
GOLD-TIN-INDIUM SOLDER FOR PROCESSING COMPATIBILITY WITH LEAD-FREE
TIN-BASED SOLDER FIELD OF THE INVENTION [0001]This invention relates
to a new lead-free solder for hermetically sealing semiconductor and
specialty devices. The sealing solder has a melting temperature
between 290 C and 340 C and more preferably between 300 C and 340 C.
Advantageously, such a sealed device may be subsequently soldered
with high melting solders without disrupting the integrity of the
seal. BACKGROUND OF THE INVENTION [0002]Currently, semiconductor
devices are hemietically sealed using gold-tin (Au-Sn) solder with
gold concentrations ranging from 78% to 81% and tin concentrations
ranging from 19% to 22%. This solder has been in use in semiconductor
devices for more than 40 years and has a melting temperature of 280
C. See United States Patent No. 4,492,842 to Koopman. Semiconductor
devices and a myriad of other electronic devices are subsequently
soldered onto a printed circuit board using tin-lead solders as a
post-sealing solder with melting temperatures of 183 C to 195 C. The
process temperature of these post-sealing solders is typically 35 C
to 50 C above the melting temperature (i.e. 218 C to 245C). Superheat
is required to flow solder onto the leads of the semiconductor device
and the copper circuitry of the printed circuit board. Processing the
semiconductor devices at temperatures up to 245 C poses no problem
since the gold-tin sealing solder will not re-melt until 280 C.
[0003]The prior art lead-free solders that are replacing the tin-lead
solders melt at 



217C and require processing temperatures approaching 270 C. These
processing temperatures are dangerously close to the 280 C melting
temperature of the Au-Sn solder used to seal the device. One option
is to abandon the tin-based solders and use lead-based solders that
contain about 85% lead. Such lead solders have a melting point of
about 300 C. The use of lead-based solders is, however, generally
avoided by the electronics industry. [0004]As lead continues to be
removed from consumer electronics, the need grows for a higher
temperature solder to be developed for semiconductor die attach and
hermetic sealing of these semiconductor devices. There is a need to
replace conventional Au-Sn and lead-based solders with a lead-free,
high temperature solder. This need is met by the lead-free alloys of
the present invention, whose melting temperature and hermetic sealing
capabilities make them especially suitable for use as semiconductor
die attach solder and as a hermetic sealing solder for semiconductor
devices. SUMMARY OF THE INVENTION [0005]The invention comprises gold
solders that are compatible with semiconductor die attach and
hermetic sealing of semiconductor packages with melting temperatures
greater than 290 C and more preferably greater than 300 C. In one
embodiment, the solder is a Au-Sn-based solder that is doped with
indium to increase the melting temperature of Au-Sn solders. [0006]In
another aspect of the invention, the indium modified gold-tin-based
solder is compatible with known semiconductor die attach methods as
well as hermetically sealing these devices at sufficiently high
melting temperatures to prevent reflowing of this solder during
subsequent lead-free soldering operations at temperatures 



exceeding 270 C. The invention is further directed to the use of
gold-based solders with melting temperatures between 290 C and 340 C,
and more preferably between 300 C and 340 C, and even more preferably
between 300 C and 320 C, for manufacturing semiconductor devices and
semiconductor devices incorporating these solders. DETAILED
DESCRIPTION OF A PREFERRED EMBODIMENT [00071The lead-free soldering
material described in this specification consists essentially of an
alloy of gold, tin and indium, wherein the melting point of the alloy
is greater than 290 C and preferably greater than 300 C, and more
preferably in the range of 300 C to 340 C and even more preferably in
the range of 300 C to 320 C. [0008]It is preferred that the alloy be
at least 99.95% pure. The aforementioned alloy includes from 17.5% to
20.5% tin, from 2.0% to 6.0% indium and the balance of the mass being
gold and trace impurities. In one embodiment, the soldering material
has a tin concentration of about 19.3% and an indium concentration of
about 4.5%. Other suitable concentrations are also contemplated. For
example, in another embodiment, the tin concentration is in a range
from 18.3% to 20.3% and the indium is in a range from 3.5% to 5.5%.
Such a soldering material is useful in a variety of fields, but is
particularly useful in the semiconductor field. [0009]Semiconductor
devices are often hermetically sealed using gold-tin solders which
have a melting point of approximately 280 C. Gold-tin solder is
applied to the unsealed package. The resulting assembly is heated to
a temperature sufficient to cause the solder to reflow. Upon cooling
the package is hermetically sealed by such solder. The melting point
of the solder used in this seal step must be sufficiently low so as
to not damage the semiconductor device itself Post-sealing operations
may be used to attach 



additional components to the sealed device and such operations
typically include subsequent soldering steps. Care must be taken to
ensure that the post-sealing solders have a melting point that is
compatible with the sealing solder. Thus, there is a critical range
of desirable melting points. The melting point of the sealing solder
must be (I) sufficiently low so as to hermetically seal the device
without damaging it and (2) sufficiently high so as to permit
post-sealing heating without breaking seal integrity.
[0010]Advantageously, the soldering material described herein
satisfies these parameters. The gold-tin-indium soldering material
permits post-sealing operations at temperatures greater than 270 C
without reflowing of the soldering material and subsequent loss of
seal integrity. A further advantage of the subject soldering material
is that its melting point is sufficiently low (less than 340 C and
more preferably less than 320 C) so as to permit the hermetic sealing
of a semiconductor device without damaging such device. [0011]In one
process of the invention, the gold-tin-indium solder is applied to a
surface of a semiconductor package. The resulting assembly is heated
to a temperature sufficient to cause the soldering solder to reflow
such that the package is hermetically sealed. Subsequently, the
sealed device may be subjected to post-sealing operations that
include heating (e.g. post-sealing soldering and the like). Since the
sealing solder has a melting point greater than 290 C and more
preferably greater than 300 C, post-seal heating at high temperatures
(for example 270 C) does not cause the sealing solder to reflow, and
thus does not break the integrity of the seal. [0012]While the
invention has been described with reference to preferred embodiments,
it will be understood by those skilled in the art that various
changes may  



be made and equivalents may be substituted for elements thereof to
adapt to particular situations without departing from the scope of
the invention. Therefore, it is intended that the invention not be
limited to the particular embodiments disclosed as the best mode
contemplated for carrying out this invention, but that the invention
will include all embodiments falling within the scope and spirit of
the appended claims.  Claims: 1. A lead-free soldering material
consisting essentially of an alloy of gold, tin and indium wherein
the tin is present in a concentration of 17.5% to 20.5%, the indium
is present in a concentration of 2.0% to 6.0% and the balance is gold
and the alloy has a melting point greater than 290C. 2. The soldering
material as recited in claim 1, wherein the alloy has a melting point
in the range of 290C to 340 C. 



3. The soldering material as recited in claim 1, wherein the alloy
has a melting point in the range of 290C to 320 C. 4. The soldering
material as recited in claim 1, wherein the alloy has a melting point
in the range of 305 C to 315C. 5. The soldering material as recited
in claim 3, wherein the tin is present in a concentration of 18.3% to
20.3% and the indium is present in a concentration of 3.5% to 5.5%.
6. The soldering material as recited in claim 3, wherein the tin is
present in a concentration of about 19.3% and the indium is present
in a concentration of about 4.5%. 7. A method of hermetically sealing
a semiconductor package with a lead-free soldering material including
the steps of: applying a soldering material to a surface of a
semiconductor package, wherein the soldering material consists
essentially of an alloy of gold, tin and indium wherein the tin is
present in a concentration of 17.5% to 20.5%, the indium is present
in a concentration of 2.0% to 6.0% and the balance is gold and the
alloy has a melting point in the range of 290C to 320 C; 



heating the soldering material to a temperature sufficient to cause
the soldering material to reflow such that the semiconductor package
is hermetically sealed.  8.The method as recited in claim 7, further
comprising the step of heating a portion of the hermetically sealed
semiconductor package to a temperature greater than 270 C during a
post-sealing operation without reflowing the soldering material.  9.A
method of mounting a semiconductor device to a surface with a
lead-free soldering material including the steps of applying a
soldering material to a semiconductor device, wherein the soldering
material consists essentially of an alloy of gold, tin and indium
wherein the tin is present in a concentration of 17.5% to 20.5%, the
indium is present in a concentration of 2.0% to 6.0% and the balance
is gold and the alloy has a melting point in the range of 290 C to
320 C; disposing the semiconductor device on a surface such that the
soldering material contacts both the semiconductor device and the
surface; heating the soldering material to a temperature sufficient
to cause the soldering material to reflow; 



cooling the soldering material thus mounting the semiconductor device
to the surface. 10. The method as recited in claim 9, further
comprising the step of heating a portion of the semiconductor device
to a temperature greater than 270 C during a post-mounting operation
without reflowing the soldering material. 11. A hermetically sealed
semiconductor assembly that includes a semiconductor device
hermetically sealed with a soldering material wherein the soldering
material consists essentially of an alloy of gold, tin and indium,
the tin having a concentration of 17.5% to 20.5%, the indium having a
concentration of 2.0% to 6.0% and the balance is gold and the alloy
has a melting point in the range of 290 C to 320 C. 12. A lead-free
soldering material consisting essentially of an alloy of gold, tin
and indium, the tin having a concentration of 17.5% to 20.5%, the
indium having a concentration of 2.0% to 6.0% and the balance is gold
and the alloy has a melting point in the range of 290 C to 320 C.
13. The soldering material as recited in claim 12, wherein the tin is
present in a concentration of 18.3% to 20.3% and the indium is
present in a concentration of 3.5% to 5.5%. 14. The soldering
material as recited in claim 12, wherein the tin is present in a
concentration of about 19.3% and the indium is present in a
concentration of about 4.5%. 


