
EP 0 416 133 B1 Description The present invention relates to a bonding
wire, a method of manufacturing the same and a semiconductor device using
the wire. 5   A bonding wire used in a manufacturing process of
semiconductor devices has been composed of a con- ductive metal core wire
material of, for example, gold (Au), copper (Cu)or aluminum (Al), in the
form of a bare wire. Therefore, when bonding pads of a semiconductor pellet
are bonded to conductors to external output ter- minals such as inner leads
of a lead frame using such wires, a problem of short-circuiting arises in
such a case to  that a wire comes into contact with another wire, an inner
lead, a tab or the like due to any reason such as poor bonding or resin
flow in a resin mold type package. In particular  as a distance between a
pellet and inner leads is increased In correspondence to the increase in
the number of pins in a large scale integrated circuit (LSl), a length of a
wire span must be increased. In this case, however, short-circuiting,
faulty chip edges and mount touches and the like are more liable to be
caused 15  by a wire which is curled and comes into contact with an
adjacent wire. Consequently, it has been proposed to coat a bonding wire
with an Insulation film. For example, United States Patent Application No.
4,488,674 proposes to coat a bonding wire with a polymer resin material
which has an insulating property and is thermally decomposed at a
temperature of 200 to 300[err] and volatilized to prevent short-circuiting
and the like. However, it is difficult to obtain resins having such
properties and, spe- 20  cially in the case of polyethylene terephthalate,
a continuous bonding cannot be carried out due to wire break caused when a
second bond is subjected to contact bonding, because it is a relatively
brittle crystalline ma- terial; alternatively, in the case of
polycarbonate, a bonding wire obtained after it has been coated with a film
is naturally curled and thus it is difficult to process it by a high speed
bonding machine and keep the positional accuracy thereof when it is
processed at a high speed. As a result, at present, these materials are not
practically 26  used because of drawbacks such as that the workability of
the bonding process is deteriorated. Further  a new problem In practical
use arises in that some polymer resin material used for coating a bond- ing
wire is left between the bonding wire and a lead frame or bonding pads of a
semicondcutor pellet, or a piece of the coated resin broken by an impact
produced when bonding is carried out cuts the bonding wire of gold or the
like or injures it to cause wire cutting-off. 30      In general. heat
resistant insulation coating materials include resins referred to as
engineering plastics, and among them aromatic polyesters have been found to
be excellent in these characteristics [for example, Japanese Patent Kokai
(Laid-Open) Nos. Sho 54-138056 and Sho 58-137905]. Also JP-A-59-154054,
which constitutes a prior art according to the preamble of claim 1,
discloses the use of polyester, polypropylene or polyimide as insulating
coatings for conductive wires. FR-A-2221488 discloses a resin comprising
the poly- 35 condensation products of polycarboxylic compounds, amino
polycarboxylic compounds, polyols and polyiso- cyanates used as an
insulating coating for electrical conductors. Nevertheless, generally known
aromatic polyester resins are excellent in heat resistance, wear
resistance, fire retardance. mechanical characteristics such as tensile
strength and impact resistance, and electrical char- acteristics such as
insulating property, but are poor in extrusion processing properties, and
thus It has been 40  very difficult to form a thin insulation film of
uniform thickness on the circumference of a bonding wire by an electric
wire coating method using an extruder. In addition, aromatic polyester
resins whose extrusion proc- essing property has been improved by
modification have a problem in that they have poor heat and wear re-
sistance. A method of coating metallic helically coiled electrical
conductors for pacemaker leads is known from US- 45   A-4497849. In this
method, a polyurethane polymer is dissolved in dimethylacetamide or
dimethylformamide in a container. helically coiled conductor wire is passed
downwardly through the container, the coated wire leaves the container
through a bottom outlet and is passed through an oven to remove the
solvents from the coating and to dry the coated wire. JP-A-5567360
discloses an apparatus for coating a linear article in which the linear
article to be coated 50  is introduced into a bath filled with a molten
coating material, passed around a turning pulley and drawn up 



through a hole in a throttle die. Further, there has been employed a method
by which a resin material is dissolved in a proper solvent and coated to
form an insulation film of uniform thickness on the circumference of a
bonding wire. Since, however, aromatic polyester resins having high
mechanical strength and heat resistance have high chemical resistance, 55
a suitable solvent for it is not available and then it has been difficult
to uniformly form a thin coating film on a bonding wire. Further when the
aromatic resins are made to be easily dissolved in solvent by modification
or the like, they are usually deteriorated in weather resistance, heat
resistance and the like. Therefore, it has been very 2    EP 0 416133 B1
difficult to make an insulation bonding wire using aromatic polyester as a
coating layer. Further, when heat resistant thermosetting resins are used,
there is a drawback in that carbides and the like of the resins are left in
the under portion of balls even after they have been formed or the resins
are not separated properly from metal In a bonding process of a bonding
wire with a lead frame and thus the bonding 5   strength thereof is greatly
lowered. Although Japanese Patent Applications Kokai Nos. Sho 60-224255 and
Sho 62-30359 disclose that a cop- per wire having an oxide insulation
coating film Is used as a bonding wire, it is not yet practically used,
because the removal of the oxide coating film in a bonding process and a
continuous bonding of the wire are difficult. Further  there is a trial to
coat the surface of a bonding wire with another material and, for example,
Jap- 10  anese Patent Application Kokai No. Sho 62-97360 discloses to form
precious or corrosion resistant metal on a copper electrode thin wire. A
purpose of this case, however, is to prevent surface oxidation and not to
solve the above problems. Further, when such a resin coated insulation
bonding wire Is manufactured, polymer materials generally excellent in an
insulating property are also excellent in heat resistance, wear resistance,
fire retardance, mech- 15  anical characteristics such as tensile strength
and impact resistance, and electric characteristics such as in- sulation
property. but they are poor in an extrusion processing property. Therefore,
it is very difficult to form a thin insulation film of uniform thickness on
the circumference of a bonding wire by an electric wire coating method
using an extruder. To cope with this problem, there is a device to form an
insulation coating film while bonding is carried out, 20  and as an example
thereof there is a method of supplying a sticky liquid insulation agent
through a guide portion of a capillary tube, as disclosed in Japanese
Patent Application Kokai No. Sho 52-79657. This method. however, is
difficult to smoothly supply the insulation agent, and further, as shown in
Japa- nese Patent Kokai No. Sho 61-269319, a method of forming an
insulation coating film by spraying an Insulation material onto a bonding
wire after it has been stretched cannot form a uniform coating film. Thus,
these meth- 25  ods are not practical in the formation of a uniform thin
Insulation coating film on a bonding wire. An object of the present
invention Is to solve the above problems of prior art and provide a resin
coated bonding wire capable of preventing short-circuiting caused when
bonding wires come Into contact with each other or a bonding wire comes
into contact with other conductor parts, a method of manufacturing the
bonding wire, and a semiconductor device using it. 30      According to the
present invention, an insulation film coated bonding wire comprises a
conductive metal wire core and an insulation film composed of an aromatic
polyester coated on the circumference of the con- ductive metal wire core,
characterised in that the polyester material is a reaction product of an
aromatic dihy- droxy compound and an aromatic dicarboxylic acid and has a
melt index of 1.0 to 100g/10 min., and that the insulation film has a
thickness of 0.01 to 10 [err]. In such bonding wires, the insulation film
has such a property 35  that. when an impact force of 1 cm.g is applied
thereto using a falling weight, no crack is developed in the film. Since
the bonding wire according to the present invention is not only excellent
in a bonding property but also has a predetermined strength, it can be
continuously bonded without being cut off. 



The invention also encompasses a method of manufacturing such a resin film
coated insulation bonding wire. characterized by continuously feeding a
bonding wire carried on a feed spool, causing the bonding wire 40  to pass
through a coating solution in which an aromatic polyester, produced by the
reaction of an aromatic dihydroxy compound and an aromatic dicarboxylic
acid, is dissolved, drawing the bonding wire upwards in the vertical
direction to remove solvent therefrom, forming the bonding wire uniformly
coated with the polyester, and winding the bonding wire on a take-up spool,
and a semiconductor device comprising a semiconductor pellet having bonding
pads electrically connected to conductors to external output terminals by
bonding, char- 45  acterised in that the bonding is effected by using a
such a bonding wire. Figure 1 is a cross sectional view of a bonding wire
according to the present invention; Figure 2 is a partial cross sectional
view showing a state in which an ultrasonic bonding is carried out using a
bonding wire according to the present invention; Figure 3 is a partial
cross sectional view showing a state in which a ball bonding is carried out
using a bond- 50      ing wire according to the present invention; Figure 4
is a schematic diagram showing an example of an apparatus embodying the
present Invention; and Figure F is a cross sectional view an example of a
semiconductor device to which wire bonding is carried out using a bonding
wire according to the present invention. 55      The numerals in the
figures show the following parts, portions, units and the like. I  bonding
wire, 2 ... metal core wire, 3 ... insulation film, 4... wire bonding
surface, 5 ... package base, 6 ... cavity. 7 ... semiconductor pellet, 8
... lead frame, 9 ... low melting point glass, 10 ... cap, 11 ... bonding
wire. 12 ... feed  spool, 13 ... tension control unit,. 14 ... cleaning
unit, 15 ... resin coating unit, 16 ... take-up 3    EP 0 416133 B1 spool,
17, 17'  drying furnace, 18 ... guide roller. BEST MODE OF CARRYING OUT THE
PRESENT INVENTION] 5      As a result of an intensive study of the causes
by which resin coated bonding wires are cut off or poorly bonded, the
inventors have found that the wires are poorly bonded because resin is left
between the bonding wire and a lead frame and bonding pads when they are
bonded, and the wires are cut because a polymer ma- terial injures a metal
core wire such as gold when a coated film of the polymer material to which
impact is applied is cracked or broken. to      Therefore. the inventors
have found that the impact characteristics required of a polymer material
used as a coating film are not determined by the results of Izod impact
test (JIS K 7110-1977), Charpy impact test (JIS K 7111-1977), a film
breaking impact test [Matsumoto, plastics, 30, 11, 59 (1979)] and the like
which are generally used as an impact test for polymer materials, but
determined by the results of REA method (REA PE22. PE23) which is a typical
impact test method for the outside casing of an electric wire, cable and
the 15  like because the results of REA method obtained by applying an
impact force of 1 cm.g to a bonding wire by a falling weight at a room
temperature best correspond to the results of a continuous bonding test. As
a result of various studies effected based on the above knowledge, it has
been found that the bonding wire of the present invention is needed to
satisfy that the wire is not cut off or no crack is developed to an in-
sulation film when an impact force of 1 cm-g is applied thereto by a
falling weight, and thus the present invention 20  has been completed. The
above cutting-off can be determined by a visual observation, but the crack
is not always easily de- termined by the visual observation, and thus it is
preferable that it is observed using an optical microscope or a scanning
electron microscope with magnification of hundreds, if possible. As the
thickness of an Insulation film is increased, the strength thereof is
naturally increased. However, 25   a film thickness exceeding 10 [err] is
not suitable in view of the object of the insulation film to be used for a
bonding wire, and thus it is needed that the insulation film in a range
from 0.01 [err] to 10 [err] is not usually 



cracked by an impact force of 1 cm-g applied thereto when it is subjected
to a strength test using a falling weight Further, when a bonding wire
coated with the insulation film is applied to a semiconductor device, the
in- sulation film must withstand a high temeprature of about 300 to
400[err], because the semiconductor device Is 30  required to have heat
resistance withstanding such a temperature when it is in operation. On the
other hand, since the bonding wire is bonded at a temperature from 150 to
250[err], the insulation film is required to have such a characteristic
incompatible with the above that it is easily separated from the metal
portion of the wire at the temperature. As a result of various studies of
resins capable of satisfying the above conditions, it has found that
aromatic 35  polyesters (polyarylates) and mixtures thereof, which are
excellent in heat resistance and balanced in mech- anical strength such as
impact resistance, meet the requirements. The aromatic polyester resin
according to the present invention is composed of an aromatic dihydroxy
com- pound residue group and an aromatic dicarboxylic acid compound residue
group and is a thermoplastic aro- matic polyester which may be branched
obtained by causing an aromatic dihydroxy compound to react with 40  an
aromatic dicarboxylic acid. By way of example, the aromatic dihydroxy
compounds may include 2,2-bis(4-hydroxyphenyl)propane (= bisphenol A),
tetramethylbisphenol A, tetrabromobisphenol A,
bis(4-hydroxyphenyl)-p-diisopropyl benzene, hydroquinone resorcinol, and
4,4'-dihydroxydiphenyl; the bisphenol A is particularly preferable. The
branched aromatic polyester resin can be obtained by using a polyhydroxy
compound as a substitute 45  for for example. 0.1 to 2 mol% of the above
dihydroxy compound. Such polyhydroxy compounds include, for example
phloroglucin, 4,6-dimethyl-2,4,6-tri(hydroxyphenyl) heptene-2,
4,6-dimethyl-2,4,6-tri(4-hydroxyphe- nyl) heptane,
2.6-dimethyl-2,4,6-tri(4-hydroxyphenyl) heptane-3,
4,6-dimethyl-2,4,6-tri(4-hydroxyphenyl) hep- tane.
1.3.5-tri(4-hydroxyphenyl) benzene and 1,1,1-tri(4-hydroxyphenyl) ethane,
and 3,3-bis(4-hydroxyaryl) oxyindole (= isacin bisplhenol), 5-chlorolsatin,
5-bromoisatin, etc. 50      Further. m-and p-methyl phenol, m- and p-propyl
phenol, p-bromophenol, p-tert-butylphenol, etc. are pre- ferable as a
monoaromatic hydroxy compound suitable for adjusting a molecular weight. A
typical aromatic polyester resin includes a bis(4-hydroxyphenyl) alkane
dihydroxy compound, in partic- ular a polyester mainly composed of
bisphenol A, and also a polyester copolymer obtained by using at least two
kinds of aromatic dihydroxy compounds together and branched polyester
obtained by using a small amount 55  of a Iriphenol compound together. In
addition, a mixture of at least two kinds of aromatic polyester resins may
be used. The aromatic dicarboxylic acid includes terephthalic acid,
isophthalic acid, naphthalene dicarboxylic acid, dipihenyl dicarboxylic
acid, methyl terephthalic acid, methyl isophthalic acid, diphenyl ether
dicarboxylic acid, 4    EP 0 416 133 B1 diphenyl sulfone dicarboxylic acid,
diphenoxy ethane dicarboxylic acid, etc. Then lower alkylesters, acid
halides thereof, etc. are preferably included in addition to the above free
dicarboxylic acid. A part (e.g., 30 mol% or less) thereof may be
substituted by aliphatic dicarboxylic acid such as succinic acid, adipic
acid, sebacic acid etc. and a cyclic aliphatic dicarboxylic acid such as
cylohexane dicarboxylic acid. 5      Among them an aromatic polyester
synthesized from bisphenol A and (iso)terephthalic acid and having the
following skeleton structure is most preferable from a view point of
solvent solubility and heat resistance. 10 [err] 15 In particular. an
aromatic polyester among those mentioned above having a melt index of 1.0
to 100 9/10 min (temperature: 300[err], load: 2.160 kg) is most suitable,
when it is tested in accordance with ASTM-D1238. Although the reason why
aromatic polyesters having a melt index within the above range are most
suitable as an insulation film Is not apparent, it is supposed that the
coating film formed of the aromatic polyester used 



20  in the present invention has an amorphous high order structure, whereas
polyethylene terephthalate and poly- butylene terephthalate generally used
as engineering plastics are crystalline. When the above aromatic polyester
has a melt index less than 1.0 g/10 min, the viscosity thereof Is too high
and thus a coating film layerof uniform thickness cannot be formed on a
bonding wire. Even if the bonding wire is partially coated with the film of
substantially uniform thickness, the wire has a poor continuous bonding 25
property and lacks In reliability. When the aromatic polyester has a melt
Index exceeding 100 g/10 min, the viscosity thereof is too low and thus the
intimate adhering property thereof with a bonding wire is deteriorated and
the polyester is liable to be exfoliated. In this case, although no problem
arises in a continuous bonding property, an insulating prop- erty is lost.
As a result, both the cases cannot provide a practically applicable coating
film layer. 30      A thicker insulation film is more excellent in an
insulating property, but at the same time worse in a bonding property.
Further. a thinner insulation film is more excellent in a bonding property
but has a deteriorated in- sulating performance, and when a thickness of
the insulation film is 0.01 [err] or less, it has deteriorated voltage
resistance. Consequently, a proper thickness range of the insulation film
is 0.01 [err] to 10 [err], preferably 0.01 to 2 35  [err] and most
preferably 0.02 to 1.0 [err]. Further. various additives such as an
anti-oxidant, flame retardant, filler, voltage stabilizing agent, lubri-
cant, auxiliary processing agent, UV absorbent, etc. which have been
conventionally used for this type of resin materials may be added to this
polymer resin material. The coated bonding wire according to the present
invention is preferably manufactured in such a manner 40  that a bonding
wire mounted on a feed spool is continuously fed into a coating liquid in
which the above polymer resin material is dissolved, caused to pass through
the liquid, drawn upward in the vertical direction to remove solvent
therefrom to thereby form the bonding wire uniformly coated with the
insulation resin, and then the thus obtained coated bonding wire is wound
to a take-up spool. Although methods of forming the coating film include an
extrusion coating method, electrostatic powder 45  coating method  spray
coating method, and electrode coating method in addition to the above
dipping coating method  the dipping coating method is preferably used to
coat a wire with a very thin insulation film of uniform thickness as in the
present invention. A method of manufacturing the bonding wire according to
the present invention will be described below in detail. 50      When an
insulation coating film is to be formed on the surface of a bonding wire,
the conductive bonding wire is sufficiently cleaned, then mounted on a feed
spool, and continuously fed. Further, if necessary, it is cleaned by a
solvent such as trichloroethylene or chloroform in a pretreatment bath or
it is subjected to a sur- face treatment to improve the adhesion property
of the bonding wire with resin and then, if necessary, it is caused to pass
through a drying furnace to dry the surface thereof. 55      Next the above
bonding wire is caused to pass through a coating liquid prepared by
dissolving resin and filtering it to remove foreign substances therefrom,
then drawn upward in the vertical direction, and caused to pass through a
drying furnace, if necessary, to remove solvent to thereby form the bonding
wire uniformly coated with the insulation resin, and then the thus obtained
coated bonding wire is wound to a take-up spool, 5    EP 0 416 133 B1
whereby the resin coated insulation bonding wire is continuously and
effectively manufactured. The drying furnace may be a multistage type and
the drying temperature thereof is controlled to enable a thin insulation
coating film having a preferable surface property to be formed. Preferably,
the resin coated bonding wire is subjected to an ultrasonic cleaning
treatment to clean the surface thereof and an electrostatic 5   charge
prevention treatment such as shower cleaning using ionized air, and then
re-wound by predetermined spools to a desired length. 



Further the bonding wire is preferably coated with the film while
monitoring a tension applied thereto, and the cut-off of the bonding wire
can be checked by applying a predetermined tension to the wire being coated
with the film by a back tension controller. 10      Further it is possible
to prevent the wire from being expanded by an excessive tension applied
thereto or from becoming disengaged from a guide rollerdue to too small a
tension applied thereto while the wire is coated with the film. The wire is
preferably drawn upward in as vertically as possible; if the wire is dried
while it is deflected from the vertical direction by a large angle, it is
difficult to form the coated film on the circumference of the bonding wire
to a uniform thickness. 15      The bonding wire as a base member used in
the present invention is mainly composed of gold, copper, and aluminum
having good electric conductivity. Further the insulation resin used in the
present invention includes the above polyesters and derivatives and blends
thereof. The insulation coating film has a thickness of 0.01 to 10 [err]
more preferably 0.01 to 2 [err] and most pre- 20  ferably 0.02 to 1.0
[err]. When the thickness exceeds 10 [err], the film is poor in a bonding
property, although it is excellent in an insulating property, and thus
bonding wire cannot be continuously bonded or the bonding strength thereof
is made smaller. In addition, when the thickness is less than 0.01 [err],
the film is poor in the insulating property. although it is excellent in a
bonding property, and thus a problem arises in practical use. Although the
resin concentration of the coating liquid can be arbitrarily selected
depending upon the vis- 25  cosity thereof. the thickness of a coating
layer and the like, usually it is preferably 20 wt% or less and more
preferably 10 wt% or less to form a uniform coating film. The coating layer
can be made to a multi-layer by disposing a coating apparatus provided with
coating liquid in which the resin is dissolved in multistage. In this case,
the thickness of the coating layer is within the above-mentioned range. 30
Further. when the coating apparatus is disposed as a part of a wire drawing
process, wire drawing and coating can be continuously carried out easily.
Solvents used to dissolve the resin are not particularly limited as long as
they are so-called good solvents for the resin used, and for example, when
aromatic polyester is used, chloroform or trichloroethylene can be used. 35
The present invention will be described below in specific detail with
reference to drawings. Figure 1 is a cross sectional view of a bonding wire
according to the present invention. The bonding wire 1 in Figure 1 has a
conductive metal core wire 2 having a circular cross section at the center
thereof. The metal core wire 2 is made of a known conductive material
composed of, for example, gold, copper or aluminum, or alloys thereof,
optionally with the addition of silicon (Si), magnesium (Mg) or manga- 40
nese (Mn), for example. The periphery of the metal core wire 2 is coated
with an electric insulation film 3 composed of a polymer material. The
insulation film 3 is provided to prevent a bonding wire from coming into
contact with another ad- jacent bonding wire  Inner leads and tabs and
being short-circulted after it has been bonded. The insulation film 3 is
composed of an electric insulation polymer material composed of an aromatic
poly- 45  ester  according to the present invention. In this case, the
insulation film 3 can be formed by causing the metal core wire to pass
through a solution prepared by dissolving the polymer material in solvent
and then volatilizing the solvent  or the metal core wire is caused to pass
through the melted polymer material prepared by heating it. followed by
cooling, or the polymer material is sprayed on the surface of the metal
core material, or monomer is deposited on the surface of the metal core
material and then polymerized by being heated or being subjected 50  to
photochemical polymerization. On the other hand, the insulation f ilm is an
easy-to-flow material so that when the wire is bonded to bonding pads of a
pellet  inner leads of a lead frame  ora wire bonding surface such as a
metalized surface of a package composed of ceramics, only the insulation
film located at a bonding position is decomposed or melted from the surface
of the metal core wire and removed by being pushed away. 55      Figure 2
shows a state in which the bonding wire 1 is bonded to a lead frame 8,
wherein no insulation film 3 is left at a bonded surface, because it is
melted there and pushed away to another portion or caused to dis- 



appear by being decomposed, whereby bonding can be securely carried out.
Further  as shown in Figure 3, when, for example, a bonding wire having a
metal core wire composed of 6    EP 0 416 133 B1 gold is ball bonded,
bonding can be securely carried out without preventing the ball 2a of the
insulation film coated wile I from bonding to the wire bonding surface 4 in
such a manner that the insulation film 3 is caused to disappear by being
melted or decomposed when the ball 2a of the metal core wire 2 is formed,
pushed away to another portion, and the like. 5      This is similarly
applicable to a case in which bonding is carried out by forming a ball of
aluminum in an inert gas atmosphere. Therefore  according to the present
invention, the insulation film coating the surface of the wires can pre-
vent the occurrence of short-circuiting even if adjacent bonding wires come
into contact with each other or a wire comes into contact with inner leads
or tabs of an adjacent lead frame after wire bonding has been carried 10
out. As a result, the bonding wire according to the present invention can
be effectively used as a long span wire used for multi-pin applications.
Further. the wire according to the present Invention can carry out a
so-called reverse bonding by which the wire is bonded to a lead frame prior
to a pellet and thus enables a package cap to be composed of metal. 15
Figure 5 is a cross sectional view of an example of a semiconductor device
to which wire bonding is carried out using the wire according to the
present invention. In Figure 5. as described above, the bonding pads of a
semiconductor pellet 7 mounted in the cavity 16 of a base 5 of a ceramic
package are bonded to the inner leads of a lead frame 8 by the bonding
wires and electrically connected thereto. In addition, the base 5 is
hermetically sealed from a cap 10 by a low melting 20  point glass 9. In
this semiconductor device, since short-circuiting caused by bonding wires
coming into contact with each other or a bonding wire coming into contact
with adjacent inner leads and the like of a lead frame can be pre- vented
by the insulation film 3 ofthe polymer material coating the surface ofthe
metal core wire 2 ofthe bonding wire 1. a span of the bonding wire can be
made sufficiently long. 25      The semiconductor device according to the
present invention can be obtained by bonding respective ele- ments by a
usual method using the bonding wire obtained by the present invention.
[Examples] 30     The present invention will be described with reference to
examples, but is not of course limited thereto. First. test methods used in
the following examples will be described. a. Drop impact Test and
Evaluation of the Results thereof An impact force of 1 cm g was applied by
a falling weight at a room temperature using REA method which is a typical
test method to the casing of an electric wire and cable, and whether a
crack was devel- 35      oped on a surface resin or not was confirmed by a
scanning type electron microscope (SEM) (magnifica- tion: 700). Examples to
which no crack was developed were marked O and examples to which a crack
was developed were marked X. b. Melt Index Extrusion was effected at an
extrusion temperature of 300[err] with a load of 2.160 Kg based on ASTM- 40
01238. c Evaluation of Continuous Bonding Property of Bonding Wire and
Insulation Film With respect to a continuous bonding property of a bonding
wire with a lead frame, wires continuously bonded 2000 times or more were
marked C and wires cut off before they were continuously bonded 2000 times
were marked X. The quality of an insulation film was observed by a scanning
type electron micro- 45      scope (SEM) at a magnification of about 1000,
and an insulation film having a uniform quality was marked 



and an insulation film causing exfoliation or having an irregular thickness
was marked X. Examples -l - 3 50      As a method of forming an insulation
film, a bonding wire as a metal core wire composed of high purity gold
having an outside diameter of 30 [err] was caused to pass through a
solution prepared by dissolving aro- matic  polyester resin having the
above basic skeleton in chloroform, lifted in the vertical direction, and
solvent was removed therefrom to thereby make a bonding wire coated with
the Insulating aromatic polyester resin. As a polymer resin material of the
aromatic polyester resin, aromatic polyesters composed of copolymer 55   of
bisphenol-A and dicarboxylic acid (a mixing ratio of terephthalic acid and
isophthalic acid: 1:1) having a pre- determined melt index value were
synthesized, respectively, according to a usual interfacial
polycondensation method [Shin Jiken Kagaku Koza Vol. 19, polymer Chemistry
(1), p. 149 by Japan Chemical Association] and used for Examples 1 to 3 and
Comparative Examples 1 and 2. 7    EP 0 416 133 B1 Since a thickness of a
coating film depends upon concentration and viscosity of the solution and a
coating speed as well as a melt index, the concentration of the solution
and the coating speed were adjusted in ac- cordance with the melt index of
the aromatic polyester resins used so that respective covering films have a
thickness of about 0.3 [err]. 5      Coating films were formed on the
bonding wires using a chloroform solution of aromatic polyester resins
having a mell index of 3.5, 13, 55 g/10 min, respectively so that
insulation bonding wires having a coating film thickness of 0.3 [err] were
made. Table 1 shows the results of a continuous bonding test and a drop
impact test effected using the coated bonding wires. They were observed by
an SEM and all of them were confirmed to be smoothly coated. 10 Comparative
Example 1 Although the bonding wires were tried to be coated with a
chloroform solution of aromatic polyester resin having a melt index of 0.8
g/10 min, a coating layer having uniform thickness could not be formed. 15
When they were observed using an SEM, It was found that the thickness of
the coating layer in the length- wise direction of the bonding wires had
dispersion about twice a large thickness. In addition, a very small num-
ber of the insulated bonding wires having a relatively uniform covering
thickness of 0.3 [err] obtained from the thus made coated bonding wires
were tried to be bonded to a lead frame, but the bonding property thereof
with the lead frame was very poor, as shown in Table 1, and thus they were
not suitable for practical use. 20 Comparative Example 2 A coating f ilm
was formed to bonding wires using a chloroform solution of an aromatic
polyester resin hav- ing a melt index of 120 g/10 min so that it had a
thickness of 0.3 [err]. The thus made coated bonding wires 25  were
observed by an SEM and it was found that the resin was easily exfoliated
from the surface of the wires and the wires were not securely insulated,
and thus they were not suitable for practical use, although no prob- lem
arose in bonding. It is supposed that when a melt index is too large, i.e.
a molecular weight is too small, perhaps, a coating film may be poorly
adhered to a wire and liable to be exfoliated. 30 35 40 45 50 55 8 
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B1 form thickness was difficult and, even if it was formed, the bonding
wire was poorly bonded to the lead frame. When the melt index was too
small, the coating film was poorly bonded to the wire and liable to be
exfoliated and thus both the cases were not suitable for practical use. 5
Example 4 and Comparative Examples 3 - 4 



As a polymer resin material, U Polymer 100 of Unitica Co., Ltd. as
polyarylate (an aromatic polyester), and as a comparative resin material,
Estyrene G15 of Shin Nihon Seitetsu Kagaku Co., Ltd. as polystyrene and
Parapet of Kyowa Gasu Kagaku Co., Ltd. as polymethyl methacrylate were
dissolved in solvent. Then, they to   were adjusted to provide bonding
wires to which a coating film having a thickness of 0.5 [err] was coated
through the same treatment as in Examples 1 to 3. The wires were subjected
to bonding property and othertests. Table 2 shows the results of the tests.
ii       4.) 20                                   -  v       0. JJL)    'C
> E X    Hi                X 0  r   0 a) 25
UE: > M 30                                   4JO     Liw 30
(d   ~~~~~~~~~~~~~~~~~~~~1~-4  >I  C Li4   .-J      e < ~~~0             Vm
C4)      VX '- 40~~ ~~~~~~ ~ ~~ XZ    >I<0o 35S aI) >1    0 40
0.                       0 M  >1      A 45 44  4 -H     0~I:    0 U Sn    ~
~ ~ ~ ~ ~ ~ ~~                    '0~~~~~   0 E 55 As apparent from Example
4 and Comaprative Examples 3 to 4, the example to which no crack was de-
veloped in the drop weight test could be continuously bonded, whereas the
examples to which crack was de- 10    EP0416 133B1 veloped in the drop
weight test were cut off and thus could not be continuously bonded.
Examples 5-7 and Comparative Examples 5 and 6 5       TO examine the effect
caused by thickness of the insulation coating film, the continuous bonding
and in- sulating properties were tested using insulation film coated wires
having a different thickness by changing the concentration of a chloroform
solution, take-up speed and the like, the coating film being made using U
Poly- mer 100 of Unitica Co., Ltd. as the aromatic polyester. The
insulation test was effected based on JIS C 3005-1986, Item 1 and the
examples which were insulated 10  in air at room temperature when a voltage
of at least 15 V was applied thereto were marked 0 and the examples other
than the above were marked X. 15 20 25 30 35 
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04       . o \J4 x 0)~~~~r 40                                 04
C14ts las             A x 45
4 04         (4 50                                    to -H    P4
Ca0 tp             4.)4 90~   0                   4.) tJ-4
04 12    EP 0 416 133 B1 Example 8 Figure 4 shows an example of an
apparatus, wherein 11 designates a bonding wire, 12 designates a feed spool
for feeding the bonding wire, 13 designates a back tension controller for
detecting tension applied to the 5   bonding wire and controlling feed
speed, 14 designates a pretreatment bath also effecting cleaning, 15 des-
ignates a resin coating unit, 16 designates a take-up spool, 17 and 17'
designate drying furnaces, and 18 des- ignates a guide roller for guiding
the bonding wire. As an example of the present invention, a resin film
coated insulation bonding wire having satisfactory characteristics can be
made by the following process. to      After being sufficiently cleaned,
the bonding wire 11 is mounted on the feed spool 12, continuously fed 



therefrom by the rotation of the take-up spool 16, further cleaned by
chloroform in the pretreatment bath 14, and caused to pass through the
drying furnace 17 to remove solvent. The above pretreated bonding wire 11
is caused to pass through the coating unit 15 containing a coating solution
whcih is prepared in such a manner that resin is dissolved and filtered
through a filter of 0.2 [err] mesh, 15  then drawn upward in the vertical
direction and the solvent thereof is removed while the bonding wire 11 is
caused to pass through the drying furnace 17', whereby the bonding wire
coated by the Insulation resin is formed and wound by the take-up spool 16.
When a two-stage drying furnace, which at first gradually dries the bonding
wire 11 at a low temperature (30 to 45[err]) and next dries the same at
about the boiling temperature of chloroform (55 to 65[err]), is used as 20
the drying furnace 17', insulation film having a preferable surface
property can be obtained. The surface of the resin film coated bonding wire
is subjected to an electrostatic charge prevention treat- ment by an
ionized air shower, and then re-wound by designated spools to a designated
length. The back ten- sion controller applies a predetermined tension
(about 3 g) to the wire bonding to check whether the wire is cut off while
it is coated with the film, and prevents it from being expanded by an
excessive tension applied 25  thereto or from being out of the guide roller
because a tension applied thereto is too small. A gold bonding wire having
a diameter of about 30 [err] was used as the bonding wire. Used as the
resin was U Polymer, grade U100 of Unitica Co., Ltd. which was dissolved in
chloroform and filtered through a filter of 0.2 [err] mesh. The insulation
resin film was arranged to have a thickness of 0.5 [err] in such a manner
that a concentration 30  of the resin solution was adjusted to 5 wt% and
the film was wound at a speed of 3.4 m/min. When an insulation film coated
wire having a film thickness of 0.5 [err] of the thus made bonding wires
was used for wiring a semiconductor device, no electric short-circuiting
was caused and a good continuous bonding property was obtained. According
to the present invention, a polymer resin film coated Insulation bonding
wire obtained by using 35   a particular polymer resin material and coating
it with an insulation layer having a uniform and particular thick- ness is
excellent in terms of insulating property, continuous bonding property,
heat resistance and the like and thus preferably used in semiconductor
devices. Further, semiconductor devices using the bonding wire according to
the present invention have such ad- vantage that they are highly reliable
and can be continuously manufactured. 40      According to the
manufacturing method of the present invention, resin film coated insulation
bonding wires can be continuously and effectively manufactured, the bonding
wires being used for wiring semiconductor de- vices and having no
possibility of arising electric short-circuiting caused when adjacent
bonding wires come into contact each other or a bonding wire comes into
contact with an adjacent lead frame, tabs or other con- ductors. 45
Further  when a coating apparatus is disposed as a part of a wire drawing
process, wire drawing and coat- ing can be continuously carried out easily.
Further, a coating bath can be also made to a multi-layer by disposing the
coating apparatus in multistage in the lengthwise direction of the bonding
wire. Claims 1. An insulation film coated bonding wire comprising a
conductive metal wire core and an insulation film com- posed of an aromatic
polyester coated on the circumference of the conductive metal wire core,
charac- 55     terized in that the aromatic polyester is a reaction product
of an aromatic dihydroxy compound and an aromatic dicarboxylic acid and has
a melt index of 1.0 to 100 g/10 min., and that the insulation film has a
thickness of 0.01 to 10 [err]. 13    EP 0 416 133 B1 1111111111111111111111



*   C   L   M   S   * Example 8 Figure 4 shows an example of an apparatus,
wherein 11 designates a bonding wire, 12 designates a feed spool for
feeding the bonding wire, 13 designates a back tension controller for
detecting tension applied to the 5   bonding wire and controlling feed
speed, 14 designates a pretreatment bath also effecting cleaning, 15 des-
ignates a resin coating unit 16 designates a take-up spool, 17 and 17'
designate drying furnaces, and 18 des- ignates a guide roller for guiding
the bonding wire. As an example of the present invention, a resin film
coated insulation bonding wire having satisfactory characteristics cart be
made by the following process. 10      After being sufficiently cleaned,
the bonding wire 11 is mounted on the feed spool 12, continuously fed
therefrom by the rotation of the take-up spool 16, further cleaned by
chloroform in the pretreatment bath 14, and caused to pass through the
drying furnace 17 to remove solvent. The above pretreated bonding wire 11
is caused to pass through the coating unit 15 containing a coating solution
whcih is prepared in such a manner that resin is dissolved and filtered
through a filter of 0.2 [err] mesh, 15  then drawn upward in the vertical
direction and the solvent thereof is removed while the bonding wire 11 is
caused to pass through the drying furnace 17', whereby the bonding wire
coated by the insulation resin is formed and wound by the take-up spool 16.
When a two-stage drying furnace, which at first gradually dries the bonding
wire 11 at a low temperature (30 to 45[err] and next dries the same at
about the boiling temperature of chloroform (55 to 65[err]C), is used as 20
the drying furnace 17'. insulation film having a preferable surface
property can be obtained. The surface of the resin film coated bonding wire
is subjected to an-electrostatic charge prevention treat- ment by an
ionized air shower, and then re-wound by designated spools to a designated
length. The back ten- sion controller applies a predetermined tension
(about 3 g) to the wire bonding to check whether the wire is cut off while
it is coated with the film, and prevents it from being expanded by an
excessive tension applied 25  thereto or from being out of the guide roller
because a tension applied thereto is too small. A gold bonding wire having
a diameter of about 30 pm was used as the bonding wire. Used as the resin
was U Polymer grade U100 of Unitica Co., Ltd. which was dissolved in
chloroform and filtered through a filter of 0.2 [err] mesh. The insulation
resin f ilm was arranged to have a thickness of 0.5 [err] in such a manner
that a concentration 30  of the resin solution was adjusted to 5 wt% and
the film was wound at a speed of 3.4 m/min. When an insulation film coated
wire having a film thickness of 0.5 e[rr] of the thus made bonding wires
was used for wiring a semiconductor device, no electric short-circuiting
was caused and a good continuous bonding property was obtained. According
to the present invention, a polymer resin film coated insulation bonding
wire obtained by using 35   a particular polymer resin material and coating
it with an insulation layer having a uniform and particular thick- ness is
excellent in terms of insulating property, continuous bonding property,
heat resistance and the like and thus preferably used in semiconductor
devices. Further semiconductor devices using the bonding wire according to
the present invention have such ad- vantage that they are highly reliable
and can be continuously manufactured. 40      According to the
manufacturing method of the present invention, resin film coated insulation
bonding wires can be continuously and effectively manufactured, the bonding
wires being used for wiring semiconductor de- vices and having no
possibility of arising electric short-circuiting caused when adjacent
bonding wires come into contact each other or a bonding wire comes into
contact with an adjacent lead frame, tabs or other con- ductors. 45
Further when a coating apparatus is disposed as a part of a wire drawing
process, wire drawing and coat- ing can be continuously carried out easily.
Further a coating bath can be also made to a multi-layer by disposing the
coating apparatus in multistage in the lengthwise direction of the bonding
wire. 50 Claims 



1.  An insulation f ilm coated bonding wire comprising a conductive metal
wire core and an insulation film com- posed of an aromatic polyester coated
on the circumference of the conductive metal wire core, charac- terized in
that the aromatic polyester is a reaction product of an aromatic dihydroxy
compound and an aromatic dicarboxylic acid and has a melt index of 1.0 to
100 g/10 min., and that the insulation film has a thickness of 0.01 to 10
[err]. 13    EP 0 416 133 B1           11111111111111111111 2. An
insulation film coated bonding wire according to Claim 1, characterised in
that the aromatic polyester has the following formula as the basic skeleton
thereof: [err] 10 3.  An insulation film coated bonding wire according to
Claim 1 or Claim 2, characterized in that the insulation film has a
thickness of 0.01 to 2 [err]. 4.  An insulation film coated bonding wire
according to any preceding claim, characterized in that the insu- 15
lation film has a thickness of 0.02 to1[err]. 5.  A method of manufacturing
a resin film coated insulation bonding wire according to any preceding
claim, characterized by continuously feeding a bonding wire (11) carried on
a feed spool (12), causing the bond- ing wire (11) to pass through a
coating solution in which an aromatic polyester, produced by the reaction
20      of an aromatic dihydroxy compound and an aromatic dicarboxylic
acid, is dissolved, drawing the bonding wire ( 11) upwards in the vertical
direction to remove solvent therefrom, forming the bonding wire (11) uni-
formly coated with the polyester, and winding the bonding wire (11) on a
take-up spool (16). 6.  A semiconductor device comprising a semiconductor
pellet having bonding pads electrically connected 25      to conductors to
external output terminals by bonding, characterized in that the bonding is
effected by using a bonding wire according to any of Claims 1 to 4.
Pattntanspr iche 30  1.  Mit Isolierfilm beschichteter Verbindungsdraht,
umfassend einen leitfahigen Metalidrahtkern und elnen, aus einem
aromatischen Polyester zusammengesetzten Isolierfllm, der um den
leitfahigen Metalldraht- kern aufgebracht ist, dadurch gekennzeichnet, dag
der aromatische Polyester das Reaktionsprodukt einer aromatischen
Dihydroxyverbindung und einer aromatischen Dicarbonsaure ist und einen
Schmelzindex 35      von 1.0 bis 100 g/10 min besitzt, und dan der
Isolierfilm eine Dicke von 0,01 bis 10 Pim aufweist. 2.  Mit isollerfilm
beschichteter Verbindungsdraht nach Anspruch 1, dadurch gekennzeichnet,
dall der aro- matische Polyester die folgende Formel als Grundskelett
besitzt: 40                  f                CE3               0 C
C c3                             0      n 45 3.  Mit isolierflm
beschichteter Verbindungsdraht nach Anspruch I oder Anspruch 2, dadurch
gekennzeich- nel. daR der Isolierfillm eine Dicke von 0,01 bis 2 tpm
besitzt. 4.  Mit Isolierfilm beschichteter Verbindungsdraht nach einem der
vorangehenden Anspruche, dadurch ge- SO      kennzeichniet. da(B der
Isolierfilm eine Dicke von 0.02 bis I , m besitzt. 5   Verlahren zur
Herstellung elnes mit Harzfilm beschichteten Isolierten Verbindungsdrahts
nach einem der vorangehetiden AnsprOche, gekennzeichnet durch
fortlaufendesZufuhren eines Verbindungsdrahts (11), der vo, einer
Zuftihrspule (12) gehalten wird, Durchleiten des Verbindungsdrahts (11)
durch elne Be- 55      schichlunrslosung. in welcher der aromatische
Polyester, der durch die Reaktion einer aromatischen Di- hydroxvverbindung
und einer aromatischen Dicarbonsaure hergestelit wurde, gelost ist,
Herausziehen les Verbiridungsdrahts (11) in vertikaler Richtung nach oben,
um Losemittel davon zu entfernen, Bilden des mit Polyester gleichmAllig
beschichteten Verbindungsdrahts (11), und Aufwickeln des Verbindungs- 



14    EP O 416 133 B1 * c   L   r s * dralits (11) auf einer Aufnahmespule
(16). 6. Halbleltervorrichtung mit einem Halbleiterelement mit
Anschlulfflachen, die durch Bonden zu sxternen Ausgangsanschlissen
elektrisch verbunden sind, dadurch gekennzeichnet, daB das Bonden unter
Ver- 5       wendutig eines Verbindungsdrahts nach elnem der Ansprflche I
bis 4 durchgefuhrt wird. Revendications 10  1.  Fil de liaison revetu d'un
film isolant, comprenant un fil metallique conducteur constituent l'ime et
un film isolant composb d'un polyester aromatique, revetu sur la
circonference du f il mbtallique conducteur cons- tituant l'fime,
caracterise en ce que le polyester aromatique est un produit de r6action
d'un compose dl- hydroxylique aromatique et d'un acide dicarboxylique
aromatique et a un indice de fusion de 1,0 & 100 g/10 matl.. et en ce que
le film isolant a une epaisseur de 0,01 A 10 pLm. 15 2.  Fil de liaison
revOtu d'un film isolant selon la revendication 1, caract~ris6 en ce quo le
polyester aroma- lique a un squelette de base de la formule sulvante: 20  r
o-~?9-CH 0                                       L 0       ~~CI
0                n 25 3.  Fil de liaison revetu d'un film isolant selon la
revendication I ou la revendication 2, caracterise en ce que le film
isolant a une epaisseur de 0,01 A 2 pm. 4. Fil de liaison revetu d'un film
isolant selon l'une quelconque des revendications precedentes, caracterise
en ce que le film isolant a une epaisseur de 0,02 A 1 pm. 5.  Procede de
fabrication d'un fil de liaison isolant revetu d'un film de resine selon
l'une quelconque des revendications precedentes, caracterisb en ce que l'on
alimente en continu un f il de liaison (11) porte par une bobine
d'alimentation (12), on fait passer le fil de liaison (11) dans une
solution de revhtement, dans laquelle est dissous un polyester aromatique,
produit par rbaction d'un compose dihydroxylique aromati- 35       que et
d'un acide dicarboxylique aromatique, on tire le f il de liaison (11) vers
le haut dans la direction ver- ticale pour en eliminer le solvant, formant
ainsi le fil de liaison (I1) uniform6mentrevetu avec le polyester, et on
enroule le fil de liaison (11) sur une bobine rbceptrice (16). 6.
Dispositif semi-conducteur comprenant une pastille semi-conductrice munie
de pattes de liaison connec- 40       tees electrdquement par une liaison a
des conducteurs relies A des bornes de sortie externe, caracterise en ce
que la liaison est effectuee en utilisant un f il de liaison selon l'une
quelconque des revendications 1 a 4. 45 SO 55 15    


