
EP 0 276 564 B1 Description The present invention relates to a process for
bonding a wire to a bonding pad of a semiconductor pellet to a
semiconductor device with a wire bonded in this way, and to an apparatus
for forming such a 5  bond. When forming a semiconductor device such as an
IC or LSI, it is usually necessary to bond a wire to a bonding pad forming
an electrode of a semiconductor element of the device, and subsequently
bonding the wire to a lead frame to establish an electrical connection. One
known way of bonding the wire to the pad is ball bonding. 10    In ball
bonding, a high voltage is applied between an electric discharge electrode
and the end of a wire held by a capillary wire bonding tool. The resulting
electric discharge makes spherical the end of the wire (i.e. a "ball" is
formed at the end of the wire). Thereafter, the capillary is lowered to
crush the ball against the pad. The press-bonding is carried out under heat
thereby connecting the wire to the pad. It is also known in ball bonding to
supply a reducing gas atmosphere to the space between the end of the wire
and 15 the discharge electrode, which is disposed opposing thereto. Such a
wire bonding device has been described, for example, in Japanese Patent
Laid-Open No. Sho 58-169918. When manufacturing semiconductor devices such
as ICs, LSIs, transistors, etc., it Is common to use gold (Au) wires of
from 20 to 50 [err] diameter to form the connection between an aluminium
(Al) pad 20  electrode on a silicon (Si) chip (pellet) and a lead frame.
Thus, using ball bonding, a ball is formed to the end of a gold wire by
means of electric discharge (or possibly by a hydrogen flame) and the ball
is connected by press-bonding under heating or supersonic welding. However,
because the density of semiconductor elements is high, and the size of the
device Is small, it is necessary to make the gold Au wire very fine. This
reduces the strength of the wire, thereby causing problems of deformation
or 25  disconnection of the wire upon resin encapsulation. Therefore, ball
bonding techniques using other materials than gold have been developed.
Copper (Cu) and aluminium (Al) have been considered suitable materials for
the wire, and studies have been made by various research organizations
using copper (Cu) wires in view of copper's electroconduc- tivity and
strength, because copper wire does not deform nor do disconnections occur
even when the wire 30  is made finer than normal gold wires. However, it
has been found extremely difficult technically to use the copper wire since
it is oxidized more easily as compared with the gold wire making it
difficult to obtain a ball of a high sphericalness, also as the hardness of
the ball is high. Recently, it has been proposed that copper balls of high
sphericalness be obtained by forming a ball in 35  an inert gas containing
hydrogen as disclosed in Japanese Patent Laid-Open No. Sho 58-154241. This
has promoted the study of copper ball bonding. The effects of a shielding
gas on ball formation are also discussed in document: "36th Electronic
Components Conference", Seattle, Washington, 5th-7th May 1986, pages
312-317, IEEE, K. Atsumi et al.: "Ball bonding technique for copper wire".
Further, attempts have been made for increasing the purity of the copper
wire, thereby to decrease the 40  ball hardness (Japanese Patent Laid-Open
Nos. Sho 60-124959, 59-13662 and 59-139662) and GB-A- 2157607. If the ball
hardness is high, there is a high probability of damage to the silicon chip
forming the semiconductor pellet during ball bonding. Thus the conditions
for adequate bonding are extremely limited as compared with the case of
gold wire making copper wire unsuitable for the mass production. However,
the ball hardness is not reduced by a large amount even if the purity of
the copper is improved, and a 45  better technique for reducing the ball
hardness has been in demand. It has been found by the present inventors
that in the conventional wire bonding device as described above, the
hardness of the spherical portion (ball) is increased by the method by
which it is formed, increasing the risk of faulty bonding. As mentioned
above, the electric discharge is conducted in a reducing gas so that the
copper wire is not oxidized. In this case, since the gas supplied is not
heated, the 50  temperature of the gas is at an ambient temperature (or a
temperature slightly higher than the ambient temperature due to the effect
of heat in the periphery). Accordingly, if the end of the wire is melted by
heating due to the electric discharge, it acts to cool the molten wire
since the temperature of the blown gas is nearly at the ambient
temperature. This increases impurities in the interior of the ball,
reducing its crystalline properties. Furthermore, the spherical portion
(ball) molten into a spherical lump is rapidly cooled 55   by the blowing
of the gas after the electric discharge. Since the ball has a high
hardness, in view of the above, it cannot be press-bonded sufficiently, so
that the necessary bonding area is not obtained, or cracks result in the
silicon region or oxide layers under the wire bonding pad in a
semiconductor pellet (chip) thereby reducing the bondability and worsening
the 



3    EP 0 276 564 B1 reliability of the device. In the prior art, it is the
accepted wisdom that the ball should be softened by reducing the hardness
of the wire itself and no consideration has been paid to the relationship
between the texture and the hardness of the ball, thus failing to obtain a
sufficient reduction in the hardness of the ball. 5     The present
invention seeks to overcome these problems and proposes that the reducing
gas is heated to a high temperature, which has been found to produce a ball
of very low hardness. Therefore, it becomes possible to achieve
satisfactory and reliable bonding with a greatly reduced risk of cracks
developing in the semiconductor pellet. According to the present invention,
there is provided a method for fabricating a semiconductor device 10
having a semiconductor pellet at least one bonding pad on one major surface
of the pellet and at least one lead outside the pellet comprising: (a)
placing the pellet and the at least one lead on or over a heat block at a
predetermined temperature; (b) forming a ball on the end of a copper
bonding wire, the end of the bonding wire projecting from the tip of a
bonding capilliary, the ball being formed by electric discharge between the
end of the wire and 15    an electrode in a non-oxidative gas atmosphere;
(c) ball bonding the wire to the bonding pad by pushing the ball against
the pad with the ball projecting beyond the tip of the capillary; and (d)
subsequently bonding the wire to the at least one lead; wherein in step
(b), the ball is formed in a non-oxidative gas atmosphere having an
atmosphere temperature of 20 at least 100 C but lower than the temperature
at which the wire sticks to the capillary, the gas being supplied at the
atmosphere temperature from a nozzle adjacent the end of the wire, and the
gas atmosphere being maintained at the atmosphere temperature for a time
sufficiently long for the ball to harden. to prevent the temperature of the
wire being raised sufficiently to cause it to adhere to the capillary
bonding tool, and so a maximum temperature of [err] is proposed when
bonding a copper wire. 25    In wire bonding of the present invention,
since the sphericalization at the end of the copper wire is conducted,
prior to the bonding, in a reducing gas atmosphere at high temperature, the
reducing effect is increased due to the high temperature to obtain a ball
of high sphericalness with a homogenous crystalline structure and a lower
probability of impurities. Although the temperature of the ball decreases
when the electric discharge ceases, the fact that the temperature of the
atmosphere in the electric discharging space 30  is kept at [err] means
that the ball cools gradually. A ball at a high purity and low hardness can
be obtained by avoiding impurities and by gradual cooling. Accordingly, a
ball can be deformed sufficiently during bonding to the pad to obtain a
predetermined bonding area, so improving the bond. Since the ball is soft
and may absorb stresses when it is pressed against the bonding pad, cracks
are less likely to occur in the semiconductor matrix below the wire bonding
pad. Further, by controlling the temperature for the ball- 35   forming
atmosphere to about [err] at the highest, wire bonding can be conducted
satisfactorily without the risk that the ball or the wire is softened
excessively, so that it adheres to the capillary wire bonding tool, which
would cause clogging or contamination in the capillary. It has been found
that when ball bonding is carried out in the way discussed above, the ball
itself has different properties from balls produced by the known
techniques. Thus, the present invention further relates 40  to a
semiconductor device in which the ball bonded to the pad has these
properties. The ball has: (1) A hardness less than 45 when measured by
using a microvickers hardness tester manufactured by Shimazu under the
condition of a 10g load. (2) At least one of the crystal grians at the
periphery of the copper ball, just above the boundary of the 46    bond
makes an angle [err] of less than [err] relative to the silicon (Si) chip
in the junction between the copper ball and the aluminium electrode on the
Si chip. This is shown in Fig. 1 of the accompanying drawings with the ball
1 being shown with crystal grains 2 which, adjacent the pad, make an angle
of [err] - (less than [err]) to the pad, and hence to the semiconductor
chip (pellet). (3) The average crystal grain size is less than 15 [err],
after polishing the texture of the copper ball at the so    boundary of the
copper ball bonding substantially in parallel with the pad and hence the
silicon chip and observed from above by a microscope. As mentioned above,
the present invention also relates to a wire bonding apparatus. In a wire
bonding apparatus according to the present invention, there is an electric
discharge electrode, which is opposed to 



the end of a wire projecting from the lower end of the capillary, which
electrode causes electric discharge 55 relative to the wire. A gas supply
means is provided for supplying a reducing gas at a high temperature to the
portion of the wire top end opposed to the discharge electrode. The high
temperature reducing gas is at a high temperature from 100 to [err] and,
preferably, from [err] to [err] and covers the top end of the wire. The
electric discharge is conducted in such a reducing gas atmosphere at high
temperature, which is 4    EP 0 276 564 B1 maintained at the high
temperature at least till the ball formed by the electric discharge is
hardened and then wire bonding is carried out. The background of the
present invention will now be discussed in greater detail, by discussing
the behaviour of the structure of the ball under different production
conditions. 5     When a copper wire is to be joined to an aluminium pad
electrode, bonding is normally achieved by means of ultrasonic vibrations.
In this case, since the ball and the electrode pad may rub each other due
to the ultrasonic vibrations, oxide layers are removed from both of them to
expose fresh surfaces. Then, the fresh surfaces are bonded. However, since
the copper ball is extremely hard fine cracks are liable to develop to the
silicon chip itself thus bringing about a problem that the range of
adequate bonding 10   conditions is extremely narrow. Further, if they are
bonded, since the ball is hard, the aluminium electrode layer is forced
from under the ball and the aluminium pad electrode may then become
disconnected due to corrosion at its thinned portion under the ball by the
intrusion of moisture after resin encapsulation of the semiconductor
device. In view of the above, various research organisations have proposed
that the hardness of the ball be 15   reduced by improving the purity of
the copper wire and removing trace amounts of impurities such as Fe, Au,
etc., that may cause hardening to the ball. Hence techniques for high
purification have been studied. However, when the purity is improved from
the conventional 99.99% to 99.999%, the hardness of the copper ball is
reduced until a purity of 99.999% is reached; subsequently the softening
effect is not so marked as shown in Figure 3 of the accompanying drawings.
Thus, simply improving the purity of the wire 20 does not result in a
sufficient reduction in the ball hardness. In Figure 3 the abscissa
indicates the purity A (%) of the wire and the ordinate indicates the
Vickers hardness (Hv) of the ball. In seeking to overcome the foregoing
problems, the inventors of the present invention studied the required
hardness of the copper ball, the tissue of the ball capable of attaining
such hardness, as well as the changes in the crystal grains of the copper
ball when subjected to the ball bonding. 25     The present invention
proposes to use a copper wire at a purity preferably higher than 99.999%
and control the coagulation rate upon forming a ball in an inert gas
atmosphere comprising a mixture of non- oxidative gas such as argon and
hydrogen, thereby controlling the texture, softening the ball and
preventing the defective bonding. It has been found that, when forming a
copper ball by means of short-circuit discharge relative to an 30
electrode, the ball is rapidly coagulated since the wire is fine, e.g.
several tens of micrometers and the ball diameter is also small e.g. less
than 100 [err]. Therefore, it has been found that the coagulated tissue of
a ball becomes finer if cooling is rapid, and the hardness of the ball is
increased since impurities such as oxygen and hydrogen introduced during
melting of the wire cannot be released to the outside of the ball. As shown
in Figure 4, ball coagulation starts from the wire portion 3 and the ball
periphery 4 and 35 proceeds to the centre of the ball. Accordingly,
impurities tend to accumulate at the centre and are not released to the
outside. To lower the impurities, it is particularly effective if the
coagulation rate of the wire 3 and the ball 5 is reduced. For that purpose,
it is proposed that the wire 3 is kept heated and the ball is formed in a
heated non-oxidative gas such as an inert gas. An appropriate temperature
of the gas is from 100 to 200 C and, particularly, higher than [err]. 40
Figure 5 of the accompanying drawings shows the change in the Vickers
hardness (Hv) of the ball relative to the shield gas temperature T( C) for
the ball. As the heating temperature increases, the ball becomes more soft
and if the temperature is higher than [err], it is softened (about 6 to 7
HV) as compared with the case where the temperature of the gas is at room
temperature. If the inert gas is heated to a temperature higher than 200 C,
no significant change in hardness occurs above the temperature. In 46
Figure 5, the temperature of the wire is set to [err]. If the temperature
of the wire is set to room temperature, the Vickers hardness is increased
by about 2 Hv. The temperature of the wire itself is also, preferably, from
100 to [err], for example, [err]. Figure 6 of the accompanying drawing
shows the change in crack generation frequency (%) in silicon 



upon ball bonding relative to the Vickers hardness (Hv) of the ball. It can
be seen from Figure 6 that no 50   silicon cracks are developed if the
Vickers hardness is reduced below 45. Figure 7 of the accompanying drawing
shows the change of the average crystal grain size Z/L of the ball relative
to the temperature T[err] of the shield gas with the dimensions Z and L
being shown on the ball inset in the figure. The temperature of the copper
wire near the copper ball is set to [err] in Figure 7. The grain size is
increased as the temperature of the shield gas increases, because the
coagulation rate is 55 retarded by the use of the heated shield gas. Figure
8 shows the relationship between the average crystal grain size Z/L and the
Vickers hardness (Hv) of the copper ball. It can be seen that if the
average crystal grain size is greater than 0.2, the hardness of the copper
ball does not exceed 45 and silicon cracks do not develop upon ball
bonding. 5    EP 0 276 564 B1 It has further been found that if a Cu ball
of an average crystal grain size of greater than 0.2 is used for ball
bonding, at least one of crystal grain boundary at the periphery of the
ball adjacent the bond deforms plastically so as to form an angle [err]
with the face of the ball bonded to the bonding pad of less than 30 upon
deformation because of the soft texture. 6     Figure 1, discussed above,
shows a schematic view when applying ball bonding using a copper ball with
average crystal grain size Z/L of 0.3. It can be seen that the [err] is
about [err]. If a copper ball with an average grain size Z/L of less than
0.2 is used for the ball bonding, the ball is hard and insufficient plastic
flow occurs, hence the angle of the crystal grain boundary with the face of
the ball bonded to the bonding pad is inevitably increased. For instance,
if the average crystal grain size Z/L is 10  0.16, the angle [err] is [err]
if the ball hardness is high. Figure 2 shows the relationship between the
angle [err](degree) of the crystal grain boundary relative to the bonding
face in the conventional ball bonding and the silicon crack development
ratio C (%). If the angle [err] exceeds 30 degrees, silicon cracks are
generated. The temperature for the Si chip may be elevated to higher than
[err] for promoting the deformation of 15  the ball upon ball bonding. It
has been found that a ball of a greater than average crystal grain size and
more soft tissue tends to cause recrystallization near the bonding boundary
since fewer impurities are present in the ball as compared with a ball of
smaller grain size and higher hardness. When applying bonding by using a
ball of Vickers hardness of 50, the crystal grain size of the ball is
apparently decreased as compared with the case of using a ball of Vickers
hardness at 42 for the bonding. 20     Figure 9 shows the relationship
between the Vickers hardness B (Hv) of a ball and the average grain size
after ball bonding. In Figure 9, the crystal grain size D [err] of a copper
ball at the ball bond using a copper wire when observed from above by a
microscope is shown along the ordinate as the average crystal grain size
after the ball bonding. The ball tissue of a bonding wire is observed from
the above within a range of a height 30 25  [err] above the boundary of the
bond where the wire is bonded to the bonding pad of the semiconductor
pellet, which is polished in parallel with the surface of the semiconductor
pellet. It can be seen that the average value for the grain size is less
than 15 [err] in case if the Vickers hardness is less than 45. Thus
defective bonding can be prevented or reduced by reducing the average
crystal grain size to less than 15 [err]. 30     The present invention is
applicable to wire bonding of many different types of semiconductor
devices. For example, the semiconductor pellet may contain an IC, or LSI
device, or merely transistors. These are normally formed on a semiconductor
substrate of the pellet, e.g. of silicon. Although applicable to the
bonding of a wire to one bonding pad, the present invention can also be
applied where wires have to be bonded to many pads of the device. 35
Embodiments of the invention will now be described, by way of example, with
reference to the accompanying drawings, in which: Figure 1 is a schematic
view illustrating the texture of the ball bonding portion in a
semiconductor device according to the present invention; and has already
been discussed; Figure 2 is a graph showing the relationship between the
angle [err] formed by the crystal grain boundary of 40   the ball bonding
portion relative to the surface of an LSI chip and the crack generation
ratio; Figure 3 is a graph showing the relationship between the hardness of
a copper ball and the purity of the wire; Figure 4 is a schematic view
illustrating the bonding method for a copper ball; 



Figure 5 is a graph showing the relationship between the temperature of the
shield gas and the hardness 45    of the ball; Figure 6 is a graph showing
the relationship between the hardness of a ball and the silicon crack
generation rate; Figure 7 is a graph showing the relationship between the
average crystal grain size and the temperature of the shield gas; 50
Figure 8 is a graph showing the relationship between the average crystal
grain size and the Vickers hardness of a ball; Figure 9 is a graph showing
the relationship between the hardness of a ball and the crystal grain size
at a ball bond; Figure 10 is a front elevational view illustrating part of
one embodiment of a wire bonding device 55      according to the present
invention; Figure 11 is a schematic view illustrating the formation of a
ball; Figure 12 is a schematic view illustrating the end of a wire before
the initiation of electric discharge; Figure 13 is a schematic view showing
the end of the wire made spherical by the electric discharge; 6    EP 0 276
564 B1 Figure 14 is a schematic view illustrating the end of the wire being
positioned at a first bonding point; Figure 15 is a schematic view
illustrating the wire being positioned at a second bonding point; Figure 16
is a cross sectional view illustrating a semiconductor device according to
an embodiment of the present invention; 5    Figure 17 is a front
elevational view illustrating an embodiment of a wire bonding apparatus
according to the present invention; Figure 18 is an enlarged front
elevational view of a part of the apparatus of Figure 18; and Figure 19 is
a block diagram illustrating the operation of the apparatus of Figure 18.
10  Example 1 One embodiment of the present invention will now be described
with reference to Figures 10 to 16. Figure 10 is a front elevational view
showing a portion of a ball bonding type wire bonding device in one
embodiment according to the present invention, Figure 11 is a schematic
view illustrating the ball-formation, 15  Figure 12 - Figure 15 are
schematic views illustrating the ball-forming steps, in which Figure 12 is
a schematic view illustrating the top end of a wire before starting the
electric discharging, Figure 13 is a schematic view illustrating the top
end of the wire sphericalized by the electric discharge, Figure 14 is a
schematic view showing the state in which the top end of the wire is
secured to the first bonding point Figure 15 is a schematic view showing
the state in which the top end of the wire is secured to the second 20
bonding point and Figure 5 is a graph showing a correlationship between the
temperature for the ball- forming atmosphere and the ball hardness. In the
wire bonding device of this embodiment, as shown in Figure 10, a
semiconductor pellet 102 in which a non-completed semiconductor device 101,
that is, semiconductor integrated circuits such as IC or LSI or transistors
such as MOSFETs or bipolar transistors are formed into a semiconductor
pellet and each 25 of leads of a lead frame 103 are electrically connected
by bonding the electrode (wire bonding pad) 102a of the semiconductor
pellet 102 and the leads 104 of the lead frame 103. The wire bonding device
has a feeder 106 equipped with a heater block 107 capable of heating the
lead frame 103. An X-Y table 108 is disposed to the outside of the feeder
106 so as to be displaceable in X-Y direction and a bonding head 109 is
mounted on the X-Y table 108. A bonding arm 110 is rotatably pivoted at the
base end thereof on the 30  bonding head 109, and the bonding arm 110 is so
adapted to be driven by a cam mechanism (not illustrated) such that a
capillary 111 connected as a wire bonding tool to the top end thereof is
moved vertically. The bonding arm 110 is connected with an ultrasonic
vibration source and an ultrasonic vibration horn not illustrated so that
ultrasonic vibrations are transmitted by means of the bonding arm to the
capillary as the connection tool, so as to conduct bonding by means of
supersonic vibrations or press bonding under 35 heating combined with
supersonic vibrations. A pair of clamp arms 112 and 113 are disposed on the
upper side of the bonding arm 110 such that they are actuated by an
adequate means such as solenoid plunger mechanism (not illustrated) and the
respective ends of both of the clamp arms 112 and 113 are situated just
above the capillary 111 to constitute a clamper 114. A copper wire 105 as a
bonding wire delivered from a reel (not illustrated) is inserted by way of
a guide 115 and further inserted through the capillary 11. 40     A
discharge electrode 116 is disposed in the vicinity of and separately from
the capillary 111 and the 



discharge electrode 116 is rotatably pivoted at the upper end thereof such
that the top end displaces between the position below the capillary 111,
that is, the position just beneath the top end of the wire 105 and the side
position (retracting position) to the capillary 111. A power source circuit
117 is connected between the discharge electrode 116 and the clamper 114 to
apply a voltage (about 1000 volt, several tens 45 of milliamperes - several
amperes) between the clamper 114, that is, the wire 105 inserted
therethrough and the discharge electrode 116. In this case, the electric
discharge fabrication can be carried out preferably for the ball when the
top end of the wire is connected to the cathode of the power source. As a
result, electric discharge arc is generated between the wire 105 and the
discharge electrode 116, by which the top end of the wire 105 is melted and
sphericalized by the surface tension. 50     While on the other hand, a
plurality of tubes 118 as means for supplying a gas to the top end of the
wire 105 are disposed in this wire bonding device. A plurality of tubes 118
are disposed radially such that their openings are directed to a position
below the capillary 111 and opposed with each other. Further, several of
the tubes 118 are disposed along the upper surface of the discharge
electrode 116 so that a reducing gas may be supplied to the region on the
upper surface of the discharge electrode 116. Further, a 55  gas source 119
for the reducing gas, for example, a gas mixture of an inert gas such as a
nitrogen gas and a hydrogen gas is connected to the rear end of the tube
118 and an electric heater 120 as heating means is disposed at the midway
of the tube so that the gas can be heated to a predetermined temperature.
As described later, the reducing gas 121 is supplied under heating to a
temperature from [err] to [err] by 7    EP 0 276 564 B1 the electric heater
120. As a result, when the gas is jetted out from the top end of the tube
118, the top end of the wire is surrounded with the reducing gas at high
temperature. Description will be made specifically to the wire bonding
method by such a wire bonding device and a production process for a
semiconductor device. 5     When the lead frame 103 to which the
semiconductor pellet 102 is bonded is supplied to a bonding stage on the
feeder 106, the X-Y table 108 is displaced properly such that the lower end
of the wire 105 held by the capillary 111 is opposed above the discharge
electrode 106 as shown in Figure 12. In this state, the lower end of the
wire 105 mainly composed of copper is placed in the reducing gas atmosphere
formed by a gas blown out from the tubes 118 respectively as shown in
Figure 11 through Figure 13. Further, the 10  reducing gas atmosphere is
formed by the reducing gas 121 heated by the electric heater 120. The
temperature for the reducing gas atmosphere is kept within a range from
[err]  to [err] and, preferably, from [err] to [err], which is based on the
finding that if the temperature for the reducing gas high upon
sphericalization of the wire top end, the top end does not involve
impurities and the hardness thereof is lowered to improve the bonding
property. It has, however, been also found that if the temperature is 15
excessively high, the wire is adhered to the capillary failing to conduct
wire bonding. The hardness of the ball varies depending on the temperature
for ball-forming atmosphere and it has been found by the experiment made by
the present inventors that the hardness changes as shown by the graph in
Figure 5. That is, Figure 5 shows the temperature T( C) for the
ball-forming atmosphere, that is, shield gas on the abscissa and the
Vickers hardness (Hv) of the ball on the ordinate. As can be seen from the
graph, the 20 Vickers hardness of the ball is rapidly lowered if the
temperature for the reducing gas exceeds 100 C and such a hardness lowering
effect is substantially saturated as the temperature exceeds [err]. If the
temperature for the shield gas is higher than 200 C, the bonding wire is
adhered to the capillary (bonding tool) to cause clogging or contamination
thereto, bringing about a difficult to continue the bonding operation.
Accordingly, the temperature for the shield gas atmosphere upon
ball-forming is desirably from [err] to 25  [err]. The temperature range
for the shield gas atmosphere upon ball-forming is, particularly
preferably, from. 150 to [err] for forming a ball at high purity with less
incorporation of impurity, obtaining a predetermined crushing amount by the
press-bonding of the ball and increasing the bonding strength. Then, when
the discharge electrode 116 is brought closer to the lower end of the
copper wire 105, the power source circuit 117 is closed and a voltage is
applied between the lower end of the wire 105 and 30  discharge electrode
116. As a result, a discharge arc is generated between the top end of the
wire 115 and discharge electrode 116 to conduct electric discharge, by
which a ball 122 is formed by melting at the top end of the copper wire 105
as shown in Figure 13. Since the ball 122 is formed under the reducing gas
atmosphere (shield gas) at high temperature, a pure ball can be obtained
with less incorporation of oxides. Further, since there is no oxide layers
on the surface, the surface tension is exerted over the entire area of 35
the sphere to sphericalize the ball. Further, the hardness of the ball is
lower than 50 (Hv). 



Then, as the bonding head 109 is displaced, the capillary 111 aparts from
the discharge electrode 116 and moves to the first bonding point. Since the
capillary 111 descends at the first bonding point, the ball 122 at the top
end of the wire 105 is crushed by the capillary 111 and then press-bonded
to the electrode (wire bonding pad mainly composed of aluminum) of the
pellet 102. In this instance, since the pellet 102 is 40  heated by the
heat block 107 and since the capillary 111 undergoes ultrasonic vibrations,
the ball 122 is press-bonded under heating on the pad of the pellet 102 as
shown in Figure 14. The wire bonding is carried out by the press-ball
bonding under heating in combination with ultrasonic vibrations. Referring
more specifically the temperature, the heating temperature at the pellet
bonding portion when the pellet 102 is heated by the heat block 107 is
about from [err] to [err]. Further, in the press- 45 bonding system under
heating combined with ultrasonic vibrations, the temperature of the
capillary 111 is elevated to about 130 - 140 C during operation of the
capillary. The temperature of the capillary 111 in the case of the press
bonding system under heating is controlled positively to [err]  [err].
After the completion of the first bonding, the capillary 111 is moved
relatively in a 3-dimensional manner by means of the X-Y table 108 and the
bonding head 109, transferred above a predetermined lead 50 104 as the
second bonding point and then descended. As the capillary 111 descends and
undergoes ultrasonic vibrations at the descended position, the wire 105 is
press-bonded under heating onto the lead 104 also being assisted by the
heating of the lead 104 from the heat block 7. The wire bonding is also
conducted by the press-bonding system under heating combined with
ultrasonic vibrations as in the first bonding. 55     After the completion
of the second bonding, the clamper 114 grips the wire 105. Since the
clamper 114 then uprises together with the capillary 111, the wire 105 is
disconnected from the second bonding portion. Then, when the clamper 115
releases the wire 105, the capillary 111 uprises slightly. By the
tail-exposing operation for the wire, the top end of the wire 105 is
protruded by a length required for the formation of ball 8    EP 0 276 564
B1 122. The wire bonding is completed by connecting the first bonding point
on the pellet 102 and the top ends of the respective leads 104 as the
second bonding point on the lead frame 103 by means of the wire 104
successively by repeating the foregoing procedures. 5     As shown in
Figure 16, the semiconductor pellet (chip) 102 is secured by means of
adhesives 123 such as silver paste (pellet-bonded) to the lead frame 103,
that is, the tab 104a as the pellet mounting region of the lead frame 103
after completion of the wire bonding, and the bonding pads 102a of the
semiconductor pellet 102 and the inner lead of the outer leads 104 of the
lead frame 103 are connected with each other by means of the bonding wire
105. 10    Then, the lead frame 103 after the completion of the wire
bonding is set to a transfer molding machine to apply resin encapsulation
by using a mold resin thereby encapsulating the semiconductor pellet 102,
etc. and conducting packaging. In the figure, 124 denotes a mold resin
encapsulation body. Then, frame portions, etc. of the lead frame 103 which
are no more necessary as the semiconductor device products are removed by
cutting and the outer leads 104 are bent as required thereby obtaining a
completed 15 semiconductor device. In this embodiment, a copper wire is
used as the wire 105 for the wire bonding. Copper is readily oxidized and
relatively hard. Accordingly, if oxide layers are formed to the surface of
the wire during melting upon sphericalizing the top end of the copper wire
by melting, the melting occurs not uniformly thus making the shape of the
ball not suitable. Such an undesired shape of the ball makes the press
bonding area not 20 uniform to worsen the bonding reliability and causes
defective press-bonding if the area of the press bonding is small. Further,
if oxide layers are formed at the surface of the ball, the metal
bondability of the bonding pad with aluminum is lowered. Further, if the
ball is hard, the ball crushing amount upon press- bonding under heating is
decreased and the shape is worsened as well. Further, if the ball is hard,
it no more absorbes press-bonding force, to exert an excess force to
silicon (semiconductor) material beneath 25 the pad thereby resulting in
cracks, etc., or the like to reduce the yield. However, in this embodiment,
since the ball 122 of the copper wire 105 is formed in a reducing gas
atmosphere at high temperature, no oxide layers formed on the surface
during melting and no impurities such oxide are involved to the inside
thereof. As a result, since the top end of the copper wire 105 is melted
for the inside and the entire surface, uniform surface tension is generated
to form the ball 122 of high 30 sphericalness. 



In the conventional case in which the reducing gas is not heated, since the
molten ball 122 is hardened by the surrounding atmosphere, the hardness is
increased. While on the other hand, in this embodiment, since the ball
placed in the atmosphere at 100 - 200 C, the ball is cooling rate is
moderated to reduce the hardness of the ball. 35     According to the
embodiment as described above, the following advantageous effects can be
obtained. (1) In the wire bonding according to the present invention, upon
melting to form a ball at the top end of the wire by electric discharge
arc, since the top end of the wire is placed in the reducing gas atmosphere
at high temperature and discharge is conducted in that state, neither the
impurities are involved to the inside of the ball nor the oxide layers are
formed at the surface thereof and, accordingly, 40    a ball at high purity
can be formed. (2) Since the ball at high purity can be formed as described
in (1) according to the present invention, the sphericalness of the ball is
also improved. (3) Since the sphericalness of the ball is improved as
described in (2) above by the wire bonding according to the present
invention, the ball is crushed uniformly and the ball press-bonded portion
of the 46    ball does not go beyond the pad. (4) Since the sphericalized
top end of the wire is put within the atmosphere at a high temperature of
from 100 to [err] in the wire bonding according to the present invention,
hardening occurs gradually to reduce the hardness of the ball. (5) Since a
ball of a low hardness and easily crushable can be formed as described in
(1) and (4) above, 60   in the wire bonding according to the present
invention, the ball can be crushed as desired upon press- bonded under
heating to the pad and, accordingly, an expected bonding area can be
obtained to attain a wire bonding at high bonding strength. (6) Since the
hardness of the ball is not excessive in the wire bonding according to the
present invention as described in (5) above, the ball absorbs the bonding
force by crushing upon press-bonding under 55    heating to the pad,
thereby causing no cracking to the semiconductor placed beneath the pad.
(7) Since the bondability with the pad is satisfactory and the
semiconductor device forming region, etc. beneath the pad is not injured in
the wire bonding according to the present invention as described in (5) and
(6) above, the bonding reliability can be improved and the yield is
increased in the wire bonding 9    EP 0276564 B1 according to the present
invention. (8) While the top end of the wire is heated upon
sphericalization in the wire bonding according to the present invention,
since the heating does not cause adhesion of the ball to the capillary or
contamination of the capillary, the wire bonding can be executed smoothly
to thereby improve the productivity. 5    (9) A synergistic effect of
providing a wire bonding technic of high yield and high wire bonding
reliability can be obtained according to the present invention by the
effects (1) - (8) described above. Although the invention made by the
present inventor has been described specifically referring to the
embodiment, the invention is no way limited only to such an embodiment but
can be modified variously within a range not departing the scope of the
invention. For instance, the high temperature gas supplied to 10  the top
end of the wire is not restricted only to the reducing gas but similar
effect in that embodiment can be obtained with a non-oxidative gas such as
an inert gas. Further, the wire is not restricted only to those wires
mainly composed of copper but those wires mainly made of aluminum, gold
wire, silver wire may also be used. Although the explanation has been made
mainly to the case of applying the invention in the wire 15  bonding
technic utilizing the press-bonding under heating combined with ultrasonic
vibrations, which is the background art for the present invention, the
present invention is no way limited only thereto, and is also applicable to
wire bonding for press-bonding system under heating. The present invention
is applicable at least to the ball bonding technics in which easily
oxidizable bonding wire is connected by sphericalization. 20 Example 2
Description will be made to Example 2 of the present invention. The IC
applied with the ball bonding according to the present invention has such a
structure in which a 25  copper wire of 30 [err] diameter is bonded at its
ball portion to an aluminum alloy electrode mainly composed of aluminum,
while the other end of the wire is ball-bonded to a Cu-plated lead frame on
a silicon 



chip. Table 1 shows the result of the reliability test conducted after
resin encapsulation for the ICs described above. If cracks are resulted to
silicon chips, they are developed to cause failures in the temperature
cycle 30 test. Further, if an aluminum alloy electrode goes beyond the
encapsulation, corrosive disconnection to the aluminum layers is liable to
occur in the PCT (pressure cooker test). No defects occur in the LSIs
according to the present invention to provide satisfactory results in
either of the tests. Table 1 35 Reliability of Resin Encapsulated IC Test
item                                        Test condition        Number of
defects Temperature cycle                       [err], 30 min, 2K cycle
0/200 Heat shock                              [err]  5 min, 500 cycle
0/200 Leaving at high temperature             [err] 2000 Hh
0/200 PCT                                     [err], 2 1000 hr
0/200 45 Leaving at high temperature and high humidity  [err], 85%RH 2000
hr            0/200 High temperature, high humidity bias    85 C, 85% RH
15V 2000 hr            0/200 As has been described above according to the
present invention, since the occurrence of defects can be prevented upon
ball bonding, it is possible to conduct highly reliable ball bonding by
using a copper wire. Example 3 In the conventional wire bonding device,
since no consideration was made for the bonding property and for the safety
regarding the hydrogen content in the reducing gas. Then, it has been found
by the present inventors that as the hydrogen content in the reducing gas
increases, the hardness of the ball formed in the reducing gas is increased
to lower the bonding property and, as a result, an excess deforming force
is 10    EP 0 276 564 B1 applied to the ball, which exert  rge stresses to
silicon material beneath the bonding pad of the semiconductor device
thereby often causing bonding damage or cracks. Further, in the case where
hydrogen in the reducing gas used in such a wire bonding device is released
to the atmosphere, and if the mixing ratio between air and hydrogen exceeds
4 % (by volume) even locally, 5  ignition may possibly occur by the
discharge sparks upon forming the ball, etc. functioning as an ignition
source. Accordingly, the principal object of this embodiment is to provide
a wire bonding technic capable of providing satisfactory bondability and
working safety. In this embodiment, a wire bonding technic is proposed in
which gas supply means capable of 10  supplying a mixture containing less
than 4 % (by volume) of hydrogen is supplied to the surrounding of the
works. When the reducing gas is supplied to the surrounding of the
discharging portion with an aim of preventing the oxidation of a ball upon
forming the ball and reducing the oxides if contained in the ball, if the
hydrogen contents is excessive, the amount of hydrogen incorporated to the
grain boundary of the ball 15 (hydrogen involved to the inside of the ball
upon forming the ball by discharge melting) is increased to increase the
ball hardness. However, according to the means as described above, since
the hydrogen content is set to less than 4 % (by volume), which is the
critical value for increasing the ball hardness, increase in the ball
hardness can be prevented. 20     Furthermore, even in a case where the
reducing gas should be released to the atmosphere, if the hydrogen content
in the reducing gas is less than 4 %, the mixing ratio with air is
naturally reduced to less than 4 % and there is no worry of ignition even
if there is an ignition source in the vicinity thereof. Figure 17 shows a
front elevational view wire for the bonding a the example 3 of the present
invention, Figure 18 is an enlarged front elevational view for a portion
thereof and Figure 19 is a graph for explanating 25 the operation thereof.
The wire bonding device in this embodiment is adapted such that the pellet
202 of a semiconductor device 201 and leads 204 of a lead frame 203 are
connected electrically by bonding the bonding pads of the pellet 202 and
the leads 204 of the lead frame 203 with the wire 205 respectively.
Accordingly, the lead frame 203 on which the pellet 202 is mounted and the
wire 205 substantially constitutes a work in this 



30 embodiment. The wire bonding device comprises a feeder 206, which is
equipped with a heat block 207 for heating the lead frame 203. An X-Y table
208 is disposed to the outside of the bonding stage on the feeder 206 so as
to be displaceable to X-Y direction and a bonding head 209 is mounted on
the X-Y table 208. A bonding arm 210 is rotatably pivoted at the base end
thereof on the bonding head 209, and the bonding arm 210 is 35 so adapted
to be driven by a cam mechanism (not illustrated) such that a capillary 211
secured at the top end thereof is moved vertically. The bonding head 209 is
connected with an ultrasonic vibration device (not shown) for putting the
capillary 211 to ultrasonic vibrations by way of the bonding arm 210. A
pair of clamp arms 212 and 213 are disposed on the upper side of the
bonding arm 210 such that they are actuated by an adequate means, e.g.,
solenoid plunger mechanisms (not illustrated) and the 40 respective ends of
both of the arms 212 and 213 are situated just above the capillary 211 to
constitute a clamper 214. A copper wire 215 delivered form a reel (not
illustrated) is inserted through the clamper 214 by way of a guide 215 and
further inserted into the capillary 211. A discharge electrode 216 is
disposed in the vicinity of and separately from the capillary 211 and the
electrode 216 is rotatably pivoted at the upper end thereof such that the
top end displaces between the position below the capillary 211, that is,
the 45 position just beneath the top end of the wire 105 and the side
position (retracting position) to the capillary 211. A power source circuit
217 is connected between the discharge electrode 116 and the clamper 214 to
cause a discharge arc between the electrode 216 and the wire 205. The wire
bonding device comprises tubes 218 for forming a gas atmosphere by
supplying a gas to the periphery of a ball formed at the top end of the
wire 205 and the tubes 218 as the gas supply means are 50 attached to the
discharge electrode 216 with the tube openings being directed to a position
below the capillary 211. A gas supply unit 219 for supplying a reducing gas
such as a gas mixture of a non-oxidative gas such as argon gas and hydrogen
gas is connected to the tubes 218, and the unit 219 is controlled such that
the hydrogen content in the reducing gas supplied is of about 3 %. A heater
220 as the gas heating means is inserted by way of insulation tapes to the
inside of the tubes 218. The heater 220 is adapted such 55  that it can
control the reducing gas supplied from the gas supply unit 219 (hereinafter
referred to as shield gas or ball-forming gas) 221 to a predetermined
temperature by heating during passage through the gas between the tube 218
and the heat block 220. While the other hand, a reducing gas supply device
223 is disposed to the bottom of the feeder 206 for 11    EP 0 276 564 B1
supplying the reducing gas 222for preventing the oxidation of the lead
frame 203 (hereinafter referred to lead frame oxidation preventive gas) and
the supply device 223 has blowing ports 224. A plurality of blowing ports
224 are disposed at the upper surface of the feeder 206 so that the lead
frame oxidation preventive gas 222 can be blown out moderately to the
periphery of the lead frame 203. A gas supply 5  channel 225 is connected
to the group of the blowing ports 224. The gas supply channel 225 is
connected with a gas supply unit 226, which is constituted such that it can
supply a reducing gas, for example, a gas mixture comprising a
non-oxidative gas such as nitrogen and hydrogen at a predetermined flow
rate. Further, the unit 226 is also controlled such that the hydrogen
content in the lead frame oxidation preventive gas supplied is less than 4
% (by volume). 10      A cover 227 is disposed over the feeder 206 so as to
substantially cover the entire lead frame 203 and cover 227 functions to
hold the oxidation preventive gas 222 supplied to the periphery of the lead
frame 203 as long as possible to the periphery of the lead frame 203. A
window 228 is perforated to the cover 227 at the position corresponding to
the bonding stage just beneath the capillary 211 in such a substantially
square shape as capable of conducting the wire bonding. A lead frame
retainer 229 formed substantially as 15 a square frame is elevatably fitted
to the window 228 and the retainer 229 is made vertically movable
interlocking with the intermittent operation of the feeder 206 by means of
an appropriate driving device such as cam mechanisms (not illustrated).
That is, the retainer 229 is adapted to prevent the loose movement of the
lead frame 203 by retaining the lead frame 203 above upon practicing the
wire bonding. Then, the operation of the wire bonding device having
constitution as described above will be explained. 20     When the lead
frame 203 as a work bonded with the pellet 202 is intermittently supplied
by the feeder 206 and the portion of the pellet 202 to be wire-bonded is
supplied to the bonding stage in the feeder 206, the lead frame retainer
229 is descended within the window 228 to retain the lead frame 203.
Subsequently, the X-Y table 208 is properly moved so as to repeat the
bonding operations as described later. While on the other hand, in the
capillary 211, when the discharge electrode 216 is brought closer with 



25 the lower end of the copper wire 205 and the power source circuit 207 is
closed, a ball 205a is formed by melting at the top end of the copper wire
205. In this case, a reducing gas 221 controlled to about 3 % hydrogen
content is supplied from the tube 218 to maintain the reducing gas
atmosphere between the wire 205 and the electrode 216. Since the reducing
gas 221 is put to heating control such that it is at a predetermined
temperature by the heater 220 disposed to the midway in the inside of the
tube 218, the gas 30 atmosphere is kept within a predetermined temperature
range to prevent the lowering of the temperature for the ball 205a formed
at the top end of the wire 205. As a result, if the reducing gas 221 is
blown to the molten ball 205a, the hardness of the ball 205a is not
reduced. Then, the capillary 211 is descended by the bonding head 209 to
gradually press-bond the ball 205a formed at the top end of the wire 205 to
the pad of the pellet 202. Since the pellet 202 is heated by the 35  heat
block 207, the ball 205a is bonded to the pad of the pellet 202 by means of
the press-bonding under heating combined with ultrasonic vibrations. Then,
since the hydrogen content in the gas atmosphere is kept to about 3 %, the
ball 205a is kept from hardening as described later and, accordingly, can
be heat- bonded with satisfactory bondability. By the way, it has been
found by the present inventor that if the hydrogen content in the
ball-forming 40 gas (shield gas) is greater, since the amount of hydrogen
molecules involved into the grain boundary of the ball 205a formed by
melting to the top end of the copper wire 205 is increased and the ball
hardness is increased, there has been a problem that the bondability is
reduced at the first bonding. In view of the above, according to this
embodiment, the hydrogen content in the ball-forming gas 221 is to
suppressed to about 3 % thereby reducing the amount of hydrogen involved in
the grain boundary of the 45 ball 205a formed by melting and preventing the
increase in the ball hardness. As a result, since the increase of the ball
hardness can effectively be prevented, coupled with the prevention of the
temperature lowering caused by the blowing of the reducing gas 221 by means
of preheating the reducing gas 221, bondability at the first bonding can be
improved. Figure 19 is a graph illustrating the relationship between the
hydrogen content in the ball-forming gas 50 and the hardness of the ball
formed in the gas atmosphere. The abscissa indicates the hydrogen ration H
(vol%) contained in the ball-forming gas, while ordinate indicates the
hardness of the ball formed in the gas atmosphere at such a content by the
hardness ratio R assuming the hardness of the ball "1" when it is formed in
a gas with 10 % hydrogen content. The copper wire used has a purity of
99.999 % and the ball is formed into 80 [err] diameter. Further, the
hardness is measured under the room temperature by using a 55  microvickers
hardness tester. According to Figure 19, if the content of hydrogen in the
ball-forming gas exceeds 3 %, the ball hardness is increased. Accordingly,
the ratio of hydrogen contained in the ball-forming gas 221 is set to about
3 % in this embodiment. 12    EP 0 276 564 B1 After the formation of the
first bonding portion, the capillary 211 is relatively moved in a three
dimensional manner by means of the X-Y table 8 and the bonding head 209 and
an intermediate portion of the wire 205 is urged to secure to a
predetermined lead 204. Since the Ultrasonic vibrations are applied to the
capillary 210 and the lead 204 is heated by the heat block 7, the wire 205
is bonded on the lead 204 by 5  the press bonding system under heating
combined with ultrasonic vibrations. After the completion of the second
bonding, the clamper 214 grips the wire 205 and the clamper 214 is moved
together with the capillary 211 aparting relatively from the second
bonding. By the aparting movement, the wire 205 is disconnected from the
second bonding portion. Then, when the clamper 24 releases the wire 205 and
the capillary 211 uprises slightly, the top end of the wire 205 is
protruded for a 10  length required for forming the ball 205a and
tail-exposing operation is conducted. Subsequently, the foregoing
operations are repeated by the cycle corresponding to the number of the
bonding pad and the inner leads 204 in the pellet 202 to conduct required
wire bonding operation. Then, when the wire bonding work has been completed
for the one unit lead frame, the retainer tool 229 is moved upwardly and
the lead frame 203 is sent by one pitch such that the next pellet 202 is
situated to the 15 bonding stage. Thereafter, the wire bonding operations
as described above are successively conducted for the pellet 202 for each
of the units. During the bonding operation, since the lead frame oxidation
preventive reducing gas 222 is always blown out from the blowing ports 224
disposed to the upper surface of the feeder 206, the lead frame 203 is
immersed within the reducing atmosphere. In this case, since the reducing
gas atmosphere is covered with 



20 the cover 227 laid over the feeder 206, the reducing gas 222 can
effectively surround the lead frame 203 and the pellet 202. Accordingly,
oxidation of the lead frame 203, etc. can surely be prevented. In a case
where the copper type lead frame is used as for the lead frame, since the
copper is easily oxidizable and oxide layers are formed thickly on the
bonding surface, the bondability at the second bonding is reduced. That is,
if the oxide layers are formed, since the metal bondability with the wire
25 reduced, the bondability Is also worsened. However, in the present
invention, since the cover 227 covers over the feeder 206 and the frame 203
is surrounded with the reducing gas atmosphere supplied to the inside
thereof, no oxide layers are formed at the surface of the oxidizable copper
type lead frame if it is used and, as a result, the wire 205 can be bonded
on the lead 204 with satisfactory bondability. 30     By the way, since the
lead frame oxidation preventive reducing gas 222 contains hydrogen, if the
gas escapes from the cover 227 and is brought into contact with an oxygen
atmosphere, it may be ignitted to cause burning in the presence of arc of
the discharge electrode 226, etc. as an ignition source. The, it has been
found by the present inventor that if hydrogen combustion occurs to the
outside of the cover, although the oxidation for lead frame does not occur
but the bonding condition varies with respect to the following 35 points
and the stability for the bondability is reduced. (1) Since the temperature
for the lead frame and the capillary becomes instable due to the change of
the circumstantial temperature, the ball formation and the press-bonding
operation under heating in the first and second bonding become instable.
(2) Since the extent of heat expansion varies or defective operation occurs
for each of the constituent 40    portions of the device due to the
variations in the circumstantial temperature, the positional accuracy for
the bonding is worsened. (3) Since the screen of the pattern recognition
device fluctuates due to the occurrence of so-called air filaments due to
combustion, the pattern recognizing accuracy is reduced. On the other hand,
in the present embodiment, since the lead frame oxidation preventive gas
222 is 45 controlled so that it contains hydrogen of less than 4 %,
hydrogen combustion in the lead frame oxidation preventive gas 222 can be
prevented and, as a result, the stability of the bondability can be
maintained. That is, if the oxidation preventive reducing gas 222 in the
cover 227 should escape externally from the window 228 due to advance and
retraction of the capillary 211, the hydrogen gas contained by less than 4
% in the reducing gas 222 does not take place combustion. Since hydrogen
does not burn if the mixing 50  ration with air is less than 4 %,
combustion of hydrogen in the escaped reducing gas 222 can be prevented by
controlling the hydrogen content to less than 4 % by the gas supply unit
226. Since the combustion out of the cover 227 can thus be prevented, the
generation of air filaments is suppressed and the circumstantial
temperature can be kept constant and, accordingly, the ball-forming or
press-bonding operation by heating, as well as positional accuracy for
bonding and accuracy for pattern 55 recognition are stabilized and, as a
result, reduction in the stability of the bondability accompanying them can
be prevented. This embodiment can provide the following advantages effects.
(1) Since the amount of hydrogen evolved in the grain boundary of the ball
formed by melting can be 13    EP 0 276 564 B1 decreased by suppressing the
hydrogen content in the ball-forming gas to about 3 %, increase in the ball
hardness can be prevented and the bondability in the first bonding can be
improved. (2) Since the lowering in the temperature of the ball can be
prevented even if a gas is blown to the ball formed by melting, by
preheating the ball-forming gas, increase in the hardness of the ball can
be 5     prevented coupled with the effect as described in (1) above. (3)
Since the combustion of the escaped reducing gas can be suppressed by
setting the hydrogen content in the reducing gas supplied to the lead frame
to less than 4 %, reduction in the stability for the bondability due to the
change in the bonding conditions accompanying combustion can be prevented,
thereby improving the bonding, thus, the quality and the reliability of the
products. 10    (4) Since the use of then copper type wire and the lead
frame can be realized by preventing the reduction of the bondability in the
copper type wire and the lead frame, reduction in the cost, etc. can be
promoted. (5) Since satisfactory metal bondability can be maintained to
ensure adequate bondability, by surely preventing the formation of oxide
layers, it is possible to improve the quality and the reliability of the 



15    bonding, and thus, the products. (6) Since the escape of the reducing
gas can be minimized by laying the cover on the feeder and opening a window
of a least minimum opening surface required for the bonding operation to
the cover, the reducing gas can be formed more effectively, while the
amount of gas used can be suppressed. Although the invention made by the
present inventors has been described specifically referring to the 20
examples, the present invention is not restricted only to the examples. For
instance, the content of hydrogen in the ball-forming gas (shield gas) is
not restricted to about 3% but is may be less than 3 %. Particularly, in a
case where the natural oxidation of the wire is completely prevented before
the ball formation, a non-oxidative gas containing no hydrogen may be used
as the shield gas. 25     The wire used is not restricted only to the
copper type but aluminum or alloy type wire may be used. The lead frame is
not restricted only to the copper type but iron-nickel lead frame, etc. may
also be used. Although the explanation has been made mainly to the case of
applying the invention to the wire bonding technic utilizing the
press-bonding under heating combined with the ultrasonic vibrations, which
is 30   the background art for the present invention, the present invention
is no way limited only thereto, but is also applicable to wire bonding of
press-bonding system under heating. The present invention is applicable at
least to the wire bonding technics In general, using reducing gas. Claims
35 1. A method for fabricating a semiconductor device having a
semiconductor pellet (102) at least one bonding pad (102a) on one major
surface of the pellet (102) and at least one lead (103) outside the pellet
(102), comprising: (a) placing the pellet (102) and the at least one lead
(103) on or over a heat block (107) at a 40        predetermined
temperature; (b) forming a ball (112) on the end of a copper bonding wire
(105), the end of the bonding wire (105) projecting from the tip of a
bonding capilliary (111), the ball (112) being formed by electric discharge
between the end of the wire and an electrode (116) in a non-oxidative gas
atmosphere; (c) ball bonding the wire (105) to the bonding pad (1 02a) by
pushing the ball (112) against the pad 45       (1 02a) with the ball (112)
projecting beyond the tip of the capillary (111); and (d) subsequently
bonding the wire (105) to the at least one lead (103); characterised in
that: in step (b), the ball is formed in a non-oxidative gas atmosphere
having an atmosphere temperature of at least [err] but lower than the
temperature at which the wire (105) sticks to the capillary (111), 50
the gas being supplied at the atmosphere temperature from a nozzle (118)
adjacent the end of the wire, and the gas atmosphere being maintained at
the atmosphere temperature for a time sufficiently long for the ball (112)
to harden. 2. A method according to claim 1, wherein the wire, (105) is
bonded to the pad (102a) by heating in 55     combination with ultrasonic
vibration. 3. A method according to claim 1 or claim 2, wherein the
atmosphere temperature is not greater than 200 C. 14    EP 0 276 564 B1
decreased by suppressing the hydrogen content in the ball-forming gas to
about 3 %, increase in the ball hardness can be prevented and the
bondability in the first bonding can be improved. (2) Since the lowering in
the temperature of the ball can be prevented even if a gas is blown to the
ball formed by melting, by preheating the ball-forming gas, increase in the
hardness of the ball can be 5    prevented coupled with the effect as
described in (1) above. (3) Since the combustion of the escaped reducing
gas can be suppressed by setting the hydrogen content in the reducing gas
supplied to the lead frame to less than 4 %, reduction in the stability for
the bondability due to the change in the bonding conditions accompanying
combustion can be prevented, thereby improving the bonding, thus, the
quality and the reliability of the products. 10     (4) Since the use of
then copper type wire and the lead frame can be realized by preventing the
reduction of the bondability in the copper type wire and the lead frame,
reduction in the cost, etc. can be promoted. 



(5) Since satisfactory metal bondability can be maintained to ensure
adequate bondability, by surely preventing the formation of oxide layers,
it is possible to improve the quality and the reliability of the 15
bonding, and thus, the products. (6) Since the escape of the reducing gas
can be minimized by laying the cover on the feeder and opening a window of
a least minimum opening surface required for the bonding operation to the
cover, the reducing gas can be formed more effectively, while the amount of
gas used can be suppressed. Although the invention made by the present
inventors has been described specifically referring to the 20 examples, the
present invention is not restricted only to the examples. For instance, the
content of hydrogen in the ball-forming gas (shield gas) is not restricted
to about 3% but is may be less than 3 %. Particularly, in a case where the
natural oxidation of the wire is completely prevented before the ball
formation, a non-oxidative gas containing no hydrogen may be used as the
shield gas. 25     The wire used is not restricted only to the copper type
but aluminum or alloy type wire may be used. The lead frame is not
restricted only to the copper type but iron-nickel lead frame, etc. may
also be used. Although the explanation has been made mainly to the case of
applying the invention to the wire bonding technic utilizing the
press-bonding under heating combined with the ultrasonic vibrations, which
is 30 the background art for the present invention, the present invention
is no way limited only thereto, but is also applicable to wire bonding of
press-bonding system under heating. The present invention is applicable at
least to the wire bonding technics in general, using reducing gas. Claims
35 1. A method for fabricating a semiconductor device having a
semiconductor pellet (102) at least one bonding pad (102a) on one major
surface of the pellet (102) and at least one lead (103) outside the pellet
(102), comprising: (a) placing the pellet (102) and the at least one lead
(103) on or over a heat block (107) at a 40      predetermined temperature;
(b) forming a ball (112) on the end of a copper bonding wire (105), the end
of the bonding wire (105) projecting from the tip of a bonding capilliary
(111), the ball (112) being formed by electric discharge between the end of
the wire and an electrode (116) in a non-oxidative gas atmosphere; (c) ball
bonding the wire (105) to the bonding pad (102a) by pushing the ball (112)
against the pad 45       (1 02a) with the ball (112) projecting beyond the
tip of the capillary (111); and (d) subsequently bonding the wire (105) to
the at least one lead (103); characterised in that: in step (b), the ball
is formed in a non-oxidative gas atmosphere having an atmosphere
temperature of at least [err] but lower than the temperature at which the
wire (105) sticks to the capillary (111), 50    the gas being supplied at
the atmosphere temperature from a nozzle (118) adjacent the end of the
wire, and the gas atmosphere being maintained at the atmosphere temperature
for a time sufficiently long for the ball (112) to harden. 2. A method
according to claim 1, wherein the wire (105) is bonded to the pad (102a) by
heating in 65     combination with ultrasonic vibration. 3. A method
according to claim 1 or claim 2, wherein the atmosphere temperature is not
greater than [err]. 14    EP 0 276 564 B1 4. A method according to any one
of claims 1 to 3, wherein the atmosphere temperature is at least [err]. 5.
A method according to any one of the preceding claims, wherein the
non-oxidative gas atmosphere 5      includes a reducing gas. 6. A method
according to claim 5, wherein the reducing gas is hydrogen. 7. A method
according to claim 6, wherein there is less than 10% hydrogen in the
non-oxidative gas 10      atmosphere. 8. A method according to claim 7,
wherein there is less than 4% hydrogen in the non-oxidative atmosphere. 15
9. A method according to any one of claims 6 to 8 wherein, in addition to
hydrogen, the non-oxidative gas 



atmosphere includes nitrogen and/or argon. 10. A method according to any
one of the preceding claims wherein the electric discharge is performed
with the wire (105) as an anode and the electrode (116) as a cathode. 20
11. A method according to any one of the preceding claims, wherein a
predetermined separation is maintained between the wire (105) and the
electrode (116) during the discharge. 12. A method according to any one of
the preceding claims, wherein the step (d) includes transferring the 25
capillary (111) to a position adjacent the at least one lead (103) and
wedge-bending the wire (105) to the lead (103) with the capillary (111) by
pushing the wire (105) against the lead (103). 13. A method according to
claim 12, wherein the wire (105) is bonded to the lead (103) by heating in
combination with ultrasonic vibration. 30 14. A method according to claim
11 or claim 12, wherein the wedge bonding occurs in a gas atmosphere
adapted to prevent lead oxidation. 15. A method according to claim 14,
wherein the composition of the gas atmosphere of the wedge bonding 35
is different from the non-oxidative gas atmosphere of step (b). 16. A
method according to claim 14 or claim 15 wherein the gas atmosphere of the
wedge bonding contains hydrogen. 40  17. A method according to any one of
the preceding claims, wherein the bonding pad (102a) is of aluminium. 18. A
method according to any one of the preceding claims wherein the temperature
of the heat block (107) is at least [err]. 45 19. A method according to any
one of the preceding claims, wherein the non-oxidative gas atmosphere is
supplied from a pair of nozzles (118), one on the opposite side of the wire
from the other. 20. A method according to any one of the preceding claims,
wherein the copper bonding wire has more 50    than 99.999% copper by
weight. Revendications 1. Proced6 de fabrication d'un dispositif a
semiconducteurs possedant une puce semiconductrice (102), 55     au moins
un plot de liaison (102a) sur une surface principals de la puce (102) et au
moins un conducteur (103) A I'ext6rieur de la puce (102), comportant les
6tapes consistant A: (a) placer la puce (102) et le au moins un conducteur
(103) sur ou au-dessus d'un bloc chauffant (107) a une temp6rature
pred6terminoe 15    EP 0 276 564 B1 (b) former une bille (112) sur
l'extremite d'un fil de liaison en cuivre (105), I'extrdmite du fil de
liaison (105) faisant saillie de l'extrdmite d'un capillaire de liaison
(111), la bille (112) 6tant form6e par decharge electrique entre
l'extremit6 du fil et une 4lectrode (116) sous une atmosphere de gaz non
oxydant; 5        (c) relier la bille du fil (105) au plot de liaison
(102a) en poussant la bille (112) contre le plot (102a) avec la bille (112)
faisant saillie au-deli de I'extr6mit6 du capillaire (111): et (d) reller
ensuite le fil (105) & le au moins un conducteur (103); caract6rise en co
que: au cours de l'dtape (b), la bille est formde sous une atmosphbre de
gaz non oxydant possbdant \_;-o     une temperature d'au moins 100 I C mais
inf6rieure.A la temperature a laquelle le fil (105) adhbre au capillaire
(111), le gaz dtant ddlivrd & une temp~rature depuis une buse (118)
adjacente a I'extrdmit6 du fil, et l'atmosphbre de gaz 6tant maintenue a la
temperature pendant un tamps suffisamment long permettant a la bille (112)
de durcir. 15  2. Procedd selon la revendication 1, dans lequel le fil
(105) est rWli4 au plot (112a) par chauffage en combinaison avec une
vibration ultrasonique. 3. Proced4 selon la revendication 1 ou la
revendication 2, dans lequel la temperature de l'atmosphbre n'est pas
superieure h 200 C. 20 '>    4. Proc6d4 selon l'une quelconque des
revendications 1 a 3, dans loquel la temperature de l'atmosphbre est au
moins 150' C. 



5. Procdd6 selon l'une quelconque des revendications pr6cedentes, dans
lequel l'atmosphbre de gaz non 25     oxydant comprend un gaz rdducteur. 6.
Proc6de selon la revendication 5, dans loquel le gaz reducteur est de
l'hydrogbne. 7. Proc~d4 selon la revendication 6, dans lequel ii existe
moins de 10% d'hydrogbne dans I'atmosphbre 30     de gaz non oxydant. 8.
Proced6 selon la revendication 6, dans lequel il se trouve moins de 4%
d'hydrogbne dans l'atmosphbre non oxydante. ss  9. Procdd4 selon l'une
quolconque des revendications 6 a 8, dans loquel, on plus de l'hydrogbne,
I'atmosphbre de gaz non oxydant comprend de l'azote eo/ou de l'argon. 10.
Procdd6 selon l'une quelconque des revendications precbdentes, dans lequel
la dbcharge blectrique est amorc6e avec le fil (105) jouant le r6le d'anode
et l'6lectrode (116) celui de cathode. 11. Proced6 selon l'une quelconque
des revendications pr6cedentes, dans loquel un 6cart prkdktermin4 est
maintenu entre le fil (105) et l'6lectrode (116) durant la ddcharge. 12.
Procdd6 selon l'une quelconque des revendications pr6cedentes, dans loquel
I'6tape (d) comprend un 45     transfert du capillaire (111) jusqu'en une
position adjacente A le au moins un conducteur (103) et une liaison en coin
du fil (105) au conducteur (103) avec le capillaire (111) en poussant le
fll (105) contre le conducteur (103. I& Proc~d6 selon la revendication 12,
dans lequol le fil (105) est relid au conductour (103) par chauffage s0
en combinaison avoc une vibration ultrasonique. 14. Procedd selon la
revendication 11 ou la revendication 12, dans lequel la liaison en coin est
offectu~e sous une atmosphere gazeuse apte & empecher une oxydation du
conducteur. 55  15. Procedd selon la revendication 14, dans lequel la
composition de I'atmosphere de gaz de la liaison on coin est differente de
l'atmosphbre de gaz non oxydant de l'etape (b). 16. Procedb selon la
revendication 14 ou la revendication 15, dans lequel I'atmosphere gazeuse
de la 16             I 1111111 111111 11111 11111 B liS *   C   L   N   S
*    EP 0 276 564 B1 liaison en coin contient de l'hydrogbne. 17. Proc~d6
solon l'une quelconque des revendications precedentes, dans lequel le plot
de liaison (102a) est en aluminium. 5 18. Proced6 selon l'une quelconque
des revendications precedentes, dans lequel la temperature du bloc
chauffant (107) est d'au moins 200 C. 19. Proced4 selon l'une quelconque
des revendications prdcedentes, dans lequel l'atmosphbre de gaz non 10
oxydant est d~livrde A partir d'une paire de buses (118), 'une so trouvant
sur le c8t6 oppose du fil par rapport a l'autre. 20. Proc6d6 solon l'une
quelconque des revendications pr6cedontes, dans lequel le fil de liaison en
cuivre possbde plus de 99,999% de cuivre en poids. 1t PatentansprUche 1.
Verfahren zur Herstellung einer Halbleitervorrichtung mit einem
Halbleiter-Pellet (102), mindestens einem Bonding-AnschluB (102a) auf einer
Hauptoberfl~che des Pellets (102) und mindestens einer 20
AnschluB-Leitung (103) aulerhalb des Pellets (102), umfassend: (a)
Platzieren des Pallets (102) und der mindestens einen AnschluB-Leitung
(103) auf odor Ober einem Warme-Block (107) bei vorbestimmter Temperatur,
(b) Bildung einer Kugel (112) am Ende elnes Kupfer-Bondingdrahtes (105),
das aus der Spitze elner Bonding-Kapillare (111) herausragt, wobei die
Kugel (112) durch elektrische Entladung zwischen 25       dem Drahtende und
einer Elektrode (116) in einer nicht-oxidierenden Gasatmosphare gebildet
wird, (c) Kugel-Bonden des Drahtes (105) an den Bonding-AnschluB (102a)
durch Dracken der Kugel (112) gegen den AnschluB (102a) wobei die Kugel
(112) Ober die Spitze der Kapillare (111) herausragt, und (d)
darauffolgend, Bonden des Drahtes (105) an die mindestens eine
AnschluB-Leitung (103), 30         dadurch gekennzeichnet, daBl in Schritt
(b) die Kugel in einer nicht-oxidierenden Gasatmosphare mit einer
nledrigeren Atmospha- rentemperatur als der, bei der der Draht (105) an der
Kapillare (111) klebt, mindestens jedoch von 



1000C gebildet wird, wobei das Gas von einer neben dem Drahtende liegenden
DOse (118) bel der Atmospharentemperatur geliefert wird, und die
Gasatmosphare Uber eine zum Hirten der Kugel (112) 35     ausroichend lange
Zeit auf der Atmosphdrentemperatur gehalten wird. 2. Verfahren nach
Anspruch 1, wobei der Draht (105) an den AnschlufB (102a) durch Erhitzen
zusammen mit Ultraschall-Schwingungen gebondet wird. 4o  3. Verfahren nach
Anspruch 1 odor 2, wobei die Atmospharentemperatur nicht gr6lier als 200 C
ist. 4. Verfahron nach einem der AnsprUche 1 bis 3, wobei die
Atmosphdrentemperatur mindestens 150'C ist. 45  5. Verfahren nach einem der
vorhergehenden AnsprOche, wobei die nicht-oxidierende Gasatmosphlre ein
reduzierendes Gas beinhaltet. 6. Verfahren nach Anspruch 5, wobei das
reduzierende Gas Wasserstoff ist. 5o  7. Verfahren nach Anspruch 6, wobei
sich weniger als 10% Wasserstoff in der nicht-oxidierenden Gasatmosphdre
befinden. 8. Verfahren nach Anspruch 7, wobei sich weniger als 4%
Wasserstoff in der nicht-oxidierenden Atmo- sphire befinden. 55 9.
Verfahren nach einem der Ansprache 6 bis 8, wobel die nicht-oxidierende
Gasatmosphdre zusltzlich zu Wasserstoff Stickstoff und/oder Argon enthilt.
17 *   C   L   N   S  *    EP 0 276 564 B1 10. Verfahren nach einem der
vorhergehenden Ansprache, wobei die elektrische Entladung mit dem Draht
(105) als Anode und der Elektrode (116) als Kathode durchgefUhrt wird. 11.
Verfahren nach elnem der vorhergehenden AnsprUche, wobei wahrend der
Entladung eine vorbestimm- 6      te Trennung zwischen dem Draht (105) und
der Elektrode (116) eingehalten wird. 12. Verfahren nach einem der
vorhergehenden AnsprUche, wobei Schritt (d) das Bringen der Kapillare in
eine Position bei der mindestens elnen AnschluR-Leitung (103) und das
Klemm-Bonden des Drahtes (105) an die AnschluB-Leitung (103) mit der
Kapilare (111) durch DrUcken des Drahtes (105) gegen die <,0o
AnschluBl-Leitung (103) umfaBt. 13. Verfahren nach Anspruch 12, wobei der
Draht (105) durch Erhitzen in Verbindung mit Ultraschall- Schwingungen an
die AnschluO-Leitung (103) gebondet wird. 15  14. Verfahren nach Anspruch
11 oder 12, wobei das Klemm-Bonden in einer zur Vermeidung der Oxidation
der AnschluB-Leitung angepaliten Gasatmosphdre stattfindet. 16. Verfahren
nach Anspruch 14, wobei die Zusammensetzung der Gas-Atmosphare des
Klemm-Bondens von der nicht-oxidierenden Gasatmosphare des Schrittes (b)
verschieden ist. 20 16. Verfahren nach Anspruch 14 oder 15, wobei die
Gasatmosphare des Klemm-Bondens Wasserstoff enthalt. 17. Verfahren nach
einem  der vorhergehenden AnsprUche, wobei der Bonding-AnschluB (102a) aus
25     Aluminium besteht. 18. Verfahren nach einem der vorhergehenden
AnsprUche, wobei die Temperatur des Warme-Blockes (107) mindestens 200-C
betragt. 3o  19. Verfahren nach einem der vorhergehenden Ansprache, wobel
die nicht-oxidierende Gasatmosphdre von einem Paar von an einander
gegenUberliegenden Seiten des Drahtes angeordneten DUsen (118) geliefert
wird. 20. Verfahren nach elnem der vorhergehenden AnsprUche, wobei der
Kupfer-Bondingdraht mehr als 99.999 35     Gew.-% Kupfer aufweist. 40 45 50
55 18    


