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WIRING BOARD FOR ELECTRICAL TESTS AND METHOD OF

MANUFACTURING THE SAME
BACKGROUND. OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention relates to a wiring board for
eleétricél tests, and a method of manufacturing the same.
By way of example, the_electricai tests include the
insulation and connection tests of high-density wiring in a
printed-wiring circuit board, a circuit board for an
integrated circuit or a circuit board for a liquid-crystal
display, and the ON-resistance tests of a semiconductor

device.

2. DESCRIPTION OF THE RELATED ART

As semiconductor devices have been subjected to
increased density of integration and density of surface
packaging, the tests of the devices and the packagiﬁg
circuit boards thereof have become vé:y.di%fiéﬁlt. |

In the case of the semiconductor devices, sévéral tens
~ several_hundred of electrodes are laid out on silicon
chips of several millimeters square. Further, a
semiconductor device having more than one thousand
electrodes will be devéloped. The tests of such devices

are extremely difficult. Especially, it is difficult to
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test a so-called "bare chip" which is a silicon chip before
being packaged (namely, before being mounted on a lead
frame and encapsulated with a resin). Granted that the
tests of the bare chip are possible, they are not commonly
applied because of complicated test jigs and heavy test
expenses.

On the other hand, also in the case of the wiring
circuit boards for use in the packaging, the
microfabrication of wiring has been promoted. It has been
required of the wiring circuit boards to have wiring leads
at a pitch of or below 0.1 [mm] and electrodes at a pitch
of or below 0.1 [mm] (equal to the electrode pitch of the
semiconductor devices). Such wiring circuit 5oards cannot
be tested with regard to insulation and connection by a
convéntional method which permits the electrodes to be
temporarily copnected and disconnected, for example, a
method in which anisdtropic conductive rubber is brought
into pressed touch with the electrodes as disclosed in the
official gazette of Japanese Patent Application Laid-open

No. 3269/1984.
SUMMARY OF THE INVENTION
In view of the circumstances stated above, the present

invention has for its object to provide a wiring board for

electrical tests which facilitates the tests of a
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semiconductor device, a wiring circuit board or the like
(hereinbelow, sometimes termed an "article to-be-tested").

Another object of the present invention is to provide
a method of manufacture which is well suited to the
aforementioned wiring board for electrical tests.

A wiring board for electrical tests according to the
present invention comprises an insulating substrate, wiring
of predetermined pattern which is. embedded in the
insulating substrate, and bump electrodes which are formed
on_the wiring and which are respectively brought into
contact with corresponding electrodes of an article to-be-
tested such as a semiconductor device or a wiring circuit
board for packaging use. Herein, the wiring of
predetermined pattern serves as lead-out lines which
connect the respectively corresponding bump electrodes to
measuring instruments arranged outside the wiring board.

The wiring board for elecﬁrical tests is manufactured
by methods accofding to the present invention as
exemplified below.

One example of the manufacturing method consists in
comprising the step of forming wiring of predetermined

pattern on a temporary -substrate which is electrically

conductive and in which a thin nickel layer (0.1 ~ 10 [Mm]
thick) is formed on an elongate copper foil (20 ~ 100 (ftm]
thick), the step of embedding the wiring in an insulating

substrate, and the step of removing a part of the
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conductive temporary substrate except the other parts
thereof which become bump electrodes that are respectively
brought into contact with electrodes of an article to-be-
tested. Further, if necessary, this example comprises the
step of covering the wiring of predetermined pattern with
an insulating layef (a surface passivation layer)'so as not
to entirely conceal the bump electrodes.

In the above, the step of partly removing the
conductive temporary substrate proceeds as follows:

An etching resist of predetermined pattern is formed
on those parts of the surface of the copper foil of the
temporary substrate which become the bump electrodes.
Thereafter, the copper foil is etched with anletchant.
Since the etching of the copper foil ends in the thin
nickel layer, the wiring of predetermined pattern (made of
copper) is not etched. Subsequently, the etching resist is
peeled off, and the exposed or denuded part of the thin
nickel layer is etched and removed with another etchant. .

The formatibn of the bump electrodes at a high density

~and at a high accuracy is permitted using that copper foil

of the temporary substrate which is as thin as about 20 ~
30 [Um]. ﬁhen the copper foil is thicker, the amount of
side etching or lateral etching enlarges in etching the
copper foil in order to form the bump electrodes, making it
impossible to form the high-density and high—aécuracy Bump

electrodes. In the case where the thin copper foil is
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employed, the bump electrodes as desired can be formed by a
method staﬁed below. A plating resist of predetermined
pattern is formed on thé surface of the thin coppef foil.
Subsequently, those parts of the foil surface which
correspond to the bump electrodes to—be;formed are plated
so as to partly increase the thickness of the copper foil.
After the plating resist is peeled off, an etching resist
is fo:med on those plated parts of the foil surface which
become the bump electrodes, and the thin copper foil is
etched and removed with an etchant under this condition.
Further, the exposed part of the thin nickel layer is
etched and removed with another etchant.

Meanwhile, another example of the manufacturing method
according to the present inveﬁtion consists in comprising
the step of forming wiring of predetermined pattern on a
temporary substrate, the step of embedding the wiring in an
insulating substrate, the step of removing the temporary
substrate without damaging the wiring of predetermined
pattern formed thereon, the step of depositing an
insulating material capable of photo-imaging, on one side
of ;he insu;ating substrate including the wiring by either
coating or lamination techniques, and ﬁheﬂ subjecﬁiné the
deposited insulating material to exposure as well as
development, thereby forming an insulating layer (a surface
passivation layer) which serves as a pléting resist, on a

part of the one side of the insulating substrate except the
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other parts thereof which correspond to bump electrodes to-
be-formed that are respectively brought into contact with
electrodes of an articlé to-be-tested, and the step of
forming the bump electrodes by plating.

In the above, the step of removing the temporary
substrate can be so perférmed that, after a copper foil
constituting the temporary substrate is etched and removed
with a copper etchant, a thin nickel layer constituting the
temporary substrate is etched and removed with a nickel
etchant. 1In additién, the step of forming'a photo-image on
the insulating layer can be performed using an excimer
laser. Besides, the bump electrodes should preferably be
formed by performing the plating in excess of.the thickness
of the photo—imaging material. B

Mentioned as an example of the photo—imaging material
is a composite which is a photosensitive resist for.
electroless plating, and which consists of rubber - phenol
resin - epoxy resin, an epoxy resin photoinitiator (such as
aromatic onium salt) and an aromatic polyazide compound
(such as 3,3'-diazidodiphenylsulfone, 4,4'-diazidostilbene,
4,4'-diazidochalcone, and 3,3'-dimethoxy-4,4'-
diazidobiphenyl) .

In the foregoing, there has been described the case
where the copper foil and the thin nickel layer of the

temporary substrate are removed by etching. It is also
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- allowed, however, to adopt an expedient in which, after the

etching and removal of the copper foil, the

insulating material capéble of photo-imaging is deposited -
by either coating or lamination techniques and is subjected
to exposure as well as development, thereby forming the
layer of a plating resist, whereupon the bump electrodes
are formed by plating (electroplating). 1In this expedient,
electric power for the electroﬁlating can be fed through
the thin nickel layer. After the formation of the bump

electrodes, the thin nickel layer is etched and removed.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of a wiring board for tests
in an embodiment of the present invention (taken along line
I - I' in Fig. 2), while Fig. 2 is a plan view of the
wiring board for tests; and

Figs. 3 thru 12 are sectional views showing the steps
of a method of manufacturing a wiring board for tests in an

embodiment of the present invention.
PREFERRED EMBOQIMENTS OF THE INVENTION
Fig. 1 is a sectional view showing a wiring board for

electrical tests in an embodiment of the present invention,

while Fig. 2 is a plan view showing the wiring board for
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electrical tests. The sectional view of Fig. 1 is taken
along line I - I' and viewed in the direction of arrows as
indicated in Fig. 2,

Referring to Figs. 1 ahd 2, the wiring board in this
embodiment comprises bump electrodes 1 which are
respectively brought into contact with the corresponding
electrodes of an article to-be-tested such as a
semiconductor device, and wiring of predetermined pattern 2
which serves és lead-out lines for the bump electrodes 1.
It also comprises a surface passivation layer 3, a resin
layer 4, and a transparent substrate 5 which serves as an
insulating substrate. Further, external connection
terminals 6 are formed in order to connect the lead-out
lines 2 with measuring instruments which are arranged
outside the wiring board. Incidentally, the wiring of
predetermined pattern 2, the bump electrodes 1, etc. are
exaggeratedly depicted in Figs. 1 and 2.

The present invention consists in the wiring board for
electrical tests in which the bump electrodes (1 in this
embodiment) are formed in correspondence with the electrode

layout of the article to-be-tested and are led out by the

leads (2). According to the wiring board for electrical

tests in the present invention, even when the electrode
pitch of the device or the like has become smaller, the
electrodes (1) can be satisfactorily formed. In addition,

even when electrodes to-be-tested are laid out, not only
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along the four lateral sides of the device or the like, but
also at the inner or deep parts thereof, the electrodes (1)
can be led out by the fine or micro wiring leads (2). More
specifically, when the electrode pitch is in the order of
0.1 [mm], the width of the wiring lead which passes through
the pitch is required to be 0.03 [mm] or less. 1In this
regard, a wiring transfer process according to the present
invention can form the lead-out lines (the wiring of
predetermined pattern 2) so as to meet the requirement.

Since the surface of the wiring of predetermined
pattern (2) is flattened by the wiring transfer process
according to Fhe present invention, the bump electrodes (1)
can be formed with ease by either of an etching process and
a plating process. More specifically,'in the case of the
etching process, the bump electrodes (1) can be easily
formed in such a way that a temporary substrate which can
be processed by etching is prepared, and that it is etched
and processed into a required pattern. On the other hand,
in the case of the plating process, any desired pattern for
the bump electrodes (1) can be formed in such a way that
the required pattern is imaged with a photoresist or the
like, and that plating is thereafter performed.

Also, the wiring transfer process according to the
present invention makes it possible to select a substrate
(such as the transparent substrate 5) at will. By way of

example, when a transparent glass substrate or a resin
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layer is selected, a wirihg board the wiring pattern of
which is visible from the rear surface thereof is obtained.
Owing to such a wiring board, the positioning of the wiring
board with the article to-be-tested becomes very easy..

With the wiring board for electrical tests according
to the present invention, it is also possible to equalize
the lengths of those lead-out lines of the bump electrodes
(1) which are the wiring of predetermined pattern (2), or
to désign the lead-out lines of the bump electrodes (1) as
transmission lines.

Further, according to the present invention, each of
the distal ends of the bump electrodes (1) opposite to the
base ends thereof which are continuous to the.wiring of
predetermined pattern (2) is formed with a layer of
conductive polymer. This contrivance is effective to
prevent the electrodes.and wiring of the article to-be-
tested from damaging.

" There will now be described methods of covering the
distal ends of the bump electrodes (1) made of a conductive
metal, with the conductive polymer without drastically
lowering the conductivity of the metal.

1. Methods in which the distal ends of the electrodes
(1) are selectively or locally covered with a conductive
polymer 6r with a mixture consisting of the

conductive polymer and another resin (or other resins):
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(1) A conductive polymer (undoped), for example,
polythiophene, polypyrrole, polyacetylene or
polyphénylenevinylene, or a mixture comprising the
conductive polymer (undoped) and another resin (such as.
elastomer), for example, rubber, poly(vinyl chloride),
poly (vinyl acetate),'a rhenol resin or an epoxy resin, 'is

dissolved in a suitable solvent. The bump electrodes are

- immersed in the resulting solution, and the solvent .of the

solution is volatilized. Thus, the distal ends of the bump
electrodes are covered wifh the conductive polymer.
Thereafter, the conductive polymer is doped with several
kinds of dopapts, for example, ferric chloride, iodine/
titanium chloride and phosphorus pentafluaride.

(2) - The bump electrodes are immersed in a mixed
solution comprising the monomer of a conductive polymer and
dopants, and the conductive polymer is produced by
electrolytic polymerization in this state.

(3) The bump electrodes are covered with a resin

(such as elastomer), for example, rubber, polyvinyl

- chloride, polyvinyl acetate, a phenol resin or an epoxy

resin, and they are immersed in a mixed solution comprising
the mondmer. of a conductive polymer and dopants. While

being produced by electrolytic polymerization in the

immersion state, the conductive polymer is caused to

permeate the layer of the covering resin. Thus, each of
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the distal ends-of the bump electrodes is formed with a
composite conductive polymer film.

(4) The bump electrodes are covered with a film
of polymer anions or with a film of a mixture comprising
the polymer anions and a resin (such as elastomer), for
example, rubber, polyvinyl chloride, polyvinyl acetate, a
phenol resin or an epoxy resin, and they are immersed in a
solution of the monomer of a conductive polymer. While
being produCed by electrolytic polymerization in the
immersion state, the conductive polymer is caused to
permeate the covering film. Thus, each of the distal ends
of the bump electrodes is formed with a composite
conductive polymer £ilm. |

(5) The bump electrodes are covered with a resin
(such as elastomer) which is, for example, rﬁbber,
polyvinyl chloride, polyvinyl acetate, a phenol resin or an
epoxy resin and in which an oxidizer is mixed. Such
electrodes aré-exposed to the vapor of the monomer of a
conductive polymer. While being produced.by polymerization
in this state, the conductive polYmer is caused to permeate
the layer of the covering resin. Thus, each of the distal
ends of the bump electrodes is formed with a composite
conductive polymér £ilm.

2. Methods in which the distal ends of the
electrodes (1) are selectively covered with a conductive

polymer in such a way that a conductive polymer film or a
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composite conductive polymer film is used as an etching
resist for etching a temporary substrate:

(1) A conductive polymer (undoped), for example,
polyethiophene or the conductive polymer in which radicals
having photopolymerizable ethylenic linkages are
infroduced, or a mixture comprising the conductive polymer
(undoped) and agother resin (such as elastomer), is
dissolved in a suitable solvent. After a temporary
substrate is formed with the film of the resulting
solution, it is irradiated with ultraviolet radiation
through a pattern mask and is subjected to development.
Thus, a conductive polymer film formed with the pattern of
an etching resist is obtained. Thereafter, the conductive
polymer film is doped with several kinds of dqpants.
Further, the temporary substrate is etched using the doped
conductive polymer film as the etching resist. Then, the
bump electrodes covered with the conductive polymer are
formed.

(2) A resin capable of photo~cross-linking is
mixed into the conductive polymer (undoped) mentioned in
the preceding method 2. (1). Thenceforth, thé bump
electrodes covered with the conductive polymer are formed
by the-méthdﬁ 2. (1). The resin capable of photo-cross-
linking is, for example, a composite which consists of the
cocondensate between alkyl (meta)acrylate and (meta)acrylic

acid, tetraethylene glycol and benzophenone
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(photoinitiator), or a composite which consists of a phenol

'resin and orthonaphthoquinone diazido.

(3) A film is formed of a conductive polymer
(undoped) or of a mixture comprising the conductive poiymer
{undoped) and another resin on a temporary substrate, and
is doped with dopants. The film is coated with a
photosensitive resist. so as to form a resist film of
predetermined pattern. Subsequently, using the resist
pattern as a mask, the subbing or underlying conductive
polymer film is etched to transfer the pattern. Further,
the temporary substrate.is etched using the resulting
conductive polymer film as an etching resist film, and the
photosensitive resist is removed. Then, the 5ump
electrodes covered with the conductive polymer are formed.

(4) A conductive polymer (undoped) or a mixture
comprising the conductive polymer (undoped) and another
resin is dissolved in a suitable solvent, along with a
compound adapted to generate dopants by light, for example,
triphenyliodonium tetrafluoroborate. After a temporary
substrate is formed with a film of the resulting solution,
it is i;radiated with ultraviolet radiation through a
pattern maék-so.as to dope only its irradiated barts with
the dopants and to render them insoluble. Subsequently,
the resulting substrate is subjected to development. Thus;

the conductive polymer is patterned. Thenceforth, an
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electrode pattern covered with the conductive polymer is
formed by the method 2. (1).

Reférring now td Figs. 3 thru 12, an embodiment of the
present invention will be described as to a case where a
conductive polymef layer is formed after the formation of
bump electrodes. The figures are sectional views for
explaining the steps of a manufacturing method in this
case,

This embodiment employs a double-layer.foil which

consists of an electrolytic copper foil 11 having a

thickness of 35 ~ 70 [Mm] and a nickel layer 12 having a
thickness of 0.1 ~ 0.5 [um]. A resist 13 is deposited on
the surface of thelnickel layer 12 in laminatéd fashion.
The resist 13 is, for example, "HN350" (trade name)
produced by Hitachi Chemical Co., Ltd. in Japan.
Thereafter, a negative image including a predetermined
pattern is printed on the resist layer 13 by exposure at an
integral exposure value of 125 ~ 130 [mJ/cm2] and
development. Using the léyers 11 and 12 as an electrode,
the positive image of the pattern is formed by copper
electroplating (Fig. 3). After the resist 13 is peeled

off, the positive image of the pattern becomes as indicated

at numeral 14 (Fig. 4).

Thereafter, holes 15 each having a diameter of S5 [mm]

are formed by punching (Fig. 5).
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The copper electroplating pattern 14 of the foil
formed as shown in Fig. 5 is embedded in any desired resin
(the wiring transfer pfocess). On this occasion, in order
to eliminate foreign matters and oil and fat contents
remaining among pattern parts, the structure shown in Fig.
5 is immersed for cleaning in "Neosundep” (trade name)
produced by Nihon Marusel Co. The preparing treatment of
the surface of the pattern parts is completed. In order to
ensure a peeling strength, a roughened surface is formed by
oxidizing the pattern copper and then reducing the copper
oxide. Subsequently, the resulting structure is pressed in
a vacuum within 24 [hours] along with an electrolytic
copper foil 17 having a thickness of 35 [um] and serving to
prevent any warp in the course of the manufacturing method,
through a thermosetting glass epoxy prepreg 16 (Fig. 6).
Thereafter, guide holes (first guide holes) 18 each having
a diameter of 3.15 [mm] are formed by drilling (Fig. 7).

In drder to etch the carrier 11 at a high positional
accuracy, guide marks each having a diameter of 4 [mm] and
indicated at numeral 14' in Fig. 8 are made visible from
the carrier side. Concretely, the surface of the carrier
11 is buffed and flattened in order to eliminate layers
having adhered to the carrier side due to the oxidizing and
reducing treatments of the metals at the step of Fig. 6.
Thereafter, a resist is applied in laminated fashion, and

circular patterns which extend along the guide marks 14°
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are printed as a negative image. After exposure and
development, the copper layer 11 is etched by alkali
etching. On this occasion, the nickel layer 12 is not
etched. Therefore, it prevents the eﬁbedded copper pattern
14 from being etched. Subsequently, the exposed parts of
the nickel layer 12 are removed with nickel etching
"Solution—-A" and "Solution-B" produced by Meltex Co. and
hydrogen peroxide. After the resist is peeled off (Fig.
8), holes 19 are provided by an NC. (numerical control)
technique with reference to the pattern of the visible
guide marks 14'. The holes 19 are used as the second guide
marks for the next mask alignment (Fig. 9).

The surface of the resulting structure ié flattened by
buffing in order to ensure the close adhesion of a resist.
After the resist is deposited in lamination fashion, a
negative image is printed using the second guide holes 19
as alignment marks, and it is exposed to light and
developed.. Subsequently, copper etching, nickel etching
and resist pegling are carried out in the same manner as in
Fig. 8. When the thickness of the copper of the carrier 11
is controlled, bump electrodes 20 each of which has a
desired section of slight side etching are formed (Fig.
10) . The bump electrodes 20 and the transferred wiring
pattern 14 are plated with nickel and gold. The resulting

plating layer 21 should desirably consist of a nickel layer
being 2 ~ 6 [Um] thick and a gold plating layer being 0.1 ~
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7 [um] thick. When the resulting structure is externally

~ machined or cut, a board which includes lead-out wiring

leads and external terminals as predetermined (the wiring
pattern) and the bump electrodes formed on the wiring leads
is obtained (Fig. 11).

The obtained board is fixed to a small-sized press
with the bump electrodes 20 facing down. Also, a floating
glass member, an acrylic p;éte or the like which is formed
with a film of conductive resin at a thickness of 1 ~ 30
[um] by an applicator or a spin-coating machine is set
underneath the board attéched to the press. In this state,
the conductive resin 22 can be selectively deposited on the
bump electrodes 20 by the descending operatioh of thé
pfesé. Thus, the testing board of the present invention
having a structure as shown in Fig. 12 results.

The wiring board for tests according to the present
invention easily copes with the narrow pitch of the pattern
of an article to-be-tested. Moreover, the bump electrodes
made of the conductive metal have only their distal ends
covered with the elastic resin without spoiling the
electric gopduqtivity of the metal. Therefore, the surface
electrodes of{the article to-be-tested are not damaged, the
surfaces of the tésting board and the article to-be-fested
can be brought into reliable and upiform touch, and the
lifetime of the bump electrodes of the testing wiring board

itself is prolonged.
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What is claimed.is:

1. A 'wiring board for electrical tests; comprising an
insulating substrate, wirihg of predetermined pattern which
is embedded in said insulating substrate, and bump |
electrodes which are formed on said wiring and which are
respectively brought into contact with corresponding

electrodes of an article to-be-tested.

2. A wiring board' for electrical tests; comprising an

insulating substrate, wiring of predetermined pattern which

: is embedded in said insulating substrate, and bump

15

electrodes whlch are formed on said wiring and whlch are
respectively brought into contact with corresponding
electrodes of an article to-be-tested, said bump electrodes

being made of a conductive metal and having their distal

~ends covered with a conductive polymer.

20

25

3. A method of manufacturing a wiring board for
electrical tests; comprising the step of forming wiring of
predetermined pattern on a temporary substrate which is
electrically conductive, the step of embedding said wiring
in an insulating subsgréte, and the step of removing a part
of the conductive temporary substrate except the other
parts thereof which become bump electrodes that are
respectively brought into contact wifh electrodes of an

article to-be-tested.

____________________
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4. A method of manufacturing a wiring board for
electrical tests as defined in claim 3; wherein said
conductive temporary substrate includes at least two layers
of a first layer and a second la&er, said first layer is
made of a first metal, said second layer is made of a
second metal whose etching condition is different from that
of said first metal, and said step of forming wiring forms
said wiring of predetermined pattern on said first layer by
the use of a third metal whose etching condition is

different from that of said first metal.

5. A method of manufacturing a wiring board for
electrical tests as defined in claim 4{ wherein said second

metal and said third metal are an identical metal.

6. A method of manufacturing a wiring board for
electrical tests; comprising the step of forming wiring of
predetermined pattern on a temporary substrate, the step of
embedding said wiring in an insulating substrate, the step
of removing said temporary substrate, the step of |
depositing an insulating material capable of photo-imaging,
on one side of said insulating substrate including said
wiring by either of coating and lamination techniques, and
then subjecting the deposited insulating material to

exposure as well as development, thereby forming an
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insulating layer which serves as a plating resist, on a
part of said one side of said insulating substrate except
the other parts thereof-which correspond to bump electrodes
to-be-formed that are respectively brought into contact
with electrodes of an article to-be-tested, and the step of

forming said bump electrodes by plating.

7. A method of manufacturing a wiring board for
electrical tests as defined in claim 3; further comprising
the step of covering a distal end of each of said bump

electrodes with a layer of conductive polymer.

8. A method of manufacturing a wiring board for
electrical tests as defined in claim 6; further comprising
the step of covering a distal end of each of said bump

electrodes with a layer of conductive polymer.
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