1 BONDI NG WRE SPOOL HAVI NG A GROOVE FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to a
structure of a spool for supplying a bonding wire
used in a connection of a sem conductor device, and
in particular relates to a sgructure of a spool suited
to a bonding wire for a high-current sen1conductor

devi ce nade of a h-purity al um num (Al
al uni nurBONDINGdMI%ExSI@OﬁhHM!\&G AG
99.99% by mass. RELATED ART [0002] Processing of a

W re at the beginning of winding was difficult when
attenpting to nechanically wind a coil of a bonding

ME@L@@TH‘EﬂN&VEmﬂth on of a sem conductor device

friter coil of an electric power supply line,
by a notor. Therefore, nmethods for beginning
ndlng usi ng a gui de groove are known hitherto (refer

E?a%f @k@g@? WG rrelReE oo refilidfe PR o901 for

a first fi nt af the ,w nd-on end,.has ed- ou
SUsPIYIG RIS Wik sen by aCanRaCHgR af rsericonductor
stores a wire or other filanent circunferenti al

dexigRd anshid pAISUIaE Relatesstora stUshiredf @ sRool paled to a

1, left colum, lines 17 - 19 /first draw ng).
bonding wire for ‘a high-current semiconductor device made of a

high-purity aluminum (Al) or aluminum (Al} alloy having a purity of at

least 99.99% by mass.

RELATED ART
[0002]

Processing of a wire at the beginning of winding was difficult when
attempting to mechanically wind a coil of a bonding wire used in the
connection of a semiconductor device or a filter coil of an electric
power supply line, etc. by a motor. Therefore, methods for
beginning winding using a guide groove are known hitherto (refer to
Patent Reference 1, Patent Reference 2, and Patent Reference 3).

For example, Patent Reference 1 recites, "a first filament of the
wind-on end has a pulled-out configuration at a portion of a winding
drum that stores a wire or other filament circumferentially wound
onto a core shaft (same Patent Reference, page 1, left column, lines

17 - 19 ffirst drawing).



2 [0003] Furthernore, Patent Reference 2 recites, "A
pressurized guide 18 clanps atip of the wire
material 14 and applies tension to bring the wre
material 14 into contact with the circunferential body
la of the spool 1. ...a noter 10 rotates the spool 1.
Thus, the wire material 14 ‘Catches in a recessed
groove 6 of the spool 1, a tipward portion of the
[0B033 material 14 beyond the recessed groove 14 is
wound into the outer circunferential groove 5 and a

Fgrthermhare! tPatertsRefershce @ retites cTAprefssurizediiguide 18

portion body I |a" (sane Patent Reference, page 2,

Clm d ip GPINETWir gr?\;ﬁ:(ef‘iaﬁm 0] Iaggﬁ a\{diBion to bring the

ver, Patent ence 3 recit ~“having a
wigh PisieRa 14, cOREARC e ?%@--@Q%@ﬁi%@“&??\ P98 of the
Reui . e fi : .
SRIoky - TRATEBh & FORAEs hessRPET i ent Els. b8 material
14, G4Ches i 6 redRssad @rogvanti af e SHAbIband HEWarFportion
is fine (a general high-purity Al wire or Al alloy )
of iheswires matarial tH Hasand dhetiesasses gspover14 is wound into
mm), and therefore the inlet shape of the guide

therooter ciscymferantial gedevesbaandoa dasewand|pertian is wound
shape for easy entrance of fine wires. The shape of

el g tanporion bedy ! ime P cfoence
paRfES2PIrRyht top column, lines 4-12, fourth drawing). Moreover,
Patent Reference 3 recites, "having a groove positioned tangentially
to a winding surface of the cylindrical member” (in "Japanese Utility
Mode! Registration Scope of Claims," first drawing).

[0004]

The spool of the present invention as well follows such
conventional methods using a guide groove. Here, the wire
diameter of the bonding wire is fine (a general high-purity Al wire or
Al alloy wire has a wire diameter on the order of 0.1 - 1.0 mm), and
therefore the inlet shape of the guide groove is generally made as a
notch or bugle-mouth shape for easy entrance of fine wires. The
shape of the guide groove generally is a straight line, but curved
shapes such as converging cycloids also are possible.

Furthermore, regarding the depth of the guide groove, it is normal

to: make the groove depth even in its shallowest portion greater than

the maximum wire diameter of the high-purity Al wire or Al alloy wire



Furt hernore, regarding the depth of the guide groove,
it is normal to: nake the groove depth even in its
shal | owest portion greater than the maximumwre
di ameter of the high-purity Al wire or Al alloy wire 3
bei ng used; make the groove yith a slope; and make it
progressively shallower as Tt approaches the
cylindrical bod The bonding wire passing through
beinghusedyniake rtgevgraomwﬂn | slope;takeddoi |tmro@reSS|ver
to the cylindrical body and wi nds onto the spoo
shdlleer #ad approdchesptive endiradregsl bedyy a Isedmd)nd'rrag wire
brlefly described wth reference to Fig. 1, Fig. 2,
pasY ap Qhr@u hi guch 14! gatd@t gﬁo@lﬁé tedriifers ﬂ'@ﬁnt 'th@abwde

|onsh| of a fixed guid , a novable guid
Ra® I and
gr@}diéf%egflis ay;ﬁc |c rgpresen g?’.r@ﬁ@@?e fO&
[Obﬁﬁﬁ schemati c process step expl oded vi ew
strating w nding process steps. The bonding wire

3

548l iSRS HNEY S8 Sl eLRE She IO ilhorvec
wih7SFaiaros i iR g g 8o s e

Figort Blesstrates: the relativesposilionakralationship ofia fores guide

tip of the bonding wire 5 coming from the bobbin is
1,ch anpedbly duideRi dguitenpliatnp 8l a spmoldeandasdbonding wire
5; and Fig. 2 is a schematic representation thereof. Fig. 3 is a
schematic process-step exploded view illustrating winding process
steps.

The bonding wire 5 for a semiconductor device has modified
mechanical properties such as a prescribed tensile strength and
elongation, and is wound onto a bobbin (located outside to the right
of Fig. 1). The bonding wire 5 unwound from the bobbin is wound
onto the spool, as described hereinafter.

As illustrated in Fig. 1, the tip of the bonding wire 5 coming from
the bobbin is clamped by the guide clamp 3 and is guided toward
the spool 4 by way of the fixed guide 1 and the movable guide 2.

First, the bonding wire 5 clamped by the guide clamp 3 is brought
into contact with and placed onto a periphery of the spool 4 at a
prescribed location by the guide clamp 3 and the movable guide 2
(Fig. 2, Fig. 3(a)). Then, a tip of the placed bonding wire 5 is

secured by an appropriate securing unit mounted on an exterior of



the spool 4 by way of the fixed guide 1 and the
nmovabl e guide 2. First, the bonding wire 5 cl anped by
the guide clanp 3 is brought into contact with and
pl aced onto a periphery of the spool 4 at a
prescribed |ocation by the gyide clanp 3 and the
novable guide 2 (Fig. 2, Fig. 3(a)). Then, a tip of
the placed bonding wire 5 is secured by an
thepppopt Aatl-'egs&(m)) ngThei secutingeunity fan exanspley clemps and
the spool 4 (Fig. 3(c)). The securing unit, for

sevureg atip parienaoidthe bwrcbn]gautrepbwa securm‘g ctamp 13 (Fig.
bondi ng MAre by a securing clamp 13 (Fig. 3) nounted

3)tmddwteﬁ ?é‘thebgﬁbé@ﬂ?éd qacaﬂohhénetﬁeeewéngf dffthe spool 4.

spool 4. Upon the secure attachnent of the tip

Uﬁ&htfh@s% ﬁ'r S r#?ﬁﬂhﬁ)%f"bf the tip bgﬁtléh' ge e %&Wg wire 5,

noves away ndi ng w re returns to

thE! Gl i 3 HauhpweSerpribtbhCbo g iRe, 5, tHtuns to
thﬁﬁSﬁgpriaF gﬂggéfoﬁ lané t%?{da E&?ﬂe I%‘ﬁﬂ@”%éiﬁ@digﬁm of the
SET R I e A R

and i s guided to be p03|t|oned above the cylindrica

[0006} 7 of the spool 4 (Fig. 3(e)). The spool 4 is
rotated further by the notor; the bonding wire 5

tya e 6 pomemrgoNing e ovevabls guiide 2 tolartintaridbrupbthe spool

further rotation of the spool 4, the bonding wire 5

4 W‘rﬁ%g@ﬁe@tﬁ@ theéagsooind by benwitord¢toofdFig. B(ef),ahe bonding
wire 5 crosses over the grooved inlet 6 and is guided to be
positioned above the cylindrical body 7 of the spool 4 (Fig. 3(e)).
The spool 4 is rotated further by the motor; the bonding wire
engages the guide groove 8 of the spool 4; and upon further rotation
of the spool 4, the bonding wire 5 progressively goes into the guide
groove 8 of a flange 9.
[0007]

Afterwards, the bonding wire 5 is wound onto the cylindrical body
7 from edge to edge at a prescribed tension while rotating the spool
4 by the not-illustrated motor and making the movable guide 2
traverse. This movement is repeated to wind in multiple stages,
and a bonding wire coil of the necessary length of about several
hundred to several thousand meters is obtained.

Finally, the motor is stopped at a point where the movable guide 2

has come to a grooveless inlet 11; the movable guide 2 is moved,



[0007] Afterwards, the bonding wire 5 is wound onto
the cylindrical body 7 fromedge to edge at a
prescri bed tension while rotating the spool 4 by the
not-illustrated notor and meki ng the novabl e guide 2
traverse. This novenent is rgpeated to wind in
multiple stages, and a bonding wire coil of the
necessary |l ength of about several hundred to severa

thehbogsling nwirer & issclampedeby theguide elampoddhatshad been

stopped at a point where the novable guide 2 has cone

standingr byvermd sguided towardeanoexbédopuofiedh® ispool 4; the
noved; 5 the bonding wire 5 is clanped by the guide

bondify wireab bhdsSesnover and rokivelads oinleEd 1 e dthen is

an exterior of the spool 4; the bonding wire 5

sé“\fé}%?ﬁd%;lﬁtg ﬁge: ﬁévéfé’d"éﬁ*dc?% Hélb%]ee feieh g{;ﬁ ggﬁgfé attachment

sever é e Severed end 1S Yy Secure

a t to the spool. Finally, the bonding wires 5
togtk%gﬁgﬁﬂfaces of each of flanges 9 and 9' are

fastened with tape, etc. [ 0008 Pat ent ferenc :
FApalibe dnd, hankBiG wiies: 5' MBaslterfafes 4% gach of ftanges 9
rgia,icat'on No. 833-37515 Pat ent Reference 2: Japanese

a esadastaaedwHbdane,&C. Application No. S59-12018

Pat ent Reference 3: Mcrofilmof Japanese Uility
I

Patent Reference 1. Japanese Examined Utility Model
Application Publication No. S39-37515

Patent Reference 2: Japanese Published Unexamined Patent
Application No. $59-12018

Patent Reference 3: Microfiim of Japanese Ultility Model
Application S$63-82863 (Japanese Utility Model Application
Laid-Open No. H2-4866)
[0009]

However, in previous spools having grooves, one end of the
bonding wire 5 is secured by the clamp of the exterior of the spoal 4,
and another end is positionally aligned by the movable guide 2
arranged at the exterior of the flange 9 of the spool 4. That is, the
first row of the bonding wire 5 is guided onto the cylindrical body 7 of
the spool 4 at an upward inclination, contacts at a location where the
cylindrical body 7 and the flange 9 intersect, and the first row of the
bonding wire is positionally aligned by the movable guide 2 and the

intersection location of the cylindrical body 7. The movable guide 2



Application S63-82863 (Japanese Uility Model
Application Laid-Open No. H2-4866) [0009] However,

i n previous spools having grooves, one end of the
bonding wire 5 is secured by the clanp of the exterior
of the spool 4, and anotherzpend is positionally

al i gned by the novable guide 2 arranged at the

_exterior of the flange 9 of the spool 4. That is, the
isf locatadwabf at rdistamee nfromr dhe iintersettivrontacatien of the
cylindrical body 7 of the spool 4 at an upward

cylindricalt body Zorardtihertferd dnathiecagenwhene tension is not

cylindrical "body 7 and the flange 9 intersect, and the
: ; ] . . : ol I . o
ARG SR The, PORding R BuhIpE BF (RESUpvrar inchnation: it is
% oy b , ,
urftorkitiafely WhIF QAR Ying, BT body 71%¢E dh  Yfaltered
th j ical : t . in.t .
arfoler o ToRbetE] 6 e e o 9 ESHIG b WfiTafioF cois,
id _h d jngli [ Bt .ung I
sulficiRndansioneves apRica 4P Tesngve the sdaihane s ©
angl e. Therefore, for fine wires such as fis?ing line
&nmothe cother hand; cikordinghsiwiiesas akgpl @G 1@nnecting
renove the sag in the wire. On the other hand, bonding

semiconduetdrodesicesciand) thesefarenmechanical propesti@s such
t heref ore nmechani cal properties such as elongation

s Bngal ant areth seang i iouier el o afna
hésneiez@nmbrie "PHEfeRSte, in the case of a bonding wire modified
beforehand as opposed to a fine wire such as fishing line or motor
coils, upon applying excessive external forces higher than
necessary from the exterior during winding onto the spool, bending
or differing wire properties may result, and detrimental effects to the
bonding wire properties may occur.

[0010]

Previous spools, as recited above, include a groove positioned
tangentially to the winding surface of the cylindrical member
(cylindrical body), and no particular measure/mechanism is provided
at the transition portion from the flange to the cylindrical body.
Therefore, upon attempting to positionally align the bonding wire
onto the cylinder body without a sag as the bonding wire leaves the
groove of the flange and transitions onto the cylindrical body, in the

case where suitable tension cannot be applied, the bonding wire is

stuck onto the cylindrical body in a hill-shape, and it is difficult to



bef or ehand as opposed to a fine wire such as fishing
line or notor <coils, upon applying excessive externa
forces higher than necessary fromthe exterior during
wi ndi ng onto the spool, bending or differing wire
properties may result, and dgtrimental effects to the
bonding wire properties nmay occur. [0010] Previous
spools, as recited above, include a groove positioned

providera icantact @ttadosationngnsthe m’rersectlaél d0n (Frigr i2)aof the

menber (cylindrical body), and no particul ar

outeruircimeeremiiahizsice pf cbhecta,dmchicalﬂaodyemd @roinner face of

portion fromthe flange to the cylindrical body.

théhﬂéﬁ @ e, I pattisularrid '&ﬂ)ﬁcﬁngowlﬁe Getamerfing?, ithbecame

bondi ig wire’ onto the cyllnde body without a sag as

mbhe ARSIt IyeéX&% %?I‘gél toréde a{q‘lcﬁﬁﬁéréﬂﬂ‘e the
Fica dy, 11 the

transi tl ons on he cy case

“ﬁéﬁ?ﬁi@iﬂété‘ﬁtﬁabﬁﬁébﬁﬁaé@ﬁﬁﬁf?cif’%ﬁﬁ’ na oo
0 h -shape, and it is difficult to 7 provide a

act at a location on the intersection 10 (Fig. 2)
af t he out |rcunfere tlgl Bace of the cg %ndrlca
alareaaltheigh moraly thee pnglig Wire hitheseeend row
as bondlng W re becane finer, it becane nor
shoulti eame @agdjageny toxthes bondingt wireaof ﬁbecf@'stamw (winding),

therefore the handling thereof had becone difficult.

theobomting wiref of the dirsbaogh isoureetdyint Behiileshapg andkis not
of the second row

adhered to the spool body, and therefore the bonding wire of the

second row may go into the gap between the bonding wire of the

first row and the spool body, and the arrangement of the bonding

wire of the first row and the bonding wire of the second row may be

reversed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a general schematic representation of an apparatus
for winding a bonding wire onto a spooal.

Fig. 2 is a schematic representation in which the bonding wire
is inserted into a feed groove.

Fig. 3 is a schematic process-step exploded view illustrating
winding process steps.

Fig. 4 is a conceptual view illustrating a cylindrical body of the

spool of the present invention.



shoul d conme adjacent to the bonding wire of the first
row (wi nding), the bonding wire of the first rowis
curved in a hill-shape and is not adhered to the
spool body, and therefore the bonding wire of the
second row may go into the gﬁp bet ween t he bondi ng
wre of the first row and the spool body, and the
arrangenent of the bonding wire of the first row and
t he Rign&i isgawanceptual viewcilustratingrihe onding:wéeei passing
BRI EF DESCRI PTION OF THE DRAWNGS [0012] Fig. 1 is a
thoengha hodfeshapedr groese of thespood! ahthe presem invention.
wi ndi ng a bonding wre onto a spool. Fig. 2 is a
schematic representation in which the bonding wire is
inserted into a feed groove. Fig. 3 is a schematic
DEsEABERnOFhETRRABACK Rirhbrafst ral i ng. i ndi ng
proc Ss steps [ I's a conceptual view
O'Hgﬂstratlng a cyllndrlcal body of the spool of the
B ent invention. 8 Fig. 5is a conceptual view
HJ_.Iusctratlng the bondi ng wire passing through a
groove of the spool of the present

ven Description of the Reference Nunerals
@i/?jtb eﬂ”'ﬁ&ed gui de

3: Guide clamp

4: Spool

9: Bonding wire

6: Grooved inlet

7: Cylindrical body (of the spool 4)

8: Guide groove (of the spool 4)

9, 9': Flange

10: Intersection (between the outer circumferential face of the
cylindrical body and the inner face of the flange)

11: Grooveless inlet

12. Hoof-shaped groove

13: Securing clamp

14: Columnar portion

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0014]

In consideration of the problems recited above, the present



2: Movable guide 3: CGuide clanp 4: Spool 5: Bonding

wre 6: Gooved inlet 7: Cylindrical body (of the

spool 4) 8: Cuide groove (of the spool 4) 9, 9':

FIl ange 10: Intersection (between the outer

circunferential face of the gcylindrical body and the

inner face of the flange) 11! G ooveless inlet 12:

Hoof - shaped groove 13: Securing clanp 14: Col umar
inpentiponissdiregteddo pravide/ENspool mavinigea groove capable of

by the Invention [0014] In consideration of the
easihpblarmes refiably praviding tre ipiti ewinding beginhimg i positional

directed to provide a spool having a groove capabl e of

al@g'gpbhtaaﬁ fifé | BBhMimg OWiFl N@ithioUtnidn abcdiftene® of a gap

nni ng positional “alignment of the bonding wre

| t e t '
bty e LRI WA B e st 28 i e, SPRRIody.  In
particular, the present invention has an object to provide a spool
capable of winding without an intersection of the bonding wire of the

first row and the bonding wire of the second row.

Means for Solving the Problem
[0015]

To accomplish the objects recited above, a bonding wire spool
having a groove of the present invention comprises a cylindrical
body and flanges extending at both sides of the cylindrical body and
a guide groove extending from an outer circumferential edge of one
of the flanges to the cylindrical body, characterized in that a
hoof-shaped groove made by removing a recess extending from an
intermediate portion of a cylinder surface of the cylindrical body
toward an intersection with the flange is formed to connect with the
guide groove.

[0016]

It is favorable for the hoof-shaped groove to have a maximum
height from the flange surface in the axial direction of the cylinder
larger than the diameter of the bonding wire. The reason therefore
is that in the case of such a configuration: the bonding wire guided

from an backward inclination reaches the hoof-shaped groove; the



particular, the present invention has an object to

provi de a spool capable of w nding wthout an

i ntersection of the bonding wire of the first row and

the bonding wire of the second row. Means for Sol ving

the Problem [0015] To acco ish the objects recited

above, a bonding wire spool aving a groove of the

present invention conprises cylindrical body and
progregsioredirgction isicostectes; cafﬁ/ itrist &veneasierifosia first row

body and a guide groove extending froman outer

ofcitheurdonding aviredde degine from tthe finmeresosb lalyer of the

cylindrical body, characterized in that a hoof-shaped

cylineipicRal TRERIVY MORYOWEr,aal méxfmdld‘fgtﬁéoﬁbﬁﬁlng wire

intermedi até portion of a cylinder surface of

re Wihéﬁo@%ﬁaﬁﬂ‘%nect 'a?kﬁ'lﬁﬁﬁt iSOl tﬂ tﬁﬁth the first

eis fornmed Wt gUI oove.

f h t
rowiqbenbbm@vé Yo BereRie ﬂi%g@gﬁ’?ﬁﬂfa%bﬁf’ﬁﬁ? cond
[ cti n of the cylinder ger_than t.he .
rofl e B FORAING it Atk BounG: RLostapeiy, ifg wp;ip an

Jhat in the case of ?uch a configuration: the bonding
agjpeenglyi cratagtingcon i nclination reaches the

hoof - shaped groove; the 10 progreSS|on direction is

Herainader, zsnm:iariy doeconventianalf art,aaf first layer isf wound

the bonding wire to begin fromthe |nnernDst | ayer of
ontbethe cylindrical body 7 from edge to edge with the bonding wire
5 at a prescribed tension while making the movable guide 2 traverse.
This movement is repeated to wind multiple layers, and a bonding
wire coil of the necessary iength of about several hundred to several
thousand meters is obtained.

Furthermore, it is favorable for the maximum depth of the
hoof-shaped groove from the cylinder surface toward a center line to
equal or exceed the diameter of the bonding wire. The reason
therefore is that in the case of such a configuration, it is easier to
wind along the cylindrical body and possible to wind stably.

[0017]

It is favorable for the spool to be made of an injection-molded
thermoplastic resin. The reason therefore is ease of manufacture.

Furthermore, this is particularly suitable in the case where the
bonding wire quality of the material is high-purity aluminum (Al) or

aluminum (Al) alloy having a purity of at least 99.99% by mass.



cylindrical body. Mreover, a second row of the

bonding wire reaches the hoof-shaped groove and then

is lined up with the first row of the bonding wre,

and therefore the first row and the second row of the

bonding wire are wound to prgperly line up in an

adj acently contacting configuration. Hereinafter,

simlarly to conventional art, a first layer is wound

Effect ofhithe lnhventiotal body 7 from edge to edge with the

bonding wwre 5 at a prescribed tension while nmaking
[Oﬂne]novable guide 2 traverse. This novenent is

repeated to wind multiple layers, and a bonding wre

Q%ihg)fhé RO ABICEE 6 Yoresestt invenfibPLensdies ahiﬁulggr &fbegin

to séveral = thousand neters 1s obtained. Furtherndre,

ip e f . _ ]
witholP g@gggeeh%m of SR HRUBHE 8 Bindify wire of the first

groove € cylinder  sur

i ne_k: eqya e ed t ' r

roBfifch i E e 2hofl, T esBIoR Rl Wihgllls defects
cagse Qf such onfiguration, it is easlLer t Wi

dug 35cthe Sag dtfie e, W' ¢aa e iminfas Moreover,
stably, [0017] It is favorable for the spool to be |

theabendingwirgj et thensasoaddrowneandpe wouad ¢giline 1 in an
reason therefore is ease of manufacture. Furthernore,

adjacently pantactingrpsrallal tconfiguratior withdhehbaonding wire of
bonding wire quality of the material is high-purity

thel first mowy, (2hd thiereforethebardingeWines béithegsecond tow and
of at least 99.99% by nass. 11

the first row are not inverted.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0019]

Basic winding process steps using a spool of the present
invention are once again briefly described with reference to Fig. 3.

Fig. 3(a) illustrates a state where the bonding wire 5, passing
through the movable guide 2 and clamped by the guide clamp 3, is
at a prescribed location on the exterior of the spool 4. Here, the
securing clamp 13 on the exterior of the spool 4 is in an open state.
Then, as illustrated in Fig. 3(b), the movable guide 2 and the guide
clamp 3 move to place the bonding wire 5 onto the securing clamp
13. From this state, as illustrated in Fig. 3(c), the securing clamp
13 closes, and the tip of the bonding wire 5 is secured at the exterior
of the spool 4. Then, as illustrated in Fig. 3(d), the guide clamp 3

releases the bonding wire 5, moves away from the spool 4, returns



Effect of the Invention [0018] Using the spool of the
present invention enables winding to begin wthout
any occurrence of gaps between the bonding wire of the
first row and the cylindrical body, and therefore
initial wnding defects dueqj4o the sag of the bonding
wire can be elimnated. Mreover, the bonding wre of
the second row can be wound to Iine up in an

todineactigingl positien, agdpsiands:bycantil t}m;homhmg wire dinishes

bonding wwre of the first row, and therefore the

wibdiidgronts thes spiodlhe second row and the first row are
not 1 nverted. DESCRI PTI ON OF PREFERRED EMBCDI MENTS

[0DQQHQ] Basi ¢ wi nding process steps using a spool of
the present invention are once again briefly

Ty ASLUSHIR8 7Y CREZ(), hE mbvabieouit 2 mayes to an
it 85 PSSP &f@?&ﬁb@ﬂﬁ% AR Btpt. e B 4 unti

of ,the,.s curi

thsrlf)&flclﬂ" ow'r%ésgeeﬁ g’ﬁpstﬁﬁ gu! blegf%‘?‘é?jeg Bir'hwya%f the
i Fi 3 \Yj i
gr@w&f rrﬂ %pOgt % QQ(J%l aygm%tnqgfrﬁahﬁw%u eﬁltﬁqmaﬁf in Fig.

t he securing cla 13. Fromthis state, as
3(f) onwiarst, dbei speob4d is(rotatadavhite mahmgtmmomble guide 2

closes, and the tip of the bonding wwire 5 is secured
tranterse; windingris perfdrensdoirl multiplen stages| larsd rat bonding

in Fig. 3(d), the guide clanp 3
wire coil of the prescribed length is obtained.

Here, the configuration of the bonding wire 5 winding onto the
cylindrical body 7 of the spool 4 in the process steps of Fig. 3(e) and
Fig. 3(f) is further described in detail with reference to Fig. 4 and Fig.
5.

[0021]

Fig. 4 schematically illustrates the cylindrical body 7 of the spool 4
of the present invention, illustrating the cylindrical body 7 comprising
a partially recessed columnar portion 14 of Fig. 4(a) and the
hoof-shaped groove 12 illustrated in Fig. 4(b). Fig. 5 is a schematic
view emphasizing the relationship of the hoof-shaped groove 12 and
the guide groove 8 with the bonding wire 5.

According to the present invention, at least a portion of the
hoof-shaped groove 12 of the cylindrical body 7 connects with the

guide groove 8. Regarding the depth of the guide groove, similarly

to conventional art, the groove depth even in its shallowest portion is



rel eases the bonding wire 5, noves away fromthe spoo

4, returns 12 to the original position, and stands by
until the bonding wire finishes wnding onto the

spool . [0020] Then, as illustrated in Fig. 3(e), the
novabl e guide 2 noves to an 44nterior of the spool 4,
after which the notor rotates the spool 4 until the
bonding wire 5 goes into the guide groove 8 by way of

made greaterdhan theemaximemspeine diarmster, ofr the twire being

state illustrated in Fig. 3(f) onward, the spool 4 is

uged,aand e groowki isonidde 'Withta slgpede Phetefore; €ven when
winding is perforned in nultiple stages, and a bondlng

. . e . i i
th?ﬂhgég‘gﬂ?pgﬁé%% ihgn of t héﬁb?n%ﬁﬁgi vh'\%trbge%?vmmné;?jn%n ont oere S

n$ G GikofE i U bl G BREEg o
e, i, B T G Sty B4, Bopd e

7 of, the spool. 4 of.the presegt ivention. .
alongitie 5ol afbecghideiarbavensay The Bniding.yire,5 reaches
partially recessed columar portion 14 of Fig. 4(a)
arprpclined side - walbslefinedvby1the | reroval efrom the). Columnar
cﬁ%b). Fig._ 5 is a schematic view enphasizing the
partiom i 4nshTpbedonding wire Shisp eniade aiveoftometal fineewire, and
gui de groove 8 with the bonding wire 5.

a strong tension cannot be applied; and therefore it is necessary to

prevent a sag in the bonding wire 5.
[0022]

However, the diameter of the bonding wire is as fine as 0.1 mm or
less, and therefore the contact friction against the spool 4 becomes
large; and additionally one end is held by the grooved inlet 6 of the
spool 4 and the other end is held by the movable guide 2; and
therefore a sag occurs easily therebetween. Therefore, it is
favorable that the side wall of the columnar portion 14 is defined by
removal in a curved shape, and it is desirable that the curve allows
the bonding wire 5 rising from the backward inclinatibn to contact the
side wall of the columnar portion 14 over as large a surface area as
possible, move downward and horizontally, and coil around the outer
circumference of the cylindrical body 7.

As in the present invention, in the case where the side wall of the
columnar portion 14 is formed, the bonding wire passing through

below the flange side face exits above the side face of the flange 9



According to the present invention, at |east a portion

of the hoof-shaped groove 12 of the cylindrical body

7 connects with the guide groove 8. Regarding the

depth of the guide groove, sinmlarly to conventiona

art, the groove depth even iyyits shallowest portion

|313 made meMerthanthennmnwnwre di aneter of

the wire being used, and the groove is made with a
alengpthe yradual slope esurface of ﬂbebﬂlﬁlgﬁg Q)i andi bevawse the

in multiple stages, the bonding wire 5 inside the

banwding wireVe i8 paHeGSbyfthngmldteldamp@,sthie bending wire 5

the flange 9 and enters into the hoof-shaped groove

cab? cbrmacbmévmé wallopptHd %dh ﬁﬂfaﬁbmnm End fstmketo the

. The bonding wire 5 reaches an inclined side wal

S PY 5 BB Bl EyTFLHER] SRTT61 PSTSAR A 4nd the

bondi ng W re |ne wre,

nS|on cannot be applied; and therefore
flﬁ&ﬁ”iéggg%éﬁ prevent a sag in the bonding wire
OB 0022] Fbmever the dianmeter of the bonding wire
[ g s fine as 0.1 mmor |ess, and therefore the

ontact friction against, t ool becones, | arqge;
Mﬁl&@mal maﬂ Borang mire %e ok laetﬁeqcnﬁ goabv:‘eguacgeetby the
6 of the spool 4 and the other end is held by the
sidevwallie of uthee coluennar pastiondde and wan ctick aa:laacey'lt to the

t her ebet ween. Therefore, it is favorable that the
bondiegmwiite 6fof the ﬁpstumwrwnhout@n ap.is defined by

renoval in a curved shape, and it is desirable that

tHére, Wetrarlihgthe slope at which the bonding wire exits from an
interior of the flange 9 to a surface of the flange, the inclination of
the bonding wire is determined by the grooved inlet 6 of the spool 4
and the movable guide 2, and therefore having the bonding wire 5
placed as much as possible at the inclination angle prevents kinks in
the bonding wire 5 and is therefore favorable.

On the other hand, in the case where the interior of the
hoof-shaped groove 12 of the cylindrical body 7 is removed too
deeply, the bonding wire 5 of the second row may then mistakenly
move on top of the bonding wire 5 of the first row and remain so to
form a second layer; and in the second layer the bonding wire 5 of

the second row may mistakenly be wound with the bonding wire 5 of

the first row.



the bonding wire 5 rising fromthe backward
inclination to contact the side wall of the col umar
portion 14 over as large a surface area as possible,
nove downward and horizontally, and coil around the
outer circunference of the ?glindrical body 7. As in
the present invention, in the case where the side wall
of the columar portion 14 is forned, the bonding
EXAMPbRdssi ng through below the flange side face exits
above the side face of the flange 9 14 along the
[0024dual sl ope surface of the flange 9; and because the
bonding wire 5 is pulled by the guide clanp 3, the
*éﬁﬁﬁ wire 5 can contact the side wall of the
Ecoluéggl portion 14 and stick to the intersection 10

SRS RIS UolleTndedsragweiiagpions, s "

S cRliflecfangBe SPaah S folrer By 316 Hb AR Epdy having
anedeiiadpeter el 45 aa anidya lenatfopt 25 mi.cand flanges
haing eWieme) Gramaters GideD mHe: and ioneiwatalt wadmade in

bonding wire is determ ned by the grooved inlet 6 of

eadfe spoguide grodvehwasommde havidg 2 widthl arrd degptheof 1 mm

having the bonding wire 5 placed as nmuch as possible
frarn Bheormer igfabhenopibkendtchest a beginning pdiat where one

bonding wire 5 and is therefore favorable.
portion of the guide groove enters the cylindrical body was made as
an entrance surface of a feed groove; and a completion spot where
it exits from the cylindrical body was made as an apex of the feed
groove. The maximum depth removed from the cylindrical body
was 0.6 mm; the resulting height of the hoof-shaped groove was 0.2
mm; and the width of a surface of a flange notch was 0.15 mm.

A bonding wire made of Al - 1% by mass Si alloy and having a
wire diameter of 0.2 mm was wound onto such double-flanged
spools, and an ‘inspection was made for initial winding defects.
One hundred units of 500 m coils were fabricated, and there were
zero winding defects.

[0025]
Comparative Example 1
A bonding wire similar to that of the example recited above was

wound onto a double-flanged spool according to the Example 1,

characterized in that no hoof-shaped groove was removed from the



On the other hand, in the case where the interior of

the hoof-shaped groove 12 of the cylindrical body 7

is renoved too deeply, the bonding wire 5 of the

second row may then m stakenly nove on top of the

bonding wire 5 of the first {gw and renmain so to form

a second layer; and in the second | ayer the bondi ng

wire 5 of the second row may m stakenly be wound with
cylindriggldbegiywiardsonly the guide groaeveswaskamade; and an

[0024] Exanple 1 The shape of a doubl e-fl anged spoo
ingpectionf obf ouaitialhewihdibige- tefegtsd  showedasgapsnedcoyrring

a cylindrical body having an external dianeter of 45

horizemidlly rtwident tRe bonding Wireoe$ tHeviirst ¢®W?ralﬁﬂ the

di aneters of 90 nmm and one notch was nmade in each.

)?Hmmé’rmn)gr o?"mﬂde having a width and depth of 1 rrm

roma cor one of the notches; a begi nning point

A SRR RSO D, 80, cloary
oo etlEindl i B2 A ot ok e
eliginafisin & una@l B0GIglanie alHbe BAONINARRE gnt of

t he hoof - shaped groove was 0.2 mm and the width of a

surface of a flange notch was 0.15 mm




A bonding wire nade of Al - 1% by nmass Si all oy and
having a wre dianeter of 0.2 mmwas wound onto such
doubl e-fl anged spools, and an inspection was nmade for
initial wnding defects. One hundred units of 500 m
coils were fabricated, and tpfre were zero w nding
defects. [0025] Conparative Exanple 1 A bonding wire
simlar to that of the exanple recited above was
WhbATd SoGLAIMBRUbSEe- f | anged spool according to the
Exanple 1, <characterized in that no hoof - shaped
groove was renoved fromthe 16 cylindrical body and
only the guide groove was made; and an inspection of

i gul ¢ . o > T
-or) DBndthAIwiie, Spicts fraviidh'af chaBieceomipriaing 2 oylindrical
b a3 flahted ESiinRE St deh S, of foe It Pedy and
that the present i,nvention _ma 0SSl .
a blitte drade Beniig Mafnaladidr Sikrierehta adge, of one
wre. 17 WHAT | § CLAI 1S, 1. bopdi ng, wi.r e ,spool
ofhsf)eng‘%@%o&a a&pﬁyﬁ/ﬁaﬁmﬁlcbﬂ@drpgﬁra%tﬁfd@‘%%] that a
fl anges extending at both sides of the cylindrical
hagfighaped groavednade by eimeving A resessnextending from an
circunferential edge of one .
intermediate portion of a cylinder surface of the cylindrical body
toward an intersection with the flange is formed to connect with the

guide groove.

2. The bonding wire spool having a groove according to claim 1,
wherein a maximum height of the hoof-shaped groove from the
flange in an axial direction of the cylinder is larger than a diameter of

a bonding wire.

3. The bonding wire spool having a groove according to claim 1,
wherein a maximum depth of the hoof-shaped groove from the
cylinder surface toward a center line is larger than a diameter of a

bonding wire.

4. The bonding wire spool having a groove according to claim 1,

made of an injection-molded thermoplastic resin.



of the flanges to the cylindrical body, characterized
in that a hoof-shaped groove nade by renoving a
recess extending froman internediate portion of a
cylinder surface of the cylindrical body toward an
intersection with the flange1és formed to connect with
the guide groove. 2. The bonding wre spool having a
groove according to claim1, wherein a nmaxi mum hei ght
5.0f Theebboding wivedsppobhaving e greove laoaprdimg 4o clairal 1,
direction of the cylinder is larger than a dianeter of
canfigur@dotov wind 3a Bundinediwgewimadepofl dreyi of high-purity
groove according to claim1, wherein a nmaxi mum depth
i h - sha j f
albfin 080, PP AR Ry AN Aoy ading 2Rt T8t least
' ) 4. The bondi ng wire spool having a
g%rg?g)\%%m%sgi ng to claiml1, nmade of an
i nj ection-nol ded thernoplastic resin. 18 5. The
bondi ng w re spool having a groove according to claim
1, configured to wind a bonding wire made of one of
hi gh-purity alum num (Al') or alum num (Al) all oy
having a purity of at least 99.99% by nass.



