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WIRE LOOP, SEMICONDUCTOR DEVICE HAVING SAME AND WIRE
BONDING METHOD BACKGROUND OF THE INVENTION S 1. Field of
the Invention The present invention relates to a wire bonding method for
connecting a first bonding point and a second bonding point through a
wire, a wire loop having a certain shape and a semiconductor device
having such a wire loop incorporated 10 therein. 2. Description of the
Related Art Conventiopally, in g pr ricating jconductor
device, as shown in%lg%:gSﬁdo@%B,%v%l??%@rgg%%gcg%ﬁ%g a pad 2a
or a first bonding poiatik of AM5 deémhictndictsPthipattadhedtio a lead
frame 1 and a lead is or a second bonding point Z of the lead frame 1
through a wire 3 has been carried out. Typically, loop shapes of the wire
3 connecting the first WWWn@H@inWKF%W@NnCIUde a

Ltrapezoidal.shape-andha giangetar shape shown in 20 Figs. 5A and 5B,
respegtively, as disclosed, for example, in U.S. Patent No. 6,036,080 or
Toarls PaERE RGN LA ST BaB o 146 Ho00es e, met hod

fThe wireloopaying d trapezaidakshapershiown kA is fermetibyanding
sequence fus ps.as shown in Fig. 6. First, in 25, step (a) of Fig.. 6, a.

pcapilla}ry 4r%1r§§g%W‘”ﬁ%c%etheawiwel%%agggg is 1owersd én& %rb%%lgb whicRe and
ahashecnteiniddat detipend bitherwire 8ds bended o thecpad.Baof therated

tEBIPe2 1 .
2. Description of the Related Art

Conventionally, in a process of fabricating a
semiconductor device, as shown in Fig. 5A or 5B, wire bonding
for connecting a pad 2a or a first bonding peoint A of a
semiconductor chip 2 attached to a lead frame 1 and a lead la
or a second bonding peint 2 of the lead frame 1 through a
wire 3 has been carried out. Typically, lcop 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.5. Patent No. 6,036,080 or Japanese Patent Application
Laid-Open Publication No. 2000-277558.

The wire loop having a trapezoidal shape shown in BA 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 1is lowered and a bkall 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 (¢} of Fig. 6, the
capillary 4 is horizontally moved to a point C in a direction
opposite from the second bonding peint 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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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 30 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 2 Z is referred to as a "reverse operation”. As a

result, the portion of the wire 3 between the points A gnd C is formed tq
b hCRES B inG Wirkos o foriad ot an UHLer Endl oy the WrolmeRE o1/ Ehe
ppartionrtherbof withval kink 3adwy/tartowerend gfdhe Gcapillanyl4CThe formed to
oRortign of fhewile S betwagn e points &, and £ IUSHRINEIRL ong of tne

corresponds to the height of a neck portion H (or a portion of the wire 3

1 petveenthe pabizaiand ahe kinkdd) artl Willcondtitute the Aeckeportion of the
cHshownip Fig. 5A.c1Q.Subsequently Jinsten (d) of Rig.«6,4be capilaty A nts A

is_vertically raised to a point D while the wire 3 is delivered. Then, in step
() df Fig: '8} thé feviisé Bpertioh of thé! tapilahy’4 id'pédtrmétf agaih®=*
phetthercapillapr-4 is therizontally movesd toiarpoint bdf thesdirectionoad 2a and

£QRPosite 1S, om.the second bondina.gint 2. /4s the fesult of this, reverse,
operation, the'wire 3 has another inclined portion ex%en(‘?lng stween the
Fpgint$SE.and E, and a kink 3b is formed in an upper end of this inclined

portiog pf INe W3, in step (d) of Fig. 6, the capillary 4 is
vertically raised tc a point D while the wire 3 is delivered.
Then, in step (e) of Fig. 6, the reverse operation of the
capillary 4 is performed again, i.e. the capillary 4 is
horizontally moved to a point E in the directicn cpposite
from the second bonding point Z. As the result of this
reverse operation, the wire 3 has ancther inclined portion
extending between the points C and E, and a kink 3b is formed
in an upper end of this inclined pertion of the wire 3.

This inclined portion of the wire 3 thus delivered will
constitute an upper base portion L (or a porticn of the wire
3 between the kinks 3z and 3b) of the wire locp having a
trapezoidal shape shown in Fig. 3A. Thereafter, in step (f)
of Fig. 6, the capillary 4 is vertically raised to a point F
s0 that the wire 3 i1s 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. Subseguently, the capillary 4 is lowered to the second
bonding point Z via positions f; and fz, 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 1is
formed by a seguence 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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This inclined portion of the wire 3 thus delivered will 20 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.
Thereatfter, 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 25 a long
inclined portion S (or a portion of the wire 3 between the kink 3b and the

lead la) of the BASﬁire IooE shown i Fi% 5A. Subsequently, the capijllary 4 is
Yowdréd t6'thesetbna ‘Sgﬁdiné% int ZVid Postions iand 12 86 tat the Steps
(wire &nis Hendeditorthg se6ond bondinggointc erithe [Baddar3G dhe wirechis

N having a triangular,shape shown in 5B is. formed by a sequence of
lﬁ%g% %Cs:es’hoevns?rtl%g%% aSng1 ncgg ﬁ?ee %ﬁ?enlcé%p %%virgr}%ea f%/ité%ﬁlet{r S hp?ael and
{foteprovided With dn  @pperibase porion (LFunlkeths wirdloopthaving/a 1 n

strapezoidal shape desgribed aboveinforming the wiredoop 3,ofa 1y ang
triangular shape, the second reverse operation in steps (d) and (e) of Fig.

(&1s RSt corflucted® Theréttre: 3 thid SndtaRice B B®p thar coffespods t6) ©F
rthe steps ()« (e) ane- (frexcept fosf], apdd2ef gt is-carfiedoutoaly incy of

iR @ EL LMy poen, s )0 g OEG T e
saperatidn irvstepi(g) of/ Fighi7, ¢he tapitaryl i3 vestictly raiseddo a point

SEI&% e%%%rq\j;)ﬁ!,':igh7 g\’@g% ﬂ]% Wirgf?' i}:si%e.livgr,edthe capillary 4 is moved
via positions e; and e; in a manner similar to that in step

(£) of Fig. 6, with the result that the wire 3 is bonded to
the second ponding point Z or the lead la.

When a wire loop is formed by such a bonding method, a
wire connection at the second bonding point Z or on the lead
la has a crescent shape as the result of crushing with an end
portion of the capillary, so that there is a possibility that
the wire connection cannct maintain an adequate pull strength.

For this reascn, a pbonding 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 Lald-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 1s or end bonding is performed at
a point which does not overlap the ball bonded position.

in the aforementicned security bonding method, however,
after wire bonding with respect to the seccend bonding poeint,
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.



10 Subsequently, in step (e) of Fig. 7, the capillary 4 is moved via
positions el and e2 in a manner similar to that in step (f) of Fig. 6, with the
result that the wire 3 is bonded to the second bonding point Z or the lead
la. When a wire loop is formed by such a bonding method, a 15 wire
connection at the second bonding point Z or on the lead is has a crescent
shape as the result of crushing with an-end portion of the capillary, so that
there is a possibility that the wire connection cannot maintain an

adequate pull strength,U FD% this Jeason, a b\o]ndln method called security

20 bonding has beenf)fopesedﬂmgfgh—peﬁem@lgil%ondmg with respect

ftheptopaithe end<uonded wire. As descoribge innJapanesefPatent foregoing
dis ad@QR'&%@}&“ Laid:Qpep Pyblicatign No. 57- 12530, this method comprises

bonding a wire to a second bonding point, then cutting the wire and
ForRing aBall at 25the tipeARenGre and finally bondiresthetballon®ethéon  to

provjﬁﬁcogd honding peint ﬁga'tthfgor@ above. After the,ball Hending;the wire.isi of
cut as is or end bondlng is performed at a point which does not overlap

enhang R hIhokidéd postioh fh tha af8eniertionéd Ssec%?ﬁ;?bgr?diﬁé?ﬁetﬁ(?d“t and
reduCh@geV‘l@le 30 after winedhamding withimegpect to the second bonding point,

e Wir S ly formed at the tip of the wire,
Z%Ilo\%lvie%égf %E% }%lﬁg%vl\ﬁ%#es%%\gt%g%h é%(azsond% bc%)f[{'L ﬁa%o?ﬁ ‘provides a
semi creRGRire iR tHE féthodeing tiffe-donsuifink>dr SUMNIARY ORFHE erein.

ANYENHON erpbodiment of the present lnvention provides a wire
bonding method capable of forming saild wire loop.

A first aspect of the present invention provides a wire loop
comprising a wire connecting a first bonding point and a second
point therefore, the wire being bonded to the first bonding point
and then bonded to the second bonding point, characterized in
that:

An additicnal wire lcop 1s formed at an extended portion of
the wire wire-bonded to the second bonding peoint without cutting
the wire, the additional wire loop bkeing bonded to. the second
bonding point or to the vicinity thereof while part of the wire is
crushed, the additional wire loop having a folded portion leocated
on a side of the second bonding point nearer tc the first bonding
point.

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.

A second aspect of the present invention,provides a method of
wire bonding between a first bonding point and a second bonding
point, characterized in that:

the method comprises the steps of:

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

() then forming a wire loop extending from the first
bonding point *to the second bonding point by performing loop
control involving a wvertical or  Thorizontal movement of a

capilliary or a motion of the capillary combining both wherein the



The present invention has been made in view of the foregoing

disadvantages of the prior art. Accordingly, one embodiment of the

present invention to provide a wire loop having a certain shape which is

capable of enhancing a wire bondin% strength at a second bonding point

and reducing the time to perform wififig. An alternate embodiment of the

present invention provides a semiconductor device having said wire loop
capilineeiperated herein. Afirther embadiment gfthepreseptinventionn set;

rovides a wire_ bonding method capable of forming said wire loop. A first

EShect GRS Br&Sa THVEHISh FrovidEs & wire Io8F COMBRSHE RS Point;

tohnedting atfirstbhonding: peidtiand ansécowd rpointdberetoye, dhe Wikter ing the
wire 0SNG bonded g he first bonding paint. and then honded tathg second 2y

__bonding point, characterized in that: An additional wireloop is formed at
capilafBkte hAER pBRTtH of” Bie wWirdwiréIsondEti toahe 'seEondBbHEg poirfthereot
whereWtheutcuttipg 1 thenwirg.theadditional yvireloopcheing bopded to the nt, which
. second honding point or to the vicinjty thereof while part of t[ge wire is
nas LEGdned te arc]ig |ﬁc‘32'r$§i wﬁ%ﬁooapdéé”\%%{anaaf%ld"éﬁ I’:pg‘""ortri?%)OrF‘I}Scai &4 67 a Bigd o tded
portighthé®ecbhd bondiag poit nedret e thesfirstidoridimgl jpointpimiant nearer to
the rpheferrgd.embediment of the present invention, a plurality of the

additional wire loops may be formed and bonded to the second bonding

pGint of & HEiRiHity ther8oC A'SecohE aspédt b tHepresente 1oop to the
seconthvehtidnpiovides.a method ofhhe vicinity thereof while part of the

wire is crushed.



wire bonding between a first bonding point and a second bonding point,
characterized in that: 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 4a capillary passes
through at least one point which has been set; (c) thereafter bonding the
wire to the second bonding point; (d) the forming an additional wire loop
by delivering the wire while performing loop control involving a motion of
the capillary combining vertical and horizontal movements thereof

\/\41{(5:'@@1 the ca iIIarg/tpasses %@rou%h at least another point, which has_

been set. thereby the additional-wire I6dp aving 4 foldéd portioriocaig has
been ogped Sidecof the 'setond bohding'pdint. ndarer to rthe dirstabondirlg poimtier) that
are 20die)subsequently bopding.the.additional wire logp t%heﬁecgﬁgame as a

binding point or to the vicinity thereof while part of the wire is crushed. 5
Passhnghe ahdve Step< & *at18ast dné Boint WHIGH RE§ Been set"

meansha” pois (9" indigating anattral numberh that are €achrset @Re steps

() gpx% .Cc?gr)di@naézte E%(gs zg)f’tgk%gicne%%varnegge%%%cpagsglﬂler(g[ﬂg%fythgf times, so

capillary durlr¥g Its movement.
that a plurality of the additional wire loops are formed and
bonded to the second bonding point or to the vicinity thereof.

A third aspect of the present invention provides a
semiconductor device comprising:

a first bonding point;

a second bonding point; and

a wire loop including a wire connecting the first bonding
point and tﬁe second bonding point therethrough, the wire being
bonded to the first bonding point and then bonded to the second
bonding point, characterized in that:

the wire lcop 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 wvicinity
thereof while part of the wire is crushed, the additional wire
loop having a folded portion located on a side of the second

bonding point nearer to the first bonding point.



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. A third aspect of the present invention provides a
semiconductor device comprising: a first bonding point; a second bonding
point; and a wire loop including a wire connecting the first bonding point
and the second bonding point therethroggh, the wire being bonded to the
first bonding point and then bonded to the second bonding point,
characterized in that: the wire loop includes an additional wire loop that is
formedpatan extended-pertian.of therwire wire-bended tothe-second the wire

loo bo{‘dé% point WithOéJt c%ttingdthe wire, the %giditional wire logp bein

P ohded to the seand bonding point of to tHe-vieinity “thereof whits Part of

the wire is crushed, the additional wire loop having a folded portion
located on a side of the second bonding point nearer to the first bonding
point. 5a In a preferred embodiment of the present invention, the wire
loop of the semiconductor device may be arranged in such 6 a manner
that a plurality of the additional wire loops are formed and bonded to the
second bonding point or to the vicinity thereof.
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It is thus possible according to the present invention 5 to provide a wire

loop having a certain shape which enhances a wire bonding strength at

the second bonding point and which is capable of reducing the time to

perform wiring, a semiconductor device provided with such a wire loop

and a wire bonding method. 10 BRIEF DESCRIPTION OF THE

DRAWINGS These and other objects and many of the attendant

advantages of the present invention will be readily appreciated as the
“sdifie becohas betteP undérstdod 1515 éteretice to thé followifig defaeda e
fdesedptian whenr geasideredra connectionwithithe;ageompanying ¢ the
vdrg\ivljlr}imgcs; vytk]ergino:fFig. 1A is an elevational view showing an embodiment

of“a 'Sermiconductor device according to the present invention and 20 a
shapelof aiwiré hoop theseafpFig. 4Bds adielevationahwiewrshowing invention
ngther, ebodiment.oha semicondyefor dewice accoing 1o e RIESellh, e
invention; Fig. 2 is a schematic diagram showing the steps for 25 forming
Za Wiredob having & sHaFshovirT inthig. SACHES Prralsekerhaticit and which
idlagram shawing the stens.for forming Awvire,l09phaying g shapg shgwn

in Fig. 13: Figs. 4A and 4B are elevational views each showing an

S EIE U Ao FS5-RAVIFG AShARE Ke Bh clttbadh dad® 100p and a

wire bonding method.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other cbijects and many of the attendant
advantages of the present invention will be readily
appreciated as the same becomes better understood by
reference to the following detailed description when
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. 1B i1s 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 elevaticnal 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 locps having a trapezoidal shape and a
triangular shape, respectively;

Fig. 6 is a schematic diagram showing wire shapes in
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30 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

7 respective steps in association with the movement of the capillary to

form the wire loop of a trapezoidal shape shown in Fig. 5A; and Fig. 7 is a

schematic diagram showing wire shapes in 5 respective steps in

association with the mpvement of. the , capillarE/ to form the wire loop qf a
“friangular Shaps SRowh 'n Fig B8 DETAILED BESCRBTIGNDE TRE “I°
CEINVENTIONTLO Nowna wire ledpea semicantuetor devicecantbd wifeape shown
; honding r@%t,hog cording to the present invention will be described

hereinafter with reference to the accompanying drawings in which like

parts fii€ach/ ofitheseverTiglres arclidentificdiby Hesaths sefefemes 1n
reRgracterar numeral. 1p Refering-firstlo Rig-1Acan embodiment of & 1

wire loop and a semiconductor device 10 having the wire loop ‘
Sfebiporatedtheréin Becordiny tothe préseht inventioR s Jiiustratét i shown
itherseymicenductor device 10, a semiconductor chip 2 is attached to a

lead frame 1 and is provided thereon 20 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 DETAILED DESCRIPTION OF THE INVENTION

Now, a wire locp, a semiconductor device and a wire
bonding method acceording to the present invention will be
described hereinafter with reference to the accompanying
drawings in which like parts in each of the several figures
are identified by the same reference character or numeral.

Referring first tc Fig. 1A, an embodiment cof a wire
loop and a semiconductor device 10 having the wire loop
incerpeorated 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 pcint A. The wire
locp of a wire 3 is formed to have a trapezocidal 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
poerticn $ 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 1s provided at the opposite ends
thereof with kinks 3a and 3b.

The above confilguration 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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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 25 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 is provided at the opposite ends thereof
with kinks 3a and 3b. The above configuration of the illustrated

pEmpodiment; 3Q is approximately the same.as that of a cpgyeational  ,, ;¢

semiconductor device. However, the illustrated embodiment has a major
Cteakiredn Bncarda it therviginity of titdsecona BéAdifig point 7t Mére second

pepegificallycafter wire bandipg af the seeond8 handing,peint, 8, ++ of the
additional wire loop is formed without cutting the wire, and bonding is

) . g 1S
¥ AfFiet ot At e Second  bonding Péintorin 1hE Vichiity tRérdof While partt© to
hefthez wireds ciushedpThisiallows.the semicandugtardevicentQ to;5 have at
?_Eé/vireelctz)gg&rgvi%ggr\{vith an %nlarged bonding area at the second
- on&ing point. R escﬁpt‘?onlwﬁl'be given next of an embodiment of a wire
bondiAg #eethod accordingitolthe presentinventiondér abtainingdieent of a

wemicondyetor devicg 10 %@%}E‘i@%- Ifyand,a 10,shape;of the wire;logp <
formed by the method with reference to Fig. 2. In"step (a) of Fig. 2, the
ogggm@@ngsqaweﬁgwg@onductor device 10 shown in Fig. 1A and a

shape of the wire loop formed by the method with reference to
Fig. 2.

In step {(a) of Fig. 2, the capillary 4 is lowered, so
that a ball 30 formed cn the tip of the wire 3 1s bonded to
the first bonding point A. Then, in step (b) of Fig. 2, the
capillary 4 is vertically raised to a point B while the wire
3 1is delivered.

Thereafter, in step (¢} of Fig. 3, a reverse operation
of the capillary 4 1s 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 & te €, 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 Za 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.
Subseqguently, in step (e) of Fig. 2, the capillary 4 is moved
horizontally again to & point E in the direction opposite
from the second bending point Z, i.e., another reverse
operation is 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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that a ball 30 formed 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, i.e. the capillary 4 is
horizontally moved in a direction opposite from the second 20 bonding
point Z to a point C. As a result, a portion of the wire 3 is slanted from the

BeiBts; Ao & and.a Kink 3a is fprmed af anupper end of theslapteds 4 5,

portion of the wire 3. The portion of the wire 3 from the points A to C
odortstitutes IRE AEEK pSRIDHH Wetivedn thé pad P& afd e 125 Kifk 3apP (£)
oshawg in Big. heThergafters instep (d) obkig: 2.thecapillantdis o 2 point F

vertically raised to a pqint D while the wire 3 is delivered, Subsequently,

5{h &BF (e OFFif-25the chpilldRy 4 1€ fivveld Y hérizomAlly addin td'a paft e sponds
tE initke dire¢tioneoppasite 3fhframdhe seeond bendingpoint Zi he. between the

another reverse . operation is_carried out. This renders the wire 3.slanted
k%r%%n the |5-jon|r(15ts%§1 ii%%% hfe?ving%%%{Herjkrilnksgbe?o&%]d aotfarE\3 ﬁ%petrféné he
cobthis slanted pertionettircwiré 3. The pottioreofitheawite Bfrom the located

aPOINts. Cdo F, 9 jconstinites, the upperporiion L (petween the Kinks 3aand, .4
3b) of the trapezoid shown in Fig. 1A. Thereafter, in step (f) of Fig. 2, the
t Eaﬁiﬂﬁryﬁ‘@ EVEHICAIyTaise dRE & Point F

Though in a conventional wire loop of a trapszoidal
shape, the wire 3 1s cut here, the capillary 4 1s vertically
raised tec a point G in step (g) of Fig. 2 in the embodiment
of the present invention while the wire 3 1is delivered. Next,
in step (h) of Fig. 2, the capillary 4 i1s horizontally moved
to a peint H in the direction toward the first bonding point
A so as to move away from the second bonding point Z. This
renders the wire 3 slanted from the lead la to the point H.
Thereafter, in step {1} 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 peoint 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 2 is wire bonded onto the second
bonding point 2 or tc the vicinity thereof.

It is to bs noted that steps (g) to (k) of Fig. Z
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 tc 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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so that the wire 3 is delivered by a length which corresponds 5 to the
inclined portion S of the wire 3 extending between the kink 3b and the
lead Is. Then, in step (f) of Fig. 2, the capillary 4 is lowered via positions
f1 and f2 to be located at the second bonding point Z, whereby the wire 3
is bonded to the second bonding point Zo 10 Though in a conventional
wire loop of a trapezoidal shape, the wire 3 is cut here, the capillary 4 is

p%%@ga%yeéa@ diaa, ﬁq&e G insten hef Fg..2 g” Hleﬁm?é)’?ﬁa opﬁf?gfsggg

present inven on W wire 3'is ellvered N in'ste
Pl debillary 411s hoﬂiontal!y Aioved s 5teralpeintk in t}ﬁ%&l@#@@tlohtt@wa@d'@ment

othedirst bonding paint A e &s tQ mave away, fromythesecong honding
point Z. This renders the wire 3 slanted from the lead la to the point H.
Thereaftér, i step(i)of Fi§. 2, RRE Bapiflany ¥ Verfigallytaised t62epoine g a
bbWhH@a@h%ij@I'ﬁgiﬁldedtiYer@He 20-Fhen, dr-step @rof Fig.2, dhe eapillanyh or
b horlzont moved to a point_J in the direction towaFEd the second

on&ng p0| t ZONBXE in'SteR (R SFEIgaS, tHERRPHER, &4 fs- Toisiadr $6Y
bthvat theywire=8 isawire:banded:orite the secera! bmdmgdpmntZ@t tetherises

pYiGinity thereof. 25 It js to.be nated that ste (ﬁf&% §§mf F'g n cutting the

correspond to the steps (d) and (e) claime aims’of t e present

winvention. Pérfariig thekestépdokhsadn Bdditivhal wite Top Plarel, and

ferushes partiof the wiren3; te Jhereby-eniarge thehondingareaatihgin rrom

second bonding point
above

Now, a description will be given of another embodiment
of the wire bonding method according tc the present invention
for obtaining a semiconductor device 10 as shown in Fig. 1B
and a shape of the wire loop formed by the method with
reference to Fig. 3.

Steps (a) to (f) in Fig. 3 are the same as steps (a) to
{f} in PFig. 2, and so their description will be omitted.
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 wvia positions £, and £; 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 Hy; 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 (3) 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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30 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 10 performed by setting, in advance, a
plurality of passing points n1, n2, n3,... of the capillary 4 during its
movement on the coordinate axes (X, Y, Z) as shown in Fig. 1A. The
methogltof the p(gesbeent jqnalteggoq_,%wr%ile %nablin%gt 5 bon i\l;{l/?r strength of

the same level; englres ateduction of the tim 6 &toop: as 3

ccompanednwitht sedurity ddondireg- & topventidhally proposedmethedpresent
- ises i ir the s bondi oint, then. cutting Wi
76 AP oy Torera DAl A the 5ot the e 2nd 10 Frly b= 150
Hétithing fo tHePselcohd Bondiriy point &Gain Hohs ahove LNB#E athe bonding
=description mdll be given of another embediment of the wireponding yending

method+accordi%%\%]o the present invention for obtaining a semiconductor
SHViE 16 o shown MTFTGIB 152N ASRapE bF thewire 1600 fothfsd-by L& s
tiheraethodawith rreferencesto Fig.,) 3.cSteps (axto (f)ig Fig.,3 arethetsame: 1 aimed

S32P2(0) 0.0 1 Fia, 2. o so et descrptonanl be.omited. .
iffefences lie in steps Fg to%?) éf'IOWI’] In Fig. .el\ﬂore EO SngI |callr, ﬁ] a
pstepdf) iasyshovrt itrlig - 3, the capillary 4

With these steps, it 1is possible to obtain a wire loop
having a shape like an approach and landing of an aircraft as
shown in Fig. 4A with part of the wire 3 parallelly touching
the second bonding point 72 by adjusting an amount of the
movement of the capillary, thus enhancing a bonding strength.

Even in the case of a wire loop having a triangular
shape ag shown in Fig. 5B, it is possible to cbtain a wire
loop having a shape like an appreach and landing of an
aircraft as shown in Fig. 4B in a similar manner.

It is to be noted 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 oppcsite therefrom relative to the second
bonding point Z, 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 1t
possible to cobtain a wire loop having a form different in
crientation c¢f the crushed wire. 1In 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



is lowered via positions f1 and f2 to be located at the second bonding
point Z and the wire 3 is bonded to the second bonding point Z.
Thereatfter, in step (g) of Fig. 3, the capillary 4 is vertically raised to a
point G while the wire 25 3 is delivered, and in step (h) of Fig. 3, the
capillary 4 is horizontally moved to a poirt H1 in the direction away from
the first bonding point A. This renders the wire 3 slanted. Then, in step (i)
13, illagy. 4 is verfic in h the wire
Q?E%%red%%%gﬁgm 35& step 8of?lz!:% [%’?l %%%% ég}yf olr?ﬁonﬁarjlvep Ve
TRBFEP T dPOinbFL intthe direetory iowardthe fiestthoRdng point An@loyved and
«gecond:hongding-peintiZ)-Nexty in step (k),efFige3, the eapillary 415,04
lowered, so that the wire 3 is wire bonded  to the second bonding point Z
IO HHE Vit tReredh 1L 16is 18 BeRotéd Bt tepas(g} 10K BF Fig, Fhe
5  pooreespend to the claimed steps (d) and (e) in the present invention.
Performing these steps crushes the wire 3 as with steps (g) to (k) of Fig.
2, to thereby enlarge the bonding 5 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. 3, i.e. the claimed
steps (d) and (e) of the present invention may be repeated a plurality of
times. 10 With these steps, it is possible to obtain a wire loop having a
shape like an approach and landing of an aircraft as



shown in Fig. 4A with part of the wire 3 parallelly touching the second
bonding point Z by adjusting an amount of the movement of the capillary,
thus enhancing a bonding strength. 15 Even in the case of a wire loop
having a triangular shape as shown in Fig. SB, it is possible to obtain a
wire loop having a shape like an approach and landing of an aircraft as
shown in Fig. 4B in a similar manner. It is to be noted that while in steps
(g9) to (k) of Fig. 20 2 or in steps (g) to (k) of Fla. 3, the capillary 4 is
moved either in the direction toward thefirst bonding point A or in the
direction opposite therefrom relative to the second bonding point Z, but
the direction is not limited thereto and any direction can be selected in the
360 range with respect 25 to the second bonding point as desired, thus
cImaking: 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. 39 a senmcondugtor.device as awiresbondinganethod a

e #haprovidgs ihigh wire banding strengiy to bopding RopLs and redces, .

the time to perform wiring. While the illustrative and presently preferrg
ChaRSSdirents of the Hréseift ifehtion hate pdef desbibediing detaiding

pdietein, #1sito bedmderstoaddhatithe inventive-ceneepts may bg point,
Choatgg[:vgiggivzaéic?ulsrly ggabto:died and employed and

an additional wire loop is formed at an extended
portion ¢f the wire wire-bonded to the second bonding
peint 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,
the additional wire loop having & folded portion
located on a side of the second bonding point nearer to

the first bonding point.

2. The wire loop as defined in claim 1, wherein a
plurality of the additional wire loops are formed and
bonded to the second bonding point or to the vicinity

thereof.

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

the method comprises the steps of:

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



that the appended claims are intended to be construed to include such
variations except insofar as limited by the 5 prior art. 13 CLAIMS 1. A

wire loop comprising a wire connecting a first bonding point and a second
point therethrough, the wire being bonded to the first bonding point and
then bonded to the second bonding point, characterized in that: 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, the additional wire loop
having a folded portion located on a side of the second bonding point
(rearert6 thé filst bondiAg péint 21 ThE wire 60! s deffedrin theim first
puhereiya rRluralityof t%@d@@'@waﬂ/i@o@@pﬁ@r%@m@daﬂdpe%%&%g
the second bonding point or to the vicinjty thereof. 3. A method of wire
T55hding” Béﬁ\?e%nléqi’?%%%ﬁﬁ%in@ g6iht 4fid a Xond bbhbiHg poiffo vement
odharacterizeéd im thatothe anethod comprises the steps ofiary combining

both wherein the capillary passes through at least one

point which has been set;

{c} thereafter bonding the wire to the second

bonding point;

(d) then forming an additional wire loop by
delivering the wire while performing loop control
invelving a motion of the capillary combining vertical
and horizontal movements thereof wherein the capillary

passes through at least another point which



(a) bonding a wire to the first bonding point; 13a (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 been set; (c) thereafter
bonding the wire to the second bonding point; (d) then forming an
additional wire loop by delivering the wire while performing loop control
involving a motion of the capillary combihing vertical and horizontal
movements thereof wherein the capillary passes through at least another
_point which 14 has been set, thereby the additional wire loop having a
Aot ForticR focatdtPeit avside 8f tRedebord ondihg Spokstoieadiertortie &
flirstbonding poirt; ans(e} subseguently:bending the additienal wirelegR n g
t{g)i H]Ee snecond binding ointgr to t@ek\j/icinit thereof Wh1j|§ part of the wire
PiR'crushed” @) The Bonding mettiod & detihBd infddifn-3, vietein the
steps @nd arealtemately repeatediaplurdlity afdimesyrsolthat agplurabity to
eRbtheadditiona wire loops ;are fgrmed, ang bonded fa the seeond gonding .

point or to . _
part of the wire is crushed.

(4) The bonding method as defined in claim 3, wherein
the steps and are alternately repeated a plurality
of times, so that a plurality of the additional wire loops
are formed and bonded to the second bonding peint or to

the vicinity thereof.

5. The bonding method as defined in claim 3 or 4,

wherein the step includes

vertically raising the capillary to a point while

delivering the wire,

then horizontally moving the capillary in the

direction toward the first bonding point to ancther point,

thereafter vertically raising the capillary to vet

another point while delivering the wire, and

subsequently herizontally moving the capillary to
a further point above the second bonding point,

followed by carrying out the bonding in the step.



the vicinity thereof. 5. The bonding method as defined in claim 3 or 4,
wherein the step includes . vertically raising the capillary to a point while
delivering the wire, then horizontally moving the capillary in the direction
toward the first bonding point to another point, thereafter vertically raising
the capillary to yet another point while delivering the wire, and
subsequently horizontally moving the capillary to a further point above the
second bonding point, followed by carrying out the bonding in the step.
14a 6. A semiconductor device comprisiag: a first bonding point; a
second bonding point; and a wire loop including a wire connecting the

first bonding point and the second bonding point (Z) therethrough, the
wire bBing bond&Hl 6 thE RFst Dorfdfg: Poistcarmr thehisonded to the
second bondingipaint, rehataeterized:in fhat: the wire loop includes an
additional wire loop that is formed at an extended portion of the wire
wire-bonded" 6 Tie S€coitd bon ianoﬁ(ﬁﬁl’ witHut cutting the wire, the
additional wire leopsheidgdondeddoittiésecoad Bonding:pointortmthe the

£ vicipity thereebwhile partof . the second bonding point (Z}
therethrough, the wire being bonded to the first bonding
point and then bonded to the second bonding point,
characterized in that:

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 wvicinity therecf while part of
the wire is crushed, the additional wire loop having a
folded portion located on a side of the second bonding

point nearer to the first bonding point.

7. The semiconducteor device as defined in c¢claim 6,
wherein a plurality of the additional wire loops are
formed and bonded to the second bonding point or to the

vicinity thereof.
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the wire is crushed, the additional wire loop having a folded portion
located on a side of the second bonding point nearer to the first bonding
point. 7. The semiconductor device as defined in claim 6, wherein a
plurality of the additional wire loops are formed and bonded to the second
bonding point or to the vicinity thereof. Abstract Wire loop, semiconductor
device having same and wire bonding method A wire loop includes a wire
(3) connecting a first bonding point (A) and a second bonding point (Z)
thgeathrgugh, wherein an additional wire loop (P) is formed after wire
bondln at the second bondlng pomt (Z) Wlthout cuttlng the wire (3) and

uk i TS HORJE s vond beadmgapein@) ®rbonding
t@ethnoaplnlty thereof while part of the wire (3) is crushed. Fig. IA

A wire loop includes a wire (3) connecting a first
bonding peoint (A) and a second bonding point (Z) therethrough,
wherein an additional wire loop (P) is formed after wire
bonding at the second bonding point (%) without cutting the
wire (3) and the additional wire loop (P} is bonded to the
second bonding point (Z) or to the vicinity thereof whlle
part of the wire (3} is crushed.

Fig. 1A



