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PERMEABILITY EVALUATION METHOD

TECHNICAL FIELD

[0001] The present invention relates to a permeability
evaluation method for heavy metal ions. Specifically, the
present invention relates to a permeability evaluation
method that can easily and quickly evaluate the permeability
of heavy metal ions through a specimen containing an
insulating material used in semiconductor production.

BACKGROUND ART

[0002] In recent years, in accordance with high perfor-
mance and high speed operation of smartphones, tablet PCs
and the like, for semiconductor packages used therefor,
further downsizing, high capacity, high speed operation and
thinning have been required. Thus, in wafers used in semi-
conductor packages, further miniaturization of interconnects
proceeds, and additionally, chips tend to become further
thinner on assembling packages.

[0003] In such trends, particularly in the field of DRAM
and NAND type flash memories in recent years, the problem
of the occurrence of malfunctions due to a trace amount of
heavy metal ions such as copper ions has become obvious.
[0004] It has been long known that when heavy metal ions
come in contact with a silicon crystal, the ions diffuse in the
crystal and reach the circuit surface, and as a result, a
malfunction occurs. Therefore, it is common to conduct
gettering treatment on a silicon wafer for capturing heavy
metal ions such that the heavy metal ions attached to the
silicon wafer do not diffuse to the circuit surface.

[0005] As the gettering treatment, for example, a method
of providing a gettering layer within the wafer (intrinsic
gettering, referred to as “IG” hereinbelow) and a method of
providing a gettering layer on the back side of a wafer
(extrinsic gettering, referred to as “EG” hereinbelow) are
predominantly used. However, thickness of the gettering
layer that can be formed inside is becoming thinner because
of thinning of chips in recent years, and it is becoming hard
to say that its effect is sufficient. Additionally, in EG, fine
cracks are formed on the back side of a wafer, and therefore,
flexural strength of the chip decreases. Thus, particularly in
ultrathin wafers of which handling is difficult, the problem
of excessive gettering treatment being difficult to conduct
has occurred. Under such circumstances, imparting a get-
tering function to a die bonding film used for adhesion
between a chip and a substrate or between a chip and a chip
has been contemplated in recent years (for example, see
Patent Literatures 1 and 2 below).

[0006] However, in the case of determining if a gettering
function is imparted by such materials, it is necessary to
make an evaluation after a package is actually prepared
using a substrate on which a wiring layer is formed or a
wafer on which a circuit is formed. In this case, there is a
problem that a large amount of cost, a long period of time,
apparatuses and the like may become required.

[0007] Under such situations, a new evaluation method
has been contemplated for determining if a material for
semiconductors has a gettering ability or not. For example,
in the Patent Literature 3 below, there is represented a
method in which one side of a silicon wafer is contaminated
with heavy metal, the heavy metal is allowed to diffuse by
heating, a film, which is an object to be evaluated, is applied
to the contaminated one side, and after thermal treatment
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under pseudo reflow conditions, the amount of heavy metal
ions on the other side of the silicon wafer (no contaminated
side) is measured, Furthermore, in the Patent Literature 4
below, there is represented a method in which a film, which
is an object to be evaluated, is applied to one side of a silicon
wafer, the film surface is contaminated with heavy metal,
and then, thermal treatment is conducted under pseudo
reflow conditions, and the amount of heavy metal ions on the
other side of the silicon wafer (the side to which no film is
applied) is measured.

CITATION LIST

Patent Literature

[0008] Patent Literature 1: Japanese Unexamined Patent
Publication No. 2011-213878
[0009] Patent Literature 2: Japanese Unexamined Patent
Publication No. 2012-241157
[0010] Patent Literature 3: Japanese Unexamined Patent
Publication No. 2012-216621
[0011] Patent Literature 4: Japanese Unexamined Patent
Publication No. 2012-216622

SUMMARY OF INVENTION

Technical Problem

[0012] It is considered that either method is excellent as a
method to directly confirm an ability of an object to be
evaluated to preferentially getter heavy metal or an ability of
an object to be evaluated to suppress passage of heavy metal.
However, either method uses a fluoric acid, which is
extremely hazardous, on quantifying the heavy metal in a
silicon wafer, and also requires an environment of high
cleanliness. Furthermore, because tasks leading to the evalu-
ation are complex, the methods are effective as a temporary
evaluation method but are not suitable as a steady evaluation
method for product test on product shipping and the like, for
example.

[0013] Additionally, in the above Patent Literature 2,
evaluation is made based on the amount of heavy metal ions
adsorbed on a film which becomes an object to be evaluated.
However, in this case, the evaluation is easy as an evaluation
method, but is not suitable, for example, as an evaluation
method for permeability of heavy metal ions in a contami-
nated substrate, additionally, influences of a migration phe-
nomenon of a heavy metal complex produced by complex
formation in a film, for example, are not taken into account.
[0014] The present invention has been made in the view of
such a problem, and it is an object of the present invention
to provide a permeability evaluation method that can easily
and quickly evaluate the permeability of heavy metal ions
through a specimen containing an insulating material used in
semiconductor production.

Solution to Problem

[0015] The present inventors, as a result of intensive
studies, have found that the above problem may be solved by
a specific evaluation method of] in a state in which a first
liquid containing heavy metal ions and a second liquid
containing water and an organic solvent are separated by a
specimen, applying a voltage between a positive electrode
provided on the side of the first liquid and a negative
electrode provided on the side of the second liquid, as a
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permeability evaluation method of evaluating the perme-
ability of heavy metal ions through a specimen containing an
insulating material used in semiconductor production.
[0016] A permeability evaluation method of a first
embodiment of the present invention is a permeability
evaluation method for evaluating the permeability of heavy
metal ions through a specimen, wherein the method com-
prises a step of, in a state in which a first liquid containing
heavy metal ions and a second liquid containing water and
an organic solvent are separated by a specimen, applying a
voltage between a positive electrode provided on the side of
the first liquid and a negative electrode provided on the side
of the second liquid and measuring the value of the current
flowing between the positive electrode and the negative
electrode, the specimen contains an insulating material used
in semiconductor production, and the copper ion concentra-
tion of the first liquid is 0.5 mg/kg (=ppm) or more.
[0017] A permeability evaluation method of a second
embodiment of the present invention is a permeability
evaluation method for evaluating the permeability of heavy
metal ions through a specimen, wherein the method com-
prises a step of, in a state in which a first liquid containing
heavy metal ions and a second liquid containing water and
an organic solvent are separated by a specimen, after a
voltage is applied between a positive electrode provided on
the side of the first liquid and a negative electrode provided
on the side of the second liquid, measuring the heavy metal
ion concentration of the second liquid, the specimen con-
tains an insulating material used in semiconductor produc-
tion, and the copper ion concentration of the first liquid is 0.5
mg/kg (=ppm) or more.

[0018] According to the permeability evaluation method
of the present invention, it is possible to easily and quickly
evaluate the permeability of heavy metal ions through a
specimen containing an insulating material used in semi-
conductor production. According to the permeability evalu-
ation method of the present invention, it is possible to easily
evaluate the permeability of heavy metal ions in a short
period without using a special apparatus. Additionally, the
permeability evaluation method of the present invention is
applicable to steady evaluations for product test and the like.
Furthermore, according to the permeability evaluation
method of the present invention, the getterability of heavy
metal ions and permeability of heavy metal ions can be
simultaneously evaluated.

[0019] The second liquid preferably contains N-methyl-
2-pyrrolidone as the organic solvent. The content of
N-methyl-2-pyrrolidone of the second liquid is preferably
20% by mass or more and 60% by mass or less.

[0020] The electrical conductivity of the second liquid is
preferably 1 uS or more at 23° C.

[0021] The first liquid may contain copper ions as the
heavy metal ions. The copper ion concentration of the first
liquid is preferably 50000 mg/kg or less.

[0022] The insulating material used in the semiconductor
production may be adhesive tape for semiconductors.

Advantageous Effects of Invention

[0023] According to the present invention, it is possible to
provide a permeability evaluation method that can easily and
quickly evaluate the permeability of heavy metal ions
through a specimen containing an insulating material used in
semiconductor production. According to the permeability
evaluation method of the present invention, it is possible to
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easily evaluate the permeability of heavy metal ions in a
short period without using a special apparatus. Additionally,
the permeability evaluation method of the present invention
is applicable to steady evaluations for product test and the
like. Furthermore, according to the permeability evaluation
method of the present invention, the getterability of heavy
metal ions and permeability of heavy metal ions can be
simultaneously evaluated.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1is a schematic view showing one example of
a cell used for evaluation of the permeability of heavy metal
ions.

[0025] FIG. 2 is a schematic view showing one example of
a measuring apparatus used for evaluation of the permeabil-
ity of heavy metal ions.

[0026] FIG. 3 is a schematic view showing one example of
a measuring apparatus used for evaluation of the permeabil-
ity of heavy metal ions.

[0027] FIG. 4 is a view showing the measurement results
of the current value of Example 1.

[0028] FIG. 5 is a view showing the measurement results
of the copper ion concentration of Example 5.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, embodiments to implement the present
invention will be described in detail with referring to the
drawings as required. However, the present invention is not
limited to the following embodiments.

[0030] The permeability evaluation method of the present
embodiment (in some cases, simply referred to as the
“evaluation method” hereinbelow) is a permeability evalu-
ation method that evaluates the permeability of heavy metal
ions through a specimen containing an insulating material
used in semiconductor production (insulating material for
semiconductors). The evaluation method of the present
embodiment, in a state in which liquid A (first liquid) and
liquid B (second liquid) are separated by a specimen, applies
a voltage between a positive electrode provided on the side
of'the liquid A and a negative electrode provided on the side
of the liquid B. The liquid A contains heavy metal ions. The
liquid B contains water and an organic solvent. The heavy
metal ion concentration of the liquid A is 0.5 mg/kg or more.
The evaluation method of the present embodiment com-
prises (I) a step of, in a state in which liquid A and liquid B
are separated by a specimen, applying a voltage between a
positive electrode provided on the side of the liquid A and a
negative electrode provided on the side of the liquid B and
measuring the value of the current flowing between the
positive electrode and the negative electrode, or (I) a step
of, in a state in which liquid A and liquid B are separated by
a specimen, after applying a voltage between a positive
electrode provided on the side of the liquid A and a negative
electrode provided on the side of the liquid B, measuring the
heavy metal ion concentration of the liquid B. In the step (1),
the permeability of the heavy metal ions through the speci-
men is evaluated based on the value of the current flowing
between the positive electrode and the negative electrode. In
the step (II), the permeability of the heavy metal ions
through the specimen is evaluated based on the heavy metal
ion concentration of the liquid B.

[0031] The specimen is not particularly limited as long as
it contains an insulating material and has an insulation
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property. Examples of the shape of the specimen include
films and sheets. Insulating materials which are liquid at
ordinary temperature (23° C.) can be used as long as the
insulating materials are materials cured and solidified by
heat, light beams, electron beams or the like. Examples of
the insulating material used in semiconductor production
include adhesive films and adhesive pastes used for adhesion
between a chip and a chip or between a chip and a substrate;
Non-Conductive Films and Non-Conductive Pastes used for
flip chip connection; underfill materials; solder resists used
in materials for protecting substrate surface; and buffer
coating materials used for protecting chip circuit surface.
Among these, in the ease where adhesive tape for semicon-
ductors (adhesive films for semiconductors) such as adhe-
sive films used for adhesion between a chip and a chip or
between a chip and a substrate, it is possible to evaluate the
permeability more suitably. The insulating material used in
semiconductor production contains at least one selected
from, for example, resins (epoxy resin, phenol resin, vinyl
resin, acrylic resin, phenoxy resin, polyamide resin, poly-
imide resin, polyamide-imide resin, silicone resin and the
like), inorganic fillers (silica filler, alumina filler, titanium
oxide filler, carbon filler and the like), silane coupling
materials, curing accelerators, acrylic monomers, meth-
acrylic monomers, and vinyl compounds.

[0032] In the evaluation method of the present embodi-
ment, for example, two cells separated via a specimen are
employed. The material, size and the like of the cells are not
limited. Examples of the material of the cells include various
glasses, various metals, and various resins. Among these,
cells for which various glasses or various resins are
employed are preferred because there is no influence of
metal impurities contained in the material itself. Glass is
preferred because it is stiffer than resins and thus, the cell is
difficult to deform, and because it is transparent and thus, the
state of the electrodes and the state of each liquid are easy
to observe during measurement. Here, the volume (the
amount of liquid that can be contained) of a cell (for
example, a transmission cell such as a glass cell) is not
particularly limited, but 10 ml or more and 1000 ml or less
is preferred considering the ease of producing the cell and
the labor of waste fluid after measurement.

[0033] The measuring apparatus comprises two cells sepa-
rated via a specimen, which is an object to be measured. The
shape of each cell is not particularly limited as long as the
shape is such that the liquid A with which one cell is filled
and the object to be measured are in direct contact with each
other as well as the liquid B with which the other cell is filled
and the object to be measured are in direct contact with each
other and such that the liquid A and the liquid B are not
intermixed with each other. The cell containing the liquid A
and the cell containing the liquid B may be the same or
different.

[0034] FIG.1is a schematic view showing one example of
a cell used for evaluation of the permeability of heavy metal
ions. As shown in FIG. 1, a cell 10 has a cell body 12, an
opening portion (sampling opening, electrode inlet) 14, and
a flange portion (specimen contact portion, specimen mount-
ing portion) 16. The cell body 12 has an interior space that
can hold liquid. The opening portion 14 is tubular and placed
on the top of the cell body 12. The interior space of the cell
body 12 communicates with the outside via the opening
portion 14. The flange portion 16 is tubular (for example,
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toric) and placed at the side of the cell body 12. The interior
space of cell body 12 communicates with the outside via the
flange portion 16.

[0035] FIG. 2 is a schematic view showing a measuring
apparatus used for evaluation of the permeability based on
a current value, as one example of a measuring apparatus
used for evaluation of the permeability of heavy metal ions.
FIG. 2 (a) is a view showing the entire measuring apparatus.
FIG. 2 (b) is an enlarged view showing the connecting
portion C of the cells. FIG. 2 (¢) is a schematic sectional
view along the line Ilc-Ilc of FIG. 2 (). The measuring
apparatus 100 comprises a first cell 10q, a second cell 105,
a direct-current power supply 20 and an ammeter 30, as
shown in FIG. 2 (a).

[0036] The cells 10a and 105, which have a similar
structure as the cell 10 in FIG. 1, are transmission cells, for
example. The cell 10a has a cell body 124, an opening
portion 14a and a flange portion 16a. The cell 105 has a cell
body 125, an opening portion 145 and a flange portion 165.
In the interior space of the cell body 12a, liquid A is
contained. In the interior space of the cell body 125, liquid
B is contained.

[0037] As shown in FIG. 2 (b), the flange portion 16a of
the cell 10a and the flange portion 165 of the cell 105 are
connected to each other via a first packing 50q, a specimen
40 and a second packing 505. For example, the specimen 40,
which is circular, has a first main surface 40a, and a second
main surface 405 opposite to the main surface 40a.

[0038] The packing 50aq is annular (for example, toric) and
in contact with the flange portion 16a. The packing 505 is
annular (for example, toric) and in contact with the flange
portion 165. The specimen 40 is placed between the packing
50a and the packing 50b. The main surface 40a of the
specimen 40 is in contact with the packing 50a. The main
surface 405 of the specimen 40 is in contact with the packing
505.

[0039] As shown in FIG. 2 (¢), the flange portions 16a and
165, the specimen 40, the packings 50a and 505 are arranged
such that the central axes of these members are aligned. For
example, in the case where the capacity of each cell is S0 ml,
the diameter of the cell bottom is 4.5 cm and the height of
the cell is 4.5 cm, the inner diameter D of the packings 50a
and 505 is from 0.5 to 2.0 cm. The inner diameter of the
flange portions 16a and 165 is, for example, from 0.5 to 2.5
cm. The outer diameter of the packings 50a and 505 is for
example, from the inner diameter D+0.2 cm to the inner
diameter D+1.0 cm. The diameter of the specimen 40 is, for
example, from the inner diameter D+0.2 cm to the inner
diameter D+2.0 cm. The thickness of the specimen 40 is, for
example, from 0.0005 to 0.02 cm (from 5 to 200 pum).

[0040] The liquid A contained in the cell 10q is in contact
with the main surface 40a of the specimen 40 at the flange
portion 16a. The liquid B contained in the cell 105 is in
contact with the main surface 405 of the specimen 40 at the
flange portion 166. The liquid A and the liquid B are
separated via the specimen 40.

[0041] Into the interior space of the cell 10a, a positive
electrode 60a is inserted through the opening portion 14a.
The lower end side (one end side) of the positive electrode
604 is in contact with the liquid A by being immersed in the
liquid A in the interior space of the cell 10a. The upper end
side (the other end side) of the positive electrode 60a is
located outside the opening portion 14a. A clip 62a is
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attached to the upper end of the positive electrode 60a. The
clip 62a has electrical conductivity.

[0042] Into the interior space of the cell 105, a negative
electrode 6054 is inserted through the opening portion 145.
The lower end side (one end side) of the negative electrode
605 is in contact with the liquid B by being immersed in the
liquid B in the interior space of the cell 105. The upper end
side (the other end side) of the negative electrode 605 is
located outside the opening portion 1456. A clip 624 is
attached to the upper end of the negative electrode 605. The
clip 625 has electrical conductivity.

[0043] The positive electrode side of the direct-current
power supply 20 is connected to the clip 62a via electric
wiring 70a. The negative electrode side of the direct-current
power supply 20 is connected to the ammeter 30 via electric
wiring 70b. The direct-current power supply 20 and the
ammeter 30 are serially connected. The ammeter 30 is
connected to the clip 626 via electric wiring 70c.

[0044] FIG. 3 is a schematic view showing a measuring
apparatus used for evaluation of the permeability based on
a heavy metal ion concentration, as one example of a
measuring apparatus used for evaluation of the permeability
of heavy metal ions. FIG. 3 (a) is a view showing the entire
measuring apparatus. FIG. 3 (b) is an enlarged view showing
the connecting portion C of the cells. It is a schematic
sectional view along the line Ilc-Illc of FIG. 3 (). A
measuring apparatus 200 has a similar structure of the
measuring apparatus 100 except that the measuring appara-
tus 200 does not comprise the ammeter 30 and that the
direct-current power supply 20 and the clip 625 are in direct
contact with each other via electric wiring 70d.

[0045] The liquid A is preferably a solution obtained by
mixing a heavy metal salt comprising heavy metal ions
(ionic compound) and a solvent and dissolving the heavy
metal salt in the solvent. When the liquid A containing the
heavy metal ions (cations) is contained in the cell on the
positive electrode side, the heavy metal ions contained in the
liquid A pass through the specimen, which is an object to be
measured, to thereby migrate to the cell on the negative
electrode side by applying a voltage between the positive
electrode and the negative electrode. Thereby, it is possible
to measure the permeability of the heavy metal ions through
the specimen.

[0046] Examples of the heavy metal ions contained in the
liquid A include, but are not particularly limited to, iron ions,
lead ions, gold ions, platinum ions, silver ions, copper ions,
chromium ions, cadmium ions, mercury ions, Zinc ions,
arsenic ions, manganese ions, cobalt ions, nickel ions,
molybdenum ions, tungsten ions, tin ions, and bismuth ions.
Among these, particularly, copper ions are preferred from
the viewpoint of higher permeability of an insulating mate-
rial used in semiconductor production. Examples of the
heavy metal salt include chloride salts, sulfate salts, acetate
salts, iodide salts, and nitrate salts. The heavy metal salt is
more preferably easy to dissolve in a solvent (for example,
water) (for example, the solubility in water of 23° C. is 0.5
mg/kg or more). Examples of such a soluble copper metal
salt include copper(I) chloride, copper(1l) chloride, copper
(D sulfate, copper(ll) sulfate, copper(l) acetate, copper(Il)
acetate, copper(l) iodide, and copper(Il) nitrate.

[0047] The liquid A is preferably an aqueous solution.
Being an aqueous solution makes it possible to use various
heavy metal salts as well as makes it possible to adjust the
aqueous solution to various concentrations. As the solvent
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for the liquid A, it is possible to use water, a protonic polar
solvent, a non-protonic polar solvent, or a mixture of these
as long as the specimen to be used for measurement is not
dissolved in the solvent.

[0048] The heavy metal ion concentration (for example,
copper ion concentration) of the liquid A is 0.5 mg/kg or
more. Thereby, a sufficient amount of the heavy metal ions
(for example, copper ions) is present, and thus, it is possible
to evaluate the permeability of the heavy metal ions through
the specimen. The heavy metal ion concentration (for
example, copper ion concentration) of the liquid A is pref-
erably the following concentration, from the viewpoint of
passage of the heavy metal ions (for example, copper ions)
through the specimen being easily detected by change in the
current value and quantitative analysis of the heavy metal
ions. The heavy metal ion concentration is preferably 5
mg/kg or more, from the viewpoint of the permeability of
the heavy metal ions being easy to evaluate because a
sufficient amount of the heavy metal ions (for example,
copper ions) is present. The heavy metal ion concentration
is preferably 50000 mg/kg or less, and more preferably 5000
mg/kg or less, from the viewpoint that precipitation of a part
of the heavy metal during measurement is suppressed and
from the viewpoint that excess increase in the amount
permeated is suppressed and the significant difference of the
permeability is easy to determine. The heavy metal ion
concentration of the liquid A is the concentration before a
voltage is applied between the positive electrode and the
negative electrode, for example. In the case where a heavy
metal salt (for example, copper metal salt) is used, the heavy
metal ion concentration (for example, copper ion concen-
tration) is preferably adjusted within the above range in
terms of the heavy metal (for example, in terms of element

copper).

[0049] The liquid B preferably do not contain heavy metal
ions (for example, heavy metal salt). An organic solvent
contained in the liquid B is preferably an organic solvent
which is excellent in miscibility with water (for example, is
completely mixed with water). It is possible to measure the
permeability of the heavy metal ions further quickly by
using a mixed solution of water and an organic solvent
which is excellent in miscibility with water (for example, is
completely mixed with water). Examples of the organic
solvent excellent in miscibility with water include methanol,
ethanol, 1-propanol, 2-propanol, tetrahydrofuran, N,N-dim-
ethylformamide, and N-methyl-2-pyrrolidone. Among
these, N-methyl-2-pyrrolidone is preferred from the view-
point that the boiling point is high and the flammability of
a mixed solution is low. As the liquid B, it is possible to use
water, a protonic polar solvent, a non-protonic polar solvent,
or a mixture of these as long as the specimen to be used for
measurement is not dissolved in the solvent.

[0050] The content (mixing proportion) of the organic
solvent (for example, N-methyl-2-pyrrolidone) is preferably
20% by mass or more, and more preferably 40% by mass or
more, based on the total amount of the liquid B, from the
viewpoint of the time required for the heavy metal ions to
pass being shortened. The content of the organic solvent (for
example, N-methyl-2-pyrrolidone) is preferably 80% by
mass or less, and more preferably 60% by mass or less,
based on the total amount of the liquid B, from the viewpoint
that an extremely rapid permeation rate is suppressed and
the significant difference of the permeability is easy to
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determine and from the viewpoint that dissolution of the
specimen is easy to suppress.

[0051] The electrical conductivity of the liquid B is pref-
erably 1 uS or more, and more preferably 200 uS or more at
23° C. When the liquid B has a slight electrical conductivity
as described above, the time required for passage of the
heavy metal ions is shortened, and thus it is possible to make
an evaluation further quickly. The upper limit of the elec-
trical conductivity of the liquid B is not particularly limited.
It is possible to measure the electrical conductivity of the
liquid B by using, for example, an SD Data Logger Multi
Water Quality Meter CD-4307SD manufactured by MOTH-
ERTOOL CO., LTD.

[0052] An example of a method to adjust the electrical
conductivity of the liquid B to 1 uS or more include addition
of'a small amount of a compound which is ionized in water.
Examples of such a compound include light metal salts,
inorganic salts (for example, sodium sulfate), acids and
alkalis. Among these, light metal salts and inorganic salts
(for example, sodium sulfate) are preferred from the view-
point of the occurrence of the chemical change in the
specimen being easy to suppress.

[0053] Electrodes (positive electrode and negative elec-
trode) to be inserted into each cell will be described. The
materials for the electrodes can be electrical conductors, and
it is possible to use various materials, not limited to mate-
rials commercially available as electrodes. Furthermore, the
electrodes may not be commercially available electrodes, as
the electrodes, for example, a metal plate processed into an
optional shape may be used, and leads of pencils, mechani-
cal pencils and the like may be used without any change.
Examples of the electrode include metal electrodes such as
platinum, gold and palladium; and carbon electrodes (elec-
trodes of carbon material). Among these, carbon electrodes
are preferred from the viewpoint of being inexpensive.
[0054] Subsequently, the direct-current power supply will
be described. As a direct-current power supply used for
voltage application, there is no particular limitation, and it is
possible to use a commercially available device. A voltage
which can be output in the direct-current power supply is
preferably 1 V or more, from the viewpoint that the time
required for passage of the heavy metal ions is shortened and
it is possible to make an evaluation further quickly.

[0055] The voltage to be applied between the positive
electrode and the negative electrode on measurement differs
depending on types of the specimen, the heavy metal ions,
the liquid A and the liquid B, for example, in the case where
a specimen (for example, adhesive tape for semiconductors)
having the thickness of 20 um is used, a copper sulfate
aqueous solution is used as the liquid A, and a solution of
water:N-methyl-2-pyrrolidone:sodium sulfate having the
mass ratio of 50:50:0.05 is used as the liquid B, it is possible
to make a measurement further quickly by applying about 6
to 24 V on the electrodes.

[0056] In the evaluation method of the present embodi-
ment, a voltage is applied between the positive electrode and
the negative electrode, and a permeation phenomenon of the
heavy metal ions through the specimen is detected to thereby
evaluate the permeability of the heavy metal ions through
the specimen. As the method for detecting a permeation
phenomenon of the heavy metal ions through the specimen,
for example, it is possible to use a method in which, after a
voltage is applied between the positive electrode and the
negative electrode, the value of the current flowing between
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the positive electrode and the negative electrode is mea-
sured; and a method in which, after a voltage is applied
between the positive electrode and the negative electrode,
the heavy metal ion concentration of the liquid B is quan-
tified.

[0057] In the method in which the value of the current
flowing between the positive electrode and the negative
electrode is measured, a voltage is applied between the
positive electrode and the negative electrode, and the heavy
metal ions transfers from the liquid A to the liquid B by
permeating the specimen, and therefore, a slight current
begins to flow between the liquid A and the liquid B
separated by the specimen to thereby gradually increase the
current value. The difference in the permeability can be
evaluated by confirming the change in the current value (for
example, the time required to reach the predetermined
current value, the current value after the predetermined
time). For example, it is possible to evaluate the permeabil-
ity by obtaining both the time required to reach the prede-
termined current value in the case where the specimen which
is an object to be measured is used and the time required to
reach the predetermined current value in the case where
specimen which is an object to be compared is used and by
comparing the times required to each other. For example, it
is possible to determine that the permeability is higher when
the time required to reach the predetermined current value is
shorter.

[0058] In the case of using the method for measuring the
current value, the type of the ammeter used is not particu-
larly limited, but, for example, it is possible to reproducibly
evaluate the permeability of the heavy metal ions by using
an ammeter of which the lower detection limit is 1 pA or
more.

[0059] In the method for quantifying the heavy metal ion
concentration of the liquid B, a voltage is applied between
the positive electrode and the negative electrode, and there-
fore, the heavy metal ions transfers from the liquid A to the
liquid B by permeating the specimen to thereby gradually
increase the heavy metal ion concentration of the liquid B.
The difference in the permeability can be evaluated by
confirming the change in the heavy metal ion concentration
(for example, the time required to reach the predetermined
heavy metal ion concentration and the heavy metal ion
concentration after the predetermined time). For example, it
is possible to evaluate the permeability by obtaining both the
time required to reach the predetermined heavy metal ion
concentration in the case where the specimen which is an
object to be measured is used and the time required to reach
the predetermined heavy metal ion concentration in the case
where specimen which is an object to be compared is used
and by comparing the times required to each other. For
example, it is possible to determine that the permeability is
higher when the time required to reach the predetermined
heavy metal ion concentration is shorter.

[0060] As the method for quantifying the heavy metal ion
concentration of the liquid B, which is not particularly
limited, for example, colorimetric analysis using the ion
chromatograph method or the bathocuproine method or the
like are used as a simple method.

[0061] The permeability evaluation method of the present
embodiment may be used in a method for producing a
semiconductor. For example, the method for producing a
semiconductor of the present embodiment comprises a step
of producing a semiconductor by using an insulating mate-
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rial used in semiconductor production, and a step of evalu-
ating the permeability of the heavy metal ions through the
specimen containing an insulating material used in semi-
conductor production by the permeability evaluation method
of the present embodiment.

EXAMPLES

[0062] Hereinbelow, the present invention will be
described more specifically with reference to Examples, but
the present invention is not limited to these Examples.
Chemicals used were all reagents, unless otherwise
described.

[0063] [Preparation of Adhesion Film A for Die Adhesion]

[0064] After adding cyclohexanone to a composition con-
sisting of 55 parts by mass of YDCN-703 (manufactured by
Tohto Kasei Co., Ltd., product name, cresol novolak type
epoxy resin, epoxy equivalent weight 210, molecular weight
1200, softening point 80° C.) as an epoxy resin, 45 parts by
mass of MILEX XLC-LL (manufactured by Mitsui Chemi-
cals, Inc., product name, phenol resin, hydroxyl group
equivalent weight 175, water absorption coefficient 1.8%,
heating mass reduction ratio at 350° C. 4%) as a phenol
resin, 1.7 parts by mass of NUCA-189 (manufactured by
Nippon Unicar Company Limited, product name, y-mercap-
topropyl trimethoxysilane) 3.2 parts by mass of NUCA-1160
(manufactured by Nippon Unicar Company Limited, prod-
uct name, y-ureidopropy! triethoxysilane) as silane coupling
agents, and 32 parts by mass of AEROSIL R972 (a filler
having organic groups such as methyl groups on the surface,
which is obtained by covering silica surface with dimethyl-
dichlorosilane followed by hydrolysis in a reactor at 400° C.;
manufactured by NIPPON AEROSIL CO., LTD., product
name, silica, average particle size 0.016 pum) as a filler,
stirring and mixing were conducted, and then, kneading was
conducted using a beads mill for 90 minutes.

[0065] Subsequently, after adding 280 parts by mass of
acrylic rubber HTR-860P-3 containing 3% by mass of
glycidyl methacrylate (manufactured by Nagase ChemteX
Corporation, product name, weight average molecular
weight 800000) and 0.5 parts by mass of curing accelerator
CUREZOL 2PZ-CN (manufactured by Shikoku Chemicals
Corporation, product name, 1-cyanoethyl-2-phenylimida-
zole), stirring and mixing were conducted. Additionally,
vacuum degassing was conducted to thereby provide var-
nish.

[0066] After the varnish was applied onto a mold-releas-
ing treated polyethylene terephthalate film having the thick-
ness of 35 pum, heat-drying was conducted at 140° C. for five
minutes to thereby form a coating film having the film
thickness of 20 um in a B-stage state, thereby, a die bonding
film comprising a carrier film (adhesion film A for die
adhesion, referred to as “adhesion film A” hereinafter) was
prepared.

[0067] [Preparation of Adhesion Film B for Die Adhesion]

[0068] After adding 15 parts by mass of YDCN-703
(manufactured by Tohto Kasei Co., Ltd., product name,
cresol novolak type epoxy resin, epoxy equivalent weight
210, molecular weight 1200, softening point 80° C.) as an
epoxy resin, 12 parts by mass of MILEX XIL.C-LL (manu-
factured by Mitsui Chemicals, Inc., product name, phenol
resin, hydroxyl group equivalent weight 175, water absorp-
tion coefficient 1.8%, heating mass reduction ratio at 350° C.
4%) as a phenol resin, and 200 parts by mass of spherical
silica (manufactured by Admatechs Company Limited,
product name: SO-25R, average particle size 0.5 um) as a
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filler, and cyclohexanone, stirring and mixing were con-
ducted, and then, kneading was conducted using a beads mill
for 90 minutes.

[0069] Subsequently, after adding 200 parts by mass of
acrylic rubber HTR-860P-3 containing 3% by mass of
glycidyl methacrylate (manufactured by Nagase ChemteX
Corporation, product name, weight average molecular
weight 800000) and 0.2 parts by mass of curing accelerator
CUREZOL 2PZ-CN (manufactured by Shikoku Chemicals
Corporation, product name, 1-cyanoethyl-2-phenylimida-
zole), stirring and mixing were conducted. Additionally,
vacuum degassing was conducted to thereby provide var-
nish.

[0070] After the varnish was applied onto a mold-releas-
ing treated polyethylene terephthalate film having the thick-
ness of 35 pum, heat-drying was conducted at 140° C. for five
minutes to thereby form a coating film having the film
thickness of 20 um in a B-stage state, thereby, a die bonding
film comprising a carrier film (adhesion film B for die
adhesion, referred to as “adhesion film B” hereinafter) was
prepared.

[0071] [Evaluation of Copper Contamination on Silicone
Surface in Die with Adhesion Film]

[0072] A polyacrylic acid aqueous solution (Nv=25%,
viscosity 8000 to 12000 mPa-s), a copper sulfate aqueous
solution (500 mg/kg in terms of element copper) and dis-
tilled water were mixed as appropriate to thereby prepare a
copper ion containing polyacrylic acid aqueous solution
having Nv=1% and copper ion content of 5000 mg/kg
(based on the solid content). This aqueous solution was cast
onto a cover glass. Then, drying was conducted on a hot
plate at 100° C. for 10 minutes followed by drying at 175°
C. for 10 minutes to thereby prepare a glass substrate
contaminated with copper ions.

[0073] A silicon wafer, having the thickness of 30 pum, of
which the back surface was dry polished was diced into a
size of 10 mmx10 mm to prepare silicone dies. Subse-
quently, the adhesion films A and B prepared above were cut
into 10 mmx10 mm together with the carrier film. Then, the
carrier film was peeled off, and the adhesion films A and B
were each laminated onto the back surface side of the
silicone dies at 80° C. to obtain silicone dies.

[0074] Subsequently, the silicone die onto which the adhe-
sion film was laminated was die-attached onto the glass
substrate contaminated with copper ions at 150° C. and 40
N for five seconds to prepare a sample 1.

[0075] The silicone die sample with a glass substrate-
adhesion film (sample 1) was cured at 150° C. for an hour,
then, at 175° C. for three hours, and furthermore, at 265° C.
for an hour as the simple reflow conditions, to thereby
prepare a sample 2.

[0076] After curing was completed, a cotton swab impreg-
nated with N-methyl-2-pyrrolidone was used to lightly wipe
the silicon wafer surface. Subsequently, a cotton swab
impregnated with acetone was used to further conduct
cleaning, and then, air drying was conducted at room
temperature.

[0077] The silicone side surface of sample 1 and sample 2
were measured at five points by using time-of-flight sec-
ondary ion mass spectrometry (primary ion: Au, a neutral-
izing gun was used in combination, measurement region:
400 um square). From the intensity of the copper ions in the
positive ion mass spectrum and the intensity of the silicone
portion on the substrate surface, the intensity ratio of the
copper present on the silicone surface (Cu/Si intensity ratio,
the average of five points) was determined. Additionally, as
the rate of change in the intensity ratio, the rate of change of
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the intensity ratio of the sample 2 with respect to the
intensity ratio of the sample 1 (intensity ratio of sample
2/intensity ratio of sample 1, rate of change in Cu/Si
intensity) was determined. The results are shown in Table 1
below.

TABLE 1

Adhesion film for

die adhesion Adhesion film A Adhesion film B

Process Sample 1 Sample 2 Sample 1 Sample 2
(Immediately  (After  (Immediately  (After
after die simple after die simple
attach) reflow) attach) reflow)

CwSi intensity ratio  1.25E-04  9.54E-04  3.07E-04  1.12E-02

Rate of change in 7.6 36.5
Cu/Si intensity

[0078] From the results, it can be seen that the adhesion
film B tends to permeate the copper ions present on the
substrate surface than the adhesion film A. Subsequently,
based on these results, the permeability of heavy metal ions
through the specimen was evaluated.

[0079] <Experiment A: Evaluation Based on Current
Value>
Example 1
[0080] [Preparation of Liquid A]
[0081] A copper sulfate aqueous solution was prepared

such that its copper ion concentration was adjusted to reach
a concentration of 500 mg/kg in terms of element Cu by
dissolving 2.0 g of anhydrous copper(Il) sulfate in 1020 g of
distilled water and sufficiently stirring until the copper
sulfate was completely dissolved. This aqueous solution was
used as liquid A.

[0082] [Preparation of Liquid B]

[0083] 1.0 gofanhydrous sodium sulfate was dissolved to
1000 g of distilled water and stirring was sufficiently con-
ducted until the sodium sulfate was completely dissolved. To
this, 1000 g of N-methyl-2-pyrrolidone (NW) was added
and agitation was sufficiently conducted. Thereafter, air
cooling was conducted so as to reach room temperature to
thereby obtain a solution. This solution was used as liquid B.
[0084] The electrical conductivity of the liquid B (23° C.)
was measured using an SD Data Logger Multi Water Quality
Meter CD-4307SD manufactured by MOTHERTOOL CO.,
LTD. and it was 210 pS.

[0085] [Permeation Experiment]From the adhesion film A
(thickness 20 um) prepared above, a circle having the
diameter of about 3 cm was cut out. Subsequently, two
silicone packing sheets having the thickness of 1.5 mm, the
outer diameter of about 3 cm and the inner diameter of 1.8
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cm were prepared. The adhesion film A was sandwiched
with the two silicone packing sheets. The adhesion film A
sandwiched with the silicone packing sheets was sand-
wiched with the flange portions of two glass cells (cells
having the structure in FIG. 1) having the capacity of 50 ml
and fixed with a rubber band.

[0086] Subsequently, after 50 g of the liquid A was
injected into one of the glass cells, 50 g of the liquid B was
injected into the other glass cell. Mars Carbon manufactured
by STAEDTLER (¢2 mm/130 mm) as a carbon electrode
was inserted into each cell. The liquid A side was used as the
positive electrode, and the liquid B side was used as the
negative electrode, and the positive electrode was connected
with a direct-current power supply (manufactured by A&D
Company, Limited, a direct-current power supply apparatus
AD-9723D). Additionally, the negative electrode and the
direct-current power supply were connected in series via an
ammeter (manufactured by SANWA ELECTRIC INSTRU-
MENT CO., LTD., Degital multimeter PC-720M). A voltage
was applied at an applied voltage of 24.0 V, and measure-
ment of the current value was started after application. This
state was left at room temperature for 48 hours (2880
minutes).

[0087] After 48 hours (2880 minutes), the variation in the
current value recorded in the ammeter was read, and the
point at which the current value reached 10 pA was deter-
mined as the permeation time of the copper ions.

[0088] The permeation time of the copper ions through the
adhesion film B (thickness 20 pm) was determined by a
similar operation. Additionally, the permeation time ratio of
the permeation time of the adhesion film A with respect to
the permeation time of the adhesion film B (the permeation
time of the adhesion film A/the permeation time of the
adhesion film B) was calculated. The results are shown in
Table 2 below.

[0089] Also, the measurement results of the current value
of Example 1 are shown in FIG. 4. In FIG. 4, the solid line
Al is the measurement result of the adhesion film A and the
dotted line B1 is the measurement result of the adhesion film
B.

Examples 2 to 4 and Comparative Examples 1 and
3

[0090] The evaluation was made in the same manner as in
Example 1 except that the components of the liquid B were
replaced by the components shown in Tables 2 and 3 below.
The results are shown in Tables 2 and 3.

Comparative Example 2

[0091] The evaluation was made in the same manner as in
Example 1 except that no voltage was applied. The results
are shown in Table 3 below.

TABLE 2

Unit Example 1 Example 2 Example 3 Example 4

Liquid A Solvent — Water Water Water Water
Heavy metal species — Copper Copper Copper Copper
Heavy metal mg/kg 500 500 500 500
concentration
Liquid B Organic solvent species — NMP NMP NMP NMP
Water/organic solvent Mass 50/50 50/50 40/60 20/80
proportion ratio
Additive species — Sodium None Sodium Sodium
sulfate sulfate sulfate
Electrical conductivity us 210 8 210 210

Voltage applied \' 24.0 24.0 24.0 24.0
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TABLE 2-continued
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Unit Example 1 Example 2 Example 3 Example 4
Results Adhesion film A Minutes 202 450 142 960
Adhesion film B Minutes 89 190 56 390
Permeation time ratio of — 23 2.4 2.5 2.5
adhesion film A/B
Remark — — — — —
TABLE 3
Comparative Comparative Comparative
Unit Example 1 Example 2 Example 3
Liquid Solvent — Water Water Water
A Heavy metal species — Copper Copper Copper
Heavy metal mg/kg 500 500 500
concentration
Liquid Organic solvent species  — None NMP NMP
B Water/organic solvent — Mass 100/0 50/50 0/100
proportion ratio
Additive species — None Sodium sulfate Sodium sulfate
Electrical conductivity us 0.1 210 210
Voltage applied \' 24.0 0.0 24.0
Results Adhesion film A Minutes >2880 >2880 3
Adhesion film B Minutes >2880 >2880 2
Permeation time ratio of — — — 1.5

adhesion film A/B
Remark No increase in  No increase in

current value current value

Film dissolved
partly

[0092] As shown in the results of Examples, it is possible
to easily and quickly evaluate the permeability of the heavy
metal ions by using the permeability evaluation method of
Examples, without requiring evaluation after the package
was prepared. Meanwhile, in Comparative Example 1 where
an organic solvent was not used in the liquid B, and
Comparative Example 2 where no voltage was applied, it
was not possible to quickly evaluate the permeability. More-
over, in Comparative Example 3 where water was not used,
it was not possible to conduct measurement because the film,
which would be an object to be measured, was dissolved.
[0093] <Experiment B: Evaluation Based on Heavy Metal
Ion Concentration>

Example 5

[0094] The liquid A and the liquid B were prepared as in
Example 1.

[0095] From the adhesion film A (thickness 20 pm) pre-
pared above, a circle having the diameter of about 3 cm was
cut out. Subsequently, two silicone packing sheets having
the thickness of 1.5 mm, the outer diameter of about 3 cm
and the inner diameter of 1.8 cm were prepared. The
adhesion film A was sandwiched with the two silicone
packing sheets. The adhesion film A sandwiched with the
silicone packing sheets was sandwiched with the flange
portions of two glass cells (cells having the structure in FIG.
1) having the capacity of 50 ml and fixed with a rubber band.
[0096] Subsequently, after 50 g of the liquid A was
injected into one of the glass cells, 50 g of the liquid B was
injected into the other glass cell. Mars Carbon manufactured
by STAEDTLER (¢2 mm/130 mm) as a carbon electrode
was inserted into each cell. The liquid A side was used as the
positive electrode, and the liquid B side was used as the
negative electrode, and the positive electrode and the nega-
tive electrode were connected via a direct-current power
supply (manufactured by A&D Company, Limited, a direct-

current power supply apparatus AD-9723D). A voltage was
applied at an applied voltage of 24.0 V, and the copper ion
concentration was measured by sampling the liquid B after
application at regular intervals until 48 hours (2880 min-
utes).

[0097] The liquid B sampled was allowed to develop a
color by using
[0098] Pack Test WAK-Cu manufactured by KYORITSU

CHEMICAL-CHECK Lab., Corp., and this was quantified
by using Digital Pack Test DPM-Cu manufactured by KYO-
RITSU CHEMICAL-CHECK Lab., Corp. The point at
which the copper ion concentration of the liquid B sampled
was 0.15 mg/kg or more was taken as the permeation time
of the copper ions.

[0099] The permeation time of the copper ions through the
adhesion film B (thickness 20 pm) was determined by a
similar operation. Additionally, the permeation time ratio of
the permeation time of the adhesion film A with respect to
the permeation time of the adhesion film B (the permeation
time of the adhesion film A/the permeation time of the
adhesion film B) was calculated. The results are shown in
Table 4 below.

[0100] Also, the measurement results of the copper ion
concentration of Example 5 are shown in FIG. 5. In FIG. 5,
the solid line A2 is the measurement result of the adhesion
film A and the dotted line B2 is the measurement result of the
adhesion film B.

Examples 5 to 10 and Comparative Example 4

[0101] The evaluation was made in the same manner as in
Example 5 except that the components of the liquid B were
replaced by the components shown in Tables 4 and 5 below.
The results are shown in Tables 4 and 5.
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TABLE 4
Unit Example 5 Example 6 Example 7 Example 8
Liquid A Solvent — Water Water Water Water
Heavy metal species — Copper Copper Copper Copper
Heavy metal mg/kg 500 0.5 5 5000
concentration
Liquid B Organic solvent species = — NMP NMP NMP NMP
Water/organic solvent — Mass 50/50 50/50 50/50 50/50
proportion ratio
Additive species — Sodium sulfate Sodium sulfate Sodium sulfate Sodium sulfate
Electrical conductivity us 210 210 210 210
Voltage applied \' 24.0 24.0 24.0 24.0
Results Adhesion film A Minutes 180 420 180 180
Adhesion film B Minutes 60 180 20 20
Permeation time ratio — 3.0 23 2.0 2.0
of adhesion film A/B
Remark — — — — —
TABLE 5
Comparative
Unit Example 9 Example 10 Example 4
Liquid Solvent — Water Water Water
A Heavy metal species — Copper Copper Copper
Heavy metal concentration mg/kg 50000 67500 0.1
Liquid Organic solvent — NMP NMP NMP
B species
Water/organic solvent — Mass ratio 50/50 50/50 50/50
proportion
Additive species — Sodium sulfate Sodium sulfate Sodium sulfate
Electrical conductivity us 210 210 210
Voltage applied \' 24.0 24.0 24.0
Results Adhesion film A Minutes 180 120 >2880
Adhesion film B Minutes 20 60 >2880
Permeation time ratio — 2.0 2.0 —
of adhesion film A/B
Remark — — Salt No permeation
precipitated could be
in liquid A detected
[0102] As shown in the results of Examples, it is possible direct-current power supply, 30: ammeter, 40: specimen,

to easily and quickly evaluate the permeability of the heavy
metal ions by using the permeability evaluation method of
Examples, without requiring evaluation after the package
was prepared. In Example 10, it was confirmed that it was
possible to evaluate the permeability of the heavy metal ions
although copper salt was precipitated in the liquid A. In
contrast, in Comparative Example 4 where the copper ion
concentration was low, it was not possible to quickly evalu-
ate the permeability.

INDUSTRIAL APPLICABILITY

[0103] Because the permeability evaluation method of the
present invention can easily and quickly evaluate the per-
meability of heavy metal ions through the insulating mate-
rial used in semiconductor production (insulating material
for semiconductors), the method can be exploited for evalu-
ation of the gettering function of an insulating material for
semiconductors, evaluation of the barrier ability, and mate-
rial inspection method, for example. As a result, it is possible
to make the method useful in development of highly reliable
materials in ultra-thin PKG structures, quality control and
the like.

REFERENCE SIGNS LIST

[0104] 10, 10q, 105: cell, 12, 124, 125: cell body, 14, 144,
14b: opening portion, 16, 16a, 165: flange portion, 20:

40a, 405: main surface, 50a, 505: packing, 60a: positive
electrode, 6054: negative electrode, 62a, 625: clip, 70a, 705,
70c¢, 70d: electric wiring, 100, 200: measuring apparatus, C:
connecting portion, D: inner diameter.

1. A permeability evaluation method for evaluating per-
meability of heavy metal ions through a specimen, compris-
ing:

a step of, in a state in which a first liquid containing heavy
metal ions and a second liquid containing water and an
organic solvent are separated by a specimen, applying
a voltage between a positive electrode provided on a
side of the first liquid and a negative electrode provided
on a side of the second liquid and measuring a value of
a current flowing between the positive electrode and the
negative electrode,

wherein the specimen contains an insulating material used
in semiconductor production, and

a heavy metal ion concentration of the first liquid is 0.5
mg/kg or more.

2. A permeability evaluation method for evaluating per-
meability of heavy metal ions through a specimen, compris-
ing:

a step of, in a state in which a first liquid containing heavy
metal ions and a second liquid containing water and an
organic solvent are separated by a specimen, after a
voltage is applied between a positive electrode pro-
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vided on a side of the first liquid and a negative
electrode provided on a side of the second liquid,
measuring a heavy metal ion concentration of the
second liquid,

wherein the specimen contains an insulating material used

in semiconductor production, and

a heavy metal ion concentration of the first liquid is 0.5

mg/kg or more.

3. The evaluation method according to claim 1, wherein
the second liquid contains N-methyl-2-pyrrolidone as the
organic solvent.

4. The evaluation method according to claim 3, wherein
a content of N-methyl-2-pyrrolidone of the second liquid is
20% by mass or more and 80% by mass or less.

5. The evaluation method according to claim 1, weherein
an electrical conductivity of the second liquid is 1 uS or
more at 23° C.

6. The evaluation method according to claim 1, wherein
the first liquid contains copper ions as the heavy metal ions.

7. The evaluation method according to claim 6, wherein
a copper ion concentration of the first liquid is 50000 mg/kg
or less.

10
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8. The evaluation method according to claim 1, wherein
the insulating material used in semiconductor production is
adhesive tape for a semiconductor.

9. The evaluation method according to claim 2, wherein
the second liquid contains N-methyl-2-pyrrolidone as the
organic solvent.

10. The evaluation method according to claim 9, wherein
a content of N-methyl-2-pyrrolidone of the second liquid is
20% by mass or more and 80% by mass or less.

11. The evaluation method according to claim 2, wherein
an electrical conductivity of the second liquid is 1 uS or
more at 23° C.

12. The evaluation method according to claim 2, wherein
the first liquid contains copper ions as the heavy metal ions.

13. The evaluation method according to claim 12, wherein
a copper ion concentration of the first liquid is 50000 mg/kg
or less.

14. The evaluation method according to claim 2, wherein
the insulating material used in semiconductor production is
adhesive tape for a semiconductor.
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