
EP 0110307  B1 Description This invention relates to a semiconductor
die-attach technique and composition, and more particularly to a technique
employing a composition suitable for remelting during subsequent assembly
operations. 5    Semiconductor die are typically attached to a package by
means of a bonding composition formed into plaques approximately the size
of the die for ease of handling, which composition is typically made from
various metals or polymers. A few examples of high-temperature melting
die-attach compositions are gold-tin melting at approximately [err]
gold-silicon melting at approximately [err] or gold-germanium melting at
approximately [err] Such die-attach compositions have been adequate in the
past for attaching to relatively small die to packages. However, when the
die is much larger in size, for example above 1.6 [err] (0.250 [err]) (VLSI
size), such die-attach compositions have proven to be inadequate. During a
typical assembly operation, the die is placed in a cavity of a package
containing the die-attach composition. Heat is applied to the package
containing the die so as to melt the die-attach composition, which bonds
the die to the package. Subsequently, a lid is placed over the
die-receiving cavity of the 15 package and heat is again applied so as to
seal the lid to the package and form an hermetic enclosure for the
integrated circuit. Such lid-sealing temperatures are typically [err] to
[err] From US-A-A4 219 448 a metal powder composition is known, comprising
a screenable powder of metal which is selected from the group consisting of
copper, silver, gold etc. and alloys thereof. Furthermore it is known
therefrom a metal powder composition comprising a metal frit having a
melting 20 point approximately in the range of [err] to [err] and being
selected from the group of lead, indium etc. and alloys and combinations
thereof. When the prior art gold-tin die-attach composition is heated to
such elevated temperatures, it remelts and dissolves gold and silicon into
the melt. Gold-silicon and gold germanium also remelt. They do not dissolve
additional gold and silicon as readily, but instead form "brittle" or
"hard" solder bonds which tend 25 to crack VLSI size semiconductor die
during cooling and temperature cycling. Several types of die bond materials
containing powders are presently available commercially. Epoxies are the
most well known and have the longest history of use, (at least 10 years).
They basically consist of an inorganic filler phase, either metal or
ceramic, and an epoxy resin to bind the particles and to provide adhesion
to the chip and substrate or package. Metallic fillers such as silver, gold
and silver alloys are 30 routinely combined with epoxy resins to produce
electrically conductive composites for die bond applications. Insulating
fillers such as magnesium oxide (MgO), aluminum oxide [err] beryllium oxide
(BeO), and boron nitride (BN) are often employed where electrical
insulation between the die and substrate is required. Organic resins range
from diglycidylether of bisphenyl A (low glass transition temperature) to
35 cycloaliphatic epoxides (high glass transition temperature). Most come
premixed and must be frozen prior to use to retard curing. Some, however,
are two part systems. These consist of separate resin and hardener phases.
Each is usually premixed with the desired filler phase. Just prior to use,
the resin and hardener are mixed together and used for die bonding. Some of
these systems cure at room temperature, others require temperatures as high
as [err] 40    Metal filled epoxy systems normally have
electrical.resistivity values five to ten times higher than the pure metals
and exhibit correspondingly poor thermal conductivity. Above [err] the
epoxies degrade and if the temperature is increased further they give off
volatile organic products. Another class of organic die bonding materials
is polyimides. These materials employ virtually the same metal systems as
epoxies. Polyimides, however, possess much greater temperature stability.
They 45 cure between [err] and [err] and can withstand limited excursions
to [err] They possess the same electrical and thermal conductivity
limitations as epoxies. Additionally, both of these organic systems contain
impurities such as sodium chloride which can enhance the chance of chip
corrosion. The method and composition of this invention overcome the
disadvantages of the prior art die-attach methods and compositions
described above by employing a composition formed of two separate metal so
powders, each having a different melting point. In accordance with this
invention, a method of attaching semiconductor die to a package substrate
and a composition for such die-attach is provided which comprises combining
a low and a high melting metal powder with a vehicle consisting of a
solvent and a solute (binder) so as to form the die attach composition,
also referred to herein as an ink. The ink is then deposited onto the
package substrate, the semiconductor 55 die having a metallized back
surface is located in contact with the deposited ink, and the package
containing the ink and the die are heated to a temperature within the
ranges of [err] to [err] or [err] to [err] so as to remove the solvent from
said ink without melting said metal powders, and the residual binder. The
package containing the dried ink and the die is heated to a temperature
within a range of approximately [err] to [err] so as to melt the
low-melting metal powder which bonds the chip to the 60 package substrate,
and sealing a lid on the package by heating the package and the bonded die
to a temperature up to approximately [err] wherein the low-melting metal
powder remelts and the high-melting metal powder partially dissolves into
the liquid of the remelted low-melting metal powder. An advantage of this
invention is a simple and economic method of attaching large (VLSI size)
semiconductor die to package substrates. Also, the strain imparted to the
die by the thermal mismatch 65 between the package and the die can be
controlled metallurgically by altering the material through proper 



2    EP 0110307 B1 selection of powders and their alloy compositions. The
powder configuration of this material also accommodates package camber as
the lower melting phase melts and collapses the structure during firing in
H2. The subject of the invention will be shown in the drawings and
furtheron be discussed in the 5 description: Fig. 1 is an enlarged
cross-sectional graphic representation of the die-attach composition of
this invention, such composition being disposed between a package substrate
and a semiconductor die to be attached; Fig.2 is the cross-sectional view
of Fig. 1 following the step of removing the solvent from the die-attach 10
composition; Fig. 3 is the cross-sectional view of Fig. 2 following the
step of applying heat to the die-attach region; Fig. 4 is the
cross-sectional view of Fig. 3 following the step of applying the package
lid sealing heat; Fig. 5 is a phase diagram of lead and indium Fig. 6 is a
phase diagram of silver and lead; and 15    Fig. 7 is a phase diagram of
gold and tin. Detailed description of a preferred embodiment of the
invention Referring now to Fig. 1, an ink 10 formed of a die-attach
composition in accordance with this invention is disposed between a
semiconductor die 12 and a package substrate 14 for attaching the die to
the 20 substrate. The die-attach ink is formed of a low temperature melting
composition, particles 16 of which are graphically represented in the
figures by cross-hatched polygons; a high temperature melting composition,
particles 18 of which are represented graphically in the figures by
circles; and, a vehicle (solvent and binder) 20 represented graphically in
Fig. 1 by the dot-shading. The vehicle 20 binds the particles 16 and 18 of
the low and high temperature melting compositions together and facilitates
the 25 deposition of the system onto the package. The die-attach ink 10 is
preferably formed of a metal powder melting at a temperature between
approximately [err] and ][err] combined as a composite with a higher
temperature melting metal powder. The preferred properties of the higher
temperature melting powder are that it must be wettable by the lower
temperature melting powder; it must be soluble in the liquid phase of the
lower temperature melting 30 powder; and, it must either raise the melting
or solidus temperature of the liquid phase as it dissolves or, reduce the
ratio of liquid to solid. Also, it should melt at a sufficiently high
temperature so as to prevent it from sintering to adjacent high-melting
powders prior to the melting of the low-melting powder. Several possible
low-melting powder phases may be selected from the group consisting of: 1.
lead-indium alloys having compositions within the range of approximately 33
atomic percent lead and 100 35 atomic percent lead; 2. lead-indium alloys
described in 1. having up to 5 weight percent silver added thereto (the
addition of more silver would increase the melting temperature); 3.
lead-indium alloys described in 1. or 2. having up to 0.5 weight percent
copper; 4. lead-indium alloys described in 1., 2., or 3. having up to 5
weight percent tin added; and, 5. gold-tin alloys having compositions
between 16 and 25 weight percent tin. Minor quantities of elements (e.g.,
less than 1 percent by weight) such as antimony, 40 arsenic, bismuth or
gallium can be added to the low or high melting phases to increase their
hardness, if desired. These powders are readily available at most chemical
suppliers. The solid or high-melting powder can be copper, silver or gold,
or alloys thereof, with less than 2 percent by weight addition of
palladium, nickel or platinum. Table I below lists several possible
combinations of low and high-melting powders, wherein all proportions are
given in weight percent and 45 "low" and "high" refer to temperature. TABLE
I Low-melting powder               High-melting powder 50         Example
(approximate melting temperatures) (approximate melting temperatures) I
90 Lead-10 Indium                   Silver or Copper [err] to [err]
[err] 55            II             80 Lead-20 Indium
Silver or Copper [err] to [err] III           50 Lead-50 Indium
Silver or Copper [err] to [err] 60 IV       92.5 Lead-5 Indium-2.5 Silver
Silver or Copper [err] V               80 Gold-20 Tin
Gold 65                                [err]
[err] 3  



EP 0110307 B1 For optimum performance, powders of each of the examples
given above should have particle sizes no larger than 50 [err] (0.002
inches). This size is specified by the final thickness of the die-attach.
For thin die-attach interfaces, powders in the micron range can also be
employed. Each of these examples is combined in proportions of
approximately 40 to 70 volume percent of the low-melting powder and 5
approximately 60 to 30 volume percent of the high-melting powder. In
preparation, the low and high-melting powders are combined within the
above-described ranges of ratios; and, a vehicle, consisting of a solvent
and a binder, is added to the powders to form an ink composition. I have
discovered a satisfactory vehicle for powders fired between approximately
[err] and [err] to be a solution comprising approximately 97 to 99 weight
percent terpineol solvent and 10 approximately 3 to 1 weight percent ethyl
cellulose binder. The ink can be prepared at room temperature and may also
be exposed to air during such preparation. Moreover, humidity is not a
problem. The powders and vehicle can be combined most effectively in a
rolling press so as to homogenize the constituents. Most conventional means
for combining constituents are satisfactory. 15    A preferred vehicle must
be selected so as to allow the powders to be uniformly deposited in the
die-attach cavity. During the drying step (solvent removal step) the major
quantity of the vehicle must be driven off (removed) without creating voids
under the die. Some residual solute or binder must remain as a coating, and
during the firing cycle the residual solute must be driven off without
causing any particle-to-particle movement or rearrangement. 20    Other
examples of suitable vehicles may be obtained by dissolving one or more
kinds of nitrocellulose or acrylic resin binders in butylcarbitol-acetate,
or terpineol solvents at a concentration of approximately 1 to 10 percent
binder. In a die-attach operation of this invention, a small volume of ink
10 (volume determined as a function of die size) is applied to the
die-receiving cavity of the package 14. The die 12 is then placed into the
cavity 25 over the die-attach ink 10 and gently pressed down so as to
secure the die in place by surface tension, as is partially shown in Fig.
1. The package 14 containing the die 12 is then placed in an oven at a
temperature between approximately [err] and [err] for between approximately
two and five hours, or the system is dried in a belt furnace having a
20-minute heat-cool cycle and reaching a maximum temperature between
approximately [err] and [err] so as to dry the solvent from the vehicle. An
air atmosphere, (80 [err]), 30 is acceptable for this operation. The drying
operation should be performed without causing bubbles under the die 12.
Fast drying precipitates ethyl cellulose at the outer perimeter of the die,
which forms a barrier to further solvent removal. Hence, the drying heat
should be increased ("ramped up") slowly to the desired temperature unless
the lower, isothermal, drying sequence is used. 35    Alternatively, direct
application of heat to the center of the die by means of an infrared light
beam could speed up the drying operation by eliminating the temperature
ramping up time. The light beam is first focused on the center of the die
so as to dry the inner area of the die-attach composition, and then the
light beam is moved outward from the center of the die so as to dry the
remainder of the composition. The above-described drying operation removes
the solvent but not the binder, and the particles 16 and' 40 18 of the low
and high-melting powders remain in place as depicted graphically in Fig. 2.
The residual binder phase (not shown) remains as a thin coating on the
powder surfaces. The binder phase promotes adhesion of the contacting
powder particles. Once the solvent is removed by the above-described drying
operation, the structure as shown in Fig. 2 is fired in a furnace at a
temperature within the range of [err] to [err] which is above the liquidus
45 temperature of the lower-melting powder 16. This operation first removes
the remaining binder and then bonds the die to the package by causing the
lower melting powder to melt. The firing operation can be performed in a
hydrogen (H2) atmosphere (or any other reducing non-neutral atmosphere) on
a belt furnace for Examples I, II, III, and IV. Now that the die is bonded
to the package substrate it can be wire bonded in the conventional manner.
50 Subsequently, a lid is to be sealed over the die-receiving cavity of the
package. More particularly, and by way of example, cermic packages are
often sealed using a ceramic lid having a screened-on glassy phase as a
picture frame around the inner periphery of the lid. This configuration is
bonded to the packages at temperatures between [err] and [err] so as to
form hermetic enclosures for the semiconductor die. Such elevated
temperatures will remelt the low-melting powder, and the high-melting
powder 18 dissolves into 55 the liquid of the low-melting powder. Since the
surface area of the high-melting powder can be controlled by altering this
powder's particle size, the surface area can be designed to be much greater
than the die or die-attach substrate area, so that the higher melting
powder dissolves into the liquid to a much greater extent than the
metallization on the die or package. Thus, the package and die
metallization are spared at the expense of the high-melting 60 powder 18.
As dissolution occurs, the relative amount of liquid phase diminishes,
further retarding dissolution of the metallization. On cooling, some of the
dissolved material from the high-melting powder 18 reprecipitates on all
the surfaces. 



Referring now to Fig. 5, a phase diagram of indium-lead (In-Pb) alloys is
shown. The vertical axis 30 represents temperature in degrees centigrade,
the lower horizontal axis 32 represents atomic percent lead, 65 and the
upper horizontal axis 34 represents weight percent lead (wherein 100% In
corresponds to 0% Pb on 4    EP 0110307 81 both the upper and lower
horizontal axes). The area of the diagram above the curve 36 represents the
liquid phase of the In-Pb alloys, and the area beneath this curve is either
in a solid phase or a combined solid-liquid phase. The area between the
curve 36 and the dashed line 37 represents the solid plus liquid phase. The
area beneath the dashed line 37 and to the right of the dashed line 38
represents the solid lead 5 phase, while the area beneath the curve 36 and
to the left of the dashed line 38 represents other phases, such as solid
indium and combinations of lead and indium. The low-melting powder Examples
I, II, and III given above are noted along the curve 36. With reference to
the Fig. 5 phase diagram, it may be seen that the Example I has a melting
point of approximately [err] the Example II has a melting point of
approximately [err] and, the Example III has a 10 melting point of
approximately [err] Thus, this alloy of In-Pb has melting points within the
preferred temperature range of [err] to [err] A phase diagram of
silver-lead (Ag-Pb) is shown in Fig. 6, wherein the vertical axis 40
represents temperature in degrees centigrade. The lower horizontal axis 42
represents atomic percent lead and the upper horizontal axis 44 represents
weight percent lead (wherein 100% Ag corresponds to 0% Pb on both 15 the
upper and lower horizontal axes). The area of the diagram above curve 46
represents a liquid phase of the Ag-Pb alloy, and the area beneath this
curve is divided into three parts. First, below [err] (as shown by line 48)
the alloy is in a solid phase. Second, the large area between the line 48
and the curve 46 represents a liquid plus a solid silver phase and the much
smaller area 50 between the same curve and line represents a liquid plus
solid lead phase. 20    Silver and lead meet many of the requirements for a
die-attach bonding powder. That is, these elements form the simple binary
eutectic phase diagram shown in Fig. 6, and the melting point of silver
(approximately [err]) is appreciably higher than that of lead [err]
Furthermore, these elements form no brittle intermediate compounds, and
silver is soluble in the lead-rich melt. 25    The silver and lead
composite can be designed by varying the surface area of silver powder plus
minor alloy additions to lead and/or silver to accommodate an assembly
operation wherein a silicon device is to be bonded to a gold metallized
substrate. It should also be noted that this compound must subsequently
withstand a maximum lid seal temperature of [err] As an arbitrary starting
point, a 50/50 solid-to-liquid atomic ratio is selected at the lid seal
temperature. 30 A die-bond material can be formulated by thoroughly mixing
the appropriate powder constituents and subsequently blending them with a
compatible organic vehicle, (terpineol-2 weight percent ethyl cellulose,
for example) to form a thick film ink. Die placement, drying and firing (in
a reducing atmosphere) would be performed as described herein above with
reference to Figs. 1 through 4. Silver dissolution into the melt would, at
equilibrium, produce a lead-rich liquid saturated with silver. 35 Since
gold and silver form a high temperature alloy, any dissolution of the gold
from the die or substrate metallizations into the liquid phase would be
retarded by the gold-silver alloy that formed. This process would
essentially raise the chemical activity of gold in the silver saturated
melt relative to that of gold in a pure lead melt which would help minimize
dissolution. Hence, the silver-lead compound minimizes gold leaching into
the liquid phase during firing. 40     To improve such properties of the
die bond powder as leach resistance, wettability and fatigue life, second
element additions such as indium, bismuth or antimony can be blended into
the lead phase. Indium is a particularly versatile element since it can
improve wettability, leach resistance and low temperature fatigue life. At
this junction of the description, reference is again made to the In-Pb
phase diagram of Fig. 5, wherein it can be seen that indium possesses a
solubility of up to 66 atomic percent in the lead phase. This 45 wide range
of solubility produces liquidus points ranging from [err] (66 atomic
percent In) to the melting point of lead [err] Low temperature lead-indium
powders find applications as bonding media for multi-die modules where die
repair is an important factor; while powders rich in lead are employable in
assembly operations requiring high temperature lid seals. Elements such as
palladium, platinum or gold can be alloyed with the silver to also enhance
its properties. 50     For any die attach or subsequent lid seal
application requiring temperatures in excess of [err] (the gold-silicon
eutectic temperature), special wafer processing steps are required.
Specifically, a barrier metal system is needed between the silicon and gold
metallization to prevent liquid formation and diffusion of silicon into the
silver-lead melt Silicon, if present in the solder, causes embrittlement
and poor wetting. Referring now to Fig. 7, a phase diagram of gold-tin
(Au-Sn) alloy is shown. The vertical axis 60 55 represents temperature in
degrees centigrade, the lower horizontal axis 62 represents atomic percent
tin (wherein 100% Au corresponds to 0% Sn), and the upper horizontal axis
64 represents weight percent tin (wherein 100% Au corresponds to 0% Sn).
The area of the diagram above curve 66 represents the liquid phase of the
Au-Sn alloy, and the area beneath this curve is divided into two separate
phases by a dashed 



line 68. The area beneath the dashed line 68 represents the solid phase of
the alloy, and the area between 60 this dashed line and the curve 66
represents a combined solid and liquid phase. The gold-rich eutectic
occurring at 20 weight percent tin (Example V) is typically employed as
solder for lid sealing as well as die bond applications. The Example V
eutectic melting at [err] includes the [err] and AuSn phases. Note that the
[err] phase has a compositional, or solid solubility range, while AuSn
exists as a stoichiometric compound. Typically, a phase possessing a range
of solid solubility is much more ductile 65 than one that does not. The
solid 80/20 gold-tin eutectic is, therefore, composed of a brittle (AuSn)
and a 5    EP 0110307 B1 more ductile [err] phase. Together they form a
metallurgical structure possessing moderate hardness and low ductility. It
may be appreciated from the discussion hereinabove that an improved
semiconductor die-attach technique and composition therefor has been
described in detail. Thus, while the invention has been 5 particularly
shown and described with reference to one embodiment and a limited number
of examples, it will be understood by those skilled in the art that the
foregoing and other changes in form and details may be made without
departing from the scope of the invention. Accordingly, it is intended that
the present invention only be limited by the appended claims. 10 Claims 1.
A method of attaching semiconductor die (12) to a package substrate (14)
comprising: combining a low and a high melting metal powder (16, 18) with a
vehicle (20) consisting of a solvent 15 and a binder so as to form an ink
(10); depositing said ink (10) onto the package substrate (14); locating
the semiconductor die (12) in contact with the deposited ink (10); heating
the package containing the ink (10) and the die to a temperature within the
ranges of [err] to [err] or [err] to [err] so as to remove the solvent from
said ink (10) without melting said metal powders 20 (16, 18); firing the
package containing the dried ink (10) and die (12) to a temperature within
a range of approximately [err] to [err] so as to melt the low-melting metal
powder (16); and sealing a lid on the package by heating the package and
the bonded die (12) to a temperature up to approximately [err] wherein said
low-melting metal powder (16) remelts and said high-melting metal 25
powder (18) partially dissolves into the liquid of said remelted
low-melting metal powder (16). 2. A method as in claim 1 further
characterized by said low-melting metal powder (16) being formed of
compositions selected from the group consisting of lead, indium, silver,
gold and tin. 3. A method as in claim 2 further characterized by said
low-melting metal powder (16) being formed of approximately 80 to 90 weight
percent lead and approximately 20 to 10 weight percent indium. 30    4. A
method as in claim 2 further characterized by said low-melting metal powder
(16) being formed of approximately 92.5 weight percent lead, approximately
5 weight percent indium and approximately 2.5 weight percent silver. 5. A
method as in claim 3 or 4 further characterized by said high-melting metal
powder (18) being formed of silver. 35    6. A method as in claim 2 further
characterized by said low-melting metal powder (16) being formed of
approximately 80 weight percent gold and approximately 20 weight percent
tin. 7. A method as in claim 6 further characterized by said high-melting
metal powder (18) being formed of gold. 8. A method as in claim 1 further
characterized by said low and high-melting metal powders (16, 18) 40 being
combined at a ratio of approximately 40 to 70 volume percent of the
low-melting metal powder (16) and approximately 60 to 30 volume percent of
the .high-melting metal powder (18). 9. A method as in claim 1 further
characterized by the particle sizes of each of the low and high-melting
metal powders (16, 18) being no larger than approximately 50 [err] (0.002
inches). 10. A method as in claim 1 further characterized by said solvent
being selected from the group 45 consisting of terpineol and
butylcarbitol-acetate. 11. A method as in claim 1 further characterized by
said vehicle (20) being formed of approximately 97 to 99 weight percent
terpineol solvent and approximately 3 to 1 weight percent ethyl cellulose
binder. 12. A method as in claim 1 further characterized by said firing
step being performed in a hydrogen atmosphere. so    13. A method as in
claim 1 further characterized by said binder being selected from the group
consisting of ethyl cellulose, nitrocellulose and acrylic resin. 14. A
semiconductor die-attach composition comprising: a low-melting metal powder
(16) having a melting point within the range of approximately [err] to
[err] a high-melting metal powder (18) having a melting point within the
range of approximately [err] to 55 [err] and being soluble in said
low-melting metal powder (16); 



a vehicle (20) for blending said low-melting metal powder (16) with said
high-melting metal powder (18) so as to form a thick-film ink (10); and
said low and high-melting metal powders (16, 18) being combined at a ratio
of approximately 40 to 70 volume percent of said low-melting metal powder
(16) and approximately 60 to 30 volume percent of 60 said high-melting
metal powder (18). 15. A composition as in claim 14 further characterized
by said low-melting metal powder (16) being selected from the group
consisting of lead, indium, silver, gold and tin. 16. A composition as in
claim 15 further characterized by said low-melting metal powder (16) being
formed of approximately 80 to 90 weight percent lead and approximately 20
to 10 weight percent indium. 65     17. A composition as in claim 15
further characterized by said low-melting metal powder (16) being 6    more
ductile [err] phase. Together they form a metallurgical structure
possessing moderate hardness and low ductility. It may be appreciated from
the discussion hereinabove that an improved semiconductor die-attach
technique and composition therefor has been described in detail. Thus,
while the invention has been 5 particularly shown and described with
reference to one embodiment and a limited number of examples, it will be
understood by those skilled in the art that the foregoing and other changes
in form and details may be made without departing from the scope of the
invention. Accordingly, it is intended that the present invention only be
limited by the appended claims. 10 Claims 1. A method of attaching
semiconductor die (12) to a package substrate (14) comprising: combining a
low and a high melting metal powder (16, 18) with a vehicle (20) consisting
of a solvent 15 and a binder so as to form an ink (10); depositing said ink
(10) onto the package substrate (14); locating the semiconductor die (12)
in contact with the deposited ink (10); heating the package containing the
ink (10) and the die to a temperature within the ranges of [err] to [err]
or [err] to [err] so as to remove the solvent from said ink (10) without
melting said metal powders 20 (16, 18); firing the package containing the
dried ink (10) and die (12) to a temperature within a range of
approximately [err] to [err] so as to melt the low-melting metal powder
(16); and sealing a lid on the package by heating the package and the
bonded die (12) to a temperature up to approximately 450C wherein said
low-melting metal powder (16) remelts and said high-melting metal 25 powder
(18) partially dissolves into the liquid of said remelted low-melting metal
powder (16). 2. A method as in claim 1 further characterized by said
low-melting metal powder (16) being formed of compositions selected from
the group consisting of lead, indium, silver, gold and tin. 3. A method as
in claim 2 further characterized by said low-melting metal powder (16)
being formed of approximately 80 to 90 weight percent lead and
approximately 20 to 10 weight percent indium. 30    4. A method as in claim
2 further characterized by said low-melting metal powder (16) being formed
of approximately 92.5 weight percent lead, approximately 5 weight percent
indium and approximately 2.5 weight percent silver. 5. A method as in claim
3 or 4 further characterized by said high-melting metal powder (18) being
formed of silver. 35    6. A method as in claim 2 further characterized by
said low-melting metal powder (16) being formed of approximately 80 weight
percent gold and approximately 20 weight percent tin. 7. A method as in
claim 6 further characterized by said high-melting metal powder (18) being
formed of gold. 8. A method as in claim 1 further characterized by said low
and high-melting metal powders (16, 18) 40 being combined at a ratio of
approximately 40 to 70 volume percent of the low-melting metal powder (16)
and approximately 60 to 30 volume percent of the  high-melting metal powder
(18). 9. A method as in claim 1 further characterized by the particle sizes
of each of the low and high-melting metal powders (16, 18) being no larger
than approximately 50 [err] (0.002 inches). 10. A method as in claim 1
further characterized by said solvent being selected from the group 45
consisting of terpineol and butylcarbitol-acetate. 11. A method as in claim
1 further characterized by said vehicle (20) being formed of approximately
97 to 99 weight percent terpineol solvent and approximately 3 to 1 weight
percent ethyl cellulose binder. 12. A method as in claim 1 further
characterized by said firing step being performed in a hydrogen atmosphere.
so     13. A method as in claim 1 further characterized by said binder
being selected from the group consisting of ethyl cellulose, nitrocellulose
and acrylic resin. 14. A semiconductor die-attach composition comprising: a
low-melting metal powder (16) having a melting point within the range of
approximately [err] to [err] 



a high-melting metal powder (18) having a melting point within the range of
approximately [err] to 55 [err] and being soluble in said low-melting metal
powder (16); a vehicle (20) for blending said low-melting metal powder (16)
with said high-melting metal powder (18) so as to form a thick-film ink
(10); and said low and high-melting metal powders (16,18) being combined at
a ratio of approximately 40 to 70 volume percent of said low-melting metal
powder (16) and approximately 60 to 30 volume percent of 60 said
high-melting metal powder (18). 15. A composition as in claim 14 further
characterized by said low-melting metal powder (16) being selected from the
group consisting of lead, indium, silver, gold and tin. 16. A composition
as in claim 15 further characterized by said low-melting metal powder (16)
being formed of approximately 80 to 90 weight percent lead and
approximately 20 to 10 weight percent indium. 65     17. A composition as
in claim 15 further characterized by said low-melting metal powder (16)
being 6    EP 0110307 B1 formed of approximately 92.5 weight percent lead,
approximately 5 weight percent indium and approximately 2.5 weight percent
silver. 18. A composition as in claim 16 or 17 further characterized by
said high-melting metal powder (18) being formed of silver. 5     19. A
composition as in claim 15 further characterized by said low-melting metal
powder (16) being formed of approximately 80 weight percent gold and 20
weight percent tin. 20. A composition as in claim 19 further characterized
by said high-melting metal powder (18) being formed of gold. 21. A
composition as in claim 14 further characterized by said organic vehicle
(20) being formed of 10 approximately 97 to 99 weight percent terpineol
solvent and approximately 3 to 1 weight percent ethyl cellulose binder.
Patentanspruche 15    1. Verfahren zum Befestigen eines
Halbleiterplattchens (12) an einem Baugruppensubstrat (14), das umfaBt:
Verbinden eines niedrig- und eines hochschmeizenden Metallpulvers (16, 18)
mit einem Vehikel (20), das aus einem Losungsmittel und einem Bindemittel
besteht, um eine Tinte zu bilden; Ablagem der Tinte (10) auf dam
Baugruppensubstrat (14); 20    Anordnen des Halbleiterplattchens (12) in
Kontakt mit der abgelagerten Tinte (10); Erwirmen der die Tinte (10) und
das Plattchen enthaltenden Baugruppe auf eine Temperatur innerhalb der
Bereiche von 60C-80C oder 120C-1400C, um das L6sungsmittel von der Tinte zu
entfernen, ohne daB die Metallpulver (16, 18) geschmolzen werden; Erhitzen
der die getrocknete Tinte (10) und das Plattchen (12) enthaltenden
Baugruppe auf eine 25 Temperatur innerhalb eines Bereiches von etwa
200C-4300C, um dos niedrigschmeizende Metallpulverzu schmeizen, sowie
Erzeugen einer dichten Abdeckung auf der Baugruppe durch Erhitzen der
Baugruppe und des gebundenen Plattchens (12) auf eine Temperatur von etwa
450C bei der das niedrigschmeizende Metallpulver (16) einschmilzt und das
hochschmelzende Metallpulver (18) sich teilweise in der Flussigkeit 30 des
eingeschmolzenen niedrigschmelzenden Metallpulvers (16) lost. 2. Verfahren
nach Anspruch 1, dadurch gekennzeichnet, daR des niedrigschmeizende
Metallpulver (16) aus Zusammensetzungen gebildet ist, die aus der Gruppe
bestehend aus Blei, Indium, Silber, Gold and Zinn ausgewahilt ist. 3.
Verfahren nach Anspruch 2, dadurch gekennzeichnet, daR das
niedrigschmelzende Metallpulver (16) 35 aus etwa 80-90 Gew.-% Blei und etwa
20-10 Gew.-% Indium besteht. 4. Verfahren nach Anspruch 2, dadurch
gekennzeichnet, daR das niedrigschmelzende Metallpulver (16) aus etwa 92,5
Gew.-% Blei, etwa 5 Gew.-% Indium und etwa 2,5 Gew.-% Silber besteht. 5.
Verfahren nach Anspruch 3 oder 4, dedurch gekennzeichnet, daB das
hochschmeizende Metallpulver (18) aus Silber besteht. 40     6. Verfahren
nach Anspruch 2, dadurch gekennzeichnet, daB das niedrigschmeizende
Metallpulver (16) aus etwa 80 Gew.-% Gold und etwa 20 Gew.-% Zinn besteht.
7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB das
hochschmelzende Metallpulver (18) aus Gold besteht. 8. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, daB die niedrig- und hochschmelzenden
45 Metallpulver (16, 18) in einem Verhaltnis von etwa 40-70 Vol.-% des
niedrigschmeizenden Metallpulvers (16) und etwa 60-30 Vol.-% des
hochschmelzenden Metallpulvers (18) verbunden werden. 9. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, daR die Partikelgrol1e sowohl des
niedrig- wie auch des hochschmelzenden Metallpulvers (16, 18) nicht mehr
als etwa 50 Jim (0,002 inches) betragt. 10. Verfahren nach Anspruch 1,
dadurch gekennzeichnet, daB des Losungsmittel aus der Gruppe 50 bestehend
aus Terpineol und Butylcarbitolacetat ausgewahlt ist. 



11. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB das Vehikel (20)
aus etwa 97-99 Gew.-% Terpineol-Losung und etwa 3-1 Gew.-%
Athylzellulosebinder besteht. 12. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daB der Schritt des Erhitzens innerhalb einer
Wasserstoffatmosphare durchgefOhrt wird. 55     13. Verfahren nach Anspruch
1, dadurch gekennzeichnet, daB das Bindemittel aus der Gruppe bestehend aus
Athylzellulose, Nitrozellulose und Acrylharz ausgewahIt ist. 14.
Halbleiterplittchenbefestigungsgemisch mit einem niedrigschmeizenden
Metallpulver (16), das einen Schmelzpunkt innerhalb des Bereiches von etwa
173C-350C hat, einem hochschmelzenden Metallpulver (18) mit einem
Schmelzpunkt innerhalb des Bereichs von etwa 60 900C-1100C, das in dem
niedrigschmelzenden Metallpulver (16) loslich ist, und einem Vehikel (20)
zum Mischen des niedrigschmeizenden Metallpulvers (16) mit dem
hochschmeizenden Metallpulver (18) zur Bildung einer dickfilmigen Tinte
(10), wobei die niedrig- und hochschmeizenden Metallpulver (16, 18)
miteinander in einem Verhaltnis von etwa 40 zu 70 Vol.-% an
niedrigschmeizendem Metallpulver (16) und etwa 60-30 Vol.-% an 6s
hochschmeizendem Metallpulver (18) verbunden werden. 7    P  0110307  BI
I 1 C11 11111   N    11111111111 15. Gemisch nach Anspruch 14, dadurch
gekennzeichnet, daB das niedrigschmeizende Metallpulver (16) aus der Gruppe
bestehend aus Blei, Indium, Silber, Gold und Zinn ausgewahlt ist. 16.
Gemisch nach Anspruch 15, dadurch gekennzeichnet, daB das
niedrigschmeizende Metalipulver (16) aus etwa 80-90 Gow.-% Bloi und etwa
20-10 Gew.-% Indium besteht. 5     17. Gemisch nach Anspruch 15, dadurch
gekennzeichnet, daB das niedrigschmeizende Metallpulver (16) aus etwa 92,5
Gew.-% Blel, etwa 5 Gew.-% Indium und etwa 2,5 Gew.-% Silber besteht. 18.
Gemisch nach Anspruch 16 odor 17, dadurch gekennzoichnet, dag das
hochschmeizende Metallpulver (18) aus Silber besteht. 19. Gemisch nach
Anspruch 15, dadurch gekennzeichnet, daB das niedrigschmeizende
Metallpulver 70 (16) aus etwa 80 Gew.-% Gold und etwa 20 Gew.-% Zinn
besteht. 20. Gemisch nach Anspruch 19, dadurch gekennzeichnet, daB das
hochschmelzende Metallpulver (18) aus Gold besteht. 21. Gemisch nach
Anspruch 14, dadurch gekennzeichnet, daB das organische Vehikel (20) aus
etwa 97-99 Gew.-% Terpineol-Losung und etwa 3-1 Gew.-%
Athylzellulose-Bindemittel besteht. 75 Revendications 1. Proced6 de
fixation d'un d6 semiconducteur (12) A un substrat de bottier (14),
comprenant: - la combinaison d'une poudre a bas point de fusion et d'une
poudre A haut point de fusion (16,18) 20 avec un v6hicule (20) consistant
en un solvant et un liant, de faqon a former une encre (10); -le d6p6t de
ladito encre (10) sur le substrat de bottier (14); -la mise en contact du
d6 semiconducteur (12) avec l'encre d6posee (10); -le chauffage du bottler
contenant l'encre (10) et le d6, a une temperature dans les plages de 600C
A 80C ou 120C A 140C, de fagon A 6liminer Is solvant de ladite encre (10)
sans fusion desdites poudres de 25 m6tal (16, 18); - la cuisson du bottler
contenant l'encre s6chee (10) et le d6 (12), a une temperature comprise
dans une plage de 200C a 430C environ, de fagon A fondre la poudre de m6tal
A bas point de fusion (16); et - le scellement d'un couvercle sur Is
bottier, par chauffage du bottier et du de fix6 (12), jusqu'A une
temperature atteignant 450C environ, de sorte quo ladite poudre de m6tal a
bas point de fusion (16) se 30 reliqu6fie et ladite poudre de m6tal A haut
point de fusion (18) se diasout partiollement dans le liquide de ladite
poudre de m6tal a bas point de fusion (16) reliquefiee. 2. Proced6 suivant
la revendication 1, caract6rise de plus en ce quo ladite poudre de metal A
bas point de fusion (16) est forme. de compositions choisies parmi
l'ensemble constitue par le plomb, l'indium, I'argent, l'or et l'tMain. 35
3. Proced6 suivant la revendication 2, caract6ris6 de plus en ce quo ladite
poudre de metal A bas point de fusion (16) est constituee d'environ 80 A
90% en poids de plomb et d'environ 20 a 10% on poids d'indium. 4. Proc6d6
suivant Ia revendication 2, caracterise de plus on ce que ladite poudre de
m6tal A bas point de fusion (16) est constituee d'environ 92,5% en poids de
plomb, environ 5% en poids d'indium et environ 40 2,5% en poids d'argent.
5. Procede suivant la revendication 3 ou 4, caract6risO de plus en ce quo
ladite poudre de m6tal a haut point de fusion (18) est form6e d'argent. 6.
Proc6de suivant la revendication 2, caracteris6 de plus on ce quo ladite
poudre de m6tal A bas point de fusion (16) est constituee d'environ 80% en
poids d'or et environ 20% en poids d'etain. @/    7. Proced6 suivant la
revendication 6, caract6risd de plus en co quo ladite poudre de m6tal A
haut point de fusion (18) est form6e d'or. 



8. Proc6d6 suivant la revendication 1, caract6rise de plus on ce quo
lesdites poudres de m6tal a bas et haut points de fusion (16, 18) sont
combin6es dans un rapport d'environ 40 A 70% en volume de la poudre de
m6tal A bas point de fusion (16) et d'environ 60 a 30% en volume de la
poudre de metal a haut point de 50 fusion (18). 9. Proced6 suivant la
revendication 1, caract6ris6 de plus en ce quo les dimensions de particule
de chacune des poudrns de m6tal A bas et haut points de fusion (16, 18) ne
d6passent pas 50 micrometres (0,02 inches) environ. 10. Proced6 suivant la
revendication 1, caracterise de plus on ce quo ledit solvant est choisi
parmi I'ensemble constitu6 par le torpin6ol et le butylcarbitol-acetate.
11. Procede suivant la revendication 1, caracterise de plus en ce quo ledit
vehicule (20) est constitu6 d'environ 97 A 99% en poids de solvant de type
terpineol et d'environ 3 a 1% en poids de liant de type ethylcellulose. 12.
Procede suivant la revendication 1, caracterise de plus en ce quo ladite
operation de cuisson est 60 effectueo dans une atmosphere d'hydrogene. 13.
Procede suivant la revendication 1, caracterise de plus en co quo ledit
liant est choisi parmi l'ensemble constitue par 1'6thylcellulose, la
nitrocellulose et les resines acryliques. 14. Composition de fixation de d6
semiconducteur, comprenant: - une poudre de metal a bas point de fusion
(16) ayant un point de fusion situe dans la plage de 173C 65 a 350C
environ; 8    EP 0110307 BI                             C -une poudre de
metal a haut point de fusion (18) ayant un point de fusion dans la plage de
900C 3 1100C environ et etant soluble dans ladite poudre de metal a bas
point de fusion (16); -un vehicule (20) pour le melange de ladite poudre de
metal a bas point de fusion (16) avec ladite poudre de metal A haut point
de fusion (18), de facon A former une encre a film epais (10); et 5
-lesdites poudres de metal a bas points de fusion (16, 18) etant combinees
dans un rapport d'environ 40 A 70% en volume de ladite poudre de metal a
bas point de fusion (16) et d'environ 60 A 30% en volume de ladite poudre
de metal A haut point de fusion (18). 15. Composition suivant la
revendication 14, caracterisee de plus en ce quo ladite poudre de metal a
bas point de fusion (16) est choisie parmi l'ensemble constitue par le
plomb, l'indium, I'argent, l'or et 10 I'6tain. 16. Composition suivant la
revendication 15, caract6ris6e de plus en ce quo ladite poudre de metal a
bas point de fusion (16) est constituee d'environ 80 A 90% en poids de
plomb et d'environ 20 A 10% en poids d'indium. 17. Composition suivant la
revendication 15, caract6risee de plus en ce quo ladite poudre de metal a
i5 bas point de fusion (16) est constituee d'environ 92,5% en poids de
plomb, environ 5% en poids d'indium et environ 2,5% on poids d'argent. 18.
Composition suivant la revendication 1.6 ou 17, caracterisee de plus en co
quo ladite poudre de metal a haut point de fusion (18) est formee d'argent.
19. Composition suivant la revendication 15. caracterisde de plusen ce quo
ladite poudre a bas point de 20 fusion (16) est constituee d'environ 80% en
poids d'or et 20% en poids d'etain. 20. Composition suivant la
revendication 19, caracterisde de plus en ce quo ladite poudre de metal A
haut point de fusion (18) est formee d'or. 21. Composition suivant la
revendication 14, caracterisea de plus on ce quo ledit v6hicule organique
(20) est constitu6 d'environ 97 A 99% en poids de solvant de type terpin6ol
et d'environ 3 A 1% en poids de 25 liant du type ethylcellulose. 30 35 40
45 50 55 60    


