode-lead
connections 2, and conical attachments 4 which are attached to the
cathode-lead connections 2 in a manner such that the central axes of the
attachments are approximately the same as the rotational axis of the barrel
1, the vertices T of the attachments point toward the center of the barrel
1, and peripheral portions F of the bases of the attachments at the
opposite ends relative to the vertices T are in proximity to the inside end
surfaces la of the barrel 1 so that objects 8 do not pass in between the
gaps. In addition, the plating barrel includes a plating bath 6 which is
filled with a plating solution 5 and an anode 7 which is placed inside the
plating bath 6. The barrel 1 includes a part constructed of a mesh screen,
etc., for allowing the plating solution to pass through. At least the
surfaces of the cathode-lead connections 2 are constructed of an insulating
material. In addition, the cathode-lead connections 2 are supported in a
manner such that the cathode-lead connections 2 are rotatable relative to
the barrel 1. More specifically, the cathode-lead connections 2 are
stationary while the barrel 1 rotates around the cathode-lead connections.
The cathodes 3 are placed below the rotational axis A of the barrel 1, so
0 5 APR 7002 -6 that the objects which pile up in the lower section of the
barrel 1 effectively contact the cathodes 3. In addition, the conical
attachments 4 cover generally horizontal portions 2a of the cathode-lead
connections 2 so as not to expose the horizontal portions 2a inside the
barrel 1; the objects therefore do not pile up on the horizontal portions
2a. According to the plating barrel of a preferred embodiment, the volume
of the barrel 1 is 8 liters. Thus, barrel 1 has sufficient capacity to
receive 1.5 liters of steel balls having a diameter of 1.5 mm, and 0.5
liters of multilayer ceramic capacitors having dimensions of 2 nun by 1.25
mm as the objects . Embodiment 2 Fig. 3 is a schematic representation
showing a construction of a major part of a plating barrel according to
another embodiment (Embodiment 2) of the present invention. In the plating
barrel according to the above-described Embodiment 1, the conical
attachments 4 were attached to the cathode-lead connections 2. In
Embodiment 2, however, the conical attachments 4 are attached to the inside
end surfaces la of the barrel 1, as shown in Fig. 3. The conical
attachments 4 are attached to the inside end surfaces la of the barrel 1 in
a manner such that the peripheral portions F of the bases of the
attachments are in contact with the inside end surfaces la of the barrel 1.
More specifically, there are no gaps between the conical attachments 4 and
the inside end surfaces la of the barrel 1. Constructions of other parts of
the plating barrel are similar to those in Embodiment 1, so that
explanations are omitted to avoid repetition. Example of barrel plating The
plating barrels according to Embodiments 1 and 2 are used to plate Ni, and
then to plate Sn over Ni, under the following conditions.  



0 5 APR 2002 _ _7_ 1. Volume of steel balls: 1.5 liters 2. Volume of
objects: 0.5 liters 3. Ni plating bath: Watt's bath 4. Sn plating bath:
S.Current density at cathodes During Ni plating: During Sn plating: 6. Time
period for plating Ni plating: neutral Sn plating bath des 0.2 A/dm2 0.1
A/dm2 60 min Sn plating: 60 min Evaluation With regard to objects
(multilayer ceramic capacitors) which are prncessed with Ni plating and Sn
plating using the above-described conditions, the thickness of Sn-plating
layers were measured to determine the degree of variation (coefficient of
variation, CV (%)). In addition, the number of plating defects where the
objects was not completely plated was also determined. The number of
specimens used for measuring the thickness of the Sn plated layers was n =
50, and the number of specimens used for determing the rate of the plating
defects was n = 2,000,000. The results of the test measuring the
thicknesses of Sn-plated layers and the degree of variation and the visual
inspection to determine the rate of the plating defects are shown in Table
1.   0 5 APR 2002 



-g Table 1 Thickness ofVariationPlating DefectsSn layerCV(parts
perAttachments(um)(%)million)ConventionaltypeNone Used2.4318.512Attached
toEmbodiment 1cathode-lead2.567.82Embodiment 2Attached to barrel2.378.20
For the purpose of comparison, the plating of Ni and Sn was also performed
by using the conventional plating barrel shown in Fig. 4 under the same
conditions. The thickness of Sn-plated layers were measured to determine
the degree of variation (CV ( % )), and the number of plating defects was
also determined. The results are also shown in Table 1. With reference to
Table 1, variation (CV) of the thickness of the Sn layers plated by using
the conventional plating barrel was 18.5 %, which was relatively high. In
contrast, the result of CV calculation when the plating barrel of
Embodiment 1 was used was 7.8%, and the result of CV calculation when the
plating barrel according to Embodiment 2 was used was 8.2 %. Accordingly,
both plating barrels of Embodiment 1 and Embodiment 2 provided lesser
variation than the conventional type. In addition, when the conventional
plating barrel was used, the rate of the plating defects was 12 parts per
million (ppm). In contrast, the rate of the plating defects when the
plating barrel of Embodiment 1 was used was 2 ppm, and the rate of the
plating defects when the plating barrel of Embodiment 2 was   0 5 ~,~~ zoo2
-9 used was 0 ppm. Thus, the plating barrel of Embodiments 1 and 2 yielded
significantly lower defect rates. The reason such a particularly low rate
was achieved by the plating barrel of Embodiment 2 was that the conical
attachments 4 were attached to the inside end surfaces la of the barrel 1
and were rotated along with the barrel 1. It is believed that such a
construction more effectively prevented accumulation as the objects
tumbled, yielding the lower rate of the plating defects. In the
descriptions above, the objects were described as being the multilayer
ceramic capacitors. The present invention, however, is not limited to this.
The present invention may also be applied to various kinds of objects, such
as ceramic electronic resistors and inductors and other components. 



In addition, although the attachments were described to be conical in the
descriptions above, pyramidal attachments may also be used to obtain the
same effects as in the above-described embodiments. Also, although
Embodiments 1 and 2 were described as including attachments 4 at each end
of the barrel 21, an attachment may be provided only at a single end of the
barrel, if desired or necessary. Furthermore, the present invention is also
not limited to the above described embodiments in other ways. Various
modifications are possible within the scope of the present invention due to
the specific shape and construction of the barrel, the shape and
construction of the cathode-lead connections and the cathodes, the specific
shape and construction of the conical or pyramidal attachments, method of
attaching the conical or pyramidal attachments, etc.   0 5 APR 2002 -10
WHAT IS CLAIMED IS: 1. A plating barrel comprising: a barrel that is
rotatable about a rotational axis, has an approximately cylindrical shape,
and includes an interior adapted to receive objects; at least one
cathode-lead connection, with at least one cathode-lead connection
extending through an end surface of the barrel generally along the
rotational axis of the barrel and being rotatable relative to the barrel;
at least one cathode placed inside the barrel and connected to the end of
at least one cathode-lead connection; and at least one attachment attached
to at least one cathode-lead connection, the attachment having a central
axis extending generally along the rotational axis of the barrel between a
vertex portion and a base portion, the base portion being larger than the
vertex portion, the vertex portion pointing toward a center of the barrel,
and the base portion being placed sufficiently close to an inside end
surface of the barrel so that the objects do not pass through any gaps
between the base portion and the inside end surface of the barrel. 2. A
plating barrel according to claim 1, wherein a major part of the
cathode-lead connection is placed below the rotational axis of the barrel.
3. A plating barrel according to claim 2, wherein the at least one
attachment covers a horizontal portion of the cathode-lead connection so
that the horizontal portion is not exposed inside the barrel. 



4. A plating barrel according to claim 1, wherein the at least one
attachment covers a horizontal portion of the cathode-lead connection so
that the horizontal portion is not exposed inside the barrel.   0 5 APR
2002 -11 5. A plating barrel according to claim 1, wherein the at least one
cathode-lead connection includes two cathode-lead connections, each of the
cathode-lead connections extending through opposing end surfaces of the
barrel substantially along the rotational axis of the barrel and being
rotatable relative to the barrel, a cathode is connected to the end of each
of the cathode-lead connections, and an attachment is attached to each of
the cathode-lead connections. 6. A plating barrel according to claim 1,
wherein the at least one attachment is conical in shape. 7. A plating
barrel according to claim 1, wherein the at least one attachment is
pyramidal in shape. 8. A plating barrel according to claim 1, wherein the
barrel is shaped as a hexagonal column. 9. A plating barrel comprising: a
barrel that is rotatable about a rotational axis, has an approximately
cylindrical shape, and includes an interior adapted to receive objects; at
least one cathode-lead connection, the at least one cathode-lead connection
extending through an end surface of the barrel generally along the
rotational axis of the barrel and being rotatable relative to the barrel;
at least one cathode placed inside the barrel and connected to the end of
the at least one cathode-lead connection; and at least one attachment
attached to the barrel, the at least one attachment 



having a central axis extending substantially along the rotational axis of
the barrel between a vertex portion and a base portion, the base portion
being larger than the vertex portion, the vertex portion pointing toward a
center of the barrel,   0 5 APR 2002 -12 and the base portion being placed
sufficiently close to an inside end surface of the barrel so that the
objects do not pass through any gaps between the base portion and the
inside end surface of the barrel. 10. A plating barrel according to claim
9, wherein a major part of the cathode-lead connection is placed below the
rotational axis of the barrel. 11. A plating barrel according to claim I0,
wherein the at Least one attachment covers a horizontal portion of the
cathode-lead connection so that the horizontal portion is not exposed
inside the barrel. 12. A plating barrel according to claim 9, wherein the
at least one attachment covers a horizontal portion of the cathode-lead
connection so that the horizontal portion is not exposed inside the barrel.
13. A plating barrel according to claim 9, wherein the at least one
cathode-lead connection includes two cathode-lead connections, each of the
cathode-lead connections extending through opposing end surfaces of the
barrel substantially along the rotational axis of the barrel and being
rntatable relative to the barrel, a cathode is connected to the end of each
of the cathode-lead connections, and an attachment is attached to each of
the cathode-lead connections. 14. A plating barrel according to claim 9,
wherein the at least one attachment is conical in shape. 15. A plating
barrel according to claim 9, wherein the at least one attachment is
pyramidal in shape. 



0 5 APR 2002 -13 lb. A plating barrel according to claim 9, wherein the
barrel is shaped as a hexagonal column. 17. A method of plating objects,
comprising: attaching an attachment having a vertex portion and a base
portion relative to an inside end surface of a barrel of a plating barrel,
the base portion being larger than the vertex portion, the barrel being
rotatable about a rotational axis and including an interior adapted to
receive objects, such that the base portion is placed sufficiently
prnximate the inside end surface so that the objects do not pass thrnugh
any gaps between the base portion and the end surface of the barrel;
placing objects in the barrel; and plating the objects. 18. The method
according to claim 17, wherein the attachment is attached to the barrel.
19. The method according to claim 17, wherein the attachment is attached to
a cathode-lead connection extending through the end surface of the barrel.
20. The method according to claim 17, wherein an attachment is attached
relative to each of two opposing inside end surfaces of the barrel.
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