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METHOD OF MOUNTING A SEMICONDUCTOR CHIP, CIRCUIT BOARD FOR
FLIP-CHIP CONNECTION AND METHOD OF MANUFACTURING THE SAME,

ELECTROMAGNETIC WAVE READABLE DATA CARRIER AND METHOD OF
MANUFACTURING THE SAME , AND ELECTRONIC COMPONﬁNT MODULE FOR AN

ELECTROMAGNETIC WAVE READABLE DATA CARRIER

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method of mounting a

._s_emicondu'ctor chip which is suitable for manufacturing an

electromagnetic wave readable data carrier that functions as

a flight tag, a label for physical distribution management, a

ticket for an unmanned wicket and others, particularly relates
to a method of mounting semiconductor chip in which a bare
éemiconductor chip can be mounted on a circuit board at a low
cost by a fiip—chip connecting method. The present invention
also relates to a circuit board for flip-chip connection and
a method of manufacturing- the same. In addition, the present
invention relates to an electromagnetic wave readable data
carrier and amethod of manufacturing the same, and an electronic
component module for an electromagnetic wave readable data
carrier.

2. Description of the Related' Art

For thistypeofelectromagneticwave readabledatacarrier,
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a flight tagdisclosed in Japanese Patent Unexamined Publication
No. Hei. 6-243358 for example is known. It is estimated that
the flight tag will be used for the management of passenger's
baggage at an airport as a throwaway tag in near future. At
that time, inthecaseofaworldwideairline company, the enormous
démand such as 8.5 million pieces per month can be expected by
only the company. Therefore, as to this type of flight tag,
the establishment of mass production technology at an extremely
low cost is .desired.

The'flight tag disclosed in the patent application is
composed bymounting a curled conductive éattern tobe an antenna
coil and IC components to be a send and réceive circuit, a memory
and others on the single side of a rectangular substrate made
of a PET film. -

The body of the flight tag that holds the curled conductive
pattern to bé an antenna coil canbe formed by selectively etching
copper foil and aluminum foil respectively coated on the single
side of the PET film by etching processing. Therefore, a
continuous production line by roll to roll (RTR} can be readily
realized by a resist formation process by well-known
photolithographic technology and the succeeding wet etching
process and others. In the meantime, circuit components such
as a send and receive circui.t and a memory to be mounted on the

body of the flight tag are integrated in one chip using
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semiconductor integration technology.

These applicants propose that a bare semiconductor chip
is first moduled by mounting the bare semiconductor chip
composing the send and receive circuit, the memory respectively
described above and others on a thin insulating piece (a type
of circuit board) and then the productivity of a flight tag is
enhanced by bonding the electronic component module on a PET
film composing the body of the flight tag.

As for an electronic component mounted sheet, the advanced
thinning of which is requested, such as the electronic compénent
module bonded to the flight tag, a £flip-chip connection method
inwhichabare semiconductor chipisdirectlymountedonacircuit
board is often proposed.

An exampleof the flip-chip connectionmethod (hereinafter
called a first related art type method) is shown in Fig. 14.
In the fii‘si:: related art type method, a protruded terminal for
connection (hereinafter called a bump) b is formed on the bottom
electrode (not shown) of a semiconductor chip a and after the
bump b and an electrode area d of a‘ﬂir%ng pattern on a circuit
board ¢ are positioned, both are connected via joining material
e such as solder and conductive paste. |

In the first related art type method, a problem is pointed
out such that the.manufacturing cost is increased because (1)

a process for supplying and hardening the joining material e
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for connecting the bump b and the electrode area d of the wiring
pattern is complex, (2) an insulating resin f called underfill
is filled between the chip a and the board c so as to seal a
bump connection portion between the bump b and the electrode
area d and thereby to acquire the reliability in the
moisture-proof of the bump connected part and strength for
mounting the semiconductor chip and (3) a process for filling
andhardeningtheinsulatingresinf1x>beunderfillisrequired;

Another exampie of the flip-chip connection method (a
second related art type method) is shown in Fig. 15. The second
related art type method is proposed to solve the problem of the
first related art type method and a bare.semiconductor'chip is

mounted on a circuit board using an anisotropic conductive sheet

_proposed in Japanese Patent No. 2586154.

In the second related art type method, an anisotropic
conductive sheet ginwhichconductiveparticulatesaredispersed
in thermoplastic or thermosetting resin is put between a bare
semiconductor chip a and a circuit board c, and the resin is
made to flow by thermocompression bonding, so that eleétric
connection in the direction of the thickness is acquired by
conductive particulates h put between a bump b and an electrode
area d of the wiring pattern.

According to this method, there is effect that the

positioning of the circuit board with the wiring pattern when
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the semiconductor chip is mounted on the circuit board can be

relatively roughly performed. In addition, time when resin is

hardened is short, for example 10 to 20 seconds, sealingmaterial
suchasunderfill isnot requiredtobeused, andthemanufacturing
cost can be reduced. To the contrary, problems are further
pointed out such that (1) the anisotropic conductive sheet g
is relatively high-priced, (2) the anisotropic conductive sheet
cannot be used for a board without heat resistance because the

high temperature of 200°C or more is required for hardening the
g

sheet, (3) it takes 10 to 20 seconds to harden the resin though
it is a relatively short time, and it is difficult to further
simplify and speed up the process and (4) the reliability of
connection is low because electric connection between the bump
and the wiring pattern depends upon thé contact of conductive

particulates dispersed in the resin.

SUMMARY OF THE INVENTION
The invention is made to solve the problems in the related
art type flip-chip connectionmethod and the object is to provide
amethod of mounting semiconductor chipbya flip-chip connection
method in which a semiconductor chip can be mounted on a circuit
board promptly, electrically and mechanically securely and
further at a low cost.

Also, another object of the invention is to provide a
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circuit board for flip-chip connection suitable for the
above-mentioned mounting method.

Also, further another object of the invention is to provide
a method of manufacturing a circuit board for flip-chip
connection in which the above-mentioned circuit board can be
manufactured simply and at a low cost.

Further, furthermore another object of the invention is
to provide an electromagnetic wave readable data cafrier and-
a method of manufacturing the same in which an electromagnetic
wave readable data carrier that functions as a flight tag, a

label for physical distribution management, a ticket for an

‘unmanned wicket and others can be produced at a low cost in a

mass.

Also,furtheranotherobjectoﬁtheinventhmmistoprovide
an electronic component module for an electromagnetic wave
readable data carrier.

The person skilled in the art will easily understand
further another object and the effect of the invention by
referring to the description of embodiments and others.

A method of mounting a semiconductor chip according to
the inventioh is provided with a process for pushing a melted
thermoplastic resin coat aside by pressing a bump of a bare
semiconductor chip on the melted thermoplastic resin coat

applying anultrasonicwave in a state inwhich the thermoplastic
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resin coat covering an electrode area on a wiring pattern is
heated and melted and touching the bump and the electrode area,
a process for bonding the bump and the electrode area by
continuously'applying an ultrasonic wave in a state in which
the bump and the electrode area are touched and a process for
cooling and solidifying the melted thermoplastic resin and
bonding the body of the bare semiconductor chip on a circuit
board.

As clear from the description that in a state in which
the thermoplastic resin coat covering an electrode area on a
wiring pattérn is heated and melted, a thermoplastic resin coat
is formed beforehand in an electrode area on a wiring pattern
of a circuit board used in the invention. This coat may also
cover only an electrode area of a wiring pattern and may also
cover the overall surface of a wiring pattern.

Also, a phrase, an electrode area on a wiring pattern
described above means a fixed small area on a wiring pattern
including a position for a terminal of an electronic component
and others to be connected. In this electrode area, a part
generally called a land and others on the wiring pattern is
included.

Also, words, "heated and melted” mean both a state that
the thermoplastic resin coat is heated and melted and a state

that it is heated and softened to some extent. Further, it is
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desirable that thermoplastic resin described above has a
satisfactory characteristic as an adhesive.

According to such configuration, action and effect are
acquiredthat(l)secureelectricconductionisacquiredbecause
the junction of the bump and the electrode area is diffused
junction by an ultrasonic wave, (2) moisture-proof is
satisfactory beéause the junction is sealed with resin, (3)
mechaﬂical mounting strength to pulling and others is high-
because the semiconductor chip and the circuit board are bonded
whenthethefmoplasticresinishardened,(4)electricconduction
and mechanical bonding are simultaneously enabled in a short
time, (5) the manufacturing cost is low because a process for
special sealing andbonding andbondingmaterial arenot required
and (6) the surface of theboard isnevermore stickythanrequired
in heating because no thermoplastic resin coat exists in a part
in which the surface of the board is exposed.

Also, the overall surface of the wiring pattefn of the
circuitboardfor flip-chipconnectionaccordingtothe invention
is covered with a thermoplastic resin coat.

According to such configuration, as the overall surface
of the wiring pattern is covered with a thermoplastic resin coat
incase thecircuit board described above is used for the mounting
method described above, sealed strﬁéture satisfactory in

moisture-proof and bonded structure high in tensile strength
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are acquired.

Also, in a method of manufacturing the circuit board for
flip-chip connection according to the invention, for an etching
maskusedwhenthewiringpatternis formedbyetchingprocessing,
thermoplastic resin is used.

According to such configuration, as an etching mask used
in etching processing for forming the wiring pattern is used
for the thermoplastic resin coat covering the overall surface
of a condﬁctive patternas it is, a special coat formationprocess
is not required and much labor is not required, and therefore
the manufacture at a low cost can be reaiized.

Also, inamethod of manufacturing an electromagnetic wave
readable data carrier according to the invention, the body of
a data carrier in which a curled conductive pattern composing
an antenna coil is held on thin or sheet insulating base material
and an electronic component module in which a bare semiconductor
chip composing a send and receive circuit, a memory and others
is mounted on a wiring pattern of a thin or sheet circuit board
are integrated.

In the data carrier manufacturing method, a process for
manufacturing the electronic component module in which the bare
seniconductor chip is mounted on the wiring pattern of the thin
or sheet circuit board is mainly characteristic.

That is, in the process for manufacturing the electronic
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componentmodule, a subprocess forpushingameltedthermoplastic
resin coat aside by pressing a bump of the bare semiconductor
chip on the melted thermoplastic resin coat applying an
ultrasonic wave in a state in which the thermoplastic resin coat
covering the electrode area on the wiring pattern is heated and
melted and touching the bump and an electrode area, a subprocess
for bonding the bump and the electrode area by continuously
épplying an ultrasonic wave in a state in which the bump and
the electrode area are touched and a subprocess for cooling and
solidifying the melted thermoplastic resin and bonding the body
of the bare semiconductor chip on the circuit board are included.

According to such configuration, the electromagneticwave
readable data carrier that functions as a flight tag, a label
for physical distribution management, a ticket for an unmanned
wicket and others can be produced at a low cost in a mass owing
to action and effect that (1) secure electric conduction is
acqguired because the junction of the bump and the electrode area
is diffused junction by an ultrasonic wave, (2) moisture-proof
is satisfactory because the junction is sealed with resin, (3)
mechanical mounting strength to pulling and others is high
because the semiconductor chip and the circuit board are bonded
when the thermoplasticresinishardened, (4) electricconduction
and mechanical bonding are simultaneously enabled in a short

time, (5) the manufacturing cost is low because a process for

10
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special sealingandbonding andbondingmaterial arenot required
and {6) the surface of theboard isnevermore sticky thanrequired
in heating because no thermoplastic resin coat exists in a part
in which the surface of the board is exposed.

'~ Also, the overall surface of a wiring pattern of a circuit
board used in the manufacturing process of the electronic
comjponent module according to the invention is covered with a
thermoplastic resin coat.

According to such configuration, as the overall surface
of the wiring pattern is covered with the thermoplastic resin
coat in case the above-mentioned circuit board is used in the -
electronic component module manufacturing process, sealed
structure satisfactory in moisture-proof and bonded structure
high in tensile strength are acquired.

Also, in a circuit board manufacturing method according
to the invention, thermoplastic resin is used as an etching mask
used when a wiring pattern is formed by etching processing.

According to such configuration, as the etching mask used
in the etching processing for forming the wiring pattern becomes
a thermoplastic resin coat covering the overall surface of a
conductive pattern as it is, a special coat formation process
is not required and much labor is not required, and therefore
the manufacture at a low costcan be realized.

Also, inamethod of manufacturing an electromagnetic wave

11
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readable data carrier according to the invention, the body of
a data carrier in which a metallic foil pattern composing an
antennacoil isheldonthinresinbasematerial, andanelectronic
component module in which a bare semiconductor chip composing
a send and receive circuit, a memory and others is mounted on
a aluminum foil wiring pattern on the surface of thin resin base
material are integrated.

In the electromagnetic wave readable data carrier
manufacturingmethod, aprocess formanufacturing theelectronic
component module inwhich the bare semiconductor chip is mounted
on the aluminum foil wiring pattern on the surface of the thin
resin base material is mainly characteristic.

That is, in the process for manufacturing the electronic
component module, a subprocess forpushingameltedthermoplastic
resin coat aside by pressing a bump of the bare semiconductor
chip on the melted thermoplastic resin coat applying an
ultrasonic wave in a state in which the thermoplastic resin coat
covering an electrode area on the aluminum foil wiring pattern
is heated and melted and touching the bump and the electrode
area, a subprocess for bonding the bump and the electrode area
by continuously applying an ultrasonic wave in a state in which
the bump and the electrode area are touched and a subprocess
for cooling and solidifying the melted thermoplastic resin and

bonding the body of the bare semiconductor chip on the circuit

12
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board are included.

Also, the overall surface of the aluminum foil wiring
patternof thecircuitboardaccording tothe inventionis covered
with a thermoplastic resin coat.

Also, in the circuit board manufacturingmethod according
to the invention, thermoplastic resin is used as an etching mask
used when the aluminum foil wiring pattern is formed by etching
processing}

In a preferred embodiment of the invention, for
thermoplasticrein, polyolefinresinorpolyester resin is used.

Action and effect can be desired by using such resin such
that the resistance to a chemical satisfactory for an etching
mask, and satisfactoryjunction strengthbetween ametallic bump
on the side of the semiconductor chip and a metallic electrode
area on the sid;e of the wiring pattern are acquired. That is,
polyolefin resin is provided with satisfactory resistance to
alkaline-etchant such as NaOH or polyester resin is provided
with satisfactory resistance to acid etchant such as FeCl,. 1In
addition, these resins are also excellent in an adhesive
property.

Further, an eiectronic component module for an
electromagnetic wave readable data carrier, according to the
invention, comprises: a circuit board having a wiring pattern

with an electrode area and a thermoplastic resin coat covering

13
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the electrode area of the wiring pattern; and a semiconductor

chipmountedon the circuitboard, said semiconductor chiphaving

-a bump at a side of the circuit board thereof. The bump of the

semiconductor chip penetrates the thermoplastic resin coat and

" directly bonds with the electrode area of the wiring pattern.

Inaddition, anelectromagneticwavereadabledatacarrier,
according to the invention, comprises: & body of a data carrier
including an insulating base material and a conductive pattern
heldonthe insulatingbasematerial; andanelectronic component
module includingacircuit board and a semiconductor chipmounted
on the circuit board, said circuit board having awiring pattern
with an electrode area and a thermoplastic resin coat covering
the electrode area of the wiring pattern, said semiconductor
chip having a bump at a side of the circuit board thereof, the
bump of the semiconductor chip penetrating the thermoplastic
resin coat and directly bonding with the electrode area of the
wiring pattern, wherein said electronic component module is
manufactured by a method comprising: heating and melting the
thermoplastic resin coat of said circuit board; bressing the
bunmp of said semiconductor chip on the thusmelted thermoplastic
resin coat while applying an ultrasonic wave to the bump so that
the bump penetrates the melted thermoplastic resin coat and
brings into contact with electrode area; bonding the bump and

the electrode area by continuously applying the ultrasonic wave

14
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to the bump bringing into contacted with the electrode area;
and cooling and solidifying the melted thermoplastic resin coat
so as to securely mount said semiconductor chip on said circuit

board.

BRIEF DESCRIPTION OF THE DRAWINGS

-Figs. 1A-E are respecti?ely process drawings for
explaining a mounting method according to the invention;

Figs. 2A-C are respectively explanatory drawings showing
the details of an ultrasonic mounting process;

Fig. 3 is a sectional view showing mounted-structure by
a method according to the invention;

Fig. 4 is a table showing the bonding strength of a
semiconductor chip and a wiring pattern;-

Fig. 5is a front view showing an example of a data carrier;

Fig. 6 is a sectional view showing a lamination of the
body of the data carrier and an electronic component module;

Figs. 7A-E are respectively process drawings showing the
manufacturing process of the body of the data carrier;

Figs. 8A-E are respectivelyrprocess drawings showing the
manufacturing process of the electronic component module;

Figs. 9A-B are respectively process drawings showing
processes for mounting the electronic component module on the

body of the data carrier;

15
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Figs. 10A-C respectively show the manufacturing process
of the body of the data carrier;

Figs. 11A-E respectively show the manufacturing process
of the electronic component module;

Figs. 12A-B are respectively process drawings showing a
process for mounting the electronic component module on the body
of the data carrier;

Fig. 13 is a table showing the result of the moisture-proof
test of the thin data carrier to which the invention is applied:

Fig. 14 shows a first related art type method of flip-chip
connection; and

Fig. 15 shows a second relatéd art typemethod of £flip-chip

connection.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the attached drawings, a suitable embodiment
of a semiconductor chip mounting method according to the
invention will be described in detail below.

As described above, the semiconductor chipmountingmethod
according to the invention is provided with: 1) a process for
pushing a heated and melted thermoplastic resin coat covering
an electrode area on a wiring pattern aside by pressing a bump
of a bare semiconductor chip on the melted thermoplastic resin

coat applying an ultrasonic wave so as to bring the bump into

16
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contact with the electrode area; 2) a process for bonding the
bump and the electrode area by continuously applying an
ultrasonic wave in a state in which the bump and the electrode
area are in contact; and 3) a process for cooling and solidifying
the melted thermoplastic resin and bonding the body of the bare
semiconductor chip on a circuit board.

An outline of a series of processes including such a
mounting method is shown in a process drawing shown in Figs.
1A-E. 1In this series of processes, a metallic foil lamination
manufacturingprocess (A), anetchingmaskprintingprocess (B),
anetchingprocess for formingawiringpattern (C), anultrasonic
mounting process (D) and a bonding process (E) are included.
The details of the processes will be described in order below.
[Metallic foil lamination manufacturing process (A)]

In this process, an A1-PET lamination 1 which is original
material of a thin circuit board is manufactured. For example,
the Al-PET lamination 1 is manufactured in a process for
laminating hard aluminum foil 3 having the thickness of 35 u
m on the single side (the upper surface in Fig. 1A) of a PET
film 2 having the thickness of 25 um via an urethane adhesive,
and bonding them thermally under a condition of the temperature

of 150°C and the pressure of 5 kg/cm’.

[Etching mask printing process (B)]

In this process, an etching resist pattern 4 in the shape

17
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of a required wiring pattern is formed on the surface of the
hard aluminum foil 3 of the Al-PET lamination 1. For example,
the resist pattern 4 is formed by applying a polyolefin

thermoplastic resin adhesive, which ismeltedat the tempefature

of approximately 150°C, on the surface of the hard aluminum foil

3 by approximately 4 to 6 um in thickness by a method such as

gravure. Itisdesirablethatthisthicknessisvariedaccording
to the size and the shape of a bump of a mounted bare chip.
[Etching process (C)]

.In this process, a wiring péttern 6 composed of the hard
aluminum foil 3 is formed by removing an aluminum foil part 5
exposed from the etching resist pattern 4 by well-known etching
process. Forexample, thewiringpattern 6is formedby exposing
the aluminum foil part 5 exposed from the etching resist pattern
4 to NaOH (120 g/l1l) used as etchant under a condition of the
temperature of 50°C. ' The wiring pattern 6 composed of the hard
aluminumfoil 3 appearsonthe surfaceofacircuitboard7acquired
in this etching process. The overall surface of the wii'ing
pattern 6 is covered with the polyolefin thermoplastic resin
adhesive used for the etching resist pattern (an etching mask)
4. In other words, the surface of at least an electrode area
(an area to be connected with a bump of a bare semiconductor
chip described later) of the wiring pattern 6 is covered with

a thermoplastic resin coat 4a.

18
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[Ultrasonic mounting process (D)]

In this process, a bare semiconductor chip 8 is mounted
onthecircuitboard 7applyinganultrasonicwave. This process
includes: 1) a subprocess (a first subprocess) for pushing the
melted thefmoplastic resin coat 4a aside by pressing a bump 9
of the bare semiconductor chip 8 on the melted thermoplastic
resin coat 4a in a state in which the thermoplastic resin coat
4a covering an electrode area 10 on thewiring pattern 6 is heated
and melted applying an ultrasonic wave so as to bring the bump
9 into contact with the electrode area 10 ; and 2) a subprocess
(a second subprocess) for bonding the bump 9 and the electrode
area 10 in a state in which the bump 9 and the electrode area
10 are contacted with each other by continuously applying an
ultrasonic wave.

The bare semiconductor chip 8 is composed as a so-called
surface mounting-type component. That is, the Dbare

semiconductor chip 8 has a body which has 150 um thick and the
bump 9 which is ametallic terminal for connection and protruded
from the bottom of the bare semiconductor chip 8.. 1In the first
subprocess, the bump (made of gold for example) 9 is pressed
on the thermoplastic resin coat 4a which is melted by heating
at 150°C in a state inwhich anultrasonic wave is applied. Then,
themelted thermoplasticresincoat 4a ispushed aside and removed

from the position of the end of the bump 9 by the ultrasonic

19
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vibration of the bump 9. Further, an oxide layer and others
on the surface of the aluminum foil wiring pattern 6 are also
mechanically removed by the vibration. As a result, the bump
9 and the electrode area 10 are contacted with each other. 1In
the second subprocess, afterward, the bump 9 and the electrode
area 10 of the wiring pattern 6 are further heated by frictional
heat by the vibration, a metallic fused part in which atoms of
gold are diffused in the aluminum foil is formed and the bonding
of both by an ultrasonic wave is completed.

The first and second subprocesses arecompletedbyapplying
ultrasonic vibration of the frequency of 63 kHz by approximately
a few seconds under the pressure of 0.2 kg/mm® for example after
the bare semiconductor chip 8 is arranged in a predetermined
position.

The details of the ultrasonic mounting process are shown
in a process drawing shown in Figs. 2A-C. In a positioning
process shown in Fig. 2A, in a state in which an ultrasonic horn
11 and an anvil 12 used as a heater table respectively provided
with a vacuum attraction function are arranged opposite, the
bare chip 8 is attracted to the ultrasonic horn 11 as shown by
an arrow lla and the circuit board 7 is attracted to the anvil
12 as shown by an arrow 12a. In this state, the bump 9 on the
side of the bare chip 8 and the electrode area 10 of the wiring

pattern 6 on the side of the circuit board 7 are positioned,

20
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relatively moving the ultrasonic horn 11 and the anvil 12 in

a horizontal direction. Simultaneously, the circuit board 7
is heated up to 150°C by the anvil 12.

In a process for removing the thermoplastic resin adhesive
showninEig.2B,themeltedthermoplasticresincoat4aispushed
asidebypressing thebunmp 9of thebarechip 8 onthe thermoplastic
resin adhesive (the thermoplastic resin coat) 4a in a heated
and melted state by applying pressure (0.1 to 0.3 kgf) as shown
by an arrow P, as applying ultrasonic vibration (63.5 kHz, 2W)
as shown by an arrow v by the ultrasonic horn 11 and the anvil
12.'Therefore,thebump9andtheelectrodearealOarecontacted
with each other.

In anultrasonicbonding process shown in Fig. 2C, diffused
junction between metals is accelerated by furthef continuously
applyingultrasonicvibration v, and the bump 9 and the electrode
area 10 are bonded.

Referring to Figs. 1lA-E again, the description will be
continued.
fBonding process (E)]

In this process, the melted thermoplastic resin coat 4a

ishardenedagainbynatural coolingor forced coolingby removing
the heat of 150°C applied to the circuit board. Therefore, the

bare semiconductor chip 8 and the wiring pattern 6 are bonded.

That is, the thermoplastic resin coat 4a inamelted state filled

21
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between thebottomof thebare semiconductorchip8andthecircuit
board 7 is cooled and solidified, and the bare semiconductor
chip 8 and the circuit board 7 are firmly bonded and fixed.

The mounted structure completed in the processes (A) to
(E) is shown in Fig. 3. As shown in Fig. 3, according to this
mounted structure, actioi'l and effect are .acquired such that (1)
sure electric conduction is acquired because the bump 2 and.the
electrodearea 10 arebondedby d.i ffusedjunctionbyanultrasonic
wave, (2) themoisture-proof is satisfactory because a junction
between the bump 9 and the electrode area 10 is sealedwithresin,
(3) the mechanical strength of mounting for pulling and others
is high because the semiconductor chip 8 and the circuit board
7 are bonded when the thermoplastic resin coat 4a is hardened,
(4) electric conduction and mechanical coupling are
simultaneously enabled in a short tilﬂe, (5) the manufacturing
cost is particularly low because special processes from sealing
to bonding and adhesive material are not required and (6) the
surface of theboard isnevermore sticky thanrequired inheating
because no thermoplastic resin coat exists in a part in which
the surface of the board is exposed.

The strength of bonding between the bare semiconductor
chip 8 and the wiring pattern 6 in the case of the mounting method
using the resin coat in this embodiment is shown in Fig. 4 in

comparison with a case using only ultrasonic bonding. As clear
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from Fig. 4, in the case of the mounting method according to
the invention, the double to triple strength of bonding is .
acquired, compared with the case of only ultrasonic bonding.
It need scarcely be said that this is because the semiconductor
chip 8 and the circuit board 7 are bonded when the thermoplastic
resin coat 4a is hardened.

In the embodiment, the PET film 2 is used for resin base
material composing the lamination 1, however, a polyimide film
and others can be also used in place of the PET film.

Also, for the material of the etching resist pattern 4,
polyester thermoplastic resin can be also used in place of the
polyolefin resin. However, in that case, . FeCl, is used for
etchant.

For thecircuitboard 7 showninFig. 1C, theoverall surface
of the wiring pattern 6 is covered with the thermoplastic resin
coat 4a and the circuit board can be generalized as a circuit
board for flip-chip connection.

According to such configuration, as the overall surface
of the wiring pattern 6 is covered with the thermoplastic resin
coat 4a in case the circuit board is used for the above mounting
method, sealed structure satisfactory in moistﬁre—proof and
bonded structure high in tensile strength are acquired. That
is, the thermoplastic resin coat 4a located in the vicinity of

the elect_rode area 10 on the wiring pattern 6 mainly contributes
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tosealingtheultrasonicjunction, while the thermoplasticresin
coat 4a locafed in a part except the electrode area contributes
to the bonding of the body of the semiconductor chip 8 and the
circuit board 7.

Also, in the circuit board manufacturing method shown in
Figs. 1B and 1C, thermoplastic resin is used for an etching mask
used when the wiring pattern is formed by etching processing
and the circuit board manufacturing method can be generalized
as a method of manufacturing a circuit board for flip-chip
connection.

According to such configuration, as the material of the
etching mask used in etching processing for forming the wiring
patternbecomes the thermoplasticresincoat coveringtheoverall
surface of a conductivepatternas it is, acoat formationprocess
is not required and labor is not required. Therefore the
manufacture at a low cost is realized.

Finally, the action and the effect of the semiconductor
chip mounting method in this embodiment will be described
together. That is, according to the above-mentioned mounting
method,

(1) in the wiring pattern formation process, the insulating
resist used for etching processing is not required to be peeled
in another process and the cost can be reduced.

(2) Further, the insulating resist made of thermoplastic resin
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functions as an adhesive immediately under the semiconductor
chip and the strength for mounting the semiconductor chip by
an ultrasonic wave can be reinforced.

(3) Also, the periphery of the bump can be sealed with resin
material and the reliability in moisture-proof of the bump
connection- can be enhanced.

(4) The resinmaterial fqr the above-mentioned purpose required
in a related art type method is not required and the cost of
the material can be reduced.

(5) Secure connection between terminals is acquired by the
diffused junction by ultrasonic vibration of metal between the
bump and the wiring pattern.

(6) The ultrasonic junction, the melting of the thermoplastic
resin and the hardening of the thermoplastic resin can be
executed within 1 to 2 seconds and the manufacturing time can
be reduced.

Next, referring to Figs. 5 to 10C, an embodiment of a data
carrier manufacturing method accord_ing to the invention will
be described. This data carrier functions as a flight tag, a
label for physical distribution management, a ticket for an
unmanned wicket and others and can read an electromagnetic wave.
This data carrier is composed by integrating the body of the
data carrier with an electronic component. In the body of the

data carrier, ametallic foil pattern composing an antenna coil
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isheldonthinresinbasematerial. Intheelectroniccomponent
module, a bare semiconductor chip composing a send and receive
circuit, amemoryand others ismountedon an aluminum foilwiring
pattern on the surface of the thin resin base material.

An example of the embodiment of the data carrier is shown
in Fig. 5. As shown in Fig. 5, the data carrier DC is provided
with the body of the data carrier 100 and an electronic component
module 200. In the body of the data carrier 100, a copper foil
curled conductive pattern (equivalent to an antenna coil) 102
having the thickness of 10 um is held on the singlle side of
polyethylene terephthalate (PET& base material 101 having the
thickness of 25 um. 1In the electronic component module 200,
bare chip IC 202 is mounted on the lower side in Fig. 5 of a
glass epoxy piece 201 having the thickness of 70 um. The
electronic component module 200 is mounted on the body of the
data carrier 100 so that the piece 201 crosses an.orbital
conductive flux 102a composing the curled conductive pattern
102. Electric connection of the electronic component module
200 with the curled conductive pattern 102 is performed in a
terminal pad on the inner side 103 and in a terminal pad on the
outer side 104 of the curled conductive pattern 102.

An example of the structure in which the electronic
component module 200 is mounted is shown in an enlarged sectional

view in Fig. 6. A method of manufacturing the body of the data
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carrier 100 and the electronic component module 200 respectively
shown in Figs. 5 and 6 will be sequentially described in detail
below.

An example of the manufacturing process of the curled
conductive pattern 102 composing an antenna coil is shown in
Figs. 7A-E. Referring to Figs. 7A-E, a process when the curled
conductive pattern 102 to be an antenna coil is formed on the
single side of the PET film base material 101 will be described.
(Process A as-shown in Fig. 7A)

First, a Cu-PET lamination 301l is prepared. For example,
copper foil 303 having the thickness of 10 um is laminated on
the single side.of a PET film 302 having the thickness of 25

um via an urethane adhesive. Then they is thermically bonded

under a condition of the temperature of 150°C and the pressure
of 5 kg/cm?. Hereby, the Cu-PET lamination 301 in which the
cupper foil 303 is bonded on the surface of the PET film 302
is completed.
(Process B as shown in Fig. 7B)

Next, a curled etching resist pattern 304 is formed on
the surface of the copper foil 303 of the Cu~PET lamination 301.
That is, insulating etching resist ink is printed on the copper
foil 303 using an offset printing method for example so that
the insulating etching resist ink has a curled shape having the

number of turns, the width, the pitch and the inside and outside
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circumferences foracquiringanLvalue andaQvalue respectively
required for the charaéteristics of a coil. For the resist ink
at this time, a type hardened by heat or an active energy beam
is used. For the active energy beam, ultraviolet rays or an
electron beam is used. In case ultraviolet rays are used, the
resist ink including a photopolymerization agent and is used.
(Process C as shown in Fig. 7C)

‘Next, conductive etching resist patterns 305a and 305b
(103 and 104 in Fig. 5) in the shape of a required electrode
are formedby conductive inkinaposition forelectricconnection
with the electrode of the electronic component module 200 on
the surface of the copper foil 303 of the Cu-PET lamination 301.
These resist patterns 305a and 305b are formed by offset printing
as in the above-mentioned process. For resist ink, a
thermosetting conductive adhesive hardened by heat treatment
at 120°C fofl approximately 20 minutes isused. A screenprinting
method generally performed may be also used for the printing
of conductive ink in this process. For inkmaterial, a chemical
acquired by adding a photopolymerization agent to the mixture
of Ag particles and an thermoplastic adhesive for example or
solder paste and others may be also used.
.(Process D as shown in Fig. 7D)

Next, a copper foil part 306 exposed from the etching resist

patterns 304, 305a and 305b is removed by executing well-known
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etching and a curled conductive pattern (102 in Fig. 5) to be
an antenna coil is formed. In this etching processing, FeCl;

(120 g/1) isused for etchant under a condition of the temperature
of 50°Cand the copper foil 303 isremoved. Afterward, generally,

unless.the etching resist formed in the process B is removed,
an electronic component cannot be mounted on a circuit, that
is, onacurledpatterncomposinganantennacoil. Inthepresent
invention, however, as described in relation to the process C,
the conductive resist patterns 305a and 305b are provided and

étching resist is not required to be removed by mounting an

"electronic component in this position. That is, a process for

peeling the etching resist can be omitted by the invention.
Further, there is also effect that thé etching resist 304 formed
by insulating ink also functions as an insulating protective
layer on the surface of the copper foil circuit pattern.
{Process E as shown in Fig. 7E)

Finally, in this embodiment, a transparent hole 307 into
which a convex portion(a potting part 411) described later of
the electronic component module can be inserted is formed by
a press process. As a result, the body of the data carrier 100
in which the curled conductive pattern 308 (102) to be an antenna
coil is held on the single side of the PET film base material
302 (101) is completed.

Next, an example of the manufacturing process of the
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electronic component module 200 is shown in Figs. BA-E. The
contentsshoWninFigs.8A—Earethesameasthecontentsdescribed
above referring to Figs. 1A-E except that a bare chip 408 is
sealed with resin in the potting part 411 in a final process
and conductive resist 412 is arranged in an electrode part for
connection with the body of the data carrier 100.

[Metallic foil lamination manufacturing process (A)]

In this process, an Al-PET lamination 401 which is the

- base material of a thin circuit board is manufactured. For

example, the A1-PET lamination 401 is manufactured in a process

for laminating hard aluminum foil 403 having the thickness of

35 um on the single side (the upper surface in Fig. 8A) of a

PETfilm402havingthethicknessof25 umviaanurethane adhesive
and thermicallybonding themunder a condition of the temperature
of 150°C and the pressure of 5 kg/cm?.

[Etching mask printing process (B)]

In this process, an etching resist pattern 404 in the_shape
of a required wiring pattern is formed on the surface of the
hardaluminum foil 403 o0f theAl-PET lamination40l. For example,
the resist pattern 404 is formed by applying a polyc;lefin

thermoplasticresinadhesive, which ismelted at the temperature

of approximately 150°C, on the surface of the hard aluminum foil

403 by approximately 4 to 6 um in thickness by a method such
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as gravure. It is desirable that the applied thickness is
adjusted according to the size and the shape of a bump of a mounted
bare chip. In addition, in this process, conductive etching
resist patterns 412a and 412b in the shape of a required electrode
pattern are arranged in each connection with terminal pads 305a
and 305b of the body of the data carrier 100. These resist
patferns 412a and 412b are formed by offset printing as in the
above-mentioned process. For resist ink, a thermosetting
conductive adhesive hardened by heat treatment at 120°C for
approximately20minutesisused. Fortheprintingof conductive

ink in this process, screen printing generally performed may

- be also used. For ink material, a chemical in which a

photopolymerization agent is added to themixtureof Agparticles
and an thermoplastic adhesive for example or solder paste and
others may be also used.

[Etching process (C)]

In this process, awiringpattern 406 made of hard aluminum
foil 403 is formed by removing an aluminum foil part 405 exposed
from the etching resist pattern 404 by well-known etching
processing. For example, this wiring pattern 406 is formed by
exposing the aluminum foil part 405 exposed from the etching

resist pattern 404 to NaOH (120 g/l) which is etchant under a

condition of the temperature of 50°C. The wiring pattern 406

.made of hard aluminum foil 403 appears on the surface of a circuit
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board 407 acquired in this etching process. Also, the overall
surface of the wiring pattern 406 is covered with the polyolefin
thermoplastic resin adhesiveused for the etching resist pattern
(an etching mask) 404. In other words, the surface of at least
the electrode area (an area to be connected with the bump of
the bare semiconductor chip described later) of this wiring
pattern 406 is covered with a thermoplastic resin coat 404a.
[Ultrasonic mounting process (D)]

Inthis process, the bare semiconductor chip 408 ismounted
on the circuit board 407 applying an ultrasonic wave. This
process includes: 1) a first subprocess for pushing the melted
thermoplastic resin coat 404a aside by pressing a bump 409 of
thebaregemiconductorchip408onthemeltedthermoplasticresin
coat 404a applying an ultrasonic wave in a state in which the
thermoplastic resin coat 404a covering an electrode area 410
on the wiring pattern 406 is heated and melted so as to bring
the bump 409 into contact with the electrode area 410 and 2)
a second subprocess for bonding the bump 409 and the electrode
area 410 by continuously applying an ultrasonic wave in a state
in which the bump 409 and the electrode area 410 are contacted
with each other.

The bare semiconductor chip 408 is composed as a so-called

surface mounting-type component. That 1is, the bare

semiconductor chip 408 has a body which is 150 um thick and
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the bump 409 which is a metallic terminal for connection and
protruded form the bottom of the bare semicongiuctor 408. In
the first subprocess, the bump (made of gold for example) 409
is pressed on the thermoplastic resin coat 404a which is melted
by heating at 150°C applying ultrasonic vibration. Then, the
melted thermoplastic resin coat 404a is pushed aside and removed
from the end position of the bump 409 by the ultrasonic vibration
of thebump 409. Furthgr, anoxide layer andothers onthe surface
of the aluminum foil wiring pattern 406 are also mechanically
removed by the vibration. As a result, the bump 409 and the
electrode area 410 are contacted with each other. In the second
subprocess, afterward, the bump 409 and the electrode area 410
of the wiring pattern 406 are heated by frictional heat by the
vibration further, a metallic fused I.Dart in which atoms of gold
are diffused in the aluminum foil is formed and the ultrasonic
junction of both is completed.

The first and second subprocesses are completedbyapplying
ultrasonic vibration at the frequency of 63 kHz for
approximately a few seconds under the pressure of 0.2 kg/mm?
for example after the bare semiconductor chip 408 is arranged
in a predeterminea position.

[Bonding process (E)]
In this process, the'melted thermoplastic resin coat 404a

is rehardened by natural cooling or forced cooling by removing
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the heat of 150°C applied to the circuit board, and the body

of the bare semiconductor chip 408 and the wiring pattern 406
are bonded. That is, the_melted thermoplastic resin coat 404a
filled between the bottom of the bare semiconductor chip 408
and the circuit board 407 is cooled and solidified, and the bare
semiconductor chip 408 andthecircuit board 407 are firmlybonded
and fixed. Afterward, the bare semiconductor chip 408 is sealed
with resin by a well-known method if necessary and the potting
part 411 is formed.

Next, referring to Figs. SA-B, a procedure for'mounting
theelectroniccomponentmodule 200 onthebodyof thedatacarrier
100 so that its insulating piece 201 crosses the orbital -
conductive flux 102a composing the curled conductive pattern
102 and electrically connecting with the curled‘conductive
pattern separately on the inside and the outside of the curled
conductive pattern 102 will be described.

(Process A as shown in Fig. 9A)

First, the electronic component module 200 is mounted on
the body of the data carrier 100 so that the electronic component
mounted side of the electronic component module 200 and the
conductive pattern formation side of the body of the data carrier
100 areopposite, andtheelectronic component module 200 crosses
the orbital conductive flux 102a composing the curled conductive

pattern 102. At this time,' the potting part 411 covering the
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bare chip 408 which is an electronic component is inserted into
the hole 307 made on the side of the body of the data carrief
100. Further, the conductive resist areas 412a and 412b to be
electrode areas of a pair of aluminum foil areas 406 connected
to the bumps 409 of the bare chip 408 on the side of the electronic
component module 200 are respectively located over a pair of
conductive resist patterns 305a and 305b on the side of the body
of the data carrier 100. That is, the copper foil areas 406
on the .side of the electronic component module 200 and the
conductive resist pgtterns 305a and 305b on the side of the body
of the data carrier 100 are respectively opposite wvia the
conductive resist areas 412.

(Process B as shown in Fig. 9B)

Next, indentators 50l1a and 501b heated up to 160°C are
pressed particularly on a pair of conductive resist patterns
305a and 305b at the pressure of 21.7 kg for 20 seconds from
over the electronic component module 200. At this time, the
conductive resist patternwhich is a thermoplastic adhesive coat
is locally softened and melted, and the conductive resist areas
412a and 412b that respectively conduct to the terminal areas
406 of the electronic component module 200 and the conductive
resist patterns 305a and 305b on the side of the body of the
data carrier 100 are respectively bonded and fixed. In the

meantime, as the thermoplastic resin coat 404a can be utilized
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for the junction of the electronic component module 200 and the
body of the data carrier 100 with the thermoplastic resin coat
keeping insulation. Further, the etching resist 304 on the
surfaceof thecurledconductivepatternlO02 isleftasinsulating
material. Therefore, a wiring pattern (not shown) on the
insulating base material piece 402 (201) of the electronic
component module 200 also .functions as a jumper member mating
the inside and the outside of the curled conductive pattern 102.
As a result, the curled conductive pattern 102 and the bare chip
408 canbe electrically connected without using a jumper member,
abackwiringpatternandothersas inrelatedart type structure.

Next, referring to Figs. 10A to 12B, another embodiment
of the data carrier manufacturing method according to the
invention will be described. This data carrier also functions
as a flight tag_, a label for physical distribution management,
a ticket for an unmanned wicket and others and can also read
an electromagnetic wave. This data carrier is also composed
by integrating the bédy of a data carrier with electronic
component module on the surface of the thin resin base material
as in the embodiment described referring to Fig. 5. In the body
of a data carrier, ametallic foil pattern composing an antenna
coil is held on thin resin base material. In the electronic
component module, a bare semiconductor chip composing a send

and receive circuit, amemory and others is mounted on an aluminum
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foil wiring pattern.

An example of the manufacturing process of the curled
conductive pattern 102 shown in Fig. 5 composing.an antenna coil
is shown in Figs. 10A-C. Referring to Figs. 10A-C, processes

when the curled conductive pattern 102 shown in Fig. 5 to be

-an antenna coil is formed on the single side of the PET film

base material 101 as shown in Fig. 5 will be described below.:
(Process A as shown in Fig. 10A)

First, Cu-PET lamination base material 601 is prepared.
For example, copper foil having the thickness of 10 um is
laminated on the single side of a PET film having the thickness

of 25 um via an urethane adhesive and is thermically bonded

under a condition of the temperature of 150°C and the pressure
of 5 kg/cm?. Hereby, the Cu-PET lamination 601 in which the
cupper foil 603 is bonded on the surface of the PET film 602
(101) is completed.

(Process B as shown in Fig. 10B)

Next, a curled etching resist pattern 604 and an etching
resist pattern 604 in the shape of a terminal are formed on the
surface of the copper foil 603 of the Cu-PET laminatioﬁ 601.
That is, insulating etching resist ink is printed on the copper
foil using an offset printing method for example so that the
insulatingetchingresist inkhas acurled shape havingthe number

of turns, the width, the pitch and the inside and outside
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circumferences foracguiringanLvalue andaQ¥alue respectively
required for the characteristics of a coil. For the resist ink
at this time, a type hardened by heat or an active energy beam
is used. For the active energy beam, ultraviolet rays or an
electron beam is used and in case ultraviolet rays are used.
In this case, the resist ink including a photopolymerization
agent .is used.

(Process C as shown in Fig. 10C)

A curled conductive pattern 605 and terminal pads 606a
and 606b on'the inside and outside circumferences respectively
composing an antenna coil are formed by removing a copper foil
part 603a exposed from the etching resist pattern 604 formed
in the above-mentioned process by well-known etching. 1In this
etching processing, FeCl, (120 g/l) is used for etchant under
é condition of the temperature of 50°C and the required copper
foil (Cu) is removed.

Afterward, generally, unless the insulating etching
resist 604 formed in the process B is removed, an electronic
component cannot be mbunted on a circuit, that is, on a coil.
In the invention, however, as the etching resist located in parts
to be bonded 606a and 606b is removed by mechanical friction
by anultrasonicwave in junction describéd later, the insulating
resist 604 is not required to be removed. That is, according

to the invention, a process for peeling the etching resist 604
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canbeomitted. Further, effectisacquiredsiuchthattheetching
resist 604 can be used for an insulating protective layer on
the surface of the copper conductive pattern 605.

Next, an example of a process for producing the electronic
component module 200 is shown in Figs. 1l1A-E.
[Metallic foil lamination manufacturing process (A)]

Inthis process, anAl-PET lamination 701 which is original
material of a thin circuit board is manufactured. ‘For'example,
the Al-PET lamination 701 is manufactured in a process for

laminating hard aluminum foil 703 having the thickness of 35

um on the single side (the upper surface in Figs. 11 A-E) of

a PET film 702 having the thickness of 25 um via an urethane
adhesive and bonding them thermally under a condition of the -
temperature of 150°C and the pressure of 5 kg/cm®.

[Etching mask printing process (B)]

In this process, anetching resist pattern 704 in the shape
of a required wiring pattern is formed on the surface of the
hardaluminumfoil 703 0f the Al-PET lamination701. Forexample,
the resist pattern 704 is formed by applying a polyolefin

thermoplastic resin adhesive, which ismelted at the temperature

of approximately 150°C, on the surface of the hard aluminum foil

703 by approximately 4 to 6 pm in thickness by a method such

as gravure. It is desirable that this thickness is wvaried
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according to the size and the shape of a bump of a mounted bare
chip.
[Etching process (C)]

In this process, a wiring pattern 706 made of the hard

aluminum foil 703 is formed by removing an aluminum foil part

. 705 exposed from the etching resist pattern 704 by well-known

etching processing. For example, the wiring pattern 706 is
formed by exposing the aluminum foil part 705 exposed from the
etching resist pattern 704 to NaOH (120 g/l) which is etchant

under a condition of the temperature of 50°C. Thewiringpattern

706 made of the hard aluminum foil 703 is formed on the surface
of a circuit board 707 écquired in this etching process. The
overall surface of the wiring pattern 706 is covered with the
polyolefin thermoplastic resin adhesive used for the etching
resistpattern (anetchingmask) 704. Inotherwords, thesurface
of at least an electrode area (an area to be connected with a
bump of a bare semiconductor chip described later) of the wiring
pattern 706 is covered with a thermoplastic resin coat 704a.
[Ultrasonic mounting process (D)]

In this process, a bare semiconductor chip 708 is mounted
on the circuit board 707 applying an ultrasonic wave. This
process includes: 1) a subprocess (a first subprocess) for
pushing the melted thermoplastic resin coat 704a aside by

pressing a bump 709 of the bare semiconductor chip 708 on the
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melted thermoplastic resin coat 704a in a state in which the
thermoplastic resin coat 704a covering an electrode area 710
on the wiring pattern 706 is heated and melted applying an
ultrasonic wave so as to bring the bump 709 into contact with
the electrode area 710; and 2) a subprocess (a second subprocess)
for bonding the bump 709 and the electrode area 710 in a state
in which the bump 709 and the electrode area 710 are contacted
with each other by continuously applying an ultrasonic wave.

The bare semiconductor chip 708 is composed as a so~called
surface mounting-type component. That - is, the bare
semiconductor chip 708 has a body which is 150 um thick and
the bump 709 which is a metallic terminal for connection and
protruded form the bottom of the bare semiconductor chip 708.
In the first subprocess, the bump (made of gold for example)
709 is pressed on the thermoplastic resin coat 704a which is
melted by heating at 150°C applying an ultrasonic wave. Then,
the melted thermoplastic resin coat 704a is pushed aside and
removed from the position of the end of the bump 709 by the
ultrasonic vibration of the bump 709. Further, an oxide layer
and others on the surface of the aluminum foil wiring pattern
706 are alsomechanically removedby the vibration. Asaresult,
the bump 709 and the electrode area 710 are contacted with each
other. In the second subprocess, afterward, the bump 709 and

the electrode area 710 of the wiring pattern 706 are further

41



&

10.

15

20

heated by frictional heat by the vibration, a metallic fused
part in which atoms of gold are diffused in the aluminum foil
is formed and the bonding of both by an ultrasonic wave is
completed.

The first and second subprocesses are completedby applying
ultrasonic vibration of the frequency of 63 kHz by approximately
a few seconds under the pressure of 0.2 kg/mm? for example after
the bare semiconductor chip 708 is arranged in a predetermined
position.

[Bonding process (E)]

In this process, the melted thermoplastic resin coat 704a
ishardenedagainbynatural coolingor forced coolingbyremoving
the heat of 150°C applied to the circuit board, and the body
of the bare semiconductor chip 708 and the wiring pattern 706
are bonded. That is, the thermoplastic resin coat 704a in a -
melted state filled between the bottom of the bare semiconductor
chip 708 and the circuit board 707 is cooled and solidified,
and the bare semiconductor chip 708 and the circuit board 707
are firmly bonded and fixed. Afterward, the bare semiconductor
chip 708 is sealed with resin by a well-known method i f necessary
and a potting part 711 is formed. As a result, an electronic
component module 707 is completed.

Next, referring to Figs. 12A-B, a process for mounting

the electronic component module 707 on the data carrier 607 and
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electrically connecting with an antenna coil will be described.
This process is exécuted using ultrasonic welding technology.
(Process A as shown in Fig. 12A)

First, the electronic component module 707 is mounted on
the body of the data carrier 607 in a matched state that parts
to be bonded 708a and 708b on the side of the electronic component
and terminal pads 606a and 606b which are parts to be bonded
on the side of the body of the data carrier are opposite.
(Process B as shown in Fig. 12 B)

Next, apairof indentators 801 and 802 that fall integrally
are pressed over the parts to be bonded 708a and 708b of the
electronic component module 707 by time T (approximately 0.5
second) applying the ultrasonic vibration of applied pressure
P (0.2 kg[mmz) and a frequency V (40 kHz). Reference numbers
803 and 804 denote anvils arranged opposite to the indentators
801 and 802.

Generally, welding is causedbybringing atoms at distance

(afewangstrom(A))atwhichattracthxlisexertedbetweenatoms

on the surfaces of metals to be bonded and contacting with the
surfaces with atoms on the overall surfaces orderly arrayed.
However, normally, as the surface of metal is covered with a
thin superficial layer such as oxide and absorbed gas, the
approach of clean metallic atoms under it is prevented and

sufficient bonding power is not caused.
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In this ultrasonic bonding method, the terminal of the
electronic component module and the terminal on the side of the
antenna coil are bonded and fixed by removing a metallic
superficial layerbyultrasonicvibratiohby the above~-mentioned
method, further activating the vibration of atoms and diffusing
atoms.

Further, thismethod isbaseduponaprinciple that bonding
is realized by removing a metallic superficial layer by

ultrasonic vibration as described above and even if the bonding

‘process is executed in a state inwhich insulating etching resist

704 formed on the terminal pads 606a and 606b of the conductive
pattern is not peeled as shown in the process (B) in Fig. 12B,
a sufficient electric and mechanical bonding characteristic is
acquired between the side of the electronic component module
707 and the side of the body of the data carrier 607. The thin
data carrier DC (see Fig. 5) according to the invention is
completed by the processes described above.

In the above-mentioned embodiments, the plastic flow of
metal is locally caused corresponding to the protruded part by
providing multiple irregularities corresponding to the shape
of the fused part to the end face of the anvils 803 and 804 opposite
to the indentators 801 and 802 for example and in the meantime,
adjusting the pressing time of the indentators 801 and 802 and

resin layers exposed from a part from which a metallic layer
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is removed can be fused by ultrasonic vibration. Particularly,
as the mechanical bonding strength of the electronic component
module is particularly enhanced in case such fusion of metal
andthe fusionofresinarebothused, thedatacarrieriseffective
when it is often roughly handled as a flight tag and a label
for physical distribution management.

As the thin data carrier completed as described above uses
an electromagnetic field as a read medium, it can securely read
data stored in the semiconductor chip apart by the distance of
100to1000mmwithout beingrestrictedbydistanceandadirection
in reading so much, concretely without being restricted by the
direction of reading.

The result of the moisture-proof test (at the temperature

of 85'C and at the humidity of 85%) of the thin data carrier

manufactured in this embodiment is shown in Fig. 13. As shown
in Fig. 13, the variation of communication distance after 250
hours elapse in the moisture-proof test is within *10%. It
is verified that for reliability on the moisture-proof of the
connection of the bump, a sufficient value is acquired.

As clear from the description, according to the invention,
the semiconductor chip mounting method by the flip-chip
connection method in which the semiconductor chip can be mounted
on the circuit board promptly, electrically and mechanically

securely and further, at a low cost can be provided.
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Also, according to the invention, theelectromagneticwave
readable data carrier manufacturing method in which the
electromagnetic wave readable data carrier that functions as
a flight tag, a label for physical distribution management, a
ticket for an unmanned wicket and others can be produced at a

low cost in a mass can be provided.
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WHAT IS CLAIMED IS:

1. Amethodofmountingasemiconductor chiponacircuit
board, said semiconductor chip having a bump, said circuit board
havingawiringpatternwithanelectrodeareaandathermoplastic
resin coat covering the electrode area of the wiring pattern,
said method comprising steps of:

heating and melting the thermoplastic resin coat of said
circuit board;

pressing the bump of said semiconductor chip on the thus
nelted thermoplastic resin coat while applying an ultrasonic

wave to the bump so that the bump penetrates the melted

" thermoplastic resin coat and brings into contact with electrode

area;

bonding the bump and the electrode area by continuously
applying an ultrasonic wave to the bump bringing into contacted
with the electrode area; and

cooingandsolidifyingthemelted thermoplasticresincoat
so as to securely mount said semiconductor chip on said circuit

board.

2. The method of mounting the semiconductor chip on

the circuit board according to claim 1, wherein said heating

and melting step heats the thermoplastic resin coat at 150 °C.

T
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3. The method of mounting the semiconductor chip on
the circuit board according to claim 1, wherein said pressing
step applies the ultrasonic wave of an ultrasonic vibration of

a frequency of 63 kHz under pressure of a range of 0.1-0.3kg/mm?.

4, A circuit board for a flip-chip connection,

comprising:.a wiring pattern disposed on a thin base material;

and

a thermoplastic resincoat covering a surface of thewiring
pattern,
wherein the thermoplastic resin coat acts as a masking

member for forming the wiring pattern by an etching process.

5. A method of manufacturing a circuit board for a
flip-chip connection, comprising steps of:

laminating a metal foil on a thin base material;

forming a thermoplastic resin coat on the metal foil in
such a manner that the thermoplastic resin coat is formed in
the shape of a predetermined wiring pattern; and

etchingaportiondfthemetalfoilwherethethermoplastic

resin coat is not formed so as to form the wiring pattern.

6. A method of manufacturing an electromagnetic wave

readable data carrier having a body of a data carrier and an

S
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electfoniccomponentmodule,saidbodyofthedatacarrierhaving
an insulating base material and a conductive pattern held on
the insulating base material, said the electronic component
module having a circuit board and a semiconductor chip with a
bump mounted on the circuit board, said circuit board having
awiring patternwith an electrode area and a thermoplasticresin
coat covering the electrode area of the wiring pattern, said
method comprising steps of:
manufacturing the electronic component module by

mounting the semiconductor chip on the wiring pattern, said
electronic component module manufacturing step comprises
substeps of:

heating and melting the thermoplastic reéin
coat of said circuit board;

pressing the bump of said semiconductor chip
on the thus melted thermoplastic resin coat while applying an
ultrasonic wave to the bump so that the bump penetrates themelted
thermoplastic resin coat and brings into contact with electrode
area;

bonding the bump and the electrode area by
continuously applying an ultrasonic wave to the bump bringing
into contacted with the electrode area; and

cooling and solidifying the melted

thermoplastic resin coat so as to securely mount said

-

- Oy



10

15

20

semiconductor chip on said circuit board; and
integrating the electronic component module with the body

of the data carrier.

7. The method of manufacturing the electromagnetic
wave readable data carrier according to claim 6, wherein the
insulating base material and the conductive pattern of said body
of the data carrier are respectively a thin resin base material
and a metal foil pattern, and the wiring pattern of said circuit
board is an aluminum foil wiring pattern disposedon a thin resin

base material.

8. The circuit board used for manufacturing the
electronic component module according to claim 6, wherein the
wiring pattern is disposed on a thin base material, and the
thermoplastic resin coat acts as a masking member for forming

the wiring pattern by an etching process.

9. The circuit board used for manufacturing the
electronic component module according to claim 8, wherein the
wiring pattern of said circuit board is an aluminum foil wiring

pattern disposed on a thin resin base material.

10. A method for manufacturing the circuit board
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according to claim 8, comprising steps of:
laminating a metal foil on the thin base material;
forming the thermoplastic resin coat on the metal foil
in such a manner that the thermoplastic resin coat is formed
in the shape of the predetermined wiring pattern; and
etchingaportionof themetal foil where the thermoplastic

resin.coat is not formed so as to form the wiring pattern.

11. The method of manufacturing the circuit board
according to claim 10, wherein the metal foil is an aluminum
foillaminatedonathinresinbasematerial andthewiringpattern

is an aluminum foil wiring pattern.

12. An electronic component module for an
electromagnetic wave readable data carrier, said electronic
component module comprising:

a circuit board having a wiring pattern with an electrode
area and a thermoplastic resin coat covering the electrode area
of the wiring pattern; and

a semiconductor chip ﬁounted on the circuit board, said
semiconductor chip having a bump at a side of the circuit board
thereof,

wherein the bump of the semiconductor chip penetrates the

thermoplastic resin coat and directly bonds with the electrode
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area of the wiring pattern.

13. The circuit board according to claim 4, wherein

the thermoplastic resin is a polyolefin resin.

14, The circuit board according to claim 4, wherein the

thermoplastic resin is a polyester resin.

15. - The circuit board according to claim 8, wherein

the thermoplastic resin is a polyolefin resin.

16. The circuit board according to claim 8, wherein the

thermoplastic resin is a polyester resin.

17. The circuit board according to claim 9, wherein

the thermoplastic resin is a polyolefin resin.

18. The circuit board according to claim 9, wherein the

thermoplastic resin is a polyester resin.

19. An electromagnetic wave readable data carrier
comprising:
a body of a data carrier including an insulating base

material and a conductive pattern held on the insulating base

_
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material; and

an electronic component module including a circuit board
and a semiconductor chip mounted on the circuit board, said
circuit board having a wiring pattern with an electrode area
and a thermoplastic resin coat covering the electrode area of
the wiring pattern, said semiconductor chip having a bump at
asideof thecircuit board thereof, the bump of the semiconductor
chip penetrating the thermoplastic resin coat and directly
bonding with the electrode area of the wiring pattern,

wherein said electronic component module is manufactured
by a method comprising:

heating and melting the thermoplastic resin coat of said
circuit board;

pressing the bump of said semiconductor chip on the thus
melted thermoplastic resin coat while applying an ultrasonic
wave to the bump so that the bump penetrates the melted
thermoplastic resin coat and brings into contact with electrode
area;

bonding the bump and the electrode area by continuously
applying the ultrasonic wave to the bump bringing into contacted
with the electrode area; and

cooling and solidifying the melted thermoplastic resin

coat so as to securely mount said semiconductor chip on said

circuit board. e —
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