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(57) Abstract: The present invention relates to a flexible metal-clad laminate for a printed circuit board and a method of manu-
& facturing the same. The flexible metal-clad laminate includes: a first polyimide layer that is disposed on one surface of the metal
-clad and has thermal expansion coefficient of 20ppm/K or less; and a second polyimide layer that is disposed on one surface of the
first polyimide layer and has thermal expansion coefficient of 20ppm/K or more, wherein a difference between the thermal expan-
sion coefficients of the first and second polyimide layers is within Sppm/K and a glass transition temperature T, of resin of the first
polyimide layer is 300°C < T, < 350°C, which is lower than a maximum curing temperature.
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[DESCRIPTION]

[Tnvention Title]

METAL-CLAD LAMINATE

[Technical Fieldl]

The present invention relates to a flexible metal-clad
laminate for a printed circuit board and a method of
manufacturing the same, and more particularly to, a flexible
metal-clad laminate, which is a laminate of polyimide-based
resin formed on a conductive metal layer by subjecting to
coating, drying, and curing processes and has excellent
dimensional stability without causing curl after and before an

etching process.

[Background Art]

A rigid printed circuit board (RPCB) used in the related
art, which is a laminate of epoxy or phenol-based resin and a
conductive metal layer of copper and the like, has a problem
in that it does not meet required characteristics of current
electronic devices, which are being manufactured as 1light,
slim, short, and small devices. A flexible printed circuit
board appearing as an alternative to the rigid printed circuit
board has been widely used for a mobile phone, a notebook, a

liquid crystal display (LCD) and the like due to easiness of
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lightweight and slimness and its own inherent flexibility.

A metal-clad laminate used to manufacture the flexible
printed circuit board is largely sorted into a three-layer
type and a two-layer type. The three-layer type is a form that
stacks an insulating film such as polyimide and the like and a
conductive metal layer by using an adhesive and the two-layer
type is a form where the metal layer is directly bonded on the
insulating film without using an adhesive.

However, since the existing three-layer type using the
adhesive has the adhesive layer, it has disadvantages in that
heat-resistance and flame retardance are degraded and the
dimension is greatly changed during an etching process and a
heat treatment process. Recently, a study on the metal-clad
laminate in the two-layer type that directly stacks the
insulating film and the metal layer has been actively
progressed.

Generally, the metal-clad laminate in the two-layer type
has a problem in that the curl, warp, twist and the 1like
easily occur after and before the etching process due to the
thermal expansion difference between the insulating film and
the metal layer. As a method for solving the above problem, US
Patent No. 4,847,353, etc., proposed a method of using low
thermal expansible polyimide having a specific structure;

however, this method cannot be a fundamental solution because
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adhesive strength is low as well as a conductor is excessively
curled inwardly during a process of forming a circuit by

etching the conductor.

[Disclosurel

[Technical Problem]

The present invention proposes to the above problems. It
is an object of the present invention to provide a two-layer
metal-clad laminate and a method of manufacturing having high
dimensional stability without causing curl, warp, twist and

the like after and before an etching process.

[Technical Solutionl]

Hereinafter, the present invention will be described in
detail.

The present invention relates to a flexible metal-clad
laminate of polyimide formed by coating each of two kinds of
polyimide precursor solutions on a conductive metal clad and
then performing a heat treatment process at least once, the
flexible metal-clad laminate including: a first polyimide
layer that is disposed on one surface of a conductive metal
clad and has thermal expansion coefficient of 20ppm/K or less;
and a second polyimide layer that is disposed on one surface

of the first polyimide layer and has thermal expansion
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coefficient of 20ppm/K or more, wherein a difference between
the thermal expansion coefficients of the first and second
polyimide layers is 5ppm/K or less.

Also, the present invention relates to the flexible
metal-clad laminate wherein a glass transition temperature Tq
of the first polyimide layer is 300°C < Tg < 350°C, which is
lower than a maximum curing temperature.

Further, another aspect of the present invention includes
a first polyimide layer that is disposed on one surface of a
conductive metal layer for a printed circuit board and has
thermal expansion coefficient of 15 to 20ppm/K; and a second
polyimide layer that is disposed on one surface of the first
polyimide layer and has thermal expansion coefficient of 20 to
25ppm/K, wherein a difference between the thermal expansion
coefficients of the first and second polyimide layers is
within 0.1 to 5ppm/K and a glass transition temperature T, of
resin of the first polyimide layer is 300°C < Ty £ 350°C, which
is lower than a maximum curing temperature.

Surprisingly, when the present invention includes the
first polyimide layer and the second polyimide layer under the
same conditions, it <can achieve the two-layer metal-clad
laminate having the dimensional stability without causing the
curl, warp, twist and the like after and before the etching

process that are indicated as the big problems of actual
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products up to now and the method of manufacturing the same.
Also, when polyimide having a high glass transition
temperature of 300°C < Ty < 350°C is used as the first
polyimide layer disposed between the second polyimide layer
and a copper clad, a defect phenomenon, such as blistering,
delaimination and the like that can easily be caused during
the drying and curing processes, can be solved. Thereby, the
prevention is completed. In addition, as the first polyimide
layer contacting with the metal layer has similar thermal
expansion coefficient to the matal layer or a little higher
thermal expansion coefficient than the metal layer, and is
applied to thermal history of more than the glass transition
temperature of the first polyimide Ilayer, it (the first
polyimide layer contacting with the metal layer) can maintain
high adhesive strength at an interface between the metal layer
and the polyimide layer. The conductive metal layer of the
present invention means conductive metals, such as copper,
aluminum, silver, palladium, nickel, chrome, molybdenum,
tungsten and the 1like and an alloy thereof or a mixture
thereof. Generally, copper is widely used, but the present
invention‘is necessarily limited thereto. Further, in order to
increase bonding strength between the metal clad and the resin
layer, it may be permitted to perform a physical or chemical

surface treatment on a surface of the metal layer.
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The polyimide-based resin (hereinafter, referred to as “a
first polyimide layer”), which is directly stacked on the
conductive metal layer, has the thermal expansion coefficient
of less than 20ppm/K and the glass transition temperature Tg of
300°C < T4 < 350°C, which is lower than the maximum curing
temperature. Residual stress occurs at the interface during
the curing process due to a rough surface existing between the
first polyimide layer and the metal layer. This is a factor
that curls the conductor surface to the inner side when
removing the unnecessary metals through the etching process.

Most of the residual stress can be removed by applying
the thermal history equal to or higher than the glass
transition temperature to resin. Since the first polyimide
resin has the glass transition temperature in the range of 300
to 350°C that is equal to or lower than the maximum curing
temperature, it is suitable to remove the above-mentioned
residual stress. Also, the present invention has an advantage
in that the adhesive strength at the interface between the
first polyimide and the metal layer can be stably improved by
applying the thermal history equal to or higher than the glass
transition temperature of the first polyimide layer.

A new polyimide layer (hereinafter, referred to as ' a
second polyimide layer’) existing on the first polyimide layer

has the thermal expansion coefficient of 20ppm/K or more,
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wherein the difference of the thermal expansion coefficient
between the new polyimide layer and the first polyimide layer
is within 5ppm/K. The second polyimide layer performs a role
of solving the curl caused by the residual stress using the
difference of the thermal expansion coefficient with the first
polyimide layer. As described above, since the laminate
according to the present invention applies the thermal history
equal to or higher than the glass transition temperature to
remove most of the residual stress, the curl caused by the
residual stress can be controlled even by the slight
difference of the thermal expansion coefficient equal to or
lower than 5ppm/K. This is suitable to minimize the dimension
change caused by heating.

Recently, as the performance and density of the
electronic device are increased, the dimension change by
thermal shrinkage is revealed as a serious problem. In
particular, there is a process (reflow process) of dipping a
polyimide film forming a metal line into a solder pot heated
at high temperature. When being exposed to such a high
temperature, the dimension can be easily changed. This is a
factor that causes positional deviation between a circuit
pattern on electronic components and a metal pattern on the
metal-clad laminate. In particular, a need to consider the

dimension change at high temperature is further increased with
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the introduction of a lead-free solder process. Generally, the
dimension change by heating is large as the thermal expansion
coefficient of polyimide resin is increased. The polyimide
resin used in the present invention has high resistance
against the above-mentioned dimension change, since both the
first polyimide resin and the second polyimide resin have low
thermal expansion coefficient of about 20ppm/K or so.

A total thickens of polyimide-based resin configuring the
laminate of the present invention is in the range of 5 to 100um,
but is generally used in the range of 10 to 50um. When a
thickness of the first polyimide resin layer is tl and a
thickness of a secondary polyimide-based resin is t2, the
thickness ratio (t2/tl) thereof is defined in consideration of
the thermal expansion coefficient values of each resin layer.

As the difference Dbetween the thermal expansion
coefficients of each layer becomes large, the thickness ratio
should be reduced. In contrast, as the thermal expansion
coefficient becomes small, the thickness ratio should be
increased. Generally, the laminate of the present invention is
used in the range of 0.01 to 100 in thickness ratio,
preferably 0.1 to 10.

Meanwhile, the polyimide-based resin described in the
present invention includes all resins having an imide ring

structure, for example, polyimide, polyamideimide,
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polyesterimide and the like. As tetracarboxylic dianhydride
used in synthesizing the polyimide-based resins, pyromellitic
dianhydride, 3,3, 4,4'-biphenyltetracarboxylic acid
dianhydride, 3,3',4,4"'-benzophenonetetracarboxylic acid
dianhydride and the like is used so as to reveal the low
thermal expansibility.

Further, as preferable diamino compounds, 4,4"'-
diaminophenyl ether, p-phenylenediamine, 4,4"'-
thiobisbenzenamine and the like is used.

However, 1f the polyimide resins have characteristics
capable of achieving the objects of the present invention, the
compositions thereof are not particularly limited, and the
compositions of the polyimide resins may include Also,
chemical imidizing reagents such as pyridine, gquinoline and
the like, Adhesion promoters such as silane coupling agent,
titanate coupling agent, epoxy compound and the like, other
additives such as defoamer for facilitating the coating
process, leveling agent may be used.

The polyimide resin itself or the polyimide resin in a
semi-cured state may be directly coated on the metal clad.

Generally, a solution of polyimide precursor is coated
and then converted into polyimide resin through a thermal and
chemical conversion process. As the curing method, any methods

may be applied, but in general, a gel £film is formed by
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coating and drying the polyimide precursor resin or the
polyimide resin in the semi-cured state and then stayed in a
drier at a predetermined temperature for a predetermined time
or subjected to the heat treatment by continuously moving
inside the drier. The heat treatment is generally performed at
high temperature of 300°C or more and should be necessarily
performed once or more at a temperature equal to or higher
than the glass transition temperature of the first polyimide
resin of the laminate for a sufficient time during the heat
treatment process. It is preferable to perform the curing
process at high temperature of 20 to 40°C as compared to the
glass transition temperature Ty of the first polyimide resin
layer.

As the coating method applicable to the present invention,
there may be a knife coating, a roll coating, a die coating, a
curtain coating and the like, but all the methods achievable

the objects of the present invention can be used.

[Advantageous Effects]

The present invention can provide the two-layer metal-
clad laminate having high dimensional stability without
causing curl, warp, twist and the like after and before the

etching process.
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[Best Model
| Practical and presently preferred embodiments of the
present invention will be described in detail with
reference to the following experimental examples. However,
the present invention is not limited to these experimental
examples.

However, it will be appreciated that those skilled in
the art, on consideration of this disclosure, may make
modifications and improvements within the spirit and scope

of the present invention.

Physical properties described in the present invention
follow a measuring method to be described below.

[Measurement of thermal expansion coefficient (CTE)
and glass transition temperature Tg]

The thermal expansion coefficient is obtained by
averaging thermal expansion coefficients measured from
100°C to 250°C during elevating temperature to 400°C at a
speed of 5°C/min by using thermomechanical analyzer (TMA) .

Further, the glass transition temperature Ty 1s an
inflection point of a thermal expansion curve measured through
the above-mentioned process.

[Curl]

In order to measure the curl of the laminate after and

before the etching process, a sample is cut in a 30cm-by 30cm
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square and heights from the ground of each edge are then
measured and averaged. The laminate is considered to be flat

when the average value does not exceed lcm.

Synthesis Example 1

4,4'-diaminophenylether of 2.022g and p-phenylene diamine
of 3.275g are completely dissolved in N,N-dimethylacetamide
solution of 115.8g under nitrogen atmosphere and 3,3', 4,4'-
biphenyltetracarboxylic acid dianhydride of 12.000g is then
added, thereby preparing polyamic acid solution of 13 wt%. The
prepared solution is casted to the form of a film and then
cured by raising temperature to 350°C for 60 minutes and then
maintaining the temperature for 30 minutes. The glass
transition temperature and the thermal expansion coefficient
measured through the thermalmechanical analysis are 316°C and

17ppm/K, respectively.

Synthesis Example 2

4,4’ -diaminophenylether of 1.179g and p-phenylene diamine
of 1.911g are completely dissolved in N,N-dimethylacetamide
solution of 68.4g under nitrogen atmosphere and 3,3’, 4,4'-
biphenyltetracarboxylic acid dianhydride of 7.000g is then
added, thereby preparing polyamic acid solution of 13 wt%. The

prepared solution is casted to the form of a film and then
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cured by raising temperature to 350°C for 60 minutes and then
maintaining the temperature for 30 minutes. The glass
transition temperature and the thermal expansion coefficient
measured through the thermalmechanical analysis are 336°C and

20ppm/K, respectively.

Synthesis Example 3

4,4'-diaminophenylether of 1.667g and N- (4-amino-2
methoxyphenyl)benzamide of 3.979g are completely dissolved in
N,N-dimethylacetamide solution  of 84.6g under nitrogen
atmosphere and 3,37, 4,4' - biphenyltetracarboxylic acid
dianhydride of 7.000g is then added, thereby preparing
polyamic acid solution of 13 wt%. The prepared solution is
casted to the form of a £film and then cured by raising
temperature to 350°C for 60 minutes and then maintaining the
temperature for 30 minutes. The glass transition temperature
and the thermal expansion coefficient measured through the

thermalmechanical analysis are 369°C and 22ppm/K, respectively.

Synthesis Example 4

4,4’ -diaminophenylether of 4.430g and p-phenylene diamine
of 1.595g are completely dissolved in N,N-dimethylacetamide
solution of 121.8g under nitrogen atmosphere and pyromellitic

dianhydride of 6.032g and 3,37, 4,4’ -
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benzophenonetetracarboxylic acid dianhydride of 3.000g are
then added, thereby preparing polyamic acid solution of 13 wt%.

The prepared solution is casted to the form of a film and
then cured by raising temperature to 350°C for 60 minutes and
then maintaining the temperature for 30 minutes. The glass
transition temperature and the thermal expansion coefficient
measured through the thermalmechanical analysis are 353°C and

23ppm/K, respectively.

Synthesis Example 5

4,4'-diaminophenylether of 1.080g and p-phenylene diamine
of 1.952g are completely dissolved in N,N-dimethylacetamide
solution of 67.1g under nitrogen atmosphere and 3,3’, 4,4'-
biphenyltetracarboxylic acid dianhydride of 7.000g 1is then
added, thereby preparing polyamic acid solution of 13 wt%. The
prepared solution is casted to the form of a film and then
cured by raising temperature to 350°C for 60 minutes and then
maintaining the temperature for 30 minutes. The glass
transition temperature and the thermal expansion coefficient
measured through the thermalmechanical analysis are 325°C and

15ppm/K, respectively.

Example 1

The polyamic acid solution prepared by the synthesis
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example 1 was coated on a copper clad (thermal expansion
coefficient of about 17 to 18ppm/K) having a roughness (Rz) of
3.5um and an average thickness of 12um, thereby forming the
first polyimide precursor layer. Continuously, the polyamic
acid solution prepared by the synthesis example 2 was coated
on the upper side of the first polyimide precursor layer,
thereby forming the second polyimide precursor layer. Then the
first polyimide precursor layer and the second polyimide
precursor layer were cured at one time, and each thickness of
the first and second polyimide layers reached to 14 pm and 4
um after curing, respectively. The temperature of the above-
mentioned laminate was elevated from a normal temperature to
350°C for 60 minutes and then maintained at 350°C for 30
minutes, thereby forming the polyimide laminate having a
thickness of total 30um. The flat copper-clad laminate could
be obtained without causing the curl after and before the

etching process.

Example 2

The polyamic acid solution prepared by the synthesis
example 1 was coated on a copper clad (thermal expansion
coefficient of about 17 to 18ppm/K) having a roughness (Rz) of
3.5um and an average thickness of 12um, thereby forming the

first polyimide precursor layer. Continuously, the polyamic
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acid solution prepared by the synthesis example 3 was coated
on the upper side of the first polyimide precursor layer,
thereby forming the second polyimide precursor layer. Then,
the first polyimide precursor layer and the second polyimide
precursor layer were cured at one time, and each thickness of
the first and second polyimide layers reached to 20 pm and 2
um after curing, respectively. The temperature of the above-
mentioned laminate was elevated from a normal temperature to
350°C for 60 minutes and then maintained at 350°C fof 30
minutes, thereby forming the polyimide laminate having a
thickness of total 30um. The flat copper-clad laminate could
be obtained without causing the curl after and before the

etching process.

Example 3

The polyamic acid solution prepared by the synthesis
example 1 was coated on a copper clad (thermal expansion
coefficient of about 17 to 18ppm/K) having a roughness (Rz) of
3.5um and an average thickness of 12um, thereby forming the
first polyimide precursor layer. Continuously, the polyamic
acid solution prepared by the synthesis example 4 was coated
on the upper side of the first polyimide precursor layer,

thereby forming the second polyimide precursor layer. Then the



10

15

20

WO 2009/082101 PCT/KR2008/007242
17

first polyimide precursor layer and the second polyimide
precursor layer were cured at one time, and each thickness of
the first and second polyimide layers reached to 17 um and 3
um after curing, respectively. The temperature of the above-
mentioned laminate was elevated from a normal temperature to
350°C for 60 minutes and then maintained at 350°C for 30
minutes, thereby forming the polyimide laminate having a
thickness of total 27um. The flat copper-clad laminate could
be obtained without causing the curl after and before the

etching process.

Comparative Example 1

The polyamic acid solution prepared by the synthesis
example 5 was coated on a copper c¢lad (thermal expansion
coefficient of about 17 to 18ppm/K) having a roughness (Rz) of
3.5um and an average thickness of 12um, thereby forming the
polyimide precursor layer. Then the polyimide precursor layer
was cured, and the thickness of the polyimide layer reached to
20um after curing. The temperature of the above-mentioned
laminate was elevated from a normal temperature to 350°C for
60 minutes and then maintained at 350°C for 30 minutes,
thereby forming the polyimide laminate having a thickness of

total 32um. The prepared sample causes the copper clad to curl
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inwardly after and before the etching process, making it

impossible to obtain the flat laminate.

Those skilled in the art will appreciate that the
conceptions and specific embodiments disclosed in the
foregoing description may be readily utilized as a Dbasis
for modifying or designing other embodiments for carrying
out the same purposes of the present invention. Those
skilled in the art will also appreciate that such
equivalent embodiments do not depart from the spirit and

scope of the invention as set forth in the appended claims.
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[cLaIms]
[claim 1]

A flexible metal-clad laminate of polyimide formed by
coating each of two kinds of polyimide precursor solutions on
a conductive metal clad and then performing a heat treatment
process at least once, the flexible metal-clad laminate
including: |

a first polyimide layer that is disposed on one surface
of a metal clad and has thermal expansion coefficient of
20ppm/K or less; and

a second polyimide layer that is disposed on one surface
of the first polyimide layer ahd has thermal expansion
coefficient of 20ppm/K or more,

wherein a difference between the thermal expansion
coefficients of the first and second polyimide layers is
Sppm/K or less.

[claim 2]

The flexible metal-clad laminate as set forth in claim 1,
wherein a thickness ratio of the first polyimide resin layer
and the second polyimide resin layer is 1:100 to 1:0.01.

[claim 3]

The flexible metal-clad laminate as set forth in claim 1,

wherein the heat treatment temperature is 20 to 40°C as higher

as the glass transition temperature Ty of the first polyimide



10

WO 2009/082101 PCT/KR2008/007242
20

layer, once or more during the heat treatment process.
[claim 4]

The flexible metal-clad laminate as set forth in claim 1,
wherein the wused metal clad is selected from a group
consisting of copper, aluminum, silver, palladium, nickel,
chrome, molybdenum, tungsten and a mixture thereof and an
alloy thereof.

[claim 5]

The flexible metal-clad laminate as set forth in claim 1,
wherein a glass transition temperature Ty of the first
polyimide layer is 300°C < Ty < 350°C, which is lower than a

maximum curing temperature.
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