[Document Name] SPECIFICATION
[Title of the Invention]
WINDING STRUCTURE OF BONDING WIRE FOR SEMICONDUCT@EVICES
[Technical Field]
[0001]

The presentinvention relates to awinding structur e of
a long bonding wire wound on a spool used, for exam ple, to
assemble a semiconductor device.
[Background Art]

[0002]

Bonding wires (hereinafter also referred to simply as
“wires”) used for connection between electrodes on
semiconductorelementsandexternalleadsaremainl yultra-fine
wireshavingadiameterof15to 75 pmand made of apure metal
havingapurityof99.99mass%orhigher,suchasg old,silver,
orcopper. Insomecases,alloywiresofanAg-Pd alloy,anoble
metal-coated copper alloy, etc., are used. Such ul tra-fine
wires are shipped in a state in which they are each wound on
a special spool for bonding wires in alaminated st ate with a
trapezoidal cross-section,andthe end ofthewire isfixedto
a flange by an adhesive tape. In the field of asse mbling
semiconductor elements, the adhesive tapeisremove dfromthe
bonding wire wound on the spool using tweezers, the wire end
isheldbythetweezersandpassedthroughabondin gcapillary,
and the bonding wire is set in a semiconductor elem ent
assembling device.

[0003]

Aspoolforbondingwiresgenerallyhasacylindric alpart
(hereinafter also referred to as a “winding drum?”) having an
outerdiameterabout1/2ofaninch(12.7mm)orab out2inches
(50.8 mm), and disk-shaped flanges fixed to both en ds of the
winding drum. As a modified spool for winding a lo nger
semiconductor bonding wire, Japanese Patent Publica tion No.
2001-085462 proposes “a spool provided with incline d side
surfaces inclined from both ends of the winding dru m to the

center.”



[0004]

Variousstructuresandmethodshavebeenproposedf

means for winding a bonding wire on the winding dru
a spool.

For example, Japanese Utility Model Publication No.

S59-187141 (“PTL 1,” described later) discloses “a
winding wire for semiconductor element bonding wire
across-winding forminwhich abonding wire iswou
spool while a going-side winding wire and a returni
windingwirearecrossed,whereintheendportiono
wireisregularlywoundonthe peripheral surfaceo
in the vicinity of a flange,” as shown in Fig. 1.
[0005]
Further,JapaneseExaminedUtilityModelPublicatio
S61-008049 (“PTL 2,” described later) discloses “a
feed package in which a fine metal wire is cross-wo
multilayers on a winding member, wherein the windin
the metal wire is narrowed by 10 to 100 times the d
the metal wire at each of both ends of the winding
every 100to700layers.” The Example of PTL 2ind
“thelengthofthewoundgoldwirewasaboutl,000
Japanese Utility Model Publication No. S61-190135d
“a bonding wire feed package in which a bonding wir
cross-wound in multilayers on a winding member, whe
windingwidthofthewireiswidenedbylto20tim
ofthewire ateach ofbothends ofthewindingwid
10tol100layers.” Furthermore,inresponsetothe
long winding wires (e.g., 500 to 5,000 m) in place
conventional 50- to 200-m winding wires,” Japanese
Patent Publication No. H02-011017 (“PTL 3,” describ
proposes “abonding wire for semiconductor elements
aspoolcomprisingasingle-layerwindingpartand
winding part continuing to the single-layer winding
whereinthemultilayerwindingparthasamultilaye
in which regular-winding layers and 1 to 20 turns o
cross-winding layers are alternately laminated.”
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[0006]

Moreover, Japanese Patent Publication No. S61-22646

discloses“amethodforwindinganultra-finewire,
an ultra-fine wire is wound on a cylindrical spool,
start part of the ultrafine wire in contact with th
peripheral surface of the spool is wound with a hig
and then the tension is reduced to a predetermined
winding.” Similarly, Japanese Patent Publication N
HO06-135632discloses“amethodforwindinganultra
comprisingsupplyinganultra-fine wirefromasupp
whichtheultrafinewireiswound,andwindingthe
on a take-up spool, wherein a lead winding part, wh
windingstartpart,iswoundwithapredeterminedf
amainwindingpartiswoundwithapredetermineds
and atailwinding part, whichis awinding end par
withpluraltensionsgraduallychangedfromthesec
to a predetermined third tension.”
[0007]
Furthermore,JapanesePatentPublicationN0.2004-1
(“PTL 4,” described later) discloses “a winding str
abondingultra-finegoldwire,inwhichanultra-f
woundonaspoolcomprisesaleadwindingpartinw
is regularly wound, a main winding part in which th
cross-woundinmultilayerslaminatedinabale-stac
and a tail winding part in which the wire is regula
wherein the ultra-fine gold wire of the lead windin
regularly wound in a state in which adjacent ultra-
wires are in a close contact with each other.”
[0008]
Intheseconventionalwindingstructuresofbonding
the winding wire comprising a main winding part lam
a lead winding part has a trapezoidal cross-section
asshowninFig.1. Atensionisappliedbyatail
in which the wire is regularly wound in a single-la
multilayers,andwhichisprovidedbesidethemain
When a tension is applied in this manner, vertical
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forceactsontheentirecross-sectionofthemain

due to the wire in the outermost peripheral layer.
horizontal pressing force hardly acts on the wire i
outermost peripheral layer; therefore, although str
acts on these wires, particularly the wire close to
outermost surface, the bonding wire is easily shift
vibration, etc., during transportation, and scratch

be formed on the bonding wire surface. The tendenc

formationofscratcheswassignificantinwires of
orasilveralloyhavingalow melting point. Ther
silver or silver alloy bonding wires were limited t
1,000-m winding.

[0009]

On the other hand, in the case of longer bonding wi

not only for 2,000-m winding, but also for 10,000-m
thenumberofturnsisincreased,anditisnecessa
strengthen the tension of the wire in the outermost
However,whentheslopeoftheobliquesideofthe
partismade steeperinordertoincrease the numbe
the resistive force against lateral shift becomes r
weak. Further,althoughthenumberofturnswasin
thetensionofthewireintheoutermostlayerwas

the resistive force against lateral shift was still
particular, puresilverwiresare softerthancoppe
gold wires. Accordingly, pure silver wires had dra
that they were susceptible to scratches, and the wi
outermostlayercouldnotbewoundwithahightens
wirehasscratches,moltenballsmaybeunstable,a
bondingmay be unstable. Whensuchawireisused,
bonding operation is interrupted, thereby causing t
The tendency of the frequent formation of scratches
oftenobservedinbondingwirescomprisingapures
having a low melting point (an alloy containing a m

component having an Ag purity of 99.99 mass% or mor

balance of less than 0.01% of various additive elem
Moreover, relatively few scratches were observedin

windingpart
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wires,whereasrelativelymanyscratcheswereobser
copperwires. Meanwhile, therewasaprobleminth
numberofturnswasincreased, collapsetendedtoo
transportation.
[Citation List]
[Patent Literature]
[0010]
[PTL 1] Japanese Utility Model Publication No. S59-
[PTL 2] Japanese Examined Utility Model Publication
S61-008049
[PTL 3] Japanese Examined Patent Publication No. HO
[PTL 4] Japanese Patent Publication No. 2004-111449
[Summary of Invention]
[Technical Problem]
[0011]

Thepresentinventionwasmadetosolvetheabovep
that is, the wire of the main winding part in which
is cross-wound in multilayers in a laminated state
bale-stacking form is collapsed, and scratches, etc
formed on pure silver alloy bonding wires and the |
object of the presentinventionis to provide a nov
structure of a bonding wire, the wire structure hav
fastening force strongerthan before, which doesno
duetovibration,etc.,duringtransportation. Ano
of the presentinventionis to provide a winding st
abondingwire,thewindingstructurebeingconfigu
atailwindingpartisnewlyincorporatedintothe
winding part, whereby waste of wire that does not ¢
to bonding is saved, and spool replacement operatio
smoothly performed.
[Solution to Problem]
[0012]

Thewinding structure ofthe bondingwire ofthe pr
invention is a winding structure of a bonding wire
spool comprising a lead winding part in which the w
regularly wound, a main winding part in which the w
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cross-wound in multilayers, and a tail winding part
the wire is regularly wound; wherein
atleast one of oblique sides of both end shapes of
main winding part has a protruding portion ofanin
obliquesideoranupperobliqueside,theintermed
sidehavinganelevationanglesteeperthantheele
of a lower oblique side extending from the end of t
theprotrudingportioniscontinuedtoawave-like
layer; and
theheightofthepeakoftheupperobliquesideis
than the average height of the zigzag layer.
[0013]
Inthewindingstructureofthebondingwireofthe
invention,thereasonthatatleastoneofoblique
end shapes of the main winding part has a protrudin
of anintermediate oblique side or an upper oblique
intermediate oblique side having an elevation angle
thantheelevationangleofalowerobliquesideex
the end of the spool, is because the protruding por
the role of the so-called barrier against lateral v
Becausetheheightofthepeakoftheupperoblique
thantheaverageheightofthezigzaglayer,thepr
of the protruding portion of the upper oblique side
horizontally dispersed, thereby suppressing the lat
vibration of the main winding part with an approxim
rectangular cross-sectional shape. That is, even i
thickness of the main winding partisincreased, th
pressingforcefromthetailwindingpartisnotdi
the main winding part with an approximately rectang
cross-sectional shape can be pressed with a pressin
the protruding portion less than before.
[0014]

Moreover, the reason that the protruding portion is

continuedtoawave-likezigzaglayerisbecauseth
resistive force acting on the wire due to vibration
transportation is dispersed. More specifically, th
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prevent the wire of the main winding part cross-wou
multilayersfromloosening. Triangularcross-secti
bythe zigzaglayer may have acertain heightbecau
for dispersing the resistive force acting on the wi
general,theheightofallofthetriangularcross-
the zigzag layer can be smaller than the height of
the upper oblique side. Even when the triangular
cross-sections are small, thereis vertical pressin
a narrow range corresponding to the base of each tr
cross-section,andthehorizontalresistiveforcea
wirecanbedispersed. Furthermore,sincethewave
layer also has vertical pressing force, the vertica
force ofthe protruding portion ofthe upperobliqu
respect to the horizontal resistive force acting on
can be relatively reduced.
[0015]
Preferred embodiments of the winding structure of t
bonding wire of the present invention are as follow
It is preferable that the protruding portion has a
step-like shape. This is because when the main win
has an elongated oblique side, collapse tendsto oc
lateralvibration. Whentheprotrudingportionhas
shape, the so-called barrier becomes large. Theref
ifthe thickness ofthe coating layer ofthe mainw
is increased, the winding structure of the bonding
theentirelengththereofislesslikelycollapsed.
iispreferablethatthecross-sectionalareaoft
portionislargerthantheaverage cross-sectional
wave-likezigzaglayer. Thisisbecausetheprotru
playstheroleofthebarrieragainstlateralvibra
is, the height of the protruding portion can beinc
thewidththereofcanbewidened. Thisisbecause
force of both end portions of the tail winding part
with the main winding partis strengthened to there
thewireofthemainwindingpartfromslipping. |
case,thewindingstructurecanconsistofonlythe
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part, without providing the tail winding part or th
winding part. This is because waste of wire is sav
[0016]

It is also preferable that the protruding portion i
providedinbothendsofthemainwindingpart. Th
whenthe end ofthe bonding wire is pinched with tw
wireishardlyloosened. Anotherpurposethereofi
lateral vibration.

[0017]

Itisalsopreferablethatthewave-likezigzaglay
7tol8mountains. Themountainsofthezigzaglay
refertoashapeofwirespiledinatriangularsha
the actualtriangular shape is not symmetrical, and
formedbythewireshaveanunevenobliqueside. A
for convenience, when the height of a reference wir
wirescontinuingtotheprotrudingportionoftheu
side in a projected plane, was higher than the heig
adjacent wires, it was counted as one mountain.
[0018]

Itis also preferable that the bonding wire is a si
alloy. Thereason forincluding notonly pure silv
but also silver alloys, is as follows. Specificall
because practical silver alloys, such as an Ag-Pd a
Ag-Pd-Ptalloy,andanAg-Pd-Aualloy,havealowm
and are soft; therefore, their surface is susceptib
scratches, and the effects of the present invention
particularly significantly exhibited.

[0019]

Itis also preferable that the bonding wire is a no
metal-coated copperalloy. The surface ofnoble me
copper alloy wires is more susceptible to scratches
gold wires, and the effects of the present inventio
exhibited. The noble metal-coated copper alloy wir
mentioned herein includes a Pd-coated pure copper a
andanAu-dispersedPd-coatedpure copperalloywir
because the surface of these wires is more suscepti
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scratchesthan puregoldwires, andthe effects of
invention are exhibited.
[0020]

In addition, the main winding part with a steeper
elevationangleallowsalongerwiretobewound;h
the number of layers of the main winding part is in
collapse tendsto occur. Moreover, itis preferabl
mountains of the zigzag layer are formed in an area
or more than half the upper surface of the main win
and it is most preferable that the mountains are fo
theentiresurface. Thenumberoflayersandthep
inthemainwinding partare suitablydetermined, d
the bonding device used.

[Advantageous Effects of Invention]
[0021]

According to the winding structure of the bonding w
of the present invention, a bonding wire longer tha
thatis,awireofthemainwindingpartwithanin
of winding layers, can be firmly fixed with a tensi
tail winding part less than before. Moreover, the
zigzag layer basically dispersedly suppresses the h
vibration of the wire of the main winding part; thu
resistive force to vibration, etc., during transpor
stronger than before, and the vibration and swing o
longerthan before can be prevented. Specifically,
wire comprising a pure silver alloy or a silver all
alongwire aslongas 1,000 m or more to be tightl
bonding wire comprising pure copper, a copper alloy
Pd-coatedCuorcopperalloy(the“Pd-coatedcopper
above)allowsalongwireaslongas2,000mormor
wound. A bonding wire comprising pure gold or a go
allowsalongwireaslongas5,000mormoretobe
Furthermore,suchalongwirewoundinthismanner
tovibrationandswing,andthesurfaceofthebond
noscratches,etc.;therefore, stablebondingopera
continuously performed.
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[0022]

Moreover, accordingtothe presentinvention, abon ding
wire longer than before can be supplied; therefore, a small
number of times of rewinding the bonding wire is su fficient.
Furthermore, since the wire of the tail winding par tcanalso
beusedasabondingwire,thereisnowaste of wir e,andspool
replacement operation can be continuously performed
[Example 1]

[0023]

Using a wire having a diameter of 25 MM and comprising
puresilver(Ag)havingapurityof99.999mass%or higher,2,000
mofthiswirewaswoundonaspoolcomprisinga2- inch(50.8-mm)
cylindrical partand disk-shaped flanges, as shown inFig. 2.
Fig.2wasdrawnbyameasuringmicroscope (OLYMPUS STM6)with
a measuring magnification of 500 times. The horizo ntal axis
represents the width direction of the spool, and th e vertical
axisrepresentsthe heightdirectionofthe spool. Theheight
direction unit is about 60 times larger than the wi dth
direction.

[0024]

Whenthe mainwindingpartofFig. 2isviewedfrom right
toleft,aloweroblique sidefromtheendofthes poolbecomes
an upper oblique side at a point passing the half o faright
oblique side to form aright protruding portion. T he peak of
therightprotrudingportionisthehighestinthe mainwinding
part. Continuing from the right protruding portion , a
wave-likezigzaglayercomprisingl0Olargeandsmal Imountains
isadjacentthereto. Thezigzaglayeriscontinued toagentle
left protruding portion. Althoughitisnotshown, theend of
the wire is fixed by a tape to the outer wall surfa ce of the
spool.

[0025]

Three spools on which the above bonding wire was wo und
were each placed in a spool case shownin Fig. 5, a nd dropped
5timesfromaheightof30cmaboveadesk;howeve r,nocollapse
occurred. Thereafter, the appearance ofthe entire length of

10



the wire was examined by a stereomicroscope. Asar
scratches were observed.

[Example 2]

[0026]

Using abonding wire having adiameterof18
pure copper (Cu) having a purity of 99.99 mass% or
coated with a palladium (Pd) stretched layer, 2,000
wire was wound on a spool comprising a 2-inch (50.8
cylindrical partand disk-shaped flanges, as shown
[0027]

Whenthe mainwindingpartofFig. 3isviewedfrom
to left, a lower oblique side from the end of the s
continued to a first flat region, and then continue
intermediate oblique side thathas an elevation ang
than the elevation angle of the lower oblique side.
intermediateobliquesideiscontinuedtoasecond
andthencontinuedtoanupperoblique side. Theh
oftheupperobliquesideispresenttoformarigh
portion. Continuing from the right protruding port
wave-like zigzag layer comprising 8 large and small
is adjacent thereto.

[0028]

Three spools on which the above bonding wire was wo
were each placedinaspool case showninFig.5,a
vibrationtestasinExample 1wasperformed. Ther
appearance of the entire length of the wire was exa
stereomicroscope. As aresult, no collapse occurre
scratches were observed.

[Example 3]
[0029]

Using abondingwire having adiameterof18
pure copper (Cu) having a purity of 99.99 mass% or
coated with a palladium (Pd) thin stretched layer a
(Au)ultra-thinstretchedlayer,2,000mofthiswi
on aspool comprising a 2-inch (50.8-mm) cylindrica
disk-shaped flanges, as shown in Fig. 4.
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[0030]

Whenthe mainwindingpartofFig.4isviewedfrom
toleft,aloweroblique sidefromtheendofthes
an upper oblique side at a point passing the half o
oblique side to form aright protruding portion. T
therightprotrudingportionisthehighestinthe
part. Continuing from the right protruding portion
wave-likezigzaglayercomprisingl2largeandsmal
is adjacent thereto.

[0031]

Three spools on which the above bonding wire was wo
were each placedinaspool case showninFig.5,a
vibrationtestasinExample 1wasperformed. Ther
appearance of the entire length of the wire was exa
stereomicroscope. As aresult, no collapse occurre
scratches were observed.

[Conventional Example]
[0032]

UsingthesamewireasthatofExample 1,2,000mo
wire was wound while making a lead winding part in
wirewasregularlywound,amainwindingpartinwh
wascross-woundinmultilayers,andatailwinding
the wire was regularly wound, independent from each
shown in Fig. 1.

[0033]

Three spools on which the above bonding wire was wo
were each placedinaspool case showninFig.5,a
vibrationtestasinExample lwasperformed. Asa
bonding wires slipped from all of the three spools,
could not be mounted in a bonding device.

[Industrial Applicability]
[0034]

Thewinding structure ofthe bondingwire ofthe pr
inventionisnovel,andcanbeusedforbondingwir
tovarioushigh-speedbondingmachinesforsemicond
as general ICs, discrete ICs, and memory ICs, as we
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package for LEDs, IC package for automobile semicon
etc.,forwhichlowcostisrequiredinspiteofhi
high-temperature applications.
[Brief Description of Drawings]
[0035]

[Fig.1]Fig.lisadrawingshowingaconventional
structure of a bonding wire.

[Fig.2]Fig.2isanExampleshowingthewindings
of the bonding wire of the present invention.

[Fig. 3] Fig. 3 is another Example showing the wind
structure of the bonding wire of the present invent

[Fig. 4] Fig. 4 is another Example showing the wind
structure of the bonding wire of the present invent

[Fig. 5] Fig. 5 is a reference drawing showing a sp
case for accommodating a bonding wire.
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[Document Name] CLAIMS
[Claim 1]

A winding structure of a bonding wire wound on a sp
comprising alead winding partin which the wire is
wound, amainwinding partinwhichthe wireiscro
multilayers, and a tail winding part in which the w
regularly wound; wherein

atleast one of oblique sides of both end shapes of
main winding part has a protruding portion ofanin
obliquesideoranupperobliqueside,theintermed
sidehavinganelevationanglesteeperthantheele
of a lower oblique side extending from the end of t

theprotrudingportioniscontinuedtoawave-like
layer; and

theheightofthepeakoftheupperobliquesideis
than the average height of the zigzag layer.
[Claim 2]

The winding structure of the bonding wire according
claim1,whereinthe protruding portionhasastep-
[Claim 3]

The winding structure of the bonding wire according
claiml,whereintheprotrudingportionisprovided
of the main winding part.
[Claim 4]

The winding structure of the bonding wire according
claim 1, wherein the wave-like zigzag layer has 7 t
mountains.
[Claim 5]

The winding structure of the bonding wire according
claim 1, wherein the bonding wire is a silver alloy
[Claim 6]
The winding structure of the bonding wire according
1,whereinthebondingwireisanoblemetal-coated
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