21586433 W RE BONDI NG METHOD Thi s invention relates to a wire bondi ng

met hod As the integration of sem conductor integrated 5 circuits becones
hi,gher, the nunber of their external |eads and pins al so beconmes greater,
butzfg? nunber of the el ectrode pads (w re bonding regions) and

el et cal |y conductive |eads disposed around the chip, on which the

sem ¢onductor devices are forned, is restricted by the size 10 211(58@@3& f
the chip or those of the package. Consequently, there is a certain limt to ’
the increase of the number of pins. Attempts have been nmade to.increase the
nunber -of pins by formng el ectrode pads with a parallel ogranmic planar

shape so as to reduce the pitc R t ] ] Dpads but 15 such attenpts
are inevitably restricted by t es and reliability of the

wi re bonding when the wire is bonded to the pads. The nunber of pins is at
nost about 208 pins at the present for a chip size of 12x12 mR. In
accordance. W th anophes PhOEREEbn kBEatk8CtbOdewR28Sbanding mbeAda to be
formed on the chip are arranged in a zigzag so as to substantially decrease
the pad pitch but i fastBRepafit@giabiofi o6€dsemicohliectdratnnégrated cone
closer to each other and eventually cone into contact, resulting in short-
circuits. 5ln parcugusabeCQeeaubaghhgnsnapenumbeneofospeet gxtennabokeady
wire formed between the_el ectrode pad (a first bonding region) and the |ead
(a second bonéPﬁgPF§§|Gh§°|heFﬁEeﬁnHEeBGﬁanﬁuﬁpﬁaFaFBEbF§ oFi FRei Iy

determ ned bye&ectrode pads (wire bonding regions) and electrically

~ conductive leads disposed around the chip, on which the

semiconductor devices. are formed, is restricted by the size
10 land shape of the chip or those of the package. Consequently,
' there is a certain limit to the increase Sf the number of
pins. Attempts have been made to increase the number of
pins by-forming electrode pads Qith a parallelogramic planar
shape so as to reduce the pitch beéween adjacent pads but
15 such attempts are inevitably resﬁ;icted by the working
properties and reliability of the wire bonding when the
o wire is bonded to the pads. The number of pins is at most (_
e about 208 pins at the présent for a chip size of 12x12 mmz.
In accordance. with another proposal, the electrode pads and
20 leads to be formed on the chip are arranged in a.zigzag so
as to substantially decrease the pad pitch but if the pad
pitch is reduced, the adjacent wires come closer to each
other and eventually come intO'contact, resulting in short-
circuits. 1In particular, because the shape of the loop of
25 the bonding wire formed between the electrode pad (a first
bonding region) and the lead (a second bonding region) in

the wire bonding apparatus is primarily determined by the



-2- control of the vertical novement of the wire connecting tool of thg
Wi re bonding apparatus, that is, by the Z axis control, and by the wi/f
hardness, the wire bonding apparatus is |ess able to change the shap
the loop and 5 the stability of the | oop shape itself is low This results
in-the short-circuiting problemdescribed above. The present invention
-prowi des a nethod of connecting wires between a sem conductor element and a
p}urﬁlitr of conductive | eads spaced f rorh But adj acent at |east one 10 side
of the element, a surfagce of the el i.ng cat . Le t ' f

Fl ect rode padsb8ﬂtfﬂ;t°§u$l?eacveergta’]¢éa§len tvte%%\ﬁs?aig tgf’lel ggé? %ﬁ%ﬁés%%}&a first
ine being clo tQet ' e[ i t ajsecepde ha N, Wherein
awreis bondgga%oggagﬁegfggiﬁ%)éﬁggg-andr?g@§'cgﬁﬁgsBﬁﬁd?%gtﬁ%nﬁonductive
l.ead such thataa;wi £6nt PP, | $nd ByTathd&iiRe haganesel, eehé odEr@asomdithd he
correspondi ng conductive |ead, the wire | oops of the second |i.ne of

el ectrode padsappaeatioidi sy able adichatigeorhpeshapedi ofil the t boemeansdi d

- surface of the elenment, than the |oops of the first line. 20 The '
present inventtbe stabibiktylestrilsedaap chapsctitselfi in 1ae. - PbIi nent s
thereof with reference to the acconpanying dramﬁhqs, mherelg: Figure 1 is a
schemati c fronEe§nihs oint e \FHF tysigcuiting problem described above.

The present invention provides a method of connecting

:wires'petween a semiconductor element and a plurélity'of
-_K“) conductive leads spaced from but adjacent at least one .
10 side of the element, a surface of the element having at
| least two lines of electrode pads on that surface adjacent
the said at least one side, a first line being closer to
the said at iéast one side than a second line; wherein a
wire is bonded Eo each electrode pad and £¢ a cofresponding
15 conductive lead such that a wire loop is formed.betwéen
each electrode pad and the corresponding conductive lead,
the wire loops of the second line of electrode §ads
extending higher, in a direction perpendicular to the said
surface of the element, thén the loops of the first line.
20 The présént invention will be described in connection
"with the embodiments thereof with reférence to the o
- accompanying dfawings,-wherein: ..
Figure 1 is a schematic frbnt view of the wire bond-
ing apparatus for'carryihg out a method in accordance
25 with one embodiment of the present invention; |
"Figure 2 is a.perspective view shohing'the principai
parts of the wire bonding apparatus shown in Figure l;'

Figures 3A to 3D are front views, each showing a wire
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ing apparatus for carrying out a nethod in accordance 25 with one
. enbodi ment of the present invention; Figure 2 is a perspective view show ng

t he yncipal parts of the wi re bondi ng apparatus shown in Figure 1,
Fig 3Ato 3D are front views, each showing a wire 3 _bonding step
whenudi ng the wire bondi ng apparatus shown in Figure 1; Figure 4 is a -

per spective view show ng a seniconductor‘gﬁyice to which wire-bonding is s
effected by the use of the 5 present w re bondi ng apparatus; Figure 5 is a:

howi ng-t he o raTREnaFe dnsh e thd e WY bohatnsUbpatatie aholl  dance
with a 10 nogifi edgapbodi nent of the present invention;, and Figure 7 is an
enl arged perspective view show ng the principal parts of the wire bonding
appar atus shown i Righrgudei$. a Ther gpastive ivieanishowing b semibendestor bed
with 15 reference to enbodi nents thereof shown in the acconpanyi ng
drawi ngs. Fi devdseltanwhichhwivetkondinglis efifacates byntbe usei o€ bbedi ng
ApRar At s I Snt wive bonalng Appacatus;
Figure 5 is a sectional view taken along line V-V of
Figure 4; | |
Figure 6 is a front view showing the wi:e bonding .
apparatus for carrying out a pethod in accordance with a tﬁi
10 modified embodiment of the present invention;.and
Figure 7 is an enlarged perséective viéﬁ.showing the
principal parts of the wire bonding apparatus shown in
Figure 6. | |
~ The présent invention will now be described with
15 reference to embodiments thereof shown in the accompanying
| drawings,
Figures 1 and 2 shdw_the overall conétruction of a.
wire bondingrapparatus in which reference hgmeral 1 -
represents a bonding head which is mounted on an XY table
25 2 and can move in the horizontal X-Y directions. An
uitrasonic oscillator 3, which is electrically connected
to an ultrasonic oscillation source not shown, is disposed
in front of this bonding head 1, and a transducer 4 acting
as the oscillation body projects forward from the front -
25 part of the oscillator 3. A wedge S écting as a bonding
tool is fitted to the tip of the transducér 4 so as to

project downward. A clamp 6 is supported by a support



represents a bondi ng head which is mounted .on an XY table 20 2 and can nove
in the horizontal X-Y directions. An ultrasoni¢ oscillator 3, which is

glectrically connected to an ultrasonic oscillation source not shown, # 2R
disposed in front of this bonding head 1, and a transducer 4 acting ag"’
oscill4ation body projects forward fromthe gront 25 part of the oscillator

3.4 wedge 5 acting as a bonding tool is fitted to the tip of the
transducer 4 sp_as,t oj ect. ‘downward. A cl.anp 6.isS su rt Y. a
support - bl oBk9Fk 4 o€é°+ﬁeF9?eﬁEﬁﬂﬁé§cqfiﬁ1¥§u3ﬁ°3 ﬁaﬂﬁgggfhgﬁagtﬁtfams
are positioned;] Lat . | y Mﬁﬂgﬁ : t LRESPEESE 4. anghd he
clanp 6 can J%gggg%ﬁaﬁé%l §agggéﬂ$ﬁ%c ani nF@F ?gpgged_inséront of the
~bondi ng head lpggnkBatet N L@ &KW CEYanth P& i ts tip up and down while the.
clanp 6 opens and closes its jaws. A support arm9 extends forward fromthe
upper part 5 of the bonding head 1 and supports a wire coil 10 and an
Industrial television canmera 11 fitted thereto. The wire coil 10 consists
of an alum numwi re as the bonding wire 12 which is wound on a bobbin or
thée like. The end of the wire 12 is pulled out fromthe | ower part of the
coil, is - : -



10 hooked around a wire guide 13 fitted to the support block.7 and is

passed through a hole 4a in the transducer 4, then between the jaws of the

clanp g and further through a hole (not shown) defined at the tip of the
{e\8) The industrial televi-sion canera views the scene in the 15

'y of the wedge 5 and shows the el ectrode pads of a chip-23 and PR

eads of a workpiece 14 to which grres are to be bonded, on a nonit&g

(not shown). A bonding stage 15 is dispsed in front of the bonding head 1.

and a feeder unit 17 is disposed on the bonding 20 stage 15.. The feeder

unit 17 is able to sequentially convey a carrier jig 16, which supports a

I | f r kpi h : s Li ' - di i or
Der pondi sul PSS PRECERPE &4 Jecplf Y ailobeel™tn' PebhiE 68 B °F
feed paw ofy, H&iﬁgggsga'fl s& AW Fnd RGN r2T mbvEQNRRS! tiZug abl e 19

I s di sposed above In front of the bonding stage 15 and a w e guide
unit 20 havi gHd8cRRIWRENE SR IR B lopdnY @nd cllosBapetsagawown in
Figure 2, is fitted to the top of the XYZ table 19. This end of the
wire guide unit 20Ai supporel aym B sxtends] Soxwadidaifelom kbei npgpéhepartige 5
and the clanp 6 and an upwardly recessed hook 21 is formed at the end. The
XY tabl es2, bletbenpordingikead 1 and tswpporhsad WivE cablel@oandtan are

controlled by a conputer in a control wunit (not shown). .
industrial television camera ll fitted thereto. The wire

coil 10 consists of an aluminum wire as the bonding'wire 12 -
which is wound on a bobbin 6r the like. The end of the \/
wire 12 is pqlled-out from the lower part of the coil, is
10 hooked afound a wire guide 13 fitted to the supqut block 7
and is passed through a hole 4a in the transducer 4, then
between the jaws of the clamp 6 and further thréugh a hole .
(not shown) defined at the tip of the wedge 5. The
industrial television camera Qiews the scene in the
15 proximity of the wedge 5 and shows the electrode pads of a
chip 23 and inner leads of a workpiece 14 to which wires
are to be bonded, on a monitor (not shown). 3;2
A bonding sﬁage 15 is disposed in front of the bonding |
head 1 and a feedé:ﬁunit 17 is diéposed on the bonding
20 stage 15. The feeder uqit 17 is able to sequentially convey -
| a carrier jig 16,'which supports a plurality of.workpieces |
14 thereon, érranged in a line in the direction
perpendicular to the plane of Fié. l. Reference nuﬁerél 18
represents a feed pawl of the sequential conveyor mechanism.
25 A compact XYZ table 19 is disposed above énd in front of

the bonding stage 15 and a wire guide unit 20 having an end

bent substantially into an L-shape, as shown in Figure 2,

-
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Next, the wire bonding nmethod using the wire bondi ng apparatus of the
construction descri bed above will be described with reference to Figures 3A
1o 3D. In the 10 draw ngs, reference nunmeral 22 represents an outepHlgad
formed on the surface of the base 100 of a package, 26 is an inner ad and
23-is~a chip fixed to the base 100 of the package. They formthe workpiece
: 14\He5cr|bed above. In particular, in this enbodi nent the el ectrode pads.
24,25 15 formed on the chip 23 are arrapged in two lines. Referring
initially to Figure 3A, the wedge 5 is ﬁérst noved over a first bondi ng
region.on an el ectrode pad 24 in the outernost line, and is then pressed

| nto contact wdly %@'&C%ﬁad%opaeﬂéaﬁsfgﬂowﬁbw 19 gurn3Benf 8% LRePON

20 the wre trasonlca Mean e Wwre guide unit

kept back be“'v&d:é hpaiaRIGR i zlblex& nbbﬂamﬁgpoémﬁoqunmtéw BEﬁQnﬁ
upmard and is-then noved towards the inner lead 26, that is, to the right

in the draw ngthelwedge S andhehet bRapps6tand ab wpwaailnd ﬂwleélseg hegkon
over the 25 inner |lead 26, the wedge 5 is nmoved down so as to connect the
other end of t3le 3@ formed las ithecendeadThe. XN\itabhle 2, rhhe cam mechaniswf

the wire quide unit 20 is noved sone di stance to the |eft so that it is
posi ti onec® betbredhe FOMPAEE: K¥de tpRYC2H antte he MM ONFAL126, Pang an

[ nt er nmedi at e pcaorn'{pu(geg k}_% vg ren% Pel ngtc xrll‘gtecéheéj et ween the el ectrode

Next, the wire bonding method us;ng the wire bond;ng
apparatus of the construction described above will be
described Qith reference to.Figures 3A to 3D. In_the

10 drawings, reference numeral 22'representé an outer lead
formed on the surface of the base 100 of a package, 26 is
an inner lead and 23 is a chip fixed to the base 100 of the
paékage. They form the workpiece 14 described above. In
particular, in this embodiment the electrode pads 24,25

15 formed on the chip 23 are arranged in two lines. |

Referring initially to Figure 3A, the wedge 5 is first
.moved_ovér a-first bonding region on an electrode pad 24 in
_the outermbst line, and is then pressed into.ébntact'with '
the electrode pad 24 as shown in Figure 3B so as to bond

20 the wire 12 ultrasonically. Meanwhile, the wire guide unit

- 20 is kept back behind the wedge S. Next, the wedgeis'is
moved.some distance ;pward and is then moved towards the
inner_lead-ZG; that is, to the right in the drawing. When
it reaches £he position of a second bonding region over the
. 25 ipner lead 26, the wedge 5 is moved down so as to connect
the other end of the wire to the ighér lead 26. At.this

time, the hook 21 of the wire'guide unit 20 is moved some



pad 24 and the inner lead 26 is hooked as shown by the 5 broken lines in
Fi gures. 3C and 3D. Accordingly, the shape of the loop in the wire 12 is

' M by the position of the hook 21 at this time, and any variation
jop resulting fromdifferences of wire hardness or w nding
prope s can be elimnated. 10 In this case, the height and
transverse position of the hook 21 -are naturally controlled by the XYZ
table 19. After the wire bonding to the inner lead 26 is conpleted, the
wire 12 is cut by the clanping action oﬁ?the_clanp 6 and by the upward
nmovenent of the wedge 5 as shown in 15 Figure 3D, thus conpleting the wire
bondi ng operation. In this e i ment, _the steps shown in Fiqures 3A and 3B
are carried t@ﬂfgléﬁafﬁ? Eg?g P nEi2h tﬁnﬁﬁxﬁo%{k§QMePQhF5%FﬁE FR%er

o e o0e padZiesABh LIS O Af6 8 SADGE SO e (U o Sobifutigre, .

connect ed tOet € outer position o e 1 nner lea as S

br oken 11 nes daFlogtkfieINire! 21 B ng Anndded Wt welerderleh 81 8bt Fodu! de

unit 20 is h at a position higher®than the previous position so as to

hook an i'nt epp@adizat @andaktheOinhf Yédd® I@A's Hadvleed tdie siowa BFAthé shaped in
a loop over the previous wire 12 so 25 as to bridge it: As shown in Figure
4.and Figurgb&o&uhidﬁnbs dnsBiguoes| 3¢iavd t 3ken Adcogiinigd vl,i theVskhapé
Figure 4), Igfttge loop in the wire 12 is determined by the position of
the hook 21 at this time, and any variation of the loop
resulting from differences of wire hardness or winding
properties can be eliminated.
io In this case, the height and trénsversé position of
the hook 21 are naturally controlled by the XYZ table 19.
After the wire bonding to the inner lead 26 is completed,
the wire 12 is cut by ﬁhe clamping action of the clamp 6 '
. and byfthe upward movement of the wedge 5 as shown in
15 Figure 3D, thus completing the wire_bonding operation.
"In this.embodiment. the steps shown in Figures 3A and
3B are carried out once again, this time to connect the
_ﬁire to the inner_electrode pad 25, and thereafter the other
end of this wire 12A is connected to the oﬁter:position of
20 the inner lead 26, as shown by the broken lines in Figure
3D. In thi§ case, the hook 21 of the wire guide unit 20 is
held é; a position higher-thén the p;evious position so as
to hook an intermediate part of the wire 12A. Hence, the
wire 12A is shaped in a loop over the previous wire 12 so
25 as to bridge it. | |
As shown in Figure'é'and'Figuré'S (which is a

‘sectional view taken along the line V-V of Figure 4), in the

-
X



chip thus wire-bonded, the inner and outer el ectrode pads 24,25 and the-
i nner ead 26 can be connected to one another by wires 12, 12A that do n

,Cross one another in substantially the same vertical plane. In this
instance, 5 the Joop of each wire 12,12A is formed by hooking an
intermBdi ate part of the wire by the hook 21 of the wire holding unit 20
and,hénce can be stabilized without comng into contact with the ot her
106ps. As aresult, it is no |onger necgssary to reduce the size of the
el ectrode pad and 10 thus reduce the pad pitch, and a higher denS|ty of’
W re bonding as well as an increase in the nunber of pins and an

i mpr ovenent 'erag théb! f?i-élﬂ;é( Sa ! e SHnNdNGt BhedeVetecEABadpads

acconpl i shed erence numeral 101 in Figure 5 represents

1 he package caan, z$5and the fker(Medd@ie ckh BePROhheBEelnCoVOie émitﬁhélg
uni t 20 operates in an. interconnected sequence with the XY table 2 and

w th the cam bgchipesnl 3, h2al ot rdd ndthenoisise ohel dnogheni in20 and in
particular, the height and transverse position of the hook 21. It is
preferred in shbstaattalhuith® sape venticed pdanei.ondnt thbe hwstaneer and
the timng are input in_advance in accordance with the specifications of
the arti che b&hRgleeRdefl, eash Wik - 14t 45 formedoRYt RROKIRI AR t he data

h d. Fi 7_sh h 25, _th
Ui deuni ¢ i nipAFFREAraFe adrd ird: G Arey T HEChoaR HE<hRe Minkn ot n
XYZ table or hBfakhlCubfe b6 PLRE hdrkd, ¥Utn Ble 5R30E220LA%IERSuE Bming

\fj_ : © . .into contact with the other loops. As a result, it is no

- longer necessary to reduce the eize of the electrode pad and
10 thus reduce the pad pitch, and a higher densitj of wire
bonding as well-ae an increase in the number of pins and an
improvement in the reliability of the semiconductor de#ice
can be accomplished. Incidentally, reference numeral 101
in Figure 5 represents the package cap. |
' 15' | The XYZ table 19 supporting the wire holding unit 20

‘operates in an_ interconnected sequence with the XY table 2

and with the cam mechanism 8 and controls the wire holding

C

‘unit 20 and in particular, the height and transverse
position of the hook 21. It is preferred in this ease that
20 data on-the positiens to be moved to and the timing ere
‘input in advande in accordance with the specifications of
 the article being bonded, and centroi_is effected on the
_basis of the data thus Sto:ed;

- Figures 6 and 7 show another arrangement in which
25  the wire guide unit in particular is modified. .An XY3

moving mechanism 27 such as an XYZ table or the like is

disposed in front of the bonding head 1 at



the position at which the transducer 4 slants downward, and the wire
hol ding.unit 28 projects forward fromthe front end of this XYZ noving

M 27. A rocking link 30 is turnably supported by a pivot 31 on the
of 5 amin arm?29 of the wire guide unit 28 and can be nade
py an el ectromagnetic solenoid 32. A clanping unit 35 conprises a
movabl e cl anp arm 34 di sposed in such a manner as to co-operate with a- .
fixed clanp arm 33 which is disposed suﬂgtantially in an L-shape at the end:"
of the main arm 29. 10 The novable clahp arm 34 is connected to the other .-
end of the rocking link 30 so that it is actuated by the rocking of the

Vs

rocking inkedQ LSeoLatp fertly iR M SIBLIEEN ! Ly 8K, {iSaLaaE o 2

arm 33. Accor constructi.on descri above, after e wire

~is bonded byagaetwe fre AdLEP R iﬂ”g%thcEQGfSkﬁgPdGEf’oﬁn'sé}@/‘“ in
Figures 3A and 3B, the wire guide unit 28 causes the clanping unit 35 to
project to aproftesi@ddfthid N aidoving Mechahesh2B7Dy Aheosimiqitiiok of the

XYZ nmoving mechani sm 27 so that the internediate part of the wire 12B 20 is
cl anped and BOxks tyrniiely i supportddrbyalal pivb&anpl annth83uppek Phrtlttd wedge
5 then connects the other end of the wire to the inner |ead, formng:
t hewi re Boopa mainhaem2etefhche wicedaaiidedundsp2Baandecanrbpdrasie to
restricting 3QcL”ﬁ?rquéfﬁéiéﬁﬂégdﬁkikh%oTLL%iBV35?6 Rpgiﬁﬁéfﬁa‘ﬁnié“iém re
comprises a movable clamp arm 34 disposed in such a manner N
as to co-operate with'a_fixed clamp arm 33 which is disposed. i-;
substantially'iﬁ.an_L-shape at the end of the main arm 29.
.10 The movable clamp arm 34 is connected to the other-eﬁd of
the rocking link 30 so that it is actuated by the rocking
of the rocking link 30 to clamp part of the wire between it
and the'fixéd clamp arm 33.
Acéording to the_cdnstruction-descriﬁed aﬁove, aféer
15 the wire is bonded by the wedge 5 in éo-operation with the
claﬁp 6 as shown in Figures 3A and 3B, the wiré guide unit
28 causes the clamping unit 35 to préjedt to an intermediate v
position of the wire 12B by the.opefation of the XYZ moving ~
mechanism.27 so that the intgrmédiate part of the wire 128
20 is clamped and fixed by the fixed and movable clamp arms 33
and 34. fhé wedge 5 then connects the.other end of the Qiré
tb the inner lead, forming the wire loop. 1In this instance,
the desired loop can be formed by réstriciing an
intermediate part of the wire by the'operation of the wire
25 guide ﬁnit 28, in the saﬁ;/Qay as in the foregoing
eﬁbodiment.

In this arrangement since the wire guide unit 28



-

25 guide,unit 28, in the same way as in the foregoing enbodinent. In this _
arrangenent since the wire guide unit 28 partly clanps an internedi ate =<
part of the wire 12B, the wire tension is prevented from acti ng upon theéé?i;
el ectrode pad of the chip at  the first bonding regi on when connecti.ng th

wirge to the inner lead at the second bonding region so that 5 breakages
Qfxﬁﬁe pad, etc., can be prevented. Since the wire guide unit 28 has an L
shape, it does not interfere with the meqqp_S, etc. In this arrangenent,

too, the shape of the wire | oop can be controlled as required. |n other
words, wire bonding 10 of wire |oops such as is shown in Figures 4 and 5

can be made angdrtly iclamps’ aitinteinediave paxt ioK t@ms wiget N2BRUERET wte
pins and the density of the sem conductor device. Although the foregoing
ermbodi ment s useceans loint rias prievehtadi fipoyacking fupbrmrhlec eleceérpdespad of

I nvention 15 can of course be applied to a w re bondi ng net hod usi ng
thermo  conpr dde ehipongi the 6iraty borndjng | regian when sonadesgingotheAs
described in the foregoing, a wire 8uide unit capable of operatin

i ndependent | y dftFeh&oh&hei hgnegoterd 39 the sgrrond Renddag, reetant °0Fh?h_e

bonding o9 AdaWaliS<"98 kAY S8, PEeS2 Y S pitlenicd ! 088aBl LS

wire guide unit 28=has an L.shépe,_it does not interfere

- with the wedge S, etc.

-~

‘\“f In this atrangemenq too, the shape of the wire.léop
can be controlled as required. In other words, wire bonding
10 of wire loops such as is shown iﬁ.?igures 4 and 5 can be
madé and this is eﬁtremely effective for increaéing the
‘number of pins and the density of the semiconducto: device. -
Although the foregoing embodiments use an ultr#Sonic
bonding by way of example, éne present invention o
15 can of course be applied #o a wire bondihg method using
§ thermo compression_bonding using'a-capillﬁry AS' |
”;,) the bonding tool. | | | -

_ As described in the foregoihg, a wire guide unit
- éapable of operating independently of the bondin§ tool is
20 disposed in the prpximity_qf.the bbnding tool, and wire
- bonding cén be car;ied'qut.while a.lopp of ﬁhe bdnding wire
is being formed by temporarily hooking the wife bnnﬁhe wire
guide unit. According to.this construction, the desired
:shape 6f the loop of the bonding,wire can be obtéinéd
25 easily, and the ease of qhanging thé shape of the wire léop

as well as its stability can be enhanced. As a fesult, the



I's being formed by tenporarily hooking the wire on the wire guide unit.
According to this construction, the desired shape of the |loop of the

bondi nghyml re can be obtained 25 easily, and the ease of changing the shape ¥
of the re loop as well as its stability can be. enhanced. As a.result, the
-apparatus descri bed provides the advantage that a high integration of o
sem conductor devices can be made possible. In the apparatus described, thga
fact that the wire guide unit can nove, i ndependently of the bonding tool in
the 5 vertical direction and in both”horizontal directions greatly ' :

I ncreases the flexibility, enabling the apparatus to adapt to the relative

positions of electrod ads and Ieg%; of .a wi_de varietx of sem_conduct or
devi ces wi t RBRRF}LRF | IRETH AT, sb&ﬁ&e-&.d"a%ﬁﬂﬁeﬁa?taaﬁﬂrh be |
possi ble to,use a wre _aui de unj.t I s _mpvabl e_independent |y of °
t he bondi 'ngl?gﬁ?r?ﬁl??leolév)es?%lfé’ln o8& | 8&%@#5&@% 'Eaaaenc}’ ‘%s"aﬁ'tf ‘whi ch
moved either wt e Vel rliRealoRHbNgalPOLtnAL f@hsverse
hori zontal di recﬁ'gn?ﬁérlmr_ ed Y In E%glfrl_eg 2 gns 7.a I'n t%g']t’ﬁgvh%i nal -
hori zont al gﬁiaétﬁﬁit @ kshreX iinlependen@lyes£2tA80bdnd S Necb N iire td de
e

unit could fixed relative to the position of the workpiece 14, or nore
preferably, vepviddl divespeiaie dndy inf boleh hordizogtabodiréetidres mreatliyf it
were desired to formloops other than in generally vertical planes as seen
in Fig. 5, incoeasestthe flexibility, enabling the apparatus to adapt
| to the relative positions of electrode pads_and 1eads of a
wiae éariety of semiconductor deviceé without fouling Wireé
already bonded. However, it.would be pbssible to use a wire
10 guide unit which was movable indepéﬁdentlg of the bonding
tool ih the veftical direction Z (Figures 2 and 7) and which
nomaieither_wiﬁh 6r:independen£ly of the bonding tool in tﬁe
transverse ho:izoht&l direction, marked Y in Figures 2 and
7. In the longitudinal horizontal direction, marked X in
.15 ?igureé 2 aﬁd 7; such a wiré guide unit could be fixed
| relative to'the position of the'wofkpiece 14, or-mnfe
preferably, movablg indeéendenﬁly of the bonding tool. ' o
Furthérmote, if it were desired to form loops other than in
generaliy vertical planes as seen in Fig. 5, in order to
20 avoid shért-éircuité. the wire guide unit could be
constrained so as to be movasle in:sdme'othér direction
‘other than vertical (thoﬁgh obviously' full XYZ freedom of
movement would be préferable).
| This application,has been divided out of U.K. Patent
25 Appljcation No, 8303459 (published'under No. 2116101) and

discloses matter also disclosed in that application.

Attention is therefore drawn to Application No., 8303459,



20 -avoid short-circuits, the wire guide unit coul'd be constrained so as to

be novable in some other direction other thagmm”"lﬁnlmm; h obviously
Jull XYZ freedom of nmovenent woul d be prefer ’ Enﬂcation h A
~been djivided out of U K Patent 25 Applicatiof N6." 8308459 (¢published '
No. 2116101) and discl oses matter al so disclosed in that application.
- Agggntion is therefore drawn to Application No. 8303459. - 12 - CLAIME:
1. A nmethod of connecting wires between ¥seniconductor el ement and a
plurality of cgggiﬁééve | eads spaced from bdti" adj acent at |east one side of
the elenment, a e 5 of. the elenent having at |east two |ines of

el ectrode pads_lon' t hﬂt. ﬁégﬁgacgfag+€rg§€g%é£evgﬁﬁgesdt%tﬁ)e%%§tea(:%%ﬁi?})ggucg\%;i rst.

line being closér to the sard at I ne; erein

awreis bOnd%‘ieh@n%aﬁgdeheﬁiﬁﬁgﬁi@ﬁ%@%d&@cjﬁ@ rlgslagnébaeeaowyﬁt ive

| ead such that a wire 10 loop is fornmed between each el ectrode pad and the

© corres- pondi npugoadjatent htalleashecone reidoss the ehemeatond sunfadé
el ectrode pads extending higher, in a direction perpendicular to the said
surface of theofl shenelembéah héreindops kFasthewd ridmelsi pf. e2ectrodd pad$od
according to claim1, wherein an inter- 15 nedjate point of each-wire is
supported by a®RoSRabfsyrface adjacent the said at least one side, a
| | first line being closer to the said at least one side than
_ a second line; wherein a wire is bonded to each eiectrode
% pad and to a.corresponding conductive lead such that a wire
10 loop is formed between each electrode pad and the corres-
ponding conductive lead, the wire loops of the second line
of electrode pads exﬁaﬁﬁng higher, in a direction perpendicular to the
. said surface of the eieme'nt, than the loops of the first line.
2: | A method, according to claim 1, wherein an inter-
1S mediate point of each wire is supported by a hook of a
wire holding unit above the surféce of the element during
‘bonding of the wire to the electrode pad and to the
corresponding'conduc;ive'lead, the wirés bonded to the
pads of the second line being supported at a greater
20.height:than thé wires bonded to the pads of the first line..
3. - A method according to claim 1 or claim 2, wherein
the bdnding is ultrasonic bonding. |
4. A method according to claim 1 or claim 2, wherein
the bqndihg is thermo-compression bondihg.
25 5. A method according to any one of the preceding
élaims, wherein there are two lines of electrode pads

adjacent each side of the element on the said surface, and

conductive leads adjacent each side of the eiement, the



wire holding unit above the surface of the el erent—durhrg—bonding of the
wiregtnthe el ectrode pad and to the correspondi ng conductive |ead, the :
WA I €] nded to the pads of the second |ine be flila greater 20 %
hei g han the wires bonded to the pads of thummmm)mu]MImll A net hod
according to claim1 or claim2, wherein the boridihg ts Ul fradonic bonding-.
4. . A net hod according .to claim1 or ﬁg?in12,'mherein the bonding is "

t her mo- conpr essi on bondi ng. 25 5. - A hod according to any one of the
precedi ng cl said,witer Bddpsd i PIRDrmdd beReeenf ggﬁcgggdgn@q?s adj acent

"~ each side of the elenent on the said surface, ang conductive Teads adjacent

each side ofcoieespemiirnig ddmiuctivae dead,e | oops being forned between each
pad and a correspondi ng conductive | ead. '




