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soldering the wire, as well as an electro-acoustic transducer employing it.

BACKGROUND ART

15 A conventional technology used for manufacturing an electro-acoustic
transducer is described with reference to FIG. 5 through FIG. 7.

_ FIG. 5 shows a cross sectional side view of a sounder for use in a mobile
communication apparatus. FIG. 6 is a cross sectional view of an enamelled wire
for forming a coil, which is a key portion of the sounder. FIG. 7 is a perspective

20 view used to describe how enamelled wire - is soldered by means of laser

irradiation.

Referring to FIG. 5, an enamelled wire 1 is Wound to form a coil 1a

disposed on a plate 3 having a centre pole 2. A terminal 4 is resin-moulded in a

bottqm case 4a with at least a soldering portion exposed outside. The terminal is

25  provided at the exposed portion with a land for connection with the enamelled wire

- 1. A ring-shaped magnet 5 is fixed on the plate 3. Above the magnet 5 is a

diaphragm 6, which is disposed with a certain clearance from the magnet 5. A

small piece of magnetic material is attached on the diaphragm 6 at the centre. An
upper case 7 is provided with a sound radiation hole 8. |

30 Enamelled wire 1 constituting the coil 1a is described with reference to



10 NOV 2003 2 FIG 6. There is a core wire | b of copper or an gogpgr..al
which is covered around the outer surface with an insulating ﬁ?ﬂnﬁﬂ@iﬁﬁa

a hot-nelt layer 1 dis covering the insylating filml c. During the

enanel led wire i s wound around the centre%pole 2 for formng 5 the coil |
a, the hot-nelt layer 1 d is softened or nmelted by hot air blown thereto,
or by other neans. Wen the heating with hot air is stopped; the hot-nelt

layer, 1d dUG.d.f Theragai morandrasbaoft &sipet drhg s dIRS, WHish ﬁs gheRd N
a coiled shape. The end part of enamelled wire | formng he coll l'a 'S
sol dered t o 2found {he pntes| surfagetwitht e insudatingg filg 1¢,) andl achétsmeltrlapeedd 0

. . el SHITeS he
Ceneral ly practi.sed process the soldering is; either stripping t

i nsul ating Pﬁ?’?ﬁlﬂlgg’{%@%gf@ P%tser or :ihep! L}kegbef%g :8: dgr: Eg Z?dthgen
soldering the w : (o) EE )
same time using a la ?&bea#él!&r&gngpggﬁ earpﬂg S EELLe polgye fof forming

stripping tlige coi$ dhathertptimemlder adds sbtefied gﬁ ‘TL"’G"I%CIOJY ﬁﬁai}‘“ggcﬁwﬁ'iﬁerg@g%ﬁl G

simultaneously with a | aser beamis describe I oW W erence 't

7. A convenbyarther meader iWhem tha heatirg edtishet sirimistpped] tie h@csmmtqageﬂ_ ator
10, an opti fibre 11, a projection lens 12 and a string sol der 13.
Laser beam Fﬁgﬁ 16§ Rgain, apd ag aaefylbthsrenamalled veige istaysho aopuledashapere | |

' ' 1 0 | ect to. the outside. 'The
Crad afed | aser DoEed Fa S GafIBah e Citin erehiban  salipreddo the

enanel | ed widridal Pitfled 1he iRAAMING AEANNCESEIAIY O Lher mal - energy. Vhen the

land of termnal 4 is heated to Teach a sol'der nmelting tenperature, the
string ¥bl der 13 Genemllyv eractisedepaicess Toe tﬂiea@ol@é_iﬁ[@ﬁsﬁ_réi’mbﬂeﬂl&ipgf% the
sol deri ng re-rmi/es the hot-nelt |ayer 1 d and the insulating fil away

by 25 melti H§Y Mp%h%tlp&smﬁaﬁﬂnlaﬁmm&h,e likecheforedsnldetitie and ol $atdering e 1

to the landy, wire, or cdnducting the stripping and the soldering at the same time using a
laser beam.

A method where the process steps of stripping the insulating film 1c¢ and

15  soldering of the wire are made simultaneously with a laser beam is described
below with reference to FIG. 7.

A conventional soldering apparatus consists mainly of a laser oscillator 10,
an optical fibre 11, a projection lens 12 and a string solder 13. Laser beam from
the laser oscillator 10 is led via the optical fibre 11 to the projection lens 12 to be

20  projected to the outside. The irradiated laser beam is absorbed by the land of
terminal 4 and the enamelled wire 1, and the beam is converted into thermal
energy. When the land of terminal 4 is heated to reach a solder melting
temperature, the string solder 13 is delivered thereto. The heat energy provided for
soldering removes the hot-melt layer 1d and the insulating film lc away by

25  melting, evaporation or sublimation, and solders the enamelled wire 1 to the land.

In the above-described method of soldering, where the covering film and
layer are stripped away prior to soldering, cost of bonding tends to increase
because of the increased process step of soldering. In addition, the CO, laser used
for stripping the insulating film Ic readily oxidizes the land, as a result, the wetting

30  property of the land against solder deteriorates.
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soldering the enamelled wire, as well as a soldering apparatus using the enamelled

15  wire of the present invention.
DISCLOSURE OF THE INVENTION

In accordance with a first aspect of the invention, there is provided an enamelled
20  wire comprising: a core wire of copper or a copper alloy; an insulating coated layer
covering said core wire; and a melting layer covering said insulating coated layer;
wherein said insulating coated layer is formed of a coloured resin material which is able
to absorbs a laser beam.
In accordance with a second aspect of the invention, there is provided a method
25  of soldering an enamelled wire comprising the steps of: irradiating a laser beam to an
enamelled wire comprising: a core wire made of copper or a copper alloy; an insulating _
coated layer covering said core wire, said coated layer being made of a material which
absorbs the laser beam; and a melting layer covering said insulating coated layer;
stripping at least a part of said insulating coated layer by the laser beam; and soldering
30  said core wire to a soldering portion by the laser beam.
In accordance with a third aspect of the invention, there is provided an electro-

acoustic transducer comprising: a plate having a centre pole; a coil disposed on_said
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15  of broken enamelled wire can be avoided, and the reliability in soldering between

the end of enamelled wire and the soldering land is improved.

An electro-acoustic transducer of the present invention includes a vacant
space provided in a resin moulded body at least in a part underneath the soldering
land. With an electro-acoustic transducer of the present invention, the efficiency

20  of laser beam utilization Increases and soldering quality and the reliability
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DESCRI PTI ONiiprdz DRAWNGS 5 FIG 1 is a cross sectional view of an
enanelled wire having an insulating coated |layer in accordance with an

exenpl ary enbodi rent of the present invention. FIG 2 is a perspective
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10 FIG. 3 is a perspective view showing a relationship between size of
'soldering land and diameter of laser beam spot.
FIG. 4 is a perspective view of a resin mould case provided in accordance
with another exemplary embodiment of the present invention.
FIG. 5 is a cross sectional side view of a conventional sounder.
15 + FIG. 6 is a cross sectional view of a conventional enamelled wire,

FIG. 7 is a perspective view used to describe how soldering is made using

a laser beam irradiation.

BEST MODE FOR CARRYING OUT THE INVENTION
20
An enamelled wire 21 in accordance with the present invention, a method
of soldering the enamelled wire, as well as the soldering apparatus, are described
in the following with reference to FIG. 1 through FIG. 4. The portions using the
same conventional technology are represented by the same reference numerals
25  used for the prior art, and descriptions to such portions are omitted. The enamelled
wire 21 is wound into a coil through a conventional technology, so description on

coiling method is omitted here.

First Embodiment 1

30 .FIG. 1 shows a cross sectional view of an enamelled wire manufactured inr
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In FIG. 2, a land 22 is made of a thin metal sheet, and provided with a

soldering portion 22a. A resin mould case 23 is formed integrally with a terminal
4 so that the surface of land 22 is exposed to the outside.

15 Soldering experiment was conducted with the enamelied wire 21 of the
present invention using a CO, laser under specific laser irradiation conditions. In
the experiment, stripping of the insulating coated layer 21b and the soldering were
done simultaneously. Results of the experiment show that there was no soldering
problems (number of samples : N = 300).

20 Whereas, in the same exberiment conducted under the same conditions
using a conventional enamelled wire, one sample was rejected due to bad soldering
(N =200). Thus it has been confirmed that the connection trouble was eliminated
by the use of an enamelled wire 21 of the present in.vention. |

Supposed reason for the eliminated soldering trouble is that colour of the

25  insulating coated layer 21b in the present exemplary embodiment is green, while
the insulating film Ic¢ of conventional enamelled wire 1 has a colour that is
transparent to the laser beam. The green-colour insulating coated layer 21b
efficiently absorbed the irradiated laser beam; as a result, it was surely melted and
stripped away and the core wire 21a of enamelled wire 21 had a good contact with

30 molten solder. This seems to be a reason why the enamelled wire 21 and the
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Lgngfoer d‘éhé%%klﬁng' %g%fiiﬁtiv%galﬁggﬁs&%sﬁké qa?selr,n(SIOz laserg or other kinds of laser
beams whose oscillation wavelength is not within the range of visible lights. In

this case, the insulating coated layer should be provided with a colouring means

15  that has an absorption band corresponding to the oséillation wavelength.

Although in the present embodiment a CO, laser apparatus was used
because of its general availability and a high energy, high output semiconductor
lasers may of course be used instead, which oscillate beams in red, green
ultraviolet or other colours. _

20 It is to be noted too, that once the melting/stripping is initiated at a part of
insulating coated layer 21b, the stripped area is expanded by a molten solder, and
as a result the soldering can be completed well.

Furthermore, as shown in FIG. 3, when a soldering portion 22a of land 22
is made to have a same shape as that of laser beam spot 24, unwanted heat

25  diffusion can be avoided to obtain a highest heating efficiency. This leads to a
shorter soldering time.

Still further, the soldering time can be shortened by making the size of the
soldering portion 22a of land 22 approximately identical to that of the laser beam

spot 24. Under such a configuration, the heat diffusion can be suppressed and the

30  heating efficiency maximizes.
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di ffusih oprdvédéd dmusiter BY sAppRSE'a BERBISP YT heat cansed by a laser beam spot
irradiation into the resin casing 26, and to further increase the efficiency of
soldering. The empty space 26a may be penetrating through the resin casing 26 to
a bottom surface, in which case, it can be utilized also as a screw hole for fixing.
There can be another means for improving the heating efficiency hence
15  shortening the soldering time. The land 25 may be plated with a solder or tin, or
provided with a flux layer on the surface to increase the laser beam spot
absorption. By so doing, the reliability of soldering may also be improved.
Though, in the foregoing descriptions only .a hot-melt layer of an
enamelled wire has been explained, it should be noticed that the melting layer is
20  not limited to a hot-melt type. The present invention may employ enamelled wires
having a melting layer which is softened or glued by a solvent, or a self-adhesive
layer can be used for the same purpose. Also, in the foregoing descriptions the
hot-melt layers have been described to be transparent to the laser beam spot.
However, it is not requested that the layer is totally {ransparent; but, what is
25  essential is that a hot-melt layer absorbs less laser beam spot relative to an
insulating coated layer of the wire.
A soldering method in the present invention can be applied on those

enamelled wires having no melting layer.



irradiation into the resin casing 26, and to further increase
efficiency of soldering. The enpty space 26a nay be penetrati“]beN‘ﬂyuggoa
the resin casing 26 to a bottomsurface, in which case, it can be utilized
al so as a screw hole for fixing. There carP be another means for inproving

t he heating efficiency hence 15 shortening the soldering tinme. The |land 25
may be plated with a solder or tin, or provided with a flux |layer on the
surface to increase the |aser JRENYRTRIAL tr y so doing, the
reliability of soldering may al so be i npr‘é’??%?%%@gﬁ in the foregoing
descriptions only . a hot-nelt layer of an enanelled wire has been

expl ained, it should be noticed that the nelting layer is 20 not limted
to a hot-nelt typeX PHaMSHEd akireihaying aorinsngtingnobated dagerein ecborilarme Way NY

a nelting | i I.S.:50ft ened  ar u by a solvent, or a self-adhesive
| ayer can bg}iﬁ? gég%bgih\)teﬁggﬁgﬁg Lr°’lt'|alfﬂé%l o q’?owsﬂhtlﬂﬁéoﬂ@ddgﬁemﬁmﬁly Iy iaons

t he hot snellasdraeans A . ransparent .to. the,l aser
beam spot. However, Slig\t'?\iiﬁg1 H@“@%@%F‘Z@#‘ﬁ%ﬁ?# 5 A@%P ngll{,(}{l@SMppmg of

transpar ent ;insilstingvcentedslager asd ahtisalddring! bat bR é’tﬂfd‘ug&{dt sib@d e&ﬁ%ﬂ,ﬁ}s
| ess laser beam spot relative to an insulating coated layer o 3
sol deri ng mERd thaf thaasppé erenainelled wicmofthe prescap phvediotahBSfen a time
enanel | ed wir %$@V%I$O° melti na I,aéer. 10 NOV 2003 8 | NDUSTRI AL

APPLI CABI L| & APWOEK Ruting gssemblynfiaatappgratoat Broblame du to bad

Coated | ayerORring Qi £ lnrle I IBBHEE B30 b PEfiosd bt he kgamele
sol deri Hy pmairessst thﬁspl%sélﬁsﬁikféntié@gré%ﬁ)&ﬁédlgo gﬂt‘@ké ?% ’ﬁhhﬁﬁn‘g‘%ﬁﬁ'ﬁl | ayer

and the sol dering can be conducted si t aneou QM 4L s
of an enameMimaguiecturing rprodnetivity asnwellt a9 fin Aae elighiliey of ElebRic H@@i@gg q
a

for a sol degj work durj ng assenbl of an apparatus. Problens due to
{ﬂc'i@dmg tﬁe eféc{:rogacoust?c tra}l/sducers and the like.




sol dering, such as a tunnelling soldering, can also be reduced. Thus the
enanel led 10 wires of the present invention are expected to mak
significant contribution in the manufacturing productivity as MINQ& |2003
the reliability of electric devices including the electro-acoustic
transducers and the like. 10 NOV 2003 9 CLAIMS 5 1. An enanelled wre
conprising: a core wire of copper or a copper alloy; an insulating coated
| ayer covering said core wire; and gelting | ayer covering said
insulating coated | ayer; 10 wherein safd insulating coated is forned of a
coloured resin material which is able to absorbs a | aser beam 2. The
enanelled wire of claim1, wherein GrRAIVMSterial is coloured with a dye or
a pignent. 15 3. The enanelled wire of claim1, wherein said nelting | ayer
éansparent to said | aser beam 4. The enanelled wire of claim1,
mhere n said neltlng Iayfr softens or, 20 nelts with heat. 5. The enanelled
wire of claimli, Aﬂﬁﬁﬂmﬁﬁl%ﬁﬁWHQQQﬂmmaﬁﬂgg coated layer is able to absorb a
| aser beam oscil | ated aser, a YAG |laser and a

seni conduct or %%EWIT%Q%OPW%%W%BBPB‘?T iﬂyderl ng an enanelled wire
conpri sing thg,shaps iRk coafd PRLRE LO%ering 858 cHEWNL Sl enanel led wire

conpri si ng:
a melting layer covering said insulating coated layer;

10 wherein said insulating coated is formed of a coloured resin material

which is able to absorbs a laser beam.

2. The enamelled wire of claim 1, wherein said material is coloured with
a dye or a pigment.
15
3. The enamelled wire of claim 1, wherein said melting layer is

transparent fo said laser beam.

4. The enamelled wire of claim 1, wherein said melting layer softens or

20 melts with heat.

5. The enamelled wire of claim 1, wherein said insulating coated layer is
able to absorb a laser beam oscillated from one of a CO, laser, a YAG laser and
a semiconductor laser.

25
6. A method of soldering an enamelled wire comprising the steps of;
irradiating a laser beam to an enamelled wire comprising:

a core wire made of copper or a copper alloy;



a core wire nmade of copper or a copper alloy; 10 NOV 2003 10 an insul ating
coated | ayer covering said core wire, said coated | ayer being ntifrﬁbyi

mat eri al which absorbs the |aser beam and a nelting |ayer cov ai?ﬂoa
insulating coated layer; 5 stripping at |least a part of said insulating
coated layer by the |laser beam and soldering said core wire to a

sol dering portion by the | aser beam 7. The nethod of sol dering an
enanelled wire of claim®6, wherein sai 10 sol dering portion has the sane
shape as said | aser beam spot. 8. The 1t hod of sol deri ng an enanelled wire

et cal Lo the el ol | el ok s dctord g, TR Seled © ¥

sol derin E\é}ﬁg}ﬁg | . | r 1 8ipg a step of
provi di ngagér% enpty 45%2%%\5 ﬁ%&%%@é’ﬁ%ﬂ%g%%ﬁ%ﬁﬁﬁ%ﬁ%m ’i%%d1 of a soldering
| and. 20 10. An el gqh@gfr@(:jﬁggfr bgvélru@§guqﬁg?ﬁgﬂ'grd0§tégg1:ag$ﬁ: ba pl ate having

a centre pole; B: a coli | Sposed on"said plate, said c eing fornmed of

an engdnel l ed Wi re stdppingsitrigast acpare ofisni] diatisle csmeélaywr by drpheer al | oy
netal, a coloured insulating coated |ayer to absorb a | aser beam covering

said wirdeangaadnel ting 25 layer covering said insulating coated |ayer; C:
a termnal for conneﬂipn w.th said enanelled wire noulded with a resin

with at |east a solFSEKTHE ¢ cophvaseloskerldarisgmertion by thedasar beared on
said plate;

7. The method of soldering an enamelled wire of claim 6, wherein said

10 soldering portion has the same shape as said laser beam spot.

8. The method of soldering an enamelled wire of claim 6, wherein the

size of said soldering portion is approximately identical to the diameter of said

laser beam.
15
9. The method of soldering an enamelled wire of claim 6, further
comprising a step of providing an empty space underneath the soldering portion
of a soldering land.
20 10. An electro-acoustic trnasducer comprising:

A: a plate having a centre pole;

B: a coil disposed on said plate, said coil being formed of an enamelled
wire comprising a core wire made of copper or a copper alloy metal, a coloured
insulating coated layer to absorb a laser beam, covering said wire and a melting

25 layer covering said insulating coated layer;

C: a terminal for connection with said enamelled wire moulded with a

resin with at least a soldering portion exposed outside;

D: a magnet fixed on said plate;



10 NOV ?nn" 10a E: a di aphragm di sposed-above said nmagnet with a space to
said centre pole, said diaphragmhaving a magnetic material di 1p@sgp\£ NN
thereon; and F. a resin-nmould body having an enpty space in at '| ga part
5 underneath said soldering portion of said termnal. 10 NOvVv 2003 11
ABSTRACT An enanelled wire with an insulating coated |ayer of high | aser
beam 5 absorption and with a nelting |layer transparent to the | aser beam
The hi gh | aser beam absorpti on makes hri ppi ng of the insulating coating

| ayer easy without increasing an outz # of the | aser beamextrenely |arge.
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t ransduc qf‘ﬁh% é : B0 e invention is
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underneath a [or i esiffimewlddeyodyd hagiith £ MbSN spab@Sey atbRAR is5 part

irradi ated. Apparatus conprising the electro-acoustic transducer of the
preseft umdemeathn sa@nsqidenmgl poetiovebf ssidabihiredd sol dering quality and a
high reliability. 15





