W RE BONDI NG APPARATUS This invention relates to a%x%ﬁlﬂi
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bondi ng_apparatus. As the integration of sem conductor integrat

circuiy econes hi gher, the number of their external |eads. and pins also
~ beco eater, but the.nunber of the el ectrode pads (w re bonding

regions) and electrically conductive | eady.di sposed around the chip, on ,4%
whi ch the semi conductor devices are fornmed, is restricted by the size 10
and shape of the chip or those of the package Consequently, there is a
certain limt to the increase OWNIRRcBONDDNG APPARARUS Attenpts have been

made to-increase the nunber of pins by formng electrode pads with a
paral | el ogram ¢ pl anar shape so as to reduce the pitch between adjacent

pads but 15 such attenpts are |neV|tany restricted by the working
properties and reI|a@hﬂﬁtynﬁﬁnth@nmf¢ba%%ﬁd¢%gawm&##tbRPQQWQaQEPQiiﬁﬁﬁj to
the pads. The nunber ins is at nost gbout 208 |ns at theiﬁﬁfsent for a

chip size of 12x12[ePF] § ARtegpakien
| eads to be

pads and 2
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semiconductor devices are formed, is restricted by the size
and shape of the chip or those of the package. Consequently,

there is a certain limit to the increase of the number of

‘pins. Attempts have been made to increase the number of

pins by forming electrode pads with a parallelogramic planar
shape so as to reduce the pitch between adjacgnt pads but
such attempts are inevitabiy restricted by the working
properties and reliability of the wire bonding when the

wire is bonded to the pads. The number of pins is at most
2

: about 208 pins at the present for a chip size of 12x12 mm". t%

In accordance with another proposal, the electrode pads and
leads to be formed on the chip are arranged in a zigzag so

as to substantially decrease the pad pitch but if the péd

- pitch is reduced, the adjacent wires come closer to each
other and eventually come into contact, resulting in short-

gircuits. 1In particular, because the shape of the loop of

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 the

W re bondi ng apparatus, that is, by the Z axis control, and by the wirg
har dness, the wire bonding apparatus is |less able to changethe shap
the loop and 5 'the stability of the |oop shape itself is |ow. Thi
results in the short-circuiting problem described above. The present

i NVENEI 0N provides a wire bonding apparabus havi ng a bondi ng tool which is
nmovabl e relative to an article to be wiré-bonded and arranged for

connecting 10 aoper®10YEesR Fekitith1Paioden@ntedifoRnandizeseeandchongi ng
region, wherein a wire guide unit capable of noving both horizontally and

vertically i nde@nde lbhedlwiree boaadnggd appalraitasdi thatedsi,nbiyhehpr axariby
of the bonding tool, and can change the shape of the wire |oop between the
first 15 bondi rgprta@1gn adidd byhehecwdre hardinessr,eghenwdrei bgntiiegbondi ng of
the wire. -The present invention will be described in connection wth the
enbodi ment s t haippeiratiush isefllesenablieo tichehangenthey ishgper ofi the, 1ahpr anf:
20 Figure 1 is a schematic front view of the wire bondi ng appar at us
in accordange viheh strabiddftoriofetheofladpe shapse it sedfedsi dQW-Fi gfhés2 is a
perspective view.showi ng the principal parts of the wire bonding apparatus
shown i B Fi_jgure'-'els,ulzi\’ﬁ in therishordscixqud-tipng, problsm d\?isé?\ﬁé-,beéaéﬁ° fowi ng
a wire bonding step when using the w re bondi ng apparatus,shawn in Figure
1; Figure 4 is a perBeRLege é\ﬁ"%%%?@% %dﬂ’d‘ﬁ?r bonding )

apparatus having a bonding tool which is movable'relatiﬁe'

to an article to be wire-bonded and arranged for connecting

10 a wire between a first bonding region_and a second bonding
region, wherein a wire'guide unit capable of moving both
horizontally and vertically independently of{the bohding _
tool is disposed in the proximity of the bonding tool, and
can change the shape ofkthe'wi;e loop between the first

15 bonding region and ﬁhe second bonding regioh during the
bonding of the wire; .

The present invention will be described ih connection
o/ | " with the embodiments theredf_with reference to the
' accompanying ‘drawings, wherein: |

20 Figure 1 is a schematic front view of the wire
bonding apparatus in accordance with one gmbodiment.of the
present invention; | |

| Figure 2 is a perspective view showing the principal
parts of the wife bonding_aéparaﬁus shown in'FigureJI;

25 Figufes 3A to 3D are front views, each showing a wire
bonding step wheﬁ'using the wire bonding apparatus shown in
Figure 1;

Figure 4 is a perspective view showing a semiconductor



devi ce tb whi ch wire-bonding is effected by thé use of the present wre

bondi ng..apparatus; Figure 5is a sectional view taken along |line V-V of

Fi gur N 5 Figure 6 is a front view_show ng the wire bonding

apparfft 46 i n accordance with a nodified enbodi ment of the present

I nventy©on; and Figure 7 is an enlarged perspective view showi ng the -
principal parts of the wire bonding appgratus shown in 10 Fi gure 6. Theggﬁ
present invention will now be described with reference to enbodi nents

t hereof shown in the acconpanying drawi ngs. Figures 1 and 2 show the

overal | consddyitdd b Qfhithl Wi f-HRnRRAY 19 BRRatebUSHYNtRECRSEapEe bt h the
present invention in which reference nuneral 1 represents a bondi ng head

whi ch i s noutesern wireXbdnalilng appatatas;nove in the horizontal X-Y
directions. An ultrasonic oscillator 3, which is electrically connected to-
an ul trasoni ¢ osciFigurneord 3¢ assectdonefl yvliewntakendatpongelline ¥+Wndf of '
this bonding head 1, and a transducer 4 acting as the oscillation body
projects forEkgwre rom the front part of the oscillator 3. A wedge 5 acting-
as a bonding tool is fitted to the tig}of t he transducer . 4 so as to project

downward® A cl anp BIwe$ 18,8,5F084 KieH ShoHoRE .Bhﬁcki?:amn!‘he.l
o 4 1S ed. SUpPP o o it . BN
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present invention; and

p
Figure 7 is an enlarged berspective view showing the {;)
principal parts of ﬁhe wire'bdnding apparatus shown in
10 Fiéure 6. | |
The'present ig#éntioh will now be described with
reference to embodiments thereof shown'in the aécompanying' '
drawings; | |
Figuresfl and 2 show the overall construction of a
15 wire bonding appatatus in accordance with the present
invention in which reference numeral 1 represents a bonding
head which is mounted on an XY table 2 and can move in the
horizontal X-Y directions. An”nltrasdhic oscillator 3, \;f
~which is electrically cqnnedteﬁ to an ultrasonic oscillétidn_
20 source not shown, is disépsed in front of thi§ bonding'head
1, and a't:ansducer-4 acting as the oscillation body
projects fdrward from the front part of the oscillgtor 3.
A'wedge 5 écting és a bonding tool is fitted to the tip of
the ﬁfansducer'4 so.aé-td'project downward. A'clamb 6 is
25 supported by a shpport block 7 above the transducer 4 in
such a'manner'thét its jaws are positioned imMediatelf

behind the wedge 5. The transducer 4 and thé clamp 6 can
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-4- be actuated by a cam nechani sm 8 di sposed in front of the bondi ng head
1 so that the transducer 4 noves its tip up and down while the clamp 6.~
opens and closes its jaws. A support arm9 extends forward fromthe 22
part 5 of the bonding head 1 and supports a wire coil 10 and an

I ndustrial television canera 11 fitted thereto.. The wire coil 10 consists

ofﬁ _alum numwi re as the bonding wire J2_which is wound on a bobbin or
the like. The end of the wire 12 is pulled out fromthe lower part of the -
coil, is 10 hooked around a wire guide 13 fitted to the support block 7

and is passed LorgeghagedObe Hacdn ndthdnisns Gucdspbsedhen Bedvneecoafttiej aws
of the clanp 6 and further through a hole (not shown) defined at the tip of
the wedge 5. Thendislyshéad|l ted eshiai drhec amansduicews 4t movesehbsi hiphep 15
proximty of the wedge 5 and shows the el ectrode pads of a chip 23 and

i nner | eads of andwdowpi etkld 4the aldmph Grviopensaaad ¢lhseSordsd)javh-a nonit or
(not shown). A bonding stage 15 is di.sposed in fraont of tne bonding_head 1
and a feeder unit 17A|Suppalesaxh ch aHfemstdioryard fIemy&hesuPPSRcPRrEEder

unit 17 is able_to sequentiall nvey, a carrier jig_16 [ [ts a
plurality & wefkpheckending Hé‘}r/ae‘i(r)?' and ANFPPEGT 2 |‘ﬁqﬁ§-Fﬁ\§’?hgad?‘$§£ Ton
per pendi cul ar tQ.t ng, ' f ergn I rep e a
feed paw of tﬁ'e‘d‘slggﬁg%?i a?féc%%/%/%scan“gginlﬁs%q%?ae Kﬁcl?g#%gét ;1‘(@% ?gﬁfe 19
I s disposed ab%hai‘g Eonbio6d & Adeakindiud Wilrddasl thendondingewidede2

unit 20 having an en
U which is wound on a bobbin or the like. The end of the
wire 12 is pulled cut from the lower part_of the coil, ;s
" 10 hooked around a wire guide_i3_fitted tplthe support block 7
-and is passed'thrdugﬁ a hole 4a in the transducer 4, then
between the jaws of the clamp 6 and further through a hole
{not shown) defined at the tip of the wedge 5. The
industrial television camera views the scene in the o
15 proximity of the wedge 5 and shows the electrode pads of a
chip 23 and innef leads of a workpiece 14 to which wires
are to be bonded, on a monitor (not shown). ' |
\“/ | A bohding sﬁage 15 is disposed in front of the bonding
head 1 and a feeder unit 17 is disposed on the bonding
20 stége 15. The feeder unit 17 is able to sequentially convey
a carrier jig 16, yhich supports a plﬁ:ality of workpieces
14 thereon, arranged in a line in the direction
perpendicular to the plane of Fig. l. Reference numeral 18
reptesents.a'feéd pawl of the sequential conveyor mechanism.
25 A compéct XYZ table 19 is disposed above and in front of
the bdnding stage LS énd a wire guide unit 20 having an end

bent substantially into an_L-shépe, as shown in'Figure 2,



bent substantially into an L-shape, as shown in Figure 2, -5- is fitted
to th op of the XYZ table 19. This end of the wire guide unit 20 is

nor g, positioned i nmedi ately behind the wedge 5 and the clanp 6 and an +
upwar recessed hook 21 is forned at the end. The XY table 2, the cam
nmechantsm 5 8, the conmpact XYZ table 19, etc., are controlled by a -~
conmputer in a control unit (not shown). Next, the wre bonding nethod usﬁﬁ@
the wire bondi ng apparatus of the construction descri bed above wi |l be
described with reference to Figures 3Ato 3D. In the 10" draw ngs,

ref . - e rred the surf of the
base 100 of 3 packad, BOERACELS 88 Ol Phvb SIS P Mhad ot ol s e’
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chip 23 arether wegge BnahdothéNETampeé Cakd Neh I upvdrdly ddedds@d fodh the
wedge 5 is first noved over a first bonding region on an el ectrode pad 24
in the outeRdods Eormedantl thetémd. prissexy i téble @ atie Wanh nickhanlieat r ode
pad 24 as shown .in Figure 3B so as to bond 20 the wire 12 ultrasonically.
Meanwhi Pe, BhetRPr eogppat ¥¥7Zttable slkemtdacianswidantrdidededyeas. Next,
the wedge 5 is npved, sone distafce g@Wﬁ{d and is then aned.tomardslthe

i nner | ead SBMPPREF 8 2( GORRECH i YMti tPetheSRAWing. Wien it reaches the

posi ti on of a secqadybophlngs FERER NS ndilod s i The SiTe?Bontleg"ed9¢ 5
apparatus of the construct;on described above will be W
described with referéhce to Figures 3A to 3D. 1In the

10 drawings, reference numeral 22 represents an outer lead
formed on the surface of the base 100 of a package, 26 is
an inner lead and 23 is a éhip'fixed to the base 100 of the
package. Tﬁey form the wakpiece 14.de5cribed abéve. In
particular, in this embodiment the electrode pads 24,25
15 formed on the chip 23 are arranged in two lines.
Referfing'initially to Figure 3A, the wedge 5 is first
moved over a first bonding region on an'eléctrbde pad 24 in
the outermost line, and is then pressed into contact with
the electrode pad 24 as shown in Figure 3B sé as té bond .
~ 20 the wire 12 ultrasonically. Meanwhile, the wire guide unit
20 is kept'back behind the wedge 5. Next, thé wedge 5 is
moved some distance upwérd and is then movedﬂtowards the
inner lead 26, that is, to the'right in the dfawing. . When
it reacheé the position of a second bohding'region over the
25 inner lead 26, the wedge 5 is moved down so as to connect
the other end of the wire to the inner lead 26. At this

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



the other end of the wire to the inner lead 26. At this tinme, the hook 21
of the wire guide unit 20 is noved sone -6- distance to the left so-that
it is positioned between the el ectrode pad 24 and the inner |ead 26=and an
i nt er nedi at e part of the wire 12 being connected between the eleciiggﬁ pad
24.-and the inner 'l ead 26 i's hooked as shown by the 5 broken |in&S +'n
Fldﬂtﬁs 3C and 3D. Accordi-ngly, the shapg_of the loop in the wire 12 is
‘determ ned by the position of * the hook 21 at: this tinme, and any
variation of the loop resulting fromdifferences of wire hardness or

wi ndi ng properdifsance G wid M @ thAt it is pBsibiénéasBetwdén henght.
and transverse position of the hook 21 are naturally controlled by the XYZ

tabl e 19. Afteslédrerode pdibrali rnd ahiehdnnexclehdad626and annjhedatedidise
wire 12 is cut by the clanping action of the clanp 6 and by the upward
movenent of thpamedye thesvigtrow? beiny coingecsedDbetwaenctngl eléckradr wire
bondi ng operation. In this enbodi nent, the steps shown in Figures 3A and 3B
are carried olRa¥nth anfhithe tinner @2 36cdsnBepkefeas FROYD BYicthener

| d d 25 h f h he f.th
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broken i | ,
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hook an .int ef”ﬁi’é%&bl@@i & GH}.% Wik ,120d EaPCariBRivh' 8f 18Ke i Bospraped in
a |l oop over the previous wire 12 so

K_) resulting from d1fferences of wire hardness or winding
properties can be_elimlnated.
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 completed,
the wire 12 is cut by the clamping action of the clamp 6
and by the 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 ouﬁ once again, this time to connect the
\,/. wire to the inner electrode pad 25, and thereafter the other
end of this wire 12A is connécted to the outer position of
20 the 1nner lead 26, as shown by the broken lines in Flgure
.3D. In this case, the hook 21 of the wire guide unit 20 is
. held at a position hlgher than the previous position so as
to hook an intermediate part of'thé wire 12A. Hence, the
.wire 12A is shaped'in.a loop over the pfévious wire 12 so
25 as to bridge it.
As shown in Fighfe 4 and Figure 5 (which is a

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



25 as to bridge it. As shown in Figure 4 and Figure 5 (which is a sectiona
ken along the line V-V of Figure 4), in the -7- chip thus
‘ the inner and outer el ectrode pads 24,25 and the inher | ead 26 *

in substantially the same verti cal plane In-this instance, 5 @?

| oop of each wire 12,12A is fornmed by hppklng an intermnédi ate part of thRe™
wire by the hook 21 of the wire hol di ng unit 20 and hence, can be
stabilized without comng into contact with the other |oops. As a result,
it is no | onggp NARRS SAMe-bdndedyCcehkehénfbzeant blites! eTécoedPashand 10

t hus reduce the pad pitch, and a higher density of wre bonding as well -as
an increase 24, 2heandudhe innexi deadn@6anannpeovensected tdecone|amitiien y of
the sem conductor device can be acconplished. ~Incidentally, reference
numer al 101.bY\WiQﬁﬁWiZilﬂ@pﬂ@@én@Q npté paeﬁageneapnogber in The XYZ table
19 supporting the wire. holdln%ﬁaplt 20 operates in an interconnected

sequence wi tfPRHENSEALY &he ewWFﬁtPﬁéchﬁPﬁEchaﬁ?sﬁ?%sa&RFEEﬂﬁ?tﬂ s the .
5 e Ao G e SO s VR S,
e Tone? A R Bk o ol By SHATGEK oo B TE
basi s of tr“hd¥ﬁfhé'ﬁ#i6“2ﬂ*ﬂ$d hence, can be stabilized without coming
| into contact with the other loops. As a result, it is no ;J
longer neceesary to reduce the size of the electrode pad and -
16 thus reduce the pad pitch, and a higher density of wire
bonding as well as an increase in the number.cf pine and an
improvement in the reliabiiity of the semiconductor device
can be accomplished. 'Incidentally,“reference-numeral 10l
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
unit 20 and in particular, the height and transverse- e
position of the hook 21. It is preferred in this case that
| 20 data cn the positions to be moved to and the timing are
. input in advance in accordacce_wich the specifications of
the article being bonded, and control is-effecced on the
basis cf the data thus stored.
Figures 6 and 7 show another embodiment of the preeent
25 invention'ih which the wire guide unit in'pa:ticular-is
modified. An XYz.moviné-mechanism 27 such as ‘an XYZ table

or the like is disposed in front of the bcnding-head 1l at



4

- Figures 6 and 7 show anot her enbodi nent of the present 25 .inventigaiRin
which the wire guide unit in particular is nodified. An XYZ aniqé?EEB
mechani sm 27 such as an XYZ table or the like is disposed in fron

bondi ng head 1 at -8- the position at which the transducer 4 slants
downward, and the'wire holding unit 28 projects forward fromthe front end
of LS XYZ nmbvi ng mechani sm 27. A rocki+g-1link 30 is turnably supported by
a pivot 31 on the upper part of 5 " a main arm29 of the wire guide unit 28
and can be nmade to rock by an el ectromagnetic solenoid 32. A clanping unit
35 conprises athovmiditicmms aticd4 thespssedsincench alaskdcdovrward,
co-operate with a fixed clanp arm 33 which is disposed substantially in an
L-shape at theanshcthst wike haldiagnupdt 28 PrRACABFaBPEVRTAnDraM ke i s
connected to the other_ en f. the _rocking link 30-so,that it is. actuat.ed by
the rocking of EXORE ek tﬁﬁﬁ( ’%& f“BV&Pgnﬁ'eﬁEPPlﬁ’f' ?fﬂe mf_r’é"%’t%e#'ﬁ and

the fixed clangp,as rdj ot 0 ckion. desgr | %%ﬁy of
~after 15 t_hen%_) rleéqtgﬁtonoér?glx s(g‘lfrg’tgﬁtgg\/d\egge%gfstkggog%pg?a??%nﬁ%%tjﬂ e@c?' anp
6 as showngin Figuyesydd ANGBRe REry Gaide dRiYnNdE 28aCass aSe thea&! @d1pi Ng
unit 35 to project to an internediate position of the wire 12B by ‘t.he :
operation of thscr(Ey Y idiedROhignerid/ s6dehbald Bhe i At el amping eurpit t3Df
the wire 12B 20 is clanped and fixed by the fixed and novabl e clanp arns
33 and 34. Thecompiricsds tdawvaimleecllampharot B4r déagdosedt be smuck aonanmer nner
| ead, form ng the wire'loop. In this instance, . . '

Lo as to co-operate with a fixed clamp arm 33 which is disposed

(> '

t he

substantially in an L-shape at the end of the main arm 29.
10 The movable clamp arm 34 is connected to the other end of
the rocking link 30 so that it is actuated by the rocking
of the rocking link 30 to clamp pért of the’wi:e.bgtween it:
and the fixed'clﬁﬁp arm 33.
| According to the construction described ébove, after
15 the wire is bonded by the wedge 5 in co-operation with the
clamp 6 as sﬁown in Figureé 3A and 3B, the wire éuide unit
28 causes the clamping unit 35 to project to an intermediate
L/ - position of fhe wire 12B by the-operation'of the XYZ moving
mechanism 27 so that the interme@iate part of Ehe wireIIZB
20 is clamped and fixed by the fixed‘and movable clamp arms 33
and 34. The wedge 5 then connects the other end of the wire
‘to the inner lead, forming the wire 1oop,.'In this instance,’
- the desired loop cén be formed“by reétricting-an
intermedi#te part of the wire'by the opératibn of the wire
25 guide 6ni£ 28, in the same way'as.in the foregoing |
embodiment.

In this embodiment, sinée the wire guide'unit 28



the desired | oop can be formed by restricting an internedi ate part of the
Wre Nt he operation of the wire 25 guide unit 28, in the same way as in
“the goi ng enbodi nent. In this enbodi nent, since the wire guide unit 28 =
-9 - Yartly clanps an internediate part of the wire 12B, the wire tension

is prevented fromacting upon the electrode pad of the chlp at the first ’d_
‘bondi ng regi on when connecting the wiré-to the inner |lead at the second
bondi ng region so that 5 breakages of the pad, etc., can be prevented.

Since the wire guide unit 28 has an_L shape, it does not interfere with the
wedge 5, et @ArtAyt RL3mBAHARI hBhermediate r@arshaspfe e tHERilrB 1 B Yt pe

trolled d b 10
Such as |5 SRBMOPn i gaﬁgsnﬁegng’-’%mc%tb‘\ém T
effective f r.ea h densid f a
senicoh;uct%& dgvﬁge%%nqpﬁogéggpﬁga?gi% n enbégﬁhents;%ﬁﬁfﬁ nkaltrasonic'
bondi ng app%%u%obléh\éfaxa;ﬂfareiéﬁﬁ' Se tHe MEESENhddGY I ¥yibh G thfatcour se.

be applied to a wire I ng apparatus using a therno conpressi on bondi ng

net hod Wsi ngraakages! a3y the pha, bepdi Ngciwabe previfitdd bediintd fthe
foregoing, a wire guide unit capable of operating independently of the

bondi ng t oolwiire Jiidei apdsed8i hashen pk oshape y f ddastnnunnn;anﬂare and wire
bondi ng can be carried out while a |oop of the bonding wre
with the wedge 5, etc. .
In this embodiment, too, the shape of the wire loop -
can be controlled as fequired. In other.words, wire bonding -
10 of wire loops such as is shown in Figures 4 and 5 can be
made and this is extremely effective for increasing the
number 6£ pins and the density of the semiconductor device.
- Although the foregoing embodiments use an ultrasonic
bonding apparatus by way of example, the ptesent invention
15‘ can of course be applied to a wire bondinglapparatus using
a thermo compression bonding method using a capillary as
the bonding tool. |
As described in the foregoing, a wire guide ‘unit _ “
capable of operating independently of the bonding tdbl is
~ 20 disposed in the proximity of the bonding tool, and wire
bénding can be carried out while a loop of the bonding wire
is being formed by temporarxly hooking the wire on the wire
guide unit. Accordlng to this construction, the desired
'shape of the loop of the bonding wire can be obtained

25 easily, and the ease of changing the shape of the wire loop -

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



is being fornmed by tenporarily hdoking the wire on the wire guide unit._
According to this construction, the desired shape of the |oop of the /

bendi ng wire can be obtained 25 easily, and the ease of changing 't helg ape

of the wire loop as well as its stability can be enhanced. As a result, the
-10 - apparatus described provides the advantage that a high |ntegrat|on of
senFanductor devi ces can be made possidlee- In the apparatus described, the
fact that the wire guide unit can nove independently of the bonding tool in
the 5 vertical direction and in both horizontal directions greatly

i ncreases theappexabusidgscerkdd ipnpuidesafie adyantegedapattd hhghrel ative
positions of electrode pads and | eads of a wi. de variety of seniconductor
devi ces mnthoaﬂtﬁgﬁﬁthnmPFe%e@HQQQQHFQQﬁuﬂﬁylceﬁoﬁéVePe padgopPes bele -

possible to use a wire 10 ui de uni abl e [ ndependent |y -of
the bonding tool iniRhED %e?é%?ﬁﬂt?ﬁ ?ﬁﬁ?f'(ﬁ$§u%§§t2téﬁﬁ g?eaﬁhrﬁhlch

d eith d d I
hor + zont al e&. Shife ot FEREIRGN dndloddiedii)f 1M chBobohli RCLOEELEN o RS
hori zont al be ?EHQQl g@fé@élaslshdl&n B §5rd 23R al, a3vehedon Sront o¢

uni t coul I xed re Ive to the position of the workpiece 14, "or nore

preferably, npyabkasésdenentibatiyi Nty hermidinig tmeolappﬁuatheresrsdags{ it
were desired to form |l oops other than in generally vertical planes as seen

in Fig. 5 1intordhe telaﬂlvavpnshtiuns-aﬁremﬂdrxodbh@aﬂsranguldedunof aoul d
be constrained so as. to be novable in some other-direction
=S wide variety of semlconductor devices without fouling wires
~ already bonded. However, it would be possible to use a wire
lQ guide unit_which was movable_independently of the bonding -
tool in the vertical direction 2 (Figures 2 and 7) and which
.mQWaieithef with or independently of the bonding tool in the
transverse horizontal‘direcﬁion, marked Y in Figures 2 and
7. 1In the longitudinal horizontal.direction, marked X in
15 Figures 2 and 7, such a wire guide unit could be fixed |
relative to the positien of the workpiece l4,lor more.
. preferably, moﬁable ihdependently of the bending tool.
A% Furthermdre, if it were desired to form loops other than in
generally'verticai planes as'seenJin Fig. 5, in order to
éO avoid ehort-circuits, the wire guide'ﬁnit could be
consﬁrained so as to be mbvabie-in some other direction

 other than vertical (though obviously full XYZ2 ffeedom of
movement would be preferable)Q |
" This appllcatlon descrlbes matter also disclosed in
25 U.K. Patent Application number 85 12772 (published under
number 2158643A); which has'been dlvided out of'the present

‘application. Attention is therefore drawn to that application.
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ot her n vertical (though'obviously full XYZ freedom of novenent would be
prefe e). This application describes matter also disclosed in 25 U K

Pat en plication .nunber 85.12772 (published unaEF““Wber—2&58643AQ; whi ch =

has been divided out of the present application. {G!wgynlon is therefore

drawn to that application. CLAI MS: 1. A wre H’M’ s havinGg_
a bonding tool which is novable relative;fo an ar ﬁ'ﬁbondedi‘fr

and arranged for connecting a wire between a first bondlng "5 fegﬁon and a
. second bondcmwyrmegi on,. wherein a wire guide unit capable of noving both .
vertically and horizontally, independently of the bonding tool is disposed
in the proxinityaofiteeodmudidiq@ppeaiatuantiavdngchabgadihg ebapewnickhe wire
| oop between thé first bonding region and thé 10 second bondi ng regi on
during the bOmPVRP? IHlative tp.an axbicle tonbenyiappacades according to

claim1l mhereln said wr uide unit is supported by an XYZ noving
mechani sm ot AFFRPISH éﬁﬁ%dﬁWﬂﬁfﬁ&Pgsél3156nHFﬁUeFBoP fBrSt Pondirg bondi ng

apparatu§ cordlnaq~é gacla|n1 erein said wire guide unit

i s equi pped & 91 s wTir Bf&§ﬂ%§ﬁ§é8“VOwgﬁ§§b8 3 PLre $id%e wire.
4 AW euandid, ADRATGH U, g,gorb%'tang&%aggya B ARBL I g E T "

said wire gulde IS equi ppe I'ts en for

cl anpi ng paitdefeddintiy &f 2hed bondfin\y 'i:%ol.?.ong' agsaseé&awstﬁ&cmd' ng to
any one of the preceding clains which’is an ultrasonic type using a
_proximity of the bonding tool, and can change the shape of
the wire loop between the first bending region and the | Q'J
10 second bonding region during the bpnding of the wire. |
2. A wire bonding.apparatus according to claim 1 wherein
sald wire aulde unlt is supported by an XYZ movzng mechanlsm
operatlng 1ndependent1y of sald bondlng tool.
3. A wire bondlng apparatus according to claim 1 or
15 claim 2, wherein said w1re gulde unit is equipped at'its.
end with a.hook_arranged t0o engage a part of the wire.
4. A wire bendipg apparetus edcording-to claim 1 or claiﬁ E
.2, wherein eaid wire guide unit is eqﬁipped at its end with
a clamp arranged for clamping part of the wire.
20 5. A wire'bonding_apparatus accoraing to any one ef-ehe
preceding_claiﬁs whieh is an ultrasonic type ueing a
wedge as said bonding £ool. |
-6; A wire bonding apparatus accbrdihg to any one of
claims 1 to 4 which is a thermo compre551on bonding type
25 us;ng a caplllary as sa1d bondlng tool.
7. A wire bondlng apparatus substantlally as any described

herein with reference to‘the'drawings.
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wedge as said bonding tool. 6'. A wire bonding apparatus according to any
one of clains 1 to 4 which is a therno conpression bonding type 25 uaiggjf"
. Ny

capillary as said bonding tool. 7. A W re bonrding—apparatus substa

as any described herein with reference to the draw ngs. -12- 8.

senm conduct or device in which wires have been Hmlmnectrode pads
on‘EfSEHicondUctor chip and respective Ig ds bYyHEK , ,re bondi ng
appar atus according to any one -of the préeéeding cLaiﬁB."S . * A '

sem conduct or device according to claim8, wherein two lines of said

el ectrode pags al g QRgoRhdERQL 4091 ELI n A GOWERILhAR HRACELRERA eads

| ocated to that side o I'p, and the wres connec o the innernost

line of padsaides RIeEttBaeb5EES SRNEESiRIbdRINLOWHy dn@mDst |ine of
pads. 10. A sem conductor device according to claim8, substan- tially as

described herispeditiker gbagsnbg theFageres # wntk Sbarairke appeamrasyi ng
drawings. aécording to ahy one of the preéeding claims. 
5 9. A semiconductor devi&e'according to claim 8, wherein
two lines of said electrode pads along one side of the
chip are connected to respective leads located.to that
LV? side of the chip, and the wires connected to the innermost
line of pads bridge over the wires connected to the outer-
10 most iine of pads. |
10. A.semiconductor device according to claim 8, substan-

tially as described herein with reference to Figures 4 and

5 of the accompanying drawings.'




