
CONNECTING LEAD FOR SEMICONDUCTOR DEVICES AND                       METHOD
FOR FABRICATING THE LEAD                            BACKGROUND OF THE
INVENTION   5                              Field of the Invention
The invention relates to an electrode-connecting lead used for
semiconductor       devices and a method for fabricating the lead.
Description of the Background Art         Silicon semiconductors are widely
and popularly used as semiconductors.  10 Aluminum pad electrodes are
usually used for terminals connecting these       semiconductors and
external electrodes, because they have good processibility       and
superior characteristics including low electric resistance, and low-cost
pro-       ducibility.         Various structures were devised to connect
the aluminum pad electrode on a  15  silicon semiconductor element to an
external terminal. Conventionally, the       wire-bonding method is mainly
used, in which the aluminum pad electrode is       connected to an
independent metallic lead terminal, called a lead frame, with a       wire
of gold or aluminum. As semiconductor elements become highly integrated,
the number of electrode increases and the electrode itself is subdivided, 



20  causing dense lead terminals. In response to these circumstances,
instead of an       independent electrode such as a lead frame, a lead of
metallic film formed on a       polyimide film by etching or other methods
is used as a lead to connect directly       to the pad electrode on a
silicon semiconductor. An example of this means is
2        disclosed in Unexamined Japanese Patent Publication 62-199022, in
which a       copper bump electrode provided on a metallic lead through a
hole in the poly-       imide film on the lead is connected to the pad
electrode formed on a silicon       semiconductor element, the bump
electrode being plated with gold to prevent   5  the copper part from
rusting. In this example, a desirable result is obtained       when the pad
electrode on the silicon element is made thinner than the insu-
lating passivation film on the element.         Unexamined Japanese Patent
Publication 3-206633 discloses a method in       which a bump electrode
need not be attached to a lead, because the aluminum  10 pad electrode on a
silicon element protrudes beyond an insulation film. Ac-       cording to
the application, it is desirable that copper or aluminum be used as
the lead; it is more desirable that the lead surface be plated with
aluminum or       the lead surface be plated with nickel before plating
with aluminum.  



Unexamined Japanese Patent Publication 4-323837 discloses a method in  15
which a copper lead is connected to the pad electrode on a silicon element
through an aluminum electrode of a tape carrier package (TCP), avoiding a
direct connection of the copper lead to the pad electrode. In other words,
the       connection between the lead and the element is made possible by
using alumi-       num or aluminum alloy for the inner lead. In this
example, an aluminum-  20  plated copper-based lead is adhered to a
polyimide film, for instance, and the       end portion is processed into
the inner lead by etching or other methods.         In order to fulfil high
reliability in the connection between the aluminum       pad electrode on a
silicon element and the lead, various methods were devised
as shown above. However, further improvement is needed to reduce the manu-
facturing cost at the same time.          The fundamental method of the
conventional devices is based on the connec-       tion between the
aluminum pad electrode on a silicon element and the lead,   5  mainly
consisting of copper, formed on a polyimide film. When copper is used
for the lead, it is difficult to connect the copper lead to the aluminum
pad. The       reason is that whereas the oxide film on the surface of the
aluminum can be       broken by the application of ultrasonic waves so that
the activated aluminum 



underneath the oxide film directly contacts the copper for satisfactory
connec-  10  tion, it is difficult to break the oxide film on the surface
of the copper by ultra-       sonic waves. To circumvent this difficulty, a
bump electrode is provided on the       copper lead. In a foregoing prior
art, the copper bump electrode is plated with       gold. In another
example cited above, instead of using the bump electrode, the       copper
lead is plated with aluminum. Thus, one solution is to use aluminum for  15
the lead to be connected with the aluminum pad electrode on a silicon
element.       However, to secure a more reliable connection, it is
necessary to thoroughly       examine the aluminum used in the lead and the
interface between the alumi-       num bump electrode and copper lead.
SUMMARY OF THE INVENTION  20    The invention, meticulously contriving the
constitution of the foregoing con-       nection, offers conditions that
enable a highly reliable connection. One condi-       tion is that a copper
or copper alloy lead be provided with an aluminum bump       electrode at
the place of connection with a semiconductor. Another condition is
4         that the thickness of the oxide film on the lead at the interface
with the alumi-        num bump electrode be 10 nm or less. Yet another
condition is that the con-  



tents of oxygen and carbon in the aluminum that constitutes the aluminum
bump electrode be 1 atm % or less each, where atm % means the ratio of the
5 number of atoms.          In addition, an effective connection is
attainable when the aluminum that        constitutes the aluminum bump
electrode satisfies the following formula:          0.1 [err] Y/(X X R)
[err] 10,          where Y: knoop hardness (kgf/mm[err]),  10        X:
(111) orientation ratio (%),               R: average grain size ([err]m).
In other words, the aluminum bump electrode requires the specified alumi-
num as in the above formula, as opposed to aluminum in general, to ensure a
more reliable connection. To realize this object, it is desirable that the
foregoing  15  Y satisfy a formula 20[err] Y [err] 70, the foregoing X a
formula 60 [err] X, and the R       a formula 0.1[err] R. It is also
desirable that the aluminum thickness of the       bump electrode lie in
the range of 1 [err] m to 20 [err] m inclusive.         A fabricating
method for the connecting terminal is as follows: In forming an
aluminum electrode on a copper or copper alloy lead, the oxide film on the
lead  20 surface is first removed in a vacuum, and the aluminum film is
formed without       breaking the vacuum. The aluminum film is formed by
controlling the vacuum       condition and the deposition rate of the film
in such a manner that the number     



5        of particles of the incident background gas per unit time and per
unit area of       the film deposition is 1/100 or less that of the
incident aluminum particles of       the same conditions.         The
invention offers a highly reliable connecting terminal for devices that   5
mount silicon semiconductors. More specifically, the connecting terminal
pre-       vents short-circuits across terminals, and provides strong and
durable bonding       -between the bump electrode of the connecting
terminal and a pad electrode on       the semiconductor element and between
the bump electrode and the lead of the       connecting terminal.  10
BRIEF DESCRIPTION OF THE DRAWING         In the drawing:         Figure 1
is a sectional view showing the wiring structure of a semiconductor
device that employs an example of the connecting lead of the invention.
Figure 2 is a sectional view showing the wiring structure of a
semiconductor  15  device that employs another example of the connecting
lead of the invention.                    DETAILED DESCRIPTION OF THE
INVENTION         Figure 1 is a sectional view showing the wiring structure
of a semiconductor       device that employs an example of the connecting
lead of the invention. A semi-       conductor element 1 has on the
peripheral area thereof aluminum pad elec-  



20  trodes 2, to which leads of the invention are to be connected. The lead
frames       comprise an aluminum bump electrode 3, a copper or
copper-alloy lead 4, and a       polyimide tape 5, which has via holes for
bump electrodes. The lead frames,       fixed to the frame 6 of a
reinforcing material with an adhesive 9, have a bump
6         electrode 7 made of solder, gold, or other metals to which outer
electrodes are        connected. Another bump electrode 7' is connected to
another pad electrode        through another lead 4', although this
connection is not depicted in Fig. 1. After        the semiconductor
element 1 and the lead frames are connected through the   5 aluminum pad
electrodes 2 and the aluminum bump electrodes 3, the unit 1        and the
frame 6 of the reinforcing material are consolidated with an encapsu-
lant 8.        Figure 2 is a sectional view showing the wiring structure of
a semiconductor        device that employs another example of the
connecting lead of the invention.  10  Whereas a semiconductor element 1,
aluminum pad electrodes 2, aluminum       bump electrodes 3, copper or
copper-alloy leads 4, and polyimide tapes 5 are the       same as those in
Fig. 1, bump electrodes 7 and 7' made of solder, gold, or other
metals to which outer electrodes are connected are placed inside the
aluminum       pad electrodes 2 on the semiconductor element 1. Elastomer
10 is filled in the 



15  interstice between the lead frame and the semiconductor element 1,
which are       then consolidated with a protective frame 11 and an
encapsulant 8. The semi-       conductor element 1 and the lead frame are
connected through the connection       between the aluminum pad electrode 2
and the aluminum bump electrode 3.         As described in the section
"Description of the Background Art," various  20  means are devised for the
connection between a semiconductor element and       external electrodes.
Of these means, a means of connection with the aluminum       pad electrode
on a standard semiconductor element is the object of the inven-       tion.
7           Aluminum, although ideal as an electrode material for
connection with an        aluminum pad electrode in terms of the connection
between the same kinds of        metal, has difficulties in plating,
etching, and soldering to be used as a lead        material due to the
characteristics thereof. On the other hand, copper or copper   5  alloy is
considered most suitable as the lead material by virtue of its high elec-
trical conductivity.          However, the bonding strength between
aluminum and copper depends lar-        gely on interfacial conditions.
Particularly, the oxide film remaining on the  



surface of copper counteracts the bonding between the two materials.
Sputter-  10  ing with an inert gas under a highly reduced pressure or
vacuum condition is       effective to remove the oxide film. In the
invention, sputtering of the copper       surface with an argon gas was
successfully carried out. Subsequently, without       breaking the reduced
pressure or vacuum condition, aluminum was evaporated       onto the copper
surface to provide an aluminum bump electrode with a mini-  15  mized oxide
film on the copper. It is essential that the aluminum vacuum
evaporation be successively executed without breaking the reduced pressure
or       vacuum condition to suppress the copper-oxide film to 10 nm or
below; other-       wise the activated copper surface begins to form an
oxide film immediately. The       thickness of the copper-oxide film is
measured by a transmission electron mi-  20  croscope (TEM) on the section
of the interface between the copper and alumi-       num.         As for
the aluminum used for the bump electrode, increase of impurities,
especially oxygen and carbon, in the aluminum decreases the bonding
strength                                                  8        between
the copper lead and aluminum bump electrode. In order to enhance       the
reliability of the connection between the two materials, it is necessary to
reduce the foregoing impurities. More specifically, it is desirable that
the oxy- 



gen and carbon contents in the aluminum be 1 atm % or less each. Impurities
5 are measured by Auger electron spectroscopy (AES), energy-dispersive
method       in X-ray spectroscopy (EDX), or secondary-ion mass
spectrometry (SIMS).         The aluminum bump electrode must also be
bonded to an aluminum pad       electrode with sufficient strength. This
strength is dependent on the crystal-       linity and crystal orientation
of the aluminum in the bump electrode. Experi-  10  mental results
established the following condition:         0.1 [err] Y/(X X R) [err] 10,
where Y: knoop hardness (kgf/mm[err]),             X: (111) orientation
ratio (%),             R: average grain size ([err]m).  15         This
formula gives the optimum condition of the aluminum bump electrode       to
be connected with the aluminum pad electrode by ultrasonic bonding. As is
seen in the formula, the condition is governed by knoop hardness,
orientation       ratio, and average grain size.  20    An excessively hard
aluminum bump electrode reduces the bonding strength       with the
aluminum pad electrode and damages semiconductor elements via the
aluminum pad electrode. Hence, it is desirable that the knoop hardness be
70       kgf/mm[err] or less, preferably 60 kgf/mm[err] or less.    



9           The orientation ratio is used to evaluate the close-packed
structure of the        aluminum. The closeness of packing determines the
oxidation stability of the        surface of the completed bump electrode.
If closely packed, the bump electrode        is resistive to oxidation and
gives a favorable result in the succeeding process of   5  ultrasonic
bonding with the aluminum pad electrode. If loosely packed, the        bump
electrode cannot provide sufficient bonding with the aluminum pad elec-
trode.          The (111) orientation ratio is calculated by the following
formula using the       measured results of the X-ray diffraction-peak
intensity "I" on (111), (200),  10  (220), and (311) surfaces:       X =
I[err]/(I[err] + I[err] + I[err] + I[err]) X 100 (%),       where I[err]
means the diffraction-peak intensity on the (111) surface, and the
same is applied to I[err], I[err], and I[err]. It is desirable that the
(111) orientation       be 60 % or more, preferably 70 % or more.  15
The average grain size, obtained by electron microscopy, has an influence
upon the breaking of the oxide film at the time of bonding. An excessively
small       grain size has a tendency to decrease the percentage of the
newly exposed alu-       minum surface due to the breaking of the oxide
film on the surface by the ap-       plication of ultrasonic waves,
reducing the bonding strength. It is desirable 



20  that the average grain size be 0.1 [err] m or more.         The smaller
the value of Y/(X X R) in the first formula, which is the combi-
nation of the foregoing physical properties, the greater the bonding
strength.       However, an excessively small value requires efficiency
reduction for producing                                                  10
corresponding physical properties. Accordingly, a minimum value of 0.1 is
se-        lected. If the value exceeds 10, the bonding strength decreases
to an unac-        ceptable level.          It is desirable that the
thickness of the aluminum bump electrode lie in the   5  range of 1 [err] m
to 20 [err] m inclusive. If thinner than 1 [err] m, the applied pres-
sure for bonding the aluminum bump electrode with the aluminum pad elec-
trode damages the semiconductor element. If thicker than 20 [err] m, the
volume       of the pressed-out aluminum at the time of bonding increases
to the extent that       it may short-circuit across leads. To further
suppress the volume of the  10  pressed-out aluminum, it is preferable that
the aluminum thickness be limited       to a maximum of 5 [err] m.
In order to produce the aluminum bump electrode under the above-
mentioned conditions, after the sputtering process that removes the oxide
film  



on the copper or copper alloy lead, aluminum vacuum condition evaporation
is  15  carried out without breaking the reduced pressure or vacuum
condition. As       for the sputtering conditions, it is desirable that a
negative bias voltage of       hundreds to thousands of volts be applied to
the copper lead. To expedite de-       gasification including moisture
removal, it is preferable that the base material       including the copper
lead be heated at 100 to 300 [err]C. If the applied voltage is  20
excessively low, considerable time is necessary to remove the oxide film;
if ex-       cessively high, materials around the base material including
the copper lead       incur increased damage. If the copper temperature is
excessively low, degasifi-                cation consumes considerable
time; if excessively high, organic or low-melting-        point materials
around the base material including copper incur increased        damage.
In the subsequent aluminum-film formation, to avoid the inclusion of impu-
5  rities, it is desirable that the aluminum film be formed after thorough
degasifi-       cation of the copper or copper alloy lead, the neighboring
semiconductor de-       -vice's components, and the aluminum film-forming
tool. As for the aluminum       film-forming condition, the number of
particles of the incident background gas       to the aluminum film-forming
surface per unit time and unit area should be 



10  1/100 or less that of the incident aluminum particles of the same
conditions.       This condition can be fulfilled by controlling the vacuum
degree in the back-       ground and the deposition rate of the film. Thus,
the oxygen and carbon con-       tents in the aluminum can be decreased to
1 atm % or less each.         The aluminum thickness can be controlled by
adjusting the film-deposition  15 time in accordance with the
film-deposition rate.         As mentioned above, the invention offers a
more reliable connecting lead       than conventional lead.
EXAMPLE 1         Copper films were formed on 0.125-mm-thick polyimide
films by electroless  20 plating and electroplating, and copper leads, 0.1
mm wide and 0.05 mm thick,       were produced by etching. To provide an
aluminum bump electrode on the cop-       per lead, the copper lead was
placed in a vacuum chamber. The oxide film on       the copper surface was
removed by sputtering argon gas onto the lead area
12        under a vacuum condition higher than 0.01 torr. The sputtering
was performed       at about 150 [err]C for 30 minutes with a negative bias
of 800 V applied onto the       copper lead.  



With the same vacuum condition maintained, after the masking of the copper
5 lead, aluminum vacuum evaporation was carried out by electron-beam evapo-
ration at a film-deposition rate of 0.1 [err] m/min under a background
vacuum       condition higher than 1 X 10[err] torr. Under these
conditions, the ratios of the       number of the background oxygen and
carbon particles to the number of alu-       minum particles incident to
the aluminum film-forming surface were less than  10  0.008 and less than
0.004, respectively. An aluminum film having a thickness       of 5 [err] m
was formed by vacuum evaporation under these conditions, which are
summarized in Table 1.        13   [err]
14        The completed lead was bonded to the aluminum pad electrode on a
silicon       semiconductor chip by ultrasonic bonding with a load of 80 g,
an ultrasonic       power of 0.5 kW, and an applying period of 0.5 sec (the
same bonding conditions       were applied to the examples and comparison
examples described hereinafter).  5  The bonding strength was measured by
pull strength. The test results are 



shown in Table 2.             15          [err]
16                                        EXAMPLE 2         Pieces of
copper-alloy foil (brand name of Kobe Steel, Ltd.: KLF-5) were ad-
hered to 0.100-mm-thick polyimide films to produce connecting leads, 0.1 mm
wide and 0.1 mm thick, by etching. The lead was placed in a vacuum chamber
5  as in Example 1. The oxide film on the copper surface was removed by
sput-       tering argon gas onto the lead area under a vacuum condition
higher than 0.01       torr. The sputtering was performed at 180 [err]C for
40 minutes with a negative 



bias of 600 V applied onto the copper lead.         Subsequently, under a
higher vacuum condition than 1 X 10[err] torr, masking  10 was applied to
the lead, and aluminum vacuum evaporation was carried out at       a
film-deposition rate of 0.2 [err] m/min. Under these conditions, the number
of       background oxygen and carbon particles correspond to less than 0.4
atm % and       less than 0.2 atm %, respectively. An aluminum film having
a thickness of 5 [err]       m was formed by vacuum evaporation under these
conditions, which are also  15 summarized in Table 1 along with Example 1.
As with Example 1, the completed lead was bonded to the aluminum pad
electrode on a silicon semiconductor chip by ultrasonic bonding, and the
bond-       ing strength was measured by pull strength. The test results
are shown in Ta-       ble 2 along with Example 1.  20         EXAMPLES 3
TO 17 AND COMPARISON EXAMPLES 18 TO 22         Connecting leads were
fabricated with a procedure similar to Example 1 ex-       cept for
different sputtering and aluminum-vacuum-evaporation conditions as
17       shown in Table 1. To obtain different physical properties of
evaporated alumi-      num, oxygen and carbon were intentionally included
as impurities into the  



aluminum of some examples and comparison examples. The test results for the
completed connecting leads are shown in Table 2.  5    The column labeled
"Evaluation" in Table 2, judges the separation at the      copper/aluminum
interface to be unsatisfactory and is marked with " X ", and      -the
others are judged to be "[err]" or "[err]". The mark "[err]" represents the
result in      which the pull strength is 2.0 kgf/mm[err] or more. It is
desirable that the condi-      tions yielding the mark "[err]" be employed.
18              What is claimed is:           1.    A  connecting lead for
connecting semiconductor elements, the           connecting lead comprising
a copper or copper alloy lead and an aluminum           bump electrode,
wherein:       5          the thickness of an oxide film at the interface
between the copper or           copper alloy lead and the aluminum bump
electrode is 10 nm or less; and                  the contents of oxygen and
carbon in the aluminum that constitutes the  aluminum bump electrode is 1
atm % or less each.           2.    The connecting lead for semiconductor
devices as defined in claim 1,      10  wherein:  



the aluminum that constitutes the aluminum bump electrode satisfies
the following formula:             0.1 [err] Y/(X X R) [err] 10,
where Y: knoop hardness (kgf/mm[err]),      15        X: (111) orientation
ratio (%),                 R: average grain size ([err] m).           3.
The connecting lead for semiconductor devices as defined in claim 2,
wherein the Y satisfies a formula 20 [err] Y [err] 70, the X a formula 60
[err] X, and           the R a formula 0.1 [err] R.      20  4.    The
connecting lead for semiconductor devices as defined in claim 2 or 3,
wherein the thickness of the aluminum lies in the range of 1 [err] m to 20
[err] m           inclusive.    


