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invention relates to a wire Ejmm‘“mum a sem conductor device, a
circuit board, an electronic instrument and a wire bondi ng device.

BACKGROUND ART 10 In the manufact'i™® of a seniconductor device, wire
bondi ng technology is applied in order to electrically connect the

i e count <" SRECBRRBLRALHEERSh . RERLEANORARR PEURE, “BrrthRs nobBent i onal
Therefore |0 hastBRFORANER FRSERuftabeohbR iire PTG RERRE L “The form or

| ayout of the el ectrodes of the sem conductor chip, or the formor
construction of the |eads. 20 DI SCLOSURE OF THE | NVENTI ON The present

i nventi onpg éat, hk$rppobl em and has as its objective the provision of a
Wre bonglrngmférgtﬁ%d \/\E?Ch allows a free |lead-out of the wires, a

sem cgnduct or  dpié G N Anvientd A rellas eBPEHO4 wik £ ivoidiingPAdtoand
el ectronic 25 instrument provided with the sem conductor device, and a wire

bondi ng dgVigemitdrithdtvrs @elied, (3) Aivédet bayliryg, manhodiettibgipr esent
i nvention 1 ~ ~ JUL 2003 conprises: a first step of disposing a plurality
of | eads phsEhreflent &andi avwinaryopding aevisd.the periphery of a

sem conductor chip having a plurality of electrodes aligned on an inmagi nary
5 straight line, such that the center-to-center spaci nmmmm“\mm‘ilgﬂﬁs IS
greater than the center-to-center spacing of the el ect nd step
o; bondi rBAGKGROENR cARfRe of a pair fornmed by one of the el esiss®des and one

ot the leads; 10 a third step of bending the wire as viewed froma
direc,l i on In the manufacture of a semiconductor device, wire

bonding technology is applied in order to electrically connect
the electrodes of a semiconductor chip to leads. In recent years,
the pin-counts of semiconductor devices has been rising, but
with conventional wire bonding technology, there are limits to
15 wire lead-out, and therefore it has only been possible to
support this by means of the form or layout of the electrodes
of the semiconductor chip, or the form or construction of the

leads.

20 DISCLOSURE OF THE INVENTION
The present invention solves this problem, and has as its
objective the provision of a wire bonding method which allows
a free lead-out of the wires, a semiconductor device
manufactured by this method, a circuit board and electronic
25 instrument provided with the semiconductor device, and a wire
bonding device using this method.

(1) A wire bonding method of the present invention



per pendi cular to the imaginary plane; and a fourth step of bondiqutgg ’mﬂe
to the other of the pair of one of the el ectrodes and one of thell A .
According to the present invention, when the center 15 to-center spacing (
pitch ) is different for the electrodes and leads , by electrically
connecting the two with wires , a pitch conversion can be carried out

Mor eover, since the wire is bent, regardless of the electrode formor
‘l'ayout or the l.ead formor j construction, the nost effective wre |ead-out
i s possi bFBMPESFEI6 exanpl e, the wires can be drawn out so that the spacing
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wi re bondi ng net hod, the wire may be drawn 5 out to a length Tess than the

di stance beidgensonfraftdietghgcthedeentid -Aeecentidie daciEng obli et he
pair, and then while bending the wire, the wire may be further drawn out,

in the theldcgtogesPy neans of this, the wire of |less than the required
ength a second step of bonding a wire to one of a pair formed
by one of the electrodes and one of the leads;
10 a third step of bending the wire as viewed from a direction
perpendicular to the imaginary plane; and
a fourth step of bonding the wire to the other of the pair
of one of the electrodes and one of the leads.
According to the present invention, when the center-
15 to-center spacing (pitch) is different for the electrodes and
leads, by electrically connecting the two with wires, a pitch
conversion can be carried out. Moreover, since the wire is bent,
regardless of the electrode form or layout or the lead form or
) construction, themost effective wire lead-out is possible. For
20 example, the wires can be drawn out so that the spacing between
the wires is maximized.
(2) In this wire bonding method, the wire may be bent by
using a pin in the third step.
By using a pin, the wire can be bent accurately.
25 (3) In this wire bonding method, the wire may be drawn

out to a required length to connect one of the electrodes and

one of the leads forming the pair, and then the wire may be bent,



10 can be drawn out while being bent. ( 5 ) In this wire bonding Uggd
the wire may be bonded to one of the electrodes in the second stla;se dZQDf3e
wire may be bonded to one of the leads in the fourth step. Hy neans of
this, since the wire is first bonded to the 15 el ectrodes, which have a
smal | er center-to-center spacing, the ease of operation is greater. (6) In
the third step of this wire bonding nethod, as viewed froma direction

‘per pendi cul ar to. the jnaginary plane, the wire may be drawn out fromthe
el ect rodes™ &hﬁ&é'ﬁﬁ%gx)parallel to an imaginary vertical |ine which
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bondi ng netho st to ourt steps may e repeated In sequence from

one of theajekesbdedesnd!dnes tife 1Baqd ﬁoﬂﬁiﬁk% ,th%opéi‘f‘t afiihltﬁfegtvﬂ?lle
plurality of electrodes 5 and the plurality of |eads are bonde Hy neans

of this, peRddngheheiideHOtHERGieSmapMd edrihestdrdambaes Gthbeppesi te
side fromthe direction of bendi ng, when noving the jig for bending the

wire, thespeeviously attached wires do not get in the way. 10 (8) In this
w re bonding nethod, the wires may be bent on a second inmagi nary straight
| i.ne. By means of this, the wire of less than the required length

! 10 can be drawn out while being bent.

(5) In this wire bonding method, the wire may be bonded
to one of the electrodes in the second step; and the wire may
be bonded to one of the leads in the fourth step.

By means of this, since the wire is first bonded to the

15 electrodes, which have a smaller center-to-center spacing, the
ease of operation is greater.

(6) In the third step of this wire bonding method, as
viewed from a direction perpendicular to the imaginary plane,

) the wire may be drawn out from the electrodes in a direction

20 parallel to an imaginary vertical line which perpendicularly

intersects the imaginary straight line at the mid-point between

a pair of electrodes at opposite ends of the aligned electrodes,

and the wire may be bent in a direction away from the imaginary
vertical line.

25 By means of this, the wires can be drawn out in a straight

line from the electrodes, at a spacing substantially equal to

the center-to-center spacing of the electrodes, and by bending



Hy doi.ng this, the wire spacing on the second imagi nary straight |ine can
be nade substantially uniform (9) In this wire bonding method, tjhg ﬁﬂP%H'B
i magi nary 15 straight line may intersect the imaginary straight |ine on

whi ch the el ectrodes are aligned, and the distance fromone of the

el ectrodes closest to the point of intersection to the second inmagi nary
straight line my be |less than the distance fromthe md-point to the
'second imaginary line; and 20 an inmaginary |ine connecting the extremties
of the pl Wi &t he L Gha FanMerfiiQih it kg s@giiadh©Weni conduct or chip
froma third imagi nary straight |line which passes_through the extremty of
one of the Ieadsﬁélﬁ% Stﬁlgﬁti’qqﬁ’é@%ﬁ?‘ﬁhQErﬁ firshdoafaurthstersel to
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W res ganatﬁ% itrh%r 3 ?%'li(t#lo)ofp‘ S rg’scg]%u%t Q{deQieVi ce of the present
i nvention conpri sg’s: a sem cond‘u%t or Cchi pqnaw ng a plurality of electrodes
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the cent eiot @igeBdt 8h Eﬁécbﬁﬁogitéhﬁibéaﬂﬁoﬁstﬂé et 150 61!“%end_ing,
center-to-center spacing of the electrodes; and a plurality of wres

el ectri calvhenCaiieiaid Nghé hgigl efd¥ OBendang tdwe |wike, eRe dviasustyewed
froma direction perpendicular to the imginary plane, wth each of the
Wi res desatithichgdawlizes sbapetageti dwedhier csaya direction parallel to the
iﬁaginary pl ane. According to the present invention, when the
cent el0t ocent er (§patnntyhisi wihe bendingenethod prtheoviotes tmayidse dwaht eads,
by electrically connecting the two with wires, a pitch conversion can be
carri ed oQR. av6EEONEr 1M3PARAIYhELEAGhts 138%- regardl ess of the el ectrode
formor |ayout gr éhe Ieaﬁi. form or .construcgtion, the nost effective wire

b
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ends of the ?BS JuL 2003
the electrodes are aligned, and the distance from one of the
electrodes closest to the point of intersection to the second
imaginary straight line may be less than the distance from the
) mid-point to the second imaginary line; and
20 an imaginary line connecting the extremities of the
plurality of leads may extend on the side of the semiconductor
chip from a third imaginary straight line which passes through
the extremity of one of the leads closest to the imaginary
vertical line and is parallel to the imaginary straight line
26 on which the electrodes are aligned.

In this way, when the leads are aligned on an imaginary

line meeting the above conditions, by bending the wires on the



raligned el ectrodes, and the wires may be bent in a direction a fromthe
I mginary vertical line. By neans of this, the wres can be draV\%50dULi20[]a
straight line fromthe el ectrodes, at a spacing substantially equal to 5
the center-to-center spacing of the electrodes, and by bending the wire the
pitch conversion can be carried out. ( 12 ) In this sem conductor device,
the wires may be bent on a second inaginary straight line. By doing this,
the wire spacing on the second imaginarys ? 10 straight |ine can be nmade

substantial | yed8Hd (M\glﬁm kord{dmt SﬁrHeCﬂBé’HPAq)f tfeVi Hvd heongsendns
| magi nary straight line may intersect the imaginary straight [ine on which

the el ect r odehe @racinggpédthert nese canshanicreagafione of the el ectrodes

closest to the point 15 of intersection to the second imagi nary straight

line may be less than the distance fromthe md-point to the second

i magi nary strai ght1®)i nd; semdcandueiqyt ndeyice nefcdeecpierpntheiexenteidni es

of the pl uraédh égfesl eads may extend on the side of the sem conductor 20
Ir

chip fromat i 'magi nary straight |ine which passes through the
extrenmity of one ®f seRbcongupdog| dg!é@t hayinge 4 npherrldEwert i ebe¢ctiodesand i s

parallel to hhgnedBghnad yl,lggrlei\hgpt stegHn 1MRi¢h the el ectrodes are
aligned. In thi's way, when the | eads are allgned on an imaginary 25 |line

meeting the above cBABFRIBHE, oy bRARA ngligeedi fios om tiM@JIdBaBYd RYARS nary
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center—to center spacing of the leads 1is greater than the

center-to-center spacing of the electrodes; and

a plurality of wires electrically connecting the
electrodes and the leads, and bent as viewed from a direction
perpendicular to the imaginary plane, with each of the wires
describing a loop shape as viewed from a direction parallel
to the imaginary plane.

According to the present invention, when the center-to-
center spacing (pitch) is different for the electrodes and
leads, by electrically connecting the two with wires, a pitch
conversion can be carried out. Moreover, since the wire is
bent, regardless of the electrode form or layout or the lead
form or construction, the most effective wire lead-out is
possible. For example, the wires can be drawn out so that the

) spacing between the wires is maximized.

(11) In this semiconductor device,

as viewed from a direction perpendicular to the
imaginary plane, the wires may be drawn out from the
electrodes in a direction parallel to an imaginary vertical
line which perpendicularly intersect the imaginary straight

line at the mid-point between a pair of electrodes at

opposite ends of the



1.5 JUL 2003 (14) on a circuit board of the present invention, the above
sem conduct or device is nounted. (15) An electronic instrunent105 HQE
present invention is equipped with the above sem conduct or device. (4@; A
wi re bondi ng device of the present invention conprises: a table on which a
sem conductor chip having a plurality of electrodes aligned on an inmagi nary
straight line is nounted, and a plurality of |leads aligned in an imaginary
‘pl ane are_1Q di sposed,around th ri phery of the senjcpnductor chjp such
Phat the edieBed S1e5teResy,enny the FhECFolay e BeahioF 4 Maradiion
center-to-center_ s i ng_Qf .the el ectr.odes;,.and a bonding tool for draw ng
out a w r8w§Xd (}‘Sﬁﬁglﬁ ﬁ'ﬂ' &Y IG5 5&g§ﬁar}d'"teﬁe | eads; 15 wherein the
bondi ng tool no . pai . e h l.ectr s. and one
of the leads, a gﬁ'&ggﬁ%\%ﬁgﬁ%gi' gﬁfé %{l%gagg%%e%mggg?’boﬁlg lgll %es&q?aolrga}&

per pendi cylge ERohNend BHLIRYJads amgcoaggggggpgfsaﬂst%fcf?l C%&i%ggcéo the

present invention, e centelr spacing (pitc

di ff ergnt tflgrcé,p@e,ﬁlé‘&lé&?@ér %e,qaﬁggéf tRe eéfee&s%gy a%i‘B?%éz{Eﬂu{d;e two

with wres, a pitch conversion can carried out. reover, since the wire

i's bent, gpeaydhr@sthel pliltehtlRnie?@d onOc@nObel @ueicd dute | ead form or
construction, the nost effective wire |ead-out is possible. For 25 exanple,

the wires can beldyamm tiils semibanduletogPasyi@e piNe Wirdiemaly 66 Hent
maxi m zed. (17) In this wire bonding device, the bonding tool may 7 , 15
JUL 2003 dnaw setohldeimaginary straight line.
By doing this, the wire spacing on the second imaginary
10 straight line can be made substantially uniform.
(13) In this semiconductor device,
the second imaginary straight line may intersect the
imaginary straight line on which the electrodes are aligned,
and the distance from one of the electrodes closest to the point
15 of intersection to the second imaginary straight line may be
less than the distance from the mid-point to the second
imaginary straight line; and
an imaginary line connecting the extremities of the
) plurality of leads may extend on the side of the semiconductor
20 chip from a third imaginary straight line which passes through
the extremity of one of the leads closest to the imaginary
vertical line and is parallel to the imaginary straight line
on which the electrodes are aligned.
In this way, when the leads are aligned on an imaginary
25 1line meeting the above conditions, by bending the wires on the

second imaginary straight line meeting the above conditions,

the spacing of the wires can be increased.



pair fornmed by or then may bend the wire to a I ength required fﬁﬁ
connection of the of the el ectrodes and one of the |leads , and 'réUdeﬂ3
means of his, since the wire drawn out to the required 5 length is bent, t
a wre can be nade stable and bent. ( 18 ) In this wire bonding device, the
bondi ng tool may draw out the wire to a length I ess than the distance

bet ween one of the el and then while b 10 By neans of can be drawn out (19)
I'n thi bond the wire to O to one of the 1 yes and one qof the | eads form ng
the pair, ing thé&4h P8, an&}rFH#FhéPa&ﬁawfoﬁpetBéaﬁQW$ inyentjony thef | ess
.than the regU|red Ien% i | e bei.ng hent. %“Pondlng devi ce, the bonding
tool may BPOVReSEMEEONGYELOr, J@Vif 150H@“Pﬁ§ re 15 By nmeans of this,

[ h [ d h I whi ch h | |
cent or - to- cent ef 13pabirBL S REORLSELBT EEPRFAF | 5h Y GHERGI YHSHGIPT hi s
bondi d di cul t th
el nar v 1B SHGLPPRY RH SAESGSER el hreRaRh AEVAEES 1 om ?he )

el ectrpdes in a i’k§e‘ixt ' aﬁéﬁh%hgt Qe%'lckew%% nl?{%’.éfé&%ﬁ@' el t
perpendi cul arly'intersec nary strail thé md-pol nt

bet ween ag Bﬂbf o) A electrodes at opposite ends of the aligned electrodes
and may ben fie dire in a direction away fromthe imagi nary 25 vertlcal

line. By means gftdbfe dni@hithes femlidshdlicyy eu& | Radi B§rRipdhiralijig from
the el ectrodes, at a spacing substantially equal P 5°JUL 2003 the

cent er - t Oo £ &leRft ridthed Ad igeldén axﬁ@quﬁaryma@gmemdmglﬁ h>uMderl t he
pitch conversion can be carried out. ( 21 ) This wre bondi ng device may

fuyrther cangraselarpilitgxtofhdiesis rabighedcin oan ptmpghdacyl plane tare
i magi nary plane 5 and undergoi ng transl ati onal novenent; and the bondi ng
t ool th disposed around the periphery of the semiconductor chip such
that the center-to-center spacing of the leads is greater than
the center-to-center spacing of the electrodes; and
a bonding tool for drawing out a wire and connecting the
electrodes and the leads;

15 wherein the bonding tool moves between a pair formed by
one of the electrodes and one of the leads, along a non-straight
line as viewed from a direction perpendicular to the imaginary
plane, and bends the wire.

) According to the present invention, when the center-

20 to-center spacing (pitch) is different for the electrodes and
leads, by electrically connecting the two with wires, a pitch
conversion can be carried out. Moreover, since the wire is bent,
regardless of the electrode form or layout or the lead form or
construction, themost effective wire lead-out is possible. For

25 example, the wires can be drawn out so that the spacing between

the wires is maximized.

(17) In this wire bonding device, the bonding tool may



contact the wwre with the pin for bending. gy using a pin, the mﬁrs n ﬁﬁ
bent accurately. (22) In this wire bondi ng device, the bonding tdo i@k 3
bond the wire to the electrodes in sequence fromone of the 1 10 el ectrodes
cl osest to the m d-point. means of this, since the wire bonding is
applied first to wires on the opposite side fromthe direction of bending,
when moving the jig for bending the wire, the previously attached wires do

‘not get in the way. 15 (23) In this wre bondlng devi ce, the bondi ng tool
may bend thFé‘i/\PPé’f sheawdgepta Prrﬁ@!‘ﬂ‘épyrgﬂ\‘é%ﬂt PF n‘é°mB‘§F‘ab‘PHg°¥ htRe the
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whi ch thet F@CF@gd &, and the distance fron1one of the
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i magi nar YdY'S(vt bﬁal thengigBtrbSa pﬁéﬁéﬂ;sl 1é9s tigan "B St Sid i ki wééne on
which the el ectrodes are aligned. In this way, when the |eads are aligned

on an i magneadby¥ thei etectebliag &ha ahever coneli leads, fanmiranding paer pi res
on the second imaginary straight line neeting the above conditions, the
spaci ng oanthehewn wisi leabehdingctkeseide ( may Fuifbher wiraw bandthe wiave ce nay
further conprise a pin
10 By means of this, the wire of less than the required length

can be drawn out while being bent.
(19) In this wire bonding device, the bonding tool may

bond the wire to one of the electrodes, and then bond the wire

15

20

25

to one of the lea
By means of
electrodes, which
ease of operation
(20) In this wire bonding device,

direction perpend

tool may draw out

ds .

this, since the wire is first bonded to the
have a smaller center-to-center spacing, the
is greater.

as viewed from a
icular to the imaginary plane, the bonding

the wire from the electrodes in a direction

parallel to an imdginary vertical line which perpendicularly

intersects the imaginary straight line at the mid-point between

a pair of electrodes at opposite ends of the aligned electrodes,

and may bend the wire in a direction away from the imaginary

vertical line.

By means of this, the wires can be drawn out in a straight

line from the elec

trodes, at a spacing substantially equal to




extending in a direction perpendicular to the imaginary plane 10 {a§djulL 2003
under goi ng transl ati onal novenent on the second inmaginary straight |ine;
and the bonding tool may contact the wire with the pin for bending. By
using a pin, the wire can be bent accurately. 15 BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 illustrates an enbodi nent of the wire bonding nmethod of the
present invention. Fig. 2 illustrates an enbodi nent of the w re bonding

"met hod of the present invention. 20 Fig. 3 illustrates an enbodi nent of the
W re bonditi@ gehbet-bb-térter apaittingnyeiieeleftgodds | landsby Herrl ing

_enbodi nent of the wire bonding nethod of the present invention. Fig. 5

i || ustrat echeawiambatienpittchf cohwernsienboani bhg Qarrisdaitnf t he present
invention. Fig. 6 illustrates an enbodi ment of the wire bonding device of
the present invdddi)obhigovire bosding RO eFngy attherscomprise Tipdaui t
board on which is mpunted an enbodi nent of the sem conductor device of the
present i @¥&ending Enga dineqtiony perpepdieubay tonthei Haaginary pdghepped

with 5 a seniconductor device manufactured by appljcation of the method of
the prBsednd PRAGFIRING REIDS Féﬁnmﬂ“ﬁl@ ﬁthﬁ%qwmﬂaﬁr ef erred

enbodi nent of the.present in n;:' on is pow 10 described with reference to
1fRethe BB o

the drawi F§REEL EPespage y r BB oh2F Ry

By using a pin, the wire can be bent accurately.

(22) In this wire bonding device, the bonding tool may
bond the wire to the electrodes in sequence from one of the

10 electrodes closest to the mid-point.

By means of this, since the wire bonding is applied first
to wires on the opposite side from the direction of bending,
when moving the jig for bending the wire, the previously
attached wires do not get in the way.

15 (23) In this wire bonding device, the bonding tool may
bend the wire on a second imaginary straight line.

By doing this, the wire spacing on the second imaginary
straight line can be made substantially uniform.

(24) In this w-.i.re bonding device, the second imaginary

20 straight line may intersect the imaginary straight line on which
the electrodes are aligned, and the distance from one of the
electrodes closest to the point of intersection to the second
imaginary straight line may be less than the distance from the
mid-point to the second imaginary straight line; and

25 an imaginary line connecting the extremities of the

plurality of leads may extend on the side of the semiconductor

chip from a third imaginary straight line which passes through



Fig. 1 shows an enbodi nent of the wire bonding nethod to which thfigresent
invention is applied. As shown in Fig. 1, a 15 sem conductor chip Jokh 2003
which an integrated circuit is formed, and a plurality of |eads 20 are
provi ded. On one surface of the sem conductor chip 10 ( the active surface)
are formed a plurality of electrodes (bonding pads) 12 forned of al um num
or the like. The plurality of electrodes 20 12 are aligned in a single row
‘on a first imaginary straight line L1, with a_substantially uniform
cent er - t otdenEXt LG PR ?ﬁ?d%ﬁ)theThéaﬂérﬁﬂ@ﬁeéécﬁobﬁhﬁuimﬁikﬂéﬁwes 12
.may be rectangul ar, such that the edges in the direction of allgnnent of
the row (H&F&PFéﬂ gé“@hé“ﬂn&ﬁlHﬁF?lé?laFQHFh?l%mﬁﬂﬂﬁﬁr¥u§$¥ﬂkﬂﬁ¥w ¥Man 25
t he edges ger g! | ar .t hereto. As the .nunber of electrodes 12 is

f Iarepéi

i ncreased?® &leckrogdese H%?QQ= t he electrodes 12 is reduced,
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t he electroges arge, ing area ca

pr ovi ded. Wlﬁ”afngﬁé CQEE‘H%QHJEV\% n]'gei:fm? eﬁé"}ﬂ:}ﬂxﬁé ghiﬁtﬁc?rfé ' Odes

12 may be a I gne are to ea ‘or

equal Iy b%nal sgaeqnal e&gtmew&%e elaﬂeﬁe m%x%lae@dr odes 12 may be di sposed
in a central portion of the sem conductor chip 10 or on the periphery

thereof . A pasgpyatteis Lidd bashas_ngoa@@ﬂéé &y TR thert Bempetibeca Pind ace,
avoi ding the electrodes 12. The | eads 20 nmay be the inner [eads of a Iead

frame, oremdgnligngninra ainswitsidmperpendizulaistoatihe Aeegindney |

fdrn1part of a sem conductor device, they are electrically 15 connected to
t he el er and wrdergaing of ransl atein noh thestemrerde einc the Tacd redh dsna@i ey
aligned in an_imaginary plane P. The inmaginary plane P is preferably

paral | el &brapghp| hanej mangitdhe beading tpedeBayocentagt theiworRiwktdy chip
10 are forned and nax be .the sane plane. The | eads 20 are wi der than the
el ect r ode§h®oPiB faRyPERGiRgnt er-t o- cent er spaC|ng (pitch) is also wider
than the center-to-center s aCIﬁgEOf .t he el eg i 12, Eagh of the | eads

20 is comonly BYeB??Pga?IQ Bon tgarFOCBHe arsees 8&? 12, but may

equally be electrically connected to a plurality of t he electrodes 12, of a
plurality of |eads 20 may 25 be electrically connected to a single

e'eCtﬂpdeBﬁ?EFTbﬁséhMPthNYOﬁfThﬁaﬂﬁAﬁQN@QU|d be aligned parallel to the
plurality of electrodes 12, but in this case, |eads 20 closer 12 .1 5 JuL
2003 Fig. 1 illustrates an embodiment of the wire bonding
method of the present invention.
Fig. 2 illustrates an embodiment of the wire bonding
) method of the present invention.
20 Fig. 3 illustrates an embodiment of the wire bonding
method of the present invention.
Fig. 4 illustrates an embodiment of the wire bonding
method of the present invention.
Fig. 5 illustrates an embodiment of the wire bonding
25 method of the present invention.

Fig. 6 illustrates an embodiment of the wire bonding

device of the present invention.
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to the ends of the row are farther fromthe el ectrodes 12. That is,t%@fymﬂs
the distance fromthe electrodes 12 to the leads 20 is different in

central portion and the periphery of the sem conductor chip 10, and in
particular, the distance fromthe 5 end el ectrodes 12 to the correspondi ng
| eads 20 is longer. Therefore, as shown in Fig. 1, the ends of the
plurality of |eads 20 are disposed on an imaginary line L which is
different fromthe third_imaginary straight line L3 which is parallel to
the first imagi Addy Jt AALYRLIRLRE RICiymBifRgRRdron |Which imyngented 5
straight line or |t may be a curved,line. The imaginary line L is

pr ef er abl #hc| aRRdImeRt o of| &6 oFRB1IgONduGROT hdaWiGsd ¢FadPRarBre$eRt ght
line L3. By this neans, the |eads 20 close to the end of the row are

br ought clléé’&“tr‘G“t'he el ectrodes 12, and therefore the di stance between the

| eads 20 and th?.15 il.g@tr de% 12 caﬂ b% nmade Jests. \When t he | eads, 20 and
el ectrodes 12 aféde¢onnecBB8GT8hESIHE 8? fREBIFSRR-DUGRY, BB LBPER S SO

that the lLe cki i uhst ang | al . nd
Step of t o LB abY ol b Ratd B el PV Db e POl (HEE
| eads 20 h%tﬂbﬁp8§e@h%”p%%elﬁ‘i’:r 1 ARRNY 19 .t he sem conductor chip 10, and
wire bonding 1s carried out . For exanple, ball bonding or wedge bonding is
carried out. In this enbodinent, wires 30 are bonded to one of the 25

el ectrodes 12 and leads 20 at first. The first wire 30 is preferably bonded
to the el gebTOMEODE2FOR CARRYIRNGE OOTETHE ANVERTIONI nary vertical line LV
passi ng through the md-point M 13 J 5 JUL 2003_ between a pair of

el ectrodes 12 pasprefaededt ebblirant of the presemis inweyerhidn aie mow
di’rection perpendicular to the inmaginary plane P (or perpendicular to the
sheet 1&ur leserabedi with yreferencketw tbebdwawiggst.-he wires 30 are comonly
bonded to the 5 corresponding | eads 20 after being bonded to the el ectrodes
12. Third step of the wire bondi ng nethod From one of the el ectrodes 12 or

| eads 20, to which the wires 30 are honded, the wires 30 are further drawn
out. The IBT&kr&&eBoCfnyPGe¥WdrPrRORILBgp™ERARE in three di mensions. If the

wi res 30 have bgen bonded to the electrode 2 in_the second ste it is
pr ef erabl e t hat Ff‘ﬁé i Sy af 5?B°6P§$\ﬂgo?£ %%ﬁ HrEE] g?Bgf'ﬂg W%‘F‘Flat&
vertical Ljk ' A i, ' r pendj ar _to.the inpginary
pl ane P (1“3?8’6%% |éééu ar dltrg‘;‘%?efolrg 1£%§tpﬁsqur 'a?g cg)bgﬁlhg.inllp}éf e%yrg;m ng
thi s, 18 hesphieshit¥t8t MiP1 036n didiCaf et dpcarcalic 86 fHhrdantially
the sane spacing as the electrodes 12. \Wen wedge bonding is appli ed, and
the el ectandea pPuralitq oEcleadgke20i arespatevidedal | el to the first

i magi nary straight line L1 and sides perpendicular thereto, the 20 wires 30
can be bonded t@ntdre swtiacries thenwsembaonfuvcbornghip a@ndihe Blodriveas
viewed froma direction perpendicular to the imaginary plane P (or

per pendi caREfa¢e) t e skeened A Rk akiy Pf Bleatyodgs ddagsling peslft) t owar d
tge other_of the electrodes 25 12 and | eads 20._For_exanple, the wires 30
c

n be cohtkEred g adomingmo¥ fhe,diike-,1Fhe BLyEdditnLielectyrdes pent .
If t first_w 30 is bonded. to th | ect 2. l.ead 20 .cl t 14
58y L3t S g A o i Y B TG G A
oot 3t hoo v y v N ! . t
mob nar yt bhe A1 pEEn s SRy art STy BREEqEH Jef A QAL AEY ST,

next wire € TiNeEFd leVed @ 6 £ANE oM
AT s e i R e o i e

For exanps@ch ash&0tNe | ddded. i tHd & dc: ih At aliRfHiefd derdd v be
drawn out in a straight Iline fromthe electrode 12 to be bent by neans of

the pin 4Pp&faElelreonitle dwagirary, st@atibat’ 1eqei LEY dagHortier thar ength
required to forman electrical connection between the el ectrodes 12 and the
| ead2520. t e tedged ipetpendscshantherdtq. As the nimberS0 frey et rdidesn out
as far as the bending position in a straight line, and then as this wire 30
is bent, 12 rmsy becfeaséd; doawhheutcenter-to-center spacing of the

electrodes 12 is reduced, and therefore the length of the edge

11



Fourth step of the wire bonding nethod Next, the wire 30 is bonded QP Ugez j
other of the electrode 12 or lead 20. Wth this step, the wire bohhind f qp
single wire 30 is conpleted. 20 Repetition step For the subsequent wres

30, the above first to fourth steps are again used, to carry out wire
bondi ng of all of the electrodes 12 and | eads 20. Once the first wire 30

has been bonded 25 to the electrode 12 and |l ead 20 closest to the imginary

vertical line LV, then,the ﬁe t,wre 3Q is bondeg to.the electrode 12 and
lead 20 sdBohBecibEeStien ohaligpent s alePcEpdaRFRd, Ut fthe lengthy opo3

gl nar yOF oA A9S nEh L Ghe; HE A BB IHRIAC 1 WEReEets gpp be | -
f bl i d i nad traight Line. |f this, i h '

o1 "t he beleoiaRERonetn S YRl AR Faroy < nerel G o9 i o

Mo , el t ' | | i . I ght

i 1 nt ef 2R PETRRRCLRPE *Raach Lo6od\nda s el AT B BEUIUAS 0T

vertiopl {hag tie g%@{bém%iml&% bs f@&fsﬁ@@ﬂ xe'y\gfﬂek iedtindqdd ty of

| eads 20 are arrang on a 10 "curving toward t ctrodes 12 from

the imagi mﬁrma?tséi SMighb8Calongstwd W éd Wi feh lard HrdNGeMide eadh are
preferably bent on a second imaginary straight |line L2 which has an

i nclinati gihek ba’ may dYualdy e d11¢hed N§168§00He! FBArNBGiMesL ainght |ine
L2 intersects the first imaginary straight line 15 L1 at a point of

i nt er sect ebactrodébe 1di siaanase f ddspbhedeliacta agentiZal | psetioh ooffha@heoi nt  of
I ntersection Cto the second inmaginary straight line L2 is |l ess than the
dhst ance $emitbohdustovmhiprhifiaraon tdter pegiphéryahexeaf .t Apasisdvadiimn M | f
this is made so, the spacing of the wires 30 can be increased on the side
20 of1Q hefitmdis2commeplyhEosmednani fhgi Astyvetr sargace),i awoiding, the
particular, as shown_in Fig. 4, provided that the wire bonding is not

i npeded, FleFEIB?QFe?AabI e for the point of intersection C of the second

[mgLnary St ShE 1408 U 8Nl 1Bk ROARE YL A el B 2,0
second may be interconnects formed on a substrate. When the leads 20
form part of a semiconductor device, they are electrically
15 connected to the external terminals of the semiconductor device.
The leads 20 are aligned in an imaginary plane P. The imaginary
plane P is preferably parallel to the plane in which the
electrodes 12 of the semiconductor chip 10 are formed, and may
) be the same plane. The leads 20 are wider than the electrodes
20 12, and the center-to-center spacing (pitch) is also wider than
the center-to-center spacing of the electrodes 12. Each of the
leads 20 is commonly electrically connected to one of the
electrodes 12, but may equally be electrically connected to a
plurality of the electrodes 12, of a plurality of leads 20 may

25 be electrically connected to a single electrode 12.

The plurality of leads 20 could be aligned parallel to

the plurality of electrodes 12, but in this case, leads 20 closer

12



I magi nary straight line L2 and the imaginary vertical line Lv to be
furthest fromthe electrodes 12. If the wires 30 are bent 16 1155 JUL 2008
on this second inmaginary straight line L2' , the naxi num spaci ng between
the wires 30 can be obtained. It should be noted that as shown in Fig. 5,
the wires 30 may be bent on a second imaginary straight line L2" parallel 5
to the first imginary straight line L1. In this case, in order to increase

t he spaci the wires 30 in the jnt rvaI bet enthe bendi portlons of
Lhe oot el Chag £ 30 sow 418 £RAD: e PLaGtRosRS don

'Erﬁﬁéﬁéaf’héga:%d%c'g?i S bw'et L Eles %eggreﬁqsﬁgif&f%@ hegaé@ o
.10

of ¢ ﬁﬁmgfﬁz% Epdip W”%sn%%ﬁogeﬁ%ggmeﬁ PhE REFTRRery Se ERe™"Y

Zignrrgfg ;%tq{] cg)%rﬁpﬂlhccor :hlrc]lgffyétrﬁ:ls e ?%rﬁ%‘%’%zl ncef‘f:%gl %"Fes 30

are begt, %bx%é‘iélg Pi“ &Neheokolr egpﬁﬁhglngl 18508 Ben é‘th&'ﬁ%éfe 20

Fi g. 6 shovvs an ment awre ce to whic resent

i nvent i O”Th%r.%x‘&dasg?ﬁ)vm iﬁ mdnn&&eéhes Shene plrhfaplt ofOf@4gses a
pin (pole) 40, a tabl e 50 and a bondi ng tool 60. The table 50 is adapted to

have the s@hgendusposed i atbihmbgandry Vigein whdlcn €808i2BerfBnEt £bm
thereon. It should be noted that when a lead frane is used, the

sen conduther thirfg iMaginapyinsedadght Ilie 180 whichais pBEa:EEéjLCﬁﬁdusé or
chip 10 is nounted 17

) first imaginary straight line L1. The imaginary line L may be
10 a straight line or it may be a curved line. The imaginary line
L is preferably closer to the electrodes 12 than the third
imaginary straight line L3. By this means, the leads 20 close
to the end of the row are brought closer to the electrodes 12,
and therefore the distance between the leads 20 and the
15 electrodes 12 can be made less. When the leads 20 and electrodes

12 are connected one-to-one, the leads 20 may be disposed so

that the lengths of respectivewires 30 are substantially equal.

) Second step of the wire bonding method

20 As described above, the plurality of leads 20 is disposed

on the periphery of the semiconductor chip 10, and wire bonding

is carried out. For example, ball bonding or wedge bonding is
carried out.

In this embodiment, wires 30 are bonded to one of the

25 electrodes 12 and leads 20 at first. The first wire 30 is

preferably bonded to the electrode 12 or lead 20 closest to the

imaginary vertical line LV passing through the mid-point M

13



1.5 JUL 2003 on the table 50 with the die pad 70 interposed. The legd.ﬁ.ﬂfo
are aligned in the imaginary plane P. The inmaginary plane P is pnéf r )2003_
parallel to the plane in which the el ectrodes 12 of the sem conductor chip
10 are fornmed, and 5 may be the sane plane, or may be a different plane. It
shoul d be noted that the | eads 20 are wider than the el ectrodes 12, and the
center-to-center spacing ( pitch ) is also nore than the center-to-center
‘spaci ng of the electrodes 12. For the_arrangepent and_ form of the |eads 20,
the descr PEEWERTOR PHEL BF GRS tESAGSn2nReHbEL QAR AL DOF RIS TRE Wihdi ng
.tool 60 bonds wires 30.to the eJectrpdes 12 and | eads, 20,. and includes a
bondi ng h&QWr AF retevednfroma Frt 19 REIRSNAIS tPHEhG IMAG RTY e

s By O oo A o et R 11D,
Fi q,. ) ' | 30, | 6

our 50 oby Yu) AP AR B85 P . R BRSO

CHADLE, BERSUBHRRLLE Shads EcbORTO0 BBhAE0 CRHIELPIORUAS 1

wires 30 is achieved, then the bonding tool 60 noved to describe an arc
about the pin 40, in order to bend the wires 30. Here, the "required

length" ignika keept Bfr etel wedet BohAimgmethodt ri cal connection between the
25 el ectrodes 12 and the | eads 20. Alternatively, as shown in Fig. 3, the

bondi ng tool 60rfex bfie ®F athd electirciieghtl 2l brelaadEar0 pstd Whivghndineg

position, then the bonding tool 60 noved to rotate 18 ,~ 5 JUL 2003

) wires 30 are bonded, the wires 30 are further drawn out. The

10 wires 30 may describe a loop shape in three dimensions. If the

wires 30 have been bonded to the electrodes 12 in the second

step, it is preferable that the wires 30 are drawn out parallel

to the imaginary vertical line LV, as viewed from a direction

perpendicular to the imaginary plane P (or perpendicular to the

15 sheet surface of Fig. 1). By doing this, the plurality of wires

30 can be drawn out parallel, at substantially the same spacing

as the electrodes 12. when wedge bonding is applied, and the

electrodes 12 form a rectangle with sides parallel to the first

) imaginary straight line L1 and sides perpendicular thereto, the

20 wires 30 can be bonded to the electrodes 12 without becoming
diagonal.

Then, as viewed from a direction perpendicular to the

imaginary plane P (or perpendicular to the sheet surface of Figqg.

1), the wires 30 are bent toward the other of the electrodes

25 12 and leads 20. For example, the wires 30 can be contacted

against a pin (or pole) 40, whereby the wires 30 are bent. If

the first wire 30 is bonded to the electrode 12 or lead 20 closest

14



about the pin 40 while receding fromthe pin 40, so as to bend t!esugy'e?

30. The pin 40, as in the wire bondi ng net hod descri bed above, & Qﬂ3

bend the wires 30. The pin 40, as shown in Fig. 1, 5 is noved after bondi ng

one of the wires 30, to bond the next of the wires 30. The pin 40 is

provi ded on an arm 42, and can be noved by this arm42 . The arm 42 may be

provi ded on the opposite surface of the table 50 fromthat on which the
ase e forned in

o b et a&%&%?e%?h%aa 1 fne btps8ptnadny %h%%hgu'ifbffﬁwﬁwh

.th 4 0

o sontu Mo s Erd Y racdo Sgsggggo "hehBrifd A ePridE géaaﬁeﬁﬁ%.éﬁﬁgéyebe
i ded t

bondi ng 18 ERTEYy, WekCiRAd Wil oY wifen éﬁe'ﬁsﬂyfﬁ ﬁiosid}‘%‘g%@ L A,

their axi glodiyiQe be dhgfhépywrzwl’og%g a f1b %&f&ﬁ;i nw49 '

. 8
inserted and retracte i's enbodi mént  of e Wmr bon eV| ce operat es

t o i nphengidest M t2FRYar 48s obskehMildgh bondi ng net hod. 20 Sem conduct or
device and circuit board Fig. 7 shows a circuit board on which is nounted

an enbodi ment ofrigssen §RAMB EHiw MR d ohithle HbBAJRNESER! thEeitddN | S
applied. To the present invention of a 25 sem conductor "devi ce, any of QFP

( Quad Fl a0 .Prokageanple [H@s (shdain i FAgAr2aythe wiGRP 30 6fii ® repl Yl ze
Package ) , and ot her packages can be applied. For exanple, a sem conductor
devi ce tolehnigth h8y bé drawih AMOICEPsityradghiti 2dnesfsbmwrhe reXectrode A

sem conduct or device 100 conprises a sem conductor chip 10 having a

plyural i ty1af tel betbenfesyl Meanslafr &hiet piof 4Dealite2(drawphgreut { Heafe wi r es
30, al(;esm 110 sealing at least a

the "required length"™ is the length required to form an
electrical connection between the electrodes 12 and the leads
20. Alternatively, as shown in Fig. 3, the wire 30 may be drawn

out as far as the bending position in a straight line, and then

as this wire 30 is bent, it may be further drawn out.

15
Fourth step of the wire bonding method
Next, the wire 30 is bonded to the other of the electrode
12 or lead 20. With this step, the wire bonding of a single wire
) 30 is completed.
20

Repetition step
For the subsequent wires 30, the above first to fourth
steps are again used, to carry out wire bonding of all of the
electrodes 12 and leads 20. Once the first wire 30 has been bonded
25 totheelectrode 12 and lead 20 closest to the imaginary vertical
line LV, then the next wire 30 is bonded to the electrode 12

and lead 20 second closest to the imaginary vertical line LV.

15



5.bonding portion, a substrate 102, and a plurality of external teLELgﬁLS
104 such as solder balls. The wires 30 are bent to electrically co t 2003
el ectrodes 12 and | eads 20, as shown in Fig. 1. In nore detail, the
description of the above wire bonding nethod is applied. According to the
sem conductor 10 device 100, the spacing of the wires 30 is |arge, and
therefore contact between adjacent wires 30 can be prevented. For a circuit

board 200 is generally uigd an or%hacpi C supstrate sgch as_ for exar‘g)l
f
0

e a
gl ass epoxy sub&tFt&re 1TohNERELER? i AU AXEWEUL fESM, Bhe $1eefE0des f or ned

inter 22{1#324 3%%??8?26%59?%%% %aﬁﬁéﬁ?m%ﬁvt‘?g@@%%’e@%{‘&%ﬂigns
' 4 . ' [ 100 I .
connect i o 68 ik, 37 Brabefs b L driSnedion ans?i:r%%%?r%%éq%?o}anm g a
shove. 8 ot PRS0k gt Abd rAKER SFCeRE SRR potiGtne Py tnfRELE O

8 shows a™no per soh

above- gesgy hag, 'b%ema(wgﬁgs‘%ratnct}}jaﬂ;l funtir}ﬁrm.esﬁd}.te&ﬂ%’ze, ifr\'(l{\;%éf%gtr an 25

nt
repl aced by "electronic el enent, d anel'ectronic elenen

active el gmitios SoPathe’ witedEDD) £ HPiyed ioh thes22ABIRY Pfnd
sem conduct or chip. As electronic conponents” manufactured usi'ng such an

el ectroni dnele@isieit ifRy tiee CEiesh fifhg2Baryl strHign00Bigxank! @nd esist ors,
capacitors, coils, oscillators, filters, tenperature sensors, thermstors,
vari st or s imagrinaltlyeveesiehdrsineady,f thea. tRd spaking-can(P8 ikrddsdd ~Al M5
1. Awre bonding nethod conprising: a first step of disposing a plurality
of. | eads al i gnedhen &hei pdgiradiyypbdndecadsurd tahre pamaiyed/ axf a line
séniconductor.chip having a plurality of electrodes aligned on an inmaginary
strai Yht cugyingutpwangd: thpeeleattpdes- t2nfremstheimaginary steaights
greater than the center-to-center spacing of the electrodes; a second step
of bondi ngiBenLPeafoSBRAENOENFH; 1 £ obBeR Bhe Inkres3Q re RIei IR Yand one

f the leads; a third sten af bending the w i ened f di recti
per pendi cHFRF @8 (heSPRRBFnaRPinare. Shepdoftydinesdid wpieBnArRg Ahe vire

o b, ' 1 thatiEnPalhs i Gld be Bt RIS aRRL S AR, 2
using a psBrhfghbeline kh Siftfersects the first imaginary straight line
15 L1 at a point of intersection C. The distance from the electrode
12 closest to the point of intersection C to the second imaginary
straight line L2 is less than the distance from the second
imaginary straight line L2 to the mid-point M. If this is made
) so, the spacing of the wires 30 can be increased on the side
20 of the leads 20 from the second imaginary straight line L2.
In particular, as shown in Fig. 4, provided that the wire
bonding is not impeded, it is preferable for the point of
intersection C' of the second imaginary straight line L2' and
the first imaginary straight line L1 to be closest to the
25 electrodes 12, and the point of intersection C" of the second

imaginary straight line L2' and the imaginary vertical line LV

to be furthest from the electrodes 12. If the wires 30 are bent
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3. The wire bonding nmethod as defined in claim1l, whexein the wre; icS ﬂLams
out to arequired length to connect one of the el ectrodes and one l)fstJ

| eads form ng the pair, and then the wire is bent, in the third step. 4.

The wire bonding nethod as defined in claim1, wherein the wire is drawn

out to a length I ess than the distance between one of the el ectrodes and
one of the leads formng the pair, and then bending the wire, the wire is
further drawn out, in the third step.,5.  The wi re bondi ng nethod as defined
in any of A thiE seqend; imagdnary $heaight Linebajedhe mardmygm $pacing

el ectrodes in the second Steilid and wherein the wire is bonded to one of the

lje?ds idn l“?ecﬁ]‘rt ea;} €s §aJ‘UIPm§§‘a2’3" '* The wi redb]?ndi ng (rjret hod as
plgrlpgﬁdij cul ar t 45 RECHTHGPRAS AT Tt BR.EhFPn £ i ol %fmrgw%ﬁi& t'm;n h
per pendi UL, P BenE: bR BBRBn mpGuREr T FE ERoK s PRURE He P bl igE 1 ©
bet weeq aefathe o Al e aaliing FQPQ?E&%S‘lﬁ%iP]‘IBh@th Qied ghegtgades,

and the wire I's bent in I on mt'he i egl nary 'per pendi cul ar

line. 7. TReinbreabendidepitibedonseieliined 46 Gl 3@ §Rt@@95fiﬁh%§eﬁir5t

to fourth steps are repeated 11 sequence fromone of the electro cl osest

to the m ¢nheObéhdifg pordliohklo PitH@ipbsrd hhd tHe tbgAL AP CEhakedd R
plurality of |eads are bonded. 8. The wire bonding nethod as defined in
claim?7, dhaginaryhetwariehtardneem2 "olsa predeihblBgidtRy \eldgaighitheé ne. 9.
The wire bonding nethod as defined in claim8, wherein the second inmagi nary
st,rai ght keilleetrodessd@t.s t he i magi nary straight |ine on which the
ellectrodes are al i gned, and the distance fromone of the el ectrodes cl osest
to tht0 poi nt of Innthiseembediment hethecteerndripaginacy retixmight fdrne | ess
than the distance formthe md-point to the second imagi nary straight |ine;
and wher eld" 2 AAEEPT Al PFR tookhe PeriPhery ekithefemigopducker ghiml ity

of Leads tends qn the side of the sem conductor chip froma thir

i magi nar ygéfrEPghﬂtl M vﬁﬁwolé'as%%séf‘f‘\?%ﬁ PRetBR: PEFPRETY Qe WHe the

| eads clo e, 41 i p j i nd 1 s parallel .to the
i magi nar yagé%g%gﬁ%gl }ﬁn'e%%ié ‘?%%ggée%ﬁe?aveésérgig%a Frg'ﬁggfery ?Flt nf’ JUL
2003 24 1 : i c deyi Sk BEl ' j aving a
ol ural i1y e e Py iR N per Pery ST Sl Bl Ty
of | emls abrgegdmpheaati thel madyppliage around the periphery of the

sem conductor chip, such that the center-to-center spacing of the leads is
greater than theccendéngtte this ambaphamiens 06 ihde tewired SN apabent,
plurality of wires electrically connecting the electrodes and the |eads,
and bent asfyeewdyavineh quyi thereelf per pesaiibdear to the i magi nary pl ane,
each of the wires describing a | oop shape as viewed froma direction
parallel to the imaginary plane. |Il.The sem conductor device as defined in
c},ai m 10, wherein.,as viewed froma direction perpendicular to the inaginary
pl ane, th‘glﬁfr%gng?'égd?lﬁmc&t fromthe electrodes in a direction parallel
to ang magi nary, rp, i | i i endicularly. intersects the

[ rragirquary str ai% {? I?@‘g‘?ét e éﬁ%‘%ﬁk E)gj{ \%eg‘%rge p%nr&/l&g ecfeevc GTodEs at
opposite f han e t k% J

directi onﬁggéfa?/q;fh r%ﬁlfﬁﬁghge%g‘é%?% g% ?ﬂ%g?%%r gﬂ]%é.?%l %ﬁggggjnél‘@g%duct or
devi ce asskiGim !1@1@-"1(?, G'@ﬁ%ﬂﬂseﬂ\’ﬁ%ﬁi {pblle) W 28 A PS0tarkla dorEaRd

i mgi nary straight Tine. |3.The sem conductor device as defined in ¢laim
11, wheretdol heosecond i magi nary straight |ine intersects the inmaginary
straight line on which the electrodes are aligned, and the distance from
one of the el ecThedssblbé BBRsis tarldgtreddiontharfe ithiee semdicomddotdrhehdgcond

i magi nary straight line is less than the distance formthe md-point to the
secoidd i nbQiamsk pleradigitof leadsaz@i mouhtetdi thepean 25 wishoaild be nioegi nar y
i ne connecting the extrenmties of the plurality of |eads extends on the
si de of thRatamenmiukead Grage fig msedhithe iseagioenduaiamigihip 11i0hdswhi ch
passes through the extremty of one of the |eads closest to the inmaginary
per pendi di@uhted pa asd g Bagalyl apd the sprirpadnatpy chimil@hts monated whi ch
the electrodes are aligned. 14. A circuit board on which is nounted the

sem conductor device as defined in any of clainms 10 to 13.
17



| 5. An .el ectronic instrunment equi pped with the sem conductor device as
defined in any of claims 10 to 13. 16.A wire bondi ng device conprli §i figl. 2803
tabl e on which a sem conductor chip having a plurality of el ectrodes
aligned on an imaginary straight line is nounted, and a plurality of |eads
aligned in an imagi nary plane are di sposed around the periphery of the

sem conduct or chip such that the center-to-center spacing of the leads is

greater than the center-to-center spacing, of the el ectrodes; and a bondi ng
tool for d’r“a\ﬁisﬁ?g e 3 e cﬁ't%rﬂ?’e%tﬁ% 1S IRASREs and the | eads;

ol et rodes and GhE dpatie Joane ArangUatRorbe: FARGHRSFY nBIaBe, P evEhet rom o
i 1o bondAGRERRYEPAEneP; { braFhably pBraRTer ol L BhaRE i YEERG: ave
of t ho ol ok beleERahn S ¥ A8 pL SRAGEL LN B A SARCERFBAT AL TT°
pondi i t 4BV SrasRCorRne tEr L 7 1y S AELER-ERE Pl TE AT o

one of theeehBeLiofRaralileonBatl bbeakeltaler thif tHE Oédrrandstizn uhil e

bending the wire, further draws out the wire. 19. The wire bonding device as

defined i Anan¥heéfcen terstdbcéRtds,.spdtaimRy @ﬁ‘il&@hboﬂdimé fRirbeRdn the W re
to one of the electrodes, and then bonds the wire to one of the |eads.

20. The wi cenherditbgcentiete spadéhgnedfi rtind aiebebdrotles eiln.asFereveldef rom a
direction perpendicular to the imginary plane, the bonding tool draws out
tge wi r e arocangemeeitecandodesm pfatter teadsn2parthé edesor pptiomgoharlye

per pendi cul ar |ine which perpendicularly intersects the imagi nary straight
line ¥ twargi Bopding methosh camdier apbldlesot r odes at opposite ends of the
al i gned el ectrodes, and_bends the wire in a direction away fromthe

i magi nary per peRBechPRAing k003160 hondg F@IE@naPn§°dEb?d%f%%t6@$?$m%?i n any

of claims_IQ - tg 18 further conprising:.,.a pin_extending.,in a direction
per pendi cﬁf‘grl?ﬂgf‘ h%of rﬂa‘b‘% n‘aﬂ‘ill‘b%@ é’ﬁﬁq}ﬁ‘é{;h&gﬁﬁgwt"?ﬁng?‘ﬁﬂ’on'?;ﬂ‘d M ement ,
wherein t bondj 0 i 1 i b j 22.
The wire BondrAgEaehoq® EOHur Fhe foiEed 56, ptis Rofaihd (0% Wohotes =1,
bondi ng t 9ala RBndstiras g’ £ihe 449 iekeal f 8RS aﬂrééﬂﬂéﬂ?’ef aan g the
el ectrodes cl osest to tthe m d-point. 1 5 JUL 2003 27 Z3. The wre bondi ng
devi cB5 astdeinddthalgin@lryi pldde Ph@reporpbRdentapxd @ble HRBEE ddfadese on a
second i magi nary straight line. 24. The wire bondi ng device as defined in

cl ai m 23, ofhRiginlhhe second i magi nary straight line intersects the

i magi nary straight line on which the electrodes are aligned, and the

di stance from oWkenibensding theridees d0oddir bonding taninbOgtay hedraxad i on to
the second inmagjnary straight line is |less than the distance fromthe

ni d- poi nt 1PSTHR 3HBhPS RyiarRly theapghbod; describBednirFH9%n # ARA nary
| t] th t L f t I i t f .l d th

Sl do of TRE EOM CHTRIS PR ROV O BL8hi 0 TSP FPRLgRE PR i ch
passef t hﬁ\{;vg e aeﬁcf!xeé‘i Nt Oﬁﬁﬁﬁe f%{r{]bc%é %‘Pée&i&é%ét 15%&#&1‘ "G hary
per pendi cular |ine andis parallel o e I magl nary straight 17 ne on which

the el ect fodesrefe dOnetbr +he BErk! £o BANARY edeW,CEhRA €RE %%@ fl)ait hme

23, further “conprising, a pin extending in a direction perpen

I magi nar yt§b 260 M4y aelsed ibedfnl aFé WdutMHEHin 20, DR §EGEPGo

i magi nary straight line, wherein the bonding tool contacts the wire with
the pin fpéendethéengired. e Rere, bowei needieited Pendglieit niasl e daigqar4,
further conprising, a pin extending in a direction perpendicular to the

i magi nar yredqaineedndtandésgoi nan t relettaticahl coumevenionn Wétewesrt ortthe

i magi nary straight line, wherein the bonding tool contacts the wire with
the @5 feledernoddes.l2andAtberiendsniddt-chltevnabiviely, Emsbown ieFig.oduced
by the nethod of any one of clains 1 to 9. .AQAF. Al .AS,. AF(F. Af, . Ay. AY. A
. AS{y. Ay R Asvhadomling o h@pmayghasporedsinfa skryighBEl jwe as far

as the bending position, then the bonding tool 60 moved to rotate

18



. Ay3<j.z ' WAE@{vql gb] X] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

a] ca] ca] ca] ca] cal] ca] ca] cal] ca] caU] ca] ca] calU] cal] ca] ca] cal] ca] caL]] 5a]lk4ha200%
w  <{S b

*f +Q3§ xgn% d_Z])] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca] ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 3uDT! S50Ej M3j " } xsni
d_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalc

?]6? ?(% F ?] E%]bc %Vg]ﬁ kiﬁ} ‘ﬁ&]ﬁﬁ]a. ﬁacraﬁ%lea%]?fa{ %&%&"afBS] %%1? c4a(] c §]°c 3&5? c%‘]‘*’&%] cal ca

LfiLfiLfilﬁ%?aﬁﬁg]g% @nﬁ%g%ﬂxg/a%/;&f &&& T #(b(}((()4*L****}xsnid_Z]]c

a] ca] cal ca] cal C&"h]%"’%fﬁh‘ba] §§]j§?{ﬁélmé%ﬁahﬁah&@dl¥&d aabehipahcalsnd cal cal o
ajc a]ca] ca] ca]

,1,Q1,p, ed to bé fﬂég&Qf é@Oj)dx gyZJH Qd)l,CakCshown, in Fi 1
a] ca] ca] ca ca ca] caj ca ca] caj caj ca] caj ca] ca] ca] ca] ca] caf ca]ca]ca]c
a] ca] cg] Cfa]sC%%dOQi?e\é%liaéideBEZ8n%F8§3€ﬂé5@§é§ 30, to bond the next
6@M5666" 7c77{vgl gb] Xni d_Z] ca] ¢a] ca] ca]ca]ca] c
a] ca] ca] calrcahealieascay] @&&C@ix@adﬂ Gl prdvadida ot aal a2hcad adsdl€ad cal cal
ca] ca]l ca 778D8889. 999: 3: h:

; <= <A<<§ﬂd@mbymwadmm .c'abl]aca&h\] 42 el padvdalddosr ehkasdwsd Leé ca) cal

c a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca
=1 >#>, >k>s)ﬂﬁm9c§?'ene%@mmcm§ﬁwmylxm dehersem g Witoer ca) cal
ca] ca] ca] ca] ca] ca]ca] c aU
al,cal] caUF®dH| QU]I-§a@}PEa]'-€§U] gaurbas) gafealpcalebpe YL Ry C%RJ]TB%G cH] caGQll

;KeK édLM MMM SJ SMEXSuThUUUUVVVWMN WKXX#YZzuoj e [ )]
a] ca] £ c&BFca‘]"’t‘alﬁ Pcaalc%']%afc‘&] &efc*a] o4 d“‘a‘(ﬁ‘l‘,ent of the Pln 40.

a 2%5%2%]%2% SeLEy oL RE - ERnid, Be CﬁLcal ﬁaéjaswmﬁrtzmrb%]wca] cal

S?Lgﬂgﬂa ca ] i c%]lcae] 83]‘6% %%]%% caﬁ ]ccalf’ca?ca'e] ca]]scpa caC] ‘cta! daab
bbc/ ci cccapdpgdde F%f g1 fag?@@agﬁ@mayxsm“o\aﬂaa&aheﬂ tracalraU cal c
a] ca] ca] caJca] ca) ca] cafca] calcalc

a] ca] ca] cakaal e2hme] 62] tReCRIkE] £8] ERdkepeatea! dnd zndyed . kdtky iddddddd | | m-m
m nwnnnooooopNpppg| w mhc”Y] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] calta] sahge} cbhen]|wlén ai bampéd and fixed, the pin 40 can be removed

a] ca] ca] ca] ca] ca] ca] cal qg) qq| r 1sssQ / uMuuuvvOowewomwwwwwzz{ | } } } | | wr rrhc"Y] ]c
] ca] ca] calpatbeir A%tk dizgetigra]wajaouiled ¢9] @aféamp such that t

a] ca] ca] ca]ca]rca]ca lca] ca] ca] ca] ca] cal calcalc

a] cal . j oTRHRLP$¥5upRESFHER] é&Fc&]e &]a(:’a'—]‘?@a] c aj ca] ca] ca] ca] ca] ca] ca] ca] ca] c

Z]LJ](:gLfgL?aj] 8%; ca] %‘&}lh 6\]; ?1& C%al,ﬁ%ré g device operates to

e 3‘3} ﬁ%@%&ﬁ?b&bﬁﬁ] ??L?Eéf%#ﬁh@v%%&/ﬁ?]ﬁ%a%ﬁ?’]f RTINS
2@8 1| WUAWXO* 109&' () - L' MLOYR' () - ! X3f #109& ()-! X3f #109%& ()-!f%dl0%& ()-!Af %40

% ()-4z[ 86miéOndQctOf device and circuit board

109 () -! FA4$109%&' () -! yF4$109099& ()- 0! 109%& () -!ss, s! 10%&' () - EaBPE:

10&S#109%&' ()-F Fig. 7 shows a circuit board on which is mounted an

T1109& ()-f 110%& ()-!1s&10%Id& ()-10%& () - %10%& () - Z@aBPE:

10S@L 0% émbiydimest ( p£f! H 0sdmigondaOvér( dei@H {9 -whidhRthe- fesent
invention 1is applied. To the present invention of a

25 semiconductor device, any of QFP (Quad Flat Package), BGA (Ball

Grid Array), CSP (Chip Scale/Size Package), and other packages

can be applied. For example, a semiconductor device to which
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109 () -, 109%& ()-3*#10%& ()-S) % 0% ()-9''10% ()-r ] _ ° a b dYNC 10 10
10 10@ s109& ()-8s! 109& ()- 96! 109& ()- FA#109& ()-f2' 109%& ()-b o  *faBYNC
10Lf #109& ()-1 | 109& ()-y109%& ()-!' 10907& ()- 109 ()- % 109%& () - Zf +QaBYNC

10Y 109%&' ()-109%& ()-!9%d0% ()-mOo% ()-!10%& ()- @ 10%&' () - 3udEYNC 103

%4 0%&' ()-g&o%«g 2£p51§50%§‘ g%bwn %%Ooe%'g(.) - ?10%&' ()-1110% () - DraBYNC

A semiconductor device 100 comprises a semiconductor chip

10 having a plurality of electrodes 12, a plurality of leads

20, a plurality of wires 30, a resin 110 sealing at least a

5 bonding portion, a substrate 102, and a plurality of external

terminals 104 such as solder balls. The wires 30 are bent to

electrically connect the electrodes 12 and leads 20, as shown

in Fig. 1. In more detail, the description of the above wire

bonding method is applied. According to the semiconductor

10 device 100, the spacing of the wires 30 is large, and therefore
contact between adjacent wires 30 can be prevented.

For a circuit board 200 is generally used an organic
substrate such as for example a glass epoxy substrate. On the
circuit board 200 a desired circuit 1is formed from an

15 interconnect pattern 210 of for example copper, and this
interconnect pattern 210 is mechanically connected to the
external terminals 104 of the semiconductor device 100, whereby
electrical connections are established.

) Next, as an electronic instrument 300 having a

20 semiconductor device 100 to which the present invention is
applied, Fig. 8 shows a notebook personal computer.

It should be noted that the above-described
"semiconductor chip" of the present invention may be replaced
by "electronic element, " and an electronic element (whether an

25 active element or a passive element) can be used in the same
way as a semiconductor chip. As electronic components

manufactured using such an electronic element may be cited, for

20
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U109 ()-!SbC 10 109& ()-t109%& ()-& 109%& ()- 10 10 10,f:
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1109 ()-s! 109 () - Ej aBbC 10Y 109%& ()-L109%& ()- 3

| 109 ()-- 10% () - #10%: ()-!{y310% (& ()-MBj aBbC 10Y
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' ' R, I | /R,
i’og}g%z;& E)%)Ogl\%g;/algé )S@]igo%guctdly c:lh0 /&hg)ll LSG %{eg‘lg%y of electrodes
aligned on an imaginary straight line, such that the

center-to-center spacing of the leads is greater

than the center-to-center spacing of the electrodes;

a second step of bonding a wire to one of a pair

formed by one of the electrodes and one of the leads;
) a third step of bending the wire as viewed from a

direction perpendicular to the imaginary plane; and

a fourth step of bonding the wire to the other of the

pair of one of the electrodes and one of the leads.

2. The wire bonding method as defined in claim 1, wherein

the wire is bent by using a pin in the third step.

3. The wire bonding method as defined in claim 1, wherein
the wire is drawn out to a required length to connect
one of the electrodes and one of the leads forming the

pair, and then the wire is bent, in the third step.

4. The wire bonding method as defined in claim 1, wherein
the wire is drawn out to a 1length 1less than the
distance between one of the electrodes and one of the
leads forming the pair, and then bending the wire, the

wire is further drawn out, in the third step.

5. The wire bonding method as defined in any of claims 1
to 4, wherein the wire is bonded to one of the
electrodes in the second step; and wherein the wire is

bonded to one of the leads in the fourth step.
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10y; intersects the imaginary straight line at the mid-point

109%& () - S8! 10%& 1Q% Fagl B, c 0 | cSY%
L0% (§2!hdSY(Vd.0(VGg(tL)'eEt)§'-@| P %1 /a(;)r $# 10VEc{ dod@BB. LRI HTRCARGA O Lhe
Y% 0% ()-! hycyao%'iepezmmrgm tpeogixg -is bent in a direction

away from the imaginary perpendicular line.

7. The wire bonding method as defined in claim 6, wherein
the first to fourth steps are repeated in sequence from
one of the electrodes closest to the mid-point, so that

all of the plurality of electrodes and the plurality of

leads are bonded.

8. The wire bonding method as defined in claim 7, wherein

the wires are bent on a second imaginary straight line.

9. The wire bonding method as defined in claim 8, wherein
the second imaginary straight line intersects the
imaginary straight 1line on which the electrodes are
aligned, and the distance from one of the electrodes

N) closest to the point of intersection to the second
imaginary straight line is less than the distance form
the mid-point to the second imaginary straight 1line;
and wherein an imaginary line connecting the
extremities of the plurality of leads extends on the
side of the semiconductor chip from a third imaginary
straight line which passes through the extremity of one
of the leads closest to the  imaginary perpendicular
line and is parallel to the imaginary straight line on

which the electrodes are aligned.
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o OO e RS e oo

X#YdYYY#Z[ZdEf[gllM!@$ﬁ;élltmﬁbﬂ)Laagﬁlalingd‘in an imaginary plane

M109%&' ()-y:! 109 () -...! 109 ?'K . .

Tov ()1 22230 A\ SPEBR: FraeintPbegY §F | ViR Rl eP R TP s FiEBoe: () -

109 ()-M 109%&' () - wmapzpp? -cerpfdratto-cegter PARify- of the leads is
109 F*#109%& (

L'S'lo&éf() @S'lo%é §é &Q%ﬁ#fg&%chfer to- centfr spacing of the
0%&'() @B'lo%&'()eﬂeptlgﬂﬁ§KY”@Nﬁ#10%&'() y2t|10%&'() 0 '109% ()-j _

U= xy:/ 10L@#10%&'Q)phurallty of wires electrically connecting the
electrodes and the leads, and bent as viewed from a
direction perpendicular to the imaginary plane, each

~ of the wires describing a loop shape as viewed from a

direction parallel to the imaginary plane.

11. The semiconductor device as defined in claim 10, wherein
as viewed from a direction perpendicular to the
imaginary plane, the wires are drawn out from the
electrodes in a direction parallel to an imaginary
perpendicular line which perpendicularly intersects the
imaginary straight line at the mid-point between a pair
of electrodes at opposite ends of the aligned
electrodes, and the wires are bent in a direction away

from the perpendicular imaginary line.

12. The semiconductor device as defined in claim 11, wherein

the wires are bent on a second imaginary straight line.

13. The semiconductor device as defined in claim 11, wherein
the second imaginary straight 1line intersects the
imaginary straight line on which the electrodes are
aligned, and the distance from one of the electrodes
closest to the point of intersection to the second
imaginary straight line is 1less than the distance form

the mid-point to the second imaginary straight line; and
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14.A circuit board on which is mounted the semiconductor

device as defined in any of claims 10 to 13.

15.An electronic instrument equipped with the semiconductor

device as defined in any of claims 10 to 13.

16.A wire bonding device comprising:

a table on which a semiconductor chip having a

plurality of electrodes aligned on an imaginary

straight line is mounted, and a plurality of leads

aligned in an imaginary plane are disposed around the

periphery of the semiconductor chip such that the

center-to-center spacing of the leads is greater than

the center-to-center spacing of the electrodes; and

a bonding tool for drawing.out a wire and connecting
) the electrodes and the leads;

wherein the bonding tool moves between a pair formed

by one of the electrodes and one of the leads, along

a non-straight line as viewed from a direction

perpendicular to the imaginary plane, and bends the

wire.

17.The wire bonding device as defined in claim 16, wherein
the bonding tool draws out the wire to a length required
for connection of the pair formed by one of the

electrodes and one of the leads, and then bends the

wire.
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19. The wire bonding device as defined in any of claims 16

to 18, wherein the bonding tool bonds the wire to one of

the electrodes, and then bonds the wire to one of the

leads.

20.The wire bonding device as defined in claim 19, wherein
as viewed from a direction perpendicular to the
imaginary plane, the bonding tool draws out the wire
from the electrodes in a direction parallel to an
imaginary perpendicular line which perpendicularly
intersects the imaginary straight line at the mid-point
between a pair of electrodes at opposite ends of the
aligned electrodes, and bends the wire in a direction

away from the imaginary perpendicular line.

21.The wire bonding device as defined in any of claims 16

) to 18, further comprising:
a pin extending in a direction perpendicular to the
imaginary plane and undergoing translational

movement, wherein the bonding tool contacts the wire

with the pin for bending.

22.The wire bonding method as defined in any of claims 16
to 18, wherein the bonding tool bonds the wire to the

electrodes in sequence from one of the electrodes

closest to the mid-point.
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aligned, and the distance from one of the electrodes
closest to the point of intersection to the second
imaginary straight line is less than the distance from
the mid-point to the second imaginary straight line; and
wherein an imaginary line connecting the extremities of
the plurality of leads extends on the side of the
semiconductor chip from a third imaginary straight 1line
which passes through the extremity of one of the leads
closest to the imaqinary perpendicular line and is

parallel to the imaginary straight line on which the

electrodes are aligned.

25.The wire bonding device as defined in claim 23, further
comprising, a pin extending in a direction perpendicular
to the imaginary plane and undergoing translational
movement on the second imaginary straight’line, wherein

) the bonding tool contacts the wire with the pin for

bending.

26. The wire bonding device as defined in claim 24, further
comprising, a pin extending in a direction
perpendicular to the imaginary plane and undergoing
translational movement on the second imaginary straight

line, wherein the bonding tool contacts the wire with

the pin for bending.

27. A semiconductor device with bonded wires produced by

the method of any one of claims 1 to 9.



