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APPARATUS FOR MAKING WIRE CONNECTIONS ON SEMICONDUCTOR CHIPS

Background

The present invention relates to an apparatus for making wire
connections on semiconductor chips. In semiconductor assembly,
wire bridges are made by means of such an apparatus, generally
known as é wire bonder, to form the electricalconnections to the
integrated circuit on the chip. For this purpose, one wiring
point for the bridge is on the chip's surface, the other on the
substrate that supports the chip (e.g. a lead frame) or on
another chip. Typically, ultrasonic'welding is used in wire-
bonding to attach the wire to the wiring points.

For the present invention, the following components and
characteristics are presupposed in such an apparatus:

a bonding unit carrying a capillary which guides the bonding
- wire and is movable in a direction at least approximately
perpendicular to. the chip's surface;

a support unit which carries the bonding unit and is guided to
perform controlled motions parallel to the chip's surface; and

resilient articulating means linking the bonding unit to the
support unit and having at least one pair of convérging,
flexible blades arranged opposite each other in relation to a
symmetry plane and defining a pivot axis which extends parallel
to the chip's surface and lies outside the resilient articula-
ting means.
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pur pose, one wiring point for the bridge is on the c t he
ot her oPriloer satdstrate that supports the chip (e.g. a lead frame) or on
anot her chip. Typically, ultrasonic welding is used in wire- bonding to
attach tUe Ratent #5388 853 eguiihes arr@pRarapresdhtthis detndn, In

fol | ow ng P UMYYF 9 (corresponding to EP-A 0 340 506), another,
similar such apparatus is disclosed, except that this differs
from the aforesaid example of prior art in the design of the
resilient articulating means that links the'bonding unit to the

support unit.

The chips assembled on a substrate, ready for bonding, are below
the bonding unit and move forward in the apparatus at clocked
intervals. To make a wire bridge, the support unit and the
bonding unit carried by it perform coordinated, programmed
movements to guide the capillary along its required trajectory
by motion components parallel and perpendicular to the chip's
surface; because chips are normally processed with their surface
horizontal, the following will simply refer to horizontal and
vertical movements. In wire-bonding, each time the capillary
touches the chip or the substrate, the resilient articulating
means that links the support unit to the bondiﬁg unit acts
"passively”: The bonding unit thereby pivots in a vertical plane
by a small angle relative to the support unit and thus exerts
the force necessary for bonding. — Resilient articulating means
of the kind having an external or offset "virtual"” pivot axis,
i.e. an axis that has no pivot pin with bearings or suchlike,
provide adequate clearance under the bonding unit to allow the
paséage of relatively wide workpieces. This makes it possible to
process substrates with large-surface chips and long wire
bridges, and also systems comprising several chips adjacent to
- one another, so-called multichip devices. '

The movements described above are made at high speed and demand
very high precision. In particular, the capillary's tip must not
move horizontally as it touches the chip. In addition to great
lateral stability in said resilient articulating means, this
requires the resilient articulating means's pivot axis and the
chip's or substrate's surface to lie in practically the same
plane, so that the tangent to the capillary's vertical pivoting
movement is as nearly as possible perpendicular to the chip’s
surface. If the support unit is desigﬁed as a pivoting rocker,



characteristics are presupposed in such an apparatus: a bonding unit
*carrying a capillary which guides the honding wire and is novable in a
direction at |east approximtely perpendicular to the chip's surface;, a
support unit which carries the bonding unit and is guided to perform

control I ed nDtiqnsUparaIIeI to the chip's surface; and resilient _
arti cuBgt shgwrReahs US Faitegtt He I @83y amiBEP-tPo & 13 & ififor titminivatd havi ng

at | eagkignAuBd h18b 19RVeNJithe shi@xiilaaddl ades arranged opposite each
other in relation to a symmetry plane and defining a pivot axis which
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articu gfehkng,g§§?§53, has leaf-spring sections bent to a truncated
vee shape to form a pair of elastically flexible blades. The
free ends of the blades are clamped into slbts in the support
unit, and the flat section between them is clamped by a separate
component to the bonding unit. In the manufacture of such a
system it is difficult to bend the leaf springs to shape with
the requisite precision, and internal stresses in the material
or changes in its structure inevitably occur. Moreover, diffi-
culties arise in the insertion and attachment of the ends of the
leaf springs in slots: It is very expensive and time-consuming
to make such narrow slots that fit the thickness of the leaf
springs, and even minute variations of the prescribed dimensions
can cause considerable differences in the amount of tension
produced and particularly in the effective length of the blades.
Moreover, in continuous operation, the areas of attachment are
subject to progressive plastic deformation because of the
alternating elastic deflection of the blades, and this also
causes changes in the clamped length. For these reasons, this
known type of resilient articulating means is inherently rather
unstable and, in particular, the spring properties and the
position of the pivot axis are not easily reproducible.

Summary of disclosure

A principal object of the present invention is to provide a
novel and advantageous type of apparatus referred to, in order
to overcome the disabilities of the resilient articulating means
described. In particular, it proposes a superior type of
resilient articulated link suitable for serial manufacture, with
exactly reproducible properties that remain stable in continuous
operation.

According to the invention, these and other objects are achieved
in that at least two of said converging, elastic blades-and two
rigid sections that connect them, form a one-piece joint element
consisting of a frame of essentially trapezoid shape, one of
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REPL-ACEMVENT SHEET _ -2- Prior art US

Rat ent 4,598, 853 descri bes an apparatus of this kind. In US Patent

4,903, 883 (corresponding to EP-A 0O 340'%56), anot her, simlar such
apparatus is disclosed, except that this differs fromthe aforesaid exanpl e
of prior art in the design of the resilient articulating neans that |inks

t he bondiaigl unigid sadisiengppreing memovakiley ctt fached cem | e oupPeLhsUnbE e,
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appar at us at i nterval s. e awre i dge, the support unit and
the Serial production of one-piece joint elements of this kind,

having two or more converging blades, is readily achieved with
the requisite accuracy and constant spring characteristics. Such
uniform components also greatly simplify assembly of the appara-
tus; for example, the rigid sections of a joint element can be
aligned and screwed into place on appropriate bearing surfaces
of the support unit and the bonding unit respectively. The joint
element as a whole is easy to replace. If necessary, it is also
possible, simply by replacing the joint elements, for example to
alter the position of the pivot axis.

Patent protection is claimed not only for the apparatus as
defined above, but also for the individual one-piece joint
element per se and in connection with potential other
applications.

The invention is described below in greater detail, by reference
to and in conjunction with the drawings, in connection with a
typical embodiment of the apparatus and several typical embodi-
ments of the joint element.

Brief description of drawings

Fig. 1 1is a greatly simplified partial representatioh of the
apparatus in side elevation;

Fig. 2 is a plan view from above of parts of the apparatus shown
in figure 1;

Fig. 3 1is a frontal view of a first typical embodiment of a
joint element;

Fig. 4 is a partial side elevation, partially in section, of the
joint element shown in figure 3, with a diagrammatic
representation of a way it fits to the support unit and
to the bonding unit;

Fig. 5 is a frontal view of a further and preferred embodiment
of the joint element;
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bondrng unit carried by it perform coordinated, progrannmmsm@aegpmk§Rg
guide the capillary along its required t éaj ectory by noti q Em

paral l el and perpendicular to the chip's”surface; because WII,EILp
normal Iy processed with their surface horizontal, the foII Iy

refer to horizontal and vertical novenents. In mﬁre-bondlng, each time the;
capi | | arBig ougheiss thedigtyamrthdte mifists die, thheneadinent showrumting

means that |inksg e&gﬁesug)%& Sluds 1 d ?qgip,{%g £Nife ?r‘glrstugpsﬁixy Yaxid he

bondi ng unit ther pivots in a verti y as angle rel ative
to the support Lﬂrﬂtr%]rﬁﬁlt%st%xfé?q PiRE f%?%ke'ne%‘%sary for bonding. -

ReS|I|ent articul ati-n s of the_kind hayi an ex or

"virtualFigi vor ki, n-]anwaﬁw £ f?at%fa%a/rﬁi?fb’r% %&P%‘ t'be‘%\é ﬁb% or
suchl i ke, prOV|@@xntxgmgmemﬁﬁarance under the bonding unit to allow the
passage of relatively w de workpieces. This nmakes it possible to process
substrates with | arge-surface chips and long wire bridges, and al so systens
conpri siDetsiched desdriptioh s ntnventtien anot her, so-called multichip

devi ces.
The greatly simplified diagrammatic representation in figures 1

and 2 of a wire~bonding apparatus shows only the parts relevant
to the present invention. Reference is made to the aforesaid US
Patent 4,903,883 or EP-A 0 340 506 for further details that
refer to prior art and not shown or described herein. The
apparatus has a bonding unit 10 which in the present case is
designed to make wire connections by ultrasonic welding. The
main components of the unit 10 are a more or less horizontal
horn 11 that carries an ultrasound generator 13 at one end and a
capillary 12 at the other, said capillary guiding the bonding
wire 3' that passes from above to below through the capillary's
bore.

The bonding unit 10 is held by a support unit, only partly
shown, that in the present example is designed as a rocker 30. A
resilient articulating means G forms the link between the
bonding unit 10 and the support unit (rocker 30). Figures 1 and
2 indicate this linking means diagrammatically only, but it is
described in greater detail below in relation to a number of
typical embodiments. Damping elements 14 are provided between
the rocker 30 and the bonding unit 10 to suppress unwanted _
bounce oscillation and contribute to the force applied by the
capillary 12 during wire-bonding.

Microprocessor-controlled motors (not shown), on the one hand,
displace the rocker 30 and the bonding unit 10 in a horizontal
plane parallel to the chip's surface (i.e. in X and Y, figure 2)
and, on the other, pivot it about a horizontal axis Al (pivot
pin 31 and arrow 32, figure 1). As a result, the tip of the
capillary 12 performs the coordinated movements necessary to
form shaped wire bridges 3.

The workpieces for wire-bonding are under the bonding unit 10
and move forward transversely (in X) to the longitudinal reach



The'novenents described above are made at hi gh speed and demand very high
precision. In particular, the capillary.s tip nust not nove horizontally as
‘it touches the chip. In addition to gré@f | ateral stability in said
resilient articulating neans, this requires the resilient articul ating
means's pivot axis and the chip's or substrate's surface to lie in

pract i caf | the Heosankl ppane, heoi zdntal hetagegentft bhe happapatiar yAs gBrti cal
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- 3- frame, with chips la, 1lb, 1lc assembled thereon. Each wire
connection 3 is made by the capillary 12 between the surface of
a chip 1 and the substrate 2, and also, if necessary, from chip -
to chip. The present example shows three (identical or diffe-
rent) chips la, 1b, lc, in a row, that can be wire-bonded as
long as the workpiece (substrate) remains in the same position.
But such a preferred working method — and in some cases also the
processing of large single chips — also requires a passage of
adequate width in Y under the bonding unit 10. During processing
the workpiece (substrate 2 with chips 1) is held flat on the
stage 6 by a holding-down plate 8 equipped with "windows" 9. As
indicated by the dash-dot lihe in figure 1, this plate 8 must be

raised to let the workpiece advance.

Every time that the tip of the capillary 12 touches the surface
of a chip 1 or of the substrate 2 during wire-bonding, the
bonding unit 10 on the resilient articulating means G performs a
vertical excursion at a slight angle against the rocker 30,
namely about a second pivot axis A2, extending parallel to the
rocker's first pivot axis Al and situated between the rocker's
axis and the capillary 12. As stated above, during this process
the capillary must not move laterally (horizontally), i.e. the
tangent of the pivot movement about the axis A2 must be as
nearly as possible perpendicular to the workpiece. This in turn
reqﬁires that the first axis Al, the second axis A2, and the
workpiece all lie in a common plane E (figure 1) (the slight
difference in height between the surfaces of the chip 1 and of
the substrate 2 may be neglected).

The resilient articulating means G that links the bonding unit

10 to the rocker 30 is designed to place the pivot axis A2 it
defines outside the resilient articulating means itself and
beyond (i.e. under) the bonding unit 10. In other words, A2 is a
"virtual" axis, not a material bearing with axle bolts or the
like. Thus the working width or passage width of the apparatus

is not limited by such a material bearing, but can also include

the area of the virtual axis A2, . :
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as shown in US Patent 4,903,883 or EP-A 0 340ni5§eet Haé BeepRepddcedaxi s nust al so

lie in the sane plane. The generic type of a ed to, as
described in US Patent 4,598,853, has T%éf-spﬂi ent to a
truncated vee shape to forma pair of elastical exi bl'e bl ades. The free
ends of the blades are clanped into slots in the support unit, and the flat

septionThetmesﬁlient1astttah@Eﬂn@ymeaBeparghegldnpnaéarabbythevbohﬂbng
unit. 1g,10e &E%ﬁ%&f%”éﬁ,o%héyéhc S¥PhER LA AEddgﬁﬁbEHbﬁ FQ BendriBeg! eaf
springs” to Shapée w the reqursite precision, and internal stresses_in the
mat er i pekew ch¥ingeferancestat varione ryeiradbeybodinentrprdsyEiguges 2i -

cul tiesigiisetéd, tERoi 886Kt §OInANE18hEREENRD] 20t Beceplsvoliclineot-ethie
springs in slgts: It |s verx exgen5|ve gnd t| me-consum.n tg ggke such
narrow $3%8 sOf hheteral pkabhitkhesRldfFetngn| Eaf SpPi fiddesan €n mnute
vari at i smsdDiig tinei preSer ah@dwitnethéOnSpLaotcaxes adbghdear ahl erdirékseences
in the nguPéroéxéﬁgféPnforms the link of each joint element 20, 20' to
the bonding unit 10. In principle, however, a single, centrally
positioned joint element 20 that links the rocker 30 directly to

the bonding unit 10, i.e. without a traverse 16, would also do.

Figures 3 and 4 show a first typical embodiment of a one-piece
joint element 20a. Such an element basically comprises two or
more converging, elastically flexible blades 22a opposite each
‘other relative to a symmetry plane S. At their one end the
blades 22a are connected to a first rigid section 23a, and at
their other to a seéond rigid section 24a, to form a one-piece
component. Thus the joint element 20a is a one-piece article
made as a closed and essentially trapezoid frame from a solid
blank. As figure 4 shows, the rigid section 23a is attached to
(and removable from) the support unit 30 by screws 27 and the
rigid section 24a is similarly screwed to (and removable from)
traverse 16 of the bonding unit 10 . |

It has been found that when the blades are bent, as indicated by
the dash-dot lines in figure 3, they act as a kind of "elastic
guides™ that control the rigid section 24a in a rotational
motion relative to the other rigid section 23a, in the direction
shown by the arrow 25 in figure 3. This defines a virtual axis
A2 that lies outside the joint element in the symmetry plane S

- on the side of the shorter blade distance, at the distance where
the projected (imaginary straight) lines of the blades
intersect. This is of course subject to the caveat that the
blades must not be bent beyond the elastic limits of the blade
material, i.e. the bending stresses must be kept within the
permissible limits. The joint element thus makes it possible to
obtain a resilient articulating means characterized by good
positional constancy of the pivot axis, with only very slight
translational motion superimposed on rotation; good mechanical
stability, and, in addition, total freedom from friction and
slack.
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i n cont isacuormperidie greater distance between the blades at the
transition to the rigid section 23b is about 14.4mm, and the
shorter distance between the blades at the transition to the
rigid section 24b is about 9.2mm. The distance of the pivot axis
A2 from the lower edge of the rigid section 24b is about 9.5mm.
The two rigid sections 23b and 24b have drilled holes 28 for
removably attaching the spring element to the support unit .
(rocker 30) and the bonding unit 10 respectively.

The two blades 22b are stiffened by a thickened mid-section 26,
so that elastic bending occurs mainly in the end sections of the
blades. Adequate stiffening could also be obtained by other
means, for example by one or more longitudinal crimped beads
extending along the blades. The main purpose of stiffening the
blades is to increase their resistance to buckling. As figure 1
indicates, the bonding.force applied by the capillary 12 by the
excursion of the bonding unit 10 is in part produced by the
spring action of the joint elements 20 and in (greater) part by
deformation of the damping elements 14. It can be readily seen
that in this process the blades are subjected to a buckling
force, which the aforesaid stiffening is designed to resist.

The main mechanical properties of the joint element 20b shown in
figure 5 have been determined in a computer model on the basis
of the finite-elements method. In a typical case the required
bonding force of the capillary 12 is obtained by a pivot
excursion of 0.2° (angle @, shown exaggerated in figure 5) of
the bonding unit 10 and the joint element's rigid section 24b,
relative to the rigid section 23b or rocker 30. The diagram in
figure 6 shows, as a function of the angle ¢, the vertical and
horizontal displacement of the axis A2 (in Z and Y, figure 5)
obtained. It has been found that the displacement in- both
directions is extremely small and practically llnear relatlve to
the pivot angle; when ¢ = 0.2°, the displacement is less than
lum. Also the blade deformation that occurs is entirely within
the elastic limits, i.e. reversible.



According to the invention, these and other obpssmsﬂéﬁ d in that at
| east two of said converging, elastic blades an ﬁi cti-ons that
connect them form a one-piece jOInt el enent Co frame of
essentially trapezoi d shape, one of

-4- said rigid sections being renpvably attached to the support unit and
t he ot heFimelhy, rEhgunel ¥ showshadfuothér ewbddigenhi of a one-piece

joint element 20c, in which three elastic converging blades 22c
connect rigid sections 23c and 24c. The principle of how this
joint element functions, with the blades acting as "elastic
guides", is essentially the same as that of the embodiments
shown in and described for figures 3, 4 and 5. This further
example is given only to demonstrate that it is also possible to
provide more than two blades and that the mechanical properties,
such as the spring constant, resistance to buckling, etc., can
be dimensioned to suit specific requirements.

One~piece joint elements of the type described above (20a, 20b,
.20c) can be serially produced with the requisite accuracy
without special difficulty. A suitable production method, for
example, is to make them from flat material, by using electro-
erosive machining — also known as spark erosion, electric-spark
machining, electrical-discharge machining (EDM), etc — to cut
out the material within the closed frame by the well-known
process known as wire erosion. In this process, the workpiece is
prlaced in a bath that contains a dielectric liquid, a wire that
acts as erosion electrode is guided in a vertical direction, and
a feed movement transverse to the direction of the wire is
produced along the required cutting line. The same method or
normal machining may be used to shape the outer profile of the
workpiece.

As indicated in the above description of typical embodiments,
the resilient articulating means G, made up of one-piece joint
elements 20, is very easy to fit and provides clearly
reproducible, repeatable, and stable relations as regards the

- position of the pivot axis A2, spring properties, and so forth.
It also makes it possible, whenever necessary, to replace the
joint elements quickly and easily. The use of different types of
such Jjoint elements, with blades 22 at different angles of
convergence, also permits changes in the position of the pivot
axis A2, without any need to alter the fixing positions on the
support unit 30 and on the bonding unit 10..



Sertal production of one-piece joint elements of this kind, having two or
nore converging blades, is-readily achi ﬁ.ed with the requisite accur acy and
‘constant spring characteristics. Such™ |forn1conponenlb atso greatly

sinplify assenbly of the appara- tus; for exanple, the

joint elenment can be aligned and screwed into place on qumu

surfaces of the support unit and the bonding unit respe esJOhnt

el enent as a whole is easy to replace. |If necessary, it is also possible,
sinply by replacing the joint elenments, for exanple to alter the position
of the pivot axis. Patent protection is clained not only for the apparatus
as defined above, but also for the individual one-piece joint elenent per
se and in connection with potential other applications. The invention is
described below in greater detail, by reference to and in conjunction with
the drawi ngs, in connection with a typical enbodi ment of the apparatus and
several typical enbodi-
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Patent Claims El1-Pl3a

1. An apparatus for making wire connections on semiconductor
chips, comprising

a bonding unit carrying a capillary which guides a bonding wire
and is movable in a direction at least approximately perpendi-
cular to the chip's surface;

a support unit carrying'said bonding unit and guided to pe:form
controlled movements parallel to the chip's surface; and

resilient articulating means linking said bonding unit to said
support unit and comprising at least one pair of converging,
flexible blades arranged opposite each other relative to a
symmetry plane and defining a pivot axis which extends parallel
to the chip's surface and lies outside said resilient
articulating means,

characterized in that at least two of said converging, flexible
blades and two rigid sections connecting them form a one-piece
joint element consisting of a frame of essentially trapezoid

- shape, wherein one of said rigid sections is removably attached
to said support unit and the other is removably attached to said
bonding unit.

2. An apparatus accofding to claim 1, wherein each blade of said
joint element is stiffened in a longitudinal mid-section,
preferrably by thickening.
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ments of tﬁé joint efenent. ~Brief description of drawings Fig. 1is a

greatly si presentatiqn of the apparatus in side
eI evat i on; IH“EVI ew from g‘bove of parts of TH'BESHEE’F‘HﬂSLﬁEIEN

is a frontal viewofJafir LhEphca
enbodl ment of a JOI nt eI errent, Fig. 4 is a part ' L.on,
partially in section, of the joint element shown in figure 3, with a

di agr andrat (A0 apparatupraceerdinrgntefchaimyli twhereinotheeresbbbeRtunit and
to the bopdiNati¥hd means comprise two of said one-piece joint

elements, placed on each side of the bonding unit with their

respective pivot axes aligned with each other.

4. An apparatus according to one of the preceding claims,

wherein said support unit is a rocker having a pivot axis

extending parallel to said pivot axis of said resilient

articulating means.

5. A joint element having at least two converging, flexible
blades arranged opposite each other relative to a symmetry axis
and defining a pivot axis extending in said symmetry plane and

outside the joint element,

characterized in that said converging blades and two rigid

sections connecting them form a one-piece and essentially

trapezoid frame.

6. A joint element according to claim 5, wherein each blade is

stiffened in a longitudinal mid-section, preferably by

thickening.
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Fig. 5is a frontal view of a further and preferred enbodi nent of

.the joint elenment; REPLACENMENT

* SHEET _ o _'1215- Fig. 6 is a diagramthat refers
to the enbodi ment shown in figure 5 and shows the position of the
virtual pivot axis in relation to the pivot angle; and Fig. 7 is a
frontal view of a third typical enbodi ment of the joint elenent.

Abstract E11-Pl3a

In an apparatus known as a wire bonder, a new type of one-piece
joint element (20) is used as the articulated link (G) between a
support unit (pivoting rocker 30) and a bonding unit (10) that
carries a capillary (12). One or more such joint elements (20)
define a virtual pivot axis (A2) for the unit (10), which lies
outside the unit and thus provides a passage in the apparatus
wide enough for relatively wide workpieces (chips 1 on substrate
2). A joint element (20a) is made in one piece and has at least
two elastically flexible blades (22a) converging toward each
other relative to a symmetry plane (S), and the blades are
connected to each other by two rigid sections (23a, 24a). One of
the rigid sections (23a) is attached to (and rempvable from) the
support unit (30), the other (24a) is attached to (and removable
from) the bonding unit (10), so that the joint element (20) is
easy to fit or exchange.

(Figures 1, 3)
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Detail ed description of invention The greatly sinplified diagrammtic
.representation in figures 1 and 2 of a wi re-bondi ng apparatus shows only
the parts relevant to the present invention. Reference is nmade to the
aforesaid US Patent 4,903,883 or EP-A 0 340 506 for further details that
refer to prior art and not shown or descri bed herein. The apparatus has a
bondi ng unit 10 which in the present case is designed to nmake wire
connections by ultrasonic welding. The main conponents of the unit 10 are a
nore or | ess horizontal horn 11 that carries an ultrasound generator 13 at
one end and a capillary 12 at the other, said capillary guiding the bonding
wre 3 that passes from above to bel ow through the capillary's bore. The
bonding unit 10 is held by a support unit=—onlygpartly shown, that in the
present exanple is designed as a rocker F 1
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resilient articulating neans G forns the |link between the bonding unit 10
:and the support unit (rocker 30). Figures 1 and 2 indicate this |inking
means diagrammatically only, but it is described in greater detail belowin
relation to a nunber of typical enbodi nents. Danping elenents 14 are

provi ded between the rocker 30 and the bonding unit 10 to suppress unwanted
bounce Dscillation and contribute to the force applied by the capillary 12
during w re-bondi ng. N o) cessor-controlled notors ( Y ), on the
one hand, displace th r' R 30 and t he bondi ng unié_(lo i *heéri zont al

pl ane parall el t&Bwe chip's surface (i.e. in X andz&f figure 2) and, on
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+6- The resilient articulating neans G should preferably have two joint
el enents 20, whose construction and function is described below by [fos’s
reference to various typical enbodinents. As figure 2 indicates, two suefy.
joint elenents 20, 20' are provided for the sake of | at er al stabl lity,
pl aced on the two sides of the bonding unit %6 gJ-ugi_a.x.e.s‘

2 e 2 e 1 g
M.,
aligned. A traverse 16, for exanple, fo¥ns t EEEQF’ EAGFth?EEFﬁ el

20, 20' to the bonding unit 10. In principld ponapgﬁﬁg éb pageds V
Claim(s)  : paged {Zto paged .l/

J& Drawing(s) : paged / to paged &..
J& Abstract  : paged 7. to paged/2.
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APPARATUS FOR MAKING WIRE CONNECTIONS ON SEMICONDUCTOR CHIPS

J( .

Background

The present invention relates to an apparatus for making wire
connections on semiconductor chips. In semiconductor assembly,
wire bridges are made by means of such an apparatus, generally
known as a wire bonder, to form the electricalconnections to the
integrated circuit on the chip. For this purpose, one wiring
point for the bridge is on the chip's surface, the other on the
substrate that supports the chip (e.g. a lead frame) or on
another chip. Typically, ultrasonic welding is used in wire-
bonding to attach the wire to the wiring points.

For the present invention, the following components and
characteristics are presupposed in such an apparatus:

a bonding unit carrying a capillary which guides the bonding
wire and is movable in a direction at least approximately
perpendicular to the chip's surface:

a support unit which carries the bonding unit and is guided to
perform controlled motions parallel to the chip's surface; and

resilient articulating means linking the bonding unit to the
support unit and having at least one pair of converging,
flexible blades arranged opposite each other in relation to a
symmetry plane and defining a pivot axis which extends parallel
to the chip's surface and lies outside the resilient articula-

ting means.



*

‘positioned joint el ement 20 that links the rocker 30 directly to the
. bonding unit 10, i.e. wthout a traverse 16, paeuld-alsoda Fi gures 3 and

4 show a first typical enbodi ment of a one- p| cREPLACBMENT SHEFENt 20a. Such

an el enment basically conprises two or umRre €O| o ically

fl exi bl e bl ades 22a opposite each other rel ftfv o} _ ry plane S. At
23 b R

their one end the blades 22a are connected (o
and at their other to a second rigid sectiof
conponent prJRUSakRe joint el enment 20a is a ofe-piece article de as a

cl osed and essentially trapezoeid frame from & ' . figure 4
shows, thesrpgtenges) 598, 23R désd@tiwh Qe hgpaﬁzaadsrefmmm ek {ndMIn s
support unit 3 y r “the. riqi ecto da~ks Sl y
screwed t a%&ﬂg ?é%§€h§¥% ﬁ%%ﬁ%gfﬁﬁﬁg&gﬁg °1§§o$ Ph§4§oﬁ%§ﬁb.%ﬁﬁé3%%% I t
has been Sémidarhaucivepparetus ddesliscdosedy, essephdreat ethby diffegssh- dot
i neg i N fel-ghr eﬁé’,afa@as@m Afarbld ¥F pfrice! asti engthdegesidiatocaiMe ol the
il Secggggl%egtlQrgiéégggiég“%eans that links the bonding unit to the

support unit.

The chips assembled on a substrate, ready for bonding, are below
the bonding unit and move forward in the apparatus at clocked
intervals. To make a wire bridge, the support unit and the
bonding unit carried by it perform coordiﬁéted, programmed
movements to guide the capillary along its required trajectory
by motion components parallel and perpendicular to the chip's
surface; because Chips are normally processed with their surface
horizontal, the following will simply refer to horizontal and
vertical movements. In wire~bonding, each time the capillary
touches the chip or the substrate, the resilient articulating
means that links the support unit to the bonding unit acts
"passively": The bonding unit thereby pivots in a vertical plane
by a small angle relative to the support unit and thus exerts
the force necessary for bonding. — Resilient articulating means
of the kind Having an external or offset "virtual” pivot axis,
i.e. an axis that has no pivot pin with bearings or suchlike,
provide adequate clearance under the bonding unit to allow the
passage of relatively wide workpieces. This makes it possible to
process substrates with large-surface chips and long wire
bridges, and also systems comprising several chips adjacent to
one another, so-called multichip devices.

The movements described above are made at high speed and demand
very high precision. In particular, the capillary's tip must not
move horizontally as it touches the chip. In addition to great
lateral stability in said resilient articulating means, this
requires the resilient articulating means's pivot axis and the
chip's or substrate's surface to lie in practically the same
plane, so that the tangent to the capillary's vertical pivoting
movement is as nearly as possible perpendiéular~to the chip's
surface. If the support unit is designed as a pivoting rocker,



fotion relative to the other rigid section 2Ba
the arrow 25 in figure 3. This defines a vir
the joint element in the symmetry plane S on horter bl ade
di stance, at the distance where the projecte ight) lines of
the blades intersect. This is of course subjpcf to the caveat Jthat the

bl ades nust not be bent beyond the elasiirc ||mts of the bladdg material,
i.e. the bending stresses nust be kept withibathe.permssibledlimts. The
joint elenent thus nmakes it possible to obtain a resilient articulating
nmeans chaaaicskawydd BiF Fedenfod t303n88 3cansEBNBY00P40nelBi vbESBIWL with

only veryassid dhlstd rans atileondl vhel isameSpgRarkNPOSed on rotation; good
mechani cal stability, and, in addition, total freedomfromfriction and

sl ack. The generic type of apparatus referred to, as described in US
Patent 4,598,853, has leaf-spring sections bent to a truncated
vee shape to form a pair of elastically flexible blades. The .
free ends of the blades are clamped into slots in the support
unit, and the £flat section between them is clamped by a separate
component to the bonding uhit. In the manufacture of such a
system it is difficult to bend the leaf springs to shape with
the requisite precision, and internal stresses in the material
or changes in its structure inevitably occur. Moreover, diffi-
culties arise in the insertion and attachment of the ends of the
leaf springs in slots: It is very expensive and time-consuming
to make such narrow slots that fit the thickness of the leaf
springs, and even minute variations of the prescribed dimensions
can cause considerable differences in the amount of tension
produced and particularly in the effective length of the blades.
Moreover, in continuous operation, the areas of attachment are
subject to progressive plastic deformation because of the
alternating elastic deflection of the blades, and this also
causes changes in the clamped length. For these reasons, this
known type of resilient articulating means is inherently rather
unstable and, in particular, the spring properties and the
position of the pivot axis are not easily reproducible.

Tpn shown by
i es outsi de

Summary of disclosure

A principal object of the present invention is to provide a
novel and advantageous type of apparatus referred to, in order
to overcome the disabilities of the resilient articulating means
described. In particular, it proposes a superior type of
resilient articulated link suitable for serial manufacture, with
exactly reproducible properties that remain stable in continuous

operation.

According to the invention, these and other objects are achieved
in that at least two of said converging, elastic blades and two
rigid sections that connect them, form a 6ne—piece joint element
consisting of a frame of essentially trapezoid shape, one of



~7-The resilient articul ating means G shoul d pﬁg?%VEBEUTHﬂﬁETtAD j oi nt
2| ements 20, whose construction and function ifsjdescribed bel pw by

reference to various typical enmbodiments. As fi gurGE3 JuyNgegyat psf two such
joint elenents 20, 20' are provided for the spke¢ of lateral stapility,

placed on the two sides of the bonding unit 1p, a Fth—thet+r pivot axes
aligned. A traverse 16, for exanple, forns the_Link of each joijnt el enent

20, 20" to the bonding unit 10.. In principle,  _however.  a n |y
positioneﬂaTgi?ﬁg vlid 9 [5RRSVBRAY, BERAFTSE 59r5§§|§h§%?§§Q5554
bondi ng vamd tiits dther weingutremavedler s¢taghedotibdthesbondingFugifes 3 and
4 show a first typical enbodi ment of a one-piece joint elenment 20a. Such an
el enent b3&Fial IBEQBIgirianof aneygpiece joint elements of this kind,

having two or more converging blades, is readily achieved with
the requisite accuracy and constant spring characteristics. Such
uniform components also greatly simplify assembly of the appara-
tus; for example, the rigid sections of a joint element can be
aligned and screwed into place on appropriate bearing surfaces
of the support unit and the bonding unit respectively. The joint
element as a whole is easy to replace. If necessary, it is also
possible, simply by replacing the joint elements, for example to
alter the position of the pivot axis.

Patent protection is claimed not only for the apparatus as
defined above, but also for the individual one-piece joint
element per se and in connection with potential other
applications.

The invention is described below in greater detail, by reference
to and in conjunction with the drawings, in connection with a
typical embodiment of the apparatus and several typical embodi-
ments of the joint element. '

Brief description of drawings

Fig. 1 1is a greatly simplified partial representation of the
apparatus in side elevation;

Fig. 2 1is a plan view from above of parts of the apparatus shown
in figure 1; ' '

Fig. 3 1is a frontal view of a first typical embodiment of a
joint element;

Fig. 4 1is a partial side elevation, partially in section, of the
joint element shown in figure 3, with a diagrammatic
representation of a way it fits to the support unit and
to the bonding unit; |

Fig. 5 is a frontal view of a further and preferred embodiment
of the joint element;



nor'e converging, elastically flexible bla eg@@mw SHE ETeaLch ot her
Jelative to a symmetry plane S. At their gneg—erd—the~bladqs |22a are
“connected to a first rigid section 23a, and jat _their othe to a second
rigid section 24a, to forma one-piece conpdnefs. JHNJBDZhe jloi nt el ement
20a is a one-piece article made as a cl osdd jand_essenti al lly {t rapezoid frame
froma solid blank. As figure 4 shows,_dh rigid'section 234 is attached to

(and renowagleafrg@@atagggggﬂxggaﬂuyéf Rowm gl section

24 I d bl e .f f b
init 10 11 has bEERTT DU AP R AR PLIBE. aFcChent - 5eaf ot ¥k R

t he dash-dot |inesnirelamiore th tHepiact angdeki sddof "el astic gui des” that
control the rigid section 24a inZa rotational notion relative to the other
rigid secFiign 23aisia frenthl atitgwo Sleowhilsd tHRiGRALoRPRSALIRERE (Rf 3@ Thi s
defines a virtual jg¢i® &¥erdditt. |ies outside the joint element in the
symmetry plane S on the side of the shorter blade distance, at the distance
where the projected (inmaginary straight) lines of the bl ades

Detailed description of invention

LA = v

The greatly simplified diagrammatic representation in figures 1
and 2 of a wire-bonding appératus shows only the parts relevant
to the present invention. Reference is made to the aforesaid US
Patent 4,903,883 or EP-A 0 340 506 for further details that
refer to prior art and not shown or described herein. The
apparatus has a bonding unit 10 which in the present case is
designed to make wire connections by ultrasonic welding. The
main components of the unit 10 are a more or less horizontal
horn 11 that carries an ultrasound generator 13 at one end and a
capillary 12 at the other, said capillary guiding the bonding
wire 3' that passes from above to below through the capillary's

bore.

The bonding unit 10 is held by a support unit, only partly
shown, that in the present example is designed as a rocker 30. A
resilient articulating means G forms the link between the

_ bonding unit 10 and the support unit (rocker 30). Figures 1l and
2 indicate this linking means diagrammatically only, but it is
described in greater detail below in relation to a number of
typical embodiments. Damping elements 14 are provided between
the rocker 30 and the bonding unit 10 to suppress unwanted

. bounce oscillation and contribute to the force applied by the
capillary 12 during wire-bonding.

Microprocessor-controlled motors (not shown), on the one hand,
displace the rocker 30 and the bonding unit 10 in a horizontal
plane parallel to the chip's surface (i.e. in X and Y, figure 2)
and, on the other, pivot it about a horizontal axis Al (pivot
pin 31 and arrow 32, figure 1). As a result, the tip of the
capillary 12 performs the coordinated movements necessary to
form shaped wire bridges 3.

The workpieces for wire-bonding are under the bonding unit 10
and move forward transversely (in X) to the longitudinal reach



intersect. This is of course subject ta the Qgggéf§ﬂW§NJ SHEEThIlades nust not
.be bent beyond the elastic limts of the blgdeg material, 1.4. |the bending

stresses nmust be kept within the perm ssible inﬁesJuﬁhggyoiht el enent thus
makes it possible to obtain a resilient artijcyl ati ng neans chTracterized by
I

good positional constancy of the pivot axis,] witiromty—very-slji ght
transl ational notion superinposed on rgtatidqn; good nechanicall stability,

‘_"‘g?" 'n 3ddi thg911LREAL EEERIQPI RS MRIAS T ML Y PlfErably have two
joint elements 20, whose construction and function is described
below by reference to various typical embodiments. As figure 2
indicates,'two such joint elements 20, 20' are provided for the
sake of lateral stability, placed on the two sides of the
bonding unit 10, and with their pivot axes aligned. A traverse
16, for example, forms the link of each joint. element 20, 20' to
the bonding unit 10. In principle, however, a single, centrally
positioned joint element 20 that links the rocker 30 directly to
the bonding unit 10, i.e. without a traverse 16, would also do.

Figures 3 and 4 show a first typical embodiment of a one-piece
joint element 20a. Such an element basical;y comprises two or
more converging, elastically flexible blades 22a opposite'each
other relative to a symmetry plane S. At their one end the
blades 22a are connected to a first rigid section 23a, and at
their other to a second rigid section 24a, to form a one-piece
component. Thus the joint element 20a is a one-piece article
made as a closed and essentially trapezoid frame from a solid
blank. As figure 4 shows, the rigid section 23a is attached to
(and removable from) the support unit 30 by screws 27 and the
rigid section 24a is similarly screwed to (and removable from)
traverse 16 of the bonding unit 10 .

It has been found that when the blades are bent, as indicated by
the dash-dot lines in figure 3, they act as a kind of "elastic
guides” that control the rigid section 24a in a rotational
motion relative to the other rigid section 23a, in the direction
shown by the arrow 25 in figure 3. This defines a virtual axis |
A2 that lies outside the joint element in the symmetry plane S
on the side of the shorter blade distance, at the distance where
the projected (imaginary straight) lines of the blades
intersect. This is of course subject to the caveat that the
blades must not be bent beyond the elastic limits of the blade
material, i.e. the bending stresses must be kept within the
permissible limits. The joint element thus makes it possible to
obtain a resilient articulating means characterized by good
positional constancy of the pivot axis, with only very slight
translational motion superimposed on rotation; good mechanical
stability, and, in addition, total freedom from f;iction and
slack.



Figure 5 shows a different, preferred enbodi|nREPLAGEMENTOSHEETellement 20b
designed especially for use in an apparatus € |n accordancg with figures
1 and 2. The one-piece spring el enent 20b iang ﬂngpyhlck flat

material. The two converging bl ades 22b encl E an angle of |54 and have
0. 15mm t hi ck end sections. The greater distanc 'bljades at the
transition to the rigid section 23b is_gbout] 14.4nm and the ghorter

di stance between the blades at the transditiomrTo THe %‘g—§€gt|ont24b S
about 9. 2#he ¢ﬁ§18+%%5n%ﬁﬁkﬁ“¥4ﬁiﬁﬂ\ﬂﬁaQ§GQS§&?U#POPFFﬁ§ wer 885et %P the

rigid SeCBbQﬁtZéDeménabOmm Ieioee éBﬁSﬁﬂNEUlbgldnﬁefhnaﬁsoﬁShsaddsenbbﬂéve
drilled h for b t S o] S Uppor t
uni t (rocggﬁogo Ya %If?ﬁ% %% %ﬁl x?a:tl Q{E rlgzgéec B%lﬁ E flgﬁades 22b
are stiffanddcahes, ttwekewehl mmts@ixammtzes 2030 210Ha1ar@| §§9Véd56n€?ﬁgtlb%curs
mai nl'y inskhe 8Ed1§€&£é9r§t££1£f\.@y b'pa%%%d Adetuat @wsl isiiliesi Bg erwl d al so be
obt ai ned gg gt er neans, for, exa %1 by one or nore Iong tudkng crlgged
beads nding unit 10, and With thePr prOt axes aligned raver

16, for example, forms the link of each joint element 20, 20°' to

the bonding unit 10. In principle, however, a single, centrally

positioned joint element 20 that links the rocker 30 directly to

the bonding unit 10, i.e. without a traverse 16, would also do.

Figures 3 and 4 show a first typical embodiment of a one-piece
joint element 20a. Such an element basically comprises two or
more converging, elastically flexible blades 22a opposite each
other relative to a symmetry plane S. At their one end the
blades 22a are connected to a first rigid section 23a, and at
their other to a second rigid section 24a, to form a one-piece
component. Thus the joint element 20a is a one-piece article
made as a closed and essentially trapezoid frame from a solid
blank. As figure 4 shows, the rigid section 23a is attached to
(and removable from) the support unit 30 by screws 27 and the
rigid section 24a is similarly screwed to (and removable from)
traverse 16 of the bonding unit 10 .

It has been found that when the blades are bent, as indicated by
the dash-dot lines in figure 3, they act as a kind of "elastic
' guides” that control the rigid section 24a in a rotational
motion relative to the other rigid section 23a, in the direction
shown by the arrow 25 in figure 3. This defines a virtual axis
A2 that lies outside the joint element in the symmetry plane S
on the side of the shorter blade distance, at the distance where
the projected (imaginary straight) lines of the blades
intersect. This is of course subject to the caveat that the
blades must not be bent'beyond the elastic limits of the blade
material, i.e. the bending stresses must be kept within the
permissible limits. The joint element thus makes it possible to
obtain a resilient articulating means characterized by good
positional constancy of the pivot axis, with only very slight
translational motion superimposed on rotation; good mechanical
stability, and, in addition, total freedom from friction and

slack.



- extendi ng along the bl ades. The main purpose pfREPLACEMENTWGHEEE |bl ades is to
_increase their resistance to buckling. As figpre 1 tihe bondi ng

" force applied by the capillary 12 by the excu}s 0 ondi|jng unit 10
is in part produced by the spring actiqrg_of t hejj &ﬁb’@&?@ 20 and in

(greater) part by deformation of the danping El npntq 141t be readily
seen that in this process the bl ades are subj=cted to a bUCk|I force,
Agechani cal
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shorter distance between the blades at the transition to the
rigid section 24b is about 9.2mm. The distance of the pivot axis
A2 from the lower edge of the rigid section 24b is about 9.5mm.
The two rigid sections 23b and 24b have drilled holes 28 for
removably attaching the spring element to ﬁhe'support unit
(rocker 30) and the bonding unit 10 respectively.

The two blades 22b are stiffened by a thickened mid-section 26,
so that elastic bending occurs mainly in the end sections of the
blades. Adequate stiffening could also be obtained by other
means, for example by one or more longitudinal crimped beads
extending along the blades. The main purpose of stiffening the
blades is to increase their resistance to buckling. As figure 1
indicates, the bonding force applied by the capillary 12 by the
excursion of the bonding unit 10 is in part produced by the
spring action of the joint elements 20 and in (greater) part by
deformation of the damping elements 14. It can be readily seen
that in this process the blades are subjected to a buckling
force, which the aforesaid stiffening is designed to resist.

The main mechanical properties of the joint element 20b shown in
figure 5 have been determined in a computer model on the basis
of the finite-elements method. In a typical case the required
bonding force of the capillary 12 is obtained by a pivot
excursion of 0.2° (angle @, shown exaggerated in figure 5) of
the bonding unit 10 and the joint element's rigid section 24b,
relative to the rigid section 23b or rocker 30. The diagram in
figure 6 shows, as a function of the angle o, the vertical and
horizontal displacement of the axis A2 (in Z and Y, figure 35)
obtained. It has been found that the displacement in both
directions is extremely small and practically linear relative to
the pivot angle; when ¢ = 0.2°, the displééement is less than
lpm. Also the blade deformation that occurs is entirely within
the elastic limits, i.e. reversible.



directions is extrenely small and practical | pdddear relative to the pivot
_angle; when [err] = 0.2, the displacenent is||REPLACEMENT SHEERI|so the bl ade
deformation that occurs is entirely within the ' s, 1. e

reversi bl e. ' LACHVENT SHEET
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el ement 20c, in which three elastic conveérgihg ect rigid
sections 23c and 24c. The principle of howthis joint elenent |functions,

w th the blades acting as "el astic. )
' Finally, figure 7 shows a further embodiment of a one-piece

joint element 20c, in which three elastic converging blades 22c¢
connect rigid sections 23c and 24c. The principle of how this
joint element functions, with the blades acting as "elastic
guides"”, is essentially the same as that of the embodiments
shown in and described for figures 3, 4 and 5. This further
example is given only to demonstrate that it is also possible to
provide more than two blades and that the mechanical properties,
such as the spring constant, resistance to buckling, etc., can
be dimensioned to suit specific requirements.

One-piece joint elements of the type described above (20a, 20b,
20c) can be serially produced with the requisite accuracy
without special difficulty. A suitable production method, for
example, is to make them from flat material, by using electro- -
erosive machining — also known as spark erosion, electric-spark
machining, electrical-discharge machining (EDM), etc — to cut
out the material within the closed frame by the well-known
process known as wire erosion. In this process, the workpiece is
placed in a bath that contains a dielectric liquid, a wire that
acts as erosion electrode is guided in a vertical direction, and
a feed movement transverse to the direction of the wire is '
produced along the required cutting line. The same method or
normal machining may be used to shape the outer profile of the
workpiece.

As_indicated in the above description of typical embodiments,
the resilient articulating means G, made up of one-piece joint
elements 20, is very easy to fit and provides clearly
reproducible, repeatable, and stable relations as regards the

- position of the pivot axis A2, spring properties, and so forth.
It also makes it possible, whenever necessary, to replace the
joint elements quickly and easily. The use of different types of
such joint elements, with blades 22 at different angles of
convergence, also permits changes in the position of the pivot
axis A2, without any need to alter the fixing positions on the
support unit 30 and on the bonding unit 10:
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One-piece joint elenents of the type descri bed abovgl n be

serially produced with the requisite actU?écy wi t hout speci al dlfflculty A
sui tabl e production nethod, for exanple, is to make t
naterial, by using electro- erosive machining - also known as s

erosion, electric-spark machining, electrical-di schargammmmmulumm
etc - to cut out the material wthin the closed frane

process known—as wre er05|on In this process, the wor Kpi ece i s pl aced in
a bath that cagis8hdesHa fic liquid, a wre that acts as erosion

el ectrode is gu Bﬁl ical direction, and a feed novenment transverse
to the directio s pr-oduced along the required cutting |ine.
The sanme net hod 0

REPLACEMENT SHEET

03 JUN 1997

Patent Claims

1. An'apparatus for making wire connections on semiconductor -
chips, comprising

a bonding unit carrying a capillary which guides a bonding wire
and is movable in a direction at least approximately perpendi-
cular to the chip's surface;

a support unit carrying said bonding unit and guided to perform
controlled movements parallel to the chip's su:face; and

_resilient articulating means linking said bonding unit to said
support unit and comprising at least one pair of converg;ng,
flexible blades arranged opposite each other relative to a
symmetry plane and defining a pivot axis which extends parallel
to the chip's surface and lies outside said resilient '
articulating means,

characterized in that at least two of said converging, flexible
blades and two rigid sections connecting them form a one-piece
jciﬁt element consisting of a ffame of essentially trapezoid
shape, wherein one of said rigid sections is removably attached .
to said support unit and the other is removably attached to said

bonding unit.

2. An apparatus according to claim 1, wherein each blade of said
joint element is stiffened in a longitudinal mid-section,
preferrably by thickening.



*normal machining may be used to shape the outer profile of the workpiece.
.. As indicated in the above description of typical enbodinents, the resilient
articulating nmeans G rmade up of one-piece joint elenents 20, is very easy
to fit and provides clearly reproducible, repeataf renpati ons
as regards the position of the pivot axis A2, spr @*Saﬁ"& %BEQMFSO
forth. It also makes it possi bl'e, whenever necessé e_theljoint

el enents quic nﬂ Iuﬂ The use ofldfferent types of such ] ol nt

el enent s, wtﬁllﬂ IsnnE“ ““fferent angl es of convergence, also pernmits
changes in the" pdsitiof of the 'pivot axis A2, without any need to alter the
fixing positions on the support unit 30 and on the bonding unit 10.

3. An apparatus according to claim 1, wherein the resilient
articulating means comprise two of said one-piece joint
elements, placed on each side of the bonding unit with their
respective pivot axes aligned with each other.

4. An apparatus according to one of the preceding claims,
wherein said support unit is a rocker having a pivot axis
extending parallel to said pivot axis of sald resilient
articulating means. '

5. A jqint element having at least two converging, flexible
blades arranged opposite each other relative to a symmetry axis
and defining a pivot axis extending in said symmetry plane and
outside the joint element,

characterized in that said converging blades and two rigid
sections connecting them form a one-piece and essentially
trapezoid frame.

6. A joint element according to claim 5, wherein each blade is
stiffened in a longitudinal mid-section, preferably by
thickening.
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1. An apparatus for making wire connections on sem conductor chips,
conprising a bonding unit carrying a capillary which guides a bonding wire
and is novable in a direction at |east approximtely perpendicular to the
chip's surface; a support unit carrylng sai d bonding unit and guided to
perform control |l ed novenents parall el q& the chip's surface; and resilient
articulating neans |inking said bondingfnit to said support

APPARAIUS FOR MAKING WIRE CONNECTIONS ON SEMICONDUCTOR
CHIPS

Abstract : }

In an apparatus known as a wire bonder, a new type of one-piece
joint element (20) is used as the articulated link (G) between a
support unit (pivoting rocker 30) and a bonding unit (10) that
carries a capillary (12). One or more such joint elements (20)
define a virtual pivot axis (A2) for the unit (10), which lies
outside the unit and thus provides a passage in the apparatus
wide enough for relatively wide workpieces (chips 1 on substrate
2) . A joint element (20a) is made in one piece and has at least
two elastically flexible blades (22a) converging toward each
other relative to a symmetry plane (S), and the blades are
connected to each other by two rigid sections (23a, 24a) . One of
the rigid sections (23a) is attached to (and removable from) the
support unit (30), the other (24a) is attached to (and removable -
from) the bonding unit (10), so. that the joint element (20) is
easy to flt or exchange
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‘unit and conprising at |east one pair of converging, flexible blades
arranged opposite each other relative to a symmetry plane and defining a
pi vot axis which extends parallel to the chip's surface and |ies outside
said resilient articulating nmeans, characterized in that at |east two of
said converging, flexible blades and t rigid sections connecting them
form a one-piece joint elenent consist+hg-of a franme of essentially
trapezoi d shape, wherein one of said rigid sections is renovably attached
to said support unit and the other is renovably attached to said bonding
unit. 2. An apparatus according to claim1, wherein each bl ade of said
joint elenment is stiffened in a |longitudinal md-section, preferrably by
t hi ckeni ng. 3. An apparatus according tg_claim1l or 2, wherein the _
resilient articulating neans conprise t ”E;Eg} one-pi ece joint elenents,
it el r

pl aced on each side of the bonding unit respective pivot
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axes aligned with each other. 4. An apparatus according to one of the
precedi ng clainms, wherein said support unit is a rocker having a pivot axis
extending parallel to said pivot axis of said resilient articul ated neans,
the pivot axis of said rocker, the pivot axis of said resilient

articulating means and said chip all lying in a common pl ane. 5. . An
apparatus according to one of the precedrg clains, wherein said resilient
articulating neans are f ||(§[ eBt hrough el ectro-erosiyp matFE rgg4
23a .
o | | 30

e et~

REPLACEMENT SHEET

03 JUN 1997




S - TETVpN TN

6. ‘A joint elenent having at |east two converging, flexible bl ades"ié[P'E)ﬁ\ge@
.opposite each other relative to a symetry plane and defining a pivot axis

‘ext endi ng |ﬂ—sa+d—synneLLy_pLane and outside the joi A
characterized in that said convergi ng.bl ades and t ALEN (S}EE;T
pgzol d rame: J A
dg i69sjl}ﬂffg%aed a

connecting t ﬂ!ﬂ ﬂ[l (HM"ﬂIEce and esggntially tr
j oi nt. el enent Ikm 6, mheﬁeln each bl

| ongi t udi nal m d- sectlon preferably by thi ckeni ng.

CLAIMS

1. An apparatus for making wire connections on semiconductor chips,
comprising

a bonding unit carrying a capillarxy which guides a bonding wire and is
movable in a direction at least approximately perpendicular to the
chip's surface; _

a support unit carrying said bonding unit and guided to perform
controlled movements parallel to the chip's surface; and

resilient articulating means linking said bonding unit to said support
unit and comprising at least one pair of converging, flexible blades
arranged opposite each other relative to a symmetry plane and defining
a pivot axis which extends parallel to the chip's surface and lies
outside said resilient_articulating'means,

characterized in that at least two of said converging, flexible blades
and two rigid sections comnecting them form a one-piece joint element
consisting of a frame of essentially trapezoid shape, wherein one of
said rigid sections is removably attached to said support unit and the
other is removably attached to said bonding unit.

2. An apparatus according to c¢laim 1, wherein each blade of said joint:
element is stiffened in a longitudinal mid-section, preferrably by
thickening. '

3. An apparatus according to claim 1 or 2, wherein the resilient
articulating means cocmprise two of said one-piece joint elements,
placed oﬁ.each side of the bonding unit with their respective pivot
axes aligned with each other.

4. An apparatus according to one of the preceding claims, wherein said
support unit is a rocker having a pivot axis extending parallel to
said pivot axis of said resilient articulated means, the pivot axis of

gsaid rocker, the pivot axis of said resilient articulating means and

said chip all lying in a common plane.

S. An apparatus according to one of the preceding claims, wherein said

resilient articulating means are fabricated through electro-erogive
machining.
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6. A joint element having at least two converging, flexible blades
arranged opposite each other relative to a symmetry plane and defining
a pivot axis extending in said symmetry plane and outside the joint
element, characterized in that said converging blades and two rigid
gections connecting them form a one-piece and essentially trapezoid

frame.

7. A joint element according to claim 6, wherein each blade is
stiffened in a longitudinal mid-section, preferably by thickening.



