
EP 0 276 928 B1 Description The present invention relates to the bonding of
a metal wire to a bonding site, such as an external terminal and/or a lead
of a semiconductor chip. It is primarily concerned with the bonding of
wires coated with an insu- 5    lator. The present invention is applied to
a method of bonding, and an apparatus for bonding. Wire is used for the
connection between a semiconductor chip and lead of a resin-encapsulated
semicon- ductor device. The wire is joined to the chip and lead by a
wire-bonding apparatus. The wire is wound round a spool of the bonding
apparatus, and is supplied from the spool to a bonding 10  site through a
tensioner, a wire clamper, a bonding tool, etc. The bonding apparatus is
constructed so that the wire (which normally has a ball at the free end
thereof) is joined to the external terminal (bonding pad) of the
semiconductor chip (pellet). Afurther part, such as the other end of the
wire of predetermined length, may then be joined to the lead which is an
external drawing-out lead formed in a lead frame. Bonding of the free end
is achieved by a "ball bonding" technique. The ball at the end of the wire
may be formed by thermal energy gen- 15    erated when an electric torch
(an arc electrode) is brought near to the end of the wire so as to
establish electric arcs between the torch and the wire. US-A-4 564 734
discloses a method of "ball-bonding" uncoated wires, and forms the basis of
the pre-characterising parts of the claims. It Is common to use a coated
wire. The coated wire may be a metal wire of gold (Au), copper (Cu),
aluminium (Al) or the like coated with an electric insulator made of a
resin material such as polyurethane resin, ester imide 20    resin, or
polylmide resin. Oxide films, such as CuO, [err] may also be used. This
insulator prevents contact between individual wires, or contact between the
wire and the semiconductor chip, etc. when the sem- iconductor device has
been encapsulated with a resin for the purpose of packaging. When joining
the coated wire to the bonding site, e.g. an external terminal of the
semiconductor chip or a lead, the insulator of the coating at the part of
the coated wire to be joined needs to be removed. The removal 25  of the
insulator is naturally intended to ensure the electrical connection and
perfect continuity between the coated wire and the external terminal or
lead. One technique for removing the insulator of the coated wire is
disclosed in the official gazette of Japanese Patent Application Laid-open
No. 194735/1986 the application of which has been filed by the same
applicant before. This technique consists in that the insulator of the
bonding part of the coated wire is irradiated with a 30  laser beam so as
to be decomposed (melted) and removed. As the result of the study of the
above technique, however, the inventors have found out that when the coated
wire is unidirectionally irradiated with the laser beam to remove the
insulator, in Insulator of the bonding part of the coated wire directly
irradiated with the laser beam is removed reliably. It is impossible,
however, to remove the insulator from the coated wire on the opposite side
of the wire to the beam, on which the laser 35  beam is not incident.
Therefore, some insulator remains and a bonding defect arises. The present
invention seeks to overcome this problem and so Increase the reliability of
bonding. It pro- poses that heat Is applied to the wire, which causes the
insulator to melt. This causes vapor to be given off, which vapor is
evacuated from the bonding suite by a suction nozzle. This prevents the
insulating film con- densing on the bond and adversely affecting the
reliability of the bond. The present invention may thus provide 40  a
method of bonding a metal wire to a semiconductor device; the device having
a semiconductor chip with at least one bonding site on a major surface
thereof and at least one lead; the method using a bonder having a bonding
stage, a capillary, a spool coiled with a wire coated by an insulating film
of an organic resin and a discharge electrode; the method comprising the
steps of. (a) placing the chip on the bonding stage; 45     (b) causing one
end of the wire to project through the capillary, (c) generating an arc
discharge between the one end of the wire projecting through the capillary
and the electrode by applying a first electric potential to the other end
of the wire coiled on the spool and a second electric potential to the
electrode to form a ball on the one end of the wire; and then (d) bonding
the wire to the bonding site by pressing the ball against the bonding site
using the capillary; 50       wherein: the step (c) is performed while
vapor of the organic resin, which vapor is produced by the heat of the arc
discharge, is evacuated through a first evacuating nozzle adjacent to the
one end of the wire to prevent the vapor from condensing on or in the
capillary. Another embodiment of the invention may provide a method of
bonding a metal wire to a semiconductor 55  device; the device having a
semiconductor chip with at least one bonding site on a major surface
thereof and at least one lead; the method using a bonder having a bonding
stage, a capillary, a spool coiled with a wire coated by an insulating film
of an organic resin and a discharge electrode; the method comprising the
steps of: 2  



EP 0 276 928 SI (a) placing the chip on the bonding stage; (b) causing one
end of the wire to project through the capillary; (c) generating an arc
discharge between the one end of the wire projecting through the capillary
and the electrode by applying a first electric potential to the other end
of the wire coiled on the spool and a second 5      electric potential to
the electrode to form a ball on the one end of the wire; and then (d)
bonding the wire to the bonding site by pressing the ball against the
bonding site using the capillary; wherein: steps (c) and (d) are performed
while the other end of the wire is connected to a common ground of the
bonder to prevent a discharge between the wire and the bonder or through
the chip. 10     (e) removing the insulating film of the wire byvaporising
the insulating film with heatovera predetermined length at a predetermined
point of the wire between the one and the other ends of the wire to be
bonded to the lead while the one end of the wire protrudes out of the
capillary; and then (f) wedge-bonding the predetermined point of the wire
to the lead by pressing the predetermined point of the wire against the
lead with the capillary; 15       wherein: the step (e) is performed while
vapor of the organic resin, which vapor is produced by the heat, is evac-
uated through a second evacuating nozzle adjacent to the predetermined
point of the wire to prevent the vapor from condensing on or in the bonder.
The present invention may thus provide an apparatus for bonding a metal
wire coated by an organic in- 20  suiting film to an electronic device, the
device having a semiconductor chip with at least one bonding site on a
major surface thereof and at least one lead; said apparatus comprising: (a)
a wire bonding stage for receiving the chip; (b) a bonding wire coated by
an organic insulating film coiled on a spool, and a bonding capillary
arranged so as to permit one end of the wire to project from a lower tip
thereof through its bore; 25        (c) a discharge electrode above the
stage; (d) an arc voltage generator for generating an arc discharge through
a gap between the one end of the wire projecting through the capillary and
the electrode by applying a first electric potential to the wire via the
other end of the wire coiled on the spool, and a second electric potential
to the electrode thereby to form a ball at the one end of the wire; and 30
(e) a control means for bonding the wire to the bonding site on the chip by
pressing the ball against the site with the lower tip of the capillary;
wherein the apparatus further comprises an evacuating nozzle adjacent to
the lower tip of the capillary for evacuating vapor of the organic film
produced by the heat of the arc discharge. Alternatively the present
invention may provide an apparatus for bonding a metal wire coated by an
organic 35  insulting film to an electronic device, the device having a
semiconductor chip with at least one bonding site on a major surface
thereof and at least one lead; said apparatus comprising: (a) a wire
bonding stage for receiving the chip; (b) a bonding wire coated by an
organic Insulating film coiled on a spool, and a bonding capillary arranged
so as to permit one end of the wire to project from a lower tip thereof
through its bore; 40     (c) a discharge electrode above the stage; (d) an
arc voltage generator for generating an arc discharge through a gap between
the one end of the wire projecting through the capillary and the electrode
by applying a first electric potential to the wire via the other end of the
wire coiled on the spool and a second electric potential to the electrode
thereby to form a ball at the one end of the wire; and 45     (e) a control
means for bonding the wire to the bonding site on the chip by pressing the
ball against the site with the lower tip of the capillary; wherein the
apparatus further comprises: (f) a torch for generating heat to remove the
insulating film over a predetermined length ata predetermined point of the
wire between the one and the other ends of the wire to be wedge-bonded by
the capillary, 50      while the one end of the wire protrudes out of the
lower tip of the capillary, (g) an evacuating nozzle for evacuating vapor
of the insulating film produced by the heat during the removal of the
insulating film at the predetermined point of the wire to prevent the vapor
from condensing on or in the bonder;and (h) a control means
forwedge-bonding the predetermined point of the wire to the lead by
pressing the pre- 55      determined point of the wire against the lead
with the capillary. Embodiments of the invention will now be described in
detail, by way of example, with reference to the accompanying drawings, in
which: 



Fig. 1 is a schematic constructional view of a ball-bonding apparatus which
is Embodiment 1 of the present 3    EP 0 276 928 B1 invention; Fig. 2 is a
perspective view of the essential portions of the bonding apparatus Fig. 3
is a sectional view of a resin-encapsulated semiconductor device which has
been bonded by the bonding apparatus; 5         Fig. 4 is a sectional view
of the essential portions of the resin-encapsulated semiconductor device;
Fig. 5 is an enlarged perspective view of the essential portions of the
bonding apparatus; Fig. 6 is an exploded perspective view of the essential
portions of the bonding apparatus; Fig. 7 is an enlarged perspective view
of the essential portions of the bonding apparatus; Fig. 8 is a sectional
view of the essential portions of the bonding apparatus; 10      Fig. 9 is
a perspective view of the essential portions of the bonding apparatus;
Figs. 10 and 11 are graphs each showing the relationship between the
melting point of the metal wire and the decomposition temperature of a
coated wire which is used in the bonding apparatus; and Fig. 12 is a graph
showing the relationship between the applied voltage of the heating wire of
a heater and the temperature of burning flames blown off from an outlet In
the insulator removal torch of the bonding 15      apparatus. Further, Fig.
13 is a schematic constructional view of a ball-bonding apparatus which is
Embodiment 5 of the present invention; Fig. 14 Is a perspective view of the
essential portions of the ball-bonding apparatus; Fig. 15 is a sectional
view of a resin-encapsulated semiconductor device; 20      Fig. 16 is an
enlarged sectional view of the essential portions of the resin-encapsulated
semiconductor device; Fig. 17 is a partial sectional view showing the
practicable construction of the essential portions of the ball- bonding
apparatus; Fig. 18 is a plan view taken i n the direction of arrow XVII in
Fig. 17; 25      Fig. 19 is a sectional view taken along cutting-plane line
XIX-XIX in Fig. 18; Fig. 20 is a model-like constructional view for
explaining the principle of the formation of a metal ball; Fig. 21 is an
exploded perspective view of the essential portions of the spool of the
ball-bonding apparatus; Fig. 22 is an enlarged perspective view of the
essential portions of the spool; Fig. 23 is a graph showing the
relationship between the magnitude of energy of electric arcs and the mag-
30      nitude of shrinkable melting of the insulator of a coated wire;
Fig. 24 is a graph showing the relationship between the temperature of a
fluid and the magnitude of shrink- able melting of the insulator of the
coated wire; Fig. 25 Is a partial sectional view showing the essential
portions of a ball-bonding apparatus which is Em- bodiment 6 of the present
invention; and 35      Fig. 28 is a plan view taken in the direction of
arrow XIV in Fig. 25. Several embodiments to be disclosed in this section
will be briefly summarized to assist understanding of the present
invention. The outlines of Embodiments 1 thru 4 are as follows: In bonding
technology which uses a coated wire, a mixed gas consisting of a
combustible gas and a tem- 40  perature controlling gas for lowering the
combustion temperature of the combustible gas is prepared, and using
combustion flames obtained by burning the combustible gas of the mixed gas,
an insulator in the bonding part of the coated wire is removed to denude
the surface of a metal wire. The removal of the insulator is performed with
an insulator removal torch. In addition, the metal wire of the coated wire
from which the insulator has been removed is formed into a 45  metal ball
by the use of the combustion flames stated above or combustion flames
formed by burning another mixed gas. Besides, a heater is provided near the
blowoff outlet of the insulator removal torch for the combustible gas.
Besides, the dimensions of the blowoff outlet of the insulator removal
torch for the combustible gas are made small. 50      Further, In bonding
technology wherein electric arcs are struck across an arc electrode and the
metal wire of a coated wire at the front end thereof, so as to form a metal
ball at the front end of the coated wire, the metal wire of the coated wire
is connected to a positive electrode, and the arc electrode Is connected to
a negative electrode. According to the above-stated expedients, the
combustion flames which do not impose any damage or 



55  breakdown on the metal wire can be turned round substantially the whole
area of the bonding part of the coated wire, so that the insulator of the
coated wire can be reliably removed to lessen bonding defects. In addition,
since the metal ball of the coated wire Is formed by the combustion flames,
an arc electrode and an arcing unit can be dispensed with. 4    EP 0 276
928 B1 Besides, the combustion flames of the combustible gas can be
reliably formed at the blowoff outlet of the insulator removal torch for
the combustible gas, so that the insulator of the coated wire can be
reliably removed to lessen bonding defects. Besides, the heat capacity of
the combustion flames burning at the blowoff outlet of the insulator
removal 5   torch for the combustible gas can be made small, so that the
insulator of the coated wire which is supplied near the flames can be
prevented from damaging or breaking down. Further, the appearing position
of the electric arcs which are struck across the arc electrode and the
metal wire of the coated wire is stabilized, and the damage or breakdown of
the insulator of the coated wire attributed to the upward crawl of the
electric arcs can be prevented, so that the withstand voltage of the coated
wire can 10    be raised to enhance the reliability of the bonding
technology. On the other hand, the outlines of Embodiments 5 and 6 are as
follows: In a semiconductor device which uses a coated wire, a metal ball
formed at one end side of the coated wire is joined to the external
terminal of a semiconductor chip, and a metal wire on the other end side of
the coated wire in a contact part where an insulator has been destroyed is
joined to a lead. 15     In addition, in bonding technology which uses a
coated wire, a metal ball is formed on the front end side of the coated
wire, the metal ball is joined to the external terminal of a semiconductor
chip, the rear end side of the coated wire is brought into contact with a
lead, an insulator in the contact part is destroyed, and a metal wire on
the other end side of the coated wire is joined to the lead. In bonding
technology wherein a metal ball is formed at the front end of a coated
wire, a fluid blast equip- 20    ment for blasting a fluid against the
front end partof the coated wire is disposed nearthe front end of the
coated wire. In the bonding technology wherein a metal ball is formed at
the front end of a coated wire, the fluid blast equipment stated above is
disposed, and a suction equipment for Imbibing that insulator of the coated
wire which is blown away by the blast of the fluid from the fluid blast
equipment is disposed near the front end of 25  the coated wire. In the
bonding technology wherein a metal ball is formed at the front end of a
coated wire, the fluid blast equipment stated above is disposed, and a
coolerfor cooling the fluid of the fluid blast equipment is disposed.
According to the above-stated expedients, the area of contact between the
external terminal of the sem- iconductor chip and the metal wire of the
coated wire increases, so that the bondability between the two can 30    be
enhanced, and the coated wire except the part to be joined with the lead is
held coated with the insulator so as to mitigate the short-circuit of this
coated wire with another coated wire adjacent thereto, so that the in-
tervals of the leads can be shortened to enlarge the number of the
terminals of the semiconductor device. In addition, an Insulator removal
torch which removes the insulator of the coated wire on the rear end side
thereof, and a moving mechanism, a controller etc. for the torch can be
curtailed, so that the structure of a 35  bonding apparatus can be
simplified. Besides, the melting and shrinking insulator of the coated wire
is blown away, and insulator globes can be prevented from being formed in
the coated wire, so that a bonding defect is avoidable. Besides, since the
melting and shrinking insulator of the coated wire can be blown awayto
prevent insulator globes from being formed in the coated wire, a bonding
defect is avoidable, and since the insulator blown away 40  is not
scattered to the bonding part, a bonding defect ascribable to the scattered
insulator is avoidable. Besides, the shrinkable melting of the insulator of
the coated wire is remarkably reduced, and even when the insulator has
melted and shrunk, it can be blown away, so that insulator globes can be
prevented from being formed in the coated wire, and a bonding defect can be
avoided. 45  Embodiment 1: A ball-bonding apparatus which is Embodiment 1
of the present invention is illustrated in Fig. 1 (a sche- matic
constructional view) and Fig. 2 (a perspective view of essential portions).
As shown in Fig. 1, the bonding apparatus is so constructed that a coated
wire 2 wound round a spool 1 50    is supplied to a bonding space 3. The
supply of the coated wire 2 to the bonding space 3 Is performed through a
tensioner 4, a wire guide member 5, a wire clamper 6 and a bonding tool
(capillary) 7. In the bonding space 3, a resin-encapsulated type
semiconductor device 12 before resin encapsulation to be constructed as
shown in Fig. 3 (a sectional view) and Fig. 4 (a sectional view of
essential portions) is 



arranged. The resin-encapsulated semiconductor device 12 is so constructed
that a semiconductor chip 12A 55   placed on a tab portion 12C through a
connecting metal film 12B and the inner lead parts of leads 12D are
encapsulated by a resin mold member 12E. The semiconductor chip 12A and the
lead 12D are connected by the coated wire 2. One end of the coated wire 2
is joined to an external terminal (bonding pad) 12Aa which is exposed
through an opening provided in the passivation film 12Ab of the
semiconductor chip 12A. The other 5    EP 0 276 928 B1 end of the coated
wire 2 is joined to the Inner lead part of the lead 12D as stated before.
The outer lead part of the lead 12D is formed so as to protrude outside the
resin mold member 12E. The resin-encapsulated type semi-conductor device 12
before the resin encapsulation step Is supported on a semiconductordevice
bed 13. As shown in detail In Fig. 4, the coated wire 2 is so constructed
thatthe surface of a metal wire 2A is coated 5    with an insulator 2B. The
metal wire 2A is made of gold (Au) in the present embodiment.
Alternatively, the metal wire 2A is made of copper (Cu), aluminum (Al) or
the like. The insulator 2B is formed of a polyurethane resin film or a
polyimide resin film in the present embodiment. Alternatively, the
insulator 2B is formed of a resin film such as ester imide resin film or
ester amide resin film, or a metal oxide film (err). The front end of the
coated wire 2 on the supply side thereof, which lies in front of the
bonding tool 7, is 10    formed with a metal ball 2Aa. As shown in Fig. 1,
Fig. 2 and Fig. 5 (an enlarged perspective view of essential portions), the
metal ball 2Aa is formed by an arc electrode 10 which is disposed at a
position close to the bond- ing tool 7. That is, the metal ball 2Aa Is
formed by striking electric arcs across the metal wire 2A at the supply-
side front end of the coated wire 2 and the arc electrode 10. The arc
electrode 10 is connected to an arcing circuit (or arcing unit) 11 shown in
Fig. 2. 15      The arcing circuit 11 is principally constructed of a
capacitor [err] a storage capacitor [err] an arcing thyristor D which is
actuated by a trigger, and a resistor R. A d.c. power source DC is arranged
so as to feed a voltage of negative polarity at, for example, approximately
-1000 - -3000 [V]. The d.c. power source DC is connected to the arc
electrode 10 through the thyristor D, the resistor R, etc. A reference
potential GND is, for example, the ground potential (= 0 [V]). Letter V
indicates a voltmeter, and letter A an ammeter. As will be described in 20
detail later, the metal wire 2A of the coated wire2 is connected to the
reference potential GND at its end part wound round the spool 1. The arc
electrode 10 is adapted to come near to the supply-side front end of the
coated wire 2 when the metal 2Aa is to be formed, and to move away from the
supply path of the coated wire 2 (in the direction of arrow A indicated in
Fig. 2) during the bonding step. The movement of the arc electrode 10 is
carried out by a 25  first moving mechanism which is constructed of a crank
IOA for turning the arc electrode 10 in the direction of the arrow A, a
shaft 10B for rotating the crank 10A, and an electric solenoid 10C for
shifting the shaft 1OB in the direction of arrow B. The crank 10A is
rotatably supported by a bonding apparatus proper 9. In the bonding
apparatus wherein, in this manner, the electric arcs are struck across the
metal wire 2A at the front end of the coated wire 2 and the arc electrode
10 so as to form the metal ball 2Aa at the front end of 30    the coated
wire 2, the metal wire 2A of the coated wire 2 is connected to a positive
electrode (+), and the arc electrode 10 is connected to a negative
electrode (-), whereby the appearing position of the electric arcs struck
across the metal wire 2Aof the coated wire 2 and the arc electrode 10 can
be stabilized more than in case of the opposite polarity, and hence, the
upward crawl of the electric arcs to the metal wire 2A of the coated wire 2
can be relieved. The relief of the upward crawl of the electric arcs
prevents the damage or breakdown of the 35  insulator 2B of the coated wire
2 and can raise the withstand voltage of the coated wire 2, so thatthe
reliability of the bonding technology can be enhanced. In the present
invention, the metal wire 2A of the coated wire 2 can be connected to a
voltage higher or lower than the reference potential GND so as to have a
plus potential with respect to the arc electrode 10. The spool 1 round
which the coated wire 2 is wound Is constructed as illustrated in Fig. 2
and Fig. 6 (an 40  exploded perspective view of essential portions). By way
of example, the spool 1 is fabricated by subjecting the surface of a
cylindrical member of aluminum metal to an alumite treatment. The alumite
treatment is per- formed in order to raise a mechanical strength and to
prevent flaws from developing. This spool 1 has an in- sulating property
because it has been subjected to the alumite treatment as stated above. The
spool 1 is mounted on a spool holder 8, and is attached to the bonding
apparatus proper 9 by the 45  rotary shaft 8A of the spool holder 8. The
spool holder 8 is made of, for example, stainless steel in order to have a
conductivity in at least a part thereof. In the bonding apparatus thus
constructed, the spool 1 is provided with a connection terminal 1A as shown
in Fig. 6 and Fig. 7 (an enlarged perspective view of essential portions).
The connection terminal 1A is provided 50  in the shape of a dot on that
side face part (flange part) of the spool 1 which comes into contact with
the con- 



ductive part of the spool holder 8. As shown in Fig. 7, the connection
terminal 1A is so configured that a conductor 1Ab is disposed on an
insulator 1Aa and that connecting metal portions 1Ac are disposed on the
conductor 1Ab. The insulator 1Aa is made of, for example, polyimide resin
so as to exhibit a proper elasticity which ensures the electrical isolation
55  of the connection terminal 1A from the spool 1 and also ensures the
touch of the connecting metal portions 1Ac to the spool holder 8. The
conductor 1Ab is made of, for example, Cu foil so as to ensure the
connection between that one of the connecting metal portions 1Ac which
connects the metal wire 2A of the coated wire 2 and the other 1Ac which
comes into contact with the spool holder 8. The connecting metal portions
1Ac are 6    EP 0 276 928 B1 made of a conductive paste, a solder or the
like. The metal wire 2Aat the end of the coated wire 2 on the opposite side
to the side which is supplied to the bonding space 3, that is, the metal
wire 2A at the initial winding end of the coated wire 2 is connected to the
connection terminal 1Athrough a notch which is formed in the side face
(flange part) of the spool 1. This metal 5   wire 2A is joined to the
connection terminal 1A by the connecting metal portion 1Ac. The insulator
2B on the surface of the metal wire 2A at the initial winding end of the
coated wire 2 is removed by heating or chemically. The connection terminal
1A, namely, the metal wire 2A of the coated wire 2 is connected to the
reference po- tential GND through the spool holder 8, the rotary shaft 8A
thereof and the apparatus proper 9. This reference potential GND is the
same as the reference potential GND of the arcing circuit 11. 10     In
this manner, the spool 1 is furnished with the connection terminal 1A for
connecting the metal wire 2A to the reference potential GND, and the metal
wire 2A at the initial winding end of the coated wire 2 is joined tothis
connection terminal, whereby the metal wire 2Acan be connected to the
reference potential GND through the spool holder 8 etc., so that the metal
wire 2Aof the coated wire 2 can be reliably connected to the reference
potential GND. 15      Besides, owing to the connection of the metal wire
2A of the coated wire 2 to the reference potential GND, during the
formation of the metal ball 2Aa, a sufficient potential difference is
secured between the arc electrode 10 and the metal wire 2Aof the coated
wire 2 on the supply side, and the electric arcs can be favorably struck,
so that the metal ball 2Aa can be reliably formed. Moreover, owing to the
connection of the metal wire 2A of the coated wire 2 to the reference
potential GND, 20  the stray capacitance of the metal wire 2Aof the coated
wire 2 can be prevented from being charged up. That is, at the step of
first bonding at which the metal ball 2Aa at the supply-side front end of
the coated wire 2 Is joined to the external terminal 12Aa of the
semiconductor chip 12A, charges stored in the stray capacitance can be
prevented from flowing into the input/output stage circuit of the
semiconductor chip 12A in the form of an excess voltage. Therefore, the
electrostatic breakdown of the semiconductor chip is avoidable. 25      As
illustrated in Figs. 1 and 2, the bonding tool 7 is carried by a bonding
head (digital bonding head) 14 through a bonding arm 7A. The bonding head
14 is supported on a base 18 through an X-Y table 17. The bond- ing head 14
is furnished with a second moving mechanism which can move the bonding arm
7A vertically (in the direction of double-headed arrow C) so as to permit
the bonding tool 7 to come dose to and away from the bonding space 3. The
second moving mechanism is principally constructed of a guide member 14A,
an 30  arm moving member 14B, a female screw member 14C, a male screw
member 14D and a motor 14E. The guide member 14A is so configured as to
move the arm moving member 14B in the direction of the arrow C. The motor
14E rotates the male screw member 14D, the female screw member 14C in fit
engagement with the male screw member 14D is moved in the direction of the
arrow C by the rotation, and the arm moving member 14B is shifted in the
direction of the arrow C by the movement 35      The bonding arm 7A
supported by the arm moving member 14B is adapted to turn about a swivel
shaft 14F. The turning of the bonding arm 7A about the swivel shaft 14F is
controlled by an elastic member 14G. The control of the turning by the
elastic member 14G is so schemed that, when the bonding tool 7 has touched
the bonding space 3, this bonding space 3 is prevented from being
unnecessarily pressed, whereby the dam- age or breakdown of the bonding
space 3 is avoided. 40      The wire damper 6 can clamp the coated wire 2,
and is constructed so as to control the supply of the coated wire 2. The
wire damper 6 is mounted on the bonding arm 7Athrough damper arms 6A. The
wire guide member 5 is so constructed that the coated wire 2 supplied from
the spool 1 is guided to the bonding space 3. This wire guide member 5 is
mounted on the damper arm 6A. As illustrated in Fig. 1, Fig. 2, Fig. 8 (a
sectional view of essential portions) and Fig. 9 (a perspective view 45  of
essential portions), an insulator removal torch 15 is disposed nearthe
supply path of the coated wire 2. Con- cretely, the insulator removal torch
15 Is disposed nearthe supply path of the coated wire 2 between the bond-
ing space 3 and the bonding tool 7. 



The insulator removal torch 15 is constructed of a torch proper 15B in the
shape of a cylinderwhich is sup- plied with a mixed gas G by a mixed-gas
supply pipe 15Aas shown in Fig. 8, and a heater 15C which is provided 50
near a blowoff outlet for the mixed gas. The torch proper 15B is made of,
for example, ceramics, brass or the like. The heater 15C is composed of a
heating wire 15Ca which is wound on the torch proper 15B, and a thermal
insulator 15Cb which covers the heating wire. This heater 15C Is configured
so as to heat the mixed gas G (a combustible gas to be described below,
contained therein) in order that burning flames may be always blown off
from the outlet of the insulator removal torch 15 (a spontaneous firing
state in which burning flames do not 55  go out may be kept). By providing
the heater 15C near the blowoff outlet of the insulator removal torch 15
for the combustible gas in this manner, the combustible gas can be reliably
burnt, so that the insulator 2B of the coated wire 2 can be reliably
decomposed and removed. 7    EP 0 276 928 B1 The mixed gas G to flow
through the torch proper 15B is prepared by mixing the combustible gas, and
a temperature controlling gas which lowers the combustion temperature of
this combustible gas. As the com- bustible gas, hydrogen (H2) Is used In
the present embodiment. As the temperature controlling gas, nitrogen (err)
is used in the present embodiment The burning flames of the combustible gas
made up of hydrogen are 5   at a low temperature of about 1300[err] and are
formed into a comparatively round shape at the blowoff outlet of the
insulator removal torch 15. The temperature controlling gas made up of
nitrogen can control (lower) the burning flames of the combustible gas to a
low temperature of about 1000 [err]. Further, the temperature con- trolling
gas can control the burning flames of the combustible gas into a sharp
shape. In order to efficiently lower the temperature of the burning flames,
the temperature controlling gas should preferably be supplied 10 into the
insulator removal torch 15 in a comparatively cold state. Alternatively,
the insulator removal torch 15 may be supplied with only the combustible
gas (for example, [err] without the feed of the temperature controlling
gas. In this manner, the insulator removal torch 15 is configured so as to
blow off the burning flames of the combustible gas from the outlet thereof
while controlling the combustion temperature of the combustible gas 15 of
the mixed gas G by the use of the temperature controlling gas. As
illustrated In Figs. 8 and 9, the burning flames from the blowoff outlet of
the insulator removal torch 15 are adapted to decompose and remove the
insulator 2B of the coated wire 2. They are sharply blown off in a
direction which is substantially orthogonal to the supply path of the
coated wire 2. The insulator 2B decomposed and removed Is imbibed and
expelled by a suction duct 16 which is disposed at a position confronting
the blowoff outlet of the insulator removal torch 20 15 with the coated
wire 2 intervening therebetween. The Insulator removal torch 15 is attached
to a third moving mechanism which traverses the supply path of the coated
wire 2 in the direction of arrows D (refer to Fig. 9). The third moving
mechanism is constructed of a rotary member 15E which turns the torch
proper 15B about a pin I 5D, and a pressure solenoid 15F which turns the
rotary member 15E in the direction of double-headed arrow E. This third
moving mechanism is con- 25 figured so that the coated wire 2 may be
traversed at a predetermined speed and that the burning flames from the
outlet of the insulator removal torch 15 may be blown against the side of
the insulator 2B confronting the outlet and the rear side thereof. That Is,
the third moving mechanism is configured so that the burning flames from
the insulator removal torch 15 may turn to the rear side of the Insulator
2B of the coated wire 2 more re- liably. The operation of the insulator
removal torch 15 based on the third moving mechanism is set so that the 30
coated wire 2 may be traversed once or more times. As illustrated in Figs.
8 and 9, the third moving mechanism is attached to afourth moving mechanism
which moves the third one in the direction of double-headed arrow F
(substantially the same direction as the supply direction of the coated
wire 2). The fourth moving mechanism is principally constructed of a
movable bed 15G, a guide member 15H, a male screw member 151, and a motor
15J. The movable bed 15G has the third moving 35    mechanism (the
insulator removal torch 15) mounted thereon, and is adapted to move in the
direction of double- headed arrow F along the guide member 15H. The
movement of the movable bed 15G is executed in such a way that a female
screw portion (not shown) formed in this bed is held in fit engagement with
the male screw member 151 and that the male screw member 151 is rotated by
the motor 15J. The fourth moving mechanism is configured so as to set the
insulator removal torch 15 at the bonding part 40 of the coated wire 2.
That is, the fourth moving mechanism is configured so as to set the
insulator removal torch 15 to the vicinity of that position of the coated
wire 2 which corresponds to the bonding part to be joined with the inner
lead part of the lead 12D and the bonding part to be joined with the
external terminal 12Aa of the semiconductor chip 12A at a bonding step next
that of the first-mentioned bonding part. The insulator re- moval torch 15
set at the position is adapted to remove the insulator2B of both the
bonding parts of the coated 



45    wire 2 at an identical step by the use of the burning flames. As
indicated in Figs. 10 and 11 (graphs each showing the relationship between
the melting point of the metal wire of the coated wire and the
decomposition temperature of the insulator thereof), the insulator removal
torch 15 constructed as stated above can reliably remove the insulator 2B
without damaging the metal wire 2Aof the coated wire 2. Experimental
results in Figs. 10 and 11 were obtained by differential thermal analyses.
50      Fig. 10 is the graph showing the relationship between the melting
point M of the metal wire 2A made of gold (Au) and the decomposition
temperature of the insulator 2B made of polyurethane resin. The axis of ab-
scissas represents the temperature T[err] while the axis of ordinates
represents the decomposition residue weight W [%] of the insulator 2B. As
shown in Fig. 10, the decomposition and removal of the insulator 2B of the
insulator2B of the coated wire 2 is most suitably carried out within a
range of temperatures which are nearly 55 equal to or lower than the
melting point of the metal wire 2A and at which the insulator 2B can be
reliably de- composed and removed, in other words, within a range of low
temperatures of approximately 600 - 950 [err] which form a temperature
range denoted by letterR in Fig. 10. Since the burning flames from the
blowoff outlet of the insulator removal torch 15 is controlled to the low
temperature of approximately 1000 [err] as stated be- 8    EP 0 276 928 B1
fore, the insulator 2B of the coated wire 2 can be decomposed and removed
under the optimum condition. By way of example, Table 1 to be mentioned
later lists various conditions In the case of using a coated wire 2 whose
metal wire 2A has a diameter of 30[err] On the other hand, Fig.11 is the
graph showing the relationship between the melting point M of the metal 5
wire 2A made of gold (Au) and the decomposition temperature of the
insulator 2B made of polylmide resin. As shown in Fig. 11, the
decomposition and removal of the insulator2B of the coated wire 2 is most
suitablycarried out within a range of low temperatures of approximately 800
- 950[err] Meanwhile, as illustrated in Fig. 12 (a graph showing the
relationship between a voltage V applied to the heating wire of the heater
and the temperature T of the burning flames blown off from the outlet), the
insulator 10  removal torch 15 is so constructed that the temperature T of
the burning flames to be blown off from the outlet can be controlled by the
applied voltage V of the heating wire 15Ca of the heater 15. In Fig. 12,
the axis of abscissas represents the voltage V[V] applied to the heating
wire 15Ca, while the axis of ordinates represents the temperature T of the
burning flames. For reference, the temperature [err] of the flames of
oxyhydrogen (the temperature of the burning flames of a mixed gas
consisting of hydrogen gas and oxygen gas) is indicated in 15   Fig. 12.
The oxyhydrogen flames are at a high temperature of approximately 3400[err]
so that when they are used for the removal of the insulator 2B of the
coated wire 2, the metal wire 2A as well as the insulator 2B is melted and
damaged. Next, the ball-bonding method of the present embodiment will be
briefly described. First, as shown in Fig. 5, the arc electrode 10 is
brought nearto thatsupply-side front end partof thecoated 20  wire 2 from
which the Insulator 2B has been removed to denude the surface of the metal
wire 2A beforehand, and the electric arcs are struck to form the metal ball
2Aa. Secondly, the bonding tool 7 is brought near to the bonding space 3,
and the metal ball 2Aa is bonded to the external terminal 12Aa of the
semiconductor chip 12A (first bonding). Subsequently, the bonding tool 7 is
raised in the direction of the arrow C up to an appropriate position so 25
as to come away from the external terminal 12Aa. Subsequently, the
insulator removal torch 15 is setat the position near the bonding part
(second bonding) of the coated wire 2. Then, the burning flames which are
blown off from the outlet of the insulator removal torch 15 at all times
traverse the coated wire 2, thereby to decompose and remove the insulator 2
of the bonding part of the coated wire 2 and to denude the surface of the
metal wire 2A as illustrated in Figs. 8 and 9. 30     In this manner, the
mixed gas consisting of the combustible gas and the temperature controlling
gas is prepared, and the combustion flames obtained by burning the
combustible gas of the mixed gas are used for removing the insulator 2B of
the bonding part of the coated wire 2 and denuding the surface of the metal
wire 2A, whereby the combustion flames which do not impose any damage or
breakdown on the metal wire 2A can be turned round substantially the whole
area of the bonding part of the coated wire 2, and hence, the insulator 35
2B of the coated wire 2 can be reliably removed. That is, the removal of
the insulator 2B of the coated wire 2 by the burning flames of the lower
temperature has the feature of imposing no damage on the metal wire 2A when
compared with the removal thereof by the oxyhydrogen flames, and it has the
feature of being capable of reliably removing the Insulator on the basis of
the turning-round of the burning flames when compared with the removal
thereof by the laser beam. 40     At the next step, the bonding tool 7 is
lowered to the position from which the insulator 2B has been removed to
denude the metal wire 2A. As illustrated by phantom lines in Fig. 8, the
bonding tool 7 is brought near to the 



inner lead part, whereby the other end of the coated wire 2 at which the
metal wire 2A is denuded is bonded to the inner lead part (the second
bonding). Subsequently, the bonding tool 7 is brought away, and the coated
wire 2 is cut, whereby the bonding proc- 45   ess Is completed as shown in
Fig. 4. Since the Insulator 2B of the coated wire 2 can be reliably removed
In the foregoing way, the metal wire 2A of the coated wire 2 and the
bonding space 3 (the external terminal 12Aa or the inner lead part) can be
reliably joined, and bonding defects can be lessened. Incidentally,
although Embodiment 1 has bonded the coated wire 2 and the bonding space 3
by the use 50  of the ball-bonding technology, the present invention can
bond them by the use of ultrasonic bonding technol- ogy. Besides, the
present invention can use carbonic acid gas (CO) as the combustible gas of
the mixed gas and can use argon (Ar) or helium (He) as the temperature
controlling gas. Besides, the present invention is applicable to the wire
bonding techniques of a ceramic-encapsulted sem- 55   iconductor device, an
electron device in which a plurality of semiconductor chips are packaged on
a wiring cir- cuit board, etc. Besides, the present invention may be so
constructed that the combustible gas is caused to flow through the torch
proper 15B of the insulator removal torch 15 and is burnt at the blowoff
outlet, while the temperature 9    EP 0 276 928 B1 controlling gas is blown
off near the outlet. Further, as the wire bonding system, the present
invention can adopt the thermocompression system or/and the ultrasonic
vibration system under the optimum conditions for the specifications of the
coated wire and the device to be subjected to the wire bonding. Embodiment
2: Embodiment 2 is another embodiment of the present invention which alters
the configuration of the arc electrode for forming the metal ball in the
bonding apparatus of Embodiment 1. 10     Though not shown in the drawings,
the bonding apparatus which is Embodiment 2 of the present invention is so
constructed that, in forming the metal ball 2Aa at the front end of the
coated wire 2 by means of the arc electrode 10 shown in Fig. 5, this metal
ball 2Aa is shielded from an outer atmosphere by an inert gas. The inert
gas is blasted from a shield-gas supply nozzle for supplying it, the nozzle
being disposed near the interspace between the arc electrode 10 and the
metal wire 2A at the front end of the coated wire 2. Al- 15  ternatively,
the arc electrode 10 may be provided with a cylindrical member Into which
the metal wire 2Aat the front end of the coated wire 2 can be inserted,
whereupon the inert gas is blasted into the cylindrical member. As the
inert gas, argon (Ar) or helium (He) is used. In this manner, In forming
the metal ball 2Aa, the surrounding region thereof is shielded from the
outer atmosphere by the inert gas, whereby in the case of making the
insulator 2B of the coated wire 2 out of a resin, 20  the melting and
rising or shrinking of the insulator 2B is mitigated, and the chemical
reaction thereof with the outer atmosphere can be prevented, so that the
metal ball 2Aa can be formed to be favorable. Especially In the case of
making the metal wire 2A of the coated wire 2 out of copper (Cu), the
chemical reaction thereof with the outer atmosphere can be prevented, and
the formation of an oxide film on the surface of the metal ball 2Aa can be
avoided. 25 Embodiment 3: Embodiment 3 is anotherembodiment of the present
Invention in which, in the bonding apparatus, the met- al ball is formed by
a combustion torch. 30     This embodiment 3 is so constructed that, in the
ball-bonding technology, the metal ball 2Aa at the front end of the coated
wire 2 is formed by the Insulator removal torch 15 for removing the
insulator 2B as stated before. In other words, the setup of the arc
electrode 10 and the arcing circuit 11 can be dispensed with. Apart from
the insulator removal torch 15, an oxyhydrogen flame torch may be disposed
as the torch for forming the metal ball 2Aa. 35      More specifically, a
bonding process proceeds as follows: First, using the burning flames of the
insulator removal torch 15 or the oxyhydrogen flame torch, the metal ball
2Aa is formed at the supply-side front end of the coated wire 2. Secondly,
the first bonding is carried out Subsequently, using the burning flames of
the insulator removal torch 15, the insulator 2B at the bonding 40  parts
of the coated wire 2 (the second bonding part, and the first bonding part
at the next step) is removed to denude the surface of the metal wire 2A. 



Subsequently, the second bonding is carried out Next, likewise to the
foregoing, the metal ball 2Aa is formed at the supply-side front end of the
coated wire 2 by the use of the burning flames of the Insulator removal
torch 15 or the oxyhydrogen flame torch. In the 45  case of forming the
metal ball 2Aa by means of the insulator removal torch 15, when the melting
point of the metal wire 2A of the coated wire 2 Is not reached, the mixing
ratio of the gaseous mixture is changed, or/and the moving speed of the
burning flames to traverse the coated wire 2 Is controlled. In this manner,
the metal wire 2A of the coated wire 2 from which the insulator 2B has been
removed is formed into the metal ball 2Aa by the use of the burning flames
mentioned above or burning flames formed 50  by the combustion of any other
mixed gas, whereby the metal ball 2Aa of the coated wire 2 is formed by the
burning flames, so that the arc electrode 10 and the arcing circuit 11
described in Embodiments 1 and 2 can be abolished. Embodiment 4: 55
Embodiment 4 is another embodiment of the present invention which alters
the configuration of the insu- lator removal torch in the bonding
apparatus. Though not shown in the drawings, Embodiment 4 is so constructed
that the heater 15C of the insulator 10    EP 0 276 928 1 removal torch 15
described in each of Embodiments 1, 2 and 3 is removed and that the size
(diameter) of the blowoff outlet of the insulator removal torch 15 for the
combustible gas is made smaller than the bore of the torch proper 15B. With
the insulatorremoval torch 15 thus constructed, the heatcapacity of the
burning flames of the combustible gas to be blown off from the outlet can
be decreased. The size of the blowoff outlet is set 5   within a range from
the minimum value of 75[err]based on a machining limit, to the maximum
value of 125 [err] for the decrease of the heat capacity of the burning
flames. Since the insulator removal torch 15 thus constructed can make the
heat capacity smaller, it can use the combustible gas (for
example,[err]only, the combustible gas and the temperature controlling gas
(for example, N2) for lowering the temperature of the burning flames of the
combustible gas, or a temperature controlling 10  gas (for example, a
slight amount of 02) for raising the temperature of the burning flames of
the combustible gas. By way of example, Table 2 to be mentioned later lists
various conditions for removing the insulator 2B of the coated wire 2. In
this manner, the heat capacity of the burning flames at the blowoff outlet
of the combustible gas can be decreased by making the size of the outlet of
the insulator removal torch 15 smaller, so that the transfer of 15  heat to
the bonding tool 7 located near the insulator removal torch 15 is
diminished, and the insulator 2B of the coated wire 2 to be supplied can be
prevented from damaging or breaking down. 20
(Table 1] Length of Burning flames                      7  [mm] 2
Combustible gas [err]                            0.82  [lit./min.] 25 3
Temperature controlling                       0.15  [lit./min.] gas N
0.15 [lit./min.] 4    Bore of Torch proper                          0.5
[mm] 30        5    Velocity of flow of Mixed                    85
(m/sec. gas                                         85  [m/sec.] 6
Temperature of Blowoff                    1050  [err] outlet 7
Temperature of Burning flames at a position 4 mm         850  [err] distant
from Outlet 40       8    Resistance of Heating
4.5 wire 9    Voltage applied to Heat-                     20 [V] ing wire
45       10   Time in which Coated wire 0.01  -0.05  [sec.] is Traversed 50
55 



EP 0 276 928 B1 [Table 2] 1   Length of Burning flames
3.5  [mm] 2   Combustible gas [err]                            0.01 - 0.15
[lit./min.] 3    Bore of Torch proper                          0.5  (mm] 10
4    Diameter of Blowoff                          35 - 150  [err] outlet 5
Velocity of flow of                            200 - 300  [m/sec.] Mixed
gas 15 6    Temperature of Blowoff                        1300  [err]
outlet (to be continued) 20 7  Temperature of Burning 25 flames at a
position 4 mm                     1300  [err] distant from Outlet 8   Time
in which Coated wire is Traversed 30 Embodiment 5: As described above, the
technique disclosed In Embodiments 1 - 4 is effective as the technique for
re- 35  moving the insulator of the coated wire. This technique consists in
that the burning flames from the insulator removal torch are blown against
the bonding part of the coated wire, thereby to remove the insulator at the
part. The burning flames are formed by the mixed gas which consists of
hydrogen gas for combustion and temperature-controlling nitrogen gas for
lowering the combustion temperature of the hydrogen gas. The insu- lator
removal torch is so constructed that the insulator on the rear end side of
the coated wire to be joined with 40  the lead and the insulator on the
front end side of the coated wire (bonding part) to be joined with the
external terminal at the next step are removed at a time. This insulator
removal torch is moved to the bonding part (the part where the insulator is
to be removed) of the coated wire by the moving mechanisms and the
controllers. The removal of the insulator of the coated wire employing this
technique does not damage the metal wire of the coated wire, and can turn
the burning flames round thewhole area of the bonding partto completely
remove 45  the insulator. Therefore, it has the feature that a bonding
defect (inferior continuity) attributed to the remaining of the insulator
can be prevented. The inventors, however, have found out that the following
problems are involved in the technique stated above: As described before,
the removal of the insulator of the coated wire is executed by the
insulator removal 50  torch. This insulator removal torch is moved near to
the bonding parts of the coated wire corresponding to the changes of the
distances between the external terminals of the semiconductor chip and the
leads, at the re- spective bonding steps. In consequence, not only the
construction of the insulator removal torch, but also that of the bonding
apparatus becomes somewhat complicated because the moving mechanisms for
the torch and the controllers for complicately controlling the moving
mechanisms are necessitated. 55     In addition, the ball at the
supply-side front end of the coated wire Is formed by bringing the electric
torch near to the front end and striking electric arcs across the metal
wire and the electric torch. After being formed, the ball on the front end
side of the coated wire is joined to the external terminal of the
semiconductor chip. In this regard, it has been acknowledged by the
inventors that, in forming the ball on the front end side of the 12
EP0276928B1 coated wire, heat attendant upon the generation of the electric
arcs incurs the phenomenon in which the in- sulator melts and rises or
shrinks from the front end side to the rear end side of the coated wire.
The shrinkable melting of the insulatorforms insulatorglobes (the bulkof
the insulator) in the coated wire. The insulator globes grow to be larger
than the diameter of the hole of the bonding tool for guiding the coated
wire. Consequently, 



5   in a case where the ball is drawn toward the pressing face of the
bonding tool after the formation thereof on the front end side of the
coated wire, a catch develops between the coated wire and the guide hole of
the bond- ing tool. For this reason, the subsequent step of joining the
ball to the external terminal of the semiconductor chip by means of the
pressing face of the bonding tool becomes impossible, and a bonding defect
arises. Embodiment 5 to be detailed in this section solves the problems
explained above. 10     Now, this embodiment will be described in detail. A
ball-bonding (wire bonding) apparatus which Is Embodiment 5 of the present
Invention is illustrated as a schematic constructional view in Fig. 13 and
as a perspective view of essential portions in Fig. 14. As shown in Fig.
13, the ball-bonding apparatus is so constructed that a coated wire 102
wound round a spool 101 is supplied to a bonding space 103. The supply of
the coated wire 102 to the bonding space 103 Is 15  performed through a
tensioner 104, awire guide member 105, a wire damper 106 and a bonding tool
(capillary) 107. In the bonding space 103,a resin-encapsulated type
semiconductordevice 120 before resinencapsulation to be constructed as
shown in Fig. 15 (a sectional view) and Fig. 16 (an enlarged sectional view
of essential portions) is arranged. The resin-encapsulated semiconductor
device 120 is so constructed that a semiconduc- 20  tor chip 120A placed on
a tab portion 120C through a connecting metal film 120B and the inner lead
parts of leads 120D are encapsulated by a resin mold member 120E. The
semiconductor chip 120A and the lead 120D are connected by the coated wire
102. As shown in Fig. 16, one end of the coated wire 102 is joined to an
ex- ternal terminal (bonding pad) 120Aa which is exposed through an opening
provided in the passivation film 120Ab of the semiconductor chip 120A. The
other end of the coated wire 102 is joined to the inner lead part 25  of
the lead 120D. The outer lead part of the lead 120D is formed so as to
protrude outside the resin mold mem- ber 120E. The resin-encapsulated type
semiconductordevice 120 before the resin encapsulation step is sup- ported
on the semiconductor device bed (table for setting the semiconductor
device) 113 of the bonding ap- paratus as depicted in Fig. 13. As its
structure is shown in detail in Fig. 16, the coated wire 102 is so
constructed that the surface of a 30  metal wire 102A Is coated with an
insulator 102B. The metal wire 102A is made of gold (Au) in the present em-
bodiment Alternatively, the metal wire 102A is made of copper (Cu),
aluminum (Al) or the like. The insulator 102B is formed ofa polyurethane
resin film ora polyimide resin film In the present embodiment.
Alternatively, the insulator 102B is formed of a resin film such as ester
imide resin film or ester amide resin film, or a metal oxide film (of
CuO[err] 35     Joined to the external terminal 120Aa of the semiconductor
chip 120Ais a metal ball 102Aa which is formed of the metal wire 102A
denuded by removing the insulator 102B on one end side of the coated wire
102. The metal ball 102Aa is configured with a diameterwhich is,
forexample, about 2 - 3 times as large as the diameter of the metal wire
102A. Joined to the inner lead part of the lead 120D is the metal wire 102A
on the other end side of the coated wire 102 as denuded by destroying the
insulator 102B on the other end side of the coated 40  wire 102 being a
joint part That is, on the other end side of the coated wire 102, only the
insulator 102B cor- responding substantially to the joint part with the
lead 120D is removed, and the insulator 102B in the other part is left
behind. As will be described later, the destruction of the insulator 102B
on the other end side of the coated wire 102 can be effected by ultrasonic
vibrations, appropriate pressure application and appropriate heating
(energy) which are afforded by the bonding tool 107. 45     In this manner,
in the resin-encapsulated semiconductor device 120 which uses the coated
wire 102, the metal ball 102Aa formed of the metal wire 102Aon one end side
of the coated wire 102 is joined to the external terminal 120Aa of the
semiconductor chip 120A, and the metal wire 102Aon the other end side of
the coated wire 102 with the insulator 102B of the contact part destroyed
is joined to the lead 120D, whereby the external terminal 120Aa of the
semiconductor chip 120Aand the metal wire 102Aof the coated wire 102 have
their con- 50   tact area increased owing to the ball-bonding system
employing the metal ball 102Aa larger in size, in com- parison with a
contact area In a system connecting a bonding wire through ultrasonic
vibrations, and the bond- ability between the two can be enhanced.
Simultaneously, the other end side of the coated wire 102 except the partto
be joined with the lead 120D is kept coated with the insulator 102B, and
the short-circuiting between the other end side of this piece of coated
wire 102 and that of another adjacnet piece of coated wire 102 can 55    be
mitigated, so that the Intervals of the leads 120D can be shortened to
achieve increase In the number of terminals (pins) of the
resin-encapsulated semiconductor device 120. As illustrated in Figs. 13 and
14, the bonding tool 107 and the front end part of the coated wire 102 in
the supply direction thereof (the part where the metal ball 102Aa is to be
formed) are arranged so as to be con- 13    EP 0 276 928 B1 coaled by a
cover member 110A when the metal ball 102Aa is to be formed. The cover
member 11 OA is con- 



structed so as to move and turn in the direction of double-headed arrow A
indicated in Fig. 14. That is, the cover member 110A is so constructed
that, at the step of forming the metal ball 102Aa, the bonding tool 107 is
inserted thereinto through a tool insertion port 110B by the turning motion
In the direction of the arrow A and 5     is covered therewith. This cover
member  11A is configured as shown in Fig. 17 (a partial sectional view
show- ing a concrete construction, and corresponding to a section taken
along cutting-plane line V - V in Fig. 18), Fig. 18 (a plan view seen in
the direction of arrowVI in Fig. 17) and Fig. 19 (a sectional viewtaken
along cutting- plane line VII - VII in Fig. 18). As will be stated later,
the cover member 110A is so set up that, at the step of forming the metal
ball 102Aa, the insulator 102B does not scatter to the bonding space 103
due to the blowing- 10  away of the insulator 102B which melts and rises or
shrinks. Besides, the cover member 11 OA is set up so as to facilitate the
retention of a cover gas atmosphere (a shield gas atmosphere) for the
prevention of oxidation in a case where the metal wire 102A of the coated
wire 102 is made of a material easy of oxidation such as Cu or Al. The
cover member II OA is made of, for example, stainless steel. Alternatively,
the cover member 110A may be made of a transparent glass material so as to
permit an operator to acknowledge the state of the 15  formation of the
metal ball 102Aa of the coated wire 102, etc. An electric torch (arc
electrode) 110D is disposed at the bottom partof the cover member 110A as
shown in Figs. 13,14,17 and 19. As illustrated In Fig. 20 (a model-like
constructional view for elucidating the principle of forming the metal
ball), the electric torch 11OD is constructed so as to come near to the
metal wire 102A at the supply-side front end of the coated wire 102 and to
strike electric arcs across it and the metal wire, thereby 20  to form the
metal ball 102Aa. This electric torch 110D is made of, for example,
tungsten which endures high temperatures. The electric torch 110D is
connected to an arcing unit 112 through that suction pipe 110E of a suction
unit 111 which is made of a conductive material. The suction pipe 11 OE is
made of, for example, stainless steel and has the electric torch 110D
fastened thereto through a bonding metal layer of Ag-Cu brazing material or
the 25  like. This suction pipe 110E is fastened to the cover member 110A
through a clamp member 110F. That is, the electric torch 110D as well as
the suction pipe 110E and the cover member 11OA are unitarily constructed.
The electric torch 110D can move in the direction of the arrow A indicated
in Fig. 14 so as to come near to the supply-side front end of the coated
wire 102 when the metal ball 102Aa is formed as stated before and to come
away from the supply path of the coated wire 102 during the bonding
process. A moving mechanism 30  for moving the electric torch 110D is
principally constructed of a support member 110G which supports the
electric torch 110D through the suction pipe 110E as well as an insulating
member 110H, a crank shaft 1101 which turns the support member 110G in the
direction of the arrow A, and a drive source 110K which rotates the crank
shaft 1101. The rotation of the crank shaft 1101 is executed by the
movement of the shaft 110J of the drive source 110K in the direction of
double-headed arrow B, the shaft 110J being coupled to the crank portion 35
of the crank shaft 1101. The drive source 110K is constructed of, for
example, an electric solenoid. Though not illustratively clarified, the
crank shaft 1101 is rotatably supported on a bonding apparatus proper.
Incidentally, the movementof the electrictorch 11 OD and that of the cover
member 110A are substantially the same because both these constituents are
unitarily constructed. As shown in Fig. 14, the arcing unit 112 is
principally constructed of a capacitor [err] a storage capacitor 40  C2, an
arcing thyristor D which is actuated by a trigger, and a resistor R A d.c.
power source DC is arranged so as to feed a voltage of negative polarity
at, for example, approximately -1000 -3000[V]. The d.c. power source DC is
connected to the electric torch 110D through the thyristor D, the resistor
R, etc. A reference po- tential GND is, for example, the ground potential
(= 0 [V]). Letter V indicates a voltmeter, and letter A an am- meter. As
will be described in detail later, the metal wire 102A of the coated wire
102 is connected to the ref- 45  erence potential GND at its end part wound
round the spool 101. As a result, in the case of forming the metal ball
102Aa at the front end of the coated wire 102 by the use of the electric
torch 11 OD, it is possible to set the electric torch 110D at a negative
potential (-) and the metal wire 102Aof the front end of the coated wire
102 in the supply direction thereof at a positive potential (+) as
illustrated in Figs. 13, 14 and 20. In the bonding apparatus wherein, in
this manner, the electric arcs are struck across the metal wire 102A 50
at the front end of the coated wire 102 and the arc electrode 110D so as to
form the metal ball 102Aa at the frontend ofthe coatedwire 102, the metal
wire 102Aof the coated wire 102 is connected to the positive potential (+),
and the electric torch 110D is connected to the negative potential (-),
whereby the appearing position of the electric arcs struck across the metal
wire 102A of the coated wire 102 and the electric torch 110D can be
stabilized more than in case of the opposite polarity, and hence, the
upward crawl of the electric arcs toward 55    the rear end side of the
metal wire 102A of the coated wire 102 can be relieved. The relief of the
upward crawl of the electric arcs can reduce the shrinkable melting of the
insulator 102B of the coated wire 102 and prevent the appearance of
insulator globes. In the present invention, the metal wire 102A of the
coated wire 102 may well be connected to a voltage 14   



EP 0 276 928 1 higher or lower than the reference potential GND so as to
have a plus potential with respect to the electric torch 110D. The spool
101 round which the coated wire 102 is wound is constructed as illustrated
in Fig. 14 and Fig. 21 (an exploded perspective view of essential
portions). By way of example, the spool 101 is fabricated by 5   subjecting
the surface of a cylindrical member of aluminum metal to an alumite
treatment. The alumite treat- ment is performed in order to raise a
mechanical strength and to prevent flaws from developing. This spool 101
has an insulating property because It has been subjected to the alumite
treatment as stated above. The spool 101 is mounted on a spool holder 108,
and is attached to the bonding apparatus proper 109 by the rotary shaft
108A of the spool holder 108. 10     The spool holder 108 is made of, for
example, stainless steel in order to have a conductivity in at least a part
thereof. The spool 101 is provided with a connection terminal 101A as shown
in Fig. 21 and Fig. 22 (an enlarged perspective view of essential
portions). The connection terminal I OIA is provided in the shape of a dot
on that side face part (flange part) of the spool 101 which comes into
contact with the conductive part of the spool 15  holder 108. As shown in
Fig. 22, the connection terminal 101A is so configured that a conductor
101Ab is disposed on an insulator 101Aa and that connecting metal portions
101Ac are disposed on the conductor 101Ab. The insulator 101Aa is made of,
for example, polyimide resin so as to exhibit a proper elasticity which
ensures the electrical isolation between the conductor 101Ab and the spool
101 and also ensures the touch of the con- 20  necting metal portions 101Ac
to the spool holder 108. The conductor 101Ab is formed of, for example, Cu
foil so as to ensure the connection between that one of the connecting
metal portions 101Ac which connects the metal wire 102A of the coated wire
102 and the other 101Ac which comes into contact with the spool holder 108.
The connecting metal portions 101Ac are made of a conductive paste, a
solder or the like. The metal wire 102Aat the end of the coated wire 102 on
the opposite side to the side which is supplied 25  to the bonding space
103, that Is, the metal wire 102A at the initial winding end of the coated
wire 102 is con- nected to the connection terminal I OIA through a notch
which is formed in the side face (flange part) of the spool 101. This metal
wire 102A is joined to the connection terminal 101A by the connecting metal
portion 101Ac. The insulator 102B on the surface of the metal wire 102A at
the Initial winding end of the coated wire 102 is removed by heating or
chemically. The connection terminal 101A, namely, the metal wire 102A of
the 30    coated wire 102 is connected to the reference potential GND
through the spool holder 108, the rotary shaft 108 thereof and the
apparatus proper 109. This reference potential GND is the same as the
reference potential GND of the arcing unit 112. In this manner, the spool
101 is furnished with the connection terminal 101A for connecting the metal
wire 102A to the reference potential GND, and the metal wire 102A at the
initial winding end of the coated wire 102 35  is joined to this connection
terminal, whereby the metal wire 102A can be connected to the reference
potential GND through the spool holder 108 etc., so that the metal wire
102A of the coated wire 102 can be reliably con- nected to the reference
potential GND. Besides, owing to the connection of the metal wire 102A of
the coated wire 102 to the reference potential GND, during the formation of
the metal ball 102Aa, a sufficient potential difference is secured between
the 40  electric torch 110D and the metal wire 102Aof the coated wire 102
on the supply side, and the electric arcs can be favorably struck, so that
the metal ball 102Aa can be reliably formed. As illustrated in Figs. 13 and
14, the bonding tool 107 is carried by a bonding head (digital bonding
head) 114 through a bonding arm 107A. Though not shown, an ultrasonic
vibrator is built in the bonding arm 107A, and it is adapted to vibrate the
bonding tool 107 ultrasonically. As the wire bonding system, accordingly,
the 45    thermocompression system or/and the ultrasonic vibration system
can be adopted under the optimum condi- tions for the specifications of the
coated wire and the device to be subjected to the wire bonding. The bonding
head 114 is supported on a base 118 through an X-Ytable 117. The bonding
head 114 is furnished with a moving mechanism which can move the bonding
arm 107A vertically (in the direction of double-headed arrow C) so as to
permit the bonding tool 107 to come close to and away from the bonding
space 103. This moving mech- 50  anism is principally constructed of a
guide member 114A, an arm moving member 114B, a female screw mem- ber 114C,
a male screw member 114D and a motor 114E. The guide member 114A is so
configured as to move the arm moving member 114B in the direction of the
arrow C. The motor 114E rotates the male screw member 114D, the female
screw member 114C in fit engagement with the male screw member 114D is
moved in the direction of the arrow C by the rotation, and the arm moving
member 114B Is shifted in the direction of the 55  arrow C by the movement.
The bonding arm 107Asupported by the arm moving member 114B is adapted to
turn about a swivel shaft 114F. The turning of the bonding arm 107A about
the swivel shaft 114F Is controlled by an elastic member 114G. The control
of the turning by the elastic member 114G is so schemed that, when the
bonding tool 107 



EP 0 276 928 B1 has touched the bonding space 103, this bonding space 103
is prevented from being unnecessarily pressed, whereby the damage or
breakdown of the bonding space 103 Is avoided. The wire clamper 106 clamp
the coated wire 102, and is constructed so as to control the supply of the
coated wire 102. The wire damper 106 is mounted on the bonding arm 107A
through clamper arms 106A. The wire guide member 105 is so constructed
thatthe coated wire 102 supplied from the spool 101 is guid- ed to the
bonding space 103. This wire guide member 105 is mounted on the damper arm
106A. Near the front end of the coated wire 102 in the supply direction
thereof and near the supply path of the coated wire 102 between the bonding
tool 107 and the bonding space 103, the fluid blast nozzles 110C of a fluid
blast equipment 119 are disposed as shown in Figs. 13, 14,17 and 20. The
fluid blast nozzles 110C are 10  so constructed that, when the metal ball
102Aa is formed of the metal wire 102Aat the front end of the coated wire
102 in the supply direction thereof, a fluid orgas from the fluid blast
equipment 119 is blasted against the area of the formation (the metal wire
102A and the insulator 102B). As illustrated in Fig. 20, the gas which is
blasted from the fluid blast nozzles 110C is adapted to blow away (102Ba)
the insulator 102B which is melted and raised or shrunk by heat the
electric arcs generate In the case where the metal ball 102Aa is formed of
15  the metal wire 102A at the front end of the coated wire 102. The fluid
blast nozzles 110C may basically blast the gas against the front end part
of the bonding tool 107, namely, the front end part of the coated wire 102
as stated above, and they are mounted on the cover member 110A in the
present embodiment. As their concrete structure is shown in Fig. 14 and
Figs. 17 to 19, the fluid blast nozzles 110C are configured so as to blast
the gas from the rear end side toward the front end side of 20  the coated
wire 102 for the purpose of diminishing the shrinkable melting of the
insulator 102B. Incidentally, it is more preferable that the fluid blast
nozzles 110C are not mounted on te bonding tool 107. In a case where the
fluid blast nozzles 110C are mounted on the bonding tool 107, the weight of
the bonding tool 107 increases to heighten the load of the ultrasonic
vibrations thereof, and hence, the bondability of the joint part degrades.
A gas such as N2, H2, He, Ar or air is used as the fluid. As illustrated in
Fig. 20, it is supplied from the fluid 25  blast equipment (fluid source)
119 to the fluid blast nozzles 110C through a cooler 119A, a flowmeter 119B
and a fluid conveyance pipe 119C. The cooler 119A is configured so as to
positively cool the gas below the normal temperature. By way of example, it
is constructed of an electroniccoolerwhich utilizes the Peltier effect.
Though illustrated in simpli- fied fashion in Fig. 20, the fluid conveyance
pipe 119C is so constructed that at least its section between the 30
cooler 119A and a supply port for the fluid blast nozzles 110C is covered
with a thermal insulator 119D. That is, the thermal insulator 119D is
arranged in order that the temperature of the gas cooled by the cooler 119A
may not change during the conveyance of the gas through the fluid
conveyance pipe 119C (that the cooling efficiency may be heightened). As an
alternative example of the cooler, a product "COLDER" manufactured by SANWA
ENTERPRISES 35  Co., Ltd. may be used. This product "COLDER" is a device
which generates air of very low temperature on the basis of the principle
of a vortex, and with which the temperature of the cold air and the rate of
discharge of the cold air can be regulated by simple operations. This
device "COLDER" can generate the very cold air at -50[err] merely by
connecting compressed air at an incoming air temperature of +15[err]under
an incoming air pressure of 7kg/[err] It is compact, and is smallerin size
than the electronic cooler utilizing the Peltier effect. 40      Besides,
when the device "COLDER" is employed togetherwith the cooler utilizing the
Peltier effect, there is the effect that the whole cooler as described
above can be made smaller in size and lighter in weight. Meanwhile, the
suction pipe 110E coupled to the suction unit 111 is disposed at the
position which is close to the front end of the coated wire 102 in the
supply direction thereof and which opposes to the fluid blast noz- zles
110C with the melted and shrunk part of the insulator 102B of the coated
wire 102 intervenign therebetw- 45  een. Although this suction pipe 11 OE
is used also as the electric conductor for connecting the electric torch
110D and the arcing unit 112 as stated before, it is principally intended
to imbibethe melted and shrunkinsulator 102Ba of the coated wire 102 blown
away by the fluid blast nozzles 110C. The insulator 102Ba imbibed by the
suction pipe 110E is drawn by the suction unit 111. Next, the ball-bonding
method of the present embodiment will be briefly explained. 50      First,
as illustrated in Figs. 13, 14, 17 and 20, the bonding tool 107 and the
front end part of the coated wire 102 in the supply direction thereof as
protruded on the side of the pressing face of the bonding tool are
concealed by the cover member 110A. The concealment is attained in such a
way that the cover member 11 OA is moved in the direction of the arrow A by
the moving mechanism which is actuated by the drive source 110K. Besides,
the concealment by the cover member 110A can arrange both the electric
torch 110D and the fluid 55  blast nozzles 110C near the front end of the
coated wire 102. Secondly, as illustrated in Fig. 20, the electric arcs are
struck across the electric torch 11OD and the metal 



wire 102A at the front end of the coated wire 102 in the supply direction
thereof so as to form the metal ball 102Aa out of the metal wire 102A. The
heat of the electric arcs for forming the metal ball 102Aa melts and    EP
0 278 928 B1 raises or shrinks the insulator 102B at the front end of the
coated wire 102 in the supply direction thereof. That is, the insulator
102B atthe front end ofthe coated wire 102 in the supply direction thereof
is removed to denude the metal wire 102A. The metal ball 102Aa isformed in
a short time as illustrated in Fig. 23 (a graph of the relationship between
5   the magnitude of energy of the electric arcs and the magnitude of
shrinkable melting of the insulator). In this figure, the axis of abscissas
represents the electric discharge time [err][ms] of the electric arcs,
while the axes of ordinates represent the magnitude of current[err][mA] and
the magnitude of shrinkable melting L [mm] of the insulator 102B of the
coated wire 102. Data mentioned in Fig. 23 indicates the magnitude of
shrinkable melting L [mm] of the insulator (polyurethane resin) 102B
required for forming the metal ball 102Aa of the coated wire 10  102 into a
diameter[err]of 60[err]in a case where the ambient temperature Is the
normal temperature of 25 [err] where the diameter [err]of the metal wire
(Au) 102A of the coated wire 102 is 25 [err]and where the voltage [V] is
1400 [V] or 2200 [VI. As illustrated in the graph, when the metal ball
102Aa is formed In a shorter time and at higher energy (in a region in
which both the current and the voltage are higher), the magnitude of
shrink- able melting of the insulator 102B of the coated wire 102 decreases
more (as indicated by a thick solid line). 15  As the result of a
fundamental experiment by the inventors, in a highly-packaged
resin-encapsulated semi- conductor device 120 in which the number of leads
102D, i e., the number of pins was about 100, the metal ball 102Aa could be
formed in ashorttime of 100 -1000[err] and the magnitude of shrinkable
melting Lofthe insulator 102B of the coated wire 102 could be suppressed
within a range of small values of 0.2 - 0.4 [mm]. The magnitude of
shrinkable melting L of the insulator is stipulated by the requisites that
the coated wire does 20  not continue to the adjacent wire due to the
melted and shrunk part of the coating, and that the outer part of the
semiconductor pellet do not touch or do not fall into a continuous state
due to the melted and shrunk part of the coating. Forming the metal ball
102Aa in the shorter time and at the higher energy in this manner, can be
realized by stabilizing the generation of the electric arcs as described
before, namely, by setting the electric torch 110D at the minus potential
(-) and the metal wire 102Aof the coated wire 102 at the plus potential
(+). 25     In addition, in forming the metal ball 102Aa, the gas from the
fluid blast equipment 119 is blasted against the melting and shrinking
insulator 102B of the coated wire 102 by the fluid blast nozzles 110C which
have been positioned togetherwith the cover member 110A, whereby the
Insulator 102B is blown awayas illustrated in Fig. 20. The insulator 102Ba
blown away is drawn by the suction unit 111 through the suction pipe 110.
The gas from the fluid blast nozzles 110C has been cooled down to
approximately 0- -10[err] by the cooler 30    119A shown in Fig. 20. Fig.
24 illustrates the relationship between the temperature [err] of the gas
(the axis of abscissas) and the magnitude of shrinkable melting L [mm] of
the insulator 102B of the coated wire 102 (the axis of ordinates). The flow
rate Q of the gas from the fluid blast nozzles 11 OC is 0.5 - 2.5
[lit/min]. As shown in the figure, as the temperature of the gas from the
fluid blast nozzles 110C is lower, the magnitude of shrink- able melting L
of the insulator 102B of the coated wire 102 is smaller. That is, since the
gas cooled by the cooler 35  119A can positively cool the metal wire
102Aand insulator 102B of the coated wire 102, the bonding tool 107, etc.
the insulator 102B in only the area where the electric arcs appear can be
melted to lessen the magnitude of shrinkable melting of the insulator 102B.
Subsequently, the cover member 110A Is moved In the direction of the arrow
A (in the opposite sense to the foregoing) together with both the electric
torch 11 OD and the fluid blast nozzles 11 OC. 40      Subsequently, the
metal ball 102Aa formed at the front end of the coated wire 102 in the
supply direction thereof is drawn toward the pressing face of the bonding
tool 107. Next, under this state, the bonding tool 107 is brought near to
the bonding space 103, and as the bonding tool 107 is indicated by phantom
lines in Fig. 16, the metal ball 102Aa formed at the front end of the
coated wire 102 in the supply direction thereof is joined to the external
terminal 120Aa of the semiconductor chip 120A 45  (first bonding). The
joining of the metal ball 102Aa is effected by the ultrasonic vibrations
and thermocompres- sion (or either of them) of the bonding tool 7. At the
next step, as shown in Fig. 16, the metal wire 102Aat the rear end of the
coated wire 102 is joined to the lead 102D by the bonding tool 107 (second
bonding). The joining of the rear end side of the coated wire 102 is
effected by the ultrasonic vibrations and thermocompression (or only the
former of them) of the bonding 50  tool 107. As regards the joining of the
rear end side of the coated wire 102, the joint part of the coated wire 102
is coated with the insulator 102B beforehand. By the ultrasonic vibrations
of the bonding tool 107, however, the insulator 102B in only the joint part
is destroyed to denude the metal wire 102A. The insulator (in the case of
polyurethane resin) 102B of the coated wire 102 should preferably have a
film thickness of about 0.2 - 3 [err] though the thickness value somewhat
changes depending upon the energy of the ultrasonic vibrations 



55  or the force of the thermocompression of the bonding tool 107. In
particular, the optimum thickness of the film of the insulator 102B is
about 0.2 - 1.0[err]. In a case where the thickness of the insulator 102B
of the coated wire 102 is less than 0.2[err] the withstand voltage of the
insulator 102B Is low. In addition, In a case where the thickness of the
insulator 102B of the coated wire 102 is greater than 1.0[err] the
insulator 102B becomes 17    EP 0 276 928 B1 difficult of being destroyed
by the ultrasonic vibrations of the bonding tool 107, and In a case where
the thick- ness of the insulator 102B is greater than 3.0[err]the insulator
102B is not destroyed. Therefore, the joining between the metal wire 102A
of the coated wire 102 and the lead 102D becomes defective. Subsequently,
the bonding tool 107 is brought away (on this occasion, the coated wire 102
is cut), whereby 5   the bonding process is completed as shown in Fig. 16.
In this manner, in the bonding technology wherein the metal ball 102Aa Is
formed at the front end of the coated wire 102, the fluid blast nozzles
110C (part of the fluid blast equipment 119) for blasting the gas against
the front end part of the coated wire 102 are disposed near the front end
of the coated wire 102, whereby the melting and shrinking insulator 102B of
the coated wire 102 can be blown away, so that the coated wire 102 10  can
be prevented from being formed with the insulator globes. As a result, the
catch of the coated wire 102 in the bonding tool 107 attributed to the
insulator globes is prevented, and the coated wire 102 can be drawn to the
pressing face of the bonding tool 107, so that the ball bonding can be
performed, and a bonding defect is avoidable. Besides, in the bonding
technology wherein the metal ball 102Aa is formed at the front end of the
coated 15    wire 102, the fluid blast nozzles 110C (the fluid blast
equipment 119) stated above is disposed, and the suction pipe 110e (the
suction unit 111) which draws the insulator 102B of the coated wire 102
blown away by the blast of the gas from the fluid blast nozzles 110C is
disposed near the front end of the coated wire 102, whereby the melting and
shrinking insulator 102B of the coated wire 102 can be blown away to
prevent the formation of the insulator globes in the coated wire 102 and to
avoid the bonding defect as described above, and more- 20  over, the
insulator 102Ba blown away is prevented from scattering tothe bonding space
103, so that a bonding defect attributed to the scattered insulator 102Ba
is avoidable. The bonding defect attributed to the scattered insulator
102Ba signifies, for example, a case where the insulator 102Ba scatters to
a position the external terminal 120Aa of the semiconductor chip 120A or
the lead 120D and the metal wire 102A of the coated wire 102, so the
continuity between the two becomes inferior. 25      Further, in the
bonding technology wherein the metal ball 102Aa is formed at the front end
of the coated wire 102, the fluid blast nozzles 110C (the fluid blast
equipment 119) stated above are disposed, and the cooler 119A for cooling
the gas of the fluid blast nozzles 110C is disposed, whereby the shrinkable
melting of the in- sulator 102B of the coated wire 102 is remarkably
reduced, and even when the insulator 102B has melted and shrunk, it can be
blown away, so that the formation of the insulator globes in the coated
wire 102 is prevented, 30   and the bonding defect is avoidable as
described before. Further, in the bonding technology which uses the coated
wire 102, the metal ball 102Aa is formed on the front end side of the
coated wire 102 in the supply direction thereof, and it is joined to the
external terminal 120Aa of the semiconductor chip 120A, while the rear end
side of the coated wire 102 in the supply direction thereof is brought into
contact with the lead 120D, the insulator 102B at the contact part Is
destroyed, and the 35    metal wire 102A on the other end side of the
coated wire 102 is joined to the lead 120D, whereby the insulator 102B can
be removed without using an insulator removal torch which removes the
insulator 102B on the rear end side of the coated wire 102, so that the
insulator removal torch, and moving mechanisms and controllers therefor can
be dispensed with. As a result, the structure of the bonding apparatus can
be simplified. 40  Embodiment 6: Embodiment 6 is another embodiment of the
present invention in which the construction of the fluid blast equipment of
the ball-bonding apparatus Is altered. The essential portions of the
ball-bonding apparatus which is Embodiment 6 of the present invention are
45  shown in Fig. 25 (a partial sectional view) and Fig. 26 (a plan view
seen in the direction of arrow XIV in Fig. 25). As illustrated in Figs. 25
and 26, the fluid blast nozzle 110C of the fluid blast equipment 119 (not
shown) in the present embodiment 6 is so configured that a U-shaped fluid
conveyance pipe is provided with pores for blasting the gas. This fluid
blast nozzle 110C in the shape of letter U is fastened to the bonding
apparatus 50  proper, for example, the X-Y table 117. The suction pipe 110E
of the suction unit 111 (not shown) is oriented in the direction in which
the gas from the U-shaped fluid blast nozzle 110C Is blasted. Likewise to
the fluid blast nozzle 11 OC, the suction pipe 110E is fastened to the
bonding apparatus proper, for example, the X-Y table 117. 



The electric torch 110D is constructed so as to move and turn in the
direction of arrow A substantially in 55    the same manner as in
Embodiment 5. That Is, the electric torch 11 OD is adapted to move to a
position where the gas is blasted from the fluid blast nozzle 110C, when
the metal ball 102Aa is formed at the front end of the coated wire 102 in
the supply direction thereof, and to thereafter come away from the position
when the bonding ball 102Aa is bonded. The movement of the electric torch
110D is effected by a moving mechanism 18    EP 0 276 928 B1 11 OL which is
fastened to the bonding apparatus proper, for example, the X-Y table 117.
The fluid blast nozzle 110C, the suction pipe 110E and the electric torch
110D are directly fastened to the bonding apparatus proper because the
cover member 110A disposed in Embodiment 5 is not included. With the
ball-bonding apparatus thus constructed, when the metal ball 102Aa is
formed at the front end 5   of the coated wire 102 in the supply direction
thereof, an operator can observe the front end part. It is therefore
possible to optimize the state of generation of the electric arcs, the
state of blast of the gas from the fluid blast nozzle 110C, the state of
suction of the insulator 102B scattered by the gas, and so on. The present
invention is not restricted to the resin-encapsulated semiconductor device,
but it is applicable to the semiconductor technology of a
ceramic-encapsulated semiconductor device. 10 Claims 1. A method for
bonding a metal wire to a semiconductor device; the device having a
semiconductor chip 15      (12A,120A) with at least one bonding site
(12Aa,120Aa) on a major surface thereof and at least one lead (12D,120D);
the method using a bonder having a bonding stage (3,113), a capillary
(7,107), a spool (12,101) coiled with a wire (2,102) coated by an
insulating film of an organic resin (2B,102B) and a dis- charge electrode
(10, 110D); the method comprising the steps of: (a) placing the chip
(12A,120A) on the bonding stage (3,113); 20        (b) causing one end of
the wire (2,102) to project through the capillary (7,107); (c) generating
an arcdischarge between the one end of thewire (2,102) projecting through
the capillary (7,107) and the electrode (10,110D) by applying a first
electric potential to the other end of the wire (2,102) coiled on the spool
(12,101) and a second electric potential to the electrode (10,110D) to form
a ball on the one end of the wire (2,102); and then 25        (d) bonding
the wire to the bonding site by pressing the ball against the bonding site
using the capillary (7); characterised in that: the step (c) is performed
while vapor of the organic resin (2B,1 02B), which vapor is produced by the
heat of the arc discharge, is evacuated through an evacuating nozzle
(16,110E) adjacent to the 30        one end of the wire (2,102) to prevent
the vapor from condensing on or in the capillary (7.107). 2. A method for
bonding a metal wire to a semiconductor device; the device having a
semiconductor chip (12A,120A) with at least one bonding site (12Aa,120A) on
a major surface thereof and at least one lead (12D,120D); the method using
a bonder having a bonding stage (3,113), a capillary (7,107), a spool 35
(12,101) coiled with a wire (2,102) coated by an insulating film of an
organic resin (2B.102B) and a dis- charge electrode (10,110D); the method
comprising the steps of: (a) placing the chip (12A,120A) on the bonding
stage (3,113); (b) causing one end of the wire (2,102) to project through
the capillary (7,107); (c) generating an arc discharge between the one end
of the wire (2,102) projecting through the capillary 40        and the
electrode (10,110D) by applying a first electric potential to the other end
of the wire (2,102) coiled on the spool and a second electric potential to
the electrode (10,110D) to form a ball on the one end of the wire (12,101);
and then (d) bonding the wire to the bonding site by pressing the ball
against the bonding site using the capillary (7,107); 45        (e)
removing the insulating film (2B,112B) of the wire by vaporizing the
insulating film (2B,112B) with heat over a predetermined length at a
predetermined point of the wire (2,102) between the one and the other ends
of the wire (2,102) to be bonded to the lead while the one end of the wire
(2,102) pro- trudes out of the capillary; and then (f) wedge-bonding the
predetermined point ofthe wire (2,102) to the lead by pressing the
predetermined 50        point of the wire (2,102) against the lead with the
capillary; characterised In that: the step (e) is performed while vapor of
the organic resin (2B,102B), which vapor is produced by the heat, is
evacuated through an evacuating nozzle (16) adjacent to the predetermined
point of the 



wire (2,102) to prevent the vapor from condensing on or In the bonder. 55
3. A method according to claim 1 or claim 2, wherein the firstelectric
potential is positive relative to the sec- ond electric potential. 19    EP
0 276 928 B1                          *  C   L  M  S  * 110L which is
fastened to the bonding apparatus proper, for example, the X-Y table 117.
The fluid blast nozzle 110C, the suction pipe 110E and the electric torch
110D are directly fastened to the bonding apparatus proper because the
cover member 110A disposed in Embodiment 5 is not included. With the
ball-bonding apparatus thus constructed, when the metal ball 102Aa is
formed at the front end 5   of the coated wire 102 in the supply direction
thereof, an operatorcan observe the front end part.It is therefore possible
to optimize the state of generation of the electric arcs, the state of
blast of the gas from the fluid blast nozzle 110C, the state of suction of
the insulator 102B scattered by the gas, and so on. The present invention
is not restricted to the resin-encapsulated semiconductor device, but it is
applicable to the semiconductor technology of a ceramic-encapsulated
semiconductor device. 10 Claims 1. A method for bonding a metal wire to a
semiconductor device; the device having a semiconductor chip 15
(12A,120A) with at least one bonding site (12Aa,120Aa) on a major surface
thereof and at least one lead (12D,120D); the method using a bonder having
a bonding stage (3,113), a capillary (7,107), a spool (12,101) coiled with
a wire (2,102) coated by an insulating film of an organic resin (2B,102B)
and a dis- charge electrode (10, 11OD); the method comprising the steps of:
(a) placing the chip (12A,120A) on the bonding stage (3,113); 20        (b)
causing one end of the wire (2,102) to project through the capillary
(7,107); (c) generating an arc discharge between the one end of the wire
(2,102) projecting through the capillary (7,107) and the electrode
(10,110D) by applying a first electric potential to the other end of the
wire (2,102) coiled on the spool (12,101) and a second electric potential
tothe electrode (10,110D) toform a ball on the one end of the wire (2,102);
and then 25           (d) bonding the wire to the bonding site by pressing
the ball against the bonding site using the capillary (7); characterised in
that the step (c) is performed while vapor of the organic resin (2B,102B),
which vapor is produced by the heat of the arc discharge, is evacuated
through an evacuating nozzle (16,110E) adjacent to the 30         one end
of the wire (2,102) to prevent the vapor from condensing on or in the
capillary (7.107). 2. A method for bonding a metal wire to a semiconductor
device; the device having a semiconductor chip (12A,120A) with at least one
bonding site (12Aa,120A) on a major surface thereof and at least one lead
(12D,120D); the method using a bonder having a bonding stage (3,113), a
capillary (7,107), a spool 35          (12,101) coiled with a wire (2,102)
coated by an insulating film of an organic resin (2B 102B) and a dis-
charge electrode (10,110D); the method comprising the steps of: (a) placing
the chip (12A,120A) on the bonding stage (3,113); (b) causing one end of
the wire (2,102) to project through the capillary (7,107); (c) generating
an arc discharge between the one endof thewire (2,102) projecting
throughthe capillary 40        and the electrode (10,110D) by applying a
first electric potential to the other end of the wire (2,102) coiled on the
spool and a second electric potential tothe electrode (10,110D) toform a
ball on the one end of the wire (12,101); and then (d) bonding the wire to
the bonding site by pressing the ball against the bonding site using the
capillary (7,107); 45        (e) removing the insulating film (2B,112B) of
the wire by vaporizing the insulating film (2B,112B) with heat over a
predetermined length at a predetermined point of the wire (2,102) between
the one and the other ends of the wire (2,102) to be bonded to the lead
while the one end of the wire (2,102) pro- trudes out of the capillary; and
then (f) wedge-bonding the predetermined point of the wire (2,102) to the
lead by pressing the predetermined 50            point of the wire (2,102)
against the lead with the capillary; characterised in that: the step (e) is
performed while vapor of the organic resin (2B,102B), which vapor is
produced by the heat, is evacuated through an evacuating nozzle (16)
adjacent to the predetermined point of the wire (2,102) to prevent the
vapor from condensing on or in the bonder. 



55 3. A method according to claim 1 or claim 2, wherein the first electric
potential is positive relative to the sec- ond electric potential. 19    EP
0 276 928 B1                       *  C   L  M   S  * 4. A method according
to any one of the preceding claims, wherein steps (c) and (d) are performed
while the other end of the wire (2,102) Is connected to a common ground
electric potential of the bonder so as to prevent an undesirable discharge
between the wire (2,102) and the bonder. 5   5. A method according to claim
4, wherein the common ground is electrically common with the ground of an
arc generator for generating the first and second potential. 6. A method
according to any one of the preceding claims wherein the spool (12,101) is
of a metal. 7. A method according to any one of the preceding claims,
wherein the spool (12,101) is of aluminium. 8. A method according to any
one of the preceding claims wherein the wire (2,102) is of gold. 9. Amethod
according to any one of the preceding claims, wherein the thin insulating
film is of a polyurethane resin. 15 10. An apparatus for bonding a metal
wire coated by an organic insulating film to an electronic device, the
device having a semiconductor chip (12A,120A) with at least one bonding
site (12Aa,120Aa) on a major surface thereof and at least one lead
(12D,120D); said apparatus comprising: (a) a wire bonding stage (3,113) for
receiving the chip (12A,120A); 20        (b) a bonding wire (2,102) coated
by an organic insulating film (2B,102B) coiled on a spool (12,101), and a
bonding capillary (7,107) arranged so as to permit one end of the wire
(2,102) to project from a lower tip thereof through its bore; (c) a
discharge electrode (10,110D) above the stage; (d) an arc voltage generator
for generating an arc discharge through a gap between the one end of the 25
wire (2,102) projecting through the capillary (7,107) and the electrode
(10,110D) by applying afirst elec- tric potential to the wire (2,102) via
the other end of the wire (2,102) coiled on the spool (12,101) and a second
electric potential to the electrode thereby to form a ball at the one end
of the wire (2,102); and (e) a control means for bonding the wire (2,102)
to the bonding site on the chip (12A,120A) by pressing 30        the bail
against the site with the lower tip of the capillary (7,107); characterised
in that the apparatus further comprises an evacuating nozzle (16,110E)
adjacent to the lower tip of the capillary (7,107) for evacuating vapor of
the organic film (2B,102B) produced by the heat of the arc discharge. 35
11. An apparatus according to claim 10, further comprising: (g)atorch
(15)forgenerating heattoremovethe insulating film (2B,102B) overa
predetermined length ata predetermined point of the wire (2,102) between
the one and the other ends of the wire (2,102) to be wedge-bonded by the
capillary; (h) a further evacuating nozzle (16) for evacuating vapor of the
insulating film (2B,1 02B) produced by 40        the heat during the
removal of the Insulating film (2B,102B) at the predetermined point of the
wire (2,102) to prevent the vapor from condensing on or in the bonder. 12.
An apparatus for bonding a metal wire coated by an organic insulating film
to an electronic device, the device having a semiconductor chip (12A,120A)
with at least one bonding site (12Aa,120Aa) on a major 45      surface
thereof and at least one lead (12D,120D); said apparatus comprising: (a) a
wire bonding stage (3,103) for receiving the chip (12A,120A); (b) a bonding
wire (2,102) coated by an organic insulating film (2B,102B) coiled on a
spool (12,101), and a bonding capillary (7,107) arranged so as to permit
one end of the wire (2,102) to project from a lower tip thereof through its
bore; 50        (c) a discharge electrode (10,110D) above the stage; (d) an
arc voltage generator for generating an arc discharge through a gap between
the one end of the wire (2,102) projecting through the capillary (7,107)
and the electrode by applying a first electric po- tential to the wire
(2,102) via the otherend of the wire (2,102) coiled on the spool (12,101)
and a second electric potential to the electrode thereby to form a ball at
the one end of the wire (2,102); and 55          (e) a control means for
bonding the wire (2,102) to the bonding site on the chip (12A,120A) by
pressing the ball against the site with the lower tip of the capillary
(7,107); characterised in that the apparatus further comprises: (f) a torch
(15) for generating heat to remove the insulating film (2B,102B) over a
predetermined length 
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predetermined point of the wire (2,102) between the one and the other ends
of the wire (2,102) to be wedge-bonded by the capillary, while the one end
of the wire (2,102) protrudes out of the lower tip of the capillary
(7,107); (g) an evacuating nozzle (16) for evacuating vapor of the
insulating film (2B,102B) produced by the 5         heatduring the removal
of the insulating film (2B,102B) atthe predetermined pointofthe wireto
prevent the vapor from condensing on or in the bonder; and (h) a control
means forwedge-bonding the predetermined point of thewire (2,102) to the
lead by press- ing the predetermined point of the wire (2,102) against the
lead with the capillary (7,107). 10 Patentanspr fche 1. Verfahren
zumAnbonden eines Metalldrahtsan ein Halbleiter-Bauelement, das einen
Halbleiterchip (12A, 120A) mit mindestens einem Bondort (12Aa, 120Aa) auf
elner seiner Hauptflfichen und mindestens eine 15      Zuleitung (12D,
120D) aufweist; welches Verfahren eine Bondeinrichtung mit einem Bondtisch
(3, 113), eine Kapillare (7, 107), elne Spule (12, 101) mit elnem
au1gewickelten Draht (2,102), der mit einem Iso- lierfilm aus organischem
Harz (2B, 102B) beschichtet let, und eine Entladeelektrode (10, 11 OD)
verwen- det und das folgende Schritte aufweist: (a) Anordnen des Chips
(12A, 120A) auf dem Bondtisch (3,113); 20        (b) Bewirken, da3 ein Ende
des Drahts (2, 102) Ober die Kapillare (7, 107) Obersteht; (c) Erzeugen
elner Probenentladung zwischen dem einen Ende des Drahts (2, 102), das Ober
die Ka- pillare (7, 107) Oberstsht, und der Elektrode (10, 110D) durch
Anlegen eines eraten elektrischen Po- tentials an das andere Ende des auf
die Spule (12,101) aufgewickelten Drahts (2,102) und eines zwei- ten
elektrischen Potentials an die Elektrode (10, 11OD), um eine Kugel am elnen
Ende des Drahts (2, 25        102) auszubilden; und dann (d) Anbonden des
Drahts an den Bondort durch AndrOcken der Kugel gegen den Bondort unter
Ver- wendung der Kapillare (7); dadurch gekennzelchnot, daB: - der Schritt
(c) ausgeflhrt wird, wahrend Dampf des organischen Harzes (2B, 102B), der
durch die 30        Warme derBogenentladung erzeugtwird, durch eine
Abpumpdrse (16, 1OE) abgepumptwird, die ne- ben dem einen Ende des Drahts
(2,102) liegt, um zu verhindern, daB derDampf an oder in der Kapillare (7,
107) kondensiert. 2. Verfahren zum Anbonden eines Metalldrahts an eln
Halbleiter-Bauelement, das einen Halbleiterchip (12A, 35      120A) mit
mindestens einem Bondort (12Aa, 120Aa) auf elnerseiner Hauptflachen und
mindestens eine Zuleitung (12D, 120D) aufwe-at; welches Verfahren eine
Bondeinrichtung mit einem Bondtisch (3, 113), eine Kapillare (7, 107), eine
Spule (12, 101) mit elnem aufgewickelben Draht (2, 102), dermit einem Iso-
lierfilm aus organischem Harz (2B, 102B) beachichtet !st, und eine
Entladeelektrode (10, 11OD) verwen- det und das folgende Schrite aufwelst:
40        (a) Anordnen des Chips (1 2A, 120A) auf dem Bondtisch (3, 113);
(b) Bewirken, daB ein Ende des Drahts (2, 102) durch die Kapillare (7, 107)
hindurch vorsteht; (c) Erzeugen elner Bogenentladung zwischen dem elnen
Ende des Drahts (2, 102), das Ober die Ka- pillare (7, 107) Gbersteht, und
der Elektrode (10, 1OD) durch Anlegen eines ersten elektrischen Po-
tentials an das andere Endedes auf die Spule (12,101) aufgewickelten Drahts
(2, 102) und elneszwel- 4         bten elektrischen Potentials an die
Elektrode (10, 1OD), um eine Kugel am elnen Ende des Drahts (2, 102)
auszubilden; und dann (d) Anbonden des Drahts an den Bondort durch
Andrucken der Kugel gegen den Bondort unter Ver- wendung der Kapillare
(7,107); (e) Entfernen des Isollerf lims (2B, 112B) des Drahts durch
Verdampfen des Isollerfilms (2B, 112B) mit SD        Wirme Ober eine
vorgegebene Lange an elnem vorgegebenen Punkt des Drahts (2, 102) zwischen
dem elnen und dem anderen Ende des Drahts (2, 102), wie an der Zuleitung
anzubonden, wihrend das andere Ende des Drahts (2, 102) aus der Kapillare
herausstht; und dann (f) Verbinden des vorgegebenen Punkts des Drahts
(2,102) durch Keilbonden mit der Zuleltung durch Andrfcken des vorgegebenen
Punkts des Drahts (2, 102) mit der Kapillare gegen die Zuleitung; ss
dadurch gekonnzelchnet, daB: - der Schritt (e) ausgefulhrt wird, wahrend
Dampf des organischen Harzes (2B, 102B), der durch die Warne der
Bogenentladung erzeugt wird, durch eine Abpumpdfse (1 S,11 OE)
abgepumptwird, die ne- ben dem einen Ende des Drahts (2,102) liegt, urn zu
verhindern, dae der Dampf an oder in der Bond- 
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kondensiert. 3. Verfahren nach Anspruch I oder Anspruch 2, bel dem das
erste elektrische Potential positiv in bezug auf das zweibt elektrische
Potential let. 4. Verfahren nach elnem der vorstehenden AnsprOche, bel dem
die Schritte (c) und (d) ausgefOhrt werden, wahrend das andere Ende des
Drahts (2,102) mit gemeinsamem, elektrlschern Massepotential der Bond-
elnrichtung verbunden ist, um elne unerwfinschte Entladung zwischen dem
Draht (2,102) und der Bond- einrichtung zu verhindern. 10  5. Verfahren
nach Anspruch 4, bei dem die gemeinsame Masse elektrisch der Masse eines
Bogengenera- tors zum Erzeugen des ersten und zweiten Potentials gemeinsam
ist. 6. Verfahren nach elnem der vorstshenden AnsprOche, bel dem die Spule
(12, 101) aus Metall besteht. 15  7. Verfahren nach einem dervorstehenden
AnsprOche, bei dem die Spule (12, 101) aus Aluminium besteht. 8. Verfahren
nach einem der vorstehenden AnsprOche, bei dem der Draht (2, 102) aus Gold
besteht. 9. Verfahren nach einem der vorstshenden AnsprOche, bei dem der
dOnne lolierfllm aus Polyurethanharz 20      besteht. 10. Vorrichtung zum
Anbonden eines mit einem organischen lsolierfilm beschichteten Metalldrahts
an ein elektronisches Bauelement, das einen Halbleiterchip (12A, 120A) mit
mindestens einem Bondort (12Aa, 120Aa) auf elnerseiner Hauptflichen und
mindestens elne Zuleitung (12D, 120D) aufweist, welche Vor- 25
richtung folgendes aufweist: (a) oenen Drahtbondtisch (3, 113) zum
Aufnehmen des Chips (12A, 120A); (b)einen Bonddraht(2,102),
dermiteinemorganischen Isollerfilm (2B, 102B) beschichtetund aufeiner Spule
(12, 101) aufgewickelt ist, und mit elner Bondkapillare (7, 107), die so
angeordnet lst, dae ein Ende des Drahts (2, 102) aus Ihrer unteren Spitze
durch ihre Bohrung hindurch vorstehen kann; 30        (C) eine
Entladeelektrode (10, 11 D) Ober dem Tisch; (d) oinen
Bogen-Spannungsgeneratorzum Erzeugen elnerBogenentladung Obereinen
Spaltzwischen dem elnen Ends des durch die Kapillare (7, 107) hindurch
vorstehenden Drahts (2, 102) und der Elek- trode (10, 11OD) durch Anlegen
eines ersten elektrischen Potentials an den Draht (2, 102) Ober das andere
Ende des auf die Spule (12, 101) aufgewickelten Drahts (2,102), und
eineszweiltn elektrischen 35        Potentials an die Elektrode, um dadurch
am elnen Ende des Drahts (2,102) sine Kugel ausbilden; und (e) sine
Steuereinrichtung zum Anbonden des Drahts (2, 102) am Bondort an den Chip
(12A, 120A) durch AndrOcken der Kugel mit der unteren Spitze der Kapillare
(7, 107) gegen den Ort; dadurch gekennzelchnet, dal die
Vorrichtungfernereine AbpumpdOse (16,11 OE) neben derunteren Spitze der
Kapillare (7,107) zum Abpumpen von Dampf des organischen Films (2B, 102B)
aufweist, 40        wie er durch die Hitze der Bogenentladung erzeugt wird.
11. Vorrichtung nach Anspruch 10, forner mit: (g) einem Brenner (15) zum
Erzeugen von Warme zum Entfernen des lsolierfilms (2B, 102B) fber eine
vorgegebene Linge an elnem vorgegebenen Punktdes Drahts (2, 102) zw1schen
dem einen und dem 45        anderen Endo des Drahts (2, 102), der durch die
Kapillare einem Keilbondvorgang zu unterzishen ist; (h) einer weiteren
Abpumpdfise (16) zum Abpumpen von Dampf des lsolierfilms (2B, 102B), wie or
durch die Warme wahrend des Entfernens des lsollerfilms (2B, 102B) am
vorgegebenen Punkt des Drahts (2,102) erzougtwird, umzuverhindern, daB
Dampf an oder in derBondeinrichtung kondensiert. 12. Vorrichtung zum
Anbonden eines mit einem organischen lsolierfilm beschichteten Metalldrahts
an ein elektronisches Bauelement, das oinen Halblelterchip (12A, 120A) mit
mindestens elnem Bondort (12Aa, 12OAa) auf oiner seiner Hauptflachen und
mindestens sine Zuleitung (12D, 120D) aufweist, welche Vor- richtung
folgendes aufwoist: (a) einen Drahtbondtisch (3, 113) zum Aufnehmen des
Chips (12A, 120A); (b) eonen Bonddraht (2,102), dermiteinemorganischen
Isolierfilm (2B, 102B) beschichtstund auf einer 56         Spule (12, 101)
aufgewickelt 1t, und mit einer Bondkapillare (7, 107), die so angeordnet
let, daB eln Endo des Drahts (2, 102) aus ihrer unteren Spitze durch iMr
Bohrung hindurch vorstshen kann; (c) eine Entladeelektrodo (10, 11OD) Ober
dem Tisch; 22    (d) einen Bogen-Spannungsgeneratorzum Erzeugen einer
Bogenentladung Oberelnen Spaltzwischen dem einen Ende des durch die
Kapillare (7, 107) hindurch vorstshenden Drahts (2, 102) und der Elek- 



trode (10, 11OD) durch Anlegen eines ersten elektrischen Potentials an den
Draht (2, 102) Ober das andere Ende des auf dle Spule (12, 101)
aufgewickelten Drahts (2,102), und sines zweiten elektrischen s
Potentials an die Elektrode, um dadurch am einen Ends des Drahts (2, 102)
sine Kugel ausbilden; und ;             (e) sine Steuereinrichtung zum
Anbonden des Drahts (2, 102) am Bondort an den Chip (12A, 120A) durch
Andrucken der Kugel mit der untersten Spitze der Kapi liars (7, 107) gegen
den Ort; dadurch gekennzeichnet, dal die Vorrichtung ferner folgendes
aufweist: (f) einen Brenner (15) zum Erzeugen von WArme zum Entfernen des
Isolierfilms (2B, 102B) Ober sine 10        vorgegebene Lange an einem
vorgegebenen Punkt des Drahts (2,102) zwischen dem einen und dem anderen
Ends des Drahts (2, 102), der durch die Kapillare einem Keilbondvorgang zu
unterziehen ist, wahrend das sine Ends des Drahts (2,102) aus der unteren
Spitze der Kapillare (7,107) hervorstsht; (g) sine Abpumpduse (16)
zumAbpumpen von Dampfdes Isolierfilms(2B, 102B),wleerdurch die WAr- me
wAhrend des Entfernens des Isolierfilms (2B, 102B) am vorgegebenen Punkt
des Drahts (2, 102) 15         erzeugt wird, um zu verhindern, dal Dampf an
oder in der Bondeinrichtung kondensiert; und (h) sine Stbuereinrichtung
zumAusfuhren sines Keilbondvorgangszwischen demvorgegebenen Punkt des
Drahts (2,102) und derZuleltung durch Andrficken des vorgegebenen Punkts
des Drahts (2, 102) an die Zuleitung mit Hilfe der Kapillare (7, 107). 20
Revendications 1.  Proced6 pour r6unir un fil metallique A un dispositif A
semiconducteurs; Is dispositif possedant une ml- croplaquette A
semiconducteurs (12A,120A) comportant au moins un site de liaison
(12Aa,120Aa) situe 26      sur une surface principale de la microplaquette
et au molns un conductbur (12D, 120D); le procede uti- lisant un dispositif
de liaison poss6dant une table de liaison (3,113), un capillaire (7,107),
une bobine (12,101) sur laquelle est bobin6 un fil (2,102) recouvert d'une
pellicule isolante form6e d'une resine or- ganique (2B,102B), stune
6lectrode de d6charge (10,11OD); Is proced6 comprenant les etapesconsistant
A: 30        (a) placer la microplaquette (12A,120A) sur la table de
liaison (3,113); (b) amener une premiere extr6mite du fil (2,102) A
traverser le capillaire (7,107); (c) produiresune decharge par arc entre la
premlereoextremiti du fil (2,102) p6n6trantdans le capillaire (7,107), et
llectrode (10,IIOD) par application d'un premier potentlel 6lectrique A
I'autre extr6mite du fil (2,102) enroul6 sur la bobine (12,101), et d'un
second potentiel 6lectrique A lelectrode (10,110D) 36         pourformer
une boule surIa promilre extr6mite du fil (2,102); puis (d) reunir le fil
au site de liaison par compression de la boule contro le site de liaison
moyennant NVuti- lisation du capillaire (7); caractiris6 en ce quo: I'etape
(c) est execut6e alors que la vapeur de la resine organique (2B,102B), qui
est produite 40         parla chaleurde la d6charge pararc, estevacu6e
parl'interm6diaire d'une buse devacuation (16,11OE) adjacent. A uns
extr6mite du fil (2,102) de maniere A empecher une condensation de la
vapeur sur ou dane Is capillaire (7,107). 2.  Proocdh pour reunir un fil
metallique A un dispositif A semiconducteurs; le dispositif poss6dant une
mi- 45      croplaquette A semiconducteurs (12A,120A) comportant au momns
un site de liaison (12Aa,12OAa) situ6 sur une surface principal. de la
microplaquette et au moins un conducteur (12D, 120D); le proc6de uti-
lisant un dispositif de liaison possedant une table de liaison (3,113), un
capillaire (7,107), une bobine (12,101) sur laquelle est bobine un fil
(2,102) recouvert d'une pellicule isolante form6e d'une resine or- ganique
(2B,102B), et une electrode de decharge (10,110D); le proc6d6 comprenant
les etapesconsistant (a) placer la microplaquettb (12A,120A) sur la table
de liaison (3,113); (b) amener une premibre extremite du fll (2,102) a
traverser le capillaire (7,107); (c) produire une d6charge par arc entre la
premlbreo xtr6mit6 du fil (2,102) pen6trantdans le capillaire (7,107), et
l'electrode (10,11OD) par application d'un premier potentiel electrique A
l'autre extr6mit6 du 55        fil (2,102) enroul6 sur la bobine (12,101),
et d'un second potentiel electrique A I electrode (10,110D) pourformer une
boule sur la premiere extr6mite du fil (12,101); puis (d) reunir le fil au
sits de liaison par compression de la boule contre le site de liaison
moyennant lNuti- lisation du capillaire (7); 23    (e) 6liminer la
pellicule Isolante (2B,112B) du fil en d6posant par evaporation la
pellicule isolante (2B,112B), moyennant l'application d'une chaleur, sur
une longueur pred6termine6 en un point pred6- termin6 du fil (2,102) entre
la premlire extremit6 et l'autre extr6mit6 du fil (2,102) devant etre reuni
au conductour, alors que la premiAre oxtremite du fil (2,102) fait saillie
hors du capillalre; et 



5         (f) reunir par pincement le point pr6dtermine du fil (2,102) au
conducteur en comprimant le point pre- d~termine du fil (2,102) contra le
conducteur avec le capillaire; caracterise en co quo: I'etape (e) eat
executes alors quo la vapeur de la resine organique (2B,102B), qui eat
produite par la chaleur de la decharge par arc, esat evacues par
l'intrmedlaire d'une buss d'evacuation (16) ad- 10        Jacente au point
pridfterminM du fil (2,102) de maniere A empecher une condensation de la
vapeur aur ou dane le dispositif de liaison. 3. Procede solon la
revendicatlon 1 ou 2, dons lequel le premier potential electrique est
positif par rapport au second potentiel electrique. 15 4.  Proc6dM salon
l'une quelconque des revendications precedentbs, dans lequel lea etapes (c)
at (d) sont executees alors quo I'autre extremite du fil (2,102) eat
raccordee A un potential electrique de masse commun du dispositif de
liaison de maniere A empecher une decharge Indesirable entre le fil (2,102)
et le dispositif de liaison. 20  5.  Procede solon la revendication 4, dans
lequel la masse commune eat raccord6a electriquement a la mas- se d'un
generatbur d'arc pour la production des premier et second potentials. 6.
Procede solon l'une quelconque des revendicatlons precedentbs, dans lequel
la bobine (12,101) eat for- mee d'un metal. 25 7. Procede salon l'une
quelconque des revendications precedentes, dans lequel la bobine (12,101)
eat rea- lisee en aluminium. 8.  Procede selon lune quelconque des
revendications precedentes, dane loquel le fil (2,102) eat en or. 30 9.
Procede selon l'une quelconque des revendications precedentes, dane loquel
la pellicule mince isolante estformee d'une resine polyurethanne. 10.
Appareil pour reunir un fil metallique pourrecouvrir parune pellicule
organique isolante un dispositif Aleo- 35      tronique, Is dispositif
compronant une microplaquette A semiconducteurs (12A,120A) comportant au
moins un site de liaison (12Aa,120Aa) sur une surface principale de la
microplaquette et au moins un conducteur (12D,120D); ledit apparell
comprenant: (a) une table de liaison de fil (3,113) servant A recevoir la
microplaquette (12A,120A); (b) unfil de liaison (2,102) recouvertd'une
pellicule organique isdante (2B,102B) enroul~e surune bo- 40         bins
(12,101) et un capillaire de liaison (7,107) dispose de toile sorte qu'une
premibre extremite du fil (2,102) fait saillie, A partir de la pointe
inferbeure du capillaire, a travers le percage de cs dernier; (c) une
electrode de decharge (10,11 OD) disposee au-dessus de la table; (d) un
generateur de tension A arc servant A produire une decharge A arc dane un
espace situe entre la premlire extremith du fil (2,102) qui traverse Is
capillaire (7,107), et l'electrode (10,11OD) par ap- 45         plication
d'un premier potential electrique au f il (2,102) par l'lntermedlaire de
l'autre extremite du fil (2,102) enroulh sur la bobine (12,101), et d'un
second potentiel electrique A 'Alectrode de maniere A former une boule au
niveau de la premlere extr6mlth du fil (2,102); et (a) des moyens de
commands pour rhunir le fil (2,102) au site de liaison situh sur la
microplaquetto (12A,120A) par compression de la boule contra le site, A
l'alde de la points inferleure du capillaire 50        (7,107); caracterise
en ce quo l'appareil comporte en outre une buse d'evacuation (16,110E)
situes au voisi- nage de la points inferieure du capillaire (7,107) pour
Avacuer la vapeur de la pellicule organique (2B,102B) produite par la
chaleur de la decharge A arc. 11. Appareil selon la revendication 10,
comprenant en outre: (g) un chalumeau (15) servant A produire la chaleur
pour eliminer la pellicule isolante (2B,102B) sur une longusur
pred~terminhe en un point predhtermine du fil (2,102) entre la premlire
extremitA etl'au- tre extrdmite du fil (2,102), de maniere Ale fixer par
une liaison par pincement au moyen du capillaire; 24    (h) une autre buss
d'evacuation (16) servant A bvacuer une vapeur de la pollicule isotante
(2B,1 02B) produlte par la chaleur au cours de l'enlevement de la pellicule
isolante (2B,102B) au niveau du point predetermine du fil (2,102) pour
empecher une condensation de la vapeursurou dans Is dispositif de liaison.
5 12. Appareil pour reunir un fil metaltique recouvert d'une pellicule
organique isolante A un dispositif electro- nique, le dispositif
possedantune microplaquette Asemiconducteurs (12A,120A) possedantau moins
un 



site de liaison (12Aa,12OAa) sur une surface principals de la
microplaquette, et au moins un conducteur (12D,120D); ledit appareil
comprenant: 10        (a) une table de liaison de fil (3,103) servant a
recevoir la microplaquette (12A,120A); (b) un fil de liaison (2,102)
recouvertd'une pelliculeorganique isodante (2B,102B) enroul6esurune bo-
bine (12,101) et un capillalre de liaison (7,107) dispose de manibre A
permettre A une premiere extre- mite du fil (2,102) de faire saillie, A
partir de la pointb inferieure du capillaire, A travers le percage de ce
dernier; 15        (c) une electrode de decharge (10,11OD) disposee
au-dessus de la table; (d) un generateurde tension A arcservant A produire
une docharge A arc dans un intbrvalle situe entre la premlire extremite du
fll (2,102) qui traverse le capillaire (7,107), at '6lectrode par
application d'un premier potentiel electrique au fil (2,102) par
l'intermediaire de l'autre extremiti du fil (2,102) enroule sur la bobine
(12,101), et d'un second potentiet electrique a l'olectrode de maniere A
former une boule 20         au niveau de la premiere extremiti du fil
(2,102); et (o) des moyens de commando pour reunir le fil (12,102) au site
de liaison situe sur la microplaquette (12A,120A) par compression de la
boule contra le sits, A l'aide de la pointe inferieure du capillaire
(7,107); caracterise on ce quo l'appareil comporte sn outre 25        (f)
un chalumeau (15) servant A produire la chaleur pour eitminer la pellicule
isotante (2B,102B) sur une longueur predtebrmines en un point priditermin6
du fit (2,102) entre la premiere extremitoet l'au- tre extremite du fil
(2,102), de manlere A le fixor par une liaison par pincement au moyen du
capillaire, alors que la premiore extremite du fil (2,102) faitsaills hors
de la points inferieure du capillaire (7;107); (g)une buse d'evacuation
(18) servant A evacuerune vapeurde la pellicule isolante (2B,102B) produite
30         par la chaleur au cours de l'enlevement de la pellicule isodante
(2B,1 02B) au niveau du point predtebr- mino du fll pour empicher une
condensation de la vapeur sur ou dans le dispositif do liaison; et (h) des
moyans de commando pour reunir selon une liaison par pinoement le point
pridteormin6 du fil (2,102) au conducteur par application sous pression du
point predotermine du fil (2,102) contre Is conducteur, au moyen du
capillaire (7,107). 35 40 45 50 55 25    


