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W RE LOOP, SEM CONDUCTOR DEVI CE HAVI NG SAME AND W RE
BONDI NG METHOD BACKGROUND OF THE I NVENTION 5 1. Field
of the Invention } The present invention relates to a
wi re bondi ng nethod for connecting a first bondi ng
poi nt and a second bonding peint through a wire, a
wire | oop having a certain shape and a sem conduct or
devi ce having such a wire | oop incorporated 10

therein. 2. DIsERF pr@Wfy of BN HeOMaVETey PEYICE
- Conventi onal fpgy1id Sani O08S Sw Pke f BN H igﬁ&
sem conduct or device, as shown ?n Fidﬁ@% oﬁﬂgﬁ, Wre
bonding for connecting a pad 2a or a first bondi ng
Poad fram 1 andih R oE il Cuful 800G, %0
|l ead frame 1 an di ng poi nt
1.7 mifelicheo ff etk firmmntlidrhr ough a - wire 3 has been
carrj.ed out. Typically, |oop shapes of the wre 3
Conrdlt iFETHE" 1T P St tE Doriti g ok MGy qrechod
fdmadarded Inppeztidal shapeh @bt rdran gl HeshBonding

shown .in 29¥Figs. 5A and 5B, respectively, as
PO ORI & WEgmplfe vine 1999 hemtidt aNsenhadds, Bewpe and

a GemlRANREE JPalRAt APPFGRY AhcH-al §ridRen JAPLi /I ated
No. 2000-277558. The wire |oop having a trapezoi da
theggd®-shown in 5A is forned by a sequence of steps as

. isn,+FiQ. . [ o t f Fig. 6,
2SR iR tRig & tgﬁr%%;ak%dh%§f§ ep (a) of Fig a

capillary 4 throu ich the wire 3 passes is | owered
and Cenygnit i3@addivch ilvas lpeercefsor med fatbrd cattiimeerd  of
i i ed_to_the pad of .the chip 2. or .
oot S o GoRGPRe RS TROU™ iR d08p CB) Cbi SERgMigd bonding
forheoncapitliingr y #aids 2weptri ealfliy stabsedihg popaitnth Bf a
Iiv$red. Thergafter in ste

while the wire . 30,3 is d
Sef“&fo&du_ﬁi%ﬁ.r 8_,%%8 ?E?;BFF‘F% 43 $RGr TF8HEal §hffofedead 12
ort @ aepohdt béntAng gbhaet ZOBf @PROSkhE kramet hetseerd a

.bondi point Z. In general, such an operation of the
Wlfﬁp'lﬂg?ybﬁepocﬁérle out. Typically, loop shapes of the
wire 3 connecting the first and second bonding points A and Z
include a trapezoidal shape and a triangular shape shown in
Figs. 5A and 5B, respectively, as disclosed, for example, in

U.S. Patent No. 6,036,080 or Japanese Patent Application

- Laid-Open Publication No. 2000-277558.

The wire loop having a trapezoidal shape shown in 5A is
formed by a sequence of steps as shown in Fig. 6. First, in
step (a) of Fig. 6, a capillary 4 through which the wire 3
passes is lowered and a ball 30 which has been formed at a
tip end of the wire 3 is bonded to the pad 2a of the chip 2
or first bonding point A. Then, in step (b) of Fig. 6, the
capillary 4 is vertically raised to a point B while the wire
3 is delivered. Thereafter, in step (c) of Fig. 6, the
capillary 4 is horizontally moved to a point C in a direction
opposite from the second bonding point Z.

In general, such an operation of the capillary 4 to be

moved in the direction opposite from the second bonding point
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noved in the direction opposite fromthe second

bonding point 2 Zis referred to as a "reverse

operation". As a result, the portion of the wire 3

bet ween the points A and Cis forned to* be inclined

and the wire 3 is formed at ap upper end of the

inclined portion thereof with a kink 3a by a | ower end
of the 5 capillary 4. The portion of the wire 3

Zbes weeherhed pob ias A “aede S ¢ huse det ivef ed Zocora esgzorids, the

he hei f_a ortion H por n, of
pégt{mﬁreES %tﬁ%ﬁn ?he pa%e %%dpo§%% EA % § %%dformed to
bam izhcbmsdil Soudt etrtehemmm pD$ tf@fmetrﬂ showm | popdt GendAof the

Subsequent | the capillar

15} 103 Gt Fhbod e r i A SoktAP kY & (Taved rong of the

caideAryes ed TheTEﬁ}tlloﬁl e R Hel hvitfe %’ %et@reetth:he points A
reverse operation of the capillary 4 is perforned

angydf nthys éjEth‘éelf,‘@éblCFQ%l?%ﬁmOfﬂ%s torihome It Ve 1erk

pSPRbMty E b 4 ﬂ{f&ptamr@@ _a%éwmtﬂ%w% and

bondi ng 0|nt the result reverse
thepdtiatk o) taed wtlrlel Tt Hnotsherhd mednaebporan gh shown in
En%%tqﬁglng between the points C and E, and a kink 3b is

ormed in an upper end of this inclined portion of
the &wb%e@.lerﬂ‘&ﬂns iincldtegd by taforFiof. the the e ihisry 4 is
[.i ed Wi const.i tute base rtlo
v IS firost e et 3 pBR e, U L i, g verea.
Thahy), dfn td‘lﬂapM ree lcdoikaviag the thcapazel dal xﬁtapm sdﬁ)wrhe
fter in step

 capl gty o 19 BOrETed Ao G e saR 1A Ry &

hotrie oMd=a 13 lnﬁ)v‘é%ﬂ lt\berae‘ﬂ)cﬂihtaﬂ angttheC QrirRerarMl RHHdBite
25 a_long inclined portion S (or_a gortlon of the wire

from, dfife &1F Cae bOMRR "G PR t t@e | BEdthg) refuihehi FBS

rehv@eR oS R Hth o, 9the5ﬁ1r§U@S%%%e%hbihekh%n&ﬁﬁ'@dﬁ@br%lon
is lowered to the second bonding point Z via

exfesidlingndeftivegind the, pedntisaC ene W.r éng a Kipdndéd itso formed
1nt & ga%rid e%”@'fn%ﬁg' B4 ; %dt g;%rlt%?l o t%% Ihemye

| oop ving a triangul ar Sh hown IS
This inclined portion of the wire 3 thus delivered will
constitute an upper base portion L {(or a portion of the wire
3 between the kinks 3a and 3b) of the wire loop having a
trapezoidal shape shown in Fig. 5A. Thereafter, in step (f)
of Fig. 6, the capillary 4 is vertically raised to a point F
so that the wire 3 is delivered by a length corresponding to
a long inclined portion S (or a portion of the wire 3 between
the kink 3b and the lead la) of the wire loop shown in Fig.
5A. Subsequently, the capillary 4 is lowered to the second
bonding point Z via positions f; and f;, so that the wire 3
is bonded to the second bonding point Z or the lead la.

The wire loop having a triangular shape shown in 5B is
formed by a sequence of steps as shown in Fig. 7. Since the
wire loop having a triangular shape is not provided with an
upper base portion (L) unlike the wire loop having a

trapezoidal shape described above, in forming the wire loop
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formed by a sequence of steps as shown in Fig. 7.
Since the wre |oop having a triangul ar shape is not
provided with an upper base portion (L) unlike the
wire | oop having a trapezoi dal shape descri bed above,
in formng the wire loop 3 of a triangular shape, the
second reverse operation in steps (d) and (e) of Fig.
6 is not conducted. Therefore, in this instance, a

ofteptrhangebarespapes tioet becendpseydyse (epenntioffin steps

(g%g%@% E%{ %# @?g:f%?i fng%gCoga&gFéﬁF;?fﬁjf%%ofgﬂ)ﬁﬂ'%his

ré - particu steps (4d),
itiblamrd, {cited Ehgt doarespdiedsane alset bieeptepsd) (aje) and

b) and o) [ 6, and after the first reverse,
fﬁp%m%ff% 4 i?ﬁmf ) oPERFYT- 76 LfieCEXpiLRPaPYEAONLY in
svept (€aldy ragsed. t MorepPaitc iculdrist,eptdeds ofa)fi gb)7 and

while the wire 3 is delivered. 10 Subsequently, in
(et R ()T of ' %S The tFrme ot | §he ySers fdhed(Phignd (c) of

-Fgc%’i:oé,i Ofify &l r el 8de | Y A BRI S B ad Lo DAY dfep () of

_ (f) of Fig. 6, with the result that the wire 3 .

Fi&. pondete trPihearmechnids Joridiimgp ol maised thea Ik@nt F in

d e MJ e 1 9ap; 1 a4 by; S | ng

sn%h%, a E\#Sgrvm re coine?le%% omrallq:aétj %ﬁl;gcs%éé\loﬁp odpndi ng

Symanuehtdry ,onin hetdeate) lof Hbsy.a Tor dscentashibperag tiwe moved
with an end ortio

resul t..af _crushi of .th .
SRR TS S FAE FRet TS BRRST BT IR0 FRatPRfhsR SteP
(M reef ctrned,i onitdaed redulttaithaan Adeguiatee Ppuld bonded to

strength, .For. .this reasqn, a _bondin thod call ed
he PRl rPé”‘r\"%s%gé’etn t&%&&f@d i ch performs

bal lwHandi R ™ tlhvop eispedrted tWie duh of BdRding method, a

end-bonded wire. As described in Japanese Patent

W%ﬁ?plqoc'f’é‘ﬁc&ﬁ-ﬂ?aiad:- Cﬁ&l?n_sf@l?&qdcé’lqn&’r%.p%lﬂt 1725?>r0,°n_t fing lead
1480 coRIde3RS HRpd NG 3N R hA 12 e CaNhiBRN A% an end
point, then cutting the wire and formng a ball at 25
pamd o plofthencamidd agivd Fiondlhiay dediend % e AsAS1kgAtidy that
thtg;ﬁuliz%e“c%%ek&%ﬂ%'n”%aﬁ’&%'o@ 393 15 O 2RRRrat tRf1 1t R& rength.
For this reason, a bonding method called security
bonding has been proposed which performs ball bonding with

respect to the top of the end-bonded wire. As described in

- Japanese Patent Application Laid-Open Publication No. 57-

12530, this method comprises bonding a wire to a second
bonding point, then cutting the wire and forming a ball at
the tip of the wire and finally bonding the ball onto the
second bonding point again from above. After the ball
bonding, the wire is cut as is or end bonding is performed at
a point which does not overlap the ball bonded position.

In the aforementioned security bonding method, however,
after wire bonding with respect to the second bonding point,
the wire is cut and then a ball is newly formed at the tip of
the wire, followed by ball bonding with respect to the second

bonding point, resulting in the method being time—consuming.
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bonding, the wire is cut as is or end bonding is
perfornmed at a point which does not overlap the bal
bonded position. In the aforenentioned security
bondi ng nmet hod, however, 30 after wire bonding with
respect to the second bonding, point, the wire is cut
and then a ball is newy forned at the tip of the
wire, followed by ball bonding with respect to the
second bondi ng pGUMMARﬁeQEIEHEqINﬁENWéONethod being

CONSUM NQ.. r-oz o5 ===z == ===--=

THE TR Cr i F R0 T8 SR Pas B e et TP

foma;msm‘fg tdm&;acfmretgmeng celf stzhh/amtﬁgesﬂﬁf the prior art.

Acc rd|384 is_an ob of th resent invention

wjrfe 1 h Sri%i ST WS ion

td %rdiﬁﬂﬁab'ae mreemrtaﬂclmlazg/war %m&m%ﬁg@mmﬂan@
secaqnd bondlng point and reducing the time to perform
capalify of enherkHctther i ot nohe et athvaeftgwid

bdr i nlf %0 WiG8 &rREPLARAYL] thed@c\fdnfée AT SR G W Ry .

| oop i ncor por at ed therein. is still another
obj dét it atm?etl]aﬁremeqtmﬁeﬁtﬁlmw Hrcsesemtowrﬁeerstwrr o
Ladi-ng CARaR f..far I In
P accordangghaﬁgﬁla f.ﬁgfggécgbgbo the 6%%§§ht ?gﬂnj

incovertrated thensiime | oop is provided. The. wire Ioop

co r| S MAre Qnne t|n i,rst bandi .
angﬁa égcg%& ng p0| Fiﬁﬁroﬁbﬁselggeg nq%on to

pragdiei anal rei b@nbﬁ@@ meth@ﬂnedpaaueabfextemde@ perid emnre
of the wire wire-bonded to the second bonding point

Lo@Pe hout cutting the wire, the additional wire 20 | oop

bei ng berdedathed ha theeord Rendis ceoiorft tle prddReit
L vicinity thereof while part of t wire i s crushed. In
1nHeBFéP8rrédWéﬁﬁo&PﬁEnﬂSoPrPﬁédﬁﬂese%?e1%%éﬁti%ﬂp gomprises:

a ghgeabbhxeeélhaeaa@qk%tOBedehbepbgﬁesaﬂeyab%eEeh@e@ondlng
point therethrough, wherein an additional wire loop is formed
at an extended portion of the wire wire-bonded to the second
bonding point without cutting the wire, the additional wire
loop being bonded to the second bonding point or to the
vicinity thereof while part of the wire is crushed.

In a preferred embodiment of the present invention, a
plurality of the additional wire loops may be formed and
bonded to the second bonding point or to the vicinity thereof.

In accordance with a second aspect of the present
invention, a method of wire bonding between a first bonding
point and a second bonding point is provided. The method
comprises the steps of:

{a) bonding a wire to the first bonding point;

(b) then forming a wire loop extending from the first
bonding point to the second bonding point by performing loop
control involving a vertical or horizontal movement of a
capillary or a motion of the capillary combining both wherein

the capillary passes through at least one point which has
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bonded to the second bonding point or to the vicinity
thereof. 25 In accordance with a second aspect of the
present invention, a nethod of wi re bonding between a
first bonding point and a second bonding point is
provi ded. The nmethod conprisgs the steps of: (a)
bonding a wire to the first bonding point; 30 (b) then
formng a wire |oop extending fromthe first bonding
beri ndetto t he second bondi ng point by performing | oop

cont ol lt%ﬁé?éé(%@&rabb’ﬁcﬁlﬁcg?hta rwff’é!ﬁ?g%ﬁé E‘B%SHE“BoR&ing

a capillary or a nofion of the Capi y~ conbi ni ng
pdiottty wherein the capillary passes through at |east

one int, which has - -- ==, -, ---- - . .
O1% B8 endi £erlifis an addi FiqRg T Wb RatteR BBrdehirering
tf}ehauWer &vHiOlefj[jp?ezSﬁmmql' @@wt?mg:ortgm%ml;ir(ﬂ)l\fi@ a x;]ertical
rm.n n additiona L r oop | elivering b5 the
o, HaF i @ AT Tod% SR LA 1% i hgiaf 1on OF the
cHEMliaa) coMbiimg Bl wimemBNtef ddie capiy [ s through
motion of the capillary conbining both wherein the

2t dFATarP Pdse P Hrirough chathase dserarfstiterasbi nt - whi ch
hasj@ﬁe%d%géngﬁkiﬁﬂbéﬂg¥ﬁ?uﬁﬂg|éﬁ&¥¥¥%ﬂ5ﬂ?ﬁ§%e loop to
additional wire loop to 10 the second bondi ng point
ther segopile banslimia paindr eof twhithe wWarimisty tthengafe whsile
paGltusiednl 0 ithe aboye gieps, the term "at |east one
poi nt ich "has been set™ nmeans "n" points ("n
i ndileattibeg adoavat wtaps  nuitze e rinh A'ta tarles sedc orsetpadmtt hehich

OB IBLE AR DD 1R PNMANEE A, RS
nubbedi nghaet hee ekdrhecpr esethel RveRdinatet R&kesst@EPSY, Z) in
achheZ%e( ) gt e, ALiernately fepedtsd o plural) by O
molve@patar e

In the bonding method of the present invention, the
steps (d) and (e) may be alternately repeated a plurality of
times, so that a plurality of the additional wire loops are
formed and bonded to the second bonding point or to the
vicinity thereof.

In accordance with a third aspect of the present
invention, a semiconductor device is provided. The
semiconductor device comprises: a first bonding péint; a
second bonding point; and a wire loop including a wire
connecting the first bonding point and the second bonding
point therethrough, wherein the wire loop includes an
additional wire loop that is formed at an extended portion of
the wire wire-bonded to the second bonding point without
cutting the wire, the additional wire loop being bonded to
the second bonding point or to the vicinity thereof while
part of the wire is crushed.

In a preferred embodiment of the present invention, the

wire loop of the semiconductor device may be arranged in such
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20 fornmed and bonded to the second bonding point or to
the wvicinity thereof. In accordance with a third
aspect of the present invention, a seniconductor
device is provided. The sem conductor device
conprises: a first bonding pognt; a 25 second bondi ng
point; and a wire |loop including a wwre connecting
the first bonding point and the second bondi ng foint
2 UREREEFr Bhigh, 2 vRBRERhL EXeohi FBS| ogpi hepatiesiBn Loops are
Lbi 1, oM I j 0 - . .ext end
o T e p o T R A P L bt e
vpelnitw theteoB0 cutting the wire, the additional wire
| oop;bei ng t he secqond bpndjn oint or.to
ot R PR b L a8 E A of O HRY PP el ue s hent iom

the vicini feo

- terpstredde | & il pr ef@ry dohehtdgdi neatt ofn tdteas eglehth enhances

invention,.the wre loop of the sem conductor device )
2 Y DL AIBG R IHEULIFS TBE nereend R HIRAHF 157d which
iofcdpub bl i Blc Mg EHOOPEMAr €0 p&F e andr randed to

the second bonding point or to the wvicinity thereof.
S GIYRIL T FT isi% RREOIGBR hgr P tHeEpraedbiie i iRntdh @
wird GdHPMifenek ndd.e | oop having a certain shape which

enhances a wire bonding strength at the second

bondi ng point and which is capable of reducing the

time to perf i Iy fﬁﬂﬁ ‘¥H§ '

provi ded Mﬁtgﬁ§%%%IQ§%%§é?l Uupqgﬂu a q&?ﬁﬁxgﬁﬁding

met H8E s €1 R rBRICER <DESORICRT sONICF rigHy RDRAWHNGS tlisrsiarand

' n of, the .attendant . advani.ages of

=B R R 1 B Rty B R
apphe catedesonmts bainke beaurterss thead ey ubbleraftexendsy t o

the follow ng detailed description when. cansidered in
roERTASTE &F W TR ORLEG R S e Jon WHer

considered in connection with the accompanying drawings;

wherein:

Fig. 1A is an elevational view showing an embodiment of
a semiconductor device according to the present invention and
a shape of a wire loop thereof;

Fig.-lB is an elevational view showing another
embodiment of a semiconductor device according to the present
invention;

Fig. 2 is a schematic diagram showing the steps for
forming a wire loop having a shape shown in Fig. 1A;

Fig. 3 is a schematic diagram showing the steps for
forming a wire loop having a shape shown in Fig. 1B;

Figs. 4A and 4B are elevational views each showing an
example of a wire loop having a shape like an approach and
landing of an aircraft;

Figs. 5A and 5B are elevational views showing
conventional wire loops having a trapezoidal shape and a
triangular shape, respectively;

Fig. 6 is a schematic diagram showing wire shapes in
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wherein: Fig. 1A is an elevational view show ng an
enbodi nent of a sem conductor device according to the
present invention and 20 a shape of a wire | oop
thereof; Fig. 1B is an el evational wview show ng

anot her enbodi nent of a sem gonductor device

according to the present invention; Fig. 2 is a
schemati ¢ di agram showi ng the steps for 25 forming a
refpectovp Saphgim @ha@@ishbm vhtFi ghe IMpveregt 8fi the

t ram show n teps_for_formn
oS EELRED L f e B St SRl o R Er ez RigL S shown
imandigdB 2&e ®evational views each ShOMAng an exanple
wire, |l pop_ havin e like an approach 30
|an3?h% of Hh &iTTh %‘?’T‘tl% ﬁiagwaﬁla %EE rgtre s apes in
ressyet i-ehad t o VB SAOY Ela t LONVEIEH Oftd b FEmdPOPSE the
havi ng a tr;ge20|dal shape. and a_ triangul ar shape,

CRRELLFEY Vie? yEOIR Ehes wire ket i e k% 3hoWidRe Shown

iMfrgy shapes in ---------- --- ---- 7 respective
steps in association with the nnvenent of the
capillary to formthe wire loop of a trapezoidal shape

shown in Figgha3Aip @A S ol HR B STRiAfr fhadr am

showi ng wi
assdéiwat irvisie hladre rovesreitornfutter dapided and t wire

PR A o AR A e R 0 e

deascmut:@d Oy laasfemrc ondiic trey f ededricee tand ke \ﬂdc&:mpanylng

B PR 20COA g Lo Lhe prese IIVENLION Widce.
ar@C GerpAiikg b aheN@anien rdficaterddKeRalact d @adinefral .

theEﬁS%ﬁ&%ng f%%%ﬁ?to Fig. 1A, an embodiment of a wire
loop and a semiconductor device 10 having the wire loop
incorporated therein according to the present invention is
illustrated. In the semiconductor device 10, a semiconductor
chip 2 is attached to a lead frame 1 and is provided thereon
with a pad 2a which is a first bonding point A. The wire
loop of a wire 3 is formed to have a trapezoidal shape in
general and includes a neck portion H having a ball 30 bonded
to the pad 2a or first bonding point A and a major portion
consisting of a horizontal upper portion L and an inclined
portion S which has an end bonded to a lead la of the lead
frame 1 or a second bonding point Z. The horizontal upper
portion L of the wire loop i1s provided at the opposite ends
thereof with kinks 3a and 3b.

The above configuration of the illustrated embodiment

is approximately the same as that of a conventional

semiconductor device. However, the illustrated embodiment

has a major feature in an area in the vicinity of the second

bonding point Z.

More specifically, after wire bonding at the second
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are identified by the sanme reference character or
nunmeral. 15 Referring first to Fig. 1A, an enbodi nent
of a wire |oop and a sem conductor device 10 having
the wire loop incorporated therein according to the
_present inventionis illustrgted. In the

sem conduct or device 10, a sem conductor chip 2 is

attached to a lead frame 1 and is provided thereon 20
bwl@hn% patnRa #hiaRditiansgirevirgohdppgipofarmad Thehout

lg@@ QIr@ mﬁﬁgdﬁoﬁé S rfgdcégr 2Y €, ?ttgéﬁﬁﬁglggéond

ape in general I nc u es a neck por
b@ndmﬂ@ ﬁmHMDndEdlntbhéhEl@BﬂlQﬁ bMefémstwhthlp@rpooﬁtthe

and_ a Iy por.t.i.on onsi sting of. a horizontal |,
A RDets P eTOTE L AR AR IO HRF ST TG S A EH Had 0 £
haare wgmmdmbp Opﬁmlrfe@@kjlnﬁlﬂﬁ am%mmfgea res@din@radea at
secon oi nt, Z. The horizontal upper portion
ﬁ?(ﬁeqqﬂéwb Qéaﬁhup?%P brovided at the opposite ends
thereode M #Hi ok SwB81 apd $hved NeeRDOYE LONEMSHEBRERD of a

of the illustrated enbodi nent 30 is approxi mately, the

wigggrdond inpamethed s inhdlc WeririorRiet ok g en for
H@%\ﬁ%{g e dddistiatad erindidenty 1as.? RPg. 14 and a

feature in an area in the vicinity of the secon
shegediaig t9e mize vore Spewd ikoaltihe mftherd wiirtéh btmﬁﬁnﬂ;ﬁce to
%f the second 8 bonding point, an additional wre
oop is formed without cutting the wire, and bonding

I S Clar rategb oft) adf thegsél:,ortdle ttm;diilrﬂgam_,oimtisnrlcbwe:tdftb SO
vi.ci_nit rt t wre |s r.us
R Rl el S i i Gl Ra b e i Faided o
thw I‘f&ﬂs@:OfD)o@fdi\tigj@ﬁJl\Mﬁ a.anTashar gadshepdi(by aregiat 2, the
second ,bondi n int. A descrlptlon will he given
a2 I o oL 18t T4 S5t & oo et g fHE wire
3 Q@C@kqhﬁ@r@@_the present i nvention for obtaining the
sem _conduct or device 10 shown in FI%. 1A and a 10

shagesdreaitesni rid 156 fSInedf By %-hed mét HEF Sfiteh operation
off €herene81t@ry 4 is carried out, i.e. the capillary 4 is

horizontally moved in a direction opposite from the second
bonding point Z to a point C. As a result, a portion of the
wire 3 is slanted from the points A to C, and a kink 3a is
formed at an upper end of the slanted portion of the wire 3.

The portion of the wire 3 from the points A to C
constitutes the neck portion H (between the pad 2a and the
kink 3a) shown in Fig. 1A. _

Thereafter, in step (d) of Fig. 2, the capillary 4 is
vertically raised to a point D while the wire 3 is delivered.
_Subsequéntly, in step (e) of Fig. 2, the capillary 4 is moved
horizontally again to a point E in the direction opposite
from the second bonding point Z, i.e., another reverse
operation 1s carried out. This renders the wire 3 slanted
from the points C to E and having another kink 3b formed at
an upper end of this slanted portion of the wire 3.

The portion of the wire 3 from the points C to E
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Fig. 2. In step (a) of Fig. 2, the capillary 4 is

| onered, so that a ball 30 forned on the tip of the

wire 3 is bonded to the first bonding point A Then,

in step (b) of Fig. 2, the 15 capillary 4 is

vertically raised to a point,B while the wire 3 is
delivered. Thereafter, in step (c) of Fig. 3, a

reverse operation of the capillary 4 is carried out,
cpngtitpbegapht| apyes perthoni kotbakwgenotbd kanks 3a and 3b)

o@'Eﬁgttgg?8g§9§55ﬁ0&£09+§P%gsefﬁndzﬁ? é%f%@@ po'r%;ep

portion of
OQIEngederbhetheppblatg A 19 Gerandadlki nkidadi 8o a point F

fo t an, upper.en f t he s| ante ortion,of the '
b RS B HRr S 18 G Dt ket e ey 55 {1 sROFhe Eb?ﬁtgoaresponds
t & ot e chmsl i had epofb.ﬁoﬂfﬂeskoﬁoﬁﬁé opi He (BetyeendiNg Pétveen the

ak dth 25 kink 3a) shown in Fig. 1A Thereafter,
kim s&%parﬁ‘g) Bt Fead 126 t Hdsapiin a?rt;ﬁm % Serfi%aldry the

cé@i§E£r§04alﬁol@&e£e&m¢i§ é$§hﬂ!6ﬁb3ff§nﬁﬁhbv%6ege located
Subsequently, in step (e) of Fig. 2, the capillary 4

af sthgvirromorbording RO Hyai i twhereey nthE vhrehd 1s bonded
t &I F1R0Td Qb APRASA S £0 P gjgfrpgnghe second bondi ng point Z,

I.e., another revers operation is carried out. This
r ender@ugthelmi @ ecet it el fwine theomo@ﬁte Crape 2o bl

n fo d e of t

SRR AR S G IRES e, AAPREY Uit ety

raBLEfEermd ke ppointt ¢ Gt sted (gonsd iRld .esZ tJh'E tippermbodiment
i an L et ween the Kki.nks and.

fr apezpmed'S howrd TH B G "@B} tg}eea‘ﬁ’é‘? 3|hs %[%g t{gyed- Next,

irofstiirg. (1, dherieapid,| ahe 4dps Merdty caallsy Haxtisethtad 1y moved
oint,F othat the wire 3 is deljvered by a_length

t f‘*eslﬁbrme SIS THET FOvWaTey Jd%% tshandifg point

A Wd es?s X R e Retrren tthlee seddig %mdmg ftﬁ;ﬂxﬁact | arhis

Then, in step (ﬁ% of Fig. 2, the capillary IS
rqnéiﬁérrsedﬂ\ﬁ o |Sdﬁ§1tfed &R £hep Igad é@attéu the point H.

Thereafter, in step (i) of Fig. 2, the capillary 4 is
vertically raised to a point I while the wire 3 is delivered.
Then, in step (J) of Fig. 2, the capillary 4 is horizontally

moved to a point J in the direction toward the second bonding

point Z. Next, in step (k) of Fig. 2, the capillary 4 is

lowered, so that the wire 3 is wire bonded onto the second
bonding point Z or to the wvicinity thereof.

It is to be noted that steps (g) to (k) of Fig. 2
correspond to the steps (d) and (e} claimed in the claims of

the present invention. Performing these steps forms an

additional wire loop P and crushes part of the wire 3, to

thereby enlarge the bonding area at the second bonding point
Z, resulting in a bonding strength at the second bonding
point being enhanced. It is to be noted that steps (g} to
(k} of Fig. 2, i.e. the claimed steps (d) and (e) may be
repeated a plurality of times.

In carrying out the above steps, loop control is
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at the second bonding point Z, whereby the wire 3 is
bonded to the second bonding point Z. 10 Though in a
conventional wire |oop of a trapezoidal shape, the
wire 3 is cut here, the capillary 4 is vertically
raised to a point Gin step (g of Fig. 2 in the
enbodi nrent of the present invention while the wire 3
is delivered. Next, in step (h) of Fig. 2, the
penpprmed yby $&thibng zoim abdlyanoweda 151t oa bippi of phésing
i recti.on ward the first bonding,point. A so as
P %’gﬁﬁgv‘éfm‘lé%' f’ﬁ%m t heoge’%}&% dc%ﬁ§$%5Y poi Ritsng TS movement
on etler sodhdlvatre Bxesd aX edyf rom sbeshead 1@ togt hea.

Oi H_ Thereafter, in ste i) of Fig. 2, the ,
Popi TR TR Gorthe PFoSPar s sl eRt sopa; Hel 1o ppplling 2
bdhging ret dergcel f Ve sam01 dReD, dis$teP {de@icFlon of

2, the capillary 4 is horizontally noved to a point J
Chey 11 diG SQUDIT BV dL IR ST OFRIMBAITRA rifl tipoieruZ LY

bd¥exdng i Stddt 1¥ndi Gy ﬁ%oﬂggé&QH%h{ Yo A H St ?%Fprises

| owered, so that the wre 3 i's wre bonded onto t
bantigittl @ boiddi @ péientseaard thondinairdinitty ttheesr epftt 2%y the
il de i .t hat )yt 0 L ig. .
ch%er r%s&p glr?gﬁ o%%%gnlglt%gp?s %ag)% aa(ntg t(}%ae) tt(:ﬁ@aio?rge hle?] "Pﬁree’ and
figladils befl 1 eedimgs et they eridoond HReerdiorgriprg rtthesmin from
s formse an additional wire |oop P and crushes
part” of the wire 3, to thereby enlarge the bonding
ar edicat, tshelesexrdmd ilbondiing. e ifidh AF resdHdMEnbod@iment

ndi ng _strength at e second ponding. _point bein )

oo aae PEPHEREo e ARG GECATAL TG Gs t1g) PRgsSal Jgrention
folrl @btdining. at BemgkanmmetIreprWide andacekndn & Fig. 1B

repea%gg a %Iurality of tinmes. In carrying out the
angh Gy §hePEpSE F88pYeERt FEPE Lormese ProtREI T host Mildd
reif@ragdvangs, ragpl grality of passing points nl, n2, '

n3.... of the capillary 4 during its novement on the

coordeRat d2axé (X) ¥n Ejldas 3skéwn the mage Ba steps (a) to
(£7ehRoe; gl bhe,ppesgntnbayenbs@t: pphbhe,§abhing dtred.
Differences lie in steps (g) to (k) shown in Fig. 3. More

specifically, in step (f) as shown in Fig. 3, the capillary 4

'is lowered via positions f; and f; to be located at the

second bonding point Z and the wire 3 is bonded to the second
bonding point Z. Thereafter, in step (g) of Fig. 3, the
capillary 4 is vertically raised to a point G while the wire
3 is delivered, and in step (h) of Fig. 3, the capillary 4 is
horizontally moved to a point H; in the direction away from
the first bonding point A. This renders the wire 3 slanted.
Then, in step (i) of Fig. 3, the capillary 4 is vertically
raised to a point I; while the wire 3 is delivered. Then, in

step (j) of Fig. 3, the capillary 4 is horizontally moved to

- a point J; in the direction toward the first bonding point A

(or second bonding point Z). Next, in step (k) of Fig. 3,
the capillary 4 is lowered, so that the wire 3 is wire bonded

to the second bonding point Z or to the vicinity thereof.
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5 bonding strength of the sane | evel, ensures a
reduction of the tinme to forma wire |oop, as
conpared with security bonding - a conventionally
proposed nethod - that conprises bonding a wire to

t he second bondi ng poi nt, thﬁﬁ_cuttlng the wre and
newly formng a ball at the ti'p of the wwre, and 10
finally ball bonding to the second bondi ng poi nt again
fromitabeveo Newnoaedesbricpsiepswi(b) he QRVenfoﬁlg 3

th dj f th
4RRA DS P AE r 2" Brikhe B8R0 B SRorhg mresent
iseahtoodUctmyr ieni ey hase ok idriBies Mhd Sviangd B as with

shape of the r Ioo f or med b the nethod with .
STHEPRr EAtet?ol ﬁﬁgOfS gte%s £Q) therepy enlgrge shgrkonding

atdg SBMEnASsSESRS Kendifg Hbint NzFi Besdit 8 SR LhBbfding
descrlptlon will be omitted. Differences lie in st eps

SEEFREER (XY ShRwherandt @On@an@la‘g Bpbegferhangedin It 1s
tétﬁ@ {dd e @St ROV Lhs @) Bo gg?tgﬁpfi+ar§ 4 &S t?ﬁ claimed

| onered via positions f; and ocated at t
SE@@%nbﬁbomﬁ nge )po¢f1ttlze aproe s¢ret wineeBtien bonylgeke tvepdrted a

b point Z. Thereafter, in step (g) of
p%ﬁf é (ﬁg cap|1lary 4is vertlcally raised to a
p0|nwlthwmméﬁet$9epwrelﬂ51§ pessighlyetedobaatnia wiep loop
h. the capillary 4 is. horizontally noved
hging 2 RS TS 1 A Sy TIHHE (T 3 A Eeraft as
sHondiing mioy Nt4rPA.wilth pdendel sHdavivd 3 pataread.y touching

. Then tep,. (i) of, Fi the capillary 4 is
tl%ﬁersm%qiﬂ %‘fs@é&wtagzp&mtaqwsv&we Fhengpd P§ Lhe

nidnagy etk t-H%erbapﬂ.l?quﬁ edhdd )erﬁfarﬁlghg £ Bchﬁjlng strength.

capillary 4 is horizontally noved to point J, 1n
t he BH9ecth ditq swaRdl The s JWEIWW rit Wl%%’fﬂar

nds RoRdinng PGk rqt %), N‘-?L)%t id rﬂa&és%@)l(é()tcpfokﬁﬁn 3 wire

shefed
the capillary 4 is owered, so that the wire IS wre
Lasgnded indo & w@ag@:dﬁdceomduarmvrmqh azmbrlatrwhm% of an

r}f'tt “%%r nl trsls notad shnat sheps. (9) to
al\(g(;ya corresl onof1 to%t he ?15' rredmsateps ‘(d) and
(eﬂhllsfﬁpgbaﬁnmned that while in steps (g) to (k) of Fig.
2 or in steps (g) to (k} of Fig. 3, the capillary 4 is moved
either in the direction toward the first bonding point A or

in the direction opposite therefrom relative to the second

‘bonding point 2, but the direction is not limited thereto and

any direction can be selected in the 360° range with respect
to the second bonding point as desired, thus making it.
possible to obtain a wire loop having a form different in
orientation of the crushed wire. In addition, a bonding
strength of the wire loop thus obtained is similarly high.

The present invention is applicable to manufacturing of
a semiconductor device as a wire bonding method that provides
a high wire bonding strength to bonding points and reduces
the time to perform wiring.

While the illustrative and presently preferred

embodiments of the present invention have been described in




i nvention. Perform ng these steps crushes the wire 3
as wth steps (g) to (k) of Fig. 2, to thereby
enl arge the bonding 5 area at the second bondi ng poi nt
Z, resulting in a bonding strength at the second
bondi ng poi nt being enhanced.;J4t is to be noted that
steps (g) to (k) of Fig. 3, i.e. the clained steps
(d) and (e) of the present invention nay be repeated a
dptathl heyedn, t{eds 10 Methnddeskosdepbati thesinventive
E j t aj i.re | oo V] . shape .l i ke. an
R Al PSR B b S B s LT oA ANRE e i et ana
tHAr vihd papenddd thbaims eaBe panadhédd ytd obehtogsttihed to
. second bondin oint_ Z by adjusting an ampunt_of the
LRERIRNTIGl (Re RAPTRE aP3ooR huth e gl S bErdi g the
psisength. 15 Even in the case of a wire | oop having a
triangular shape as shown in Fig. 5B, it is possible
to obtain a wire 1oop having a shape |ike an approach
and | anding of an aircraft as shown in Fig. 4Bin a
simlar manner. It is to be noted that while in steps
(g) to (k) of Fig. 20 2 or in steps (g) to (k) of
Fig. 3, the capillary 4 is noved either in the
direction toward the first bonding point A or in the
di rection opposite therefromrelative to the second
bondi ng point Z, but the direction is not limted
thereto and any direction can be selected in the 360
range wth respect 25 to the second bondi ng point as
desired, thus making it possible to obtain a wire
| oop having a formdifferent in orientation of the
crushed wire. In addition, a bonding -strength of the
wire loop thus obtained is simlarly high. The present
invention is applicable to manufacturing of 30 a
sem conduct or device as a wire bondi ng nethod that
provides a high wire bonding strength to bondi ng
poi nts and reduces the tinme to performwring. Wile
the illustrative and presently preferred enbodinents
of the present invention have been described in
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12 detail herein, it is to be understood that the

i nventive concepts may be otherw se variously
enbodi ed and enpl oyed and that the appended clains
are intended to be construed to include such

vari ations except insofar as {4mted by the 5 prior
art. 13 CLAIMS: 1. Awre loop conprising a wire (3)
connecting a first bonding point (A) and a second
CBBAUPAG point (Z) therethrough, 5 characterized in
that: an additional wire loop (P) is fornmed at an
extended portion of the wire (3) wre-bonded to the
secohd bow@rﬁgIOQpiﬂompZisﬁhghauWiratKBmgcthemtiBg a first

I P),. bei ng. b to th
beRnb BaRAf nb Dorhe 1 5 o6r P L6ALRE BPLFR 16! « hapbgfhroush,
cmnraet@alteﬁflthhMtre (3) is crushed. 2. The wire

lurality

| oop_as n claim1, wherein_a of

t he ﬁﬂd?ggbhé?n %l¥%ogéoPF§PérésfBPH%gdaﬂH a%oﬁ%%ﬂnded
péotide secems ponsi M) peiAt-Kdnded €6 the ¥é&bid tondPng

thereof. 3. A nethod of wire bondlzg bet ween a first

p‘EJ’oWoll ey "bb?li‘ﬂuf( AWENER @ e ot Dohdll ngt i addftAcnal wire
163 ast eaélz Mhdéchaio @Qeté@ccg%% SOPTH SRS t e O O

steps of bonding.a wwre (3) to the first bondi
tfrﬁn‘fﬂtcxm)ty 1{be)retCht‘:e iokeripRE . af rehe ovirext®ndimgErushed.
fromthe first bonding point (A to the second

bondi ng point (Z) by performng |oop contro
[ nvoﬂi viThe avver tiog) a defizehthal @imvenertiesdim a

Iégy:%q%h C%Pg?aloﬁ'%% %? ca Iliﬂr%g&ﬂ)ormed and

1lr
I ni-ng e a
bdri’de[d.lgj”o athe |lsmasidmerpbirng pahireh (hzas dead I8ie fiR)inity
to the second

Y
tg¥g§¥qter bondi ng t he mnre (3)

3. A method of wire bonding between a first bonding
point (A) and a second bonding point (Z), characterized in
that:

the method comprises the steps of:

{(a) bonding a wire (3} to the first bonding point (A):

{(b) then forming a wire loop extending from the first
bonding point (A) to the second bonding point (Z) by
performing loop control involving a vertical or horizontal
movement of a capillary {4) or a motion of the capillary (4)
combining both wherein the capillary (4) passes through at
least one point which has been set;

(c) thereafter bonding the wire (3) to the second
bonding point (Z): |

(d} then forming an additional wire loop (P} by
delivering the wire (3) while performing loop control
involving a vertical or horizontal movement of the capillary

(4) or a motion of the capillary (4} combining both wherein

the capillary {(4) passes through at least another point which
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bondi ng point (Z); 30 (d) then form ng an additiona
wre loop (P) by delivering the wire (3) while
perform ng | oop control involving a vertical or

hori zontal novenent of the capillary (4) or a notion
of the capillary (4) conbining both wherein the
capillary (4) passes through 3t | east another point
whi ch has been set; and W subsequently bondi ng the
addi.tional wire |oop (P) to the second bondi ng poi nt

has hRen Fe%e a1tinity thereof while part of the wire
(3) i@ crégthudntty B i b def.ined |
claim 3, wher eluh t-hey st qp%q{bg)agenﬁ%%ﬁ%laﬁ{lg%ngtoéﬂ%y (%)
toepbs sfcend honding elointi nid, oo tichathea vilednakivt yhefreos
whi 8 ca i i ¢ 3 0 GP re formed and bonded
to th’%gé:c%tg\gngﬁrﬁj& Bgﬁntls)( f)r%os‘r%etdg' 10 the vicinity
thereof. 5. A sem conductor device (10) conprising: *

firsy b [ int (A * seco bondi n int (2); .
and 15 gﬂ% %%nlog W%E%S i A ge%gpgd(gp g&ﬁg@cginﬂk?ﬁ@l“
ther stepborid) ng-nrigi(eo hééae amdgthgt_wwﬁdpb@ﬁﬁa ng PohPhlity of
t her oug characterized in. that: the wire
cifSs | BE EhRE A PLuER T ERerEurie pdebtinsal neire toops (P)
aterferhet andeBbeaee ot POothé 0fe@bnd oMl fy (Mint (Z) or to
t%ére:bonded, 20 to the second bonding point (2)
Yoot Y t FReFe®E wire (3), the additional wire
| oop (P) being bonded to the second bondi ng point (2)

or to the vicinity thereof while part of the wire (3)
is ctudhetembsonrlugier dawemdlitdorcatav icsiras def i ned

e ﬁ‘*‘%’? B B onded o the second
bond rfpPBIhtbqEing pdnthe(z)vi gimd ty t her eof .

a wire loop including a wire (3) cennecting the first
bonding point (A) and the second bonding point (Z)
therethrough, characterized in that:

the wire loop includes an additional wire Joop (P) that
is formed at an extended portion of the wire (3) wire-bonded
to the second bonding point (%)} without cutting the wire (3),
the additional wire loop (F) being bonded to the second
bonding peint (2) or to the vicinity thereof while part of

the wire (3) is crushed.

©. The semiconductor device as defined in claim 5,
wherein a plurality of the additional wire loops (P) éi:'e
formed and bonded to the second bonding point (Z) or to the
vicinity thereof. |




