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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
JoparEts PAEACA DAoLl R baBIcaton N6 Fod0eariass, met ho

fThe wirenloop haying & trapezaidakshapeshiown kA is fermedibyanding
e f steps as shown in Fig, 6. First, in._25.step (a) of Fig. 6, a .
pgﬁ%%'¥%¥§$§§g%mﬁﬁﬁﬁ a.wf%e EO%?SW%%%Qﬁjé &%ﬂf%%ﬂ)ﬁﬂﬁﬂe and

capillary 4 the wire 3 passe red an a
ahashecnteiniddat detipend bitherwire 8ds bended o thecpad.Baof therated

+ €Bip=2 (pr first bonding point A. Then, in step (b) of Fig. 6, the

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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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 point2 Z is referred to as a "reverse
operation”. As a result, the portion of the wire 3 between the points A and

C.is formed to %e inclined and the wire 3 is formed at an upper end of the
ke bR hireof with a KRk 32 6y & Fower ehd of the & cpili&y .+ £0e
pPhe portionfofithe wirerd betwesntherpdints A andt€ thus:delivered formed to

wEorresponds to height of a negk .portl r a.partio re, 3 o
D%etT/v(?faen thgcéa%jp‘gja gr?dgl tﬁé%%\k%a%gn%%\r%vﬁegn%ﬁt%g tr%gr%(}i \géqr%on £th

L Ashbuatine Figh 5AR 10rSutsequeatly! in step () 8f Flgy 6atheceapillapd of the
cispyerically raised tQ agoint:D while the wirg:3 is delivered. -.Themdn step e s »
(e) of Fig. 6, the reverse gperation of the 'capilla%4 is performed again,

P& the Capilaff4 1 HofiZoRGAY Agveddd a-Poirt € it tHeiretion® neck
poppasite 15 from thesecond bondingrpointiZ.AAs thesresultof s rexersea and

eration, the wire 3 has.another inclined partion extending between the .
R e e T e R R, foun 1n
Fpartiohfof the wire 3. This inclined portion of the wire 3 thus delivered will

20 consfifute.an HUpRer, base RATAN L (or 3PorioN OLtheWiLe capsi11ary 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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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 wire loop shown in Fig. 5A.
Subsequently, the capillary 4 is lowered to the second bonding point Z via
positions. fl and f2, so %rgt the wire 3 is bonded to the second bonding,

g
“Boifit 2 o S 1Ead1a 36 The wird 1005 Halihg & tngtlarehape ShowH in® tePs
(6B isrfarmed by & segquenée of steps ascshbwrtinckig. 7hSincédhe ,wire this

.10op having a trigngular,shape is not provided.with an upper base,portjo
l(l? ur it atﬁa@ go;rgsegoné% sﬁgpgggscn ee%lsab%gv)e’, in! ¥ and

nﬂl%g the wire Toop having a trapezoi
(formtiveethe wive loop 3nef & triasgularishape, ife secondadverse only in

seReratian in,stepsq(d) and {g) of Fig, Gis nof conducted.cHherefore, indhis, 1,4
instance, a step that corresponds to the steps (d), (e) and (f except for f],
(and £2) of Fig. 6/iscafricd Butshly it B stérr (Bt ERy. & MoréParfddtary) ©f
rsteps €3), 4b)and {e)ofifig. 7 are thersame as the stepsi(a) (bhapdde) ofc) or
Fl.:i :.67an%after the first reverse, operatior_l in step (c) of Fig. 7, the _ _
ARy &R eTTiay TAiS8d to 2 pOIRCE I Step (dh Bf P 7 Whife BsHA¢ F 47
swire 3(id detiveretg 10 Buliseyaenths invstep (8) o0BFige 7, thereapillary 4 is
DX R PR A0 it ST WL SR 52 e
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.



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. For this
reason, a bonding method called security 20 bonding has been proposed
which performs ball bonding with respect to the top of the end-bonded

wire. As described in anese Patent Application Laid-Open Publication

No. 57 12530, this OB SamBHis0s borging o Wik to a second

Boadinggpoint] thierveutting thé wdrelarehformihg d bal ae25 e tipof theregoing
disacWieand tinally lg(pl%di%g the ball,onto the second bonding point again from

above. After the ball bonding, the wire is cut as is or end bonding is .
Metfoffetlaty a poifttwhiRRCgsESRdtovetfap theshalyeridatrposiisaninion  to

provithe aioramﬁéltiq%sa@yﬁ%eorwz@fm%mw, Bﬁwgﬁerwmﬁe{ é’Vir%aphabie of
banding with respect to the secon nding point, the wire is cut and then
e n L by TorhiB At the ThEGT e wir, (oloRRa By baGioHdTg k> 21

& bail isnewy fo
reducrespethto themsecondobonding paint, ¥gsulting in the method being

Z&Weé(i%% 1 I@g %m%g %élﬁ{.tY %% T ”\g/l%gyn N;I,-h\eré){%ﬁ%@%t ovides a
|nvent|on§#;gs been made in view of the for going |sac?vantages OfQ[fr]e
senigererart cAccsTHingly, fohelembadirfeitidithe presemimvartion s prsvide 1 .

B wiredoer hayipga sertainshapewhich s 6apabledicion 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



enhancing a wire bonding strength at a second bonding point and
reducing the time to perform wiring. An alternate embodiment of the
present invention provides a semiconductor device having said wire loop
incorporated therein. A further embodiment of the present invention
provides a wire bonding method caﬁé‘ble of forming said wire loop. A first
aspect of the present invention provides a wire loop comprising a wire
capilcemiegiinga firstibonding peint apd:a seecondh peinttherefonre, the,wire <o+ ;
being bonded to the first bonding point. and then bonded to the second ‘
Yonding 15diRE thafacténsed th - Kh'addifforial wire foopis forfed &t Po+nt
am) extemded portiomof the witel Wiresbendeditodhel segondsboddingypointhg the
wire WHDOUL cutling dhe wire, the pdditignalwire logp being bonded g the ¢ 1y,
__second bonding point or to the vicinity thereof while part of the wire is
capiléfisheds e bdiriBnal ®ire 1661 hatitty alfeiedPorion |GeHteaeon a siggereot
where@hthensecondibanding peiy aearentothe first hending pRIRLAY ascint, which
referredLembC deimgnt of t %prateggjv%%na/en ion, a glu ality of the

fas l'“"gecfedvlltio‘fﬁ%fr\’/vire ops May BE fotmet and bondsd o theSecdiid bafdifg Fo19ed
portipoinforttthe isinity theréef. Af seédond sspestiofthe pitesenpoint nearer to

the riventignpiovides asmethod,gf wire bonding between a first bonding point
and a second bonding point, characterized in that: the method comprises

e stePebIe @ Dohding e 18 thE st BOAdINGBGIAL, ®F Hen¥6/Ring©  the

second Witentoopeextending from theclirst vicinity thereof while part of the

wire is crushed.



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 wherein
the capillary passes through at least another point, which has been set,
thereby the additional wire loop having a folded portion located on a side
of the second bonding point nearer to the first bonding point; and (e)

S bsg%ueeng¥ bonding the adg}ijtiongl wire jpog ts? the second binding point
of to the viSinity theteotwhile part oF e wire is &ftished”S IRTHE hbde 1 has
been steys, the termn "at'leastioriespdifit Whichihas: beery set"means: In"rpoiltsr)  that

are kRcandicating a n@{‘éralc%lgpggﬁat@@t_ﬁgfegacbxs,et on the coprdinafe axes ..

(X, Y, Z) in advance as a passing point of the capillary during its
PassIfgvéineht 1A the BBndftiy metiod ortheisresént MYERTGH the steps (d)
and (epmay heclteynatelyrepeated amplurality of fimesrsedhata plugality steps
qy Sf the add al wire loops are formed and, bonded to the second bondin
(<) Ei‘oo%nt (ogrsiolﬂ%} Vi}éﬁ’]it?ﬁt)ﬁé%é% .%A%%Yirdr ggﬁea&% the Srgggﬁtfiﬁggnt?o% tlmgs’ 50
that provides we sehliconductbredeviédidomprisingyire 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.



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
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 tQ 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
paink nearer e iheifitstibonding-points Sankn aprafered embodiment Ofi:he wire
loo %pr%sent mventl on, th the W|C? Ioo of the semiconductor device ma
P dttangsd incalich ® & Manne? thata pliality of e additidnalwies ops
are formed and bonded to the second bonding point or to the vicinity
thereof. 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
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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 same becomes better understood by 15 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 20 a shape of a wire lgop thereof; Fig. 1B is an elevational
Vi Bhowirg dhotheP ‘etnBodiméntof & BEmicsntuctst evitedecording &7
fto the present Hovertipn; &g 12is s-schematis-diagran shewing:the stepse
v1‘9r i2r15iforer}ge@¥vég? loop having a shape shown in Fig. 1A; Fig. 3is a
sc%ematti% diagram showing the steps for forming a wire loop having a
shapelshown intFig. 13sFigs.14A and 4Bcdreelevational yiewseachinvention
tghawing 2. example.oha wirelaop having ashape Jike,an.apprpach angy, . e
30 landing of an aircraft; Figs. 5A and 5B are elevational views showing
ScohveRtiGral Wirel lovpsHaving & frapéfoidalshapeleioid tHaRgilat and which
ishapey sesnectively.Fige 6:is aischematic diagram,showing wire-shapes in

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

Sfofhthe Wire 0bp OF Gtrapezoitdat Shspe shdwfuch & wire loop 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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in Fig. 5A; and Fig. 7 is a schematic diagram showing wire shapes in 5
respective steps in association with the movement of the capillary to form
the wire loop of a triangular shape shown n Fig. 58. DETAILED
DESCRIPTION OF THE INVENTION 10 Now, a wire loop, a
semiconductor device and a wire bonding method according to the
present invention will be described hereinafter with reference to the
accompan in ,drawinqqs in which Iilgce, parts int%ac of the several fi%%res
“areidentficd by T same Téference charadter or ntmetal” T8 Réferring -
chirst 1d Eigy 1Ac anhembdddiment.ofa wireploop and-a semicondiaictos deviceshown
igio I-hf‘gi.”%tﬂ? wire.loop incorporaﬁed therein acc_ording to the present
invention Is illustrated. In the semiconductor device 10, a semiconductor
chip Xisattathéd t¢ adeadftamec] aad i providedtheeoni2®with abgad 1n
réapieh isea first bonding point A. skhe wire sleap of a wirg 3.z formed toy o
have a trapezoidal shape in general and includes a neck portion H having
S &lball 'S Borided” 16 the pad 24 of first BBnding pdint A 2Rt dmajfdf2pe shown
i.portion. cemsisting 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 thelgfiDbsité endg RO Witk KidksI'Bd aiid BB Thébove
configysation,of the illustrated embodiment;30.js.approximately, the same, .
as that of a conventional
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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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 8 bonding point, an
additional wire loop is formed without cutting the wire, and bonding is
carried out at the second bonding point®r in the vicinity thereof while part
of the wire is crushed. This allows the semiconductor device 10 to 5 have

p@WIE,I00p provided with an; enlarged bonding area gt the,Seeond, ; « 1o+

bonding point. A description will be given next of an embodiment of a wire
CHSMRdiRG métRod hEEordiittothe bresent nvehtibhTer ®btainingthe second

bsemiconducton devige 1.0 shown,inkig A and:a 10 shapg;of the wire 199P ¢ 1
formed by the method with reference to Fig. 2. In step (a) of Fig. 2, the
YEAfillary £7%16Wered, s tat i balS0 fotmet o fHe i 6fhe Wifd'3fs 10 to
hborded toi the ficst bopding poiat A fhenain stepbyetiFigeddthedlSirea at
?w%apig%r O4ni§ \{jerti%all raisgd t% a point B while the wire 3 is delivered.
“Tered ter,n s?enp (lcg)(%f F—'lgl.%, a reverse operation of the capillary 4 is
carrie8l oltsice: thve capillary 4 ischodZzortallymeved in adirectiotiiment of a

w9RROSItE from the second é%@pgmﬁoo&t%Loeafg.@gg&gﬁsm%%w&&q for

portion of the “wire 3 is slanted from the points A to C, and a kink 3a is
ofdrinediatantlisp et EhiceTIRE Slahted poitien of the wires, 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



10

15

20

25

34

The portion of the wire 3 from the points A to C constitutes the neck
portion H (between the pad 2a and the 25 kink 3a) shown in Fig. IA.
Thereatfter, in step (d) of Fig. 2, the capillary 4 is vertically raised to a
point D while the wire 3 is delivered. Subsequently, in step (e) of Fig. 2,
the capillary 4 is moved horizontally agéin to a point E in the direction
opposite 30 from the second bonding point Z, i.e., another reverse

-opgratien is.carried qut. Lhis renders the wirg 3 glanted. fromthe,noints G 4 5y,

to E and having another kink 3b formed at an upper end of this slanted
Oportioh dFiRE Wirels! THEPBHiIGR of the- wiké 3 frohfthedionts C foEDtep (£)
ogonstifutes the upperpartion Ly(between,thekinks 33 apd 30} Ofthe 2 point F
trapezaid shown in Fi% 1A. Thereafter, in step (f) .of Fig. 2, the capillary 4
58 Verfitally Taiski15 a’paifit FSsothaf fie Rife 3 is teivered by Iengitf esponds

twhichecarresponds 5toithe inclined pottion & of theswire texiendingetween the
between the . kink 3b,and the lead.|ls. Then, in step (f),of Fig..2, the N

kcj:"gé){"llljaea%/ Iis ov{:/}lé?e ﬁg%ogﬁibnsﬂéeanr{d 'to ICe I%ca{%efb gttfhgls%bo%d the

Cﬁﬁédihgrpbirﬁ Z%@NH@@WEI’@ wie s bohded stofthessetohd Bendieg Located

apoint 2. 10 Ihough in a.conventional wire lnop of a trapezgidal shape, ey, 4
wire 3 is cut here, the capillary 4 is vertically raiséd to a point G in step (g)

LBf ERE 256 tre Entiodiiént BPthétprésent invention while the wire 3 is

delivered.Next; rin stephy of Figs 2= the,cagillary 4-ishorizontaly ;moved: 1
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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15 to a point 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 (i) of Fig. 2, the
capillary 4 is vertically raised to a point | while the wire 3 is delivered. 20
Then, in step (j) of Fig. 2, the capillary 41is horizontally moved to a point J
in the direction toward the second bonding point Z. Next, in step (k) of

Flgfg,,ﬁ@dcagty %rggﬁng eted, sg\;g%tge V\élr 301:3 re b nd§d onto .

the second ing point Z or to the vicinity t 25 If | to be ]ﬁoted"'mg
Pthak Stepsi(g) T2 (k) of Fig. 2 edrrésportkwithe stepsi(d)iandre) ¢laimeg vement

ol thgclaims.of: theqregentdnventiop, Performingithese steps forms an
additional wire loop P and crushes part of the wire 3, to thereby enlarge

the bontfingi&rdaPat tR& sEEGNPBERGERG pbint 302 HRsultiig ?ﬁa%}awg a

bstrength aémeaagctondo@oruh@g pairt beirg enhanced: #ds to beneted on of
g}at Ster% (9 to. (k) of F| e, the claimed ste s (d) andé%? may be

rSpeatsd a plurafity f‘:ﬁm Jsr ‘Fn %é?r? ihg Bt fhom Bstéps 1085 EBH&SIY
blsnmrperformed@y@ﬁﬁtﬁg:mmadyamzacmw@lmyaﬂmm$mgtpamts:nﬂzpr;L ses
bg%d'l%zcs af WE&@W@%%Q“QQ%&%&“Q‘&%’B@% opdhe goordinate axes 1ng the

as shown in Fig. 1A. The method of the resent invention; w
Wéﬁ&blﬁn’@da IS Bendifg stén§thcofthe Safie (6%, EAsures a%@iu‘dti@?ﬁf(af and

rthestime te farm g yyireslgopas eompatedwith seclitg point again from
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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bonding - a conventionally proposed method - that comprises bonding a
wire to the second bonding point, then cutting the wire and newly forming
a ball at the tip of the wire, and 10 finally ball bonding to the second
bonding point again from above. Now, a description will be given of
another embodiment of the wire bonding;method according to the present
invention for obtaining a semiconductor device 10 as shown in Fig. IB 15
and af]gape of thebwire I%ocp dfo%r}qgg bg/ the meths>d with fgﬁfere ce.to Fi%.

3. Steps (Ei)stOL(% in %ign.% are the sametg"é)%terﬂ)% (ajtﬁ) f n Big. %?“%nd

cwut@ﬁmﬁgtri‘ptiomMI bvé@mﬁ@e:d.smmc?e)s |ienici steps @gj talf) present

sshown in Fig. 3, Mare 20;specifically, in sten.(1).as, shawn in Fig, 3, the, .y,
capillary 4 is lowered via positions f1 and 12 to be located at the second

Bétithing point Z drid thefwire 3 is Bondéd td thesetond LBkding peineZnding

=Thereafter; in step-(9) of Fign 3i the sapMaryA isiverticallyaised t9 asonding
point G while the wire 25 3 is delivered, and in step (h) of Fig. 3, the .
SRy 18 horifortAlly oved ioa paint Bh thE thtction aiagdrom 1t s
tihetfirsthangding peint A:dhis regderscthe wyirer3 skated.3Thengn step:(i:1aimed
ng Fig. ?f Weacnagillﬁr%4 SR rhticarl_zlz}/réaise t%gfé’ﬂ@'&‘{"%'g th$ wire 3 is&t q
gl%\)/ereéi. Then, in 5 s?ep (% of 0. fﬁﬁe capillary 4 75 'norizon aﬁly peatea 4
braved id va pdint Jhdrsthe direction toward the first bonding point A (or
Seconﬁibﬁﬁ‘d&'?ﬁagg'”é_@aggﬁ n.step SEEQEE'QE_Q’ the capillary 4183 re 100p
lowered, so that the wire 3 is wire bonded
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



to the second bonding point Z or to the vicinity thereof. 11 It is to be noted

that steps (g) to (k) of Fig. 3 correspond 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 barding strength at the second

bonding point being enhanced. It is to be noted that steps (g) to (k) of Fig.

abig; theclaimed steps;(d) and(e) ot the hresent inventiopmay pe. . .

repeéted a plurality of times. 10 With these ste%%t, it@\i{éagcosglffo?e onggt%}:nlg N

WiPE fIOp° havingEsidpesiike &t approaeh ahd landing ot dnaidraftigs oved and
shown-indigogAwithopart of the wire 3 paralielly fouching, the second, 5 +

bonding point Z by adjusting an amount of the movement of the capillary,
had elRafding a’Bdnding SitenGthCEs EveR e fifd case dfidvviredosy the

5  hawing atrhangular 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
(g) 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 the first 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
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 30 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 2 detail
herein, it is to be understood that the invéntive concepts may be
otherwise variously embodied and employed and 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
crawire 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
forméd at ah exteénded! portioncofithe wirenwiresbomded:to thenseconting a

£ £ppding point withgut cutting the wire, the additional w'grgclgfga beinggOi .
bonded to the second bonding point or to the vicinity thereof while part of ~
tﬁﬁé@ﬁﬂﬁ%%ﬁﬁbhéa@e 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 ¢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;



the additional wire loop having a 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; 13a (b) then forming a wire
loop extending from the first bonding paintto 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
(Passés frouthratiBgst ®ne’ igoint which Hasdseehiset; (E) theredfrer first
H&{&ﬂ@tr&@d&k@ tottibe sesond o lg'r}gd?@i@hc&d)ﬁg§ﬂgorﬂﬁ%}”gp@&formlng
addltlonal ere loo delivering the wire while performing loop control

mvglvﬁ%ﬁ% fridtion Y e 8l ry Eohibifing VefticaP antRdrizonta vement
ofiovemesist thexreof wherein thetcapillaryf pagses thiptigh atleast-anatherg

H%%HtWHH%Qéin, 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



has been set, thereby the additional wire loop having a folded portion
located on a side of the second bonding point nearer to the first bonding
point; and (e) subsequently bonding the additional wire loop to the
second binding point or to the vicinity thereof while 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 point
or to the vicinity thereof. 5. The bonding fnethod 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

N3t toWard thE FRSEBOhdItE GRS rfttiRer poime tHereaftdraving 2
fyedicallypaising the capillasy togyet anethes peint while delivering the.ding
\(/Der%,tandesanggqqentl)égorizfonta”¥ r%oviré?,the capil,lar¥ to a further point

P&bove thé 8éCond bonding point, follBWEE by Earfying Guit tAé Bonding in
the stép) 14aubsAgemicbndictod deyice womprising: @ first bamding paintro
tAsecard hondingnoigt: and.a wire lagp ingluding a wire copnecting the, . ,

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.



first bonding point and 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
vicinity thereof while part of the wire is crushed, the additional wire loop
having a folded portion located on a sidetef 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 $680tPBENGIRG PHSIEA® theTiginfty thereof. Abstract

Wire loop, semicanduatendeviee paving;same and wire bonding method
A wire loop includes ire (3) connecting a first bonding point (A) and a

second bonainaepco%lt ( ?ﬁere?ﬁro%%h?%hgféﬂ] an additional wire loop
(P) is formed afterwire Usandingrat thel 5egond bondirg pointr{Zwithqut the

£ £uing ihe, wire,(3).and the additiopal.wirg loop (P) {5 bonded t%%ﬁt 7
second bonding point (Z) or to the vicinity thereof while part of the wire (33
t@?éﬁﬁ%@ﬂ??ﬁglﬁhe wire being bonded tc 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.





