[ Document Nane] Specification [Title of the Invention] Wnding Structure of
Bonding Wre for Sem conductor Application [Technical Field] [000l] The
present invention relates to a winding structure of bonding wire wound on a
spool and used for assenbling sem conductor devices, etc. [Background

- Technol ogy] [0002] A bonding wire usedifor applications such as assenbling
sem conduct or devices is wound around a cylindrical barrel of a spool as
the main winding portion in a nmanner such that a | ength of several

t housands -of neters of wire is piled to a thickness of several tens of
mllimeters. In order to prevent the pile of the main w nding portion from
sliding to collapse a criss-cross winding structure (criss-cross w nding

struct ur gTpgethdhNay shown in Fig. 3, is adopted, for exanple, wherein
| eftward progressing wrée turns and rightward progressing wire turns are

crossed each other as they are wound on the spool; according to this

st ruct ur egpacifacatibel - al i gnment wi ndi ng portion (13) of a predeternined
axial length is fornmed fromthe start-of-spooling end of the spool where
the wires _are not crossed, and the start-of-spooling end (11) of the wire
(tai |l end Titdm of hbechhvensiord

Winding Structure of Bonding | Wire for Semiconductor
Application

[Technical Field]

[0001]

The present invention relates to a winding structure of bonding
wire wound on a spool and used for assembling semiconductor
devices, etc.

[Background Technology]

[0002]

A bonding wire used for applications such as assembling
semiconductor devices 1s wound around a cylindrical barrel of a
spool as the main winding portion in a manner such that a length
of several thousands of meters of wire is piled to a thickness of
several tens of millimeters. In order to prevent the pile of the
main winding portion from shding to collapse a criss-cross
winding structure (criss-cross winding structure portion 14), as
shown in Fig. 3, is adopted, for example, wherein leftward
progressing wire turns and rightward progressing wire turns are
crossed each other as they are wound on the spool; according to
this structure, a parallel-alignment winding portion (13) of a
predetermined axial length is formed from the start-of-spooling
end of the spool where the wires are not crossed, and the
start-of-spooling end (11) of the wire (tail end when the coil is



despool ed) and the end-of-spooling end (12) of the wire (head end when the
coil is despooled) are fastened on an end face of the barrel or a flange
(16) by neans of a (tenporary fastening) adhesive tape (15) so as-to
prevent the coil fromsliding to collapse (ref. Publication-in-Patent 1).

[ 0003] This wound body of wire - when 4n use, which is, after the spool is
installed in a bonding device - has its head end freed, after renoving the
adhesive tape, and pulled out and enpl oyed as an earthing end, and has its
tail end pulled out and set in a wire delivery conduit. Another nethod

called a wire cut..nethod is alsq adopted wherej adhesixe tape
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ot her hand, in the case where the adhesive tape is not renoved but the wire
is cut an (9:(913] ed out for use as the earthing end, the cut end of the
tensed bonding wire can fly off the tweezers and the bonding wire can get

| oose. In the instance of the head end (which is the fore end upon wre
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| engt hy ngheriale s18)t fose inahegicnity bf thier adhestontepeetnddheneut

end- of - spool;in (17 f | ref l.igation-in-Patent 2). The

r ef er enceSRAMS, ﬁﬁ%ﬁl é‘éﬁ&?e@é[&ﬁgﬂqrcgﬁgeﬁ J?}tlgilé%ﬂ;c&ggested that the [engthy
material is preferably a sem -adhesive tape which rel easably adheres to
itself buto(y(?gjs not adhere to other matters. However, in this prior art, an

additionaf"itemin the formof a sem -adhesive tape is required to be used
and this increases the manufacturing cost as well as managenent cost. Al so,

it is feared tivd-heetelina@dhesiney dlapg, thihi adhéesiveottapediecgdres &he
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while the adhesive tape is peeled off. On the other hand, in the
case where the adhesive tape is not removed but the wire is cut
and pulled out for use as the earthing end, the cut end of the
tensed bonding wire can fly off the tweezers and the bonding wire
can get loose. In the instance of the head end (which is the fore
end upon wire spooling), its loosening does not affect the bonding
wire in the main winding portion, but in the instance of the tail
end (which is the rear end upon wire spooling) the loosening of the
bonding wire at the tail end tends to cause that end to recede into
the pile of wire wound round the barrel of the spool, or may cause
2 phenomenon so-called spring back, which is a loosening or
entwining or both of the wire wound round the barrel of the spool




A trial has al so been made of a type of wre winding structure wherein

al i gnnment wi nding portions are provided one in the vicinity of each end of
- the main winding portion (ref. Publication-in-Patent 3). Fig. 5 shows an
enbodi nent of this structure, wherein the main w nding portion 21
consisting of a pile of wire having agrapezoidal profile resenbling a
Japanese traditional manner of piling rice bales (hereinafter "stepped
pile" or so) is laid on the central portion of the spool 20 by neans of
criss-cross multi-layer w nding, and the | ead-end wi nding portion 22 and

- the tail-end winding portion 23 are wound parallel aligned 4 on the spool
20 at sughidesaid bysthdautthes ofithenfewsed boardingnwitecones bet ween t he
portions 22 and 23, and each end of the wire is fastened on the flanges 25
by neans of a_term nal-fastening adhesive tape 24. If the | ead-end portion
whi ch is [@0O03 in paral l el alignment is nmade to have a conventional w de
w nding pitch, as shown in Fig. 6 (a), and the wire cut nethod is adopted,
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PP pref%ra ly a semi-adhesive tape which releasably adheres to itself

. but does not adhere to other matters.

However, in this prior art, an additional item in the form of a
semi-adhesive tape is required to be used and this increases the
manufacturing cost as well as management cost. Also, it 1s
feared that the semi-adhesive tape, which is not required in the
bonding operation, may be drawn by mistake to be bonded
together with the wire; furthermore, owing to the changes in the

“ambient temperature, there are occasions on which the time
required to remove the semi-adhesive tape becomes unjustifiably
long causing the lowering of the operation efficiency.

{00061

A trial has also been made of a type of wire winding structure
wherein alignment winding portions are provided one in the
vicinity of each end of the main winding portion (ref.
Publication-in-Patent 3). Fig. 5 shows an embodiment of this
structure, wherein the main winding portion 21 consisting of a
pile of wire having a trapezoidal profile resembling a Japanese
traditional manner of piling rice bales (hereinafter "stepped pile"
or so) is laid on the central portion of the spool 20 by means of
criss-cross multi-layer winding, and the lead-end winding portion
992 and the tail-end winding portion 23 are wound parallel aligned



[ Publication-in-Patent 3]Published patent application 2004-111449 [ Sunmary
of the Invention] [The Problens the Invention seeks to solve] [0008] The
present invention was nade in view of the above-nenti oned conventi onal
circunstances, and it is an object of the invention to provide a w nding
structure of a bonding wire which doe¢ not allow the spring back phenonenon
to take place when the | ead-end portion of the bonding wire is accidentally
slipped off the tweezers. Also, it is another object of the invention to
propose a wi nding structure in which it is possible to tightly fasten the

end- of - spooJ,i ng _en rtion ead, .porti.o of the bonding wire.b irtue of
el g B Ve SRODE 21 B ISR G PReH I Rea S5 ST s By Tt Bdni ng
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i nvent i oadhesiye)tapalddi ng structure of a bonding wire for sem conductor
application conprising a main wi nding portion forned of wire, to be used as
t he bondhng wire, wound around the_central portion ofl he.cyl i ndri cal

barrel off #hepdead-end perkan: ryhwhdstWerMndb AR BagR L@hr aliggipemti ¥y from
the end- ghadpoR) hagceatorvditionalavide Wi diig pitdldi 29 sphom &g, wound

around a0 ottt oD ! Ladrt gl RAECeLnd Easeslh paldgf r e ond
a fl angeugon heustio ;thwhebending wire, would often undergo instant
loosening, slipping and entwining - the so-called spring back
phenomenon [ref. Figs 6(a) and 6(b)]. However, it is said that by
aligning the bonding wire so closely that the neighboring wire
parts are in tight contact with each other, the impact energy
imparted to the bonding wire 26 upon cutting the same is allowed
to be absorbed by and propagated to the neighboring wire parts
[Fig. 6 (c)]. But this contrivance is not considered a perfect
solution to the problem.

[Prior Publications]
[Publications in Patent]

[0007]

[Publication-in-Patent 1] Published utility model application
Showa 57-093144

[Publication-in-Patent 2] Published patent application
2000-277560

[Publication-in-Patent 3] Published patent application
2004-111449

[Summary of the Invention]

[The Problems the Invention seeks to solvel



the wi nding structure of the wire of the earthing portion is as a whole a
one-layer wi nding structure consisting of the wire of a first w nding

guasi -l ayer and the wire of a second w nding quasi-layer, the first w nding
quasi -l ayer being a plurality of 6 densely parallel-aligned wire turns
wound on the spool barrel, and the wire of the second w nding quasi-|ayer
being a plurality of wire turns generally separated from each other, but
some of the wire turns of the second w nding quasi -1 ayer being each laid

hi ghly cl osely between two nei ghboring parallel wire turns of the first

wi ndi ng quasi -l ayer. [ono] Al so, another one of the enbodi nents of the

w nding structure of a bonding wire (b) a winding structure of a bondi ng

wire for @gﬂ@onductor application conprising a nmain w nding portion forned
of wre, used as the bonding wire, wound around the central portion
of the cylindrical barrel of a spool, and an earthing portion forned of
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earthing section. [oon]
[Means to solve the Problems]

[0009]

In order to solve the above-mentioned problems, one of the
embodiments of the winding structure of a bonding wire for
semiconductor application according to the present invention is:

(a) a winding structure of a bondmg wire for semiconductor
application comprising a main winding portion formed of wire, to
be used as the bonding wire, wound around the central portion of
the cylindrical barrel of a spool, and an earthing portion formed of
wire continuing from the end-of-spooling end of the wire of the
main winding portion and wound around an end part of the
cylindrical barrel of the spool, and a wire end portion formed of
wire -continuing from the earthing portion and fastened to a
flange of the spool; wherein

the winding structure of the wire of the earthing portion is as a
whole a one-layer winding structure consisting of the wire of a
first winding quasi-layer and the wire of a second winding
quasi-layer, the first winding quasi-layer being a plurality of



Al so, sone of the preferred enbodi nents of the wi nding structure of the
bondi ng wire for sem conductor application according the present invention
are as follows: (c) The bonding wire is made of a heat-treated netal
filament. - (d) The wire of the first w nding quasi-layer wound to formthe
mai n earthing section is wound in suchga manner as to progress away from
the main winding portion. (e) One or nore turns of the wire of the second
wi ndi ng quasi -1 ayer wound over the nmain earthing section.wound on the spool
barrel 4 is each laid in between two neighboring parallel-aligned turns of
the wire of the first quaswleﬁ{er wound on the spool barrel 4, in a manner

such thatdéﬁSelgeqlmfblhhdh@l asird dyenswiweund Dmﬂih@dsppobr@@@rle

bet ween t r first
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end- of - spfgt ﬁg_rﬁﬁﬂg(qﬁagﬁ_agye@f despool i ng end) connected to an earthing
~ portion which is of one | ayer construction consisting of a first w nding

guasi -l ayer wire and a second wi nding quasi-layer wire, wherein the wire of
~the secon)Od @i ng quasi-layer is a plurality of wire turns generally
separated from each other, of which sone are each laid highly closely

bet ween two nei ghboring par al | el r urns the figst w nding

quasi - | ayAdsoanohher @1parilthe emb@tiﬁﬂe@rtwéf §hewvi %@H%fdmeeph S0
that it ig i &g @yoid with certainty the spring back phenonenon
which entails colfapsing of the wire pile. Furthernore, by making the
earthing portion to have a two-part structure consisting of a main earthing
section afl) an @rﬁmﬂim%r )Atﬁ@éﬁdmmgafsefctb@ndmgswmes fof séirsconderctoirt is
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be used as the bonding wire, wound around the central portion of
the cylindrical barrel of a spool, and an earthlng portion formed of
wire continuing from the end-of-spooling end of the wire of the
main winding portion and wound around an end part of the
cylindrical barrel of the spool, and a wire end portion formed of
wire continuing from the earthing portion and fastened to a
flange of the spool; wherein

the winding structure of the wire of the earthing portion is as a
whole a one-layer winding structure consisting of the wire of a
first winding quasi-layer and the wire of a second winding
quasi-layer, the wire of the first winding quasi-layer forming a
main earthing section, which is a plurality of densely
parallel-aligned wire turns wound on the spool barrel 4 in a
manner so as to progress outwardly (away from the main winding
portion), and an auxiliary earthing section, which is wound on the
spool barrel in a manner so as to progress inwardly, the wire of
the second winding quasi-layer being one or more wire turns
senerally separated from each other, but at least one of the wire
turns of the second winding quasi-layer being laid highly closely
between two neighboring parallel wire turns of the main earthing
section.



(i) I'f bonding operation is carried out wwth the wire sprung back (that is,
the wire is | oosened on the spool), the wire is entwi ned and the chances
are the wire is snapped. However, by virtue of the fact that the wire is
arranged to be wound in a highly closed alignnent, whereby the frictional
resistance owwng to the wwre contact i7s substantially high, the wre of the
mai n earthing section does not slacken and no adversary phenonenon is
incurred. (ii) The wire winding structure of the present invention can be
applied irrespective of the winding length and the w nding conditions of
the main winding portion. (iii) Since the tension at the earthing portion

i s higher conpared to the conventional wre wi nding structure, the

frequenc){ogflﬂl ackening of the earthing portion during transportation is
greatly mnimzed (iv) Usually, when slackening of wire occurs, the
sl ackened wire is unwound one turn after another with human hand before

UfSi ?ﬁ tﬂ% o0 Céiolrﬁéﬁg‘ftl}é)p&ef@ft@% @?ﬁbo@ﬁﬁemwdf?tmmmhm witlcture b_ec?yse
o] e hi 0S ali gnment o e ndi ng Stk uct.ure, cription
of Dr awi 1fietie eag i FOh it B datl Gt aorrTd s 220G Phe

i npor t antpyeasen tointdretibnr ate wisnftilbgwst ruct ure of the present invention.
[Fig. 2] An explanatory partial viewillustrating the inportant part of the

second wi nding structure of the present invention i
(c) The bonding wire is made of a heat-treated metal filament.

(d) The wire of the first winding quasi-layer wound to form the
main earthing section is wound in such a manner as to progress
away from the main winding portion.

(¢) One or more turns of the wire of the second winding
quasi-layer wound over the main earthing section.wound on the
spool barrel 4 is each laid in between two neighboring
parallel-aligned turns of the wire of the first quasi-layer wound on
the spool barrel 4, in a manner such that the second winding
quasi-layer wire is trapped by pressure between the wire turns of
the first quasi-layer.

(/) The wire of the first winding quasi-layer wound in the
auxiliary earthing section is wound in a direction opposite to a
direction in which the wire of the first winding quasi-layer wound
in the main earthing section is wound.

[Effects of the Invention]

[0012]

According to the invention, the bonding wire of the main winding
portion wound around the cylindrical barrel of a spool has its
end-of-spooling end (or start-of-despooling end) connected to an
earthing portion which is of a one layer construction consisting of
a first winding quasi-layer wire and a second winding quasi-layer
wire, wherein the wire of the second winding quasi-layer is a



[Fig. 31An explanatory viewillustrating a conventi onal

t echnol ogy wherein

the main wi nding portion of the bonding wire is of a criss-cross w nding.
structure. [Fig. 4] An explanatory view illustrating a conventi onal
t echnol ogy wherein the bonding wire winding structure for sem conductor
application is such that a |engthy mat&rial for leading out the wire is
connected to the end-of-spooling end (17) of the wire. [Fig. 5]An

explanatory view illustrating a conventi onal

technol ogy wherein the wi ndi ng

structure is such that an alignnent winding portion is provided on each
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portion to have a two-part structure consisting of a main earthing
section and an auxiliary earthing section in series of this order, 1t
is possible to prevent the spring back phenomenon and pile
collapsing with even higher certainty.

[0013]

The other effects of the invention include:

(1) If bonding operation is carried out with the wire sprung back
(that is, the wire is loosened on the spool), the wire is entwined
and the chances are the wire is snapped. However, by virtue of
the fact that the wire is arranged to be wound in a highly closed
alignment, whereby the frictional resistance owing to the wire
contact is substantially high, the wire of the main earthing
section does not slacken and no adversary phenomenon 1is
incurred.

(i) The wire winding structure of the present invention can be
applied irrespective of the winding length and the winding

‘conditions of the main winding portion.

(i1i) Since the tension at the earthing portion is higher compared

to the conventional wire winding structure, the frequency of
slackening of the earthing portion during transportation is
greatly minimized.

(1v) Usually, when slackening of wire occurs, the slackened wire
is unwound one turn after another with human hand before using
the spool again, but this labor can now be done away with,



Now, exanples wherein the current invention is enbodied will be explained
in detail with reference to the drawings. The first exanple of the w nding
structure according to the invention takes a structure wherein a plurality
of turns of the wire constituting a first quasi-|layer are aligned parallel
to each other on the barrel of the spool, and sone of the turns of the wre
constituting a second quasi-|ayer are tach aligned cl osely between paralle
turns of the first quasi-layer wire while other turns of the second

quasi -layer wire are not parallel to each other nor closely aligned
together. The influence of the wire of the main w nding portion being
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paral l el to each other. Al so, sone of the wire turns of the second

quasi - | aymr-%rqugggﬂﬁiélg@gqjiﬁwﬁﬂgg]‘bet ween parallel wire turns of the
first quasi-layer which are wound parallel to each other on the spool
barrel, so that they forma highly tightly aligned quasi-belt, structure;
owi ng to fdis4ktructure even when the bonding wire, which is fixed to a

fl ange of the spool, drops fromthe tweezers, the bonding wire of the main
wi nding portion is not |oosened - however, for a safety's sake, it is
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mai n wi nding portion (not shown) are wound in a manner so as to progress
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it, and then one turn or severaf unaligned turns of the second quasi -I|ayer
are wound, and the end-of-the-spooling end is affixed to the flange 1 (it
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of adhesivVe ta . ace gf affixi.ng with the si e t it Qs
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second quelsée-wmger i's conducted in a manner such that the w nding tension
is as high as or even higher than that in the case of winding the first

quasi -l ayer, whereby each turn of the.seco asi.-l ayer is caused to
intrude b @enﬁ]ei gA@orEKQTQ%aE%TY)f VERw fﬂg‘éggﬁ@% I %yé*’rorWEfIPﬁQ sult of
creati lng fedensR alvi*l@@ﬁﬁh_ ﬂhat/ﬁé- ﬁz(rirnhf nsa&mqtuﬂeheids egsthn tofatt r@%zeuﬁnd
quasi -l ayer, 1s tw.ce .as,.hi as. that of 1.he ymmin wipdin riion,) . t he
t hi ngs ar@ilgét@ﬁﬁtr&ﬂﬁll%éggggoﬁﬁ%ﬁ%ﬂ%@ &Pﬁgeﬁsﬁk%ﬁ%?ﬁb % H89H%ndi ng
wre is Iqiidcﬁg%ep@rﬁo@r_event ed with certainty. The wi nding tension for the
second quasi-layer is not prescribed, but preferably it is conparable to or

greater than the winding tension for the first quasi-Ilayer. (I nc{)deﬁt ally,
the wi ndi hgig.e6ki oh dadr of kapdavetoryuaisiws aydusiratingcehe synagt bagkt hat

of the f1 PLCTREHTh, BbpeRing 3L G IBAKCCAL, Jpr A O ose of
the seconbomesic- \ajes, 1) FuhlGthebhgr &ye W n(é’é 1ﬁus rales an ordinary
lead-end winding portion which is wound in parallel alignment
having a wide winding pitch, and of which the view (b) illustrates
the spring back phenomenon happening as the wire cut method is
practiced in the scene of (a), and of which the view (c) llustrates

the lead-end winding portion wherein the wire is closely aligned.



12 In the second exanple of the winding structure, the earthing portion
consists of two parts: one is a nmain earthing section and the other is an
“auxiliary earthing section which succeeds the forner. By virtue of the fact
that the auxiliary earthing section is provided in succession fromthe main
- earthing section, the force that pullggthe wire of the main w nding portion
fromthe main winding portion is not felt by the auxiliary earthing
section. Also, the force that pulls the wire of the auxiliary earthing
section fromthe auxiliary earthing section is not felt by the term nal
tape by virtue of an increased frictional resistance which results fromthe
l ncreasedmm@ﬂbsaffe@mbﬁdﬁirg thed rearrition wire and the auxiliary
earthing wire. Hence, it is possible to maintain the force of the
frictional resistance of the wire of the main w nding portion and the

auxi | i arylO8drilhi ng wire greater than the force by which the auxiliary
earthing wire itself is unmound wi t hout the help of tweezers to hold the
wire end after the term pe is peeled off..This fri ctlonal i stance
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caused by 2 ({sr?:) to wrap round the bonding wire with a number of

turns of the second quasi-layer wire.

[0016]

As shown in Fig. 1, around that portion of the spool barrel 2 which
extends between the flange 1 of the spool and the main winding
portion (not shown) are wound in a manner so as to progress
outwardly (leftwardly in Fig. 1) an appropriate number of turns
(at least 4 turns are necessary, and preferably 10 - 15 turns) of
wire of the first quasi-layer 3 in a manner such that they are



[ Exanpl e] [0020] First, a main w nding portion was forned by wi nding on a
cylindrical barrel of a spool, having a dianeter of 50 nmand a | ength of
45.5 mm an Au bonding wire for sem conductor application, each spool

| ength consisting of 10,000 nmeters, having a dianeter of 25 umand a purity
of 99.99 mass % or higher (which had bgen heat-treated so as to have an

el ongation per cent 14 of 4%, in a manner of criss-cross nultilayer

wi ndi ng techni que, until 4,000 layers are laid. In this spooling operation,
the stepped piling techni que was adopted wherein the width of the wire

| ayer is constantly decreased as the height of the pile increases. The
spool i ng doselyi adlgmedsush pranlidle with h esich hether stangr dhadyebheas 40
nm and t pl& & o o [Nas e TR f AR rtion
Ty qoncr io8d dé%%@‘e)&ﬁéegﬁﬂ(sﬁfjt%@wﬁ E?i&bé;lglsa‘?ggg%%%?d:[%tﬂﬁe%g%iT{b?g]jg@mﬂ e
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with a teostomiterend.as great as that for the main w nding portion, and

then the wire end was affixed to a peripheral portion of a flange by a

conventional fixing neans_using an adhesive }ape. d[Corr%ar_ati ve Exanpl e]
[0021] The winding of the first quasi-layer is conducted 1in a manner

such that the neighboring wire turns are aligned parallel and in
contact with each other, and the winding of the second quasi-layer
is conducted in a manner such that the winding tension is as high
as or even higher than that in the case of winding the first
quasi-layer, whereby each turn of the second quasi-layer is caused
to intrude between neighboring turns of the first quasi-layer with
a result of creating a densely aligned layer. (Incidentally, the
tension of the second quasi-layer is twice as high as that of the
main winding portion.) As the things are, such troublesome
phenomena as spring back whereby the bonding wire is let loose
are prevented with certainty. The winding tension for the second
quasi-layer is not prescribed, but preferably it is comparable to or
sreater than the winding tension for the first quasi-layer
(Incidentally, the winding tension for the second quasi-layer is
twice as great as that for the main winding portion.)

For the sake of convenience, the wire turns of the first quasi-layer
are represented by thick black lines and those of the second
quasi-layer by outlined grey lines.

[0017]



Excepting that an auxiliary earthing section was not provided 15 and that
a main earthing wire was spool ed by 20 turns, each new one of which shifted
away froma main winding portion, all other steps are followed in the sane
manner as in the Exanple until the wire termnal was affixed to a

peri pheral portion of a flange with angadhesive tape. Ten of each of the
spool s of the Exanple and the Conparative Exanple, on which the wires (25
pmin dianmeter) were fastened as described above, were prepared and, each
spool was submitted to the follow ng experinent wherein, using tweezers,
the wire was cut in the vicinity of the adhesive tape, and the nunber of
wire turns which mere unfastened fromthe barrel of the spool were counted

and aver t 0 S Table 1
Tabl e 1: a%rrparl o1 |n av g% E’gn%ﬂgb%ﬁna’lﬁg ?@%@fa%ﬁng%a@t er of
t he bond|p@r’amnecma}$§b*eo Wpapgrts,eogga;@paemam earthing section an

the other is an auxiliary earthing section which succeeds the
former. By virtue of the fact that the auxiliary earthing section
is provided in succession from the main earthing section, the force
that pulls the wire of the main winding portion from the main
winding portion is not felt by the auxiliary earthing section.
Also, the force that pulls the wire of the auxiliary earthing section
from the auxiliary earthing section is not felt by the terminal tape
by virtue of an increased frictional resistance which results from
the increased contact areas of the main earthing wire and the
auxﬂiafy earthing wire. Hence, it is possible to maintain the
force of the frictional resistance of the wire of the main winding
portion and the auxiliary earthing wire greater than the force by
which the auxiliary earthing wire itself is unwound without the
help of tweezers to hold the wire end after the terminal tape is
peeled off. This frictional resistance becomes greater as the
number of wire turns of the main earthing section is increased.

[0018]

As shown in Fig. 2, around that portion of the spool barrel 2 which
“extends in the vicinity of the flange 1 of the spool are wound, as
the first quasi-layer, outwardly (leftwardly) progressing turns of
the wire of the main earthing section 6, which are aligned closely,
and inwardly progressing turns of the wire of the auxiliary
earthing section 7. Then, the end-of-spooling end of the
auxiliary earthing section is brought back to the main earthing
section 6, and winding of the second quasi-layer starts as the wire
is forced in between neighboring turns of the main earthing
section 7 (between the central turn and a turn immediately ahead
of it), and then one turn or several unaligned turns of the second
quasi -layer 4 are wound with its end-of-spooling end affixed onto
the flange 1 (alternatively onto the barrel 2 of the spool) with an
adhesive tape. In a like manner as the first example of the



25 pm 0.9 turns 9.8 turns [0023] As is clear fromthe above result, the
spring back phenonenon in the case of the wi nding structure of the bonding
wire for sem conductor application according to the present invention, is
extraordinarily restricted conpared to the conventional w nding structure.
Incidentally, the wires despool ed fromsthe spools of the Exanple and the
Conpar ati ve Exanple were both free of ‘appearance abnormalities such as scar
and irregular reflection, and no cloggi ng occurred when the wires were set
in the bonding 16 apparatus. Experinments were conducted also in the cases
of the wire dianmeters of 20 mand 30 m and the nunber of unfastened turns

WeE)r(el | esswihdimensrietulrhe theneinding teeisios fofr tespreadnjuapiéayeon.
[Explanat) on f2 rgzreeécteégnocre erxlflérrrleé%laglce{' 9924 that for the winding of the
first quasi-layer. (Incidentally, the winding tension for the
second quasi-layer is twice as great as that for the main winding

portion).

By virtue of this winding structure, such trfoublesome phenomena
as spring back whereby the bonding wire is let loose are
prevented with more certainty.

It is needless to say that in either of these examples of the
winding structure it is possible to provide a lead-end section
(earthing portion) on both sides of the main winding portion.

[0019]

As the material for the bonding wire is selected from Au, Ag, Al
Cu, or an alloy of two or more of them, it is possible to control the
number of wire turns and wire pitch depending on selection of the
wire material. Incidentally, the above-mentioned frictional
resistance may be had by the first quasi-layer wire, but it works
in the horizontal direction as a compressing force along the entire
length of the second quasi-layer so that the wire is free from
gaining abnormality in it is glossy appearance caused by
scratches and dents.

[Example]
[0020]

First, a main winding portion was formed by winding on a
cylindrical barrel of a spool, having a diameter of 50 mm and a
length of 45.5 mm, an Au bonding wire for semiconductor
application, each spool length consisting of 10,000 meters, having
a diameter of 25 um and a purity of 99.99 mass % or higher
(which had been heat-treated so as to have an elongation per cent



1. flange 2: barrel of spool 3: first quasi-layer 4: second quasi-|ayer 5:
tape 6: nmain earthing section 7: auxiliary earthing section 11:
start-of-spooling end (of wire) 12: end-of-spooling end (of wire) 13:
paral l el -alignment wi nding portion '

14

of 4%), in a manner of criss-cross multilayer winding technique,
~ until 4,000 layers are laid.

In this spooling operation, the stepped piling technique was
adopted wherein the width of the wire layer is constantly
decreased as the height of the pile increases. The spooling
condition was such that the width of the first wire layer was 40
mm, and the pitch width was b mm.

After forming the main winding portion as described above, the
spooling was progressed toward the position where the main and
the auxiliary earthing wire is to lead out, and thereby the main
and the auxiliary earthing sections are formed. On this occasion,
the manner in which the main earthing wire was wound was such
that the tension for the main earthing wire was twice as great as
that for the main winding portion, and the pitch width was 25 um
in the case where the wire diameter was 25 um, and eleven turns
of wire were spooled, each new turn increasing the distance from
the main winding portiori. The manner wherein the auxiliary
earthing wire was wound was such that the tension for it was
twice as great as that for the main winding portion, and six
parallel turns of wire, each generally adjoining the neighboring
ones closely, were spooled between the main earthing section and
the main winding portion, each new turn shifting from the main
winding portion toward the main earthing section. Next, two
turns of the wire were spooled between the main earthing wire
turns which, like the auxiliary earthing wire, were wound with a
tension twice as great as that for the main winding portion, and
then the wire end was affixed to a peripheral portion of a flange -
by a conventional fixing means using an adhesive tape.

[Comparative Examplel
[0021]

Excepting that an auxiliary earthing section was not provided



14: criss-cross w nding structure portion 15: (tenporary fastening)
adhesi ve tape 16: flange (of spool) 17: end-of-spooling end 18: | engthy
material for |eading out the wire 19: flange 20: spool 21: main w nding
portion 22: |ead-end winding portion 23: tail-end wi nding portion

15

and that a main earthing wire was spooled by 20 turns, each new
one of which shifted away from a main winding portion, all other
steps are followed in the same manner as in the Example until
the wire terminal was affixed to a peripheral portion of a flange
with an adhesive tape. |

Ten of each of the spools of the Example and the Comparative
Example, on which the wires (25 um in diameter) were fastened
as described above, were prepared and, each spool was submitted
to the following experiment wherein, using tweezers, the wire was
cut in the vicinity of the adhesive tape, and the number of wire
turns which were unfastened from the barrel of the spool were
counted and average number was calculated. Table 1 shows the

result.
[0022]
Table 1
Table 1: Comparison in average number of wire turns
unfastened '
Diameter of the bonding Example Comparative
wire Example
95 um 0.9 turns 9.8 turns
[00238]

As is clear from the above result, the spring back phenomenon in -
the case of the winding structure of the bonding wire for
semiconductor application according to the present invention, is
“extraordinarily restricted compared to the conventional winding
structure. Incidentally, the wires despooled from the spools of
the Example and the Comparative Example were both free of
appearance abnormalities such as scar and irregular reflection,
and no clogging occurred when the wires were set in the bonding



24: term nal -fasteni ng adhesive tape 25: flange 26: bonding wire 17 \Wat
is clains 1. A w nding structure of a bonding wire for sem conductor
application conprising a nmain wi nding portion forned of wire, to be used as
t he bonding wire, wound around the central portion of the cylindrical

barrel of a spool, and an earthing portion formed of wire integrally
continuing fromthe end-of-spooling el of the wire of the main w ndi ng
portion and wound around an end part of the cylindrical barrel of the
spool, and a wire end portion forned of wire integrally continuing fromthe
earthing portion and fastened to a flange of the spool; wherein t he

L t f ; ( pool ,
one- | ayer A G-of Ff i Enfi gl EBRHUROAARII) O chfe Sdscs tA T o

quasi - | ayeireandiameters e obf 24 s@nconan% n%@n@@ua@incfaiﬂé@, nwalar 9t wi ndi ng
quasi - | a4t GG P AL HEAKLLY 1ok danarlone #althel wihidanedsihicturargs wound

around th spoo?l%bar.re , e wre of the second wi nding quasi-|ayer
const i t utinfgPEEPR B AVERLEIM i re turns general |y separated from each ot her,
but sonme of the wire turns of the second wi nding quasi-la:3 7er being each

| aid hig | osel.y_het we tWo _nej rr.ng parallel wire turns of the
first w m%@%e@?@}e?eﬁgﬁ?n&eﬁﬂﬂf‘%%ﬂ ucture of a bonding wire for
sem conduct or application conprising a inmain w nding portion formed of
wre, ton[g)%ﬁged as the bonding wire, wound around the central portion of
the cylindrical barrel of a spool, and an earthing portion formed of wire
integrally continuing fromthe end-of-spooling end of the wire of the main
‘windi ng pprtiofjghdewound around an end part of the cylindrical barrel of
t he spool,, and.a e .end portion formed of wire integrally continuing from
the earthéng pé}%]fir@iloirﬁPQ‘ﬂstened to a flange of the spool; wherein

t he w ndiag strﬂgﬁgttq@agi-lgjzervm re of the earthing portion is as a whole a
one- |l ayer , w ndi ré?: structun_q-&%[s}si sting of the wire of a first w nding
quasi - | aybr andERBMHAPESHAY econd wi ndi ng quasi -1ayer, the wire of the
first wingling dags -1 ayer formng a main earthing section, which is a

pluralitygof depseh¥earthing section
T auxiliary earthing section
11:  start-of-spooling end (of wire)
12:  end-of-spooling end (of wire)
13:  parallel-alignment winding portion
14:  criss-cross winding structure portion
15:  (temporary fastening) adhesive tape
16:  flange (of spool)
17:  end-of-spooling end
18 lengthy material for leading out the wire
19t flange
201 spool
21°  main winding portion
22:  lead-end winding portion
23.  tail-end winding portion
924  terminal-fastening adhesive tape
25. flange
26  bonding wire



18 parallel-aligned wire turns wound around the spool barrel in a manner so
~as to progress outwardly, and an auxiliary earthing section, which is wound
around the spool barrel in a manner so as to progress inwardly, the wre of
t he second wi ndi ng quasi-layer constituting one or nore wire turns
general ly separated fromeach other, put at |east one of the wire turns of
t he second w nding quasi-layer being laid highly closely between two

nei ghboring parallel wire turns of the main earthing section. 3. The

wi ndi ng structure of a bonding wire for sem conductor application as
claimed in aiml or 2, characterized in that the bonding wire is nade of
a heat - t N@atedigrelaimd td'ament. 4. The winding structure of a bonding wire
for sem conductor application as clainmed in Claim1l or 2, characterized in

that the wire of the_first w ndi ng%tqua i -l.ayer wound to formt etmain
eart hi ng kect i ¢h Wi Blirinciued & Aa ﬁ&dlég Farpretr e Y46 t he

mai n Wi ndj ngReEPRomBrisThe MpAdimeyiidiugt poetwn fobord 0§ wiree tbor
sem cond c@g]% pplicatjon . as clained in akm § d i n that
one or @ @552& h@n@img BiEhE O ﬁﬁobﬁn#dghﬁz‘%ﬁﬁ%%;ﬁ%@ﬁé@o%ﬁnd in
the main t@fg&j?\]iﬁ@ri@&lbaﬂrel/\bf'ampcmlmmddaar&ﬂmdnmlgepephom fsamped ofi s each
laid in between two pei ghborli |1 elxal ignede ' of the
first qua¥it§ ﬁéﬁ%ﬁ@?{d%%ﬁ@?gg@%o*h@aﬁ% &‘ %ﬁbgﬁ r?tergfsdfc Eﬁte hat the
second wiwdiaof dlesinadiay svinding perticappsd WO R sBREN B et Bt re
turns of t firsts Lt F hodi Sty ugind ered. Boksiod ng wire
for sem CO&?EE&S Bég%q?é%t}?%ﬁfels O?I%Hfgr;gsdﬁwi)ér:l’ Clagid 8[2 chay act erPiOzed I n that
the wire formed ¢f vErrewinte HaSon iR Eng bt ir{}lilet ﬁ’@rﬁﬂﬁlgi BPYYBY t hi ng
section i s,uouRdehBdadlhrRahbenipespbelitwherdinection in which the wire
\?\Lu;g? FITst whe Mn 1Y RO L b S RLE SRHHINAGL AR | S

as a whole a one-layer winding structure consisting of the wire of

a first winding quasi-layer and the wire of a second winding

quasi-layer, the first winding quasi-layer being a plurality of

densely parallel-aligned wire turns wound around the spool

barrel, and the wire of the second winding quasi-layer

constituting a plurality of wire turns generally separated from

each other, but some of the wire turns of the second winding

quasi-layer being each laid highly closely between two

neighboring parallel wire turns of the first winding quasi-layer.

2. A winding structure of a bonding wire for semiconductor
application comprising a main winding portion formed of wire, to
be used as the bonding wire, wound around the central portion of
the cylindrical barrel of a spool, and an earthing portion formed of
wire integrally continuing from the end-of-spooling end of the .
wire of the main winding portion and wound around an end part
of the cylindrical barrel of the spool, and a wire end portion
formed of wire integrally continuing from the earthing portion
and fastened to a flange of the spool; wherein .

the winding structure of the wire of the earthing portion is
as a whole a one-layer winding structure consisting of the wire of
o first winding quasi-layer and the wire of a second winding
quasi-layer, the wire of the first winding gquasi-layer forming a
main earthing section, which is a plurality of densely
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parallel-aligned wire turns wound around the spool barrel in a
manner so as to progress outwardly, and an auxiliary earthing
section, which is wound around the spool barrel in a manner so as
to progress inwardly, the wire of the second winding quasi-layer
constituting one or more wire turns generally separated from
each other, but at least one of the wire turns of the second
winding quasi-layer being laid highly -closely between two
neighboring parallel wire turns of the main earthing section.

3. The winding structure of a bonding wire for semiconductor
application as claimed in Claim 1 or 2, characterized in that the
bonding wire is made of a heat-treated metal filament.

4. The winding structure of a bonding wire for semiconductor
application as claimed in Claim 1 or 2, characterized in that the
wire of the first winding quasi-layer wound to form the main
earthing section is wound in such a manner as to progress away
from the main winding portion.

5. The winding structure of a bonding wire for semiconductor
application as claimed in Claim 1 or 2, characterized in that one
or more turns of the wire of the second winding quasi-layer wound
in the main earthing section, which is wound around the spool
barrel, is each laid in between two neighboring parallel-aligned
turns of the wire of the first quasi-layer wound around the spool
barrel, in a manner such that the second winding quasi-layer wire
is trapped by pressure between the wire turns of the first
quasi-layer.

6. The winding structure of a bonding wire for semiconductor
application as claimed in Claim 2, characterized in that the wire
of the first winding quasi-layer wound in the auxiliary earthing
section is wound in a direction opposite to a direction in which the
wire of the first winding quasi-layer wound in the main earthing
section is wound.



