[ Document Nane] Specification [Title of the Invention] Wnding Structure of
Bonding Wre for Sem conductor Application [Technical Field] r000Il 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 used for applications such as assenbling
sem conduct or devices is wound around a cylindrical barrel of a spool as
the main, winding portion in a manner such that a |l ength of several

t housands of neters of wire is piled to a thickness of several tens of
mllinmeters. In order to prevent the pile of the main winding portion fro
in sliding to collapse a criss-cross winding structure (criss-cross w ndi ng

struct ur e[pestirmid¥anagd shown in Fig. 3, is adopted, for exanple, wherein
| eftward progressing wire turns and rightward progressing wire turns are
crossed each other as they are wound on the spool; according to this

st ruct ur eSpacyacaiibal - al i gnment wi ndi ng portion (13) of a predeternined
axial. len.gth is forned fromthe start-of-spooling end of the spool where
the wires_are not_crossed,, %gd the start-of-spooling end (11) of the wire

(tail endNuikmof hhecaivengo

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 is 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 18 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 crisscross
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 coll%fse (ref. Publication-in-Patent 1).

[ 0003] This wound body of wire - when4n 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 puIIed out and set in a wre delivery conduit. Another nethod

call ed a S [ t
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tensed bonding wire can fly off the tweezers and the bonding wire can get
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ref erence nuner denotes t | ange i s suggested that the |engthy
material is preferabl y a sem -adhesi ve tape which rel easably adheres to
itself bu[ltogntp@]s not adhere to other matters. However, in this prior art, an
additional 1temin the formof a sem -adhesive tape is required to be used
and this increases the nmanufacturing cost as well as nmanagenent cost. Al so,
it is fedied thatyd heestiwnathesheeal aple thehiscthésveotapequiefedrés a he
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while the adhesive tape is peeled off. On the other hand, in the

case where the adhesive tape 1s not removed but the wire 1s cut

and pulled out for use as the carthing end, the cul 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

a phenomenon so-called spring back, which 1s 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 agtrapezoidal 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 sudbiggentd dysthhautthes phitheviardiarybpadingnw2te comes 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
which is [WO@d in parallel alignment is made to have a conventional wide
wi nding pitch, as shown in Fig. 6 (a), and the wire cut nethod i s adopted,
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2000- 2775§r0eferab1y 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, 1t is
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.

[0006]

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). TFig. 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
22 and the tail-end winding portion 23 are wound parallel aligned



[ Publ i cation-in.-PatentPublished patent application 2004-111449 [ Summary of
the I nvention] [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 doed not allow the spring back phenomenon
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

d- of - ' [ r t,i f th ndi . i.re irt f
winding o UhE SHERS APkt FRuPREHL LB b et SRS PhEBsH Blnai ng
t he wirecoieabstieanthe poetions2asid P60agld pachreed afotlsomieetise

b - I bl fokh ' Haren t
of & bond R Do B e b BYnraar: b oder Al et
i nventi o .Sléfﬁ)?@@m'zﬁdi ng structure of a bonding wire for sem conductor

application conprising a main wi nding portion forned of wire, to be used as

the bondi pg,wire, d d_the.central porti he,.cyl i ndrical
par ol ol SHEndeRd GRA BA-GHM WGt (¥ BN R0t feRB5R LGS ENMPRG Hg 1 rom

the end- ehadpoa hageeadoefvdiigowal eviaie tshexdraignpywickdiawg shomtnan Higl wound
oround oy S LpBluA eI HRINLAY, RALGELLNS ReaRooRl o T e nd
a fl ange wgfon heuttepeplthe whending 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 1mpact energy
imparted to the bonding wire 26 upon cutting the same 1s 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 solve]



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
qguasi -l ayer being a plurality of 6 densely parallel-aligned wire turns
wound on the spool barrel, and the wirg of the second w nding quasi-| ayer
being a plurality of wire turns generally separated from each ot her, but
sonme of the wire turns of the second w nding quasi-|ayer being each laid
hi ghly cl osely between two nei ghboring parallel wire turns of the first

wi ndi ng quasi -l ayer. [00101 Al so, another one of the enbodi nents of the

w nding structure of a bonding wire is: (b) a winding structure of a
bondi ng m% Jor sem conductor application conprising a main w nding
portion f 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 f?h@gﬁ %@eﬂ‘tﬁﬁv@%iéﬂ%ﬁ@ o aﬁ%@w cﬁfﬂ?@%dmﬂ@@ﬂm@m@e wire
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each ot hetwidtihgadr b@@ﬁim(gn’eh ofwifee wire turns of the second w ndi ng
guasi -l ayer bei ng | aid highly closely between two nei ghboring parallel wire
turns of the main earthing section. [00111
[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 1s

(a) 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 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 spooli 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 suchsa nmanner as to progress away from
the main wi nding portion. (e) One or nore turns of the wire of the second
wi ndi ng quasi -1 ayer wound over the nain earthing section, wound on the spool
barrel 4 is each laid in between two nei ghboring parallel-aligned turns of
the wire of the first quasi-Iayer wound on the spool barrel 4, in manner
such t hat deneegeqmm]\lehaﬂx@e}%amm dpamanweund onappedspeoprieysgle
bet ween t Ra M HE W e f ts@@o%&%inﬂ#i’%gﬁﬁﬁgzer%éiﬂ%@ e ey bhe first
wi ndi ng quasi - [ ayer wouncf3 n the auxi ry earthi section is nd in a
di rect i on“oppISIE LENLTE Sé@?i[i’@ﬁ'aitﬁdvﬁlo Q%@\Mtw?)%rof YhEoR G ﬁot\'b%di ng
ﬁuasi : ! aYWi{@D%nﬁl% Nof ftglm%to@ﬁ] txh@iﬂdﬁl% equiaeir lagevwobodng[ Ehthcisicdf the
nvention] . cordin o, the i.nvanti.on, € e main
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end- of - spfiekt ngirehth g quast datyeof - despool i ng end) connected to an earthing
portion which is of a one layer construction consisting of a first w nding
quasi-layﬁaﬂxéﬁe and a second w nding quasi-layer wire, wherein the wire of

t he secon ing quasi-layer is a plurality of wire turns generally
separated from each other, of which sonme are each laid highly closely

bet ween t nei ghboring parallel wre turns the first w ndin

quasi - | aygﬁ,sowﬂp@ﬁﬁﬁi"é)%piﬁ’{}@ 9@%@2@3@@% |§l1%ﬁv%l}fil%§5¥u%f&%?@epf4, o)
that it ig peosgikdevire gvoid with certainty the spring back phenomenon
which entails colTapsing of the wire pile. Furthernore, by nmaking the

earthing portion to have a two-part structure consisting of a main earthing
section afld) an wirdingr pteactiiegoBecthondimg swrires fof stiscondactort 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 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 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 2
manner so as to progress outwardly (away from the main winding
portion), and an auxiliary earthing section, which is wound on the
spool harrel in a manner so as to progress inwardly, the wire of
the second winding quasi-layer being one or more wire turns
generally separated from cach 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.



The other effects of the invention include: (i) If bonding operation is
carried out with the wire sprung back (that is, the wire is | oosened on the
spool), the wire is entwined and the chances are the wire i s snapped.
However, by virtue of the fact that the wire is arranged to be wound in a
hi ghly cl osed alignnent, whereby the frictional resistance owmng to the
W re contact is substantially high, the wire of the main earthing section
does not sl acken and no adversary phenonmenon is incurred. GO The wire

wi ndi ng structure of the present invention can be applied irrespective of
the winding length and the wi nding conditions of the main. windin.g
portion.. (iii) Since the tension at the earthing portion is higher
conpared oy tije conventional wire winding structure, the frequency of

sl ackening of the earthing portion during transportation is greatly
mnimze d (iv) Usually, when slackening of wire occurs, the sl acken.ed
wire is uftlynsbrareot thia pafeferrahethbodwinen thwiarhdanddefpserwsing t he

spool agai ts_| n M : f the
hi ghly c?%@ghga%?éﬁﬁ%t%g& tfﬁg %é}ﬁg?‘ﬁ@dggﬁ%?‘ r elg%ggpeﬁgﬁgggﬁgﬁpgn of
Dr awi ngs]pri@oidinyenoriiramseikpglewsat ory partial view illustrating the
i nportant part of the first winding structure of the present invention.

(¢) 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 1s wound in such a manner as to progress
away from the main winding portion.

(e) 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.

(f) 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.

{Fffects of the Invention]
[0012]

According to the invention, the bon.c{i,ng 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. 2] An explanatory partial viewillustrating the inportant part of the
second wi nding structure of the present invention. [Fig. 3]An explanatory

view illustrating a conventional technology wherein the main w nding
portion of the bonding wire is of a criss-cross wnding structure. [Fig.
41An expl anatory view illustrating a conventional technol ogy wherein the

bonding wire winding structure for sem conductor application is such that a
lengthy material for |eading out the wire is connected to the
end- of -spooling end (17) of the wire. [Fig. 51An explanatory view
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wire i s chosgoy & hgneda two-part structure consisting of a main earthing
section and an auxiliary earthing section in series of this order, it
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
alisnment, 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 is
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.

(i1} 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,

(iv)  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,



10 [ Exanpl es of enbodying the Invention] 09151 Now, exanples wherein the
current invention is enbodied will be explained in detail with reference to
the drawi ngs. The first exanple of the wi nding structure according to the
invention takes a structure wherein a plurality of turns of the wire
constituting a first quasi-layer are igned parallel to each other on the
barrel of the spool, and sone of the turns of the wire constituting a
second quasi -l ayer are each aligned closely between parallel 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 e h-ndi ) § om; el b in
wi ndi ng pBEE: %gl%c?glnﬂ}%mv%lg}em?éﬁ%ée%%? ]fénllgs ttg&i't ﬁgggﬁ %Y?%llrlfgg 3%?%?W re
turns of the first quasi-layer which are aligned parallel to each other.
Al so, sonﬁg@ﬁg{@@sgkﬁﬁnéHQﬁﬁD@gﬁhmggﬁecond quasi - | ayer are each aligned
tightly between parall wre turns of the first quasi-layer which are
wound parallel to each other on the spool barrel, so that they forma
highly ti§bdly]aligned quasi-belt structure; omﬁng to this structure even
when t he bondlng wire, which is fixed to a flange of the spool, drops from
the tweez ge bondln wire of the main mnEdlng portion is not |oosened
(f Figr1

- however s&ﬂeeyp wakery pantsabveswr dbnetiallngaphe ROt bondi ng
wre wt hpﬁr’@%"?ﬂ{e st gf{r?ﬁit ofe EheGeaensl thiePrelseyerinvdreioh0016] As
i a

shown. in 1, aroun ort| on of the Spool barrel 2 which extends
bet ween the flange 1 of the spool and the main w nding portion (not shown)
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they are closely aligned in paraIIeI with each other and that the
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start - of i on irs uasi t o, comrence .t
wi ndi ng otechsokmzyoncheieist thaysain WRRASS ROTES R qff hayboRdB LW IFhe

second q“i’ssbf'aaé’ﬁ%sgcx'g%s%?ﬁaﬁiﬁ%%t?ﬁ@tﬁr@et ween a central turn of the first

guasi -l ayer wire an turn | diately ahead of it, and then one turn or
several unali gned turns of the second quasi -layer are wound, and the
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contact wthh warh other, and the wi nding of the second quasi-Ilayer is
conducted in a manner such that the wi ndi ng tensi on is as high as or even

hi gher than. that e case of wndin uasi -l ayer, whereby each
turn of tﬁglgecéhd q‘éé‘s eKRy@PALQTEald thﬂ}lﬁ IFEH& i(vrbetlvvec(-ﬁ/?l H@il ng

ltur ns 012 | %@@%ﬁb!@gﬁz qudlsérdiayehwi tvh::cr@dlfrﬁgut;t,r@éi ofeeald nguahddﬁﬁl yaal i gned
ayer. (Incident e tension of t - re d1S., as

i g as ¢ REAETORC He WA HAT HGbOF (PO C6 et REL aret T dl e

t roubl esomrphez@p’eﬂaoa}s spring back whereby the bonding wire is let |oose
are prevented with certai nty The win.d.ing tension for the second

quasi -l ayer is not prescribed, but preferabl is conparable to o
greater thHmgtte wirglitngl teemﬁa@muﬂ@sy YIeevE.i ‘riﬂ%ﬁuﬁspa b‘y@r‘vp *(H"‘léici}dbgat ally,

the w nd'ﬂ@%uﬁﬂ o0 (ﬁa}i ?811? goaﬁ {a Slha'da&ﬁﬂ 'V\Slﬂd/‘v‘n(‘ge Iﬂﬁ”’rﬁiﬁ&ﬁf ahet hat

o ihe, M e b pory ay@%ﬁihée?mé% Bt BICRETBl Gk ECHAGT hose
of the se¢ong-ctasintiaygrpbytiout kgt ggewoh:miwn parallel alignment
having a wide winding pitch, and of which the view (b) illustrates
the spring back phenomenon happening as the wire cut method 1s
practiced in the scene of (a), and of which the view (¢} illustrates
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
auxi liary 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 pullspthe 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
i ncr eased| Kraraglesapkamlpbdyhey rhhrari[maermthoné wire and the auxiliary
earthing wire. Hence, it is possible to maintain the force of the
frictionat resi]stance of the wire of the main w nding portion and the
auxiliaryl@atdhing wire greater than the force by which the auxiliary
eart hi ng vm're itself is unwound vm'thout the help of tweezers to hol d t he
wire end ter the t a tap eel ed off Thlsfr i stance
becones greaYefXaBp [hﬁi"@ll TeRF A8 VERTR 1iGTh P8 éfrl? bll‘:%ectl onis
i ncr easedexb@&kfddfﬁ@ém@wlmh&@feréncart@m tiratvipgys.i on of the spool
barrel 2 which extends in the vicinity of the flange 1 of the spool are
wound, as the first qua5|-layer outwardly (leftwardly) progressing turns
of the wi Theoffitsle awimbar ohi hbesecnidings stwbicthrar 8C&OT @ y, and

| nwardly pro &%ﬁi lelfenrﬁs %I #H%@«egvegﬁeﬁ%ﬁ %e;ﬁumf Er Mfwﬂﬁu o gection 7,
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ternatiy ont 9 RY . In a
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that for @%%p}ger{‘%?ﬁ%giuu@s A5t 08E thel MY wihAThAG Ao, catrbﬁowndl ng

tension f S great
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prevented i pls ﬁﬁ%%%&”c&ée stiond e Ean e Bl e il
| ead-end $egiicem (pardhehgvper thams of blet hfissdesuadi- ifmﬁem&mmhnamg
portion. wound parallel to each other on the spool barrel, so that they form
a highly tightly aligned quasi-belt structure; owing to this
structure even when the bonding wire, which is fixed to a flange
of the spool, drops from the tweezers, the bonding wire of the
main winding portion is not loosened - however, for a safety's sake,
it is preferable 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



[oom®] As the material for the bonding wire is selected fromAu, Ag, A,

Cu, or an alloy of two or nore of them it is possible to control the
nunber of wire' turns and wire pitch dependi ng on selection of the wire
material.. Incidentally, the above-nentioned frictional resistance may be
had by the first quasi-layer wire, butiiit works in the horizontal direction
as a conpressing force along the entire length of the second quasi-|ayer so
that the wire is free fromgaining abnormality in it is glossy appearance
caused by scratches and dents. [Exanple] [0020][ First, a main w nding
portion was formed by wi nding on_a. cylindrical barrel of _.a spool, having a
di amet er elowdynmaigted | Bngiarstlles. wikn et uobbﬁﬂiﬁyldﬁﬁgﬂﬂbrthe °

Pavi ng 2 drands Spogtals ¥hd SEINCRES RN 99%222‘1%&?%?1‘%%?‘3%%%
. . 0

had been AbAFLOFSROMING BRSKEhalern Gl thGHATHAET CeRt COBIRENE%) . in a
lma_nger | of ;chéi‘ﬁﬁn@h‘lﬁg%f et éé@y&ﬂt ) q%aﬁlmi-maxe‘@gnhg%_em untirn 40 {x/aiye(rj S arg
aid. In this spooling operation, the_s [ e opte
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of the pikterh 7:stheaspooyéngyicoredid icohuwasirs y iLdith of
the first ;w I I N1 form ng
the main \%\sl“’nélﬁr(l1 %}égh }yg% ggr sgﬁ%%}r@bg\&/@ Pr%%&s{;}é m%f HHE %‘feé%ﬁdssed

i Lokikor FRp9 198 TRANG WirEed
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formed. Or RS B T B e L e i vas
wound was @&?ﬁftﬁawlghéai%eoa?f%fh?wenﬁﬁﬁee rthiriaﬁ)gp\)ﬁ?% Q%laﬁﬁﬁlég as
great as thah fles adteesiwentapaditng postilde, teandilide apldregthw dhhtewisl25 am
wer e spool S GHERCR RS 1 naPLah g CoRYe Rt IlE PeB 1RE R Pnai ng
portion. Thé warmendaherein the auxiliary earthing wire was wound was such
that the tension for it was twice as great as that for the main w nding

portion, d six parallel turns of wire, each generally adjoining the
nei ghbor i agmmﬁmémgem ,tb@eflé?%p@s@aéﬁ@ﬁ@me@n LoRa et &Br RhITHYBEEL | on

o 1 LR sa ey o o g e 1
D00l od bEPRERRL PHE G SEPER: G NRHDRAT ERS SeCRBa REaStIATPAr y
eart hi ng v eenduwestedweradmaritefsuehstlont theorinadigg eahsasn tibats hoght he
por ti on ofSack &k iy Ehteonbant 1o ih TR ASen ot ERGBR BRCIPOE Tape.
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 1s let loose
are prevented with certainty. The winding tension for the second
quasi-layer is not prescribed, but preferably it is comparable to or
oreater 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 outiined grey lines.

[0017]



[ Conpar ati ve Exanple] [0021] 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 same manner as in the Exanple until the wire
termnal was affixed to a peripheral partion of a flange with an adhesive
tape. Ten of each of the spools of the Exanple and the Conparative Exanple,
on which the wires (25 .min dianeter) were fastened as descri bed above,
were prepared and, each spool was subnmitted to the foll ow ng experinent
wherein, using tweezers, the wire was cut in the vicinity of the adhesive
tape, and the nunber of wire turns which were unfastened fromthe barrel of

the SPool perze counhsd AREAVRr Mo BUNRE IS SBtauatedthTabherttiyghons (he

resul t. arison I avera t
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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
aux:iliar'y 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
carthing section 7.  Then, the end-of-epooling 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



Exanpl e Conparative Exanple 25 ,i,nl 0.9 turns 9.8 turns [0023] As is
clear fromthe above result, the spring back phenonenon in the case of the
wi ndi ng structure of the bonding wire for sem conductor application
according to the present invention, is extraordinarily restricted conpared
to the conventional wi nding structure. sl ncidentally, the wires despool ed
fromthe spools of the Exanple and the Conparative Exanple were both free
of appearance abnormalities such as scar and irregular reflection, and no
cl oggi ng occurred when the wires were set in the bonding 16

winding structure, the winding tension for the second quasi-layer
4 is as great as or even greater than 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 tfoublesome 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 guasi-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 wm and a purity of 99.99 mass % or higher
(which had been heat-treated so as to have an elongation per cent



apparatus. Experinments were conducted also in the cases of the wire
dianeters of 20 mand 30 m and the nunber of unfastened turns were |ess
than one for the winding structure of the present invention. [Explanation
for reference nunerals] [0024] 1: flange 2: barrel of spool 3: first
quasi -l ayer 4: second quasi-layer 5: tgpe 6: nmain earthing section 7:
auxiliary earthing section 11: start-of-spooling end (of wre)

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 5 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 portion. 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
paralle} 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 Example]
[0021]

Excepting that an auxiliary earthing section was not provided



12: end-of-spooling end (of wire) 13: parallel-alignment w nding portion
14: criss-cross wi nding structure portion 15: (tenporary fastening)
adhesive tape 16: flange (of spool) 17: end-of-spooling end 18: |engthy
material for |eading out the wire 1.9:flange 20: spool 21: main w 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 pm 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 wm 0.9 turns 9.8 turns
[0023]

As is clear from the above resull, 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



22: | ead-end winding portion 23: tail-end wi nding portion 24:

term nal -fasteni ng adhesive tape 25: flange 26: bonding wire 17 Wat is
claime 1. A winding structure of a bonding wire for sem conductor
application conprising a main wi nding portion forned of wire, to be used as
t he bonding wire, wound around the ceq%iral portion of the cylindrical

barrel of a spool, and an earthing portion forned of wire integrally
continuing fromthe end-of-spooling end of the wire of the main w nding
portion and wound around an end part of the cylindrical barrel of the
spool, and a wire end. portion forned of wire integrally continuing from

the eart hi,ng ROk} 50N Tap ke dvbPe A ANIR OLIdDEn ROk Wb ey

A

t he w ndi nggstructure oﬁet" e re o? e.earthing rtion is as a whole a

one- | ayer WA didAg e varst Yonsimst iEHB:T oBCE Hemyi et t efilﬁ‘éfn%ﬁ%dﬁ\g\ﬁg

quasi - | ayghfastkid@ tuirre ofer@ kagotidaw aeé for alas wiralierg sthectfurestf wi ndi ng

quasi - | aygkr] bei n%’@zi |l ural.ity of densely parallel-aligned wire turns wound
r

around t heRSpy&S CNURY the wire of the second w nding quasi-|ayer
constituting a plurality of wire turns generally separated from each other,

but sone Ly e e i ndi ng quasi -1 aYer being each
| ai d hi ghﬂgxﬁP%%é?%??bgﬁmgé%&{ev%&ngﬁgﬁggﬂSWQ parallel wre turns of the

first wi nding quasi-|ayer.

[0024]

flange

barrel of spool

first quasi-layer

second quasi-layer

tape

main earthing section
auxiliary earthing section

PRI ol SR S

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)
170 end-of-spooling end
18:  lengthy material for leading out the wire
19° flange
200 gpool
210 main winding portion
220 lead-end winding portion

37 tail-end winding portion

240 terminal-fastening adhesive tape
250 flange
260 bonding wire



2. Awinding structure of a bonding wire for sem conductor application
conprising a main wi nding portion formed of wire, to be used as the bonding
wi re, wound around. the central portion of the cylindrical barrel of a
spool, and an earthing portion forned of wire integrally continuing from

t he end-of -spooling end of the wire ofi7the main w nding portion and wound
around an. end part of the cylindrical barrel of the spool, and a wire end.
portion formed of wire integrally continuing fromthe earthing portion and
fastened to a flange of the spool; wherein. the wi nding structure of
the wire of the earthing portion is as a whole a one-layer w nding

st ruct ur eWhasiswclagnefisthe wire of a first w nding quasi-|ayer and the
wire of a second w nding quasi-layer, the wire of the first w nding

quasi -l ayer formng a,nmain earthi ng section, which s a pl ural&tépof

densely 18 pardl Wandanggplenciiwe ohitn %ﬁﬁ& A EEntP T FETSPEB B Fel in a
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more wi r ethaicydirghrien hblayrebpéinat peblf s eactavitherg phutioay fngagg @ne of
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clained i | : 2.~7C i { apnidhey bgied aM pertisnmade of
a heat-trggtc%? ?\%g&ﬁ%ia%rrgﬁ?%ﬁ ?.fl gl']ﬁg \%\Aﬁ%%?fnhnstructur ;?} apbltﬂ)r%dinng wre
for sem cgﬂdﬂédo@ appra datesrely SPRIMEHIS fﬁ%’ﬁ Hie &az% BRaPAEYER zed in
that the whrefoftetird fd @sﬂawg@d@%gh@]@@@ioﬂ wyerredaund to formthe mai nh
earthing section is wopund ip such a - AS r - t he
main wi gdi ng poﬂﬁ BW.D&I@% q’ﬂ%u%uﬁc?i %g@?%&%u?}é%%? %&%@ﬁg@g@ﬁ@@ or
seni condugtor valppld eatnenagsrovadeE shrattire conpistingel bet svireed i n t hat
one or noreg: Qfy-1he w.Je. h o%{bd‘w&di q hnHayer din
the main @aﬁ#ﬁ?%@gg@oﬁmﬁﬁc' eltr,s%v\rg%n around dtiﬁ,g gggg{lﬁbgﬁ?gﬁgﬁns each
laid in bgtawsenayen, hdiegHbesti mypane | gbast P of PHETHFR @F t he

first quaa’gh's@g;?r uennd 1ar0uRd ! Reiepogiyfar hund NagomAneThs uodhat t he
second w ndin. qBa I-layerwire i %apped b presTésj@re bet ween,the wire
turns of bpsrelrsinguathe| ayare CG(S @ WISHAHY P HACHE e BHAE i ng wire
Iﬁr seni cg, Eﬁiﬁ:ﬁ;ﬁiﬁ@pi iﬁ}qjé{jaqmt}as)fc{mair@retdmﬂs @93151&32%5;1 Cé@jmzftmd fedmi '?hj[ hat

e wire o e first windin i -layer, wound i n ) idi - i ng
section i §8@BuRERER bu(j,, PEEE o&yggﬁogltyfg _FBf%SdPﬁ R SECPH AT, wire
of the figskahlngdeng hoasg-| axeh woidd imighiy nalasednrt hebiyesect iteio i s
wound. 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 1s
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
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parallel-aligned wire turng 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 1s 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 sccond 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.



